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A B S T R A C T  

Slices of rat livers were incubated with 14C amino acids, homogenized, and subjected to 
differential centrifugation. The  microsomes were further extracted with the non-ionic 
detergent Lubrol W and with EDTA. These extracts and the microsome free "cell  sap," 
freed from the pH  5 precipitable fraction, were subsequently reacted with antisera using 
agar diffusion techniques. The antisera employed were obtained from rabbits injected with 
different subcellular fractions of rat liver or with rat serum proteins. When the agar diffusion 
plates were autoradiographed it was found that some of the precipitates were radioactive 
while others were not. Control experiments indicated that this labeling was due to the 
specific incorporation of 14C amino acids into various rat liver antigens during incubation 
of the slices rather than to a non-specific adsorption of radioactive material to the immuno- 
logical precipitates. When the slices were incubated with the isotope for up to 30 minutes, 
the serum proteins which could be extracted from the microsomes with the detergent were 
strongly labeled, as were a number of additional microsomal antigens of unknown signifi- 
cance. In contrast, the serum proteins present in the cell sap were only weakly labeled. 
Most of the typical cell sap proteins, both those precipitable and those soluble at pH  5, 
seemed to remain unlabeled. No consistently reproducible results were obtained with the 
E D T A  extracts of the ribosomal residues remaining after extraction of the microsomes with 
the detergent. Incubation of the liver slices for longer periods (up to 120 minutes) led to a 
strong labeling of the serum proteins in the cell sap as well as to the appearance of labeling 
in additional cell sap proteins. The results are discussed with regard to the subcellular site 
of synthesis and the metabolism of the different antigens. 

I N T R O D U C T I O N  

Experiments reported earlier (20, 21) indicated 
the feasibility of using a combination of im- 
munological and autoradiographic methods in an 
analysis of the early pathways in protein metab- 
olism. In essence, it was proposed to take advan- 
tage of the findings that soluble proteins derived 
from subcellular fractions of rat liver homogenates 

could be characterized immunologically by means 
of precipitin reactions in agar plates and to 
combine this method of protein identification with 
autoradiography in isotope incorporation experi- 
ments. The  purpose of this report is to give a 
description of the distribution of radioactive label 
among the different antigens isolated from rat 
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l iver  slices w h i c h  h a d  been  i n c u b a t e d  wi th  14C 

a m i n o  ac ids  u n d e r  va r ious  e x p e r i m e n t a l  condi -  

t ions.  A p r e l i m i n a r y  a c c o u n t  of  some  of t he  

resul ts  ha s  been  g iven  e l sewhere  (22). A la te r  

p a p e r  will dea l  w i t h  a s imi la r  s t u d y  m a d e  wi th  

cell free isotope i n c o r p o r a t i o n  sys tems.  

M A T E R I A L S  A N D  M E T H O D S  

ANTISERA: Rabbi t s  were used as a source of antisera.  
Microsomes and  soluble fraction (cell sap) of rat  livers 
were prepared  by homogenizat ion,  after perfusion 
with cold 1.1 per cent  KC1, in 2.5 volumes of 0.25 
M sucrose m e d i u m  (see below). T h e  unbroken  cells, 
nuclei,  and  mi tochondr ia  were sedimented  by cen- 
tr ifugation at 12,000 g for l0 minutes .  The  mito-  
chondr ia  free supe rna tan t  was then  layered over 
20 ml  of 0.5 M sucrose m e d i u m  and  centr ifuged for 
90 minu tes  at 79,000 g. For removal  of  r emain ing  
microsomes,  the  superna tan t  was transferred to 
smaller  tubes and  centr ifuged for 3 to 5 hours  more  
at 105,000 g. T he  sediment  was discarded and  the  
supe rna t an t  (cell sap) was used for injection immedi -  
ately after preparat ion.  T h e  sediment  of  the  first 
h igh  speed centr i fugat ion (microsomes) was rinsed 
with med i um,  pooled, and  suspended by homogeni -  
zat ion in a few milliliters of sucrose med ium.  In  
addit ion,  a p H  5 precipitable fraction of the  cell sap 
was prepared  essentially by the  me t hod  of Hoag l and  
et al. (10). 

Microsomes,  cell sap, and  p H  5 fraction were 
emulsified wi th  equal  parts  of  Freund ' s  ad juvan t  
(5). Generally,  each rabbi t  received three intra-  
muscu la r  injections (3 ml  per injection) of these 
emulsions,  given at intervals of  3 weeks. I f  the  test 
sera were satisfactory, the  an imals  were bled to 
dea th  and  the  ant isera prepared  according to 
s t anda rd  procedures.  T h e  antisera used in this 
s tudy were each a pool of  the  se rum from five rabbits,  
the  animals  of each pool hav ing  been injected with 
the  same preparat ions,  and  their  sera had  good 
individual  titers. 

Anfisera against  rat serum and  against  rat serum 
albumin were obta ined by  a similar  procedure  with 
pooled rat  se rum or with a prepara t ion  of lyophilized 
se rum a lbumin ,  p repared  by  ethanol  fract ionat ion 
(8). T h e  p repara t ion  of an t i se rum against  unfertilized 
sea urch in  eggs, used for control  purposes, has been 
described elsewhere (7). 
ANTICENS: Unlabe led  ra t  liver ant igens were pre-  
pa red  as earlier described (1). T h e  prepara t ion  and  
properties of the  extract  of  the  unferti l ized eggs of the  
sea u rch in  Paracentrotus lividus are given elsewhere (7). 

The  procedure  for incubat ion  of rat  liver slices 
and  the  subsequent  prepara t ion  of the  test solutions 
were as follows. Male  albino rats, fasted overnight ,  
were killed by a blow on the head,  and  the  livers were 

r emoved  quickly wi thout  perfusion and  placed in 
ice cold Krebs-Heusele i t  m e d i u m  (14). 2 g m  of liver 
slices, cu t  at  a thickness of 0.3 m m  (13), were incu-  
ba ted  unde r  95 per cent  02 + 5 per  cent  COs, with 9 
ml  of Krebs-Hensele i t  med ium,  1 ml  of  0.25 M 
glucose, and  3 #c  each of L-[l~C]valine (6.5 m e /  
mmole) ,  L-[14C]leueine (6.0 m c / m m o t e ) ,  and  L- 
[14C]isoleucine (6.1 m c / m m o l e ) .  The  labeled a m i n o  
acids had  been supplied by the  Rad iochemica l  
Centre ,  A m e r s h a m ,  England.  Incuba t ion  was 
carried out  in a water  ba th  at 37°C wi th  cons tan t  
shaking. After incubat ion  for various periods of  t ime,  
the  flasks were placed on ice, and  all subsequent  
procedures  were performed at 0 to 2°C. T h e  m e d i u m  
ba th ing  the  slices was poured  off. T h e  slices were 
rinsed three t imes with cold Krebs-Hensele i t  m e d i u m  
and  then  three t imes with 0.25 M sucrose conta in ing  
0.025 M KCI,  0.01 M MgC12, and  0.035 M tris buffer  
( t r i s [hydroxymethyl ]aminomethane) ,  p H  7.8. Next,  
the  slices were homogenized  in a motor  dr iven 
Pot ter -Elvehjem homogenizer  in 2.5 ml  of the  
sucrose med ium.  T h e  homogenates  were freed f rom 
debris, nuclei,  and  mi tochondr ia  by centr i fugat ion 
as described above. T h e y  were then  layered over 8 
m l  of 0.5 M sucrose m e d i u m  and  centr i fuged for 90 
minutes  at 105,000 g. T h e  supe rna t an t  (cell sap) was 
saved frozen for later  use. Before use, the  p H  5 fraction 
(10) was removed  by two cycles of  precipi tat ion at  
p H  5.2 and  subsequent  centr ifugations for 20 minu tes  
at low speed. 0.5 ml  al iquots of  the  total  homogena te s  
and  1 ml  aliquots of  the  cell saps were r emoved  for 
de te rmina t ion  of the  specific radioactivit ies of  the  
proteins as described elsewhere (13). 

T h e  sediments  after u l t racentr i fugat ion (micro- 
somes) were r insed with the  m e d i u m ,  pooled, and  
homogenized  in 2.5 ml  of a 1 per cent  solution of the  
non-ionic detergent  Lubrol  W (cetyl alcohol poly- 
oxyethylene condensate ;  see 6, 16). T h e  insoluble 
port ions of the  microsomes were separa ted  by  
centr i fugat ion at 105,000 g for 2 hours.  T h e  soluble 
portion, in the  following called Lubrol extract, was 
assumed  to contain  proteins solubilized from the  
microsomal  m e m b r a n e s  as well as possible contents  
of  the  mierosomal  vesicles (18, 21). 

T h e  pellet r ema in ing  after the  Lubrol  extract ion 
(r ibonueleoprotein particles and  residual  protein) 
was r insed with m e d i u m  and  then  homogenized  in 
2.5 ml  of a 2 per cent  solution of E D T A  (ethylene- 
d iaminote t raaceta te) ,  conta in ing  0.2 ~a NaHCO3,  
p H  8.3 (12, 1). After s tanding  in the  refrigerator 
for several hours,  it was centr i fuged at 105,000 g 
for 2 hours  and  the  soluble port ion labeled E D T A  

extract. 
Prior to being used in the  immunolog ica l  experi-  

ments ,  samples  were taken  f rom all solutions for 
de te rmina t ion  of protein (15). As derived by the  
procedures  described above, the  cell sap usual ly  
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contained 6 to 9 nag protein/ml, whereas the Lubrol 
extract and the EDTA extract each contained 2 to 4 
mg/ml.  
IMMUNOLOGICAL EXPERIMENTS: Antigens and anti- 
sera were reacted by means of double diffusion in agar 
plates according to Ouchterlony (17), and by means 
of immuno-electrophoresis (9). Before use, the 
antisera against the various fractions of rat liver were 
absorbed by addition of lyophilized rat serum. After 
2 hours at room temperature and incubation in the 
refrigerator overnight the precipitate was removed 
by centrifugation. This procedure was repeated once. 
Usually, 1 to 2 mg rat serum/ml antiserum were 
enough for complete absorption of antibodies against 
the serum proteins. 

The methods for the double diffusion experiments 
have been described earlier (19, 9). However, when 
radioactive antigen solutions were employed, a 
special procedure was adopted in order to get as 
strong precipitates as possible. Thus, the reagents 
were placed in plastic containers, 1 cm in length and 
width and 0.5 cm high. The containers had a bottom 
and were lacking side walls only in those directions 
where diffusion was supposed to take place. The 
containers were filled with the reagents and the 
plates incubated at 37°C. After a few hours, all 
solutions were removed by suction through a pipette 
and the containers refilled immediately with fresh 
antigen solutions and antisera. This was repeated 
five or six times. In this way, large amounts of 
antigen and antibodies could be added without at 
the same time changing their concentrations in the 
containers. Most of the artifacts otherwise appearing 
upon repeated fillings of the basins could thus be 
avoided. After 2 days at 37°C the Petri dishes were 
kept in the refrigerator for 2 additional weeks. 
Further processing took place when it was ascertained 
that the antigen-antibody precipitates had become 
stationary. In order to remove radioactive con- 
taminations, the plates were washed for 2 days in 
0.9 per cent saline, for 4 days in running water, and 
for 3 additional days in distilled water. The glass 

plates on the bottom of the Petri dishes, with the 
agar on top, were taken out and the precipitates were 
photographed. The agar was then dried to a thin 
film, firmly adhering to the glass plate. 

AUTORADIOGRAPHS were obtained by covering the 
agar plate with an x-ray film (Ilford "Ilfex") and a 
second glass plate. The glass plates were held together 
with clamps, wrapped in alumina foil, and exposed in 
complete darkness for various periods of time. The 
autoradiographs were developed in the dark with 
Gevaert x-ray developer (G 230). 

D E S C R I P T I O N  OF T H E  R E A G E N T S  

THE ANTISERA: As prcviously described, injection 

into rabbits of rat liver microsomes or cell sap 
leads to the production of antisera possessing a 
fair degree of "fraction specificity" (1, 19, 21). 
The patterns of precipitates obtained with the 
antimicrosomal and the anti-cell  sap scra of the 
present study arc seen below in Figs. 4 and 5. 
These figures show that there occurred both 
antibodies against antigens which were common 
for microsomal extract and cell sap, and others 
which were typical for either one of these frac- 
tions. None of the precipitates seen in these 
figures is due to reactions between scrum protcins 
and their antibodies, since the latter had been 
removed by previous absorption. For further 
details see references (1, 19, 21). 

In addition to these two antiscra, one against 
the pH 5 precipitablc fraction of the cell sap was 
used. This fraction is known to contain the soluble 
ribonucleic acid and the amino acid-act ivat ing 

enzymes (10, 11). As will be seen from Fig. I, 

injection of this fraction into rabbits gives rise 

to the production of precipitating antibodies 

against at least four antigens which are specific 

for this fraction. (Previous findings suggested that  

I~GUR~. 1 

Photograph of Ouchterlony plate, pH 5, 
fraction of cell sap precipitated at pH 
5.2 and redissolved; a-pH 5, antiserum 
against this fraction; a-cs, antiserum 
against cell sap; a-m, antiserum against 
microsomes. Before use, all antisera were 
absorbed with lyophilized rat serum. 
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ant isera  against  the total  cell sap d id  no t  con ta in  
an t ibodies  against  ant igens  of  the  p H  5 f rac t ion 
(21).) 

T h e  an t i s e rum against  ra t  s e rum con ta ined  
p rec ip i t a t i ng  ant ibodies  agains t  at least fifteen 
of  the  ra t  s e rum proteins.  T h e  an t i se rum against  
the  s e rum a lbumin  was he terogeneous .  As can  be  
seen f rom Fig. 2, it  con ta ined  h igh  concen t ra t ions  
of  an t ibodies  aga ins t  a l b u m i n  (giving the  s t rong 
prec ip i ta te  on the  anodic  side of  the  plate)  a n d  
aga ins t  one  or  two B-globulins. In  addi t ion ,  the re  

were  low concen t ra t ions  of  an t ibodies  agains t  a t  
least  two c~-globulins. (The  weak  prec ip i ta tes  
fo rmed  by  these an t ibodies  are  no t  c lear ly  visible 
in Fig. 2.) 

THE ANTmENS: T h e  proper t ies  of  the  an t igen  
solutions were  those descr ibed in ear l ier  papers ,  
a l though  it should  be po in ted  out  tha t  the differ-  
ence be t ween  cell sap and  mic rosomal  extracts  
was less sha rp  t h a n  usual,  since the  homogena t e s  
were  m a d e  in isotonic and  no t  in hyper ton ic  
sucrose, and  the  supe rna tan t s  were  used wi thou t  

I~IGU RE 

Photograph of immuno-eleetrophoresis of rat serum, diluted 1 : 2 with physiological saline. After com- 
pletion of electrophoresis (17 hours, barbi turate  buffer p H  8.2, g = 0.05, 0.4 m a / c m  cross-section, 
agar layer 2 m m  high), antiserum against rat serum was added from the upper  longitudinal basin 
and antiserum against serum albumin (rat) from the lower basin. 

FIGURE 8 a FIGURE 8 b 

I~GURE 3 

Fig. 3 a photograph,  Fig. 3 b autoradiograph of Ouchter lony plate. CS--rE,  cell sap of rat  liver and 
extract  of sea urchin eggs, mixed 1 : 1 ; L U d - E ,  Lubrol  extract  of rat  liver microsomes and  extract  of sea 
urchin eggs, mixed 1 : 1. Cell sap and Lubrol  extract  were obtained from a homogenate  of rat  liver 
slices incubated  for 60 minutes with 14C amino acids. The  radioactivity of the total homogenate  was 
432 c o u n t s / m i n / m g  protein and that  of the isolated cell sap was 202 c o u n t s / m i n / m g  protein, a-e, anti- 
serum against sea urchin eggs; a-a, antiserum against rat  serum albumin;  a-cs, antiserum against 
rat  liver cell sap; a-m, antiserum against rat  liver microsomes. Before use, a-cs and a-m were absorbed 
with lyophilized rat serum. Exposure t ime of autoradiograph,  50 days. 
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FmURE 4 a FIGURE 4 b 
I~GURE 4 

Fig. 4 a, photograph, Fig. 4 b autoradiograph of Ouchterlony plate made with Lubrol extract of 
microsomes (LU) and cell sap (CS) of a homogenate of rat liver slices. Prior to homogenization, 
the slices were incubated for 30 minutes with 14C amino acids. The radioactivity of the total un- 
fractionated homogenate was 425 counts/min/mg protein and that of the cell sap 311 counts/min/mg 
protein. The protein concentration of the Lubrol extract was 2.73 mg/ml  and that of the cell sap 6.0 
mg/ml, a-a, antiserum against rat serum albumin; a-m, antimicrosomal serum; a-cs, anti~cell sap 
serum. Before use, a-m and a-cs were absorbed with lyophilized rat serum. Exposure time of autoradio- 
graph, 40 days. 

prolonged ultracentrifugation. Moreover, it will 
be noted that the cell saps contained considerable 
amounts of serum proteins. In previous experi- 
ments, when the livers were fractionated im- 
mediately after perfusion, the cell sap seemed to 
contain only relatively small amounts of these 
proteins (1, 21). In the present case, the homog- 
enates were made from slices of unperfused 
livers incubated for various periods of time. This 
procedure apparently led to a higher content 
of serum proteins in the cell sap (see however 24). 
The  E D T A  extracts of the ribonucleoprotein 
part  of the microsomes were similar to those 
previously tested. They contained small amounts 
of contaminating proteins, belonging to the 
Lubrol extract, and a number of typical antigens 
which could only be visualized when the extracts 
were reacted with antiserum against the ribosomal 
part of the microsomal fraction (1, 21). 

T H E  S P E C I F I C I T Y  O F  T H E  L A B E L I N G  

O F  T H E  P R E C I P I T A T E S  

As previously reported, autoradiographs made 
from Ouchterlony plates obtained with radioactive 
antigen solutions show a distinct labeling of the 

precipitates (20). The question then arises whether 
this label represents a true radioactivity of the 
antigens in the various precipitates, or whether it 
merely indicates that radioactive material has 
been adsorbed non-specifically to the precipitates. 
As a rule, dilution of the slices after homogeniza- 
tion with an excess of unlabeled amino acids did 
not change the results. However, other workers 
have observed that radioactive material,  oc- 
curring in an homogenate of the present type, 
may become adsorbed non-specifically to unre- 
lated antigen-antibody precipitates, when the 
precipitin reactions are performed in tubes (2, 
4, 23). However,  previous addition of unrelated 
precipitin systems did not noticeably change the 
radioactivity of the precipitates formed subse- 
quently with the homologous antisera, when the 
precipitin reactions were performed in agar plates. 

The  specificity of the labeling of precipitates 
is also illustrated by the experiment of Fig. 3. In 
this experiment, extracts from radioactive liver 
slices were mixed with an unrelated antigen 
solution, an extract of unfertilized sea urchin 
eggs. This extract contained a great number  of 
protein antigens (7) which did not  cross-react 
with antibodies against rat antigens. In  the agar 
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plate of Fig. 3 a, this mixture  was allowed to 
react  ei ther  with  ant i - sea  urchin  serum or with  
the various an t i - r a t  sera. As can be seen, the 
label ing of the precipitates was highly specific. 
However,  in a few controls, where the specific 
radioactivity of the proteins in the ant igen solu- 
tions was unusual ly high, a nonspecific labeling of 
unre la ted  precipitates was noted exceptionally. 
This non-specific label was always so weak that  
it could not  be made  visible in the photographic  
print.  In  any event, this means tha t  one has to be 
careful in drawing  conclusions from precipitates 
which carry a weak label in the autoradiograph,  
part icular ly if the specific radioact ivi ty of the 
total protein in the solutions is high. 

The  pH 5 precipi table fraction of the cell sap 
from incuba ted  liver slices has a fairly h igh isotope 
content.  This  fract ion contains unstable com- 
ponents  which  readily precipi tate  around the 
basins wi th  cell sap, when  the Ouchter lony plate 
is incuba ted  at  37°C. The  radioactive precipi tate  

~IGURE 5 

Diagram of typical Ouchterlony plate made with 
the fractions of a homogenate of rat  liver slices. 
RS, rat  serum, diluted 1:10 with physiological 
saline; LU, Lubrol extract of microsomes; EDTA, 
EDTA extract of ribonucleoprotein part  of the 
microsomes; CS, cell sap; a-rs, antiserum against 
rat  serum; a-pH 5, antiserum against pH 5 pre- 
cipitate of cell sap; a-m, antimicrosomal serum; 

a-cs, anti-cell sap serum. Before use, all antillver 
sera were absorbed with lyophilized rat serum. For 
further explanations see text and legends to Figs. 
6atod.  

FIGURE 6 

Autoradiographs of Ouchterlony platcs made with fractions of homogcnates of rat  
liver slices. Before homogenization, the slices were incubated with 14C amino acids 
for various periods of time. For explanation of symbols see legend to Fig. 5. 
FIG. 6 a. Incubation, 15 minutes. Radioactivity: total unfractionatcd homogcnatc, 
135 counts /min /mg protein; cell sap, 68 counts /min/mg protein. Protein: LU, 3.20 
mg/ml ;  CS, 4.60 mg/ml ;  EDTA, 2.15 mg/mL Exposure time of autoradiograph, 90 
days. 
Fro. 6 b. Incubation, 30 minutes. Radioactivity: total unfractionated homogeuate, 
402 counts/rain/rag protein; cell sap, 280 counts/rain/rag protein. Protein: LU, 2.90 
mg/ml ;  CS, 7.80 mg/ml ;  EDTA, 4.04 mg/ml.  Exposure time of autoradiograph, 42 
days. 
FIG. 6 c. Incubation, 60 minutes. Radioactivity: total unfractionated homogenatc, 
478 counts/rain/rag protein; cell sap, 380 counts/rain/rag protein. Protein: LU, 4.80 
mg/ml ;  CS, 4.36 mg/ml ;  EDTA, 1.96 mg/ml.  Exposure time of autoradiograph, 42 
days. 
Fro. 6 d. Incubation, 120 minutes. Radioactivity: total unfractionated homogenate, 
2190 counts/rain/rag protein; cell sap, 1510 counts/rain/rag protein. Protein: LU, 2.00 
mg/ml;CS, 4.08 mg/ml ;  EDTA, 3.74 mg/ml.  Exposure time of autoradiograph, 21 
days. 
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FmunE 6 a FIGURE 6 b 

FIGURE 6 c F m ~ E  6 d 
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cannot be properly washed out from the agar. An 
unspecific labeling of precipitation lines may 
therefore take place in this zone, and the results 
may also be otherwise obscured. Therefore, the pH 
5 fraction was always removed in advance by 
repeated precipitation at pH 5.2. In this way, the 
unspecific blackening of the x-ray film around the 
cell sap basins was considerably reduced. When 
the pH  5 fraction was resuspended and reacted 
with its homologous antiserum, the precipitates 
which appeared were only weakly labeled. 

T H E  L A B E L I N G  OF  A N T I G E N S  I N  

D I F F E R E N T  F R A C T I O N S  

When fractions derived from liver slices, incubated 
as described above, are reacted with antisera and 
autoradiographed, an over-all pattern of the 
isotope distribution among the immunological 
precipitates is obtained. Fig. 4 may serve as an 
example. Fig. 4 a represents a photograph of an 
Ouchterlony plate, made with cell sap and the 
Lubrol extract from the homogenate of slices, 
incubated with isotope for 30 minutes, and subse- 
quently reacted with various antisera. 

It  is apparent from Fig. 4 that both the Lubrol 
extract and the cell sap contained antigens reacting 
with the anti-albumin serum. Fig. 4 a indicates 
that the microsomal extract formed at least four 
precipitates with this serum. Immuno-electropho- 
retie evidence indicated that the precipitate closest 
to the antigen container was that of the 13-globulin, 
followed by the albumin. (Although, in the print, 
these two precipitates seem to form one line, 
they appeared as two distinct lines in the original 
plate.) Two precipitates formed by ~-globulins 
were closer to the antiserum basin. They were 
very weak and can hardly be seen in the print 
(Fig. 4 a). Only three of these precipitates appeared 
between the cell sap and an aliquot of the same 
antiserum. As is seen from Fig. 4 a, the precipitates 
of the fl-globulin and the albumin from the 
Lubrol extract joined with those from the cell sap. 
Fig. 4 b shows that all four precipitates of the 
serum protein-like antigens from the Lubrol 
extract were distinctly labeled. In fact, the pre- 
cipitates of the two c~-globulins appear much 
stronger in Fig. 4 b than in Fig. 4 a. In contrast, 
only one of the three precipitates formed by the 
serum protein-like antigens of the cell sap, that 
of the serum albumin, carried a clearly distinguish- 
able label. The  blackening of this line was less than 

that of the corresponding Lubrol precipitate. (This 
could be seen in the original autoradiograph but 
is not quite so apparent in the print.) The other 
two were very weak and could hardly be seen in 
the original autoradiograph. 

Fig. 4 a  also demonstrates that the Lubrol 
extract and the cell sap contained both antigens 
in common and a number of "fraction specific" 
antigens, immunologically different from one 
another and from the serum protein-like antigens 
described above. In regard to the Lubral  extract, 
the autoradiograph (Fig. 4 b) reveals that at least 
three of the microsomal precipitates were strongly 
labeled. It should be noted that the blackening 
of the lines in the autoradiograph is not correlated 
with the density of the precipitates in Fig. 4 a. 
In contrast again, the precipitates formed by the 
cell sap, although numerous and heavy, carried 
only a very weak label or none at all. 

T H E  L A B E L I N G  OF  T H E  P R E C I P I -  

T A T E S  AS A F U N C T I O N  OF  T H E  

T I M E  OF  I N C U B A T I O N  

In the next series of experiments, the fractions 
from four different homogenates of slices, 
incubated with isotope for various periods of time, 
were reacted, on separate agar plates, with 
aliquots of a number  of antisera. The protein 
concentrations of the corresponding antigen solu- 
tions were about equal and the immunological 
reactions were performed under closely similar 
conditions. For identification of the serum protein-  
like antigens, an antiserum against total rat serum 
was used in this series. For control, an unlabeled 
rat serum was added from a separate container 
on each agar plate. 

Fig. 5 represents a diagram of the Ouchterlony 
reactions obtained with the fractions of one of the 
homogenates (homogenate incubated for 15 
minutes; see Fig. 6 a). This diagram is typical for 
the whole series. The small differences which 
existed between the patterns of the different 
plates are of no significance for the present dis- 
cussion. It  should be noted again that the Lubrol 
extract of the microsomes, in addition to its 
specific antigens, contained a considerable number 
of serum protein-like antigens. The serum pro- 
teins, diffusing from the adjacent receptacle 
containing rat serum, caused a certain bending 
of the precipitates and thus facilitated their 
identification. The spurs indicated by the arrow 
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in Fig. 5 were probably  formed by serum proteins 
which were present in the serum, but  absent in 
the Lubrol  extract. The  cell sap gave a smaller 
n u m b e r  of precipitates with  this antiserum. It  
reacted well with  the ant imicrosomal serum and  
also contained a good n u m b e r  of antigens reacting 
only with antibodies in the anti-cel l  sap serum. 
The  E D T A  extract  of the microsomes gave two 
precipitates with  the ant imicrosomal serum and 
only a few, faintly visible precipitates with the 
other sera. 

Figs. 6 a to 6 d are prints of the autoradiographs  
obta ined from the four plates just  described. Since 
the precipitates obta ined with the unlabeled ra t  
serum did not appear  in the autoradiograph,  they 
have been omit ted from these figures. I t  is evident 
from Fig. 6 a tha t  the serum protein-l ike antigens 
in the Lubrol  extract,  as well as other  microsomal 
antigens, already carried a heavy label after 
15 minutes  of incubat ion with the isotope, where- 
as the radioactivity of the cell sap and  the E D T A -  
extracted antigens was hardly detectable.  The  
picture obtained after 30 minutes  of incubat ion  
(Fig. 6 b) is essentially the same as in the experi- 

men t  shown in Fig. 4 b. I t  can be seen tha t  a 
great n u m b e r  of labeled spurs were here formed 
by the precipitates of the serum protein- l ike 
antigens of the Lubrol  extract. This  indicates 
tha t  these four or five precipitates were highly 
heterogeneous, each consisting of several ant igen-  
ant ibody systems superimposed upon  one another.  
I t  should be ment ioned that  these spurs could 
not  be seen in any of the original agar  plates. 
In  contrast,  the spurs formed by the unlabeled 
serum proteins (designated with arrow in Fig. 5) 
are not  visible at  all in the autoradiographs.  
After 60 minutes  and  120 minutes  of incubat ion  
(Figs. 6 c and 6 d), a greater n u m b e r  of more 
strongly labeled precipitates appear  in all frac- 
tions. Thus,  while strongly labeled precipitates of 
the serum protein-l ike antigens occur in all four 
Lubrol  extracts, correspondingly labeled precipi-  
tates of these proteins now also appear  in the cell 
sap. Moreover,  a sufficiently long period of incuba-  
tion also leads to a labeling of cell sap antigens, 
not  visible at  all in Figs. 6 a and  6 b. A thorough 
inspection of the original autoradiographs  revealed 
tha t  several of these labeled precipitates were 

FIGURE 7 a FIGURE 7 b 

FIGURE 7 

Fig. 7 a photograph, Fig. 7 b autoradiograph of Ouchterlony plate made with Lubrol extracts of 
microsomes from three homogenates of rat  liver slices, and antiserum against rat  serum (a-rs). LU-30, 
LU-60, LU-120, extracts from slices incubated with 14C amino acids for 30, 60, and 120 minutes, re- 
spectively. The radioactivities of the corresponding unfractionated homogenates were 340, 690, and 
2090 counts /min/mg protein, respectively. The protein concentrations of the Lubrol extracts were 
2.58, 1.74, and 2.54 mg/ml,  respectively. Exposure time of autoradiograph, 40 days. 
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FIGURE 8 a FIGURE 8 b 

formed by antigens which  only reacted with 
antibodies in the ant i-cel l  sap serum, crossing 
the precipitates formed between the cell sap and 
the ant imicrosomal serum (see also Fig. 5). These 
details cannot  be seen in the pr int  of this autoradio-  
graph (Fig. 6 d). 

In  some of the autoradiographs,  the E D T A  
extracts showed a n u m b e r  of labeled lines which 
appeared  much  more distinct than  in the original 
agar  plates. However,  this phenomenon  was not  
always observed, and  the labeled precipitates 
were very likely formed by antigens not  satis- 
factorily removed by the extract ion of the micro- 
somes with detergents,  or were present due to un-  
specific adsorption occurr ing dur ing  fractionation.  
The  labeled ant igen reacting with an t ibody  in the 
an t i -pH 5 serum seems to be a microsomal ant igen,  
different from the serum proteins. Its precipitate 
was so faint  tha t  it could not  be dist inguished in 
the original agar  plates (Fig. 5). 

In  this series, the t ime of exposure of the auto- 
radiographs  had  been varied inversely with the 
t ime of incubat ion of the slices with isotope. In  
another  series of exposures, autoradiographs  of 
the same agar  plates were made  by exposing 
them all for 120 days. The  n u m b e r  of lines appear-  
ing in these au toradiographs  was the same as tha t  
shown in Fig. 6. However,  the h igh degree of 
blackening, bo th  of the lines and of the back- 
ground,  of the autoradiographs  from the homo- 

]?IGURE 8 
Fig. 8 a photograph, Fig. 8 b autoradio- 
graph of Ouchterlony plate made with 
cell saps of the three homogenates of 
Fig. 7, and antiserum against rat  
serum (a-rs). CS-30, CS-60, CS-120, 
cell saps from slices incubated with 
J4C amino acids for 30, 60, and 120 
minutes, respectively. The radioactivi- 
ties of the cell saps were 220, 348, and 
1715 counts/rain/rag protein, respec- 
tively. The protein concentrations of 
the cell saps were 8.07, 7.20, and 7.35 
mg/ml, respectively. Exposure time 
of autoradiograph, 40 days. 

genates of Figs. 6 c and 6 d, made  them unsui table  
for reproduction.  

T h e  more intense blackening of lines after 
long incubations,  as compared with tha t  after 
short  incubations,  was apparent ly  not  related to an  
increase in concentrat ion of the antigens in ques- 
tion. Thus,  in the series of Fig. 6 the position 
of most of the precipitates between antigen and 
ant ibody containers was very nearly the same 
for any given system, regardless of the tinae of 
incubat ion.  In order to investigate this point  
further,  addi t ional  experiments were set up  as 
illustrated in Figs. 7 and 8. Slices incubated for 
three different periods of t ime were used in these 
experiments.  Fig. 7 shows the photograph  and  the 
au torad iograph  obtained when the three Lubrol  
extracts were reacted on an agar plate with  
aliquots of ant iserum against ra t  serum. Fig. 8 
shows the corresponding prints obtained with the 
cell saps from the same homogenates.  The  parallel 
a r rangement  of the containers allowed a bet ter  
estimation of the relative concentrat ions of the 
individual  antigens. Model  experiments,  made  
with dilution series of unlabeled  extracts, showed 
that ,  in the concentrat ion ranges valid here, an  
increase of the original concentrat ion of an ant igen 
by a factor of 2 resulted on the average in a dis- 
p lacement  of 1.5 m m  of its precipitate toward the 
ant iserum container.  As will be seen from the 
autoradiographs,  there was no correlation between 
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the blackening of the lines and the concentration 
of the antigens in each of the three Lubrol extracts 
or cell saps. The  photographs of the original agar 
plates of these experiments also indicate that the 
density of corresponding precipitates was very 
similar in all three Lubrol extracts and all three 
cell saps. It  can be assumed that the intracellular 
concentration of the serum protein-like antigens 
is maintained at an approximately constant level 
through their continuous secretion to the medium 
(24). 

D I S C U S S I O N  

Within certain limits, the blackening of a given 
area in an autoradiograph of an Ouchterlony 
plate may be assumed to be proportional to 
the radioactivity in the corresponding area of the 
agar film. However, no direct conclusions with 
regard to the specific radioactivity of an antigen 
can be drawn from autoradiographs of its precipi- 
tates. Even if an element of non-specific adsorption 
of labeled components to the precipitates can be 
excluded, the blackening of individual lines in an 
autoradiograph of an Ouchterlony plate is a 
function of (a) the specific radioactivity of the 
antigens, (b) the concentration of the antigen in 
the precipitate, and (c) the amount  of precipitate 
in the area under consideration. Evidently, these 
parameters will be widely different for different 
precipitates, depending on such variables as the 
chemical nature and the turnover rates of the 
antigens, their antibody combining ratios, the 
immunological homogeneity of the precipitate, 
its physical nature, the total amount  of antigen 
and antibody added, and the ratio of their initial 
concentrations. 

In spite of these limitations, certain conclusions 
can be drawn regarding immunologically and 
chemically identical antigens occurring in differ- 
ent subcellular fractions of the same homogenate 
and reacted in a single plate with aliquots of the 
same antiserum. Thus, serum albumin from 
microsomes, cell sap, or rat serum gives a single 
precipitate without spurs when tested with anti- 
albumin serum in an Ouchterlony plate. This 
suggests that the albumins from different sources 
are immunologically identical and combine with 
the antibodies in an identical fashion. (They can 
be shown to be chemically similar; see 3, 4, 24.) 
In the experiment of Fig. 4 a, the position of the 
albumin precipitate between antigen and anti- 
serum containers indicated that the albumin 

occurred in a somewhat higher concentration in 
the cell sap than in the microsomal extract. In 
addition, the corresponding precipitate of the 
cell sap manifested a typical broadening due to a 
certain antigen excess. One would expect, there- 
fore, that in the agar plate the actual amount  of 
albumin was at least as large in the albumin 
precipitate of the cell sap as in that of the micro- 
somal extract. Despite this, the albumin pre- 
cipitate of the microsomal extract gave rise to a 
much more intense blackening in the autoradio- 
graph than did that of the cell sap (Fig. 4 b). 
This strongly suggests that, under the conditions 
of this experiment, the serum albumin solubilized 
from the microsomes had a higher specific radio- 
activity than that in the cell sap. 

The experiments with antiserum against rat 
serum (Figs. 6 a to 6 d) confirmed these results 
and showed that the same was true for a great 
number of additional serum proteins. It  should 
be noted that, in this series, the time of exposure 
of the autoradiographs had been varied inversely 
with the time of isotope incorporation of the 
slices. In spite of this, the precipitates of the 
serum protein-like antigens from the cell sap 
appearing after long-time incubation gave a 
much stronger blackening of the autoradiographs 
than did those of the short-time experiments. This 
suggests that the appearance of radioactive serum 
proteins in the cell sap was connected with a 
considerable time lag. There was no evidence of 
such a lag in the microsomal extracts (see 23, 24). 

The results are consistent with the interpretation 
that the specific radioactivity of the serum proteins 
in the soluble fraction increases when freshly 
synthesized molecules are transferred from the 
microsomes to this fraction. However, the lower 
specific activity Of serum albumin and other 
serum proteins in the cell sap could also be due 
to a larger pool size of these proteins in the latter 
fraction. A rough estimate of the original concen- 
tration of serum albumin in the cell sap used in 
the experiment of Fig. 4 a showed that it contained 
3 to 5 times more albumin than the correspond- 
ingly diluted microsomal extract. Model  experi- 
ments suggested that this difference was not 
enough to account for the differences which were 
observed in the autoradiographs. This speaks 
against the idea that differences in pool size might 
be responsible for the difference in the labeling 
pattern of albumin in the microsomal and cell 
sap fractions. 
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Essentially similar results were obtained with a 
number of additional antigens extracted from the 
microsomes. The nature of these is unknown. 
Some may very well be proteins which are secreted 
by the liver. This may be valid particularly for 
one of the antigens which was common to micro- 
somal extracts and cell sap and which was strongly 
labeled in all Lubrol extracts but in the cell sap 
only after a long period of incubation (Fig. 6). 

In contrast, there occur a great number of 
precipitates, particularly certain ones derived 
from the cell sap, which appear not to be labeled 
at all after a short period of incubation. That  
these antigens are proteins is known from various 
chemical experiments (1, and unpublished experi- 
ments). However, when the isotope incorporation 
is studied as a function of time, it is seen that the 
specific radioactivity of certain cell sap antigens 
increases upon sufficiently long incubation of the 
slices. Their  precipitates then appeared darker in 
the autoradiographs although their concentrations 
in the solutions remained essentially unchanged. 
I t  would be tempting to interpret this as meaning 
that the incorporation of 14C amino acids into 
these antigens proceeds at a slower rate than that 
into the serum proteins. It must be emphasized, 
however, that such a conclusion cannot be strictly 
substantiated from the experimental evidence. 

So far, attempts to obtain radioactive precipi- 
tates with the pH 5 precipitable fraction of the 
cell sap have been without success. This may 
partly be due to the great lability of this fraction. 
However, it could also be expected that most of 
the radioactive amino acids present in this fraction 
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