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ITRODTCTION

As previously reported (1), polynuclectide phosphorylase of Azafo-
bacter vinelandis catalyzes the reversible Reaction (1}, where

HE-H
# X-R-P-P= (X-R-Pl, +nP (1)

R stands for ribose, P-F for pyrophosphate, P for orthophosphate, and
X for one or more of the following bases: adenine, guanine, uracil, oyto-
sine, or hypoxanthine, In the direction to the left the resction s & pheos-
phorolveia of ribopolynuclestides leading to the formation of the cor-
responding nucleoside 5'-diphosphates. The enzyme was found to
catalyze the phosphoralysis of 8 number of synthetio ribopolynucleotides
and natural ribonueleie seids, However, while aynthetic polynucleotides
containing only one kind of nueleotide (poly A poly 11, poly 1} were
readily phosphorlyzed, the phosphorolves of poly AT, poly AGUC,

1 Ajded by grants from the Natienal Institote of Arthritis and Betsbolio Das-
eased (grant A-520) and the Mational Cancer Institute (grant C-278d) of the
MNetional Institutes of Health, U, B. Public Health Bervice; tho Amarican Cancer
Hoviety (recommended by the Commitiess on Growth, Natlonsl Research Council ) ;
the Rockefeller Foundation; and by a contract (NG onr 279, TO 46) between the
iHiees of Nawal Hessarch npad New York Universty Colloge of Medicina.

#The following abbreviptione are used: 5'-diphoapbates of adenosine, gunno-
gine, uridine, and oytidine, ALP, GDE, UDP, and CDYF; ribonucleic acid, RKA;
deaxyriboanueleie neid. DNA; polyvadenylie asid, poly A; polyuridylie acid, poly
U; pdyinosinie asid, poly [; adenylie-uridylic polymockestlde, AL synihetic
BEMNA, poly AGUC; sggregato of poly A and paly T, paly A + T; tobsces moanio
wiriE, THMV; turnlp vellow meaaic virna, TV
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or BN A was very elow (1), Further expeniments, described in this paper,
suggest that the low susceptibility of the latter compounds to phos.
phorolysis is due to the fact that they exist largely as multistranded
rhains which, contrary to the single-stranded chains of poly A or poly T°.
are rather resistant to cleavage by polynucleotide phosphorylase.

The basic ohservation was that the aggregate (poly A 4 U formwed
by mixing poly A and poly U (2, 3) is phosphorolyzed very slowly. Sinee,
in forming poly A 4 U, the parent polynucleotides interact throsgh
hydrogen-bonding betwesn their adenine and wrasl moieties (3] to form
o double-steanded belix (4) as in DNA (5), the conclison seems in-
csenpable that this structure confers partial resistance to phosphorolysis.
There are indications (6) that, in line with their low susceptibility o
phosphorolysis, similar aggregates occur in poly Al poly AGUC, wnd
natural BMA from various sources. In contrast, TMV BNA wis found
io be phosphorolyzed fairly readily, suggesting a slight degree of chain
pggregation in this compound,

The sction of pelynucleotide phosphorylase on oligomuclentides de-
rived from poly A has also been examined.

ExrermEnTAL

Preparalionsg

Enzgme. Purified prepurations of polyoucleotide phosphorylase from A, siue-
[ardii were atilized throaghout. The enzyme used for the experiments of Table
IT and Fig. I (Prep. 1) was prepared ns previously described (1) throogh step 4;
its apecifie activity at time of gee was 16 The enzyme employed for the experi-
ments of Table ITT and Fig. 2 (Prep. ) was prepared by a modibed procedure (7],
its npecific aetivity was 414 [ am indebted to D, Sanoe BMii and Mr. Moron O,
Hohneider for these preparstions.

Synthelic Bibopelynucleotides, These were prepared with Azotobactsr enzyme as
abemeribed previousdy (1), The paly A (sample 1) used for the sxperimensta of Table
IT kad bean prepared with a erade engyme (specifle activity below 8)% and, as imli.
cabeid by dialyvela, was partially degraded to oligenuclooiides. The poly U in the
experiments of Table 1 amd Fig. 1 {sample 1}, prepared with enzvme of specific
activity 18, had a malecular weight arcund 70,000 {6). The poly A (ssmple 2} andd
paly T (pample 21, Table 111 and Fig. 2, wore prepared with enzyme of specifie
nukivity about 50. Mo sedimenintion or end-group stidies are a8 yet available for
these polymers, but their molecalnr weight was undoubtedly high sinee, a8 10
mg./ml., these polymers (particularly poly A) gave highly wiscous solutions in

" The sperific aetivity of the dmdobacter polynueleotide phosphorylase used
Tor the experiments of Fig. § of the Gret paper of this aoriea (1) was erpomeoasl v
given an 9; it wes 16, The sume enzyme wis used for the preparation of the poly
nuckeotides listed in Table V1 of tho first paper.
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TABLE I
Spechral Changes on Mnieraction of Pely A amd Poly T
Abacapiion cosTicient, Limg.
Palymer 80 Ep T 0 ma
Barsgde | | Bareple 2 | Sample 1 | Sample 3
Poly A 1.0 7.3 25.0 20.46
Poly U 1.0 8.1 .0 .7
Averags 10.5 8.2 26.0 22.85
Poly & 4+ T E.0 7.3 20.8 19.4
Per pent deerense dop bo inlerastion 1.8 1.0 0.8 14.3

witer. Poly AGUC sample 1 (Table IT, Fig. 1} was prepased with aneyms of specifo
setivity 18 from an equimalar mixtore of ADP, GDP, UDP, aad CDP, Samples
2 and 3 (Tabie [T} were different batches prepared in the same way with enzyma
of specifie netivity about, 5. | am indebted to Dr, Sanas Mii and Miss Priscilla J.
Ortle for the polymer proparations,

Two samples of poly A + U were used, one prépared with samplea 1, the other
with samples 2 of poly A and poly U, Equal volumes of 10 mg./ml. solutions were
mixed to prepare poly A + 1. While there was 5o vigible change in visooaity after
mixing snmples 1, marked merease i viscosity occurred on mixing snmples 2,
In the lattor cnse, the mixture had to be diluted with an equal volume of wator for
convenbenes in handling, Warner (2, 3) has shown that interaction of poly A and
pirly U7 leaids to a decrease in altravielet absorption, The speetral changes accom-
panying the formation of the above samples of paly A 4 U are pecorded in Table 1.
The higher shsorption of poly A ssmple 1, sompared Lo poly A sample 2, is an indi-
cation of the partinlly degraded state of the former since hydralysis of poly A
leads to incresssd ultraviclet sbsorption (2, 3).

Polynuslestide solutions wese useally kopt frozen when oot in use. In the case
af poly A sample 2, bat not any of the other polynucleatides synthetic or natural,
kepping led to an inoreased opalescence of the solution. The polynutleotids alas
hecame iunru.ling]'_r imsaluble in the pressqee -u-lH;"", resulling in some deorenss
im the measured rate of phosphorolyais as the solution became older.

iWfgonueleafiden. The cnsymic formation from poly A of sdenylio seid cliganu-
elpotides with 5. phosphomonoeater end groups has been proviously described (B).
Bamples of 5'-ended adenylie seid trinwelectide (pApApA) sed tetranueleotide
{phpApApA) isolated chromatographically were kindly provided by Dr, Leon A,
Heppel.

Nucleio Acida. The preparations af BNA from A, wnelondid; Microcescias ppo-
gengs war, ourons (Slaphylococcus aureus), straln Dunssn; Alcodipenas fascalis; and
Mycobacterium phloi; and of DMNA from 4. sinelendsi were made by Dr. B M. 8.
Bemellie; the procedure will be desoribed alsewhors, Highly palymerized yoast BENA
{8) wus & gift of Dr. Frank W, Allen, The samples of TMY BENA wers generoualy
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pravided by Die, H. Fraenked-Conrat. Their bateh number and charscieristics ape
inalicated in ibe legends 1o Tables 1T and 171,

Al polynucleotides disolved readily in waler ot concentrations of 5-10 mg./ml.
umdl were used without prior neutralizstion.

Methods

I"hoaphorolyzie was messured gither with P=-labeled orthophosphate eaperi-
ments of Tablea IT and 11 apd Fig, 1, making vae of the fact that inorgunic P
e converked Lo organic PR, ar [-ah':rEr]h'u!-:l.h: of I“.g. 21 I:-hru-lng'h. the dsappearsme:
of orthophosphate determined chemieally (100 on trichloroacetic asid Glirstes,
This disappenrance was always sceounted for by o stoichicmet Fie ineroase of easily
hvdrolyzable phosphate, ie,, orthophosphate liberated by hydrodwaks in 1.0 &
H for 7 min, at 1007, This is & expecied {rom Resclion (1), sinee the terminod
phoaphinte of mesleceide §'-diphoaphates i split off a8 orihophosphate under thess
vonaditions.

In the 19 asssy the ameuni of orgamieslly bound phosphate = given by the
radinaetivity remaining im the protein.free filtrote after remoeeal of 1he orthophog-
phate through conversion io smmoniom phoephkomalybdate amd extraetion with
fenbugt vl alechol. Because of some modifications of the procedisre previoaly e
soribed (11, & brief description of the method carrently used follows. T'he renciion
mixture is deprotelpized with ooe-Gfth volume of 209, trichloroacetic acid, and tha
eecipitate is removed by centrifugation. To s suitnhle aliguot of the clear auper
natant Awid are added 0.3 ml. of 100N 2000 amwl 1.6ml, of 55 ammsonlum malyb-
date; the splution is shalken amd allowed fo stand for 1 min. After making up the
valueme b 50 mi. with water asd adding 5 ml. of Iml:-ut}-l afeohnl, o slow sgreams of
nir is bubbled theough for 1 min, fo oltain good mizing amd, after separation of
ik Liguid layers, the upper isobutyl nleshol loyer is remowved by aspiration amwl
disearded. To insure complete removal of the radioactive orthopbosphats, 0.01
ml, of 0.1 W phosphate is added to the aqueous phase followed, afer brisf shaking
aml standimg, by & ml. of isobutyl plechol, The solutbon s mixed and the ischaty]
alechal removed as sbove, Finally, the aguecus layer is washed with 4.0 ml, of
wiher, bubbling sir rowgh for 15 &, and the ether = removed oy aspiration.
Aliguots of the aguescus solution, which rontain the organieally bound 722 amd
shaould be guite r:li:u.r, nre measared inte stainless steel planchets, and their radio
artivity is determioed with a thin-window Geiger-Miller counter. The radissctiy
ity of the orthophosphote is determined simultsseonsly on aoother abiguot of the
protein-fres flirata,

Dencemling chromatography on Whatman No. 3 MM filter paper, in the iso-
buatyrie acikl-ammonia-et bylenedipminetet raneetio seid solvent system dezeribed
by Frehs and Hema {11) was used for identifiention of the nuelecside diphosphates
formed by phﬂlphnml.:,rui.n of TMYV BN A. The resction mixtures were heated for
1 min. at W07, cooled, and centrifuged, snd aliguots of the elear supernatand
salution were applied on the paper. To achieve good separation, the chromato-
ETAms were d.evdu‘ped for 18 hr. {tempernture, 30%); ot this tims tle solwent front

————— e ——— B

Threngh a typographical error, the eoncentration of HB0, in the peewions
demeription of this procslure (1) was given ns 1000 M ; it shoold be 10.0 ¥,
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hed moved beyond the end of the paper sheats, After drying, the nuclestide spola
ware logated with s ultraviolet lamp and thelr position, relndive to that of simal-
I:a.mtul;.' Fus ADF‘, RS up!'h.l-l!d a8 Hunp . This iz the ratio of the exiont of
movement from the origin of the unknown nuelestide to that of ADP.

Besvirs

Palynucleotide Phosphorolysiz

Inapection of Tables II and III shows, in confirmation of earlier
results (1), that mbopolynucleotides can be divided into two groups
aecording Lo their susceptibility to phosphorolytie cleavage: (a) syn-
thetic polynuclectides containing only one kind of nucleotide resdue
{poly A, poly U} which are readily phosphorolyied, and (b)) copolymeric
polynuclegtides, ingluding poly AGUC (Table II, Expis. I and 2, Table
III, Expt, 3), yeast (Table IT, Expt. 1), and bacterial ribonucleic acids
(Table 111, Expts, 2 and 3}, which are much less suseeptible to phospho-
rolysis, In further confirmation of earlior work, DNA was found nok to

TABLIE 11
Phoaphorolysis of Polgnucleotides

The reaciion mixturs for esch polymecleotide, in o fnal volums of 0.6 ml.
{Expt. 1) or 0.5 ml, (Expt. 2}, eonsisted of MgCl; | 6 pmeoles; potasium phoaphate
bulfer, pH 7.4 (oontuising P2, 300 = 107 counts/min.), 5 umales; polyseleotide,
.8 meg.; mmd Azolobactér enzyme I:l’.mim. 1, l_pﬂl.i!:'l! aslivily, 16p with 0.14 mg. of
protein. The mixture of poly A 4+ paly U contained 0025 mg. of ench poly nscleo-
tide, Imcubation 2 hr. nt 307, The somples of TMY ENA wsed were ns follows:
HLi, belogically inactive; (A}, 2387, biologically insctive; (&), 668 (freshly
préparsl); (C) S8 draipage (high sedimentation fraction); (OF, HR-266 8.
Bomples & C, and I were Halogically active at thse of oxporiment,

: : -
Palyzucleotida |'WF.,1;|:¢ Pelyrraclentide IrI'I:'I'I':;:I'lI:PII
—_ — | . i | it s i e
cauntl mra, CEalE L

| o trE A L
None a I Nama (LA}
Poly A | 10.4 Paly U 5.1
Foly U | &1.4 Paly AGUC .0
Polr A+ U 5.2 Paly & 4 U 0.4
Poly AGUC (sample 1) | ®9 TMV RNA (A) 17.4
Youst RNA | 1.1 De. (B) 36.0
TMV RNA (HEI) ' WA D, (0 21.8

| D, (D) 3840
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TABLE III

Phasphorolysiz of Pelyniclesdides

The reaction mixture for each palynuclestide, in & final volwms of 0.5 ml., con-
aksted of MgCly , § pmaoles; potassium phosphate buffer, pH 7.2 {containing P#,
From 194 ¢ 10° to 430 3 10F counts/min. ), 5 umales ; palyooasbestide, 0.6 mg. unleas
oiberwisn moted; and Azotphocter cosyme (Prepn. 2, speclle activity, 41.4) with
0.074 mg. of protein, The mixture of poly A + poly U (Expt. 4) contained 0.25 mg.
of pach polynusleatide. The TMV BN A (824} was biologically astive. licubation,
2 hr. at 30°. Far comparison of individusl experiments the results are cxpressed
nE ennntsmin. P Yaxchange'” per 100 = 10F counte/min. orthophosphate-Poe,

1 | 2 | 5 i
Pl [Flnmr.,h Teatide | P Polypuclsniae [P Lnose- ]’qnl.a.'ﬂrhﬂlh;"::\-
e e el el 3
Nane 0.11 | Noae 0.4 | HNone .13 | Poly A 18
Paoly A= 7.5 | Poly A= 13.5 | Poly A .08 | Poly T ZH_i
{mG E0E. ) |
pApApAT 3.7 | TMV ENA| T.4 | Poly A 12.3 | Polv & 10 3.2
(R2A) ]
pApipApdd | 3.1 | 8. awrens | 1.V | A, snelan-) 0.8 | A. vinelan-| 0.0
|I RMNA dif RHA I i DNA
| A. foecalia | 1.5 | AGUC 1.2 |
RHA {sample 2 |
] M. plled 4.0 | AGULE 1.5 r
[ RNA {mample 3)| '
[ A, fapealis | 1.2 ]
-
= {45 mg.
S04 mg-
= Adenykic scid trinuclectide with 5'-phoaphofonoester end group abeul 067
amile sbenine,
& hdepylie aeld tetranuelootide with 5'-phosphomannester end group. sbnut
Uf ymole sdenine.,

be atiacked (Table III, Expt.4), The poly A, sample 1, of Table
IT appears £o make an exception o the rule. However, as pointed out, in
the section on Preparations, this polymer was partially degraded and,
as shown in Table 111, Expt. 1, small 5 -ended adenylic acid polynucleo-
tideg have but low susceptibility to phosphorelytio elesvage.

Of particular significance is the fact that the susceptibility to phos-
phorolysis of poly A + U is the same a8 that of compounds of group (b
{Tabla 11, Expts. 1 and 2, Table 11T, Expt. 4). As pointed out in the
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P EXCHANGE (opm x 10°)
z

L 1
0 60 120 180

TIME (MIN.)

Fra. 1. Time course of phosphiorolyeis measured with P2, The resction mixtare
for each pelymucleatide, in a final volame of | ml., r:nnlillﬂ:[nfll-!gﬂ]g , 10 grmodes;
potassium phosphate buffer, pll 7.4 (containing PR, 577 X 1P ecoonta/min,),
1 pmales; polynuclectide, 1.0 mg.; sod Asofobecter enzyme (Prep, 1, spocific
sctivity, 15} with 0.27 mg. of prodein. Incubstion st 30°; 0.16-ml. sllquots wers
withdrawn for anelysis ot the indicated times. Polynueleatidea: Curve 1, Paly U
ourve 2, TMY BENA (I, Tobke II); curve 3, A + U (conteiming 0.5 mg. of each pul].'
A snd T (4@, paly AGUC (A, or yeast RNA (O},

Indroduction, this result may now be correlated with the occurrence of
multistranded chaing in poly A 4+ U and the polynuclectides of group
().

Further inspection of the tables reveals that, as regarda phosphorolysia,
TMV BNA occupies an intermediate position between groupe (a) and
{¥). A number of different ssmples have been examined (Table IT;
Takle ITI, Expt. 2), and all proved to be fairly easily phosphorolyzed
although not as easily a8 compounds of group (). L. A. Heppel and J. D.
Bmith® have obeerved & similar behavior of TYM RNA. It thus appears
that TMV (and probably TYM) RNA belongs to & separate group of
ribonoeleic acids with intermediate susceptibility to phosphorolysis.®

tI.. A. Heppel, peraonal communication.

* The biologieal activity of TRV RNA is papidly destroyed on incubation with

Azotobacter polynicleotide phosphorylase, in the presence of phosphate and
Mgt (H. Fraonkel-Conrat and B. Oohoa, nnpuh]i.l]md. abaarvalloms).
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Fro. 2. Time eourse of phoaphorolyes followed by orihophosphate disappesr.
nnee aml formation of essily hydrolysabde phosphate. The reaction misturn for
each polyoucleotide, in & Gnal velume of (L& ml., consisted of MgCly |, 5 givles;
potassium phosphate baffer, pH 7.2, 6.5 snsoles; polynoclootlde, 1.0 mg, {fexcep
THMY BXA, 0. mi.), and Awelolecder enivme (Prep, 2, specific sctivily, 41.4)
with 148 mg, of protein. Ineubation a4 30°; 0.05-ml, slicuets were withdrawn far
analysis ol the indleated timea. Polynueleotides : Curve 1, poly 1 eurve 2, paly A
curve 3, pidy A 4+ U (containing 0.5 mg. of ench poly A and poly Ul ; eurve 4, poly
L, no eneyme; curwe 5, TRY RNA (82 A, Table IIT}). The orilinate gives { e per
eent phosphorolysis caleulated from orthephosphate disappearance anpd forma.
tion of essily hydesdyeable phosphate; these two valves were bdentienl at eaeh tinee
interval.

The rates of phosphorolysis of representative compounds of the
ahove thres groupe of ribopolynucleotides are fllusteated in Figs, | aml 2,
In the experiments of Fig. 1, phosphorolysis was followed by = ineor-
porstion. The rapid clesvage of poly U contrasts with the very slow
breskdown of poly A 4 U, poly AGUC, or yesst BNA, all of which
are attacked at about the same rate, and with the intermediate rate of
phosphorolysis of TMY RNA, The experiments of Fig, 2, in which
phosphorolyeis was [oflowed by the removal of orthophosphate and for-
mation of easily hydrolyzable phosphate, subetantiste the above sesulis
for poly A, poly T, poly A 4 U, and TMYV ENA. Tt will be ween that
couilibriurm [of. Reaction (11] was rapidly attained in the case of polv 17
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Ol lectide Phosshorslved

As previously noted by Heppel,® small sdenylic polynucleotides with
§'-phosphomonoester end groups, produced by partial hydrolysis of
poly A with an enzyme from liver nuelel (8), show dight but definite
suseeptibility to phosphorolysis by A, rinelonddy polynucleotide phos-
phorylase (Table III, Expt. 1), SBimiler results have been obtained, in
unpublished experiments of M. Singer and L. A. Heppel,® with purified
polynuelectide phosphorylase of Facherichio cofi (12). On the other
hand, aligonuclectides consisting of one or more adenylic acid residoes
with one terminsl uridine 3-phosphate unit, obtained by Heppel by
exhaustive digestion of poly AU with pancreatic ribonuclease (8), are
quite reststant to the action of either the A. rinelandid or the E. coli
phoephorylaze. It may be that a 5'-phosphomonoester end group is
essential for cleavage by polynucleotide phosphorylase, but this point
requires further investigation,

Phosphoralyeis Products of TMV BN A

A sample of TMY ENA was incubated with Azolobocler enzyme,
Frepn, 2, under conditions similar to those in Fig. 2. Aliquots were
withdlrewn at zers time and after ineubation for 6 hr. and chromato.
graphed as outlined in the section on Methads, At zero time, the only
ultraviolet-absorbing spot visible was at the origin, cormesponding to
undegraded BEMNA. After 6 hr., the intensity of the RNA apot was re-
duced and three other spots were visible at a distance from the origin.
The Bipp values of the nuclecside 5 -diphosphate markers were, ADP,
1.0; CDF, 0.80; GDF, 0.57; UDF, 0.57. The Rmrv:.]ueuui't.hampen
mmiﬁl spols were, IJIII*I. 0.82, and 0.58, corresponding to ADP, CDF,
and GDT or UDP, respectively. The ammoniom sobutyrate solvent
gyastem does not separate GDP and TUDP,

IDscuseroN

The low susceptibility of the poly A 4+ T aggregate to phosphorol yais,
which contrasts sherply with the mpid rate of cleavage of jits compos
nent polynoclestides poly A and poly T, would ssem to reflect an intrinsia
resistance of double-stranded polynmucleotide chaing to attack by phos-
phorylase. It is, therefore, justified to sssume that the analogous re-
gigtance to phosphorolysis exhibited by poly AGUC, az well as by yeast
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wil bweterial RNA, is due to their existing largely as muolvisteided
structures, Evidence for the ocourrence of sggregates in these compounds
ig provided by the sbaervation that the number-average molecular weight
of poly AU and poly AGUC, based on chain-length determinations, is
wiuch smaller than the weight-average molerular weight, based on sedi-
mentation measurements (6). Bimilar discrepancies have been obzerved
with samples of natural RNA (6, 13).

Sinee formation of multistranded chains must oeeur during synthesis
of ENA, the resulting diminished susceptibility to phosphorolytic cleav.
age must favor BNA synthesis by decrensing the rate of the reverse
reaction [of, Reaction (1)]. This, in effect, shifts the equilibriom in favor
of polymerization.

If the degree of resistance to phosphoroly=is is mainly a reflection of
the degree of aggregation of the polynuclectide chains, it would appear
that the relatively high rate of phosphorolysiz of TMY BNA reflects o
small tendeney of this compound to assume s multistranded strocture,
although there might be other reasons for its behavior, It may be pointed
ouf in this connection that the nucleotide composition of TMY and TY N
BMA differs markedly from that of other ribonucleic acids and might
not permit adequate pairing of complementary hases, Tt is possible that
whatever properties of TMY RNA are responsible for its sensitivity to
phesphorelysis, they might be of significanee with regard to ifs biological

artivity.
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HUMM ALY

L. Ribopolynuelsotides con be classified into three groupe avconding
to their suseeptibility to cleavage by polynuclectide phosphorylose of
Azadobacter vinelandin: (a) rapidly phosphorolyzed : this group meludes
synthetic polynucleotides, such na polyadenylic or polyuridylic aeid,
containing only one kind of nuclestide; (b slowly phosphorolyzed; this
group includes synthetic (poly AGUC), yeast, and bacterial RN A, o=
well as the aggregate (poly A + U) formed by mixing solutions of paly-
adenylic and polyuridylic peid; (¢} phosphorolysed st an intermsdinte
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rate: this is the case with tobacco mosaic virus BNA. The slow phos-
phorolysie of polynuoleotides of group (b) can be related to the fact that,
contrary to those of group (a), they consist largely of multistranded
rather than single-stranded chaing, In view of this, the intermediate rate
of phosphorolysis of tobacco moeaic virus RNA might reflect a alight
tendency of this compound to assume & multistranded strocture.

2. Adenylie seid tri- and tetranucleotides with 5°-phosphomonoester
end groupe, obtained by hydrolysis of polyadenylic ackd with an ensyme
from, liver nucled, are slowly phosphoralyzed by Azotsbacler polynuclea-
tide plosphorylase,

8. The nucleoside 5'-diphosphates prodused by phosphorolysis of
tobacco mosaie virus RNA have been identified chromatographically.
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