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Many substances can act as antigens or allergens to 
induce immediate or delayed hypersensitivity reac- 
tions in animals and man. Antigens which induce 
immediate hypersensitivity reactions mediated by 
specific IgE antibodies are designated as atopic 
allergens. In this presentation I will review some of 
the known immunochemical properties of atopic 
allergens. 

Many environmental sources of atopic allergens are 
of clinical interest. Several of these common sources 
have been studied for their allergenic components.‘-4 
These sources include inhalants such as pollens, ani- 
mal danders, and mites, injected antigens such as 
from bee and vespid venoms, and ingested foods such 
as fish, egg, and milk. In all cases cited, allergenic 
activity is found to be associated with the protein-rich 
fractions. 

Allergens from each source can be divided into 
major and minor ones, based on their relative al- 
lergenic activities. Major allergens are highly active 
in the majority of allergic individuals tested, while 
minor allergens are poorly active. However, minor 
allergens can be as active as, or more so than, major 
allergens in some selected individuals. This variation 
in the individual response to different allergens is be- 
lieved to be under genetic control.” 

Major allergens are usually in the molecular size 
range of 20,000 to 40,000 daltons, while the size of 
minor allergens is highly variable from a few thou- 
sand to about 70,000 daltons. Second, major al- 
lergens are usually the more abundant proteins in the 
extract than minor allergens. A third common obser- 
vation is that the allergenic activity of allergens is 
markedly reduced on denaturation. This indicates that 
most, if not all, of the antigenic determinants reacting 

From The Rockefeller University. 
Supported in part by Grant AI 14422 and contract No. AI82567 of 

the National Institutes of Health. 
Presented at the Postgraduate Course in Allergy and Clinical Im- 

munology at the meeting of the American Academy of Allergy in 
New Orleans, La., March, 1979. 

Received for publication April 12, 1979. 
Accepted for publication April 13, 1979. 
Reprint requests to: T. P. King, The Rockefeller University, New 

York, NY 10021. 

with specific IgE antibodies are dependent on the na- 
tive conformation of the molecule. Apart from these 
features of molecular size distribution, relative abun- 
dance and conformational dependence, the allergens 
from different sources do not share other discernible, 
biochemical features, such as isoelectric point, carbo- 
hydrate content, amino acid composition or amino 
acid sequence, and enzyme activity. The foregoing 
generalizations can be illustrated with the findings 
made on allergens from ragweed pollen and honeybee 
and vespid venoms. 

Ragweed pollen contains at least 10 antigenic pro- 
teins which are detectable with animal antisera. Six of 
these antigens have been purified. Their physiochem- 
ical properties are shown in Table I. AgE and AgK 
are acidic proteins of about 38,000 daltons.“-7 
AgRa3, AgRa4 (BPA-R), and AgRaS, and cyto- 
chrome c are basic proteins of 11,000, 23,000, 4,970, 
and 13,000 daltons, respectively.8-12 AgRa3 and 
AgRa4 are glycoproteins; the others are not. These 6 
proteins together represent about 11% of the pollen 
proteins, with AgE and AgK as the most abundant 
components. With the exception of cytochrome c, the 
biochemical function of these proteins is not known. 

By skin tests and histamine-release assays, AgE 
has been shown to be 10 to 100 times more active than 
the pollen protein mixture in about 95% of the pa- 
tients tested,’ and AgK was about half as active as 
AgE.’ In contrast, other ragweed antigens are highly 
allergenic in only a fraction of the subjects tested. 
This can be illustrated by a recent report13 in which 
solid-phase ragweed antigens were used to determine 
the frequency of elevated antigen-specific IgE anti- 
body levels in ragweed-sensitive individuals. A clear 
majority of the individuals (97% and 88%) showed 
elevated levels of IgE antibodies specific for AgE and 
AgK, while a smaller fraction (5 1% , 28%) and 17%) 
showed elevated levels of IgE antibodies specific for 
AgRa3, AgRa4, and AgRaS, respectively. In one 
survey of 31 ragweed-sensitive sera,14 antigen E- 
specific IgE antibody was found to account for 0.5% 
to 14% of total IgE with an arithmetic mean of 4.5%. 

Honeybee venom is a simpler mixture of peptides 
and proteins than is ragweed pollen. Three of its com- 
ponents are known to be allergenic in man.‘” They are 
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TABLE I. Physicochemical properties of some atopic allergens 

Isoelectric Nitrogen Carbohydrate Percent of 
Antigen MW point (pH) content (%) content (%) proteins References 

Ragweed pollen * 

A& 
AgK 
AgRa 3 
AgRa 4 
AgRa 5 
Cytochrome c 

Honeybee venom 
Phospholipase AZ 
Hyaluronidase 
Melittin 

Vespid venoms t 
Antigen 5 
Phospholipase 
Hyaluronidase 

37,800 5.0 
38,000 5.9 
12,100 8.6 
28,000 8 

5,ooo 9.5 
13,000 >lO 

15,800 Basic 
50,000 Basic 

2,800 Basic 

25,000 Basic 15 16 

35,000 Basic 0.4 16 

45,000 Basic 2 16 

17.1 co.5 6 5, 7 
16.6 co.5 3 6, 7 

8.0 0.4 8, 11 
0.9 9, 11 

0 0.1 10, 11 
0.1 12 

17 
3 

0 71 

15, 19 
15, 19 
15, 19 

*Some of the antigens are isolated in multiple isoelectric forms; the isoelectric point given is for the predominant form of the antigen of 
interest. Antigen Ra 4 is also known as antigen BPA-R. 

TVespid venoms from white-faced hornet, yellow hornet, and yellow jacket were studied and found to have very similar protein com- 
positions. 

TABLE II. Relative allergenic activities of honeybee 
venom components* 

Patient No. Hyaluronidase Phospholipase Melittin 

1 0.6 12 0.006 

2 1 12 0.1 

3 1 5 0.005 
4 1 3 

5 5 10 0.33 
6 4 6 0.04 
7 90 0.5 0.09 

*Data taken from reference 15. Allergenic activities were tested 
by histamine release assays with leukocytes from sensitive pa- 
tients. Activities given are relative to those of whole venom. 

hyaluronidase, phospholipase AZ and melittin of 
50,000, 15,800, and 2,840 daltons, respectively, 
(Table I). These account for 91% of the weight of 
venom protein. Two of these components have en- 
zyrnic activities as indicated by their names, while 
melittin has hemolytic activity. Histamine-release 
tests with sensitive leukocytes showed these 3 com- 
ponents to have variable activities, as shown in 
Table II. Phospholipase is clearly the major allergen, 
since it is about 5 times more active than venom in 6 
of the 7 patients tested. Hyaluronidase is more active 
than venom in only 3 of the 7 tested. Melittin is a 
weak minor allergen with about l/zo of the activity of 
venom. The widely variable responses seen in differ- 
ent individuals to different antigens are apparent upon 
comparing Patients 1, 5, and 7. 

The correlation of allergenic activity of an antigen 
with its relative abundance can be further demon- 
strated by the comparative findings on honeybee and 
vespid venoms. White-faced hornet, yellow hornet, 
and yellow jacket venoms have very similar protein 
compositions when analyzed by gel chromatography 
and electrophoresis. l6 All 3 vespid venoms contain 
hyaluronidase of 45,000 and phospholipase of 35,000 
daltons. In contrast to honeybee venom, these 2 en- 
zymes are minor protein components of vespid ven- 
oms. The major component of vespid venom is a 
basic protein of about 25,000 daltons, designated 
as antigen 5, of unknown biochemical function 
(Table I). Antigen 5 is in fact the major allergen of 
vespid venoms. Another point of interest is the partial 
antigenic cross-reaction of the 3 respective antigens of 
the 3 vespid venoms. However, there is no cross- 
reaction of any of the components of vespid venom 
with those of bee venom. 

The amino acid sequences of at least 5 allergens are 
known. These allergens are ragweed AgRa3l’ and 
AgRaS ,” bee venom phospholipase and melittin,” 
and codfish allergen M.‘O The sequence data do not 
reveal any unusual features. At present we have no 
data on the structure and size of the antigenic deter- 
minants of any of these allergens reacting with their 
specific IgE or IgG antibodies. Attempts to study the 
determinants of ragweed AgE:l AgRa3, and AgRa5*’ 
have been hampered by the finding of strong con- 
formational dependence of these allergens for their 
activities. 
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FIG. 1. lmmunosuppression of mice sensitized with AgE on treatment with AgE-MPEG conju- 
gate. Mice were sensitized intraperitoneally on day 0 with AgE (1 pg, 0.026 nmole) and alum, and 
treated subcutaneously on days 21 and 24 with the conjugate, a total of 3.6 and 36 nmole for 
groups M and 0, respectively. Group A is the untreated control group. All groups were rechal- 
lenged with AgE on weeks 4,8, and 18. HA (hemagglutination, open symbols) and PCA (passive 
cutaneous anaphylaxis, filled symbols) denote titers of antigen-specific IgG and IgE antibodies, 
respectively. Data are taken from reference 30. 

We know from studies of other globular protein 
antigens or synthetic polypeptide antigens that the an- 
tigenic determinants specific for IgG antibodies are of 
the size of 4 to 8 amino acid residues and they are 
invariably located on the surface of the molecule.23-25 
These amino acid residues of an antigenic determinant 
can be sequentially adjacent to each other in the pri- 
mary structure of the molecule, or they can be se- 
quentially distant but spatially adjacent in the sec- 
ondary structure. It is the folding of a polypeptide 
chain into a compact globular-shaped protein which 
brings some sequentially distant amino acid residues 
into spatial proximity. Therefore, the determinants 
which are composed of spatially adjacent amino acid 
residues will depend strongly on the native conforma- 
tion of the molecule. 

Although the foregoing data apply to antigenic de- 
terminants which react with specific IgG antibodies, it 
is most likely that they are applicable also to those 
which react with IgE antibodies. There is little reason 
to believe that the determinants which elicit IgG and 
IgE antibody responses are necessarily different. In 
fact, there is evidence to show that antibodies of IgE, 

IgG, and IgM classes can recognize the same an- 
tigenic determinant, e.g., in sensitivity to penicillin26 
and on immunization with tetanus toxoid.27 

As already mentioned, the major antigenic deter- 
minants of most proteins are dependent on the con- 
formation of the native molecule. This, apparently, is 
not the case for the immunogenic determinants which 
react with T cells. This conclusion is indicated by 
findings that the denatured antigens or their deriva- 
tives, depending on the dose used, could either prime 
or suppress antibody responses to the native antigen in 
mice. This is believed to result from activation, by the 
denatured antigen, of T-helper or suppressor cells. 
Such studies have been carried out with ragweed 
AgE2’ and ovalbumin.2s These denatured antigens are 
possible reagents for immunotherapy in man, since 
they have low allergenic activity and suppress anti- 
gen-specific antibody responses. 

Another approach to obtaining modified antigens 
with similar immunologic properties is to attach 
nonimmunogenic polymers to the antigenic molecule. 
Steric hindrance of the polymer chains reduces the 
accessibility of antigenic determinants, thereby de- 
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creasing the antigenic valency of the protein. Anti- 
genie valency is known to be important for allergen- 
icity and immunogenicity of the protein. Allergenicity 
depends on the interaction of a multivalent antigen 
with cell-bound IgE antibodies for release of chemical 
mediators of immediate hypersensitivity.30 Immu- 
nogenicity depends on the interaction of a multivalent 
antigen with T and B cells24, 3o and possibly with 
macrophages for antibody synthesis.“’ 

An example of the above approach is the prepara- 
tion of conjugates of ragweed AgE with methoxy- 
polyethylene glycol (MPEG), a random copolymer of 
o-glutamic acid and D-lysine (DGL), or with mouse 
IgG. The samples of MPEG and DGL studied possess 
average molecular weights of 5,000 and 34,000, re- 
spectively, as compared with the values of 38,000 and 
160,000 for AgE and IgG. MPEG was activated with 
sym-trichloro-triazine, then coupled with AgE.32X 33 
DGL33 and mouse Ig@* were coupled to AgE by 
intermolecular disulfide bond formation following 
appropriate activation.35 

The conjugates presently prepared have the follow- 
ing probable compositions: AgE(MPEG)+a, (AgE- 
DGL),-,, and (AgE-IgG)1-2. All these conjugates 
showed reduced allergenic activity in comparison 
with the native antigen. The immunogenic and immu- 
nosuppressive activities of the conjugates were tested 
in the mouse as the experimental animal. The mouse 
system is generally accepted as a good model for 
reaginic antibody formation in man.36 Only results 
obtained with AgE-MPEG conjugate are described 
here. 

The AgE-MPEG conjugate was apparently nonim- 
munogenic for mice, but it retained the immu- 
nosuppressive property of the native antigen. AgE- 
sensitized mice treated subcutaneously with AgE- 
MPEG conjugate had decreased specific IgE and IgG 
antibody levels about five- to twenty-fold (Fig. 1). 
The level of depression was dependent on the treat- 
ment dose and was long lasting, but was weakened by 
repeated sensitizations. Comparative treatment data 
suggest that AgE-MPEG conjugate is a more effective 
immunosuppressive agent than AgE. Similar findings 
in mice have also been reported by another laboratory 
for conjugates of ragweed antigens with polyethylene 
glycol. a7 These results have prompted us to investi- 
gate the use of AgE-MPEG in ragweed-sensitive pa- 
tients for suppression of their IgE antibody levels, 
studies which are now in progress. 

The findings which I have summarized in this pre- 
sentation indicate that atopic allergens have properties 
indistinguishable from those of any other protein anti- 
gens. One generalization which can be made about 
the major allergens from different sources is that they 
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are usually proteins of 20,000 to 40,000 daltons and 
are usually the chief protein components of the al- 
lergen source of interest. This generalization is prob- 
ably related to the dependence of IgE antibody re- 
sponse on dose, molecular complexity, and retention 
of the antigen by the susceptible host. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

I. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16 

17. 

18. 

19. 
20. 

Berrens L: The chemistry of atopic allergens. Basel, 1971, 
S. Karger AG. 
Stanworth DR: Immediate hypersensitivity. New York, 1973, 
ElsevierlNorth-Holland Publishing Co. 
Marsh DG: Allergens and the genetics of allergy, in Sela M, 
editor: The antigens. New York, 1975, Academic Press. Inc., 
vol. 3, p. 271. 
King TP, Norman PS: Antigens that cause atopic disease, in 
Samter M, editor: Immunological diseases. Boston, 1978, Lit- 
tle, Brown & Co., vol. 2, p. 787. 
King TP, Norman PS, Connell ST: Isolation and characteriza- 
tion of allergens from ragweed pollen. II. Biochemistry 3458, 
1964. 
King TP, Norman PS, Lichtenstein LM: Isolation and charac- 
terization of allergens from ragweed pollen. IV. Biochemistry 
6: 1992, 1967. 
King TP: Separation of proteins by ammonium sulfate gradient 
solubilization. Biochemistry 11:367, 1972. 
Griffiths BW, Brunet R: Isolation of a basic protein antigen of 
low ragweed pollen. Can J Biochem 49396, 1971. 
Underdown BJ, Goodfriend L: Isolation and characterization 
of an allergen from short ragweed pollen. Biochemistry 8:980, 
1969. 
Goodfriend L, Lapkoff C: Isolation of a low molecular weight 
ragweed pollen allergen: Ra5. Int Arch Allergy Appl Immunol 
46~215, 1974. 
Goodfriend L, Choudhury AM, Del Carpio J, King TP: 
Cytochrome c: New ragweed pollen allergens. Fed Proc 38: 
1415, 1979. 
Goodfriend L: Toward structure-function studies with ragweed 
allergens Ra3 and Ra5, in Allergy and clinical immunology: 
Proceedings of the IX International Congress of Allergology. 
Buenos Aires, 1976, Excerpta Medica International Congress 
Series No. 414, p. 151. 
Adolphson C, Goodfriend L, Gleich GJ: Reactivity of ragweed 
allergens with IgE antibodies. J ALLERGY CLIN IMMUNOL 
62: 197, 1978. 
Schellenberg RR, Adkinson NF Jr: Assessment of the 
influence of irrelevant IgE on allergic sensitivity to two inde- 
pendent allergens. J ALLERGY CLIN IMMUNOL 63: 15, 1979. 
King TP, Sobotka AK, Kochoumian L, Lichtenstein LM: Al- 
lergens of honey bee venom. Arch Biochem Biophys 172661, 
1976. 
King TP, Sobotka AK, Alagon A, Kochoumian L, Lichten- 
stein LM: Protein allergens of white-faced hornet, yellow hor- 
net and yellowjacket venoms. Biochemistry 17:5165. 1978. 
Klapper DG, Goodfriend L, Capra JD: The amino acid se- 
quence of ragweed allergen Ra3. (In preparation.) 
Mole LE, Goodfriend L, Lapkoff CB, Kehoe JM, Capra JD: 
The amino acid sequence of ragweed pollen allergen Ra5. 
Biochemistry 141216, 1975. 
Habermann E: Bee and wasp venoms. Science 177:314, 1972. 
Elsayed S, Bennich H: The primary structure of allergen M 
from cod. Stand J Immunol 4~203, 1975. 



VOLUME 64 
NUMBER 3 

Properties of some atopic allergens 163 

21. King TP, Norman PS, Lichtenstein LM: Studies on ragweed 
pollen allergens. V Ann Allergy 29541, 1967. 

22. Choudhury AM, Goodfriend L: Differentiation between carrier 
and allergenic determinants in ragweed allergens Ra 3 and 
Ra 5. Fed Proc 37: 1553, 1978. 

23. Sachs DH: Proteins as antigens, in Anfinsen CB, Schechter 
AN, editors: Current topics in biochemistry. New York, 1973, 
Academic Press, Inc., p. 73. 

24. Goodman JW: Antigenic determinants and antibody combining 
tite, in Sela M, editor: The antigens. New York, 1975, 
Academic Press, Inc., vol. 3, p. 127. 

25. Atasai MZ: The complete antigenic structure of myoglobin: 
Approaches and conclusions for antigenic structures of pro- 
tein. in Atassi MZ, editor: Immunochemistry of proteins. New 
York, 1977, Plenum Publishing Corporation, vol. 2, p. 77. 

26. Levine BB: Skin rashes with penicillin therapy. N Engl J Med 
286:42, 1972. 

27. Geha RS, Weinberg RP: Anti-idiotypic antisera in man. I. 
Production and immunochemical characterization of anti- 
idiotypic antisera in human antitetanus antibodies. J Immunol 
121: 1518, 1978. 

28. Takatsu K, tshizaka K, King TP: Immunogenic properties of 
modified antigen E. III. Effect of repeated injections of mod- 
ified antigen on immunocompetent cells specific for native 
antigen. J Immunol 115: 1469, 1975. 

29. Takatsu K, Ishizaka K: Reaginic antibody formation in the 
mouse. VI. Suppression of IgE and IgG antibody responses to 
ovalbumin following the administration of high dose urea- 
denatured antigen. Cell Immunol 20:276, 1975. 

30. Ishizaka K: Chemistry and biology of immunoglobulin E, in 
SeIa M, editor: The antigens. New York, 1973. Academic 
Press, Inc., vol. I, p. 479. 

31. Unanue ER: Macrophage function in immunity. Fed Proc 
37:77, 1978. 

32. Abuchowski A, Van Es T, Palczuk NC, Davis FF: Alteration 
of the immunological properties of bovine serum albumin by 
the covalent attachment of polyethylene glycol. J Biol Chem 
2523578, 1977. 

33. King TP, Kochoumian L, Chiorazzi N: Immunological prop- 
erties of conjugates of ragweed antigen E with methoxy- 
polyethylene glycol or a copolymer of o-glutamic acid and 
D-@SiIIe. J Exp Med 149:424, 1979. 

34. Bore1 Y, King TP, Sinclair KJ, Bloch KJ: Suppression by 
antigen E-IgG conjugates of the IgE antibody response to 
ragweed AgE. J ALLERGY CLIN IMMUNOI. 63:176, 1979. 
(Abst.) 

35. King TP, Li Y, Kochoumian L: Preparation of protein conju- 
gates via intermolecular disulfide bond formation. Biochem- 
istry 17:1499, 1978. 

36. Levine BB, Vaz NM: Effect of combination of inbred strain, 
antigen, and antigen dose on immune responsiveness and 
reagin production in mouse. A potential mouse model for im- 
mune aspects of human atopic allergy. Int Arch Allergy 
39: 156, 1970. 

37. Lee WY, Sehon AH: Suppression of reaginic antibodies. Im- 
munol Rev 41:200, 1978. 


