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1. Introduetion

Protein kinase which transfers the y-phosphoryl
group of ATP and dATP to O-seryl and O-threonyl
linkage im proteins has been detec ted in purified vi-
rions of several £nve}®ped virnses; 1., vaceinia virus
1], vesicular stomatitis virus {VSV) [2] , hexpes vi-
ruses [3, 41, frog polyhedral cytoplasmic deoxyzibo-
virus-(PCDY) {3, 6], influerza, parainfluenza viruses
{71, and RNA fomor viruses {2, 7]. The virion-asso-
‘ciared pr@iem Kinase was activared tw dﬂe,:mpt@n of-
1he envelop2 by treatment with nonionic detergent -

and dithiothreitol (DTT) {1-7]. Upon incubation cf :

the a&:twm!ed wirions in vitre with [v-32P] ATP, cer-
- inin species of the viral proteins of ihese VITIIZSE WETE -
phosphorylated 1o various decress [1, 2, 4, 6. Al
_though the virfdon-associatad protein kinase appeam&

'lessemla] for the mfmtwﬂy of PCDV. [5].its fonction

dn wmﬁl Ieph::atmn is unkmawn with any of 'tmese
mn‘ses, '

Inview of the fact 1h31 the viruses which contain’ : ',

:mlr:] eic acid pnlymerase as an integral componem of -

- virel core also carry protein kinase (with an excap! Lion: ;
of reovirns, unpnbhshed dazz), we have. develoned an | ..

‘experimental system 1o examine whether these two

~enzymes ate functionally related in the vifdons. in ihis -
CDmmumcahon WE p:resenx ev*dem.e ifhat Ihe p}osph&'_‘_ S

* P:esen“l addrass Dapi DIBmchLm ‘VJCGJH \Unn-, ,' : j
& ‘.‘Montxea] Canada-—- I

_ ‘grown in mmm]ayer culturss of BHE-2}
- punﬁed o8 desx:ﬂheﬂ by Aaslesmﬂ et g, LEa]

. rylahﬂn of vmﬂ pmiems mav h: Jm’c‘x’eﬁ in 1 ih% ach-
‘vation of "wn'a] gen@ma ‘Imnscnpimn in vaccina *n;rus
and ‘JSV ' R

. E_V'Ma'-teﬁﬂsrand-mﬁhéﬂé s

I I’amsm :
- ¥eecinia virus xstmm 'WR) was aro“ﬂm in uspa asion

 culfuzes of L-cells and purified by the pmc;dw T of

Pacletii and Moss [1}. VY {Indiana serotype) was -
L eells, am}

fiSSH_)F fm EZLZ}JMES :
men-asmcmieﬂ RNA polymerase and prmuFm -
ku-ass wege assayed by defermining the incorporation

ot Hof |52 UTP and 32P of [5-2 PJATY intd
_acid-insoluble materials, respeclively. The virus prepa-
. mations were preincubated in 2 .05 M Tris—C17 - B
" “buffer (pH 8.0) ﬁmﬂmmng 2% of Nonidet P4D -
S {Np-40) und 0.04 " of DTT 5t 20°C & for over 10 ﬁm .

then diipied tomz g2 ﬁﬂa }‘Eﬁr”ﬁb‘n Trix tore {a n}?a]_'
_yolume of U.E mil) Tomposition of ﬂ]E ‘reaction TRIx-
- ture is deseribed.in the mdmdt.a] ]agez:d In“ﬂba*mn _
o wms el 370 for vaccinia vizus angd E eoli

at 31° L‘ fior VSV The reaciion Was 't m:tmma?»_éd by
adding 200 tg of veast RNA. aﬂﬂ 2:131:0‘3’ 1@%

- trichloroacelic acid ITCA) contEning D.02 M NaPPp,’

.. ‘The prﬁczpata‘?e fmm d waseollected by r:ertnfuba- o
S Lon-ﬂisw red in 1 ml of i1 M Tns—C] pH 8 oy o
s cnnt:almng ImM EDTA ‘and agm p:cemp ta'ted by
o :'mﬂﬂmg ?ﬂrops 01' 70'-“9 TCA. :Tﬁ” prempn te was .




gcul!ected an a milhpore membtane filter .md washad
‘with 5% TCA. The filter was driednind the radioactivity,
i ttllati n counter.

Resultsnnddlsfmﬂﬂ

.8, l. Reaction Kinetics of the virion-associated protein
kinase aid RNA polymerase
Incubatmn of vaccinia vitus or VSVin a reactmn
mixture containing {y-32P] ATP and [*H] UTP {in the
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1 Fxg. 1. chtlon kmetlcs of the RNA polymemse and

L rotein lcmase asmci“ ted wuh vaccinia and VSV virdons.
““The reaction mixture (1 2 ml) contained 3 nmoles

(50 uCi).of 15-3H] UTR, 0,81 umales (0.25 xCl of
f32PJATP, 0.1 amales cach of uniabeled GTPand CTP,

. 2. umoles of MpC1;,:10 amoles of Tris—C1* (pH 8.0),
=10 pnto, i"!(Cl, , .umolvs of DYT, 0.02% (vol. /ol yof
*; Nonidet! NG 'md 20 B of 'the punfied vaccinia or 50 ug

- of VSV virions: Solid linet represent the incotporation
““of 2P and broken lincs that of ?H. Open circles roprosent -
ithe incorporaﬂon for VS\' und closed one foi ‘vaccinia

N ‘pxesence of unlabeled GTP and CTP) resulted in the

incorporation of both **Pand ?H into acid-insciuble
matenals (ﬂg. 1) 'l‘he mcorporation of *H represented

corporaﬁun of 3 1P was T
tion of unlabaled dATP, and the reduction was pro-
pomonal to the ratios of [7-3" P] ATP to uniabeled
dATP added (table 1): The. result suggested that, like
with other viruses {7], ‘dATP was as good a substrate
for the protcin kinase of vaccinia and VSV as ATP

ompeted with.[y-32 P] ATP for the enizyme. This
was'a t‘urther indication hat the im:orporaﬁnn of -
2P unrelated to the synthesis of RNA. The result
shown in fig. 1 therefore indicated that the phosphory-
lation of viral proteins took place during the in vitro
RNA synthesis and that the phosphorylation reached
a plateau before the RNA synthesis took place at a
maximum rate.

Table 1
Reduction of 2P {ncorporation in the presence of
untabeled dATP
[v-22PJATP  JATP  Relative level of Y2 Pincorporation (%)
mM) @M  TTysy Vacciniv.
0.05 0 - agee © 100°
005 - .0.08:. -48.38 - 471
0.03 050 ¥ A 16.2
0.05 _5'00 o "D ’6 0.0

The reaction coﬂditiom wcm tl\e 1ame us 1how dmnbod

in the logend to ﬂg. 1 except that 14 HlU‘l‘l‘ unlabeled

CTP and GTP wero omitred, 'Unla‘belad JATP wias addest as

Indicated and tha reactlon mixturc was lnmbatud for

30 min, C

* Tho'amounts of- “P incorpommd ini tho absence af -
JATE wers 5.6 and B2 pidlea’ (0-tima control Valties
wore: subuamd) l‘ox VS\' nnd vaecinin viruy, sespactively,

oY |
\"h""‘ a\u ‘hu lnwu o u-.q-uuu un‘: us"!ﬁ}
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| genvine transeription <
The above results suggested that, fhe vizdl gename

7 transcnptmn ‘might be stinmalated {or ml'tlate-ﬂ; oy the _

_preceding ph osphorylalwn of viral pm,.em:.. To “test
N ﬂns hypothesxs we have aﬁe:mpted o carry ol R‘\TA

E Dm]ymcrase Teaction with or without phosphats dnnm:r_' |
for pzmem kinzse. This was accomplished by usingan .~
- ATP analogue in which the oxXygen atom between the

i JS and 7—ph05;3homus atoms rep]atéﬂ hy “CHarde
- B, *y’methykne—ATp or AMPPCP. This analogus wili
- not serve as substrate for protein kinase Teaction that

: -requmas cleavage of B—y bhond wmle it ﬂbes suhstitute

for ATP in the RNA synthesis with E.- EDJI RNA poly-

- merase {mble 2). To the contrary; AATP serves a3 sub
“strate for protein Xinass but not for RMA paljmera.,e o
* It was therefore possible to use these two ATP anaio- JRE
~ gues o determine whether protein Kinase dotivity is

‘mecessary for viral RNA polymerase to be active. If -

- viral RNA synthesis is imitiated by the phosphoryls-

tion of viral proteins, then the RNA synihesis using

AMPPCP should be observed only when dATP is aso

‘ _pn—:sem in-the reachon mixture.
“Table 2 summerizes the expenmenial resulis ob-
tained with £, coli RNA polymerase (calf thymns
' DINA 2s template), vaccinia virus and VSV, £ coll -

RNA fpxﬂymemse utilized M@PEP ag suhstmns fm :

FLES ]..ETTERS
K eqmreme,nr fora phospbate ﬁonm ‘1‘ ' Ihe mml u’”ATP 1houg}1 hxan *com: ' -
o g '.—'] -_reqmred 5 aftain 2 snbstantial i ieve: of RNA symthesis.”

. Bs BXPECTB;. ih this case, the syntiesis of RMA with
- AMPPCP was Titile. affecteﬂ by "le p:esezme of dATP. .

Ma-'y 11972;'-9,-1

an'tram ns Uf “che a*aa] cg:xe we

In contrast, 'when viral genoms transcription was deter-.

" mmined, AMPPCP _ould not substituie fox ATP and no’
- significant RNA syni thesis was . obt.med Wlﬂl the ana- -
- logue: A sigmificant level of RNA synthesis was ob
served only when both AMPPCP and dATP were

present. Although the reaction rate with .AI&@PCP ané ‘

. dATPR was consuﬁﬂrab} v sla:?we:r than ‘that i the com-

i _p]ete :wsiem, :stnmﬂgm o1 Df the. ENA syzﬁhes:s by the b
‘addition of dATP was undotbiedly: meamng_fm, The .

- slow reaction rate with AMPPCD was apparently due’

to reduced affinity m’ A‘%TPP{’P for RNA palymem;es

. As shown in tabic 3, the RNA xynﬂ}ems nsing

AMPPCP was stnmﬂ;w ed with the increasing ca::nenira—

- tion of the anadlogue znd a ﬁgmﬁca;ﬁt level of RNA
_ Bymhesm was observed onl y at the vcnncemi'ahons '

over 0.5 mM {while an optimum ‘concentration for -

. ATP was amlnd 0.5 mM unﬁer ﬁ;:sn reacion mnfh-
* tions). ‘

“We interpret the msuhs fo mezn that a phmphaie
donor (in  form of ATP oy AATP) is reguired £ for-
viral RNA palvmi-rase in function in the vacciniz and
VS vinions, It is mosi canr,ewa‘bk that the vh Bsphate R
dtmm was 'L‘*ﬂlzeﬂ as subsiraie for v;ral prot em ]ﬂnase

Tabie2 -
Eubstm&& amn”nv of AaﬁPPEP for virs and E opdi RMA p@]ym Era'SE:
. o . anﬁ fhaa effeet ol AATP.

3 B mtmpo:ateﬁ_

R{z_amﬁbh Bystem ‘ © gy

| E zoB RNa-

j - Varrinia v.
- {pmules/4 hi, {pmolcsfhry polymemass
: . S {pmn’& D4y

. Complete - - : 15 ?1 R 373

L —ATP R ,@,@3, R X ¢} AR Rl L

. -ATP,#8ATP - DoG 003 - 01
- _“,—B'IP -a-AMPPCP - - BDF DO3. .. L T LADS |
’ '~ATP3 +,AI¥IPPCP,—§-K3A'FP o DD

044 - 080

“The complete ; :eafcmn mmme for 1he vmun—assmmaieﬁ ENZYIMT tm’mmeﬁ ina tote S
“wolume of D.2 mi: 3 nmoles (50 2C3H of 15SHIUTE, 0.3 pmolkes each of untabelsd A'.m R

- '{GTP and CTF, 2

L TRCL4 pmcles of DTT. 0.02% (voljvol) of N

When ATP was replai:bd by its analogues,.
of B uwinbeled @.&TE‘ ERT

rmoles of MgCly, 10 pmioles of Wris—Cl~ {pH B.0), 10 pmokés of _:," o :
40 and 20 jig of the }mnﬁed nnnm* R
. “pmole ofAM’PFCP am.. Z5 wmples T
ased Foa Eleoli RN A polymersse EP—éD was omittedand o
ues are ;h* mean ;nf dup]raied 2353) 5

| "71”7 HE Uf cal hymns DNA was ad@l@d The ,
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Table 3 . .
Eﬂ‘ect of thu concenlration of AMPPCP m the
viral RNA poiymemse n,acmm ‘

- AMPPCP . 3h1ﬂ€0rp:}ratcﬂ ([:vmolesjhr)

C (mM) P . VRV Vaccamav
0 RRERL S EU T SRR ¢ X ¢ )} S
e - K 0.04 . .- 0.0} [
0.5 - e 006 D89
SRR 1 TR RPN o X0 1 I I S
S50 aas 029

~'The qca cﬂoh <ondilions were the same n$ thesein ihc legend, |
- 101 table 2 excr:;:n that ATPwas teplaced } by AATP (2.5 pmo]es)
‘ “and AMPPCP Cthe mncan?natmn s mdicateﬂ) o

" and that thr’ phcjsphorylanon of vual pmtems- ‘!ed to
~ the activation of the tr anscnptmn of viral genomﬁ
"medmteci by wrai RN}& ;pmymerase_ Fl’lx ther expm-

pay 1‘9?4; -
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