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$JT'THA¡ìY

Àn inr¡estigation hrc þen carrl.ed out on the
proFrtLea of an F.¡\^â-de¡nndent RfiÀ pol¡moraræ detectad in
cucrnbr eotyledons infectéd yÍth cucn¡mber no¡aic virua
(cu-v ¡. lbelthy eueunber eotyledona uerc devoid of euch an

enzl'me. T'he signifLeant flndinge of thie ÍnveatLgation

YrÊ¡6 ¡

l. cilV-lnduced kiv.A, pol¡meraee activity ree deÈectcd

botÌ¡ in eoluble (¡otuble at t6rOOO g for IO nin.) a¡¡d

particulate (¡edinrented at l6rooo g for 1o nín. ) fractione
of disrupted tHV-Lnfected cucrurber eotyledone.

2. ¡ioluble Rr\À pollmeraae. A nethod has bcan de¡cribcd
for the part,lal puriflcation of the aolubte cliv-induced À(NÀ

pol¡marase rhl,eh rac free of deteetàble plant ribonueler*r
The soluble .b{ñA potymeraae purified in thle nannÊr had a

molecular uelght of L23.000 aa dctemined by sucroae deneity
gradLant eentrifugation, and vae not asaociated vith a viral
RI\À t¡üplate. Thc coluble irNA polyareraae copLed added i.t¡A by

corpleuentary baee pairing¡ horeverr there yar no uniguc

epGeiflcity for cl'lv-Itt';A ae ÈurnLp yellon nooric viru¡ (tttly ¡-
iìI\Ar tobacco ringspot virus (TRSy)-¡UtÀ, tobacco mosaic virus
(t¡w)-ru¡e and 1æast rl.bosqrat ltNÀ ïere alro copied. Al¡o
the r{þ¡À pre¡enÈ ín the ensyne preparation (50 - Bo pglnr)
vìrr copied by the eoLuble iil'À polyneraas ín the abscncr of
added R¡'lÀ tr¡t thlE copylng rrae only opti¡oal vlth r conoGnt4tlq¡
of 5 - f3 nH lrgSf"n in the aaaay medir¡r. Furttrer, uith tÏ¡e



xvi

presence of 5 - 13 nH ÞlS$o" Ln the aasry uodirn the lg}gþþ,
RliA polynerase c-opiea added polyC tenplato by cmPlenontary

baæ pairing uhile PolYAr pol!"C and polyU uere coplcd lÈ a

ratc no great€r than 2 - 3:b of that of polyC.

ttrc product of tlm aoluble RliA pollmsrasÊ rerctlon

ueing eithcr added yertt RNA or ClfV-RhÀ ea tenplatcr ¡tlg a

polyribonuelGotide of vhíeÌr SO - 901x vr¡ rc¡L¡tant to dlgaatløt

by pancrcatic riÞonucleaao, had ¡ ¡adi¡entatlqr valur of about

55 and a rueltíng temperaturc near g2o in eta¡dard ¡alinc-

citrate.

3. Irartl,crrlate RNÀ poDmora!ê. In partLeulatq fractionar

Èvo vlru¡-Lnducçd iit¡\À pollmeregr actlvitles rere for¡r¡dr one

rcgtrJ.rJ.ng thc rddition of RNÀ bcforc letlvfty could bQ

deteeÈedr the othor not requiring rddcd KNAo fnc pf5!!g¡þ!g

NIr¡Â, I¡ollmeraae actlvity dependent, or¡ added 1-J'À vaç ¡oluþlli¡ed

durlng ttre ¡rcllareraae aseay by the llgSOO (29 nX) !¡resent in

tJre taaa¡r nedÍun. Àll tho propertLcn Investigatcd of thi¡

G¡t!il@¡ includlng lta noleeular ræight of about l20rOOO ar

deternined by Eucroæ &naity gradlcnÈ erntrlf,ugatlon after

¡olublllsaClon tn tlrc prestnee of Èig5cnr indl.cated Èhat it
yaE \¡ery cinilar or ldenticat to tho ät\Â polyüerasc found in

tlre eolg$. phrsÊ. By contra¡tr rrhen che ElE!!!Ðs. ¡tl¡A

polyacre¡f? ta6 eolublliæd by fneczing and thavlng' it had e

noleeular rrelght of about ISO;OOO.

The ^eêE!lgþ!g ¡tNA pollr¡reraæ not dspendent on

ad&d ltlrA ga\lc a product vhich vas moetly dotrble-etrancied

(nore tha¡¡ 80¡i rc¡l¡ta¡¡t to dlgestion vittr pancrcatLc



xl/Ll,

rl,bo¡rucler* ) r had a partß ædirnteÈiq¡ v¡lt* on ¡n¡crosl

grâdiGnt æntrifugatlorr of about 8S and a nelting tcalrrltur:a

of 93o in etùndard eallnc-citratt. Ilorvr¡rr Ì¡rrrtaÈ-nrighDorr

uralycl.o of tl¡c produet end hybrldlgtloc¡ ltuéÍor dld not

prorrl,dc a doflnlta Nnær c¡ tlr nrturc otr thc Rl{À ln a

prcancd RNÀ pofyteEtæ-tctplrts l{Nt ccDbr.

4. It fe conrldtred that ÈhÊ v.rlq¡a tlnßt of vlrul-
induced IÌ¡iA polyleraæ3 fq¡nd both ln eoluble rnd pirs,tleulrta

fraetLone of, Cl'fV-lnfcetad cue¡uÞr aotylcdøra lntpücnnt

vtrious i.nccnplctc forn! of th. acturt rntyr. rccpmrLblo

for tÌæ tn v4vo ruplLe¡tl,on of virel HNA.

¡
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IIiTRODUCTI()¡,1

'Ihe progrtmìc of rcrk de¡crllnil in tlrla tlp¡l¡ vr¡

carrlcd ant, becauae crL& extraets of cucrutbere infËctcd vltlt

ol.tþcr ct¡crmÞr moaaic vf¡rrc (Q-C}w" Q-raepr€sÊnÈ|ng Qucenrland

Laolatæ), tohreeo rl"rrgcpoÈ vl,rus (t¡tsv) or rosg vfrua (nv¡,

r¿re f,or¡nd to conùrln a plarrt vJ,ru¡*frrductd ¡<hÀ-dÊPtndsnt RNÀ

polyucreæ (Gtlf thnd rnd $ytnori¡, lg68 ) ' Tþ aiD of thir

rortç yea to eharecterl¡o both ttp plrnt virur-induc¡d ltl¡À

¡rot¡,aerate öctivlty and tlrO lxoduct Lt nade I rr¡d Ì¡ence

ëta¡nrlne {Cs relationablp ùo t}¡e !4 vtTo rePlfcrtlqr of plrnt

vlrus &l*À. the naJorlty of tÌÉ r€rk de¡cribd ln thí¡ tÌp¡!¡
rrraa ccrtcê¡:rËd vlth ttro viral-lnduæd RliÀ polynerasc frcn CUV-

intectad cr¡cr¡aÈnr eotyLedonr¡ CF{V cqltrfncd a aiJrglc-

atrar¡ded I{}iA genqac of I x 1O6 uolecr¡lrr nelghù (F'rancl¡l

4, È.' 1966).

Ttn Ct{V end ïR,5\¡-l,nfectcd cucrnhr rystar had

prevLerely becn ueed for a ¡Èudy of vl,ru¡-indtræd eharrgga ln

the lcr¡el of aetfvlty of thß riþsruclootldo klneæ¡

( sllf tlrnd gjL .sl,. " 1966 , Gllf lt¡nd er¡d Slnon¡¡ 1967 ) . s¡ct¡

oyrtcmc tre tr)reræntly hfng ueed try 4lr laÞratorï Èo

lnrrcstlgatp thc natur@ of, thc XNÀ, and proteln a¡ncfea

Induecd .lnto ÈÌro hoet plant by plant vlnues.
vl,ruæa ¡¡c rldc¡prced ln nrturc ¡ffllettng a¡rinalr

b¡etcrl,rl rr¡d plrnt Crlla allko. t1uy rrcr nucleoprotelnar

tl¡e nuclslc reld c¡(apourcnÈ of vhLcitr f¡ et.tlnr üNA (oinglc or

douÞle-etra¡¡dcd) or n¡¡e (eingle or doubla-strlr¡dcd)r HorGVrGt¡

Èhe genmc of notÈ plant vl,ruee¡ I¡olatod ir atngþ-etr.ndGd

.:

..!
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RNA of L - 2.5 x 1O6 uolcsular reightr {læ excopùior¡¡ lro

cauüfl,ær nosaic vl,rue (doublc-strtndod DNA)r tice alrerf

vlru¡ (da¡þls-et¡rndcd lilÀ), vìq¡¡rd trnour vLrua (doubl¿-

etrandgd RlvA) ¡¡rd potrto tPLndlc Èuber vlrus (po¡elbly

dcrÈblc-ctrù¡ded ilNAf Dlen¿r and rta¡lnGrr 1969).

Thle InÈrodr¡ctlon vill ct¡d.dcr thc avfdcncs rnd

thcoric¡ thaÈ æçlaln thc ¡¡ep1le¡tlq¡ flroêGse of ¡tall I(hA

vinræt (alrrglc-strü¡dcd IüriA of, f - ¿r5 x 106 nol. É.)vhlch

rppßtpd ultl¡ln tlp tlteraÈu.Rl up to f971. 'I}lc u¡Jorlty of

the üvlglncn ortglnetad fro atudLes ualng Uecterial vln¡¡¡a.

4. .

rtre follovlng dl¡ct¡a¡Lon of ttrc gronth Propcrtiel

of ærll XÏ¡À vlruæs tlll Þ glven Ln general qttllne øllyr

(r) sffçct of iiN4 vlrur- n .

Chengaa ln hort G?11 æÈ¡bolfæ lecaprr¡ied rdrA phtgß lnfcctlqr¡

tr¡t tùÊ e:rtont of thcræ changcl dopen*d or¡ Èln Pr¡ticuler phrge

(W¡ta¡rrm rnd h¡atùr¡Þr f970). S:mtlrürf.¡ of b¡ctorl,el Rô¡À

ïas q¡ly ¡flghtly rffcctcd by tnfeælqr Yith f2 or Qß rnd lc¡r

tbön hrlf tl¡c protaln rnd .HtiA slmthn¡lsBd af,ter lnfcctlon vl¡

¡roc€\¡Grred in phagc partlelcs (gUle e¡rd Ëli¡ra¡r:Ùrtctrr f963t

¡.¡rtrnabG g3, !å. r ¡.960 ) . In eqrtrâ3tr drapltc thc phy¡icel

ü¡d ffiiLcal rfrllar|ÈI¡l¡ of tl¡o RNA Dhagprr infce*'iør vith

Rl?f R23 or ZTX/\ reault¡d In c¡ctcntl\/€ ttrhlbiti.o¡r of

bceterLaf protnln and rlboscnal RtrA e¡mtlreafu (Ëlli¡ ard

p¡r¡frçhych, 1ft63l Ëlehop¡ f965¡ fiud¡qr ¡¡¡d Ëarenchycltr

1967¡ l{tÈanrþ ürd Håtår¡rbGr 1970). rn thß clæ or 'R23¡

6CIli of i{.brÀ a1mÈheslöGd durLng lnfectlo¡a v-t¡ encagsulatcd into

.:
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phsgo perÈlclee rnd üInogt tll thc prot€la r¡mtheriæd latc

In lnf,ect.lq¡ vaa eo¡t protsl'r¡ (trateneþ É, g!.r 1968).

Hqrerlrrr tlp prcclse nceÌ¡¡nfm rùcrcby hoat æll R¡,¡À and

Frotcln qmtJracla 1¡ fnhltlttßd try Rl¿À pbagre l,nfect,Lon La

¡liff noÈ fully understgode Ly318 of lnf,Gcùtd bacter{¡

occr¡rrtêd Þtmen 22 a¡ð 60 n{nutcar rr¡d eaeh cell ylefded

up to 4OTOOO vJ.n¡e pnrtlels¡r of ühlchr hæGvçrr only a

fraet.iorr (5 - 50ã;) rer6 vlabl¡ t'cpendlng an tho pùraæ etraln

rnd tha grovth cqrdLtlsrs.

In noet typee of ËÈllr üall ¡nluat vfn¡eee tucù

ac pico.rnfi¡l,nr¡eg (g¡g,'r ¡pll<n¡funrn, foot tnd nouth dl¡ea¡e

virur) eeuæd e npl.d ¡upPrel¡lm oC ho¡ù eell pro'tein

almtlro$c (Xauaan rnd Vcmærd¡ 19631 ttollandr 19631

McccltBLe|( .fid Fen¡uanr 1967) and ¡LrPPretæd bot'h æl8tng@r

R¡\A Ër¡d rlbo¡6¡rl R¡\À c¡mthcsLc (F¡nvlckr 1963 t Sunüéra

Ê9 ¡f. r 196? ). ilrturs vÍrure¡ ap9olrrd Ylthln tht oÊlL

*r¡er¡l hqrrr rftGr lnfection.
(2 ) Ylrue-þdncod proteln;. I$ tÌ¡e hoetr the v{r¡l

RtrA gnnme lü*ff, vae fornd tO æn¡c at a !Ésængter Èh¡È

dfrrct¡d tlrc ayntlnclt of vlrll-oprclflc prottt'n3r A utrll

RNÀ gÊnæ of I x 106 nolecrrltr rslght ta¡ Þ¡:odlc'tGd to code

for 3 or 4 protâln¡ ¡rltlt ü¡ t\¡Fragp nolccrrlar uçighÈ of,

3OTOOO (]-odlsl¡, 1968 ) I fhrea luch vl.rur-cpeelf lc proùêinr

urEtrÊ datactarl tn fÙ¡aqre us? (x¡ne of nol. üt. I x fO6) -
lnfeçtßd 5 oofl prôtoplratdr ln vhtcÌ¡ ho¡t I{NA tynthc¡La

rrs h¡lted ulth ec'tlno¡rcln O (en a¡¡t{Þloùfe tù¡t ftopt

ho¡t llsJÀ-6çFrr¡&nt R¡tå po\Eêralc ectlvtty) (Vint¡cla S, 3À.'

19671 1968). 5t¡ch PhrgG Rr\A ¡rta ¡rgcogt¡lüüd ar provldlng
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l,nfo¡retf,qr for ttrc qrnÈlrrrl¡ of cort prottln (NtÈhrr¡r

qE É,. r 19621 Lodl¡h, 1968 ), r ¡Lnor GilPqrGnt of thr vlrur
cott, (ono tolccule pGr vl¡ut ¡nrtl,clr) dratgnrtrd rrtuntlq¡
proteln or A prot l,n (Strltrr f9681 Lsll.rl¡ rnd Rohrtlq¡r
1969) rn¿ Èhc rcpllcrùlng ontpe¡ RNÀ-d3Imd¡nÈ RNÀ

pol¡rlereæ (otrrr¡ É g!,.r 19691 ,JcAPcrcr¡ ot !¡. t L97Ot

l(uln¡ l97O).

'Ilr¡ r¡¡lml vl.ru¡r X¡oll,ovLrur (nxf of rol. rrt.

2 x tO6) vt¡ fornd to lnduc¡ f,or¡r erprl.d (cort,) protrlnr

ud l0 nq¡-elprld Drot¡lnr ln Helr crll¡ trlrt d vtùl¡ rctlno-
lycl,n o ($n¡r¡ 9,]Þ !t.r 1965t Srncrr r¡¡d HriBlr 19óg).

ttri¡ cxcepticrelly lergr ntubor of vl.ru¡-lnduccd protelnr

(rc¡ heving rol. vtr. gnetrr tl¡r¡¡ 3OTOOO) dfd not rgrcc

vitlr tlra crprct¡d 7 - I protcinr of 3OTOOO rolrcular nlght.
Hof,vrtrr Lt v¡¡ lrtcr lor¡nd thrt the ta dlffrrcnt vln¡l-
rpccÍfÍc pol¡ppÈLü¡ dot cttd dLd not rGPr.rnt la diffcrrnÈ

¡prci.r¡ fndcprndcntly Èr¡¡rrlrt¡d fra th genco. Etther¡

thc rlrele¡ lroæ þr clrevago of lrrger prcer¡raor proteln¡r

po¡rlbly frc s¡. prhrry gtnc produet (.freob¡a¡ r¡¡d Brltl,nor¡r

1968t Srncre rnd urlz¡l, 1968). It vlr .uggpæ.d thrt' ùhlr.

ph¡nccnqr could h gcncnl for r11 lrll R}.TÀ rt¡lrll vlrurr
(Ho1lend e¡rd Khhn, 1966 ).

Ítro ¡rrcnncr of tergF prccur.or proÈ.ln folrcutrl
rcflcct¡d e dl,f,frrGncr in ttr¡ grovth bhrvl,orrr btccn
pollovlrur r¡rd thc nNÀ brct rlophrgcr to frr lnvlrtigrt¡d.

lobrcco lotrle vl,rur (nrv¡ e plrnt vl,rur ultlr ¡¡r

R¡{^ of lol. yt. 2.1 x 106) rr. rccantl¡r nl¡ortrd to Lnduc¡

5 vlrur-¡pcel,ll,e protrlnr tn retlnoyeln lÞtrc¡t d tobreeo

.t
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ptql¡ta (z¡ltlln and Hulhar¡suhrernl.r¡rr 1970), oû¡B of
yhlclr raa f.danÈfflcd rÈ tho vlral cott Plotoih.

( 3 ) cs¡trol of -vLral-aÍrcct¡d Protcln rvntl¡cFlr.

For a6rÉ ÈLtrê It, hed þcn cvlde¡rt thåt e ¡pcclflc ncehr¡¡l¡

vea rÊffid to e:<plrln ÈÌrc large oxcof,¡ of vl,rel cort protof¡

c¡mthnal6d latc Ln lnf,estLsr a¡ cüÞrnËd to thc s¡ntþcelr

of the oÈlrer tüo lsrdr vt"n¡t-lnduæd proteLnc (natr¡r¡tlqr and

pollæraan protslnr) uæd ln Hxe Þhrg@ replleatl'sr.
I-odl,sh a¡rd Zlndtr (196O autggpet'Gd tÌ¡et Èlp vf'¡rl

cort protnln of, thc RNA FÛr¡gc rcted dlreet,Iy or lnêlrectly
ts t rroprscaort of üra almthe¡La of lrotl-tsclôt prot¿ln¡

lE vlvor ÞarÈLculerly thc RI'IA pol¡meraan vho¡n P¡.oductlor'¡

qÊa¡ÉE uldlay Èlrrurgh lnfeetlsr cyclc ¡ Sovural vqrlçrr
eonflræd that Flrll uqrnta of cort Protnln þq¡nd to

bectorlophrgc Itt{A ¡nd ¡pcefJlcally æoppcd thÊ tran*lrtisn

of thc r¡6¡-Gott gsræß (¡¿lcû¡clson rnd lúlÈlre¡rrr 1967t

!(Oþrttq.r et g!.r 1967t St¡giyaËa ¡r¡d Nalcad¡r 1968f Hardr

f968 t wrrd g!. .gI., 1968 ) " rhÊ poaaÍblllty therefora exl,rtad

tÌ¡rt rnell ltx¡ vj.ruæs uad co* PËotÆln lÐ v+vo to rogulltc

ths produetiqr of ns¡-coat protelne.

(4 ) r rt¡â

plent and crrlnal host ætl ¡Lre cürslderably Do¡¡a ecoÞlsx thtn

t}u baetcrl,rl eÉlI uhtch doec noü contal,n nucleu¡r nuel'eoluar

nltoclrqndrfa and oùher o¡'gän€ll€ao T]P RNA of aall tiNÀ

all¡nnl vlfr¡æa vae ürrnÊcrLbodr Èran¡lrtndr replLertcd and

tÞ proEeny vlrur e¡æurbledr vlttrln Èhe c¡toplaa of, tlrG ccll
(CrOclrsr Ë. gI., 1964) *d ln agcoelatlon vith nemb.nee

(Feruar¡ g!, !å.' 1963t F€rurrn Êg El.' 1964f ÐQIGE 99 êå.,
1965, ånrko a¡¡d Dalccr l967arbl skfrrmr g! g,¡,. ' l9ô8 ).
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It vts rccèntly dernonctrattd Èl¡rÈ the rcl¡llcrtlor¡ of polio-

vl.ru8 trhÀ rac a8aocirttd yltn Urc cooùh c¡t"opleælc

pg6branß¡ rû¡llo poflor¡l,rud Proùßfn r¡mtlroela vao ü¡socLatGd

ultl¡ tlp rot¡grh nmbnrt¡ (cr[grurt ¡nd retrm¡ 19ð91 Çeldiqurl

a¡¡d Tmr lg]Oarb). rþïs\tsr¡ vi.eve g'r tbp alte of e¡mtheeir

of Ël&ÐÈ vlrat ccrpsrønta lre varled e¡rd to aaß extent

csrtrrdictoryr VL¡íll-epeclftc Þrotnlns h¡W Þa¡n rcportrd

Èo Èa Gtd6 ln thÊ qÊoplåü (ScJlfcgtl er¡d SIth' fÐ66,

clüGlr¡ 196?)r nucleua (lGddlr 1966å) |r¡d tÌË eþloropleete

(ZaitfU and Eosröa¡rr 1958 ) r Pro,tsfn ¡¡r¡tJgala and vLruE

ea¡u¡Þly¡ houavur¡ ptobibly occur ln tho eltopleun (Zlltl'fn

gg, S,., 1968 ) arù¿l ln cwrtact vlth wbla,nGlr Iù rrg ccon¡ldËrcd

tÌËt tla sl,tß of r6Þ1lcttlor¡ of th¿ plrr¡t vlr¡l RtriA vra Èln

drloropl¡¡Èa ( tsovÉ ¡ 1967c I RalDh rnd cl.rlÌg; 1966 ) ' tbc

nuelcolua (Bülú, 196?al ËovÉ Ê.9, É,.r 1969) or Fcrlphnral

rmsLctet of tha chtoroplrlÈs (U¡t¡l:rUe and Hrtt'hvrr l97O)r

Ttrß iü.¡À roÞlLeåtl,sr rcrX &scrlbo¿ abq\lrü haa all þcn ctfflßd

or¡t uelng turnLP yellqry no¡alc vlru* (tttW¡r lxrt enen co¡

tùp¡c y.as no cqr¡lstænt cerclu¡ler ls to thc sttß of c¡mtlnele

of the lYllV-RNAe Thuar tlæ tctuNl ¡lto or sltss of ayntheala

of plrnt vlrut empwrsrte had not ¡lut beon dct¡r¡lned (ace

Eilrlr 1968 ) .

..:
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B. PROBLËI{S OF VI}iÀL-RI'¿A REFLICATI(N

flre ropllccglct of tho cfnglc-etrùl(þd rÈ¡{À

gÉnohÊ prÊ*¡nÈad a¡r lntrtgrutng problm. Vl.¡¿t lt$dÀ e¡znÈhosl,¡

G"ould noÈ Þ attrlÈn¡tcd to aruqrm tystßm8 rEEprylsiblô fsr
RliA u¡ætlpal.a ln thÉ norual ho.t rE ¡¡eplLertffii of tlre RNÀ

vfnjrËs prìctogcd ln t¡c pre¡Gnc:s of acÈfncnl¡cln D (St.wcra

Ê9, âl.r 1965t vlnuelr eE êÀ.r 1967). ÐoL ûrd sÞl€gclnrn

(1962) ell.mtn¡ted Èha Lr¡volrænt of DñA ln PhågP i*NÀ

replLcatl,o¡r by the hcnolog¡r te¡t fn rhtch tlley f,rllccl to
eryrsrgÈratô å hybrld Þtrcen dsnåtured nortal or lnlGctcd

host D['¿À Bnd RNA from th6 phrfF l{Sl. sf¡nLlarlyr Cooper tnd

Zinder (f 962 ) ùore¿ tÌ¡aÈ DNå, mt noù rn lnt¡¡:tupOiatn by

obÈalnfng undlnlnl¡led yl,clde of phrgc fror fZ-fnfect¡d

E. Êg}!, r¡n&r eqrdftÍsre oÍ thyntræ &prlvrl rnd addad

fluqro&o,trn¡rfdfurc rhtch rGducaû DlyÀ slmthcsl,s to 3'i6 of

Èh* no¡mrl lc\rcl. llôrnlttrr ¡ueh a pethny vla Dlúh Lnter-

mdlatarr EåÍ exlct for largc r¡rlnrl Èr¡Dour vfn¡æe (Sr3,. t

Ìldrs âücma vlruar tlngle-rtrtn&d KtiA of 1O x lO6 not. rt.)r

vherc â¡¡ iil\¡à-dêpcndent DNÀ PolyüÉ¡i!æ haa Leen fqmd

raaocl,at*d rlttr tln purfflËd Pnrtlcle (ÞeltLmore, 19?01

E¡¡legelanr¡r gþ É,., f970¡ Ttmln ar¡d Þ{l,sutahJ'r l97O). flrcs
large vlruæ¡ rppatentfy harrc a different ll.fe ctrclG

(repficntlng prosBEB) to tl¡ê rùiÀ ÞÌrsgê ând othßr aall RtrA

vLruss 
"

Grro nodsl of æ¡Il Rl'{A vlrue, raplicatisrr st¡æed

fron str¡dLca sr tha el,ngle-atren&d lÀ¡A F[ragê flxt?4r uposr

infecti.cr of å* gglå, thÊ alnElo-strandad ,uhÀ ütt sqnñre¡tJÊd

to f dq¡ble-strar¡dpd i"rùiA epocf.oe (Stnshef!êr gjþ !.t., 1962).
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'Ihla doubtc-stnadod IrNÀ ln turn æ¡ívtd l¡ t t'coplatr for

tln fo¡reÈlq¡ of, ringlr-ttsrnd.d coplo¡ vl¡ s¡ ra¡ræÈrl,c

4mtheafr, Àr a rlnglr-rtrùrdld nr.t vl"ru¡ rsuld h¡vr tln
er¡¡c gcnenl problcr t¡ r dnglc-rtnnðd l¡tiÀ vl.ru¡r Lt rrr

$r1ÈG pordb¡e tlrat t'h RNÀ hrd r rbilu Þrthtry ln lt¡
litc c'¡ruf,*. Il4üv3rr bcruæ such r ro*l lnprlcd ¡¡Ð l(NA-ltf{A

t¡rr¡nlr¡l.qr of lntornrÈl,s¡ Èh¡ ¡xl¡t¡ncs of r vl,nl-lnüuad
NhlÀ-&ÞEndrat sryÄ polïnnt ve¡ Pndlctrd" th¡ r¡rrlndrr
of ùlr1¡ lãtrodust,f,qr vlll b esrcernd rltÌ¡ ¡Èudl,c¡ D.rfoltd
ÞoÈh åg vlvq rlrd ¿4, yi.trq rlttch lndlert¡ tlr Hctra¡rtr þ:r

utrich tlr gcncc of mll liNÀ Ylrqrr k rcpllcrtrd.

C¡ $.6PLICAtItii t/F VIltÀL ¡lN'Ar IN YI,VU ÀÀfD I{i VI:[89

STIJDIES

r cq¡ddonblr rq¡rcå of our lmül.dgp ccrcornlng

vl,nl llNÀ rtmd frc rtudf,lr sf tlr lntlctr vlrur-hort c¡ll

rysteaar urd tþat rrill Þ Pro¡ant¡d ln ¡fncral q¡Èlfnc crlyr
flrs* rtudLct fotloryrd tæ dlfl¡rrr¡t ¡p¡rroaclrrl the ho¡t

æ¡l re¡ lnfcct d ytth an itltÀ vlru¡ rùon r$¡A hrd hen

lrbplf¡d rlùh nölorct!.te Fúlcurrorr md ttro frta of tjt

ÞËñtntrl RtiÀ rrr tlnn follæ¿ tn t'hr lnteetc¿ æll. ThG

oÈ,Ì¡er rFprorcù v.a to þrl¡fly ln¿'ubrtr lnfcctra ü¡11¡r tn

thc pË'rrncr sf ulftrblo ndloretlve Pr.Grrræra (g-:9,.,

urLêlnç-r{c)r r¡r¡dsr csrdltlc¡r tn ïhtcl¡ hort cll1 a¡¡A

r¡mtbrlt trs blodtod (È9,. r üIth ultrt-violnt lrgdlaùXm

or aetlnaycln I¡). rtrG n+ulf ¡¡lr¡tbr¡l,r¿ hbllrd ¡ü.¡À ürr

trÈrectrd by drpro¡tnlnl¡rtlm procrdr¡n; *rÞloylng pùrrnol

a
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ùd/or sodlun dodecyL ¡ulphate (SÐs)r tnd exanir¡ed by

phyeico-clenical nethode¡ SüÊh atudite auggoeted Èhe lnvol'r¡c-

nont of r double-atr¡nded ltlr¡À at¡uctu¡'Ê ln tlp rcptieatl.q¡ of,

¡<¡l¡¡ vlrugegr lloreverr ÈhG cqrclu¡lon drerrr¡ frm Ln vlvo üork

has beon gueetJ.oned by ¡{el,aurenn tnd eolortlerü (norst aÌd

l*eleæarur' 1965 t lieiagnann g! gL. , 1968 ) . Tlrare torkorr

uãed an in vitro eyeten to folloy the rcpll.eatÍon of the phrgG

Qß-¡t¡¡À, (uslng the iaolatod phtftc Q8-ir¡duccd äNÀ repllcaæ )

ud auggceÈad thet in thl¡ ParÈiculer etËÐ rt lctatr Do truly

double-¡t¡anded i*i'¡À etructure ras involvcd in vlr¡l i<t\¡R

replicatl.on. these rorker¡ pocÈulated that tho daprot¡inle¡tlør

trchnlqus¡ uæd during thß Åg viyo ror¡< reoulted in tlÉ fo¡mltion

of RtrA rrtlfðctt. ThÊ tn vitro vork of ticisoan¡r and eoTolkera

vIll b di,ecu3æd in thie æction a18o.

(l) Fatc of oarentel RJr,À. ThG l-nt¿rpreÈatl'on

of expcrLnents dcrlgfned to follqr thc flt¿ of laþllcd Þlrental

R¡.iA ra¡ cøplLerted by tho fact thtt thc viabillty of thc l¿NÀ

vlruæ¡ w¡¡ oftcn lsr (phegps 5 - 5OÉl polionirur 0.1'Ë) end

thcre vaa aæ wrcsrtainty aa to rÙrethor tho given laÞlled

fraction yat actually pertlelpati¡g in tþe replicatior¡

Þrooss¡. SÈudica on the ar¡i¡ral iii',fi vlruses ïiere al¡o

cqplicated by ttre fact ùtrlt, 80,r' of the absorbcd vlrup vr¡

noÈ uricoaÈed. F\¡rtlEFr Parcntal etranderære coûl3er\Êd vithln

the hoct and rære not foud tn progeny vfruæe (Ðol end

splogetmanr 1963) thuE linlting thia technique for dot¡rnlnilg
Èhe replication cycle.

sedinentatfon anatyeic of the cørt¡enÈ of hoct

celle infected vlttr 32f-f"¡.tled xl,A phage indlcat¿d that

:
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vithin ninutc¡ aftcr ínfectlor¡ thc ptrGnÈ¡l ltNA vrt
aa¡ocl.atÆd vfth the 7os riboðetl fr¡ctiür (Dol ¡na

Spi€getuen, 1963¡ Erikaon et llrr 1964r ErLkron a¡rd Frankllnr

f 966 t Godaonr 1968 ). sLnflar analycic of tbß deprotel.nl¡od

H&A frcr 32r'-t.tr11ed phrgG ¡tl7-infectcd E. gg$ ¡l¡owd that
prrt of the parental liliA (27S, ñolr tt'. I x 106) ædinontsd

ln e aucrore deneLty gradianù rt 165 and h¡d Þecne re¡íaÈrnt

to pancreatic ribonucloaae digo¡tion (double-ctranded ¡:tirA

of nol. ït, 2 x t06l ìðrLk¡on gg g!., 1964¡ hcrly ¡nd Sin¡heÍncrr

1964). Aftcr heat &nrtureti.onr ÈÌ¡6 16s fnction yieldcd r
radioactlvc hlrA noleculo vhiclr ædinented et 27s (¡irikoon

ct g!., 1965 ) r tho ct¡ancÈcrlatic velrn of the sLngle-rtr¡nded

H,17 RltÀ (nol. tt. t x tO6).

Studiea on tt¡c a¡rLnal xirA viruêr ængcrvirug (it¡¡

nol. ït. Z x L06) ahorca that 5oxi of the laþlred parentel

i{riÀ yar located in largc polyeoral aggragatca vhLeh u@r'a

actilæly a¡mtbeaising protel.n (Tobfr 1964a¡b). Hotelr(trr in

thic partÍcuhr eaae Èhc dcprotelniæd paæntal ÌtñÀ vas not

for¡nd in a ri.bo'nucloaen-reelatant fotar in contrasÈ to the

phagc eltuatlon.

Q)

lufi¡p -1e,bellþg qxærinenta. B¡efcrlllr elnilar rcgult¡
har¡e bon rcported for brqterial, ani.nal ¡nd plant lü'iÀ

viruæs bï thG u¡c of ig vlyo labelling Èecturiquea. Host

æll lüiÀ Ðmthoair vae blo'c¡cd by thc eddition of ectinmycin

D (bact+rfa in protoplâ¡t for¡) or, in the caae of becterl'al

ÌrorÈ, by ultra-violet flght br¡t the lrtter netlrod gð¡e varylng

degreea of d¡¡ûngG to Èhe hoat-virul ayaten. A sulÈablè



-?{t+- . _ì-+ j- r ,

10,

ndloactlve prcËa¡raor (e.g.r url.dlnc-14c) v¡s Eupplied to
the Ìro¡t-vlrua ßytten and the itNA forned during thc viruc
grorth cycle ura êxÈraetcd (&protclnlæd vlth phonol or

sDs) ¡nd cxanLned by rucroæ &nel,ty gredl,ont, cenÈrlf,ugetlon,
polyacryl¡nldr Eel eloet¡ophoreala or nethylrtcd rlburin
kclrclghur (üAK) eotr¡mn clr¡rqatogrephy"

In tha ¡nall I{NA ùrlürl vlrur eyetane the naJor

daprotelnlæC R"hA empørGnt ieolatad vaa 37s (aol. yÈ.

2 x lo6 ) vlrel progÊny xIrA and å ptncreatle rlbqruclG¡rG-
r¡nietgnt 2OS fott (douÞle-¡tra¡r&d ttJ¡A of rrol.. ytr ¿x tO6l

&rlgnnetcd 'repll,crtlrc fo¡m') vlæn anrlyeod q¡ ãucroac

gradicnte. SoG radlorctlvlty ¡edl¡onted htncn tlre 2Os

¡nd 375 RhíÀ ¡¡neica and h¿r been lécntlflcd ae double-strandcd

srra, vltÌ¡ nl¡clnt alngle tñA strendr (dralgrnated 'replleatl"vr
lnÈctædlaÈcrr grikaon end Erlksoûl¡ 19671 oÞrg rnd phillprqrr

1970 ) .

t:protelni¡ed rtNÀ fre Ë. c.oll Lnfeetod ulth xtvA

Þhagar rhich had þcn pulæ I'eÞllcd durfng fnfcction al¡o
contrinrd throe tyFaa of viral t<hAl a broed hnd rt 165

ctlttining rlbonuclee¡e-rcei¡tant itl\À predoinatcd ovGr tIþ
viral KJiÀ poak (ZZs) vitfr brlef labelllng ¡nrioder but tongcr

pulæe ¡hored the 27$ Feetr predoineting (IÞnvfck Gt ú.¡
19ó4). xIrA ¡¡l¡rgç-infected å. ggfi algo cor¡tai¡red thG

'¡nplicaÈirre inter¡cdl'atc' lrJyA (16 - 27S¡ 2 - 5 nr¡o¡nt
rlnglc Ì{tìA chain¡ on doubre-¡tranded &fiAt vandenbergln Gt $.r
1969). liorGv'orr Hs2 and QB phrge-infectcd å" gg4 containcd,

Ín eddftion Èo thc othsr RI¡A rlpcLc¡r r riborruclca*-¡¡otJ.strnt,

6s KNA a¡nciee (rabnorsal ItNAr) (xefty gE tl,' lg65l
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aenerþc gþ g!.r 1969b).

I¡eproÈci.nLæd Il"¡'¡A frcn T}w-lnfeeted tobaeco

planÈt treatcd rith rcÈÍnoycln D rnd tt*l alco contùl,nGd

a labclled rLbqruclêlgG-rGll,eÈant vLral lthÀ etrueturG ( ftofr

e¡¡d Hlr¡l,r t966t ¡ralph and ¡¡ojclkr 1969).

(3) . tþuble-

ctranded vLral-l,nduæd ÅiNA has becn Laoletod fræ ¡everal

viru¡-l.nfeetcd cyatenr 1n rhlch lt hac bccn aought (¡¡rlmlt

baeterlal rnd plant ay¡tcn¡ ). lloruvçrr rll ¡uch doubtc-

¡tran&d ItÀiA spccies hlvc bcen f¡olatcd by Ècchniguea uhlch

lnvolve deprotolnlertíq¡ (ualng plronol or SÐ5) of tlrr hoeÈ

GXtJlcÈee Tha double-¡Èrandcd ¡tl.rÀ i¡olated In tåf¡ n.¡rncr

yaa r@Êløtrnt to pancreatfe rlbq¡uclcræ digcrt.iorr buÈ

deatroled by ribonuclcaæ llf (Xobertaon et g!. , 1968 ) r rn

ena!'æ ¡trleh haa nor Þen ehqur to bc eptciflc for doublc-

sÈnn&d ¡(NÀ. The tvo ¡trende of Èhc dqubte-atrarrdcd rtttf,

cor¡¡l¡tcd of vLral R¡\À (refcrred to ae plua or poeitlræ

rtnnd) ¡n¿ e strand eøplenantery tn b¡æ ccmpo¡ition to

vl,ral tÌJlÀ (rcfarred Èo te ñinus or negltlve rtrandl
l"angeÍdgn et g!., 1964f r*Èlaüan¡¡ et g|.., 1964). Àc ttrc

double-etrandcd DliÀ, ¡tructure fo¡ocd ln Í'Xtle repll,cetiør
yaa involned tn tt¡c replÍcatJ.on cyele (dfacu¡æd in

'Problen¡ of vLrel &lrA roplicatlqr') ft vae tenptlng to

rôcrlþrÈ r ¡LnÍtar role to the double-etnr¡dod 1$.À.

Evi,dence that tlæ doublc-strandcd Rh^A ple¡cd an

actlw rolc 1n tlre rcpll.eeÈl,on of iiNÀ vlruaÊl vrr rhovn rhen

ani.aal-vlrue Lnduaed double-aÈran&d RhA var fo¡¡r¡d to lnfect
Èl.ear¡s cr,¡lturae (t'lontagrnier end S¡mderr, 1963t E ltisorG gg ÊI.,

:

:
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1964)-. Hoverrerr !n contr¡¡t to tÞ rnLnal ÐIzat¿¡¡r doublc-

etranded tt¡\Àc lrolated frcr phage-infected bacteria had to

be hcrt denatu¡rcd before Þcølng infecÈlous for g. ggl,¿,

¡rroÈopleete (^lman É g},., 1964¡ Franlse r¡rd Hof¡chncfdsr¡

1966 ) , InfoeÈ{vlty of nonral or heat-denatured viru¡-Índuccd

doublc-¡tran&d Rt\A of uall plant vlru¡cr h¡s not bccn

re¡mrted.

Èurttrer evLdcnce vhich ¡uggpcted that Èhc double-

rtrandsd i{NA rrÈÉ an lntennedl.ete fn X¡le repll,catlor¡ came.

frm En¡Iæ ehaee cxperlrrcntc uelng Rl7-lnfoctad E. ggfå.

Fbnvl.cts Ê,lE ¡1. (1964) supplicd url,di¡re-3u to xt7 Phlgo-

lnfectod ælle in vhícþ hoat Rl{A had barn- lrrlttþitod by

frradirtion ultlr ultra-vlolet ftght. lf tlr€ Hr.À vta lrþcllod

lor 10 ðocrr tlrê cxtrôct-od lahtlad &NA vrr fot¡nd to bc in

thü l6si prncrc¡Èfc rLþonu€lcræ-tre¡l¡tar¡t reglon of I aucroæ

gradl.cnt. lthen tùe ccllc FrG, furtlcr fneubatcd ln

¡rnlabetled ncdir¡¡r aftcr the lnttlrf 1O æe' lrbclllng geriodr

thcrc r¡lt t nartced increaæ ln label ln the 27S viral-riJrÀ

rogl.onr vlth t c€rrêapondfngr &crcaac 1n thc ¡nount of,

lrhlled rfbonucleàog-resi¡t¡nt RhÀ. Ûric euggertcd a

prcctrlsor-produet relatisrehip boÈvcen 165 RNÀ (double-

¡tranded H,NA) and 27s progeny vLral IiJq¡A (elngtr-¡Èranded lthÀ) r

giUlt¡r g! al. (1966) eo,nflr¡rcd ùt¡le lo¡¡ of, radioactivity

fro thc dot¡ble-atran&d Rt\À structure uel'ng phrge H52-

lnfactßd å. ç9ll.
thug it iB ball.errud frcr 14 vivo ¡tudíes thet tåc

dot¡blc-st4ndsd nÀA tcted as e te¡Pletc f,or Èhc productlqr of

vf.ru¡-^l.ilce xl-A and ls an lnportant lnta¡¡cdlatc in tt¡c
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replLcaÈion of u¡all r<NA vlru!Êar

(4)

a

(¡ly tvo diffsrsnt thcoric¡ ccrcarnl,ng t}¡c neclranin of

reptication of vlral-RlriÀ fro dotrblc-ltr¡nded RNA havt rccrDl'vÊd

any support ln tlp fltarlturer Tt¡eae ËrB the er¡lunletrle

conso¡¡etLì/c rnd asymtrlc ¡cniconærvativG hlõ¡otlresls. Tt¡c

propoaltiqr cal¡¡¡or¡ to both rtg thüt the replication ras an

aqTotÊtrlC proæea¡ only one ctra¡rd (pluø strand or vl,ral-likc
RNA) telng produccd in ¡¡ry quantity (¿rlreon et gl.r 1965).

llonqverronec Prggeny plua atrands rere producìed by olthcr

rçcha¡¡im they coutd thon CYclc to produce nore ribry¡uclcâtn-

reslst¡nÈ ¡tn¡ctülGtr .slocirtÊ vl'th tt¡e ribosquês Èo producs

tora viral ¡rroteina or be incorÞorat¡d inÈo progény virua

partfclce.

Tlre aeniqoa:¡ærvaÇiYqJpcha¡rlsr vae flrot Propotðd

by wclenrann g! gfr (f964) and Fenrrlck g! g!. (1964).

fecordfng to thle hypotheaier tlre repllcrting enzltnG i{¡rÀ-

dcpendcnt nh-A polllrneraæ catalysed the e¡mtheais of ¡ ninu¡

rt¡trrd, nrE!.ng uee of Ehe ¡)arental ctr¡nd aa tenplatc. Thl¡

rcaetíqr trrt cqttorl to boÈh tlporio¡ end resultad in thc

e¡mthOrig Of a cctpletely double-etr¡nded ill*À strucÈure

(replleat.lr¡e fo¡mr). É.ithcr the aaEG entlnrê or a rocqtd

polylufa¡s thcn u6Éd Ltre <iuplex aË e tenplat¿ to rclca!3

nev alnglc E.trürda by dienlacuurent of tle positirm tt¡trÌd

of thß duplex" Thie necha¡¡iæ¡ vae einilar to the orrc utcd

to explain DNA-kHA hybrids vhen å. ggli Iü,iA polymGrlsc ulls

pror¡l&d vl,th ri,ngle-atra¡¡ded ùN.A tcnplates (Cha¡rhrlln rr¡d

Ëerg, 1964¡ sinsheiner ¡nd lavrÊrêo¡ 1964)'
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ün the otlËr handr the cgr¡a€¡ñratl.re æchrnlal
trropoæd thNg ttn dot¡bla-etra¡rded tìllÀ tmplate renaÍncd
Lntactr ànd the progany kb¡a (plue atra¡rd¡) arc produced on

ths template vithor¡t dieptasÐent of elthor ¡trmd.
ttri¡ cqrænrttlvc ncehrnls re3 ïel¡ eh¡rractarieçd

ln thc e¡mÈhecfe of Rt,rÀ frq dq,rblo-ctranded INA by p. corå
Dl.lÀ-dopondont RNA polyæraæ (gremcr and hqrr¡dr 19641

'Jel¡elsr f965) anC frXtZq prog@ny aoloculos fretr Èhe double-
¡trrnded túxtZ¿ lnten¡reaiate (stnrhGtnGr Êg 3å., 1962¡

Þr¡h¡rdt cnd $inahelncr¡ 1965), In no;È re¡rortc ruthore
bar¡e concludcd thaÈ thclr reaurt¡ ïarc l.n accord rfth tha
micqrærvative uodel¡ Èrut fey h¡ve attenlÊed axpcrL¡ent¡
to dletlngulrh tlrl¡ hypothc¡ia frm tl¡e ¡ltcrnaÈive ore¡

Dlfferentretion betreen thc tuo drfferent nodcle
ra¡ achler¡¡d by f,ollorl"ng the fatc of Èlp parrentrl Hl¡A aftcr
1È hrd bean Lnc.orporated into tho duplcx structure. The

conÊGrvrth/r nodcl p¡¡cdl,cted that Èhe ¡rarental xÀÀ ¡hor¡td

raur¡in Ln tho dq¡ble-atrrn&d etructure, ntrcn the nev posltlve
¡tranda rGre lynthndtcdr vhilc the ml,-conrÊ¡ryrtivG nodol
po¡tulated ÈÌpl,r dirptaouent (cÊa fodioh and ZLndcr, lg66bl
Ej.llltcr st $. ' 1966 t Kelly and sinehel.¡nerr 1967 and Erix¡or¡
e¡rd lirl,kg(trt¡ 1967). tÈonrlÈ¡ obtainod vlth rl,td type ¡itvA fz
phrg€ ¡hored a clov and l.ncqplote lo¡¡ of ¡nrental label
fror thc doublo-eÈran#d for¡r (I^oclish end zin*r, 1966b),

hqrrvçr¡ tha difficultl,ec vith thia type of rx¡nriænt rcre
thrt" thc dhplaæd pa.rental r;{.NA nay be reineorporatrd into
a duplcx ¡truetu¡Fe ttrue lndicrtlng a eonseryiath/c nech¡¡im.
HoEvrÊEr if ùhß f2 nutar¡t t¡-6 (a tcmporlturc ¡enoitLve
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nuÈant ) v¡e uEBd then elmtharl a of plut ¡tnnd¡ oe.ct¡rrcd

in ttæ abæ¡rcre of nlnue ¡tnnd aynthrrl. rt 43o (¡¡d{¡h

a¡rd Zi¡r&rr f966b) thur trr¡crcqnlng thc rr{ncorPorltfs¡
problemr ancowrtered ln vlld Èlæe phrgp cx¡trl.ncnte. In r¡r

exÞerl¡renÈ deocribed by Lodl'rh and Zlndcr (f 966b) r crllr

ïÊrc 1¡g¿6tcd vlth 3Z¡'-¡.u"lled f2 tl-6 rnd Lnct¡b¡t d et 3{o,

alloving narinun f,ornrtlqr oc 3zp-labolted ôouble-stradd.d

Ir¡.rÀ. 'tl¡e lnfected call¡ Era ther¡ transferred to 43o

(rheroly no nlnue etnndr uGrê uadei a¡rA vltlrin one nfn. 5Qb

of tJ¡e labcllcd xirÀ ffir dlapl¡cadr 90ä Þing releaæd t1tltln
9 nln. of thc toñI¡cntu¡G Ehfft. Iãricer urder aondl'tione

rlrcrc linua h¡t not, plua strand ryntlnala üat bloe¡(rdt

Br^rcntal id¡^e, Eol€cu1ee rcr€ releaædr auggGsting a nd,csr*rryetlr¡a

Èype of rncpllcationr t{oFVrEÌ¡ gfncn r aarlcaræryetlr¿ ncc}rrni¡q

for repllcatlon {È ve¡ rÞparsnt that the fellurc to flnd prrental

I<.rÀ ln progpny anl¡¡l urd b¡e@rlrl vfn¡rr (orvlr rnd

Sln¡trnfnor, 1963¡ üol rnd spl.egclErrnr l96tt Hffir rnd Gnhur

1965) ¡tiff needcd erplenatiqr. It m¡ld noù br unltkely thöt

Ln faet bcrtb ¡recha¡rlßs oFcrats dt¡rlng th; replLeaticr of rrll
¡u¡A vlruflßr

It also nu¡t Þe potntod out thrt thr lnvolneurent of

doublc-atra¡rded tù'tA in thG rtplfcatlon Proerrr of vlral ¡t¡iÀ

ha¡ þecn suggnstéd nalnly frm lS, vlYo atudicl uhld¡ lnvolrtad

the uæ of dcprotalnlæd R¡'¡A producrts (ph¡nol or SDS crtrretrd
*üiÀ)r itr*l.egrann g[ ¡1. (1968] frcu !g våtro ïlork' uring Èhl

lsolatcd $ phrgË replfcr3lng cnr¡'m rnd avoldlng drprot¡l.nlgtlor¡

of i{Nå prduct.r propofd rr¡other neclrer¡in vfrlch dlrrcgrrùd

truly dqrble-¡t^nndcd lürA r¡ r¡¡ lntorncdlrtc tn
.:
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Aß phaæ ä,¡A rapllcatiqr. ThLg nccha¡rianr and Lt¡ lnp[ceÈfons
qr ttË oÈtrcr necha¡rfæs of vlral RÀ¡À rrpllc¿tJ.wr rre dlrcueæd

balou.

(5) Corparl.sdr of v{ral IT}iÀ produccd in vivo

and vLral RÀiÀ produeed Ln vltror â¡rd inplieatione sr the

nachenlar of vfral Rt',À repllcatiqr. The in vitrp elmthesl,a

of phagc HI\À has þen used ta a model ayoteu for tstudiea er¡

thc repllcation procedure of, RhA phage ( ræieemann gl! É. ,

1968 I Spiegelnan g!_g!, ' 1967 ¡ August gg !,1,. , 1970 ) . {xrô

of tha ctrlcf atÈrl,butøe of thle oyrtem vac thrt ttn lq víÈro

re¡ctlon eloeely reaenbled Èhe !g vlvo prosêss sñr€n to tte
Grrtcnt of ylcldlng LnfcctLqrc nNÀ (lnfectiotrÐ for Ë. @li
protoplaats).

ItÌ¡ue the q a ph¡ge-lnduæd RItÀ rcpll,caæ Leolated

bV ÈÌF rrcthod of, lrace and spicgelman (f966) utlfiæd Éî-i<NAr

!g yttror tú tËnplate for the ultlnate s¡mtheale of noro

LnfecÈl.q¡er relf-neplicaÈing ÇP-¡iNAr ftre questlon aroæ

ntrather thle replieatlon involr¿ed prelirninary fo¡matiqn of

vlr¡l nl.nuc gtranda end hcnce a double-strended kÀÀ

lntenre¿l.atc ¡e ahovn by & vlvo tùudies. splegel¡nr¡rr¡

gror¡p rGltortêd the prerÊnc€ of a panereatic ribqruelca¡e-

reeí¡t¡nt strueture (15S) after ahort (2 nin.) incubatLøra

of thc rcplfcaee rltn QÊ-i:{NÀ tamplate (27s) zurd afÈer treatnent

of thp product rfth sus (lace gE aI,r 1967arbrc). Furtbor

Lnræatig¡tLqrc of the deprotnJ.nlsed products of tlæ nepliceae

reectl,on tlêvGaled the presence of, both double-atra¡rdad ¡ür¡A

(rcplf crtive fo¡m ) r double-stranded RllÀ vith naecÊnt rJ,ngle

strrnd¡ (replicatlve lntermdLaÈe ) ae nell as ínfecÈious itlúA
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(I-'aoe g!,4.r 1967arbrc). Thrrr r11 threa "[tt¡A ¡paclG¡

obtâinod fre thls !g lritro rork corrclpondsd *ll to thoea

alraady fqrnd Èo axlet during þ vlvq etudlo¡. ì{orGver, both

ayatana eurploled dcprot¡lnfteÈLqr technlgues ln the leolatlon
of thc viral R.tiA, Bpcclea.

lvcf aæann Eg êÀ. (1968 ) ¡tud{ed tl¡e nta of productlon

end t¡rpcs of çS -iurn produced by ttle RhÀ repU.caæ (¡1¡o

faolated by the ncthod of Paac rnd Spicgnlnan, 1966) during

tg vftro repll.catiørr lrrl.or to &protolniortiqr vitn plcnol

or SLlfir nrl,x gg gI,. (1967) obacnrcd tbnt, ÈÌre fora¡È1on of
Lntact vlrue-litæ Qß-¡tHe vtú prtccdod ar¡d acc6lnnled þr
elmtheafa of full-length virtl ninue sÈrand¡ *rlch w¡a
pancrGùtlc rlbqruclea¡e-Êcnrltlvt ¡nd tlnreforË not ¡rarÈ of

any double-et¡rerrdcd hcllx. çrp n¡Ln produet tn thß early
atagee of produetl.on of nLnug rtrand¡ v¡ß, I 4OS ædLusnting

ccrplcx. Tlre panereatlc-rlbqruclclæ reelrtar¡Gs of this 4O¡i

PtotGin-tth¡A coplex rrae only f0:6 ut¡lch yar e:ctrermly Lor çt¡en

empared to replJ,cetlve fq¡il Rtúå, obtalncd by ph*nol or SDS

extr¡ct,lsr of þ vivo or ín vltro (RNÀ ¡rcplieeeß ) ayetcrne,

Horerrcr¡ onee the 4OS cøplox üta tr€lÈcd Tlth phcnol ths

rl.bqruclcr¡e-rc¡l¡tanee of the Gxtarct,cd ItI\¡À LncreraGd to

73%. lÈ ura believed thåt thc 4Os coplcx cor¡aleted of, plu¡

and nlnu¡ ctrüdE hcld by Èlre protein in a parti,cr¡lÈr

conforr¡aÈfqral gtate rhJ"ch v¡s fwounble to an¡¡crlfng during

æprot¡lni¡atlor¡. i{clas¡¡r¡r É ê,1,. (f9õ8 ) tl'ao for¡nd that

doubrle-strand*d eß phege-¡4\¡¡ (faolatcd by phonol extractLør

of 6 phagc-1nf,ectad E * Sglll ües not u*d ss tsrplatc fn

thg B -¡$'À replica¡e rGrctlon¡ a¡¡ggtrting thaÈ guch a duplex

.!
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.:

rtructu¡1È va6 not irrvolrrud {n tho rcpllceÈLon cyclr and

rra ñË¡rÊly en Artif¡ct Prgbrbly et r re¡ult Of GnsItnG or

protoln remclvalr fio1¡eve¡'r Lt vas tlao notcd tþat pr¡rlfl'ed

nen-Lnfectious (nor¡-infeetlor¡g for p. coll pEotoplr¡te)

Q R nlnut gtrands ÞranoÈGd vLgorour r¡mtheais of lnfeetLou¡

RNÀ In ¡¡¡6 Qo-RhÀ rapuelse ralctiqrr tlrc lnitlal ratc of

RNÀ productlsr being 5 ti.nee that four¡d for errçn Qp-xhÀ

{t¡elf,. This fi¡rdinq Índicated t}et tlre tenplatc for the

Sroductlon o! vinl lil¡A va¡ tlrc nLnuc ctrands. It ehould

bÉ noted thaÈ nlntla rtra¡rda tÌ¡cmælvc¡ uere not Lnfectl'oue

fn vlì¡e becfuæ eÌËT eoutd not. Produea thG RhiA-d¡Bendent ¡lNA
ryæ

Þollmcraær ure flr¡t atep ln tïtiA vlruc-Lnfectlon þ vlvo.

In ltght of the resulta obÈ¡ined þr lÊleanenn end cÐ-vrofkelsr

I ncchanim ¡ras propoaed rhict¡ ignored tJæ lnvolrrement of

tnrly doubte-¡tranded structgree ln ttn rcpll,cetl,qr procêta

(ece weiessnn gþ g!., 1968 ) . ttrle EÉchân|il teeou¡rted for

tÞ |cnsltlviÈy of intc¡madLates to prncreaÈlc rl.bor¡ueler¡e

¡¡d tåe €aÉ vlth vhÍch tlny are eqrvert-cd Èo partially

rlbq¡uclolæ-rccí¡Èant ctruetures by deprotefnirrtlqr. ThG

¡lott a|çniflca¡t featuree of thLE aoeh¡nist of vlpl ttNA

rêÞllcåtlsr tere Êhe to¡nn ütrueturrar suggÊated for tlrc

fntor¡edletse of both stagr€rr the fonuatlorr of ninur strands

and thÊ productÍon of ngr Vfrat RliÀ. TlrC 'oPGn ltructr¡re'

cxlsÈod qrlï fn the pre sÊnoa of protGln vhleh arnngûd tho

tro ¡Èra¡rde ln auch a conf,ornatl*ral tÈatß thrt dr rcnøv¡¡

of protGln they annealedr glvi¡g rf* to artlfactual

¡¡epllcative fo¡¡¡t and replictttr¡e Lnteruadlrte iiNÀ epecl'c¡.

The æe}¡a¡rÍsr In rddlti.on to explatntng ¡¡ciaata¡rn'e å4 vlgro
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rcplfcation etudlee hed Èhe egncoabla fceÈr¡re of oll¡lnrtl'ng

th€ problem of, docidlng rhcthcr ths replleetl,of,l occurs b)r a

cqloervaÈlve or enmicqrænrative æclranrln (ag all hllÀ

inÈemcdlates dcÈeeted l¿ vlvo rrÊ artlfacts of, ÈhË

deprotcl.nl.aetlør proædure ). Molè þ vlvo dor¡ble-ctr¡n&d

atructurge fsolatÆd harn þon c:rtnctcd by toctrnigtree vhich

Lnvolved tlrs uee of phcnol a¡rd hence ËrG probably the

daprotslnlæd f,o¡me of ttrc lnÈsreairtcs, i{orevtrr Þartl'411y

Þa¡rcroatl,c ribmucleeæ-rtcl¡tenÈ ñrtcrlel cq¡ld Þ reccn¡ercd

frce tlr eß-HNÀ rspll.casc raretl,or¡ vlthqrt clttpr pl¡enol or

SDs årÈractfq¡ (rlel¡ma¡¡n S !1., 1968t l¿s¡ Èhân lO¡, of the

toÈal ¡${À). T}rÊref,ore r lÈ ia not PoeelÞlc evÊn et Èt¡i¡ etago

to ¡Èate rt¡at, role, |f lnyr doublc-rtra¡rdcd RlrÀ playt b vlvo

or l'f, ln fact tÌæ nec¡ha¡rl'a lnlggËtt,ed a¡ovl eppriee'

ËngÊlhardÈ g! EI. (1968) rruggBrtÊd thst doublc-¡tranded ¡$,iA

ctructuro¡ rerÊ not ir¡volrrud ln x¡¡e c¡rnthlal¡ at allr bt¡u in

cort proteln r1mÈheal.a.

Tt¡ue aÈ preeenÈ tùcre aro tro baaic nodcls belng

co¡rLderad for tþe atructure of the repllcrting cctplex

involvfng the ccnPleuenÈary çtra¡d ae ten¡llate for a¡mthasls

Of proEcn! &{lJAr ftrsy tte I l. vÍral XNÀ ís clmÈhealsad frør

a doublc etranded RNÀ lnÈe¡mcdl.lt¡ elthcr by r clmservativt

or ænl.cqræn¡ative mchrnfenl 2. vJ'ral ¡t¡Jr i¡ ltznthËslæd

fro A frÊO coplcurcntary ¡trl¡rd. HoËvsr, thi¡ æcor¡d

ncchenlæ Ía tlre rosult of lorl( on only gpq icoleted ¡r¡¡A-

d¡pende¡t HI\À ¡rollmerern frq ¡ phagc-infect¡d b¡cÈeria

¡nd hr¡ not 1ôt beon shoUn to Þ tln caae for aell RNÀ

anlnal a¡rd plant vl,ruæs.

':

.:
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D. rrËPLICÀllON OF VIRÀL RNA - STüDIES ,ILTH

vI'ttÀL-IIr,lÐUCAÐ iWÀ ËOLYI'tE}\ÀSL

vlral replleatton & vivo i¡ tçnorn to ba etrriod
ouÈ by a novel cnrlûe ty¡tcrn arlaf,ng 1n hsrt crll¡ upqr

infoctlqn rlth er¡tl' xNA vl,run€Br L¡c.r ttp xlrA-üper¡&aÈ

RI\À polyncnae . ltlQ exl¡t¡nee of suclr ân anslttrG ve¡ flret
poatulated to cxplri,n tþ lll$^å- ìd{À exch.nge of inforçrtlq¡
during the repllcatLon qfcle r S€\rêrãl laÈoretoric¡ hal¡c

rcportcd tl¡e iaolatJ,qr of R¡\¡A vln¡c-induced HÀÀ pol1luuntÈ

aeelvltleÊ f,r@ infectGd ¡nLnalr bqctcrhl e¡¡d plrnt tystc¡¡.
'Itre flnding of both cfngle-rtr¡¡¡dcd ¡nd dt¡ublo-etran&d ÌthÀ

cfter deproteinle¡Èiqr of tha productc of ævçrel iæIatcd

viral-l,nduced .ttìr.I pollmrrttct agrecd vitt¡ Èho nodo of

rcpllcatlon Þropomd by thÊ in vl,vo vork. Tù€ f¡portent
prolnrtioe of tÌ¡e vlru¡-Lndueed ¡ùA ¡nlymraæ praptr¡tlon¡

and thel.r producte rrc doserlbtd for bact¡rlelr r¡rinal and

planÈ viruc eyateme vith cxtßnllv'G dl¡c¡¡¡cicr baing cqrflncd

ùo the Q8 'pheæ-inducad R¡rA replicaLlng enz!il3r

(f ) I¡¡retcria - ¡t¡ïA virua gvstsqs

(a) xs2 ph¡æ-lnduced k¡tÀ ¡vnthcte*, #Laslnn
pt Bl.. (1963t 1964) icoteted rn irÌiA r¡mthotlalng .ntïEc

frø g. .g,L¿, infectad vitlr tlsZ phaF. Àftcr pertirl puriflcatlqr
(Èrenty-fold) me preparatfor¡ rrae free of Dù¡À-&Pcndcnt RNA

pol¡mcraae activfty lrrt" contrincd endogenout vlrel alnue

stnr¡dç. :iadloactj.ræ t<NA ras ¡lmtlrecLæd by tln Prrtly
fnrriflcd antlrne¡ uaing ndioactlvc nucl.ooridr triplro¡phrtce

as cubaÈrates ar¡d no eti.nutaÈLqr of ectlvlty ürs found uport

addltlon of MsZ (plus) k¡\4. thc brs¡ cmpoaitlon of, the
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produet vae sf.nllar to lrSZ RhÀ (Ochoa gþ,.4,.r lg64)" cnly

a Fr¡lI part of tl¡c produet of th6 t(NA $mthctase vla
rêcLott¡rt to pùrcrÊetle rlbqruclGr*r vtlen traatod prior tg
&protelni¡ation. floüêvrar¡ üftcr phgno1 or SÞS trc.tmntr
SCI¿ of, Èhe produet vle fowrd to bc reel.stant to püicre¡Èic

rfbonucleeep dfgrection (gorÊt a¡ld tþi¡rntnrlr 1965). fhl¡
rÊrult auggectcd that pluu and nlnua ctnnds yithin thc

HsZ roplicatfng eæplex åtr vfvo nlght not bG ttghtfy þqrded

and Èhe rÍbo¡ruclecÉ-rGel,gÈent útructure obæn¡cd aftor
otandlrd extractiqr nethodg vr¡ mrely rn artlfact ( æe rlao
product of ffi phage-inductd R¡úA replica¡c dl.acuased prevloucly

ln t Cæparisor¡ of vlr¡l itNÀ produc€d ¿g vlyo e¡rd viral kNÀ

produced Sg vltro and lnpllcatia¡e sr tlre neclrr¡r{rnn of vl,ral
ltJ.¡À replLcatlqr' ). Thc ribonuelclat-reclrtant produet of
the lfSZ-fndueçd RIIA almthrtare l¡oleted cftser phenol

extraetlon vlc lndlrtlngulshaþfe fræ th€ l.t$2 rpcclfic
dq¡Þls-aÈrandsd itlrÀ Þroducod in vivo vfth rcspcct to ¡ll
phf¡Lco-eÌ¡øtfcal pro¡lertlea, Anatyrls af the product of

ttß HNA rlmtheta* by hybrtdlaetlor¡ tecihrrJ,guaa (hnl,enrrul,

1965) a}rolr¡d that the radl,oectivíty tn the duplex urt rl¡ûoat

entirclï due Èo pluc cùra¡rd¡. IÈ vrc thercfor: cq¡clud¡d

Èh¡t the non-laballcd nlnu¡ ctrandr found in thc duplcx

wra preøant in the ensyæ p¡eparatior¡,rrlor to lncubation

ùrd proÞaÞly ibowrd Èo tùro enz¡mc rË ðri elrsypÉ,-vLrtl RNÀ

ctFÞlGx (rcplic¡Ètng eøplex).

:

.:
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(b) f2 ph¡qe-lndueed xlrÀ polvecreae. ÀuEutt gg È'
(rgoS) utill,æd the ¡q'¡-BarnÍ¡airrc hoct !. corl s26

Lnfeetsd ylth ¡RIú-II, an ¡nbcr nuta¡rt of tl¡e fZ Fihtgct

¡ü a Ëourcre of, enrlæe. Thfa host-phegs al¡;tcû dld not

yleld Þhage p¡rtlclee b*¡È produecd 5 - I feld lnereaæ tn

the mounÈ of vfral RJiå Polyoclttê and viru¡-tr¡celfic
doubla-stran&d RliÀ (IodttÏt É g[" 1964). 'I1æ ht¡¡¡dred-

fold zurlfl,ed prcperatLcr of RNA Polyncrtaa rcqul'rcd llllÀ

of any varicty (vlralr eolubte or ribo¡cnal) m ¡ prLncr

althangh ænl-crudc ptcprretLqrc lackcd the rcguirenent

for ¡dded prlmcr HllÀ¡ The ncercrt-¡eighþArr f,regtnncy

of tl* product vrc dlf,fcr,tnt f,or TYIw-RI¡A ot tZ iütÀ prlncr

ruggpttlng Èhet the ed&d Rt\A detsr¡incd tlæ nucleotlde

äeqrsncG of ttp prgduetr lte b¡æ conporlÈisrr rnd thn

llndlng thaÈr ¡ftor daFrotcl,nisaÈlanr Eore tlre¡r hrlf of

thp prodr¡ct u¡s rG¡Í¡tü¡¡È to pancroatlc rlbqrucloaæ dlgectlst

tndlcutcd that, a doubln-¡tran&d I{NÀ va¡ fomcd.

(c)

bv splcselnan cnd.eq-vqrkerar Htr-ut¡a Êi, a!. (fgO¡) lsotåt€d

frcm E. goll.,l,nfcct€d vith phagÉ HSz or Oß¡ tr anlttntr thlt
undsr Ètre epFroprfrtc lqrlc cor¡ditl,on¡ cDecl,flcrtfy nguircd
the addl,tlq¡ of, !¿s2 or çF -RAlÀ for aetivity. In cqttnat
to ùþ Èro enzyna preÞrratlon¡ dercriÞd elreedyr Qß -Iùå

replieaæ feolated by Harrrne end spiegelnan (1965)

catalystå thË s¡mÈheale of (F -¡tNÀ Yhieh vr¡ lnfcetl,otr¡

for !, cotl protoplactcr produclng e¿'vunl tlno¡ tlre urour¡t

of lnfn¡t ffi-RI,¡A (f Fg of (R-RN{/4O pg of Protoln)¡ Àlso tlæ

RNA roplleesc vlc farnd to repll,cata fvlrla¡rtg' of (h -I{NA
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(ltitls et aI., 19671 vhich rere srly t7'lb of the original

Q B -¡';n buÈ rere eelf-duplicating ln the reacÈion ) and

Q B -x'e ninua strrnde (spiegÊLuan €t^ 4., 1968t treiemann

É ê!.r 1968). The neetrani¡ar by vhich infectiouc Qß -¡{iiA

vre produced haa Þen previoucly diecu¡ged in 'Cqi¡arigon
of vlral i<iiÀ proù¡c€d Þ, vi.r/o and viral ¡i}¡A produced in vitro

and implicatione trl the nechaniem of viral shA replication'.
Às tlre aF phage-indueed RNÀ replicating Gnzynre hae been

purifíed by tvo groupa (Spiegrefman'Ê and Àugust'B) ry
differenÈ. nethods vhich yielded en&Im€s of different physical

propertiesr ttn prepantion a¡rd propcrties of theec

0Ê phage-indueed replicaÈing enzlzme¡ vill þ deecribed in

this and ttæ folloving eection.

(i) Furification of tÉ-icre repllcase (lace g! ê1.,
1968). lhe prinary conccrrr of thle ¡nrrificaÈion uae to

isolate an ênzyne vhfch produced a biologically active

product (itliÀ that rae Lnfectiouc) a¡rd not to purify the enzlnre

aa nany fold as poseible. Aß phage-l-nfected g. gg¡å

Qf3 eelle ïere lyred by freezing and thaving folloryed

by grindlng and the supcrnatant oÈÈained aft¡r c.enÈrifugation

vaa treatcd viÈh protanine ¡ulphate end Èhe enayrne precipita@d

rlth (i'rHn)ast.. lhe i<ÀlA replicaæ vas dissolved a¡rd chrcraÈographed

on ¿ DEÀE-ælluloae eolr.urr¡. TÎæse procedurea rære deeigned

to removË ribq¡ucleaae actl,vl-tiesr lhA-deperndent It 'À pol¡nnerase

activityr pol¡rnueleotide phoephorylaee activity and poly-

adenylate :¡mtlretaee actl.vity, Þl¡ture virue particlee

retal,ned Èo this aÈago r€r€ eli¡rin¡ted by cubjecÈing the

cnzyne to Èn¡ovant densíty acntrLfugati-on l-n CsCl, followed

.:
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by a scdl"ü€ntatlon ¡rrrf.ficetion of tlp enrym@ thrcrgh

a 5 - 20É eucroaa deneity gradlsnt. tha atreroæ gradient

led to the partlal eeparqtlür of tho Qß-RhÀ rcpllcare fnto

t 'heavy ' tnd t ' light t cot¡roËnt . TT¡c f heavyr ccrpqlent

raa found to be a pofyC-dfroctcd pollrG ¡rcl1areraæ 1 end

neltlær eüEonent llorp could lniÈfate thê fornatiqr of

lnfeeÈiour Qß-ÌINA in ùtre raplic¡et rcactlqr. Tlp propertÍe¡

of tla Q ÈiKlúA rcpllceae ara dlEcus¡ad þlov,

(if ) Ëromrtlrt of the Q8-R¡¡À repllcaæ. À!

nantl.snd aborrcr tro cüpononts of OB-RliÀ rapliearo u¡rrc

pa¡tl.elly æperatcd by sucroae denclty grüd16nt centrlfugation

of the €¡rEI''rGr tt¡efr retatlrrc poËitiqra int¡e gredlcnt

Indicated that qre (deeignratcd rheanry' a¡rd det¡cted by ltc
abílf.Èy to copy polyc qrlv) var rpproxlnttaty l30rOOO and

Èþ oth€r (dealgrrated 'lIght') rUo¡t 80rO00 Ln aolecular

rcfght (ell¡hæ ard spelgelnan¡ 1967). IlouG\¡Brr aftÆr sucroqË

denrlty gndlcnt oantrLfugatlon of tlre rapll.crrc Gnqræ,

lntcct Qß-RNA vre otl,ll coplod t,o produce inf,eeÈloua lttrA

bï a protÆin vhich hrd a nrolceulrr ¡çlght of tlOrOOO (¡ppettnt

nol. É, ). Ttrue lt raa esncludod end rubcequently prsvad

thaÈ ttp Qß-¡tb¿À replLcaæ actlvlty vhlch copied lnt¡ct S -¡{hA

rao e coporltlqr of ÞoÈh 'h'eanryt ar¡d 0llght' eæporrcnÈo.

t¿cither of thaæ sapqrenta¡ adequately prrrlfled frm orrs

e¡rotherr cor¡ld lnltiate ertsnrÍr¿e pol¡mucteoti& r¡mtåeeJ.c

rrhen chellcngcd ul"th Qß-it¡r¡À. It ahould bc notcd that the

'lf,ghtr ccrponent vae dctcct€d by thlr additlqr sf the rhetYyo

cmpttent thus neklng it crcnpatent to copy Intact QB -¡ilÀ.
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(tft) Host cctù,tcgnoFtr. Tht &NA' of, phägê 0ß

h¡s bcGn ohovn to hcve a noloqrlar veight of I x 106

( or/€tby gg g. , 1966 r Blrhop g-t $. ¡ 1967 .l a¡ra c'o¡ldr

Èharcfore, eo& for about llOrOOO nolecnrlar vclght

equf.walente of protein' Of ùhls 5OrOO0 allas accounted for

Þy tt¡c vlral coat prota!.n (nol. üt. approxLnrt-ely l4rOOO)

ar¡d tt¡p À proteln (nol. lt¡ ¡pFroxl,n¡Èely 3TrOOOt iloberÈt

rnd stÆ1ü2, 19671 Vínrptr g! g!., 196St Nathünc gþ g!., 1969).

This lef,¿ only about 6OTOOO nolcct¡lar rtlghÈ oquÍvalents

( ¡es GrruËt S g,1,. , 19691 Kaæn, l97O I Kd¡do gg g¡,. r f97O )

to h ¡hared betreen Èhs tro rcpllcræ unltt found þr

spiegel¡rnr îhtch am to alnort 3 - 4 tLao¡ (2lOrOOO)

ttre nol¿ct¡lar uelght. thle df¡crePenc? tuggoeted that

attf¡ei Ètn repllcaao c:qnPûnGnta conj,ated of 6n¡l'l ldentf'eal

gubrurltc or that on€ of Ètp rapllcræ eo¡Pq'pntg rae a

ho¡r-åÞsclficd protoln. rifxhqr 9È !l" (1968) sho¡cd thl¡

lrttcr hypotlreaia to Þê Èrue by dnmøretratJ.ng ttæ cxiatenec

fn r¡¡tnfectæd g. g¿¿, etllr of a Protofnr hlving all ths

propcrties of tlæ 'll.ght' cmponent of the Qß-RÀiÀ æplicare.

Thuer ïlÉn tJre host "lighÈr efirpdt@nt t¡|t cübinnd Yfth

purl,fled r}relv!¡' crm¡rqrentr l¡t Gntyr¡Ê Yra r{ecanstftuted

¡rhictr tould egpy Qß-li<l.À to producc bi,ologlcrlty fur¡ctLørrl

Qß-¡d\A. .-rußr it rould sÉ6ü ÈhaÈ tlæ rhoevy' cqnpoflEnt

(r30rooo nol" rft. ) vre uniçre to g. eolf i¡r¡ectad vLth Qg

phage¡ hwcncr" e\mn thi¡ cüFqt¡Ênt Ya¡ larger thilr rqrtd

be €xl¡ectpd f,or e priJnarl'gGnG product of tlË Qa-R.hlÀ $tlf,Br
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(d)

by Àuqq¡È and co-rorkers. Ttre ffi rcpll,cating enz¡æe

ieolated by thie rmthod had dffforcnt phyeleal propêrtl,ct

to that prppared by the nethod of &ùeo gg, ê1. (f968 ) . 1tÊ

€nrlme procÊdura *ecrLÞd þIon ylelded a 2rOOO - S,OOO

fold ¡nrrlfled s-RliA polyrroraær ïhlctr in tL¡G pre¡anec of
a t factor fractJ.qr. rnd e8 -RhÀ prdueed a blologlcally
cüpetcnt Qß-RìlÀ produet (tnfectlous for å. gg¡å l¡rotoptrartc).

(i) iarrl.ficatLon of thc Q8-RNA polÌüeraæ

(Iio¡rang and lugurt¡ 1968 ). À crude extract vea obtelned by

rotal,ning Èhe sup€rnatrnt afÈer eantrifugatJ.ør of frot€n arrd

ground lnfectcd g. coll Ql3 crçlle. Ttrc :rr¡nrnata¡rt, va¡

rubJectod to a fiquid-polyaer êxtraction of nucleíc eefd¡r

and ttÞ Qß-.t¡;e polymcraÊe vtE preclpltaÈEd vlttr (rlx4)rsOn.

Tàe preclpltatc, v¡s dlreolr¡ed rnd the enutme f,racÈfqraÈsd

qr a DËå,E-cçlluloee colrnn, Tþ fr¡etl.qrE utrLeh cor¡trl,ned

gì -RNA pol¡me raæ aetfvlty ErG ¡¡oolcdr the protæin

eonc.entrtt&d vittr (hH+)rscn and p¡eæd dqru a hydronyapatltc

colunn, The¡e chrøratogrrapìy sÈepe rere lntcreetl.ng es

ttrey aesulted in tvo important fractlorsr the core Gnzlane

(ISO;OOO nor.r vt. | æ6 bÊfrrrr) and a '@' rhldr
had to bs addcd to the eorê enzlmc beföre Qq -r¿NA lf¡B

replÍcated tn tlp çF-lttrÀ pollnneraæ reactlon mLxtü.Eree tihfs

'@r vrÊ fq¡nd in ttn (xttO)rscn concentrat¡d

fracÊior¡ of tÌ¡e 0'20 - O,25 U triE-HCl, eluanta (or O.l5 l{

tiaCl eluant¡ Shapiro É E!. r 1968 ) of UltÀg-celluloee

chronatogiraphy pooled uith tho 0.15-O.25 g (nttn)rsan sluanta

of h¡droxyapaÈlt¡ chreatography (Fra¡rpe dc FernândÈr

.:
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Ë 3!. r 1968 ). Ttre 6 -It¡lA pollauerare uro chroatograplpd

through a sepha&x G-IOO coluurn and flnalfy ndLnnnted Ln

a 3 - 20% gll'ìacrol &nclty gredl.cnt. Thut thr efinltis¡
of the CB -nruA pol¡mcraca deacrlþd hcre f¡ th¡t enrynG

whleh reguirad thc addltl.qr of the '@'
bf,ore g3-RÌíÀ ean be rcplieatrdr

(11) .

'Ihe noleculrr r¡eight of the S -l{hA polyrnoraae hac boen

etnt¡d ¡¡ lSOr0OO (lr¡guet É Ê1..r 1968¡ .tr¡gusÈ Gt, tl.r 197O)

vl¡l,le a rolecrrlar urlght of 130, O00 hae hen ghffii þr Kørdo

et g!. r (197OI Ttrte enz)tne hae nw been shorn to C'on¡iat of

one phagÊ gÉncne c€dêd protæín (691000) and thrÊÊ ho¡t
proteJ.ne (!{.anenr 197ot Kondo st g!,r 19701 dl,ro¡¡æd

Þlov ) . fhe enrlmre haa been ehmr to coptr polyc or Ëny

a¡mthet{e t¡etæropolynuelestl.de cor¡t¡LnLng ey'tlüylata ( riorl

@t alu 1967) s]¡ntl¡eeiaf,nqr a etrand ercrplømentrry to ÈhÊ

tqmE¡latc pol¡nner, The enzync replicat¡d rninur (emplcaantary)

sÈFs.ndc of çß-illva (¡ugust 9t al.r 19681 Àugustr 1969¡

tronerJee eÈ l1r, 1969a) produclng infectioue q8-nne. Àlüo

thø enz¡ae replicated a¡r unueual 6S-RiiÀ trlrlch vtra l¡ol¿tcd
frcnr Qß-J,nfected ¡i. coli oells ¡nd yae forurd aaeoelaÈed vith
the partlally purifled Ri\tA poltm'Eraæ (tna ÐEÀE-cel.luloe

frecÈl,sr)r produclng a nqr-infectl.ous 6s-iìNe product

(nancrþe g! Iå.r 1969b). Whcthsr thla 65-&0lÀ, yàfch rr¡
pancreatie rlÞqrueleasa-resl,¡tenÈ ¡¡rd cqnpoæd of lf0 - t3O

nucleotidÊar vas d€rlræd 1n rürê n¡nnGr frqu qì-R¡gA or
preænt l.n thc hsst cell vae noÈ knÕ¡rn. HoüÊvgrr tho S -¡tI.JA,

pol¡ræraee varld anly replicate ÇF -RÌtÀ to produce rr¡
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l,ffcctlo.rc QB-ttue product in tlre preæncra of the rfactor

f ractlon r ( sencr Jcc et È,. , 1967 ¡ Hori gg È. , 1967 t Fra¡rae

dÊ Frrnandea, ¡.968 | Àugust É ËI. , 1969 ) .

(lil) ¡ioet ccmporrcnÈg. Sfnæ the orl,ginal

dieeor¡ery of tlc ffaeÈor fraetLont (Ëanerþe et g!.,
f967¡ Horl gg gl., 1967) vhích yat rreqrrlrea for Èha eß-RNÀ

polyneratG to repllcate Qß-Ir.t\iAr thle fraetl.ør hae been

for¡¡rd to h prerenÈ in hcalthy 8,. c.oll ætle (prepa¡¡cd aa

&¡srl,þd for Lnf,cet¿A ætle) and hae Þcn re¡olvud fnto
trro cÐpoûænÈrr both of vhl.ch r¡Ê raqul¡¡ed ln the eB-R¡tA

replicntLon reactLør (pranæ ds Fh¡rrandez glþ È., 1968¡

Shapl,ro et Alor 1968). üË fector (rretor l) vae acperatod

fror tln enl¡rne durlng Èhe DËAE-celluloç chrqnaùogrephy

procedurc of enslnrc purffleatlq¡r va¡ haat ¡tablc ¡nd

partly rcalctant to protrariar ar¡d radlnented at 35

(approxlnatcly TOTOOO nol. rrt.)r ThG aeeqrd factor yae

lEolated !,n the hydrox¡rapatite proædurer Tlr hcst and fp¡in
¡en¡l,tl,nç and oadlnentad et 1r$S (rpproxl¡nately 4OrO00 nolr
rrÈr). B4rEh rÉrle preeønt l,n ö:rtnet¡ of u¡rl,nfeet.ed cell¡
(franac da Fcrnüt&z et illr r f 9681 Sh¡piro çt g!., 1968 ).
ltre rola Of thcaa 1n tlrc Q4-RI..¡A pollmcnee reeetlor¡

äppartd to h tt aqrê Ëtcp bctycan tln r¡socl,rtJ.on of

QR-IINÀ and cnayæ and thc lnltlatlon of elmthcoiø (eugrurt

g!, g,.r 19681 Àuguctr 1969). ll'hla eonclu¡fon Tlr ba¡ed on

ttp obærilatiqrs that Èhc f¡etore do noù rffeet eltlnr tlæ

kl.natlea or fo¡nratíon of an cnrïüG{rLral RNA c6rp1ex.

In thclr abacnær hæsvurr no e¡mÈh¡l¡ vra detcctcd vlÈh

Qß-I+.ÌIA aa te¡nplate. It L¡ elso noùercrthy that Ln cq¡Èrast

.1
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to the reguiremnt for QB-nru¡ dircctcd r¡mtheeie¡ tÞ

fretors had no effcct Ln thc rcrctior¡e dl'rcetod by

eorplcæntrry ul.nus sùrndo (¡¡¡gru¡t gg gf,. r 1968 ) polyC or

copolyucrl contrlnlng eytidylatc (Augu¡t 9g gl. r 1968 )

or 6s-RNÀ (aanorJee !! .É,., f969b). TÌ¡Q fact thet

Èro faetort ilerc requlred only vlth 08 -Rt¿À ee tamplatæ

suggÊctcd that thGlc agentc do noÈ rc¡et dlrectly vlth
Ètæ enzync tn¡t aro ln ¡æo vty related to tlp rolc of, lß -HNÀ¡

Ttrit po¡Èulatp u¡t 3r¡pPortcd bY tlrc f¡e"È that ¡atr¡¡rtion

of th@ rcactiosr vitt¡ 'flctor fractlon' r¡al ulrrelated to thc

rilq¡nt of enz¡me I honncrr e¡ the Q8 -R¡',¡À vac increaæd a

Ereetor cqrcontratlcr of I ftctor fraetl,onr trlg reguired for

arxlnr¡n Lncorporetl,o¡ of nuclçotltþ (Fr¡nce de Fcrnan&z

gE ¡1, r 1968). NrEuat gt É. (1970) cugqceÈcd that Factor I

eould be en lnltLatlon protcln aùrile Factor tl could modlf,y

th. prl"nery rtructure of Q3 -R¡úf, or Gv'Ên rc¡aqve tf¡e teruinal

a&nylato rerldr¡c of (F -RNÀr

AnoCt¡or lntarc¡tlng de'velo¡rcnt rltt¡ Èhe S -RNÀ

pollrnsreæ v¡l tlp diccf¡vGty of hoet cornponGnt¡ |n the enz¡zme

Ítælf, Kondo gÈ tÀ. (f97O) haræ ¡hovr¡ ttrat ttre (8 -¡r¡¡a

polymreÉ PrGP¡¡¡rÊd by r rllghtly nodifíed neralo¡ of tbe

ncthod of Eoyeng and Àngu¡tr( rg0gl end Frc¡ented aboræ) vas

eoporad of thc ÞhagG pol¡amre¡rl genê prOduct of ¡ûolecular

rolght 691000 (ae expcct¡dr ¡ce thoet proteinst of I -R¡riÀ

rcplier¡c)I and thrce ho¡t ¡xotsinø of nolecular ueights

?4rOOO, 47rO00 and 33r0OO rr¡apGcÈlvrgly¡ All nolcqular

nlghte ü3¡r c¡tlnat¡d ¡fter dl¡ruptl,on of thÊ € -¡i.liA
pol¡nreraee vith SDS and nercapt-octl¡n¡ol end eeParation of

tlæ rr dr¡lt¡nÈ protclne by Sl¡s-polyacrylani& gel
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eleeèrophorttalc (fiondo gg 4., 1970 ). lþuever' aa all
four po]'yFeptldes rc¡rc Þart of thG RNA Pofyneraæ Lt vls
nec€Eaary to accorû¡t for the frct th¡t tlclr totel moleculrr

rel.ghtc (2231000) greatly exceed tha value or t30r0OO

eeti.naÈcd frm the ¡edl.nentatlt¡ prolnrtlet of tlrc cnr¡mc

(nondo É g!. , 1970 ) . s¡ch an apprrent dircrepancy ney bo

due to the enz¡ure Èctng htghly raaynctric (nol. rt. of

l3OrOOO var e¡tÍmatcd ee¡r.ml,ng tln cntlnG rea I globular

protefn} or 1f lt vag In eesociation-dlseocl.ation oguilibrlun

vlth ftc euÌr¡¡¡itc. Hore\¡6rr ths actual re¡¡or¡ for thí¡
dfeerepancy lc not lcnwr¡. À elellar concùuoion qr thG

nr.¡¡rber a¡rd Èt¡c nolacular wightt of thc pofypcptldc¡ of

QÂ-RNA pol¡mere¡r h¡¡ boen nade þr Kancn (1970). UoLng the

Q ß-ftNA pol¡mereæ l¡olated f,ro Qq eo¡t, anhr nutant

(arnhr-l2 )-lnfeetcd Ê. cofl the RNA ¡nl1æntG rt¡ &duced

to be copoæd of or¡c al,nglo phago-a¡nefflc Potypept'ide

(651000 nol. rt. ) and th¡ec ho¡t gtncifled polypcptlde ¡
(nol. útr. 7O¡0OOr 451000 and 35r0OO)o hottn of tÌ¡e ho¡t

protel.ns de¡crJ,bd hrd thc 3.ErG uobilltler aa aubrnita frm
g. cA14 DNA-dclpndent R¡,¡A potyncr¡EË (Xon¿o ot llor 1970).

Hon¡nÊrr Travl.¡ È g!. (f970) rcport¡d thet a cqbinrtior¡ of

thG 45'OOO end 35r0OO hoct unLte frø dl¡ruPted qß-¡t(NA

pol¡luerarc prafcrentl,ally etLnulated thc slmthcsl¡ of

rÍbosoral RN.¡t by å. coll D[lÀ-d€SGn&nt jRNA polyncr¡æ ln vitro
a funetlon r1¡o lprfo¡med by e factor (p¡t ) for¡nd in

r¡nLnfectêd E. gglå.

.:
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Thus ttre replicrtlon prooÊa¡ of phagp Rl'¡À hr¡

¡xoncd to Þ consLderably mo¡a cüplGx thrn firaÈ cnvloegcd¡

not only rlth tIæ typeg of pplicetlr¡e lntenrcairÈc¡ }¡t¡t

aleo tbr cmpoeltlon of thc eælt¡¡3 lt¡clf. À cqrDarl'¡ør

botreen thc prolprtl,ee dlaeuræd of thg G -RliÀ rcplLca¡c

(leolated by Spiege¡^Ean) and ths Qfi-RNÀ polltntr.æ (i¡olrtcd

by Auguat) arc preccntcd in Tablc 1.

(2) . BtltLnorc end

Fra¡rklln (f963) flr¡t &t¡q¡¡trat¡d tlp lnducùlqr of ¡n RNA

pol¡ncraæ bt/ RNÀ rnLn¡l viruæs uaf,ng L-ccllr lnfectod vltt¡

nengorrlnra (RNÀ nol¡ tft.¡ 2 x 106). Ttro cnz¡rm aetl,vl'ty

raa artocl,aÈad vlth a Inrtl.culate qÊoplen|e f¡¡etiqt
(nlero¡oec) rhich or¡ Lncubrtlqr vl,ttt nucleoride triphoephat¡¡

yloldcd a dq¡ble-øtrandod RNA produet (af:,ter drprotelnl.aation).

Tbe RNA polyucrtæ rctlvlty vhlch v¡s Ln&¡rrr&nt of addÔd

v|ral RNÀ t¡uplatc hl¡ si.nc! b3Gr¡ dcmqrrtretod ln nlcrotúrl

fractLqrr of ntucrout anl¡¡l vl.rur-lnf,cctod æ1lr (flagOnenn

a¡rd sr/¡, 1966t Scholtl¡¡clc rnd Rott, 1969rrþ¡ Mahy È g!.,

l9?0 ) . Daprotelniced products of ar¡lnel vinrr I'nduccd RNÀ

polyncrata rcact,lqre eørtaLned labelled da¡blo-¡tr¡n&d

and earetine¡ vlruc-llkc el.ngle-strandGd RNÀ (Urrtfnr 1967 ) .

Thc orì]y rcport of a ¡rrll anlnal vl.rug-inductd Rt\¡À

polmc¡,tæ vhlclr rra tctLvr¡ted (thrcc-fold) by tlro ¡ddl'tlon

of vlral RlriÀ hae þcn uring Prrtlt, purified e¡ctracte oC

pofld*virr¡t-1.¡rfected tþI. ccll¡ (Crrgigfto gg g!.r 1969).
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(3) Plant-iü'¡À vlrue syateue, SÈudiea úsing pla¡rt

virua-lnduæd [ütiÀ pol]meraee have not been as aucseesful

as thø 0 p pf¡aþ-induced ffrÀ pol¡meraæ etudiesr due to the

dífflculty ln feolating euch e replicating enz)tme o Even

tbe slts of tÌ¡e viral-induced ft,iÂ polyrrerase rithin the

ptanÈ cell rae not tmovn (æe 'Sit€ of a¡mthesig of vir¡l

conponentcr dl,ecuaaod prcvlouefy) ¡ all' anl,nrel virus-induced

.tìi,+A polperaap8 uere apparently attached to æmbrane

preparations (see M¡rtínr 1967).

Astier-M¡nifacier a¡rd cornuet (t9O4r l965arb) firet

reported procadurea for the ieotatiøl of TYMv-induced t<,,.4

pol'¡mareæ activity frqn infected Chlneæ cabbage

lean¡ear ttre e¡mtheals of ËtfiÀ by the enz¡nre vae not

atinulated by ttre additl,on of virel IìN.â, suggËating that

Èhe enrl'De vae firnty bound to iÈ¡ template, a aituatior¡

found ín mo¡t ani^¡nal virue-oyatene and one phege eyeten

(eee tus? phrge-lnduced RirÀ a1mÈÌretaæ'). tlowner, tl¡e

activíty of, this enayrue preparatio¡r vea €xtrenely lov and

it renal.ned for Ëovó (1967a¡b) r¡rd i<alph end woJcik (r966e)

to report signifieant plant virua-induced iu\¡À ¡lolynerlæ

activity uelng fn{V-infected Chineæ cabbage leaves.

In contr¡at to ùlæ coluble entl,ne preparatiør uaed by

À¡tier-Hanifacicr and Cornuet (19fr ) tneee other rcrkera

for¡¡rd the itt'jÀ polllmcrase aetl\rltlr aesociated vith particr¡late

preparatione (sedi¡nented at 161000 g for 1O min. ) of dicrupted

plarrt ticeuer Ho$e\¡ÞtrrLn both preparatlqre fonnaLion of

an ¡ti\¿A product was only delpndent on the four ribsrucleoside

triphospbatca and ndør added viral ithÀ príner. Hybridlse-
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tlrr Gü¡lrlf,ütÈ¡ r¡tuÊrtGd Èlr¡t thr ndLorctlvr tuvÀ

rymthcrl*d fn all-f¡cr Þutlculrtc f,nactl.Ër¡ ol lTltV-

Lnfoetod Ctlnaæ crbbagt l*avça¡ rrr no¡tly vlrel-lålrç
R¡lÀ (BovÉ, 1967b), Ëto\^B gg gl. (f968) p¡recntpd cvl,drnsr

that, tùG dor¡bh-rÈrandod ÎY¡irY-eNÀ produæd vrr noÈ ¡rr

artl.fect of ItNÀ laoletLar (æc r¡.{S2 phrgf-tnduæd ¡t}ÈÀ

üynthcÈrtf )¡ lnd tlret ¡ ¡tructurc vhldr rr¡ 9û¡ r¡rl;trr¡t
ùo prr¡crcrtfc rl.Þq¡uclcræ dígp¡tlqr doc¡ cxi¡ù ûurtng tln

lg vlvo repllcrtiqr of thc phnt vlrutr äottv@r¡ tlr
prrrrenoe of plrnt ribcr¡uclc¡æ ln trclr ¡¡RoIlrntlar¡ nry hnc
Flect¡rd doul lc-atnndrd H.JA durlng thc lneuþrtl.qr urd
ln tlp rrrây of ftHv-iüiÀ polln¿rtto ¡

Soort rftcr thc d.tccÈ1oçr of th6 TÛV-tnduæd

ItNÀ pol¡lncnr Èhcrt ren ¡tportü of ¡lntlrr aetlvitler
ln prrtlculrtc frecÈlq¡¡ of rvr¡nl viru¡-infcct¡d plenÈ

ryetanr (¡trlph and HoJclLr 1969t g;ürl' and Helll.Èqrr t96tt
$Gnrl¡ 1969¡¡ b) . Hmvrr r thtæ prrticulatc prc¡nntlcr¡
al3o co¡rtrlncd hort Dü.{A-dep¡¡tdsrt R¡íÀ polyærer eetf,vlty
( Bovú r l96h¡ br e t SGurl and Hul ltoß r 196 t ) .

Kc¡rortn of plrnt vlrur-lnduord RArÀ Þo¡¡rlorlæ

retlvltlGt rGoËntly rpÞoùnd tn tnc lftant,un üù1ch rlrc
boÈh roluble and frce of hort DÌ{A-dcpæfrnÈ I{¡iÀ pol!'Ë.rtür

aeÈlvl.ty. Tl¡cæ ¡oluble iìn{À pollnarltË retlvl,tlce rcqutnd

tlrc addltlm of, illrA for eetl.vity r¡rd çr¡ &t¡etrd ln
oxü¡eet¡ of vlrur-lnfoetsd strq¡nhr¡ (GtlU,fand a¡rd Sllq¡r,
f968t Hry oÈ ll.r 19691 19?Ol Hry ¡nd Sllilon8r 1971) rnO

Ttt{V-l,nfcc{.d tobrceo Þl¡nt¡ (8rtr t¡hmor, 1970 ).
üf Ìurthy ncntLqr yt¡ ¡ prclhinrrl¡ rGl¡orÈ ry

.:
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srlr (rgzo) or the for¡ratiorr of a¡r actin€ fllv-lRNÀ

¡rolyneraeer Ln vitror by the ¡dditlon of Tl{V-!lNÀ to a ccll-
free protel-n qmtherletng cyatcu. thfr tpprorch byperæd

productlon of thc enz¡me Ln thc infected PlanÈ host ¡¡rd

ttrc problena asEocl.atcd ul.th the detcct!,qr and l¡olatiø¡
of such cctlvlty.

(4 ) sumanrr TIE l"ncqrrl,atcncy ln the tmplatc

requlronenta fqrnd for thc vl,ral RltA DoUluGnæ ryatcnr

tg vttro (¡nlnal, bacùerial and plrnt) poce e yGt unaolr¡cd

problern. The entlnÌro hac baen l¡olated eÍtler ¡¡ r¡r entlmG-

vLral itNÀ eq¡rptcx (noÈ rlogulrt ng eny addtd ¡¿nA prlmÐ or

frec of bor¡¡rd vlral RNA. In tho latt*r cem the enz¡mc

eitlrer copLed addcd vl.rel ltNÀ (phaeê Qß-fnduccd RiúA

pourærÊEe or replJ"cacc ) or üry hl"NÀ rpecler (gZ phågc-

induced RNA pol¡rnetlrê¡ Ctf\r-Índuccd ¡tNÀ pol¡merasc ). Th¡

prlnlng effeet of RfiA lcolatcd f,ror sourcaa oÈlrer than tho

vln¡s partlcle itselc vltn RNe pollæcraæ prelnr¡tlong

uaa unusual* lblrÊ\ror, reeant flnding¡ vlth Èhr phage

QB -lnduced RNA pol¡mereae lntroduegd thc probl¡n of

'speclfielty faetorc' vhích goì¡Grn Èhe rtrncif,lclt'y of !h¡

vLral. replleatlng enz¡are for Rl¡A. Thuer it vas porel.blo

¿hrù i,ncqplete port,fona of thc vLral-Índuced ¡rNÀ

repllcatLng enzyneaurrc Lcolated tut only tÌ¡e copLt¡
enzymc ae¡oeiat€d vith rcpeclflclty fectore' copled vlr¡l
RNA ln preferenæ to oÈher RNÀ EÞaeles.
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E. .sgNgIÐ,ÊIffS

th¡ relevarrÈ data rnd t¡r.orlc¡ c-onc¡rnlag ÈlË

rcpllcrtfqr of etll RltA vinræ¡ hr¡ bcn dLrq¡ræd. lT¡¡

nort prqlnent fceture of, thc trplicrtlq¡ ProoÊ8g ra¡ tha

qmthcafa of r slrcLflc pol¡ræraæ rù¡J.eh crtrlyæd thG

a¡mthorl. z ol vl,rel nNÀ vl.e r rcPlLortl'rrt eclplcx rlÈhfn

thG infcctad c¡çtl¡ tf}æthar thl¡ crstllcx Yaa I dqrble-

¡trùrdcd RNA lnt ¡modlatc (eqpoæd og qra ¡rlu¡ üd t¡¡ nl'nu¡

rtrürd of vl,nl Rl,¡A) or r frcc nlnuc ¡tr¡nd rtt noÈ clcrrr
Hor¡rntr l,È vre elear thet tlr vlrel-l,nduc¡d RNÀ pol¡n¡raæ

ptrl¡d ü irporùant rol tn thc rcpll'catl,qr of Erll rtNA

v!,rucar. If th¡ phrgr O4-l,nduord RNÀ polyuonæ 1l typlcal

of rtl Erll RlúÀ vi,nrr rcPllcet.lng GnaltrG¡r tlnn th. ¡tNÀ

polyæret¡ nty b frr trorc eoplox thtn flrct fneglncd

rlth ho¡t protatnr È.fng ucd ln tln r¡ptlcrtlsr Procas.

rfn cÈudy rc!¡ortad ln Èhl'¡ thc¡lr &¡crlhtl rr¡

ettempÈ, Èo cl¡erectrrl¡c Þoüh r lglgÞlg .t¡d E¡5![g¡lçjþ,
c¡rer¡¡hr noral.c vl,ru¡ (Ct{V)-lnù¡crd RNA ¡rlX'ncreË dttcctcd

Ln lnfeetod er¡crnbr eotylrdølte Ilrü cMv-lndr¡æd ¡tne

¡nlyæraæ ¡ÈudLrd theoretlcrl¡y eonct,ltutod or¡a of tåo

thFG or fq¡r prot¡{n¡ coæd for Þy th3 CÞîV-RNA genæ (XXe

Eol¡ ïto I x 106). tt!. trrwrttgatiorr lnto t-hc nrturc and

proE¡rtL¡ of, plant vln¡¡-lnduead XNÀ pol¡'ncra¡e¡ uae of

co¡r¡fdcrtbla inport.ncr to a¡r un&tstanding of tho nadrrnln

of ¡¡cpllertlo4 of, plr¡rÈ vlruæ¡r clf ¡lt¡tcl¡ liÈtlo ia knwrr.

Ail ls¡g tcru aLn ot ttria projecù rr¡ to ¡ehl,cvt plrnt vlral

RNA alptLertlqr vità en l¡ol¡t¡d vlral-lnduerd R¡{A polyacnee .
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EREFÀITATIAilS FAOH d H{ÀGË-INFECIËD E. CqLI

A9 ¡ü.agr*lnduæd npllcetlng enlyn

aI.¡A rûÞllcræ(ncc tg S!. 1968 )
Rflâ pollmrtt

(Eoyrng urd Àugurt 1968 )

Itol"reuhr nlgùt
of tæ¡m

tlnptrües copird
(on npll,crtrd )

tlOr0OO (rppc¡ut)
2lOrOOO (rcturf)

Þoryc
Q$-i*i..lÀ 'Y¡rhnÈ¡'

boß-roE.l, ulnur cÈründ6
bQ4-FtA

t3orooo - l5orooo

polyq
6S-ÌürÀ

ÞcF-*¡ nlnur ¡tn¡¡dr
boE-*¡ prur Frctor 1

Plue Frctor l1r
qÊ,idtne æntrlnlng
¡lnÈlpttc polfr
nuelrotldr¡

.:

t4ol.cular çrlghÈ¡
of protrln
copcrentr
(r) Ho¡t proteln SOTOOO 7{, OOO

{7rOOO
t3rooo
öerooo(b) Vl,nl protrfn l3orooo

All r¡¡pcÈr of this trÞle havr hon di.rcmrrd tn t'hs
t ñr l[rd ûltt/ tbç hnwrr Protcln GatrtotËntr and tøplete
ngulrænt,¡ arc prclentrd.
rfactor I (uol. rt. ?OTOOO) and Fector ll (nol' lt.4OI0OO)
eqrrtltutr the 'frctor frtctlqrr &rcrl,hal fn tÌ¡e E¡xt TtrlcÙl
rlr G¡rentl,al for Qß-nr*A to Þ roplícrÈrd by tb g rl.rc.¡t

¡nl¡nrnr.
\- ol thtæ t¡npleter lad to Èhc productíçEr of Q Lizute vhteÌr
vra lnfcetLo't¡¡ for Protopl¡tt¡ of $. glll.

.:
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GS}¡ERÀI" HÀTEN J,S NlD METHODS

In order to avol,d unncctt¡aary repet.itionr thosc

ürtGrlals and n€thodt that, are used nore tha¡¡ onoe tn the

follol'lng chaptGra of thie thc¡ic ara descrlbd hlov.

!.. Htterials. Unlabolled nueleotidr¡r pl¡ruv.t¡ kinræ

(auclnn¡ion of 1O ng,/nl in 2 4 (trlia )ZSþ4, ) ¡¡rncrcätic

rLbonuclotÉ-Ar pancreaÈic &o:qfrl'Þqruclce¡c (ribstuc¡cræ-

f,rcc)¡ heernoglobln (Typc l), polya&nylic reld (potyÀ)r

pofycfrtidylle acld (polyc)r poUqu.¡rylÍc ecid (pofyc),

polyuridylie acid (pol$r) a¡d sllnoul ÐNÀ ('fync ffl) rGrc

purehaaed frC¡n Slgøa Chq|irlcll Co.r St. LOUi'sr X1¡rourl'.

polyc hae also been obtained frur Ml.lee Laboratorlee¡ Elkha¡tr

Indlr¡re . o. -37p-¡;ibonuclcocide 5'-tonopholDh.tee rlth e

BIf,cl"ffc aetivity of 2 ntllicuriea./¡rnolea vere prêplred e3

d¡rcrlÞd by Symona (f966r 1968 ) ar¡d rere coilrvcrted to the

trlphosphate aÍ¡ deacrthd by tiynons (1969). ¿ff-3n r¡¡

obtalncd fro Schrarc Bioreæarctr I'nc. r Çrangeburg¡ l\¡cu Yorlr'

cüv ¡nd THsv' frør infected clrcunber plants vere purlf,ied äs

doscrlþed by ScotÈ (1963) and T'HV frqr Lnfected tobacco plants

uar pr€pared by dlfferential ccntrifugatio¡.. f$tv-rÈt\iÀ

(Høreety eÈrain) rrae tl¡e salne E¡reparation ¡e that uscd by

S¡nonr g! al. (1963). tratr3rre ¡nert rlboaoal RNA val

p¡¡eplred by tlre uethod of Ct.Gstffcld !g É. (195J). Yaa¡t

tr¡nçf,er ¡tli¡ uas prepared ae deecriæA by Uolley eè g!.

(f961) anä It. ELl rs\.A a8 deecrihed by Boltsn (1966).

Ehoaphænotpyrur¡Ete (PEF¡ cyclohexylatmonlr¡n salt) vas a gift

of Drr iì.n. s)@tong¡ unir¡ersity of Adelaí&, soutb Ar¡stralirt
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this rrr fon-axelrenEcd to tlæ poÈea¡fu¡n lrlt D[r th.
nethod of Clrrlce .nd Kl,rby (f966). AeÈlnayeln o vrr
klndfy dqretcd by MereÈr Sherp end Dolucr .ttrhvay, ¡\d.t JGr*Ir.

Sucro.c (anafftleal reegent ) vaa oÈ¡trfncd frc thc Colqrhl

Sugar Refirprlesr Sydrny¡ NGr sqrth Wrlc¡r or ltrnn n¡rtrch
L¡þor¡torierr I'llrr Yorkr l{cr York (¡pochl Gntltr¡ gredc) rnd

usd rlthqrt furthcr nrrl.fLcaÈio. All ottËr eÌ¡cnÍcrlr

rcrlr oJ,ttur anelrtlcal or laboratory reaç¡€nt grede.

2. Vlnræ¡ Ênd elarrlEq. Àll vl,rr¡¡ ¡treinc and phnt¡ t¡rc
lcindly donet¡d Þy Dr. R.I.B. Flrnetrl¡ Unl.vcnity of ldrlal,dsr

sd¡th Àr¡straliar Vl.ruær u¡¡d throrghort Èhi¡ thcrl,¡ Ëra
C!ff {O-¡t-raln ) r TRs\/ e¡rd T'Ì,!V (Uf rtnln) . Cr¡crDhr æodlfngr
(Cucr¡al,¡ ¡¿tLvu¡ L. vrr rPolerl.¡') r.ro gp¡mtn¡tcd l,n r
gteeehoütGe $nrrun to t.cn deyr aftcr plrnÈing thr redr thr
cotylndona rorrÈ fightfy dueted vlth C¡rbonx¡du poúdcr end

infected by an lnocuhø (¡eriel Lnoculation) prepared by

grinding infceÈed ptante rith ¡ ¡nr¡II mount of t tGr ln r
¡¡ort¡¡ and pcrÈle. At fntc¡n¡¡ls of thrcc or forr¡ nq¡tl¡r

¡¡urified virue (q-cMV) vrs uæd el lnocult&. cqrtrol plrntr

$tre ruþbed vith an hanogenate prcpar¡ad fro hrlthy plrntt¡

hovever re¡ulÈe obtairçd f,rqn tÏææ eq¡trola Ërc lórntlcrl
to w¡trêated heelüÌry pllnte. Pla¡rt¡ rGrG grwa clther rurör

glarehoræ cpndltionÉ or ln a conetar¡t tcnpentu!ì¡ rgc

{24 - 28o) uriag fluorc¡cent rfghtlng at, rn Lntenrlty of

100 - fsO ft-c for a 12 ho¡r dty. For a¡¡ay of vlruc-lnduccd

IùÂ poll'ñerlger infectod plantc Fl1! hanlc¡tcû 7 - 13 dryr

eftcr infection uith CM!-¡ In ellr ot¡er óOrO00 er¡cr¡hr
planta rere inoculated rith plant vJ.ruæs durlng Èhc cot¡rH
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of Èh|B projÊct. Undar our cu¡dl.tl,onrr d!¡tl,nct ¡ynpÈüt
of ctvv apperred 7 - 9 dayr aftÊr lnfoctLor¡ Ylth Ct'fl/ (æc

Flgure I ). 'fhe fact that thæo vat I nlrtlonrhtp brtçcn
ClfV-inducêd Hir/r potlnerare activity rnd lPDGönna of, CHV

aynpÈorna on tl¡e primary lcar¡r¡ of tln cuetnber planÈrr

allorcd the aelectio¡¡ of tlc Þ¡t tl.¡¡æ for enr¡mc cxtrectlqr.
TMV rae sLmilarly grour on toþeeeo plrnÈs.

3. Aesev of, nlanÈ rl,bor¡+clease acÈlvltv. The method ve¡

si¡niler to that of Reddi (1966b) end involved the neasureBËht

of, tÌ¡e rate of hydrolyal.s of ¡east ltNA to acid-ineoluble

naterlal at 37o rnd pli 7.2r

1'lrß plant extrect (0.15 ml) vas lncubated at 37o

Íor 25 nin. rÍth 1.35 nl of 0.3% k/v) læaat itNÀr o.l M

Tris-Hcl bt¡ffcr pH 7 ,2, Tlrc reactl.sn v¿s etoppcd by ehilling
in ice and thcn the addition of 0.5 r¡l of cold 3 g Þerchloric

acÍd. After Èhorough nixl.ngr the suspenslon uae allor¡ed to

sta¡rd for 5 mln. a¡rd ttre RIr¡A preelpitate removed by

centrifugatJ,on et 5f0OO g for lO mLn. to 0.25 ml of the

eupcrnaÈent {.O al of vater rre¡ addcd and the optleal

deneiÈy at 260 nF ras mca¡trtred. llr€ cnryme extract va¡ lddrd

aft-er thc aeid tn tÌr€ control ex¡ærl,nent. Ëlant rlboauclar¡¡

activl.ty yas exFreeæd relaÈl'r¿e to ÈÌrat of pancnc¡tÍc

ribonueleage.

4. Aseay of itlr¡À polrqgraeF actlviÈv. Enl¡me lslty¡ Ítrc

baaed qr tÌ¡e incorporation of o -32i'-hbclted ribqruclco¡ide

triphoephate into acid-ineotuble nat-crial bl¡ a uodlf,l,eetiqr

of tlp prooedurc of Gll,liland and S¡,rnonr (1968 ). flrc

.!

:,
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rtandrrd Gnlyæ rrny ncdlrn eartrl,rnd tn a fl.nal vpllD. of

O.375 ¡1r
45 n¡nole¡ a -32p t'itP (ucueuy UfP or GTP r¡nlrn

¡t¡tcdi 3 - I x lo5 cIn/er¡ey).
24O n¡mole¡ of eaeh of tho thro. t¡r¡labllod nuclcorla¡

Èrlpho¡phrtcc (noutr¡llæd to
PH 8.O vlth NroH lrfon rddltls¡
to tlrr rstrlz ædlru ).

2.5 ¡rg actl.no1rcl,n D.

o.5 ¡nole PEP (n+).

2 5 ¡tg P¡rnrvate kl.n¡æ .

5OO ¡lg bovlrp ænu rlþtnln.
5.O lnolc XCI¡

l0.t ¡uolet lrf$On (r¡¡rlcr¡ ,rçftcd othenl.æ, 29 E4).

9.O ¡nole¡ 2acrcrpÈoGthrnol.

lO.0 lnolce I,¡H4CI.

1Z lnolr¡ Trl.¡-Hcl hrffer pH 8.5.

l.O rg y€art RNA (rmlrr ttrÈcd othcrvl.æ).

Plrnt protel.n (ln O.l nl)r tlp uq¡¡rt of prottin
aþpandfug q¡ tÌ¡¡ polyrenæ
pr.Þrretl.qr uæd¡ ectu¡l
urqrnta arG guoted ln ttrc
ttxt.

vrrfatiørr vlthln thc ¡tatcd cø¡dltiqr¡ rre glvrn

Ln ùÌrc ttxt. À¡.rl¡r utrG lner¡bet¡d et, 3?o for 3O nÍ,n.

(rurlc¡r rt t d oth¡ryi¡p ) rr¡d thc rGretlar vrr rtopFÉd bT

chif ftng ln lca. Àll rttuz¡ ËrG eerrlcd q¡t In duplLcatc.

fo eech ei!.y va¡ rddcd 5.O nl of tn fc-cotd rolutlq¡
cortrlnÍng 5f trlchlororcetLc lcLdr 2Ë NàHZPO4, and 2Ë l{â4P207r

end thc reld-ln¡olublc natcrhl rr¡ f,llttttd onto a gleæ

fibre dlce (¡{hrtren GF/A oÊ GF,/ct 2.5 q ln aluctar) ln r
ülUiporc rpÞuetu¡r rlrcæ It vrr rlovly va¡tpd (S - lO nln.)
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ylth l2O ul of thê icc-cold ael.d rolutl,qr. Re¡idr¡el

trl.chlorotcrtlc .cl.d yâa rcnovrd by v¡rhfng tho glur-
fthrG dj.gc vith 5.0 nl of cold eth.r. In aerey nl:c¿unr

thrt co¡rÈaincd added prncneÈlc rlborrueloecr or lov lc.vcl¡
of ¡ddcd RNA (le¡a tha¡r l.O ng/a¡¡af )r 1.0 ng of :lt¡¡t RNA

va¡ rddcd i¡EGdleÈely þfoæ acld prcelpLtetl.q¡ to en¡urç

canplcto nco\¡cry of thc RNÀ prodr¡et.

Ttre cthcr va¡hsd dLsee vcra drlad Ln an <¡vcn (lOOo

f,or 5 - fO ain. ) anA then countod in e tactcard liquid
çclntlllatiq¡ apËctrcnçter. T.êto tlne incubatfon nlxturc¡
rerc treatcd in thc r.rc Eanner for the e¡tinaÈl,on of blar¡k

rnltro¡ vhiefr uere nornrrlly 30 - 6O op par asaay.

5.

l.ranally for Èhese analysea¡ aBEåf3 rere carried out rl,th Èþ
¡pcciflc activlty of the labelled cubstrate fLr¡e tino¡ that
of the ¡tandard aaaay (i.€.r about, 2.5 x 1O6 ep./aa¡ry).

Thc collcetiq¡ of thc product on thÉ glase flhre d1¡c

involvsd a alqçr vaah (3O nin. ) yith acld solution (ZO0 nl).
Tln glaee-fibre disce vith labelled produeL rere cwar.d vlth
1.5 nl of O.3 ! KoH and lncubated in stoppÊred tube¡ ¡t 37o

ovrrnight to h¡drolyee the ttl,¡À to 2' (3 r )+ononucl.eotidc¡.

ÞoÈeaeir¡n ions r€ra exchangcd for ananonLr¡¡n ione by panlng

t¡n dlgpEt elovly through a cotr¡¡nn containing 2 - 3 gren3 of,

z¡lo]rarb 225 titH.+), vhich r¡¡ tten vrshed vith 6.0 nl of

urter. TlË rolution v¡¡ È¡ken to dr¡mesr on a rotar¡¡

GvaÞorttor, and thc rc¡idue va; diseolvcd ln a enall volunc

(0.25 nl) of sOt ethanol (v/v) - f:u nFIOGlt (y/v). Inpllcate
euplce rGrG drlcd ag benda 5 q vi& on hhatna¡r 3 t{U
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chrotatography palÞr, rnd tho f,oua nononuclcoÈidcr Ërt
æprrat€d hry one-dinensiorrrl cttrcr¡tognphy for 16 houre

in i¡opropanol - vat r - 7-3'lú k/v) eqrir (Z ¡ 7 I t)
follor¡ed in t.he aare dircctlon¡ rfttt drylng thç chrortogrln,
Þy 24 houra in tcrtiary tnrtenol-l¡oh¡t¡rríc acid-rrtcr
(3O t 46 t 24) (n¡ac to pH 3.7 uith 25Þ (v/v) a¡ronlr ud
contrlnÍng O.4 !E EDTA). Ffnrl It'. vrltn. reror

2'(3f )-Glttsr O.tl, 2r(3.)-uHp¡ O.l7l 2' (3.)-CHF¡ O.24t

2'(t' )-À¡11Ër 0.33. Ttro l¡Þllcd nuclsotfd¿¡ mrc ].ocrt¡d

undcr ultra-vi.olet flght, cut or¡tr ånd cq¡¡¡tod ln a PaeJnrd

ftqt¡ld ¡ef.ntlllrtlon .poctrcaÈer¡ Yleld of r¡dio¡ctlvlty
1n the Eononucl¿otide¡ va¡ 75:t of thc rtdfoaetlvtty praænt

Ln the orl.ginal RNA prductr allorlng for &cay of thc
32Ë-l.b"l vhile enploying thle technJ.qr.n.

6. .

Aftcr incr¡batior¡r tì¡ raact,lon nlxtu¡c contalnlng ttre radlo-

actlnc product (S - 2O tlner the nonral a¡ralr aise and about

2.5 x tOG cm of laballed atrbEtratc,/¡e6ey) vac ahalcon rith
SÞs (flnal stncentratlon O.5 - l.O'ñ) and CÌrelcx ro¡Ln

(Ìra+, 50 ngzlnf ) (feix at Et.r 1967). An equal volræ of,

?8tr agucou¡ plrenol vaa addcdr and the mirturc ürl ththGn

vl,goranrly for lO nin. After ccntrifugatf.on at 3¡OOO g

for l0 ¡nln. thÊ aqucoua la¡rur ras eollectcd and noat of

tJre plnnol rns reuoved by ehaking vith an equal \¡olrüG of

etlrerr Tha ctlær-uater nLxture uaa c?ntrifuged at 5¡OOO g

for lO nin. a¡rd tþe agueoua la¡er ara3 removedr and the ÅrtNA

üaB preclpitated frcr the aquootra la1cr by the eddl,tlon of

Èro r¡olr,¡net of ethânol. 'ltre precipitate vlæ dLagolned ln
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O.l5 U NrCl, 0.015 $ rodlrn cLtrat6, ÞH 7.O {SSC) and uaed

for tJrr ¡tudlce on thc nrture of t'h¡ polymreæ Producto

Ylrld of lablled Product re¡ 5O - 7V1L.

7. ttA. ¡t¡rÀ ras otÊrlctGd frq

Ct{Vr 1!{V a¡rd tRgV by thc follælrrg prooêdurer rll .tCpl

tetng ¡Frfo¡1god rÈ 40. Vl,ru¡ prsl¡rtrtlcr¡ (4.O äg vl'ru¿/nl|

tn 50 ¡}r Trl,r-HCl tn¡fferr ÞH 8.3r O.5h SDgr Ërc rd&d to rn

cg¡¡ål \toltme of ËË aqlreöu5 Dt¡cnolr lnd the nixturc 6hakGn

vigorouely for l5ruin. A,fÈer c€ntrlfugatl.on at 5,OOO g for

l0 mln.¡ thc aquåous layer vaa fe-Cxtrtct€d tvl'ce vfËh en

equrl rrol(mìa of 78?tn aguqous Ph@nol. Íhe aqueoua la1ært rftcr

a Èotal of Èhree phenot cxtraetio¡g and ¿€ntrifugâtl'ons,

vla el¡aken vlth an EguAl vglr¡ne Of "ther. 
The vater-€tl¡Gr

¡ol,xtr¡re rao cnnt-rlfuged et S'OOO g f,or l0 uLn.r tho etllrrr

layer rrl rtamcn¡Cd and the agueq¡¡ l¡t¡or agäIn ¡haken ulth an

equäl voltEe of ,etlpr. Flnatly the rquear¡ la1ter rrae

rd1usted to 0.05 g l.iaCl by the addltion of concentrated rraÜl

aolutlon and Eæ i$\A preeiFlt¡ted Þy the ¡ddltion of tuo

volrnres of f ce-cold ettra¡rol. The precf pltatc ¡6e dls¡olvud

ln 50 nÞ! Îrl3-Hclr pH g¡5r and stored at -15o. rhc rlcld of

vlrat 1ì,1'JÄ taa 45 - 5g{.

8. tsrGg¡ntf,gn Of &natured P'¡Ar A sotution of naÈlvc DNA

ühfch hrd Ècen d.tarolrred ln üater (2OO þø/mtt u¡rleer lndlcet¡d

otJrcrrl,n ) vag lært*d in a realed l*rrox glatt tuÞ lt lOOo

fOr 15 nln. thcn froren ln an cthar.ol-dry laed.xture rnd

rllsËd to thav.



43.

9. R¡'¡À Gstlllatl,onr, RNÀ yar dGter?1nßd spGctrophotffiÈrLcally
on thc raswrl)È,Ír¡ thst nativu RNA had ür optlcal denctÈy at
26O ap af 24¡ at a conæntratLon of 1.0 ugzl¡I. Horüvctr,

RNÀ catl¡atl.qre $erc earrLGd out qr cxtraets of RNA pollTilGratr

p5ËprratLone (¡otfr healthy and infsctâd planÈ cxtnctLon¡
eontafncd natcrial prerent vùl.ch rffcc@d RNÀ c¡tlaatione Þy

optieal &nsity ¡t 260 nF or orleínol rGàctlon. ) by ¡Ilraf lnr
h¡rdror¡ralc (¡olutior¡ nadc 0.3 ! HoH a¡rd left at 3?o orrurnight)

follored blz ¡c¡¡aretl,qr and oetlnatlon of tha reeulte¡rt Z, (3. )-
Dorionuelaotl,dos by paper ehraratogrtphy. ThG ÈGchnigr¡o urd
ve¡ sfnflar to tl¡at dc¡crl,Þrd f,or tln rlþlrc¡t-rnighborr

analyrJ,t of tho RNÀ pollnrr.æ product,r. Ttrutr tl¡e or¡crnight

dl.qertca plant uat¡rl,al (1.o al of plant Grctract plus o.5 nl
of l.O { KoH) yaa lrasæd through r Zeocarb 225 {nrHf ) qolun¡r

(f 3 grane ) ana vaahcd ríth 6 ¡rl of vaùer. The ælutiqr
ras takon to drynear qr a rotrry oVa¡rorator¡ ¡nd Èh¿ rcaiduc

ra¡ dicrolvtd in 0,25 nl of 5O,Ë ethanol (vfu) - fX rmonh
(Y/v), Ttre eample ra¡ driod ar ô band 5 on long or¡ t{hattar¡

3 I"{l'{ c}¡rmrtography papGr rhich rac run orærnight in
Læprop¿nol-raf*f -25'ß (v/vI ¡monir (7 tZ ¡ f) rftcr
rÈrlch thc chreatogranr vr¡ dricd. ît¡r 2' (3' )+ronor¡ucleot,i&¡

ErG loeatrd un&r ultr¡-vlolet light, as trc faint. spott
(inconplcte æpant.lor¡ of the four mqronucleotidca at this
atcp¡ æG rlsêtFect-neighbour enalyeis of the i{,ttA pollmcrarc

productr for eonplqte scpantion). Tlæ mq¡or¡ucleotidc! uerc
qut ort and elutpcl orrcrnJ,ght fn 5.O rrl of 0.1 lj fiÇl alorg

rlth tha appropriate blanker ËstlnaÈLon of tlre a¡tount of,

ñc¡xonueleotlda n¡t¡rlal vae n¡de øl tÌ¡e aeeunnption thaù

:

.:
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L nglt.L oC 2. (3' )+qror¡uclGotidrr hrc an optl,crt donclty

åt 260 nF of 30.

10. Froteln c¡tlneÈior¡r. ProtlÍn vr¡ catlntcd hrfz tþr

Eeürod of lbrrlz 3g t!. (f95f ) ueing ùqrtn¡ rnn allrnin

8e rÈandard.

ll. Scl.ntllfatlorr flqtd. ttrfc vna I lolutLor¡ of O.3S k/vl
2r5. d"iBhcnyloxazele (PPu) and 0rO3::" (v/v) 1t4-bia-2- (e-

nêthyl-5-phenyloxarolyl benzæne) (dlnethyl ËufÛÞ) tn tolucnc.

Both FFr.¡ and ÞOFüF. rere ecintitlation grade a¡rd uere obË¡fnGd

fro PacJcard Inetn¡nerrt Ço.r LaGrar¡ger lllinois.

12, grTvuP t¡nite. A unit of ¡ú(hA pol¡mre¡a i¡ drflnod u

ttr¡t uror,¡¡rt uhich ineorpogt¡d I Flnolc ot a -3zy-l¡Þlllcd
rlbonuclcoslds trlphstph¡to Lnto rcid-in¡oluble lrtarirl
pG¡. DlD. r¡¡rder tÌ¡e apecillod a¡¡rl¡ cqrdl,tl.o,¡¡. SÐefflc

cnsylrtlF actJ.vltv fe deffncd e¡ unlte of cnuna actlvfty

fr nitlígru of Plant Protjllne

In or&r to sxprcðs taùal RlrA pol¡merase actlvltyr

the nrurÞr of r¡nlt¡ per gr¡n freeh uelghÈ of plants he¡ bcen

üßd ¡
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CHAPTËK TWO

RNÀ ÞOLIH¡ùrüSË fRC&f INFECTËD PIÀìITS
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ir¡\À I'uLl+'ËRÀËE FR('ùá lNFåCTblD FI-åliTS

I¡JTRODUCîIO¡i

-

Evlðnce priêrrcnted by cillifand and synons (f968 )

Lndieatad that crude Boluble er(tracta of cuctxnÈer cotylrdon¡

Lnfeeted vLth cHv contalned a vLrus-l.ndueed Rt\À pollrtn€tâBG r

Tt¡e mrk deecribed ln thls ch¡¡rter yas prlnarily concerr¡ed

rrfth lmpror¡l.ng the extraetl.on rnd raaal¡ of the CMV-indr¡æd

Rllå, plyoeraae acÈlvity frm infccted cuernþrsr hforc Èhc

guesÈfon of rûrcthor or not the CltV-induced Rt{A pol¡meraoa

vaa Þor¡nd to a viral itttA tenpl¡tê cor¡ld be ar¡svered (ac

proposed Þy Güfiland and slanonß, 1968 ) r removal of

contåninating plant rl.bonucleaccs r¡a cqraldsred necGt.arIr.

As a eonaegtænce of thle vorlr an lnpronud extraetl,on noÈhod

ras æ\¡eloped vhich allci¡r¡ed t.}re R¡;À pol¡æcraæ to bG Purifi@d

ffve-fold as ìrGll ae beJ,ng freç of deteetable plrnt rlbqruclrar¡

aetlvltyr

HI¿THODS

l. EXTk.ÈCt'IÜl'i MF.THÛi.r .\.

(as used bv GilrilanÊ jmd snonc (1968)). All olnrat,l.or¡s

rere pêrformed at 40. Hanogenates vere prePared by grl,ndlrrg

Þatthy or lnfeeted plante ( 7 - 13 days after infectiqr) in

a mortar and pestlel for eaeh gram freEh æíçrht of, tllcuer

2.O ml of Èhe follorlng extraçtlon l¡:ffer urs addad Þfo¡ra

grlndlng, 1.62" yeasÈ llliAr 5¡lvr ltgSG, 50 EII Trie-ÌlCI tr¡ff.r



ar,d¡ËL-

{6.

pH 8.5. Tlæ hnrogenltca yerc rtralrrad through e;læneloth

¡¡.rd cGntrLfuged at lOrOO0 g for 1O nl,n.l thG tuPGrn tlnt

¡rta urad f,or the RNÀ potylcrlsG llallr 'fhil crr¡dc ¡xtü.ct

cqrtrinirpd 5.5 - 8.O rg of protain pr nl end O.2 - 0.35 Pg

of pltnt rl,bonucleâtÊ lctlvl'ty pcl ülr

2. E)(TËÀCîIüN HETTIOD B.

cnFrFt,,ôxÈqacta. TÞrc uodiflcd cnrdt cnqtlQ cxtrret¡
yerÊ preparGd oascntlally al &¡crlÞd fon ËXtRÀglI(Il XEÎHOI)

À axeGpt that 90 nH z+rcaptætlrtnol end IOO ËH liH4cl

rcpþaçd ttrc 1.6% ¡rurat Iù¡{À fu1 tfro G:rù¿etion ncdl,rn.

3. EXIRACTION XETHOD C.

Fnrrna crctrlgtr. Àll oln¡¡tidrr ËFÊ pcrloracd lt 40.

H6og€nrtËs ¡erG prcPrrcd by grlndlng hcaltþy or inflcted
plâr¡tr Q - 13 daye af,tGr lnfcctl.qr) tn r nortrr and Ip¡tlcl
for eaclr grur f,rcsh velght of tl,seuc ) Z.O nl of tha follorlng

crctrrction Þuffer Íaa tddcd Þforc arlnding t 5OiÉ LturatGd

(runn)2So4r 10O il'{ NH4Clr 90 4U 2+ercaptocÈhanolr 50 Ets

TrL3-HCl lr¡ff¡r pH 6.5. Ttrc hæoganat ue¡ sgusercd Èhrough

r fl¡p njrton cloÈh end eÊntrtfi¡gC¿ at 251000 g for 10 uln.

Ttre Inllct, rr¡ thon rçtuspênfrld tn tvlc¡ tù¡ orfglnrl YþltÐo

of cxtrËcÈl,or¡ h¡ffer and eGntrlfr¡ged tt 25r0OO g for 10 nln.

ff¡G pellet tt¡ thcn r6¡tl¡Ip¡rded {n tþc orlglnal rrulrur of

cxtractiql ln¡ffar vithq¡t (mtn)ZsÜ4r .nd thG a¡sDGnsl'on ul¡

ccntrlfugcd ãt 25'OOO g for t0 nLn. Thc ¡upcrì¡tùlt ¡ta¡

uÉd for l¡:ly of RNÀ polttuGpæ actÍvl.ty Ln cxtract¡ of

lnftct¡d eugr¡nbart rnd conÈri¡cd 1.0 - 2.A ng Of prgtcin par

El ünd rngllgibto plant ribo¡ruclca¡ü ¡ctlvity. Both hcalttty

a¡d l.nfcctcd pltnt cxtrect¡ eontllned 50 - 8O Fg of ltÀ¡À
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Irr nl (roo - 160 pçt ¡r¡wgru frceh rælght of planÈ¡).

4. Assqv of R.t¡A þolrlüeraæ aetLvdtv. Às prcviotraty

&¡crlbod tn Chapter 1r ueing 10.8 ¡rnolcr HgS0,,/eaeay

(29 Rfi), 1.0 or 1.6 ng of ¡ddcd ycaat RìúA (as rtrted) and

UTP-3ZP ac the labclled ¡ub¡tratc.

A.ËSULTS

1.

14 erude extracta of hcatthv e¡rd i+f,ccg,cd pl'r¡¡t,s. cl,lU.l¡¡¡d
tnd S:mq¡e (1968) her¡c rhqvn thtÈ, for dcÈcction of RNÀ

polyaeraæ aetivlty in cnr& exÈraeta of cÞfv-lnf,cct'ed

cuet¡nÞr cotyledon sr it vae eecantial to add ¡æaet IINÀ

(¡.616) durJ,ng the hcmogenLsatlor of thc tleaua (æa alao

EXTIi¿\CTrCIN METHOD &) t thc role of the lrea3t Rl.A vac prc]nnod

to eqr¡ntor¡ct tha effeet of plant ribonucleasg (æc al¡o
Cocucci er¡d sturanir 1966 ). Thuar bcfore purJ,tlcrtior¡ of thc

vl.ru¡-índuecd R¡{-å, por.¡areraæ raÊ atternptedr thc condition¡
of cxtraction of the xNA poll/meraæ ae deecriÞd by Glrriturd
and s¡tnøtr (f9Ogt !€G Ë)m&à,crrol.i xËTliuD A) uGrG inrnstlg¡ted
rtth t}re ain of incrcrsJ.ng the ectlvity of tlre cnzlnc in
cru& extrlct¡r and of tlrc alfnlnatl,qr of the rcguLrcnent

for ¡caet RNÀ in thc extractl,on mdlun.
Thc cffeets on ilNÀ Þollmeraæ ectfvlty ln eruda

e¡<trect,r of the addLtlqr of 1.6% lcaat RÌ\À, 90 nlr 2-rcrcapÈo-

ethanol and loo n¡-i NH4cr to r ba¡ic cxtrestlqr ¡rpdlrrn of
5 Dlr MgSO4r 50 Dtl ÎrI¡-HCl tr¡f,fcr pH B.5r erc rhovn ln
labJ.r 2. (Hhcnsrrur ¡ruaet Rt'¡-À vae not prËËnÈ in ùhc
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Gxtractlon nedl.uur Lt vae eseentiat Èo add it to the enzyñe

lr¡ay otherylsc no activlty rar obtaincd under the aÈated

r!r.l¡ condl,tl,onr. ) Tlæ n¡ult¡ rhor thet ¡ncrc¡ptættr¡nol

and NHaCI l,ncreaard thc ectivlty Ln crudo rxtractr of

lnfeetcd ¡rlante prcpend ln ttn prcængt of lca¡t RNÀ, r¡rd

tlrere ra¡ llttlè Gffcet on thc lov acÈlvlty found in oxtracÈ¡

of hcrltlty plantc¡ Hlxtrr no llrrrt ¡ü.¡À vrr edded to th bral,c

trLe-HC1-l.tgSon l¡r¡fferr no vlrus-Lnduocd RNA pory¡Grlç

ectivity vae fot¡¡rdr in rgrecrcnt rlth tlp prcvíq¡B ra¡ultt
of, cif l.lfa¡rd and Slmonr (1968 ). ÉlorcvrÈrr rctivlty vu fq¡r¡d

nhen ofttnr rcrce¡rLoath¡¡rol or NII{CI ve¡ rddcd a¡¡d thrrc üar

f,urtlur etl¡ulatls¡ nh;n both nr. ¡dd¡d togntlnr (Teble 2 ).
Ìrrxl¡ru aetivLtXr vr¡ obtalncd tn tlre pr1çænoe of rll ttrrcc

co¡rounde¡ i.G . r yÊntt RÀ¡rt, 2+rctptæthr¡ro1 rnd NHOCI.

fhr nature of thG protretlre effcct of yüart x{ÀÀ

on Rtr.A, IrolÍren¡e actLvlty Ie not ¡uroln. Sl,ncr ucrcrptætha¡rol

and NH4CI oould rcplacc ¡nerÈ ltÀiÀ ln tln crudc crtnct¡ (¡æ

ËxTRAqfIoN HEI}IOD B)r rnd it va¡ rl¡o fq¡¡rd thet Èlnn tvo

eopor¡¡rd¡ hrd n¡gügLÞlc cffect qr plant, rfÞonuel.ræ

actlvltyr tþprotretl,w rctlq¡ of ¡ceat RllA crru¡ot þ dur to

acrc effcct on rlþøruclceæ aetlvLÈy e8 Gfllll¡nd rnd Stlront

(f968) propo¡¡d.

1t

ãrld rqFornt gf eltnt r¡boriuelar.Fcs. Ëefore the queatLør of

rdrothcr or not tlt cMv-indt¡c€d Ì<}rÀ pol¡meraae vre bot¡nd to

¡ vlnl RliA tGnplatæ (ea propoæd by Gllllla¡¡d a¡rd 5þ6rrr
1968 )¡ rcnor¡al of cq¡trnlnatlng plrnt ribonucl¡rtc¡ ïa¡
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crtrsl&rGd nroarary¡ Ln addltlør to reaovrl of tlp nscd

for edÕd yrlot I$¡À tn tha cxtraetl,sr nedlrn. Fortunatcly¡

ct¡cr.ubcr rlbø¡ucleaÊGr Frìo for¡nd to be solublc ln 50Ë

r¡tur¡tcd (unn)rson (¡ec ello Reddlr 1966b) uhllc thü cuv-

indueed RllÀ polyncr¡æ vas inNoluþlc ¡ Ensntuelllr¡ thc æthod

&rælopod (æc B)CTRÀC1fI0.ì l{$THoD C) var to cxtrrct th"
plrnt tlr¡ue Èvlec rlth cxtractl.qr ¡cdlun uado 50Ë

¡rtunGcd vlth (nn. )tsti. ln or&r to rc¡ovr plr¡¡t rlboucloa¡cr
bforc thr colubf ft¡rtlqr of Èllr RNÀ ¡rolyncraæ. Tt¡lr nothod

allorca ÈhG Rt{A po11ære3D to bc n¡rlflod flvç-fold rclrtivr
to thG ¡pcclfle actlvlty of a crudc høognnete yl,th r
¡¡Êe(níÊry of 5o% and vlth grcater t¡¡n 9916 Kuor¡rl of plant

rÍb,nuct.aæ rctlvlty. S\¡clr I proprntlcr vlll b rcf,arrcd

to Èhrd¡ghant tlrlc th¡¡l¡ ¡r thc ptrtly pr¡rlflcd Rtv'A

Þol:üGnæ oxtractr flrc altcrn¡tlnr rpÞrotch of oxtraetiq¡
of tln 1(ÀA pol¡ræraæ lnto eru& extrast¡ (by g)(fRACtIOtl

MËTHOD B) follmpd þr lte p¡¡acfpltatl.qt rftlr Sot aeturatrd
(lrn)rSon rcnsvrd or¡ly 75 - 85þ of th¡ ptrnt rl.bq¡uctcuc
retJ,vJ,tyr rl.tlr only e trc-fof,d pr¡rlflcrtl,qr of thc IINA

pol¡æreæ tctLylty.
Honvtrr rn luportent fr¡tr¡tr to nd,c vtt thc frct

that tlcut RNÀ (l.O ng) rurt Éilf ÈÊ ¡d&d to tho r¡lay
nedlrnr l,n ordcr to &tcct tht CMV-inducÊd ìtNA polymralc

aetlviÈyr €vatr thotrgh lt ean h øl.ttcd durlng thc

extractf or¡ Þroædt¡rc.
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3.

ln rnrlo¡lrr hogÈ olant¡. Havl.ng &vrlopad a procadurc for
ths extnctl,on of vl"ral-l,nduced RNA pollncreæ eetlvity
frec of eanÈrntnctlng ribonueltart activlty, i.t va¡

eon¡Ldored fnportant to &tr¡nnlno vl¡rtlær other ho¡t plentr

lnfcctta vith cll contelncd thl¡ retlvity. TlblG 3 ¡hove

thc RMe, pol¡rncraæ actLvlty actret¿d in prrtly purifl,cd

ext¡rctr of CHV-l.nfact¡d plantr. ÞrEr¡ct¡ fræ Cl{V-Inf,ect¡d

q¡ctuhrt or roclælorr¡ cqrtelncd ÈtE grettG¡È anor¡r¡t of
dot ctable RNA pol¡rrmnn aetfvl.ty. GÈ,h¡r f,nfocccd ¡rhnt
(all plant,r danelolrd rtuptq¡ of CHV ) cxtract¡ fnrcrtlgatnd
conteLncd loa¡ tl¡r¡r t0É of tlu Cl{V-lnducrd KNA pol¡merlæ

aetlvlty found ln lnfceted cucr¡aber ¡xtractto fhc squcË

of vlnl-Lnduæd RNÀ polyrerar. for tlæ wrk de¡eribd ln
ærnral chaptcro of thl¡ tl¡cdr rrr putly ¡xrrífiod oxt¡¡ete

of, cucxnbr¡ lnfact¡d vlth eucr¡Þrr ao¡ele vlru¡.

4. Effoct of Cl,lV-Lnfectl,qr qr tlu actlvitv of ¡olubl¡

cstvl,rdqr¡r TIE reeult,¡ prcarnted ln Flgurc 2 drov tlÉ
plrtfy ¡n¡rLftod R¡{A pollacnre aetlvity ln th¡ t rc batelr of
Iæalthy a¡rd CHV-infectad eucr¡hr cotyledqr¡ rf r fi¡r¡ctlon

of tlæ after lnfectlorr. ThGre raã l rlgnifl,cent inenræ
in actlviÈy rbovc thc control leaÊl ør tl¡c thlrd dey rfter
lnfcctlqr. fhe aetlvlty of the Gxtnctr f,ro lnrlthy plante

rotÉ to a plateau le'rnl rbq¡t nl¡n deyr tftcr LnfcetLqrr

rl¡lle negllgtble ectl.vlty rac obtrfncd Ylth tlr lnelÈhy

plant extraets or¡er Èlre ¡mt perlod of tl¡e ' Infcetcd

planta UGrrE han¡csÈtd 7 - 13 daye aftar CHV lnf¡ctiqr for
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all rubæqlænt rprlr.

Illsgê6ro¡t

å, central featurc throughout tlre rork dc¡crlÈed

1n Èhl¡ thÊsL¡ rae tlp Froblem tE to uù¡ther thc CHV-indueçd

RtuÀ polt/ærasG exlctcd boturd Èo vLrel Rl'iå' teurplate (an

Gnrl''E3-vfral RtvÀ conptex) otr frea of bq¡nd vLnt iìNA'

Previor¡¡ty ttre Ch4V-induc€d Rl{À pol¡areraæ actlvlty tan ørly

dGtcetable vl¡en ¡reaet Rl"À (1.6Ë) *aa Lneludod In the

extracÈl,on ncdLr.m (cfffirand and slnrcrar 1968)l tlrus

lnterpretation of reeult¡ as to rhether the pol¡nera¡G rra

irrdcGd bound or not to an IìNÀ tenplatc vaa ¡nrtlcrrlarly
diffLeulÈ. llorevcrr tÌ¡o need for the prGænce of ¡naet Rl'JÀ

ln tlre extractlor¡ nedft.u vaa aboll¡hcd Èy the addltlor¡ of

2-.nsreaptoathanol and rr-HOCl to the Gxtractl.on ncdLtn.

Àr ttp;e tro cqpounda had llttle effcet on Plant

rlbonuclcara ectlvity it vae unlfkely that cdded ¡rast
RNA vas protectlng an enz)@rc-RrvA cmplcx frqn planÈ

rlbor¡uclelee degradationr a role propoæd by Gtfflland

end 51mørE ( f 968 ) . Tlre exträctlon of cl.rv-lnductd RttÀ

polyuereæ vra ftrrther inprowd by tllc addltl.on of SCIå

saturatcd (liHn)rso. to the GxÈr¡eÈ1or¡ nedirn. It¡i¡ cneblcd

tlæ CMV-lnduæd RNA Pollmeraæ actl,vlty to bc eopentcd

fru tlp plant ribonucleræ activlty. Thug r prG¡lrratton

of CHv-induced ïrÀA polyner.æ free of rddcd l¡Grtt R.h¡A .nd

plar¡t rl,borruclG.aG vra dcncloprd. llonverr ln ordcr to

dotoct Cl{v-fnducGd RNÀ polynerera rctl,viÈy ur¡dor thr

strtGd cqrdlÈlon¡ fÈ TrÊ lncêstrry to l,nclude ¡rrrrt rltrÀ

in tlrc r¡sa¡r ædl.rn (1.0 or 1.6 l.g/1jily herrc both bcn uaed
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in thf e chapter ). flrle phencrenon vill Þ diecutt3d furthr
Ln tle fol1orlng ehaptrr.

Àpplying thG ncv extracÈIcr ucthod (ËxTRÀcTIuù{

HÊTHI]D Cl ¡ee !.rethod¡) Èo ær¡eral C!¡v-lnfectcd plent tlr¡r¡cr
ft vr¡ for¡nd tbaÈ Èlæ h¡t tgurce of dst*eteblc CHV-induecd

RfiÀ polllcracê vs¡ extracÈs of infccted cr¡ernþr¡ (d¡y 7 -
13 af,ter LnfectLon), ll@Grntar 6Or of Hl¡ na¡rJ.nrn ectivlty

¡xeænt ln Clfv-lnfect¿d cuc¡¡nbr r¡ctrectr Í¡t found tn

extract¡ of lnf,ected roclmlq¡¡r r Dlr¡rt cloæly rel¡tod
to eucrabere. ong ptrzsllng featu¡rç ürt thc frct th.t
rlno¡t ægll.glble leryel¡ of Rl'¡À poltilmrræ aeti.vlty Ëre
f,q¡nd ln Cùtv-lnfectad pl¡ntg other th¡n curr¡rhrs rr¡d
rocløDlrn¡¡r r foature rtrid¡ rtill renrfn¡ unrc¡olvud.

CltV-infect¡d ¡lcotianr tob¡e¡¡n rnd glutlnocr ¡llantr hevt

t*cn clpÉtrod ¡eneral tiner for CMV-lnduccd RNÀ poltrrrÊnlG

ectlvlty ovÊr a ¡nrlod of tvo - th.rc¡ lËur rítÌ¡ th: ¡æ
regatlnr rurt¡lÈ.



TÀ,BLE 2 ¡

ËxÈractiqr nedirna

YCeat RNÀ

+ Z-aercaptoothanol

+ NltaCl

¿ (2+crca,ptoalfi¡r¡ol ¡nd' (hHocl
hb lcaeÈ RÀlA

+ 2-*rercaptæthanol

+ NHOCI

E,FFECT OF 2-ilEITCÀPTOEI¡IÀ¡JOL ÀT{D ITH.CI IN THE

ts,x1'r<AcT1of, MEDIUT{ OÀi SOLLjBJ.E itNÀ POLYilEtTÀsE

ÀCTIVITY I}. CRUDTJ F:) TRÀCTS OF CUCUI.TËERS

INFËCTED ÍiIlH CUCU}TæR }IOSÀIC VIRUS

s¡pel.fic anrlürtic aetfvltyb
lßrlt*ry plrnÈr Infceted pl'tntr

. (l-qe¡cepÈæthar¡ol rr¡d'F (ruiacr

o.4

L.2

o.3

o.8

0.4

0.6

O.6

o.7

5.3

10.6

6.7

12.6

0.6

2.5

2.O

7.O

"lÎtG erudo Gnsyr¡ cxÈractr IGRE prcl¡a¡1åd ud,ng ün Grctrectiqr
medJ'u¡n eontalnlng 50 Eg 'trl.¡-nCt tr¡ffer pli 8r5¡ 5 EE HgSO¡e
vj.th or ulthcmt thG f,ollsrl,ng addl,tlc¡rr l.6S lnrut RNA,r =
90 pg 2-nsrceptoethanol, 100 p[ irHOCl.

bth. exèraet ul¡ aaütycd ee &aerlÞd ln t{rthod¡ vltt¡ urp-3Zp
aa tha labellcd cubetraÈcr YealÈ Rl,¡A (1.6 ng) vas addcd to
ths r¡¡ay nediru nùen not Frç*nt 1n tho cxtr¡etfon ædl,rn.

ÈrF noler of, lebllod nuclco¡Ldc
r nLnr F€t rnillJ.gran of plant

Þrot¡ln undor tlre defimd meay cqrdltl.onr.



TÀBLE 3¡

xo¡t plant

C{JCURBITÀCEAEI

Cuct¡Þr

Rocluelqr

Przrpkin

l{i¡rrotr

MmordLea char¡ntia

t at*rt"l*,Þ
soI,ANÀC.Ëå.Ër

¡;lcoÈla¡rr elevlendil

¡r*leotir¡ra glutl.noea

¡lcoÈiana tabactm

DaÈura etrmonl.u¡nb

capal.cun fn¡t¡scan¡b

SCROPHUI.AR.I'ACËÀËA

AntLrrhfnun naJur

pËî-Ecrloù¡ oF sor¡iELE C'ucuMqFR ÞrosArc vl,Rus-

IIYIruCED R¡TA POLTI{ERÀSE ÀCTIVIÎY IN VÀRIUJS HOST

PI.A¡$T EXTITACÎS

spoelfle onr¡naÈic eetivitY

llarlÈtry Þla¡rt¡ Infcetad plantr

o.8

o.7

IoO

O.9

o.9

l.o

1.3

1.1

0.9

t.7
1.O

Oo4

22.O

13.4

2.3

2.2

2.L

1.9

2.2

2.O

1.8

2.3

o.9

O.4

ãthe Fmlly Èo uhtch tlrc Plrntt Èelongr
b¡f*tr."tLon nrethod rcnr¡vcd lo¡¡ Ëhrn 25X of, Ètre Èot¡l plant
rl.bqruclcare retl,vl'tY.

partly purlfled it¡lÀ pol1lüor¡¡e cxÈrlett of ell Èhß Cl'lV-infcct d
¡oit ifãnte lndlceæå (tranested 7ry9 daya afterinfectlor¡) rcrc
prcpiad by Ë)ffIt¡CTIo¡t HETHOD C tnd contal'n 0.8 - 1.5 Dg of DEOt-
ãijrl., aña ¡egUglbfe plant ribøruclea* activity (unlras
fñãiãiãia ¡ . e¡sayå Ëre pGrfarrnod re dc¡crlbd in xethode t"
vit¡ l.O nrE of Ireãst RtlÀ added to the aesay ffidLuni Ènd UTP---F
r¡ thc laÞllod ¡ub¡tretße



FIGUIiË 2 r tsFFiUCT OF CUCUHIER MùSAIC VI&US &FECTIü{

cìti THE ÀCpIVI1Y OF Sq1IJBIË RIJA POLU.TERÀS

I"N PÀRTLY PURTFIED FXTRACÎS OF C[ntll{BER

CCTTTLSDONS

Putly purlflcd A¡.iÀ polïrerar€ extr.ctg

rcrG prepared Þy SXTRÀCTIü\¡ HETHOD C fro Ct"lV-

lnfecÈed eucraber¡. Àrreye r€ra perforncd as

dcecrlbcd in Hctlroda vith l.O ng of lmast R¡À addcd

to the lsBalr nedl,rn"
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WITH CUCUUBK.}T HÜSATC VIRUS
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FHùI:ËI(TIË,S uF À PÀITTLY PUKI.FIIÌIJ PJ.AJTT VIET.JS-II{¡JUCIJI)

RJ'JA PüLYI{ERÀSË FIìUI'Í CUCUHEþ:K CUTY.T"EDqì S N.IFÈCTEÐ

:jË¡l_cUcut{BÅirt HOSAIC VIRUS

IiilitûIXJCTILdi

'Ihe propertiea of the partty purifled CHV-lnduced

R.vÀ polynneraæ (prepared fro infeeted cucrnber cotyledona

bytÐolirActroh¡ ìlETHoÐ c deecrfbed in Èhe prevloua chapter)

are preaented in thiE chapter. Tlre reEults shov that the CMv-

Índuccd itx\À polltnetraae copled any i{.'iÀ eupplied to it in tf¡e

a6aay nedir¡n and ttrat. it vas not bor¡nd to vÍral ¡ù,íA¡ TÌric

enrlrnre eyaten csltrasted to that for¡nd in cell-free
particr¡late fr¡ctiona ieoleÈed frø Chínese cabbage loanres

infeeted vith turnip ¡reltrrov noaelc, viru¡ (r'yHyl(fove, lg67arbl

ltalph and woJcitc" 1966¡)r bnmegnc¡ noaaic virue (BMV)-

fnfected barley leanee (senal a¡¡d Haailton. lg68t Scûrl änd

KunmerÈr 1970), toþ¡cco moceic virus (nqV)-infected tobaccp

leenes (¡uf pn and woJcilrr 1969 ), broad bcan noeai,c virus
(ËBiÞrv)-lnfected þroad han leanea (snÈlr lg69a), alfatfa
noeaie vLrus (Hlv)-infected tobacco leanæs (æmal, 1969b)

and covpea chlorotic mottle virue (CClrV)-infect¡ed cov¡reas

(Sanal, 1969b)r vlpre the i{triA polymeraüE vaa preaunably

prle8cnt ea a partlculatê, enzyne-viral IùiA ccrplex.

Throughout thle ehapterl w¡lesc othersiæ ctatedr

Cllv-induced ill,íA po\m€rËse activity preeent in thÊ partly
purlfled cucrnber extrecto vra detected þy the edditior¡ of
1.0 ng of yeaet IUrA to the taaay nedir¡n. Hhen yeaat rti,/A
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(rùrtct¡ l,¡ ehorrr Èo rcÈ rr a tGÉplatê ) va¡ 6ltt d fro
ttç d.f,tnod ar¡ry BCdl.tr (cqrt¡tntng 39 ¡[ ]4gSOa, r. rlro
cl¡rptrr 8)r no RliÀ pol¡ncrers rctlvlty nr tþt¡ct¡d.

HÀîË¡iIÀLd¡ À¡¡¡J XËTH(JI)Sæ

l. lfåSåÈ,r G.æruI natrrhllrart pntlorrl¡r &rcrlÞd
tn chrpt¡¡ 1. r.tpouldc rlchydrogÊDlrlr p¡tpr¡¡d frcr glg

h¡rrt by tùc mt'bod of Hr¡ny (1Ð60 )' rer klndly doetrú
bV thc laGc Frof,r¡¡or ll.st. Àtllntmr Fllndrr¡ l;trlrrral,Ètr,

gor¡ttr Àlrrtrrlle. ¡llfmplcin nr oË,rlmd frc HrDn <cn8ctr
Irbon3orl,*ar lrior Yorlr.

2. .

&(tncùr Ëra prepared frn o,ÍV-fnfoeteü c'ucr¡nÞr¡ 7 - 1.3

daye aftsr lnfectlø¡ by emRåCTIt& HETHoll c &¡crlÞd tn

tho prrvloq¡ ehapttr.

3. . At Irtris¡rly drrcrfbd
Ln Chrptrr Lr uring lO.8 Folr Èrggoa,/rmry (29 SElr 1.O ng

of lürrt ¡tNA (unlrt¡ aÈrt d oû,h.rvlr ) rnd uf¡-33p (or cTF-3Zf

rrùrrc .trt:d ely) rr tlrr lrbllrd nucl.ottü Èrtphor9tntr.

Prrtlf pt¡rlflcd RNÂ pot¡mr¡É pr¡prrrtiqrr ur¡.Il¡r lncor¡nratrd

75O - ¡IOOO cf of lrþltcd nuelrotidc undrr t.hr rÈandrrd condltlor.

â a

Ac prcvtq¡rly dercrlb¿d ln ClrrÞtrr l.
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RËSULTS

-
lo

ÞolvDerara

(a) . ThG

Þartl¡¡ n¡rlfied C}lV-lnduoed RNÀ polydcrlæ PFsItaratíqr var

f,owrd to retal.n 80É of it¡ aetlvlty rt 40 (l.n iæ ) rfte r
f1ræ hann but all detectablc actlvl,ty rae lo¡t orcrnlght

at 40 er -15o. the sÈtbifity of the Gnc¡tute vre I'ncrcasld

by tlp eddttLqr of 5 ' l(};Ë sucroæ to the preprratis¡t

r8 5qÈ of the orl,glnal activ{ty wae detcctÆd aft€r ctoring

On€ îe€t( at -2O. ¡tor longer aÈoragpr hqnsr¡err' thC enzlttG

tre atored rt -tåo in 3op glyclrolr vlr€re 6qË of ttE

origln¡l eetivity vas datectable after s¡e nonÈhr In all

rork de¡crlþdr paÊly prrlfied RNA pollm€raãÐ cxtraete

rerG pr€Þarcd cach ày, a¡rd ¡erÊ not ¡tolod r

(b) .

Thc reaults preeented in rlgurc 3 shor thåt the ¡ctivity of

tl¡c RNÀ pol¡nrareae vas optinal at 37o and that Èh3 IncorporttLqr

of lahlled ¡ubetret¡ Lnto product rrs lirpar at tl¡i¡ ten¡rrature

f,or at leagt 6O mln. Àn r¡nu¡u¡l feature of Chcsê re¡ult¡ uar

tln rrery lov level of activlty of, ì<.tvÀ pol¡meraae at 2Oo aa

ccrparcd to that of 3Oo. The reaaon for thi¡ is not ltnOr¡.

(c) The effect of coricentratloF of, sub¡trate end added

, Apparent i.rn values of 0.041 mi'i and 0.062 EE for UT! and

GTF ae tlp labelled ¡ub¡ÈraÈe, reapectivcly¡ rÊre &te¡¡inrd
fron Ll,rrevearer-Burk plots of th.e neeulte of Figure 44.

Tlre ittrA polyneraee asaay ¡nediun uæd ín all subeequent vork
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6ç¡crl.Þd in this t}resit contaircd 0.f2 lag leballed nucloo¡l.dc

trlphoaphate (45 rnpnnoles,/aasay) and O.64 EU unlaÞlled

nucleoeide trlPhorphatec (24O n¡nolea,/aeray) .

RtvA pollmer¡æ activl'ty ve¡ lleo folloucd uel'ng

varl.ous concentlatlqre of RÌù4, from threc ¡ouroGl. Figurc 4Ë

ehwr that Èhe at¡ay ayeten rr¡r útturütÊd at e concentratl'on

of l.O ng IEr ¡3¡ay for lteast-RNÀ ud O.Z5 ng IEr .88.y foE

¡leett tran¡f,or Rh¡A a¡¡d TYMV-RIIA, undcr the ¡Èatcd aæay

condltion¡. At alt cqrcentntl.on¡r I'crtt RlrÀ grvr8 Èhc hlghert

actLvity.

(a) The effe of DÏl 0f the saY nedítur. lttc RÀ¡A

pol¡urera6e aetlvlty detected {n tha presenc€ of yea6t It¡úA

J.n the e3ray nedl,r¡n vas optinal or¡er a broad r.ngG of pli

(7.5 - 8.8) lruÈ the aetlvity gli{Èùtly dcereaaed belor pH 7.O.

In rlt vork described the RIJÀ polFleralF activity var

extracted a¡rd asealæd at PH 8.5.

(c) '
ilr¡tection of Cuv-fnduced ìrJvA pollmerase activlty ras eGpletely

dependcnt or¡ uegneel,ru Íon¡ in tt¡e aaaay medltmtr amiseion of

thnæ resulted in coplete loea of Ri\A pollmeraea activity

(aee aleo Fíg'ure L1 t ChaPter B)' r'he nagnesium ions (29 nHl

Io.8 ¡-molee MgS0o,/as8ay) could not be rePlaced by the otl¡er

divalent ions (1t ¡'2* , c^2*¡ 0 - 13 mMl ,ui2*, cr.2* , 7.n2+,

O - Z Fl4) in ttre acsay nedir¡nr aa no ltÀÀ Pol)mereæ actlvlty

could bc dÊtcctêd. Further, thG additlon of I,¡nZ+, ea2+ or

cuz* (f - 5 Ell) to an a53ay medir¡m cor¡tainfng 29 BU MgsG4

rc¡utt3d in coplete loee of Clfú-lnduccd RA;À pol¡meraae

activity. ül contrasÈr ÀHa* ot K* ior¡s qvor the eoncontntion
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rar¡gc of O - 54 nl.t Ln tho ttcey ilcdlte had ncgllgiblc
Gffoct sr thG È¡iÀ lþl}racrtæ actl.vlty.

(f ) Ttro effeet of rffupÍcln in the ascav iedilut.

¡Lf,enpleln 1¡ rn ünÈibiotle flùIch ha¡ þon fot¡nd to hrlÈ

blct¡rlal o¡tA-dslnndsnt RlrÀ pol¡nnrl;t rctivity þ vitro by

blndl,ng to tl¡c GnllrDG end vlr rffectLrç rt a cqrcçntretisr

of O.1 - O.2 ¡tg¡tl (Hrrturrv¡ gÞ tl., 19671 Arndlc and

ml¡arn¡rr 1970). ttrfr mtlblotLc hed no effrct on

nw¡llrn l)}lÀ-dcplndcnÈ I{IúA pol¡nenæ a¡¡d fts cff,eet qr

plrnt DNÀ-depcndrnt RÀrA poltilrnÉ hr¡ not hcn n¡rortodr

etthorgh lÈ l¡ þcfi¡vçd to rtop tlp chloroplert DtúA-d¡pcndent

RNÀ pol!'ÈGrlÉ of çll¡gg$gq@tl, rÇlnhudl (srr¡ycttlr 1969).

HorÇwr¡ thLr rntlÞl,otlc rer f,owrd to hrvc no .lffgct or¡ thp

cHv-lnducud Rh.t, pol¡ncre* rcÈl,vfty tvcn rt co¡ræntratl,onr

er hlEh rt 20 ¡rg^1.

(e)

EI!:!!Ë, Ît¡G drPün&nc of thc measurmnt of &¡{A ¡rcl¡tnrreæ

rctivfÈy on thr prt¡¡ngr of rll four t¡lpho¡Bhttr¡ urLng

althcr lrhll¡d UtF or cTF üÊr lnvlrtl,g¡tcd Èy olttfng cither
qtr or threo of thr u¡lebollGd trtDûror¡*retrr fro tho ercay

rsdl,ruo For t¡ny¡ rlth l¡bllcd GTP' th.n vlr conrldcrablo

ep¡¡¡dcnce of thc Rl'¿à, pol¡rmre¡o rcùlvlty wr tlre pnraæ

of, rll fq¡r trl,phorphrter for extrecÈr of lnf,rcted plr¡¡t¡.

For r¡¡aya urlng UTP e¡ thr trehllcd ñrb¡tntr tl¡arç vr¡
l¡r¡ ÕprnÕno! gn ttre prcrnæ of all four trlphosphrt¡a

thr¡r ln Èh¡ celc for laEllcd GTP rttr!¡t (frblc 4). Tt¡l¡

dGcrGræd drpondanot vlrr no¡È f$lrfy nlrt d to re¡ult¡
obtaf¡cd for hcetthy plrntr tl¡rt ¡hond rpDnclaþlc Lncr¡ere

l,n rpprrant rl¡iÀ pot¡nan¡r rctlvttl In tlu lh¡encc of crp

.t
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(eithcr elqrr or vÍth thc cl¡¡l,sr of tttc other tts

unlrbrllcd trlpho¡Þhetc¡l *l rl¡o Gtflilrnd end s¡nonar

1968). Il¡l¡ cffeet hrs not hlcn invcrtigatcd furtl¡crl Èr¡t

it een Þ cx¡¡lalû.d by r tcrnlnrl incorpontLs¡ of UTts lnto

tran¡f,or Rt{A (nc rlro Chrptcr S) rtrlch ir lnhibit d by CTÉl

ú¡eh .n cff,eet har bcr¡ raportld for I rrt llrær enl¡ne þr

or¡rL¡l ¡nd rlttrucr (f9õ3).

(h) .

Slncç thc prerenec of llratt RltA rr¡ rcçrlnd ln tb¡ .rtlry
ndl,rn (U¡t not Ln thc cxtr¡ctlcr rsdlrn)r otl¡cr lpllmuclcotldtÞl

rt¡:rù tGttGd ¿q r" tf, Èhry cq¡ld br lubstltut¡d for ¡rraat ttNÀo

Hhn trtrqt DNt ùt! eddcd to ÈhÊ rt.ry r¡dltnr thc ¡tliÀ

pol¡nrnr ¡ct¿vlttr vrü æn¡ftlrrn to ectl'n ycin D (oNA-

drpr¡d¡nt, [{J{A ¡nl¡mrrur ¡qtlvlty}r brt Èhla rrõ found to bê

Drrtnt ln prft'fy E¡t¡rtflcd cxÈncÈ¡ of bot.h healthy rnil

Lnf,cctsd plentr (trprr 5). In esrtrrltr tlnn yGrlt lrhiA rr¡

add¡d to tåc r!¡ry tcdl,r¡nr n¡{À-dGpandeûÈ RhA pollt!¡næ

rctlvtty rrt ðtfetcd or¡t¡r Ln vlru¡-lnfrctnd plrr¡t c:(tractr

r¡rd vrr lnrcn¡Ltlw to rctLnmycin Ð. Pl¡nt vinl lìÌ,I\¡.il ürl

fq¡nd to glrn tJr ræ (nrV-n¡¡f) or lrr¡ (Ctiv-RNÀ rnd ÎU'rV-Rl,iA)

RN,f-depndonÈ RNA pollntrl¡3 actf.vlty tl¡ry¡ ]icert RNÀ $lttrr

röd to thr rtlrlz ry¡!t¡!, rt thr a[t cgrcenÈntlst

(ÎeÞlc 5) rr¡d unftr thG tr¡ry eqrdtÈlc¡¡ drflrrrd.

Tltu¡r tlre ltNÀ-d¡paadcnt RNÀ Poltllcrttc rett'vLt¡r

vrt prcÉnt only ln vl"rur-l,nfcetcd ptrnÈ GIùract¡ ar¡d tltl'¡

rctivlty rlt onllt dctcctnd uhcn RNA rrr prctnt in tht rrt y

ædlra.

.I



:-.+æ-

59.

2.

vfnl iliiÀ buÈ doc¡ racruira rddrd ¡ciÀ rr tæolrt¡. Àt th ¡sr*À

po$rren¡r rctLtrltl/ rar dttt obû,rlntd trn ¡1¡{A üts prÊsnG l¡¡

tb rrrey rrdLrn, lt ürr n¡cctnrl¡ to *t¡ntn ulntlrr Èhr ¡üiA

rddod rr¡ rcÈlng u r t tsphtc for tlr ¿lr{À Dof¡nentr otr v¡r
protcetlng rË rn{in-vfnl ¡tf{À cc¡¡lsxr r rolG orlginally
pro¡tqtd for tÌ* rded RNÀ bl¡ Cillttrnd rnd Ëyrq¡¡ (te68).

(ri :&r cffcet, of rvntbrÈic Dol?auclootldre. j.f tht
rddGd lllÀ u¡r protreÈIng üt .nüIß!+lr¡l ltliå ecplrxr th¡n
polTUr pol¡É md ¡nuÈ þ¡À drsu¡d rll crun ¡ ¡lníla¡
incorponttcr of uttr-3Zn, ctp-3Zp ürd AtF-3" furto tt-
Droduct of, thr IR}IA potlærtß tñrrctl,s¡. Hærurrr 1l üË

ldd¿d fi¡\iÀ rcttd rt r t¡üÞlätrr tbn tr{b¡Â po¡llrcrlr¡ ro¡rld

arly b dctcctêd nùcn coplæntrrï b¡r Briring Þrtrren ttr
rddrd HNÀ üd thr hhflGd mbtnt¡ ürB ¡ro¡dblG. Tl¡u¡r

ctp-33p lncorporatfqr lnto reld-lnrolublr r¡È¡riet rculd qtlï

oceur yltJ¡ polyC urd lcut ¡thÀ r¡ t rplrte¡, eTp-3x rl.th pofflJ

end ¡lre¡t ¡t¡,Iå ùid U1Í¿-3lp rttt or¡ly lcr¡t Åir$Àr tlbb 6 drwr
tJ¡rt K¡{A poftlr.rtæ tcÈlvlttf rrr detcct d arty rlnn el¡rlrmntrlf
bræ prirtng btç¡n thc rddcd Itl.{À rnd tbe lrhllrd anb¡tnt¡
ürr ttordbþ (nr eho Chrpttr I ) I lnncr Èlrt ¡¡n¡Ltr lnûlert
thrt Èhr ¡ddcd pol¡znucleotLdrr nrs ectlng rr trnplrtct
r¡d çæ not protcctlng rn an:lnG-vlrll RN'A ccÞItx. PolyÀ

rr¡ not urd ln thll rork þr¡eruæ of lt¡ lnroluÞfflty r¡r¡dcr

ttr ttrtrd u'ry csrdl.tfq¡¡. I-or u¡ü vrrlrÞlç rprcffl,e
retivtthr vlth no rddrd l{NÀ taplrtr Èo thr r.try rGat rgrln
&tcctcd.



60.

(b)

Drodr¡et. Ttro temp¡etßor !¡east, rt¡¡À r¡rd TA.fV-iUrAr Thlch vary

ilerkedly {n t}¡elr bræ ntLoar rrarie uæd In the atsay nedir¡ûr

ultlr eftber UTp-3Zp or GTp-3Zp ac thc lahllod oub¡tratc.
lËlrest-¡relghbour analyacr (rr¡re z) ehæcd that thc products

uarìc quitc dif,forent nhan ttn¡e ÈeDplrtG¡ Fre l¡Çdo Àft¡r
allsrll¡æ *gredrtfqr of the prodtretü oÞtrfnc¿ urlng TYttv-t{NÀ

and ïtrrt HhA, 43f rn¿ ZUft r3lp3ctlwly, of, ttrr totel
ndloaetfvlty Lnaorpont d ru fqrnd u 2'(3. )-Güts. Thc¡r

vrlÐt rrc l¡rdl,ertlv: of the rddrd RNA tcrplrte rÈrsrc fyHV-

RNA hrü r üolu ntl.o of 38.6Ë Clrl¡ (Slnor¡s g]t,3l,., 1963) anC

lprüt R.hrA I rol¡r retl.o of 2EË Ct{p (CüGrÈflGtd gg åt., t9S5}.

Ttru¡r rËrrG!È-illghÞour enalyrir al¡o lndlc¡trd thrt tht (:l{V-

Lnduecd ¿{NÀ potlncrlrr eoplcd th¡ rddcd teaplrtc.

(c)

Ðncrpat{e ribriucfeqtF. FreLncubrtl,on of tho prrt\¡ zurlf,lcd
plant oxtrtct vtth panerceÈlc rLbqruelaaæ (1 or 5 ¡¡g,/nf) at 3Zo

for 1O ¡nfnutce had no effeet üt Br¡bæguent NI'là po!'nror¡¡c

act{vf.ty aerelæd af t¡r thc rcn<n¡el of ad&d ribonueh!ür ¡
Ttrlr o¡rDcrûqenÈ va¡ po¡cfbla þocauæ LÈ rae found thtt 98¿ of
út ad&d rlÞonuelaåßE¡ uhich fnÈerfcred rlth the aecay (re
rnxt clrap@r ) r va¡ soluble vhen the ¡tÀ¡À, pol¡rneraüe Taa

pncl,plÈ¡trd in 5Orú ¡tturated (t;n.)rsu.. Tl¡fs ex¡nriamnt

chæd tl¡at thc enr¡ræ vaa noÈ dapcndcnt on rlbonuclcâ*-
rccrsiible ltlrÀ ln tåe enryn€ prcparatísr, b¡t it doe¡ not

oxclude the poarlblflty of non-¡eæeelble or rlbørucleræ-
re¡l¡tent !tÀ¡À bowrd to tho cDa1''ffir
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(d ) s¡d,Lront tlcr en¡lvrL¡ of Èh. Rt{.t polvtea¡-. fh.
IllìlÀ Irol¡rD¡næ yts GÊntrtfuOcd throrryh r 5 - 20"Ë nrero¡c

gndlont (FigñrrG 5)' url,ng plg b¡r¡È flpoutdr dth]Érognn¡t

rf Er¡l¡rrr to obtrl.n rn a¡ÈLËrt of thr roloculrr nlght.
Ullng ttæ Ggurttsr ot l{rrtln rnd tr¡¡ (f!}6f ) rna trkfuU tl¡c

roleculer wlght of plg lËrËt liportde ürhtdrogçnet rr
IOOrOOO (urrrcy !f !å.¡ 1962) ttp ¡olrcr¡tar ucl'ght of Èhc RNÀ

pol¡noreat üts crlEr¡lrt¡d Èo bt ¡23IOOO. Frq ¡lnlle¡ Írcror
grrdirnt rorultr urlng c¡trlrt (uot. üt. ?SOIOOO) end

huogloÞln (ro1. üt¡ 681000) u rrrhrr¡r th nolccr¡lar rrlghÈ

ua¡ rltLl¡trd to ll,c htrrcn l2Or0OO r¡rd 130r00O. Thcæ

rsa¡lËs lndlcrt¡d tÌ¡rt tü- e¡\¡À ¡nt¡rcnæ yl. nqt ¡¡¡ocl.rt¡d

ufÈh I vlral R¡[a tc¡nlrtr (nolo rt. 1r lO6) rnd tñrt, I't vr¡
wrlf.Þty Èo cqrtrln nr.¿r of üry rlgrriflcrnÈ ¡L¡4.

Ît¡n rolrculrr Ëlghù obtrlrnd for thla P¡lnt vlru¡-
lnðucnd onr1lr. l¡ cloæ to tlrrÈ fqmd r¡¡r&r ¡blfrr condltlor

for th. RNA-fr¡c &I{À ropllcræ of QB nhrF-fnfrct d g. Cg¡å

(Ellrhc r¡rd splegtl¡rnr 1967 ). I{oltürrr tln lrtt¡r sntylÊ

( trolatcd b1l thã üithod of Prer !g tÀ. r 196ô ) f r æporrd of

tuo æprnblc rt¡ln¡rrltr of nolccn¡!.rr rrlgbta 8OrO00 end l3OrOOO.

I'}r po¡d.bltrlty tùrrt tt! IüìiA polïsrer rÈr¡dbd hrr¡ ssrrlrtr

of ¡orc Èhr¡r cr ¡¡¡hrr¡ft lr cq¡¡ldered throughert thl¡ lsrÌ.
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DIËCUSSI(xi¡

Tt¡c rc¡ultt pnrntad rbo\r¡ h¡ve l"ndLe¡tad thnt Èln

rolublc CxV-fnduced RNÄ pol¡ncreæ rctlvlty fowrd ln ptrtty

rurlflcd êftr.et¿ of lnfrct¡d er¡s¡Þrlr rlf noÈ l¡aoclrtrd
rltl¡ e vtrrl Rllà tenplrtrr Thr RNÀ pol¡nrnr. ürr fq¡nd to
copy rvrrrl fì¡{A t ilplrtrr lryr ecplmrtrrfr brr prlrlng.
Tùeæ rcarltt rGrìÊ ln cq¡tntt to n'urr¡l oth.r cÊll-frGg
plrnt, a¡rrtrar rh¡r¡ tÏra vlru¡-Lnduæd R¡üÀ poll¡u.rara vlr
prrtfetlrtc rnd pruetnrblf nrc¡nt ¡¡ ln .t¡ttrüc-vinl RlrÀ

ccplrx (rætr l967erþrct sstrl l'¡d lrüiltonr 196E ). rhô

RNÀ poltrrGrlË ütudl.d lrrlr hrd rlrnl ¡¡rotnrtie¡ ¡lullar to

ttrÊ RNA ¡rol¡nrren fqurd ln r ¡¡t¡-ptrittivr ¡Ènln of å. coü
lnfcetrO víÈlr rn ubr rut.r¡t of thr btctorlophrgc fz
(A¡¡Cnl¡t qÞ, sl.r 1965r thrplro rrrd Ar¡grurtr f965, rß€ ¡1¡o tlre
Introductl.c¡ of tzl¡l¡ tlprÍs). thc retlvlÈy of tlÞ itlå¡À pol¡rrnil
arrtrtctrd frc thaæ tts loureer raa nn¡ltlr|5 to pr¡rcrcetlc

rlbo¡mclcltr¡ rÍnc or Fü¡g.rrrË ls¡t tn tåG .r¡ilr aedl"ru bt¡t

lnnn¡ftl.vr to retlno¡rctrn D. Ëotslr on^¡Tnrt copl,ed a varicty
of RNA tüplrt ¡ nrppllodr honver¡ $mtxr¡tlc pol¡muclcotl,de¡

could anlï nÍT! l¡ l taplåta f,or tlr CMV-lnduced Itì¿À

poll¡rnr (dlrcuræd fuaÈh.r ln chrpt¡r 8) er Èhny Ë¡n not

coEled Þ¡r tltr f2-lnùrcod R¡iÀ pol¡næræ.
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þrrt tranrfcr IìNÀ

Þlatl'rrc relnon DIIA

¡¡rtlrrc ¡tlnori Dt'\iå
(nLnu¡ rctr.ncrnycln ¡¡)

D.nrÈr¡rtd ¡¡I¡qr DÀÀ

2. trOIIG

Yaaat ¡üi¡À

T-TIV-¡tI¿À

ClrlV-¡tl'iÀ

1I"lv-¡rNÀ

rt thr lahllcd nubrtratct lr¡t tt¡o l.O
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rüÞ1.ü (ztO pø/atztyl 
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Eg of yttlt HNA rddcd
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Prrtly purlflcd tnalnc cxtrecta rrr'r prepred(bf
ExtI{ÀCtIOti l{lÊfHeD C) rnd lil.iÀ polynGn¡e tcti,vlty rae
ncraurcd u dGrcrtþd ln }r¡t¡rL¡l¡ rnd xrùnodar-,.ifñg utp-32p



TÀËLE 6 I

äXtRÀ9'tS OF CUCUMDER ÈrOSAI9 VI¿{US-ü'IE:ËCTEI)

cuctJD{tß}rs

-

ATF.JH

0.3

13.4

o.o

13¡{

l17

1916

O"l

O.O

1.8

17.8

8.0

0.O

&.t'¡ qr Pollznucl€stldc Spael.ff.e cntlrattic tctlvlÈy
(25o pglrrsÐy)

GtP-lz P utP-32.e

NrÉ

YGrtt ¡{¡rÀ

I€ryti

brF

rha ÅiI\A Pollæer¡tê uar r3¡t!'rd rt Õtgrlbd ln Þr¡rtcri¡la
ù¡d üGthod¡r txgtpt thet yGgt R¡'â lnd pg¡ll¿uclcotlÕ ulrìl
preænÈ ¡t AãO |tg,/ts¡py. ID all c¡¡cË t¡I Hrroc ur¡lalnllod
nueleosldc trtpfiõcphaÈGE rçre preænt tn t}¡ asfry nrdfru
rl.th thc tabellcd nuclroËide trfBhotPhet .
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a

Trmphta

yr.¡t, Rl,iA

TltfV-Rh:A

I¡bcllcd
ft¡bd,rrtt

OP IHU RNA TBT''PI.åTÊS

I¡olrtcd 2' (3. ){qronucl¡otldsr
('X ot totet ndLaaetÍtrlty)

Àt{ts CtiF GHP U¡.rF

UTF-

GTÌ¡-

UTF-

GTF-

24.3

29.5
19r9
21. $

24.9

¡3.0
l5.g
13.5

l?.4
t4.0
1l.z
42.6

33,O

24.5
21.1
22,8

32

32

32

32

P

þ

P

P

ErcÌ¡ c¡tie¡tLqt vts sarrl,cd a¡t tvl,e¡ qr thrGc p¡rÈfy
fnrrlflcd cntlnG Frcprntløu. ttrr protluctt uÊtrG fonod in
tho aeaay nadltnr drrerlbrd tn Hltcrials rnd ltethodr rlth
l.O ng cf rlthcr ytrtt ¡{ÌiA or TYtfV-t{I'JA. ValucË guot€d rr. tþ
nGNn pcrcånt of th3 toÈttr radíoactivxÈï, tln aÈer¡drrd Grror
of ùhn Ectn nsvcr Þtng gtett¡Ër Èhtn g 0.5.



FIGÎJAE 3

-

a

cuct lf!ßR8

ltrr Fütfy n¡rffled 8¡\¡A ¡nl¡nare*
¡rrr¡rûrEtlo rl¡ eÉallrd ar Òacr!,Þd ln UrtffLrl¡
r&d Dþtbodr' ual4f, lßÊlt RNÀ (l.O rg) rt Èhe addrd
RNÀ, Èüt, th. tln ot lncn¡brtl& url r¡rrLed fro O -
9O ;Lnr änd Èhr h¡nnturc f,ro 2A - 4$or urlng
0.15 Eg of plrnt procrln FF ù¡Éyr
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FIGUAS { ¡

- INFECTED qgg¡Jl{sËËS

tùÊ Rlif pøl¡ænæ r.¡rlra na¡ cnnicd
qrt la drrcrl,Þ¡d ln Hrterlal¡ end ltctùod¡r ualng
O.l3 rg of pll¡t fotåtn rr¡d 3{O ¡aol.r of crelr of
tlr snlrbllçd nuclessldc trlphoaDtratrr ¡rr ur.y
ultb the aodifl,ertls¡r l; ¡borrrr rnd rtÈl¡ lr0 ng of
IGf¡È SI{A ar t4ilplrtc for hrt Ào IncubrÈior¡ at
3?o for 3o ¡Ln"
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FIGT,TIE 51 SEÐIHËMNÀTION ÀÀ¡AI,YSIS OF THE SO¡ÆBLE

F'ÑTTLT FUAIFIED RNÀ POL${ERASIi;

Frrtly pr¡rif.lcd Ênslme (1,0 ng of plar¡t
proteln ln O.2 nll farr-flræ f,old norç eroncentrated
thå¡r hornrlly u*d ln ¡t¡t¿ polytcrrr. atn:r!) vrr
cantrLfugod thrq¡Eh r {.4 ll gndiclnt of 5 - ZÛfi
Eucrosü Ln 0.1 4 l.¡ll4ct, oo 4! 2-mrcaptoethå'rolr
5 EE ÞlgsÖ4e 50 EX Trlr-Hcl Èuff¡r pH 8.5¡ ln a
IþcÐilan slf39 r,Ðtor at 33IOOO rpa for l3 hoqre rrÈ 34.
Tvo droÞ fraetlqra (O.O85 rl) rcrc collcctcd frc tlrc
botte of thc oDUuloro nftratc tubc er¡d altsrnata
fnctl,s¡e area¡æd for RNÀ polymreaa rælvlty (re
r*rterLrl¡ u¡ü Hotlrod¡ ) or fc U,poulÕ
eh¡ndrogenaae actlvlty by foUoytr¡g the oxl"datlon
of NAUH by dl-fiÞolc ¡cld epcctrophotcctrieally et
34O a¡r r¡ &¡erlÞd b)r üatræy É, E¿. (1962 ). Reeøæry
of the Rt'.r\ polltüêra¡3 retlvi,ty (nxf poULGrræ at'r¡rcd
l¡ È!n prGænq¡ of l.O ng of ycr¡t e¡¡.f) rrl g6?6"
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63.

TliE i{ÀTUrtE ûF TþtÈ; ËEüÐUCT üF trtj SULUIjLU

.I:ATiTLY },UITIFTËÐ CUCU}JBEi{ ÞJOSÀIÇ VilTUS-I¡TDL'CILI¡

iü\A PL!Y!4Er.IASL

]j"Trr.ûlï;CTlüti

-

The charaeterieation of the Product. of ttr aoluble

Itt'rA polymeraæ reâction cqnprLced part. of an atternpt to further

understand the role of the Cl,lV-induc€d il.lrA pol¡nneraæ activfty
deÈecÈed in partly purifl@d er(traets of infect¿d cucunbersr

in tl¡e replicaÈion of vl,ral Ri\A & yil4g. Ae yet only the

phage 0F-induced it¡.A repliease hae been for¡nd to produce a

single-stranded rtlvA ßpêcies yhen provided vitn vlral äivÀ

template and the four trfphoephatæe (discussed in the

Introductlqr). uBher viral pol¡meraee eyetems almoet invaríably
produced double-etranded¡ pancreaÈ1c rlbonuclease-resistant

producte. Such ribonucleaæ-reaietant etructurea rere the

producte of other plant viral-induced ili,A pollmeraçes and

had a ædlmentation coefflcient near 15S(Esv6 et g!.¡ 1968¡

Semal and Hamf ltonr 1968 ). Ttrus the nature of the product of

the poluble CfiV-induæd ¡rtrA pollmeraee¡ vhen supplied vith
€lther yeaet or c!{v-¡(I;Ã templat€r vae inr¡eetigated rith respect

t,o size and reeLstance to Þanereatic ribonuel€ã"eê r



:--ë_ =

METTiÜOS

1. Aeeav of RllA pol}üeraæ activitv. Àa8a)rs rere carried

out ae deecribed in Chapter I rrith eithcr yeaaÈ iti'*A (L.O mg/

assay) or CIíV-lítiA (12O Fg./aseay) aa the added tenplaÈe and

riT[,-32[ ae the labelled nucleoside triphoaphate eubEtrate.

iartly purified Golubl@ R¡iA pollmeraae (prepared by

ËXTÍiÀcTI0¡; HE;lItuÐ C) vaa uged in all ôBaô¡rar

2t

r€aetlon. This raa carríed out aB Previorsly deecribed ln

Chaptær l.

iiÈ.ëlll3s

I.

of the producç, ToÈal product formed declined vlth ine¡eaæ

of pènereatic rlbonueleaæ co¡reentraÈiqt (Figure 6). This

effecÈ vaa probably due to Èhe degradatj'ør of the added

ternplate ¡iliÀ (]¡east lil;A) since most of tl¡e product was

resietâng to furtt¡er digreetfon rdttr pa¡rereatic ribonucleaee

(Flgrure 6l see aleo ÞIov).

2.

¡-¡hen eitÌ¡er vfral RNA (egv-¡t¡'¡) or ¡eaet, Rt'rÀ (5O ¡rS or more)

1¡ras uged åa a bemplate for the ¡tlvÀ pollm@raaer r1ro¡'€ than 80¡

of Èhe product was found to be resl,etant to digestion Uy

pancreatic ribo¡uclease (5 - fQO ¡rgránl at 37o for 3O mÍn. )

eithêr before or after deproteinieation of the medlrmr (Figure

7 ). 'fhis reeietancP to rÍbonucleaæ SfcrtC the pre8ence of

64.

a
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a doubre-otranded irt¡À atructurG. sinilar rêaults have

been reported for the Þroduct of tÌ¡e Tt{MV-induoed iirrÀ

pollrneraÉe reaetion (l]ové S ÈL., 196g), vhieh ras resistant
(90'/") to pancreatie ribonuelease both Þfore and after
phenol extracÈion.

3.

ill{A polvmeraee orodueç. Ëetfnation of ÈÌre thenral traneition
t€nperature (tTn) of the phenol-eaEraeted produet (fon¿'ed in the
preaenoe of ¡eaet ftiiA t€81p1aÈe ) coura æ achieved only ir the
product vas flrst dlgeated vittr pancreatic ribqruclease
(Lz pgllnr) to gir¡e a 'ribonucleaac reaistant ctructurer
(about 8o:ú of the original produet) and this gave a ün of
g2o fn ssc (rlgure 8). xensveL of tho panereatlc ribonuclease

uæd in Èhis treatrrent by a furtber deproteinisatiorr vith
ptrenolr fallcd to alter the în of the produet. ^än eetinratfon
of the 'Ihr of tlæ product not pretr8atêd vlth riborrucleâae

vaß complieated by Èt¡e fact that tørperatureB greater than

12oo degraded the productt at lzoo \rery littre breakdorn of
presumed dot¡ble-Etranded R¡.JÀ to aingle-strande had oecuræd.

l*encer tlte treatment vith panereatic rlbonuclease prlor to
heab ènaturation had preounably modlfied the product in aane

m.¡nn6r naking it nore Buaceptlble Èo ÌreaÈ denaturation or had

degtro)æd aingle-etranded yeaat ¡ÈÀÀ Èemplate vhich saa not

copled by ttre fr,irÄ, ¡rcl¡nreraæ (onty O.Ol;* of the added yeaet

R¡'iÀ, yaa copied¡ slee also belov)r Ênd uray interfere vlth the

&natr¡ration prooeas. tsogælbly the lnaÞility to denature the
product vithout prior ¡rancreatic ribonuelease digestior¡ is
due to proö¡ct being in a 'loopedr fo¡¡r vhich ei-mply flips
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back into a double-stranded form vhen csoled. næ

pancreatic ri¡onucleaee may preferentially aÈteck tlæ

loop vt¡ere lt ie eingle-etranded and the producÈ beconee

denaturable.

Alao tÌ¡e phenol extracted produet fo¡ræd 1n Èlre

preaence of added CUV-&}IA template (fzO Fg/aeaayi had a 'T[r

of 93o in SSC. tioreVet¡ Ln c.ontragÈ to tlp abor¡e eaa€,

pretreatment uith pancrertic rlbry¡ueleaee (LZ pg/fu'i-) vaa not

required for the esti¡rnation of, th€ th of thLa productr

4..
1'he phenol-ext-raeted product of tÌ¡e HlrÀ Þolyileraae va8

cenÈrl.fuged through a 5 - 2OÂ sucroæ gradLent for 5 hq¡re

at 33'OOO rfm ueing g. gg!! Å{1,¡À 23s, l6s a¡¡d 45 as nafl(et.

'fhe ¡reast iri*A rdded to the .itn-À pol1m@raas aaaay conaieÈed

moatly of porùione of rìt'jA ranging in eice frqn 4 - 165

(Fígrure g)r ùhe ptrenol-extracted product having a ædincntuÈion

value of 55. Cl{V-¡tì'A eontained tro pea}ts of ¡.rì.rA 235 a¡rd 14S

(see IiaIEr et gt.r 1965) vhich yielded a produet vlth a

sedl,mentation value of about 65o ll,or¡errerr tt íe difficr¡lt
to drav any eiçnlficant conclueLone frø¡ tJ¡eæ rasults
on ttre else relaÈlonahip Þetreen tenplata and product aince

in each aBBaT tuÞ the R¡\À nade by tÌ¡e Cl,lV-inducGd ttj,¡A

pollareraøe la only O.O1'å of the lnn¡t t¡mplate RÀÀr
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DISCUSSIU.¡

Tlre rosultc preænted in this ehaptær ehor Èhat

th€ eoluble älir\ pollmerare produced a franc.r¡eatic ribqruclcase-

resiatant and presunrably double-etranded eÈructure vith
either added yeaaÈ Rl.JÀ or CMV-ttNÀ tenptate. Af intereet
yas the fact that vitl¡ the cMv-Lnduæd tù'iÀ pol¡merÊse

eyeten the behaviour of Èhe R¡vÀ product tward the actior¡

of panereetíc ribonucleaæ yae in agreement vith the

prolærtiee of the produeta obtaLned in tbe other planÈ virue
RlsA pollmeraae syetene (go\é 3,¡! gL., 19681 Semal , L97O).

in that the fùüA product in lts native etate (before

deproteiniaatlqr ) v¡e alnoct crornpletely reeictant to
pancraatic ribonucleaae digcetíon. Thle aituation differcd
frm that described for an R¡"¡A phage by BorsÈ and irol,sffian¡r

(f965) a¡ra by Feix gg gl.. (rggs) vhere the product of Èhc

nucleotide incorporatiqr vac aÊnaitir¡e to pancreatic

ribonucleaae in the natine atate r but becqre ribqrucleage

reaistanÈ upor¡ deproteinieatiqr. Horeverr in general¡

cmpariaong betreen the produets of plant virus äI.'tA pol¡merasea

and ribonucleaee-free phage-lndueed rù'lÀ potlnneraaes are made

difflerlt becauee of the differenoea betveen endogenous

ribonucleaaee (although lon in partly purified CltV-ínfect¡d

cuctuber extraete ) and in tho ef fíciency of nucleotide

lncorporatiør.



FIGURB 6 a EFFECT OF 9A¡¡CITEÀÎIC RIBOI.UCLEASE AC TVITY
I¡i THE ÀSSAT HEDIU}I ON THE RhÀ POLY}TERÀSE

ACTMTY I¡'¡ PÀRTLY PURIFIËD ExrRÀCTs OF

CIJC-TJHBER ilOSAIC VIRUS-IhFËCTËD CUCUMERS

Àssay gf ptfr,ly F¡rlficd Rl'¡.A pollnsra¡Ë
(prcpr¡:ud by ÐffRÀCTLO|\¡ HETHOD C) rrre crrricd øt
re dcaertbed Ln l&thod¡r vLttr 1.O ng of ¡æert RNA,

and O.l3 ng of plant protcin prr raetfr Houovurr
F¡rcrcatic ribonuclcaæ (O - 1O pg) va¡ addcd to tlro
alray tuÞes ( . - o ). ÀÈ thc ênd of thß lncubctlon
Ln a perallcl ex¡nrinent¡ r¡¡ e:<trl 5 l.g of panercrtl,c
rlbqrueLercc vac addcd to clch ülr¡y tub rhlch v¿s
Lncubrted for a furtlrr 3O nin. rt 3?o to deÈernl¡¡e
re¡Lrtr¡rcs of th,€ pol¡mcreac product to ribqructoraG
dlgsrtion þcfore acld preclpltatlqr ( o 

- 
o ).
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FIGIJRE 7. EFFECT gF PÀT{CREATI,C RIBOùIT'CIAASE CIN

TI{E PIIBÀ¡OL E)CIRÀC"fED PROIX,'CT OF 1T{Ë

RNÀ POLU,ÍBRÀSE REACTION

ftre product of tbo RNå pollæraec tcrctlor¡r
uelng lr0 ug of Fr¡e RNÀ or f2O pg of Cl'fl/-RNA end

lab:ltcd Utp-32p rddsd to thG atrtlf, u¡dlr¡r rr¡
iælrtad ra da¡crlbd l¡r lGghodt. ún product vr¡
di¡rolnçd fn SSC endrarplcr (O.2 nI) nrc lnc{rbltcd
ylth prnsrrortlc rlbonr¡eleaæ (o - r0o Fgrful ) rt3zo
for 3O rln, Acld-l,nroluble artrrl.el rc¡el'nlng aftor
ttrl¡ trcetmnt rre colloctnd e¡ dc¡crlhd tn chrptcr
1r
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FIGURË 8

-

TI{ERMÀL DËITAT¡JRÀÎIOIy CIJRVË OF TÉTE PHIÍI*OL-a

REÀCTION

-

Ílrc ÞroduGt obù,al,ncd ualry l.O ng of IrGarÈ
r{N:À fr rcmy (uglng urt-32p ae tt¡e t'öbell'ed a¡batrat¡
tn thG ¡rmy) rec Laol¡tad aa dc;crlhÊd ln I'tethoder
dl¡¡olvud ln Ssc tnd h¡lf tÌ¡e ruple yrg Lncuhttd
uitÌ¡ panenretj.c rlbæruclcaæ (f2 Fglnr) rt 3?o f,or
3O nln. Sålplcr of the ru¡traeted arrd rlbonuclcaæ-
tnrtrd product, üare tlnn lneubrted fn æa1cd tubaa
for lO nin. at the tcn¡nraturcs f.ndicrt@d. TlÞ
¡olutlonr ue¡it frosrn ln en etl¡ar¡ol-dry læ llxturer
ttrawd end dtgßatßd vÍth Þane¡rrtle rlÞqrucleaÊe
(f2 pglîf) tt 3?a for 30 nin. Àcid-l.n¡oluble
urtorLrl va¡ collectcd ünd eo¡¡nted ra d¡¡cri,Þcd ln
Chaptor lr
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FIGUAË 9 a SEDIMEhTÀTTCII.J À.T\¡ÀLYSIS OF THE PTIE¡\¿OT/-

EXTTùå,CÎED FROII.'CT OF TTÍE RhÀ POLY!{ERÀSE

REACTION

-uxeeFþent À. Thc prduct vae Llolatcd as &rcribcd
fn lntl¡ode uelng 1.0 ng of, yerrt R¡¡À DËr a8tay at
tenrplato e¡¡d UTP-32p ar tÌ,t lahlled ¡n¡bst¡atc. Tl¡Ê

product va¡ dl.¡eol'r¡ed Ln ssc and eauplo¡ (O.2 nl)
aontafnlng rdded pr çE!! RNe (23Sr r6s rnd 4s) tt
nartser ænÈrlfuged ttrrergh r 4..¡Ú nl gradlonÈ of
5 - 2ø l¡r¡croae in ssc, Ln a &clt¡rar¡ sH39 rotor rt
33r00O r¡m for 5 hour¡ ôt 30. tto drop fractLqrc
(0.O8Í nrl) rsre collectcd f,rcn the Þotts of tha tube
end alterrílate f,ractiqrs uæd for ttn e¡t'lnatLør of
acld-Ínsolubls ndlorcÈivity of ths Produet aa

&ecrl,bed ín chapÈer I or for Èhc det¡talnatiql
of opùlcal ðn¡Ltï et 260 up aftær tbp eddltd.on
of 2.5 nl of v¡tert thg l¡ttGr ¡¡esult¡ garrc tln
optlcel &nrity profl.Ie of thr tr¡rklr g. col¡ ÌtNå'

hrL only the po¡ftiona of 4s, 165 a¡¡d 23s peelrt âre
drorn¡ Íhe optical dan¡lty Proflle of Èhc yeaet RNÀ

u¡cd ar templrte va¡ &te¡mirnd 1n a æptrnt¡ tubC

at tltc rrqrr Èl¡ne un&r tln cum c.or¡dlt{or¡s.

ExpFrlnenÈ 8.. A" for ex¡nrincnt A GrÉ€pt that
120 pg cMv-&ÀìÀ per asaay rf,s uæd as tsnplete
lnstead of ¡æaøt RldÀ¡ LlkeYlær thß optical dend'ty
of tÌ¡e Cl'w- RNÀ uaed tB t¿rüplats ¡ra¡ deter¡Lned in a

sepa.ratc tube un&r tlre aailñt cunditiqre.
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CUCUMtrR COTILËDOÌrS

INTRODUCÎION

-

À¡ nentiqled ln prevLous châptere¡ plrnt vln¡¡-

lnduced RNA pol)rrtcrcÉ acùlvlty trer bocn rpportGd ln

parÈfculata (chrqroplast ¡nd n1Èochwrdrial) fnetl'ona of,

virua-inf,ectnd plant ÈL¡ar¡e (æe rlpo Introductlon) . Rclultr

obtal.rrad vlth auch particr¡latc fraetlørt of other fnfoetod

plantr ü¡ggÊated tlraù th3 R¡\A ¡nlymreæ uaG prGsnt l8 ln

Gtxs¡r¡G-vlral Rt{À ccmplcx (a repll,ertJ.ng coplex¡ M¡ l96?arbrct

scsel and lfællton¡ l96t ). Thu¡ PartLcuhte fractlqr¡ of

CHV-lnfccted cuernlar eotyledonc iltro lnveatlgnt¡d uith tln

aln of &temlning rtrether et¡eh a cmplcx ex|¡t¿d tn thcæ

f,nctlqtr tlÊoe

Upql J.nwstl,gatlqr of prrtlct¡lata fractl'or¡l of

Crfl/-lnfectcd cr¡cuuber cotylsdq¡¡r ¡ vl,rll-lnduæd Rl'¿l

polymraaê ïra for¡nd t¡sociatßd vlth tlnæ f,rletlqra. llll¡

r¡¡d tlg follqving tno chapt¡rc vllf da¡crib ærreral aspsqt¡

of thc R!'jå, pol¡mertæ eetl,vl,ty ¡ctocl.algd vlth partic-ul¡t¡

freetlsrc. Ttrucr ln addltl.øt to ttto soluÞlê Rtttl poflmeraæ

¡13rcrl.bad in tlp PrcviOu¡ chrPtarar r vlall-fndueed ¡$¡¡

pOl¡l¡craÉ uraa pt'oænt ln prrtl,euletc freetiorr¡ of Cl{V-

l¡rf,aetnd ct¡eutber cuùylcdurr.
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METHÜDS

-
l. E)$itACtLg¡{ METHOD D.

Gxtrreta¡ À11 p¡ilf¡rratl.sr¡ u¡rG lËrf,ot¡cd et 4o.

HonogÊnates IGre pleÞared by grlndlng healthy or lnfoetad

p¡aDts ln a nort¡r ütd pcstlc t for erc[ gp6 frc¡]r illEht

of tl3ßrGr 2.O ül of tlæ follovlng Gt(tractj,q.r tr¡ffer arIB

addGd bcforc grlndlngl 0.3 { nrcroc (10.2}6 t/vt add¡d to

üal.ntaf.n lntcgrlty of plant org.IpllGs), O.1 U ¡'il{4glr 90 EU,

2-ærc¡ptætbanolr 50 n¡{ Trl¡-HCl Ìr¡ffer pH 8o5e The

hoognnate a'r¡ sqqeezÊd through a fl,na nylq'l cloth e¡rd

æntrlfugpd rt 15CI g for 5 Efurr and tha pellet dlecarftd.
.ttre auprrn¡tant rû8 canÈrl,fugÊd rt l6rOOO g for 1O ninr Èo

ylcfd r pollGt, (16rOOO-t,r tl¡c Þartlcr¡latô fncÈiør) ana a

l6rOOO g suparnttant (16rOO(Þ5r th6 tolublc fractlon). ThG

¡nllcÈ rr¡ varh¡d tvicc bI' susPcntion ln ¡nd rdlDont'atLon

fro tvlæ ÈÏre orlglnel volr¡re of GÉrectios¡ Ènrffer üd reg

flrnlly ¡u.Innæd fn half tJre orighâf \tol'rln€ of e:(trseÈio¡r

trrffcr Vl,thout, tucgo!Ê (f .arr I'O nl PGr gran f,regh rright

of E¡lr¡rte). nìG 16¡OOO-F fracùiqr sonÈrinßd 3.5 - 4.0 ng of

protcln par n1 and th6 161000-5 frrct|sr Gontrincd 6.8 - 7.5 ng

of, prottln Inr nl. IÎF 16 r OOO-P fractiqr csrÈained negll'glble

plant rlbonuclGlæ actlvlÈy fn csrtrast to Èhe 161000-5 frectLqr

slrich conta,fncd detectaþlc plarrt rLbonuclstae rcÊivitl¡

(O.2 - O'35 l¡g PGr El).
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2. Agt¡v of R!{À eo¡.rñ*GratG ¡ctívl,tY. Àeeayú UG¡e ¡ErfolilOd

a8 lrìÞvf.ouslr &¡crlhd tn chapter I uetng lo.8 Ìeolcr
üEson/aa6ay (29 nrlf ) .a¡rd GTP-32i rs tht labcllcd ñrbctnÈG

(unletc oÈherÏl&t atated). À1¡o 0.35 - 0.4 ng of l6tOOO-P

prqç,6ln (0'l nl,. of partlcrrlats Þre[¡a¿tlo1) or 0.68 - 0.7$ ng

of 161000-5 protsin (O.l nl of sotublt Prcplratlon) ut.rl

ad&d rrtth or vithgtlt 1.0 ng of yçast RliÀ¡ Al1 areayt ga\¡D

l{near LncorporaÈlon of tho laÈÊllcd nuclcotl& lnto product

for 30 ¡rl.n. Psrticulat+ and Eolublc fnetÍor¡a norntlly

lncorpoptoä 2,OOO - 3rOO0 cpa p3r tisay of GTP-3Zp undrr ttr¡

:ta¡¡d¡rd t83{¡lz csndltiqr¡ viÈh l'o ng of ltçett RlriA pnÐnntr

RESULTS

l. v-

.l

g¡rtJ¡et¡ of l,nf,qetad É:uetnÞrs. ThG raer¡ltl pro¡GnÈed tn

Teblc I shorr thrt ln ttp ÞrcsÉ¡nce of rd&d 1utst ttt'¡À iJt thc

erceJr nedLrn (containing 29 nE tfgso4)r 66,6 of tIrG CHV-

lnduced iüA Þolyacre¡ls ectlvlty üaa loc¡tod ln t¡c ¡olublc

fractiqr (16rOO0-5l me Methode) of ct(Èr¡cte of CltV-Lnfectcd

cl¡ornþra, 5?; in thG 15O g PGll,etr 13þ tn t'hr I,OOO g pollct

and 16.),6 tn t¡ß l6rOOO g pellet, Thur¡ dlffcrentirl contrl.fugltl'qr

r¡sæd th¡t tlre partlculatc fnction eontal¡cd ¡ totel of oüÉ-

tlrlrd of tl¡c tot¡l RlrA polltttgraæ actlvlty. Houevtêtr¡ ¡rhan

lcrrt itNÀ vae 6iÈtcd frm tle assay nrcditnr lor tr¡t

¡fgBlftcant Rr*A po1tæraæ rctlvlty Glould bo dotcct¡d ln the

¡olubla (l6rOOO-s) .nd pa¡tl'cr¡latc fr¡ctiqr¡ of infGcted

cueluÞr G:Êrrcts (æe table I ). ?tx of thc Èot¡l RIiA

poll,rcraæ tctivity inependent of, addsd RNA rat located I'n

.l
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tho partl,cr¡l¡ta fractl,on. Thusr p¡rtlctrlrte fractLqr¡
contain€d tno Cl{V-induced RlvA pollmeraæ acÈlvltl.e¡r orp

e¡lrndonÈ on e¡rd onc lndcpentlent of the rdditl,q of ¡nert
I(IuiAr Hcatthy plartt, extrtct,s conÈal,ned rælt}¡er of thcæ

actl,vitl.e¡ (æe I'ablo 8)r thc prrtlcr¡late freetlor¡

sedl¡rentlng tetr.cGn 150 g, errd 16¡0O0 g (161000-r frectiqr)
va6 uatÐd in aII tlre eubaaqrænt extrFrinenÈ¡ on thc partlculrto

RI¡À pollmareæ. ¡.J¡Ehl,ng of tht¡ fraqEiu¡ ul"th either
e:ctractlon U¡feer vittr or rithe¡t sucroea (æc lìlGthde) feilGd

to relcaæ rny part,iculata .RhÌA polyæreee acÈivl,ty (aac al¡o
Chapter 7)r indlc¡tíng the absencs of qrtoplamic (solublc)

IINA Fotyncr¡De csntenination.

2,

Þartlculatn rnd ¡oluþle fractlonc. Figure lO nlror¡ tt¡r

rppGartnce of the CHV-lnduæd RNA pol¡ræraæ ln tt¡c ¡¡rrÈicr¡Irt¡
(1610OO-r,r aaealred in the prerênse and abænæ of lnrrt RNÂ)

¡nd eolublc (l6rOOO-t¡r aaea¡led ln the FrasenoÊ of tcrrÈ Rl,¡À)

fractlcr¡ ¡r a fr¡¡rction qf ti.ne after f.nfcction¡ TlrerË vr¡
a ¡lqml,fl,cant lncreaæ in activity tn boÈ,h frectl,qrs abo\rG tlp
rregltglble healthy ptant level (healthy plant eoluble ¡nd

pcrtlcrrlatc fractLor¡a re¡¡e aeae¡æd in tlm pre¡encç ûrd

rbæncr of adÒd ycast HliA) on thc Èhird ôay rf,trr lnfcctlon.

ft¡Ë lcvel of thc KNA-dcpendenÈ aeÈÍvlty ln the ¡oluble

fractlsr (16rOO0-s) rerclæd a plateau on abo¡t day 9¡ rl¡crce¡

tlË lcvrl of tlp partleulat! &NA pol¡meraæe (ruve dopen&nt

plur ¡tNÀ lr&pondcnt ) &crcaocd after day lO of lnfcction.
Plr¡rtr uæd ln eft aubrcguant cxperincnts lnrrclvlng prrtlculrt¡

Ct{V-f¡rdr¡cld RliÀ pollænet harn bcon infcet¡d tor 7 - 13 deya.
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Tho goluble (161000-g) prcpantlqr ¡ùren tstrycd un&r tlrc

atated raeåy eonditiong uithf,rt l¡caat RNÀr gatn r¡agtlgiblc

lÈNA pollmorË¡o actlvity.

3.

Iü\¡À Þolvucreæ aetlvigT
(e) .

It¡e cffect of HgSon co¡rôÊntrEtl.on on thc RNA poflmnæ

aetlvity Le Bhtrn ln Figurc tl. ThÊ RÀÀ pol¡ncreac ecÈIvlty

de¡nn&nÈ ø¡ rd&d l¡Grtt RNÀ yäE for¡nd to be o¡¡tlnal et,

20 - 29 Eg lcg$on (7.5 - lO.8 lnolee./rs¡ay)o Ìbuovcr¡ thc

aetlvity lndcper¡&nt of rddcd RNA hrd a hroad MgsO. optlürr
ot 2.7 - 29 B[ (r - lO.8 ¡nolee/aacay).

(¡) . Thê dcpcndcnce

of RìvÀ pollmeraæ actJ.vity on the preænce of all fq¡r
riborruclaoeLdo trlphoaphaÈc¡ (uelng GfP-3ZF a¡ thc lehtled
substntc ) vtr J.nncrtigat¡d by olttlng elthcr or¡G or tlr.rce

of tln unlabelled trlphoaph¡tee frcn thc ea¡ay ncdLun

(Tablc 9 ). Tl¡cre vas alnocÈ cupletse dclpndenae on thß

preænoc of all for¡r trLphorph¡t¡a for boÈh tlp Iì,N¡\

polyncreæ activl,ty dcpandcnt, qrr and ttp ItlçA polyrerarc

rctlvlty lnOopendcnÈ ofr edcbd ¡reast itNAr

(c) Ílro cffeet of snthetl,c potynueleotldor. Trb¡.G lO

ahovs the cffecÈ of the addltlon of ¡nart I{NAr polyu or polyC

to eecaya of hcalthy and CHV-l.nfcctêd pertieul¡te extracÈa

url,ng etp-32p, crp-32p, urP-32pr eÌ ctp-32Ë rE tþ lebellcd

¡ubrtnte, Thê l6r000-i' fraeÈLtr frcr healttry plants

Ineorporated urP-32P and espeel,ally crr-32r' lnto acl.d
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J.nsoluble naterial ln th@ prêælrce of tbe other thrÉG

unlaÈÊlled rl,bonuclcoaide trlphoephât@ßr both 1n Ètrc

preÉ;ncê a¡¡d absenee of ¡rcaet Rl{Àr ltrk aetlvfty srlur and

above that" fûrnd vftlr ÀTF-32p and eTP-32p et laÞIled
gubaÈratc ras alga ¡horrn by the 16rO0O-Iï fractiqr frm
infected I:lantc and ce¡r Èc explairæd by thc t¡t¡lnal
lncorpor¿tlqr of UtF and CTF lnto Èran¡fer i;t¡\iA prcænt 1n

tha l6r0O(ÞP fraetiq¡ (¡ce ¡¡a¡rlel end Llttaugr' 19631

Gilflbnd and S)@onËr 1968 t cee al¡o ChrpÈerr 3 anü ö ).

Ifgruæ of thLg èf,fect GTI,-3ZP tae alueys uæd for tÌß rqrtfu¡c

lge¡ of the R¡úÀ l>ott/Eerare ln rll øtrbæçlent rcrlr, Rc¡ult,r

ualng crg-32p lnd ATF-321'ae th* labellad subatrate lndlcrtoa

thrt naxlnr¡n ¡ßiA pollmeraae acÊlvity vas &teeted rrhen

ccplonentar¡z bare pairlng b¿tnccn t}æ added ithiA or

elmttrctlc pol)mucleotl,de üt8 ltocaLbla.

ÍÌæ deùec{,lor¡ of cæ actl,vlty thåt na¡ in&pandent

of iddsd R¡IA and of btæ pelrlng betmcn labellod tub¡trato

a¡rd added tsnpla@ ruggGrttd thåt ¡lÀJA (ho¡t and/or vLr¡I )

prescnÈ in Infectsd plant €¡rtncts raa llao being copied.

th toÈal RNÀ Gont¿nt, of the I6¡o00-P fraetl.qr rae fonrnd to

Þê lO0 - 120 t¡g/nf (100-120 ltg/trß fre¡b nlght of plentel

æe Chaptcr I for neÈtrod)r fùi¡ EGI¡¡I thnt, l0 - 12 pg of

IWÀ war added vlth tt¡p l6rOOO-F fr¡cÈion durl,ng caclr cÌ¡¡l'te

Irtrlr Thlc Rr¡A has Þon leoleted (¡¡lant p¡rtLeuht¡ RlùÀt

æG follælng chepter) en¿ cxulned by pofyacrylenl& gel

electrophoturfa (ncthodd ræningr lg67). lþwvçrr the RNA

eonsfsted of tvo meJor r¡nclae of 1ol x 106 (23s) and O.56 x

106 (r6s) nolecular relght. lbrtevÉr' no apFarent vLral-
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lndueed RNÀ olpciea rcre dctæcted rùcn thl,e rur¡A yas co¡nred

ulth Ëi,Ì'iÀ €xtractcd fran partictrlat¡ prø¡¡aratlona (16rOOO-P)

of, hcalthy planta (cee alco Ve&l and Draourt¡ 1970).

(d ) ftro effect of o¡ncreetlc rlbonucle¡æ. In tùe prarÊncË

of 15 Ì¡g/îf (5 ¡Slac6ey) of pancreatic ribonuclcaæ ln thc arr¡Ir

nedirm, nel,ther the ad&d RNÀ dspcndent nor the added itriÀ

Lndcpendcnt RìüÀ polyueraæ FrG &tected¡

(e) the effect of added Dì'iA . Thû rddltion to the aa¡ay

rrcdl¡¡m of 25O Fg of native or heat-denatured salnorÌ Dl',À

(replecing teast xJrÀ) r both in thc prcænc€ and abænce of

actinoycin ¡:¡ (2.5 pg)r had no cff,eeÈ on the rJltV-indus¡d ¡tf-iA

¡rol¡areraae activity. Êbnce¡ no &tecÈable D&A-de¡¡ehdent RNA

pollmcra¡e activfty rae ¡rreecnt in tha 161000-Ê fracÈ1or¡.

DISCUSSIUT{

The resultc preænÈed abqve har¡ç ehorn the

prGscnoe of a virua-l.nducçd RñJA pollrrreraee in both eoluble

(f6rOOO-S) and partieulatc fraction¡ (16rOOO-I]) of cucr¡rbra

infeetcd vith CÞlV. In tln partLculate fractioncr tuo viru¡-
lnducud Rt\À polyncraæ rctívltÍea sere foundt on€ reguiring

the additfon of nÌ,iA and or¡e not ragulrlng the addltion of

ItNÀ to the a¡¡ay nedirn. Thl¡ latter actlvlty ye¡ not fq¡¡rd

in clther cru& (16rOOO-5lr or partly pnrriflad (¡ec Chrpt¡r 2t

EXTR.A,CTICü,¡ HETHOD C ) r extraetc of eoluble kNÀ pol¡merarc u¡r&r

the defíncd aosay condltlone (Èn¡t æe ChapÈcr I ).
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Ttrc anor¡¡rt of laballcd nuclco¡lde tripho¡Fhatc

incor¡rcrated into aeid l.nroluble product (2.5 - 3.5 ¡r¡uorcrl
nlnzfug of proÈein) by the particr¡tate ClrV-fnduced RNÀ

pol¡anerarc indelnndent of addcd RDiÀ rac ginitrr Èo that
¡¡eporÈcd by aové (1967arÞrc) for tho T$rV-inducrd ilNA

pollnerare and apprcelably grcator than tbat, reportod for
othcr virue-lnfGcted pla¡rt ayatearc (¡ee tho Introductlor¡ of

Chepter 3 ) o ff the baaic acsruptiq¡ of tho rork &¡crl,hed

l,¡ thrt, the vlru¡-lnduæd ltNÀ ¡rcllmeraae undcr invertlgatl.on

Íe rea¡roneible for Èho þ vlvo rcplJ,catlqr of vlral rt¡,iA, then

thc ¡nrtle¡l¡tc fraction de¡crl,Þd hcre nay cont¡ln the

CUV RIiA-RliÀ polyücnæ cqplaxr vtrleh va¡ dctcetod by tÌæ

Rr{A pol}'üGraæ activLty lndæpendcnt of IErüt Rl\À. Thu¡ thc

RNÀ potyreraaG actLvity uhlch incorpontrd labefled

nucleocldc tript¡o¡phate¡ into an RllÀ product (æc ¡lao
follqrlng dhapÈcr ) in tlre abænce of added RNÀ tcarplate vee

ainllar to tÌ¡e acÈivitic¡ descrlhd 1n othcr plrnt vlrur-
infected particulate ayetcae. It ra¡ hofd that an invt¡tfgation
fnto tlre nature of thc product of the partl.culata CltV-Lnducod

it¡iÀ potyærlæ lndopondent of added RNA ro¡ld csrfinn tå*

predictlon of c¡r cnrync-vlral RNÀ crcrplex.
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FracÈior

FclleÈr 15O g

Ë€11ct,, l¡00o g

Pe1leLr 16¡O0O g

C¡ÉoplaurLc
(¡oluble) extr¡et
(16rooo-s)

DISTi{IBLJTIOIi OF CUCVI{BËR HOSAIC VIRUS-üúOUCED

K¡'A POLYHERÀSE IN, C¡tUDE EICIILACTS Of' IhFECTËII

cticulIËË;its

Total unita of ena)añe actl.vltylgnn
fre¡h night

Pluc yoaat, RliÀ Hinu¡ yeast itt{A

tbelthy Infectæd Healthy Irufeetcd

o.o

0.0

1.0

o.o

13.7

37.4

45.O

r90

0.0

o,0

O.O

0.o

1.O

3.4

5.0

4.0

Ttre enzlnna vaa prcpt¡1ed rt dctcribGd in roÛtoas
(ðxT¡r,Àcrrüil ltËTHoD D) dtn ttp nodlficaÈion that the hcrogcnrtG
vaã agueczed throrgh ¡ douÞle la¡rer of very fine nylon clothr
rnd orntrifuged at l5O g for 5 nin. r th@ ru¡nrnlt,e¡rt coll¡ctcd
and centrifuged aÈ IrOOO g for l0 nino tnd flnell¡r ôt l6rOOO g
for 10 min. Tlre ¡nllot¡ and ûte ffurallsu¡nrnat,ant (16¡000-5r
cytoplaal,e e¡rtraet) nra collçctGd. Attryl-rore perfo¡ilcd
vltt¡ and vlthout added y¡ttt RhiA ucing GTË-32F ât th.
laÞlled ¡ubetrate. Ito¡r¡lt¡ rre G¡cÞFG¡scd aa total Gnzltæ
r¡r¡ltr lrr gnm frei¡h relght of leaves. PhnÈa rerG h¡rvoeted
1O daya rftcr f,nfectl.on.

1¡ dofined ee that auou¡rt rhlch
laìellcd nuclcorLæ trlpho¡¡¡hatc

ü¡e ¡InclflcdlnÈo aeld-ln¡oluÞlc naterlal Þor min. u¡rder
rcarlz condltior¡¡.



NUC¡ÆOSIÐË TRIPHOSPHÀTË trEQUII{.EI{E¡Ù1S OF TITË

ÀSSAY SYSTËH USED FOR l.lEASlJIlEHEt\T OF

PARTICU¡"ATE RhJÀ POLIT,TERÀSE

SBeelfie cnz¡matl,e actlvlty
ltcaetl.qr url.xture

Cqrplcte

-ÀTP

-CTI"

-UTIt

-ÀrF, -cTP,

Plus l¡cast ltlüA Hinu¡ yËret ¡{NA,

tlcalthy InfGctrd rþslthy InfGct€d

o.l
o.2

0.0

0.0

O.O

l{.3
O.4

O.?

O.4

O.l

O.O

O.0

o.o

0.o

O.O

3.5

0.1

o.o

O.O

o.{-UTF

'I'he partler¡late frnction (l6rOOO-P) vas Prcparcd rt
de¡eribed in trothod¡ {i¡nrn¡ctlon }rETHoD D). RNA polyue!'rco
aetlvity rag agaal¡old as deserltÊd ín llethodc ucin! cõp-3?i'
er thÊ l¡þalled n¡brtntcr vitlr or rl,thq¡t addod ytast r..I"lÀr
Ltn¡abellod nuclcorldê trlphoophates rcre eltted ae lndialtcd.

¡ Þr¡iloleE of laÞclled nueleo¡l"dG
tr acLd-ln3olublê nrterl¡l Dcr
nin. Fcr nllllgrenr of proteln.



TABLu 10 a

specific acaivity vít-h laÞlted ¡ub¡Èrat¡ lndlcatedrntlÈhy plante Infected pl'rnteRr\À addcd
(25O ury,/¡¡¡tayl

32 ?? 32, 37 32 32 32 32GTI'- P ÀTÊ- F L,'fÞ- û CTP- ts GTP- P ATI'- I, UTP- l- CTP- v

hiørc

ÞarÈ

pofyU

polyC

OrO

0.o

o.o

o.o

o.3

1.4

0.4

o.2

5.O

5.5

4.9

5.5

49.8

54.6

46.1

50.1

ZrL

13.8

4.5

2L.7

2.7

15,3

19.E

4.3

9.4

l8.o
8.2

E,4

60.o

'16.9

59.4

60.5

The Rl'{A pol¡æeraac ln tlp 16¡OOO-[' f,racti.on uas elta)ard
as de.crfbed ln r+ethode exccpt t, r¡t laest_RruÀ arrd po¡yanoleoLf&t
rÊre PrEænt dt 23O pg/aasrl¡ N,nd rlth a-3Zp-sl.bs¡ueteo.ldê
trl!È¡o¡phttct et indicaÈed ln the ¡rreaena d ttrr otlrer thrôi
u¡¡lrbllc¿ triphoephatea.



fIGUfrE lO.

ITIEFÍÍNTÍìTI¡' ft}I 'NrfÉ IÍVFTI'T'FY fIF rlMA TN

PARTICULÀîß AÀID SOI,T¡ÊI.E FÅiAClI.Ogs OF

INPECT-ED CUCI¡DíæRS

TO'tal cnrynG unf,tr I¡Gr grll frtdr
rright of pl¡nts Lc plottcd at r functl,ør of d¡yt

eftor lnf,ectlon for Lnfaetod and tærlÈlry plentrr

solublG (16 r 0OO-S) rr¡d Frti.eulatr (16 rO0O-P )

fraetlona rÉro prcpartd arrd trsayud aa dcccribd

ln lettroCe unlng lO.8 ¡nolcc HgSoO per ¡sor¡r (29 ¡lr)

tnd erF-32p .t tabellcd aubstratc (plua or nl.nu¡

1.0 ng of lætrt ¡tNÀ).
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TFIE NAIU_IIE OF THI' PRODUCT OF THE CUCTI{BE;R T'TOSÀIC

VIRUS-INDTJCED PARTICIJIÄTs RNA FOLÏ}TERAÍU

II'¡TRODUCTI(n\¡

It rae hoped that an inva¡tigation into thc

n¡turo of Èhe producÈ of thc perticrrlate ClfV-lnduæd RNÀ

¡rcl¡arere¡G rGactíon rould cqrflru ttp prcscncc of ar¡ Grrrlne-

virat ltNA ccuplox. Thc tcuPleto Prc¡cnÈ ln ¡uch cøplcxea

l¡ u¡uttf¡r Èhe cøplencntaqf ninu¡ ctrsnd of viral RtiA a¡rd

thus suctr ccrple:oee ¡rroduce vl,ral-llltc plus strand¡

(ËovÉ, l967arþl Àetier-lranl.frcl,er and Cornuotr 1965t

ìgeisnrnnr 1965) vhetlrar fourid fn anl"ual¡ bactarial or

plant virue-infect¡d ryrtear (æc aleo IntroducÈlqrlr l{G

havu Èì¡ur LnvestlgrtÆd tho neture of tho product of ttp
pertiorlate 8ttÀ polymeraæ rGaction vlttr re¡I¡ct to ¡ise

and rcel.stancG to pancreatic rfbonueletoe. fiybridfe¡tiqt
experinent¡ rcre rl¡o attaurptcd Ès Cþtenrine if viral xNÀ

YaÊ produeed.

}lETHODS

l. As¡ay of particulate nllÀ polrmoraæ eetl.vl"tvr Aonyt

uerG lnrfoEn€d ae d¡ecrLÞd tn Ctrapter I uelng etp-32p ea

the labelled rubctrate¡ vlth or vLthqrt' ad&d yçast Rh¡À

(l.O ñg) and ln the prescnce of 29 FH l.fgso4 (10.8 ¡uoleelallry).
Ëartler¡latc nF;À pollmeraee (l6rOO0-P) rcrç prtÞarGd Þy

E)C$IÀCTIOÀÍ MEtHOD lJ (æ ChaPter 5).



77.

2.

. TltGæ rero

crrrled onlt te previously deeertþd In Chapter I Gxotpù' thrt

the phcnol GxÈractLon uts perforæd at 600.

3. . Aft¡r
phenol énÈraetion of tte prodüctr thÊ R¡¡A YtB dl.t¡olvad In O.3 Ë

NaClr O.O3 { rodlur cl.trate, pH 7.0 (2 x SSC). For Gach

troltnentr 10 Fg of tlre Labellcd RNÀ ln O.l5 nI var Eisd

v1Èh 50 - 200 Fg of thê ttatod iiJ'¡À l,n O.15 nl Ln a P¡rrex

tuÞ rrtrich ra¡ 86aled. Ítre 3.np1@G tÉre tnated at 12Oo

for lO nlnr ln a glyærol bathr then tt, 85o fot 2 hourar ând

flnelly rt 65o for I hour. Àftcr cooling to roon tanperatrÍe¡

tJr€ Bultr¡lca rer€ incubated viÈh 30 pgzîr1 of PancreaÈic

rlbonuelea¡c for 3O nin. at 3?o. Acid-insoluble radiooctivl.ty

ras collcct@d tnd eountcd aa &ccribÊd ln ChepÈor I '

4. I¡olatlon of !|D,IA fror partlcrrlqto- plent cxtracte.

(I6,0OO-P). The l6rO00-F frrctl,q¡ prGprrGd: frø lnfcctcd

cueretbers (gxtnlctlolr I.triTHoD .Dr Chapter 5) vre ¡t¡a¡rcn

vLgororrly vfth tn Qquål wolr¡lG of 78fr' rqueoua ptpnol .t 40

for t0 nlno and SDS (f,tn¡f sonoentratLql 1.OÞ). Àftcr

cGnÈrl.fugatlon tt 5,OOO g for 1O uln.r the lqucous le¡tcr

vaa re-G:rtractcd tvl.ce vlth an egual voltm of 7Eb aqJu€oul

¡rhenol. üp equGoua layerr aftßr t total of, th¡?e Plpnol

extractfon¡ ùnd centrlfugatiolls¡ rraa ¡haken vith en agu¡l

volunG of ethorr ThG çthor-vatcr nrixturG vas aentrifugßd

at 5,OOO g for LO mLn. r thc etlrer laltßr vls renorltÊd, üld

the R¡iA var prÊcipltatcd by Ehe atlditlon of tro r¡olumca of

:
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ethanol. Th,e yield of ¡ìliå, rrÀ8 100 Pg/gren freah reight

of plantg¡

. ItESULîS

1"

doççn&nt On added ,rüû. The Froduct of ÈhLe êna1,rlo ret gg¡!

rasoeLated vitn fracÈiorrB rhLch ædLusnÈed at 16 ¡ OOO g

¡ftcr the aaaay (ûoat probably b6eauæ thLs RÑÀ polyüenæ

vaa ¡olubillæd dr¡¡lng tlæ actayt ece nerrt, elrrpter). Ibc

ptrenol-extncted produet (fonncd ln thc [trcænoa Of addad

yorsÈ RliÀ or CHV-RÀIÀ tcmplatc ) of this Gntltne ahmd thc

¡anc resl,etanee to digeet,lon (SOß) by pane.rcrtLc rÍbonucleage

u the product of ttre eoluble Ri¿À pollmcraüa prevJ-oualy

&scribcd (ece Chapùer 4). In ùdditlon ¿Lnllrr uclting

propcrtiee uÊre obùalncdt for example, lt wae nesetsary

to prodigcst tho prbduct (fornea ln the prGænoG of edd¡d

lnga¡t RhÀ tcnplatc ) ylttr Pürcrottie ribonuelease before

r ncltlng proflle eor¡ld þ3 obÈalrnd rnd thl¡ ga\te a TE of

g0o ln SSC. Iñceu¡e all theee ¡¡cn¡lt,¡ Ítr@ cgacntíally tln

rüc aa tÌ¡oae already pr€ænted !n Chaptar 4r thoy arc not

rGprodueed lgaln.

2. Tl¡e naturc of the Þroduct of tIæ Darticrrlrtc ft¡\À

(a) Phenol errtractiqr of tho nrodgcto I'lore Èhan 8OË

of tho produet of thia Gn¿Ime raa araocleæd rith tbe fraetlon

tþat ædl.¡renÈed at l6rOOO g after the tlgl1lr HoÈ pbcnol

extractLon (6O0) of the ac3ay nediun vhfeh GanÈ.j'nGd no

ad&d Rt*jA rêcor¡GnBd 60*i of thc labellod Product vhilc



(b)
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GxtractLon aÈ 40 ylelded only lO - 2O* oÍ the product.

a

Horc than 8OS of thc product rao reel,sÈ¡¡rt, èo p¡¡16¡tatl.c

rlbonuele¡¡e ( 5 - too ¡Wrt.l et 3?o for 3O nln ) elthcr hforc
or eft¡r hot pÌ¡enol dcprotcl.niratlon of the a¡¡ay ncdiun.

Ttrl¡ lndleat¡¡ tlrat nort of, thc product ya¡ l,n e doublo-

¡trarüd fonn.

(c) Tho¡rn¡l tr¡n¡l,tIon temecratgre (T4). Th€ nol.ting

ct¡rv€ in SSC of ttre trot pt¡enol-e:rtracted product ahorcd Èhrt,

thG rh vae 93t (rigure LZ). |;o predÍgrcetion utth ¡nrrcreetic
ribonucleaae vaa rreeded to achler¡e a nelting profile Êa ula
found for tln produet of tlrp ¡nrtt.y purified eoluble CÞtV-

i¡¡ducea Ir¡iA polltrßraæ (æe Chapter 4) a¡¡d of the partfeulata

enzlm@ dcecrlÞd here vhich rae &inndent dl adæd ltl'¡Ao

(d) sedinrentaLion analvel¡. ThÊ hot phcnol-exèracÈcd

product raa stntrlfuged through a 5 - 20ñ rucroaÊ gradLcnt

for 5 houra aÈ 33rOOO r¡m uel,ng g. g.!! itltå (23st f6s and 45)

a. Darker (figure l3). Tlre product had a ædûnntatLen pcrlß

of 8S vltlr ¡ pronounecd shoulder at 14S¡ Ulgertiør of Èhc

product vlth 50 ¡rglht of pancreatic ribonuclGaar rt 37o for
30 nlnuÈes in sSC (8O;i ¡*till aeld-preelpitaþfe ) did not rlter
ttre eedfnentetion profLle of the renrainJ,ng naterial. If tlri¡
produet vae intacÈ double-strandcd CMV-RIIA (¡rol, üt. 2rA x

Iirper Ë, !I., 1965) then Ít uould eedLuent aÈ appro¡cl,natcly

14s (S value caleulated frca the formul¡ of studLerr 1965,

for natine dq¡ble-etrandad DirA). HorevÊrr rfter lreat

denatr¡ratlon (tzoo for 1o nin. in ssc or looofor l0 uin.

to6¡
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ln 0.1 x SSC) ¡nA rapld eoollngi thr lebeUed Froductr

9OÍ or uhlet¡ Tar nw ¡ucæptiblo to dlgrrtfqr by prnerratle

rlæ¡r-uclelrG¡ had r eadf¡¡ntetl.q¡ valr¡¡ of 5s (æc Ffgure

t3) rt¡leh corrarÞoürd¡ to a nolccul,er rclght of epprqlnatrly
4orooo.

Tl¡cæ regults thÊacfora indl.eaÈcd thåt th. lrbllrd
product nr& r¡nder thc rr¡ay ccrdltf.crr dererÍhdr ur3 nottly
parÈ of, I lw noleer¡lar rælght fragncnt urocirtcd nqr-

cornlcntly and ln r rlÞonucl¡eæ rc¡l¡tent, fon vith r targer

dqrbtc-¡tn¡rdsd ltrueturc (e¡ lndlertrcl dirgrenetlcelly In

Flgura l4)r vtth e paaß (8s) norccular æfght of rba¡t

0.3 x lO6. Alro thc aiæ of tht lrbclled product uldc ru
lr¡drpond¡nÈ of tùe tl¡o of lncubetlcr of tlß RNÀ Polïn,rr*
tlarlr

(c) . ÍhÊ t[lrGat-nelgl¡bour

üralyæE of th product f,otæd Þy tìG l6rO0O-P fraetlon in
tJ* preænce and abænce of fq¡r RliÀ ¡anplsc rnd uelng

ol,thcr etr-32p or ÀTp-32p e¡ tt¡r lablled ¡ub¡trat¡ rrc ahw¡r

ln T¡rblc ll ¡ CMV-RÌ.{À r¡rd RNA i¡olrtod fro t&c plrtÍct¡hto
(16IOO(ÞP) frectlq¡ of lnf,cc@d er¡crnbsrc üa! tuPpllrd to

the RNA pol¡l¡rrtæ dcpendrnt qt addcd R¡,iÀ fqr cc¡¡rrl,ror¡

yl,tlr thc product of thc RNÀ pol¡ncre* fn&pstÕnt of rd&d

RlrlAr fhc aln lære ras to &t¡nrlrn vhnthor or no't thfu

lrttcr RNÀ polïDGnæ va¡ uslng ol,thar of tJnæ R"l{À

rolceulo. or the nl,nu¡ ¡trand of CMV-Rl'lÀ e3 tcüplrtl ln
p¡rtLcr¡leta preprntLonc' UnforÈrurebty, no definl'tc

conelu¡l.ons cû¡ b neda rlthough tlæ rca¡lt¡ oÈÊ'elncd

(ta-þlê 11 ) In thc abæncr of rddsd RNÀ fndlcetc tlrrt tho
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ihrA po1lmerasc yea rno¡Ê likefy to haræ eopí€d ¡llua than

rninus etranda If these uerê prìEænt in the parÈiculat'e

exttraet,

The reÊults obtaLned ucing TTlfv-i{lÀ (38.6S cMË)

and )æasÈ IÈlrÀ as tte added ¡ti'úÀ (taute rr) vlth tt¡e Partl'culate

RiiÀ pol¡naraæ T€re eimilar to thoæ already ginen in Chaptcr

3 for Èhe pertly zurifíed eolublc RirA pollnnerâsê ¡

(f) . ÍhÉ Product of the CMv-

induæd rùrÀ pol¡nneraac reectiør independent of added rd{A

vas heat denat¡¡red (12Oo for 1O nin. in Ssc) in tho preaenc€

and ebeence of iüï4, a¡rd then reannealed ae &acriþd ln

ìtethodc. In th8 abænce of added ilÀÀr reannealing to produce

a rlbsrucleaae-resietant ttructurc vas lov rr¡d variable

(13 - 4tlô). FurtÌÉrr tÞ additiør of 50 - 200 Fg of x¡'*À

(Cllv, TYlrvr leaat and plant, particulate RI..¡A) had no effect

on the extent of, reannealing. 'ltre failwe of tttc CHV or

plant partLculate rùriA to incre¡le or dccreaæ ttre ¡nount of

product re¡nnealed a¡rd tlæ lqv and variable reanncaling

obeerned tl¡erefore provlded tittle info¡mrtlqr qr tha nature

of the prerumed RÌrA ten¡llate acsocirted Tith thll particul¡t¿

¡{hA poUmeras€. IÈ .ppeare that furt}rer hybrldieaÈion

studiea uill de[pnd on t']Ë further purificatiø¡ of the

particulate enz¡zæ.
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.ÐrscusglËf;{Ë

llb fnvetÈlgetlan into tlp nrtun of tlre Product

of thr InrtLct¡lrtc It{À pol¡ncrræ ret{vtty indcfnd¡nt

o! addod tWe ylrldçd rcl¡ltr ulrl,clr hrvr noÈ lndlcetrd rÌt¡tìrr

tù. RIìtÀ polylcreF últ eopylng rl,nu¡ rùrrndr of cHV-.iRNÃ

(rd.nllar to tlr TTMV-fnduæd lìtiÀ polÏ¡j¡¡¡lrt Esrrúr lg$Terb)r

plut ¡tpndt of Cl{V-ilNÀ (rt¡llrr to ttr t'lrcrrtlr dlgn

vírur-fnducnd ¡tNÀ polytcrltl $cholÈlæf rnd Rottr 1969Þ)r

or Irrhtpr lÐE nsr-r¡f¡| R¡r'A t ¡rplrt . Thul I't er¡g¡ot bt

cqlelu¡|rcly Prglvln rlr¡Èinr or not prrttsulrtr fract!'qrr

eo¡rtrln rn anSltæ-vlral ru.¡A Êüpbx. In ¡11 tI¡: otJr¡r

prrùl.euletr plrnt vln¡r-fnfcctrd cyetrnr lÈudþdr trty Eovr

(196grrÞ) h¡¡ csreludncly rùrenrr ttr.t tåå vl,ru¡-inducd RNÀ

Fot1lrr.lG r¡nthcrlæd vln¡-rPrclflc Xl'¡l (ptur-rtp¡rdr) .

.:



ÎABLE 1l a

Iælatcd 2 ''(3. ).¿uonorruclcotl&¡ (:g oC toÈrl ndl,oactj,vlty)
RbrÀ rddcd
(1.0 nglrp¡ay) .mP-32F a3 labellcd st¡betretr

ÀME¡ C!{P GHI UHP

ct¡,-3ZP ¡g lrþllcd rubctr¡t¡
åHP C}IP GH.F UMi-

'ü
l

Nøre

CllV-RNÀ

Prrtfcrrlatc ptant khiA

:nÍ}4V-R¡JA

tþa¡È Itl-¡A

27,A

27,7

26.5

26. 5

2g .3

29.2

24.7

24.6

25r I

22,O

l9.l
19.o

25.7

29.z

26.6

21.9

27.L

21.1

2L.7

25.L

13 "3
23.5

23.6

26.7

26.L

4r .5

24.3

24.7

22.3

22.O

23.3

25.1

Eaclr estiuatidr ya8 crrriod q,rt, tylcc on cach of thrce æ¡raratc p¡rticulete
preprratl,qrr (l6rO(X)-F)r Valurs çroted are tl¡r Ëln perænt of èhr toùrl
redLqc-t,lvlty¡ Èbc etrndard error of tlr mctn rËvrr btng greatcr than + O.5.
tb¡ prrtfe¡letc plrnt Rli¡À va¡ LsolaÈccl fra thc l6.Oo0-i'-firetlør of ln?ect¡d
cr¡q.uÞr¡ 18 dc¡crtbcd ln Method¡. Tlìofi -32¡-¡¡¡¡sleo¡i& trl¡¡ùro¡Iù¡tte¡ uæd in
thc rss.y ncdilu ¡re fndlcltêd.



=.'¿S€L-

FIGUR"E IZ. THEITI'IAL DËI{ATUTI.àTION ST.'RVE OF lHE

PHÉ¡iOk'E)flItÀ,fl8D PRODUCT 9F Tfß

p+RqIcuIåTE RlLÀ fOLIlqlüÈ¡|SE è$:TryITY

INDEPE¡ÛDts¡'¡Î OF ÀDDËÐ RliA

TùG Product vrl llobt¡d ¡l Õ¡crthd

ln x¡t¡¡oa. l';a .n r38ry rcrlGd uD 15 tl¡e¡ rnd

dir¡olvud ln ssc. stnpl.¡ (rqulvrlsnt to dl;

no¡lrl r.try) 'rc¡ê lncr¡brtcd tn æeled tuDcl for

lO lln. lt tt¡ t tpcrüturQ¡ fndlerttd. fÎr'

eOlutf,crrr UarA tlrn fro¡¡n i,n ¡¡ ctl¡r¡ol-dry ICE

¡l.xture r theçd r¡rd dlgc¡ted vl'tt¡ pencrratlc

rLbnuclct;r (r8 Pgltl) rt 3?o for 3o nlnr Àcld-

l,n¡OluÞlc n¡tcrlal v¡r eoltceted ¡nd cq¡¡rtcd u

ducrlþd ln Chrl¡'trr 1r



A
C

ID
 - 

IN
S

O
LU

B
LE

 R
A

D
IO

A
C

T
IV

IT
Y

 (
cp

m
 x

 l0
-

.,r
Ë

2,
I (t

r
o

{ o æ e

-l m g T m Ã år c n m o C
).

å
vO

€ I o

I

t '( ., j, ï I i I I i Ì

i:
¡i



PIGTJRE 13 I SEDIITE¡üTÀTIGv PA.OFI¡,E IN À SüCROSE

GTTN)IE¡.IT OF TIiE PHENOI.'E)(rIiACTJ¡D

FRODIICT OF lHE PÀRTICULÀTË RNÀ

TOL$4ERÀSE ÀCTIVITY INDEPENDÊNT

ÚF ÀDDED RNÀ

Ttrc Þroduct ras lcolrted u do¡crtÞd
Ln ¡nthod¡r dl.¡¡olr¡cd tn SSCr r¡rd hrlf of t}re
¡¡nplc hartcd at l20o for l0 ülD. Èlnn frogGn Ln
an cÈhurol-dry iaa nlxture a¡rd ùl¡¡rrdr SåEplc¡
(O.2 all cçrlvalcnt, of Èlrree no¡mal raarl¡s) of tnc
produet Þafore a¡rd af,t¡r haet dsnrBr¡rrtlq¡ ¡nd
aarlccr E, colf RltÀ (23sr 165 a¡rd 4s) Fr¡ erch
la¡æred tlto a taparat€ 4.4 nl gradlont of
5 - 20þ srcroæ Ln SSC. the ¡uploa rerc ccntrlfuged
fn I Þc9qan Slù39 rotor at 33rO0O rI! tor 3 hq¡r¡ at
30. For¡r drop (O'æÐ fnetlonr ubrê coll.octed fro
thc bottm of tho tuh and uæd for .tlrc crÈl¡atlori
of acfd-lnrolublc radl.oectlvLty. TIE opÈleal
&nrJ.ty profl.la at 260 n¡ of tlre narkcr E. cofl
RìrÀ vae dets¡mlr¡ed br¡t urly tlre posltlonr of tlË
23sr 165 and 4s paal€ are gf.vcn.
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DIAGRÀI.'À.ÎIC RÊFRESËNTATIUN OF THE

STRUCTURT! OF 1}T8 P}TENOI,-ËJTTRÀSIEI)

PRODUCT OF lHE PÀRTICTJLATE itl\¡À

POLYÞ1EKÀ5Ë ÀCTIVITY INDEPENDËÀM OF

ÀI}DED RI\À gEFO}tE Àh.D AHTER HEAT

DENÀÎURÀTIOT.J

A dlagrmatle representatlør of ehc

¡tn¡cture of, thc plenol+xtractcd produet of ttte
prrtfculate n¡liÀ pollmcra¡e actLvtty lndcpcndent of
åddGd RNA lc preaented. ftrls ia beæd rolely on

ædhcntrtLon data arrd re¡l.atance of thc product
Èo l¡rr¡cr¡atic rlbnueleera dLgpctl.ql. Thu¡r tho
!'aÞlled product neè 1¡ a los nolccul¡r relght
fragment (5s) yhtch l,a aseocl,eted non-eovalently
Ln a Þrrrcroatle rlbqrueleaæ regLetant forn
(ln ssC) vith tenplatc llhÀ preoant ln tlr¿ pertlculetc
fractlq¡¡ of ArV-inf,¿cted cucn¡rÈ¡rl. tbtcverr q¡cå

this double-sÈandard ¡tructr¡re (pancrreatlc riborrucleen
resl,str¡rt ln sgC) vac dLrn pted þz heating (lO uin.
at l2oo ln ssc) tlË 1æ nobculer rclght product vac
rcle¡ned (Ssl aÈlu acid-lnrolublr) end bcane
ren¡Ltivo to panc¡reatlc rlborruelcrtG dfgcrtLur.
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p32- P åuu"t sYnthesised

by RNA Po[Ynnerase

nTof 10 rurin. in SSC

p32 *Fùoduct
5s

I
t

Tervrprut$ RNA

ì

'



CHÀPIEÅT SEVEN

SOI¡JBILISÀTICbi OF'I't{Ë CUCIJHER I.{OSÀIC VIRUS-INIJUCED PAIìTICUI"AIts

FOUND IN TIG SOLUBLË PHAffi



83"

SOLL¡BILISATIOIv OF THË CUCÎIHtsER MTSAIC VII{US-I'IIDUCËD FARTICULATE

RNA POLY:T.{EI¿ASE ACÎIVITY ÀI,JD IlS REI-ÀTIOJSHIË TO THE R¡,¡À POLY}TERÀSE

FOU}iD I¡.í TÍiË SOLUBI^Ë PHÀ.SL;

I¡\¡TRODUCTI(I\

The re¡ultc preænted in thc prec?dlng tvo chaptorc have

indicatsd that partiqrlate fractiqr¡ csnùain âr¡ ¡iNÀ pollmeraæ

activity thaÈ can Þ detected either tn tlrc prGai:noe or ebænea

of addcci yeast itt'¡À, t€mplat¿. The resultr preæntnd indicetcd

that thc properÈies of thß Rt{À pol¡merræ actl,vity depen&nt

of added ycast RNA and of ita product vcre ¡lnilarr if not

Ldentlcalr to thoec for.qrd for tho ¡oluble pertfy purifl,cd rure

pol¡meraae dc¡crlÞd in Chapterc 3 and 4. In additicrr in ttre

prevl.ouc chapÈer iÈ vag mentiqred that the product of thG

partlcuLate lt¡rÀ, polyneraæ activity dependent ør added yeaat

l{NÀ vao not ¡a¡ociated vlth fraetiqra vhieh *dinented at
t'6rOOO g after thc asray¡ sr¡gEÊstlng that thie ¡nrÈiculetc
eNA polylaratr rctl,vity vae solublliscd du¡ing thc âaaå]r

rhL¡ chaptær deecrLbeg the colubillaation of thG particutat¡

I{,IiA polt/netâ8Ê¡

MATERIÀLS ÀIúD }TETHT)ÐS

1. Ì.lateriala. C*neral naterialo re¡e prcr¡l,ouely &acrlted In
Chapter 1. Crystalline ¡reaet c¡rtoclrrüte Þ2 (Ec 1.1.2.3)r
prepared frcr baker'e ¡zeaaù by thc nethod of S¡mona and

Rrrgoynê (1966), rae kindly donated by Dr. it.H. S)poû8r

Univer¡lÈy of Àdelaide, South Augtrelia.



fì4¡

2.

Prepr¡ìrd bD/ E)(tirÀCTIOi'¡ HETlloD C (Soc Chrpt r 2).

3. '
Prcparcd by ËXTRå.C'TIU|,¡ l'{EtI{ÜD D (ChrPtcr 5 ).

a

l

4 a

GnryüG. P¡rÈl-culatG HiiÀ polÌ'üararlE sxtracLE (16rOOO-P) rclr.

prepestd rr dGsertbcd ibon¡e .nd ErÕ 70 !U. vlÈÌt ¡¡rrpocù to

lfgSCr4 and lncubaÈed at 3?o for 15 ¡¡i¡rutc¡ (30 uin. lf YolrrEc

üaa norÊ than 2.O ml)r coolcd in lce rnd egntrlfugcd lt 25IOOO g

for lO nlLn. tha au¡prnrtlrrt lrll Collsetrd rnd urtd lÊ tlf,

'l'rgsuo eolubitised $rr\ pol¡lne!ðaÞ' ¡

5.

cFrvüG Þv frortlnq rr¡d thrufnq. Frrtlcrrlrtc r'b¡A Polytt6rlæ

oxtrecta (¡6r OOO-}:)) r preprred ü d3fcrtÞd tbonc, rGrt Èvfæ

frorpn in rn êthanol-dry Lcc rnlxturc lollæed by thavlng l¡r r

ïatcr brth rt 37o (ltqutd tcnpGtrt,up dld næ r|æ rbsve {o).

The pr¡poratl,qr yaa cÈntrltrugtO et 25rO0O g for lO nln. ãrd

uæd aa thc û frozsn And thrnd rolubf llæd IINÂ polyætâ3t' r

6. À¡{AI¡, of it{À polvmeraee aqtlvitvr Àertys utæ crrrlcd on¡t

et dercribÊd in ChaPter I tn the PrcaençG of, 29 gg v€SU{

(10.8 frìoler./assay, unlees etat€d oÈhervfuo)¡ vith etp-SZf rr

thÊ laÞclled rubûtratÆ. v'¡rloua ¡iu¡A poll,rcrs¡3 ÞlìEparatiq¡r

(l¡ do¡crtÞd abot¡c ) nerc uæd in tlre are¡y nsdiun (tJ¡a

prcprptl.on u¡ad 1¡ ¡t¡B¡d in thû ttxt) r YlÈlr or rlthgt¡È rdÕd

Fatt ii&A (1.O mg).



85.
TRESULTS

1.

de ent on adde d r$'4. the aim here yas to find Þrocedurea

for the solubitiaation of th€ part,iculate i{t\jÀ pollmerase

dependent on added idiA so that its proprtiee courd be

cdnpared rith tlre enz¡zne norarally found in the soluble phaee

of extracts of infeeted plant6.

TreabnenÈ of the particulate fractior¡ (f6rOOO-I-)

vith (t"un)rsun (preparatíon made 50 - ?O¡i saÈurated) or
tvice freezing the preparation in an ethanol-dry ice mixture
follored by Èhaving (see EXTR"âCTICù,J HETIiOD F abor¡e)r releaeed

approxfunately Soy; of the partieulaÈe Rr.jÀ pollmeraæ dependent

of added ìtiÀ into the soluble phaee (not sedimented at I6¡OOO g
for lO min.). sørieation at Oo (ilarie Type 1t3OÀ Soniprobe at
full Psserr cunulative time 25 eeeonde) gave r¡arlable releaee
(1O - 5Orú). Triton X-100 (5% finat cqrcentration) eolubiliaed
all chloroplast material (rra¡rcki g! ê,1,., 1965) in the l6rOOO-F

fracÈion tx¡È failed to solubilise ¿rny Ri-tA pofymeraee aeÈivity
de¡nndent on added R¡o.JÀ. Likeviser tt¡ree vashingr of the partieulate
fraction by suspenclqr in and sedi.mentaÈis¡ (161000 g for l0 nin.)
frau extraction Ì¡r¡ffer minue aucroæ (æe rxtxÀcT1ot,i ÞtETHoD Ð,

chapter 5 ) faf led to release any RrrA por¡meraae activity
dependent on added RI'IA (eee also Chapter 5r. The total
recovery of ¡ti.iÀ pol¡meraæ activity de¡nndent on added 1ì¡¿A

after all theæ treatxnents ranged frqn 85 - loo's. Horever,

lf Mgsc|4 vae added to a finar concentration of ?o nrH to the

Partieulate (I6IOOO-P) fraetl,q¡ and Èhe mfxture incubated at 37o

for 15 minutea (eee EXTRÀCTICIì,¿ ì4.ËTHüD E Ín Methods), 90.¡ of
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thc i.{l.rÀ po¡lræraæ rcÈlvlt,y depndnnt t¡ addrd ¡è},¡A fla
aolubltlæd (æc Flgun 16¡ thcre Lr e t.5 fotd tetivütlffr
of Èotrt kfiA potlnerlæ retlvlty &prn&nÈ qr ¡ddsd RNA by

thls ncùÌrod ). Undcr thc eue cqrdltLs¡rr fr¡t tn the abænæ

of Hg$u{r rþout ?5* of, ttx toÈrt aetlvlty ve¡ lo¡t r¡d thcr¡o

üt¡ nGgllglbfo ¡olubllleàÈlt¡ of th. Gnryl..

.I.t uu found thrt 8CIli nlrat of rrñå potlær¡ÊG

eetlvlty ùpo¡rdcnt on rddrd nNÀ llro ocq¡rred durlng thr u¡u¡tr

ane!,EG rrtrlr (p¡rtle¡rl¡to frrcÈlqrcr 161000-Þ* ülre tlrc rot¡rcr

of ¡tÀÀ ¡nl¡trcnæ ) vhlch u¡tal,ncd qrl¡r Zg gU !rg,s04 rnd qtty
20Ë of tlrc rnl¡uc æutd Þc *dl¡:ntrd (161000 g for lO nl"n. )

tÈ thc erd of tha tncuhrtlon. Àr tùr product of thl.e cna¡ÐG

rrr allo noÈ üdtæntrd (rc pmviorr clreptcr)r lt l¡ quttc
poallblt t¡lt .ntltED rclmæ ocenrrrd prlor to thG qznthcela

of any product. ttrlr m¡ld oxÞhin trlry th propwtLee of the

cnrl'I. ËaG rl¡llar to üË rnslür norrûrlly Àrolrt¡d frÇ tht
rolublc Fh¡r of plr¡rt, .ntruetr { rc chr¡Ëtrü 3 rnd 4l . Th.

ot¡rr sapqrrntr of th¡ ttny ndlln (K+, ,rHr+r FË¡/, DsA cte. ),
frllr<l to rclrr* th. RI.iÀ polïtar.; rctiytty ùpr¡rdrnÈ qr

rdd.d ¡urÂ lnÈo e roluþl,l Fù¡an tr foÉnd vlth ¡frsü4. tÈtFr

dlvalrnt fryrr ln2*, Hrr3t, trZ*, ?o FH) dld noù rolublll,r
thG ¡ìNA gol¡nrnr tcti,vlty Ocprndült at rdÒd RlrÀ.

2.

rctlvÍÈv dcænfut qr rddcd rr¡rÀ. Tht $¡uÀ gofyËrlr <i¡pend¡nÈ

sr ¡ddrd ¡i¡iÀ .nd rcloræd fr6 tlp lõr0OO-Ë fraetlør by

tncubrtlqr ln the prcærcrr of 70 EE ËgstiU tExl'¡ûCtlcrï HÊtHOD À )

ürr olÞtrtfr¡gpd ttrrough r 5 - 2tÉ ¡r¡cron grtdicnt rltt¡
hrrnoglobtn (¡of . trt. 68rO@) at rrtrher. solubl€ ¡tiiÀ

.:



87.

potlncnæ (prcp¡rcd bï ruffkÀCïI(¡'¡ lrETHOo cr Chrpær 2 )

nc c¡ntrifugrd et tl¡r r&. t.r.æ trrdcr ttr¡ a¡nc cq¡dftl,q¡r.

Slne ainifer RNÀ ÞolÏ¡Gr:tæ aetivity profl.loe r¡rr¡ oþtrl,ncdr

lÈ rp¡rrrcd tr tlrough tlrc ¡tttA pol¡rære¡e norüally fannd ln th3

rotublc PþåEG of lnfcctd cucn¡br axÈrrct¡ s'outd hrvc þccn

th; ¡æ u tlrrt rclcr¡rd fro tl* Partlcul¡tc fnctia¡ by tlte

lnq¡brtlosr rith ügst¡. Thl.r eqrelu¡lcr Lr cq¡al.rtcnÈ vith rll

tþ reü¡ltr Þroænt¡d !n tfrc tlo prev|our c[aptcrl ø¡ tIË
proportl,Êr of ttu pertl,cutat¡ LT¡,¡A pottn rlto ectivity

dc¡xÉrnt tl ¡d&d kliÀe

Ë!¡ ctlÈrtttr tÏË ædi.mnÈrtlqt enelydr of thc

¡tNÀ pol¡aG¡¡o donrn&nt s¡ addod i{NÀ ù¡d ¡otubLllæd frc

th¡ ¡nrticulrt¡ fnctlar (r6roo0-F) by frleeing rnd tlrevlng

(Ftg¡¡n 15 ) rhord tlnt, thlr Gnlltæ hrd r ¡ol¡euler rslght of

lSOrOOOn or rbo¡t 3O'OOO hlglrr ttrü¡ tt1¡t of, tJrß solubls ¡ùA

polymraæ (not. ïtr L?S¡OOOr lG. Cheptcr 3). (nrc lol¡cr¡lar

út. valtr of the lolublr RNÀ potltcrltG did not altrr upo¡t

f,rcorlng rnd thâüfng of thc p¡Ëfy n¡rtftcd tolublc cnqfæ

Drepr¡Èl,q¡. ) the ¡ü¡ t!ü¡lt v¡r obtrl,nrd In flytr *¡lenÈc

cxpcrl¡¡nÈar tn ¡olre of rÛrf,cfr qryrtrt'lLnc ycalÈ G1rtoehra3 Èz

(nolr út. lTOrOOOl Applcby rnd ltortsrr 19591 Slmqt¡ ¡¡rd

hrrgo¡tc, 1!ñ8 ) togttÌËr rl'th lrænoglobl'n nrc uæd ae

nartrr¡. nrrthtr lnvcrÈlglÈl,ar of th psop¡rü|ct of Èht

rnrylrô rofublllæd Þy fr*r¡lng end Èlrevlng feltcd to rhor ury

dlf,frnnsr¡ f,rql tlr 6¡r¡yaG nonally fosrd tn tùc tolubla

pbrn. flr pord.bl¡ ;lg¡rfflcttl6: of thr¡n rca¡lt¡ I'a

eoruldrnd ln tho Dl.reurlfct'
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3.

¡d&d n'¡À for rctiwl.tv. Flgrurc f6 lhw. ttrat by lncr¡b¡ting

¡¡artlcr¡leto frnctlqrc (16'OOO-P) rl'th 70 EU lrgsu4 for

vrriou¡ tLnecr tn ¡d\iå Follntrt¡c aetl,vtty tndeDend¡nt of

rddnd RfúA ¡"ts rtl€eaGd lnto thc ¡olublc phr¡. (lctlvlty

Íncreræd 5 - ð fold aÞor¡e tÌ¡c actl.vlty fotrndln thc ¡¡¡rt'Letrlatc

fnctiqr). Thl,a ¡olublll*d actlvlÈy vtt vGry dclnndrnt qt tJ¡c

r*g50¿ æ¡resntratl.cr of tt¡e a¡¡ry ñadltEl (opùt¡nll aetlvlty

I - 13 g[l æc rlso folloving ct¡eptrr ) fn cs¡trr¡t to t¡.

eorr€¡!Þû¡dlng actlvity ln tht rtrytlng retcrirl ( rc Flgurc

ll, Chrpter 5). Flgure 16 alco ¡hov¡ thrtr eft¿r treet¡cnt

vl.th ?O ¡¡U l.tgSCU tt 3?o for 15 ldn., thc pr¡Êl,cr¡lttc frrctiør
(pcflet obtalncd lftær t6r000 g ctntrlfugttl.on of tlc trcltod

fr¡ctl.qr ) eontal¡ed R¡'¡å pollnranæ retlvtty lndaD.ndtnt

of eddcd Rt'iA aÈ abor¡t ttrc aüE rctlvit']i to thrt for¡nd Prlor

Èo Hg5O4 treatuntr ÍndlaeùlnE tlret ell tlr leÈlvLty vrr not

rcleåÉd fyy Û¡a HgSu*. ÛrG ltosll.blc cxpluatlqt of thræ

rcnrlt¡ f¡ thet ln ¡ddttl,ør to flrc ¡ofubill¡¡t1orl of, tlp

L23oOO0 nolae¡llr reight IìNI PollnGrrt ül¡lch L¡ frea of

Þor¡¡rcl it$Àr tJrc l{g$On traatrent nlcand rcne l6r0OO-P RNÀ

(50 - 70 pg/fuf of 16IO(X)-P prGp¡retlqrt nt rrßd apprcLlrtcly

htlf thp I{J'¡À preænt tn thß l6rOO0-P gr¡prratLqr, qG'E alto

chrFtrr ã ) uhleh aet3 r8 tctplrtc ln t¡r rÞrnec of edðd

¡rcert RluA (soç alro follovl¡rg c*raptar). lÞrcvcr¡ thc RNÂ

pol¡rurr¡æ rctlvity lndcpendont of eddcd äNÀ not relCasGd

frcn ttr partlctrlat-e fractlar by tlrr UgSO¿ tr.¡tumt eould

be tho intact lüiÀ pol:tDGrrÉ-vlrrl iü'¡À opltxr
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Àlso of Lntcr¡et vrs C,hc fect ÈheÈ thÊ lrg$O.

solublüæd lii'iÀ pot¡moraæ rctlvlty lndrtnndcnÈ of lddcd

ItNÀ vtc noÈ rcharcd by 29 gE lag5oe rt 37o, nor did

co¡rconÈrat,Lqr¡ grcttcr Ètra¡r 70 !U HgEO¿ nl¡¡l rntr rorÊ

rcÈivl.ty¡ u'tJrcr divalenÈ J.ar¡ (arZt, Hn2+, crz+, ?o rt{) or

nqrovalcnt lqrr (7O 94 x+, lrn4+e rt 37o for 15 nin.) fdfcd
to rclna¡o tlrc RI.iÀ polïnGneG ectlvlty lndcpcndenÈ of rildrd
IrliA. r{Ìry tndrod only Hgtiu4 rcler¡cd ¡uctr ¡ctlvltio¡ rt 3?o

Lr not ¡¡¡&r¡Èood.

Frcrsirq rnd thevlng of prrtieul¡t¡ fractiq¡
(aee EXTIIACTIOI,¡ lüiTHOD F in Hrtcrhll urd lnÈhod¡) rae the

qrly othÊr ucthod of tho¡r ll¡t¡d Þfqnc (rc I solubi¡.iratLqr
of, tt¡e partt culâÈ. ttNÀ polymreæ ecùivity de¡ænfrnt qn

ad&d ÏthÀr ) vhLch r¡¡ fq¡¡rd to rcloaæ tlre RIr.À ¡nl¡ncraae
ectLvl,Èy lnd¡pcnd¡nt of rddrd trtNÀ f,ro prrtl,ct¡hte frectis¡r
(5OË of thn rctJ,vlty obÈrirpd by raloeæ rlÈh ngso* rt 3?o

ulrcn r¡trï.d tn tÌ¡E ¡xcrcnor of 5 - 13 në trgSL4).

DISCUSSICT\

Tlu becle ¡ra¡nptlan of, th¡ rork d¡tcrLhd 1¡ t¡rt
ttrê CllV-:lnduaËd RI,rÀ pol¡noreæ ryaÈon rur&r lw¡¡tfgatl.ar f¡
reepqrgLÈle for ttre l¿ vlvo rcpll"crtlcr of vlr¡l ttN¡lr If
tlrls ls eo tl¡en tlre prrtlctrlatc f,r¡etl,q¡ (l6rO0O-F) nfrrrcd
to Ln thr lart thrcc chept¡r¡r rly eontrln thG CfV'"-RlrIÀ¡rli.hA

polynereee cmplcx vhleh va¡ d¡tcctad Þy ffi\À pol¡nenao

aetlvf,ty tlret rra Ln&pcndcnt of, rddcd l$riÀr rnd prceturd to

bc pre*nt fn putler¡hte frrcÈl,on¡ of otlnr plrnt vl"ru¡-lnfrcÈrd
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EyrtÆne, Incubatl"où¡ of tho partlculate fractLon vith HgSun

¡t 37o releaaed lti\A pol¡nuanre actlvlty lnto a ¡olubte forn

errd el1 evidcnce lndl,catod th¡t tho ¡ìNÀ polyrera* ÉeFndent

on edded ¡.LIriA eolubllfecd ln this rry rar vGry slnllar to tlrc

kÀA polÏmeraæ act,ivfty &pcndent on addcd l{Ì\iA and nonnally

fot¡¡¡d in tìe aoluble phaÊe of lnfee,ted plant extract¡ (æe

Ch¡pte¡s 3 and 4 ). tftetlrer thic solublllæd enayne vra

orlglnally aeeoclated ulth ¡ viral RNA tsplrte or rtl botu¡d

ln aoe othor vay to the partl.er¡l¡tæ fraetiq¡ ie noÈ knovn.

An interestlng dcrmlotrnent ha¡ ÞGn thc rcproduclbl¿

nbr.ryrÈLø¡ thaù the iù'íA pol1,iilÉrarË colubllleed by fraezing

rrrd thevLng and dependent ür addcd RNA had a moleer¡lar reight

of 15OIOO0 vhich ie aÞq¡t^ 3OTOOO hlghcr th¡n tllo enzyno

rolubfllscd bT lncubrttqr vlth Hgso* end thc enzl,tüG notmally

ieolat¡d in tlre aolublr phaæ. fhis inAleetec tÌrat rc havc

reteinedr durlng solubilleatlqr þr frcealng errd tharlng¡ ln
extra eqnI¡oncnt(e) yhtc*¡ ves lac$ßlng frcn tlæ otlrr rolublo

fo¡ßs of Èhp enzlmG. It l¡ cqr¡idcrGd Þos¡lble; tlærcfoEG¡

that y€ nay hava a multLcoponcnt ÌuiA pollmtnæ r!ûtcn elnLfar

to that dercribcd for tl¡a d -¡,¡ta potlmenæ (nücfrq 9! g!.,
1968 t Flatlæ de fþrnande! g!, ,Ê1.., t96S ) ¡nA thet Èhc non-alncff Lc

RlrÀ-dcFen&nt i?ì'A pol¡neraae fornd tn colublo cxtracts of

lnfected pl.ants {s t}p ba¡íe virus codßd pol¡æoraæ rhichr ln
aaoocJ.at{,cr uith ct{v-Ë,1úÀ and onc or norc hoat protrlne, forno

a particulate emrplex that replieatea CMV'-ìtNÂ.

.:

.1
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A further interesting derrclopnent in the study of
Èbe CüV-lnduced Iìl'A pol¡merase vae tlre release of an Ãi,,¡'À

polymerase activity inde¡:endenÈ of added r'il*À frorn particulate

fractlone¡ tbe speeifíc activity of vhich uae similar to tàe

i{ir,A pol¡merase activity neasured in the presenoe of added

yeaet ilirAr lìorrer¡er, evidence preaÈnÈed in the follwlng
chapÈer lndicatee thaè thie activity is probabty dr,re to the

eolubillsed r{{À pol¡zaerase activlty copying }lt.À released frm
the 16rOO0-F'fractionr êrrd not due to the preaenc€ of, an I{riA
polymeraee-viral Itt¡A curplex. ttliA polymeraæ activity
l.ndependent of added IìI'JA ïaa still found associated vith
particulaÈe fractLons at about the Bame activity eitler before

or after solubilisation techníquea rere employed. Àleo it f6
hnoua that the product of thle reaction renaine ln ttm 16¡0OO g

pelleÈ aftcr tho cnzyme aeaaf (æe Chapter 6 ). ,fhur, tÞ Rl,¡À

pol¡ræraæ-viral IìJrÀ conrplex nay not be aolubilieed by tln
techniques deecribed. Fr¡rther ínræsÈigatione into the

particrrlate RII;À pollmerasË activity independent of added RtiÀ

vill be earried out on more e:ctenei\¡ely ¡rrrified partlculate

preparatione.

.:
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FI(;IJRE 15 a

DEFHNDË¡iT Gt\ ADDED Rt\¡À ÀttD ¡{ELËÀSED ER(I.{

TH$ PÀr<TICULåTE FIÌÀCTIOù,¡ (l6,OOO-pt By

FRË"ËiZING ÀlïIJ lllÀr{U'¡c

ftn anzlna rcl¡ard Þ/y frctrlng rnd thertng
(0.9 ng of proteln in 0.6 ¡l) rnd hruoglobln ur¡l¡cr
(2.O ug) nrc ctntrifi¡gcd tlrrorgh a lO nI gredl,rnt of
5 - 2Ü16 tucro¡E ln 0.1 U t/H{Cl, 90 EË, z.$rcapùocùhanolr

5 nlf ÞlgSo4e 50 EU, trl¡-uCl lr¡ffcr pH 8.5r fn e E:ctoa¡r

sþ$41 rotor eÈ 35IOOO for 16 hot¡r¡ tt 3o, For¡r drop
(Oifg Dl) frrctl,srs rerG eollrctod fru tl¡r botÈo of
Èhr tubo e¡rd alt¡rnrtË fractlqrr rerü rarelËd for iitNÀ

pol¡ucn* rctlvLty (erc Håtcrhtr end Mothod¡ vlÈtr

1"0 ng of tddcd yeret lt¡úÂ For e¡¡ry) c optlerl denrlty
at, 413 n¡r. Ftrrtly n¡r{ft¡d rolubte ffiA pof¡nrrilæ
(L.2 ng of protÉIn, æG Ë)cmñcllcN I.nËÎHoD c, cHÀP'IlsR 3)

plut hmoglobfn (2 ug ) wrt êrntrif,ugcd tognthcr rt
thc suc tr¡te r¡ndrr thr ¡rnc æ¡rdltlqr¡ ln a ¡rFret¡
ÈuÈe r IbrL nolocular nighÈr nrc crleulrtctl rr
deecrLhd ln Ctrrpt¡r 3. ReeqËry of IürÀ pollnrraæ

aetlvlÈy mc 9ãX for botÌr lraks.

.l
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FIGtlt{E 16.

RI\IA FOLXËEAA9E ÀCTIVITIÉS ¡)ËPËNDËNT À¡\rI)

I}¿DEPENDËNÎ OF ADDED ËNÀ FRE{ PÀ&IICUI,ATE

F¡tÀcTIÖÙis

Tlre ¡nrtletrlats fractl'q¡ (2'O nll l6r0oo-P)

ur¡ lncubrtÊd fn Èhe Prç¡enoe of 70 g[ }tgsoa for Èlro

tIæa lndf.cat¡d (O - 30 aLn.). th prGprarÈfqr va¡

thcn ccntrlfuged rt 25'OOO g for lO nin. and tln petlcÈ

r¡rd s¡frnrtant rarc collcctsd. ttre pCllèt vas

rccrr¡trtGtrdGd tn 2.0 nl of 50 ult Trl,¡-HCl trrff¡r pH 8.t¡

O.l E ¡iHáCl arrd 90 rX ?üerc.FtoGthrnol (c¡ctrletLqt

tr¡ff¡r alnu¡ nrcroær æc É)mRACTIOhi HÊTHQD Dr ChrPtcr

5). ftp auPernrtÐnt (0.1 nl) vas aaraycd fôr 30 nl.n.

¡s dercriþd ln urtnrLale a¡¡d Hpthod¡ rlÈh GTP-32P er

tåp frÞlfcd eub¡t¡iatt, anä 7.O ¡nolca ügStlnâ¡sr

(tÌ¡at preænÈ tn O.l nl of rnrpcrnaÈanÈ)r boÈh tn thc

¡lr.cæf¡ee ü¡d rbænel of 1.0 ng of lna¡t i{t'lA¡

Ttr rerurp¡¡rd¡d ¡nllct (O.1 nl) urr rttllcd
ln r ¡lnllu !ìrn¡ûr (7'O ¡nolce Hg$o¿ bring Pr¡rnt ln

tln ilrry rrdlrn).
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dÛLYì,¡UCLEC/f IDË 1Ê¡"r PLATIï S

II\¡Tr{,OÐUCTIAN

-

Àn l¡portant property of the R!{À pollneraæ lnducod

in g. qoll afÈer l,nfectLqr rlth the R¡üA baeterl'ophaç,ê O Ê le

ita tcnplat¡ eprclflciÈy. r?re purlfied enzlËe repllerÈod

qF-nr¡¡, (Hrruna end spiegelnrnr 1965)r ltE canplcmentary ninue

strand (ganerjc@ qt Så., 1969a)r RNÀ noleeulcs dorcrlbad r¡

'varla¡te' of QF-RNA (Hlllc qt gl.¡ 1967)r ¡r¡d tltc unusr¡¡l

6s-lT.NA epcclee lnductd ln E. coll by 08 phrgc (Eanerjee Ë $,.t
f969blo ln eddftfqr to thc¡a IùiA strcic¡e s¡mthrtle

polynuelcotide¡ aetcd !t ÈarÞlate¡ for thr r<NA pol¡tncr.-

prorrlèd th¡y æntafn elrtldylatc¡ vlttr Èhe almÈlrr¡Lc of ¡

Etrand cmplauantery to the t¡¡plaùe pol¡mere (rorl' g,¡}, Êl. t

f96?l gllçhüt end spl.:gcünanr f9671 ElltrqngE ql.r 1968).

Tt¡l¡ chaptcr l¡ prlnrrlly ecrcerncd vlth tln

¡pcelfLelty of ùfp aolubla CHv-tnduacd R¡l.tr ¡rolyneracc f,or

both ¡tznÈlroÈle poUmuelGotl.dtr rnd ¡tliÀ tcurplatcae In PrGt'lqr¡

elraptors TG h¡ìrt rhær¡ ùhrt tlç ¡olublc CgV-fnduc.cd R¡{A

pollroreæ üll toltll¡ drpcnd¡nt Ørr Þr¡t not' lpeeifle foür t

verLoty of, RNÀ tslplatGr thlch lt copfod by coplcnentrry

bræ palrlng.
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Àlso of importancre ie tt¡e facù that Eo]'ubl.e

CllV-induced ä;vÀ polymeraee actlvity (moln vt. I'Z3)OOO) can

Þ prepared free of deteeÈable plar¡t riþonucleaaea frcn

eitlrer a 'soluble' cytoplaaml.c fracÈl,or¡ (æe EXTIIACI'I(I'I ì1.ËlHUi)

C - partfy ptrrlfied enz¡nre extractsr Chagter 2) or a'partlculatc'

fractlon (16rOOO-F¡ ËXTr<ACTIOT; ÞIETIIüDS E AÀiD Fr Chapt¿r 7) of

dierupÈed CliV-lnfected cucr.¡nrber cotyledona. ÞcauaG of t,he

ease of preparationr partly purifled solublê extracta of

cllV-inducçd i<J.¿A ¡rollmeraee frcsr the 'eol,uble' fractior¡
(ËxtlaCUo¡t I'tETt¡r.,D C, Ctrapt¡t 2) harre be€n ueed Èhroughout

thie chapter. irourêvëF¡ soluble Gnqitüe preÞaration¡ frcn

thase trro fracÈione ga\re elnìilar resulta vlæn ccrrÞarleona,

ÌüÊre made during the preecnt vork.

I'I-UTtìü¡)S

l. . A¡

prepared by EKndAÇTIuN l.É,lüTliLiü Cr deacribed previoualy in

Chapter 2. boÈh healÈhy and Lnfected ptånt extracts contained

50 - 80 ¡tg af lüt¡A ¡nr nrl.

2. . tla¡ried out

aE descrl*O in Chapter I vith GTP-3zF ae tt¡e laÌælled eubatrat¡

Iù¡À or pollmucleotl@ ÈeurplaÈea rere added as stated. Unl'ecs

etated othervise all assayc rere performed in the preaence of

13 nl'i ìrgs% (5 ¡rmoles HgS0n./aaeay). Llnear incorporatior¡ of

labelled nucleoel,de trlphoaphate yas obtâined for 6O mÍn. vith

both Èhe presence or abænæ of added k¡,lA or pollmucleot,ide

templatee ln the aeaa]r nedir¡¡.
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3.

of, tho ¡$'i¡4, t¡olvp.rfæ rcrctl,m. Theæ sGre cerrLcd or¡t, a¡

præl.q¡¡l'y dcrcrlÞd ln ChaptrE l.

4, E¡rtractlqr of planÈ ILtçÀ. Thc ¡OurqÉ of Þlu¡t ÀthÀ u¡cd

tn thfa clÌaÞtßr y.s thc Þrrt.ly zurlfl¡C Gnqfüc Gxt,nct
panÞrr.d ra ÕacrtÞd rbova fro both halthy ¡nd fnfcctÊd

plenter E¡Êrtctt Ërc ¡rhnol-SD$ üxtrücÈcd e¡ænthlly cr

dÊ¡crlbGd In Chrptcr L for vLnl IRNÀ but tlp rddltiq¡ of Nscl

to tht lqrnous le¡cr urt ülttld. ftn ylefd of RNÀ u¡a

60 - 85S of tho ÈoÈel IWÀ prcrnÈ r¡ Grt,lr¡tcd by rlkeline
dlgp¡tlsr of thG Gnnri¡ cxttactr (dorcrlhd Ln Ch¡ptcr I ).

l{¡;flJLTS

lr

.À!

ptSvloÌ¡tllr rt¡trdr ¡olubla Rlì¡A poltæ*lG pr.Þl.tl,qr¡
orlglnrtlng f,ra 'ælublo' otr 'prrtf,cullto I freeùLq¡t of
CUV-lnfeettd euctnbt r ß glr¡e ¡l"a ilar rG n¡ lÈ! rrlrrncvrr cc¡rrr lrarr
rrtl nr& durlng Èho ÞtGrnt üorkr ûrly tln roa¡lt¡ obtllnsd

rlth putty ¡nutfled rolubl'o ItNÀ pollDÕrln cxtneÈt
(pr¡percd ea &¡crlbd tn lrrû¡oilr) r.r¡ glriln h.ro.

In prcvl"ou¡ Lnvrctlg¡tlct¡ of tln rolublr CHV-lnduced

ttNA pofyr¡trl*r rn rrery ¡rdfin rÌrlch cørtrlnrd 29 rtr HgSÖa

(l0r8 ¡rolcy'rmry) nr urtd rnA ürc rrrult¡ clræd thrt Èbe

R¡'r'A pollntrt- aetlvlty rrr d¡Fr¡r&nt q¡ thc prünner of rÉdßd

R¡'¡A ln thr rr3ry rcdLrn (Chrpt¡n 2 ¡¡rd 3). tþrcvtrr l,ù hrr
rlnsr br.n f,q¡r¡d thrùr Þtz lorc.rlng the nrgrnrLrn lm
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coneentràtion of tlra aaaay ¡ncdir¡m to 5 - 13 n!¿ (Z - 5 ¡noler,/
a8aây ), for eolublG RJrA

pol)mreråee aetLvlty and thÊ uÈl,lioation of polyc aa a

t.cmplaÈe yas increaæd fl,r¡e-fold (figure L7). ür the

other handr tt¡ere vas little effect on ÈlE RNA pol¡mera.e

activity nrreaaured in ttre p¡esÉnoe of ¡reaat ¡ll'rA ttpn t'lre

lrgsu4 concentratiør vas varfed frcrn 5 - 30 EH. Àt a l{g$Ù4

cqncentratlon of 13 4fr tte variation Ln eqtcentrati.on of, N+

otr riHn+ frqn 0 - 54 g!! or of pH fron 8.0 - 8.8 had negligible

cffect on tÏ¡e eoluble iitiÀ pollmcraae l.n the pr&ænot or

abecnce of added ir\Ào Rcptacenent of Hg** in tt¡e aaaalr

nedir.un rith either ca2+ or ltn2+ (O - 13 nM) gave negligible

tù'iÀ Þollmerase activlty de¡nndent. on added IliüA or pol¡mucleotidc.

uialycie of, the partly zurifled R.t¿Ã, po\anereae prepantLor¡ (cse

t,^ettrods) against 5O ¡n!¿ "¡,¡i6-rtCl bufler pH 8.5r 90 mÌ4

2-mercaptæthanolr 1OO mtl fiil4cl, for 2 hours at 40 (5 rnl of

enzyme preparat,ionllitre of df.alysle ncdlun ) did not alter

Èhe magnesium optlmun proffle of the soluble idrÀ polyñcraæ

in the preBenc€ of polyC or ¡æaet Nlr¿A¡ Hoïe\rGrr 50'É of thc

aetivity indcpendent of added It'JÀ ras lost' rhen aaaayed

in the preaence of 5 nH ilg5ü4 tott thc acÈivity at the other

xragnesfum concentratiorra yac¡ unaffected.

iiore\rcrr although polyc was utiliæO as a tenplatæ

bü¡ the eoluble Rlj.,\ polltmeraae to â gretter extent at 5 - 13 lnlt

!4gSr,4r tlpre vas little effect on the utitieation of Polyu

and polyc (25O pelascay) tenplates by the RNA pol¡tneraec

(Figure l8). FolyA vas not ueed Ìrere due to ita i¡r¡olublllty

Ln the assay nediun vhích c'ontaincd greater than 5 Eü Hg5O4
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(aee Þlov r1¡o). 5,L¡riltr rGtultc to thaæ ttrælr !n Ff.gun

lit rcre obtalned vhcther tb ¡s¡a!z! rere ¡¡Grfoped !n thß

Frceenc'e or abæncG of ttÞ thrct r¡nlrbllGd tripho¡¡trrÈt¡

(¡ec alto þalwl. R¡rthor lnfonetl'q¡ rcgrarding tho t¡rplrtc

activlticr of r¡mÈhaÈfc potlmuct.otl&G 1.. prl¡rntcd l"n t'hc

follovlng æctiqr.
ClrV-Hr$À (25 - L23 ¡a/r,srry) Yat alro utLliæd l¡

a tearplate Èfy ttn tolublG RÀÀ potlmcrl¡c to r gFsrt€r (tvo-fold)

extent vtrcn thc Hg5û4 eqræntratlst of tÌæ rlsrlr ucôf'tn ve¡

lorered f,rçr 29 nx (æ Trbte 3o ctraptsr 3 ) to 13 Eu

(eee elso Plgure l9).

2.

¡vntlre-ßie eolvnuclggtldcs. It val prevlously thovn thaÈ thc

soluble CuV-induc€d R.liA ¡tol¡nneraee oopled pollrcr po1yÜt

TIt.tV and l'Þrst ¡ìriÀ bI¡ cqrpt€menttry base paírlng (Chapter 3).

fhu¡ no Epeeiflclty vae &mørstrated for any of Èhesê i{¡ÛA

or poltmucleoÈide species þr the ¡tiìÀ pollmerate at thc

argr¡esiun conc'rntration of 29 nh t{gS04r uaad In theæ lalt¡rrlr
.'tt¡e utlllsatior: of Be\¡eral i<¡¡A ¡¡rd pol¡rnucleotide spcclÊ¡ blz

ttË solr¡ble rrìrA pol)¡nera8e in tfre presG¡lcG of 5 - f3 ts4

HgSO4r un&r utrich cqrditiqra otJ¡Gr reÈivitiel ratociated

vith tåe Onz¡æ uÊ^tlt apParentr hl¡ nour Þon inriectlgatld.

(a ) Thâ ÈênÞt.to rctlvltv af Eynttìptlc DoltrruclGotl&r.

TaÞlo LZ ahwe tha effcct of four ¡¡pthetic polynuclcotLdc¡

(polyÀ, FolyC, poflG a¡rd polyu) rnd InÊlst ¡tl,¡A ør tlrc ¡olubls

Ri'{À pollnreraF rctlvlty lndcæ¡dsnt of rddcd }(NA or

pol¡mucleot,Ld¡¡, uring for¡r lrbrllrd nuelco¡lde t'rl'Bùro!ph¡t..
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rg subatrlt¿r. Àerayr rtrc porfoncd both ,ín thc Pre!6not

end abrancç of Èhc othor tl¡rc¿ r¡rlabellcd trlphoaphates end

in ttre preæncê of 5 nÞ{ HgSOOT elnæ polyA va¡ incolublc at

higher concGntretl,one of Hg5on (æc alao abvu).
Âaaaye perforned ln the p¡rctonoe of all four

nueleori& tripho¡Fhatet ¡horcd th¡t thc rdclftion sf
pollznucleoti&¡ (23O pg/agsry) n¡pprecaed ln aII È¡r¡t tvo

câsar thc ¡oluble xirå pol¡nneraee activlty ¡er¡urcd in Èhe

ab¡¡cnc€ of ltÀA or polynucleotides (taUtc L2 ). Additiq¡ of

po4rc gave a Èen-fold incr¡age in Gtr'-3zr incorporaÈior¡ into
productr vhile suppreesing (greater tl.an 9ÜË) she incorporaÈlqr

of the oùher laÞlled nucleoÈidee t-estÆd. Furthcrr thpre rt¡
Lncreaced incorporation (tvo-fold) of G'ï¡'-32r orr 3he addlt'l¡m

of ¡¡oIyG but this activity wae also fq¡r¡d i,n healthy plrrtt

exÈraets a¡¡d in t"he absenc€ of the three nr¡laÞll¡d triphotph¿tr¡

('r'ablc LZ). The roLe of, euctt an en&lmer pregcnt in ¡olublc

extnctc of both herlthy and infected plantar rút"n prcnntbty

added GþF frqn GT!' onto tte t¡rnin¡l 3'-hydroxyl of PolyGr ir
not knovn. Excluding t-hie activity¡ t¡ealtht¡ pla¡¡t extrecta

rcre devold of any detectabto eotuble r<rrÀ polymeraee rctivitlzr
dapendent or independcnt of added ¡thÀ al ucr¡urcd by tlr
irrcorporatj,or¡ of 

""o-32r' 
(t'ablc L2I.

t¡ble f2 also ehovc thaB thc olraion of r¡nhblled

nucleoeide triphoophatea frm tÌ¡e aerry nediun reduced by ûo¡lt

than Bs,t the aolubla rtÀ¡À PolprcraüÈ ectlvlty in tÌ¡€ abænæ of

added r<i"A or pol¡mucleoüidea. tlorcvÉrr such qi¡ciot¡ ln the

preænoÊ of added pollmucleotides hed a vrrleÞle ef,fcct l¡ thrrc

rer€ both increaeee and deerceæe in the eoluÞlc l{NÀ Polltncrtæ
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actl.vity. Íheee variablc ¡re¡ultt ¡r¡ probably rGlrt¡d to

thsl otmrvaÈLq¡ tlrat. tlre q¡rLs¡ioûr of unlebcllGd trlpho¡Þhetee

|n th6 prGænee of yeast lg'iiï halted GTts-32.t' incrorporltign

vhlle thc oÈher three labelled trlpho¡phatrel uÊ¡Ê EtLll

Lncorporatêd aÈ a reducsd rata (Table Lzl, 'fhe ap¡naranol

of lncreas6d polymerace activlty in both healthy ar.c infected plant

exÈract¡ or¡ the ørieelon of one or nop triphocphttc¡ frc tùrs

t38ay ncdirn hae Prcviotrcly been reported (ci'rrltand and slmor¡lt

1968t æc tl¡o ?able 4r Chaptêr 3) and I'E probably due to

fneorporation of nuelcotidea lnto tnn¡fGr ¡tNA (æc ¡¡rr¡lel

rnd Llttauerr 1963t Êee also çttaptere 3 a¡rd 5)' fhç rc¡ults

ob,tained,lpre furthcr e¡nph¡sltt tÌ¡c rrced to ulæ GÎP-32P ar

tlra laþlled nucleoside triphosphatÆ in general JtttA pol¡nereæ

t..ays (see aleo Chaptær 5). ^A,lso of vorthy nrention ur¡ th¡

faet that soluble RNÂ, pol1nærlæ prGparatiqrs did not

lncorporate hlgh levela of CTP-3Zr into acid lnaoluble

¡¡tcrful (¡ee 'Iab]'e LZ) as prerriouely for¡nd rltlr p¡rticulatc

extracts of iulA pollaüera¡E (Eee Tab1e l0'Chapter 5). Such

cTç-32P incorporatlon vae for¡nd only itt pgtieuratc-

(16rOOO-t ) extracts of both healthy a¡rd infected cucullrr

¡¡rd uar not affected by a rangre of 5 - 29 nÌî Þ4gSr.rn i¡¡ ùÌtc

l¡ta]r ¡nedir¡n.

As vlll Þe eonaidered hlorr tll evldenee

Lndj.cate¡ that¡ in the abeence of added lti¡À or pol¡muelcotldGt

tì3 aoluble virua-lnduccd RrrÀ pol¡mcra¡e ras copying A}IA

prGEGnt in the pert,ly purifiecl plant extracts. The re¡ult¡

of l¡ble LZ ahorr that the eddition of polyÀ suppresDÊd Þy at

lraat 75;¡ er¡d of, polyÇr FolÍü and polyf-i by at lcaat 98ts

.!
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the copylng of Èhlc ¡.t¡A slnæ Lt¡ arxlarur teuphte activity
l.n the pres€nc@ of any øre polynucleoÈide nuet be glvan by

Èhe loregù aBecitic enz¡aratJ"c ectiviÈy obtalned vl.th rny of

the labelled tripho¡phaþee in the prese¡ìce of the othor

thrca unlabelled tripho*phtter. TtrB Fo¡È ohnrÍoua explanation

l.ç ttrat thc added pol¡mucleotfde euceessfuly cmpeÈcd rl.Èh thc

naÈural ¡tNÀ for the actir¡e al,te of the pol¡naerase. i{outvafr

ørly ín tht caãa of polyC vae tlrcr:e any elcar evideneo tlrrt
the added pollmucleotidê ras actually Þlng copled by

eøplemenÈary þare pairtng. The vrriablo activl.tie¡ obÈ¡lrpd

yl,th added polyÀ¡ pol1ú and polyU may haræ hen Ouo Èo aæ
rulu¡uel Gnzïne acÈiviti@B pr¡esnt in orrr pùrÈly pur{fied

plant extraet¡ (æe aborrc) or to incronplete Bupprea¡lon by

po¡yÀ of the it¡..\ pourmera$e acttvity inde¡rcndent of addcd

ItÌ¡À or gol¡mueleotide. I{otover¡ Ètre rrcry maflred preferance

of ttË soluble rüiA polpreraæ for ¡rclyC ae tenrplete ir
furttnr enphaslsed fron ttæ data of 'I'aþIe 12 vhich ¡hov th¡tt
ovan if pofyÀ, pol1É and pol)ru uere copiedr their nrrl¡rn
taplata ecÈivlty vÊË no nqre tlran 2 - 3' , of that of polyC.

(b) . vrrLou¡

i'iirA rpeeicçr polyU and polyc rsro addpd in a¡oturt¡ fro 0 -
f25 ¡rg to tlre åssay medirn (13 url'r l!gSG4) and their ef,fecÈ q¡

thc soluble Jìl¡À polyrueraee actfvity inde6nndenÈ of, ¡ddcd åü,iÀ

rnd vith c'fPgl a¡ Èhe laÞlled sub¡treta ie ahovn in Flgruæ

19. An increasa itr itlrA pol¡merase actLvity yae fannd vlth
polyC (¡cc aleo abor¡e)r CleV-RliÀr 'tlrV-¡tiiA¡ TliSV-RltÄ, .Ë,. cgli
R;tÀ a¡rd infecÈed plant 11llA but thero yaa no apeciflclty by

the enzlnc for ClrV-itNA elone . (rt the otJ¡er handr the edditiqr
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of herlthy planÈ ÃtÀ¡Àr 1æeet tranafer RNA, ITUV-R¡.¡A ùrd

cepcci"efly pol¡rti lmred thc ¡ü'iA pollmereæ activlty. Of

pri¡rc i¡nportanoe yas the obærvation that AJrA etctracted frqo

CHv-infected plant extracÈs ineËeaæd tho Itl{A pol¡mer¡ae

actJ.víty vhLle Ìrlv--A frm Ìrealthy plante tcnded to louer the

activlty.

(c)

¡ri1¡A

and ÎYÌîV-.ttNA. To ascsrtain vhether or not added bl}tA specLce

vrare copled by the eoluble CÞiV-induced i<¡.iA pollmeraae'

nearcet-nel"ghbour analyæc rer¡ß Inrf,o¡med on the producÈa

fo¡nred both in the prtesence and abeence of varying ana¡nt¡ of ycart

RItÀr lYtw-RNÀ and of, polyC in tt¡e araa]¡ nedium vith etp-32p aa

ttre labelled eubstrate (Taþle 13 ).
Àfter all<atl,ne hldrolyale of the producte found

in the preaene'e and abeenoe of TYt"iV-¡d\À (75 1000 pg)r

36.5 - 4L.OË and ?-6.9X) reepectivelyr of Èhe total radLoactivlty

fncorporated vrs found Ln 2'(3t )-Gl{I". I'hr¡sr the valuea

obtained in the preeenee of 'fYMv-iüÀ *ere indlcatir¡e of tt¡e

added ft¡\A vhieh haa a nolar ccrpoeition of 38.6á clii. (Symor¡¡

É gL. ¡ 1963 ). A marked change vae also found in Èhe amount

of radioactLvlty Ln ?rEt )-cMF. The reeults obtained in the

preacnc€ and abeence of l€ast .bü\iÀ (75 - 1OO0 pg) shoucd that

27.L - 28.5'rc ar¡d 23.9%, reepeetir¡elyr of Èhe total radfoactivity

ras found in Z'(3r )-ÀltFo the v:aluee reported here for yeatt

Iill{A ïere very aimilar to those previously preeenÈed (Chapt¡r 3)

for the product of the soluble ClcV-induced iìNA pol¡merace

Ê
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primed by yeast ¡tr.iA Ì¡r¡t at the higher HgSU4 concentration

of 29 nM. ¡lence, the addition of.75 Pg or more of TYÞIV or

¡reast xi';A Èo the aasay medlr.m reeulted in a change in the

nature of the product. Thusr the original 6oluble R)¡À

polymerase actfvity neasured in the absenc€ of added ¡t1.,À or

pollmucleotíde vas Buppresg'ed by the additiqr of diYA slleclee

yhieh arÐre then eopied by the rljÀ pollmêraae. Likevíser the

additiqr of PolyQ auppreaaed the aoluble HirÀ polyrrerage

activitl¡ independent of added driA or pot)rnucleotide (aee also

abqve) ar¡a it ras copied by cqnplementary baee pairing

(taute 13).

3.

À Cl,/¡V-induced ¡r.''iÀ pol)meraae activity in&pendent of added ru.A 
'

and rshich incorporated çtp-32p into a double-stranded i<;ìA

prduct (s - 14s) vas previoualy described for .ElÊ!9!lls.

fracÈlons of cltv-infected eueunÞrs (see chapter 6) and Lt vas

coneidered that thie partl.culatc fractio¡l may contain an ¡(i'¡À

pollmeraæ-víral äìrA ccnnplex (Chaptere 5 and 7). 'Ihe maJor

ai¡r of the folloring experirnents vae to inveatigate the nat'ure

of the egluble xrtÀ pol¡meraae activity independent of

added rd.À.

(a) General propertlee. À8 considered above and i¡¡ lable

LZt 85¡" of the soluble ¡<¡¡À polymeraæ activity Índependent of

added riivfl ras lost, if three of the nucleoside triphosphates

ìrere cmltted fra¡r the a3aay nediun. Siml,l¿r reaulte rere
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obtaincd nl¡cn only qre nucleoaide t-riphoephate vas ütittßd,

rrhich indicrtÊe that tho aolubl.c rù'iÀ ¡rcI¡meraee actfvlty

indcpendent of addcd ¡ö¡À vac not dr¡c to randot pol¡mericrtion

of nucleotldeg. fhie is co¡reigtent vith tlle neareat-neighbour

analyeee of the product of the reactl,on ('ta¡te l3r.

The reeults Preænted in T¡blc 14 pror¡ide further

Lnformatlqr on tlre nature of tÌ¡ia eoluble rìi+A pol¡meraae

aetivity in partly p¡rified extracta. lfhe laelc of effect

of lnorganlc phoephate added at æven timee the cqrcentraÈion of

nucleoside triphoaphates indicatad thß aþsence of pollmucleotide

phoelùrorylaee activlty uhlle ÈÌre inhibitory effect of

inorganic pyrophosphate Í46 eonaiatent yith the utilisttion

of nucleoeide triphosphatee vlth tb¿ relaaæ of pyrophoePhate.

'fhe reaction vaa sgnsitlr/e to pancreatic rlbqruclcaso

(1 Fq./sa¡ay) although once corpleted¡ tÌ¡e react'Íon produet

vaa 93* re¡ietant to pancreatlc ribo¡rucleaaÊ digeeÈion

(IO pçr/acoay). ConaictÆnt vith Èhis result vae tlre ffnding

of lov lenela (.JA* of, tt¡o¡e deacriÞd here ) of eoluble ril'¡iÀ

pot¡meraæ aeÈivity inde¡nndent of added rt¡iA in crude extrûcta

of infected eucr¡mbore a6satned !n tlp preænce of 5 - 13 til¡"l

MgSoO. Theæ crud€ soluble extract¡ eor¡tair¡ed rl¡onucleaee

acÈl,vity (eee EX'IliÀCTIOli HETHOÐS À, C a¡rd Ð (16'00Ü5) ) in

contrast to t¡e rLbonucleaæ-free, prrtUr purifled extracts

uæd in th€ pieeent votrk.

fhÉ 20t6 decreasG 1n eoluble RNA polyrneraac aetivity

independent of added ¡U{A by the addition of deoxyrlbq¡ueleaæ

(25 ¡rg) to the aagay nedJ.un and the neg-ti"1ble effect, of tlre
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omiseiqt of actinctrycin D¡ provide evl&ncç agaÍnat significant

hoat plent Dhfl-depen&nt rÙ'JA pol¡merag€r il cürClueion supportcd

by the obeervatisn that natÍr¡e D¡'ìA dLd not eignificantly princ

healthy plant extracts to Incorporatæ labelled GT¡i' ttor€v€l. r

alÈhotrgh the additiør of natir¿e DirA (200 Fg) Èo the aaaal¡

Eediun rcduced Èhe eoluble id'¡À poty!ileraæ actlviÈy by q.tly

1O{,r denatured DNÀ (2OO }rg ) reducGd t}E activity by Boi.

Ttrese reeults indicated ttrat single-eÈranded¡ tx¡t not double-

strandcd¡ DlvA could auPpress the nitA pol¡naerase activity

independent of added r#¡4.

(b) The producg of the reactiøro A8 &acrib€d aboye,

thÊ product of the solublc lÙ'iA pollnneraae reactiør inde¡nndenÈ

of addcd dJ{.A or pollmucleotidcs ¡ras 93vb regi¡tant to digeetiør

by pa¡rcreatlc ribonuclease. This recult uaa cqrfi¡sred a¡¡d

extended by uaLng a phenol-extracted product (aee f'lGthoae)

vhlch vaa more Èhan 9O¡i reeigtant to pancroatic ribor¡ucleaæ

digearion (5 - r0o pøzhr) for 3o min. at 3?o in SSCI ttre

produet gave a ther¡ral tran¡ition tcn¡nrature (îh) of 97o

ln SSC and a sedimentation coefflcl'ent of 6 - 85 in aucroae

denaity gradfenÈs'

(e)

activitw. F.l.gure 2o ehove the eedl¡nentatiq"¡ profile of, the

¡oluble CMv-induced xNA pollmeraæ activítyr aeea¡red in the

ab¡ence of added I{NA and in tt¡e Pre8enc€ of polyc or ¡eaet

Ri[À, aftÆr centrifugatLon through a 5 - TOW aucro6e denrity
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gradient for 5 Or lJ houre at 361000 ¡'f¡rlo Ì'¡o separation of

palyC or yeaat, iîf.lÀ template cþpying actlvlÈy (reeor¡ery fOO -

ll0¡ ín six exlnrinentst 5 - 651 mol¡ Yù. L23tOO0¡ see

Chapter 3) vae found under the eonditione deecribed.

Hotever¡ the solubte rùI\À pollttrlereae activity independent of

added rti,IÀ ras detected after 5 houre c€ntrffugatiql (4O - 45ll.

recorrery relatíve to loaded activibyl t tn¡t the activity ïaB

consiærably lorer after 17 houre oentrifugatic.l (4 - 2O'$

recû\ær)¡¡ 5 ex¡rriments). By eontrastr thla aan{e actlvity raa

complet€ly recovered rhen the enz¡nre prepAratLon vas stored

in 5 - 1O,,o sucrofe at 40 for 17 hq'rrs. Íttug, &cay of this

activity occurred durlng the centrifugaÈion and one pos6ible

explanation could þ the remor¡al of a tÆnp1at'e vhiet¡

ædi¡nented at a faster or alær rate tha¡r the i.t.rA pollnmereee

activitlz (S - 65).

¿,ISæIù\

ftre recultc preeented aÞove have lndicated thatr Ín tle

presxenae of 5 - 13 ttrH l.{gS0n i¡r the asaalr nedlu¡nr the soluþle

ClfV-lnduced Rì¡.il pollareraae (prepared frorn either 'eoluble' or

'¡rarticulatef extractst see Introduetiqr) bound polyC and

æveral itìiÀ species vhlch it then copied by emplementary

Þase pairlng. HovÊver¡ in tt¡e caee of potyÀr PoIIË and polyU

the situatiql ïaE not Bo elear. æeause theæ pollmucleotidea

eff,ectively suppreaeÊd ttre tenrplate activity of the r*$À present

In Èhe partly purLfied ent¡nüe p¡reparationr it æenra likely that

they ïere bound to the enz¡ure but there ie no definite evidence
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Èhat they also acted aa te¡rplatee. Ë\¡en if they didr the

data of Table LZ ehova that their naxinrm tenrplate activity

vaa no nore then 2 - 3tß of that of polyC. Tlrie very narkcd

prefer¡ence by the soluble i+liÀ polymeraæ for polyC or¡er Polt¡tr

rae a funetiør of the tng** concentratlon cÍnc.,G ths t¡nrplate

aetlvl,ty of polyC Íaa markedly reduced aÈ high MgsÛO

concentratlons (eO rul) and aPproactred that of polyU (figure

18 ). Howver, pol]'G faited to act as a tslrplate for the

soluble ¡ü'¡A polltnerase activity at any concentratiq¡ of,

MgSU4 t¡etæd (O - 40 nH), using Ctr--3zp ae the labelled

nucleoeide trl,phosphate (figure 18). Cf coneiderabto interestr

horevcr, la thc marked pr:ference ehovn for polyÇ and for

heteropolynucleoti&¡ containLng eytidylate by the purified

phage Q3-Rl,¡À pollmeraee (Horl et a1., 1967¡ ËIt*¡snand

spiegelnanr 1967 ).

WheÈher soluble d,TÀ pollaîeras aetivity nea¡ured in the

abænce of added Ri.iA or pol¡rnuëleoÈide raa due to the presenc|Ê

of an enzlme-viral RliA complex ín the partly purifled eoluble

extracta of cucumbera or to ari iti'',lA polJtneraae aetivity rhich

utl.lieed free¡ deoxyrlbonucleace-insensitÍve tenrplate preeenÈ

ln ttre extracte ie not entl.rely clear ai.though all tltc

erridence vould favour the latter hypotheeie. ''fhe dependence

of thie activity on the preaence of all four nucleoeide

triphoephrtea ln the a6aay nedirm and the subÉequent double-

strand€d nature of ttrc product indicate a reaction prined

by part at least of the i':i'IA preeent in our extracts (50 - 8O ¡rø,ánl).

The decay of thie activity dr¡rÍng aucroae deneity Eradient
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eentrifugation nray Þ interpretcd as the rennoval of a tenplate

alpcies of, hígher or lorer ædirentatlorr value tha¡¡ tÌÞ RNÀ

polymeraee actl.vlty (S - 6s)¡ lnplying ørly a realr ¡eeociation

batreen the enz¡nre and il,liÀ tlrnplate. Thu¡ the qucetiqr ariæE

ae Èo vhether the tenplate preaenÈ ín ou¡ extracts le host

Ri\iÀ, a viral id'.A epeciee involved in the replieation proc'eee

or an 'unu8ual' vl.ral ltu,JÀ epecice a¡ralogoua to the 6S-RI¡A

found tn QB pfrage-l.nfecÈed g. coll (nanerjeG g! 31., f969b) or

perhapa a nixture of tvo or Ìnore ¡peclee. Tlre precise nature

of this template itivA haa not been det¡rnlned although the

reeult¡ of Figure 19 Lndicate Èhet part at leaot ie a viru¡-

fnduccd RtiÀ speciee.

TÌre lack of apecificity of Èhe partly purLfied ¡oluble

CMV-induced i{trÀ pol¡meraæ for CHV-i{.i\iÀ could Þ due to t}r:
prcaence of enzyme activitiêa or otlrer cePGrenta lnhlbJ.tory

to the replJ.eation procesa þ ¡{tro or to the l'ack of tl¡e

appropriate faetors uhich gonern tho clrecificlty of the RtiÀ

pol¡mcraæ for tlp viral RNA in vfvo (Eikhqr a¡rd splegleman¡

L9671 Stavl.s and Auguet¡ 1970). Support for tþ latter
htrpotheaLe va¡ provided by ttre utillsaticxr of Beveral RI'¡A

teuplates by the CHV-induced .titiÀ pollmeraaa vhile ttË eite of

the ¿tiiÀ pol¡meraao extracted frcm tlre partlculate fractions

can vary (eee previous ehapter), auggeet.ing a nulti-empørent

eÌrzlme eyeten. Hoïeverr of eonefdereble inportance is the faet

that tlre Q1 phage-lnduced Ri'r-.å. replleaee lacked dependenae

on added Q8-ri.'rÀ vhen onJ,y partll¡ purified (æe Pac€ Ê! 4.,
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1968, Banerjec g,,1! g!., f969b) and shoræd Epeelfl,clty for Lte

vl.ral HNA ter¡rlete ø¡ly aft¡r cq¡¡1.derable purif Lcatiør.
lhuar f,urtlrer lnrrurtigatiqrc lnto the aIæciflcity and nature

of the ct{v-inducad RNÀ pol¡nrcraøe reguJ,r:e the uae of norc

highfy purifíed Rl,iA pol¡nneraao preparaÈl.on¡.
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ÎÀËLË L2 a ËFFECT OF YEAStr A ÀND PÛLYKTBONUCLECTÏIDÊS ü"J SÜIUBLE ¡t¡¡A FÜLYIüE¡TÀSE

cucu!îaE& cuTYLliJJ{.d\j s

speclfic enr¡atatsl,c actLvityRr\À or
pol¡nuclcotlde
¡d&d
l25uFg/rs¡elr)

Infectcd plantr Heatthy planÈc

¡tp-32t,
(a ) (b)

CTI}-
(a)

urp-32p
(r ) (b)

crp-32p(a) (þ)
GTP-

(r)
32 32

F
(b)

P
(b)

Nqrc

Ycact Rl,iÀ

PolyA

Þblyu

PolyG

PolyC

9.6

9.O

3.2

9.3

L.2

O.4

o.l
4.1

4.1

3.4

o.o

o.3

L2.4

8.3

3.2

l.o
o.û

1.3

l.I
4.2

3.4

0.4

o.o

0.5

L2.2

9,6

8.1

o.2

o.l
o.2

1.5

5.3

4.4

o.l
3.1

l.o

o,l
o.o

o.o

o.o

26.2

O.O

o.o

o.l
o.o

o.o

29.3

O.0

12.r o.o

9.1 o.1

3.1 o.9

1.4 O.l

25.5 32.3

L24.5 145.1
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Table t2 (contrd.)
(¡) Àmays rcrÊ e¡rried ouÈ a¡ de¡crihd ln l'{ethodr uolng tln l¡bellcd

¡ubaÈr¡te ¡¡ j.ndicatcd and In thG preænoe of thc othrr three
wtl¡Þllcd nuclco¡Lde triphosph¡t¿c þr¡t tln Hg5O4 eonecntr¡tiorr
rec nodlfled to 5 E4 (2.o ¡molec ì4gso4/a¡¡a¡¡) to avoLd preeipl,tatiqr
of polyA in the trrey ædl,r¡nr

(b) Ar for (a) but, thc r¡ntrballed nueleo¡lde trtphosphrtee verc oLtted.

p¡aolce of lebelled nr¡cleo¡ide
Èo àeLd-lncolEble nrtcrl,al ¡nr nin. ¡¡crnlltlgru of plent protoLn.
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rll'fv-ILt¡A

iol1nC

75 ps

250 Fs

1OOO Fs

75 Fs

250 ps

1O0O Pç¡

75 Pg

250 ¡rg

a I'.JEÀII-EST-NEIBHBOUR Ai'¡ÀLTSIS OF THE ËRODUCTS

FOTü.IED BOTH II"¡ T}iE PRESET'¡CË OR ABSËNCE OF

ADDED FÜLYC, Y:ÉÀST R¡,J.A OiT TYÌ.TV-RhÀ

Isolated 2' (3' )-moncrucleotidae(r of total radioactivity)
Iti\¡A or polynucleotide
addcd (pglaesay)

lïone

Yeaat ¡diÀ

ÀDrF

23.9

27 .L

2g,5

28.4

2L.Z

20.8

20.9

3.3

3.0

cr{P

30.4

26.6

24.4

23.L

18.1

16.4

17.5

3.3

2.3

G}f P

26,9

24.5

23.2

23.4

36.5

39.7

4l.o

89.6

92,3

UMP

r8.8

2L.8

23.9

25.2

23.2

23.1

20.7

3.8

2.4

Ëroducta rcre fo¡med ln the asaay noditn deecriþd in
l4ethoda ueing GTP-32P ae Èhe labelled eubctrate in the
preoenoa of the thrce unlablled triphoaphatoa¡ lòJA or
pol¡mucleotLdee r€rG added to ttrlg nedLr.u ae indlcated.
Eaeh cstimatiqr r¡e earried out tvlcc qr each of tuo partly
purlfied soluble ¡täA polÏæraae preparatiqre (æe also
Methoda). ValueE guoted are ttre nean trÞreent of tlre total
radioactivity¡ the standard error of Èhe rnean never being
greater than Ë 0.8.



TÀBLtr 14. PROPEIITIË]S OF THE ASSÀY SYS'TËÞT USSD FOIT 1'HÉ;

ÞIEASUREHË}{T QF SOLUtrLE RrJÀ POLYH.þ]RASË ACTIVII'Y

II'¡DËËEI,jDEI¡T OF zuÐED RriÀ

a Speclflc enzlmatic actlvity
Syrtø

Hcalthy plrnts InfecÈed plantc

Ccmple tc

+ ¡æaet lìI'jA (25O ¡rg¡

+ polyc (250 pg)

+ H.riâse (f pg) durlng ãsaal¡

+ iüirge (to pq) after or".yb

+ Fi (5 purolee)

+ ËËi (5 Fnoles)

- actlnøycln I)

r f¡."rôÉ (25 pgl

+ natÍr¡e aalmon Dt'lÀ (2OO Ìtg)"
+ denatr¡red ealmqr DriÀc

o.l
O12

0.o

O.O

0.1

O.O

O.O

o.2

OrZ

O.6

o.2

15.4

L4.4

L40.2

o.o

14.3

13.3

o.o

15.3

L2.5

13.7

3.1

êÀrsays uere carried out ae deecribed in tþtlrodsr rÍth Ctft-32p
aa tshe labelled subatrate and víth the atteraÈiqre lieted.

Þett"t ttre reactiqr raa ccrlpletædr pancreatie rlbor¡ucleaæ
(1O Fg) trrd lr0 mg of ¡¡nlabelled GTP rere aflded and Èhe
adaay incubated for a furtlÞr 30 min. at 37"'

9ccntparablc activities urere obtained vhen aetincmycin D
(2.5 Fg) vae qtitt€d frqr ÈÌeae asaâlco
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Ftr,GTIRE 17.

àcTrvrTY

Tl¡e p¡rÈly purlfi.ad ¡oluble it¡rÀ polyærarc

I¡rcltantisl rae prcpr¡¡ed cnd tas¡yed ec de¡cribcd in

Hßthodr et var¡zing eonccntrctiqtg of ilgson (O - 54 nU

Hg$ünl 0 - 2O ptolcaheeey) er¡d ln the aÞecnco of addcd

RNÀ, ln t}re P¡ÊacnqG of ?50 lrg/eer*y of ¡easÈ RNÀ srd

ln thc preËnee of 250 úaeeny of, PoIyC.

-" ¡
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I,FIE_EFFECT o{' HoSO4 Cü{CENTIIÀTICÛ{ E{

UTILISATICil'I UF POLY-C' POLY-U A¡\D FOLY-G

IEHFI.ATES tsY TT{E SOIT]8LE CUEUHBER HOSÀIC

-

IIIKuS-INIXJCED Rl¡À EOL]IUE&ASE

TIP prrtly R¡rlfLed coluble RNÀ pol¡mara¡Ê

vaa trtaled ea descrlb€d tn $leÈhoda at varyl'ng

cqrcentretisra of MgSOn (O - 40 nlf MgSO4l 0 - 15 ¡nolea,/

assa¡r)r ín tIË preænec of 25O Fg of FolYCr pol¡É or

polfrtj qnd ell for¡r nueleo¡idc trtphoephatce. ÉIrhc

l¡Þlled nucleoalde trlphoephate uæd ln each aaaûìr

Ia lndleatcdr (speclflc acùlvity of thÊ fih¡À

polyrcraæ actfvlty ncaeurad in ttn ¡lreaence of

1.O ng of yeaet Rf'¡A Ya! 19.11 21.0 ar¡d 22.1 for

otp-32p, nrp-3Zr' and crP-32p trb"trate¡ reePoctLnelyr

rt 5 - 20 Eg{ l{gso4 ).
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FIGUR^Þ] 20. SE-ÐI}(Eð¿TATIü['¡ ÀË'IÀI-YSIS, ÜF TliE SOLUB¡.Ë

CUCUMBEÍI HÜSAIC VIRUS-&{DUCED tsNÀ

POLY¡\TERÀSF:

Fartly pr¡rl,fl,ed Boluble enzlm@ (3.0 ng of

proteín and O.15 ng of iWÀ tn 0.6 tn].t æG læthode) rae

contrifuged t?rrough a 11.6 ml gradient of 5 - 201x-

sucrose in 0.1 4 ¡.jH4CI, 90 Eg Z-nerca¡itoGthanol, 5 EÞ

ì4g5'a4t 50 EH lris-i{Cl bx¡ffer pH 8r5¡ in a þckman sw41

rotor aÈ 361000 rlm for 5 houre (u¡cperlnent A) or

I? troure (ExperLue¡hÈ B)f Three drop fr¡etlone (0.13 ml)

rere collectsd fron tha bott'qn of each tuþ and every

Èhfrd fraction aeealcd for i$dÀ pol¡meraæ activity
(see Hethods) fn the abænce of added ìttiÀr in the

preænce of I.O ng of ¡eart IIAJA ar¡d ln Èhe preeence of

IOO pg of pofïc. ilegultg for thG RNÀ polynereae activity

In the preænca of, polyC arc Txprresæd as (E1e-tcnt'h of

tùcir actual value (i.er cg x 1O-l). Recovery of rll'iÀ

pollmeraeo activity uefng ¡reaet RI'{A or polyC ae t¡¡npl¡tc

vae ll0% aftsr both 5 and 17 houre centrifugôtiür.

Recq\rury of tþ ¡ÌNÀ pol¡meraæ actlvity aaaayed in th€

abacnce of added lihÀ or pollmueleotide Yae 45i'" after

5 houra centrlfugatiqr artd 4% after l7 houre. lxrring

experirnent Àr marker p. eoli f<NA (23sr 165 and 4s¡

5 ng in 0.6 ml) vas centrifugcd at Èhe aa¡ne tine through
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FIGI¡IIE 20 (Contrd. )

an LdenÈical gradient to thet de¡cribed aborre.

Fractlqrs rrerG collectad arrd tlre optical denal.Èy

profLle at 260 n¡r of lhe iüiÀ uaa dctsrmiræd but only
ùlF poci.tiøra of tt¡a 23S, t6S ¡r¡d 45 pealca are

ehotrr.
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GI'I\.ERAL DI SCUSSIü.J

The reaulÈa presented in thia thesis hane allotred a

parÈial eharacterisatiør of the virue-induced RnA pol¡meraae

found both in soluble and partl,culate extracto (see Figrure

2L tot Fummary of, extracte used ) of eucrntber cotyledøte

infected rith cuerurber mo¡aic virus. The baslc assunptiør

of the vork deacribed is that the S'lV-induscd ¡thÀ

pollnnerase undcr inrestigation ia responeible f,or tho

ln vÍvo replÍcation of Cltv-li.lìÀr but no evl.dence preeenùed

here directly confirms thís asetm¡rtlon. Àlso no evidenoe

trae becn for.¡nd vhLch lndicates that, the enz¡ane eÈudied is
vi¡al-coded and le not an indu¿ed hoet plant enzyæ.

1. Solub1e ìt{A polvmerase. The reaulta prcaanted har¡e

indicated that tÌ¡e soluble virue-induced HJ'¡A pollttnsrase

(mol. vt. l'23t000) found in Þartly purified extracte

Lnfectcd vfth Cl'4V ras not aesocl,ated vith viral-.ttilA

teurplatæ. The RivÀ pol¡nnerasc vaa fowrd to coPT scveral

natural Ri'iA t-em¡llates and polyc by ealplemenÈary baee

pairing and to produce a pancreatic ribqrucleaae-reaigtant

and presr¡nably double-stranded R¡iA vith yeast ¡tr.'iÀ and

CMV-iìllAr À marked preference by the eoluble lti,rl"å pollmeraae

for polyC or¡er polyAr potyU and pol¡Gr Ls of, eonaiderable

int¡rest as the puriffad Q B phage-índuced itliÀ pollmeraæ also

I
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ehove tÌrie marked preference for polyC and heÈeropolynucleo-

Èideo containing eyt,idylate (Hori et al.r 19671 Ëikhør and

spiegleman, 1967). Indeed tvo Fuz8fing f,eaturee of the

CMV-induc€d itl'iA polynerasþ arÊ íte lack of sIÞciflcity for
Cl4V-tt¡{A teraplatc and thc obse¡n¡¡tion that ncgli$i.ble enz¡noe

aetivity ie detected in extr¡cts of CnV-infectæd planÈe

ottrer ÈÌra¡r eucrnrÞrs or roclurelorrc, ltre lacl¡ of cæeificity
of the partly purlfied ClfV-lnduoed it¡rÀ polllmerase for
cuv-Rl'iA could be dr¡e t'o the prea€nce of enz¡æ activltLes

or other coponente inhibitory to Èln replicatic¡ prooeaa

ln vLtro or to the lack of tåe approprlate factors vhich

govern the apeclflcity of t.he RÍ';A pollmeraßG for thc vlral
RijÀ templatc irr vivo (elfhorn and Spíeglemanr 1967¡ Stavia

and Auguetr 1970). s,¡pport for tbíe latter hypotheeie vae

pror¡ided by Èhe utilfeatlon of eeveral ¡ù'r-.â, Bpeeiee by the

CUV-lnduced xIr.A polymeraae rhile the aize of ttp RllA

pol¡m,ereee fr@ particulate extracta can vary (cee belour

Chapter 7) euggeetlng a multicqnponent €nzl'me ayetem.

Horeverr of cçnsiderable irnportance Ie the fact that Q6 phage-

induced Rt¡A replica¡e laclced dependense orl Qg -¡in'l vhen o¡¡Iy

Þartly purífled (see Ëacc e! a!.r 1968¡ rlanerJee g! 3!.'
1969b) and ehored specifJ,clty for viral iü{À tenplate ørly

after considerable purificatl@. Thus further inrÉstigation

into the specificl.ty and nature of eoluÞle CltV-induced iì.fiÀ

pollnneraæ needs to be carried out, ueing more highfy

purifled RtiA Pollm.¡¿se preparations.

.l
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2. Putíeutrtc tilrÀ eohqcraer. Srr/lnl Dlrnt vlru¡-lnfcct¡d
prrtf.enletr pllrrt ct(trrct. (æc Introdt¡etf6l rnd Chrptcr 5)

conÈeln r prêü.Ðed onr¡rm-vlrtl ¡tNÀ Ëüplcx rl¡lclr ír probrþl¡r

fnvolvçd ln tlË þ vivo rc¡rlLcttlm groccsr of thc rtNA

vlruar¡. ft lnr pottulrttd frcn thr rcrk. dcrcrl'bcd ln th1g

tÌ¡¡¡l¡r theÈ p.rtlcrlleto fnetlq¡¡ irolrt¡<l fro Cl+v-LnfccCGü

cucrnÞr¡ alrs curt¡ln euch r çctplexr elthqrgh no çoncluriræ

proof tbrt, thoæ fncÈlqrr ProduoG vÍr¡tr ¡ThÀ å4 Xþ blr
b.n dansrrtntrrtlo Àn lnt¡nrtlng dcvclo¡ncnt hr¡ b¡cn Èhc

rolubtttceÈLa¡ of an rìluÀ polyncnæ actlvlttz frç prrtleulrtc

fnctlcr¡r of C!{V-lnfectsd cuet¡brr by LneuÞrÈlq¡ vl.th HgSUO

rt 3?o or by frccrlng md thrvfng. Thl gnnonl Prolprtler
of thaæ rolubltlæd rn¡tmt lñl rl"nllrr {f noË l,ÖnÈlcel

to ther Rl{A poll'ilra¡¡ nonr.tly ffrfftd ln tùa ¡olublc ¡ÛreÉr Gxccpt,

for ttrc reproduclblc obñrvrtlq¡ tlrrt^ tha cnr¡ræ rclcrrd by

frccrlng end tlrevingr hrd e tolccr¡l¡r nlght' of lS0rooo

{r¡out 3OrO00 hlqh€r th.n üht ottcr ¡olubl,r ftlÀ PottlcrltG(¡ù
thl,r lndlcrt¿¡ tirat ç hstr rat¡lnrdr durl,ng rolublll'ætÍgrù

by frerrÍng rnd thavingr rn oxtr¡ copq¡cnt(r) rlrleh vlr

lrelclng frtr th¡ othcr ¡olublc for¡r o! thr Gnl:trt. It l¡

eqldð¡r;d goralblïr ttÊrtfortr tlrtt thrr v¡rioue t¡4n¡ of

Rt¡À pollllertrr for¡rrd ln rolublc ud ¡nrt1cuJ.rtc fraeÊiø¡l of

lntretrd cuctnþnrarlnfccted vlttr Cl{V, re¡rretenÈ rrarÍoue

lncnnpltt; fola¡ of Èhn prerrned ¡tl¡A ¡tollncratG rltpot¡llUt¡

for rcDtlcatl,cr of tho plrnt, vlrrl RNA ¿4, yl¡¡g' thrrrr

:
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although ttre acÈr¡al cellular locatfqr of ttæ ggþlgt
preewed aultlccnpqrer¡È CMV-lnducÊd IWA ¡rcI¡nera¡a cannot

bÊ efíned ee lnetr it, i¡ aoot lilrely (fræ tlre reaultt
presntad) ¡xeeent in the ¡n¡ticul¡te fractiqr. Ê\rrther

lnrnsetigatiqr of thi¡ frectiar le lelng carrLed out to

l,eolate ttlc ggEEE!Ê. Clrv-inú¡@d R¡\¡A polyucraæ.

Ttrê long t'cnn goala of ttrie rrork u€re to aclriene both

vlr¡l ìlliÀ o¡mtbcel,e ln vÍtro and a d¿teiled turdor¡tl¡rdtng

of, thc enzlnology of plant viral itl$A replfeatiq¡,



FIGUÄIE 2I. SUTI{TIÍÀRY OF RNÀ POL$.IST{ASE ÄCTTVITIES

DETECTED IÀ¡ SOLiJÉL€ AI{D PÀRTfCtlIiÀIE

CUCI$IBER COTTLEDOT{S

3'¡¡1r Etep usually involncd the uso of, 5O¡, ¡aturatcd
(uxo)rson to renrove plant rLhnucleeæE (cee

ËXTRÀctIü{ }IËTHOD C, CÞeptcr 2 ).
hn.tt.rities cxprearæd tn tlæ p¡¡c¡ence of 5 - 13 n¡l
fdgsu4 in ttp aÉa¡y ædirn ( æc Cbapùer I ) .

S'fu propertiee ncntior¡sd are f,or¡nd vlth ÈtE Rl,lA

pol¡rmeraee nonnalty foturd in tÌ¡e coluble Phaee and

rre alnilar if not ldcntl,cal to tlte Rl¡À pollt!ìerate
aolubilLæd frcc pertl.crrlate fractLqrs þy 70 Elt

HgSon at 37o.



CIÍV-INFECTËD CUCUHEER CO{[YLED(}{S

a

SOLUBLE FIùÀCTICI.J
(16, OOO-S)

- nhether added or
prra¡entb Ín pl¡¡rt
extractr

PÀRTICUI.ATE S'RÀCTION
(16'ooo-P)

À. Actlvity lndepen&nt of ¡ddcd
RNA (cnzlme-vira1 RNÀ ccrplex).

E. ActlvÍty depen&nt q¡ added
RI{À.

70 nrU HgSoO at 37o.

Frozen a¡rd Èha¡ed.

Viral-lnducrd RNÀ pollrrGraüe. Viral-inducad RliÀ polynetâiêo

t(r) copiec rnï RtlA BIreIc

(21 Copícs polvc tp
graater extGnt'D
polyÀr G or U.

I
the¡r

(3 ) t¡o denon¡trat-ed
cpeclflelty for
ClfV-RÌ,lA lt-qre.

(4) Holr lrt. l23rOOO
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