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SUMMARY

REYNOLDS, FRED H., JR., PITHA, PAULA M., CHIJANG, RONALD, CHENG, TU-CHEN,

KAZAZIAN, HAIG H., JR. & GRUNBERGER, DEZIDER (1975): Effects of poly(9-vinyl-

adenine) and poly(1-vinyluracil) on messenger ribonucleic acid template activity.
Mol. Pharmacol., 11, 708-715

The neutral polynucleotide analogues poly(9-vinyladenine) and poly(1-vinyluracil) were

found to inhibit [3H]dTTP incorporation in a system containing rabbit hemoglobin
mRNA as template, oligo(dT) as primer, and purified avian myeloblastosis RNA-
dependent DNA polymerase. The incorporation was inhibited 50% at an analogue
concentration of 0.1 m� in base residues. Complexes of homopolynucleotides with vinyl
polymers were tested as templates in a cell-free amino acid-incorporating system

prepared from Krebs II ascites cells. Poly(9-vinyladenine) inhibited poly(U)-stimulated
[‘4C]phenylalanine incorporation, while poly(1-vinyluracil) inhibited poly(A)-stimulated
[“Cilysine incorporation. In neither case was the noncomplementary vinyl polymer

inhibitory. Although poly(9-vinyladenine) had no effect on rabbit globin mRNA-stimu-

lated amino acid incorporation in a cell-free system prepared from the Krebs II ascites

tumor, poly(1-vinyluracil) was slightly inhibitory, with 50% inhibition occurring at a
concentration of 10 m�i uracil residues. However, similar inhibition occurred with a
preparation of mRNA which did not contain the 3’-terminal poly(A) sequence, indicat-
ing that the inhibition occurring with high concentrations of poly(1-vinyluracil) does not
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involve the 3’-teminal poly(A) of the mRNA. The radioactive proteins produced in the

cell-free system both with and without vinyl polymer coelectrophoresed with rabbit
globin marker. These results suggest that the 3’-terminal poly(A) sequence of mRNA

does not function in cell-free protein synthesis. Furthermore, the failure of the vinyl
polymers to significantly inhibit cell-free protein synthesis suggests that the mechanism

of vinyl polymer inhibition of murine leukemia virus replication in mouse cells involves
inhibition of RNA-dependent DNA polymerase rather than inhibition of viral protein

synthesis.

INTRODUCTION

Poly(A), poly(U), and their analogues,

poly(vA)3 and poly(vU), were potent inhibi-
tors of murine leukemia virus RNA-de-
pendent DNA polymerase in vitro (1, 2).
These polymers block acute murine leuke-
mia virus infection in mouse embryo cells,

but they do not inhibit the replication of

Sindbis and vesicular stomatitis virus (2,
3). Although no cellular toxicity was re-

ported for poly(vA), high concentrations of
poly(vU) inhibited growth and [3H]thymi-

dine uptake by NIH 3T3 cells (2). The in-
hibition of RNA-dependent DNA polym-

erase could be caused by interaction of the
inhibitors with either the template RNA

or the enzyme, while the cellular toxicity
could be due to similar interactions with
cellular nucleic acids and enzymes.

Most eukaryotic mRNAs and viral
RNAs contain a poly(A) stretch at their 3’-

terminus, and the biological function of
this poly(A) is not completely understood
(4). Preparations of mRNA with the

poly(A) removed are functional in cell-free
amino acid-incorporating systems pre-
pared from eukaryotes (5-7). However, in-

jection of this poly(A)-deficient globin
mRNA into Xenopus oocytes results in gb-

bin production for only a few hours, while
the poly(A)-rich mRNA stimulates globin
production for 48 hr (8). Furthermore, pre-
liminary incubation of poly(A)-containing

and deadenylated globin mRNA in a
Krebs II cell-free homogenate at 21#{176}for 4
hr was recently shown to destabilize prefer-

entially the translational activity of the

poly(A)-deficient mRNA (9). The increased

3The abbreviations used are; poly(vA), poly(9-
vinyladenine); poly(vU), poly(1-vinyluracil); TCA,

trichloracetic acid; S-30, a protein synthesis system

prepared by homogenization and centrifugation at

30,000 x g.

stability of poly(A)-rich mRNA-stimulated
protein synthesis indicates that the 3’-ter-
minal poly(A) stretch of the mRNA may be

involved in the stabilization of eukaryotic
protein synthesis.

In this study we investigated the effects
of poly(vA) and poly(vU) on rabbit globin
mRNA as template for RNA-dependent

DNA polymerase and protein synthesis.
Vinyl polymers are synthetic analogues of
homopolynucleotides with hydrocarbon
chains substituting for the ribose phos-

phate backbone, and they form complemen-
tary base-paired complexes with polynu-

cleotides (10-12). Vinyl polymers inhibit
both complementary homopolynucleotide-

stimulated binding of aminoacyl-tRNA to
ribosomes and polypeptide synthesis in

cell-free systems prepared from Esche-
richia coli by forming complementary

base-paired complexes with the template
polynucleotide (13). We have now studied
vinyl polymer complexes of homopolynu-

cleotides and hemoglobin mRNA as tem-
plates for cell-free protein synthesis and
DNA synthesis catalyzed by purified
RNA-dependent DNA polymerase.

MATERIALS AND METHODS

[‘4C]Phenylalanine and [‘4CJlysine with
specific activities of 455 and 342

mCi/mmole were obtained from Schwarz-
Mann. [3H]Leucine and [3H]dTTP with spe-
cific activities of 33 and 20 Ci/mmole were

obtained from New England Nuclear.
Poly(A) (s20 of 7-11 S), poly(U) (s20 of 3-6
S), and oligo(dT) were obtained from Miles
Laboratories. Creatine phosphate, crea-

tine phosphokinase, dithiothreitol, nucleo-
tide triphosphates, and Sigmacell type 38

cellulose were purchased from Sigma
Chemical Company. The chemical
syntheses of vinyl polymers were described
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previously (10, 11). Vinyl polymers are lin-
ear, without branching, with �2o values of

approximately 5 5, but with a wide distri-
bution of molecular weights (12). Concen-

trations of polynucleotides and vinyl poly-
mers are expressed as A260 units or as

moles of base residues. One A260 unit is the
quantity of material in 1 ml which will
yield an absorbance of 1.0 at 260 nm. The

extinction coefficients used were: for
poly(A), 10,100 at 259 nm, pH 7.0 (14); for

poly(U), 9430 at 261 nm, pH 7.5 (15); for
poly(vA), 9000 at 256 nm, pH 7.0 (10); for
poly(vU), 6000 at 264 nm, pH 7.0 (11).

Extraction and purification of messen-

ger RNA. Reticulocyte polysomes, pre-
pared from phenylhydrazine-treated rab-

bits, were dissolved at a concentration of
100-200 A260 units/mb in Tris-HC1 buffer,
pH 9.0, and 10 m� EDTA and made 0.5%
in sodium dodecyl sulfate (16, 17). The poly-

somes were extracted five times with an
equal volume of buffer-saturated phenol-

chloroform, 1:1 (v/v), and the RNA was
precipitated with ethanol. Poly(A)-rich
RNA was purified by either oligo(dT)-cel-
lubose (Collaborative Research, Inc.) or Sig-

macell type 38 cellulose chromatography,
and these preparations consisted of approx-
imately 50% 10 5 gbobin mRNA (18, 19).
Poly(A)-deficient globin mRNA of mouse
spleen erythroblasts was prepared as de-

scribed previously, and only the fraction
not retained by oligo(dT)-cellubose in 0.5 M

NaC1 was employed in these studies (5).
The preparation consisted of approxi-

mately 10% 8.5 5 poly(A)-deficient globin
mRNA.

RNA -dependent DNA polymerase reac-
tions. Avian myeboblastosis viral polymer-

ase was purified as described previously,

and the enzyme was stored in 1 m�i dithio-
threitol and 50% (v/v) glycerol at -20#{176}(20).
The assay mixture (0.1 ml) contained 50

mM Tris-HC1 (pH 8.3), 6 m�i MgCl2, 50 mM
KC1, 0.2 m� unlabeled dATP, dCTP, and

dGTP, and 40 p.M [3H]dTTP. Template
mRNA (3 p.g/reaction) was incubated for
10 mm with vinyl polymers before

oligo(dT) (0.2 p.g/reaction) was added. The
reactions were started by the addition of

enzyme and were incubated at 37#{176}for 45
mm, precipitated by the addition of cold

5% TCA, filtered onto Millipore mem-
branes, and quantitated by liquid scintilla-

tion counting.
Protein synthesis by a Krebs II cell-free

system. A previously incubated cell-free
protein synthesis system was prepared
from Krebs II ascites cells, and the super-

natant following 30,000 x g centrifugation
(S-30) was employed in all protein synthe-

sis experiments (21). It was enriched with
a partially purified rabbit reticubocyte ini-
tiation factor preparation (22). Incubations
of 50 p.1 contained 50 mMN-2-hydrOxyethyl-

piperazine-N’-2-ethanesulfonic acid buffer
(pH 7.5), 100 m� potassium chloride, 3 mM

magnesium acetate, 1 mM dithiothreitol, 1
mM ATP, 0.1 m� GTP, 0.6 m�i CTP, 10

mM phosphocreatine, 1 enzyme unit of
creatine phosphokinase, 40 p.M each of 19
[‘2C]L-amino acids (minus the radioactive
one), 2.5 or 0.25 p.Ci of [3H}- or [‘4C]amino
acids, respectively, 0.1 A260 unit of Krebs II

S-30, and 0.1 mg of protein of reticubocyte
initiation factors. Vinyl polymers, mRNA

preparations, and homopolynucleotides
were as described in the figure legends,
and they were always annealed at 24#{176}for
10 mm before the addition of the Krebs II
S-30 and initiation factors to the reactions.
Samples (10-40 p.1) of each reaction were
spotted on filters (Whatman No. 3, 1.6-cm
diameter), which were placed in 10% TCA
with 1% casein hydrolysate, heated to 100#{176}
for 5 mm, and further processed as de-

scribed by Bollum (23). Radioactivity was
measured by liquid scintillation counting.

Reaction samples for electrophoretic analy-
sis were processed by the addition of

EDTA to 10 m� and a mixture of 10 en-
zyme units of T, ribonuclease and 20 p.g of
ribonuclease A (Sigma), with incubation
for 20 mm at 37#{176}.

Electrophoretic characterization of pro-

teins synthesized in the cell-free system.

Reaction mixtures were diluted to 100 p.1
with water and centrifuged at 50,000 rpm
in a type 65 rotor (Beckman) for 60 mm in

polycarbonate screw-cap tubes. Postriboso-
mal supernatants were precipitated with

10% TCA, heated to 90#{176}for 20 mm, cooled,
and centrifuged. The precipitates were

then washed and centrifuged successively
five times with 5% TCA, and once each
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with ethanol, an ethanol-diethyl ether
mixture (1:1, v/v), and diethyl ether, with
drying under vacuum. The samples were

then dissolved in 10 m� sodium phosphate
buffer (pH 7.0), 1% sodium dodecyl sulfate,

and 1% 2-mercaptoethanol, and subjected
to electrophoresis as described (24). Gels
were sliced into 2-mm portions, which

were digested with 0.2 ml of 30% hydrogen
peroxide in scintillation vials overnight at
50#{176}.Radioactivity was measured in Aqua-
sol (New England Nuclear).

RESULTS

Effects of vinyl polymers on RNA-de-

pendent DNA polymerase using rabbit gb-

bin mRNA as template and oligo(dT) as
primer. Because previous experiments
which demonstrated vinyl polymer inhibi-
tion of RNA-dependent DNA polymerase
used detergent-disrupted virus and polynu-
cleotide template, experiments were de-
signed employing purified hemoglobin

mRNA as template and purified avian
myeloblastosis virus RNA-dependent
DNA polymerase. Hemoglobin mRNA did

not stimulate [3H]dTTP incorporation in
the absence of oligo(dT), and with
oligo(dT) primer added, the incorporation
was 34.0 pmoles/0.1 ml of reaction mix-
ture. Omission of the nonradioactive
dGTP, dATP, or dCTP, either individually
or in combination, resulted in a decrease

in the [3H]dTTP incorporation to 3.0
pmoles/0. 1 ml. In experiments not shown,
the DNA product hybridized to globin

mRNA under conditions which minimized
the formation of poly(rA)�po1y(dT). These

results suggest that copying of the main
portion of the globin mRNA had occurred,

as was previously reported for this system
(25-27). The incorporation was 50% in-
hibited by either vinyl polymer at a concen-
tration of 0.1 m�, with almost total inhibi-
tion occurring at 1 m� (Fig. 1).

Vinyl polymer inhibition of homopoly-

nucleotide-sti m ulated incorporation of
amino acids by a Krebs II ribosomal sys-
tem. The vinyl polymers were first tested

for inhibition of homopolynucleotide-stimu-
lated amino acid incorporation in a Krebs

II cell-free system. Increasing amounts of
poly(U) were annealed at 24#{176}for 10 mm

FIG. 1. Effects of vinyl polymers on RNA -depend-

ent DNA polymerase, using rabbit globin mRNA as

template and oligo(dT) as primer

The incubation conditions are described under

MATERIALS AND METHODS, and the vinyl polymers

were incubated with mRNA (3 �g) for 10 mm at 24#{176}

before the addition of oligo(dT) (0.2 �g) and the

enzyme. Reaction mixtures were then incubated at

37#{176}for 45 mm. An incorporation of 0.38 pmole of

[3HIdTTP in the absence of oligo(dT) was subtracted

from all values shown, and mRNA with oligo(dT)-

stimulated incorporation in the absence of vinyl pol-

ymer was 34.0 pmoles. Neither vinyl polymer stimu-

lated [3H]dTTP incorporation in the absence of gb-

bin mRNA. The values shown are incorporation in

the presence of poly(vU) (L�-�) and poly(vA)

(A-A).

with 125 nmoles (2.5 mM) of poly(vA) or

poly(vU). Addition of Krebs II S-30 and
incubation revealed that [‘4C]-
phenylalanine incorporation was inhibited
by poly(vA) but not by poly(vU). Further-
more, this inhibition was reversible by the

addition of more poly(U) (Fig. 2). In a simi-
lar experiment 60 nmoles (1.2 mM) of

poly(vU) completely inhibited poly(A)-

stimulated [‘4Cllysine incorporation at low
concentrations of poly(A), with recovery of
the stimulation by the addition of more
poly(A) (Fig. 3). On the other hand, 60
nmoles of poly(vA) increased the poly(A)-
stimulated incorporation. As in the bacte-
rial cell-free system, vinyl polymer inhibi-
tion of complementary polynucleotide-stim-
ulated amino acid incorporation in Krebs

II S-30 is dependent on the ratio of vinyl

polymer to polynucleotide. If the vinyl po1y-
mer is in excess, the reaction is inhibited;
however, if the polynucleotide is in excess,
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nMOLES poly (U)

FIG. 2. Poly(vA) inhibition of poly(U)-stimulated

[‘4C]phenylalanine incorporation by a Krebs II ribo-

sornal system

The incubation conditions are described under

MATERIALS AND METHODS, except that the magne-

sium acetate was increased to 5 mis. Poly(U) was

annealed with the vinyl polymers for 10 mm at 24#{176}

before the addition of Krebs II S-30 and incubation

at 37#{176}for 1 hr. Neither vinyl polymer stimulated

[‘4Ciphenylalanine incorporation into polyphenyl-

alanine in the absence of poly(U). An endogenous

incorporation of 9 pmoles of [‘4C]phenylalanine per

50 Ml of reaction mixture was subtracted from the

values shown: poly(U) (I-#{149}), poly(U) plus 125

nmoles of poly(vU) (0- - -0), and poly(U) plus 125

nmoles of poly(vA) (L��- - -ix).

20 40 60 80
nMOIES poly (A(

FIG. 3. Poly(vU) inhibition of poly(A)-stimulated

[‘4Cjlysine incorporation by a Krebs II cell-free ribo-

somal system

The assay was conducted as described in Fig. 2,

except that the reactions were stopped with TCA-

tungstate reagent (0.25% sodium tungstate in 5%

TCA at pH 2.0). Neither vinyl polymer stimulated

[‘4C]lysine incorporation into polylysine in the ab-

sence of poly(A). Endogenous incorporation of 0.14

pmole of [‘4C]lysine per 50 �.i.l of reaction mixture

was subtracted from each point. Incubation condi-

tions were: S-#{149}, poly(A) alone; 0- - -0, poly(A)

plus 60 nmoles of poly(vU); � --- i.�, poly(A) plus 60

nmoles of poly(vA).

the normal polynucleotide-stimulated
amino acid incorporation occurs. The inhib-
itory combining ratio for poly(vA) with
poly(U) is approximately 1:1. This combin-
ing ratio is consistent with the relative

molecular sizes of the two polymers and
with the known physicochemical proper-
ties of the complex (12). The combining

ratio shown in Fig. 3 for poly(vU) with

poly(A) is approximately 9:1. This is con-

sistent with spectroscopic and electron mi-

croscopic evidence that poly(vU) forms
multiple complexes with poly(A) (12).

Effects of vinyl polymers on gbobin

mRNA-stimulated amino acid incorpora-
tion by a Krebs II cell-free ribosomal sys-
tem. Rabbit gbobin mRNA, containing

50
6

10 �

-5 -4 -3 -2
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FIG. 4. Effect of different concentrations of vinyl

polymers on globin mRNA translation in a Krebs II

ribosomal system

The preparation of the Krebs II cell-free ribo-

somal system and the incubation conditions are de-

scribed under MATERIALS AND METHODS. Globin

mRNA was incubated at 24#{176}for 10 mm in the indi-

cated concentrations of vinyl polymer. Reactions

were started by the addition of Krebs II S-30 and

rabbit reticulocyte initiation factor preparation,

with incubation at 37#{176}for 1 hr. Endogenous incorpo-

ration of 4 pmoles of [3H]leucine per 50 Ml of reaction

mixture was subtracted from each point. Poly(A)

containing rabbit globin mRNA (3 �g/5O Ml of reac-

tion) stimulated [3H]leucine incorporation to 45.5

pmoles. A-A, incorporation in the presence of

increasing concentrations of poly(vA); L�-L�, in

the presence of increasing concentrations of

poly(vU). Poly(A)-deficient mouse gbobin mRNA

preparation (10 Mg, of which approximately 1 �g was

8.5 5 mRNA) stimulated [3H]leucine incorporation

to 13.4 pmoles/50 Ml of reaction mixture. U-U,

results of incubations containing this mRNA plus

increasing concentrations of poly(vA); D-D,
mRNA plus poly(vU).
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poly(A) at the 3’-terminus, stimulated
[3Hjleucine incorporation by Krebs II S-30

10-fold (Fig. 4). This stimulation was unaf-

fected by the addition of poly(vA) to concen-
trations of 10 m�i. Poly(vU) inhibited this
reaction in the 0.01-1 m� range approxi-
mately 15%; in the 1-10 m� range the
reaction was more severely inhibited. A

1:1 complex should be formed between 0.01
mM poly(vU) and the 3’-poly(A) segment of
rabbit globin mRNA, and a maximum com-

plex of 9:1 would be formed at 0.1 mM,

assuming a 10-20% 3’-terminal poly(A)
content of the 3 p.g/50-p.l reaction mixture

of rabbit globin mRNA used. Conse-
quently 10 m� poly(vU) represents a 100-
fold excess above the optimum 9:1 complex

formation, and this concentration inhibits
rabbit globin mRNA translation only by
50%. Although this inhibition, at very
high concentrations of poly(vU), cannot be
taken as evidence for involvement of the
poly(A) portion of rabbit globin mRNA in
protein synthesis, the slight inhibition
which occurs at low concentrations of
poly(vU) could possibly represent altera-

tion of the translational process.
Consequently experiments were de-

signed employing a preparation of mouse
gbobin mRNA which is substantially defi-
cient in the 3’-poly(A) segment (6). This
mRNA stimulated [3Hjleucine incorpora-
tion approximately 3-fold (Fig. 4). The

stimulation was only slightly inhibited by
the presence of either vinyl polymer at

concentrations of 1 m� or lower, while at

very high concentrations poly(vA) had no
effect and poly(vU) inhibited the incorpora-
tion approximately 50%. Although these
data point to nonspecific inhibition of the
system, it was possible that the poly(A)-
rich rabbit globin mRNA inhibition by

poly(vU) resulted from overlapping of
barge complexes of poly(vU) onto the infor-
mation-containing portion of the mRNA.
This would result in the production of

smaller proteins.

For this reason the size of the proteins
produced in rabbit globin mRNA-stimu-
bated incorporations was determined by so-
dium dodecyl subfate-polyacrylamide gel

electrophoresis. The 3H-proteins produced
in cell-free amino acid-incorporating sys-

FIG. 5. Dodecyl sulfate-polyacrylamide gel elec-

trophoresis of [3H]leucine-labeled protein from Krebs

II cell-free incubations

Incubation conditions are described under MATE-

RIALS AND METHODS and in the legend to Fig. 4.

[3H]Leucine-labeled proteins were isolated and the

gels were processed as described under MATERIALS

AND METHODS. [‘4C]Leucine-labeled rabbit globin

marker was subjected to electrophoresis together

with the [3H]leucine-labeled proteins. The radioac-

tivity was measured by liquid scintillation counting

as double labels, and the 10% spill of ‘4C counts into

the tritium channel was subtracted from each point.

D-D, electrophoresis of [3H]leucine-labeled pro-

teins isolated from endogenous incorporation;

#{149}-�, mRNA alone; &-L��, mRNA plus 4.7 mM

poly(vA); 0-0, mRNA plus 3 mM poly(vU);

x- x, rabbit [‘4Clglobin marker.

tems were compared with ‘4C-proteins pro-
duced by incubating rabbit reticulocytes
with [‘4Cjleucine (Fig. 5). No differences

between the [‘4C]gbobin or the [3H]globin
produced in the cell-free system could be
observed, nor was there any difference in
the products from incubations containing
poly(vA). Products isolated from reaction
mixtures containing poly(vU), although
containing less total radioactivity, were

identical in size with the rabbit [14C] gb-
bin and the rabbit [3H] gbobin prepared in
cell-free incubation mixtures. Not only
does the rabbit gbobin mRNA stimulate
incorporation of [3H}leucine into proteins
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J. Pitha, personal communication.

which coelectrophorese with rabbit globin,
but neither vinyl polymer induces any a!-
teration in the electrophoretic migration of

the product. This result suggests that the
slight inhibition observed represents total
cessation of the translation of globin
mRNA species, either through a mecha-

nism involving massive interaction with
the globin mRNA or through nonspecific

poisoning of the system.

DISCUSSION

Vinyl polymers have been shown to form

complexes with complementary polynu-
cleotides, and these complexes have been
characterized by spectroscopy and electron

microscopy (12). The vinyl polymer inhibi-

tion of globin mRNA-dependent DNA po-
lymerase incorporation of [3H]dTTP is con-

sistent with the previously reported inhibi-
tion of the detergent-disrupted virus and
oligo(dT)�poly(rA)-templated system. How-

ever, the mechanism of blockade of viral
replication in mouse cells could be consider-

ably more complex. Since poly(vU) interac-
tion with viral mRNAs could also influ-

ence viral protein synthesis and thus viral
replication, the effects of vinyl polymers

on protein synthesis were investigated.
The poly(vA) inhibition of poly(U)-stimu-

lated [‘4C}phenylalanine incorporation in
the Krebs II cell-free system was identical
with that previously observed in the E.

coli cell-free system (13). The relatively
large amount of poly(vU) required to in-
hibit poly(A)-stimulated [‘4Cjlysine incor-

poration is probably due to the relative
sizes of the two polymers and to the type of
complex formed beteen them. The com-
plexes formed consist of a ribbon of poly(A)
with 1oops of poly(vU) attached (12). How-

ever, the mechanism of the vinyl polymer-
mediated inhibition involves covering of
the information contained in the homo-
polynucleotide templates, thus preventing
template-stimulated amino acid incorpora-
tion. The increased observed in poly(A)-

stimulated [‘4C]lysine incorporation in the
presence of poly(vA) could be due to a very
weak interaction between poly(vA) and
poly(A). This weak interaction could
loosen the tertiary structure of the tem-
plate poly(A) sufficiently to produce the

stimulated [‘4C}lysine incorporation. Al-
though this interaction is not detectable by
spectroscopic methods, it was revealed by

electrophoresis of poly(A) on gels in which
poly(vA) was copolymerized with acrylam-

ide.4
Complex formation between poly(vU)

(0.01-1 mM) and mRNA should preferen-

tially involve the poly(A) region at the 3’-
end of mRNA; yet no substantial effect of

poly(vU) on mRNA-stimulated protein syn-
thesis was observed. Nonetheless, signifi-
cant inhibition of the RNA-dependent
DNA polymerase reaction occurred in the
0.01 mM poly(vU) range, where no effect
was observed in cell-free amino acid-incor-

porating systems. As both the RNA-de-
pendent DNA polymerase reaction and the
cell-free amino acid incorporation are con-
ducted under similar conditions of salt con-

centrations and temperature, complex for-
mation between poly(vU) and the poly(A)

of the globin mRNA and subsequent inhibi-

tion of the oligo(dT) stimulation of the
RNA-dependent DNA polymerase reaction
indicate that complex formation should oc-
cur under the conditions of cell-free pro-
tein synthesis. At very high concentra-
tions of poly(vU) (10 mM), when inhibition
of protein synthesis occurs, short oligo(A)
regions from the information portion of the
mRNA could also be involved. These data,
taken with the finding that preparations of

mRNA with their poly(A) region com-
plexed to poly(U) initiate protein synthe-

sis, strongly indicate that mRNA-stimu-

lated cell-free amino acid incorporation
does not involve the poly(A) region of the
mRNA (5-8, 28). The failure to detect a

requirement for poly(A) in protein synthe-
sis by cell-free systems could be due to the

short-term incubation employed in these
experiments. Subtle stabilization of pro-
tein synthesis might not be detectable for
24-48 hr, as with the globin mRNA in the

Xenopus oocyte system (8).
The lack of inhibition of protein synthe-

sis by vinyl polymers at concentrations 10-

fold higher than necessary to drastically
inhibit RNA-dependent DNA polymerase
suggests that vinyl polymers are selective



EFFECTS OF VINYL POLYMERS ON DNA AND PROTEIN SYNTHESIS 715

agents. It is highly unlikely that murine
leukemia virus replication is blocked by
inhibition of viral protein synthesis at con-
centrations of vinyl polymer which do not

affect protein synthesis in vitro. In addi-
tion, the selective action of vinyl polymers

suggests that they may be useful in eluci-
dating the biological function of other natu-
rally occurring polynucleotides. Modifica-
tion of synthetic polymers to include differ-

ent backbones and specific base sequences

could lead to the design of specific inhibi-

tors of cellular or viral functions.
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