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A n t i g e n i c  A n a l y s i s  b y  2 - D i m e n s i o n a l  R a d i o - C o p r e c i p i t a t i o n  ~ 

In  a previous  publ icat ion,  the  p repara t ion ,  labelling, 
and  ut i l izat ion of ~35I-labelled ant ibodies  to h u m a n  chori- 
onic gonado t roph in  (HCG) was descr ibed 3. To fu r the r  elu- 
c idate  the  mechan i sms  of HCG-an t ibody  in teract ions ,  i t  
seemed desirable  to  employ  radio- labeled ant igen.  In  th is  
communica t ion ,  f indings on the  ant igenic  he te rogene i ty  of 
commerc ia l  HCG assessed by  the  use of 135-I-labelled ant i -  
gen will be  repor ted .  D a t a  in t he  p re sen t  s t u d y  were eva- 
lua ted  by  a modi f ica t ion  and  ex tens ion  of the  t echn ique  of 
r ad io immunoprec ip i t a t i on  which  was t e rmed  2-dimensio- 
nal  rad io-coprec ip i ta t ion  (2-DRCP). 

Mater ials  and methods. The an t igen  p r o c u r e m e n t  (Antui-  
t r in-S,  Parke-Davis)  and  m e t h o d  of r abb i t  an t i -HCG anti-  
body  p roduc t ion  has  previous ly  been  descr ibed 3,a. Puri -  
fied HCG (1700 IU/mg)  was  labeled wi th  13~I by  the  me- 
t h o d  of HUNTER and  GREENWOOD 4 Pooled f rac t ions  of the  
r ad io -hormone  p repa ra t ion  conta ined  1.9 vg p ro te in /ml  
w i th  a specific ac t iv i ty  of 138.4 tzCi/tzg, t36I HCG was sus- 
pended  in 0.052If p h o s p h a t e  buffer  s tabi l ized wi th  1.0% 
bovine  se rum albumin.  5 tzl of 135I HCG were appl ied  to  a 
cellulose po lyaee t a t e  m e m b r a n e  and  e lec t rophoresed  in 
0.05 M tr i s -barb i ta l - sod ium barb i t a l  buffer  mixed  in equal  
p ropor t ions  w i th  formamide .  A cur ren t  of 2.5 mA/s t r ip  
was appl ied for 1 h. Af ter  drying,  t he  m e m b r a n e  s t r ips  were 
ana lyzed  for r ad ioac t iv i ty  on a r a d i o c h r o m a t o g r a m  scan- 
ner. 

All phases  of t he  2 -DRCP procedure  were pe r fo rmed  in 
12 • 75 m m  p y r e x  sil iconized t e s t  tubes.  The f irs t  phase  
requi red  0.5 cm 3 of r ad iohormone  di lu ted  1 : 25 in normal  
saline and  0.5 cm 3 of deac t iva ted  an t i -HCG an t i se rum in 
dilut ions ex t end ing  f rom 1:10 to  1 : 2500. The e x t e n t  of the  
di lut ion series was e s t ima ted  f rom a previous ly  ob ta ined  
hemagg lu t i na t i on  t i t e r  3. The r eac t an t s  were incuba ted  a t  
37 ~ for 30 min  and overn igh t  a t  4 ~ Excess  goat  ant i -  
serum to r abb i t  y-globulin (GARG) was t h e n  added  and  
incuba ted  as descr ibed for the  f i rs t  an t i se rum.  Fol lowing 
cen t r i fuga t ion  and  washing,  the  s ed imen t  in the  tubes  was 
coun ted  for r ad ioac t iv i ty  agains t  a s t a n d a r d  and p lo t t ed  
as cpm versus  r e ac t an t  di lut ion.  The residues were washed  
wi th  0.1 iV/ Na2CO a and  to ta l  p ro te in  was de t e rmined  5. 
In  a cont ro l  series, n o n i m m u n e  r abb i t  y-globulin was sub- 
s t i t u t ed  for an t i -HCG se rum and  t i t e red  agains t  the  radio- 
hormone .  
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Fig. 1. A 2-dimensional planar profile of the radio-coprecipitation 
method is demonstrated. Initially, the antiserum was titrated on the 
X-axis, then the antigen (IISI-HCG) on the Z-axis. All precipitation 
occurs in the GARG antibody excess zone. 

The an t i -HCG serum prec ip i ta t ion  peaks  ob ta ined  f rom 
the  G A R G  a n t i b o d y  excess zone d ic t a t ed  the  se rum dilu- 
t ions  for use in t he  second half  of the  procedure .  A second 
d imens ion  was ob ta ined  for all peaks  in this  zone by  di lut-  
ing the  13sI HCG an t igen  (1:15 to  1:325) in normal  saline 
and  mix ing  this  solut ion wi th  co n s t an t  amo u n t s  (0.5 ml  
value) of an t i -HCG an t i se rum a t  the  peak  p rec ip i t a t ing  
di lu t ions  ob ta ined  previously.  All incuba t ions  and  wash-  
ings followed the  above  procedures  except  t h a t  p ro te in  
was no t  de te rmined .  However ,  tes ts  of the  s u p e r n a t a n t s  
were carr ied out  in P ree r  tubes  ~ for t he  se rum dilutions.  
Three  d i f ferent  p repa ra t ions  of 135I HCG an t igen  (using 
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Fig. 2. Varying dilutions of 125I-HCG were titrated against constant 
amounts of antibody diluted 1:500, 1:1000 and 1:2000. Five peaks 
or fractions, numbered as Roman numerals in the text, were demon- 
strated each with varying magnitudes at different serum concentra- 
tions. The closed vertical bars indicate the control range variation. 
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dup l i ca te  samples)  were sub jec t ed  to 2 - D R C P  e v a l u a t i o n  
emp loy ing  t he  same  b a t c h  of r a b b i t  an t i se rum.  

Results and discussion. 125I H CG  sub jec ted  to  S e p a h a d e x  
G-100 co lumn  c h r o m a t o g r a p h y  yie lded 1 m i n o r  compo-  
n e n t  t e r m e d  f r ac t ion  A, a n d  2 m a j o r  componen t s ,  Irac2 
t ions  B a n d  C. F r a c t i o n  B h a d  h e m a g g l u t i n a t i 0 n  inh ib i -  
t i on  7 a c t i v i t y  whi le  f r ac t ion  C h a d  on ly  low grade  (:k) ac- 
t iv i ty .  F r a c t i o n  A was no t  s u b m i t t e d  to tes t ing.  The  two 
fo rmer  f rac t ions  were f u r t h e r  e luc ida ted  b y  cellulose ace- 
t a t e  e lec t rophores i s  and  rad ioscann ing .  These  p rocedures  
d e m o n s t r a t e d  t h a t  f r ac t ion  B cons is ted  of 5 s u b c o m p o n e n t s  
while  f r ac t ion  C appea red  as a single peak.  4 of t he  B-sub-  
f rac t ions  m i g r a t e d  t o w a r d  t he  anode  a n d  1 t o w a r d  t he  
ca thode .  I n  s u m m a r y ,  f r ac t ion  13 possessed immuno log i ca l  
a c t i v i t y  a n d  mul t ip l e  c o m p o n e n t s  whi le  f r ac t ion  C dis- 
p l ayed  low i m m u n o a c t i v i t y  a n d  un i t  i den t i ty .  

The  t i t r a t i o n  of a n t i - H C G  se rum wh ich  was pe r fo rmed  
f i rs t  e s t ab l i shed  t he  p r ec ip i t a t i ng  p a t t e r n  of t h e  G A R G  
a n t i b o d y  sys tem.  Th i s  f i rs t  s tep  in t he  t e c h n i q u e  i nd i ca t ed  
t he  o p t i m u m  po in t s  of p rec ip i t a t i on  a long  a d i lu t ion  spec- 
t r u m  of t h e  anti-I-ICG serum.  T he  resu l t s  of t i t r a t i n g  an t i -  
H C G  se rum w i t h  c o n s t a n t  a m o u n t s  of 125I-HCG and  G A R G  
are i l l u s t r a t ed  in F igure  1 (X-axis).  T he  125I-HCG radio-  
an t i gen  is no t  employed  as an t i gen  excess in  e i t he r  t he  
f i rs t  or t he  second phase  of 2-DRCP,  a n d  t h e  m a j o r  pre-  
c ip i t a t ing  peaks  occur  in  G A R G  a n t i b o d y  excess. T he  pre-  
c ip i t a t ion  p e a k s  for t h e  G A R G - a n t i - H C G  sys t em occur red  
a t  a n t i - H C G  se rum d i lu t ion  1 : 500, 1:1000, and  1 : 2000. 
The  smal l  peak  on  t he  lef t  side of t he  d i a g r a m  ( an t i body  
d i lu t ion  area) p r e c i p i t a t e d  in t he  a n t i - H C G  se rum excess 
zone. This  was  no t  a n  a rea  of G A R G  a n t i b o d y  excess;  
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Fig. 3. Each of the peaks seen as fractions I through V were plotted at 
the anti-HCG antibody dilutions 1:500, 1:1000 and 1:2000. The 
individual preeipitin curves for the 5 fractions are seen together with 
their contribution at each serum dilution. 

therefore ,  p r ec ip i t a t i on  should  no t  h a v e  occurred  a n d  th is  
p e a k  m a y  r ep re sen t  an t i gen  t r app ing .  The  r a d i o a c t i v i t y  
coun t s  in each  ot t he  s ed imen t s  cou ld  be  conf i rmed  b y  
compar i son  t o  t he  spec t rome t r i c  c o u n t i n g  resul t s  of t he  
co r re spond ing  s u p e r n a t a n t s .  The  po in t s  o b t a i n e d  f rom the  
p r o t e i n  cu rve  closely a p p r o x i m a t e d  t h e  p rec ip i t in  cu rve  in 
t he  f i rs t  phase  of 2-DRCP.  A t e s t  of t h e  s u p e r n a t a n t s  em- 
p loy ing  Pree r  t u b e  p r ec ip i t a t i on  failed to  d e m o n s t r a t e  the  
presence  of anti-I-ICG a n t i b o d y  in t he  G A R G  excess zone. 
However ,  t he  p resence  of a n t i - H C G  in t he  s u p e r n a t a n t  of 
s e rum d i lu t ion  1:10 t h r o u g h  1:100 conf i rmed  th i s  a rea  as 
t he  a n t i - H C G  a n t i s e r u m  (ant igen)  excess zone. Contro ls  
cons i s t ing  of n o r m a l  r a b b i t  s e r u m  were  s u b s t i t u t e d  in 
place  of a n t i - H C G  a n d  cons i s t en t ly  r e su l t ed  in on ly  1 - 2 %  
c p m  in t he  sed imen t .  Omiss ion  of t he  second a n t i b o d y  
(GARG) resu l t ed  in t h e  absence  of a v is ib le  p rec ip i t a t e  and  
mean ing less  r a d i o a c t i v i t y  counts .  

The  H C G  a n t i g e n  c o m p o n e n t s  were ana lyzed  n e x t  in t he  
zone of G A R G  a n t i b o d y  excess us ing  c o n s t a n t  a m o u n t s  of 
a n t i - H C G  a n t i b o d y  a t  t h e  peak  va lues  of se rum t i t r a t ion ,  
namely ,  1 : 500, 1:1000 a n d  1 : 2000 di lu t ion.  The  t i t r a t i o n  
was pe r fo rmed  a t  125I-HCG a n t i g e n  d i lu t ions  1:15 t h r o u g h  
1 :350 ;  th i s  was  120 ~ g t o  5 n g  (0.2-0.009 IU)  of HCG. This  
t i t r a t i o n  comple t ed  t he  second p h a s e  of t he  ana lys i s  and  
t he  en t i r e  p rocedure  is r ep resen ted  b y  t he  2 -d imens iona l  
p l a n a r  profi le  in  F igure  1. F ive  peaks  occur red  in each  case, 
b u t  t he  m a g n i t u d e  of t h e  peaks  va r i ed  wide ly  a t  d i f fe ren t  
s e rum c o n c e n t r a t i o n  (Figure 2). W h e n  each  of t h e  peaks  
r ep r e sen t ed  b y  f r ac t ion  1 t h r o u g h  5 were p lo t t ed  aga ins t  
t he  3 a n t i - H C G  se rum di lut ions ,  i t  could  be seen t h a t  the  
p r ec ip i t a t i on  p o i n t  p roduced  a t  each  s e r u m  d i lu t ion  was 
rea l ly  composed  of 4 to  5 c o m p o n e n t s  whose  s u m m a t i o n  
c o n t r i b u t e d  to  each  of t he  peaks  obse rved  (Figure 3). Frac-  
t i on  1 was t h e  m a j o r  an t i gen  c o m p o n e n t  c o n t r i b u t i n g  
s ign i f i can t ly  a t  all 3 di lut ions .  However ,  f rac t ion  I I  was a 
g rea te r  c o n s t i t u e n t  a t  s e rum d i lu t ion  1:1000 t h a n  e i t he r  of 
t he  o the r  2 d i lu t ions .  F r a c t i o n  I I I  e x t e n d e d  over  the  3 
peaks  c o n t r i b u t i n g  s imi la r ly  to  all  s e rum di lut ions .  Frac-  
t i on  I V  was t he  m a j o r  an t igen ic  c o n s t i t u e n t  a t  s e rum di- 
lu t ion  1:500, b u t  c o n t r i b u t e d  v e r y  l i t t l e  a t  t he  o t h e r  se- 
r u m  di lut ions .  F r a c t i o n  V c o n t r i b u t e d  m a i n l y  to t h e  peak  
a t  1:500,  less to  1:1000, and  none  a t  all  to  peak  1:2000.  

The  e x p e r i m e n t s  a b o v e  were r epea t ed  for f r ac t ion  C 
wh ich  showed v e r y  l i t t le  immuno log i ca l  a c t i v i t y  a n d  con- 
c o m m i t a n t l y ,  v e r y  l i t t l e  p rec ip i t a t e  was  formed.  However ,  
3 a n t i b o d y  peaks  of p r ec ip i t a t i on  re su l t ed  wh ich  would 
h a v e  been  b e y o n d  t he  sens i t i v i ty  of t h e  a fo r emen t ioned  
immuno log i ca l  tests .  Once again,  a sma l l  p r ec ip i t a t i on  peak  
occur red  in t he  a n t i - H C G  excess zone  as w i th  f r ac t ion  I3. 
A n t i - H C G  s e r u m  p rec ip i t a t i on  peaks  occur red  a t  1:250, 
1:1250 and  1:1750 d i lu t ion  in t h e  f i rs t  d imens ion .  Radio-  
a c t i v i t y  coun t s  of t he  s u p e r n a t a n t  aga in  conf i rmed  po in t s  
seen on  t he  a n t i b o d y  curve.  A t  these  s e rum di lut ions ,  3 
peaks  were de t ec t ed  in t he  second d i m e n s i o n  which  preci- 
p i t a t e d  ba re ly  14.0 % of t o t a l  count .  The  3 po in t s  appea red  
a t  an t i gen  d i lu t ion  1 : 75, 1 : 200 a n d  1 : 350. Thus,  f r ac t ion  
C showed 3 a n t i b o d y  p rec ip i t ab le  g roups  b y  2 - D R C P  which  
were u n d e t e c t a b l e  emp loy ing  h e m a g g l u t i n a t i o n  i nh ib i t i on  
analysis .  

P r e c i p i t a t i o n  in l iquid  med ia  (2-DRCP)  us ing  125I-I.ICG 
p r o v i d e d  a m u l t i - p h a s e  p rec ip i t in  cu rve  of t he  he te rogene-  
ous an t igens  in t he  s y s t e m  u n d e r  p r e sen t  inves t iga t ion .  
This  modi f ied  m e t h o d  of r a d i o i m m u n o p r e c i p i t a t i o n  differs 

6 j .  R. PREER JR., J. Immunol. 77, 52 (1956). 
W.  R. BUTT, The Chemistry o[ the Gonadotropins (Charles C. Thomas, 
Publishers, Springfield, IlL 1967), p. 107. 



462  Specialia EXPERIENTIA 28/4 

f r o m  those  p rev ious ly  p u b l i s h e d  s-t~ in  t w o  ways :  1. an t i -  
s e r u m  in v a r y i n g  c o n c e n t r a t i o n s  is f i rs t  t i t e r ed  aga ins t  
c o n s t a n t  a m o u n t s  of r a d i o a n t i g e n  a n d  an t ig lobu l in  an t i -  
b o d y  and  2. a second d imens ion  is p rov ided  b y  t i t r a t i n g  
v a r y i n g  d i lu t ions  of t h e  r a d i o a n t i g e n  aga ins t  c o n s t a n t  
a m o u n t s  of t he  homologous  a n t i s e r u m  d e t e r m i n e d  in t h e  
f i r s t  s tep.  The  c o m b i n i n g  of s teps  i a n d  2 (Figure 1) a t  each  
p r ec ip i t a t i on  p o i n t  a long t he  se rum d i lu t ion  axis  resul t s  in  
2 -d imens iona l  p rospec t ive ,  showing  t he  mul t ip le  an t igen ic  
d e t e r m i n a n t s  w h i c h  h a v e  c o n t r i b u t e d  to  a n t i - H C G  ant i -  
b o d y  fo rmat ion .  The  i n d i v i d u a l  p rec ip i t in  cu rve  for each  
a n t i g e n  in t he  s y s t e m  can  t h e n  be  c o n s t r u c t e d  (Figure 3) 
f rom the  second d imens ion .  

Rad io -cop rec ip i t a t i on  (2-DRCP),  as pe r fo rmed  in double  
d imens ion ,  will al low t he  i nves t i ga t o r  to  ach ieve  o p t i m a l  
s e rum d i lu t ion  ana lys i s  to  d e t e c t  specific an t igen ic  const i -  
t u e n t s  in  t he  nano-  and  p i k o g r a m  r a n g e  (5 ng  in the  pre-  
sen t  s tudy) .  The  p re sen t  m e t h o d  of 2 - D R C P  m a y  be  ap-  
p l ied  to  screening sera for r a d i o i m m u n o a s s a y s  to d e t e r m i n e  
po in t s  of o p t i m a l  p rec ip i t a t ion .  This  new techn ique ,  in  
t u rn ,  m a y  re l a t e  t he  p u r i t y  of t he  an t igen ic  p r e p a r a t i o n s  
emp loyed  in r a d i o i m m u n o a s s a y s .  

Zusammen]assung. Neue  V a r i a n t e  des R a d i o - I m m u n d i f -  
fus ions tes t s  m i t  A n t i g e n a n a l y s e  yon  mensch l i chem Gona-  
do t roph in .  
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T h e  Inf luence  of P r o t e o l y t i c  E n z y m e s  Inhib i tor  on  the  Course  of L y m p h o c y t e  T r a n s f o r m a t i o n  in v i tro  

I t  is k n o w n  t h a t  b o t h  p h y t o h e m a g g l u t i n i n  ( P H A ) ,  
s t r ep to ly s in  S, a n t i l y m p h o c y t e  sera, a n t i g e n  a n d  an t igen -  
a n t i b o d y  complexes  induce  l y m p h o c y t e s  t r a n s f o r m a t i o n  
in v i t ro~-<  T r a n s f o r m a t i o n  s t i m u l a t o r s  enhance  oxygen  
c o n s u m p t i o n  s, R N A  syn thes i s  7, a n d  also cause  changes  
in  t he  morpho log ica l  c h a r a c t e r  of l ym phocy t e s .  Us ing  
h i s t o c h e m i c a l  me thods ,  HIRSC~IHORN et  a l )  d e m o n s t r a t e d  
t h a t  in  t he  course of the  t r a n s f o r m a t i o n  t he  c o n t e n t  of 
acid hydro la ses  in t he  s t i m u l a t e d  l y m p h o c y t e s  increases.  
Moreover ,  t he  P H A  simplif ies  t he  d e s t r u c t i v e  inf luence  
of s t r e p t o k i n a s e  S on l y m p h o c y t e  lysosomes s. DIENG- 
DOH a n d  TURK 9 were able  to  d e m o n s t r a t e  t h a t  l y m p h  node  
cells c o n t a i n  more  acid hydro lases  a f t e r  a n t i g e n  s t imula -  
t ion .  AnalogicaI  changes  were obse rved  in b lood  leuko-  
cy tes  Of r a b b i t s  a f t e r  a l logenic  skin t r a n s p l a n t a t i o n  t0. 

T h e  p r e sen t  c o m m u n i c a t i o n  is to  show t he  role of pro-  
t eo ly t i c  enzymes  i n h i b i t o r  in the  course  of l y m p h o c y t e  
t r a n s f o r m a t i o n  in v i t ro .  

Material and methods. The  inves t i ga t i ons  were car r ied  
o u t  on  l y m p h o c y t e s  o b t a i n e d  f rom t h e  spleen or  l y m p h  
nodes  of i m m u n i z e d  guinea-pigs  weigh ing  350-450 g. Male 
guinea-pigs  were i m m u n i z e d  b y  h u m a n  se rum a l b u m i n  
(HSA) p roduced  b y  Biomed,  Po land .  A n t i gen  was in jec ted  

w i t h  m i n e r a l  oil as a n  a d j u v a n t ,  in  the  p ropor t i on  1:1, to  
the  whole  q u a n t i t y  of 2 m g  H S A  for 1 guinea-pig.  The  ex- 
p e r i m e n t s  were car r ied  ou t  20 to  30 days  a f te r  the  i m m u n i -  
zat ion.  Cells of t he  spleen a n d  l y m p h  nodes  were p r e p a r e d  
in suspens ions  con ta in ing  2-4  X l0  s l ymphocy t e s /ml .  The  
l y m p h o c y t e  cu l tu res  were  i n c u b a t e d  in t u b e s  a t  37 ~ for  
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Influence of inhibitor of proteolytic enzymes on transformation rate, oxygen consumption and incorporation of 14C-glycine by lymphocytes 
immunized guinea-pigs in vitro 

Control Inhibitor PHA PHA + Antigen Antigen + 
inhibitor inhibitor 

Number of lymphoblasts[500 
spleen lymphocytes 40 • 26.6 30 5h 15 200 4- 67.7 30 4- 21.2 262 4- 95 19 4- 5.6 
Number of lymphoblasts]500 
lymph node lymphocytes 60 4- 30 36 4- 25 190 4- 75 13 4- 8.0 252 4- 100 18 ~ 7.1 
Oxygen consumption in 
~1/108 cells 1.49 4- 0.34 1.31 4- 0.1 1.74 • 0.25 1.78 4- 0.1 1.81 4- 0.3 1.8 4- 0.2 
l~C-glycine incorporation 
(impulses/rag/rain) 1544 ~- 21 1516 4- 61 1579.3 4- 73 1516 4- 61 2302.5 4- 120 2262.5 4- 81 


