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strand RNA v1rus with a segnénted genome ’I'he aim of thls research

prOJect was to' define the Plchmde vn.ral genes and thelr

borrespond.mg gene products A prerequlslte of thlS objectlve is’ 3_'

o an understandmg of: the structural orgamzatlon of the v1ral .

genome

The flrst objectlve Was to determme the number cfgm.ral |

e

RNA spec1es that comprlsed the Plchmde v:Lral genome and to* -

AT

estunate the molecula.r welghts of these RNAs by gel electrophoresis

vi.el lOrrM methylmercury hydrox:.de glyoxal and DMSO and 2 2M

formaldehyde were used to ensure the valldlty of the MW estJ.mates

Plchmde v1rus, a member of the Arenavuidae, is a negatlve— L

'I‘he genetlc mformatlon of Plchlnde vuus appears to res:.de in 2 - .

L RNA segments, L and S 'mo addltlonal RNA specms,xl 9kb

. ] e

@moexm%aM3lm(m10x1&)mmdaxmimpuﬁmd
/:
v:.rus preparatlons when vi was harvested late (72 ~ 120 hr

S post mfectlon) or whe &tis was ha.rvested after a relatlvely

Y P

hlgh multlpllcz.ty of lnfectlon (l 0 pfu/cell) ‘ These 2 RNA spec1es

do not appear necessaxy for the L[)tl*t n of v1ral mfectlon

' smce v1ral preparatlons lackmg these RNA spec1es were mfectlous

. The average estlmates of the Mw of the s and L RNAs are Sl
. d‘rr_'

1.26 x lO6 and 2 83 X 106,' respectlvely, usmg 10m methylmercury
hydrox1de as’ tke denaturant and L. 31 X, 105 and 2. 63 x 106

S ’ .
Sy

under varlous denaturmg OOnd.'Lthl'lS leferent denatur:.ng systems R



:
respectlvely, us,mg glyoxal and DMSO as the denaturant The ,. |
..average MY ést_unates for the L and S 'RNAs usmg these 2
'_'denaturants are thus J_ngoodagreanent ks
| 'The next objectlve was to determme the gene codJ.ng
capaclty of Plchmde v1rus 'Ihe gene codJ.ng capac1ty would be
dlfferent 1f both RNAs contain unlque ‘sequences or’ 1f the S RNA
1s a. subset gf the L RNA. ’I‘he nucleotlde sequence relatlonshlp .’
‘_( between the: L and S RNAS was exanuned by synthesn_z:l.ng cDNA from | : / ‘
i_ md1v1dual L and S RNAs for use as n‘olecular probes in nucleic

j 'aczg hybrldizat.lon experunents The condltlons for cDNA syntI{esis

'l‘,were th.mlzed for these experunents About 89% of the L cDNA

B .“'hybridlzed\k the > I RNA and 90% of the s oD hybridized to the = .

B RNA About 3% to S%hybrldlzatlon v.%é observed when elther

vL cDNA was hybrldlzed tols RNA or when S cDNA was hyer.dJ.zed to

‘_L RNA. ‘I'hese result suggest that the L and S RNAs are maJnly

umque but that y do share a few camnon sequences o
’I‘he next bjectlve was to a531gn the v1ral genes to the L A
'. : and S RNAs ThlS task was approached from three dlt.ferent levels .
_‘ of mcreasmg resolutlon . Hav:.ng shown that the v1ral genetlc
" ;"mformatlon reSJ.des on the L and s RNAs that the MWs of the L |
'_'and S RNAs are 2 63—2 83 x lO6 and l 26—1 31 x 106 respectlvely "
. Vand that* the L and s RNAs contaJ.n dlfferent genetlc J_nformatlon,
‘one couﬁ deduce the potentlal codJng capaclty of each Vlral RNA |
_, spec1es. Usmg thlS data the 3 prlmary gene products (NP, )

' pGP—C L) r detected by Harnlsh et al (198}{) ' can be a551gned to S

* - .
Sy
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S AR
theLorSRNA BothNPand,pGP—CcanbemappedtotheSRNA

' whlle the L protem 1s mapped to the L RNA. The second | approach
,f'\L_)'

lnvolved the use of a recomblnant vu:us, Re-2 . (Leung et al., 1981

Harm.sh et dl., 1983) Analyses of. the_v:_Lral RNAS and »protelns

of the recombman%us and. the parental Viruses substantiated L

the hypothe31s that the L RNA encodes the L proteln whlle the
SRNAencodes theNPandpGP—C 'I'henext aim was- todeterma.ne

the orlentatlon of the NP and pGP—C genes on the ‘S, E'NA and to

locate the gene(s) at the nucelotlde sequence level A synthetlc

peptlde correspondmg to the first 8 anu.no ac;.ds encoded J.n the o

30 proxJ.mal end of the S RNA was coupl\to BSA Antlserum to
thlS couﬁled peptlde &flned the pmduc:t enooded J.n the 3' promeal
end of the S RNA as the NP Thls approach also J.dentJ,fles the |
mltlata.on sxte of translatlon oﬁ the NP at the flrst UAC trlplet
(nucleotlde re51dues 84-86) from the 3' termmus of the S'RNAv e

/SlnceboththeNPandpGP-CgenesmapontheSRNAandtheNP

gene res1des m the 3' proxmel end. of the S RNA then by - deductlon, g

the pGP—C gene should res1de in’ the 5' prox:.mal end of the S RNA
The next objectlve was. to~detenm.ne the nucleotide sequenoe
. y jrelatlonshlps anbng the varlous v1ral RNA spec1es i. e. L S, 3 lkb
;fand 1 9kb Molecular probes in the form of cDNA clones were o
. _constructed RNA from purlfJ.ed v1rus preparatlon!' conta:m.ng
j : ‘the L S, 285 and 18S RNAs was used as the template for CDNA
“[k-synthesm Double—stranded DNA was cloned mto the Pst 1 51te

o Vof the plasnud vector, pBR322 Clonesf mre,-screened by' antlblotic "

Lovid o

) s
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C sen51t1vity and by the s:Lze of their plasmd DNA The resultmg

i 2l cDNA clones segregated J.nto 2 classes i. e. (17) vuus—specxfm '
clones and (4) (J.boscmal—spec:.flc clones ‘I‘he l7 v1rus-spe01f1c
cDNA clones further segregated mto ll/L clones (pPLl to pPLll) “ 1 "
and 6S clones (pPSl to pPSﬁ) Four of the S clones, pPSl to

' pPS4 Were derlved from a l 9kb reglon at the 3' “prox;unal end of

the S RNA v ‘ , :
o RNA blot analyses showed that there lS sequence Wrology

ii
amngall4RNAspec1eSJ.e L S, 3lkbandl9kb ‘I‘hsseRNAs
o share some oam\on sequences mternally and at thelr 3' termJ_m j

) .

The orlgln of the 3 lkb RNA lS unclear However, the 1. 9kb RNA

shares extenswe hcmology w1th the 3' proxz.mal half of the S RNA

' and may represent a truncated S RNA contammg the. NP gene .

fia ]

vidio o e
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S ' CHAPTER'1
AN OVERVIEW OF ARENAVIRUSES

v

I. Introduction
The flrst arenavirus to be 1solated alnost 50 years ago,
was lymphocytlc chorlomenlngitls (ICM) v1rus (Armstrong and Llllre,
_"»1934’  However, only in the last 15 years have we been able to
“galn some understandlng of the biology of these viruses and their
blochemlcal and blophy51cal propertles _
Research efforts to.galn a better understandlng of the
A%nxarrv1ruses stem from two major coucerns Fosr members
of the arenavrrus group, LEM, Junin, Machupo and
Lassa v1ruses, cause severe and scnetlmes fatal dlsease in man,
therefore efﬁorts have ‘been made to acqulre knowledge whloh could_-
be helpful in preventlng or treatlng these dlseases (Rans and Ledng, :
1979) Secondly, arenav;ruses characterlstlcally produce
p&rsrstent lnfectlons in. thelr natural hosts ThESEOVlrUSeS

' therefore readlly lend themselves to studles on v1ral per51stence

The phencnenon of V1ral per51stence also has- cllnlcal 51gnrf1cance

- since per51stcnt virus 1nfectlons seem to play a role in the :

_‘etlology of certaln chrOnlc or. degeneratlve dlseases 1n man. The -

‘underlylng mechanlsms Wthh allow v1ruses to per51st in thelr_;'

aE hosts are currently unknown Arenav1ruses are emlnently sultable

lfor studylng v1ral per51stence 51nce these v1ruses can establlsh

';vper51stent lnfectlons both in v1vo and in v1tro The per51stent

"lnfectlons establlshed in v1tro closely resemble those in v1vo

;‘e.g. LCM V1rus‘rn L cells;(Lehmann—Grube,”l967;:Staneck;ggyal,(»

Y

i .



1972) and 'Pich.l'.nde virus in BHK cells. L e |
This overview attempts to describe the knowledge on
arenavrruses pertJ.nent to this the51s prdject Although
: 'J_nformatlon has been obtaJ.ned oh the structural organlzatlon of
A these v1ruses, many ‘fmdaxrental questlons on-thelr mode of -
. _repllcatlon, both in Vivo and in v:Ltro, remaJ.n Unanswered
'I'his thes:Ls prOJect focused on the physmal and genetlc -
| nature of the genome of Plchlnde v1rus, as well as the relatlonshlp L
,between the V1ral genes and thelr correspond.mg gene@roducts |
_ The resultmg knowledge should aid in a better understand:mg of

" the structure and repllcatmn of arenavn:uses

l:I. | The Arenav1rus Group

‘A Members of the arenav1rus group | .
The. taxonomlc gmup, Arenax&ridae, was proposed prmarlly

on the ba51s of sn.mllarlty in VJ.rus structure, RNA conte.nt and a

group-Spe01flc antlgen that was detecrted by Jmnunofluorescence

‘(Rowe et al l970) : The name arenav1rus denVes from the Latln

'word "arena" (sand) and reflects the charac'ﬁerlstlc ﬁlne granules P
)

. seen w:.tlun the Vlruses by electron mcroscopy ’I'l’Yé}Arenavz.rldae ERE

currently con51sts of 11 dlfferent v:Lruses, thé Old World spe<31es

mclude L@i v1rus, Lassa v1rus and Mozan‘blque v:.rué the New World =

i spec1es include members of the Tacarlbe complex 1 e Jum.n,
-"TacarJ.be Machupo, Amaparl, Parana, Tamlaml, Plchlnde and LatJ.no
'VJ.ruses The arenav:.ruses, thelr dlstrlbutlon and pr:.nc:.pal

R vertebrate hosts are outlJ_ned Win Table l .
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B HlStO]’.‘lCal con51derat10ns | |
i I.CM V1rus, the prototype of the arenavirus grouQ, was ' ;.. ‘
. i' vmiblally lsolated in 1933 frcm a nbnkey used for the passage B |
-of what was’ then thought to be St I.ouls encephalltls v:.rus
(Arnstrong and Llllle, 1934) Shortly thereafter, the virus wasi e
-1solated fmm flve patlents w1th aseptlc menlngltls (Rlvers and .‘ ;:. -
Scott, 1935) Subsequent studles establlshed the house mouse »

- (Mus musculus) as the pr:.nc:Lpal reservoir of I_CM virus (I.epJ.ne

v .et al., 1937 Armstrong and Sweet, 1939) Although house mlce
: ' 'may harbour LM v:.rus, thls vnus seems to have mJ.nor cllnlcal

£y

Lo "s:Lgme.cance in man smce mostpatn.ents W1th ICM virus J.nfectlons
: vrecover (Murphy, 1977) Not long after the virus was 1solated
: vv1rus per51stence assoc1ated w1th congeru.tal and neonatal ‘

n | J_nfectlon of mlce was reoognlzed (Traub 1936) Iﬂ"i Vlrus was

e , ’ thus extenswely studled from an mmmologlcal v1ewp01_nt and has
e xprovrded mach. mformatlon in the area of mmune tolerance e
) In 1958 the etlologlcal agent of Argentme hemorrhaglc
‘? '~.;‘ffever,_Jun1n v:.rus, was 1solate’d (Parod.l et al , 1958) and fOund 1 ,‘
) to be serologlcally related to another VJ.an ’ Tacarlbe, wl'uc h
: been recovered from frult—eatmg bats 1n 'I‘rJ_n:Ldad (Msttler e ak.

| '"",1963 Downs et al., 1963) B In 1963 Machupo virus, the e

causatlve agent of Bollv1an hexmrrhaglc fever, a dlsease ,

EE mdlstmgulshable from Argent'_ »

hen‘orrhaglc fever, ,was 1solated

and shown to be related to Jun:m and ’

S

- / et al 1965a; Johns n

= Tt was then clear that a

. 1



';L;«f J_noorporatlng ™ virus and the Tacarlbe complex, kDOWn as:

: new v1rus group oould be deflned. Juru.n, Tacanbe and Machuno '

A vuuses were grouped mto what became known as the Tacarlbe

| oomplex which was subsequently expa.nded w1th the 1solat10n and".
1dent1f1catlon of hrnaparl v1rus (the:.ro et al., 1966) B Parana o

| vJ.rus (Webb et al 970), ‘Tamlaml virus ‘she‘;et al 1970), -

/ Plchmde vuus (I'rapldo and Sanmartm, l97l) ar vIatJ.no_vl_‘rus L

(Johnson etal.; . 1973). PR ‘_ T " :
- The fJ.rst suggestlons that the v1ruses of #he Tacanbe :
complex mlght be related to M v1rus, came from dbservatlons that
the v1rus-host mteractlons were smu.lar. Machupo v1rus mduced |
a chronlc tolerant infectlon J.n rts natural rodent host (Johnson -
et al 1973) ra phenomenon s;umlar to that observed wrth LCM \

v1rus Shortly after the report on - the morphologlcal

. characterlstlcs of DCM v1rus (Dalton et al 1968), Murphy et al
(1969) showed that ﬁdachupo v:.rus shared the same: structural '
propertles, mcludlng the presence of host cell rlbosomes w1thm i :

VlI'lOI‘lS B 'v o : /,,/

Murphy et al (1970) later showed that' kl/members of the

‘ ‘oglcal characterlstlcs of

L MachuPO de.wvldvn.rus ‘I‘hus a. new famlly Of f;lruses, by

. 6///
L. 2

S arenavuldae wa(s created ThlS gnoup was expanded to mclude
Las% VJ.rus wha.ch was flrst lsolated from the blood of a mlssa.onary

LS Ty

nurse from Jos, ngerla (Buckley and Casals, 1970 Frame et'al

1970) Mozamblque v1rus was subsequently :Lsolat/ed from Mast_glz o



| natalen515 and shown to have a close antlgenlc relatlonshlp w1th p

s ; v’Lassa v1rus (Wulff et al 1977) It seems that the arenavn:us

h group w1ll expand when xrore v1rus studles of rodent populatlons

L A Morphology and size - o

Am dlfferent areas of the world are undertaken (Rawls and Ieung,

| ;3‘1979)

Ifl.- The Structure of Arenav;Lruses ‘ |

All members of the arenavrrus group share smllar o

G morphologlcal features These v:.ruses consrst of dense,mll

; defmed membrane envelopes w1th closely‘ : ed pro]ectlons and .,i SRR

mstructured J.nterlors contamlng a varlable number of electron

dense granules (Pfau, 1974) Dlscrete nucleocapsxd structures ' '}

.- seen J.n most v:.ruses, are not found J.n arenavrruses

The J_m.tlal report on the structure of arenavrruses came

> - fran Dalton and co-workers in l968 They reported that lﬂd

‘v1ruses are pleomorphlc in- shape and range in sa.ze from 50 to

: 300nm in dlameter w1th an average dlameter of 110-130nm 'I'he .3'; B

T mdlvz.dual surface pmjectlons or splkes are S—lOnm in: length and '

";club shaped (Murphy and Whltefleld, 1975 Welsh et al., 1976

AvGard et al 7. 1977 Vezza et al e 1977) ‘ When exam.lned 1n cross-v R

" sectlon perpendlcular to the long ax:Ls, these pmjectlons appear

:«-:“hollow (Murphy and Whltefleld, 1975) The electron-dense granules» o .

‘_ Whlch closely resemble host cell rlbosanes are- 20 30nm m dJ.ameter . o

and these granules dlsappear after rlbonuelease treatment ’ _" e

(Dalton et al. ’ 1968) Later bJ.ochemlcal analyses revealed that
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indeed, ribosomes can be isolated from pﬁrified virus p;?parations.
The ultrastructure of LCM virus has been repeatedly_cong;:med
(Murphy et al., 1969; Marphy et al., 1970; Ofodile et al., 1973).

Murphykég al. (1969) showed that there is a striking
morphoiogical similarity between LM, Machupo and Tacaribe viruses
éro&h in vivo or in vitro. , These similarities were also observed
in Latino, Parana, Pichipde and Tamiami viruses (Mufphy gﬁ al.,
1970) -and later in Lassa virus (Speir et al., 1970) .

: .

- The morphology of the nucleocapsid structure of three
arenaviruses has been described. . Negapive contrast electron
.miérpscopy‘of spontaneously disrupﬁed Pichinde virus showed that
(the nﬁcleocapsids appear as convoluted filamentous strands
(Vezza gg_gl.,.l9?{). The strands were reported to be 450nm in
length and 9-15mm in diameter. Young et al. (1981) have shown
tﬁéttthe nucleocapsids of Pichinde virus appear as strands with a
beaded apéearance. Thesé beads or nucleoscmes are 3 to 4nm in

Jdiameter and are spaced 5 to 7nm apart. Gentle disruption of the

&

virus.shows that the nucleosome strands are.orgénized as helical
structures 10 to 12nm in diameter.*i cieocapsidé appeared both gs
circles and "spider-forms".' The létter configuration!suggested
to the authors that the vifibﬁ nuéleocapsid is packaéed into a
discrete core structure. “The nucleoéapsid structures of Técaribe
‘and Taﬁiami viruses appear similar to that of Pichinde virus
(Palmer et al., 1977; Gard et al., 1977). Nucleocapsids appeared

as closed circles with two predominant length classes of 640 and
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1300nm. The two length classes had no direct relationship to the .
sizes of the viral RNAs. The circulaf nuclgocépsid structures are
not typical helices as reported for the nucleocapsids of other RNA
viruses. Ribosomes were not associated with the nucleocapsid
structures. The norphdlogy.of the hucleocapsids.of arenaviruses
is not unique since simiiar observations have béen made with the
bunyaviruses (Obijeski and Murphy, 1977) . -

The ribonuclecproteins of arenaviruses are sensitive to
RNase digéstion.} The predaminant protein species found in this
structure is a 66,000 MW polypeptide in Pichinde virus (Buchmeier
et al., 1977) -and a 63,000 MW polypeptide in LM virus (Buchmeier
et al., 1978). Gard et al. (1977) reported a minor polypeptide
of 79,000 along with the major polypeptide of 68,000 in ribo-
nucleoprotein structﬁres‘of Tacaribé and Tamiami Viruses. An RNA
transcriptasé activity was found associated with the ribonucleo-
,’protein structure of Pichinde virus (Leung, 1978} Leung et al.,
1979) . ’ o |

The arenaviruses appear to mature by bugding'in a manner
similar to-that'of other enveloped RNA viruses. This process
- seems to be the-same for virus repiiéating in g;ggé énd in vivo.
Budding of progeny virus occurs at the plasma membrane. Membrane
changesfdetectable by elécttpn‘micrqscopy occuf at the site of.
virus formation (Mannweiler and Lehmann-Grube, 1973; Murphy and
Whitfield, 1975). In addition to these ‘changes, alterations in

the distribution of intracytoplasmic ribosomes have been reported

‘
4



(L g

Abelson et al., 1969, Murphy et al., 1970; ‘Manweile.'r‘t“;and Lehmann-

- Grube, 1973; Murphy and Whitfield, 1975). Larg\e aggregate_;; of
rlbosomal—llke structures gre seen scattered i:hroughoﬁt the

. cytoplasm of LM v:.rus—mfected L cells (Manweller and Lehmann-
Grube, I973). These intracytoplasmic inclusion bodies are found

in cell cultures and in animal hosts and appear to be composed of
masses of ribosames embedded J.n a matrix of virus—specific 'pré:teins
(Abelson' et al., 1969). |
BV. Bmphysmal properties

‘ The stability and phys1cal propertles of the arenav:Lruses
have been reviewed by Pfau et al. (1974) gnd Rawls and Buc}_]meier
(1975). As expected for enveloped viru.ées, the arenéviruses are
sensitive to lipid;solvents such as ether, chlordfgrm and sodium

, deo#ycholate. Arenaviruses’ rapidljﬁ lésé infedtivity below pH 5.5
and above pH 8.5 and are relatively heat-sensitive. This

. sensitivity can be ré,duged by the addit‘tJ:.on of protein to the
 medium. The buoyaht densities of these viruses are 1.17-1.18 g/c:m3 .
in sucrose grédients, 1.18-1.20 g/;jn3 in cesium chloride gradients -
and 1;14 g/cm3 in’amido triazole gradients stchwender et al., |
i975) .- . Thé reported sed:i-.ﬁentation velocities for ICM virus

varied from 765 (which<could be an irtefact) to 470-5008. A value
of 300-3255 was cbtained for Pichinde virus. |
C. @cleic acid camposition

| The aren\avirusés can be described as enveloped, negative-

strand RNA virusés with segmented _geaneé. Definitive proof of
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the RNA content of arenevimses was obtained after analyses

of purified ICM and Pichinde vinjsés (Pede::s.en," 1970, Carter g;
al., 1973). Mucleic acid was released from purified virus by
treatment with sodium dodecyl sulfate and separated by r
centrifugation in sucrose density gradientls into three peaks
These peaks disappeared. if , prior.t.o sed_in\éntation in sucrose

gradients, the isolated nucleic acid was treated with RNase but

C e
A‘ <

"ot with DNase. Furt:hemoré, as with single-stranded nucleic
| acids, the sedimentation ratesv of the 3 RNA speciesowere v
'dependent. on the 'salt concentration m the sticrose cjradients.

The number and size of RNA species extracted from purified
virus prepairations. have been determined fnainly by‘centrifugation |
in sucrose gradients and by polyacrylamide gei electropFDresis (PAGE)
(Table 2). Based on these analyses, the RNA can be subd1v1ded |
into four classes: | ‘ |

a) host cell ribosomal RNA i.e. 265 and 18S RMAs, ..

~b) low-molecular weight RNAs i.e. 4-6S RNAs, |

o) ‘genomic. RNA which consists of at leest 2 A

specws, ‘(large‘) -and S (srrall) ,

d) additional RNA spe01es whose nature is unclear

The "evidence for the host cell origin of the 285 and 188_'
RNA comes from several experunents Pedersen (1971) showed

that the RNA isolated from purlfled LCM virus was resolved into

4 bands, two of which com01ded with 285 and l8S host cytoplasmlc )

RNA These two bands dlsappeared when RNA was exammea from %\
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virus grown in cells treated with_ a concentra'tlon\ of actinatlycln D
that prevented synthesis of ribosomal RNA but did.not’ block viral
R synthesis. Thé 285 and 185 RNA species could be ~isolated from
605 and 40S rihosanal submuts, respectively, released from_ - |
purified virus (Farker and ‘Rawls, 19751; Pedersen and Kohigshofer,
1976). The base composition and methylation zatios (Caiter et al.,
1973) and oligonuc‘leotide fjngerprint data (Vezza et al., 1978) | 4:
of the 285 and 188 RNAS 1n Plch_mde virus were similar to' thc>se of
the host cell rLbosomal RNAs. The relatlve amounts of 28S and l8S
,RNAs in some virus preparatlons could account for up to 50% of the |
v‘ total [3H] uridine moorporated into the viruses (Pedersen, 1971
Car_ter e_t al., 1973) « This proportlon seems varlable since
orelativelysmall"anounts of 28S and 188 RNAs»‘were detected ina .
heat-re51stant clone of Plchlnde vnus (Vezza et al l978) |

Although the ev1dence from mrphologlcal and blochem1cal

studles mdlcates that host ‘cell rlbosomes are present within

‘ earenavuuses, the 51gn1f1cance of this observatl‘on is unclear

Leung and Rawls (1977) exam.med the pOSSlblllty that the v;Lrloh -
_rrbosomes are lnvolved in the J_nltlal phases of -virus repllcatlon

.
by usmg a ts cell mutant, w1th thermolablle 6OS ribosomal

N subunlts Repllcatlon of Plch_tnde v1rus in these cells at the |

\

pennlsswe temperature resulted m :Lnoorporatlon of the temperature 3
: sensxtlve ribosomal subumt Vlrus contalnlng the thermolablle
‘6OS r:.boscxnal subunlt was able to repllcate as well as v:.rus

oontam;mg w1ld—type r:.bosomes at the nonpermlsswe terrperature_ |

e

’.‘ ‘A L} »" . R

-
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: These results suggest that virus—asscciated~rlbosomes_are not J
'~ required for arenayirus replication However, ‘these experiments
" do not exclude the pos51b111ty that the rlbosomes ‘play a role rn
“the assembly of progeny virions. _ ‘ |
Low-molecular-veight R¥As, sed_ln\enting at. 48 to 65 in
sucrcse gradients, have been cbserved injpurifled preparations
of Ly, Pichlnde and Junin{viruses freviewedfhy Pedersen, 1979).
'TheselRNAs could bepresolyed‘lnto'4s, 55 and 5.5S RNA‘species by
PAGE" (Pedersen; 1973; Anon et al., 1976). TheAsi'ze and me'th.ylation'
ratio of thef4—6S RNAs were similar to those ofAhost cell tranSfer
RNA.  The 4-6S RNA species constltuted approx1mately 6% and 7% of_
'the totalradlolabelledRNA in jre.t vrrus and Junln virus: | |
reSpectlvely (Pedersen, l973 Andn et al 1976) It- is therefore j
| llkely that the low-molecular-welght RNAs fOund in assoc1atlon ;
w1th the arenav1rusesi orlglnate from RNA assoc1ated w1th host
’rlbosomes that are 1ncorporated lnto the v1rlons (Pedersen, 1979)
All arenavrruses thus far examlned contaln at least 2.
| genomlc RNA spec1es i.el L and S RNAs _ These RNAs are of negatlve‘
polarlty srnce they lack the structural characterlstlcs of |
- messenger RNA such as the presence of capped and methylated
| structures at the 5 termlnl and polyadenylated sequences at the
3 termini. In addltlon, v1ral RNA.could not be translated 1nto _'.
:'v1ra1 protelns in an-in: v1tro proteln-synthe3121ng system (Leung
”};et al ' 1977),1 The L and’S RNAs of Plchlnde, LCM and Tacarlbe .

; v1ruses appear to contain dlfferent genetlc lnformatlon 51nce
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their o"ligonucleotide finc_;erp'ern'c1 patterns are different (Vezza
et al., 1978; Kirk et al., 1980; Dutko et al., 1981; Compans et
al. , 1981) 'I‘hese observatlons, if taken to J_ndlcate that the L
and s RNA conta_m dlfferent genetlc J.nformatlon, is in agreement
with the high—fre<quency of genetic recombination obtained with
terrperature—sens:.tlve Pichinde virus mutants (Vezza and Blshop, ,

1977) |
| | The RNAs of arenaVLruses ‘appear to possess con51derable
secondary structure. 'Electron,nucroscoplc studles of non- -
.denatured RNA 1solated from Tacaribe, Plchmde and Tamlaml
VV1ruses showed c1rcular, linear and haJ_rpm RNA forms In
addltlon, natlve RNAs are sarwhat resmt&nt to RNase dlgestlon B
'mplylng the presence of double—stranded reglons (Vezza et al v
vl978) Mollecular welght estlmates of the v1ral genomlc RNAs

»have been obta;\.ned maJ.nly on the basis of sedmentatlon |
coefflc;Lents and PAGE analy31s of non—denatured or heat—denatured. '

RNAS. The resultmg est:mates have varled frcm 2 1 X 106 to
' 32x1o6and11x106 tol6X106 fortheLandSRNAs,
V ~resPect1vely (Carter et al., 1973 Vezza and Blshop, 1977, |

"Vezza et al 1977) Smce V1ral genomlc RNAs have a hIgh degree

I3

IR of secondary structure, valld MA estunatlons by gel electro—

phOf‘eSlS requlre removal or reductlon of secondary structure so
that electrophoretlc moblllty becomes a functlon of MW Strmgent o
: denaturatlon of RNA is usually accompllshed w1th methylmercury

'hydrox1de, glyoxal and dmethyl sulfox1de, foxmaldehyde or urea
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| A more valid estimation of the MWs of the L and S RNAs would
yield a'hetter approximation ofvthe coding potential’ofbthe
arena&irus genone. . |

In addition to the two genomic RNA species, addltlonal &
minor. RNA spec1es have also been reported in purlfled virus
preparatlons A 155 RNA spec1es is sometlnes seen in Plchlnde
V1rus preparatlons (Farber and Rawls, l975 Dutko et al 1976).
A s:LmJ.lar RNA spec1es (MW O 5~ O 6 X 105) was observed in late

harvests of Plchlnde virus. (DlHDCk et al., 1982), Tacarlbe virus

- and Tanuaml virus (Vezza et al., l978) and also in LM virus

harvested”fromlcells that had been infected withvboth_standard"
-and defective-interfering (DI) virus (Dutko, 1981)." Another
~additional RNA species, designated 20S, (W 1.0-1.1 X 109,

‘mlgratlng between the S RNA and the 188 rRNA durlng electro-'

o phoresrs, has also been detected in'the above—nentloned V1rus

' preparatlons and_ 1n Plchlnde virus harvested from long—term
: per51stent lnfectlons  The nature of the. addltlonal RNA spec1es :
1s unclear What is the orlgln of these RNAs° Are they virus- |
spec1f1c° Are they related to. the v1ral L and S RNAs° If so;

- what are the relatlonshlps'> Are these RNAs assoc1ated w1th

‘standard v1rus or w1th DI v1rus° Are these RNAs synthe51zed

Cin acute or per51stent lnfectlons° Do these RNAs appear ‘
7vbconcomltantly or at dlfferent tlmes durlng VLral repllcatJ.on'J
: "_cOuld. these RNAs be virus- :Lnduced but of cellular orlg:Ln” If

. jso, what is the role of the J_nduced RNA(s)" ‘Could thege RNAs have
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’regulatory'rolesAin vlruS'replication? These are just some of
the,questions that need'to be answered'before we can gain an
understandingiof the viral genome and how it functions. -
" D, Protein comp051tlon o .
The structural polypeptldes of several: arenaVLruses have |
B been examined and the results are sunmarlzed in Table 3.
,crnnon,characterlstlc of theséyv;ruses ls.the presence of 2 or 3
.major proteins The nucleocap51d polypeptlde NP, is not |
glycosylated and nolecular welght ranges of 60, 000 - 72 000 have
.been reported for different viruses. Two glycoprotelns,'Gl and '
G2, have been detected in Lassa, thamblque, LCM Plchlnde and
vJunln viruses. The reported molecular welghts of Gl and G2 range »
from 44 000 - 72, 000 and 34,000 - 40, 000 respectlvely Hcmever,{
only one glycoproteln size class w1th a nolecular welght of
42~44K - has been detected in Tacarlbe and Tamlaml viruses.
The locatlon of-the.polypeptldes in the virion has been -
.eaaﬁdned by solubilizing the viruses with’nonionic detergent
followed by separatlon of the components by equlllbrlum
‘centrlfugatlon in csCl gradlents (Ramos et al , 1972 Gard et al
l977~ Vezza et al. 1977) or 1n metrlzanude gradlents (Buchmeler .
' et al 15785‘ . The major non-glycosylated polypeptlde NP |
was found tlghtly assocrated w1th the v1ral RNA . This: polypeptldeﬂ_
ji;lS therefore thought to be part of the rlbonucleoproteln (RNP)
complex ThlS 1dea.was further substantlated by the results of

: Vezza et al (1977) They showed that polyethylene glycol—dextran‘

e
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. phase extractlon of detergent—dlsrupted PlChlnde v1rus resulted

in the NP separat;\.ng Wlth the dextran phase, a property comnon to d

r:.bommleoprote;.n oomplexes The nucleOproteJ.n 1s the donu.nat:.ng-‘r

structural protein of arenavuuses It has been est:.mated by

'" Vprotem labelllng Studles that Plchmde VJ.rus oontaJ_ns 1530 T

,',molecules .of NP per virion (Vezza et al . 1977) and thlS protem '
accounts for 70% of the protem label (Buchme1er et al 1977; o

" Vezza et&_ ¥ l977) ’I’he NP 1s also respons:.ble for the
‘serologlcal cross—react1v1ty observed anong the v1ruses of the L
P TacarJ.be complex (Buchmerer and Oldstone, 1978) 4
One to two glyooproteins have been detected in arenaviruses ‘
- ‘The glycoprotelns re51de at the surface of the v1_rlon ah are . |

‘ JmarJ.ly the Splke structures of the V1ral envelope ThlS r

~

! clusmn is based 51 the followmg results \'I'reatxrent Of o
fchlnde or DCM v1ruses w:Lth Pronase or bromelaJ.n Wezza etf al., _'
977 Buchmewr et al., 978) or of ’I'acarlbe and Tamlaml vlruseg )
_w1th chynotrypsm (Gard et al 1977) results .m loss of spike‘sf:\i
b"f.-tfrcm the v1ral surface as. seEn by electron mcroscopy or by a
_change 1n the buoyant dens:.ty of the v1rus partlcles. PAGE )
analy51s of the splkeless V1rlons showed a reductlon in the amount
| (of glycoprotems present In addltlon, tvn-phase polyethylene |
’glycol—dextran separatlon of dlsrupted Plch.mde vlLrus_ (Vezza et

_ ;3_3;; .‘,' 1977) and CsCl centr,lfugatlon of detergent‘ srupted

J.ch_mde Tacarlbe and Tanuaml VJ_ruses (Gard et al., 1977) , »showed

that the. v1ral glycoprote:.ns were found only m the fractlons
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conta:.ru.ng envelope fragments Among the v1ruses contam.mg both
" ,glycoprotelns, Gl appears to be more glycosylated than G2
| (Martmez Segov1a and De Metrl, 1977 Vezza et al 1977
Buchme1er et al 1978) ' SJ.nce G2 is moré‘easrly removed from . |
o :the V1.rus than Gl by treatment w1th Nomdet P—40 in low salt |

,condltlons (Ramos et al 1972) p one may expect that Gl j “

more
= .tlghtly bound w1thm the v1ral envelope Plchl-nde vi contalns
about 440 and 390 molecules of G2 and Gl respectlvely per virion
_ (Vezza et al., 1977) The G2 and Gl protems represent ll 13.8%
’ : and lO 4-16 5% of the Plchmde v1ral protems as detenru.ned by o
. »‘_protem labellmg (Buchme1er et. al., l977) “No s:.gmflcant |
': amount of sulfate or phosphate was detected J_n the structural
"polypeptldes of Plch.mde Tacar:.be and Tanuanu vuuses (Vezza |
‘et al., 1977 Gard et al., 1977) B ' |

o

A hlgh-mo%ecular-welght polypeptlde has been detected 1n

: mmor amounts, in. PlChJ,nde v1r.us and in mfected cells by
mmunoprec:Lpltatlon (Harnlsh et al., 1981) T}‘L’LS L protem, of
a ';' approxmately 200 000 m, was not lecosylated and dld not chase o

o mto smaller cleavage products DurJ.ng a serles of pulse—chase '

experlments, a 79 OOOMW glycoproteln, GPC was detected 1n J_nfected‘

- cells and was subsequently cleaved lnto GPl (52 OOOMW) and GP2
- (36,000M) . The L, NP and @ were: fo/und to be unlque by two—
dmensmnal, tryptlc peptlde mapp:.ng The NP GPl and GP2 of ICM

| .I: vn_rus were also found to be dlStlnCt by tryptlc peptlde mappmg

(Buchrre1er et al , 1978) By deductlon, the L proteln may
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. represent the RNA—dependent RNA polymerase that is known to be
assocmted w1th the v1rlon (Harnlsh et al 1981)
’I‘he nature of the nemammg mmor prote:.ns detected in °
o pur.lfJ.‘ed arenavrruses is unclear 'I'he dlfferent observatlons are
g probably reflectlons of varlatlons in the t:une of labellJ.ng of

'vrral p ote;ms, 1n the t:.me of v1rus ha.rvest and J.n the

purrflcatlon procedures used The P prote:.ns whose molecular 2 [

welghts range from 75 000 to 79’ 000 may represent the glyco- 2

"proteln precursor, GC. Another possn.blllty 1s that these

. ~prote1ns are not vn_rus—spec1f1c The 77 OOOMW Pprotem descrlbed R

"by Vezza et al. (l977) was also obserVed in the vlrus preparatlons L
of Harnlsh et al (1981) however, thlS polypeptlde dld not react .
" w1th hanster mmune serum and was also ev1dent J.n mock-mfected

o cells

Some of the nu.nor smaller protelns seen in purlfled v1rus '

lmay represent cleavage or breakdown products of the v1rus—spec1f1c. o

o polypeptldes _ Support of th.lS ldea comes from the results -of
e Harnlsh et al (1981) SlX small protelns rangmg in molecular s

e _welghts from l4 OOO to 48 000 were detected m J.nfected cells by

S J.rmlunoprempltatlon All of these protelns were shown to be

»'related to the NP by tryptlc peptlde mappmg Whether the small
',l-"Peptldes are due to proteoly515 or to premature tenmnatlon of NP
m“r.translatlon 1s currently not known : o |
o 'I_n Surrmary arenav:.ruses appear to contam two or three L
| ._'},major protelns and one mlnor protem All arenav:.ruses thus far

o

v
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examined, contain a major nucleocapsid polypeptide, NP and one or
two major glycoproteln species. If the virus contains two
glycoprotelns i.e. GP1 and GP2, then it appears that these two
proteins are synthesized from a common precursor, GPC. The L
protein appears in tr& amounts in.purifiea virus and may
répresent the RNA-dependent RNA polymerase; The nature of the
femaining minor proteins is unclear. | |
E. Virus—associated enzymes

Carter éE.él: (1974) showed that anéRNA-dependenngNA
poiynerase activity was assogfaféd with purified Pichinde virus
preparations. Tﬁe eﬁzymatic activity was detected after
disruption of virus by noﬁionic detergent and required both
Mg2+ and Mn2* for ﬁaximal activity. The &g,y}gggvpoiymerization
product formed én RNase-resistant product when hybridized with
viral RNA. Further analysis of the enzymatic activity of Pichinde -
virus-re;ulted in the detection of three types o;'polymerase
activity; an RNArtranscripfase activity, a poly (A) polymerase
activity and a poly(U) polymerase activity (Leung, 1978;

Leung et al., 1979). The transcriptase acélvgiy was associated
'with the RNP complex while the poly(A) and poly (U) polymerase
activities were fqund associated wi£h thg ribosomes. The
transcriptase activity, lgﬂﬁlggg, resulted in the synthesis of
long strands of heteropolymeric RNA that hybridizedlio viral RNA
but not to ribosomal or transfer RNA The L proteln, described

by»Harnlsh et al. (1981), is a llkely candldate for the RNA

°
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transcriptase. The L protein is virus-specific. It is presentiin
qurified virus in small amounts. The L protein is synthesized in
relatively large amounts in‘Pichinaevvirus-infected BEK cells
~'and appears to rapidly associate with an RNP or RNP-like ccmplexk
shortly after synthe51s (A Ram51ngh,unpubllshed observations) .

The ribosome-associated polymerases exhibited propertles
similar to those of poly(A) and poly(U) polymeraSesipiesent in the
pblyribosdme fractions prepared from uninfected BHK-2l cells: The.
poly () polymerase_could»accept, es a primer, e#ogenous viral
- complementary RNA which ead been synthesized by the viral
transcriptaée in vitro. This observation raises the possibility
that the poly(A)hpolymerase may function in vivo to polyadenylate
messenger RNAs synthesized by the'Girion—assoeiated RNA
transcriptasei Although the messenger RNAs of arenaviruses have
not been rigorously characterized, it seemsfiikely that the mRNAs
of Pichinde virus are polyadenylated (Lewng'et al., 1977;

A. Ramsingh, unpyblished observations;. ﬁ; comparable role

for the poly(3) polymerase could be peseulated. Altefnatively,
the poly(A) and poly (U) polymefases present in purifiea virus,r
may represent adventitious 1ncorporatlon along w1th host—cell.

~/
ribosomes and thus, may‘hgse no role in viral repllcatlon.

IV. Replication of Arenav1ruses In Vltro _
The repllcatlon of arenav1ruses is. Stlll a poorly
understood process. The mechanlsms underlying acute and persistegt

infections need to be determined before we can understand the o
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biological phenamena associated with arenavirus ihfections.
Since arenaviruses cause ecute and persistent infections in
several nannaliap cell lipes,'nost of the information on arena-
virus.replication is derived from in vitro studies using BHK-21,
Vero and L cells.
A, Cytopathogeniclty

Arenavirus replication, in vitro, is generally associated
‘with little’or‘no-cytcpathogenic effects. Cytopathcgenicity is
'Cerelated with the strain of virus and the cells used'for |
infection (Popescu and Lehmann—Grube, 1976). Both Pichinde and
. LM viruses will readily produce cytopathology in MDCK and PK-15
cells (Dutko and Pfau, 1978). There seems to be a cbrrelation
between defectlve lnterferlng (DI) partlcle productlon and .
: cytopathogen1c1ty since lack of DI virus prcductlon 1s associated
w1th cytopathology The host cell can apparently  influence DI
VLrus‘productlon ThlS phenarfenon is not llnuted to arenavirus
"repllcatlon, 51nce ortho- and para~myxov1ruses ‘likewise do not
V.lnduce the synthe51s of DI V1rus Ain certain cells (Choppin and |
Compans, 1975) Although arenavirus cytopathogen1c1tyh as
"judged by nornal rates of DNA, RNA and protein synthe51s in- the
1nfected cells, can be mlnlnal leus 1nfectlon can lead to
some cellula:,alteratlons. For example, LCM v1rus—per51stently—
infected#muriﬁe-neuroblastoma'cells have a suppressed production
" of neurotransmltter (Oldstone et al., 1977). In other arena- |

V1rus—1nfected cells, the hlstocompatlblllty antﬁgens may be

Gt

L
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altered and t-Jus may influence the animal's immune response to the .
infected cells (Oldstone, 1975; Zinkernagel and Doherty, 1977).
' B. Growth &ycle |

Aredaviruses are adsorbed to cells in 60 to 120 minutes

N
1

(Pf?u, 1974). Maxnnum adsorption;of IcM, Pichinde and Machupd '
viruses occur within 1.5 to.2 hours. Penetration of LM virus is
compléte after 45 minutes at 37%Cand uncoating of virus occurs
within 2 hours. The latent period usually lasts 6 to 8 hours

. (Lehmann-Grube, 1971; Lehmann-Grube et al., 1975; Buchmeier et
al., 1978) but may be shortened to 3 to 4 hours (Pedersen and -
Volkert, 1966; Dutko and Pfau,‘ 1978) . This is followed by a
rapid rise in( virus production with max:tmum virus titers

detected 24 to 36 hours after infection. The time of maximm '
virus production is dependent -on't_he multiplicity ‘of infection, |
temperature and anpurit ‘c‘>f_ DI particles present in the inoculum

. (Pedersen, 1979). The métufation" process of arenaviruses has
been examined mainly by electron microscopy and is, as yet, poorly
understood. Progeny virions are released ficm the plasma |
membrane by budding. During this ‘time, host-cell ribosomes are

.' incorporated into the virions. . -

| ~ The replicative cycle ‘of Pichinde virus 1n an acute.
infection has récepﬁly been analyzed (DiJ_tbck et al., 11982).
Piaque-purifiéd Pizzhinde’ virus, prépafed under conditions desiéned
to‘}"\_limit the amount of DI virus produced, was used tb infect BHK

celis at low miltiplicities (0.1 pfu/cell). Cells were examined
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daily for 10 days for virus broduction, viral polypeptide
ts&ntheSis and_ilral gencmic RNA'synthesis. The results showed |
that replication of Pichinde virus in BHK cells is tightly
controlléd and that this controlling~nechanism is reflected at
. the levels of virus release, polypeptide synthesis and
accumulation of genomic RNAs. Vlral protein synthe51s and
'1nfecthousv1rus production peaked at 2 and 3 days, resoectlvely,
‘post-infecticn followed by a steady decline. The kinetics of
accumulatlon of both L and S genomlc RNAs paralleled those of
infectious virus productlon and v1ral protein synthe51s The
authors suggest that regulation of Pichlnde virus replication
early during an acute infection of'BHK—él cells may not be
. dependent upon the generatlon of defective lnterferlng v1rus whose.
absence was inferred and not dlrectly tested. The relatlonshlp
between regulation of virus repllcatlon and generation of DI virus
could have been further 1nvest1gated by comparable studles in cells
 that restrict DI virus production, such as MDCK‘or PK-15 cells.

If Pichinde Vlrns replicatzbn was similarly regulated inrthese v
cells, then the correlatlon between regulatlon of virus repllcatlon.
'and generatlon of DI V1rus ‘would have been better substantlated
Two new RNA spec1es (MWs approx 1.0 X lO6 and 0.5 X 106)
were detected by Dimock et al. (1982) in purlfled virus that was
harvested late in lnfectlon These 2 RNA sp601es were not

related to the L or S genomlc RNAs as determlned by hybrldlzatlon



analysis w1th cDNA probes The cDNA probes were synthesized'fnan

~ individual L and S specres that had been recovered from

26

agarose gels,~ A major limitation of this procedure is the g

’vpresencefbf contaminating RNAs in the. isolated L and S RNA
preparations, particularly in the S RNA preparation which may
contain degraded L RNA and 285 RNA.  This results 1n the cDNA.
probe cross—hybr1d121ng with contamlnatlng RNA spec1es as was
noted by Dlmock et al: (1982) A second llmltatlon of thlS
procedure is the quallty of cDNA made when the RNA template has
been isolated from agarose gels The isolated RNA contalns
| agarose components that inhibit transcrlptlon by reverse '
transcrlptase. Thus, the thA probes are: probably not o
representatlve of the entlre L and S RNAs. The conclu51on

ltherefore, that the 2 RNA species, X and Y//are unrelated to

the 9 OmlC L and S RNAs, is not valld because of the llmltatlons k

in the procedure used These 2 RNA specres, x and Y, are
:susplcrously slmllar to the addltlonal RNA species seén in a

late harvest (5 days post infection) of Tacaribe and Tamiami

Vlruses (Vezza et al ' l978) and in LCM virus’harvestederrnxcells

o lnfected W1th both standard and DI virus (Dutko, 1981) Many

questlons concernlng the nature of these 2 RNAs X and Y, need to be

answered These questlons have already been raised in sectlon
IIIC. | , |
" Clearly, suitable'molecular probes are‘required to

~determine thevidentities of the additional RNA species and to
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examme ‘the ‘inﬂrrelationshi‘p_s among the ;rar'ious RNAs. Such
probes could be obt‘ained by constructing cDNA‘clones for the
.di_fferent"RNA' species-. o |

- Cu Vfl_ral" persistence in vitro

A Persis.tehtly-i‘nfected_ cells in vitro can be readily.
.Jest‘ablished w'ith; several arenaviruses (Pedersen, 1979) .
“Chronically-infected cells appear‘ mrphologically identical to

: 'um.nfected cells and have smula_r growth characterlstlcs
- 'However, per51stently infected cells re51st superlnfectlon Wlth
both homotypic and certa»in heterotypic arenaviruses, yet are
capable of supportmg heterologous virus growth (Lehmann—Grube,
1971; Welsh et al , 1975). The underlylng mechanlsm for the
establlshment and malntenance of per31stently-1nfected cell
fcultures is currently unknown, ' DI v1ruses may play a role in
Viral per51stence in V:Ltro ‘These defectlve—lnterfermg particles
interfere with the repllcatlon of standard virus (Huang, 1973)
Furthennore, ,DI v1rus productlon is a common feature of
arenav1rus J_nfectlons in cell cultures (Iehmann—Grube et al , |
l969, Staneck et al., 1972 Welsh et al l972) DI partlcles .
of M V:Lrus appear shortly before max1mal syntheSJ.s of mfectlous '_ .
virus and are detected at hlghest concentratlogls after the peak
of mfectlous virus productlon (Welsh and Pfau, l972) There is
‘.’a cycllc varlatlon in. J_nfect1V1ty and mterfe:zence act1v1ty and

“also a varla‘tlon in the percent,age of antlgen—p051t1ve cells as

| detected by mmunofluorescent sta:.nlng (Lehmann—Grube et al , 1969, ’

-
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' Staneck et al., 1972; Hotchin, 1974; Hotchrn et al., 1975;

Welsh and Oldstone,,l977) The cyclic perlod lasts about 20—50
cell passages after thch DI act1v1ty is detected but little or

no 1nfectlous virus is measured. Viral antlgen can be detected

by 1numnofluorescence, ln the cytoplasm of the majorlty of

cells. However, in LCM vlrus-persistently—lnfected cells,.few

cells express viral antigens at the cell surface‘(Cole'gt al;,
1973; Welsh and Oldstone, 1977). Very little information is

- available on the blochemlcal propertles of DI partlcles malnly |

because of the dlfflculty of separatlng DI partlcles from standard .‘

virus by-phys1cal means. Welsh and Bushmeier (1979) showed that |

lCM DI partlcles, purified from cultures of per51stently 1nfected

"BHK-Zl and L929 cells, were slightly less dense than tandard

virus in sucrose gradlents The proteln ccnp051t10n of DI and
standard infectious virus were 51mllar Studies directed atr:
characterizing the RNAs of DI V1rus have not yielded con51stent

: results. lwelsh et al. (1975) reported that the RNAs of LCM virus

produced by acutely- and per51stently—1nfected BHK-Zl cells showed

‘;llttle dlfference Pedersen (1979) later showed that.Ixj% DI

partlcles contalned only a srngle RNA spec1es, a 32S RNA Dutko

~ ’et al. (1976) observed that‘the gel proflle of RNA extracted

'from purlfled standard Plchlnde v1rus, was resolved 1nto 6 RNA
'-,'specres, ie. 3, 28 22 18, 15 and 4 = RNAs However, o

‘types of RNA proflles were observed ln Plchlnde DI v1rus preparatlons
| hrfDI v1rus synthe51zed up to the l75th cell generatlon after the lnltlal 3v.d

‘1nfectlon, lacked the 225 and lSS RNAs put also seemed to progres51vely |
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lose the 31S RMA and acquire a "new" 20S RNA species. Dutko
(1981) later showed that the virions from cells infected with only"

~

IM virus contained twolviral RNAS (L RNA = 2.85 X 106, s R = 1.3,
X 106Mi) . However, the virions fram cells coinfected with
standard-and DIlLCM'virns contained.g additional R¥As (A = 1.1 X
10%, B = 0.6 X 105Mw) . Althohgh RNase T1 fingerprints showed that
the A and B RNAs'are unique, the snall number of characteristic
RNase Tl-resistant oligonucleotides ‘did not allow a determination
of the origin (L or s RNA) of each df.these 2.new species.
Analy51s of the RNAs of DI Tacarlbe virus from per51stently-
lnfected BHK cells revealed that the L and S RNAs of standard
virus were absent and lnstead 5 new RNA spec1es w1th MAs of

RS X 10%. 0.9 x 106, 0.5 x 106, 0.4 X 108 and 0.2 X 106 were

 observed (Ginenez and Compans, 1980l. ‘Clearly;'fhrther.studies

'are necg;s;ry to characterlze the genetlc makeup of arenav1rus

DI partlcles From where do the "new RNA spec1es or1g1nate°

- Are they related to the L and S RNAL Su1table nolecular probes f'
" are nece_ to answer these questlons Such probes could be |
 ;obtained’by> nstructlng DNA clones contalnlng the genetlc
.‘;lnformatlon (the L and S RNAs) from standard lnfeCthUS virus and
::from DI v1rus partlcles Radlolabelled cloned DNAs would serve’

-as excellent probes for determlnlng the 1nterrelatlonsh1ps anong

'cthe dlfferent RNA specles by RNA blot analyses Can some of- the -

new RNA spe01es assoc1ated w1th DI v1rus productlon, be of
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cellular origin? If so, what role do these RNAs have?

D. Transoriptioh and replication of viral RNA

Currently, little is known about the transcription of viral

RNA in arenavirus-infected cells. The genamic RNA of Pichihde
virus is of negative polarity and therefore cannot dlrectly
function as mRNA (Leung et al , 1977). In addltlonj an-RNA—
“dependent RNA polymerase activity is found in Pichinde virus
(Carter et al., 1974 Leung et al., 1979) ThlS enzyme is .

necessary for the in v1tro transcrlptlon of genonuc RNA and a

similar role is postulated for its function iﬂ vivo.

'The mRNAs of arenaviruses have not beeh well characterized.
The observatlon that mRNAs of Plchlnde virus could be retained
on ollgo [dT] cellulo;e suggested that the mRNAs of Pichinde™
'v1rus are polyadenylatedz(Leung gg al., 1977)u Prel;mlnary data{
p suggest that the MRNAS of Piohihde virﬁsbare polyadenylated, c
full- ~length transcrlpts of the genomlc RNAs (A RamSLngh

unpubllshed observatlons)

' How does viral RNA replicate? Agaih, Little is known about -

this'process~f Inhlbltors of DNA synthesrs such as . |
5-brcnodeoxyur1d1ne and 5-1ododeoxyur1d1ne do not 1nhlb1t the :!
V repl;cation of arenav1ruses (Pfau, 1974) : ThlS observatlon f
"ttaken together w1th the absence of a v1rlon-assoc1ated RNA- |

';dependent DNA polymerase (Carter et al., 1974), suggest thatJ°

v1ral RNA repllcatlon is not mediated through a DNA lntermedlate .

j' However, 1f vrral RNA synthes1s 1s s1m11ar to that descrlbed

A

.



for other'negative—strand‘RNA'viruses,_one_would expectﬁ;j:‘
synthesis ofztull—length‘antigenomlc RNA which would serve as a)
'template.for synthesis of genomic RNa. genomic and antigenomic |
RNAs of‘negative;strand RNA virusesfare not found free ln
infected cells but are tlghtly a55001ated with rlbonucleoproteln
structures (Lazzarlnl et al,, 1981)- Proteln synthe31s seems to
be requlred for the synthe51s of antlgenomlc and genomld RNAs.
~'This requ;rement may be traced to the’ need for a contlnuous u
supply o_/nucleocap51d protelns that assoclate w1th the v1rali .
RNAs. , ' 1 |
| Much work remains .to be done in the area of arenav1rus
"replicatlon The RNA transcrlptase needs to be 1dent1f1ed
déythe enzymatic activity resmdes on the L proteln, then thlS
hd}proteln should be present in the RNP complexes in arenavirus-
1nfected cells. The. p0551ble role of exogenous prlners in ther
vtranscrlptlon of v1ral RNAs needs to be exanuned Slnce there
- are at least 3 prlnary gene products in’ arenav1rus—1nfected
cells and only 2 v1ral genomlc RNAs, then one RNA spe01es must B
| encode at least 2 products. The mRNAs should be characterlzed :
'as to whether,they.are.pd;yclstronlc & nbnoc1stronlc and whether y |
theybare polyadenylated.or not The klnetlcs of mRNA and v1ral r
i“RNA synthgges also need 1nvest1gat1ng The typevof/cgntrbl
| tnechanlsm that Operates in the regulatLOn of vrrus/repllcatlon;

and 1n per51stent lnfectlon needs to be exanuned Control may

be exerted at the transcrlptlonal level or at the gene level

PN,
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V"-'atter‘,case,? this may result in_a:rpiification of 'spe'cific ‘
‘i;i_’I‘heSe _'are only some of Athe_ areas that need to be
before we can better ‘understand'th'e events in the
_-k4 also needs to be done in the areas of virus assembly and ©
turatlon o |

Vlral antlgens

| The antlgens of arenavuuses can be broadly defmed as
’ﬁkbelng type—spec1f1c or cross-reactmg Type-—spec1f1c antlgens |

e usually detected in neutrallzatlon tests th.le cross—reactlng

" tlgens are. detected m ccxnplement-—flxatlon assays and urmuno—

_ fluorescence tests . More recently, monoclonal antlbodles are '

A g used to deflne more prec;Lsely the antlgenlc relatlonshlps .
) ithe arenavuuses (Buchme:.er and Oldstone, 1981)
Smadel et al, (1939) showed that LCM virus—lnfected quinea

plg tlssues contamed an antlgen w1th conplerent flxatlon (CF)

. actJ,VJ.ty Th.ls antlgen was "soluble" and could also be separated T

from LCM v1rus A s:.mlla.r antlgen was- found in Jumn V1rus- -
J_nfected anJ_mals (Coto, 1974) and m PlChll’lde v1rus—mfected
, ‘cells (Buchme1er et al., l977) ' CFf an-tlgenlc act1v1ty was : ;
detected m dlsrupted ICM and PlchJ.nde v1rus preparatlons : |
. -”'(Gschwender et al ' l976 Rawls and Buchmeler, 1975) Inltlally,' ‘, -
'l the CF antJ.gen was thought to consmst of two antlgens a thermo- }» |
- lablle antlgen and a protease—resmtant thermostable antlgen .

(Broﬂ(érgensen», 1971) ThlS appears not to be the case since. R



. antiSerum'prepared against the RNP complex of'Pichinde virus ~\\\\\\\\\

- reacted with the heat—re51stant, soluble antxgen“(Buchmeler Et

a\}'1977) and antlserum prepared against the soluble antlgen
prec1p1tated the major polypeptlde of the vrral RNP (Buchmeler
B and Oldstone, 1978) Thus, the major antlgenlc determlnant of the -
CF antlgen re51des in the nucleoproteln The thermolablle and
thernostable antlgens are. probably the result of proteoly51s of
the nucleoproteln (Buchmeler et al., 1977)

Vlral antlgens, as detected by 1nnmnofluorescence, appear
1n the cytoplasm and on the surfac€¢bf 1nfected cells 7 The
najor antlgen detected lntracellularly is represented ln the
r: v1rlon core,. presumably the NP whlle the antlgens detectable at

‘ the cell surface are thought to be represented at the virion:

l‘: surface, presumably the glycoproteln(s) (Lehmann—Grube et al

l975 Gschwender et al ’ 1976 Buchmeler et al 1977) Durlng

acute lnfectlon, lntracytoplasmlo and cell-surface antlgens | |

become detectable at about the tlme of progeny v1rus productlon, rfu ilvd

J,e 8 hours postlnfectlon (Lehmann—Grube et al l975) , Dlmock | Ca
et al (1982) have' shown thdt in: PlchJ_nde v:.rus—lnfected BHK

o Cells, the percentageﬁbf 1nnmmofluorescent cells 1ncreased

.concomltantly w1th v1rus productlon More than 90% of theb

: 1nfected cells remalned p051t1ve for the presence of nucleoproteln

Ve even after v1ral prgzelnvsynthe51s, X}rus productlon and the

number of cells produc1ng v1rus decreased. The questlon arlses as

to whether the nucleoproteln has a regulatory role ln V1ral gene

Y
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| F. Vlral replication and host functions
"Ebcpression of 'the»“"viral gencme appe'ars to be'v partly |

mfluenced by the host cell The yleld of :mfectlous LCM and

P:Lchmde v1ruses was. found to be approxunately tenfold greater v

-*‘from expone.ntlally growmg BHK-Zl cells than fran cells in the . -.‘

‘statlonary phase (Pfau et al e 1973 Rawls et al ’ 1976) -

. \'Plchlnde v1ra1 antlgens were not synthes:.zed J_n cells th.ch had -

been enucleated with cy'tochalasm B (Banerjee et al l976) ?4' i -

g Nuclear functlons were - therefore reun.red for the lnltlatlon of ;
o antlgen productlon Studles W1th act:Lnomycm D showed that at .. |
concentratlons th.ch .'thlblt cellular RNA synthesrs, the productlon
of mfectlous virus was also J.nhnblted (Buck and Pfau, 1369 ’
MJ.fune et al.>, l97l Stanwrck and Klrk, l97l) Actmcmycn.n D o "
':led not lnhlblt v1ral antlgen synthe51s but mstead, appeared

: . to block a late step in the repllcatlve cycle of Plchlnde v1rus

' '.(Rawls et al 1976) Amamtm Wthh also blocks cellular mRNA“ o N

'synthesa.s, J_nhlblted the synthes:.s of P:LchJ.nde virus. ThlS

:mh_Lb:Ltory effect was not observed én an a-amamtm—resmtant

‘, fer u I' o DR e

e r'cell lme whose genetlc le51on 1s in the cellular DNA-dependent
RNA polymerase II These observatlons suggest that a cellular

'functlon expressed by the RNA polymerase II% necessary for v1rus":-h:- )

"‘ repllcat:.on (Leung, 1978‘) RNA polymerase II lS respons:.ble for T
- mRNA synthe31s in cells (Dav:Ldson, 1976) so presumably, host cell'.f'

s mRNA(s) are J.nvolved J.n arenavrrus repllcatlon Orthomyxov1rus .

CE
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replicatioh is also sensitive to a-amanitin (Scholtissek and Klenk,
1975). This inhibition is probably due to prevention of the
synrhesis.of post mR;As that are necessary as primers for_the
syntheeis of complementary viral RNAs (Krug et al., 1978).
Therefore, one of the host DNA functions in arenavirus repllcarion
could be a productioﬁ of -short-lived mRNAs that‘funcrion as
primers for the synthesis of complementary viral RNAs (Pedersen,
| 1979). It should be ndted that not all negative—etranded ﬁNA
viruses require functlonal cellular DNA for viral replication
since the repl;catlon of paramyxov1ruses (Choppin and Compans, N
1975), bunyavrruses (Obijeski and Murphy, 1977) and vesicular
stomatltls virus (Wagner, 1975) is not, or only slightly, 1nh1b1ted

by actinamycin D.

V. Replication of Arenaviruses In Vivo

'Mehbers of the arenevirus group produce persistenr
infections iﬁ‘rodenés primarily in the two major families, -
Muridae (e.g. mice, rats) and Cricetidae (e.g; voles, gerbile)
(Howard and Simpson, 1980). The arenaviruses have highly
restricted natural hostiranges (Johnson et al., 1973) yet they
can be used to infect experimentally a variety of mammals. Since
these viruses seem to be maintained in nature by persistently-
“vlnfected animals, the hlgh degree of natural host spec1f1c1ty may
represent the evolution of an approprlate v1rus-host 1nteractlon
that permits per51stence (Rawls et al., 1981). The nature of that

virus-host interaction has been extensively studied.

i
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‘Development of persistence is dependent on several factoré
such as age at  infection and the strain, dose and route of
inoculation of the virus (Rawls EE.§l°r.l981)- Viral persistence
‘is the usual oﬁthme of congenitaliy acquired vi?us or infeétions
initiated during the newborn period. These infections are
characterized by little 6r no aetectable neutraiizing antibodies,
lifelong viremia and-birus excretion in-the urinevand saliva.
Infections acquirea later in life tend to be self-limiting. /
InEected'adult animals tend to clear the viremia apd produce
large anounté éf neutralizing antibodies. The develcmheﬁt of
viral persistence folloQing conéenital or newbomn infectioné but
not following infections of adult animals seem to be related to
an immature or defgctive}innmne systém. The immune responsé to
arenavirus infection has been reviewed by Rawls et al (1981).

The key observatibﬂs are éhe foiloﬁing. The cell-mediated

immmne response plaYs a major role in the pathogenesis of arena-
virus disease. Fatal LM virus infections develop only in
immunologically méture adults and seems to be:a consequence of
the damage resulting from the interaction of virusJSpecific cyto-
toxic T lymphocytes with LCM virus-infected targét cells,
Persistently‘infected‘animals appear to have a specific
unresponsiveness in effector T lymphocyte function. This
unresponsiveness may- be attributed‘tg T'suppressor Cellé which
regulate the generafion of T effector cells. Thus; persistent

T . . X
arenavirus infection could be associated with an enhanced T

\

\ !
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suppressor aesponse. The role of DI virus inrpersistently—
infected animals has also been examined and the fesults are not
kconclusive.

Certain arenaviruses caﬁse severe-heﬂorrhagic disease in
man i.e. Lassa, Junin and Machupo viruses. The underlying
nenhaﬁisms by which these viruses cause disease are currently not
understood. There is no evidence that ,either immunopathological

or allergenic processes play a role in cauaihg disease and it

seems more likely that direct virus damage to cells is the

° underlying cause (Howard and Simpson, 1980). Johnson et al. (1973)

suggested the following pathogenesis following arenavirus
infection in man. Viral eﬁtry is via the alimentary or upper
respiratory tract. Virus is gathered up:in local lymphoid tissue
or lymph nedea wheie it first rep}icates. It then invades the
reticuloendothelial system to include those cells involved in the
immune and cellular ianmne responses and thus, impairs the host's
defense mechanisms. The virus causes, either directly er
indirectly, capillary damage which 1eads to capillary fragility,
hemorrhages and hypovoiaemic shock. The malfunétioa of various
organs ﬁay be attributed to capillary damage and edema of the |
parenchyma rather than dlrect cell damage As the disease
regresses, there is no permanent damage since llttle cytolysis
occurs. - However, in severe cases, cytopathic damage may be
significant. e

Acute hemorrhagic disease due ﬁo Machupo and Junin Virﬁses

L4
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.répresenﬁsserious public health problems in Boliva and ‘Argentina
respectively. More recently, Lassa virus has attained public
notoriety owing fo its association with severe, febrile illness
among missionaries and travellers retuyming frtnlru}al,parts of
&ést Afrida.ﬁﬂggkme we -can effectively treat these aiseases, a
great deal of further work is necessary to unravel the secrets‘

of the biology of arenaviruses.



CHAPTER 2

MATERIALS AND METHODS

I. Tissue Culture

Two cell lines were used in these experiments i.e. BHK-21
clone 13 cells (obtained from C. d, London School of Hygiene
and Troplcal Medlcme, England) and Vero cells. They were grown
in Dulbecco-modified Eagle's medium $upplemented with 5% heat-
mactlvated fetal calf serum. Sodium penicillin G and \
streptauycm sulphate  (Gibco Canada, Burlmgton, Ontarlo) was
‘routi.nely added to the medium to control bacterial contamination.
The pH of the medJ.um was adjusted to approximately 7 by the
addition of 7.5% sod.lum bicarbonate.

"BHK cells were used for gfowiné both Pichi_nde; virus and
vesicular stamatitis virus., “ Thése cells were grown in 150cm2
‘plasticu flasks or 49(}’c:m2 plastic roller bbttles (Corning Glass
Works, Corning, N.Y.). Confluent cell monolayers in 150cm? flasks
were trypsinized as follows. After decanting the tissue culture
. @medium, the ‘_cel‘ls were incubated with 4ml 10 X trypsin-EDTA (Gif)co
Canadé, Burlingﬁox}, Ont.) at room temperature for 2-5 min until
'thelcells detached from the plastic surface. Confluent cell
monolayers -were gubcultured a£ a ratio of 1:5 to l:“lO..
Per'iodically, cell -suspensions were frozen in culture medium
contairu'_mj l»O'% ‘glycerol or 10% dijt'ethylSulphoxidc_a (DMSO)} and

stored in-liquid nitrogen.
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Vero cells were used for titrati%g' Pichinde virus by
Plaque assay and were grown in 60mm Petri dishes. Trypsinization

~was carried out as previously described.

II:— Pichinde Virus

A. Preparation of stock virus

2 flasks were

903 confluent monolayers of BHK cells m 150cm
infected with Pichinde virus at a nmltiplicity of 07 1-0.2 pfu/cell,
After adsorptlon at 37°C for l hr, the unadsorbed virus suspensmnf
was replaced with 25ml of t.‘LSSLIe culture medium whlch was changed
after 24 hr. Extracellular fluid was harvested 48 hr post
. infection. After a clarifying spin at 8 OOOg for 15 min at 4°C,
the supernatant was dispensed into lml and 2ml allquots and stored .
at -80°C. . : . « ‘ ) B
~ B. Plaqoe assay |

' Confluent Vero cell monolayers in 60mm Petri dishes were
inoculated with serial dilutions of virus (16-'5- to 1'0-8) " After
‘a 1 hr adsorption at 37°C , 4.0ml of overlay medlum was added The
'overlay mediym cons1sted of a 1:1 mixture of 2X overlay (Eagle s
or Hank S MEM 2X supplemented wlth 20% fetal calf serum, glutamlne,‘f‘
penicillin/streptcxnycln and mycostatin and buffered with 30mM |
Hepes buffer, pH7.0) and 2% agar. After solidification @%’*the '
‘overlay medlum at room temperatum,,the plates were mcubated at |
37°C for 3- 4 days A second overlay prepared as descr:_bed above |
but also contalnmg 0.04% neutral red, was added and the plates

were J_ncubated for an addltlonal l 2 days at 37°C. Clear plaques
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were counted and the virus titer was calculated .
C. Purification of virus ahd'eXtractienAof viral RNA .

90% confluent monolayers of BHK cells in 150cm? or 490cm?
flasks were infected with Pichinde:virus at a multiplicity of
0.1-1.0 pfu/cell. After a 1 hr adsorption at 37°C, the |

unadsorbed virus suspension Wés replaced with fresh medium. The
medium was’ changed after 24 hr and  extracellular fluid was
tollected at 24~48, 48—72 and 72-96 hours post—infection. After
‘a‘clarifying spin at 8,000qg for 15 min at 4°C,»the supernatant
was adjusted to 0.5M NaCl and 7% polyethylene glycol (average M. w' |
6,000-7,500) . After mixing at 4°C for 3 hr, the suspen51on ‘was
'pelleted at 8,000g for 15 min at 4°C. The pellets were
resuspended in TNE buffer (0.01M Tris-HC1, pH7V;5,. 0.1M NaCl,
0.001M EDTA). * This suspénsion may then be stored at -80°C.
After treating with Ing/ml Pronase (Sigma Chemical Co.. St. Louis,
M) at 37°C for 30 min to remove eontanlinatlng cellular debris,
‘_the sus ion‘-was layered onto a 10% (4nl) and 40% Gm) (w/v
‘discontiuous Renografln (E R. Squibb and Sons Ltd » Montreal,
Que ) gradlent in TNE buffer After centrlfugatlon at 150,000g
for 1 hr at 4°C in an IEC SB-283 rotor the v151b1e v1rus band
at the 1nterface of the lO% and 40% solutlons was collected
It was diluted at least 1:1 Wlth TNE buffer and layered onto a
hcontlnuous, llneer—Renografln gradlent (10~ 40% WV, After
centrlfugatlon at 150,0009 for 2 hr at 4°c, the visible V1rus

. band was collected and diluted 1: 1 with INE buffer Vlrlons ‘were
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disrupted in 0.1% B—Z-mercaptoethanol and.0.1% SDS. The suspensidn
~Was extracted with an equal volume of a 1:1 (v/v) mixture of 90%
phenol (saturated with TNE) and chloroform The organic phase
‘was re-extracted\ with TNE buffer The pooled aqueous phase was
mixed with 2.5 volumes of 95% ethanol and RNA was preclpitated at
-20°C ove.rnight.k RNA was pelleted at 16,0009 for 30 min at 4°C
and resuspended in autoclaved water the RNA: concentration Iwas.
determlned by readmg the absorbance at 260nm in a Beckman A25
spectrophotometet. RNA was routinely stored in 70% ethanol and
>125mM s_odium acetate at -20°C. 'l?rior to useb,‘RNA:'was pelleted in
an Eppendorf centrifuge for 10 min at 4°C and air dried. A 24-48
hr harvest of vJ.rus from approx:unately 3X lO cells grown in 30
roller bottles ylelded 50-60ug ‘of RNA.

D. Preparation of labelled viral RNA
90% 'confluent monolayers of BHK cells in 490cm® roder——— ———
bottles were infected w1th Pichinde virus at a multlpllcs.ty of -
0.1-0.2 pfu/cell After a l hr adsorptlon at 37°C, the mocul‘um
was replaced w1th 25ml of tlssue culture medium contalnmg
luCl/ml[3H] -urldlne (spec1f1c activity 27.6 Cl/Ile New: England
Nuclear Canada Dorval Que.). " The n‘edlum was changed after 24 hr |
and fresh medium contalnlng luC1/ml[3H]-ur1d1ne was added
Extracellular fluld was harvested 48 hr postmfectlon and -

processed as descrlbed in sectlon II—C



ITT. Vesicular Stomatitis Virus o i
A Purlflcatlon of v1rus and extractlon of viral RNA

Confluent monolayers of BHK cells in lSOc:m2 flasks were
infected with VSV (Indiana serotype) at a multiplicity of 0.5
pfu/cell. After. a 1 hr adsorption at 37°C, fresh medlum was
added. Extracellular fluid was harvested 2#Fhr post infection
and clarified at 8,000 g for 15 min at 4°C. * The supernatant
was adjusted to 0.5M NaCl and 7% polyethylene glycol. After
mixing at 4°C for 3 hr, the suspension was pelleted at 8,000g
for 15 mJ_n at 4°C. The pellet was resuspended in TNE buffer and
layered onto a continuous, linear sucrose gradient (1L0-30%, w/iv).
© After centrlfugation at 80,000g for 1 hr at 4;C," the visible
virus band was collected and diluted 1:1 with TNE buffer.
‘Vifions were disrupted.and RNA extracted as described for Pichinde
virus (section II-C). ‘ |
B. Preparati‘on of labelled viral RNA

. After- J.nfectlng BHK cells with VSV as descrlbed in sectlon
III-A, the moculum was replaced with 20ml of fresh medlum
contammg 0. 5uC1/ml[3H] ~uridine (specific act1v1ty 27.6 Cl/mnol
| ’New England Nuclear Canada Dorval Que.). Extracellular flug.d
'washarvested 24 hr post mfectlon and processed as described -in
section III-A. - - |

[



IV. Cellular Ribosomal RNA
CA. Ebctractlon of cellular ribosomal RNA

(’ COnfluent monolayers of BHK cells in 150cme flasks were’
washed with cold phosphate—buffered sallne (PBS) (0.14M sod_wrgib
_ chlorlde 3mM potasslum chlorlde 8mM dlSOdlUm hydrogen phosphate,
1ImM po sstum dihydrogen phosphate) Cells were hgrvested by
scrapin w1th a rubber policeman followe:i by centrifugation at
13,000 for 10 min at 4°C.  The cell pellet was resuspended in
NENSH buffer (100mM NaCl, 10mM EDTA, 50mM sodium acetate, pHS.1,
10.5% SDS and 50U/ml sodium heparin) containing 250ug/ml proteinase .'
K and incubated at 37°C for 30 min with intemittent vortexing.
After extractiQ;n with a 1:1 mixture of phenol and chloroform,
bthe aqueous »phése was collec;ted. The phenol phase was reextracted
with NENSH _bu‘ffer. - The' aqueous phases were pooled and hack T
extracted“with a 1:1 mixture of phenol and ‘.chlorofOrm. The
aqueous phase was COllected and nuclelc ac1ds were precipitated with
2.5 volumes eﬂhanol at -20°C overnlght After centrlfugatlon at
16,0009 for 30 min at 4°‘C,‘ the pellet was digested with 10pg/ml
.DNase at 4°C for 30 min ‘to remove contaminating DNA. ’i‘his was -
follOWed by dlgestlon w1th lOOug/mJ. protelnase K in 0. 5% SDS at
room temperature for 20 min to remove contamJ.natJ_ng protein. After

extraction with a 1l:1 mixture of phenol and chlorofo_rm,‘ the
aqueous phese was collected. The remaining phenol phase was
re-extracted with-"‘INE_ancl, the uaqueous phages were pooled. After - ‘l

precipitating with 2.5 volumes of ethanol at —20.°C, the suspehsion
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‘was centrifuged at 16,000g for 30 min at 4°C and the pellet
resuspended in TE buffer (0.01M Tris-HCl pH7.5, 0.001M ﬁEDI‘A) o
and 1.5M lithium chloride and incubated at 4°C overnight. Since
Dle, tRNA and heparin are soluble in lithium chloride whereas
ribosomal RNA (rRNA) is not, rRVA was' pelleted by centrifugatio
at lG,OOég for 30 min at 4°C. The RNA pellet was resuspended in
autoclaved water and the optlcal density of a small a’llquot was. |
’ detenru.ned at an absorbance of 260nm to determine the RNA
concentration. RNA was stored frozen or in 70; ethanol and 125mM
sodium acetate at -20°C.
B. Preparatlon of labellgd cellular rJ_bosomal RNA
“Confluent monolayers of BHK cells 'in 150cm? flasks were
.washed 5X in phosphate-free medlum 10mL of phosphate—free medium
containing 25,Ci/ml[32P] ~phosphate (New England Nuclear Canada, |
Dorval, Que.) ; was' adﬁed to each flask followed by an overnight
incubation at 37°C. ~ RNA was extracted as desé'rib‘ed in section -
V-A. o - o~ |
V. Estlmatlons of the l’olecular Welghts of Plchmde Viral RNAs
. by Gel Electrophores:.s under Different Denaturlng COI'ldlthI’lS ’
:'A Agarose gel electrophore51s in 10mM methylmercury hydroxlce
| Agarose gel electrophore31s in 10mM methylmercury hydrox1de ,
was modified according to the method of Lehrach et al (1977)
Four dlfferent concentrations (0.75, 1. 0 1. 25 1. 5%) of agarose »
kwere prepared in electrophore31s »buffer (50mM borlc a01d SmM

'sodlum borate, 10mt sodium sulfate, 100uM EUI‘A, pit 8 1 and kept
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“at 56°C until ready for use. Methylmercury hydroxide (Al-pha'
Products, Boston‘, Mass.) was added to a final concentration of 'j
10mM and the mixtures were poured 'into.siliconized, cylindrical
20 X 0.7cm gel tubes. The top of the gel was sliced off prior to
sample application. ' | ‘ | . !

The RVA sample (4ug/gel) in 25mM borﬁcid,v 2.5mM sodium
borate, 5mM sodium sulfate, 50uM EDTA, pH 8.1, 10% glycerol was
’ denatured by the additio‘n of nethylmercury :hydroxide to 10mM.
After a 15 min mcubatlon on ice, bromophenol blue was added to
‘.'0.004%. | Electrophores1s buffer was rec1rculated between the lower ‘_‘
and ‘upper reservon:s ElectrophoreSJ.s was carr:Led‘ out at 7mA
per tube at room temperature for 4 hr J_ns:Lde a fume ,hood Gels v
_were stamed in the dark in 2ug/ml ethldlum bromlde 0 ,5M
ammonium acetate. . Gels were then photographed under shortwave UV‘ _
light with a Polar01d camera and hlgh—speed fllmLand type 107 '
using a red fJ.lter In same J_nstances, gels Wwere cut J_nto 2-nm
sllces Wlth a Bio-Rad gel sllcer and processed for scs.ntﬂlatlon ‘
.countmg After alkall dlgestlon of RNA at, 37°C ‘an aqueous f
. oountmg scmtlllatlon cocktall was added and the radloact1v1ty : %«
’was measured in a Beckman scmtlllatlon counter e o |
= All operat:.ons mvolvmg methylmercury hydrox1de were
- v.carrled out in a fume hood w:.th the operator wearmg dlsposable i
-gloves » Contammated dlsposable materJ.al was dlscarded w:.th

radloactlve waste Non—dlsposable 1tems were rJ.nsed Jn a l% :

| ion of 8- 2-mercaptoethanol and then cleaned —_— / ‘



B. ’Electrophoresis oftRNArin‘oamgosite polyaorylamide—agarose 4
gels after denaturation in glyoxal and DMSO
.Electrophoresis was Carried out asldesoribed by Mchaster and-o
~ Carmichael- (1977) with;some modifications Four dlfferent concent—
g rations of acrylamlde (1. 0, 1 2, 1.4 and 1. 6%) were prepared ln 0. 5%
agarose, 10mM sodlum phosphate, pH 7.0, 0.1% ammonium persulfate,
0. 001% TEMED and poured into srlroonlzed, cyllndrlcal 20 X 0.7cm gel
tubes. The top of the gel was sllced off prlor to sample appllcatlon
Prlor to use, 1ml aliquots of. glyoxal and DMSO were delonlzed
by repeated ‘passage thrlce through a 3ml syringe fllled to the 2ml
| mark w1th autoclaved, mlxed-bed 1on—exchange re51n, AG~501—X8 {Blo
-Rad Laboratorles) The RNA preparatlons (4ug/gel) in O 25% SDS,
10.067% EDfI‘A, lOIrM phosphate buffer, pH 7. 0, 15% glyoxal 50% DMSO
’ were heat—denatured at 56°C for 2 min followed by a 15 nun lncubatlon
at rocm temperature. Brcnophenol blue was. added to 0.05%. Electro |
phoresrs buffer (lOmM sodlum phosphate buffer, pH 7.0) was re-
-1 c1rculated between the lower and upper reserv01rs : Electrophore51s
was; carrled out at™ lmA/tube overnlght at. room temperature Gels
were stalned in3. Oug/ml acrldrne orange in- lOmM phosphate buffer,'
pPH 7.0 for 30 min- at room temperature and destalned in the dark in 1
- 10mM phosphate buffer, pH 7 0 for 3 5 hr at room temperature Thé :
"RNA bands 1n the gels were photographed as descrlbed 1n sectlon V—A
C. Agarose gel electrophoresrs in 2 2M formaldehyde f.’lv
. Agarose gel electrophoresrs 1n 2 ZM formaldehyde was HDdlfled

£

Jaccordlng to. Lehrach et al. (1977) A l% agarose suspensron

'”.-was prepared in 2 2M formaldehyde in 0 Ol8M Na2HPO4—O 002M

'NaH2P04 and poured 1nto srllconlzed cyllndrlcal gel tubes

’i
Ed



"The top of each gel was ‘sl"iced off prior to sample application. |
.RNA samples were heated in 2. M formaldehyde, 50% delomzed
'formanude 0. 018M Na2HP04-O OOZM NaHyPO4 - for 5 min at 60*°C after
whlch 20% of al:l glycerol/delom.zed formamlde mn{ture contam.mg 3
0.004% bromophenol blue was added ‘Electrophoresis buffer. (2.2
formaldehyde, 0.018M Naz'HPO4, 002M NaH2P04) was recrrculated |
between the upper and lower reservorrs ‘ Electrophore51s was

'~ carried out at- 2mA per tube at  roam temperature Gels'were

4

stamed m 2ucr/ml ethldlum bromJ.de in 0. SM anmonlum acetate. '

)

‘ Gels were photographed as descrn.bed in sectlon V-A
VI. Preparation' of Palmer from‘Calf Thymus DNA' |
| lOan_of calf thymus DNA (Srgma Chemlcal Co., St IDUJ.S, :

M.) in 10mL of 20mt 'I‘rls—hydrochlorlde (pH7 2) -and Lomy M9C12 was )

: dlgested w1th 30ug of DNasel . (Boehrlnger—MannheJm, Dorval Que,, B

.Canada) per ml at 37°C for 30 min, . The. dJ.gestlon was stopped by ¥ S

'the addition of EDTA to lOmM ‘I’he DNA was then denatured by the
addltlon of NaOH to 0. lM followed by heatlng at 70°C for lO min.
: | .After neutrallzatlon w1th lN HCl to pH7 0, the DNA solutlon was : e
deproten.nlzed w1th water—saturated phenol SOlld urea (Blo—Rad

'Laboratorles, MJ.ssrssauga, Ont (;anada) and concentrated

' anmonlum carbonate were added to the DNA solutlon to glve flnal

L concentratlons of 7M and 0. OlM (pH8 6) respectively 'I‘he DNA

/'

o sample was. applled to a Sephadex G—50 column (72cm X 2. Scnn) whlch :

o had been equllJ.brated with 7M urea-O OlM ammmwn carbonate,

' pH8 6 The urea—amnonlum carbonate buffer had been passed through _ e
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a DEAE-Sephadex A25 colum to remove UV-absorbing materials. The
DNA was eluted with the urea-ammonium carbonate buffer at a flow
réte of 60ml per hour at room temperature. 5ml fractions were
collected. The absorbance of each fraction at 260nm (A2gg) was
determined in a Beckman A25 épectrophotometer. The oligodeoxy-
nucleotide fractions were pboled and desalted by passage through
a Sephadex G-25 column (40cm X 2.5cm) equilibréted with sterile
water. Elution with sterile water was cérried out at room
temperatui‘e. The oligodeoxynucleotides in the excluded volumes

were concentrated by lyo_philizat\ion and stored at -20°C.

VII. Determining the Optimum Conditions for the In Vitro
Synthesis of Pichinde cDNA Probes

In order to optimize the conditions for in ;_igg cDNA
sy}lthesis, the 'effect‘:s of various concentrations 'of the camponents
of the reaction mixture\were exammed cDNA sym;hesis was carried
out in a final volume of 100ul.. The reaction mixture consisted of
the followiﬁg: | | ' L

a. Tris-hydrochloride pH8.3 : 50mM

b. MoCl) C: 8mM

c. dATP oo 1m

d. dGrIp : 1mM

e.A, d’I'fP o ImM '

-

£. cold &CTP : 0.0005-0.5mM
g. [BHldcte  suci

h. XCl .1 0-300mM
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i. dithiothreitol (DIT) : 0-10mM
j. bovine serum albumin (BSA) : 0-1000ug/ml W

The BSA was purified by chromatography on UMP-agarose (Miles
; K

Laboratories Inc., Elkart, Ind.) to remove possible RNase -

activity.
k. actinomycin D ' : 0-400ug/ml
o 0 .
1. Pichinde VRNA : ‘£.01-40ug[ml |

m. oligbdeoxynucleotide primer : viral RNA template:60:1
n. reverse.transcriptase : 0-400 units/ml
The reverse g;apscriptase obtained from avain myeloblastosis
virus was obtained from Joseph Beard, Life Science Inc., .

. St. Petersberg, Fla.

The reaction miktﬁre was assembled én ice and prior to the
aaditiqn of the reverse transcriptase, the template RNA was heat-
denatured at 70°C for 1 min'followed by immediate chilling in

wet ice. After the addition of the reverse transcriptase, the
reaction mixturé'was incubétéd at 37°C for 2Ahr. The incdrporation
" of [3HJACTP into acid preciﬁitable material was monitored during

. the 2 hr incubation period as an indication.of the extent of

~— i

cDNA synthesis. . J
For cDNA isolation}‘the viral temp;até RNA was alkali
digested. NaéH was added to 0.33N and the reacﬁion mixture was
incqgfted overnight at 37°C ip:a sea}ed tube. fhe reéction.
mixﬁﬁre‘was then neufralized by the addition of HCl and desalted

by passage through a Sephadex G-50 colum &quilibrated with T™NE

]
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and 0.1% SDS. The cDNA fractlonsiiq the excluded volume, as

monitored by radioactivity, were pooled -and the cDNA recovered

by ethanol precipitation.

VIII. Isolation of Pichinde Virus L and S RNAs

Pichinde virus L and S RNAs were isolated according to
the procedg;e/described by Leung et al. (198l1). Pichinde virus °
was purified as described in section II-C. Girus was then
pelleted by centrifugation at 100,000g for 1 hr at 4°C. The virus
pellet was suspended inATNE and 0.5% SDS and extracted repeatedly
with equal volumes of TNE-saturated phenol/chloroform {1:1). The
‘aqueous phases were pooled and extracted with ether to remove
residual emounts of phenol. RNA was precipitated with 2 volumes
“of 95% ethanol at -20°C overnight. Viral RNAdwas collected by
’centrifugation and the RNA pellet was dried under vacuum. The
RNA was denatured with 10mM methylmercury hyd}gxide in electro-
phoresis buffer (0.05M boric acid - 0.005M~Na2é40750.01M Na2864—
0.1mt EDTA, pHS.1j. After electrophoresis in a'l% agarose gel
supplemented with 10mM methylmercury hydroxide, the gel was
/stalned with 5ug of ethldlum bromlde per m% 20mM -2-mercaptoethanol -
and -0.5M annonlum acetate for 30 min. The RNA bands were
visualized with short—wavelength gykI/éht and the L and S RNAs
were exc1sed w1th a razor blade. The gel sllces were packed
into colums of 5ml plastic plpettes with dialysis bags attached
to their tips. rRNA was electroeluted into the dialysis bags by

electrophoresis overnlght The flow of current was reversed for
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2 min prior to the termination of electroelution to minimize
adherence of RNA to the dialysis membranes. The RNA was extracted
repeatedly with n-butanol to remove ethidium bromide. RNA was !
then prec1pltated with 1/10th volume of 4M LiCl and 2 volumes of !
ethanol at -20° overnight. The L or S RNA was collected by

&

centrifugation, washed once in 70% ethanol, 0.1M NaCAc and stoged

in 70% ethanol until use.
N

IX. Hybridization of [3H]cDNA to RNA

The procedure for hybridization of [3HlcDNA to RNA was
described by Leung et al. (1981). The hybridization mixture
contained 0.3M NaCl, 0.01M Tris-HCl (PH7.5) , 0.05ug of *[3H]cDNA,
lug viral RNA and 50ug/ml carrier yeast tRNA. Hybridization was
carried out at 70°C for 1 to 22 hr. The degree Of annealing was
monitored as the percentage of radioactivity re51stant to S1
‘ nuclease digestion in the presence Qz)f 0.05M Tris-acetate (pH4.4)

and 1lmM ZnSOy. Results were expressed as Rot [Rot=(the

concentration of RNA in moles per liter) X (times in seconds)].

X. Preparatlon of Antlserum td Pichinde Viral Antlgens *

Five week old male LVG hamsters (Charles Riyer) were each
injected intraperitoneally with 2 X lO3 pfu of virus stock in a
total volume of 0.2ml. They were boosted 6W weeks later with the
same dose of virus, agair{ by intreperitoneal irloculation. Two
weeks after boosting, the hamsters were bled by cardiac puncture.
The blood was allowed to clot at 4° overnight. Serum was collected

aftdr low speed centrifugation, aliquoted and stored at -50°C.
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XI. Preparation of A Synthetic Peptide Coupled to Bovine
Serum Albumin

The work described in thissection was part of a
collabératiye effort with A. Taneja and R. Hodges (Department of
Biochemistry, 7Univgrsity of Alberta).

Abbreviation for chemicals:

Boc, Naftert—butyloxycaﬁfbonyl;' DCC, N, N'—dicyclohexylc.arbodiimide;
;DIEA, diisopropylethylamine ; TFA, trifluoroacetic acid, AB-OSu, ‘
N-hydroxysuccinimide esterb éf ‘4-aziddbenzoic acid.

All solvents, resins and reagenté used in peptide synthesis
have been previously described (Worobec et al., 1983). The
synthesis of BOC-[1-14C]Gly (Worobec et al., 1983) and AB-OSu
‘ (Choﬁg and Hodges, 1981) have élso been reported. Routine
methodologies used in the synthesis of peptides i.e. thin layer

- chromatography, amino.acid analysesA and high voltagé paper
electrophoresis, were carried out as previously descri.bed'
(Worobec et al., 1983).

A. Chemical synthesis of a Pichggde peptide [(Gly)?-P(1-9) amide]

The 9-residue pe_pt_ide was Vsynthe'sized by the general
procedures .for solid-phase peptide synthesis on a Beckman peptid\'e
synthesizer (model 990) (Erickscn and Merrifield, 1976). Coupling
of radioactive’Boc—[l-l‘lC]—Gly‘ to the benzhydrylamine resin (0.30 "
nﬁol/g resin) resulted in a subsﬁitution of 0.28mmol of Boc—Giy

>_ . per gram of résin as determined by picrate monitoring (Hodges and

(-/ Merrifield, 1975a). The k’remaining free amino groups on the resin

. i .‘ . “
were terminated by washing with an acetylating mixture (pyridine-.
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acetic anhydride-benzene, 3:1:1 by volume, 12.5 ml per gram of ‘

resin) for 5 min, followed b}ir acetylation‘with the same mixture
for 60 mln The picrate monitoring established complete
acetylation of all the available amino groups.

All amino acids were protected at the a-amino positiori with
Boc groups, and the following side chain proi:ecting groups were

- used: for Arg, 4-tolylsulfonyl (Tos), for Ser, benzyl (Bzl), for
Asn, 4,4'-—d1’methoxybenzh§dxyl (Mbh) and for Asp, o-benzyl (OBzi).
The Boc groups were‘ removed at each cycle of the synthesis by
treatment for 30 min with 25ml of 50% ;riflmracetic acid * CHyCl,
(vol/vol). After each deprotéction step, negtralization was
carried out with 25ml of 5% DIEA-CHCly (vol/vol). | Bc;cf-:-aminoacids
(0.435mmol; 3 equivalents) in 4ml of cng‘czlz were added to the
peptide-resin (0.5g) followed by a 3.2ml solution of DCC (0;4;78
mmol) in CHpCl,. Boc-Arg(Tos) was dissolved in .0.3m1 of DMF and
diluted to 4ml -with CH2Cl,. Double couplings of 90 mm each weré |

: perfohned at each step of the synthesis.. The prograhl used for

R .E;aﬁtachnent of each amino acid and the picrat;e monitbring procedure

v‘_;"w'ere as previously described (Hodges et al., 1981). .

The cleavage of the peptide from its resin support was
accomplished with hydrofluoric acid at 0°C for 45 min with 108
anisole (vol/vol) as a cation scavenger (Hodges and Merrifield,‘
1975b). The peptide was extracted fram the :resin with |
triflLloi‘oacetic acid. The TFA was e\iaporated and the residue

dissolved in 5% acetic acid and freeze-dried.
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B. . Purification of synthetic peptide

The crudé peptide (150mg) was purified by reverse-phaée
high pressure liquid chromatography (HPLC) on a Whétnah Partisil .
M9 ébs—z Colum (10mm X 500mm) as follows: Solvent A is 0.1%
TEA-Héb; Solvent B is 0.1% TFA-acetonitrile. The colum was
equilibrated with an AB mixtﬁre (85%A-15%B) , and eluted with an
increasing linear gradient of B (0.2%/min) for 50 min at a flow
rate of 2ml/min. The péptide was detectéd at -220nm and eluted
between 22-25 min.. Single injections containing as mﬁch as 20mg
of crude peptide were injected. The purity of the peptidé was
verified by high voltage paper.electrophoresis at pH6.5 andﬁle.B.
Amino acid analysis: Asp(1.97), Ser(1.51), Pro(1.02), Gly(1.00),
Ile(0.96), Phe(1.00), Arg(l.06) .
C. Preparation of cbvalently linked peptide-BSA complex

The pure Cl4-labelled peptide, (Gly%)-P(1-9) amide
(2.0mg, 2umol) was dissolved in aqueous NéHCOj (1.15mg in 200ul H20) .
To this solution, AB-O5u, (3.45mg, 13.3umol) dissolved in 200ul of
dioxane, was added dropwise over a period of 10 min with |
consistent stirring. The reaction was allowed to proceed for 1 hr
at_O°C and then at room temperature for 24 hr.. The feagtion of
theN—termihal amino group‘of.theApeptide with AB-OSu was shown
to gd'to cambletion by the changed electrophorectic mobility
at pH6;5,~c0ncdmitagt with'the‘disappeérance of the ninhydrin and
radioactive—pbsitLVe spot and the appearance of,ﬁhe niﬁhydriﬁ—

negative, radiocactive-positive spot in the neutral zone. 'The
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‘ modified peptide was pm\fified on Sephadex G-25‘ as previously
described (Worobec et al., 1983). The radiocactive peptide
fractions were pooled and combined with BSA(S.2mg, 76nmol)
and lyophilized.

The freeze-dried pmtoaffinity-labeiled peptide -BSA
mixture was dissolved in 100ul of 1mM HCl, which had been
-previOusly. degassed and saturated with nitrogen. This solution |
was p};otolyzed for 2 hr in the cold room (4°C), using an RPR 208
| preparative reactor (Royonet, The Southern New Ehgland Ultra-
violet Co., Middletown, Conn.) equipped with. 3,500-A° lamps. The
reaction mixture was applied to a Sephadex G-50 colum as
previously described (Worobec 'ci al , 1983). The covalent
peptide-BSA camplex was pooled and lyophilized. Radioactivity
measurdments indicated a peétide—BSA ratlo bof O.8_:l\.‘
XII. Preparation of Antiserum to a Synthetlc Peptide Coupled

to Bovme Serum Albumin :

An 8 amino acid peptide, encoded in the 3' proxunal end of the -
- S R from nucleotide 87 to 110 J.ncluswe, was synthe51zed and
coup.]‘_ed to a carrief proteifu, BSA. ‘This @Jpled peptlde was used
to raise antiserum in rabbil:s ~ Rabbits were bled from the marginal
ear vein prior to mmmlzatlon and serum was collected for use as
premmune sera. Four week oldo male Flemlsh rabblts were each -
lnjected subcutaneously with 2 X 0. 2ml (total of 600ug) of coupled
’peptlde in complete Freund's adjuvant (l l) on day 0 On day 17 ‘the
rabblts were boosted w1th 0.4ml (600ng) of antlgen in 1nccmplete

Freund‘s adjuvant (l.l) at J.ntramuscula.r sités. A similar bo_ost
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was given on day 24. Rabbits were bled fram the marginal ear vein
on day 32. Serum was clarified as previously described. Aliquots
of serum were stored at -50°C. |
XIII. Radioactive Labelling of Intracellu'lér}roteins in.

Pichinde Virus-Infected Cells

Subconfluent BHK cell monolayers wére infected with
Pichiﬁde vimsh‘ at a multiplicity of infection bf 10pfu/cell.
Twenty-four hours post infection, the cell monolayer was washed .
‘twiceb with PBS and labelled with 25uCi of L-[355] methionine
(1140Ci/mol, Amersham Corp.) per ml for 3 hr in 5ml of
methionine—ffee Eagles MEM (Flow Laboratories, Rockville, Md.) -
supplemented with 5% dialyzed fetal calf 'serum, 0.15% NaHCOj,

(&)

glutamine, penicillin and streptamycin per 150cm? Flask.
XTIV, Ixmmnoprécipitation' and Gel Electrophoresis of \}iral
: Polypeptides - .

BHK cells growmg inr'lSOcm2 flasks were harvested by
scraping w1th a rubber pollceman, washed 3X with PBS and lysed
/m Inl of RIPA buffer. (50n4 Tris HCl, pH7.2, 150mM NaCl, 0.1%
(wt/vol) SDS, 0.1% (wt/vol) sodium deoxycholate, 1% (vol/vol)
Triton X-100 and L phenylnethylsulfonyl fluoride) .a;: room
térrperature for 10.min. ”‘Cell.ular debris and nuclei were' removed
by centrifugation Of the lysate at 10,0009 for 15 min at 4°C.
Spl‘of the app'ropriate’ serum and 100ul of a 1:1 dilufion of -
protein A-Sepharose CL-4B beads (Pharmacia Fine Chemicalsb,:

Montreal, Que.) in RIPA buffer were added to 1.0ml of cell
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extract. After ing at 4°C for 2 hr, the beads were pelleted

and washed 5X ‘witfi RIPA buffer at 4°C. The beads were resuspended

in 125m¥ Tris HG{, pH6.8, 6% (wt/vol)SDS, 20% glycerol and 10%
" (vol/vol) g-mercaptoethanol and heated for 3 min at 100°C to elute
and denature the immme camplexes.

| De.naturing. bolyaerylaxnide gels were prepared according to
the method of Laermli (1970) . Sainples were electrophoresed in
gradie(r)lt SDS—mlyacryl&nide slab gels (7.5 to 15% polyacrylamide)
at 35mA for 5 hr in 50m Tris-380mt glycine (pH8.6) - 0.1% (t/vol)
§DS. '-Protein molecular welght standards (Pharmama) were J.ncluded
for each gel. Proteins were stained (Paul et-al., 1972) with
0.25% (wt/vol) Coomassie brilliant blue in 50% (vol/vol) methanol
and 10% glaCJ.al acetic ac1d (vol/vol) for 30 min at room
temperature. Gels were destained in 25% methanol and 10% glacial’ _'
acetic acid o’vemight‘ : Radioiabelled po‘lypeptides were visualized
by a fl]_m (Kodak XAR—S) detectlon method descrlbed by Bonner and

Laskey (1974).

XV Molecular Clonlng of the Plchmde Vlral Genome

- A. Synthe51s of double—stranded Plcmnde cDNA from RNA extracted ‘
from purlfled virus '

Double-stranded Pichinde cDNA was’ synthesued in a
sequentlal-reactlon First strand ’cDNA coples of Plchmde viral
J A (VRNA) were synthe51zed in a 400ul reactlon mlxture contammgv
o SOHM.’;‘rls-hydrocﬁ:rlde pHS. 3 8mM MgClp_, JO . 5mM dlthlothreltol

ImM- each_ -of dATP, dCTP, 4GTP and dTTP, ],6ug Qf,RNA extracted from

Q: .,
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purified Pichinde virus preparations, 960ug random oligodeoxy- -
nucleotide primer (7-10 nucleotides in length) and 300ug/ml
bovine serum albumln (BSA). BSA was previously purified by
ehratatography on UMP%garose (Miles: Laboratories Inc; ’ E:lkart,
Ind.) to remove possible contaminating RNase activity. These
reaction conditions had been previously Optj.miz_ed to give
maximal axroent of cDNA synthesis for Pichinde viral RNA (Leung
et al., 1981). The reaction mixture was incubated at 70°C for
1 min to denature the VRNA, fol,lowedv by immediate chilling in
wet iée. Eighty units of avian myeloblastosis virus reverse
‘transcriptase (from Joseph Beard, Life Science Inc., "St'. Petersberg,
Fla.) were added. The reaction mlxture was incubated at 37°C for
2 hr! An additiqnal 80 units of reverse transcriptase was then
added and the ‘incubation was continued for another 2 hr. The
| reactlon mlxt:ure was then boiled for 3 mm followed by mmedlate
chlllJ.ng in wet ice to denature ‘the first strand cDNA from the RNA
-template. his mixture was addedv to a second 400ul reaction
mi;cture fer second strend cDNA synthesis and incubated at 15°C for
4 hr. ’l‘he lattet mixture contained 8mM MgClp, 0.14M KCl, 0.4M
Hepes, PHG.9, 1M each of GATP, dcre, d'I'I'P-j 0.25mM dCTP, 80uCi/
assay [3H] dC‘I'P (New England Nuclear Canada, Dorval, Que.), ng/ml -
purlfled BSA and 200/ml of E. COll DNA polymerase 1 (Klenow |
| fragme.nt) (Boehrmger Mannhelm, Quebec) The mcorporatlon of

[3H]dCI'P into acid prec:.pltable materlal was monltored as an '

Q:Lndlcatlon of the extent of cDNA synthe51s The reactlon was
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stopped by the addition of SDS to 0.1% and carrier yeast tRNA to
125ug/ml. _The suspension was extracted with an equal volume of
“phenol (90% v/v in 'INE“‘\i.e. 0.01M Tris-HC1, pH7.5, 0.1M NaCl,
0.0om EDTA) . ' The aqueous phase Wwas: extracted with ethet.
_The cDNA was prec1p1tated by the addition of sodium acetate (pH7.5)
to 0 3M and 2. 5 volumes 95% ethanol, at -70°C. cDNA was pelleted

by centrifugation at 12 ,500g for 15 min at 4°C and the er.ed

-”l\

pellet was resuspended in 100ul of 30mM sodium acetate (pH4. 5) '
O.3M NaCl, 3mM ZnCl,, 2ug of carrler smgle~stranded DNA and 400U
sl huclease (Milee Laboratories) . Enzymatic digestion was carried
out at rocm,tenperature for 60 min. The reaction was stopp:,d by
the addition of SDS- to' 0.1%. The, suspehsion was extracted with
phenol ‘The DNA solutiOn was desalted on a Sé.phad’ex G"—SOI column ‘»
lbed volume ‘6ml) and eluted with Va solutlon of v'INE:"and 0' 1% SDs.
DNA from the pooled excluded volume was prec:.pltated by the-
addition of 2.5 volumes ethanol at -50°C

B. Clonmg of Plchmde cDNA mto the gt @sn:e of pBR322 by
; homopolymer tallmg . .

Plchmde cDNA was pelleted by. centrlfugatlon at 12 SOOg
- for 15 min at 4°C and resuspended in 100ul of 0.2M sodium - '
’ cacodylate, 0.03M Tri's’—HCl, (PH7.6), 0. 1mi DfI'I', lOrrM CoClz, 100U ""‘
te'imi.nal déoxynucleotidyl—trarisfefase (PL Blochemlcals , Milwaukee;‘ =
- .Wlsconsm) and lOOuC1[3H] dCTp (New England Nuclear Canada

Dorval Que.) . After 30 min at 37°C, the number of aC re51dues

‘ , added was est.unated at 28 Addltion of dG re51dues to lelg PstI

dlgested pBR322 wai carrled out as above except that the J.ncubatlonv
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- time was reduced to 2 min. The number of dG residues added was

- estimated at 37, Each reaction mixture was extracted with phenol

and desalted by Sephadex G-50 chramatography as previously

described. The dC-tailed Pichinde DNA and dG-tailed PBR322 were

pooled and precipitated with 2 volimes of ethanol at -50°C. DNA

was pelleted by centrifugation at 16,000 for 30 min at.4°C. The
pellet was resuspended in 20ul TE buffer (0.01M Tris-HCL, pH7.S5,
0.001M EDI‘A) and annealed for 12 min at 51°C followed by gradual
cool:mg to ‘room temperature over a 3 hr perlod

‘Since the number of dG and dC re51dues added to Pst I

dlgested pBR322 and Plchmde cDNA respectively were not J_dentlcal

owe compensated for this by using the Klenow fragme’nt of E. coli -

Y polyzrerese 1 t6 £ill in additional 4G and dC re'eidues in the

and was mcubated at 4 C overnlght" :

C. ‘I‘ransformatlon of Escherlchla coli LE392

gaps of the anneafed recombn_nant plasmd The reactlon m:lxture

’ cons:.stmg of 8nM MgClp, o 1mM dGI'P 0 1mM dCTP, and 1OU DNA .

" polymerase l (Klenow fragment) was then mcubated at 37°C for

30 min. ThlS was followed by a llgatlon reactlon Whlch would

further stablllze the recombmant plasm:Ld by covalently sealing
’the J_nsert to the vector ThlS reactlon consisted of 0 4mM ATP

._ 66mM Tr:Ls-HCl pH7. 6 6 6mM Mgclz, lO OmM DTT andBU T4 -DNA llgase

i

o

e lSOmlrof a log—phase culture of E COll LE392 in Durla

broth and 0.4% gludose (OD600—0 2—0 4) ‘was centrlfuged at 6 OOOg
\

- fok lO min at 4°C ALl procedures were then carried out on ice
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except where indicated. 'i‘he bacterial pellet was resuspended inﬁ3
 Math the volune of original culture ’oflcold S0md CaCly. After
20 min at 4°C, the suspension was. pelleted by centfrlfugatlon and
resuspended in l/40th the volume of orlglnal culture of 50m |
CaClz. Varyn.ng amounts of recanbn_xant-plasmld»were added to
0.3ml aliquots of E. E. coli LE392.“ After "vortexing,. ‘the suspension-
~was kept on ice for 40 mm followed by heatlng at 42°C for 2 min.
Aliquots of 100, lO and l ul of the bacterlal suspensron were
plated in dupllcate on tetracyclu@s contalm.ng (10ug/ml) agar
plates which were then mcubated at 37°C overnlght Anplclllm-'
sens:.tlve, tetracyllne re51stant (;\prcR) transformants were
later selected by plat:ﬁyxg duplicate - transformants on anplmllm—‘ |
containing v(20ug/ml) agar‘plates. .Smce'the’ yleld-of recanblnant
plasmd DNA was hlgher in the host E. COll HBlOl the cloned

3

. Plchlnde DNAs were later transferred to thlS host. s
) e 4{& V
XVI. Purlflcatlon of Plasmld DNA

{jpresence of . recomblnant plasmlds by g@ electmphore51s Small .
| preparatlons of plasmld DNA were purlfled accordlng to the ‘ |
o : .method of B.Lrnboz.m and Doly (1979) ‘I‘ransformants contalmng
. plasmid DNA larger than the v&:tor pBR322 were selected for :
;_’further characterlzatlon of the cloned’ J.nserts by sequence

v homaloqy : Preparatlve purlflcatlon of plasmld DNA was. by ceswm

. , chlorlde—ethld.lum bromlde equ_lllbrlum den51ty centrlfugatlon

-~ ) . . - &
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XVII. Preparation of Pichinde cDNA Probes

Radioactively labelled. cDMA probes were prepared in a 100ul

reaction mixture containing 50mM Tris-HC1 (pH8.3) ,” 8mM MgCl,, 0.5mM

dithiothreitol; Intt each of AATP, GGTP, dTTP, 1-4ug Of RNA (either
total Plchmde RNA, cellu.lar ribosamal RNA, lsolated ‘Pichinde L

VRNA or isolated S RNA), 60 240ug ollgodeoxyrn.bonucleotlde (random)
primer, 300ug/ml bovine serum albumin, lOOug/ml actlnanycm D and
lOO-lSOuC1 a=32p—dCTP. The reaction mJ.xture was incubated at 70°C

for 1 min foll J.nmedlate chilling in wet ice. 'I’wenty units

of reverse transcrlptase was added The reaction mucture was

2

mcubated at 37°C for a total of 4 hr After the fixst 2 hr of
mcubatlon,an addltlonal 20 unlts of enzyme was added ’I‘emplate

RNA was degraded by the addltlon of NaOH to 0. 3N followed by

. mcubatlon at 70°C for 25 min. The rm.xture wa'g then neutrallzed
with HCl Twenty mlcrograms of carrier tRNA was added and the

-mixture deproteinized with phenol. The aqueous phase was desalted

by chrcmatography' on aﬂ&ephadex G-5 colmﬁn‘,)‘ DNA fram the
excluded volume was prec1p1tated with 2. 5 volumes of ethanol at
" —50°C DNA was pelleted at lO OOOg and resuspended in a small

Volume of autoclaved water

XVIII Dot Hybrldlzatlen

‘ Recombmant plasmlds were screened by sequence homology
to Plcl'u.nde vRNA usmg a dot hyblldlzatlon procedure (Kafatos et
| él:' 1979). Purlfied recomb:.nant plasmld DNA (Bug—IOug) was

lmearlzed by dlgestlon W1th Hind III and treated with 200ug/ml

\
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proteinase K in 50mM Tris KCl, pH7.$ and 0.2% SDS. After a 30 min
incubation at 37°C, carrier tRNA was added and the sample was
deproteinized with phenol. The DNA was denatured in 0.4N NaOH for

. @ .

10 mm at 80°C followed by quick chilling on ice. An equal
. volume of ice-cold 2M anmonlum acetate and 0.04N b%aOH was added.
| Nitrocellulose filters were washed in 1XSSC (0.15M NaCl, 0.015M
sodium citrate) then in a solution of 1M ammonium acetate and FO 02N
'NaOH. The filters were assembled in a Hybri—dot apparatus (BRL,
Maryiand) and 50ul allquots of -DNA were applled to the fllters
under gentle vacuum. The filters were rinsed in a solution of IM'
'amnonium acetate and 0.02N NaOH, air dried at rocxn terrtperatare and
baked at 80°C er 2 hr. Filters were stored at :1°C within a
sealed plastic bag. | ' |
The nitrocellulose filters were pre-hybfia;zed with 508
formamide, 5 X SSC, 5 X Denhardt's solution (0.1% BSA, 0.1%
polyvinyl pyrrolidine, 0.1% Ficoll-M¥ 400,000), S0mM NaPO, pH6.5
and 0. S_mg/n}l salmon sperm carrier DNA ¥or 4-6 hr, at';42°C. -The
radiolabelled ‘cDNA probe was boiled for 5 min ‘anii'quickly

added to a hybrldlzatlon mixture con51stmg of 50% formamlde

g
o

5 X SSC, l X Denhardt s solutlon, 10% dextran sulphate, ZOnM NaPO4 ,
| N pH6 5 and 0 lmg/ml salmon sperm DNA. 'The hybrldlzatlon was carrled.
out W1thm a sealed plastlc bag at 42°C ovem:.ght The fllter was .
then washed m 2 X 8sC and 0.1% SDS,“four t:.mes 5 min each,

"f-.followed by washlng in O 1 X 8sC and 0.1% SDS, three times 15

min each, ‘at 50°. After dryn.ng, at 80°C, the filter was _overla;d '

a/
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with Kodak XAR-5 film sandwiched between two Dupont Cronex

X~-tra light intensifying screens for autoradiography at -70°C.

- XIX. RNA Blot Analyses .
The RNA blot prmegue used is similar to that published

by Thamas (1980). Pichinde RNA denatured by glyoxal and DMSO

Aat 50°C fer 1 hour (section V;B) and electrophoresed in agarose

slab gels was transferred to nitrocellulose filters. Hybridizatidn

of nick-translated cloned DNA probes to the filﬁere was carriedv

out as described in the dot hybridigation section (XVIII).
. } ) /’/

XX. Preparation of a 3' End-Specific S RNA Probe ’
The 3' termini of RNA @tracted fram purlfled PlChJ.I’lde v1rus.
preparatlons were labelled using 'RNA ligase and_[32P]pCp (New
England Nuclear Canada, Dorval, Que.) in a 50ul reaction mixture
oon51st1ng of 4mM dlthlothreltol 50mM Hepes, pH7.5, 20mM MgCl,,
10% DMSO, 10ug/ml BSA, 12uM ATP, 300ug/ml viral RNA 200 units/ml
‘RNA ligase (PL Blochem.lcals,~ mlm&Wnsm) and 250uCi/
‘,assayA [ P]pCp After a 48 hr J_ncubatlon at 4°C the RNA was
precipitated w1th 2M ammonium acetate pH6 8 and 2 5 volumes
ethanol at -20°C overrught RNA was pelleted by centrlfugatlon
at l0,000g and resuspended in'a small volume of autoclaved water.
Viral RNA was then separated by electrophore51s on a 1% gel of low
.melting point agamse in 10mM methylmercury hydroxide (Ramsingh
et al., 1980). The VRNA bands were visualized after stamlng of

the gel in 3ug/ml ethidium bromide in autoclaved water. 'I'he
: ’ .
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agarose band oontaining the S RNA was excised from the gel and
the RNA recovered by melting the agarose at 70°C in 20mM Tris HC1'
pHB.0, 0.5% SDS, 10mM EDTA and lm B-2—mercaptoethanol.\- After
adch?g carrier yeast tRNA, the mixture was extracted with phenol.
The aqueous phase was precipitated with 1/10 volume 3M sodium
acetate pH7.0 and 2.5 volumes ethanol.at -20°C overnight. RNA
was pelleted at 10,0009 and resuspended in 100mM Tris-HCL pH9.5.
Alkaline digestion was done  at 95°C for 30 min followed by
rapid chillincj in wet ice. The probe was neutralized and
quickly added to the hybridization solution (described in section
XVIII) | Ihis 3! d—spec1f1c S RNA probe was used in a dot

hybrldlzatlon assay to screen cloned DNAs.



| , CHRPTER 3 -
SIZE ESTIMATION OF PICHINDE VIRAL RNA BY GEL ELECI'R)PHORESIS
UNDER DIF'EERENT DENATURING CONDITIONS

I. Introduction

The overall aim of this research project was to define the
Pichinde Vi‘;al genes and their cqrrespondiﬁg gene products.- A
prerequisite of this objeétiQe is an understanding of the structural
organizafion of ‘the viral gename.

| tA survey of the literature on the RNAs of arenaviruses

reveal that at least 2 genomic RNA species, L and‘S, are associated
with purified virus E;eparations. Although additional RNA species
such as the 155 and 20S RNAs have been observed, the nature of these
RNAs is not cléar. Furthermbre, analyses of the nolecular.weights ‘
of the viral RNAs by gel eiectrophoresis undér non—denaturea a
conditions have yielded varying results. Since the viral RNAs have
a high degree of secondary‘strﬁcture, ét;inéent denaturétiqn of the
RNAS iS necessary to obtain valid estiﬁé;%ons of e Mifs of the .
RNAs. Secondary structure.must be minimized™ tjélectrdphoreﬁic
Inabil;ty becames a linear fﬁnction of Ibglo Mw."

The first tésk therefore, was to determine the number of RNA -
species that was associated with purified Pichinde virus
prepérations and to obtain estiﬁatidns of the MWs of'ﬁhese Uiral
RNAS by gel electrophoresis after stringeht dénaturation of the

. RNAs., !

The' results of this study were published under the heading

"Size estimation of Pichinde Virus"RNé'by gel électrophoresis -

RS
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under denaturing conditions" in Intervirology vol. 14:31-36 -
, = ‘ ‘ o
(Ramsingh, Dimock, Rawls and Leung, 1980). o
. ..i 9
II. Results A . y
A, Agarose gel electrophoresis of Plchlnde viral RNA in 10mM
methylmercury hydroxide

1. Determination of the number of genomic RNA species present
in purified Pichinde vuus o

Pichinde virus, grown in B}}K-Zl cells, was radioactively
labelled with: [3] -uridine. RVA extracted fram purified virus
ﬁreparations was subjected to eiectmphoresis in égémse :
contammg 10mM- neth@mercury hydrox1de When BHK—21 cells are
J.nfected at a‘:low multiplicity of J.nfectlon (0. l pfu/cell) and
virus is harvested early " (24—72 hr ‘post mfectlem in the mfect:.ve :
cycle , the resulting RNA proflle of this purlfled v1rus, | o
| ‘V1suallzed after gel electrophoresn.s and staining in ethldlum
bromide, ylelds 4 dlscrete RNA bands (Flg la) In order to R
detect any minor RNA spec1es no c{osetqed in the stained gels, ) |
the gels were cut J_nto 2nm sllces and_.jfﬁ)cessed for scmtlllatlon N
countJ.ng.' A typlcal el\ectropherogram 1s shown in Fig. 2. Three ‘
major and one minor peaks of radloactlvn.ty are observed No |
mgxﬁflcant amount: of add:LtJ.onal RNA spec;Les was detected by

stalm.ng with eth;d:.um bromide or after processmg for %mt;}.letion o /

y

counting. - .

. When BHK-21 cells are mfected at a 1ow n
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Fig. la. Ethidium-bromide staJ.ned gel profile of Pichinde viral
RNA (obtainéd.ffun virus harvested 24—72 hr post
iﬁfeét;ion) after electrophoresis in 1% agarose .
'obntaining 10mM methylmercuyy hydroxide.

b"

, f‘ig." 1b. A stai_r;:e"d'gel profile of Pichinde viral RNA actracged
from virus harvested from 24 to 120 hr post infection

(Imlltiplicity of infection: 1pfu/cell).




(a) ‘ : | | 6%

(b))

2
*
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Fig.' 2.

Fraction number

Electropherograms of [°H]-uridine~labelled Pichinde viral

RNA (@--@) and B2p-labelled BHK ribosamal RNA ( 0—O)
] k] . ¥ ] .

. after _cd?lectro;)}‘xoresis in a 1.5% agarose gel after” SRRt

' denéfturation_-in lOrr’Mb methyhﬁercu;j) hydroxide.
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,after gel;electrophoresis and visnalization by staining, yields
5 RNA. species. The additional RNA species migrates slightly
faster than the 18S ribosomal RNA in agarose gels containing
methylmercury hydroxide. A better separation of these}.?gﬂo RNAs
can be observed when the Pichinde viral RNA ‘is denatured by gloxyal- -
DMSO treatment and visualized by hybridization to a radioactive

pxobe in RNA blot analy‘ses‘ (refer to Chapter,G ). |

When BHK-21 cells are infected at a high’ multlpllc1ty of

]

mfectlon (1.0 pfu/cell) and virus is harvested and pooled from
24 hr to 120 hr post mfectlon, the resultlng RNA profile- of thJ.s

purlf‘ed virus, visualized aftér gel electrophores:.s and stai_nmg,

g

yields 6 RNA bands i.e. the L and § viral R¥As, the 285 and 186
ribosomal RNAs and two additional RNA species designated‘3.lj_<h
RNA and 1.9kb RNA (Fig. 1b). f i |

The RNA proflle of purlfled Plc?mde v:.rus preparatlons

seems to vary w1th both the tune of vwal harvest and the

‘ _multlpllca.ty of mfectlon VlruS harvested early, after a low

mult1p11c1ty of mfectlon, was mfectlous as determlned by a’ e
a

’plaque assay in Vero g?lls. Further work on characterlzlng the
[ofp

VJ.rus was therefore carrled out mth

-8

- multlpllClty of J.nfectlon of O 1 pfu/cell

Since PlchJ.nde VJ.rus moorporates rlbosanal RNAs J.nto the

J}was to detwnMCh RNA species

-represented v1ral gencmlc RNAs and wh:L represented rlbosomal . o

progeny V1rlons, the next step
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RNAs. " This question was resolved by co—electrophoresis of 2 RNA
samples i.e. 3H-labelled Pichinde viral RNA and 32P-labelled
'BHK-21 ribosaral RNA.. Gels were sliced and processed for

scintillation countlng. A typical electropherogram of BHK

riboscmal RNA is shown in Fig. 2. Two major peaks, representing

A ' .
28S ribosomal RNA and 18S ribosomal RNA, are observed. Camparison

of the electropherograms .of Pichinde viral RNA and BHK ribosomal
e : - o |
RNK reveal that 2 of the viral RNA species, 28S RNA and 18S RNA,

vcomlgri;e with the 288 and 188 cellular r:.bosomal RNAs
r\espectlvely The other 2 v1ral RNA bands L (large) RNA and S
. (small) RNA,. therefore represent the v1ral genomic RNA species.

4 Although 4 to 6 RNA spec1es were observed in purified
_ Pichinde virus' preparatlons, 1t appears that virus contam.mg 4
RNA spec1es is 1nfectlous Two of these RNAS are ribosamal RNAs,
28,S‘and 188. Therefore, it seems that all of the genetlc _
- information of. Pichjnde virus, necessary »t‘o -initiate a virus
3 mfectlon, re51des in 2 RNA spec:.es & .e. the L,and S RNAs. The |
nature of the addltlonal RNAs w1ll be dlscussed in later
\chapters. L ‘
2. Estimation of’ the molecular welght .Values of Plchmde v:Lral
: LandSRNAs o | . ,
Molecular welght est;unates of the L and S RNAs wef:e

~

-obtamed from dlfferent gel concentratlons to deternune whether

MW est.unates were mdependent of agarose concentratlon Three

 RNA markers were used: 3H—labelled vesa.cular stomatltls v1ral RNA

X3

(MW 4% 106), 32P—labelled 288 rlboscxt'al RYA (MW 1. 7 X 106) and

& .

\

g

e
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~ 32p-1abelled 18s ribosanal;RNA((MW_ 7 X 105). Electropherograms of

cellular ribosomal RNAs and VSV RNA are shown in Figs. 2 amd 3
respectively. The electrophoretic mobilities oi‘f Plch.mde viral
L and S R¥As are thus well within the range of these 3 markers.’

v\
Log molecular welght versus moblllty plots were constructed for the

3' RNA markers electrophoresed in gels of different agarose '

concentrations i. e. 0. 75% 1. 00% 1. 25% and 1. 50% (F1g 4)

. .These plots are llnear m the molecular welght range requlred

(7 X 105 to 4 X lO6 I\M) MW estJ.mates of Plchmde L and S RNAs

' were determined from these graphs 'I‘he MY, values of the L and S

' of the MW ranges Data from different experments gave average - o

)

RNAsrangefromZ75X106to3lOXlOGandfranllZXlQGto
1. 45' X lO6 respectlvely Generally, the MW estunates are
mdependent of gel concentratlon However, the MW estlmates at

the hlghest gel concentratlon (1. 50%) tend. toward the upper lmuts\

W estamates of 2. 83 X 106 and 1. 26 X 105 for the L. and. s RNAs

~

respectlvely (Table 4) v Addltlonal verlflcatlon of the Valldlty

, of methylmercury—agarose gels for MW estn.matlons is the absence

~

. of “any obvmus anomalles if the log IIDblllty is plotted as a -

functlon of gel concentratlon (F guson, 1964) as shown J.n Flg 5

where the data .fall O{’le stralgh lJ.nes mtersectmg a‘t a carmon : ?:

‘ mtercept at zero gel concentratlon

2

The molar ratlo of the L -and S RNAs, present in an early’ |

L 3 Detemunatlon of the mla:r’&ratlos of Plchmde L and S RNAs

\

harvest (24 - 48 hr post mfegtlon) of PlchJ.nde vuus, was o .

Ad . . L

*
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Electropherogram of 13H]—uridlne—labelled VSV ,1"

T
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Pichinde
RNA species

LRA
Experiment 1
Experiment 2
S RNA

Experiment 1
Experiment 2

TABLE 4

Sumary of MW determinations of Pichinde viral.

L and S RNAs after gel electrophoresis
© in 10mM methylmercury hydroxide

B

MW (X 10%) estimations at various .

agarose gel concentrations
|

0.75% 1.00% 1.25%
2.70 2.70 ' 2.90
2.95 2.75 2.85
1 1.20 1.20 1.30
1.12 1.15 135

76

1.50%
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200_ . A . ¢

1004

50 —

Log mobility (mm)

I | . i .
0.5 . 1.0 1.5 '

% agarose
Fig. 5. Ferguson plotsv for Pichin::le L and S RNAs, 288
- ribosomal RNA and VSV RhA where log mobility
is plotted as a functliooln 6f the agarose . / ‘

- concentration,



s 4 1. However, if virus 1s harvested late (72 to. 120 hr%ost
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} theLandSRNAsandthepeakareas (forLand S) obtamed from K H

kdetermmed Molar ratlos were calculated using the MW values of

electropherograms of viral RNA analyzed at the different agarose
concentratlons i.e. 1. OO% l 25% and 1.50%. A sumnary of thJ.s
data is shown in Table 5 The average molar .p\atlo of the S RNA

to the L RNA, in an early harvest of Pichinde vrrus, 4&\

o

. mfectlon) in the infective cycle, the molar ratlo of the S RNA
* to the L RNA is 6:1.. Thus, the;rolarratmofSRNAtoLRNA
_ varles w1th the tlme of harvest of vlrus

. , ;

" B. Analyms of Plchmde viral RNA on polyacrylanude—agarose gels o
after denaturatlon with glyoxal and DMSO .. | co

: SJ.nce VSV RNA is larger than P:Lchlnde L RNA and both these

‘RNA spec1es are easrly resolved by gel electrophoresn\s after
denaturatlon in glyoxal and DMSO Plchlnde v1ral RNA and VSV RNA
were' co—electrophoresed :Ln compd‘s-lte polyacrylamde-agarose gels.
. An acrldme orange—stayed gel profile is shown in Fig. 6. Five

RNA species are seen. ’I‘he la.rgest RNA spedles represents VSV RNA |

while the remau_nmg RNAs represent Pic i RNA Again, Pichi.nde

v1ral RNA is resolved into 4 discrete bands: \L S 288 and 18s.
‘No addltlonal RNA Specles was detected in stai gels. MW

estimates of the L, and S RNAs were determined at- dlffer\ent
F\acrylamlde concentratlons (from l 0% to 1.6%) to determme if the
- MW estlrétes were independent.of gel concentratlon Log” MW. versus
4’ »ITDblllty lgts were constructed for the 3 RNA markers (VSv RNA,

28S RNA, N ) electrophoresed in gels of different acrylanude

- . . . -
» J .
P - .
. . ] N o
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TABLE 5
Molar ratios of the L and S RNAs in an early

harvest (24 to 72 hr post infection) of
purlfled Pichlnde virus

[

Agarose _ RA@ Area Ratio of Molar‘
concentration species - of peak  area to- rat
(%) | o (am?) M (x 10%) . of g/L
A ,
| - .. | T :
1.00 : s . 1.89 1.50 3.8/1.0
o L T 1.2 0.40 .
1.25 s 03.63 2.88  4.0/1.0
. o I, 2.00 \ . 0.71 ' , .
' Ls0 s . 52 . 414+ 4.1/1.0
oL - 2.82 - °1.00 |

R
[o))

el
S o
N

* .
MW‘QfSRNA:l.
'MW of L RNA : 2

.
[0 o 2R )
w o



Fig; 6.

polyacrylamlde—agarose gel.

-

[N

Acrldme—orange stamed gel proflle of Plchmde v1ral_ _

RNA and VsV RNA after denaturatlon in glyoxal and

\‘('
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- DMSO followed by co-electrophoresis in a‘1% catppmte E A"~

R 22 2T
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',concentrations (Fig 7. These plots were lJ.near in the. molecular '

_werght range used i.e. 7 X lO5 - 4 X 106 | The Mw estlmates of

Co Plchinde L and S 'RNAs were determined frcm these graphs. The MW

,values oftheLandS RNAsrange from 2. 50x106 to 2. 9ox 105 and

from l 30X 106 to 1.40 X lQ6 respectively. Generally, the MW

: estlmates are lndependent of gel concentratlon , However, as shown |

above w1th methylmercury gels, the MN estimate of the L RiA‘is

. greater at the hlghest gel ooncentratlon (l 6%) than at lpwer .

o

~gel ooncentratlons Data fram dJ.fferent experlments gave average

MW estimates of 2. 63 X 106 and 1. 31«x 106 for L and S RWAs* .

frespectlvely (Table 6) - o . o .
c. Agarose gel electrophores;s of P:Lchlnde V1ral RNA in 2.2M
formaldehyde ' : :

»>

The thlrd denaturant used for electrophoretlc analy51s of

N

;PlchJ_nde VLral RNA was. formaldehyde Incubatmg the RNA in 2. 2M
formaldehyde -and. 20% fonnamde for 5 min ‘at 60°C is. Jenerally

.suff1c1ent for denaturatlon of . large .RNAs w1thou,t' apprec1able~g :

K ) . B N L

degradatlon (Iehrach et al., l977) - This system was first d

tested usmg E. COll rn_bosomal RNA and BHK rJ.bosonml RNA The
'two RNA samples were co-electro f‘esed in/a 1% agarose gel and

after sta:LnJ_ng m ethldlum br de 4 RNA bands were clearly

@

3
v

resolved: E. COll rlbosomal RNAs 23S and l6S and BHK rJ.bosomal =

RNAs, 288 and l8S S:Lmilar analySLS of VsV RNA revealed one A

L

"dlscrete band HOWever, analysis of Pich.mde v1ral RNA after

,denaturatlon in- formaldehyde followed by electrophore51s in agarose

' gels of dlfferent concentratlons (0 75% l OO% 1. 25% and 1. 50%),
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Fiq. 7 I.og of the MW versx}s mobllity plots for Plchmde vn:al
o vg “ IRNAS after denatﬁratlon in glyoxal and DMSO followed by
| "electrophoresﬁs in composme polyacrylamlde-agarose gels

..Aprylamlde concentration was, yarled_ from_ 1.0% to. l.6/% .
- Results -from experiment #1.

— FResults from experiment #2..

Y ]
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’ ~ | ‘ 6 b
Summary of MW determimations of Pichinde viral

’

L and S RNAs after denaturation in glyoxa® ard

'DMSO followed by electyophoresis in composite

- polyacrylamide—a )se gels
PO‘Y.‘rY, Hgaro gw

“wi (x 10%) estimations at various
RNA species .~ acrylamide concentrations .
TL0% 1.2 1.4% 1.5%
' . Experiment 1 - 2.70 N.D. N.D. 2.50
. Experiment 2 = 2.60 2.50 12.60 N.D.
« S/ ‘ - .
S RNA L |
~ Experiment 1 -1.20 N.D. N.D. ° 1.30.
Experiment 2 1.30 ,1.30 M.35 N.D.
T, - ] )
N.D.: not done .
{ ' N
)
/
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t
, revealed no discrete bands upon staining.- A broad smear of
flu’orescenoe was. observed Jmplymg that _ ‘ f
s a) the Plchmde v:Lral RNA preparatlon used had degraded

M
v

prior to analysm, thus resultmg in a smear of RNA ‘

“f,af“"-fragments 3pon electr0phores1s, o \}

™

r

b) 'foxmaldehyde promotes cross l:Lnk_Lng between the
dlfferent v:.ral RNA species’thereby resultmg in
aggregates that cannot be resolved upon gel _ e

electrophore51s

N

.k‘l}

To dlfferentlate between these two pOSSlbllltles, one preparatlon ‘

of Pichinde viral RNA was analyzed sunultaneously usn.ng 2 "
denaturlng systems 1 e. formaldehyde and methylmercury hydrox1de
Plchmde v:.ral RNA denatiured in lOmM methy]mercury hydrox1de was

| readlly resolved into 4 bands L, S; 285 and 188. Hawever, the |

same V1ral RNA preparatlon denatured m\%ZZM fofmaldehyde revealed

: no d_lscrete bands upon sta:LnJ.ng Agam, a broad smear of

fluorescence was observed These results Jmply that the Plchlnde

.v:Lral RNA preparatlon used, was mtact and not degraded Although B

/

f formaldehyde readlly denatures E. ¢O ]_&1 rn.bosomal RNA, BHK RNA and

VSV RNA 1};,appears not’ to denature Plchlnde v1ral RNA under

_ smular condltlons

T L. hDiscuSSion'

" The major a.un of thls research pro;ect was to defme the

Plchmde v1ral genes and thelr correspond.mg gene products

<, | T | 84
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Accurate estimation‘s of the molecular weig ts of: the vi,;al
'
* genamic RNAs thus become prort:ant when attenpts are made to

N e
_ locallze the genes encod:mg the VJ.ral polypept:.des A‘ _

c

.

| *TFour RNA speeles, L, S, 288 and 188 have been |

, oonslsently observed n RNA extracted from purlfred preparatlons
' of Pichinde virus. wo addltlonal RNA species, 155,and 205, have '
!occasroQally been reporte?i\ in the llterature waever, the -
‘nature of\these latter RNAs is unclear Three RNA prof;Lles were
observed in our preparatlons of purlfled PJ.chJ.nde v1rus 'I'he RNA |
- kprofrle obtamed was depe.ndent on the time of v1ral harvest and
'the multrpl;.crty of :Lnfectlon Vlrus harvested early, 24 hr to

72 hr post mfectlon, after a low multlplrcz.ty of mfectlon , _
;," (0 l pfu/cell) , ylelded a typ:Lcal RNA profrle oonsrstmg of L, |
S, 285 and lBS RNAs This virus was lnfectlous as deternu.ned |

- by a plaque assay. Slnce the 288 and 188 RNAs are of host cell

rlgln, ‘the remamrng RNAs L and S, are. thought to be vuus—
3 1frc . Thus, the genetlc 1nformat10n of PJ.chJ_nde virus |
appears to resrde in.a minimm of 2 RNA segnents

When BHK-Zl cells are mfected at a low multrplrcrty of
mfectlon (0 l pfu/cell) and virus :Ls harve‘sated late (72 - 120 hr
post mfectlon) R the resultrng RNA proflle of this purlfled virus }' S

S

ylelds 5 bands ’Ihe addltlonal RNA specres (o 6 x 106 MA, ¢ 1 9kb)
B may represent the lSS RNA that 1s occasronally dbserved in
purlfled preparatlons of Prchmde \vlrus (Farber and Rawls, 1975

Dutko et al 1976) ThlS l 9kb RNA specres does not appear
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N
necessary for the initiation of v1ral ﬁ'lfectlon‘smce ylral

‘ preparatlons lack.mg this RNA. specn.es are mfectlous The 1. 9kb

RNA 1s generated late 1n lnfectn.on and may represent a truncated
L Qr s RNA spec1es . RNA extracted from DI vrr}us preparatlons, ‘

obtaJ.ned frcm a BHK cell cultu:.ie pers1stmﬂy mfected w1th

EREVIE W

P;Lchn_nde v:.fus lacked both the S and 158 RIAS, yet did contaJ_n

o

the L RNA (Dutko gfﬁ al., l976) Tt is therefore possn.ble that‘ "
the lSS or 1. 9kb- RNA is related to the S RNA ’ However, the .
possrbillty of a cellular orlgn_n for the l 9kb RNA cannot be
excludedattluspomt | 'v | j 4 ;‘ _ .
When BHK-Zl cells are J.nfected at a hlgh multlpllc1ty of
J.nfectlon e o pfu/cell) and virus ls harvested and pooled from. )
24 hr to 120 hr post mfeetlon, the resultmg RNA pnoflle ylelds
6bands 1,’s, 285, 185,19kband31kb (1ox105m) 'I'he3lkb_..

RNA may represent the ZOS RNA: that has sometlmes been seen J.n

purlfled Plchlnde v1rus preparatlons (DJ.mock et al , 1982 Dutko IR

: et al l976-) Aga.m, the 3 lJ<b RNA spec1es does not appear
necessary for v1ral J_nfect1V1ty ThlS RNA spec1es seems to be .
generated after a hJ.gh mult1p11c1ty of lnfectlon and thus may
represent a defectlve vrral RNAL orlglnatlgg from e:Lther the: L | ;"
| orl S RNA Dutko et al. (1976) showed that a.new ZQS RNA spec1es_'~ |
| was observed m DT v1rus taken from cultures ﬁhat had been |

malntamed for more than 175 generatlons after the lnltlal ,
lnfectlon The appearance ofg the 205 or 3 lkb RNA correlated -

-

; w1th a progretss:.ve loss of the L RNA ThlS may J_ndlcate e

e .



= electrophoresm of RNA in gels contammg the hlghest

- hyd.romde and’ 2 63 x 10

. B

a relationship between thé 3.1lkb RNA and the L RNA. Another

possibility is that the 3. j.kb RVA' is-a virus-induced cellular RA.

The prev1ous est:mates of the molecular J‘;wei.gl'xts for the

L'and 5 RNAS cbtained by PAGE, varled from 3.1 X 106 (Vezza et al.,
"l978) to 2. 1x106 (Ca.rter et al., 1973) fortheLRNAandfran s

1. ssx 105 (Vezza et al , 1978) to 1.1 X 105 (Carter et al., 1973)

&

for the S RNA These studles were conducted us;Lng heat—denatured

or nondenatured RNAs Smce Plchmde v1ral RNA has con51derable

- secondary structure as suggested by electron mlcrOSCOplC .

.

: observatlons and re51stanoe to RNase dlgestlon, 1t seemed necessary
to obtam Mw estmations of the L and S RNAs by gel electrophoresm
..after denaturatlon of the RNA Three denaturants _were used "
o 'lOnM methylmercury hydrox1de glyoxal and DMSO and formaldehyde
o The average estJmates of the Mﬂ of s RNA are l 26 x lO6 usmg ‘

| ‘methylnercury hydrox1de and l 31 x lO6 usmg glyoxal and DMSO

~6

’The MW estlmates fox: L. RNA are 2 83 X lO usmg nethylnnercury

6 usmg glyoxal and DMSQ Although some

. S varlatJ.on 4:5 apparent the average MWs deternuned for the L and
o _~‘vS RNAs usmg n‘ethylmercury hydrox:Lde or glyoxal and DMSO are J.n

‘ good agreement.

,,_ ‘I‘he MW estlmates obtamed follom_tfg denaturatlon and

o
°
\ *

e ‘concentratlon of acrylamde or agarose were sllghtly greater
: 'i;"than those obta.med from gels conta.mmg lower conoentratlons of

. ‘, acrylamlde or agarose 'I‘he hJ.gh values obtamed by Vezza et al

4
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' /
(1978) i.e. 3.2 X 10° and 1.6 X 10° for'L and s, respectively,

!

may partly bes:explained by the high concentration of acrylamide
(2 -'2.5%) used in their gels.

An interesting ob;exvatioﬂ“wagfihat although formaldehyde
OOuldrreadily denature E. coli ribosdmél RNA, BHK RNA and VSV RNA,
it oould not denature Pichindquiral RNA under similar conditioﬁs.
This may be a unique property of the RNAs of arenaviruses. After
" denaturation of Pichindé Virél RNA in forﬁéldehyde‘and analysis by
‘gel electrophoresi§, no discrete'RNA;bands was observed. Instead,
.a broad smear of RNA was seen., The Vira}‘RNA was intact as .
discerned by parallel analysis of virai RNA using methylmercury
hydroxide as the denaturant. Since VSV RNA, BHK Yibosomal RNA
and E. coli RNA were denatured in forﬁaidehyde while Picfiinde
viral RQA was not denatured under similar condg;izhs, one‘
possibility is that Pichindé*;;ral'RNA possesses ﬁs!@ secondary
structur; than the other RNAs and hence requires more stfihgent
denaturation. Another possibility is that formaiaehyde pronote;
cross—-linking between the various RNAQ and the resﬁlting camplexes “x:
. are visgalized as a smearrupon gei electrophoresis. In this

'

case, 'cross-linking would occur between the viral RNAs (L, S) and

*

the ribosomal RNAs (28S, 18S).

4



CHAPTER 4

4

DETERMINATION OF THE RELATTONSHIP BETWEEN THE L AND
S RNAs OF PICHINDE VIRUS BY HYBRIDIZATION
TO cDNA PROBES '

I. Introduction

Having confirmed that the genome of Pichinde virus
consists of 2 RNA-species, L and S, and that the MW ‘estimates of
the L and S RNAs are 2.63 - 2.83 X 10° and 1.2 - 1.31 X 106
respec£ively, the next objective Qas to obtain an estimate of -
the gene coding capacity of this virus. The gene coding capacity
would be different if both RNA$ contain unique sequences or if
the S RNA is a subset of the L RNA. The nucleotide sequencé
relationghip between the Lland S RNAs was examined by
. synthesizing cDNA ffcm individual L and.s RNAs for use as molecular
probes in nucleic acid hybridization experiments. Previoué studies
showed that cDNA ?ranscript}on can be restricted to a small region
of”thé template RNA, primarily due to the éecondary structure of
.the RNA. Since cDNA covering most or all of the template RNA was
necessary for this study, it was important to firdt optimize the
coﬁditions required for synthesis of cDNA. |

The results of éﬁis stuay have been published under the
heading "Pichinde virus L and S RNAs contain uhique sequences"
~in 3. Virol. vol. 37: 48-54 (Leung, Ramsingh, Dimock, Rawls,

Petroyich and Leung, 1981).
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II. Results }
A. -Generation of random DNA primers for use in cDNA synthesis

. ﬁsing the methonof Taylor gE‘ al. (1976) , ollﬁ)deoxyrlbo—
nucleotides were generated for use as random DNA prmlqs by limited
DNaée “I\digestion of calf thymus DNA. /I‘he oligodeoxynucleotides
were fractionated on a Sephadex G-SO column and the gel flltratlon
proflle is shown in Flg/ 8 The excluded volume in fractlons 1 to

e

5 conﬁalned polynu?ieotldes larger than 20 nucleotides. Two peaks
_are observed in the\gel filtration profile. The first peak,

between fractions 15 and 50, is broad and heterogenecus. The second
peak, between fractions 'SO\ and 60, eensisted of mononucleotides.
The oligoriucledtide fractio\ns were pooled into 6 groups (A to F)

and assayed for prmu.n% act1V1ty in a reverse transcrlptase
readtion. Without the addition of\p\rlmer, negllglble amounts of
DNA was synthe51zed (Fig. 9). Of the 6 grQups of oligonucleotides
tested,’ groups Cand D exhlblted\t\me highest a?r‘l‘)unt of priming
activity as monitofed by incorporation of 3H-dG}"P in al reverse
‘transcriptase assay. | Group C and D primers were; used in
subsequent *cDNA syntheses. The estin\ated averaJe lenagths of
oligonucleotides in groups C and D were 10 and 7 respectlvely
Oligonucleotides larger than 10 and smaller than 7 exhibited
decreased primer function for Plchmde viral RNA.

The oétimal ratie between‘ the DNA primer and‘Pichinde
. viral RNA was j_nf}estigated (Fig. 10). . Maximal primer function .

was ‘observed when the DNA primer to RNA template ‘ratio ranged
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| ' L | —
12

A260 units

| . Fraction number :
' Fig. 8. Gel filtration profile of oligodeoxynucleotides after
fractionation on a Sephadex G-50 co_lﬁmn (Leung et al.,

-1981) .
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Fig. 9. Effect of dlfferent size classes of . ollgodeoxynucleotLdes
on in v1tro cDNA synthe51s (Leung et al., 1981).
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Primer: RNA ratio .

Effect of ollgodeoxynucleotlde prlmer—to-RNK

| template ratlo on in- v1tro cDNA synthe51s

(Leung et al., 1981) °
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fmtn '4-0:1 to 70:1. A ratio‘of 60:1 was used -for‘\\subsequ'ent cDNA
"s).mtheses - PR R
B. Condltlons for cDNA synthesrs‘ |
|  Complementary DiAs fram J.nd1V1dual L and S R¥As of Pichinde
' vrrus were requlred as molecular hybrldlzatlon probes to exanune
the relatlonshlp between the L and S RNA spec:Les Slnoe we
required transcrlptlon of most or all of the L and S RNA templates,
we chose to optmuze the condltlons for m v1tro CDNA synthes:Ls
Each of the follbwmg oomponents of the reaction mlxture was
, exanuned at varlous concenﬁratlons to determine the concentratvion"”\/
which yielded optnmum DNA- synthesrs viz. KCl D'I'I‘, BSA, actmomyc:.n
D, template RNA, reverse transcrlptase and cold dCI‘lD Acid-
pre01p1table radloact1V1ty was used to monitor cDNA synthesis. ‘
FIn add.ltlon, cDNA products were slze-fractlonated by gel ‘
' electrophoreSJ.s after denaturatlon in lOmM methyhnercury hydrox1de;
,‘I'he range of size classes -of cDNA products d.ld not vary
‘ »'apzpreca.ably when the ccmponents of the cDNA reactlon nu.xture were
‘ exam.med at various concentratlons - cDNA synthe51s was therefore
w monrtored prlmarlly, by the “:anorporatlon of [3H] -dCMP -into. ac:.d—
prec1p1table materlal ) | , o
Maxnmnn cDNA synthesrs was(%rved at KCl concentratlons |
fof either Ot or 35mM, whereascfnhlbltlon was ©observed beyond 70nM
‘ (Flg. 11).. KCl was therefore omtted from the reactlon mlxture
. in subsequent experlments Maxumnn cDNA synthe51s was observed -

~fat a UIT concentratlon of 0. SH‘M (Flg 12) Ith.bltJ_.on' was.
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Sp-acvp incorporated,cpm X 1073
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. Fig. 11. Effect of KCl COnéenﬁrétioﬁ on cDNA s’yﬁtheéis,,



3y-acMp incorporated,cpm X 10~2 :

V]_—-'

DIT concentration (mM)

, Fig. 12. " Effect of DIT concentration on cDNA synthesis.
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observed at' concentrations greater than or less than 0.5mM. ..A

~ DIT concentration of 0.5mM was used in latey experiments. - The

results shown in Fig. 13 demonstrate that the optimal ‘

. concentration of carrier protein BSA is 300ug/mlf Since the

T

BSA preparation had-been purified through UMP—agaroSe to remove
possible contaminating RNase,»the dbserved inhibitory effect at
concentratlons greater than 300ug/ml was probably due to 1ncreased )

viscosity of the reaction mixture. The results in Flg 14 show

”that the optlmal concentration of actlnomyCLn D is 0 - 10ug/ml.

. Addition of act1nomyc1n D to the cDNA reactlon mix should 1ncrease

, concentratlon of reverse transcrlptase whlch gave max1mal

the probablllty of generatlng longer 51ngle-stranded cDNA products

by preventing synthe51s of the second DNA® strand,,,However,l"

' R @ N ' s
' analysis of the cDNA products by gel electrophoresis under

denaturlng condltlons (methylmercury hydrox1de denaturatlon)
revealed no dlfferences in the range of size classes of cDNA‘

made in the presence or absence of actlnomyCLn D. However, without
actinamycin D, more of the smaller cDNA products were seen.

Since SLngle-stranded cDNA was requlred as a hybrldlzatlon probe,

.second—strand DNA synthe51s was mlnunlzed by u51ng lOOug of

'actlnomyc1n D per ml of reactlon le ,A template RNA concentratlon

&y

I

t,of 20ug/ml was selected for subsequent studles since thefré%ctlon -

o ¥
rate began to plateau beyond thlS concentratlon (Flg ‘15)

d

act1v1ty was 200U/ml (Flg l6) Low levels of RNase act1v1ty ’

~ were apparently present in the reverse transcrlptase preparatlon o
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_ 3H—dCMP incqrpbrat’ed,cm X 1072

T

(00 200 . 300 400"

" Actinomycin D concentration (ug/ml)

~ synthesis. .

99 .

© Fig. 14. Bffect of actinamycin D.concentration on cDNA <
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(J. Beard, personal cammunication) and it is possible that the

contdminating Rase activity was responsible for the decrease
ih DNA synthesis at higher enzyme concentrations. Three cold
deoxynucleotide ltriphosphates (dATP, dGTP, dTTP) and one
rédioaétively label'led deoxynucleotidg (dCTP) were used to make
cDNA probes 'since this combination resulted in the synthesis of
the most radicactively labeli:ed cDNA (Fig. 17). However, in
later experiments when the amount of cDNA synthesized was
important, cold dCTP was used at a concentration of 0.25mM.
The final conditions used for making Pichinde cDNA probes
weré as follows: 50mM Tris-HC1l, pH 8.3, 8mM MgCl,, lmM dATP, |
1mM dGIP, ImM 4TTP, 5.Ci/assay [°H]-ACTP, OmM KCl, 0.5mM DIT,
300u<j7n11 BSA, 100ug/ml actincxrxycin D, 20ug/ml template RNA,
1200ug/ml oligodeoxynudteotide primer (60:1 primer to template
ratio) and 200 units/ml reverse transcriptasé. \-"/
C. DA syn_thesis from individual L and S RNAs
Using the optimum conditions for Pichinde cDNA synthesis,
é&ensive reverse transcription occurred throughoq; the L and
S RNAs (Leung et al., 1981)42 ' 90% of L RNA was protected from
RNase digestion by I cDNA while 92% of S RNA was protected from
RNase digestion by S cDNA. . The cDNAS eré then uséd to probe
for sequence homology between the L and S RNAs. 89% of 'the L
cDNA hybridized with I RNA while 90% of the S CDNA hybridized with
S RNA (Figs. 18, 19). 3 - 5% hybridization was observed when
either L cDNA was hybridized to S RNA or whén S cDNA was hybridized

to L RNA. This amount of reannealing was similar to that observed
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Fig. 17. Effect of various concentrations of cold dCTP on cDNA

synthesis.
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when eithef L cDNA or S eDNAyself-reannealed in the absence of

| viral RNA.

III. Discussion
Sequence hamology between the L and S RNAs of Pichinde
virus was exaiined by liquia hybrldizatien using,cDNA probes
pre?ared from isolated L or S RNA. The CDNA probes were generated
using AMV reve}se transcriptase end oligodeoxyhucleotidesaderived
from limited DNase I digestion of calf thymus DNA as ptimers‘for

random initiation of cDNA syntheSLS along the RNA template About

90% of both the L and S RNAs were transcribed u51ng the conditions

outlined, despite the fact that considerable secondary structure

has been observed in Pichinde viral RNA (Vezza et al. 1978). This

extensive'trahSCription of the viral RNAS by reverse tranécriptase ‘

was achieved only when the various conditions for the reaction
. t R . * - .
mixture had been optimized. An interesting feature of Pichinde

cDNA synthesis is that primerS'of average length of 7 to 10

nucleotldes prov1ded optlmal priming- functlon The optimal length

of the primer used for quplnde cDNA synthe51s is shorter than the
9 to 14 nucleotlde used to prime cDNA synthe51s of 1nnmnoglobulln .
RNA (Stavenezer and Bishop, l977) In.gontrast to the suggested

concentlatlon of KCl 1.e, 70mM for cDNA synthesis of various

templates, nofe:Pichinde cDNA was synthesized at KCl concentrations.

of 0 and 35mM. Whether the lower amount of KCl required is a -
' reflectioh‘of the secondary structure of Pichinde RNA is unclear.

However, a similar effect of KCl concentration:haegalso been
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Observed for ovalbumin RNA (Monahan et al., 1976).

Using the eDNAs synthésized from individual L or S RNA as -
‘molecular probes, 89% of the L CDNA hybridized with L RNA and 90%
of the S cDNA hybridized with S RVA. About 3 to 5% hybridization
' was Observed when either L cDNh was hybridized to S RNA or when
S cDNA was'hybridized.ta L RNA.. Since the cDNA probes were
hamologous to about 90% of the viral RNA tenplates,;,,these results -
e suggest that the L and S RNAs aré mainly unlque A small an‘ount
of cross-hybrldlzatlbn was observed when L cDNA and S cDNA
hybridized to S RNA and L RNA respectlvely One possible ,
mterpretatlon of these results 1s that the L and S RNAs share a
few common  sequences.  Ariother pos51b111ty is that the L and S
cDNA probes were contamlnatad w1th S and-L cDNA respectlvely
The S cDNA could. have been contamlnated with L cDNA since the S RNA
-template was isolated from a»gel after electrophdresis The
llsolated S RNA may have contalned same degraded L RNA which could
"also have been transcrlbed by reverse transcrlptase An ana}ogous
argument cannot be used to explain’ contamination of the L cDNA o
probe with S cDNA since the template L RNA isolated from a gel
after electrophore51s is very pure. - It thus seems likely that
although the L and S RNAs contaln malnly unique sequences, these
: 2 RNAs do share a: few ccunon sequences

' The L and 5 RNAs of Eichinde viruS'arebmainly unique.
‘Thigfresult agrees with ‘the observations that ‘a high 'recdnbijnat"ipnv |

rate is observed between temperature-sensitive mitants of Pichiride
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virus (Vézza'ahd Bishop, 1977) and the oligonuqléotide fingerprints
~ obtained for the L and S RNAs are different (Vezza et al., 19782.

Ali of this information strongly suggeSt that Fhe.LAand S-RNAs of

Pichinde virus code for different genetic information. .

L}



CHAPTER 5

GENE MAPPING OF THE PICHINDE VIRAL GENOME.

I. Introduction ° . , ‘ e

One of the primary goals of this research was to assign
the viral genes to the Prchinde vlral genome. Our first approach
was- to estimateithe potential coding capacity of the viral
genome which consxsts of the L and S RNAs ~Since only 3 primary
gene products had been detected in v1rusj;nfected cells, éne
'c0uld tentatlvely assign the 3 polypeptldes to the 2 genomlc ‘RNAs
based on the potential codlng capacity data.* A second approach
(Lewng et al., 1981; Harnish et al., 1983) involved the use of
a recomblnant virus Re-2 which contalned the & RNA of Plchlnde
virus and the S RNA of Munchlque virus, a related arenav1rus

Analysis of the polypeptldes of Re—2 and ccnparlson w1th that of

the parental v1ruses, Pichinde and Munchlque, allowed the

a551gnment of virus- spec1f1c polypeptldes to the individual L or

S RNA A thlrd approach 1nvolved the use of an antlserum to a
synthetlc peptlde to" deflne the polypeptlde encoded at the 3

.prox1mal end of the S RNA: The success of thlS approach allows
. /
] the fine mapplnq of the gene products at the nucleotlde sequence:

[\

level., - ' . EEE : “ v

]
e
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IT. Results

A. Gene ass1gnment based on the potentlal cod.mg capacity of
the ~viral gencme

Having estimated the size of the viral RNAS and having

| shown that the L and S RNA species are mainly unique, one could., ‘
now calculate the potentlal coding capacity of the viral genome
Assumi.h'g the sinplest method of encoding the viral upolypeptides
"i.e. non-overlapping readino‘ frames without splicing events, one
~ could malce the foildvihdcélculetions". "I’he \average MWs of the

L and S RNAS have been estimated at 2.73 X 10° and 1.28 X 106
| respectively. The L and S RNAs could' therefore potentially
encode polypeptides of MW 2.8 X 10° end 1.3 X 105 respec‘tj,vely
(Table 7). o o
| Three primarybvirél gene products have been detected by
.imnuhOprecipitation/ studies in Pich,j_nde' v1rus—mfected cells
(Harnish‘gg al., 1981). These 3 polvpeptides are a large

protein, L, (M4 approx. 200,000), a nucleoprotein, NP,'(MW'64,000)

and’ a precursor glycoprotein, pGP-C, (MW 42,000) . The precursor
ngycoprotein ﬂgives rise terx@ylated product GPC, (MW |
79,000) which is subsequently cleaved to yield 2 Vlrlon envelope
'glycopeptldes, G-1 0 55, 000) and GP-2 0% 36,000). B

| The gene ass:Lgrm\ent for the 3 pr:.mary gene products can
be deduced as follows The size of the L polypeptlde exceeds the
'oodlng capac1ty of the S RNA but can ea51ly be encoded by the L

- RNA (Teble 8) . The combmed molecular we1ghts of pGP—C and NP is
L.1 X'l_OSH which could, easily be encoded by.,the_- s RNA (Table-8) .

\‘
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Estimation of the potential coding capacity.

of the Pichinde viral genome.

Estimated

Awérége no. of
MW basesl
2.73 x 10° 8.5 X 103

6 4.0 x 103

1.28 X 10

- -

is 320

acid is 100

1.3 X 10

Potential
number ’
- of amino

acids
encoded

2.8 X 103

3

2assuming the average molecular weight of one amino

Estimated
ling .
capacity2

(MW)

2.8 X 10°

1.3 X 10°

’

lassuming»the average molecplar weight of one nucleotide
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~ TABLE 8

Assignment of the polypeptides to the Pichinde
viral genome on the basis of size

- Estimated .

. coding Primary MA's of
RNA capacity gene primary
species - (MW) . - products ‘?ene products
5 ' B
LR = - 2.8X10 L 2 X10
v \ :
S RA 1.3x10° M 4.2 X 10
) . ' o total’ofsv
y 1.1 x°10°

NP 6.4 x 10
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13 |
However, because of the large size of the L polypeptide, one
cannot accurately detexmme the MW of th.lS protem by SDS-PAGE

| The value of 200, 000 as the MW of tk/le L protein is only an )
approxmatlon. Due to this uncertamj:y, the L RNA may encode
- the L protein and additional protems such as NP and/or pGP-C.

At thlS point\lrg time, our general hypothesis fefthe
gene ;r\apping of Pichinde virus is that the L RNA codes for the -
L protein while the S RNA codes for the NP and pGP-C. This
hypothesis was tested usipg a recomblnant virus, Re"-‘z, which
was ,pravided by IlBishop (Birmi.ngham, Alabama) k'(leuhg et al.,
1981 Harnlsh et al., 1983) Th.lS virus had prev:.ously been

i

used to show that the S RNA codes\for the NP (Vezza et al ;- 1980,

Compans et al 1981) »
o Re-2 contains the L RNA of Plch.mde v1rqs a.nd the‘S RNA

~

: 'que vnus (a relaged arenav:.rus) The v1rus-spec1flc'
rgldes of Re-2 were analyzed by immune prec:.pltatlon of -
cell extracts The NE. of Re—2 had an elect.rophoretlc_
'ltY smu.lar to that of w:.ld type (wt) Munthque virus, but
erent from that -of wt Plchmde vu:us Smce Re-2 and. wt

; hlque v1rus share a camon S RNA, thls suggests that NP lS |
coded by the S RNA (Vezza et al 1980) -Smce no appa.rent_

vl -

2 E"fference exists in the electrophoretlc mbllltles ff @-C of -

1(*.mde and wt Munchlque v1ruses, the 35

~

S-methlo 1ine
. tryth.c peth.des!x of GP—C were compared At the same tJ.me, !

) _tryptlc peptlde§ of NP were also ccmpared The peptlde proflle o
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Of GP-C of Re-2 was similar to that of wt Munchit{ue but different
from that of wt Pichinde virus. ; Si’milar]:y, the peptide profile
of NP of .Re—Z'Was similar td that of wt .hunchiqué but differen_t.
from that of wt Plch.l.nde vn:us ﬁ ' | ’
These results therefore support the model that both NP

and pGP-C are encoded by the S RNA (Leung et al 1981; Harnlsh f

et al., 1983). Tryptlc peptlde analyses of the L proteins o
Re-“2, P»i_chinde, and -Munchique showed that'the gene locus for
L protein is on the L RNA (Harnish et al., 1983). A major
problem of thlS ap'proach is“ the isolation'of 'sufficrent amounts
*'of radloactlvely—labelled L prote:.n However, as dlscussed
-'prevrously, s:ane t.he L protem exceeds the codJ.ng
'capac1ty of the S RNA the L proteJ.n must be enooded by the L RNA.
B. Orlentatlon of the genes on: the S RNA , ,“”‘ :
The experlmental ev:Ldence thus far, shows that both the

| FNP and the pGP—C maap on the S RNA 'I‘he next task was - to orlentv
these two genes on the § RNA so that a frne map of the genome
_ could be obtamed The sequence of the flrst 120 nucleotldes at’
-:the 3‘ termlnus of the S RNA had been determmed (Auperm et al |
"} 1982) The flrst UAC trlplet on the genomlc RNA (correspondJ.ng '
to the AUG start s:Lte on the mRNA) ldentlfled in th.'LS reglon was
“ .’at res;Ldues 84—86 The correspondlné a.ré'lo ac1d sequence o | |
. encoded at resldues 84 to 120 was deduced (Flg 20) The approach
H»v'used to orlent the«NP and pGP—C genes on the S RNA mvolved S

o .
synthe51zmg a’ peptlde, ser—asp-asn—lle—pro—ser—phe-—arg,
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1 ,
L]
3HOGCGUGUCACCUAGGAUCCGCUGUGAUCUAGUGC
60 ,

GACAUGCAAGUGAAGAAAUGACUGAGUCUCCUU
CACACUUGUUGAGGUUUUACAGGCUGUUAUAG
met- [ser asp asn 1le

' : 120
GGUAGCAAGGCGACCCACGUUA
pro ser phe arg] val gln -

,‘ Fig’., 20. Nucleotlde sequence of the 3! termlnus of the o

R . _S RNA of Plcr_unde virus ,(Aupeme _e_gal 1982)
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(R. Hodges and A. Akoki, unpublished data) corresponding to the
first 8 amino acids encoded in the 3' terminus of the S RNA.
This péptide was coupled to an immunogen, BSA and used to raise
an antiserum which could identify the polypeptide encoded at the
3' terminus of the S RNA by immunoprecipitation.
1.' Immunoprecipitable polypeptides in BHK cells

¢ Pichinde virus-specific polypeptides in BHK cells were
detected by immunoprecipitation using a hamétér anti-Pichinde
serum. Cells were infected at a multiplicify of infection of
10 pfu/cell and labelled with L‘fiésl methionine at 21 to 24hr
pbst inféction. Fbﬁr major hnnuﬁoprecipitéble polypeptides
were detected in virus-infected cells i.e. L protein, GP-C, NP
and a 38K protein (Fig. Zlai. The 38K protein is apparently
_;elateé to the NP (Harnish et al., 1981). These proteins were
not detected in moék-in%ected cell lysates or in infected&cell
lysates immunoprecipitated with normal hamster serhm. . An |
interesting observation not previously reported, is that the L
protein is synthesized in relatively large amounts in infected
BHK cells. ThlS proteln was readily detected lf %ﬁter cell
lysis,. cellular debrls was renoved by centrlfugatlon at 10,000 g
" for 15 min. However, if after cell lysis, cellular debris was
reméved by centrifugatién‘at'100,000‘g for 1 hr, very little-
FL protein was detected. There was also a coﬁcomitant feduction

in the amount of NP and NP38 detected (Fig. 2la).

o
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Fig. 2la. PAGE analysis of immunoprecipitated Pichinde virus-

specif‘ic‘ polypeptides frCm‘BHK cells. ILane l: lysate of infected
Ace(lls precipitated with non-immune serum. ILane 2: lysate of

uninfected cells precipitated with hamster anti~-Pichinde serum.

' “Lane 3: lysate of infected cells preqipitated with hamster anti-

_ Pichinde serum after a clarifying spin at 100,000g. Lane 4: -

lysate of mfected cells precipitated with hamster antl—PlchJ.nde

serum after a clarifying spin at 10,000g.

~

| Fig. 2lb. PAGE analysis of immunoprecipitated Pichinde virus-
spécific polypegtides from BHK cel'ls; . Lane l lysa{:e of
uninfected cells.precipitated with hamster ant::i—Pi‘chinde
serum Lane 2: lﬁ/sate of infected cells\precip_itated with
rabbit pre-immune serum Lane 3: lysate of infected ceils

: preqipitated with rabbit antiserum to a Pich_i.ndeq synthetic

peptide coupled to BSAua:
Q .

-
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2. Immnoprecipitation of BHK cell extracts using an antiserum
against a synthetic Pichinde peptlde coupled to Bsa

An antlserum to a synthetic P;chlnde peptide coupled to
BSA was prepared in rabbits. This antiserum was used to define -
the polypeptide enceded in the 3' proximal end of the S RNA.
BHK cells were infected at a miltiplicity of infection of 10 pfu/
cell and labelled with L-[355j‘nethionine at 22 to 25 hr post
infection. Immunoprecipitation of infected cell ‘lysates with
the rabbit ahtieerum against the eynthetic peptide goupled to
BSA, resulted in the detection of the viral NP but not the GP-C
(Fig. 21b). A few additional proteins were detected in this
innmnoprecipitation experimeht;however, they appeared to be non-
" specific since the same proteins were detected in uninfected
- cell extracts immunoprecipitated with hamster agti-Pichinde
‘serum (Fig. 2lb). The viral NP was not detected in infected
cell lysates 1nnmnoprec1p1tated with pre-immunization serum

. (Fig. Zlb)

iII. .Discussion
The task of mapping the Pichinde viral genome was -
approached from three different levels of increasing resolution.
' Hav1ng shown that the viral genetic information resides on two
RNA spe01es (L and S), that the Mws of the L and S RNAs are
2.63 - 2.83 X 10% and 1.26 - 1.31 x 10° respectlvely and that
i

the L and S RNAs contaln dlfferent genetic lnformatlon, one

could deduce the potential coding capacity of each viral RNA
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-ospec;es. Using this data, the 3 primary gene products, L,‘NP and
pGP-C, can be assigned to the L or S RNA._ Both NP and pGP-C can
be mapped to the S RNA while the L protein is mapped to the L RNA.
Due to the uncertainty in the MW of the L protein, it was also
feasible that the L protein, NP and/or‘pGP—C mapped to the L RNA.
This possibility was ruled out in the second approach when the
recbmbinant virus, Re-2, was used to determine the gene °*
assign;ent for the S RNA (Leung et al., 1981, Vezza et al., 1980;
Compans et al., 1981; Harnish et al., 1983). Re-2 contains the
S RNA of Munéhique virus. The NP and’GP*C of Re-2 were similar
to that of wt Munchiqué virus as déduced by tryptic peptide
mapping implying that.both NP and pGP-C are encoded by the S RNA.
‘Trypﬁic p?ggiée analyses of the L proteins of Re-2, Pichinde and ’
Munchique further substantiate the idea that the L protein is
encoded by the L RNA (Harnish et al., 1983).
Since both NP and pGP-C have’been unambiguously assigned
to the S RNA, the next task was to determine the orientation of
‘ these two genes.on the S RNAﬁaﬁd to locate the gene(s) at tﬁe
nucleotide sequence level. This involved the use of a synthetic
peptide cdrresponding to the-first 8 amino acids encoded in the
3! proximél end of the S RNA. The antiserum raised to this
‘peptide couplea to an innmﬁdgeﬁ (BSA) , wasvable’to defiﬁe the
product encoded in the 3" éroxinal end of the S RNA as the NP.
The 8 amiﬁo acid sequence encoded from residués 87 to 110

inclusive, represents the predicted amino terminus of the NP and -
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seems to be able togelicit an humoral immune response in the

rabbit. At least some of the antibodies generated is able to

3

recognize the NP protein. . The ‘conformation of the native NP
must therefore be such that the amino teimi_nus consistin'g of at
least 8 amino acids, is exposed at the surface of the molecule.
Since the antiserum to the coupled peptide immuno-
precipitated the v1ral NP, this defmes the J.nltlatlon site of
translation of the NP at the first UAC trlplet (nucleotide
4res_1dues 84~ 86)/from the 3' termmus of the S RNA. This result
1s in agreement w,1th the general model that the 5' proximal
AUG functions as the initiator codon. for most eukaryotic mRNAs
(Kozak 1983). |
Assuming the sunplest method of encoding the NP. and pGP—C
i.e. non—overlapplnq reading frames- without splicing events, one .I
could oﬁlent the two .genes on the S RNA. The NP is encoded
\ towards the 3! proxunal end of the S ENA. By deductlon, the ,
\ pPGP-C is encoded towards the 5! proxn.mal end of the 5 RNA
SJ.nce the MW of the NP is 64,000, this prote:.n should be encoded
within a 1.9kb reglon of viral RNA startl_ng at nucleotlde 84 |
“from the 3' terminus of the S RNA. The PCP-C whose M is 42,000 |
should be encoded within a 1.3kb region o'f viral RNA towards the -
5' terminus of the S RNA (Fig. 22). ‘Since the S RMA is |
approximately 4kh and the ’arrount of RNA required to code forv
both the NP and PGP-C -is about 3.2kb, the,rexrairling‘ R could
represent untranslated and mtergenlc regions. Seqﬁencing studies

of-S cDNA clones have ruled out the possibility‘of overlappmg :
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2 o
| L RNA (273 x 10%) N
«— ' 8.5 kb’ >
3 - SR 5
R
'L protein  (200K) .
'S RNA (1.28 X 10%)
«—— 40kb— 5
t - : -
3 S -
| 18kb - 13kb ,
S NP B pGP-C‘ﬂ :
- (64K) (42K)

Fig. 22. Mapping of the Pichinde viral gencme.
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‘reading‘ frames in the S RNA (D. Bishop, personal communication) .

'I‘he model in which the L RNA codes for the L protein and

the S RNA codes for the NP and the PGP—C has the following

implications. The NP and derivatives of GP-C i.e. GPl and GP2,

could provide the structural polypeptide camponents for the

~ Pichinde. Yirion. Since this virus is a negatlve—strand RNA

virus, an RNA—transch.ptlon-repllcatlon function is required for.

propagation of the viral genome. An RNA transcriptase activity )

~ has been found associated with the Pichinde viral ribonucleo-

protein complex (Leung et al., 1977). This transcrlptase/
replicase activity may re51de on the L protem Our data show
that the L protem is synthes;zed m relatlvely large amounts in
infected BHK cells. Most of this proteln seems to readlly
assoc1ate Wlth the NP to form a camplex of >lOOS presumably a

r:.bonuc_leoproteln complex. ‘Very little free L protein is found

in infected cells. The association of the L protein with the

viral ribonucleoprote:l_n complexv supports the hypothesis that

the transcriptase/replicase activity resides on the_L‘ protein.

-Definiti‘ve proof of the L protein being the transcriptase/

repllcase would requlre J.solatlon of the L protem from the
rlbonucleoprotem comple.x and assay:Lng for transcrlptase and
repllcase act1v1t1es in V:Ltro This hypothes1s could also be
tested by usmg ts mutants The ts mutants of Plchmde v1rus |

have been grouped into two recome.natJ.on groups (Vezza and

' BlShOp,' 1977). It’s lJ_kely that the ts lesmn of one group

resides on the L RNA while that of 'the .second ;broup resides on .
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| the S RNA. The predlctlon of this hypothe51s is that the ts
mutants of the first group should possess temperature sensitive
transcription and.replication functions. Moreover, the existence
of the reccﬁbinant virus,ARe—Z, which contains the Pichinde L RNA
and the Monchique S RNA sugge;ts that the transcriptase/
replicase enooded.by the L RYA can also function in the
transcription and replicetion of the S RNA from a diffefent, yet
closely related, strain of virus. ‘ ' B
Cells persistently infected with arenaviruses will express
the viral NP (Pedersen, 1979) implying that these‘cells mist
conoi;n the S RNA. The viral genome does not appear to exist in
the form of proviral DNA in persisteotly—infected cells (Rewls

+and Leung, 1979). A further prediction of the hypothesis that

‘the L RVA encodes the transcrlptase/repllcase is that per51stently-

infected cells should also contaln the L RNA since both
transcriptase and replicase activities would be reqU1red for ;he
fexpres51on of the viral NP ’

. These predlctlons can be testeg when hlghly sen51t1ve
no;ecular bes are available tolstudy the L and. S RNAs of

Pichinde virus:

AT



CHAPTER 6

CONSTRUCTION OF RECOMBINANT cDNA PROEES FOR THE
STUDIES OF GENOME STRUCTURE IN PICHINDE VIRUS

- I. Introduction

Further‘studies on Pichinde virus and its replication in
cultured cells require specific and sensitive molecular probes.
Such probes would be useful.in deterhining the nucieotiée'sequence
relationships among the various viral RNA species i.e. L, S, |
3.1kb and 1.9kb RNAs. These probes could also be used to analyze

the 1ntracellular sequence of events occurrlng during viral -

: repllcatlon in vitro. Questlons .such as whether the messenger

RNAs are polycistronic and/or monocistronic, whether there is-
preferential transcription of the L or S RNA and whether
trauscriptional controls opgrate inﬁthe requlation of virus -
replication'can be'aadressed if nolecular'Probes\ere available.
Such pfobes could also be used to.test the hypothesis that beth
the L and S RNAS are required.to maintain viral persistence in

vitro.

4

This chapter outlines the construction of molecular probes

prepared by maklng cDNA clones frcm Pichinde v1ra1 RNA. These

-cDNA clones were used to study the nucleotlde sequence relatlon—

qshlps among.the viral RNAS i.e. L, 5, 3.1kb and lg9kb RNAs.

E 3
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II. Results
A. Identlflcatlon of cDNA clones ‘

BHK-21 c¢ells were infected at\a multlpllclty of O l pfu/
cell and virus was harvested at 48 to 72 hr post infection. The
RNA profile of this purified virus preparation yielded 4 RNA
species i.e. the \(irus—sbecific L andl S RNAS and the cellulér
ribosomal RNAs, ‘28S’and 18S. This RNA preparatlon was used to
construct recanbmant cDNA clones |

Bacterial’colonies;ﬁpre initially detected’by screening

for antibiotic sensitivity Since cDNA inserts had been cloned

| lnto the Pst 1 51te of the ampicillin gene, transformants with

the amp1c1llln—sen51t1ve, tetracycllne—re51stant (ApSTcR) pheno-

'type were selected The plasmld DNAs of these transformants

were purlfled accordlng to the method of Birnboim and Doly (1979)
and screened by size u51ng agerose gel electrophoresis (Fig. 23).
Transfornants containing plasmid DNA larger than the vector
PBR322 were selected‘for further characterization of their

cloned inserts by sequence homology .

" B. Deternunatlon of the spec1f1c1ty of the cDNA clones by.

hybridization studles
Slnce RNA (L S, 288 l8S) lsolatid fraom purlfled virus
preparatlons was used to construct cDNA clones, one would expect
the clones tﬂFSegregate into.two classes. One cless of clones
shouldcdntainkdlxsespecific inserts i.e.'L or'Svgenetic

information while the other class Should,contain ribosomal RNA-

specific inserts. These two classes were differentieteddby
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3. Screening“of recomb:i.ﬁant plasmid DNAs by size using
agarose gel electrophoresis. Plasmid DNAs migrating
slower than the vector pBR322 were selected as potential

o;nbinant'plasrnigis (designated by ’arr:ows)
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h colony hybrldlzatlop analyses Clones were J.nltlally screened
'by colony hybrldlzat.lon cDNA mserts of small size- (g lSObp)
were however, not detected by thls method. A more sen51t1ve
.assay i.e. the dot hybrldlzatlon assay was subsequently used
for screem_ng Purlfled plasmd DNA was lmearlzed and attached
to mtrocelllf ose fllters Two 1dent1cal fllters were prepared
Filter A was probed: W1th 32P—labelled cDNA made from RA extracted
from purlfled Plchmde virus preparatlons (Fig. 24) Fllter B
- vas probed with 32P—labelled cDNA made from ribosomal RNA
extracted from unmfected BHK cells (Flg 24). Pos;LtJ.ve
| hybrldlzation SJ.gnals w1th both probes lndlcate rlbosomal RNA— »
spec1f1c J.nserts A p051t1ve hybrldlzatlon 51gnal w1th Plchn_nde
.cDNA and a correspondlng negatlve signal with rlbosomal cDNA |
‘md.Lcate a v1rus-spec1f1c J.nsert Seventeen of the. twenty~ohe
- ;}.clones appear PlchJ_nde-spec1f1c while four seem to be of
: rlbosomal orlgm : | _

Analysrs of the cloned cDNA inserts by Pst 1 dlgestlon
of the recoTnbmant plasmld DNAs followed by agarose gel |
velectrophoresis showed that the mserts of the Plchlnde v:Lrus—;
"spec1f1c clones ranged in 51ze from 1ogop to lOOObp w1th an
- average slze of 300bp to 500bp (Flg. 25) DNA from the clone
| contalm_ng the largest msert ylelded 2. dlgéstlon products g
‘,1mp1y1ng that th.‘LS cloneq msert contalns an inf Pst l s:.te
Some of the recombmant DNA plasmlds seemed to, have ‘lost one of

the two. Pst 1 51tes smce upon Pst 1 dlgestlon, only lJ_nearlzed
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Fig. 24. Identification of Pichinde virus-specific clones by

dot hybridization. Filter A was probed with 32P—labelled

Pichinde cDNA while filter B was probed with 32P--labellgad

BHK ribosomal cDNA.
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Fig. 25. Agarose gel electrophoresis of Pst l-digested
recombinant plasmid DNAs. CDNA inserts ranged

in size from 100 to 1000bp.
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plasmid DNAs, larger than linearized pBR322, were observed. ' The
loss of a Pst 1 site from a recombinant plasmid may be attributed
to contaminating nuclease activity during the preparation of the
dG-tailed pBR322 vector.

C. Assignment of the Pichinde virus~-specific cDNA clones to
their appropriate genomic L or S RNA |

Having identified the virus-specific élones, the next step
was to assign the clones tdktheir appropriate genomic L or S RNA.
Two approaches were undertaken. 32p_jabelled cDNA probes,‘ \
synthesized f L or S RNA fractionated by electrophoresis in
agarose gel, wer bridjized to thevPichinde—specific cloned DNAs
in a dot hybridizétion (Table 9). Since the RNAsS that were used
to prepare the cﬂNA probes had been isolated from agarose gels
after electrophoresis under denaturing conditions, one may expeéf
the S RNWA £emplate to be contaminated with ribosomal RNA and
degraded L RNA. COnmnation of the S cDNA probe with ribosamal
cDNA should not intérfere with the interpretation of the results
since only virus-specific cloned inserts were4¥§£xyed.
Re%gmbinant cDNA clones giving positive hybridization signals

with L cDNA and negative signals with 5 cDNA were identified as
being derived fram the L. RNA. >Six L cDNA clones could be
unambigdouély identified in this assay. Similarly, recombinant
cDNA clénes giving positive hybridizationvéignals with S cDNA
and negative signals with L cDNA were identifiedvas being
derived from the S RNA. Three S cDNA clonés could be identified

in this assay.. Plasmid DNA from clone 7 gave positive

1
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TABRLE 9

Assignment of the Pichinde virus-specific cDNA
clones to their genomic RNAs (L Or S) by dot
hybridization using cDNA probes prepared
from isolated L or S RNA

LY
| | Hybridization Hybridization
to cDNA fram to cDNA from
Clone number isolated L RNA isolated S RNA
1 | ; _
2 N + o -
3 | . - B .
4 - +
5 - -
6 - -
7 + C +
8 - +
.9 - -
10 + < -
11 . - . _
12 - ‘ S
14 . | + | -
15 T
16 -

17 - - + ' ‘ o
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Piybridizétion signals with both probes. This clone was later
shown to be an S cDNA clone by RNA blot analyses. Cross —
hybridization of the L cDNA probe to the plasmid DNA fram clone 7.
indicates same sequence hamology between the viral L and S RNAs.
‘Although 17 Pichinde-specific cDNA clones had been initiall;
identifiedflonly 9 could be unanbiguously assigned to their
appropriate genomic RNA. A more sensitive approach was therefore
necessary to assign all of the clones to the L or S RNA. |

> The seéond épproach undertaken was analysis of the cloned
DNAs by RNA blot anaiyse_as. If the Pichinde viral RNA preparation
contained all 6 RNA species i.e. L, S, 285, 185, 3.1kb and 1.9kb
RNAs, then one could similtaneously examine the nucleotide
sequence relationships among the various RNAs.: Thus, Pichinde
" virus was harvested from BHK cells 24 hr to 120 hr\post infection
after an input nnliﬁiplicity of 1.0 pfu/cell and RNA was extracted
from purified virus preparations. This RNA was electr,ophorésed
| m agarosé gels, blotted onto nitrocellulose pape/r and 'p‘robed
with a ni -translaﬁed cloned cDNA probe (Fig. 26). The results
of this study are summarized in Table 10. Six S cDNA clones
were ';detected. Two of the cloned cDNAs' (5, 9) hyﬁridgized to only
| ¢H6s RWA while four (3, 4, 7, 8) hybridized to the S RNA-and
the l.9kb RNA. DNA from clones | 4 and 7 also hybridiéed to
the 3.1kb RNA but to a minor extent. 'DNA from clone 7 which
hybridized to both S cDNA and L cDMA in the dot hybridization

.experiment, hybridized to 4 RNA species in the RNA blot experiment.



Fig. 26.

133

Identification of L and S clones by RNA blot analyses.

Hybridization of nick—tfanslated_plasmid DNA from pPPS

clones to the L, 3.1kb and 1.9kb RNAs is designated by

arrows. Similarly, hybridizatipn of nick-translated
plasmid DNA fram pPL clones to the S and 3.1kb RNA is

designated by arrows.
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TABLE 10 A '

Sumary of hybridization data gene;ated by RNA
blot gnalysis :

Clone - SorlL Hybridization to
~ No. clone Name L RNA S RNA 3.1kb RNA 1.9kb RNA <
7 s-3 proxinal PPSL  ++ 444+ " ++
4 ';_3' proximal pPS2 - ++++ + ® +4
3 S-3' proximal pPS3 - ++++ - +
8 S-3' proximal pPS4 - ++++ - +
5 s pPS5 -ttt - -
9 s pPS6 R - - -
1 L A PPLL  ++++ 4+++ + -
2 L N pPL2 +-+++ 2 + -
- 16 L PPL3  ++++ ++ - -
17 L PPLA 4444 4+ - -
6 L PPLS - ++++ - - -
10 L | PPL6  ++++ - - -
n o DPLT  +++% - - -
12 L | pPPL8 ++++ -~ | - -
131 CpPLY 444+ - - -
14 L ‘ PPLI0 ++++ - | - A‘ u -
15 L | ) PPL1l1 ++++4+ - - o -
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Since the hybridization signal was strongest at the S RNA,ﬁclone 7
was designated an S clone. The 6 S clones were subsequently
,némed pPS1 through pPS6 (p: plasmid vector pBR322; P: Pichinge;
S: & RNA). The remaining 11 clones were assigned to the L RNA;
Six cloned cDNAs hybridized to only the L RNA. Five cloned cDNA
probes hybrid;zed to both the S and L RNAS. Since the hybridizat{onz
signals were strongest at thelL RNA, these clones were desigqated
L cDNA clones. QﬂA from cDNA clone 1 hybridizedfto 3 RNA’spécies,
L, S and 3.1kb whlle cDNA from clone 2 hybrldlzed to2 RNA
species, L . and 3.l1kb. The 11 L cDNA clones were subsequently
named pPL1 through 11 (p: plasmid vector pBR322; P:Plchlnde;
L: L RNA). S , o
D: Orientation -of the clones on the S RNA

CDNA clones that were derived from the 3' proximal end of
the S RNA were identified in a dot hybridization using a 3' end-~
specific S RNA probe. The generatlon of this probe is outllned
in Figuro'27. RNA extracted from purified Pichinde virus
preparations was labelled at iﬁs 3' termini withtigaP]pCp using
RNA ligase. The é RNA was isolated after eleCtrophoresis in
agarose contalnlng 10mM methylmercury hydroxlde and subjected
to controlled. alka11 dlgestlon in 100mM Tris-HCl, pHS.5 at 95°C
for 30 min. The resultlng probe contalned a m;xtu:eoof 3"end-
labelled S RNA fragments of varying lengths with the largest
size class being approximately 6 X lOSMW or 1. 9kb which is l/2 ﬂc:;;“p‘

the length of the S RNA (Fig. 28). This probe was then used to

- oy
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Fig. 27. Generation of a 3' end-specific S RNA probe.

i



137

Fig. 28. Autoradiogrén_\ of 3' end-labelled S RNA preparatiéns
after alkali digestion for 0, 15, 30 and 45 min
followed by ‘electrophoresis in agafose containing 10mM

methy lmercury hYGrokide . “
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screen the gécombinant plasmid cDNAs fram the S clones in a dot
hybridization where the plasmid cDNAs were lineérized and
attached‘to-nitrocellulose4filters (Fig. 29). DNA fram four

- clones (pPS1 to pPS4) hybridized s%rongly to the 3' end-labelled

S RNA probe. DNA from the remaini}flg 2 S cDNA clones (pPSS, pPsS6)
. 4

R

N A
did not hybridize to the 3' end-labelled S RNA probe. §

III. Discussion ‘ o
Highly éénéitive and specific molecular probes are
necessary to obtain a better understénding of the biology of
Pichinde virus. This chapter outlines the construction of
molecular probes in the form of cDNA clones to analyze the
.nucleotide sequence relationships among the viral RNAs i.e. L,
S, 3.1kb and 1.9kb RNAs; ‘Pichinde cDNA clones were prepared by
using random DNA primers: and reverse transcriptase to transcribe
RNA extractéd from purified virus preparations. The second
strand of DNA was synthesized using the Kleﬁow fragment of
E. coli DNA polymerase 1. The double-stranded DNA was'then ’
cloned into the Pst 1 site of pBR322. Since the genetic
information of’ Pichinde virus appears to reside in the L and
S~RNAs; the eﬁphasis was onlpbtaining.cDNA clones specific to
#hese two RNAs. The template RNArfor cDNA synthesis was -
therefore obtained from Qirus preparations that contained mainly
the 4 RNA species i.e. L, S, 28S and 185 RNAs. The resulting
cDNA clones should segregate into 2 classes i.e. virus-specific

clones containing L or S genetic information and ribosomal-specific
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K\v)

Identification of ‘S clones that mép within the 3'
proximAl end of the S RNA by dot hybridization.
A 3' end-specific S RNA probe was hybridized to
linearized plasmid DNA on a nitrocellulose filtef.

Four clones were detected (arrows) that mapped within

the 3' proximal end of the S RNA. ,
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clones. Since the 28S and 18S ribosomal RNAs constitute up to
508 of the large molecular weight RNAs present in purified virus
preparatior}s (Carter et al., 1973), one would: expect approximately‘\ .
50% of the cDNA clones to be of riboscxnal RNA origin. Analyses ‘
of the cloned DNAs by dot hybridization using Pichinde cDNA |

~ probes and ribosomaf cDNA probes showed that out bf 21 cDNA clones,
4 were of ribosomal RNA origin while 17 were of viral RNA (L or s)
origin. The preponderance of virus—specifié clones may imply
preferential transcription of the L énd S RNAs by reverse
transcriptase which could be a reflection of the secondary
structure of the various RNAs. The G + C content of the fibosomal
RNAs is consi'derably higher than ‘that of the L and S RNAs

(Carter et al., 1973). Using the coﬁditions described for cDNA
synthesis, the’L and S RNAs may have been more readily-denatur'ed
than the l'*ibosom‘al RNAs thereby allowing preferential transcription
of the vims—spé%iﬁié RNAs. ¥ ’

. Of the 17 Pichinde virus-specific cDNA clones, 11 were
"aerived from the L RNA and 6 were derived frcm;the S RNA. Using
a 3' end-specific S RNA probe to screen the recambinant plasmidh
of the S cDNA clones in a dét hybridization, 4 cDNA clones
(PPS1 to pPS4) were identified as being derived from the 3'
proximal end of the S RNA. The probe consisted of a mixture of
3' end-labelled S RNA fragments of varying lengths with the
largest size class,bgeing 1.9%b. Therefore, the conclusiéﬁ is

that the inserts from cDNA clones pPS1 to pPS4 map within a

“%
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1.9%kb region of the S RNA at the 3' terminus. These inserts are
derived from various parts of the 1.9kb region of the S RNA'since
the hybridization profiles, obtained by RNA blot analyses of viral
RNA probed with nick-translated cioned DNAs, are different. Two
clones, pPS5 and pPS6," appear to map ouﬁside of the l.ékb region
since plasmid DNA.from these 2 clones did not hybridize to the

3! end—épéci'fi‘c‘s RNA probe. :

The L and S clones were used to probe the nucleotide
sequence rélationships anorjx‘g\‘the viral RNAs, L, S, 3.lkb and 1.9%kb.
This was accamplished by RNA blot arlélyses of viral RNA preparations
containing L, S, 285, 185, 3.1kb and 1.0kb RNAs. These R¥A |
preparatioris were probed with nick—translc;ted cloned cDi\IAs
Plasmid DNA from clones pPS1 to‘ pPS4 identified in addition to
the S RNA, the l9kb RNA. No other cloned‘DNA détected the 1.9kb
RNA. Since clones pPS1 to pPS4 are derived from the 3' proximal
end of the S RNA, this suggests that there is sequence~homology
between the 1.9kb RNA and the 3' proximal“end of the S RNA. The
cloned inse_rts of pPSl through pPS4 represent 'a total of
appfoximately 2kb of DNA. Since these inserts are derived fram.

different regions within the 3' proximal end of the S RNA, this N

suggests that the sequence homology between the 1.9kb RNA and

the 3' proximal end of the S RNA is extensive. The 1.9kb RNA
may thus represent a truncated S RNA species.

RNA blot analyses also show that there is scme seéquence

—homology between the L and S RNAs. Plasmid DNA from clone pPSl
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cross-hybridized with the L RNA while plasmid DNAs fram clones

)

pPL1, pPL3 and ‘pPI;4 crosstybridizedwith the S RNA. Liquid
hybridization studies have shown that .although the L and S
RNAs ate mainly unique, they do share same camon sequences
(Leung et al., 1981). RNA sequencing studies have shown that
Pichinde L and S'RNAs share 90% sequence hamology at their 3'
fermini for the first 19 nucleotides (Auperin et al., 1982).
From nucleotides 20 to 50, the L and S RNAs share 50% sequence |
harclogy. The nucleotide sequences are then expected tc
diverge at the start of the codmg region since the L and $ RNAs
contain dlfferent genetic 1nformatE:Lon Plasmid DNA from clone
pPSl cross-hybridized with the I, RNA -and the 1.9kb RNA. | Since
the lJ. 9kb RNA seems to be derived from the 3! proximal end of
the S RNA and the 3' termini of-the L and S RNAs. share some
cammon sequences, then it seems likely that the cDNA insert of -
clone pPSl maps at the extreme 3' terminus of the S RNA. A‘I‘h_e L
and S RNAs also seem to she.re scme common internal nucleotide
sequences since plasmid DNAs frcm cDNA clones pPL1l, pPL3 and
pPL43 cross-hybrldlzed with the S RNA but not with the 1.9kb RNA
o Plasmid DNAs from cDNA clones pPSl pPS2, pPLl and pPL2
‘also cross-hybridized with the 3.lkb RNA. This suggests that
all 4 RNA species, L, S, 3.1kb and 1.9kb, share some common
' sequences internally and at their 3' termini. The origin of the
3.1kb RNA is however unclear. |

Both the 1.9kb and 3.1lkb RNAs seem to be produced late
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| in the infection cycle. If the 1.9kb RNA is indeed a truncated .
S RNA, derived from the 3' proximal end of the S RNA, the 1.9kb
RNA would be sufficient to encodefthe‘nucleoprotein‘gene. This
‘RNA could be generated via 2 possible mechanisms (Fig. 30). The
negative—sense éencmic S RNA is transcribed into a full-length
positive-sense template from which progeny negative-sense genomic
S RNAs ere made. Late in the infection cycle, the 1.9kb RNA is.
made via a splicing mechanigm or an internal initiation mechanism.
These two possibiliﬁies can be readily differentiated by camparing
the nucleotide sequences at the 3' and 5' termini of the 1.9kb RNA
with that of the S RNA. If the 1.9kb RNA is in fact the NP gene,
then this represeﬁtslgene amplification late in the infectiop
cycle. Amplification of the NPagene ﬁey represent: a control
mechanism that is involved in the reéulation of Pichinde viral

3 .
gene expression.

A4

The origin of the 3. lkb RNA is, as yet, unclear. This
RNA” spe01es shares scame common nucleotlde sequences w1th the L
and S RNAs and is produced late in the infection cycle. The 3.1lkb
RNA may be of viral_origin i.e. derived from the L or S RNAs or
- of celluler origin. These possibilities may be differentiated by
cloning the 33lkb RNA and using éhe cloned DNAs to probe seéuenee"

homology in the L and S RNAs and in cellular genes.
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Fig. 30. Generation of the 1.9%kb RNA via two possible mechanlsms

]
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CHAPTER 7

-

The aim of this thesis project was to define the Pichinde viral
genes and their corresponding gene prc;dgcts. The major observatj:ons ‘
were as follows:

1. The genetic information of Pichinde virus resides in a minimm of
2 RNAa specieé i.e L and S. Late in infection or after a high multi- '
plicity of infectiqn, 2 additional RNA species designated 3.lkb and

1.9kb were detected.

2. The MW estimates of the L and S RNAS were 2.63-2.83 X 106 and

1.26-1.31 x 10° respectively. -

3. The L and S RNAs were shown to be mainly unique by liquid hybridi-

zation studies },using cDNA probes made from isolated L and S RNAS.

4. Based on the potential coding capacity data of the L and S RNAS,
the hypothesis that the L RNA encodes the L protein while the S RNA

»
s

encodes both the NP and pGP—C was devéloped. -

5. The NP gene was mapped at the 3' proximal end of the S RNA and
the initiation site of traﬁslation was defined at nucleotide residues
,84~-86 i.eat the first UAC triplet from the 3' terminus of the S

. B

6. Molecular probes in the form of L and S cDNA clones were constructed
& ' '

and used to show that there is some sequence hamology among all 4

2

RNA species i.e L, S, 3.1kb and 1.9kb. In addition, the 1.9kb RNA.
shares extensive séquence hamology with the 3! pi:ox;i.mal half of the

-
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S RNA.

Further work i equired to determine the exact nature of the
1.9kb and 3.1kb RNAs %he 1.9kb RNA may represent a trunéated S RA
species that con _the information for the NP. it méy alsoy
represent a mRNA species or a replicative—intermediate form. These
possibilities may be differentiated by determining the sense (+ or -)
of the i.9kb RNA. The origin oftthe 3.1kb RNA is, as yet, uﬁclear:
This RNA species may be of viral or of cellular origin. A clone of the
3.1kb RNA would be useful in distinguishing between these two

possibilities.
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