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Allergens in Hymenoptera venom XXV:
The amino acid sequences of ant igen 5
molecules and the structural  basis of

antigenic cross-reactivitY

Donafd R. Hoffman, PhD Grcenville, N.C.

The complcte anino acid sequences hut'e bcen detemùrted by solid-phase protein sequencutg

fttr eight different vespid vetunt antigen 5 nwlccules. These include fve species of yelbw

jackei ts ,  Vcspula squamosa,  V.  f lavopi losa,  V.  germanica,  V.  pensylvanica ar td V.  v idua '

rapre,scnting aLl tltee ,specic:; grottps; tu,p voriants .front the Europeart hontef, Vespa crabrtl;

antl a spa<'ies o.[ papt:r wa,sP, Polistes fuscatus,.fiorn a ser:ottd subgetuts The new sequences

v,ere ,',rrrporrrl witi the ss)ln prtt,iousl.y publisltttl seErcnt'cs Jfutm )'cllou' jackets, hontels, and

*,ustrr, orirt to rhat 0.f Solenopsis invicta -l allcryen.[nun inrytrted tirc ant vtn<tnt.I'hcsc

,,,rir1,uri.sLtrts pru,ided stttttturul ct'irlcncc to support llrc ohst'n'ed high degree of cross-reacliviN

arning tlrc antigur.s of thc (ontntrsrt goup o.f Velhw iackels and atrutrg lltose rt.f lhe two

rctìuil()n Nrnth Anrcicun subgenero o.f papcr u'asps sludicd. The anlig,en 5 o/ V' squamosa

and ofY. vitlua w4r sigti.licantly ttilJèrent fntn llnse of thc tulg3is gntult. ()rnrrnrctt fetrurcs

that <:oultl generute ittttttttnoktgit: cross-reactit,ily t4)Ue seen among thc antigen 5 ntolecules of

hgntets of bgth gcnet'a utrtl uzrttrrg those of yelktw .iu<kets, httntets, and papcr wasps' The

irtrlxnetl .fìre u,rt ullogr,, ltus only tnininutl <'onscn'ed art'as in Contntott with the vespid

aliergens, v,hich expluins thc lack of obsened Igli cross-reaclivity. T'hcse results pntvide lhe

stnrìlnunl htt.sis Ior tlte <ro,ss-reactiviy putk:nts oltsen,el in tlinical prat'l it 'e und sng6icst thal lhe

((rttnto'(.iul ùtt(Kls oJ'\\,!l(na, .iotktl ttnd puJx'r v'usp torrltl he prtpared v'ith .fev'cr cun:.fitl11'

selt' t te d qte c ie s. (J tl l.L LR< ;\' C t. t N I t't u t t t'i t tt l 9() -l ;92: 707 - 1 6' )

Key words: Allargctr, antigcn 5, uoss-rca('liyiÒ,, Jirc ant, htnnt'1, ,seryrcnt4 ven)ttt, t'cspid, n'rt,s1t,

vclltn iackct

The tw<-l major allergcns tlf vcnoms from vespid

wasps are antigen 5 ancl phospholipase A,. '  s

Hyaluronidase and sonte minor protcins are also

venom a l l c rgcns . ' t  
' fhe  

impor tcd  f i re  an t  a l l c r -

gens Solenopsis irn'itta (Sol i) 3 has also been

found to be a mcmber o1'thc antigen -5 farni ly bv

comparison of protein scqucnccs.o In the early

studies to establ ish venoms for use as skin test ing

and in vitro diagnostic rcagents, i t  was notccl that

many persons are mult iply reactive tcl  vcspid vcn-

oms.7 " Without fr lrmal prclof this was assttnrccl t tr

be due to cross-reactivi ty. Extensive RAST inhi-

bit icln studies clemonstrated the cxistencc in many

persons of true immunologic cross-reactivi ty of
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Abbreviutions used
cDNA: Complementary DNA

Dol a: Dttlichovespula urenaria allergcn

L)ol trt: Dolichovesptila ntaculala allergcn

PIR: I ' rotein Idcnti f ìcat ion Resource

Pol a: I\iistes arutulais allergen

Pol e: I'olistes exclanuttts allcrgen

Pot .[: Polistes .fuscalus allcrgen

.to/ ir Solenopsi's itrt'icta allergen
TFA: Tri f luoroacetic acid

Ves f: VesPula favoPibsa allergcn

Ves g: Vespula genrmnica allcrgen

Ves m: Vespula nnculifrons allcrgen

Ves p: Vespula pensylvanica allergen

Ves s: Vespula sqrnnlosa allergcn

Ves r,: Vespula vulg,ais allergen

Ves vi Vespula vidrrrz allcrgen

Ve,sp c: Vespa crabro allergen

IgE antibo<lies among the groups of yellow jack-

cts,r" rt  among spccies of paper wasps,l2 between

Dolichovaspttla hornets, among yellow jackets and

hornets, among yel low jackets and paper wasps"'

and among Vespa hotttcts, Doliclnvesprla horne ts'
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TABLE l.  Peptides sequenced to establ ish

s t ruc tures  o f  an t igen 5  molecu les
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TABLE L cont.

Residues ResiduesFraction

A. I/cs s .5
N-Tcrminal
Staph V8 protcasc

# 2 1
#47

#54
#56
#5ll
#61
#66
#73
Insolublc

Endo Asp N
#66 and 67
#82
#93
Inso lub le

Trypsin
#s3
#59
#69
#84
#37
# 9 1
Insolublc

B. Zcs yi 5
N-Tcrminal
Endo Asp N

#58
#59a
#-s9b
#63a
#fi3h
#64
#15

C . V e s g 5
N-ternrinal
Endo Asp N

# 1 5
# 1 6
#48
#-s5
#59
#65
#78
# 8 i

1-62

201-203
1.52- tó8
62-fl3
1 - 4 1

I 38- l4rJ
136- l4tì
4 5 - 6 1 +
1 2 6 - 1 3 8
I 69-200

8.1- l  l8 +

178,1( ) ,5
5 l -9 ( '  +

140- l7 r )  |
104-129 ] -

1 5 5 - 1 6 5
110-  151

l'16-201 +
64-13
1 4-t)()
'74-9(l

I 0 i ì - 1 3 2  +

t -ó3

52-82
1 0 5 - 1 2 5

1 0 1 - l  l f i +
t4 t - t7e
I tÌ0-2()6
126-t40
ti.l- 100

L-60

99-102
135-  138
1 0 3 - 1 2 3
178-204
50-80

124-134
t39-177
tì I -98

1-60

99-t02
l3_s- I  38
200-204
t99-204
43-49

103-t23
l -42

179- i99
1 {r8- I 78
l . l9 -  lb7
50-80

t24-t34
r.r I -e,$

t39-204

2\)0-2t)4
I 79- 19t3
I ()8- l 7iì
l 3 q - t 6 7

|  -6 { }

r2t-t23
l3-5- l3f l
99- 1 02
4l--50

I 0 3 - I 2 4
|  À 1

.51-80
124-134
fÌ I -9ll

i31)- 198 +

i 7 5 - 1  8 l
l -53- I 74
t82-204

l -ó3

44-50
5 l  -60

l(r(r- 18.5 +
166-  r75
l -25  +
6 I -ti2

137- I  ó-5

D. l'es [ 5
N-terminal
Iindo Asp N

# rs
# 1 6
# 2 1
#23
#29
#49
# 5 1
#52
#.53
# 6 1
#67
#69
#'75
#79

Staph V8 protcitsc
#23
+ <  I

# 5 3
#60

Lr. l ' i ' , r  7r 5
N-Tcrn t ina l
Endo Asp N

# 1 6
# 1 9
#20
# 3 1
#44
#49
#57
#62
#78
#8-5

' l ' rypsin of Endo-Asp-N #tl5
#3'7
#52
#56

F. Ve,sp c 5
N-Te rminal
Staph Vtrt Proteasc

4 1 4

#36
#48
#50a
#50b
4 < A

#56tr

*, ftepti<je continues heyontl last residue sequencedl. End<t

lsp N, endoproteinase /.? N', staph V8 proteo.te , staphylo-

coccal Vfì proteasc.
'Addi t ional  pcpt idcs were scquenccd that  dupl icatcd those

I  is ted.
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TABLE l.  cont,

#56b
#5fì
# 6 0
# 1 1
#'71

G. I\tl f 5
N-Ternrinal
Errt lo Asp N

#45
#49
#5-5
# 5 6
#3' la
#84b
#lìs
#e3

Stirph \ ' f i  I)rotcasc ol
[ :rrdo-AsP'N #tr4
#65

Staph V8 PIo te  ase  t t l
Entlo-Asp-N #45
4 ) l

#33
l r t s o l u b l c  s t l p h  V B  l ) l ( ) l L ' a s e

#( í \

5 r - 8 2
l '76-202
f ì3 -11-5

I  I  6 -139 +
I  16 ,13ó

I -3tì

1 -29  I
1 0 2 - l 2 l  +

75 -tt2

3()-64 +
8 3 - l ( ) t

I 4 0 - l 6 9  I
1 2 6 - l 1 9

l ( ) 2 - l . l l  l

169- lqo  I

ó3-74
3()-4 I

I  h9-105

antì yel low jackets. ' ' '  I 'k lweve r, IgE, antibodres

agairÌst So/ I  3 cl id not cross-react with vcspicl

venr)nls.r5 Many cascs of mult iplc rcactivi ty wcre

not clue to cross-reactivi ty, trccause dose-dcpen-

dent inhibit icln could not bc dctncrnstrated, ' t  and

nìany scÍa werc reactive with only vcnol l . l  from a

s ing le  spec ies  or  spec ics  g t 'o t lp . r " ' r '

Most ntclclet 'u taxonotnists place the social wasps

in thc superlamily Vespoidca. Many sol i tary wasps

are in t l ìc superfanìi l ics I 'onlpi loidea and Sphe-

coidca. whct 'eas bees are i l l  the supcrfamily

Apoiclea. Ycl low jackctsof the genùsVcspulu, hor-

nétt uf tlrc genera Dolit'lttn'e,spulu ancl Vespa, and

paper wasps o{ the genus |bl istes are al l  rnembers

o f  thc  fami ly  Vesp idae.  A l though t rad i t iona l l y  an ts

have becn placed in thc superfamily Formicoidea,

much cclntctnporary eviclence indicates that ants

belong in the supcrfamily Vcspoiclca.
' l 'he 

conrplete atnino acid sequences have beetr

rcpr t r ted  f i r r  a r l t igcn  .5  mo lccu lcs  f ron t  s ix  spcc ics

crf vespi<ls. Dol m 5.01 and 5.02 from the white-

faced hcrrnet , Dolichot'e't1niln nuculata"; Dol a 5

fronr thc ycllow hornct, Dolicltovt"spula uretruriu:

Ves t, 5 frorn the yclklw jacket , Vcslalu vilgtris;

arrcl 1'oi a 5 fronr the plrper wasp, R' '1r 'sle s ottt t t t-
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luris ' '  havc bcen sequenced from complementary

DNA clones. Ves m 5 frorn the yel low jacket,

Vespula nnculifi'ons, and Pol e 5 from the paper

waip, l'olrsres exclonú,ts, have been sequenced by

sol id-phase amino acid sequencing of overlapping

pcpt ide  f ragments . ' t

In this art icle wc prcsent the cornplcte amtno

acid sequences of antigen -5 lrom seven addit ional

species of vespids, including an adcl i t ional genus

and reprcsenta t ivcs  o f  th rcc  o thcr  spec ics  g roups '
' Ihe pioteins sequenced includc Ves f 5, Ves g 5,

aîd Vcs p 5 from the vulgaris group of yel low

jackcts, Vespula flat'c,pilosa, V' gcnnanica, anrJ

L/. pettsylvortica; Vcs s 5 from V. squantosa, and Zes

vl 5 fronr the rufa group yel low jacket, V' r ' idua'

f  ?' ,yr c 5.0 1 ancl 5.02 wcrc isr l latet l  fnrm the vct lonl

.,f ihe E,urtrpean hornct, Vespa craL'tro, and Pol f 5

frour the ven()m of the paper wasp, I 'olr 'stcs.fr ' rca-

frrs, of thc subgcnus |t ' t ts<'rtryi l is les. 
' l 'hc l6 antigcn

,5 sccluenccs were compared, to determine the

s t ruc tura l  re la t ionsh ips  t l ìa t  gencra te  the  in tu tu -

11111( rg ic  c l  oss- rcac t  i v i tY .

METHODS
Venom

('rrntt tre rcial grat lc i t l tporte t l  l ì rc l tnt vcnttnt wits a gi[ t

f l rn r  Vcspa Labora tor ies ,  a  d iv is ion  o l  A [ -K  (Spt t t tg

Mi l l s .  Pa . ) .  F i rc  an t  vcnor r r  a l le rgc l ìs  wcrc  pur i f ì cd  by

Scphaclcx Ci-75 srrpcrfìnc gcl f ì l t rat ion and high-perlìrr-

nt i tncc crt ion cxchangc cltrontatr lgraplry as previt l trsly

dcscribcd. '" Antigcn -5 was preparcd from hand-milkr- ' t l

vcnom rtf I). rrtttt'uluttt, l/. nnculifrotts. V squarttttstt'

Vct^Du cruhnt, and l'. c-tcluntutts, as previously dc-

scribetl , ' ' '  by gcl f ì l t rat ion and cation exchange chroma-

tography. Thc al lcrgens fronl thc other spcctes wcrc

prcparccl f tonr cttntmercial grade venonÌ sac cxlract

obt:r inetl  îron Vcspa Laboratories Purity oI al lerge ns

was asscssccl lry sotl iunr dodccyl sulfatc-polyacrylamide

gcl electrophoresis, and N-te rminal sequcl lclng runs ol

50 to 60 cycles.

Reduction and alkYlat ion

Purif ìed proteins were reduccd in cither 6 mol/L

guanidine f i f- t ,  t l . -s mol/t-Tris-LlCl (pl{ 7 a) '  0 01 mol/L

lthylcnc<tianrine tetraacctic acid, t tr  8 nrol/L urea in 0'1

nlui/L un.,.unium bicarbonatc (pIÌ  7' l ' t ) ,  with 5 nrg of

t l i rhiothrcitol undcr nitrogen for 2 hours at -56" C The

rccluccd proteins were alkylatcd cither with 13'4-nrg of

iodoacetic acid (Picrce Chemical Co',  Rockford' I l t  ) '

f rcshly cl issolved in 0.1 ml of 0'-5N sodium hydroxide' in

thc <iark unclcr nitrogen at room tempcraturc f t l r  1

hour. or with 2 pl of 4-vinylpyridine (Sigma Chemical

C0., St. Louis, Mo.) for 2 hours under nitrogcn at room

tcmDcraîure.t" f)enaturing agcnts and excess reactants

wcre rcmovecl either by dialysis or with thc use ot a

Rapidchanger clcsalt ing cartr idgc (Pronrcga' Madison'

Wis . ) .
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TABLE l l .  Computer -genera ted  compar ison o f  amino ac id  sequences  o f  an t igen 5  molecu les
expressed as  percent  o f  iden t ica l  res idues

% ldent ica l  res idues

s e q u e n c e  v e s v 5  v e s 1 5  v e s m S  v e s g S  v e s p 5  v e s s 5  v e s  v i í  D o t a 5  D o t m 5 . 0  D o !  m 5 . o 2  v e s p c 5 . o 1

V e s v S
Vesf5
Ves nt 5
l,?s U 5
1,7.r p 5
l'c.r s -5
Vi's t'i 5
L)ol u 5
Dol rn 5.01
Dol nt 5.()2
l/c:;p c 5.(ll
Vi ' ; ;p c 5.02
f\tl e 5
I\tl u 5
I\tl | 5
,to1 i 3

9u
9u
9-s. I 9-5. 1
93.ó  93 . I
e3.6 1r3. t
1  1 . t  7 0 . 6
74 74
67.8 67.3
64.9 64.e
64 (r3.-5
61 .3 6(r.8
6-5.9 6-5.4
.sfl..s .s8.5
5 7  5 7
-str.g .5f1.9
4.1.-ì 4.1..1

95.1  93 .ó
9-5.1 93. I

9 -5 .1

e-1 .ó  71 .1
93.1  70 .ó
93.1  72 . r
94.1 70.6

72.5
I  z . J

14.5 8( ).5
6q.3 6t i .6
64.9 6',7.2
64.5 (r.5..1
6fì. t i  6u.l
67.3 66.7
59.q ó0.(r
.s t t .g  ó l . l
-59 . ; l  6 l . l
43.t i  44.8

74 67.8 (t4.9
74 67.3 64.9
73 67.3 64.9
74 6ó.fJ 64.4
7 4.5 69.3 64.9
80.-5 6ri.6 67.2

68.6 70.6
68.ó  76
10.6 76
6ó.[J 8.s. t  77.3
7 1 . 6  t t . 6  " / 2 . 1

7(' , t .6 70.1 7 L.I
fi l .l 66 60.7
ó l . l  65  60 .7
6 L-5 62.6 sq.l
4-5.t i  47.1 46.2

64 67,3
63.5 ó6.8
64.5 (16.{ì

62.6 ó(r.t ì
64.-5 6tt.tì
65.3 filJ. I
fró.[ ì  7 1.6
85.  i  71 .6
77.3  7Z. l

6"t.8
67.8
6ó.3 e7
63.7  6 l . l
63 .7  6 t  .2
64.2 60.7
4q.8 49.1

9-5. I
9.1. t
7 2 . 1
73
6"7.3
64.9
64..5
6fi . l l

6-s.4
5fì
.5u
.5tJ.9
44..1

94.1
70,6
74
ó6.iì
64.4
62.6
ó6.t i
fr6..l
.5ll.g
57.-5
58
41.3

P r o t e i n  f r a g m e n t a t i o n

(  y l tnr lgcn l r ront  i r lc  c lcavagc rvzrs yrcr l t t r  nrcc l  ìn  j \ t . /a

I t . r ' n t r c  a c i t l  w i l h  a l  l c i r s t  a  l ( ) ( ) - l i r l d  e  x c c s s  o l ' c y i t r Ì ( ) g c n
hronr idc,  i r r  thc c la lk  undcr  n i t rogcn a{  r (x)nì  [c lnpcra-
turc lbr  24 l r r rurs. t "  

' fc t r  
v t , lur r rcs o l  wtr ler  wt . tc  , r t l t le , l ,

and thc mixturc was t l r ic r ì  in  a ccntr i f ì rga l  vacuurn
cvaporator .  Secluencing gradc staphylucoccal  Vg pro_
tcase,  t ryps in,  chyntot ryps in,  ancl  cnc luprcr te inase-Asp-
N werc a l l  purchased f ronr  Signra Chcnr ica l  Cìo.  Digcs_
t ions wcre per formcd in  0.1 mol / t ,  amntonium bicar-
b o n a t c  ( p l I  7 . 8 ) ,  o r  T r i s - I I C I  ( p l I  7 . a ) ,  w i r h  u p  r o
2 nto l lL  urea addc( l  i f  ncccssar .y  for  so lubi l i ty ,  wi th  2 to
4 pg o l  enzymc per  mi l l igranr  o l  pr rotc in  at  37, ,  C.r , .  : l

Enzynrc hydro lyscs wcrc s topped by ac ld ing t r i l luoro-
acct ic  ac id (TFA) (Picrce Clrcmical  Ci r . ) .

Separat ion of  pept ides

I 'ept ide d igests wcrc scparated hy h igh-pcr lornrarrce
chromatography wirh an 0.46 x 25 cnl  Vyt lac 2 l f l Ip54
revcrsc: -phasc coluntn (Thc Scparat ions Cìroup,  IJcspc-
r ia ,  Cla l i f . )  wi th  a gradicnt  s tar t ing a l  0 .1. , / t ,  TFA rn
water  to  7(1. /a  <t f  0 .07o/a 

- l I ìA 
in  acc loni t r i le .  Thc f low

rate was 0.6 ml /min and 0. -5-r r r inutc  f ract ions were
col lcctcd in  microcentr i fugc tubes.  Thc scparat ion was
nroni tored at  220 nm.

Protein sequencing

Sequcncing was pcr lornrcd wi th a Mi l l igcn-Bio-
scarch Modcl  (162-5 Proscqucnccr  (Mi l l i l - l , r r .  C.u.p. ,
Mar lbonlugh,  Mass.)  a f ter  lhc nranufacturcr ,s  procc-
d u r e s  w i t h  c y c l c s  J 3 .  

' I h i s  
i s  a  s o l i d - p h a s e ,  f u l l v  a u t o _

m a t c d  s c q u c n c c r / p h c n y l t h i ( ) h y r l r l r t t t i n  a n a l y z c r .  [ ' r o -
t e i n s  r v c r c  c o u p l c d  t o  c i t h c r .  1 . 4 - p h e n v l c n c  j r i s t r t h i o c y -

auatc-dcr ivat izcd d isks or  ary lanr inc c l isks,  arrc l  thc
covalent ly  bound protc in was r -c t luccr l  anc l  a lkv latcd

i r r  l h c  p r e  s c r r c e  o f  6  r n o l / 1 .  g u r n i d i n c  I I ( ' l  a s  r l c s c r i b c r l
p t  c v i o u s l y .  T h c  c l i s k s  w c l c  { h c r r  w : r s h c d  f ì v c  t i r n c s  e a c h
r n  w í ì t e  t '  a n d  n l e t h i t n o l .  a n r ì  t r i r  t l r ' ì c c l .  Ì ) c l t t i c . l c s  s e p a -
ratcd f ronr  d igests we rc  couplcd to l r ry lanr inc c l isks f  or
sequencing.  I l r  rarc  cascs pcpt ides werc couplcd to
1,4-phenylcnc d i isoth iocyanatc-dcr ivat izcc l  d isks to ver-
i f y  a s p a r t i c  o r  g l u t a m i c  a c i d  r c s i d u c s .

Al ignment  and da tabase compar isons

The Hitachi Softwarc Engincering Anrcrica, Ltd.
(Brisbane, Cali f .)  Hibio Prosis progranrs and conrpact
d isk  ed i t ion  o f  t l ìe  Pro tc in  Idcn t i f ì ca t ion  Rcsourcc
(PIR) (National Bionrccl ical l ìesearch Founclat ion) and
SWISS-PR()I '  (Europcan Molecular t ì iology Labora-
tory) da{a bases werc uscd olt  an MS-DOS conÌDutcr
systcm. The prograrn can uutonrrl ical ly al ign piì i rs of '
scquc l rces !  a r rd  a  manua l  a l ignnre-n t  rou l i l t c  i s  p rov idcd
lìrr mult iple scqucnces. The t ' tR \À,as rclcasc 2q, Sep-
ternbe r 1991, and SWISS-ITROT release 20. Novcmbcr
1991. PIIì  rclcasc 3.5, . lanuarry 199J, was also cuntparcd
by the Atlas progranr, which can search only for str ings
of  30  amino ac ids  a t  a  t in rc .

RESULTS

The complete amino acid sequence of l /er .r  5
was determined by sol id-phase sequencing of the
N-tcrminal f i ( l  residues ancl scqucncing each of
the iscl lated pcptides front endopntteinase-Asp-N,
staphylococcal V8 protease, and trypsin digestions
(Tab le  I ) .  The complerc  se t  o f  ovcr lapp ing  pep-
t ides were sequenced to establ ish unambiguously
thc sccluence withoul reference to related rnole-
cules. 'fhe 

scqucnces ol L'e.s g 5 anr) L,cspulu vidua
(Vcs t, i )  -5 wcre dctcrminecl fronr N-ternt inal rurrs
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% ldent ica l  res idues

Vesp c 5.02 Pol e 5 P o l a 5  P o l f S
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al ignecl by computer, and these are i l lustrated in

the f igures. The sequences of the yel low jacket

antigen 5 are shown in Fig. l .  The vulgaris group

proteins, Ves v 5, Ves f 5, Ves nt 5, Ves g 5, and Ves

7r 5, were al l  closcly relatcd with frorn 93.17o tt t

987o identical residues. Almost al l  the substi tu-

t ions were conservative, involving only a single

base change.' Ihere was only one nonconservative

substitution from Ves y tcl.f and two from v to g, v

to Z / to nt, f t<'t g, f Lo p, rr to g, and g to p. There

werc three nonconscrvative substi tut ions frt lm Zcs

l, to ,n and four from nt to p.

The sequence o.f Ves s 5 contained an additional

arnino acicl rcsidue, a thtcclninc residuc at posl-

t ion 21. Identi ty was only l0.6Vo to 72.5%, wit l l  thc

vulgaris group t l f  antigcn 5 ( ' l 'ablc I l) .  frrom l 'e.s .r

5 tcl  l 'cs 2 -5 thcrc wcl 'e -57 amino acid substj tu-

t iorrs. l3 of which were n()ncortscnvativc. l . 'e,r . i  is

usually placed in a dif fercnt sultgenus from the

vulgaris group of yel low jackets. '"  ' l 'his 
is alscr

consistent with s{udies of immunologic cross-re-

activi ty that show that l , 'cs s vcnom c'an be recog-

nize cl as dif l 'crcnt from thc vulgaris group vcnoms

by bo th  huntan  lg [ t "  r r  an t l  an i tna l  lgG.  an t ibod-

ics . ' [ ' hc  sequence r t l  l ' es  l i  -5  conta i r tc t . l  the

adc i i t iona l  th rcon ine  secn in  f ' r ' , s .s  -5  and an

adt l i t iona l  l ys inc  a t  t l re  N- te rn t in t rs .  J ' l te  scquence

was 737r, lo 14.5%., idcntical to those from the

vulgaris group and 80.57o idcntical tcl  Vt 's s 5.

Only f ìve of the 40 antino acid dif fcrences be-

twecn Ze.i ll 5 and l/c,r s -5 were not conservative.

Ves vi is normally placed in the rufa specics

group,tt  which have smaller nests and are usually

prcdators. 
' Ihe 

rufa group insccts rarely st ing

human beings. "fhcse scclucnce data suggcst that

l , 'e.r s is ntore ckrscly related to the rufa group

than to the vulgaris group but is clcarly dist inct.
' fhe 

scquences of antigcn 5 rnolccules front

t lrree species of l tol istes (paper wasp) venoms are

shown in Fig.2. I'ol a and Pol e come from insects

in t lre subgenusAphunilopluus, anrJ Pcrl / frclm thc

subgenus F'usr:opolistes. All three rnolecules are

205 residues long, with t lnly three arnino acid

diffcrcnces betwecn Pol a 5 ancl ltttl e 5, 14

between I 'ol  a 5 and Poll5, and l5 bctween ^f 'ol

e 5 and Pol f  5. Al l  these dif ferences represent

conscrvative substi tut ions. Thesc f incl ings are con-

sistent with the high degree of immunologic sim-

i lar i ty seen among paper wasp venoms from these

subgencra. ' '  Somc immunologic dif fercnces havc

been noted between the venoms of the New

Worf d gcnera of. Pol istes, discussed previously, and

venom from the Old World spccies P. dotrt ir t t t-

/rrs, ' t '  f i rr  which no sequctìcc data arc avai lable at

p rcsent .
' Ihc 

antino acid sccluenccs of thc antigcn -5

65.9
6-5.4
6.5.4
66.3
67.3
66.7
70.6
70.1
7 1  . 1
ó6.3
97

60.2
60.2
59.7
49.5

9u.-5
92,'7
44.9

5ti .9
-58.9
.5tt.9
.5tt
59 .4
ó  l . l
61.-5
62.6
6 1.-5
64.2
ilt.7
5e.'7
92.7
93.2

45.1J

5 7
57
5fì
57 .5
58.9
6 l . l
6 1 . 1
ó5
60.'/
63.7
(t l .2

60.2
9f,1.5

93.2
4-5. r,ì

58 .5
58.5
5u
5rJ.9
59.9
60.6
6 l . l
()ó
60.7
o-1. /

6 1  . 2
6tl.?

and by  sequenc ing  cach o l  the  pept idcs  t rom
endopto te inasc-Asp-N d igcs t ions . ' l -hc  scqucnce
o l  l ' t ' s  / r  .5  r r ,as  de  te  r r l l i l te  c l  I t6 l t t  a t t  N- tc rnr ina l
run .  sequcnc ing  a l l  the  pept ic lc ' s  f ton t  a t . t  c r t t lopro-
tc inase-Asp-N d igcs t ion  and l ro rn  thc  l rvp t ic  d i -
gestion of the C'-terminal Asp fragment. 

' l -he 
se-

quence ctf Ves J'  -5 was deternrined frorn an N-ter-
mina l  run ,  wh ich  scquenccd the  comple te  se t  c l f
endopro te inase-Asp-N pcpt ides ,  and the  s taph-
ylococcal V8 digest of the Cl-terrninal Asp pep-

t idc. 
' l 'hc 

two variants of Vt:sp c 5 did not separate
by ion exchange chromatography and were se-
quenced together by an N-ternrinal run and by
scc luenc ing  each o f  thc  pcp t idcs  f rom a  s taphy lo -

coccal V8 protease digestion. The sequence of 1)o/

/-5 was determinetl  from an N-terminal run of 37
residues, which sequenccd each of the endoprcl-
teinase-Asp N-generated peptides, with further
digests of the N- and C-terminal fragments by
staphylococcal V8 protcasc. I lecausc of thc simi-
lari ty of antigen -5 molecules, i t  was not necessary
to generate sets of overlapping peptides for each
prltcin, because 5 cDNA scqucnces and four
protein sequences with complete overlaps have
been determined. The set of peptides used to

dctermine each sequcncc is shown in T'able I.  Thc

new sequences have been deposited in the PIR
database under acquisit ion numbers A44522

through H44522.
Thc 16 amino acid sequences of antigerr .5

nrolecules wcre conìpared pairwise with thc Prosis
program. 

' fhc 
pcrce nt identi ty t ' rctwecn cach pair

is given in 
-I 'able 

I I .  l 'he sequences were also
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V e s v 5
V e s f 5
V e a m 5
v e a g 5
V e s p 5
V e 6 s 5
Ves vi 5

V e s v 5
V e s f 5
V e s n 5
V e 6 q 5
V e s p 5
V e s s 5
Ves vi, 5

v e s v 5
V e s f 5
V e s D 5
V e s g 5
V e s p 5
V e s e 5
Ves v I  5

V e s v 5
V e s f 5
V e e n 5
V e s g 5
V e s p 5
V e s s 5
Ves v i  5

1. -NNYCKIKCL

1  - * * * * * * r * *

1 - t * * * * * ! r t : r
I  - * * * * * * * * *

1  - * * * * * * * t *

1  - V D * r * * r r r

1 I ( V * * * * * * * *

KGGVHTACKY G-SI,KPNCGN KVWSYGLTK
* * * * * * * * * *  * - * * * * * * * *  * * * t * * * * * *

* * * * * * * * * *  * - * * * * * * * *  * K * * * * * * * *
* * * t * * * * * *  E - * * * * * * A *  * K * * A * * * * *
i * * * * * * * * *  * - * * * * * * t t  : a I * t * * * * * *

* * * * * * * * * *  * T * T r * r * * *  l { * * K * r i v * Q
* * * * * * * * * *  * T * T * * * * * K  l { * * I U \ * * * * E
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QEKQDILKEH 50
* * * * * ' r t r * *  5 0
* * * * * r * * * *  5 0
* * * * * * * * * *  5 0
E * * r l * t * * t *  5 0
A * * * E * r * I *  5 0
A * * * E * * * V *  5 0

VWANQCQYGH LOO
* * * * * * * * t *  1 0 0
t * * * * * * * r *  1 , 0 0
* * r * * * * * * *  1 0 0
* * * * * * * * * *  1 0 0
I * i s * * K * * *  L o o
* * * s * r N * * *  1 , 0 0

YGPSGNFI.INE 2OO
* * * * * * * Q * *  2 0 O
t * * ! r t * * Q * *  2 O O
* * * * * ' r * G * *  2 0 0
* * * * * * * G * *  2 O O
* * * A r r * G * Q  2 0 0
* * * * * * * R * *  2 O O

5 1
51.
5 1
5 L
5 L
5 1
5 1

LETRGNPGPQ PPAKN},ÍKNLV
* * * * * * * * * *  * * * * * * * t * *
* * * * * * * * * *  * * * * * * * * * r
**********  **********
* * * * * * * * * *  * t * * * * * * * *
* * * * * * * * * *  * * * * * * N * * *
* * * * * * * * * *  * * * r * * N * * *

WNDEI.AYVAQ
* * * t * * * * * *

* s * * r * * I * *
* s * * * * * I * *
**********
*  * N * *  * N I *  *
i r * * * * * N J * *

GCGSIKYIQE KI{HKI{YLVCN
* * * t * * F * * *  t * t * * : r * * * *

* * * * t * * * * t  N * * * i * * * * *
* * r r * * * * * * D  * * * * * * * * l *

* * * * * * * * * N  E * * * * * * * * *
* i r * * * * v D N  N r Y T * * * * * *
* * * * v * * v K D  E * Y T * * * * * *

IOl DTCRDVAKYQ VGQNVALTGS TAAKYDDPVK LVKIIIWEDEVK DYNPKKKFSG 1,50
1 O 1  * * * * * J * * * *  * * * * * * * * * *  * * * t * * * * * *  * * * r * * * * * *  * * * * * * * * r *  1 5 0
1 0 1  * r * * * * * * * t  * * * * * * r * * *  * * * v * N * * * *  * * * * * * * * l *  i * * * * * * * * E  l " 5 o
1 0 1  * * r * * * * * * p  * * * * * * * * * t  * * * * r * N * i *  t * * * * * * * * *  * * * * r * * * * E  I " 5 O
1 O 1  * * * * r * * * t P  * * t * * * * * * *  j r * D * * r N * * *  * * * * * * * * * *  * * * * * * * * * E  l " 5 O
1 O 1  * * * K * T T * * N  * i * * J * V S S *  * * * V * E N V G N  * * * A * * N * * *  r F * * î I S W E Q  1 5 0
1 0 1  * * r K * T E * * p  * * * * I * I ( R S T  * * * L F * S * G *  * * * * * * N * * *  i F r * N I E W * K  1 5 0

],5]. NDFLKTGHYT QMVWANTKEV
1 5 1  * N r * * * * * * *  * * * * * * * * * *
1 5 1  * N * * * I * r * *  * * * r * * * * * *
1 5 1  * N * * * I r * * *  * * * * * r * * * *
1 5 1  * N * N * I * * * *  * * * * * * * * r I
1 5 1  * E * K * I * * * *  * * * * * K * r * I
1 5 1  * N L K * * * * r *  * * * * * K * * * I

Ve6
Ves
Ves
Ves
Ves
Ves
Ves

molecules from three specÌies of hrtrnets are conÌ-
parecl in Fig. 3. 

' l 'hc 
sequcnces of l)ol r l l  .5.(ì l  an(l

-5.02"'  and Dol a 5" have been presente<J and
conrpared previously. Vesp c 5 was found as two
variants, dif fcr ing by six amino acid resi i lues, of
which four are conservative substi tut ions. Two of
three residues were also deleted between posi-
tions 143 and 152 relatjve trr thc l)crliclrovc.sDula
hornet antigen 5. Vesp c -5 is ó(r.-19à to 7). lo/n
iclentical Io Dolichovespulu and 65.40/o to 7l.6Vo
identical to ycl low jacket vcnom antigcn -5 nrole-
cules. Vesp c 5 is also 59JVo to 61.2%, itlentícal to
papcr wasp antigen 5's. 

' l 'his 
is consist.ent with thc

imrnuncllogic observations that Vespa cruLtro
vcnom is as closely related tt l  yel low ja. 'ket vcnont
as it ís t<t l)olichoveslLrrla venonts.'''

' l 'hc 
scclucnces of antigcn 5 molccules frorn a

rcprcsentative spccies ol each gcnus inclut l ing Sr.r/

f
m
g
p
s
v i

2O]- ELYQÎK
2 0 1  * * * * * *
2 0 1  * * * * * *
2 0 1  * * * * * *
2 O 1  * * * * * *
2 0 1  * V * E R *

5 2O1 K**EK*

F lG.  1 .  compar ison  o f  amino ac id  sequences  o f  an t igen 5  molecu les  f rom seven spec ies  o f
yel low jackets Dashes indicates gaps inserted to maximize homology, and asferisks indicate
res idues  ident ica l  to  those o f  top  sequence.  Sequence o f  Ves  v  5  was c le te rminec j  t rom t rans la t ion
of  the  cDNA sequence ' /  and o thers  by  amino ac id  sequer rc i r rg  o f  over lapp ing  peproes .

i  3 fronr irni.rortcd fìre ants and Lt 's r 5 arc
c t tmparcrd  in  l " ig .  ,1 .  A  nunrbcr  6 f  ga l ts  have been
inser ted  to  max inr izc -  I tonro logv .  l t  i s  poss ib lc  to
a l ign  a l l  the  * ,s te ine  rcs i t lues .  

' I ' hc  
pa t te rn  shows

severa l  reg ions  are-  rc la t i r  c l r ;  conscrvcd  an tong thc
vesp id  wasp an t icen  5 .  

' l ' h t - .se  
inc lude fa i r l y  long

s t re tches  o f  sequence such as  rcs iducs  4 t )  to  99 .  By
cont ras t ,  o r r l y  shor t  reg iL )n \  a re  in  c ( )mnton be-
tween So/ I  3 and the vespid venom prcltcins. Soi
i  3  a lso  has  twt t  reg ions  o f  inser ted  amino ac ids
f rom res ic lues  l l  to  13 ,  and l5 l  to  l -54 .  Ex tens ive
immuno log ic  s tud ics  o f  human IgE an t ibod ies
have not revealed alÌv detectable cross-reactivi ty
bc tween So/  i  3  and vcsp id  an t igen -5 . ' '  l n  add i t ion
to  thc  changcs  c l i scusscd w i th in  thc  ind iv ic lua l
g roups ,  a  g lyc ine  inscr t ion  is  p rescnt  a l ' te r  res iduc
l l  in l lesprt lu antigen -5's. Paper wasp antigen -5
molccu lcs  havc  an  inser t ion  o f  sc r inc  and lvs inc  a t
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Pol
PoI
Pol

PoI
Po1
Pol

Po1
Pol
Pol

Pol
Pol
PoI

€ 5  t
a 5  1
t 5  1

e 5  5 1 .
a 5  5 L
f  5  5 1

e 5  1 0 1
a  5  1 0 1
f 5  1 0 L

e 5  1 5 L
a 5  1 5 1
f 5  L 5 1

VDYCKIKCPS GIHTVCQYGE
* * r * t * * * * *  r * * * * * * * * *
* * * * * * * * s r  * * * r r * * * * *

NRFRQKVAQG LETRGNPGPQ**********  **********
* * * * t * * * * *  * * * * * * * * * *

HDKCRNTAKY PVGQNIAYAG
* * * * * * !t * * * :t * * * * * * * * *

* * * * * * * * * *  Q * * * * * * * * *
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STKPSKNCAG KVIKSVGPTE EEKKLIVSEH
* * t * * t * * * *  * * * * * * t * i *  * * * t t l * t * *

* * * * * * * * * D  * * * * * * * * * *  * t * r * * * N * *

PAÀS DUNDLV WNDEI,AHIAQ VWASQCQFLV
* * r * * * t * * *  * * * t * * i * * t  * * * i * * * * * *

t t t * * * * N * *  * * * * * * * * * *  * * t r r * * I * *

GSKLPDWSL IKLWXNEVKD FNYNTGITI(Q 150
* * N * r * * * * *  * * * * * * * * * *  * * a * * * * * t t  1 5 0
* * * * * * * * * *  * * * * * * * * * *  * * * * K * * * * *  1 5 0

5 0
5 0
5 0

i ,00
100
1 0 0

NFÀXIGHYTQ MVWGKTKETC CGSLKYIENK I.IQNHYLICNY GPAGNYI.€QL
* * * * t ' r * * * *  * * * * * t * * * *  * * * r * * ! l * t N  * * * i * i * * * *  * * * * * a * * * *
* * G * V * * ' r * *  * I * A * * * * * *  * * * * * * l { K i N  * * H * * * * * * *  t * * * ! r t * * * *

201 PYTKK
2 0 1  * * * * *
2 0 1  * * * * *

FlG. 2. Comparison of amino acid sequences of antigen 5 molecules from three species of paper
wasps. Symbols are as in Fig. 1. Sequence of Pol a 5 was determined by translal ion of cDNA
sequence.tt  Sequences of Pol e 5't  and Pot f  5 were determined by amino acid sequencing.

2 0 0
2 0 0
200

P o l e S
P o l a 5
P o l f 5

D o l a 5
D o l  n  5 . O l
D o l  n  5 . 0 2
V e s p  c  5 . 0 1
V e s p  c  5 . 0 2

D o l a 5
D o 1  n  5 . 0 L
D o l  n  5 .  0 2
V e 6 p  c  5 . 0 1
V e s p  c  5 . 0 2

D o l a 5
D o l  n  5 . 0 1 ,
D o L  n  5 . 0 2
V e s p  c  5 . 0 1 ,
V e s p  c  5 . 0 2

D o I a 5
D o l  r !  5 . 0 L
D o I  n  5 . 0 2
V e e p  c  5 . 0 1
V e s p  c  5 . 0 2

Dol  a  5  201
D o l  n  5 . 0 1  2 2 4
D o l  n  5 . 0 2  2 ] . 1
V e s p  c  5 . O L  2 O L
V e s p  c  5 . 0 2  2 0 L

1 0
1. NNYCKT-CPK

2 4  r * * * r * K * R *
1 1  * * * r * * K * s R

1  * * * * * I K * R S
I  * * * * * * K * R S

5 0
5]. FRQKVAQGTE
7 4  * i * N * * X * * .
6 1  * * * * * * K r * *
5 1  * * * * * r R * * *
5 1  * * * * r * R * * *

1t-o
1O], CRNTAKYPVG
1 2 4  * * * * r * * Q * *
1 1 1  * * * * E * r Q r *
1 0 1  * * * S * * * S * *
1 0 1  * r * s * * * s * *

1 6 0
],5], -FSKVGHYTQ
1 7 4  - * R * * * * * * r
1 6 1  N * * * * * * * * r
1 5 1  K L N * * * * * * *
1 5 1  K L N * * * * * * *

2 0
GTHTITKYGT
t I *  ! r : r  * rF**
* J * * * * * F * *
* I * * * * * * * *
* I * r * * * * * *

7 0
TRGNPGPQPP
r * * K * * * * * *
i * * * * * * * t *

* *  *  r l * * * t  * *

*  * *  * * * * i i  *  *

L20
QNVAIASTÎG
* * I r i s * * * A
* * *  * * t * * t  *

* * J * E G r * * A
r * J * E G * * S A

L70
}íVWGKTKEIG
* * * * * t * * * *

**********
* t * A * ' l * * * *
* t : r A * * * * * t l

3 0
SI.{KPNCGGKI
**: l*t**IUÍV
* * * t r * * s * L
*T**: l**KNV
*T***r*IOYV

8 0
AK}IUNLLVWN
t * * t t v * t r t *
* * r r * *V** ! r *
* * s * * T r  * * *
* * s * * T *  *  * *

t 3 0
NSYQTITSYLT
TQFDRP*K**
* * * A * * * K * *
DNFGSV*N}fV
DNFVNV*NIIÍV

l_8 0
CGSVKYIENK
* *  * I  * * * * D N
* * * * * * * * * N
* * t I * * * * * G
***ED** rDG

4 0
VKSYGWNDE
' r * A * * L * * t *
* *v I { * *s** *
* *ASiLTXQ*
**AS*L*KQ*

9 0
DELAKIAQTW
* * * * * * * * * t

**********
*  * r * Q *  * * v *
* * * * Q * * * V *

1 4 0
KUT{EDEVKDY
*Qr*** *TEF
E * * * N * r * * F
t i r *  * * * * * * *

* * * r l * t * * * *

1,9 0
WHÎHYLVCNY
* Y * * * * * * * *
* * * * t * * * * *
* * R * * * * * * *
* * R * * * * * * *

5 0
KNEIVKR}ÍNE 50
r * * * L * * r r D  7 3
* r * r * N r r i Q  6 0
N L * * L * Q * * *  5 0
N L * * L * Q * r *  5 0

1.00
ANQCNFGHm 100
*** *D*H**D I23
* r * * s * * t * *  L 1 0
* * * * * Y * r r N  1 0 0
* * * * * y * * * N  1 0 0

1"50
NPHKDIJ.{HNN ].50
*YKVG*QNS* L73
**K*GT*GDr  160
QY--GSPK-i 1 50
Qy--GSPK-* 15O

200
GPAGNYI{NQP 2OO
* * G * * D F * * *  2 2 3
* * * * * * * D * *  z L O
* * * * * v G * E r  2 0 0
* * * * * v G * E *  2 0 0

VYERK
I * * * *
I *
I * * * *
I * * * *

F l G . 3 .  C o m p a r i s o n  o f  a m i n o  a c i d  s e q u e n c e s  o f  a n t i g e n  5  m o l e c u l e s  f r o m  t h r e e  s p e c i e s  o f
h o r n e t s .  S y m b o l s  a r e  a s  i n  F i g .  1 .  S e q u e n c e s  o f  D o l  a  5 ' /  a n d  D o l  m  5 . 0 1  a n d  5 . 0 2 1 6  w e r e
determined by t ranslat ion of  the cDNA sequences.  Sequences o l  Vesp c 5.01 and 5.02 were
d e t e r m i n e d  b y  d i r e c t  a m i n o  a c i d  s e q u e n c i n g .
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V e s v 5
V e s g 5
D o l  n  5 . 0 1
V e a p  c  5 . 0 1
P o I e 5
S o l i 3

V e s v 5
V e s s 5
D o l  n  5 . 0 1 .
V e s p  c  5 . 0 L
P o l e 5
S o I l 3

V e s v 5
V e s e 5
D o l  n  5 . 0 L
V e s p  c  5 . 0 L
P o I e 5
S o l i 3

V e s v 5
V e s s 5
D o l  n  5 . 0 1 .
V e s p  c  5 . 0 L
P o I e 5
S o l i 3

V e s v 5
V e s B 5
D o l  n  5 . 0 L
V e s p  c  5 . 0 1
P o l e 5
S o I i 3
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1 0
NNYCKIKCLK
v D * * * * * * * *
*  * * *  * *  *  * R *
* * * * * i * * R s
v D * * * * * * P S
T***NLQSC*

6 0
KEHNDFRQKI
* I * * r * * N * v
* R * * * * * * N V
* Q * * E * * * * V
s * * * R * * * * V
HNELRg*vag

1 1 0
.YGHDTCRDV
- * * *  * * * K * T
-FN**D**NT
- *  r  * * N *  * N S
FLV**K**NT
-FE**A**N*

1 6 0
- - . .KFSGND
-- - -s I {EQ*E
----GT.QNSN
-- - - - -PK*K
----GITKQN

I S S T P S D D * I

2LO
GPSGNFI.{NEE
*  * A * * i G * Q *
* * G * * D F * Q P
**A**VG**P
**A**YTGQL
**A**VTGAP

2 0
GG.-VHTACK
**- -******
* - - - I * * L * *
* - - - I * * L * *
* - - - I * * V * Q
RI{NAI * *l{*Q

7 0
ARGLETRGNP
* * * * * * * * * *
* K * * * * r * K *
**********
* Q * * * * * * * *
GKEI{RGTNG*

L20

3 0
YG.SLKP..N
* *T*T* * - - *
F*T*M** - - *
* *T*T* * - - *
*  *E*T* *SK*
*TSPÎPGP.!.Í

4 0
CGNKVWSYG
*** l { * *K***
**RN**IQ\**
* *IC{* *IU\S *
*AG** IK*V*
*LEYSN*GFT

5 0
LTKQEKQDIL
v * Q A * * * E * *
* *ND**NE**
* * * * * N î . E r *
P*EE**KL*V
DAEKDAIVNK

1 0 0
VAQVT{ANQCQ
I * * I * * S * * K
I * * T * * * * * D
I * * * * * * * * N
I * * * * * S * * *
I * * R * * * * * T

1 5 0
DEVKDYNPKK
N * * * r F * * T I
* * *TEF*Y*V
* r * * r * Q Y G S
N * * * * F * y N T
N****FDNRI{

2 0 0
WHKTTYLVCNY
* Y î * * * * * * *
* Y T * * * * * * *
* * R * * * * * * *
M Q N * r t * I * * *
* t * * * * * * * *

AKYQVGQWA LTGSTAAKYD
T * * N * * * * J *  V S S * * * * V * E
* r * * * * * * J *  I S S T * * T Q F *
* * * S ' r * * r I *  E G S T i * D N F G
* * * P * * * * I *  Y A * G S K L P - *
ERFA**** I *  A*S*SGKNKS

1 7 0  1 8 0
FLKTGHYTQM VWANTKEVGC
* K * I * * * * * *  * * * K * * * I * *
* R * V * * * * * *  * * G K * * * I * *
L N * V * * * * * *  * * * K * * * r * *
* A * I * * * * r *  * * G K * * * J * *
I J { * V E * * * * I  * * * K * S K I * *

LYQTK
v*8R*
I ! tER*
I * E R *
P*TK'r
I ' r E I * K

8 0
GPQPPAKNUK NLWNDEI,AY
i * * * * * * * * N  * * * * * N * * * N
* * * * * * * * * N  V * * * * * * * * K
* * * * * * * s * N  T * * * * * * * * Q
* * * * A * S D * N  D * * * * * * * * H
Q*PAV--K*P * *T*DP***T

l _ 3 0  1 4 0
DPVKLVKMWE
l fvcN** rA**
R * S * * I * Q * *
svsNl , f * * * * *
w s - * I * L * *
T*NEI,Í ILL*Y

1 9 0
GSTKYT-QEK
**** *v -DNN
* * * * * * , E D N
* * * * * * - E N G
* * L *  * * - E N *
AR'tl,lFKEPDN

F l G ,  4 ,  C o r n p a r i s o n  o f  a m i n o  a c i d  s e q u e n c e s  o f  a n î i g e n  5  m o l e c u l e s  f r o m  t w o  s p e c i e s  g r o u p s  o f
ye l low iackets,  both genera of  hornets,  paper  wasps,  and so/  l3  f rom imported f  i re  ants,  Symbols
a r e  a s  i n  F i g .  1 .  S e q u e n c e  o f  S o /  l 3  w a s  d e t e r m i n e d  b y  a m i n o  a c i d  s e q u e n c i n g  o f  o v e r l a p p i n g
ge0t ides.6

28 and 29, phenylalanine at l0l ,  and delet ions at
posit ions 129 and 134 relat ive to the other
vespids. The calculat ions of idcnti ty in Table II
show that the yel low jacket antigen -5 molecules
are more related to hornet antigen 5 than to
paper wasp antigen 5. Thc paper wasp antigcn 5 is
sl ightly closer to the hornet antigen 5 than to
yel low jacket, but only marginal ly so. The range of
vespid antigen 5 identify with So/ i 3 is from 43.3o/o
to 49.87o.

DISCUSSION

T'he antigen 5 family of wasp venom proteins
al l  possessed a number of dist insuishable
features. 

' I 'he 
molcculcs were al l  frorn 202 to

212 amino acids long, with eight cysteinc

residucs, 1'hc predicted isoelectr ic points were
u.f i  to 9.5, except for So/ i  3, which is f Ì .04. As
shown in F' ig. 4, i t  is possible to al ign the
cysteines with only a relat ively small  number of
inser t ions  and dc le t ions .  A l l  thc  vesp id
molecules showed at least 57'% identi ty, and the
imported fire ant molecule showed from 43o/r,
Lo 49.5Vo identi ty with the vespid molcculcs.
Many regions of the molecules were conserved
among the vespids and part ial ly conserved in
f ire ant al lerge n. This high degree of
conservation of many of the areas around the
cysteines, the similar locations of cysteines, and
the existence of re lat ively long conscrycd
regions suggest that the tert iary conformations
may be similar for the vespid venom nrolecules.
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The structural features correlated with thc ob-
served cross-reactivi ty patterns of human IgE an-
t ibodies. Thc al lorgens from the vulgaris group of
yel low jackets were structural ly vcry similar and
essential ly total ly cross-reactive serological ly. /es
s -5 rvas signif icantly dif fercnt structural ly and can
be dist inguished by some sera from al lergic pa-
t ients." '  "  No serologic data were avai lable for
l tes vi 5. which was also structural ly dif fercnt from
the vulgaris group. The antigen 5 molecules from
species representing both major North American
subgencra of papcr wasps wcre very closely rc-
lated, with no nonconscrvative amino acid substi-
tut iclns. Serologic test ing also showed very l i t t le
dif fcrcnce in al lergcn recognit ion by hurnan IgE
ant ibod ies  an long the  spec ies  o f  these two sub-
genera . ' -  

- lhe  
s t ruc tu res  o f  the  two var ian ts  o f

antigcn -5 fronr thc E.uropean hrtrnet shclwcd sig-
nif icant dif ferences from both yel low jacket and
Doliclutvcsltuln hornet venoms, which was consls-
tcnt with the serologic observations of part ial
crclss-reactivi ty with hrl th groups. ' '  E,nough com-
mon features wcrc sharcd antong al l  the vespicl
venoms t0  exp la in  thc  par t ia l  c ross- rcac t iv i t i cs
ohsewed in  many a l le rg ic  pu t ien ts  l r rnong fhe
l ì lu r  genera . ' t  ' u  L ,nough d i l ' l c rcnccs  werc  l ] rescn t
among thc genera, yelklw jackcl spccies groups,
and hornet  spec ies  to  exp la in  the  no t  in f requent
occurrencc clf  IgE antibodics that arc speclcs,
group, clr genus specif ic. ' '

So/ I  3 showed a much lower degree of sequencc
identi ty with thc vcspid antigen 5 moleculcs and is
signif icantly less basic in charge. Extensive sero-
logic studies with human IgE antibodies have not
rcvcalcd any signif ìcant irnmunologic cr<lss-rcac-
t i v i t y  w i th  vesp id  an t igen 5 . ' '  

' l ' h is  
i s  s im i la r  to  the

situation obscrvcd with the ragweed pol len al ler-
gens Anù a 5 and Anilt t -5, which have 45Vn
sequence homology and are essential ly non-cross-
reactive immunological ly. 'o

As amino acid sequcnce data become avai lable
for more groups of related al lergens and addi-
t ional studies of tert iary structure are performecl,
i t  may become possiblc to quanti fy the sites and
probabil i t ies of cross-reactions at both the B ancl
T cel l  levels. This information wil l  al low the
rational design of synthetic peptides to modulate
specif ic al lergen responses" to cross-reactive al-
lergen groups. Other al lergens such as grass pol-
lens and some tree pol lens also are composcd of
mixtures of several classes of structural ly related
protein moleculest6' " such as the vespid venoms,
so studics of this naturc may aid in the clcvelop-
ment of class-specif ic pcptide mixtures such as
vespid vcnont and grass pol len.

Hoffman 715

The cight addit ional vespid antigen 5 scqucnccs
described in this art icle bring the number of
complete vcspid venom antigen 5 sequences to 1-5,
in addit ion to So/ i  3, which is also a mcmber of
this protein famíly. fhis is the largest series of
related al lergen sequences known.

The function of antigen 5 is unknclwn, althclugh
it has been postulated to be an invertebrate neuro-
toxin. '8 ' ' '  Although al l  these insects are known to
sting vertebratcs eithcr in defcnse of thcir colclnies
or themselves, this may be a secondary role. Othcr
wasps use their stings to paralyze prey for food.
V. squamosa is a social parasite of V, nnculiJi.ons,
and the qucens of each species use their st ings fclr
offensc and defense, respcctively.t t  Sonte of the
protcin components in vespicl venoms may havc
evolved for use against other insects or inverte-
bra tes  ra ther  than vcr tebra tes .  Th is  may he lp  t< r
explair.r  why variat ion in the amino acid sequenccs
within a restr icted framework of antigen -5 struc-
ture is so signif icant. ' I 'he venom proteins may have
becomc optimized f<lr use against spccif ic invcrte-
bra tes .  No pro te ins  s imi la r  to  an t igen 5  have heen
described from venoms of the predatory sphecid
and pompi lo id  wasps .  Bccause an  an t igcn  -5  mt t l c -
cu lc  i s  l ì rund in  f ì re  an ts  ( l i r rn t i co id  wasps) ,  i t  wou ld
not be unexpected in other wasps.

These s tud ics  p rov idc  a  s t ruc tu ra l  bas is  fo r  the
cross-reactivi ty of antigen 5 molecules fron.r vespid
venonls that can be seen cl inical ly by both skin
tes t ing  and in  v i t ro  tes t ing , '  4  7  e  r3  and in  labora-
tory studies with animal antisera. ' '  "  " Recently
reported studics of the sequences ofvespid venom
phospholipaseqìrt : t  indicatc that thesc cnzymes
are vcry similar in closely relatcd spccies of yel low
jackets and signif ìcantly dif fcrent between yelktw
jackcts and white-faced horncts. Presently, com-
mercial venom extracts sold in North America
contain a mixture of vcnoms from several specics
of yel low jackets and paper wasps. These studics
and the cross-reactivi ty studies previously report-
cd" ' ' t  suggest  tha t  thcse  venom pro tc in  cx t rac ts
could be nÌore simply formulated. Simpler fr lrmu-
lat ions would be easier to standardize and con-
trol.  Al l  the vulgaris group of yel low jackcts have
allergens that are highly cross-reactive and very
similar structural ly, and only a single representa-
t ive is prcrbably needed. V. squarrtosa venom al ler-
gens are signif icantly dif ferent from those of the
vulgaris group, so they need to be present in t l .re
mix. Stings by insects of thc rufa group such as
V, vidua, are rare, and this venom is probably not
needed. Al l  the important paper wasps found in
thc United States and Canada belclng to the two

subgenera studied. 
' I 'heir 

al lergens are also very
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sint i lar Structural ly and highly cross-rcactive. A l-5. Floffman Dl{,  Dove DE. Moff i t t  JE. Stafford ( 'T. Al ler-

singlc-spccies ve r lom would probably be suff icicnt s"n:. i :  I ly*:noptera venom XXI: cross-reactivi tv and

for r.liagnosis and rlìcrapy. 't'he rhrce hornet :::l:11:-::-1:"","t^ll'-':,'-""..:::,i:j.,:.:jl:'T"ll:"|!:-'i,'
venom antigen -s molecuies all show signilìcant 'r;il!l"r}."ìi,j,li','i:;iiJì,'l[Jlll,'*i;Xl;ìiì,.-
di f fcrcnccs in  s t ructure at rd are not  fu l ly  cross-  ant l  pr imury s t ruc lure of  a  whi te- face hornet  venonr  a l ler -

rcact ive. t  
{ '  s  s  o r ì  1{  

I t  is  probably  necessary to  gcn,  ant igen.5.  Proc Nat l  Acad Sci  USA l9 l ' l f ' ì ;85:89-5 '9.

cont inue lg  havc a l l  thrce avai lab le,  a l though t7.  t - t t  G.  Vi l la lha M. c ì rsc i : r  MR. l lo f lman DR, King ' I I '

ye l low horner  ancl  Europcan hornet  snouìa T: : : : ' : : - : : : ] ts is  
and ant igenic  cr .ss react iv i tv  . Î  a

have only timitect use in ^,.eu, *r",.r. tnJ*l l:ilì:]; [liìJ,,:î'iil],;rt(;;;rl:'j,1..''' 
verr.rvjackets and

insects are not  founcl"  "  anc l  where pat ient  reac-  i l l .  I lo i lman l )R,  Dove DE.. lacobson I {S.  Al lergens in  l ly -

t iv i ty  re su l ts  î ronr  cross-re act iv i ty  wi th  other  nìenoptera venonr  XX:  iso lat ion o[  four  a l lergens f rorn

vespicl vcnOmS. intportccl fìre ant (,lo/orrTtsis in'icla) vcnom. J Al-l-ERcl
C' t .n  I r ' t t ' r lNot  I93 l l : lJ2: l ì I [ ì -27.
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