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SUMMARY

Tile intraperitoneal administration of 3-methyicholanthrene is attended by an increase
in RNA polymerase activity in tile liver nuclei. The maximal increase is reached between
6 and 12 hr after administration of the agent; enzyme activity returns to control values
by 48 hr. The administration of actinomycin D or cycloheximide prevents the rise in
nuclear RNA polymerase activity.

No increase is apparent when the enzyme is assayed at high salt concentrations, i.e.,

0.7 M ammonium sulfate. These data suggest that 3-methyicholanthrene may cause the
synthesis of or activate a “derepressor” substance that allows for an increased template
activity of the liver chromatin in transcription.

iNTRODUCTION

The immtraperitoneal administration of

3-methylcholanthrene to rats effects a

marked increase in tile activities of several

drug-metabolizing enzymes located within

the nlicrosomal fraction of liver (1-7). The
liver microsomes isolated from these ani-
mals incorporate radioactive amino acitis
more readily into protein (6, 8). Further,

time enhanced activity of the microsomal
enzymes following the treatment of tile rats

with 3-methylcimolanthrene is prevented by
time administration of puromycm (7, 9),

actinomycin D (10), or the amino acid
antagonists ethionine anti �-2-thienylala-

nille (11), suggesting the initiation by the

polycyclic hydrocarbon of new enzyme
synthesis.

Wimetimer 3-methylcholanthrene miletliates

timese increases in enzynmic activities by
augmenting tile rate of synthesis of messen-
ger-RNA is not clear at present (12, 13).
Tile polycychic imydrocarbon, however, does
not alter the l)olyribOsomal pattern of liver
(14), time turnover of l)ol�’ribOsOfl1ai RNA

(14), or time nuclear ribonuclease activity
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(E. Bresnick and K. Lanclos, unpublished
observations). The results reported imerein
establish that the RNA polymerase activ-
ity in liver nuclei is enhanced shortly after

the administration of 3-methylcholanthrene
to rats. The enhancement in RNA poly-

merase activity does not appear to repre-
sent an increase in enzyme synthesis.

MATERIALS AND METHODS

Male Cheek-Jones (Houston) rats, 5Q-60

g, were fed ad libitum during the course of

the experiments. Tile rats were injected
mtraperitoneahly with 0.5 ml of Mazola

corn oil or with 1.5 mg 3-methylcholan-
threne in the corn oil. Periodically, groups
of these animals were sacrificed and the
livers were removed and rinsed in 0.9%
saline. The livers were minced in a cold

room and were homogenized to 10% in
2.2 M sucrose containing 3.3 nmi calciunl
chloride; the liver nuclei were isolated by
the Chauveau method (15). Generally, each

group included the nuclei from 3 liveis.
Preparation of “aggregate” RNA poly-

merase. The nuclei were lysed by the pro-
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cedure of Busch et al. (16) in 0.05 M Tris-
phosphate buffer, pH 7.4, and the resultant

suspension was centrifuged at 10,000 g for
10 mm. The sediment, representing the
“aggregate” enzyme was resuspended in
0.05 M Tris-ilCi buffer, pH 7.4. The DNA
was extracted from an aliquot of this sus-
pension at 90#{176}after the addition of an

equal volume of 10% trichhoroacetic acid.
Time concentration of DNA was then deter-
mined by the Burton (17) modification of

the diphenylamine method of Dische.
RNA polyrnerase assay. Enzymic activ-

ity was ascertained in a system with a total
volume of 0.25 ml consisting of: UTP-2-
14C, 24 �C/j.tmole, 0.1 p.C; MnCi2, 1 �moie,

or MgC12, 1.2 p.moles; ATP, GTP, CTP,
0.25 j.tmole each; Tris buffem, pH 7.4, 40

�.tmoles; p-mercaptoethanol, 2 .tmoles; “ag-
gregate” enzyme; water, to 0.25 ml. Nu-

clear RNA polymerase activity was simul-

taneously assayed in tile high ionic strength
medium of Goldberg (18), i.e., after the
addition of a saturated solution of am-
monium sulfate. The incubation was con-

ducted at 37#{176}for 10 mm. Under these

conditions, enzymic activity was directly

proportional to time and enzyme concen-

tration. The reaction � terminated upon

tile atidition of 0.1 nIl of a solution contain-
ing 1 mg bovine serum albumin and 100

�tg UTP-12C and 5 ml cold 5% trichloro-
acetic acid. Tile precipitate was sedimented

after centrifugation at 1000 g for 5 mm,
was washed three times with cold 5% tn-
chloroacetic acid, and finally was dissolved
in 1 ml of 70% formic acid. An aliquot of

tile latter was placed on a stainless steel
planchet and dried at 80#{176};its radioactivity

was determined in a end-window, gas-flow
counter.

RESULTS

The metal requirement for nuclear “ag-

gregate” RNA polymerase activity was in-

vestigated (Table 1) at low and high ionic
strength, i.e., in the absence and presence
of 0.7 M ammoniunl sulfate. The enzyme

at low ionic strength could utilize either
manganese or magnesium ions; the latter
was more effective. In the presence of 1.0
and 1.25 1.�moles of MnCi2 and MgCl2,

respectively, the specific enzymatic activity
was 5.2 and 15.5 m��moles of UTP in-

TABLE 1
Requirements of the RNA polyinerase reaction

The complete system included: UTP-2-’4C (24 �iC//Amole), 0.1 /hC; ATP, GTI’, CTP, each 0.25 ,�mo1e;

Tris buffer, pH 7.4, 40 ,�moles; $-mercaptoethanol, 2 /4moles; “aggregate” enzyme (see text), DNA content

16.9 �g (A), 19.0 � (B); water, to 0.25 ml. The assays were conducted in the absence or presence
(NH4)2S04, i.e., 0.7 M.

Conditions

Nuclear RNA POlYmerase
(m�imoles UTP incorporated/mg DNA)

- (N114)2S04 +(NH.,)2S04

A.

B.

Complete system without Mg�� or Mn��

+MgCI,, 0.25 �mole
0.63 Mmole
1 .25 Mmoles
2.5 pmoles

+ MnCl,, 0.5 �mole
1 .0 j�mole
2.0�mo1es

+(MnCl,, 1.0 �mole; +MgCl,, 1.25 ,�mole)
Complete system without Mg� or Mn��

+MnCl,, 1.0umole

+MnCl,, 1.0 �mo1e; - (AT?, GTP, CTP)
+MnCl,, 1:0 �mo1e; -mereaptoethanol
+MnCl,, 1.0 Mmole; 1/2 enzyme

<0.5 <0.5

6.5 ND’

14.5 Ni)
15.5 40.3

18.0 NI)

5.0 ND

5.2 70.5
2.3 NI)

3.3 56.4
<0.5 <0.5

6.4 79.0

:3.0 3.0
6.2 74.0
3. 1 41 .0

‘ND, not determined.
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corporated per milligram of DNA. In the
presence of both MnCI2 and MgCl2, inhibi-

tion was observed. Inhibition of enzyme
activity was also apparent at concentra-
tions of MnC12 greater than 1.0 p.mohe per
0.25-mi assay system. Enzymic activity

was routinely determined with each of

these metals.
The addition of ammonium sulfate at 0.7

tsi greatly enhanced enzymic activity as
reported by other investigators (1 8-20).

The increase was more apparent in tile

presence of MnCh2; tile specific activities
in tile presence of 1.0 p.mole MnCl2 and

1.25 p.moles MgCl2 were 70.5 and 40.3

mnp�moles UTP incorporated per milligram
of DNA.

In the absence of the nucieotides, ATP,

GTP, and CTP, little enzymic activity was
observed; the omission of $-mercaptoetha-
noi had little effect upon the “aggregate”

enzyme.

The effect of ammonium sulfate is further
illustrated in Table 2. Maximal activity

was recorded with 0.7 M concentration of

the salt. Nuclear RNA polymerase activity
was also enhanced in the presence of
imepanin at concentrations from 0 to 40 �g

TABLE 2

Effects o.f (NH4),804 and hepa.rin upon

RNA polyniera.se activity

Male Cheek-Jones rats, 50-60 g, were sacrified,

time livers were removed aimd the liver nuclei were
isolated. Time RNA polymerase activity was deter-

mined. The complete system included: lJTP-’�C;
0.1 jhC; ATP, GTP, CT?, each 0.25 �mole; Tris

buffer, pH 7.4, 40 ��moles; fl-mercaptoethanol, 2

�moles; Mn�, 1 ,�mo1e; “aggregate” enzyme con-

taining (A) 13 �zg DNA, (B) 20.6 �g DNA; water,
to 0.25 nml.

Additions

Nuclear RNA

j)olylnerase

activity

(nm�moles UTP

incorporated/mg

I)NA)

A. None
(NH4hSO4, 0.11 M

0.23M
0.46M
0.7 M

1.2.hf

6.2
21.0

25.8
38.6
54.0
54.0

B. Noime

Heparin, 20 �g

40kg

100/Ag

5.8
11.0

18.3

10.9

TABLE 3

RNA polyinerase activity in liver nuclei after the ad�ninistration of 3-rnethylcholanthrene

Male Cheek-Jones rats, 50-60 g, were injected with 0. 5 ml Mazola corn oil or with 3-methyleholanthrene

(3-MC), 1.5 mg per rat, in the corn oil. i.p.; the animals were periodically sacrificed thereafter. The livers
were removed, and pooled in groups of 3, time nuclei were concentrated, and the “aggregate” enzyme was

assayed as descril)e(l in the text. The enzyme activity in the animals receiving the corn oil sacrificed at 3,
12, 24, and 48 hours did not substnimtially differ and is presented as a single group, i.e., 0 time. The assay

w� conducted in the low ionic strength medium in the presence of �Ig++ or Mn� (see table) or in the high

ionic strength medium in the presence of Mn� (0.7 M (NH4),S04).

Nuclear RNA polymerase
Fime after 3-M( (m�mo1es TJTP incorporated/mg DNA)

admiimist rat ion

(hr) +Mg� +Mn� +(NH4)2S04 + Mn��

0 (6)’ 13.6 ± 0Gb 6.8 ± 0.3 69.1 ± 4.5
3 (5) 15.4 ± 1.0 7.1 ± 0.6 59.8 ± 5.0

6 (6) 21.4 ± 1.4 11.5 ± 0.8 62.6 ± 6.8

12 (5) 18.0 ± 1.5 11.0 ± 0.9 76.1 ± 11.5
24 (5) 18.1 ± 1.4 8.3 ± 0.8 66.1 ± 6.3

48 (6) 14.5 ± 0.9 6.3 ± 0.3 69.0 ± 10.0

Number of determinations is given in parentheses.
Mean ± standard error.
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per 0.25-mi assay system. Above the latter,
inhibition was apparent.

The effects of tile administration of 3-

methyicholanthrene upon the “aggregate”
enzyme activity are depicted in Table 3.
The specific activities have been determined
in tile presence of MgCl2, MnC12, and
(NH4)2S04-MnC12. By 6 hr after tile ad-

ministration of the polycyclic hydrocarbon,

enzymic activity was elevated. The in-
crease however, was recorded only wimen

the enzyme was assayed in the low ionic
strength media, i.e., MgCl2 or MnC12. The
maximal activity was reached between 6

and 12 hours after administration of the
drug; control values were reached by 48

hours.
The properties of the “aggregate” enzyme

concentrated from 3-mnethylcholanthrene-
treated rats were similar to the control

enzyme. Maximal specific activity was ob-
served in the presence of Mg�� and required

the presence of ATP, GTP, and CTP. The
addition of 20 �g hepanin increased the

activity of the formller enzyme by about
2-fold.

The enhancement in RNA polymerase
activity after treatment of the rats with
3-methylcholanthnene was abolished when

actinomycin D or cycloheximide were ad-
ministered (Table 4). When actinomycin D

was given 10 mm before and 2.5 hr after

3-methyicholanthrene, no increase above
control values was observed. When actino-
mycin D was administered at 2 or 4 hr
after 3-methylcholanthrene, slight enhance-
ment of enzymic activity was apparent.

Cycloheximide when administered at 10
mDin before and 2.5 hr after 3-nlethylcilol-
anthrene prevented the enhancement in the

activity of tile “aggregate” enzyme.

DISCUSSION

The activity of tile ‘aggregate” liver nu-

clear RNA polymenase is enhanced within

6 hr after the intrapenitoneal administra-
tion of 3-rnethylcholanthrene to rats. An in-

creased enzymic activity could be the re-
sultant of several factors: (a) an actual
increase in enzyme synthesis; (b) the
presence of activators or diminisimed pro-
ductiomi of inhibitors; (c) the presence

within tile chromatin-RNA polymerase
complex of a template with improved tran-
scribing ability; (d) the alteration of the
configuration of RNA polymerase so that

the latter is more active.
The presence of soluble activators does

not account for all tile experimental data.

In “mixed” experiments, i.e., experiments
in which “aggregate” enzyme from un-
treated and 3-methylcholanthrene-treated

TABLE 4

Effect of actinomycin D and cycloheximide upon n iielear RN.l polymerase actirity

after administration of 3-methylcholanlhrene

Male rats, 50-60 g, were injected i.p., with 3-methylcholanthrene (3-MC), 1.5 mg in corn oil at 0 time.

At times thereafter, animals were injected i.p., with either actinomycin D (Act D), 100 �sg, or cycloheximide,

2.0 mg. The animals were sacrificed at 6 hr after the administration of 3-MC. The IINA polymerase activity

was determined in the presence of Mn�� or Mg++, as described in time text, at low ionic strength. The con-

trol values are presented in Table 3.

Treatment

Nuclear RNA polymerase
(m/Amoles UT? incorporated/mg DNA)

+Mg�� +Mn�

3-MC

3-MC; Act D, at -10 mm and

3-MC; Act D at +2 hr

3-MC; Act D at +4 imr

3-MC; cycloheximide at -10 m

+2.5 hr

in and +2.5 hr

(6)’

(4)

(3)

(3)

(4)

21 .4 ± 1 . 4b 11 .5 ± 0.8
15.7 ± 1 .3 5.7 ± 1 .0

15.7 ± 1 .5 7.9 ± 1 .0

16.8 ± 1 .1 8.9 ± 0.9

11.6 ± 1 . 1 5.6 ± 0.6

‘Number of determimmations is given in parentheses.
Mean ± standard error.
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rats were mixed, the summation of enzymic
activities was observeti. Tile first of these

possibilities also may be elmminateti since
no immcrease in enzyme activity is apparent
in time imigh ionic strength medium, i.e.,
0.7 M ammonium sulfate. Tile amnmonium

sulfate may act by removing “blockers”
from the DNA template, thus allowing for

the observed stimulation in enzynlic activ-

ity, or simply by inhibiting nuclear nibo-
nuelease activity. In unpublished studies
(E. Bresnick and K. Lanclos), we ilave not

been able to denlonstrate any effect of
pretreatment of rats with 3-methylcholan-

threne upon the activity of the latter in
liven. These data suggest that treatment of

the rats in vivo with 3-metimylchoianthrene
mi�ay 1)ring about an increase in the tern-

plate activity of time liver chronlatin with-
out altering the total amount of nuclear

RNA polynlerase. One must also recall that
the effect of tile polycyclic hydrocarbon

was blocked by protein-synthesis inhibitors.
Perhaps, the polycyciic hydrocarbon causes

the synthesis of a protein which acts as a
“derepresser” of time chromatin, i.e., re-
moves a genetic regulator from the chro-
matin. A similar explanation has been

offered for the action of estrogens upon rat
uterine RNA polynlerase activity by Gorski

and colleagues (19). Dahrnus and Bonner

(20) have also reported the isolation of

chromatin from the liver of ilydrocortisone-

treated adrenalectornized rats that pos-

sessed greater template activity in tran-
scription than chromatin isolated in a
similar manner from control rats. Further,

the removal of proteins fromn the cllromatin

abolished this difference in template activ-
ity.

The manner in which 3-methylcholan-

threne elicits this effect is not known. One
might speculate that the binding of the

polycyclic hydrocarbon to a particular
protein might endow the latter with “de-

represser” properties or that the production

of a “derepresser” protein might be en-
hanced by 3-methylcholanthrene. We are
presently attempting to show the i)inding of

3-methylcholanthrene to a specific cyto-
plasmic or nuclear protein in liver. We are
also isolating chromatin from the livers of

control and 3-rnethylcholanthrene-treated
rats with tile view of establishing their
efficacy as templates in an Escherichia coli

RNA polynlerase system. These experi-
ments should help to decide whether the
effect of 3-methylcholanthrene is on the
template or upon the RNA poiynlerase it-
self.
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