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S ~ Z  Rabbits and guinea pigs were lwmunlzed with 
functionalised aspirin-protein conjugates prepared by co~llng 
5-N-Succinylamino aspirin to BSA and BGG using a water soluble 
~arbodilmide (EDC). Two populations of antibodies, one specific 
to fur~tionalized aspirin and t h e  o t h e r  exclusively specific to 
sallcyliQ w=id were detected. These ~ e s  were fractlona- 
ted and ~ated on afflnity polymers s~hltably prepared with 
5-~N-succinylamlno salicylic a~Id and 5-N-succiny!amlno-2-ethoxy 
ben~olc acid as the llgands. The isolated and purified anti- 
bodies were electrophoretiaally homogeneous. The physlco 
chemical interactions between the antibod/es and the respective 
haptens were studied by radio-lmmunoassay, equilibrium dialysis 
and fluorescence quenching techniques. 

introduction! Inspire of intensive Investigations(l-9) on 

aspirin hypersensitivity, opinions still differ regarding the 

immunological or non ~munological nature of the s1~ndrc~e. The 

difficulty in probing into the ~ogenlcity of aspirin has 

been associated with the highly labile nature of the molecule. 

Earlier attempts(7,10-12) to raise structure specific antibodies 

to aspirin by immunization with aspiryl protein conjugates 

prepared by coupling aspirin to the carrier protein through the 

asplryl Qarboxyl group under alkaline conditions resulted in two 

serious problemss (a)The carrier protein is likely to mask the 

functional groups namely the O-acetyl and the carboxyl, which 

may be needed for the ha~enic recognition by the 11~,phocyte 

cells, and (b)the hydrolysis of aspirin to salicylic acid 

during in~unogenesis. The aspiryl carbaxyl group coupled to the 
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carrier protein, from a topological p o i n t  of view, should elicit 

antibody reaction with any ortho disubstltuted benzene hal~en. 

in t h e  present investigation free exposure of t h e  p r o b a b l e  

antlg~Ic determinants of aspirin was accomplished by the 

f~onallzation of the aspirin molecule at posltlon-5 of the 

aromatic ring through the introduction of an N-succinylamlno 

group. The fur~tlonalized aspirin hal~en was coupled to the 

carrier protein by using a water soluble carbodllmlde(EDC). It 

was also used as ligand in the purification and the Isolatio~ of 

the structure specific antibodies by the application of affinity 

a h r ~ t ~ r a p h y  ° 

Materials ~ Mermaids: Preparation of 5-N-sucQinylemlno 
asplrln-protein conjugate (Chart I)a A solution of 5-N-succlnyl- 
amino aspirln(hapten I, 150 rag) in ~e minimum volume of cold 
sodium bicarbonate was acidified to pH 6°0 (IN HCI) and ~ r 
stirred with the gradual addition of solid io~ethyll-3-(3-di~thyl- 
antlnoprop¥1) =arbodllm£de (EDC, I00 n~) duEing i0 minutes. T o  
the reaction mixture, BSA (100 rag) or BGG (80 rag) in 2 ml normal 
saline was added all at or~e and stirred for 2h at roan ten~era- 
ture. The reaction produu~ after dialyzing at 0 eC against double 
distilled water was ly~philimed and stored at -20 C. 

Preparation of ~ affinity polymers: Three affinity 
polymers making use of Sepharose-4B, polyacrylamide and chloro- 
meth¥1ated polystyrene matrices were functlonallzed by the 
standard methods (13) and linked to an ethylene dlamine spacer 
arm. The ligand (5-N-SUc~Inylamino salicylic acid or (5-~-suo:i- 
n¥1amino-2-ethuxy bermoi~ acid) (300 rag) was added to the amino- 
ethyl Polymer s~penslon (I0 ml pa~ked volume) at pH 6.0 and 
treated with EDC (200 n~), The mixture was sti/red at roan 
temperature for 6h and for another 6 to 8h at 4-C. The gel was 
filtered and washed with two 50 ml al£quots of 0°05M sodium bi- 
carbonate, O.05M acetic acid and water. 

Immunization: Six albino rabbits (3 male & 3 female) and 
six gu~neap£gs (3 male & 3 female) were immunized, each w£th 
weekly injections of a suspension of 1 mg of the fth~ctionalized 
asplrin-protein conjugate in complete Freunds' adjuvant (0°5 ml) 
injected subcutaneously and ir~recutaneously at multiple sites on 
the back, thighs and g r o i n ,  After 7 weeks the r~its were bled 
by ear-vein pur~ture and the gulneapigs were bled by heart punc- 
ture° The antisera were absorbed with the native, as well as t~m 
EDC treated carrier proteins to remove the carrier specific a n t i -  
bod£eso The absorbed an~Lsera were th~a c/~rc~atographed sequen- 
tiall¥ over the affinity Polymer linked with 5-N-succ~nylamino-2- 
-ethoxy benzoic acid and then over another affir~ty polymer 
linked w£th 5-N-succinylamlno salicylic acid in Tris-HCl buffer 
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C ~ H  
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Haptcn-- Protein conjugate 

. 
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(H2/)  2 
COOH 

E D C  

H H H J ~  °R 
Polymer-- N --(CH2) 2 - -  N - -  C -- (CH 2 )2 - -  C-- N COOH 

II II 
0 0 

Affinity polym¢r 

Chart 1 

(0.0SM0 pH 7 , 2 ) .  A f t e r  m ~  t h e  p o l l m w r s  ~L~h s a l i n e  b u f f e r  
t h e  ~ e s  were  d e s o r b e d  w~th 0,gM th£ourma and 81~ u r e a ,  Nost~ 
o f  t h e  ~n~t]:md¥ £ r a c t i m ~  was e l u t e d  out  i n  0.914 ~ 1 £ o u r e a .  
Inmt~odiffusion tests were conducted with the antibodies eluted 
frGm the two aff~ty pol~nexs a¢cordir~ t o  t h e  metho~ o f  
Ouchterlon¥ (14), u~ing the protein conjugates of 5-N-su~lin¥1- 
amino asp~rin (hapten I); 5-N-suQclnylamlno sali=yllc acid 
(hapten IX) and 5-N-su~inylamino-2-etha~T be~moi= acid in borate 
saline buffer (I~ 7.8), 

experiments were ~arrled o u t  u s i n g ~ - ~ - t 5  N-(I,4 ~4C)succlnylamino 
espiEin and 5-N-(I#4 l~)suQQ£nylamlno salicylic acid as the 
labelled haptens and different structural analogues of functlo~- 
allzed aspirin (15). Fluorescence quenahing studies were carried 
out acQordlng to the method of Eisen and Sirkind (16). 

Resul~ and dlscusslons: The number of aspirin residues permole 

of the ~errier protein was found to be ~ 20 in the ~onJugate pre- 
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S~u~ed ~ '  eaae EOe ~ r p l t a ~  methc~ aria t h i s  ~ ~ 

l r ~ t r o l y s l s  ~ a s p i r i n  ~o a l a . ~ e  e ~ e n t .  ~ M n ~ r ,  t h e  h ~ l y s t s  

~ : u l d  n o t  be t o t a l l y  ~ t ~ d .  As a ~nsequenaem t h e  f o E m a t t ~  

of  hetezwgeneous ~ a t £ o n s  of antibodies wi th s p e a L ~ l t t e s  to  

t h e  a s p l r L n  and S a l / ~ l l c  acL~ mole~Lea wa~ e n v l s a g ~ .  The use 

o~ f u n n ~ L ~ , . e d  a s p i r i n  a s  1.lgand on t h e  m ~ f i n £ t ¥  m a t r i x  was 

r u l e d  o u t  ~ e  o f  l t s  : e a d ¥  l a b a l £ t y .  Hence a p u : e l ¥  c h e m ~ a l  

S ~ : a t e g y  £m: t r a p p i r ~  t h e  e s p t E l n  s p e ~ t f i a  An t ibod ie s  was : e S ~ - ~ -  

e d  t o ,  by  ~ i n g  S-N-suc~LnylaaLno-2-e~.hax~ be~oLc acid,  a 

~ w m l a a l l y  arable analogue of t h e  £ u n ~ l o n a l i s e d  a s p ~ J ~  molecule 

u l lg~ .~  ~. the a~In l t~  matr~(u a pseudo  hapten). The ~ . c l -  

body eluded from thls aff~.It~ ~olumn(Imt/body I)  gave pre~Iplt£n 

wl~h the prot.etnL c ~ J u g a t e s  Of 5~-su~clnylamino aspirin 

(hapten I); 5-N-succi~qlamino sali~yli~ ~£d (hapten II) and 

5-N-~-~In¥1am/no-2~ be~zx~O a~ld, On t h e  etcher hand t h e  

~t/bod¥ eluted from the affinity polyme~ linked with ~ i -  

nyl~tno s a l l c ¥ 1 £ c  ~ i d ( ~ ¥  If) gave pre~Ipltin band wl th  

the protein o~Jugate of hapten II and c~I¥ & feeble band with 

the protein =onJugate of hapten I, but none wlth the protein 

c ~ J U q a ~ e  o f  5 - N - s u o ~ l n ~ l a m l n o - 2 ~  ben~olu a c i d ,  I t  can  be 

t h u s  l n ~ e r r e d  t h a t  t h e  a n t i b o d y  Z Is more specL~tc to  the 

funot~on~.:L~ed asp.t~ln h~p£e~ but shows ~Eoss-~ea~o~ w i t h  t h e  

£un~tior~--llsed sali~¥1£u e ~ i d  d e r i v e d  fr~ h~pten I, ~bile the 

a n ~ ¥  IX is spe~ifi~ ~luslvel¥ t o  the fun~tionalised sal£- 

Fluorescence ~ experlmen~s £ndluated that the anti- 

body I(~m52) is a low affinity ~ ¥ ,  wi~h tk h e t e r o g e n e i t y  

£ndex~l where as the ~ y  II(~=6S) is of c~mparatively 

higher affinity wi~h a heterogeneity index ~ 0.6, Table I 

deploys the ki~e~io add the e.her~3dyl~mio parameters s~h as ~he 
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Table 1 

C~mi~rlson of the p~ysi~o chemical parameters of the 
antibodies I and If+ 

Yhlmi~ ~ h e m i c a l  Parameter 

Stci~iometry of binding with 
hapten I 
(5-N-Su~uln¥1amlnoaspirln) 

Sto~hlome~T of b~llng with 
h~enII 
(5-N-Suu~Inylamlno Sallc¥11c ae id )  

++K.rel with hapten X 

K tel withhapten IX 

K rel with aspirin 

K Eel with 8allc¥1ic acid 
e 

Assc~iatlon constant (Ka) at 27 C 

ASso~iaticm ~ons~ at 5 ° C 

X 

1 t 1.9 

IX 

Isl.8 

1 ! 1 .43 

0 .89  
0.35 

0.12 

0.10 
1.764xi06 M "I 

7,76 xl05 X "I 

2 • c  In ~ee ener~ (iF) at 
K .cals/mole ) 

~ K  in free energy (aF) at 
.eals/mole) -6.2216 

En~IpT ~H) K.cals/mole -6.2216 

Change An entropy ~S) eu at 2~ C 8.03 

0 max 52.0 

- 8 .631  

I | 1.88 

0.1 

0 .85  
0.06 

0 .18  
~.s96~o 6 ~ l  
2.68  x.l.06 M "I 

- 9 .507  

- 8 , 2 3 1  
-7 .897  

S.36 
65 .0  

+ The data were derived from the hapten binding inh/bitlon 
studles, Equilibrium dialysis" and Fluores~ence quen¢hlng 
~iments with the respe~tlve antibody (80rag) and known 
gEaded uon~entratior~ of the respe~tlve ha1~ens. 

K tel m Relative assoolatlon =o~stant and is given by the 
following expression. 

Molar concentration of the inhibitor required 
for 50~ ha1~en binding inhibition 

K tel m 
Molar Qon~entEation of the referenae ha1~en 
required for 50~ hapten binding inhibition. 

association constants(Ka)e enthal1~f(AH), ohange in free energy 

(iF), and the change in entropy(aS) of the hapten antibody inter- 

~:tious ~TU1~Ivlng the a~tlbodles I and II, From the ~achterlony 

gel diffusion patterns (figures I and II) and the equ£1£brium 
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Fig. I : 

Fig. If : 

Ouchterlony patterns of antibody I 

central well: antibody I 

1,2 : 5-N-succinylaminoaspirin-protein conjugate 

3,4 : 5-N-succinylamino-salicylicacid-protein conjugate 

5 : 5-N-succinylamino 2-ethoxy benzoic acid-protein 
conjugate 

Ouchterlony patterns of antibody II 

central well: antibody II 

1,2 : 5-N-suecinylamino salicylicacid and conjugate 

unnumbered wells : 5-N-succinylamino-2-ethoxy 
benzoic acid-protein conjugate 

dialysis data it can be concluded that the same attachment 

pattern is present in the hapten bidding sltes of the antibody i 

for both the aspirin and sali~late ha]~ens,,  one flttiDg scab,#hat 

better than the other. On the other hand the hapten binding 

site on the antibody II may have a polar recognition site for the 

arcmatiQ hydroxyl group which the aspirln moleuule laQks result- 

~g in a greater SpeQifIQi~y of the antibody II, 

FunQtionallzatlon of the happen does not bring in a large 

difference in the spealficlty of the antibodies between the 

fur~tlonali~ed and the free haptenes as IndiQated by the relative 

263 



Vol. 101, No. 1,1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

a~iatA~ o~.st~s(Table X)° Atte~ to. l~a~e the preaer~e 

of a ~ar~ie~ re~o~r tM~e of ~r~eAn ~A~A~ to aspirin [as 

~ J ~ o v e r e d  An the  c a s e  o f  P e n i c i l l i n ( 1 7 ) ]  An 'the ~ s e ~ a  o f  

the exper~ animals were unsuaaessful, The posslbL£Aty of 

the exlste~e of suah a p~c~ein whL~h might play an a~/ve role 

in the ~edlatio~ of aspIEin h~per~itivity is ~o~ E~led. ~ t  

although the exper. tmenta l  lJ~Its ~C~Id no~ prove i~s ~steE~e, 

The elic~tation of the ~ep~rate aspirin speQ£flc and salIc~llc 

a~id spe~Iflc antibodies and ~he development of an affinity 

c l ~ t o g r a p l ~ l c  technique to mon£t~ the isolation o f  these an~i- 

bodies in pure state mlgh~ throw new light on the hither~o 

unsolved phenomenon of aspirin hypersensitivity. It is possible 

that in ~linlcal ~ p J ~ i n  immunogenesls, the moleQule may 

5-hy~roxylatlon which would lead to ar~£ge~ analogous to h ~  

I. 
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