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SUMMARY

Ribonucleotide reducÃaseactivity from Ehrlich ascites cells
was inhibited by RNA. Inhibition of cytidine 5'-diphosphate

reduction was observed with Ehrlich tumor cell transfer RNA,
ribosomal RNA, yeast transfer RNA, and synthetic polycyli-
dylate. Polyguanylate and polyuridylate were only slightly
effective as inhibitors, while polyadenylate did not inhibit at
all. The RNA's and polycytidylate appeared to be competitive

inhibitors with respect to cytidine 5 -diphosphate as substrate.
Adenosine 5'-diphosphale reduction was inhibited by transfer

RNA but was only slightly inhibited by polyadenylate.

INTRODUCTION

RNA has been shown to have a direct effect on DNA
synthesis. It was demonstrated (2, 23) that RNA can direct the
synthesis of DNA via the "reverse transcriptase" found in

oncogenic RNA viruses. It has also been reported (24) that
single-stranded polyribonucleotides at very low concentrations
inhibit DNA polymerase of Rauscher leukemia virus.

In this report, we present data that show a way in which
RNA indirectly affects DNA synthesis. These data show that
RNA markedly inhibits ribonucleotide reducÃasefrom Ehrlich
ascites tumor cells, at concentrations which could be of
physiological significance. Previous studies showed that there
is a direct relationship between tumor growth rates and
ribonucleotide reducÃase levels (7) and between Ihe level of
ribonucleolide reducÃase and levels of DNA synlhesis in vivo
(5). The role of ribonucleotide reducÃase in normal DNA
synlhesis is, Iherefore, very imporlanl. The faclors lhat
control Ihe in vivo activity of ribonucleotide reducÃasemusi
be elucidaled.

MATERIALS AND METHODS

Ehrlich asciles cells were taken from mice (ICR/Dub) 7 days
after transplanlalion. The crude exlracl was prepared from
Ihese cells essentially by Ihe method of Moore (17), except
thai all solutions contained 1 mM dilhioerylhrilol. The pH
5.2-insoluble fraclion, after Â«dissolving in 0.05 M Tris-HCl,
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pH 8.0, was made up lo 0.25% in prolamine sulfale wilh 1%
solulion of protamine sulfale. The insoluble material was
collected by centrifugalion, and Ihe supernalant fluid was
discarded. The ribonucleotide reducÃase aclivity was eluled
from the insoluble pellet with 0.02 M sodium phosphale, pH
8.0 (one-half volume of Ihe original pH 5.2 fraclion).

The slandard CDP reducÃase assay mixture conlained
14C-labeled CDP, 5 X IO'5 M, (6.67 mCi/mmole); ATP, 1.9

mM; magnesium acelale, 3.9 mM; dilhioerythritol, 5.7 mM;
potassium phosphate buffer, 7.7 mM, pH 7;and 100/ilofthe
prolamine sulfale fraclion (0.6 to 0.9 mg protein) in a final
reaction volume of 150 yl. The reactions were initiated by the
addilion of subslrale and were carried oui for 30 min al 37Â°.

The reaclions were lerminaled by heating for 4 min in a
boiling-water balh. Carrier dCMP (0.3 /Limole), 2 mM MgCl2,
and 6 mM Tris-HCl (pH 8.8) in 50 and 25 Â¡usnake venom
suspension (Crotalus adamanteus, 40 mg/ml) were added, and
Ihe reaclions were carried oui for al leasl 2.5 hr al 37Â°and

Ihen were slopped by healing. Water (0.8 ml) was added lo
each lube, and Ihe insoluble prolein was removed by
cenlrifugalion. The supernalanl fluid was passed over a
column of Dowex 1-borale (21 ). The column was washed wilh
4 ml of waler. The deoxycylidine eluled with Ihe effluent, but
the cylidine was enlirely relained on Ihe column. The columns
were made from disposable Pasleur pipÃ©isand were approxi-
malely 6 x 70 mm. An aliquol of Ihe eluanl was laken for
14C-labeled deoxycytidine measurements and for absorbance

measurements at 280 nm. All assays were carried oui eilher in
duplicale or Iriplicate.

The standard ADP reducÃase assay mixlure contained
14C-labeled ADP, 1.9 X IO'5 M (17.7 mCi/mmole); dilhio-

erylhrilol, 5.7 mM; magnesium acelale, 3.9 mM;dGTP, 9.6 X
10"* M; polassium phosphale buffer, 7.7 mM, pH 7; and 100

Ml of Ihe prolamine sulfale fraction (0.6 to 0.9 mg protein) in
a final reaction volume of ISOjul. The reactions were initiated
by the addition of substrate, were carried out for 30 min at
37Â° and were terminaled by healing for 4 min in a

boiling-water bath. Carrier dAMP (0.3 jumÃ³le),2 mM MgCl2,
and 6 mM Tris-HCl (pH 8.8) in 50 and 25 Â¿tlsnake venom
suspension (C. adamanteus, 40 mg/ml) were added; reactions
were carried oui for al leasl 2.5 hr al 37Â°and were slopped by

heating. Aliquols (100 p\) were spoiled on Whatman No. 3MM
paper (9 x 22 inches), and the chromalogram was developed
overnighl wilh a solvenl syslem conlaining isopropyl alco-
hol:ammonium hydroxide:0.1 M boric acid (70:10:20) (8).
The deoxyadenosine areas were cui out and eluted with 0.01
N HC1, and aliquots were laken for 14C-labeled deoxy

adenosine measuremenls. Healed conlrols served as blanks.
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The assays were run either in duplicate or triplicate. The data
are expressed in terms of nmoles of deoxyadenosine per 30
min. The duplicate or triplicate tubes for ADP reducÃase
activity assayed by this paper Chromatographie method usually
varied by 10 to 15% of the average value of the samples.

RNA was extracted from the tumor cell homogenate with
phenol, according to the procedure of Kirby (13). The tRNA
was separated from rRNA with 1 M NaCl (27). The tRNA and
rRNA prepared by these procedures had absorbance ratios at
260:280 nm of 1.92 and 1.74, respectively.

To prepare RNA-14C, we gave tumor-bearing mice injec
tions of cylidine-l4C (0.2 Â¿tCi)at 12-hr intervals 2 days before

sacrifice. The tumor cells were isolated and the RNA was
prepared as before. The specific activity of the isolated tRNA
was 2 X 10s cpm/mg RNA. RNase activity in the protamine

sulfate fraction was determined by measurement of the
radioactivity released as acid-soluble material after incubation
at 37Â°for 30 min, essentially by the method of Kalnitsky et

al. (11), except that the RNase activity was determined at the
pH of the reducÃaseassay.

Protein concentrations were estimated by the method of
Lowry et al. (16), with egg albumin (crystallized 5 times) as
the standard. RNA was determined by the orcinol method
(10) or by use of a nomagraph (26). Radioactivity was
measured in a Packard Tri-Carb liquid scintillation spectrom
eter.

The 14C-labeled CDP (338 mCi/mmole), 14C-labeled
cytidine (374 mCi/mmole), and 14C-labeled ADP (17.7

mCi/mmole) were purchased from New England Nuclear,
Boston, Mass. The rest of the biochemicals used in these
studies were purchased from Sigma Chemical Company, St.
Louis, Mo. The mice were purchased from Flow Research
Animals, Inc., Dublin, Va.

RESULTS

Inhibition of Ribonucleotide Reductase by RNA. Ribonu-
cleotide reducÃase activity was inhibited by tRNA and rRNA
from Ehrlich ascites cells, by yeast tRNA, and by poly(C).3

Poly(A) was not inhibitory, while poly(I), poly(G), and
poly(U) were only slightly inhibitory. These data are
summarized in Table 1. Poly(I) and poly(G) did not alter the
inhibition caused by poly(C).

Chart 1 shows the effect of yeast tRNA concentration on
the inhibition of ribonucleotide reducÃase. Similar data were
obtained for the other RNA's. In the case of each of Ihe
RNA's used in Ihis study, the degree of inhibilion oblained

leveled off al 70 to 75%. However, the concentralion of RNA
required lo reach Ihis inhibilion was quile low. A concenlra-
lion of approximately 5 fiM was required lo give 50%
inhibition.

Since the assay method for determining ribonucleotide
reducÃase activily involves Ihe use of a 2nd enzymalic
hydrolysis slep (phosphodieslerase and phosphomonoeslerase
activities in snake venom), the effect of RNA on this portion

'The abbreviations used are: poly(C), polycytidylate; poly(A),
polyadenylate; poly(I), polyinosinate; poIy(G), polyguanylate; poly(U),
polyuridylate.

of the assay melhod was lesled. The slandard assay for
reducÃase was set up, allowed to proceed for 30 min, and
terminaled by heating; then the RNA and snake venom were
added and the procedure was carried out in the usual manner.
It was observed thai, wilh concenlralions as high as 625 Â¿/gof
poly(C) or yeasl tRNA per ml, Ihere was only a 10% decrease
in activily. Therefore, al the concentrations of RNA used as
inhibitors in Ihese experiments, the effects observed were Ihe
result of inhibition of ribonucleolide reducÃaseand noi of Ihe
snake venom enzymes.

Effect of RNase Treatment on Inhibition by RNA. Yeasl
iRNA was hydrolyzed by eilher pancreatic or TI RNase, or by
a mixture of both. The hydrolysis of RNA by these nucleases
did not affect the extenl of inhibilion (Table 2). Paper
chromatography of Ihe RNase-lrealed RNA samples showed
lhal Ihere was exlensive hydrolysis, while chromalography of
the T! RNase-lrealed RNA sample (over Sephadex G-25)
showed lhal approximalely 17% eluted with the void volume,
40% eluted in the region of M.W. 1300 to 1800, and Ihe rest
eluted as smaller molecular-weight compounds.

Since it was observed thai there was litlle alleration in
inhibition by RNase Ireatment of the tRNA, the effect of
2'(3')-nucleotides on ribonucleolide reducÃase activity was

determined. These data are shown in Table 3. From Ihese data,
it seems that 2'(3')-CMP is the monoribonucleolide responsible

for the inhibition of ribonucleotide reducÃase, although a
synergislic effect is obtained when Ihe other 3 nucleotides are
added. However, the concentralion of mononucleotide re
quired to obtain the limited inhibition observed was about 1
mM, which is approximalely IO3 times higher than was

required for yeast or tumor cell tRNA.
Table 3 also presenls data showing a comparison of the

inhibition of CDP reducÃase aclivily by 2'(3')-CMP, CpC,

CpCpC, poly(C), and yeasl IRNA. On either a weight or
molarity basis, poly(C) was most inhibitory. Addition of
5'-CMP lo Ihe assay mixture al Ihe same final concenlralion of
2'(3')-CMP caused an "apparenl" inhibilion of 27%. It is

known that the prolamine sulfale fraclion contains nucleotide
kinases which phosphorylale some of the 5'-CMP to 5'-CDP

during the reaclion period and would cause isolope dilulion of
lheCDP-l4Csubslrate.

Effect of Preincubation on Inhibition by RNA. Since
RNase-treated RNA inhibiled CDP reducÃase activity, the
possibility existed thai il was not RNA bul Ihe nuclease-gener-
aled producÃs lhal were inhibilory. To test this theory, we
incubaled yeasl tRNA and poly(C) with the prolamine sulfale
fraclion under 2 differenl sels of condilions. In Ihe 1st set of
experimenls, Ihe protamine sulfate fraction was incubated
wilh or without tRNA and poly(C) for 20 hr at 0-5Â°. The
substrate (CDP-14C) and the RNA or poly(C) were added to

Ihe appropriate tubes, and the reducÃaseassay was carried out
at 37Â°as usual. The exlenl of inhibilion wilh eilher tRNA or

poly(C) was the same (40 and 60%, respeclively) whelher Ihe
RNA was preincubaled wilh Ihe enzyme fraclion or added al
Ihe lime of subslrale addilion. In the 2nd set of experimenls,
the enzyme fraction was incubated in the presence and
absence of IRNA and poly(C) at 37Â°for 30 and 60 min.

Substrale and RNA were added, and Ihe reaclion was carried
out for an additional 30 min at 37Â°.Again, preincubation of

994 CANCER RESEARCH VOL. 33

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2390248/cr0330050993.pdf by guest on 19 M

ay 2023



Inhibition of Ribonucleotide ReducÃaseby RNA

Table 1
Effect of various RNA 's on CDP reduction

The assays were carried out as described in "Materials and Methods"

with the addition of the RNA to the standard assay mixture with a final
reaction volume of 150 jil. The RNA's were added at a final

concentration of 25 yug/reaction. Poly(l) and poly(G) (25 Mg) were
added to poly(C) (25 jug)before addition of enzyme and substrate. The
enzyme activity for CDP reduction in absence of added RNA was 1.44
nmoles/30 min.

RNA % inhibition

Tumor tRNA
Tumor rRNA
Yeast tRNA
Poly(C)
Poly(A)
Poly(U)
Poly(G)
Poly(l)
Poly(C) + poly(I)
Poly(C) + poly(G)

40
42
55
60

2
19
15
20
60
60

100

e"E
"o

<D

(J
O

50

B 16 24

yeast tRNA, ;jM
Chart 1. Effect of yeast tRNA on ribonucleotide reducÃaseactivity.

Ribonucleotide reducÃase activity was measured in the presence of
varying concentrations of yeast tRNA. The assays were carried out in
duplicate as described in "Materials and Methods." The data represent 3

different protamine sulfate preparations from different pH 5.2-in-
soluble fractions (o, Â»,andÂ»). The enzyme activity of the controls
containing no tRNA were 1.60, 1.53, and 1.42 nmoles/30 min,
respectively.

the RNA or poly(C) with the protamine sulfate fraction did
not increase the extent of inhibition.

Finally, the extent of inhibition as a function of time of
reaction was followed. Control and inhibited reactions were
stopped at 10, 20, 30, and 60 min; in the presence of tRNA,
the inhibitions were 47, 48, 49, and 45%, respectively. The
degree of inhibition did not change with time.

Nature of Inhibition by RNA and Poly(C). The nature of
the inhibition of ribonucleotide reducÃase by RNA was
determined by the method of Dixon (6). From the data shown
in Chart 2, A to D, it can be seen that the inhibition of
reducÃaseactivity by RNA is competitive with KÂ¡'sof 145, 39,

Table 2
Effect of pancreatic and 7", RNascs on CDP reduction

The assays were carried out as described in "Materials and Methods"

in a final volume of 150 til. The yeast tRNA (5 mg) was incubated with
pancreatic RNase (10 jug), T, RNAse (10 ng), or a mixture of both in
Tris-HCl buffer, pH 7.0, 0.02 M, for 24 hi at 37Â°.The hydrolysates

were diluted, and aliquots were taken for determination of inhibition.
A sample of yeast tRNA was incubated under identical conditions,
except that no RNase was added. In each assay mixture that contained
RNA, 25 jugwas used. The assays were carried out in duplicate.

RNA sample
Activity remaining

None0
Yeast tRNA
Pancreatic RNase-treated RNA
T, RNase-treated RNA
Pancreatic and T, RNase-treated RNA

100
56
64
61
64

"The controls containing no RNA had an initial velocity of 1.64

nmoles of deoxycytidine per 30 min.

Table 3
Effect of2'(3')-mononudeotides and oligonucleotides on

CDP reduction
The assays were carried out, as described in "Materials and Methods,"

in a final volume of 150 jul. In Experiment 1, the 2'(3')-mononucleo-

tides were added at the level of 50 ng/tube, while the mixture of all 4
nucleotides contained a total amount of 50 jug/tube (12.5 /ug of each
nucleotide). The tubes containing CMP and another nucleotide had 50
tig of each nucleotide. In Experiment 2, the nucleotide material was
added at a concentration of 25 Mg/tube.

Experiment122'(3')-nucleotide(s)CMP,

UMP,GMP,AMPCMPCMP,

UMPCMP,
GMPCMP,
AMPCMP,
UMPAMPGMPUMP2'(3')-CMPCpCCpCpCPoly(C)Yeast

tRNAActivity

remaining
(%)54647464646498100878380704654

300, and 350 Â¿ig/mlfor the yeast tRNA, poly(C), tumor cell
tRNA, and tumor cell rRNA, respectively. For yeast and
tumor cell tRNA, these values represent KÂ¡'sof approximately

5.8 and 12 /uM, respectively, assuming a molecular weight of
25,000 for the soluble RNA. The poly(C) was shown to be
heterogeneous by chromatography over Sephadex G-100 (22),
eluting in a broad peak in the region following the elution of
yeast tRNA from the column.

The inhibition by RNA was also shown to be reversible by
the graphic method of Ackermann and Potter (1) in which the
velocity was measured as a function of enzyme concentration
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O 24 48 72

I, ;jg /reaction
0 20 40 60

I, jjg /reaction

4.2

D

13 26 39 7.5 IS.O 22.S
I, pg /reaction I, ug /reaction

Chart 2. Dixon plots of the effect of various RNA's on ribonucleotide reducÃaseactivity. The enzyme was assayed as described in "Materials and
Methods," except that the substrate concentration was altered. The final reaction volume was 155 /J. In each of the graphs (A to D), the final
substrate concentrations were 1 X IO"5 M (â€¢)and 5 X 10~s M (â€¢)./!,B, C, and/), data for tumor cell tRNA, tumor cell rRNA, yeast tRNA, and

poly(C), respectively. The data are plotted as l/i>, in terms of the reciprocal of nmoles deoxycytidine per 30 min versus the Â¿igof exogenous RNA
per reaction mixture.

in the presence and absence of inhibitor. These data are shown
in Chart 3. At the lowest concentration of enzyme, the
activities in both the control and inhibited samples were not
proportional to the enzyme concentration, but this was
probably due to a dilution effect and is commonly seen for
ribonucleotide reducÃase (3, 9). However, the presence of the
exogenous inhibitor did not titrate out the enzyme activity, as
would be expected for an irreversible inhibitor.

Effect of Poly(A), Poly(C), and tRNA on ADP Reduction.
Since it was observed that poly(C) was a competitive inhibitor
with respect to CDP as substrate and that poly(A) did not
inhibit CDP reduction, the effect of poly(A), poly(C), and
tRNA on ADP reduction was studied. The percentage
inhibition of ADP reducÃaseactivity by these polyribonucleo-
tides at a final concentration of 167 Mg/ml was 20, 11, and
40%, respectively for poly(A), poly(C), and tRNA. Although
poly(A) inhibited ADP reduction, it inhibited appreciably less
than did yeast tRNA. Because of the nature of the assay for
ADP reduction, the study was not extended. It is questionable
whether poly(C) inhibits ADP reduction.

RNase Activity in the Protamine Sulfate Fraction. IRNA-
14C (100 Mg)prepared from Ehrlich tumor cells was incubated
with the protamine sulfate fraction for 30 min at 37Â°.Less

than 2% of the radioactivity was released to the acid-soluble
fraction, indicating slight RNase activity in the enzyme
fraction.

Effect of Protamine Sulfate Fractionation on RNA Concen
tration. The treatment of the pH 5.2-insoluble fraction (which
contains the ribonucleotide reducÃaseactivily) with protamine
sulfate results in a 10-fold increase in reductase-specific
activily with a corresponding 43-fold decrease in the RNA
content of the protamine sulfate fraction. When sufficient
RNA is added to Ihe prolamine sulfate fraction to approxi
mate the concentration of RNA found in the pH 5.2-insoluble
fraction, a marked decrease in enzyme activity occurs, and the
aclivily approaches that of the pH 5.2 fraction. These dala are
shown in Table 4. The specific aclivity in terms of enzyme
units per mg protein was still much higher in the protamine
sulfale fraclions lo which exogenous RNA was added lhan Ihe
specific aclivity of the pH 5.2 fraction.
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Inhibition of Ribonucleotide ReducÃase by RNA

1 0.8

0.4
Z

N
Z

25 50 75 100

Jl\ ENZYME

Chart 3. Effect of RNA on reducÃaseactivity as a function of
enzyme concentration. Yeast tRNA (20 ^g/rÃ©action)was used as the
inhibitor. The enzyme activity for the controls without inhibitor (â€¢)
and with yeast tRNA (â€¢)were determined as described in "Materials
and Methods."

DISCUSSION

The level of ribonucleotide reducÃase activity has been
shown to vary (a) with the growth cycle of the cell (19, 25),
(6) in regenerating liver (12), (c) with the rate of tumor
growth (7), and (d) with the level of DNA synthesis (5). What
controls the alteration in reducÃase activily in vivo is noi
known. It has been reported lhal Ihe increase in enzyme
activity depends on protein synlhesis (7), while il has also
been reported lhal there are naturally occurring inhibitors of
ribonucleotide reducÃasein Ehrlich lumor cells (4).

In Ihis report, dala are presenled lhal show lhal RNA
markedly inhibited ribonucleotide reducÃase in vitro. The
inhibilion by RNA appeared lo be dependenl on Ihe base
composilion of the RNA, since yeast tRNA, tumor cell tRNA,
rRNA, and poly(C) were effective inhibitors of ribonucleolide
reducÃase, bul poly(A), poly(G), poly(I), and poly(U) were
much less active inhibitors. The addilion of poly(G) or poly(I)
lo poly(C) had lillle or no effecl on the inhibition caused by
poly(C), indicating thai poly(C) did not have to be single
stranded lo be an effeclive inhibitor of ribonucleolide
reducÃase. The inhibilion of ribonucleolide reducÃaseby RNA
appeared lo be reversible and did noi appear to be time
dependenl.

Trealing Ihe dala graphically by Ihe melhod of Dixon (6),
we found lhal Ihe RNA appeared lo be a competitive inhibitor
wilh respecl lo the substrate CDP. Increasing the concenlra-
lion of CDP did lower the degree of inhibilion observed.
However, the ribonucleolide reducÃase system is much too
complicaled lo express wilh such simple enzyme kinelics, and
the dala do noi fil Ihe case of a slriclly compelilive inhibilion.
Thai it is not a simple case of competilive inhibition is also
shown from the data presenled in Chart 1. The physical
interpretation of Ihese KÂ¡data cannot be simply stated, but

the data do show thai RNA al relalively low concenlralions
was an effeclive inhibilor of ribonucleolide reducÃase. The
IRNA from yeast and tumor cells had KÂ¡'sof 5.8 and 12 /Â¿M,

respectively. Poly(C) was even more potent on a ;ugbasis than
either of Ihese.

A comparison of Ihe inhibilion by poly(C), CpCpC, CpC,
and 2'(3')-CMP again showed lhat poly(C) was Ihe most

effective inhibitor on a weight basis. The inhibition of
ribonucleotide reducÃaseby RNase-lreated RNA was therefore
probably principally due to the larger molecular-weight
oligonucleotides and undigested RNA.

The reduclion of ADP by ribonucleolide reducÃase of
Ehrlich lumor cells was inhibited by tRNA and, to a lesser
extenl, by poly(A). The inhibilion of ADP reduclion by
poly(C) was minimal.

Since preincubalion of Ihe RNA wilh the reducÃasefraction
did not increase the extenl of inhibition and the extenl of
inhibilion was noi time dependenl, il is doublful lhal nuclease
producÃs were responsible for Ihe inhibition. Il was observed
lhal Ihe extenl of inhibilion by cylidine nucleolides decreased
wilh decreasing chain lenglh [ihe order being poly(C) >
CpCpC > CpC = 2'(3')-CMP].

Ribonucleolide reducÃase aclivily has been shown in bolh
mammalian (18) and bacterial (15) syslems lo be carefully
regulated by nucleotides thai can act as allosleric aclivators or
inhibitors, depending on the particular subslrale. These dala
showing lhat RNA inhibits ribonucleolide reducÃase aclivily
may be related to Ihe allosleric nalure of Ihis enzyme system
and may also explain why Ihe inhibilion by RNA is not
strictly competitive.

Whether Ihe inlracellular RNA (or a specific RNA molecule)
is one of Ihe faclors involved in conlrolling Ihe in vivo aclivily
of ribonucleolide reducÃase remains to be shown. In this
connection, we have observed that mitomycin C [which
reportedly lowers the RNA concentration of Sarcoma 180
ascites cells (20)], when injected inlo mice bearing Ehrlich
lumor cells, caused a 23 lo 37% increase in specific activity of
ribonucleotide reducÃase in the crude cell-free extraÃ©is

Table 4
Effect ofprotamine sulfate fractionation on RNA content and

reducÃaseactivity
The protamine sulfate fractionation of the pH 5.2-insoluble fraction

and the activity assays were carried out as described in "Materials and
Methods." The RNA content was determined from the absorbances at

260 and 280 nm (24), since we had previously determined the DNA
content of the pH 5.2 fraction to be negligible (unpublished
observations). The protein content of the pH 5.2 fraction was 32
mg/ml, while that of the protamine sulfate fraction was 0.96 mg/ml.
The assays were carried out in triplicate. Tumor cell rRNA and yeast
tRNA were added at the concentration listed.

FractionpH

5.2-insolubleProtamine
sulfateProtamine

sulfate+rRNA
(5.1mg)Protamine

sulfate+yeast
tRNA (5.1 mg)EndogenousRNA(mg/ml)5.220.120.120.12ReducÃaseactivity(nmoles/30

min)0.491.590.630.35%activity1004022
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prepared from these tumor cells over the specific activity of
reducÃasein the nontreated tumor cells (unpublished observa
tions). Since ribonucleotide reducÃasewas demonstrated to be
a cytoplasmic enzyme in regenerating liver (14) and in Ehrlich
tumor cells (unpublished observations), it is entirely possible
that a RNA fraction of the cytoplasm is involved in the
regulatory control of ribonucleotide reducÃase.

The observation that RNA markedly inhibits ribonucleolide
reducÃase in vitro may also be important in the studies
involving the purification of the enzyme from mammalian
cells, since the concenlralion of RNA found in the cell-free
extraÃ©iswill inhibit the reducÃaseaclivily presenl (Table 4).
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