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PREFACE 

Tbis report is the result of a collaborative effort of ihe International Food Biotechnology Council 

(IFBC) and the International Lif;e Sciences Institute (lD~SI) Allergy and Immunology Institute (An)-

The IFBC was organized in 1 988 to develop criteria and procedures'to evaiuate the safety of food or food 

ingredients derived from genetically modified plants and microorganisms. Members of the Council 
include companies in the food processing and food biotechnology industiies- Its first major project was 

to identify and assemble a proposal for the evaluation of food products ofbiotechnology that govemment 

agencies, the food industry, and the public could use to evaluate the acceptability of foods and food 
ingfedients rising from biotechnology. Published in December 1990, the initial IFBC report "Biotech-
nologies and Food: Assuring the Safety of Foods Produced by Genetic Modzfication" has been refer-
enced extensively in subsequent discussions of the safety evaluation of such foods or food ingredients. 

However, the 1990 report did not include a discussion of anergenicity as it relates to the safety 
evaluation of foods produced by biotechnology. The Colmcil considered food ailergy to bc a complex 
and specialized issue that was beyond the scope of the first report. To address the auergenicity issue, the 

and IFBC and AJI initiated efforts to develop a colnprehensive science-based report, with extensive 

literature references, which includes a review of the current status of food anergies, discusses the 
potential for transferring allergens to new plant varieties, and presents technical approaohes to ~ssess this 

potential. 

ILSI is a nonprofit, worldwide foundation established in 1978 to advance the IJnderstanding of 
scientifilc issues relating to nutrition, food safety, toxicology, risk assessment, and the environlnent by 

bringing together scientists from acadenlia, government, industry, and the public sector to solve problems 

with broad implications for the wellLbeing of the general public. The All is that part of ILSI that sponsors 

rese~rch and educational progralus to improve scientific understanding irl anergy and ilnmunology, 
particularly related to the diagnosis, treatment prevention, and management of food allergies. An's 

programs ~re guided by scientific advisors representhrg the fields of immunology, auergy, internal 
medicine, pediatrios, epiden~iology, and food science, 

The editors of the report appointed by IFBC and AII enJisted a numbcr of recognized scientific 

experts to author the articles appearing here. The authors and editors met at sigrrificant points duling the 

development process to plan the scope of the report, review progress, and offer constructive suggestions. 

To further help ensure that the report included the best scienfific judgnent available, drafts of the report 

were sent to approximately 80 scientists and health professionals workurg in academia, goverDJnent, 
industry, and the public sector in many countries. More than 40 sets of substantive written connnents 
were received, studied and, in large measure, incorporated by the authors. As a result, it is hoped this 

report win be viewed and accepted as a valuable scientific contribution. 
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EXECUTIVE SuMMARY 

INTRODUCTION 

This report is produced by the ILSI Allergy and Immunology Institute (An), a scient~filc organization that 

sponsors research and educational programs to improve understan(iulg in allergy and imlnunology, 
particularly related to the diagnosis, treatment, prevention, and management of food allergies, in 
conaboration with the Intemationai Food Biotechnology Council (IFBC). Since its inception in 1 988, the 
IFBC has addressed scientific issues related to the safety of foods produced by genetic modification. In 

l 990, the IFBC published a report: Biotechnologies and Food: Assuring the Safety of Foods Produced 
by Genetic Modlftcation (Regulatory Toxicology and Pharmacol08y. Vol. 12, No. 3. Part 2). 

The 1990 IFBC report represented a consensus opiDion on the scientific principles that should be 

employed in evaluating the safety of foods derived through the application of techniques of modem 
biotechnology, particularly recombinant DNA and gene transfer methods. The report has been referenced 
extensively in subsequent discussions of safety evaluations of these foods. However, the report did not 

include a discussion of anergenicity as it relates to the safety evaluation of foods produced by biotech-

nology. The Council considered food allergy to be a complex and specialized issue that was beyond the 
scope of the first report- In the current report the AII and the IPBC seek to address tbis issue by presenting 

a review of food allergy and food aJlergens, especiany as they relate to the development of new plant 

varieties developed through the use of modem biotechnology. The report also proposes a scheme for 
assessing the allergic potential of gene products that may be introduced into plants that are destued for 

use as foods. The AII and IEB have not considered allergy issues related to 12licrobial or animal foods 

that have becn modified genetioally. Furthennore, gluten-sensitive enteropathy (celiac disease), a distuct 

c~ical pathologic entity that is observed in specific individuals sensitive to gluten in certain foods, is 

also not addressed specificaJfy. 

More than 80 copies of the drraft report were distributed to reviewers with experience in allergenicity, 

food science, food safety policy, and biotechnology product development Nearly 35 sets of substantive 

colnments were received and the majority of suggested, changes were iucorporated into the report. The 
principal audiences for this report include the biotechnology and food industries, the general public, 

regulatory agencies, and ofncials at all levels of govelmnent. This slJmmary describcs the major issues 

and approaches suggested by the joint AII and IFB report, including specific decision criteria for the 

acceptance of mo(~fied foods and ingredients. 

FOOD ALLERGiES 

It is estinrated that I to 2% of the adult population suffers ftom food allergies, which are de~ned for the 

purposes of this report as type I IgE-mediated imo3:unologic reactions to specifilc food(s). The general 

consensus is that the most common allergellic foods, worldwide, are egg, mi~, fish, crustace~~ peanut, 

soybean, wheat and tree nutS, although the prevalence of food aflergens may vary in other parts of the 

world according to dietary preferences. Allergies to foods such as milk and eggs are most prevalent 
among children and often disappear by adulthood. These connnonly allergenic foods account for over 
90% of food aJlergies alnong atopic individuals. However, an extensive search of the clinical literature 

has revealed a list of more than 160 other foods and food-related substances that have been associated 

with allergic reactions in individuals. This list includes most major grain, oilseed, and vegetable crops 

as well as processed produets such as beer and chocolate. 



In many cases food allergies are an inconvenience resulting in unpleasant reactions, such as tugling 

of thp lips and Inouth or diaj:rhea- However. for some individuals who are highly sensitive to particular 

foods (e.g.; ~eanut)i the resuits of consunling that food can be lrfe threatening. These individuals exhibit 

severe anaphylactic reactions such as bronchospasm, choking, nausea, vomiting, and hypotension. There 
are many well-documented reports indicating that trace amounts of a food allergen may be suf~cient to 
elicit a reaction in highly sensitive individuals. Such individnals typicaJly take extreme precautions to 
avoid consmnption of foods to which they are sensitive. Therefore, appropriate labeling of processed 
foods co:Itaining colnmon food aner*'ens is critical in helping anergic cousumers make their dietary 

selections- ~ 

TRADITIONAL FOODS AND TRADITIONAL METHODS OF GENETIC 
moDIRCATION DEFINE THE ,SSUE OF FOOD ALLERGIES 

Almost all food ailergens are proteins. The crops from which our staple foods are derived contain tens 
of thousands of (itff;erent proteins. The distribution of those proteins varies markedJy in difflerent parts 

of the plant and can be profoun(ily influenced by environmental factors such as clirnate and disease 

pressure. Furthermore, in seeking to irD:prove crops, plant breeders routinely access new gene~ fi:om wild 
relatives that may introduce additional protein diversity into ihe food supply. 

Despite the huge number and variation of proteins in our diet, it is appaJrent that very few are food 

allergens. Vaiiations in the protein composition of ol~r diet brought about througll traditional crop-
improvement practices have had litfle, if any, effect on t~e aJlergenic potential of our major foods. In 

contrast, changes in dietary preferences can have significant implications for the development of food 
allergies. For example, allergy to peanut occurs at a significant frequency in the U.S. and Westem Europe 

but not in Japsn, whereas allergy to rice occurs at a significant frequency in Japan but is rare in the U.S. 

and Westem Europs. This reflects difference~ in dietary-consumption. AJso, recent food introductions, 

such as kiwifruit have proven to be a significant new source of food alle ' rgens. These observations provide confidence that there are not a large number of potential ~llergens in the food supply but show 

that new allergenio foods are sometilnes introduced into the marketplace. 

THE APPLiCATION OF MODERN BIOTECHNOLOGY 

The n~odem techniques of biotechnology offier great potenti~ to ftrrther ilnprove the abundance 
availability> and nutritional qua~ity of our food I Potential products include maize that is naturall:y 

protected agamst msect pests and soybeans that yleld healt~rier oils. Methods for the isolation and transfer 

of genes are highly specific and precise compared with the random reassortment that occurs during 
traditional crop improvement. However, the capacity to move genes from one food crop to another or 
to introduce genes froln orgallisms that have never been part of our food supply raises concerns that food 

allergens might be moved between foods or that proteins with no significant history of collsunrption 

could prove to be allergenic when introduced into a major food crop. Tbis report describes a safety 

assessment process that will help to identtfy allergenic proteins and Ininimize the risk that they wril be 
introduc~d into foods derived by genetic modification. 

SAFETY EVALUATION OF FOODS PRODUCED THROueH 
THE APPUCATION OF moDERN B,OTECNNOLOGY 

Tbis report proposes that a rational assessment of the allergenic potential of foods derived ftom new plant 

varieties developed through genetic modjfication should be conducted in a careful stepwise process. A 



decision tree strategy is reconlmended that takes account of the source from which a gene was obtained, 

amino acid sequence comparisons with known all:ergens, in vitro and in vlotv inlmunologic analyses, as 

well as an assessment ofphysicochenlical characteristics ofthe gene product. It is importantto emphasize 

that it is the totali:ty of these assessments that provides reasonable assurance that foods derived from new 

plant varieties wnl not introduce allergenic concems beyond those that alr.eady exist relative to our 

current food supply, and that if an allergen is introduced it wilL be appropriately labeled so ihat it can 

be avoided by sensitive individuals. 
The decision tree first addresses the source of the introduced gene and emphasizes the significance 

of detemlining whether the gene is from (1) a commonly aller*'enic food; (2) a less colmnonly arLergenic 

food or other known auergen; or (3) a source with no allergellic history. As a first step in assessing 

anergenic concerns, the amino acid sequence of genes from all sources should be compared against a 
database of all known aller*'ens, screening for immunologicany signiflcant sequence sinxilarities Based 

on the minimal peptide len*'th for T-celL binding epitopes, the report concludes that any sequence identity 

comprisin** eight contiguous amino acids should bc viewed as an indicator of potential allergenicity and 

would require the gene product to undergo further testing. The report recognizes the lrmitations of tbis 

analysis, but concludes that it is of sufficient predictive value to recommend that all gene products for 

food use should be screened using this approach_ To facilitate that analysis, the report contains a list of 

198 sequences offood and non-food proteins that are reported to be allergens, and that can be accessed 

from publicly available databases. It is anticipated that this database wnl quickly grow and yield more 

specific information as additional allergens are characterized, 

Common!y allergenic foods 

Most allergellic foods contain both major and minor allergens. The great majority of food anergic 
individuals are sensitive to one or more of the major a~ergens present in commonly allergenic foods. A 
major allergen is one to which >509~o of sensitive individuals react; nlinor allergens elicit a response in 

a smaller percentage of sensitive individuals. Clinioal reagents and test subjects should be readily 

available to conduct a statistically valid assessment of the potential of a gene product from a collunonly 
allergenic food to be a major allergen for any individual scnsitive td that food. The report recomlnends 

that foods containing new proteins produced from genes derived from commonly allergenic foods bc 
subjected to a series of solid phase irDmunoassays (e,g-, in vitro radioallergosorbent test (RASI) or 
RAST~ intlibition assay or enzyme-linked irnmunosorbent assay (ELISA)). It is suggested that each food 

should be tested against illmune sera from: a miDimum of 14 sensitive individuals with documented 
histories of sensitivity to the corresponding food. This will ensure a >99.9% probability of detecting the 

presence of a major food allergen and >959{:o probability of detecting a minor allergen to which.>20% 
of the sensitive population reacts A positive reaction in an in vitro test would raise concerns that ihe new 

protein might bc allergenic_ Unless this possibility can be discounted by additional in vtvo testing, food 

contaiDing the newly introduced gene should be clearly labeled as to the source of the gene, in 
compliance with the 1992 FDA policy (Statement of Policy; Foods Derived from New Plant Varieites, 
Federal Register 57: 22984-23005). 

ln the case of negative or equivocal resuits with the solid phase immunoassays the food should be 

investigated filrther using in vivo skin prick tests with a minilnlnn of 14 sensitive test subjects. A positive 

skin prick test should raise the same concenls as a positive in vitro reaction requiring foods contaiuing 

the newly introduced gene to be labeled. Foods that fail to elicit positive reactions in solid phase 

imlnunoassays or skin prick tests are unlikely to contain ailergens, but this report recommends that the 

absence of allergens fron;1 commonly allergenic foods should be confirmed by a double-bnnd placebo 
controlled food challenge (DBPCFC) using a roini:num of 14 sensitive subjects. A DBPCFC should 012fy 

bc conducted with the approval of an Institutional Review Board. Foods that fail to elicit a reaction in 

a DBPCFC are very unlikely to contain an allergen from a commonly allergenic food. For such foods 



no tneaningitl scientifilc basis exists on which to require labcling concernjJlg the source of the newly 

iutroduced (!ene. 

Less commonly allergenic foods or other known a!Jergens 

The AII and IP~3 acknowledge that it wilL not always be reasonable to; apply the same strict criteria to 

the evaluation of genes from less commonly allergenic foods. The report recommends that gene products 

from these sources should be subjected to ilmnunological analysis of allergenic potential using sera from 

at least 14 sensitive individuals, wherever feasible. A positive reslllt would provide a meaDingftil 

scientific basis for requiring that the food contaiDiug introduced protein bear labelrng infonnation 

regarding the source of the protein_ However, sera from individuals who are sensitive to many of the less 

commonky allergenic foods listed in the report are extremely difficult to obtain. Therefore, if less than 

5 sera are tested (i.e., there is <95% probabihy of detecting the presence of a major aner*"en) with 
negative results, then the gene product should be subject to physicochemicai evaluation. Inte;rest in the 

testing of gene products for potential allergenicity will likely sti:nulate the collection of libraries of sera 

representing mal~y of the less coulmonly allergenic foods that will improve the availabnity of sera. No 
meaningftl scientific basis exists for labeling the source of gene products derived from less conunonly 

allergenic foods when the gene products fail to react with five or more sera. Accordingly, the report 

recommends ihat such foods be introduced without labeling the source at the gene product. 
Many major food allergens are resistant to digestion and conditions comlnonly encountered during 

food processing. Gene products that prove sensitive to digestion and conditions commonly encountered 

during processing are therefore unlikely to be food allergens. Proteins that prove resistant to digestion 

or heat denaturation have a greater potential to be food auergens. Therefore, this reportt~uggests that gene 

products derived from less commouly aJlergenic foods that were tested against less than 5 sera by soli~ 

phase irDJnunoassay should be evaluated for their stability, in vitro, to gastric digestion and processing 

typical for that food. No meaningitil scientific basis exists for labelrng the presence of gene products in 

food if ihose gene products are senstive to digestion and/or processing. Accordingly, the report recom-

mends that such foods be introduced without labeling the source of the gene product. For those gene 
products that are not sensitive to digestion and/or processing, the report reconnnends that developers 

should discuss the results with the appropriate regulatory authorities to determine how to proceed. A 
factor to be considered in those discussions may be the concentration of the gene product in foods. Most 

major food allergens are present in high concentrations in food. 

Sources with no allergenic histo,y 

Assessment of gene products from sources with no aJlergenic history should bcgin with a comparison 
of the amino acid sequence against the database of all known allergens, screening for irmnunologically 

significant sequence similarities. For foods containiug gene products with amino acid sirDilarity to 
known anergens, assessment should proceed as with food containing a gene from a less commonly 
anergenlc food or other known allergens. Gene products from sources with no allergenlc history that lack 

immunologically signrficant. sequence identity to known aJlergens should still be subjected to physico-

chelnieal evaluation before conclu(iurg that they are unlikely to be food alLergens and, thus , prese;nt no 

basis for a labeling declaration. Developers should consult with the appropriate regulatory agency in 

cases where such gene products lack irnmunologically siglufilcant sequence identity to known aJlergens 
but show si*~ificant resistance to digestion and/or processing. 

The AII and IHBC have considered the use of anhnal models to evaluate the potential allergenicity 

of gene products. The report acknowledges that animal models are valuable for mechanistic and 



exploratory studies, but concludes that at the present time no reliable animal models are available that 

are generally predictive of the allergenic potential of foods for humans. 

The science-based decision tree approach described to a~sess the allergenio concerns associated with 

the introduction of gene products into new plant varieties relies on a balanced jud*~lent of all available 

data generated during the allergelricity assessment. Using this approaoh, food derived from these new 

plant varieties should be introduced into the marketplace with the same colufidence that food derived 
ftom new plant varieties developed through traditional breeding has been introduced for centuries. 
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l. INTRODUCTION 

An allergy is the inmlune-mediated state of 
hypersensitivity that results from exposure to an 

all:ergen. An anergen, in tum, is a biological or 

chenlical substance that causes an allergic reac-

tion.1 The most common allergic reaction is me-
diated by irmnunoglobulin E ~gE) and involves 
activation of effector cells, mainly mast cells and 

basophils, which lead to an irtflammatory response 

and clioical manifestations. 

Allergic diseases affect a significant portion 
of the general population, estiJllated at 10 to 259ift, 

in developed countries, alihough food allergies 
are much less prevalent. Clioical disease requires 

both genetic predisposition and environrnental al-

lergen exposure. It is ,unclear why some people 
develop allergies and 6thers do not. It is kuown, 

however, that people with a genetic predisposi-
tion to allergy (a condition called atopy) produce 

significantly greater quantities of total and spe-

cific lgE compared to nonallergic individuals. 

An lgE-mediated response occurs in all nor-
mal individuals, but the presence of certain genes 

may be needed for antigen specificity and cliuical 

manifestations of the at.opic state. The genetic 

influence is evidenced by the known epidemio-
log'cal flndings which indioate that if one parent 

has allergies, the chances are l:3 that each of their 

children will have allergies. If both parents have 

anergies, it is even more likely (60 to 709~0) that 

their cbildren will extlibit some anergic symp-

toms. 
Allergic diseases result in major clrDical and 

public health problems due to their high preva-
lence. For exaJ:aple, about 20% of Americans suffer 

from allergic rhinitis. Eight to 129ife of the Ameri-

can population has asthma. Amang chronic dis-
eases, asthma is the leading cause of school ab-

senteeism and is responsible for approxilnately 
4000 deaths per year in the U.S. In 1990, the 
esthnated cost of asthma-related mness in the 
U.S. was 6.2 binion dollars.1 It is therefore obvi-

ous that the econou)ic and social impact of aller-

gic diseases in developed countries is signifilcant. 

ll. CELLS OF THE IMMUNE RESPONSE 

A normal irmnune system is essential for 
health; a dysfutlctional system leads to disease. A 

deficiency in imlnune cell production or defective 

ilmnune function may lead to a wide spectrunl of 
imnl:une-deficiency diseases. Overactivity of vari-

ous components of the immune system leads to 
the development of anergic or autoimmune dis-
eases. Multiple cells are included in the irDlnune 

system, as is shown in Table 1. The cells, which 
are directly involved in the induction and/or elici-

tation of the allergic response, will be discussed 

in more detail below. 

A. B Lymphocytes 

B cells constitute one of the principal compo-

nents of the inlmune system. They provide both 
cognitive a~Id effector functions in the humoral 

iDlmune response. Membrane lg-expressing B 
cells are cognitive cells, because they recognize 
and respond to various antigens. Following anti-
genic stimulation, they differentiate into effector 

cells and secrete lg. The vast array of antibodies 

produced by B cells belong to frve lg classes 
(isotypes), namely lgM. IgD, IgG, IgA, and lgE.2 
The basic structure of an lg is shown in Fignre I . 
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Table 1 

CELrs OF THE IMMONE RESPONS~ 

Location Fullction 

LY~~PHOCYTES 

T 

B 

Namral Killel (NK) 

Macrophages 

( % normal range) 

Bloed (65-7S), thymus (>9S) 
lymph nodes (70-80), spleen (2(~30) 
lymphoid organs (i.e. Peyer's patches, 
ete.) 

Blood (l0-20), CTh;ymus <1) 
lymph node5 (1(~20) spieeu {40-SO) 

Blood, bone marrow spl~n 

Various tissues (i.e. Iymph nodes, spleen, 

thymus, Iiver, Iung, central nervous 
system, skin) 

Cell mediated cylotoxicity 

Cell medialed iumunjty 
Regulatory effects on other iuumune cells 

Bnmunoglobulin production & secl~etion 
Antigen pre5entation 

KiHing of certajn tumor ceils; defense agaiust viral 
infection; regulatory effects on other inlmune cells 

Phagocytosis and processing of antigens. Antigen 
presentitlg cell (APC) 

GRANI;LOCYTES 
Neutrophils Bloe(l 

E05inophils 

Basophils 

MAST CELLS 

Blood 

BIOOd 

Ti5sues (co:mective and mucosal) 

Phagoeyi05is and bactcrial knling; pro~lammatory 
effects via extra~ellular dcgranu~ation (i.e. 

complement activation, degradation of colmective 
elements) , increased vascular permeability 

Parasite kilijJ~g; effector cell in allergic 

inflaroJ~lation (i.e. induces histamjne release from 

mast cells, bronchospasm, danlage to respirl:tory 
epitheEa) 

Allergi,:/anaphyiactic reactions; ilnmune lesponse 
a~gajJlst tieks 

Major effector cell in the allergic response 

The l~:e hisiory of the B-cell lineage in the 

bone marrow is divided into two main stages: an 
initial antigen-independent phase (pre-B cells to 

mature B Iymphocytes) and an antigen-dependent 
phase (B Iymphocytes to antibody-secretina 
plasma cells).3 The pre-B-cell stage begins with a 

multipotent hemopoietic stem cell. Prilnitive B -

cell precursors have u chains (heavy chain of 
lgM) in their cyioplasm and no lg on their sur-
face. At the next identilSlable stage in B-cell matu-

ration, kappa or lambda light chains are also pro-

duced. These associate with the u heavy chains 
and then assembled lgM molecules are expressed 
on the cen surface. Thus, more di~ferentiated B 
cells (but still immature) have intact cyioplasnlic 

and surf:ace lgM. The cens in this stage of devel-

opment do not prolif:erate and differentiate in re-

sponse to antigens- In fact, their encounter with 

some antigens such as self aJl:tigens may lead to 

unresponsiveness (tolerance) rather than activa-

tion. Once a B cell expresses a complete heavy or 

light chain of the lg molecule, it calnlot produce 

another heavy or light chain containing a different 

variable region (antigen specificity). Mature B 
cells lose their cyioplasnrlc lgM and add surface 

lgD to the surface 1*•M. Both classes of mem-
brane lg have the same variable region and hence 

the same antigen specificity. Once the mature B 
cells are stimulated by antigens (or other signals) 

they prolrferate and dWerentiate, producing an 
increasing proportion of their lg in a secreted 
form and progressively less in a membrane-bound 
fonn. After activation, B cells in any given clone 

can switch lg production from lglvi to antibodies 

of different heavy-chain classes (isotypes), but 
with identical antigen-binding ~pecificity. Thus, 

these cells begin to express lg heavy-chain classes 

other than u, e*g., Y, ce, or 8. Tbis crucial step of 

isotype switching facilitates the diversity of B-cell 

responses in lg production and involves splicing 

s2 
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FIGURE 1. The basic structure of an lg. 

and deletion of exons in the Cu gene (the gene for 

the constant region of lgM) Iocated on chromo-
some 14. Other activated B cells may not secrete 

antibodies, but may instead persist as membrane 
i~-expressing memory cells that survive for 
months without further antigenic stimulation and 

actively recirculate between the blood and lym-
phoid organs. The;ir stilnulation by an antigen wiU 

lead to a secondary antibody response. Antigen-
induced differentiation of mature or memory B 
lymphocyies culminates in the development of 
antibody-secreting cells, some of whlch can be 
morphologicany identified as plasma cells. The 
primary ftulction of an antibody is to bind specifl-

cally to an antigen andbring about iuactivation or 

removal ~Om the body, of the offending toxin, 
microbe, parasite, or other foreign substance. The 

biological cha~:acteristics of human lg are pre-

sented in Table 2. 
SllJ:face-bound lg may thus be perceived as 

antigen receptors. Antigens or other multivalent 

ligands that cross-link lg Inolecules are able to 

induce the resting B cell to enter the cell cycle, 

enlarge, develop synthetic machinery, and begin 
DNA synthesis in preparation for division. Anti-

"en molecules that bind to surf:ace lg receptors 

are intemalized and partiaJfy digested_ The anti-

gen f~2tgnlents are then recycled to the B-cell 
su:face and expressed in association with class II 

molecules of the major histocompatibility com-
plex (MHC). This combination of antigen frag-
ments and the class n molecule on the B-cell 
sulface lriay then be recognized by a T cell by 

means of its antigen receptor. In this way the B 
cell presents antigen to helper T cells and stimu-

lates production of T-cell-secreted factors Gym-
phokules) that in turn will promote proliferation 

and difSerentiation of the antigen-presenting B 
cell. Other antigen-presenting cells (APC) of im-

portance include macrophages and Langerhans 
cells. Lymphokines which are known to affect B-

cell differentiation include interleukul-4 (IL~), 

which controls the switch to lgE production,4 
interleukin-5 aL-5) and the transfonning growth 

s3 



TABLE 2 
Human lg 

lgG 

Mol wt (kDa) i50 
Serum haif-life (d) 23 
Average serum i250 :!: 300 
concentratons 
(mgldl) 

Function Seoondary 
antibody 

response 

Antiviral activity + 
Antibaoterial activity + 
Binding cells via Fc Macrophages 

neutrophils, 
eosinophils, 

LGL' 

lgA 

1 60 (390)* 

6 
200 + 50 

Antibody in 

mucous 
secret'ons 

~~+ 
+ 
Lymphocyies 

igRA 

900b 
5 
i2S + 50 

Primar y 

antibody 

response 

+ 
+++ 
Lymphocyies 

lgD 

1 75 

3 

~4 

Primary 
l ymphocyie 
surface 
mo eoule 

, 
? 
None 

igE 

i 90 

2.5 
O 03 

Mediates 
allergio 

responses 

1, 

? 
Mast oelis 
basophils, 
B oeils 

eosinophiis 

Langerhans 

b 

Secretory lgA appears in saliva and GI secretion is a dimer. 
lgM circulates as a pentameric molecule. 
Large granular lymphooyies. 

factor-~ (TGF-~), which are responsible for lgA 

production, and interfleron-V aFN-Y), which in-
hibits lgE synthesis. 

B. T Lymphocyies 

T Iymphocyies (T cells) are critical compo-
nents of the irmnune system. Untike B cells, they 

predominantly recogni2:e antigen when it is asso-

ciated with membrane-bound products of the 
MHC. This dual recognition of antigen and MHC 
is important for activation of both effector T c~lls, 

including cyiotoxic T cells, and immunoregulatory 

T cells.5 

T cells arise from stem cells and are "edu-
cated" in the t~ymus, hence the name '1]" cells 

The ~;entral role of the thymus is related to the 

rearrangement and productive expression of the 
T-cell receptor (TCR) genes and the subsequent 
selection of the antigen receptor repertoire that 

enables mature T oens to recognize foreign but 
not self antigens. In the thymus, prirnitive T cells 

~)ro-T cells) develop T-cell-specifilc surface anti-

gens (or markers), such as CD2 and CD7.* Pro-

T cells diff;erentiate into pre-T cells, which begin 

to express CD1, CD4, and CD8 markers, usually 
withiu the thymic cortex. A proporrion of the 
relatively irunlature CD4+8+ cells then lose e;x-

pression of either CD4 or CD8 to become CD4+8-
or CD4-8+. The amount of CD3fTCR on the cell 
surf:ace is increased, and the CDI :nolecule is 
lost. T cells develop into a variety of clones, each 

bearing a different CD3/TCR moleclJle specific 
for a partioular antigen-MHC complex. Only a 
minority ofpre-T ceus in the thymus successfully 
diCferentiate into mature T Iymphocyies and mi-
grate to the lymphoid organs and blood. In the 
peripheral bloodj about 70% of lymphobytes are 
T cens. 

T cells are heterogeneous with regards to their 

function. They initiate the irmnune response, 
mediate antigen-speciflc effector responses, and 

regulate the activity of other lenkocyies by secret-

ing soluble factors termed lymphokines. A corre-

lation exists between the expression of membrane 

antigen markers and the functional activities of T 

cells. Effector functions of T cells include cell-

mediated cyiotoxicity where T cells recognize 
antigens associated with class I MHC or class 1 

* CD-cluster of differentiation (nomenelatuJ:e of cell surf:ace moleeules of human lenkocyies) 
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MHC alone. These T cells destroy virally irLfected 

class I-beari:rg cells and are major effectors in 

allograft rejection. They bear the CD8 marker and 

appear to affecttheir targets directly.6 OtherT cells 

carry out delayed-type hypersensitivity reactions 

(DTH). These cells react with antigen-class H 
MHC on the APC and create effects mainly via 
lymphokine production and activation of other 
cells. These cells are usually CD4+. 

Regulator T cells augment or suppress im-
mune responses through a variety of T cerl-T cell 

and T cell -B cell interactions. T~2elper cells (usu-

ally CD4+) control many B-cell functions, includ-

ing proliferation, maturation, and isotype switch-

ing, as well as proliferation and activ~:tion of other 

T cells. Most of these cells react with antigen-

class n MHC. Two types of helper T cells have 
recently been identified according to their profile 

of cyiokne production.? T-helper I (TH1) cells 
mainly produce IL-2 and IFN-Y aDd are active in 

DTH reactions. The T-helper 2 (TH2) cells pro-
duce IL~. IL-5. IL-6, and IL-1 O, mainly affecting 

antibody production and allergic illflammatory 
responses. Suppressor T cens, most of which are 
CD8+, down-regnlate irDmune responses and are 
believed to be critical in various phases of 
il;3munoregulation, tolerance, and autoiDIlnmlity. 

They operate in part by secreting vari:ous media-

tors including free TCRs. 
As mentioned above, T cells recognize anti-

gens only when these are present on the cell sur-

face of an APC, where they Inust bc associated 
with polynlorphic cell surface polypeptides en-
coded within the MHC. This dual speciflcity fch 

cuses the attention of T cells on cell-bound anti-

gens. Hence, unlike B cells whose secreted 
antibodies act at a distance, T cells regulate or km 

other cells through cen-cell contact. This contact 

is mediated through the TCR where its ligand is 
composed of a fragment of the foreign antigen 
complexed to some residues within an MHC 
molecule. The receptor appears to contact por-
tions of both the antigen ftagnent and the MH:C. 

The TCR is a disutfide heterodi:ner composed 

of oc and ~ glycoprotein chains with constant 
regions close to the deu surface that anchor the 

receptor to the T-9e~ membrane, and the poly-
morp:hic variable part (V region) away from the 
cell surf:ace. It is the difference in the structure of 

the variable region (sirnilar to antibodies) of the o; 

and ~ chains that allows the development of dif-

fere;nt T-cell clones that wnl eventually recognize 

the different antigens. The complete molecule has 

a transmembrane region and a cytoplasmic tail 
that is responsible for transmitting signals to the 

cell interior. The TCR is noncovalently associ-
ated on the cell surface with CD3, a complex of 
at least five polypeptides that may participate in 

mediating activation signals.8 

Like lg geues, the genes that encode TCR c( 
and ~ chains are fonned from the joiDing of sePa-

rate genetic elements. These gene segrnents rear-

range during T-cell ontogeny within the thymus 
by deletion of intervening DNA to form a con-
tiguous V gene. The rearrangement of the gene ' 
segnents to fonn the TCR gene anows the gen-
eration of a diversity of receptors. 

Recently, a smaller set of T cells were iden-

tified that express a receptor that is a disliLfide-

linked heterodjJ~er colnposed of Y and 5 chains 
(instead of oe and ~). These chains also consist of 

V and constant (C) regions and are encoded by 
rearranging gene segments. These cells resemble 
ihe regular a/~ T cells, but are distinguished by 

having a smaller repertoire of V gen6 segnents in 
their receptor. Their function and the ligand for 

the receptor are unkuown, although many demon-
strate non-MHC-restri:cted killiug of target cells . 

Whe;n an a/~-TCR on a CD4 Iymphocyte 
binds to a specific peptide antigen-class 11 MHC 

molecule combination on an APC, a trimolecuJar 
complex is formed that transmits a signal to the 
cell. This signal initiates a series of biochemical 

reactions witun the cell, resulting in subsequent 

biological responses such as proliferation and 
lymphokne production. The critical biochemical 
events are (1) hydrolysis of phosphatidyl inositol 

biphosphate to forminositoltriphosphate ap3) and 

diacylglycerol CDAG); (2) iuflux of calciurn into 

the cerl cyioplasm; and (3) activation of protein 

knase C CPKC). Calcium and PKC act as a sec-
ond messenger, probably with other sigilals to 

induce transcription of IL-2 and other cytokine 
genes.9 which in tum activate T cells and other 

ilnmunocompetent cells . 

C. Mast Cells and Basophils 

In humans, mast cens are usually found in the 

100se connective tissues of all organs, notably 
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around blood vessels, nerves, and lymphatics, 
Basophils _circulate in the blood stream. Both 
contain m:ultiple prominent granules that stain 
from purple to red with blue aniline dyes, thus 
extribitug metachromasia. This staiDing property 
is attributed to highly sulfated proteoglycans witbin 

mast calls and basophils. Both cells also synthe-

size and store histamine and proteases oomplexed 
to these proteoglycans. These substances are then 

released when mast cens or basophils are acti-
vated by an antigen that is recognized by antigen-

specific lgE bound to high-affiuity (FceRl) recep-

tors located on the surface of these cells. 

All mast cells are derived from progenitor 
cens present in the bone marrow. Normally, mast 
cells are not found in the circulation. Progenitors 

are believed to migrate to,the peripheral tissues as 

irDlnature cells and undergo djifferentiation in situ 

under microenvironmenal infiuences. Four 
interleukuls have been shown to sustain and pro-

mote the growth and development of murine mast 
cell poplilations, e.g., IL-3, IL-4. IL-9, and IL-1 O. Io 

IL-3 is a necessary factor to maintain mast cell 
viability. IL-4 has litfle or no ability to sustain the 

proliferation of murine mast cells ~l the absence 

of IL-3_ It~ the presence of IL-3, IL4 promotes 

mouse mast cell maturation in vitro. Granulocyie 

macrophage-colony stilnlnating factor (GM-CSF) , 
on the other hand, inhibits the growth of IL-3-
dependent mast cells,11 as does TGF-~. 12 

A sigrrificant advance in the understanding of 

mast cell biology is the appreciation that mast 
cells may assume one of two phenotypes.13 Mu-
cosal mast celLs are found mainly in the mucosa 
of the gastrointestinal (GD tract. Their main aracbi-

dohic acid metabolite is lenkotriene (LT) C4 and 

their viabilhy in vivo appears to depend on T 
cells, the presumed source of IL-3 and IL-4. The 

second phenotype of mast cens has been found in 
the skn, Iungs, and serosal cavities. These con-
nective tissue mast cells contain heparin as their 

main proteoglycan, produce prostaglandin (PC) 
D2, and depend on stromal cell-produced stem 
cell factor (SCF) for their mLtturation in viv0.14.15 

The gene encodiug SCF has been cloned and SCF 
has been shown to be a product of the S1 Iocus in 

the mouse and the ligand for the proto-oncogene 
c-kit tyrosine ktnase receptor (anelic with W 
10cus).15 However, mucosal and connective tissue 

phenotypes are not fixedj and bidirectional changes 

may be possible in suitable microenvironments. It 

is likely, however, that in nomlal development 
there is a maturational sequence of bone marrow 

precursors to Inucosal type mast cells to connec-

tive tissue mast cells. Thus, the precise nature of 

th6 mast cell and its mediators valies with ana-

tolDic location.13 

In humans, the factors that regnlate mast cell 

growth and dWerentiation are less defined. In 
addition, hulnan mast cells are not as clearly dif-

ferentiated as mouse mast cells. Major diffler-

ences between types of human mast cells reside in 

the composition of serine proteases found in the 

granule that are trypsin like or chymotrypsin-like 

in substrate specificity, and in the ultrastructural 

morphology of the granules. For example, in the 
skul, the predonlinant mast cell contains tryptase, 

chymase, and cathepsin G (MCtc mast cell type). 

The granules in these cells have a pattem de-
scribed as lattice like or crystalLine, and the cens 

degranulate in response to neuropeptides such as 

substance P or opiates. By contrast, GI mucosa 
mast cells (MCt type) contain tryptase, but not 
other proteases, have a granule pattem described 
as scroll-like, and do not respond to substance P 

or opiates with degranlJlation. Nevertheless, it 
does appear that in humans as well as in nlice, the 

pattem of mediators produced by mast cells may 
vary with anatomic location.16 

l~ldeed, CD34+ mononuclear cells that are cul-

tured in the presence of IL-3 over agarose sur-
faces for 3 weeks yield cultures with I to 3% mast 

cells.17 Mast cell granules in such cultures appear 

as homogeneous dense structures, but wlthout the 
scroll, Iattice, or reticular pattern seen in mature 

skul or lun' mast cells. For human mast cells to 

express a more mature phenotype, coclJlture with 
fibroblasts is required. In these cocultures, CD34+ 

ptogenitor cens give rise to mast cells that have 

lgiE receptors and granules contaiDing tryptase. 

More strikingly, cocultured mast cells have a 
variety of granule morphologies including scroll, 

retidular, and dense-core pattems found in mature 

human mast cells within tissues. 

The human homolog of SCF has been cloned 
and its effeGts on human mast cells have been 
exaJnined_ Thus, mast cells cultured in IL-3 plus 

SCF, but not in IL-3 alone, are berberine sulfate 

positive, suggesting the presence of heparin 
proteoglycans within the granules.lo,17 Also, elec-
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tron microscopic examination of cultures supple-

mented with IL-3 and SCF, but not with IL-3 
alone, reveals that after 3 weeks in culture, mast 

cell granules contain tryptase and exhibit scroll 

and reticlilar pattems as seen previously iu CD34/ 

3T3 fibroblast cocultures. Thus. CD34+ cells cul-

tured in the presence of both IL-3 and SCF give 

rise to cultures contaiDing mast cens (and baso-

phils), with mast cells showing evidence of matu-

ration. Bone macrow-derived IL-3-dependent 
murine mast cells undergo progrannned ceu death 

(apoptosis) upon removal of IL-3, an event that is 

prevented by the addition of SCF through its ligand 

c-kit. This demonstrates how these principal mast 

cell growth factors may act in concert to regulate 

mast cell number under physiologic or pathologic 
conditions . rs 

Activation of mast cells (or basophils) upon 

interaction of an antigen (~uergen) with its spe-

cific membrane-bound lgE will result in an aJler-

gic response, to be discussed later in tbis article 

(Figures 2 and 3). 

FIGURE 2. Sensitization of mast c~lls. (Reprinted from ILSI Europe Concise Monograph on Food Allergy. With 
permission from the International Life Scienoes Institute.) 
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FIGURE 3. Inflammatory reaction initiated by mastcells (Reprinted from ILSI Europe Concise Monograph on Food 
Allergy. With permission from the intema~onal Life Sci~noes Institute ) 
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lll. iMMUNOLOGIC MECHANISMS OF 
TISSUE DAMAGE 

When an adaptive innnune response occurs 
in an exaggerated or inappropriate form caus-
ing tissue damage, the tenn hypersensitivity is 
apphed.l9 Clinical allergy or hypersensitivity 
phenomena are associated with a wide range of 
processes. However, in eaeh of these entities a 

colnmon denominator of pathophysiology is ei-
ther objectively demonstrable or reasonably in-
ferred. Hypersensitivity is innnnnologically me-

diated through the interaction of an antigen of 

exogenous or endogenous origin with specific 
antibcdies or lymphocyies. The consequence of 
tbis interaction may be quite diverse, and may 
account for a variety of clinical manifestations, 

including auergic reactibns such as rhinitis or 
anaphylaxis; and autoimD:Lune phenomena, in-
cludnlg hemolytic anemia and connective tis-
sue disorders, vasculitides, or graft rejection. 

As more basic inununologic data have been 
correlated with clinical manifiestations, a work-

able system of general classification has been 
developed. Gell and Coombs20 have classified 
the mechanisms of tissue injury due to hyper-
sensitivity reactions into four distuct types. In 

praetice these types do not necessarily occurin 
isolation from each other These reactions are 
basically expressions of the beneficiai immune 
responses acting inappropriately, and sometilnes 

causing iuflammatory reactions and tissue dam-
age. The first three types are antibody medi-
ated, whereas the fourth is mediated primarily 
by T cells and macrophages. 

A. Type I or Immediate Hypersensitivity 
Reactions 

These reactions occur when anti."ens such as 

certain proteins from pollens or foods bind to 
specifio prefonned lgE antibodies a:ttached to the 

surface ofbasophils in the blood or mast cells in 

tissues. This interaction results in the release of 

various mediators such as histamine, PG, LT, ~nd 

cyiokines, which produce an acute inflammatory 
reaction with symptoms such as rhtnitis, asibma, 
or anaphylaxis. 

B. Type 11 or Antibody-Dependent 
Cyiotoxio Hypersensitivity Reactions 

These reactions involve the binding of anti-

bodies to cell-bound antigen. This may lead to 
phagocyiosis, cell destruction by killer cell activ-

ity, or complement-mediated cyiolysis ofthe cells 

to which the antibody is bound_ Examples of 
tissue injury by tbis mechanism include immune 
hemolytic anemia ~nd Rh hemolytic disease of 
the newbom. It shotild be noted that antibody 
interaction with membrane-bautid antigen may 
lead in certajn cases not to cell destruction, but to 

inappropriate (exaggerated) function of the target 

cell as found in hyperthyroidism. 

C. Type f,1 or tmmune Complex-Anediated 
Hypersensitivity Reactions 

These reactions develop when antibody-an-
tigen complexes are formed in lalge quantities 
or cannot be cleared adequately by the reticu-
loendothelial (or Inononuclear phagocyte) sys-
tem. Deposition of these complexes in tissues or 

on vascular endothelium results usually in 
complement activation, which leads to polymor-
phonuclear cell infiltration and activation. Thls 

cascade of events produces the tissue injury which 

is found in conditions such as serurn sickness 
and vasculitis. 

D. Type IV or DTH 

DTH is manifested when antigen-seusitized 
T cells are stimulated wilth the specific antigen 

introduced to T cerLs in a specific m~ner by 
APCs. Tllis interaction leads to the activation of 

the T ceus and to lymphokine production that 
mediates a range of inflammatory responses due 
to the ab~ity of lymphokines to attract and acti-

vate various cells with proiD~lanlD~~ttory effects. 

The classic exaznples of this response are the 
tubcrculin skin test reaction and contact dermati-

tis. DTH is particulaJ:ly relevent in understanding 

the pathogenesis of gluten-sensitive enteropathy 

(see "Anergic Reaetions to Foods" by J. Ander-
son in tbis issue) 
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IV. THE IMRnEDIATE HYPERSENSITIVITY 
RESPONSE 

The clinical and patholagic manifestations of 

ilmnediate hypersensitivity (type D reactions are 

the net result of the actions of the mediators re-

leased from sensitized mast cells upon their inter-

action with specific antigens. Thus, three essen-
tial components are involved in the elicitation of 

~nediatc hypersensitivity. These are the antigen 

(anergen), IgE antibodies directed at antigenic 
detenrrinants on the allergen, and the effector cell, 

namely, the mast cell or basophil. Thus, the typi-

cal sequence of events in ilDmediate hypersensi-

tivity is as follows: (1) production of lgE by B 

cells in response to exposure to the antigen; (2) 

binding of lgE to its receptors on the surface of 

Inast cells and basophils (Figure 2); (3) interac-

tion of the reintroduced antigen with the bound-

specific lgE; (4) activation of ma~t cells and baso-

phils wiih the release of mediators that affect the 

various target organs resulting in the cliDical and 

pathologic manif;estations of disease (Figure 3). 

A. The Antibody 

lgE is central to the induction of irmnediate 

hypersensitivity through its bin(iul** to high-affin-

ity ~eceptors on mast cells and basophils. The 
critical difflerence betwecn atopic and nounal in-

dividuals is that the fonner produce high levels of 

lgE in response to particular antigens, whereas 
the latte;r generally synthesize other lg isotypes 

and only slnan a~lounts of lgE. IgE is the least 

prevalellt of the five antibody classes in te;nns of 

senun levels, which range in normal human sub-
jects from 17 to 250 nglml and comprise approxi-

mately O.002% of total serum lg (Table 2). In 
pathologic conditions, such as severe atopy, this 

level can rise to over 1000 ng/ml. Igi3 circtllates 

as a bivalent antibody and contains a relatively 

hi.•h proportion of carbohydrates (approximately 
12~~.) giving it a mol wt of around 200,000. The 

lgE heavy-chain V (variable) regions and lg~ 
light chains are products of the same *'enes as 
other lg moleeuies. The hea:vy-chain C (constant) 

regions are enGoded by the 8 gene located in the 

heavy-chain gene cluster. Thus, IgE is produced 
as a result of heavy-chain isotype swiitching. 

B, IgE Receptors 

Despite the minuscule fraction that lgl~ eon-

stitutes in the serum, its action is amplified by the 

activities of the receptors to which it binds. The 

"higil-ai~nit~f' receptor FceRI on mast cens and 
basophils (affinity constant at about 10-9 to 
lO-10 M) binds the Fc region of the g heavy chain 

of lgE and is responsible for sensitization. When 

a moltivalent ~lergen associates with Fc~Rl-bound 

lgE, it cross-links these receptor molecules on the 

cell membrane. This triggers de~~ranulation of the 

oell resulting in acute anergic iuflammation in the 

surrounding tissues (Figure 3). Fc8Rl has been 
discovered recently on Langerhans cells (in the 
skin), eosinophils, and activated monocyies. Its 
biological f~nctions in these cells have not been 

identifiedj except that in eosinophils FceRI does 

mediate lgE-dependent killing of parasites 
in vitr0.21 B cells, eosinophils, and macrophages 
express various founs of a second lowe;r affinity 

receptor for lgE tenned Fc8RII, and also known 
~s CD23 This receptor mediates phagocyiosis of 
immune complexes bymonocytes in vitro, and on 
the surface of B ce~ls it plays a part in lgE, 
dependent antigen presentation to T c~~s and in 

adhesion of B cells to each other.21 It is also 
expressed on fonicular den(lritic cells ~l the lymph 

nodes and may ihus be involved in the homing of 
B cells to the genninal centers in the lymphatic 

organs. Soluble fragments of FceRll stilnulate the 

growth and (iifferentiation of the precursors of 
plasma cells, T cells, and basophils, thereby ini-

tiating boih himoral and cellular inlmune re-
sponses. The soluble foml of FceRII has also 
been found to up-regnlate lgE synthesis by 13 
cells.21 IgE itself closes a negative feedback loop 

by switching off its own synthesis through inter-

action with Fc8RII. These observations are now 
in~erpreted in term~ of a system of interacttng 

proteins that are designated as the lgE network.21 

C. Regu]ation of lgE Synthesis in 
Humans 

Cytokirles are essential for B-cell prolifer~~ 

tion and differentiation. They not ollly detennine 

lg secretion quantitatively, they also direct lg 
isotype swltching. IL-4 is a crucial factor for 
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isotype switching to I**E. It provides a necessary 

but insufficient con(ii:tion for the induction of lgE 

synthesis by B cells. In humans, a vaJ:iety of 
second lgE-inducing signals synergize with ~L-4 
in the induction of I**E synthesis.22 I~l addition to 

cyiokines, contact-mediated signals delivered by 
CD4t T cells are required for B-cerl prolrf:eration 

and lg production. Recentiy, the ligand for CD40, 

which is expressed on activated CD4+ T cells, 
was shown to be one such membr~ne-associated 
moleelJle that acts as a stimulatory signal for IL-

4-dependent lgE production by both muline and 
human B cells.23 CD40 is a 50-kDa surface glyco-
protein expressed on all human B cells. It is now 
clear that J:oast cells secrete IL~24 and express 

CD40-ligand,2s allowing them to play a key role 
in allergy by producing illflannnatory mediators, 

and by directly regulating lgE production. IL-4 
up-regulates FceRll on B and iJlflaJnmatory cells, 

providing in tum a local source of contact sthnu-

lation and of soluble growth factors. Moreover, 
several cytokines, including IL-5 and IL-6, up-
regulate the I*"E response induced by IL~ in 
Inononucleal cells.22 Recently, IL-1 3 induced lgl~ 

and lgG4 synthesis by human B cells, an effeof 
that was found to be IL-4 independent.26 Thus, 

IL-13 is another T-cell-de;rived cytokhle that, in 

addition to IL-4, efflciently directs native human 

B oells to switch to lgi~ production. ~~N-Y has 

been reported to iuhibit IL-4-dependent lgE syn-
thesis in both hulnans and Inice.~2 Of particular 

interest is the fixlding that the expression of IFN-

Y is down-regulated by IL-4, both at the protein 
and at the nlRNA Ievel, Induction of lgE synthe-
sis by IIA may reflect not only the ability of this 

cyiokine to iuduce isotype switching, but also its 

abilhy to siulultaneously suppress a major func-

tional IL-4 antagonist. 

D. The Antigen 

Antigens that elicit iJoiulediate hypersensitiv-

ity reactions are called allergens and are proteins 

or chenlicals bound to proteins. Materials such as 

venoms, food, pollens, anitnal danders, and hor-

mone extracts ftuction as complete antigens and 
are capable of elicitiug a complete lgE response. 

On the other handj low-molecular-weiglrt sub-
stances, ineluding some drugs, function as hap-

tens that by themselves cannot elicit an lgE re-

sponse. These substances usually bind to self 
proteins (carriers), fonning hapten-carrier con-

jugates that function as complete neoantige;ns. It 

is not known why some antigens cause strong 
type I responses, whereas other antigens, which 

may be encountered by the same route of admin-
istration, result in non-IgE hunnoral or cell-me-

diated irDmune responses. The property may re-
side in the antigen itself, perhaps in epitopes 

recognized by certain T ceus. Some protein an-
tigens are naturally encountered with adjuvant 
substances that favor lgE synthesis. The nature 
of the adjuvant may detennine the type of APC 
tha:t is activated or recruited and is likely to 
present the antigen to T cells. A particular type 

of APC may provide costhnulators that favor the 
activation of helper T cells that are especially 
potent at stimulating lgE synthesis.9 Also, ge-

netic predisposition may deterD3ine the T-cell 
response to arLergens. Atopic individuals pro-
duce larger numbers of ailergen-speciflc IL-4-
producing T ceill s than nonatopic pe;rsons. More-

over, allergen-specific CD4 T cells obtained from 

atopic patients produce high levels of IL-4 com-

pared with CD4 T cells ftom the same patients 
not specific for this allergen or with CD4 cells 

from healthy individuals- These high IL-4-pro-
ducing cells strongly support the induction of 
lgE synthesis,27 These data suggest that chronic 

stirnulation by allergens selects for auergen-spe-

cific T cells in individuals whose T cells are 
intrinsicall:y prone to secrete large amowlts of 
IL-4 on activation (TH2 cells). 

In general, repeated exposure to a particular 

anergen is necessary to develop an atopic reaction 

to that anergen. For example, individuals with 
respiratofy anergic reactions to pollens may ben-

efit from a geographic 'change ofresidence with a 

change in indigenous plant pollens. Food aller-

gies are corDmon during childhoodj perhaps be-
cause the mucosal banior of the GI tract is not 
mature. A dramatic example of the influence of 
the natural history of exposure to allergen is seen 

in cases of bee sting anaphylaxis. The protein 
toxins in the venoln are usuarly not of concem on 

the first exposure because the atopic individual 
has no preexisting specific l~E antibodies. How-

ever, a lar.'e Ic•E response may occur after a sec-
ond sting. 
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Thus, to iDitiate a type I response, exposure to 

an appropriate antigen and a genetically deter-
nained capacity to respond with lgE-production 
are required. Antigen presentation requires access 

of antigen to the mucus membranes, uptake by 
APC, antigen processing, and stimula:tlon oflocal 

antibody production. IgE production occurs in the 

saJILe local enviromnent as antigen presentation, 

probably in the draining lyn:;ph nodes. As stated 

earlier. IgE production is regulated by locaJly 
produced cyioktnes including IL-4 secreted by 
local TE12 cells. The lgE that is produced sensi-

tizes mast cells by binding to FceRl on the cell 
sutface (Figure 2). 

E. Mast Cell Activation and Mediator 
Release 

As mentioned, the event that initiates the 
irnlnediate hypersellsitivity reaotion is ihe bind-

ing of allergen to lgE on the mast cell or basophil 

surface. Mast cells or basophils are activated by 

cross-linking of FceRI molecules , which is thought 

to occur by binding ofmultivalent anergens to the 

attached I*•E (F7igure 3). Individuals subject to 
type I reactions are more likely to have greater 
amounts oflgE specific for a given auergen. There 

is a high probability that the allergen wilL bridge 

two adjacent lgE molecules speeific for its anti-
genic determinants, and a cross-linkiug will oc-

cur. 
Activation of mast cells (and basophils) re-

sults in three types of biological responses: secre-

tion of preformed contents of their granules by 
exocyiosis; synthesis of lipid mediators derived 

froln precursors stored in the cell membrane and 
lipid bodies; and initiation of transcription, trans-

lation, and secretion of cyiokules.9 

Mast cells reach maturity within tissues and 
are the frrst cells activated in allergic inflamm~~ 

tion. B~tsophjls circulate in the blood as mature 

cells and are capable of Inigrating into tissues 
duxing an allergic inflammatory response. Through 

the release and produ:ction of a variety of 
proinflanlJnatory molecules, both cells set in 
motion a series ofevents that~:esult in both irDme-

diate and late-phase responses (L;PR). Activation 

of mast cells and basophils involves a complex 
series ofbiochemical events that lead to degranu-

l~:tion and mediator release. Briefiy, the cross-

liuking of FC8Rl resuits in activation of a G pro.tein 

that activates a membrane-bound phospholipase 
C to catalyze phosphatidyl inositol biphosphate to 

IP3 and DAG. IP3 causes elevation of cyioplas-
mic calcium and DAG activates PKC. These events 
are sirnilar to those observed in T cell activation 

via the TCR. These events lead to phosphoryla-
tion of myosin chains, which is thought to resl:It 

in disassembly of actin-myosin complexes be-
neath the plasma membrane, thus ailowing fusion 
of the granules with the plasma me~Dbrane and 
reslJlting in exocyiosis of the granule contents.9 

In addition to the known ability of mast cells 

and basophils to degranulate in response to cross-

linkirrg of Fc8Rl, they may also be activated and 

degramJlated by a variety of other sttD~:uli. These 

include the complement-derived anaphylatoxins 
C3a and C5a produeed by complement activation 
during hulnoral imlnune responses; IL-8 or other 

mononuclear-derived cyiokines produced as part 
of cell-mediated irumunity; neurotransnlitters such 

ais substance P, (inlgs such as codeine and dmgs 

that ereate hyperosmolar conditions. 

After mast cell and/or basophil activation, a 

nuniber of chenlioal mediators are released from 
storage granples (prefonned mediators) or newly 
generated. The best known mediator of the former 

group is histalntne. HistalDine is formed in vivo 

by the decarboxyla:tion of the amino acid histi-
dine, a process that takes plaoe in the Golgi appa-

ratus of Inast ce~s and basophils. It is then stored 

as a complex with the higlily char,~~red sulfate 

groups of proteoglycan side chains in the secre-

tory granules. Approximately 3 to 8 pg hlstalnine 

per cell is found in mast cells isolated from hu-

man lungs, skul, and small intestine. Histamine 
e;xerts its biological effects on a variety of tissues 

in large part via twc receptors, tenned H-1 and 
H-2. H-1 receptors medrate such effects as 
bronchoconstriction, intestinal peristalsis, and pru-

ritus. H-2 receptor-mediated effects include in-

creased gastric acid secretion, increased mucous 
secretion, and increased gastic mucosal bl ood flow. 

H-1 and H-2 receptors act in concert to promote 
uterine contraction and vasodjlation. Specific his-

tanline-receptor biockers are now in use for the 
treatment of histarDine-mediated effects. H-1 re-

ceptors are blocked by classic antihistalDines such 

as chlorpheniramine and the newer nonsedative 
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cytokines include cell adhesion to endothelial 
surfaces and to extracellular matrix components, 
cell mic~ration to the site of inflanimation, cellular 

activation, and cytoldne release.31 

The consequences of mediator release usu-
ally occur withtn minutes, thus the tenn "ilDlne-

diate" hypersensitivity. The mediators interact with 

the surrounding tissues and elicit the aller*vic re-

sponses, the nature of which is detennined by the 

local envirolnnent. Many, but not all, hypersensi-

tivity reactions reslilt in a second LPR. These 
reactions begin 2 to 4 h after the original chal-

lenge and peak between 6 and 12 h afterward. 
Unhke the iulmediate response, tbis late event 

is characterized by a'local inflammatory process 

consisti:rg of acculnlilation of cells including neu-

trophils, eosinophils, and in a later phase mono-

nuclear cells, which are mainly lymphocyies. It 
now appears likely that cytokines, released after 

mast cell activation, contribute to the LPR. TNF-

ce in particular may account for the sequential 
polymorphonuclear and mo~onuclear cell infil-
trates.31 LPR is believed to bc the major patho-

genic mechanism that underlles chronic diseases 

such as asthma. 

v. CLINICAL RnANIFESTATIONS 

The clinical and pathologic features of type I 

reactions are the result of the cumulative eff:ects 

of mast cell mediators on the surr6unding tissues. 

These features vary with the anatomic site be-
cause of various factors, including the nature and 

the poiD:t of contact with the antigen; the local 

mast cell phenotype; and the sensitivity of the 
target organs to the mast cell-derived mediators.9 

The clinical manifestations of food allergy are the 

focus of "Allergic Reactions to Foods." 
The most colmnon folms of type I disease are 

aJlergic riunitis, asthma, atopic deirnlatiti~ (AD), 

and GI allergy. A diffuse multisystemic reaction 
is termed anaphylaxis. 

A. Respiratory Manifestations 

1. Rhinitis 

mold spores, that are deposited on the nasal mu-

eosa. Symptoms may include paroxysms of sneez-
ing, itching of the nose, eyes and palate, and nasal 

stufflness. Rlmny nose (rhulorrhea) with watery 
discharge is another typical feature of allergic 

rbinitis that is often accompanied by postnasal 
drip. A personal history of other atopic diseases, 

a strong fainily history of ajlergy, or a regnlar 

seasonal pattem of compatible symptoms is 
stron.'1y suggestive of an allergic cause.32 Most 

patients develop symptoms before the age of 30 
years Once synlptoms have started, they can be 
exacerbated by various nonspeciflc irritants such 

as cigarette smoke, air poll:ution, strong odors, 

and climatic changes. 

2. Asthma 

Partioles with an aerodynamic equivalent di-

ameter of less that 4 um are likely to reach the 
lower respiratory tract. Asthlna is the clinical re-

sult of an iulmunologic response that takes place 

iu the lower respiratory tract. It can bc defined 

clinically as recurrent aicflow obstruction eausing 

intennittent wheezing, breathlessness, and some-

times cough with sputum production- Pathologi-
call~, the airflow obstruction of asthma is due to 

a combination of bronchial sJnooth muscle con-
traction, mucosal edema, inflarnmation, and mu-
cus secretion. The disease involves large and sm~l 

ai:ways but not alveoli, and the processes leading 

to airflow obstruction are in general reversible.32 

B. Dermatologic Manifestations 

The two most common type I allergic dis-
eases of the skin are urticaria and AD. These skul 

r~actions may bc provoked either directly by con-

tact of th~ ajlergen with the skin surface or indi-

rectly by mast cell activa:tion by an anergen that 

is systeroicany spread via the circulation after 

ingestion or injection, such as allergic skin re-

sponse to fodd, drugs, and stugs. 

1. urticaria (Hives) 

Rhinitis is a manifestation of an imrD:unologic 

response to allergens, such as pollen grains and 
Urticaria consists of blanchable, erythema-

tous, edematous papules and plaques, usuauy 
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pruritic and ranging from I to 2 mm to several 
centimeters in diameter.33 Iridiviidual lesions usu-

ally last several hours. Acute episodes ofurticaria 

are commonly of brief duration, resolvimg within 
several days. Most cases of aeute urlicaria are lgE 

dependent, whereas an I*"E-dependent mechanism 
can only rarely be implicated in chronic urtica:ia 

that is defined as urtiearia that lasts more than 6 

weeks. Cutaneous mast cells may also be acti-
vated and thus cause urticaria via locarnonimmu-
nologic mechanisms such as physical stimuli, in-

cluding de~natographislr~ pressure, and cold. 

2. AD 

AD is a chronic inflammatory skin disease in 

which the role of activated mast cells has not yet 

beein elucidated. It is characterized by pruritus, 

erythem~~ edema, and vesiculation. The chronic 
lesions become scaly and lichenified. The inxpor-

tance of lgE-mediated hypersensitivity is suge~ested 

by the clinical findings that 809i:o of patients with 

AD have sigoiflcantly elevated lgE Ievels, aller-

gens exacerbate AD, and a personal or failrily his-

tory of AD is usually present.33 Recently, receptors 

for lgE have becn found on the surflace of Langer-

haus eells in the skin that serve as APC for T cells. 

The sites of responses to mediators are both 

local and remote from the site of the antigen 
deposition. This is a difftise response and Inay be 

fatal if not treated. The clinical mantfestations of 

anaphylactic reactions are specific, dependiug on 

the parti:cul ar target systems affected. For example, 

reactions involving the skin are malrifested by 
pnlritus, flus~ng, urticaria, and ang'oedema. In-

v~lvement of the uppe;r airways is exhibited by 

hoarseness, stridor, and laryngeal edema. The 
lower aitway manifestations of anaphylaxis in-
clude dyspnea, tachypnea, wheezing, bronchor-
rhea, and IJltimately respiratory alrest. Cardiac 

manifestations include tachycardia, arrhythn~ias, 
hypotension, and ultimately cardiac arrest. Fi-

nally, GI signs and symptoms include nausea, 
vomiting, cralnping, and dia~:hea.34 

Vl. DIAGNOSTIC APPROACH 

The patieint's medical history is the primary 

diagnostic procedure in allergy practice. Labora-

tory studies, inclu(ling skn and in vitro tests for 

specific lgE antibodies, ha:ve relevance only when 

correlated with the patient's medical history.1 The 

specific dia'gnostic approaches for the diagnosis 

of food aller*vies is detailed in "Allergic Reac-

tions to Foods." ' 

C. Gl Manifestations 
A. History 

GI :nanifestations of l."E-Inediated anergic 
responses (see "Allergic Reactions to Foods") are 

more frequent than the respiratory or cutaneous 
maJ2ifestations. These symptoJns resul t ~tom I ocal 

effects of mast cell-derived mediators on the GI 

mucosa. Mast cells in the GI traet may be acti-
vated by either local direct stirnlili such as foods 

or as a part of a generalized response to an antigen 

spread by the circulation. These GI symptoms 
usually include nausea, cramping, bloating, vom-

iting, and diaD:hea. 

D. Anaphylaxis 

History of a possible arlergic disease should 

include specifio inf:ormation such as: (1) seasonal, 

weekly, or diumal variations of the symptoms; 
(2) relationsbip of symptoms to location (home, 
work); (3) exacerbating factors (e.g-, dust molds, 

animals); (4) medications and their efflcacy in the 

treatment of the current symptoms; (5) occup~lr 
tional history; (6) fajnily and past history of aller-

gic diseases; (7) environmental survey that de-
scribes specific features of the patient's indoor or 

outdoor environment and the effects of specific 
environmental agent~ on symptoms , 

Anaphylaxis refers to the conste~lation of si~~ns 

and symptoms that resul t f rom lgE-mediated mast 

cell- and basophil-activation and degranulation. 

The target tissues for the mast cell and basophjl 

derived mediators are primarily blood vessels and 

smooth muscles. 

B. Diagnostic Tests 

The diagnostic tests currently employed verify 

the presence of specific Ic~E and point to the pos-

sibility of a type I allergic etiology to the patient' s 

symptoms. These tests irl and of themselves are 
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not diagnostic of lgE-mediated aller*~ic disease, 

but provide evidence of immunologic sensitiza-
tion. 

1. Allergy Skin Testing (ST) 

ST has been a prinlary diagnostic tool since 
the end of the nineteenth century. It is performed 

by introducing the allergen by prick or intrader-

mal injection into the skmj. although for foods, the 

prick skin test is preferred_ For a skLn test to be 

considered positive, a djluent control must be 
negative and a histamine control must be positive, 

A positive skul test is the eulmination of a number 

of events that begin with the interaction of the 

allergen with lgE on the surface of cutaneous 
mast cells. This interaction is followed by media-

tor release and the subsequent biological effects 

on the surrounding tissues. These include vasodi-

lation, increased vascuiar pemleability, plasma 
leakage, and neuronal stilnulation. These events 
lead to a <'whear' (1eakage of fluid) and '~~:are" 

(vasodilation) response whlch is associated with 

local itching (neuronal response). The skul test 

indicates not olily the presence of specifrc I*•E, 
but also the sensitivity of mast cells and the bio-

lo.'ical e~ects of the mediators on tissues. 

2. In Vitro Testing 

In vitro tests detect the presence of specific 

lgE in the seruzn. A solid-phase iznmlmoassay is 

widely used in which the allergen is bound to a 
solid phase and then incubated first with the pa-
tient serum and then with radiolabcled allti-hu-

man lg:E antibody. In reports comparing in vtvo 
and in vitro testing, in vivo testug (e.g,, skin tests) 

is more specific for most antigens,35 

3. Chailenge Tests 

This diagnostic procedure involves the intro-

duction of the allergen in the '~aatural" way by 
iQhalation or ingestion. Ingestion would be the 

nlost natural route for foods. Signs and symptoms 

are thereafter mollitored. These tests diagnose 
disease, identify etiologic agents, and study patho-

genesis. These challenge tcsts, including the 
double-blind placebo-controlle~ food challenge 
a)BPCFC), should be conducted by experienced 
medical pe;rsonnel under careflil conditions. 

Vll. PRINCIPLES OF THE THERAPEUTIC 
APPROACH 

Three basic therapeutic techDiques should be 
consideredintreating an allergic disease: (1) avoid-

ance of the offen(iulg aJlergens; (2) use pf appro-

priate phannacologic a*'ents; and (3) allergy iln-

munotherapy. Specific details on the therapeutic 

approach for food anergies are provided in "Al-
lergic Reactions to Foods." (AlsO see lhtema-
tional Consensus Report on the Diagnosis and 
Management of Asthma, U.S. DepartDlent of 
Health and Human Services publication 92-3091, 
June 1992.) 

A. Allergen Avoidance 

Whenever feasible, avoidance is the preferred 

form of trea;tment. It is the o~ly treatment neces-

sary in most cases of aJlergy to drugs, foods, 
animals. and some of the physical allergies. 

B. Pharmaco[ogic Therapy 

Generally, the pharmacologic treatment of 
allergic diseases may bc divided into two catego-

ries. The frrst is symptoma:tic control. Here, treat-

ment mainly a~~;ects tarcaet organs involved in the 

clinical manifestations of the allergic response 

such as smoath muscles, blood vessel wans, and 
mucus glands. This category includes the use of 
H-1 and H-2 bistamine receptor antagonists and 
ihe ~2 adrenergic agents albuterol and sallneterol. 

The latter agents are s~ecific for the ~2 receptors 

that mediate a potent bronchodilating effect due 
to smooth ~nuscle relaxation. These agents also 
reduce vascular permeability and plasma leakage. 

Also in this group are the anticholingeric drugs 

such as ipratropium bromide. Their anticholul-
ergic effects incltide bronchodilation as well as 

iDhibition of mueus seeretion. Lastly, in this cat-

egory of drugs are the methyixanthiries such as 
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theophyllrne. Their maj or phannacologic activity 

is relaxation ofbronchial smooth muscles. Theo* 
phymne also irnproves contractnity of the dia-
phragl~o. reverses mucosal edeme~ and accelerates 

mucociliary transport. Theophynine also antago-
nizes the effects of ade:nosine on mast cells and 
may thereby reduce mediator relea~e.36 

The second category of therapy affects the 
cellular colnponents of the inflammation and may 
be referred to as anti-iD~lammatory. Drugs in this 

category include cromolyn sodiun~ an agent whose 
mode of action relates to its abilhy to reduce mast 

cell reactivity. Therefore, early administr'tl;tion may 

prevent allerge;n-induced early and late allergic 

responses in the ~uilgs and upper airways 
Nedocromil sodiurn, a pyranoquinoline, is all-
other nonsteroid anti-irLflalnnlatory agent for the 

treatment of astinna. Its pharmacologic etfects 
include inhibition of human mast cell and eosirto-

phil activation, ~s well as inhibition of the mobi-

lization of illflalnlnatory cells such as eosinophils 

and neutrophils. Nedocromjl also inhibits both 
imlnunologic and nonilnmunologic activation of 
monocyies ~nd nlacrophages.3? These cumulative 
effeets may bc relevant to the treatment of aller-

gic diseases such as asthma, given the role of 
airway iDilanmlation in this disease process. 
Finally, corticosteroids are known for their iln-
pressive therapeutic e;ffects on a variety of aller-

gic diseases. They are useful in treating allergic 

diseases such as asthm~~ rbinitis, and AO_ AJnona 

the most relevant effects are a reduction in mi-

crovascuiar penneability, mucus secretion, and 
PD production; inhibition of eosinophil migration 

and proliferation, cyiokule production by inflam-

matory cells; an enhanced ~-adrenergic receptor 
expression; and a reduction in mast cell nulnber 
and reaotivity in viv0.36 These actions together 

lead to a range of therapeutic benefits including 

inhibition of late-phase anergic responses. 

C. Immunotherapy 

This is the process by which increasing doses 

of the specifilc allergens to which the patient has 

been found to be allergic are injected subcutane-

ously over time to prevent lgE-mediated allergic 
symptoms. This therapeutic nlode aff;ects several 

imlnunologic processes in the anergic responses 

and is the ollly treatnlent reported to have long-

lasting preventive ef~iects . j~munotherapy is eif-

fective in the treatment of allergy to Hymenoptera 

venom and in allergic rhinitis. The effectiveness 

of tbis treatlnent depends on several factors in-

cluding delivery of an :adequate dose of the re-

spective allergens and the length of time of im-

Inunotherapy . Iilsuf~icient clinical data justtfy ihe 

use of irDmunotherapy in the treatment of food 
al I ergy. 

The multiple effects of iDlmunotherapy on 
cellular events, iuflanunatory responses, and im-

munologic changes that occur in lgE-mediated 
allergic processes have been reviewed.38 Briefly, 

these effects include (1) an initial rise in specific 

lgE with subsequent significant decrease below 
treatment levels; (2) a drop in lgE that is inversely 

eollelated with the rise of specific lgG antibodies 

capable of blocking the passive transfer of the 
allergic response, telmed blockhrg antibodies; (3) 

an increase in lgG and lgA antibodies in the naisal 

secretions; (4) a decrease ~l basophil ~eleasability 

where larger amounts of allergen are required for 

degranulation; (5) a decrease in antigen-induced 
eosinophil rriigration into the nasal cavity; (6) 

prevention of increased responsiveness of the nasal 

and bronohial mucosa to hist~~ine in. allergic 
patients during the season; and (7) eff:ects on 
allergen-specific T cells such as a decrease in 
proliferation and suppression of cyiokule produc-

tion observed in response to the allergens. Recent 

works have demonstrated that the production of 
bistamine-releasing factors by mononuclear cells 

is also decreased by immunotherapy. 

Vlll. SUMMARY 

Ailergic diseases result from lgE-mediated 
immune responses to forei~~:D protein (anergens). 

The majority of such reactions are I"•E-mediated 
(type D reactions. lrldividuals who develop such 

reactions are allergic. Those predisposed on a 
genetic basis to syathesize lgE to environmental 

allergens are atopic. Most aJlergic reactions are 

preeipitated when a specific allergen aggregates 

several lgE molecuies attached to lgE receptors 
on the surfaces of nrast cells and basophns. Chenli-

cal mediators are released which lead to the inlr 

mediate signs and symptoms associated with 
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anergic diseases including hives, asthm~~ and ana-

phylaxis. More prolonged reactions f~ollow if sig-

nificant numbers of other cells including eosino-

phils, macrophages, and lymphocyies are drawn 
into sites of mast cell activation. Therefore, aner-

gic diseases result from a complex interplay of 
immune cells, foreign porteins, and tissue inflam-

mation. 

REFERENCES 

l Pope, A. M., Patterson, -R., and Burge, H., Eds.. 
Indoor Allergen: Assessing and CantroJling Adverse 
Health ~~~ects, National AcadeJny Press, Washing-
ton. DC, 1993 

2. Goodulan.J.W..Immunoglobulinstructu~eandfutle-
tion, in Basic and Clinical Imlnunolo~y, Stites, D. P 

and Telr. A. I., Eds., Prentice Hall, Englewood Cl~fs, 

NJ, 1991, 109. 

3 Cooper. M. D.,Blymphocyies: norrnal develQpment 
and function, N. Eng. J. Med. 317, 1452, 19g7. 

4. Finkellnan, F.D.,Katona,1.M.,Urban, J.F., et al., 
Il~4 is required to generate and sustain in vivo l~E 

responses, J. Immunol., 141, 2335, 1988 

5 Royer, H. D. and Reiuherz, E. L., T Iymphocytes: 
ontogeny, function and relevance tQ cliQical disor-
ders, N. Engl. J. Me(L, 317, I136, 1987. 

6. Lanier, L., Cells of the iDIJllune respoJ:se, in Basic 

and Clii~ical Im,nulwl08,~ Stites, D. P. and Terr. A. I., 

Eds., Prentioe Hall, ~!rglewood Cliffs, NJ, 1991, 61. 

7. Mossman; T. R. and Coffman,R. L., THI and TH2 
celis: different patterns of lymphokine secretion lead 

to different futletional properties. Ann!L Rev. 1,1wsunoL, 

7, 145, 1989 
8. Gevennan, J. aud Parnes, J. R., The Tcell receptor, 

in Basic and Clinical ImmunologyL Stites D. P.. Terr, 

A. I.. Eds. Prentice H~l. Englewood Cllffs, NJ. 1991, 

73 
9 Abbas, A. K., Lichtlnan, A. H., and Pober, J. S., 

Eds., Cellular and Moleclilar Inununology, W. B. 
Saunders, Philadelphia, 1991. 

10. Metcalfe, D. D., Costa. J. J., and Burd, P. R, M~st 

cells and basophils, in Inflammation: Principles and 

Cli!2ical Correlates (~al~J1. J. J., Goldstein, I. M., aDd 

Snydennan. R.. Eds. Raven Press, New York, 1992, 
709. 

ll. Bressler, ~L B.. Thompson, H. L., Keffer, J. M., 
and Metcalfe, D. D., Inhibition of the growth of 
IL-3 dependent mast cells fronl nludne bone me~ow 

by recombinant GM-CSF. J. ImmunoL, 143, 135, 
1989. 

12. Brodj;e,D.IL.Wasserman. S. I!.Alvaro-Garcia, J., 
Zvaifler, N. J., and Firesteiu. G. S., TGF-~l selec-

tively inhibits IL-3 dependent mast cell proliferation 

vithout affectin* Inast cell function ~nd differentia-

tion, J. Immunol., 143, 1591, 1989. 

13. Gani, S. J., New insights into the '~i(~~e of the mast 

ce~l": I:licroenviroulnental re~ul* ation of mast cen de-

velopxnent 2nd heterogeneity, Lah. Invest.. 62, 5, 1990. 

14. Levi*Scaffer, F., Austcn, K. F., Gravallese, P. M., 

and Stevens, I~ L., Cooulture of IL-3 dependent 
mouse mast cens with fibroblasts results in a pheno-

typic change of the mast cells. Proc. Natl. Acad: Sci, 

U.SA., 83, 6485, 1986. 

15. Galli, S. J., Geissler, E. N.,Wershn,B. K., Gordon, 

J. R., Tsai, M., and I~nnnel, I., Insights into mast 

ceil delrelopment and ftulction derived froln analyses 

of mice carrying mutations at Beige, W!C kit or S1! 

SCF Ioci, in The Mast Cell in Health and Disease, 
Metcalfe. D. D. and Kaliuer, M. A.. Eds., Maycel 
Dekker, New York, 1993, 129. 

16. Schwartz. L. B., Heterogeneity of human mast cells, 
in The Mast Cell i,2 Healtk and Disease. Kaliner. 
M. A, andMetcalfe, D D.. Eds., Marcel Dekker, New 
Yor~ 1993, 219. 

17 Krishenbaum, A. S., Rottem, ~L, Metcalfe, D. D., 
and.Gof~:, J. P., The oligin alld development of Inu-

rine and buman mast oells, in The Mlast Cell in Health 

and Disease, Kaliner, M. A. aud Metcalfe. D D., 
Eds.. Marcel Dekker, New Yor~ 1993, 203 

18. Mekori, Y. A., Oh, C. K., andMetcalf,~ D.D., IL-3 
depende;nt Inuline nlast cells undergo apoptosis on 

removal of IL-3. PreventiQn of apoptosis by c-kit 
ligand, J. ImmunoL, 151. 3775, 1993. 

19. Roitt, I., Brostoff, J., andMale, D., Eds., Immunol-

0~y. Gowel Medical Publishiug, London, 1989, 19 
20. Gell, P. G. H! and Coo:nbs, R. R. A., Clintcal As-

pects oflmmunology. Blackwell. Oxjord, 1963 
21 Sutton. B. J. aud Gould, H. J., The hulnan lgl3 

network, Noture CLondon), 366, 421, 1993 
22. Geha, IL S., Regnlation of lgE synthesis in humans, 

J. Allergy Cl~n. Imm~,nol., 90, 143, 1992 

23. Armitage, R. J., Fanslow, W. C., Strotkbine, L., 
Sato, T. A., Clif~ord, K. N., Macduff, B. M., Ander-

son, l). M.* Gimpel, S. D., Davis-Smith, T., 
Maliszewski. C. R.. Claj:k. E. A., Smith, C. A., 
Grabsteill, K. H., Cosman, D., and Spriggs, lvL K., 

Moleeular and biological eharactelization of a mu-

li:Le ligand for CD40, Nature rLondonJ, 357, 80, 
1992. 

24. Plau~ M., Pieree, J. H., Watsot,, C. J., Hanley-
Hyde, J., Nordan, R. P., and Paul, W. E., Mast cell 

lhles produce lymphokiues in response to cross-rink-

age of Fc~RI or to calcium ionophores, Nature rl~on-

don;, 339, 64, 1989. 

25 Gaucha~ J. F.. Henchoz. S., Mazzel, G., Aubry, 
J. P., Brmlner, T., Blasey* H., Life P., Taiabot D., 

Flores•Ronro, L., Tho,npson, J., ~ishi, K., 
Butterfield J.. Dahinden, C., and Bonnefoy, J. Y., 

Induction of hulnan lgl3 synihesis in B eells by mast 

cells. Nature (Lond,7n), 365, 340, 1993. 

26. Pmmonen, J., Aversa? G., Cocks,B. G.,McKenzie, 
A. N. J., Menon, S., Zurawski, G., de Waal Malefyt~ 

R., and de Vries, J. E., IL-13 induces IL-4 ~ldepen-

dent lgG4 a:Id lgl~ synthesis aQ;d CD23 expression by 

sl 7 



h~nan B ce~s, Pr(,c. Ifat~ Acad. Sc7. U-S_A-, 90. 

3730, 1993. 
27 Wierenga,~LA.,Sl:1)eg~M!,de GrootC.Chretien, 

L., Bos. J. D., Jall~en, H. M., and Kapsenberg, 
)1. I., Evidenc~ for eompartmenta~zetion of f~nc-

tionel subsets of CD4 T Iymphokines in atopio p2~ 
tients. J. Im,nunoL, 1~4. 4651, 1990. 

28 Schwartz, L B., Meteajfe, D.D.,Miller, J. S.,Ear~ 
H,, and Sul~van, T., Tryptase lel,els as an indicatQr 

of ruast ce~l activation in systelnic ~llaphyl~is and 

masl:oo)1:;osis, N. Engl. J. Med., 316, 1622, 1987. 

29. Sampson, H. A.. Mendelson, L,, and Rosel], S. P., 
Fat~l and ne~~~tal food-induced ~uaphy]a~~ in ehi~-
dreT~ -~:. Engl. J, J~iged., 327, 380, 1992. 

30. Costa, J. J., Burd, P. ~L, andMetcalfe,D, l)., Mast 

oell cyiokin~~, in The ~last Cell ill Hlearth and Dis-

ewe. Kaltller. M. A. aEdMetcaiiie. D. D.. ~ds.. Marce] 

D~kter, Ne'~, Yor~ 1993, 443. 
31 Wershjl, B. I~!, Wang, Z., Gordon, J. IL, and Galli, 

S. J., RecruitDlent of neutrophils dudng lgE-depelL-

(lent cutaneous late phase responses in the Inol~se is 

mast cell de:pendent J. Clir~. hlvest,, 87, 446, 1991. 

32. I~anl!e:r* M. A. and Lexnanske, I~, Rhinitis and 
asthlna. J. A,,~ Med. Assoc., 268, 2~07, 1992. 

33. Horan, IL F., Scllneider, L. C., and Shef~ier. A. L., 

Ailerglc s~l disorders and ,nastocytosis, J. Ai~ i~i:ei~ 

Assoc., 268. 2858, 1992. 

34. Meteaife, ~). D.> Aoute ana:phylaxis and urtica~a in 

child:en and adults, in Clinfcal Ma,1x~gertlent of Utri-

caria andA,laphyl~~xis, Shoeke~ A. K.. Ed.. Maroel 
Dekk~r, New York, L992. 1_ 

35 Bernstein, L L.. Ed., RelevaJlt in vivo ~nd in vitro 

diagnostic tests oflgl~-dependent l~actions. J. Al ler.~y 

Cli,~ Immunol., g2, 488, 1988 

36. Kaliner. M. A.. How the eun~ent underst~idirlg Of 
the pathophysiolo~y of astiuna ir~luenoes our ap-
proach lo therapy. J. Allergy Clin. Im7n~,1:ol., 92. 

144 1~93. 
37. Was5erman, S. L*Nedooromil sodiunl: A pyraJlo-

quinoline aJlti-iufI~Jn~natory agent fol tbe treat-

ment of asl~l~L, J. AHergy Clin. ImmunoL 92 
155, 1993, 

38. Certjeos. P. S.. Imlw;llothera~py vith all~r.'ens. J, 

A,~ Med: Assoc.- 268, 2834, 199~. 

sl 8 



Critical Revlews in Food Science and Nutrition, 36(S):S19-S38 (1996) 

Allergic Reactions to Foods 

John A. Anderson 
Division of Al[ergy and Clinical Immunology, 
System. Detroit, Miohigan 

Departments of Pediatrics and Medicine Henry Ford Health 

l. INTRODUCTiON 

The term food allergy is often overused by 
the public, as well as by some physicians and 
scientists, to describe any undesired or bother-
some problem related to diet. To discuss allergic 

reactions to foods, it is important to establish a set 

of def~itions to describe these types of reactions. 

Table I provides such a glossary of termsl ihat 
has evolved over the years ftom an ea~:lier classi-

fication.1 In tilis set of defirlitions, food thtoler-

ance is used to describe nontoxic, nolrimmune-
mediated reactions and food allergy relates to 
imD2:unologic reactions (usuaJfy immunoglobulin 

E ~gE mediated]). 

ll. PREVALENCE OF ADVERSE FOOD 
REACTIONS 

Although the best estimates suggest that less 

thal: I to 2~;v of the c'eneral population suffer from 

food aller*vies, the prevalence of adverse reac-

tions to foods is unknown.2,3 The public's percep-

tion of the importance of allergic reactions to 
food ingredients, however, substantiaJly exceeds 

the prevaience of such reactions identil~led in nln-

ited clinical studies. In some surveys, one in four 

atopic adults believed they had experienced an 
adverse reaction following ingestion of a specific 

food.4 The prevalence of adverse reactions to food 

confirmed by a double-blind, placebo-controlled 
food challenge (DBPCFC) during the first 3 years 
of lrfe among 480 consecutively born infants in 
Denver, Colorado, was 89{f0.5 Of these children, 25 

(5.29i;o) were suspected to be milk allergic, but 

orily ll (2.39{fo) could be confirmed to be so by 

DBPCFC. In a prospective study aluong a cohort 
of 1749 newboms bom in a single hospital ftom 
a muDicipality in Denmark du:ing the calendar 
year 1985, 39 (2.2~o) were found to have sys-
temic adverse reactions after cow's milk protein 
challenge-6 

The prevalence of food additive reactions in 
children is also unknown and a subject of deba:te 

For exalnple, a recent prevalence study among 
4274 DaDish school children age 5 to 16 years has 

been reported_7 Following selection through a 
screening questiollnaire and open challenges with 

mixes of food preservatives, dyes (colors), and 

flavors, 12 of 17 positive responders were chal-

lenged using the DBPCFC method and 6 (50%) 
were positive. Five of the six reacted to the color-

ing agent and one reacted to citric aci(~ (One had 

urticaria and five had exacerb-~:tion of atopic der-

matitis [AI)].) Based on this study, it was esti-

mated that the incidence of adverse reactions to 
food additives among Danish children is I to 29~o, 

althou"'h 6/4274 is 0.14%.7 

The most colnDlon respiratory allergic mani-
festation in adults is allergic rhinitis due to pollens 

from trees, grasses, weeds, andj in Nort~l America, 

from ragweed. Although such respiratory symp-
toms are not comlnonly involved in food auer-
gies, some individuals with pouen allergies expe-

rience mild adverse reactions confimed to the 
oropharyngeal ~rea after ingestion of certain fresh 

fruits and vegetables. In this oral allergy syn-

drome, Iocalized itching and swelling of ihe 
oropharyngeal area occurs when exposed to such 
ftesh fruits or vegetables.8~ro In a series of 1447 

ragweed hay fever patients, 6.2% were found to 

have local anergy symptoms to melons and ba-
nanas.u,12 Of 274 patients anergic to one or more 

1040-8398/96/$.50 
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TABLE 1 
Adverse Reactfons to Food: Ctassifleation 

l. Tox'c reachons 

T7lese ocour in any exposed individual if the dose is high enovgh. Toxic compounds may be naturally occurring or 
are induced during food processing or by eontaminants. Symptoms of some toxic reactions may resemble those 
eaused by allergy. 

ll Nontoxic reactions 

A. Immune-mediated 
The term food a!lergy is reeommended for immune-mediated reactions Allergens are defined as the 

antigenic molecules giving rise to the immune response. 
1. IgE-mediaied 

Symptoms inolude anaphylaxis and symptoms from the skin, respiratory, and el tracts. None of these 
symptoms are specific. 

2. Non-lgE-mediated 
Diseases include protein-induoed gastToenteropathy and ce[iac disease. The preoise role of food in 

immune mechanlsms involved in such disorders is not known. 
B. Non-immune mediated 

The term food intoler~nce is Tecommend for nonimmune-mediated reactions 
1 Enzymatic 

Secondary lactase deficiency aftects most of the world population, whereas most other enzyme deficien-
cies are rare ltlborn errors in metabolism. 

2. Pharmacologie 
This form of intolerance is present in individuals who are abnorma[ly reactive to substances such as 

vasoactive amines normally present in some foods 
8. Undefined 

This includes adverse reactions to food for which the otfending mechanisms are unknown, ineluding 
some additive into erances. 

Adapted from Bruijnzeel-Koomen et ai.i25 

of three pollens (birch, grass, and/or mugwort), 

1 1 1 (47%) had clinical symptoms Or lgE antibod-

ies to apples, potatoes, canots, celery, peaches, or 

mel ons . 8 

Finally, an estimate of the prevalence of ana-

phylaxis and other systemic rea:ctions to food and 

food additives (especiany suJJ~rtes) was obtained 

through a prospective survey of 73 Colorado 
emergency depaltments over a 2-year period.13 
Twenty-five individuals ranging in age from 2 to 
71 years (213 over 18 years) had a seJious reac-

tion. Two required cardiopulmonary resuscitation 
and one patient died. Based on the prevalence of 

food-associated reactions in comparison to over-
all ellhergency room adrDissions for lif;e-tbreaten-

ing reactions, it is estimated that approximately 

950 severe reactions to food and food additives 

requjling emerge;ncy intervention occur annually 
in the U.S., or 0.0004% for a population of 250 

minion. These observ~tions in total present a va-

riety of perspectives on the prevalence of adverse 

reactions to foods. 

llL NATURAL HISTORY OF FOOD 
ALLERGY 

Studies of the prevalence of focd arlergy have 

shown that the clinical manifestations of food 
reactions are most commonly observed in the flrst 

3 years of life. In prospective studies, in 80 to 

87~o of situations, a child once proven reactive to 

a food ean be shown to clinically tolerate that 
food by 3 years of age.5 Clinical tolerance devel-

ops with soy, wheat, cow' s milk, and egg allergy. 

The more serious the iDitial cnnical reaction to 

food, howevei, the longer it takes the child to 
develop tolerance.14 It has also been shown in 
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older children and adults that if the offending 
food can be identified alid totally eliminated 

from the diet for a given period of time, clirrical 

tolerance to that food develops in some pa-
tients.Is,16 

In patients who develop anaphylaxis to foods 

such as peanuts, tree nuts, fish, and crustacea such 

as shrimp, prawns, crab, Iobster, and crayiish, the 

exact duration of the risk of repeat anaphylaxis 

upon further exposure is uliknown, but may be 
lif:elong.4 In a group of peanut anergic individu-

als, ihe risk of repeat reactions to peanut lasts for 

at least 14 years.rv 

IV. EXPOSURE TO FOOD ALLEROENS 

Most food exposure is iDitially through ihe 
gastrointestinal (GD iract. The GI tract provides a 

barrier of i:Iununologic and nonirnmunologic de-

fense mechanisms where unwantedj intaet pro-
teins are prevented from gaining ready access to 
the body.4 Some intact food proteins do gain ac-

cess. However, oral tolerance develops to most 
food proteins. The increased susceptibility of in-

fants to food alLergy is believed to result to some 

extent from the relative immunologic inlDliaturity 

of the GI bani~r at a young age. As a resul~ in 
f~miually predisposed iufants, iugested and ab-
sorbed food protein may sti:nulate specifilc 1~aE 

antibody fomation as well as other abnormal 
iulmune responses Reexposure to these food pro-
teirts n~Lay result in clinical reactions (for patbo-

physiology, see "Introduction to Anergic Dis-
eases" by Yoseph A. Mekori) . Subsequent contact 

of the mucous membrane in the mouth or in-
flazned skul with food antigen znay also be enough 

to bring on a J;eaction.9 An example of the latter 

was an iufant allergic to milk whose iluflaJned 
skin was exposed to a cow's milk protein that was 

an iugredient in a diaper rash oin~nent containing 

5% calcium caseinate causing anaphylaxis-Is 

The majof idenufiled allergens responsible for 

lgE-mediated reactions to foods are detailed in 

"Allergenic Foods" by Susan L. Hefle et al. and 
"Principles and Charactcristics ofFood Auergens" 

by Steve L. Taylor and Samuel B. Lehrer in tbis 
issue. These food auergens are usually heat stable 

and resistarlt to proteolysis- Clinioally, many pa-

tients react to only one or a few items from one 
food fajl~jfy. Peanut allergic individuals usuaJly 

can be found to possess lgB antibody reactivity to 

other legnmes (peas, beans, soy), yet can regu-
larly ingest these foods without clinioal reactions.19 

The major fish allergen is Gad c 1.4 Although this 

allergen is found in a diversity of freshwater and 

seawater fish, some individuals only react clini-
cany when challenged wlth specific fish types.20 

In occupationally acquired food allergy in 
adults, the iDitial contact with food protein may 
be through inhalation or skul contact.21 Probably 

the best known example is baker's asthma. Solne 
bakers developed asthlna and rbinitis after inhal-

ing or being in skn contact with fiour.22 Most 

bakers, however, ingest bread wlthout a reaction. 
Other workers, though, after being first sensitized 

through the respiratory or skul contact route, Iater 

bccome reactive when the same processed or 
cooked food is ingested. Such is the case with 
snow crab processors with crab;2s bakery workers 

with egg'24 and garlic spice processors with gar-

lic.~s lgE reactions may also occur through expo-

sure to the aerosolized fish or seafood protein.23 

Aerosolization of food proteins durin*c cooking 
may therefore pose a risk to certain highly food 

allergic individuals-

V. CLINICAL anANIPESTATION OF FOOD 
ALLERGY 

There are a variety of clinical Inanifestations 

of food allergy (Table 2) and these are reviewed 

in this section. 

TABLE 2 
Clinical Wlanifistaiions of Food Allergy 

l. Anaphylaxis 
ll. Orai allergy syndrome 
Il[ Food-dependent, exercise-induoed anaphylaxis 

(F-EIA) 
IV. Atopic derTnatitis CAD) 
V. Gl reaoWons 

A. IgE•mediated immediate reaction 
B. Food protein-induced enterooDlitio syndromes 
C. Eosinophilio gastroenteritis 
D Celiao disease (gfuten-sensitivity enteropathy) 

v 

Vl 

Respiratory reactions 
A. Rhinitis 
B. Asthma 
Occupationally aoquired food allergy 
A. Urticaria/angloedema/anaphylaxis 
B Asihma 
C. Hypersensitivity pneumonitis 
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A. Anaphylaxis 

Anaphylaxis is a systemic reaction character-

ized by urticaria, angioedema, Iaryngeal edema, 
bronchospasm, hypotensiol~ diaJ:1:hea, cardiac 
ajlhythmias, nause~~ vomiting, abdourinai cranl:p-

ing, al:Ld even death. The initial symptoms of ana-

phylaxis usuall:y begin within a few minutes and 
almost always wlthin 30 ntin after exposure.26 

Three cliDicai pattems of anaphylaxis have been 
described regardless of the iDitiating allergen: 
uniphasic, biphasic, and protracted.27 Ih uniphasic 

reactions, sylnptoms appear shortly after food 
ingestion and last for several hours. In the biphasic 

reactions, an early and a late phase are separated 

by an interval of I to 8 h. In protracted anaphylac-

tic reactions, symptoms persist for 5 to 32 h with-

out remission. 
Most individuals who experience lifle-threat-

ening food-induced anaphylaxis have mllltiple 
clinical maniflestations of anergy including asthma, 

and have delnonstrable lgl~ antibodies to specfic 

incriDltnated ailergens.2s~9 Foods incrixninated in 

~ile-threatening reactions inolude, but are not liln-

ited to, peanuts, crustacea (crab, shrimp, Iobster, 

and crayiish), tree nuts, milk, and egg. A Inore 
complete list of foods elicitiug lrfe-threatening 
reactions is found in "Anergenic Foods." 28~9 Most 

deaths occur in proven ane;rgic individuals who 
inadvertentiy eat these foods away ftom home 
(e.g., restaurant or party) and in a disguised fonn 

(e.g., pastry, candy, salad, sandwich, or hors 
d' oeuvre). 

The principal diff:erence between death and 

near death in a group of known anergic children 
and adolescents who were exposed to a food to 
which they were sensitive was how rapidly epi-
nephrine was given. Most children survive when 
epinephrine is given within I h.29 

B. Ora[ Allergy Syndrome (OAS) (Pruit 
and Vegetable Syndrome) 

lil individuals allergic to trees (particuJarly 

birch), grasses and weeds (particularly mugwort), 

and ragweed pouens, symptoms may develop af-
ter contact exposure in the Inouth. with anerg~ns 

in fclesh fruits and vegetables.8-ll The initial symp-

toms of OAS usually include a tinglrng oral sen-

sation while e~:ting the ftesh fruit or vegetable, 

fonowed by itcbing of the lips, tongue, or buccal 

mucosa9 Swelling of the mouth parts occurs in 
about one half of the cases. Although most symp-

toms are localized to the mouth, in some cases the 

10calized symptoms are also associated with sys-

temic symptoms, particularly a stuffy or runny 
nose or conjunctivitis as welL as, in a few cases, 

systemic anaphylaxis.ro 

lh the majority of cases, the symptoms bcgin 
within 5 nlin of food contact.30 Usuany the local-

ized symptolns abate within 30 min. Ahnost all 
symptoms disappear without therapy 90 min after 
discontinuation of eatLng the speci~c offending 

food, and afier riusing the mouth with water. 
The foods associated with OAS include mel-

ons and bananas among ragweed allergic indi-
viduals; apples, pears, potatoes, ha:~elnuts, car-

rots, celery, andkiwi among birch pollen-sensitive 

patients; peach, tomatoes, and celery among grass 

allergic individuals; and celery in mugwort-sensi-
tive individuals.9'ro,30 

Some iudividuals with documented late~ al-
lergy are also anergic to bananas, chestnuts, avo-

cado, and kiwi.3i-33 11lfonnation points to the ex-

istence of cross-reactivity between the natural 

rubber latex allergens and both ragweed and blue 
grass ponens.34 

C. Food-Dependent Exercise-tnduced 
Anaphylaxis (F-EIA) 

Exercise-induced anaphylaxis (EIA) is a fonn 

of physical allergy involving urticaria, an-
gioedema, or shock after vigorous exercise. Al-
most any exercise may bc involved, but jogging is 

the most frequent cause in the U.S.3s Thrs syn-

drome must be differentiated ftom exercise-
induced asthma and ~from cholinergic urticaria 
induced by exercise. Although the exact patho-
physiology of EIA is unknown, induced hista-
mine release is one factor. An epidemiologic sur-

vey of 199 individuals with EIA showed that the 
process of eating and/or the ingestion of a specific 

food was an additional factor in the development 
of EIA in 54% of the cases.35 

Foods associated with F-EIA include celery, 
siu:iznp, oyster, chicken, peaeh, and wheat. Some 

evidence exists for a late-onset F-EIA reaction, 
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presumably due to reactions to digestive break-
down products of wheat allergens.36 Finauy, in 

some in(lividuals with F-EIA, the ingestion of any 

type of a meal, may precipitate symptoms within 
several hours of vigorous exercise. 

D. Atopic Dermatitis (AD) 

blood and protein loss iu the stool (in children).40 

These reactions may be immediate, IgE-medi-
ated reactions, or delayed reactions such as ob-

served in food-induced enterocolitis. Ih allergic 

children, symptoms may begin in infancy and be 
associated with either intolerance or allergy to 

cow's milk protein fcumd in conventional baby 
fonnula.6 

AD is a primary skul condition of childhood 

whose pathogTenesis involves both imlnune and 
noniD~nlune factors. I~l a large series involving 

DBPCFC, approximately one-tbird of children 
with AD had food-related hype;rsensitivity.37 In 

these cases, the eczema associated with AD may 
bc at least partiany explained by an lgE-mediated 

late-phase allergic food reaction. Studies using 

DBPCFC in AD children have shown that chil-
dren are tsuaily allergic to only one or a few 
foods such as eg'gs, cow's mi~, peanuts, wheat, 
or soy. Data from tn vitro studies have shown that 

basophils from patients with active AD will spon-

taneously release histamine when such patients 
roudnely ingest the specific food to which they 
are sensitized.38 Mediator release under these cir-

cumstances may bc modulated by local, IgE-de-
pendent, htstamine-releasing factors . After elrD3i-

nating the incriminated food ~rom the AD patient' s 

diet, the tendency for spontaneous in vitro baso-
phil histamine release disappears with concolni-
ta~lt improvement in the skul oondition.38 

Children with AD and food anergy have been 
studied to assess the value of DBPCFC compared 
to skin testing (ST) and in vitro teets for food-

specifie lgE antibodies. For instance, the result of 

challenge testing correlated poorly with the 
:nother's history of which food may be involved 
with the rash exacerbation.37.39 Allergy ST and, to 

a lesser degree, in vitro testing to speciflc food 

allerc'ens suggested which foods might be involved 

when subsequent DBPCFC testiug was used for a 
final diagnosis.39 

E. Gastrointestinal Reactions 

GI signs and symptoms are the most common 
clinical manifestation of food a~lergy. These in-

clude itching and swelbng of the mouth parts, 
na:usea, vonliting, diarrhea, malabsorption, and 

1. Food-Induced Enterocolitis 

Several tenns have been used to dis~nguish 
the GI food reaction in children, such as food-
induced enterocolitis, protein intolerance, or nlilk-

sensitive enteropathy. Both the small and large 
intestine may bc involved. The smaJl intesthle 
may be damaged to varying degrees to include 
thiDning of the mucosa, viuous atrophy, crypt 
hyperplasia, and inflammatory infntrates of lynlr 
phocytes, plasma cells, and eosinoplrils.40 pro-

longed diarthea in some cases can lead to dehy-
dration, malabsorption, and failure to t~ive. 

Muk-induced oolitis is related to cnterocolitic 

syndromes and may closely resemble ulcerative 
colitis. Biopsy is used to make the diagnosis and 

demonstrate eosinophilic inflammatory iufiltrates 

in the bowel wan.4 A friable mucous membrane 
may lead to e;ither occult or gross blood loss. 

In these syndromes, GI symptoms may occur 
late (after hours to days). They often can be proven 

to bc related to cow's miuc in the diet through 
challenge. However, these reactions cannot be 
oateg'o~:icahy proven to be due to lgE-Inediated 
reactions (allergy).41 Such reactions may also occur 

to fish, soy, rice, and chicken. 

2. Eosinophilic Gastroenteritis 

Eosinophilic gastroenteritis affects both chil-

dren and adults. This disorder is characterized by 

eosinophilic infiiltrates of the bowel walL, periph-

eral blood eosinophiJia, and GI symptoms.4'40.42 

The degree of clinical symptoms depends on the 
extent of disease involvement. Patients develop 
cramping abdonliual pain, nausea and vonliting, 

diaD:hea, and fecal blood loss. Disease may lead 
to either glowth retardation (children) or weight 

10ss (adults)_ 

s23 



About one hatf of the 150 case reports of 
eosinophilic gastroenteritis have been in higllly 

allergic individuals. In children, nlilk is a major 

a~lergen involved in this condition.30 In aduits 

with this condition, multiple food allergies are 
consistently demonstrated. Patients with the aller-

gic fonn of eosinophilic gastroenteritis have hi*•h 
total I**E Ievels and have additional cli:lical mani-

festa:tions of a~ler*'y includjng asthma and rhini-

tis. The disease is managed with diet and steroids. 

F. Respiratory Reactions 

Food allergy is not a major cause of either 
upper respiratory (rhinitis) or lower respiratory 

(asfbma) symptoms.43 However, durin*• a systen~ic 
anaphylactic reaction to foods, it is connnon for 

individuals to have hay fever or asthma-like symp-

toms.26 Most individuals who have had serious, 
l~:e-threatening anapbylaxis to foods are higi~ly 

aJlergic to many substances, and have both rhini-
tis and asthina.28,29 Some of the more convincing 

evidence that food can cause rhinitis and asthlna 

include reports that approxirnately one-thtrd of 

chil dren who manif:est their anergy phrilaxily with 

AI) develop upper or lowerrespiratory symptoms 
during DBPCFC to foods to which they are sen-
sitive.37 

A syndrome has bcen described in infants 
characterized by cow's mi~ proteiri-induced re-
current pulmonary infiltrates associated with pre-

cipitus to cdw's milk protein.44 Some of these 
infiants had pulr:tonary hemosiderosis with depo-

sition of iron in the lung. Tbis childhood syn-
drome is now rarely teported and there is no 
siDailar condition reported in adults. The path(> 

genesis is suspected to involve aspiration of milk-

based fonnula in the ftrst few days of birth, se-

questration of these proteirls in the lung, followed 

by a hyperilnmune respo~Ise with the production 
of large ~mounts of milk-specific lgG antibodies, 

Subsequent feeding of milk results in irmnune 
complex as well as cell-mediated tissue re~ctions.45 

Infil:trates resolve with milk elimination. 

Vl. GLUTEN-SENSITIVE ENTEROPATHY 

Celiac disease or gluten-sensitive enteropa-

thy is a pennanent condition of wheat or gluten 

intolerance in chjldren and adults.46 This disease 

is more prevalent in the U.K. and Europe than in 

the U.S. Diagnosis depends on the results of a 
jejunal biopsy that delnonstrates abnorDlal, short 

(flattened), or absent vmi:, crypt hyperplasia, and 

cellular inflalnmatory infiltrates of lymphocytes 

and plasma cells in the lamina propria. These 
bowel wall changes disappear after the patient is 

placed on a gluten-free,diet, only to reappear after 

reinstitution of gluten. Clinically, the classic text-

book description of an irritable "pot-beuied" 
growth-retarded child with chronic diarrhea, ane-

mia, rickets, and muscle wasting is now rarely 
seen- Typically, the disease is less severe and 
single manijestations, such as growth retardation 

or anemia in a chnd or chronic weight loss and 
persistent diarthea in an adult, will requtre inves-

tigation and intervention. 

Although the pathogenesis of tbis condition 
is still bcing debated, and a toxic reaction to glu-

ten is still possible, evidence points to a cell-

mediated immune sensitivity to gluten as a phn-
cipal pathologic event.46 Some patients with ce-

liac disease have dennatitis herpetifonnis (DH), 
an associ't~ted skin condition. Most patients with 

DH have small bowel intestinal biopsies that are 

indistinguishable from those of celiac disease. 
Most DH pa:tients respond to a gluten-free diet. 

Patients with celiac disease have a 50 to 100 times 

increased risk of developing a malignant lym-
phoma compared to the general population. 

V[1. OCCUPATIONALLY ACQUIRED 
FOOD ALLERGY 

Reactions to food allergens in adults also accur 

in occupational settings (Table 3). Occupational 
exposure re~ults in susceptible iudividuals devel-

oping lgE sensitization to food proteins, of~en 
tbrough the respiratory or dermal route.21,23,47 

Continued exposure to these allergens results in 

rhinitis, broncbial asthma, conjunctivitis, contact 

and generali2:ed urticaria, and in some instances, 

systemic anaphylaxis,21 

The Inost important InaDifestation of occupa-
tionall:y acquired food ailergy is occupationai 

asthma. Approximately 2 to 159~e of all adult-
acquired asthma results from occupa:tional expo-

sure to chemicals, toxins, and natural prote:ins. 
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For e~ample, the prevalence of occupational 
asthma ranges from 10 to 30% in bakers,48 15% irl 

snow crab workers,2s and 3% among workers 
exposed to green coff:ee beans.49 

Occupational asthma may be the resuft of 
irritation, phaunacologic, or lgE (anerggi c) mech~h 

nisms. Some of the clearest examples of lgE-
mediated occupational food aJlergy aJ~e baker's 
asthma due to ilour exposure,4s snow crab proces-

sors exposed to water vapor ~rom coo~~~ng snow 
erab,2s spice workers exposed to garlic dust,2s and 

bakery workers exposed to aerosolized egg pro-
tein.24 

In baker' s asthma, wheat ~nd rye flour are the 

usual etiolog'c agents. Sensitization occurs throu*'h 

the respiratory route and correla:tes with a per-

sonal or fatnily history of atopy, duration of expo-

sure, and wheat and rye dust levels in the area of 

employment. Amon~~ apprentice bakers, the preva-
lence of positive immediate skin test reactions to 

wheat has increased from 8 to 30~~a over a 5-year 

period of exposure.4B Bakers with astblna can 
usuany eat the bread they bake. Snow crab pro-
cessors and spice workers who become sensitized 
through ihe respiratory route, however, may even-

tually react when they ingest cooked crab or gar-
lic in a meal.~s,25 

Hypersensitivity pneulDonitis is another mani-

festatlon of occupa;tional reactions to foods. In 

this con(~irion, an intcnse, prolonged respiratory 

exposure to a number of (irf:ferent proteins fronl 

molds or ftiJ~gus, iuseets, or foods (animal, fish, 

or avian sources) Ieads to a hyperinnnune re-
sponse and large amounts of lgG antibody 
Reexposure on a contuued basis to these caus-
ative proteins leads to an imlnune complex reac-

tion characterized by djjTuse mononucleaf infil-
trates in the lung that involve the interstitimn and 

the alveoli.47 

Vl!1. FOOD INTOLERANCE 

Many adverse reactions to foods are medi-
ated by mechanisms that do not involve the im-
mu:le system_ Some of these reactions may be 
confused with allergy. These reactions may be 
due to naturally occurring toxicants. microbial or 

chen)ical food contaminants, metabolic disorders, 

and idiosyncratic reactions.so 

Scromboid fish poisoning is an exalnple of a 

reaction occurring to a nlicrobial-derived food 

contaminant. Iil tbis case, Scromboid fish (such 

as tuna, mackerel, and bonito) or other fish (such 

as mahi mahi or blue fish) have become spoiled 
but ~re coeked and eaten. Bacteria in the fish 

tissue, such as Morganella morganii or Klebsiella 

pneumoniae, can have decarboxylated histadiue 
to create histaJnine. The individual who ingests 
such fish experiences a sharp peppery taste, and a 

burDjlrg sensation in the Inouth, followed oftenby 

nausea, vomiting, abdon2inal cramps and diar-
rhea, as well as facial flusbing and headache due 

to ingested histamine. Individuals Inay also de-

velop urticaria, wheezing, or shock. Symptoms 
generally begin within 30 to 60 min of ingestion 
of the spoiled fish and last for 2 to 8 h,sl 

Other foods that contain histaDaine include 
cheese and some red wines.51 Oriental food may 
contain histamine, particularly if its preparation 

involves fennentation.52 

Endogenous phannacologic agents in food 
that may Inimic some symptoms of food ailergy 
include tyramine, phenylethylamine, serotolifn, 
caffeine, and theobromine.52 These natural sub-

stance~ are aggravating factors in headaches, es-

pecially in patients with migraines, but frequently 

these reports are not well documented. 

Comlnonly eaten foods may contain naturally 
occuzl:irLg toxicants, but fortunatsly the dose con-

sumed in most cases is so low that adverse reac-
tions are few in number.51 One example of an 
unsafe food, mistaken for a safe food, is the 
AmaJoita mushroom. Wllen "poisoning" or toxic 
reactions do occur, however, rarely are allergic-

like symptoms involved, except for the GI symp-
toms of nausea, vomitin.', and diarrhea. A sinlilaj: 

situation exists for foods contaminated with mi-

crobial toxins or bacterial or other infectious 
agents. These types of adverse reactions should 

be kept in mind when considering the possibility 
of an adverse reaction following a meal.50,51,s3 

A metabolic reaction after ingestion of a spe-

cific food is due to differences in individuals in 

the ability to digest a specific substance, or may 

be associated with conconlitant medication, dis-

ease states, or niahlutrition. For example, vasoac-

tive amines are metabolized by a family of isoen-

zymes caJled monoanaine oxidases (MAO). In 
patients treated with MAO iDhibitors for depres-
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sion, ingestion of foods rich in tyramine (e.g. 

cheese) can cause a rapid rise in blood pressure 
and severe headaches. This reaction is caused by 

either the llninhibited action of tyramiue or the 

indirect action of the secretion of epinephrine or 

norepinephdlle, following the lack of the metabo-

lism of the phannacologic agents by the adrenal 

MA0.51 A silnilar reaction has occurred in pa-
tients taking the antituberculosis drug, isouiazid, 

while ingesting tuna. Reactions have occurred 
because isoniazid inhibits histaminases that nor-

mally degrade hj:stamine present in the fish 
meat.53~4 

Probably the most common problem induced 
by diet that is confused with an aJJergic reaction 

is lactose intolerance due to lactase deficiency in 

the GI tract.s6 Lactose is a water-soluble disac-

charide found in dairy foods. Prior to absorption 

lactase e:nzymes in the intestinal bmsh border 
break down lactose to its monosaccharide compo-
nents. When this enzylne is deficient or totally 

absent the undigested lactose ferments in the 
bowel with resulting symptoms of gas and bloat-

ing, abdominal cramps, flatulence, and loose 
stools. 

Congenital lack of lactase is rare. Prirnary 
lactase deficiency is usuauy maDifested after the 

infant weanirlg period, but before puberty.jo A GI 

infection in irLfancy or childhood may hasten the 

onset of this condition. Once lactase deficiency 

has been established, ingestion of a moderate 
amount of lactose sugar (5 to 12 g in the amount 
of I OO to 240 ml of whcle cow's milk) may result 
in symptoms in susceptible individuals.5a Second-

ary (acquired) Iactose intolerance due to lactase 

deficiency may occur in a variety of clinioal con-

ditions including alcoholism, sprue, and cow's 
milk allergy. It may also occur transiently after a 

rotavilrus or other GI infection.56 Naturally fer-

mented foods may sometimes be tolerated by lac-
tase-deficient individuals.57 

tX. ADVERSE REACTIONS TO FOOD 
ADDITIVES 

Additives are often added to processed foods.58 

These agents are added to help preserve the food, 

stabilize the ingredients, or increase the appeai of 

the food through flavor or color. Food additives 

that have sometimes becn associated with aller* 

gic-like reactions include the antioxidants, buty-

lated hydroxyanisole (BHA) and butylated 
hydroxyioluene CBHT), aspartame, dyes, mono-
sodium glutamate (MSG), and sodium benzoate, 
Because of their association with such reactions, 

some food additives (e.g., slllfltes, Yello~t n0.5) 

must be affilnnatively declared on food labels. 

Adverse reactions that are allergic-like may gen-

erally be either grouped as (1) urticaria, an-
gioedema and generalized anaphylaxis or (2) 
astb;22~.57,58 

A. CutaneouslAnaphylactic Responses 

Sporadic reports have ~nked tirticaria with 
tartrazine (Yellow no. 5). The majority of these 

studies were not well controlled, Using the sttict 

criteria of DBPCFC, only occasionany has an 
individual been proven to develop urticaria after 

the Ingestion of tartrazine.59 There is also a single 

report of two individuals who developed urticaria 

to sunset yenow CYellow no. 6) when challenged 
using the DBPCFC technique.60 other food col-
ors that have been implica:ted in anecdotal reports 

of urticaria are amaranth, erythrocin, andponceau 

(Reds no- 2, 3, and 40, respectively) ~nd bril~ant 

blue and. I~idigotin (Blue rio. I and 2, respec-
57 tively). 

There are at least two documented reports of 
sulfite-induced allergic reactions.sg Each patient 

developed positive irmnediate reacting lgE skul 
tests to sulfites, and passive transfer of lgE sulfite 

antibodies was possible.61,62 

Reports of urticaria to BHA or BHT preselL 
vative~ are rare. However, two patients who had 
chronic urticaria and who ilnproved after elimi-

nating these preservatives from their diet were 
chall:enge positive to these chemical agents using 

the DBPCFC technique.e3 There appears to be no 
proven case of urticaria involving sodium ben-
zoate reported in the U.S.58 

Reported cutaneous adverse reactions to MSG 
include sweating, facial flushing, tightness and 
buming of the face and chest, and a sensation of 
<'crawlixrg skn."s7 The relationship of these symp-

toms to MSG consunrption has been the subject 
of much research and debate. Oriental food meals 

may somethnes contain several grams of MSG. 
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Some of the symptoms in this syndrome may be 
due to the lligh histarDine content of some foods 
served in a Chinese restaurant.52 There have been 

no provcn (DBPCFC) cases ofreproducible urti-
caria with MSG chanenge. 

Two cases of aspartame-induced urticaria/ 
angioedema were reported to have been conf irmed 

by DBPCFC.e4 Despite these two cases, when the 
anergic-like aspartame reactions were studied in 

the U.S. and Canada, the investigators were un-
able to substantiate any clear relationship bctween 

urticaria and angioedema and aspart~me expo-
sure using DBPCFC.65 Furthennore, from the re-
slilts of a combined siugle-blind, double-blind 
placebo-controrled study, other investigators re-

ported that individuals who thought they were 
allergic to aspartame did not have reproducible 
reactions.66 

B. Asthma 

lines wel~e altered to require more labe~n{~(~ of 

sulfites on food packages and bar the use of sliifites 

on fresh friJits alid vegetables other than potatoes, 

and since the food industry has adopted altema-

tives of sulfltes for some applications, there have 

been fewer reports of suliite-induced asthma 

A few patients have had an acute asthma 
attack after the ingestion of foods contaiuing MSG 

in restaurants, sinlilar to sulflte-induced asthlna.?o 

However, in DBPCFC stu(~ios, other investiga-
tors have been unable to substantiate claims that 

MSG irl oral chanenge up to 7.5 g causes signifi-

cant asthlna or alte;rs bronchial reactivity to metha-

choline.71,72 Another food additive that has been 

imphcated in the past as provokng asthma is 
tartrazine (Yellow no. 5).58 Numerous reports have 

clailned to link tartrazine ingestion wlth astbma 

exacerbation. However, especiany in the aspirin-

sensitive asthmatic, more recent, well-done 
DBPCFC studies have fajled to confinn this asso-
ciation.59.?3 

The principal a*"ents associated with non-IgE-

mediated asthmatic reaction are the su~ite preser-

vatives (e.g., sodium metabisulflte [Na~S205]) and 

related compounds, plus sulfur dioxide (SO~. 
Connnon offendilrg foods include sulfirte-treated 

salads, avocado dishes, vinegars, sausages, dehy-

drated vegetables, fruit juices, cider, bcer, and 

wine.50 

Asthmatics may wheeze when exposed to less 
than 1.0 ppm of S02'58 Iil line with this observa-

tion, there have bcen a series of reports of asth-

matics, particularly in the early 1980s, who 
wheezed when eatiug restaurant foods, particu-
larly from the salad bars, which had been treated 
with sulfiting agents-67 

The principle behind the acute asthJna exac-
erbation with sulfites is often the inhalation of 

SOz gas, which is released when the foods con-
tairLhrg sulflte preservatives are chewed and/or 
swallowed.68 In addition, in select individuals a 

sulfite oxidase enzyme deficiency of uncertain 
significance has been reported. In others, a rare 

lgE-mediated response to sulfites may be impor-
tant.5s Approximately 3-9% of asthmatics are at 
risk for an acute attack with swlfltes or S02'69 Of 

these, the riskis approxiQ~ately 8.4% in serious or 

steroid-dependent asthmatics and 0.8(;~/o in mild to 

moderate asthmatics. Since U.S, federal guide-

X. OTHER CLINiCAL REACTIONS 
INFLUENCED BY DIETARY FACTORS 

A. Infantile Co!ic 

There are a number of conditions in which 
claims have bcen made that food aJJ:ergy plays a 
role when, in fact, there is little or no scientific 

confinnation. In each of these situations, diet may 

play an as yet undefined role. Such is the case in 

infant colic. Frequently, tbis syndrome is men-
tioned when discussing milk a~lergy or intoler-
ance.40 Approxinlately 20% of all infants develop 

colic T~lis condition is self-limited and occurs 

regardless of the type of diet fed to the irlfant or 

the breast-fee(iulg mother-14 In controlled studies. 

nondietary intervention such as increased motion 
or increased attention to the infant may be more 

helpful in controlU:ng the colicky pain than any 
dietary manipulation.?5 

~l one controlled study of iDJ:;ants who devel-

oped colic while on conventional cow's milk-
based fomlula, approximately 25% irnproved 
spontaneously during the study period while on 
the same diet 25% ilnproved on a soy-based 
infant formula, and 50% improved on a casein 
hydrolysate infant fomlula.76 There has been no 
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explanation for th~se dietary differences affecting 

the course of infant colic, but food allergy as a 

cause has been implicated in ~ome cases 

B. Behavioral Changes 

Food allergy or another type of adverse reac-

tion to dietary components has been commonly 
cited as being related to behavioral problems such 

as hyperactivity, aggressiveness, misbehavior, or 

poor leaming attributes.77 Probably the most 
widely kuown theory linking behavior to adverse 
food reactions was that of FeingoldlB in the mid-

1960s who proposed that food additives, espe-
cially colors, flavors, andlpreservatives, as well as 

natural salicylates, couid cause hyperkinesis in 
children with attention deficit disorder (ADD).7g 

Although there was some iDitiaJ: enthusiasm 
about the use of the Feingold or the Kaiser 
Pennenante (~P) diet, which is a diet devoid of 
colors, natural salicylates, and preservatives, sub-

sequellt analysis based on color challenge studies 

concluded that the KP diet is likely to help only 

in approximately 2~~O of children with hyperactive 

behavior.79 One study found that cbildren with 
ADD with hyperactivity, but not normal cllildren 

who had active behavior, wolll d ps;rfonn progres-

sively worse on a special laboratory leanling test 

only when challenged wlth a color nlixture, not 
with a placebo.Bo This stndy led to the conclusion 

that colors could act as phannacologic agents, 
such as drugs, and aff:ect behavior/leaming. This 

problem was thought to be clinically important 
only in a small, select nulnbc;r of indivilduals with 

ADD Ivith hyperkinesis. Although these studies 
seemed to stifle the enthusiasm surrounding th~ 

use of diets to help children with AI)D, a Cana-
dian. report in 1989 fueled the flames of contro-

versy again.7? The behavior of 12 of 24 preschool 

hyperactive boys improved on a diet devoid of 
artificial colors, MSG, preservatives, caffeine, 

chocolate, and "any food" to which the fainily 
believed the child was ailergic.BI Stiu, the consen-

sus today is that if hyperkinesis is aff;ected by a 

diet, there is no evidenc~~that the eff:ect is irDmu-

nolo,gic or allergic in nature.77 

Hyl)eractive and aggressive behaviorhas also 
been attributed to diets high in sugar content.?7 

The tenn sugar allergy is a IDisnomer. This situ-

ation has no relationship to allergy nor is any 
imnl:une ftulction involved, Controlled studies have 

shown litfle or no evidence that sugar causes ad-
verse behavioral effects in hyperactive chndren.82 

Some studies actuany demonstrate a calming ef-
fect from sugar in the diet in these individuals. In 

addition, a prospective double-blind aspartame-
controlled dietary study involving juvenile delin-

quents and normal individuals demonstrated no 
evidence of adverse reactions to su(':)ar (sucrose) 

in the diet 83 

C. ruligraine Headache 

Headache is a coln:non complaiD:t in the gen-

erai population. The more serious migraine head-
ache also is quite prevalent. Up to 25% of adult 
women, 15% of adult men, and 59i:v of children by 
the ag'e of 15 may bc af~icted by this condition.?7 

Mi:graine headaches run in fatDilies; 63 to 889~c of 

Inigraineurs have a close or distant relative who 

also su~fers irom migraiues. Atopic diseases also 

run in fainilies with approximately 20 % of the 

population bcing involved. With, these facts in 
IDind, it is not unreasonable to hypothesize that 

some atopic individuals also have migraine head-

aches by chance. In fact, an assooiation between 
migraine headache and food alLergy has been sug-

gested periodically since the nineteenth century, 
mostly in anecdotal reports.7?,s4 

There have been several studies uti~zing 
DBPCFC techDiques in recent years that support 
the association bctween diet and nligraine.8s!B7 

Among 104 adult IDigraine patients, 159~o had 
reproducible double-blind, placebo-controlled, 
demonstrable food-associated migraine.g7 How-
ever, among children who have migraine, even 
those in whom diet improved nligraine headache 
pattems, there was no correlation with iuunediate 

skin tests to foods.85 In one study involving 36 

children with migraine headaches, neither the food 

allergy skin test nor the history of an adverse 

reaction to a food could distingnish the patient 
who would reaef on DBPCFC with a headache.88 
In another study involving 43 adult migraineurs, 
the irDmediate skin test results seemed to be help-

iul in selecting the specific focds to which a 
patient wotl d react with a headache on DBPCFC.86 

Most studies of migraine-prone individuals show 
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no immunologie differences between adults who 
have headaches and the nonnal population.84 

There is some evidence involving chemical 
mediator release with specific food cha~lenge in 

dietary~induced migr2ines. Three patients were 
reported with elevated plasma histanline levels 
fonowing specific food chaJlenges tha:t correlated 

with onset of a migraine headache.B6 A patient 
was also reported to have reproducible headaches 
with the ingestion of beef in which threefold ~l-

creases in blood histaDline and PGF20c were dem-
onstrated.39 Finally. five othe;r patients with food-

induced IDigraines had 3- to 38-fold increases in 

plasma histamine and increases in PGD2 with 
headache symptom onset, fonowed by a second 
rise in PGD2 4 to 6 h atter food ingestion.90 

To suDIJmarize, IgE-mediated food allergy 
probably plays little, if any, role ~l the pathogen-

esis of migraine headaches. Diet, apparentiy, does 

play a role in a subset of individuais. In select 

patients, migraine headache pathophysiology may 
include the release of chenxical mediators. 

XL CONTROVERSIAL CONCEPTS 

The allergic tension fatigue syndrome refers 

to children who demonstrate periods of hyperac-
tivity, insomnia, and anxiety, altemating with 
periods of lisflessness and fatigue.?7 Tbis syn-

drome was once thought to be related to food 
allergy. However, there has never been a well-
designed clinical study to prove such a relation-
sbip . 

The diagnosis of chronic fa:tigue syndrome, 
particularly in adults, has beco~ne poplilar. A v~h 

riety of explanations have slJrfaced to explain this 

symptom complex of long-standing or persistent 
fatigue associated with other constitutional symp-

toms, including myalgias, arthralgias, muscle 
weakness, sensations of bcing overheated or chilly, 

depression, apathy, headache, inscunnis~ soreness 
ofthe throa:t, andtenderness of the lymph nodes.77 

A variety of irmlune abnonnalities have been 
reported in some of these patients. Although there 

is no proven relationship with food aJiergy or diet 

one study showed that a bigh percentage of pa-
tients diagnosed with tbis disorder were also atopic 

as defined by s~n tests.91 

Since the early part of this century, foods and 

diet have been thought to play a role in the patho-

genesis of rheumatoid arthlitis !7 Although arthri-

tis has never been cpnsistently related to food 
anergy, single- and double-b~id randomized con-

trolled studies have shown that diet manipulation 

may illfluence or exacerbate rheumatoid arthritis 

in a subset (59ifo) of patients with this condition.7? 

A. Pseudo-Food Allergy 

A group of 23 aduits who presented to the 
allergist with a selies of complaints thought to be 

due to food allergy were examined in detail in a 
1983 study.92 A few of these patients had allerggy-

lilce symptoms. The rest presented with symp-
toms of depression, fatigue, headache, mental 
fuzziness, malaise, myalgia, arthritis, and listless-

ness-_Many ofthese patients restricted their diet to 

a degree that they also bad signs of Inalnutrition-

All patients were independently evaluated by a 
psyehologist after seeing an aJlergist Each pa-

tient was evaluated for food aller{)('y and had 
DBPCFC to foods they thought were important. 
Four patients were found to be allergic and these 

patients had classie anergic-type presentiug symp-

toms. When examined by a psychologist, all had 
a nonnal psychological prof~le. In the remaining 

19 patients, no adverse reactions to foods were 

found with DBPCFC. These 19 patients had pre-
sented with constitutionai symptoms, usually not 
attributed to allergie disease. When exanlined by 

a psychologist, an were found to have psych~ 
10gical problems, especiany depression. When the 
pabcnts ~vere confronted with the results of the 
food chancnge, most of these patients could sub-

sequently eat th~ foods to which they had once 
bclieved themselves to be sensitive. The ren;ain-

der, over tilne and with psychological counseling, 
could eat a nonnal diet. Pearson93 coined the tenn 

pseudo:fiood aller~y to denote the false belief that 

one suffers ftoln food allergy so as to unuecessar-

ily restrict their diet to the degree that it becomes 

nutritionally unsound. 

Xl[. THE DIAGNOSIS OF FOOD 
ALLERGY 

A. History 

A history for a patient suspected of havimg 
food auergy should include: (1) the description of 
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the problems and typical sylnptoms, (2) the tim-

ing of the onset and duration of ihe symptoms in 
rela:tion to diet and specific foods ingested or 

other routes of food exposure. (3) frequency of 

symptoms, and (4) other circumstances involved 
with food exposure. I~l the majority of situations, 

when the symptoms about which the patient com-
plained were caused by food anergy, the indi-
vidual had a history of allergies (e.g., AD, asthma, 

allergic rh~itis). The presence of asthma in a 
food allergic individual is considered a risk factor 

for a subset of individuals who have serious, Iif:e-

threatening food reactions. 

If a food c'~l:uses immediate symptoms such as 

acute urticaria or systemic anaphylaxis, and a 
speeific food is commonly involved irl this event 

and is eaten occasionally, the food may be easily 

identified as a likely cause of the patie;nt' s symp-

tolns. On the other hand, ifthe patient has a lon.'-

standing or chronio problem such as AD or asthma, 

it is often difflcult by history to pinpoint a com-

ponent of the diet speci~ically involved. In fact, in 

studies involving chjldren with AD who had food 
a Jl ergy confiuned by DBPCFC, the mother' s iden-

tification of the likely food culprit poorly corre-

lated with challenge testing 37 

A food involved in provoking anergic symp-
toms may not be obvious and may require exten-
sive detective work. Examples of unusual food 
allergies include a patient who had two systemic 

reactions while eating marinated chicken and was 

proven to be allergic by DBPCFC to coriander 
spice;94 individuals k:lown to be auergio to milk 

who reacted to cow's milk protein in "nondairt' 
prodncts;95~6 a patient allergic to house dust mite 

who had an anaphylactic reaction while eating a 
bcignet baked with a colmne;rcial mix contami-
nated with nlite prot~in;97 and a nurse sensitized 

to psyllium from exposure to a stool bulkurg agent 

who developed urticaria after ea:ting a breakfast 

cereal containing psynium placed as an ingredi-
ent to help lower cholesterol.9s 

B. ST and hl Vitro Assays 

Allergy ST to detect lgE antibodies to food 

ailer*'ies is done almost exclusively by the 
epicutaneous route (prick or puncture techuique) , 

because the intradennal technique increases the 

frequency of nonspecific positive reactions using 

food extracts.4 Food extracts are usually applied 

to the skin in a weightby volunle concentration of 

1:10 onto the back or foreann. The priek or punc-

ture tests are read in 15 to 20 min. Resulting 
wheals are positive if they are larger than the 

negative diluent control by 3 mm or more. It has 

been ver~eied that almost all subjects who have 

lgE-mediated allergic reactions to foods by 
DBPCFC will have a positive lgE skn test and in 
vitro test to that food,s,9,15 

It is important to recognize that commerciall:y 

a:vailable food allergen extracts are not always 
reliable as testing agents.99 When investigating 

ftuits and vegetables suspected of causing the 
oral auergy syndrome, epicutaneous skin tests 
utilizing the fresh juice of these items may be 

necessary, because the allergens responsible for 

lgE-mediated reactions are somethnes quite la-
bile.30 

ST with food extracts must be performed with 

caution in the evaluatlon of individuals who have 

histories of systemic anaphylaxis to a food. This 

is because minute quantities of food allergen in-

troduced by ST may induce adverse symptoms.4 
An option is to use a food allerc'en lgE-specific in 

vitro assay even though ihese tests are somewhat 
less sensitive.41 Food anergy ST is sometimes not 

possible in individuals with extensive skul dis-

ease (e.g-, Aj) or urticaria) or in individuals on 

ant~istamines that will block skul test reactivity 

(e.g., for rbiDitis or urticaria). In these situations, 

in vitro antigen-specific lgE assays may be help-

ful. Basophil degranulation tests are occasionauy 

used to evaiuate lgE-mediatsd reactions to food 
allergens. The results of tbis type of test are pom-

parable to those obtained by in vitro measures of 

allergen-specifio lgE antibodies, but are not gen-

erally routuely available ,4 

The relationship between proven clinical re-

actions to food as measured by DBPCFC and 
positive allerc~'y skin tests or in vitro tests has been 

well documented in AD.39 If the allergjr skn test 

to a major food (iunk, eggs, peanut, wheat, soy) 

is positive, ~le chances are approximately 50% 
that the DBPCFC to that food will be positive. If 

an lgE skin or ii~ vitro test to a specific food is 

negative, the probab~ity is virtually 98% that a 
DBPCFC will be negative to that food.4 For foods 
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that were shown positive on DBPCFC, either the 
lgE skin test or RASTTM was positive.4,1'~9 

Xlll. DIARIES, DIETS, AND FOOD 
CHALLENGES 

Diet diaries may be useftil to record repeated 

episodes of isolated bouts of acute urticaria. The 

record of the foods consumed, as well as other 
events surrounding these specific episodes, may 

help narrow the variables and assist in identifyiug 

the probable offending food. Specific diets, m~de 

up of foods less likely to be involved in allergic 

reactions, may be helpful in neblilous situations 

in which food allergy is urrlikely to be the cause 

of a problem (usually with ne~'Jative food alLergy 

skul tests) or in situations where there are positive 

aJlergy skn tests but no history of olinical activ-

ity.53 In these situations, there are no suspected 

serious Itf;e-threatening reactions such as systelDic 

food anaphylaxis. The specifled diet is tried at 

home for 2 weeks. New foods are then added 
sequentially at 2- to 3-d intervals. The most conlr 

mon foods, such as milk, eggs, and wheat, are 
added frrst to quickly return the patient's usuai 

diet to one that is nutritl'onally sound. The only 

way to bc certain about a possible association 
between a given set of symptoms and exposure to 
a food~ however, is to challenge the individual.4 A 

positive DBPCFC under controlled conditions 
establishes the relationship. Ioo Negative DBPCFCS 

need to be confiuned by fo~ow-up ingestion of 
the food used in the challenge proeedure. 

DBPCFCS are important to research studies 
examiDing the pathogenesis of adverse food re-
actions. It is important to prove that a given 
grOup of individuals actually are reactive to the 

dietary item before proteeding with turther re-
search.rol-l04 A positive food challenge does not 

establish the mechanism of the adverse event. 
Positive food chaucnges occur both in food al-
lergy and in food intolerance. 

Food chaJlenges are not usually advocated in 

the clinical office in cases where the risk of fuir-

ther exposure to the food may be severe or life-

threatening 26 Usually, when a patient presents 
with cleaJ:-cut repeated reactions to a food kuow~l 

to be colnmonly associated wlth anaphylaxis (e.g-

generalized urticaria, angioedem~~ and wheezing 
withjn minutes of eating a sllrilnp at a restaurant), 

only an in vitro assay to the probable offe;nding 

food is performed. If this test is positive, a pre-

sumptive diagnosis of food anergy may be made 
and the patient is instructed to not eat the specific 

food. 
In the case of inadvertent exposure td a food 

to which the patient has developed anaphylactic 
symptoms, the patient is instructed to use an epi-

nephxine autoinjector syd~rge or a: traditional epi-

nephrine syringe. Three of these ullits are pre-

scribed and positioned by the patient so that one 

unit is likely to be handy when needed. The pa-
tients are instructed to use epinephrine where ihere 

is proven or presumed systemic food anaphylaxis 
at the flrst sig of symptoms and then proceed to 
an e:nergency department.2~29 They are cautioned 

against using an antihistamine ftrst or "waiting 

and watching." 
Sampson and Metcalfe4 advocate the follow-

ing steps in a DBPCFC technique, 

1. The procedure should be done under con-
trolled conditions, by persGnnel capable of 

recognizing and mana*'ing anaphylaxis, 
should this situation occur. DBPCFC can be 
done in the hospital, clinic, or offlce.roo 

2. The suspected food should be eliminated 
froln the diet 10 to 14 d piior to challenge. 

3. Antihistamine medication sholildbe discon-
tinued 12 h prior to challenge. 

4 The individual to be challenged should be in 

a stable cardiovaseular, pulmonary, and 
metabolic condition prior to cha~lenge. 

5. The food challenge should be done in a 
fasting state. 

6. The challenge itself should involve g adu-
~ly increasin** doses of food, beginning ei-

ther with the placebo or a dose low enough 

to be un~~sly to provoke symptoms (such 
as 10 to 50 mg or less of lyophilized food). 

7. The food challenge dose or the placebo dose 

is usually doubled every 15 to 20 min as 
tolerated. 

8. The maximum food challenge dose approxi-
mates 10 g of lyophjlized foo~L 

9. Following completion of the DBPa7C pro-
cedure, a Illinimal recommended observa-

s32 

-{ :l 

;~~l~, 



tion for the iudividual given the food chal-

lcnge is 2 h for food allergic reactions and 4 

to 8 h for food intolerances. Au chanenged 

individuals with G1 symptoms as an end 
point should be observed for 4 to 8 h follow-

iug completion of the challenge. 

10. IiL the case of a negative food challenge, 
follow-up open feeding of the suspected food 

is reconrmended for the subsequent 24 to 
48 h. 

XIV. MANAGEMENT OF FOOD ALLEReY 

A. Proven Food AilergV 

Strict elilui:lation of the offending food from 

the diet ofthe allergic individual is the only proven 

therapy once the diagnosis of food allergy has 
been established.4 Long'-term avoidance of cer-
tain foods may prove di~icult, especially when 
dealing with processed foods and when eating 
away from home in restaurants, cafeterias, and at 

parties. Carrying a "lunch" prepared at home with 

knowrl safe foo(~s becomes important for some 
anergic individuals. Nutritional support may be 
necessary so as to maiJltain a sound diet.4 Health 

professionals can obtain iofomlation concerntng 
diets, recipes, and lists of processed foods collr 

taining the usual food all:ergens or food addi-
tives,roj patient support groups are helpful to pa-

tients or parents of patients afnicted wlth food 

allergy. Proper food labeling of ingredients in 
processed foods is extremely iulportant for the 

patient when managing food allergy. 
Patients who have had presumed or proven 

anaphylactic reacticns to foods sholJld be pre-
pared at all t~nes for inadvertent exposure to that 

food, especiaJly when away from home.28.29 The 

difference bctween life and death depends on how 
quickly epinephrine is administered after the ana-

2s phylactic symptoms begin. 

B. Hypoallergenic Cow's Milk Infant 
Formulas 

Management of the infant who has ;~ food 
allergy to cow's milk may be a particular prob-

lem. Often babies are switched from conventional 

milk-based infant formula to a soy-based formllJa 

because of problems of 'Yussiness" or true infant 

colic. Such switches have merit in some cases, 
but not because of food anergy'6 Soy protein-
based infant fonnula has caused the same spec-
trum of clinical reactions as those caused by cow' s 

IDjlk protein, especially G1 reactions.40,loi~l08 Of-

ten soy sensitivilty quickly follows cow's milk 
sensitivity. Approximately 3 3 to 50% of all chil-

dren with G1 allergy or intolerance to conven-
tional cow ' s milk infant fonnula cannot tolerate 

soy-based formula,ro9-111 Therefore, the Nutrition 

Committee of the American Academy of Pediat-
rics recolnmends that conventional soy-based in-

fant formula should not be used in the case of 
either miik or soy intolerance or in proven al-

ro9 lergy . 

Foir the infant who has a documented allergic 

reaction or intolerance to cow's milk, an ideal 
substitute would bc one that (1) has been proven 

safe by DBPCFC in infants who have documented 
cow's milk allergy or intolerance;4 (2) is nutri-

tious and allows for normal growth and develop-
ment; and (3) is palatable for a long period of 
time. 

Unfortunately, at present there is no perfect 

hypoallergenic fonnula for infants anergib or in-
tolerant to milk.106 Alternative folmulas include 

those derived prilnarily ftom caseirL hydrolysate, 

whey hydrolysate, or crystauine amino acids. AIL 

marketed formulas have some reported, albeit 
apparently minor, instances of either intolerance 
or problems with taste 110-ll6 

C. Prevention oj Food Allergy 

Manipulation of the mother's diet before de-

livery and the infant' s diet fonowing delivery for 

the child bom to anergic parents has been a popu-

lar concept for many years because of the pre-
sulnption that food anergy and perhaps other fonns 
of allergy may be prevented. In infants al risk for 

aJlergic disease (bom to parents with allergic dis-

ease) who were fed breast milk exclusively for as 

few as 4 Inonths, it was found that the cumulative 

incidence ~ld the seve;rity of AI) that developed 
by 1 8 months decreased,15 In this pa~ticular study, 
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some mothers avoided cow's milk, eggs, fish, 
peanut, and soy during the lactation period. Oth-

ers ate a normal diet. The incidence of AD was 
lower (229ifa) in the group of breast-fed infants 

whose mothers ate a special diet compa~ed with 
breast-fed infants whose mothers ate an unre* 
stricted diet (449~~)). In another study, breast feed-

ing was also found to be superior,ll? 

Several controlled, Iong-tenn studies have 
shown that soy-based fonn:ula does not iDflu-
ence the development of early food allergy symp-

toms or long-te~ll develo~ment of inhalant al-
lergy . 11:~120 one well-controlled study assessing 

the role of diet in the prevention of allergic 
disease is worth reviewing 120 In the prevention-

treated group of 101 iufants and mothers, the 
rrLothers avoided cow's milk, eggs, and peanuts 
during the last tdJnester and durirLg lactation. The 

infants, who were not breast fed, were fed 
Nutramigen, a casein hydrolysate. All inf~nts were 

kept away from cow's milk, com, soy, citrus, and 

wheat for 12 months; and eggs, peanuts, and fish 
for 24 months. kl the control group of 185 infants 

and mothers, the regnl ar accepted American Acad-

enry of Pediatrics feeding practices were followed 

The cwnulative prevalence of allergy at I year 

was less in the prophylacticany treated *•roup (16 
vs. 27%) as we;;re food-related symptoms (5 vs. 
16% control).121 However, at 24 months, there 
were no diifferences in the incidences of rhinitis, 

asthma, skin, or G:1 allergy symptoms and the lgE 

skin test positivity to iutlalants betweell the two 

c~roups. Thus, for the short tenn, diet may influ-

ence the incidence of food allergy symptoms in 
bigh~risk infants, but a special diet in the mother 

or infant has no long-term irrfluence on the subse-

quent development of atopic disease-

XV. ROLE OF DRUGS AND ALLERGEN 
IMMUNOTHERAPY 

Other preventive therapies have been tried in 

food allergies, such as the long-tenn use of anti-

histanrines, corticosteroids, and oral cromolyn 

sodium. None has been proven to have more than 
nxinilnal efficacy.4 The unprovezl therapies of oral 

desensitizatiori, including sublingual food drops 

or subcutaneous neutralization, have not bcen 

efflcacious. If used at all , they should probably be 

restri6ted to reseaJ:ch stu(~ies with appropriate in-

fonned eonsent,??•lon 
Conventional allergen inununotherapy is not 

aJl approved therapeutic option for food allergy.4 

This therapy has been tried experimentally, indi-

rectly to help prevent the oral allergy syndro~le 

(oral and injection birch tree porLen therapy) and 

directly with the use of a peanut extract to prevent 

peanut allergy. i2~12s Tree anergren immunotherapy 

was not helpful in the management of food symp-
toms in the oral alLergy syndrome.122 In the few 

patients treated with peanut extract, there was 

both cliDical and imnlunologic evidence for some 
protection against peanut anaphylaxis- It was con-

cluded from the latter study that more research 
involvimg irDmunotherapy for food alLergy should 

bc pursued because some patients with severe 
~fe-threatening symptoms to food are not always 
able to avoid these foods,124 The potential risk of 

food allergen immunotherapy may be less than 
the real risk of inadvertent allergen exposure.28.29 
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I. INTRODUCTION 

This article sumlll:arizes some of the sa~ient 

features of plant proteins and provides a basic 
foundation on which subsequent articles in tbis 
issue can expound. It discusses the source of pro-

teins in plants, explains the role and function of 

proteins in food plants, their natural variation, 

and tens how microorgailisms and pathogens can 
sometirnes introduce other substances, includulg 

proteins, into food and produce. This is not a 
comprehensive treatlnent of pl ant protein chenlis-

try. For more in-depth iDformation, readers aJ~e 
referred to textbooks on plant and protein bio-
chemistry.1,2 

Proteins are naturalfy occuning polymers 
made up of constituent amiuo acids. Every cell of 

every organism> including those in humans, typi-
cally contains tens of thousand8 of proteins, each 

of whichis structurany complex and distinct. These 

constituent proteins are encoded by the organism' s 

genome. Fronl estiniates of genome size we can 
make rough esthnates of the total nmnbers of 
proteins likely to occur in individual species . There 

are between 15,000 and 60,000 genes3 iu the small 

weed plantArabidopsis thaliana, and just as many 

proteins 
There are 20 diff:erent amino acids in plant 

proteins. Of prime importance to a nutritionist is 

the bal~nce of constituent anlino acids irL food 

plant proteins, and their availability during diges-

tion in the alimentary tract. The human body ef-
ficiently breaks down food proteins into constitu-

ent an)ino acids during digestion. It then uses the 

amino acids as building blocks to synthesize other 

proteins needed for growth, development and 
mailltenance of normal functions. Dudng diges-

tion, proteins undergo partial disassembly into 

smaller molecules called peptides, which lack the 

functional activity of the original protein. These 

result from the enzymatic cleavage of the bonds 

lin~ng specific pairs of amino acids. 
~l addition to their nutritional function, pro-

teins contribute to food texture, flavor, arom~~ 

feelings of satiety, ease of processing, and food 

quality. However, in sensitive people, proteins 
interact with innnunoglobulin E ~*o'E) , beconaing 

allergenic or toxic to those who ingest them (see 

"Introduction to Allergic Diseases" by Yoseph A. 

Mekori and "Auergic Reactions to Food" by John 
A. Anderson in this isstie). The process of dietary 

elimination and controued food challenge reveals 
which, if any, food proteins individuals must avoid 

to rerilain healthy and ftee from food-induced 

problems. Catalogs of food•aJlergies, food intol-
erances, and even poisonings have been assembled 
ftom such informa:tion.4,5 They guide physicians 

in advising patients about problems that may be 
caused by their dietary intake of ceirtain proteins. 

ll. PLANT PROTE,NS: 
OCCURRENCE 

BIOLOGY OF 

As a result of differentiation during develop-

men~ plant cells may take a variety of fonns 
which adapt them to their primary ~nction t; the 

plant. However, an plant cells have a number of 
features in common. Each has a cellulose wall 
enclositrg a protoplast bounded by a proteiu-lipid 

membrane that is selectively permeable to ions in 
solution. The protoplast consists predonlinantly 

of a skein of protoplasm lining the wall which 
surrounds a fluid-fmed central vacuole that con-

1040-8398!96/$.50 
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tains various solutes. For exanlple, the familiar 

leafy tissue of lettuce consists predominantly of 

the cell wans. The fluid in the cell vacuoles and 

the physical constraint imposed by the wan create 

turgid cells and the crisp texture that the con-

sulner expects. The protein content of a lettuce 
leaf is low, about I to 39~(, of the dry weight of the 

leaf tissue, or less than O.5% of the wet we;ight. 

The nucleus of the cell, Iocated in the protoplasm, 

consists of valious nucleoproteins and nucleic 
acids that, at cell division, resolve into the struc-

tures called chromosomes. The genes, canied on 
the ehromosomes of the nucleus, direct the syn-
thesis of proteins, many of which are enzymes. A 
gene is a uDit of inherited infonn'dtion. It consists 

of a numbc;r of nucleotides arranged in a linear 

order like the words in a sentence- However, in 
the sentence represented by a gene there are only 

four letters (the nucleotides adenine, thymidine, 

guanine, and cytosine), and each word has only 
three letters . Each triplet represents an allrino acid, 

so that the sequence of triplets encodes the linear 

sequence of arDino acids that make up the polypep-

tide chain, or protein product of the gene. Gene 
expression is coordinated and regulated by ele-
ments within the nucleus that respond to environ-

mental and developmental signals. It is the sl:Dn of 

the protej~:~s produced in each type of cen that 

give that cell its properties. Major changes may 

be caused by the expression of groups of genes, 
resulring in the peculiarities of foml and chenlical 

compositioil that diff;erentiate cen types ~rom each 

cther. 

Although the principal location of the genetic 

deterDainants of each cell is in the nucleus, green 

plant cells have two other kiuds of bod~es, mito-

chondria and chloroplasts, that also cany genetic 

irrfonnation. Chloroplasts are the site of photo-

synthesis> a process that uses the energy of sun-

light to make carbohydrates like sugar and starcb 

from carbon dioxide and water. During this pro-

cess ox:ygen is fonued and released. The products 

of photosynthesis are used as sources of energy 
by the Initochondria, w~ich are the site for oxida-

tive enzymes which creatc the energy currency 
the cell uses, and as raw materials for the synthe-

sis of many other compolJnds. The enzyme tibu-
lose bisphosphate carboxylase (rubisco), which 
occurs in the chloroplast and pla:ys an important 

role in photosynthesis, is by far the most abundant 

protein on Earth. Its strueture is encoded by the 

chloroplast DNA and by the DNA of the cell 
nucleus.6 The colls of plant parts that are green 

may contain ftom I to as many as 50 or more 
chloroplasts. Plant parts that are not green (e.g-

roots and tubers) nonnally do not contain chloro-

plasts. Mitochondria are smaller than chloroplasts 

and are found in all plant cells in numbers ratlging 

into the hundreds. Because they are the site of 
oxidative enzy:nes, they are involved in the pro-

cess ofrespiration. In tbis process, ox:ygen is used 

to accept electrons from donor moleclJles, which, 

as a result carry charges that enable themto drive 

a series of other reactions in cell metabolism. 

There are two centers of active cell division 

in a plant seedjing, called meristems, that are 
responsible for the growth and development of a 

mature plant. The shoot apical meristem g'ves 
rise to leaves, stem, and eventually to flowers 
The root apical meristem gives rise to root tissue. 

This may be sirnple and unbranched like that of a 

carrot, or highly branched and fibrous, Iike the 
roots of lawn grass. As the characteristic fonn of 

the mature plant develops, the irnmature cells 
undergo changes in shape, chemical composition, 
and their complement of proteins that are usually 

irreversible. Once they have assumed their ma-
ture form, these cells can no longer divide and 
mauy may die. For example, the xylem, or water-
conducting tissue, in the roots and stems of plants 

consists of tubular elements made up of empty 
cells. The intemal diameter of these cells ranges 

-from 0.01 to 0.10 mm and ihey can be ftom I to 
8 mm or more in length. The individual xylem 
cells (xylem elements) have reinforced wa~s. They 

are st~ung together to create a tubl~lar network 
that canies water, and materials dissolved in it, 

from the roots to the leaves and other plant parts 

above the soil. As the xylem elements reach their 

maxixnal size and mature foun, they undergo pro-

grammed cell death in preparation for tbeir final 

function.? Other cells assulne a long and nacrow 

form and develop very thick wans and create 
bands or blocks of mecharrically strong fibers that 

reinforce stems and leaves against the mechanical 

stresses imposed by wind and rain. I~l tree stems 

these two kinds of ce~s, water conductiug and 
fiber, give rise to the wood and tiDiber used in 
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commeirce. I~l food plants fiber cells contribute 

irnportant mechanical properties to the human 

diet, 

The parts of plants commonly used as food by 
hulnans include storage organs such as roots (car-

rot radish, turnip), tubers (potato, sweet potato), 

and steuls (kohlrabi, kale, asparagus, celery), ~ut 

also include a wlde range of other plant parts such 

as leaves (cabbagTe, Iettuce, spinach), bulbs (on-

ion, garlic), flowers or iuflorescences (broccoli, 

cauliflower, artichoke), ~its (apple, pear, tomato, 

benies, squash, Inelon, cucumber, banana), and 
seeds (com, rice, peas, beans, wheat fiour, nuts). 

In all of these plant parts the principal source of 

calories are the carbohydrates sugar and starch. 
Except in seeds, where they are often present in 

high concentrations, plant cells contain small 

quantities of protein even though• there may b e 
more than 1000 different proteins present.s Fig-

ure I shows a scanned image of cell proteins iso-

lated from a newly germinated shoot of a com 
seed~ng and reveaied by two-dimensional *~el elec-

trophoresis. More than 1500 spots, each repre-
senting a diff:erent protein, are resolved_ These 

likely represent only a fraction of the total pro-

teins present in shoot tissue. Seeds contain rela-

tively large amounts of a few special proteins and 

are also sourccs of fat~ and oils.9 

It was believed for many years that some 15 
major crops were largely responsible for feeding 
the world. These are the cereals: rice, maize, wheat, 

and sorghum; the le*~lnes: beans, soybcan and 
peas, and peanuts; the root crops: potato and cas-

sava; and sugareane, sugar beet, bananas, and 
coconuts. However, recent studies ha:ve shown 
the importance to individual groups and societies 

of more than 100 food plant species.ro These in-

clude mangoes (289ifo by weight of the vegetable 

food consumed in St. Lucia), Cbinese cabbage 
(12% in South Korea), taro (18% in Samoa), 
quinoa or grain amaranth (important in Bolivia), 

and cowpea (important in Niger)-

lll. THE ROLE OF PLA~T PROTEINS 

Proteins are an integral part of the chemical 

machinery for cen growth, division, and diff:eren-

tiation in young developing cells- The most im-

portant of the cell proteins are enzymes. These are 

catalysts tesponsible for the individual reaction 

steps in the biosynthetic pathways that produce 

the cell components. Other protefns function as 
signals that either tum on or tum off the expres-

sion of ge;nes in the ~ucleus by binding to regions 

of nucleic acid that have a regnlatory function. 

Yet other proteins have a mechanical role and 
provide a structural frameworl~ or scaffold, for 

nucleic acids and othe;r cell components. 

The propell~:es of proteins are a function of 

their structure. Built as a linear chain of 20 differ-

e;nt amino acids, they are large molecules that are 

folded precisely inta tbree-dunensional structures. 

Many plaut proteins have attached to them small 
sugar residues and are said to bc glycosylated, 
which may affect how they react with other cen 
components. The surface features of proteins, 
which may include pockets, grooves, and projec-
tions of various kuids, and that may carry diLfer-

ent electric charges, detemrine how they interact 

with other molecules and ~nction as catalysts. 
These surface features also illfluence how prote;in 

molecules are perceived by the human body ei-
ther tbrou~'h extemal contact with the skin or 
through the mucosa of the mouth or intestual 
tract 

IV. PROTEIN SYNTHESIS 

The amino acid sequence of each protein is 
encoded in the nucleotide sequence of a region of 

the DNA that corresponds to a gene. A universal 
triplet code uses a sequence of three bases to 
specify each of the 20 amino acids conunonly 
found in plant proteins The DNA sequence of the 

gene is first transcribed to messenger RNA 
(mRNA), which is then processed by sman par-
ticles called ribosolnes. Protein assembly occurs 

as the tibosome reads the mRNA sequence and 
translates it into an allaino acid sequence by se-

lecting from ~ pool of transfer RNA molecules. 
Ea:ch transfer RNA molecule bas bound to it a 
specific amino acid and functions as an adapter 
that presents the amino acids at the right tirne and 

place duriug the synthesis of the protein_ As the 

ribosome moves along the mRNA the chairl of 
ribonucleotides disintegrates, Ieavimg in its place 
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FIGURE I . Scanned image of a two-dimensional gei e[eotrophoretic separation of proteins from the newly 
germinated shoot of a com seedling separated by isoelectric focusing in the first dimension (horizOntal) and by 
moleoular weight in the second dimension (verijcal). (RepToduced, with permission, from Pioneer Hi-Bred Interna-
tional, Inc.) 

a growing chain of aDiino acids. The secondary 
and tertiary structure imposed on tbis chain is in 

part the result of self:-directed fok~lg, often in-

duced by the establishrnent of chemical cross-
linkages, but also influenced by ehaperone pro-
teins whose function is to adjust the final fonn of 
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the protein molecule to the most stable functional 

oonfi:gur'~ttion possible. 

The processes of transcription to mRNA and 
translation of the nucleic acid sequence to an 
amino acid sequence do not occur conuiluously 
for all genes. The process, calLed gene expression, 

is controne(~ by promoters, chromosomal elements 

10cated near the gene, which may be acttvated or 

repressed. Promoters are generany repressed when 
a small protein molectile, called a repressor, is 

bound to them thereby preventing them from ac-
tivating c')ene transcription. When the gene is in-

duced, the inducing agent releases the promoter 
by inteifering with the bindjng betweeu the re-
pressor and the binding site ofthe promoter. Con-

stitutively expressed genes are expressed aJl the 

time- The signa~ng controls of gene expression 
are critically important for nonnal development. 

They ensure that the appropriate genes are acti-

vated and expressed when and where they are 
needed, and that expression is shut down when no 

10nger required, 
Fronl studies of the controls of expression in 

transgenic plants there is evidence that develop-

mental controls are very similar among diff:erent 

plants of different genera and fainnies . For ex-

ample, Al:tenbach et al,ll used a promoter from a 

French bcan to express the Brazil nut 2S seed 
storage protein in canola and tobacco. SiDnilarly, 

a gene encoding a wheat seed endospelm glutcn 
protein introduced into tobacco was only expressed 

in tobacco seed.12,13 In each example, the cloned 

gene included a promoter that was able to respond 
to the signaling controls of entirely dieSerent plants. 

Many of the larger protein molecules are 
composed of subunits. This presumably sirnpli-
fies their assembly and synthesis, because dif-

ferent genes may be responsible for different 
subullits. For example, rubisco is colnposed of 

two kulds of subunits: a large one of -55 kDa 
encoded by a chloroplast gene, and a small sub-
unit of -15 kDa encoded by a nuclear gene.14 
The complete stnlcture also includes a metal 
atom or prosthetic group that is usuaily critical 

to the catalytic activity of the enzyme and is 
10cated in a position where the primary chenlical 

reactions take place. The three-(iunensional struc-

ture of protein molecules is established by X-ray 

crystallography. This technique uses diffraction 

patterns caused by a crystal of the protein placed 

in an X-ray beam to reconstruct a t~ree-(iiulen-

sional image of the molecuie. 
Malry profeins are not used at the sites withirl 

the cell where they are synthesized. Some of these 

proteins may have, at one end of the amino acid 

chain, a so-caned signal or tar~'eting sequence 
that directs the protein to a specific location in the 

cell and is then removed.15,16 This may be a site 

on, or wilthin, a membrane where the properties of 

the protein are called into play.17 

V. PROTEIN VARIATION 

Broadly speaking, the more closely related 
organisms are the more sillrilar ~re their constitu-

ent proteins. Many enzymes, such as rubisco, and 

othe. r so-cajled house-keeping enzymes that per-

form basic cellular functions, are coulDlon to and 

conserved in most plants. A single change in the 

base sequence of the DNA that encodes a protein 
may lead to the substitution of an inappropriate 
anlino acid at one point in the molecule. Depend-

ing on ihe site of this change, or mutation, it may 

have the effect of either. abolishing or altering the 

function of the protein. Mutational changes over 
evolutionary tirne may aJSO result in arDino acid 

changes that for the most part have little effect on 

the way the protein molecllJes function. A colllr 

mon effect of these changes is to alter the mobil-

ity of the protein in electrophoresis, a technique 

that separates proteins on the basis of their size 

and charge. The altered forms of el}zyme proteins 

are called isozymes. Diff:erent forms may occur 
within the same species or vary between species_ 

lil some respects these changes are evolutionary 

scars and almost certainly occurred as a result of 

spontaneous mutations at earlier stages of evolu-

tion. Changes that abolish important or vital func-

tions, or substantiaily modify them, may be lethal 

or may reduce the fitness of the orgallism. In 

g eneral, these changes would be selected againBt 

in nature because they wollJ:d not survive and 
produce seeds in competition against ullimpaired 

founs. Occ,asionally, mutations may be beneficial 

to the organism and confer colnpetitive advan-
tages over other types. This is the basis of evolu-

tion. 
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Naturahy occuning variation in protein com-
position can be Inost easily detected by two-di-
mensional electrophoresis of plant extracts8,lg,19 

(see Pigure 1)_ However, this technique probably 

resolves only a fraction of the total number of 

proteins present in a partioular tissue. 

Change,s that are beneficial or neutral with 

respect to protein function couid be of signifi-
cance ifthey created molecules that are allergenio 

orhave enhanced allergenicity. However, in view 
of the very low frequency of lgE-mediated aller-
geaic responses in hlnnaDs to the very large nurn-

bers of proteins and naturally occurring protein 
variants they are llonnally exposed to in their diet, 

the probab~ity of this occurring is almost cer-
tairily very low. It is also irnportant to be~r in 

nlind that except for seed storage proteins, the 
majority of individual plant proteins are present 

only in smaJl azuounts and at concentrations that 

may bc bclow the threshold needed to stirnulate 
an lgE-mediated response. 

Vl. PROTEINS INTRODUCED tNTO THE 
DIET BY PLANT PRODUCTS 

Some proteins have a mechanicai or struc-
tural filnction ccntributing to the fo~n of plant 

cells and their organelles. For example, the mem-

brane systems within cells, whtch are the sites of 

various reactions inherent in cell Inetabolism, are 

proteinaceous . However, carbohydrate derivatives, 

often strengthened with polymers such as lignin, 
are far more important in giving rise to the gross 

rigid and fibrous structures we are f~niliar with 

in plants. 

~nzymes are proteins that direct the many 
biochemioal processes that accompany cen growth, 
cell division, and metabolism. There are large 
protein reserves in seeds that are used to sustain 

the growth and development of the seedlixlg dur-

ing and after gelrDination. These often occur in 

cells as protein bodies and ~re broken down, or 
mobi~ized, by enzymes and transported and reas-

sembled in regions undergoing rapid growth when 
the seed germinates. Unlike ~nost otherplant parts> 

seeds have large amouuts of protein th~t may 
make up 10 to 50% or more of their dry weight.9 
Tbis is why seeds and nuts are important protein 

solnlces in the h~man diet. Many of the stored 
prote~ls are present in relatively higll concentra-

tions. Nulnerous reports have suggested a corre-

lation between the levels of protein and 
allergenicity (see '1Principles and Characteristics 

of Food Allergens" by Steve L. Taylor and Sa~nuel 

B. Lehrer and "Food AJlergens" by Robert K, 
Bush and Susan L. Heile in this issue). The hlgh 

levels of storage proteins in seeds may explain, in 

part, why some people become sensitive to them 
after consluliulg them (e.g., peanuts) or processed 

seed products (e.g., wheat flour in bread). 

In addition to the diversity of proteins that are 

nonnally present in plant tissues, other proteins 

are introduced by microorganisms associated with 
the plant, or by invading pathogens such as vi-
ruses, bacteria, and filngi. An firesh food and pro-

duce have a mierobial flora. Fruits comlnonly 
cany yeasts that grow on their surf:aces. AJI planf 

surfaces ha:ve soil organislns canied there on dust 

particles and other debris, or splashed on by rain 

or irrigation water. Airbome fungal spores are 
deposited on plants-

Some of th~ fruits and vegetables we pur-
chase for consulnption may carry plant disease 
organisms. Plant viruses increase to enbnnous 
nulnbers in infected cells such that the viral coat 

proteins, Or other viral proteiDs that fonll inclu-

sion bodies, compose a significant portion of the 

total cen protein. Data in Table I show the levels 

of coat protein from di~ferent viruses that were 

measured in four different fruits (cantaloupe, 
honey dew melon, yellow crook neck squash, and 
zucchini squash) obtained from a supermarket. 
These data illustrate the variabiiity and extent of 

the different viral coat proteins that are compo-

nents of our food supply. 

In most cases the presence of organisms caus-

ing plant disease is revealed by the rots and dis-

coloration (chlorosis and necrosis) that are asso-

ciated with yet more changes in composition. 
These symptoms may appear in the fieltL before 
harvest, or after harvest when produce is in stor-

age prior to distribution and sale. Soft: rots are 

caused by the release of extracellular enzymes, 
fonned by the iuvadiug Inicroorganisms, that break 

down the pectin cement between cell walls and 
the cell walls themselves. Ih some cases host cell 

dea:th is caused by toxins made by the pathogen 
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TABLE 1 
Measurements of ViraLl Coat Protein in Supermarket Fruit as Measured by Enzyme-
Linked Immunosarbent Assay 

Fruit 

YC77 ~zw20 
oi 
c2 
c3 
c4 
C5 
c6 
c7 
H1 
H2 
H3 
H4 
H5 
H6 
H7 
H8 
H9 
Hla 
H1 1 

H12 
H13 
Hi4 
Hls 
Hle 
Y1 
Y2 
Y3 
Y4 
zi 
Z2 
z3 
z4 
z5 
z6 
Z7 
z8 

CMV (~~l/kg fruit) 

ND 
355 200 

i 30 ,464 

ND 
ND 
>2 400 OOO 
>3,216,000 
>3 21 6,000 
ND 
ND 
ND 
359 
269 
238 
ND 
664 
82 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
43 
14 

PRV (H9!kg fruit) 

ND 
1 8 ,OOO 

5,472 
252,000 
ND 

1 ,200 

ND 
ND 
7,200 
6,840 
ND 
4,752 
3, 1 68 

ND 
5,g28 
1 3,272 

960 
ND 
ND 
ND 
ND. 
3,120 

1 0,080 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ZYRnV (ug/kg fruit) 

68 4 
1 4 400 

1 O 944 

28,800 
864 
8 400 

1 4,000 

12,864 
9 480 
1 ,800 

2 200 
3,888 
~, 1 68 

2,592 
i 824 
1 ,896 

24 
250 
1 560 
480 
2 200 
720 
1 700 
3 100 

1 1 ,424 

ND 
1 i52 
1 3 056 
1 40 

ND 
454 
ND 
ND 
576 
2,592 
2,900 

WMV2 (ug/kg fruit) 

430.6 
1 O 320 

1 i 5 488 

720 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
1 73 

260 
ND 
1 37 

1 90 

24 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Note: CMV, cucumber mosaic virus coat protein; PRV, papaya ringspot virus eoat protein; ZYMV, 
zucchini yeilow mosaic virus coat protein; WMV2, watermelon mosaic virus coat protein; ND, not 
detected; C1-7 are oantaloupes. Hi-1 6 are honeydew melons, Y1~} are yellow crookneck 
sqvash, and Z~~ are zucchini squash. The top line is a transgenic line af squash being developed 

for market 

Reprinted with the permission of Hector Quemada, Asgrow Seed Company. 

that then uses the killed host material as a sub-
strate for further growth and sporulation.20 En-

dogenous proteins may also be formed by plants 
in response to pathogen invasion or as a result of 

other enviromnental stresses. 

VII. STRESS RESPONSE PROTEINS 

Wben plants are invaded by pathogens they 
frequently respond by synthesizing the compo-
nents (often proteins) of defense systems designed 
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to limit or contain the growth of the ilrva(~ng 
pathogen. lp recent years, mueh research has fo-
cused on the so-called pathogenesis-related (PR) 

proteins that appear during the early stages of 
plaut infection.21 The amounts of these proteins 
are not large, Iess than 0.019~o of the total cell 

protein. Their function is not understood in tenns 

of speo~ic resistance mechanisms and how these 
are controlled by PR proteins . Two PR proteins 
ftom kidney bcan (Phaseolus vulgaris) have been 
identified as possible allergens,22 There is no evi-

dence that the proteins produced by pathogens 
cause such effects. 

There is considerable infonnation that con-
smnlirg the cherDical products formed by success-

ful inva(nng pathogens may have severe conse-
quences.' For example, stored peanuts may be 
invaded by molds (Aspergillus spp.) that produce 

nonproteinaceous compounds, ailatoxtns, known 
to be carcinogenic.2s There is also evidcnce that 

infected or contan~lated feeding stuffs given to 

catfle may result in aflatoxins being present in 
their rDilk24.25 

A second example, which is not a problem in 
human nutrition, is encountered by livestock prQ-

ducers who may have problems with forage grasses 
that contain f ungal endophyies.26 These endophyic 

iungi live in the tissues of the grass leaves and 

stems without producing visible signs of disease 

until they reproduce sexuaJfy and form spores. 
However, certain chemical metabolites produced 
by the ftingi are responsible for neurologic im-

paimlent and may cause a disorder known as 
staggers in grazing anirnals. Other compounds 
produced by the fungus are abortifacients and 
lead to stillbom c~lves. There is evidence that 

these compounds confer insect resistance and 
drought tolerance on the grasses, botb of w~ich 
are seleetive advantages. For this reason they are 

of interest ~to turf grass breeders .27 

Both of these examples of potentially danger-

ous materials in food and fodder are produced by 
fungi. They are not proteins and result from some-

what compheated synthetic pathways that are 
controlled by the products (enzymes) of a number 
of genes. Ih the production ofnew crop cultivars, 

plant breedeirs typically screen much material 
couected from nature and ~:cun other breeders to 
100k for certain characteristicss they need. Pest 

and disease resistance are important features of 

Inost such scree;ning programs . Care must be taken 

to enslJJ~e that the resistant products do not contain 

IJnduly high concentrations of naturauy occurting 

toxic compounds that may be partly responsible 
for their resistance. 

Plant tissues that are stressed by high tenlr 
perature or extreme drought form heat shoek pro-

teins-2g These proteins are used by plant cells to 

help them recover their normal functions when 
the temperature fans, or more water becomes 
available.29 Heat shock proteins play a role in 

ensuring that other tinportaut cell proteir~s have 

the correct three-dimensional configuration. Heat 

shock proteins are also called chaperones, 

Vlft. CONCLUSiON 

Proteins play important and intrinsic roles in 

plaJlt structure, function, and development. Be-

cause buJnans cannot synthesize essential anrino 

acids, plant and other sources of proteins are es-

sential coulponents of our diet. Each day we con-
sume tens of thousands of different proteins from 

plants and plant-associated microorgallisms. Most 

of these are present in the diet in small quantities, 

but some, such as the storage proteins in grains 
and seeds, may make up a substantial part of the 

plant proteins we consume. Althoug•h these pro-
teins serve many different roles in the plant, ftom 

structural to enzymatic, they are typically rapidly 

degraded after consumption to individual amino 
acids, which are then used by our bodies to syn-
thesize other proteins and nutrients. 

ACKNOWLEDGMENTS 

The a:uthor most grateftllly ackuowledges the 

assistance of Dr. Roy Fuchs and Dr. Rod 
Townsend in providing information for tbis ar-
ticle . 

REFERENCES 

1 Dey, P. M. and Harborne, J. B., ~ds., Methods in 
Plant Biochenlistry, Vol. 1, Plant Phenolics!edited by 

Harborne, J. B.; Vol. 2, Carbohydrates/edited by Dey, 

P. M.; Vol. 3, i~n~ymes of Primary Metabolism/edited 

by Le~~ P. J.; Vol, 4, Lipids, Memhranes andAspects 

s46 



of Photobiology/editedby Hatwoodj J. L- and Bowyer, 

J. R., Academic Press, Londor~ S~n Diege, 1989. 
2. Creighton, T. ~., Prctein Structure: A PracticalAp-

proad~ JRL Ptess. Oxford, 1989 
3 Meyerowitz, E. M., Illtroduction to the Alabidopsis 

genome, in Methods ill Arabidopsis Research. Koncz, 

C_, Chua, N.-H., and Schell, I.. Eds., World Scientific 

Prees. Singapore, 1992, 100 
4. Metcalfe~D.D., Sampson, H. A., and SimOn, R.A., 

Eds., Food Aller.~y: Adverse Reactions t(, Food and 

FoodAdditives, Blackwell Scientific. Boston* 1991. 

5 Brostofr, J. and Chauacombe, S. J., Eds., Food 
Allergy and Intolerance, Bailnere Tindall. London, 

1987 
6. Zurawski, G. and Clegg,lvLT., Evolution oflrigher-

plant chloroplast DNA encoded genes: i:nplications 
for structur~ftlnction and phylogenetic studies. Annu. 

Rel'. Plant Physiol.. 38, 391, 1987. 

7. Lam, E. and Miffler, l&, In situ detection of l:DNA 

~agmentarion duxing the differentiation of tracheary el-

ements in bigher plants. PlantPkysioL, 108, 489, 1995. 

8. Higgtnbotham, J. W.. Smith, J. S. C., and Stl,ith, 
O. S., Quantitative anaiysis of two-dilnensional pro-

tein proSles of inbred lines of maize (Zea mays L.), 

Electrophoresis, 12. 425, 1991_ 

9. Coruer. E. J. B:., The Seeds ofl)icotyledons. Cam-
bridge Uhiversity Press, Cambridge, 1976. 

10. Pre~c:ott~uen,~LandPreseott-Allen.C.,Howmany 
plants feed the world?. Conserv. ~iol.. 4, 365, 1990. 

11 Altenbach, S. B., Kuo, C. C., Staraci, L. C., 
Pearson, I~ W.. Wainwrigll~ C., Georgescu, A., 
and Townsend, J.. Acculnulation of a Bra2dl nut 
albumin in seeds of tr~nsge~lic canola results in en-

hanced levels of seed protein nlethionjne. I)lant Mol 

Biol., 18, 235, 1992. 

12. Bevan, M., Colo~ V., and Haimnond-Kosacl~. M., 
Tlanscriptional control of plant storage protein genes, 

Philos. TTans. R. Soc., 342, 209, 1993 

13. Colot V., Barteis, I)., and Thompso,]. IL, Moleou* 
lar charactelization of a!1 active wheat LMW glutenin 

gene and its relation to other wheat alid barley prola-

min ge~les. Mol. Gen. Genet.. 216, 81, 1989. 

14. Tobiu, E.M. and Silverthorne~ J.,Annu. Rev. Plant 

Physiol., 36, 569, 1985. 

15 Gierasch,L. M., Si*~nal sequences.Biochemist,y, 28, 

923, 1989 

16. Pang,S.-Z.,Rasmussen,J.,Ye~ G.-N., andSanf:ord, 
J. C., Use of the signal peptide of Pisu,n vicilin to 

translocate bet~."lucuronidase in Nicotiana tabacun~ 

Gene, 112, 229, 1992 
17. Verner, K. and Schatz, G.. Protein translooation 

across membranes, Science, 241, 1307, 1988. 

18 Leonardi, ~L, Damerv~l, C., and de ~Vienne~ D., 
IElleritance of protein aluounts: comparison of twl~ 

dimensional eleotrophoresis patterns of leaf sheatbs 

of two maize lhles (Zea mays L.) and their hybrids, 

Genet. Res., 50, 1 1987. 

19. de Viellne, D., Leonardi, A., and Damerval, C.. 
Genetic aspeots of variation of proteirL anlounts in 

nlaize and pea. Electrophoresis, 9, 742, 1988 

20. Walton, J. D. and Panaccione, D. C., Host-
selective toxins aJld disease specifieity: perspeotives 

and progress, Anl,u. Rev. PhytopathoL. 31, 275, 
1993 

21 Carr, J. P. and I~lessig, D. F., The pathogenesis 
related proteins of plants, Genet. ~ng., 11, 65, 1989. 

22. Walter, M. H., Liu, J.-W., Grand; C., Lalnb. C. J., 

and Hess, D., Bea:1 pathogenesis-related (PR) pro-

teins deduced from elicitor-induced trauselipts are 

members of an ubiquitous new olass of conserved PR 
proteins including pollen allergens. Mol. Gen. Genet., 

222, 353, 1990 
23. Gilbert, J., Recent advances in analytical methods 

for mycotoxins. FoodAddit. Contal,L, 10, 37, 1993 

24. Park. D. L. and Liang, B., Perspeotives on aflatoxin 

contrel for hunlan food and animaj feed. Trends Food 

Sci Technol., 4, 334, 1993. 

25. Veldman, A., Meijs, J. A. C..Borggreve, G. J., and 

Heeres-van der Tol, J. J., Carry-over of aflatoxiu 

from cows' food to IDil~Anim. Prod: 55, 163, 1992. 
26. Bacon, C. W. aiQ;d DeBattista. J., Endophyic fungi 

of gr~sse~ in ~:~dhook afApplied Mycolo~y. Vol. l, 
Aror~ D. K., Rai. B.. Mnke~i. K. G., and Knudsen, 

G. R. Eds* Marcel Dekker, New Yor~ 1991, 231 
27- Schardl. C. L. and An. Z.. Moleeular biology and 

genetics of protective fungal endophytes of grasses, 

aenet. Eng., 191, 1993. 

28 Vier~lg, R. A. and Nguyen, Il T., Heat-shoekpro-
~ein synthesis and accmnulation in diploid wheat Cmp 

Sci., 30, 1337, 1990. 

29. Leustek, T., I$ GRP78 a sensor of cenular secretory 
aetivity? Genet. Eng., 14, 125, 1992 

s47 



Critical Revieldis in Food Sclence and Nutrition, 36(S):S49-S67 (1996) 

Genetic Modification of Proteins in Food 

Peter R. Day 
Center for Agricultural Molecular Biolagy, Rutgers, 
New Jersey 

The Staie university of New Jersey, New Brunswick, 

I. INTRODUCTION 

Ail cultivated plants grown for food have 
been ir:lproved by conscious selection and breed-

ing. Yield, quality, and resistance to biotic and 

abiotic stresses have all bcen enhanced to im-
prove agricultural productivity and satisfy 
mankind's growing needs for food and feed. Plant 
breeding is an exceptionally successftil enterprise 

tha:t has fashioned the raw material of unimproved 

germ plasm into the modem high-yielding crop 
and pasture varieties on which we now depend. 
Until recently, plant breeders had to depend on 
elnpincal meihods to reach their goals. They in-

tercross varieties with djifferent characters expect-

ing to recover progeny> in later segregating gen-

erations, that combine all of the desired features. 

ALter extensive testing these are introduced as 
new varieties. However, the discovery of plant 
transformation is changing the way that many 
breeders approach the challenge of creating new 
varieties to fulfm specific needs. Directed genetic 

change provides an important new tool and intro-
duces the possibility of using genetic irLfomlation 

fr~m aknost any lifie form. because the ge~~etic 

code is Imiversal. 

Deliberate modification of the protein makeup 

of food through plant breeding had to await the 
discovery of the role of proteins and how they 
afflect either the quality of the food material or 

their suitability for human consumption. Several 

e~amples of this in wheat, rice, and s,)ybean are 

discussed below. Genetic theory implies that each 

tilne genetic changes are made in crop plants 
through pknt breeding, there are associated 
changes in the proteins involved in the production 

of the new phenotypes. 

The genetic controls of inheritance involve 

the transcription of DNA to messenger RNA 
(mRNA), which is then translated into the amino 
acid sequences of polypeptide chaiDs and pro-
teins. Many of the protein products of gene ex-
pression are enzymes that direct the synthesis of 

various cell components that collectively deter-

nline the characteristics of the cells, which in tum 

make up the tissues, organs, and the organism as 

a whole. The tinling and coordination of the ex-

pression of these genes are govemed by other 
genetic components called regulatory elements. 
The effect of this orchestration is the expression 

of cascades of different genes that, acting to-

gether, bring about the changes recog zed as 
growth, development, and differentiation. These 

are observed as a plant passes from a seetning to 

a Inature flowering structure, to produce a 
harvestable product that is conslnned as food. 

When breeding introduces changes iu an 
orga~ism's genetic constitution, usually subtle, 

but someuines profound, variation is expected in 

its proteins. New proteins may be formed, or the 

balanoe of existing ones may be changed. A Iong 
history of producing new varieties of crop plants 

by introducing genetic informi~tion from a range 

of related wild species has very rarely resulted in 

forms that have had to be withdrawn from the 
market because of health concerns . Plant breeders 

have introduced thousands of new crop varieties 
that have had little, if any, eff:ect on food safety. 

The concern over genetic engineering stems 
ftom the fact that this new tecbuology. provides 

plant breeders access to genetic infonnation from 

any living organism or indeed to synthetic DNA 
sequences. The developers ofnew plalrt varieties 

using genetic engineerixlg have the responsibility 
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of establishing that the newly introduced variet-

ies, and the food products developed from these 
varieties, are as safe and nutritious as their tradi-

tional counterparts. This article compares the types 

of new plant varieties being developed by new 
technologies based on plant moleclilar biology 
with conventional plant breeding, and suJ22ma-
rizes the directions that are being taken in crop 

plant development. This article focuses particu-
larly on how ge;netic engineering could alter the 

allergenic potential of foods derived from major 

erops, 

IL EARLY PLANT BREEDING 

The practice of selecting superior parent plants 

from Which to save seed had its origins during the 

transition that primitive humans made f tom hunter-

gatherers to cultivators and keepers of livestock. 

There was a conscious selection of seed lots that 

gave good yields of easily harvested fruits, seeds, 

and other edible plant parts. 

The first plants were chosen by hunter-gath-
erers through trial and error. We can asBume they 

quickly leamed to avoid plants that were poison-

ous, bitter tasting, made them sick, or that failed 

to satisfy theirhunger. Seeds couected in tirnes of 

plenty that were kept for the winter were probably 

planted in the spring or early sllmmer. hl this w'ay 

we may suppose that the value of husbandry was 
learned and cultivation became a way of lif:e for 

groups who were not content to depend entirely 
on chance in their foraging for food. As early 
agaiculwe developed, seeds and plants would 
have been exchanged and the better fo:nls would 
have been prized for such qualities as yield, high 

rate of seed genuination, and good flavor. The 
better farmers practiced selection, recorded their 

observations, and began to take the first steps in 

plant breeding by keeping seed lots ftolD different 

sources separate. Such famler's lines in Britain 
were given names that are recorded in early falm-

ing joumals and diaries. 

Modem plant breeding had its origins in the 
rediscovery of Mendel's observations ftom ge-
netic experiments with peas. Mendel's factors, 
later caued genes, showed that inheritance was 
partioulate and did not result Lrom the blen(~ng of 

characters , Iike mixing ink and water-

Biffen,1 working in. Cambridge, England, 
showed that resistance to yellow rust i~1 wheat 

was inherited as a Mendehan character. Those 
who followed hiln begarl the process of deliberate 

selection of fom)s resistant to the diseases of our 

major food crops. If suf~cient v~iation was not 
found aJnon*'T the varieties grown by fenners, then 

related ullilnproved and wild varieties and species 

were couected and screened to find the characters 

that were needed. Plant explorers and collectors 
sent and brought back seeds and liv~ plants to be 

stored in genn plasm banks and botanical gar-
dens These stores of genetic variation canle to be 

treasured as sources of genetic variation that colild 

be found nowhere else short of retumiug to the 
oric?'*ainal, often remote, collection sites. The best 

of modem genn plasm banks maintain detailed 
catalogs of their m~:terials with computerized data 

banks showing the origins and characteristics of 
all the aecessions. Because seeds deteriorate over 

time they must be periodically sown to regenerate 
fresh seeds for storage to maintain a supply that is 

available to plant breeders and others.2 

Many other characters were included in the 
hybridization and selection programs as plant 
breeding gathered molnentum in the early twen-
tieth century. These programs all had the coln-
mon objectives ofimproving the yield and quality 

of the harvested product and selecting for resis-

tance to cnvilronmental stresses to maximize ad-
aptation to the re~l*'ons where the crops wouid bc 

grown. The flrst consumers to test the products of 

plant breeding programs were the breeders them-
selves. By discarding folms with poor yield and 
10w quajity, the better ones were saved and coln-

pared with the best available materials. Improve-

ments were kept and used for further hybridiza-
tion, Ultimately, the market decides what has 
value- The crop plant varieties grown today are 
the result of the accuml~lation of many incremen-

tal steps in plaut breeding. However, the eaj:1y 
successes in breeding for disease resistance were 

followed by the discovery that the pathogens could 

also change.3 Just as human disease organisms 
have evolved forms that are resistant to antibiot-

ics, plant pathogens developed mutant fonns that 
attacked the fonnerly resistant varieties. The Ca-

nadian plant pathologist Johnson,4 who worked 
with the stem rust disease ofwheat, described tbis 

process as human-guided evolution. 
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Most of the first modem plant breeding pro-
grams were carried out with public funds in uni-
versities and specialized institutions. Pn'vate plant 

breeders also existed, but at first there were no 

laws to protect the varieties that they developed. 

Hybrid maize, iirst introduced in the 1930s, be-
gan to change this dramatically.5 Because the 
parentage of each hybrid was a trade secret, the 

knowledge of how to make it relnained with the 
owner of the maize inbred lines used to prepare 
the F1 hybrid seed sown by famers- Fresh seed 
had to be purchased each year for planting. If the 

fanner planted seed saved from his own crop it 
(~ave rise to a nlixture of genetic fonns caused by 

gene alld chromosome segregation. 
The introduction of plant breeder's rights in 

the 1950s in North America and Europe aJlowed 
the rapid growth of the private sector plant breed-

ing industry by granting plant breeders rights and 

placing restrictions on the ability of fanners to 

sen seeds of nonhybrid crops to other fanners for 

planting.6 The royalty income ftom new cultivars 
of crop plants financed the production of filrther 

improvements . 
Ilnprovements in agronomic traits such as 

yield and disease resistance continue to be dliv-

ing forees behind today's seed industry, but, in-

creasingly, attention is also focused on specialty 

traits, including hic"h oilseed grains, Iow saturated 

fat oilseeds, and modified com starches. Such 
traits coulD2and prelDiuJn values in the market 
place and may offer unique opportunities for the 

application of new tecimolo~gies. 

iil. PLANT BREEDING AND 
BIOTECHNOLOGY COMPARED 

In conventionai plant breeding, se;xual crosses 

are made bctween differentparents that may each 
have dif ~ ierent characteristics that the breeder seeks 

to combine. The principal lilDit to the number and 

kuids of characters that can be introduced is the 

sexual compatibnity between the plants that are 
being hybridized. If they are genetically distant, 

or uurelated, the likelillood of obtaining seeds 

ftom crosses is very low. Even when seeds are 
obtained they may fail to genrrinate or the plants 

they give rise to may be sterile. For example, in 

breeding tomatoes the principal sources of new 

genetic variation are other valieties of the same 

cultivated species Lycopersicon esculentum, or 
other species of Lycope/-sicon that are sexually 

eompatible.7 Table I shows a list of disease re-

sistance traits that were introduced by traditional 

breeding. Although species in the genus Solaw4m, 

wbich includes the cultivated potato, are related 

they are not sufficiently closely related to pro-

duce seeds when crossed with tomato. If fertili-

zation does take place following ponination, the 
development of the fertilized egg is often aborted 

and no viable seeds are fomed. Sometimes hy-
brid embryos that would otherwise abort can be 
rescued by dissection and placing them on a 
nutrient medium for ftrther development into 
seed~rgs.8 

When crosses between parents produce fer-
tile plants in the following generations, the prog-

eny are selected for their conformation to the 
breeder's objectives. If the parents (~fer in many 

genes the precise combination of characters will 

occur rarely among the many different segregat-
ing fonns. As a consequence, breeders must work 
with large sec~regating progeny failrilies. These 

f~nilies are screened to select plants that ap-
proach the desired fonn, quality, yield, and resis-

tance to pests and pathogens. These selection pro-

graros are rigorous and to bc effective must be 

canied out over successive years and seasons in 
order to ver~fy that the end products stably intlerit 

the desired characteristics. For example, in winter 

wheat, a large breeding program may make up to 
1000 crosses each year, but not produce new and 
proven finished varieties until some 8 to 10 yeaJ:s 

later.9 

As a result of plant breeding, hundreds of 
new varieties of crop lplants are introduced each 

year. There are accurate statistics on the numbers 

of new cultivars of each crop species introduced 
each year in countries that requjrre variety re*vis-

tration and nationai trials. These trials test the 

disthlctiveness, unifonnity, stab~ity, and the yield 

and quality of harvested product in order for new 

introductions to qualify for breeders royalties on 

seed sales (Table 2). The colmnerciai lifetirne of 

new plant varieties is often short, considering that 

it may take from 6 to I O years to produce a new 
product. In the U.K., varieties of sman grain ce-

reals may have a commercial lifespan of 5 to 7 
years before being replaced by other superior 
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TABLE 1 
Resistance in Wild Species of Lycopersieon and 
Economically Important Diseases of Tomato 

Disease Responeible organism 
Bacter'a 

Baoterial oanke~ 

Bacterial spec~~ 
Bacterial spot 

Bacterial wilt 

Collar rot 

Leaf mo d* 

Fruit anthracnose* 

Target leaf spot 
Dldy,1lella eanker 
Fusarlum wilt* 

Phoma blight 
Late blight~ 

Phyiophthora ~ruit rot 

Phyiophthor~ root rot 

Corky root-
Septoria leaf spot" 

Grey leaf* 
Verticil ium wilt* 

Dah] a wilt 

Clavibacter m,chiganese 

Pseudomonas tomato 
Xanthomonas vesicatoria 

Pseudomonas solanace~rum 

Fu ng i 

Alternana solani 

C!adosporium fulvum 

CoHetotrichum coccodes 

Co,ynespora cassiicola 
Dldyme]la lycop~rsici 
Fusa,1um oxysporum 
f. sp. Iyeopersioi 

Phama andir7a 
Phytophthora infestans 
Phytophthora parasitica 
Phytophthora par~sitfca 

Pyrenochaeta lycoper~ici 
Septoria lycopersicj 

Stem phylium 
Verticillium albo-atrum 

Vertfci!lium dah,iae 

So,anum of Some 

Source of resistance 

L. hirsutum, peruvianum. 
p,mpinel!i folium 

L. pimpine!lifolium 

L esculentum var 
cer~sifo,TT,e 

L. pimpineHifolium 

L. hhlsutum, peruvianum, 
pimpine!!ifo!ium 

L. esculentum var. 
cer~siforme 

L. esculentum var. 
cer~si forme 

L. plmpineliifolium 

L. hillsutum 

L. pimpineHifolium 

L. hirsutum 
L, pimpine!lifolium 

L. pimp,neHifo!ium 
L. esculentum var. 

cerasiforme 
L. peruviahum 
L. escu!entum vaT. 

cer~siforme, hirsutum, 
pimpfne!!ifoiium 

L. pimpinellifolium 

L esculentum var 
cerasifo!me 

L. peruvianum 

l 

Nernatodes 

Potato cyst 
S,Jgarbeet 
Root-knot* 

Spotted wilt-

Tobacoo mosaic* 
Tomato yellow 

eaf cur 

Cucumber mosaic 

Curly top* 
Potato Y* 

Giobodera pall,da 
Heteroder~ schactii 
Meloidogyne incognita 

Viruses 

TSWV 
TMV 
TYLCV 

C MV 

CTV 
PYV 

L. hirsutum 
L. pimpinel!ifolium 

L. peruvianum 

L. pimpinellifo!ium 

L. peruvianum 
L. cheesmanii 
L. hirsutum, peruvianum. 

pimpinel!i folium 

L. peruvianum, 
S. !ycopersicoides 

L. peruvianum 
L. esculentum var. 
cerasiforme 

Resistance has been incorpo~ated into cuitivars. 

Adapted from Rick et al!5 
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TABLE 2 
Number of New Varieties of Major 
Agricultural Crops Registered in 1 995 in the 
European Catalog 

Crop 

A falfa 

Cotton 
Fax 
Maize 
P ea 

Ra peseed 
Sorghum 
So ybean 
Sunflower 
Wheat (soft and durum) 
Vegeiables (46 species)' 

Total 

* As of December i i gg4. 

Number of new varieties 

26 
9 

12 
233 
28 
43 
25 
24 
89 

114 
1 760 

2363 

varieties Maize hybrids in theU S. have a siulilar 

short commercial lifespan. 
Most of the variation used by plant breeders 

has come ftom germ plasm collections that in-
clude cljltivars and land races produced by earlier 

generations of falmers and breeders, related wild 

species collected from the crop's geographic cen-

ter of origin, and material developed by today's 

successful seed companies. Much of the valiation 

held in genn plasm banks arose from spontaneous 
mutation during evolution. Mutations are ilther-

ited changes in the DNA in which one or more 
nucleotide bases are deleted or are replaced with 

other different bases If a mutation confers a se-

lective advantage it survives and, in some areas, 

can replace its progenitor fonn. In most crops, 
breeders see spontaneous mutations arise and 
sometilnes select them for propagation. For ex-
ample, in fruit trees so-called bud sports are known 

in which the fruit has a d~ferent color or fonn. 

Pink-fleshed grapetruit and variants of dessert 

m apple varieties have arisen in this way. 

Not surprisingly, there has been interest in 
increasing the normally low ftequency, of sponta-
neous mutatio~. One method uses the property of 
certain chemicais, eaned mutagens, and ionizing 

radiation (X-rays, gamma rays, neutrons) to cause 

changes in the DNA.ll The majority of such in-
duced mutations are deleterious. In crop plants 
where large numbers of seedlings resulting from 

mutagen treatnJents can be easily screened to detect 

new forms, there has been limited success in re-

covering disease- and herbicide-resistant fonns. 

Another method makes use of the spontaneous 
variation observed when unorganized plant canus 
tissue, cultured on artificial media, is allowed to 

regenerate meristems and shoots (Figure 1). The 

plants that are recovered often show considerable 

variation in morphology and other characters. 
Although much of this somaclonal variation is of 
lrmited practical interest, there are claims that 

usefi:1 fornls have been recovered which have 
given rise to new and superior varieties. 

Tissue culture and mutagenesis have been 
combined, as in the case of chelnically muta-
genized Brassica pollen microspores that we;re 
cultured on medium containing herbicide fronl 
which fertile double-haploid herbicide-resistant 

plants were obtained.12 Since 1964, at least 14 

new plant varieties derived through induced mu-
tation have becn registered in Canada- These in-

clude Empress barley, Redwood 65 fiax, Shanlr 
rock apple, Early Blenheim apricot, Sunburst sweet 

cherry, and Stellar canola.11 

N. PLANT TRANSFORRnATION 

Recombinant DNA teohnology overcomes the 
balriers imposed by sexual compatibility. Because 
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FIGURE 1. Plant regeneration. (Figure court~sy of Monsanto Company~ 

of such technology, it is now teciuicahy possible 

to introduce into the tomato genetic iufonnation 

not only ftom the tomato, but from any other 
org~ism. G~nes from viruses, bacteria, fungi, 
other green plants and other org'anisms can be 
introduced, although gelles ftomnonplant sources 

may need to be substantia~ly al tered to all ow them 

to be efflciently processed by plant ceus. The 
process of introducing foreign DNA iuto plants is 

called plant transformation. The fcllowing is a 
brief description of the principal methods used in 

crop plant transforma:tion intended to guide the 
unfainiliar reader. The earlier publication by the 

Intemarional Food Bioteehnology Councill3 cov-
ers in more detail tbis and other aspects of geneti-

cally engineered foods and provides many more 
references to the literature. 

The technology for canying out genetic trans-

fonnation was developed about 15 years ago.14 
Several diffierent methods may be employed, but 
all depend on tissu~ culture on suitable media_ 

Tissue cultures usually consist of unorganized 
cens (canus) that do not fonn recoglaizable or-
('ans like leaves, ste;ms, or roots. However, under 

spedial culture conditions some are able to foun 
small organized meristematic regions that develop 

shoots from which whole fertile plants c~l be 
regenerated. 

A nlethod of transfonnation commonly used 
for dicotyledonous plants (these generany have 

broad leaves and not the long narrow strap-shaped 
leaves of the grasses) depends on the crown garl 
bacterium, Agrobacterium tumefaciens.15 This i~ 

a plant pathoge;n that invades wounds in the tis-

sues of dicotyledonous plants. The bacterilml in-

troduces a sman seglnent of its own DNA iuto 
some of the nuelei of the cells of its host where it 

becomes an inte,~~ral part of one or more of the 

host chromosomes. In nature, this results in the 
forrrlation of a tumor, or gall, at the site ofiu~;ee-

tion which provides a refirge fOr the bacterium. hl 

the laboratory, the tuJllor-inducing (Ti) DNA of 
the crown gall bacterimn was disarmed so that it 

no longer causes plant disease. This was done by 
deletifLg the genes cacried by the Ti plasmid that 

are responsible for tumor cell fonnation. After 
deletion of these genes all th21:t is left are the left 

and right ends, or '1;)orders", of the piece of DNA 

that is inserted in the host nucleus together with a 

few bases of DNA between them into which for-
eign DNA can be spliced. The disanned Ti DNA, 
carrying the foreign DNA between the borders, is 

still inserted in the host nucleus, but no tumors are 

fonned_ The cells with introduced DNA are nor-
mal. ~l this way a desired gene canbe spliced into 

the disanned Ti DNA an(L when canied into the 
host cell nucleus, becomes an integral part of the 

host chromosome (Figure 2). Provided the intro-
duced genes have appropriate controning elements, 

or promoters, attached to them, they will be ex-
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FleURE 2. Plant transformation. (Figure courtesy of Monsanto Company.) 

pressed at the correct stage of host plant develop-

ment and in the appropriate tissues (e,g., Ieaves, 

flowers, fruits, or seeds). 

The ~ffioiency of transformation by the crown 

gall Ti DNA is low. Only I in 10,000 to I in 
100,000 of the host cells exposed to the trans-
fonnin,s:' bacteria are transformed.16 If the 
untransformed cells are allowed to grow, they 
wm crowd out the transfonned cells. Therefore, a 

method of selecting host cells that have been 
transfonned is needed.17 The cells of many di-
cotyledonous plants in c~lture are sensitive to the 

antibiotic kanamycin. If the Ti DNA also canies 
a gene for kanamycin resistance (a gene that is 
commonly present in soil bacteria) with a consti-

tutive plant promoter that causes the gene to be 
expressed all the tilne, only transfonned cells ihat 

cacry this gene will grow on tissue culture me-
dium contailring the antibiotic. The untransformed 

cells are kitled. Antibiotic-resistant plants have 

no agronomic value. However, when a useful 
gene is nnked to the kanamycin resistance gene, 
there is a high probability th'stt the transformed 

tissue that expresses kanamycin resistance will 
also carry and express the other gene. 

The "biolistic" method of transfonnation is 
an altemative to the Agrobacterium method and 
is often used for monocotyledonous plants that 
are. not susceptible to the pathogen. The meihod 

uses microscopic gold or tungsten particles coated 

with transfonlring DNA that are accelerated, by 
explosive charge, high-pressure helium, or by 
electric discharge, toward tissue culture cells held 

in a partial vacuuml8 (Figure 2). A sman propor-

tion of the cells, penetrated by DNA-coated pro-
jectiles, become transformed. Provided they carry 

a suitable selectable marker, such as resistance to 

a herbicide that would nonnany kill the plant 
they can be selected from the background of 
untransfonned tissue and allowed to regenerate to 

recover whole plants. Variants of this method use 

carborundum particles or ground glass and a vor-

tex Ilrixer to carry DNA into host cells. 

Yet another method uses protoplasts of cui-
tured cells, from which the rigid cell wans are 
removed by enzyDle treatlnent. DNA enters the 
cells, e;ither by natural uptake of DNA or by 
electroporation when the protoplasts, suspended 
in a suitable osmoticu:n, are pulsed with an elec-

tric field.1' The short current fiow opens small 
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holes in the outer protoplast melnbrane greatly 
reasincT the penneab~ity of the cells to DNA mc * 

molecules-

V. PLANT TRANSFOR~~AT]ON AND 
CROP IWIPROVEMENT 

At first, the p~ncipal limitation to the use of 

genetic engineering in crop plant improvement 
was the di~iculty in carrying out transfomlation 
at a suJ~iciently higll frequency to recover usefui 

mmlbcrs of plants. The development of reliable 
methods for cuituring regenerable cell imes re-
quired lengthy expedlnentation. The methods often 

needed adjushnent to suit the idiosyncracies of 

individual cultivars within a crop species. The 

cereals proved to be particularly difficult. The 
methods for rice~o and wheat21 have becn devel-

oped only rec~ntiy, aided by the use of herbicide 

resistance markers, and are not yet routine. Table 

3 Iists the plants that have been transfonned suc-

cessfully to date. 

Another lilDitation lay in isolating and char-

acterizing the genes to be used in transformation 

programs , Until ihe development of plant mo-
lecular biology, there was little progress toward 

understanding the biochemistry and genetic con-

trols of the characters of most interest to plant 

breeders. Only with this detailed knowledge is it 

possible to plan and design changes that are ~kely 

to result in plant improvements. 

TABLE 3 
Plants That Have Been Moditied Using Genetic Engineering Techniques 

Alfa fa 

Allocasuarina vertfcillat~ 

An~galljs arvensis 
Apple 
Aprioot 
Arabidopsis thaliana 
Asparagus 
Aspen 
Atropa belladonna 
Barley 
Biack currant 
Br~ssica carinata 
Brassica juneea 
Brocco i 

Brown Sarson 
Buokwheat 
Cabbage 
Canola 
Oarnation 
Carrot 
Cauliflower 
Celery 
Chicory 
Ohrysanthemum 
Cotton 
Cranberry 
Cuoumber Orch'd 
Eggplant 
European laroh 

Fennel 
Flax 
Foxglove 
Geranium 
Grape 
Horseradish 
Kiwi 
Lettuce 
Lemon 
L'corioe 
Li[ y 

Lotus 
Maize 
Medicago truncatuia 
Morning Giory 
Muskmelon 
Nicotiana bigelovfi 

Nicotjana clevelandii 
Nicotiana gla uca 
Nicotiana hesperis 
Nicotiana plumbaginifo!ia 
Nicoti~n~ r~Istfca 

Nightshade 
Oats 
Oil Seed Rape 
Onobrylchis viciifolra 

Orange 
Orohardgrass 
Papaya 

Pea 
Peach 
Petunia 
Plum 
Po plar 

Poppy 
PDtato 
Raspberr y 
R'ce 
Rose 
Rye 
Snap Dragon 
Solanum du!camara 
Solanum muricatum 
Sorghum 
Soybean 
Spruce 
Strawberry 
Stylosanthes humi!is 
Sugarbeet 
Sugar cane 
Sun~lower 
Sweet potato 
Tobacco 
Tomato 
Tulip 

Walnut 
Wheat 
Whne elover 
Yam 

Adapted from Fisk and Dandekar.1B 
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Vl. GENE CLONING 

Much of modern plaJlt molecular biology 
involves the idenfiflcation and isolation of genes 

involved iu plant devel opment and metabolism. 
Most of this is fundamental research to estab-
lish the nature and controls of the many path-
ways involved. Many of the characters of prin-
cipal interest to breeders (e.g., yield, drought, 

and stress tolerance) are controlled by many 
genes. The analysis of how and where to make 
ehanges that would increase food production 
has barely begun. Some of the initial genes that 

have been isolated and reintroduced into plants 
are shown in Table 4_ Some of these products 
are already coIIDllercially 'available, whereas 
others will likely reach the marketplace in the 

next few years. The following sections describe 
solne of ihe characters introduced by transfor-
mation that are cu:Tently in use in plant breed-

ing programs. Plants that have bcen modified 
by transformation are said to be transgeuic or 
genetically engineered. The terrn genetically 
mod~fied is sometimes used, although this eould 

equaily well apply to any organism that has 
been improved by breedin.. 

Vll. GENE SUPPRESSION 
TECHNOLOGY 

DNA transcription occurs in only one (~irec-
tion along the molecule, ftom the 5' to the 3' end. 

If a codingT sequence is inserted in the DNA in an 

inverted order, transcription occurs fro:n the 
antisense strand of the DNA molec~le instead of 
from the sense strand. As a result, an antisense 

foml of mRNA is produced, which may bind to 
the sense fonn of RNA produced by the nounal 
gene ill the cell. Binding is highly specffic be-

ca:use it relies on accurate base pairing". If the two 

mRNA forlns interfere with each other, the inter-

ferenee can prevent nomal levels of translation 
into an anlino acid sequence. As a consequence, 

the level of gene product may be greatly reduced, 

resulting in an altered phcnotype. 

Following review by the U.S. Departlnent of 
Agriculture (USDA) and the Food and Drng 

TABLE 4 
Near-Term Products ot Plant Bioteehnology 

Cro p 

Tornato 
Tomato 
Tob~oco 
Tomato 
Tomato 
Tomato 
Squash 
Cotton 
Potato 
Majze 
Maize 
Fax 
Rapeseed 
Ra~eseed 
Soybcan 
Cano a 
Rapeseed 
Cofton 
Coeon 
Maize 
Maize 
Potato 
Potato 

Note' 

Trait 

Virus resl$tance 
Delayed softening 
Bromoxynil tolerance 
Delayed ripening 
Delayed ripening 
Delayed softening 
Virus resistanoe 
Bromoxynil tolerance 
nseet resistanoe 

Basta resiBtance 
nsBct resistance 

Sulfonylurea toleranoe 
Hjgh laurate 
Basta tolerance 
Glyp~osaie tDjerance 
Glyphosate tolerance 
Male ster~lity 

Inseet resistanoe 
elyphosaie tolerance 
nsect res'stance 

(3lyphosate toleranee 
Vlrus resistance (PVY) 
V~rus resist~:noe (PLRV) 

ACC, i-amin0-1-cycloprOpane-cart!oxyfic acid; 
glyphosate oxidoreduatase; c,yl!fA, the insecticid 
erVIA(b), the inseoticidaf gene from B. thunhglensi 

aeetyltransierase; 13amase is the ma]e sterilky ge 

Primary gene(s) 

Vjrai coat protein 

Anti-pol ygalacturonase 
Nitrilase 

Anti-ACCs ynthasB 
ACC deaminase 
Anti-polygalacturonase 
Viral coat proteins 

N'tri ase 

corl!lA 

bar 
e(y!A(b, 

AcetolaGtate synthase 
Anti-1 2:O tt~oesterase 

bar 
EPSPS 
EPSPSleOX 
Bar7,aselBarstar 
crylA(o) 

EPSPS 
crylA(b) 

EPSPSI~OX 
Viral eoat protein 

Viral replic~se 

EPSPS 

Organization 

China 
Calgene 
Rhene Pou enc 
DNA Piant Technology 
Monsanto 
Zeneea 
Asgrow 
Calgene 
Mon$anto 
AgrEvo 
Ciba SeBd{; 
University of Saskatohewan 
Calgene 
AgrEvo 
Mon$anto 
Monsanto 
PGS 
Monsanto 
Mc,nsant-
Monsanto 
Mons~nto 
Monsanto 
Monsanto 

5-enofpyruvyls~ikimate-3-phosp~ate~ eOX, 
ne trorn B. thuringiensis subsp. tenebrionis; 
sp. kUrstaklstrafn HD-i; bar, phosphinothriain 

d barstar i5 the restoTer gene. 
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Adrninistra:tion (FDA), a tomato canying such an 
antisense constnlct was introduced in the U.S. in 

1994. This tomato has an antisense fonn of the 
gene for the enzyme polygalacturonase (PG), in 
addition to the nonnal sense form of the gelle.22 

PG is produced during the natural ripening of the 

fruit and is partly responsible for the softening 

that occurs once ftin ripeness is reached. The 
enzyme disrupts the materials that hold the cells 

of the fruit tissue together. Some tomato plants 

that cany the antisense PG gene had marke(ny 
reduced levels of PG dudng fruit ripening. Frujrts 

bome by these plants show sonl~e delay in the 
softening process that nonnany accomp~ies frilit 
ripening. The antisense gene adds up to 5 d to the 

life of the ftuit at the stage of fuil red ripeness 

before softening spoils it, allowing fruit to ripen 

on the vine before harvest. 

These tomatoes were produced by transfor-
mation using a disanned Ti plasnlid vector that 
also canied the selectable marker gene for resis-

tance to the antibiotic kanamycin. Detailed evi-

dence was provided to the FDA to show that the 
levels of known toxic compounds normally found 
in the tomato, such as the alkaloid tomatine, as 
well as in):portant nutrients, such as vitamins A 
and C, were no different than the cultivar from 

which it was derived. The en.shleered variety 
employed a selectable marker that causes the to-

mato to produce the enzyme neomycin phospho-
transferase 1~ in all tissues, including the fnlit, 

Thls cnzyme degrades kanamycin, rendering it 
inactive. Neourycin phosphotransferase is not 
known to be toxio to mammals, but attention was 
focused instead on its potential to interfere wlth 

the clinical use ofthe antibiotic even though kana-

mycin is only iufrequently used in hlnnan medi-
cine. It was shown that the enzyme was rapidly 
destroyed in the gut so destroying its activity. 

There is no evidence of transfer of genes ftom 
plant food materiais in the gut to microorganisms 

that are part of the gut microflora.23 The FDA 

concluded that there was no hazard presented by 
the tomato and imposed no rest:ictions on its sale 

or requirements that it be labeled as a product of 

genetic engineering. Tbis tomato was marketed in 
1994 as the first geneticauy engineered food in 
the U.S. 

Since the discovery of antisense technology, it 

has been found that gene suppression may often 

oceur irL geneticali:y engineered plants that carry 

sense copstructs. Called trans- or co-suppression, 

the technique offers an altemative, and some-
times simpler, method of tumiug off the activities 

of particular genes.24 Vine-ripened tomatoes that 

use co-suppression to reduce ethylene production 
have recently gone on sale in the U.S. after FDA 

review. In the context of allergenicity, because 

little or no foreign genetic infomation encoding 

protein is introduced by gene suppression tech-
nology, the only risk would appear to come ftom 
unspecific effects due to inadvertent disruption of 

other genes (see bclow) or from the products of 
marker genes used to select the transformants. 

VllL HERBICIDE TOLERANCE 

In developed world agriculture, weed control 
is alo:tost entirely carried out by using chenlicals 

tha:t do not halm the crop, but kill its principal 

weeds. Although some of the early herbicides had 
undesirable enviromnental effects, many have been 

replaced by newer chemicals that are used at very 

10w doses and that are rapidly degraded by soil 
IDicroorganisms and therefore do not persist in 
the enviromnent Most of these chemicals can 
olily be used on the crops for which they were 
developed. They are not selective on other crops. 

For example, the widely used herbicide, 
glyphosate, cannot be used directly on any crops 

because it is a general herbicide designed to kill 

all unwanted ~egetation. The analysis of the mode 

of action of herbicides has led to the discovery of 

genes for tolerance to them. These may, for ex-
ample, involve the substitution of an aitered fonn 

of a key enzyme that is no longer inactivated by 

the herbicide or the use of a gene that degrades 
the herbicide 2s Because the mechanisms of resis-

tance are known the natilre of the deteminative 
protein changes is also known, and with far greater 

precision than is possible with conventional plant 

breeding. An advantage of herbicide tolerance is 
that it can bc selected for directly by inborporat-

ing the herbicide in ihe culture mediIJJn used after 

transfonnation to introduce the gene for toler-

ance. Herbicide-tolerant varieties will encour~ge 

more selective use of herbicides and wil2 promote 

soil conservation practices such as reduced till-

age. 

l 
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IX. DISEASE RESISTANCE 

In crop plant development, much effort is 
expended on breeding varieties that are inuately 

resistant to diseases and pests. The growing dis-

enchantment with chemical pesticides, their ef-

fects on the envirolrrnent, and the percephon that 

some may pose risks to human health has greafly 

enhanced interest in genetic tesistance_ There is 

much active research on the nature and mecha-
nisms of plant disease resistance that will increas-

ingly influence the ways iu which we develop 
resistant crop plant varieties- The traditional 
method, wbich is still the most widely practiced, 

is to survey genn plasm to look for other culti-
vars, and related and wild species, to find indi-

vidual plants or fainilies that show high or useful 

levels of resistance when inoculated with the dis-

ease organism or when they are exposed to con-
ditions that support heavy levels of disease iafec-

tion. The most promising resistant accessions are 

crossed with one or more modem cultivars to 
begin a backcrossing program to isolate the genes 

for resistance while retaining a genetic background 

adapted for colnmercial use. Linkage to adverse 
traits, such as low yield~ may make this a long and 

tedious process that may take up to 10 or more 
years. It is also a pro~ess that favors the selection 

of resistance genes that ~J:e dominant with major 

effects. Unfortunately, the usefuiness of such genes 

has very often proven short-lived in agriculture, 

because they strongly select pathogen races that 

are not affected by them. Some authors advo~ate 
the selection of IDinor "ene resistance on the 

26 grounds that it is more stable and long lasting. 

A variety of mechanisms are responsible for 
disease resistance. AD: plants are capabk; of de-

fense-response reactions. The responses begin 
wlthjn minutes of wounding or injury, or invasion 

by an organism that is detected as. a pathogen. 
One of the first responses is the appearance of a 

group of proteins, caned pathog'enesis-response 
(PR) proteins-27 The role and function of the PR 

proteins are not fillly understoo~L At later stages 

of response, a variety of compounds that irrbibit 

the growth of invadillg mieroorganisms are 
formedL including products of phenol-propanoid 
metabolism. There is also strong evidence of the 

production of compounds that signal systemic 
responses. These reactions have effects at a dis-

tance from the original invasion site, not only 

elsewhere on the same leaf, but on other leaves 
and plant parts. This phenomenon is called sys-

temic-acquired resistance, and appears to play an 

important role in protecting plants against disease 

orga~isms.2s-30 

Not surprisine"Iy, an early goal of plant mo-

lecular biology was to isolate and clone genes for 

disease resistance. By the summer of 1994, a 
number of repofts of the successful cloning of 
disease resistance genes in maize, Arabidopsis, 
tomato, flax, and tobacoo had appeared.31~34 These 

genes appear to bc responsible for such compo-
nents ofthe disease resistance reactions as a maize 

enzyme that inactivates a tugal pathotoxin,35 and 

putative reco. gnition proteins that detect the prod-

ucts of avirulence alleles canied by fungal or 
bacterial pathogens. 

The extent to whichnaturally occuning genes 
for resistance wiu bc isolated for use in geneti-

cally engineered plants as a means of speeding up 

breeding for (lisease resistance remains to be seen. 

However, because this approach directly parallels 

the very successful and, so far, very safe conven-

tional breeding approach, the risk of anergenicity 

seems low. Even if a gene for resistance were 
obtained from a plant known to be aJlergenic, 
e.g., a legulne, and was introduced into food plants 

belonging to other genera and fatnnies, the gene 

product could be evaluated for potential 
allergenioity in premarket testin,,c' (for details see 

example with soybean protein below and "As-
sessment of the Allergenio Potential af Foods 
Derived ftom Genetically Engineered Crop Plants" 
by Dean D. Metcalfe et al. in this issue). 

In conventional plant breeding, disease and 
pest-resistant cultivars have not been singled out 

for special testing. The reason for this is that there 

has been little evidencd that hazards have been 

introduced in this way. The products of conven-
tional plant breeding programs are thus covered 
by the safety standard of not requidng premarket 

approval if the product is generauy recognized as 

safe (GRAS). In the debates over the dangers 
ftom pesticide residues in food crops, some have 
argued that the levels of naturally occurring toxi-

cants in our daily diet are very Inuch highef than 

the trace amounts of pesticides that are the cause 

of so much concem. It has alsc been suggested 
that naturally occurring antioxidants in the same 
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plant foods, such as ascorbic acid (vitamin C) and 

riboflavin, may protect hlnnans from the effects 

of these toxicants. 

X. NOVEL MECHAMsnas FOR DISEASE 
AND PEST RESISTANCE 

cent host cells. This enlargement is necessary to 

allow the virus particle to move from cell to cell 

to establish syste~ic infection. (}cnes for viral 

movemel~t proteins have been cloned and ex-
pressed in host plants and can interfere with viral 

lnovement, thereby confeniug resistance.42 

A. Virus Resistance B. Fungal Disease Resistance 

A number of important and very dama,~_sing 
plant diseases are caused by viruses. Many of 
these are transmitted by insects, such as aphids, 

and plant hoppers that feed by sucking plant sap. 

In 1986, Powell-Abel et al.37 discovered that if the 

coat protein gene for the viru~ causing tobacco 

mosaic (TMV) was introducedinto the host plant, 
its expression interfered with the replication and 

systemic spread of the virus. This made the plant 
resistant to vinls illfection. Oihers soon showed 

that this was a general phenomenon that applied 
to many other plant vinlses atld their hosts.38,39 

Because efflective virus resistance was uncom-
mon up to that time, the discovery was seen as the 

harbino*er of a uew way to control virus diseases. 

One of ihe first potential commercial applications 

has been the introduction of viral coat protein 
genes of the cucurnber mosaic virils, watem]elon 

mosaic virus, and zucchini yellow mosaic virus 
into squash.40 The engineered squash is resistant 

to all three viruses but contains viral coat proteins 

that constitute less than 0.19b of the total protein 

of the squash fruit. Tbis compares favorably with 

the somewhat greater virus content of fruit ftom 

plants na:turany infected with the viruses that are 

counnonly consulned because these vinlses are 
widespread (see Table 1). These products do not 
pose a new allergenic risk. 

Another approach to virus resistance involves 

cloning the viral gene that encodes a replicase. 

This is an enzylne that the virus needs in order to 

replioate its own genomic RNA. S omewhat sur-
prisingly, plants that express viral replicase show 

resistance to the virus concemed and it is as-
sumed that this is bccause the excess replicase 

interferes with orderly replication of the viral 
."enome.41 Viruses also produce certain proteins 

that appear to be responsible for enlarging the 
llnnen of the plasmodeslnata that connect adja-

The observation that the cell waus of many 
fungal pathogens are made of chttin, and that 
some host plants respond to iungal iufection by 
producing chitinase, has encouraged the produc-
tion of novel transgenic plants that express this 

enzyme constitutively. Various sources of 
chitinase genes have been employed including 
other plants (bean), and bacteria (Serratia 
marcescens). Although interesting, and potentially 

pronlising, results have been reported,43 there 2u:e 

not yet any cultivars in use that employ tbis as a 

primary defense against ftingal infection. 

C. Insect Reslstance 

Bt is a successful commercial biological in-

secticide based on the crystal.protein endotoxin 

produced by some strains of the soil bacterium 
Bacillus thuringiensis. When ingested by larvae 
of sensitive insects, the insecticidal protein is 

cleaved and an active part of the molecule at-
taches to the brush border Inembrane of the larval 

intestine.44 As a resul~ the iutestinal wan loses its 

property of semipenneability and the insect leaks 

hemolymph into the intestinal cavity, becoming 

dehydrated and eventuall:y dies- There ~re a num-

ber of different B. thuringtensis endotoxin pro-

teins identij~led that are specifically active against 

differcnt groups of insects.45 For example, the 
cryl proteins are active against many lepidopteran 

larvae, whereas the cryIII proteins are active 
against coleopteran larvae. Extensive use of Bt 
insecticides containing the cryl proteins has Inot 

shown any evidence of human toxicity or 
aJiergenicity.46,47 Consequenily, biotechnologists 

were anxiolls to use B. thuringiensis genes encod-

ing various insecticidal proteins, coupled to con-

stitutive promoters, to protect transgenic plants 
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ftoln inseot attack. Tbis strategy is currently in 

use to protect cotton plants from attack by larvae 

of the boll wonn, potato plants from attack by the 

ColoradQ potato beetle,48 and maize plants from 

attack by the European eom borer.49 

The use of Bt toxins in the tissues of crop 
plants used for food raises issues that must be 

addressed. Clearly in each case ihere must be 
satisfactory evidence that the form of the protein 

used poses no risk to humans or livestock, and 
that the protein is not an anergen. Several Bt-

based transgenic plant products, including potato, 

maize, and cotton, are nearing market introduc-
tion (see Table 4). Of these Bt-based products, the 

insect-resistant potato product has completed 
USDA review, FDA consultation, and has been 
approved by the U.S_ Envirolnnental Protection 
Agency (EPA).50 The EPA specificany assessed 
the safety of the insecticidal Bt protein, from 
B. thuringiensis subsp. tenebrionis, iucluding its 

ajl ergenic potential (based on a history of safe use 

and its susceptibility to digestion), and identified 

no significant concems. The Bt-based insect-re-
sistant cotton and maize products also completed 

the USDA, FDA, and EPA review processes i~l 
1995. In some cases, the expression of insecti-

cidal proteins can be restricted to certain tissues 

that are not consumed through the use of tissue-
specif~c promoters. Bt could bc expressed in the 

leaves and stems of potatoes, but it would not be 

produced in tubcrs. It is also possible to desig 

the expression of the insecticidal gene so that it 

only occurs in response to injury such as that 
caused by a chewing iusect. Any such systenl 
must provide economic~ly useftil control, 

An importaJ~:t issue associated with the use of 

any pesticide is that its effectiveness can be coln-

promised if pests develop resistance. For example, 

large acreages of transgenic crops expressing Bt 

win likely exert a strong selection pressure for 

any insects that become less sensitive to the in-

secticidal protein. Resistance to Bt has been ob-

served in the diamondback moth from extensive 
use of Bt insecticide.51 This is in spite of tlle fact 

that selection is potentially less intense bccause 

the insecticide is relatively short-lived in nature; 

it is degraded by liltraviolet (UV) light and washed 

off the foliage by rain. In a transgenic plant the 

expression of Bt, under the control of a constitu-

tive promoter, wiu be constant throughout the life 

ofthe plant. Developers of Bt crops are aware of 

the risk of resistance and have reconmended spe-

cial management practices that may need to be 
implemented to conserve Bt as an effilcient bio-

logical insecticide. 

Another strategy employed against iusects is 

the use of a trypsin inhibitor gene isolated from an 

exotic collection of cowpea germ plasm, the seeds 

of which are unusually resistant to the larvae of 
moths that attack the grain in storage.52 By irlter-

fering wlth the digestion of the plant proteins 
ingested by feeding larvae, transgenic plants that 

express tbis gene show moderately high levels of 
resistance. Trypsin and other protease inhibitors 

are common components of malry of our major 
food and feed crops. However, any transgenic 
food crop containing a new trypsin ilihibitor would 

need to be tested to assure safety, especially be-

cause the Kunitz trypsin inhibitor is known to be 

an allergen in soybcans. A~propriate resistance 
mauagement strategie~ would need to be devel-
oped for any transgenic crop. 

Both Bt and trypsin inhibitors are examples 
of biological pesticides that the EPA proposed to 

regulate as "plant-pestici~es" under the provi-
sions of the Federal Insecticide, Fungicide and 

Rodenticide Act (F~RA) and the Federal Food 
Drug and Cosmetic Act.53 

Xl. QUALITY TRAITS: ENHANCED 
PROTEIN CONTENT AND ALTERED 
PROTEIN EXPRESSION 

A. ndaize and Soybean 

Some deficiencies are identified when the 
amino acid composition of plant proteins is com-

pared with the ideal composition for human alid 
animal nutrition. For e~anlple, Iegume proteins. 

have a less than ideal content of methionirle and 

cysteine, both of which are important sulftir-con-

taining anaino acids. Livestock feed based on soy-

bcan meal must bc supplemented with mefbion-
ine to provide a nutritionally adequate diet. Mai2:e 

meal fed to livestock has l~iting amounts of the 

amino acid lysine. MaD:y research groups have 
addressed these problems. For example, iu maize 
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grain, the lysine content is increased in a mutant 
called op~qu~-2-j4 Much effort has been expended 

in using this gene in breedjJ~g programs to pro-
duce feed with a higher lysine content. Because of 

other e;ffects on grain storage and agronoulic char-

acters that appear to be closely linked to the high 

lysine gene(s), these efforts have not been very 

successful in competition with manufactured 
lysine feed supplements ofmicrobial origin. Mess-
ing and hrs colleagues55 used another approach to 

improve the grain methionine content by selec-
tively increasing the amount of specific mefbion-

ine-rich proteins in maize endospenn. 
~l soybean, Townsend et al.56 used a cloned 

gene from a Bra~l nut that encodes a 2S storage 
protein found in the nut meat and introduced this 

geue by transformation. The Brazil nut 2S protein 

has a methionine content of 189{:a. The protein was 

expressed, in the seeds of transgenic soybcan, re-

slilting in a significant improvement in nutritional 

quality. The same gene has also been expressed in 

canola (oilseed rape) where it inc~:eases the me-

thionine content of seed meal by more than 30% 5? 

However, bccause Brazil nuts are allergenic for 
some sensitive individuals, ihe developers inves-

tigated the anergenic potential of the 2S protein. 

The expressed 2S protein from ihe soybean was 
tested agaiust immunoglobu~l E agE) trom the 
sera of eight Brazil nut-sensitive individuals us-

ing the RAST iDhibition test and inununoblotting.58 

Seven of the eight sera detected the 2S protein, 

suggesting that it is likely to be a major allergen 

in Brazil nuts and wolild therefore need to be 
labcled if used in fresh or processed foods in 
compliance with the 1992 FDA policys, on foods 
derived ~:om new plant varieties, In view of tbis 

restriction, development of this product has been 

discontinued. 

B. Rice Proteins 

Some Japanese children suffer ftom an atopic 
dennatitis (AD) that is caused by a 16-kDaglobu-
lin protein in the ricb they consume. This protein 

is heat stable and resistant to proteolytic enzymes 

in the gut. Althotgh the allergen can be destroyed 

by enzyme treatment, the cost of producing 
hypoaller*'enic rice in this way is excessive. Japa-

nese scientists set out tc produce mutants in which 

the alD!ount of allergenic protein was reduced. 
Several such mutants were isolated by Nishio and 

lida60 following treatment of rice seeds with a 

che~ical mutagcn. In one Inutant, with good ag-

ronomic qualities, the amount of the allergenic 

protein was reduced by about 50%. However, two 
others, each with only trace amounts of the aller-

gen, were alinost steril:e and therefore of little use 

in agriculture. I~mi et al61 characterized the al-

lergen and sequenced the gene that encodes it. 
Matsuda et al.62 reported that they have succeeded 

in siglrificantly reducing the amount of the 16-

kDa allergen protein in rice by introducing an 
antisense RNA. Further stndies are underway to 
try to futther reduce or elilDinate this major aner-

gen in rice. Similar antisense approaches could be 

used to decrease the levels of other allergenlc 
proteins in food crops, for example, peanuts, soy-

beans, and Brazil nuts. 

C. Wheat Endosperm Proteins 

Wheat breeders have for some time been aware 
of the incidence of celiac disease, a gluten-sensi-

tive enteropaihy that affects between I and 16 
people per 8000 in Europe- People with celiac 
disease have to avoid conslmlirLg wheat and aJl 

products made with whea:t flour. Although not an 
lgE-mediated anergic response, celiac disease 
could, in theory, be aneviated by breeding wheat 

varieties that lack the offending gliadin proteins 

responsible. These a~re relatively small molecules 

that range froln 10 to 50 kl)a in size. Recent 
information63 shows that several molecules are 

reactive and carry and share repeated sequences 
of nucleotides. The genetic control of the rice 
allergen is relatively simple and lends itself to the 

mutational or genetic engineerilig approaches 
described. In wheat, the situation is Inore com-

plex. Unhke rice, which has a single genome, 
wheat is an allohexaploid with three ancestral 
genomes. This means that there is likely to be 
redundancy in the genetic controls with up to 
three sets of genes for each developmental and 
metabolic pathway. Also, the offendilig molecules 

cany shared repeated amino aoid sequences. If 
these are responsible for the enteropathy, the task 
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of changing them to reduce significantly their 
impact on sensitive individuals will be difflcul t, if 

not inrpossible. However, there is a considerable 

aJnount of research on the composition, structure, 

and molecular biology of wheat endosperm pro-
teins in general because the gliadins, together 

with larger molecular weight glutenins, detemliue 
the baking quality of wheat flours,e4 

D. Modified OH and Starch 

Vegetable oils derived from the seeds of crops 

such as maize, soybean, and sunflower represent 
an important component of the hurn~~:1 diet in 
many countries, and have acbieved new prorni-
nence as consumers have sought to reduce dietary 

intake of anirnal fats. Oil composition can be 
affected by clilnatic conditions, as werl as by the 

genetics of each species. Oil profiles have been 
significantly changed through traditional breed-
ing and selection. The level of erucic acid in wnd 

Brassica napus has been reduced from more than 
509ifo to less than 59:~o to yield low erucic acid 

rapeseed oil, otherwise known as canola oil.es 
Canola oil has established a reputation as an espe-

ciany healthy oil because it has the lowest levels 

of saturated fatty acids of all oilseed crops. Sun-

flower varieties have been selected that have a 

high concentration of the polyunsaturated. fatty 
acid, linoleic acid, ihat makes the oil particularly 

suitable for dressings and salad oil. Other sun-

flower varieties have been bred to have a high 
concentration of oleic acid that improves the oil 
quality for ftying.66 Hot-processed vegetable oils 

contain very littie, if any, protein and are unJikely 

to elicit allergenic reaotions. Studies with a lim-

ited nuniber of subjects have shown that individu-

als who are allergic to soybeans, peanuts, or sun-

flowers can consume soybean, peanut, or 
sunflower oil without ill effects .67~s9 

More recently the 1 2:O ACP thioesterase gene 

from the Calrf:ornia bay (Umbellaria caltfornica) 

was introduced into canola to generate a line that 

produces a laurate-rich oil.70 High laurate canola 

oil can replace tropical oils in nondairy coffee 

whiteners and whipped toppings, as well as in 
confectionery products. After consultation with 
the FDA, the first crop of laurate canola was 

grown and hawested in 1995.71 Other oil profiles 

(e-g., high oleic canola and high ste~rate, Iow 
polysteaJ;:ate soybean) altered through genetic 

engineering wiD; nkely reach the market in the 
latd 1990s.71 

There are numerous other examples of en-
hancing or modifying the quality aspscts of crop 

plants. Considerable research and success have 
been reported in modifying the starch content 
and/or structurle of stareh in several food crops. 

The overall alnount of starch has been increased 
significanily in potato and other crops by express-

ing a mutant of the Escherichia coli ADP glucose 

pyrophosphorylase protein selectively in the po-

tato tuber.?2 Starch is typically composed of a 
combin'~:tion of a linear polymer of glucose caJled 

anrylose and a branched glucose polymer caned 
amylopectin. ADaylose-free starch was produced 
in transgenic potatoes by inhibiting the amount of 

granule-bound starch synthase_73 The degree of 
branching may also be altered by modifying the 
levels or activities of other enzymes in starch 
metabolism. The abnity to specificany modify 
and design new starches wirl enhance ihe use of 
s.tarches as thickeners, bulkng agents, sources of 

calories, and stabilizers in foods. Because starches 

are not involved in allergenic responses, and the 

enzymes bein~~ engineered are already present in 
food, these applications are uDlikely to raise sig-

lrificant allergenic concems. 

Xll. COINCIDENTAL GENETIC CHANGES 

Although the predicted or intended changes 
that result from plant transfonnation ean bc de-
scribed and confimled, there is concern that other 

random changes may have unpredictable eff:ects. 
There is no control over the site ofDNA integra-

tiol~ or of the number of copies of foreign DNA 
introduced into the recipient genome. Therefore, 

it is usual to make a number of different primary 

transfonnants to select those that are most vigor-

ous and best express the new characters in a 
manner sinlilar to the selection approach used in 

traditional breeding. If the integrated DNA dis-
rupts an important coding sequence of an existing 

gene, this could have undesirable effects on the 
fitness of the resulting plant after regeneration, 
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which will cause the material to bc rejected dur-
ing field sereening- The site of integration of the 

foreign DNA may also affect the expression of 
neighboring genes, and may tum them off or even 
tum on genes that are nonnally silent. Again, this 

may have effects on plant fitness that will lead to 

those lines being discarded. 

It is possible that either kind of effect may 

alter the protein balarlce or constitution of the 

transgenic food plant and raises questions about 
its safety. However, there are natural'processes 

lea(iulg to protein variation that occur in con-
ventional plant breeding. These include genome 
mixing, transposition due to chromosome break-
age and reunion, and loss or gain of whole 
chromosomes as well as mutations caused by 
the insertion of transposons; the so-called jump-

ing genes.13 Despite these significant genomio 
dismptions, traditional plant breeding has a long 

history of safe product development. New plant 
varieties that have been developed by sexual 
crossing or transformation undergo several gen-
erations of further breeding and evaluation to 
test the pioducts for field perfonn~nce. This is 

to establish that they have value to the end user 

or processor and do not carry deleterious traits, 

l~l addition to extensive scientific investi~(•ation 
conducted by industry illto the safety of 
transgenic varieties of plants, such plants are 
also subject to consideration by FDA under the 
agency's "consultation process."58 Under this 
mechanism, industry has the opportunity to 
provide science-based assurance that transgenic 
varieties of plants pose no safety concern to the 

health of consumers. 
A considerable data base has accumulated 

since the first products of plant biotechuology 
were engineered (Table 4). The data show that the 

composition of the food and feed products de-
rived from transgenic plants is equivalent to that 

of their traditionaily bred counterparts. At a re-

cent World Health Organization workshop, Fuchs 
et al.74 presented compositional data on 20 inde-

pendently transformed lines including five crops 

and six products . No meaningful differences were 

observed after analyzing over 450 components of 
these plants. These results establish that the intro-

duction of new traits by genetic engineering, 
coupled with the traditional plant breeding meth-

ods used to select specific lines for markethg, 
produce food products that are equivalent to those 

derived from traditional breeding. 

X!!!. S_LIMMARY 

Plant breeders have been extremely success-
ful in improving the quaiity and yield of the 
major crops, while maintainiurg the safety of the 

food supply. This success has been achieved 
with very litile understanding of the biochemical 

mechanisms that detennine the selected traits. 
Each time a cross is made, tens of thousands of 

genes are mixed and reassorted, Iargely at ran-
doln. The skill of the breeder lies in selecting the 

lines to be crossed and recognizing the preferred 

progeny, discarding those that lack the desirable 

trait or exilibit l:ndesirable properties. 

With the advent of reoombinant DNA tech-
nology, breeders have not o~ly extended the ran~'e 

of biological materials from which genes can bc 
accessed, but have also gained new insights into 

genome organization and gene structure as well 
as the nature and f~nction of the proteins that 
those genes encode. Such knowledge affords ex-
quisite specificity in altering the genetic makeup 

of new crop varieties. For example, resistance to 

insect pests can now be achieved through the 
addition of a single well-characterized gene, in-

stead of introducing thousands of unwanted genes 
from a wild relative that code for uncharacterized 

and possibly toxic proteins that must be elirni-
nated by gener~:tions of backcrossing and screen-

ing to recover a commerciarly acceptable insect-
resistant line. The technology also affords unique 

opportunities to idenufy the individual compo-
nents of foods that may cause allergies, and to 
remove them from food, or change them, so that 
the food can be consumed safely. 

A number of commercial products derived 
through genetic engineering have been approved 
through regulatory processes that address envi-

ronmental and food safety concems. These prod-
ucts are available, or will shortly be available, to 

growers, producers, and consulners. They will 
provide foods and feeds that are produced with 
fewer chemical inputs and have improved nutri-
tional composition and quality. 
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l. INTRODUCTION 

Virtually all food allergens are proteins, al-

though only a siuall percentage of the many pro-
teins in foods are allergens.1 Any food that con-

tains protein has the potential to cause auergic 

reactions in some individuals. However, a few 
foods or food groups are known to cause allergies 

on a more frequent basis than other foods. At a 

1995 consultation on food allergies sponsored by 
the Food and Agriculture Organization (FAO), a 
group of intemational experts confiuned that pe~lr 

nuts, soybcans, crustacea, fish, cow's milk, eggs, 

~ tree nuts, and whe~t are the Inost common aller-
genic foods.2 These foods are responsible for over 

909;~0 of serious allergic reactions to foods. Aller-

gies to certain fcesh fruits and vegetables are also 

rather colnmon, but the anergens tend to be labile 

to processing and cookirLg and the symptoms are 
nlild and confined primarily to the oropharyngeal 
area.3 The prevalence of allergic sensitivities to 

specific foods varies Lcom one country to another 

depending on the frequency with wbich the food 
is eaten in that country and the typical age at its 

introduction into the diet. For example, peanuts 
are a much more frequent cause of food allergies 

in the U.S. than in most other countries. Ameri-
cans eat peanuts more often and introduce peanut 
butter into the diet of children at an early age. The 

Japanese probably experience Inore soybean and 
rice allergies than some othe;r cultures because of 

the ~requency of these two foods in the Japanese 
diet.2 Scandinavians have a high incidence of 
codfi:sh allergy4 for similar reasons. 

Table I provides a listing of the most com-
mon aller.'enic foods and food groups compiled 
from a thorough search of the medical literature. 

Too many studies have be.en conducted to allow 
citation of the entire body of medieal literature; 

citations refiect the most relevant studies docu-

mentin*a the anergenicity of those foods_ Such 
halhnark studies have comparatively large groups 
of patients and use the most objective diagnostic 

criteria, such as double-blind, placebo-controlled 

food chanenge trials (DBPCFC). For some of the 
individual foods within an allergenic food group, 

only a few published accounts of allergic reae-

tions can be folmdL For exalnple, aller*9:ic reac-

tions to certain tree nuts, such as pistachio or 

macadamia, are rarely reported, probably due to 
less ftequent consurnption. 

Table 2 provides a ~stu~,• of the less comruon 
allergenic foods. Only some of the foods listed in 

tbis table have been documented to cause severe, 
life-threatening allergic reactions. Citations are 

provided to studies and/or case reports that docu-

ment the allergenicity of those particular foods. 

The absence of a particular food on tbis list may 

not mean that it is nonauergenic, but may indicate 

that its anergenicity has not been documented. 
Conversely, the presence of a specific food on the 

list merely indicates that it has been listed in one 

or more reports as a cause of food allergy and 
does not indicate the prevalence or potential as an 

auergenic food. 
Obviously, considerable differenoes exist in 

the quality of the information used to establish the 

allerg"enicity of each specific food appearing in 

1040-8398/96f$.50 
C 1 996 by CRC Press, IEc. 
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TABLE 1 
Common Ailergenic Foods and Food Groups 

Food 

CnJ5taeea 
(shrimp, Iobster, crab) 

Egg 
Rsh 
Mi k 

Peanuts 
Soybeans 
~ree nuts 

Wheat 

Ref. 

2G 39, 45. 4G, 51 i48, 145. iSG, 199, 253 

23 26 27 35 e6, 67 101, 172, 173, i99, 200* 20i, 202, 203 
i s5 36, 78 B4, 8G iO1, 126 128, 16i. 198, 199= 200, 201, 202, 253 
23 2e 27 35 36, 79 10i. 17a, 173, 175, i9B* I99, 200, 201, 202, 203, 2li 
17 25 2e 27 85, 101 Ii7, I9B 199 200. 201 202, 203, 254, 255 
17 23 25 27 Iol i98 I99 200 201 202, 203 255 
8 5 7 8, i3 i4 i6 i8 26, 2T, se, S2, e8, 65 77, es, 94, i02, I03, i4~, ~55, 

173, 18i. I90, 204 214, 237 
4 11. 12, 26, 35, 36 5i, Iol, 117, 120, I9B, I99, 200, 201, 202, 203 

165 

~ 

Note: This iable was compiled using literature searches ot the Agricola (1 972to July 1 994) and 

Mediine (1966 to July i994) databases. 

Table 2. Supporting data range ftom highfy ob-
jective DBPCFC~ to anecdotal reports based ph-
matily on clinical histories. Reports were not in-

cluded in the summary if they were based on 
histories of controversial symptoms not widely 
acknowledged as being caused by allergic reac-
tions to foods, or if the supporting clinioal data 

were based solely on controversial diagnostic tech-

niques. Table 2 provides iDf:onnatton on symp-
toms, age of patients, and the supportive diagnos-

tic data provided in those reports. 

The v~riabilhy iu symptoms is quite large 
both betwecn individual patients and between 
different studies (groups of patients). Even indi-

vidual patients display variable responses depend-

ing on such factors as the exposure dose to the 

offending food. Certainly, some symptoms are 
Inore serious than others. Systemic anaphylaxis, 

asthma, and laryngeal edema are potentiany lrfe-

threatening- Some foods ale prilnarily associated 

with mild adverse reactions, such as the so-called 

oral alLergy syndrome, which is associated with 

itchinc(', hives, and other miid reactions iu the 

oropharyngeal area only after ingestion of ftesh 
~uits, and o~ly rarely with systemio leactions.3 

DBPCFCS represent the most objective diag-
nostic approach to establish a cause-and-effect 

relationship between ingestion of a food and an 
aller*'ic reaction.5 Other types of challenge stud-

ies, such as the single-blind and open, are also 

useful, but are solnewhat less objective than the 

DBPCFC. Challenge trials establish a cause-and-
effect relationship between ingestion of the food 

and the onset of symptorDs in a sensitized indi- ~ 

vidual. However, they do not establish an anergic 

mechanism behind the il~ness. 
Table 2 also provides infonnation relating to 

results of skin tests, immunoassays, and hista-
mine release tests that do provide evidence of an 

lgE-mediated allergic mecharrism for the mness. 
However, these tests alone are insufficient to es-

tablish a ca:use-and-effect rel~:tionship because 

false positives, and to a lesser e~tent, false nega-

tives do occur.6 

Please note tbat the bib~ography for this seetion of text follows the list of references and appears on page S89. 
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l. INTRODUCTION 

A. Dlfficulties investigating Food 
Allergens 

Much remains to be learned about food al-
lergy. The frequencies, severity, and variety pf 
symptoms caused by foods are controversial, and 
aiprecise definition offood anergy is still lacking. 

Many food-induced sensitivities persist for years, 

whereas others do not. The target organ specific-
ity of many food allergies is poorly understood 

and variable ftom patient to patient. Some foods 

are more conmon in provokurg allergic reactions 

than others that are very similar. Stm unresolved 

is whether bther mechaDisms, in addition to im-

munoglobulin E (lgE) antibodies, are important 
in food anergy. The diagnosis of food allergy is 

still difficult because many food anergen extracts 

used for skin testing and lgiB antibody detenlthla-

tions are neither well characterized nor well stau-

dardized. Even the gold standard forthe diagnosis 

of adverse reactions to foods, the double-blind 
placebo-controlled food challenge (DBPCFC), is 
only as accurate as the activity of the food mate-

rial used and the circumstances of the chauenge 
test-1,2 

What are food auergens? There have been 
several imlnunologic mecha:lisms imphcated as 
pathophysiologic mechanisms in food allergy. 
However, IgE-mediated reactions are believed to 
be responsible for most, if not all, food-induced 

auergic reactions of the imlnediate hypersensitiv-

ity type.2 Food ane;rgens are defined as those food 

component(s) that induce the production of, and 
react wlth, I~E antibodies to cause mediator re-

lease from mast cells and basophils resultug in 

irnmediate hypersensitive reactions. This is a very 

broad defiDition that includes not only ingested 

food aJlergens, but also food aeroaJlergens and 

contact food anergens. 
Through application of both classical inmlu-

nochemical methods and recently developed re-
combinant DNA technologies, considerable 
kuowledge has been obtained about allergen strue-
ture and ident~ication of all ergenic detenninants .3,4 

Our knowledge of the structure of allergens will' 

confmue to increase rapidly primarily due to the 
cloning and sequencing of arlergens. These meth-
ods will also provide large amounts of arlergenic 

materials for clinioal use.~5 

B. Speciaf Chal[enges That Food 
Allergens Present 

Although most food aJlergens are sirDilar to 

other allergens that are present in our environ-
me;It, there are a number of unique features that 

may make them somewhat difflerent from other 
allergens. First is exposure. Clearly the majority 

of exposures to food allergens occur through the 

gut whose primary ftmction is to process ingested 

food into a for!n that can be absorbed for energy 

and cell growth. This organ presents a rather un-

usual exposure environment containing a variety 
of hydrolytic enzymes, acids, and bile salts that 

can substantially affect the structure of most 
molecules.6 However, some food proteins remain 
ilnmunologically active, pass through the epithe-

lium, enter the circulatory system, and are distrib-

uted throughout the body.7~14 The factors that af-

fect food digestion and result in absorption of 
intact ~lergens require better definition. Further-

l040-8398/96/$50 
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more, the digested allergen may be different fronl 

the fonn that was originally ingested. This further 

complicates establishment of a cause-and-effect 
relationship necessary for allergen idenuiication-

The gut-associated lynxphoid tissue (GALT) 
is unique in that it must mount a rapid response to 

hannfUl foreign substances while remaining un-
responsive to enomlous quantities of nutrient 
antigens- GALT is composed of Peyer's patches 
and the appendix, Iymphocyies and plasma ceus 
of the lamina propria, intraepithelial lynxphocytes, 

and mesenteric lymph nodes.15 It may respond 
differently from peripheral lymphoid tissue in the 

spleen and lymph nodes from which most of our 
ilrfonnation concerrring the iln~nune response is 

obtained. Food antigens in such an environment 
may have differcnt prope:rties, compared with 
conventional antigens. 

Exposure to foods also occurs through other 
routes such as through contact (skin) and inhala-

tion Gungs). This has been well described in oc-
cupational reactions in food industry workers.i6 
The relationship of food allergic responses in-
duced through iallalation to those stimulated 
through the gut and the similarities and/or diiffer-

ences of anergens that induce suchresponses need 
to be studied. There is also a need to establish the 

relationship of inhaled allergens to ingested aller-

gens wlth regard to food allergy pathogenesis, 
and to detennine other significant factors about 

food all:ergies such as threshold levels of sensiti-

zation for provocation, important irL tenns of es-

tablishing parameters for regula~on. 17 

C. Complexity of Foods 

Food is a complex mixture contaiDjng a vari-

ety of allergenic and nonaJlergenic components. 
ldentifying, purifying, and characterizing the al-

lergo'ens in food can be a major challenge. Most 

kuown food a~iergens are soluble in aqueous sol-
vents; there is essentially no information on ailer= 

genic components that are not soluble in aqueous 
solvents. As noted above, digestive processes can 

also a~Eect food anergens. The nature of food 
allergens that actuany interact with the GALT 
Inay be quitc different from the fornl that was 
ingested with foods. 

Some food allergens may be present in trace 
amoullts , yet Inay be maj or allergens- Pudfying 

and characterizing such trace allergens can be 
especiany dtfbcult. Because of the exquisite sen 

sitivity of some alLergic consumers, allergens may 

be present in hanniiul alnounts even as trace con= 

taminants- This situation can easily lead to mis-

taken conclusions regarding the anergenicity of 
speoifrc foods. 

Significant aJl ergenic cross-reactivilty has been 

described among foods from closely related 
sources as werl as between foods and seemingly 
unrelated or remotely related materials with es-
sentiany no phylogenetic relationship,Is,19 Le-
gumesl9,20 and crustaceal9 are example~ of foods 

that cross-react within the same fanlily. However, 

the mere fact that members of these food fainilies 

cross-react does not necessarily mean that these 
reactions are clinically significa:nt. Ths substan-

tial cross-allergel2icity for crustacea appears to be 

cliuically im:portant>21,22 but cross-reactivity among 

th~legunes does not appear to be clinicany sig-
nificant,2s These observa:tions further complicate 

our understandiug of food aliergen reactivity. 

In an attempt to organize auergens with re-
gard to patient reactivilty, the fonowing classifica-

tion system has been developed to better describe 

allergens. Allerge;ns to which the majority of pa-

tients react are described as "major allergens," 

compared to other allergens, or "minor ajlergens," 

to which a minority of patients react24 (see Ar-

ticle 7). Generally, although not always, m'~tjor 

allergens tend to be predominant components 
present in allergen extracts. There have beeu sev-

eral a:ttempts to define major all:ergens based on 

the nuniber of individuals who react with these 
materials, or on the intensity of the biological 

reaction.2s~7 Although major allergens ar~ gener-

ally of greatest interest, we canuot ignore minor 

allergens, which also somethnes cause serious 
reactions in sensitized subjects (see Article 7). 

Some extracts contain allergens, which al-
though having sirDilar physical, chemical, and 
iD3nl:unochelDical structures, diffier slightly from 

one another in isoelectric point.24 The term 
isoallergens has been used to denote such mol-
ecules isolated from. the same source. The slight 

differences observed in these allergens are due to 

minor structural dif~lerences in the carbohydrate 
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moiety of the molecule (degree of glycosylation), 

differences in degree of protein amidation, or 
"enetic variation.2g 

li. PROPERTIES OF FOOD ALLERQENS 

A. Qeneral Characterlstles of Al[ergenic 
Food Proteins 

Foods contain a variety of different proteins, 

only a few of which are known allergens . In plant 

foods such as soybeans and peanuts, many ofthe 
allergenic proteins are storag'e proteins29~l that 

exist in large amounts in some food. It might bc 
tempthlg to conclude that the likelihood of 
aJlergenicity is correlated with the extent of expo-

sure to a particular protein. However, proteins 
present in less significant or even minor amounts 
also serve as major food allergens. For example, 

Gad c 1, the major anergen in codfish, is not a 
particularly prominent protein.32 Also, many ma-

jor proteins such as actin and myosin in beef, 
pork, and chicken are not allergenic. Although 
the dose of exposure is likely a critical factor, the 

tDlmunogenicity of the protein is clearly more 

important. 
As with all antigens, to stimulate a significant 

irDJnune response, food aJlergens must be foreign 

molecules to the host, because molecules of host 

origin are not normally recogDized by the im-
mune system. Most food all ergens are higiily stable 

molecules that are resistant to food processing 
and cooking, and the digestive processes.33 There 

are, however, exceptions such as the labile alle;r-

gens present in apple and other fresh fruits and 

vegetables.34,35 Generally, such labile allergens 

cause reactions that are restricted to ihe oral m:u-

cosa, as they lose allergenic activity after degra-

dation. Conversely, digestion may alter antigens 

by releasing or uncovering neoepitopes that in-

duce allergic reactions, although tbis possibnhy 

has not been well investigated. 
Hi:storically, mucosal penneability has been 

thought to be a major factor in food allergy. Many 

food proteins cross the gut mucosal membranes , 
prompting irDID:une responses even in nonnal in-

dividuals.13,36 However, differences in mucosal 

absorption of allergens have not been well stud-

ied in food-allergic individuals, compared with 

normal individuals ; the relarionship of the phe-

nomenon of gut penneability to food allergy has 
not been resolved either. This is a particularly 

important issue in infants prior to mucosal gut 

banier maturation when large molecules more 
easily pass through the gut epithelium and induce 

anergic sensitization.6 

Finally, there is the nature of the food protein 

being ingested. Some foods that are connnon 
components in our diets are not very allergenic. 

For example, beef and pork are important foods in 

the American diet that have a high protein con-
tent. Yet, beef and pork are not connnon causes of 

food allergy, compared with fish and shellfish, 
which are major allergenic foods. This is perticu-

larly intriguing because beef and pork also con-
tain the muscle protein tropomyosin, a moleclJle 

37L40 identified as the maj or aJlergen in shdmp . 

Although chickcn and shdmp tropomyosin share 
signifioant (609~o) amino acid sequence homol-
ogy, the allergenic reactivity diefers considerably. 

Shrirnp tropomyosin and presumably tropomyo-
sins prescnt in other c~ustacea are very potent 
~lergens, whereas tropomyosins present in beef, 

pork, and chicken are not. Structural differences 

that contribute to or diminish the allergenicity of 

a molecule are important topics for further re-

search. 

B. Biochemical and Immunochemical 
Characteristics of A[lergenic Food 
Proteins 

Because all allergens must be able to bridge 

lgE molecules on the surface of mast cells to 
eause degranulation, they aJ:e somewhat con-
strained in their molecular dimensions. Thus, these 

allergens must contain at least two lgE antibody-

reactive sites (B-cell epitopes) to t:igger mediator 

release. However, it is noted that some monova-
lcnt allergens, such as the 21-residue venom pep= 
tide menittn,41 still elicit histamine release from 

basophils or mast cells or generate anaphylaxis in 

mice. These molecules have the abinty to buid to 

lgE antibodies on the surface of basophils/mast 
cells. They aggregate, or aggregate and then bind, 

converting ihe monovalent allergens to polyligands 
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that can cause anergic reactions. They also act as 

haptens by bin(iing to maeromolecules and subse-
quenily as complexes that cause lgE bridging. It 

has not yet been detetmined that this occurs in 
vivo in anergic disease and is a substantial factor 

in ailergie reactions. 

Most known food anergens have mol wt be-
tween 10,000 and 70,000 Da.19 Although smaner 
Inolecules may be immunogenic, the mol wi of 
1 0,000 Da probably represents the lower limit for 

the allergenic response- The upper lilnit is prob-

ably a result of restricted mucosal absorption of 
l arger molecules.19 However, son~:e all ~rgens such 

as the peanut aJlergensAra h I (mol wi 63.5 kDa) 

and Ara h 2 (mol wt 17 kDa).4243 exist in native 

fonn as large protetil polymers that are 200 to 
300l~Da in size, It is not clear if such large mol-

eeules act as anergens or are disassociated during 

the digestive process. Most food allergens are 
glycoproteins with acidic isoelectric points. How-

ever, this is a property of most antigens and does 

not necessarily represent a unique property for 
food allergens. An allergens are proteins,-but not 

all proteins are allergens. Many allergens contain 

posttranslational modifications, such as the addi-

tion of oliogosaccharides. 

The biochemical structure of a few food aller-

gens has been detennined (see 'Tbod Allergens" 
by Robert K. Bush and Susan L. Hefle in this 
issue)_ When the biochelnical structure of various 

allergenic proteins is compare~~ there does not 

appear to be any consistent pattem that is repre-
senta:tive of allergens in general, or food allergens 

specifican:y. Comparisons ofprimary amino acid 
sequences of allergenic proteins have not revealed 

unique or typical pattems. There also does not 
appear to be any particular pattern to the protein 

tertiary structure, such as an alpha helix, beta 
strand, or loops.44 When tbe primary structure of 
an allergen is compared to other proteins, amino 

acid sequcnce similarities ocour with a number of 

proteins in our environment. nl light ofthe evoiu-

tion of all living organisms, this should not be 

surprising, but inustrates that there may be certain 

as yet undetected struetural features of allergens 

that render them different from other proteius . 

The surface of an antigen/allergen that inter-

acts with cells of the irDmune system or specibc 

antibodies are defined as epitopes. Epitopes that 

react with T cells are called T-cell epitopes~s 

Those that react with antibody or antibody-pro-
ducing B cells are caned B-cell epitopes.d4 

Epitopes are either conforma:tional or linear. 

Conformational epitopes depend on the tertiary 
structure of the protein or several amino acid 
sequences on the protein surface. Linear epitopes 

depend on the linear sequence of amino acids in 
a protein. The general beliofis that T-cell epitopes 

are ~near, whereas B-ceu epitopes are conforma-
tional. However. there are also exceptions to tbis 

rule.44 By defiDition, all B-cell epitopes must be 

on an outer surface of the Inolecule (Figure 1). If 

an epitope is compqsed of a series of covalently 

linked amino acids it is called a contiD:uous epitope. 

An epitope that is composed of two different 
amiuo acid sequences which through their tertiary 

structure fonn one epitope is called a discontiuu-

ous epitope. Because investigating discontinuous 

epitopes is technically Inore demanding, there is 

generally mueh more infonnation available on 
continuous epitopes . The minimum number of 
amino acid residues is 8 for continuous epitopes,46 

whereas discontinuous confonnational epitopes 
have 16 or more.44 

T ce~s exclusively recognize protein antigens 

that are processed by proteolysis into short pep-

tides. They are recognized by the T-cell receptor 

(TCR) only after the ajlergen has been phagocy-
tized by an antigen-presenting cell (APC).46 By 
structural analysis with X-ray crystallography, it 

has been showa that the peptides are set in an 
extended form in a cleft of the presenting mol-
ecules between the a-helices of the ccl ~J!~d the a2 

domairL-46 Antigen processing by an APC includes 

proteolyiic digestion of the antigen and presenta-

tion of the peptide fragnents in the peptide bind-

ing groove of the HLA class 11 molecule on the 
APC surface. The TCR then responds specifically 
to the epitope in the major histocompatibility 
complex (MHC) H groove. Chemical analysis of 
the peptides eluted firom MHC molecules has es-
tablished that they are usually eight to nhle amino 

acids long 46 Detennination of the complete rep-

ertoire of T-cell epitopes of allergens remains a 

fonnidable task due to their number and the vari-

ability in recognition by different individuals. 

Although our knowledge of T-cell epitopes 
of food ailergens is largely extrapolated from 
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FIGURE 1. The epitope structures of allergens 

nonfood sourees, such as polle;ns, food aJJergens 

may have unique properties. Food ailergens are 
recognized by GALT or other lyrnphatic cells in 
the body. The irDmunoregulatory mechanisms of 
T-cell responses of these systems have not been 
weu defined; thus, ~lere may be unique properties 

to T-cell epitopes in food allergens. Identification 

ofT-cell epitopes may be achieved using overlap-

ping peptides based on their ability to induce 
responses in T cells present in peripheral blood 
mononuclear cells or in T-cell clones derived from 

individuals sensitized to the native anerg'en. How-

ever, because a substantial amount of blood must 

be rea(jily available from donors, these data aJ:e 

restricted by the availability of source material. 

On the basis of inducing nonresponsiveness and 
in the down-regulation of established innnune 
responses in animals, there is considerable inter-

est in pephdes containing T-cell epitopes as a 

basis for irDJnunotherapy-47 Ihllmunotherapy with 

T-cell-reactive peptides is under intense study. 

B-cell epitope peptides do not appear to have 

any Imique or conunon pattems in anlino acid 
sequences (Table 1). Antibodies specibc for con-
tinuous epitopes invariably have a lower affinity 
than those for discontinuous epitopes.44 From the 

point of view of antibody affinity, most antibod-

ies produced by an allergic person appear to be 
specific for discontinuous (high affinity) 
epitopes,44 Whether this generalization applies to 

food allergens is not yet known (Table 2). Al-
though there are approxjjnately 8 to 16 residues in 

an epitope, not every single residue contributes 
44,46 equally to the total binding energy. 

The entire surface of a protein antigen is cov-

ered with potential B-cell epitopes; however, ~1ey 

are all not as equally reactive. In fact, many are 

not recognized. There are methods to predict B-cell 
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TABLE 1 
Sequence of Some B-Cel] Epitopes of Five Allergens 

Source 

Ragweed pollen 

Mite 

Bee venom 

M Ik 

Shrimp 

Allergen/residue 

Amb a 3 
residue 5:~63 

Derp i 
residue 1 17-133 

Api m 4 
res'due 20~6 

Lactoglobulin 
residue 124-i34 

Tropomyosin 
residue 153-16i 

AA sequence Ref. 

TrpArgGluGluValArgAsneluGluAiaTyr 47a 
C ysGlnlleProProAsnAlaAsnLyslleArg 

GluAiaLeuA aGln 47b 
lleLysArgLysArgGlnGln 47c 
ArgThrProGluVaiAspAspGluAlaLeuGlu 

PheLeuAlaGlu(3luAlaAspArgLys 39 

TABLE 2 
Continuous and Discontinous B*Ceil Epitopes of Some Food Allergens 

Source 

Egg 

M' k 

Wh eat 

Fish 
Shrimp 

Name 

Gai d 2 
Gal d 4 
P-lactoglobulin 
oe- actalbumin 

Amylase 
'nhibitor 

Gad c 1 
Penai 

Antibodies 
tested 

lgE + IgG 
lgG 
lgE 
lgE 
lgE 

lgE + IgG 
igE 

Continuous 
e pito pes 

7 

1 

i 

5 

3 
2 

Discontinuous 
epitopes Ref. 

47e 3 47f 
47d 

47g 

47e 
39 

epitopes, although they are not totauy successftll. 

For example, algoritbms based on the calculE~ 
tions of polar and nonpolar amino acid residues 
ha:ve been used to predict those residues located 

on the surface of the molecule. However, tbis 
information is incomplpte becaus6 host respon-
siveness detennines those epitopes to which an 
individual reacts . 

C. Agronomic Considerations 

Variations may occur in the type and amount 
of individual proteins in foods as a result of agro-

non)ic conditions. For e~ample, the glycinin con-

tent of soybcans4~ and the arachin content of pea-

nuts49 are affected by agronouric conditions. 
However, no studies have been done to detennine 
if such conditions have any effect on the 
ailergenicity of specifie foods. 

The type and amount of individual proteins in 

foods may also vary from one variety or cultivar 

to another. Very limited studies have been con-
ducted to determine if such conditions have any 
effect on the aJlergenicity of specific foods. The 

lgE-bindirLg proteins of alrnonds are sinlilar for 

the three major varieties: Nonpareil. Mission, and 

Ca~m:el.50 Florumler and Virginia peanuts are rea-

sonably equivalent in their abilities tp bind pea-

nut-specific lgE in iDllibition immunoassays-51 
Some individuals with allergies to fresh avocados 

react to only one of two co,Innon varieties, al-
though most react to both varieties.52 The amount 

of a specific 27-kDa albumin in wheat, which is 
a major occupational allergen in baker's asthm~~ 

was variable among seven wheat cultiv~rs used 
s3 commonly in Gennany. 

The stage of development of a pl ant or animai 

also affects the nature and amount of specific 
proteins and pelhaps anergens. Again, tbis possi-
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bility has received litfle study. Soybean sprouts 

are equivalent to soybcan seeds in their ab~ity to 

bind lgE from soy-auergic patients in inhibition 

innnunoassays.54 

D. Physical and Chemica, 
Characteristics of Allergenic Proteins 

Food allergens tend to be resistant to typical 

processing and preparation conditions. These pro-

teins are comparatively resistant to heat and acid 

treatlnent proteolysis, and digestion. However, 
important exceptions do exist. Although these 
resistance properties may be useftil in the assess-

ment of the potential aJlergenicity of a specific 

protein of unknown allergenic potential that has 
bcen transferred or developed through genetic 
engineering, a combination of tests should be 
used to increase the reliability of such evalua-
tions . 

1. Resistance to Heat 

Many allergenic food proteiris are resistant to 

heat. However, some heat-labile food allergens 
have been identified. The application of heat pro-

motes protein denaturation and the loss of confor-

mational lgE-binding epitopes. The resistance of 
some food allergens to heat denaturation suggests 

that confonnational epitopes are not always criti-

cal for lgE binding in the case of food allergens. 

Cow's nrilk proteins have been ihe most exten-
sively studied in this regard. Heat treatment can 

reduce the antigenicity of whey proteins, but has 

virtually no effect on the antigenicity of casein.5s 

However, whey proteins retain some allergenicity 
even when subjected to severe heat.55~57 The lgE-

binding capacities of ~-1actoglobulin and bovine 

serum albumin (BSA) are (iuninished by heating 
at 80 to 100'C for 15 min. In contrast little change 

is observed in the lgE-binding capacities of oe-
lactalbumin and the caseins after heat treatnlent.5? 

The lgE antibodies in the sera of some patients 
still react sigDificantly with miik proteins, even 

after severe heating at 100'C for 3 h.57 This het-

erogeneous response of patients with cow's milk 
allergy to heat-treated Inil~c proteins mustrates the 

difficulties of using heat treatment as a hypo-
allergenic process.s7 

Most other food allergens are also resistant to 

heat. The plimary co(~~sh allergen, Ged c l, is 
resista:It to heat.sB The major anergens in slnilnp 

are heat stables9~sl and have been isolated from 
the cookulg water.60,61 The lgE-binding abnity of 

the lice glutelin and globuhn fractions as assessed 

by imnunoassay was reduced by 40 to 709{fo by 
heating at 60'C for I h or 100'C for 2 to 10 min.62 

The 7S- and 1 IS-globulin fractions of soybean 
bind soy-specific lgE, but that binding activity 
can be decreased but not eliminated by heating at 
80'C for 30 min.63 Later. Burks et al.30 demon-
strated that the lgE titers from the sera of pati'ents 

with soy allergy were reduced when examined 
using the 7S and 1 IS fractions of soy protein tha:t 

had been heated at 80'C for 60 min by compari-
son to uDheated soybeans. No change was ob-
served in the lgE titer using the whey fraction of 

soy protein under those conditions. Substantial 
decreases in the lgE titers were observed when 
examined with the three soy protein fractions af-
ter heating at 120'C for 60 min.30 In ftlrther ex-

periments, the lgE-binding capabilities of the three 

major soy protein fractions were only minimally 
affected by heating at 37'C for 60 min, 56'C for 

60 min, 100'C for 5 min, 100'C for 20 min, or 
100'C for 60 min.31 

The lgE-binding capabilities of a crude pea-
nut extract and two major peanut anergens, Ara h 

1 and Ara h 2, were unaffected by heatug under 
siDailar conditions.31 The lgE-binding ability of 

one of the major peanut allergens, the concanava-

lin A-reactive glycoprotein, is stable to tempera-

tures of up to 100'C over a pH range of 2.8 to 
10.e4 Raw peanuts also appear to contain several 
heat-labile allergens.65 The alLergenic activity of 

the albumin ftaction of peas retained all of its 
activity when heated or boiled.66 The allergens in 

cottonseed are quite heat stable.18 Ovalbumin and 

ovomucoid, two of the major anergens from egg 
whites, are relatively heat stable and can be iln-

munologically detected in cooked eggs, while 
conalbunrin is less stable.67 Ovomucoid retains its 

ability to bind to lgE from the serum of egg-
allergic patients even after prolong~d heating at 

100'C, although the ovomucoid from eggs stored 
for 12 d a:t 4'C was slightly less stable to heating 
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at 100'C than ovomucoid from ~cesh eggs.5B The~ 
mal denaturation of ovalblnnin had litt~e effect on 

its allergenicity59 in one study, but heat-denatured 

ovalburnin had substantiany less binding to lgE 

when colnpared with native ovalbuminin another 
study.?o 

Some food allergens are quite sensitive to 
heat denaturation. Th~ ajlergens in fresh frtrits 

and many vegetables are a good example.35 With 
apples, skin plick tests were positive with extracts 

offresh apples, but were negative with extracts of 

apples heated at 175'C for 30 min.34 Other foods 

also contai~L a ~ixtu~e of heat-stable and hea:t-

labile allergens; peanuts as discussed are a good 

example.65 
Although food alLergens tend to be resistant 

to heat denaturation, this property is obviously 
not universal. The use of heat denaturation in the 

assessment of the potential anergenicity of a spe-

oibc protein obtained through genetic engineer-
ing is proble;matic. The ability of the heat-treated 

protein to induce irmnunogenic responses should 
be evaluated in lgE-responsive systems. Assess-
ment of the heat stability of other biological ac-

tivities of specific proteins canuot be used to pre-

dict the heat stability of imlnuuoge~ic or allergel~ic 

responses. 

2. Resistance to Digestion, Proteolysis, 
and Hydroiysis 

Most food a~ergens are resistant to proteoly-

sis or hydrolysis.7~ Although heat treatment leads 

to proteiu denaturation and loss of conformational 

epitopes, enzymatic or acidic cleavag'e of the 
polypeptide chains may destroy both confonna-
tional and linear epitopes. However, the amount 
of information on the stability of food aJJergens to 

digestion, proteolysis, and hydrolysis is relatively 

limited. 

A few studies have even suggested that diges-

tion might enhance the allergenicity of food pro-

teins. Haddad et al.?2 reported that the lgE ftoin 

the serum of some patients with cow's miik al-
lergy is actuany nlore reactive winh proteolyic 
digests of ~-lactoglobuhn than to its undigested 

form. Schwartz et al.?3 reported tha:t pepsin diges-

tion did not (iuninish the lgE-binding ability of 
~-1actoglobul in. 

Liroited proteolyic digestion of cow's milk 
proteins does not diminish their ability to bind to 

lgE, although complete hydrolysis does result in 

a substantial loss of auergenicity.74,75 The hy-

drolysis of whey proteins with trypsin resuited in 

a partial hydrolysate that had no sensitizing c~h 
pacity in guinea pigs.76,77 A comJnercial infant 

formula made with tbis hydrolysate was deter-
Ilrined to contain less than 209if, free amino acids, 

detectable peptides wilth chain lengths of up to 10 

to 15 amino acids, and a small aJnount (about I %) 

of proteins with mol wi up to 3000 indicating the 

presence of proteitls of 27 alDino acids in length.7s 

These proteins are apparently reactive with cow's 

milk specific lgE based on the occurrence of ad-
verse reactions to this formula among miU~-sensi-

tized infants79,80 and the demonstration of signifl-

cant lgE binding to these partial whey hydrolysates 

using the sera of eertain cow's IDitk-anergic sub-

jects.8i 

The combined effects of pepsin and trypsin 
on whey proteins resulted in a greater degree of 
hydrolysis and abolished the bin(iurg to lgE.82 

The hydrolysis of whey proteins has also been 
conducted with an alkaliue protease ftom Bacil-
l~s lichenformis and the resulting peptides sepa-

rated according to their mol wi by gel filtration.83 

The peptides haviug mol wt above 6 kl)a. were 
capable of e~iciting local hypersensitivity reac-

tions in mice wllile the smaller peptides did not,83 

suggesting that extensive hydrolysis may be nec-

essary to eliminate allergenic peptides derived 
ftoln whey proteins. The partiai hydrolysis of 
whey proteins with a mixture of commercial pro-

teases produced two hydrolysates with 20_8 and 
12.4% degrees of hydrolysis, respectively.84 Al-

though these hydrolysates displayed substantially 

reduced lgE binding, their lgE reactivity was not 

completely destroyed.s4 Ultrafiltration of the hy-

drolysates did produce a hydroly2:ed whey peune-
ate with no detectable lgE-binding aetivity.s4 

The effect of digestion and partial hydrolysis 

of c~tsein on its allergenicity in humans has not 

been investiga:ted. In rabbits, casein peptides wiih 

mol wibetween 3500 and 5000 were as iDllnuno-
genic: as the intact protein, whereas smaller pep-

tides were 1000-fold less immunogenic.s5 While 
partial casein hydrolysates tend to retain some 
iDnmunogenicity, the speciflcity ofthe proteolytic 

enzymes used in the generation of these hydroly-
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sates has some effect on residual iumunogenic-
ity.86 The extensive hydrolysis of casein does yield 

a product with greatly diminished allergenicity 
that is commonly used to produce a hypoallergenic 

infant fonnula.75,s7 Careful examination of these 

casein hydrolysates revealed that they contained 

709{f, f~ee amino acids and detectable peptides 

with chaiu lengtbs up to five to eight amino ac-
ids-78 I**E binding to casein hydrolysates is also 

detectable in some patients.81 

Other food anergens are also resistaD:t to pro-

teolysis and di**estion- The codfish ailergen. Gad 

c 1, is resistant to proteolysis; small peptide frag-

ments of Gad c I retain their abnity to bind to 
lgE.g8-90 However, extensive hydrolysis of a cod-

fish allergen extract with typsin, pepsin, subtui-

sin, and pronase resulted in the destruction of its 

lgE!binding ability. Elastase hydrolysis and silaiu-

lated digestive' proteolysis were ouly partially 

effective.91 Similarly, the I.•E-binding ab~ities of 
ovomucoid and ovalbulnin, the major anergens in 

egg white, were also unaffected by proteolysis 
and resulted in the isolation of a peptide fragment 

' ' 697092 with lgE-binding activlty , ' ' 

The lgE'binding capability of a soybean ex-
tract was reduced tenfold when subject to pepsin 
hydrolysis forlowed by hydrolysis with trypsin, 
chymotrypsin, and a mixture of intestinal pepti-
dases.31 When subjected to similar proteolytic 

treatment, the lgE-binding capability of a peanut 

extract was reduced 100-fold.31 The extensive 
hydrolysis of soy protein yielded a hydrolysate 
that was not immunogenic to rabbits.93 Similar 

results were obtained with *auinea pigs using a 
collagenlsoy protein hydrolysate.94 

The skhl test reactivity of wheat extracts in a 

group of patients with lgE-mediated, exercise-
induced anaphylaxis was destroyed by treatment 
with trypsin, but not with pepsin.95 The sizes of 

the peptides generated by trypsin and pepsin hy-

drolysis were similar. However, partial hydroly-
sis with trypsin destroyed the l~E-binding epitopes 

on wheat proteins, whereas pepsin hydrolysis did 

not materially aff;ect these same epitopes.95 A 

hypoallergenic wheat flour has been developed 
by treating solubilized wheat proteins with 
actinase, colla*'enase, and transglutaminase.96 

The major cottonseed allergens are unaffected 

by pepsin hydrolysis.97 The rice anergen could be 

largely inactivated by hydrolysis with actinase, 

while papain caused a decrease in the lgE-binding 

activity of the rice allergen. Pepsin, trypsin, chy-

motrypsin, and pancreatin had no effect on the 
activity of this allergen.98 

Proteins may also be hydrolyzed by chemical 
means, either through specific agents such as 
cyanogen broulide or nonspecific methods such 
as treatlnent with concentrated hydrochloric acid. 

Chemical modifications of allergens may offer 
anoiher means for the re. duction of the allergenicity 

of these proteins. Cyanogen bromide cleavage of 
ovomucoid had no effect on its lgE-binding abil-

ity.92,9, However, this treatment reduced the 
allergenicity of ovalbumin.69,99 The denaturation 

of ovalbunlin with urea, hydrochloric acid (pH 
3.0), and dit~iothreitol did not dimiuish its lgE-

binding activity, but treatment with sodium hy-

droxide (pH 1 1.0) did destroy its lgE-binding 
activity,70 

Some food allergens are more sensitive to 
proteolysis and digestion- Fresh fruits coulmonly 

cause oral allergy syndroine (OAS) in affected 
individuals-Ioo,lon Apparentiy, Such allergens in 

ftesh fruit are easily digested in the gastrointesti-

nal (GD tract and do not cause systemic efflects. 

This theory, however, has not been carefillly evalu-

ated. 

Most food allergens are resistant to digestion, 

proteolysis, and other forms of hydrolysis. How-

ever, the findings depend on the nature of the 
enzymatic or chemical treatment used in the ex-
periments, the choice of method for assessing the 

ilnmunogenicity of the hydrolysis products, and, 

to a lesser extent, the specific food allergen being 

evaluated. Although the assessment of the resis-
tance to hydrolysis of proteins could offer vaiu-

able iufonnation regarding the potential aller-
gentcity of specific proteins, a rigorous protocol 

for such experiments has not becn established. 
ldeany, this protocol would nlixnic digestive pro-

teolysis and include tests on the isolated protein 

and the protein in the appropriate food matrix. 
TIle experience with the evaluation of the imD~:u-

nogenicity of partial whey hydrolysates in anixnal 
models dictates that extreme caution be used in 

the evaluation of results obtained from such ani-

mal models. The development of ftrther data on 
the comparative stabili:ty of food all:ergens vs. 

other food proteins to digestion, proteolysis, and 

hydrolysis would bc highly desirable to deter-
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mine the utility of this todl for the assessment of 

the potential allergenicity of specific proteins. 

nmited infollnation exists on the comparative acid 

stability of food allergens. Gathering additional 

data would be an important consideration. 

3. Solubility 

Most food allergens are soluble in water and/ 

or sa~ne solutions, thus belonging to ihe classes 

known as albulDins (water soluble) and globuiins 

(salt soluble).ma However, many food proteins 
fan iuto these two solubility categories, so these 

features are not particularly distingnishing Food 

proteins may also be either alcohol soluble (pro-

lamines such as gliadin from wheat) or alcohol 
insoluble (such as glutelin from wheat). Proteins 
in these two categories have not been frequently 

classified as anergens. However, these two cat-
egories of proteins have been less frequently ex-

amined for their afLergenic potential. Occasion-

aJly, these proteins have been implicated in 
lgE-mediated allergies. For example. IgE anti-
bodies to wheat gluten have been ident~ied in a 
few wheat-allergic patients.ro3 Also, celiac dis-

ease, which involves a cell-mediated ilDmune re-
action associated with an intolerance to wheat, 
rye, barley, and oats, is caused by certain gliadin 

peptides.ro4 Recently, a co(ifish allergen was iden-

tified in codj~:sh surinli from which the soluble 

proteins, including Gad c I , had been removed by 
los extensive washing. 

4. Acid Stability 

Food allergens are usuarly quite stable to 
moderate acid treatnlents.33 The treatment of food 

allergens with acid concentrations simulating 
stomach acid conditions typicaJly has little effect. 

The lability ofthe arlergens in ftesh fruit to such 

acidic conditions has already been noted as an 
exception to this statement. More typically, one 
of the major peanut allergens, the 65-kDa con-
canavalin A-reactive glycoprotein, is stable at pH 
2.8.64 Ovalbumin, one of the major eggwhite al-
lergens, is stable at pH 3.0.70 A demonstration of 

a lack of irnmunogenic stability under shnulated 

stomach acid conditions could be an additional 
criterion to apply in the assessment of the poten-

tial allergenicity of a given protein. Again, rather 

5. Effect of Chemical Modification of 
Amino Acids on AIlergeniciO! 

Chelnical mo(iifioation may also involve the 

modification of the amino acids in the lgE!bind-

ing epitopes, decreasing binding to allergen-spe-

cific lgE. These approaches occasionally have 
value in identifying the amino acids involved in 

the lgE-bin(~ng epitopes, but do not generany 
have much practical value in the processing of 
foods In one of the earliest attempts to use this 
strategy. Lee and Sehonro6 observed a decrease in 

the lgE binding of ovalbumin after treatment with 

polyethylene glycol. The chelnical modification 
of the lysyl, tyrosyl, tryptophyl, or arginyl side 

chains of Gad c l, or the release of the two cal-

cimn ions associated with this protein also re-
sulted in a significant reduction in lg~ binding m7 

The polymerization of Ged c I siuailarly resulted 
ro?,l08 in dimjnished arl:ergenic activity. 

Other approaches also diDainish the lgE bind-

ing of some food alLergens, but these are the 
exception rather than the tule. In contrast, the 
reaction oflactose with ~-Iactoglobulin increased 

the skin reactivity of this milk protein in cow's 
milk-allergic individuals,ro9 suggesting that the 

browDiJlg reaction may enhance allergenlcity in 
some situations. 

The effect of ehenlical modifications on the 

auergenicity of various food proteins is likely to 

be highly speciflc and related to the amino acid 
sequence in the epitope of the allergen. The use of 

such approaches in the general assesslnent of the 

potential allergenicity of geneticauy eng,*sineered 

proteins would be impossible 

ul. EFFECT OF PROCESSINe ON FOOD 
ALLERGENS 

A. Therma[ Processing 

Because food anergens are generally resistant 

to heat and proteolytic enzymes, food processing 

S1 oo 



~~;"i<";~ 

is not paltioularly effective in elilDinathlg the 

anergenicity of various foods. Some notable ex-
ceptions do exist. For example, the allergenicity 

of ftesh fruits is rather easily eliDainated by heat-

ing lon such as wouid occurin the canning offruits 

or the making of jam. The aJlergellicity of sliced 

apples is diminished by storage at room tempera-
ture,34,no-n2 probably another indication of the 
ease of denaturation of some of the anergens 
found in fresh fruits. However, the allergens in 
freshly picked apples increase during storage if 
the apples are not sliced.ll2 The allergens present 

in salmon seem to be destroyed by the thermal< 
processes used in the commercial canning of 
salmon because salmon-allergic patients in one 
study could tolerate canned sallnon-n3 However, 

fish-allergic individuals are often anergic to 
cooked fish, so the extent of the heat process is an 

importailt variable. 

Some occupational food anergens are heat 
labile. Green coffee beans were found to possess 
anergenic activity, but roasted coffee beans did 

not, whlch suggests the presence of heat-1abile 
allergens.ll4 The cocoa bean allergen is destroyed 

by processing into chocolate, but the responsible 
processing operation has not been identified.u5 

Because cocoa bcans undergo substantial heat 
processing, the possibility of heat denaturation 

seems likely, perhaps in concert with chemical 
modifilcations. 

Most ailergenic foods retain their allergenicity 

during the typical heat processes used in manu-
factu~rg or preparation. Cow's milk and its two 
principal protein ~:actions, casein and whey, re-
tain their allergenicity even when subj ected to 
severe heat treatnlents.55,lle!ll9 These severe heat 

treatnlents may adversely affect the nutritional 
quality of the nlitk.ll6 Cow's milk reportedly re-

tains its allergeEicity after such connnon heat-

processing treatments as condensation, evapora-
u9 tion, and drying. 

Both raw and roasted peanuts are allergenic 
and bind to peanut-specific lgE.51.65 Most other 

connnerciall:y processed peanut products, includ-

ing peanut butter and various peanut flours, retain 

their allergenicity.51 Raw and roasted soybeans 
contain silDilar lgE-bin(~lg proteins.29 Soy pro-

tein isolate, which is prepared by acid and alka-

line extraction of defatted soybeans, has dimin-

ished lgE-binding capability, althougll some re-

sidual ajler*'enicity remains.29 Other soy prod-

ucts, including soy flours and soy protein concen-

trate, which were also subjected to drying, retained 

most of their lgE-binding proteins.29 Boiled eggs 

retain their ability to bind to lgE.68 

B. Enzymatic Proteolysis 

Enzymatic proteolysis is not typically effec-

tive in elirninating the allergelricity of proteins in 

various anergenic foods. The degree of proteoly-

sis is very likely an important variable, but rather 

extensive proteolysis may be necessary to elirni-

nate all of the allergenicity of an allergenic food 

protein. Regulatory agencies typically do not have 

regulations that differentiate between extensively 

and partiany hydrolyzed proteins. Cow's milk is 
the best studied example by far. An infant for-
mula was developed based on the partial hydroly-
sis of whey proteins,120 as described by Jost and 

co-workers.76,77 Tbis product was less sensitizing 

than a typical cow's milk fonnula when fed to 
newborn infants in some studies.121-123 but no dif-

ference was noted in other studies.124,12s This par-

tial whey hydrolysate fonnula triggered allergic 

reactions when fed to certain infants already sen-

sitized to cow's miik.79,ao,126 Complete hydrolysis 

of an arLergenic protein to its constituent amino 

acids would be predicted to destroy the lgE-bind-

ing oapability of the protein. In fact, the most 

widely maJ:keted hypoallerge~ic infant formulas 
are based on casein hydrolysates that were sub-
jected to extensive hydrolysis. However, occa-
sional allergic reactions are even reported to 
casein hydrolysate formula in highly sensitive in-

fants,12~~128 which is notable because the degree of 

hydrolysis in such fonnulae is greater than 
85%,93,129 Wahn et al.s7 detennined that the casein 

hydrolysate forD3:ulas indeed had little residual 

aJlergellic activity. However, casein hydrolysates 

can, at least occasionaJly, contain peptide frag-

ments large enough to be immunogenic.B3,130 

An extensively hydrolyzed peanut protein sold 

as a flavor enhancer did not bind to peanut-spe-

cific lgE.51 However, both a commercial- and an 
acid~ydrolyzed vegetable protein (HVP) made 
from soybeans bound to seru:n lgE from soy-
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bean-allergic individuals,54 probably because the 

degree of hydrolysis was insufficient to destroy 

the lgE-binding epitopes on the soybean aller-
gens. Fermented soy products, such as mold-
hydrolyzed soy sauce, tempeh, toft:, and miso, 
also retained their allergenicity, although the level 

of lgE~binding ability was diminished by com-
parison to extracts of raw soybeans.54 

A hypoallergenic wheat fiour has been devel-

oped through the treatment of solubilized wheat 

proteins with acthlase, collagenase, and trans-
*1utaminase.96 Sinlilarly, a hypoallergenic rice has 

been developed ti:rough the treatnlent ofrice with 

proteolytic enzynes.9g This preparation was quite 

effective in the treatment of rice-allergic pa-
tients.131,132 The selective digestion of ~-1actoglo-

bulin from a whey protein concentrate was ac-
complished by using thennolysin under high 
hydrostatic pressure (1000 to 3000 kg/cm2). The 
resultaD:t product was devoid of ~-lactoglobuhn, 

but was enriched in cx-1actalbumin, another com-
mon cow's nlilk allergen.133 

C. Oil Extraction 

Removal or exclusion of either all proteins or 

only the anergenic proteins during processing 
would obviously eliD~inate the aJlergenicity of a 

resultin~ food. The extraction of edible oils from 

oilseeds, such as peanut, soybean, and sunflower 

seeds, by the hot solvent extraction procedure 
eliminates all traces of protein. This makes the 

resultant oils safe for consumption by ailergic 
individuals.134-136 However, Porras et al.137 identi-

fled soy protein in some, but not all, saJllples of 

soybean oil f~om Europe, indicating that oil ex-

tractiorr may not always eliminate the proteins or 

the allergens enrirely. Soy protein was also. de-

tected ftequenily in sarD:ples of soya lecithin, a 

comlnon food ingredient. 137 SirDilarly, ndnprotein 

ingredients ftom covi's nlilk may contain traces 
of the cow's IDilk allergens. For example, Iactose 

can contain allergenic contaminants.138 

D. Other Processes 

Other approaches may dimiDish the lgE bind-

ing of some food allergens, but these tend to bc 

the exception rather than the rule. The apple aner-

gen is inactivated by phenolic browning.no Lyo-
philization may diJniuish the anergenicity of cer-

tain fish extracts. Fish-anergic patients reacted 

positively to open chanenges with nonl yophilized, 

cooked fish but negatively to double-blind, pl~lr 

cebo-controlled ehallenges with lyophilized 
cooked fish.32 However, Iyophlization is a fai~ly 

unusuai food processing operation, and freeze-
dried fish are seldom marketed. Gad c I appears 

to be removed from codfish along with other 
soluble sarcoplasmic proteins in the production of 

suriJlli.l05 (Surimi is minced and extensively 
washed fish which has a gelafmous nature.) How-
ever, another co(ifish anergen remains in the 
surimi. makulg tbis product nonhypoanergenic-los 

The effect on food allergenicity of other pro-

cesses used in food manufacturing has not 
been evaluated. Homogenization has no notice-
able aff:ect on the allergellicity of cow's mitk.117 

This is despite theories that homogelrization re-

sults in an enhancement of availabnity of aller-

genic epitopes on cow's nailk proteins. Most al-

lergenic food proteins likely retain their 
aJlergenicity during food processing and prepar~lr 

tion. 

E. Approaches to Hypoaffergenic 
Processing of Foods 

Because of the lack of research and develop-

mental interest, litfle progress has been made in 

formulating hypoallergenic foods. The only 
widely commerciaJized, hypoallergenic foods are 
certain infant formulas intended for babies who 
develop auergies to cow's min~ a~ld soy proteins 

used in formulas. These hypoailergenic infant 
formlilas are based on extensively hydrolyzed 
casein and/or whey. Because the proteinaceous 
al!:ergens are hydrolyzed to anrino acids and very 

small peptides, these formulas are relatively safe 

for ingestion by most cow' s milk-allergic infants. 

A few other foods, such as peanut oil, could 
be characterized as hypoallergenic because they 

lack the allergens from the source foods. How-
ever, these products are not marketed in this man-

ner, and it might be unwise to take this approach 

unless each preparation is verifiled to be roproduc-

ibly free of allergens, 
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iV. DOSE-RESPONSE RELATIONSHIPS 

A. Sensitivity 

Althou*"h the level of exposure to a speciflc 

protein necessary to sensitize an individual is un-

known, individuals with preexisting lgE-medi-
ated food aJlergies can respond adversely to ex-

tremely low levels of the offending food. The 
interaction of food anergens with the lgE anti-
bodies on the sllJ:face of the mast cell or basophil 

membrane leads to the release of comparatively 
iarge quantities of biologically active mediators 

of the allergic response including histamine and 
the leukotrienes. A small amount of allergen in-
teracting with lgiE may elicit clinically sigDificant 

adverse reactions. The lowest dose of a food aller-

gen that is likely to elicit an adverse reaction 
cannot be calculated with any degree of certainty 

for all individuals. This is beoause the tolerance 

for an offending food differs from one food to 
another and one individual to another. 

The best estimates of the lowest tolerated 
dose in most individuals for various allergenic 
foods can probably be derived, however, fi:om 
carefilJiy takcn histories of actual aJlergic reac-

tions and extrapolations based on experiments 
with carefully controlled double-blind food chal-

lenges. Anecdotal reports indicate reactions ftom 

such incidental contacts as opentng packages of 
the offending food,139 wiping counters or tables 
containiug peanut residues,14O intlaling vapors of 

the cookurg food,141 and klssing the lips of some-

one who has eaten the offending food.141 Occa-
sionally, severe reaotions can occur froni con-

tamination with trace amounts of the of~ending 
food. For example, the ingestion of ftench fries 
that were fried in the same oil used for, the deep-

fat ftying of fish likely caused a'fatal reaction in 

a fish-allergic patient. 142 Exclusively breast-fed 

infants have also developed food allergies to foods 

such as peanuts dstensibly through exposure to 
food alLergens in the breast milk as a result of 

ingestion of the offending food by nursing moth-
ers . 143-145 The extent of exposure to the allergenic 

food proteins via breast milk must be quite small. 

However, in most of these cases, the infants be-

come sensitized, but do not react until exposure to 

a larger quantity of ihe allergen during the wean-

ing period.144 Although these experiences and 

anecdotes confinn that very small amoulrts of 
food 'allergens wm provoke allergic responses in 

some sensitive individuals, they do not provide 
quantitative estimates of the lowest tolerated dose. 

The severity of the allergic reactions is also likely 

to be directly related to the do.se of exposure. 

Therefore, exposure to very smalL amounts of an 
ailergenic food is not ljJ~ely to elicit severe reac-

tions in most cases. 

Quantitative estimates of the lowest tolerated 

dose can be derived from actual allergic reactions 

in patients from whom careful histories are taken 

regarding the ~mount of the offending food in-
gested. Settipane and Settipanel46 estilnated that 

ingestion of I to 2 g of shrimp and 25 mg of 
peanut in anergic individuals will provoke ad-
verse reactions. Gem et al.147 investigated several 

cases of allergic reactions to milk that occurred 

with food products that did not declare the pres-

ence of milk on the label. Some of the cases 
resulted f~om ingestion of a f~ozell dessert made 

ftom soybeans that were probably contaminated 
from the use of equipment that was also used to 

process dairy products. Here, a single serving 
contained the equivalent of approximately 2.5 nil 

of cow's milk_147 This aDlonnt of milk would 
provide about 80 to 100 mg of mnk proteins, 80% 

of that being caseins and 20% bcing whey pro-
teins. Several cases involved the ingestion of hot 

dogs that contajJled partially hydrolyzed casein as 

a natural flavoring. Each hot dog contained an 
amount of casein found in approximately 0.3 Inl 
of cow's milk,147 which would provide about 10 
to 12 mg of milk proteins. Jones et al.148 investi-

gated an allergic reaction to milk from a raspberry 

sorbet product that had become contaminated with 

mnk through the use of shared equipment in the 
processing plant. The Inilk-auergic child reacted 

to the ingestion of an unkuown amount of the 
sorbet containing 0.52% milk protein. 14s Slniflower 

butter processed on equipment used to manufac-
ture peanut butter was responsible for an allergio 

reaction in a peaD:ut-allergic individual who ate 

less than 0_25 teaspoonful of sunflower butter 
contaminated with approxim~ttely I % peanut.149 
Yman et al.150 reported a series on incidents re-

lated to inadvertent or unexpected exposure to 
allergenic foods that resulted in aJlergic reactions 

among sensitive individuals. Many of these inci-

dents involved exposure to small quantities of the 
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offending food il~clu(~ing milk in nine incidents at 

levels ranging from 0.04 to 1_19~c, egg in three 
inciddnts at leVels ranging from 0.003 to 0_16%, 

wheat gluten in three meidents at levels ranging 

~rom 0.3 to I I .9%, soy protem in three incidents 

at levels ranging from O.5 to 7.091:v, and hazelnut 

in one mcident at a level of 0.2%. Quantitative 
exposure ilrfonnation was available in several of 

these cases. Patal anaphylaxis occurred in a ~ilk-

allergic consulner after eating approximately 100 g 

of a sausage product containing 0.06% undeclared 
casein ihat equated to 60 mg of casein.Iso An 
asthmatic reaction occurred in a hazelnut-anergic 

consu:ner following the ingestion of about 3 to 
6 g of a chocolate confectionery product contain-

ing 0.29~o ofundeclared hazelnut that equated to 6 

to 12 mg of hazelilut.150 

Perhaps the best estinlates of the lowest toler-

ated dose can be obtaiued from DBPCFC. These 
challenges have been conducted for diagnostic 
purposes ~ather than for determiuiug the lowest 
tolerated dose The typicalprotocolinvolves start-

mg at a dose that is one half or less than the 
amount of the offending food estimated by the 
patient to provoke symptoms. 151 A typical starting 

dose is often 400 to 500 mg,152 although consid-

erable physicuan judgement is always involved in 
the selection of the starting dose. In fact, some 

physicians choose not to perform blinded food 
challenges on patients with histories oflrfle-threat-

ening anaphylactic reaetions.152 Therefore, these 

estimates of the lowest tolerated dose may ex-
clude some of the most sensitive patients. Atkiins 

et al.153 demonstrated that eottonseed meal pro-

teln elicited adverse reactions m sensitive mdi-

viduals at doses ranging from 100 to 350mg. 
Sampsonl40 mdicated that 50 to 100 mg ofpeaD:ut 
protein elicited adverse reactions in some aJlergic 

children in DBPCFC. In thelr proneering studies 
on the use of msh irmnunotherapy to decrease the 
severity of peanut allergy, Oppenheimer et al.154 

elicited adverse leactions in peanut-anergic pa-
tients at doses as low as 30 mg before immuno-
therapy; although the provoking doses ranged from 

30 mg to 8 g with an average of 4 g. In paticnts 

with histories of life-threatening symptoms, 
Oppenheirc~er et al.154 initiated DBPCFC at I mg 

of defatted peanut. Other peanut-allergic patients 

were started at a dose of 100 mg of defatted pea-

nut. The upper ~it in DBPCPC is typicahy 8 ~ 
of the offending food.151 In the studies of 
Oppenheirner et al.,154 a curnulative dose of 15.8 

to 15.9 g was reachedj although the maxilnwn 
single dose was 8 g. Certah2fy, many food-a~e~ 
gic individuals do not react until several grams of 

the offending food are ingested. These experi-
ences demonstrate convincingly that very small 
doses of food ajlergens can elicit allergic reac-

tions. Milligram quantities of anergenic foods 
have elicited a~lergic reactions in sensitive indi-

viduals. Alihough a precise estirnate of the lowest 

tolerated dose cannot be ascertained rehably, con-

siderable caution sholild be exercised to limit 
consumer exposure to known allergenic proteins. 

B. Severity as a Function ot Dose 

As with all toxic responses, allergic reactions 

display a dose-response relationship and become 
more severe as a function of dose. Tais is clearly 

the case in dose-response relationships observed 
in intradeunal skul testing (ST). The evidence 
supportirlg this statement with food anergies is 

mostly observational and anecdotal. Again, the 
expe:ience from DBPCFC demonstrates that a 
threshold exists at a. given time in each patient 

below which no cliDicany sigrufilcaJ3:t reaction is 

evident. As noted above, the thresholds are quite 

low for many patients. The DBPCFC is stopped at 
the lowest dose eliciting adverse reactions. Be-

cause hlnnan subjects are involved, it would be 

unethical to detennine in ally controlled way that 

a higher dose would provoke a more serious reac-

tion. However, most patients experience rather 
naild reactions in DBPCFCs, and describe much 
more severe symptoms occurring during actual 
allergic reactions where more of the offending 
food was likely eaten. 

C. Sources and Detection of Trace 
Ex posures 

The plimary means of preventing food-aller-
gic reactions is to follow a specific food avoid-
ance diet.141,15s Because allergic individuals can 

react adversely to ingestion of trace quall:tities of 
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the offending food, the success of tbis preventive 

measure can be compromised by the presence of 
smaJl amounts of one food contalDinating an-
other- Trace quantities of the offen(iurg food can 

be obtained from a number of personal practices, 

in foodservice facilities, and in processed foods 

facilities, althou*'h a number of these sitllations 

have only bcen describcd anecdotajly.156 

At the personal level, trace elements may be 

obtained when attempting to remove the off:end-
irlg food ftom a lxiixture before eating; using 
shared serving utensils, containers, cookurg ves-

sels; touching utensils, containers, countertops; 

handling the offending food; kissing the lips of 

someone w:ho has just eaten the offending food; 
opening packages of the offending food; inha-
ling vapors from cooking of the offending food; 

and transferring food allergens froln mother to 
iufant via breast miik. In foodservice facilities> 

exposure to the offending food occurs prbna-
rily beca:use the foods are not labcled. Allergic 

individuals must rely on infonnation provided 
by waitstaff and cooks, which can be errone-
ous. Creative formulation of restaurant foods, 
such as the use of peanut butter in chui, can 
also lead to unexpected exposure to an offend-
ing food.142 Iri such situations, allergic conswn* 

ers can inadvertently ingest rather significant 

quantities of the offending foods. Foodservice 
facilities can also be sources of exposure to 
trace residues of the offending foods through 
shared use of serving utensils, containers, 
*-riddles, cookug pots; use of the sazne ~ying 
oil for more than one type of food; and inhala-
tion of cooking vapors from tableside food 
preparation. Food-processing Practices can also 
lead to the contamination of one food with an-
other. In many of these situations, the labels of 

the packaged foods do not acknowledge such 
contamination. Common practices in the pro-
cessed foods industry that can lead to such con-

tamination include the use of shared processing 
equipment; use of rework (1eftovers from one 
fomlul~tion added to another); presence of al-
lergenic proieins in other ingredients such as 
natural flavors and starches; n~istakes in fonnu-

lation; use of the wrong packaging material 
with resultant inaccurate labeling; and switch-
ing ingredients without altering labcls. 

Although these situations may occur fairly 
frequently, only a few such incidents have been 
well describcd. The use of shared equipment has 
reslilted in product contanrination and aJlergic 
reactions in several situations.147,149,157 Switching 

natural flavoring ingredients in hot dogls from a 

yeast autolysate to a partiany hydrolyzed casein 
product resulted in allergic reactions.147 Porras et 

al.137 detected soybcan protein in several soy-
based ingredients, including lecithin and oil. Yman 

et al.150 have docl~lented nurnerous incidents in 

Sweden involving the undeclared use of aner-
genic irLgredients in packaged foods, the use of 
shared equipment in ice cream, past~~ and choco-
late prccessing, the labclirlg of spelt pasta as wheat 

free (when spelt is actually a type of wheat), the 

changing of formul~:tions without chan~~ng la-
bels, and the presence of allergenic proteins in 

ingredients such as flavodngs and binders. Occa-
sionally, more bizarre fonns of contamination call 

occur such as the containination of bei*•net mix 
with Dermatophagoides farinae nlites, which are 
highly allergenic when present in house dust.158 

l~nunoassays oan detect lesidues of aner-
genic food proteins in other foods.33 These illmu-

noassays, which can involve the use of serum 
from allergic individuals that coutains ajlergen-
specific lgE antibodies,13?,147-149,Is9 are ql~ite reli-

able. They detect the actual allergen, but are not 

conlmonly available because they rely on serum 
ftom auergic individuals. Animal antisera aJ~;d 

monoclonal antibodies have also been be used 
effectively in such analyses.150,160,161 These anti-

bodies are not always directed specifically at the 

aller*'enic proteins, but can bc quite specific for 

detection of proteins from a particular food. 

V. TESTING FOR FOOD ALLERGENS 
AND THE ALLERGENICITY OF FOOD 
PROTEINS 

The in vitro and in vivo tests described below, 

which use hllD~an subjects or samples, are only 
suitable to investigate aJlergellicity to already-

sensitized individuals. These tests cannot bc used 

to predict the sensitizing pQtential of novel pro-

teins. Anitnal models, although not yet ftiny de-

veloped, offer the only future hope for improve-

ment of such assessments. 
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A. In Vitro Tests 

1. Immunoassays and Inhibition 
Immunoassa ys 

The radioirmnunoassay (RIA) and RIA itibi-
bition procedures have been describcd in some 
detail by Yunginger and Adolphsoh.162 In the RIA 

(Figure 2), an extract of the food is attached to a 

suitable solid phase. The serum from individual~ 

with allergies to that food is incubated with the 

solid phase allowing the allergen-spectbc lgE 
antibodies to bind to the solid-phase ailergen. The 

bound lgE antibodies are then detected with the 
aid of 12sl-1abeled anti-human lgE. I~l an altema-

tive enzyme-linked immunosorbent assay (ELISA) 
procedure, enzyme-labeled anti-human lgE is 
used. These innnunoassays rsly on the availabil-
ity of blood serum from food-allergic individuals. 

Unlike in vivo tests, these individuals do not have 

to be physicany present during the test, 

In the inhibition format, an extract of the food 

is bound to the solid phase just as in an irDmu-
noassay. The lgE-binding ability of a test extract 

(e.g., a processed fonn of the food) is assessed by 

mixing increasing concentra:tions of the test ex-

tract with human sera from food-allergic indi-
viduals and auowing the mixtures to incubate 
with the solid phase. A competition occurs for 
lgE binding to the solid phase vs- the test extract. ' 

The amount of lgE bound to the solid phase is 
determined using 1251-1abeled anti-human lgE. An 

inhibition curve is developed which plots the 
counts bound to the solid phase vs. the protein 
concentration in the ftee phase or test extract. The 

ilibibition inununoassay has been used success-
fully to detect trace residues of allergenic proteins 

contaminating other foods,147-149,i51,15, and to as-

sess the effect of processing on the allergenicity 

of various products made from peanuts and soy-
beans.51.54 

some limitations andhave been largely supplanted 

by sodiuln dodecyl sulfate-polyacrylalnide gel 
electrophoresis (SDS-PAGE), these procedures 
could still be useftll in the detection of specific 

allergens . The general procedures for CI~ and 
CRIE were described in some detail by Yunginger 
and Adolphson.162 The Inajor ItrDitation by com-

parison to SDS-PAGE is the comparative lack of 
resolution of individual proteins in the agarose 

gels used in CIE and CRlE-

3. SDS-PA GE and Immunoblotting 

The separation and detection of allergens is 

perhaps best accomplished by SDS-PAGE with 
immunoblottrng. This procedure has bcen fre-
quently applied to the identi~ilcation of multiple 

aJlergens existilrg in many foods.29.43.50,60,61 How-

ever, the clinical significance of the individual 
lgE-binding proteins re~ealed by SDS-PAGE has 

not been detennined, especially with regard to 

miuor allergens (see "Food Allergens"), nl SDS-
PAGE, a food protein extract is treated with SDS 

to disrupt polymeric proteins into their simplest 
monomeric sublmits.16j These proteins aj:e then 
separated by PAGE by a variety of slightiy differ-

ent procedures. Inlmunoblotting techDiques are 
thoroughly described elsewhere.166,167 The sepa-

rated proteins are electrotransferred to nitrocellu-

10se; the uitrocellulose is overlaid and incubated 

with human sera contailiulg lgE antibodies to the 

particular food extract; and the lgE-binding pro-

teins are detected using either enzyDle-labeled or 

radiolabeled anti-human lgE antibodies and a 
subsequent colorirnetric enzymatic reaction or 
autoradiography as appropriate. 

B. In Vivo Tests 

1. Skin Tests 

2. Crossed Immunoelectrophoresis and 
Rad ioimmunoe'ectro phoresis 

Cll~ and CRlE have been used to separate and 
detect the mllltiple allergens that exist in most 

foods.74,163,i64 Although these procedures have 

The skin prick test is probably the most fre-

quenily used test for the diagnosis of allergies 
including food aJlergies. It is typically conducted 

by the prick/pl~lcture method with diluted (1:10 

or 1:20) extracts of the specibc food. A positive 

skn test is indicated by the development of a 
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Antigen attached to solid phase (eg, peanut 
protein atl:ached to cyanogen bromide 

activated celluiose 

Antigen speeific immunoglobulin binds to protein 

attached to solid phase 

Bound lgE detected wrul labeled 

anti-human lgE 

F]GURE 2. Radioimmunoassay (RIA) for food-speoific lgE antibodies 

wheal 3 mm or larger in diameter at the puncture 

site than by a diluent control wheal measured 
within 10 to 30 n)in of antigen treatment. The 

proper application of the skin prick test in the 
evaluation of food allergies was described by Bock 

et al.16B When used in the evaluation of the 
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allergenicity of specific proteins, the skin test 

extract is typicalLy prepared from pulified or 
semipurified material. The standardization of al-

lergen extracts would be desirable to enhance 
the reliabiiity of skin tests (see "Auergic Reac-

tions to Foods" by John A. Anderson in this 
issue). 

2. Challenge Tests 

A variety of placebos can be considered.Isl 

Obviously, with liquid or solid vehicles, the pla-

cebo is the vehicle without the test substance. 

Placebo capsules are often f~led with sugar or 
soJne other readily metabolized ingredient-
DBPCFCS are strongly preferred over either opsn 
challenges or single-blind challenges. Open chal-
lenges should b~ considered as a fo~ow-up to 

negative DBPCFC to assure th'dt reactions would 
not occur under typical prepara:tion practices. 

The DBPCFC is considered to be the gold 
standard for the diagnosis of adverse reactions to 

foods.151 The DBPCFC is often used in the diag-

nosis of adverse reactions to foods (see "Anergic 

Reactions to Foods"). For purposes of testing the 

anergenicity of food proteins, a group of parients 

with wen-docl~nented histories of allergic reac-

tions to the food under study, who also have 
positive skin tests or irnmunoassays, are selected. 

Patients wlth severe reactions would hot partici-

pate in DBPCFC. 
For the DBPCFC, the food must be disguised 

in some fashion. Usually, ihe food is dried in 
some way, and the dried product is encapsulated 
in opaque, dnted gelatin capsules.Isl The amount 

of product that can be placed in one ca:psule usu-

aJly ranges from 400 to 500 mg, although some 
exceptions may exist. Altematively, the food may 
be given in a liquid vehicle such as Vivonex~ or 

a milk shake; the food may also be disguised in 

another solid food such as a haniburger or apple 
sauce.151 The taste of the food must be thoroughly 

disguised in whatever vehicle is used. Often, cap-

sules are wiped clean of any excess food and then 

dipped in powdered sugn: to provide a unjf;orm 
and sweet taste.151 In liquid or solid vehicles, the 

taste of the vehicle must effectively disguise any 

taste conveyed by the test substances. Strong fla-

vors such as grape or chocolate for liquid vehicles 

are often preferred. 

The DBPCFC is typically perfol:med over a 
range of doses. The starting dose should provide 
no more than one half of the food that was present 

in the mininiaD:y provoking dose by history. The 

maximum dose should be 8 g of the dried food 
product in a capsu~e challenge, although larger 
quantities might be used with liquid or solid ve-

hicles in adults_ 

Vl. UTILIZATION OF TEST METHODS IN 
THE EVALUATION OF THE 
ALLERGENIC[TY OF GENETICALLY 
ENGINEERED FOOOS 

A. In Vitro Tests 

1. Immunoassays and Inhibition 
fmmunoassa ys 

In iD~lunoassays with geneticauy engineered 
foods, the newly introduced or expressed protein 
could be attached directly to the solld phase if 
available in pl:rifiled form. Altematively, an ex-

tract of the genetically engineered food could be 

attached to the solid phase. In tbis case, the amouD:t 

of the newly iutroduced or ~xpressed protein in 

the extract actuaJfy attached to the solid phase 

should be quant~ied_ The extract must be pre-
pared in a fashion to assure extraction of the 
newly introduced or expressed protein as dis-
cussed below for skin test extracts. Ideally, the 

concentration of the newly introduced or expressed 

protein attached to the solid phase should be 
equivalent to that found with a solid phase pre-

pared with the donor food material. 

The immunoassays can be more easily used 
in the detection of allergens from genetically 

engineered foods than the skin test (see 
Section VI.B.1) because the patients do not need 

to be assembled in one location. This is particu-

larly advantageous for less colnmonly arlergenic 
donor foods. Of course, the serum must bc drawn 

from individuals with well-documented alLergies 
to the donor food in question. 

Although the inununoassays will be useful in 
the evalu~:tion of the anergenicity of geneticajly 
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engineered foods, the inhibition inununoas says 
should be even more useftil. In the inhibitioxl 

iuimunoassay, a protein extract of the donor food 

material would be attached to the solid phase. An 

extract would be made of the geneticany engi-
neered food with aJJ: of the caveats as noted for 

skul test extracts (see Section VI.B.1). Iilcreasing 

concentrations of this genetically engineered food 

extract would be mixed with human serum from 
allergic individuals with the appropriate allergy 

to the donor food and allowed to incubate with the 

solid phase. A competition would occur between 
the donor food allergen bound to the solid phase 

and any allergen from the genetically engineered 
food contained in the free phase. Again, the amount 

of lgE bound to the solid phase would be deter-
mined using 12sl-1abeled anti-human lgE. An iDhi-

bition curve plotting percent counts bound to the 
solid phase vs. the protein concentration in the 

free phase would be prepared. 
The inhibition innnunoassay method was used 

successfully to identify the aller*'enioity of a 

methionine-rich Brazil nut protein that has been 
cloned into soybeans to enhance their nutritional 
value- 169 

2. SDS*PAGE and Immunoblotting 

Immunoblotturg following SDS-PAGE could 
bc easily adapted to the analysis of genetically 
engineered foods containing new proteins derived 

from known allergenic foods. In these experi-
ments, ihe geneticany engineered food can be 
compared to the food ftom the host plant and the 

food ftom the donor. A comparison of the lgE-
bin(iulg proteins among these three foods would 
reveal if the genetically engineered food contains 

any allergens derived ftom the donor. SDS-PAGE 
with immunoblotting is quite sensitive especially 

when radiolabeled antibo~ies and autoradiogra-
phy are employed. Thus, the allergens would likely 

be detected even if the amounts expressed irl the 

genetically engineered food were rather slnLill. 
This techDique has been used to detennine that a 
high-methiolrine protein ftom Brazil nuts, which 

was transferred into soybeans to correct the sulfur 

amino acid deficiency, was the most prominent 
lgE-binding protein in Brazil nuts.~69 

B. In Vivo Tests 

Certain ethical issues must be considered in 
the use of human subjects in the evaluation of the 

poteritial allergenicity of geneticany engineered 
foods. Institutional Review Board (~RJ3) approval 

must bc obtained. 

1. Skin Tests 

The skin test for lgE antibody reactivity could 

be us~ful in the assessment of the allergenicity of 

genetically engineered foods in situations where 

the donor material is deirived from known aner-

genic foods. Any assessment would require the 
identifilcation of a group of individuais with a 

well-documented allergy to the donor food mate-
rial (see "Assessment of the Allergic Potential of 

Foods Derived From Genetically Engineered Crop 
Plants" by Dean D. Metcalf:e et al. in this issue). 

The preparation of the extract from the ge-
netically engineered food for use in the skin prick 

test is critical. Fresh foods should be used for the 

preparation of the extract in most cases, although 

the comparison of f resh and processed foods might 

be useful on occasion Extracts ofthe donor food 

and the nonengineered host food could be pre-
pared and included for comparative purposes. Most 

food extracts for skirl prick testing are prepared 

by extracting the pulverized ftesh food in saline. 

Some foods are defatted first, but only if enough 

fat exists in the food to interfere with extraction-

The saline extract should contain the soluble al-

bumin and globunns ftom the particl'lar food. If 

the novel protein is known to bc insoluble in 
saline, then some alternative extraction procedure 

IDight bc devised. In a few cases, it may be unnec-

essary aJ~d unwise to make an extract. Extracts 

prepared fronl fresh fruits, are notoriously un-
stable_ In these situations, the prefe;rred method 

wouid be to use a drop of the fresh fruit juice on 

the skin or to puncture the skin by iuserting the 

nee(ne through the fruit or other food after plac-

ing it on the surf;ace of the skn. The presence of 

the novel protein in the skirl test extract should be 

confinned and quantitated. The extent of the dilu-

tion of the saline extract can be adjusted, as nec-

essary, to achieve a proper concentration. If the 
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saline extract does not contain sufflcient amounts 

of the novel protein, some concentration step 
should be considered_ The stability of the novel 
protein in the sali:le extract should also be deter-

mjned. If this protein is unstable then extracts 

should be fteshly prepared before each test. 

When conducting DBPCFCS of genetically 
engineered foods, the placebo would be the food 
from the nonengineered variety This placebo 
should add value to these tests because it would 

be analogous in taste, texture, and composition to 

the geneticany modified food, except for the newly 

introduced proteins. 

2. Challenge Tests 
C. Animal Models 

The DBPCFC would be applied in the evalu-
ation of individual(s) who have a well-doeu-
mented ailergic reaction to the food ihat is the 
source of the inserted genetic material in geneti-

cally engineered foods (see "Assessment of the 
Allergenic Poten:tial of Foods Derived From 
Geneticany Engineered Crop Plants"). The docu-
mentation of the allergic status of the individu-

als in the test ~~roup should bc based on signifi-

cant cliDical histories of adverse reactions and 

positive DBPCFC to the source food, as well as 
positive skil:t tests and immunoassays for spe-
cific lgE antibodies. 

ST and iD2munoassays with extracts of the 
geneticauy engineered food shollld bc conducted 
before the DBPCFC. If positive skn tests were 
obtained with food extracts, extra precautions 
would need to be exercised in the DBPCFC. 

The food used for DBPCFC challenge should 
be harvested, cleaned, and processed in a manner 
that wouid be typical for ihat food. The challenge 

food sholild contain as many of the components 
of that food as might be usually expected. For 
exalnple, if evaluating a wheat the wheat graiJis 

might be converted into a whole-wheat flour. The 

form of the product should be that suspected of 

causing a reaction. With oilseeds, the meal and 
the oil might be tested separately because the-
oiliness of whole peanuts could create dif~iculties 

in some admiDistration vehicles. Although most 
foods would be dri:ed for conve:lience befor~ ad-

Ilrinistration, f tesh foods might be needed for some 

DBPCFCs. For example, anergic reactions to fruits 

usuauy only occur to fresh truits so that ftesh fruit 

would be ihe most appropriate test substance in 
that case. The d0~age recommendations would bc 
similar to those suggested for any DBPCFC. Al-
tematively, the purified recombinant protein colild 

be used in DBPCFC, although IRl3 approval for 
human challenges nlight prove difficult. 

New animal Inodels could also be evaluated 
for their potential to assess the ailergenicity of 

foods derived ftom geneticauy modeled plants. 
There are several oriteria that, in theory, such 
animal mo(~els of food allergy must satisfy. First, 

the test animal must tolerate the majority of food 

proteins to which it is naturaJJ:y exposed while 

mounting a si*gnificant I.•E antibody response to 
only a few allergelric ones. Second, exposure and 

challenge with an allergen must occur orally. 
Tbird, this model Inust reflect organ sensitivities 

sirnilar to those seen in hulnans during a food-
induced allergic reaction such as GI reactivity, 

dennatologic, and/or respiratory hypersensitivity. 

FinaJly, such a model must be relatively easy to 

induce and consistently reproducible, ftom one 
time interval to another within the same species 

and different laboratories . ~Tnfortunately, such an 

aJaimal model is not available now, and may not 
be in the near future. The only alternatives are 

animals that produce anergen-specific lgE anti-
bodies in response to parenteral anergen inlmuni-

zation plus adjuvant.170 Although these models 
are useftrl in food allergy research and a~lergenicity 

detenntnations, they are not adequate food al-
iergy models. 

Unfortunately, at this time there are no ani-

mal models that can accurately predict the 
allergenicity of food proteins or replicate a food-

induced anergic response. The major problem is 
that the requirements for such a model are inher-

ently strict and it is difbcult to answer complex 

questions with only animal Inodels. Another dif-
ficlilty with animal models is that aJl l~oE antibody 

responses are not the same. Mioe and rats (iffer in 

lgE antibody responsiveness,171 and even differ-

ent strains of mice Oan differ from one an-
other.1?2,173 This, however. Inay not necessarily bc 

a deficiency, because it does reflect the variety of 
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lgE responsiveness seen in hulnans. Another prob-

lem is that the responsiveness of experilnental 

animals does not always relnain the same. 
Kemenyi71 has reported that changes in an aDimal' s 

lgE responsiveness were observed from I year to 
the next in his own laboratory under conditions 

using identical allergen and immunization 
methods. 

It is very difficult to get significant lgl~ anti-

body responses in anirnals such as mice (the best 

studied) wiihout the use of adjuvants such as 
alwlainwn hydroxidel72 or Bordetella pertussis. 173 

Perhaps the best investigated is the B_ pertussis 

vaccine; yet the component inducing tilis response 

has not been ftilly characterized. More recently, 

Kemeny used the castor toxin, ricin, to induce I*•E 
arl:tibody responses- Using this substance he deln-

onstrated that CD8+ T cells were involved in the 
regulation of lgE antibody responses.174 

A final consideration for animal models is 
that animals must respond to ingested or gavaged 

auergens. Unfortunately, there is very little infor-

mation on responses of animals exposed to ~ner-
gens in this fashion, particularly in the absence of 

adjuvants. Over the years a nulnber of investig~~ 

tions have used ani:nals to study food-induced 
allergic responses. JaJ:rettl?5 studied rats respond-

ing to antigens adrninistered by mouth or by irL-

jection, and reported that by either route, antigen 

di:llinished rather than heiglltened lgE responses 

to a subsequent anergen exposure. These animals 
have a higlily developed capacity to suppress the 

production !)f lgE by i~nunoregulatory mech~lr 
nisms. An interesting intestinal anaphyl~is model 
in rats was developed by Byars and Ferraresi.176 

Changes in pemeability of the intestine after oral 

challenges of sensitized rats was the parameter 
Ineasured tbrough uptake of 12sl-labeled BSA. 
Other models used intestinal anaphylactic reae-
tions in sensitized micel?? and a rabbit hyper-
itDID:unization Inodell78 to assess the potentiaby 

reduced anergenicity of treated, compared with 
untreated cow' s nlilk. Although the authors claiul 

some pron3ising results from these models, this is 

in contrast to what has been reported for assess-

Inent of other hypoallergenic formulas, 
Bozelka and colleaguesi79 attempted io de-

velop a food allergen model in CSH/HeJ mice 
immunized parentan:y or intragastrically with two 

food allergens, soy and shrimp, without signi~i-

cant success. Although both preparations elicited 

specific lgi~ antibody responses to aJlergen when 

given intraperitoneally, soy or shrimp adrninis-

tered intragastrically wlth or without pertussis 

adjuvant did not induce detectible lgE aritibody 

res ponses. 
There is no adequate animal model to meas-

ure food allergens in tenns of a ftlll range of their 

activities. There may be some hope for an animal 

model to assess a protein's ability to induce lgE 

antibody response, but this requires filrther re-

search. One needs to bc careful about over reli-
ance on any animal model in tenns of its ability 

to predict the allergenic potential of a particular 

food substance in humans. An unfortmlate ex-
alnple of t~is is efforts to develop hypoallergenic 

infant fonnulas based on a pertial hydrolysis of 
whey.76 These products were screened for in2mu-

nogenicity in rabbit animal models measllring lgG 

antibody responses. These models predicted de-
creased immunogenic activity, and the products 
were marketed as hypoaJlergenic infant fonnula. 
In reaJity, these partial whey hydrolysates still 

contained substantial anergel:ic activity that trig-

gered allergic reactions when fed to cow's milk;-
allergic infants.1~,so.126 One must view with cau-

tion interpretation of any studies based solely on 

such alailnal models. 

VIL SUMMARY 

Food allergens are typicall:y proteio~s that ~re 

resistant to digestion, acid, and heat treatments. 

However, some notable exceptions exist. The 
amount of these proteins needed to elicit an alLer-

gic response in previously sensitized individuals 

is quite low (IDiDigram amounts). The anergenieity 

of speeific proteins deirived from known alle~ 
genic sources can be determined, whereas the 
potential allergenicity of proteins derived from 

sources of ul~known allerg'enicity is much harder 

to assess 
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l. INTRODUCTION 

Tbis allicle reviews the biochemistry of com-

mon and less commonly auergenic foods and the 
allergenic proteins that have been identified. The 

techniques utilized to doculnent the arlergenicity 

of various foods and allergenic proteins are pre-

sented. Often, particularly in the case of anaphy-

laxis, oral challenges have not been conducted. 
Ra:ther, the alLergellic material in question has 

been imphcated presumptively based on the dem-
onstration of a positive skn test or an in vitro 

assay for specific innnunoglobulin E a*•E) anti-
bodies. 

A. Allergen Nomenciature 

lh response to the heightened progress in 
recombinant technology, an allergen nomencla-
ture system has been adopted. This system was 
described recently in detail by King et al.1 A~ler-

gens are designated according to the accepted 
taxonomic name of their source. The first three 
letters of the genus are used, followed by the 
first letter of the species and then an Arabic 
number. The numbers are assigned to these al-
lergens according to the order of their identifica-

tion and generally the same number is us_ually 
used to designate homologous allergens of re-
lated species. For example, the first allergen 
described in brown shrilllp, Penaeus aztecus, is 

designated Pen a I and the homologous mol-

ecule from lildian shtixnp, Penae;ts indicus, is 

Pen i 1. 
Members of an allergen group that have more 

than 67% alnino acid sequence homology are 
called isoallergens.1 Each isoallergen may have 

multiple fonns of closely sirnilar sequences that 
are designated as variants. The system can de-
scribe polymorphic fonns that djiffer slightly ftom 

each other in their amino acid sequences or de-

~,~ree of glycosylation. r7urthennore, the nomen-

clature system provides rules for describing al-

lergen genes, messenger RNAS (mRNAs), 
CDNAS, and recombinant and synthetic peptides 
of allergenic interest.1 Examples of the use of 

this nomenclature system for describing several 
of the major food allergens are presented in 
Table l. 

In addition, researchers customarily describe 

allergens as major or minor. Major allergens are 

generaJly defined as proteins for which 509~o or 

more of the allergic patients studied have sps-

cific lgE.1.2 Examples of major allergens are 
Ara h I from peanuts,3 ovalbumin> ovomucoid, 
and ovotransferrin from eggs,4 and Pen a I ftom 

shrimp.5 The significance of minor allergens has 
becn debated. Minor allergens may be the result 

of experixnental artifact or may contain siuilari-

ties in structure to major allergens that aILOW for 

lgE binding, but do not have the conformation 
necessary to elicit histamine release. For ex-
alnple, research has shown that peanut-allergic 
patients possess lgE that can bind to proteins 
from many other legn:nes., resulting in positive 

1040-8398l 96/$.50 
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TABLE 1 
Major Food Allergens ldentified 

Allergen source 

Arachis hypogea 
(peanut) 

Berttlolfetia exce!sa 

(Brazil nut) 

Br~ssica juncea 
(oriental mustard) 

Gadus callartas 
(ood) 

Gallus domesticus 
(chicken - eggs) 

Glycjne max 
(soybean) 

Penaeus aztecus 
(brown shrimp) 

Penaeus indicus 
(indian shrimp) 

Metapenaeus enis 
(g reasyback shrimp) 

Sinapis alba 
(yellow mustard) 

b 

Allergens (systematic 
and original names) 

Ara h i 

Ber e i 2S alburnin 

Bra j i; 2S 

Gad c 1; 

Gal d I -

Gal d 2; 
Gal d 3 
Gal d 4; 
Gly m 1 

Pen a 1; 

Pen i I -

Met e i 

a bumin 

allergen M 

ovomuco id 
ova bumin 
ovotransferrin 

l ysozyme 

tropomyosin 

tropomyosin 

tropom yosin 

SIT,~i 2S albvmin 

mol Wt 
(kDaj 

63.5 

12 

14 

12 

28 
44 
78 
14 
34 

36 

34 

34 

i4 

Sequence 
data* 

o 

c 

c 

c 

C 
c 
C 
c 

P 

P 

c 

c 

ATtlino aoid sequence obtained directly or deduoed from CDNA sequenoe 
Referenoes refer to those where partial (P) or complete (C) sequence 
available 

Ref.b 

1 38 

i 94 

849 

69 

31 
35 
37 
42 

1 74 

5 

g2 

94 

268 

data are 

L~~9.~ 

skiu test aild RAST rcsults. However, the clini-

cal manifestations of such cross-reactivity are 
rare, as the patients are only documented to ~e 
allergic to peanut and perhaps one other legulni- -

nous food.6 On ihe other hand; given that the most 

popular tecbnique used for ident~fying auergens 
is a process that causes proteins to be broken 
down into subuaits (SD~-PAGE, see "Principles 
and Characteristics of Food Allergens" by Steve 
L. Taylor and Sam B. Lehrer in this issue), minor 

allergens could actually be parts of larger major 

anergens. Therefore, they may have the potential 
to cause significant reactions in some individuals. 

The Inajor anergens are often found in abun-

dance in a food. Ara h I is part of a peanut storage 

protein.7 This is not always the case, however; for 

exarD:ple, the major codfish aller*'en, Gad c 1, 

comprises a small ftaction of the total protein of 

the co(ifirsh, yet is the major anergen.g 

ll. COMMONLY ALLERGENIC FOODS OF 
AMMAL ORIGIN 

A. Cow's Milk 

Throughout the world, cow's' rDilk (BOS 
taurus) is used for the majority of human milk 
consumption. IgE-mediated sensitivity to cow's 

milk is one of the most common food allergies. 
The overan prevalence of cow's miik allergy in 
infants and children worldwide is estimated to 
be between approximately 2.5% in' the first 3 
years of life.!~ll Symptoms often begin at age 3 

months or younger, but many children lose sen-
sitivity by ag:re 3. Cow's milk allergy in adults is 

rather unusual. It is often manifested in children 

by vonliting and diarrhea, with approximately 
one-third to one-half of those affected experi-

encing skin manifestations such as atopic 
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dermatitis (AD), urticaria, and angioedema, or 
erythematous rashes. 

Cow's milk colnptises a number of proteins. 

Traditionally, two major groups of cow's Ilriik 
proteins have beenidentified: caseins, which com-

prise 80~~o of the totai protein, and w:hey proteins, 

which contlibute 209~o of the total. Caseins are 

phosphoproteins that precipitate from raw sknl 
miik after acidt~cation to pH 4. 6 at 20'C, whereas 

whey proteins remain in the fluid ("serum") after 

the precipitation of caseins . 12 The nomenclature 

of specific milk proteins utilizes a Greek letter 

with or without a subscript preceding the class 
naJne to identify the fatnily of proteins . The ge-

netic variant of the protein is indicated by an 
upper case Arabic letter with or without a numeri-

cal superscript following the class name. Post-
translational modifications are added in sequence. 

Many milk proteins are heterogeneous.12 Charac-
teristics of the major milk proteins are found in 

Table 2. 

1 . Major AIlergens 

A number of milk proteins have been identi-
fied as anergenic or itDmunogenic in humans. 
Many patients are aller*"ic to more than one milk 

protein as identified by skn-test reactivity or by 

oral challenge. Individuals allergic to cow's nlilk 

wiu often extd:bit the presence of lgE antibodies 
in their serum to goat or sheep' s milk.13,14 Caseins 

and ~-lactoglobulirl are the major alle;rgens ill 

cow's milk.ro.14,15 The peroentage of persons al~ 

lergic to individual cow's milk proteins or protein 

fanlilies wnl vary depending on the method used 
to define the !esponse. By oral ehallenge, ~-1acto-

globuhn produces more positive responses than 

does casein.i4•16 When skin tests were employed, 
casein was slighily more prevalent (63%) than 
~-lactoglobll ~ jn (62%).ro Al thou*'h these individual 

studies show one group of proteins more reactive 

than the other by the methods employed, the gen-
eral consensus is tha:t caseins and p-lactoglobulin 

~re most frequently the cause of anergic reactions 

to cow's nljlk. 

Caseins - The caseins are a fainily of chemi-

cany related proteins. The frequency of reactivity 

to individual casein proteins has not been sys-
temicalfy evaluated. ce-*1~casein has at least ~ve 

genetic variants. It is a 23-kDa phosphoprotein 
with sequential mouse epitopes.17 The amino acid 

sequence of the protein has been established.12,18 

Based on the predicated structure, hydrophobic 
and hydrophilic domains connected by a segment 
of ce~h~~x have bce;zl identified.12 o;-*2-caseins have 

TABLE 2 
Rnajor Rnilk Protelns 

Protein 

Caseins 
os*caselns 

asl 

ces2 

P•caseins 
lc*caselns 

Y~;aselns 
Whey proteins 
~-]actoglobulin 

oe* actalbumin 

Proteose-peptones 
Blood proteins 
A]bumin 
lg 

Concentration (gll) 

21 ~28 
i 5~1 9 

1 2-1 5 

~4 
9-1 1 

~4 
1 -2 

5~7 
2~~ 
1-1 5 

o.6-1 8 

o I~4 
O~5-1 o 

Percentage of 
total protein Rnol wt (kDa) 

34 
8 

25 

4 
4 

1 

2 

23.6-2s 2 

23 9 
19 
1 1 .5-20.5 

i 8.2 

14.1 

67 
1 6C~200 

Adapted trom Yunginger.199 
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varying degrees of posttranslational phosphoryla-

tion- Four genetic variants have becn identified.12 

P-caseins have one major component with se:ven 
genetic variants and eight mjnor components that 

are proteolybc fragments of the major compo-
nent The molecular weight of the major compo-
nent is 23,980.12,18 Modeling studies indicated that 

the protein has hydrophobic side chains dispersed 

over the C-tetoainal end and center surface of the 

structure, wlth a hydrophilic N-temlinus . l~~caseins 

comprise two genetic variants. This proteirl is 
cleaved atresidue 105 to 106 byrenriin (chymosin) 

into two domains . Ttle hydrophobic domain (para-

I~eas6in) is not soluble, whereas the polar do-
main (macropeptide) is extremely soluble .12 

P*Iactoglobulin - Whey proteins comprise 
approximately 209ifo of nlilk proteins . The nlost 

abundant whey protein is ~-1actoglobulin, an 
18-kDa protein belonging to the lipocalin 
fainily. There are at least six genetic variants ofthis 

protein. The primary structuJ~e has been obtained, 12,lB 

The colnplete DNA sequence encoding ~-1acto-
globulin has been reported and shows 91% se-

quence homology with ovine ~-1actog•lobuhn.19 

2. Minor Allergens 

To a lesser degree, the whey proteins c;-1ac-

talbumin and bovine sermn albumiu (BSA) have 
bcen ilnplicated iu anergic reactions to cow's 
milk.16 

a-lactalbumin - oc-Lactalbumin consists of 
two genetic variarlts and its moleclilar weight is 

approximately 14 kDa. The protein has been 
cloned and the nucleotide sequence identified.20 

The priulary amino acid structure has been deter-
mined.12,rs The two genetie variants differ in only 

one amino acid sequence. Sequence analysis indi-

cates homology to lysozyme. Tbis protein appar-
entiy promotes t~ansfer of galactose to glucose to 

fonn lactose, the major ll3ilk sugar. oc~Lactalbu-

min produces both positive skin tests and positive 

oral chaJlenges in a significant number of cow's 
milk-ailergic individuals.14 

BSA - BSA can be detected in milk and is 
idcnticai in characteristics to bovine blood serunl 

albumin. BSA has produced both positive skul 
tests and oral challenges in some cow's milk-anler-

gic individuals.16 BSA is a heterogeneous protein 

wlth a molecular weight of 67 kDa comphsing 
approxinately I ~1~o of the tot~l milk protein. 

Other proteins - Other milk components 
nlay occasionany be allergenic. These include 
bovine inmuno.'10bulins ag), which comprise 
less than 2% of the totai milk protein, P2-
microglobulin, transfenin, Iactofenjn, 14 Iactoper-

oxidase, alka~ne phosphatase, and catalase_21 
Maillard reaction adducts, which are lactose-pro-

tein conjugates, may occasionaJly act as aller-
**ens- A ~-lactoglobulin lactose conjugate was 

shown in one study to bc 10 to 100 thnes more 
potent in intrademlal skin tests than native 
~-lactoglobulin.14 

3. Structure-Epitopes 

Although caseins are signjj~:cant auergens, no 

data are available regarding their hum~n T- or 
B-ceil epitopes. For ce-*1~casein, the mouse T- and 

B-cell epitopes have been identrfied as sequential 

epitopes.17 Because oe-=1~casein is the casein sub-

unit that most often interacts with lgE ~om in-
fants and chjldren with cliDically allergic symp-
toms,Is it would be helpftil to have infonnation 

re~~arding its epitopes in human systems. Bald021 

folJnd that the *'1ycomacropeptide frorcL K~casein 

(amino acid residues 106 to 167) and the polypep-

tide j~agment encompassing alDino acid residues 
99 to 167 reacted with most of the serum in his 
lgE-blotting study; the latter peptide proved more 

reactive, and nlight indicate the presence of an 

lgE epitope in amino acid sequence 99 to 105. 

4. Dose Response 

The exact quantity of milk protein required to 

produce sensitization agE antibody production) 
or cliDical symptoms is not known. Trace quanti-
ties of milk proteins in processed foods may pro-

duce symptoms in sensitive individuals.22 Solne 
infants may develop cow's milk allergy despite 
breastfeeding- P-Lactoglobulin levels in women' s 

breast milk increased fi:om a basal level of 0.0 to 

3.5 ugfl (after abstuence from cow's Il~lk inges-

tion for at least 24 h) to as nluch as 0.01 to 
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2.34 ug/1 after adrDiDistration of 400 ml of cow' s 

milk.2s This may explain the source of sensitiza-

tion in some situations. Because ~-lactoglobulin 

could not be detected irl all salnples, it may not be 

the only explanation. lrltact proteins, such as BSA, 

have also been measured in peripheral blood from 
indiviiduals who have eaten these proteins.24 

B. Egg 

Eggs from chickens (Gallus domesticus) are 
widely used for human consu:nption. E**g allergy 

is one of the most frequently implicated causes of 

irnlEledia:te food-allergic reactions in children in 

the U.S. and Europe.25 Frequently, eg*' seusitivity 

disappears by the fourth or fifth year of Itfe or no 

later than the first decade of lif;e; however, one 

third of individuals have clirrical sensitivity that 

lasts ove;r 6 years.2s Although there is extensive 

cross-reactivity among the proteins from various 
birds, hen e*'gs tend to be slightly more allergenic 

than duck eggs-26 The egg white (albun)in) is 
IQore allerge~ie than the yo~k. Egg white ploteins 

have been studied extensively, and most have 
been purified and their amino acid sequences 
deterDained. 

Eggs are composed of 56 to 6l~c egg white 
and 27 to 3291;e egg yolk. The egg white is ap-

proxilnately 87 to 89% water and 9 to 119ifo pro-

tein, whereas the egg yolk contains 509~o water, 32 

to 35% ~pid, and 1 6~a protein,27 T~le predo~inant 

protein in the egg white is ovalbumin, comprising 

54% of the protein present- Other major proteins 

in the egg white are ovotransferdn (12%), ovo-
mucoid (1l~o), ovomucin (3-5%a), and lysozyme 
(3.4%). In addition to these proteins, a variety of 

other proteins have been identifiled. Ovomucin is 

a complex glycoprotein with two subunits of 180 

and 400 kDa. Ovoinhibitor is a 44-kDa protein 
whose an2jno acid sequence is known and whose 
gene sequence has been obtained by CDNA clon-
ing.2s Ovoflavoprotein has been found in both egg 

white and egg yolk, and is kuown to be a ribofla-

vin-binding protein. Avidin composes 0.59~o of 
egg white protein. It is a heterogenous tetra~neric 

glycoprotein with a molecular weight bctween 66 
and 69 kDa, and acts as a biotixl-binding protein. 

Other proteins include ovomacroglobulin, the G2, 

G3 globuhns (which are not well characterized) , 

and cystatu, an inhibitor of cysteine proteases . 

The characteristics of egg white proteins are surcL-

marized in Table 3. 
Egg yolks can be separated into two fractions 

using ultracentriftrgation. The sedimented frac-
tion is called the gra:nule fraction, containing 60a/~ 

protein and 35~~o lipid. The other f~action, the 

clear supemataut solution, is carled the plasma 
fraction, contaiDing 18% protein and 809~o lipid.27 

The granule fraction contains lipoviteuin Q~igh-
density lipoprotein), phosvitin, and low-density 

lipoprotein. The low-density lipoprotein in the 
e*'g yoik exhibits a much higher molecular weight 

(3 to 10 x 106 Da) than that present in the e*'g 
white (160 to 190 kDa). Phosvitin comprises 169;{o 

of total egg yolk protein and is the iron-canying 

Inolecule.29,30 The characteristics of egg yoik pro-

teins are summarized in Table 4. 

1. Major Allergens 

Ovomueoid - Ovomucoid (Gal d 1) is a 
glycoprotein with a molecular weight of 28 kDa, 
a pl of 4_1, and exiribits trypsin iDJnibitor activ-

ity. It contains no tryptophan, which is found in 

most other egg white proteins- Its amino acid 
sequence contains 186 residues.31 There are 
three tandem domains, each of which is ho-
mologous to pancreatic secretory trypsin in-
llibitor, and each acts as a native globular pro-

tein. Its predicted secondary structure indicates 
some (x-helical and ~-structural elements, and 

polymorphism of the protein exists. Ovomu-
coid has also been doculnented in several stud-
ies as a major allergen For exalD:ple, in one 
study, 48 of 68 sera salnples from egg-sensitive 

patients had positive crossed radioilDmuno-
electrophoresis (CR~3) to ovomucoid,32 whereas 
in a silDilar study, 21 of 34 sera saJnples from 

egg-allergic patients had positive RAST and 
CRIE to ovomucoid 33 However* Bernhisel-
Broadbent et al.34 suggested that the use of 
conunercially purified ovalbumin has led to the 

erroneous concept of ovalbumin as a major egc' 
allergen, because ovomucoid was found to have 
contanrinated comnlercial ovalbunlin prep~ra-
tions aess than 19~o). ~ this study, ovomucoid 
was founc to be a more potent allergen than pu-
rified ovalbunain by skirL testing (ST) and RAST 

in 18 children with egg allergy. 
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TABLE 3 
Characterfstics of Egg White Proteins 

Prote in 

Percentage 
total protein Mol wt (kOa) pl Carbohydrate molety 

Allergens 
Ova bumin 
Ovotransferrin 

Ovomucoid 
Ovomuein 
L ysozyme 
Unproven al[ergenicity 
G2 elobu itl 

G8 Globu n 
Ovoinh'bitor 
Ovog[ ycoprotein 
Ovoflavoprotein 
Ovomacroglobulin 
Cystati n 

Av'din 

54 
1 2-1 3 

li 

1 5-35 
3.~~3.5 

40 
40 
0.1 -1 .5 

a.5-1 o 
08 
o.5 
o.05 
o.05 

45 
77.7 
28 
0.23~ 3 x 10G 
i4.3 

4g 
49 
49 
24.4 
32 
O 76~) 9 x 10G 
i2.7 
68.3 

4.5 

6.0 

4i 
4.5-5.0 

i 0.7 

5.5 

58 
5.1 

40 
4~47 
51 

10 

Y 
Y 
Y 
Y 
N 

Y 
Y 
Y 

Y 
Y 
N 
Y 

Adapted trom Li-Chan and Naka.51 

TABLE 4 
Characteristics ot Major Egg Yolk Proteins 

Percentage of total protein 

Protein Granule Plasma Mol wt (kDa) 

Qranule 
Lipovitellin 70 
Phosvitin i 6 
Low-density 
!ipoproiein i2 

Plasma 
Low-density 

lipoprotein 

Livet' n 

400 
16c~190 

64 ~hi o x lo' 
1 4 45-1 50 

Adapted from Yunginger.199 

Ovalbulnin - Ovalbumin (Gal d 2) is a 
monomeric phosphoglycoprotein with a molecu-
lar weight of 43 to 45 kDa and a pl of 4.5. The 
385 arnino acid sequence has been established.3j 

PuJieiled ovalbumin has three variants, A1' A2, 
and A3, which contain two, one, and no phos-
phate groups per molecule, respectively. The 
susceptibility to denaturation increases in order 

of decreasing degree of phosphorylation. The 
mRNA nucleotide sequence of ovalbulnin has 
been reported.36 

OvaJbumin has been doculnented in several 
studies as a major allergen. For exa:nple, 68 of 68 

sera from egg-sensitive patients were positive iu 

CRlE to ovalburnin in ohe study,32 whereas in a 

similar study,33 34 of 34 sera from egg-auergic 

patients were positive in RAST and CRlE to oval-

bumin. 
Ovotransferrin (conalbunrin) - Ovotrans-

ferdn (Gal d 3) has a molecular weight of 77 kDa, 

and a pl of 6.0. Its 686 amino acid residues and 

sequence ha:v~ becn ident~fied directiy31 and de-
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duced indirectly by mRNA sequencing.38 It has 
antimicrobial activity and iron-binding proper-
ties. Ovotransfenin has also been doculnented in 

several studies as a major egg allergen. For ex-

ample, in one study, 35 of 68 sera ftom egg-
setisitive patients had positive CRJE to ovotrans-

ferdn,32 whereas in a similar study, 20 of 34 sera 

ftom egg-allergic patients had positive RAST and 

CRIE to ovotransferriri.33 

Apoviteuins - Apoproteins derived fronl 
the low-density lipoproteiu ftaction of the egg 
yoik are major allergens for some egg-sensitive 
individuals. Apovitenin I has been shown to be a 

major auergen in RAST studies using sera from 
egg-sensitive individuals.39.40 Apovitenili VI was 

found to be a major arLergen in RAST analysis in 
a study by Walsh et~1.40 Anet et al.39 discovered 

that the apovitenins Ilr, V; and VI were minor 
allergens for the individuals in their study. 

2. Minor Allergens 

Lysozylne - Lysozyme (Gal d 4) is a 
14.3-kDa protein with a pl of lO.7. Its 129 amino 

acids have been sequence(~41 It is a sin*•le polypep-
tide chain cross-lrnked by four disl~Ifide bridges, 

The chain is folded upon itself so that the first 40 

residues from the N-tenninal end forln a compact 
globular domain.42 There is a second hydrophilic 

domain (residues 40 to 85) that fonns one site of 

the activ~ site cleft. Its mRNA with exons and 
flanking introns have also been identified.43 The 

role of lysozyme in egg alLergy has not been 
established. Miller and Campbell44 found 
lysozyme to be a major allergen by ST, but 
Langeland32 found that O of 68 sera ftom egg-
allergic patients had apositive CRlE to lysozyme. 

Anet et al.s9 found that 4 of 9 sera from egg-
sensitive patients were positive for lysozyme us-

ing RAST. 
Ovomucin - Walsh et al.40 found that ovo-

mucin was a IDinor anergen in RAST studies 
using sera from egg-anergic subjects-

3. Structure - Epitopes 

Phosvitu - Walsh et al.40 also concluded 
that phosvitin was a minor allergen in RAST 
analyses using sera from egg-allergic subjects. 

Some pn)gress has been made in determin-
ing the T- and B-cell epitopes of ovalbun)in. 
Shinoda et al.45 examined th:e T-cell pro~ferative 

resppnse to ovalbumin in children with AI) who 
were sensitiVe to egg protein. The proltferating 

ce~ population appears tp bc CD4+ CD45 RA+ T 
cells. The epitopes responsible for this prolifera-

tive response were not examined. However, a 
synthetic peptide prepared from ovalbunain dem-

onstrates that sequences that are recognized by 
human lgE antibodies may also stilnulate rabbit 
T cens.46 This peptide comprises amino acid 
sequences 323 to 339 Renz et al.4? found this 
same sequence to be important in the generation 
of inlmediate hypersensitivity responses in Balb/c 

mice exposed via the respiratory route. T-cell 
clones for ovalbumin have been established.4g 
These cen lines appear to be CD4+ cell lines that 

secrete interleukin 4 (lL-4), suggesting th~tt these 

cells are of the T-helper 2 cen type (TH2). 

B-cell epitopes for ovalbumin have been 
more cleaj:Iy established. Johnsen and Elsayed46 

demonstrated that lgE binding occurs wirth a 
peptide of an)ino acid sequences 323 to 339. 
Kahlert et ai.,49 using cyanogen bromide eleav-

age of a commercial ovalbunlin preparation, 
demonstrated lgE binding to peptide sequences 
41 to 172 and 301 to 385. Data obtained fronl 
studies of ovotransfenin (Gal d 3) show seven 
continuous epitopes,so ovomucoid has prolDi-
nent c~:rbohydrate-containing domains.51 IgE 
binds to the glycosylated domains but not to the 

nonglycosylated domains, although it is ques-
tioned if the carbohydrate nloiety acts as an lgiE-

bin(iulg epitope-52 The lysozyme lgG-binding 
epitope has been studied, and three discontinuous 

epitopes have been identifieds3 (Table 5). It is of 

note that lysozyme and bovine lactalbunlin have 
s2 approxir~lately 439~(~ sequenee identity. 

Holno'logy in the DNA sequence of egg white 

proteins and egg yoik apovitellin n has beeu 
leported.54 It is possible that the yolk and wbite 

could have some lgE-epitope homology. IirterL 
estingly. Anet et al.39 found some cross-reactiv-

ity between egg yolk and egg white in RAST 
inhibition studies. 

Litti~ is known about the dose of egg proteins 

required to elicit an irDmune response. Ovalbu-

min is not easily degraded. It is hypothesized to 
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TABLE 5 
Amino Acid Sequences of Three Discontinuous 
Epitopes of Lysozyme 

Epitope D1.3 
Res'dues 1 8~7 

1 i 6-1 29 

Epitope HEL-S 
Residues 41-53 

67-70 
84 

Epitope HEL-10 
Residues 1 5~1 

68 
7~~75 
89-1 02 

D-N-Y-R*G-Y-S-L•G-N 
K-G-T-D-V-Q-a-w-1-r-g-e-r-L 

Q-a-T-N-R*T-D-G-s-t-d-Y 
G-R:r-p 
L 

H-G-1-d-n-Y-R 

W 
R-w*L 
T-a-s-v*N-o-a-K-K- -v-S-D-(~ 

Note: Residues denoted by iower case letters are not in con-
tact with the antibody combining site. 

Adapted from Davies et al~3 

persist in the body and may stirnulate memory B 
cens, possibly due to fomcular dendritic cells 
retaining antigen-antibody complexes,s4 although 

this theory has not been proven. 

C. Fish 

Percifonnes (basses, perches, dolphins, snap-
pers, grouper~, orange roughy, redfishes, rock-

fishes, mackerels, swordfishes, and tunas). 
Gadif:onnes (codfishes, pollocks, haddocks, and 
hakes), Pleuronectiformes (flounders, haiibuts, 

and soles), and Cyprilitfonnes (carps and cat-
fishes).51 

The consumption of fish and inhalation of 
cookug vapors are causes of lgE~lnediated reac-
tions. There have been no published reports on the 

prevalence of igE-mediated reactions to a particu-

lar species of fis~ as most studies refer only to eod 

or to '~ish" in general. However, fish is one amon' 

the most coulmonly implicated allergenic foods, 

and has been incriuai:lated in fatal anaphylactic 

reactions.5s Although the true prevalence of fish 

allergy is unkuowr~ incidence of fish hypersensi-

tivity is observed to be higher in countries where 

fish consumption is above average. For example, 
cod~sh anergy may bc the m:ost eomlnon food 
anergy in Scandinavian countries.s6 

Most edible fishes belong to elass Osteich-

thyes. Sharks are not in this class, as they are 
cartilagiuous fish (order Squalif;onncs). The most 

commonly consuDaed fishes iu the U.S. belong to 
only a few orders : Clupeiformes (sajlnons , trouts , 

whitefishes, smelts, pikes, henings, sardines, an-

chovies, shad, menhadens, and ~lewives), 

1. Major Aliergens 

Gad c I - The luost comprehensive analysis 
of a food allergen was done by Aas and Elsayed 
and colleagues, which resulted in the purifica-
tion and characterization of the major codfish 
allergen, Gad c I (originally designated Aller-
gen M). Several studies have docwnented ihat 
Gad c I is the major codfish allergen,58~o be-

10nging to a group of muscle tissue proteins 
kuown as parvalbumins.8 Parvalbuniuls control 
the flow of calcium in and out of cells and are 

only folmd in the muscles of anrphibians and 
fish. The existence of structurally related 
parvalbumins in dieferent fish species may ex-
plain cross-reactivity in fish-allergic individu-

als, because Gad c I shares approxilnately 34% 
homology with sinlilar proteins from hake, carp, 
pike, and whiting.s The proportion of Gad c I in 

fresh white cod muscle tissue is 0.05 to 0.1%. 
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2. Minor Allergens 

Ag-17-cod - CRIE studies indicate that 
there are other minor codfirsh anergens distinct 
from Gad c 1,58,61 but these have not been ch~r-

acterized. One of these minor allergens was des-

ignated Ag-17-cod, and two of eight serum 
sanlples from cod-allergic subjects demonstrated 
lgE binding to this allergen.58 lt has also been 

reported that approximately 109~o of cod-allergic 

individuals react to a distinct protein found in 
cod blood serum, but none appear to react exclu-
sively to it.62 

Protamine sulfate - A Iow-molecular-
weight protein widely used as a heparin antago-
nist, is a spenn protein of salmon and related 
fish species belonging to the famDies Sahnonidae 
and Clupeidae (herring, sardines, trout).63 One 
study revealed the presence of antiprotanrine 
sulfate lgE in the serum of one fish-allergic sub-

ject. This subject also exhibited a positive skiu 
test a.'ainst protamine sulfate.64 However, an-

other study found no cross-reactivity bctween 
lgE to sallnon and protamine sulfate in two fish-
allergic subjects.65 Although protamine sulfate 

has been identified as an allergen in some re-
ports of individuals with fish hypersensitivity,66 

one study showed that protamine adi~Qi!listration 

did not cause any adverse reaction in 16 fish-
allergic subjects.6? Therefore, it can be concluded 

that protamine sulfate is rarely allergenic for 
individuals with fish hypersensitivity. 

Suriuli 63-kDa proteiu - Mata e;t al.68 found 

that suriuri, a eollection of one or many diff;erent 

valieties of small fish that are minced and washed 

extensively, gave a single protein band of 63.5 kDa 

in SDS-PAGE. Using RAST, they showed that 
six of six sera froln fish-arLergic patients showed 

sliglltly positive responses to surimi, although 

skiulprick tests were only positive in two of six 

patients. No fufther conclusions can be reached 
on the significance of this a~lergen until more 
research is colnpleted. 

3. Structure-Epitopes 

a. Gad c 1 

Gad c I is an acidio protein (pl 4.75) with a 

rooleoular weight 12,328 Da, and is composed of 
113 amino acids and one glucose molecule.69 As 

a palvalbumin, the tertiary struoture of Ged c 1 

comprises three,domains: AB, CD, and EF. The 
CD and EF domains coordinate one Ca+2-binding 
site each, whereas the Aj3 dolnain does not have 

this property (Figure 1). 

Ged c I contains at least fiv~ lgi~-binding 

sites.70 The sin"•le argiDine 'a:tposition 75 in Gad c 1 
plays a major role in the tertiary structure of the 

aller*'en, but modi~ication of the arginine residue 

reslilted in no differerice in lgE reactivity.?1 Tryp-

tic cleavage at the al:gilrine residue resulted in two 

anergenic fragments, TM:1 and TM2, which were 
equally active in skin-prick tests, Prausnitz-

+2 +2 
ca ca 

75 
AB CD EF 

IO3 Il l 13 33 49 s4 80 IO3 ll3 

Fragment TMl Fragluent TM2 

FleURE 1. The Gad c I molecule. Caleium is bound by loops CD and EF, while loop AB Iacks this property. 
Fragment TMI contains amino acid res[dues i through 75; fragment TM2 contains amino acids 76 through 1 13. 
(Adapted from Elsayed and Apold.70) 
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Kustner (passive sensitization) tests, and RAST 

iDhibition studies.72 TMI comprises amino acid 
residues I to 75 and envelopes the AB and CD 
domains- The acidic residues 59 to 62 are asso-
ciated with the Ca+2 binding of the CD domain.8 

The single glucose Inolecule present in Gad c 1 
is located at the Cys-1 8 position.73 This carbohy-

drate Inoiety does not appear to be involved in 

anergellicity, as the anergenic activity of TM1 
without the carbohydrate was equal to that of 
TM2.72 Fragment TM2 comprises amino acid 
residues 76 to 1 13 and envelopes the EF domain; 

residues 90 to 101 constitute the Ca+2-bindin** 
region of the EF domain.74 Fragnlent TM2 also 
contains one residue of tryptophan, which seems 
to have no bearing on aller*'enicity.75 Further 

tryptic hydrolysis studies of ftagnlent TMI fol-

10wed by skin tests and Prausnitz-Kustner tests 
showed that region 33 to 44 was important for 
a~ergeuicity.76 Tryptic hydrolysis studies of TM2 

showed that region 88 to 96 is partially respon-
?7 sible for the auergenicity. 

Studies using synthetic peptides established 

that region 49 to 64 encircled two repetitive 
sequences (Asp-Glu-Asp-Lys and Asp-Glu-Leu-
Lys). These two tetrapeptides are mutually im-
portant for antibody binding, as region 49 to 64, 

showed relatively hi.•h RAST inhibition (39%) 
compared with Gad c I (689lf.), and produced 
positive Prausnitz-Kustner tests. Region 57 to 
64 did not show any anergenic activity.78 nl a 
subsequent article, it was shown that region 41 

to 64 contained three homolo*'ous tetrapeptides, 

repeated in three sites, interspaced by six alDino 

acids in a segment of 24 residues. A series of 
synthetic peptides of this region showed that at 

least two of the tetrapeptides were necessary for 

interaction with antibody, as all peptides encom-

passing a minimum of two of the tetrapeptides 
produced positive RAST inhibition and Prausnitz-
Kustner tests.?9 IgE-binding capability is inde-

pendent of both the constitution and sequence of 
the spacer amino acids. 

Studies of synthetic peptides also showed 
that residues 88 to 103 in the EF domain have 
37.5% amino aeid sequence homology with the 
CD domain peptide, but lack the essential tenni-

nally located tetrapeptides responsible for anti-

body binding in region 41 to 64. However, tbis 
residue bound specifically to lgE both in vivo 
(Prausnitz-Kustner tests) and in vitro (RAST 
inhibition tests).80 Therefore, region 88 to 103 

was proposed to have a monovaient binding ~lc-
tion that can consequently block, but not elicit 
allergic reactions . 

The AB domain, which does not bind cal-
cium, nonetheless shares more than 309~o alnino 
acid sequence homology with the CD and E~7 
domains, and comprises residues 13 to 32. Syn-
thetic peptides of this region showed that the 
AB domain is ftmctionally divaJ:ent in Prausnitz-

Kustner and RAST inhibition analyses. It re-
acts in RAST inhibition in equimolar concen-
trations at a ratio of 6:1 in comparison with 
Gad c 1.81 

Regions 13 to 32 and 49 to 64 possess the 
divalent detenninants necessary to elicit an al-

lergic reaction. Repeating anoino acid sequences 
are abundant in Gad c l.g In regions 35 to 41 and 

67 to 73, five of the seven residues are identioal 

CLeu-X-Ala-Phe-X-Ala-Asp), suggesting repeat-
ing lgE-binding sites. Region 65 to 83 is found 
between the CD and EF domains. A similar re-
gion joins the AB and CD domains and em-
braces section 33 to 44. These two regions pos-

sess a high degree of homology.71 This, plus the 

high degree of innnunologic cross-reactivity 
between TMI and TM:2, aJ; point to lgE-binding 
sites distributed in a repetitive m~ner along the 

polypeptide chain. 

b. Protamine Sulfate 

Salmine AI, a protamine from salmon, has 
the amino acid sequence 

H-P-R-R-R-R-S-S-S-R-P-V-R-R-R-R-R-P-R-V-S-R-R-R-R-R-R-G-G-R-R-R-R-OH.63 
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lridine la, a protamine from rainbcw trout, dif-

fers from sahnine AI only in that there is an 
insertion of all additional Ar** at position 19 
(underlined) . 

Al though there is not much information avail-

able on the amount of fish required to produce an 
aller*vic response in fish-aJlergic individuals, it 

was reported that cod-anergic patients reacted to 

less than I mg of purified Gad c I disguised in a 
50-g meatban.59 O'Neil et al.g2 found that I g ar 

less of catflsh and 4 g or less of other species 
tested (codfish or snapper) elicited anergic reac-

tions in fish-sensitive individuals in doubleLblind 

placebo-controned food challenges (DBPCFC). 
Positive reactions were obtained in DBPCFC us-
ing 2 oz (uncooked weight) of fish.83 Another 
study reported that 8 g dehydrated fish a(iminis-
tered over I h could elicit reactions.s4 However, 

these last two studies were not done in subjects 
with a history of anaphylaxis to fish. 

D. Crustacea 

At least 30 edible species of crustaeea are 

commonly consumed in the U.S. The crustacean 
family (phyhnn Arthropoda, class Crustacea) in-
cludes shrirnp, prawns, crabs, Iobsters, and cray-

fish, and is a conunon cause of food hypersensi-

tivity.gs Although the prevalence is not known, 

researchers have estimated that more than 250,000 

people in the U.S. have potential for developing 
allergic reactions to shelLfilsh.86 Like fish, a higher 

incidence of allergy to shenfish wouid be ex-
pected in geographic areas where more is con-
sumed on a regnlar basis. 

1. Shrimp: Major Allergens 

a Antigens / and ll 

SllrilD:p is ihe most studied of the crustacea 

allergens. Ho~nan et al.g7 were the first to pa~~ 

tially characterize allergens from shrimp. Two 
allcrgenic proteins were found in the body and 
she~L extracts of raw sllrimp, and were caJled an-

tigen I and IL In a study of 11 shrirD:p-sensitive 

subjects, 7 of I I serul:1 samples bound to anti**en I. 

As only a trace of antigen I was found in raw 
shrilnp and shell extracts, it was thou*'ht to be a 

heat-1abile protein composed of two noncovalently 

bound polypeptide chains with a molecular weight 

of 21 kl)a. Purification by gel filtration of antigen 

I resulted in a molecular weight of 45 kl)a, su'-

gesting it was a dimer. AD:tigen I had an pl of4.75 

to 5 and contained 189 amino acid residues and 
0.5~~o carbohydrate. 

AJltigen II, isolated easily f romboiled shrimp, 

was an acidic, heat-stable glycoprotein wirth a 
molecular wei*~ht of 38 kDa and a pl of 5.4 to 5.8, 

composed of 341 amjno acid residues and 4'~o 
carbohydrate. It a:ppeared to be the major allergen 

for the subjects in this study, as it bound lgE in au 

ofthe ll shrimp-anergic serum samples. Antigen 
n gave a correlation coefflcient of 0.98 with 
cooked shrimp in RAST iuhibition studies. The 
allergens were not evaluated using skul tests, so 

divalent binding ability was not assessed. Anti-

gens I aud 11 were considered to be unrelated, 
based on amino acid composition and ilmnuno-
logic studies. 

b. SA-! and SA-// 

Naip'pal et al.88 described two allergenic 

polypeptides isolated from boiled shrimp. Aller-
gen SA-1 had a molecular weight of 8.2 kl)a and 
was not analyzed further. The second ~lergen, 
SA-II, was composed of 301 amiuo acid residues, 

had a molecular we;ight of 34 kl)2~ and appeared 
to be sirnilar to anti**en I isolated by Hoffinan and 

colleagues,B7 but was reported not to possess auy 

carbohydrate. 

Nagpal et al. stated that approximately 549~o 

of the anergenic epitopes of SA-1 and SA-II were 

shared, suggestitng that SA-1 was a fragnent of 
SA-II. Taking this into consideration, SA-1 con-

tributed approximately 33% and SA-II approxi-
mately 569{fo of the total lgE!binding activity of 

crude boiled shlimp extl~:ct. The authors su**-
*'ested that the remaining lgE-binding activity 

(119~~;) was contained in the shlimp tRNA aller-

'en discussed bclow. Tllese allergens were not 
evaluated using skd:n-test methods. 

sl29 



,~;~ 

i, 

c. Pen a I and Pen i 1 

Dalil et al.5,s9,'o isolated a major shrimp al-

lergen, Pen a 1, from boiled brown shrimp 
(P. aztecus) and reported that its sequence was 

similar to fiuit fly tropoJnyosirl. Pen a I Ilas a 

Inolecular weight of 36 kDa, is readily isolated 

from the boiling water91 and meat of cooked 
slidmp, and is silDjlar to SA-ll.88 It constitutes 

209~o of the soluble protein in crude cooked 
shrimp extract and irthibited the RAST reactiv-
ity of pooled shrimp-sensitive subjects' serum to 

whole body shrimp meat extract by 75%. The 
anergen bound lgE in 28 of 34 (829~o) sera froln 
shrimp-sensitive individuals. 

Pen a I comprises 312 amino acid residues 
and 2.99ifo carbohydrate and has a pl of 5.2. It is 

referred to as Pen i I if isola:ted from a dif~:erent 

species of shrimp, P. indicus.92 

Endoproteinase Lys-C studies of Pen a 1 
resulted in protein sequencing of a 21-residue 
peptide that demonstrated signifilcant homology 
(60 to 859ifo) with troponryosin ftom various spe-

cies, consistent with the conclusion that Pen a l 
was a siui!np tropomyosin.s The ~~reatest homol-

ogy occll~Ted in region 129 to 149; 72 to 87% 
with fruit fiy tropomyosin, and 60 to 62% with 
tropomyosin from va:ious manunalian species. 
The higher homology seen with Drosophila tro-
pomyosin can be construed as being indicative 
of the phylogenic connection between shrilnp 
and insects. The amino acid sequence of the 21 
residue peptide is 

V-~E-N-R-S-L-S-D-E-E-R-M-D-A-L-E-N-Q-L-K 

Shanti et al.92 also reported that sequenced 

tryptic digests of Pen i I were similar to ftlJitfly 

tropomyosin, and that two trypticarly derived 
peptide sequences froln shrimp tropomyosin bound 
shrimp-specifio lgE. These were regions 5C to 66 

and region 153 to 161: 50-66 is M-Q-Q-L-E-N-
D-L-D-Q-V-Q-E-S-L-L-K and 153~161 is F-L-
A-E-E-A-D-R-K. 130th pephdes 50 to 66 and 1 53 
to 161 inhibited binding of SA-II-specific lgE to 

shrilnp tropomyosin and 50% inhibition was at-

-tained at 100 pmol/iul for both peptides. Other 
tryptically derived peptides (some less than 2 kl)a 

in molecular weight) irthibited lgE binding to a 

lesser extent, but these peptides may not have 
been ftee of mjnor lgE-binding components . 

Corresponding regions of tropomyosins ftom 
diGferent vertebrates showed little cross-reactiv-

ity in region 50 to 66, but demonstrated signij~-

cant arlergenic cross-reactivilty with tropomyo-

sins from manlmalian species in region 153 to 
160: seven of nine amino acids for chicken, rab-

bit and humans, and six of nine for rat tro-
pomyosin. Fruit fly tropomyosin was identical 
to the SA-II aJlergen in region 153 to 161. Many 

tropomyosins have homology in the 155 to 161 
region; the authors (Shanti et al.95) suggested that 

lack of holnology in residues 153 CLeu) and 154 
(Ala) between other tropomyosins and shJimp 
tropomyosin iurplies that they may be erucial for 

lgE binding. 
The amiuo acid composition of shrimp aller-

gens Pen a 1, antigen Il, and SA-II is similar 
(Table 6). This further indicates that these three 

allergens are the same protein, shrimp tropomyo-

sin,93 although both anti*•en 11 and Pen a I have 
associated carbohydrate moieties. 

TABLE 6 
Amino Acid Composition of Shrimp 
Allergens Pen a 1, Antigen IE, and Sa-ll 

Mo[ wi (kDa) 
Alanine 
Arginine 
Aspartic aoid 
Cysteine 
Glutam'c acid 
Gl yoime 

Histidine 

so eucine 
Leucine 
Lysine 
Methionine 
Phen ylalanine 
Proflne 

Serine 
Threonine 
Tfyptophan 
Tyrosine 
Va ine 

Tota 

Pen a I Antigen ll 

36 
33 
26 
40 
ND 
80 
10 

1 

35 
6 

26 
8 
4 
2 

14 
12 

ND 
4 

13 

3i2 

Adapted from Daul et al.5 

38 
31 
19 
58 

2 
61 
20 
4 

30 
12 
27 

9 
9 
6 

15 
12 
ND 

7 
19 

34i 

SA*il 

34 
21 
30 
39 
3 

75 
6 
3 

30 
6 

27 
6 
6 
3 

12 
9 
4 
6 

i5 

30i 
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d. Mete 1 

Le:nng et al-94 produced a recombinant shJimp 

allergen from a CDNA library of the greaseyback 

shrimp, Metapenaeus enis. The allergen has 281 
anaino acid residues, is similarin amino acid com-

position to Pen a I and Pen i l, and has a molecu-

lar weight of 34 kDa in SDS-PAGE. rn 
immunoblotting studies, the recombinant aller-
gen bound lgE in serum salnples from aJl eight 
individuals in the study with histories of anaphy-

lactic reactions to shrimp. Leung et al,94 con-
finned the observations of other groups identify-

ing the 3~kDa allergen as shrirnp troponryosin. 
They also found that the recombinant shrimp al-

lergen Met e I possessed anlgE:binding sequence 
identical to the 50 to 66 region of Shanti et al.92 

shown above, and another small I*•E-binding se-
quence of F-L-ATE-E-A-D-R-K, sitnilar to the 
153 to 161 region. 

lenges iu 30 subjects with shrixnp hypersensitiv-

ity. Four positive reactions were to a dose of four 

shrimp equivalents (one slrrimp equivalent is ap-

proximately 8 mg, or the amount of protein ex-
tract obtained from a standaJrd I~g mediuDl-sized 

shrtmp) and three positive reactions occuj:j:red to a 

dose of 16 shrhnp equivalents. It app~ars that 
only I to 2 ** of shrimp is needed to elicit aD: 
anaphylactic rea:ction in sensitive individuals.97 

Oropharyn*"eal pruritus and occasional sub-
jective tbroat-pharyngeal swemng was related by 
most of the individuals experiencing positive chal-

lenges at a lower dose of shriDl:p than that induc-

ing their objective positive symptoms.96 In a group 

of subjects having a history consistent with im-
mediate type I hypersensitivilty reactions to shdmp, 

only atopic patients reported anaphylaxis after 
ingestion; 30 nonatopic patients reported general-

ized pruritus as their only symptom.98 

3. Crab 
2. Shrimp: Minor allegens 

a. Transfer RNA 

A IDinor aJlergenic tRNA moiety f~om boiled 
shrimp (P. indicus) has been described.95 The 
"purified" RNA allergen possessed I I % ofits (ky 

weight as amino aeids . After enzyme treatnent 
849~. of the amino acids were lost but anergenicity 

was retajned. Approximately I ug shr~np RNA 
caused 899~, inhibition of a solid-phase shrimp 
RNA RAST. However, Nagpal et al,95 only used 
one patient's sera in their studies, and so their 

results may not reflect normal clinical reactivity. 

It is possible that the aner*'enicity was due to 

RNA-associated proteins/peptides, as the RNA 
was not totally barren of amino acid residues The 
RNA aller"'en was not hnalyzed in skul tests, so 

its divalent binding ability was hot assessed. This 

remains the oEly documented example of a nucleic 

acid from food imphcated in inducing an lgE 

response. 

b. Dose Res:pon$e 

Daul et ai,96 found that six subjects reacted 

positively in a total of seven double blind chal-

Snow crab has been shown to cause auergic 
sensitization in occupational settings.99'roo Heat-

labile and -stable allergens have been folmd in 

snow crab extracts, and snow crab-specific lgE 
bound more to boiled snow crab than to raw 
crab loo 

The most prominent bands in SDS-PAGE 
gels were 37-42 kDa in crab cooking water and in 
extracts of cooked crab meat. I~lnunoblotting of 

these SDS-PA(3:E-separated proteins showed that 
the majority of snow crab-allergic senml saJnples 

displayed lgE binding to the 37- to 42-kDa bands, 

but a majority also demonstrated heavy radio-
staiuing to bands at or near 14 kDa (Hefle, Bush, 

Cartier, Malo, Lehrer, personal comlnunication). 

4. Lobster 

The I~•E-binding abiLi:ty of distinct spiny lob-
ster precipitins resolved in crossed inunllnoslec-

trophoresis (CIE) was demonstrated in CRIE us-
ing 14 crustacea-sensitive sera.Im Thirteen 
(:rustacea-aner*2ic serum sa:nples reacted iu CRlE 

to these precipitins. Spiny lobster extract con-
tained four I**E-binding precipitins; antigens 8 

(positive in ten sera) and 13 (positive in frve sera) 

sl 31 



~~ 

are the major allergens, giving the most 
radiostailting. Antigens 3 and 6 gave weak 
radiostaining in eight and two sera, respectively. 

5. Cra vvfish (Crayfish) 

l~l the study (liscussed above,101 crawfish pre-

cipifms were also evaluated for their ability to 

biud crustacea-specil~lc lgE. Six crawfish anti-

gens produced positive radiostaining using CRll~. 

Antigen 11 was the main allergenic component 
(positive in nine sera); anti**en 12 (also positive in 

nine sera) may also be a major ailergen, but it was 

situated urider the antigen ll arc a:Id, therefore, 

cotild have been an artifact of coprecipitation. 

Antigens 6 (positive in one sera), 8 (positive in 

six), 10 ipositive in two), and 13 (positive in 
seven) exhibited radiostaining to varyiarg degrees. 

lll. COMMON ALLERGENtC FOODS OF 
PLANT ORtGIN 

A. Peanuts 

The peanut is an annual plant belonging to the 

fanlily Leguminosae and is native to South 
Alnerica, I~l the U.S., several types are grow~2. 

althou**h the three most poplllar are the Virgini2~ 

Spanish, and ruuner varieties. Virginia peanuts 
are used primadly for whole kemel consunlption 
and confections. RuDner types are used most fre-
quently for oil production and peanut butter,lo-' 

Most of the peanut crop in the U.S. (63e~/o) is used 

for production of peanut butter.103 Children are 

often exposed to peanuts at an early age, usually 

in the form of peanut butter. Although a poplilar 

food, the peanut may be the most counnon aner-
genic food known. Allergic reactions to peanuts 
are often acute and severe. Peanut a~lergy is sel-

dom outgrown. 
Peanut proteins have been customaJdly classi-

fied as albumins (water soluble) or globulins (sa-

line soluble). Most of the storage proteins are 
globl~ns, which make up 87% of the total pro-
tein.104 Over the years, peanut proteins have been 

ftrrther ~:actionated, and classifled as albumjns, 

arachin, and conarachin or nonarachin.l05-ro9 The 

globulins are made up of two major proteins, 
arachin and conarachjn, which correspond to 

leguroin and vicilin, respectively. The fonner are 

prima~ly colnposed of large molecular weight 
globuiins kuown as Ce-arachiu and a~~onarachin. ro~ 

Arachin and conarachin readily associate and 
dissociate under different conditions of iolric 

strength and pH, making exact elassification of 
individual components diffilcult.l~(~lra In addition, 

arachin and conarachin have similar amino acid 
compositions and coulparable electrophoretic 
mobilities, suggesting structural sinlilarities Both 

arachin and conarachi:1 components are glyco-
proteins containing neutral and amino sugars.ro8,ll3 

l~:nunochenlical and electrophoretic analysis of 
polymorphism in peanuts show varietal diiff;er-
ences,114,1ls but most wild varieties contaiu much 

less arachin than do clJltivated strains. A 45-kDa 

polypeptide is found ij~ aimost all genotypes,ll6 

whereas an arachjJl subuDit of 36 kl)a is only 
found in certain cl~Itivars.ii? 

Arachin - ~ its native state, arachin exists 
as a molecule of at least 600 kDa and readily 
dissociates into a 340- to 360-k~)a (~irner and a 
monomer of approxilna:tely 170 to 180 kDa.ll8.119 

AJ:achin contains approxilnately six subunits rang-

iug in size ~rom 19 to 42 kl)a in SDS-PAGE,li9,120 

with pl ranging from 5.8 to 8,3.ll9 The globulin 

ranges from 0.6 to O.3% in carbohydrates.log,il3,120 

A subunit of arachin has been isolated ihat com-
prises 201 amjmo acid residues.121 Although basic 

alDiuo acids doulinate the structure, there is no 

distinct basic linear region. 

Conarachin - Johnson and Naismithlil 
showed by ultracentriftigation that conarachin 
could be further divided into two fractions, 2S 
and 8.4S . Later, these were designated conarachin 

I and conaraohiu 11 (or ce-conarachin), respec-
tively. Although conarachin I (molecular weiglrt 
142 kOa) constitutes nearly 30% of total peanut 

protein,122 it has not been examined to any great 

extent. Conarachin 11 has a molecular weight of 
290 kl)ai09 and represents 15 to 25~~o of the total 

peanut protein.122 Various studies have reported 

from si~ to eight subunits within conarachin 
lr.~op,lll,129,124 Basha and Cheny,12s using SDS-

PAGE, found that conaracbin 11 dissociates into 
seven subunits, with molecular weights of 84, 46, 

34, 31, 26, and 23 kDa. Shetty and Ra0124 found 
only one major subunit at 64 ki)a, and minor ones 

of 60, 32, and 21 kDa. Conarachin 11 contains no 
carbohydrate, and has a pl of 3.9.124 
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1. Peanut Ailergens 

A Inultiphcity of peanut allergens have been 
reported.3,12e-132 These have yet to be fully identi-

fied and characterized. Part of the problem lies in 

the large mlJnber of anergenic peanut proteins; 
i:lvestigators have reported more than 20.126,12,.130 

Barnett et al.125 foluld 16 IgE-binding protein bands 

in raw peanut extracts and 7 in roasted peanut 
ex:traets. Bush et al.,129 using two-dimensional 

PAGE, found I I IgE-binding proteius in extracts 

from raw peanuts. Studies using RAST inhibi-
tionl26,127,131 and lgE enzyme-linked irnmuno-
sorbent assay (ELISA)128 have shown that no single 

protein is solely responsible for all of the peanut 

a~lergenicity. The peanut constituents relevant to 

anlergy are either proteins or glycoproteins_ ST 

and DBPCFC studies have shown that peanut oil 
is not allergenic.133 

Barnett et al.126 examined the allergenicity of 

various peanut constituents by RAST and CRlE 
using sera ftom peanut-scnsitive patients. They 
found th~:t the allergenicity of the peanut is spread 

throughout the arachin and conarachin fractions. 

Taylor et ai,132 also found that the arachin and 

conarachin fractions are anergenic in RAST inhi-
bition assays. 

Using the RAST teehnique. Heiner and 
Neucerel34 tested the allergenicity of different 

peanut preparations, including extracts of cotyle-

dons, hypocotyls, and other parts of the peanut 
kernel. They found that the cotyledons, the hearts 

(axial genn tissue), and the skins were allergenie. 

The cotyledons (kemels) are probably the major 
source of ailergen for most individuals, as the 

skins and hearts are often removed during pro-
cessing. This is beeause the hearts contain sa-
ponins that impart a bitter flavor, and t!ae skin 

contains catechol tannins and related conxpounds, 

which (r,~ive finished products an undesirable 
color.135 

a. Major Allergens 

Peanut.1 -Sachs et al.131 isolated and par-

tially purified a peanut allergen, nalned 'iPea-

nut-1", fromraw peanuts. ~:rom SDS-PAGE analy-
sis, Peanut-1 was detenltinedto eontain two major 

bands, with molecular weights of 20 and 30 kDa. 
There were also several ~2iuor bands whose 

molecular weights were reported to bc above and 

belo~r these two, but were not idennfied. Thin-
layer isoelectiic focusing gave a pl of 5_25 to 5,75 

for Peanut-1. The authors concluded that Pea-
nut-1 was a major acidic glycoprotein with non-
identical subuDits, but was not the only ~lergenic 

moiety present in peanuts. 
Concanavalin A-reactive glycoprotein 

(CARG) - Gleeson and Jemlynl36 first described 

the isolation of a CARG ~om raw peanuts. The 
isolated protei~l had a molecular weight of 69 kl)a 

and contained 12% carbohydrate. 13anlett and 
Howdenl27 Iater ident~ied and purified a 65- kDa 

CARG peanut allergen- Based on results obtained 
with RAST iDhibition studies, the authors chaJ:ac-

terized CARG as a major allergen, because ap-
proximately 50% of serum samples from peanut-
sensitive patients in this study demonstrated lgE 

bulding to this protein. CARG constitutes ap-
proximately 1% of the total peanut protein,136 has 

pl of 4.6, contains 2.4% carbohydrate, and is 
stable at and above 100'C and over the pH range 

of 2.8 to 10.0. Removal of the carbohydrate moi-
ety of the CARG sli*ghtly (iocreased, but did not 

completely eliminate the allergenic activity . 12? 

Meier-Davis et al.Isc using SDS-PAGE and 
ilnmunoblotting of crude roasted peanut extract, 

identified three I.•E-binding bands at 15, 20, and 
66 kDa molecular weight that appeared to be 
major allergens, but did no ftirther eharacteriza-

tion of these bands. 

Ara h I - Burks et al.3 identified a 63.5-kl)a 

moleeular wei."ht glycoprotein peanut allergen 
usiug immunoblotting and ELISA methods with 
sera from peanut-sensitive AI) patients- This al-
lergen, Ara h 1, was found to have a pl of 4.55. 

Although it appears that CARG and Ara h I are 
perhaps the same protein, Ara h I does not bind 

to concanavaliu A. 
Aru h 2 - In a later report, Burks et al.12s 

identified and purified ailother peallut allergen, 

Ara h 2, with a molecular weight of 17 kDa in 
SDS-PAGE and pl of 5.2. The physicochemical 
characteristics of the above peanut allergens are 

listed in Table 7. 

2. Structure-Epitopes 

Ara h I has been cloned and its alDino acid 
sequence deduced.137 It contains multiple lg~-
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TABLE 7 
Characteristics of Isalated Peanut Allergens 

Na!{1e 

Ara h 1 
Ar~ h 2 
CAR(3 
Peanut-1 

Mol vvl: (kDa) 

68 5 
17 
65 
20 
30 

pl 

4. 55 

52 
46 
5.2~5.75 

Carbohydrate moiety 

Yes 
Yes 
Yes 
Yes 

Ref. 

3 
1 28 

i27 
1 3i 

binding epitopesl38 and has si~Bifi* ' cant sequence 

holnology with the vicilin seed storage proteins.7 

3. Dose Response 

A research team at the Mayo Cltnic reported 

four cases of death due to peanut-induced am~ 
phylactic shock in a period of 16 months.s5 In tbis 

and other reports,139,140 victirns unknowing"Iy in-

gested food containing peanut protein. Yunginger 
et al.55 point out that in the cases they examined. 

the amount of peanut protein ingested was prob-
ably iu the range of milligram to gram quantities. 

Using DBPCFC, 50 to 100 mg of peanut protein 
has elicited allergic symptoms in some children.141 

However, acutely sensitive patients are not orally 

chaJlenged, due to the threat of anaphylaxis. In a 

study using rush imlnunotherapy for treatixrg pea-

nut allergy, Oppenheiuler et al.142 reported that 

30 mg to 8 mg of peanut (mean approximately 4 
g) adininistered in a double-blind fashion elicited 

reactions in peanut-sensitive subjects. 

B. Soybeans 

Soybean globulins are the major proteins. By 

adjusting the pH of the saline-soluble soybean 
protein fraction to 4.5, the globulins precipitate, 

leavimg a resulting whey fraction (constituting 6 

to 8~~o of the protein).143 The whey fraction con-

tains hemagglutilain, trypsin inhibitors, and ure-

ase,144 ranging ~~oul IS to 6S.145 

When subjected to uitracentufugation, the 
globulins separate into 2S, 7S, I IS, and 15Sftac-

tions, which have been used to classify the vari-

ous soybean protein components.146 Because of 
the wide range of different analytical methods 

used in the study of these proteins, Catsimpoolas 

et ai.14? proposed the following sy~tem: the 2S 
component (lifferent from soybean trypsin inhibi. 

tor is referred to as oc-conglycinin and the 7S 

component isolated by the method of Robert and 
Briggsl48 is referred to ~ts ~-conglyciDin (vicili:i). 

GlyciDin and ~-conglycinin comprise 70 to 80% 
of the protein fraction of soybeans.149,150 The 7S 

component isolated by the method of Koshiyama 
and lguchil51 is referred to as ~~conglycinin and 

the 11S component is referred to as glycinin. The 

15S fraction consists mainly of polymers of 
glycinin.Is2 

a*Conglyciniu (2S) = ee-ConglyciDin is one 
of the major fractions of soybean. The 2S fraction 

possesses heat-stable components of 18.2 and 
32.6 kDa, but also contatns trypsin inhibitor and 

cyiochrome c activity.144 Vaintraub and Shutovls3 

found that the 2S fraction could bc resolved into 

two components, 2.8S and 2.3S. The 2.8S cbmpo-
nent gave a 36-kDa band in PAGE and had a pl 
of 4.4_ All of the trypsirl inhibitor activity of the 

soybean was thouglrt to be contained in the 2S 
~:action, including the Bowman-Birk- (6 to 10 
kDa) and Kunitz-type trypsin inhibitors CKSTI) 
(20 to 25 kl)a). 154 However, it was later follnd that 

the activity was due to coprecipitation of the in-

hibitors duliu*• the isolation of the globulins.15s 
P-Conglycinin (7S) - This glycoprotein 

exists as a ~ner and/or hexaD:ler in sollltion, and 

probably in seed.Is4 The monomeric fonn is 150 
to 1 70 kDa, and the dimer approxin2atel y 370 kl)a; 

the pl has been detenlrined to be 4.9. P-Congly-

cinin is made up of three subunits denoted oc, o(, 

and ~, and at least seven different forms can exist 

(BO to B6) as a result of different combinations of 

subunits.156,Isl The oe and c/ subunits have a mo-

lecular weight of 54 kDa, and the P subunit has a 

13aol wt of 42 kDa.154 All three subunits contuhl 
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4.5~o carbohydrate.Is6 Sato et al.15B described a 

'1)asic" 7S globulin (pl = 9.1 to 9.3) that had two 

~iuds of subunits of mol wi 16 and 26 kl)a; the 

native Inolecule ga:ve a 42-kDa band in the ab-

sence of reduction in SDSPAGE. The psls for 
the 16- and 26-kDa polypeptides were 6.5 to 7.0 
and 7.7 to 7.9, respectively. Coates et al.lj9 inves-

tigated the electro~~0retic profiles of the pre-

dominant sublmits after cyanogen bromide treat-
ment. The c(' subunit was composed of major 
bands at 47, 19.5, and 15.5 kD~L The 47- and 
19.5~d)a bands were *'1ycoproteins. The oe sub-
unit gave major bands at 54 and 19.5 kl)a, and 
both were glycosylated. The ~-subunit had no 
methionine residues, and therefore, no resultin** 

bands were observed; the ~'-subunit gave four 
fragments, although their moleclll ar weights were 

not described. This study also desclibed the de-

rived amiuo acid sequence from the sequence of 
a CDNA of an o;-subunit clone-

lr-Conglyciniu (7S) - I~Conglycit~n is a 7S 
fraction of soybean protcin and is a glycoprotein 
with a molecular weight of 154 to 177 kDa.16(~162 

The pl is 5.4.160 one report indicates that 
~fconglyciriul has lrine sublmits of 22 kDa,163 an= 

other describes the subinlits as glycopeptides of 

38 kDa and simple peptides of 32 kDa, respec-
tively.l~4 Yamauchi et al.Is2 described l~congly-

cinin as having three subunits 'of 50 kDa each. m 

tbis study, cross-liuked subunits subjected to SDS-

urea-PAGE gave a 54.4-kDa monouler, a 109-
kl)a duner, and a 154-kDa tdmer. 

Glycinin (11S) - Of the globulins, the 11S 
fraction, or glycinin (legumin), is the most stud-

ied. It has a molecular weight of 320 to 360 k~)a 

and is composed of 12 subuDits,16s which range 
ftom 10 to 45 kl)a. The acidic subunits range 
from 37 to 45 kDa and the basic subunits are 
20 kl)a in molecular wei*"ht,166,ie7 al though Nielsen 

et al.168 found subunits of 54.3 to 63.7 kDa. The 

acidic subunits, Al to A4, and the basic subunits, 

Bl to B4, are pr~sent in equimolar amounts in the 

**1ycinin molecule. 169 The acidic subunits share 

some sequenoe homology and anti**enio detenni-
nants, suggesting conserved sequences.110 The 
basic subunits share considerable sequence ho-
mology with each other, but are distinct from the 

acidic subunits.171 I~ the native *"IyciDin, the sub-

units are packed into two identical hexagons, one 

on top of the other. formjllg a cylinder shape_1~s 

The amjno acid sequence of one of the subunits of 
glycinin has been elucidated.167 

1. Soybean Allergens 

Soybeans contain z~tultiple allergens. Shibasald 

et al_144 studied soybcan globuhn fractions 11S, 

7S, and 2S by RAST and RAST inbibition using 
sera from tbree AD and one asthlnatic soy-aller-

gic patients. Speciflc I*•E reactivity and consider-
able cross-reactivity were found in aJ; the frac-

tions. The 2S ftaction had the highest potency in 

inhibitirlg RASTS for all ~:actions; tuthermore, 

50 ug of 2S could irthibit 909i;o of the lgE binding 

for all other ftactions in RAST studies. When the 

fractions were heated to 80'C for 30 min, the 
inhibitory activity of the 2S fraction was enhanced, 

whereas the others deoreased to 39 to 75% of that 

of the native globuhn. However, the potency of 
the 2S fraction decreased at tenlperatures beyond 

80'C. 
lh a study using sera Lirom eight AD pediat:ic 

patients with positive DBPCFC to soy, signi~-
cant levels of specific lgE for the 7S fraction and 

lg(} for the 11S ~raction were found.i72 Most an-

tigens bound lgE, but the 7S fraction seemed to 

be more al~ergenic. Variable lgE~binding pattems 

on immunoblots suggested tha:t no one compo-
nent of the soy fractions bound more I."E. Spe-
ciflc lgE antibody was found to both the 7S and 

1 IS ftactions in most serum samples. IgE binding 
was demonstrated to the oe-, oi-, and ~-subunits of 

the 7S fraction and the A and B subunits of the 

11S fraction. 
lh another study by O*~awa et al.,173 most lgE-

binding bands were assigned to protein compo-
nents of the 7S ftaction, although binding was 
also observed in bands from the whey and 2S 
fractions. Sixteen soybean proteins were observed 

in SDS-PAGE, rangln.' g from 14 to 70 kDa. After 

immunoblotting with s~rum ftom 10 AD sub-
jects, major lgE!bindulg bands were observed in 
the 7S ftaction. The llS firaction was scarcely 
recognized. Therefore, in this study it was not 

important for soy-allergic individuals with AD, 
although their hypersensitivities to soy were not 

verified by DBPCFC. IgE-binding bands occurred 
in the 7S ~raction at 40 to 70 kDa, with major 
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binding to a 30-kDa fractior~ a Ininor component 
of the fraction. The 30-kDa band has been desig-

nated Gly m 1. This 30~kl)a band could not be 
detected in the 2S, 11S, or whey fractions. Spe-

ci~ic I*•E binding was observed to an acidic sub-
unit of the 11S fcaction. 111 the 7S fraction, ten 

major lgE-binding bands were observed, includ-
ing the oe- and ~-subunits of p-conglycinin. IgE 

also bound to the 2S ftaction. O**awa et al.i?3 

suggest that the 20-kDa band is KSTI, but lgE-
reactive bands occur at 17 and 15 kDa in this 
fraction also. They said that the data show that 
allergellic cross-reactivity does not exist between 

the 7S and the other fractions~ however, cross-
reaction was found between the 20-kDa band in 
the 2S ftaction and the 18- to 21 -kDa bands in the 

whey fraction. In this study, in contrast to other 

reports, the 11S fraction was less allergenic than 

the other ftactions, even though it comprises much 

of the total storage protein in the soybean-

a. MaJor A/lergens 

Gly m I - Gly m I is describcd by Ogawa et 
al.173 as a 30-kDa mol wi protein, 2~ minor con-

stituent of the 7S globulin fraction. Sixty-five 

percent of the subjects in this study had specific 

lgE for Gly m 1; however, these individuais were 

AD patients who did not experience seveire or 
anaphylactic reactions to soy. I~l a later article, 

this same research groupl74 found that the native 

allergen had a molecular weight of more than 
300 kDa by gel penneation chromatography. The 
monomeric fonn had a molecular weight of 
32 kl)a, andpl of 4.5, in two-dimensional electro-

phoresis. The first 1 5 amiuo acid residues of Gly m 

1 are identical to those of soybean seed 34-kDa oil 

body-associated protein (also caned the soybean 
vacuolar protein P34). Ih additior~ the 34-kDa oil 

body-associated protein bound strongly to lgE from 

sera and monoclonal antibodies that were made 
agaiQst Gly m I in iD~lunoblotting stu(lies. The 

34-kDa oil body-associated protein has been as-

sumed to comprise approximately 5 % of the total 
seed cotyledon protein in the Mfyagisiro valiety of 

soybean, although amounts m'~ry vary dependin* 
on the content of lipid in soybean seeds.17s The 

presence of Gly m I as a miuor component of the 
7S fraction could have been the result of elimin~lr 

tion of the majority of the allergen dul~jig prepar~~ 

tion of the crude 7S globujin ftactions ~)ni defat-

ted soybean flakes-

b. Minor Allergens 

68-kDa ajlergen - Ogawa et al.1?6 found 
that 25~fo of lgE ~rom sera of soybean-ali:ergic 

individuals with AD recognized a 68-kDa proteiu 
of the 7S globulin ftaction in immuDoblotting* 

studies. The protein was the oc-subunit of 
~-conglyciDin, with a pl of 5.0 to 5.2- The sera 

recognized the oe-subunit, but did not recog~2ize 
the o(- or ~-subunits, even though they have a 

hlgh degree of holnology with the (x-subunit. 

KSTI - A study of KSTI as an anergenic 
protein was prompted by a soy-allergic woman 
working with KSTI in an occupational setting 177 

The patient was skin test and RAST positive to 
KSTI and whole soybe~D; there was no lgE reac-
tivity with other trypsin inhibitors or to peanut 

extract. The whole soybean I~AST was inhibited 
colnpletely by KSTI. Of the two other sera from 
soy-allergic individuals utilized in the study, both 

were negative by RAST for KSTI, and only one 
was positive for whole soybean RAST. KSTI 
could not iuhibit the lgE bindin*~ to the whole 

soybean extract. Therefore, KSTI appears to be a 

relatively minor allergen. Certain soybean culti-

v~rs have been produced with reduced or zero 
levels of KSTI to reduce its anthlutritional ef-
fects.17s KSTI has been sequenced.179,180 The in-

hibitor is made up of 181 amino acid residues-
This group also found sequence variauts of the 
inhibitor, deviafm** in nine sites in the moleclile, 

with only a single amiuo acid substitution at each 

site. The KSTI has a molecular weight of 20 kDa. 
Brandon et al .181 found that KSTI has as least two 

distinct antigenic sites, one of which is retained 

under denaturing eonditions, and may bc linear. 

S-II (20~Da protein) - Heri~n et al.lg2 
described a 20-kDa lgE-binding protein from 

soybean, designating it S•n.. Two senl:n salnples 
from subjects allergic to soy showed lgE-binding 

to a 20 kDa band. No lgE bindin*' was observed 
to pure KSTL Roasting seemed to enhance lgE 
bin(ling to the 20-kDa allergen. Prelrllrinary work 

indicated that S-II is not a basic subunit of **1yoinin. 

One serum sample from a soy-allergic subject 
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showed binding only to a 14 kDa band. Serum 
samples from subjects who were both allergic to 

soybeans and peanuts showed lgE binding to sev-
eral bands in the range of 50 to 70 kDa, appar-
ently to ~-conglycinin subunits. No varietal dif-

ferences in lgE binding of raw soybeans were 
observed. The lgE-binding proteins were not char-

acterized filrther. 

2. Structure-Epitopes 

Glyciuin - ELISA studiesls3,lB4 of the anti-

genic and allergenic properties of the subunits of 

glycirrin showed that an the acidic chains reacted 

sirnilarly to a rabbit antiserum raised against 
glyciDin. The basic subuDits had no reactivity. 
Nielsen et al.168 theorized that these subunits are 

situated on the inside of molecule. IgG-ELISA 
usin*~ serum ftom ten soy-allergic adults showed 

that six samples had lgG-binding activity to 
glycinin preferably, and none seemed speci~c for 
a single subunit. In lgE-binding studies, four sera 

showed the Inost lgE binding to subunit A4, 
whereas another four had ihe most I**E binding to 

native glycinin. One sample had nd lgE binding 
to glyciuin, but significant bindul~ to the sub-
units. Specific lgG is directed toward the native 

glycinin molecule, whereas lgE is directed to-
ward the subunits. The authors suggested that the 

lgE might bc directed toward more fragnented 
fractions, reflecting the possibility that a certain 

measure of antigenic processing is required for 

I*•E fonnation. However, only 80% of the lgE-
bin(iurg inhibition could be attained by the sub-

units; therefore, not all of the allergenicity of 

glycmin is dne to the subunits Antigenicity of 
glycinin was more conformation dependent than 
that of ~-conglycinin .lB5 

Gly m I - Gly m I has an N-terDainal se-
quence and an amino acid composition identical 
to that of soybean seed 31~kDa oil body-associ-
ated protein, and close homology to papain-like 
thiol proteinases.186 It is interesting to note that 

Gly m I possesses 30% sequence homology to 
Der p l, the major dust mite allergen, which is 
also ~ thiol protease 174 The N-terminal sequence 

for Gly m I is 

10 
K-K-M-K-K-E-Q-Y-S-C-D-H-P-P-A 

and is identical to the sequence of the first 15 

residues from the N-tenninus of the 34-kDa oil 
body-associated soybean protein. 

68-kDa anergen - The lgE-bul(nng site in 
the 68-kl)a nitnor allergen of soybeans was judged 

to be located in the residue sequence 232 to 383. 

lgE in soy-anergic sera recognized the o; subunit, 

but did not recogDize the o;'- or ~-subunits of 

~-conglycinin, even though they have a high de-

gree of homology with the oe-subunit. The oc- and 
af-subunits share over 90~o homology. rs? The pre-

dicted lgE-binding region on the ce-subuni~ resi-

dues 232 to 383, corresponds to residues 258 to 
417 on the o(-subuDit.18B Therefore, further inves-

tigation is necessary to detennine whether struc-

tural differences between the two subunits can 
account for the difference in allergelricity for tbis 

select population of soy-allergic individuals. 

3. Dose Response 

There is litfle iuformation available on the 
threshold dose of soybean protein reqlljlfed to elicit 

an aJlergic reaction. Double-blind challenge stud-

ies have been done with children suffering from 
AD and are, therefore, not exquisitely sensitive to 

soybcan. James et ai.Is9 found that 250 to 500 mg 

soy could elicit reactions in their population of 

AD patients. However, soybean is capable of se-

vere reactions in some individuals, as evidenced 
by the death of one child from eatitng pizza con-
taiuing soybcan-fortified sausage.190 As with all 

commonly auergenic foods, the smaJlest amount 
of food required to elicit an allergic reaction from 

sensitive individuals is unkuown. 

C. Tree Nuts 

1. Almond 

Bargman et al.191 used immunoblotting tech-
lriques to detect lgE!binding proteins iu alrnond 

extracts, using sera ftom seven alinond-aJlergic 

individuals. Two major aJlergens were identified. 

One was a 70-kDa heat-1abile protein; the other 

was a 45-50 kDa heat-stable protein. An exten-
sive number of proteins with molecular weights 

ranging ffom 38 to 70 kDa bound lgE. 
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2. Brazil Nuts 

Brazil nuts cause systemi~ anaphylaxis in 
some individuals. Using inmlunoblotting to de-
tect Brazil nut peanut allergens, Arshad et al.192 

found several allergenic ftactions in the semm 
from allergic indiviiduals. The major anergen from 

Brazil nuts, Ber e l, is a high-methionine, 2S 
proteinlg3 that is composed of two subimits,. The 

9~d)a subunit of the protein contained 77 amino 
acids, and a 3-kDa subunit has also been reported. 

The CDNA sequence for Ber e I has bcen estab-
lished.194 Ber e I has 44% and 219;~0 homology 
with the castor bean and rapcseed high-methion-

ine proteins, respectively. 

3. Hazelnuts 

Hazelnut aller*'y is prominent in Europe 
among individuals with tree pollen anergies (see 
Section VII.F). Hirschwehr et al.,l95 using sera 

from 25 birch pollen-allergic subj ects who re-
ported adverse reactions to hazelnuts, found lgE 

binding to the 17-kl)a major hazel pollen aller-

gen, Cor a I (lOO~~o), and to the 14-kDa hazel 
ponen protein profnin (169ifo). In addition, IgE 

bound to proteins of comparabie molecular weights 

in hazelnut extract (18 and 14 kDa), suggesting 
that proteins similar to Cor a I and to the 14-kDa 

hazel profmn Inight also be expressed in hazel-

nuts. nl contra~t, only four sera (22%) of 18 sub-

jects with tree pollen anergy, but without any 
history of intolerance to hazeinuts, showed lgE 
binding to the 1 8-~)a protein of hazehlut extract 

and none exlribited lgE reactivity to hazeinut 
profnin. Im:nunoblotting inhibition studies re-
vealed that the 1 8~Da protein shares lgE-binding 

simjlarities with Cor a 1, the major of hazel pol-

len, Bet v I (the major allergen ofbirch pollen),195 

and Bet v 2 (birch pollen profilili).196 However, 

this protein has not yet been sequenced. 

4. Pistachio 

Pistachio, which is a member of the cashew 
and mango fainily (Anacardiacea), has a promi-
nent lgE-binding protein of 34 kD2L19? Other al-

lergens ranged in moleclllar weight from 41 to 

60 kDa. Some cross-reactivity was demonstrated 
against peanut, walllut, and sunflower seeds. 

D. Wheat 

In the U.S., wheat is a dietary staple. The 
most frequent allergic complai:It with cereal grains 

is occupational asthma from exposure to dusty 
work suD:oundingsl9g (see Section VI). The wheat 

proteins include the water-soluble albumins, the 
saline-soluble globuiins, the 70% aqueous etha-

nol-soluble prolamins, and the acid- or ajkali-
soluble glutelins.199 

Using serum from ohe subject who suffered 
asthma after ingestion of wheat, Hoff :man200 found 

tha:t the wheat globulin and albumin fractions 
were mostreactive in a RAST. Sutton et al,201 also 

observed that the bighest lgE-binding activity was 

associated with the globulin fraction in a RAST 
study using the serum of 20 children with high 
RAST scores to wheat 

In six individuals with food-dependent exer-
cise-induced anaphylaxis (F-E~A), ingestion of 

wheat 30 min before exercise was assooiated with 

a subsequent anaphylactic event and all demon-
strated irDmediate positive skin-test reactions to 

wheat extracts.202 Many of these subjects also had 

skin-test reactivity to trypsin and pepsin digests 

of wheat. The authors hypothesized that 
"neoantigens" or novel allergens developed frcun 

digestion. However, because the iudividuals re-
acted to ihe native proteins, polypeptides relnoved 

from the intact proteins may be a more likely 
ex planation. 

fv. LESS COMMoNLY ALLERGENtC 
FOODS OF ANIMAL ORIGIN 

A. MolluskS 

The phylum Mollusca is made up of class 
Pelecypoda (bivalves), mussels, clams, cockles, 

oysters, and scallops; the class Gastropoda, con-

sisting of abaiones, conches, limpets, snails, and 

whelks; and the class Cephalopoda, the octopuses 
and squids.57 Monusk allergens have not been 
well studied, although they are known to cause 
I,~(tE-mediated reactions.20~205 
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1 . Oyster (Bivalve) 

Oysters have been frequently known to induce 
adverse reactions in sensitive subj ects .207 Lehrer 

and McCants207 tested six oyster-sensitive subjects 

(who exhibited only GI maDifestations after inges-

tion) and found that skul tests and RAST did not 
appear to correlate with oyste;r se;nsitivity.ao7 

2. Squid (Cephalopod) 

Squids precipitate lgE-mediated reactions iu 
sensitive subjects after ingesting or inhaling cook-

ing vapors. An seven squid-allergic patients in 
one study demonstrated strong positive skin-test 

reactions to boiled squid extracts and various 
commercial cmstacea extracts. Iil addition, sbrum 

samples ftoIIL squid-allergic individuals were posi-

tive in specific lgE iunmunoassays for boiled squid 

extract.205 

and 19% showed RAST reactivity for snail anti-
gens . Asthma symptoms were reported after in-
gestion ofsnailby 15% of the subjects. Six differ-

ent I."E-binding protein bands resulted froln 
SDS-PAGE and inununoblottirLg of the boiled 
snail extract, ranging in moleclllar weight from 

12 to over 66 kDa. One microgram of snail ex-
tract used in basophil histamine release studies in 

skin-test- and RAST-positive subjects was posi-

tive. Keyhole litD:pet hemocyarrin did not provoke 

cross-reactive basophil histamine release or sku-

testresponses in these subjects. Specific lgE bind-

ing was exhibited to a 66-kl)a band (two of ten 
sera), a 24-kDa band (tiule of ten), a 15-kDa band 

(three of ten), and a 12-kDa band (six of ten); 

however, these bands were not charaeterized 
f urther 

V. LESS COMMONLY ALLERGENIC 
FOODS OF PLANT ORIGIN 

A. Buckwheai 
3. Limpetl~4balone (Gastropods) 

Anaphylactic reactions have been reported 
following ingestion of grand keyhole lilnpets and 

abaiones. Sensitive subjects had positive skiul tests 

and RASTS to extracts of the offending shell-
fish.204,20s In one study, I~lnpet-allergic subjects 

demonstrated positive skn test~ and basophil his-

tamine lelease in response to a cooked lirrlpet 
extract, but not to a raw extract.204 By irDJ~luno-

blotting, the major lgE-binding proteins of gran~ 

keyhole lilnpets appeared to have molecular 
weights of 38 and 80 kD~~ but further characte~~ 
ization has not been done.209 

4. Snail (Gastropod) 

Buckwheat is a member of the Polygonaceae 
group of weeds and is not related to the cereals.2ro 

Ingestion of buckwheat has been associated with 

GI sy~nptolns, urticaria~ angioedema, and ana-
phylaxis.211~12 Occupational exposure to buck-

wheat has been documented to cause occup2lr 
tional allergic reactions. Imlnunoblotting using 

sera from a patient who suffered repeated epi-
sodes of anaphylaxis following buckwheat inges-
tion revealed four lgE-binding bands in the mo-

lecular weight range 9 to 40 kDa, all of which 
were glycoproteins.213 Yano et al.214 found three 

proteins of molecular weight of 8 to 9 kDa that 
bound lgE f rom seruJIL of patients with high RAST 

scores to buckwheat. One of the proteins was a 
trypsin iDllibitor. 

In a study of ten subjects allergic to snails, 

eight experienced bronchial symptoms, whereas 
six reported no skin or GI symptoms. An subjects 

could ingest cephalopods and bivalves without 
adverse reaction,206 and all ten had ~ositive baso-

phil histamine release and skin tests for snail 

extracts . 

In another study,203 61% of 70 atopic subjects 

were positive for boiled snail extract in skn tests 

B. Lupin (Lupinus aibus) 

Lupin is a member of the legulne fainil:y . It is 

a pea-like plant cultivated worldwide, primarily 

for use as a feed or to be plowed under for its 
nutrients.2i5 However, this legume has also been 
evaluated over the years for use in foods for hu-

nran consunlption_ 
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Hefle and Bush2ls reported the adverse reac-

tion of a peanut-allergic child to a lupin-fortified 

pasta product. They investigated the lupin pro-
teins ftirther using ST and in vitro analysis of lgE 

binding from six peanut-allergic adutts. The lgE-

binding proteins of lupin have molecular weights 

of 21 kDa and from 35 to 55 kDa in SDS-PAG:E, 
and are heat stable. Three of the six se;ra bound 

only weakly to the 21-kDa band, whereas tbis 
band appeared to be a pronainent lgE-bindin* 
protein for the other three individual sera. The 

subjects experiencing a positive skin-test reaction 

to lupin extract also reported a history of adverse 

reactions to green peas.215 

C. Peas 

Although peas are part of the legume family, 

the frequency of allergic sensitivity to peas is 

considerably less than to peanuts or soybeans. 
However, this may be related to the degree of 
exposure to pea proteins in hlnnan diets. Addition 

of legumiuous proteins, such as pea and lupin, 
into the diet in increasing amounts could increase 

the prevalence of pea anergy 
The globulin ftaction accounts for 75 to 80% 

of the total seed proteizl, whereas the albumin 

fraction constitutes most of the remainder, de-
pending on the cultivar and the isolation methods 

used_217 The green pea (Pisum sativum L.) legu-
miu is approximately 256 kDa and is composed 
of six pairs of 20- and 40-kl)a subunits. Eaeh 
subtmit is made up of a 60-kl)a polypeptide 
chain.218 Green pea vicilin is a trimer edmposed 
of 50~)a subuDits,219,220 and a vicilin-like pea 

protein called convicilin consists of four mono-
:ners of 7l~)a.221 

Crude pea and pea albumin eixtracts produced 
positive skin tests. However, the mnj or pea *'10bu-

nns legumin (11S) and vicnin (7S) did not pro-
duce positive re~ctions in skin tests in a study of 

ten green pea-sensitive subjects.222 The albumin 

fiaction retained ali of ljts allergenic activity when 

heated or boned. 
A 53-kDa major pea albumin designated 

'iPMA-L" had two subulrits of approximately 
25 ld)a, Another component "PMA-S." had a 
molecular weight of 48 kDa. and possessed two 

24~Da subunits. NeitherPMA~L nor PMA-S was 
signifilcantly degraded during genltination, indi-

cating that they are probably not seed storage 
proteins .22s Later work on a pea albumin desig-

nated 'Tsa MA>' (P. sativum major albumin), a 
homodi:ner with subunits of 24 or ?-5 kl)~~ led to 

the discovery and sequencing of '?sa LA," a IGw-

moleeular-weight albmnin component ( I I kDa) 
with 54 amino acid residues. The protein is most 
probably a dimer of two 6-kDa polypeptides,224 
and does not possess protease iohibitor activity. 

Psa LA did not react to antibodies raised against 

the pea storage proteins, Psa MA, or pea lectin by 

Ochterlony or immunoblotting techniques. A green 
pea allergen with an approximate molecular weight 

of l.8 kDa and a carbohydrate content of 30% in 
SDS-PAGE was purified ~:om pea dialysate,22s 
but was not characterized futther. 

D. Psy]iium 

Psynium muciLloid is obtained from the seed 
husk of plants in the Plantago genus. It has been 

used irL bulk laxatives since the 1500s, and its 

allergenicity in occupational settings is well 
docuJnented.225.227 Psyllium was a:dded to cereal 

products after observations that it was useful irl 

10wering seruln cholesterol levels in hyper-
cholesterolemic patients.22g Ingestion of these 

psy~iuln-fortif~ed ce;real ptoducts has caused sig-

nificant anaphylactic reactions;229 most of the af-

fected individuals had been sensitized through 

occupational exposure, but some patients were 
not sensitized via this route. In one study,229 20 

patients who were either inhalation- or ingestion-

scnsitizedl?ossessed lgi3 to six psyllium protein 

bands in the molecular weight range of 20 to 
36 kl)a.229 These lgE-binding proteins were not 

characterized fufther. 

E. Rice 

Rice (Oryza sativa) is a dietary staple for 
appro~nately one-half of the world population. 
In Japan, rice frequenfly ~ggravates AD through 
I**E-dependent mechanisms. There is one report 
oftwo protein fractions of rice, glutelin and globu-
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lrn, beitLg reactive with speciflc lgE f~om rice-

allergic individuals as de;~nonstrated by I~AST.230 

The major rice allergens consist of micro-
heterogeneous albunlin proteius, with molecuiar 
weights ranging from 14 to 16 kDa with pl of 6 to 

8,17 encoded in a multige;ne family.2sl The nucle-

otide sequence of CDNA coding for the major rice 
allergen has been deterraiJled,2s2 a 486-nucleotide 

sequence with an open reading frame that en-
codes for a 162 amino acid residue. The mature 
protein has a molecular weight of approximately 
14.7 kDa. The deduced alDiQ;O acid sequence has 
houlology to barley trypsin inhibitor (209~o) and 

wheat o;-amylase inhibitor (40~ifa).232 The aner-

genic rice protein is heat stable and resistant to 

proteolysis. Because a single protein accounts for 

much of the allergenic reactivilty, attempts have 

been made to reduce rice aller*o'enicity by select-

ing strains induced by chemical mutation to pro-
duce hypoanergenic cuitivars.233 A second ap-
proach is to use the nucleotide sequence of the 
geine to prepare an anti-sense gene to reduce the 
amount of all ergenic protein fonned in the grain.2s3 

Watanabc234 employed a process that involved 
the use of a protease to reduce the allerge;~icity of 

the rice grains. This was somewhat successful, 
but the amount of enzyme required was large. 

than other varieties. Gloster and Jaznba varieties 

were low in the 18~kl)a protein. Vieths et al.23? 

have conducted amiuo acid sequencing of 26 
N-tenninal residues of the 18 kDa protein and 
found sig~iicant sequence homology (62%) be-
tween this protein and that of the major birch 
ponen allergen Bet v I . The 18~)a allergen may 
be related to disease resistance. Hsieh et al.238 

found that of 34 sera of patients with tree pollen 

allergies in innnunoblotting studies, 37.5% dem-

onstrated rgi~ binding to an 18-kDa protein and 
75% to a 31-kl)a protein. In addition, IgE binding 

was observed to proteins of 12, 14, 16, 38, and 50 

kDa mol wt (in SDS-PAGE). The amino-temlinal 
aJ:oino acid sequences of the 1 8- and 3 1-kDa pro-

teins share about 50% sequence identity with 
Bet v I and other disease resistance proteins of 
various plants.2e8 Although Vieths et al.236 found 

that storage increased the levels of the 18-kDa 
allergen, t~is study found no observed increase in 

18-kDa aller."en content resulting directly from 

ripening and maturation. Therefore, it was con-
cluded that the increased levels of the anergenic 
protein riight be produced by factors related to 

disease resistance.238 

G. Cabbage 

F. Appies 

Fresh apples may produce localized oral al-
lergy syndrome (OAS). This syndrome seems 
much more common in Europe than in other parts 
of the world (see "A~lergenic Foods'* by Susan L. 

Hefie et al. in this issue). In Europe, apple is a 
colDmon aJlergenic food. Ebner et al.2s5 showed 

immunologic ctoss-reactivity between Bet v I ~rom 

birch pollen and an apple allergen with a molecu-

lar weight of 17 to 18 kDa. They were also able 

to hybridize RNA from birch pollen to apple-
de;rived transcripts that approximated 800 base 
pairs. Vieths et al.2s6 liDked allerge~icity to the 

1 8~Da protein in apple by inlmunoblotting and 
also found allergens at 13 kl)a and at 30 to 50 
kDa. They colD:pared various apple varieties as to 

the concentration of the 18-kl)a protein and noted 

that Golden Delicious and Grauny Sn2ith apples 
contained higller eoncentrations of this proteill 

Cabbage (Brassica oleracea) is a member of 
the Brassicacea (mustard faiDily). Using gel ~l-
tration techJ3iques, allergenic ftactions with mo-

lecular wei:)(Thts rangiJlg from 20 to 67 kDa have 

been identtfled.239 

H. Celery 

Celery has been reported to be a oause of 
OAS symptoms in individuals wlth mu(Tj~wort and 
birch pollen anergy (see Section VII.F). Occa-
sionany, celery can~lso cause more serious maui-
festations. Vallier et al.240 identified a 15-kDa 

profilin protein f~om celery. This was a heteroge-

neous protein that showed two bands on SDS-
PAGE. It was shown to bc cross-reactive with 
birch and mugwort pollens using lgE antibodies 
~rom subjects with these allergies.240,241 As with 

apple, celery allergy is qujrte common in Europe 
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(see "Allergenic Foods" by Susan L. Hefle et al. 

in this issue)-

L Choco]ate 

of papay2~248 or meat tende~izer,249 or from the 

injection of chymopapain used to treat hemiated 
invertebral discs.24B positive skn and RAST tests 

and oral chanenges have confiuned the presence 
of lgE-mediated sensitivity to this enzyme. 

Chocoiate is reported by many patients to 
cause allergic reactions, but such sensitivity is 

frequently not reproducible. There are a few docu-

mented cases of actual sensitivity by DBPCFC. 
Skn-test rcactivilty as assessed with intradermal 
testing, however, is frequently positive.242~43 Be-

cause ST wlth chocolate produces many false-
positive reactions, the use of these reagents as 
diagnostic tests should be avoided. Because it is 

questionable whether chocolate acts as a true lgE-

binding allergen, no work to characterize its con-

stituents has been done. 

J. Metons 

Watennelon, cantaloupe, honeydew melon, 
and banana occasionaJly cause OAS in ragweed 
pollen-allergic individuals. Occasionally. Inore 
severe systemic reactions can occur. Enberg et 
al.~44 separated a protein in a watermelon extract 

by isoelectrofocusing at a pH range of 4 to 6, 

transferred the protein to a Ilitrocellulose mem-
brane, and probed the membranes for lgE binding 

using serum from watennelon-sensitive subjects . 

No consistent I.•E binding was observed. How-
ever, by using SDS-PAGE and irDmunoblotting. 
Jordan-Wagner et al.245 found a 15-kDa protein in 

watennelon extracts that bound lg~ fronl wate~ 
melon-sensitive subjects. The protein was cross-
reactive with a sirnilar protein found in celery, 

cucumber, and carrot, but has not been ftlrther 
characterized. 

K. Papain 

L. Peach 

Peach can produce allergic reactions ranging 
from OAS to anaphylaxis.2so Several studies of 

peach proteins analyzed by immunoblottin** have 
been reported with variable reslilts. Wadee et ai.2sl 

detected a 30~kDa allergenic protein iu peach 
extracts, but not in pear or apple extracts. Taylor 

et al.252 found several labile allergenia proteins or 

glycoproteins with molecular weights of 41, 67, 
and 72 kDa in fresh peach pulp. Lleonart et al.253 

described a peach skin protein doublet with a 
molecular weight of 8 to 10 kDa that bound lgE 
from peach-sensitive subjects. Pastore~o et al.2so 

idenufied a 13-kDa allergenic protein comluon to 

several Pruuoideae (apricot, cheny, peach, and 
phnn). They also found a 14- and a 30-kDa aner-
*'en in the peach and che;ny, respectively. None of 

the peach l~E-binding proteins have been puri-
fied or sequenced to date. 

M. Potato 

Sensitivity to potato is fairly unconnnon. 
Ilnmunoblotting studies using serum fronl sub-
jects with sensitivity to potato have shown lgE 

binding to raw potato prote;irls with molecular 

wei.•hts ranging from 16 to 65 kl)a with pl of 4.5 
to 5.2.254,2s5 So. me individuals with birch ponen 

allergy report lip and mouth itching from inges-
tion of raw potatoes. Often these individuals tol-

erate cooked potato without difficulty. The puta-

tive anergen is theorized to be profilin (see Section 

VD:.F). 

Papain is a proteolytic enzyme derived firom 

papaya. It is used as a meat tenderizer, for clari-

fying beer, and as a reagent in the biochemical, 

innnunochemioal, and phannaceutical industries. 
Several reports have implicated papain as a cause 
of occupational asthma.246.24? Sozne individuals 

have developed sensitivity as a result of ingestion 

N. Tomato 

Tomato (Lycopersicon esculentum) is a menlr 
ber of the Solanaceae fatDily. Bleumink et al.256 

fractionated tomato proteins using ion-exchange 
chromatography. An anergenic glycoprotein ftac-

si42 



~ ;~{' 

tion was isolated. However, allergens were 
polydispersed throughout a number of fractions. 
Allergenicity also depended on the state of ripen-

ing of the fruit. Skul-test reactivity was highest in 

red-ripe fru:it stored for 14 d atroom temperature, 

It was hypothesized that the allergenie fractions 

were produced by nonenzymatic browning 
(M:aillard) reactions between proteins and reduc-

ing sugars during the ripening process. 

O, tniscellaneous Food Allergens 

1. Cottonseed 

Cottonseed (Gossypium species) can be used 
as a source of edible oil and protein. The presence 

of a toxic pignlent called gossypol limited its use 

in hum~n foodstuffs until traditional breeding tech-

niques resulted in gossypol-free cultivars.257 Tbis 

developlnent led to the use of cottonseed protein 

and oil in food produets. Anaphylactic reactions 

have been documcnted after consu:nption of food 

supplements, candy, and bread containing cotton-
seed protein or flour.2s~~260 The source of the allel~ 

gen appears to be the 2S proteins, which are wa-

ter-soluble albumins. 

2. Sesame Seed 

Sesame seed (Sesam indicum) is an East In-
dian herb of the Pedahacea f~rily. Both the seed 

and oil obtained from sesame seeds can produce 
anaphylaxis.261 Using ultracentrifugation and 
ilmnunoblotting techniques, multiple allergenic 

components have been noted with molecular 
weights ranging ftoln 8 to 84 kDa.lg9,262 Using 

inlmunoblotting techaiques and RAST jnhibition, 
several cross*reactive bands have been identified 

among a variety of foods, including sesame seed, 

hazelnut, rye grain, kiwi, and poppy seed.263 

3. Poppy Seed 

Poppy seed produces systenlic reactions on 
occasion.264 Other than possessing cross-reactiv-

ity as mentioned above, little work on its aller-

genic components has been done. 

4. Spices 

Several members ofthe Apiacea f~lily, which 
includes celery, anise seed, fennel, coriander, and 

cumin, elicit positive skin tests in celery-aJlergic 

individuals, especially those with mugwort pollen 
and birch ponen sensitivity265(see Section VD:.F). 

Cro~s-reactivity between Inugwort ponen and 
coriander has also been demonstrated using RAST 
ilibibition techniques.266 Helbling et al.267 found 

some cross-reactivity between raw carrots and the 

apiaceous spices, anise, cuD~i~ and coriander. 
~iumunoblotting studies by this group also dem-

onstrated lgE binding to 17-, 21-, and 23-kDa 
proteins in anise. IgE binding could only be de-

tected to a 17-kDa protein in cuDain and coriander. 

5. Mustard 

Yellow mustard (Sinapis alba) and oriental 
mustaJ:d (Brassica funcea) are. members of the 
Brassicacea fatDily. Allergens from both of these 

plants have bcen cloned. Sin a I is a 2S albwnin 
ftom yellow mustard seed and is the major yellow 

nmstard allerg'en. It is a seed storage protein con-

sisting of two disulflde-liuked polypeptide chains, 

each with 39 and 88 amiuo acid residues, respec-
tively.268 The anaino acid sequences of both chai!Is 

have bcen established. This protein has also been 

isolated from rapeseed, castor bean, and Brazil 

nut.26s Fulther studies have suggested that I*•E 
binding to the protein is confonnational, because 

reduction and carboxyalDidomethylation of both 
polypeptide chains produced a substantial decrease 

in lgE bin(iulg. Specific lgE binding was also 
decreased when the only tyrosine residue of the 

protein underwentbitration. This tyrosine residue 

is looated at the 60th position on the 88 amino 
acid chajn. A murine monoclonal antibody which 
also binds to this site decreased lgE binding by 
50%. This role for tyrosine is silDilar to the iln-

portance of tyrosine and I*•E binding to the cod-
fish anergen, Gad c 1.268 

Further studies of the genetics of the Sin a 1 

anergen were conducted using polymerase chain 
reaction (PCR) techuology using nondegenerative 

o~igo primers encoding for both the N- and 
C-tenninal regions. Two nucleotide sequences 
were identified indicating polymorphism of the 
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gene. The 2S protein is a member of the Napins 
fatDily, which is encoded by genes without in-
trons, synthesized as polypeptide precursors. and 

processed by specifio maturation proteases to ren-
der the two chains of the mature protein.269 

Isolation ofthe Inajor allergen of the oriental 

mustard seed. Bra j 1, has bcen reported.270 The 

oriental m~lstard is more c6nunonly used in the 

U.S. and Japan, the yellow mustard being used 
predolDinantly in Europe. Table mustard is often 
a nlj~ture made from the flour obtained ftom the 

seeds ofboth species. TheBraj I allergen showed 
nricroheterogeneity and was itDmunologically 
cross-reactive with the major yellow mustard 
allergen Sin a l. Its molecular weight ranges 
between 1 6 and 16.4 kDa. Both of these proteius 
appear to have an ee-helical structure that is re-

sistant to proteolytic and thermal degradation, 

and are storage proteins with a high glutanljne 
content. Similar proteins have been identified in 

cabbage and tumip, both of which are members 
of the same fainily of plants. 

Vt. FOODS AS INHALANT ALLERGENS 

The ingestion of food proteius with sensitiza-

tion occurring through rlle G:1 tract is the principal 

cause of food allergic reactions. In some cases, 

however, individuals bccome sensitized throng"h 

a respiratory route, particularly following occu-

pational exposure in the food-processing industry 

or perhaps as a consequence of sensitization to 
various ponens that share cross-reactive allergens 

to foods. It is also hypothesized that food alLer-

gens may be incorporated into house dust and 
become airborne.211 

Several allergens cauee occupational astuna. 

Milk proteins have been implicated in the devel-

opment of occupational asthma in two individu-
als. Ih one case, in~lalation of powdered 12ailk led 

to the development of nasal s yD~;ptoms and wheez-

ing.272 The pe:tient also experiericed oral itehing 

and buming upon ingestion of milk products. The 
reactive protein was identified as sodium casein-
ate. 111 a second case. Bemaola et al.2T3 reported an 

individual who developed occupational asthma as 
a result of exposute tc ce-1actalbumin. 

Egg proteins have been associated with the 
"bird-egg syndrome." Individuals wlth tbis syn-

drome generally bccome sensitized through the 
respiratory route after being exposed to bird se-

rurcl antigens_ Subsequently, they react to inges-

tion of chicken egg yoik. Although the syndrome 
is primarily identified in adults,214 it has also been 

described in ehildren.27s The allergen responsible 

for this reaction is o;-livetin, a serum albumin of 

70 kl)~L Tbis protein is also present in the yolk of 

276 the cbicken egg-
van Toorenenbergen et al.277 found a 60-kl)a 

protein in eg~~ yolk to bc aJlergenic in adults who 

were exposed to bird serum antigens. In contrast, 

children without bird exposure, but with egg al-

lergy by in*•estion. reacted to a 35-kDa proteirt. 
These egg yoik proteins were not fuither charac-

terized. 

Orgailic dusts from legumes and other plants 
sensitize tbrougll the respiratory route. ~halation 

of soybean flour has been implicated as a cause of 

inhalant asthma in a number of individuals.2?s 
Evaluation of the soybean prote;ins involved in 
soy bean flour~sthma has identified nine proteins 

with Inolecular we;ights ranging from 14.9 to 
54.5 ~)a.2;79 Soybcan lecithin has also produced 

occupational asthma in a sensitive individual.2so 

Epidemic outbreaks of asthma have been attrib-
uted to airbome soybean proteins (Barcelon~~ 
Spain)281 and airborne castor bea~2 dust.282-284 The 

grecn bean has been implicated as a cause of 
occupational asthma in a homemaker prepaling 
and cookulg raw green beans.2B5 Green coffee 
bean dust has caused occupational asthma2s6 in 
coffee processors. 

Fish and crustacea are responsible for occu-
pational reactions, partieularly in the seafood in-

dustry,2g7 A number of occupational asthma cases 

have been attributed to the inhalation of airbome 

proteins fi:om seafood such as Norway lobster 
(Nephrops norvegicus), king crab (Paralithodes 
camshaticus), snow crab (Chinoecetes opilio), 
and squid,204 among others Sensitization is be-

lieved to follow iuhalation of proteins in steanl 

generated in process~lg. 

Baker's asthma is observed in individuals 
working in the baktng industry. Proteins of wheat, 

rye, and barley flour are the nlost commonly im-

plicated soll~:ces of allergens. A number of pro-

teins ftom these cereal grain flours have been 
purified,288 and allergens from wheat barley flour2g9 

have been cloned. Blands et al.290 found 539~o of 
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163 bakers examined had allergy to wheat flour, 
25~o to rye flour and 23% to both. The highest 
skhl:-test reactivity was induced by the water-
soluble fractions . Forty antigenic components were 

identified by CIE, some of which may share par-
tial identity due to proteolyic degradation. Franken 

et al.291 demonstrated lgE binding to a 14-kl)a 

protein using immunoblotting techniques. A sirDi-

lal: protein was found in rye flour, although there 

was less I*"E binding to the rye than to the wheat 

ma:terial. Pfeil et al.292 found three major wheat 

allergens in immunoblotting studies with molecu-
lar weights of 47, 17, and 15 kDa. Gomez et al.,293 

using inlmunoblotting techniques, identified the 
major allergens associated with baker's asthJna as 

members of the o;-alnylase inhibitor failrily from 

wheat endospenn. Consequently, several trypsin 
ce-amylase iDhibitor proteins from wheat species 
(Triticum duram Desf cv Agathe,294 T. aest~,um 
L. genomes AABBDD cv Chihese Spring 295 
T. turgidum L. genomes AABB cv Senatoree-
Caplelli,295 T. aestivum cv Timgalen296) have been 

moleeularly cloned and their DNA sequences re-
ported. 

Amlentia et al.2B8 pulified 1 1 proteins from 

wheat and barley flour that comprised a fainily of 

-oc-aurylase/trypsin inhibitors. Most of the flour 

allergens were found iu the albumin and *(I]obulin 

fractions . Subsequcntly, the prominent allergens 

have been identtfled, including a monomeric form 

from wheat and a dimeric fonn ftom barley. Mena 
et al.z89 cloned the major barley allergen, a 
14.5-~)a barley endospelm protein. This is a 
glycosyla:ted monomeric member of a multigene 
fainily of inhibitors of oe-amylase/tryptase ftom 

cereal grains. Its deduced amino acid seque;nce 

contains 132 residues. Five continuous I~•E-bind-
ing epitopes have been identified on the wheat 
alD:ylase iDhibitor.50 

Vll. CROSS-REACTIVITY 

A. Cow's Miik 

Individuals allergic to cow's ntilk wiu often 

h-ttve seru:n lgE antibodies to goat or sheep's 
milk.13,14,21 For the most part this has not been 

coll~med by DBPCFC, but iue of ten cow's 
milk-aJlergic children ingesting goat's milk had 

reactions sirnilar to those provoked by cows' milk 

(H. A. Sampson, personal communication). 

B. Fish 

The degree of allergic cross-reactivity betwecn 

different fish species varies widely between indi-

viduals.297 Several studies have attempted to as-

sess the reactivity of fish-anergic subjects to dif-

ferent species of fish. de Martuo and associates29e 

performed skin tests in 20 cod-allergic children 
with 17 diiff:erent species of fish. Eel extract was 

the most reactive (85%), although parents in ev-

ery case indicated that their children had never 
ea:ten eel. Pascual et al.299 studied sole, whj~f, 

witch, hake, cod, and albacore skul-test reactivity 

in 79 children wlth fish hypersensitivity. All of 

the subjects reacted to the six types of fish. It is 

apparent that skin testing alone carulot adequately 

predict elinioal cross-reacti:vity for fish species. 

Research using DBPCFC and other tests56,298 
in fish-allergic children has shown that subjects 

are not uniformly sensitive to all species. 
Bernhisel-Broadbent et al.83 found variable reac* 

tions to DBPCFC in that positive oral challenges 
resulted with only one fish species in seven sub-

jects, two fisb species in one subject and three 
fish species in two subjects. Skn tests in these 

subjects we;re positive to all ten fish species evalu-

ated in 8 of the 11 subjects. The three re;mailring 

subjects had positive skul tests to at least two 
species However, among nine fish-a~lergic sub-
jects in one study,60 only one did not react to oral 

chanenge to the type of fish they reacted to in ST. 

The in vitro cross-reactivity of fish extracts 

has also been investigated using SDS-PAGE and 
irnmunoblotting: One study83 examined extracts 
from nine species of raw and cooked fish. With 
the exception of raw and cooked tuna, all extracts 

had a prominent baJid in SDS-PAGE at 13 kDa 
that appeared to be analogous to the major codfish 

ajlergen, Ged c I . Ilnmunoblotdn,." results using 

serum from fish-allergl~~ individuals showed the 

most pronounced l~E binding was to tbis 13-kl)a 

band. Tuna did not appear to contain this 13-kDa 

protein, possibly explaiojng why tuna does not 
cross-react extensively with other species . 

Inununoblotting further indicated lgE bind-
ing to extracts of fish to which the subjects had no 
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clrDical sensitivity as deterDnined by oral chal-

lenge. In ELISA inhibition assays, the concentra-
tion of fish extract required to achieve 50% ilibi-

bition of specific 1.•E binding was sirnilar for fish 
to which pa:tients were cliDicany allergic and those 

to which they were not cliDically allergic.83 

RAST inhibition studies have shown a vari-
able amount of cross-reactivity among species of 
fish. Tuna or albacore has been the least effective 

iDllibitor in RAST studies,298,300 showing ihe few-

est reactions in skin tests.299 Helbling et al.300 

found that tuna exttact inhibited a trout RAST by 

45% and a mackerel RAST by only 26~o. When 
RAST inllibition was performed with Gad c 1 
against hake, whiff, sole, witch, and albacore, it 

was observed that although parvalbumin is im-
portallt as an ailergen in cod, it is not as important 

in another gadii:onn, hake, and even less so for 
other types of fish.299 

Helbling et al.300 found that many individuals 

with a history of adverse reactions to fish also 

report adverse leactions to crustacea, mainly 
shriulp However, RAST inhibition studies showed 
that fish extracts (sahnon, anchovy, tuna, trout, 

pollock, and mackerel) could not inhibit a shrilnp 

RAST, iudicating that the individuals probably 
had muitiple food allergies. 

C. Crustacea and Ano]lusks 

1. Crustacea 

Histories of I*"E hypersensitivity to multiple 

types of sheuflsh are frequently reported. Shrimp-

allergic in(ii:viduals react to other species of crus-

tacea. They exhibit posiuve skul tests and ~AST 
to other crustaceans.~g'30i Studies using RAST 
inhibition assays and additional immnnochemical 
techniques iudicate common antigenic/anergenic 
epitopes in-shrixnp and other crustacea.1on.302,303 

Hainlepuro et al.1ou found that five of six I*"E-

binding CIE precipitins from crawfish share par-
tial immunologic identity to precipitins in spiny 

10bster, white shrimp, and blue crab extracts, and 

that three of four spiny lobster lgE-binding CIE 

preeipitins had partial irmnunological identity with 

crawfish, white shrimp, and blue crab extracts nl 

addition, extracts. from shrimp, blue crab , and 

crawfish all i!lhibit Pen a I RAST to a silnilar 

extent.5 Pen a 1-reactive lgE as well as Pen a 1-

specific monoclonal antibodies can detect a 
36-kDa protein present in crawfish, blue crab, 
and spiny lobster, perhaps indicating the presence 

of colnmon lgE-binding epitopes.93 The presence 

of lgE to unique and shared class anergens may 
explain an individual's cliDical sensitivity to one 

or more members of the crustacea. 

2. Mollusks 

Although molLusks are much less allergonic 
than crustacea, a study of cross-reactivity of oys-

ter and crustacea extracts indicated some colrlr 

mon antigenic/allergenic epitopes based on RAST 
inhibition studies. Shrimp, blue crab, spiny lob-

ster, and crawfish were au highly cross-reactive 
with oyster.207 

Squid-allergic patients in one study also ex-

perienced syn~:ptoms after ingestirlg shdlnp, and 

demonstrated strong positive skin-test reactions 

to boiled sqlJjid extracts and vaJious commercial 

crustacea extracts. Spec~ic lgE-bin(iurg inhibi-

tion studies showed cross-reactivity between 
shrhnp, Iobster. crab, oyster extracts, and boiled 

squid extract, although cross-reactivity was not 

demonstrated between squid and octopus (another 
cephalopod), nor squid and round clam, mussel, 
or other mollusks.205 

Lim:pet-sensitive subjects in one study could 

conslnne squid, clam, cockle, octopus, snail, oys-

ter, shrimp, Iobster, and crawfilsh without adverse 

reaction.204 Cross-allergenicity between grand 
keyhole linxpet, abalone, and keyhole limpet 
h~mocyanin was demonstrated using sera ftonl 
lilnpet-sensitive subj ects iu a raw limpet RAST;08 

3. Seafoodllnsect Cross-Reactions 

Crustacea and mollusks Inay sbare allergenic 
detelnlinants with some species of arthropods, as 

phylogenic conservation may occur. Shared aller-

genic determinants have been demonstrated be-
tween the major shrirnp allergen and ~it fly 
(Drosophila) antigens. Pen a I and Fen i I share 
86 to ~79~o sequence sirnilality with fruit fly tro-

pomyosin.5,92 patients allergic to Chironoroids 

(I]onbiting nlidges) often demonstrate positive skin 
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tests to crustacea. Chironomid extracts inhibit 
sbr~p RAST, and vice versa,304 although other 
researchers report low cross-reactivity using this 

assay nlethod.30s 

Witteman et al.306 found that a monoclonal 
antibody raised against Dermatophagoides 
pteronyssinus (dust mite) extract eross-reacted 
with a shrilnp allergen, presumably Pen a 1, and 
also reacted with extracts of chironolDids, mos-
quitos, and coekroaches. The authors concluded 
that tropomyosin is involved in cross-reactions 

between mite, shr~nlp, and insects in shrimp-al-
lergic individuals. Aki et al.307 recently cloned a 

reconibinant mite (Dermatophagoides farinae) 
protein that is a major allergen for the 31 mite-

allergic subjects in the study. The deduced amino 

acid sequence from a cDNA fragment had 76% 
homology to fruit fiy tropomyosin and was coin-
cident with parti:al sequence fragnlents of purified 

native mite tropomyosin. The d~duced anlino acid 
sequence had ll of 17 and 6 of 9 identical amino 

acids, respectively, to two lgE-binding segnents 

of shrimp tropomyosin (shri:np residues 50 to 66 

and 163 to 161). It was concluded that this new 
allergen was mite tropomyosin. Some snail-sensi-

tive seruln samples show positive lgE binding to 

mite, and irihibition of snail RAST was elicitedby 

Dermatophagoides extract (14 to 66~l;~, inhibi-
tion).203 S.pecific lgE binding for another gastro-

po.d, Iimpet, was significantly inhibited by 
204 D. pteronyssinus.20s However, this same group 

reported no signibcant iDhibition of squid-spe-

ci~c Ic•E by I). pterony~sinus or cockroach ex-
tracts. 

It is believed that the invertebrate hemoglo-

bin (erythrocruorin) molecule might be involved 
in the reported cross-reactivity Of caddis fly and 

mollusk.3oa It is a potent allergen for chirononlid-

sensitive indiviiduals, and serum from caddis-sen-

sitive patients in one study reacted with a con3po-

nent of sirDilar molecular weight in moilusk and 

bee venom extracts.30s 

with peanu~ garden pea, soybean, and chick pea 

extracts in RAST studies. Bemhisel-Broadbent et 
al.,3ro using imlriunoblotting and dot-blotting 

methods, found extensive in vitro cross-alLer-
ge~icity with peanuts, soybcans, peas, and lima 
beans in 57 of 62 patients with leglnne sensitivity. 

However, an earlier study by the same research-
ers found that chnical and in vitro results did not 

correlate in evaluating anergel:ic cross-reactivity 

in the legume fainily; 59~fo of skn-test-positive 

patients reacted to oral chaJlenge, and olily 2.8% 

reacted in oral challenge to more than one le-
gume_ Peanut hypersensitivity accounted for 3 1 9ift, 

of the positive reactions, soybean 23%, and pea 
5%. Green and lima beans gave no positive oral 
challen~e reactions.5 

The inte~lelationships of proteins in each le-

*~me as subunits or degra(iation products of one 
another, or as a result of influence of posttransla-

tional glycosyla:tion on molecul~r weight, are not 

understood. The cross-reacting sequences or 
epitopes in these legumes which cause clinical 
and in vitro reactions are also not kuown. 

The studies reviewed above reveal that al-
though lgE antibodies can cross-react with pro-
teins in related foods and cause positive skul-test 

and RAST result~, the clinical manifestations of 

such cross-reactivity are apparently lare. How-
ever, peanut-allergic individ:uals can develop se-

vere lgE-mediated reaetions to taugeh (sprouted 

smarl green beans), a typical component of egg 
rolls.3u A case of lupin-fortifled pasta causing a 

reaction in a peanut-sensitive child has recently 

bcen reported.216 The subjects experiencing a 
positive skin-test reaction to the lupinbxtract also 

reported a history of adverse reactions to green 

peas. Therefore, while it appears Ltom the litera-

ture that cliDical sensitivity to one legu:ne does 

not always warrant eljJnination of all legumes 
from the diet in most cases, this should be evalu-

ated on an individual basis. 

E. Cereaf Grains 
D. Legumes 

Extensive in vitro allergenic cross-reactivity 

in the leguJne faDaily has been documented. For 
example, Barnetr et al.309 found that 25% of sera 

from legume-sensitive patients reacted strongly 

Molecular techniques have led to increasingT 

insights into the cross-reactivity of cereal grain 

proteins. The major aJlergens in baker's asthma 

have been ide;ntifi;ed as a group of ce-amylase 

inhibitor proteins o~-ADrylase irthibitors from 

S147 



barley and wbeat share 37% amino acid sequence 
homology.294 The deduced aJ~ino acid sequence 
homology of rice oe-anrylase/trypsin ilil~ibitor and 

wheat is 40%, and bctween rice and barley it is 

20~?.232 A monoclonal antibody directed agaillst a 

14-~)a wheat o;-alnylase inhibitor also recog-
nizes a similar component in rye ~lour,291 suggest-

ing shaJ,~d epitopes. I•'ranken et al.312 eonfinned 
the inrportance of o;-amylase inhibitor as a major 
allergen of ~heat. The extent of lgE cross-reac-

tivity and clinical sensitivity to cereal grains has 

been explored recently.313 Approximately 25 9lft, of 

whea:t-allergic children reacted to another cereal 

grain (barley, oat, or rye).3ls 

F. Tree Nuts, Vegetables, Fruits, and 
Pollen Allergy 

It is well documented that individuals with 
tree pollen allergies (birch, alder, hazel, horn-

bealcl, and oak) also frequently su~fer intolerance 

to nuts, fruits, and vegetables.31~3ls l~l Northem 

Burope, up to 70~c of patients with birch pollen 

aller*"y demonstrate intolerance to these foods, in 

contrast to 199~o of patients not aJlergic to birch 

pollen.314 Apples314,3l9 and hazelnuts3i5~sl6 are the 

most common offenders, althoug"h reactions to 
botanically ullrelated fruits, such as kiwi, have 
been reported.263,320 Individuals who suffer from 

grass or weed pollen allergies often show sensi-
tivity to carrot, celery, potato, and sol~le 
spices,266.321,322 and many individuals with rag-

weed allergy report intolerance to tuits in the 
gourd f~2ily, and banana, a nongourd.244,323 Most 

of these cross-reactions manifest as OAS, but a 
certain percentaoj~e of individuals experience sys-

temic symptoms,324 Althou~eh many of these 
cross-reacting allergens are inactivated by cook-

ing, the cross-reacting allergens of tree nuts are 

heat stable. 

T-cell epitope m'dpping has been ~lrvestigated 

for birch, hazel nut, and alder pollens- The spe-

qific amino acid sequences resultug in sensitiv-

ity, however, have not been identified. Exposure 

to tree pollens can lead to the development of lgE 

antibodies that recognize epitopes on a variety of 

food proteins containing silnilar amino acid se-
quences. The primary sensitization is to the pol-

len, and not to the food. 

1. Bet v 1 

Bet v I is the major birch pollen allergen and is 

the most iulportant allergen for bireh poller~focd 

cross-reactions. It is a 17-kDa cytosolic protein whose 

CDNA sequence32s is higl)ly conserved in dicotyle-

donous phnts,s26 and has homology to a fajlrily 
ofn2RNAs that are itiduced in somatic tissues of 

some higher plants by pathogen infection.32? 
Using immunoblotting teohniques. Ebner et 

al.2s5 found that serum ~rom 81 of 83 birch ponen-

auer**ic subjects showed lgE~binding to Bet v 1 
and also apple (double bands) in the molecular 
wei**ht range of 17 to 18 ~)a. Complete irthibi-

tion of lgE bindin." to these apple allergens was 

observed after preincubation of the sera with 
Bet v 1.2ss,324 In addition, birch pollen and apple 

allergen-encoding nucleic acids cross-hybridized 
in Northem blots.235 Other researchers have found 

that the 18- and 31-kDa apple anergens share 
about 50% identity with Bet v 1, in addition to 
disease resistance genes in other plants.23B 
Immunoblotting studies have also revealed that 
the 18-~)a hazelnut allergen shares lgE-binding 
sinrilarities with Bet v 1, as binding of lgB from 

patients with hazelnut alLergy to the 18 kDa aller-

gen could be bloeked by preincubation of sera 
with recombiDant Bet v 1.195 

l~l a study of 43 patients with birch pollen 

alLergy and a history of intolerance to fruits, two 

*"roups were discovered; those whose senun re-
acted with a 20-kDa protein in birch polLen and 
fruits, and those who reacted to an 18-kDa proteirl 

in birch pollen, ftuits, grass pollen, and potat0.315 

RAST inhibition and inlD~:unoblot analysis indi-

cated that there was antigenic similarity between 

the anergens of birch pollen and fiuits, in particu-

lar apple, cheny, peach, and pear, which are all 

members of the Rosaceae fainily 
No biological properties of Bet v I are yet 

known. It is considered to be a B-ce~ epitope in 

toto, as onl~ CDNAS encoding the entire open 
reading fralne couid be isolated by screenilrg ex-

pression libraries witll birch-allergic patient se-

rum.328 

2. Profii,~n (Bet v 2) 

Profilin is involved in birch pollen-ftuit sen-

sitivity, but also plays a wider role in cross-
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reactivity with other foods.329 I~ contrast to other 

major allergens in botanically related species, 
profilins represent important cross-sensitizing al-

lergens responsible for ajlergic symptoms,s26 as 

approximately 20% of pollen-anergic patients 
show lgE binding to allergen.s30 Bet v 2, a birch 

pouen protein identified as a profilin with a mo-

lecular weight of 14 kDa, has also been identifled 

as a cross-reactive allergen in a variety of fruits 

and vegetables.329 profi~ns, which are hig•hly con-
served ubiquitous proteirLs found in almost all 
eukaryotic orgallisms, control actin polymeriza-
tion. They have bcen isolated from a variety of 

pollens. 

Pollen profilins appear to share cross-reactiv-

ity with a number of foods. Ebner et al.324 found 

in immunoblotting stu(~ies that preincubation of 
birch pollcn-allergic serum with recolnbinant Bet 

v 2 redueed cross-reactive lgE bindiDg to pear. 
celery, calrot, and potato proteins Vallier et al.241 

found that of 63 mugwort-allergic subjeets, 18 
had speoific lgE to a 15-kDa protein in mugwort 
and to two birch pollen proteins at 14- and 16-
kDa. Of the 36 that were positive for celery RAST. 

1 8 had specific lgE bin(~ng to two cslery proteins 

at approximately 15 kDa. These 18 sera also 
showed lgE-binding to the 15-kDa protein in 
mugwort and the 14- and 16-kDa birch pollen 
proteins. m a later study, the same researchers 
pudnfled the 15-kDa celery alLergen and showed 
that preincubation with it prevented lgE binding to 

the 15~d)a allergen present in mugwort and birch 

porLen. Ih addition, IgE ftom three Bet v 2-allergic 

subjects bound to the pudj~ed 15 kDa celery aller-

gen, and this binding could be prevented by prein-

cubation with recombinant Bet v 2.240 

Raw maple symp induced angioedema of the 
tongue in an individual who had tree pollen sen-
sitivity.331 It was theorized that a heat-labile aller-

gen, possibly profilixl, accountedfor this reaction. 

3. Cross-Reacting Carbohydrate 
Determlnants 

Besides Bet v I and profilin, carbohydrate 
structures on glycoproteins are also involved ill 

ponen-vegetable cross-reactivity, but their clrni-

cal rele:vance is doubtftil.321,332 

G. Cross-Reactions between Latex and 
Foods 

With the increase in latex lgE-mediated al-
lergy noted in the last 10 years, cross-reactions of 

latex with various foods have been reported. 
Blanco et al.333 reported that among 25 patients 

with latex sensitivity, 7 experienced systenlic re-

actions to avocado, 4 to chestnut, 5 to bananas, 

and 2 each to kiwi, papaya, and figs. RAST inhi-

bition analyses showed cross-reactivity with latex 

and avooado, chestnut, and banana; therefore. Ia-

tcx shows shared antigenic detenninants with other 

~uits that are not bota~icany related_ Papaya, fig, 

and kiwi showed a lower association in the RAST 
inhibition tests. 

Anibai~o et al.334 reported a latex-anergic 
subject who reacted to an oral ohallenge of chest-

nut, mantfested by urticaria and angioedema. 
Imnl:unoblotting using this patient' s serum showed 

strong lgE bin(iulg to a band at 14 kDa and sev-

eral in the ranb'e of 25-30 kDa less strongly in 
addition to binding to latex ptoteins in these same 

molecular weight ranges.335 nl another study, 7 

out of 10 Iatex-allergic subjects experienced ana-

phylaxis to avocado. These individuals also re-
ported alLergies to banana, chestnut, kiwi, and 

papaya. RAST inhibition suggested connnon 
epitopes among avocado , latex, chestnut, and 
banana.335 Latex-allergic subjects have also re-
ported anaphylaxis to banana or chestnuts.336 Ih 

addition to the cross-reactivities noted above, I~lr 

tex cross-reaction has been associated with cel-
ery, passion fruit, and peach.33? 

Vlll. RECOMBiNANT ALLERGENS AND 
IWIPUCATIONS FOR FOOD 
TECHNOLOGY 

A. Introduction: Advantages and 
Disadvantages of Recombinant 
Al[ergens 

The (iamatic increase in ~lowl edge of anergen 

structure since 1983 is due prixnarily to the success-

fill apphcation of recombinant DNA technologies. 

The moleclJlar techniques have helped de~ne pri-
mary aDtige~ic structure, as we~ as B- and T-cell 
epitopes from a variety of anergenic proteins.33B 
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The~e technologies have re:volutionized efflorts to 

develop reliable sources of anergenic material for 

laboratory study and clinical use. 

It is now possible to create a reliable, repro-

ducible allergen source that has batch-to-batch 
consistency and is available in stable, Iarge quan-

tities, a remarkable achievement.339 This should 

result in improved auergenic extracts for diagno-

sis and iltlmunotherapy. Recombinant allergens 
can be produced at very high purity, an advantage 

over extracts from na:tural sources that may con-

tain a number of other allergens and nonallergenic 

material. An additional advantage of recombinant 

allergens is that they may be added to natural 
anergenic extracts to irnprove the quality of cur-

rent extracts.340 However, another meihod wolild 
be to use a few (two to four) recombinant aller-

gens cloned from a given source for diagnostic 

purposes. 
Perhaps the greatest value of biotechnology, 

however, will bc to provide recombinant aller-
gens to be used instead of allergens that are present 

in natural products in liznited quantities, such as 

vespid venoms. Recombinan:t aller~ens will pro-
vide better tools for auergen stan(lardization, struc-

tural investigation, and T- andB-cell epitope iden-

tification. Such studies could yield new concepts 

in ilnniunotherapeutic approaches in the treat-
ment of allergic diseases. Recombinant DNA tech-

nology will also be useful in analyzin~' cross-
reactivity betwecn alleirgens. Such techniques have 

demonstrated that a nuJnber of pollen anergens 
have inter- and intraspecies and intergenic vari-

341 ability and cross-reactivity. 

A major potential disadvantage of recombi-

nant allergens is that their I.•E binding affinhy 
may be less than their native counterparts. Also, 

because many allergenic extracts contain mul-
tiple allergens, substantial resources could bc re-

quired to prepare all recombinant allergens in a 
specifilc foo(~ if tha:t was necessary. Finally, the 

safety and etficacy of recombinant allergens are 
major concems and are issues that must be con-
sidered prior to use iu humans. 

B. Requirements of Recombinant 
Allergens 

A Inajor objective for any recombinant aller-

gen produced is that it bc comparable to its natu-

ral counterpart. Recombinant anergens used in 
vivo should be adequately analyzed for the fol-
lowingr properties : the purity of the protein mll:st 

be defined as described in the World Health Or-

galri2:ation (WHO) doculnent on recombinant pro-

teins.342 Recombinant allergen samples must be 
demonstrated to lack toxicity using auimal model 

systems (see "Pdnciples and Characteristics of 
Food Allergens" by Taylor and Lehrer in this 
issue). These molecules should be stable and the 
half-ltfe shouid bc assessed with in vitro assays 

nonnany used in allergen standardization. 

Because a number of allergens possess inher-
ent biological activity, such as enzymes or lectins. 

their recoulbinant counterpart may possess these 
activities as well. If there exists undesired traits, 

such as toxicity, these traits may have to be re-

moved. Site-directed mutagenesis could be used 
to accomplish this goal. Finaily, it is pritical that 

recombinant allergens have silDilaj~ I*•E-binding 
activity to their natural counterparts.340 

C. Raolecularly Cloned Allergens 

A host of allergens have been cloned in the 
past few years- Emphasis has been directed at 
inhalant allergens (for review, see Stewart343 and 

Scheiner344) . Among the first allergens to be cloned 

was the major dust mite allergen, Der p 1.345 
Clones were detected by rabbit anti-sera and oli-

gonucleotide probes. In the expression system 
used, however, IgE binding to the expressed pro-
tein could not be readily demonstrated. This sug-

gested that posttranslational events of conforma-

tional structure are necessary fol lgE binding-

Other systems have shown that recombinant al-
lergens can be deteefed using lgE bindjng for 
identijSrcation of relevant clones . 

A numbcr of nonfood inhalant allergens have 
been identified including numerous grass pollen 
antigens.346 The sequence homology of birch pol-

len a~lergens with food such as hazelnut and the 

profilins was discussed in Section VII.F. Several 
ragweed pollen allergens have also been cloned. 

The use of PCR-based technology has led to the 
identiflcation of a ftill-length gene that encodes 

for the major cat ~lergen, Fel d 1. The informa-

tion derived from these studies has led to the 
identification of T-cell epitopes iu the Fel d l 
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molecule- Currently, synthetic peptides based on 

these anaino acid sequences are under evaluation 

for imlnunotherapy to reduce anergic reactions in 

cat- allergic individuals . Fungal allergens have also 

been cloned froulAlternaria andAspergillus. The 
Aspergillus protein is one of the few in which the 

recombinant allergen has been shown to produce 
a positive skin test in allergic subjects.347 Molecu-

lar cloning of stinging insect venom proteius has 

also been reported. The sequence homologies of 
some of these proteins with plant-derived pro-
teins, and cockroach anergens with food proteins, 

have been discussed. 
Recombinant food allergens have also been 

produced. One peanut allergen, Ara h 2, has been 
produced using recombinant technology.s48 Genes 

coding for major aJlergenic proteins ftom rice 
seeds have been reported.2sl.2s2 Several CDNA 
and genomic clones were prepared. The sequence 
analysis of these indicated a deduced amino acid 

sequence that has homology to barley trypsin in-
hibitor and wheat ce-amylase inhibitor. The clones 

were detected by oligonucleotide probes based on 

the amino acid sequence of the plJJ:t~ed 16-kDa 
major rice allergen. However, neither of the stud-

ies examined the ability of the molecularly cloned 

protein to birid lgE from human serum. Gonzalez 
de la Pena et al.2e9 describcd the cloning and 
expression of a major anergen from yellow mus-
tard seed (Sin a D. Cloning was canied out by 
PCR using nondegenerate oligo primers and cod-
ing for the N- and C-terminal regions of the ma-

ture protein. Nucleotide sequence analysis indi-

cated that there was polymorpbism, suggesting 
the existence of multiple isofonns of the allergen. 

However, IgE-bindjng experiments were not con-

ducted. 
A Iist of allergens cloned and sequenced to 

date is shown in "Assessment of the AJlergenic 
Potential of Foods Derived from Geneticany Engi-

neered Crop Plants" by Dean D. Metcalfe et al. in 

this issue (see Tables I and 2). This list witl llJl-

doubtedly increase with time and wilL provide in-

valuable nformation on anergens and facilitate 
new iherapies for the treatulent of allergic diseases. 
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l. [NTROOUCTION 

Over 60 (~ferent plant species, iucluding the 

most econonlically important crops, have been 
successftilly geneticany engineered; and the list is 

growingi (see Table 2 in "Genetic Modification 
of Proteins in Food" by Peter R. Day in this 
issue). Taaits being introduced into these crops 
include insect protection, delayed ripenixlg, virus 

resistance, modified starch, herbicide tolerance, 

modified oils, disease resistance, Inale sterility, 

and many others2 (refer to arricle cited above). 
More than 20 dif fere;nt genetically eng*~neered plant 

products are predicted to be in the marketplace 
witbin the next 4 or 5 years3 (see Table 3 in the 

article cited above). 

Prior to market introduction, each of these 
products is subjected to extensive food, feedL and 

envilronmental safety assessments This article 
presents a consensus and a science-based approach 
to assess the aller."enic potential of foods de;rived 

from genetically engineered crops as one compo-
nent of that food safety evaluation. Most traits 

introduced into crops result ftom the expression 

of one or a few new proteins. In some cases the 
desired trait will be produced by introduction of a 

gene that tums ofE another gene (e.g., antisense or 

cosuppression). Therefore, there may be no new 
protein introduced into the crop, with the excep-

tion of a Inarker gene protein. Typically, these 

proteins are expressed at low levels and represent 

a minor percentage of the total plant protein. Iil 

contrast a specific plant may expres s tens of thou-

sands of discrete proteins, some of which are 

present in high concentrations (see "Genetic 
Modjfication of Proteins in Food"). Despite tbis 

enormous variety, allergy to food proteins occurs 

in less than I to 29ifo of the population-4's Where 

food allergy is confirDled, paticnts are usually 

anergic to only a few specific proteins within one 

or two specific foods. 

Eight foods or food groups (peanuts, soy-
bcans, tree nuts, milk, eggs, fish, crustacea, wheat) 

account for over 90% of the documented food 
anergies worldwide (see Table I in "Anergenic 
Foods" by Steven L. Taylor and Salll:uel B. Lehrer 

in this issue). This list of foods is based on discus-

sions at the recent expert consultation on food 
allergies sponsored by the Food and Agiculture 
Organiza:tion (FAO).6 The Inaj ority of individuals 

with documented immunologic reactions to foods 
exhibit irnmunoglobulirl E ~gE)-mediated imme-
dia:te hypersensitivity reactions that can be sud-

den, severe, and life-threatenin~•?•8 and that are 
thus the focus of general concem- Although other 
fomls of food protein-indueed hypersensitivity 
exist (see "Allergic Reactions to Foods" by John 

A. Anderson in this issue), the lgE-mediated fonn 

provides the most sensitive indicator for the trans-

fer of a protein that induces ali imJnunologic re-

sponse. It will be the only inlmune response spe-

cifically addressed in this article. Gluten-sensitive 

enteropathy (celiac disease), a di~tinct clinical 

pathologic entity that is observed in specific indi-

viduals sensitive to gluten in certain foods, is not 

specifically addressed in this artiole. The assess-

ment approach suggested in this article is not 
appropriate for celiac disease. 

* Please note: The content of this al:ticle was developed through a se:ies of joint meetulgs and diseussions involvlng all authors 

IC40-8398/96/$.50 
C 1996 by CRC Press, Inc. 
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Assessment of the anergenic potential offoods 

derived Ltom geneticaJly engineered plants should 

focus o. n a multilevel analytical process. This 
approach takes into account the source f tom which 

the gene is obtained, amino acid sequenee com-
parisons with known allergens, in vitro and in 
vivo imnunologic analyses, and an assessment of 

key physicochemioal characteristics. 
A rational assessment of aJlergenic potential 

should be conducted in a careful step-wise pro-
cess, using a deeision tree strategy (Figure 1). The 

totality ofthese assessments provides reasonable 
assuranc~ that foods derived from new plant va-

rieties will not introduce anergenic concems be-
yond those that exist relative to the current food 

supply. If anergens are introduced, the foods will 

be appropriately labeled so that they can be avoided 

by susceptible individuals. This decision tree ap-

proach will be illustrated, as appropria:te, with 

exalD:ples of proteius introduced into plants by 

genetic modi~lcation-

It. THE SOURCE 

The Food and Drug Adnlinistration (PDA), in 

their Polioy on "Foods Derived ftom New Plant 
Varieties,"9 recogni;~ed the need to address the 

potential transfer of food a Jl ergens. The FDA stated 

that if a gene was obtained from an allergenic 
source '~)A considers it prudent practice for the 

producer iDitially to assume that the transferred 

protein is the allergen. Appropriate in vitro or in 

vivo ailergenicity testug Inay reveal whether food 

ftom the new variety elicits an allergenic response 

in the potentiany sensitive population (i_e., people 

sensitive to the food in which the protein is ordi-

nadly found)." The FDA fufther stated that "la-

beling of foods newly containing a hlown or 
suspect allergen may be needed to inform con-
sulners of such potential." The label shouid dis-

close the source ftom which the gene was trans-
f erred. * 

The source from which the gene is derived is 
the critical parameter in the assessment of poten-

tial aller*'enicity. It dictates the need to verify 

whether a gene encoding an anergenic protein 
was transferred and expressed in a food compo-
nent, and mandates labcling should that be the 

case. 
If a gene is obtained froln a kuown allergeuic 

source and the protein encoded is expressed in a 

food component of the new plant valiety, data 
should be generated to assure that the gene does 

not encode an auergen. If the gene ~:om an aller-

genie source i•s not nonnally expressed in those 

* The FDA has long recognized that certain foods or food ingredients may present risks for solne consu:ners th~:t ean be 
averted. In these cases, the FDA has consistently relied on affiunative labeling declarations identifying the presence of 

ingredients that possess the potential to trigger allergic leactions in people with seTlsitivities to such foods or ingredients 

Examples include sulfitirlg agents (21 C.F.R. S 101. 100(a)(4)) and color agents lilce D&C Yellpw No. 5 (21 C~7.R. S 74.705 

(d)(2)) Another good exaJ:xple, one involving a natural component of food, is gluten. The FDA has reqpired itle 
ident~flcation of the souree of gluten as either "com gluten" (21 C~PJ~ S 184.1321) or "wheat gluten" (21 C.F.R. S 
1 84. 1322) because persons with celiac disease are unable to ingest gluten from wheat without intestinal upset but are able 

to ingest .•luten fronl corn without side effects. In each case, the required label disolosure alerts consumers to the presellce 
of the ingredient and provides co~sumers an opportuJtity to avoid exposure. Tbis use of food labenng ensures that food 

that is safe for ihe general population will not provide a risk of haJ:m to comparatively smajl subpopulations. It is important 

to note that the FI)A has used this labeling authority olJty when sound science estahlishes that j:i:sk is, iu fact presented. 

Under these cireulnstances, reliance on produo~labeling declarations has proven to be au effective and valuable public 

health Tnechanism for enabling consumers to choose wisely amang foods. Administered irr a sciellce-based mauner, 
labe~ixrg serves tb~ central purposes of infor!ning, instructing, a:Id warning the consumer. 

Moreover, the FDA has also donsistently recognized that these goals can only bc aehieved if oonsuJners can understand 

and use the in:formation on food I abels. For this leason, the agency has nmited labeling in~orrnaion to that which is essential 

about tile identity and quahty of the subject food or food ingredient. 

I:1 addition to being soulld as a matter of law and science, this practice of careiuJly considering whether labenng 

inilormation is, indeed, justiiied is reiuf;orced by ~be very real diffieulties that would accompany any atte!npt to label the 

plant products of biotechnology. For the most par~ these produets are fQngible crop commodities Differentiating in the 

Inarketplace among sueh co~nmodities on the basis of biotechnology and tra(~tional breeding teebuiques wDuld be eostly, 

burdensome, and largely 1~nworkable in light of barvestirrg, sbipping, storage, and proces~ing practices. Moreover, no 

defhlitive msthodology would be available for distinquisbing one type of product fioln anotiler. 
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Solid Phase Immunoassay 
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Yes Yes 

Yes 
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/ Processin9 
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r~~l~~~Ll~ Yes Labet as consult wl 
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No 

1 . It is recommended that an assessment for amino acid sequence simiiarity to all known 
allergens and an assessment of stability to digestion be performed for all gene products 

2 Solid phase immunoassay tests depend on availability of sera. Ideally, i4 sera should be 
used. However, if less than 5 sera are used, then proceed to stability box if results are 
negative and consult with the appropriate regulatory agency. 

3, In the case of equivocal results or suspected false postives, proceed to skin prick tests. 
4. DBPCFO's are performed on food products in which there is no evidence of aliergenicity based 

upon solid phase immunoassays and skin prick iests. To assure lack of allergenicity, 
DBPCFC's should be pertorrned tollowing IRB approval. 

AeuRE 1. Assessment of the allergenic potential of foods derived from genetically engineered food crops 

parts of the source organism to which hulnans are aenic source. If aknown allergen is expressed and 

exposed through oral or respiratory routes (e.g., 

soybean roots or peanut leaves), then the gene 
need not be considered as coming from an aller-

restricted to plant parts that are not normally con-

sumed as food, then it should be doeulnented that 

gene expression and accumulation of the protein 
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product are limited to the nonfood plant parts 
before conclu(iulg there is no anergenic risk. 

l~l assessing the source from which genes are 

derived, it is important to distingnish: (a) coln-

mon auergenic foods; (b) Iess common allergelric 

foods and other kuown allergen sources; and (c) 
sources with no allergenic histories. For this ar-

bcle. eommon allergenic foods are defined as the 
eight food categories lrkentioned above (also see 

those listed in Table I in '~llergenic Foods"). 

These foods accoullt for over 90% of the reported 
food allergies and are those for which clinical 
reagents, such as patient sera, are likely to be 

available for the assessments proposed below. 
This may not be the case for individual species 
within a food group, such as fish or tree nuts (e.g.. 

swordJ~sh or Bra2il nut). Other anergenic sources 

include the less common allergenic foods listed in 

Table 2 in "Allergenic Foods" for which clinical 
reagents may not be readily available, as well as 

other allergens, for example, pollens, molds, dan-

ders, and venoms. 
Both common and less conunon allergenic 

foo(ls and food groups contain both major and 
minor allergells. Major and minor allergens are 
classified according to the ~requency with which 
the aJlergen is associated with c~nical reactions 

to a specific food. A major anergen is defined as 

one to which more than 50% of individuals sen-
sitive to th~~t substance react by skin testing (ST) 

or solid-phase immunoassays. Sensitivity by his-

tory or challenge requires si"ll* s and symptcms of 

classic immediate hypersentivity reactions For 
example, all individuals with peanut sensitivity 
react to one or both major allergens in peanuts, 

whereas the clinical signtficance of the minor 
allergens is largely unknown. For these reasons, 

the majority of ooncern focuses on the major 
anergens from both common and less common 
allergenic foods and food groups. 

lll. AMINO ACID SEQUENCE StRAILARiTY 
TO KNOWN ALLERGENIC PROTEINS 

Assessing the allergenic concems of foods 
containing genes fl:om any source shouid begin 
with an examination of the anlino acid s~quence 
similarity to known anergens. Allergen sources 
include certain plant- and animal-derived foods 

(see Tables I and 2 in "AJlergenic Foods"). Nollr 

food ailergens, such as pollens, fungal spores, 
insect venoms, and feces, and alrimai dander and 

lxine,lo should also be considered. Individuals 

may experience adverse reactions if they have 
become sensitized to a protein through the oral, 
epidennal, or respiratory route, and, subsequently, 

consume that protein after it has been introduced 

into a food through recombinant DNA technol-
ogy. Many respiratory or dermal allergens are 
labile in the environment or the gastrointegtinal 
tract and are, thus, unlikely to induce sensitivity 

via that route. However, the oral allergy syn-
dronae (OAS) suggests that even limited exposure 

in the buccal cavity can induce localized 
symptoms. 

The functions of allergenic proteins in vivo 

are diverse, ranging from enzymesll to regulators 

of the cell cyioskeletonl2 and are of no predictive 

value in assessing allergeuicity. The allergenic 

proteins of many major sources of alLergens, in-

cluding food anergens, have been characterized 
by molecular methods (see "Principles and Char-
acteristics of Food Allergens" by Steve L Taylor 

and Samuel B. Lehrer in this issue). The impor-

tant lg~, T-, and 13-cen epitopes of some aner-
gens have been mapped.1324 The innnunologic 
mecha~isn2s that distingnish atopy f rom nonpatho-

gellic responses remain obscure-2s However, from 

these mapping atudies it can be generaiized that 

the optilnal peptide length for binding appears to 

be between 8 and 12 amiuo acids for T-cell 
epitopes, and even long'er for B-cell epito~es.26 

Based on tbis infonnation, it is possible to 

define a sequence test for comparing the amino 
acid sequence of an introduced protein with that 

of known ~lere'ens: an immunologically signifi-
cant sequence identity requilres a match of at least 

ei.•ht contigu ous identical amino acids. This is 
well below the level of similarity expected be-

tween biologically related (homologous) pro-
teins.27 The criteria for comparing amino acid 

sequences may change or evolve over tirne with 
additional research and insight into the molecufar 

structure of allergens. The alDino acid sequences 

of allergenic epitopes are known for relatively 

few allergens, especially food allergens How-
ever, this approach is reasonable in the absence of 

comprehensive epitope data for allergens in that 
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no attenlpt is made to identify matches with 
known epitopes per se. Instead, the emphasis is 
on identifying a potential match: failure to find 

a 21latch of eight contignous residues anywhere 

a:nong known allergen amino acid sequences 
suggests that there is little probabnity that the 

introduced protein could possess a shared linear 

epitope with known allergens. Exact conserva-
tion of amino acid sequences of epitopes in ho-

mologous pollen allergens of disparate species 
is occasionally observed. This can explain the 
lgE cross-reactivity alnong allergens.2~~28 Fur-

thennore, conservative anrino acid substitutions 
that were introduced into synthetic epitopes29 or 

introduced by site-direeted mutage;nesis30 reduced 

lgE-binding efflciency, further supporting the 
importance. of the amiuo acid sequence of the 
epitope. 

Clearly, this approach is limited in that it 

caJlnot identify discontinuous confounationai 
epitopes (see "Food Allergens" by Robert K. 
Bush and Susan L_ Hefle in this issue) that de-
pend on the tertiary structure of the allergen. For 

example, IgE binding of patient sera to the birch 

pollen allerefyen, Bet v 3, depends on caicium-
regulated conformational changes;31 Bet v 3 con-

tains EF hand monfs, which are oalcilml'binding 
domains. IgE binding of Bet v S depends on the 
presence of calcium, which presulnably changes 
ihe conformation so as.to allow for recognition 

of a confonnational epitope. The test is also 
likely to identify conserved sequences that are 
unrelated to the ajlergenie potential of the pro-

teins. Therefore, it is use(S as an indicator and not 

a determiner of allergenic potentiai. 

Usirrg the FASTA32 or a similar computer 
program and the test crit~ria mentioned above, 
the amino acid sequences of anergens present in 
the public domain genetic databases (GenBank, 
EMl3L. PIR, and SwissProt) should be searched 
for matches to ailergenic protein sequences fcom 

genetically engineered plants. It is necessary to 

obtain and retrieve anxino acid sequences of al-

lergenic proteins to perfoml this test. This re-

trieval method is critical in ensuring that rel-

evant sequences are obtained. A search strategy 

that only seeks anergen entries on ihe basis of a 

key word like "allergen" will not retrieve an 
relevant food aJlergens, and may also retrieve 

nonallergens. For exanlple, many food aller-
gens, such as casein, ~-lactoglobuhn, and ovo-

mucoid, are not recovered using the key word 
"allergen." This database should also contain 
amino acid sequences for all allergenic pro-
teins, not just food allergens. Tables I and 2 
contain the most comprehensive list of reported 
amino acid sequences for allergens to date. 
These tables include f{)od (Table 1) and non-
food allergens (Table 2). Accession numbers 
are included to facilitate its use. These tables 

were constructed in May 199533 and should be 
continuously updated to reflect reports of addi-

tional amino acid or nucleotide sequences of 
allergenic proteins. 

Searches of this allergen sequence database 
(or other similar databases) have shown no sig-
nificant matches for the proteins listed in Table 

3, which are examples of proteins expressed in 
geneticany engineered plants- It was concluded 
from these data that none of these introduced 
proteins share linear lgE epitopes with known 
allergenic proteins_ Using the information gen-

erated from amino acid sequence homology 
analysis, a different path is taken on the decision 

tree based on the source ftom which the gene 
was derived CPigure 1). 

IV. POOD CONTAINtNG A GENE 
DERIVED FROM A COMW!ONLY 
ALLERGENIC FOOD 

Foods containing a gene derived from an 
allerg'enie food, inespective of the infonnation 

obtained ftom the anxino acid sequence analy-
sis, must bc subjected to irQmuuologic analysis 
of allergenic potential. Both in vitro and in vivo 

assays should be employed. These assays may 
include the various solid-phase innnunoassays 

34.35 such as the RAST or RAST inhibition assay 
or the enzylne-linked imlnunosorbent assay 
(ELISA),36 A positive imlnunoblot could sub-
stitute for a positive so~id-phase ill3JI!unoassay 

result, but a nega:tive irDmunoblot would re-
quire that a solid-phase immunoassay be per-
founed because of its increased sensitivity. The 

solid-phase immunoassay employed should al-
low a calculation of at least a 959~o confiidence 
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TABLE 1 
Food Aflergen Sequences 
Nucleic Acids* 

S pecies 

Retrieved frorn the Publ~c Domain 

Oomman name Al[ergen 

Databases for Proteins and 

Synonym!funetion Acoess on 

Food (plant) 

ArachlS hypogea Peanuts 

Berthol,et,a excelsa 

Brasslea funcea 

Carica papaya 
G!ycine max 

Hordeum vl,lgare 

Maius domestica 
O,yza satlYa 

Phi~seolus vul~aris 

Sinapls a!ba 

Tritlcum aesrfvum 

Brazi nut 
Leaf mustard 

Papaya 
Soybean 

Barley 

ApplB 
Rice 

Kidney bean 

White mustard 

Trftioum durum Pasta wheat 
Ttftlcum turgidum Poulard wheat 

,~/~~: h 1 

Peanut leo~n 
Ber e 1 

Br~ ! IE-L 

B,a j IE-S 

Papain 
elyGinin 

~<~onglycinin 

Soy lectin 

Kunitz trypsin 

inhibitor 

Hor v 1 

Horvi 
Maf d i 

RAP 
RAei 
RAG2 
RAG5 
RAei4 
RAel7 
F R-1 

PR-2 
Sinali 
$:,nai2 
W~A 
WeA 
WeA 
1 6K alleTgen 

C one P4~b 
C one 5A1 
C one Pi7 
Agglutini~ 

2S albumin (BE2S1 gene) 
2S a'bumin large chain 
2S alburnjn sma I chain 

A1 aBX subunit 
A2B1 a subunlt 
AeB4 subunit 
A5A4B3 subur,it 
el subunit 
e2 subunit 
G3 subunit 
a-Subu,1't 

Ce4 subunit 
Say agglu~nin 
KTT-s su5type 
KT~-a subtype 
KIT-b subtype 
otAmylase!trypsin inhibitor 

c,-Amylase/trypsin inhibitor 

Pro~lfn 

Riae allergenic proiein 

RicB allergen 1 

Rice allergen 2 

Riee ailergen 3 
Rice allergen i4 

Riee allergen i7 
Pathogenesis-reiated protein i 
Pathogenesis-related protein 2 
2S albumin/amyiase inhibitor 
2S albuminfamyla3e ~Thibitor 
Wheat germ agglutinin A 
Wheat germ agglLnjnin D 
Wheat gerrn agglutinin 
o~Amylase inhibitor 

L34402 
L33402 
L38B53 
S147G5 
X54490 
SS5592 
S85591 
M 1 5203 

X02985 
Y00398 
MI0962 
X02G2G 
Xi5121 
X15~22 
X15123 
Xi769B 
S4489S 
K00821 
X800e9 
X64447 
X64448 
S261 97 
p323eO 
X836?2 
X66257 
D1 14e8 
D114e4 
D114eO 
Di ~4e2 
D114ei 
S I i 929 

Sii930 
S54iOi 
PCI 247 
M25536 
M25587 
J029sl 
Sl9296 

Food (animal) 

Bos taurus Cow 

eadus ca,larias Ood fish 
eaffus olomest,Isu~ Chicken 

Metapenaeus ensis Shrimp 

Note: Some of these ailergens may be airb 

Public domain databases: eenBan~!EMBUe 

BSA 
~-Lacto 
,~Laotal 

Oasein 

Gad c 1 
Galdl 
Gal d 2 
Gal d 2 

Gal d 3 
Gal d 4 
G~l d 4 

V~elloge 
Apovitell 

Metei 

ome or as5 

pept ver 

globulin 

mn 

nin l 

er~n l 

ociaied with oceupa~ 

6.0 SWISSPROT v 

8erum a bum~l 
Milk globulin (whey) 

Milk ~ibumin (whey) 
Type o~S1 
Type o~S~ 
Type oc~2 
TypB ~ 
Type lc 
P-Parvalbumin, alleFgen M 
Ovemucu~~ 
Ovalbumin Y genB 
Ovalbumtrl 
Conalbumin (ovotransferrin) 

Lysozyme 
Isol y~ozyme 
Lipovitellin/phoevitin 

Low density lipoprotein ll 

Tropomyosin 

onal aller~i8s rather than directiy ingested. 

er 30 PIR ver 41. 

M73993 
X1 471 2 

J05147 
M83123 
M38e4~ 
MIGe44 
Mi5i32 
M36641 
A9428G 
MIOe39 
J00922 
M84e52 
Y00407 
JOOB85 
X51001 
A9294i 
A914e4 
UOB008 

S1 70 



TABLE 2 
Nonfood Allergen Sequences Retrieved from the Public Domain 
Nucleic Acids* 

Databases for Proteins and 

S pecie5 Common name AIlergen Synonym/function Accession 

Po len 

Agrosti$ alba 
Alnus g!utinosa 
Ambrosia artemisiiflola 

Ambrosia triFda 

Ambrosia psi,ostachya 

Anthoxanthum odoratum 
Artemisia vulgarfs 
Betufa verrucosa 

Carpinus betulus 
C~stanea satjva 
Corylus ~vel,ana 

Cryptomeria faponica 

Cynodon dacty!on 
Dacty!is g,omer~t~ 

Festuca elator 

Glycine ma;( 
Holocus lanatus 
Hordeum vvlgare 
Lolium perenne 

Lyaope!s,con escul~tum 
Olea europea 
Parietari~ judaica 

P~J1letar~~ o~!eina:lis 

Bent grass 
A der tree 

Ragweed (short) 

Ftagweed (tall) 

Weed 

Sweet verna[ grass 
Mugwort 
Birc~ tree 

HornbBam tree 
European chestnut 
Haze tree 

Japanese cedar 

Bermuda grass 
Orohard grass 

Reed fescue 

Soybean 
Meadow velvet 
Barle y 

Ryegrass 

Tomato 
O~ve tree 
Parietaria 
Parietaria 

Agra 1 
Ak, g 1 

Amb a I ~ 
Amb a 1 2 
,amb a I ,3 

Amb a 1 4 
Amb a 2 
Amb a 3 
Amb a 5 
Amb ! 5 
Amb t 5 
ArT7b p 5 (A2) 

Ar??b p 5 (A3} 

Amb p 5 (Bi) 
Amb p 5 (B2) 
Amb p 5 (B3) 
Ant o 
Art v 2 

Bet v 1 
Bet v i N 
Bet v 2 
Bet v 3 
C~r b i 

C~ssl 
Cor a ~-5 
Cor a i-6 
Cor a 1-1 1 

Cor a i-i6 
C,y j 1-A 

Cry j 1-B 

C,y j 2 

Cyndi 
Dac g 2 
D~c g 3 
Fes e 1-A 
Fes e 2-B 
G/y m ciml 
Ho/ ! i 

Hor v 9 
Lo/ p 1 

Lol p 1 

Lo!p lb 
Lo, p 2-A 
Lo, p 2 
Le! p 3 

Lo/ p 4 
Lo, p 9 

Lol p 30,( 

Lol p 34K 
Lo! p 50K 
LAT52 
Oleei 
Parj i 
P~r o 1 

(~roup l 

i3et v I homolog 
Antigen E 
Antigen ~~ 

Antigen E 
Antigen E 
Antigen l( 

Ra3 
Ra5 
Ra5 homo!og 
Ra5 homolog 
Ra5 homolog 
Ra5 homoiog 
Ra5 homolog 
Ra5 homolog 
Ra5 homolog 
Group l 
Glycoprotein allergen 
Paillogenesfs related (PR) 
Bet v I isotor~1 

Profilin 

Proft in 

Bet v I homolog 
Bet v i homolog 
Bet v i homolog 
Bet v I homolog 
Bet v I homo[og 

Cylokinin-inducible protein 

30K al!ergen 
eroup [X 
Group l 
Group I 
eroup l 
Group ll 
eroup il 
Group lll 

Group IV 
(3roup IX_ 

80K group V ailergen 
34K group V allergen 
50K allBrgen 
O,e~ I homolog 

E3T396 
s50892 
A390g9 
B3g09g 
c390gg 
D53240 
E53240 
P00304 
A03371 
s3g836 
A23859 
L24465 
L24466 
L24467 
L24468 
L24459 
G373g6 
A3ee24 
s05376 
X82028 
B45786 
X79267 
c58288 
Pc2001 
s30053 
s30054 
s30055 
s30056 
D26544 
D26545 
D2g772 
Aei228 
s45354 
A60359 
c37396 
D37396 
u03860 
Z27084 
u06640 
M57476 
M57474 
M591 e3 
A342gl 
A4B5g5 
A33422 
A60737 
L13083 
s38290 
s38289 
s38288 
P13447 
s36872 
x7741 4 
A53252 
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TABLE 2 (continued) 
Nanfood Allergen SeqUences 
Nucleic Acids* 

Retrfeved from the Publlc Domain Databases for Proteins and 

Species Common n~me A]lergen Synonymlfunction Accession 

Pollen 

Phieum pratense 

Po~ pr~tensis 

Timothy grass 

Kentucky 
blue-grass 

Quercus a/ba Oak tree 
Seea/e cerea,e Cultivated rye 
Trittcum aestivum Bread wheat 

Zea mays Maize 

Phlpl 
Ph!p i 
Phl p 2 
Ph! p 5a 
Flll p 5b 

Ph, p 6 
Ph] p 32K 
Phl p 38K 
Phlpll 
Poa p 1 
Poa p 1 
Po~ p 9 (KBGSi) 
Poa p g (KBe4i) 
Poa p 9 (KBeeO) 
Que ~ i 
Sec c 30K 
Tria21 
Tria22 
Tria23 
Zeami 
Cone cl3 

Group l 

Group 11 
Group V, group IX 
eroup V 

Group V-like 
Group V-Iike 
Group Xl/profilin 

Group I 
Group l 
(~roup [X 

Bet v I homolog 
30K group Vallergen 
Profi~n 
Profi it] 

Profilin 

Lo/ p I hornoiog 

O,e e I hamolog 

X788 1 3 

Z270gO 
X75925 
X70942 
Z27083 
Z27082 
S38294 
S382g3 
P35079 
F37396 
A60372 
M38342 
M38343 
M38344 
D53288 
S382g2 
S72384 
S72374 
S72375 
JC1524 
P33050 

Mites 

Euroglyphus maynei House mite 
De,77?atophagoides farlnae House mite 

Dermato phagoides 
m!croc~ras 

Dermato phagokl es 
pteronyssinus 

House mite 

House mite 

Lepidog'J,Phus destructor Feoes m]te 

Eurm 1 
Der f 1 

Der f 2.1 

Der f 2 1 

Der f 2 2 

Der f 2.2 

Der f 2.3 
Dler f 2.3 

Der m 1 

Der p 1 
Der p 1 
Der p 2 
Der p 3 
Oer p 4 
Der p 5 
Derp7 
Lep d 1 

eroup I, thiol protease 

Thiol protease 
Antigen 2 
Antigen 2 
Antigen 2 
Antigen 2 
Antigen 2 
Antigen 2 
Thiol-protea$e 

Antigen P1 
Antigen P~ 

Trypsin 
Amylase 
14K allergen 

S21864 
X65i96 
O1 0447 
A61 241 
D1 0448 
B6i24i 
D1 0449 
PSD417 
B27634 

U1 1 6g5 

JQ0337 
A6038i 
Uil719 
A6i242 
S06734 
X17699 
X813gg 

Insect venoms 

,~pis meHifera 

Dolichovespula arenarla 
Dolichovespula maculata 

Myrmecia pHosvle 
Polestes annul~ris 
Po,estes exclamans 
Polestes fascatus 

Honeybee Api m 1 
~pi m 3 

Yellow hornet Dol a 5 
Whitefaee homet Do/ m i 02 

Dolm2 
Do, m 5 
Do, m 5 

Bulldog ant Myr p i 
Wasp Pol a 5 
Paper wasp Po! e 5 
Paper wasp Po/ f 5 

Phospholipase A2 
Me itfin 

Antigen 5 
Phospholipase A1 
Hyafuronidase 
Antigen 5 clone f5 
Antigen 5 clone fl O 

Antigen 5 
Antigen 5 
Antigen 5 

P00630 
P01501 
M9885g 
A44563 
L34548 
J03602 
J03601 
X70256 
M98857 
P35759 
F4452g 
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TABLE 2 (Contlnued) 
Nonfood Atlergen Sequences Retrleved from the Publie Domain Databases for Proteins and 
Nucleic Acids* 

Species Common name AIlergen Synonym/function Accession 
Insect venoms 

So!enops,s invicta Phosphalipase Red flre ant 

Blaok fire ant So, r 2 E60727 So!enopsis richterf PhosphQlipase 
Vespa crabro Ves c 5.0001 G44522 Antigen 5 European hornet Ves c 5.0002 H44522 Antigen 5 

Vespu/a flavapilosa Antigen 5 Ye[low lacket V, gem7anica Ves g 5 A44522 Antigen 5 OerTnan ye]lowjack V. macu,ifrons Ves m I A44564 Eastem yellowjack Phospholipase A1 
Antigen 5 V, pensylvanica Ves p 5 C44522 An~gen 5 We~tern yellomj~ek V. squamosa Antigen 5 Southem yellowjack 

Yeflow jacket Antiger! 5 
Yellow jacket 

Parasitic Nematodes 

Loa /oa i5K Iadder pretein U03i03 LL20 Filarial worrn 

Segmented Worms 

Ascarfs jumbricoides Common roundworm Asc / I Aba-i B37i88 A suum Earthworm Asc s I Aba-i A37188 Asc s i Aba-1 L0321 1 
An ~nalS 

Fe!is dame~tiaus Cat saliva; Fe, d I .1 Antigen 4 M74952 

Mus masculus 

Rattus norvegicus 

A!ternana alternat~ 

AspergiHus fumigatus 

Cl~dospor,L,m herbe!!Jm 

Public domain databases: 

Mouse u~ne 

Fe! d 1 ~ 
Fe! d I .3 

Musmi 

Rat urine R~t n 1 
Fungi (spores) 

Aft ~ 2 

Alt a 6 

Art a 7 

Asp f i 

Asp f i-A 
C!ah2 
Clah3 
C!ah4 
C!ah5 

GBnBank/EMBueenpepi ver 86.0, SWISSPROT ver 30, 

An~gen 4 
Antigen 4 
Major urlnary protein 

(MVP) 
MUP l 
MUP Il 
MUP 111 
MUP IV 
MUP V 
Hepatic oe-2u globulin 

Aldehyde'dehydrogenase 
Ribosomal protein 

Mitogiliin toxin/ 

ribo,,ucl~ase 

Enolase 
Aldehyde dehydrogenase 
Ribosomal F2 

P R ver 41 

M74953 
M77841 
M27608 

M i 6355 

Mi 635e 
M I S359 

Mi6358 
M 1 8360 

J00737 

X78227 
X78222 
X7822S 
M83781 

S39330 
X78226 
X78228 
)(78223 
XT8224 
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TABLE 3 
Summary bf Proteins Introduced tnto CropS by Genetic Engineertng 

[ntroduced protein' 

ACC deaminase (ACCd) 
B.t.t, insectieidal protein (B.t.t.) 

B.t.k. HD-1 insec~cidal protein (B.t.k, HD-1) 
B.t.k. HD-73 insecticidal protein (B.t,k. HD-73) 

CP4 EPSP synthase (CP4 EPSPS) 
Glyphosate oxidoreductase (GOX) 
~-D-Glucuronidase (GUS) 
Neomycin phosphotransferase ll (NPTll) 

Phosphinothricin acetyltransferase (PAT) 

Crop productsb 

Delaved ripening tomato 
Insect-protected potato 
Insect-protected corn and tomato 
Insect-protected cotton 
Herbicide-tolerant cano!a, cotton, corn, soybean, and sugarbeet 
Herb'c'de-tolerant canola and eorn 
H erbicide-tolerant soybean 
Delayed ripening tomato, insect-protected cotton and potato, Fiavr 

SavrThd tomato 
H erbioide-tolerant co rn 

Note: The specific proteins included in this table were based on those proteins for which digestive stability data 

were available (see Table 4). 

' ACC, 1-amino-i-cye[opropane-carboxylio acid; B.t.t., Baci!lus thuringiensfs subsp. tenebrionis; B.t,k., BaciHus 
thurfngiensis subsp, kurst~ki proteins from str~ins HD-73 and HD-1 , corresponding to the [(Ory[aCc)1 and 
[CrylA(b)1 proteins acoording to the nomenclature of H6fte and Whiteley;103 CP4 EPSPS, 5-enolpyruvylshikimate-
3-phosphate synthase trom Agrabacterium sp strain CP4 

b Adapted from Fuchs et al., 104 Ciba Geigy,i05 and Noteborn and Kuiper.a5 

limit from the exalnination of at least 14 sera* 

from eonfirmed allergic patients. 

The solid-phase ~munoassays (describcd in 
detail in '1?rinciples and Characteristics of Food 

Anergens") use lgE ~:actions of sera f~om in(~i-

viduals who are confimned allerg c to the food 
from which the gene was derived. Seruln donors 
should meet rigid clinical criteria, including test-

ing positive in double!blind, placebo-controlled 
food chaJJenges ~)BPCFC),34,37 or must have a 
convincing history of severe, IgE-mediated, sys-

temic reactions.3g A convi:loing history would 
consist of an itDmediate hypersensitivity response 

following an isolated ingestion/exposure that re-

quired medical management> and that was docu-
mented in the medical recor(ls. Data ~:om one or 
more of these in vitro assays provide strong evi-

dence as to whether the transferred gene encodes 

an allergen. Sera from at least 14 documented 
reactors should be tested separately. Alry positive 

result (outside the 95% confldence limit) fromthe 

in vitro tests should requjlfe that any food contain-

* Binolnial probability theory (i.e,, that a subject in ai ~opulation wiD: either pass or fail a test) can be Llsed to detelmiue the 

salnple size (N) needbd to predict with a particul~r level of confidence, the likelibood that a single individua~ froln a 

population composed oEly of individuals sensitive to the food ~rom which a prote~l is isolated (i.e., the at-risk population, 

not the general population), win react to a speeiflc protein. To apply the theory, it is necessary to make certain assumptions 

~tboutthe probability (p) that arandom subjectin the test popolatien is allergic to thatparticuJar protein aDd will testpositive 

(i.e., fajl the test). 

To be collservative, a predictive irlcidence of209~a and a 95% Ievel of conj~dence was used to deten~ine the nuxnber of 

sera to be reeommended. These criteria wouid provide a 95% probability that an allergen to wbich a:t least 20% of the 

sensitive individuals have lgE would be detected if transfe~ed. Using il,ese 2ssumptions and binomjal probabilities, a 
sample of 14 sera (N = 14) wollld need to bc te~ted and to show no positive reaction with any of the sera (i.e., passed the 

test) to conclude that an auer.'en had not been tT~nsfe~re~ uuder tlle given assumptions. Using the criteria of 14 sera and 

a predictive ineidence of 50% (instead of 20%) would inc~:ease the probabiJity of detecting the traJlsfer of a major aJlergen 

to >99.9~, compared with a >95{~• for a nlinor ajler.'en present at 20% of the sensitive population. This assessment does 
not exelude the possibi~ty that the transferred protein colild represent an allergen th~:t elicits an lgE response from an even 

less frequent portion of the sensitive population. However, these values provide reasonable assurance to, a:Id protection 

for, the public 
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ing the gene product be labeled as to the souJ:ce 

of the transferred ~,rene, as per FDA guidance9 

(Figure 1)_ 

If the in vitro test lesults are negative or 

equivocal or if a nonspeeific cross-reaction is 
suspected, then the in vivo skul prick test34 
should be elnployed as a further screen for 
allergenicity. Details on the types of skin tests 

and the need to venfy the quaiity of the extracts 

and standards used for these types of tests are 
critical and are described in this issue (see "Prhl-

ciples and Characteristics of Food Allergens"). 
At least 14 patients, skin test positive to the 
source food in question, with a convineing his-
tory of sensitivity should be tested. A positive 

result ftom this in vivo test would raise the 
sanle concerrrs as a positive in vitro test and 
should require labeling as to the source of the 

transferred gene (Figure 1). 
If no positive response is observed in either 

the in vitro or prick/puncture skin tests, a final 

test could consist of perfonning double-blind, 
placebo-controlled food challenges (DBPCFCS) 
under controlled clinical eonditions with pa-
tients sensitive to the food in question. The 
etbical considerations for this type of assess-

ment would include, but not be limited to, fac-
tors such as the likelihood of inducing anaphy-
lactic shock in test subjects and the availability 

of appropriate clinical saflety data and proce-
dures. Most, if not all, institutions that perfonn 

DBPCFC studies have Institutional Review 
Boards (IRj3s) that review all DBPCFC studies 
for etllical considerations. This includes a judge-

ment as to whether the risk of perfouning the 
procedure places the volunteer at any increased 
risk over what should take place in the usual 
assessment of sensitivity in that subject. Ob-
tailaing data froln an in vitro assay and ST should 

be prerequisites for requesting DBPCFC stud-
ies, to n)iDimize any risks to the participants, 

An earlier article (see "Principles and Charac-
teristics of Food Allergens") describes details 

for perfonnilj;g DBPCFC studies, including sng-
gested doses and precautions- If there is a posi-

tive reaction in one sensitive patient, of a total 

of at least 14 sensitive individuals tested in 'the 

DBPCFC studies, food derived from crops con-
taining the protein should be labeled as to the 

source of the transferred gene 

If no positive reactions are observed in these 

three levels of assessments, it can be concluded 

that the gene obtained from this anergenic food 

source does not encode one of the anergenic 
proteins. 

An example that illustrates the effective-
ness of this assessment approach is the Brazil 
nut 2S storage protein. The pr.otein was engi-
neered into soybean to increase sulfu~contain-
ing alnino acid levels to irnprove the quality of 

soybean meal as an animal feed. The expres-
sion of the 2S protein in soybean represented a 
significant fraction of total transgenic soybean 
seed protein.39.40 The Brazil nut is known to 
cause anaphylactic reactions in a small numbcr 
of sensitive individuais.41.42 A salid-phase im-

munoassay was used in conjuntion with 
ilnmunoblotting to assess whether an allergenic 
protein froin Brazil nut had been transferred to 

soybean.40,43 A positive response in the ilnDlu-

noassay was observed with sera for eight of the 
nine Brazil nut-sensitive individuals The re-
sults showed that the gene obtained fronl 13razil 

nut probably encoded the major Brazil nut al-
lergen. If a soybean product containing this 
protein were to be commercialj;zed, any foods 
containing soybcan products derived froln this 
variety should be labeled as containing protein 
from Brazil nut. This example demonstrates the 
value and effectiveness of using in vitro assays 

to identify the transfer of known allergenic pro-

teins by genetic modiflcation. 

V. FOOD CONTAINING A GENE 
DERIVED FROM A LESS CORnMONLY 
ALLERGENIC FOOO OR OTHER 
KNOWN ALLERGEN SOURCE 

In the case of a food containing a gene de-
rived from a less com:non allergenic food or other 

known allergen source, inespective of the infor-

mation obtained from the anljno acid sequence 
analysis, the food should be subjected to immu-
nologic analysis of aJlergellic potential wherever 

feasible. In vitro assays should bc employed. Sera 

ftom at least 14 doclmlented reactors should be 
tested, if reasonably available (e.g., ragweed). Ih 

cases where sera are not reasonably available (e.g. 

maize) , the maximll:n nulnber of sera obtajnable 
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should be used_ However, iffewer than five sera* 

are obtained, the appropriate regulatory agency 
shouid bc consulted. An e~alDination of th~ physi-

cochemieal properties (see bclow) shouid also be 

undertaken. Any positive resuJt (outside the 95% 

confidence limit) froln the in vitro inmunologic 
assays shouldrequj:re that any food containj~rg the 

gene product be labeled as to the source of the 
transferredgene, as per FDA guidance9 (Figure 1). 

If no positive result is obtained in the in vitro 

irQmunoassays and at least five sera are anafyzed, 

the product can be marketed without labelinc. 
In evalua:ting a gene product transferred from 

a less commonly known allergenic food or other 
known aller*~e;n souree, the gene product should 
be subjected to physicochemical analysis if less 
than frve sera are tested using a solid-phase iln-

munoassay and ~l results are negative. Thephysi-
cochenlical and biological characteristics of the 

gene product can be compared to the characteris-
tics cf kuown allergenic proteins, as a means of 
predicti:lg auergenic potential. However, at this 

time, with the exception of identifying known 
aJl ergens transferred from allergenic sources, there 

appears to be no single predictive property that 
can conclusively detennine the allergenic pote;n-
tial of a gene product.9.~4,45 

A key preirequisite for food protein aner-
genicity is its resistance to digestion (e g., the 

stability of the protein to proteolytic and acid 

conditions of the human digestive systenl). The 
relative stabnity of an allergen to conditions en-

countered during processing operations used for 
speeiflc food products (e.g., heat denaturation) is 

also an irpportant property of most food allergens, 

For example, peanut and soybean allergens retain 

their allergenic potential through the steps used in 

processing food products such as peanut butter46 
and soy flour.47 For these reasons, digestib~ity 

and stability during processilng shonld be consid-

ered when assessing the potential auergenicity of 

a protein introduced into a given food. However, 

an exception to the observation that food proteins 

tend to resist digestion is seen in oral allergy 

syndrome (OAS); Iabile proteins cause the dis-
ease but infrequently cause systemic reactions-

Allergenic proteins are also typically 10 to 

70 kDa in molecular weight and are often gly-
cosylated. However, these properties are shared 

by many nonallergenic proteins, and many ~ler-
gens themselves are exceptions to this generajiza-

tion. Therefore, these criteria are not included in 

the decision process. 

A. Digestibility 

The ability of food ajlergens to reach and 
cross the mucosal membrand of the intestinal tract 

is lik]ely a prerequisite to allergenicity. Iiltact pro-

teins are capable of crossing the mucosal mem-
brane of the gut and entering the circulatory sys-

tem.48 Clearly, a protein that is largely stable to 

the proteolytic and acidic conditions of the diges-

tive tract has an increased probability of reaching 
the intestinal mucosa. Many allergens exbibit pro-

teolytic stabnity,49~56 although the majority re-

main directly untested (see '~Principles and Char-

acteristics of Food Allergens")_ 

Simulated gastric and intestinal digestive 
modsls of mammalian digestion, as described in 
the U_S. Phannacopei~~s7 have been employed to 
compare the relative stability ofthe proteins cngi-

neered into plants with a number of the com-
monly known aflergenic food proteins.5B These 
digestion models have also bcen used to investi-
gate the digestibility of plant59,60 and animal61 

proteins, and food additives.62 A sirDjlar model 

has also been used to examine the stability of milk 

al I ergens.e3.64 

One study that looked at tbis issue examined 

the eommon food a~lerge;ns shown in Table 4. 
Without exception, these food anergens were 
stable to digestion in the gastrointestinal (GD di-

gestive model.s8 For the allergens shown in 
Table 4, either the allergen or a proteolytic frag-

ment of the aner,~(Tein was stable for at least 2 IDin 

in sjJnulated gastric fluid. The major allergens 

were typically stable for more than I h. Similar 

stability data were reported by other iuvestiga-

tors; however, relative stability was not as well 
defined.6s.66 I~l contrast to these anergenic food 

* Using ~ive sera~ there is s ~67% probabilhy that an all;ergen present in the sensitive population at a L~que~cy of ~~209~. 

would be detectedj if transferret~ and there is a ~95% probabnity that a nlajor allergen (an allergen present in the sensitive 

popuiation at a frequency of ~S09~~) would be detectedj if tra~Isferred 
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TABLE 4 
Summary of Allergen and Protein Stability in a Gastric Model 

Stabilhy (min)',b 

*****-

~~,:;:}{; 

Protein 

Ovalbumin (GaJ d 2) 
Ovomvcoid (Ga' d 1) 
Conalbumin (Gal d 3) 

p-Lactoglobulin 
Casein 
Bov'ne serum albumhl 
c;-Lacta bumin 

~-Conglycinin (P-subunit)107 
Kunitz trypsin inhibitorioB 

Soy lectinlo9 

~-Conglyoinin (oe-subuntt)107 

elycininloT 

G/y m Bd 30K1la 

Ar~ h 111 
Peanut lectfnll2 

Sina 
Br~ j IE 

'/. Total protein 

Egg white allergensloe 

54 
11 
12 

Milk allergenslos 

9 
80 

1 

4 

Soybean allergens 

1 8.5c 

2~~ 
1-2 
1 8.5c 

5i 
2-3 

Peanut allergens 

6d 

~3 

Mustard allergerisll3 

20 
20 

Common plant proteins 

Rublsco LSU (spinach leaD114 
Rubisco SSU (spinach leaf)114 
Lipoxygenase (soybean seed)1ls 
Glycolate reductase (spinach leaD* 
PEP carboxylase (corn kernel)* 
Acid phosphatase (potato tuber)" 
Sucrose synthetase (wheat kernel)' 
p-Amylase (barley kernei)* 

B.t,t. insecticidal protein 

B.t.k, HD-73 insecticidal protein 

B.t,k, HD-1 inseoticidal protein 

CP4 EPSP synthase 
Glyphosate oxidoreduotase 
AOC deaminase 

25* 
25' 
<1 
<1 
<1 
<1 
<i 
<i 

Introduced proteins58,100 

<0.01 
<0.0i 
<0.01 
<0 1 
<0 ol 

04 

Whole protein 

60 
8 
o 

60 
2 
0.5 

0.5 

60 
60 
15 
2 
0.5 
o 

60 
8 

6a 
60 

O (<15 s) 
O (<15 s) 
O (<15 8) 
O (<15 s) 
O (<15 s) 
O (<15 s) 
O (<15 s) 
O (<i5 s) 

O (<30 s) 

05 
05 

O (<15 s) 
O (<i5 s) 
O (<15 s) 

Fragments 

i5 

15 
i5 
2 

60 
i5 
8 
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TABLE 4 (continued) 
Summary of Allergen and Protein Stability in a Gastric Model 

Stabithy (min~,b 

Protein % Total protein Whole protem Fragments 

Introduced proteins5B,100 

p-D-glucuronidase 0.01 
Neomycin phosphotransferase 11 <0.01 
Fhosphinothricin aoetyltransferase n.d. 

o (<15 s) 
O (<10 s) 
o 

* After Astwood and Fuchs et al 115 
h eastrio digests were perfomed as described previously80 with the following modifications: 

170 ng/u1 of protein was digested in 200-u1 aliquots of simu]ated gastric fluid composed 
of 0.3% (w/v) pepsin, 0.03 M NaCl, pH I .2. Digests were quenched by neutralization with 
75 u1 O 16 M Na2003 at the fo[lowing times: O, 15, and 30 s: and 1, 2, 4, 8, 15, and 60 
min. Digestion of proteins was evaluated by SDS-PAG~ (10 to 20% aerylamide with 
tricine buffers'I~ and visualized by Coomas~ie Bri[Iiant Blue colloidal staining.1ls 500 ng 

protein was loaded ~er lane. Stability represents the last time point at whioh the protein 
or a proteolyiic fragment was observed; (n,d.) = not detectable; (~ = no fragments. 
Total amount of protein for combined subunits 

d Reported as '/. crude extract 
Values estimated from the iierature 

proteins, ccumnon food proteins with no aller-
genic history rapidly degraded under sirnilar con-

ditions. All eight of the common food proteins 
shown in Table 4 rapidly degraded within 15 s, 
the first tinle point analyzed. 

Ra:pid proteolytic degradation of proteins 
greatly minin~zes the ~ke~hood that prote~ns could 

be absorbed by the intestinal mucosa, and shouid 

limit the opportunity for sensitization. The hunlan 

digestive system provides an effective mecha-
rrism tp remove these proteins before they have 
the opportunity to reach the intestinal mucosa. 
Therefore, the simulated gastric model provides a 

method to assess allerge:xic potential of proteins 

introduced into food plants. 

B. Stability to Processing 

The stability of a protein to various food-
processing activities is also an ircrportant factor 

when assessing the arlergenic potential of an in-

troduced protein. Food all ergens, particularly those 

present in processed food products like peanuts 
and soybeans, tend to bc stable to processing 
conditions (see '~rinciples and_ Characteristics of 

Food Allergens"). This is expected because the 

processed food products derived ftom these foods 
maintain their allergenicity. If a protein is being 

engi:leered into fresh market products such as 
tomatoes, squash, or lettuce, processing stability 

is inelevant because the product win be con-
sumed fresh. If, on the other hand, a proteih is 

engineered into soybeans, wheat or rice, which 
are processed in one or more ways prior to con-
sumption, the stability of the protein to process-

ing conditions should be taken into account and 
suitable tests to investigate stability should be 

designed and conducted. If the product used for 
human consumption is free of protein (e.g., oils or 

carbohydrates), there is no significant human ex-

posure and the allergenic potential of the expressed 

proteiu is greatly Ininirnized or eliminated. Stud-

ies using direct food challenges with a limited 

number of subjects, with oils derived from sev-
eral djifflerent crops, including soybean, peanut, 

and ~unflower, showed no allergic reaction in 
patients who are allergic to these foods.67~69 This 

is not surprising because there is an extreulely 
low or negligible level of protei:1 in hot-processed 

crop-derived oils.70 

If a proteiu derived ftom a less commanly 
anergenic food or other allergenic source is highly 
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susceptible to digestion and/oris othervrirse exte:lr 

sively degraded or removed by processing (if all 

food products derived fioln that plant are pro-
cess~d), no labeliug should bc required. If the 
protein is resistant to processhlg and/or digestion, 

the appropriate regulatory agency should be con-

sul ted. 

Vt. FOOD CONTAIMNG A GENE 
DERIVED FROM A SOURCE THAT HAS 
NO HISTORY OF ALLERGENiCITY 

If the gene is derived fcom a source that has 

no history of ailergenicity, a comparison of the 

amino acid sequence identity between the gene 
product and ~nown aner."ens should bc conducted 
as deseribed in Section 111. If sig~ficant anlino 

acid sirDilarity exists between the gene product 

and a known allergen and sera from individuals 
that are sensitive to that allergen aJre reasonably 

available, the gene product should be assessed for 

iDlmunologic reactivity using a solid-phase im-
munoass'2ry. This shotild be perf;onned as described 

for genes enco(iing proteins derived from less 
conunon allergenic foods or other known auer-

gemc sources. 
If there is no significant amjJlo acid siDailar-

ity, the digestibikity and stability of the gene prod-

uct should be assessed as described in Sections 
V.A and V.B. If the protein shows no significant 
amirLo acid siDailarity and is rapidly degraded or 

removed by processing, the pro(iuct should bc 
marketed vithout labcling. For example, com-
parison of the amino aeid sequence of the nine 
proteins introduced into the nuniber of (~f:erent 

geneticany modified plant products listed in Table 

3 delnonstrated that these proteins did not show 

any signilicant amino acid sitnilarity to kuown 

allergens. These same laine proteins were rapidly 
degraded in the digestibnity assay described above 

(Table 4). Based on these data, the products con-

taining these proteius shoul d bc marketed without 

labelin 
~* 

VIL ADDITIONAL CONSIDERATIONS 

A. Prevalence in Food 

Many food aner"'ens, especiajly those iu the 

com:non allergenic foods, are present as maj or 

protein components, typicaily ranging between 
1.0 and 80% of total protein. Exalnples of higlily 
abundant allergens (Table 4) include tliose in 
miik,s4,s5,71,?2 soybeEm,73,?4 and peanuts.7:~7g There-

fore, if a protein is expressed in the food at a level 

exceeding 1% of the total protein, tbis sholald also 

be taken into aceount in the auergenicity assess-

ment. In contrast to the food aZlergens shown in 

Table 4, which are typically present at less than 

1% of the total protein, the proteins expressed in 

the initial genetically cngm.' eered plants targeted 

for markst introduction (Table 3) range from ap-

proximately <0.001 to 0.03% of the r~:w product 
on a fresh weight basis or <0.01 to O.4% of the 
protein content,?9~85 ~nd therefore do not trigger 

this concem. 

B. The Host 

Patients who are already sensitized to foods 
derived fr.oul hosts that contain endogenous auer-

gens will likely still avoid the food derived fronl 

geneticany engineered varieties of the same host 

(e.g., soybca:1 or peanut). However, significant 
irlcreases in the level of an endogenous allergen(s) 

that inadvertently resulted from the genetic modi-

fication could result in more individuals becom-
ing sensitized to the allergen(s). Therefore, if the 

host being genetica~ly modifled is known to con-

tain specific endogenous allergenic proteins, and 
sera from sensitive patients are readily available 

(e.g-, for connnonly allergenic foods), the food 

derived from the new plant variety should be 
analyzed to assure that the level of endogenous 
ailergens was not increased during the modifica-

tion process beyond naturai (~ferences that occur 

in the plant. It may not bc necessary to evaluate 

the levels of e;ndogenous allergens in all geneti-

cany modiiied, connnon allergenic host plants 
such as soybeans. The nature of the desired change 

should bc determinant. If an antisense geni is 
introduced to turn off the production Of a key 
aJlergen in soybeans, the levels of aJl endogenous 

soybean anergens in the resultant recombinant 
crop should be checked. Howe:ver, these levels 
would not need to be checked if there were no 
reason to expect the iutroduced ~'enetic material 

would itLfluence the level of endogenous soybcan 

all ergens 
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When an analysis of endogenous proteins is 
desired and feasible, innnunoblotting and/or 
~LISA methcds could be i:nplemented for this 
assessment.86 However, this assessment cannot 
be perfonned if the plant has no history of causing 

anergy or a l~ited history that precludes the 
availability of sera. 

C. Animal Models 

Although anilnal Inodels provide tlnportant 
iuf:onnation for understan(~ng the mechanisms of 
allergenicity, these models have not been vali-
dated for assessing the aJl ergenic potential of spe-

cific proteins in humans. Examples of alrlmal 

models include (1) mouse models to evaluate I,~•E 
responses to modified recombinant auergens;87 
(2) IgE-mediated rat anaphylaxis models;gg (3) 
guinea pig models of anaphylaxis;89~91 (4) dog 
models to study asthma92,93 and food anergy;93 
and (5) mouse mcdels to study possible imlnuno-
therapeutic peptide epitopes24 and imlnuno-
prophylactic strategies .94 

Anin2~~l models provide opportilnities to study 

fundamental questions and mechanisms of 
allergenicity. However, none ofthese models have 

been shown to predict the ailer*'enic potential of 

introduced proteins.9s.9e In aJl cases, these models 

have been used to study the biological or nLolecu-

lar nlechanisms of immunopathogenesis of estab-
lished allergenic responses. Ih the abse;nce of data, 

these models cannot be extrapolated to humans-
Variable responses from allergen to allergen, ani-

mal to animal, species to species, and even within 

the same aniulal over tiue9s,96 suggest that it will 

be ex:tremely difficult to develop a reliable animal 

model that will be predictive for human 
allergenicity. 

An exa:nple of an instance in which one ani-

mal model did not predict anergenicity is the 
Brazil nut 2S globulin protein= which was as-
sessed by passive cutaneous anaphylaxis in mice 
fed the antigen orally.97 This stt~dy reported that 

the 2S albumjn protein did not elicit an lgE re-
sponse in the mol:rse strains used IJnder specific 

conditions. The authors came to the conclusion 
that the 2S gene was a strong candidate for ge-
netic engineering into crop plants to enhance the 

nutritional quality of derived foods.9? This does 

not mean that a more appropriate animal model 
would not have predicted allergenicity. 

Vlll. NATIONAL AND [NTERNATtONAL 
CONSENSUS 

The recounnendations in this article are con-

sistent with and expand other suggested ap-
proaches. The FDA provided guidance for 
allergenicity assessment in their 1992 "~ood 
Policy" document.9 The Enviromnental Protec-
tion Agency CEPA) provided some gnidance in 
their November 1994 draft glaidelines for pesti-
cidal plants,98 The FDA, EPA, and the U.S. De-
partJnent of Aglicuiture (USDA) cosponsored a 
symposium in April 199497 focused specifically 
on assessing the anergenic potential of foods 
derived from genetically engineered plants Re-
cent workshops sponsored by the Organization 
for Economio Cooperation and Development 
(OECD)99 and the World Health Organization 
(WHO)mo also provided guidance on allergenicity 

assessment. 

IX. FUTURE PROSPECTS 

Genetic engineering can also provide an im-
portant tool to reduce the levels of speciflc aller-

genic proteins in the food supply. by suppressinb~ 

gene expression, for example. by introducing genes 

in the antisense orientation (the opposite orienta-

tion required to produce a protein), the levels of 

specific proteins can bc dramatically reduced. This 

is the technique used to produce the delayed-
softening, Flav-SavrTl~: tomato. Inhibiting the pro-

duction of the polygalacturonase enzyme, which 

causes the tolnato to soften, extended the shelf 
lif;e of the tomat0.1on This same approach has been 

used to sigllifi:cantly reduce the phmary allergen 

in rice. Tada et al.ma cloned the gene encoding the 

16-kDa auergenic protein from rice and intro-
duced the gene enco(iiug this protein in the 
antisense orientation. The levels of the 16-kl)a 
protein were significanfly reduced in the rice seed 

in a nuD:Lber of the progeny. However, tbis proteiD 

was not completely eliminated in these plants. 
Fufther studies are underway to acbieve greater 
reductions in this auergenic protein. 
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This approach could bc used in other crops 
containing known allergens. such as peanuts 
and soybeans, to selectively reduce or elimi-
nate the levels of specific allergenic proteins. 

The presence of multiple anergens in foods like 

peanuts and soybeans, howeve;r, greatly com-
plicates tbis challenge. Furthermore, a protein 
that is an allergen and which also serves a criti-

cal structural or functional role cannot bc re-
moved without a negative i:npact on the plant. 

X. FUTURE RESEARCH NEEDS 

The comerstone of allergenicity assessment 
is the accumulation of physicochemical, immu-
nologic, and biochemical knowledge concern-
ing food auergens. Assessment depends on vali-
d~:ted assays (simulated digestion models), the 
availability of ilnmunologic reagents (patient 
sera for assessing proteins from allergenic 
sources), and infomlation on newly character-
ized allergens (i.e., an evolving database of 
allergen aJ~3ino acid sequences). A reliable ani-

mal model may also be desirable. 
The amino acid and/or nucleotide sequences 

of additional auergenic ~roteins, especially food 

allergens, and the mapping of the major B- and 
T-cell epitopes on known allergens would pro-
vide valuable iuforD~ation to expand the exist-

ing data base. Generating the physicochenlical 
and biological data that aTe recommended in 
this article on a ID:uch larger collection of aller-

gelric and nonallergentc proteins, as well as 
proteins introduced into genetically engineered 
pknts, would help to validate the use of these 
criteria in the debision tree approach. The gen-

eration of easily accessible serum banks would 
greatly facilitate the assessments described. 

A greater understanding of the molecular 
basis of iroJnunopathog'enesis (what makes cer-
tain food proteins allergenic) and the requjlfe-
ments for sensitization and elicitation of aner-

gelric reactions is needed. Such research not 
only facilitates the assessment of the allergenic 

potential of foods derived by genetic engineer-

ing, it also serves as a basis for the develop-
Inent of new approaches to treat or prevent the 
development of allergies. 

Xl. SUMMARY 

This article provides a science-basedj deci-
sion tree approach to assess the allergenic con-

cems associated with the introduction of gene 
products into new plant varieties- The assessment 

focuses on the source from wbich the transferred 

gene was derived. S ources fau into three general 

categories: common aJlergenic food proteins; Iess 

colmnon allerge~ic foods or other known allergen 

sources; and sources with no history of alle~ 
genicity. Informa:tion conceming the amino acid 
sequence identity to known allergenic proteins, in 

vitro and/or in vivo inmlunologic assays, and as-

sessment of key physiochelnical properties are 
included in reaching a reeolnmendation on whether 

food derived Lrom the genetically nlodified plaut 

variety should t)e labeled as to the source of the 

transferred gene. 

In ihe end, a balanced judgement of all the 
avajlable data generated during allergenicity as-

sessment will assure the safety of foods derived 

from genetically engineered crops. Using the ap-
proaches described here, new plant varieties gen-

erated by geuetic modification shouid be intro-

duced into the marketplace with the same 
confidence that new plant varieties developed by 

traditional breediug have bcen introduced for 
decades. 
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GLOSSARY OF TERMS 

Agronomic Trait-a genetica~ly detenuined attribute of the plant that confers an observable, beneficial 

characteristic to the plant, e.g-, insect, viral, disease protection, herbicide selectivity. 

Auergen-biological or chemical substance that induces an allergic reaction or response; sometimes 

defmed strictly as an imnlunog"lobulirl ~-nlediated response-

Auergenie-ability of a substance to bind immunoglobuJin E and elicit ailergic symptoms . 

Allergic Rhinitis-seasonal and/or perenDial symptoms of nasal congestion, sneezing, and rumy nose 
usualJy due to inhaled plant pollens, mold spores, anilnal ailergens, or mite allergens. It is an allergic 

indication that occurs in approxinrately 10% of the general population. 

Anergy-the inunune-mediated state of hypersensitivity that results from exposure to an anergen. 

Anaphylatoxin-a molecule wiih the ability to release histamine and basic peptides from mast cells, 
especially complement peptides C3a, C4a, and C5a. 

Anaphylaxis-a generalized iuflammatory illunune reaction to a foreign protein in a sensitized indi-
vidual that may b~ severe enough to bc I~fe threatening. 

Angioedema-a skin eruption similar to hives, but affiects larger areas ajl:d extends deeper intO the tissue, 

Antibody-a protein molecule produced and secreted by B Iymphocyies in response to an antigen that 
is capable of biuding to that specific antigen. 

Antigen-a foreign substance or protein that, when introdueed into the body, is recogrrized by the 

Immune systen~. 

Antigeu-Processing Cen (APC)~innnune response cens tha:t display peptide fragments of phagocy-
tozed antigens, including B Iymphocyies and macrophages. 

Antigellic Determiuant-see epitope. 

Asthln~lr=reversible airway obstruction that occurs in approximately 5% of the general population, 
demonstrated by w~leezing and shortness of breath resultug ~rom a number of factors, including 
reactions to auergens. 

Atopic Deruratitis-~~ chronic (long-lasting) skul disorder that occurs prilnarily in children character-

ized by an eczematoid rash resuJ:ting from exposure to both food allergens and nonailergic factors. 

Atopy-the genetic predisposition to allergy. Such individuals produce greater quantities of total and 

specific imlnunoglobulin E compared with healthy individuals. 
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B cells (B Iymphocyies)~wllite blood cells derived ftoln stem cells in bone marrow and elsewhere that 

produce antibo(~ies. 

Basophils-white blood ce~s that release histamine or other substances causing alLergic symptoms. 

Biotechnology-~lse of biological processes to produce products 

Celiac Disease-a chronic gastrointestinal disorder resultug from immune and nonimmune reactions in 
certain genetically susceptible humans sensitized to wheat gluten. 

Complement-proteins and peptides of the immune system responsible for cytolyic activity. 

Conrplementary DNA (cDNA)-the complementary DNA sequence to the prfmary amino acid se-

quence. 

Crossed Radioimmunoelectrophoresis (CluE)-electrophoresis of antigens through a neutral gel 
followed by electrophoresis at 90' to the first axis and into a radiolabeled antibody-containing gel. 

Cultivar-a specific crop variety witbin a species with distinct features introduced by breeding or other 

genetic modification. 

Cyiokine=honnone-like protein secreted by cells, such as lymphocyies or macrophages, that act as 
molecular signals for communication between djiff;erent cells of the irDmune system. 

Dander-small scales ftom the hair or feathers of animals, which may be the cause of auergy in sensitive 

persons 

Deoxyribonucleic acid (DNA)-~omplex biochemical substance of which genes are made and which 
canies hereditary iuformation in most living systems. DNA is composed of altemating phosphate groups 
and deoxyribose with one of four attached nucleotide bases: adenine, thyDaine, cyiosine, and guanine. 

The sequence of bases in the DNA determines what expression product, if any, will be derived from the 

DNA. 

Domail~*region of a proteiu that has a definite tertiary structure. 

Double-Bnnd, Placebo-Controlled Food Challenge (DBPCFC)-a standardized, oral feeding tech-
nique that includes sequential chailenge of increasing anlounts of foods or appropriate placebo to hulnans 

under controlled conditions. 

Eczem~:-a skn rash, often on the face, hands, or skul folds-

ElectrophoresisLbiochemical method by which molecules are separated according to their charge and 
Inolecular weight. 

Endospenn-a storage tissue that provides nutrition for the embryo of a seed during development 
(dicotyledonous plants), A starchy seed storage tissue of cereals such as rice or whe'dt. 

Enzyme--a protein catalyst that facilitates specific chemical or metabolic reactions necessary for 
digestion of nutrients, cell growth, and prolifleration. 
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Enzyme-Linked Imnunosorbent Assay (ELISA)-an in vitro antibody assay that can be used to 
measure food, allergen-specific IGE antibody involving an enzyme activation of a human anti~h~nan 
innnunoglobulirl E identification step . 

Eosiuophil:-a white blood cell that contains cyioplasmic granules with an affinity for acid dyes, and 

induces hitalDine release from mast cells during anergic in~lalmnation. 

Eosinophjlic Gastroenteritis-an uncolnmon chronic gastrointestinal disorder that occurs in both food-

allergic and nonallergic hlmlans characterized by many eosinophils in the intestinal biopsy. 

Epitop~~region on the antigen that interacts with the cens of the inlmune system; if the portion reacts 

with T cells, it is called a T-cell epitope; if it reacts with either B cells or antibody, it is called a B-cell 

epito pe. 

Exercise-niduced Anaphylaxis (Food Dependent; F-EIA~a forDl of anaphylaxis in which urticaria 
or shock develops after the combination of both eating a meal (or ingestirlg a specific food) and 

perfonning vigorous exercise within 2 h of eating. 

FoodHiefined in the U.S. Food, Drug and Cosmetic Act as articles used for '<food or drink for man or 
aliunals, chewing gmn, ~id articles used for componcnts of any other such article-" In a broader context, 

food should be considered as anything sold or consumed as such. Under U.S. Iaw any person who 
introduces food into connnerce is responsible for ensuring that it complies with an applicable safety 

standards. 

Food-Ihduced (e.g., milk) enterocolitis-a chronic gastrointestinal food anergy syudrome that may 
occur in illf:ants. 
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Food Intolerancl}-a nouimmlme adverse reaction to foods due to dietary or other factors. 

Gene-smallest portion of a DNA molecule that contains suf~icient heritable iufo~lation to direct the 
production of a protein or a molecule of transfer or ribosomal mRNA, or to perfonn a regulatory function. 

Gene Clonhrg-the use of recombinant DNA technology to idenufy, isolate, and characterise genes or 
CDNAS encoding potentially desirable traits. 

Gene Suppression-the use of recombinant DNA technology to ablate the expression of a specific gene. 

Genetic Englngi eeringHiirected modification of the genome to produce desired changes in the chalac-

teristics of an organism. 

Genetic modification-addition, deletion, substitution, rearrangement, or recombulation of heritable 
aenetic mate;riaJ. Processes for ac~ieving genetic modification include plant and animal breeding, cell 

and tissue culture, cell and protoplast ftlsion, mutagenesis, and recombinant DNA with transfonnation. 

Genome-the total hereditary material of a cell, comprising the entire ehromosomal set found lrl each 

nucleus of a given species. 

Gluten-a general term for the association of wheat endospenn com:ponents, gliaden proteins and starch, 

into ~l iDsoluble elastic dough. 



Glycoprotein~,rotein that has attached sugsj: molecules . 

Glycosylation:-the attaclnnent of sugar chains to a protein. 

Haptenia low Inolecular weight nonimmunogenic substance (including some drugs) that can bind to 

a protein resulting in an i:nlnlmogen. 

Histalnine-an amine found in all tissues of the body. Large amounts are released by mast cells when 

the body encounters a substance to whlch it is sensitive, thereby tziggering,symptoms of allergy. 

Homology-simjlarity in anlino acid sequence between different proteins . 

Hydrolysis-H;hemical process by which a protein is broken down into smaner peptides. 

Hypoallergenic-the modifilcation of a food by chemical or genetic means so as to reduce the expression 

or quantity of endogenous allergens, possessing less-than-normal allergenicity. 

lgE (Imnunoglobulill E)-a specific class of irnmunoglobulin secreted by B cens. lt binds to specific 

receptors on mast cells. Interaction of an allergen with mast cell-bound lgE can trigger allergic symp-

toms . 

lgE binding-ab~ity to bind to lgE. 

lgE Receptolh-surface proteins of mast cells or basopbils that bind circulating lgE-antigen complexes 

and triggers degranulation. 

hlmunoblotting~biochemical techDique by whlch proteins bound to a nitrocellulose or nylon mem-
brane are detected using immunoohemical techniques 

linlnumochemical-techl)iques that utnize antibody as a speciflc detection system for substances. 

Inununoglobulin lsotype-synonym of class when refening to immunoglobulrn variants , includin' 
lgG. IgA, IgM, IgD, and lgE. 

Immlmotherapy-any type of treatment that targets the irmnune system. In allergy it is treatinent in 

which a progressively increasing dose of an auergen is given in order to induce an immune response 
characterized by tolerance or "desensitization." 

Interferon (IFN)-a cen growth-retarding class ofproteins secreted by T ceils and macrophages, which 

are down-regulated by IL~. 

lhterleukhl (IL)-cyiokine secreted mainly by Inononuclear cells that induces growth, activation, and 

difflerentiation of lymphocyies and pluripotential hemopoietic stem cells. 

Intron.~nonrelevant polynucleotide sequence; does not code for infolmation for protein synthesis. 

In vitro-•outside of the living body, for example, in a test tube or in laboratory tissue culture. 

In vivo-within the living body. 



Isoallergen-allergen proteins that bclong to a gene superf~lily sharing more than two-thirds amino 

acid sequence identity; a synonym of anergen isofonn. 

lsoelectric Point-pH at which all electrical charges on a protein are equal to zero 

Macrophage-one of three pri:lcipal cell types that respond to antigens, are derived ftom blood 
monocyies, reside in tissues, perfonn phagocytosis of cells and particles, and are APCs. 

Major Histocompatibility Complex (MHC)-a region of a chromosome that contains the genes 
encoding the antigenic detenninants of nucleated cells and that includes the genes that influence helper, 

suppressor, and other T-cell subsets. 

Marker Gene-gene wlth a detectable or selectable phenotype that is engineered into a vector to allow 

detection of neighboring sequences (a gene or genes of interest) in a new genetic element. 

Mast Cens~issue cells that contain granules containing histamine. During an allergic response, 
degranulation releases histamine-causing allergic syl31;ptoms. 

Messenger RNA (mRNA)-~nucleic acid that canies instruction to a ribosome for the synthesis of a 
particular protein; important molecule in the production of protein from DNA. 

Nucleotide-basic structural uDits of RNA and DNA. 

Oral Anergy Syndrome (Fruit and Vegetable Syndrolue; OAS)-a fom of allergic reaction in which 
humans who are ailergic to inhaled pollen, react, usually, with localized symptoms of itchjng and 
swening of the mouth parts when eatug certain fruits and vegetables-

Oropharyngeal~involving the mouth and throat. 

PCR-polymerase chain reaction. 

Passive Cutaneous Anaphylaxis (PCA) and Prauslritz-Ktistner Reaction-a test for imlnediate 
hypersensitivity perfonned in a nomlai subject who has bcen passively sensitized by lgE from an anergic 

individual. 

Pathogen-any virus or microorganism that causes disease. 

Peptid,h-two or more amino acids joined by a linkage carled a peptide botld. Peptides result from 
proteolysis or the digestive process that breaks down proteins into smaller molecules. 

Phenotype-observable characteristics, resulting from an interaction between an organism's genetic 

makeup and the environment. 

Pollel:lr-the mass of microspores (male-fertilizirrg elements of flowering plants). Many pollens, espe-

ciany the airbome pollens, are aJJergens. 

Proteius~he phncipal cor_stituents of the protoplasm of arl cells, they are high in molecular weight and 

consist essentially of combinations of oe-amino acids in peptide linkage. Twenty different amino acids 

are commonfy found inproteins, and each protein has a uDique, geneticaJly defined amino acid sequence 

that detelmines its specific shape and function. 
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Proteolysis-a form of hydrolysis. 

Quality Trait-a genetically detenltined attribute of the plant that effects a compositional component 

of the food or feed product, e.g., delayed softening or ripening, increased solids content, and increased 

nutritional value. 

Radioallergosorbant Tests (RAST)-an in vitro lgE food aJlergen-specific antibody assay involving 

an anti-human lgE identification step. 

Recombinant DNA Techlrology (rDNA)~processes of cutting and recombining DNA molecules to 
remove segnlents from or otherwise modify an organism's genetic material, or to combine segnents of 

DNA ftom different types of organisms 

Ribonucleic acid (RNA)-nucleic acid composed of altemating phosphate groups and ribose with one 
of four attached nucleotide bases: adenine, guanine, cyiosine, and uracil. 

Simmjated Digestion-an in vitro model of gastroiutestinal proteolysis. 

Skhl Test-intradennal injection of anergen extracts and assessment of local edema. 

Somaclonal Variation=phenotypic expression of genetic changes observable after growth of plant 
tissue in cell or tissue culture. 

Spore~the reproductive element, produced sexually or asexually, of one of the lower organisms, such 
as protozoa, fungi, algae-

T ceHs (T Iymphocyies)~whlte blood cells originating from stem cells in the thymus that are involved 

in the ilnmune response. 

T ceu Receptor-surface proteins of T cells that recognize and bind antigens displayed by APCs 
resultirrg in T-cell proliferation and lymphokine production, 

Ti Plaslnid-a naturally occurrirLg tumor-inducing plasmid of Agrobacterium tumafaciens that is 
capable of transfection and transfonnation of plants. Used as a vector to shutrle desirable traits into 

agricultural crops. 

Transfer RNA (tRNA)~important molepule in the production of protein ftom DNA 

Transformation~introducing the DNA encoding a speciflc gene(s) into the genome by direct methods. 

Transgenic Plant-a plant derived from rDNA techuology that contains genetic material from outside 
the particular plant species. 

Translation-the process by which DNA is transfonned into protein. 

Urticaria-an acute (immediate) or chronic (repetitive or long lasting) skn disorder in humans charac-
terized by itching and hives resulting from many factors of both allergic and nonallergic natuTe-

Venom-a toxio substance nolmalLy secreted by a serpent, insect, or other animal. 
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