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Information about the antigenic spectrum of the cells and tissues of the body is essential when study- 
ing the nature of tissue incompatibility, the mechanisms of formation of immunologic tolerance, the devel- 
opment of autoimmune conflicts, and so on. The character is t ics  of organ-specific antigens may also be 
very useful in the analysis of differentiation, morphogenisis, and malignant degeneration of ceils taking 
place in the living body [2, 4, 7, 13, 15]. Despite many publications on these problems, it is only recently 
that the complexity of the antigenic spectrum and the multiplicity of organ-specific antigens of certain o r -  
gans have been established immunochemically [1, 5, 6, 8, 12, 16]. 

The object of this investigation was to study the character is t ics  of the cytoplasmic proteins of the 
liver. 
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Immunoelectrophoresis of cytoplasmic antigens of 
rat  l iver.  The antigens used were liver cell juice 
(1 and 2), membrane proteins of mitochondria (3) 
and microsomes of the l iver (4). Precipitation lines 
developed by antiserum against l iver cell juice ex- 
hausted by serum proteins (1) and proteins of other 
organs (2) and also by sera  against mitochondria 
(3) and microsomes (4) exhausted by rat  serum 
proteins. The arrows pointing to precipitation lines 
of proteins of cytoplasmic granules (3 and 4) denote 
only organ-specific antigens. 

Male August rats weighing 165-180 g were 
fasted before the experiment for 24 h. Under Nem- 
butal anesthesia the liver was washed free from 
blood by perfusion through the thoracic aorta with 
cold buffered physiological saline (0.035 M Tris  
buffer, pH 7.4-7.5; 0.25 M sucrose, 0.025 M KC1, 
0.005 M MgCl~). The liver was minced in the cold 
and homogenized with five volumes of the same buf- 
fer  solution in a glass homogenizer with a Teflon 
pestle. 

After separation of the nuclei, fragments, and 
whole cells (by centrifugation for 40 min at 1500 g) 
the fractions of mitochondria, mierosomes,  and cell 
juice were obtained by preparative eentrifugation of 
the homogenate on a Spinco-L untracentrifuge under 
the following conditions respectively: 15 rain at 
15000 g and 90 re_in at 105000 g. After repeated wash- 
ing of the fractions, the membrane proteins of the 
mitochondria and microsomes were extracted by 
treating the cytoplasmic granules with 0.5% sodium 
desoxycholate. The subfractions thus obtained were 
dialyzed against the same buffer solution and con- 
centrated, and after determination of the protein con- 
tent [10], they were used for immunization of 4-5 
rabbits with each of the antigens. For  this purpose 
the animals received three injections, at intervals 
of three weeks, of a mixture of 35 mg protein of 
each fraction together with Freund's complete ad- 
juvant, and the same dose of protein was subse- 
quently given in 5-6 intramuscular injections. The 
immune globulins in the antisera were freed from 
some of the ballast proteins and concentrated by 
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Distribution and Some Propert ies  of Antigens of Various Fractions of Liver Cytoplasm 

Protein 
fractions 
disting- 
uished by 
e lec t ro-  
phoresis 

a 

b 

C 

d 

g 

Relat ive  
e lec t ro-  
phoretie 
mobility 

(~X/IA) 

1 .27-  
1.18 
1 .18-  
1.02 

1 . 0 2 -  
0.78 

0.78-  
0.65 

0 .65-  
0.55 
0 .55-  
0.42 

0.42-- 
0.34 

0.34-  
0.14 

Antigens and their  origin 

Mitochondria, ame 

Ceil juice, b i 

Microsomes, bms 

0.14- 

Cell juice, C2, C3 , C4 

Cell juice, granules, C l 

Cell juice, Cs, C 7 
Cell juice, C~ 

]VIitochondria, Cme 
Microsomes, mitoehondria, 

cell juice, d 1 

Cell juice, d 2 
d4 
d3 

Cell juice, el, e 2 

Microsomes, mitochondria 
fl 

Cell juice, m c - f  2 

f3 
Cell juice, gl 

g2 

g3 
Cell juice, h i 

h 2, h~, h 4 

Cell juice, i 1 

Characteris t ics  of antigens 

Fraction- and species-specific antigen datected by 
sera  against mc of various organs 

Species-specific antigen present also in other organs 

Organ- and fraction-specific (microsomes) antigen 
whose precipitation line continues like a tail into the 
zone of c-proteins,  glycoprotein 

Species-specific antigens detected also in other organs 

Organ-specific antigen present among proteins of 
granules and cell juice 

Organ- and fraction-specific (cell juice) antigens 
Species-specific, thermostable,  alcohol-insoluble 

antigen isolated from a ser ies  of organs byWitebsky,s 
method 

Organ- and fraction-specific (mitochondria) antigen 
Species:specific antigen, readily detected among mem-  

brane proteins of mitochondria and microsomes of 
several  organs but with difficulty in cell juice 

Species- and fraction-specific (cell juice) antigen 
Organ- and fraction-specific (cell juice) antigen 
Organ- and fraction-specific (celt juice) thermostable 

alcohol-insoluble antigen separated by Witebsky's 
method and present in mitochondria as t races  

Organ- and fraction-specific (cell juice) antigens 

Organ-specific antigen predominant among proteins 
of mc and ms but detected with difficulty in hyalo- 
plasm of liver, glycoprotein 

Species-specific antigen heterogeneous as regards 
electrophoretic mobility 

Species-specific antigen 
Species- and fraction-specific (cell juice) antigen, 

immunologically homogeneous, but heterogeneous as 
regards electrophoretic mobility 

Possesses  catalase activity, readily detected among pro- 
teins of cell juice, less so in mitochondrial fractions 

Species-and fraction-specific (ceil juice) Iipoprotein 
Organ- and fraction-specific (cell juice) antigen whose 

electrophoretically fast tail migrates with f-proteins 
Species-specific antigens of cell juice also detected 

among proteins of cytoplasmic granules 
Organ- and fraction-specific (cell juice) antigen, 

glycoprotein (?) 
Species-specific antigens well represented among pro- 

Cell juice, mc, i2, i 3 teins of cell juice and less so in mitochondria 

Legend: mc - f r ac t i on  of mitochondria, m s - f r a c t i o n  of microsomes.  Ix -e l ec t rophore t i c  mobility of test  
antigens in Difco agar gel, IA-elec t rophoret ic  mobility of human serum albumin in the same gel. 
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sal t ing out with ammonium sulfate .  By addition of inc reas ing  doses  of lyophilized pro te in  p repa ra t ions  of  
blood s e r u m ,  e ry th rocy tes ,  kidney, spleen,  and lungs and by r emova l  of the prec ip i ta te  thus fo rmed ,  the 
immune s e r a  were  then exhausted until al l  ant ibodies agains t  these o rgans  had been removed ,  as  ver i f ied  
by the r ing-p rec ip i t a t ion  t e s t  and by Ouehte r lony ' s  gel-diffusion react ion,  and they were  then again concen-  
t r a t ed  by  dry ing  in a cu r r en t  of cold a i r  o r  f r o m  the f rozen  s ta te .  The l ive r  p ro te ins  w e r e  then subjected 
to e l e c t r o p h o r e s i s  and i m m unoe l ec t ropho re s i s  in 1~o a g a r  gel (Difeo) along the l e s s e r  d i a m e t e r  of g lass  
d ishes  m e a s u r i n g  13 • 18 cm,  cooled during the expe r imen t  with tap wa te r  (using medinal  buffer ,  pH 8.2, 
Iz 0.05 as  e lec t ro ly te ,  voltage gradient  9 V/era) .  Af ter  e l ec t ropho re s i s  the prec ip i ta t ion  Lines we re  deve l -  
oped by immune s e r a  aga ins t  the same  and o ther  cy top lasmic  f rac t ions  of the l iver .  F rac t i on - spec i f i c  
antigens were  de te rmined  by t r ea t i ng  the aga r  gel with s e r a  c ro s s - exhaus t ed  with pro te ins  of the o ther  
f rac t ions  and with s e r u m  pro te ins .  The  precip i ta t ion  l ines of some  ant igens were  also identified by the i r  
enzymic  act ivi ty  (ea ta lase ,  peroxidase)  or  by s taining for  glyeoprote ins  and l ipoproteins  [19]. The  norgan-  
specif ic BE (boiled ethanol insoluble) antigens ~ were  sepa ra t ed  f r o m  the heated l iver  homogenate  by a lco-  
hol precipi ta t ion as desc r ibed  by Witebsky [11]. 

E X P E R I M E N T A L  R E S U L T S  

During e l ec t rophore t i c  ana lys i s  the cy toplasmic  prote ins  of the l iver  we re  sepa ra t ed  into 9-10 f rac t ions  
with different  e lec t rophore t ic  mobil i ty  (zone of a - i  prote ins) .  More prolonged separa t ion  showed that  
among the h -p ro t e ins  of the hya lop lasm there  were  two fu r the r  subf rac t ions .  In analogous exper imen t s ,  
the identical  p ro te inograms  of the wa te r - so lub le  prote ins  of the rnitochondria and m i c r o s o m e s  were  no 
less  complex  than the p ro te inograms  of the cell  juice prote ins ,  although e lec t rophore t i ca l ly  f a s t e r  c o m -  
ponents were  well  r ep re sen t ed  in the f o r m e r ,  and slow components  in the la t te r .  

Immunoe lcc t rophore t i c  invest igat ion of the cy top lasmic  granules  revea led  more  s e r u m  prote ins  
(albumins,  c~1-, ~2, and ~l-globul ins)  than in the cel l  juice,  and this may perhaps  account for  predominance  
of e lec t rophore t i ca l ly  fas t  subfrac t ions  among the prote ins  of the cy toplasmic  granules .  By means  of r a b -  
bit an t i - l ive r  s e r a  exhausted with blood prote ins ,  the l a rge s t  number  of antigens (26-27) was found among 
the prote ins  of  the mi toehondr ia  and m i c r o s o m e s .  The r e su l t s  of the compara t i ve  immunochemica l  i nves -  
t igat ion of the prote ins  of these  f rac t ions  a r e  r e p r e s e n t e d  schemat ica l ly  in the f igure;  m o r e  detai led in-  
format ion  of the individual antigens is  given in the table .  

All the antigens detected by immunophores i s  by means  of rabbi t  s e r a  may  be r ega rded  as s p e c i e s -  
specif ic  antigens c h a r a c t e r i s t i c  of r a t s  and absent  in rabb i t s .  The probabi l i ty  that  some  r a t  proteins  a r e  
identical  with in t r ace l lu la r  rabb i t  antigens and that  the la t te r  pos ses s  autoantigenie p rope r t i e s  was ex-  
cluded by spec ia l  expe r imen t s  in which an immunoe lec t rophore t i e  analys is  was made of the t i s sue  prote ins  
of an immune rabbi t  by means  of au tose rum.  

As a r e su l t  of these  expe r imen t s ,  among the spec i e s - spec i f i c  antigens of r a t  l iver ,  prote ins  p o s s e s s -  
ing o rgan -  and f rac t ion- spec i f i c i ty  were  detected by means  of c ro s s - exhaus t ed  s e r a .  The re la t ionships  
between them were  highly in t r i ca te  and complex" some  f rac t ion-spec i f i c  antigens were  not o rgan- spec i f i c  
l iver  antigens were  not connected with any pa r t i cu la r  f rac t ion  and could be detected in the prote ins  of the 
cell  juice and also in the cy top lasmic  granules .  Con t r a ry  to the view that a high content of o rgan-spec i f i c  
antigens is found in the f rac t ion  consis t ing of prote ins  of cy toplasmic  granules  [4, 14, 15, 19], in our  ex-  
pe r imen t s  a g rea t  va r ie ty  of o rgan - spec i f i c  antigens was  demons t ra ted  in the cell  juice of the ra t  l iver .  
Among the m e m b r a n e  prote ins  of m i c r o s o m e s  and mi tochondr ia  only one or  two s imul taneous ly  o rgan -  
and f rac t ion-spec i f i c  antigens and only a few of the o rgan- spec i f i c  antigens widely r e p r e s e n t e d  in the l iver  
cel l  juice f rac t ion  could be detected (see f igure) .  

These  r e su l t s  may be explained by the high spec ia l iza t ion  of the cy top lasmic  granules  in cel ls  p e r -  
fo rming  s i m i l a r  functions in the cei ls  of different  o rgans  and even of different  spec ies  of  an imals .  This  is 
conf i rmed by the fact  that in a c e l l - f r e e  s y s t e m  the spec ies  specif ic i ty  of the s e r u m  albumin synthesized 
by the l iver  m i c r o s o m e s  is de te rmined  by the or igin  of added m e s s e n g e r  RNA, whereas  m i c r o s o m e s  syn-  
thes ize  albumins of immunologica l ly  di f ferent  spec ies  spec i f ic i ty  with equal succes s  [17]. 

Although r i bosoma l  pro te ins  of different  or ig ins  pos se s s  well  marked  he terogenei ty  and contain many  
components  [18], in our  expe r imen t s  immunizat ion  of rabbi t s  with ra t  m i c r o s o m e s  caused the fo rmat ion  of 
antibodies predominant ly  against  m e m b r a n e  prote ins ,  thus demons t ra t ing  the absence  of immunologic  dif-  
f e rences  in the composi t ion  of the r ibosomal  pro te ins  of different  spec ies  of an imals .  
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The experiments described above showed that a high content of both species-specific and organ- 
specific antigens is present in liver cell juice. This fraction of the cells may therefore be particularly in- 
teresting in connection with immunochemicai investigations of certain pathological and physiological pro- 
cesses taking place in the body. 
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