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ABSTRACT 

A h e a t  e x t r a c t  p repa red  from r a d i o l a b e l e d  Sa lmone l l a  c e l l s  was used t o  

d e t e r m i n e  if c o v a l e n t  b i n d i n g  t o  a c t i v a t e d  s u r f a c e  of p o l y s t y r e n e  p l a t e s  would 

improve a n t i g e n  r e t e n t i o n  t h u s  c o n t r i b u t i n g  t o  i n c r e a s e  s e n s i t i v i t y  i n  a n  enzyme 
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392 ALEIXO ET AL. 

immunoassay for Salmonella antigen. The effect of treatment with 

ethylchloroformate on the retention of antigens passively absorbed to 

polyvinylchloride and polystyrene plates was also investigated. Chemically 

modified plates retained more radiolabeled antigens after washing than did 

untreated plates in which the antigens had been physically adsorbed. However, 

improvement of assay sensitivity depended on the type of plate used for covalent 

hinding of antigen. N-succinimidyl 3-(2-pyridyldithio) propionate (SPDP), was 

found to be potentially useful for mediation of covalent binding of antigens to 

activated plates. 

Key Words: Enzyme immunoassay - covalent hinding - Salmonella 

Abbreviations: EIA-enzyme immunoassay; SPDPIN-succinimidyl 3-(2-pyridyldithio) 

propionate; PVC=Polyvinylchloride; EDC=l-ethyl-3(3-dimethylaminopropyl) 

carbodiimide; MES-2(N-morpholino) ethanesulfonic acid; ETCH=ethylchloroformate 

INTRODUCTION 

Various materials have been proposed for use as solid-phase supports in 

heterogenous enzyme immunoassays, but plastics such as polyvinylchloride and 

polystyrene in the form of microtiter plates have gained acceptance in most 

laboratories. Immobilization of antigens or antibodies on plastic surfaces t s  

usually achieved by simple passive adsorption, a phenomenon attrihuted to 

non-specific hydrophobic interactions (Van Oss and Singer, 1966). In our 

previous studies on immobilization of Salmonella antigens on the surface of 

microtiter plates, passive adsorption was preferred over centrifugation or 

antigen capture by antibody or  polylysine (Aleixo et al., 1983). However, a 

considerable degree of antigen desorption occurs during the washing steps in the 

EIA. In addition, due to the conditions of manufacture of molded plastics, 

variation in the binding characteristics of different batchea or lots of 
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B I N D I N G  OF SALMONELLA ANTIGENS 393 

m i c r o t i t e r  p l a t e s  is expec ted  t o  o c c u r .  These f a c t o r s  a d v e r s e l y  a f f e c t  t h e  

s e n s i t i v i t y  and p r e c i s i o n  o f  t h e  enzyme immunoassay. 

Cova len t  b i n d i n g  of a n t i g e n s  and a n t i b o d i e s  t o  p l a s t i c  s u r f a c e s  h a s  been 

s u g g e s t e d  as one approach  t o  minimtze t h e  above problems and s t i l l  r e t a i n  t h e  

f u n c t i o n a l i t y  of m i c r o t i t e r  p l a t e s  ( C l a r k  and E n g v a l l ,  1980). Rotmans and 

Delwel (1983)  r e p o r t e d  t h a t  E I A  s e n s i t i v i t y  was enhanced when S c h i s t o s m A  

mansoni a n t i g e n s  were immobil ized on c h e m i c a l l y  mod i f i ed  p l a t e s  t h r o u g h  c o v a l e n t  

bonds.  We r e p o r t  h e r e  on t h e  u s e  of d i f f e r e n t  methods f o r  c o v a l e n t  b i n d i n g  of 

Sa lmone l l a  a n t i g e n s  t o  a c t i v a t e d  m i c r o t i t e r  p l a t e s  and on t h e  e f f e c t s  o f  s u c h  

b i n d i n g  on t h e  s e n s i t i v i t y  o f  enzyme immunoassays.  

chosen because  o u r  l a b o r a t o r y  h a s  been engaged i n  t h e  development  o f  a s e n s i t i v e  

enzyme immunoassay f o r  t h i s  organism.  F u r t h e r ,  t h e  s e n s i t i v i t y  o f  s u c h  an  a s s a y  

would depend on t h e  q u a n t i t y  of a n t i g e n  r e t a i n e d  by t h e  s o l i d  m a t r i x .  

T h e r e f o r e ,  any improvements ach ieved  i n  a n t i g e n  r e t e n t i o n  would c o n t r i b u t e  t o  

t h e  achievemnt of o u r  g o a l .  

-- 

The Sa lmone l l a  model was 

MATERIAL AND EETHODS 

S o l i d  phases  -- 

Three  t y p e s  of commerc ia l ly  a v a i l a b l e  p l a s t i c  m i c r o t i t e r  p l a t e s  were used 

i n  t h e  expe r imen t s .  P o l y v i n y l c h l o r i d e  p l a t e s  were o b t a i n e d  from C o s t a r ,  

Cambridge, MA (Lot  No. 1426)  and Dynatech L a b o r a t o r i e s ,  A l e x a n d r i a ,  VA (Lot  No. 

n o t  a v a i l a b l e ) .  P o l y s t y r e n e  p l a t e s  of two t y p e s ,  I m u l o n  I ( L o t s  No. CR 3005 

and CK 402) ,  and Immulon I1 (Lot  No. CK 5502) ,  were o b t a i n e d  from Dynatech 

L a b o r a t o r i e s .  

t r e a t  men t s : 

P o l y s t y r e n e  p l a t e s  were c h e m i c a l l y  mod i f i ed  by t h e  f o l l o w i n g  

( i)  *duction of amino g roups :  In t h i s  p r o c e d u r e ,  as d e s c r i b e d  by 

Rotmans and Delwel (1983) ,  t h e  w e l l s  o f  a p o l y s t y r e n e  p l a t e  were f i l l e d  wi th  0.1 

m l  of  a 1 O X  fuming n i t r i c  a c i d  s o l u t i o n  in g l a c i a l  a c e t i c  a c i d .  N i t r a t i o n  was 
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394 ALEIXO ET AL. 

allowed t o  proceed for 3h a t  5OoC. 

and 0.1 m l  of a 1% sodium d i t h i o n i t e  (Na2S2O4) s o l u t i o n  i n  0.1M NaOH was added. 

Af te r  a n  incubat ion  per iod  of 3h a t  5OoC, t h e  wells were rewashed wi th  t a p  water  

and t h e  p l a t e s  s t o r e d  a t  4OC. 

The wells were washed once wi th  t a p  water 

(11)  I n t r o d u c t i o n  of spacer  molecule:  Suber ic  a c i d  was coupled through one 

of i t s  carboxyl ic  groups t o  t h e  amino group of polyaminostyrene p l a t e s  ob ta ined  

a s  above. 

s u b e r i c  a c i d  and 0.1% (w/v) EDC was added t o  each  w e l l ;  t h e  p l a t e s  were 

incubated overn ight  a t  room temperature  and then  s t o r e d  a t  4OC u n t i l  use. 

One hundred m i c r o l i t e r  of an aqueous s o l u t i o n  c o n t a i n i n g  0.2% (w/v) 

(111) Thio la t ion :  T h i o l  goups were in t roduced  i n t o  t h e  polyaminostyrene 

p l a t e  by t h e  use  of SPDP (Car l sson  e t  a l . ,  1978). An a l i q u o t  of 0.1 m l  of  a 1mM 

s o l u t i o n  of SPDP i n  phosphate b u f f e r  (O.lM, pH 7.5) c o n t a i n i n g  N a C l  (0.1M) was 

added t o  each w e l l  of a polyaminostyrene p l a t e  and l e f t  o v e r n i g h t  a t  room 

temperature .  The wells were washed once with t a p  water ,  t r e a t e d  f o r  5 min wi th  

0.1 m l  of 25mM d i t h i o t r e i t o l  i n  d i s t i l l e d  water and immediately used. 

I so tope  l a b e l i n g  of a n t i g e n s  

Salmonel la  milwaukee was used for p r e p a r a t i o n  of r a d i o l a h e l e d  a n t i g e n s .  

The organism was grown overn ight  i n  M9 b r o t h  (Mania t i s  e t  a l . ,  1982) a t  37OC 

with shaking;  t h e  ce l l s  were harves ted  by c e n t r i f u g a t i o n  a t  1000 g f o r  1 5  min, 

washed once w i t h  phosphate buf fered  s a l i n e  (PBS, 0.02 M, pH 7.4). resuspended i n  

PRS and s t a r v e d  f o r  1.5h a t  room temperature .  The c e l l  suspens ion  was then  

c e n t r i f u g e d ,  resuspended i n  M9 b r o t h  wi thout  W4C1 but c o n t a i n i n g  6 pCi/ml of a 

3H-aminoacid mixture  (Amersham, Ar l ing ton  Heights ,  IL) , and incubated a t  37OC 

for 3h with g e n t l e  shaking.  The l a b e l e d  ce l l  suspens ion  was then  s p l i t  in two 

p o r t i o n s .  I n  o r d e r  t o  remove unincorpora ted  H-aminoacids, one p o r t i o n  was 

washed t h r e e  times wi th  PBS and t h e  o t h e r  t h r e e  times wi th  MES b u f f e r  (0.25M. ptl 

6.0) c o n t a i n i n g  0.1M (w/v) EDC. Both cell  suspens ions  were steamed f o r  l h  i n  

t h e  a p p r o p r i a t e  b u f f e r ,  cooled and s t o r e d  a t  4OC f o r  up t o  7 days. 

a n t i g e n s  p r e p a r a t i o n s  were used i n  t h e  coupl ing  s t u d i e s .  

--- 

3 

These 
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B I N D I N G  OF SALMONELLA ANTIGENS 395 

Coupling a n t i g e n s  t o  m i c r o t i t e r  p l a t e s  

To s t u d y  t h e  e f f i c i e n c y  of u n t r e a t e d  and  a c t i v a t e d  m i c r o t i t e r  p l a t e s  in 

b ind ing  Sa lmone l l a  a n t i g e n s ,  0.1 m l  of t h e  r a d i o a c t i v e  a n t i g e n  p r e p a r a t i o n  

( approxymate ly  3000 cpm) was added t o  each  w e l l  and i n c u b a t e d  a t  37OC f o r  3h 

wi th  g e n t l e  a g i t a t i o n .  The a n t i g e n  p r e p a r a t i o n  in PBS was used t o  s e n s i t i z e  

u n t r e a t e d  p l a t e s  by p a s s i v e  a d s o r p t i o n ,  w h i l e  t h e  p r e p a r a t i o n  in MES b u f f e r  was 

used t o  s e n s i t i z e  p l a t e s  c o n t a i n i n g  f r e e  amino goups or s u b e r i c  a c i d  m o l e c u l e s .  

For p l a t e s  c o n t a i n i n g  t h i o l  g r o u p s ,  1 m l  o f  a n t i g e n  p r e p a r a t i o n  in PBS was 

t r e a t e d  f o r  30 min wi th  10 1 of a 20 mM SPDP s o l u t i o n  in e t h a n o l  b e f o r e  a d d i n g  

t o  t h e  wells. A s c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  r e a c t i o n s  i n v o l v e d  in t h e  

chemica l  a c t i v a t i o n  of p o l y s t y r e n e  p l a t e s  and b i n d i n g  o f  a n t i g e n s  t o  t h e  

a c t i v a t e d  p l a t e s  is shown in F i g u r e  1. F i x a t i o n  of a n t i g e n s  t o  u n t r e a t e d  p l a t e s  

w i th  ETCH was as d e s c r i b e d  by P l a c e  and S c h r o e d e r  (1982) .  Wells t o  which 

a n t i g e n s  had been p a s s i v e l y  adso rbed  f o r  3h a t  37OC were t r e a t e d  w i t h  0.1 m l  of 

a 0.007% s o l u t i o n  of ETCH i n  PBS f o r  2h a t  room t e m p e r a t u r e .  

A t  t h e  end of t h e  r e a c t i o n  t ime  w i t h  t h e  a n t i g e n  p r e p a r a t i o n ,  t h e  c o n t e n t s  

of each  well were a s p i r a t e d  and t h e  wells were manua l ly  washed 5 t imes  w i t h  0.3 

m l  a l i q u o t s  o f  PBS c o n t a i n i n g  0.05% Tween 20 (PBST). The wells were manua l ly  

c u t  from t h e  p l a t e  ( p o l y s t y r e n e  p l a t e s  were c u t  w i t h  h o t  wire and PVC p l a t e s  

were c u t  w i t h  a p a i r  of s c i s s o r s )  and t h e  l e v e l  of r a d i o a c t i v i t y  r e t a i n e d  was 

measured i n  a Beckman LS 7000 l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  The p e r c e n t  

r a d i o a c t i v i t y  r e t a i n e d  was de te rmined  a s  f o l l o w s :  % r a d i o a c t i v i t y  

r e t a ined=[mean  cpm a f t e r  washings/mean cpm added x 100). 

computed from 6 r e p l i c a t e s .  

Mean v a l u e s  were 

Binding t r e a t m e n t s  and E I A  s e n s i t i v i t y  

An enzyme immunassay was performed t o  v e r i f y  whe the r  t h e  t r e a t m e n t s  u sed  t o  

improve b i n d i n g  of Sa lmone l l a  a n t i g e n s  t o  t h e  s u r f a c e  o f  m i c r o t i t e r  p l a t e s  

a f f e c t e d  t h e  s e n s i t i v i t y  of a n  a s s a y  u s i n g  MOPC 467. a monoclonal  a n t i b o d y  
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B I N D I N G  OF SALMONELLA ANTIGENS 397 

s p e c i f i c  f o r  f l a g e l l a r  a n t i g e n i c  d e t e r m i n a n t s  of many Sa lmone l l a  s e r o t y p e s ,  

i n c l u d i n g  & milwaukee (Smith r=t a l . ,  1979) .  

An o v e r n i g h t  c u l t u r e  o f  S. milwaukee i n  b r a i n  h e a r t  i n f u s i o n  h r o t h  was 

d i v i d e d  i n t o  two p o r t i o n s  and t h e  c e l l s  were p e l l e t e d  a t  1000 g f o r  1 5  min. One 

p o r t i o n  was washed once  w i t h  PBS and r e suspended  i n  PBS; t h e  o t h e r  was washed 

once  w i t h  MES b u f f e r  c o n t a i n i n g  EDC and r e suspended  i n  t h e  same b u f f e r .  A f t e r  

removing a n  a l i q u o t  f o r  p l a t e  c o u n t s ,  t h e  c e l l  s u s p e n s i o n  was steamed f o r  l h .  

Decimal d i l u t i o n s  of t h e  s teamed a n t i g e n  p r e p a r a t i o n  were made i n  t h e  

a p p r o p r i a t e  b u f f e r  and added i n  t r i p l i c a t e  t o  t h e  wells of u n t r e a t e d  and  

a c t i v a t e d  p l a t e s  as d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  

Unreac ted  material was removed by washing once  w i t h  PBST; 0.1 m l  o f  MOPC 

4 6 7 - a l k a l i n e  phospha ta se  c o n j u g a t e  ( 2 . 5  ug a n t i b o d y  p r o t e i n / m l ;  p r e p a r e d  by t h e  

one s t e p  g l u t a r a l d e h y d e  p r o c e d u r e  a c c o r d i n g  t o  Voller e t  a l . ,  1969)  i n  PBS 

c o n t a i n i n g  0.5% Tween 20 was added t o  e a c h  w e l l  and t h e  p l a t e  was i n c u b a t e d  f o r  

l h  a t  37OC w i t h  g e n t l e  a g i t a t i o n .  

PBST(u8ing mechan ica l  w a s h e r / a s p i r a t o r  from Dynatech L a b o r a r t o r i e s ) ,  0.2 m l  of 

s u b s t r a t e  s o l u t i o n  (Sigma 104) i n  d i e t h a n o l a m i n e  b u f f e r ( V o l 1 e r  e t  a l . ,  1976)  was 

added. 

a d d i n g  0.05 m l  of 5 M NaOH s o l u t i o n .  

nm i n  a MicroELISA Mini Reader  (Dynatech L a b o r a t o r i e s ) .  

A f t e r  washing t h e  w e l l s  3 t i m e s  w i t h  

The r e a c t i o n  was a l lowed  t o  proceed f o r  30 min a t  37OC and s t o p p e d  by 

The r e a c t i o n  p r o d u c t  was q u a n t i f i e d  a t  410 

RESULTS 

T a b l e  1 shows t h e  r e t e n t i o n  of Sa lmone l l a  a n t i g e n s  by a c t i v a t e d  and  

u n t r e a t e d  m i c r o t i t e r  p l a t e s .  Chemical m o d i f i c a t i o n s  of p o l y s t y r e n e  p l a t e s  

s i g n i f t c a n t l y  (P<0.05) i n c r e a s e d  a n t i g e n  r e t e n t i o n  by t h e  s o l i d  m a t r i x .  Both 

t y p e s  of p o l y s t y r e n e  p l a t e s  showed improved a n t i g e n  r e t e n t i o n  when t h e i r  

s u r f a c e s  were modi f i ed  t o  c o n t a i n  f r e e  amino goups or  s u b e r i c  a c i d  a s  a s p a c e r  

molecu le .  E s t a b l i s h i n g  c o v a l e n t  b i n d i n g  th rough  SPDP r e s u l t e d  i n  b e t t e r  a n t i g e n  

r e t e n t i o n  by Immulon I p l a t e s .  T rea tmen t  o f  a n t i g e n s  a d s o r b e d  p a s s i v e l y  t o  FVC 
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398 ALEIXO ET AL.  

Table 1. Percent  of r a d i o a c t i v i t y  r e t a i n e d  by a c t i v a t e d  and s tandard  p l a s t i c  

s u r f a c e s  . 1 

P l a s t i c  s u r f a c e  

ACTIVATION PVC2 - Polys tyrene  ___ 
Immulon I Immulon 11 ----~-- A B - ---I 

NONE 2.2+0.2a 2. o+o. 2a 1.6+0.Za 3 .e0 .4a  

b 

b 

AMIkO GROUPS - - 2.35.2‘  4.320.6 

SUBERIC A C I D  - - 2.2+0.1bc 4.220.6 

THIOL GROUPS - - 2.850. 3d 3.320. Za 

ETHYLCHLOROFORMATE 2.4+0.3a 2 . e 0 . 1 a  l.YO.2’ 3.E0.3a 

1. 

i n  a column no: having common l e t t e r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from each 

o t h e r  by the  Newman-Keuls procedure (P<0.05). 

2. Po lyvinylch lor ide  

3. PVC A was from Dynatech and PVC B was from Costar .  

Mean of 6 values(from 6 wells of m i c r o t i t r a t i o n  p l a t e )  2 s t d  dev. Numbers 

or polys tyrene  p l a t e s  wi th  e thylch loroformate  d i d  not  s i g n i f i c a n t l y  improve 

a n t i g e n  r e t e n t i o n ,  except  wi th  Immulon I p l a t e s .  Untreated Immulon I1 p l a t e s  

r e t a i n e d  more r a d i o a c t i v i t y  than t h e  o t h e r  p l a t e s  used i n  t h e  s t u d y ,  r e g a r d l e s s  

of whether they were t r e a t e d  or not .  

An E I A  was performed t o  de te rmine  t h e  e f f e c t  of t h e  a c t i v a t i o n  t r e a t m e n t s  

on t h e  s e n s i t i v i t y  of t h e  assay.  A t y p i c a l  example of t h e  r e s u l t s  ob ta ined  wi th  

Immulon I1 p l a t e s  is shown i n  F igure  2. The s e n s i t i v i t y  of t h e  a s s a y  u s i n g  

unt rea ted  p l a t e s  and pass ive  a d s o r p t i o n  of a n t i g e n  was approximate ly  lo6 

cells/ml. 

binding of a n t i g e n  r e s u l t e d  i n  a 10 f o l d  decrease  i n  t h e  a s s a y  s e n s i t i v i t y .  

Pass ive  a d s o r p t i o n  of a n t i g e n  cross - l inked  wi th  carbodi i rnide t o  u n t r e a t e d  p l a t e s  

Act iva t ion  t r e a t m e n t s  which requi red  carbodi i rnide f o r  covalen t  
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n E 1.4 
c 
0 

W 

a' 1.2 
W 

g 1.0 
2i 
E 

v, 

a 0.6 

0 0.8 

m 

0.4 

0.2 

G--* Regular surface 

t--. Regular surface 

&---A Ethylchloroformate 
* Thiol groups 
C+--CI Amino groups - Suberic acid 

Antigen in MES buffer 

Antigen in PBS 

ANTIGEN DI LUTION 
Figure 2 .  S e n s i t i v i t y  of t h e  enzyme immunoassay (EIA)  us ing  a c t i v a t e d  and 

regu lar  Immulon I1 p l a t e s .  Salmonel la  milwaukee a n t i g e n  

preparation ( 1 . 2  X lo9 c e l l s / m l )  was used a t  d i l u t i o n s  i n d i c a t e d .  

For more information on E I A  and a c t i v a t i o n  procedures see 

Material  and Methods. "Regular sur face"  denotes  untreated p l a s i c  

m i c r o t i t r a t i o n  p l a t e .  
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n E 1.4 
t 
0 

W 

5 1.2 

a 

m 

W 

g 1.0 

8 0.8 CI 

v) 

a 0.6 

0.4 

0.2 

*--a Regular surfoce - Regular surface 

b--d Ethylchioroformote 

Antigen In MES buffer 

Antigen in PBS 

*Thioi groups 
0-4 Amino groups / \, - Suberic acid 

ANTIGEN DILUTION 

Figure 3.  S e n s i t i v i t y  of the enzyme immunoassay (EIA) using act ivated and 

regular Immulon I p l a t e s .  

preparation (1 .2  X 10 

For more information on EIA and act ivat ion procedures s e e  

Material and Methods. 

Salmonella milwaukee antigen 

9 ce l l s /ml)  was used a t  d i l u t i o n s  indicated.  
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n E 1.4 
c 
0 5 1.2 
U 

w g 1.0 

s 8 0.8 
v) 

a 0.6 
m 

0.4 

0.2 

Regular plate (A)  
+-a Ethylchloroformate (A) 
1 Regular plate (B) 
&-a Ethylchloroformate (B) 

I I I I I I 

100 ID' 10-2 10-3 10-4 10-5 10-6 

ANTIGEN DILUTION 
Figure 4. Sensitivity of the enzyme immunoassay (EM) using two brands 

( A  and B) of polyvinylchloride plates. Salmonella milwaukee 

antigen preparation (1.2 X 10 cells/ml) vas used 2 t  dilutions 

indicated. 

see Material and Methods. 

9 

For more information on EIA and activation procedures 
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40 2 ALEIXO ET A L .  

a l s o  r e s u l t e d  in d e c r e a s e d  s e n s i t i v i t y .  The u s e  of SPDP or e t h y l c h l o r o f o r m a t e  

d i d  n o t  s i g n i f i c a n t l y  a f f e c t  a n t i g e n  r e t e n t i o n  o r  a s s a y  s e n s i t i v i t y ,  though a t  

i n c r e a s i n g  a n t i g e n  c o n t r a t i o n s  EIA r e a d i n g s  t ended  t o  be h i g h e r  i n  t h e  t r e a t e d  

than  in t h e  u n t r e a t e d  p l a t e s .  

I n  t h e  case of Immulon I p l a t e s  a l l  a c t i v a t i o n  p r o c e d u r e s  improved a s s a y  

s e n s i t i v i t y  ( F i g u r e  3) .  U n t r e a t e d  Immulon I p l a c e s  t o  which a n t i g e n s  d i l u t e d  i n  

PBS were p a s s i v e l y  adso rbed  y i e l d e d  ve ry  low EIA r e a d i n g s  i n d i c a t i n g  t h a t  a 

small amount of t h e  enzyme l a h e l e d  a n t i b o d y  r e a c t e d  w i t h  t h e  immobil ized 

a n t i g e n .  However, t h e  u s e  of a c t i v a t e d  p l a t e s  o r  u n t r e a t e d  p l a t e s  s e n s i t i z e d  

w i t h  a n t i g e n  d i l u t e d  in MES b u f f e r  c o n t a i n i n g  c a r b o d i i m i d e  l e d  t o  a d r a m a t i c  

Lncrease in t h e  E I A  r e a d i n g s .  Such ar? i n c r e a s e  was n o t  obse rved  a f t e r  

e t h y l c h l o r o f o r m a t e  treatment. I d e n t i c a l  r e s u l t s  were o h t a i n e d  u s i n g  two 

d i f f e r e n t  l o t s  o f  Immulon I p l a t e s .  We t e s t e d  t h e  two l o t s  of p l a t e s  i n  a 

sandwich type  of a s s a y ,  u s i n g  MOPC 467 a s  t h e  c a p t u r e  a n t i b o d y .  and I n  a n  

i n d i r e c t  a s s a y ,  u s i n g  a p o l y c l o n a l  Sa lmone l l a  f l a g e l l a r  a n t i s e r u m  and a p r o t e i n  

A-a lka l ine  phospha ta se  c o n j u g a t e  ( A l e i x o  e t  a l . ,  1984). Even though a s l i g h t  

improvement in t h e  EIA r e a d i n g s  cou ld  be obse rved  i n  b o t h  a s s a y s ,  t h e  r e s u l t s  

were s t i l l  u n s a t i s f a c t o r y  ( d a t a  no t  shown). It may be a rgued  t h a t  monoclonal  

a n t i b o d i e s ,  in g e n e r a l ,  do  n o t  f u n c t i o n  well  a s  c a p t u r e  r e a g e n t s ;  however,  MOPC 

467 a n t i b o d y  h..s been demons t r a t ed  t o  he  an e f f i c i e n t  c a p t u r e  a n t i b o d y  i n  o u r  

l a b o r a t o r y .  

Use of e t h y l c h l o r o f o r m a t e  as a f i x a t i v e  i n  W C  p l a t e s  caused  a l o s s  i n  

a s s a y  s e n s i t i v i t y  due  t o  an  i n c r e a s e  i n  background a b s o r p t i o n  ( F i g u r e  4). 

DISCUSSION 

An i n c r e a s e  i n  a n t i g e n  or a n t i b o d y  r e t a i n e d  by t h e  s o l i d  s u r f a c e  is ' 

expec ted  t o  r e s u l t  in a c o r r e s p o n d i n g  increase in t h e  s e n s i t i v i t y  of a 

so l id -phase  enzyme immunoassay. One approach  t o  a c h i e v e  t h e  b i n d i n g  o f  more 
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B I N D I N G  OF SALMONELLA ANTIGENS 403 

l i g a n d  t o  a p l a s t i c  c a r r i e r  h a s  been t o  i n c r e a s e  t h e  a n t i g e n  or  a n t i b o d y  

c o n c e n t r a t i o n  in t h e  c o a t i n g  s o l u t i o n .  However, i t  h a s  been obse rved  t h a t  t h i s  

p r a c t i c e  can  l e a d  t o  a d e c r e a s e  i n  EIA r e a d i n g s  ( E n g v a l l  and Perlmann,  1972; 

C a n t a r e r o  e t  a l . ,  1980; Rotmans and Scheven,  1984) .  T h i s  phenomenon is probab ly  

due t o  a g r e a t e r  detachment  of l i g a n d  from t h e  p l a s t i c  s u r f a c e  ( E n g v a l l  e t  a l . ,  

1971; Herman e t  n l . ,  1979) ,  o r  due  t o  s t e r i c  h i n d r a n c e  caused  by c l o s e  or 

m u l t i l a y e r  pack ing  o f  l i g a n d  molecu le s  ( C a n t a r e r o  e t  a l . ,  1980) .  Cova len t  

b i n d i n g  of a n t i g e n  t o  p o l y s t y r e n e  is a n o t h e r  approach  used  t o  i n c r e a s e  t h e  

amount of s u r f a c e  l i g a n d  a v a i l a b l e  i n  t h e  a s s a y .  Rotmans and D e l w e l  (1983)  used 

a w a t e r  s o l u b l e  c a r b o d i i m i d e  f o r  c o u p l i n g  s c h i s t o s o m a l  a n t i g e n s  c o v a l e n t l y  t o  

po lyaminos ty rene  p l a t e s .  We used  t h e  same procedure  t o  i n v e s t i g a t e  whe the r  

c o v a l e n t  b i n d i n g  of Sa lmone l l a  a n t i g e n s  would improve a n t i g e n  r e t e n t i o n  and 

s e n s i t i v i t y  i n  o u r  a s s a y  system. I n  a d d i t i o n ,  we i n v e s t i g a t e d  t h e  u s e f u l n e s s  o f  

SPDP i n  promoting c o v a l e n t  h i n d i n g  o f  S a l m o n e l l a  a n t i g e n s  t o  po lyaminos ty rene  

p l a t e s .  E t h y l c h l o r o f o n a t e ,  which was r e p o r t e d  by P l a c e  and Schroede r  (1980)  t o  

be e f f i c i e n t  i n  p r e v e n t i n g  d e s o r p t i o n  o f  a n t i b o d i e s  p h y s i c a l l y  a b s o r b e d  t o  

p l a s t i c  s u r f a c e s  was a l s o  t e s t e d .  

Expe r imen t s  w i t h  r a d i o l a b e l e d  c e l l u l a r  a n t i g e n s  showed t h a t  c o v a l e n t  

b i n d i n g  g e n e r a l l y  improved a n t i g e n  r e t e n t i o n  by a c t i v a t e d  p o l y s t y r e n e  p l a t e s .  

I n  t h e  c a s e  o f  a c t i v a t e d  Immulon I p l a t e s ,  i n c r e a s e d  a n t i g e n  r e t e n t i o n  l e d  t o  a 

c o r r e s p o n d i n g  i n c r e a s e  in a s s a y  s e n s i t i v i t y .  However, s u c h  a phenomenon was n o t  

obse rved  f o r  Immulon I1 p l a t e s .  For  example ,  a d e c r e a s e  o f  a s s a y  s e n s i t i v i t y  

was obse rved  f o r  a c t i v a t e d  Immulon I1 p l a t e s  i n  which c a r b o d i i m i d e  was used t o  

e s t a b l i s h  c o v a l e n t  b ind ing .  Two p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  anomalous 

b e h a v i o r  are: (i) d i r e c t  m o d i f i c a t i o n  o f  a n t i g e n i c  d e t e r m i n a n t s  by c a r b o d i i m i d e  

o r  (ii) s h i e l d i n g  o f  a n t i g e n i c  d e t e r m i n a n t s  due t o  i n t e r - o r  i n t r a m o l e c u l a r  

c r o s s - l i n k i n g s  among a n t i g e n  molecu le s .  It is known t h a t  c a r b o d i i m i d e  c a n  

promote e x t e n s i v e  c r o s s - l i n k i n g  of p r o t e i n  molecu le s  unde r  m i l d l y  a c i d i c  

c o n d i t i o n s  (Timkovich,  1977) .  In c o n t r a s t  t o  our o b s e r v a t i o n  w i t h  S a l m o n e l l a  

a n t i g e n ,  Rotmans and Scheven (1984)  d e m o n s t r a t e d  t h a t  i n t e r - m o l e c u l a r  
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c r o s s - l i n k i n g  o f  a n t i g e n  w i t h  c a r b o d i i m i d e  l e d  t o  a n  i n c r e a s e  i n  immunoassay 

s e n s i t i v i t y .  

a f f i n i t y  of polymerized molecu le s  f o r  t h e  p l a s t i c  c a r r i e r .  P r o b a b l y ,  f o r  t h e  

a n t i g e n s  used i n  t h e  above mentioned s t u d y ,  t h e  n e g a t i v e  e f f e c t s  o f  m o d i f i c a t i o n  

or s h i e l d i n g  of a n t i g e n i c  d e t e r m i n a n t s  were overcome by t h e  p o l y c l o n a l  n a t u r e  o f  

t h e  a n t i s e r a  t e s t e d .  

w i th  d v a r i e t y  o f  a n t i g e n i c  s i t e s  on t h e  a n t i g e n  molecu le .  Consequen t ly ,  t h e  

f a c t  t h a t  some o f  t h e  a n t i g e n i c  si tes were u n a v a i l a b l e  f o r  a n t i b o d y  b i n d i n g  

a f t e r  c a r b o d i i m i d e  t r e a t m e n t  was n o t  c r i t i c a l  f o r  t h e  performance of t h e  a s s a y .  

T h e r e f o r e  i n c r e a s e d  a n t i g e n  r e t e n t i o n  r e s u l t e d  in i n c r e a s e d  s e n s i t i v i t y  i n  t h e i r  

a s s a y  system. 

They a t t r i b u t e d  t h i s  improvement in s e n s i t i v i t y  t o  t h e  i n c r e a s e d  

A p o l y c l o n a l  a n t i s e r u m  c o n t a i n s  a n t i b o d i e s  which react 

P a s s i v e  a d s o r p t i o n  of Salmonella_ a n t i g e n  ( d i l u t e d  i n  PRS) t o  u n t r e a t e d  

Immulon I p l a t e s  was s o  i n e f f e c t i v e  t h a t  i t  c o u l d  n o t  be d e t e c t e d  by t h e  d i r e c t  

enzyme immunoassay. An i n d i r e c t  or a santl .:h t v n e  ot a : % - \  ;tiproved a n t i g e n  

r e t e n t i o n  o n l y  s l i g h t l y .  I d e n t i c a l  r e s u l t s  were o b t a i n e d  w i t h  two l o t s  of 

Immulon I p l a t e s .  Low a f f i n i t y  of a n t i g e n s  f o r  c e r t a i n  t y p e s  of p l a t e s  has been 

p r e v i o u s l y  r e p o r t e d  (Kenney and Dunsmoor, 1983).  However, low s u r f a c e  d e n s i t y  

of a n t i g e n  a l o n e  does  n o t  e x p l a i n  t h e  r e s u l t s  o h t a i n e d  i n  t h e  d i r e c t  a s s a y  s i n c e  

some a n t i g e n  r ema ins  adso rbed  t o  t h e  p l a t e  even a f t e r  s e v e r a l  washings (Tab le  

1).  It is p r o b a b l e  t h a t  in a d d i t i o n  t o  i n c o m p l e t e  a d s o r p t i o n ,  t h e  

immunoreac t iv i ty  of t h e  a n t i g e n  was a f f e c t e d  upon b i n d i n g  t o  t h e  p l a s t i c  

s u r f a c e .  Confo rma t iona l  changes a f f e c t i n g  a n t i g e n  r e a c t i v i t y  c a n  o c c u r  upon i t s  

a t t a c h m e n t  t o  p l a s t t c  s u r f a c e  (Mor r i sey ,  1977; P e s c e  e t  a l . ,  1978) .  Cova len t  

h i n d i n g  of a n t i g e n s  t o  a c t i v a t e d  Immulon I p l a t e s  t h rough  c a r b o d i i m i d e  or SPDP 

improved a n t i g e n  r e t e n t i o n  as w e l l  as a s s a y  s e n s i t i v i t y .  C r o s s - l i n k i n g  o f  

a n t i g e n  (MES b u f f e r  c o n t a i n i n g  EDC) b e f o r e  p a s s i v e  a d s o r p t i o n  t o  u n t r e a t e d  

Immulon I p l a t e s  a l s o  improved a n t i g e n  r e t e n t i o n  and a s s a y  s e n s i t i v i t y .  

SPDP has  been used t o  p r e p a r e  immunoadsorhents f o r  a f f i n i t y  chromatography 

(Habeeb, 1981) .  

a n t i g e n s  by u s i n g  SPDP t o  s u b s t i t u t e  t h e  amino g r o u p s  o f  po lyaminos ty rene  p l a t e s  

We g e n e r a t e d  a s o l i d - p h a s e  r e a g e n t  for  c o v a l e n t  b i n d i n g  of 
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BINDING OF SALMONELLA ANTIGENS 405 

w i t h  2 -pyr idy l  d i s u l f i d e  s t r u c t u r e s .  J u s t  b e f o r e  u s e ,  free t h i o l  g r o u p s  were 

g e n e r a t e d  in t h e  p l a t e s  by r e d u c i n g  t h e  d i s u l f i d e  bond w i t h  d i t h i o t r e i t o l  

( F i g u r e  1 ) .  Amino groups  in t h e  a n t i g e n  m o l e c u l e  were s u b s t i t u t e d  w i t h  

2 -pyr idy l  d i s u l f i d e  g roups  t o  e s t a b l i s h  c o v a l e n t  c o u p l i n g  t o  t h e  p l a t e  t h rough  a 

t h i o l - d i s u l f i d e  exchange r e a c t i o n .  Our d a t a  i n d i c a t e  t h a t  t h i s  approach  c a n  be 

used to promote c o v a l e n t  b i n d i n g  of a n t i g e n s  t o  a c t i v a t e d  s u r f a c e s .  SPDP 

mediated b i n d i n g  o f  a n t i g e n  t o  Immulon I p l a t e s  improved a n t i g e n  r e t e n t i o n  and 

a s s a y  s e n s i t i v i t y .  Fo r  a c t i v a t e d  Immulon I1 p l a t e s  SPDP t r e a t m e n t  d i d  n o t  

improve a n t i g e n  r e t e n t i o n  or a s s a y  s e n s i t i v i t y ,  even  though i t  gave  h i g h e r  EIA 

r e a d i n g s .  In t h i s  s t u d y ,  however,  we d i d  n o t  a t t e m p t  t o  v a r y  t h e  d e g r e e  of 

s u b s t i t u t i o n  o f  amino g roups  in t h e  a c t i v a t e d  p l a t e s  or i n  t h e  S a l m o n e l l a  

a n t i g e n  p r e p a r a t i o n  w i t h  2 -pyr idy l  d i s u l f i d e  g roups .  Op t imiz ing  t h e  d e g r e e  of 

s u b s t i t u t i o n  w i t h  2 -pyr idy l  d i s u l f i d e  may y i e l d  improved EIA S e n s i t i v i t y  w i t h  

Immulon I1 p l a t e s .  Advantages of SPDP o v e r  o t h e r  r e a g e n t s  u sed  f o r  c o v a l e n t  

b i n d i n g  o f  a n t i g e n  t o  s o l i d  matrices a r e :  minimum d i s t o r t i o n  o f  t h e  a n t i g e n  

molecu le ,  e l i m i n a t i o n  o f  i n t r a m o l e c u l a r  c r o s s - l i n k i n g s ,  and  e l i m i n a t i o n  o f  

homopolymers fo rma t ion  ( C a r l s o n  e t  a l . ,  1978). F u r t h e r  s t u d i e s  on t h e  

a p p l i c a t i o n  o f  SPDP f o r  c o v a l e n t  b i n d i n g  o f  a n t i g e n s  in s o l i d  phase  EIA are 

needed.  

F i x a t i o n  of p a s s i v e l y  adso rbed  a n t i g e n s  w i t h  ETCH d i d  n o t  improve a n t i g e n  

r e t e n t i o n  in o u r  a s s a y  system. T h i s  o b s e r v a t i o n  was a t  v a r i a n c e  w i t h  t h e  work 

o f  Place and Schroede r  (1982)  who found ETCH t r e a t m e n t  e f f e c t i v e  i n  improv ing  

p r o t e i n  ( a n t i b o d i e s )  r e t e n t i o n  by b o t h  PVC and p o l y s t y r e n e  p l a t e s .  

of e t h y c h l o r o f o r m a t e  is n o t  well unde r s tood .  It h a s  been s u g g e s t e d  t h a t  i t  

would p r e v e n t  d e s o r p t i o n  by i n c r e a s i n g  h y d r o p h o b i c i t y  o f  t h e  adso rbed  p r o t e i n  

( P l a c e  and S c h r o e d e r ,  1982). 

t h e  a c t i o n  

U n t r e a t e d  Immulon I1 p l a t e s  bound more a n t i g e n  t h a n  d i d  WC p l a t e s ;  

however,  EIA s e n s i t i v i t y  was t h e  same f o r  b o t h  t y p e s  o f  p l a t e s .  From t h e  

r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y ,  i t  is e v i d e n t  t h a t  commerc ia l ly  a v a i l a b l e  

Immulon I1 o r  WC p l a t e s  c a n  be used in o u r  enzyme immunoassay sys t em f o r  
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Salmonella a n t i g e n  wi thout  chemical  m o d i f i c a t i o n s .  S ince  t h e  b inding  c a p a c i t y  

of m i c r o t i t e r  p l a t e s  has  been r e p o r t e d  t o  vary  depending on t h e  type  of a n t i g e n  

used i n  t h e  a s s a y  (Kricka e t  a l . ,  1980; Kenny and Ulnsmoor, 1983; Shekarchi  e t  

a l ,  1984) ,  i t  has  been recommended (Shekarchi  e t  a l ,  1984) t h a t  one should test 

s e v e r a l  types  of m i c r o t i t e r  p l a t e s  t o  f i n d  t h e  type  which y i e l d s  opt imal  r e s u l t s  

with a p a r t i c u l a r  a n t i g e n .  Our o b s e r v a t i o n s  wi th  t h e  monoclomal an t ibody MOPC 

467 h i g h l i g h t s  t h e  importance of t h i s  recommendation. The immunoreact ivi ty  of 

an a n t i g e n  and ant igen-matr ix  i n t e r a c t i o n s  would need t o  be cons idered  hefore  

s u h s t i t u t i n e  a monoclonal an t ibody f o r  a polyc lona l  an t i se rum i n  an e x i s t i n g  

enzyme immunoassay system. 
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