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Table 1 Insects Reported to Cause Allergy in Man

King and Guralnick Hyme

Order Coleoptera-beetles
Order Diptera-flies and mosquitoes
Order Ephermeroptera-mayf lies
Order Hemiptera-aphids, bed bugs, and kissing bugs
Order Hymenoptera-ants, bees, and vespids
Order Lepidoptera-moths and caterpillars
O rder O rthoptera-cockroaches
Order Siphonatera-f leas
Order Trichoptera-caddis f lies

Source: From Ref. 1.

Table 2 Geographic Distr ibution and Medical lmportance of Some Insects of the Order Hymenoptera

Family/subfamily Genus and species Common name
Geographic
wi th in  U.S.

distr ibut ion Medical
imoortance

Apidae/Apinae

Formicidae/Myrim icinae

VespidaeiVespinae

Polist inae

Apis mellifera
Bombus spp.
Solenopsis invicta
Solenopsis richteri
Vespa crabro
Dolichovespula

maculata
Dolichovespula

arenaria
Vespula flavopilosa
Vespula germanica
Vespula

maculifrons
Vespula

pensylvanica
Vespula vulgaris
Vespula squamosa
Pollstes spp.

Honeybee
Bumble bee
Fire ant
Fire ant
European hornet
Whitefaced hornet

(baldfaced hornet)
Yellow hornet (aerial

yellow jacket)
Yellow jacket
Yellow jacket
Yellow jacket

Yellow jacket

Yellow jacket
Yellow jacket
Paper wasp

Ent i re  U.S.
Ent i re  U.S.
SE,  SW
Mississippi,  Alabama
NE,  SE
Ent i re  U.S.

NE,  NW, SW

NE,  SE
NE,  NW
N E

NW, SW

NE, NW, SW
NE,  SE
Ent i re  U.S.

Major
Moderate
Major
Minor
Minor
Major

Major

Major
Major
Major

Major

Major
Major
Major

F igu r r
shot , '
and  f , r
3 m m

hvalu
\-L'l-l t) IOnly insects with known venom al lergens are l isted.

Data for geographic distr ibution and medical importance are taken from Ref. 1.

BIOCHEMICAL STUDIES OF HYMENOPTERA VENOM PROTEIN ALLERGENS

In Table 3 are listed some of the venom allergens of bees, vespids, and fire ants, which have
been sequenced and/or cloned.

Honeybee venom has six allergens of known sequences. Four are proteins, acid
phosphatase, hyaluronidase, phospholipase A2, and protease, the fifth one is a cytolytic
peptide melittin, and the sixth one Api m 6 is miniprotein of about 70 amino acid residues.
Bumble bee venom has two protein allergens of known sequences: phospholipase A2 and a
protease. Bumble bee and honeybee venom phospholipases A2 as well as their homologs from
Asian bees have high degree of sequence identity with each other.

Each of vespid venoms contains three to four known protein allergens. Three of them
have been isolated from all vespids studied, and they are antigen 5, hyaluronidase, and
phospholipase ,{1. And the fourth one is a protease that has been characterized only from
paper wasps. The biological function of antigen 5 is not known, but it may be a protease
because of sequence homology with a protease in cone snail (37). Vespid phospholipase ,A1
differs from bee phospholipase A2 in its structure and enzymatic specificity (75,24). Vespid and
bee hyaluronidases are homologous with about 55% sequence identity (77,24,38).

Fire ant venom contains four known protein allergens: Sol i 1 to 4. Sol i 1 and 3 are
homologous with vespid phospholipase and antigen 5, respectively (72,20).

Only one allergen of - 12kDa is known from jumper ant (Mryrnccio pilosula) venom, and
it was identified by immunoblot ln'ith mercaptoethanol-reduced venom (39). The presence of
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Table 3 Some Insect Venom Allergens withKnown Seouences and Structures

King and Guralnick Hymenoptt

Table 4

Allergen
name'

Molecular
Glycoprotein sizeb Structure"

Recombinanl
proteind

l nsec t  a l l e
Common name References

Antigen 5r

Api  m3 Ac idphosphatase
Api  m4 Mel i t t in  No
Api m 5 Protease
A p i m O

Bumble bee, Bombus pennsylvanicus
Bomp l  Phospho l i pase42
Bom p 4 Protease

White face hornet, Dolichovespula maculate
D o l m l Phospholipase A1 No

Honeybee, Apis melifera
Api m 1" Phospholipase A2
A p i m 2 Hvaluronidase

Dol m 2 Hyaluronidase
Dol m 5r Antigen 5

European hornet, Vespa crabro

34 kDa Modeling
38 kDa Modeling
23 kDa Modeling

34 kDa Modeling
23 kDa Modeling

34 kDa Modeling
38 kDa Modeling
23 kDa Modeling
28 kDa

34 kDa Modeling
38 kDa Modeling
23 kDa Modeling

37 kDa Modeling
30 kDa
23 kDa Modeling
20 kDa

V e s c l
V e s c 5

P o l a l
P o l a 2

So l  i  1 '
S o l i 2
Sol i  3i
S o l i 4

Yes
No

Yes

No
Yes
No

No
Yes
No

Yes

Paper wasp, Polistes annulails
Phospholipase A1
Hvaluronidase

Po l  a5  An t i gen5
Proteases

Yellow jacket, Vespula vulgaris
Ves v th Phospholipase A1
Ves v 2h Hyaluronidase
V e s v 5  A n t i g e n 5

Fire ant, Solenopsis invicta

Phospholipase A1
Antigen 5

Phosphol ipase A1

Ant igen 5

Yes
Yes

16  kDa
39 kDa
43 kDa
3 kDa
28 kDa
BkDa

16  kDa
28 kDa

8 ,9
10 , ' 1  1

1 2
4
1 3
1 4

1 5
1 5

1 6
1 7

' 1 8 , 1 9

20
2 1

22
22

18 ,23
1 3

24
25,26
23,27

28
29
30
JU

Direct
Direct

Direct

Modeling

Unfolded/folded
Folded

Folded

Unfolded
Unfolded
Unfolded/folded

Unfolded
Unfolded
Unfolded/folded

Unfolded
Unfolded
Unfolded/folded

Hyaluronir
Phosphati
Phospholi
Phospholi
Protease

uHomolog
oHomolog

"Sperm pr

Dol- m 5

Pol- a 5

V e s v 5

S o l l 3

human tI
m - 1 r q è  l - t

t - . , -  ^ ì  . i .
l t u L r Ì  v  I  I  .

tomato  Ì

hookwori

I  i z a r d

Figure 2
shown fro
and mous
protein, ar
indicate re
SeqUenCer
(see text).

Ar
retaininl
interest
allergen
to hold t
>30% se
disconti

Th
5s (53). -

patients
wasp an
assay in
for antit
the hybr

B.CELL

The enti
(54). Th
sizes rar
amino a
well as

uAllergen names are designated accordrng to an accepted nomenclature system (31).
bSeveral allergens are glycoproteins, and the molecular size given refers only to the protein portion.

"Structures were determined directly or by modeling of structures of homologous proteins.
dAvailabil ity of recombinant proteins in folded or unfolded forms is indicated.
"Sequences of phospholipases A2 from A. crena, A. dorsata (32), and B. terrestris (33) are known.
tother vespid antigen 5s with known sequences are D. arenaria, P. exclamans, P. fuscatas , P. dominulus, V.
flavopilosa, V. germanica, V. macutifrons, V. pennsylvanica, V. squamosa, V. vidua, and V. mandarinia (12).
sOloning of proteases from P. dominulus, P. exclamans, and P. Gallicus were reported (34).
hsequences of phospholipase A1 from V. germanica, maculifrons, pennsylvanica, flavopilosa and squamosa and
of hyaluronidase V. germanica are known (35).
'sequences of homoloqs from S. invicta are known (36).

reducing environment and any disulfide bonds that do form are reduced through th9 action of

disulfidé reducing enzymes. Several recombinant proteins with disulfide bonds have been

obtained in mutants of Escherichia coli with decreased disulfide reducing enzymes in their

cytoplasm (50). In some cases the unfolded recombinant proteins can be folded and oxidized in

vitró into their native conformation, e.g., bee venom phospholipase A2 (38,51,70) and yellow
jacket venom hyaluronidase (26).- 

Recombinant proteins from insect or yeast cells have the native conformation of the

natural proteins as they are folded during secretion into medium, e.g., Api m 2 (70),Solt 2 (29),

and vespid antigen 5s (79,23).
Reìombinànt allergens have different applications. One obvious application is for use as

diagnostic reagents. For example, recombinant yellow jacket antigen 5 was used to show the

frequency of patient response- to three yellow jacket venom allergens. Ninety percent of the

26 patients tested were positive to antigen 5, and 70% to 80% positive to hyaluronidase and

phospholipase (52).



aql 'aln)alour paploJ aql ul raqlaSol lq8norq are I{JILI.II 'sanprsar snon8tluoruou se IIa^\
se snon8iluoJ Jo slsrsuo) adll snonurluoJsrp aqt alrqm 'alnralotu aqt ul sanplsal prJe oullue

snon8rluor dluo Jo slsrsuot ad,,{i snonuquoJ ar{I 'sanprsar pl)e oulure LL of 9 tuoJJ a8uer sazs

rra{} pue 'sad,,{l snonurluoJsrp pue snonurluo) aì.{} o}ul papl^lp a;u sadolrda 11ar-g ar{I '(?9)

sadotrda ila)-g Jo urnnurluoJ e luasardar ol pa^arlaq sr uralord e yo aJeJJns alqISsaJJ€ aJllua aqJ

sNSCHSl'lV UUONSA VU3ldONSt l^H lo s=ldorldS 
'I'l3c-g

'ua3"ra11e 
Iurnlpu aì.ll upr{l sasop raq8rq l€ pasn aq detu laql se saurr)e^ InJasn aq letu spr;qdq aql

'aro;araq1 'aJrur ur sasuodsal IIa)-I roJ pue uralord a^qeu aql JoJ u;nads sasuodsa; lpoquue 'ro;
sg ua8que;o llnruaSounururr aLIl paurela; spuqlq asaLIJ 's1uar1ed allllsuas-1apefmo11al ut desse
asealar aururelsrri dq palsal uaqm finrua8ralp q uoq)npar ploJ €01 ol z0l pamoqs g ua8rlue dse.,r,r'

Jo qtrnoJ-aarL1l pue g ua8rlue lapef ,,vro11al Jo rltrnoJ-auo qllm spuqdg 'sleurrue uI ro sluarled
ui a^rl)par-ssorr lpood are -,{ar4t pue 'd1r1uapr a)uanbas o669 a^eq sg sua8rlue oml asar{J '(€9) sg
ua8rlue dse.t,r pup +aì)e[ .uo1a,{ yo spr"rqdq q}lm palprlsuouap sem qreordde anoqe aqJ

',,{lrsuap palnpar e le lnq ua8ralle tsan8 aq} Jo sadolrda snonuquo)slp
aql ur€lal sprrqlq aq1 'lerr,r sn{l uI 'sarnlf,nJls relrurls dlasop a^eq uer .,fiquapr aruanbas %0t<

Jo suralord snoSoloruoll se uorleurroJuoJ a^rleu sll ul ua8ralle lsan8 aqì Jo luau8as aql plot{ o+
ploJJe)s € se suoq)LrnJ uraloJd lsoq aq1 'sua8rlue se anll)paJ-sso;r fi.rood a.re daql pue 'ua8ra11e

lsan8 aql ol snoSolotuoll sl uralord isorl aqJ 'uralord lsoq e ;o luau8as a8rel e pue lsaralul

;o ua3.ra11e lsan8 aql Jo luau8as lletus e ureluo) spuqdq aq1 'llnuaSounurlut s1t Sututelar

lnq llnrua8.ra11e parnpar qllm spr;qlq ua8ralle areda;d oi sI uorlerrldde rarllouv

'(1xe1 eas)
g ua$rlue prdsen 1o edolrde lloc-t ]ueuu.uop p ureluoc ol punol sem uot6el eprlded paulpopun eq1 'sacuenbes

;o lueruu6rle lpuJtxeu rol pappp sìuelq al€crpur slop pue sg uabrlue ptdsan lo asoql ol leolluopl sonplsoJ aleclpul
s1alcprpllc plog 't alqpl ur uenr6 a:e surelord osaql lol sacuololeg 'Alenrlcedsat 'utolotd utouan plezll pue 'utelotd

ulJoMìoorl 'urolord polelaFstsoueboqled leol oletuol 'uralord euor;0 ueulnLl 'sutalotd ct;tcads-stlsal asnoul pue

upunq 'sr1ouon lue or4 pue lelcelnnogle[ 
'dsenn reded 'lauloq uloJl sg uaOt]ue lol ole uo]toq o] dol tuol] umotls

secuenbes eq1 'uorbar 
lputr.lllol-C Jtor.,ll ut suralold lor.,llo pue sg ue6rlue prdsen ;o [1r1uepr ecuenbeg 7 aln6l3

usu f,À vrvcgrs^sà ÀM^AÓ,r.r'ger p'rezrT

HCId^N9Cd9r. ÓJACd .IJCN' 
' ' 'J,C 

AAVJ9T){^,1.I, CUVWÓ.r.r.ger ur-rorl looq

S3HÀN9ddOÀ NCSAA" "A CCNN" "JÓ AUVD9AUASN dI'1AAÓJTHOJ Id O]EUOI

MTdANOCdOT NDI.{HVCNST VC"{OSAXdJ.{ OAVCEA)IÀSC VUNNÓ.T.T'HOJ EtuOT16 UNq

)t^tANNgNdJÀ HJ^^d ^)TNCÓNdJÀ VI9J9r}I,gss .r,.u.rrtÓrr.H9^ xd1 asnou

dNNNNgVdJT ÓC^.Àr. À)TSCÓNdJ^ Vr9Ce^Ó.r,rs "l.tqarÓJ-fi.H91\ xd1 ueunq

VC'IANDVdET NDATT" 
..H 

)TMNOdSTdN IàVD9I)ST)I VMAIÓTÀHSA T 
-! 

TOS

ENI,{JNESdET NCATÀ. 
. . .H 

XHMYS.ÒT.I.X IS9COAE)I.IN VTdAJ.IÓTÀH9'I. 9 r'' SAA

ÓCTÀNOVdOÀ NJITI. 
. . .H 

NÓI^INN.fiI/{À) -ISDJEISXT) CMAfiÓTÀH9] 9 E TOd

ÓN.{CN9OdDÀ NJATÀ. 
.. .H 

TÀMNG'S]A) IS9JEISX.IX CÀ,l^'{ÓJTHEA 9 U] TOC

'(gy) sansstl luolagtp rloll sosepruotnleÀq uerleuJureur umouì xts lo auo st utelotd uted$"
'(yy) ezew pue Aelreq'oleulol'occeqol ur lueserd ete sutalotd 96 1ue1d sno6o;otuo11o

'(zt) sapotBr.lau Jot,llo ut lueserd ate sutalotd uttonn sno0olol'tloHe

puP
ar{t
ar{l
se al

'62)
aql

/v\OII
ul pi
Jraq.
uaac

Jo u(

puP r

(
/l

LZ
9Z

1

t
ta

?
?

6t
I

0z
0z

9V
oz
9V
LE
vi
vv
Cf7

7la

lv

lv
BE
0z
0v
ol

09

BZ
8Z
BZ
tz
9e

tvz
evz
6Zl
tzl
wt
Lte

0eL
0er
001
vzl
0er

or.Il^zuo qErs aoqsasjoH
ursorsP uelleuluPl

sasedrloqdsoqd uet;eulueyl
sasedtl uetlEtxuey\

aseleqdsoqd uet 1eu utey11

"urelotd 
ureds uetl€tut!ey\

eseelotd lteus ouoC
urxol prezll ueslxay\l

outalotd Ud leol lueld

"utelotd 
ullomlooH

urelord 96 euot1O uerunH
uralord srlsal uetleuuley11

aseolojd
zy esedr;oqdsoq6
ty esedr;oqdsoq6

eseleqdsoq6
aseptuorn;eAg

sg ua6rluy

a
+v

z
LL
6

sacu€

I3!ulu,

sosuaralouflrluepg 7paJeotuoc
sonprsou

surelord raLllOsuaOral1e loosul

rvz

surolord Jor.,llo pue sue0tallv lcasul 1o A1tluepl ecuanbag t elqel

sua0ta11y enfiouewlg



242 King and Guratnick

Table 5 Cross Reactivity of Native and Reduced Vespid Allergens Detected with Specific Mouse Sera
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For each sera there are two columns of results. The first column is from ELISA on solid phase natural
allergens, and the second column is from immunoblot of reduced allergens.
The ++, +, +, and - signs refer to relative titer of sera on ELISA, or intensitv of bands of immunoblots.
"nd" denotes not done.

majority of protein-specific antibodies, g0% or more, are of the discontinuous type. This is the
case for venom allergen-specific IgEs in patients by comparative tests with naturàl or disulfide
bond reduced allergens, e.g., bee venom phospholipase A2 (51) and fire ant Sol i 2 (29). Studies
have shown that the same B-cell epitopes can induce both IgE and IgG responses.

-Data in agreement with the above generalization werè obtained with vespid allergen-
specific mouse antisera, which contain mainly specific IgGs. Comparison of the dàta in Table 5
shows that vespid allergen-+pecific antisera bind natu.àl a[ergenì, and they bind poorly, if at
all, reduced and unfolded allergens that lack the discontinuous epitopes of the iolded
molecules. This is particularly the case for vespid hyaluronidases ana pnospholipase s (77,24)
and to a lesser extent for vespid antigen 5s (18,55). Another general cóncluiion is that cross-
reactivity is readily detectable for homologous venom proteinJ o f >90% sequence identity, and
barely detectable for homologous venom proteins of <SOn sequence idéntity, and variable
extents of cross-reactivity are detectable for homologous protéins with about 50% to 90%
sequenc,e identity. The variable extents of cross-reactivity of homologous proteins probably
reflect the degree and the area of identity on the protein surface.

The continuous B-cell epitopes of a protein can be mapped readily by testing polyclonal
antibodies with a series of overlapping peptides of 7 to20 reiidues in length. Multiple epitopes
were found for the 204-residue hornet antigen 5, and only one was foundlor the 26-residu" be"
venom melittin (56). No unusual pattern of amino acid sequence was observed for these B_cell
epitopes. The discontinuous B-cell epitopes can be mapped with monoclonal antibodies for
proteins of known structures (57).

Several insect venom proteins are glycoproteins. Their oligosaccharide side chains have
been demonstrated to function as B-cell epitopes for IgE and IgG responses in patients as well
as in animals (58,59). In contrast to the multitude of amino acid sequences of different insect
allergens, the sequence differences in their carbohydrate side chains are limited. The
carbohydrate side chain is N-linked to the asparagine iesidue of the protein by its innermost
N-acetylglucosamine residue. The predominant carbohydrate side chain has tire sequence of
Manul-6(Manu1--3)ManB1--4GlcNAcBl--4GlcNAc with one or two fucoses (cr1,à and/or
u7,3) linked to the innermost N-acetylglucosamine residue. This was shown for bee
phospholipase (60) and bee and yellow jacket hyaluronidases (2s). similar or identical
carbohydrate side chains are present in other plant and animal proteins. The glycan in plant
proteins contains, in addition to the fucoses, xylose(p1,2) linked to the *at nosò in the middle
position. Tests with patient or animal sera specific for glycans from different sources suggest that
the specificity of the cross-reactive carbohydrate déterminant resides mainly in tÀò fucose
residues for insect proteins and in the fucose and xylose residues for plant protéins (61). Indeed
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of different vespids, hyaluronidase again has the major role with antigen 5 and phospholipase
having secondary and negligent roles, respectively.

Some insect allergens have common peptide and carbohydrate determinants. Hor.t ever,
peptide and carbohydrate determinants differ in their epitope density and antibody affinity.
For peptide determinants, the entire accessible surface of J protein represents a continuum
of epitopes (54). For carbohydrate determinants, the numbér of epitopes is restricted to a
few potentiaì glycosylation sites, and these sites are not necesru.ity- glycosylated. As an
example, yellow jacket hyaluronidase has five potential sites but only two to il1.ee sites are
glycosylated (26).

Mediators are released from lgE-bound mast cells or basophils on allergen challenge.
This biological activity requires the allergens to have multiple determinants/epitopes so tlìat
they can crosslink the bivalent IgE antibodies. Thus, the low-density carbohydrate deierminants
are likely to be of less biological importance than are the high-density peptidé determinants. Also
the biological activity of allergens to cause mediator releaJe depends^or, t1.," affinity of allergen-
specific IgEs (74,7Ù. For these reasons, there is debate as to the importance of glycan-specifiùgE
in allergic diseases (76).

Several authors have reported that a sizable group of normal people who showed no
clinical sensitivity to insects tested positive with insect venoms (ZZ,i8). These false-positive
results may possibly represent cross-reactivity of insect venoms with other proteins tò which
people have been exposed. As noted earlier in Table 4, insect allergens have variable extents of
sequence identity with proteins from diverse sources.

Investigators have observed that more men than women, in a ratio of about 2 to 1, had
11s9ct allergy as judged by their systemic and large local reactions or by their death statistics
(79).It has been assumed that these results were primarily due to greater exposure because of
work habits of men and women. Whether or not the partial sòq.tet-rce iàentity of venom
allergens with proteins of male reproductive functionì (Table 4) plays a .ó1" it-, these
observations is not known.

BIOCHEMICAL STUDIES OF HYMENOPTERA VENOM PEPTIDES

In addition to proteins, Hymenoptera venoms contain peptides, biogenic amines such as
histamine and dopamine, and other low molecular weigltt components (80). Table 6 lists the
biological activities and the rÌames of these venom peptides (S1). fnese biologicai activities
include mast cell degranulation, chemotaxis, kinin, and others. The most abundànt peptides in
bee and vespid venoms are melittin and mastoparan, respectively, and they havè mast cell
degranulating activity. Bee venom contains another mast cell degranulating póptide, known as
MCD, with a greater mast cell degranulating activity than meliltin. Bee ,rètlom induced mast
cell degranulation leads to the release of biologically active products: some of these products
cause inflammatory responses resulting in morbidity or mortality but some, such as proteases,
are in fact of protective value by their action on venom components (82).

Melittin and mastoparan are basic peptides with26 and 14 to 15 resiclues, respectively.
Both peptides are synthesized in insects as precursor proteins and are released on pioteolysis
(83). Both peptides are immunogenic in mice for antibody responses (84-86). But melittin, not
mastoparan/ was reported to be an allergen (4).

Table 6 Bioactive Peptides in Hymenoptera Venoms
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