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E r y t h r o p h i l i c  P r o t e i n s  of  B o v i n e  P l a s m a  
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Summary. A sal ine e lua te  of sucrose washed  bov ine  e r y t h r o c y t e s  con ta ins  a few specific p l a s m a  pro te ins .  The  re la t ion-  
ship  be tween  t he  p ro te ins  and  e r y t h r o c y t e  m o r p h o l o g y  an d  phys io logy  is discussed. 

E r y t h r o p h i l i c  v-globul in  (IgG E-C) is a p l a s m a  p ro te in  
which  coats  h u m a n  e r y t h r o c y t e s  in  v ivo  and  which  m a y  
be Muted  w i t h  sal ine f rom sucrose washed  e r y t h r o c y t e s  1, 8. 
R e c e n t l y  i t  has.  been  d e m o n s t r a t e d  t h a t  IgG E-C levels 
increase in pa tho log ica l  condi t ions  accompan ied  b y  acu te  
haemolys i s  a. The  p re sen t  s t u d y  was m a d e  to  d e t e r m i n e  if 
a s imi la r  p ro t e in  occur red  in ca t t l e  and,  if so, w h e t h e r  
changes  would  be  induced  b y  t he  haemolys i s  associa ted  

Fig. 1. a) Agar gel electrophoresis of the saline eluate of sucrose 
washed normal bovine erythrocytes, b) Immunoeleetrophoresis of 
normal bovine plasma (upper well) and the saline eluate of sucrose 
washed normal bovine erythrocytes (lower well) reacted against 
rabbit antillormal bovine plasma (central trough), c) Immunoelectro- 
phoresis of normal bovine plasma (upper well) and the saline eluate 
of sucrose washed normal bovine erythroeytes (lower well) reacted 
against rabbit antibovine IgG~ (central trough). The long spur in the 
normal bovine plasma sample is due to tile crossreaction with IgG 1. 
d) Immunodiffusion showing reaction of identity between the saline 
eluate of sucrose washed normal bovine erythrocytes (1) and normal 
bovine fibrinogen (2) when reacted against rabbit antinormal bovine 
fibrinogen (3). e) Immunodiffusion reaction with rabbit antibovine 
haptoglobin in the central well, saline eluate from an animal prior to 
infection with B. argentina in well 1 and saline eluate from the same 
animal on the day of death from B. argentina in well 2. The 4 re- 
maining wells contained daily saline eluates for the 4 days prior to 
death. 

w i th  t h e  i n t r a e r y t h r o c y t i c  p r o t o z o a n  pa ra s i t e  Babesia 
argentina. I t  was found  t h a t  t h e  sal ine e lua te  of sucrose 
washed  bov ine  e r y t h r o c y t e s  c o n t a i n e d  n o t  on ly  a p ro t e in  
s imi lar  to  IgGE-C b u t  also o t h e r  p l a s m a  pro te ins .  

Blood was col lected in to  steri le t r i s o d i u m  c i t r a t e  f rom 
h e a l t h y  ca t t l e  a n d  f rom ca t t l e  e x p e r i m e n t a l l y  in fec ted  
w i t h  B. argentina b y  b lood passage  f rom car r ie r  an i ma l s  ~. 
Blood samples  were cen t r i fuged  a t  250 g for 10 rain  a n d  
t h e  p la t e l e t  r ich  p l a s m a  was removed .  T h e  b lood was  
washed  3 t imes  in 10 vo lumes  of 0.27 M sucrose in 
0.0004 M p h o s p h a t e  buffer  p H  7.2 a t  1500 g for 10 mil l  
a t  4 ~ Af te r  each  wash  t h e  t o p  layers  of leucocytes  a n d  
p la te le t s  were also removed .  The  washed  b lood was sus- 
p e n d e d  in 25 vo lumes  of saline, i n c u b a t e d  a t  22~ for 
10 m i n  a n d  t h e n  cen t r i fuged  a t  1500 g for 10 ra in  a t  4~ 
The  s u p e r n a t a n t  was  r e m o v e d  a n d  t h e  sal ine w a s h  was 
repea ted .  The  2 sal ine s u p e r n a t a n t s  were pooled an d  
c o n c e n t r a t e d  b y  u l t r a f i l t r a t i on  to  t h e  or ig ina l  v o l u m e  of 
washed  packed  blood. Cont ro l  e lua tes  were  o b t a i n e d  f rom 
b o t h  n o r m a l  a n d  infec ted  b lood b y  w as h i n g  t h e  b lood  3 
t imes  in sal ine a n d  us ing  t h e  4 th  a n d  5 th  sal ine washes  as 
e luate .  

Pu re  bov ine  IgG 2, pu re  b o v i n e  h a p t o g l o b i n  a n d  t h e i r  
respec t ive  r a b b i t  an t i s e r a  a n d  r a b b i t  an t i s e r a  to  n o r m a l  
bov ine  p l a s m a  were p r e p a r e d  as descr ibed  elsewhere ~, 6. 
R a b b i t  a n t i s e r u m  was also p r e p a r e d  aga ins t  b o v i n e  
f ib r inogen  wh ich  h a d  been  o b t a i n e d  commerc ia l ly  7 a n d  
f u r t h e r  pur i f ied  b y  gel f i l t r a t ion  an d  p r e p a r a t i v e  aga r  gel 
e lectrophoresis .  

Agar  gel e lec t rophores is  (Figure  la)  of t h e  sal ine e lua te  
of sucrose-washed  n o r m a l  b o v i n e  e r y t h r o c y t e s  showed  a 
dense  h a e m o g l o b i n  band ,  a l i g h t e r / ~ - g l o b u l i n  b a n d  a n d  a 
f a in t  slow v-globul in  band .  I m m u n o e l e c t r o p h o r e s i s  a n d  
i m m u n o d i f f u s i o n  a lways  d e m o n s t r a t e d  f ib r inogen  a n d  
IgG 2 (Figure 1, b, c a n d  d) whi le  occas ional ly  a f a in t  b a n d  
due to  an  un iden t i f i ed  fl2-globulin was also seen. The  sal ine 
e lua te  of sucrose washed  e r y t h r o c y t e s  infec ted  w i t h  
B. argentina also c o n t a i n e d  haemoglob in ,  f ib r inogen  a n d  
IgG 2 a n d  in add i t i on  bov ine  h a p t o g l o b i n  was  d e m o n s t r a t e d  
b y  i mmu n o d i f fu s i o n  w i t h  specific a n t i s e r u m  (Figure 1 e) 
an d  b y  the  series of pe rox idase  pos i t ive  molecu la r  poly-  
mers  s epa ra t ed  b y  disc e lec t rophores is  (Figure  2). B y  
c o n t r a s t  t h e  con t ro l  saline e lua te  of sal ine w a s h e d  e ry th -  
rocy tes  c o n t a i n e d  on ly  haemoglob in .  

H a e m a g g l u t i n a t i o n  was pe r fo rmed  in mic rop la te s  us ing  
0.025 ml  T a k a t s k y  loops a n d  d r o p p i n g  p ipe t tes .  One d rop  
(0.025 ml) of 0.5 % sucrose w a s h e d  e r y t h r o c y t e s  suspended  
in suc rose -phospha t e  buf fe r  p H  7.2 was a d d e d  to  each  
serial  2-fold d i lu t ion  of h e a t  i n a c t i v a t e d  a n t i s e r u m  a n d  
obse rved  for a g g l u t i n a t i o n  a f t e r  30 min .  F i b r i n o g e n  
a n t i s e r u m  f rom a 1/1 to  1/4 d i lu t ion  a n d  IgG~ a n t i s e r u m  
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f rom a 1/1 to  1/6 d i lu t ion  a g g l u t i n a t e d  b o t h  sucrose w a s h e d  
n o r m a l  e r y t h r o c y t e s  a n d  sucrose w a s h e d  infec ted  e r y t h -  
ocytes  whereas  h a p t o g l o b i n  a n t i s e r u m  did  n o t  agglu-  
t i n a t e  n o r m a l  e r y t h r o c y t e s  b u t  d id  a g g l u t i n a t e  in fec ted  
e r y t h r o c y t e s  f rom a 1/1 to 1/4 d i lu t ion .  

These  resul t s  are in  accord  w i t h  those  of FIDALGO et  al. 1 
and  ind ica te  t h a t  sucrose w a s h e d  e r y t h r o c y t e s  a p p e a r  to  
be  coa ted  w i t h  i mmu n o g l o b u l i n .  W h e r e a s  t h e  h u m a n  
i m m u n o g l o b u l i n  is a d i s t inc t  phys iochemica l  f rac t ion  of 
IgG, t h e  bov ine  c o u n t e r p a r t  appea r s  to  be  solely IgG 2 as 
judged  b y  i ts  slow mob i l i t y  a n d  Ig G  reac t iv i ty .  Like  i ts  
h u m a n  c o u n t e r p a r t  i t  p r o b a b l y  aids in  m a i n t a i n i n g  
e r y t h r o c y t e  shape  s. 

T h e  presence  of f ib r inogen  in the  e lua te  of sucrose 
washed  b o v i n e  e r y t h r o c y t e s  requi res  some c o m m e n t .  I t  
d id  n o t  o r ig ina te  in  p la te le t s  9 which  were r e m o v e d  d u r i n g  
p r e p a r a t i o n  of t h e  e ry th rocy te s .  I n  addi t ion ,  t h e  h a e m -  
a g g l u t i n a t i o n  of sucrose washed  e r y t h r o c y t e s  w i t h  
I ib r inogen  a n t i s e r u m  ind ica ted  t h a t  t h e  f ib r inogen  was 
complexed  w i t h  e ry th rocy tes .  This  f ind ing  agrees w i t h  
t h e  hypo thes i s  t h a t  t he re  is a bas ic  r e l a t ionsh ip  b e t w e e n  
e r y t h r o c y t e s  a n d  f ib r inogen  ~~ an d  m a y  expla in  w h y  re- 
pea t ed ly  washed  s t r o m a  a lways  con ta ins  th i s  p ro t e i n  x~, le. 

T h e  presence  of b o v i n e  h a p t o g l o b i n  in t h e  e lua te  f rom 
sucrose washed  e r y t h r o c y t e s  in fec ted  w i t h  B. argentina is 
also of in te res t .  Bov ine  h a p t o g l o b i n  differs m a r k e d l y  in 
p o l y mer i za t i o n  sequence  an d  chemica l  s t r u c t u r e  f rom i ts  
h u m a n  c o u n t e r p a r t s  an d  is n o t  n o r m a l l y  p re sen t  in  serum,  
b u t  appea r s  in t imes  of s t ress  6. I t s  p resence  in t h e  e lua te  
is d i f f icul t  to  exp la in  b u t  because  of i ts  specific a n d  av id  
b i n d i n g  capac i t y  for haemoglob in ,  i t  m a y  ac t  as a biolog- 
ical p lug  to p r e v e n t  h a e m o g l o b i n  leakage  f rom e ry th ro -  
cy tes  whose  m e m b r a n e s  h a v e  been  d a m a g e d  b y  the  g r o w t h  
of t h e  in t race l lu la r  paras i te .  

Fig. 2. Disc electrophoresis in 5 % acrylamide gel of the saline eluate 
of sucrose washed normal bovine erythrocyte (a) and the saline 
eluate of sucrose washed bovine erythroeytes infected with B. 
argentina (b). The series of high molecular weight polymers in (b) 
was due to haptoglobin. The fast mi~ating band in both samples 
was due to a bovine albumin-amido black 10B marker. 
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Summary. The  fol low-up expe r imen t s  w i t h  r a t s  revea led  au t o - an t i b o d i e s  aga ins t  spleens d a m a g e d  b y  an  i.v. e thy l  
p a l m i t a t e  in ject ion.  The  an t ibod ie s  could be  shown  in some an imal s  only. 

The  work  of STUART 1 a n d  PROSNITZ et  al. 2 r epo r t  on a 
single i.v. i n j ec t ion  of e t h y l  p a l m i t a t e  (EP) caus ing  acu te  
spleen d e s t r u c t i o n  in some l a b o r a t o r y  animals ,  a so-called 
' chemica l  sp l enec tomy ' .  W e  found  a s imi la r  p h a r m a c e u -  
t ica l  effect  of E P  in a mode l  e x p e r i m e n t  w i t h  W i s t a r  r a t s  
( J i a ~ s e K  and  SEBESTIK 3, SEBESTiK e t  al.~). The  admin i s -  
t r a t i o n  of E P  caused  a n  in i t ia l  s to r ing  of th i s  d rug  chief ly  
in  cells of spleen s inuses ;  a f t e r  24-48 h m o s t  an ima l s  
deve loped  a s e g m e n t a l  or even  t o t a l  necrosis  of t he  spleen. 
On d a y  5 to  7, fol lowing app l i ca t ion  of EP ,  some spleens 
revea led  signs of r ecove ry  p r o p o r t i o n a l  to  t he  e x t e n t  of 
damage .  The  h is to logica l  effect  of EP ,  especia l ly  a t  t h e  
in i t ia l  s tage  fol lowing in jec t ion  of EP ,  was followed b y  a 
p r o n o u n c e d  m e t a b o l i c  a l t e r a t i on  of p ro te ins  a n d  nucleic  
acids in  t he  spleen (Ku~ELA a n d  SEBESTiKS). T h u s  t h e  

d a m a g e d  organ,  as k n o w n  f rom h u m a n  pa tho logy ,  m a y  
ac t  in some diseases as an  al ien an t i g en  a n d  induce  an t i -  
b o d y  fo rmat ion .  Since some research  workers  e x p e r i m e n t  
w i t h  t h e  possible  app l i ca t ion  of E P  wh ich  m a y  abol i sh  
non-surgica l ly ,  pa r t i a l l y  or comple te ly ,  t h e  func t ion  of 
t h e  spleen, th i s  f ind ing  is expec ted  to become  of ac tua l  
impor t ance .  
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