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BIKEi. :'s JouR\AL 4.97-11n (1961)

Enzymatic Synthesis and Breakdown of Deoxyribonucleic
Acid by Extracts of L Cells infected with

Vaccinia Virus

The enzymaiic incorpni'an o11 or ladioacii\'e Ihymidine into ticoxyi'IbonLiclcic acicl (D\.-\) and
the CICSirticiioi, OLD\.\ 11a\'c bccn sinniccl in a CTuclc eitzymc systcn, Front tininlCcicrl I, cclls atlcl those
initclcc1 \\, 111t \, accinia \'11'Lis

lit inkcied cclls. 1,110i to lite appearance or \. ling progCi\\, ball, cnzymatic activities litcrcasctl aild
ICachccl a maximtint a1, o1116 hoLir* allc: injection. The nlaximal cnzymaiic acti\. Incs Tm' D\,\
s\1.11Tesis and for' D\,\ brcakdo\wit in exiiacis or 11, fociccl culttircs wei. c I'CSpccti\. cly allout 2. J 11mcs
anti 7 times those or exiract* or Liiliilfociccl cullurcs. rhc Former cnzymc was 16untl prc, loiniiiaiitly
in Ihc $011iblc rrac!1011 in the cyiopla<itt and the laitcr in LITc nuclear Traction

\:accinia \. iru* camplcicly inacii\. arctl by neat or U\.' ticaimcnt tiltl not catisc ai^, changc in
111c IC\. c! or these unzyincs. The rustilts obiaincc1 11Tclicatc that Ihc SLIPpre<510n of D\.\ syiTihcsi* in
Ihc ituclci or ITost cells allei' Infociioit \\. 1111 tiltsc acti\'c or Inaciivaier1 \. 11nses 15 ITot rill'cctl\, associaiccl
willt 11, c allcraiion or thusc enz\111allc activitics

rich"1'111, e, 11 of P"Iho/rigi. . 7/1, ReJ, arch 111J!11/11e/or
A1^^lob^^/ DiJc"JeJ, Om/" Ultrae, Jib^, OJnk, ,

(R, ,eired/in 1111b!frailo, I, ripri'! 25, 1961)

TERUKO HANAFusA

SU\{;\IARY

As SI}0\\, IT in the prcvious TCPort (Hanafusa, 1960) Ihc ituclcic acid metabolism
is altel. ed \\, heIL L cell cultures arc infected \\, ith active and Inactivatecl forms of

H3-Ihymidine incorpoi'at ion Into Iluclei is suppressed and Ial)elcdvaccinia vii'us

acicl sol[IIJlc coinpotinds accumulate un the cytoplasm, \-\, hi]e DNA synthesis In
the c\, toplasin \\, as on sei'vecl only in cells infected \\'111t active virus. The clues 1101i
arose from these results as to whether the ICvels of the cnz\incs participating in

DNA riteta1)o11sitl are altered I)y viral infection.
All enzyme system capable of Incorporating radioactive Ih\, in Idiiie into D\, A

in extracts of EJ, helll'hid co!I has lieeit demonstrated I^, Kornl)erg of al. (Kornl)erg
at n/., 1956; Lehman at a!., 1958) ancl the inn\!ence of IJacteriophage infectioil o11
thc s\'nthetic path\v^, in ILOst cells has also heelt inVCstigated in detail, (Flaks of ff/.,
1959a, I>; Somerville at n/.. 1959; KGck at o1. , 1960; 1<0crner at at. , 1959,1960;
1<. 0rnlJero' at a!., 1959). Similar enzyme systems \\, ere found in \, arious tissues of rats
(B. 11um and P. tt*", 1958) cor thymus (B. 11um, 1960) and antit, * turn. " ., Its
(Smelle at a/., 1959,1960). A polymerase was partially IJurifiecl in some of these
invest 10ationS.

INTRODUCTION

97



98

The I, resent paper 15 on changes in the activity of two enzyme systems catalys-
in a the synthesis and the cleavage of DNA in cell-free extracts of L cells infected with
active and Inactivated vaccinia IHD virus.

I . CellJ

\10nola}'er cultures or Earle's L cells \\, ere used in this study. A{ethods or cell cultuie and cell
counting were the same as those described in the previous paper (Hanafusa, 1960). Thc growth
medium consisted of 95 per cent or La-Ye (Hanks' saline willT 0.5 per cent Iactalbumin hydrolysate
and 01 per cent yeast extract) and 5 per cent calr serum

2. 1/11"$

HANAFUSA

Vaccinia IHD \, irus passagerl in L cells was used. The virus stocks \\, ere prepared by sonic
disruption o11nlbcted cells. After sonicating at 10 KG foi 10 minutes, the suspension was centrifug-
ed at 3,000 I pin for 10 minutes and then the supernatant \, irus fluid was kept in a deep-freeze. The
method for' mactivating the virus by heal and ultlavioleL light was the same as de;cribed previously
(Hanarusa, 1960). In this experiment completely mactivated viruses * used were prepared by heat-
ing virus samples at 56'C for I hour or irradiating thent for 2 minutes with a U\r lamp at a distance
or 40 cm from the samples

3. '11/1r a $541'

The virus litei' was assayed by counting piaques on L cell plates. La-Ye solutioit was Liscd For
diluting 11, e \, irus sample. The number or PIaques was counted 2 - 3 days after plating.

4. Del, rini""/,'o11 41 Ihe DA, 4 andp, orei" con!,"! of, ,!/$

The amoLint of DNA was determined colonmetrically accordiilg to the ritethod or Burton (1956)
lising salmon sperm DNA as a standaid. Pi. otein was measured colonmetrically by the Folin-phenol
reaction as modified by Lowry at at. (1951) using bovine albumin (Armour Laboratories, Fraction
Y) as a standaid

5. DJ\*I prep"I'd!, b, I

The D><r\ preparation used as a prinlET \\, as a ITigh polymci preparation (California Corp. I a-
Iioit fin' Biochemical Research) from salmon sperm. In preliminary experiments. native and neated
(100'C, I minute) DNA were used as primers, but no difference was foulTd between them. There-
fore, native DNA was used throughout these experiments

The labeled DNA userl for DNase assay, was obtained from L cells labeleJ with H3-thymidine
for + - 5 hours. *Vierlabeling. cells were harvested in 5 in101Hanks' saline and 2.0 in10120 per cent
inchloroaceiic acid \\. ere added in the cold, and 111e suspension was centrifuged. The resulting
precipitate was dissol\, ed in 1.0 inI or cold I N KOH and then treated \viih 2 inI or water, 0.2 inI or 6 N
HCl and I inI of 20 per cent inchloroacetic acid. TITc precipitate was collected by centrifugalioiT
and dissolved in 0.2 inI of I N KOH. 0.2 x HCl was added dropwise to a pH of 7.5 and then 0.05 M
Tris butler was added to make the volume up to 5.0 inI. 0.1 in10rsuclt a prepaiation containeJ 071
ing DIDNA allc11.11 x 105 cpm orradinactivitv.

6. holy^

Ti'illuiTt labelerl Ihymidine (4.0 c!in mole, The Radiochemical cenier, England) was diluted \\'ith

ATATERIALS AND METHODS

* The following abbreviations are LISed in this paper; HIV: heat mactivated vaccinia, Ul\;: U\!-
maciivated vaccinia virus



distilled \\'at CT 10 appropriate coltcentrations. Radioactivity was measured as CICScribcd pre\. IOUsly
(Hanarusa, 1960)

7. Prey, drollo, ! of cell ex!!acts

L cell CLIltures wei'e initctcd with 1.0 inI or viius samples and inclibated at 37'0 for 2 houis
Then the cuntires were washed \\, itit L. a-Ye, oveilaid willI8 inI of growth mediiim and incLibaied
at 37'C. Coniiol cultuics \\, eic inoculated with 1.0 inI or errowth medium. The uninrectcd and

infected CLIliui e* were chilled at various times ancl washed twice with Hanks' salinc. The washing*
were completely removed. Cells were har\. estcd in 0.05 M Tris-HCl btifTer (pH 80) using a I. ubber
policeman. Usually 3 inI or bunti. wetc used for 4 bottles or cell cultures each bottle containing
8 x 106 cells. The cell SIIspcnsion \\. as subjectec1 10 sonic OScillatioil at 10 KG for 5 minutes in a
polycthylcnc ccnirifugc tube and then centrifugecl at 12,000 x " for 20 minutes. The supernatant
solution containing about 2 Ing protein PCr inI was usecl as the enzyme solution without furtlTer pun-
fication. .\11 the above procedures were carticd oui at 0 - 4-'C. The enzyme solution was kept in
ail ice bath, and ITo loss or cnzyme activiiy was Ib\ind tluring a Ihrcc day stoi. age PCriod

In somc casts cullurcrl cells \\, crc I, ai'vested and washed by cuntrii'ugaiion. Howcv". repro-
duciblc data wei'c not on lained by this method, bccausc, as SITown by SPCctrophotomciry, a consider
ablc am Dun I or acid soluble n. alerial leaked out or the cells into the \\, ashing media

8. F1'"t!iona!1011 of J, !bce!/!11", ro, "/;on, "/$

Homogcnaics \VCI'e lirepai'crl by clisrupting L cells in an all glass ITomogciiizcr in 2 inI or burrcicd
sucrosc solution colliaining 0.25 xi sucrose, 0013 xi 'Tris-HCl (pH 80) aitd 0005 xi 1<01. Nuclei
wcrc prepared Iiy CUITtrilugii, g Ihc whole nomogcnatc Ibi 10 nTinutcs at 600 x g, aiTd subjecting
Ihc seclimcnt to one runlter IC-homogenization and rc-scdimcniation. (Traction a) Under thc
microscopc. the hornogcnizcd sample appcarcd 10 contain a ICast somc wholc cc!15. Thc hornogcniz-
ecl prepai'allons \VCI'c sepal'at, cl in10 the following Fractions b\, nTean< or centrirLigatioii and sonic
oscillation

a. witole nuclei

11. a soilicatcd "!Tactioi, a" (sonicaiccl at 10 KG for 5litinLiics, and Incn centriljigecl at 12,000
x g Ibi 20 minutes)
c. the whole supernatani artcr centi Irugation at 600 x g
cl. Ihc supernatant ancr ccniiilugaiion Dr"fraction c" at 12,000 x "
c. a sonicaiccl "TractioiT c". (sonicatcd at 10 KG For 5 minutcs, and the11 celltrirLigcd at 12,000
x g for 20 nlinures)

All the abo\, c litoccduic* were done at 0-4'C

9. SIa"of",,/ mini. priced!,,, of e"<), Ina!i, ac!1,111k

a) 11,141' of 811,111a!ic 31n!A"if of DNrl
This assay Incasui'cd titc incoiporaiion of H3-lilymidinc into an acid-msolublc PIOduct. Tite

ICaction mixtuie (0.80 inI) coniaincd 28 11 moles or Tris-HCl (pH 8.0) ; 4.0 A moles of Algolg ; 2.0
1.1 ntolcs or f\TP ; I PC or H3-Ihymidine: 250 11g or salmon sperm DNA and 0.20 in I or cell cxtract
containing 0.4 rug o1'protein. After incubation at 37'0 fin' 60 minutes, the tube was chilled, and 1.0
in I or water and 0.8 inI or 20 per ceiTi trichloroacetic acid \VCrc added. Artcr centi. irugation at 3,000
rpm for 5 minutes, Ihc precipitate was dissolved in 0.5 inI or I X KOH. The DNA was reprecipitat-
ed by the addition or 1.5 inI of \\, atcr, 0.1 inI o16 N HCl and 0.8 inI or 20 per ccnt Incl110roacetic
acid, and centi'iruged. Thc precipitate \\, as dissolved in 0.2 in I of I N KOH and diluted to a suit-
ablc \, o1ume. 0.2 inI ajiquots or this solution were pipettecl into planchcts and their ^adjoactivii\,
was measured

b) fit, 41, DIDNli"

The assay me asuied the Ielease or radioactive acid-soluble fragments from DNA. The incuba-
lion mixture (0.40 inn contained 4.0 11 moles or AJgC12; 14 A moles or Tris-HCl (pH 8.0) ; 0.1 ntl or

ENZYi\{ATIC r\CTIVITIES IN \/IRUS-INFECTED CELLS 99
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H3-labeled DNA obtained from L cells and 0.2 itTl or cell extiact containing 0.41t, I of protein. Anei
incubation or the mixiuie at 37'C for 40 minutes, 0.1 inI or carrier DNA (2.5 rug pel inI) aiTd cold
I N perchloric acid were added. Alter removal of the precipitate, the SLIPernatant solution \\, as
I, eutralized willT 0.8 inI of I N KOH ancl kept at O'C for 30 minutes. Then Ihc precipitate wa* re-
moved by centi irugation. 0.2 InI aliquots of the stipernarant solutioit were piaied, aild tile radio-
activiiv was determined

RESULTS

I. One-$141 ginzu/h carloe101' aaccinia un'us in L c, //J

To obtain a one-step orowth curve of vaccinia virus in monolayers of L cells,
monolayers containing on the average 8.6 XI06 cells per culture \\, eyeinfected \\, ith
1.2 x 108 PFUlml of vaccinia IHD virus. Two hours after. infection, the inoculum
was removed and the cells were washed 5 times with La-Ye and overlaid with 8

inI of growth nTedium. Infected cultures \\, ere kept at 37'C. At various time inter-
vals after Infection, cultures were chilled and after removing the super natant
solution, the cells \\, ere harvested in 2 in I of fresh orowth medium in a rubber

stopped cellulose acetate tube* \\, ith a rubber I'Dliceman. The cell suspension

HANAFUSA
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Fig. I. Growth of Ihe IHD strain of vaccinia virus in L cells. Monolayers containing 8.6x106
cells/culture were infected wi*h 1.2XIOS PFU/'inI of the virus. The curve shows the
rote of increase in the infectious units in cells.
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was sonicated in a I O KG sonic oscillator. for I O nlmutes and then centrifuoed at

3,000 TDItt for' 10 minutes. The numl)er of PIaque forminu units in the resultino
super natant solution was determined.

A one step growth curve (Fig. I ) indicated that the first increase in intracellular
virus occurred at 6 ITours and that the yield was about 200 PIaque-formino units
per infected cell at 20 hours

2. E!10, mallc ynifier!'J of DAI4 4y Ih, cell evil'nc/

a) Pi'opal/ieJ of Ihe all c}Ine ITJ/rill

The enzymatic activity for. incorporating thymidine into DNA was measured
witlT extracts of uninfected L cells and \-\, ith those infected with vaccinia virus, by
the standard assay method. Thymidine incorporation at 37'C as a function of
the incubation period and the relation bet\\, een the protein concentration and
thymidine incorporation are shown in F1. 's. 2 and 3. The reaction proceeded
linearly for. 80 minutes, and was proportional to the amount of enzyme witll cell

ENZYi\. L\TIC ACTIVITIES IN \, IRUS-INFECTED CELLS

E

a
U

101

<

a 2x104
o

=

b
co

.

o
a

o
U
=

.

60 80 minutes
lime of incubclion

Fig. 2. incorporation of Ihymidine info DNA OS a function of time. Reaction mixtures OS described
in Materials and Methods were incubated of 37'C for the indicated periods

extracts containing ujJ to 0.6 ing of protein. The presence of primer DNA and
Mg'+ was indispensable for. this reaction, as shown in Table I, ATP seemed to
I)e required as a phosphorus donor. In this experiment, the precursors of DNA
depend upon SLtlJstances pooled in the cells. One important question is whether
variations in the nucleotide pool in the specimens affects the assay of enzymatic
activity. To test this, extracts of infected cells \\, ere heated at 100'C for. I minute

and centrifuged. To the reaction mixture used in the standard procedure was
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added 0.2 InI ajiquots of the super natant of the heated extracts. The incorporation
of thymidine was not affected by the alJove procedure.
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Fig. 3. Relation between Ihymidine incorporation into DNA and protein concentration. Varying
amounts of cell extract were added to the reaction mixture which wos then incubated

for 60 minutes.
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Table I. Requirements for Thymidine Incorporation

0.44

DNA added

0.66

0149
50

125

250

250

250

250

Infected

Mg~~ added

4.0119
4.0

40

4.0

4.0

40

o

o

50

125

250

250

250

250

The reaction mixture contained the following ; H3-Ihymidine, I PC 14"c/in/4 mole! ;
Tris-buffer, pH 8.0,28 14 moles ; 0 .I 0 in I of cell extrac1 12. 0 ing protein/in 11 and DNA, Mg * ~,
ATP OS indicated. Final volume, 1.0 inI. Incubated 60 minutes o1 37'C

ATP added

2. 0I'm o1es < 1000 cpm/ing protein
35002.0

111002.0

140002.0

81000.5

11100I O

38002.0

4.0

4.0

4.0

40

4.0

4.0

o

H a-Ihymidine incorpo-
rated into DNA

2.0

2.0

2.0

2.0

0.5

10

2.0

7700

43000

41200

40000

31200

37000

2300



h) Eiieyi?killc 41yi!/heri. , of DJ\'/I off, I' illec/1011

As shown in Fig. +, incorporation of thymidine into DNA began to increase
immediately after infection and at 6 ITours after infection it reached a maximum
level \\, hich \\, as al>out 2.5 times that in the uninfected cultures. Subsequently
it remained urialteTed Or decreased SIiglltl\

ExZY\, IATIC .\CTIVITIES IN \/IRUS-I\FECTED CELLS
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Fig. 4. The level of DNA synthesizing enzyme offer infection with vaccinia virus, HIV and UIV.
The assay method was described in Ihe Materials and Methods.
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Several enzymatic steps may lie involved in the incorporation of thymidine
into DNA and the results obtained show the chan"'e in the rate of over-all incorpo-
ration. When the acid soluble fraction from cells infected with UV-it radiated

vaccinia virus and labeled \\, ith H3. th\, in Idine, was used as substrate for. the reaction,
the Increase in activity \\, as very slight. The main components of this acid soluble
fraction seemed to I>e deoxyribonucleoside triphosphates (Hanafusa, 1960) . This
fact suggests that the level of the "polymerase" catalysing the conversion of deoxy-
ribonucleoside triphosphates into DNA does not change much after infection.
This supposition \\, as supported by another experiment. A reaction mixture
containing extracts of the infected cells was incubated without primer DNA for
40 minutes and then heated at 100'C for. I minute, according to the method of
Bonum and Potter (1958). The supernatant of the resulting mixture was Lised
as substrate in reaction mixtures which were then incubated for 40 minutes. The

thymidine incorporation was almost equal in uninfected and infected cell extracts.
Fig. 4 also indicated that lifection with neither HIV nor UIV resulted in a

change in the enzyme level in the host cells.

Voc I . I

o

,

.

o

2

HIV I O I, UIV I , I

4 1086

hours clier infection
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c) Gennini' 106n/fed/ion of Ihe en<yn!e ac/fully
Uninfected or infected cells were hornooenized and the nuclei and cytoplasm

separated. The enzymatic activities in the five fractions separated (a-e, in section
8 of A{aterials and A{ethods) were determined. Maximal specific activity was
found in the supernatant fraction (fraction d), as reported already (Bonum and
Potter, 1958), and minimal activity in the nuclear. fraction (fraction a) of either
uninfected or infected cells. (Table 2)

Table 2. Cellular Locolization of the Enzymotic System Incorporating Thymidine into DNA

HANAFUSA

Froclion*

Unin{ecied

a

b

Enzymoiic activity
irudioocliviiy incorporated

into DNAl

C

d

e

Infected

cpm

348

I76

11700

13000

I 1600

a

b

C

d

* The fractionalion procedure is described in section 81 of Materials and Methods. The
reaciion mixiures were standard except that Ihe various fractions were used OS enzyme preporo-
lions

e

3. The 18u, / of DAIare

a) F1'o181'!ieJ of DA'aJe

The activiLy of DNase was determined I, y a standard assay method. Break-
down of DNA as a function of time and the relation between protein concentration

and breakdown are shown in Figs. 5 and 6. From these results, al>out 0.4 ing of
protein and a 40 minute reaction period were adopted as suitable conditions for
later experiments.

Released acid-soluble frauments could not be measured spectrophotometri-
cally I>ecause of the presence of a large amount of acid soluble nucleotide.

The DNases of extracts from uninfected or infected cells hydrolysed noth
host-DNA and viral DNA. LalJeled viral DNA \-\, as prepared from cells infected
win} vaccinia virus in the following manner. Infected cells were labeled with
H3-thymidine for. 2 - 6 ITours after infection, and then the cells were treated twice
with 0.1 M citric acid. The extracted cytoplasmic DNA was precipitated with
trichloroacetic acid, and the labeled viral DNA was obtained I>y procedures similar

Protein

394

194

24100

29400

26200

"g

206

115

776

612

676

Specific enzymoiic
activity

cpm/ing protein
I. 69 x I o3

I. 53 x I o3

15.1 Xioa

21.2 xioa

17.2 xi03

244

138

708

548

572

1.62X103

I. 41 x I o3

34.1 xioa

53.7 xioa

45.9 XIoa
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to those used for. laneled ILOst DNA. }lost DNA and viral DNA were hydrolvsed
at almost equal rates Iiy extracts of either tininfected or infected cells. Dilution
of substrate DNA \\, ith a nonlabeled salmon sperm DNA caused a decrease in
the rate of release of radioactivity to a denyce proportional to the dilution. These
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results indicate that the substrate specificity, of the DNase In both uninfected and
infected cells is very low.

b) Th, I, ",/ of DA'",, off, , i, of, ,"'"

Fig. 7 shows the change in the DNase activity after Infection. The activity

HANAFUSA
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Fig. 7. The level of DNCse after infeclion with vaccinia virus, HIV and UIV. The assay method
was as described in Materials und Methods.

had increased approximately 7 times 6 hours after infection and later the level
decreased silohtly. At its maximal level, the enzyme released about 21 per cent
of the radioactivity of DNA into the acid soluble fraction. The level of DNase
was the same in extracts of cells lifected with Hl\/ and with UIV.

it was found by KozlofT (1953) that the DNase in extracts of Tz infected
E. coli was inhibited by extracts of unittfected E. coli. This inhibitory action was
due to some RNase sensitive substance. KozlofF considered the apparent increase
in Di\Tase after phage infection to be a result of destruction of this inhilJitor after
11Tfection. In the present study, however, no inhibitory action against DI\, ase
was found in extracts of unitffected cells.

c) Gennini !o6nlizn/foil of D, \'rife acli"!01

This was studied in the same manner as the synthesis of DNA. As summarized
in Table 3, in contrast with the synthesizing system, Di\ase was most active in
the nuclear fraction, with about half as much activity in the cytoplasmic fraction.
Therefore it seems likely that this enzyme is located in the nuclei rather than in
the cytoplasm.

A

a
\

\

o 2 4

HIV I O I, UIV I , I

6 108
hours offer infection



ENZYMATIC ACTIVITIES IN \;IRUS-INFECTED CELLS

Table 3. Cellular Localization of the DNose

Enzymalic aciiviiy
Irodioocliviiy released

from DNAl

cpm

3080

1600

6420

5200

5440

Fraction*

Uninf ected

a

b

C

d

e

Inf ecied

o

b

C

d

e

14200 244 58.3 XI03
11700 138 84.8 XIo*
29800 708 42.0 xi03

24600 548 44.9 XI03
27000 47.1 xioa572

* The frociionoiion procedure is described in seclion 81 of Moleriols and Methods. The reac-
lion mixiures were 510ndord except that the various frociions were used OS enzyme preparations

Protein

119
206

115

776

612

676

Specific enzymoiic
activity

cpm/ing protein
1501103

14.0 XI03

8.26 X I 03

8.50 X I 03

805X103
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Fig. 8. Effect of infection with vaccinia virus on DNA in nuclei of host cells were labeled with H3-
Ihymidine for 4 hours and then infected with vaccinia virus for 2 hours' The DNA in nuclei
was extracted from the cultures of O Ijusf before infection), 2,4,6 hours offer infection.
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4. Tui7i ouei Idle of c, !/illni. DAI:I

The increase in DNase activity after vaccinal infection is quite rapid. The
increase in DNase activity may be associated in some way \\, Ith the mechanism
of svnthesis of viral DNA. It may produce precursors of viral DNA by IJreakdown
of the host DNA. Therefore, the rate of turn over of nuclear Dl\A in infected
cells was determined.

Monolayers of L cells \\, ere cultured in A{edium 199 containing H -thymidine
(2 PCI5 innculture) for. 4 hours, and then washed with Hanks' saline. These
labeled cultures were infected \\, ith vaccinia virus, and after a 2 hours adsorption
period the inoculum was replaced by 8.0 inI of growth medium. In the uninfected
control culttires, 1.0 inI of growth medium was used as the Inoculum. Cells were
chilled at various times, washed twice \\, Ith I{anks saline, and then treated with
0.1 M .it"IC anId at 37'C us der. "Ibed in an corli. " report (Han^fus^, 1960), DNA
was precipitated from the nuclear fraction and the radioactivity of the nuclear
DNA was measured. As shown in Fig. 8, there was only a slight difference in
rate of turn over of DNA in uninfected and infected cultures. 'This indcates that
host DNA once syi, .thesized is rather stalJle and it is not utilized during multipli-
cation of vaccinia virus.

,
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The present studies demonstrate that there Is a definite Increase in two enzyme
systems following viral infection, one is system which incorporates thymidine Into
DNA, and the other is one that I, Teaks down DNA

The system for synthesizing DNA studied in this \\, ork seems to catalyse an
over-all reaction and it is not possible to draw any conclusion about the nature of
the various enzvmes involved. However, from the assay method, the requirement
for' DNA and A1g+T for this synthetic reactioiT was found to be similar to that of

ofsysteins from other sources (Lehman at n1. , 1958; Bonum, 1960). The rate
Thyroidine incorporation was found to be increased in extracts of infected cells.
The increase in rate of this enzyme system was unexpectedly high and by t e time
viral PTOgeny had begun to maturate the activity Ilad already Teac e Its maximum.
Preliminary experiments suggest that the level of polymer ase was unchanged
after infection, but the \, alidity of this fact will be checked by further studies using
four deoxyribonucleoside triphosphates as substrates.

effect of DNaseAlthough DNase activity was also increased after Infection, the
upon the assay of the synthetic enzyme \\, as not considered. If corrections were
made for this, the increase in the activity of the latter enzyme would be greater.

As mentioned already, there was very great suppression of thymidine In-
into the nuclei of UIV-infected cells. Nevertheless, the activity ofcorporation

the DNA synthesizing enzyme system in extracts of UIV-infected cells was t e same

DISCUSSION

,



as that of uniitfected cultures. Possible explanations for these facts are as follows.
( I ) In cells infected \\, ith Ul\' the DNA synthesizing enzyme is masked I>y some
inhibitory, substance, which is released by disruption of the cells. (2) The UV-
damaaed DNA of UIV caused some hindrance of transfer of "information" from

cellular DNA to the rest of the cell, resultino the suppression of DNA synthesis in
nuclei. (3) Some mechanism of transportation of the DNA synthesizinu enzyme
to the site where it functions is inhibited by infection. (4) Precursors for. nuclear
DNA synthesis are directed to viral DNA synthesis after infection, thouoh the
latter synthesis is abortive in L cells infected with UIV. The true explanation
must await results of further studies

An unexpected findino' was that there was a large increase in DNase after
infection. In addition, the chanue of the level of this enzyme after infection was
almost proportional to that of the synthesizing enzyme, and 6 hours after. infection
maximal activity was o1Jserved. These results imply that the DNase level is de-
pendent of the replication process of this virus. However, studies on the rate of
turn-over of nuclear DNA us intr radioactive thymidine showed that the host DNA
was not in a position to I)e utilized for. the synthesis of viral DNA. Furthermore,
the level of DNase was not altered in UIV-infected cells. Obviously DNase is
not responsible for. the suppression of thymidine incorporation into nuclear DNA
in cells which is induced by infection with active virlis, UIV and HIV.

11 has bcen found that infection of E. coli B \\, ith phage T2 caused a rapid
increase in the DNase activity of cell extracts (Cohen, 1949; 1<unkee and Pardee,
1956). This increase may be due to the removal of DNase inhibition rather than
to the synthesis of enzyme (KozloH', 1953). On the other hand, in T5 phage
infected E. coli, the DNA content of the culture fell rapidly during the first few
minutes after infection and then increased at a rapid rate (PfefTerkorn and AmOS,
1958; Crowfo"d, 1959). H. w, v, ", it war p. intod .ut by Crowf. "d (1959) that
the increase in DNase may not be related to the breakdown of host DNA. This
breakdown in^, I)e due to a highly specific DNase which represents only a small
fraction of the total DNase activity. However there is no evidence on this point
yet.

Since the DNase found in extracts of infected L cells was not inhibited by
the addition of extracts of normal cells, the increase in this enzyme activity re-
presents a net synthesis of enzyme protein after Infection. This might be a kind
of cellular response to abnormal DNA synthesis induced by viral infection.
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