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Monospecific Antibody Plaque Formation by 
Spleen Cells from Mice Immunized with Sheep 

and Chicken Erythrocytes 

i t  is st i l l  no t  c lear  w h e t h e r  a n  i nd iv idua l  i m m u n o -  
logically c o m p e t e n t  l y m p h o i d  cell  c an  fo rm a n t i b o d i e s  to  
single or mul t ip le  an t i gens  1,,. I n  a t t e m p t s  to  c lar i fy  th i s  
po in t ,  severa l  g roups  of i n v e s t i g a t o r s  h a v e  r e so r t ed  to  t h e  
labor ious  and  t i m e - c o n s u m i n g  micro  d rop  p rocedu re  t-~. 
Most  of t he  e x p e r i m e n t a l  d a t a  o b t a i n e d  to  d a t e  sugges ts  
t h a t  a m a j o r i t y  of a n t i b o d y  fo rming  cells a p p a r e n t l y  
p roduce  on ly  one, or a t  t h e  mos t ,  two  u n r e l a t e d  a n t i -  
bodies  to bac t e r i a l  or  v i r a l  an t igens .  T h e  p r e s e n t  r e p o r t  is 
conce rned  w i t h  use of t he  newly  desc r ibed  localized 
h e m o l y s i n  p rocedure  ~-~ to d e t e r m i n e  w h e t h e r  or  n o t  
l y m p h o i d  cells f rom mice  i m m u n i z e d  w i t h  a m i x t u r e  of 
two u n r e l a t e d  red  cell a n t i g e n s  can  h e m o l y z e  b o t h  cell 
t ypes  s imul t aneous ly .  

I n  t h e  m e t h o d  deve loped  b y  JERN~ "'7, l y m p h o i d  ceils 
f rom a n i m a l s  i n j ec t ed  w i t h  foreign e r y t h r o c y t e s  are incu-  
b a t e d  in  semi-sol id  a g a r  c o n t a i n i n g  a d i lu t e  suspens ion  
of t he  e r y t h r o c y t e s  used for i m m u n i z a t i o n ,  fol lowed b y  
i n c u b a t i o n  w i t h  gu inea -p ig  c o m p l e m e n t .  D i s t i n c t  zones  
of hemolys i s  ( ' a n t i b o d y  p laques ' )  are fo rmed  in t he  agar -  
r ed  cell p la te .  I n  t h e  e x p e r i m e n t s  r e p o r t e d  here,  sp leen 
cells f rom mice  in jec ted  w i t h  sheep  a n d  ch icken  e r y t h r o -  
cy tes  were  i n c u b a t e d  in a g a r  c o n t a i n i n g  e i t h e r  one  or  t h e  
o t h e r  red  b lood cells, or a m i x t u r e  of bo th .  Fo r  a t yp i ca l  
e x p e r i m e n t ,  0.5 m l  of 20% w a s h e d  red  b lood  cells was  
in jec ted  i n t r a p e r i t o n e a t l y  in to  N I H  mice  as follows: 
g roup  A mice rece ived  sheep e r y t h r o c y t e s  only,  g roup  B 
rece ived  ch i cken  e r y t h r o c y t e s  only ,  g roup  C received a 
m i x t u r e  of b o t h  e ry th rocy te s .  F o u r  days  la ter ,  b lood 
samples  were  o b t a i n e d  b y  r e t r o - o r b i t a l  p u n c t u r e  for  ag-  
g lu t i n in  a n d  h e m o l y s i n  t i t r a t ions .  Mice in j ec t ed  w i t h  
b o t h  red  cells fo rmed  r e l a t i ve ly  h i g h  t i t e r s  to  b o t h  
RBCs.  Mice in j ec t ed  w i t h  e i t he r  one or  the  o t h e r  fo rmed  
d e t e c t a b l e  c i r cu la t ing  a n t i b o d y  on ly  to  t h e  RBCs  used  
for i m m u n i z a t i o n .  

Cell suspens ions  were  p r e p a r e d  f rom each  g roup  b y  
' t ea s ing '  spleens  in s ter i le  H a n k s  solut ion,  p H  7.2, con-  
t a i n i n g  20% n o r m a l  calf  s e r u m  a n d  excess  an t i b i o t i c s  °. 
The  cell suspens ions  were f i l tered t h r o u g h  gauze,  w a s h e d  
t h r e e  t i m e s  w i t h  s ter i le  H a n k s  solut ion,  a n d  r e s us pended  
a t  a c o n c e n t r a t i o n  of 1 to  5 × 10 B cells pe r  ml.  F o r  t h e  
p l a q u e  assay,  0.1 m l  suspens ion  was  r ap i d l y  m i x e d  w i t h  

2,0 ml  of 0 .7% m e l t e d  Noble  aga r  ( m a i n t a i n e d  a t  48 ~ 
50°C) c o n t a i n i n g  1 m g  D E A E - d e x t r a n  a n d  0.1 ml  10% 
suspens ion  of e i t h e r  sheep,  ch icken ,  or  m i x e d  erythrO" 
cytes .  The  w a r m  cel l -agar  m i x t u r e  was care fu l ly  layered 
ove r  a 3 m m  t h i c k  base  of sol idif ied 1.4% aga r  in  i 0 0  rain 
d i a m e t e r  pe t r i  d i shes  a n d  p e r m i t t e d  to  solidify.  The 
p l a t e s  were  i n c u b a t e d  a t  37°C for  1 h,  t h e n  t r e a t e d  wi th  
5 ml  gu inea -p ig  c o m p l e m e n t ,  d i l u t ed  1:10,  a n d  reincu- 
b a t e d  for  a n  a d d i t i o n a l  30 rain.  P l a t e s  were examined  
macroscop ica l ly  a n d  mic roscop ica l ly  for localized zones 
of hemolys is .  T h e  n u m b e r  of p l aques  pe r  mi l l ion  cells 
p l a t e d  was recorded  a n d  t h e  p r o p o r t i o n  of comple te ly  
c lear  p laques  to  c loudy  p l aques  c o n t a i n i n g  e i t h e r  unlysed 
large e l l ip t ica l  cells ( a p p a r e n t l y  ch i cken  RBCs)  or un- 
tysed smal le r  r o u n d  cells ( a p p a r e n t l y  sheep  red  ceils) was 
d e t e r m i n e d .  

T h e  T a b l e  ind ica t e s  resu l t s  of a t yp i ca l  series 0I experi-  
m e n t s  in which  spleen cells were t e s t e d  Ior  p l a q u e  fo rming  
ab i l i ty  w i t h  i n d i v i d u a l  a n d  m i x e d  red  cells. Spleen  cells 
f rom g roup  'C '  mice fo rmed  n u m e r o u s  p l aques  w h e n  in- 
c u b a t e d  e i t he r  w i th  sheep,  ch icken,  or  mixed  RBCs.  Sig- 
n i f i can t ly  more  p l aques  were  o b s e r v e d  w i t h  m i x e d  RBCS 
as c o m p a r e d  to p l a t e s  w i t h  sheep or  ch i cken  cells only. 
However ,  all  p l aques  in m i x e d  p l a t e s  were m a r k e d l y  hazy  
a n d  m u c h  less d i s t i n c t  t h a n  those  in p la tes  c o n t a i n i n g  
on ly  one  red  cell t ype .  Microscopic  e x a m i n a t i o n  i n v a r i a b l y  
revea led  on ly  p a r t i a l  lysis. T h e r e  were e i t he r  m a n y  un-  
lysed sheep  cells or  m a n y  un lysed  ch i cken  ceils p e r  p laque.  
Macroscopic  a n d  microscopic  e x a m i n a t i o n  of several  
t h o u s a n d  p l aques  in  n u m e r o u s  m i x e d  p la t e s  w i t h  spleen 
cells f rom d o u b l y  i m m u n i z e d  'C'  mice d id  no t  r evea l  a 
s ingle p l a q u e  c o n t a i n i n g  comple t e ly  lysed r ed  ceils. 

P l a q u e s  o b t a i n e d  w i t h  spleen cells f rom con t ro l  'A '  or 
'B '  mice in j ec t ed  on ly  w i t h  one  R B C  were  genera l ly  
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Antibody plaque formation per 106 viable nucleated spleen cells from Nlt t  mice injected with either sheep or chicken erythrocytes or a 
mixture of both and tested in agar plates containing either individual or mixed erythroeytes 

Test F, rythroeyte anti- Mean peak Test erythroeyte in agar plate 
group gen injected hemolysin 

{5 x 10 ~ RBCs titcr ~ Sheep Chicken Sheep and chicken 

i.v./mouse) No. of % No. of % No. of % 
plaques clear" plaques clear" plaques clea ru 

A Sheep S, 1 ;2035 4~2 95,3 3 67,7 390 0 
C, 1 :<~10 

B Chicken S, 1 :~10  2 0 286 80.4 216 0 
C, 1 : 1650 

C Sheep plus S, 1 : 1(.)65 :178 94.7 302 92.7 635 0 
chicken C, 1:1508 

Tube dilution hemolysin titer of serum specimens obtained 4 days after immunization, b Macroscopically sharp, well defined zones of 
hemolysis; microscopically few unlysed RBCs in plaque. S = anti-sheep RBC titer; C = anti-chicken RBC titer. 6 to 10 mice per group. 
Average of 5 experiments. 
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COmpletely clear, Plaque formation was quite specific; 
mice injected with sheep cells formed plaques only with 
sheep RBCs. Mice injected with chicken cells formed 
plaques only with chicken RBCs. However, plaques with 
chicken cells were somewhat less distinct than those 
With the sheep RBC system. 

In several prel iminary experiments it  has been ob- 
Served that  mice receiving multiple injections of mixed 
sheep and chicken erythrocytes over a period of several 
Weeks yield spleen cell suspensions which produce occa- 
sional completely clear zones of hemolysis in agar con- 
taining mixed sheep and chicken erythrocytes x°. How- 
ever, immunization over a prolonged period of t ime with 
either RBC alone results in appearance of serum hemo- 
lysins to the heterologous erythrocytes. 

In contrast  to the tedious and time-consuming micro- 
drop technique utilized by others, the hemolysis plaque 
method has permitted rapid sampling of relatively large 
numbers of antibody producing cells from immune mice. 
The results obtained suggest that  lymphoid cells capable 
of simultaneously lysing two red blood cell types in a 
single antibody plaque are either absent or quite scarce 
m spleen cell suspensions from mice receiving a single in- 
jection of mixed sheep and chicken erythrocytesXL 

Zusammen/assung. Milzzetlenaufschwemmungen yon 
M~iusen, die mit  einem Gemisch yon Schaf- und Hiihner- 
erythrocyten einmal injiziert wurden, verursachen lokali- 
sierte, h/imolytische Zonen (antibody plaques), die nieht 
aus den beiden Zelltypen, sondern entweder nur aus 
Schaf- oder nur aus Hfihnerzellen bestehen. Lymphat i -  
sche Zellen, die gleichzeitig zwei verschiedene H~imolysine 
abscheiden k6nnen, sind in Milzzellenaufschwemmungen 
yon zweifach immunisierten M~iusen anscheinend ab- 
wesend oder nur in ganz geringer Anzahl vorhanden. 
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~ b e r  eine m a n g e l n d e  Parallelittlt  z w i s c h e n  
I o n e n p u m p e n h e m m u n g  

und K o n t r a k t i o n s k r a f t s t e i g e r u n g  

Die Ionenpumpenaktivi t i i t  der Erythrocytenmembran 
kann durch Herzglykoside gehemmt werden (HARRIS1; 
KAHN und ACHESON2, KAHN3 ; MACHOWA4). Diese Wir- 
kung wird in einen kausalen Zusammenhang mit der posi- 
tiv inotropen Wirkung der Glykoside gebraeht (Ft31tSTER 
Und SZIEGOLEIT 5, SCHATZMANN6). Da Pharmaka bekannt 
sind, die die Kontraktionskraft  steigern, ohne die Kalium- 
aufnahme yon Kiil teerythrocyten zu vermindern, z.B. 
Adrenalin und die Veratrumalkaloide (KAHN und 
ACHESON 2), teilen wir im folgenden den Befund mit, dass 
verwandte Substanzen mit gleicher Hemmwirkung auf 
die Ionenpumpenaktivit~it der Erythrocytenmembran die 

Kontraktionskraft  des Herzens gegens~itzlich beeinflus- 
s e n ,  

Bei unseren Untersuchungen yon Guanylhydrazonen, 
die uns freundlicherweise von Herrn Prof. G. KRONEBERG 
(Farbenfabriken Bayer) zur Verfiigung gesteltt wurden, 
prtiften wir die Wirkung Iolgender Substanzen auf die 
Kontraktionskraft  isolierter Meerschweinchenvorb6fe und 
die Kaliumakkumulat ion yon K~ilteerythrocyten der- 
selben Spezies (s. Formeln). 
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I. S]5-Pregnen-3,20-dion-N, N'- 
fithylpyrr°lidinbisguan ylhydraz°n" 

II. A5- Pregnen-3fl-hydroxy-`20-on- 
N, N'-/it hylpyn-olidinmonoguanyl- 
hydrazon. 


