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Three  Novikoff  hepatoma  protein  antigens  (approxi- 
mately M, = 39,000,  49,000,  and 56,000) were  partially 
purified  from  Novikoff  hepatoma  chromatin.  Rabbit 
antiserum  to  these  three  proteins  was  used  to  examine 
various  rat tissues for  the  presence of these  antigens. 
Immunological  specificity  of  the  antiserum was as- 
sessed using  quantitative  microcomplement  fixation 
assay or  by  visualization of the  immunoreactive  com- 
plexes  with peroxidase-antiperoxidase procedure  after 
transferring  the  electrophoretically  separated  proteins 
to  nitrocellulose  sheets. The  immunoreactivity  was lo- 
calized  with  the  three  proteins  p39,  p49,  and p56 in 
Novikoff  hepatoma.  The  p56  protein was found to be 
present in normal  rat liver,  24-h  regenerating  rat  liver, 
fetal  rat  liver, or kidney,  albeit in much  smaller 
amounts as found  in  Novikoff  hepatoma.  The p49 and 
p39 antigens  were  specific for Novikoff  hepatoma.  Im- 
munoabsorption  experiments  confirmed  the  specificity 
of this  antiserum.  Assessment  of  various  subcellular 
fractions of Novikoff  hepatoma  revealed  that  the  p39, 
p49,  and  p56 protein  antigens are  present  in  the  cyto- 
plasmic  fractions as well as in  isolated  chromatin. 

The search for antigens specific for neoplasia has received 
considerable attention  due to potential diagnostic and  thera- 
peutic applications. Several classes of cancer-associated anti- 
gens have been described such as carcinoembryonic antigen 
(l), preneoplastic antigen (Z), and various nuclear antigens 
such as Epstein-Barr virus-associated antigen (3), “extractable 
nuclear antigen” (4), and the nuclear and nucleolar antigens 
reported by Busch and coworkers  (5-8). 

Previous studies from this laboratory using complement 
fmation assays have shown Novikoff ascites hepatoma to 
contain antigens for which the immunological specificity 
changed during tissue differentiation or carcinogenesis  (9-15). 
Fractionation of isolated Novikoff hepatoma chromatin re- 
sulted in the separation of protein components partially re- 
sponsible for specific  immunological activity of antisera to 
dehistonized Novikoff hepatoma chromatin (16). This com- 
munication describes studies in which we have used antisera 
to three Novikoff hepatoma proteins (p39,  p49, and p56) to 
characterize their tissue specificity and subcellular distribu- 
tion. Furthermore, we have utilized a modification of the 
procedure of Towbin et al. (17) recently developed in our 
laboratory (18) for the transfer of proteins from polyacryl- 
amide gels to nitrocellulose sheets and visualization of the 
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immunoreactive components by the peroxidase-antiperoxi- 
dase reaction of Sternberger (19). 

EXPERIMENTAL PROCEDURES 

Materials-Novikoff ascites hepatoma was maintained by weekly 
transplantations  in male Sprague-Dawley rats (140-180 g). The hep- 
atoma cells were collected by  low speed centrifugation and washed 
twice with standard saline citrate as described (16). Mature male rat 
(140-180 g) and  fetal rat tissue (16-18 days pregnant) were collected 
immediately after sacrifice. For regenerating rat liver, mature male 
rats were partially hepatectomized (20) under light ether anesthesia. 
Regenerating livers were then excised and used 24 h  after surgery 
(21). 

Electrophoretic supplies and the molecular weight standards were 
purchased from Bio-Rad. 

Fractionation of Tissues-All the preparative procedures were 
done at 0-2 “C, unless indicated otherwise. Animals were killed by 
cervical dislocation, and tissues were collected in phosphate-buffered 
saline, washed with several changes of PBS,’ weighed, and suspended 
in 4-5 volumes of S-TKM buffer (0.25 M sucrose, 50 m~ Tris-HCI, 25 
m~ KC1,5 mM  MgC12, pH 7.5). After mincing with scissors, the tissues 
were homogenized  using a  tight fitting Teflon-glass homogenizer. The 
total amount of cells (broken and whole) in the homogenate was 
determined by hemocytometer. The homogenate was then centri- 
fuged at 1,OOO X g for 10 min, the low speed  supernatant was collected, 
and the pellet was rehomogenized as above. After another centrifu- 
gation at 1,OOO X g for 10 min, the supernatant was collected and 
pooled with the fmt low speed supernatant. The pellet was processed 
as described below for the preparation of nuclei and chromatin. The 
pooled low speed supernatants were centrifuged at  10,ooO X g for 30 
min to yield the mitochondrial pellet and  supernatant. The superna- 
tant was then centrifuged at 100,OOO X g for l h to yield the micro- 
somal pellet and high speed supernatant (cytosol). Aliquots of all 
fractions were solubilized in 0.5 N NaOH for protein estimation or 

of 1.8 X lo7 cells/ml. 
dissolved in the gel electrophoresis sample buffer to a concentration 

Isolation of Nuclei and Chromatin-Nuclei from Novikoff hepa- 
toma were isolated from the washed cells by hypotonic shock in 10 
mM Tris-HC1, (pH 7.5), 0.1 mM phenylmethylsulfonylfluoride homog- 
enization and centrifugation in hypertonic sucrose as described pre- 
viously (22). Nuclei from other tissues were obtained using the method 
of Blobel and Potter (23). All nuclear preparations were washed once 
(resuspension and centrifugation at  1OOO X g for 10 min) with 10 mM 
Tris-HC1 (pH 7.5),  0.25 M sucrose, 0.2% Triton X-100,O.l mM PMSF 
before the preparation of chromatin. Chromatin was isolated by the 
method of Bonner et al. (24) as modified in our  laboratory (25). 
Isolated chromatin was washed with 0.3 M NaCl and  rehydrated in 
3 0 0  times diluted standard saline citrate (0.14 M NaCl, 0.014 M, sodium 
citrate). 

Fractionation of Chromosomal Proteins-The DNA-associated 
antigenic complexes were isolated by sequential extraction of chro- 
matin and chromatography of the immunologically active extract. 
Isolated chromatin was suspended in 5.0 M urea-15 mM sodium 

’ The abbreviations used are: PBS, phosphate-buffered saline (0.15 
M NaCI, 10 mM sodium phosphate,  pH 7.2); PAP, peroxidase-anti- 
peroxidase; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel 
electrophoresis; PMSF, phenylmethylsulfonylfluoride. 
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phosphate buffer-0.1 mM phenylmethylsulfonyl fluoride, pH 7.6. The 
suspension was gently stirred on ice for 20-30 min or until dissolved. 
Gentle homogenization (hand-held Teflon pestle-glass homogenizer) 
can be used to accelerate the dispersion of chromatin. The final 
concentration of DNA in the suspension should be 0.3-0.4 mg/ml. 
The suspension was centrifuged at 100,OOO X g for 16 h,  and the 
supernatants were carefully decanted. This extraction removed 26-30 
mg  of protein-/100 mg  of chromatin DNA. The pellets were carefully 
resuspended by gentle homogenization and  stirring on  ice for 30 min 
in 5.0 M urea-100 mM potassium phosphate-0.1 m~ PMSF, pH 7.6, to 
a DNA concentration of  0.4-0.5 mg/ml. The solution was centrifuged 
at 100,OOO X g overnight. The supernatants contained between 40-56 
mg of protein/100 mg of chromatin DNA. Most of the immunological 
activity (after reconstitution to DNA) was associated with this frac- 
tion. 

The pooled 100 m~ phosphate  extract was concentrated by ultra- 
filtration (Amicon Diaflo PM 10 membrane) to 5-6  mg  of protein/ml 
and dialyzed against 2.0 M KCI-5.0 M urea-2 m~ Tris-HCI-1 mM 
potassium phosphate-0.1 mM PMSF,  pH 7.0, for 24 h. The dialyzed 
sample was then fractionated by chromatography on hydroxylapatite. 
Commercial Bio-Gel (HTP, Bio-Rad Laboratories) hydroxylapatite 
was freed of fine particles by decantation, suspended in the sample 
buffer, and left to equilibrate overnight. The equilibrated hydroxyl- 
apatite was either packed in columns or used for batch preparation. 

For chromatography, the 100 mM phosphate fraction was applied 
to  the column in a ratio of  3-5  mg  of protein/ml of packed hydrox- 
ylapatite and eluted sequentially with the above 2.0 M KC1-5.0 M urea 
buffer containing 1.0, 50, and 100 mM potassium phosphate,  pH 7.0. 
The average protein recoveries were 4045% in 1.0 mM phosphate, 
25-30% in 50 mhf phosphate, and 5-10% in 100 m~ phosphate.  Some 
protein and DNA were retained on hydroxylapatite and could be 
eluted with 500 rn phosphate. However, this fraction had little 
immunological activity and was not collected for further processing. 
All the  three fractions were concentrated by ultrafiltration (Amicon 
Diaflo PM 10 membrane), and  appropriate  aliquots were reconsti- 
tuted with purified rat spleen DNA for complement futation assays. 

Further fractionation of the protein components comprising the 
antigenic complexes was accomplished by  gel filtration. Concentrated 
proteins of the 50 m~ phosphate fraction resulting from hydroxylap- 
atite chromatography (30-50  mg)  were  dialyzed against 5.0 M urea-25 
mM Tris-HC1-0.2 mM PMSF-1.0 mM dithiothreitol-0.05% dextran 
sulfate (l:I00 ratio, overnight) and  then for 8 h against the gel 
filtration buffer. Bio-Gel P200 columns (2 X 90 cm) were equilibrated 
with 25 mM Tris-glycine-1.0 m~ dithiothreitol-0.2 m~ PMSF-1% 
sodium dodecyl sulfate,  pH 7.0, and  the sample was eluted with the 
same buffer. The fractions were pooled, concentrated, and used for 
polyacrylamide gel electrophoresis or, after the removal of sodium 
dodecyl sulfate, for complement fmation assay and amino acid anal- 
ysis. Active proteins were further purified by rechromatography on 
Bio-Gel P200. 

Ammonium Sulfate  Precipitation of Cytosol-Saturated ammo- 
nium sulfate was added dropwise to cytosol (1-5 mg/ml) with stirring 
to a final concentration of  35%. The mixture was stirred slowly for I 
h and centrifuged at 10,OOO X g for 20 min. The pellet was resuspended 
in 10 mM Tris-HCI, pH 7.4, 1.5 mM EDTA, to a volume equivalent to 
that of the original starting volume of cytosol, and the precipitation 
with ammonium sulfate was repeated. After centrifugation as indi- 
cated, the pellets were resuspended in the above buffer and dialyzed 
overnight against 1OOO volumes of 10 mM Tris-HCI buffer, pH 7.5. 

Antisera and Immunoassays-Antisera to Novikoff hepatoma 
chromosomal proteins p39,  p49, and p56 were prepared by injecting 
a mixture of the purified proteins reconstituted with rat spleen DNA 
(DNAprotein = 1.00.4) into New Zealand white rabbits. Blood was 
obtained by marginal ear venopuncture 7 days after the booster 
injection. Sera were heat inactivated at  56 "C for 30 min and  stored 
at  -20  "C.  All the antisera obtained by immunization with Novikoff 
hepatoma proteins p39,  p49, and p56  did not precipitate with the 
immunogen. Consequently, immunoreactivity was quantitated using 
the microcomplement fmation assay of Wasserman and Levine (26) 
as described previously (16). The  PAP staining method of Sternberger 
(19)  was used to identify reactive antigens after transfer of chromo- 
somal proteins separated by SDS-PAGE to nitrocellulose strips (Mil- 
lipore, type HA, 0.45 pm). 

For immunoabsorption, isolated chromatins were used as an  ab- 
sorbent in the ratio of 1 mg  of chromatin (as DNA) to 1.0 ml of  1:lO 
diluted antiserum in PBS, pH 7.2. The mixture was gently homoge- 
nized by hand with a Teflon-glass homogenizer and incubated on  ice 
for 16 h. Chromatin with the bound antibodies was then removed by 

centrifugation at 20,000 X g for 1 h,  and  the  supernatant was collected 
and absorbed once more with fresh chromatin  as indicated. The 
absorbed antiserum was used in complement fixation assays or to 
localize immunoreactive proteins transferred to nitrocellulose sheets. 

Since antisera to Novikoff antigens p39,  p49, and p56 were nonpre- 
cipitating, only immunoblocking experiments were employed for stud- 
ies using cytosol proteins precipitated with 35% ammonium sulfate. 
Ammonium sulfate pellets mixed in a ratio of 2 mg  of protein to 1 ml 
of 1:IO diluted antiserum were incubated overnight and centrifuged. 
The absorbed antiserum  (supernatant) was treated again with addi- 
tional 2 mg  of ammonium sulfate-precipitated cytosol protein. The 
treated (absorbed)  antiserum could not be used in complement fma- 
tion assays and was only employed in the localization of immuno- 

rated by SDS-PAGE. 
reactive antigens on nitrocellulose sheets containing proteins sepa- 

Sodium Dodecyl Sulfate  Polyacrylamide Gel Electrophoresis and 
Immunolocalization with PAP-Hydrated chromatins or nuclei were 
suspended in 2 m~ Tris-HC1 buffer, pH 7.5 (about 1 mg/ml as DNA) 
and extensively sheared by sonication (18). Sonicated samples were 
made 2% SDS, 10%  glycerol, 5% 2-mercaptoethanol, and 0.0625 M 
Tris-HC1, pH 6.8, resonicated, boiled for 5 min, and then electropho- 
resed under conditions described by Laemmli (27) using a 3% stacking 
gel and a 7.5% running gel. All other cellular fractions were  dissolved 
directly in the electrophoresis buffer,  without sonication. Protein 
bands were visualized by Coomassie blue staining (28). 

The electrophoretically separated  proteins were transferred to 
nitrocellulose sheets as described by Towbin et al. (17). After transfer, 
the immobilized proteins could be stained with Amido  black (29), or 
the antigens could be visualized using the PAP method (18,19). The 
molecular weights of the immunoreactive bands were calculated from 
the mobility of high molecular weight standards  (Bio-Rad) electro- 
phoretically transferred to nitrocellulose and  stained with Amido 
black (29). 

Determination of Protein  and DNA-Protein was determined in 
subcellular fractions solubilized with 0.5 N NaOH by the method of 
Lowry et al. (30). All other  protein  determinations employed the 
Coomassie dye binding method of Bradford (31). Bovine serum al- 
bumin was used as  standard. DNA was estimated in chromatin 
samples by ultraviolet absorbance at 260 nm. 

RESULTS 

Fractionation of the Nuclear Antigenic Proteins p39, p49, 
and p56-Using antiserum to dehistonized Novikoff hepa- 
toma chromatin, the fractionation of chromosomal proteins 
was  followed  by monitoring the complement f i g  activity of 
the respective fractions. We have found in our previous ex- 
periments (10, 15,  16) that  the antigenic complexes remain 
principally associated with the DNA during the extraction of 
chromatin with 5.0 M urea-50 m~ sodium phosphate buffer. 
This procedure was further simplified by first extracting the 
chromatin with 5.0 M urea-15 mM sodium phosphate and then 
with 5.0 M urea-100 m~ potassium phosphate. The 5.0 M urea- 
100 m~ potassium phosphate extract contained most of the 
antigenic proteins (after reconstitution with rat spleen DNA). 
The advantage of this modification  was in reducing the 
amount of DNA associated with the active 100 mM fraction. 
This considerably simplified the subsequent chromatography 
an hydroxylapatite. The concentrated 100 m~ potassium 
phosphate fraction dialyzed against 2.0 M KC1-5.0 M urea-:! 
m~ Tris-HC1-1 I n M  potassium phosphate-0.1 mM PMSF was 
chromatographed on a hydroxylapatite column equilibrated 
with the same buffer. Complement furation of proteins eluted 
with 1, 50, and 100 m~ potassium phosphate in the above 
buffer (after their reconstitution with rat spleen DNA) showed 
that  the principal immunological activity was eluted with the 
50 m~ potassium phosphate. Polyacrylamide gel electropho- 
resis of this fraction revealed the  three major protein peaks 
(approximate M, = 39,000,49,000 and 56,000) previously iden- 
tified with the complement fixing activity in Novikoff hepa- 
toma (16). To confirm their immunological  specificity, the 
region containing these three proteins (p39,  p49, and p56) was 
isolated by preparative gel electrophoresis and reconstituted 
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with native rat spleen DNA. The complexes  were  immunolog- 
ically reactive with the antiserum to Novikoff hepatoma-de- 
histonized chromatin. When normal rat liver chromatin was 
subjected to  the fractionation procedure used  for the isolation 
of Novikoff hepatoma  proteins p39,  p49, and p56, no comple- 
ment fixation in the presence of Novikoff hepatoma antiserum 
could  be observed with either the 100 m~ potassium phos- 
phate chromatin extract or any of its hydroxylapatite frac- 
tions, including the 50 m~ potassium phosphate eluate. Inter- 
estingly, polyacrylamide gel electrophoresis of the 50 mM 
potassium phosphate fraction revealed the presence of three 
bands migrating with mobilities very similar to those of the 
Novikoff hepatoma proteins p39,  p49, and p56. However, the 
rat liver 50 mM potassium phosphate fraction did not fix 
complement in the presence of antiserum to dehistonized 
Novikoff hepatoma chromatin. 

Gel filtration of the Novikoff hepatoma 50 l ~ l ~  hydroxyl- 
apatite fraction on Bio-Gel  P200 resulted in three broad peaks 
which  were  collected in five  pools. Repeated rechromatogra- 
phy of large quantities (10-20  mg)  of the enriched Bio-Gel 
P200 fractions produced small quantities of the individual 
components p39,  p49, and p56. A mixture of these  three 
proteins was  used (after reconstitution with rat spleen DNA) 
to elicit antisera employed in  studies described in  this report. 

Because of limited amounts of the purified proteins p39, 
p49, and p56,  we were able to perform  only initial estimates of 
their amino acid composition. Preliminary data revealed a 
close similarity of their individual amino acid composition and 
relatively high contents of glutamic acid, serine, and aspartic 
acid. Although all three components contained cystine or 
cysteine and  tryptophan, additional analyses are needed for 
more accurate determinations of these two amino acids due 
to expected losses during acid  hydrolysis. Additionally, amino 
sugars have been detected in the ninhydrin patterns of acid 
hydrolysates. 

Cell and Tissue Specificity of Novikoff Hepatoma  Antigens 
p39,  p49, and p56“Quantitative microcomplement fixation 
tests of antiserum raised against Novikoff chromosomal pro- 
teins p39,  p49, and p56 demonstrated its specificity  for  Novi- 
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FIG. 1. Complement fixation of antiserum to Novikoff hep- 
atoma antigens p39, p49, and p56 in the presence of 10 p g / d  
(as DNA) of Novikoff hepatoma (O), mature rat liver (A), fetal 
rat liver (*), 24-h regenerating rat liver (+), immature (22 days 
old) rat liver 0, fetal rat brain 0, and fetal rat kidney (A) 
chromatins. 
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FIG. 2. Immunoabsorption of antiserum to Novikoff hepa- 
toma antigens p39,  p49, and p56 with various chromatins. 
Antiserum was absorbed twice as described  under “Experimental 
Procedures,” with Novikoff hepatoma (O), 24-h regenerating  rat liver 
(O), mature  rat  liver (A), or  mature  rat  kidney (+) chromatins. The 
absorbed sera were then tested for complement fixing ability in the 
presence of 10 pg/ml (as  DNA) of Novikoff hepatoma chromatin. 
Unabsorbed antiserum (0) was tested as above but absorbed with 
buffer only. 

koff chromatin compared to chromatins prepared from a 
variety of tissues, including fetal and 24-h regenerating rat 
liver (Fig. 1). Interestingly, this antiserum no  longer required 
DNA in the complement fmation assays. The specificity of 
this antiserum was further confirmed with immunoabsorption 
experiments. Antisera were absorbed with two successive 
treatments of  Novikoff or nonspecific chromatin as described 
under “Experimental Procedures.” Absorbed sera were then 
tested using complement fixation as shown in Fig. 2. Novikoff 
hepatoma chromatin was the only absorbent capable of re- 
moving the complement-fixing ability of the antiserum while 
liver, 24-h regenerating liver, or kidney chromatins were in- 
effective. 

We have previously demonstrated the feasibility of identi- 
fication of chromosomal nonhistone protein antigens on SDS- 
PAGE electrophoretic transfers to nitrocellulose sheets by the 
second antibody PAP method (18). In  a two-step procedure, 
immunoreactive antigens are expediently identified and ini- 
tially characterized by their respective denatured molecular 
weights. In Fig. 3 chromatin proteins were  resolved by SDS- 
PAGE and either stained directly in the gels with Coomassie 
(Fig. 3A), transferred to nitrocellulose sheets and stained with 
Amido  black (Fig. 3B), or transferred to nitrocellulose and 
reacted with the  PAP  after incubation with antiserum to 
Novikoff antigens p39,  p49, and p56 (Fig. 3C). Heterogeneity 
of the  total chromosomal proteins in each chromatin is illus- 
trated in  Fig.  3A, and the Amido black-stained nitrocellulose 
sheet of Fig.  3B  shows that a representative transfer of pro- 
teins from the polyacrylamide gel to  the nitrocellulose sheet 
was  achieved.  Fig. 3C indicates that Novikoff hepatoma pro- 
teins p39,  p49, and p56 are easily identified on nitrocellulose 
strips containing Novikoff hepatoma chromatin after incuba- 
tion with antiserum and the PAP reaction but  that chromatins 
from other tissues appear  to contain small amounts of antigen 
p56, most notably those of mature or 24-h regenerating rat 
liver. The molecular weights of the Novikoff hepatoma anti- 
gens  were calculated from the mobilities of protein standards 
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electrophoresed on identical gels, transferred to nitrocellulose ‘ 
sheets, and stained with Amido  black. This analysis indicated 
the immunoreactive bands to be about 56,000,  49,000, and 
39,000 daltons. These molecular  weights correspond to  the 
mobility of the partially purified immunoreactive antigens of 
our report (16). 

Immunoabsorption experiments were  used to confirm the 
specificity demonstrated by the immunolocalization of Novi- 
koff chromosomal antigens p39,  p49, and p56 on nitrocellulose 
sheets. Twice absorbed antiserum was incubated with nitro- 
cellulose sheets containing SDS-PAGE-separated chromo- 
somal proteins from various tissues. The results of the PAP 
reaction are shown  in Fig. 4. Absorption of the antiserum with 1 - Y C 
Novikoff chromatin efficiently  removed all detectable immu- 
noreactivity, while absorption with normal rat liver or 24-h 
regenerating rat liver chromatin removed the antibodies rec- 
ognizing antigen p56  only. Chromatins from normal kidney or 
fetal rat liver  were completely ineffective in removing  even 
the p56 protein staining. These results indicate that Novikoff 
hepatoma antigen p56 may be present in normal or regener- 
ating rat liver chromatins, albeit in reduced quantities to those 
found  in  Novikoff hepatoma chromatin. Antigens p49 and 
p39, however, appear entirely cell  specific for Novikoff hepa- 
toma. 

Subcellular Distribution of  Novikoff Hepatoma  Antigens 
p39, p49, andp56“Proteins present in fractions from normal 
rat liver or Novikoff hepatoma were separated by SDS-PAGE 
and transferred to nitrocellulose. Antiserum that had been FIG. 4. I ~ ~ o a b s o V t i o n  of antiserum to &mikoff hepa- 

Antiserum  was  absorbed  twice as described  under  “Experimental 
Procedures.”  Absorbed  antisera  were  then  incubated with nitrocel- 
lulose  sheets  containing  SDS-PAGE-separated  chromatins (25 pg as 
DNA of each chromatin), and  immunoreactive  species  were  then 
visualized with the PAP  reaction.  Each  nitrocellulose  sheet  contains 
(lanes left to right), Novikoff  hepatoma, rat  liver, 24-h regenerating 
rat liver,  fetal  rat  liver,  and  rat  kidney  chromosomal  proteins  with 
the origin at the  top of the  sheet.  The  absorbed  antisera  used to stain 

Chromatin; C )  absorbed  with  rat  liver  chromatin; D) absorbed with 
24-h regenerating  rat  liver  chromatin; E )  absorbed  with  rat  kidney 
chromatin; F) absorbed  with  fetal  rat  liver  chromatin. 

munoreactive species in each fraction. As can be seen in  Fig. 
5, the antigens were present in every subcellular fraction from 
Novikoff hepatoma that was  examined. The p56 antigen is not 

I visualized  in this figure since antiserum immunoabsorbed with 
normal liver chromatin was  used to stain the nitrocellulose ’ ’ ’ sheets. Although the transfer technique does not yet allow 

FIG. 3. Identification ofNo~koffhepatoma antigens in chro- quantitative evaluation, if one examines the intensity of stain- 
mosomal proteins  transferred  to nitrocellulose sheets. A, SDS-  ing seen when the subcellular fractions are compared on a 
PAGE of various  chromatins.  Chromatins  were  prepared in SDS gel constant cell number (Fig. 5B) or constant protein (Fig. 50)  
sample  buffer,  sonicated,  and  electrophoresed as described  under basis, antigens p39 and p49 appear reduced in the 10,000 X g 
“Experimental  Procedures.”  Each  lane  contained 25 pg (as DNA) of pellets. 
the  respective chromatin. Lane I ,  high molecular  weight standards 
(Bio-Rad)  (myosin, M ,  = 2OO,ooO, P-galactosidase, M ,  = 116,500, We have found that Novikoff hepatoma antigens p39,  p49, 

p, Mr = 94,000; bovine albumin, M, = 68,000; and p56 present in the cytosol fraction can be easily precipi- 
ovalbumin, M ,  = 43,000); lane 2, Novikoff hepatoma;  lane 3, mature tated with low concentrations Of am!nOniUm Sulfate. Nearly 
rat liver; lane 4.24-h regenerating  rat liver; lane 5, fetal  rat  liver;  lane complete precipitation of these antigens was achieved with 
6, mature  rat  kidney  chromatins.  The origin is at the  top of the gels.  35% ammonium sulfate resulting in about 10- to 15-fold en- 
B, SDS-PAGE of various  chromatins  electrophoretically  transferred richment % assessed by complement fmation assays. The 
to nitrocellulose  and  stained  with Amido black.  Chromatins  were spec~lcity of the cytosol ~ ~ ~ i k ~ f f  hepatoma antigens 
stained with Amido black as described under $ * ~ ~ ~ ~ r i ~ ~ ~ ~ l  proce- was then examined  using 35% ammonium sulfate pellets iso- 
electrophoresed as in A and  then  transferred  to  nitrocellulose  and 

dues.” hes are Bs described in A. c, localization of immunoreactive lated from Various tkUeS. Results Of these experiments Were 
antigens on nitrocellulose  containing  SDS-PAGE-separated  chroma- identical with those shown in Fig. 3 for chromatin except that 
tins.  Chromatins  were  electrophoresed as in A, transferred  to  nitro-  35% ammonium sulfate pellets from various cytosols were 
cellulose,  and  then the  immunoreactive  antigens  were  localized by assayed and the against Novikoff hepatoma anti- 
incubation  with  antiserum  to  Novikoff  hepatoma  proteins  p39, p49, 
and p56 (1:500 dilution)  followed by the PAP  procedure as described gens p39’ and p56 was absorbed with normal liver chrO- 

under -Experimental Procedures.” Lane I ,  Novikoff hepatoma; lane matin before  use. The results again indicated that only  Novi- 
2, mature  rat  liver;  lane  3,24-h  regenerating  rat  liver;  lane 4, fetal  rat koff hepatoma contains the cell-specific antigens p39 and p49. 
liver;  lane 5, mature  rat  kidney  chromatins. Confiiation of the tissue specificity exhibited by  Novikoff 

. ”  . 

absorbed with liver chromatin was  used to localize the im- toma proteins P39,  P49, and P56 with various chromatins. 

A B C 

I 
‘I , I . ,  each  sheet  were: A) unabsorbed; B )  absorbed  with  Novikoff  hepatoma 

. .  
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hepatoma antigens p39 and p49 present in cytosol  was ob- 
tained from immunoblocking experiments exploying cytosol 
35% ammonium sulfate pellets from various tissues. Antiserum 
against Novikoff antigens p39,  p49, and p56 was pretreated 
with the respective ammonium sulfate pellets and  then used 
to localize immunoreactive antigens on nitrocellulose strips 
containing SDS-PAGE separated chromosomal proteins (Fig. 
6A-F). Interestingly, every tissue examined was active in 
removing activity directed against antigen p56, and  these 
results are in contrast to those observed when various chro- 
matins were  used as immunoabsorbents (Fig. 4). However, the 
cell  specificity of antigens p39 and p49 was further verified  in 
these experiments. 

I 2 3  4 5 

-. ., - 
1 2 3 4 5   6 7 8 9 1 0 1 1   1 2 3 4 5  67891011 

~ .. .. 
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1 2 3 4 5  6 7 8 9 ’ 1 u 1 1  
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FIG. 5. Identification of Novikoff hepatoma antigens in var- 
ious subcellular fractions from Novikoff hepatoma and rat 
liver. A, SDS-PAGE of various subcellular fractions from Novikoff 
hepatoma and normal rat liver. Fractions were prepared and solubi- 
lized in SDS gel sample buffer as described under “Experimental 
Procedures.” Each lane contained the amount of subcellular fraction 
equivalent to 5.4 X 10” cells in a volume of  30 pl. Lanes 2-5 are from 
Novikoff hepatoma (lane I ,  10,OOO X g pellet; lane 2, 100,OOO X g 
pellet; lane 3, 100,OOO X g supernatant;  lane 4, nuclei; lane 5, chro- 
matin). Lanes 6-20 are from normal rat liver (lane 6,10,OOO X g pellet; 
lane 7, 100,OOO X g pellet; lane 8, 100,OOO X g supernatant;  lane 9, 
nuclei; lane 20, chromatin). Lane I 1  contains molecular weight stand- 
ards which are as described in Fig. 3. B,  localization of immunoreactive 
antigens on nitrocellulose containing SDS-PAGE-separated  proteins 
from various subcellular fractions of  Novikoff hepatoma or normal 
rat liver. Fractions were prepared and electrophoresed as in A, trans- 
ferred to nitrocellulose, and  then the immunoreactive antigens were 
localized with antiserum to Novikoff hepatoma antigens p39,  p49, and 
p56 (1500 dilution) and the  PAP procedure. Antiserum was absorbed 
twice with liver chromatin before use. Lanes are as shown in A. C, 
SDS-PAGE of various subcellular fractions from Novikoff hepatoma 
and normal rat liver. Fractions were prepared and electrophoresed as 
described in A; however, each lane contained an equivalent amount 
of protein from the respective fraction (20  pg). The identity of each 
lane is as described in A. D, localization of immunoreactive antigens 
on nitrocellulose containing SDS-PAGE-separated proteins from var- 
ious subcellular fractions of  Novikoff hepatoma or normal rat liver. 
Fractions were prepared and electrophoresed as in C, transferred to 
nitrocellulose, and  then the immunoreactive antigens were localized 
with antiserum to Novikoff hepatoma antigens, p39,  p49, and p56 (1: 
500 dilution) and the PAP procedure. Antiserum was absorbed twice 
with liver chromatin before use. Lanes are as indicated in A.  

D 
FIG. 6. Immunoblocking of antiserum to Novikoff hepatoma 

antigens p39, p49, and p56 with cytosol 35% ammonium sulfate 
pellets. Antiserum was treated twice with cytosol ammonium sulfate 
pellets from various tissues as described under “Experimental Pro- 
cedures.” Treated antisera were then incubated with nitrocellulose 
sheets containing SDS-PAGE-separated chromosomal proteins (25 
pg as DNA of each chromatin), and immunoreactive species were 
visualized with the  PAP reaction. Each nitrocellulose sheet (A-F) 
contains (lanes left to right) Novikoff hepatoma,  mature rat liver, 24- 
h regenerating rat liver, fetal rat liver, and mature  rat kidney chro- 
mosomal proteins with the origin at  the  top of the sheet. The antisera 
used to stain each sheet were blocked with an ammonium sulfate 
pellet from (A)  buffer only, ( B )  Novikoff hepatoma, ( C )  mature rat 
liver, (D) fetal rat liver, ( E )  24-h regenerating rat liver, and (F) 
mature rat kidney cytosol. 

DISCUSSION 

The antigenicity of dehistonized chromatins is well docu- 
mented in the literature (9, 10, 13-16), and antibodies to 
specific chromosomal proteins can provide  powerful reliable 
probes for studying the diversity of chromosomal architecture. 
We have described in this  report a second generation antise- 
rum, directed against three Novikoff hepatoma antigenic pro- 
teins p39,  p49, and p56, purified from chromatin as described 
in the previous communication (16), with an additional step 
of chromatography on  Bio-Gel P200  in the presence of SDS. 
Using methods developed for identifying immunoreactive 
components in crude mixtures of proteins separated by SDS- 
PAGE and transferred to nitrocellulose (17,  18) we have 
confirmed that  the principal immunoreactivity of this antise- 
rum is directed against three protein species of about 56,000, 
49,000 and 39,000 daltons, which is in agreement with the 
estimates of the mobility of the purified immunoreactive 
antigens reported by Fujitani et al.  (16). 

Although the antisera employed in the reported experi- 
ments have been elicited to proteins obtained by fractionation 
of isolated chromatin, our results show that  the p39,  p49, and 
p56 proteins are also present in  Novikoff hepatoma cytoplasm. 
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Presently, we cannot ascertain  whether the cytoplasmic pres- 
ence of these  antigens is caused by cross-contamination or 
leakage during chromatin isolation or whether they  are pres- 
ent in  both cellular compartments, e.g. a  situation similar to 
the high mobility group proteins (32). The intensity of im- 
munological staining exhibited by the nuclear and cytoplasmic 
transfers appears  to support the  latter possibility. However, 
the p39 and p49 antigens exhibited cellular specificity regard- 
less of which cellular compartment was examined. In comple- 
ment fixation assays none of the nonspecific chromatins  tested 
were active in absorbing the complement-fixing ability of the 
antiserum; however, when immunoreactivity was assessed by 
the  PAP reaction on SDS-PAGE-separated  proteins trans- 
ferred to nitrocellulose, both  normal rat liver and 24-h regen- 
erating rat liver chromatin removed antibodies directed 
against antigen p56. These results suggest that with these 
antisera this antigen is not a  major complement-fixing antigen 
and  that normal rat liver or 24-h regenerating liver chromatins 
contain reduced amounts of the p56 antigen or antigen(s) of 
very similar nature. 

The initial antiserum by which antigens p39,  p49, and p56 
were identified was obtained to dehistonized chromatin. We 
have previously shown that such  antisera  frequently recognize 
components of fetal or regenerating liver chromatins (16,21). 
A likely explanation for the specificity observed for the  anti- 
gens p39,  p49, and p56 is the heterogeneity of the initial 
immunogen. Indeed, our  recent work (18) has shown that 
antisera  prepared against dehistonized chromatin from Novi- 
koff hepatoma recognize many tissue-specific components as 
assessed by the immunodetection of antigens  on nitrocellulose 
sheets containing electrophoretically separated  and immobi- 
lized chromosomal proteins. It is likely that  other antigens 
demonstrated by this procedure correspond to species which 
are also present  in  fetal or regenerating liver. Furthermore,  it 
must  be emphasized that during the purification of antigens 
p39,  p49, and p56 using an antiserum  against dehistonized 
chromatin  as  a probe, only complement fixation assays were 
available to us. Thus, our  preparative procedures were aimed 
at recovering the maximal complement-fixing activity in the 
individual fractions, and  other lesser activities were not pur- 
sued  further. We believe that methods using the immunode- 
tection of SDS-PAGE-separated  antigens immobilized on ni- 
trocellulose will greatly facilitate the identification of immu- 
noreactivity in  antisera to chromatin  fractions  and  in the 
present  system will help to reveal antigens common to Novi- 
koff hepatoma  and both fetal and regenerating livers. 

We have previously reported that antisera  obtained against 
dehistonized chromatin  preparations recognized selectively 
complexes between chromosomal nonhistone proteins and 
DNA as detected by microcomplement fixation assays (13- 
15). Since, unless covalently linked, the DNA becomes sepa- 
rated from proteins during electrophoresis in the presence of 
SDS, it is obvious that  the Novikoff hepatoma  antigens p39, 
p49, and p56 do not need to associate with DNA to be 
immunologically cell specific. The remote possibility that 
association with nitrocellulose affords the antigenic proteins 
a conformation essentially identical with that in the DNA- 
protein complexes is eliminated by our unpublished findings 
that these three antigens  present  in cytosols fiied  the comple- 
ment with the  same specificity as observed for chromatin 
preparations  from the same tissues. Apparently, we have lost 
during the purification of  Novikoff hepatoma antigens p39, 
p49, and p56 the antigenic components which interreact with 
DNA and form immunologically cell-specific complexes. Pre- 
liminary experiments comparing the complement-fixing activ- 
ity of antisera to dehistonized Novikoff hepatoma chromatin 
with their electrophoretic patterns on nitrocellulose transfer 

sheets  support  this conclusion. 
The absence of  Novikoff hepatoma  proteins p39 and p49 

from  electrophoretic  transfers of the  total  rat liver and  other 
rat tissue chromatins  indicates that these  antigens  may be 
specific for Novikoff hepatoma. Although our immunoabsorp- 
tion experiments support  this notion, it is conceivable that  the 
p39 and p49 proteins may be  present in normal tissues, albeit 
in a chemically modified form which is not recognized  by our 
antisera. Consequently, although the antisera are specific for 
Novikoff hepatoma, the cell specificity of the p39 and p49 
proteins  must be further conf i ied  by their structural analy- 
sis. Indeed, close inspection of electrophoretically separated 
chromosomal protein fractions from rat liver indicated the 
presence of proteins similar to  the p39 and p49 antigens; 
however, these rat liver proteins did not  react  with the Novi- 
koff hepatoma  antiserum. 

Busch and co-workers have identified a  number of antigenic 
Novikoff hepatoma  proteins by differential extraction of chro- 
matin or nucleoli with buffered salt solutions (5-8,  33) or by 
isolation from Novikoff hepatoma cytosol (34). Of particular 
interest is the B1 antigen ( M ,  = 37,000) from Novikoff chro- 
matin, the NoAg 1 antigen from Novikoff nucleoli (Mr = 
60,000) (7), and  the 45,000-dalton species purified from Novi- 
koff cytosol (34), all of which have molecular weights similar 
to  the Novikoff hepatoma antigens described in this report. 
Concerning the former nuclear and nucleolar antigens, the 
behavior of these  proteins during isolation, extraction, and 
immunization suggests that Novikoff hepatoma  antigens p39, 
p49, and p56 are different. Raju et al. (34) reported  a specific 
antigen in Novikoff cytosol closely corresponding to  the mo- 
lecular weight of  Novikoff antigen p49. While the link between 
the  latter antigen and antigen p49 is so far only in molecular 
weight, it is noteworthy that this  antigen does not exhibit the 
solubility properties of the Novikoff hepatoma  antigen p49. 
Raju et al. (34) needed relatively high concentrations of 
ammonium sulfate (60%) to  precipitate the antigen from No- 
vikoff hepatoma cytosol. This is  in contrast to antigen p49 
which precipitates from cytosol nearly completely at  35% 
ammonium sulfate concentration. 

We have as yet assigned no cellular function for the Novikoff 
antigens described here. Their solubility in only high concen- 
trations of urea and  other denaturing solvents along with their 
apparent presence in all the subfractions  tested suggests that 
they may  represent structural elements of the cell. 
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