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ABSTRACT 

A r a p i d  method o f  a n t i g e n  i n i m o b i l i z a t i o n  (10 min. )  was deve l -  
oped u s i n g  s o l u b l e  an t i gens  (bov ine  serum albumin, epidermal growth 
f a c t o r ,  and goat  IgG) and small  p a r t i c u l a t e  an t i gens  (Keyhole l i m -  
p e t  hemocynanine and E. C o l i )  by  d r y i n g  them on f i l t e r  paper d i s c s .  
T h i s  technique r e s u l t s i g h  % o f  t h e  s o l u b l e  a n t i g e n  rema in ing  
f i rmly bound, goat  IgG (89%) ,  bov ine  serum albumin (73%).  All t h e  
an t i gens  wel$gsted r e t a i n e d  t h e i r  a n t i g e n c i t y  a f t e r  d r y i n g  as de- 
t e c t e d  by [ I ]  l abe led  s taphy lococca l  p r o t e i n  A radioimmuno- 
assay. Th is  method o f  a n t i g e n  i m m o b i l i z a t i o n  was compared t o  ad- 
s o r p t i o n  t o  p l a s t i c  w e l l s  and was found t o  be much f a s t e r  (10 min 
vs  18 h r s )  and was 5 t imes  more e f f i c i e n t  t han  a d s o r p t i o n  t o  
p l a s t i c  w e l l s .  Using t h i s  technique, we were ab le  t o  d e t e c t  as 
l i t t l e  as 4G ng o f  bov ine serum albumin. These c h a r a c t e r i s t i c s  
suggest t h a t  t h i s  technique o f  s o l u b l e  an t i gen  i m m o b i l i z a t i o n  may 
be u s e f u l  i n  r a p i d  d e t e c t i o n  o f  a n t i b o d i e s  t o  many d i f f e r e n t  
ant igens,  as w e l l  as d e t e c t i n g  ng amounts o f  t he  an t i gens  d i r e c t l y .  
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118 CLEVELAND ET AL. 

INTRODUCTION 

The c e n t r a l  f e a t u r e  o f  many immunoassays i s  how t h e  ant igen,  

o r  an t i body  o r  t h e  an t i gen -an t ibody  complex i s  immobi l ized.  

P r e s e n t l y  immunoassays f o r  a n t i b o d i e s  t o  s o l u b l e  an t i gens  a r e  

u s u a l l y  done i n  one o f  two ways: 

gen w i t h  a r a d i o a c t i v e  i s o t o p e  o r  enzyme, then r e a c t i n s  t h e  t e s t  

an t i body  w i t h  t h e  l a b e l e d  an t i gen .  The l a b e l e d  an t i gen -an t ibody  

complexes a re  separated from f r e e  l a b e l e d  a n t i g e n  by  c e n t r i f u g a -  

t i o n  a f t e r  p r e c i p i t a t i n g  t h e  complex w i t h  a) a n t i g l o b u l i n ,  b )  

p o l y e t h y l e n e  g l y c o l ,  c )  NH4SO4, d )  charcoal  o r  e)  s taphy lo -  

coccus aureus b a c t e r i a ;  2 )  by i m m o b i l i z i n g  t h e  s o l u b l e  a n t i g e n  

p r i o r  t o  assay ( s o l i d  phase technique) .  

l y  l i n k i n g  i t  t o  a s o l i d  s u b s t r a t e  o r  adsorb ing i t  t o  p l a s t i c  

we l l s ,  tubes o r  beads. An t ibody  i s  a l lowed t o  r e a c t  w i t h  t h e  

immobi l ized ant igen,  t h e  s o l i d  phase I s  washed and t h e  amount o f  

an t i body  bound determined by  i n c u b a t i o n  w i t h  l a b e l e d  a n t i g l o b u l i n  

o r  s taphylococcal  p r o t e i n  A (SPA). 

1) by l a b e l i n g  t h e  s o l u b l e  a n t i -  

T h i s  i s  done by cova len t -  

The problems assoc ia ted  w i t h  these methods are as f o l l o w s :  

c e n t r i f u g a t i o n  i s  cumbersome and slow e s p e c i a l l y  i f  t h e r e  a re  many 

samples invo lved;  c o v a l e n t  b i n d i n g  procedures a re  complex and t ime  

consuming; adso rp t i on  t o  p l a s t i c  r e q u i r e s  a t  l e a s t  t h r e e  hours 

i n c u b a t i o n  and o f t e n  o v e r n i g h t  i n c u b a t i o n  i s  mandatory. The e f f i -  

c i e n c y  o f  t h e  adso rp t i on  process i s  a l s o  h i g h l y  dependent upon t h e  

p l a s t i c ,  edge e f f e c t ,  t h e  t ime  o f  i ncuba t ion ,  pH and temperature, 

thus making w e l l  t o  w e l l  and p l a t e  t o  p l a t e  r e p r o d u c i b i l i t y  

d i f f i c u l t  (1,2,3,4). Furthermore, t h e  process i s  i n e f f i c i e n t ,  
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SOLUBLE AND SMALL PARTICULATE ANTIGENS 119 

( 3 ) ;  t h i s  i s  an impor tan t  c o n s i d e r a t i o n  i f  t h e  a n t i g e n  i s  

p rec ious .  

T h i s  paper descr ibes a s imple m i c r o f i l t r a t i o n  procedure which 

immobi l izes s o l u b l e  o r  small  p a r t i c u l a t e  an t i gens  b y  d r y i n g  them 

on f i l t e r  paper d i s c s .  

designed i m m u n o f i l t r a t i o n  m a n i f o l d  ( 5 )  which g r e a t l y  f a c i l i t a t e s  

i n c u b a t i o n  and wash opera t i ons .  

T h i s  procedure employs a s p e c i a l l y  

The purpose o f  t h e  p resen t  s tudy was t o  s tandard i ze  t h e  

methodology o f  d r y i n g  s o l u b l e  an t i gens  t o  f i l t e r s ,  t o  app ly  t h e  

[ 

o f  a n t i b o d i e s  t o  s o l u b l e  ant igens,  and t o  compare t h e  s e n s i t i v i t y  

o f  t h i s  assay t o  assays where the  a n t i g e n  was adsorbed t o  p l a s -  

t i c .  

125 I] SPA f i l t e r  technique t o  the  d e t e c t i o n  and q u a n t i t a t i o n  

METHODS AND MATERIALS 

A n t i  gens 

Bovine serum albumin (BSA) Cohn f r a c t i o n  V was purchased f rom 

Sigma Chemical Co., S t .  

An t i bod ies ,  I n c .  Davis, CA. epidermal growth f a c t o r  (EGF) was 

purchased f r o m  C o l l a b o r a t i v e  Research, Inc., Waltham, FiASS. 

Louis ,  MO. Goat IgG was purchased f rom 

KLH) was purchased f rom P a c i f i c  B io -  

E. c o l i  was grown i n  t r y p t i c a s e  soy 

keyhole l i m p e t  hemocyanine 

marine, Newport Beach, CA. 

b r o t h .  

A n t i  sera 

Ant iserum t o  BSA o r  E. c o l i  was prepared by repeated sub- - 
cutaneous and footpad i n o c u l a t i o n  o f  young a d u l t  male Uutch b e l t e d  

r a b b i t s  w i t h  100 ug o f  BSA o r  lo8 hea t  k i l l e d  E.  c o l i  i n  com- 
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120 CLEVELAND ET AL. 

p l e t e  F’reunds adjuvant .  

p i g s  by a s i n g l e  i n t rade rma l  i n o c u l a t i o n  o f  lmg o f  KLh. 

serum was ob ta ined  from t h e  same animals and used as t h e  c o n t r o l  

serum. Rabbi t  anti-EGF serum was ob ta ined  f rom C o l l a b o r a t i v e  

Research, I nc .  

I o d i n a t i o n  o f  BSA, IgG, and SPA 

Ant iserum t o  KLH was prepared i n  gu inea 

P r e i m u n e  

BSA was labe led  w i t h  L1251] by  the  chloramine-T method 

o f  Hunter and Greenwood ( 6 )  as m o d i f i e d  b y  Dorval, e t  a l .  ( 7 ) .  

The [1251] BSA had a s p e c i f i c  a c t i v i t y  (assuming 100% recov -  

e r y )  o f  6 X l o 3  CPk/ng. 

by  t h e  same method. 

(assuming 100% recovery )  o f  1.47 x104 CPM/ng. 

d r i e d  SPA was ob ta ined  f rom Pharmacia F i n e  Chemicals, Uppsala, 

Sweden and rad io iodona ted  by t h e  same method. 

had a s p e c i f i c  a c t i v i t y  (assuming 100% r e c o v e r y )  o f  3.87 x 104 

CPM/ng . 
The Design and Operat ion o f  t h e  D i a g n o s t i c  I m m u n o f i l t e r  M a n i f o l d  

(DIFM) 

Goat IgG was l a b e l e d  w i t h  [12%] 

The [1251] IgG had a s p e c i f i c  a c t i v i t y  

P u r i f i e d  f reeze -  

The [1251] SPA 

The DIFM (V&P En te rp r i ses ,  San Diego, CA.) c o n s i s t s  o f  a 

f i l t e r  man i fo ld  w i t h  96 w e l l s  each w i t h  a small  h o l e  i n  t h e  bo t tom 

(modi f ied m i c r o t i t e r  p l a t e )  and a vacuum m a n i f o l d  ( 5 ) .  The w e l l s  

were loaded w i t h  pure c e l l u l o s e  f i l t e r  paper d i s c s  VP102 o r  VP104. 

Because t h e  h o l e  i n  each w e l l  was small ,  s u r f a c e  t e n s i o n  f o r c e s  

r e t a i n e d  t h e  l i q u i d  i n  t h e  w e l l  u n t i l  vacuum was app l i ed .  Upon 

a p p l i c a t i o n  o f  380 mm Hg o f  vacuum, 0.3 m l  o f  b u f f e r  wash can be 

drawn through each o f  t h e  96 f i l t e r s  w i t h i n  5 sec, t hus  e f f i c i e n t -  
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SOLUBLE AND SMALL PARTICULATE ANTIGENS 1 2 1  

ly removing soluble material. Rapid washing of all 96 filters in 

a 10 sec. period was achieved by adding 0.3 ml o f  buffer/well 

using a Cornwall repeating syringe with an 8 channel dispensing 

mani fo 1 d . 
[12%] SPA Filter Assay 

The [12%] SPA filter assay was performed as illustrated 

in Figure 1. 

0.01 M Physiologically buffered saline pH 7.4 (PBS), were added to 

each filter using a 100 ul Hamilton syringe with a repeating dis- 

pensor. 

air through the filters for 10 min. The filters were rehydrated 

with 0.1 ml of Ovalbumin ( O A )  buffer (PBS containing 1% OA, 0.3% 

Two ul of various concentrations of the antigens in 

The filter paper was dried by allowing the vacuum to draw 

U Add 2ul of sol- Aspirate for 
uble antigen to IOminutes 
filter paper to dry - A 

i- Filter and wash 6x I 

Add 50ul [‘-I] SPA 
Incubate for 1 hour at 37OC 1 
1 

Filter and Dry filter 21 I andremove. 

’9 inpan. .:‘:. ma counter. 

-.*Count b ~ r n d  111 

Figure 1. 
imnunofiltration assay illustrating the various procedural 
steps. 

Flow diagram of the [12!jI] SPA 
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122 CLEVELAND ET AL. 

g e l a t i n  and 0.01% sodium a z i d e )  when BSA was t h e  an t i gen .  

EGF, goat  IgG, E .  c o l i  o r  KLH were the  antigens, BSA was used i n  

the  b u f f e r  r a t h e r  than  OA. A f t e r  15 min., vacuum was a p p l i e d  and 

t h e  f l u i d  removed by  f i l t r a t i o n  and the  f i l t e r s  were washed 6 

t imes w i t h  0.3 m l  o f  g e l a t i n  b u f f e r  (PbS c o n t a i n i n g  0.3% g e l a t i n  

and sodium az ide ) .  

bottoms by b r i e f  a s p i r a t i o n  w i t h  a Pasteur p i p e t .  

c o n t r o l  o r  immune serum d i l u t e d  i n  OA b u f f e r  were added t o  quad- 

r u p l i c a t e  w e l l s  t h a t  con ta ined  a n t i g e n  and a l so  t o  w e l l s  t h a t  d i d  

not, and the  f i l t e r  m a n i f o l d  was incubated a t  37°C f o r  1 h r .  The 

unbound serum was removed b y  f i l t r a t i o n  and t h e  f i l t e r  washed 3 

t imes  w i t h  0.3 m l  o f  g e l a t i n  b u f f e r ,  and t h e  foam removed f rom t h e  

o u t s i d e  o f  t h e  w e l l  bottoms. 

buf fer  (50,000 CPM) was added t o  each w e l l .  

was then  incubated a t  37'C f o r  1 h r .  The unbound [1251] SPA 

was removed by f i l t r a t i o n ,  t h e  f i l t e r  washed 3 t imes  w i t h  0.3 m l  

o f  g e l a t i n  b u f f e r ,  and d r i e d  by a l l o w i n g  t h e  vacuum t o  draw a i r  

through i t  f o r  3 t o  4 min. 

m a n i f o l d  u s i n g  j e w e l e r s  forceps, p laced i n  tubes, and t h e  amount 

o f  bound [1251] SPA determined w i t h  a Sear le  model 1195 auto-  

ma t i c  gamma counter .  

[ I] SPA Adsorp t i on  Assay 

When 

Foam was removed from t h e  o u t s i d e  o f  t he  w e l l  

F i f t y  u l  o f  

Next, 50 u l  o f  [1251] SPA i n  0A 

The f i l t e r  m a n i f o l d  

The f i l t e r s  were removed fran t h e  

125 

Th is  assay was conducted i n  U bot tom m i c r o t i t e r  p l a t e s  

(#1-220-24, Dynatech Labs, A lexandr ia ,  V A ) .  

concen t ra t i ons  o f  BSA i n  0.1 M carbonate b u f f e r  w i t h  0.02% sodium 

az ide pH 9.6 ( 8 )  were added t o  t h e  we l l s .  The BSA was a l lowed t o  

Two u l  o f  v a r i o u s  
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SOLUBLE AND SMALL PARTICULATE ANTIGENS 123 

adsorb t o  t h e  p l a t e s  f o r  3 h r s  a t  37' and then 18 h r s  a t  4' C. 

The w e l l s  were a s p i r a t e d  and washed once w i t h  0.3 m l  o f  g e l a t i n  

buf fer  and c o n d i t i o n e d  f o r  15 min with OA b u f f e r .  Next t h e  w e l l s  

were washed 6 t imes w i t h  g e l a t i n  b u f f e r .  F i f t y  u l  o f  c o n t r o l  o r  

immune serum d i l u t e d  i n  OA b u f f e r  were added t o  q u a d r u p l i c a t e  

w e l l s  c o n t a i n i n g  t h e  adsorbed BSA and a l s o  t o  w e l l s  w i t h  no BSA 

and incubated a t  37°C f o r  1 h r .  The w e l l s  were washed 3 t imes  

w i t h  0.3 m l  o f  g e l a t i n  b u f f e r  and 50 u l  o f  L1251] SPA i n  Ok 

b u f f e r  (50,000 CPh) was added t o  each w e l l .  

1 h r  a t  37°C t h e  p l a t e s  were washed 3 t imes  w i t h  g e l a t i n  b u f f e r  

and d r i e d .  The w e l l s  were c u t  f rom t h e  p l a t e  and t h e  amount o f  

bound [1251] SPA determined. 

Express ion o f  Resu l t s  and S t a t i s t i c a l  A n a l y s i s  

A f t e r  i n c u b a t i n g  f o r  

The r e s u l t s  were expressed as mean CPM 2 (SD) o f  

125 [ I] SPA bound. The va lues were c o r r e c t e d  f o r  n o n s p e c i f i c  

b i n d i n g  t o  t h e  f i l t e r  paper o r  w e l l  by  s u b t r a c t i n g  t h e  mean CPFi o f  

[1251] SPA bound t o  f i l t e r s  o r  w e l l s  which d i d  n o t  have a n t i -  

gen present  b u t  were i ncuba ted  w i t h  t h e  v a r i o u s  serum d i l u t i o n s  

( i  .e., background c o r r e c t e d ) .  

i n  [1251] SPA b i n d i n g  between c o n t r o l  and immune sera was 

determined u s i n g  S tuden t ' s  t t e s t .  

determined as the  l a s t  d i l u t i o n  where t h e  background c o r r e c t e d  

b i n d i n g  o f  t h e  t e s t  serum was 500 CPM g r e a t e r  than t h e  c o n t r o l  

serum, and t h e  P < 0.01. 

E l u t i o n  o f  Immobi l ized [1251] BSA 

The s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  

The t i t e r  o f  a serum was 

125 
[ I ]  BSA was immobi l ized by e i t h e r  d r y i n g  on f i l t e r s  

o r  adsorb ing t o  w e l l s  as desc r ibed  p r e v i o u s l y  f o r  u n l a b e l e d  BSA. 
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124 CLEVELAND ET AL. 

The f o l l o w i n g  so l ven ts  were then added t o  t h e  f i l t e r s  o r  w e l l s  and 

incubated f o r  15 min i n  an at tempt  t o  r e s o l u b i l i z e  t h e  ['251] 

BSA; 0.2M glycine-HCL b u f f e r ,  ph 2.2, 1.0 N NaOH, pH 14.0, OA 

b u f f e r ,  pH 7.4, 3.5 M MgC12, pH 7.1, 0.4 M KPO4, pH 4.3, 0.1 M 

l i t h i u m  3 , 5 - d i i o d o s a l i c y l a t e ,  pH 5.2, 0 .1 M EDTA, pH 6.6, 0.1% 

Tween 2G i n  OA b u f f e r ,  pH 7.4, 0.1% sodium dodecyl s u l f a t e  i n  OA 

b u f f e r ,  pH 7.4, 0.1% t r i t o n  X-100 i n  OA b u f f e r ,  pH 7.4, Freon 

T.F., acetone, and e thano l .  

A f t e r  t h e  i n c u b a t i o n  p e r i o d  t h e  f i l t e r s  o r  w e l l s  were washed 

s i x  t imes  w i t h  t h e  r e s p e c t i v e  so l ven ts ,  and t h e  percentage o f  
125 

[ 

mined. 

I ]  BSA which remained on t h e  f i l t e r s  o r  w e l l s  was d e t e r -  

RESUiTS 

E f f e c t  o f  BSA Concen t ra t i on  on t h e  E f f i c i e n c y  o f  Imn iob i l i z i ng  

So lub le  Ant igens 

We compared t h e  r e l a t i v e  e f f i c i e n c y  o f  i m m o b i l i z i n g  
125 

[ 

p l a s t i c  w e l l s .  

PBS o r  0.1 M carbonate b u f f e r  which con ta ined  a cons tan t  amount of 

[ I] BSA w i t h  v a r y i n g  concen t ra t i ons  o f  c o l d  BSA. A f t e r  

t h e  m i x t u r e s  were i m n o b i l i z e d  on t h e  f i l t e r s  o r  we l l s ,  t hey  were 

washed 6 t imes  and t h e  amount o f  [1251] BSA bound was d e t e r -  

mined. 

u r e  2. 

t h e  f i l t e r  paper remained r e l a t i v e l y  cons tan t  f r o m  5 t o  300 ug/ml, 

w i t h  an average e f f i c i e n c y  o f  75%, b u t  a t  c o n c e n t r a t i o n s  g r e a t e r  

I] BSA by d r y i n g  i t  on f i l t e r  paper versus a d s o r p t i o n  t o  

I n  these exper iments we p repared  BSA m i x t u r e s  i n  

125 

The r e s u l t s  o f  these experiments a re  i l l u s t r a t e d  i n  F i g -  

We found t h a t  t h e  e f f i c i e n c y  o f  [1251] BSA b i n d i n g  t o  
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yg/ml of BSA 

F i j y r e  2. 
[ 
adsorb ing t o  the  p l a s t i c  w e l l s .  M i x t u r e s  o f  [ 
w i t h  c o l d  BSA i n  e i t h e r  PBS ( f i l t e r s )  o r  carbonate b u f f e r  
( p l a s t i c  w e l l s )  weri95prepared so they con ta ined  a cons tan t  
c o n c e n t r a t i o n  o f  [ 
o f  c o l d  BSA, and then  were immobi l ized as desc r ibed  i n  t h e  
m a t e r i a l s  and methods. 

E f f e c t  o f  BSA c o n c e n t r a t i o n  on t h e  amount o f  
I ]  BSA immobi l ized by d r y i n g  t o  t h e  f i l t e r j 2 8 r  

I ]  BSA 

I ]  BSA with v a r y i n g  c o n c e n t r a t i o n s  

than 600 ug/ml t h e  e f f i c i e n c y  s t e a d i l y  decreased, u n t i l  i t  was 

o n l y  14% a t  10,000 ug/ml. The e f f i c i e n c y  of [1251] BSA immo- 

b i l i z e d  by adso rp t i on  t o  p l a s t i c  w e l l s  was o n l y  15% over t h e  

range of 5 t o  20 ug/ml and s t e a d i l y  decreased w i t h  i n c r e a s i n g  con- 

c e n t r a t i o n  o f  BSA u n t i l  i t  was o n l y  2% a t  10,000 ug/ml. 

A b i l i t y  o f  Var ious Solvents  t o  E l u t e  Bound [1251] BSA 

ke attempted t o  determine how t h e  [1251] BSA was bound 

t o  t h e  f i l t e r  paper by e l u t i n g  w i t h  a v a r i e t y  o f  s o l v e n t s  which 
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126 CLEVELAND ET AL. 

con ta ined  e i t h e r  detergents ,  h i g h  s a l t  concen t ra t i on ,  h i g h  i o n i c  

s t reng th ,  acid, a l k a l i ,  d i s a s s o c i a t i n g  agents, c h e l a t i n g  agents 

and o rgan ic  so l ven ts  desc r ibed  i n  t h e  m a t e r i a l s  and methods. 

r e s u l t s  o f  these experiments demonstrated t h a t  o n l y  the  d e t e r g e n t s  

removed more [1251] BSA than  t h a t  no rma l l y  removed by OA b u f -  

f e r  (Tween 20 - 50%, SDS - 59% and T r i t o n  X l O O  - 72%). 

K i n e t i c  S tud ies  on E l u t i o n  o f  Ant igens 

The 

The e f f e c t  o f  c o n d i t i o n i n g  t i m e  on t h e  e l u t i o n  of  BSA f rom 

f i l t e r s  was t e s t e d  i n  t ime  sequence experiments where OA b u f f e r  

was incubated f o r  1 5  min t o  2 h r  on VP#102 f i l t e r s  t o  which 

[ 

performed where BSA b u f f e r  was incubated f o r  15 min t o  18 h r  on 

VP#104 f i l t e r s  t o  which ['251] IgG was d r i e d .  

these experiments i n d i c a t e  t h a t  l onger  c o n d i t i o n i n g  t imes  o n l y  

s l i g h t l y  decreased t h e  percentage o f  [1251] BSA o r  

[ Moreover, t h e  

c o e f f i c i e n t  o f  va r iance  f o r  t h e  [1251] IgG exper iment  was 

never l a r g e r  than 3%. 

E f f e c t  o f  BSA Concen t ra t i on  on Immune B i n d i n g  

125 I] BSA was d r i e d .  A s i m i l a r  t ime  sequence experiment was 

The r e s u l t s  o f  

125 I] IgG bound t o  the  f i l t e r s  (Tab le  1). 

To o p t i m i z e  the  c o n c e n t r a t i o n  o f  BSA o r  EGF d r i e d  on t h e  

f i l t e r s ,  we added v a r y i n g  concen t ra t i ons  o f  BSA o r  EGF t o  r e p l i -  

c a t e  w e l l s .  A f t e r  d ry ing ,  t h e  unbound BSA o r  EGF was e l u t e d  and 

t h e  f i l t e r s  incubated w i t h  e i t h e r  a l / lOUO d i l u t i o n  o f  anti-BSA 

serum, o r  anti-EGF serum o r  a 1/1000 d i l u t i o n  o f  preimmune serum 

o r  OA b u f f e r  f o r  1 h r .  and then  w i t h  [1251] SPA f o r  1 h r .  

a l so  performed a p a r a l l e l  experiment where 2 u l  a l i q u o t s  o f  v a r i -  

We 
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SOLUBLE AND SMALL PARTICULATE ANTIGENS 127 

TABLE 1 

STABILITY OF ANTIGEN B I N D I N G  TO FILTER PAPER 

% of [125~1 BSA 

E 1 u t i o n  % of [125~1 I ~ G  Bound t o  

t imec  bound t o  f i 1 t e r b  f i l t e r a  

15 min 89 72 

30 min 90 73 

2 h r  

4 h r  

18 h r  

91 

85 

84 

69 

N T ~  

NT 

a E i g h t  ng o f  [1251] BSA (2,944 CPM) were d r i e d  on VP#102 

f i l t e r s  and then OA b u f f e r  was added. 

(16,602 CPM) were d r i e d  on VP#104 f i l t e r s  and then  BSA b u f f e r  was 

added. C The f i l t e r s  were c o n d i t i o n e d  f o r  15 min - t o  18 h r s  then  

washed 6 t imes  w i t h  g e l a t i n  b u f f e r  and t h e  % o f  [1251] BSA o r  

[ I] IgG s t i l l  remain ing bound was determined. NT= n o t  

t e s t e d .  

Seven ng o f  [12%] IgG 

125 

ous concen t ra t i ons  o f  BSA were adsorbed t o  p l a s t i c  w e l l s .  

f i l t e r s  o r  w e l l s  t r e a t e d  w i t h  t h e  an t i gens  p l u s  preimmune serum o r  

those l e f t  u n t r e a t e d  p l u s  immune serum, bound l e s s  than 300 cpm 

[ 

gard less  o f  an t i gen  concen t ra t i on :  

f i l t e r  o r  w e l l s  t r e a t e d  w i t h  an t i gen  plus  imnune serum inc reased  

s t e a d i l y  w i t h  i n c r e a s i n g  an t i gen  c o n c e n t r a t i o n  ( F i g u r e  3 ) .  The 

The 

125 I] SPA i n  both t h e  f i l t e r  and adso rp t i on  experiments, r e -  

The [1251] SPA bound t o  
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128 CLEVELAND ET AL. 

apoo 

- 
E, '6*ooo 
V 
v 

12poo 
3 
0 m 
2 8000 
cn 
'H' 
& 4000 

0 
10 50 500 5000 10,000 

ug/ml of EGF or BSA 

F i g u r e  3. E f f e c t  o f  BSA o r  EGF c o n c e n t r a t i o n  on t h e  amount 
of2$nmune b i n d i n g  w i t h  anti-BSA or anti-EGF as de tec ted  w i t h  
[ I ]  SPA, us ing  the  i m m u n o f i l t r a t i o n  method t o  imniobi l ize 
t h e  BSA (w) and EGF ( A - 4 ) .  A p a r a l l e l  experiment was a l s o  
performed where BSA was adsorbed t o  p l a s t i c  w e l l s  ( 0 - 0 ) .  
A f t e r  va r ious  concen t ra t i ons  o f  BSA were inimobi l i z e d  and t h e  
f i l t e r s  o r  w e l l s  washed t o  remove t h e  unbound BSA o r  EGF, a 1/100 
d i j y t i o n  o f  anti-BSA o r  anti-EGF was added t o  a l l  t h e  w e l l s  and 
[ I ]  SPA assays were conducted as desc r ibed  i n  the  
m a t e r i a l s  and methods. 

f i l t e r  method was a b l e  t o  d e t e c t  as l i t t l e  as 40 ng o f  BSA and 5G 

ng o f  EGF, w h i l e  t h e  sma l les t  amount o f  BSA d e t e c t e d  by t h e  

adso rp t i on  method was 160 ng. Using e x t r a p o l a t i o n  t e c h n i q u  

was shown t h a t  f o r  most o f  t h e  BSA c o n c e n t r a t i o n  range t h e  

adso rp t i on  technique r e q u i r e d  4 t o  5 t imes  as much BSA t o  b 

e q u i v a l e n t  amount o f  [12%] SPA as t h e  f i l t e r  method. 

s i t  

nd an 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SOLUBLE AND SMALL PARTICULATE ANTIGENS 129 

Comparison o f  Assay S e n s i t i v i t y  on F i l t e r s  Versus Wel ls  

The t i t e r  o f  a s i n g l e  anti-BSA serum and i t s  co r respond ing  

preimmune serum (normal) were determined us ing  [1251] SPA 

assay employing bo th  t h e  f i l t e r  and w e l l  adso rp t i on  methods o f  

i m m o b i l i z i n g  the  BSA. 

1/25,000 and by i m m u n o f i l t r a t i o n  1/130,000 o r  5.2 t imes  g r e a t e r  

( F i g u r e  4 ) .  

By the  w e l l  adso rp t i on  method the  t i t e r  was 

The a c t i v i t y  o f  t h e  normal serum was i n s i g n i f i c a n t  i n  

o BSA DRIED TO FILTER 
BSA ADSORBED TO PLASTIC WELL 

1000 

100 
11 
50 100 

1 
1000 

1 1 -~ 1 
10.000 100,000 400.000 

ANTI SERUM DILUTION 

F i g u r e  4. S e n s i t i v i t y  comparison o f  i m m u n o f i l t r a t i o n  and p l a s t i c  
adso rp t i on  assays. D i l u t i o n s  o f  an anti-BSA serum (0-0) and 
i155corresponding preimmune serum &O) were t e s t e d  i n  a 
[ I ]  SPA assay where BSA (2,500 ug/ml)  was immob i l i zed  by 
d r y i n g  t o  f i l t e r s .  I n  a p a r a l l e l  experiment conducted 
c o n c u r r e n t l y  t h e  same a n t i  -BSA serum (0---fJ5and co r respond ing  
preimmune serum m--a) were t e s t e d  i n  a [ 
where BSA (2,500 ug/ml) was immobi l ized by a d s o r p t i o n  t o  
m i c r o t i t e r  we l l s .  

I ]  SPA assay 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



130 CLEVELAND ET AL. 

both t h e  assays even a t  low d i l u t i o n  ( l e s s  than 200 cpni o f  

[1251] SPA bound). 

A p p l i c a t i o n  o f  t h e  Dry ing  Technique t o  Small  P a r t i c u l a t e  An t igens  

We a l so  demonstrated t h a t  smal l  p a r t i c u l a t e  an t i gens  such as 

KLH and E .  c o l i  b a c t e r i a  cou ld  be immobi l ized by d r y i n g  on t h e  

f i l t e r s .  I n  these experiments as few as 25,000 E. c o l i  c e l l s  

cou ld  be de tec ted  u s i n g  t h e  [1251] SPA i m m u n o f i l t r a t i o n  tech -  

nique. 

DISCUSSION 

We have desc r ibed  a new assay methodology f o r  pe r fo rm ing  

s o l i d  phase radioimmunoasays, which s i g n i f i c a n t l y  reduces t h e  t i m e  

r e q u i r e d  t o  i t m o b i l i z e  s o l u b l e  o r  small  p a r t i c u l a t e  an t i gens  and 

t h e  assay process ing t ime.  

a v a i l a b l e  m i c r o f i l t r a t i o n  dev i ce  ( 5 )  which e f f i c i e n t l y  i t m o b i l i z e d  

these ant igens by d r y i n g  them on t o  f i l t e r  d i s c s .  

The assay employed a commerc ia l ly  

Ant igens o r  a n t i b o d i e s  have been immobi l ized f o r  imnunoassay 

by  a t t a c h i n g  t o  s o l i d  subs t ra tes  u s i n g  e i t h e r  adso rp t i on  o r  

cova len t  coup1 i n g  agents (9,10,11,12,13). Covalent  c o u p l i n g  agents 

can be used t o  r e l i a b l y  a t t a c h  ant igens o r  a n t i b o d i e s  t o  agarose 

or po lyac ry lam ide  beads, however t h e  i n v o l v e d  c o u p l i n g  p r o t o c o l s  

and long  p r e p a r a t i o n  t imes have compromised t h e i r  use fu lness  i n  

s o l i o  phase imnunoassays. Because adso rp t i on  techniques do n o t  

have complex p r o t o c o l s  they  have been w i d e l y  used i n  s o l i d  phase 

immunoassays, however, t hey  a1 so r e q u i r e  l ong  i n c u b a t i o n  pe r iods  

i n  o rde r  t o  complete t h e  adso rp t i on  process (2,3) and r e c e n t l y  

t h e  r e p r o d u c t i b i l i t y  o f  t h i s  technique has been chal lenged (4) .  
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SOLUBLE AND SMALL PARTICULATE ANTIGENS 131 

To sho r ten  p r e p a r a t i o n  t ime  and t o  s i m p l i f y  t h e  procedure we 

compared d r y i n g  BSA on f i l t e r  d i s c s  versus adso rp t i on  t o  p l a s t i c  

w e l l s .  he demonstrated t h a t  n o t  o n l y  was t h e  f i l t e r  d r y i n g  p ro -  

cedure f a s t e r  (10 min versus 3 t o  18 h r s )  a l l o w i n g  assays t o  be 

i n i t i a t e d  and completed w i t h i n  3 hrs, b u t  i t  was a lso  5 t imes  more 

e f f i c i e n t  (75% vs 15%), and r e q u i r e d  4 t o  5 t imes  l e s s  BSA t o  

achieve t h e  same degree o f  immune b i n d i n g  ( F i g u r e  3 ) .  

noted a 5 f o l d  increase i n  an t i body  assay s e n s i t i v i t y  between t h e  

f i l t e r  and p l a s t i c  w e l l  adso rp t i on  assays ( F i g u r e  4 ) .  These l a t e r  

two obse rva t i ons  a l so  i n d i c a t e  t h a t  t he  6SA d i d  n o t  l ose  i t s  a n t i -  

g e n i c i t y  a f t e r  be ing immobi l ized on t h e  f i l t e r s .  Thus i n  systems 

where p r e c i o u s  ant igens are used such as E M ,  t h e  f i l t r a t i o n  tech -  

n ique  o f f e r s  a s i g n i f i c a n t  advantage. 

h i g h e r  b i n d i n g  e f f i c i e n c y  i s  p robab ly  due t o  t h e  g r e a t e r  s u r f a c e  

area p rov ided  by t h e  f i l t e r .  

f i l t e r  may a l s o  p l a y  a r o l e  i n  de te rm in ing  j u s t  how t h e  an t i gens  

are bound, as we have noted s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  degree 

o f  b i n d i n g  by  d i f f e r e n t  f i l t e r  m a t e r i a l s  (unpub l i shed  observa- 

t i o n s ) .  

i n c r e a s i n g  c o n c e n t r a t i o n  o f  BSA agrees w i t h  r e p o r t s  on albumin and 

immunoglobulin adso rp t i on  t o  p l a s t i c  (3,14). 

We a l s o  

One o f  t h e  reasons f o r  t h e  

However t h e  chemical make-up o f  t h e  

The obse rva t i on  t h a t  b i n d i n g  e f f i c i e n c y  decreases w i t h  

Al though a number o f  e l u t i o n  experiments were performed t o  

determine t h e  n a t u r e  of t h e  bond t h a t  ho lds  t h e  d r i e d  BSA t o  t h e  

f i l t e r  paper, we were n o t  ab le  t o  r e s o l v e  t h i s  ques t i on .  

t h e r e  were severa l  d i f f e r e n t  b i n d i n g  o r  a d s o r p t i o n  mechanisms 

o p e r a t i n g  i n  t h i s  system. 

Perhaps 

However, o t h e r  exper iments e l u c i d a t e d  
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CLEVELAND ET AL. 132 

t h e  sa 

assays 

i e n t  p o i n t s  t h a t  are most germaine t o  s o l i d  phase immuno- 

1) a h igh  X o f  BSA was f i rmly  bound t o  t h e  f i l t e r ,  2) t h e  

BSA r e t a i n e d  i t s  a n t i g e n i c i t y ,  3 )  i t  cou la  n o t  be e l u t e d  o r  

desorbed f rom t h e  f i l t e r  a f t e r  2 h r s .  i n c u b a t i o n  w i t h  UA b u f f e r  

and 4 )  several d i f f e r e n t  an t i gens  cou ld  be used i n  t h i s  system. 

Prev ious at tempts t o  use f 

immunoassays employing IgG have 

backgrounds caused by  nonspeci f  

and l a b e l e d  a n t i g l o b u l i n  t o  the  

l t r a t i o n  techniques f o r  r a d i o -  

been d i s a p p o i n t i n g  because o f  h i g h  

c b i n d i n g  o f  b o t h  t h e  ant iserum 

f i l t e r  m a t e r i a l  (15,16). Green, 

e t  a l .  (15) ,  were ab le  t o  reduce t h i s  n o n s p e c i f i c  b i n d i n g  somewhat 

by us ing  polycarbonate membranes i n  p lace  o f  mixed c e l l u l o s e  ace- 

t a t e / c e l l u l o s e  n i t r a t e  f i l t e r s .  However, t h e  n o n s p e c i f i c  b i n d i n g  

was s t i l l  unacceptably  h igh .  

n o n s p e c i f i c  b i n d i n g  i n  our  assay by j u d i c i o u s  cho ice  o f  c e r t a i n  

c e l l u l o s e  f i l t e r  m a t e r i a l ,  by u s i n g  b u f f e r s  t h a t  c o n t a i n  g e l a t i n  

and h i g h  p r o t e i n  c o n c e n t r a t i o n  (BSA, OA o r  FCS), by  u s i n g  

[ I] SPA and h i g h e r  d i l u t i o n s  o f  antiserum. In a d d i t i o n ,  

we have shown ( 5 )  t h a t  t he  a d d i t i o n  o f  Tween 20 t o  ant iserum d i l u -  

t i o n s  increases the  n o n s p e c i f i c  b i n d i n g  o f  IgG t o  f i l t e r  m a t e r i a l .  

Th i s  obse rva t i on  may exp la in ,  a t  l e a s t  i n  p a r t ,  t h e  h i g h  

background b i n d i n g  t o  f i l t e r  m a t e r i a l s  which have p r e v i o u s l y  been 

repor ted,  because Tween 20 has been w i d e l y  used as a w e t t i n g  agent 

i n  immunologic assays. 

We have been ab le  t o  markedly reduce 

125 

We have found [1251] SPA t o  be a v e r y  u s e f u l  reagent  

because i t  has a h i g h  (40 t o  50%) s p e c i f i c  b i n d i n g  e f f i c i e n c y  and 

because i t  can b i n d  t o  t h e  immunoglobulins o f  many mammalian 
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species, whereas a n t i g l o b u l i n s  are species s p e c i f i c .  Others have 

used i t  t o  measure the  b i n d i n g  o f  IgG t o  many d i f f e r e n t  ant igens,  

and t h e  s e n s i t i v i t y  achieved has been equal t o  o r  g r e a t e r  t han  

t h a t  achieved w i t h  L12513 a n t i g l o b u l i n  (1,17,18,19,20). 

Another impor tan t  advantage o f  SPA i s  t h a t  i t s  tendency t o  b i n d  

n o n s p e c i f i c a l l y  i s  lower than t h a t  o f  a n t i g l o b u l i n  (17,18,21). 

Furthermore Kess le r  (17)  has r e p o r t e d  t h a t  t h e  b i n d i n g  a f f i n i t y  o f  

SPA i s  s i g n i f i c a n t l y  g r e a t e r  f o r  an t i body  which i s  complexed w i t h  

an t i gen  than  uncompl exed a n t i  boay. 

I n  terms o f  process ing t h e  assays, t he  i m m u n o f i l t r a t i o n  p ro -  

cedure a l s o  has severa l  advantages over  a d s o r p t i o n  i n  m i c r o t i t e r  

p l a t e s :  1) i t  i s  e a s i e r  and f a s t e r  t o  p lace  t h e  f i l t e r s  i n  tubes 

f o r  gama coun t ing  than t o  c u t  o u t  t h e  p l a s t i c  w e l l s  and p l a c e  

them i n  tubes; 2 )  an i n c u b a t i o n  f l u i d  can be removed and t h e  f i l -  

t e r s  washed t h r e e  t imes w i t h i n  45 sec, and i f  i n f e c t i o u s  reagen ts  

(such as human serum which may c o n t a i n  i n f e c t i o u s  h e p a t i t i s )  o r  

r a d i o a c t i v e  compounds are used, then they  are s a f e l y  c o n f i n e d  t o  

t h e  vacuum t r a p .  With t h e  m i c r o t i t e r  p la tes ,  t h e  reagents and 

wash s o l u t i o n s  may be mere l y  " f l i p p e d "  ou t  i n t o  a s i n k .  However, 

they must be l a b o r i o u s l y  a s p i r a t e d  i f  they c o n t a i n  a b iohazard o r  

r a d i o a c t i v e  compound. 

I n  summary we demonstrated t h a t  d r y i n g  s o l u b l e  o r  smal l  p a r -  

t i c u l a t e  ant igens t o  f i l t e r  d i s c s  was an e f f i c i e n t  and r a p i d  

method o f  i m m o b i l i z i n g  these ant igens.  

assay was s imple t o  perform, r e q u i r e d  o n l y  small  volumes o f  a n t i -  

serum and ng q u a n t i t i e s  o f  s o l u b l e  ant igen,  and y i e l d e d  r e s u l t s  

The L'251] SPA f i l t e r  
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which were r e a d i l y  and o b j e c t i v e l y  q u a n t i t a t e d .  

accomodate 768 specimens and i s  amenable t o  automation. 

I t can e a s i l y  
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