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THE HY-ANTIGEN: A METHOD FOR THE DETECTION 
OF ANTIBODIES I N  RAT SERUM 

Caro le  P .  McArthur 
Department of Microbiology and P u b l i c  Hea l th  

Michigan S t a t e  U n i v e r s i t y ,  Eas t  Lansing,  
Michigan 48824,  U.S.A. 

and 
S a r o j  Sengupta 

Department of Su rge ry ,  U n i v e r s i t y  o f  
Otago Medical School ,  Dunedin, New Zealand 

ABSTRACT 
An enzyme-linked immunosorbrnt a s s a y  (ELISA) u s i n g  ra t  

spermatozoa and thymocytes i s  d e s c r i b e d  f o r  t h e  d e t e c t i o n  of a n t i -  
H-Y a n t i b o d i e s .  Th i s  a s s a y  i s  h i g h l y  s e u s i t i v e  and r e p r o d u c i b l e ,  
and  is p a r t i c u l a r l y  u s e f u l  f o r  t h e  r a p i d  s c r e e n i n g  of a l a r g e  
numbcr o f  samples .  

INTRODUCTION 

The 11-Y a n t i g e n  was recogn ized  when Eichwald and S i lmse r  (1) 

demonstrated t h a t  h i g h l y  i n b r e d  female mice r e j e c t e d  male s k i n  

g r a f t s .  

d e t e c t  t h e  male a n t i g e n  i n  bo th  r a t s  and mice (2-8) .  The g r a f t -  

vcrsus-!lost r e a c t i o n  used by Lengcrova and Cliutna (9 , lO)  i s  

a n o t h e r  i n  v i v o  t e s t .  The most popu la r  s e r o l o g i c a l  method of 

d e t c c t i o n  h a s  been Goldberg e t  a l .  ' s  (11)  dye e x c l u s i o n  c y t o -  

Male + female s k i n  g r a f t i n g  has  been wide ly  used t o  

t o x i c i t y  test  a g a i n s t  r a t  o r  mouse sperm (6,12-15).  Recencly,  
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164 MC ARTHUR AND SENGUPTA 

Gable et al. (16) reported a modification of this cytotoxicity 

assay using 86rubidium release as a measure of antibody. 

tests described include the hybrid antibody method (17,18) and 

hemagglutination (19,20). A simpler method for the detection of 

H-Y us'ing mouse lymphocytes and Staphylococcus aureus (SA) has 

been described by Tokuda et al. (21). This has been modified by 

Koo and Goldberg (22) into a rosetting assay using soluble protein 

A instead of intact SA. During the search in our laboratory for 

monoclonal antibodies against the H-Y antigen in the mouse system, 

we developed an enzyme-linked immunosorbent assay for the de- 

tection of anti-H-Y antibodies. We have now adapted this for the 

rat system and in our hands this method proved superior to the 

cytotoxicity test and satisfied the additional requirement of 

being able to screen a large number of samples (>400)  quickly. 

This simple, sensitive, rapid and highly reproducible method is 

reported here for those in the field who, like us, have experi- 

enced difficulties with available assays such as cytotoxicity 

(16,23). 

Other 

MATERIALS AND METHODS 

Preparation of sperm and thymocytes 

Epididymal sperm were prepared for the ELISA test from the 

The b 
sliced epididymis of HS adult rats and C57B1/6(H-2 ) mice. 

tissues were teased apart in a petri dish containing 10 d 

Dulbecco's phosphate buffered saline supplemented with 5% heat 

inactivated fetal calf serum (Gibco), and passed through a steel 

mesh grid to separate the larger tissues from sperm. Sperm were 
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ANTIBODIES IN RAT SERUM 165 

washed once,  c e n t r i f u g e d  and re-suspended i n  0.15 M PBS-Tween 80 

(0.05%, Sigma) (45 m l  0 .5  M Na2HP04, 1 5  ml  0.5 M NaH2P04, 1 7  g 

NaC1, 2 L d i s t i l l e d  wa te r )  t o  15-20 x 10 pe r  m l .  For  cyto-  6 

t o x i c i t y  t e s t i n g ,  sperm were c o l l e c t e d  by c u t t i n g  t h e  e p i d i i y m i s  

i n t o  s l i c e s  i n  1 / 2  m l  o f  phosphate-buffered s a l i n e  (pH 7.0) 

c o n t a i n i n g  0.5% f r u c t o s e  and 5% f e t a l  c a l f  serum. Medium 

c o n t a i n i n g  sperm was g e n t l y  p i p e t t e d  o f f  a f t e r  a few minu tes  a t  

room t empera tu re .  

Human sperm were washed, c e n t r i f u g e d  and re-suspended t o  15- 

6 20 x 1 0  Id. 

by p a s s i n g  them through a series of  n e e d l e s  of  d e c r e a s i n g  gauge 

b e f o r e ,  i n  t h e  c a s e  of  s p l e e n  on ly  (10 m l ) ,  add ing  25 m l  0.83% 

NH C 1  t o  l y s e  RBCS. C e l l s  were washed 3 t imes  i n  RPMI-1640 and 

re-suspended i n  0.15 M PBS-Tween 80 (0.05%). 

Rat thymocytes and mouse s p l e n o c y t e s  were p r e p a r e d  

4 

Rats  and p roduc t ion  of  a n t i s e r a  

Anti-H-Y s e r a  were produced i n  HS v i r g i n  f ema les  by 

6 
immunizing them once i n t r a p e d a l l y  w i t h  15-20 x 1 0  male sp leno-  

c y t e s  homogenized i n  FCA, and t h e n  8 t i m e s  subsequen t ly  w i t h  

20 x 10 s p l e n o c y t e s  i n  PBS i . p .  weekly.  Se ra  f o r  t e s t i n g  were 

d i l u t e d  1 : 4  and absorbed s e q u e n t i a l l y  w i t h  h a l f  t h e  volume of  HS 

6 

fem;ile s p l e n o c y t e s  on i c e  f o r  1 1 1 .  To p rov ide  n e g a t i v e  c o n t r o l  

serum, normal serum and immune serum were absorbed w i t h  HS male 

s p l e n o c y t e s  t o  remove a n t i b o d i e s  a g a i n s t  t h e  male a n t i g e n  i n  t h e  

case of  the immune serum o r  a u t o a n t i b o d i e s  i n  the c a s e  of normal 

serum. 
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166 MC ARTHUR AND SENGUPTA 

Enzyme-antibody conjugate  

Sheep a n t i - r a t  IgG was a f f i n i t y  p u r i f i e d  on IgG-sepharose by 

t h e  method o f  Guimezanes e t  a l .  ( 2 4 ) .  The p u r i f i e d  an t ibody was 

l a b e l l e d  w i t h  horse- rad ish  peroxidase  ( t y p e  V I ,  Sigma Chemical 

Co., S t .  Louis ,  MO) by t h e  method of Nakane and Kawaoi (25) .  The 

conjugate  used i n  t h e s e  experiments  conta ined  a n  average  molar 

r a t i o  of 3 mol of  enzyme t o  1 mol of Ig .  The s ter i le  c o n j u g a t e  

was s t o r e d  i n  50% g l y c e r o l  a t  4°C and no l o s s  of a c t i v i t y  was 

observed over  a 6 month per iod .  

was used a t  d i l u t i o n s  ranging  from 1 : 4 0 0  t o  1:600 and d i l u t i o n s  

were made i n  0 .5  molar N a C l  c o n t a i n i n g  1% Tween 80 (Sigma), pH 7.5 

( a d j u s t e d  w i t h  K HP04). 

With t h i s  a n t i g e n ,  t h e  c o n j u g a t e  

2 

Enzyme-linked immunoassay (ELISA) 

The a s s a y  was c a r r i e d  o u t  on p o l y s t y r e n e  m i c r o t i t r e  p l a t e s  

(Cooke Laboratory P r o d u c t s ,  Alexandria ,  VA; Cat. No. 18-29A) .  

P l a t e s  were r i n s e d  wi th  d i s t i l l e d  water  and blocked by adding a 5% 

s o l u t i o n  of gamma-globulin-free h o r s e  serum (Gibco) i n  s a l i n e  t o  

each w e l l .  A f t e r  i n c u b a t i n g  f o r  15 minutes  a t  room tempera ture  

t h e  p l a t e s  were r i n s e d  c a r e f u l l y  4 times w i t h  d i s t i l l e d  water .  

D i l u t i o n s  of  sera t o  be t e s t e d ,  i n c l u d i n g  p o s i t i v e  and n e g a t i v e  

c o n t r o l s ,  were made as fo l lows:  a l l  wells r e c e i v e d  0.025 m l  PBS- 

Tween 80 (0.05%) and t h e  f i r s t  w e l l  i n  each row r e c e i v e d  0.025 m l  

o f  t h e  serum t o  be t e s t e d .  These were d i l u t e d  s e r i a l l y  u s i n g  

0.025 m l  m i c r o - d i l u t e r s  (Cooke) b e f o r e  0.025 m l  o f  sperm o r  male 

6 
thymocyte suspension (15-20 x 10 p e r  ml) w a s  added t o  each w e l l  
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ANTIBODIES IN RAT SERUM 167 

and t h e  p l a t e  i ncuba ted  f o r  10 minu tes  a t  37OC on a micro-mixer 

(Cooke). A f t e r  i n c u b a t i n g ,  e x c e s s  a n t i b o d y  was removed by a d d i n g  

0 . 2  m l  of 0.15 M PBS-Tween 80 (0.05%) shak ing  f o r  30 seconds on  

t h e  micro-mixer,  c e n t r i f u g i n g  t h e  p l a t e  a t  250 G f o r  5 min and 

c a r e f u l l y  a s p i r i n g  t h e  s u p e r n a t a n t s .  P l a t e s  were washed t w i c e  

more b e f o r e  0.025 m l  of t h e  l a b e l l e d  d i l u t e d  c o n j u g a t e  w a s  added 

t o  each w e l l  and t h e  p l a t e  i ncuba ted  on t h e  s h a k e r  f o r  a f u r t h e r  

1 0  minutes  a t  37'C. A f t e r  i n c u b a t i o n ,  t h e  p l a t e  was washed and 

c e n t r i f u g e d  4 t imes  t o  0.15 M PBS-Tween 80 (0.05%) as p r e v i o u s l y .  

Next,  0.025 m l  PBS-Tween 80 (0.05%) and 0.025 m l  o f  s u b s t r a t e  was 

added t o  e a c h  w e l l  and i n c u b a t e d  i n  t h e  d a r k  f o r  1 5  minu tes  b e f o r e  

s t o p p i n g  t h e  r e a c t i o n  by add ing  1 drop  of 0.3% sodium a z i d e  t o  

each w e l l  and s t a b i l i z i n g  t h e  r e a c t i o n  a f t e r  10 min by add ing  

0.025 m l  o f  4 N  H2S04. 

u s e  by d i s s o l v i n g  6 mg of  0-phenylenediamine i n  10 ml PBS and 

add ing  0 . 6  ml o f  t h i s  s o l u t i o n  p l u s  0.01 m l  f r e s h  H 2 0 2  t o  a 

second 1 0  m l  of PBS f o r  u s e .  We have found t h e  s u b s t r a t e  u n s t a b l e  

a f t e r  6 h o u r s ,  so  recommend t h a t  t h i s  be  made up f r e s h l y .  P o s i t i v e  

ser,i can b e  v i s u a l i z e d  by t h e  appea rance  of  t h e  ye l low c o l o r  i n  

t h e  wells and sco red  a p p r o p r i a t e l y ,  o r  r e a d i n g s  t o  de t e rmine  

o p i i c a l  d e n s i t y  can be  made u s i n g  an au tomat i c  s canne r  (Mul t i s can ,  

Flow L a b o r a t o r i e s )  des igned  t o  s c r e e n  m i c r o t i t r e  p l a t e s .  

The s u b s t r a t e  w a s  made up d i r e c t l y  b e f o r e  

E s t a b l i s h i n g  whether  a sample of  low t i t r e  w a s  p o s i t i v e  o r  

n e g a t i v e  r e q u i r e d  expe r imen ta t ion  w i t h  s e v e r a l  known p o s i t i v e  and 

n e g a t i v e  sera, and t h e  a p p r o p r i a t e  ad jus tmen t  of  t h e  t i m e  f o r  t h e  

development of  t h e  s u b s t r a t e .  For o u r  u s e ,  v i s i b l e  a s ses smen t  o f  
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168 MC ARTHUR AND SENGUPTA 

t h e  co lor  proved adequate. 

showing a co lo r  mre in t ense  than t h a t  of t he  absorbed negacive 

con t ro l  was considered t h e  t i t re  of  t h a t  sample. 

The last d i l u t i o n  of test serum 

Antisera from r a t s  immunized with splenocytes were f i r s t  

t e s t e d  f o r  autoantibodies wi th  r a t  sperm. 

then removed by absorption with female rat splenocytes.  Ant i sera  

were then t e s t e d  by ELISA with  rat sperm to  show the  presence of 

t h e  H-Y an t igen(s )  shared by male rat splenocytes and r a t  sperms. 

Autoantibodies were 

To examine t h e  c ros s - r eac t iv i ty  of pu ta t ive  rat anti-H-Y s e r a  

they were f i r s t  absorbed wi th  female mouse o r  human lymphocytes t o  

r e m v e  poss ib le  n a t u r a l l y  occurring an t i - spec ies  a c t i v i t y  and then 

t e s t ed  by ELISA f o r  binding with mouse and human sperm. When t h e  

volume of antiserum permitted superna tan ts  removed a t  t h i s  po in t  

(anti-H-Y absent) from m i c r o t i t r e  p l a t e s  were re t a ined  and again 

t e s t ed  by ELISA f o r  binding with rat sperm. 

mouse o r  human sperm removed a l l  a n t i - r a t  sperm a c t i v i t y .  

I n  our experience 

Cytotoxicity test 

T h i s  was ca r r i ed  out according t o  t h e  method of Goldberg e t  

a l .  (11) with modifications.  Br i e f ly ,  a n t i s e r a  were d i l u t e d  from 

1:4 a f t e r  absorp t ion ,  t o  1:32 and equal volumes (0.05 m l )  of 

d i lu t ed  antiserum, sperm suspension (5  x 10 ) and absorbed r a b b i t  
6 

serum (complement source) d i l u t e d  1:4 were incubated for 45 min a t  

37°C. Live and dead sperm were counted i n  a hemocytometer under a 

l i g h t  microscope a f t e r  adding 0.1 ml of a f r e s h l y  prepared 

so lu t ion  of trypan blue ( s tock  so lu t ion  of 1% trypan b lue)  i n  
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ANTIBODIES IN RAT SERUM 169 

d i s t i l l e d  water, d i l u t e d  p r i o r  t o  u s e  w i t h  4 2 . 3  g / 1  o f  N a C 1 ,  o n e  

p a r t  i n  f i v e  f o r  i s o t o n i c i t y .  C o n s i d e r a b l e  c a r e  was t a k e n  t o  

e l i n i i n a t e  b i n s  b y  the pe r son  making  t h e  o b s e r v a t i o n s ,  so prap,i- 

r a t i o n s  were numbered. 

RESULTS 

T a b l e  1, column 1, shows t h e  r e s u l t s  o f  t h e  ELISA t e s t  o n  

a n t i s e r a  f rom 1 9  immunized rats. A n t i s e r a  were s c o r e d  as  c l e a r l y  

p o s i t i v e ,  e q u i v o c a l  o r  c l e a r l y  n e g a t i v e .  Nine of  t h e s e  i n d i c a t e d  

t h e  p r e s e n c e  of  a u t o a n t i b o d i e s  by a r e d u c t i o n  i n  t i t r e  o f  a n t i s e r a  

i n  column 2 f o l l o w i n g  a b s o r p t i o n  w i t h  f ema le  ra t  s p l e n o c y t e s .  

S e v e r a l  o f  t h e  a n t i s e r a  showed c l e a r  c r o s s - r e a c t i v i t y  (Rat  no.  2 ,  

7 ,  and 13) w i t h  mouse and human sperm (columns 3 and 4 ) .  

Absorp t ion  of  p o s i t i v e  ant isera  w i t h  male ce l l s  removed t h i s  

a c t i v i t y .  

n e g a t i v e ,  a l t h o u g h  unabsorbed sera f r e q u e n t l y  c o n t a i n e d  a u t o -  

a n t i b o d i e s .  

Serum from normal  ra ts  a b s o r b e d  and t e s t e d  w a s  

DISCUSSION 

'he d i f f e r e n c e s  i n  t i t r e s  o f  a p a r t i c u l a r  serum r e c o r d e d  

p robab ly  r e f l e c t s  e i t h e r  s l i g h t  d i f f e r e n c e s  i n  sperm numbers,  

a n d / o r  amount o f  H-Y a n t i g e n  p r e s e n t  on t h e  sperms o f  d i f f e r e n t  

s p e c i e s .  The a p p a r e n t  lower s e n s i t i v i t y  of mouse sperm may b e  

a t t r i b u t e d  t o  t h e  f a c t  t h a t  i n  t h i s  case sperm were o b t a i n e d  from 

v e r y  young mice and c e l l s  may have been  immature.  

I n  o u r  hands ELISA proved s u p e r i o r  t o  t h e  c y t o t o x i c i t y  test 

(11) a s  w e l l  a s  t h e  r o s e t t i n g  a s s a y  ( 2 2 ) .  We found dye  e x c l u s i o n  
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TABLE 1 

MC ARTHUR AND SENGUPTA 

Titers of 1 9  Rat H-Y Antisera Determined by Binding i n  t h e  ELISA 
Tes t  With Rat, Mouse and Human Sperm. A n t i s e r a  Were Absorbed 
With 3 Cells P r i o r  t o  T e s t i n g  and t h e  S igns  i n  P a r e n t h e s i s  Refer  
t o  t h e  R e s u l t s  Obtained by t h e  Sperm C y t o t o x i c i t y  Test. 
I n d i c a t e s  >15% C y t o t o x i c i t y  Above t h e  Cont ro l .  ( A )  I n d i c a t e s  
5-10% C y t o t o x i c i t y  Above t h e  Cont ro l .  
Included a Cont ro l  i n  Which Complement was Omitted and Another 
Cont ro l  Without Antiserum b u t  w i t h  Absorbed Complement. Cyto- 
t o x i c i t y  Varied Between 15-20% i n  such Cont ro ls .  

(+) 

The C y t o t o x i c i t y  Tes t  

Column 1 Column 2 Column 3 Column 4 
rat sperm ra t  spe rm mouse sperm human spe rm 

1 - (+) 
2 1:8  (+) 
3 - (-1 

5 1:2 (-) 
6 - (+I 
7 1:8 (+) 

4 1 : 4  (-) 

8 1 : 2  (-) 
9 1 : 2  (+) 

1 0  - (-) 

1 2  - (-) 
11 1:4 (+) 

1 3  1:4 (+) 
14 1 : 2  (+) 

1 6  1:2 (+) 
17 1:4 (+) 
1 8  1:2 (i) 

1 5  1 :2  (-) 

19 - (-1 

- (-1 

- (-1 
1:2  (-1 - (-1 
- (-1 

1:4 (+) - (-1 
1 : 2  (-) - (-1 
1:2  (+) 
- (-1 

1 : 4  (+) - (-1 
1 : 2  (-) 
- (-) 
1:2 (-1 - (-) 
- (-1 

1:E (+) 
- (-) 

1 : 2  (+) - (-1 
1 : 2  (-1 - (-) 

1 : 2  (-) 
- (-1 
- (-1 
- (-1 
- (-1 
- (-> 

1 : 2  (-) 
- (-) 
- (-1 
- (-1 
- (-1 
- (-1 
- (-1 

( N . D . )  

The r e s u l t s  i n  cdlumns 1 and 2 were o b t a i n e d  by one worker on t h e  
same day u s i n g  sperm from t h a t  pooled from 3 rats. Those i n  
columns 3 and 4 were obta ined  on 2 d i f f e r e n t  days 1 0  and 11 days  
subsequent ly  (by t h e  same e x p e r i m e n t e r ) .  N.D.  = n o t  t e s t e d .  
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c y t o t o x i c i t y  and r o s e t t i n g  t o  l a c k  r e p r o d u c i b i l i t y ,  b e  t e c h n i c a l l y  

l a b o r i o u s  and v e r y  s u b j e c t i v e .  We found t h a t  t h e  r e s u l t s  o b t a i n e d  

by one  pe r son  u s i n g  t h e  c y t o t o x i c i t y  t e s t  were o f t e n  d i f f e r e n t  

from r e s u l t s  ob ta ined  by a n o t h e r  worker .  

problem w i t h  ELISA. For example,  a serum t e s t e d  w i t h  sperm from 

two d i f f e r e n t  r a t s  would f r e q u e n t l y  y i e l d  d i f f e r e n t  r e s u l t s  so a l l  

sera had t o  be t e s t e d  w i t h  sperm from t h e  same r a t  o r  a pool  of 

sperm. It h a s  been sugges t ed  t h a t  sperm d i f f e r  a l s o  depending on 

t h e  t i m e  o f  t h e  yea r  ( 2 6 ) .  C y t o t o x i c i t y  r e q u i r e s  e x c e l l e n t  c e l l  

suspens ions  and h a s  t h e  added problem of  s c r e e n i n g  f o r  s u i t a b l e  

complement. C y t o t o x i c i t y  a l s o  depends upon l y s i s  of  t h e  ce l l  and 

s o  o v e r l o o k s  an t ibody  which merely b i n d s  t o  t h e  c e l l  w i t h o u t  

a c t u a l l y  damaging t h e  membrane. With t h e  ra t  w e  expe r i enced  t h e  

added d i f f i c u l t y  w i t h  r o s e t t i n g  u s i n g  Staphylococcus protein-A 

(PA) i n  t h a t  r a t  I g  d i d  n o t  appea r  t o  b ind  as e f f e c t i v e l y  t o  PA as 

d i d  mouse Ig .  

Th i s  was n o t  a n  obv ious  

The E L I S A  i s  a h i g h l y  s e n s i t i v e ,  r e p r o d u c i b l e ,  s i m p l e ,  f a s t ,  

and r e l a t i v e l y  inexpens ive  a s s a y .  

be  sc reened  i n  a few hour s ,  and o n l y  0.025 m l  of  r a t  serum i s  

r e q u i r e d .  The use  o f  whole c e l l s  and c e n t r i f u g a t i o n  a v o i d s  t h e  

added complexi ty  of  p r e p a r i n g  a n t i g e n  t o  be  f i x e d  as  t h e  s o l i d  

phase on to  m i c r o t i t r e  p l a t e s .  Compared w i t h  s o l i d  phase  r a d i o -  

immunoassays (RIA), which have been w i d e l y  used t o  d e t e c t  a n t i -  

b o d i e s  t o  s o l u b l e  a n t i g e n s  ( 2 7 ) ,  t h e  ELISA has  obv ious  advan tages .  

The l i m i t e d  s h e l f  l i f e  of  r e a g e n t s  and t h e  h e a l t h  h a z a r d s  a r e  

among t h e  d i s a d v a n t a g e s  o f  u t i l i z i n g  r a d i o - i s o t o p e .  A d d i t i o n a l l y ,  

A l a r g e  number of  samples  can  
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17  2 MC ARTWR AND SENGUPTA 

t h e  r e s u l t s  o b t a i n e d  by ELISA are r a p i d l y  v i s i b l e  and do n o t  

r e q u i r e  c o u n t i n g  as i n  t h e  case o f  R I A .  

We are p r e s e n t l y  modifying t h i s  method t o  p r o v i d e  a c l i n i c a l  

tes t  f o r  t h e  H-Y a n t i g e n  i n  t h e  human system. 
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