
-Vo.]um~,4-1,number.2 .... 7 " - :- ; .- --. . :: t rEBS.LETiERN..  I, - : _  :-_.):: .: :7.2: : -  _-:..  .---: . : . i :-M~aj~-]g74 

- , - - A P O S S I B L E  B I O L O G I C A L  F U N C T I O N , , .  O F  T H E  ] P R O T E I N  } L 1 N A S E  --.~ - • " .--- 

. ASSOC AT   v a c c l m a  a  VES Cm,a :STOMA    S VIRm S - " -  

: " .•- " . -- : . xaZasuslh-5"WA'3"~qA'B~E;S:ad~t,os]'A N-;X~IJ~IA ~ un.g ' g ~ g e e . ~  "i;,),__~.N'_3A~A -~; . - " ~ " : 
" " • " ' " - " - " . . . .  ~ e p a r ~ m e n Z  o f ~ a c , t e A o ~ o g y .  Y F o k O k u  '~-'~ix/~'sf13, " .. . • - " • : " 
. " . . . . - S e k o o ! x g f M e d f c i n e ,  2 - Y ' ,  S e i r y o z z 2 a e ] f i ,  S e a d a i  f p o z t c o d e : f e g O ] , . ~ p a n  

• _ . . .  . ( " _ - . , - . " • " • 

• . - - . . . ~ . -  _ 

" . . , I~eeei~eed ,lg Jmaua~- 1.974 - : • - 

1. I n t r o d u c t i o n  -. - " r y l a f i o n  o f  ~ir:a] p~oteLns m a y  ~ e  i h v o ! v e f l  i n  ~asle zcf i -  

P r o l e i n  kqnase w h i c h  t r a n s f e r s  *.he 7 - p h o s p h o r y l  

g r o ~ p  o f  A T P  a n d  d A T P  t o  O - s e r y l  a n d  O - t h r e o n y l  
1G-akage i n  pro*,einz h a s  b e e n  d e i c e ' t e d  in  p = r i f i e d  vi- 
liOnS ,of s eve ra l  ~ n v e t o p e d  v i r u s e s ;  i .e . ,  v a c c i n S a  v i ru s  
I ] ] ,  wesicMar,  s i o m a f i f i s  r d rus  ( V S V )  I 2 ] ,  h e r p e s  vi- 

ruses  [3 ,  4 ] ,  f~og  polyhedral c y t o p l a s m i c  d e o x y f i b ~  
v i rus  ( P C D ~  r) [5 ,  6 ] ,  i n f l u e r z a :  para~.n. i tuenza v i r u s e s  

[7,] ;  a n d  R N A  m i n o r  v inases  [2 ,  7 J .  T h e  ~ i r ion -as so -  
c i a l e d  p r o t e i n  k in~se  w a s  ac t iva le .d  b y  disaTapNon o f  
t h e e n v e l o p e  b y  txeatment w i t h  aoNon i c  de t e r . gen t  

1 - - 7  a n d  d i~hio thr .e i t0]  ( D T T )  ~ ] .  U p : e n  i n c u b a t i o n  o f  

~he a c t i v a t e d  w r i o n s  in  v i t r o  w i t h  [7-a? P] ATP, ,cer- 

t a i n s p e c i e s  o f  t h e  v i ra l  pl,otei~_s o f  t h e s e  v i ru se s  w e r e  
p h o s p h e r y l a t e f l  to  ~arious d e ~ r e e s  r 9 ~t ,  - ,  4 ,  6 ]  At-  
though ~ e  v.J_rion-assoeiated p r o t e i n  k i n a s e  a p p e a r e d  
,essential f ox  t h e  i n f ec t i~q ty  o f  P C D V  [ 5 ] ,  i ts  function 
i n  v i i ~  rept ieat ioxa isun'kn~3wn with a n y  o f  t h e s e  

~virlases. . 

I n  v i e w  o f  t h e  .fact t h a t  t h e  v inases  w h i c h  , con t a in  
• n ,u :de ic-ac id  p d y m e r a s e  as  an 5a~tegrd , c o m p o n e n t  o f  " 
7ir~1-~ore a l s~  c a  W p~ot .ein 1dnase  . ( w ~ h  ~n :ex.Cep~ian 
o ' f  reovin~s ,  ~ ; .np~bl i shed .da la ) ,  w e  ~ v e  . ,developed a n .  

a n d  V S V  . . . .  

. - , . "  . - . 

2.. Blast, r ia ls  ~nd,melhods " - 

2 .1 .  F i m s e s  

. v a t i 0 n  o f  vira]  ~genome ] r a n s c r i p ~ i o n  in  vaccipAa -~rns.  

. .Vaccinia Mvas  ( s t r a i n  W R )  w a s  g r o w n  in  ~a,~;peasion 
c~I~i~es  o f  L.ce~ls a n d  p m i f i e d  b y  t h e  proc~d,. , .re o f  
Paolet t i  a n d  ~q.oss 1 2 ] ,  V S V  ( I n d i a n ~  s.~=oW~d~ w ~  
g r o w n  in  m ~ n o t a y e r  ¢ ~ l h a r e s  o f  B ~ - z ,  ¢eDs, a n d  

p u r i f i e d  ns .descr ibed  b y  Aam.es tad  e l  fit. I g ] -  

.2.2. A s s w y  f o r  e n z y m e s  " 

k i n a s e  w e r e  a s s a F e d  b y  de ' terns&ring ,~*hc 5 n e o r ~ 0 r a t i o n  
o f ~ H  o f  I S - - a N ]  == ' . LtTP and " P o f  [ 7 , 3 2 P ]  A T )  i n l o  - 
a c id - i~o . ' l ub t e  ma~-erials, ~espec f ive ly .  T h e  -eiras pr.epa- 

- r a t i o n s  w e r e  p r e g n e ~ b a ~ e d  i n  a 0 = 0 5 .  N T f i s - : C i  , 

b u f f e r  ( p H  8 . 0 ) e m ~ t a i n i ~ g O 2 2 %  6f -Nonide* .  g 4 0  
( N t > 4 0 )  a n d  0 . 0 4  ~ .  o f  D T T  a t  2.:0°C fox  .~,ver 1 0  r a i n  . 

" " ~ h e n  d i i ~ e d  ~o rn~ ~:e a fzn~..reac~50~a ~ f ~ a r e  (a  jet_a1. 

~,)!nnae .0f 0 . 2 - m l )  C o m p o s i t i o n  e l / t h e  x.eacl iOn axix7. 
expe'rimentat system ,m : examine  W h e t h e r  t h e s e  t w o  t u r e  is de~cr ibed .kn  tlae i n d i v i d u a l  l e g e n d .  I n c u b a ~ . i o n  

e m T y m e s  axe f ,  u n c f i o n a ! ] y  ~ 'e]ated ~ th.e Viri :onk ] n  tiffs " " " ~  " " " " " . . . .  " " " " ~wd~ . u ;  3 ] ~ ~or  L ?;a c ¢ n ~  w ~ n  Is a n d  E +  c o b  . e n z y m e  a n d  
, C o m m u n i c a t i o n  w e  p r e s e n t  e v i d e n c e  t ha t . . t he  ph .osphc~ a t  31  ° C ~ r  .~.NV. T h e  x e a e f i o n w a s  xe~rnina~e-a b y -  :. 
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. 3 ,  I .  l ~ e a e t : o n  l ~ - n e t ~ c s  o f  t h e  v i r i o ~ , u s s o c i a t e d  p r o t e i n  

: :.ldnaseandRNA polymerase 
Incubation of vaccinia virus or VSW in a reactmn 

mL~ture containing [7- ~a P] ATP and [3 H] UTP (in the 
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" Fig:. 1 ;Reaction kinetics of the R~A polymerase and 
'-protein kirt le  ass0c[ ~ ted with Vaecinia and VSV vtrlons. 

- -";rhe reaCtibn!mixtu:e (02 mr) contained3 nmoles 
:: (soi~c.i) orlS~H] u ' ~ ; o m  .mol~s <o.2s ~co or 
" "[~-~:P]A~P~ 0 i i:~raolcs each of unlabeled GTP and CTP, 

2e3mOl~.ot~ ~ i  ~ ,~I0 ~moles of  Tris-Cl'(pH 8.0). 
! 0  ~,m6~ OtKci, 4 ~mo~e.~ ~f t).~, 0.o2:~ (vol;Ivol.) or 
.: NofiiClet ~0!'~d20 ~g Of xhe purifiedvaccinia orS0 pg 
:ofVSVicirions. Solid liue~ represent the incorporation 
o f  ~ P a m t  r br0ken linc~ that of 3H, Opencircles represent 
the incorpor:atton for VSV and closed one for vaccinla 

;~ '~ ;~ '~  <-;.~..~. ~ i " ' :  = ~; <-~ ~ • -. • • ~ • " . . . . .  

>.,~: . . . .  i~: !~ i,ii ~,~i.~:ili i:~i '̧ 

portionalto the-ratios 0f [7~3=p],ATP t0 unZabe-Ied 
dATP addedi(table 1)i ~ e  re~lt s u i t e d  that, like 
with other virnses [ 7 ] , d A ~ :  was as  good a substrate 
for the  protein kinase of vaccinia and VSV as ATP 

was a further.indication:~that ~.tneo~imti~ o f  
3~ p unrelated t 0  ~ i s y n ~ i s :  0f  RNA, The ! ~ t  
shown in fig. I there fo~  ~dicated that the phosphory- 
lation of viral proteins took place duringthe in vitro 
RNA synthesis and that the phosphorylation reached 
a plateau before the RNA synthesis took place at a 
maximum rate. 

Table 1 
Reduction t)f 32p incorporation in the presence of 

unlabeled dAFP 

[3,-32 P] ATP dATP 
(raM) (raM} 

Relative level of 32p incorporation (%} 

VSV Vaccinla v, 

0.05 0 100'~ I00" 
O,OS 0 .05  4 8 , 8  47,1 
0,05 0~0  12.7 16.2 
0.05 5~00 0:6 0.0 

The reaction conditions wore the qame ai those described 
in the lesend tO fig. I except that [~$-3H ! UTPi'unlabeled 
CTP andGTP wet0 0m|ttecLUniabeied dATPwas added a ~  

indicated and the reaeUon mlxturew~iacubated ,,~ I'ot " 

30 rain, 
*Thoamounts of,3~Ptnc0rporatedtnthe abmenee of 

dATP we're $;6 and 8.2 .pm~le~(02time control ~lues 
were isubtm0ied)' f0~ VSV and;vaeclnta vttus,= respectively, 



- - T h e  .a76;ove ~.esul tssuggested t h a t  the"vi)al  g en ~m e  As. -expected  :it this- caste; t h e  ~ y m h e s i s  o f  l~N.A.with : 
t r a n s c r i p t i o n  migh t  b e  s t imula , ted  :(or ini~fi:a~efl) b y  t h e  .-- A M P P C P  was ii~_fie.a~fe c t ed  bY_ ~he p:esen.ce o f  ,da~TP_ 

p~eced ingphosph :o ryaa1 :on  o f  v k a l  p ro t e in s .  T o  ~ e s t  " .. I n  c o n t r a s t ,  w ~ e n - , ~ a l  g e n o m e  ~ .~_~eaS~an .  w ~ : d e t e r -  
this  h y p o t h e s i s  vze have  a t t e m p t e d  ~o c a r r y  oul R N A  m i n e d ,  AMPPCP . , ou ld  n o t s u b s t l t u ~ e  f ~  AT'P a n d  nO 
p N y m e r a s e  tea-Orion w i t h  ~ :  .~th,:out pbospha-Ie  d o n o r  ziigaifican~ RNAsyn/t_hesis ~eas , o ~ z : e t t i w i t h . ~ h e  ~ana- - 
.f0i p r o t e i n  k:mase.-TNs ~aS  aecompl i she :d .Sy  ~sing an " = logtae..A-sigi,~it3cmat ]evel  O.rRNA zyn..theWs w a s o h -  " 
_ATP ~ogue in Whieh ~ e  o x y g e n  ~ t o m  b e t w e e n  t h e  
./37 an d .7-phospt~or,0Us aloms r ep l aced  b y  -CH2-;  i .e. ,  
~, 7 - m e l h y ] e n e - A T P  ,oi AMPPCP.  Th i s  a n N o g u e  will " 

t s " -  - " '" n o  e., ve  a~ substza~e f o ~  p :o te 'm  k inase  ~ e a c n o n  ~hat 
. 

r equ i res  .cleava.ge of ~ 7 bond whi].e i t  :does su b s t i t u t e  

'served o N y  w h e n  bo:hh .A~..PPCP a n d  d A T P  were  
p resen t .  At thou~a . . the  reac-fiqn r a t e  ~.~.th A2MPPCP a n d  
dATP:was  ,eonsSfle.rablysk, wez ' t h ~  t h z t . m  ~the e o m - -  

-.plete sys t em,  ~ t h n u l a ~ o n o f  ~he ~2qA s y n , h e # . s b y  ,~he 
ad,ddtlon c.f d A T P  w ~ - u n i t o u b t e f i l y m e a n i n g ~ L  T h e  
s l o w  ~eacfion ,z~t,e w i ~  A M P ~ - P  wa~ appazenfl¥-:due, fo; A T P  in  ,the R N A  synthes i~  wi~h .E. Coll. R N A  poly-  

=e;aSe 0aNe 2). 3",o ~e c o n t r a r y ;  dATP ~eS as Sub- " tO :e:lu,:~g. affinity'of AMt:':B~CE~ f~: ~A"polyme:asfs. 
s t r a t e  f o r  prot,e~'l ]~ r l~e  b u t  n,ot f o r  R N A  p.olymerase.  As s h o w n  in  tabl,e:3,, ilhe R2qA sYn,thesis us ing  
I t  was ~here fox :  possib:~ :to ~se  fl!ese ~ o  A T P  anaio-  
gU:eS t o  ,de termine  whethe,~ pr, o~ein Mna~e a~t~vi-~y is 
necessary  f o :  vi :a t  R N A  p o : y m e : a s e  ~o be  act ive.  ] f  

V I : a l R N A  syn thes i s  is i n i t i a t e d  b y  Ll~e ph,o~phory]a-  
,1:on of.¥ir~ pi.ote.'.~% t h e n  t h e  RNA sy,nlhesis  ushng 
A MP P C P  s h o u l d  be  Observ,ed o n l y w h e n  ~ T P  i~ ~ s o  
p;.escnt in the reac~:~n mix~ tuxc. 

Tab le  2 summeliz .es  ghe experimenlgl resul is  oh- 
t ~ - e d  w~th.E. ,coil :R.NA po lymera~= ( c a l f  t h y m u s  
D N A  ;.as templar :e) ,  vacc in ia  v i rus  a n d  .VSV. ~ c o l i  

]~a%IA po ly r ne l a se  u~B~ed JkMPPCrP ~s su~sti t laIe for 

~ V ~ ' P C P  ~ ~d.mulare~ ~A,~ ~ =  ~nc,~e~.s~-~g ~ o n ~ n ~ m -  
~ o n  o f  ;d~e an~,o~-~e a n d ~  ~ f i e ~ _ u ~  i~Ye! :of R N A  
sy.nthefm was  obserVert.onty- a t  th~ ¢ o n c e n ~ a t i o n s  

o v e I  0 .~  m M  :(wl~:~ ,e ,~a o p f ~ m ~ m  concen~t~a~on fo~ 
ATP. was  ar ,~und 0 .5  : , ~ M . ~ f l e :  th~s~ ~eac~:on,condi-  
,fions). 

We interpret the results to memu t h a t  aphg~phate 
don.o2 (in a form of A~ ,o~ dATP) is reqUi#ed for- 

v~,a] RaNA p~ly..mer~e to f u n c t i o n  ~ ~e Ya~cinin and 
¥ S V  vif ions .  ],~ is  mosi ~on~eivabh,  L ~ t  :hhe p h o s p h a l e  

don,oz was ~:*.~e.d-m ~nBs/raie for viral  p r o t g m  ]rinsse 
, : . 

Table 2 
~ubst~a~te act],;i'ty :c,f AMPPCP ~o:r vb:fi anti E. cD/~ RNA po]ym~-~ 

and ~he effe:c~ ~fdATP 

~]-] incoJrpo:ra:t e..~ 

:Reaction system "VSV "V.acc~. 3~ v. .Z..ep.H.=R~.- 
(pm01es/4 'M~ ,.ipmol~s~) po.]ymeras~ - .  " 

. . . . . .  ATP .0,O3 ~0.01 O.@], . . 
. . . . . . .  --ATP, +dATP 0.06 : 0 . ; 9 3  O~O,1. . " - . - 

' . .  ' :-~ . " - ; --AII~ °, +~2~'PI>CP ._ ~-'07 OaO3 " - ..,~.04 . . . _ . 

......... . Th~ complete ~:eaedOn mixt~xe for Ih~ ~]on~a ' s s~ ia l~  ,~,nzy..-ne con~:nefi in a ,~ola~ -- 
" .. vo]Ume of 0_9 rah-3 m,zno]es [50/aO).~f l~*~II] Iu~/:P, 0.1/arm?les ~e~a.ch 0funhbe]~d ATP. 

" . " GTPsr~d ~'I'P. 2 ~i,mo]cs ofMgC]~.EO l ~ m o l d , , o f ' Y f i s a C l  r {pHB.:O)~ !:D-~m~le~of :- " : 
. . • . : : - • :1¢~C1, 4 ~:noles of DTT,~:O~_~ .{V0]_]vol~ ,0fNPr4'0:~ld.20/ag O~ fi'~ p.u:i/:gd--di-i0n~, ' - . - " : - " -. - 

~ . "- ' • " When A_TP.~m~ ~teplaeec:byits anaiogues, l:0"/amole o f  AMPPCPand 2~:~.~:n:ol-e~ : - -- " - - . " . - 
. / : -.. • ~: ~.~:ge!.~. ~..:%-~3'_- ~.~, n~_-- F.~ FF~:_~,//, ~.g.pdy.~e~eNP,40 ~va~ 0~ed ~:~ _ • .-Y - . : 
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',Table 3 " " . :". • ' :  .. - "  ~ .., -". : . " m e ~ t V . d A I : d i s c i 0 s e  w h a t - , § p e e i 6 S , o f v i r ~ " p r o ~ e i n s  m u s i : " -  
. " E f f e c t .  o f  tht~ : c o n e t  n t r a t i o n  o f  AMPPL-~ in t h e  " " ' " b e  : h~0s t~o" t-at:eCt-fo : the  a c t i v a t i o l x "  ' ~  " - " " : 

. • . , . . - : . p  p I y  • . r . . . .  . . _  - - 

v i r a l  R N A  p o l y m e r a s e , ¢ e ~ c t i o n  • - ,  . . . . - .  - " . , :  . , ' " :  , ' -..,.- . - . . . .  : .  : . . . " . . . .  .. _- :, . 

AMP'PCP • " ~ H ~ n S o r p o r a . t e d  ~ ( P m o l e s / h r )  - " . . ! R e f e r e n c e s  -- " : : . ,  : . . - : . i '  - . . - .  ~. • . . .  : .  : - : . " . .  ~.: _.. 

- -  " + - - -  " - - -  - " . . . .  , [ .2 ]  s + r a n ( l ,  I~L a l l c l  A ~ g , u - s t ,  ~ . : T . -  ( 1 9 7 1 )  N a ~ f i ) e  7 ~ / ~ 1 0 L  . . 

0 . I  0 , 0 4  - 0 , .0 . l  " " ] 3 ]  R u 1 ~ e m , t e i n L J .  S . ,  G r a v ~ l l , M _ a n c l  D ~ r l h n g i o n L R :  ' 

0 . 5  0 . 0 6  ' " " ' " 0 . 0 9  - ' .  . : ( 1 9 7 2 ) . : V i ~ o ~ 0 g y S . 0 , : 2 8 7 .  ~ , , .-  

1 . 0  . . . . 0 . 0 9  0 . 1 4  " " ~ '~]  ] ~ a ~ d a t l ~  C ~ - C . ,  ;h.:o~ers~ ~ W . ,  D ~ w n e r ,  D .  ~ . a n d  • . : "  

$ , 0  0 , 1 6  " . 0 , 2 9  . . G e n t r ~ y , , G ,  A ;  G ~ ) 7 2 )  J -  ?Vi~.oL 9 , 2 1 6 ~ .  - ~ .  • : - . -  
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