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TO  ALAN




And as no chymique yet th'Elixar pot,
Tat plorifies his pregnant pot,
If by the way to him befall

Some odoriferous thing, or medicinall......

Donne, Loves Alchymie

Lines 7 - 10
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ADBBREVIATIONS

The nomenclature system of the "Biochemical Jovrnal®” (as
described in its "Instructions to Authors™, 1972) was generally followed.

In addition, the following abbreviations were used s

P.Tl. = pogt infection

Pofonie = plaque-forning unitsg

PRV = psendorabies virus

HSV = herpes simplex virusg

EAY = equine abortion virus
pre«=tRNA = precursor to tRNA

hnRNA = hetorogeneous nuclear RNA
TCA = trichlorcacetic acid

SDs = sodium dodecyl sulphate
EDTA = ethylenediaminetetraaceticacid
U.V. = ultraviolet

dePele = disintegrations per minute
CoPolle = counts per minute

Sopo= = %P gs inorganic phosphate
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INIRUDYCTLION

I. GENERAL THTRODUCTION

The gtudy of RNA metaboliom is complicated due not only to the
large number of different RNA species but also to the fact that most (if not
all) of these species are produced via a series of larger precursor mclecules,
vhich may appear in different compartments of the cell.

The infection of the mammalian cell, whilst introducing new factors
in terms of the expres®ion of the viral genome; may simplify the study orl
gome azpects of host RHA metabolism by the viral suppression of some host
functionsy only a fraction of the host RWA, and viral RNA, needed for the
less complex demands of the Vi%us may be synthesised after infection.

In this thesis; some effects of pseudorabies virus on REA metabolism
are studied. ‘The cells used are tissue culture cells, vwhere the experi-
mental conditions can be carefully contrelled. Pseudorables virus was
chosen as the infecting vicug because its bioclogy and its effect on cellular
protein and DNA synthesis have all been well characterised; also it replicates
in the nucleus and the production of its RNA is in the nucleus, hence
mimicking normal cell RNA production. This introduction outlines the current

knowledge of these topics.

IT. GENERAT NATURE OT' RNA

Le Chemical Struvcture of RNA

II,1.(i) Bosic Chemistrv: RNA is a generic term indicating groups of

non--brgnched polymers of the same basic structure, the units of which are
ribonucleoside monophosphates, There azre four commonly occurring purine or
pyrimidine bases in RNA -~ adenine, guanine, cytosine and uracil (Iig. I).
The bases occur in non~random seguence bound to the C=1 of ribose; the
ribose molccules are joined to neighbouring ribose molccules via a 3T=5?
phosphodiester linkage. The polymer thus formed has a sugar-phosphate

backbone/ e,



Figure 1
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Figure 1. The chemical formula of a polyribonucleotide, showing

the structure of the four main bases (from Watson, 1970)
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backbone (Fig.L.). It is en inportant feature of RNA chemiotry that the

2% <OH group on the ribose is not esterified. Thus RNL i susceptible to
slkall digeotion, forming & wmizture of 2% apd 3% rlbomuclesside monopbosphetes,
via the intermediate cyclic 20, 3% pibowuclecside monophosphates {Browm &
Todd, 1955).

TE.1.(4d) Minor hasea and nueleosides: Apart from the four main bazes,

small amounts of othexr hases occur in RWA., Many of these hases are
methylated dervivatives of the four mejor bases; the methyl group is
attached elther to the base or the 2!-0H position of the ribose moiety
(Teble ). The presence of a methyl groun on the 2¢.Q-ribose position
confers alkali-veaistance on the phosphodiester linkage from the 3'-O-ribose

pogition.

I¥.2. Ubiguity end Divewsity of RNA specicg.

A1Y living meiter (with the possible excepbion of the DifA-containing
virunses) conbains at least one species of RNA. RNA is the genetlc materiel
in the case of {the RNA viruses.

Probably all cellular RNA is transcribed from DNA by the enzyme DNA-
dependent RNA polymerese. The main species of RWA, occurring in all cell
types, are the follewing: wibosomal RN4A, messengeyr RNA and transfer RNA,
In mawwalisn cells the following RVA gpecles also occur: heterogeneous

miclear RNA, mitochondrisl RWA, chromesomsl RNA and smell mucleoar RNA.

IIT, RuA TN PROKARYOTIC AND FUKARYOLIC CELLS = WITH FEMPEASTS
O MANMMALIAW CRELLS,

ITT.1. General Biology

The distribution of the various RNA species in evkaryotic cells is
disgrammaticelly shown in Pig. 2. The main difference between bacterial
and eukaryotic cell types is the compartmentalisation of the eukaryotic
cell,

Ti¥. 2. Ribosomal R¥A. /o..




Table 3.

Unusuz) bases and pveleosides in RNA (from Low, 1970)

Dihydrouracil
Behydroxyuracil
2~thiourscil
4—~thiouracil
1,5~diribesyluracil
S5-ribosyluracil
2-thiocytosine
N6macetylcytosine
N6maminoacyladenine
szribosylguanine
N5mribosylguanine
Orotic acid
Hypoxanthine
Xanthine
Pseudouridine
2!(m3})m0wribosylmadenine
QywOmm@thyladenosine
2l Oemet hyleytidine
EkvOmmethylguanosine
2% .0wmethyluridine
Q’mOmmOLhylpseudouridine
T-methylxanthine

Le=methylhypoxanthine

l-methyluracil

F-methyluracil

§-methyluracil (thymine)
S-hydroxymethyluvacil
S-methylaminome thyl-2~thiouracil
3-methyleytosine
N4mmethy1oytosine
H-methylceytosine

Behydroxyme thyleytosine

6«aminomN5wmethylformaTﬁido~isocytosine

Nlmmethylcytosine
lemethyladenine
2-methyladenine
Temethylodenine
6~methylodenine
G-dimethyladenine

b6 :
N~y N =dimethyladenine
lmmethylmﬂemmethyladenine
1w£€m;§gpentenyladenine

6 A2 .
N /N ~isopentenyladenine
2»methy1thiomN6fg§9yentenyladenine
l-methylguanine
T-methylguanine
N2~methy1guanine

N2,N2mdimethylguanine



Ribogomal RNA molecules arc the species of REA which complex with
mpecificAproteina to form the ribonucleoprotein units called ribosones.
There are three classes of rihtosomess 805 riboseomes in eukaryotves,; TOS
ribosomes in bacteria and 95-~605 ribosomes in organelles; the latter
two types have many simdlarities (see section ITL.7). Ribosomes from
all. species are composed of two dissimiler riborucleoprotein entities,
Each subunit has one main species of RNAp the larger subuuit has also
one molecule of 55 BNA and, in some eukaryotes, also one melecule of 79
RWA (see section TI1.2.(iii)) A differcnce between proksryobes and
evkaryotes iz in the production of their riboscmsl RNAs: in the enimal
cell there is a complex sequence of lavger cphemeral precursor molecules,
which are specifically trdmmed into shepe. This will be discusszed in
Section II%.2,(dd).

IlIo2o(i) The structure of high meleculsy welght wibosomal RNA,

a) Size.

The two high molecular welght »BNA components in the bacterial
riboscome are 235 and 188 RNAs, corvesponding to & molecular weight of
about 1.1 and 0,55 million daltons respectively. AlL eukaryotic
organisms have s similar low moleculear weight vRNA of 188 (0.7 million
daltons); the larger rRWA increases in size in relation to the
evolutionary position of the organism from 254285 (1.4-1.9 million
daltons). The molecular weights of the two major rRNA components Lrom
many species have been determined by Loening, 1968,

TIT.2,(i)b) Nucleotide composition.

Mejor species:~ The nucleotide composition of the two mejor iRWA

gpecies has been summerised end anslysed by Amsaldi, 1969, The G+C
content, especially of the larger vRNA gspecies, increases on ascending

the/ ...



the evolutionery scale (as does size), the rango being from 40% G+ in
cortain invertebrates to 674 ¢+C in memmelisn »ANA. I memmalian cells

tho 283 RNA hee o higher G+G condent than the 185 RWA eg. G and 59%

regpectively in Nele cells (Awaldi & Atteardl, 1968); it ghould be noted
thet, ag the G+0 content of mammalian DNA is 40-44%, ribosomel REA is not
"DHA-1i%e",  Another chenge in ascending the evolubionary scale is an

increase in secondary structure (Ameldi, 1969).

Prendovridines- The major xRNA components contain e low proportion

of unusual nuecleotides., Pseudouridine is present in small amounts in both
bacterial and cukaryotic cell »RWA (Dubin & G&nlapp 1967 Ameldi &
Ltbardi, 1968); +there is more psendouridine in animal cells then in
.Coll. ege;, in Hela cells there 1s 1.1 and 1.5 moles?h pseudouvrldine in
285 and 189 RNA respzctively.

Hetbylated mucleotides:-  ALL known major rENA gpecies have nethylated

components. RBacteria have most of thelr methyl groups on vaviouvs hagesg,
the remaining few being 2¢-0-methyl ribose substituente (Dubin & Giiniap,
1.967; FPellner & Sangexr, 1968). Animal and plant cells have about 12 and.
18 methyl grovps per 1000 nuclectidesg in 285 and 185 RNA respectively,
which is & rather higher level of methylation than ocours in bhacterial
TRIVA (Vaughan et al., 196%;. Wagner, Penman & logram, 1967; Lene &
Tamaoki, 1967). The figures for distribution of the methyl lebel in
mammalien cells vary from about 50 - 80% being 2V-O-methyl ribose (Brown
& Attardi, 19655 Twanami & Brown, 1968), the rest being methylated bases
(Table I). The addition of methyl groups is an integral part of the
maturation of rRWA (see next section).

I11.2,(i4). Maturation esnd metabolism of high molecular weieh® ribosomal
RNA

The production of rRNA differs considerably in bacteriel and msmmallsn
cells, In bacteria, the two major rRNA species are synbbesimed separately,

and/,..



3

and the primery traasscription product is believed 1o be only slightly
lavger thenm the meture species (Hecht & Woesc, 19643 Abtardi & Analdi,
1970) s iﬁ mammalicn cells both mejor »RWA spacies have a much levger,.
common precurcor; &lso maturation takes place in e speclalised orgsnslile.

1¥T.2.(i1).a). The maturetion sequence in memmalian cells,

The maturation proceas of ribosowmel RNA can be summed-up as follows:
455 RNA is the commeon rRN¥A precursor end it is formed in the nucleolus;
it is subsequently methyleided and cleaved to foxrm 288 WA and 18Y RNA vie
a seriea of lerger, ephemeral intexmedistes; 45° RNA end all the other

intermediates exist in ribonucleoprotein complexes. The sequence of

Q

events producing meture 283 and 1835 KNA, ond some of the evidence for the
schenme, are detailed below.

Kinetic evidence obtained by various workers using Hele cells (see
summary and discussion by Darnell, 1968) showed that a short pulse-label
of! radioactive‘RNﬁ precursor does not labsl the steble 288 and 183 RNA
"apecies but labels two other main species. One of these 1s n very large,
heterodisperse nucleoplasmic species (see seobion 1IX.4): the other is
a discrete apecies, 453 RNA, located in the nﬁcleolus (Scherrey, Lethem &
Darnell, 1963; Penman, Smith & Holtzman, 1966). On introducing & longer
pulse-~label (of about 20min) a 325 RNA pesk of radicactivity slso appears,
at the same time ag the 185 RUA peak; only later does the 283 RNA peak
appear. The precursor-product relationship bebtween 455 RUA and 285 and
188 MWAs suggested by this is confirmed hy the use of actinomycin D
(Gixrord, Penman & Darnell, 19643 Perry & Kelley, 1970). The development
of polyacrylemide gel electrophowesis (Loensng, 1967) permitted the
regolution of other rRNA precursors apart from 455 and 39953 <{hese gpecies
are 415 and 205 RWAs, which are normally present in very small amounta but
accumulate in poliovirus~infected cells (Weinberg et _al., 1967); the 368
and 245 species which are also found are probably artefacts due to aberrant

cleavage ~ see Fig.X3.
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Figure 7. The maturation of ribosomal RHA" ({rom Maden, 197C)

This is a possible arrangement for ribosomal and non-ribosomal
sequences in mammalian (Hela) cell ribosomal precursor RNAs, where the
heavy lines represent the conserved ribosomal sequences. The sequence
of events is as follows :«

1. Removal of A and A]nmna 418 (containing 28S and 185 RNA sequences ).

2, Cleavage abt B ~—3325 RNA + 208 RNA .

Aberrant cleavage: Cleavage at B before removal of A a,nd-A‘s-w») 365 +

245 RNAs.
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In the scheme for production of 2088 and 185 RiAz, two othar RUA
species also appear, 75 RNA end 53 RNA (Figoﬁ)m . T3 originates during
the deveiépmﬁaﬁ of 285 RNA, from the sowme precuracr, while 59 RNA hag
a completely separate origin (see asecbion IEIQQG(iii»L

The precurscors of »RIEA have been studied with vegard to molecular
weignt (McConkey & Hopkins, 1969), bese composition (Schermsr eb al., 19633
Willems gb _al., 1968), psevdouridine formation (Amaldi & Atterdi, 1968;
Jeanteuwr, Amaldi & Attardi, 1968) and methylation (Bardon, 1966: Wagner
Penman & Ingram, 1967; Veughsn et al., 1967; Veinberg eb_al., 1967;
Weinberg & Yenman, 19705 HMaden, Salim & Summers, 1972)6 Such studies
have not only charecterised these RWA gpecies but have also confirmed
the precursor-product relationship detailed above and in Fig. 3.  These
studies have shown thait 453 RIA is the substrate for methylation and
pseudouridine formationy the regions excised dvring the nonecongervalive
transition of 459 RNA to the mature 285 and 188 ribosemal Rilhs sre maEthyle

poor, psevdouridine-poor and G+C rich.

I31.2.(i5%) Ribosomal RNA - low moleculer weight speciosg.

There ere two low molecular weight ribosomal RVA species, 55 RWA and
T3 RNA., Their origin is completely different, and so they will be discussed
separately in the next two sections.

TIT.2.(ii1).a). 78 RNA.

This species of RNA, which is 130 nucleotides long and has & nucleotide
composition of 56-56% G+(, has been described by Péne, Knight & Darnell,
1968, Weinberg & Penmen, 1968 and Preasteyko, Tomato & Busech, 1970. It is
not found in hacteria, and occurs in mawmelisn cells hydvogen-bonded 0
285 RWA. 7S RNA has been shown to derive from 453 RNA, but it is not
released from 455 RNA by techniques which disrupt bBydrogen bondsy 7S RNA
is believed to arise in the transition Lfrom 323 to 285 REA as shown in

Fig‘&’ °



TIL,2.(34d). ). 59 RNA.

The major ribosomal subunit {rom almost all bacterisl end cukavyobic
By ems sﬁudied combaineg in a Lil molaer wrabtio per subunit a low molecular
welght RNA species with a ﬁedimentatién.coefficient of 58 (Garibert ot al.
1965)0 L lerge smount of work has heen carried out on the structure and
gyntheais of 55 RNAy Tbecause of its perticular relevance to this thesis,

various aspects of this work will be discussed in some detail,

Structure of 55 RNAs 53 RNA - from 8ll sources « containg no methylated

hases or psendouridine (Galibert et al., 10653 DBrownlee, Senger & Barrell,
1967). The G+C contenti has been reported to be 58-60% in memsalian cella
(Forget & Weissman, 196Ta; Hatlen, Amaldi & Attardi, 1969) and 64% in

2, 0014 (Brownlee et ol 1967). 58 BNA has heen completely sequenced in

B,Coli (Brownlee, Sanger & Barrell, 1967 and 1968) and in KB cells (Forget
&Weisman, 1967h). The sequence from two mouss cell lines ig probably
identical to the human (KB) 55 NNA (Willisnson & Beownles, 1969). The 58
RNA from KB cells im 120 or 121 nucleotides long (there is sometimes an
extre uridylic acid residue at the 3V - terminus); if, in saddition %o
Wabtson~Crick bhase-palring one eccepts occaslonal base-palring of gnanylic
acid to wridylic acid, then long sequences of complementary wuclectides
can ba identified within the molecule, and Ra&ﬁke91968 hes proposed a
cloverleaf conformation for 55 MWA similar to that generally accepted for
45 RuA (Fig.k ).

It is of interest that, even alihough the bacterial and mammelisn 55
RIWA molecules are different, sll the 53 RWAs sequenced so far have two
sequences present (UGAAC and GAAH) which are complementary in an
sntiparallel fashion to the tetra-nucleotide GT?G found in all known
tRNAg; this iwmplicates 55 RNA in the binding of the tRVA to the ribosonme

(as has alresdy been suggested from other evidence for B.Coli by Siddiqui
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& Hosokawa, 1969), The fact thef the ssquences of 55 RNA from man and
mousa are probably ildentilcal {(Williamson & Brownles, 909) inplies a
strong selective pressure in favour of the conserved sequence and again
suggests a functional significance for 55 RNA,

Anobher interesting feature of H3 BNA 1o that Hela cell 55 RNA has

alternative 5%'-terminis PG, ppl ov pppt¢ (HKatlen, Amaldl & Atberdi, 1969).

Bolense of 55 RNA frem the ribosome: The wvelease of 59 RRA from the

bacterial ribosome can be achieved by mild treatment with EUTA (Siddigui
& Hosokawa, 1969) but stronger methods sve required to releass 55 RNA
from the mommalian ribosome (Knight & Darnell, 1967s Zehavi-Willner,
19?O)¢ Although 1% was formexly believed that B9 RNA is relessed as the
free yihonocleic acid (Zehavi-Willwer, 1970) recent evidence suggests that
5 RNA is removed a8 & ribonucleoprotein sedimenting at sbout 75, the
protein component having a& molecular weight of about 35,000 daltons (Blohel,
1973). There 1s o concomitant drop im S value of the larger subunit, which
ia too big to he sccounted for by the loss in mass, and is thevefore
provably the result of confirmetional change; this resulting subunit is

also blologically inactive.

Syuthesis of 58 RUA in bagterial cellas: 53 RNA in E.Coli is believed %o
be first transcribed in the form of a longer polymucleotide (Monier et et al.,
19695 Doolittle & Pace, 1970), and it is probably cleaved %o form maturs
55 RNWA after the eatry of precursor into the 505 subuaii (Monier et 8l
1969).

Synthesia and distribubion of 55 RNA in mammalian cells: This is the one

species of ribosomal RNA that does not derive from 458 RWA, and it is
gynthesised in the nucleoplasm. Thias conclusion has been based on evidence
from various sources; these have included the use of amucleolsy mutants

Of/aoo
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of Xenopus Jaevis (Brown & Weber, 1968), pene auplificsbion studies in

Xeonomng laevis (Brown & Dawid, 1968) ang studies on the differential
effects Qf actinomyein D on verious VA species {(Burdon, Mertin & Lel,
19673 Perxy & Kelley, 1968, 1970).

Although 53 RVA i synthesised in the nucleoplasm, it Lecomes rapidly
aggociated with 458 RWA in the nascent ribosomel particle (Warner & Soceiro,
1967). The wmolar ratic of 585 RNA to 285 RWA is I:1 in polyribosonses,
cytoplasmic ribosomes, the lavger ribosomal subunits and in muclear 503
subunits, and there is no 55 RWA associated with the small rilbosomal
subunit (Knight & Darnell, 196%); +the nuclesr 58 RWA is chemically
indistingnishable from cytoplasmic 55 RNA (Knight & Darnell, 1967).

Kinetic data (Knight & Darpell, 1957) and dircct messurement
(Weinberg & Penman, 19683 Perry & Kelley, 1968) have esteblished thst in
the nucleuvs there ig a large “"pool" of 53 RNA.

TIT. 3., MTransior RNA

The existence of this group of RNA molecules was first postulated Ly
Crick, 1955 who proposed the existence of "adaptor" molecules to intervact
specifically with both aminoacids and the messenger RNA, About 15% of
the cell RNA occurs as tRNA molecules; which gediment st around 45 and
which function in protein bilosynthesls as specific transporters of the
amino acids, In all cell types, tREA ig a mixture of RIWA molecules of
molecular welght 25,000 - 30,000 corresponding to chain lengths of 75 -
85 nvcleotides (Phillips, 1969)n Transfer BVA ig found Iree in the
eyboplasm and also attached to the ribosomes (eg. Holder & Lingrel, 1970;
Fige 8),

TIV.3.(1) Siructure of 4RNA

tRNA containg a high proportion of atypical nucleotides such as
methylated nucleotides, dihydvouridylic acid, Tthiocuridylic acid,
pseudouridylic acid and others which will be dimcuvssed in section

TIT 3. (31) /ove
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ITL.3.{49) (maturation of tRWA). The complets primary structure of

several tRHAg from hagteria, yeost, plant ond mammzlien gellﬁ has heen
obtained (Zochew, 19693 Phillips, 1569). The firvst complete seguence

of a transfer RNA was obbalned by Holley et al.,1965 Ffor sRIE from

yeast. The cloverlcaf structure which he propossd for it has proved
amenable to the primary sequence of all known tRNAg, and this alone nuggests
that the cloverieaf model ig substantially correcl, A generalised shructure
from Cremer; 1971 is given in Fig.H,

X

Mote that in this cloverleaf otyucture all {the wrusuasl basges ocour in

the wnpalred regions; ikis is cepecislly obvious on comparison of o fow
complete structures (eg., Zachou, 1969). This may have structural
glgnificance since 1t is 4he non-palred regions which can move or bond
when the molecule is in solulion giving the tertisry structure of tREA,
Many methods have heen used to obboin a khowledge of the tertiary structurs
of tRWA, eg. physicel methods (Menley et al., 19663 Pilz et al., 1970)
and chemical modificetion methods (Zachau,1969 for several exemples).
Using such evidence several models for the tertiary structore of tRWA have
been proposeds aix of them have been detailed and eriticelly discussed hy
Cramer, 197L. Tig. 6 is a dlagrem of one of the proposed structures of
TREVA.

Only recently have crystais of tRWA been availsble (Hampel & Bock,
1970) and this, especially with the developunent of isomorphous derivebives,
should yield useful information about the terbiary structure of URNA,

TIT.3(44) Maturation of tRNA

a) Maturaiion of HRNA in mammalian cells

There is now a substantisl amount of evidence to show that tRWNA has s
longer precursor BNA molecule; the conversion of this molecule 4o the

matnra/,go
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a) Schematic drawing

b) Detailed structural model



mature LRVA involves sciscion of the molecule end also modificalion of
certain of +the nucleosides,

The firgt evidence for e longer precursor to tHNA (pre~iRNA) wag
obtained in Xrebz 2 ascites tuvmour cells (Lal & Burdom, 1967; Hurdon,
Martin & Lal, 19G7; Rurdon, l?ﬁ?ﬁ)and pre-tRNA has since been denonstrated
in Helo cells (Bernherdt & Damell, 1969), in human lymphocytes (Kay &
Coopexr, 1969) and also in insects (Bgyhfzl eb al., 1969); pro-tRNA also
oceurs in bacteria - see section TIL.3.(4%4) b). When mommalien tissue
culture cells are labelled for very short periods (5 - 1O min ) with
radiocactive nucleosides and the cytoplasmic RVA is extracted ond [racticn-
ated; the lsbelling pabtiern does not correspond to the absorbancy nabierrg
in the low molecular weight veglon only 53 RVA and a rather hetercgeneocus
new peak, termed "435", eluting bLelwesn 58 and 4% RMAs appesr. When
longer labelling times (eay 30 min ) are used, this "434S" RWA peek shifths
and coelutes ﬁiﬁh 45 RNA (Lal & Burdor, 1967; Bernhardt & Darnell, 1969).
This suggests a precursor-product relationship between “4iS" RUA and 45
RNA, and such a welationship is confirmed by a “"pulse-chege" experiuent
uging actinomyein D (Lal & Burdon, 1967) .

Tt wag possible that the 435" RNA bas merely a differenl conformation
than 45 RVA, but is not longer. That this is pertly true ig shown by the
fact that heating cytoplasmic'RNA at 60% for Bmin in the presence of
0.02K MgClo canses the"4ES"RNA 4o elute in a position somewhst closer to
45 RNA, but not exactly in the 48 RWA position (Burden, 1967a) . The
suggestion that the meturieg process of 435348 RNA involves acission
of a larger molecule was confirmed hy the aﬁility of a cell-free cytoplasmic
extract, in the absence of cofactors, to convert in vitre partially-purified

£Se

pre-tRNA to a species that co-elutes with 45 RWA, releasing about 31
nucleotide residues (Smillie & Burdon, 1970): the product is undermethylated
and deficient in pseudowridine., Similar results have been reported by

Mowshowi1z,L970.
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Locabion ol

we=tilA:  Precursors to tRNA have been locabed in the soluble
fraction of the cell sep only &nd not sssoclated with protein (Burdon &

Claaon, 1§69)g in this respect 1t is of interest thet TREA transmethylose
activity also appears predominantly in the cell sap (Burdon, FMortin & Lal,

1967). This is in conbrast to ribosomal BUA, which does not appear in the

et ale, 1967}, Thus

o Aswes o Lty

cell sap uniil fully methylabed (Weinberg
pra-tRTA does not seem to accwmilate in the nueleuns after it ds transcribed

but immediately migrates to the cytoplasm (Weinberg & Pemmen, 1968). Tho

o~

maturation process of tRNA is dlegrammatically illustrasted in Fig. 7.

IXTe 3. (44) b) Maburstion of tRNA in bacterial cellea,

The evidence for precursorsg of HRNA in marmalian cells rests chiefly
on the kinetic evidence described inm the previous section (IIT.2.(11) &a)).
In bacterial cells, it has not been possible uvnder norvwal conditions to
show the presence of a short-lived tRNA precursor (because of the
extremely brief pulse-labelling period that would be necessary). However,
indirect kinetic evidence for TENA precuwrsors in hacterxia has been
obtained ueing rifempicin to meagure the time teken to transcribe the
primary gene product (Viekers & Midgley, 1971)‘ Much worlk hus been done
veing the bhecteriophege ?80 cariying the gene for tyrosine SUI§I tRIVA
and verious mutents of this gene; tyrosine pre-ilNA has been isolated
from L.Coli and sequenced (Altmzn, 1971s Altman & Smith, 1971), The
characteristics of this precursor are compatible with what is known about
pre~tRNA in mammalian cells, regarding kinetics of maturation and the fact
that it is likely to be the wmodified polynucleotide chain that is the
gubstrate for cleavage.

Tyr SUIEI pre-tRVA has a long extra sequence at the 5% «end of 38
macleotides, terminating in pppG; at the 3' -end there seem to b2 only

thl‘ee/e 06
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three nucleotides beyond the CCA lerminus vin UCUO It is of interent

i
that the CCA terminus seemg to be part of the primory trenscription product,

contrary to whal has been generally believed (section T1I.3.(iide)).

Recently, in vitre synthesising systems have been used successfully.
Tkeda (1971) has syntﬁesised,jﬁligkggg the precursor tREA which Altwan
isclated from the in wvivo wystem.  Also, the DRA-dirccled cell-free
synthesis of biologically active tRNA has been described (Zubay, Cheong &
Geflter, 1971) and this may well be a new fruitful approach for probing the

mechanisms of RNA synthesis.

IIT.5.(ii)e). Methylation of tREA

Transfer RNA has a very high proportion of unusual nucleotidesy more
than thirty different types are known, most of which arc derived from the
four main nucleotides through methylation of the C, 0y or N on the base;
methylation of the ribose in the 2'-00 position alsc occurs and mono- and
di~derivatlives are also found (see Table I). Net methylation of nucleotides
in wnfractionated tRNA is 2,5 - 7%, 80 - 90% of this being base modificationg
unlike vibozomal RNA (Lane & Tamaoki, 1969). The major species of methylated
nucleosides in both Hela and mouse L cells are l-methyl adencsine, l-melhyl
guanosine, Ngmmethyl uridive (thymidine) and, in smaller amounts, l-methyl

hypoxanthine, %-methyl cytosine and %-methyl uridinc (Twanami & Brown, 1968).

Methylation occurs at polynucleotide level (éee g, 7), the donor
being the methyl group of methionine - even for the formation of ribothymine
(thymidine)9 and various studies were performed on the methylation process

of tRNA even before it was realised that there is a larger precursor.

Since it is known that methylation occurs at polynucleotide level,
the question arises whether pre~thNA is methylated or not, Labelling
studies have shown that pre~tRNA ig wndermethylated and that if methylation

iS/ teo
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is suppressed methyl—delicient 45 BWA accumvlates which can subsequently
be methylated on restoring methionine (Lal & Burdon, 1967; Bernhardt &
Darnell, 1969). This differc from the situation observed in the
matoration of ribosomal KNA where uwimethylated ribosomal precursor R4

is completely degraded (Vaughan el al., 1967 ).

oL

Thus it seems that methyleation, although it oceours during the
processing of pre-~tRNA, is not a prerequisite for the production of "4S
RNAY, since undermethylated 45 RNA can subscquently be methylated. However,
for true biological activity as btransfer RNA, methylation is almost

certainly necessary (Capre & Peterkofsky, 1968; Stern et al. 1970).

I1I. 3. (ii) d4). Pseudouridine formation in {REA

411 tRWAs contain pséudouridine (= 5 ribouracil) which is the
most fregquently occurring minor nuclecside. In animal cells there are
about three pseudouridine vesidues per tRNA melecule, which is more than
oceurs in yeast tRNA, which in turn is more modified than bacterial tRINA,
but even T4 phage-induced tRHNA containg some pseudouridine (Daniel, Sarid &
Littaver, 1968). Pseudouridine formation isg believed to be a post-
transcripiional ensymically-catalysed event (Johnson & 83119 1970).
Pseudouridine formation in pre~ltRUA and {tRNA has been stuvdied and, like
methylation, conversion to psendouridine occurs during maturation of pre--tRNA
but is not a prerequisite of maturatjoﬁ (Smillie & Burdon, 1970; Mowshowitaz,

1970).

T1fe 3. (i) e). The CCh terminus

It is believed that the %'-terminal trinucleotide sequence mCCAOn
which is commen to all tRUIA molecules is missing in the newly-formed

thHA, since in both animal cells and microorganisms there is an enzyme

vhich / oo



which attecheg the tﬁree nncleotides on o ERHA in e DNA-independent
reaction (eg. Deutscher, 1972).

The ~CCA gequence elso seens to be absent from some SRNA cistrons
(Daniel, Smsd & Littower, 1970). However, tyrosine pre~tRi4L from

E.Coli which has bszen sequenced by Altman & Smith, 1971 contains the

trimwcleotide sequence GCA close to the 3%« terminus as payt of tha
primary transcyription product.

TIL.3.(44) £). QOther modifications of tRNA

There are several other modifications of tRWA which ars believed
to take place at the polynuclectide level, eg. thiolation, fowmation of
isopentenyl adenosine and formation of dihydrouridine; the currens
knowledge of the bimsynthégis of these mediflied nuoliessides hog been
sumnarised hy S011L, 197L.

IIT. 4. Hetercgenecus Nuclear RIVA,

TIT.4. (3). Stractvre andsynthesis
As discusged in section ITX.2(1i), when meammslien cells are labelled
for & short time, two types of muclear high molowmilar welight RHA becoms
labelled, One is ribosomal precurser RNA - & honogeneous 408 pegley the
other consists of heterogeneous nuclear RNA ( hnRkNA) of a very high
molécular weight, This hnBNA hag the following characteristics which
distinguish it from ribosomal precursor RNA. It hayg a heterogeneons
sedimentation profile of 20 = 805 (Werner ef al., 1966: lLindverg &
Darnell, 1970)s it has a mucleotide composition of 44% G+C (Soiers,
Birnboim & Darpell, 1966); it has s rvapid rate of labelling and it turus
over rapidly {Warner et _al., 1966); it is unsteble in actinonmycin-treated
cells, unlike ribosomal precursor (Girard et al., 19643 Warner et _al.,
1966); it is lergely found in the nucleoplasm while all of 455 RNA is

nueleolar (Soiers et sl, 1566).



TXT. 4. (33) Funclion of hritiA-possibloe relationehin Lo mhNA

HrRWA must either be a precursor of encother RNWA fraction (becouse
of it ﬁrénaitory sppearance) or else become degraded withoul leaving the
nuclevs. Soiers et al, 1968a caleoulated thet only about 10% of hnREA ism
exported to the cytoplasm, the rest being degreded. The only cytoplasmic
fraction which could logically devive from hnRNA (heczuse of its C+C
content) is cytoplammic messgenger RNA. Recent resulis uging & vevisty of
techniques have subsbantinted this conclusion cg. the presence of
covalently-bound poly A sequences in both types of BNA (Bdmonds, Vaughen
& Nakazato, 1971; Darnell, Wall & Tushinelki, 1071; section IT1.5) sand
elso molecular hybridisation data (Lindveryg & Darpell, 1970; Dernslli et
ale; 19705 Georgiev gi_al., 19723 JNelli & Pemberton, 1972).

I1L. 5. Messonmer REA

The concept of messenger RNA was developed hy Jacob & Monod, 196i1s
before the exPérimenﬁ&l demongtration: they concelved of it ag an
unstable direct carrvier of genefic Information bebtweern DHA ani ths
protein-synthesiaing spparatug. The wRNA ig s ﬁrans&ripﬁ 04 vlus duformatlon

of the DNA which is translated into protein on the ribosome.

IIT. 5. (i) The messenger in bacieria.

Since the messenger 15 the carrier which bidings the informeticn to

éode for protein, there must be a large ramber of messenger RHAS. This
mesns that mRNA is heterogeneouu and this, together with the instability

of the bacterial messenger, its small proportion of ithe cell EWA (2 . 3%)
and the short labelling time necessary to distinguish wRHA from #RNA has
made study of the messenger difficult, Initial problems were overcome by
the use of E,Coli infected with the T-even bacteriophages; in such cells'
host RNA synthesis stops and no RVA except phase-specific RVA is mede; thus

longer labelling times could be used (Bremner,; Jacob & Meselson, 1961;

Grcg/.ﬁ@
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Gros gt al.s 1961h). The messenger was originally identifled as such
since its base composition is gimllar to that of the infeciing wvivus
DNA (Groé ot al, 1961la), and it hybridisses to virus IWA (Hall &
Spieglenen, 1961). Resﬁlts showing the existence of mRFA were also
obteined from wninfected E.Cold (Gros b 2l., 196la). Attaechment of
the messenger to 7035 rihosomes and atimulation of the wate of labelling

J

of mBREA during enzymic induction weve almo shown (Gros et al., 1961a) .
The mothylation of E,Coli mRNA from uninfected or T4 bacteriophage.
infected cells is negligible; +this lack of methylation seems to be &
general propevty of mRNA in both the infected and uninfected cell
(Moore, 1966).

Transport of mRNA is bhelieved to he as a messenger RNA - ribosome
complex, probably with the mREA sttached to the 305 fibesomal subunds
(Byrne et _8l., 1964; Bladen et al., 1965; Hangiarotti & Schlessinger,

-1967).

11T, 5.(11) The mesaenger in evkarvotes.

The same difficulties of heterogeneity and turnover that complicate
the study of bacterial mRNA have also besel the study of mRWA in eukarycbic
cella - except that at least some eukaryobic mRNA is more stable (Revel
& Hiatt, 19643 Pitot et al., 19653  Suzuki & Brown, 1972). These

.
difficulties have been minimised by the use of a "model" system -~ the
avian and mammalien erythrocyte where 90% of the cell protein is globhin.
Several groups of workers have isclated an 8 - 108 RNA with mRITA
characteristics, but so fer only four groups have shown that theiy
"messenger" cen direct the synthesis of a apecific'protein in & cell-fres
systen (Laycock & Hunt, 19693 Lockard & Lingrel, 1969: Pemberton et
al., 19723 Suzuki & Brown, 1972). The presence of covalently~bound poly
A sequences seems to be a general phenomenon of eukaryobtic nRNA (Lim,

Canellakis & Canellakis, 1969; Idm & Canellakis, 1970; Edwonds ¢t al.,

19713/ 00



Darnell et al., 197Likece,Mendeckif&lravwerman, 1971 Bure & Lingral, 1971) .

The mommalisn mBNA is believed to be trensporited as ribonucleoprotelin
(Spi?in?1969; Scherper gb ol., 19705 Feiferman et 2l.. 197l; Ruskas,
1971; Schechetman & Pexwy, 1972); it migrates from nucleus to cytoplaps
where it is believed to become attushad to the 409 ribosomal sobupit

(Holder & Lingrol, 1970).

IIT. 6. Low molecular weieht ruclesa REA.

Apart from ribogsomal precurser KNA and nBUA, the nucleus conlaine
enother clasg of ENA molecwles which wexe net vesolved until the use of
acrylamide gel clectrophoresis (Knight & Darnell, 3967). Nine small
melecular welight monodisperse RHA species have been reported in the
nuclevs of Hela cells by Weinberg & Penman, 1868, 1969. They are homogens-
eous gpecies and their size range is 100 - 260 nuclcotides; {their G+C
conbent is 47 - 54%; they are all methylateds they are ull stable ox
have long helf-livesy some sre nucleolar, some sve also found in the
nucleoplasm, bul none are cyltoplasmic or cyboplasmic RNA precursors;
their synthesis is unrelated to VA synthesisy wuse of actinomycin,
actidione and cordycepin have shown that they are not riboscwel precursor
RNA or hnRNA cleavage products (Weinberg & Penmen, 1968, 1969). Similex
species of RNA have been found in mouse fibroblast cultures (373), in the
developing chick embryo brain and in I cells (Weinberg & Penman, 1968)
and in the Novikoff hepatowms (Prestayko gt _al., 1070), where one species
has bheen partially characterised and shown to consist of at least three
- components (Ro-Choi et al., 1970). Thus there are at leasi nine of these
ruclear species and they probably represent a general phenomencon of
eukaryotic cells. Their function is unknown and may be that of control,
but the fact that they are present in very different amounis suggests thet

they may have different functiona (Weinberg & Penman, 1969).



LT 7. Mitochondrial RNA

The mitrochondyion has its o complement of DNA which iag helleved
to be completely transcribed to give mitochondrial RWA (Aloni & Atterdi,
1971a). In the Hela mitochondrion there are mitochondrial ribosomes of
55 - 608 (Attardi & Ojala, 197Ll:; DBrego & Vesco, 1971). The heavy and
light subunits contain one molocule cach of 1635 and 128 REA respectively
(Brega & Vesco, 1971) and these RNA species are methylated (4Lttardi &
0jala, 1971). The mitochondrial riboscmes do not conbain 55 RNA (Zylber
& Penmeng 1971: Lizerdi & Luck, 1971) ond thie fect, together with their
smaller 8ize, are nain differences bebtweon mliitochiondrial and bacterisl
ribosomes. Howsver, these Htwo types of ribosomes are similar in their
antibiotic sensitivity (Attardi & Attardi, 1971) and in their use of
formyl methionyl tRHA for initiation (Smith & Marker, 1968).

One molcoul@ of mitochondrial DNA has genes for 1 molecule of 16S,
one of 125 and about 11 molecules of 435 RNA (Alonl & Attardi, 197IhL for

ﬂ

Hela colleg sinilsr results have been veported for the mitochondris of

Xenopus laevis by Dawid, 1969).

Two classes of mitochondvial-specific 45 RNA (4 and B) can be
geparated by gel electrophoresis; 45 RNA A 1s methylated and heterogeneous
and may be a clags of tRNA, but 435 RNA B i3 probably not tRNA since it
contains no methyl groups and is elso more homogensous than tRRA (Knight

& Sugiyams, 1969; Knight, 1969).

ITT. 8. Chromosomal RNA

Chromosomel REA is a class of RNA 40-60 nnbleotides long, which
assoclates with chromatin, described in a wide variety of eukaryotic
tissue by Bommer's growp (Huang & Bonner; 1965; Huang, 19675 Borner
& VWidholwm, 1967; Shih & Ronner, 1969); it has been pogstulated to he
involved in gene vegulation (Bekhor, Kung & Bonner, 1969; Duang & Huang,

19695 /ovo
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May({ield & Bounner, 1972)n Recent doubt has bheen cast on this work, and

chromogomel RNA may only be tRWA tightly bound to protein (Heyden &

&3

Zochan, 1971), with no specific function.

TIT. 9. BNA and Protein Syntheais

Since most of the RANA species discuseed above participate in protein
synthesis, auy resumé would be incomplete without mentioning this funciion.

Messenger RNA,; transcribed from the DNA, hecomes ottached to the minor
subunit of the ribosome, where it codes for incoming amine ceyl tR¥As,
which attach themselves to the major subunit; +the pepbidyl transferase
enzyme which catelyszes the formation of & peptide linkege between adjacent
animo aclds is also believed to be losated on the larger subunit. The
nRNA is trenscribed from the 5'- terminus to the 3. terminuvs and
translated in the same direction. This is sumnerised in Fig. & from

Lehninger, 1970.

IV, VIRUSES AND 9HREIR FEEFECT OW CBEILULAR JMETABOLISM

IVel. General Natore of Viruses.

IV.1.(i) Bagic Virus charscteristics

Viruses are basically infective nuclecprotein entities, which can
replicate only within cells. Thus a primary classification of viruses
is by the nature of the hosts they infect - Dbacterial; plant, snimel,
etc. The aninmal virugea can be subdivided into DNA or Rii-containing

viruses depending on which nucleic acid forms the genome,

TW.1.(i1) The DNA-conbtaining animal viruses.

The DRA-containing animal viruses are of especial interest in that
their DNA hasg to be tramscribed into megsenger RWA which then has 4o be
translated into protein in a manner analagous to the uninfected cell,

The/ ...
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The MA-conteining viruses, togetber with thelr main characteriohica,
are sunarised in Table £ .

IV.1.(iii) The Herpesviruses

The herpesvirugses are & group of virwses with the following

0

chaeracteristics. They are large, enveloped, DHA-containing suimal
viruses, with doublo-stranded TiTA enclosed within an leogahedral copsid
of 162 cepsomeres, and they multiply in the nucleus. The herpesvites
sroup includes the following viruses: pseudorabies virua (PRV); hevpes
simplex virus (HSV) types T and II, equine abortion virvus (EAV), B virus,
varicellesuosten Inckd virug.

Throughout the exverimental work of this thesis, the virus used wsg
pseudorabies vires. Much less is kanown of the bilochewicel effects of
this virus than is kncwn sbout herpessimplex virus (fype I), which is the
most widely studied haypesvirus. Thus the basic bilochemical charvacteristic
of these two viruses are now outlined since comparison of these viruses
accurs in the "Discussion.®

o) Di-Gongity

The tuoyant density of the DWA of ESV.T and IRV has been wveported by
several wovkers (Russell & Crewford, 1664; Plummer el _al., 1969;
Subak~Sherpe & Hay, 19655 Subak-Sharpe et al., 1966a; Graham ot _al.,
1972). The reported buoyant density of HSV-I DNA is in the range 1,725«
L T27 and that of PRV is 1.727 < 1.7333 wherever the same group of workewsn
have studiced both DNAs together. that of EHSV.I is slways lowexw than that
of PRV,

b) DHA - Dbase content

The G+C content of the DNAs from HSV-I and PRV have been calculated
from the bugyant density to be 66% and 74% respectively (Ruasell &

Ed
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Cravford, 1964; Svbak-Sharpe et al., 1966a) and from base composition

analysis to be 70 and T7% respectively (Graham et zl., 1972); despite
this difference in G + C content between the two DRAs, the doublet
freguency of the bases is vexry similar (Subakaharpe el al., 1966a).
Very recent results obtained by Bronson et al., 1972 using molocular
hybridisation techniques have shouwn that the homology between ROV-I and

PRV DNA can be, at most, only 9%.

¢) DNA-molecular weight

The molecular weight of the DNA of both HSV-L and PRV has been
reported to ba 68$Mﬁdaltons by Russell and Crawflord, 1964, although
Kaplan & Ben-Poxat, 1964, repont a value of 70*%¢?0r PRV, while Becker,
Dym & Sarov, 1968? using electron microscopy, have established a value of
1004 0Pfor the melecular weight of the DNA of HIV-IL,

a) Bicloey

The infecticus cycles of I8V-I and PRV vary sccording to the cell
type infected, but the cyecle of PRV  tends to be somewvhal shovier (e.g.
at low multiplicity of infection in R cells, the eclipse phase of HSV-I

and PRV is 10 hours and 6 hours respectively (Pluwmmer et al., 1969),

The difference in eclipse time between these two viruses 1is, however,
glight compsred to the long eclipse of wmany other herpesviruses (FPlummer
et alcg 1969). Both virvuses multiply in the same wide spectrum of cells

(Plummer et al., 1969).

e) Antigenicity

Antiserum to HSV.I-infecled RK cells does not newtralise PRV
(Kaplan & Vatter, 1959; Watson et al., 1967) but there may be one

conmen antigen (Watson et al., 1967).

£Y / eoe
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£)  Preteing proguced Pelle

Gel elecivophoresis of proteins produced after infection of cella
with PRV'or IBV-I produced very diffevent patterms (Eeplan, Shimono &
Ben-Porat, 1970}, and this tends %o support the anbigenic evidence.

IV.2, Replication of PRV

IV.2.(3) JInfeetive oycle of PRV

The infective cycle of PRV haa bsen summarised by Fenner, 1968,
PRV enters {the cell; Dbecomes upceabted end viral DNA replicates im the
nucleus bebween 2 - 8 hours P.lg wvirel structural proteins are formed
between 2.5 - 10 hours P.¥., non-structural proteins {including virel-
induced enmymes) between L -~ G hours Pcl. and motore virions at 5wlé
hours Pelo (Koplan & Den-Porst, 1967; Hameda & Kaplan, 19653 Womads
et al., 1966). The virus DNA complexes with protein to form the ruclecild
of the virus; on this structure the cepsoneres fovns the capsld; the
virug membrans is formed ag the viruvs procecds feom nucleus to cytoplasn
and the complete wirion is then rcleased from the cell (Sydiskis, 1969,
1970).

IV.2.(ii) Effect of PRV on REA metabolism

Kaplan & Ben-Porat, 1960; showed that infection of PRV caused &
sharp decreasze in the uptake of 140 =uridine into total RNA; this
vesult has been confirmed by a ver; recent veport from the same laboratory
(Rakusanova.ging59 1971), and is & similar £inding to that reported by
other workers using HSV-I (Roizman et al., 1965; Hay et al., 196G;
Flanagan, 1967). The decrease of overall RUA synthesis after infection
igs the vesultant of two main effects: decresse in host function
(especinlly in rRNA synthesis)land gradusl increase in the synthesls of
viral~specific RVA (presumably mostly viral méssengers)n The synthesis

ﬁﬁd/ono
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and metabolism of various specics of RNA after infection by HSV-I will
now be digcussed.

1V.2.(i1).a) Ribosomal RNA

Ribosowal RNL synthesis dsclines sharply alter infection (Hay gl al.,
19665 Wagner & Roimman, 1969a); it vaasches about 10% of ths uninfected
cell level by b hours P.T., end the decline in 285 and 183 RWA synbheslis
is identical (Wegner & Roizman, 1969a). However 453 BNA synthesis is
not affected as greatly as mature »RNA (Hey et al., 1966; Vagner &
Roizman, 1969a) and this is accounted for by & Aecreass in the reie of
maturation of 455 RNA and also by abortive processing of 4535 REA {e
oligonucleotides (Wogner & Roizmen, 1969a). Similar results have
recently been demonstrated after infection with PRV (Ralusanova et Gl
197L). Aberrant processing of ribosomsl RWA precursors in polioviruse
iﬁfeaﬁed.cella has been reported (Weinberg et al., 1967 Weinberg &

Penmen, 1970; seetion ITI.2.(ii).a) ).

IVu2o(ii)eb) Messenger RNA

The herpes virus-infected cell is an excellent system in which to
study mRUA prodvction since host RHEA 18 greatly depressed and probably
most of the vivel-specified RNA iz informational, and yet the transportd
problems of the RNA from nucleus to cytoplasm remain.

Virel-specific RNA (i.e. RNA hybridising specifically to virug DFA)
in BSV-infected cells was first identified by Hay et al., 1966, who found
thet most radiocactive RNA precursor was incorporated into a heterogeneous
RVA species with a sedimentation constant of about 205; Flanagan, 1967
also reoported viral-specifile RNA, suggesting a rather higher S-velueg
Wegner & Roizmen, 1969a, b isolated viral-specific RWA of 10-408 (with
a peak at about 208) from the polysome fraction of HSV-infected cells.

The/ o«



The fact that this species of WA appearing in ISVeinfected cells ig
large, virvel-spvecifilc and polysome-sssoclated strongly implics thotk

it io viral messcagers thus & similar species (or a lerger precursor)
ghould he located in the nucloeus, and viral-specilfic nuclesr RNA has
indeed been found (Wagnew & Rolzman, 1969 a,b). Thiz uvclesr RUA has

a greater S-value than the vival-speeific mesgenger (10-808), with a
significant proportion grester then 5033 +this large size i not due to
sggregation (Roizmen b al.; 1970) and must represent the transcription
product of ab least 10% of the viral genome (Wagner & Noizman, 19691).
The trangport of viral wBNA differs somewhat from host mlNA since
cycloheximide ebolishes the transport of wiralespecific Tut not hoste
specific mREA to the cytoplasm(Roizman el &l., 1970), snd i% is possible
thet vival-specific mRITA " transit" Lingers din the nucleuvs walher than
in the cytoplosm (Roizman gt 8le., 1970).

Forther evidence Lor the transport of viraleaspecific sequences {rom
maclens to oytoplasm hag recently been obbtained in cells infected with
another nuclenv-replicating viwuﬁ; adenovirve, Isolated nuclei from
adenovirus-infected cells release viral-specific RWA into the medium (in
the presence of ATP and an ATP-genevating system); this RVA ie releessed
aag two ribonucleoprotein complexes, the larger of which contains RNA
resembling viral mRVA (Raskas, 1971); the nuclear and polysomal
adenovirusegpecific RNAg both contain poly A sequences (Fhilipson el
al., 1971 ). Thus it seems that the adenovirus-speeific RNA has most of
the cheracteristics of hoRNWA snd mRVA discuassed in sections TIT.4 and
IIT.5, and it is most probeble that viral-specifilc RVA produced after
infection with HSV-I ig of a gimilar naiure.

W.2.(3i).0). 48 JEA

The decrease in 45 RNA gynthesis affter infection by HSV.I is less

than/oac
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thar the decrease in rRNA synthesis (Hay et ml@l966; Wacner & Roiznan,
1969a,). Similar results have recently been veportied for 45 IHA synthesis
in PRV-infected cells (Rekusanova et algl971).  On the basis of the

large difference in G + C content of the DNA, and especially the large
difference in CpG doublet frequency, it was posilulated that new viral
tRWAs would be needed after infection witlh LSV (Subak-Sharpe ¢t al., 1966b),
However, although it is possidble that there are changes in the TRNA
population after infection, this is probably not due to viral-coded tRNAs
(Morris, Yegner & Roizman, 1970). Changes in the tRWNA population to
meel a new need have been reported for adenovirus-infected cells (Ragkag
Prohwirth & Schlesinger, 1970) but again these thiNAs are not viruse
hybridigable; a very recent report has shown thal there are allerations
in at least two.amiHOMacyl thlNAs after vacecinia virus infection of MHela

cells (Clarkson & Rummery; 1971).

IVe2.(ii).d) Other speccies of RNA produced P.TI,

In varicus infected systems the virus produces new species of
RNA of unknown function. The best characterised of these produced by a
nuclear-replicating DNA virus is the so~called "VA-RNA" studied by Weissman
and his mworkers in adenovirus-infected cells (Rosev Reich & Welssman, 19653
Reich; Forget & Weissman, 19663 Torget & Weisswan, 1967a; Ohé, Veissman
& Cooke, 1969; Ohé & VWeissman, 1970)° YYA--RNA" is found free in the cell
sap of infected cells; isolated nuclei will synthesise and export this
RNA in the presence of all four nucleosides triphosphates and an ATP-
'generating system (Ohé, Weissman & Cooke, 1969).

It is possible that éuch gpecies of RNA are produced aflter
infection with herpesviruses.

IV.2.(iii) / oo
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Hore work hag been perforzed on the effect of FIV on DEA end profein
synih@ﬁis'than on RNA synthesis and so the effect of PEV . with some
reference to other herpesviruses - is very briefly summsrigaed here.

V2 (i8d).0)  DHA

Infection of exponentially-growing cells with PRV causes s decline
in total DRA synthesis, measuved Ly incoxporation of radicpuetive thymidine
(Kaplen & Ben-Porat, 1963; Ben-Porat & Kuplan, 1965); this is similer 4o
the effect of HOV on DNA synthesis (Roizmen & Roenc, 1964). VWhen cells
are in the stalionsry phase of growth, PRV cevses en increase in THA
gynthesis, due to synthesis of viral DA (Ben-Povat & Kaplan, 1953).
Recent resultes uasing syachronised cells have shown thet in IAV-infected
cells there is a roelationchip between vival DNA syanthesie and cell S-phase
(Lawrence, 1971) while in HSV-infected cells there is no such reletionshin
(Cohen; Veughan & Lawrence; 1971), but the question remsins open for PRY.
TV.2.(413) . L) Probein

Protein-metabellsm in the PRV-infected cell has been fairly
extensively studied, especially by Keplen, Ben-Porat and their co-workers.
Oversll protein synthesis decvesses only slightly after infection (Hamads

& Keplen, 1965); howeven, overall glycoprotein syntheegis is strongly
decreased (Ben-Porsts & Kaplan, 1970), as is histone synthesis {Stevens,
Kado-Boll & Haven, 1969), and cellespecifis protein synthesis decrecses
steadily throuvghout the infectioung cycle (Hamada & Kaplsn, 1965).

Hew vivele-specific proteins are producced after infection and can be
partlally eepavated by polyacrylamlde gel electrophcoresis, with a main
peak ab about 120,000 daltons which is not due to aggregaticn (Shimono,
Ben-Porat & Kaplen, 1969). These proteins made after infection have a

different amino scid content than host protelnss they have more argining

and/ ...



and Jess lysine, phenylalanineg, isoleviine, tyrosine end nethiorin: than

hos® proteing, 88 would ba exmpzoted from the differences in bose composition

and doublet frequency bebtween wvirsl and bost DNA (Subsk-Shzrpe et al., 19658) ,
There ars two types of proiteins made efter infection - alructoral and

£

non-gtructural preteins., The g

I

ML

sing begin to be synthesised
about 3 hours PoXe, @ud their production gradually increascs threughout the
cell cyele (Hemada & Koplan, 1965): they ere synthesised in the cytoplasm
end transporied to the macleas for assembly into virus particles {Ben-Porat,
Shimono & Keplang 1969); dnhibition of viral DRA synthesis does not affect

2

the synthesls of these proteins and affecits thely transpert to the nucleus

only slightly (Ben-Porat et al.y 1969)5 avginine deprivalion provents the
trensport Lot still allews these proteins to be synthesised (Mark & Keplan,
- 1971} e

About 35% of tvhese sbructural proteins do not become assembled into
the virion (Hsmads & Xaplan, 1965)E Vipions extracted Lfron the micleus
have lower infectivity thenm meture virus particles (Ben-Poret, Shimono &
Kaplan, 1970); this is belleved to be due to the lack of itwe glycoproteins
which are supposed to bhecome associated with the vinion en rvoute from
neeleus o cytoplasm (Ben~Porat et al,, 19705 Ben-Porat & Kaplan, 1970).
Five nuclear proteins synthesised alter infection are acidwextractable
(although not histones) and four of then are helieved to be sbtrvotural

proteins (Stevens et al., 1969).

TR

The pom-structural nroteins hegin to appear immedistely after infection
and their synthesis resches o peak betwoen 4 - 7 hours P.T. (Hamada & Kaplan,
1965)s presumably these proteins include a variety of viral-induced enzymes
eagential for the synthesis of virsl compenentg, e.g. the srginlne-requiring
protein required for the transport of structural proteins Lo the mcleus
(Mark & Keplon, 1971) end possibly the virud own enzymes for DA

trenseription/. ..
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transcription, as occurs in HSV-infecled cells (Beir et al., 1966).
There has bceen an intensive study of various enzymes produced aftex
infection with HSV-I and therve is now very good evidence thal the following
enzymes are coded by the virug: DHA polymerase (Keir el ale, 1966),

[T

thymidine kinase (Klemperer et _al., 1967) and DNage (Morrison & Keir, 1968).

Ve Aims of the present project

As thisg "introduction® has shown, the diversity of RUA species
in the mammalian cell is very large, and the problems concerning their
production and control are great. Ag this Y"Introduvetion' has also
indicated, when a large animal wvirus infects a cell it proceeds to take
over the control and production of all cell macromolecules; including RNA.
Thue it was hoped that investigation of the effects of pseudorabies virus
on cell metabolism would not only prove waluable as a study of viral
metabolism, bul might also provide some information on the control and

production of some species of cellular RNA.
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L. Virus
The pecudorabies virus (PRV) used was dexived by 3x plague
purification from a stock preparation of PRV (¥aplan & Vatier, 1659),
P $
)

a sample was kindly gifted by Dr. W. Shepherd, Testiiute of Virology,

University of Glasgow.

IT. Missue culture cells

BHK521/613 cells were a continuous line of hamster fibroblasts

described by Macpherson & Stoken, 1962,

TIX. Radiochemicals

A1l isotopically-labelled compounds used were obtained from the

Radiochenical Centre, Amershar, Bucks., England.

IV. Polyacrylamide pel materials

Acrylamide, bisacrylamide (methylene bisacvylamide) and Temod
SR s
(W, 0,0, N —tetra nethylene diamine) were obbained from Koch-Iight
Laboratories Ihd., Colnbrook, Bucks., Englands +the acrylamids was
? H H 3 9 [
chlorvoform-purified as described by Loening, 1967. Ammonium persulphate

was obtalned fromp BDH, Poole, England.

V. Chemicals Tor Liguld scintillation counting

1,4 dioxan and PPO(2,5 diphenyloxazole) were vurchased frem Koche
Iight Laboratories Lid., Colubrook,; Bucks.nsphthalene and hyamina
hydroxide (13 in methanol) Crom ¥uclear Enterprisces Ltd., Sighthill,
Edinburgh, 2-methoxyethznol snd hydrogen peroxide (100 volumes) from BDH
Biochemicals Ltd., and cellulose scobuote membrane filters (2.5cm dismeter,

hSp.pOﬁ?fiZe) from Sartorius-Membranfilter GIBH, 34 Gobttingen, VW.CGermany.




VI. igcellaneous

ALl obher chemidcals used wers, whevever poasible, "Analsv" grade or
its equivalent and were purchased mainly from BDH Bicchemiculs Litd.,
Poole, Doraset or Sigma Chemical Co.g DLondon. Honmidet PLO was provided by
Shell Chemical Co., London. Sephadex G100 was boupht from Yharmacio Lid.,
Uppsala, Swsdeng nuclectides, nuclecsides and commercial 43 RNA from
Calbiochem Inc., Los Angeles, or Sigma Chemical Co., London, actinemycein
O from Mevck, Bharpe and Dolme, N.J.y UsS. A or Calbiochem, Visking
Gislyais tubing from The Scientific Instiument Centre ILtd.,; London, Chance
Yo, 1 glass covorslips (13am diameter) from Macfarlane Robuos Itd.y CGlasgow,
AR.IO fine grain avtoradiographic stripping plates and Kodirex F£ilm from
Kodak Ltd., DePeX from George T. Guvr, Itd., London, Whatusn No.l 2.%5cwm
filter paper discs, 3N chromatography paper and DEAR-cellulouse
chromatography paper (DB 81) from H.Reeve Angel & Co., Litd., London, 1
ribomiclease from Sankyo Co.y Ltd., Tokyo, and cellulose acebabe paper Trom

Ozeid Id4d., London.

VIL. Composition of medisn

Lagle's mediwn. A modification of Eagle's mediwn (Busby, House &

Macdonald, 1964) containing 100 units/ml Penicillin and lDO;lg/ml
Streptomyein (Glaxo Laboratories) and 0,002% (W/V) phenol red was used.
The wvitamins and amino acids were obtained from Mlow Laboratories, Irvine,
Ayrshire.

Teyptose phosphate broth consisted of a 2.95% (W/V) solution of

tryplose phosphate broth in distilled water, and was purchased {rom Difco
Y P 5
Bacto Laboratories, Bast Molesey, Surrey, England.

LC10_ growth medium was composed of 905 (V/V) Bagle's medivm and 10%

(V) [eue



(V/V) calf serum (Flow Laboratories).
. . . v s - - . et o
EPC growth medium was composed of 805 (V/V) Bagle®s mediuw, 10% (v/v)

tryptose phosphate broth and 10L (V/V) calf serum.

BCL medivm was composed of 99% (V/V) Togle®s mediwm and 1% (V/V) calf

Anceuns

BSEITM .

i

svrmes

Weinberg & Pemman, 1968: 10mM WaCl, 10mM tris-HCLl, L.5¢M Mgﬁl?, PH to T.L

with HCl. Macaleoid was voubindly added to a final concentration of 2.%5mgk.

Mell,,s pid to Toh with HCl, Macaloid was rvoutinely added to a final

5
concentration of 2.5mgbe

858 (standard saline citrate) was a solution of 0.15K NaCl,; 0,015H
sodiuvm citrate, pH to T.0 with HCL.

Lx35C was a solution of 0,6l HaCl, 0.06M sodiwm citrate, pd to 7.0
with HIClL.

IBS(a) (phosphate~buffered saline (a)) was a solution of 0,17H WaCl,

3w KCL, 10mM :u‘:..x?}t;POJF and 2mi I{H?POL{; pH Tk (Dulbeceo & Vogt, 1954).

Dioxan-~based scintillator consisted of 100g naphthalene and 7.0g PPO

per litre of 1,k dioman.

Toluene-based scintillator consisted of 0.5% (W/V) PPO in "Analar"

toluena.

Toluene/methoxggﬁhauoi scintillator was composed of 30% methoxyethanol,
70%4 toluene~based scintillstor (V/V),

B3S (buffered salt solution). The stock solution consisted of 68g Hall,
Lg KC1, 2g MgSOM”(HQOs L. lglla ngohg 3:9%8 Ca012,6H205 1% ml phenol red 1%,

diluted to 1 litre. This was further dilutsd 10-fold for use,



Macaloid was provided by Fational Lead Co., Mouston, Texas. A
golution oL 2:5¢ in 100nl of distilled water was made up, sonlcated for
3w lanin., and dislysed overnight againet distilled water; this vesulted
in a pellet (discarded) and a clear supernatant fluid which was pterilised
by sutoclaving, and was diluted 1000-fold for use. This astock solution

was briefly sonicated every time before removing aliquots Tor dilution.

Formol saline (L0% (V/V)). consisted of 4% (V/V) formaldehyde in

85mM Nall, 0.1H Na,qO and was diluted ten-Ffold for uvse,

Giemsa stain. / 7°)p (W/V) suspension of CGieusa (Ceorge ¥. Curw Libd.,

. ; ¢ . . - .
London) in glycerol, hested at 56 for S0 « 120 min and diluted with an
equal volume of methznol was used as stock (Dacie, 1956).

Water—saturated phenol was prepered by distilling phencl ixto distilled

water. 8- Hydroxyguincline (%o a concentration of 0.1% (W/V)) was alwaye
added to the stock phenol as an anti-oxidant.

Toluidine blu@ was obtained from EDH Biochemicals Litd., Poole and was

used as a 0.05% (W/V) solution in distilled water.

Blue dextron was purchased from Pharmacis Ltd.; Upwpsala, Sweden and

wag used as a 0.5% (W/V)solution in SSC.

Bromophenol blue was supplied by Basiman Kodak Co., Rochester, N.Y.

ag o Q1% (W/V) agueous solution and was diluted ten—fold in distilled
water for use.

%Jéigzé was a solution of x% W/V of trichloroacetic acid in distilled
wator.

Amfix solution contained 20% (V/V) concentrated Amfix (May & Baker,

Ltd., Dagenham, England) in distilled water.

D19h developer contained the followingg T2g WNa SO% L8g Ha, CO,,

2
Lg KBr, 8.8g hydroquinone; 2.2g Metol (Kodak Ltd., London) to a total
volume of 1 litre.

Gelatine-chrome alum/,..
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Gelotine«chrome alum consisted of §

[
7

» gelating 0.%g chrome alum
(€21(804),,. 12E,0), 5md of formaldehyde (40% Vv/V golution) and 1 wl
Photo~Flo (Kodak 1td., London) in a total volume of I litre.

S10s] (205 W/V) was a solution of ethenol-recrystallised sodiuvm
dodecyl (lemryl) avlphate in distilled water.

Heparin was obtained from Sigma Chemical Co.; London. The stock

solution wag a 10mg/ wl solution in distilled water, which was steriiised

by filtration.
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METHODS

L. _13,1,9‘1"0{‘5219_\'}_3“

I.,I. Growth of cells. The BHEK-21./CL3 cells used throughout this study

were grown and maintained in ETC at 570 in rotating (1 mep.m.) 80 oz
roller bottles (burlers), gassed to give an atmosphere of 5% 0029 9554
air. Cells were not used beyond a passage muber of 12 — 15 (Shedden &
Vildy, 1966).

T.1.(i) DNormal experimental use. CL% cells, which had been passed at

least twice in ECLO; were seeded at 30 - 40 x 106 cells per burler in 180 m

1

. ; Q : - .
BC1O, gassed,; maintained at 37 and were used 2 - 3 days later, when nearly

confluent (approximately 80 x J.O6 cells per burler). From time to time
Roux bottles were used in place of burlers. Some experiments werve
performed using 50 mm plastic Petri dishes which were secded at 3 ~ 4 % 106
cells per dish; in this case incubation was carried out at 370 in a

humidified incubator flushed continuouvsly with 5% €0, 95% air,

Tole(ii) ™MResting" cells. Cl% cells in which metabolic function was

depressed was obtained by serum-depletion using the method of Fried & Pittg
1968 as modified for Cl% cells by Nicholas & Pitts, 1971. Cl3 cells were
seeded in 100 ml ECLO at 10 = 20 x 106 cells per burler; about 18 hours
later the cell sheet was wasghed with Eagle's medium and then the mediunm
was replaced with 100 ml RCL. These cells were used 5 - 6 days later.

In some experiments 50 mm plastic Petrl dishes were used, and the cells
were then seeded at 1;5 X 106 cells/plate; Roux bottles were also used,
seeded at 4 x 106 cells/Roux. In these cases the amounts of medium used

were appropriately scaled down,

I:2. Growth of pseudorabies virus,

I.2.(i) Production of PRV stocks. The virus (sec Fig. 9) was propagated

followge/aoa

H
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Figuee 9

Llectronmicrograph of the supernatant preparation of

Pseudorabies virus used throughout most of the experimental

work of +this thesis (50,000-fold magnification).

(Inset = 128,000-fold magnification)

a = "full" enveloped particles (Inset shows individual capsomeres)

b = "full" enveloped particle (Stain has not entered because of
extra proteins between enveldpe
and capsid)

¢ = "partially full"® enveloped particle

d = "empty" enveloped particle

e = "empty" unenveloped particle.

"ullY or "emply" denotes presence ox absence of nucleoprotein

within the capsid.

(Blectronmicrographs prepared by ¥Mr. H, Elder)



Fi.'Ti:xc 9.
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follovs. | Newly~confluent C13 cell cultores, maintained in LTC, were
infected in 20 ml ETC at a multiplicity of 1 pefeve/300 cells. The virus
imnmoculum was allowed %o adsordb to the cells for 1 hour at 370 ags the
burler rotated, After adsorption, the 20 ml ETC was removed, 100 ml of
BEIC medium was added and the culturecs were rolled at 370 for 27~3%6 hours.
The cells were then harvested aseptically by shaking the bottle to
disledge the cells into the mediuvm, the excess mediuvm being removed by
centrifugation for 10 min at 600 g. This medium contained the supernatant
virus vhich was concentrated by centrifugation at 15,000 g for 1.5 hours,

nd resuspended in 1 ml PBS(a) for each original burler used; gentle
sonication made the suspension uniform, and it was dispensed into 1 ml
aliguots and stored at w?’Ooo The cell pellet contains the cell-~associated
virus which was released by resuspending it in a small volume of PBS(a)
(2% ml for every burler used initially) and disrupting the cells by
gonication or by 3% cycles of freezing and thawing, and then re--centrifuging;
the resulting supernatant contained the cell-~associated virus, vwhich was
dispensed and stored at wYOo° The two fractions were cccasionally combined

for experimental work, and always for virus production,

T.2.(i1) Plague assay for PRV. PRV was assayed by infecting cell sheets

with dilutions of PRV and counting the resulting plagues produced. Newly=
confluent monolayers of Cl3 cells in a series of 50 mm Petri dishes (seeded
at 4 x 106 cells/dish 18 hours previously) were infected with various
dilutions of PRV in 0.2 ml EC1O. After 1 hour of adsorption at 570F 4 ml
ECLO was added and incubation con{inued; two hours after adsorption,

50 pg/ml heparin was added to the medium to prevent vertical transmission
of virus, After 28 hours' incubation at 370§ the cell sheet was washed

with/ ...



with PBS(2), fixed with 3ml formol-saline per dish (30 min ot room
temperature), and shained with 0.5ml Geimsa stain per dish (1 houwr ab room
ﬁempera$ufe)e Plagues were counted under a microscope at low magnification
after excess gtain  had been removed with water.

T.2.(4i1) Infection of ecells with PRV for exverimental uss. Medium was

removed from the cell sheet of nearly-confluent €13 cells in ECLO, end 20ml
frosh BC10 conteining 20 p.f.u. PRV cell was added t§ each burler, After
1 hour adsorption at 3?o, the medium was removed and replaced with H50-100ml
fresh BC10. If cells were "westing', infection took place using a small
portion of "used ECLY id.e., medium removed from the “resting" burlers, and
et the end of the adgorption period, the replacing medimm was also "used

Bl

Tl Biochemicsl,

IT.1. Cell fractionation proceduros

IT.1.(1) Preparetion of cell oytoplesn for RVA extraction. The cells

were harvested by removing the medium, washing the cell sheet with ice-
cold B33, and then scraping the cells with a rubber blade into ice-cold

BSS5. The cells were then centrifuged at 600g; resuspended in B3IS and
centrifuged once more, IFrom the resuliing washed cell pellet, the cytoplasm
wag obtained in ons of two ways.

IT.(3).a) Homogenisstion procedure. The cell peliet was wesuspended in

2x packed cell volume of hypotonic buffer or RSB and allowed to swell al 40
for 10 min. The cells were then disrupted with 20 sirokes of a Potter
homogeniser (operated manually), the disvuption being monitored
mi.croscopically. The nucled were removed by cenbrifugation for 10min st
1000g and the resulting supernstant fluid was used ad cell cytoplasnm.

II.1.(i).b) Fonldet P40 mrocedure. The cell pellet was resuspended in

2,0ml RSB + 0.5% (V/V) Nonidet P40 for each .q,xlof cells (i.e., about 4mi

per/ ...
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per burler) and was agitated with a “Vortex" ﬁixer for 5 sec, and

centrifuged at 1000 g to precipitate nuclei and yield the supernstant
cytoplasm. This was the method used by Wagner & Roizman, 1969a for
herpesvirvg-infected cells and was first described by O'Brien, 1964;,

I1.).(ii)., TFracticnation of cell cytoplasm. The cytoplasmic fraction,

prepared as described in section IIolu(i) was centrifuged at 40,000 g for
1O min to remove witochondria, The supernatant was then removed and
centrifuged at 105,000 g for 1«16 hours to deposit the ribosomes; the top
three-guarters of the resulting supernatant was used as the cell sap

fraction.

IT.2. Preparation of RNA

All glassware used in the preparation of RNA was either flamed,
alcohol--washed or autoclaved at 15 pes.i. for 30 min before use, A3l
solutions and media were sterilised by autoclaving or filtration, and
dialysis tubing was boiléd for 15 min in dilute EBDTA,; and rinsed with
sterile water followed by dialysis buffer before use. These precautions
are essentially those described by Burdon, 1967b to prevent nuclease
degradation of RNA,

I1.2.(i) Cytoplasmic RNA. Cytoplasmic RNA was prepared by one of the

© following two procedures.

II¢2¢(i),a) "Cold phenol'" “echnigue. The washed cell pellet was extracted
directly with 5 ul water-saturated phenol -+ 5 ml 0,05M ammonium acetate

(p 5.1) per burler. The solution was mixed well using a "Vortex'" mixer,
and the DNA was prepared from it as in (b) below. This method, essentially
that described by Burdon et al., 1967a for uninfected Cl3% celis, gave an
identical cytoplasmic RWA profile to that obtained using the method of {b)
below, but was not used for infected cellg because of the possible fragility

of their nuelei.
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I8.2.(i).b). The cell cyboplasm wes prepared (Section I1.L.(i)a,h)
and then extracted with an equal volume of water-ssiturabed phenol;
thia was ﬁhnken vigorously or agitated on o "Vortex' mixer and
centrifﬁged 8% 9,000g for 5 min. The supernatant fluid was removed,
magalold was added to a concentration of 2.5mgh (W/V), and it was
then re-extracted with phenol. The resulting supernatant was made
296 (W/V) with respect to sodium acebate, snd then two volumes of
ethanol were added. The resvliing solution was maintained atb «20°
to allow precipitation of the RNA, which was then cenivifuged out at
1200g for 10-30min. The RNA pellet wss then washed by remispension
in 2% (W/V) sodium acetate/ 67% (V/V) ethanol, and recentrifugation.
Tre2.(54) Cell sap RNA was prepared by extracting the cell sap
fraction (section IT.1,(i1)), with en equal volume of phencl as
described in IT.2:.(1).h).

Tr.2.(ii1) Ribosomel RNA. The ribosomal pellet (from section TT.L1.(ii))

was resuspended in 1-2ml RSB for each orviginal hurler uwsed. Thig
solution was made 0.5% (W/V) with respact to ethanolepurified SDS and
was then extracted twice with an equal volume of waler-gaturated phenols
the BNA was %hen pelleted and washed with 2% (W/V) sodiun acetate/ 67%
(V/V) ethanol as deseribed above {I1.2.(i)). This method prepared
"total RNA" fyom the ribosomes,

To prepere low molecular weight RWA from the ribosomes, the wribosomal
RNA pellet was extracted as follows, To the washed ribosomal RNA pellat
was added 1l.0ml ice-cold 1M NaCl. fThis was agitated in a "Vortex® mixew,
maintained for 1 hour al; 0w4°, nixed once more and centrifuged at 1200g
for 10min et 4O° The supernatant was removed and the pellet was

exﬁraﬂte@/.oo



extracted once more with 0.0mi 1M NalCl. The combined supernsiants
contaeined the low molecular weight ribosome-agsociated RNA; this RHA

could he precipitated by the addition of two volumes ethancl.
P P

IT.3. Tractionetion techniouesn for RWA

IT.3:04) Sephadex G100 column chyromatoeraphy. The RUA preparation
il TN prep 9

dissolved in & meximum volume of 0.5m1 SSC made 10% (W/¥) wiith respect
to sucrose, was applied to a l.5cm x 80cm column of Sephadex G100
(Galibort et al., 1965) which had been swollen as desoribed by the
makers and from which the "fines" had been decanted; the wveid volume
of the colwm had bsen determined by using 0.5ml of 0.5% blve dextran
(in 20% W/'V) sucrose). The RWA was eluted from the coluwna at 4° under
gravitationsl pressure and the eluote was collected in 1wl fractioans
which were measured for absorbancy at 260nm. Radiosctivity wag
deternined by adding 7@pg heat-denatured DNA and 0.2ml of 50% TCA 4o
each sample,; maintaining the sawples at 4 © for 10min, and then
precipitating each sample on to & Saxtorius memhrane filter under
suction; each membrane was then washed three times with 5% TCA, placed
in a scintillation viel aud dried overnight at 370e Ten ml of toluene-
based scintillator was added to each vial and the ssmples were counted
in & liguid seintillation counter.

TI.3.(ii) Polyacrylamide gel electrophoresis., Polyescrylamlde ge
v

v
i
Sl

electrophoresis was carried out as described by Loening, 1967 and 1969,
The bulffer used wasg 36mM tris-ACL, 30mk haH“O and 1wl EDTA, pH=T.8,
Gels of 10% (W/V) acrylamide and of 2.5% (ﬁfV) acrylamide were used; in
the former case the concentration of bisscrylamide was 2,5% and in the
latter case 5% that of the sorylomids. The gels conteined 0,336 (V/V)

Temed ~/e ¢




Pened and 0,025% (W/V) sumonivm persuvlphete. The gels were run in
perspex tubes 10em long and of 6.0mm internal diameter. 2ml of gel
mixture was added to each tube, giving gels 6bem Jonge The RNWA sample
was applied to the top of the gel in a total volume of 10-200ul e a
10% (W/V) sverose solution and 201 0.01% (W/V) bromophenol biuve was
added as marker. The gels were run for 10min at 2ms/gel and there-
after at 5mq/gela The 10% gels were run until the bromophenol blue
reached the foot of the gel (6em) while the 2.5% gels were run until
the bromophenol blue reached 4em from the top of the gel,

Lfter elecirophoresis, the gels were either stained in 0.0%6
Toluidine blue (MeIndoe & Manro, 1967) and destained in rumning water,
or scammed at 260nm in a Gilford recording spectrophotometor. The gels
wvere then frozen in Drilkold, sliced in lmm slices and prepared fov
counting as follows, If the isolope used was 3H, then the method used
wes & modification of that described by Tishler & Epstein; 1968, The
slices were placed in & scintillation vial and dried ai 60° for 1 houv.
0.3l of hydregen peroxide (100 volumes) was added to each vial and the
vials were capped and shakens +the slices usually dissolved afitler
snoubation for 6 hours at 60°, Then 10ml toluene/methoxy@th&nal
seintilletor wags added to each vial and the samples were counbed on &
Liguid scintilletion counter.

32

If the isctope used wag 140 or P, then each gel slice wag placed
on a 2,5cm Whatmen No.l filter paper disc apnd dried before counting in a
gas-flow countexr.

1T.3.(i31) Sverose pradients. RNA in 0.5ml of 4% (W/V) sucrose was

layered on top of 4ml $-20% sucrose gradients which were centrifuged at
90.000g for 3.5 hours in a swing-out rotor. The fracitions were collected

droywiae/,ee
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dropwise into scintillation vials (C.% ml per fracticn), and diluted
with 0,2 ml distilled water for estimation of absorbancy at 260 nmg
then 10 ml dioxan«based scintillator was added to each vial and the samples

wvere counted in a ligquid scintillation counter.

IL.4. Radioactive labelling and counting of RHA and DNA,

Threc isotopes were used to label RNA, Seuridine (uric’iinew‘jm;}l)r
14Cmuridine (urjdinem2ml40) and. 52P as inorganic phogsphates in
methylation studies; Lemethicnine (methylmaﬂ) was also used to label the
methyl grovps of RNA. Cf these isotopes, only uridinew5m5H is a specific
label for RMA (Hayhoe & Quaglino, 1965), hence,when the level of
incorporation into total unfractionated RNA was requiredguridinemﬁmﬁﬂ was

the isotope used. Only “Hethymidine (methylij) was used to label DNA.

Samples were nﬂrmaliy prepared for counting in a liguid
scintillation counters a Phillips Liguid Scintillation Spectrometer was
normally used and, from time to time, a Nuclear Chicago Series 729. The
scintillators used were toluene-based scintillator, dioxan-based
scintillator or tolueng/methoxyethanol scintillator as described above,
and efficiencies were determined by the exlernal standard or channels
ratio method, depending on whether the sample was homogeneocus or not.
"Double=labelled" samples (BH/14C or 5H/EZP) were cowted by adjustment
of the chanmels in the scintillation counter to obtain an upper energy
chamnel which measured 140 or 32P only. Sanples labelled with 140 only

32, . . n
or 5 P only were counted in a Nuclear Chicago gas-Tlow counter (98,7%

helium/1.3% butane).

ITncorporation/ ...




Incorporgtion of radioisotope into RHA or DNA in total cells.  'The

procedure vsed for counting isctopically-labelled {ractionated RFA has
been described in section JII1.3. The cstimation of incorporation of
labelled precursor into RNA or DNA in total cells will now be described.
Cells were grown to confluence in 50 mw plastic Pefri dishes and were

. T ‘o ‘s % By f o ;
labelled with “Heuridine (uridine-5-"M) or “H-thymidine. The cells

were prepared for counting in ome of two waysg @

(i) TCA precipitation method. The cell sheet was washed with

ice~cold B3S, and the cells were scraped off{ into TCA to give a final
concentration of 10% TCA with 250 ug bovine serum albumin (BSA) added
as coprecipitant; the cells were then washed three times with 5% TCA
at 0° and dreined well (overnight). 0.5 ml hyamine was added to the
gsamples which were agitated in a "Vortex" mixer and incubated at 570

for 1 hour. 10 ml toluene-based scintillator was added to cach sample

for counting in a liquid secintillation counter,

(ii)  Coverslip method. In this method, the ccll sheet was seeded

ovgr three x 15 mm glass coverslips per 5C wm Petri dish; the coverslips
had been prepared by being boiled in dilute NalH for 20 min, washed well
with water and finally ethanol and sterilised in an oven at 120°,

After the labellingeperiod the coverslips were removed and placed in
formole~saline overnicht, and then washed well in ice-cold 10% TCA

(twice) and finally in ice-cold H,0. The coverslips were then placed

2
in a scintillation vial with 10 ml toluene-bhased scintillaztor and

counted in a liguid scintillation counter. If desired,; the coverslips
could be removed after being counted, washed in PPO~free toluene, dried

and used for auto-radiography, as described in section II.9,

sliquots/ ...
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Aliquots of REA. TFrom time to time aliguots of & preparation of

e

igotopically-labellied R¥WA werc countoed. This was sohieved by
[

precipitation of the sample on to & dartoriuy meubrane as deseribad

in section T1,3.(i)

1

1T.5,(4) Protein estimation was corried oub using the methed of Lowry

et _al., 1951, nsing bovine serum altumin (BS4) as standerd,

euaTeaE

TT.5.(41) BHA estimation. REA was estiwdted by ite absovbancy abt 256mm

TS 3

(40ﬁzg RN&/ml glves an absorbancy of 3&0}~

TE:6. In vitro incubations

D

IN.6.(1). Preperstion of cxbract. 441 the followiug procsdures were

S

. . 0 . . s e IV .
gorried out ot 47 . uriers of woske~infected or PRV.infcoisd cells vers

harvestced at 5 hours Pel. by scraping into ice-cold PRS(a); the cells
were washed Ly centvifugation and resuvspension in PBS(a) and Cinslly in
SuM 2 ¢emarcaptosthanol/20nlM trig HE buffer pd 8.0. The cells were
then resuspended in 4 volumes of {his butfer ond homogenised (20
strokes in e Potter homogeniser opereted maruelly). The resuliing
lysate formed the crude cell exbract which was normally uvsed without
centrifuging out the large pariticnlate material. The protein concen-
tration of the extract was measvred and the extract was usced within a

fow hours of its prepavation and without its having been frozen.

incubation studies. 3HWRNA

e

T7.6.(i1) Assgsy conditicna for in wvitro

. , "0 . . , .
wos incubated at 37 with 2,0mg {protein) of the above extract in a

total volume of 1.0mk. Freom iime to time other cofactors were supplied
as described in the "Rasvlte" section. After the desiréd incubsation
period, threaction mixtwre was extracted ftwice with an squal volume of

wator-saturated/ ...



water-gaturated phenol and RNA wes prepared os described in section

IT.2.(1).b).

ITo7. Elubion of RNA fyom gels. RNA was eluted from 10 polyacrylamide

gels by a modificstion of the method described by Marcaud et al., 1971,
The gel slice was incubated overnight at 60° 4n 1.0ml (sterile) 4x8SC
rH 7.0 to which macaleid had bheen added to give a concentration of
2.5mgh (W/¥). The salt was then removed by dialysis against two
changes of distilled water or by diluting the solution 4-% fold with
distilled water; commercial A4S RNA was then added as coprecipitent,
and the RWA was precipitated in 2% (W/V) sodivm acetate/67% (V/V)

ethanol.

IT.8. Nuocleotide ansalysia of RWA. The mucleotide content of RNA was

determined by the method of Sebring & Salzman, 1964. 32P“1abelled

RNA was eluted from gels ag described above (section Ti,'f) precipitated
with 1.0mg commercial 4S5 RWA, washed twice in a 3:1 ethanolsether
mixtuore, desiceated for 30 min in vacuo and hydrolysed for 18 hours with
0.25m) 0.3H KOH at 370 and the »I adjusted to pH 3.5 (205“455) with

perchlovic acid; the pellet of KCLQ, wag removed by centrifugation at

4
0% and the supernatant wag recentrifuged. This supernatant was applied
to a sheet (46em x 57cm) of Whatmen 3MM paper end electrophoresed in
pyridine-acetate-EINA uffer pH 3.5 (16wl pyridine, 17ml glacial acetie
acid, 18.5gz disodium EDIA, water to 5 litres); electrophoresis was
carried out at 300V for 20min and then at 3kV for 2,75 hours, The
dried electropherograms were then auboclaved for 15min st foom tewper-

ature to rvemove pyridine and the nucleotides were located under

ultraviolet/on,



ultravieclet light. 'The spots were cut oubt from the paper, pleced in
10ml tolvene-based scintillator in scintillation vials, snd counbed

in & liguid scintillation counter,

ITc9. Autoradiogranhy. Determination of the percentage of cella in a
given culture incoerporating BHwthymidine was performaed by the method
of Subak-Sharpe, Brk & Pitts, 1969. Cells in 50mm Petri dishes
were seaded over 1imm glass coverslipsy BHmthymidine wag used o
label the cella, and after the labelling period the coverslips were
fixed and TCh-washed as descrmibed in section IIGZ}..«(:E.:I,)e After beling
dried the glass coveralips were mounbted with DoPeX (cells vppermost)
on O0.8-1lmn glass microscope slides which had heen degressed in ethanol
and coated with & £ilm of gelatine-chrome alwn, The slides werve
covered with AR.10 stripping {ile and exposed for seversl weeks before
being processed. The awvtoradiographs were developed in D19% for Smin,
rinsed in water, fiwed with Amfix (no havdener) for 4min and rinsed
again with water. They were immediately stained with Giemsa (freshly-
dilvted 1:20 (V/V) in water) for Swin, rinsed with water end finally
dried in air.

Microscopic examination wvevealed that cells which had incorporated

3Hwthymidine had silver grains over their nuclei.

IL.10. Fingerprinting of RNA., "Fingerprints" of T3 ribonuclease

digests of 32Palabelled RVA were obltained essentially as described by
sanger, Brownlee & Barrell, 1965 with the slight modifications
desceribed by Salim, Williamson & Maden, 1970 and Maden, Saiim &
Summers, 1972. The T3 ribonuciease digestion was carvied oubt at a

.. . . - . O
1:20 enzyme to substrate ratio in 5«20p1 totel volums for 30min et 37
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T, Studies on incorporation ol Hevridine into total cell RNWA.

L.l Effect of uridine concentration on uptake of 5Hmuridinen

Before investigating the production of RNA in uninfecled and
infected Cl3 cells, the effect of uridine concentration in the medium on
% o .
the uptlake of “Heuridine was examined; thig aspect of RUA metzbolism was
investigated since it was proposed to use isoctopically-lzbelled uridine
throughout these studies as a measure of RNA synlhesis as described in

"Methods", IL.4.

Plates of C1% cells were seb up as described in “Hethods™, T.1.(i)
; . . % R ‘o 5 .

and then labelled For 30 min with “Heuridine (uridine ~ 5 « “H) in the
presence of amouats of unlabelled uridine varying from 0.2 pM Tto 25 b,
The incorporation of isotope into total RNA was measured by TCA preeipitation
of the cells ("Methods", IIu4e(i))o The resultls of such an experiment are
shown in Fig, 10, which indicates that, between about 1.0 uM end 6.0 pM
vridine, incorporation of radiolsotope is independent of the molarity of
vridine in the medium. A similar independence of incorporation fwom nolarity
14

of uridine at this level of uridine was also observed for ~ 'C-—uridine.

The effect of intracellular pool size at this "plateau' level. of
N . 3 -
uridine (1.0 ~ 6,0 W) was next examined., Different amounts of “H-uridine
vere added to the medium while maintaining a constant molarity of uridine
in the medium, If pool size is negligible relative to the amount of uridine
added, the incorporvation cof label should increase by the same factor that

jsotope in the wmedium ig increased. The resultg of sgsuch an experiment when




60

Figure 10

Z
Incorporation of H-uridine into total cell RNA at

various uridine concentrations

50 mm plastic Petri dishes of Cl3 cells were sct up
("Methods", I.1.(i)) and when almost confluent were each labelled
for 30 min with 1 uCi/ml of Iuridine (uridine=5~T) in the
presence of unlabelled uridine varying from 0.2 pM -~ 25 M.

At the end of the labelling period the cells were scraped off,
TCh-precipitated and hysmine digested; the radicactivity was

determined by liquid scintillation spectrometry ("Methods", II,

40(1)).
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EBffect on inceorporation into total RNA of wvarying

amounts of 5H--«urid.ine at constant molarity of uridine (2,7 M)
pCi/ml of Incorporation
A o
PHE~uridine added (Bopoeme, x 10 5)
1 24.8
4 99,7
8 220,.8

Incorporation is expressed as d.p.m. incorporated into RHA,

obtained as described in the legend to Fig. 10.

oL




6z

the medium concentration of uridine is equivalent to the Y"plateau" level

of fig. 10 (in this case 2.7 uli) is shown in Table 3. This indicates
that, as the amount of added label increases; so does the amouat of label
incorporated, by a similar factor. Hence at this concentration of uridine
in the medium, the cffect of the intracellular pool of uridine on incorpor-

ation of labelled uvridine is negligible.

Thus this "plateau" level of around % ul uridine was used in
subsequent experiments and was adjusted from time to time {or experiments in
vhich longer labelling times were used; however, the concentration of 6 M

{the maximum concentration on the "plateau" in Fig, 10) was never exccceded.

4
I.2. Uptake of Heuridine into FiVe-infected cells.

To investigate incorporation of titiated uridine into total RNA

in the PRVeinfected cell, plates of Cl3 cells were set up and infected ox
mock=-infected with PRV, as described in "Methods", I.1. At variocus times
after infection, the cells were labelled for 1 hour with uridine —~ § - 3H

and harvested immediately after labelling ("Methods", IT.4.(ii)). The
results are given in Pig. 11, which shows that the incorporation of 5Hmuridine
into BWA decrcases steadily after infection, and reaches 15 of the mocke

infected (or uninfected) level after 5 - 6 hours,

II. Cyvtonlasmic BNA synthesis in exponentially-growing uninfected and
¢ by . l 2 ko 4.2, ipiainary

.

PitVe-infected cells,

IT.1. In vivo labelling studies cof exponentially-growing cells.

IT.1.(i). Sephadex GLOO column chromatopraphy.

A commonly-used method of separsting the low molecular weight

species of RNA from the larger species is by gel filtration on a Sephadex GLCO
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Figure 1l. Tncorporation of “H-vridine into total cell RIA

at various times after PRV-infecction

50 mm plastic Petri dishes of (13 cells were set up, seeded
over % x 1% mm glass coverslips per dish. Plates were either mocks
infected or infected with PRV at 20 p.f.u./cell, and were labeiled for
1 hour periods from 1 - % hours P.T, with 1 pCi/ml of 3Hnurirline
(uridine ~ 5 ~ H). At the end of the labelling period the coverslips
were removed, fixed and counted ("Methods", IT.4., (ii)}a The plates
were set up in duplicate, and hence 6 coverslip results were obtained

for each pointy the ligure graphed is the average of the 4 median counts,
3 |
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column (see "Methods®, IL.%.{(i); Galibert et al., 1965). A typical
separation of cytoplasmic UNA ou such a colwan is shown in Mig, 12; there
are three peaks of absorbancy at 260 nm. The first, cluting between

25 ~ 45 ml elutes with the void volume (obtained by the use of Biue Dextran -~
"Methods", T1.3.(i)); the second peal: elutgs between S0 « 60 ml and the
third between TO - 90 ml, The three peaks are respectively the two

largest ribosomal RNAs (also messenger REAY, 55 RNA and 45 RiA (Galibert

et ale; 1965). It can be seen from Fig, 12 that, in our hande at least,

the separation of 55 RWA from ribosomal RNA is poor. However, this method
does gllow large amounts of RNA to be separated, and this is especially

convenient if incorporation of radioisotone is low.

Barlier work using Sephadex GL0Q chromatography (Shepherd, 1969)
haé shown that the elution profile of cytoplasmic HNA labelled with BHmuridine
for 30 min periods was considerably changed by infection with PRV at any time
from 1L ~ 7 hours P.Il.. It was decided to repeat this experiment az a
preliminary to characterising the nature of these changes in WA synthesis
induced by PRV-infection, Cells were labelled at % hours P.X. since by
then host DNA synthesis has virtually ceased (Kaplan and Ben-Porat, 196%),
virus DNA synthesis is well under way (Kaplan and Ben~Porat, 196%; also
Pige 41) and progeny virus have begun to appear inside the cells (Sydiskis?

1969); gimilar results have been obtained in this department.

Thug PRV-infected cells were labelled for 30 min with 3kuridine
at 5 hours P.l., while nock~infected cclls were labelled for 30 min with
14Cmuridine; these cells were then harvested together and cyteplasmic RHA
was prepared ("Methods", I1.l.(i)a and IT.2.(i)b) and fractionated on a

Sephadex GLOO column, The results are shown in Fig. 13 and reveal that,



Figure 12.

Sephadex G1l0C column chromatography

Burlergs of ClL3% cells were harvested,; the cytoplasmic
fraction was prepared ("Methods", TI.1l.(i)a) and RNA was extracled from
it by phenolwextraction ("Methods", IT.2.(i)b), and was chromatographed
on & 1.5 x 80 cm column of Sephadex GL00 ("Methods", II.%.(i)).  SSC
was uvsed as eluant and 1.0 ml fractions were collected. The absorbancy

at 260 nm of each fraction was measured on a SP 500 spectrophotometer.



Fig, 12
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%0 min pulse~label of PRV-—infected and uninfected cell cytoplasmic

RNA chromatographed on a Sephadex G100 column

Nearly-confluent burlers of Cl3 cells were infected ox
mock~infected and 5 hours P.I. were labelled for 30 min with
Bkuridine or 14Cmuridine respectively. The burlers were harvested
together with unlabelled cells. Cytoplasmic RNA was prepared by
pelleting the nuclei and phenol~extraction ("Methods™, IT.2,(i)b)
and was Tractionated on a 1.5 x 80 cm Sephadex GL00 column ("Methods',
1T.3.(1)). SSC was the elvant and 1.0 ml fractions were collected,
their absorbancy at 260mm estimated on a SP500 spectrophotometer,
and the d.p.m, in each fraction obtained by TCA precipitation of the

fractions on to cellulose acetate membranes and subseguent liquid

scintillation spectrometry.

e e el e absgorbancy at 260nm

s 5H d.peme. from 3Hnuridine
(PRV~infected cells)

9 140 GePolme from 14Cmuridine
(mock-infected cells)
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after s 30 min pulsemlabelg the position of the three peaks of radioactivity
in the vninfected cell RNA is very similar to the absorbancy profile, ieéﬁ
there are peaks of rRNA, 53 BRNA and 4S5 RNA; the only radioactive peak

which does not correspond exactly in position to that of the absorbancy is
that of 45 RNA, which is very clightly displaced towards the 535 position.
This slight displacement is probably owing to the very small amount of
pre-tRNA labelled alter 30 min in uwninfected €13 cells (see "Introduction™,
I11.%.(ii)a; also Smillie, 1970). There arc, however, large dilferences
in the relative amounts of isotope in the three peaks, nolably the rIHA is
present in a small amount relative to 55 RNA and 48 RNA, Thigs is to be
expectod since the processing of vihosomal REA from nucleus to cytoplasm is
slow =~ about 30 min for 183 and longer for 285 (Penman et al., 1966; Penman,

19665 Tig. 48).

The radioactive profile of the infected cell RNA is very differcnt
from thal of the uninfected cell RNA; it contains rRNA but the materisl in
the low molecular weight vegion is very poorly fractionated. Most of the
material elutes between the 55 and 45 RNA absorbancy pezks and only s very
small fraction of material coelutes with 45 HNA; there is a sharper 55 HNA
peak in the infected cell RNWA than in the uninfected cell RUA, One further
difference between the infected and the wninfected pulse~-labelled profiles
in Fig, 1% is the relatively even smaller amount of rREA present in the
infected cell; 1his is due to the strong inhibitory effect of pseudorabies

virus on riiNA gyathesis and will be discussed later.

Thus I"ig. 1% shows that PRV—infection causes marked changes in the
synthesis of cytoplasmic RNA& species, especilally in the region of 55 to 45

RNA', These dilferences in elulion prefile between the infected and uninfected
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Figure 14, Absorbancy trace at 260 nm of a 10% polyacrylsmide

gel electrophoretic separation of cell cytoplasmic RNA

Cytoplasmic RNA was prepared from Cl3 cells‘("Methods"9
II.2,(i)b) and was electrophoresed on a 10% polyacrylamide
gel ("Methods", IT.3.(ii)). The absorbancy trace at

260 nm was obtained using a Gilford model 240 spectro-

photometer with a lineax transport attachment (model 2410)0



L

cytoplasmic BNA must be due to the cifect of PRV-infcction since the

"double~label'" technique ensured that the method of preperation was

identicaly (by "double~label" is meant the use of two different isotopes
- . . % . L4 ‘s

of the same radiocactive precursor -« here “l-~vridine and C—uridine foxr

the infected and uninfected cell respectively). Dilferences due to

isotope effects were excluded hy reversing the labels in a subseguent

14

experiment in which 7 7'Ceuridine was used to label infected cells and
5H»«u.ridine was used to label wninfected cells. Artefacts due to isotop
differences were further ruled oubt by subsequent experiments in which

Z
‘H-uridine was used to label both infected and uninfected cell cytoplasmie

BNA (section IT.1.(iii)ete.).

Investigation of the differences in RNA synthesis belween the
infected and the uninfected cell « especially of the gtriking diffcrences
in the low meolecuvlar weight region « ig complicated Dby the poor wesolutlion
by Sephadex GLOO colums of 58 RNA from rENA, and of the region between 53
and 4S5 R¥WA. Thus, to achieve betler resolution, 10% polyacrylemide gels
(Ioening, 1967) were used to fractionate RNA in all subsequent work on low

molecular weight RNAs.

TLo)o(did), Calibration of the 10% polyacrylamide gel svstem.

The separation of a cytoplasmic preparation of RNA (prepared as
described in "Methods", IT.2.(i)) is shown in Fig. 14, in which absorbancy
at 260 nm is measured in the intact, unstained gel ("Methods", IT.3.{ii)).
There are three peaks. The 285 and 188 rRFAs do not enter a 10 gel; they
remain on top of the gel and are hence lizble to be lost in the processing

off the ge¢l, making their quantitation difficult. The smaller species OF

RNA do enter the gel, and it can be seen that therc is good separstion




between 58 and 45 RNA, which were identif{ied by reference to publiched
data (e.g. Loening, 1966); +the identity of 4S RNA with the 4S RNA peak of
Sephadex GLQO column chromatography was independently confirmed in a

subsequent experiment (Fig. 16b).

Choice of isotope for future cxperiments. Vhile there are clearly

advantages in the interpretation of results from experiments in which a
double~label technigue (as in Fig. 13) has been used, we had expericnced low
X . .. 4., ... . . . ,
levels of radioactivity from ~C-wridine incorporation, This was the result
. . .14, Con s N .
of: (a) the low specific activity of C=uridine preparations commercially
available, and (b) the decrease in RNA synthesis afler PRV-infection. Thus
. . . ; . . . 3 .
it was decided that in the following series of experiments “B~uridine should
be used to pulsc-label bolh infected and wninfected cell cytoplasmic RHA
this necessitates that the malterial is worked-up and e¢lectrophorcsed
separately. To facilitate comparison of gels, cyloplasmic RNA labelled to
i L, L4 . o s -
equilibriun with C~uridine was prepared (klgn 1)), and was co-electrophoresed
4
routinely with the sample of “H~labelled RFA. This "double~label" {technique
' 7
alloved the radicactive elution profile of the “H-RNA Lo be compared directly
. D 14 - . PR .
with this internal 4Cwmarker RWA; and circumvented the difficulty of relating
the absorbancy trace to the d.p.m. obtained from each gel slice, In addition,

in later work it became important to be able to pinpoint the exact relative

position of the radiocactivity and absorbancy peaks.

The gel profile of the 14Cmmarker RWA fractionated on a 10%
polyacrylamide gel is shown in Tig. 15. The material was prepared by
labelling cells wiih 14Cmuridine for 20 hours (ieea for about cone Cl% cell
generation). This long incubation gives rise to radicsclively-lovelled A

equivalent to the absorbancy profile shown in Pig. 14, as comparison of the
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15 14Cwinterna1 marker RNA electlrophoresecd on a 10%

polyecrylamide el

One newly~confluent burler of Cl3 cells was labelled for 20 hours
with140muridine (0,25 pCi/ml) and R¥A was extracted by the "cold
phenol® technique ("Methods", II.2.(i)a)} and dissolved in 2.0 ml
distilled water. 100 pl was electrophoresed on a 10% polyacrylamide
gel, which was sliced, and the slices were counted on a gas-flow

counter ("Methods", II.3.(ii)}).



two figures indicates. It should be pointed out thal the 14Cwmarkor RNA
is 50 highly labelled that the amount added to cach gel has d.p.m. but no
absorbancy., Thus absorbancy traces of the sample LA alone can be oblained

. 14 . \
even when the internsl 4Cwmarker ig co=elecitropnoresed.

To confirm thal the larger (in amount) of the two peaks which
enters the gel is indeed 45 RNA, the pooled 45 RNA {ractiong from a Sephadex
G100 column of (13 cell cyloplasmic RWA labelled with 5H.-uuridine for 2 hours
were preparcd (Fig, 163)0 This pooled 4S REA material was coeelectrophoresed
with the 14C~marker RM¥A and the result of this is shown in Fig. 16b. 1t is
clear that 435 RMA from Sephadex Gl0O0 is ddentical to the peak designated as

A4S MWA on 1C% polyacrylamide gels, since the two peaks exactly coincide.

Once more, comparison of Figs., 16a and 16b shows that the
separation of the low molecular weight RWNA species afforded by 10% poly-—
acrylamide gel electrophoresis is guperior 1o ihat obtained by Sephadex G100

column chromatography.

'IIglo(iii)u 1095 polyacrylamide gel electrophoresgis of pulse~labelled RNEA,

How that the labelling and fractionziing systems had been
gatisfactorily worked out, RNA metabolism in the FRV-infected cell could be

investigated.,

Infected and mock~infected cells were pulse~labelled at 5 hours
P, I, with 5kuridine and the cytoplasmic LA was prepared in an experiment
similar to that described earlier (section II.1.(i)); the two samples of
5HwRNA were co-electrophoresed separately with the 14Cminternal marker. In
this experiment a 495 min pulse-label was used instead of a 30 min label in

order to decrease the alrcady very small amount of pre-iRilh in the uwninfected



Figure 16a.

Sephadex G100 column chromatography of uninfected cell cytoplasmic

Z
RWA labelled with “i~uridine for 2 hours

Nearly-confluent burlers of Cl3 cells were labelled with
Z)H-w-u:nridine for 2 hours; RNA was then prepared and chromgtographed
on a Sephadex "Gl00 column as before (Fig. 13). The fractions
indicated by hatching were combined and the RNA was precipitated
from them by 2% sodium acetate/67% ethanol and resuspended in a small

volume of distilled water.

s 2 bsOrbancy at 260nm

- ,5H d.p.m, from BHmuiidinea

Tigure 16b.
10% polvacrylamide gel electrophoresis of column~purified 4S5 RNA

The sample of 3H-nRNA prepaxed as described above was
co-electrophoresed on a 10% polyacrylamide gel with 20 pl of
14C-~internal marker. The gels were run,; sliced and counted on a

liquid scintillation counter as described in "Methods", IT.3.(ii).

3 3 o
wmemmmemn o “H QaPelte from “Heuridine

14

T 140 dp.m. from ~'C-internal marker
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cell cytoplasm. The results from this cxpecriment are shown in fig. 17a and L.
It can be scen that after a 45 min label the R4 from uvninfectzd ceoll

. Lo . 14
eyltoplasm electrophoresgs in a very similar wanner to the internal 'CmmarkerT

']

with only a veory small amount of material between 55 and 4S5, i.e. afler 45 min,
the low molecular welpglhit cyloplasmic RiA of wninfected cells has been labelled
almost to equilibriunm. In the infected cell, however, the 45 min-labelled
cytoplasmic RNA pave a polyacrylamide gel electrophorecis profile similar to
that obtained on a Sephadex GLOO column (Fig. 13); the characterigstics of

the profile are a relatively large 55 peak, a grealt deal of meterial betwesn
53 and 4S, and very litile material in the 48 position. The material

belween 55 and 43 (Figu lTb) consistently eluted as two main peaks, which

have been designated throughout these studies as peak I (closer to 5S) and

peak IT; peak IT often contains a sccond minor peak.

The total d.pe.m. incorporated into »RVA, 55 RNA, 485 RNA and peaks
I + IT are tabulated in Table 4. The small amount of material between 53
and 45 in the RNA from uninfected cell cytoplasm is tabulated as I + IT for
purposes of comparison only, The table shows that rRRA produvction is vexry
strongly inhibited by PRV infection, 45 RNA synthesis is less inhibited and

55 HNA synthesis is even less inhibited.

In the uninfected Cl3% cell, 5H-—-labelled RHA appears between 53 and
45 after very short incubations (about 5 « 10 min) with SHuridine PrECUrsoT;
this material has been shown to be the precursor to tRNA ("Introduction®,
IIIQ’;%.,(ii); Smillie and Durdon, 1970). In the wninfected Cl% cell, the
maturation of this precursor is rapid and so a short pulse~label is necessary
to label this procursor rather than 45 RNA; hence a 45 min label (Fig. 17a)

shows only a very small amount of material that could be pre~tREA. Now,




Figure 17

Comparison of uninfected and infected cell cytoplasmic RNA

electrophoresed on 10% polyacrylamide gels

Nearly-confluent burlers of (13 cells were either (a)
mock~infected or (b) infected with PRV, and at 5 hours P.I, weve
labelled for 45 min with Suridine (3uCi/ml).  The cytoplasmic
RNA was prepared by phenol-extraction of the cytoplasmic fraction
("Methods", II1.2.(i)b) and an aliquot of each sample was
co—electrophoresed with 20pl of 14Cminterna1 marker on 10%
polyacrylamide gels, which were run, sliced and counted as described

in "Methods", I1.3,(ii).

5 Oty
s “H depeme from “Heuridine

o 140 depem. from 14Cnin'bernal maxkei,
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- Table 4
Inccrporation of 5Hmuridine into cyvoplesmié RNA species
in uninfecied and PRV-infected cclls during a 45 min
pulse-label
i
TRNA he I+ II 45 I+ IT + 45
l-n:, T -
Uninfected (d.p.m. x 1077) 257 10.5 17.8 4844 66,2
Infected (d.pem. x 1077) 21 5.7 14,0 7.7 217
Infected . 40 - :
Uninfected * 1003 & o4 2 16 55

Data taken from Iig. 17.




it is known  that PRV decreases ovexrall RWHA synthesis sfter infection

(Fig. 11), and that 45 RNA synthesis is decreased to 16% by 9 hours P.I.-
(Table 4); a reagon for this decrease might be a rctardation of the rate of
naturation of pre-—1tRNA. I this were the case, then pre--tREA would remain
labelled in the infected cell aftcr longer labelling times than it does in
the uninfected cell. Thus the material between 58 and 45 Ris (designated
as T and IT) in the infected cell cytoplasm could be pre-tRNA; the final
column in Table 4 indicates what would be the true level ol "45 RELY in the

.

infected cell if I and II were precursors to tRNA.  This then suggests thet

m

Bl
we can distinguish two effects of PRV on 48 RIA synthesis: (a) inhibition

of maturation of pre-tRNA, and (b} & decrease in the synthesis of pre-LlRUA.

Gel electrophovesis of briefly-labelled RNA from uninfeoted cells. The

following serics of experiments was designed to examine the material
designated I + IT in the PRV-infected cell; and to try {0 deteraine if this

material. behaves as pre~thNA.

It seemed important al this stage to establish the eleclrophoretic
properties on 10¥% polyacrylamide gels of material known to contain a high
proportion of pre-tiNA. Thus wninfected Cl3 cells were pulse~labelled for
5 min and for 10 min with 5Hmuridine; this length of label in Cl3 cells is
known to produce predominantly pre—tRNA rather than tRHA (Smillie and Burdon,
1970; bBmillie, 1970)w The cytoplasmic RUA from these experiments was
prepared as described in "Methods", II,ZQ(i)Qb and eiectrophoresed separately
on 10% polyacrylamide gels with the ldemarker RNA. The resulls arce shown
in Figs. 18a and b, The 5 min pulse~lzbelled fNA (Fig, 18a) shows material
predominantly between 55 end 45; it appears as two main peaks, possibly

analogous to peaks I and IT of uninfected cell cytoplasmic RNA. The 10 min



Uninfected cell cytoplasmic RNA labelled for 5 min and for

10 min electrophoresed on 10% polyacrylamide gels

Nearly-confluent Cl3 cells were labelled for (a) 5 min
and (b) 10 min with‘Sﬂmuridine (3pCi/ml) and the cytoplasmic RNA
was prepared by phenoleextraction of the cytoplazmic fraction
(”Methods"5 IIDZo(i)b)° An aliquot of each éample was electro-
phorescd on 1.0% polyecrylamide gels with 20ul 14C~interna1 markens
the gels were run, sliced and counted in a liguid scintillation

counter as described in "Methods'", II.%.(ii).

z
S ——. 5I—I d.peme from “H~vridine

s 140 depom. fxom 14Cwinternal marker.
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labelled RNA (Fig. 18Db), in contrast,contains a significant amount of 48 RIA,
but over half the material smaller than 55 RNA electrophoreses between 535

and 4S =~ also as two peaks. A 5 min or a 10 min pulse-label of uninfected
Cl3 cells has been reported to produce predomihantly pre-~tRNA in the low
molecular weight cytoplasmic RNA fraction, eluting as one peak from a Sephadex
G100 column (Smillie and Burdon, 1970; Smillie, 1970), The superior
resolving power of the polyacrylamide gel system has probably enabled this

peak to be fractionated into two species.

Gel electrophoresis of pre~tRNA from uninfected cells, Since the presence
of two peaks in the pre-tRNA region is novel, it was decided to electrophorese
on the 10% polyacrylamide gel system material established to be pre-tRNA by
the criteria used by Smillie and Burdon, 1970, but which appeared as a single

peak on G100 Sephadex.

Pre~tRNA from uninfected Cl3 cells was kindly prepared by Dr. J.
Smillie by labelling Cl3 cells for 10 min with 3H--uridine, preparing cytoplasmic
" RNA ("Methods™, II.2.(i).a), and fractionation of the RNA on a Sephadex GLOO
column, Practions were taken from the column asg indicated in Fig. 19a to
correspond to partially-purified pre~tRNA. This material can be converted to
45 RNA in vitro (Smillie and Burdon, 1970; similar results have been reported
by Mowshowitz, 1970). This partially-purified pre~tRNA was co~el¢ctrophoresed'
on a 10% polyacrylamide gel with 14C—internal marker, The result is shown in
Fig. 19b,. and it is clear that the single diffuse peak of pre-tRNA on a G100
column has been rgsolved on the 10% polyacrylamide gel into two main peaks,
electrophoresing between 55 and 4S RNA. These two peaks of pre-~tRNA appear
on the gel in a similar position to the materisl designated peaks I and II
observed in the infected cell cytoplasm after a 30 or 45 min label. If then

this infected cell RNA is pre~tRNA, its appearance after a 30 - 45 min pulse-




Figure lga

Sephadex -GLOO column chromatography of uninfected cell cytoﬁlasmic

A
RNA labelled with “Heuridine for 10 mins

Nearly-confluent burlers of Cl3 cells were labelled with
3H—uridine for 10 mins; the cells weré harvested and RWA prepared
by the "cold phenol" method ("Methods", II.2.(i)a) and chromatographed
on a Sephadex GlOO columr, and the hatched fractions combingd as

described in Fig. l6a.

pe—ee o absorbancy at 260 nm

—_— Sy depem. from 3H-»'uridine-

Figure 19b

10% polyacrylamide gel electrophoretic separation of partially-—

purified pre-tRNA

The sample of 5H—RNA prepared as described above was
-co~electrophoresed on a 10% polyacrylamide gel with 20pl of
S)""hg''A‘C»:‘Lnternal marker. The gels were run, sliced and counted in a

liquid scintillation counter as described in "Methods", II.B-(ii).

’ 3H d.p.m, from 3H—uridine

_ 140 d.pem, from 14C--internal marker,
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label could be explained by a retardation of the maturing process. This
hypothesis was tested by the following series of experiments designed to

examine the kineticg of production of low molecular weight cytoplasmic REA.

Time-course of cytoplasmic RNA from the infected cell, The kinetics of

appearance of this 4 to 53 material in the infected cell was investigated.
Infected cells were labelled for various lengths of time at % hours P.I. with
JH-uridine. The cytoplasmic RNA was extracted ("Methods", II.2.(i)b) and
co-glectrophoresed with the 14C~marker RNA. The results obtained from
pulse~labelled periods of 10 min, 30 min, 45 min and 2 hours are shown in
Fig, 20, In all cases there are 55 and 48 RNA peéks and also, between 55
and 4S, the two peaks designated as peaks I and II. After a 10 min pulse-

~ label (Fig. 20a) there is a distinct 55 RNA peak, peak I, peak II and
virtually no 4S RNA, As the length of labelling time is increased the
amount of label in peaks I and IT increases and the 4S5 peak also increases,
eventually becoming the most highly labelled low molecular weight RNA species
in the cytoplasm; in addition, at these longer labelling times there is

more peak II relative to peak I than in the samples pulse-labelled for

shorter times.

These resulfs suggest that there may be a flow of labelled RNA
from peaks I and II to the 4S position, or possibly from peak I to peak II to
43. This does suggest a 45 RNA precursor funciion for peaks I and II,
although these results could be explained by breakdown of peaks I and 1T and
reutilisation, coupled with separate synthesis of 48 RHA, These possibilities
are examined in the next series of experiments using actinomycin D and also

in the in vitro chase experiments described in sections II.2 and III,2.

The results of Fig. 20 also ghow that, if there is a maturation of




Figure 20

Time~-courge of infected cell cytoplasmic RNA

Newly confluent burlers of Cl3 cells were infected with
PRV, and at 5 hours P.I. were labelled for (a) 10 min, (b) 30 min,
(¢) 45 min, and (d) 2 hours with SH—uridine (BuCi/ml)ﬂ Cytoplasmic
RNA was prepared by phenol extraction of the cytoplasmic fraction

and electrophoresed onAIO% polyacrylamide gels as described in Fig. 17.

’ Sy dsp.m. from 5H—-ui-idine

—_——_——, 140 dep.m. from 14C—internal markexr.
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peaks I and IT to 48 in the PRV-infected cell, it is much slower than in
the uninfected cell, In Fig. 20 there is virtually no 45 RNA after a -
10 min label,; while there is a substantial amount in the uninfected cell
(Fig. 18b); in fact, this infected cell 10 min-labelled material is very
similar to the 5 min-labelled material of the uninfected cell (Fig. 18b).
In these present results (Fig. 20) the amount of peaks I and II reaches a
maximum between 30 - 45 min, and distinct amounts of peaks I and II remain
after a 2 hour label; however, in the uﬁinfected cell a pulse-label of

2 hours gives a radiocactivity profile virtually identical to that of the
absorbancy trace (see Fig. 16a) and even at 45 min the labelling pattern is
14

very similar to the ~“C-marker (see Fig. 17z).

One additional feature of the labelled infected cell RNA (Fig. 20)
is the high level of 53 RNA relative to the amount of 4S RNA, This will be

discussed and investigated later.

FMurther studies on peaks I and IT by use of actinomyecin D. The investigation

of the nature of the RNA in peaks I and II was continued by studying their
behaviour in the absence of new RNA synthesis, If peaks I and II are

labelled for a period with 5

H-uridine in vivo and then RNA synthesis is
prevented, the fate of the labelled RNA can be followed; if they are
precursors to tRNA then,after a suitable length of time,the radioactive label
incorporated into peaks I and IT should appear in the position of 45 RNA.

New RNA synthesis can be prevented by the use of 5 pg/ml actinomycin D in

the medium (Perry and Kelley, 1968, 1970).

Thus two burlers of Cl3 cells were infected with PRV and at 5 hours
P.I. both were pulse-labelled for 30 min with jH—-uridine. One burler vas

harvested immediately, while the other burler was '"chased" for 30 min.
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The *chase" conditions consisted of replacing the medium with fresh medium
containing 5 pg/ml of actinomycin D to prevent new RNA synthesisj; the

new medium also contained 20 times the previous level of unlabelled uridine
to dilute out the radioisotope in the celluvlar uridine pools, Cytoplasmic
RNA was pfepared from both burlers ("Methods", II.2.(i)b), and co-electro-
phoresed on 10% polyacrylamide gels with 14Cwmarker RNA; the results of
the 30 min pulse-label and the %0 min pulse~label followed by a 30 min "chase"
are shown in PFigs. 2la and b respectively. Tig. 2la - which gives the
resulit of a 30 min pulse-~label of infected cell cytoplasmic RNA -~ resembles
previous Tigs. 17b, 20b and 20c showing similar 30-45 min labgls, al though
in this case peak I hasg separated more clearly than before from 55 RNA,

It is of interest to note that there appears to be a slightly smaller
relative amount of 45 RNA in this experiment than appears, for example in
Fig, 20b; the most probable explanation for this would be an effective

incubation time slightly shorter than %0 min.

. The 30 min-labelled infected.cell cytoplasmic RNA "chased" for
30 min is shown in Fig. 21b. This indicates that the amount of material
in the 4S RNA peak has increased during the 'chase' while the amount of
label in peaks I and II has decreased. This result strongly indicates
that peaks I and II are precursors to 45 RNA. Note also that there has.

been a small decrease in the amount of 55 RHNA.

Tabulation of the counts in each pezk is shown in Table 5; peaks
I and II are teken together because of the difficulty in resolving these
two species accurately. (It should be noted that species I is imperfectly
resolved from 55 RNA, as is species IT from 4S RNA; hence a degree of error

may thus arise when calculating the counts per peak). This table shows



Figure 21.

In vivo' %0 min-chase" of infected cell cytoplasmic RNA

Two nearly-confluent burlexrs of CL3 cells were infected
with PRV, At 5 hours P.l. both burlers were labelled with BuCi/ml
of JH-uridine (final concentration of uridine = 1 pM) for 30 min.
One of the burlers was then harvested (a) while the other was "chased"
for 30 min before harvesting (b). "Chase" conditions consisted of
'replacing the medium with fresh medium containing 5 pg/ml actinomycin D,
20 uM with respect to uridine,

Cytoplasmic RNA was prepared from bhoth these samples and

electrophoresed on 10% polyacrylamide gels as described in Fig. 17.

’ 3H d.pem. from 3H—uridine

14

— 14

s 'C depem. from “'C-internal marker.
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Table

Incorporation of EHmuridine into low molecular weight cytoplasmic

RNA species in PRV-infected cells during a 30 min pulse-label and

a. subsequent 30 min "chase"

Total
58 I+ 1II 48 I+ I + 48 d.perm.
30 min -
1410 5855 1550 5405 6815
pulse~label
30 min pulse~-
label + 30 min 1280 2640 2190 4830 611.0
“chage"

Data taken from Fig. 21.

148—activity (d.p.m. x 10-2/s1ice)



that the labelled material in the 4S region increases by 40%, aud this is
paralleled by the fall in the amcunt of peaks I and II. The overall
recovery of counts is 90%. This suggests that some labelled material may
have been lost in the processing of I and I1 to 485, as occurs in the
maturation of pre—tRNA in the uninfected cell (Smillie and Burdon, 1970).
Clearly, the appearance of labelled material in the 4S RNA region can not be
explained simply by a breakdown of labelled material and its subseguent

reutilisation.

This result indicates that at least & portion of the RNA in
peaks I and II moves into the 48 position, but that about 70% of the
material in peaks I and II still remains after a %0 min "chase". Thus, a
similar experiment to that described above was performed using a longer
“chase" period, If peaks I and II are precursors to 45 RNA, then a longer
“thase"period should result in a greater loss of material from peaks I and II

and a corresponding increase in the amount of 4S5 RNA,

The pulse~labelling period used was 45 min and the cells were
"chaged" for 1 hour. The results of this experiment are shown in Fig. 22,
and the counts in each peak are tabulated in Table 6. The 45 min pulse=-
label of infected cell RNA gives the now familiar pattern of a sharp 55 peak,
peaks I and IT, and a 4S5 peak. After the one-hour "chase", about 87% of
the counts in these low molecular weight species are retained but have been
markedly redistributed such that once more there is a large increase in 4S8

RNA with a concomitant decrease in species I and IT.

There is also apparently a decrease in this amount of 538 RNA.

This will be discussgd later,

Correlation of data from "pulse-chase' experiments. Fig, 23 is an attempt




Figure 22.

In vivo 1 hour "chase" of infected cell cytoplasmic RNA

‘Two nearly-confluent burlers of Cl3 cells were infected
with PRV. At 5 hours P,I. both burlers were labelled_with 2uCi/m1
of JH~uridine (final concentration = 1 pM) for 45 min. One of the
burlers was then harvested (a), while the other was "chased" for
1 hour before harvesting (b). "Chase" conditions were as described
in Pig. 21,

Cytoplasmic RNA was prepared from both these samples and

-

electrophoresed on 10% polyacrylamide gels as described in Fig. 17.

3

; “H de.p.m. from-BH—uridine

’ 14C d.pents from 14C—interna1 marker,
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Table 6

Slice number

Incorporation of 3H—-uridine into low molecular weight cytoplasmic RNWA

gspecies in PRV~infected cells during a 45 min pulse=label and a

subsequent 1 hour "chase!

Data taken from Fig. 22,
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Total
hS I+ 1II 48 I+ IT + 48 dopome
45 min
pulse-label 14750 40200 20350 60550 753500
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label + 1 hour 6400 26100 53850 59990 66390
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to oorrelaté some of the above data into a composite picture of the

behaviour of cytoplasmic low molecular weight RNA before and after infection
with PRV, The "total'" number of counts is taken as the sum of 55 + I + IT +
45, and the fraction of counts in any one species is related to this "total',
plqtted against length of time of incubation of the cells with radiocactive
uridine. Peaks I and II are summated throughout for convenience, and to
avoid the difficulfy of separation of these closely eleqtrophoresing species.
The difficulties in calculating the counts per peak discussed in relation to

Table 5 must also be borne in mind here.

Pig. 23%a refers to uninfected cell RNA. The labelling times of
5 min, 10 min and 45 min are taken from Figs. 18a, 18b and 17a respectively.
The last timewpoint is 20 hours, taken from the 14Gfmarker (Fig. 15) where
the equilibrium state almost certainly has been reached, The fraction of
counts in 48 increases with time and the fraction of counts in I + II
decreases- —~ as is expected in a precursor-product relationship. The level
of counts in 55 is virtually constant except at 5 min when it is slightly

elevated,

Fig. 23b is the composite graph of infected cell cytoplasmic RNA,
In the infected cell it is practically impossible to label to eguilibrium
for two reasons: (a) PRV has a short lytic cycle, and (b) the amounts and
types of the various RNA species in the infected cell are not constant but
change throughout the infectious cycle. Hence,in Fig. 2%b the final times
point is not a long label but the 45 min label + 1 hour "chase', taken from
Fig. 22b. The infected cell pulse~label times of 10, 30, 45 and 120 nin
are taken from Fig. 20, In the composite graph the amount of label in

peaks I and II rises initially and then gradually falls, while 4S5 RNA climbs
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gradually. 55 RNA has an initial fall and rise and then levels off.

This suggests that the flow of material could be 55— (I + II)—sdS,
raising the possibility that part at least of the infected cell 5S RNA is a
tRNA precursor; another possibility is that peak I overlaps into the 58
RNA position. These possibilities, and further discussion of 55 RNA in

the infected cell, will be more fully considered later.

Comparison of the two sets of graphs (Figs. 2%a and b) shows that
the relative amounts of the various RNA species is almost the same after
about 15 min pulse~label in the uninfected cell as at about 100 min in the
infected cell -~ see positions indicated by arrows. This lends weight to
the suggestion that the production of mature 4S RNA from species I and II in

the infected cell is slowed dcwn, relative to the uninfected cell.

II.2. In vitro incubation studies.

As a result of the work discussed in the previous section (II.1.
(iii)), it appears that one effect of PRV infection of €13 cells is to slow
down the production of mature 435 RNA from precursor species. The extract
" of Cl3 pells which matures tRNA contains nuclease activity (Smillie and
_ Burdon, 1970); an endonuclease performs this maturing function in bactepial
cells (Altman and Smitﬁ, 1971). Retardation of maturation of the infected
cell 48 RNA could occur in one or both of the following ways: PhV-infection
could inhibit production of host cell "maturing" nuclease, or it could
produce an inhibitor of the host cell “"maturing" nuclease. In either case,
it should be possible to show that an extract of uninfected cells can mature
pre~tRNA in vitro whereas an extract of infected cells should be unable to do
S0, Thus it should be possible to show a difference in "maturing ability"

of uninfected and infected cell extracts, by incubating 3H——labelled precursor



RNA with cell extracts and electrophoresing the RNA after incubation.

The following in vitro incubation reaction mixture was used,
1 ml contained i~
5 1 moles 2/ -mercaptoethanol
20 p moles tris-HCl pH = 8,0
20 u moles Mg012
10 pg heparin
200 pg SH~RNA

Crude cell extract containing 2.0 mg protein.

Mercaptoethanol was used to prevent oxidation of enzymic thiol
groups; magnesium chloride was added to provide the correct ionic strength
for tRNA secondary structure; heparin was added (hopefully) to prevent
non-sﬁecifie Rlase degradation; the preparation of the cell extract was

as described in "Methods", II.l.(iii).

In this first in vitro experiment 10 min-labelled uninfected cell
cytoplasmic RNA was used since this is known to contain a large amount cf
pre-tRNA which matures to tRNA in conditions similar to those described
above (Mowshowitz, 1970; Smillie and Burdon, 1970). The incubation was
carried out for 1 hour with infected or uninfected cell extract, and thé
RNA was re-extracted and co-~clectrophoresed on 105 gels with 14C~marker.
The resulis are shown in Fig. 24. Figs, 24a and b show that material
between 5S and 4S has moved almost exactly into the 4S position and that
there is very little difference in the effect of the uninfected and infected
cell extracts. This can be seen in Fig, 24d where the graphs have been
superimposed by alignment of the 55 peaks of the 14Cwinternal marker,

Pig. 24c shows the non-incubated 10 min-labelled infected cell RHEA. As
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Figure 24.

Effect of in wvitro incubation with PRV-infected or uninfected cell

extracts on cytoplasmic RNA from uninfected cells labelled for 10 min

with 3H-»uridine

Cytoplasmic RNA from uninfected Cl% cells labelled for
10 min was prepared as described in Fig. 18b. 200 pg aliquots of the
3H--RNA were then incubated for 1 hour with cell extracts obtained from
uninfected or PRV-infected cells ("Methods", II.6.(i)), in the 1,0 ml
reaction mixture described in the text; RNA was then extracted from
this mixture ("Methods", II.6.(ii)). 10% polyacrylamide gels were
run of (a) extracted RNA from incubation with infected cell extract,
(b) extracted RNA from incubation with uninfected cell extract and (c)
of 200 pg of the 3H-—RNA which had not been incubated. 20 pl of the
14C—interna1 marker RNA was co~electrophoresed with each sample and the
gels were run, stained with toluidine blue, sliced and counted by liguid
scintillation spectrometry ("Methods", II.3.(ii)). (d) is a composite
graph of (a), (b) and (c) drawn by alignment of the 5S peak of the

14C~internal marker RNA,

, 2 d.p.n. from JH-RNA

’ 140 d.p.m. from 14C~marker RNA.



LUL

4

e o

Figure 2

e

satys/ wmd* £1TATLOUR-
(so1158 P) 431413 01

o
Q
\O
w2
o
—~~ i~
2 [} i L] ke 3 2
N [s0] <t o s0] <
=i —
2 o o o o @]
(@] Q O O Q o
\O < N \O ~ o

AQQWMm\ 01 x .B.m.vv U0T11BI0AIOOUT SUIPIIN~

(9

60

50

40

30

20

Slice numbery




102

somelimes occurs,peak I is barely present although there is a distinct
shoulder on peak 1I. This could be because peak I is unstable or becauée
the labelling period was longer than usual and most of peak I had become

peak II or 45 RNA.

Nonetheless, it is quite clear that the material between 55 and
48 does move towards the 45 position producing a single peak with a discrete
leading edge, i.e. there seems to be little evidence for non-specific

breakdown or producticn of material smaller than 4S5 RNA.

Fig. 24 shows that maturation of the material between 5S and 4S5 in
the uninfected cell (pre~tRNA) does indeed occur in vitro but shows no
difference between the uninfected and infected cell extract. This may be
because uninfected cell RNA was used; it is possible that the §03tulated
inhibitor of maturation affects RNA made after infection only. Hence the
above experiment was repeated using 45 minulabélled infected cell RNA.

The same buffer conditions as described above were used since they have been
shown to allow maturation of the 10 min labelled RNA from uninfected cells

(Fig. 24). Thus the results shown in Fig. 25 were obtained.

These results show that after a 1 hour incubation of 45 min--
labelled infected cell RNA with either cell extract, the bulk of the material
between 55 and 4S5 now elutes as one diffuse peak much closer to 45 alihough
not exactly in the 45 position., In this experiment there does seem to be
a slight difference in the effect of uninfected and infected cell extracts.
The new "A3" peak after incubgtion with infected cell extract has its peak
four slices to the left of the 4S5 marker and a shoulder in the true 4S5 RNA
position. The new "4S" peak after incubation with uninfected cell extract

has its peak only two slices to the 1left of the 4S marker and the leading
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Iffect of in vitrce incubation with PRV-infected oxr uninfected

cell extracts on cytoplasmic BNA from PRV-infected cells labelled

' for 45 min with JH-uridine.

Cytoplasmic RNA  from PRV—-infected cells labelled fof
45 min at 5 hours P.I., with 3H--uridine was prepared as described
in Fig. 17b. 200 pg aliquots of this JH-RNA were then incubated
for 1 hour with cell extracts from uninfected and PRV-infected cells,l
and the RNA was éxtraoted and electrophoresed on 10% polyacrylamide
gels, as described in Fig. 24. Thus gels were obtained of {a) RNA
incubated with infécted cell extract, (b) RNA incubated with uninfected
extract, (¢) RNA which had not been incubated. (d) is a composite
graph of (a), (b) and (c) dravm by alignment of the 5S peak of the

14C—in‘bernal marker RNA.

) 3H d.pem. from 3H—RN’A
140 d 14

eDem. from C~marker RNA.
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edge is almost exactly coincident with the 45 marker.

The results shown in Fig. 25 indicate that the uninfected cell
extract has moved the material between 55 and 45 slightly furfher towards
4S than the infected cell extract. This could be explained if the infected
cell extract had incomplete inhibition of maturing ability which would be
largély overcome by the long (1 hour) incubation; this hypothesis would seem
reagsonable since production of 4S RﬁA from precursor specieg is not

completely inhibited in vivo but simply retarded.

Time-course of 'bhase"in vitro,  fhus, for the above reasons, H-RNA was

incubated for short periods of time with infected or uninfected cell extract,
and a time-course of "chase" in vitro was performed. In this series of
experiments the incubation conditions were slightly altered. 1 ml of
reaction mixture contained :-
5 un moles 2’~mercaptoethanol
20 p moles tris-HC1l pH = 8,0
20 u moles Mg012
3 i moles ATP
20 p moles methionine
200 ug BHwRNA

Crude cell extract containing 2.0 mg protein,

The heparin was omitted because of its unknown effect on enzyme
activity and on the postulated inhibitor, ATP and methionine were added
because methylation may be involved in maturation - even although maturation
is not dependent on methylation (Bernhardt and Darnell, 1969); also the

postulated inhibitor may need ATP as a cofactor,

The results of incubating the 45 min-infected cell RNA for




JOH

0, 10 min and 20 min and re-—extracting the RNA and electrophoresing it
with 14Cminternal marker are shown in Fig, 26. TFor clarity the graphs -

14

have been superimposed by alignment of the 55 RNA peak of the ~ 'C~internal

marker.

The results of incubation show a gradual progression of material
from between 55 and 45 RNA towards the 45 position after incubation with
either infected cell extract (Fig. 26a) or uninfected cell extract (Fig, 26b).,
Once more there is no significant difference between the 3H-—RNA incubated
with infected and uninfected cell extracts; even after only 10 min

incubation both samples have moved towards 4S at an identical rate (Fig. 26¢).

However, this in vitro time-course does show a gradual progression
of the material between 55 and 45 towardé the 45, and there is negligible
degradation beyoﬁd 45, Thig tends to confirm that the material in peaks T
and II in the infected cell ig indeed precursor to 48 RNA, and supports the

conclusions reached from in vivo"chase"experiments.

In vitro incubation of column-purified pre-tRNA. A further attempt to show

a difference in maturing ability between infected and uninfected cell
extracts was made by using as substrate the Sephadex G100 column-purified
pre~tRNA from uninfected cells. This is the material described in Fig; 19;
we felt that the effect of the extracts on material known t0 be partially
purified pre-~tRNA should give unequivocal resul%s. This material was
incubated with infected and uninfected cell extracts for 1 hour, 1. ml of
reaction mixture contained :

20 p moles tris-HCL pH = 7.5

10 ¢ moles MgCl2

Crude cell extract containing 2,0 mg protein

3H~pre-tRNA.



Figure 26.

Time--course of chase in vitro of infected cell cytoplasmic RNA

Z
labelled for 45 min with “H-uridine.

Cytoplasmic RNA from PRV-infected cells labelled for 45 min
at 5 hours P,I. with 3H~uridine was prepared as described in Fig, 17b.
200 ug aliguots of this 3H—RNA was incubated with wninfected and
infected cell extracts as described in PFig. 24 except that the incubation
times were 0y 10 and 20 mins, RNA was extracted from the reaction
mixtures and was electrophoresed on 10% polyacrylamide gels as described
in fig. 24.

Composite graphs were drawn b& alignment of the 55 peak of

the 14C—marker RNA, the position of which has been indicated ¢n each graph

(a) Composite graph of RNA incubated for O, 10 and 20 min with

infected cell extract.

(b) Composite graph of RNA incubated for 0, 10 and 20 min with

uninfected cell extract.

______ ’ jH depemesy, O min incubation

, 2H d.p.em., 10 min incubation

mmmmm , 3H depom., 20 min incubation

, Y4 a.p.m. from Y4c-marker RNA

(c) Composite graph of RNA incubated for 10 min with infected

and uwninfected cell extracts.

______ ’ ’5 depem. after incubation with infected
cell extract

' 3H d.pem. after incubation with uninfected
cell extract.,
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These are similar to the conditions used by Smillie and Burdon,
1970 for maturation of pre-~tRNA. The results are shown in Fig. 27. On
incubation the two peaks between 55 and 45 disappear, to be replaced by a
single peak which almost, but not quite, co-electrophoreses with the
14C—internal markers comparison of the regults of wninfected and infected
cell incubations (Fig. 27d) shows no significant difference in the effect
of the two extracths. This experiment does demonstrate clearly that here
it is indeed the material between 5S and 4S5 RNA that forms 4S RNA on
incubation. This is clear both because there is no RVA in this experiment
other than 4-5% RWA and also because the recovery of this material after
incubation was greater than 90%. It seemg that for gome reason it is not
possible to reproduce in vitro the effect of inhibition of maturation of the
material between 55 and 43 RNA in the PRV-infected cell; possibly this is
due to the disruption of the intracellular organization in the preparation
of the extract. Another explanation is the possibility that,in the in vitro
conditions used, too much precursor RNA is being supplied for the postulated
vinhibitor to prevent its maturation. It was thus reasoned that decreasing
the amount of added 5H-—RNA may give the inhibitor the opportunity to act.
For this reason an in vitro incubation was performed at the normal 5H~RNA3

protein concentration and at a lower 3H«RNA:protein concentration,

Further studies on the in vitro maturation process. The specific effect

of the extract was studied by incubating 5H-—RNA under the following
conditions:= a) with buffer only for 40 minj; b) with extract for zero
minutes; c¢) with a high 3}1-RNA:protein ratio for 40 min; d) with a low

Z
)H-RNA:protein ratio for 40 min,

The in vitro conditions described in the "chase" in vitro were

)



S

Tigure 27,

‘In vitro incubation of partially-purified pre-tRNA with uninfected

and PRV-infected cell extracts

3H—labelled pre~tRNA from wninfected C13 cells was partially
purified as described in Fig. 19. Cell c&fop}asmic extracts from
uninfected and PRV—-infected cells were prepared and incubated for
1 hoﬁr at 570 with this partially-purified pre-~tRNA; the RNA was then
extracted and electrophcresed on 10% polyacrylamide gels, as described
in Fig. 24.

Thus gels were obtained of (a) pre-~tRNA incubated with
uninfected cell extract, (b) pre~tRNA incubated with PRV-infected cell
extract, and (c) pre-~tRNA which had not been incubated. (d) is a
composite graph of (a) and (b), drawn by aligoment of the 58 peak of

the 14C—marker RNA.

, 20 G.p.m. from JH-RNA

14

———— — -, Mg a.p.un. from Y4C-marker RNA.
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used (P. 105) with the following amounts of RNA,
a) buffer only ~ 40 pg DH-RINA
b) =zero incubation - 40 g SH-RNA
¢c) high 3H—RNA:protein - 200 pg JH-RuA

. A
d) low JH-RNA: protein - 40 pg JH-RNA,

In this case the EHnRNA used as substrate was infected cell
cytoplasmic RNA labelled for 30 min from 5 = 5.5 hours P.1. The results
are shown in I'ig. 28, The results were so similar for the uninfected and
infected cell extracts that only the results using infected cell extract
are shown., The results obtained after incubation of 3H_RNA with buffer
for 40 min or gzero min incubation with extract were also virtuwslly identical,

and thus only the 40 min buffer-incubated sample is shown.

The results are corrected for fthe diffevent amounts of d.p.m. used
in varying the amount of 5H-uRNA and hence the different graphs can be
directly compared. In this experiment the d.p.m. were rather low and this

accounts for the uneven radiocactive profile.

o Thigs experiment shows that incubation of 30 min labelled infected
cytoplagmic RNA for 40 min with buffer did not produce any 3H«RI\IA in the 45
position, Incubation with cell extract produced movement of this material
towards the 45 RNA position, Incubation with a low 3H—-RNA:protein ratio

3

caused more movement than a higher “H-RNA:protein ratio. This result would
be compatible with a situation in which a specific, probably enzymic, process
causes maturation of a precursor to 45 RNA, and this result also demonstrates
that it is a. specific effect of the éell extract which is causing maturation,

Once more, however, there is no evidence for a difference in maturing ability

between the infected and uninfected cell extracts.



Figure 28.

Effect of varying the ratio of 3H—RNA to protein in the in vitro

—atar

incubation studies

Cytoplasmic RNA {rom PRV-infected cells labelled for
30 min at % hours P,I, with 3H—uridine was prepared as described in
Fig. 17b,> Aligquots of this 3H—RNA were then incubated with cell
extracts from uninfecied and PRV~infthed cells, and then the RNA
was cxtracted and run on 10% polyacrylamide gels as described in
Fig. 24.

The amounts of 3H_RNA incubated and cénditions of

incubation were as follows.,

.a 40 ug 3H—RNA : 40 min ineubation with

buffer only
b 40 ug 3H---RNA : 0 min incubation with extract
c 200 ug 3I—I»--RNA : 40 min incubation with extract
d ———————- 40 ug 5H---RNA : 40 min incubation with extract.

- A composite graph was drawn by alignment of the 53 pealk of
the 14C—internal marker RNA, the position of which has been indicated.
Since the result of incubating the 3H—-RNA with uninfected and PRV—-infected
cell extracts was so similar, only the results from incubation with

infected cell extract have been shown.
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Thus it has not been possible to show én in vitro difference in
maturing ability between infected and uninfected cell extracts, in spite-
of the striking in vivo effect. However, this series of experiments has
shown that the RNA between 55 and 45 in the infected cell (peaks I and II)
behaves in vitro as true pre~tRNA does, produvcing 45 RNA with negligible
non~specific degradation, This specificity strongly suggesits that peaks I

and II in the infected cell are pre~tRNA species.
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