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IhfectiOn of Hela cells with cowpox but, apparently, not Rabbitpox causes a 

marked increase in a DRAase activity that degrade8 native DNA at alkaline pa value8 

(McAurlm, 1965). The pUr@Se of thia cOamunlcatlon is to describe the viral in- 

duction of yet another nuclease - a DNAare that degrader thermally denatured DNA. 

In sddition we demonstrated that the magnitude8 of induced DNAese activities depend 

markedly on both the cell type and the Virus strain used, Preliminary results of 

studies with other DNA viruses are presented. 

Chick embryo fibroblarts (CRP) were grown a8 monolayero in Rank’8 medium con- 

taining 0.25s Lactalbmin hydrolysate end 5s calf 8erUm (preheated 56*c, 30 mins). 

The assay for DWAare activity was errentially as described previously (McAurlan, 1965); 

for DRAase degrading thermally denatured DWA the arsay was modified a8 described under 

fig. 1. To prepare the substrate for the latter QIuyme, R. coli DNA-P 32 (TO pslml 

ia C.Ol.W Tris pli 7.2) was heated st 100% for 10 minutes then rapidly chilled to 0.. 

The purified viruses used were the Utrecht strain of Rabbitpox (RP) end the 

Brighton strain of Cowpox (CP), both of which were grown in the chick chorlo-allantoic 

membrane, Adenovirur type II grown in RB cells, the WR strain of vaccinia virus grown 

in Uela cell8 and the McIntyre strain of Herpesvirus grown in Monkey kidney cellr. 

All other relevant techniques and material8 have been dercrlbed or referred to in 

a prior commmlcation (McAurlan, 1965). 

S&x hours after infect&on of rpinner cultured Hela-S3 cells with CP at an bput 

multiplicity of 10 PPU per cell, there ia a 5-10 fold increase in the ectivity of a 

DWAare that degreder thermally denatured DWA. This will be referrad to es “acid’ 

*Aided by LT. S. Public Health Service Grant AX-&CO. 
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DNAaae since it exhibits high activity at pH5. The kinetics of the Wtir8aae in 

“acid” DNAase activity are compared with those of “alkaline” DNAaee (fig. 1). 

The induced “acid” DNAaae activity decreased with increasing the pH above 5.0 

and is minimal at about pH 7.5. Crude cell extracts retain full activity even 

after being held at 60’~ for 30 minutes at pH7.0. ktg* ions above a concentration 

of O.jmM markedly inhibit both pre- and poet-infection enzyme activities. 

The increase in “acid” DNAaae appears to represent de novo enzyme ryntheeia 

rather than activation of a preexisting enzyme since puromycin hydrochloride 

(25 ug/ml) inhibits the poet-infection increase in activity (fig. II). In contraat 

to the puromycin inhibition of the synthesis of poxvirua-induced thymidine kinaae 

(McAualan, 1963), the puromycin inhibition of the increase in “acid” DNAase activity 

HRS. POST-INFECTION 

Fig. I. Increase in “acid” DNAare and “alkalix@’ D+re in CP-infected Bela cells. 
( 0 ) Normal cell extractf ? “alkaline” DMAare; (0 ) ~mel cell extracte, “acid” 
DNAaae; ( A) infected cell extracts, 

__ _ 

“acidw DWare. 
“alkaline” Dt?Aaee; (y ) infected cell extracts, 

Aaaay conditiona for “acid” Mb.eeet the rkctioa mixture (350 pl) 
contaiaed heat denatured DNA-P* (25 ~8, 20,000 CPM); 8Q$C 
(10 pl; 100 tag protein 

lo 
% 

(@.l~lu); cell extract 
. 

pa5 aad incubated for 
The reaction mixture we8 adjuate t6 0.1 M eodium acetate 

minutes at 37.. W reaction was teminated by chilling, 
carrier DUA (0.1 ml containing 0.25 mg DNA aad 0.5 -*bovine aemm albaa) and 
9;5:10+ (0.45 ~1) wa8 added. After 3 minutes at 0 , the &ctare was ceatrlfqed 

0,000 8) aad the supernatant transferred to a planchette fdr deteaina- 
tion of’radioactivity. Activity la expressed as CPM rendered acid soluble under 
there earay conditions. 
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is not reverrible. This suggests that the messenger RNA for “acid” DNhaseir cop- 

paratively unstable. 

Rapid inhibition of the increase in “acid” DNAase activity following addition 

of actinanycin D (5 q/ml) supports this suggestion (fig. III). Similar results 

have been obtained for “alkaline” DN4aee. 

added removed 

Pig. XI. Irreversible Puromycin inhibition of the poet-infection increare in 
“acid” DNAare activity. ( A) “Acid” DNAare Increase port-infection; (w) “acid” 
DNAare increare after puramycin HCl (25 pg/ml) wag added at 2 l/2 hours then warhed 
out at 6 hourr port-infection; ( 0) thymidlne kinaw activity poet-infection; 
(a) thymidine kinare activity on 8-e extracts ae for (*). 

Several ccPbinetione of vlrur rtrain and cell type heve been competed for the 

megnitude of the induced “ecid” and “alkeline” DNAere activitier. Cell8 were in- 

fected with virur et the eeme input multiplicity in each caee and cell extract8 

were c-red for activity either 6 houre (CP and UR) or 10 hourr (RP) $oet-infection 

(Table I). 
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Fig. III. Effect of Actinomycin D on CP induction of “acid” TUYAase. 
in “acid” DUaae post-infection; ( *) increase in 

(A) Increase 
“acid” DRAase after addition of 

Actinomycin D (5 &ml) as indicated, The amount of Actinasycin D retained in the 
cell extract did not aignifioantly influeuce the asmay of DNAare activity, (---) 
Thylaidine kiuase activity-of extracts of infected cells treated with Actinomycin D 
at 2 l/2 hours post-infection. 

Table 1 

CELL 

Iiela 
cm 

CP 

Native Denatured 
DNA DNA 
PD 9.2 PD 5 
20 x 10 x 
7x Neg 

RP 

Native Deuatured 
DNA 

?9*2 PH 5 
Neg Nes 
2x leg 

ln 
lative Deuatured 

29.2 
DNA 
PD 5 

zr 
Neeg 
Neti 

Table I. Increase in DNAase activitier of different cells after infection with 
different poxviruses. Xncrerse in specific activity ir represented as a multiple 
of the corresponding specific activity of uninfected cell extracts. Increases of 
54 or less were scored as negligible (neg). 

These studies have been extended to adenwirus type II- infected K.B cells and 

Herpesvirus-infected Hela -S cells. No increase in any DNAase (single or double- 

stranded substrate at acid, neutral or aikaliue pH values could be dmstrated 

after adanwirus infection. Ou the other hand infection of Bela-83 monolayers 
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with Herpes virus (input multipllclty of about 1 PFU. per cell) cawed a striking 

increase in at least two DNAaae activities. Activities increased with time were 

maxlmal about 8 hours post-infection (Table II) and remained constant for at least 

a further 4 hours. 

Table II 

pH of Array q.2 7.8 8.5 9.2 9.5 10.0 

Nom11 Bxtract + Native DNA 200 264 230 --- 
Norm1 Extract + Denatured DNA 2 -*- 6;: 
Herpes-Infected Bxtract + Native DNA 2314 1g 42: $2 --- 6160 
Herpes-infected Lxtract + Denetured 

DNA 1800 4ooo ‘6’72 9474 9510 9352 

Assay condition8 a8 described by McAurlan (1965). 

Diacuaaioa. An increeae in the activities of two DNAaaeo is clearly demonstrated 

for Hela cells infected with cowpox virus. There are aa “a.Ilraline” mare that 

dagrade8 double-rtmnded DNA (McAu818n, 1965) aad aa “acid” WAaae that degr8de8 

rfngle-rtraaded DNA. Preliminary etudier with infected cell8 fractionated by 8 

modification of the Dounce technique indicate that the induced “alkaline” DNAe8e 

appeair t6 be’located predcmlnently in the nucleur and the induced “acid” DWare 

ir located exclurlvely in the cytoplaw. In marked contrart to the meraenger 

stability of poxviru8 induced thy&dine klnare @Aurlen, 1963) the merrengerr for 

DNAerer are un8table. The rerult8 ia Pig. III indicate that the effective hdlf 

life of the mRN& for “acid” DNAaae la of the order of 1 hour. Derpite the fact 

that 8ynthe8i8 of DNhare aad thgmidiae kinare ir termiaated rimultaneourly in 

poxvirur-infected Hela cellr, oae rfght expect from the difference ia warenger 

rtebility that the control of l yntheai8 would be different for the two enrcymea. 

In fact, it can be shown for at least one porvirua-cell system that the 8yatheria 

of nalkel~aen DNAare ir termineted evea before the ryntbeaia of thymidine kiM8e 

caa be detected (M&I8len, uapublirhed data). The fact that the increase in 

mre activity require8 protein 8ynthe8i8 indicate8 that the increarre is not due 

wrely to activatiba of lyaoacmal earymer a8 rupgeated by Alliaon aad Saadelin 

(1963). At leart two “alkaline” DNAare8 are induced by Harper Vii’U8 in Hela celh. 
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We have not yet established if these represent two distinct enzymes or the one 

enzyme with two different activities. No fncreaee in “acid” DNAaser after Kerper in- 

fection could be detected. 

Further experiments are required to determine if the lack of Increase in “acid” 

DNAalre after infection with mine virus strains is due to failure to eynthesiee 

enzyme or to lability of the induced DNAaee. Unttl thfa point is clarified and 

the mechanism of both DNAaees is established, speculation on their possible role 

in virus replication would be premature, 

We thank Dr. A. ~teU of Merck, Sharpe and DoInae for a generous 

supply of Herpes Virus and also Drs. Rour and Strohl of Rutgers University 

for rupplying adenovirur. 
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