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The role of D-benzylpenicil|enlc acid in the sensitization of erythrocytes 

The  d i scovery  by  LEY at al. t t h a t  er3~throcvtes t h a t  h a d  been  i n c u b a t e d  w i t h  penicil l in 
were a g g l u t i n a t e d  b y  t h e  sera  of some p a t i e n t s  w i t h  penici l l in a l le rgy  p rov ided  a 
va luab le  m e t h o d  for the  s t u d y  of th is  condi t ion .  This  p rocedure  has  been  used bx ~- 
several  worke r s  as  a d iagnos t ic  tes t  e,,~, a n d  some charac te r i s t i c s  of t h e  a n t i b o d v  h a v e  
been e s t a ;q i shed  z.4. However ,  t h e r e  is still l i t t le  k n o w n  a b o u t  t he  m e c h a n i s m  of a t -  
t a c h m e n t  of the  penici l l in  molecule  to the  e r y t h r o c y t e s ,  a m a t t e r  of i m p o r t a n c e  in 
a n y  a t t e m p t  to  descr ibe  the  penicil l in - a n t i b o d y  i n t e r a c t i o n  on a molecu la r  level. 

R e c e n t  work  b y  DE ~VEcK AX D E]SE.~ 5 a n d  LEVIXE ~ has  sugges t ed  t h a t  pen.;cillenic 
acid, a s p o n t a n e o u s l y  formed,  u n s t a b l e  b r e a k d o w n  p r o d u c t  which  can c o m b i n e  irre- 
vers ib ly  w i th  p ro te in ,  is responsible  for the  an t i gen i c i t y  of penicill in.  I n  order  to  
i nves t iga t e  t he  possible role of this  a n d  o the r  b r e a k d o w n  p r o d u c t s  in the  a g g l u t i n a t i o n  
p h e n o m e n o n  we h a v e  a t t e m p t e d  to sensi t ize e r y t h r o c y t e s  w i th  five penici l l ins  now 
in c o m m o n  use, G, V, O, ~ -phenoxye thy lpen ic i l l in  a n d  2 ,6 -d ime thoxypheny lpen ic i l t i n  ; 
6 -aminopenic i l l an ic  ac id ;  dl-penici l lamine" a n d  the  following b r e a k d o w n  p r o d u c t s  ,~f 
penici l l in G:  D-Benzylpenici l lenic  acid,  penill ic acid,  penil loic ac id  a n d  penicilloic: 
a c i d ' .  T h e  last  t h ree  c o m p o u n d s  were p r e p a r e d  by  we l l -known me thods ,  were  re- 
c rys ta l l i zed  f rom a p p r o p r i a t e  so lven ts  a n d  h a d  m e l t i n g  po in t s  in  a g r e e m e n t  wi th  
pub l i shed  va lues  ~. D-Benzylpenici l lenic  acid was  p r e p a r e d  accord ing  to  the  m e t h o d  
of LEVINE 8. T h e  D isomer  of th is  c o m p o u n d  has  no t  been  crys ta l l ized  alone,  bu t  the  
a b o v e  p rocedure  gives  p r e p a r a t i o n s  wi th  pur i t ies  as h igh  as 9o--95 % when  as sayed  
by  t h e  u l t r av io l e t  ab so rp t i on  at  322 mt~. 

T h e  genera l  p rocedure  for sensi t iz ing cells is as follows" E q u a l  vo lumes  of a 
4 o %  suspens ion  of e r y t h r o c y t e s  p rev ious ly  w a s h e d  in o.15 M p h o s p h a t e - s a l i n e  
buffer  (pH 7.2) a n d  a o.I  M so lu t ion  of the  sens i t iz ing  a g e n t  in the  s ame  buffer  are  
m i x e d  a n d  i n c u b a t e d  for i h a t  37 °. The  cells are  t h e n  w a s h e d  wi th  the  buffer  and  
t e s t e d  b y  a d d i t i o n  to  se rum p r e p a r e d  bv  i m m u n i z a t i o n  of r a b b i t s  w i th  penicil l in 
G fol lowing the  m e t h o d  of JOSEPHSOh% 

Cells p r e p a r e d  in this  w a y  wi th  penicil l ins G, V, O, ~ -phenoxye thy lpen ic i l l i n  
a n d  2 ,6 -d ime thoxypheny lpen ic i l l i n  gave  posi t ive  a g g l u t i n a t i o n  tes ts ,  while penillic 
acid,  penilloic acid,  penicilloic acid a n d  penic i l lamine  gave  n e g a t i v e  resul ts .  6 -Amino-  
penic i l la lmc acid  gave  a n o m a l o u s  resu l t s  in t h a t  when  i t  was  d issolved in an  N a H C O s  
so lu t ion  before  add i t i on  to  the  e ry th rocy t e s ,  as was  done  b y  CHISHOLM el al. 1°, the  
resu l t s  were  posi t ive ,  while t h e y  were nega t ive  if t h e  cells were  t r e a t e d  the  s ame  w a y  
b u t  w i t h o u t  t he  b i ca rbona t e .  

W h e n  e r y t h r o c y t e  ghos t s  are  s u b s t i t u t e d  for whole  cells in the  a b o v e  procedure ,  
those  i n c u b a t e d  w i t h  penici l l in G h a v e  the  ab i l i ty  to  adso rb  the  a g g l u t i n a t i n g  fac to r  
f rom ac t ive  sera,  while  cont ro l  ghos t s  h a n d l e d  in the  same  w a y  b u t  w i t h o u t  the  
penici l l in  do  no t  do this ,  t h u s  showing  t h a t  the  penicil l in is a t t a c h e d  to  the  ceil wall,  
a n d  t h a t  i n t e g r i t y  of t h e  cell s t r u c t u r e  is no t  necessa ry  for the  a t t a c h m e n t  to  occur.  

F o r  D-benzylpenici l lenic  ac id  which  is u n s t a b l e  a n d  only  s l ight ly  soluble in 
a q u e o u s  solu t ion ,  a modif ied  p rocedure  wan used.  I ml  of a 4 ° % suspens ion  of w a s h e d  

* We gratefully acknowledge the following sources of the compounds used here: Penicillin G, 
Squibb institute, New Brunswick, N.J." Penicillin V, Eli Lilly and Company, Indianapolis, Ind." 
Penicillin O, The Upjohn Company, Kalamazoo, Mich.- z.6-d~methylphenvlpenicillin, ~-phcnoxy- 
ethylpenicillin and 6-aminopenicillamic acid, Bristol Laboratories, Inc., Syracuse, N.Y'. (U.S.A.). 
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~xtflm~m~s~ was allowed t o  stand at-room temperature for z h. At times o, ~o and 
4~)min~a,o~oz~ml aliquot of a solution of the agent to be tested was added, D-benzyl- 
t~fii~ll&'~ig acid in ethanol, the others in phosphate -saline buffer. The cells were then 
xl~la~tt~tlanditested as before. Penicillic acid. penilloic acid and penicilloic acid did not 
,~m~ifi~ c~Ilgat any  concentration tried. Penicillin G sensitized at a minimum concen- 
t-m~,n~(}Ii o..2,5 M in the added aliquots, while D-benzylpenicillenic acid required a 
~¢muontr~ti0n of only o.o25 M. Since the two major  breakdown products of D-benzyl- 

l~fi6illb~fi~ acid under these conditions are penillic acid and penicilloic acid, neither 
,df~vlti~l~ sensitize cells at even much higher concentrations, it seems likely tha t  
n ~ ~ e n i c i l l e n i c  acid itself is responsible for sensitization. That  the penicillenic 
; m i f l . t ~ i s - p r e s e n t  in solutions of the 5 penicillins that  do give positive reactions 
i i , ~ ~ ~  tiy the increasing absorption at 322 m/z of solutions of these compounds 
iinmB~tlad! at'. 37 ° in the phospha te - sa l ine  buffer. Absorption at this wavelength is 
~ i f i ~ ' f ~ r ~  penicillenic acid among the penicillin breakdown products. 

~ ~ S ~ h a s  demonstra ted two reactions which proceed under conditions similar 
~x~)ttt~g, us~¢l: here by which D-benzylpenicillenic acid could combine with protein" 
thyffi~ming'mixed disulfides with protein sulfhydryl groups and by forming a-amides 
, dfl~ni~ill0ic acids with free amino groups (Fig. z). Ei ther  of these methods would 
l~rn~iitb, a~ strong covalent bond between the penicillin molecule and the cell wall, 
\~qii~hwouldi explain the common finding that  the cells remain sensitized for as long 
~u~n t~,~ weelCs despite frequent washings. The weak, reversible binding known to 
,~otmmHet~veen penicillin and plasma proteins n, ~= could not explain such behavior. 
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&~tt present Jt is not possible to make a definite choice between the sulfhydryl 
:untlttiB ~ a m i d e  mechanism of a t tachment ,  but  we tend to favor the lat ter  for two 
r~ , ln~ . . f f i r s t ,  the sulfhydryl a t tachment  leaves exposed to the ant ibody a molecular 
,~mfiL~mration that  bears little resemblance to penicillin itself, while the a-amide 
m m ~ 6 m  provides a penicilloic acid moiety. Since free penicillin and penicilloic acid 
~m~,t4mmm~to inhibit the agglutination reaction, it seems likely tha t  tLe ant ibody 
i k ~ ~ e ~ t ! t o  fit a s tructure similar to them. If the antigenicity of penicillin is due 
r t d t ~ m b i n i n g  with tissue protein through the ~-amide reaction as has been suggested 

Biochim. Btophys. Acta, 69 (z963) 41~,-414 



414 SIIORT COMMUN ICATIONS 

by LEVINE. the  a n t i b o d y  m a y  indeed  be desi~,med to  fit penicilloic acid ra t~er ' : t~m~ 
penicil l in itself. This  would  exp la in  our  f inding t h a t  penicilloic ac id  a n d  p ~ I ~ c m ~ k !  
are ac tua l ly  b e t t e r  inh ib i to r s  t h a n  a n y  of the  comple te  penicillins. A l s o  t tx is~m~}!  
expla ins  the  a p p a r e n t  p a r a d o x  ' :hat penicilloic ac id  while inh ib i t ing  a g g h a t ~ i < ~  
does no t  i tself  cause sensit izatioJi ,  for penicilloic ac id  itself would  no t  be  e = ~ ' c t ~ i  
to  fo rm the  =-amide  b o n d  u n d e r  the  condi t i tms  used  here.  

The  second reason  arises f ro 'n  the, CO a dependence  of sens i t iza t ion  x ~ d t t l ~ - ~ a ~ -  
penici l lanic acid.  JoHNsOX AND HARI)('ASTLE Ia h a v e  r ecen th ,  descr ibed  a-reac~ivm,~f 
6-aminopenic i l l an ic  ac id  w i t h  COo to  p roduce  a subs t ance  wh ich  t h e y  l a 2 . w . : ~ !  
8 -hydroxypen i l l i c  acid (Fig. 2). Fhe  p roposed  i n t e r m e d i a t e  con ta ins  an  oxazo!~ , - i~ .  
s imi lar  to  D-benzylpenici l lenic  acid which  should  likewise be suscept ib le  t~, r m c h ~ ,  
a t t a c k  to  form t h e  =-amide  of a penicilloic acid. This  reac t ion  would  n o t  be:T~si~di~, 
in the  absence  of CO,.  I n  this  case the  poss ib i l i ty  of b ind ing  t h r o u g h  the  .~a~x~r~{ "~ 
g r o u p  wou ld  n o t  be avai lab le .  

We  would  like to  t h a n k  Dr. O. J A R D E T Z K Y  for his in te res t  in and s u p p o r t  o l z t ~ -  
project .  This  work  was  s u p p o r t e d  bv  g r a n t s  f rom t h e  Na t iona l  Science F ~ d a ~ i < ~ j ,  
(G-I9296)  a n d  the  U.S. Publ ic  H e a l t h  Service (2G-95 and  RG-959I ) .  
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