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Mitochondrial Polyriboadenylate Polymerase: Relative 

Lack of Activity in Hepatomas 

Abstract. An enzyme that polymerizes adenylate residues from adenosine tri- 

phosphate was prepared from rat liver mitochondria and compared to similar 
preparations from the mitochondria of three hepatomas. Enzyme activity in the 
hepatomas was only 1 to 2 percent of that in normal liver. 
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phosphate was prepared from rat liver mitochondria and compared to similar 
preparations from the mitochondria of three hepatomas. Enzyme activity in the 
hepatomas was only 1 to 2 percent of that in normal liver. 

An enzyme in eucaryotes that can 

incorporate adenylate residues into non- 
terminal internucleotide linkages has 
been characterized in the nuclei (1) and 
in the supernatant from microsomal 
centrifugation '(2). During our studies 
on DNA-dependent RNA polymerase of 
rat liver mitochondria, we solubilized 
and partially purified an enzyme that 
can synthesize polyadenylate[poly(A)] 
chains from adenosine triphosphate 
(ATP). The activity of this enzyme was 

considerably reduced in preparations 
from Morris hepatomas 7777 (well dif- 
ferentiated), 3924A (poorly differenti- 
ated), and 3683F I(undifferentiated) (3). 

Mitochondria were isolated by a 

procedure similar to that of Sordhal and 
his colleagues 1(4). The mitochondrial 

pellet was suspended in 50 mM tris(hy- 
droxymethyl)aminomethane '(tris) buffer 
(pH 9.0) containing 5 mM MgCl2, 
0.1 mM ethylenediaminetetraacetic acid 
(EDTA), and 1 mM dithiothreitol 
(TMED buffer), and sonicated for 1 
minute (four 15-second periods) in a 
Branson Sonifier (model W 140) at full 
output. The suspension was mixed with 
glycerol (final concentration, 20 percent, 
by volume), incubated at 37?C for 30 
minutes, and centrifuged at 105,000g 
for 1 hour. The supernatant, which con- 
tained enzyme activity, was dialyzed 
against several volumes of TMED buf- 
fer '(pH 7.5) containing glycerol (20 
percent, by volume) to deplete the nu- 
cleotides. In some experiments, the 
enzyme was further purified 'by differ- 
ential precipitation with ammonium 
sulfate. The fraction precipitated by in- 
creasing the ammonium sulfate satura- 
tion from 40 percent to 50 percent had 
most of the activity, although this pro- 
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cedure resulted in a considerable loss of 
activity. 

The enzyme from liver had a specific 
activity of 13,000 units (1 unit = 1 
pmole of nucleotide incorporated per 
milligram of protein per 30 minutes) 
(Table 1). The reaction was linear for 
30 minutes. The specific activity of the 
liver enzyme was comparable to the 
highest values reported for the cor- 
responding enzymes from Escherichia 
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30 minutes. The specific activity of the 
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highest values reported for the cor- 
responding enzymes from Escherichia 

coli (5) or from calf thymus nuclei (6). 
The capacity of the enzyme prepara- 
tion to incorporate labeled cytosine 
triphosphate i(CTP), guanosine tri- 

phosphate (GTP), or uridine tri- 
phosphate (UTP) was relatively in- 
significant. The enzyme activity was 
380 units for [3H]UTP, 300 units for 
[3H]CTP, and 40 units for [3H]GTP. 
The enzyme preparations obtained from 
the same amount of tumor tissue had 
no significant poly(A)-forming activity. 
The material that was not solubilized 
by our procedure did not contain 
significant poly(A) polymerase activity 
(< 1000 units for liver and < 50 units 
for hepatomas). 

The product was characterized as 
poly(A) on the basis of the following 
properties '(Table 1). (i) Pancreatic 
ribonuclease had no inhibitory effect if 
it was incubated with the enzyme prep- 
aration before the polymerization reac- 
tion or if it was incubated with the reac- 
tion product. (ii) The product was re- 
tained on a Millipore filter in the pres- 
ence of 0.5M KC1, which dissolves the 
bulk of cellular RNA (7). (iii) Deletion 
of the remaining three nucleotides did 
not inhibit enzyme activity. The inter- 
nucleotide or nonterminal incorporation 
of adenylate was tested by estimating 
the radioactivity in the nucleoside mono- 
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Table 1. Comparison of poly(A) polymerase activities in the mitochondrial preparations of 
normal rat liver, host liver, and hepatomas. The enzyme was prepared from 30 g each 
of liver and hepatoma. The standard reaction mixture (0.35 ml) contained 10 lumole of 
tris-HCl (pH 8.0), 2 uxmole of MgC.,, 1 /tmole of MnCL, 13 /rmole of KCI, 3 ,umole of 
phosphoenolpyruvate, 20 Ag of pyruvate kinase, 0.1 ,umole of unlabeled ATP, 0.00075 ,umole 
of ["H]ATP [generally labeled, 9.53 to 15 c/mmole (New England Nuclear)] and 0.8 to 1.0 
mg of enzyme protein. After incubation at 30?C for 30 minutes, the reaction was stopped 
by the addition of 0.1 uzmole of unlabeled ATP and a cold solution of 10 percent trichloro- 
acetic acid and 0.04M sodium pyrophosphate. The precipitate was collected either on Whatman 
GF/C filters or on Millipore filters (1.2-jum pore size), washed three times with a cold 
solution of 5 percent trichloroacetic acid and 0.02M sodium pyrophosphate, and finally with 
cold glass-distilled water. In some experiments, the product was filtered in the presence of 
0.5M KCI to test for poly(A) (7). The radioactivity in the filters was determined by counting 
in 10 ml of a toluene-based scintillation solution containing 4 g of Omnifluor (New England 
Nuclear) and 0.1 g of 1,4-bis-[2-(4-methyl-5-phenyloxazolyl)]-benzene (POPOP) per liter of 
solution. The enzymes from liver and tumor were used in saturating amounts and were 
assayed in triplicate (1 unit is the amount of enzyme that incorporates 1 pmole of nucleotide 
into trichloroacetic acid-insoluble product per milligram of protein per 30 minutes; N is the 
number of experiments). 

Enzyme 
Enzyme source Additional treatment activity N 

(10:3 units) 

Host liver, rats with 7777 13.80 - 0.98 4 
Host liver, rats with 3924A 13.10 - 0.51 3 
Host liver, rats with 3683F 10.00 ? 0.64 2 
Hepatoma 7777 0.25 ? 0.05 4 
Hepatoma 3924A 0.15 - 0.09 3 
Hepatoma 3683F 0.10 ? 0.03 2 
Hepatoma 3683F Unlabeled ATP +- (0.1 /zmole) 0.11 - 0.03 2 
Normal liver 13.50 - 1.70 10 
Normal liver Prior 30-minute incubation 

with ribonuclease (100 ug/ml) 12.90 ? 0.94 2 
Normal liver Product incubated 30 minutes 

with ribonuclease (100 ,g/ml) 13.40 ? 0.90 3 
Normal liver + GTP, CTP, UTP 13.10 - 0.61 2 
Normal liver + 0.5M KCI during filtration 12.90 ? 1.08 3 
Normal liver + Deoxyribonuclease (100 g/ml) 13.10 ? 0.71 2 
Normal liver + Mitochondrial RNA (50 fg/ml) 13.70 ? 0.75 2 
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phosphates obtained after alkaline hy- 
drolysis of the product. Almost all the 

radioactivity (88 percent) was recovered 
in adenosine monophosphate; whereas 
terminal nucleosides would be hy- 
drolyzed to adenosine. 

The lack of inhibition of the enzyme 
activity by treatment with ribonuclease 
or by addition of exogenous RNA 

(Table 1) indicates that the bulk of the 
mitochondrial RNA does not act as a 

primer. Initial experiments, however, 
suggest that poly(A) itself can act as a 

primer, as has been reported for the 

corresponding nuclear enzyme 1(6). 
Because tumors contain fewer mito- 

chondria per cell (8) and consequently 
less mitochondrial protein per gram of 
wet tissue than do control tissues (9), 
they can be expected to show relatively 
low poly(A)-synthesizing activity. How- 
ever, the low enzyme activity of hepa- 
tomas (only 1 to 2 percent of that in 
normal liver) cannot be explained on 
this basis. Furthermore, enzyme activity 
has been expressed per milligram of 

protein. The loss of enzyme activity in 
tumors cannot be due to adenosine tri- 

phosphatase that may be present in the 

enzyme preparation, because (i) Ca2+, 
which is required for the nucleotidase 

activity (10), was completely removed 

by exhaustive dialysis, and '(ii) addi- 
tional ATP included in the reaction mix- 
ture did not increase the specific ac- 

tivity of the hepatoma enzyme (Table 
1). 

The tumor enzymes could have been 
associated with an inhibitor or inhibi- 
tors of poly(A) polymerase. To test this 

possibility, we conducted two sets of 

experiments. 'First, the liver enzyme was 
incubated together with each tumor 

enzyme under optimal assay conditions. 
Inhibition of liver enzyme activity was 
not significant (about 20 percent), which 
demonstrates the absence of any potent 
inhibitors in the tumor enzyme. In the 
second experiment, the liver enzyme 
was incubated for 30 minutes, and the 

product formed was further incubated 
for 20 minutes with tumor enzyme. 
Again, there was no significant change 
in the liver enzyme activity (less than 
20 percent). In these experiments, 0.3 to 
0.6 mg of tumor enzyme protein was 
used. 

The experiments reported here show 
that transformation of parenchymal 
cells into hepatoma cells results in a 
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considerable loss of mitochondrial poly- 
(A) polymerase. Further experiments 
with other normal Itissues and with 

growing tissue such as regenerating liver 
are required to prove unequivocally 
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whether the relative lack of this enzyme 
in hepatomas is unique to malignant 
cells. 

Unlike nuclear poly(A), which is in- 
volved in the transport of messenger 
RNA (mRNA) from the nucleus to the 
cytoplasm (11), the function of mito- 
chondrial poly(A) is not known. Hence, 
the significance of the lowered activity 
of this enzyme in hepatomas cannot be 
assessed. Since mRNA containing 
poly(A) segments can be retained on 

Millipore filters in the presence of 
0.5M KC1 (7, 12), it is possible that 
liver mitochondrial mRNA, as com- 
pared to mRNA of hepatomas, contains 
larger segments of adenylate residues 
at the 3' terminal end. 
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Hypothalamic Norepinephrine: Circadian Rhythms 
and the Control of Feeding Behavior 

Abstract. The time of day is a decisive determinant of the effects of l-norepi- 
nephrine on feeding behavior. During the dark, direct application of l-norepineph- 
rine to the hypothalamus of rats suppressed feeding behavior. During the light, 
treatment with the same dose of 1-norepinephrine facilitated feeding behavior. 

Thus, l-norepinephrine has dual and opposite effects on feeding behavior. A hypo- 
thalamic substrate that fluctuates in a circadian rhythm could accoulnt for both 

actions of l-norepinephrine. 

The addition of exogenous 1-norepi- implications of each theory have been 

nephrine (/-NE) to the lateral hypo- reviewed by Hoebel (3). We now re- 

thalamus affects feeding behavior. Both port data that appear to resolve the 

stimulant (1) and suppressant (2) controversy. The effects of the addition 

effects have been reported, but the of exogenous I-NE to the hypothalamus 
conditions that determine when each appear to be dependent on differences 

of these opposite actions will occur are in the internal state of the hypothala- 
unknown. This has led to the develop- mus associated with the environmental 

ment of a controversy between propo- cycle of darkness and light. In the 

nents of the noradrenergic-feeding and dark, this treatment suppressed feeding 
the noradrenergic-satiety theories. The behavior. In the light, the same dose of 
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