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Rapid and Marked Inhibition of Rat-Liver RNA 

Polymerase by Aflatoxin B1 

Abstract. From 15 minutes to 2 hours after the administration of aflatoxin 
Be in vivo there is a 35- to 70-percent inhibition of DNA-directed RNA synthesis. 
The inhibition was reversed 12 and 24 hours later. 

Aflatoxin B1 is a metabolite pro- 
duced by certain strains of Aspergil- 
lus fiavus, and its activity as a potent 
carcinogen for rat liver has been re- 
viewed (1). Aflatoxin B1 markedly in- 
hibits hydrocortisone-induced synthesis 
of tryptophan pyrrolase (2). Other stud- 
ies have shown that aflatoxin B1 in- 
hibits the incorporation in vivo of 
cytidine into rat-liver nuclear RNA 
and lowers the RNA content of the 
nucleus (3). In studying the mecha- 
nism of inhibition of enzyme induc- 
tion and cytidine incorporation by 
aflatoxin B1, we have found that soon 
after aflatoxin B1 is administered there 
is a marked inhibition of DNA- 
dependent RNA polymerase in rat-liver 
nuclei. The inhibition was observed 
when 1 mg of aflatoxin per kilogram 
of body weight was administered, the 
same amount that prevents enzyme in- 
duction by hydrocortisone (2); but this 
dose is considerably lower than the 
LD50 (lethal dose, 50 percent effective) 
for the rat or the dose used to in- 
hibit cytidine incorporation into RNA 
(3). 

The activity of RNA polymerase 
was determined in nuclei isolated from 
livers of male Sprague-Dawley rats 
(200 g) that were fasted 20 to 24 
hours before the experiment. Two ani- 
mals per group were injected intra- 
peritoneally with either 0.1 ml of tri- 
ethylene glycol or 0.1 ml of triethy- 
lene glycol containing 0.2 mg of afla- 
toxin B1 (extinction coefficient, E360, is 
equal to 2.11 X 104 in methanol). Ani- 
mals were killed by exsanguination 2 
hours after aflatoxin treatment, the 
livers were rapidly removed and 
chilled, and nuclei were isolated from 
8 g of liver by the method of Barondes, 

et al. (4), modified to include 0.002M 
MgCl2 in all solutions. The nuclei were 
centrifuged (International T-60 ultra- 
centrifuge) in 2.1M sucrose at 23,500 
rev/min for 0.5 hour at 40C. Nuclei 
were washed and brought to 2.0-ml 
volume with homogenizing sucrose. 
Preparations were assayed in duplicate 
at each interval, with 0.32M (NH4)2 
SO4, 0.64M (NH4)2SO4, and without 
any (NH4)2S04. The standard assay 
mixture for nuclear RNA polymerase 
was as follows: 100 pmole of tris, pH 
8.0; 10 ,mole of cysteine; 3 ,mole of 
MgCl2; 0.5 [mole each of adenosine, 
uridine, and guanosine triphosphates, 
respectively (ATP, UTP, GTP); 0.04 
mole of tritiated cytidine triphosphate 
(CTP-H3) (2 X 107 count/min per 
micro-mole); 160 Emole of (NH4)2SO4 
and nuclei in a final volume of 0.5 ml. 
Each assay tube was incubated for 10 
minutes at 370C. Carrier RNA (2.0 mg) 
from yeast in 0.2M EDTA (ethylenedia- 
minetetraacetate) pH 7.4 was added, 
and the reaction was immediately 
stopped with 2.5 ml of 10 percent 
perchloric acid which contained 40 

[mole of sodium pyrophosphate and 1 0 
Emole of EDTA. The mixture was al- 
lowed to stand 10 minutes and was 
then centrifuged at 2000 rev/ min for 
10 minutes. The pellet was successive- 
ly washed: once with a mixture of 5 
percent perchloric acid and 0.1 M 
sodium pyrophosphate (4:1), twice 
with 5 percent perchloric acid, once 
with ethanol, and once with a mixture 
of ethanol, chloroform, and ether 
(2 : 2: 1). The pellet was dried over- 
night. The precipitate was hydrolyzed 
with 1.0 ml of 5 percent perchloric 
acid at 90'C for 15 minutes; the hy- 
drolyzate was cooled and centrifuged. 

Table 1. RNA polymerase from liver of rats treated for 2 hours with aflatoxin B1. 

Additions to complete system Incorporation of CTP-H3 

Amt ~ Deletions - (m.t mole/mg of DNA) 
Substance 

(Ag) Control Treated 

None None 4.52 2.36 
None (NH4)2S04 2.00 .68 
None ATP,UTP,GTP .24 .16 
Deoxyribonuclease: 200 None .24 .16 
Ribonuclease 200 None .36 .32 
* Deoxyribonuclease was incubated with nuclei for 10 minutes at 370C prior to the addition 
of CTP-H3. 
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Fig. 1. fRat-liver RNA polymerase after aflatoxin B, treatment. The complete assay 
system is the same as for Table 1. The animals were injected with aflatoxin B1 (I1 mg/kg) 
at 0.25, 0.5, 2, 12, or 24 hours before they were killed. The control animals received 
0.1 ml lof triethylene glycol at 24 hours. All animals were fasted for 24 hours before 
the experiment was begun. 
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Fig. 2. The effect of aflatoxin on the kinetics of RNA polyTerase activity. The 
complete assay system is the same as for Table 1. The animals were treated with 
aflatoxin 0, (0. mg/kg) 2 hours before they were killed. All animals were fasted for 24 
hours before the experiment was begun. 

Portions (200 /1J) of the supernatant 
were added to Bray's solution (5) and 
rapidly neutralized; and the radioactiv- 
ity was determined in a Packard Tri- 
Carb liquid-scintillation counter. An- 
other portion was used for DNA de- 
termination (6). 

Incorporation of CTP into acid- 
insoluble material is greatest in the pres- 
ence of ammonium sulfate, and in its 
absence less than half the maximum 
activity is observed (Table 1). In addi- 
tion, CTP incorporation requires all 
four nucleotide triphosphates and is 
largely abolished in the presence of 
deoxyribonuclease or ribonuclease. The 
CTP incorporation in nuclei of afla- 
toxin-treated rats was less than that 
of the control preparations, showed 
the same requirements for optimum 
activity, and was also inhibited by the 
presence of deoxyribonuclease and 
ribonuclease. 

We found that CTP incorporation 
was optimum in the presence of 
0.32M ammonium sulfate (Fig. 1). In 
the presence of 0.64M ammonium sul- 
fate, CTP incorporation was somewhat 
inhibited. As soon as 15 minutes after 
intraperitoneal administration of afila- 
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toxin, the nuclei from the treated rats 
showed less than 40 percent of the 
activity shown by the nuclei from the 
untreated rats, when assayed in the 
absence of ammonium sulfate. Maxi- 
mum inhibition of 70 percent was ob- 
served at 30 minutes and persisted 
for 2 hours. At 12 and 24 hours after 
aflatoxin treatment a 10-percent in- 
hibition was observed. The maximum 
inhibition after each period of afila- 
toxin treatment was observed in the 
absence of ammonium sulfate. In the 
presence of 0.32M ammonium sulfate 
(the optimum salt concentration for 
CTP incorporation.) inhibition by afla- 
toxin was also observed but was some- 
what less than that observed in the 
absence of ammoniumn sulfate. In the 
presence of 0.64M ammonium sulfate, 
a concentration which gave less than 
maximum CTP incorporation, inhibi- 
tion of the RNA polymerase was ob- 
served at 15 and 30 minutes and 2 
hours, but no inhibition was observed 
12 and 24 hours later. 

In the absence of ammonium sul- 
fate, incorporation proceeded for about 
5 minutes before stopping; while in its 
presence CTP incorporation continued 

for 10 minutes and at a greater initial 
rate (Fig. 2). The nuclei from afla- 
toxin-treated rats showed 50 percent 
less CTP-incorporating activity than 
that of the control preparation in both, 
the presence and absence of ammonium 
sulfate. The function of ammonium 
sulfate in stimulating RNA synthesis 
is not clear, but several explanations 
are possible. Goldberg (7) suggested 
that high ionic strength possibly af- 
fects the physical state of the poly- 
merase-nucleic acid complex or has an 
inhibitory effect on degradative en- 
zymes. It is also possible that the salt 
causes a derepression of RNA syn- 
thesis by dissociating a repressor from 
the DNA template (8). Our data show- 
ing an aflatoxin B1 inhibition of RNA 
synthesis in the presence of an opti- 
mum concentration of ammonium sul- 
fate suggests that aflatoxin is not oper- 
ating by causing an increased repres- 
sion but may be interacting with DNA 
in a manner which interferes with 
polymerase activity. Another possibili- 
ty is that this drug inhibits the en- 
zyme itself. 

Thus, aflatoxin B1 interferes with 
gene transcription soon after its ad- 
ministration. The inhibition of DNA- 
dependent RNA synthesis is to be ex- 
pected in that aftatoxin B1 is reported 
to lower the ratio of RNA to DNA 
of the nucleus and inhibits the in- 
corporation of cytidine into RNA in 
vivo (3). The inhibition may be re- 
lated to the binding of aftatoxin B1 
to DNA in vitro (3). The relationship, 
if any, between the carcinogenicity of 
aflatoxin B1 and its interference with 
gene transcription is not yet clear. 
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