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SOLID PHASE ENZYME IMMUNOASSAYS OF 
PERTUSSIS TOXIN USING PEROXIDASE OR 
B I O T I N  LABELLED ANTIBODIES. 

Franqol se Megretl  , Jean-Luc Guesdon2 
and Joseph E. A l o u f l  

IUn i te  des Antigenes Bacteriens (UA, CNRS 557) 
ELaboratoire des Sondes Froldes, 

I n s t l t u t  Pasteur, 75724 Par l s  Cedex 15, France. 

ABSTRACT 

The quanti  t a t 1  ve determl n a t l  on o f  pe r tuss i  s t o x l  n ( P T )  
i s  genera l ly  estimated by b lo log l ca l  t e s t s  which a re  
time-consuming, cumbersome and unsui t ab le  f o r  slmul taneous 
t e s t i n g  o f  a l a r g e  number o f  samples. The present work 
describes a rap ld  and sens i t i ve  ELISA procedure a l l ow ing  PT 
assay based on a sandwlch technique a m p l l f l e d  v i a  
avid1 n - b i o t i n  i n t e r a c t i o n .  As 1 ow as 0.1 ng o f  PT I n  0.1 ml 
sample could be detected by the procedure described. 

KEY WORDS: Pertussi  s t o x i n ,  Enzyme Immunoassay, 
Avid1 n-bi o t i  n amp1 1 f 1 cat1 on. 

INTRODUCTION 

Among the tox ins  produced by Bordete l la  pe r tuss i s  

the causative agent o f  whooping cough, Per tuss is  t o x i n  (PT) 
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44 MEGRET, G U E S D O N ,  AND ALOU, 

(1,2) a l so  known as lymphocytosls promotlng f a c t o r ,  

h l  staml ne-sensl tl z l  ng f a c t o r ,  1 s le t -ac t1  v a t l n g  f a c t o r  and 

pertusslgen ( 3 , 4 , 5 )  appears as the  major t o x l c  p r o t e i n .  PT 

1 n jec ted  1 n t o  experlmental anlmal s , 1 s 1 e tha l  and 1 nduces 

hypoglycemla, 1 eukocytosl s and 1 ymphocytosl s as we1 1 as 

s e n s l t l z a t l o n  t o  t h e  l e t h a l  e f f e c t s  o f  hlstamlne. The t o x l n  

has a l so  adjuvant e f f e c t s  and I s  a po ten t  Immunoqen f o r  

p ro tec t1  on o f  m l  ce agal nst chal 1 enge w l  t h  

per tuss ls  (6 ) .  PT was a l s o  shown t o  f a c i l i t a t e  

progesterone Induced matura t lon  o f  Xenopus oocyte 

( 7 ) .  The t o x l n  has been p u r l f l e d  (8) and It was shown t o  be 

cons t l tu ted  by f l v e  subunl ts ( 9 )  and I n  conformi ty  wi th the  

A ( a c t i v e  fragment or protomer) - 6 (b lnd lng  moiety)  model 

o f  varlous b a c t e r l a l  t o x l n s  ( 1 0 , l l ) .  Subunlt S 1  ( M r  

: 28,000) I s  the  A protomer whlch t r l q g e r s  the  phys lo log l c  

and c e l l u l a r  a c t i o n  o f  PT by ca ta l ys lng  t h e  t r a n s f e r  o f  ADP 

- r l bose  from NAD t o  a 41 KDa p r o t e l n  I n  var lous c e l l s  (12) 

l nc lud lng  r a t  b r a l n  c e l l s  (13). Th is  p r o t e l n  I s  one o f  t h e  

subunl t s  o f  t he  quanl ne nucl eo t l de  r e g u l a t o r y  p r o t e l  n (N1 ) 

t h a t  1 s responsl b l  e f o r  1 nh l  b l  t l on o f  adenyl a t e  cyc l  ase 

(14, 15, 12) and thereby I s  a usefu l  probe f o r  s tudy lng  the  

mechanl sms I nvol ved 1 n coup1 1 ng between receptors  and 

adenylate cyclase (16).  
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PERTUSSIS TOXIN 45 

I n  s p i t e  o f  the g rea t  Importance o f  PT I n  

Immunol o g l  ca l  , b l  ocheml ca l  and b l  o l  ogi  ca l  stud1 es , no 

slmple, r a p i d  and accurate technlques f o r  a quant l  t a t 1  ve 

est lmat lon o f  t he  t o x i n  a re  ava l l ab le .  A v a r i e t y  o f  

1 n v l  vo assays have been descr l  bed based on promotl on 

o f  lymphocytosl s ,  histamine s e n s l t i z a t l o n  and p o t e n t i a t i o n  

o f  I n s u l i n  sec re t i on  (17, 18, 5 )  o r  on the  e f f e c t  on 

Chinese hamster ovary c e l l  s ( 19). These assays have obvl ous 

d l  sadvantages . They a re  expensl ve , ti me-consuml ng and 

requ i re  a nUNlber o f  animals f o r  appropr iate s t a t i s t i c a l  

eval u a t l  on. 

Recently, (20) an enzyrne-linked imrnunosorbent assay 

(ELISA) o f  P T  was developed, based on t h e  s p e c i f l c l t y  o f  

t h l  s t o x l  n f o r  haptogl obi n (21 ) . Thi s haptogl obl n-ELISA 

method showed good c o r r e l a t i o n  w i  t h  1 eukocyte promotl ng 

a c t l v l t y  I n  v lvo.  One ng o f  PT could be detected by 

t h i s  technique. We r e p o r t  I n  t h i s  a r t i c l e  a systematic 

comparatlve study o f  var ious ELISA methods us ing ant igen or  

antlbody coated p la tes  o r  beads, w i t h  o r  wl thout  

amp1 1 f 1 cat1 on systems 1 n order t o  determl ne optimal 

condi t ions f o r  PT immunoassay. We describe a r a p i d  and easy 

enzyme Immunoassay a l l ow ing  the  de tec t l on  o f  as low as 0.1 

ng o f  PT I n  t e s t  samples. 
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46 MEGRET,  G'UESDON , AND ALOUF 

MATERIALS AND METHODS 

Reaqents 

Horseradish peroxldase (Grade 1) was obtained f r o m  

Boehrlnger (Mannhelm, FRG), g e l a t i n  AFNOR 59 002 f r o m  

Rousselot-Kuhlmann (FRG). Tween 20 ,D (+ )  b i o t i n ,  

dlmetylformamlde and 25% glutaraldehyde aqueous s o l u t i o n  

were purchased from Merck (Darmstadt, FRG),  bovine serum 

a1 bum1 n , hydroxyl apa t l  t e ,  Magnogel and I IEAE-Tr l  sacry l  -y 

f r o m  I n d u s t r l e  Blologlque Francalse (Vlllenieuve-La-Garenne, 

France). Av ld l  n , 2-4-6 trl n l  trobenzene su 1 f o n l  c a c l  d , and 

o-phenyl enedlaml ne d l  ch l  or1 de were obta l  ried from Sigma 

chemical Co (Sal nt-Lou1 s , M I  ssourl , USA) red1 s t i l l  ed 

g lycero l  and 30% hydrogen peroxide from Prolabo (Par is,  

France). N-N-carbonyl d l  Imldazol e and N-hydiroxysuccl nlrnld@ 

were obtained from A l d r l c h  Co (Mllwaukete, Wlsc. , USA). 

D-carbonyl 14C-blot ln was purchased from Amersham 

(Bucklnghamshlre, U . K . ) .  AH Sepharose 48 was obtained from 

Pharmacla F1 ne Cheml ca l  s (Uppsal a , Sweden). M I  c r o t l  t r a t l  on 

p la tes w i t h  96, 300 p l  f l a t  bottomed we l l s  were purchased 

from Nunc (Roskllde, Denmark). Polystyrene b a l l s  6.5 mm I n  

d l  ameter were provided by Precl  s l  on P1 a s t l  c B a l l  s Inc.  
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PER.TUSSIS T O X I N  47 

(Chsicago, Ill, USA). Rabbl t  IgG were obtained from Mi les 

Labloratories (Kankakee, I11 , USA). 

- Prgparat i  on o f  P e r t u s s i  s Toxi n 

The t o x i n  was p u r i f i e d  from the  c u l t u r e  supernatant o f  

8 . i e r t u s s i s  509-22 ( I n s t i  t u t  Pasteur Production, Le 

Vaudreuil , France). Bac te r ia l  c u l t u r e  and concentrat ion o f  

c u l t u r e  supernatant f l u i d  were ca r r i ed  out as repor ted 

prev ious ly  ( 5 ) .  PT was p u r i f i e d  by successlve column 

chromatography on hydroxylapat l  t e  (22) and haptogl obi n-AH 

sepharose 48 (23). P u r i f i e d  PT was concentrated on Amicon 

PM 10 membrane (Am1 con, Lexi  ngton, Mass, USA), d i  a1 yzed 

against  150 m m o l / l  NaCl containing 10 mmol/l phosphate 

bu f fe r  pH 7.2 (PBS) and kept a t  -20OC. P ro te in  

izoncentrat ion was measured a f t e r  d i a l y s i s  (24) us ing bovine 

cierum albumin as a standard. 

&I o l  oqi ca l  assay o f  Pertussl  s Toxi n 

The b io log i ca l  a c t i v i t y  o f  PT was determined by the  

measurement o f  1 t s  1 eucocytosl s-promoti ng act1 v l  t y  three 
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48 MEGRET, GUESDON, AND AI.OUF 

days a f t e r  1 n t rape r l  toneal 1 n j e c t i  on o f  appropr i  a t e  

d l l u t l o n s  o f  the t o x i n  I n t o  18-20 g swiss mice. As d e f i  ned 

i n  a prevlous work ( 5 )  one u n i t  o f  leucocytosis promoting 

a c t l y l t y  1s t h a t  amount o f  t o x i n  whlch Increases two-f ’old 

the number a f  whi te  blood c e l l s  per mm3. One u n i t  

of p u r l f l e d  ?T esrresponded t o  about 100 ng o f  p r o t e i n .  

PT. 

w l  t h  

emul s 

PreDaration o f  Ant i  -Dertussi s Toxin IqG 

New Zeal and r a b b i t s  were hyperimmuni zed w l  t h  p u r l  f i ed 

he animals were i n j e c t e d  i n t rade rma l l y  i n t o  the  back 

0.5 m l  o f  PBS containing 5 0  pg o f  non d e t o x l f i e d  PT 

f l e d  I n  0.5 m l  complete Freund adjuvant (Di fcc l  

Laboratories, D e t r o i t ,  Mlch, USA).  They were then in jec tec l  

on days 14, 28, 42 ,  5 2  and 84 w i t h  5 0  pg o f  the Sam(? 

antigen emul s i f i e d  i n  0 . 5  m l  o f  incomplete Freund ad juvan t  

and b led 3 weeks a f t e r  t h e  l a s t  i n j e c t i o n .  The IgG f r a c t l o l n  

was obtalned by f r a c t i o n a t i o n  o f  the Immune serum o n  

DEAE-Tr i  sacryl -M column ( 2 5 ) .  

Prote i  n 61 o t i  nv l  a t 1  on 

Blotinyl-N-hydroxysucclnimide (BNHS) was used . for  

1 ntroduci  ng b i  o t i  n moi e t i  es i n t o  bovl ne serum a1 bum1 n and 
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PERTUSSIS T O X I N  49 

a n t i  PT-IgG respec t i ve l y .  BNHS was prepared (26) by us ing  

N-N-carbonyl d l  I m i  dazol e t o  form an 1 ntermedl a t e  b l  o t l  n 

d e r l  vat1 ve whl ch was subsequent1 y converted 1 n t o  t h e  

N-hydroxysuccl nlmlde es te r  by the  add1 t i o n  o f  

N-hydroxysuccinlmlde. BNHS was kep t  dessl cated under vaccum 

u n t i l  use. Ten m9 o f  BSA o r  IgG were d isso lved i n  1 m l  100 

mmol/l NaHC03 s o l u t i o n  and mixed w i t h  0.18 o r  0.11 

m l  o f  200 mmol/l BNHS s o l u t i o n  i n  d i s t i l l e d  

dlmethylformamlde so t h a t  t o  ob ta in  a BNHS amount o f  3.6 

moles f o r  BSA and 2 . 2 X W 5  f o r  IgG. 

These amounts were selected f o r  the o p t i m i z a t i o n  o f  t h e  

number o f  b i  o t l  n mol ecul es 11 nked per mol ecul e o f  p r o t e l  n 

on the  bas is  o f  4 moles o f  BNHS per mole o f  f r e e  amino 

groups (61 i n  BSA and 90 I n  IgG) as repo r ted  p r e v i o u s l y  

( 2 7 ) .  The r e a c t i o n  m ix tu re  was incubated a t  room 

temperature f o r  1 h and then d ia l yzed  f o r  24 h a t  4 O C  

against  several changes o f  PBS. A f t e r  d i a l y s i s  t h e  f r e e  

am1 no-groups 1 n b i  o t i  n subs t i  t u t e d  p r o t e i  ns were determl ned 

by us ing  the  2-4-6 t r l n l t r o  benzene s u l f o n i c  a c i d  procedure 

(28). An equal volume o f  r e d i s t i l l e d  g l y c e r o l  was added and 

the  prepara t ion  was kep t  a t  - 2 0 O C  u n t i l  used. The 

percentage o f  b l  o t i  nyl ed am1 no-groups f o r  BSA and a n t i  -PT 

IgG was 88.9% and 94.6% respec t i ve l y .  
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50 MEGRET, GUESDON, AND ALOUF 

PreDaratl on o f  Anti -b l  o t i  n Anti bod1 es 

Five hundred micrograms o f  b i o t i n y l a t e d  BSA n 0.5 m l  

o f  PBS were emuls i f ied w i t h  an equal volume o f  complete 

Freund' s adjuvant and 1 n jected subcutaneous1 y i n t o  the back 

and footpads o f  New Zealand rabb i t s .  Two consecutive 

i n j e c t i o n s  o f  0.5 mg b i o t i n y l a t e d  BSA w i t h  adjuvant were 

given subcutaneously a t  three week 1 n te rva l  s t a r t i  ng three 

weeks a f t e r  the f i r s t  immunization. The r a b b i t s  were 

boosted subcutaneously one month l a t e r  w i t h  1 mg o f  

b io t l ny la ted  BSA. Ten days a f t e r  the l a s t  i n j e c t i o n ,  the 

rabb i t s  were bled . 
Ant i  -bi o t l  n a n t i  bod1 es were 1 sol ated by batchwi se, 

mixing 10 m l  o f  the whole Immune serum w i t h  10 m l  o f  an 

immunoadsorbent prepared as fo l lows.  Commercial r a b b i t  IgG 

(7.3 mg) was bound t o  Magnogel by means o f  glutaraldehyde 

(29) .  

The immobi 1 1 zed IgG was then b l o t 1  nyl ated by i ncubati  ng 

the gel overnight a t  room temperature w i t h  15 mg o f  BNHS 

dissolved i n  1 m l  o f  dimethylformamide and then adJusted t o  

10 m l  w i t h  100 m m o l / l  NaHC03 so lu t i on .  B i o t i n  

binding was con t ro l l ed  by incubat ing an a l i q u o t  (50 vl ) o f  

the immunoadsorbent w i  t h  peroxidase- label led av id in .  The 
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PERTUSSIS TOXIN 5 1  

a n t i  -b i  o t l  n a n t i  bod1 es were desorbed from the  

immunoadsorbent by means o f  0.2 N HC1-0.7 mol /l g lyc ine  

bu f fe r  pH 2.8 and, then neutral ized, concentrated and 

d i a l  ysed accord1 ng t o  usual methods. 

The a f f i n i t y  o f  t he  I s o l a t e d  a n t i - b i o t i n  IgG was 

determined by equ i l i b r i um d i a l y s i s  against  var ious 

concentrat ions ( f rom 1.10-6 t o  20 10-6 

mol/1) o f  0-carbonyl 14C-biot i  n (59 mC1 /mmol ) w i  t h  

an I n l t l a l  volume o f  0.4 m l  i n  each chamber o f  t he  d i a l y s i s  

c e l l .  The ant ibody concentrat ion was 1.5 10-6 

mol/ l  . The solvent was 0.15 mol /l NaCl conta in ing 0.010 

mol/ l  phosphate b u f f e r  pH 7.4 and 0.25 g / l  BSA. . The 

r e s u l t s  were analyzed according t o  the law o f  mass a c t i o n  

derived by Scatchard (30). 

PreDarati on of Enzwne-con.luqates 

Peroxldase was coupled t o  r a b b i t  anti-PT IgG and t o  

r a b b i t  a n t l  -b i  o t l  n a n t l  bod1 es by the  one-step 

glutaraldehyde coupl lng procedure (31,32). Av id in  was 

label  1 ed w l  t h  peroxidase as descr l  bed e l  sewhere (27). A f t e r  

coupllng, the preparat lons were stored a t  -20OC I n  50% 
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52 MEGRET, GUESDON, AND ALOUF 

r e d i s t i l l e d  g l yce ro l .  The amount o f  peroxldase used f o r  

conjugation was 2 - fo ld  t h a t  o f  IgG and av id in .  

Enzyme Linked Immunosorbent Assav (ELISA) 

a )  Buffers 

The fo l l ow ing  bu f fe rs  were used: coat ing b u f f e r :  150 

m m o l / l  NaCl containing 10 m m o l / l  phosphate b u f f e r  (pH 7.2) 

; washing bu f fe r :  coat ing bu f fe r  containing 0.1% Tween 20 ; 

1 ncubatl on bu f fe r  : washi ng b u f f e r  contai  n l  ng 0.25% 

gel a t1  n. 

b )  D i rec t  ELISA 

M1 c r o t i  t r a t l  on p la tes  were coated w i  t h  a1 1 quots ( 100 

p l / w e l l )  o f  PT d i l u t i o n s  I? coat ing b u f f e r  a t  

concentratlons ranging f r o m  500 pg t o  0.4 pg o f  t o x i n / l  . 
The p la tes were covered and Incubated a t  3 7 O C  f o r  2 h and 

then a t  4 O C  f o r  14 t o  18 h. A f t e r  coat ing the  p la tes  were 

washed three times w i t h  the washing b u f f e r  and 100 p l  o f  

peroxidase-1 abel 1 ed a n t i  -PT IgG (5 mg/l ) were added 1 n t o  

the wel ls.  The p la tes  were then covered, incubated a t  37OC 

f o r  1 h and washed three times. Peroxldase a c t i v i t y  was 

determined by adding 200 v l  o f  substrate s o l u t i o n  per w e l l .  
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PERTUSSIS TOXIN 53 

This so lu t l on  was composed o f  50 mmol/l c i t r a t e  b u f f e r  (pH 

5.4)  contalnlng 1 g o f  o-phenylenedlamlne d i c h l o r l d e  and 2 

m l  o f  30% hydrogen peroxide per 1. The enzyme r e a c t i o n  was 

stopped a f t e r  10 mlnutes by adding 50 p l  o f  3 N HC1 t o  each 

we1 1 . Absorbance was read w l  t h  a Mu1 tl skan photometer (F1 ow 

Laboratories Inc,  McLean Va, USA) a t  492 nm. 

c )  Sandwich ELISA 

Thi s t e s t  was performed by two d l  f f erent  techni  ques 

based on c o a t i  ng m i  c r o t i  t r a t i  on p la tes  o r  polystyrene b a l l  s 

w i  t h  a n t i  -PT IgG. The m i  c r o t i  t r a t i  on p l a t e  technl  que was 

ca r r i ed  ou t  by coat ing each we l l  w i t h  100 p l  o f  ant lbody 

so lut lons (5 mg/l) i n  coat lng bu f fe r .  The p l a t e s  were 

covered and incubated a t  3 7 O C  f o r  2 h and then a t  4 O C  f o r  

14 t o  18 h. A f t e r  coatlng, t he  p la tes  were washed th ree  

times. PT was d i l u t e d  from 500 pg t o  0.4 pg per 1 i n  t h e  

incubat lon b u f f e r  and 100 p l  o f  t he  s o l u t i o n  were added t o  

the wel ls .  The p la tes  were covered, Incubated a t  3 7 O C  f o r  2 

h and washed three times. 100 p1 o f  peroxldase- label led 

anti-PT IgG (5  mg/ l )  were added t o  the  we l l s .  Subsequent 

steps were s i m l l a r  t o  those described above. 

The po l  ystyrene b a l l  s technl  qwe was performed by 

washing the  b a l l s  i n  d i s t i l l e d  water, d ry ing  a t  37OC and 

coat ing w i t h  four  d i f f e r e n t  doses o f  antl-PT IgG (1,5, 18, 
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20 mg/l) as fo l l ows  

so lu t i on  was placed 

One 

n a g  

The tubes were Incubated 

MEGRET, GUESDON, AND ALOUF 

m l  o f  each d i l u t l o n  o f  coat ing 

ass tube conta in ing th ree  b a l l s .  

f o r  2 h a t  3 7 O C  and overnight a t  

4 O C .  The b a l l s  were then separated, placed I n d i v i d u a l l y  I n  

glass tubes and washed w i t h  three successive 5 m l  po r t i ons  

o f  washing b u f f e r .  Each o f  t he  f o u r  ser ies o f  t he  IgG 

coated b a l l s  were allowed t o  r e a c t  w i t h  three d l f f e r e n t  

concentratfons o f  PT (500, 50, 10 pg/1 o f  Incubat ion 

b u f f e r )  by incubat ing i n d l v i d u a l  b a l l s  w i t h  500 p1 o f  PT 

solut ions a t  37OC f o r  2 h. The b a l l s  were then washed t h r e e  

tlmes as described above. Each b a l l  was then separately 

incubated f o r  1 h a t  3 7 O C  i n  glass tubes conta in ing 500 p l  

o f  peroxldase-label 1 ed a n t i  PT IgG (5  mg/l ) . Peroxl dase 

a c t i v i t y  was determined a f t e r  adding 500 p l  o f  substrate 

i n t o  each t e s t  tube. Enzyme reac t i on  was stopped a f t e r  30 

minutes by adding 60 p l  o f  6 N HC1. 400 p l  a l i q u o t s  o f  each 

tube were t rans fe r red  i nto  m l  c r o t i  t r a t l  on p l a t e  we1 1 s .’ 

Absorbance was determi ned w l  t h  a Mu1 tl skan photometer a t  

492 nm. 

d )  AmDli f lcat ion systems usinq b i o t i n  - l a b e l l e d  I q G  

and Deroxldase - l a b e l l e d  a v i d l n  o r  Deroxldase - 
1 abel 1 ed a n t i  -b l  o t l  n ant1 bod1 es . 

. I  

i >  

Ill 8 1 

‘ 1 ,  

, 

11 i 

I P ,  : 

Well coat ing w i t h  anti-PT IgG fo l lowed by Incubat ion 

wi th  PT were made accordlng t o  t h e  procedure described f o r  
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PERTUSSIS TOXIN 55 

the sandwich technique. Thereafter, 100 p l  o f  b i o t i n  - 
labe l l ed  anti-PT IgG ( 1  o r  5 mg/l) were added i n t o  the  

wel ls.  The p la tes were Incubated a t  37OC f o r  2 h and washed 

three times. Then were added e l t h e r  100 p l  o f  peroxldase - 
l abe l l ed  a v l d i n  a t  two d i f f e r e n t  concentrat lons (1  o r  5 

mg/l) o r  peroxidase - l a b e l l e d  a n t i - b i o t i n  ant ibodles a t  

four d i f f e r e n t  concentrat lons (1, 5, 10 or  20 mg/ l ) .  The 

p la tes were incubated a t  37OC f o r  1 h and washed three 

times. Peroxidase a c t i v i t y  was determined by adding 200 p l  

o f  substrate. Enzyme reac t i on  was stopped a f t e r  10 minutes 

by adding 50 p l  of 3 N HC1 t o  each w e l l .  Absorbance was 

read a t  492 nm. 

RESULTS 

For  t he  f i ve d i  f f  erent procedures descr i  bed 1 n t h i  s 

work the detect ion l i m i t  o f  PT was def ined as the  amount o f  

t o x i n  expressed i n  nanograms corresponding t o  the  mean o f  

background values o f  the o p t i c a l  densi ty  o f  t he  peroxldase 

react1 on p lus three standard devl a t 1  on values . The 

s e n s l t i v l t y  o f  an assay Is def ined as the a b i l i t y  t o  

d i  f f erenci a t e  s i  gni  f 1 cant1 y between small d i f ferences o f  
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56 MEGRET, GUESDON, AND ALOUF 

concentrat i  ons o r  contents. Thl s sensl ti v l  t y  

( d i  scrim1 na t i ve  capab i l i  t y )  depends on v a r l  ous parameters, 

among them the slope o f  the c a l i b r a t i o n  curve i s  t h e  

essent ia l  one. Thus, f o r  the f i v e  d i f f e r e n t  ELISA systems 

described here we compared the slopes o f  t h e  l i n e a r  p o r t i o n  

of  t he  dose-response curves r e f  1 ected by opt1 c a l  dens1 t y  

increase a t  492 nm (Fig.  1, 2 ,  3 ) .  The slopes were 

calculated i n  the  concentrat ion range o f  6 t o  12 ng o f  PT 

(Table 1). 

D i rec t  ELISA 

Thls technique was the simplest one among those devlsed 

I n  t h i s  work. P la te  coat ing concerned on ly  PT. The 

detect ion l i m i t  o f  the t o x i n  (F ig  1, curve A )  was ca. 4 . 5  

ng. The slope value ( 0 . 0 3 )  was low (Table 1). 

Sandwich ELISA without  a m p l i f i c a t i o n  

The s o l i d  phase coated w i t h  anti-PT IgG was e i t h e r  

m i  c r o t i  t r a t i  on p la tes  or polystyrene b a l l  s . The peroxidase 
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0 
0 

ng PT 

FIGURE 1 
Immunoassay o f  per tuss l  s t o x l  n ( P T )  1 n 

m l c r o t l t r a t l o n  p la tes using d i r e c t  ELISA (A) o r  sandwich 
ELISA without  a m p l l f l c a t l o n  system ( B )  or  w i t h  
amp1 1 f 1 cat1 on by b l  o t l  n/avl  d l  n system ( C )  or  
b i  o t l  Want1 -b l  o t l  n a n t l  bod1 es (D)  . 
Curve A: we1 1 s coated w l  t h  1 ncreasl ng PT concentrat l  ons 
fol lowed by peroxldase-label led antl-PT IgG ( 5  mg/ l ) .  
Curve B, C, 0: wel ls  coated w i t h  antl-PT IgG ( 5  mg/ l )  
t reated w l  t h  1 ncreasl ng PT concentrat l  ons and f 01 1 owed by 
e i the r  peroxldase l a b e l l e d  antl-PT IgG, (5  mg/l) (B )  or  
b l o t l n - l a b e l l e d  antl-PT IgG, ( 5  mg/l) ( C  and D )  and 
subsequent add1 ti on o f  e l  t he r  peroxldase-1 abel 1 ed avid1 n, 
( 1 mg/l ) ( C )  or  peroxldase-label 1 ed a n t l  -b l  o t l  n a n t l  bodies 
(10 mg/l) ( D ) .  Enzyme reac t i on  t ime: 10 mln. 
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E 0.3. 

0, 0 2 .  

c 
cy 

d 

0 0.1 0 

1 5 50 

ng P T  

FIGURE 2 
ELISA o f  per tuss is  t o x i n  (PT) using polystyrene b a l l s .  

The b a l l s  were coated w i t h  anti-PT IgG ( 1  , 5, 10, 20 mg/l ) 
respect ive ly  (curves A, 6 ,  C, D )  . The conjugate used was 
peroxidase-1 abel 1 ed a n t i  -PT IgG (5  mg/l ) . Enzyme react1 on 
time: 30 min. 

conjugate used was a t  the same concentrat ion i n  both 

procedures. For the  former , optimal coat ing was obta i  ned 

wi th  5 mg o f  anti-PT IgG/l .  The detect ion l i m i t  was 0.7 ng 

o f  PT (Fig.  1, curve 6 )  and the  slope equal t o  

0.16 (Table 1).  

With the b a l l  procedure optimal coat ing was obtained 

f o r  10 mg o f  anti-PT IgG/l .  The detect ion l i m i t  was 2 ng o f  

PT (F ig .  2)  w i t h  a slope value o f  0.02 (Table 1 ) .  
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E 

N 
Q) 
U 

0 
0 

Minutes 

FIGURE 3 
Enzyme-con jugate b l  ndi ng k i  net1 cs . The experi mental 

condi t ions were s i m i l a r  I n  curves A and I3 except f o r  
peroxidase-conjugate step. The we1 1 s were coated w i t h  
anti-PT IgG (5 mg/l ) and successively f i l  l e d  w l t h  50 pg o f  
P T / l  and then w i t h  b i o t i n - l a b e l l e d  anti-PT IgG (5 mg/l) .  
Peroxidase-avidin conjugate ( 1  mg/l ) (curve A )  or  
peroxldase l a b e l l e d - a n t i - b l o t l n  ant ibodies (10 mg/ l )  (curve 
B )  were added and al lowed t o  r e a c t  f o r  5, 15, 30, 60 or  120 
minutes respec t i ve l y  before washi ng the  p la tes  and then 
add1 ng H202 and o-phenyl enediami ne. B1 ank 
values were substracted from each OD value o f  r e a c t l o n  
wel ls.  Enzyme reac t i on  time: 10 min. 
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TABLE 1 

MEGRET, GUESDON, AND ALOUF 

Comparison o f  t h e  de tec t i on  l l m l t  and s e n s i t i v i t y  o f  t he  
d i f f e r e n t  ELISA procedures devised f o r  PT assay. 

Immunoassay(*) PT de tec t i on  l i m i t ( * * )  

D l  r e c t  EL I SA 

Sandwich ELISA : 
Coated beads 

Coated m i  crop1 a tes  
(c.m. ) w i thout  
amp1 1 f I c a t l  on 

c.m. w l t h  a m p l i f l -  
c a t l  on by b l  o t l  n/ 
a v l d i  n system 

c.m. w l t h  a m p l l f l -  
c a t l  on by b l  o t l  n/ 
a n t i  -b i  o t l  n system 

4.5 f 1 

2 f 0.7 

0.7 f 0.005 

0.1 f 0.02 

0.1 f 0.02 

Slope value(**)  

0.03 f 0.005 

0.02 f 0.005 

0.16 f 0.015 

0.45 f 0.020 

0.45 f 0.020 

(*)  See Mater ia ls  and Methods 
A1 1 experlments were 1 n trl p l  1 cate. 

(**)  See Resul ts 

Sandwich ELISA w l t h  a m p l i f i c a t i o n  by b l o t l n / a v l d l n  o r  

b l  o t l  M a n t i  - b l  o t l  n systems 

These ampl i fy ing systems were used I n  order t o  increase 

the number o f  peroxldase molecules l i n k e d  t o  t h e  ant i -PT 

IgG. The steepness o f  t he  c a l l b r a t l o n  curve w l t h  the  

b l o t l n / a v l d l n  system technique was 3 - f o l d  h igher  ( =  0.45) 
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PERTUSSIS T O X I N  63 

than the sandwich ELISA (Table 1).  The de tec t i on  l l m l t  was 

ca. 0.1 ng which was the re fo re  7 - fo ld  l e s s  (F ig .  1, curve 

C ) .  I n  t h i s  technique the best r e s u l t s  were obtained by 

using 5 mg/l o f  b l o t l n y l a t e d  antl-PT IgG and 1 mg/l o f  

peroxldase - a v l d l n  conjugate. 

For t h e  b l o t 1  n /an t l  -b l  o t l  n system, the r e s u l t s  were 

I d e n t l  ca l  t o  the b l  o t l  n/avl  d l  n system as regards detect1 on 

l l m l t  (F ig.  1, curve D )  and s e n s l t l v l t y  (Table 1) .  Optimal 

r e s u l t s  were obtained by using 5 mg/l o f  b l o t l n y l a t e d  

antl-PT IgG and 10 mg/l o f  a n t l - b l o t l n  ant ibodies.  The 

a f f  1 n l  t y  o f  these a n t l  bodl es determl ned by equl 11 b r l  um 

d i a l y s i s  was r e l a t i v e l y  weak ( K A  = 0.5 x 

106 M - l ) .  

Enzyme - con.luqate b l  ndl nq k l  n e t l  cs 

The enzyme-con jugate b l  ndl  ng k l  n e t l  cs was stud1 ed under 

the optimal condi t ions f o r  each system by incubat ing 

peroxldase - 1 abel 1 ed a v l d l  n o r  a n t l  -b l  o t l  n a n t i  bodl es f o r  

various times (from 5 t o  120 minutes). Blndlng sa tu ra t i on  

was obtained a f t e r  15 minutes o f  Incubat ion w i t h  

a n t l  -b l  o t l  n a n t l  bodl es whereas 60% b l  ndl ng was observed f o r  
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62 MEGRET, GUESDON, AND ALOUF 

the same incubat ion t ime w i t h  av ld in .  Optimal b ind ing was 

reached a f t e r  about 100 minutes (Fig. 3). However, the non 

specl f 1 c adsorpt i  on was higher w i  t h  peroxi  dase a n t i  -b i  o t l  n 

antibody conjugate as compared t o  peroxldase-avldl n 

conjugate. The background value was 0.5 u n i t  o f  o p t i c a l  

densi ty  f o r  the former conjugate and 0.035 u n i t  f o r  the 

1 a t t e r  ( 1 h 1 ncubatl  on w i  t h  con jugate) .  

DISCUSSION 

Pertussis Toxin I s  an important ant igen w i t h  m u l t i p l e  

pharrnacol ogi ca l  act1 v l  ti es (2,  4 ) .  Stud1 es on PT have been 

hindered by the lack o f  a r a p i d  and r e l i a b l e  

v i t r o  assay (see In t roduc t i on ) .  I n  t h i s  work we 

described and compared d i f f e r e n t  enzyme lmmunoassays us1 ng 

e i the r  m i c r o t i t r a t i o n  p la tes  or  polystyrene beads as s o l i d  

supports and e i t h e r  peroxidase or b i o t i n - l a b e l l e d  anti-PT 

IgG conjugates . When b i  o t i  ny la ted a n t i  -PT IgG was employed, 

peroxldase-label1 ed a v l d l n  o r  peroxidase-label l e d  

a n t i  -b i  o t l  n a n t i  bod1 es were used t o  determl ne a n t i  -PT 

a n t i  bod1 es specl f 1 c a l l  y bound t o  PT. 

PT can be attached t o  a polystyrene mlcroplate and 

detected d i r e c t l y  by peroxidase-label l e d  a n t i  -PT IgG but  
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PERTUSSIS TOXIN 63 

t h l  s d l r e c t  ELISA method was moderately sensl t l v e .  The 

detect ion l i m i t  was 4.5 ng o f  P i .  Moreover, t he  presence o f  

contaml n a t i  ng Bordetel 1 a per tuss l  s p r o t e l  ns may 

compete w i t h  PT coat ing o f  polystyrene surface. It was 

therefore be t te r  t o  use a sandwich technique by coat ing the 

polystyrene surface w i t h  IgG ant ibodies separated from 

lmmunue sera o f  r a b b l t s  immunized w i t h  a h i g h l y  p u r i f i e d  

t o x l  n preparation. Two procedures were devl sed us1 nq e l  t he r  

m l  c r o t l  t r a t l  on p la tes  o r  pol  ystyrene b a l l  s . The comparl son 

o f  t he  r e s u l t s  obtalned f o r  the s o l i d  phases c l e a r l y  showed 

t h a t  the best s e n s i t i v i t y  was observed w i t h  the  p la tes  

(Table 1).  Indeed, anti-PT ant ibodies adsorbed on 

microplates allowed the de tec t i on  o f  0.7 ng whereas the 

detect lon l i m i t  was 2 ng w i t h  t h e  bal l -coated ant lbodles.  

Many groups used as we d i d  one step glutaraldehyde 

method f o r  l a b e l l i n g  IgG. Thls procedure has been 

successful l y  employed 1 n various quantl  t a t 1  ve enzyme 

Immunoassays ( 3 3 , 3 4 ) .  As shown by previous workers, 

peroxldase a c t l v l t y  a f t e r  coupl ing re ta ined  70% o f  the 

1 n l  tl a1 a c t l  v l  t y  o f  n a t l  ve enzyme (35,36). The res ldua l  

ant1 body a c t l  v l  t y  1 n peroxl  dase 1 abel 1 ed an t  -PT conjugate 

was d l  f f 1 cul  t t o  quantl  f y  by convent1 onal mmunocheml ca l  

methods because o f  the h l  gh molecular weight and mol ecul a r  

heterogenelty o f  enzyme p r o t e i n  conjugates as i n f e r r e d  from 
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gel f 11 t r a t i  on and u l  t r a c e n t r l  f u g a t i  on anal y s i  s . I n  

contrast ,  no polymer1 z a t i  on took place when a n t l  bod1 es were 

subst i tuted by b i o t i n  residues. Moreover, i t  has been 

demonstrated t h a t  a n t i  gen-bi ndi ng capaci t y  o f  even heavi 1 y 

b i  o t i  n-substi  tu ted a n t i  body was no t  sign1 f 1 cant1 y a f fec ted  

(27). I n  t h i s  work, we showed t h a t  t he  de tec t i on  l i m i t  

decreased 7 - f  01 d when b i  o t l  n-1 abel 1 ed a n t i  -PT IgG were used 

1 nstead o f  peroxldase-1 abel 1 ed IgG. Indeed, the  detect1 on 

l i m i t  was 0.1 ng PT per sample (0.1 m l )  by a m p l i f i c a t i o n  o f  

the react1 on w l  t h  peroxidase 1 abel 1 ed a n t i  -b l  o t i  n 

a n t l  bod1 es o r  av i  d i  n . 
Avidin i s  known t o  adsorb non s p e c i f i c a l l y  on various 

substances and s o l i d  phases due t o  i t s  h igh i s o - e l e c t r i c  

p o l n t  (PI = 10) (37,38). We d i d  no t  observe t h i s  non 

spec1 f 1 c adsorpt i  on, probably because the peroxidase-avid1 n 

conjagate was prepared by using the  one-step glutaraldehyde 

method. G1 u t a r a l  dehyde reacts  w l  t h  pr imary am1 no groups and 

thus a f t e r  glutaraldehyde treatment, t he  PI o f  a v i d i n  I s  

decreased (27). Moreover, the background was much higher 

used peroxidase a n t l  -b i  o t i  n a n t i  bod1 es conjugate 

peroxi dase-avid1 n conjugate. Thi s observat l  on 

ained as fo l lows:  i n  order t o  ob ta in  the same 

and the  same detect ion l i m i t ,  It was necessary 
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PERTUSSIS TOXIN 65 

t o  d i l u t e  enzyme ant ibody  conjugate t o  20 mg perox idase/ l  

and t o  d i l u t e  enzyme - a v l d i n  conjugate t o  2 mg 

peroxldase/l  . As peroxidase concent ra t lon  was 1 0 - f o l d  

higher w l t h  the  former conjugate, t he  consequence was a 

higher non s p e c i f i c  adsorp t ion  o f  peroxldase on an t ibody  

coated surface. 

It may be thought t h a t  us lng  a v i d l n  ( K A  z 

1015 1 /mol ) 1 nstead o f  a n t l  - b i  o t i  n a n t l  bodl es 

( K A  = 106 l /mol )  should Increase t h e  

s e n s l t i v i t y  o f  t he  enzyme immunoassay. I n  f a c t ,  we found 

t h a t  peroxldase-1 abel 1 ed a n t i  -b i  o t l  n a n t i  bod1 es were as 

e f f i c i e n t  as peroxldase-avldin conjugate f o r  t he  

q u a n t i t a t l v e  assay o f  PT. The dose response curves obtained 

w i  t h  both conjugates were qul t e  superlmposabl e. Moreover, 

the  k i n e t i c  study showed t h a t  the  p la teau  was reached 

ea r l  l e r  w i  t h  peroxidase-ant1 body conjugate than w l  t h  

peroxidase a v i d l n  conjugate. The lack  o f  inc rease o f  

sensl ti v i  t y  by r e p l a c i  ng a n t i  - b l  o t l  n a n t l  bodl es by a v l  d i  n 

can be explained by  t he  f a c t  t h a t  a v i d i n  has a h igh  

a f f i n l t y  f o r  f r e e  b i o t i n  and probably a l esse r  a f f i n i t y  f o r  

b l o t l n  cova len t l y  l i n k e d  t o  a p ro te in .  On t h e  o ther  hand 

a n t i  -b lo t1  n a n t i  bodies were ob ta i  ned by r a b b i t  

immuni z a t l  ons w i  t h  b i  o t i  ny l  ated-BSA and probab ly  the  
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a f f i n i t y  measured w i t h  f r e e  b i o t i n  d i d  n o t  r e f l e c t  the t r u e  

a f f i n i t y  o f  a n t l - b i o t i n  ant ibodies.  Thus associat ion 

constant o f  a n t l  -b i  o t l  n a n t l  bod1 es and avid1 n f o r  f r e e  

b i o t i n  could not  be compared when developing ELISA t o  

se lect  e i t h e r  reagent. Moreover, the background d i f f e r e d  

f r o m  one b i o l  ogl ca l  system t o  another. I n  concl us1 on, t he  

most e f f l c l e n t  ELISA system f o r  t he  q u a n t i t a t i v e  

determi n a t l  on o f  per tuss l  s t o x l  n among those tested was 

a n t i  -PT IgG coated m i  crop1 ate,  b l  o t l  n-1 abel 1 ed a n t l  -PT IgG 

and peroxldase-avl d i  n conjugate. Thl s enzyme lmmunoassay 

allows the detect ion o f  as l o w  as 0.1 ng I n  0.1 m l  

samples. It might be p a r t i c u l a r l y  su i tab le  f o r  t o x i n  

monitoring dur ing p u r i f i c a t i o n  processes. It I s  t o  be noted 

t h a t  a b e t t e r  s e n s i t i v i t y  a l lowing the de tec t i on  o f  50 - 
100 pg o f  t o x i n  per m l  can be obtained by t h e  

v l t r o  mlcroplate assay based on the c l u s t e r i n g  e f f e c t  

o f  PT on chlnese hamster ovary c e l l s  (19).  However t h i s  

technique I s  l e s s  convenient as compared t o  the  method 

described here f o r  r o u t i n e  and less  expensive assays. 
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