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SUMMARY

Mouse anti-rat liver h protein has been prepared by im
munizing mice against h proteins previously isolated from
agarose gel slices following preparative electrophoresis of nor
mal rat liver soluble protein. In immunoelectrophoresis and gel
double-diffusion procedures, this antibody reacted with
normal rat liver h proteins and with soluble liver azoproteins
from rats fed azocarcinogen but did not react with soluble
proteins from dye-induced rat liver tumors. Autoradiographic
and liquid scintillation studies on immunoelectrophoretograms
have provided additonal evidence that this antibody is specif
ically directed against azoproteins. These results are in accord
with the deletion of a soluble azoprotein during aminoazo dye
carcinogenesis.

INTRODUCTION

During aminoazo dye carcinogenesis in the rat, a metabolite
of the dye binds to preneoplastic liver protein, and the re
sultant carcinogen-protein complexes are present mainly in the
soluble fraction (19). In the emerging hepatomata, these
azoprotein conjugates are absent or grossly diminished
(17â€”19).In a previous report (12) with microelectrophoresis
in agarosegel at pH 8.6, it hasbeendemonstratedthat con
sistently reproducible profiles of normal rat liver soluble pro
tein were obtained, and autoradiographic studies on electro
phoretograms prepared from the liver soluble protein of a rat
given 3'MeDAB-3 H2 showed that about 80% of the radio
activity was associated with 2 slow-moving bands. The fraction
of soluble protein contained in these 2 components, which
moved to the cathode side of the slot in the electrophoreto
gram and which were associated with the major portion of the
tritiated dye, was 13. 1% in normal rat liver, 14.4% in the liver
from rats that were fed azocarcinogen for 2 weeks, 11.4% in
the liver from rats that were fed azocarcinogen for 6 weeks,
and less than 6% in azo dye-induced rat hepatomata. These
proteins showed features in common with the charge class of
proteins defined electrophoretically as h proteins (17, 18) in
that they are associated with azo dye, they are relatively basic,
and they are slow moving when electrophoresis is carried out
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at pH 8.6. For discussion, they will be referred to collectively
as h proteins.

In the present investigation, these h proteins have been
isolated from normal rat liver and used to prepare an antibody.
With this antibody, the presence of the antigenic protein in
normal, preneoplastic, and neoplastic rat liver has been studied
by immunoelectrophoresis and Ouchterlony gel double
diffusion precipitation techniques.

MATERIALS AND METHODS

Animals

Soluble proteins were prepared from a normal male
Sprague-Dawley rat (250 g) and from a male Sprague-Dawley
rat (200 g) which had been fed a diet of crushed pellets
(Barastoc Products, Melbourne, Australia) containing 0.06%
3'MeDAB for 6 weeks. 3'MeDAB was prepared as described by
Giese et aL (9) and had a melting point of 119Â°. An additional
male Sprague-Dawley rat (140 g) was given an i.p. injection of
1 ml of a 1%(w/v) solution of prime-ring-labeled 3'MeDAB-3H
in corn oil and killed 28 hrlater. The 3'MeDAB-3 H was prepared
by coupling m-toluidine hydrochloride-3 H with N,N-dimethyl
anil1@ne.m-Toluidine hydrochloride-3 H was prepared by
crystallized exchange at the Radiochemical Centre, Amersham,
Bucks., England. The product was purified by chromatography
on alumina, with benzene:petroleum ether as an eluting agent
and was recrystallized from ethanol to constant specific
activity (125 mCi/mM). This preparation was similar to that
used previously (12).

The hepatomata used in the immunoelectrophoretic and gel
double-diffusion procedures were also the same as those used
in the experiments described previously (12) and were induced
in adult male Sprague-Dawley rats initially weighing approxi
mately 150 g. Twenty-five rats were fed stock diet containing
0.06% 3'MeDAB ad libitum for 12 weeks and then stock diet
alone until 20 weeks. The rats were killed by deep ether
anesthesia at 20 weeks, by which time a large proportion had
developed hepatomata. Five nonnecrotic hepatomata were
removed from two of the animals and were used to prepare
hepatoma soluble protein.

Isolation of Soluble Cytoplasmic Proteins

Freshly excised normal rat liver, liver from a rat given
3'MeDAB-3 H, and pooled rat hepatoma tissue were rinsed with
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ice-cold 0.9% sodium chloride solution and homogenized in a
Potter-Elvehjem glass homogenizer in an equal volume of
chilled 0.08 M sodium phosphate buffer, pH 7.8, containing
0.075 M sodium chloride. Neither the liver nor hepatoma
tissue was perfused prior to homogenization, as a comparison
of electrophoretograms of soluble proteins from perfused and
nonperfused livers did not reveal any significant difference in
the pattern obtained. The homogenates were centrifuged at
100,000 X g for 60 mm in a Spinco Model L ultracentrifuge,
and the soluble fraction was collected with a Pasteur pipet and
stored at _200.

Separation of h Proteins

A slide tray, 20 x 7.8 cm, was covered with a gel of 0.9%
(w/v) agarose (Behringwerke, Marburg, Germany) in 50% (v/v)
sodium diethylbarbiturate-acetate buffer (jH 8.6, 172 0.09).
This buffer was prepared from aqueous solutions of sodium
5,5-dliethylbarbiturate (0.07 M, 904 ml, pH 10.21) and sodium
acetate trihydrate (0.1 1 M, 596 ml, pH 7.65) which were
mixed and adjusted to pH 8.6 by the addition of 0.1 N HU
(100 ml). The fmal concentration of hydrochloric acid was
0.006 N and molarity of the buffer solution was 0.08 M. All
pH measurements were made with a Radiometer type PHM 26
pH meter with the temperature compensator set at room
temperature. A slot, 19 cm x 0.5 mm, was cut in the gel 2.5
cm from the edge serving as cathode. Approximately 05 ml of
protein solution (100,000 X g supernatant obtained from a
Sub (w/v) homogenate of normal rat liver) was delivered into
the slot with a 26-gauge needle attached to a tuberculin
syringe. The tray was positioned in a Shandon Universal elec
trophoresis tank (Mark II) connected to a Gelman power
supply unit. Electrophoresis was performed with sodium
diethylbarbiturate-acetate buffer, pH 8.6, at room temperature
for 150 mm at 6.5 V/cm, and a strip (0.5 x 7.8 cm) was
removed and stained in 0.2% (w/v) Ponceau S (G. T. Gurr,
London, England) in 5% (w/v) trichloroacetic acid; the length
of the stained electrophoretogram obtained was 6 cm. The
conditions used for electrophoresis were similar to those
described in the previous communication (12). Under these
conditions (pH 8.6, 0.006 N Cl' ion), the h proteins were
shown to migrate towards the cathode in 2 bands. Electro
phoresis in diethylbarbiturate-acetate buffer at 4Â°or room
temperature and with different buffer solutions: Buffer A (pH
7.86, 0.02 N Cl' ion); Buffer B (pH 7.86, 0.046 N Cl' ion);
Buffer C (pH 8.6, 0.046 N Cl' ion) demonstrated that 2 bands
migrated towards the cathode in each case. These buffers were
prepared from the following components in a final volume of
1 liter of deionized water: Buffer A, sodium 5,5-diethylbar
biturate (836 g), sodium acetate trthydrate (5.52 g), 0.1 N
HG (200 ml); Buffer B, sodium 5,5-diethylbarbiturate (8.36
g), sodium acetate trthydrate (5.52 g), sodium chloride (2.52
g), 0.1 N HC1 (200 ml); Buffer C, sodium 5,5-diethylbar
biturate (8.36 g), sodium acetate trthydrate (5.52 g), sodium
chloride (3.81 g), 0.1 N HG (62.5 ml).
A segmentofthegel(18.5x 2 cm) adjacenttothecathode

side of the slot (Fig. 1) containing both of the slow-moving
components was then sliced out and stored at â€”20Â°Several
runs were necessary to obtain enough of the pooled h proteins,

which comprised 13.0% of the soluble protein on the basis of a
densitometer scan of the stained strip. The gels were then
thawed, minced fmely with scissors, and centrifuged in 0.08 M
sodium phosphate buffer (pH 78) containing 0.075 M sodium
chloride in a bench centrifuge for 10 min at 2100 X g. The
supernatant was transferred to a 100-mi cylinder. The gel was
resuspended in phosphate buffer (pH 7.8), ground with a glass
rod, allowed to stand for 40 mm, and centrifuged again. The
supernatant was filtered and added to the rest of the sample.
The total volume (90 ml) of extract was dialyzed for 5 hr at
room temperature against Carbowax 6000 (Union Carbide,
Melbourne, Australia) in a slurry of 0.08 M sodium phosphate
buffer, pH 7.8, containing 0.075 M sodium chloride. The con
centrated protein solution was brought to a final volume of 8
ml andstoredat _200.

Nitrogen Estimation

The estimations were performed on appropriate dilutions of
the concentrated solution of pooled h proteins by a modifica
tion of the method of Johnson (10). Following digestion for
16 hr. the ammonia produced was determined by nessleriza
tion, and the samples were read at 490 mp in a Unicam SP 400
spectrophotometer against a nitrogen standard solution (30
@.tg/ml).Thenitrogencontentof theconcentratedproteinsolu
tion was 0.43 mg/mi.

Immunization of Mice and Preparation of Antibody

Six female random bred Swiss mice obtained from the
department's breeding colony, weighing approximately 35 g,
were given i.p. injections according to the schedule thown in
Table 1. Antibody was harvested on Day 50 by aspirating
ascitic fluid from the mice with a 19-gauge needle attached to
a 10-mi syringe. The samples were pooled and centrifuged in a
bench centrifuge for 15 mm at 2100 X g, and the supematant
was used for immunodiffusion.

Immunoelectrophoresis

Two wells, each 0.5 mm in diameter, and a longitudinal slot,
5 cm x 0.5 mm, were precast in the gel (Fig. 2, a, b). Into one
well was added 1.0 jzl of rat liver soluble protein and into the
other was added an equal volume alternately of 3'MeDAB

Table 1
Schedule for immunization ofmice with antigen prepared from

normal rat liver soluble protein

Â°AG,antigen containing 0.43 mg nitrogen/mI; PB, phosphate buffer
(pH 7.8, 0.08 M containing 0.075 M sodium chloride); FCA, Freund's
complete adjuvant (Difco Laboratories, Detroit, Mich.); FIA, Freund's
incomplete adjuvant (ProgressiveLaboratories Inc., Baltimore, Md.).
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only the 2 slow-moving bands were removed from the slides,
placed in glass scintillation vials and dried in an oven at 65Â°for
3 hr. The protein in the dried gel samples was dissolved by
adding 1 ml of 1 N NaOH to each vial and allowing this to
stand at room temperature(approximately 18Â°)overnight.
Aliquots of 15 ml of a 2: 1 (v/v) solution of toluene:Triton
x.l00 containing4 g of PPO/literof solutionwere added to
each sample followed by 0.1 ml of concentrated HC1 as
described by Madsen (13). Blank samples were prepared by
digesting the protein contained in the gel from electrophoreto
gramsin which LO @.dof normal rat liver solubleprotein had
been run from a well 0.5 mm in diameter.

Total radioactivity in the precipitin arcs was determined
from the immunoelectrophoretograms used for autoradio
graphic studies. The area of gel (1 .2 cm square) containing the
precipitin arc and an equivalent area immediately adjacent to
the arc were removed separately from the glass slide with a
scalpel blade, and each sample was placed in a glass scintil
lation vial. The gel areas adjacent to the precipitin arc were the
appropriate blank samples. As before, 1 ml of 1 N NaOH was
added to each sample, and all samples were allowed to stand at
room temperature overnight to effect solution of the protein;
then 15 ml of toluene:Triton X-100 solution containing 4 g
of PPO/liter and 0.1 ml of concentrated HC1 were added to
each sample.

All liquid scintillation measurementswere made with a
Packard Tri-Carb Model 3324 liquid scintillation spectrometer.
The discriminator controls were set at 50 to 1000 divisions,
and the amplifiers were set at 46% gain. All samples were
counted for 100 mm, and then 10 @dof toluene-3H internal
standard (supplied by Packard Instrument Company, La
Grange, ill.) were added to each with an Eppendorf micro
pipet. Counts were corrected for background and for
quenching and converted to dpm. The recovery of toluene-3 H
internal standard from a blank sample containing 1 ml of 1 N
NaOH was 18.8%.

RESULTS

The electrophoretic patterns of the soluble proteins obtained
on electrophoretograms prepared from normal and preneo
plastic rat liver tissues were as described previously (12).
Briefly, normal rat liver soluble protein gave rise to 2 bands
which have been equated with the h proteins. These bands
were situated on the cathode side of the strip immediately
adjacent to the slot (Fig. 1), and both contained equal
quantities of 3H-labeled azo dye, as was shown by autoradio

Fig. 2. Agarose gel immunoelectmphoretogram with mouse anti-rat
liverh protein and showing: (a) a singleprecipitin arc against normal rat
liver soluble protein, and (b) no cross-reaction against 3'MeDAB
induced rat hepatoma solubleprotein.

e
1

Fig. 1. Agarose gel electrophoretogram of normal rat liver soluble
cytoplasmic proteins showing double band on cathode side of strip
adjacent to slot.

bound rat liver soluble protein, 3'MeDAB-3H-labeled rat liver
soluble protein, or rat hepatoma soluble protein. Electro
phoresis was performed in sodium diethylbarbiturate-acetate
buffer (pH 8.6, 0.08 M 0.006 N Cl' ion) as described pre
viously (12). The runs were carried out at room temperature
for 150 mm at a potential gradient of 6.5 V/cm; under these
conditions, the current generated was 25 ma. At the conclu
sion of electrophoresis, each slide was placed on filter paper
moistened with the buffer used for the electrophoresis and
placed in a Petri dish; 0.1 ml of undiluted antibody solution
was introduced into each slot and the antibody and antigens
were allowed to diffuse at 4Â°. Immunodiffusion for 20 hr was
found adequate for development of precipitin lines.

Gel Double Diffusion

This was performed on glass plates coated with 0.45% (w/v)
agarose in 0.15 M phosphate buffer, pH 7.1. The reservoirs
were 4 mm in diameter, and the distance between them was 5
mm. An aliquot of undiluted antibody solution (10 s.d) was
placed in the center well, and aliquots (10 s.d) of the soluble
protein preparations [the 100,000 X g supernatant of 50%
(w/v) tissue homogenates] were placed in the surrounding
wells. The reactants were allowed to diffuse for 24 hr at 4Â°in
a humid atmosphere, and the patterns obtained are shown in
Fig. 3.

Radioactivity Assays

Autoracliography. Stained immunoelectrophoretograms pre
pared from 1.0 j.d of 3'MeDAB-3 H-labeled rat liver soluble
protein and mouse anti-rat liver h protein, supported on glass
microscope slides, were dipped in liquid nuclear emulsion
(ilford KS, Essex, England) which had been diluted with dis
tilled water (1 :4) and exposed at 4Â°for 10 weeks. Slides were
developed for 4 mm in Neutol-S (Agfa, Footscray, Australia)
diluted with water (1 :7), transferred to 1% (v/v) acetic acid for
30 sec, fixed for 3 mm in Amfix solution (May and Baker,
Dagenham, England), and washed for 20 mm in filtered tap
water.

Liquid Scintillation Studies. Electrophoretograms were pre
pared in which 1.0 @.dof 3'MeDAB-3 H-labeled rat liver soluble
protein was run from a single well. One of these gels was
stained with a solution of 0.2% (w/v) Ponceau S (G. T. Gurr)
in 5% (w/v) trichioroacetic acid in order to determine the
exact position of the protein bands. Segments of gel con
taming either the whole of the electrophoretogram strip or
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graphic studies on stained electrophoretograms prepared from
the liver soluble proteins of rats given injections of prime-ring
labeled 3'MeDAB-3 H. Both components were greatly dimin
ished in the soluble protein fraction prepared from azo dye
induced rat hepatoma tissue. The protein in these 2 slow
moving bands was isolated from normal rat liver soluble
protein by preparative electrophoresis.

Immunoelectrophoresis with mouse anti-rat liver h protein
was carried out on electrophoretically separated components
of soluble protein from normal rat liver 3'MeDAB-induced rat

hepatoma and liver from the rat that had been given prime
ring-labeled 3'MeDAB-3H i.p. 28 hr previously. With normal rat
liver, a single precipitin line always occurred and corresponded
in position with the 2 slow-moving components (Fig. 2a). No
cross-reaction was observed with any of the components of rat
hepatoma (Fig. 2b). The slow-moving rat liver compo
nents containing prime-ring-labeled 3'MeDAB-3 H also reacted
with the antibody and produced a single precipitin line similar
to that obtained with normal rat liver soluble protein. Auto
radiographic studies on stained immunoelectrophoretograms
prepared from the liver soluble protein preparation containing
prime-ring-labeled 3'MeDAB-3 H showed dense collections of
silver grains concentrated over the precipitin line. Grain counts
per high-power field over the area of precipitation were 4.8
times greater than those over adjacent areas.

The results of the liquid scintillation studies are shown in
Table 2. Of the total radioactivity present (corrected for back
ground and quenching), 78.8% was recovered from the 2 slow
moving bands, a finding in agreement with the previous
autoradiographic study (12). The mean count rate from 3
precipitin arcs accounted for 21 .0% of the total radioactivity
present. These fmdings indicate that 26.6% of the tritium label
associated with the slow-moving azoprotein is present in the
immunoreactive azoprotein of the precipitin arc.

In thin agarose gel plates, mouse anti-rat liver h protein was
diffused concurrently against liver soluble protein from nor
mal, 3'MeDAB-3H-inoculated, 3'MeDAB-fed rats and rat
hepatoma tissue . Single prominent precipitation lines
developed with normal and 3'MeDAB-3 H-inoculated rat liver
soluble protein and less prominent lines with the soluble

Table 2

Fig. 3. Agarose gel diffusion precipitations showing cross-reaction of
mouse anti-rat liver h protein (AB) against soluble protein from: (1)
normal rat liver, (2) liver from a rat given 3'MeDAB-3 H i.p. 28 hr
previously, (3) liver from rats fed 3'MeDAB for 6 weeks, and (4)
3'MeDAB-induced rat hepatoma.

protein from liver of rats fed 3'MeDAB for 6 weeks. Fig. 3
illustrates the precipitin lines obtained and the antigenic
similarity of the reacting components. No cross-reaction oc
curred with 3'MeDAB-induced rat hepatoma soluble protein.

DISCUSSION

Approximately 80% of the azocarcinogen associated with
the soluble cytoplasmic protein fraction of rat liver is con
tained in an electrophoretic class of protein with a similar
mobility to the h protein fraction (12, 18, 19). Agarose gel
microelectrophoresis has been used to demonstrate the loss of
this protein fraction in rat hepatoma soluble protein (12)
which is in agreement with the previous studies of Sorof et aL
(17, 19). In this study, preparative electrophoresis has been
used to produce a sufficient quantity of normal rat liver h
proteins to use as antigen. The present investigation has shown
that injection of this antigen into mice results in the pro
duction of antibodies specifically directed against normal rat
liver h proteins and against azoprotein from rats fed azocar
cinogen. Immunoelectrophoretic and gel double-diffusion
procedures have demonstrated the identity of these proteins
with those deleted during azo dye carcinogenesis and have
shown, as reliably as the sensitivity of this method allows, that
the antigemc specificity of a preparation containing a propor
tion of the normal rat liver h proteins is similar to 21 .0% of
the total soluble azoprotein following the administration of an
azocarcinogen.

Ketterer Ct aL (1 1) described a method for isolating large
quantities of aminoazo dye-bound rat liver protein, which
behaved as 1 protein in a number of studies but which on
starch gel electrophoresis separated into a double band. Both
components of this protein contained bound dye. Subse
quently, Baldwin et aL (2) induced antibodies in rabbits
against Ketterer's carcinogen-protein conjugate and showed
that the antibodies cross-reacted with the homologous electro
phoretic components from both normal and dye-fed rats and
that of 20 primary hepatomata, 3 tumors lacked the protein
and 17 showed diminished amounts.

The electrophoretic method used in the present investiga
tion to isolate h proteins was the same as that used in the
previous electrophoretic studies (12). The immunodiffusion

a Each value represents the mean of at least 3 estimations, except the
value given for the slow-movingbands, which was a singleestimation to
confirm the previouslyreported autoradiographic studies (12).

b Numbers in parentheses, S.D.
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loss of antigen during the isolation procedure and some anti
genic difference between the h proteins and azoproteins;
further studies may clarify this point. Nevertheless, whichever
of these assumptions is correct, the results indicate that the
portion of the total h protein pooi isolated appears to be
antigenically identical with azoproteins of similar electro
phoretic mobility and that this antigen is absent in rat
hepatoma tissue. The results obtained from the present study
therefore provide additonal and more specific evidence that an
antibody directed against h proteins cross-reacts with azopro
teins with a similar electrophoretic mobility. These findings
are in agreement with those of Baldwin et a!. (2) and are
consistent with the deletion of a soluble protein fraction
during aminoazo dye carcinogenesis.

The role of protein-bound derivatives in carcinogenesis is
not established (14, 16). This and other studies (1, 2, 12,
16â€”19) have suggested that the proteins involved are highly
specific, but the initial importance of the protein deletion
hypothesis of carcinogenesis has been somewhat weakened by
the subsequent demonstration that carcinogens also bind to
DNA and RNA (3â€”5, 7, 8, 15, 20). The specificity involved
could be explained by postulating that the protein is spatially
associated with the enzyme system responsible for N-hydrox
ylating the azo dye to a proximate carcinogenic metabolite
which is probably an N-hydroxy ester. This compound, being
higlily reactive, possibly interacts with adjacent macromole
cules (6). However, explanations of the specificity of binding
along these lines do not take into account the ultimate dele
tion of protein during carcinogenesis.

It is not established whether the h proteins are the principal
target of the azocarcinogens or whether the initial binding
takes place with another class of soluble protein or possibly an
insoluble or membrane-bound protein, the resultant azopro
teins being of a similar electrophoretic mobility to the h
proteins (16). It has been established that the h proteins are
considerably diminished in quantity or absent in azo dye
induced hepatomata (12, 17, 19). The demonstration that an
antibody which is induced against normal rat liver h proteins
and which cross-reacts with a proportion of the azoproteins
formed following the administration of 3'MeDAB-3 H does not
react with any component of azo dye-induced hepatoma sol
uble protein suggests that the h proteins might be a target of
the azocarcinogens. If the assumption is made that the azo dye
binds to h proteins, the possibility that antigenic determinants
of the azoproteins unmodified by dye binding are capable of
cross-reacting with the anti-h protein antibody cannot be
excluded; therefore it is not possible to state whether this
binding alters the antigemc status of these proteins. Whether
or not the h proteins are of importance in azo dye carc
inogenesis, it is well established that the azoproteins resulting
from the administration of azo dyes have similar electro
phoretic properties and that both azo and h proteins are
diminished in or absent from azo dye-induced rat hepatoma
tissue.
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