
Vol. 78, No. 1, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

NUCLEOLI OF THIOACETAMIDE-TREATED LIVER AS A MODEL 

FOR STUDYING REGULATION OF PRERIBOSOMAL RNA SYNTHESIS 

Michael W. Andersen, N. Raghuveera Ballal 

and Harris Busch 

Department of Pharmacology, Baylor College of 

Medicine, Houston, Texas 77030 

Received July 22, 1977 

SUMMARY 

Nucleoli isolated from livers of rats injected intra- 
peritoneally with one dose of thioacetamide had a five-fold 
increase in the rate of RNA synthesis in vitro when compared 
with livers of rats treated with salineor4. The stimu- 
lation was maximal 24 hours after treatment and decreased to 
control values 73 hours after treatment. The enhanced level 
of nucleolar activity was maintained at that level when thio- 
acetamide was injected daily, Along with the increase in the 
endogenous activity there was a 7-fold increase in the "free" 
RNA polymerase I activity determined by blocking the bound 
enzyme with actinomycin D (7). The nucleoli of the thio- 
acetamide-treated rats offer a useful model of modulation of 
ribosomal gene function, 

INTRODUCTION 

Previous studies from this laboratory indicated that the 

nucleolus exhibits marked changes in the protein pattern when 

the cells were stimulated to proliferate such as in the regener- 

ating rat liver (1) or during nucleolar hypertrophy induced by 

administration of thioacetamide (2). Recently, it was shown 

that isolated nucleoli retain specificity of expression of pre- 

ribosomal RNA in vitro and thus offer a good system for studying -- 

the modulation of nucleolar activity (3). Inasmuch as adminis- 

tration of thioacetamide induces rapid increase in liver nu- 

cleolar activity (4), studies with isolated nucleoli from thio- 

acetamide-treated livers should provide valuable information on 

mechanisms of regulation of preribosomal RNA synthesis. 
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Earlier reports from this laboratory showed that preribo- 

somal RNA synthesis increases in isolated nucleoli after in- 

jection of thioacetamide into rats (5). This report indicates 

that the RNA synthetic activity of isolated nucleoli of thio- 

acetamide-treated rat livers increases almost five-fold within 

24 hours after a single injection of the drug and can be main- 

tained at a high level by repeated daily injections of thio- 

acetamide. The enhanced activity returned to normal levels 73 

hours after a single injection. The increased rate of synthesis 

in vitro parallels the increased rate observed in vivo (6) and -- -- 

the increased activity is accompanied by increases in both 

endogenous (bound) enzyme activity as well as the activity of 

the "free" (unbound) RNA polymerase I molecules (7). 

MATERIALS AND METHODS 

Materials - Labeled nucleotides used, 3H guanosine 5' -tri- 
phosphate (13 Ci/mM and 14 Ci/mM) and 3H-uridine 5'-triphosphate 
(10 and 12 Ci/mM), were purchased from Schwarz/Mann. Unlabeled 
nucleotides were purchased from Sigma Chemical Co. Ultrapure, 
enzyme grade sucrose was a product of Schwarz/Mann. Thioacetamide 
was purchased from Fisher Chemical Co. Actinomycin D and poly 
d(A-T) were products of Sigma Chemical Co. 

Protein and DNA Determination - Protein was determined by 
the method of Lowry (8) and DNA by the method of Burton (9). 

Thioacetamide Treatment and Isolation of Nucleoli - Male 
Sprague-Dawley rats (180-200 g) were injected intraperitoneally 
with thioacetamide in 0.15 M NaCl (50 mg TA/kg body wt). Rats 
were sacrificed by decapitation and nucleoli isolated by a modi- 
fication of the procedure described earlier (10). Livers were 
perfused with TNKM (0.05 M Tris, 0.13 M NaCl, 25 mM KCl, and 2.5 
mM MgC12). They were homogenized in a solution containing 2.3 M 
sucrose-10 mM MgCl2 and centrifugea at ~0,000 x g for 80 
minutes. Isolated nuclei were washed once in 0.88 M sucrose 
and resuspended in 0.34 M sucrose-O.05 mM MgC12 solution for 
sonication. 

The sonicate was layered over 0.88 M sucrose and nucleoli 
were sedimented by centrifugation at 1200 x g for 20 minutes, 
The sedimented nucleoli were resuspended in TGMED (0.05 M Tris, 
50% glycerol, 1 mM MgC12, 0.1 mM EDTA, 1 mM DTT, pH 7.9) con- 
taining 0.1 mM PMSF and were stored at -8OOC. 

Endogenous RNA Polymerase Activity - Assays for endogenous 
RNA polymerase activity of whole nucleoli were carried out at 
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Figure 1 Effect of daily injections of thioacetamide upon 
RNA synthetic ability of isolated liver nucleoli, 
Assays were performed as described in Materials 
and Methods and activities were expressed as 
pmoles of GMP incorporated per pg nucleolar DNA. 

30° in 0.1 ml assay mixture containing 0.05 M Tris (pH 8.0), 
0.1 M KCl, 5 mM KF, 0.625 mM each of unlabeled CTP, UTP and ATP, 
0.015 mM unlabeled GTP, 1 DCi of 3H-GTP (13 Ci/mM), 5 mM MgC12, 
5 mM DTT, 0.5 mM PMSF and 10 mg Hentonite, 
was incubated at 30°C for 10 minutes, 

The assay mixture 
terminated by pipetting 

aliquots of the mixture onto Whatman DE81 filter discs which 
were assayed for radioactivity in a liquid scintillation 
counter (11). 

"Free" RNA Polymerase Activity - To assay the "free" (un- 
bound) RNA polymerase activity of nucleoli, conditions were the 
same except that 2 mM MnC12 was substituted for MgC12 and 3H- 
UTP (12 Ci/mM) was added in place of 3H-GTP; also, poly d(A-T) 
(200 pg/ml) and actinomycin D (20 IJ.g/ml) were used in the assay. 
Hentonite was omitted since it almost completely inhibited 
"free" enzyme activity. 

RESULTS 

Nucleoli of livers of thioacetamide-treated rats had a five- 

fold increase in activity (per pg DNA) within 24 hours after a 

single injection (Fig, 1). With repeated daily injections of 

thioacetamide for 3 days, the activity was maintained at five- 

fold over saline controls. To determine whether this increase 

reflected hepatotoxicity, nucleoli of livers of rats treated 

with Ccl4 (1 ml of a 20% solution, i.p.) were analyzed (12); in 

this case, the endogenous activity was the same as the saline 

control. 
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Figure 2 Effect of a single injection of thioacetamide 
upon the endogenous RNA synthetic activity of 
isolated liver nucleoli. Rats were sacrificed 
at different times after one injection and liver 
nucleoli were isolated and assayed as described 
in Materials and Methods. Activities were ex- 
pressed as pmoles of GMP incorporated per pg 
nucleolar DNA. 

The stimulation of RNA synthesis by thioacetamide is shown 

in Figure 2. Nucleolar RNA synthesis was most active at 24 hours 

after injection but significant stimulation occurred by 7 hours 

after injection. However, 50 hours after one injection, the 

stimulation of liver nucleolar RNA synthesis markedly decreased 

and at 73 hours after injection, the activity was not signifi- 

cantly different from the control. 

The endogenous activity assay primarily indicates the 

amount of polymerase molecules already involved in synthesis 

(3,13-S). To determine whether thioacetamide also increased 

the free enzyme activity, the technique of Yu ( 7) was employed; 

the engaged enzyme was inhibited with actinomycin D and the 

activity of free enzyme was determined with poly d(A-T) as tem- 

plate. Table I shows there was nearly a seven-fold increase 

in the activity of "free" enzyme upon thioacetamide treatment 

for 3 days. Thus, the increase in endogenous activity parallels 

an increase in the unbound RNA polymerase I activity. 

132 



Vol. 78, No. 1, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TABLE I 

EFFECT OF THIOACETAMIDE TREATMENT ON NUCLEOLAR 

ENDOGENOUS (BOUND) AND FREE RNA POLYMERASE ACTIVITY 

Endogenous Free RNA Polymerase 
Treatment Activity1 Activity2 

Saline Control 2.97* 5.94 

TA 3 Days 15.5 42.5 

*Values are the mean of 2 to 5 experiments. 

1. Endogenous activity was measured as described in 
Materials and Methods using 3H-GTP as precursor 
and expressed as pmoles GMP incorporated per I-18 
DNA. 

2. Free enzyme activity was measured in the presence 
of actinomycin D (20 pg/ml), with saturating 
amounts of poly d(A-T) template (100-200 pg/ml) 
using 3H-UTP as the precursor and expressed as 
pmoles of UMP incorporated per pg nucleolar DNA. 

DISCUSSION 

In eukaryotes, preribosomal RNA synthesis occurs in the 

nucleolus and isolated nucleoli provide a useful in vitro system -- 

for the study of regulation of single gene expression, Ribo- 

somal RNA synthesis is highly responsive to change in physio- 

logical state of the cell (4) and it is of interest to investi- 

gate the mechanisms involved in such modulation of transcriptional 

activity. Thioacetamide-treated liver nucleoli appear to offer 

a useful tool for such studies inasmuch as RNA is greatly en- 

hanced after a single injection and the activity rapidly reverts 

to normal levels. The increased rate of RNA synthesis by iso- 

lated nucleoli closely parallels that observed in vivo (6), thus -- 
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indicating that the isolated nucleoli retain their altered 

characteristics in vitro. -- 

The enhanced endogenous activity which is a measure of the 

bound RNA polymerase I molecules is accompanied by a similar 

increase in the activity of the "free" RNA polymerase I enzyme. 

Whether the increased activity is due to an increase in the 

number of RNA polymerase molecules or due to an "activation" of 

the pre-existing molecules is not certain from this data. The 

increase in the endogenous activity indicate that in the acti- 

vated state more enzyme molecules initiate synthesis on the 

rDNA template. This increase might be due to an increase in 

the number of "initiation factors" and/or an increase in the 

number of active RNA polymerase molecules (16). 
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