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SUMMARY

ARYA, S. K., B. GORDON, AND N. A. YOUNG: Polyribonucleotide inhibition of

ribonucleic acid directed deoxyribonucleic acid polymerase of mouse mammary
tumor (type B) virus and simian sarcoma (type C) virus. Mol. Pharmacol. 16, 297-
305, (1979).

�he response of the RNA-directed DNA polymerases of mouse mammary tumor virus
MMTV) and simian sarcoma virus (SiSV) to synthetic polynucleotides is investigated in
his study. Detergent-disrupted, virus-associated-as well as partially purified DNA
olymerase-activities were analyzed. DNA polymerase activities from both viruses were
rthibited by single-stranded polyribonucleotides. While no major qualitative differences
vere found, the quantitative responses of the DNA polymerases of the two viruses were
Lifferent. Analysis of inihibition kinetics revealed the following order of inhibitory
potency: Poly(U) > poly(I) >> poly(A) for MMTV DNA polymerase and poly(I) >

�oly(U) >> poly(A) for SiSV DNA polymerase. Poly(A) was less and poly(U) was more
rihibitory for SiSV DNA polymerase when compared with MMTV DNA polymerase. In
ddition, MMTV DNA polymerase displayed roughly the same affinity for the template:
rimers poly(A):oligo(dT) and poly(C):oligo(dG). In contrast, SiSV DNA polymerase
referred poly(C):oligo(dG) over poly(A):oligo(dT).

INTRODUCTION

Single-stranded polyribonucleotides in-
iibit the functions of RNA tumor viruses
n vitro (1-10) and in vivo (11-13). We have
)revlously reported the effect of several
)olynbonucleotides on the replication of
4oloney murine leukemia virus (MuLV)2
ri cultured murine cells (8-10). We noted

I An IPA research scientist at the National Cancer
natitute, on leave ofabsence from Roswell Park Mem-

�rial Institute, Buffalo, New York.

2 The abbreviations used are: MuLV, murmne leu-
:emia virus; MMTV, mouse mammary tumor virus;

;isv, simian sarcoma virus; AMV, avian myeloblas-

osis virus; poly(A), poly(riboadenylic acid); poly(C),

that poly(I) specifically inhibits the synthe-
sis of MuLV proviral DNA in cultured cells
(10), suggesting that polyribonucleotides

affect intracellular viral RNA-directed
DNA synthesis. This was in accord with
our previous findings that these polymers
inhibit MuLV RNA-directed DNA polym-
erase in vitro (4, 7, 9). For several polyri-
bonucleotides studied, a good correlation
was observed between their effect on virus
replication in cell culture and viral DNA

poly(ribocytidylic acid); poly(I), poly(riboinosinic

acid); poly(U), poly(ribouridylic acid); oligo(dT),
oligo(deoxythymidylic acid); oligo(dG), oligo(deoxy-
guanylic acid).
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polymerase in vitro (7-10). Similar effects
of some polyribonucleotides have been re-
ported for murine leukemia-sarcoma vi-
ruses (1, 3), and avian and feline leukemia-
sarcoma viruses (5, 6).

Studies reported thus far have been
largely confined to type C RNA tumor vi-
ruses, which differ from type B RNA tumor
viruses morphologically as well as biochem-
ically. For example, the genomic RNA of
type B viruses does not display significant
sequence homology with that of type C
viruses (14).� Similarly, the RNA-directed
DNA polymerases of these two virus types

are dissimilar immunologically (15) and
prefer different cation cofactors (15, 16).
Biologically, type C viruses generally cause
leukemias, lymphomas and sarcomas, and
type B (and type D) viruses are associated
with mammary carcinomas (17).

The existence of these and other distinc-
tions between type B and C viruses sug-
gested that their DNA polymerases might
also have important functional differences
such as dissimilar polynucleotide binding
sites. These possibilities were explored in

the present investigation by examining the
effects of synthetic polynucleotides on the
DNA polymerases of MMTV (a prototype
B virus) and SiSV (a prototype C virus).

MATERIALS AND METHODS

Polynucleotides and viruses. Poly(A)
(9.6S), poly(C) (8.95), poly(I) (12.6S),

poly(U) (6.05), and oligo(dT)1218 were ob-
tamed from Miles Laboratories. Polynucle-
otides were extracted with pheno1:CHC1�:

isoamyl alcohol (48:48:1, v/v) in the pres-
ence of 0.1-0.5% sodium dodecyl sulfate

and were then ethanol precipitated.
Qligo(dG)1218 and unlabeled deo�yribonu-
cleoside triphosphates were obtained from
P. L. Biochemicais. Tritium labeled thy-
midine triphosphate (59.5 Ci/mmole) and
deoxyguanosine triphosphate (34.4 Cu

mmole) were purchased from New England

Nuclear Corporation. The concentratiqn of
polynucleotides was determined spectro-

photometrically as described before (4, 7).
Purified MMTV and SISV were supplied

by Dr. Charles Benton (Frederick Cancer

J S. K. Arya and N. A. Young, unpublished results.

Research Center) through the courtesy of
Dr. Jack Gruber, Office of Program Re-
sources and Logistics, National Cancer In-
stitute. MMTV was obtained from virus-
infected cultures of C3H mouse derived
Mm5mt/c1 cells. SiSV was from virus-in-
fected human NC-37 cells. These viruses
had been purified by double equilibrium
sucrose density gradient centrifugation.
MMTV was obtained as a fresh preparation
and SiSV was rebanded to equilibrium in a
15-60% (w/w) sucrose density gradient (4,
10). The virus preparations displayed ex-
pected protein proffles when analyzed by
SDS-polyacrylamide gel electrophoresis.
Cross hybridization experiments with
RNAS and complementary DNAS of the
two viruses and of AKR murmne leukemia
virus did not reveal any cross contamina-
tion.

Purification ofviral RNA-directed DNA

polyrnerase. Partially purified preparations
of MMTV and SiSV DNA polymerase were
obtained by affinity chromatography on
poly(C)-agarose (P. L. Biochemicals, type
6). The procedure was essentially that de-
scribed by Marcus et al. (18). Briefly de-
scribed, the procedure involved disrupting
the virus and solubilizing polymerase activ-
ity by incubating the virus suspension at 0#{176}
for 15 nun in 50 mi�i Tris-HC1 (pH 7.9), 10
mM dithiothreitol, 0.4 M KC1, 1% NP-40
(Bethesda Research Laboratories), and
0.5% sodium deoxycholate. The suspension
was diluted ten fold with 50 mi�i Tris-HC1
(pH 7.9)-i mM dithiothreitol-10% (v/v)
glycerol (TDG buffer) and applied to a cal-
umn of poly(C)-agarose (3 nil b�d in a 9
mm diameter column) at 4#{176}.The coj�mn
had been prewashed with 0. 1 �i glycine (tp
block unoccupied activated residues on th�

agarose matrix) and pre-equilibrated with

TDG buffer. It was washed with at least
ten bed volumes of TDG buffer and eluted
with 0.4 M ECI in TDG buffer. The fra�
ti�ns were assayed for DNA polymerase
activity using poly(A):oligo(dT) as a tem�
plate:primer (Fig. 1). Almost all of the
bound activity eluted �s a sharp band (one
bed volume) with 0.4 M KC1.

RNA-directed DNA polymerase assays.

DNA synthesis catalyzed by detergent-dis-
rupted virus-associated DNA polymerase
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FIG. 1. Purification of MMTV and &SV DNA

polymerase by affinity chromatography on poly(C)-

agarose.

Detergent solubilized polymerase activity was ap-

plied to poly(C)-agarose contained in column at 4#{176}.It

was washed with 50 mi�i Tris-HC1 (pH 7.9)-i mat
dithiothreitol-10% (v/v) glycerol. The column was

then eluted with the above buffer containing 0.4 M

KC1. Aliquots of fractions were assayed for DNA po-
lymerase activity using poly(A):oligo(dT) as a tern-

plate:primer.

was measured in a reaction mixture (50 or
100 �.tl) containing 50 mi�i Tris-HC1 (pH 7.9),
50 mM NaCl, 30 mi�i dithiothreitol, 0.08%
NP-40, 50 �tM [3H]TTP (700 cpm/pmole) or
[3H]dGTP (700 cpm/pmole), various
amounts of poly(A):oligo(dT) (molar ratio,

5:1) or poly(C):oligo(dG); (molar ratio, 5:1),
20 m�i magnesium chloride for MMTV and
1 mM manganese chloride for SiSV, and
virus preparation (20 ,�tg viral protein/mi).
The virus preparation was preincubated at
0#{176}for 15 miti with 100 nmi dithiothreitol
and 0.26% NP-40. The reaction mixture for
DNA polymerase assay with purified en-
zyme contained 50 nmi Tris-HC1 (pH 7.9),
80 m�i KC1, 10 m�i dithiothreitol, 25 �M
[3H]TTP (1,400 cpm/pmole) or [3HJdGPT
(1,400 cpm/pmole), various amounts of
poly(A):oligo(dT) (molar ratio, 5:1) or
poly(C):oligo(dG) (molar ratio, 5:1), 20 mr�i
magnesium chloride for MMTV DNA po-
lymerase and 1 mi�i manganese chloride for
SiSV DNA polymerase, and an aliquot of
purified enzyme. The reaction was initiated
by the addition of detergent-disrupted virus

or purified DNA polymerase to the reaction
mixture containing all the components. It
was incubated at 37#{176}for 20 mm or for
specified times, aliquots were precipitated

with cold trichioroacetic acid, and radioac-
tivity incorporated into acid-insoluble ma-

terial was determined as described before
(4, 7).

Under these assay conditions, the con-
centration of enzyme was in the linear range
ofresponse and that of deoxyribonucleoside

triphosphate was in excess. There was neg-

ligible incorporation of precursors directed
by the endogenous template RNA in the
case of detergent-disrupted virus prepara-
tion. Given the obvious complexity of the
enzyme system, certain assumptions were
made to facilitate analysis of the kinetic
data. At least three binding sites-tem-
plate, primer and precursor-are conceived.
Since no adequate kinetic model for en-
zyme-template:primer-precursor system is

available, a simplified model was used. The
template:primer was employed as a sub-
strate (in the presence of excess precursor)
and the incorporation of precursor was
taken as a measure of template:primer uti-
lization. To obtain kinetic parameters, dou-
ble-reciprocal (Lineweaver-Burk) plots
were constructed by least-squares fitting of
the experimental data. The apparent K8
was determined by the intercept and ap-
parent I(� from the relative slopes of the
least-squares fitted lines representing the
uninhibited and inhibited reaction (19).

RESULTS

The kinetics of DNA synthesis catalyzed
by virus-associated MMTV DNA polym-

erase directed by poly(A):oligo(dT) and
poly(C):oligo(dG) is shown in Figure 2. The
kinetics of inhibition caused by polyribo-
nucleotides [poly(I), poly(A) and poly(U)]
is a�lso represented. The rate of DNA syn-
thesis was nearly linear for 20 mm or more.
This time period was chosen for subsequent
experiments that analyzed inhibition kinet-
ics. Figure 2 also shows that polyribonucle-
otides, particularly poly(I) and poly(U),

markedly inhibited MMTV DNA polym-
erase activity. Sets of template:primer and
inhibitor polynucleotides were chosen such

that the inhibitor polynucleotide would not
form base-pairs with the template or primer
strand under the assay conditions. Thus,
the inhibition kinetics should not be com-
plicated by substrate-inactivation kinetics.



0.24

0.20

� 0.16

I � 12

Q.

.- 008

300 ARYA ET AL.

24#{149}
a) (b)

10 20 30 40 50 10 20 30 40 50

TIME �mn ) TIMF (ni�n)

FIG. 2. Kinetics of DNA synthesis catalyzed by

virus-associated MMTV DNA polymerase.

The reaction mixture contained 50 mat Tris-HC1
(pH 7.9), 50 mM NaCl, 20 mat magnesium chloride, 30

mM dithiothreitol, 0.08% NP-40, 50 �zM [3H]TTP (700

cpm/pmole) or [3HIdGTP (700 cpm/pmole), 5:1 .tM

poly(A):oligo(dT) or 10:2 �at poly(C):oligo(dG), and

detergent-disrupted virus preparation (1 �g viral pro-

tein/50 �.tl). The reaction mixture was incubated at 37#{176}

for specified times and 50 �l aliquots were precipitated

with trichioroacetic acid. (a) Poly(A):oligo(dT)-di-

rected reaction in the absence (--#{149}-) and presence
of polyU) (-�-�-, 1 �LM; -t�-t�--, 5 �LM). (b) Poly(C):
oligo(dG)-directed reaction in the absence (.4-S-)

and presence of 100 LM poly(A) (-�--�-) and 20 jiM
poly(U) (-t�-t�-).

Kinetics ofpolyribonucleotide inhibition

of MMTV DNA polymerase. A double-re-
ciprocal plot of the kinetics of poly(I) inhi-
bition of poly(A):oligo(dT) directed DNA
synthesis catalyzed by virus-associated
MMTV DNA polymerase is presented in
Figure 3. A complex inhibition kinetics pat-
tern was apparent, one consistent neither
with simple competitive inhibition nor with
noncompetitive inhibition; both the appar-
ent K8 and Vm were affected by the inhibitor
(19). The apparent K8 for poly(A):oligo(dT)
in the absence of poly(I) was 3.6 ± 0.4 ,.LM.

The apparent K1 for poly(I), estimated from
the relative slopes of least-squares fitted
lines, was 1.6 ± 0.2 �tM. These data, along
with data for other sets of template:primer
and inhibitor polynucleotides, are listed in
Table 1. Figure 4 shows representative data
for poly(U) inhibition of poly(C):oligo(dG)-
directed DNA synthesis by virus-associated
MMTV DNA polymerase. The apparent K8
and JC� were estimated to be 3.8 ± 0.1 �tM

and 0.5 ± 0.08 �tM, respectively. Much
higher concentrations of poly(A) were re-
quired to obtain significant inhibition of
poly(C):oligo(dG)-directed virus-associated
DNA polymerase; the apparent K1, esti-

015 010 -005 0 005 010 015 020

1 POLY(A)OLIGOuiITft �M

FIG. 3. Kinetics of poly(I) inhibition of poly(A)�

oligo(dT)�directed virus-associated MMTV DNA po

lymerase.

The reaction mixture (50 jil) contained 50 mM Tris�

HC1 (pH 7.9), 50 mat NaCl, 20 mat magnesium chloride,
30 mM dithiothreitol, 0.08% NP-40, 50 jiM [3H]TTF

(700 cprn/prnole), various concentrations of poly(A):
oligo(dT), 2 or 30 jiM poly(I) and detergent-disrupted

virus preparation (1 jig viral protein/SO jil). The reac�

tion mixture was incubated at 37#{176}for 20 min and

precipitated with trichloroacetic acid. Poly(T) synthe.

sis in the absence (-*-S-) and presence of poly(I)
(-�-�-, 2 jiM; -C-t�-, 30 jiM).

mated from double-reciprocal plots (dati
not shown), was 42.8 ± 1.2 /.LM (Table 1).

The reaction kinetics obtained with par
tially purified MMTV DNA polymerase ar�
presented in Figures 5 and 6. Figure 5 show
the data for poly(I) inhibition of poly(A)
oligo(dT)-directed DNA synthesis. Whth
at 2 zM poly(I) the kinetics appeared to bI
consistent with simple competitive inhibi
tion; at higher concentrations both appar
ent K8 and Vm were affected. Thus, as ii
the case of SiSV DNA polymerase (se�
below) and MuLV DNA polymerase (7, 10)
poly(I) inhibition of MMTV DNA polym
erase probably reflects a case of mixed typ�
of inhibition. The apparent K8 and K1 wer�
estimated to be 2.0 ± 0.2 �M and 1.2 ± 0.

/ZM, respectively. Poly(U) inhibition o
poly(C):oligo(dG)-directed MMTV DN�
polymerase also displayed a complex kinet
ics (Fig. 6). The apparent K8 and IC� weri
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Polyribonucleotide inhibition ofMMTV RNA-

directed DNA polymerase

Template:primer Inhibitor K,8 K,�

(jiM) (jiM)

(a) Virus-associated DNA polymerase

�oly(A):oligo(dT) 4.0, 3.2k’
Poly(I) 1.8, 1.4

�oly(C):oligo(dG) 3.8, 37b

(b) Partially purified DNA polymerase

�oly(A):oligo(dT) 2.2, 1.8”
Poly(I) 1.5,0.9

�oly(C):oligo(dG) 2.0, i.8b
Poly(A) - 32.4, 24.6

Poly(U) - 0.24, 0.31

a The kinetic constants were estimated from Line-

veaver-Burk plots of experimental data analyzed by
he least squares method. The apparent K,’s were

�omputed from the relative slopes of the lines repre-

�nting uninhibited and inhibited reaction.
b The amount refers to the concentration of the

emplate strand. The concentration of the primer

trand is one-fifth of the template strand.

estimated to be 1.9 ± 1 � and 0.28 ± 0.04

LM, respectively.
Kinetics ofpolyribonucleotide inhibition

of SiSV DNA polymerase. The kinetics of
inhibition of both virus-associated and par-
tially purified DNA polymerase activities
of SiSV were analyzed. The analyses in-
cluded that for poly(I) inhibition of poly(A):
oligo(dT)-directed, and poly(A) and

poly(U) inhibition of poly(C):oligo(dG)-di-
rected DNA polymerase reactions. Only
representative graphic data are depicted;
the numerical data are listed in Table 2.
Figure 7 shows the kinetics of poly(U) in-
hibition of poly(C):oligo(dG)-directed vi-

rus-associated DNA polymerase. Similar
data for partially purified DNA polymerase
are depicted in Figure 8. In both Cases, a
complex inhibition kinetics was obtained.

Similar complex inhibition kinetics was ob-
served for all other cases examined, regard-
less of whether virus-associated or partially
purified SiSV DNA polymerase was used.

The apparent K8 for poly(C):oligo(dG)
for virus-associated SiSV DNA polymerase
was 7.6 ± 0.2 j�M and that for partially

-0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0

1/[POLY(C):OLIGO(dG)J (�iM1)

FIG. 4. Kinetics of poly(U) inhibition of poly(C):

oligo(dG)-directed virus-associated MMTVDNA po-

lymerase.

The reaction conditions were the same as described

for Fig. 3, except poly(C):oligo(dG) replaced poly(A):

oligo(dT), [3H]dGTP replaced [3H}TTP, and poly(U)
replaced poly(I). Poly(dG) synthesis in the absence

(-#{149}#{149}) and presence of poly(U) (-�-Q-, 2 jiat;

.4:�-c-, 5 j.tai).

purified DNA polymerase was 1.2 ± 0.2
�LM. The apparent K1 for poly(U) was esti-
matedtobe8.8±0.3j�Mand 1.0±0.2MM
for virus-associated and partially purified
DNA polymerase, respectively. The kinetic
parameters for other template:primer and
inhibitors are listed in Table 2. It is note-
worthy that there is a six to eight-fold re-
duction in apparent K8 for poly(C):
oligo(dG) and apparent K1 for poly(U) when
virus-associated and partially purified SiSV
DNA polymerase activities are compared.
Similarly, apparent K8 for poly(A):
oligo(dT) decreases from 15.9 ± 0.7 �sM to
5.2 ± 0.6 ;�tM and apparent K1 for poly(A)
from 30.5 ± 1.5 �LM to 6.7 ± 0.9 jsM when the
two polymerase activities are compared
(Table 2). Changes in kinetic parameters of
this magnitude were not observed in the
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FIG. 5. Kinetics of poly(I) inhibition of poly(A):

oligo(dT)-directedpartiallypurifiedMMTVDNApo-

lymerase.

The reaction mixture contained 50 mM Tris-HC1

(pH 7.9), 80 mM KCI, 20 mat magnesium chloride, 10

mM dithiothreitol, 25 jiM [3H]TTP (1,400 cpm/pmole),
various concentrations of poly(A):oligo(dT), 1 or 5

jiM poly(I), and 10 jil aliquot of poly(C)-agarose pun-
fled enzyme preparation. The reaction mixture was

incubated at 37#{176}for 20 mm and precipitated with
tnichloroacetic acid. Poly(T) synthesis in the absence

( . S ) and presence of poly(I) (-.�-�-, 2 jiat;

-t�-�-, 5 jiM).

case of MMTV DNA polymerase activities
(Table 1).

DISCUSSION

The polymerization of nucleotide precur-
sors into DNA catalyzed by DNA polym-
erase is a mutlicomponent reaction. The
enzyme system is similarly complex. At
least three components require binding
sites on the enzyme: template, primer and
nucleoside triphosphate precursor. Binding
at all three sites may be subject to modifi-
cation by co-factors such as divalent cat-
ions. Because a readily analyzable model
for enzyme: template:primer:precursor
complex is not available, we have resorted
to a simplified model. The template:primer
was employed as a substrate (in the pres-
ence of excess precursor), and rate of incor-
poration of precursor into DNA was taken

03 �0.2 .0.1 0 0.1 0.2 03 0.4 0.5

1/LPOLY(C):OLIGO(dG)J (PM’)

FIG. 6. Kinetics of poly(U) inhibition of poly(C):

oligio(dG)-directed partially purified MMTV DNA

polymerase.

The reaction conditions were the same as described

for Fig. 5, except poly(C):oligo(dG) replaced poly(A):

oligo(dT), [3H]dGTP replaced [3H]TTP, and poly(U)

replaced poly(I). Poly(dG) synthesis in the absence
( .�. ) and presence of poly(U) ( � Q , 2 jiM;

-c--c-, 5 jiM).

as a measure of template:primer utilization

or velocity of the reaction. Analysis of dou-
ble-reciprocal (Lineweaver-Burk) plots ob-
tamed from the experimental data indi-
cated that, in nearly all cases, both MMTV
and SiSV DNA polymerases displayed
complex inhibition kinetics. Both K8 and
Vm were affected, consistent with neither
simple competitive nor noncompetitive in-
hibition (19). The inhibition kinetics thus
appeared to be of the mixed type (19). We
have previously made similar observations
for polynucleotide inhibition of MuLV
DNA polymerase. More recently, Yama-
mura and Cavalieri (20) obtained a mixed
type of inhibition kinetics for non-primer
tRNA inhibition ofAMV DNA polymerase.
A mixed type inhibition results when the
inhibitor not only affects the binding of the
substrate to the enzyme but also interferes
with the breaicdown of active complex (19).
Consistent with this concept is the hypoth-
esis that the polynucleotide binding site(s)
on the enzyme consists of a collection of
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TABLE 2

Polyribonucleotide inhibition ofSiSV RNA -directed

D

Template:primer

NA polymerase

Inhibitor K,”

(jiM)

K,8

(jiM)

(a) Virus-associated DNA polymerase

Poly(A):oligo(dT)

� Poly(C):oligo(dG)

15.2, l6.6’�

Poly(I) 1.3, 1.0
7.4, 77bPoly(A) 29.1, 32.0

Poly(U) 9.1,8.5

(b) Partiallypurified DNA polymerase

Poly(A):oligo(dT)

Poly(C):oligo(dG)

4.6, 5.8”

Poly(I) 0.7, 0.6

1.4, 1.1”

Poly(A) 5.8, 7.6

Poly(U) 0.96, 0.86

a The kinetic constants were estimated from Line-

weaver-Burk plots of experimental data analyzed by

the least-squares method. The apparent K,’s were
computed from the relative slopes of the lines repre-
senting uninhibited and inhibited reaction.

b The amount refers to the concentration of the

template strand. The concentration of the primer

strand was one-fifth of the template strand.

subsites (4, 21), each of which may be af-
fected differentially by the inhibitor poly-
nucleotides. Such interactions could result
in the type of complex inhibition kinetics
observed. Other explanations are also pos-
sible. For example, inhibitor polynucleotide
may introduce specific conformational
changes in the enzyme. The interaction of
polynucleotides with molecular species con-

taminating DNA polymerase preparations
that affect catalytic activity may be another
factor.

Regardless of the complex kinetics, ki-

netic parameters can be computed from
double-reciprocal plots. The apparent K8

can be obtained from the intercept on
1/1s1-axis of the line representing uninhibi-
ted reaction and the apparent K1 can be
computed from relative slopes of the lines
representing uninhibited (Ks/Vm) and in-
bibited (Ks/Vm [1 + ‘/K1]) reaction (19).
Accordingly, we have computed apparent
IC�’s from relative slopes. This is satisfactory
for our primary purpose of comparing var-
ious polynucleotides and enzyme prepara-
tions.

As indicated in Tables 1 and 2, different

FIG. 7. Kinetics of poly(U) inhibition of poly(C):

oligo(dG)-directed virus-associated SiSV DNA po-

lymerase.

The reaction conditions were the same as described

for Fig. 4, except 1 mat manganese chloride replaced
magnesium chloride. Poly(dG) synthesis in the ab-

sence (-S-#{149}--) and presence of poly(U) ( � �-, 5

jiM; -t�-C-, 20 jiM).

enzyme preparations respond differentially
to various polynucleotides. Apparent K8

and K1 for partially purified enzyme are less
than those observed with virus-associated
polymerase activity. In the case of MMTV,
this difference is modest (two fold), but
with SiSV it is four to eight fold [the ap-
parent K1 for poly(I) is an apparent excep-
tion in this regard]. Similar results have
been reported for AMV DNA polymerase
(5) and for MuLV DNA polymerase (7, 8,
10). The reason(s) for these observations is
not clear. It is possible that extraneous
molecular species present in detergent-dis-
rupted virus preparations interfere with the
interaction of polynucleotide with DNA po-
lymerase. They could, for example, interact
with the added polynucleotide, thus reduc-
ing its effective concentration for the po-
lymerase reaction. If such is the case, these
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FIG. 8. Kinetics of poly(U) inhibition of poly(C):

oligo(dG)-directed partially purified SiSV DNA po-

lymerase.

The reaction conditions were the same as described

for Fig. 6, except 1 mM manganese chloride replaced
magnesium chloride. Poly(dG) synthesis in the ab-
sence ( #{149}#{149}) and presence of poly(U) ( � �-, 2

jiM; -.t�-t1-, 10 jir.t).

interacting species must be more effective
in the case of SiSV than MMTV. Further,
they display a degree of specificity, since
kinetic parameters for various template:

primer and inhibitor polynucleotides are
affected differentially. This could be due to
different concentrations of such species in

the two virus preparations or such species
may be intrinsically different with respect
to their interaction with polynucleotides.
Among such candidate species could be the
specific RNA binding phosphoproteins re-
cently described for some type C viruses
(22). Additionally, the interacting species
may be the viral genomic RNA that is
present in detergent-disrupted virus prep-

arations but is absent from purified polym-
erase preparations. The concentration of
genomic RNA in our reactions, estimated
to be 1.2 �LM based on the known mass ratio
of protein to RNA in virus particles (23),

conceivably is sufficient to be a factor.
When partially purified DNA polymerase

activities of MMTV and SiSV are com-

pared, no major qualitative differences are
apparent that would reliably differentiate
the polymerases of the two virus types.
Both polymerases are inhibited by the
polyribonucleotides thus far investigated.
However, there are significant quantitative
differences. Whereas there is no apprecia-
ble difference in the apparent K8’s for
poly(A):oligo(dT) and poly(C):oligo(dG)
for MMTV DNA polymerase, the corre-
sponding apparent K8’s for SiSV DNA po-
lymerase differ by a factor of about four.
These results suggest that while template
binding site(s) on MMTV DNA polymerase
does not discriminate between poly(A) and
poly(C), such site(s) on SiSV DNA polym-
erase displays higher affinity for poly(C)
than poly(A). Similar results have been pre-
viously reported for AMV DNA polymerase
(5) and MULV DNA polymerase (4, 7).
Thus, preferential binding to poly(C) Se-
quences may be a common feature of DNA
polymerases of type C viruses.

There is a notable difference between the
apparent K1’s for poly(I) and poly(U) for
MMTV DNA polymerase; poly(U) is con-
siderably more potent as an inhibitor than
poly(I), but this is not the case for SiSV
DNA polymerase. Poly(A) appears to be
three to four times more potent as an inhib-
itor of SiSV DNA polymerase compared
with MMTV DNA polymerase. These re-
suits again suggest sequence-specific differ-
ences in the polynucleotide binding site(s).
on DNA polymerases. It should be recog-
nized that these inferences are based on
analyses of kinetics of DNA synthesis and
are not based on direct measurements of
binding of polynucleotides to viral DNA
polymerases.

In summary, the responses of MMTV
and SiSV DNA polymerases to synthetic
polynucleotides revealed no qualitative fea-
tures that would reliably and predictably
distinguish these two DNA polymerases.
However, significant quantitative differ-
ences were noted. In addition, partially pu-
rifled DNA polymerase activities were
more strongly inhibited than virus-associ-
ated DNA polymerase activity. These find-
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ings suggest that purified enzyme may be a

more suitable target than virus-associated
DNA polymerase for screening assay of po-
tential inhibitors. On the other hand, if viral

DNA synthesis in vivo occurs in the cores
of virus particles, the virus-associated DNA
polymerase may be a more appropriate tar-
get.
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