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POLY rC-OLIGO dG SPECIFIC TEMPlATE ACI'IVITY OF_ MOUSE VIRAL DNA POLYMERASE 
DETECI'ED BY ISOELECI'RIC FCXJJSING 

Robert G. Ingalls, Jarres C. Bartholorrew, and F.,cl\-Jard L. Bennett 
laboratory of Chemical BiOdynamics, La·..rre!lce Berkeley Ialx:>rat.ory 
Berkeley, CA 94720 

An acid fraction from polyacrylamide gel isaelcctric focusing contained 
only Dl~ poly.rerase template activity for (~)n-(dG) 12_18 with little or no 
activity vlith (rA)n-(dT) 12_18 . A factor which s~ulated (rC)n-(dG)

12
_

18 
activity was also detected in lo\v m:::>lecular weight>frac~ions from G-100 
Se~h~dex chromatography of the purified enzyme. Since CrC) n- (dG) 12..:..

1
.g 

~ is thought to be descriptive of viral DNA p.:Jlyn12rase, this stirrrula­
tion is proposed to be significant for G.~e regulation a.'1d spzcificity of viral 
DNA synU1esis. 

IN'TRODUCTIO-:-J 

Viral DNA polymerase of R'i_'\ turror viruses utili%f•.s (rA) 
11

- (dT) 
12

_
18 

and 

(rC) 
11

- (dG) 
12

_
18 

well as template-prirrers. Ho~,:ever 1 c<:~llular D~ polyrrerases 

copy (rA)n-(dT)
12

_
18 

much rrore efficiently than (rC)n-(dG)
12

_
18 

{1). It is 

not clear whether this difference in template specificity of cellular and v1ral 
• 

}X)lyirerases is due to an inherent difference in the enzymes 1 or to the presence 

of factors dOnated by. the virus or by the cell. A regulator present in the 

cell or virus that directs the template s:p2cificity of the enzyrre v.,rould offer 

a rrcchaniSm for· regulation of virus infectivity and :a site at which inhibition 

of the enzyrre activity may be achieved. 

METifOIB 

Viruses. '!he t<bloney strain of murine sarcoma and 1euksnia virus propa­
gated in NIH/3T3 rrouse cells was puret~ased from Elect:rc·-Nuclc:'Oni~s (Bethesda, 
MD). Virus (1. 2 rrg) \\'aS disrupted with 5 ml of virus (hsruption buffer (VDB; 
50 rrM Tris-HCl pH 8.0, 0.5 H KC1 1 50 m\1"NaCl, 0.1 m\1 EDiA, 0.25% Triton X-100, 
10 rrM dithiothreitol and 10% glycerol). 1\fterdisrup:::ion for 2 hours, debris 
was rennvcd by centrifugation. The suj:.,'CrrD.te was dialy:,.:,c:;d against B_uffer A 
(0.05 M Tris-HCl pH 8.0, 0.05% Triton X-100, 1 m\1 2-no.:::~rcaptoetha.nol and 1056 

glyc..--erol) and passed through a 4 ml DEAE··cellulose m1lhfh"'1, phospho-cellulose, 
poly rC-agarose, and fip_ally a G-100 Sephadex Column (manuscript in prepara­
tion). 

Virnl DNA r-ol}~rase ass::w. l\ssay of virnl D:'-1.7\ p:•J ym2J:<1Sc~ was cbnt~ by the 
UStlal·-j~~~{i1c_x1s--(n·~---~1-it>Jl-·-·(J~:i)-::·(c!'i') 

12
_] c• \'.'(lS \1~;,•\1 a::_; ten::JJatc: (0.02 m:J/llil) 1 

n - __ <, 

l 11!11 MnCJ 2 was present in the <1~>~;:-Jy mi:-.. h!tcn (1:C) n-- (<I'~:) 
12

_
18 

served as 



2. 

terrplate, 1 rrM MnC1
2 

and 5 m\1 HgC1
2 

were present. Activity is expressed as 

proles of [~]-XMP incoi}X>rated per hour for 10 Jll, of enzyrre extract where the 
specific activity of [3B]-TTP and [3H]-dG1~ were both 500 cp.mVpmole. 

Polyacrylamide gel isoelectric focusing. A variation of the procedure used 
by Catsirnp:x)lis was used to focus extracts T2). The gel is polymerized in the 
presence of 3.4 ]11 of N 1 N1 N' 1 N'-tetraethylener!12thylenediamine (TEMED), 1.4 m:;r 
of armoniurn persulfate 1 50 ]11 of 40% carrier a!l1'Jholytes (Il<B) pH 3-10, 0. 66 ml 
of 22.5% acrylamide solution (22.2 g acryl<.c:rride and 0.3 gmethylene-bis­
acrylamide in 100 ml of H20) and l. 3 ml of protein solution. Each sample was 
added to a 5 mm i.d. x 130 mm glass tlroes ti1at fit a Hoefer Scientific 
(San Francisco 1 CA.) gel electrophoresis apparatus. After polyrrerization ( 45 min) , 
0.08 M NaOH was used to fill the lower reservoir (cathode) and 1.4 M H3P0

4 filled the upper reservoir {anode). 
Focusing \'las perforn19d at a constant current of 2. 5 mA per tube until the 

voltage read1ed 250 volts, Hhereupon the volt.c-;,ge was allm·.:ed to rema.in constant 
and the current was allowed to decreilse. Total time of focusing was 18 hours 
at 4° c. 

After focusing, gels were rennved from the tubes and sliced into 2 rrm 
sections for enzyme assay or pH rreasure.JTent. The gel slices were incubated in 
150 ]11 of H

2
o for 2 hours before the p!I WCtS mearmred with a corrbination rnicro-

electrcx1e. The 2 mm sections of the gel \\'c:re ass<.:!.yed for enzyme activity by 
incubating the gel slice in 0 .1 ml of stand:::.rd reaction rrdxture for 3 hrs at 
37° c. Aliquots (60 lll) of each assay mi::-: \:ere t.:,"Jen added to tric..'1loroacetic 
acid and precipitetble radioactivity n·.2asur<.:.~d as usual. · 

Ribonuclease treat.rr.ent of virus exb~act:S. Treabrent of disrupted virus 
prep_.-,ratlons with roth rit.onuclease A and -·;_r~--\ . .ras c1one according to procedures 
used by Kacian and Spiegelman (3). Virus p:Ceparation in VDB (1 ml) was diluted 
to 2 rnl witl1 50 rrM Tris-HCl pH 8.0 a.'1d 10 m\1 dithiothreitol and made 10 ]lg/ml 
with ribonuclease A and T1 each for 30 min at 37° C. An identical sample 
without ribonuclease and the treated sample (0.4 ml) \\7ere analyzed by isoelec­
tric focusing as usual. 

tb atte-:-rpts were rmde to renove th~ s<'!l ts present in the sample prior to 
focusing. .During focusing the ions nove to either end of the pH gradient, -but 
the pH gradient itself ha.s litt1e ionic st.re11gth exc(~pt for the arnpholytes and 
proteins. With salt present at the outset of focusing, the effect is to steepen 
the pH curve, but the proteins still focus at their respective pi. Resolution 
if lost, but the efficacy of ti1e IreU1od is tJ1e saiTte. 

RESULTS 

Polyacrylamide gel isoelectric focusing revealed an acid focusing activity 

specific for (rC) n- (dG) 12_18 when crude extrc:cts \·,'ere focused for 18 hours 

(figure I). Multiple other peaks of activity '''ere detected with lx>th templates 

in the neutral and slightly acidic rc~gions of the gel. The multiple peaks and 

the acid peak are also characteristic of the purified enzyme (manuscript in 

preparation) . With the purified enzyme the pH 5. 5 and the pH 6. 6 pe-aks predomi-

nate. Focusing exper.iJlX~nts with ot-JKT ll>J.?\ P'':<ncJ~,1~:<'s {E. roli and H. luteus 

DNA polyrrcrase I) under similur runc1i Lions produced single sharp peaks of 

1.-• 
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activity. The. heterogeneity i.s nnst likely the result of the interaction 

of the viral DNA polynerase .with other viral constituents. 'Ihis proposal is 

offered considering the kmvm interaction of viral DNA po],ym2rase with transfer-

RNA and the phosphoprotein, pl2, whid1 has viral ~binding properties (4). 

Further exp2rinP._nts to oonfinu t..'lJese interactions are in progress. 

If the binding proteins are specific for certain terrplate-primers and are 

attached to the viral RNA so tl1at tl1cy are not available for exogenously added 

template, then the liberation of the binding proteins by degrading.the RNA with 

ril:onuclease A and rs\ should allo:l a greater interaction \vith exogenously 

added template. rrhe ~.:;pecific activity of the enzyme for a particular terrplate-

prim2r should increase. After r:iJ:x:muclcase trr32d:ment cmd isoelectric focusing 

whid1 concx:~ntratcd -'Lk.~ dJx)::-1\JClmse and rcnnvcd it from the areas of the gel 

primc~r sho.-:c>d tl1at U1e (rJ1) n-- (dT) 
12

_
18 

activity was unaffected, but the 

(rC) n-- ( dG} 
12

_
18 

activity increa~~cd over the PJntrol. Also, in this particular 

experiment, the prerx1ration dic1 not exhibit any acid focusing (rC)n-(dG) 12_
18 

activity before treatment (control) but did produce an acid focusing activity 

for (rC) n- (c1G) 
12

_
18 

after treatm::;nt (figure II). 

It should be noted tJ1at the pn~sence of the factor specific for (rC) n-
. 

(dG) 
12

_
18 

varied from one preJ.Xu·at:i_on to another. It was also extrernely labile 

and rould not be clHracterized furU1er. Hav1ever, in 24 separate runs on gel 

focusing Hith several different enzyrre preparations, the (rC)n-(dG)
12

_18 

specific template activity was obsE.:rved in varying degrees 19 times. The size 

of the peak and the <liTOunt~ of th2 c::ctivity varied greatly after different runs 

fran greu.ter than 9m:; of the total (rC) n- (dG) 
12

_
18 

activity detected on the gel 

to arrounts th:1 t \'lCrc bar·ely dctcc: L:t~blc over backCJround. 'I'he activity was also 

. ' . 1 • • 1 .r: oc1 ib'l' t scx·11 by ot.hcr analy;-lcall<;:L':•x1·; ·,.J_:_,, :c ~'lJIU]ar c.egn"o o..: rcpr uc ·1..1 y. 

For o>:cuHplc, usil1~1 <:_ilycclol duJ:·; i_ Ly ~;r.:;.Jicnt isuclectric focusing (that uses a 
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density gradient to stabilize against convection instead of a gel), the 

specific factor was detected in .10 out of 16 experiments. It was observed 

that the phosphoric acid concentration of the electrode solution might be 

imp:>rtant for the reproducibility of the acid focusing peak. 

An activity specific for (rC)n-(dG)
12

_18 was also detected in the law 

nolecular weight fractions from G-100 Sephadex chro:rratography during the puri­

fication. This activity, which was also variable, was detected 5 out of 7 

trials with enzyme preparations of various degrees of purity. A specific 
•· 

template activity for (rA)n-(dT)
12_18 was never detected with any of the 

rnetho::1s, and curious peaks were never detected with DNA !,X)lymerases from other 

sources. Previously, 'WOrkers have neglected _in rrost cases to routinely use 

(rC) n- (dG) 12_18 to rronitor enzyme activity during purification arrl, therefore, 

may have overlooked the specific template activity. 

Preliminary evidence has also been obtained to sw1 that this factor is 

phosphorylated and binds strongly to single-stranded DNA-cellulose. The above 

info~Tiation suggests that the binding prote1ns allow a specific interaction 

between enzyme arrl viral RNA and may be instrl.mental in determining the template 

specificity and species specificity of the viral DNA polymerase. 

DISCUSSIQ~ 

The multiple peaks of enzyme activity seen after isoelectric focusing are 

nost likely due to the interaction of the enzyrre with other functional viral 

comp:ments such as viral RNA and the phosphorylated RNA binding protein, pl2, 

recently described by 'lbdaro et al. (4). The increase in eniyrre activity for 

(rC)n-(dG) 12_18 after ribo~uclease treatment was probably due to the degrada­

tion of the nucleic acid associated with the enzyme-binding protein coruplex 

which allowed an increased interaction with exogenous template. This effect 

was nore pronounced with (rC) 
11

- (dG) 17_ J 8 as COlnpc>red with (rA) n- (dT) 12_18 • 'J'he 

si<JILi.ficance of an (rC) 
11

- (clG)
12

_18 stimulatDr b lmccrsrored by the fact that 
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rC rich regions serve as initiation sites for DNA synthesis in bacterial 

systems (5) and that a similar system might be responsible for RNA tumor 

virus initiation of replication. 

· This \\\Jrk was supr:orted, in pa.rt, by a grant from The National Cancer 
Institute, 2 POl CA 14828-04, and the U. S. Energy Research and Development 
Administration. 
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Figure I. Polyac:rylamide gel isoelectric focusing of disrupted f.b-MSV (MI..V) 
according to procedure in Methods. . Activity in the gel slices 
was mea~ured for (rC)n-(dG)

12
_

18
(o-.-C) and (rA)n-(dT)

12
_

18 
(8---0) 

Figure II. Gel focusing of I·'k:rl<SV(I'-'JLV) extracts after treabnent with both 
ribonuclease A and T1 . Left panel represe~ts gel slices that were 

assayed with (rC)n- (dG) 
12

_
18

• Right panEd sho·ws assay with 

(rA) n- (dT) 12_
18

. 'I'he pH profile indica ted by the thin line in the 

right pan·,C!l was virtually t.t"le sam:~ for all gels. Ribonuclease A 
focused '-'l. pH 7. 8 and •,,'as nost li},ely re:::.p::msilile for the d:iJnin­
ishe::l ac::jvity of the fX)Jym2rase since (rC) -(dG)l/-lB also 
served as substrate for the focused ritonuc£ease aE u1is pH. 
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