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AN ULTRASENSITIVE RADIOLIGAND ASSAY FOR IgG 
USING THE PROTEIN A ON STAPHYLOCOCCUS AUREUS BACTERIA 

Gerald J M Tevaarwerk, W i l l i am F Clark, C l i v e  I Rose, 

The Department o f  Medicine, U n i v e r s i t y  o f  Western Ontario, London, Canada. 

Tracey A T Mor ia r i t y ,  Carolyn J Hurst .  

ABSTPACT 

The purpose o f  t h i s  study was t o  develop a simple and s e n s i t i v e  assay t o  meas- 
ure IgG. Human IgG was rad io labe l l ed  w i t h  ' Iod ine and 7 . 5  ng was incubated w i t h  
h e a t - k i l l e d  Staphylococcus aureus bac te r ia  (Cowan 1 s t r a i n ) .  To r e p l i c a t e  se ts  o f  
tubes, increas ing amounts o f  a standard IgG preparat ion were added. The samples were 
incubated a t  room temperature f o r  two hours and separated by c e n t r i f u g a t i o n .  
t h i s  assay i t  was found t h a t  the IgG concentrat ion could r e a d i l y  be determined i n  one 
n a n o l i t e r  o r  l ess  o f  human serum. 
IgE and IgM o r  the F (ab ' )2  fragment o f  IgG. S e r i a l  d i l u t i o n s  o f  normal human o r  SLE 
sera, r a b b i t  o r  guinea p i g  sera, the Fc fragment o f  human IgG and a mouse tmnoclonal 
anti-human DNA antibody p a r a l l e l l e d  the dose response curve obtained w i t h  standard 
human IgG, 
method. The mean ( t S D )  IgG concentrat ion i n  20 normal subjects  measured by t h i s  
assay was 10 t 3.6 g/L. 

Using 

There was no s i g n i f i c a n t  c r o s s - r e a c t i v i t y  w i t h  IgA, 

The method co r re la ted  we l l  (r=0.89) w i t h  a r o u t i n e l y  used nephelometric 

INTRODUCTION 

The measurement o f  imnunoglobulin l e v e l s  i n  b i o l o g i c a l  f l u i d s  i s  a f requen t l y  

used technique. 
g l o b u l i n  G (IgG) bu t  they requ i re  r e l a t i v e l y  l a r g e  amounts o f  assay ma te r ia l .  

been shown by several authors t h a t  Staphylococcus aureus of t he  Cowan 1 s t r a i n  con- 

t a i n s  Fc receptors  on i t s  c e l l  wa l l  t h a t  b ind  IgG (1-4). The s p e c i f i c i t y  and h igh  
a f f i n i t y  o f  p r o t e i n  A makes i t  an idea l  agent f o r  the development o f  an assay t h a t  

would a l l ow  the  measurement o f  small amounts o f  IgG. 

Several methods are p resen t l y  a v a i l a b l e  f o r  t he  es t ima t ion  o f  innnuno- 

It has 

METHODS 

t i ea t - k i l l ed  Staphylococcus aureus bac te r ia  (Cowan 1 s t r a i n )  were used as a source 

o f  p r o t e i n  A and were obtained from The Enzyme Centre, Inc. (Malden, MA, USA) as a 
preparat ion known as IgGSorb. 
t o r i e s ,  (Cochranvi l le ,  PA, USA). 

PREPARATION OF LABELLED IgG 

Monomeric human IgG was obta ined from Cappel Labora- 

IgG was l a b e l l e d  w i t h  l Z 5 I o d i n e  us ing the  chloramine T method descr ibed by Green- 

wood and Hunter ( 5 ) .  One mg of monomeric human IgG was d isso lved i n  25 p1 o f  0.5M 
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Fig. 1. 
bacter ia .  
the h e a t - k i l l e d  bac te r ia  and made up w i t h  1.0% BSA phosphosaline b u f f e r  t o  a f i n a l  

volume o f  50 p l .  A f t e r  two hours incubat ion a t  RT the  tubes were centr i fuged,  the 
supernatants discarded, and the r a d i o a c t i v i t y  determined i n  the  p r e c i p i t a t e s .  To 
r e p l i c a t e  se t  o f  tubes unlabel led IgG was added i n  the  concentrat ions ind icated.  

Oose response curve of  IgG w i t h  the p r o t e i n  A on the surface o f  Staph aureus 
F i f t y  femtomoles o f  '"I-IgG were added t o  20 p1 o f  a 0.02% suspension o f  

phosphosaline bu f fe r ,  pH 7.4. One m C i  o f  Na lZ5I (Amersharn, Oakvi l le ,  Ont., Canada) 
i n  10 p1 was added and mixed w e l l .  

o f  bu f fe r ,  was then added and al lowed t o  r e a c t  f o r  one minute. The o x i d a t i o n  reac t -  

i o n  was stopped by adding 400 pg sodium metabisu lph i te  i n  500 p1 bu f fe r .  A f t e r  mix- 
i ng  f o r  10 sec. 500 pg o f  BSA i n  20 p l  o f  b u f f e r  was added. 
ted  on a 50 x 1 cm Sephadex 650 column us ing assay b u f f e r .  
t race r  was checked by incubat ing i t  w i t h  p r o t e i n  A by i t s e l f  t o  determine i t s  bind- 
i n g  and w i t h  un label led IgG t o  determine i n h i b i t i o n  o f  s p e c i f i c  t race r  binding. 

Freshly prepared chloramine T, 200 pg i n  20 p1 

The products were separa- 

The performance o f  the 

BINDING STUDIES OF 1251-1g~ WITH PROTEIN A 

F i f t y  femtomoles (7.5 ng) o f  '"I-IgG was incubated a t  room temperature (RT) fo r  
2 hours w i t h  s u f f i c i e n t  p r o t e i n  A t o  r e s u l t  i n  a bound t o  f r e e  r a t i o  (B/F) o f  approx i -  
mately 0.3. The f i n a l  incubat ion volume was 50 u l .  A t  the end of the incubat ion 
per iod 1 m l  o f  0.9% s a l i n e  conta in ing 1% Tween was added t o  each tube and the tubes 
were centr i fuged f o r  30 min. a t  2000 g. 
a c t i v i t y  i n  the p r e c i p i t a t e  counted i n  a gamna counter. 
was obtained by adding increas ing amounts o f  un labe l l ed  IgG t o  a se t  o f  tubes pre-  
pared as described above. 

The supernatant was decanted and the rad io -  

A dose response curve (F ig .  1 )  
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Fig.  2. E f f e c t  on IgG b ind ing t o  p r o t e i n  A o f  incubat ion time, temperature, pH and 

albumin concentrat ion. 

periments being done a t  d i f f e r e n t  times. Maximum bind ing was reached a f t e r  2 hours 

incubat ion a t  an albumin concentrat ion o f  a t  l e a s t  1%, a temperature o f  4OC t o  room 
temperature and a t  a pH o f  8 t o  8.5. 

The v a r i a t i o n  i n  maximum bind ing reached i s  due t o  the  ex- 

O P T I M I Z A T I O N  OF ASSAY CONDITIONS 

The e f f e c t  o f  temperature, incubat ion time, pH and albumin concentrat ion o f  the 

assay b u f f e r  on b ind ing a t  e q u i l i b r i u m  was s tud ied  by i ncuba t ing  the assay components 

i n  the usual manner but  vary ing any one o f  t he  above (see F ig.  2 ) .  

DETERMINATION OF CROSS REACTIVITY OF IgA, IgE, Ig t l  and the Fc and F ( a b ' ) *  FRAGMENTS 

OF IgG 

A dose response curve, s i m i l a r  t o  the one described f o r  IgG, was performed w i t h  

IgA, IgE and 1911 and the Fc and F (ab ' )2  fragments o f  IgG. The procedure was i d e n t i -  
c a l  t o  t h a t  used f o r  IgG i n  every respect except t h a t  equimolar amounts o f  one o f  
the above were subs t i t u ted  f o r  the IgG. 

EFFECT OF SERIAL DILUTION OF NORMAL HUMAN AND SLE SERA AND RABBIT AND GUINEA P I G  

SERA ON THE AMOUNT OF IgG DETECTED 

Serum samples from the above sources were assayed a t  var ious d i l u t i o n s  and the 

r e s u l t s  compared a f t e r  a c o r r e c t i o n  had been made f o r  the d i l u t i o n .  
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270 TEVAARh'ERK ET AL. 

EFFECT OF MOUSE IlONOCLONAL ANTI-HUMAN-DNA ANTIBODY ON BINDING OF "'I-IgG. 

Equimolar amounts o f  a mouse IgG ant ibody t o  human DNA, prepared by E.G. Tron 

(Par is ,  France) using a hyb r id  c e l l  l i n e ,  were assayed and the  e f f e c t  on i n h i b i t i n g  

1251-IgG b ind ing compared t o  t h a t  o f  the human IgG standard, 

ASSAY PRECISION 

The in t ra-assay p rec i s ion  was determined by assaying 36 r e p l i c a t e  20 p1 a l i q u o t s  

Inter-assay p rec i s ion  was based on measuring a l i q u o t s  from the  same serum i n  
o f  a 1:20,000 d i l u t i o n  o f  human serum with an IgG concentrat ion i n  t h e  mid-normal 
range. 
12 consecutive assays. 

IEASUREIIENT OF IgG LEVELS I N  HUMAN SERUM 

The c o e f f i c i e n t s  o f  v a r i a t i o n  (CV) were then ca lcu lated.  

Serum was c o l l e c t e d  from 20 normal vo lunteers ranging i n  age 23 t o  45 years o f  
age. The samples were d i l u t e d  1:20,000 w i t h  assay b u f f e r  and 20 ~1 a l i q u o t s  (con- 
t a i n i n g  one n a n o l i t e r  o f  neat serum) were used i n  the  assay. 

CORRELATION WITH NEPHELOMETRIC ASSAY USING A RABBIT ANTI-HUMAN IgG ANTIBODY 

Thi r ty-seven c l i n i c a l  samples from p a t i e n t s  w i t h  vary ing IgG abnormal i t ies  were 
assayed by a nephelornetric assay, based on a r a b b i t  anti-human IgG antibody (6). 
They were then assayed by the p r o t e i n  A assay us ing a 1 n a n o l i t e r  volume o f  neat 

serum added as 20 p1 o f  a 1:20,000 d i l u t i o n .  The r e s u l t s  o f  the two assays were 
p l o t t e d  against  each o the r  and t h e i r  c o e f f i c i e n t  o f  c o r r e l a t i o n  ca lcu lated.  

RESULTS 

It was found t h a t  maximum bind ing o f  '"I-IgG occurred a f t e r  two hours incubat ion 

(Fig. 2). B ind ing was s i m i l a r  a t  4OC and room temperature b u t  s i g n i f i c a n t l y  l ess  a t  

37OC. Maximum bind ing occurred a t  pH 8 t o  8.5 bu t  the increase i n  b ind ing  over t h a t  
occurr ing a t  phys io log ic  pH was minimal. 
albumin concentrat ion i n  the assay bu f fe r :  b ind ing  i s  reduced a t  a BSA concentrat ion 

o f  l ess  than 1%. Based on these f i nd ings  assays were performed a t  room temperature, 
using an incubat ion t ime o f  2 hours and an assay b u f f e r  o f  pH 7.4 con ta in ing  1% BSA. 
Non-specif ic b ind ing va r ied  between 1.5 and 4%. 

F igure 2 a l so  demonstrates the e f f e c t  o f  

F igure 1 shows the dose response curve obtained w i t h  a human IgG standard. The 

i n i t i a l  p a r t  o f  the curve shows t h a t  un labe l l ed  IgG i n  the femtomole range causes 
s i g n i f i c a n t  i n h i b i t i o n  o f  l a b e l l e d  IgG b ind ing.  

revealed an i n i t i a l  a f f i n i t y  constant o f  1.4 x l o 9  L/mol ( 7 ) .  

Scatchard ana lys i s  o f  the curve 

F igure 3 shows t h a t  s e r i a l  d i l u t i o n s  o f  pooled normal human serum, human SLE 
serum, r a b b i t  serum and guinea p i g  serum p a r a l l e l  t he  dose response curve obta ined 

w i t h  the standard human IgG preparation. 

Imnunoglobulins A, E and M had no i n h i b i t o r y  e f f e c t  on the b ind ing  o f  rad io labe l -  
IgE showed some i n h i b i t o r y  e f f e c t  a t  very  h igh  concentrat ions wh i l e  l e d  IgG (Fig. 4). 

both IgA and IgM showed an increase i n  t h e  p r e c i p i t a t i o n  o f  r a d i o l a b e l l e d  IgG. The 
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Fig. 3. 
Serum samples from a pool o f  normal human subjects, a p a t i e n t  w i t h  severe systemic 

lupus erythematosis (SLE), a r a b b i t  and a guinea p i g  were d i l u t e d  s e r i a l l y  and 

assayed f o r  the IgG concentrat ion. The r e s u l t s  were p l o t t e d  by p lac ing  the i n t e r -  

mediate r e s u l t s  on the  standard curve w h i l e  the  remaining values were p l o t t e d  by 
s e r i a l l y  doubl ing the l ess  d i l u t e d  samples and s e r i a l l y  ha l v ing  the  more d i l u t e d  

ones. I n  order  t o  be able t o  compare assays performed a t  d i f f e r e n t  times the r e s u l t s  

were expressed as B / B ~ .  A l l  f o u r  serum samples p a r a l l e l l e d  the curve obta ined w i t h  
the standard human IgG preparat ion.  

Measurement o f  serum IgG from var ious species i n  s e r i a l l y  d i l u t e d  samples. 

F (ab ' )2  fragments had no e f f e c t  on IgG b ind ing  wh i l e  the Fc fragments p a r a l l e l l e d  the 

e f f e c t  o f  t he  standard human IgG p repara t i on  a t  low concentrat ions and was somewhat 

l ess  e f f e c t i v e  a t  h igh  concentrat ions. A monoclonal mouse IgG ra i sed  aga ins t  human 
DNA showed a greater  e f fec t i veness  i n  i n h i b i t i n g  the b ind ing  o f  l a b e l l e d  IgG than d i d  
the standard human IgG preparat ion.  This e f f e c t  was conf ined t o  the low concentrat ion 

(F ig .  4 ) .  

The in t ra-assay CV f o r  a human serum sample w i t h  an IgG concen t ra t i on  i n  the  mid- 
normal range was 2.6 percent w h i l e  the in terassay CV was 6.5%. 
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Fig.  4. 
t he  P ro te in  A o f  Staph aureus. 
F(ab'),  fragment o f  IgG had no i n h i b i t o r y  e f f e c t  on t h e  b ind ing  o f  '"I-IgG w h i l e  
IgE had a minimal e f f e c t  (poss ib l y  due t o  IgG contamination o f  the sample). The 

e f f e c t  o f  the Fc fragment o f  IgG was s i m i l a r  t o  i n t a c t  IgG a t  low concentrat ions bu t  
somewhat l ess  a t  h igher  concentrat ions. 
pa ra t i on  competed more e f f e c t i v e l y  f o r  the b ind ing s i t e s  than t h e  p u r i f i e d  IgG stand- 

a rd  a t  low but  not  h igh concentrat ions. 

Comparison o f  the b ind ing o f  var ious i n u n o g l o b u l i n s  and IgG fragments t o  
Equimolar concentrat ions o f  IgA  and IgM and the 

A mouse monoclonal anti-DNA a n t i  body pre-  
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AN ULTRASENSITIVE RADIOLIGAND ASSAY FOR IgG 2 73 

The mean (+-SO) serum concentrat ion o f  IgG i n  10 normal males was found t o  be 
10.4 f 3.4 g/L wh i l e  i n  10 normal females i t  was found t o  be 9.6 f 4.1 g/L. 

s u l t s  obtained i n  37 pa t i en ts  w i t h  widely  vary ing IgG l e v e l s  were compared t o  a nephelo- 
me t r i c  assay and the c o r r e l a t i o n  c o e f f i c i e n t  was found t o  be 0.89. 

The r e -  

DISCUSSION 

The rad io l i gand  assay described here i s  based on the a b i l i t y  o f  p r o t e i n  A t o  b ind 
IgG w i t h  great  s p e c i f i c i t y  and h igh a f f i n i t y .  The r e s u l t s  show t h a t  IgG can be meas- 

ured i n  very small  quan t i t i es ,  f o r  example 1 n a n o l i t e r  o f  human serum, us ing Staphy- 
lococcus aureus p r o t e i n  A as an IgG-speci f ic  receptor .  There was no c r o s s - r e a c t i v i t y  

w i t h  e i t h e r  IgA o r  IgM wh i l e  the  small amount o f  c r o s s - r e a c t i v i t y  observed w i t h  the 
IgE preparat ion may have been due t o  contamination o f  the specimen w i t h  IgG (Fig. 3). 

The increased p r e c i p i t a t i o n  o f  I z 5 I - I g G  a t  h igh  concentrat ions o f  both IgA and IgM 
i s  unexplained but  may have been due t o  an increase i n  v i s c o s i t y .  There was near l y  

complete c r o s s - r e a c t i v i t y  w i t h  the Fc fragment o f  human IgG b u t  none w i t h  the  F ( a b ' l 2  

fragment. The IgG from normal subjects, p a t i e n t s  w i t h  SLE o r  from a guinea p ig ,  rab- 

b i t  o r  mouse exh ib i t ed  complete c r o s s - r e a c t i v i t y  w i t h  the standard human IgG prepara- 
t i o n .  
a value s i m i l a r  t o  t h a t  found by o the r  methods (8 ) .  

w i t h  t h i s  assay compared w e l l  w i t h  a nephelometric method (6). 

The mean ( f S D )  concentrat ion o f  IgG i n  twenty normal subjects  was 10 f 3.6 g/L, 

S im i la r l y ,  the r e s u l t s  obtained 

Pro te in  A was discovered i n  1940 by Verwey (1 ) .  I t  i s  produced by most coagulase 

p o s i t i v e  s t r a i n s  of staphylococcus and i n  p a r t i c u l a r  by the Cowan 1 s t r a i n  (9 ) .  
r e a d i l y  binds the IgG o f  var ious species, i nc lud ing  man, r a b b i t ,  guinea p i g  and mouse 

(4) .  This f a c t  has l e d  t o  i t s  use as a separatina agent i n  imnunoassays (10). 

human species i t  does not  b ind  IgG3, one o f  t he  four subclasses (3) .  However, IgG3 
represents l ess  than 10% of t he  t o t a l  IgG i n  man. Binding i s  v i a  a s p e c i f i c  and 

unique reg ion  on the  Fc p a r t  of IgG. As IgA, IgE, IgH and IgG3 do no t  possess such 
a s p e c i f i c  Fc p a r t  they are no t  bound by p r o t e i n  A (3,  4, 7 ) .  
used t o  separate IgG from the remaining immunoglobulins. 

I t  

I n  the 

This  fea tu re  has been 

The a b i l i t y  t o  detect  very small amounts o f  IgG w i t h  the  assay descr ibed here i s  

p r i m a r i l y  a func t i on  of the h igh  a f f i n i t y  o f  IgG f o r  p r o t e i n  A. 
molecules are r e a d i l y  l a b e l l e d  w i t h  12510dine t o  a h igh s p e c i f i c  a c t i v i t y  i s  an add- 

ed advantage w h i l e  the l a rge  s i z e  o f  the Staph aureus bac te r ia  obv iates the need f o r  
a separating agent. 
t e c t  amounts smal ler  than 50 femtomoles o f  IgG, the amount contained i n  approximately 

one n a n o l i t e r  o f  human serum, 
s p e c i f i c i t y ,  i t s  s i m p l i c i t y  and i t s  low cost. 
subclass IgG3 i s  no t  measured and there i s  a need t o  newly prepare rad io iod ina ted  IgG 

every two t o  th ree  months, 

The f a c t  t h a t  IgG 

The assay i n  i t s  present con f igu ra t i on  was r e a d i l y  ab le  t o  de- 

Advantages o f  the assay i nc lude  i t s  s e n s i t i v i t y  and 

Disadvantages i nc lude  the f a c t  t h a t  
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