
The allergic response to stinging insects 

III. The specificity of venom sac antigens 

I n a previous publication’ it was irnplied that, on occasion, patients srnxitivc 
to hymenoptcra formed antibodies and were allergic not only to venom sac 
eomponcnts but, also to antigens found in the insect body. Because of cvntro- 
versy as to the value of using whole insect extracts or vcnorn of hymenoptera 
for hyL,osrrrsitizatiorr of allergic patients, studies were made on the specificity 
of the antigens of thv venom sac’ cv~mpa~d to the antigens of the whole insect 
I,otly. 

Our study on the ultracentrifugal patterns and thr calculated sedimentation 
c:ocBicicnts of venom sac extracts and whole insect extracts showed t,hat. in- 
deed, these cxtract,s did differ by these criteria. It was therefore of interest to 
determine whether antigrnic distinctions coultl also be rnadc. 

MATERIALS AND METHODS 

Antigen extracts 

Extracts of bee, wasp, and yello\v jacket whole insect bodies were prepared 
according t,o the procedure previously described.” The protein concentration in 
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such extracts, by biurct mcasurcment, was gcncrall- bct\veen 0.1 per cent and 
0.6 per cent. Extracts of saclcss bcc~, wasp, and yellow jacket bodies were prc- 
pared by the same procedure as the whole insect extracts. The venom sacs had 
been removed from the insect bodies prior to extraction.’ The protein conccn- 
tration was of the order of 0.1 per cent to 0.6 per cent. Bee, wasp, and yellow 
jack& venom sacs were collcctcd and ostractcd as dcscrihcd prc~vionsl?-.” Thcb 
I)roteiri concentration was approximatcl!; 0.4 per cent. 

Rabbit sera 

Two rabbits were immunized with yltow jack& whole insect extracts, t\vo 
lvith bee, and two with wasp whole insect extracts. One rabbit, each was itn- 
munixed n-it311 utnom sac extracts of yellow jacket, bee, and wasp. l+Ixtracts 
of sacless bee, wasp, or yellow jacket were injected into one rabbit for each spccics 
of insect. 

Each rabbit, was immunized according to the schedule described in Table I. 
using an emulsion made from an equal mixture of extract and Frennd ‘s adjuvant. 
Lifter the trial bleeding at week 8, a final bleeding was performed 3 days later. 
Each rabbit thus received a total of 2 ml. of either venom sac extra&s, whole 
insect, extracts, or sacless insect extracts of either bee, wasp, or yellow jacket. The 
sera were kept, at, -20” (Y. until ready For immunological studies. 

Hemagglutination 

The tanned cell llenlag~lntinatior1 tcchniquc was c~tnploycd as described by 
Peinbcrg, Davidson, and Flick,” and modified by Arbcsman and co-workers.’ 

Inhibition of hemagglutination 

Inhibition of llcn~ag~lutinatioll was performed as described in a previous 
publication.” 

Agar gel diffusion 

The agar gel double diffusion method was used as dcscribcd by Ouchtcrlony.” 
The undiluted extracts were always used in the gel diffusion experiments. 

lmmunoelectrophoresis 

Microimmunoelcctrophoresis VW performed according to the tcc~hniq~~c dv- 
svribcd by Srheidegger.7 Jlacroil-nmurloelcctl~o~tlorcsis, as described by (:rabar,” 
u-as also used on occasion. 

Table I. Schedule of rabbit imntu?riaation 

Amount of 
I 

Freunrl’s 
emulsion (ml.) adjuva7bt Ritiz 

1.0 Completc~ Foot pads 
1.0 conlplt~tc~ Ihrsal skill 
1.0 TrK!omplctr E’oot pls 
1.0 rncomplrtr Foot pads 

- - 

‘Trial bleeding at this time. 



RESULTS 
Tanned cell hemagglutination 

k’ellow jacket extracts. The optimal dilution of the stock extract needed to pro- 
vide a successful coating of antigen on tanned cells was ascertained by attempting 
several dilutions of each type of extract. The optimal dilution for yellow jacket, 
whole insect extracts and saclcss extracts yaricd from 1 :X0 to 1 :200. For yellow 
jacket v~~orrr sac extract,s the optimal dilution was 1 200. 

High titers of lrcmagglutinatiorr w\‘cre ohtaincd with all the rabbit antisera 
against their homologous antigens. Anti-yllow jacket whole insect rabbit sc’ra 
(vavc titcrss of 51,200 and 128,000; anti-yellow jack& saclcss extract serum gavcl h 
;I. titer of 51,200, and anti-yellow jacket ~~~rrorrr sav s~~runr had a titer of 25,600. 
This is illustrated in Table II. Anti-venom sac serum had a lower titer \vith its 
lronrologous antigen than anti-whole insect and anti-saclcss had against, their 
rcspcctive homologous antigens. 

Ry direct liernagglutination, it was shown that anti-J-cllow jacket whole 
insect s(lra yeacted well with cells coated with sacless )-cllo\v ,jacket extracts and 
with cells coated with \-cllow jacket venom sac extracts. hut jvitlr a lowt~~ titer 
than with its homologous extract. This is also illustrated in Table II. Nsscntially 
similar results were obtained with anti-saclcss insect serum, as illustrated in 
this Table. Vinall?-, anti-venom sac serum also agglutinated cells coated with 
est.racts of yellow jacket, whrthcr or not thcsc (Istracts contained venom sac 
c~omponcnts ; ho\vever, the lromologous antigc%n produced the greatest titer. 

~Vhole body 56 128 000 
51:200 

66,000 I”,800 
53 - 

Sxrlws body 61 51,“OO 51,200 6,100 
Vmlom sars 65 5,120 2,560 25,600 

*Each value represents the wciprocal of the grratwt dilution which still produwd a positive 
wac~tion. 

This common antigenicity between different types of extracts and antisera 
to yellow jacket was also dernonstratcd by inhibition of lremagglutination. Yellow 
jacket venom sac, whole insect, and saclrss insect extracts ga\c good inhibition of 
hemagglutination of an anti-yellow jacket whole insect serum. These results are 
illustrated in Table III. Only a 1 :I60 dilution of t,he stock solution of the 
homologous antigen (whole body extract) was ncccsswr~y to inhibit this hcmag- 
glutination reaction. whereas it required Gee as nluch Sil(+iess extl*ilCt, and 
four times more venom sac (Istract to 1~1~tluc~~ thv same results. The whole 
lmdy ant1 sncless extracts proridctl inhibitiorl of yellow .jackct anti-venom sac 
rahl~it s~~run~, hut less inhibition tllilll v(~nom sac ('Xtl'ilCt itscl t’. 1Icre again 
one notes that the homologous antigen (extract of’ venom sacs) was able to 
inhibit this reaction with the least ronccntration of antigen. <is \vas indicated 



~ S(‘r/lm :v:o. 6X: 
~~~hibiti)l~{J fl?$fi,CJ(~il ant i-wasp 1'( nom .Nws 

w1101t? l,ody 10 
Sarlr.ss bodv 10 
vmon1 sacs x0 

*Each value represents the reciprocal of the greatest dilution of antigen whicah prevented 
Ilr,rrlxR~lutination. The serunl was at a I :%OOO tlilutiou. 

irr a previous publica.tion, 1 the protein content of these various extracts dots 
not account for this differcncc in activity of inhibition of hemagglut~ination. 

Bee extracts. The optimal dilution of the stock extract needed to provitlc 
adequate coating of antigen on tanned cells was ascertained by attempting 
scve1~1 clilut,ions of each type of extract,. The optimal dilution for bee whole in- 
srct rxtract was 1 : 50, for he \‘rllorn sac eStlwtS, 1 : 100, and for snclcss h(T 

(Istract 1 : 25. High tit,crs of hemagglut.ination wer+e obtained wit3b all the rabbit 
anti-bee extract sera when t,ested against their homologous antigen. Hy dired 
hemagglutination, as with the yellow jacket system, it was demonstrated that 
anti-bee whole insect sera produced good titers of hemagglutination when the 
tanned cells were coa,ted with bee venom sac 01’ saclcss bee extract. Sirnilar I’(‘- 
sults were obtained whether att anti-bet venom sacs 01’ an anti-sacless bee 
serum was used. Tt was also demonstrated by inhibition of hemagglutination 
that common antigenicity existed between bee venom sac extr*acts and sacless 
bet extracts (Table IV). (“onrmon antigenicity is demonstrated by the fact 



that the cstyact of the whole bee, and the ext,ract of the whole body without the 
~enorrr sac, inhibit the hcnragglutination reaction of anti-venom sac rabbit 
serum and its homologonx antigen. The hon~ologous extract, however, produces 
the greater tlegr~ of inhibition. 

Il’trsp, r&nets. The proper dilution of the stock extract for each type of 
wasp extract was studictl as with the yellow jacket and bee systems. The 
ol)tinraI dilution for \vnsp \vholc insect extracts was 1 :50 to I : 100, 1 :00 for 
SilCltW \\-asp extracts, arid 1 :50 1’or wasp ycnom sac extracts. I)ircct hemag- 
glutinaticln tests and inhibition tests also demonstrated a common antigenicity 
l~~~l\~~rr the insect hotly and its ~cnon~ sac extract. A typical result of iri- 
hibition of hctnaKKlutirratiorr is illustrated in Table V. Similar results and 
hence inter~p~(‘tatiorrs are obtained, as with the other. two insects stndietl. 

Gel diffusion and immunoelectrophoresis 

GP/ clifusion. By t,he double diffusion gel method, I’our to fire lines of precipi- 
tation, rcprcscnting (at, least) f our to fi\-c arrtibodv-anti~err systems, nerc ob- 
tained when a. whole body extract of either bee, wasp, or JY~IIOW jacket was pre- 
cipitatcd by its correspondin g antiser*utn. These results corresponded well to those 
wportcd by Fonber+t. and Stier.” 1Jardly any difference was found in the number 
of lines or in the shape of the precipitation bands when ~vhole body extracts were 
compared with saelcss insect extracts. In E’ig. 1, wasp whole body cxtract and 
sacless wasp estract were precipitated by an anti-wasp n-hole body rabbit serum. 
The number of lines of precipitation is the same in the case of saclcss wasp es- 
tract, although the line nearest the antigen well is smaller. Similar rvsults were 
obtained jvith bee and yellow jacket. 

AI smaller number of lines of prccipitat,ion was obtained when venom sac cs- 
tracts were analyzed by their homologous antiserum. A typical example is shown 
in Fig. 2 where bee venom sac extract was precipitated by its homologous a.nti- 
SI’l’11111. All the Iwi*ipllc~lxl wPIIS corltilirl l)W VCIlOIIL Sil(’ (‘Stl’ilCt, hLlt tlLP~ i11’c1 lo- 

eirted at increasing tlistances from tlrc center well \vhirh contained the wnm. 



0 I 
Fig. 2 

One can set two lines of precipitation. Two lines of precipitation were also ob- 
tained with yllo~w jacket venom sac ext,ract and it,s antiserum. Wasp venom sac 
extract produced two to three lines of precipitation, depending on t,lie cxt,ract 
studied. 

We were then interested in finding out if there was any difference bctwccn 
venom sac antigens and the antigens contained in the insect body. Our pn~yosc 
was to see if all the antigens present in the venom sac extract were also prcscnt, 
in the insect body. 

In F’ig. 3 an anti-wasp saclem insect serum was reacted against wasp whole 
insect, wasp venom sac, and wasp saclcss insert cstract. One can RCC that foul 



lines ovxrretl with the whole insect extract and with the sacless insect cs- 
tract, all showing complete identity. Only two lines appeared with the wasp 
vc’nom sac extract, of which one is vclry faint. It appeared then that wasp 
\‘enom sac extract contained two of the four antigens of saclcss wasp extract: 
as tlcrnonstrated by the Ouchtcrlony method. 

In P‘ig. 4 an anti-wasp venonl sac serum was rcactctl against all three typvs 
of wasp extracts. Three bands of precipitation occurred with wasp whole insect 
and wasp vvnon1 sac c1xtrac.t. One lint was very faint and broad, nearer to the 
antigen ~~11; a ~contl lincl uxs fry sharp and clear, and the third lincl, the 



nearest, to the antiscrunt well as fomctl by wasp venom sac vxtraet, bccan~c the 
medial line on the wasp whole inscet sitle and wax absent on the sacless insect 
extract side. 

Fig. 5 shows the san~c results but in a tlif?ctrcInt spatial arrangement. Wasp 
v(‘nom sac and wasp whole insect cJxtr.acts ga\:r three lines with an anti-venom 
silt SCI’III~. The innc~rmost line on the \vasp venom side became the outermost 
line on the wasl) whole inscct sitlc, intlicating that the antigen protluving it is 
more concentrated in th(x wasp ~nom sac extract. Saclcss wasp extract agail 
~~roduccil only two lines with the anti-was]) venom serum. 

Uce extracts WPW also invest,igatccl for the same purpose. In Fig. fi, anti- 
bee whole insect serum produced four lines with its homologous antigclns, ant1 
one line with bee venom sac extract. 

I’n Fig. 7, anti-bcv venom sac swum pave two lines (possibly it thirtl line) 
with bee venom sac ant1 bee whole insect estrac4, whereas sacless bee cstract 
l)roduced one line. Similar results were obtainctl with the yellow jacket, system. 

Absorption studies were performed. WV were able to demonstrate that 
saclcss extracts of vavh of thv thrcv typvs of inscvts stutlictl U’(LW incapable of 



removing al 1 t hc antibodies from its homologous insect anti-rcnom sac serum. 
Such an c~sperinrc~nt is illustrated in Fig. 8. The center well conta,ins hcc venom 
sac extract, the upper right well contains anti-bet ~~~rlonJ rabbit serum non- 
iIl)st~t*l)(!tl, and the uppc~r left ~~11 contains anti-bee venom sac sermrr :tl)~~rh~tl 
with an excess of sacless bet extract. Two lines appear4 between bee venom 
sac extract arrtl arrti-bee v(11101rr sac SPI’UIII on the Tight. Only one lint appca~etl 
I)t‘twecstt the antigen well in the verrtc,r a11d the al~sorhetl bet Tenom sac SCL’UIII 
absor*l)ctl with xaclcss extract on thv 1cFt. One vertical line appear4 bc~tweon 
l)oth rrpp(‘~* a1rtiseI.a ~(~11s tl~e to ilrJ (‘SCWY of sacless bet extract in the up1~1 
lvt’t ~~11 : this linv coi~i~rsl)orrtlctl to the lint which hat1 been ~*enJo\-et1 bttwfcLJ1 

the cetrtcxtn arrtl the ul)per Itaft ~~~11, constituting further ])roof of OI~C (‘orrrtrt~n 
iIlltigc~l1 hctwcYrJ t hc ~~~JJorn sac cstr%ct and sacIc3s insect cstl%ct. 

Znww~~oelccf t-0ph.ot~esi.s. Sevc~ral componr~nts were rcvcalcd in onr vstracts 1)). 
tlrv immunoelcctrophoresis technique. In E’iy. 9, brc whole ins& cstract, v~rrom 
sac extract. and saclenss insect extract ~~c’rc submitted to irnninrroclcct~o~~lro~esis 
and prvcipitatcd by an anti-her whole insect rabbit serum. Nine lines of pr+c- 
cipitation occurred with the whole insect extract, in the center well, one band 
with venom sac extract. in the upper well, and seven with the saclcss extract in 
the lower ~~11. Similar results wcrc oht,ained with yellow jacket extracts. In Fig. 
10, a sacless insect extract and a whole insect extract of wasp gave twclvc to 
thirteen arcs of precipitation against an anti-wasp wholtb insect rxtract serum, 
w1rc~rca.s wasp v(‘norrr extract against the same antisc~rum produced five arcs. In 
Fig. II, the Osserman methodl” of combined irnmunoelectrophorcsis and gvl 
diffusion was used to study the relation between wasp vrnorn antigms and sar- 
1~s wasp cxt,ract. Wasp venom (Istract, \virs clc,ctropho~ctscd in the upper and 
lo\vcJn UTII. and ux+p anti-\-mom sac s(~i’lun was placd in the lower trough. In 
thv upper trough, howcrcr, was placed a saelcss wasp csti*act-an antigen prcpa- 
ration, and onv which could he expected to contain only a few antigens for this 

antiserum. Thcsv antigens would bc expected to cliffuw straight across to\vard 
tllc other tl*ollg’~J, giviJlg ]iJlr% 01’ pJ’Wipitiltiol1 IvhiC]l \Vollld 1’1111 ~Jkll'ilIIC'l to tllC 



Fig. 11 
Inlnlunoelectroplloresis. Wells : wasp venom sac extracts. Uppr trough : wasp sacless inscet 
extract. Lower trough : anti-wasp venom sac: rabbit serum. 

troughs and straight in shape, esce.pt where each would merge in a reaction of 
identity with some particular arc of precipitation resulting from the correspond- 
ing antigen in the mixture from the clectrophoresis well. A total of seven arcs of 
precipitation occurred, of which two showed merger with the two straight lines. 
This showed that these two components oi venom sac cstract were also present 
in sacless body cstract. 

Bee venom sac extract and yellow jacket venom sac extract should 0111~ two 
arcs of precipitation by immunoelectrophoresis, of which one was common to 
the insect body components. 



DISCUSSION 
Righ titers of antibodies were easily produced by rabbits immunized with 

different types of hymenoptera extra&. These antibodies were readily detected 
by hemagglutina.tion and gel diffusion reactions. 

A limited degree of common antigenicity between venom sac extracts and sac- 
less insect extracts was demonstrated by tanned cell hemagglutination and in- 
hibition of hemagglutinat,ion. Sacless insect extract-coated cells were aggluti- 
nated by anti-venom sac sera and vice versa, venom sac extract-coated cells were 
ngglutinatcd by anti-sacless insect rabbit scra. Furthermore, sacless insect es- 
tracts were capable of producing, to a limited degree, inhibition of anti-venom 
sac extract, hemagglutination. Thcsc results were ohtaincd with all three types of 
hymcnoptera studied. 

By the gel diffusion technique WC were able to demonstrate the presence 01 
one or two conmo~~ antigens between venom sac extract and sacless insect extract. 
Absorption studies demonstrated clearly, however, that venom sac extracts also 
contained specific antigens that were not distributed in the sacless extract. 

The immunoelectrophoretic experiment,s demonstrated the complex nature 
of whole insect extracts, as well as of sacless extracts. It provided us with another 
tool to study the specificity of venom sac antigens. 

As many as seven antigens were demonstrated in wasp venom sac extracts by 
this method, compared with 12 or 13 components for sacless insect extracts. Of 
the seven components of wasp venom sac extracts, two were seen to be common to 
the wasp insect body. For bee and for yellow jacket, one out of two venom sac 
components was common to the insect body. 

We are well aware that some contamination of our venom sac extract by body 
components is possible because of our method of extraction, and further studies 
are in progress on pure venom collected bq’ special electrical devices.‘l. I” The 
demonstrat,ion of antigens specific to venom sac extracts, and of antigens com- 
mon to venom sac extract and sacless insect extracts, lends support to ou1 
hypothesis’ that certain human beings may form antibodies against, venom 
components only, whereas others may producr antibodies against both types of 
antigens, the specific and the common. Furthermore, as will be demonstrated in 
a subsequent, publication, the antigens COII~I~OI~ to yellow jacket, wasp, and brr 
are located mostly in the body of the insects. Patients sensitive to different types 
of hymenopt,era, as demonstrated by passive transfer studies, hemagglutination, 
and inhibition of lle~nagglutina.tion,’ probably formed antibodies against body- 
antigens, which are the ones common to several types of stinging insects. 

It must be rcmrmberctl that the studies prescntrd in this papchr tlcal onl~ 
with rabbit ant,iscra ; the antigen-antihod?- system which prodnccs a~la~)ll~~lactoitl 
reactions in humans might quite possibly differ in some rcy)ccts. 

SUMMARY 

Common antigens were demonstrated in venom sac and saclc~~ insect extracts 
of hgmenoptera by hemmagglutina~tion, gel diffusion, and immunoelectrophoresis. 
The insects studied were bee, wasp, and yellow jacket. Antigens specific to venom 
sac extracts of hymcnoptcra were also dcmonstratcd by the same methods. Thcrc 
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