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The presence of ribonuclease H activity in the purified complex 
of DNA polymerase from avian myeloblastosis virus is described. 
Evidence includes co-chromatography of the two activities du- 
ring all purification steps; the presence of ribonuclease H 
activity in the purified two-polypeptide complex of DNA poly- 
merase; ion requirements for optimal activity of purified ribo- 
nuclease H are identical to those for the purified DNA polymer- 
as8 ; and monospecific antiserum against purified DNA polymerase 
neutralizes the ribonuclease H activity. 

INTRODUCTIOR 

It was recently demonstrated by Molling, et al. (1) that -- 

avian myeloblastosis virus (AMV), a RNA tumor virus, contains a 

ribonuclease activity with the properties of ribonuclease H. 

This enzyme specifically degrades the RNA moiety of RNA-DNA hy- 

brids (2,3). The activity appeared to be associated with the 

,RitA-instructed DNA polymerase "reverse transcriptase" in some 

physical complex, since application of various fractionation 

techniques did not separate the respective enzymatic activities. 

However, as only partial purification of the activities was a- 

chieved, it was not possible to definitely conclude whether the 

ribonuclease H activity was an integral part of the viral DNA 

polymerase or separable upon further purification. Therefore, 

these studies were extended by examining purified AMV DNA poly- 

merase for ribonuclease H activity. Enzymological and serologi- 

cal evidence is provided for the presence of ribonuclease H 

activity in the purified DNA polymerase complex. 
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Unlabeled deoxgribonucleoside and ribonucleoside tri- 

phosphates, E. coli NL~ polymerase, bovine pa.ncrcatic ribo- 

nuclee.se and oligodeoxythymidylate (I?-13)*polyriboadenylate 

(oligo dT.poly rk) were products of Bochringer-il~nnheiin. Iri- 

tiated uridine 5'-triohospbate (36 Ci/mmole) and thymidi.ne 

5'-triphosphate (4.8 Ci/mmole) were purchased from New .Xngla.nd 

?,!ucleer A . Avian myeloblastosis virus was obtained from :I)r. J.W. 

;;ea.rd , Duke University. pd. DXA was a gift of Dr. Ch. Wsslein, 

i?l~Jc-?ln.ncl:-Institute , Tiibingen and Pi12 ohage double-stranded 

‘II-Md was sulzplied by Br. P.H. Hofschneider, PIax-Planck-Insti- 

tu-te, liiunich. 

llhe purification of MV, extraction of virus RNA, isola- 

tion of the viral 'DTSA polymerase and procedures for the DKA 

polymernse assay heve been detailed elsewhere (4.). Antisera 

against the two-?olypeptide complex of &IV .DM polymerase was 

Frepared by Yetson, et 2. (5). Y urificstion of the immunoglo- 

bulin fr.action (IgG) by G-200 SeFhadex chromatography and as- 

says for neutralization of IX4 polymerase activity were also 

described (5). Protein was determined by the method of Lowry, 

e-t 2. (6). 

I'ritiated iWL*DX.I hy'brid was orepared with 2. coli PTA 

.uo17~,:?er:~se ,I and fd Qhage DIT4 as template using the reaction -- 

c 0 11 d i. t in 0 n Yj of Burgess (7), with ill-lJYT as the radiolabeled 

eu.bstra.te (75ii cpm/pmole). The reaction was terminated with 

the addition of sodium dodecyl sulfate (O.:):,) and an equal vol- 

ume of ,>henol solution (previously eouilibrated with 0.01 1'1 

'I'rj.s, r?>l j.2; 0.1 d ~\ia.Gl; 0.001 M EDTA). After shaking 2 min 

at room temperature and centrifuging 5 min at ii-000 rev/min 
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to separate the phases, the aqueous phase was chromatographed 

on a Sephadex G-25 (fine) column (0.9 x 55 cm) for removal of 

ribonucleoside triphosphates. The material eluting at the first 

void volume was pooled and precipitated in two volumes of ethan- 

ol and 0.1 volume of 4M NaCl at -20'. Following centrifugation, 

the RNA*DNA hybrid was resuspended in 10 mM Tris, pH 7.4 and 

stored at -20' in small aliquots. Treatment of the hybrid with 

bovine pancreatic ribonuclease (5 ug/ml, 15 min at 37') result- 

ed in 85-90% resistance; whereas, heat-denaturation of the hy- 

brid (5 min, 80') followed by quick cooling and ribonuclease 

treatment resulted in 98% sensitivity. 

Assay for ribonuclease H activity 

Standard reaction mixtures (100 ul) contained the follow- 

ing components: 50 mM Tris*HCl, pH 7.4; 8 RIM MgC12; 100 mM KCl; 

1 mM dithiothreitol; 3H-RNA*DNA hybrid (2-4 x IO3 cpm); and 

0.5-1.0 ug of enzyme protein. After 15 min at 37', the reaction 

was terminated at 0' with the addition of 0.5 ml trichloroacet- 

ic acid mixture (equal volume mixture of 100% trichloroacetic 

acid solution, saturated sodium orthophosphate and saturated 

sodium pyrophosphate). The acid-precipitable radioactivity was 

collected on nitrocellulose filters, dried, and the radioactiv- 

ity determined in a liquid scintillation counter. Control re- 

actions were terminated at zero time. Ribonuclease H activity 

is expressed as the percent 3H-RNA from the RNA-DNA hybrid 

converted to a trichloroacetic acid-soluble form. 

HESUILPS 

Since ribonuclease H and DNA polymerase activities from 

AMV were previously shown to be inseparable by various frac- 

tionation techniques (I), it was of initial interest to monitor 

ribonuclease H activity during purification of DNA polymerase. 
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(Fig. 1) Analysis of DNA polymerase and ribocuclease H activ- 
ities during purification. DNA polymerase from AMV was puri- 
fied and the enzyme activity monitored as previously describ- 
ed ( 
and 4 

) utilizing oligo dT*poly rA (0.5 ug) as template-primer 
H-TTP as the labeled substrate (specific activity: 230 

cpm/pmole). The ribonuclease H assay was performed as describ- 
ed in Methods, (A) DEAX-cellulose chromatography: chromato- 
graphy was performed with potassium phosphate buffer, pH 7.2 
at the indicated concentrations. One ul of the indicated frac- 
tins (2 ml) was tested for DNA polymerase activity and 10 ul 
was used for detection of ribonuclease H activity. (B) WI- 
Sephadex chromatography: chromatography was performed with 
potassium phosphate buffer, pH 8.0 at the indicated concen- 
trations. One ul of the indicated fractions (1 ml) was tested 
for DNA polymerase activity and IO ul was used for detection of 
ribonuclease H activity. (C) Glycerol gradient centrifugation: 
A pool of the activity from the CM-Sephadex column was concen- 
trated by ammonium sulfate precipitation (50s of saturation) 
and layered over a preformed IO-30% glycerol gradient (5 ml) 
in 0.3 M potassium phosphate (pH 8.0), 1 mM dithiothreitol. 
After 22 hr at 50,000 rev/min in a Spinco S?! 50.1 rotor (2'), 
fractions were collected from the bottom of the tube by needle 
puncture. One ul aliquots were taken for detection of DNA poly- 
merase activity and 2 ul aliquots were used for the ribonucle- 
ase H assay. DNA polymerase activity is indicated by closed 
circles and the ribonuclease H activity by open triangles. 

Following the procedure described by Kacian, et al. (4), both 

DNA polymerase and ribonuclease H activities were examined at 

each step of purification. Figure 1 summarizes the results. 

Throughout the fractionation, both activities co-chrornatograph- 

ed. Furthermore, sodium dodecyl sulfate-polyacrylamide gel eleo 
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trophoresis analysis of the enzymatic activity following the 

final step of velocity gradient centrifugation (Fig Ic), indi- 

cated that only the two-polypeptide complex previously describ- 

ed (4) was present. These results strongly suggest that the ribo- 

nuclease H activity resides in the DNA polymerase complex. 

Employing the purified enzyme fraction from the final step 

of purification, properties of the DNA polymerase-associated 

ribonuclease H activity were examined. The ion requirements for 

optimal ribonuclease activity were found to be 8 mM Mg++, IOOmM 

KC1 and 1 mJ!I dithiothreitol, with complete dependence on a di- 

valent cation (Mg++) and sulfhydryl-reducing agent (dithiothrei- 

tol) (Table 1). These conditions are identical to those for the 

purified DNA polymerase (4,8). Ribonuclease H activity was in- 

dependent of the four deoxyribonucleoside triphosphates under 

the described assay conditions. Heat denaturation of RNA*DNA hy- 

brid, which gives rise to single-stranded nucleic acid species, 

resulted in no degradation of FLNA by ribonuclease H action 

(Table 1). To extend the specificity of ribonuclease I-1 for RNA* 

phage double-stranded RNA was added to a ribo- 

ribonuclease H assay and found to be completely resistant. 

Therefore, only the RNA of RiVA*DNA hybrids is subject to nucle- 

olytic attack. As shown in Figure 2, the rate of degradation 

of the RNA moiety of RNA-DNA hybrids was dependent upon enzyme 

concentration, and the extent of degradation was proportional 

to the time of incubation (Fig. 3). 

Additional support for the presence of ribonuclease ~1 

activity in the DNA polymerase complex is provided by the neu- 

tralization of ribonuclease H activity with monospecific anti- 

serum against the purified DNA polymerase (5). Figure 4 illus- 

trates the equally effective manner in which increasing amounts 
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Fig. 2. 

Fig. 3. Fig. 4. 

(Fig. 2) Response of ribonuclease H activity to increasing 
DNA polymerase protein. Standard ribonuclease R assay mix- 
tures were incubated with increasing amounts of purified DNA 
polymerase protkjin_ Ribonuclease H activity is expressed as 
the percent of H-&NA converted to a trichloroacetic acid- 
soluble form. 

(Fig. 3) Kinetics of ribonuclease H activity. Two standard 
ribonuclease H reaction mixtures (200 ul) were incubated at 
37' containing 2 ug of purified DNA polymerase, and 50 ul 
aliquots were removed at the indicated times, One mixture 
(closed circles) contained synthetic fd DNA*RXA hybrid and 
the control mixture (open triangles) ontained heat-denatured 
fd DNA*RNA hybrid. 
x-.RKA solubilized. 

The results are expressed as the percent 
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of anti-DiYA polymerase IgG protein inhibit the ribonuclease H 

and DWA polymerase activities. 

DISCUSSION 

Ilhe highly purified DNA polymerase complex from AMV has 

been shown to contain not only a DNA polymerizing capacity 

with various RIJA and DNA templates (4), but also a nucleolytic 

activity previously reported to be present in a partially puri- 

fied enzyme preparation (I). 

Our results demonstrate that ribonuclease H activity co- 

chromatographs with the DNA polymerase activity at all stages 

of purification (Fig. 1). At the final step, analysis of the 

enzyme fraction by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis revealed only the two-polypeptide complex, 

which was shown previously to represent the DNA polymerase (4). 

Keller and Crouch recently reported similar observations (9) 

when purifying the DNA polymerase essentially by the procedure 

of Kacian, et al. (4). Using slight1 y different fractionation 

techniq,ues, Baltimore and Smoler report the presence of ribo- 

nuclease H activity with the DNA polymerase at their final 

step of purification (IO), whereas Leis and Hurwitz find that 

the activities do not always coincide during their isolation 

procedure (personal communication). 

Not only was it observed that the ribonuclease 'H and DXA 

(Fig. 4) Neutralization of ribonuclease H activity by mono- 
specific anti-ALlV D1TA polymerase IgG. Neutralization assa.ys 
were performed as outlined previously (5). One ug of puri- 
fied enzyme and increasing amounts of anti-AlW DNA polymer- 
ase IgG were added to the.incubation mixtures. For determina- 
tion of unneutralized DNA polymerase 
(0.4 up;) was utilized as template and 

a tivity, 
3 

oligo d!C*polyrA 
.tI-'lY!P was the labeled 

substrate with a specific activity of 500 cpm/pmole. To deter- 
mine neutralization of ribonuclease 1% activity, a standard 
assay was performed as described in Methods, following pre- 
incubation of enzyme and IgG protein. 
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Table 1. Properties of ribonuclease H activity 
in purified DNA polymerase complex 

Reaction Conditions Percent $-RN* 
solubilized 

Experiment 1 
Complete 

4g++ 

-Dithiothreitol 

64 

0 

0 

Experiment 2 

Plus RNA-DNA hybrid 55 

Plus heat-denatured RNA-DNA hybrid 5 

Plus double-stranded RNA 2 

In Experiment 1, standard ribonuclease H reaction mixtures, 
containing 1 ug of enzyme prot:?in, were prepared as described 
in M&hods. In Experiment 2, the control reaction (plus 
RNA.DNA hybrid) was a standard ribonuclease H reaction. For 
heat denaturation, RNAsDNA hybrid was treated 3 min at 100' 
in a sealed ampule, wi h quick cooling, prior to addition 
to thg assay mixture. 5 H-double-stranded Ml2 phage RNA 
(4x10 cpm) was added as RNA*RNA duplex. This double-stranded 
RNA was 100% resistant to bovine pancreatic ribonuclease 
treatment (5 ug/ml, 15 min, 37'). 

polymerase activities chromatographed together, but also the 

optimal ion requirements for purified ribonuclease H were found 

to be identical to those for the purified DNA polymerase activ- 

ity. These results are in general agreement with those of oth- 

ers (9,10, Leis and Hurwitz, personal communication). 

Perhaps, the most convincing evidence that the ribonucle- 

ase H activity resides in the same protein complex as the DNA 

polymerase comes from the neutralization of ribonuclease H 

with the IgG protein of antiserum against AMV DNA polymerase 

(Fig. 4). !J!his antiserum was previously shown to be specific 

for DNA polymerase as there was no inhibition of DNA polymerase 

activity by antisera against the seven major virion components 

isolated by guanidine hydrochloride column chromatography. In 
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addition, the virion com.ponents aid not react with the DNA 

polymerese antiserum in irmnunodiffusion tests (5). 

Therefore, by biochemical and serological criteria, ribo- 

nuclease H activity has been demonstrated to be an integral 

part of the two-polypeptide complex of AiU DNA polymerase. Of 

obvious interest is to correlate the individual enzyme functions 

with the two polypeptides. This may contribute to elucidation 

of the virus replication mechanism. 
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