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SUMMARY 

THE_!!! VITRO TRANSCRIPTION ANO TRANSLATION OF 

BLUETDNGUE VIRUS mRNA 

BY 

ALBERDINA AIKE VAN OIJK 

Supervisor Prof . C. J . Reinecke 

Department of Biochemistry, P.U . for C.H. E. 

Associate Supervisor : Dr . H. Huismans 

Biochemistry ·Section , Veterinary Research 

Institute , Dnderstepoort 

for the degree of □ . Sc . 

This investigation was primarily aimed at studying the in vitro 

synthesis of bluetongue virus proteins . Both BTV mRNAs and 

denatured dsRNAs were used as templates for translation . 

Double-stranded RNAs could be purified from infected cells , but 

the only means of obtaining pure BTV mRNAs was to synthesise 

them in vitro . Therefore , some of the factors that influence 

the in vitro transcription reaction were also investigated . 

The transcriptase of BTV can be activated in vitro by removal 

of the outer capsid proteins , which results in the conversion 

of virions to core particles . It was found that the 

concentration of the core particles has a marked effect on the 

efficiency of the transcription reaction . At high core 

concentrations the transcription reaction is severely 

inhibited , resulting in a complete termination of transcription 

after a relatively short incubation period . It was found that 

it is possible to counteract this inhibition by lowering the 

incubation temperature . Consequently , at high core 

V 
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concentrations the in vitro transcription reaction is much more 

efficient at a lower incubation temperature (28°C) , than at a 

higher incubation temperature (37°C) . At low core 

concentrations , this low temperature optimum is not observed . 

It was furthermore found that the core-mediated inhibition of 

in vitro transcription is completely reversible . Reactions in 

which the synthesis of mRNAs is completely terminated at 37°C. 

can be reactivated by lowering the incubation temperature . 

Another important finding was that the core - mediated inhibition 

can be counteracted by including compounds such as sucrose and 

glycerol in the reaction mixture . 

The BTV mRNA species synthesised during the in vitro 

transcription reaction were analysed by agarose gel 

electrophoresis . It was found that the 10 different BTV mRNA 

species are not synthesised in vitro in equal amounts . The 

results confirm those previously obtained by much more indirect 

methods . 

The purpose of studying in vitro translation of BTV was to 

identify all the proteins that are specified by BTV mRNA 

spec ies , and determine the RNA- protein coding assignments of 

the genome segnents . 

All 9 BTV proteins previously identified in BTV - infected cells 

can be synthesised in vitro using BTV mRNAs as template s , a 

result that confirms that the two non-structural proteins , NS1 

and NS2, are indeed virus-specific . Apart from these 

proteins , three new virus-specific non - structural proteins , 

NS3A , NS3B and protein C were identified by means of in vitro 

translation . They were subsequently also detected in infected 

cells , where they seem to be synthesised only in very small 

amounts . The relative amounts in which the BTV proteins are 

synthesised in vitro , differ from that observed in infected 

cells . 
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The RNA-protein coding assignments . for seven of the ten genome 

segments , the three medium-sized and the four small - sized 

segments , were determined by in vitro translation of denatured 

dsRNAs . It correlates with results published for BTV types 

and 17 respectively . Genome segment 10 codes for both proteins 

N53A and N538 . The peptide maps of these proteins are virtually 

identical, indicating that they may be t~anslated from 

overlapping in - phase reading frames . Preliminary results 

indicate that genome segment 9 , which codes for protein 6 , also 

codes for protein C. 

It was also investigated whether in vitro synthesised N52 is 

phosphorylated and has affinity for single- stranded RN A, as has 

been reported for N52 synthesised in infected cells . It was 

found that in vitro synthesised N52 has affinity for ssRNA , 

similar to N52 present in infected cells , but no 

phosphorylation of in vitro synthesised N52 has as yet been 

observed. On the other hand , it was found that N52 from 

infected cells can be phosphorylated in vitro . The kinase 

responsible for phosphorylating N52 was found to be present in 

all preparations of in vivo synthesised N52 - even in those 

purified by means of affinity column chromatography . 
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Die kern van hierdie studie was 'n ondersoek van die in vitro 

s intese van bloutongvirus (B TV ) prote i ene . Sowel BTV 

boodskapper-RNAs as gedenatureerde dubbeldraad- RNAs is as 

templaat vir die translasiereaksies gebruik . BTV ddRNAs kon uit 

geinfekteerde selle gei soleer kon word , maar suiwer BTV mRNAs 

kon slegs v_erkry word deur hulle in vitro te sintetiseer . 

Derhalwe is die faktore wat die in vitro transkripsiereaksie 

bei nvloed oak bestudeer . 

Die transkriptase van BTV kan in vitro ge-aktiveer word deur 

die buitedopprotei ene van die vi r us te verwyder . Laasgenoemde 

prosedure lei tot die omskakeling van virions tot 

binnedoppartikels . Tydens hierdie ondersoek is gevind dat die 

konsentrasie van binnedoppartikels ' n groat invloed op die 

effektiwiteit van die in vitro transkripsie- reaksie het. By hoM 

konsentrasies van binnedoppartikels word die transkripsie­

reaksie sterk ge! nhibeer , en kom die transkripsieproses na 'n 

relatief kart inkubasieperiode ten volle tot stilstand . Dit het 
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egter geblyk dat dit moontlik is om hierdie inhibisie teen te 

werk deur die inkubasietemperatuur te verlaag . Die in vitro 

transkripsie- reaksie by ho@ binnedoppartikel -konsentrasies is 

dus baie meer effektief by ' n laer inkubasietemperatuur (28°C) , 

as by ' n ho@r inkubasietemperatuur (37°C). By lae 

binnedoppartikelkonsentrasies is die lae temperatuuroptimum vir 

in vitro transkripsie nie waargeneem nie . Die binnedoppartikel ­

bemiddelde-inhibisie blyk volledig omkeerbaar te wees . Dit is 

moontlik om reaksies waartydens mRNA- sintese ten volle tot 

stilstand gekom het weer te aktiveer deur bloat die 

inkubasietemperatuur te verlaag . 1n Ander belangrike bevinding 

was dat die binnedoppartikel -bemiddelde- inhibisie te@gewerk kan 

word deur die ins l uiting van verbindings soos s ukrose en 

gliserol in die reaksiemengsels . 

Die BTV-mRNAs wat tydens die in vitro transkripsie- reaksie 

gesintetiseer is , 

ge- analiseer . Daar 

is deur middel van agarose jel elektroforese 

is vasgestel dat die 10 verskil l ende BTV 

mRNAs nie almal in dieselfde hoeveelhede in vitro gesintetiseer 

word nie . Hierdie bevinding bevestig resultate wat vro@er met 

heelwat meer indirekte metodes verkry is . 

Die doel van die in vitro translasie- studies was om alle 

protef ene wat deur BTV mRNAs kodeer word , te identifiseer en 

die koderingsverband tussen die protef ene en genoomsegmente te 

bepaal . 

Al 9 BTV protef ene wat voorheen in gef nfekteerde selle 

gef dentifiseer is , kon in vitro met BTV mRNAs as templaat 

gesintetiseer word . Sodoende is bewys dat die 2 nie-strukturele 

protefene, NS1 en NS2 , wel virus-spesifiek is . Benewens 

laasgenoemde 9 protef ene , is 3 nuwe 

strukturele protefene , NS3A , NS38 , 

virus - spesifieke nie ­

en proteien C in vitro 

gefdentifiseer . Hierdie protei ene is daarna oak in 

geinfekteerde selle opgespoor • . Dit blyk dat hulle egter in 
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uiters klein hoeveelhede in vivo gesintetiseer word. Die 

relatiewe hoeveelhede waarin BTV prote!ene in vitro 

gesintetiseer is , het verskil van die in geinfekteerde selle . 

Die RNA-prote!en koderingsverband vir sewe van die tien 

genoomsegnente, die drie mediun en vier klein genoomsegmente, 

is deur in vitro translasie van gedenatureerde ddRNA segmente 

bepaal . Dit stem ooreen met gegewens wat vir BTV serotipes 1 en 

17 onderskeidelik gepubliseer is . Dit blyk dat genoomsegment 10 

vir beide protefene NS3A en NS38 kodeer . Die peptiedkaarte van 

hierdie protefene stem feitlik ooreen en dui daarop dat hulle 

waarskynlik van oorvleuelende in-fase leesrame getransleer 

word . Voorlopige resultate toon dat genoomsegment 9 , wat die 

genetiese inligting vir protefen 6 bevat, oak vir proteien C 

kodeer . 

' n Verdere oogmerk van die studie was om vas te stel of in 

vitro gesintetiseerde NS2 affiniteit vir enkeldraad- RNA besit , 

en of dit gefosforileer kan word . Daar is vasgestel dat in 

vitro gesintetiseerde NS2 affiniteit vir enkeldraad- RNA 

vertoon , netsoos NS2 wat intraselluler teenwoordig is , maar dit 

kon nie in vitro gefosforileer word nie. Daarenteen kon 

protefen NS2 , wat uit gefnfekteerde selle verkry is , wel in 

vitro gefosforileer word . Kinase-aktiwiteit was in alle 

preparate van in vivo gesintetiseerde NS2 teenwoordig , selfs in 

die wat met affiniteits-kolom- chromatografie gesuiwer is . 
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- 0 , 01 M NaCl ; 0 , 01 M Tris - HCl , pH 7 , 4 ; 

0 , 001 M EDTA 

- 0, 15 M NaCl ; 0 , 01 M Tris- HCl , pH 7, 4 ; 

0, 001 M EDTA 

- 0 , 01 M Tris- HCl , pH 7, 4 

NETS/NP-40/BSA-buffer - 0 , 15 M NaCl ; 0 ,005 M EOTA ; 

MTO- buffer 

0 , 05 M Tris-HCl , pH 7, 5 ; 0 , 05% NP-40 

- 0 , 01 M Tris-HCl , pH 8 , 0 ; 0 , 01 M MgCl2 ; 

0, 01 M dithiothreitol; 0 , 2 uCi/ ml y32p_ 
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CHAPTER 1 

LITERATURE INTRODUCTION 

1 , 1 INTRODUCTION 

Viruses were discovered at the turn of the century when it 

was realised that some diseases were caused by agents smaller 

than all pr~viously known infectious agents . Among the first 

diseases attributed to viral infections were tobacco mosaic 

disease of plants (1892) and foot - and- mouth disease of, cattle 

(1898) . In 1906 Theiler established that a virus was the 

aetiological agent of "Malarial Catarrhal Fever of Sheep" - the 

disease now known as bluetongue (Theiler , 1906) . He 

subsequently introduced the first vaccine against bluetongue 

which succeeded in controlling the disease to the extent that 

it was reported (Du Tait , 1929) : 

Very little has been published during the last twenty years on 

bluetongue in s heep . The investigations of Theiler ••.•• duri ng 

the early years of the century , cleared up most of the problems 

in connection with this disease , and enabled veterinary 

research workers in South Africa to devote their attention to 

more pressing problems ....• Nevertheless cases have been 

reported each year of unsatisfactory results following the use 

of bluetongue vaccine . In some cases the vaccine was supposed 

to cause unduly severe reactions in inoculated sheep ; in 

others it was supposed to produce insufficient immunity , so 

that such sheep contracted virulent bluetongue when exposed to 

natural infection . 

The problem of i nsufficient immunity has not yet been entirely 

overcome , and it is one of the main motivations for the 

continued research on BTV on a molecular level . 

Blue tongue manifests clinically in sheep by a catarrhal 



inflammation of the mucous membranes of the digestive and 

respiratory systems and is associated with degenerative changes 

in the skeletal muscle . In severe cases the mucous membranes of 

the mouth , and particularly the tongue , may turn a bluish­

purple colour , hence the name bluetongue . The acute disease 

causes profound emaciation and weakness . Affected animals have 

a protracted convalescence and diminished productivity . Since 

there are approximately thirty million sheep in the country , 

the disease has serious economic implications (Howell & 
Verwoerd , 1971 ) . Cattle , goats and various species of antelope 

are also susceptible , but usually do not show any clinical 

symptoms (Erasmus , 1975 ; Hourrigan & Klingsporn , 1975) . 

Viruses are being studied not only because of their importance 

as disease 

particularly 

causing agents , but also because 

suitable models which can be used to 

they 

study 

are 

the 

mechanisms controling replication , transcription and 

translation of genetic information . This knowledge is 

fundamental to an understanding of the molecular biology of 

higher organisms, and is therefore directly applicable to the 

practice of medicine , veterinary science and the improvement of 

human welfare in general . 

1 . 2 CLASSIFICATION ANO CHARACTERISATION OF BTV VIRIONS 

BTV has a genome consisting of 10 double - stranded (ds) RNA 

species (Verwoerd et . al ., 1970) and has consequently been 

classified as a member of the Reoviridae family . The Reoviridae 

include six genera : Reovirinae , Rotavirinae , Fijivirinae , 

Cypovirinae , Phytoreovirinae , and Orbivirinae (Matthews , 1982) . 

Bluetongue virus is the prototype of the orbivirus genus . The 

name orbivirus was based on the electron microscopic 

observation of large doughnut - shaped capsomeres (Latin , orbis , 

meaning ring) seen on the surface of virus particles in 

negatively stained preparations (Borden et . 1971) . 
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Currently orbivirinae consist of 13 serological groups that are 

distinguished by complement fixation tests . The serotypes 

within each group are distinguished by serum neutralisation 

tests (Gorman, 1979) . In the bluetongue virus serogroup at 

least 23 serotypes have been identified to date (Jeggo & 

Wardley , 1985) . 

The BTV virion consists of a double layer protein capsid which 

surrounds the 10 dsRNA genome segments . 

structural proteins have been identified 

Seven different 

four are major 

components (P2 , P3 , PS and P7) , and three are minor components 

(P1 , P4 and P6) . Proteins P2 and PS comprise the outer capsid 

layer of the virions (Verwoerd et. al ., 1972 ; Martin & 
Zweerink , 1972) . 

The synthes i s of viral proteins involves two of the basic BTV 

replication processes , viz ., the reaction in which the dsRNA 

genome segnents are transcribed i n to mRNAs , and the translation 

of mRNA species into proteins . These aspects will subsequently 

be discussed in detail, as they are closely related to the aims 

formulated for this investigation (see 1 . 7) . 

1 . 3 TRANSCRIPTION IN THE REDVIRIDAE 

The firs t virus- associated enzyme discovered , was the DNA­

dependent RNA polymerase of vaccinia virus (Kates & McAuslan, 

1967) . The first RNA- dependent RNA polymerase , that of 

reovirus, was discovered only a year later (Shatkin & Sipe , 

1968 ; Borsa & Graham , 1968) . Some reports claim the existence 

of RNA- dependent RNA polymerases in plants (As tier- Manifacier & 

Cornuet , 1971 ; Duda et. al ,, 1973 ; Fraenkel-Conrat , 1983) . 

However , no cellular enzyme capable of transcribing RNA has 

ever been detected in animal cells . Therefore , all animal 

viruses that have a dsRNA or a negative strand single-stranded 

( ss) RNA genome invariably contain a RNA-dependent RNA 

3 



polymerase. Since the discovery of the reovirus transcriptase , 

similar enzyme activities have been detected in 

Reoviridae . 

several 

In general the transcriptases of the Reoviridae are not active 

in virions . In vitro activation can be accomplished by various 

methods that all have the removal of outer capsid polypeptides 

in common . This treatment of virions results in the formation 

of particles of higher densities , which are usually referred to 

as core particles . For example , the reovirus polymerase can be 

activated by treating the virions with chymotrypsin (Skehel & 

Joklik , 1969) or heat shock (Borsa & Graham, 1968) . These 

treatments remove the outer capsid proteins u2 , o1 , and o3 . The 

RNA polymerase of rotavirus becomes active when the outer 

capsid glycoproteins , 31K and 34K , are removed from fully 

infectious virions by heat shock or calcium chelation (Cohen, 

1977 ; Cohen et . al . , 1979) . Three procedures have been 

described to obtain BTV core particles which have transcriptase 

activity : CsCl centrifugation at pH 7 , 0 (Verwoerd et . · al . , 

1972 ) , treatment of virions with chymotrypsin and magnesium 

(Van 0ijk & Huismans , 1980), and isolation of naturally 

occurring core particles from infected cells (Martin & 
Zweerink , 1972) . All three methods remove the two outer capsid 

proteins , P2 and PS , from the virion . The chymotrypsin-

magnesium treatment has also been used to activate the 

transcriptases of other orbivirinae such as epizootic 

haemorrhagic disease virus (EI-OV) and African horsesickness 

virus AHSV (Van Dijk & Huismans , 1982) . Transcriptase 

activity of Ibaraki virus , another orbivirus , was detected in 

naturally occurring core particles isolated from infected cells 

and purified on pH 9 , 0 CsCl gradients (Namiki et. al . , 1983). 

However , cytoplasmic polyhedrosis virus (CPV) and wound tumor 

virus (WTV) differ from the above-mentioned Reoviridae in that 

virions do have transcriptase activity and no activation is 

required (Lewandowski et . al . , 1969 ; Black & Knight , 1970 ; 
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Reddy et . al . , 1977) . The activity was not diminished when the 

outer capsid proteins were removed by chymotrypsin treatment , 

suggesting that these polypeptides were not involved in 

transcription . 

It is not clear why or how modification or removal of the outer 

capsid shel l activates the transcriptase . In the case of 

reovirus , it has been suggested that these modifications may 

uncover the central channels of the core spikes through which 

nucleoside triphosphates may be admitted and transcripts 

released , or that it may release conformational constraints and 

thereby permit the polypeptide chains that constitute the 

enzyme 

(Joklik , 

to assume 

1974) . 

supporting the 

t he configuration essent i al for activity 

Yamakawa and co-workers (1982) found evidence 

latter postulate . They showed that the 

polymerase and other RNA-modifying enzymes of reovirus are 

present in a functional state in intact virions , indicating 

that chain elongation by the transcriptase is prevented by a 

structural constraint imposed on the core , which prevents 

either the advancement of t~e transcriptase along a stationary 

genome , or movement of the template RNA through the enzyme 

catalytic site . 

When the optimum reaction conditions for in vitro transcriptase 

activity of the Reoviridae are compared , some similarities as 

well as several noticeable differences become apparent . Some of 

the differences may be related to the different environments in 

which these viruses replicate (insects , plants and animals) . 

.!!J. vitro transcription of the Reoviridae is dependent on the 

presence of the divalent cations , notably Mg++ and Mn++ . Except 

for Ibaraki virus , which has a pH optimum of pH 7 , 4 , the 

optimum pH for transcription of the Reoviridae is generally 

between pH 8 , 0 and pH 8 , 5 . The -optimum temperature for the in 

vitro transcription reaction of the Reoviridae varies 
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considerably . The transcriptases of human recivirus (Kapuler , 

1970) and rotavirus (Cohen , 1977) function optimally at 47-

520C, while the optimum for WTV , CPV , 8TV, EH0V and AHSV varies 

between 28-32°C. It has been suggested that a low temperature 

optimum for in vitro transcription might be characteristic for 

viruses which replicate alternatively or exclusively in 

poikilothermic organisms (Nuss , 1984 ; Verwoerd et . al . , 1972). 

However , the low temperature optimum for in vitro transcription 

of 8TV does not correlate with results obtained in vivo , where 

8TV-infected cell cultures are routinely incubated at 37°C and 

produce high yields of virus (Huismans , 1979) . This particular 

aspect has not yet been fully investigated . 

A feature of the in vitro transcription reaction of 8TV that 

has not been described for any of the other Reoviridae , is the 

inhibition of transcriptase activity which is observed when the 

core concentration in the transcription reaction mixture is 

increased (Van Dijk & Huismans , 1980). Vesicular stomatitis 

virus (VSV) and Sendai virus display a similar endogenous 

inhibition of in vitro transcription with increasing virion 

concentrations (Perrault & Kingsbury, 1974; Marx et . al ., 

1974) . In both these cases the inhibition could be overcome by 

including polyanions , such as poly-L- glutamic acid , in the in 

vitro transcription mixtures (Carrol & Wagner , 1978 ; Stone & 

Kingsbury , 1973) . The factors that influence the core -mediated 

inhibition of 8TV have , however, not yet been identified . 

The methyl donor S- adenosylmethionine (Adomet) seems to 

influence the transcription of the Reoviridae in varying 

degrees . Adomet has no influence on the transcription by human 

reovirus (Furuichi et . al. , 1975) or WTV (Rhodes et . al ., 

1977) , but it stimulates CPV transcription upto 70 fold , 8TV 

transcription 2 fold (Van Dijk & Huismans , 1980) and Ibaraki 

virus transcription 15 fold (Namiki ~ - al ., 1983) . The 

original discovery that Adomet increased ssRNA synthesis by 
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type 1 CPV was thought to indicate a link between transcription 

and methylation (Furuichi , 1974). However , findings with 

analogues of Adomet indicated that this interpretation does not 

hold true . These analogues could not act as methyl donors , but 

still increased polymerase activity (Mertens & Payne , 1978 ; 

Furuichi, 1978 ; Wertheimer~- al ., 1980). It has subsequently 

been suggested (Mertens & Payne , 1983) that the effects of 

Adomet , or its analogues , on the transcription of CPV are due 

to their binding to at least two functionally distinct sites on 

the CPV particle - the transcription control site and the 

methyl transfer site(s) . It appears that Adomet stimulates the 

initiation of transcription by a mechanism that lowers the Km 

for the initiating nucleotide at the promoter site (Furuichi , 

1981 ; Spencer & Garcia , 1984). 

In the case of both reovirus (Yamakawa~- al . , 1981) and CPV 

(Furuichi , 1981) it has been observed that RNA polymerases 

direct multiple abortive initiations during transcription , 

which result in an accumulation of short oligonucleotides 

corresponding in nucleotide sequence to the 5 1 termini of 

mRNAs. In contrast to prevailing notions in eukaryotic 

transcription , it has been suggested that chain elongation 

rather than initiation is the rate limiting stage for CPV and 

reovirus transcription (Smith & Furuichi , 1982) . 

Different roles of ATP during in vitro transcription have been 

reported for the Reoviridae . In vitro transcription of both CPV 

and rotavirus is inhibited when ATP is replaced by 8-y imido 

or methylene ATP, which are non-hydrolysable analogues of ATP . 

In the case of CPV this inhibition can be overcome by pre­

incubation with ATP , indicating an involvement of ATP in the 

initiation process (Wertheimer et . al ., 1980) . Pre- incubation 

does , however , not overcome the inhibition in the case of 

rotavirus and suggests that hydrolysis of ATP is associated 

with elongation of pre-initiated rotavirus RNA chains (Spencer 
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& Garcia , 1984) . 

The mechanism of transcription in the Reoviridae is 

conservative and asyl!lTietrical . The parental dsRNA genome 

segments are conserved and remain within the core particles , 

while the newly synthesised ssRNA transcripts are exported 

(Joklik , 1974) . The in vitro synthesised ssRNA transcripts are 

all of the plus pol arity . They do not hybridise with viral 

mRNAs isolated from infected cells , and direct the synthesis of 

virus-specific proteins in in vitro translation systems . 

Electron microscopic evidence (Gillies et . al ., 1971 ; Bartlett 

et . al ., 1974) suggests that the reovirus core particle is able 

to transcribe all 10 genomic dsRNA segments simultaneous l y, and 

that the mRNA product is extruded via the 12 hollow spikes of 

the particle (Luftig ~ - al ., 1972) . This confirmed biochemical 

observations (Skehel & Joklik , 1969 ; Banerjee & Shatkin, 1970) 

suggesting the existence of multiple enzymatic sites for the 

simultaneous transcription of the 10 dsRNA templates . 

Several reports on investigations of transcriptional control in 

the Reoviridae have been published . The genome RNAs of CPV 

(Smith & Furuichi , 1980) and human reovirus type 3 (Skehel & 

Joklik , 1969) were reported to be transcribed in vitro in molar 

amounts inversely proportional to their molecular weights . In 

infected cells, however , reovirus transcription appears to be 

regulated during the early stages of the multiplication cycle 

(Watanabe et . al ., 1968 ; Zweerink & Joklik , 1970) . Messenger 

RNA synthesis of bovine rotavirus (Bernstein & Hruska , 1981) 

appears to have differential rates of transcription for each 

genome segment both i n vivo and in vitro . Similar results have 

been obtained in the synthesis of BTV mRNA (Huismans & 
Verwoerd , 1973) . In the case of BTV, it has been found that 

genome segment Sis transcribed at double the rate , and genome 

segment 10 at half the rate that would be anticipated if the 10 

different genome segments are individually transcribed at a 
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constant rate of chain elongation (Verwoerd et . al ., 1979) . 

Genome segment 5 of EHDV and genome segment 6 of Ibaraki virus 

are also transcribed more frequent l y than expected (Huismans 

et. al. , 1979 ; Namiki et. al. , 1983) . 

Apart from transcriptase activity , capping enzymes have been 

detected in reovirus , CPV and WTV (Shatkin , 1976) . In the case 

of rotavirus a capped 5 ' structure has been found on the plus 

strands of the genome segments , but the actual enzyme 

activities have not yet been detected (Imai~. al . , 1983) . The 

capping enzymes presumably enable parental virions to initiate 

the replication process i n i nfected cells without utilising 

cellular syn t hetic reactions or inducing new enzyme activities 

(Joklik , 1981 ) . Studies of the reovirus capping enzymes have 

been used to analyse initiation of transcription and mRNA 

capping . 

biogenesis 

(Furuichi 

It was shown that capping occurs 

of mRNA , probably at the level 

et. al. , 1976 ; Darness , 1982) . 

early in the 

of i nitiation 

The viral mRNA 

guanylyltransferase , a key enzyme in the enzymatic steps 

required for cap synthesis , has been tentatively assigned to 

the A2 polypeptide on the basis of its specific , covalent 

radiolabelling with a 32P-GTP (Shatkin .et.. al.. , 1983) . 

Except for the above mentioned-example , no individual enzymatic 

activities have been assigned to structural polypeptides of the 

Reoviridae , since the enzyme activities involved in mRNA 

synthesis and modification are l ost upon solubilisation of 

purified viral particl es . Jokl ik (1981) postulated that the 

enzymes of the Reoviridae are components of the core shell and 

that the genes move past transcriptase catalytic sites fixed on 

the interior side of the core shell . In the case of reovirus 

this might take pl ace at the base of the spikes in such a way 

that the dsRNA templates remain within the cores , while 

transcripts are fed into and through the 12 spikes located on 

the cores (Gillies et. al. ' 1971) . Apart from transcriptase 

9 



activity , no other virus-associated enzymatic activity has as 

yet been detected in the orbivirinae. 

1 .4 INFORMATION CONTENT OF THE dsRNA GENOMES OF REOVIRIOAE 

A remarkable relationship was observed between the size of the 

genome segments and polypeptides of reovirus (Zweerink & 
Joklik , 1970) . This was subsequently also found for other dsRNA 

viruses, including BTV (Verwoerd et . al ., 1972 ; Martin & 
Zweerink , 1972) and AHSV (Bremer , 1976) . These observations 

formed the bas is for the as sumption that each genome segment 

codes for the synthesis of one virus-specific polypeptide . The 

identification of the primary gene products of a virus and the 

assignment of biological functions to these proteins is 

fundamental to understanding the molecular biology of a virus . 

Both and co-workers (1975) set three criteria for defining the 

primary gene products of human reovirus : 1) they are present in 

infected cells after pul se- labelling , 2) they co- electrophorese 

with cell-free translation product s synthesised in response to 

purified viral mRNA , and 3) they have molecular weights 

cons i s tent with the coding capacity of the genome segments . 

These c riteria also app l y to other Reoviridae such as BTV . 

Apart from the seven s tructural proteins of BTV which have been 

mentioned previously , Huismans (1979) detected two apparently 

non - structural proteins , P5A and P6A , in infected cells . These 

proteins will in future be referred to as NS1 and NS2 

respectively . However , it has not been proven unequivocally 

that these two proteins are indeed virus- specific . If it is 

assumed that they are viral proteins , then only 9 of the 

predicted 10 BTV proteins have been accounted for . By means of 

in vitro translation of BTV mRNAs , and an analysis of the in 

vitro synthesised proteins , it should be poss ible to confirm 

the viral origin of the non- s tructural proteins , identify any 

as yet unknown BTV proteins , and determine the protein- RNA 
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coding assignments of the genome segments . 

The two techniques that have been used to determine the 

information content of the individual genome segments of 

reovirus , will be outlined briefly . The one technique is based 

on the slight differences in size that exist between the genome 

segments and proteins of the three reovirus serotypes . Mustoe 

and co -workers (1978 ) produced hybrid viruses by genetic 

reassortment after pairwise mixed infection . By examining the 

RNA and protein polyacrylamide gel electrophoresis profiles of 

the cloned recombinants , they established the protein changes 

that accompanied specific gene changes and deduced the RNA­

(1 983 ) protein coding ass i gnments . Kahlon and co-workers 

followed a similar approach for BTV serotypes 10 and 11 . They 

were able to determi ne that the L2 gene of BTV co - segregated 

with the viral antigens responsible for type specificity , and 

demonstrated that the L2 gene codes for polypeptide P2 . 

The other technique involved , was the more direct approach of 

in vitro translation . The 10 species of reovirus mRNA , 

transcribed by reovirus cores in vitro , were isolated 

individually , hybridised to the various genes to determine from 

which each was transcribed , and subsequently translated 

individually in an in vitro protein synthesising system. The 

coding assignments of the four smallest (s - class) reovirus 

mRNAs were determined using this approach (Levin & Samuel , 

1980) . However , insufficient quantities of the larger mRNA 

species were obtained to allow the determination of their 

protein coding assignments . This urged McCrae and Joklik 

(1978) to adopt an alternative approach . They isolated the 10 

dsRNA genome segments individually and used them successfully 

as terrplates in a wheat germ translation system following 

denaturation with 90% dimethyl sulphoxide . Identification of 

the proteins was achieved by comparing the elec trophore tic 

mobilities of the translation products with those of authentic 
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proteins, as well as by Staphylococcus Aureus VB peptide 

mapping . The coding assignments obtained by this method 

corresponded to that obtained by the genetic reassortment 

procedure . To date , the technique of translating denatured 

dsRNAs in vitro has been used successfully for reovirus (/YlcCrae 

& Joklik , 1978) , rotavirus (McCrae & McCorquodale , 1982) , BTV 

type 17 (Grubman et . al. , 1983) , BTV type 1 (Mertens et . al . , 

1984) , infectious pancreatic necros is virus (Mertens et . al . , 

1982 ; Mertens & Dobos , 1982) , and Drosophila X virus (Nagy & 
Dobos, 1984) . 

1 . 5 REPLICATION OF THE REDVIRIDAE 

It is generally assumed that viral non - structural proteins 

function during replication . Possible functions which have been 

suggested for these proteins include the inhibition of cellular 

metabolism, a role in regulating viral nucleic acid and/or 

protein synthesis , and involvement in morphogenesis . As has 

been mentioned, two non-structural proteins have been 

identified for BTV , namely NS1 and NS2. Protein NS1 is 

synthesised in large amounts throughout the infection cycle and 

seems to be the only structural component of the 68 nm tubules 

found in BTV infected cells (Huismans & Els, 1979) . Protein NS2 

is a phosphoprotein and has affinity for ssRNA (Huismans & 
Sasson, 1983) . However , nothing is known about the functions of 

either of these proteins . 

One of the major unresolved aspects in the replication of the 

Reoviridae is the mechanism which specifies that each progeny 

virus particle receives one of each of the 10 different RNA 

molecules (Joklik, 1981 ) . Reovirus is the only member of the 

Reoviridae where in vivo replication has been studied 

extensively. It has been established that morphogenesis of 

reovirus commences approximately 4 hours after infection . The 

earliest immature virus particles that were detected contained 
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virus-coded proteins , i ncluding A1, A2 , µ2 , and µ1C (Morgan & 
Zweerink , 1974) , as well as plus- stranded transcripts in RNase­

sensitive form (Acs et . al ., 1971 ) . Within these particles the 

plus strands are transcribed once to form minus strands . These 

minus strands remain associated with the plus strands and 

represent the progeny dsRNA molecules . Double-stranded RNA 

never occurs in a free , unencapsidated form within infected 

cells (Gomatos , 1967 ; Silverstein ~ • .2l_., 1970) . There fore , 

the only way in which genetic information can be passed from 

parent to progeny is via plus- stranded transcripts (mRNAs) . The 

mechanism that apportions RNA molecules to nascent reovirus 

progeny particles is eff icient , but not infallible , and several 

examples of reovirus particles with less than 10 genes have 

been reported (Nonoyama & Graham, 1970 ; Scheurch et. al. , 

1974). In the case of WTV , mutants lacking certain genome 

segments have also been found (Reddy and Black , 1977) . 

Currently all the evidence indicates that assortment of the RNA 

molecules occurs at t he ssRNA stage (Acs et . al ., 1971; Sakuma 

& Watanabe , 1972a ; Sakuma & Watanabe , 1972b ; 

al., 1972) . 

Zweerink et . 

Two mechanisms have been postulated to explain the association 

of sets of ssRNAs during morphogenesis (Joklik , 1974) . The one 

is based on RNA-RNA interactions and the other on RNA- protein 

interactions . The hypothesis that complementary sequences at 

t he terminals of the genome segments are involved i n 

recognition was ruled out when sequencing of the reovirus genes 

was undertaken . It was found that all reovirus genome segments 

have common 5 1
- and 3 1 - ends (Antczak~- al ., 19B2) . Similar 

results have been obtained by the analysis of the terminal 

sequences of influenza virus (Desselberger ~ . al ., 19B0 ; 

Robertson , 1 9.79) , some rotav iruses ( Clarke & McCrae , 1983 ; Imai 

et . al ., 1983) , CPV (Kuchino et . al ., 1982) , $6 phage (Iba et . 

al. ., 1982) , as well as six orbiviruses (Mertens & Sangar , 1985 ; 

Kuichi ~ - al ., 1983 ; Rao et . al ., 1983) , of which four belong 
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to the BTV serogroup, namely BTV serotypes 1 , 10, 11 and 20 . It 

has been s uggested that these conserved terminal non- coding 

regions contain recognition signals for initiation of 

transcription by the core-associated polymerase, and for 

initiation of the complementary negative strand synthesis 

during the formation of the dsRNA genome segments (Imai et . 

al ., 1983 ; Mertens & Sanger , 1985; Antczak~- al ., 1982) . 

Evidence has , however , been obtained supporting the hypothesis 

that RNA-protein interactions form the basis for the assembly 

of the different ssRN As during morphogenesis . For instance , the 

non -structural oNS protein of reovirus may function as a 

condensing protein to bring together the 10 reovirus 

templates in preparation for dsRNA synthesis (Gomatos et . 

1981 ) . Temperature- shift experiments showed that protein 

ssRNA 

al. • 

oNS , 

synthesised early in infected cells , was sufficient to produce 

high yields of infectious reovirions . Furthermore , small 13- 195 

reovirus-specific particles were detected that were composed 

solely of oNS protein and had poly-C-dependent poly -G 

polymerase activity as well as affinity for ssRNAs (Gomatos et . 

al. , 1980 ; Gomatos ~ - al., 1981 ) . The mRNA segments of 

reovirus bind to these particles at specific regions unique for 

members of each s ize class (Stamatos & Gomatos , 1982) . 

Additional evidence supporting the hypothesis that proteins 

function as condensing agents during morphogenesis of the 

Reoviridae are reports that two orbivirinae , namely BTV 

(Huismans & Sasson , 1983) and Wallal virus (Gorm.an et. a l., 

1983) both have a non-structural protein , called NS2 , capable 

of binding ssRNAs . 

1 . 6 PHOSPHORYLATION 

The finding that BTV NS2 protein is a phosphoprotein (Huismans 

& Sasson , 1983 ; Grubman et . al ., 1983) , adds another 

perspective to its possible functions . Phosphorylation-
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dephosphorylation has been demonstrated in almost every type of 

cellular process including, synthesis of cell constituents , 

metabolic pathways and gene expression (Krebs & Beavo , _1979) . 

Phosphorylated proteins have been detected in many enveloped 

DNA- and RNA- containing viruses such as vaccinia virus , certain 

rhabdoviruses , simian virus 40 , adenoviruses , some arboviruses, 

oncoviruses , and avian and mammalian retroviruses (Rosemond & 
Moss , 1973 ; _Sokol & Clark , 1973 ; Tan & Sokol , 1972 ; Russell et. 

al., 1972 ; Axelrod , 1978 ; Lamb & Choppin , 1977 ; Collett & 

Ericson , 1978 ; Levinson rt• al ., 1978 ; Collett rt- ~ -• 1979 ; 

Lai, 1976 ; Pal et . al ., 1975) . Foot and mouth disease virus 

(FMDV) and adenovirus type 2 and 5 appear to be the only non ­

enveloped virus es thusfar examined which contain a pr otein 

kinase (Grubman et . al ., 1981 ; AkusjHrvi et . al ., 1978 ; Blair & 
Russell , 1978) . Some oncornavirus transforming gene products 

(Eckhart et . al., 1979 ; Hunter & Sefton , 1980 ; Smith et . al. , 

1979 ; Witte et . al ., 1980) and early proteins of papovaviruses 

(Eckhart rt• al ., 1979 ; Schaffausen & Benjamin , 1979 ; 

Scheidtmann et . 1982 ; Smith et. al. , 1979) have 

autophosphorylating activity at tyrosine residues . 

The presence of both virion -associated protein kinases and 

phosphorylated viral proteins in non-transforming enveloped RNA 

viruses has lead to speculation regarding the function and 

origin of the kinase , and the significance of the 

phosphorylated viral proteins in the life cycle of these 

viruses . At this stage evidence has been obtained that the 

degree of phosphorylation of some proteins seems to determine 

the extent of their binding to viral nucleic acid (Clinton et . 

1978 ; Scheidtmann et . 1984) . Furthermore , 

phosphorylation has been shown to s timulate viral transcription 

in the case of influenza virus (Kamata & Watanabe , 1977) and 

VSV (Kingsford & Emerson , 1980) . 

BTV NS2 protein is the only phosphoprotein that has as yet been 
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detected in the Reoviridae . However, it should be emphasised 

that apart from reovirus , this aspect has not been thoroughly 

investigated . Nothing is known about the significance of the 

phosphorylation , or the kinase involved . The above -mentioned 

evidence tempts one to postulate that the affinity of NS2 for 

ssRNA might be regulated by a phosphorylation process . By 

investigating the phosphorylation state of in vitro synthesised 

NS2 , it might be possible to come to a better understanding of 

the functional significance of this phenomenon in BTV 

replication . 

1 . 7 OBJECTIVES OF THIS STUDY 

The review of the literature on BTV and related viruses 

indicates that a detailed knowledge of the in vitro synthesis 

of BTV proteins is still lacking . A primary objective of this 

of this investigation was therefore to study this process . In 

order to achieve this objective , the in vitro transcription 

reaction also had to be investigated , since BTV mRNAs were 

required for the translational studies . 

It was considered of particular importance to investigate 

factors that influence the efficiency of the in vitro 

transcription reaction , such as core concentration and 

incubation temperature (Chapter 2) . 

Knowledge of the in vitro translation of BTV mRNAS opens the 

possibility to obtian further detailed information on BTV as 

such, and BTV related aspects . The aim of the in vitro 

translation study of BTV was to identify all the proteins 

prove the that are encoded by the 10 BTV mRNA species, and 

viral origin of the non- structural proteins , 

determining the coding assignments of the 10 

segments (ChapteJ:s 3 and 4) . 

as well as 

dsRNA genome 
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The last aspect of the study was to investigate 

vitro synthesised NS2 differed from its in vivo 

whether in 

synthesised 

counterpart with respect to phosphorylation and. affinity for 

ssRNA , and to carry out experiments in order to identify the 

kinase phosphorylating NS2 (Chapter 5) . 

The significance of the results obtained for each of these 

objectives is discussed in detail at the end of the relevent 

chapter . Finally , some concluding remarks (Chapter 6) are 

presented relating the overall findings of this investigation , 

as well as suggestions for future investigations . 

17 



CHAPTER 2 

THE IN VITRO TRANSCRIPTION REACTION OF BLUETONGUE VIRUS 

2 . 1 INTRODUCTION 

Transcriptase activity of BTV is associated with core 

particles . The conversion of BTV virions to core particles 

involves the removal of the two outer capsid proteins , P2 and 

PS (Verwoerd et . al ., 1972) . The resulting core particles have 

a density of 1 , 40 g/ml as opposed to the 1 , 36 g/ml of virions 

(Van Dijk & Huismans , 1982) . Conditions for the in vitro 

activation of the BTV- associated transcriptase and the i n vitro 

transcription reaction have been studied (Verwoerd & Huismans , 

1972 ; Van Dijk & Huismans , 1980) . It was found that the BTV 

transcriptase has some characteristics that distinguish it from 

other Reoviridae . One is the inhibitory effect observed with 

increasing core concentrations in the reaction mixture . Another 

is the low temperature optimum of 28°C , which is in contrast to 

the 47-52°C optimum reported for reovirus (Kapuler g . al ., 

1970) and rotavirus (Cohen , 1977) . Furthermore, this low 

temperature optimum for in vitro transcription seems to be in 

conflict with in vivo conditions where 8TV-infected cells are ---
routinely propagated at 37°C and produce high yields of virus 

(Huismans , 1979) . Therefore , the purpose of this part of the 

investigation was to study the effect of the concentration of 

core particles and the incubation temperature on the 8TV in 

vitro transcription reaction in detail . This included a 

comparison between transcriptase activity of core particles 

isolated from BTV - infected cells and of core particles prepared 

in vitro from purified virions . 
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2 . 2 MATERIALS AND METHODS 

Two cell lines were used for this investigation , baby hamster 

kidney cells (BHK-21 cells) , and L-strain mouse fibroblasts 

(LF -cells) . Both lines were originally obtained from the 

Drive , American Type Culture Collect ion (12301 Parklawn 

Rockville , Maryland , USA 20825) . The cells were grown as 

monolayers in Roux flasks or roller bottles in modified Eagle ' s 

medium supplemented with 5% bovine serun (Verwoerd et . al ., 

1967) . 

2 . 2 . 2 Virus 

The avirulent strain of BTV serotype 10 was used . It was 

propagated in monolayer BHK-cells using a plaque- purified , low 

passage stock virus suspension . The methods for the propagation 

and attenuation of the stock virus suspension have been 

described (Verwoerd , 1969) . Virus was purified according to a 

modification of the Freon extraction method of Verwoerd (1969) 

as described by Huismans (1979) . 

2. 2. 3 In Vitro Preparation of BTV Core Particles 

2. 2 . 3.1 Chymotrypsin-Magnesium Procedure 

The chymotrypsin-magnesium procedure used for the preparation 

of BTV core particles was that described by Van Dijk and 

Huismans (1980) . Purified BTV virions were incubated at 37°C 

for 60 min at a concentration of 0 , 6 mg/ml (1 mg of virus 

taken as approximately 5 A250 - units) in a reaction mixture 

containing 0 , 6 M MgCl2 ; BO ug/ ml chymotrypsin ; and 0 ,1 M Tris­

HCl , pH 8,0 . After incubation , core particles were recovered by 

centrifugation through a 40% sucrose layer at the bottom of the 
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centrifuge tube (100000g for 120 min at 4°C) . The pellet was 

resuspended in 2 nft1 Tris-HCl , pH 8 , 0 and further purified by 

CsCl density centrifugation (150000g for 27 hat 4°C) , using 

0 , 1 M Tris-HCl , pH 8 , 0 to buffer the CsCl solution . Core 

particles banded at a density of 1 , 40 g/ml . This fraction was 

collected with a syringe , diluted at least ten fold with 2 nft1 

Tris-HCl, pH 8 , 0 , and concentrated by centrifugation through a 

ml 40% sucrose layer at the bottom of the tube (190000g for 

45 min at 4°C) . The core particles were resuspended in 2 nft1 

Tris- HCl , pH 8 , 0 and kept at 4°C until used . Alternatively , the 

CsCl bands were not concentrated but , desalted on a prepacked 

Sephadex G-25M column (Pharmacia Fine Chemicals , P0-10) . 

2 . 2 . 3 . 2 Magnesium Procedure 

The magnesium procedure for the preparation of core particles 

was developed by Cloete and Huismans* . Purified 8TV virions 

were resuspended in 2 nft1 Tris - HCl , pH 8 , 0 at a concentration of 

2 mg/ml, followed by the addition of an equal volume of 2 M 

MgCl2 . After 30 min at 4°C , the core particles were collected 

by centrifugation through a 40% sucrose layer (100000g for 120 

min at 4°C) . The pellet was resuspended in 2 nft1 Tris - HCl , pH 

8 , 0 and purified further on CsCl density gradients as described 

under 2 . 3.2 .1 . 

2 . 2 . 4 Polyacrylamide Gel Electrophoresis 

Electrophoresis was performed with a slab gel unit constructed 

as described by Studier (1973). The dimensions of the gels were 

15 cm x 16 cm x 0 , 1 cm . The electrophoretic procedure was 

essentially the same as that described by Laemmli (1970) . The 

concentration of acrylamide in the separating gel was 15% and 

" unpublished methodology used in this laboratory 
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in the stacking gel 5% . The gels were run at 200 Volt for 17 h 

at 4°C, unless indicated otherwise . Gels were stained in Serva 

Blue solution (Anderson et . al. , 1974) and destained in 4% 

acetic acid at 45°C . They were dried on Whatman 3/YJIYI filter 

paper under vacuum on a heated gel - drying apparatus . 

2 . 2.5 In Vitro Transcription Reaction 

In vitro transcriptase activity was assayed using a standard 

transcription reaction mixture described by Van Dijk and 

Huismans (1980) . The final concentration of reagents in the 

transcription mixture was : 1 ,7 mM each of ATP , GTP and CTP ; 100 

mM Tris-HCl , pH 8 , 0; 6 mM MgCl2 : 7,5 mM phosphoenol - pyruvate ; 

0,1 mg/ml pyruvate kinase ; 2 mM MnCl2 ; 0 , 25 mM S- adenosyl-L­

methionine (Adomet) ; 0 , 5 mg/ml bentonite ; 40 uCi 3H - UTP 

(specific activity 23 mCi/mmole), and BTV core particles at 0,5 

A260- units/ml . This transcription mixture was incubated at 28°C 

for 6 h unless indicated otherwise . 

The time dependent incorporation of 3H- IJV1P into RNA was 

determined by analysis of samples taken from the transcription 

mixture . The samples were spotted onto Whatman 3/YJIYI filter paper 

discs (2 cm in diameter) , and the amount of 3H- cpm 

incorporated into acid-insoluble material was determined 

according to the method described by Bergmann and Lodish 

(1979) . The discs were washed 3 times for 10 min in cold 5% TCA 

and once in cold water . The water was removed by a rinse in 

cold 95% ethanol followed by a rinse in ether . The discs were 

dried for 5 min in a microwave oven , or for 30 min at 90°C . 

The radioactivity on each filter was measured in a toluene 

based scintillation fluid (0, 1% w/v 2 , 5-diphenyloxazol; and 

0 , 03% w/v 2,2 '-p- phenylenebis 4- methyl-5 - phenyloxazole in 

toluene) in a Packard Scintillation Counter . 
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2 . 2 . 6 In Vivo Uncoating of BTV Virions to Core Particles 

2 . 2 . 6 .1 Preparation of Suspens ion Cultures of LF - cells 

fYlouse LF-cells were grown to confluent monolayers on Roux 

flasks . The cells were then tryps inised , pooled and 

concentrated by centrifugation (2000g at room temperature) . The 

cells were rinsed once with Eagle ' s medium , collected by 

centrifugation and then resuspended in Eagle ' s medium to a 

final concentration of approximately 5 x 106 cells/ml . 

2 . 2 . 6 . 2 Uncoatinq of BTV Virions in LF -cell Suspension Cultures 

Suspension cultures of LF-cells in Eagle ' s medium (5x106 

cells/ml) were infected with purified BTV virions at a 

concentration of approximately 0 , 5 mg BTV/1 x 10Bcells . The 

infected suspension cultures were incubated at 37°C , while 

being stirred magnetically . At 1 h p . i . the suspension was 

diluted 2 , 6 fold with Eagle ' s medium and incubated another hour 

at 37°C . At 2 h p . i . the cells were harvested by centrifugation 

(1500g at 4°C) . This cell suspension was used for the 

preparation of a crude cell - free extract (S10 -extract) . The 

cell suspension was resuspended in 0 , 5% Triton- X100 which 

was buffered with 20 rr{IJ Tris - HCl , pH 8 , 0 (2 , 5 ml/108 cells) , 

and disrupted by ten strokes in a Dounce homogeniser . Nuclei 

were removed by centrifugation (2000g for 5 min) . The 

supernatant formed part of the crude cell - free extract . The 

nuclear sediment was rinsed once more with half the initial 

volume 0 , 5% Triton- X100 buffered with 20 rr{IJ Tris -HCl , pH 8 , 0 , 

and centrifuged again . This supernatant was pooled with the 

previous s upernatant , and the combined fraction formed the S10-

extract . 

Viral particles were recovered from the S10-extract by 

centrifugation (100000g at 4°C for 120 min) through a layer of 
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40% sucrose in 2 rr/11 Tris- HCl, pH 8 , 8 . They were then layered 

on a 4-40% sucrose gradient in 2 rr/11 Tris-HCl, pH 8,8 and 

centrifuged for h (100000g at 4°c) . The gradients were 

fractionated and the optical density of each fraction was 

determined at 260 nm . 

2 . 2 . 7 Preparation of l.!J. Vitro Synthesised 8TV mRNA 

For large scale preparation of 8TV mRNA by in vitro 

transcription , at leas t 40 A250-units of BTV cores were used . 

Apart from the components mentioned under 2 . 2 . 5 , the 

transcription mixture also contained 0 , 85 mfY1 UTP . Incubation 

was at 28°C for 16 h . 

polyvinylsulfuric acid (PVS) 

of 0,05% . Bentonite and 

After the incubation period , 

was added to a final concentration 

core particles were removed by 

centrifugation (100000g at 4°C for 90 min) . An equal volume of 

STE -1- buffer (0 , 01 M NaCl ; 0,01 M Tris-HCl, pH 7,4 ; 0 , 001 M 

E0TA), containing 0 , 05% PVS , was added to the supernatant . The 

virions were subsequently deproteinized by phenol extraction , 

followed by two ether extractions . The NaCl concentration of 

the waterphase was adjusted to 0,15 Mand s upplemented with ·two 

volumes of ethanol . The mixture was left for 16 hat - 20°C , 

which resulted in the precipitation of RNA . The RNA was 

collected by centrifugation and resuspended in 20 ml STE-1-

buffer . Single-stranded RNA was separated from any remaining 

double- stranded RNA by overnight precipitation at 4°C in the 

presence of 2 M LiCl . The ssRNA precipitate was collected by 

centrifugation , resuspended in water and divided in small 

aliquots which were kept at - 70°C until used . 

2 . 2 . 8 Aqarose Gel Electrophoresis 

Submarine horizontal agarose gel electrophoresis was performed 

using 3% low gelling temperature agarose gels (SeaPlaque ; FMC) . 

The electrophoresis buffer contained 0 , 005 M Na -acetate ; 
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0 , 001 M E0TA and 0 , 001 M Tris , pH 7 . 9 . After dissolving the 

agarose, it was autoclaved for 10 min before pouring the gel. 

Electrophoresis was at 100 mA for 45 min . The gels were stained 

in electrophoresis buffer containing 1 ug/ml ethidium bromide 

and visualised by means of ultraviolet light . 

2 .3~ 

2.3 .1 In Vitro Preparation of BTV Core Particles 

The BTV-associated transcriptase is activated by removal of the 

two outer capsid proteins , P2 and PS , from the virion . Recently 

Cloete and Huismans (manuscript in preparation) developed a 

method to dissociate these outer capsid proteins from virions 

in an intact form . To investigate whether this method resulted 

in the complete dissociation of proteins P2 and PS and activate 

the transcriptase , it was compared to the chymotrypsin­

magnesium procedure . 

Figure 2 .1 shows the result obtained when BTV virions were 

converted to core particles by the methods as described under 

2 .2 . 3 . 

It is evident that both methods are equally suitable for the in 

vitro preparation of core particles . Removal of the two outer 

capsid proteins of BTV by either method resulted in the 

unmasking of the viral - associated transcriptase (result not 

shown). 

2.3 . 2 The Influence of Core Concentration on the In Vitro 

Transcription Reaction 

The optimum temperature for the in vitro transcription reaction 

of BTV has been reported to be 28°C (Verwoerd & Huismans , 1972 ; 

Van 0ijk & Huismans, 1980) . However, preliminary experiments 
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Figure 2. 1 Polyacrylamide gel of (a) BTV control , (b) 0 , 15 

A250-units of BTV core particles prepared by the chymotrypsin ­

magnesium procedure , and (c) 0 , 15 A250 - units of BTV core 

particles prepared by the magnesium procedure . 
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indicated that the core concentration in the reaction mixture 

affected this optimum. To study this , the optimum temperature 

for the BTV transcriptase was determined at three different 

core concentrations : 2 A250-units /ml ; 0,625 A250-units/ml ; and 

0,125 A250-units/ml . The BTV cores were prepared as described 

under 2 . 2 . 3 . 1 . Transcriptase activity was assayed at 

temperatures which varied from 20°C to 47°C by using standard 

transcription mixtures of 400 ul each from which 25 ul samples 

were spotted onto filter paper discs every 30 min during a 6 h 

reaction period . The results obtained are presented in Figure 

2 . 2 , and indicate the amount of 3H- cpm incorporated into acid­

insoluble material relative to a fixed amount of core particles 

(3 , 125 x 10-3 A250 -units) . 

This result shows that the degree to which temperature affects 

the transcriptase reaction depends greatly on the core 

concentration . At a core concentration of 0 , 125 A250 - units/ml 

(Fig . 2 . 2A) , there is only a small difference between the 

reaction rates at 37°C and 28°C , though the reaction appears to 

proceed 

units/ml 

best at 31°C . At a core concentration of 0 , 625 A250-

(Fig . 2 . 28 ) the reactions at 28°C and 31°C are almost 

but there appears to be inhibition of 

reaction at 37°C . At the highest 

concentration , 2 A250-units/ml (Fig . 2. 2C) , the reaction is 

identical , the 

transcriptase core 

highly ineffective at 37°C and after 2 h no further synthesis 

is observed , while at the lower temperatures this inhibitory 

effect is much less pronounced , and the reaction proceeds 

somewhat better at 28°C and 24°C than at 31°C . 

Similar results were obtained for all the other temperatures 

investigated . At the highest core concentration (Fig . 2 . 2C) the 

reaction at 20°C proceeds almost as well as the reaction at 

28°C , but transcription only lasted 1 hat 41°C . 

hand , at the low core concentration of 0 ,1 25 

On the other 

A250-units/ml 

(Fig . 2 . 2A) , the reaction rates at 20°C and 41°C were virtually 
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Figure 2.2 Temperature dependence of the in vitro transcription reaction of in 
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the same, and transcription continued throughout the experiment . 

The results shown in Fig . 2 .2 indicate that the apparent low 

temperature preference of the BTV transcriptase is not an 

inherent characteristic of the enzyme . It seems to be the 

result of a concentration-dependent inhibitory effect 

associated with the core particles in the reaction mixture . 

2 . 3 . 3 Characteristics of the In Vivo Activated BTV Transcriptase 

2 . 3 . 3 .1 .!.!l Vivo Preparation of Core Particles 

It seems unlikely that factors such as the core - mediated 

inhibition play a significant role in transcription in infected 

cells . There is also no evidence for a low temperature 

requirement for transcription in vivo . In fact , radioactive 

labelling of in vivo synthesised BTV mRNA is routinely carried 

out at 37°C (Huismans , 1970 ; Huismans & Verwoerd , 1973) , and 

high yields of virus are obtained by propagation of infected 

cells at 37°C (Huismans , 1979). · Therefore , it was of interest 

to investigate the in vitro temperature requirement of 

transcriptase activity of in vivo uncoated virions . 

The method 

suspension 

for the isolation of BTV cores from 

culture of L-cells is described under 

an infected 

2 . 2 . 6 . 2* . A 

500 ml suspension culture of LF-cells was infected with 12 mg 

of purified BTV virions . At 2 h p . i ., the 510-extract of these 

cells was prepared and centrifuged' at 4°C for 2 hat 100000g . 

The supernatant was discarded and the pellet was resuspended in 

2 mM Tris-HCl , pH 8 , 8 and layered on a 10-30% sucrose gradient 

in 2 mM Tris-HCl , pH 8 , 8 . The gradient was centrifuged for h 

at 100000g (27000 rpm in a Beckman SW 27 rotor) and then 

lf the method was communicated by Or . H. Huismans 
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fractionated (±2 ml/fraction) . The optical density of each 

fraction was determined at 260 nm and the result is shown in 

Figure 2. 3. 

Two optical density peaks were obtained , one with an 5 value of 

5505 which correlates with that of virions , and another with an 

5 value of 4705 which is that of core particles (Martin & 
Zweerink , 1972) . The standard analysis of t he protein content 

of the particles in the two peaks by means of polyacrylamide 

gel electrophoresis confirmed that virions were present i n the 

5505 region and core particles in the 4705 region (results not 

shown) . 

2 . 3. 3 . 2 In Vitro Transcription of In Vivo Prepared Core Particles 

The different fractions of the 4705 region of the sucrose 

gradient of 2 . 3. 3 . 1, shown in Fig . 2 . 3 , was assayed for in 

vitro transcriptase activity both at 28°C and at 37°C , by 

adding a 200 ul sample of the fractions to 200 ul of double 

concentrated transcription mixture . At various time intervals , 

40 ul samples were taken from the reaction mixtures and 

analysed for incorporation of 3H- IJYIP cprn into acid- insoluble 

material as described under 2 . 2 . 5 . The results obtained for 

fraction 11 of Fig . 2 . 3 are shown in Figure 2.4 . 

Transcriptase activity was observed at both i ncubation 

terrperatures . The level of activity at 37°c was even slightly 

higher than that at 28°C . The core concentration for the 

reaction was approximately 0 , 2 A250-units/ml. At this 

concentration all the previous results indicated a higher level 

of activity at 28°C than at 37°C (compare Fig . 2 . 2) • .!.!J. vitro 

transcriptase activity , similar to that in fraction 11 , was 

detected in all fractions of the 4705 region of the sucrose 

gradient (result not shown) . 
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Figure 2.3 Sucrose gradient sedimentation analysis of the pellet 

of the 510-extract of BTV - infected cells . Sedimentation is 
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(- ) indicates the fractions that were pooled for further 
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The fractions 

subsequently 

of the 4705 region 

pooled (as indicated 

of 

in 

the gradient 

Fig . 2 . 3) and 
were 
core 

particles were concentrated by centrifugation and purified on 

CsCl gradients as described under 2 . 2 . 3 . 1 . These core particles 

were assayed for transcriptase activity in 300 ul reaction 

mixtures at three different core concentrations : 0,1 A250-

units/ml (Fig . 2. 5A) ; 0,5 A250-units/ml (Fig . 2 . 58) ; and 1 , 5 

A250-units/ml (Fig . 2 . 5C) , and five different incubation 

temperatures between 28°C and 41°C . Transcriptase activity was 

assayed by taking 25 ul samples every 30 min over a 6 h period 

and determining the 3H- cpm incorporated into acid- insoluble 

material as described under 2 . 2 . 5 . The results obtained are 

shown in Figure 2 . 5, and represent the 3H- lJYlP cpm incorporated 

by 2,5 x 10-3 A250-units of BTV core particles . 

The temperature dependence of the in vitro transcription 

reaction in this experiment differed from that observed in the 

earlier experiment shown in Fig .2 . 4 , although the same in vivo 

prepared core particles were used . At all three core 

concentrations investigated , the in vitro transcription 

reaction proceeded distinctly better at 28°C than at 37°C . In 

fact , the results were almost identical to those of in vitro 

prepared core particles (Fig . 2 . 2) . Therefore , it can be 

concluded that the temperature 

transcription of BTV is the same, 

requirement for in vitro 

irrespective of whether core 

particles are prepared in vitro or in vivo. One possible 

explanation for the different temperature dependencies observed 

in the experiments shown in Fig . 2 . 4 and Fig . 2 . 5 respectively , 

is that a component of the reaction mixture was responsible for 

this temperature effect . A possible candidate that might be the 

cause of this effect , is sucrose . The possible effect of 

s ucrose was therefore subsequently verified . 
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Figure 2.5 The temperature dependence of in vitro t r anscription of in vivo prepared 

core particles after CsCl gradient centrifugation at (A) 0 , 1 A250-units BTV 

cores/ml , (B) 0, 5 A250-uni t s BTV cores/ml, and (C) 1 ,5 A250- units BTV cores/ml . 
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incorporated by 2, 5 x 10-3 A250-units BTV core particles , which is t he amount of 

cores present i'n a 25 ul sample from reaction mixtures i n (A) . 



2 . 3 .4 Effect of Sucrose _Q!J. the l!J. Vitro Transcription Reaction 

In order to investigate the effect of sucrose on transcriptase 

activity , BTV viri ons were uncoated in vitro by treatment with 

chymotrypsin and magnesium as described under 2 . 2 . 3. 1 . The 

effect of sucrose on t he i n vitro transcription reaction of 

these core particles was studied by including different 

concentrations of sucrose in identical , separate 400 ul 

transcription reaction mixtures . Three different incubation 

temperatures (28°C , 37°C and 41°C) and two core concentrations 

(1 , 5 A250-units/ml and 0 , 25 A250-units/ml) were investigated . 

The reaction was assayed by spotting 25 ul samples of the 

reaction mixtures on filter paper disks over a 6 h period . The 

incorporation of 3H- IJYIP cpm into acid-insoluble material was 

determined as described under 2 . 2 . 5 . The results are shown in 

Figure 2 . 6 . 

At the lower core concentration sucrose had no effect on the 

reaction at 28°C (Fig . 2 . 6A) , but it stimulated the reaction at 

both 37°C and 41°C (Fig . 2 . 68 , Fig . 2 . 6C) . At the high core 

concentration the presence of sucrose stimulated the 

t r anscription reaction at all three incubation temperatures 

(Fig . 2 . 6D , 2. 6E , and 2 . 6F) . Higher concentrations of sucrose 

resulted in higher levels of stimulation . Sucrose only 

stimulated the transcription reaction under conditions where 

inhibition was evident (Fig .2 . 68 , 2 . 6C , 2 . 6 , 2 . 6E , and 2 . 6F) . 

Sucrose had no effect on the transcription reaction at low core 

concentrations and low incubation temperatures , where the 

reaction rate was constant over the 6 h period (Fig . 2 . 6A) . 

The stimulatory effect on the in vitro transcription reaction 

did not appear to be unique to sucrose , since it could also be 

demonstrated with glycerol (results not shown) . 
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2 . 3. 5 The Effect of.!!_ Temperature-Shift on In Vitro Transcription 

There are at least two possible explanations for the inhibition 

of in vitro transcription observed at high core concentrations . 

One is that core particles are very unstable under these 

conditions and disintegrate . The other is that high core 

concentrations might result in a temporary inactivation of 

polymerase activity at higher temperatures . In the latter case 

the inhibition should be reversible . To investigate this , a 

temperature-shift experiment was carried out : A 2 , 4 ml 

transcription mixture with a core concentration of 0 , 56 A250-

units/ml was prepared as described under 2 . 2 . 5 . One half of 

this mixture (1 , 2 ml) was incubated at 28°C , while the other 

half was incubated at 37°C . After 165 min a 300 ul portion of 

the reaction mixture at 28°C was removed and incubated further 

at 37°C . Similarly, 300 ul of the reaction mixture at 37°C was 

removed and incubated further at 28°C . The remainder of the 

mixtures were left at the original temperatures . An hour later , 

225 min after the start of the reaction , the procedure was 

repeated . Throughout the experiment 30 ul samples from the 

different reaction mixture s were removed at the time intervals 

indicated in Fig . 2 . 7 , spotted on Whatmann 3IYl"I filter paper 

discs and analysed for the incorporation of 3H-UMP cpm into 

acid- insoluble material . The results obtained are shown in 

Figure 2 . 7 . 

During the first 30 min of incubation the rate of transcription 

at 37°C was the same as that at 28°C . At 90 min the reaction at 

37°C was already severely inhibited , and from 165 min no 

further incorporation of 3H-UMP was detected . However , the 

reaction at 28°C continued at its original rate for at least 

another 4 h. When the incubation temperature of the 

reaction at 28°C was increased to 37°C , 

transcription declined immediately until it 

the rate of 

terminated 

completely about 1 h after the shift . On the other hand , a 
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decrease in incubation temperature from 37°C to 28°C at a stage 

when transcription had already completely terminated, resulted 

in a marked reactivation and increase in the reaction rate . 

These findings indicate that the core- mediated inhibition is 

reversible and therefore not due to unstability or 

disintegration of 8TV core particles under 

reaction conditions . 

transcription 

2 . 3 . 6 Analysis of the Pr9duct of In Vitro Transcription 

Sucrose gradient analysis and hybridisation are methods which 

have been used to analyse the 8TV mRNA species synthesised 

during the in vitro transcription reaction (Van Dijk & 
Huismans , 1980 ; Van Dijk , M. Sc . Thesis, 1980). The S value and 

size distribution of the newly synthesised mRNA species are 

obtained on sucrose gradients , but no resolution between 

individual mRNA species or size classes are possible . The 

hybridisation procedure converts the 3H-labelled single­

s tranded mRNAs to 3H-labelled dsRNAs which are readily 

separated on polyacrylamide gels (Huismans & Verwoerd, 1973) , 

and indicates the relative amounts in which the BTV mRNA 

species are synthesised . Gel electrophoresis of the mRNA 

species is , however , the most direct way of analysing the ssRNA 

product of the transcription reaction . Previous attempts using 

polyacrylamide gels were not satis factory, bas ically due to 

poor reproducibility and the fact that relatively large amounts 

of material was required to visualise bands after 

electrophoresis . 

In this inves tigation the in vitro synthesised BTV mRNA species 

were separated on a 3% low gelling temperature agarose gel, as 

described under 2 . 2 . 8. The result is s hown in Figure 2 . 8 . To 

quantify the result , the negative of Fig. 2 . 8 was scanned 

(Shimadzu Dual-Wavelenght Thin-Layer Chromato Scanner - fYbdel 



a b 

Figure 2. B 3% low gelling temperature agarose gel 

electrophoresis of: (a) 3 ug BTV dsRNA, and (b) 5 ug BTV mRNA . 

The gel was stained with ethidium bromide and visualised with 

ultraviolet light . 
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CS930) . The result is shown in Table 2 .1. 

The result clearly shows that 5 ug of BTV mRNA was sufficient 

for agarose gel electrophoresis . This method of separation 

results in an excellent resolution of the BTV mRNA species . 

Except for BTV mRNA species 7 and 8 , which co -migrated under 

these conditions , all other species were resolved . There was a 

marked difference in the relative amounts in which the three 

mRNA size classes were transcribed . Judged by the intensity of 

the ethidium bromide staining and the result of the scan , it is 

clear that the three !-class mRNAs were present in 

approximately equal amounts relative to one another , but were 

less abundant than them- ands -class mRNAs . In the m-class , 

mRNA- 5 was synthesised in an excess compared to the smaller 

mRNA-6 . In fact , it was the most abundantly synthesised of all 

ten mRNA species . As far as the s-class mRNAs are concerned , 

mRNA -1 0 was synthesised markedly less than the somewhat larger 

mRNA-9 . However , as was the case with polyacrylamide gel 

electrophoresis, the reproducibility of the resolution on 

agarose gels varied from gel to gel , and many gels could not be 

used for preparative purposes . Furthermore , the relative 

migration positions of the mRNA species compared with those of 

the dsRNA species also varied between gels . An example of this 

is evident by comparing Fig . 2. 8 and Fig .4 .1, which were run 

under similar electrophoretic conditions . 
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Table 2. 1 The Relative Amount (%) and Molar Ratio (%) in 
which the Individual mRNA Species were 
Synthethised by 1.0. Vitro Transcription 

mRNA Species Molecular Weight 
(x 106) 

Relative Amount Molar Ratioa 
(%) (%) 

2, 50 7.2 3 , 03 

2 1 , 99 6. 7 3 , 54 

3 1 , 82 5 . 9 3 , 41 

4 1 , 31 14 . 2 11 , 41 

s 1 , 16 19 . 5 17 , 70 

6 1 , 08 12 . 6 12, 28 

7 0 , 60 
23 . 7 21 , 89 

8 0 , 54 

9 0 , 50 6 . 2 13 , 06 

10 0 , 03 3. 9 13 , 68 

a) calculated by dividing the relative amount (%) by the 
molecular weight and normalising to a percentage 

- molecular weights used were those of Verwoerd et. al. (1972) 
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2.4 DISCUSSION 

In this chapter three different methods to convert BTV virions 

to core particles were used. The chymotrypsin-magnesium and 

magnesium-pH procedures (2 . 2 . 3 and 2 . 3 .1) are both in vitro 

methods. The third method is an in vivo procedure using L-cell 

suspension cultures (2 . 2 . 6 and 2 . 3 . 3) to convert parental BTV 

virions to core particles . All three methods unmasked viral­

associated transcriptase activity . 

The results presented in this chapter illustrate that the core 

concentration significantly influences the in vitro 

transcription reaction . At low core concentrations the rate of 

the reaction remains constant for several nours . This is 

reflected by a linear incorporation of 3H-IJY1P into acid-

insoluble material as a func~ion of time . At higher core 

concentrations a significant inhibitory effect is observed 

causing a decline in the reaction rate, until eventually no 

further incorporation of 3H- IJV1P can be detected . Depending upon 

the reaction conditions , the inhibition could come into effect 

from as early as 15 min to as late as several hours after the 

start of the reaction . At lower incubation temperatures the 

inhibition was significantly less than at higher incubation 

temperatures (Fig .2 . 2, and Fig . 2 . 5). Evidence was found 

indicating that the inhibition i s of a temporary nature and 

should be ascribed to specific reaction conditions. The 

inhibition could be counteracted and even reversed under 

certain circumstances . 

A temperature -shift experiment (Fig . 2 . 7) demonstrated the 

possibility of reactivating transcriptase activity of a fully 

inhibited reaction by lowering the incubation temperature of 

the reaction . The reverse also applied : increasing the 

incubation temperature resulted in an immediate decrease in 
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transcriptase activity . The finding that the inhibition could 

be reversed , ruled out the explanation that it is due to 

instability and disintegration of core particles under the 

reaction conditions . 

Furthermore , the inhibition of in vitro transcription could be 

reduced by including sucrose or glycerol in the reaction 

mixture . The characteristics that these compounds have in 

coovnon are that they both contain multiple hydroxyl groups , and 

that they have a high viscosity . The stimulatory effect was 

obs erved irrespective of the incubation temperature , but only 

applied to reaction conditions where inhibition of 

transcripition was evident . Sucrose did not cause additional 

s timulation under conditions where the reaction rate was not 

suppressed (Fig . 2. 6) , s uggesting that it merely coun teracted 

the inhibition and did not stimulate transcription as such . 

Polyanions , which could overcome a similar inhibition of VSV 

and Sendai virus transcriptase (Carrol & Wagner , 1978; Stone & 
Kingsbury , 1973) , had no effect on the inhibition of 8TV 

transcription (data not shown) . 

There 

to 

are several alternatives to be considered in attempting 

explain the effect of temperature and sucrose on the in 

vitro transcription reaction of BTV . 

Serwer and co -workers (1983) found that dextrans and some 

smaller related compounds , such as sucrose and sorbitol , 

s ignificantly increased the efficiency of infectious particle 

formation during the in vitro assembly of bacteriophage T7 from 

procapsids and DNA. Dextrans also inhibited elevated 

temperature - induced emptying of ONA from bacteriophages . The 

authors stated that thei r findings indicated that the 

stimulation of assembly is partly caused by the stabilisation 

of packaged DNA in capsids and that protection at elevated 

temperatures was accompanied by inhibition of the emptying of 
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DNA from capsids . However , this explanation is not directly 

applicable in the case BTV , since the reversibility of the 

inhibition of transcription argues against leakage of RNA as 

the cause of the inhibition. 

On the other hand, polyhydroxylic compounds such as glycerol 

and sucrose are widely used as stabilising agents for the 

maintenance of the biological activity of macromolecules 

(Tanford et. al. ' 1962 ; Frigon & Lee , 1972) . Glycerol is known 

to prevent protein denaturation of cell and enzyme preparations 

during freezing and thawing (Fransler & Loeb , 1974 ; Valeri , 

1975) . Back and co - workers (1979) also obtained results 

indicating that sucrose and other sugars often prevent the 

thermal denaturation of proteins . The report by Van der Walt 

(1980) demonstrating that the presence of sucrose was 

necessary to preserve infectivity of BTV during freeze -drying , 

seems to fit in with these observations . 

A thermodynamic analysis of the aqueous sucrose system by Lee 

and Timasheff (1981) suggested that the stabilising effect of 

sucrose on proteins i s due to the preferential hydration of 

proteins in this medium , which can be related to the increase 

in free energy of cavity formation induced by addition of 

sucrose to water . Arakawa and Timasheff (19B2) concluded that 

the cohesive force of sugars , which increases the surface 

tension of water, is a very important factor governing the 

preferential interaction of proteins with solvent components in 

aqueous sugar systems , and is responsible for the stabilisation 

of proteins . 

In the case of BTV it is , therefore, quite possible that 

stabilisation of the core proteins, and in particular the 

transcriptase itself, could contribute to counteracting the 

core-mediated inhibitory effect . 
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Several reports in the literature demonstrate that gl ycerol and 

other polyhydroxylic compounds may act to stimulate RNA 

polymerase activity in reconstituted elJ<aryotic transcriptive 

systems . Buss and Stalter (197B) found a marked increase in 

transcriptive activity of crude or partially purified rat 

thymic RNA polymerase II on calf thymus DNA in the presence of 

glycerol, ethylene glycol , glucose or sucrose . Similar to what 

has been found for BTV , the stimulation of transcription was 

both concentration and temperature dependent . Furthermore, 

Travers (1974) reported t hat glycerol and dimethyl sulphoxide 

stimulated RNA synthesis in vitro . The extent of stimulation 

was dependent upon the nature of the DNA template and resulted 

mainly from an increase in initiation . These findings support 

the hypothesis that compounds such as sucrose may alter both 

the DNA terrplate , by lowering the Tm for melting , and the RNA 

polymerase , by changing the structure of the promoter , in such 

a way that its recognition parameters were changed . This may 

lead to stimulation of transcription by facilitating the 

association of these two compounds to form an active 

transcriptive complex . 

It is possible that a similar explanation accounts for the 

effect of sucrose on the in vitro transcription reaction of 

BTV . However , the experimental evidence presented in this study 

was not sufficient to establish whether elongation or re­

initiation, or both , of in vitro transcription are affected by 

the core- mediated inhibition . 

The above-mentioned characteristics regarding the effect of 

incubation temperature and the concentration of core particles , 

applied to the in vitro transcription reaction of in vitro as 

well as in vivo prepared core particles . Therefore , it does not 

seem as if any inherent differences exist between the in vitro 

and in vivo activated BTV transcriptases . Consequently , the 

apparent conflicting temperature requirements of the in vitro 
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and in vivo transcription reactions should be ascribed to the 

different environments in which these reactions take place . 

This phenomenon i s not unique to BTV, since it has been 

established that for infectious pancreatic necrosis virus , a 

bi-segmented dsRNA virus (Mertens et. al., 1982) , there is also 

no correlation between the optimum temperature for in vitro 

transcription (30°C) and the optimum temperature for 

intracellular IPNV replication (18-20°C) . 

The phenomenon that BTV core particles are extremely insoluble 

and virtually always precipitate, might be a contributing 

factor to the inhibition of BTV transcription . On a few 

occasions preparations were obtained in which the core 

particles remained in solution . These results were not properly 

quantified , but some evidence has been found that in such 

cases the transcription reaction was much less inhibited (data 

not shown) . However , despite the fact that reovirus core 

particles also precipitate (flocculate) quite extensively , no 

concentration-mediated inhibition has been reported . The 

concentration of reovirus cores during in vitro transcription 

is usually between 5 and 10 fold higher than that used for BTV 

under optimum conditions . Furthermore , the in vitro 

transcription reaction of reovirus proceeds at much higher 

rates and produces far higher yields of in vitro synthesised 

mRNA than BTV (Skehel & Joklik, 1969 ; Joklik , 1972 ; Schuerch 

tl• al. , 1975). 

Reovirus cores have 12 hollow projections called spikes (luftig 

et . al . 1972) of which protein A2 seems to be the sole 

component (Bartlett et . al ., 1974) . Removal of the spikes was 

accompanied by a complete loss of transcriptase activity. It 

has been suggested that these spikes might be the site of 

synthesis and extrusion of ssRNA . One speculation was that 

removal of these spikes prevented the newly synthesised ssRNAs 

to be extruded , and that this accounts for the inhibition of 
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transcription . 

Since precipitates of BTV cores are much finer than that of 

reovirus cores , it could be postulated that precipitation 

causes such severe aggregation in the case of BTV , that it 

becomes physically impossible for any reagents to enter the 

core particles or for newly synthesised ssRNAs to be extruded -

a situation similar to t he loss of reovirus spikes . Should this 

be the case , the effect of sucrose on the transcription 

reaction could be explained by postulating that it merely acts 

by counteracting precipitation of core particles due to its 

high viscosity . However , it remains difficult to explain how 

core particles which are aggregated to such an extent at 37°C 

that no mRNA synthesis is possible, can almost immediately be 

reactivated by a decrease in incubation temperature . In the 

case of reovirus , indications have been obtained suggesting 

that conformational changes of core particles are involved in 

activation and maintenance of in vitro transcription (Kapuler , 

1970 ; Yamakawa et . et ., 1982 ; Powell et . al ., 1984) . Therefore , 

it might well be that conformational restraints in the core 

particles cause the core-mediated inhibition of BTV in vitro 

transcription . 

The resolution of the different BTV mRNA species obtained on 

agarose gels (Fig . 2 . 8) was comparable to that obtained for 

reovirus mRNAs on composite polyacrylamide-agarose- urea gels 

(Schuerch tl• al ., 1975 ; Levin & Samuel , 1980) . The individual 

mRNA species were synthesised in vitro in amounts similar to 

that observed by Huismans and Verwoerd (1973) , who reported 

that BTV genome segment 5 was transcribed at double , and genome 

segment 10 at half the frequency expected if all the genome 

segments are transcribed individulally at a constant elongation 

rate . Genome segment 5 of EH0V (Huismans tl• al ., 1979) and 

genome segment 6 of Ibaraki virus (Namiki et. al ., 1983) are 

also synthesised in excessive amounts compared to the other 
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genome segments . It has been suggested that these findings 

reflect some form of regulation of transcription in the 

orbivirinae . As is the case with BTV, the 1-class mRNAs of 

Ibaraki virus are also synthesised in distinctly smaller 

amounts than them- ands-class mRNAs. The significance of this 

phenomenon is not clear yet . 

In sunmary, the results obtained in this part of the 

inves tigation contribute towards a better understanding of the 

factors involved in determining the optimum conditions for 

the in vitro transcription reaction of BTV . The core-mediated • 

inhibition seems to be the factor that dominates the reaction . 

It can be counteracted by using lower incubation temperatures 

and including compounds such as sucrose and glycerol in the 

reaction mixture . A practical application of these results is 

that it has now become possible to determine optimum reaction 

conditions for specific circumstances , 

highest possible yield of BTV mRNA . 

thus ensuring the 

In the next chapter , experiments will be presented regarding in 

vitro translation of these in vitro synthesised BTV mRNAs . 

These experiments should indicate the translational activity of 

the mRNAs , and thus reflect the fidelity of the in vitro - ---
transcription reaction . 
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CHAPTER 3 

~ VITRO TRANSLATION OF BLUETONGUE VIRUS mRNA 

3. 1 INTRODUCTION 

The genetic information of BTV is contained in 10 dsRNA genome 

segments (Verwoerd et . al ., 1970) . It has been postulated that 

each genome segment codes for the synthesis of a single viral 

protein (Verwoerd et . al . , 1972) . However , only 9 of the 

predicted 10 virus- specific proteins have as yet been 

identified in infected cells - 7 of which are structural , while 

2 are non-structural corr4Jonents of the virus (Huismans , 1979) . 

Apart from their presence in infected cells there is , however, 

no evidence that the latter twp proteins are virus-specific 

and the possibility exists that they are virus-induced cellular 

proteins . Furthermore , none of the 9 proteins identified so far 

has a molecular weight of 16K corresponding to the coding 

capacity calculated for the smallest genome segment (Verwoerd 

et . al . , 1972) . A study of the in vitro translation of BTV mRNA 

was undertaken with the purpose of : 

1) confirming the fidelity of the in vitro transcrpition 

reaction, 

2) identifying all the proteins that are synthesised in vitro 

from BTV mRNA , 

3) determining whether any additional BTV proteins are 

synthesised in vitro apart from those already identified in 

infected cells , 

4) establishing whether such additional proteins, if any, can 

be detected in infected cells, and 

5) obtaining unequivocal evidence as to the viral origin of the 

non-structural proteins . 

Several cell-free systems have been developed for the in vitro 
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translation of exogenous mRNAs . They include the I.,._ coli 

(Ofengand & Haselkom , 1962) , wheat germ (Marcus et . al ., 

1974) , Xenopus laevis oocytes (Gurdon et . al ., 1971 ) , Krebs II 

ascites (Mohier et . al . , 1975) , and rabbit reticulocyte lysate 

(Pelham & Jackson , 1976) systems . It was, however , not an 

objective of this study to compare these systems for the 

translation of BTV mRNAs . The rabbit reticulocyte lysate system 

was therefore chosen for this study , basically because it is 

known to translate large exogenous mRNAs with high efficiency , 

its general acceptance as a translation system of high 

fidelity , and finally because it can be considered as a 

homologous system in view of its eukaryotic origin and the 

genetic message studied . 

3 . 2 MATERIALS ANO METHODS 

3.2 . 1 Preparation of .!!:! Vitro Synthesised BTV mRNA 

The procedure has been described under 2 . 2 . 7 . 

3 . 2 . 2 In Vitro Translation 

3.2 . 2 .1 Preparation of Rabbit Reticulocyte Lysate System 

Lysates were prepared from rabbits which had been made anaemic 

by injection of acetylphenylhydrazine as described by Ranu and 

London (1979) . Lysates were stored under liquid nitrogen in 1 

ml aliquots . 

3 . 2 . 2 . 2 mRNA- Oependent Reticulocyte Lysate System 

Lysates were treated with micrococcal nuclease to destroy 

endogenous mRNAs according to the procedure initially described 

by Pelham and Jackson (1976) , as modified by Neeleman and Van 

Vloten-Ooting (197B) . Immediately upon thawing the lysate was 



made 25 uM in haemin, 1mM in CaCl2 and 75 U/ml in micrococcal 

nuclease . It was mixed thoroughly and incubated at 20°C for 15 

min . After incubation EGTA , (neutralised with KOH) and pTp 

(Skup & Millward , 1977) were added to final concentrations of 2 

mM and 0,12 mM respectively. The lysate was divided into small 

aliquots and immediately frozen in and stored under liquid 

nitrogen until used. 

3.2. 2 . 3 Conditions for .!!J. Vitro Translation 

The in vitro translation procedure that was followed was that 

described by Pelham and Jackson (1976) and Ranu and London 

(1979) . The translation mixture contained : 2 mM MgAc2; 20 mM 

Hepes pH 7,5 ; amino acid mi xture containing 19 unlabelled amino 

acids (lacking L-methionine) each at a concentration of 0 , 1 mM ; 

50 ug/ml creatine phosphokinase; 10 mM creatine phosphate; 2 mM 

dithiothreitol ; 160 mM KCl ; 40% (v/v) nuclease treated lysate ; 

20 ug/ml tRNA ; 2 ul 35s-methionine (1000 Ci/rrvnole ; ± 12- 14 

mCi/ml); and 50 ug/ml mRNA. Incubation was done at 30°C for 60 

min unless indicated otherwise . At the indicated intervals 5 ul 

samples were spotted onto Whatman 3MM filter paper discs (2 cm 

in diameter) . The incorporation of 35s-methionine into acid­

insoluble material was determined as described under 2 .2 . 5, 

with the exception that the discs were heated to 95°C for 15 

min in 10% TCA before being washed, and acetone was used 

instead of ether . 

3 . 2 .3 Polyacrylamide Gel Electrophoresis 

Gels for analytical purposes were identical to those described 

under 2 . 2 .4 . Gels used for preparative purposes were similar , 

except that the well-forming comb was replaced with a comb 

having a single well 10 cm in length. 



3 . 2 .4 Fluorography 

After electrophoresis gels were fixed , destained and 

fluorographed according to the method of Bonner and Laskey 

(1974) . The gels were then dried and exposed to Cronex MRF31 X­

ray film at -70°C . 

3. 2 . 5 35s-Methionine Labelling of BTV Proteins in Infected BHK- 21 

Cells 

Confluent monolayers of BHK - 21 cells were grown in 25 cm2 

Falcon flasks or Roux flasks as described under 2 . 2 .1. At 

various times after i nfection (see text) the cells were washed 

with Eagle ' s medium, inoculated with approximately 5 BTV 

PFU/cell and incubated at 31°C until the star t of the labelling 

period. The medium was then removed and the cells were washed 

twice with methionine- free Eagle's medium . Methionine - free 

Eagle ' s medium containing 15 uCi/ml 35s-methionine (±12 mCi/ml) 

was then added to the cells (3 ml/Falcon flask , and 10 ml/Roux 

flask respectively) . The cells were incubated at 37°C for 3 h 

on a rocker platform . At the end of the labelling period , glass 

beads were used to harvest the cells . The cells were 

concentrated by centrifugation at 1500g for 15 min at 4°C , 

resuspended in STE-1-buffer as indicated and kept at 4°C 

(usually 4 ml/108 cells) . 

3 . 2 . 6 Preparation of Sub-Cellular Fractions from Infected Cells 

Soluble (5100) and particulate (P100) fractions were prepared 

from infected cells resuspended in STE-1-buffer as described 

under 3. 2 .5. This is basically according to the method 

described by Huismans (1979) . The only difference was that 

Triton-X100 was used instead of NP-40 . Triton-X100 was added to 

cells resuspended in STE-1-buffer (±5 X 107/ml) to a final 
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concentration of 0,5%. The cells were disrupted with 5 strokes 

of a tight fitting □ounce homogeniser. The nuclei were removed 

by centrifugation at 1500g for 5 min at 4°C and washed once 

with STE-1-buffer containing 0,5% Triton-X100. Pooled 

supernatants were referred to as the 510-extract . Soluble 

(5100) and particulate (P100) fractions were prepared from this 

510-extract by centrifugation for 2 hat 190000g at 4°C (45000 

rpm in a SW 50 .1 rotor) through a 2 ml layer of 40% sucrose. 

The supernatant (5100) was removed carefully, to avoid 

contamination with material in the interphase fraction, divided 

into small aliquots and kept at - 20°C . The pellet (P100) was 

resuspended in STE-1-buffer (20% of the original volume of the 

510-extract) and also kept at - 20°C . 

3 . 2 .7 Preparation of BTV Antiserum 

Antiserum against P100 fractions of BTV-infected BHK- cells were 

prepared as follows : A P100 fraction of BTV - infected cells 

(1 x 108 cells) was prepared as described above. A 50 ul volume 

of the preparation was mixed with an equal volume of complete 

Freund 1s adjuvant and injected intramuscularly into a rabbit . 

After 7 days an identical booster injection was given . Two 

weeks later a second booster , without any adjuvant was 

administered . A week after the last booster injection the 

animal was bled and serum prepared. Sheep serum, prepared 

against purified BTV, was obtained from Mr . N. T. van der Walt, 

VRI, Dnderstepoort . Sheep were inoculated with 100 ug purified 

BTV together with Freund's adjuvant. A booster injection of 100 

ug without any adjuvant was given after 7 days . Three weeks 

after the booster injection serum was prepared. 

3 . 2 .B Immuneprecipitation 

The procedure used was the one described by Harris and co­

workers (1981 ). Volumes of 15 ul translatidn mixture were 
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increased to 100 ul by adding 85 ul NET5/NP-40/8SA-buffer (0 , 15 

M NaCl ; 0 , 005 M E0TA ; 0,05 M Tris-HCl, pH 7 , 5 ; 0,05% NP40) . To 

these , 25 ul rabbit serun , raised against BTV P100 fraction, or 

25 ul sheep serum , raised against purified BTV , was added . 

Precipitation was at 4°C for 16 h. Precipitates were collected 

by centrifugation (4°C for 10 min at 3000g) , washed once with 

STE -1-buffer , and analysed by gel electrophoresis . 

3 . 2 . 9 Peptide Mapping 

The procedure was essentially that of Cleveland and co-workers 

(1977) as modified by Burge and Huang (1979) . 35s-Labelled 

proteins were located on the dried gels by means of 

autoradiography and excised . After removal of the filter paper 

backing, the rectangular protein- containing fragments (0 , 5 cm x 

0 , 3 cm) were ins erted in the sample wells of a slab gel . As far 

as possible , proteins containing similar amounts of 

radioactivity (judged by the intensi ty of the bands on 

autoradiograms) were used for comparative purposes . The 

stacking gel part of these gels was 4 cm in length . The gel 

fragments were overlaid with 20% glycerol in stacking gel 

buffer . A 10 ul volume 10% glycerol in stacking gel buffer, 

containing varying amounts of Staphylococcus Aureus VB 

protease, as indicated in the text , was layered over the 20% 

glycerol buffer . The current was switched on immediately and 

the voltage was adjusted to 150 Volt . When the tracking dye had 

moved 3 , 5 cm into the stacking gel, the current was turned off 

for 30 min to allow digestion . After the 30 min digestion 

period the current was turned on again , the voltage ·was 

adjusted to 200 , volt and electrophoresis was continued until 

the tracking dye had moved to the bottom of the resolving gel 

(about 6 h) . The peptides were visualised by means of 

autoradiography . 
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3 . 3 RESULTS 

3. 3 .1 Determination of Reaction Conditions for In Vitro 

Translation of BTV mRNA 

Rabbit reticulocyte lysate was prepared and treated with 

micrococcal nuclease as has been described under 3. 2.2. The 

optimum KCl and MgAc2 concentrations for the translation of BTV 

mRNA were determined using 30 ul translation mixtures : the 

MgAc2 concentration was varied at a constant KC! concentration 

of 160 mM, and the KCl concentration was varied at a MgAc2 

concentration of 2 mM . At 0 , 15, 30 and 60 min after the start 

of the reaction 5 ul samples were taken and the amount of 35s -

methionine incorporated into acid-insoluble material was 

determined as described under 3 . 2 . 2 . 3 . The results are shown in 

Figure 3 .1 . 

The optimum MgAc2 - concentration was found to be 2 mM at a KC! 

concentration of 160 mM (Fig . 3 . 1A). The optimum concentration 

for KC! varied between 160 mM and 240 mM depending upon the 

incubation period (Fig . 3. 18) . 

Similar experiments were conducted to determine the optimum 

concentration for haemin. The addition of haemin did not 

affect the reaction (result not shown) . 

The reaction conditions for in vitro translation of BTV mRNA 

(2 mM MgAc2 : 160 mM KC! ; and 10 uM haemin) were selected to 

favour initiation and maintain a constant reaction rate for a 

reasonable incubation period . Haemin was included routinely as 

a precautionary measure to avoid activation of the heme ­

regulated translational inhibitor (Hunt et . al ., 1972). Using 

these conditions the linear incorporation of 35s-methionine 

generally lasted at least for 30 min. 
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Figure 3.1 Determination of the optimum concentration of 

(A) MgCl2 and (8) K+-acetate for in vitro translation of BTV 

BTV mRNA after (----a) 15 min ; ~ 30 min , and (-----.) 60 min of 

incubation . 
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3. 3 . 2 In Vitro Translation of BTV mRNA 

To determine which proteins were synthesised in vitro from BTV 

mRNA , two separate 25 ul translation mixtures were compiled as 

described under 3 . 2 . 2 . 3 . One of these served as a control and 

no exogenous mRNA was added . BTV mRNA was added to the other to 

a final concentration of 50 ug/ml . Both mixtures were incubated 

at 30°C for 60 min before a 7 , 5 ul sample of each was analysed 

by gel electrophoresis and autoradiography, as described under 

3 . 2 . 4 . The result is shown in Figure 3 . 2 . 

35s-Labelled purified BTV served as a control to locate the 7 

structural proteins on the gel , while the 35s- labelled P100 

sample from infected cells indicated the position of the two 

non - structural proteins , NS1 and NS2 . Proteins which co ­

migrated electrophoretically with the 7 structural proteins 

(P1-P7) as well as the two non-structural proteins (NS1 , and 

NS2) of BTV were synthesised in vitro from BTV mRNA (lane c) . 

No endogenous protein synthesis was detected in this experiment 

(lane d) , but an endogenous protein co -migrating with NS2 was 

sometimes observed . 

3 . 3 . 3 Kinetics of the In Vitro Translation of BTV mRNA 

The kinetics of in vitro protein synthesis of BTV was studied 

using a 500 ul translation mixture as described under 3 . 2 . 2 .3. 

At the indicated time intervals two 15 ul samples were taken : 

one was immuneprecipitated with rabbit serum raised against 

the particulate fraction of BTV-infected cells , while the other 

was immuneprecipited with a sheep serum against purified BTV 

(3 . 2 . 7) . The two sera were selected in order to conduct the 

immuneprecipitation with as wide a range as possible of BTV 

antibodies. BTV does not replicate in rabbits , but it does in 

sheep . Subsequent experiments showed that immuneprecipitation 

was unnecessary , since precipitation was largely non-specific . The 
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Figure 3 . 2 Autoradiogram of the polyacrylamide gel 

electrophoretic analysis of: (a) P100 control, (b) BTV 

control, (c) in vitro synthesised proteins from BTV mRNA, and 

(d) in vitro synthesised endogenous proteins . 
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translation mixtures could therefore just as well have been 

analysed directly. The immuneprecipitates were analysed by 

electrophoresis and fluorography (as described under 3 . 2 .4) . 

The gel containing the sheep serum immuneprecipitates was 

electrophoresed for 16 hat 100 Volt, which is considerably 

shorter than usual, while the one with the rabbit serum 

immuneprecipitates was electrophoresed as described under 

2 . 2 . 4 . The results are shown in Figure 3 . 3 . Commercially 

available low molecular weight markers (Pharmacia) were co ­

electrophoresed on the gel shown in Fig . 3 . 3B . 

Fig . 3 . 3 indicates the time required to synthesise complete 

copies of the different BTV proteins . In general , the proteins 

were completed in order of increasing size . The one exception 

was NS1 , which seemed to consist of a number of different 

polypeptides (Fig . 3 . 3A lane f) , and was only completed after PS . 

Proteins which co- migrated electrophoretically with BTV 

proteins P7 , P6 and NS2 were synthesised within 10 min . After 

15 min, synthesis of protein PS was completed . NS1 and P4 

could be detected after 20 min , while P3 and P2 were only 

detected after at least 25 min of incubation . No synthesis of 

P1 was detected in this experiment . However , as seen from the 

results in Fig . 3 . 2 (lane c) , P1 could also be synthesised in 

vitro . 

In addition to the 9 above-mentioned proteins , two other 

proteins (NS3A and NS3B) were synthesised in vitro in 

significant amounts (Fig . 3 . 3B) . They were detected after 10 min 

of incubation . Their molecular weights , determined from their 

electrophoretic mobilities relative 

molecular weight markers (Fig . 3 . 3B) , 

2BK respectively . 
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Figure 3 . 3 Kinetics of the in vitro synthesis of BTV proteins 

analysed by polyacrylamide gel electrophoresis and 

autoradiography after i11Y11uneprecipitation with (A) rabbit 

serum , and (B) sheep serum . Samples were taken after (c) 0 , 

(d) 5 , (e) 10 , (f) 15 , (g) 20 , (h) 25 , (i) 30 , (j) 35 , and 

(k) 45 min of incubation . (a) and (b) are P100 and BTV 

controls respectively . The arrows at the left of the figure in 

B indicate the position of mol ecular weight markers (x10-3 ) . 
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3.3.4 Analysis of Protein Synthesis in BTV-Infected Cells 

The detection of proteins NS3A and NS3B described above, raised 

the question as to whether they are unique to in vitro 

translation, . or could also be found under in vivo conditions . 

To investigate this, seven 25 cm2 Falcon flasks each containing 

a confluent monolayer of BHK-cells were prepared and infected 

with BTV . Protein synthesis was monitored by consecutive 355_ 

methionine labelling (described under 3 . 2 . 5) of each of the 

flasks for a different 3 h interval during the 1 to 21 h p . i . 

period. After the labelling period , the cells were harvested , 

concentrated by centrifugation and resuspended in STE-1 -buffer 

at a concentration of 2 , 5 x 107 cells/ml . The 7 cell 

suspensions were sonicated (MSE sonicator ; 1,4 inch tip ; 

amplitude 12; 60 sec) , and a sample representing approximately 

5 x 105 cells of each was analysed by gel electrophoresis and 

fluorography as described under 3 . 2 .4. Commercially available 

low molecular weight markers (Pharmacia) were co-

electrophoresed . The result is shown in Figure 3 .4 . 

As has been described (Huismans, 1979) , the first virus­

specified protein synthesis could be detected as early as 4- 7 h 

p . i . (protein P7 in Fig . 3 .4A lane b) . By 10 h p . i . protein 

synthesis was predominantly virus-specified and BTV proteins 

P1 , P2 , P3, P4, PS, NS1 , NS2, P6 and P7 (Fig.3 . 4A lanes 

d, e, f , and g) were readily distinguishable among the 

background of cellular proteins (Fig . 3 . 4A lane f) . No proteins 

corresponding in molecular weight to NS3A and NS3B could 

initially be detected in the low molecular weight region of the 

gel . However , when the exposure period for autoradiography was 

doubled (Fig.3.4B) , two weakly labelled low molecular weight 

proteins similar in size to NS3A and NS3B were detected in the 

19-21 h p . i . labelling period (Fig.3.4B lane g) . They could not 

be detected during the early stages of infection (Fig . 3 . 4B 

lanes a-f) and were not synthesised in uninfected cells 



Figure 3 .4 Kinetics of protein synthesis in BTV-infected cells 

analysed by polyacrylamide gel electrophoresis and 

autoradiography . Samples were taken after different 3 hour 

labelling periods : (a) 1-4 h , (b) 4- 7 h , (c) 7-10 h , (d) 10-

1 3 h , ( e) 13-16 h , ( f) 16-19 h , and ( g) 19- 21 h p . i. (A) 20 h 

exposure to X-ray film , and (B) 40 h exposure to X-ray film . 

(h ) mock - i nfected cel ls label l ed 16- 19 h p . i. , (i) P100 

control , and (j) BTV control . The arrows at the left of the 

figure indicate the position of the molecular weight markers 

(x10 -3). 
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(Fig . 3.48 lane h) . 

Furthermore , a protein with a molecular weight of approximately 

16K, des ignated C, was synthesised in infected cells 

simultaneous with the virus- specified proteins that have been 

mentioned (Fig . 3. 4A+B lanes b- f) . This protein was also 

synthesi sed in vitro from BTV mRNAs (Fig.3 . 3 and Fig.3 . 6) . 

However, the synthesis of protein C varied considerably between 

in vitro trans lation experiments . This is illustrated by the 

difference between Fig . 3 . 3 , where it could hardly be detected , 

and Fig.3.6 , where it is clearly visible. Protein C was not 

found in uninfected cells (Fig . 3 . 4 lane h). 

To determine whether NS3A , NS38 and protein C were present in a 

soluble or particulate form in infected cells , one Roux flask 

containing a confluent monolayer of BHK-cells was infected with 

BTV at a high multiplicity of infection (40 PFU/cell) . Proteins 

were labelled with 35s- methionine at 12 h p . i . At 16 h p . i . 

5100 and P100 fractions were prepared as described under 3 . 2 . 6. 

Sarrples (50 ul) were taken from these 5100 and P100 fractions 

and analy sed by gel electrophoresis and autoradiography . The 

result i s shown in Figure 3. 5. 

Proteins of similar molecular weight as NS3A and NS38 were 

detected in the soluble (5100) fraction of infected cells (lane 

c) , a protein with the same molecular weight as protein C was 

present in both the 5100 and P100 fractions (lanes band c) . 

3 . 3. 5 Peptide ~ Analysis of the Non-Structural Proteins of BTV 

Co-elec trophoresis of proteins is not sufficient evidence that 

they are identical (Mertens et . al ., 1984) . Much more 

conclusive evidence can be obtained by comparis on of specific 

peptide maps prepared for the proteins under discussion . The 

experimental procedure used for peptide mapping i s described 

63 



1 

2 
3 
4 

5 
NS1 
NS2 

6 
7 

a b C 

NS3A 

NS3B 

C 

Figure 3.5 Sub-cellular localisation of the newly identified 

proteins in BTV-infected cells by means of polyacrylamide 

gel electrophoresis and autoradiography . (a) BTV control , 

(b) P100 fraction of infected cells , and (c) 5100 fraction of 

infected cells . 
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under 3 . 2 . 9. The techniQJe involves the digestion of proteins 

with Staphylococcus Aureus VB protease - an enzyme that cleaves 

peptide bonds at the [ - terminal side of aspartic and glutamic 

acid residues , resulting in the formation of a limited number 

of peptides for each protein - and comparing the sets of 

peptide fragments derived from them by gel electrophoresis , 

followed by autoradiography . 

The proteins which were used for peptide mapping were obtained 

as follows : 35s- labelled in vivo synthesised NS1 and NS2 were 

excised from gels after preparative electrophoresis (3 . 2. 3) of 

a 35s-P100 fraction (prepared as described under 3 . 2 . 5 and 

3 . 2 . 6) from approximately 2 x 107 BTV infected cells (Figure 

3 . 6A) . 35s-labelled in vivo synthesised NS3A , NS3B and C were 

similarly excised from preparative gels after electrophoresis 

of 35s-labelled BTV infected cell-material (3 . 2 . 5) from 5 x 106 

cells (Figure 3 . 68) . 35s- labelled in vitro synthesised NS1 , 

NS2, NS3A, NS3B and C were all obtained by in vitro translation 

of BTV mRNA in a 150 ul translation mixture as described under 

3 . 2 . 2. 3 . The translation mixture was immuneprecipitated (3 . 2 . 7) 

and subjected to preparative gel electrophoresis (Figure 3 . 6C) . 

The peptide maps obtained for proteins NS1 and NS2 are shown in 

Figure 3 . 7A and Figure 3 . 78 respectively . 

A characteristic peptide pattern was obtained for each protein . 

Both the partial and fully digested peptide patterns of in vivo 

synthesised NS1 were virtually identical to that of in vitro 

synthesised NS1 (Fig . 3 . 7A) . The same applied to the results 

obtained for NS2 (Fig . 3 . 78) . 

A similar experiment was also conducted with protein C. The 

result i s shown in Figure 3 . 8 . 
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Figure 3 . 6 Autoradiogram of preparative polyacrylamide gel 

electrophoresis of (A) P100 fraction of BTV - infected cells , 

(8) 

(C) 

total protein content of BTV-infected cells , and 

immuneprecipitates of in vitro synthesised BTV proteins . 
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Figure 3.7 Protease VB digestion patterns of _in vivo (lanes b to 

f) and i n vi tro (l anes g to k) syn thesised proteins NS1 (A), 

and NS2 (8), as analysed by polyac ry l amide gel electrophoresis 

and autoradi ography. Amounts of protease 

were (b and k) 0 ng, (c and j) 5 ng, 

(e and h) SOD ng, and (f and g) 2500 ng. 

VB used for digestion 

(id and i) 25 ng, 

(a) P100 control. 
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Figure 3 .8 Protease VB digestion patterns of in vivo (lanes b to 

f) , and in vitro (lanes g to k) synthesised protein C by 

means of polyacrylamide gel electrophoresis and 

autoradiography . Amounts of protease VB used for digestion : 

(band k) 0 ng , (c and j) 5 ng , (d and i) 25 ng , (e and h) 500 

ng, and (f and g) 2500 ng . (a) P100 control . 
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The peptide patterns of in vivo and in vitro synthesised 

protein C were virtually identical . In all cases (Fig . 3 . 7 , 

3 . 8 , and 3. 9 ; lanes b and k) some digestion of proteins 

occurred in wells that did not receive any protease . This 

should be attributed to diffusion of the protease during the 30 

min digestion period when electrophoresis was interrupted . 

During the study indications were found (see 4 . 3 . 5) that N53A 

and NS38 could be related . In order to investigate this , the 

peptide patterns of in vivo synthesised NS3A and NS38 were 

compared with one another . The same was done with in vitro 

synthesised NS3A and NS38. The results are shown in Figure 3 . 9 . 

Except for the initial difference in molecular weight , the 

peptide map of NS3A was almost identical to that of NS38 . This 

applied to both the in vitro (Fig . 3 . 98) and in vivo (Fig . 3 . 9A) 

synthesised proteins . Furthermore, comparison of the peptide 

maps of the in vivo and in vitro synthesised NS3A (Fig . 3 . 9A 

lanes b to f and Fig . 3 . 98 lanes b to f) showed a remarkable 

resemblance . The same applies to NS38 (Fig . 3 . 9A lanes g to k 

and Fig . 3 . 98 lanes g to k) . 
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Figure 3 . 9 Protease VB digestion pattern of : (A) in vivo 

synthesised NS3A (lanes b to f) and NS3B (lanes g to k) , and 

(B) in vitro synthesised proteins NS3A (lanes b to f) and 

NS3B (lanes g to k) , as analysed by polyacrylamide gel 

electrophoresis and autoradiography . Amounts of protease 

VB used for digestion : (band k) 0 ng, (c and j) 5 ng , 

(d and i) 25 ng , (e and h) 500 ng , and {f and g) 2500 ng . 

(a) BTV control . 
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3. 4 DISCUSSION 

I n this chapter the in vitro translation of 8TV mRNA was 

investigated . The viral origin of the non - structural proteins 

NS1 and NS2 was established, and a possible translation product 

of genome segnent 10 was identified . 

Some parameters of the in vitro translation of 8TV mRNA were 

determined (Fig . 3 .1 ) and found to be comparable to that which 

has been reported for a number of viral mRNAs including 

rotavirus (Cohen & Dobos , 1979 ; McCrae & McCorquodale , 1982) 

and turnip yellow mosaic virus ( 8enicourt et . al ., 1978) . The 

optimum concentration for KCl , however , varied at different 

stages of t he transl ation reaction. This is i n agreement with 

the finding of Mathews and Osborn (1974) who showed that the 

optimum concentration of KCl for elongation in in vitro 

translation systems was higher than that for initiation . 

The in vitro synthesised 8TV mRNAs were translationally active , 

thus proving their structural integrity . Proteins co -migrating 

on gels with the 7 structural proteins of 8TV were synthesised 

in vitro from BTV mRNAs . In addition , the two non -structural 

proteins NS1 and NS2 previously described by Huismans (1979) 

were also synthesised in vitro (Fig . 3 . 2) . The peptide maps of 

i n vitro synthesised NS1 and NS2 were similar to that of their 

respective counterparts in infected cells (Fig . 3.7) . Therefore , 

it can be concluded that NS1 and NS2 are indeed virus - specified 

proteins . 

The in vitro synthesis of the large BTV proteins appeared to be 

considerably less efficient than that of the medium- and small­

sized proteins (Fig . 3 . 2 ; Fig . 3 . 3) . This could be due to 

inefficient elongation, which has also been found to be 

responsible for poor synthesis of the large reovirus proteins 
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in the wheat germ system (McCrae & Joklik , 1978) . The 

efficiency of the in vitro translation of 8TV mRNAs seemed to 

be different from what has been observed in vivo . The intensity 

of the bands on the autoradiograms indicated that NS1 , which is 

usually synthesised in excessive amounts relative to all the 

other 8TV proteins in infected cells (Huismans , 1979), was 

synthesised rather poorly in vitro when compared to the other 

medium- and small - size proteins . The result is especially 

surprising in view of the finding that mRNA segment S, 

pos tulated to encode this protein , was transcribed in vitro in 

excess compared to the other mRNAs (Fig.2 . 8) . On the other 

hand , NS2 and P6 were synthesised in larger relative amounts in 

vitro compared to the in vivo s i tuation (compare Fig . 3 . 2 and 

Fig.3 . 3 to Fig . 3.4 and 3 . 68) . Mertens and co-workers (1984) 

performed in vitro translation experiments on BTV type 1 , using 

denatured dsRNAs as template , and also speculated about the 

possibility that a regulatory mechani sm controls the expression 

of genome segments 1 and 10 . Huismans (1979) found that all 

that BTV proteins, wi~h the exception of P1, were synthesised 

in infected cells with a relative frequency that did not differ 

significantly from that of the corresponding mRNA species . 

Therefore , more detailed s tudies of the translation 

efficiencies of the BTV mRNAs are needed to verify the results . 

In contrast to BTV , neither the in vivo nor the in vitro 

translation of reoviru s proteins was directly related to to the 

relative abundance of corresponding mRNA species (Joklik, 1974 ; 

Both et . al . , 1975), and indications of trans lational control 

have been reported (Joklik, 1981 ) . In this regard Levin and 

Samuel (1980) found that differences in translational 

frequencies between the fours - class reovirus mRNAs that exist 

in vivo, also existed in vitro . These four reovirus mRNAs were 

translated in wheat germ protein synthesising systems in vitro 

with e fficiencies that differed by as much as sevenfold. It has 

been postulated that struc tural characteristics of the mRNAs 
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are the basis of their differential translational efficiencies . 

In general , the in vitro synthesis of BTV proteins was 

completed in order of increasing size . The small-sized proteins 

were synthesised within 10 min , the medium- sized proteins 

required about 20 min , while the large proteins 

corrpleted after at least 25 min of incubation 

were only 

(Fig . 3 . 3) . 

Protein NS1 was , however , the exception . It was completed only 

after PS , which is a slightly l arger protein . It appeared as if 

several polypeptides accumulated in the same molecular weight 

region of the gel as protein NS1 during in vitro translation 

(Fig . 3 . 3A , lane f) . Similar observations have been made 

regarding 

results) . 

in vivo synthesised NS1 (H . Huismans , 

The s ignificance of this phenomenon is 

unpublished 

not known . 

Similar to what has been observed for encephalomyocarditis 

virus (Shih & Shih, 1981 ) , the rate of peptide chain elongation 

for BTV also varied for different preparations of reticulocyte 

lysates . Collins and co - workers (1982a) calculated the maximum 

rate of elongation of individual Sindbis virus polypeptide 

chains in the rabbit reticulocyte lysate system to be in the 

order of 100 amino acids per minute . This is at least twice 

that estimated to have been obtained during the present study . 

In addition to the 9 previously described BTV -specific 

proteins , 3 new virus- specified proteins (NS3A, NS38 , and C) 

with molecular weights 28K , 25K and 16K respectively , were 

detected by in vitro translation . These proteins were 

subsequently also detected in infected cells (Fig . 3 . 4) . The 

molecular weight of protein C (±16K) corresponded to the coding 

capacity calculated (Verwoerd et . al ., 1972) for the smallest 

of the 10 dsRNA genome segments . Protein C was present both in 

a soluble (5100) and particulate (P100) form in infected cells 

(Fig . 3 . 5) . It was detected as early as 4-7 h p . i ., which is the 

stage when viral protein synthesis becomes evident in infected 

cells . Peptide mapping confirmed the viral origin of protein C. 

73 



On the other hand , NS3A and NS38 could only be detected in 

i nfected cells at a late stage in the infection cycle (19 - 21 h 

p . i . ) . This may well be due to the fact that they are 

synth~sised in very small amounts (Fig . 3 . 4) , and are therefore 

only detectable under conditions where cellular protein 

synthesis is markedly reduced . It does not necessarily 

indicate that they are only expressed late in the infection 

cycle . Proteins NS3A and NS38 were present in a soluble (S100) 

form in infected cells (Fig . 3 . 5) . The peptide maps of NS3A and 

NS3B were virtually identical , indicating that they have the 

same amino acid sequence . This was found to apply to both the 

in vitro and i n vivo synthesised proteins (Fig . 3 . 9) . 

Further more , the peptide maps of NS3A and NS38 showed 

remarkable resemblance . Unfortunately , not enough material was 

available at the time to verify this resemblence by analysis on 

a single gel , but the conclusion that they are virus - specific 

can, nevertheless , be justified . The main reason why NS3A , 

NS38 and C were not previously detected , is probably because 

they are all synthesised in very small amounts compared to the 

other viral proteins . 

The presence of two proteins , such as NS3A and NS38 , which have 

similar peptide maps , but markedly differ in molecular weight , 

can be explained in several ways : 

(i) post-translational modifications s uch as proteolytic 

cleavage , glycosylation or phosphorylation , 

(ii) premature termination of protein synthesis , or 

(iii) secondary initiation of translation downstream from the 

first AUG codon in - phase with the first . 

In the case of rotavir us (Ericson et . a l., 1982) , pulse-chase 

experiments and tunicamycin blockage of glycosylation together 

with immunoprecipitation and peptide mapping showed that a 

35 , SK polypeptide was the precursor to the 38K structural 

glycoprotein , and that glycoproteins 23K and 29K disappeared 
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concomitant 

pol ypeptide . 

with the build-up of an unglycosylated 

Futhermore , pulse- labelling experiments and 

labelling with sugar precursors suggest that modifications to 

the rotavirus 38K and 29K proteins occurred very rapidly , and 

most probably co - translationally rather than post -

translationally . A precursor -product relationship has also been 

reported for reovirus . The µ2 protein , which is required for 

the formation of the spikes , is a cleavage product of 

structural protein µ1 (Zweerink & Joklik , 1970) . No product­

precursor relationship between any of the BTV proteins is 

apparent from experimental data thusfar obtained . This does , 

however , not exclude such a possibility . 

The explanation that premature termination of translation or 

secondary initiation on BTV mRNAs accounts for the presence of 

protein NS3B , can also not be ruled out . Experimental evidence 

such as the amino acid sequences of t he proteins , as well as 

the nucleotide sequences of the genome segments from which the 

mRNA(s) are derived, will be required to investigate these 

possibilities . Furthermore , the determination of the coding 

assignments of the individual genome segments are necessary to 

identify the genome segments encoding NS3A and NS3B , and to 

determine whether they are primary translation products encoded 

by a single genome segment . It will also be required to verify 

whether protein C is encoded by the smallest genome segment . 

Two other reports on the in vitro translation of BTV have been 

published . The one concerns BTV type 1 (Mertens et . al , 1984) , 

and the other BTV type 17 (Grubman et . al ., 1983) . However , 

instead of BTV mRNAs which were used in the experiments 

described in this chapter , both above -mentioned groups used 

denatured ds RNAs as templates . The primary purpose of their 

investigations was to determine the protein coding assignments 

of the genome segment s . Mertens and co -workers (1984) detected 

two proteins, 8 and Ba , encoded by genome segment 10 , which 
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could resemble NS3A and NS3B respectively . Their results will 

be discussed in more detail in the next chapter. 
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CHAPTER 4 

CODING ASSIGNfYIENTS OF BLUETONGUE VIRUS 10A dsRNA GENOME SEGMENTS 

4 .1 INTRODUCTION 

The experiments presented in this chapter were carried out to 

determine the nucleic acid-protein coding assignment of BTV 

type 10 . In vitro translation of i ndividual mRNAs is one way to 

achieve this . However , as has been found for reovirus , it i s 

technically difficult to prepare sufficiently large amounts of 

all 10 individual BTV mRNA species . The dsRNA genome segments 

of BTV , similar to reovirus (Schuerch et . al ., 1975 ; McCrae & 
Joklik 1978), migrate as very tight bands when electrophoresed 

in polyacrylamide gels (Huismans & Verwoerd, 1973) and can 

readily be i solated in bulk . McCrae and Joklik (1978) developed 

a technique using dimethyl sulphoxide (DMSO) to physically 

separate the two strands of the genome segments , which allows 

the positive strand to be translated in vitro . This technique 

has been used s uccessfully in the rotavirus , BTV serotype 17 

and Drosophila X virus systems (McCrae & Mc:Corquodale , 1982 ; 

Grubman et . al . , 1983 ; Smith et . al ., 1980) . Recently Mertens 

and co -workers (1984) obtained the coding assignments of BTV 

using methylmercuric hydroxide (MMOH) as denaturing agent . The 

denaturing ability of MMOH is due to reactions of MMOH with 

nucleic acids involving NH bonds essential for Watson -Crick 

base pairs (Gruenwedel & Davidson , 1966) . It reacts reversibly 

with the nucleotides and can be fully removed by reaction with 

a suitable strong complexing agent leaving the primary 

structure of the polynucleotide unaffected (Bailey & Davidson, 

1976) . Experiments will be presented which were conducted to 

inves tigate the denaturation of BTV dsRNA genome segments by 

l)YJSO , as well as MMDH , in order to determine the coding 

assignments of the genome segments . The information thu s 
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obtained was used to elucidate speculation as to whether 

protein C is the product of the smallest genome segment , and 

whether NS3A and NS3B are primary gene products from a single 

genome segment. 

4 . 2 MATERIALS ANO METHODS 

4.2 .1 Isolation of BTV dsRNA 

BHK-21 monolayer cells on Roux flasks or roller bottles were 

inoculated with BTV (1-10 PFU/cell) . To be able to monitor the 

extraction , at least 5 roller bottles were inoculated with 20 

PFU/cell of BTV and labelled with 3H - uridine as described by 

Huismans and Verwoerd (1973) . After incubation at 37°C for 

4B h , the labelled and unlabelled cells were harvested together 

and dsRNA was purified as described by Verwoerd and co -workers 

(1970) . The extraction procedure basically involved two phenol 

extractions , followed by two ether extractions and ethanol 

precipitation . The dsRNA was subsequently further purified by 

LiCl precipitation and affinity chromatography on a methylated 

albumin kieselghur (MAK) column (Verwoerd & Huismans , 1969) . 

The final dsRNA precipitate was dissolved in water and kept at 

- 20°C until used . 

4.2 . 2 Fractionation of Individual dsRNA Species 

3H -Labelled dsRNA was prepared as described under 4 . 2 . 1 , and 

fractionated on 4% or B% preparative slab gels (15 cm x 1B cm x 

0 , 3 cm) as indicated , using the buffer system of Loening (1967) 

to which 0,01% SOS was added . The 4% gels were run at 70 mA, 

100 volt for 16 h, while the B% gels were run at 70 mA , 100 

volt for 42 h . Following electrophoresis dsRNA bands were 

visualised either by staining with ethidium bromide (1 ug/ml in 

electrophoresis buffer), or by UV- imaging (Clarke fil_. al. , 

19B2) . Approximately 0 , 5 mg of BTV dsRNA was fractionated per 
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gel . The RNA bands were excised from wet gels . After adding 20 

ml of STE-1-buffer , the individual bands (usually pooled from 4 

gels) were homogenised for 30 sec with an Ultra Turrax 

homogeniser . The dsRNA was eluted by overnight diffusion at 

room temperature in a shaker waterbath . Acrylamide residues 

were removed by centrifugation (5000g for 30 min at 4°C) . The 

NaCl concentration of the supernatant was adjusted to 0 , 1 M 

before dsRNA was ethanol precipitated . The precipitate was 

collected by centrifugation and purified on a MAK-column 

(4 . 2 .1 ) . No gradient was applied , instead the RNA was loaded in 

0 , 2 M NaCl and eluted with 1 , 6 M NaCl buffered with 0 , 05 M 

Tris -HCl , pH 6 , 7. A freshly prepared column was used for each 

individual dsRNA segment . The 3H-dsRNA containing fractions 

were pooled . RNA was ethanol precipitated and washed 

successively with 70% and 100% ethanol before being dissolved 

in water and stored at - 20°C until used. 

4 . 2 . 3 Agarose Gel Electrophoresis 

The dimensions of the gels used were 10 cm x 6 , 5 cm x 0,5 cm . 

The following agarose was used : 

For 1% gels Agarose , Ultra Pure ONA Grade from Biorad 

For 3% gels SeaPlague , Low Gelling Temperature Agarose from 

FMC Corporation 

The gels were prepared as described by Maniatis and co -workers 

(1982). The electrophoresis buffer contained : 0 , 04 M Tris-HCl, 

pH 7,0 ; 0 , 005 M NaAc ; 0 , 001 M EDTA. Electrophoresis was at 150 

mA until the bromophenol blue tracking dye reached the bottom 

of the gel . The gels were stained with ethidium bromide (1 

ug/ml in electrophoresis buffer) and photographed over a UV ­

light transmittor. Polaroid 665 film was used. 
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4 . 3 RESULTS 

4 . 3 .1 Denaturation of BTV ~ dsRNA Species 

The presence of small amounts of dsRNA is known to inhibit in 

vitro t ranslation reactions (Ehernfeld & Hunt , 1971 ; Hunter et . 

al ., 1975 ; Content et . al ., 1978) . Since dsRNAs have to be 

denatured in order to render the positive strand available for 

translation , it is important to ensure complete denaturation of 

dsRNAs prior to using them as templates for in vitro 

translation . Both [)YJ50 and fYlfYIDH can be used as denaturing 

agents for dsRNAs . Therefore , an experiment was conducted to 

investigate and compare the denaturation of BTV dsRNA by [)YJSO 

and fYIYIDH . Two separate 50 ug amounts of BTV dsRNA (prepared as 

described under 4 . 2 .1) were precipitated with ethanol , and then 

freeze-dried . One precipitate was resuspended in 25 ul 10 nfll 

MMDH and left at room temperature for 60 min . The other was 

resuspended in 2 , 5 ul water , nine volumes (22 , 5 ul) of DMSD was 

added and the mixture was incubated at 50°C for 60 min . 5afll)les 

(2 ug) of each denaturation reaction were then analysed by 

electrophoresis both on a 3% low gelling temperature agarose 

gel and a 1% agarose gel as described under 4 . 2 . 3 . The result 

is shown in Figure 4 . 1 . 

It can be concluded that OMS□ and MMOH denatured BTV ds RNA 

equally well. No undenatured dsRNA could be detected . 

Resolution of individual ssRNA species on the 3% gel (Fig . 4 . 1 A) 

was superior to that on the 1% gel ( Fig . 4 • 1 B) . The additional 

bands present in the denatured samples (lanes c and d) were due 

to the presence of negative strand ssRNA species , which have 

electrophoretic characteristics that differ from their 

corresponding positive strand mRNA species . Unfortunately , as 

has been mentioned previously (2 . 3 . 6) , resolution on the 3% low 

gelling temperature agarose gels was not always reproducible , 

and for routine analysis of dsRNA denaturation the 1% gels were 
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used . 

4 . 3 . 2 . Translation of Unfractionated BTV dsRNA Species 

In vitro translation was conducted using both the DMSO and 

fYVYIOH denatured BTV dsRNA preparations . Three 50 ul translation 

mixtures were compiled as described under 3 . 2 . 2 . 3 . BTV mRNA was 

included in the first mixture , while OMS□ and fYVYIOH denatured 

BTV dsRNA was included in the second and third mixtures 

respectively at a final concentration of 64 ug/ml . After 

incubation at 30°C for 75 min , a 6 ul sample of each mixture 

was analysed directly by gel electrophoresis and 

autoradiography as described previously (3 . 2 . 3 and 3 . 2 . 4) . The 

result is shown in Figure 4 . 2. 

In the translation control (lane a) all the BTV proteins were 

synthesised from BTV mRNA . The medium- and small - sized BTV 

proteins were synthesised in vitro equally well from both 

preparations of denatured dsRNA (lanes band c) . Protein NS2 

migrated as a double band . This phenomenon was also observed in 

Fig . 3 . 6A for in vivo synthesised NS2 . However , no synthesis of 

the three largest proteins (P1 , P2 and P3) could be detected. 

4 . 3 . 3 Preparation of Individual dsRNA Species 

BTV dsRNA was extracted from BTV-infected cells and 

fractionated on 4% preparative polyacrylamide gels as described 

under 4 . 2 .1 and 4 . 2 . 2 . After staining with ethidium bromide the 

individual dsRNA species were located over a UV-light 

transmitter . A typical preparative scale gel is shown in Figure 

4 . 3. 

The 10 individ.Jal dsRNA bands were excised. The dsRNA was 

eluted by diffusion into STE-1 - buffer , purified as described 

under 4 . 2 . 2, and analysed on a 1% agarose gel such as the one 
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Figure 4.2 In vitro trans lation of denatured BTV dsRNAs as 

analysed by polyacrylamide gel electrophoresis and 

autoradiography . (a) proteins synthesised from BTV mRNA , 

(b) proteins synthesised from DMSD denatured BTV dsRNA , 

(c) proteins synthesised from MMOH denatured BTV dsRNA , and 

(d) P100 control . 
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Figure 4 . 3 Preparative 4% polyacrylamide gel of BTV dsRNA 

visualised with ethidium bromide . 
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shown in Figure 4.4 . 

Genome segments 1 , 7 and 10 appeared to be pure . Varying 

degrees of cross- contamination from neighbouring segments were 

detected in the other 7 segments . Subsequently these 

preparations of individual dsRNA segments were each re - run on a 

separate polyacrylamide gel and extracted as described above , 

which virtually always eliminated cross- contamination . 

Ethidium bromide staining , combined with the relatively long 

periods of UV-exposure (several minutes) required to excise 

individual dsRNA bands from gels , is known to cause damage to 

nucleic acids . To avoid this , the UV-imaging technique 

developed by Clarke and co -workers (1982) was introduced . It 

requires only a few seconds of UV-exposure . Figure 4 . 5 shows 

the result that was obtained using this method to visualise 

dsRNA on an 8% polyacrylamide gel . 

All the dsRNA genome segments were clearly visible . Although 8% 

gels were much easier to handle than 4% gels , they had the 

disadvantage that genome segments 8 and 9 co-migrated and that 

much longer electrophoresis periods were required to obtain 

satisfac tory resolution . 

4 . 3 . 4 Denaturation of Individual dsRNA Species 

Prior to in vitro translation , 4 ug of each individual genome 

segment was ethanol precipitated . The precipitates were washed 

with 70% ethanol , freeze-dried and each was resuspended in 8 

ul 10 mM MM0H . After 60 min at room temperature , D, 5 ug of each 

segmen t was analysed on a 1% agarose gel. The result is shown 

in Figure 4 . 6. 

Denaturation of all 10 genome segments was observed . The two 

bands detected after denaturation of each individual dsRNA 
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Figure 4 . 4 Agarose gel electrophoresis of individual BTV dsRNA 

genome segments. (a) BTV dsRNA control , (lanes b to k) 

individual dsRNA genome preparations 1 to 10 respectively . 
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Figure 4 . 5 Preparative 8% polyacrylamide gel of 8TV ds RNA 

visualised by means of UV-imaging . 
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Figure 4.6 Agarose gel electrophoretic analysis of MM0H 

denaturated BTV dsRNA genome segments . (a) 3 ug undenatured BTV 

dsRNA control, (b) 5 ug BTV mRNA control , . (c) 3 ug 

unfractionated denatured BTV ds RNAs , and (d tom) 0 . 5 ug each 

of denatured dsRNA segments 1 to 10 respectively . 



genome segnent represented the positive and negative ssRNA 

species of the genome segments . There was some evidence of 

either renaturation or incomplete denaturation with the small 

genome segments . 

4 . 3 . 5 Translation of Individual Species of Denatured dsRNA 

The denatured individual dsRNA genome segnents of 4 . 3 . 4 were 

translated in vitro in 30 ul reaction mixtures , as described 

under 4 . 3 . 2 . Initially the translation products were identified 

by gel electrophoresis . The results obtained are shown in 

Figure 4 . 7 and Figure 4 . 8 . 

Translation of the 3 denatured medium-sized genome segnents 4 , 

5 and 6 produced proteins co- migrating respectively with P4 , PS 

and NS1 (Fig .4 . 7) . Translation of the 4 denatured small genome 

segments 7 , 8 , 9 and 10 resulted in the synthesis of proteins 

co -migrating respectively with proteins P7 , NS2 , ~6 and NS3A 

and NS38 (Fig . 4 . 8) . Although translation was obtained with the 

3 denatured large genome segments , it was extremely inefficient 

and no full size proteins were detected to allow the 

determination of their respective coding assignments (results 

not shown) . Some cross-contamination between genome segments B 

and 9 remained , even after two rounds of gel electrophoresis . 

It was , however , possible to deduce the respective coding 

assignments . Two proteins which had molecular weights identical 

to NS3A and NS38 were synthesised from genome segment 10 . They 

were usually synthesised in equimolar amounts . However , 

occasionally the relative amounts in which NS3A and NS38 were 

synthesised varied and NS3A was synthesised in larger amounts 

than NS38 (see Fig . 4 . 8 lane f) . None of the genome segments 

seemed to have protein C as a primary gene product , and there 

was no evidence that protein C was encoded by genome segment 

10 . However , in one experiment , depicted in Figure 4 . 9 , similar 

to that described above , there was some indication of a protein 
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Figure 4 . 7 Autoradiogram of the polyacrylamide gel electro­

phoretic analysis of proteins synthesised in vitro from 

denatured dsRNAs of the medium size-group : 

(a) dsRNA segment 4, (b) dsRNA segment 5 , and (c) dsRNA 

segment 6. (d) P100 control. 

90 



NS2 
6 

7 

NS3A 

NS3B 

a b C d e 

Figure 4 . 8 Autoradiograrn of the polyacrylamide gel electro­

phoretic analysis of proteins synthesised in vitro from 

denatured dsRNAs of the small s ize-group : 

(c) dsRNA segment 7 , (d) dsRNA 

segment 9 , and (f) dsRNA segment 10 . 

from BTV mRNAs , and (b) BTV control. 
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Figure 4 . 9 Autoradiogram of the polyacrylamide gel electro­

phoretic ana l ysis of (a) P100 fraction of BTV infected cells , 

(b) BTV control , and (c) the in vitro translation of denatured 

dsRNA segment 9 . The arrows at the left of the figure indicate 

the position of molecular weight markers (x1 □-3) . 
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with a molecular weight similar to protein C among the low 

molecular weight proteins synthesised from genome segment 9 

(Fig . 4 . 9 lane c) . 

4 . 3 . 6 Peptide Mapping of Trans lation Products from Denatured 

Genome Segnents 

The coding as s igoments for the group- specific (P7) and non -

structural proteins (NS1 , NS2 , NS3A and NS3B) of BTV were 

confirmed by peptide mapping . In the case of the other 

proteins , insufficient material was available to conduc t 

similar experiments . 

The peptide pattern of the protein product of denatured dsRNA 

genome segment 7 was compared to both that of P7 s ynthes i sed in 

vitro Fron unfractionated BTV mRNAs (Figure 4 . 10A) , and P7 

obtained from BTV virions (Figure 4 .10B) . 

The peptide map of the protein synthes ised from denatured 

genome segment 7 was similar to that of P7 , whi ch confirms 

unequivocally that the group- specific antigen , P7 (Huismans & 
Erasmus , 1981 ) , is encoded by genome segment 7 . 

The RNA-coding assignments for non - s tructural proteins NS1 and 

NS2 were confirmed by comparing the peptide maps of fully 

diges ted samples of the proteins in vitro trans lated from BTV 

dsRNA genome segments 6 and 8 respectively , to proteins NS1 and 

NS2 present in the P10D fraction of BTV-infected cells (3 . 2 . 6) . 

The res ults are s hown in Figure 4 . 11 and Figure 4 . 12 

respective! y. 

The respective peptide maps were virtually identical , 

indicating that BTV dsRNA genome segment 6 codes For pro tein 

NS1, and genome segment 8 for protein NS2 . 
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Figure 4 . 10 Autoradiogram of the polyacrylamide gel electrophoretic comparison of 

the protease VB digestion patterns of protein P7: ( A) synthesised from BTV mRNAs 

(lanes b , c and d) with that of the protein synthesised from denatured dsRNA 

segment 7 (lanes e , f and g), and (8) from purified BTV (lanes b,c and d) with that 

of the protein synthesised from dsRNA segment 7 (lanes e , f and g) . Amounts of 

protease VB used were : (band g) 10 ng, (c and f) 500 ng , and (d and e ) 2500 ng . 

(a) BTV control . 
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Figure 4 . 11 Autoradlogram of the polyacrylamide gel 

electrophoretic comparison of the 2500 ng protease VB 

digestion pattern of (a) protein NS1 from the P100 fraction of 

infected cells with (b) the protein synthesised in vitro from 

dsRNA segment 6. 



a b 

Figure 4 . 12 Autoradiogram of the polyacrylamide gel 

electrophoretic comparison of the 2500 ng protease VB 

digestion pattern of (a) protein N52 from the P100 fraction 

of infected cells with 

from dsRNA segmen t 8. 

(b) the protein synthesi sed in vitro 
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The peptide maps of proteins NS3A and NS38, which were 

synthesised in vitro from denatured ds RNA genome segment 10, 

were compared to one another . The result is shown in Figure 

4.13 . 

The peptide maps of NS3A and NS38 were almost identical, except 

for the initial difference in molecular weight . Thi s result is 

similar to that obtained with NS3A and NS38 from BTV-infecte d 

cells as well as from in vitro translation of unfractionated 

BTV mRNAs , although the digestion was not as complete (compare 

Fig.3 . 8) . 
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Figure 4 .13 Autoradiogram of the polyacrylamide gel 

electrophoretic comparison of the protease 

pattern of : in vitro synthesised NS3A (lanes b , 

with in vitro synthesised NS38 (lanes g , h , 

Amounts of protease used were : (band k) 0 ng , 

(d and i) 25 ng , (e and h) 500 ng, (f and g) 

(a) BTV control. 
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4 .4 DISCUSSION 

In this chapter experiments were presented from which the 

coding assignments for the medium and small -sized genome 

segnents could be determined . The protein product(s) of the 

smallest dsRNA genome segment were also identified . 

It was possible to evaluate the denaturation of BTV dsRNA 

genome segments on agarose gels . Both DfVISO and fYIYIOH were found 

to denature BTV dsRNAs equally well (Fig . 4,1 ) . The positive (+) 

and negative (- ) ssRNA species of the genome segments were 

separated by electrophoresis , in agreement with results 

reported for denatured BTV dsRNA genome segments on 

polyacrylamide gels (Kuichi et. al. , 1983) . The UV- imaging 

procedure (Clarke et. al. , 1982) was investigated (Fig 4 . S) , 

and preferred to the more generally used ethidium bromide 

staining method for locating dsRNA on preparative 

polyacrylamide gels since it avoided extended periods of UV­

exposure . 

No difference was observed between in vitro translation 

products of [)YISO and MMOH denatured dsRNAs (Fig . 4 . 2) . This 

confirms the results of Grubman and co-workers (1983), except 

for the fact that they reported a greater stimulat ion of 

protein synthesis with MMOH as opposed to OMS□ denatured 

dsRNAs , which was not observed in the present study . Mertens 

and co -workers (1984) also used MMOH as denaturing agent for 

BTV dsRNAs . In vitro translation of denatured dsRNA genome 

segnents resulted in the synthesis of the medium- and small­

sized BTV proteins . Protein NS1 was again synthesised in 

amounts considerably less than in infected cells, as has been 

observed in 3 . 3 . 3 . However , contrary to the results of Mertens 

and co -workers (1984) , translation with the 3 large denatured 

genome segments was very inefficient . Similar problems were 
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encountered during in vitro translation of individual denatured 

genome segments . All the BTV proteins , including the large 

proteins P1 , P2 and P3 were synthesised in control experiments 

from BTV mRNAs . Therefore , the failure to synthesise the large 

proteins has to be ascribed to a problem with the dsRNAs . It 

cou ld be due to· trace amounts of undenatured dsRNAs , or 

rehibridisation of dsRNA during the translation reaction , both 

these possibilities would result in a dsRNA- mediated inhibition 

of translation (Content et . al ., 1978) . 

During translation of each individual denatured genome segment , 

varying amounts of low molecular weight polypeptides were 

synthesised (Fig .4 . 8 ; Fig .4 . 9) . Other investigators also 

observed this phenomenon (McCrae & McCorquodale , 1982 ; Mertens 

et . al ., 1984) . It was suggested (Grubman et . al ., 1983) that 

it might be the result of degradation of the dsRNA segments . 

However, it is difficult to explain the characteristic set of 

proteins for the different genome segments by random 

degradation . It is also possible that the plus strands of the 

various BTV dsRNA genome segments have multiple initiation and 

termination codons , in-phase as well as out -phase with respect 

to the main reading frame . The rather large number of these 

small proteins (Fig .4 . 7 and Fig .4 . 8) would , however , argue 

against such an explanation . A more likely explanation for this 

phenomenon is premature termination of translation at specific 

places on the plus strands of the genome segments , or 

incomplete translation . These various postulates will probably 

only be confirmed once the nucleotide sequences of the 

different genome segments have been determined . 

The protein-coding assignments for the three medium and four 

small dsRNA genome segments of BTV 10A were determined . A 

schematic sunmary of the results obtained , is presented in 

Fig .4 . 14 . Genome segments 4 , 5 , 6 , 7 , 8 and 9 coded for 

proteins P4, PS, N51 , P7 , N52 and P6 respectively . .!,!], vitro 
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Figure 4 . 14 Schematic presentation of the protein coding 
assignments determined for BTV type 10 dsRNA genome segments. 
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translation of genome segment 10 resulted in the synthesis of 

two proteins , NS3A and NS38 , with molecular weights of 25K and 

28K respectively . The protein-coding assignments that were 

obtained in this investigation for the genome segments of 8TV 

type 10 correspond to that of 8TV type 1 (Mertens et . al ., 

1984 ), as well as to that of 8TV type 17 (Grubman et . al ., 

1983) . Proteins NS3A and NS38 are , however , much larger than 

the 16K coding capacity of genome segment 10 that was 

calculated by Verwoerd and co-workers (1972) . Mertens and co­

workers (1984) found that genome segment 10 of 8TV serotype 

also coded for two proteins with almost identical peptide maps . 

The molecular weights of these two proteins were reported to 

be 15- 2DK . Since Mertens and co- workers (1984) gave no 

indication as to how they determined these molecular weights , 

it is assumed that they used the molecular weights of 8TV 

proteins reported by Verwoerd and co -workers (1972) as markers 

for their calculations . When these values were used to 

determine the molecular weights of N53A and NS38 , values of 18K 

and 14K are obtained which are very similar to those of 

Mertens and co - workers (1984) . Therefore , it is concluded that 

the 15- 20K proteins of 8TV type 1 are the equivalents of NS3A 

and NS38 in BTV type 10A . Unfortunately their peptide patterns 

could not be compared to those obtained during this 

investigation , since they used a different serotype in their 

study , as well as a different protease , viz . chymotrypsin, for 

digestion . 

Proteins with different molecular weights that are encoded by 

the same gene and have virtually identical peptide maps have 

been found in several other viruses . One example is Sendai 

virus where a non-structural protein, C, is coded for by the 

same mRNA as the P protein (Giorgi et . al . , 1983) . This non ­

struc tural protein exists in two electrophoretic forms (C and 

C' ) which have similar peptide maps and molecular weights of 

22K and 24K respectively . No product-precursor relationship 

102 



could be detected to account for their presence (Lamb & 
Choppin, 1978) . It was postulated that C' is initiated at a 

second AUG while C is initiated at a third or fourth AUG . This 

would be consistent with the difference in electrophoretic 

mobility between C and C', and it would also be in agreement 

with the finding that the ratio of C and C' can vary 

considerably from one in vitro translation to another . Such 

variation was also occasionally observed for 8TV NS3A and NS38 

proteins . In the case of Sendai virus it was found that none of 

the four AUG codons implicated in initiation of protein C were 

in the most favoured context according to the initiation model 

proposed by Kozak (1981) . It appears , therefore, as if the 

Sendai virus P/C gene mRNA is functionally tricistronic , using 

one sequence to code for 3 proteins , 2 of which (C and C' ) are 

in - phase in the same open reading frame . 

Two other paramyxoviruses , New Castle disease virus (Collins 

et . al ., 1982) and mumps virus (Herrler & Compans , 1982) , also 

have pairs of non -structural proteins (36K and 33K ; 28K and 19K 

respectively) i n which the peptide map of the one closely 

resembles that of the other . Furthermore , 2 polypeptides of 

Herpes simplex virus (43K and 39K) are also translated from a 

single mRNA by 2 in-phase initiation codons (Marsden et . al ., 

1983) . 

The presence of 8TV non -structural proteins NS3A and NS38 

could , therefore , equally well be the result of two in - phase 

overlapping open reading frames on genome segment 10 . 

Unfortunately , no sequence data is as yet available to confirm 

this postulate . 

No evidence was found that the 16K BTV protein C was 

synthesised as the main product of any of the individual genome 

segments . However , preliminary results indicate that one of the 

l ow molecular weight proteins synthesised from genome segment 
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9 , which codes for protein P6, has a molecular weight similar 

to that of protein C (Fig . 4 . 9) . Unfortunately not enough 

material could be obtained at the time to confirm its identity 

by peptide mapping . Additional experimental analysis is 

therefore required to verify this , but should this indeed prove 

to be protein C, its existence might well be explained by an 

overlapping reading frame on genome segment 9 . Depending upon 

whether its peptide map corresponds to that of P6 or not an 

in-phase or an out-phase reading frame with respect to that of 

P6 would be involved . The results presented by Grubman and co­

workers (1983) , which suggested that genome segments 9 and 10 

coded for a number of proteins , are therefore in agreement with 

the observations made during this study . 

There are several reports of cases where eukaryotic mRNAs are 

read in two overlapping reading frames and produce different 

proteins . They include single transcripts specified by adeno - , 

myxo-, paramyxo- , reo- and rotavirus genes (Bos et . al ., 1981 ; 

Briedis et . al. , 1981 ; Briedis et . al. , 1982 ; Shaw et. al. , 

1983 ; Cashdollar et . al ., 1985; Richardson tl• al. , 1984) . 

In the case of reovirus , Cashdollar and co-workers (1985) 

reported that the s1 genes of the 3 reovirus serotypes all 

possess two out-phase open reading frames . The first starts 

with a "weak " initiation codon and can code for a protein of 

the size expected for the o1 protein . The other reading frame 

starts with a "strong" initiation codon about 70 residues 

downstream from the S' -terminus and extends for only 

approximately 120 codons . Ernst and Shatkin (1985) have shown 

that purified s1 mRNA of reovirus directed the synthesis of a 

previously unrecognised 14K protein in addition to the o1 

protein . The molecular weight of this protein was in agreement 

with that predicted by Cashdollar and co -workers (1985) . 

As far as BTV is concerned , further experiments have to be 
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conducted to determine the coding assignments of the three 

large dsRNA genome segments of BTV type 10 . The nucleotide 

sequences of the genome segments are required before the 

postulate that N53A , N53B and Care translated from overlapping 

reading frames can be confirmed . 



CHAPTER 5 

FURTHER CHARACTERISATION OF IN VITRO SYNTHESISED BTV 

NON-STRUCTURAL NS2 PROTEIN 

5. 1 INTRODUCTION 

It has been shown (Fig . 3 . 78 , and Fig .4 . 2) that the peptide maps 

obtained after Staph . Aureus VB digestion of BTV NS2 protein 

are similar for the in vivo and in vitro synthesised products . 

This strongly indicates identity between them as far as their 

primary structures are concerned . The purpose of this part of 

the investigation was to determine whether the identity between 

them also extends to functional characteristics , and post ­

translational modifications . In this regard , it is known that 

in vivo synthesised BTV NS2 is phosphorylated , and that it has 

affinity for ssRNA (Huismans & Sasson , 1983 ; Grubman et . 

al ., 1983) . Therefore , it was to be investigated whether in 

vitro synthesised NS2 also has these characteristics. 

The poly - (U) -Sepharose affinity column chromatography procedure 

described by Huismans and Sasson (1983) , would be suitable to 

determine whether in vitro synthesised NS2 has affinity for 

ssRNA . No in vitro phosphorylation results have as yet been 

described for BTV . One approach to investigate whether in vitro 

synthesised NS2 can be phosphorylated , would be to include 

Y32P-ATP in the in .JJ.i..l:.I:o. translation mixture . An alternative 
approach would be to investigate whether NS2 can be 

phosphorylated by methods such as the immuneprecipitation 

procedure described by Collett and Erikson (1978) , and Witte 

and co -workers (1980) . 

Finally , it was to be investigated whether indications 

regarding the nature and origin of the kinase involved , could 
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be obtained. 

5 . 2 MATERIALS AND METHODS 

5.2 . 1 Preparation of 35s-Methionine Labelled 5100 and P100 

Fract ions from BTV - Infected Cells 

A roller flask with a monolayer of approximately 7 x 108 BHK-21 

cells was infected with BTV and pulse - l abelled between 11 and 

14 h p . i . at 37°C with 25 ml of methionine - free Eagle's medium 

containing 10 uCi/ml 35s-methionine as described under 3 . 2 . 5 . 

5100 and P100 fractions were prepared as described under 3 . 2 . 6 . 

5 . 2 . 2 Poly-(U)-Sepharose 48 Affinity Chromatography" 

Poly-(U)-Sepharose 48 was packed in a Pasteur pipet to a height 

of 4 cm. The column was equilibrated with STE - 2-buffer 

containing 0,01 MB - ME . Before loading onto the column, the 

NaCl concentration of the samples to be analysed was r educed 

to 0 ,15 M with STE-1-buffer . Samples were loaded at a rate of 

0,1 ml/min. The column was washed with STE-2- bu f fer containing 

0 , 01 MB - ME until no more unbound material eluted . This was 

monitored by optical dens ity and/or radioactivity as indicated . 

The bound ma terial was elu ted from the column at the same rate, 

with 20 ml of a linear gradient of 0 , 15 M to 1 ,15 M NaCl in TE ­

buffer containing 0 , 01 MB -ME . The NaCl concentration e t whi ch 

material e luted from the column was determined from t he 

r efract ive index . Peak fractions were pooled as indicated in 

the tex t . 

The proteins present in the pooled fractions were precipitated 

" I would like to thank Miss A. R. Bauskin for her co - operation 

in the pol y-(U)-Sepharose column chromatography . 
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by adding SOS to a final concentration of 0 , 5% and KCl to 

0 , 3 M. After 30 min at 4°C the precipitate was collected by 

centrifugation and characterised by gel electrophoresis . 

S.2 . 3 .!.!:! Vitro Phosphorylation Assay 

In vitro kinase activity was assayed using the MTD-buffer (0,01 

M Tris- HCl , pH 8 , 0 ; 0 , 01 M MgCl2 ; 0 , 01 M dithiothreitol and 0 , 2 

uCi/ml y32P- ATP (1 mCi/ml ; 5200 Ci/rrmole) described by Moyer 
and Summers (1974) . The final assay mixture was usually 

obtained by mixing equal amounts of sample and double 

concentrated MTD- buffer . The mixtures were incubated at 37°C 

for 30 min . Incorporation of 32p into proteins was detected by 

polyacrylamide gel electrophoresis and autoradiography . 

5 . 2 .4 Simultaneous Detection of 35~ and 32P- Labelled Proteins 

on Gels ---

Phosphoproteins , labelled with both 355 and 32p , were 

characterised by a direct autoradiographic detection method 

which makes it possible to distinguish between 32p_ and 355_ 

labelled components (Cooper & Burgess 1982) . Polyacrylamide 

gels were dried on Whatmann 3MM filter paper , as des cribed 

under 2 . 2 . 4 . Two X- ray films were exposed simultaneous ly at -

80°C : The one was placed directly onto the dried gel , thus 

recording the 32p_ and 35s- label simultaneously . The other was 

placed on the filter paper _side of the gel and was further 

shielded by placing a 0,015 mm thick sheet of aluminium foil 

between the filter paper backing of the gel and the X-ray film . 

This film only recorded the 32P- label. 
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5. 3 RESULTS 

5 . 3 .1 Pol y- (U) - Sepharose 48 Affinity Purification of In Vitro 

and ~ Vivo Synthesised 8TV Proteins 

The first aspect to be investigated was whether in vitro 

synthesised NS2 had affinity for ssRNA similar to that which 

was reported for NS2 synthesised in infected cells . The 

approach followed was to compare the affinity of in vitro and 

in vivo synthesised NS2 for poly - (U)-Sepharose . A 25 ug 

quantity of unfractionated 8TV mRNA was translated in vitro in 

a 500 ul translation mixture as described under 3 . 2 . 2 . 3 . After 

50 min , a 5 ul sample of the reaction mixture was spotted onto 

a filter paper disc to determine the incorporation of 355_ 

methionine i nto acid - insoluble material . The NaCl concentration 

of the remaining material was raised to 1 M in order to 

dissociate any of the NS2 that could be present in a complexed 

form . The mixture was kept on ice for 10 min , and after 

dilution with STE-1-buffer to a final NaCl concentration of 

0 , 15 M, it was loaded on a poly - (U) - Sepharose 48 column 

(5 . 2 . 2) . Fractions of approximately 400 ul each were collected . 

After extensive washing of the column with STE - 2-buffer , the 

bound material was eluted with a NaCl gradient as described 

under 5 . 2 . 2 . The salt-gradient was determined from the 

refractive index of the fractions . Fractions of the unbound and 

bound peaks were pooled as indicated . Proteins were 

precipitated from 200 ul of the respective pools by means of 

505/KCl as described , and analysed by gel electrophoresis and 

autoradiography . Similarly , 355- labelled 5100 material from 

1 , 3 x 108 8TV infected cells (prepared as described under 

5.2 .1 ) was also subjected to poly-(U)-Sepharose 48 column 

chromatography and analysed as described above . The results are 

shown in Figure 5 .1. 

About 10% of the TCA- precipitable 355- labelled material in the 
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Figure 5 . 1 Poly-(U) - Sepharose 48 affinity purification of in 

vitro and in vivo synthesised 8TV proteirls. Radioactivity 

profiles of column fractions from in vitro (A), and in 

vivo (8) synthesised 8TV proteins. Autoradiograms of gel 

electrophoretic analysis of column fractions from in vitro 

(C) and in vivo (0) synthesised proteins . (a) 8TV control , 

(b) P100 control , (c) in vitro synthesised proteins before 

column chromatography, (d) in vitro synthesised proteins in 

unbound fractions 2 to 20 , (e) in vitro synthesised proteins 

in bound fractions 69 to 80 , (c ' ) 5100 before column 

chromatography , (d') in vivo synthesised proteins in unbound 

fractions 10 to 20 , (e') in vivo synthesised proteins in 

bound fractions 67 to 76. The arrows indicate the fractions 

where the gradients.started . 
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i n vitro translation mixture bound to poly - (U)-5epharose, and 

eluted at approximately 0,4 M NaCl . Gel electrophoresis showed 

that all the BTV proteins were present in the unbound fractions 

(Fig . 5.1C , lane d) . However, N52 was present in considerably 

reduced quantities , and it was the only viral protein that 

bound to poly - (U)-5epharose (Fig . 5 . 1C , lane e) . Essentially the 

same result was obtained for N52 present in the soluble 

fraction (5100) of infected cel ls (Fig . 5 . 10) . Therefore , it can 

be concluded that in vitro synthesised BTV N52 has affinity for 

poly - (U) - 5epharose , similar to N52 synthesised in infected 

cells . Although the result was not quantified , it seems as if 

relatively more unbound N52 was present in the preparation of 

in vitro (Fig . 5 . 1C , lanes d and e) than in vivo synthesised N52 

(Fig . 5.10, lanes d ' and e ' ) . 

5 . 3 . 2 Phosphorylation 

5 . 3 . 2 . 1 In Vitro Phosphorylation of N52 

The next aspect to be investigated was to determine whether N52 

becomes phosphorylated during the in vitro translation 

reaction . To study this , BTV mRNA was translated in vitro in a 

standard reaction mixture as described under 3 . 2 . 2.3 which 

contained approximately 0,1 uCi/ul y32P- ATP . The proteins in 

the reaction mixture were analysed by gel electrophoresis and 

autoradiography as described under 5 . 2 .4 . None of the 355_ 

labelled proteins synthesised during the reaction were 

phosphorylated . A few of the endogenous proteins in the 

translation mixture did , however , become phosphorylated , 

indicating the presence of kinase activity , even though no 

phosphorylation of any of the viral proteins could be detected 

(data not shown) . 

This result caused speculation as to whether the lack of 

phosphorylation of N52 was due to the translation reaction 

112 



conditions being uns uitable for phosphorylation , or to t he 

absence of the kinase that phosphorylates NS2 in vivo . The 

possibility that the actual amount of NS2 synthesised in vitro 

was so small that the detection procedure was not sensitive 

enough, 

quest ions , 

also has to be considered . To answer some of these 

it was decided to investigate whether the in vitro 

phosphorylation procedure for the avian sarcoma virus src gene 

product , described by Collett and Erikson (1978) , could be 

applied to 8TV. The procedure bas ically involves 

immuneprecipitation of the viral proteins and resuspension in a 

phosphorylation mixture . 

The method was first investigated using in vivo synthes ised 8TV 

NS2 as substra te. The following experiment was conducted : S100 

and P100 fractions were prepared from approximately 3 x 108 

8TV-infected and uninfected cells respectively . The proteins in 

a sample of the S100 fractions, representing material from 

1 . 8 x 107 cells , were concentrated by immuneprecipitation as 

described under S. 2 . 6 . These immuneprecipitates were each 

resuspended in separate 150 ul phosphorylation mixtures 

containing Y32P- ATP . Samples of the uninfected and infected 
P100 fractions, representing material from 4 , 8 x 107 cells , 

were concentrated by centrifugation and also resuspended in 150 

ul phosphorylation mixtures containing y32P-ATP . All four 

reaction mixtures were incubated at 37°C for ~0 min as 

described under 5 . 2 . 3 . After the incubation period , a 20 ul 

sample of each mixture was analysed by gel electrophoresis and 

autoradiography. The result is shown in Figure 5 . 2 . 

In all the samples multiple cellular proteins were 

phosphorylated in vitro (lanes a , b , c , d) . NS2 was the only 

additional phosphoprotein detected in the infected as opposed 

to the uninfected samples . Thi s applied both to the S100 (lane 

a vs b) and the P100 (lane c vs d) fractions , indicating that 

the kinase phosphorylating NS2 was active under these 
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Figure 5 . 2 ~ vitro phosphorylation of P100 fractions (c and d) , 

and immuneprecipitates of 5100 fractions (a and b) of 

unin fected (a and c) , and BTV-infected (b and d) cells 

determined by polyacrylamide gel electrophoresis and 

autoradiography . (e) P100 control , and (f) BTV control . 

Samples in lanes a,b , c and d were labelled with 32p only . 

Samples in lanes e and f were label l ed with 355 only. 
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experimental conditions . None of the other viral proteins were 

phosphorylated in vitro . Their presence in infected 5100 and 

P100 fractions were confirmed in a control experiment where 

proteins were labelled using 35s- methionine (data not shown) . 

Having demonstrated that in vivo synthesised NS2 can be 

phosphorylated in vitro, it needed to be investigated whether 

the same applied to in vitro synthesised NS2 . The following 

experiment was therefore carried out. 2 , 5 ug of unfractionated 

BTV mRNAs was translated in vitro in a 50 ul reaction mixture 

(3.2 . 2 . 3) . Endogenous translation in an identical 50 ul 

reaction mixture was performed as a control . After translation , 

the proteins were concentrated from the respective translation 

mixtures by immuneprecipitation with sheep serum raised against 

BTV as described under 3.2 . 7 , resuspended in separate 70 ul 

phosphorylation mixtures and assayed for in vitro 

phosphorylation as described under 5 . 2 . 3 . Both at the start (0 

min) and at the end (30 min) of the reaction , a 15 ul sample 

was taken and added directly to 20 ul of electrophoresis sample 

buffer (0 , 0625 M Tris pH 6 , 5 ; 2% SOS ; 10% glycerol ; 5% 8-ME ; 

0 , 001% bromophenol blue) . These samples were analysed by gel 

electrophoresis and autoradiography under the conditions that 

distinguished between 355_ and 32P- label described under 5 . 2 .4 . 

The results obtained are shown in Figure 5 . 3 . 

The autoradiogram recording both the 355_ and 32P-labelled 

components indicates that most of the BTV proteins synthesised 

in vitro, including NS2 , were present in the immuneprecipitate 

(lane g), and that no in vitro synthesised proteins were 

present in the immuneprecipitate of the endogenous control 

(lane e) . The autoradiogram recording only the 32P-labelled 

components revealed that several proteins were phosphorylated 

in the irnmunecomplexes (lanes band d) , but no phosphorylation 

of NS2 could be detected (lane d) . Exactly the same proteins 

were phosphorylated in the immuneprecipitates of the endogenous 
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Figure 5 . 3 In vitro phosphorylation of immuneprecipitates of 

endogenous (lanes a , b,e and f) and BTV (lanes c , d , g and h) 

prpteins after in vitro translation as analysed by 

polyacrylamide gel electrophoresis and autoradiography . 

Samples were taken after O min (a and c), and 30 min 

(b and d). (a to d) represent the 32p image of the gel, and 

( e to h) shows the simultaneous 32p and 355 image . 

(i) 355-P100 control, and (j) 355 in vitro synthesised BTV 

control. 
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control (lane b) , and in the in vitro synthesised BTV proteins 

(lane d) , indicat ing that they are either immunoglobulins , or 

endogenous proteins of the reticulocyte lysates that co-

precipitated . The reason why the strong 32P- label present in 

lanes b and d were not equally strong in lanes f and h , is 

because the X- ray film which recorded the 32P-label was 

overexposed in attempting to detect even very weakly labelled 

NS2 . 

S. 3 . 2 . 2 .!.!J. Vitro Phosphorylation of In Vitro Synthesised NS2 .QY_ 

Cellular Kinases 

The result that in vivo synthesised NS2 coul d be phosphorylated 

in vitro , while no phosphorylation of in vitro synthesised NS2 

was detected , could indicate that a cellular kinase , which is 

present in BHK -cells and absent in reticulocyte lysates , is 

'involved . Therefore, the possibility that the kinase is a 

soluble cellular protein was investigated . Firstly , 2 , 5 ug of 

BTV mRNA was translated in vitro as described under 3 . 2 . 2 . 3 . As 

a control an endogenous translation was also performed . 

Thereafter , the in vitro synthesised BTV and endogenous 

proteins were immuneprecipitated with a rabbit serum as 

described under 3 . 2 . 8 , and resuspended in 100 ul double 

concentrated MTO-buffer . Two SO ul samples of a 5100 fraction , 

prepared from uninfected BHK-cells as described under 3 . 2 . 6 , 

were each diluted to 100 ul and added to the above-mentioned 

preparations of in vitro synthesised BTV and endogenous 

proteins respectively . In vitro phosphorylation was conducted 

as described in 5 . 3 . 2 . As an additional control , kinase 

activity in a SO ul sample of the uninfected 5100 preparation 

was also assayed in a 200 ul phosphorylation mixture . 20 ul 

samples of the various reaction mixtures were analysed by gel 

electrophoresis and autoradiography as described under 5 . 2 . 4 . 

The results are shown in Figure 5 . 4 . 
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Figure 5 . 4 Effect of 5100 fraction from uninfected cells on 

the in vitro phosphorylation of the irnmuneprecipitates of in 

vitro synthesised endogenous (lanes band e) and BTV (lanes c 

and f) proteins,analysed by polyacrylamide gel electrophoresis 

and autoradiography . (lanes a and d) in vitro phosphorylation 

control of uninfected 5100 , (g) 355 P100 control, (h) 355 BTV 

control . (lanes a to c) represent the 32p image of the gel , 

and (lanes d to h) represent the simultaneous 32p and 355 

image . 
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The autoradiogram , recording both the 355_ and 3P- labelled 

components , indicated that in vitro synthesised N52 was present 

in the immuneprecipitate which was used as substrate for the in 

tl!:!£ phosphorylation reaction (lane f), and that no in vitro 

synthesised proteins were present in the immuneprecipitate of 

the endogenous control (lane d) . The autoradiogram recording 

the 32P-labelled components showed that the only proteins that 

were phosphorylated were endogenous reticuloc yte lysate 

proteins that co-precipitated and soluble cellular proteins 

(lanes a and b) . No phosphorylation of in vitro synthes i sed N52 

was detected (lane c) . 

5 . 3 . 2 . 3 In Vitro Phosphorylation of Poly - (U) - 5epharose Purified 

N52 

An obvious advantage in studies concerning the kinase 

as sociated with phosphorylation of N52 , would be to have pure 

preparations of both in vivo and in vitro synthesi sed N52 

available for use as substrate . Purification of in vitro 

synthes i sed N52 would have the additional benefit of removing 

possible contaminating agents ,that could have inhibited the in 

vitro phosphorylation reaction in the previous experiments . 

Poly - (U) - 5epharose affinity column chromatography seemed to be 

a particularly suitabl e method for the purification of N52 . 

Therefore , a 355-labelled 5100 fraction from BTV infected 

cells , as well as 355- labelled in vitro synthesised BTV 

proteins were prepared , and subjected to poly - (U) - 5epharose 

column chromat ography, using simi lar amounts of material and 

conditions as those described under 5 . 3 . 1 . Instead of 

concentrating N52 by means of KCl/505 precipitation , N52 was 

concentrated from the total pools of the bound fractions by 

immuneprecipitation with rabbit serum as described under 3 . 2 . B. 

The immuneprecipitates were dissolved in SD ul Hz□ and assayed 

for kinase activity as described under 5 . 2 . 3 . 20 ul samples 

were taken from the phosphorylation reaction mixtures both at 
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the beginning (0 min) and at the end (30 min) of the reaction , 

and were analysed by gel electrophoresis and autoradiography as 

described under 5 . 2 . 4 . The result obtained is shown in Figure 

S. S. 

Similar to results obtained in 5 . 3 . 1, NS2 was the only viral 

protein that bound to the colurm (lanes band e) . Surprisingly, 

the affinity column purified preparation of in vivo synthesised 

NS2 still contained kinase activity which phosphorylated NS2 

(lane d) . Although kinase activity was also detected in the 

purified in vitro NS2 preparation , NS2 itself was not 

phosphorylated (lane g) . Therefore , it appears as if the kinase 

active in the in vitro NS2 preparation is a serum protein that 

co-precipitates with NS2 , while phosphorylation of in vivo 

synthesised NS2 could be due to autophosphorylation . If the 

latter hypothesis is correct , it has to be postulated that the 

inability to detect in vitro phosphorylation of in vitro 

synthesised NS2 indicates that the kinase still needs to be 

activated after in vitro translation . 
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Figure 5.5 Autoradiogram showing in vitro phosphorylation of 

irnmuneprecipitated in vivo and in vitro poly-(U)-5epharose 

purified N52 as analysed by gel electrophoresis . (a) 355 P100 

control, (b) 355 image of irnmuneprecipitated in vivo N52, 

(c) 32p image at 0 min of phosphorylation of in vivo N52 , 

( d) 32p image after 30 min of phosphorylation of in vivo N52 , 

(e) 355 image of irnmuneprecipitated in vitro N52 , 

(F) 32p image at 0 min of phosphorylation of in vitro N52, 

(g) 32p image after 30 min of phosphorylation of in vitro N52 . 
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5 .4 DISCUSSION 

The experiments described in this chapter were carried out to 

compare in vitro synthesised NS2 to its in vivo synthesised 

counterpart with regard to affinity for ssRNA and 

phosphorylation . 

Huismans and Sasson (19B3) reported that N52 , obtained from the 

particulate fraction of infected cells by a salt-wash 

procedure , had affinity for ssRNA . In the present investigation 

it was found that N52 , which occurs in the soluble (5100) 

fraction of infected cells , also binds to poly - (U) - 5epharose , 

as did in vitro synthesised N52 (5 . 3 . 1 ) . However , both the in 

vivo and in vitro preparations of BTV proteins contained some 

N52 that did not bind to poly-(U) - 5ephrose . In the case of in 

vivo synthesised N52 , there is the possibility that it 

could be due to saturation of the column . However , since the 

latter argument certainly does not apply to the in vitro 

synthesised proteins , it seems justified to conclude that N52 

exists in two forms - one that has affinity for ssRNA, and 

another that has no affinity for ssRNA . Although the result was 

not quantified , it appeared as if in vitro synthesised 

preparations of N52 contained relatively more N52 which did not 

have affinity for poly - (U) - Sepharose than preparations of N52 

obtained from 5100 fractions of infected cells . The 

significance of this observation requires further 

investigation . It could , for instance , reflect differences in 

the phosphorylation state of N52 . An experiment that should 

give an indication whether this is the case , would be to label 

N52 in infected cells with both 355- methionine and 32p and 

compare the 355/32p ratio of N52 that does not bind to ssRNA to 

that which does bind . Although protein N52 was the only virus­

specific protein with affinity for poly - (U)-5epharose , in some 

experiments several other proteins , mostly smaller in size than 

N52 , were also detected in the fractions that did bind to poly-
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{U) - 5epharose . They may either be incomplete or degradation 

products of protein N52 itself , or else represent reticulocyte 

proteins of the lysate preparation , or be cellular proteins 

which have affinity for ssRNA . The origin of these proteins 

should be established , especially in view of the result which 

will be discussed later concerning the identification of the 

kinase responsible for the phosphorylation of N52 . 

Two other non - s tructural viral proteins with affinity for ssRNA 

have already been found in the Reoviridae . The one i s protein 

N52 from Walla! virus , another member of the orbivirus subgroup 

(Gorman et . al ., 1983) . However , apart from mentioning that 

Walla! virus N52 has affinity for ssRNA , no other information 

has as yet been published in this regard . The other example is 

the oN5 protein of reovirus . The affinity of oN5 for ssRNA has 

been extensively studied . Whereas s ignificant amounts of 8TV 

N52 i s present in the 5100 fraction of infected cells , oN5 was 

not detected in similar fractions of reovirus infected cells , 

but was shown to be associated with ssRNA in 40 - 605 coffl)lexes 

in the cytoplasm of such cells (Huismans & Joklik, 1976) . 

Furthermore , Gomatos and co-workers ( 1980 ; 1981) established 

that oN5 is the sole component of small 13 -195 reovirus­

specific particles which can bind different ssRNA species and 

also ha s a poly - (C) dependent poly - (G) polymerase activity . It 

has been postulated that the affinity of reovirus oN5 for ssRNA 

might indicate that it functions during morphogenesis as a 

condensing agent to select a set of the 10 plus - sense ssRNA 

templates in preparation for dsRNA synthesis (Gomatos et . al ., 

1981 ) . Although not nearly as much information regarding the 

replication process of 8TV is as yet available , it i s tempting 

to speculate that N52 could have a similar function . 

However , a major difference between 8TV N52 and reovirus oN5 is 

that 8TV N52 i s a phosphoprotein . The functional significance 

of this phenomenon i s as yet unknown . 
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In the present investigation it was found that BTV NS2 , which 

occurs in the soluble as well as particulate fractions of 

infected cells , could be phosphorylated in vitro (Fig . 5 . 2) . 

Since it has been established that NS2 is phosphorylated in 

infected cells (Huismans & Sasson, 1983 ; Grubman rt• al., 

1983) , the result either implies that hyperphosphorylation 

occurred , or that 32P- labelling took place through phosphate 

exchange due to a dynamic phosphorylation - dephosphorylation 

reaction . It was , however , not possible to demonstrate 

phos phorylation of in vitro synthesised NS2 in any of the 

experiments carried out during the course of this 

investigation , or to determine whether NS2 is phosphorylated or 

not during the in vitro trans lation reaction itself . The 

results cannot be taken as conclusive evidence that no 

phosphorylation of in vitro synthesised NS2 occurred, s ince the 

actual amounts of in vitro synthesised NS2 that were used 

during the experiments were very small when compared to that of 

in vivo synthesi sed NS2 . Furthermore , it is possible that the 

autoradiographic procedure was not sensitive enough to detect 

extremely smal l amounts of 32p _ The results should therefore be 

confirmed by using much larger quantities of in vitro 

synthesised NS2 , and increasing the amount of y32P-ATP in the 

reaction mixture . It should also be kept in mind that the 

reaction conditions for phosphorylation were not optimised , and 

they should also be inves tigated . 

The presence of kinase activity , which phosphorylated in vivo 

synthesised NS2 in poly - (U) - Sepharose purified preparations , 

could indicate that NS2 might be involved in an 

autophosphorylation reaction , since no other viral proteins 

were detected in such preparations. Should this be the case , 

another possible explanation for the observation that in vitro 

synthesised NS2 was not phosphorylated , could be that the viral 

kinase (NS2) was not present in an activated state . This 

possibility also needs further investigation . Kinase activity 
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phosphorylating in vivo synthesised NS2 was also detected in 

t he material of 5100 fractions that did not bind to poly-(U)­

Sepharose (data not shown) . Therefore , whatever the factor(s) 

are that determine the ability of NS2 to bind to ssRNA , they do 

not seem to be involved in the activation of kinase activity . 

In the literature several examples have been described where a 

balance of phosphorylation-dephosphorylation appears to be a 

fundamental mode of control i n the viral infectious process 

(Kamata & Watanabe , 1977 ; Smith et . al ., 1979 ; Mellon & 
Emerson , 1978 ). In particular , in the case of murine type C 

vir us p12 protein (Privalsky & Penhoet , 1977) , vesicular 

stomatitis virus NS protein (Clinton et . al . , 1978) , and SV 40 

large T antigen (Scheidtmann et . al . , 1984) , the degree of 

phosphorylation seems to determine the extent of binding to 

viral nucleic acid : the more highly phosphorylated the protein , 

the lesser the extent of binding . Furthermore , phosphorylation 

of i nfluenza nucleocapsid protein stimulates viral 

transcription (Kamata & Watanabe, 1977) . A similar protein 

kinase requirement for in vitro activation of VSV transcriptase 

has been demonstrated (Witt & Summers , 1980). Different 

phosphorylated NS species appear to regulate the level of in 

vitro transcription of VSV (Kingsford & Emerson , 1980) . The 

kinase responsible for the phosphorylation in VSV has as yet to 

be identified (Sinacore & Lucas - Lenard , 1982) . 

The experiments presented in this study on the phosphorylation 

of BTV NS2 protein and its affinity for ssRNA should be 

regarded as preliminary studies . An immediate aim of future 

studies would be to determine whether or not NS2 is 

phosphorylated during the in vitro translation reaction , and to 

investigate whether the ability of in vivo synthesised NS2 to 

bind to ssRNA is affected by hyperphosphorylation in vitro . 
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CHAPTER 6 

CONCLUDING REMARKS 

This inves tigation involved a study of two of the fundamental 

processes in the replication of BTV , namely the transcrption 

and translation reactions . The results that were obtained, have 

been discussed in detai l in the relevant chapters . In this 

conclusion the main results of this inves tigation that 

contribute to a better understanding of the molecular biology 

of BTV will be mentioned briefly , and some suggestions for 

future research in this field will be made . 

The most significant finding regarding in vitro transcription , 

i s the characterisation of the factors that affect the efficiency 

of the reaction . The concentration of core particles in the 

reaction mixture appears to be the major factor involved . The 

efficiency of the in vitro transcription reaction declines 

rapidly with increasing core concentrations . Thi s decline i s , 

however , reversible , and can also be counteracted in several 

ways , such as by including the polyhydroxylic compounds , 

s ucrose or glycerol in the reaction mixture , or by using a 

relatively low incubation temperature . These results explain 

the low temperature optimum observed for in vitro transcription 

of BTV , which has previously been pos tulated to be a unique 

characteristic of the virus . It can therefore now be stated 

that the latter hypothesis i s incorrect . Similar explanations 

probably also apply to the low temperature optimum for 

transcriptase activity which has been observed for other 

orbiviruses such as EHOV , and AHSV . The reason why high 

concentrations of core particles affect the efficiency of the 

in vitro transc ription reaction has not as yet been identified . 

Further investigations should be undertaken to study the effect 

of core concentration in the reaction mixture on the 
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conformational 

transcription . 

requirements of BTV core particles during 

Another important contribution of this investigation is the 

fi nding that excellent separation of BTV mRNA species can be 

obtained by means of agarose gel electrophoresis . It is the 

first time that separation of the individual BTV mRNA species 

has been achieved . The results confirmed previous observations 

that the BTV mRNA species are not synthesised in equal amounts , 

and therefore lends further support to the hypothesis that BTV 

transcription might be subjected to regulation . Studies aimed 

at analysing characteristics of individual mRNA species can now 

be undertaken . 

Several contributions regar ding the synthesis of BTV proteins 

have been made during this investigation . The results represent 

the first report on in vitro trans lation of in vitro 

synthesised mRNAs for the orbivirinae . The findings on the 

non- s tructural proteins are of particular importance . The 

result that the non - structural proteins NS1 and NS2 could be 

synthesised in vitro using in vitro synthesised BTV mRNAs as 

templates , confirmed their viral origin . Three previously 

unknown non -structural proteins , namely NS3A , NS3B and C were 

also identified by in vitro translation . They were subsequently 

identified in in fected cells . The finding that proteins NS3A , 

NS3B , and Care synthesised in vivo in extremely small amounts 

compared to the other viral proteins explains why they were 

not previously detected . 

Another major contribution is the determination of the protein 

coding assignments of the medium- and small-sized genome 

segments . It revealed that proteins NS3A and NS3B are both 

encoded by the smallest of the ten genome segments , for which 

previously no protein product had been identified . The finding 

t hat the peptide maps of proteins NS3A and NS3B are very 
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similar , could mean that they are synthesised from two 

overlapping in - phase reading frames . Another genome segment 

that appears to have two overlapping reading frames is segment 

9 . It seems to encode both proteins P6 and C. The coding 

assignments obtained in this investigation for BTV type 10 , 

are similar to those reported for BTV type and 17 

respectively . 

Future studies on BTV proteins could benefit greatly by the use 

of recombinant DNA technology . The nucleotide sequences of the 

various genome segments will become available, and should 

confirm the observations regarding overlapping reading frames . 

Genetic manipulation of cloned genome segments , and their 

subsequent re- introduction into virions should be of 

considerable use in the identification of the functions of the 

various proteins . 

The finding that it is possible to phosphorylate in vivo 

synthesised BTV NS2 in vitro, is also important . It is the 

first report on in vitro phosphorylation in the Reoviridae . The 

finding that kinase activity remained associated with NS2 after 

affinity column purification , contributes considerably to the 

eventual identification of the enzyme , since it rules out any 

of the other viral proteins as candidates for the kinase , and 

strongly suggests the possibility of autophosphorylation . The 

ultimate aim of future investigations in this field would be to 

determine the functional significance of the phosphorylation, 

and identify the kinase involved . Initial steps in achieving 

these objectives might be by investigating alternative ways of 

separating NS2 from its associated kinase , investigating a 

possible correlation between phosphorylation of NS2 and its 

affinity for ssRNA , studying the effect of phosphorylated and 

unphosphorylated forms of NS2 on in vitro transcription and 

translation , and also using recombinant DNA technology to 

genetically manipulate NS2 . 
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Parts of the in vitro transcription results have been published . 

VAN DIJK , A. A. and H. HUISMANS . 1982 . The effect of temperature 

on the in vitro transcriptase reaction of bluetongue virus , 

epizootic heamorrhagic disease virus and African horsesickness 

virus . Dnderstepoort J . Vet . Res . 49 : 227-232 . 

Parts of the results are included in the fol l owing papers . 

VAN DIJK , A. A. and H. HUISMANS . The effect of sucrose and 

glycerol on the in vitro transcription reaction of bluetongue 

virus . Manuscript in preparation . 

VAN DIJK , A. A. and H. HUISMANS . In vitro synthesis of bluetongue 

virus proteins . Manuscript in preparation . 

HUIS MA NS , H.; VA N DIJK , A. A. and H. J . ELS . Uncoating of parental 

bluetongue virus to core and sub-core particles in infected L­

cells . Submitted for publication in Virology . 

HUISMANS, H.; 8AUSKIN , A. R. and A. A. VAN DIJK . Isolation of a 

phosphorylated non -structural protein of bluetongue virus with 

affinity for single-stranded RNA . Submitted for publication in 

J . of Virology . 

Parts of the results have been presented as papers at scientific 

meetings . 

HUISMANS , H.; VAN DIJK , A. A. and D.W. VERWOERD . In vivo uncoating 

of bluetongue virus . 

Fifth International Congress of Virology , Strasbourg , 1981 . 

Workshop 47 . 
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VAN DIJK , A. A. Trans l ational s tud ies with bluetongue virus genes . 

23rd Annual Congress of t he South African Societ y of 

Pathologists , Pretoria , 1983 . Paper V2D. 

VAN DIJK , A. A. and A. R. 8AUSKIN . Characteristics of a 

phosphorylated non-struc tural prote in of bluetongue virus . 

Third Congress of the South African Society for Microbiology , 

1984 , Cape Town . 
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