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Freliminary obssrvetions vere meds on the biosynthesls of
soluble REA (sRHA) in the wouse Ehrlich ssuites tumor cell. The
goretion of wridine-g-1'C iato sRNA i the fntest cells wad fu

eration” hus been demonstreted. Actimomysin D

By suto ema in bota inteot

sn “inteot nucleer pre
inhibited the incorporetion of uridine-z-

eelle snd lo the "intest nuslenr prejercticn”  (Miase ishibited

mﬁ into the nuslear sERA of the

the incorporation of wriding-gw
“intect puelesr wepsration”. The mwelectids cwiposition of eytuplesmic
aseaptor BEA {rurified on an MAR column) wes found to Be olmost the
some g8 thet of the wuslssr sREA.

| DiiA-deyendent WA poly
method of Chewberiin snd Berg (78). Dr. 5.5, MeFarlene prepared the
DHA grimer specific for eRNA synthests fvom DNA-sRFA hybrids. With
this purificd RRA yolymerese snd the DHA primer apecific for aRiE
Wlosyuthesis the tnecrparetion of VEP-2-2%C into seld fnsolubls
vabted. This incorporetion wes inhibited by

parane wag prepared following the

mekerial ves deponpt
. setinomyein B end DMAsse. The mold inecluble product of this resetion
ves shown $o he wsteble ia alkeli snd sensitive puncrestic ribonuclesse
indiosting thet this product 18 "RBRA-1ike®. Chromstograghy

columy of this "REA-1ike” predust indScsted thet it wee similer to

gocaptor RRA. Many sbtempte were sede to &mﬁﬁ@t& sing sald
binding copecity of this “REA-Iike™ predust. Alth
deponstration of this copesity e obteined 1t 18 felt thut such &

5152503 B 3 1 ﬁ'&ﬂﬂi%

demonetretion 4s now posdible with cevtain sdjuetuents to the systen. |




The sobivities of the smino sold sciiveting ensyses, the
nucleotide inecrporating eneymes snd inovgenic pyrophosihatese weve
piundied ig the "pH 5 enuywes” fraction, the 10%,000 x g supernatent
fraction, in potamine sulfate Yrested samples of these twe fraciions
and in "8 % ensymes” freotlon chvemstoprashed on IBAR.sellulose.

Panorgetic ribomuclense wes removed from purified commureisl

fasme by filtretion on & 050 Bephedex oolumn.
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he Role of sREA in Protein Blosynthesis

In 1997 Boaglend (1} firet demonstreied a covelent sesoeistion
of & low wolesular weight RHA {scluble RNA or sBEA) with spmino snide
' from 105,000 x g

in the so-called “p# 5 ensymes” Preotion propared

supernstent of ret liver homogenste. Forwetion of this linkege requived
ATF end wes cetslywed by smino eeid sstiveling ensymes. Thess shzywes
were known to sctivete the cerboxyl groups of esmino eeids in the pressnce
of ATF. The smino scyl-RNA subsequently trensferred its mm seid to

ribosopsl protein in the presence of GIF ené e pucleoside triphosphate

gonersting systew {1). These two funstions have given wore predise
nemes to this BNA, nsmely “sming eoid socepter REA™ snd “trsnsfer JHA".

The aynthesls of proteins sppeers io proceed in thres steps:
{1) Aetivetion of the smmino eaid

' Fb
setivating Bavywe + suine eeid (es) + ATF &_&—‘ Activeting Ynsywe-{se-AMP) + PPL
{11) Semction of sctivebted smino ecid with sRHA
o
Aetiveting Enzyme-{ee-2MP) + m& BREA~s + AMP + Aotivebing Emeywe
puing eayl-REA
(112) Tronsfor of amine ecid from smine aoyl-2N4 fnto ridosomel protein
Mgt orF

{n)eRNA-ve + polyribosomes Fmiwihsm(sﬁﬂ&w%yﬁiﬁﬁ} + {n - 1)sBHA,
2 snzymes

There i¢ & great desl of experimentsl ovidense for the firgt two
steps involving the avtivating ensymes. Tracer studies using lobelled
aming esids heve demomstrated the formetion of en mmuw sdenylete

intermediete, its resction with sWHA, sad the trenefer of the soliveted
sming acid into peptide linkegee of ribosowal proteinm (1-7). The




2.
enyymes vhich cwbelyre smine soyl-REA foruimtion siso catalyse smino
asid-dependent ATP- PP exchange (1, 3, 5, 7, 8), ATP-depuudent
formetion of smino eeid hydrozsmetes {9-13) sné amino soid~ snd REA-
dependent sxchenge of mﬁ!»ﬁ@ with AF (2). Activeting entymes speeific
for ne amine e2id heve besn pwrified {14-17). smine acid adenylates

heve besn detected in the presence of lerge smownts of purified actix
vating enzymes (18-20) and bave been chemienlly aynthesived.
- The third step 18 not yet fully usferstood., It is believed

thet nessenger REA (21) carries the information necessary to direct
protein uymthesin. This inforwstion is conteimed in specifie secusuces

of nueleotides vhich sorrespond 40 specific sequences of emine eotids
in protein moleculos. Messenger ANA stteches 1tself to the ribosomes
to form polyriboeomes. Here the “messsge” 16 translsted into the
euino seld sequence in the protein woleoule. Bseh of the 20 emino
#2388 15 bound to 1te own specific sBMA vhich hes & partleulur secuence
of three bases that hydrogen bond with thrse somplementery bises {the
"codon") in the messenger RMA. Thus the verious mmine soyl-HEA
molecules line up along the templede messenger RHA 1n the secusnee in
which the aming acids cccur In the polypeptide chatn.

| Peptide bond formtion beging et the H-terminsl eud of the

ypeptide (22). The tronefer of the amine selds from sming asyl-RNA

‘reguives OIF oné ot leest tvo transfer snrgmes (23). One of these
- by GTPsse activity end sppesrs to catelywe the binding of the ewino
e2yl-REAs to the ribosomes (2%}, The other ensyme probubly sstsiysss

peptide hond formetion (23). Az eseh peptide Bond i formed one fyee




NUCLEUS | o amino acid {(aa)

enzvis J/ ATP

aa~AMP kS
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Figure 1. Disgrammatic representation of the mechanism of
protein synthesis.
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#s1d 18 in plase, See Pig. 1 for & degremetic mmmtman ef o

oo, um 13 s gmlawmmmﬁ ;mmalwsﬁée ﬁiaaa r:mly am mmm«
.ﬁim ﬁimemtw m& mzx eme me@mﬁﬁa m mlm#m z;ar mla on

elksiing &ig&s‘ki@ﬁ {&5*»%?} m m

(3@} ami heg » wmw wigist of ﬁ%@m + .m, wmﬂsh corres m*

-‘%‘@
an sverage chein length w ™ amm:mau {%33) mma m AT
sources heve & nesr agm&mz&m af m&;almn’sm mm W‘hi@h smestu' -
m’vpam as ﬁw Int m (3%, 33} Evmam@ :t?m* & wwm‘y o
mmm ia g!.ven Taar a‘kﬁﬁiﬁ ml’ ﬂ;& Wm e gmm* t?m W‘&

of wkmh mmam "@M‘b ﬁes»?ﬁﬁ m* mxm af m Mﬁ ;_g m mammm'
chain eve mm& {33, 3&-3@3 mmky &m‘% mm {36) uamg, amm;"
Mz-mgatm Wms m vimiw WMﬁ m«mﬁ th&t szm
48 neymeetriosl with an mm retio of ::;*&, _w s rﬁgi& m m

similar o DHA. gm:; m W (lm) m‘% ﬂm mkﬁ W N

Mm&t@m mwsi em m th& mm mmiwmm amets sm |
mmmé e only %%ﬁ ﬁf t&m mm hed m &imamﬁ, _wmle, on
&a vaﬂmr W* umm tw%mt rm!:t’.eﬁ ia :m iaﬁmw m mﬁmi |

fenalty Wnﬁ uxm m mgme a’.i‘ Wmis., a'm; pm&aa ﬁtm
ae m tme wsmm af m lmg m ;aimﬁ mgim4 mtmf "
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'L‘Pribose-phosphate _ ' k\""'r:|'.bose-—jphospha’ce
ribothymidylic acid. ' 5-methyl cytidylié'acid‘

=8

{\~.ribose—phosphate ribose-phoéf b

2-methyl adenylic acid ‘ _ l-methyl guanylic acid

Figure 3. "0dd" nucleotides present in sRNA.

Note: The following methylated bases as well as the five examples
above have been found in sRNA of different sources: 6-methylamino-
purine (123, 125), é-dimethylamino-purine (12&, 125), 6-amino-1-
methyl-purine (125), 6-hydroxyl-2-methylamino-purine (123-125),
6-hydroxyl-2-dimethylamino-purine (123-125) and 6-hydroxyl-l-methyl-
purine (126). : : : o




12 b 2 % x b or 64 AifPerent seceptor WHAS (52). |

Coly one smine meid 18 bound per aREA wolseule (3%, 53). It i
linked through sn ester bend to the 2' or 37 nydroxyl grouy of the
riboge in the terminsl sdenylste (3%, 53). Studies of the inhihition
of protels synthesis by pavemyein mnd ite 2' snelogue indicsts thet
the mming eeld ia probebly stteched to the 3° yosition of the riboge.
Puromyein elosely resemblss sa emino soyl-sdenylate (Fig. 2) and inhibity
- proteln eynthesls by Wading to the C-terminsl end of the nsseent
protein in place of the oXHA (58) and thevsby prevents elongotion of
the peptide oheinm. The puromyein dose Aot hWive & polymuclectide chain
1o Bind with the ribosowe spd hence tha palyreptide chuin dissocintes
from the rilbosoms f?‘;ﬁ; S6). Sines the 2° snelogne does mot inhibit,
| the enayme respomsible for Linking the polypeptide hein 8o SRHA i
yrobably speeifio for en smino wold &t the 3 josition,

A very vnigue Teature of oR¥A is the relatively high coubent
oF "odd” mueleotides thet sre net found i other types of RHA (5T).
Poectouridyiic setd, ridotipmidylete end oihier methyloted purines
and pyrimidines are prevent (Fig. 3). Although in wifrectionsted
#RNA theve 18 sn sverage of three residues of peecdouridylste and
one residue of riliothymidylate yor moleswle of sRNA {57) theve is
not enough of the other methylated beses to sacount for even one
residve por moleoule (57). Different sRNS moleoules must souteln
Gifferont methylated bases. Taie bes been shown to be the cess {50, 368).

- Bequence studics on wnfrectionsted sRNA indicete that the
"0dd” muelsctides wmay cowur somventreted meer the midfle of the
wiypuplectide cheln (59-61). This would Be in the “loop® region
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 _Figure L. Diagrammatic representation of the sRNA molecule..
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6.
of unpaired beses (Figure ). Cantoni hes aeaﬁrmé this aaa nov clsdms
thet the lmp regm of aax-iae &ceeptor REA 'amztai:m a trmualeatma
séquence vhich is em,plmamry to the emia war& fer aerim ami mtth&r
thet this region 18 bounded ‘By psew&wiﬂylm seld reaidm (62)
Minrs (63) found that mfvaatim&eé yeast trmsfer m e@nt&i&e& 8 |
émall fraction heving the sequence of PAPAPA snd that this seqvemes
sppesred to be bounded by uridylic acid snd/or its homologues (vp,0,15).

Ia »:wul& bﬁ ﬁhe azmiiug ama of the phenylelenine sHMA. If the
mthylmaﬁ bms ave present in the "loop" reglon they mey feeilitate
the ettachment of SREA to messenger BNA (64). In support of this: -
Wmm Litteuer (65) hes demonstrsted thet "wethyl poor” sRRA-from
ammmeaﬁmeﬁ methioninelecs smutent of K. coli will funetion us
éﬁieiuntiaﬁ .88 SREA. from wild W B. zold ﬂ# Rogeptor RNA but less oo
efﬁﬂiﬁﬁtly g8 trensfer KNA.

S oM ey Be noted . that Holley st ml {é&} find thet the wethylated
hama Are not congentrated nesr. the centre of the yeest elenine sceeptor

mttamr {65} Blsoc found thet the “methyl. mr" #RNA is . twite

......

g yive vm“ e e wpnd veainnios e o R
e m sﬁﬁiﬁiw e the derge growp of minor nuelecaldes in which
mthyl gmur;s m atm@hm e tha heterceyclie base, enother group of
minor BNA nucleosides exists in which the methyl groups ere sttached to
the &’*G position of the ribose. Hall (67) hes isoleted these 2'-O-
methylribonuslevsices from gBNA end from ribosowsl RMA. Twelve of .



WASHED ASCITES TUMOR CELLS

Lysis in distilled water
Light homogenization
Centrifugation at 800 x g

: v
"TNTACT" Nuclei

BRCKEN ﬁuclei

v
Rough homogenization

CYTCOPTASM

105,000 x g

&

\J

Nuclear Supernatant

v

Tor 1 hour

v
Cytoplasmic Supernatant

1 N acetie acid

£
b

A4
Nuclear pd 5 fraction

—_—
to pH 5

v
Cytoplasmic pH 5 fraction

e
-

h'4
Nuclesar -sRNA

Phenol Extraction————3

& L
Cytoplagmic sRNA

Figure 5. Fractionation scheme employed in preparatlon of cell -
fractions of ascites tumor cells.
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thirteen semples from yesst, bueterial mnd memaslien systems ylelded
sbout 1% of thelr ribomuciecside content se methylribonueleosides.

A8 & result of the presence of & methyl group et the 2' position,
panereatic ribonuclease cmanot sot &t the 3' pedition of the methyl-
ribonueleotide. Also the yphysical properties of & woleoule may be
Bltered. At present however the function of these methylribomuclectides

e unknown.

Enzywetio Synthesis of REA |
Four distinet enzymatic incorporations of nuoleoside monow

phosphetes into RNA have been reported: (1) nudleotide incorpovating
enzyme, (11) polynusleotide phosphorylese, (11i) RNA-dependent RNA
polymerase snd (iv) DNA-dependent RHA polyuerase.

Nucleotide incorporeting enzyme (33, 68) reversibly catelyses
the incorporstion of the two CMPe end AMP of the ....p0pCpA end of smino
acid acceptor RNA. Tt wbilipes OTP ond ATP Por this iucorporetion, In
the reverss metiea in the presence of & high concentration of PPL 4t
scts a8 8 pyrophosphorylese (27). Its apparent role in vive is to
restore the termimel end of emino aeid sosepor RNA to its functionad
forn (69, 70). |

Polynucleotide phosphorylase (71) catalyses the formation of
high moleculer veight polynucleotides from ribonucleoside diphosyhates
releasing orthoyhosphate. It has been found in plent, snimwl sad
beateriel sells. Homopolymers, poly A, poly C; poly U, yoly I, ete.,
gopolymers and wixed polymers have been synthesized with this enzyme.
The composition of the polymers reflects the concentvatbions of the
puclecside diphosphates used for the synthesis., There is evidence that
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this incorporation is & random process (71). The role of thiam enuyme
v viva, hovever, is likely catabolic since the concentration of
nusleonide diphosphetes required for the synthetic process 1s probebly

neveyr attained.

RiA-dependent RNA polymersse iz responsible for viral RHA
replication. This replication hes been demonatrated to be independent
of DNA (72-74%). The virel RNA itself serves as & template for the
forgetion of the “replicage” and i conserved in both trenslation snd
veplicetion (73). The RNA-polymerese hes been isolated end purified
from 5&5#& phage~infected B, coli Hfy., It hes been fousd to require

RNA ;wmr and all four mie'csi&ﬁs teivhosphates. It l8 ypartially
aotive with other viral RHA but completely insotive with host sWNA
and ridosomal ANA (73). No RNA-dependent m polymerage has been
reported in cells uninfected by RNA viruses.

" DNA~dependent RNA polymersse has been partislly purified
from plent, snimal end heoterisl sources (75-79). The vesmetion
eatelyred by this encywe is:

\ +h .
By ATP + B,QTP + B,0TP ¢ mury T8__0f 0

_ “DRA Priper
P, _,..ema;wn&) + (_nx + 0y ¢ By + nh)?}'*_i

(e,

1 By

It 1a completely dependent upon end spesific for all four nueleoside
trivhosphates, & divelent cetion and DBA primer (82). However some

yeports indicste that RNA can prime the resction (80, B1). The

resction is reversible (82). The primer cen be either native DHA,
or heet-denatured (single-siranded) DNA, or small eligodeoxynuslsotide
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fragments {82). 'The primer scts estalytically end i not sltered during

the reaction (83). Most importent the RNA synthesirzed sppesra to be &

| copy of the DNA used ag primer both in composition (78, 83-85) and
sequence (84, 85). In yvitwo the envyme copies both strends of DNA (78),
although prohebly only one strand is copled in vive (86, 87). In vitre,
1f single-stranded DA 1 used, DNA-RNA hybrids ere formed (88), vhoreas
double~strended primer 18 copled conservetively (88).

| On the bseis of DNA~RNA hybrid formstion experinments (sse
below) 1t eypears that meegenger RNA, ribosomsl ANA and soluble RNA

ave all copled from the IHA of the cell (42, 89, 90). Thus the DHA-
depandent RNA polymerape r;.féz-“éb.&b:ly ogbalyses this copying.

Binve ench typs of sNA is apperently a highly a_péeifie
maoromolecule the wost likely mecheanism for its hiosynthesis would
Aavolve & "tenplate”. This tem;giate would presumebly be elther DNA,
uporn which messenger RHA 48 wade, or RHA, such 68 is involved in virsl
veplication. In the first cese the sRNA might Be cunsidered & specisl
kind of "messenger® RNA: Brown snd Euhaf(gi}' postulated thet RRA ie
the template for sRNA blosynthesis and MePully sud Centoni postulate
that sRNA serves us ita own template (92). Howwver, sn increasing
‘hody of evidence indicates thet DNA 16 involved.

Giacomoni and Spiegeluen (42), Goodwen end Rich (89) end
MeFurlene and Freser (90) heve demonstrated thet sRNA forms epecific
DHA-RHA hybride vhen anmeeled with homologous, hest«denatured DNA.
Ho hybrids wre formed with heterclogous DRA. The DNA ie satursted &t
tongentrations of sRNA vhich indicste that only & swsll i&artien
{0-02-0+03%) of the DNA 1s complementary to the GRNA molecule, Thus
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thove are regiong 1n the homologous DNA that sre complementery to BRHA
and these regions sre restricied to s very small portion of the DHA
genows. This is consietent with the idea that DNA 1s the template fox
sRHA synihesis.

Other typse of evidence mre svellable . The lnsorporation of
¥p orthophosphute into eRNA of the nucleus of Hele cells is yertislly

sensitive to motinomyein (93). Aetinemycin is known to inhidbit DNA

depandent RHA synthesds in vive end in vitro with mammelien and bacterisl
systems, but doss not affect the veplicetion of BNA viruses (9%). Kirk
(95) bas shown thet actinomysin end DHA combine chemically resulting

in o spactral shenge of the aﬁtﬁ,ﬁmiﬁ, while @tﬁ.ﬁéﬁy‘em and REA do
aot intersct. Goldberg et al (9%) demonstrated thet the binding ves
ahsolutely dependent on guanine residves in the z:aw Thue senaitivity
of sRVA synthesis to ectinomyoin also indisetes & DNA template,

Perry (96) studied the effect of motinomysin on ANA synthesis
in #iﬁsae cultures of Legtrain wouse fibroblagis with autoradiogrephic
techniques. He &ém%mﬁsd »tﬁat I8 RHA (one may sssume thet s
signifionnt portion: of this is sRNA) 18 first synthesized in the
ehmtin reglon of the nucleus snd later sppears in the cytoplasm.

Chipchage anﬁ Birnotiel (97) hewe recently shown that the
incorporation of tritieted uridine into nuclesr sRNA of ifeolsted pee
nuclel is pensitive to DEAsse and ectinowyoin, This alse indicates
that eRNA 15 made on & DNA template ia the muslewe.

Considersble evidence has sccumileded shich indigates thet
the "odd" nucleotides found In sANA result from modificetions of &
Poregursor polyribonueleotide” vhich is synthesized with the four

Xodoriaie s tei)
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ummodified beves, A; G, U efd €. Csrdein of these beges sre submequmntly
rethylated by epeatfic envymes (50«100). Hobbine et el (101) have
obtained some evidonve that the peevdouridylic ecid vesidues of sREA
lineviee originste ot the mlyribonuslectids level. If thess inter
pretotions ere correst then the yroblew of sREA biosynthesis becomes
& provliem of the blogsyothasis of “precursor polyribonucleotide”.

It seons likely that "preturser polyribonuclectide” end
"mespenger” BHA ere syathesized by aiaim wechenions. Hende the
A8 yvitre eynthesis of sRNA night be possidle with & DEA tenmplate
specifie for aBNA formetion, prepared from DHA-BRNA hybeid meterdal,
#nd DBA-depsadent RHA polymevese purified by the method of Qhenberlin
wnd Bovg (88). The present vork waa undertuhen to investigste this
poasibivity.




MATERTALB AND METHODS

Redioisotoyes

Uridtne-2-2% yas obteined from the New Englond Nucleer

Corporetion end wes wede up in distilled weter. The prejsrabion
used had o gpecific setivity of 123 pefugy 1 o.pam. was eguivalent to
565 mup woles of wridine (sutomatic counter, see Balow). tﬁ?»@g'kc
wen obtelned from Bohwerz Biorssearch Ine., Orsngeburg, N.¥., 50 ua
in 5 ml of equecus 0% etheopl. This preparvation hed w specifis
setivity of @7 mo/mMole; L o.p.at. wes squivelent to 720 miy moles of
urp-2.M vith the ewtomstie counter snd equivelent to M6 mu moles
of m‘Pa-@ﬂlkc vith the mopusl counter (see below). The solution was
uped wdiluted. 1’*’&»&@&2 hydrolyseate ves obteined frowm Merck and Co.
idmited, Merek Rediochemicnls for Ressarch snd Industry. It wes
disgolved in distilled weter. The specific sobivity of the prevavation
wes 0+1 mafO-TT wg; 1 ¢.p.. vos equivalent to 120 mu moles of amino
acids on the sutomstic counter and Th-1l mup moles on the menvel counter,
sssuming thet the averege moleculsr weight of the constituant ewmino
rolds wes 129,

All prejarstions were stored at -15°C.

Bucleoside triphosphates, Tris buffer (Trimms Buse) and
Protemine sulfste {selmine) were obtsined from Sigwa Chemicel Gamxamy,-
3500 DeKalb 8t., 6bt. Louls 18, Missourd, U.8.4, Actincmyein D wes
obtained from Merch Shurpe end Dohme of Csneds Lt4; gless "Superbrite

100" beads from Mimnesots Mining end Msnufecturing Company; DEAE-

celivloss from Brows aaé' Company: bovine sevvm albuwen (Fraction V)

from Hutritionel Biochemicals Corporstion, Clevelend; Ohio. ,

Oryetalllne panerestic ribonuclesse and deoxyribomucleass wes obtsined -
from Worthington Blochemianl Corporation, Preehold, NJ., U.8.4.
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All other chamicels vere “Anelsr” grade; obtained from the
British Drug Houses (Cemadn) Iid., Barclsy Ave., Qucenswey, Torvonto 1h,
ntario,

Dissve Fructions

Brperimentel results vere shiained using woupe Hhrlich
agelites ceroinome cells except for the preyeration of the DNA-dependent
m yolysmynse from K¢ 0oll B cells. The twwors vere propogatied by
trensplentstion every seventh day An fewals C¥, Svise white mice. The
wios weve supplied by the Iemberger Co., 1534 South Perk Ave.,
Qobkosh, Wis., 8.4, The tumers vere origlaslly obteined in the
solid form from v, P.g. Stholefield of the MsGill-Mombresl Genersl
Hompital Resesrch Taabitute, 3619 Unlvevsily 8t., Montresl, Que. The
0l injection snd harvested after

tumors were indtisted By interperitons
seven deys. Injestion of =04 oo of tumor resulted in o $-0-12-0 68
tumor sfber geven deya. Only ¢ells from Pirsh end seoond llgudd-to~
Hauid treneplantetiong wore weed. The ldquid Humors vere sometimes
tomorrbegis and blood wes collected slong with the tumor. Tumove

were dlscarded vhen heemorrbaging vae extensive, Aﬁer suerifice of
the maimel by servicel dislecation the tumrs vers hamdistely colleoted
with & hypodessic syringe snd Ho. 1B meedle, ALL subseguent operations

were sarried oub at 0-4% ¢,

The suspession of aseites oolls in sseidic fuid w11l b
reforeed to ap the "intect vell vrenmvetion”.

When further cell Practions wers required the cells were
wvaghod acveral times with "mscites wmsh £luvid” {0-1% M ReCl, 002 M
glusose, 0-0k M Tris buffer pif 8- §} wntil 1l blood cells sad sesitlc
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fluid vere rewoved (102). The sells were then yacked in gradusted
glass centrifuge tubes by centrifugetion at 2300 r.p.a. for two minutes
in & elinicel cemtrifuge. This wolume of pecked cells wes susyended in
10 volunes of cold, distilled water snd alloved to stend lysing for
10 minvtes (102). The susjension wes homogenized twide with & luvge,
lovge~-Titting Potter homogenirer. The lysing wes then terminsted by
adding 1/4 volume of "cohoentreted melte” {102)(or other concentrated
saltb golubion as indiéataé) vhich conteined 0-25 M sucrose, 0025 M XOL
#nd 0°005 M MgCl, . -
| The cells were oxamined under the light midroscope et 888 X
wpgnification afber ateining with éithe;r wathylene blue or scatoorsetin.
fapt green. It ves found thet this lysing progedure broke the osld
walls, bus left the nuclel movphologicelly intset.
The nuelei wvere collested hy‘&@ni&iﬁg&ﬁiﬁﬁ ot 800 x g for
10 minutes (2500 r.paa.) 18 e Bervadl refvigersted centrifuge. The
melel vere suspended in # dilubed "condentvated solis” (or othey
soncentrated salts solution es indicuted) solution ee Aémri‘!‘sea shove.

This suepension i¢ referred to se the "intact nualesr preperstion”,

To isolate A from the nucleuws the "intact nuelesy pree
paration” wes subjected to rough homogenizetion {7-9 passes) in a tighte
fitbing Potter bomogenizer. Miorescopic exemination indiseted the

nuclel were completely disrupted by this treatwent. "The suspension vag
then centrifuged st 800 x g for 10 minutes to remove nugleay debris
end unbroken nucled. Ribosomes were sedimented by centrifugetion at
105000 x g for 60 minutes in the Spineo Model L ultrasentrifuge.
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The supamtmt vas sﬁ&wﬁmﬁ to yH 5-& wma 1N mtie seld and &
Fguolesr W fraotion® ves emwteé by aeammmmm for 10 ninutes
wb r;p.&. m m ﬁ@wau mf‘rigemﬁaﬁ ﬁmtﬁﬁm ’ﬂw ﬁmaigﬁa‘e@
s ﬁuawﬁﬁ in 201d E@ﬁim a (a 25 ¥ m&m; o 9@5 u :m, 9 ma u
%'mlz, and e:a«as M Tris wm-, - 5) (m} Tne mmam ves
" shsken ;t‘ar m m at w mmzwa mh en at;tml mxm ar: %ﬁ
“pheanl to remove :mtam muwm tm mm& ai‘ K:in*hy {ws;c m
’mmmmg mmwa m ammm@m m 11 r-;mm (mm x g) m- )
1§ mwa.] m 'wp eag:mmm mwr wes rmwﬂ s:mmmnr witk & ?&ﬁw
?‘g tte, leaving the interfucisl layer of denstured protsin vndisturbed,

e equecus leyer, contefning the sANA, wes extrected throe tives with
;#ther 1o remove conteminating phenol end 2-5 volunes of cold 95% ethenol
$ius 1/10 volume of 20% Kie, pH 570, were sdded 1o proctpitate the SRNA.
Bhe sumyenalon was allowed %o stend. dvernight in the deep mawe -
‘wi.?& ko complete precipitetion..

e SRHA of the- pell eytopluse vas yrepared Trom the 800z g
Supernatent Araction. This supernetent frection vas centrifuged at
305000 % g on the Spineo Medel b %ﬁmmﬁrﬁm to sediment the
ribosomes .. The 105000 fupsrastent from This: spin wes sdjusted to
.50 with 1B ecetic seid end & "gytoplesmic Y 5 frection™ or
SHES snvymes” fraction presipitated. To isclete the eytoplssuic: sRNA
this. precipitete vas soliscted and extrasted with’ maol i theé gere
vey 84 the. "nuelesr -3 fepetion” {see sbhove):.

ook wemmary of the frastionntion schews is vepressfited fa

o
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‘Figure 6. Diagrammatic representation of the separation obtained
by paper electrophoresis of CMP {C), AMP (4), GMP (@), and UMP (U),
in an 0-02 M citrate buffer pH 3-5. A potential of 500 volts was .
applied to the paper for 3 hours. -

fr
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uged for esch determinetion. Duplicote determinstions of two different
emounts of hydrolysete (worresponding to 200 ug end %08 ug of =RNA)
vere run simulteneously elong with blank strips. The elsctrophoretic
peperation obteineble is reprecentes

DRA-dependent RNA polymersse wes prepeved from 2. coll B eells,
The firet preperstions vere with cells grown in & medium containing
yeast extrect 8 & aitrogen sovree (100}, The hervested cells wete
woghed teice with an aquesus wedium comteining 0'5 $ BeCl snd 0-5 % X1,
collected by centrifugation st 11000 rip.m. (14500 x @) on the Bervell
refrigerated centrifuge, snd stored in the desp freese st «15°C. Leter
fromn cells vere purchased from General Blochemlesls, Lebovetory Park,
Chugrin Yalls, ohio.

The ensyme wes prepered socording o the method of Chamberlin

s Berg (78}, AL operetions were carried out at 5% wnless othervise
noted .

{1} Preparation of “mitm& Exbesct”, Glese beads wers weshed in
2 B BCY followed by dietilled woter until the pH of the wesh ves thet
Qf’ the distilled weter. Zither A0 gm of harve

¢ E. ¢ols B cells or
100 gm of the frozen comercislly obisined cells were ussd for esch
preparation, The volume mf buffer and the weight of gluss bosde used
were m gome in eash sese. The selle werw disrupted in & Waring

‘Blendor during twalve one minute periods. The tempersture wBs Bo% wllowed

to oxceed 10°C. In the inmtervals betwesn the blending periods the
tempersture of the suspension was lowered 4o pt least &% by piseing
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the blending flesk in en ice beth or in methyleellosolve kept at -20%

by the sddition of dry ize. The lathber cooling procedurs required
stirring of the suspension to prevent fresaing. The "inltial extreot”
wes then colleated as desoribed (78).

(I1) The Streptomysin-Protemine Freohionstion. Streptomycin sulfete
wes obteined from British Drug Houses, Toronts, {miaria; An 8% wfv
golution «o68 used in leter prepsrations insbesd of the 10§ w/v solution
designsted (T8), Protumine sulfate wep used ss deseribed (78).

(1I1) Amsoniva Sulfste Frectionetion. This wes cerried out as
- desaribed (78).

(IV) Adsorption end Elubtion from DEAB-Cellulose. It was féﬁha
thet » column with & needle velve control wves neocesssry to maintein
the proper flov vete (05 mifmin). Twenty 2 0 wl fractions vere
colleated and pssayed for polymevase sctivity ae desoribed below.

Prsctions III snd IV vers stored mt 0-h°C, Fraction IXX
gtored st this tempsreture reteined 50% of {ts sotivity sfter 10 deye.
Frintion IV reteined 90% of its sctivity after twé weeks and 40604
ai’t&r one month &8 stated by Chawberlin snd Berg (78).

Frootion IV casyme wes used in el) sxperiments unlses
othervise 1ndicuted.

Btanderd Assay for DNA-depundent REA polymerase
The proseduve of Chawberlin snd Berg {78) wee used to asgay

DHA~dependent RNA polymersse. The remction misture (0-25 ml) conteined:

10 ymoles of Tris buffer, gl T-9, 0-25 umole of MaCly, 1-0 uuole of

MgOl,, 100 mimoles each of ATP, CIF, GTP and UTP, 250 mumoles of calf

thymus DNA (obteined from Worthington Biochemipels Corporetion),

s

3:0 pmoles of P-mevoenptoethanol, plus 5-25 unite of enzyme, UIP-2-" ¢

wbs odded puch that the spesific aetivity of the tota) UTPF weg approximetely
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500 o.p.an. per m wole. After inoubstion at 37°C for 10 minutes the
rescbion misture vas chilled in 1ce end i«& e of serun albusen
(0:06 ml) was sdded end mixed, followed by 3 ml of wold 3+5% perchiorie
seid (FCA). The precipitste vas dlepersed with o Vortex mixer and
sollected by centrifugstion for § minutes at 15000 x g (12000 ».p.w. in
the B2k rotor of the Sevvell refrigersted centrifuge). The pre-
eipitate vee vashed twice with 3-0 ml yortions of PCA. The residuve wam
suspended in 0«5 ml of 2 N spmonium hydroxide, trensferved to en
aluminun planchet, drisd end counted.

| In the preseat work ono unit of enayme sotivity corresponds

EL

e en ineorporstion of 10 wu mole of ~ C-UMP per howr wnder the

conditione desoribed sbove.

Frepovation of DNA template precific for sRNA hlosynthesis

This method wae developed by Br. B.8. MeParlene. Priuwer DNA
vas prepared from pacites twmor tells by the method of Mevwmr (109).
Qﬁeglasamie BREA wee propsrad from eseiter bumor cells and fragbionsted
on MAK aolumng &8 desovibed sbove, The first component eluted from the
solumn {emino ecld seseptor RNA) wes retesned. To prejpere the mouse
Iirlich escites tuwmor DNA~HNA hybrids, 1 mg of heat<denstured ameites
tumor DRA (hested 15 winutes at 90° end raptdly cooled) snd 0-05 mg of
parified sRNA in 10 mle of » buffered aslt solution (001 M Tris
(g 7:3, 0'3 M NeCl end 0-00L M MgCl,) were heeted together at 72°0
| for 2 hours snd then gulckly ceoled in en lce bath. The solution ves
then incubated with B. coll B phosphiotiesterese {prepersd following
the wethod of Tehmen (110-112)) for 30 minutes st 30°C to destroy

the denatured DHA. The resulting solution wes cooled end plesed on én
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HAK colwmn. A linesr gredient ves esteblished with 120 nls of 04 M
NaCl and 120 mls of 1:2 ¥ HeCl both bulfered with 005 M sodivm phos-
thete bulfer H 6+5. Tree nl fractions wers eollected. From pre-
liminery exporiments employing pirified 32%3&2{#. prnesled with ssoltes
tupor DNA 1% wes koown thet tubes 35-Bh conteined the hybrid. These
freetions (34-4b) from several MAK aolumn chromatogrems wers poolsd,
dielysed sgeinet water, snd concentrsted to epproximstely 20 wis by
flesh evaporation. '

This copeentreted molutlen contelining bybrid materiel wes
hested for 15 winutes st 90°¢ (Beat-denatured) smd then cooled quiekly
in an fve-hath. The heat-denatured hybrid ves then ve-chyomstographed
on wn MAK celum with the seme bulfered salt gredient ee sbhove. It
vag shown previouwsly (90) thet the sRNA cunteined in the hest-denatured
hybrid solubion eluted from the eplwm ot lov sslt sonventrations
{0-5<0-5 M), while the DNA sluted at high HeCl concentrations (0-8.
09 M), Thus froctions 4.5l wvere sgain collested wnd concentrnted
E}y flash eveporstion. This concentreted solubion then aéai}aine& only
the DNA of the DNA-sRNA hybrid materiel,, (single-stranded) . )

The above provedure is both labordous snd time~gonmuing. A

phorter method for mess isolation of this DHA template is now used.
Ascites tumoy DHA end efiBA were Lsolated se sbove. Hybridizetion
wag carvied oubt with ten tubes; esch conteining 1 wg of DNA and 0-0% g

of purified sRNA. Rech wes inoubeted for 2 hours st 78%C, cooled
quickly, end then iacubsted with E. coli B phonpholiesterase for
30 minutes at 3{3@6; The contents of &1l ten tubes wesre pleced on 8
MAK eolumn which hed beon previcusly equilibreted with O5 M WeCl



21,

bufferad with 0-05 M phosphate, M 6-5. The solumn ves washed with the
above buffered galt solution wntil the effluvent wes free of U.V.~sbgorbs
ing weterinl (SRNA and deomynuclectides). Following this buffered 12 M
Nell ves epplied to the colums end § wml frastions were ‘gcﬁlmteai The
frections containing U.V.-sbsorbing weterial {-11) vere pooled, dinlysed
nguinst vater, and oomcentreted in 13wl by flssh eveporation. The
concentrated solution containing the hybrid wss heated at 90%¢ for

15 minutes (hent-demstured), coolsd quickly, end syplied to & MAK column
previously squilibrated s sbove. The colum vas washed with buffered
05 ¥ HaCl until no U.V.-gbeorbing materiel sypeered in the eluant (sRNA) . |
Buffered 1-2 M NaCl wes then plsced on the coluwm snd 6 ml feavtions

vere solleeted. The fractione containing U.V.-ehsorbing meterisl (6-10)
wore pooled, dielysed sgainst weter and concentrated by flash evaporation.
The eaﬁga&tmt&é golution then conteined the DNA of the DNA-sRNA hybrid,

auynes’ Fraotion end

Prevaration of pyrophosphorylyced siBA was cervied suk by
facubsting the "pH 5 snsymes” fraction with & relatively Wigh cone
sentration of FFL (27)." In this wethod 5-0 ml of "y¥ 5 ensymes"
fracbion vere jnoubated in 003 M XP (117) and O-0% M NHePPL for
30 minvtes ot 37°C. The eRNA was then isolated by the phenol extraction

method of Kirby (103) snd atored frozen in moueoud solution.

The sotivity of the nucleotide ingorporating ennyme in the
8 S eneymes” fraction snd the 10%000 x g supernstent frection of
Zarlich sgoltes tumor cells was messured by fte ebility to catelyse
the restorebion of amino auid binding cujeeity of ypyrophosphorylyred sRNA.
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Thie was tasted by measuring the incorporation of 3’#@ amino eoids

{ﬁ‘eaaml hydrolysete) into sRNA im the ebsence and presence of CIF.
The iméhauaa mixture (1:0 ml) contained 5 uwoles ATP, PR 75, 10 umsles
wereaptoethanol; 5 umoles Hsclg, 25 uywolos of Trie buffer, H 7-5,
500000 cupams of ﬁf: suing poide, G- wg of pyrophosphorylyred sRHA,
10 umole of CTF end 01 wl of "pH 5§ encymes” fraction or 109000 z g
supernatent freetion. Contysl incubation miztuves lecked CTP end/or
BRNA. Blanke were rus with hemted " 5 wozymes” fraotion (hessted for
3 minutes at T7°C). ,

ALL fnewbation mixtures vere prefncubsted vithout Y'Cosmtno
Woemine scids
these mixtures vere inwubsted » further 10 mioutes st 37°. Tue

nelds for 20 minutes at 37°C. After the sddition of

reastions vere stopped by ceoling in en loe beth, adding 12 ug of
serum albumen (0-06 wl) followed by 4.0 wl of 3-5% PUA conteining 1%
jectalbumen hydvrolysste. The precipitate obtalned ves sedinentsd in

& alinienl centrifuge for § wminutes sud then weshed twiee with the
FUA-lactalbumen mizture, The precipitete wae then resuspended in 0-5 ml
of b ¥ W0, ploted, dried snd counted.

Buyernstent Yreation
Inorgenic pycophosphatoss sotivity ves estimeted eugsentially
by the method of Kunite (113). Inorgenic phosphute wes determined by
the mathod of King (114). The inoubstion mixture {10:0 ml) conteined
500 umoles of Tris buffer ¢H 7-5, 200 umoles Ha¥Pi, 00 uwoles of Mgl
and 146 wl of " % encymea” frection or 105000 x g supsrmetent fraction.

Two sontrols, one without HebPi and one without enzyme wers incubsted
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similtencously. The mixtures vere incubsted st 37° snd eliguots (1-0 i)
were removed &t 0, 5, 10 snd 20 minutes end sdded to 1.0 wl of 603 FUA.
The sepples were centrifuged for 2 minutes with & olinical sentrifuge

to rewove the precipiteted proteln snd then the copoentretion of
inorgenie phosphete in the clerified supersetent wes determined. The
semovel of proteln vas aceouplished us quickly ss possible to mimimizs
the hydrolysie of FPL by the FOA.

st of "yl 5 enwymes” Fraotion vith Protamine Sulfste

| The "pH % enoymes® frection ves trested with yvotemine sulfate
o remove sANA (115). Different aconcentrations of protsmine sulfate
were uged 1o determing the concentration vhish would precipitete most
of the sREA without removisg pyrophosphetiase eetiviiy, nucleotide
insorporsting ensyme sativity, or, and wost impovient of ail, saine
aaid eetivating emsyues.
The protemine sulfate (1% v/v) vas alwsys freshly pregered

ss suggested by Hele (115), filtered end kept cool ia an ice bath,
The protemine sulfate (0-1, 0:2, Ok snd 0-8 wl) wee added to 2-0 ml
fractione of "pf § enzywes’ fraﬁtiam Tha tveeted fm&tie&s vere
then centrifuged for 5 minutes with the eliniosl @@ﬁﬁz‘ifﬁﬁs The
supernetants were decented sud sasayed for the verious ensywic
astivities 1isted sbove end for sRNA content (116).

Ghusoms of "JiL § enzpues” Fraction on DEAB-celivlose

The "¢ § ensymes” frection wes chromstogrephed on DEAR-
sellulose to vemove sREA {(118). The DEAE-calinlose was previously
washed with 1 N NeOR end 1 M KH PO, buffer and equilfbrated with
& M meresptoethanol buffered with 0:10 M Tris buffer pH 7-3.
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4 column {6 x 1+1 om) ves prepered end 10 ul of "pHl 5 ensymes”
fraction (previously diluted 1:4+5 with Tris-merceptosthenol buffer)
wape ron through .with the Tris-mercaptoethencl buffer ss sluent. The
£irst 20 ul vers vetained., The a;ctivit;y of nucleotide Incorporsting
enzymes and emino weid metiveting enmsymes, end the sRNA content of the
emt@grﬂaphéd fraotion wug wesgurad.

Treatwent of DNAsse on G-50 Sephedex

The commerciel erystalline DNAsse wae passed through & G-30
Sephadex 'ealm to regove residusl REARee activity se suggested by
Histt (119). The G-90 Seyhsdex wes allowed to swell in distilled
water for 3 deye sud the fines were degcanted. Olees besds were placed
in the column to & helight of 1 ¢m $o prevent residual fines from plugging
the sintered glues disk of the scolumn (380). @-50 Sephedex colums,
17 em ¥ 1+1 om, was prepuved on top of thise. The following épeamtiaaa
were carried out in & cold-room (4°C). The level of the solumn ves
atebilized by eluting with water for 36 hours (120} Folloving this
& wg of DHAase dissolved in 0-5 mia of H.O were ;:slg@@si on the column
end the column eluted with water. Fraotions of 1-0 ml were collected
end the opticel demsities at 280 m: messured on & Beclman DU spectro-
vhotometer. ‘ﬂw first fraotion in vhich & large opticel deneity at
280 my appeared wos used in subseguent experiments. It le to be noted
thet ll experiments involving DNAsse employed the wnfrsotionated DNAzss
unless othervise indlcated. |

betersination of Rudiceativity

Incorporstion of ayiﬁiaaﬁ&*}ke into gRNA wvas sstimsted by
plating semples of the RN¥A-containing solutions on stainless steel

planchets, eveporating to dryness wnder sn infrered lsmp snd counting.
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hydrplysste} into seid insolvbie meterisl {"REA-1ike” waterisl) was

Mo and Yeoemine eolég {;‘hﬁ

Incorporation of UTP-2-
estiveted by dissolving the washed presipitzte in 0-5 wl of 2 N 8, O
or b B HE,OH, pleting on stainless stes) ylanchets, drying sné cousting,
| | ALL counting ves done on & Huclear Chicege wieromil window
ges~-flow gsounter. All determinations were mode at infinite thioness.
Ssmples thet counted less then 100 ¢.p.w. shove bashgrownd vers counted
‘on & Mode)l C~130B low beekground sutematic ovnter (backgriund less
than 2-0 eup.m o). More sotive somples vere Sometlses coumted om o
 manusl counter vith s backgrownd of M0 o.pam. ALl smemples wove

worrected for beckgeound .

Anslyticel Deterwinntions

Protein estimetions were mede by the mothod of Lowry et sl
(121) using 5 x erystallized sge slbwsin {Sigm: Chewiosi Co.) &2 e
gteniard , |

- aRNA a5 estiwmted fyom the 280 m wnd 280 mp ohbaorpbion
by the method of Warbueg snd Christien {(122).




TABEE 1
The affecvt of sctinomyein D on the incor-
poroatios of wiﬁin&-ﬁwl&ﬁ into eytoplasmic

SREA in en "intsot oells yrevsvation”

Addition |Opecifie Activity (o.p«as./mg aRNA)

Bone 150+0
Aotinomynin 40

Wote: sRNA was lsbellsd im the presence of 10+5 ml of "intset cells

prejorsbion”, 125 mmoles of suarose, 12-5 wsolss of Tris buffer, 18 T'T,
05 mmoles of CsCl,, 0-05 mmwles of HgBo, nd 50 mumoles of wridine.2-
Yo (950,000 ¢.p.m.) 1o & Pinsl volume of 15 wl. The cslls were pre-
jncobated with snd withowt sctinomyein D (6 ug/ml) for 20 minuvtes st
37° sud then for & further 60 minvtes efter the eddition of the uridine-
a»l‘t‘e; The remctien wes stopped by cooling in en ice beth. sBHA ves
extreoted by the phemol mebhoad and counted on the sxtomatlice counter.




TABLE 2
™he effects of sotinomyoin D né Dfiess on
the incorporstion of wxm-*zéﬁ‘c into

puclesr sENA in an "inteet nuelesr grepevetion™

Addition | 'agmmau Mﬁvﬁy fmg*m;fag sﬁBﬁ)

Expt. 1 Bipt, 2

Hone 20 2T-6
Aetinowmysin 115 36
DNAape 13 -

Hote: The muclel were preincubsted with apd without setinowyein
{06 pg/ml in Expt. 1 and 2-9 pg/mi in Bxpt. £) eud with and without
Masse (16 pg/ml in Bopt. 1) for 25 minutes (Bxpt. 1) snd 20 miautes
(Zxpt. 2) followed by the sdditicn of Wiéim»:%wﬁe {50 mimoles) and
& further incubsation for & hours at 3?‘@ in & Pinel volume of 15 wi.
The B vas checked every 30 minutes. The sWHA was extruated by the
thenol method and sountasd on the subomatiy souwnder.




RESULTS

Freliminsry atudy of sBRA bdo
colle

nthesis in mouse Ehvlieh ascites tumor

The dste presentad in Table 1 show thet the incorporstion of
widtne-2-2% o eytoplasmie eRMA of en "latact vells preperation”
is inhibited epproximetely 57% by sctinomyein D (6 ug/ul, preinevbeted
for 20 minutes), 411 Flesks wers iscubeted la the dark becsuse
setinomycin D is light-gensitive.

In Teble 2 vesulis ave presented which show the offeots of

mﬁz inta

| n%mmia D snd DfAnee on the incorporstion of wridine+2.
malesr SREA of eb Vinteot muclesy prepavatlion”. The “intost muslesy
preparation” wes prepered o8 desoribed mbove (see p. 14) except:

{1) & conventruted sults Buffer giving & finel soncentestion of 025 M
sucrose, 0-075 M Tris buffer, 18 T°7, 0001 H Mlﬁ and O-000L ¥

Mghly, ves added to stop lywis of the cells and {11} the nuclet
spllseted by centrifugetion were suspended in 3 volumes of & Duffered

- aslts solution resvlting fin 2 Pims) scucentrabtion of meterisly aw

given in (1) sbowe. It msy be sesn thet preincubstion with actinomycin

| Anbibited the iacorpovetion of armmwar-’?‘“a into nuclene sREA of this

“intect muclear preperation’ hy T26 (0-6 ugful) sad 876 (2-5 pafml)
Bud mmmt&w with DEAsee (1B ug/wl) inhibited 83%. The ¢l of
the resction mictures »es cheeked perio@icelly bucsuse of the long
Inewbation time (b hours).

ouse Burlich sacites

Huclesr and eytopisemic sRNAs were Pfroctionsted on methylated
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TABLE 3

Husleotide eompositions of the first components {ecveptor

RNA fractions) of nucleus snd oytoplasmic silAs frection-

&ted on MAK colwwmns

soceptor RNA

fraction

'%Wiﬁm {molen §) "

GMP

Betio ot

Purines/Pyrimidines

Nuoleus

Cytoplesn

159

76

%5
301

9093
0-091




27.
slbumen colusne ss desoribed sbove (see p. 18). The elution patterns
indizated thet two msjor components were present {(aee Fig. 7). The
recovery of U.V.-abasorbing material from the shropetography of elther
nuelear or cytoplesmic SBNA varied betveen 85-9%% with the REA in
the first pesk (eluted &t §-%-0-5 M Nall) mecounmting for 35% of the
total U.V.-absorbing weterisl placed on the solumn. Thizs filrvet

componert 18 smine seid scdeptor BNA (105).

The nuelestide compositions of the sczeptor BNA frections of

munleer and eytopluswic silile frectiom ted op MAK colwens wers deters
mined by mwthods described sbove (see p. 16). It mey be seen that
the buse comgposition of zoceptor REA isolated from the nueleus is
ey pedrly the seme o the bage componition of eytuplasmis scceptor

BHA. Furthermore the per sant of A (16-9) and of P (13-1) indiontes

that apyreximtely 87% of thwse two nuzleciides sould be bame-paired
in the muclesy poceptor RRA. Bimilarly 89% of the OMP aud GMF of the
polenr asoceptor HEA wonld be lwwe-paired. The seine con be ssid of
the oytoplasmic sRNA.

The second peak (2luted at 08400 M Nall) scoounted for
65% of the totsl U.V.-sbsorbing weterisl placed an the colwm. The
protein compoaition of this posk #a.ﬁ showe to be less then 19 for

both nuclesr end oytoplosmic sRRA. Trestment of s sesond com-

ponent with DNAese (20 ug/md for 18 hours st 37° in 6-05 M Tris,

2 7-1), fallowed Wy dialysis ugaingt water, rasulted in no loss of
u.y t“ﬁ%@hwé‘ma;;f;;%@w this second souponent conbains litdle, If
eny, DNA materisl. Tremtment with 03 ¥ XOH for 18 hours at 37
followed by dinlysis ageisst weter shoved & luss of 55-85% of the
U.Y ~absorbing meterisl sfter the dlslysis. Pensveatic ribonuclesse
treatment (20 pg/ml for 6 hours et 370 in 0-05 M Tris buffer, ¥ T-7)

e
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owed & loss of 22304 of the

followed by &i&lsai—é zgeinst vater 2
UV .sbeorbing meterial. This sensitivity to slkeli end pemerestic
ribonuolsese indicetes thet sowe of this sevond component of bBoth
ausleer mnd eytoplesmic sRNA is SHA. Psncirentis rimmiam troats
went (100 pg/ml for 22 howrs et 37° in 003 M Tris buffer, 38 T-7)
of the seoond component of legmic #RNA, followed by dlelynis

R W

against 2 M FeCl shoved a loss of Sh% of the U.V.-absorbing meterisl.

This indiontes thet wost of the wesind pesk of oytoplasmic sREA is
/A meterial.

syoge from B. 2oli B

The prevaration of DNA-Geper
out o8 daseribed ehove (ee . 17). Commeveislly cbteined E. coll B
slls vere uged in preparetions b wnd 5. Pmﬁm’kim 2y 35 b oemd 5
veve earried oub with the 6% wfv solubion of streptomyels Buifube
while in preparetion 1, the 10% %;/# solution vee weed (78)) | 1t w
b pean ﬂmt this chenge in the proceduve sprroximptely doubled the
speaific mtwit# of the Fraction IIT engyme. The low speeific N
@@%ﬁﬁ* m’: the “Initial wat“ in ouwr préparstions ss sompered
%o thet obtsined by Chesboriin snd Berg (78) W sluply be 2 mnl@
of the different walt of evcyme aotivity uss€. It mey slev be noted
thet the speeific setivity of the a&"&mﬁ after the streptosyein
g,;m%am step Lo wuch lover in our jrerarations them the specific

p sepekion

{70 ug/ml), ond MAese {160 ug/wl) iakibit the fmecryorstion of

dent REA polywersse was carried

it




TABLE %

The offcet of DEisse and sotinomyein D on the incor-

b

yoraticn of UIF-2-"C ints "scid-inselubls” material

satalysed by DHA-dependent RNA polyserase

¢.pus. {“Acid.-Topoluble” Meterlsl)

Addttiones . - - ' '
Proinovbeted 3 min. Frefpovhoted 10 win

Feoe ko-¢ 4800
Aotinomyein 18709 1y-g

Diisse -0 b4 2 2

mm Ia@b%im padive end vash proogdure ves the esne &g
in the stenderd assay yrovedure for aotivity of RES polymersse
{sse p. 18). Semples ware preingubeted with wnd without
setinomyein D {20 ug/ml) end DNsnse {160 pg/wl) for 3 minubes
wr for 10 miautes before addition of DHA-dependent BNA polye
mevese sad further incwhsted for 10 minutes st 37°. The
resctions were stopped by coolisg in an ice beth and the "seide
m:twm“ mterinl wen weshed snd vounted with the meousl commter.
Blenks {lsching BHA polymersse) vere vun simulisnesusly end
sessyed for m‘imﬁﬁty {100 epm. ). The m&zﬁlﬂk in thisl
table were covrected for the blanks.




TABLE 6

The offect of Eivee snd sikell on the incore
porstion of UIP-2.2%C into “seid imsoluble”
materiel with RNA polywersse reaotion snd the
DA priwer gpesific for sREA syathnsis

Prestment | C.p.m. "Acid Msoluble” Materiel)

Hone 1650
RRAsge : 280
Alkadi 0

Bote: The reection mixturs {05 ml) contained 500 wi of Tris
wuffer, w8 79, 10 o of ¥nCl,., &0 = H&ﬂl@, 40 mnoles each
of AP, OTP, GIF sod UFP, 15 wumbles of spesifie DHA ywimer, TP~
%ﬁl&c guch thet the specific selivity of the total UIF wes 230
&up.e. por mupsle, and 12 wM mercaptosthenul and REA polymersse.
Folymersse wne sdied every 20 minutes {totsl of 80 uwnita). After
inoubation st 370 for 2 hours the resction wixtures were trestsd for
3 howr st 377 with RMAsse (3 wg/ml) or in K0H (1 B), then shilled
in oo snd the "seid insoluble® meteriel esseysd for medicsctividy
26 in the ptendard sstey procedure for REA polymerese (see p. 19).
BEianke (preinsvbated for 5 minutes with 150 pg/at DNAes

¢ befors
sddition of RNA polymevese) were rub simultessously and sesayed for
vediosotivity (12-0 o.p.m.). The results in thiz tsble were corveated
for the bleuks.




26 .
ﬁﬁggi‘-ﬁaﬁi‘g inte "seid-insoluble” meterisl cetelysed Yy DHA-dependent RHA
templiate). The

olyrerese with cslf thysus DRA se the primer DEA {DE2
DRiese {150 ug/ml) inhibited the wwﬁﬁ% inecrporstion wmove than 999,
thevefore, semples preluoulnted vith Micse weore subseguently used 28
Wlsnke in the following expevimsnts.

In Teble 6 results sre yresented which shew the effeats of
pencrestic ribonuslense and glieli on the rediosetivity of the “seid
insoluble” produet of the RNA polymevase resotion primed with single.
stropded DNA specific for oRNA synthesis. I% mey be seen that the
pancrestie ribonuclense (3 ug/ud for 50 wimdes et 37°) wolubilized
83% of the counts in the "Beid insoluble” produst end the elhkali
for 60 minubes st 37°) solubiliszed wove then 98% of

troetment (1 ¥ KOR
these gsounts. This wd teles se en isdicstion thet the "seld imsoluble”
aeunts are iscorporsted into sn "RER-1iNe” meterfel. It showld be

webed and REA polymersse
sdded, end the long imowbstion peried (2 hours) resulited in o synthesis
of 47 wumoles of siflA-phosphete. [Caloulpted by sevusdug thet 1% soles?d
of eBNA iz 1P {ses Table 3).} This fo mors thew Sthree tiwes the

smount of DBA-phosghate used as priver in the resction mistars.

When the "BNA-1ike” profSuct wss chrometogrophed on sn MAK
volumn the gragh auown ta Figere § wee oblained. (This chrometograph
wey yrovided Yy Dr. Z.8. MoFerlens.) The
the synthewts of the “RA-like™ profusct wes placed on the solvmn after
% 3 howr incubstion. Purified mouse Bvrlish eselbes tumor sRNA

nobed thet the swount of Bucleostide triphiony

kol vesction mivxbure for

{aooeptor RHA) wos slso pleced on the colwmn st the ssme time to vt &8
& movker. The high peak of optleal Senmity {wmixismm st frection 13)
indicates thet the sdded parified aR¥A fs aluting from the colvum.

3% puy be peeh thet e pesk of veliopotivity soPresponting to this

[




Figure 8.
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Note: The crosses (+) represent counts per minute and the unmarked
line represents optical density measured at 260 mu. .

. Chromatography on an MAK column of the "RNA-like" product of DNA-
dependent RNA polymerase reaction primed with DNA specific for sRNA
biosynthesis (single-stranded). The reaction mixture was the same as
that in Table 6 except 24-4 mumoles of DNA-phosphate was used as primer.
The reaction mixture was incubated for 3 hours at 37° and was placed
directly on an MAK column slong with 0-54 mg of purified (chromato-
graphed) ascites tumor cytoplasmic sRNA as a marker. This column had
been previocusly equilibrated with 0-3 M NaCl buffered with 0-05 M
- phosphate buffer, pH 6:5. The column was washed with buffered 0:3 M
NaCl until the optical density of the eluant was 0-000. A linear
gradient was ectablished with 120 ml each of buffered O0-4 M NaCl and
1-2 M NaCl at pH 6-5. Three ml fractions were collected and the
~optical densities measured at 260 mu in a Beckman DU spectrophotometer.
Serun albumen (1-0 mg) was added to 1 ml samples of each of these
fractions, followed by the addition of 3 ml of 3-5% PCA. The pre-

" cipitate, collected by centrifugation (5 minutes at 14500 x g), was
dissolved in 2 N NHLOH, plated and counted or the manual counter. A
control reaction mixture was incubated simultaneously. The reaction

' was stopped by cooling in ice. Serum zlbumen {1 mg) was added

followed by 3 ml of 3-5% PCA. The precipitate was collected by
centrifugation as above and washed twice with 3-5% PCA before dissolving
in 2 N NH,O0H, plating and counting. The control sample counted 589
¢.p-m. which corresponds to 17 mumoles of sRNA-phosphate, calculated

as described in Resuvlts. Total counts recovered from the column as
acid-insoluble counts were 582 c.p.m. -
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Note: The crosses (+) represent counts per minute and the unmarked
line represents optical density measured at 260 my.

Chromatography on an MAK column of the "RNA-like" product of the
DNA-dependent RNA polymerase reaction primed with DNA specific for sRNA
biosynthesis (single-stranded). The reaction mixture was the same as
that in Tsble 6 excegt 122-0 mumoles of DNA-phosphate was used as
primer, and 2-4 x 10° c.p.m. of UTP—E-th was added. The reaction
mixture was incubated for 2 1/2 hours at 37° and placed directly on
an MAX column along with 0-8 mg of purified (chrometographed) ascites
tumor cytoplasmic sRNA added as a merker. The column had been pre-
viously equilibrated with 0:3 N NaCl buffered with 0-05 M phosphate
buffer pH 6-5. The column was washed with buffered 0-3 M NaCl until
the optical density (measured at 260 mu) of the eluant was 0-000.
(FTactions 1-15 were the last 15 fractions of the wash procedure.)

A linear NaCl gradient was established with 110 ml each of 0-3 M NaCl
and 1-2 M NaCl buffered with phosphate buffer pH 6-5. Four ml fractions

- were collected and the optical densities read at 260 mu. Serum

albumen (1-2 mg in 0-06 ml) was added to 1 ml sgmples of each of these
fractions. Three ml of 3-5% PCA wes then added. The precipitate,
collected by centrifugation (5 minutes at 14500 x g), was dissolved
in 2 N NH4OH, plated and counted on the manual counter. Total counts
recovered from the column as acid-insoluble counts were 3994 ¢.p.m.
This corresponds to 45-7 mumoles of sRNA-phosphate, calculated as
described in Results. '
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8B4 pesk is pregent. A ssoond pesk of radiosctivity ves eluted st 2
Boll comcentration similer to that which elubes INA-eANA hybrid ($0),
4 mmall peak of U.¥.-sbeorbing meterisl slgo ves eluted et this Bl
| concentration wad wey Ye cue to DNA-SRNA hybwid meterisl. It should
- be noted that the incorporetion of VEP-2->'¢ tnto "REA-ltke" (soid
insoluble) materis) indlostes & synthesis of 17-0 minolen of pRMA-
shosghate ville the emount of primer DNA used in the resotisn ves
2% mumolee of DHk-phosphate . | o

. Pigure 9 shows the rosults of asother sxperiment vhers
the "RA-1ike” product vas chromstograghed on sn MK solwm. (The

| - hotel resction mixturs was placed o the column &8 in Tsble §.)

The high opticel density of the Tirst fev feections {fractiocns 3, &
wd 3 of the wesh proceduve) 18 due to the nuclecside triphosphates
in the veection micbure. The opticel density pesk obieined in

- fractions 21-33 i the purified sREA eluting from the solumm, It
wy be seen thet the pesk of redionctivity (freetions S4-lh) wes
eluted from the column e the Nl corcentretion svhich elutes THA-

- SREA lybrids (0-8-0-9 M Hafl, (90)), ot with the SRNA. Tobal cowats
ed from the solusn ag acid-insclubls coupte vers 3998 ¢.pan.
surhiste eynthessed

This correspomis to §5-7 mumoles of shiNA-ph
{see yege £9). It should be nobed thet 1980 muwoles of DNA-
shogyhate was used a8 priger.

wremend of the Aming .ﬁ}ﬁ binding cepeeity of the “REA-1i%e™

e

produst of the DRA-dependent HNA poly
specifip for sONA biomynthesis (single-ctrenied)
The enine seld binding cepenity of the "HiA-like” yrofuct

ented by messu Wy aming setds

rese yesstion yriwed vith DA

ng the Incorporstion of




Tsble T

The insorporation of a‘s%im peids ( i‘:aaigal wydrolysete)

into the "AHA~like" product of the DNA-depsndent REA polymevsse
repotion primed with DHA specific for sRNA samthesis

&f:q:x.,m. imw&m mﬁs’: %ﬁ»lim” pmc%mﬁ
gxpt, 1 Bept. 2 Hept. 3 Rapt. b Bxpt,
As Hore (Blask) 169 oy b1 4k 6 189
. %19 3’“:13
i3 k5
¢. 18 mimites e &40 3#5&3 s o
D, 20 ninuies s i o klec B
399

Bote: Beootion mi-buves for syathesis of *‘m e material were 28 in
Table ﬁ, exmeyt wore DHA primer was sdded {PO-00 mmoles of DEA-shoupbete,
dee Toble 8), The wesples were incubsted Pfor 2+ hours. RUEA yelymercee
ves added every 20.10 minutes to & totel of 50.00 unite of ensyme motivity
{experiment 5, {1} Fesotion IIT snuyme, (11) Frestion IV enwywe). PFolloving
this &3 hour incobation o second resotfon mizture {eming soid eotivebing
M%%'ﬁ ﬁ?ﬁm, &*‘} %13 m'ﬁﬁmi% 5* ﬁmm of m; @E ? %g 5@@,%& Lo

“o-algel bydvelysete, 10 pmolse of merosptoothencl, 5 m:im of MgCly,
25 m&m of Tris Suffer, 3 7°5 s0d -1 o) of ¥ S shoyees” frection oY
other source of sotiveting enzywes {experiment 1, -1 ml of dlluted “gH
amm Praction iaﬁmwa 1:20); experinent 2, -1 ml of diluted “pH 5
eneymes” Tesotion (4iluted 1:50); @aiwm 3, @1 vl diluted "8 5 snvymee”
frovtion (diluted 1eh0): sepavimast 15 wmi protomine sulfete treabed
i % eneymes” frestion (unddluted); swim% 5, O &5 ul of DEAD-cellvioss
treated " 5 engywens” frection) was added. A apd meﬂmﬂﬁfwa
fusther 5 minutes. € end D were fncubeted without - “%MW@
o 10 end 20 minvtes respeotively, Followed by the addition of the »algal
rolysste and 2 further 5 mlotes Incubaddon. Beestlions were mm@é W
couling {n on ive dath snd sdding 1-2 mg (0-06 wl) serum elbwwn sed & mi of
255 POA containing 1% lectellbumen hydwelysets. The resulting presipitete
s sellacted by centrifugetion (5 minutes at 15,000 x g} and weshed twice
with b sl of the POA-leotallnoen solubtion. The vesidue wei dissolved in
& ¥ o, 3lated sud counted on the wemwel counter. The blenke veve
fyevboted with DEAsse {150 pg/ul Mtisse for 3 mimubtes in ssperiments L end
2 smd 150 pgfwl for § minmubes in oxperivemts 3, & and ) before the sddition
of BHA polymerese. Therefore the blssks contained no “RHA-11ke” produet
{ne DRA primer For the resction).




Table &

.ﬁwmtss wr m}mﬁmw m@ﬁ aw wim ami m mmts of
.. SRBA-phosphnte synthesized in fxperivents 1, 8, 3, %oend 5
(ﬁm Tab'm ?}

Brphas m }32‘ o }ﬁqsnm.m m ﬁwﬁh&g;&m
B (m&% m" M-«r«} m-.i:s- e immamﬁm {Wim of mﬁg}»

i

| Ei%ﬁ R f,'%?

\.EW T T bo-b

5&) A agse o
H) 53&5" U - - S o A

E W O B

ﬁ@bag m m wimr m@ isa mﬁmw i m s.% xmn ma-t wzﬁaﬁ
HAR colem chromsbogrebhy of hest-denatured IHA-2BHA hybrid (sse p. 20).
The hybrid, {hent~denetured, 15 winutes st $0°) itmelf yue ussd and the
swovnt o Bueleis eetd 1n thie ¥ohwid wes celoulsted by the wathed of
Usriurg eud Christien (122). The smount of THA-ghosphate in this mm
hyteis vns teken to bE 1/2 of the nuelels melid wontent, The other /2
efmmwwmm Ea&mﬁmta 3 b osme 5 the DHA primer
pddod wis purified By MAK dolum clromstogrephy which romoved the eREA
{soe p, 20), The smount of mwymmma wos ealoulebed by the mtm
sbove (127} ssuming that 511 the Bueleth scid pressnt vas DNA. S
, The smount of sRNA formed ves celoulsted by sssuming tbat 1&%

of the mirisotides 15 the SRHA are UMF {see Tebleod)e o0




[

Teble 9

Hessurement of nueleotide fncorpovnting enzywe ssbivity

Cep ‘m. inwr‘wmm into sRNA
( Incorporation of %Mzm seids lnto scio-imsoluble mtert

Additions

mﬁ,m@ %8 wmmtam ' pﬁ 5 &nmmg
ﬁnﬁmﬁaﬁ ?mmm sux:i‘me tr@am Pmtmine mmm tres
None (Blank) 253 133 s
Bone 1Eg 1 €50
Fyrophosyhorylyred sRNA 361 5 167
Fyrophoephorylysed eRNA
and CTP 929 | 535 986

Hote: Oee Msterinls and Methods. Hest-donatured ennyme wes ueed in the blanbs.
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.,
in high blsnks. If these blenks could be lowered then & small incresse
in ineovporetion of ﬁ‘eww acids {300-4%00 s.pan.) in the controls
over the blenks would be much move significsnt. The 105,000 z g
supernetant frection s 13-14 tives move dilute then the o 5 enzymes”
fmaﬂm snd hes @ high ewine scid sotiveting ensymes activity. FProtomine
sulfete treated " 5 enzymes” frection und DEAE~zellulose chrometos
arephed "pH 5 ensymss” frasotion both contain much less RNA than the
untrested "pR 5 ensyues” fraction mmd aam@amtiy the trested ennymes
give lover blsmke. Therefore the ai’femg of protemine sulfete treste

.'m&mt sl _mgﬁwumw shromptogeerhy on the sstivities of the aveleo-
tide incorporating enzyme, pyrophosphatese, snd the smino seid ectivating
enyymes vere studied.

| Treliminary experiments with protemine sulfete indicated thet
the sdéition of O-1 mi of & 1% w/v solution of protemine sulfete to
2.0 wl of "pH 5 encynes” frection (see y. 23) ramoved wove then 90% of
the sRNA content while less then 50% of the smine ecid eetiveting
encymes activity was Jost. Further sddition of yprotumine sulfete

precipitated more sREA but the activeting sniywes were 6180 pre-

gipiteted. Thus the protemine sulfste treetment used in 2ll experimente
wes thet indicsted ghove.
In Table ¢ sre thown the resulits of en sxperiment designed
to meesure the sehbivity af‘ the nucleotide imcorporsting enszyse In
" 5 enwymes" fraction end in the 105,000 x § supernstent frection

(with an¢ without protemine sulfete tremtment). It wey be peen thet
the 105,000 x g supernstent frection is & Getter souwrce of thin enzyee

thaw 15 the protemine sulfete treated "pH % empymes” frection.



Measvrement of pyrophosphstese sotivibdy

Teble 10

Pi veloased by ;ammMmsq {mg)

Inowbetion tise

,000 * 8 supernatont

*‘j‘;a% g ma:m"

Untrested

!}nﬁﬁmaﬁ Protemine aulf&m frented

0 minutes 0000
% sinutes > 513
10 minutes > 8131
20 minutes > 0-131

0-000
G607
0-081
a-03F

0-000
o008
0303

0-01

Kotes GSee Moterisls snd Methods.

aaly were ron simplienecusly end the ebove yesulds were sorrected Por these

Blenks .

Blunks containing Eu-FP1 only end encywe




Teble 11

The effect of DiAsse snd heet on the "BEA-1like" produst
of the REA polysersse vosotion

1'55 bm
(1asorsoration of UrP-2-2% into seid tnsoluble seteviel)

Trottuent mpa»:t Ex;ft 2 mt.s Expt. b Bept. 5 mm.s”

A, Hong 1614 1566 hop . ony 174 hag
1550 | k7Y
o gﬁ)g 24 15 - e
(‘xﬂﬁriﬁﬁ?ﬂ) o ;uw s - 1@? R

Hote: The resvtion mixtures vere the ssme &8 thode in Teble £ except thut
2050 mpmoles of DNA-ph
resciion wixtures for 2.3 hours, DNAmse wes edded (Piael concentration 150 wg/md)

grimbe ves wsed & priwer. f#ifter incubating the

aad inculeted for 5 minutes st 3??'@' » OF the rescbion wmixbture was hested for
15 minutes at 507, In ¢ the DiAsse W8S pravicusly purifisd on ﬁ«?% Bephedex

ag in the Hoterizmle and Methods. Following this the seid iasoluble mmterisl

#48 asssyed for redicectivity oo in the stemdsrd sessy procedure for BNA

welymsrese (ses pe 19),
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Purthermore the blenke are lower with the 105,000 x g supsrnatant
fraztion then with the protemine sulfate treated "pH 5 ensymes”
fraction indiceting less sU¥A in the 105,000 x g supermstant freetion.

In Table 13 the regulis of an experiment designed to test
the setivity of inorgenic pw@marmmsa in "pH 5 enzymes” fraction
{vith zné without protemine sulfate treatment) sné im 105,000 x g
supernatant fraction sre shown. It wey be seen that the 105,000 x g
upernatent i & much better source of the inorgenic yyrophosphetase
then is the "pH 5 enuymes" fyreation.

DEABw-gellulons chromsbogrephy of the "l 5 envywss® freviion
wes found to vemove sver H0Y of the sRNA context. The sRNA wes
caloulsted by the method of Fraser ot sl (116). Mossurement of the
amino acid sotiveting ennymes aotivity showed thet only 259 of this
attivity wae logt in trestment. Diluticn of the DRAS-cellulose
et 1:5 dilution).

troated snsyme resulted in further losses (ebout 30%
Effest of DNAsse amit hest on the "ANA-1ike” produet of the RNA

Jolymersse resction
In Teble 11 the resulte of eeversl expsriments designed to

test the effect of DNAsss end hesting on the "REA-1ike” product of the
RNA polymerase restiion sre shown, It mey be seen thet m (ot
rurified by G-50 Sepbadex filtration) solubllired 86-95% of the meid
insoluble counts, while the perified DBAsse solubilized only 39% of
‘the &eid insoluble vounts. The hest trestment (15 mimstes st G0°
which separstes the strends of the DRA-sHNA hybrid) solubilized oniy
& few percent of the soid insoluble counts.




RISCUSBIN

The incorpovetion of w&éiwﬁ»la

¢ into 2RMA is probebly &
weasive of sREA synthesie since uwridine is incorporveted inte the poly-
muclestide chedn (uridine doss vot wdd onto the end of existing BHA
molsenlet). The imhibltion of this incorporstion in intset mouse .
Ehriich sscites tusor cells by sctinomyein {Table 1) indicstes thet the
sREA Piceynthesis is DiA-depondent. This is in egreement vith similer
experineats dome in collaborstion with Cock et sl (105). Alsy, remits
 pbtained by Cook st &l {105Y with m@—vmw:t m&mm iuwvﬂiﬂa
Suto waclssr SRNA with intact end broken muclesr prepsrations inéiested
thet the wethyletion of sRNA of wmouse Ehrlich aseitas tumor wz,:.l,ﬁ |
geourred in the mueleus.

“’ﬁ jnte nuclesnr SRNA By both

The iahibition of uridine«g-
DiiAnse ond sctinomyela In su "intest nuclesr prepuration” {Table 2)
imsionte thet sREA hes bBeen syuthesived in ke nuelesy estrsct and
that this syntbesis is DiWA-depenfent. I3 mey Ye seen in Teble @
thet the counts, even in the cootrol ssegples, were lov. Seversl
experiments wers dune to jwprove the nuclesr prejaretion without
puccese. The nuclei appesr morphologicelly intact when examined with
8 misrosoope but 1t is Likely thet essymes could leek oub through the
nueleer mewbrane Juring the preparstion. Also musleasos may be
raleased in the puclel wvhen they sre removed fyom their sytoplesmic

_ mproved aucleny prepavetion is probably jossible
bt this was not owr ohjective.
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Fractionation of phenol-sxtractsd sABA (103) on MAX colume
{Figure 7) showed twy wejor pesks of U.V.-sbsorbiog weterisl st 260 mi.

These two components of the sBNA were testss by Cook &t 8l {10%) for

ewino seid binding cepscily using hlbawg_lmzm, The vomponent

vhich #lubed st low salt concentration (0-5-0-5 ¥ Nafl) vae shown to
ve amino acid mogeptor MEA. The second component {(eluting st 0808 M
FeCl) spgesrs to be RBA ms well {ses p. 28), slthough pot saceptor REA.

The second componsnt was imoubated with mmﬁiﬁ ribooueleass Tollows

fpg the mathod of Bell ot ol (127). The long imewbstion yeriod (22 hoiwe)

results in the hyirolysis of all sun-resistent phosghodisster bonds.

There sre cevtain resistent vhosphodiester bonds however which sre not
hydrolysed., Thess would imvolve & 2lufemathyl ribotide or possibly
other novmal mecleotides such ms sre resishent to elkeline hydrolysis
{108, 129). By 4islysing sgeinst 2 M HeCl (130) resistent é.i.-.-, frie

znd tetranueleotides cen be removed fyom the ribonuclesse-treated
goluiieon (ageinst water only sononvclestides m vemoved) . Time the
long incubation period with pencrestic ribomuslease followed by
disiysic ageiost 2 ¥ Woll shoved a loss of 9h$ of the U.V.-absorbing
waterisl (of the second compomens) indisating that the second component

sent wsy be breskdown products of “messenger”

 is RNA. This second cowpo
RNA snd/or rivosomel RHA whieh sre similer enough to acecepbor RHA %o
be extracted hy the seime procedure (phenol extraction).

8180 shown t0 be the component +hich 15 methylsted by 1"-‘&-&:&3*

e ia tmteet cell

o pethy)

wethionine, snd which is labelled with wridingede
prevaretions (105). Thus the conclusions drewn from the

methlonine snd nri&imﬁaw%ﬁ fueorperstion experiments were warrented

L
PO




for these two redioigotopes vere incorporated ints aming seid sceeptor
nEA (sBHA).

Ingerporation experiments (1 C-mathyl sethionine, uridine-
Em‘mﬂ and in&&nglym) with shole mouee Hhvelieh ssoltes twmor cells
showed thet the nuslesar giHs hsd & higher wiﬁé avtivity than the
sytoplesmic SRHA (105). This indicstes s pogsible presursor veletion-
ship betveen nuclesr sRNA and cytoplasmic eHNA. '

It wee shoen (Teble 3) thet the first ccuponents of nuclesr
#nd eytoplosmlic sRRAs frectionated on MAK columms hove & very similay
bepe oumpositicn. This 16 necerasry 1f nusleer sRNA 1s in fuot »
;,mwm of aytoplesnmic s8RA. It wvas slso shown thet the beee come
position of both nuslear spd oytoplesmic sBNA ig sush thet more then
81% of the conplems
sgreement with the studfes of the hypevohromic effect which indicsbed

tury beses could be base-paired. This is in

that at leest 50-75% of the buses in oA ave yuired (swe 3. 3).

MeFarisae et 6l (90) have demonstrated thet DNA-sRNA hybrids
sen be forped with the mouse hrlich secoltes tumor DEA end wmine seld
secapbor RNA. Thus 46 seems )ikely thet extensive reglons exist in
the A heving nuslsotide sequendes complementsry %6 the sequences
of sucleotides in oREA.

In summsry, it spema prodeble thet in the mouse Ehrdieh
ascites tumor sell, sREA iz mede in the rucleus wnder contrel of the
ML, 18 mwum, and ie subseguently tranafeered to the oytopleas.
Puarther evidence for this INA comtrol in memmlish snd other systems
is discugsed in the Inte

ey
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If then, the soeibes tumor sBNA is mede on o DNA template, 1% might
be possible to eynthesize 1% 1n vitro usisg DBA that forma hybrids with
the sRNA (4.2. DHA thet is complementary to the sREA) ss yrimer end the
| Bia-dependent RNA polymersse purified by Chemberlin snd Berg (78). (This
s polymerees will use any DEA e priwer.)

DiA~dependent RUEA polymtrass wad purified folloving the

wrthod of Chexberiin end Berg {76). The resulte of seversl yreparstions

{neleding those of Chambarlin end Berg, for purposss of eomperisoh, sve
given tn Teble k. It my be esen thet the specific sctivity (units/ug)
of the initisl sxtraet of our preparstions is sppreximstély one-helf thet
of Chenberlin ané Berg {78}, However, since culf thywus DHA wes used &8
prlin ané Berg {18),
gnd winee the units of cobivity were d4iffereut {see Table 4) ss well,

jeriner instesd of the salmon mpsyw DHA used uy Cheub

pimiler vesulte could not be expected. It mey aleo be seen in Teble 4
treptonyeinmsulfete fractionstion step provides & H.p-fold
ted & WO-fold purificetion.

purificetion while Chuwberlin snd Berg rep

Beverel wasucessefu) sttempbe were made to locete the sdurse of this
loas of ensyme sebivity (75-908).

Ths depenience of the WEA polymirese resction on DHA is
shown in Teble 5. Both sotizomyoin ané DNAske, when preinoubested with
the IHA primsr, strongly inbibit the {nsorporstion of Wn&amﬂ ixm:a
aoid-insoivble waterisd.

The weid inselvble product, prepered with BNA polymerass end
the DBA primer spesific for sRNA syathenis, was rendered seid soluble by
inovbation with alkeli (1 B) or pancrestic ridbonmuelesse. We therefore
refor 4o the seid insoluble prodect zs "ANA-like” weterdel. Similer
- pyptews bBeve bDeen shown to systhesize BHA in this mssner sud in feot
%he BNA is & copy of the DR4 tesplate (ses Totrodustion).
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Chiberiin snd Berg (108) neve shown thet when single-strended
oA (2% 3Th) is used to prime the REA yolywevsse resctlon, DNA-RNA
nybrids sre formed and no free RMA appears uvntil the emownt of REA
duct ie eqgoal 5o the smouwnt of template DHA (i.¢. 211 of the N2
sunplete is sopded). The rescvlits of frectlosstion of the m;mﬁ

produst on en MAK column sre shown in Figere §.  In this experiment
57 mimolen of sAHA-phosgbate {celonlated) were syuthesived with
3220 mmoles of MA-phosphete (aprrovimetely cne-third of the DA is
aaxamﬁ) a8 prismer {single-strended). Therefors we would expect all
the m Mmt %o be in the form of & hybwid with its templote m
In the 1ight of the foregoing informstion the Pimding thet all of
the “RNA«like” produst eluted at the sase sslt concentvetion thut
elutes DRA-3REA hybride (0-8-000 M HeCl {90)) seeis to indicete that
the "BHA-like” produet formed is similer to sREA for it forms &
sintlisr hybeid with the DHA of the DHA-sRNA hybrid.

Figuve § showed the results of an sxperiment similer to thet
shown in Flgure 9 extept wove of the DNA template wns copied {170 musoles
of sRlA~phosphate synthesized with Zh-b muwolas of DNA templats).
of the "RNA-Like" profust formed wne elubed et the seme salt conountration
that eluted DHA-gHEA hybrids ag in Plgure 9. However, the mﬁaﬁw
of this product eluted with the yurified sgoeptor RHA thet wss added ss

e marker. This seems t indicete thet some of the "RHNA-like” product

. iu fres of ite DNA templete snd is similer to sRNA. Since secording

16 our calenistions the DMA templete has net £1l been sopled (only
wimately T58), this does not sgree with the findings of Chemberlin




bi.
and Berg (78).

The wmmility of demongtreting thet the "ABA-1ike™ product
is emino acid scceptor RNA wes considersd. Whem 023 mg of sREA (rhemol
extrasted) of mouse Bhrlich sscites tumcr cells wee fully lsbelled with
Hﬁ’:—mﬁé@ seids (lkt:«alg&l hydrolysste) it incorporated &I66 e.pwm.
{manval counrter). Therefore 1L mumole of this sRNA would incerporate
1350 e.pabie of ﬁewmim seida, {Bince obe mole of eRNA weighs spproxi-
wately 25000 grems, one wuwole of sRFA weighs 25 pg. If 0-23 mg of sBEA
will inearperste U356 c.p.s. then 1 mg vill ineorporate 18112 e.p.m.
Therefors 1 mumole of sREA will imcorporete 25/1000 x 18112 .. A%z -k m.*.;;-.m.,
!{mrwér, it vae shown previcusly (105%) thet less then 359 of %m. g;%heael
extrected sRNA hes the sepecity to bind swing seids. Therefere 1 mwole
of SREA will biad % x B32-% or 1350 a.pam. of ﬁﬂ-‘ma seids.) Finslly
sloce there ave TO muelectides pevr sRNA molsoule, there arve TO wumoles
ot sRNA-phosyhete per mpwmole of sRRA. I% fe ehowm in Table € that in
the five sxperiments in which the blologicsl activity of the "REA-1like”
profust vas tested, by incubeting this product with emine soid setiveting

lacu&mmm geida, enough “RRA-1ike  yproduct

enzyues, ATF, Mg and the
wae synthesired to be detected.

In experiment 1 zn ineresse of 180 s.p.m. shove the blank is
showi, Beceuse of the high bleak however this count is nat very
significent (the incresse is ohly epproximately 23% of the blenk). The
"= 5 sosywes” fracticn wes diluted 1:50 rather theu 1:20 in the next
exgeriment and the blank wes decressed to 307. The test sample,
preinsubeted for 10 minutes with 1*‘c-mﬁ@ aeids apd then for J miauies
with emino scids, imcorporsted 640 a.p.m. for em incresse ebove the

wlank (40T ¢.p.am.) of 233 o.p.m, This indicated thet the "REA-1ike”
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product 4id have Blologleel setivity. However the results of this
prperiment comld not be repeated £8 csn be sesn in experiments 3, 4 and
%, Purthermore it ves lster found that the purified commeriesl pencksetic

D¥Asge, veed in this experiment snd in experiments 3, 4 and 5 o destroy

the primer DRA and thereby free the s8HA for binding with smino ae_i&s,
was conteminoted with pencrestic ribonuclesse. Thus during the 37 or %
minute preincvbetion with DHiese snd for the 5, 15 or 2% maw
iwuh&%m with the smino scid setiveting ensymes, the "REA-like”
product ves being sdtsched by ribenuclesse. Thus one conld not expeet

to demonetrate emine scld sccepbing capseiity of the newly synthesized
"BNA~11ke® waterisl for it wes Jagraded.

In Teble 11 the results of 8 stwly of the offect of (Hisee
end hest on the "REA-1ike” ywodust ave shouwn. It mey be seen that
“the DNAsse thet wes passed thwough the G50 Bepheder colum appesred
4o neve less ribomuclesse setivity (50% less). Thus by using = larger
colwn of 050 Sephedex the ribonuslesse can Likely be sompletely removed.
The effect of hest (15 minutes st 90°) wes wessured to test the possibility
thet only short regions of the DNA tewplste were being copled. Thus
nee the DHA is hydrolysed the "RNA-Iike™ produet would be too smell to
be acib insoluble. Hosever 1t ves found that the hest treatment did

not selubilise any of the counts.
The preperebion of the IHA primsr 18 apother problem. Mendell

and Bershey report that with the MAK colwms slight channelling or teoo
high en elution wate will wechenleslly bresk up DEA. The single-strended
A {efter sREA has been seperated by hesting) would be perticularly
smecsptible to degradevion. Thue e very coreful prejerstion of primer is

BECEERAry.
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The studles of the verious scurces of smine scid sotivating
ensynes Indicnted that the most sotive source with the lowest blank
(for sREA) ves the 105,000 x g supavhetent or the DEAR.cellulose
shromtogrephed "t¥ 5 wnsynes”™ fractiom.

In susmery 1% iz folt thet with & opreful preperstion of

primer, using DNAsse {ree of ribonuclesse sotivity, snd vith DREAR.
¢ellulose ohromatographed "t 5 enzymes” frsction 58 & source of
setiveting enrymes, the demonstration of :biﬁlﬁégiﬁﬁl setivity of the
“RliA-1ike” product of the BNA polymerase resciipm will likely be

possible.
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