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INTRODUCTION --------

Bovine herpesv irus 1 (BHV-1) is associated with a 

varIety of cJjnica~ syndrome in cattJe war) dwide. These are primariJ y 

re-spiratory I but may also include genHaJ 1 nfect ion , ebortlon, cc.uler 

carcinoma, 'encephalitis and fata1 sy s1emic jnfe.ct ion in new born 

eel ves. The BHV-l has been isola·ted or antibody detect.ed from catiJe 

in all parts o·r the war] d (Gibbs and RWE'!yemamu, 1977). In addiUon 

to ca.ttle, virus has been reported in sheep, goat (Whet~tone and 

Evermann, 1988), swine, water buffaJo and in a variety o'f wi] d 

rumJnants throughout. the war] d (Gibbs and R weyemamu, 1977; I(ahrs, 

1977) • 

. Beside-s cross-breeding programme launc.hed jn our 

country, import of cattle and semen have made Ollr J jVEstocl<: 

population susceptible to many new diseases. Among them BHV .... 1 

jnfection, associated with cJ inical syndrome 1 iI~e pyrexia, increased 

respiratory rate, persistent harsh cough 1 51 ight anorex Ja I 

de prE?ssion, and . mil king cows a severe drop . mil k pr oduct ion I In In 

has emerged major economjc dl~ease 
. 

bovines. In India, the as a ln 

major economic Josses due to BHV-1 are in terms of mjlk production 

and draught power. BHV-1 was first recorded in lndia sero] ogica1) y 

by Mehrotra et ~. (1976). Subsequently, isoJation of the virus from 

the case o·f abortion in cows was al&o repcrle-d (Mehrotra , 1977). Th(? 

serum samples were found positive from Andhra Pradesh, I<arnalal<'a, 

Odt:sa 1 Tamil Nadu and West Bengal (Suribabu ct Ql_., "19811). Suribobu 

and Mallick (1983) reported viral abortion jn exotic catl']e (Jersey) 

in India due to BHV-1 and Singh et al. (1983) reported its presence 

in buffa1oes. 

Re.str iction eonzyme anal y s is of BI-IV-'1 DNA has beoE"11 usp.d 

to cl6ssify it into subty pes and to reso] ve diagnostic 1 e pidemio] 09 ic 

and vaccination problems, ~s JiI<e other herpesviruses, BHV-'I can 

aJso caUSE? latent infections and that can be reactivated by natural or 

corticosterojd-induced stress. React ivated viruses are shed frcm the 

mucous mE:'mbranes and in semen 'from buIJ s, This rah:es questions en 

the use of Jive virus vaccination since such vaccines can establ isl1 



2 

Jatent state carriers. The study of the structuraJ poJ ypeptldes of 

BHV-l, invo] ved in immune response, can be very weJI used to 

distinguish the genomic sequences for immunogenic poJypeptides. This 

immunogenic gene of BHV-l can be inserted into a vector to el j cj t 

protective neutral izing antibodies in the host. An aHernate strategy 

may be used to insert these immunogenic gene sequences into afl 

avirulent virus, creating a Chimeric live vaccine strain (PaJca I 

1986). 

WhJJe s'ignificant achievements 1n thJs field of genetic 

engineer In9 of anIma) viruses he ve been made a broad, 1 Jml ted wor k 

has been taken up In th.ls fiel d in IndIa. Moreover I no worl~ has been 

done with indigenous isoJate of BHV-l in this country in respect of . 
restr ietion enzyme ana] y sIs. I(eeping these facts in v i.e w, t he pre-sent 

investigation was tal<;en up to isolate ,the BHV-1 DNA from cell cu] ture 

grown virus and to anaJyse the BHV-l DNA using r'E'striction 

enzymes. 
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REVIEW OF LITERATURE 
_..;;;;;;:.;;;..;_------

PROPERTIES OF BHV-1 

,Bovine herpesvirus 1 (BHV-1), aJso f"nown as infectious 

bovlne rhinotracheitis and infectious pustular vul vovaginltis viruses I 

1s associated with respiratory and genital tract infections. It has got 

easy transmissjon and Jatent infection which can be reactivated under 

stress conditions I The distribution of the virus is wor] d wide and it 

Is of major economIc importance in many countries (Gibbs and 

R weyernamu, 1977) I 

D~N-1, belongs to the group alphaherpesvlrus, possessps 
G 

a linear double stranded DNA genome with molecular weight 89.6x10 

(IBR 'LA'V) (Engels rt &., 19B1) J molecular length 45.9:tl.5 /um I 

genome size li~2.7±l ... 65 I<b, G+C content 71.5% and Tm vahle 

(O.1xSSC}85.5°C. The genome of BHV-1 is composed of a unique long 

segment UL (100 'c;b) ,an internal repeat IR (11 \~b), a unique short 

segment Us (131<b), and a terminal repeat TR (1H"b), which is 

invel"'ted ¥lith respect to IR (Farley et ~., 1981). Engels ~ E!l. 
(1986/87) reported the lengths of the inverted l""ep€'fJls 11 ,1.5 I~b for 

strain LA, 12.15 kb for \<22 t 11.5 kb for N569 and 11.3 I<IJ f(l'" AGG3 

and the lengths of the short unique sequences rangE'd bE!,t ween 10.8 and 

11f'~ kb. Due to this typE? of genome structure, it has the abilHy to 

invert Us reJative to UL , leading to two isC'meric structures of the 

DNA molecules. This genome structure exempl ifies a cl ass-D 

herpesv irus and is a] so found 1n pseudorabies virus I e-quinE' 

herpesvirus 1 and 3, and variceJla'-zoster virus. The linear doul,Je­

stranded DNA genome needs to be ckcularized after inFect jon o'f t,ost 

ceJl and before DNA rep1 ication to form rep] jcative concatemer 

(Hammerschmidt .€!. &., 1988). 

The mature vir ion, measuring 150 nm in d ia rneter, is an 

enveloped nucleocapsid with icosahedral symmetry made up of 162 

capsomer'es. The buoyant density of tile virus has been inves t igatecJ 

to be 1.249 to 1.254 g/cm
3 

jn cesium chJoride (Bagust, 1972) and 1,22 

g/cm
3 

in potassjum tartrate (TaJ ens and Zee, 1976). 



BHV-l multip1 ies in a wide variety of celJ cultures of the 

boy ine and other species. For virus isolatJon, the. cell cuJ tures 

derived from boy ine tissues are considered to be the most 

susceptib1e, and mos"t of the worl"ers have employed either fetal or 

neonatal kidney or testis cuJ tures (Gibbs and Rweyemamu 1 1977). The 

culture systems used for virus preparation 

Madln-Darby boy ine kidney (MDBI<) cell s 
, 

by different wor kers are 

(Owen and F iel d I 1988 i 

Mittal and F j~l d, 1989;, Band.~~,,~,~~_~ay et !ll" 1990) I Georgia, boy ine 

Iddney (GBK) cells (Mayfie) d et E!l_. 1 1983 j Hammerschmidt ~ ~. f 
4 , 

1986), Bovine turbinate cells (Mittal and Field, 1989), bovine fetal 

testis cells (Andino et all I 1987), primary calf \~idney ce})s (Edwards --
e-t &., 
1981). 

1990) and embryonic bovine lung cell s (Engel 5 ~ all I 

The gross cytopathology induced by BHV-1 includes tf,e 

ceJJ rounding, frequently ballooned 'wHh small refractile syncylla 

being formed, and as the cytopathic effect (ePE) progr€lsses I strands 

of cytoplasm are seen linking affected cel J s. Th is type of CPE is 

typified by herpes simplex virus type 1 and most strains of BHV-1. 

AU h(?rpesviruses seem to be abJe to induce the forrnation of Jarge 

intranuclear, often eosinophilic (Cowdry type A) inclusion bodies in 

infected ceJIs. The ePE produced in MOBI< is characterized by 

granulation and roundIng followed by formation of grapeJ H(p clusters 

(Gibbs and Rweyemamu, 1977). 

RESTRICTION ENZYME ANALYSIS OF BI-IV -1 DNA 

In restr'iction enzyme analysis, the Joss or acquisition of 

endonuclease cleavage sites 1 consequent to DNA base sequence 

alterations 1 results in change In size and hence in migration o'f 

restr iction fragments during eJ ectrophores is in agarose gel s. Thus, 

comparison of electrophoretic patterns (fingerprints) of the 

'restrict jon fragments from different vir'us isoJates a]]ows one to 

conclude that two isolates with different patterns are geneticaJly 

distinct. 



5 

The restriction endonuclease digestion fragment pattern or 

fingerprint of BHV-1 DNA was first described by Skare ~ 2.!_. (1975) 

who used the 1<22 strain as a heterologous control for their studies 

of herpes simplex virus. Engels et ~l_. (1981) examined ,four IPV, 

three respiratory (IBR) and one neurological isolates of bovine 

herpesvirus and reported specific differences in the restriction 

endonuc1ease (HpaI and HindIrI) cleavage pattern of ISR and IPV virus 

strains. Similar finding was again reported by Ludwig (1983) and 

Gregersen ~ &. ( 1985). Th is prel iminary study by Engels g Q!_. 

(19B1) indicated that there were atleast two patterns of fingerprint 

which they equated with IBR and IPV isolates. A close inspection of 

the sources of their isolates did not support such a distinction in tllat 

some of their so caJIed IPV strains were isolated from respJrator'y 

disease cases I 

The restriction enzyme analysis of a respiratory isolate 

of Bt-IV-1 (Cooper strain) for four restriction endonuc]eases HindII!, 

BamHI, EcoRI and HpaI was reported by Mayfie] d ~ 21. (1983). The 

virus grown in Georgia bovine kidney celJs:, at a multiplicity of 

infection (m.o.L) 0,01 to 0.1, was pelleted and then pu~ifled by 

centrifugation in 10 to 40% potassjum tartrate density gradient. Tile 

BHV -1 DNA was isol ated by phenol ex traction from 1% sod ium dodecy 1 

5ulfate-disrupte-d virus and followed by banding on cesium chloride 

density gradients I Purified DNA Was cleaved with restriction enzymes 

and HindIII fragments were c] oned into pBI1322 plasmid with E. fO] i 

strain 118101 as host ceJl. They prepared cJeavage maps of different 

cl oned BHV-1 HindIII fragments usJng single and doub] e digestion with 

EcoRI, HpaI, BamHI and HindIII restriction enzymes (Fig.1, TabJe 

1). 

Misra et !'!!_. (1983) attempted to determine whether 

distinct types of BHV-1 are responsible for causing specHic 

syndromes, For this "they analysed polypeptides and DNA o'f 93 BHV-1 -

isolates by polyacrylamide gel e) ectrophoresis (PAGE) and restr iction 

enzyme analysis, respective1y. The polypeptide patterns stl0wed that 

only six isolates contained po] ypeptides that varied from t.he norm in 
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their molecular weight, or were absent. For restriction enzyme 

anal ysis , they used EcoR It HindIII ~ and HpaI res tr fetion 

endonucJeases. With EcoRI I BHV-1 DNA yjeJ dcd six/seven fragments 

into three patterns. The restriction endonucJease pattern with Hind III 

yjeld~d 11 high molecuJar weight (MW) fragments and 3 to l. low MW 

fragments into three patterns and with HpaI two patterns were 

reported. On the basis of these' resu] ts, they categorized 109 BHV-1 

isolates, including commercial vaccines, into three strains and 9 

substrains. According to them HpaI did not d isUnguish between 

genotypes o·r BHV-l. But MayfJeJ d ~ _tl. (1983), I<ennl?dy .tl &. (1986) 

end Ed wards et £t. (1990) coul d cJ earl y distinguish the viral types 

using the same enzyme. It was because Mayf Ie] d et &4 (1983) found 

that all HpaI digested fragments were equimolar due to absence- o·r 
c1 eavage sites in the short region of v ira] genom e5. 

Thiry et ru_, (1983) found that a number of Belgian fiel d 

isolates of BHV-1 were indistinguishable by DNA fingerprinting from 

the IBH Los Angeles straln, but did differ from one vaccine strain 

which was originally from an IPV case. Mayfield et §!4 (1983) 

compared BHV -1 Cooper strain with 1<22 ,strs in and ind iea ted a 

difference in base sequence of approximately 5% between two strains. 

This was conf irme=d by Sea] et ~. ( 1985) • T'ley anal y sed 5 

respiratory isolates, 4 vaginal isolates, one isolate from an aborted 

fetus! one from bov ine ocu] ar carcinoma, and one from encephal it is 

using restriction endonuclease HindIII. On tile basis of DNA liquid 

hybridization resuJ ts between BHV-1 DNA fragment transfl?rred to 

nitrocellulose paper and nick-trans1ated IBR virus LA isolate DNA 

probe, they reported high percentage (95%) of homol cgy bet ween 

isolates of BHV-l regardless of the clinical manifestation. Although 

there were differences in restr jct ion enzy me pa ttern of v ira1 DNA, 

th~re was no correlation between the ty pes of pattern obtained and 

the corresponding cl inical manifestation. They supported the findings 

of Misra rt £t. (1983) that it might be the routes of infection and/or 

other env ironmental factors that determine wt,e ther 'a partIcular 

iso1ate causes a typical respiratory tract infection or some other type 

of disease such as an encephalitis or genital infection. 
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Bral<e and Studdert (1985) analysed 1/~, genital and 16 

respiratory BHV-1. isoJates and 3 bovJne encepha] ltogeni'c, 2 caprlne 

and 2 buffa] 0 herpesv iruses using restriction enzyme HindII!, EcoRI I 

HpaI and Baml7lL On comparIson, they found that restriction enzyme 

pattern of 3, encephaJ itogenic viruses were similar to each other but 

were totally different from BHV-l respiratory and genital isolates. On 

the basis of these resul ts they proposed that boy ine enc~ptlallti5 

herpesvirus is a prototype of a new herpesvirus type. 

Osorio et aJ ~ (1985) compared reference strains and fiel d --
isolates of BHV by res,triction endonuc]easa anal ysis using EcoRI, 

HindIII and BglII restriction endonucleases and the indirect 

fluorescent antibody test (IFAT). IFAT results showed no cross­

reactivity of BHV-1 and BHV-2 with any other types of BHV tested. 

Restriction enzyme analysis showed 5 major bioty pes of boy ine 

herpesviruses namely (i) IBR (BHV-1) I (li) bovine h~rpes mammHJHis 

v Jrus (BHV-2) I (Hi) malIgnant catarrhal fever. (MCF) virus 

(herpesvirus a] celaphJnae), (iv) the group of slow-growth isolates 

represented by the prototy pe strain Mova r 33/63 (bov ine 

cytomegalovirus candidate), 

Pennsylvania 47 strain. 

and (v) the syncytia formjng 

Metzler et al. (1985) compared eleven European isolates 

of BHV-l together with two reference v Jrus strains (LA and ~<22 as 

typ~ 1 and type 2 respectively) using restriction endonuclease 

djgestlon with HindlII t SDS-PAGE and their reactlv ity with monoclonal 
, -, 

af'1Qbocpes, ~ Of 15 fragments with H indIII digestion (A to O), fragments 

K and L displayed molecular weight (MW) o·f 5.7x106 and 5.3x106 wiU, 

type 1,(BHV-l type 1) respectively and 5.2><106 and 4.8x106 with type 

2 (BHV-2 type 2) respectively. For subtype of type 2, HindIII 
'6 6 

fragment I displayed MW 7.2x10 with type 28 and 7.9x10 with type 

2b. On the basis of results they showed that among 13 isolates of 

BHV-1, 5 isolates were of type 1 (Cooper-type, IBA like), 5 isolates 

were of type 2a and 3 isolates typE' 2b. 
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Metzler et &. (1986) recognized a new variant virus~ of 

BHV ... 1 on analysing 5 virus 'Isolates recovered in Argentina foJJowing 

the 8pove three parameters - restriction endonuclease analysis, SDS­

PAGE and 'monoc]ona] anti9_QQy_ .. They showed that two isolates were 
.",..---_ _.--_._-

new variant of', BHV-l on the basis' of HindI!I restriction enzyme 

pattern. Using the enzyme BstEII or PstI, one stra.in among these two 

jsolates coul d be distinguished from other f On the basis of tllese 

restriction enzyme analysis results I they identified new variant 

isolates which were type 3 (8HV-1 type 3) and with BstEII or Pst! I 

type 3 isolates CQuld be fUrther subdivided into subtype 3a and 
subtype 3b. 

Engels !!.' &. 
neuropathogenic potentia]) 

(1986/87) compared BHV-1.3 (exhibiting 

with the other BHV-l strains and 

constructed restriction site maps I FaT" detail ed studjes the-y 

constructed, recombInant p]asmlds with HindIII or EcoRI I The HindIII 

double digested fragments of strain 1~22 were Inserted into pl asmjds 

pBR 322 t pDS7 i, pUC9 and these pl asmlds were used to transform 

competent E. col.! HB101 host ceJJs. Restriction enzyme analysis 

resuJts with HjndIII and BstEII supported the 'findings of Metzler et 

&. (1985, 1986) I Of 7 fra9 ments with EcoRI digestion (A to G), 

fragments C and 0 of BHV 1.2 were sJightJy Jarger than those o'f BHV 

1.1. They aJso constructed restriction endonuclease maps using 

combination of doubJe digestion, Bal 31 digestion and hybridization 

ex perjments I 

BHV-l, 111<e other herpesviruses can cause latent 

infections, preferably in the trigeminal ganglion and that can be 

reactivated by naturaJ or corticosteroid induced stress (I-loman and 

Easterday I 1980; Misra et &. I 1981). This raises question on the use 

of J ive-v frus vaccinations I since such vaccines can es1'abl J,sh latent 

state carrj~rs. Whetstone et al • (198~) anal ysed restr iction 

endonuc] ease patterns for IBRV vaccines and compared it with 

restrict~on pattern of fieJ d samples of J8RV, prev iousl y vaccinated 

wi th IBRV vaccines, us ing P stI, 891 II, H paI 1 BamHI, H indIII Elnd Sal I • 
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Using Pst! and 89111 they found dlfference in restrIction enzyme 

patterns among vaccInal strains due to changes in the virus occur 1ng 

through animal passage. Al though BHV -1 is stable In vitro (Whetstone 

.!!. al., 1989). For 2 field samp]es, showing same restrjction 

endonuc1ease profile, they conc1uded that either vaccinE? vIrus had 

been reisolated or fiel d v ira] isolate caul d have the same restriction 

enzyme pattern as a vaccinal strain. For lJ fiel d sampJ es t showing 

different restriction endonuclease profil e,. they cone] uded that 1t 

might be due to deletion or acquIsition of sequences or due to changes 

that coul d occur with in the internal repeat region and the le"ft 

terminus of unique long region of BHV-1 genome (Hammerschmidt et 

a1., 1988). -
Andino et &_ (1987) prepared diagnostic probes using A-

663 strain DNA for the detection of Argentine isolates of BHV-"' using 

dot-blot hybridization. They hybrid1zed extracted DNA from cuJtured 

cel} s, fixed on nitroceUulose membrane with denatured radiol abel] E'd 

cloned BamHI restriction fragments of A-663 strain in pAT 153 plasmid 

a5 probe. They reported that 10 pjcograms of viral DNA was the 

dete?ction limit of probe having c10ned Bam HI fragments (8.9, 15.5 

and 17.8 I<.b A-663 strain BamHI fragments). 

Whetstone et £1. (1989) observed changes in restriction 

pattern for IBRV vaccinE?s, IPVV vaccine stra in FJ and l<:22 both dur ing 

acute infection and after virus reactivation or virus reactivation 

folJowed by superinfection. For studies they collected samplE'S during 

the acute phase of infection, postinfection (PI) days 0-10, vagina] 

swabs, nasal swabs and buffy coat cells from each animal daiJy and 

inoculated Into MDBK cells for viral DNA isolation. They observed 

restriction enzyme pattern change with Pst! for IBRV vaccines I IPVV 

strains F I and K22 and concluded that changes coul d occur j n the BHV-

1 genome during host animal passage 1 and that the changes coul d vary 

'from tissue to t issue with the same anima]. They al so reported that 

restrIction endonuclease anal ysis using Pst! coul d be used in both the 



12 

of subtype (BHV-1.1 and BHV 1.2a!b). On the basis of restrIction 

enzyme pattern they concluded that (i) the: BHV-1 genome ]5 variabJe 

in vivo, (1i) cattle latently infected with one subtype of BHV-1, can 

coexpress these viruses both in nasaJ and vaginal tjssue, (Iii) in 

diagnostic and epidemiologic studies of BHV-1t restriction enzyme 

analysis has appllcatlon that Is limited to analysis between type and 

subtype, but is not app] IcabJe in the examination of isolate from 

within a BHV-1 subtype, 

Tenser et &. ( 1979) sh owed that the ] ack of viral TI< 

activity resulted in loss of ability of HSV:"1 (Herpes Simplex Virus-1) -

to maintain the latent state, So, for studying latency of 8HV-l) map 

location of the non-essential Thymidine l<1n85e (TI<) gene was found in 

a 1.1 kiJobase 8gJ II-Sal I fragment (map unit O&47-0.t~8) in Hind III 

A fragment (BeJJa~.!!i., 1987), TI( gene of BHV-1 has been compared 

to HSV-l, HSV-2, Varicella-zoster virus, Epstein-Barr virus, 

marmoset herpesvirus (MarHV) (Mitte] & Field, 1989) and its activity 

has been shown in E. coli tk - host (1 K deficient mutant) (L iu and --
Manning, 1986) and in bovine cells (Be]]o et §]_., 1987). Rock et ~. 

(1987) mapped latency-related (LR) gene of Bf-IV-1 in rabbit trigeminal 

gang] ia. They used HindIII cJ oned fragments of BHV -1 as probe to 

identify the fragment of LR gene using in situ hybridization. Ten 

probE'S of various lengths of HindIII fragment D, (hybridizing to LR 

gene, subc]oned in pUC18 or pGEM1 vectors using RE Xhol t EcoRI t 

l<pnI and Sal!) was used to map LR gene on BHV-l genome (map unit 

0.734 to 0.748). 

Whetstone and Evermann (1988) anal ysed DNA of 10 

herpesv irus fi~l d isolates from 6 sheep and 4 goats using restr iction 

endonuclease Pst! and also examined their relatedness to one oU1eri 

to bov ine herpesv irus 6 (BHV -6); and to 2 strains of Bl-IV-1 

(IBR/IPV). They found that 5 of 6 sheep isolates and 3 of 1+ goat 

isolates yielded patterns that differed from each other by one or more 

bands. Sheep isolate DNA patterns were different from goat isolate 

patterns and a]J restriction endonuclease a!1a1 ysis patterns were 

similar to the p~ttern of BHV-I IBRV but different from that ·for BHV-1 
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IPVV or for BHV;-6. Restriction patterns from 3 sheep and 2 goat 

isolates were indistinguisi1a bI e from patterns reported for 3 mod Hied 

] ive IBRV vaccines, On the basis of these results, they coneI uded tha t 

none of the herpesvirus isolates belonged to either the BHV-6 (caprine 

herpesvirus) I or the BHV-1/IPVV type but belonged to BHV-1/IBRV. 

They recommen~ed sheep and goats as potential hosts for BHV-l. 

Restriction endonuclease analysis of DNA of a BHV-1 

iso1ate (FI) from an aborted fetus was compared to other BHV-1 

isolates (Colorado-1, Iowa and 1<22) by Mi])er et ~. (1988). Using 

restriction endonuclease Pst! and HindU!, they found difference in 

restriction enzyme pattern with Co1orado-1, Iowa and 1<22 BHV-l 

isolates. On the basis of results, they concluded that the FI isolate 

appeared to be a type-2 (IPV) virus specifically subtype a. 

Edwards at !!!_. (1990) did the genoty pic c] assification of 

84 U .1<, jsoJates of BHV-l by restriction enzyme ana] y sis using EcoRlr 

HIndUJ, !-Ipa!, BamHl t Pst! and BstEll. They found that HindIII and 

I-fpaI gave the clearest pattern and they grouped all isolates as IBR 
I 

like and IPV like. 

RESTRICTION ENZYME ANALYSIS OF HERPESVIRUS DNA OTHER THAN 

BHV-1 DNA 

Ehlers .tl &. (1985) ana] ysed pol yrepetjtjve DNA (prDNA) 

of aJJ six strains of bovine cytomegalovirus (BHV-4) and found similar 

restriction profiles. lhey cloned compJete unit sequence of strain 66-

P-347 (ClassII) in bacteriophage vect.or M13mp7 and mapped using 

restriction enzymes EcoRI s BamHI, BgJI t NaeI, SstII and Pst! • 

Dubuisson ~ &. (1988) compared BHV -4 isolates V. Test and LVR 1/10 

(from 'genital disease) and the reference strain Movar 33/63 and DN599 

using restriction endonucleases EcoRI, BamHI and HindIII and 

classified genital strains V. Test and LVR 1110 into cJass III and II 

respective] y. BUblat & &. (1990) constructed restrJctian map of BHV-

4 genome. For studies, they constructed a p]asmid library in pSP18 
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using EcoRI digested and Sau3 AI partially digested products of BHV-l~ -

genome. Using these libraries they constructed restriction maps using 

singJe and multiple dIgestion with EcoRI, BamHI end HindU!. They 

also constructed restriction maps of prDNA for 14 restriction enzymes. 

On the basis of differences in restrIct ion pattern, and maps of the 

four BHV -l. strains, they classified BHV _l~ strains into two 9rou ps. 

Paul et!!!_. (1982) ana]~sed genome of sIx virulent and 

three attenuated vaccine strains of pseudorabies virus (Su1d 

herpesvlrus 1) using 15 restrIction endonucJeases. Restriction enzyme 

BamHI showed distinct electrophQretic patterns for each of the nine 

SHV -1 stra ins. Several other wor kers a1 so repor ted 8a mrl! as the 

enzyme of choice for restriction anal ysis (Giell<ens eot 2!_" 1985 ; 

Tisdall !!. &., 1988; Christensen, 1988). Tisdall g!_ £!.. (1988) 

anaJysed 14 isolates of Aujeszky's disease virus (SHV-l) by 

restriction endonucl ease anal ysis using BamHI, XhoI, and l~pnI 

restrIction enzymes. On the basis of BamHI patterns they grouped 8J] 

isolates as Group 1. Christensen (1988) grouped 11 European iso] aLes 

of SHV-1 into I-l- types by restriction ·fragment patter~n anaJysis using 

restrIction endonuclease BamHI and Southern blot hybridization. 

Viruses causing respiratory disease and abortion in 

horses were classified as equine herpesv irus 1 immunological J y • But 

Kovler et ai, (1981) and Studdert ( 1983) analysed viral DNAs from - --
animals with reospiratory djsease (Respiratory stra in) and frcm 

aborted fetus (fetal strajn) . restriction endonucl eases and uSIng 

reported similar restriction patterns among the strain and different 

patterns between tile strains. On the basis of these resul ts, they 

designated respiratory stra in and fetal straj n as equine herpesv irus-1 

(EHV-1) and EHV-4, respectively. The genome .of EHV-l has been 

analysed using restrictlol1 endonuc]ease analysis (O'Callaghan et Q!_. I 

1981 j Whalley ~ &. I 1981). Whal1 ey !li. &. (19B 1) also constructed 

phy sical map of an Austral ian isolate of EHV-l for EcoRI, 8g] II and 

BamHI restriction en~ymes. Allen II &. (1983) analysed 297 field 
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isolates of EHV-1 by digestion with BamHI, EcoRI, B9111 t SalI and Sst 

I restriction enzymes and reported two marl<edl y differ'ent DNA 

cleavage patterns among isolates designated as subtype 1 and subtype 

2, Similar findings have been reported by Cullinane & &' (1988) 

using restriction enzymes EcoRI and BamHI I Browning and Studdert 

(1989a) partially cloned low equine cell passage equine 

cytomegalovirus (EHV-2) and determined physical maps for. tile 

restriction endonucleases BamHI, E coAl, HindU! and SaIL Using cloned 

'fragments as a probe, Browning and Studdert (198gb) further 

constructed physical maps of the genomes of 14 1501 a tes of E HV -2 for 

restriction endonucIeases BamHf I EeaRI and HindII! I Colacino et &­
(1989) determined the molecular structure of the genome of EHV-1 by 

restriction enzyme mapping and molecular hybridization using cloned 

BamHI, EcoRI and HindIII fragments of the v ira] genome as a probe. 

SuI J ivan !i &' (1984) anal ysed genome of equine coital exanthf?ma 

(EHV-3) using BamHI f Bd!, 8g111, EcoRI and J-IlndlII restriction 

endonucleases. Like BHV-1 genome I they found four haJ'f molar 

fragments that confirmed two Isomeric forms of EHV-3 genome _ Similar 

work was reported by Jacob at a1. (1985) using XbaI I BgJI, EcoRI and 

HInd III restriction endonucleases. They got one XbaI cleavage site in 

the unique sequence of the 5 com ponent. Mey er ~. &_ ( 198'7) 

investigated two equine herpE'sv irus isolates from horses Witll cl inlcnl 

signs of neurological disorders using restriction endonucl ease 

analysis. They characterized one isolate as a typicaJ EHV-l subtype 

1 while another isolate as EHV~1 subty pe 2 (EHV -id strains. 

Hirai and II<uta (1981) analysed DNA from virulent strain 

BC-1 and av Jrulent strain C2 (A) of Marek '5 disease virus (MDV) by 

restriction enzyme analysis using Baml-lI , SalI, Sma! enzymt=!5 and 

reported very similar restriction patterns with some significant 

differences. Ross & &. (1983) showed that a strain of MDV I-IPRS21. 

(serotype 2) shared less than 10% homo1ogy with either HPRS16 

(serotype 1) or herpeSvirus of t.url<ey (HVT) (serotype 3) by using 
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restriction enzyme analysis and nucleic acId hybridization 

procedures, Later I Fukuchi et &~ (1985) found homology between MDV 

~nd HVT, throughout the MDV genome except in the lon9 inverted 

repeat regions (TR
L

) f Further. FuJ<uchj !.t &1 (1gB/f) constructed 

restriction maps for BamHI, BgJI, and Sma! on Marel<' 5 disease virus 

straIn GA genome. For studies they could c10ne 27 fragments ,out of 

the 29 fregements into bacterial plasmid vectors, They a] so reported 

its genome structure similarity with herpes simp) ex ty pe 1 and 2, 

Kotiw et al. (1982) differentiated infectious laryngotracheitis virus 

(IL TV) strains using restriction endonuclease HindII! I 

Restrictiol"'i endonuclease analysis of human herpes 

simplex virus has been done using restriction endonucJease EcoRI 

(Skare ~ &., ,1975; Hayword et E!.L~, 1975; Lonsdale! 1979), Lonsdale 

(1979) reported that HpaI coul d be used to show the distinction 

between HSV-1 and HSV-2 most c1early. NosocomiaJ outbreaks of 

hel~pes simplex have been investigated usIng restriction endonuclease 

analysis (Halperin et &.,1980; Fi1atov at al., 1982; Buchman et &" 
1978), Restriction endonucl ease ana] ysis has been reported as a 

sim pI e method for 

(Senl<:ev ich et a1., 

1983 ; Du et al • , 

immunosorbent assay 

unambiguously typing herpes simpJex virus 

1982; Ueno et al., 1982; Arens and SwierJ"Bsz, 

1988). On comparison with enzyme I inl<ed 

(ELISA), restriction enzyme anal ysis showed 

superiority for rapid identification and differentiation between HSV-1 

and HSV-2 (Mith ~ &., 198/ .. ). Variation within the strain of HSV-1 

from epidemiological isoJates has been reported using l~ base pair 

recognizi.ng restriction enzymes HaeIII, I-IhaI, Sau3AI and 6-ba se pa ir 

recognizing restriction enzymes BamHI, l<pnI, San (Senkev ieh et &" 
1981; Umene ~al" 198/1; Sal<aoka et aJ" 1987; Umene, 1987). Umene 

(1987) found that 1. base pair recognizing restriction enzymes were 

suitable for anaJysing closeJy related strains. Smith tl al. (1981) and 

Maitland ~ &. (1982) anal ysed genital iso] ates of HSV-2 usjng 

restriction endonuclease EcoRI ~ BglII ~ HindIII I l<pnI ~ BamHI and Sst!, 

On the basis of sequence variation occurring in the terminal and 

subterminal BamHI fragments, Maitland et a]. (1982) suggested tha t 

each individual patient might induce specific variation in the herpes 
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simplex virus-2 genome. Jarrett at aJ ~ (1989) prepared restriction 

maps for human herpes vJrus-6 (HI-lV-G) genome and demonstrated that 

one ~arlier reported virus HTU-IV (human T-J ymphotropic . 
herpesv lrus) was nothing but isolate of l-IHV-6. 

CytomegaJ ov jrus genome has been anal ysed with Hind III 

and EcoRI enzymes (KiJpatril<: ~ !!!_" 1976; Spector, 1983; GrlIjner 

and Blomberg, 198Jf). Mishra !i al. (1984) constructed physical maps 

of Varicella-zoster virus DNA with 11 restriction endonuclepses using 

double digestion and ~ybridization to cloned BamHI fragments. Arrand 

et a1. (1989) anal ysed DNA sequence of tl1e 11 I<:b SacI-EcoRI region --
on the EcoRI-J fragment of four strains of Epstein-Barr virus and 

compared with the prototype sequence from strain 895-8. On the basis 

of restr ictlon endonucJ ease ana) y s1 s, they grouped 1hese .i~ stra ins and 

26 EBV positive cell lines Jnto two famjlies (1 and 2). 

RESTRICTION ENZYME ANALYSIS OF PARVOVIRUS DNA 

Burd et al. (1983) ana] ysed bov ine parvov irus replicative 

form (RF) DNA using 12 restriction enzymes and reported no cleavage 

site for these enzymes within the 3 I terminal t1airpin and no cleavage 

sites, for HindII!, SaJI, SmaI, Sst! and XorII restr ict ion enz ymes on 

entire genome. They a1so compared the restriction site locations fer" 

bov ine parvov irus with thos,e of other autonomous parvov irus. Ridpath 

~ E!l_. (1987) determined genomic reJationship between porcine? 

parvov irus and several other autonomOlJS 'parv ov iruses using 

restriction mapping and hybridization anal ysis. They prepared 

restr iction site rna ps of porcine parvov lrus genome and conlpared with 

tile genome of canine parvov irus, fel ins panleukopenia virus I minute 

virus of mice, H-1 virus and bovine parvovirus. Krell et al. (1988) 

analysed DNA of porcine parvovirus strain NADL-2 using re-striction 

endonuclease anaJysis and reciprocal southern blot hybridization. A 

PstI/HindIII, double digested 3.01<b DNA was cloned into a p]asm id 

vector pUC 19, They developed a diagnostic probe using til is 3.0 I~b 

cloned 'fragment' recovered from transformed E. coli stra in TB 1 • 
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RESTRICTION ENZYME ANALYSIS OF PAPOVAVIRUS DNA 

Morgan et !U..' (1981) constructed restriction maps of 

bovine papIlloma vIrus ty pe-1 (BPV-1) DNA using 15 restriction 

endonucleases. Using restriction enzymes, Spradbrow and Ford (1983) 

analysed 6 DNA samples isolated from cutaneous bovine papilJoma 

virus type 2 (BPV-2). Campo and Coggins (1982) cloned genomic DNA 

of BPV-l, BPV-2 into HindUI site~ and BPV-lj. into BamHI sites of 

pAT13, using restriction enzyme anal ysis and hybridizaton techniques 

they reported broad, homology between BPV-1 and BPV-2 and no 

homology of BPV-/f with either B,PV-1 or BPV-2 DNA. 

RESTRICTION ENZYME ANALYSIS OF ADENOVIR US DNA 

Shinozald et &. (1988) grouped 19 strains of fecal human 

adenov irus as adenov iruB type 1.0 and 13 strains as adenov irus 1,1 

using restriction endonucl ease Sma!, They further anal ysed DNAs of 

adenov lrus 40 and 41 using HindII!, EcoRI, B91 I and BamHI and found 

two different restriction profiles of adenoviruses J~O DNA for BamHI. 

Adrian at &4 (1989a, b) anal ysed 168 strains of adenov irus 7 and 138 

strains of adenov irus 3 using 6 restriction endonuc]eases and grouped 

adenovirus 7 into 9 genome ty pes and adenovirus 3 into 18 genome 

types. They divided,adenovirus 3 genome types into two groups 01 

or 03 using B91111 restrictJon endonuc1 ease. Benko ~ al. (1988) 

compared eIght reference strains of bovine adenovirus using BamHI I 

EcoRI I HindU! and Pst! restriction enzymes and classified all strains 

into restriction enzymes and classified all strains into lwo 

subgroups~ 

Benko et al. (1990) cloned DNA of boy ine 8denov irus 'J 
(BAV-I.) into plasmid vector pl<H/~7 into CIaI and Sall sites and 

subcloned with enzyme BamHI4 Using these cloned fragments they 

mapped genome with 11 restriction enzymes and determined DNA 

homology among bovine, human and porcine adenoviruses. They showed 

strong sequ~nce h orno] ogy among the members of subgroup 2 I but no 

homology'to subgroup 1, or any o'f these human (HAV) and porcine 

adenov iruses • 
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Spibey et, &. (1989) cloned canine' adenov lrus type 1 

(CAV-1) DNA and prepared restriction maps. They compsl"'ed 

restriction enzyme maps of CAV-1 with those of CAV-Z and again 

characterized 1e'ft end of both genomes using restriction enzymes. 

Spibey and Caranagh (1989) cl oned a fiel d Iso] ate (CAV-2, Glasgow) 

and a vaccine strain of canine adenov Jrus (CAV-2) into pBR322 plasmid 

vector and constructed ph yslcaJ . maps of these two v ira) genom es 

through molecular hybridization of PstI, EcoRI f SmaI, BamHI and '<pnI 

digests of the viral DNA fragments with the cJ oned P stl fragments as 

probe. They showed that CAV-2 Glasgow fIeJd isolate was virtually 

identical to those of the two prototype CAV-2 strains, Toronto A26/61 

and Manhattan. 

RESTRICTION ENZYME ANALYSIS OF IRlOOVIRUS DNA 

WesJey and Pan (1982) ana]ysed wild type, Vero-ceJ1 

adapted and plaque purified African swine fever v jru5 (ASFV) DNA 

using restriction endonucleases SmaI and EcaRI and showed similarity 

in restriction profiles. Tabares at 81. (1987) anal ysed ASFV DNA 

grown in pig Jeukocytes (strain E70 L6) and after adaptation in MS 

monl<;ey Id9ney cells (E70 MS1il) using restriction enzymes ClaI , Sail 

and SmaI and reported decrease in size of the ASFV genome after 

adaptation, due to deletion and additions mainly in the terminal 

regions of the genome. Santurde et all (19B8) reported th is eel} -- , 

culture adaptation change in viral genome from 156 kb to 170 i<b using 

Hind III restriction endonuclease. Dixon (1988) anaJ ysed ASFV DNA 

fl"'om RBCs using enzyme BamHI I C1aI and SaJI and prepared restriction 

enzyme maps. They reported close relationship with isolates from 

Europe, CarIbbean and Cameroon by Southern blot hybridization using 

radio]abe\led fragments of ASFV Malawi In bacteriophage and pUC18 

plasmid vectors as probes. 
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RESTRICTION ENZVME ANALYSIS OF POXVIRUS DNA 

Among orthopox viruses, vaccini.a virus is the mas t 

studied virus. GangemI and Sharp (1976) analysed WR and CV-1 

vaccinia strain DNA using Hind III enzyme. T hey reported that 14 

fragments of Hind III cleaved DNA cou] d reveal smaJl mol ecuJar weigh t 

differences among strains., De FUJlpes (1982) constructed restrIctJon 

site maps of vaccinia virus (WR strain) for the restrfctlqn enzymes 

BgU, HindIII, l<pnI, SalI, SmaI and XhoI using single and doubJe 

digestion. They showed that 8g11 and SmaI c1eaved fragments prov ided 

a convenient means to group fragments produced by other enzymes as 

these two enzymes cleaved DNA into on] y 5 segments t 

MulJer et &. (1977) compared DNA of different pox 
, . 

viruses DNA using HindUI, BamHI and EcoRI restr iction endonuc1 eases 

and reported that cowpox and ectromel is viruses showed some degrE'E:' 

of relatedness to each other as rabbHpox and vaccinja virus. 

However, fowl pox virus DNA showed no siml1aritie.s with those O'f 

orthopoxvirus DNAs indicating a very Jaw degree of homology. 

Espos ito & Kn ight ( 1985) anal ysed 38 orthopox viruses and 

prepared restr iet ion rna ps using HindII! J SmaI, B911I I SaJ I and ~< pnI 

restriction enzymes. Variation of HindIII maps in middle and tp.rminaJ 

regions prov ided a basis for dIfferentiating species I strains and 

variants of 38 pox viruses. 

Black m_ &. (1986) reported a high degree of sequence 

homology for 10 isolates of capripoxvirus DNA em analysing DNA of 12 

fieJ d and vaccine Is01 etes of capr ipox virus 'from cattle I sheep and 

goats. They reported 27-33 fragments of DNA on digestion. with 

HindI!!. Gershon and Black (1987) constructed restriction site maps 

for a cattle isoJate of caprjpox virus (KC-1) usjng PstI, Ava! and SaJI 

restriction enzymes. G~rshon and Blael< (1988) compared the genomes 

of capripox. virus isolates using restriction enzymes HindI!!, Pst! I 

Ava! and Sa1I. They constructed restriction maps for PstI, AvaI and 

Sal! on DNA of' InS-I and IrG-I Isolates, comparing with restriction 

profi1e o'f I<C-1 DNA. 
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Schnitzlein ~ a1. (1988) compared the genomes of 

different aVipox isolates inc)uding juncopox, pigeonpox end,field, and 

vaccine straIn of fowl pox viruses usihg BamHI and HindIII 

endonucleases. On the basis of restriction endonuc1ease analysis, they 

reported that avipoxviruses appeared to be closeJy related. Couper 

et ~. (1990) anal ysed fowl pox virus genome usIng Pst! 1 Sa] I I SmaI and 

Not! restriction enzymes and identified partial maps fo(, EcoRI and 

BamHI. On the basis of restriction enzyme anaJysis" they reported 

100 I<b large size of genome on comparison with orthopoxv irus 

vaccinia. They reported the presence of a non-essential region and 

potential insertion site for foreIgn DNA as it was prey iousJ y used in 

the construction of recombinant -fowl pox vIrus as vectors -for paul troy 

vaccines '(Boyle and Coupar, 1988), 

RESTRICTION ENZYME ANALYSIS OF HEPADNAVIRUS DNA 

The complete genome of hepatitis B virus (H8V) has been 

cloned into the BamHI site of the pBR322 plasmid by Bicl1l<o g!_ 21... 
(1982). They also constructed physicaJ maps for 13 restriction 

endonucleases and reported that cloned DNA is similar but not 

identical to the HBV DNA o·r ay'N subty pe. La et~. (1985) isol ated 

HBV DNA from Dane particJes of 9 patients t plasma and cloned into the 

EcoRI or BamHI site of the p.jC B plasmid. They obtained 2 plasmids 

with fulJ length HBV DNA and four pJasmids with I-IBV surface ant igen 

gene. 

RESTRICTION ENZYME ANAL YSIS OF RNA VIRUSES 

For restriction enzyme anal ysis and mapping of RNA 

viruses f • Urst eDNA of RNA genome is synthesized using reverse­

transcriptase enzyme, then eDNA is anal ysed using restriction 

endonucleases. Tracy et&. (1985) cloned cDNA of Coxsackie virus 83 

genome into Pst! site of pBR322 and prepared restr iction maps of 

clones using doubJe digestion with restriction endonuc1eases, On the 

basis of ~estriction ~aps and Southern h'ybridization resul ts, they 

showed that CB3 genome was different from poliovirus genome. 
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Huismans et a1. (1987)· cloned genome segment of blue---
tongue virus serotypes' 2,4,6,7,8,9 and 10 Jnto pBR322 and 

investigated genetic homology by hybrldization 1 restrictJon 

endonuclease mapping end sequencing of the ter'mine] ends. 

Marx et a1. (1979) anal ysed unintegrated DNA of Schmid-

Ruppin Rous Sarcoma virus, subgroup' Dusing SmaI restr iction 

endonucleas'e dJgestion and found 5 cJeavage sites on DNA, 2 of whicl,' 

were localized at ,the ends of tne provirus. They also reported no 

c)eavage site of Smal in src and env genes of Rous Sarcoma virus. 

Devaux et al. (1985) cloned 78AI Isolate of Moloney murine sarcoma --
virus 1 (78Ai Mo-MuSV) and prepared restriction sHe ma ps using 

restriction endonucleases. They also compared restri~tJon maps with 

HT -1, prov irus and showed that difference J ied in the gag-pol junction 

region o·f Mo-MuSV, Using restriction enzymes 1 Gray & 81 c (19S6) 

mapped mouse mammary tumor v lrus (MMTV) prav iral loci (M+V-l and 

M+V-2), assocJated with virus expression and tumorogenicHy t 

Fukasawa §1_al. (1987) anaJysed proviraJ genome of two isoJates of 

human T-cell leul(emia virus Type 1 (HTLV-l) from Jymphocyte 

cultures and found that these two isolates had homologous restriction 

enzyme anaJysis pattern to prototype HTI~V-1. Yoshiyama ~!!!_. (1987) 

reported human immunodeficIency virus (HIV 6) as a mixture of Yu-yu- d 

6a and Yu-6b viruses on the basis of restriction anal ysis. They found 

that Yu-6a had one more kpnI site than Yu-6b. Krause ~ 2.!_. (1989) 

cloned un integrated circular prov ira) DNA of a ty pe 0 retrov jrus 

(PMFV) from human cells into the bacteriophage vector L47. 1 and 

again subcloned in the plasmid vector pGEM-2. Using these c1 oned 

fragments they prepared restriction endonuclease map of PMFV DNA for 

10 different restriction enzymes using single and multip1e digestions. 

They also compared cloned long terminal repeat (L T R) of SAIDS 

retrovirus type-l (SRV-l) and type 2 (Sr~V-2), retrov irus ty pe D and 

Masson-Pfizer monl~ey virus (MPMV). 
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MATERIALS AND METHODS 

BOVINE HERPESVIRUS 1 (BI-IV-l) 

The bovine herpesvirus-1 (BHV-1) isolate N04216, was 

obtained, in freeze-dried form from the Division of Standardization, 

LV .R.!., Izatnagar-243122 (U.P.). The virus was isolated from 

nasoJach rymel duct of cal vas Buffering 'from spontaneous cases of 

conjunctivitis in India and adapted in bovine Iddney cell culture at 

passage no.17. Th Is Indian BHV-l respiratory Isolate was characterized 

usIng bov ine antiserum agaInst Colorado strain of BHV-1, procured from 

Dr.R.G .Marshall, National Animal Disease Centre I Ames 1 Iowa-50010 

(Mehrotra, 1977). 

Cell culture 

Medin-Darby Bovine Kindey' (MD8\<.) cells were used for­

cultivation of BHV-1 in bulk in .this study. MDBI< cells were grown in 

GMEM (Glasgow modified minimal essential medium) obtained from 

Microlab, Bombay. For growth medium, GMEM was supplemented wHh 

10% heat inactivated new born calf serum while the maintenance medium 

Was devoid of serum. 

Host bacteria 

Escherichia coJi TG-l (Amp -, LacZ-) bacterial cells were 

used as host cell bacteria in transformation with recombinant pUC9 

plasmids. 

Vector 

The pUC9 plasmid (FIg. 2) was used as a cloning vector. 

E. coli bacterial cells containing pUC9 plasmId were grown and plasmid 

isolated from these cells was used for construct-ion of recombinant . 
plasmids. 
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Chemicals 

The following chemicals were u.sed: 

Trypsin (1 :250), Tryptose-phosphate broth, 8acto-Yeast extract, 

Bacto':"tryptone Agar Noble (all DIFCO) I L-glutamine, Tris, Ethylene 

diamine tetraacetic acid (EDTA) , Potassium . tartrate I 8-hydrox y 

quinoline, Acetic acid (glacial) I Sodium dodecyJ sulphate (SOS) , 

DithiothreitoJ (all SDH) , Agarose-Low melting temperature (LMT), 

MgC1
2 

.6H
ZO, Albumin bovine (Fraction V), Ampicillin, 5-bromo-L~-chloro-

3-indoy I ~-D-galactopyranoslde (X-gal) (all Sigma) t Isopropy 1 ttl io 

galactoside (IPTG) (Boehringer Mannheim) t Agarose NA (Ptiarrnacia), 

Sodium acetate, SodIum chloride (all Merc!<), 

Isot,ope 

I · h [32p ] Tri-ethy ammonIum salt of al p a dATP (3000 

Ci!mmol) in aquous solution containing 5mM 2-mercaptoethanol was 

obtained from BRIT (Board of Radiation and Isotop·e Technology, BARe, 

Trombay, Bombay), 

Enzymes 

All restriction enzymes (HindIII J Pst!, EcoRI, BamHI I HpaI I 

HaeIII I 8g11, 8gl11 I XhoI, SmaI, SaIl, Rsa!, StuI, Oral) used in th is 

study Were obtained from Boehringer Mannheim. Other enzymes 1(1 enow 

fragment of DNA pol ymerase I, Proteinase 1(, T lol DNA 1 igClse and Cal f 

intestinal alkaline phosphatase (CIP) (Boehringer Mannhe im) \ DNase t 
and RNase A (Sigma) were also used 4 

Glassware and Plasticware 

All glassware were BOl""osil make and pJasticware were fr-om 

Flow Lab. and Nunc. These were used for cell cuI tur'e I v irliS 

cuI tl va ticn, bacter ial culture and oth er I abora tory war 1<5. 



BUFFERS AND REAGENTS 

Cell culture medium 

Glasgow modified mInimum essential medium (Eagle's) 

GMEM 

PenicUlin (100 IU/ml) 

Streptomycin (100 /ug/ml) 

Autocleved tripl e glase distilled 

water (TGDW) 

1 vial 

1,00,000 IU 

100 mg 

ad. 1000 ml 
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pH was adjusted to 7.2-7.1,. using Nal-lC0
3 

and steril ized by 

fiJ tration. 

Tr~E?tose phosphate broth (TPS)" lOX 

Try ptose Phosphate Broth (Difco) 

Autoclaved trlpple glass distilled water 

20 9 

ad. 500 ml 

Slerilized by autoclaving at 15 Ib/sq.in. for 15 min. 

L-glutamlne (100X) 

L-glutamine (GIBeO) 2.92 9 

TGDW (autoclaved) ad. 100 ml 

SteriJ ized by fil tration. 

Finally the celI culture growth medium was prepared as follows: 

GMEM 

TPS (lOX) 

L -gll,Jtam ine (1 OOX ) 

New born calf serum 

Trypsin-versene solution (TVS) 

NaCl 

KC] 

790 ml 

100 ml 

10 ml 

100 ml 

5 9 

0.125 9 



Na2HPO'J 0.95 9 

KH2
P04 0,125 9 

Trypsin (Difco 1 :250) 0.85 9 

EDTA 0.70 9 

0.4% Phenol red 0.5 ml 

TGDW ad. 500 ml 

The solution was sterilized by filtration. 

Agarose Gel Electrophoresis Buffer 

Tris-acetate buffer (TAE) 50X 

Tris-base 

Acetic acid (Glacial) 

o ,5M . EDT A (pH 8.0 ) 

TGDW 

Tris-borate buffer (TeE) 5X 

Tris-base 

Boric acid 

O.5M EDT A (pH 8.0) 

TGDW 

Ethidium bromide (2000X) 

Ethidium bromide 

Distilled water 

LoadinH buffer (lOX) 

Orange G 

F icoll 

EDTA 

2/J2 9 

57.1 mJ 

100 ml 

ad. 1000 ml 

51. 9 

27.5 9 

20 ml 

ad. 1000 ml 

10 mg 

1 ml 

0.25% 

25% 

0.25 M 
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Plasmid Isolation and Transformation 

Luria-Bertani (LB) broth (per 1 iter) 

Bacto-try ptone 

Bacto-yeast extract 

Sodium chloride 

10 9 

5 9 

10 9 

The pH was adjusted to 7.0 with 5N NaOH and 

ster 1J fzed by autocl av in9. 

Luria-B,ertani (LB) agar (per liter) 

LB broth 

Baeta-agar 

Sterilized by autocJaving. 

SOB medium (per 1 iter) 

Bacto-try ptane 

Bacto-yeast extract 

1000 ml 

15 9 

20 9 

5 9 

Sodium chloride 0.5 9 
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D15s01 ved in 950 ml of deionized TGDW and 10 ml of a 250 mM 

solution of KCl was added. The pH was adj!-lsted to 7.0 with 5N NaOH. 

The volume of the medium was made 1 liter with deionized TGDW and 

sterilized by autoeJavlng for 20 min at 15 Ib/sq. in. on ] iquid cycle. 

Just before use,sterile solution of 1M MgC1
2 

and 1M MgSO" (5 rnl each) 

were added. 

SOC medium 

To mal<e SOC medium, 20 ml of a sterile 1M solution of gJucose 

was added in 1 liter SOB medium. 

X-gal (1000X) 

X-gal 

Dimethyl formamide (DMF) 

Stored at -20°C in dark bottle. 

25 mg 

1 ml 



IPTG (1000X) 

T4 

T4 

CIP 

IPTG 

TGDW (autocJaved) 

Stored at -20°C 

DNA Ligase buffer (lOX) 

Tris He1 (pH 7.6) 

MgClz 
Dithiothreitol 

Bovine serum albumin 

(Fraction V:Sigma) 

DNA ligase mixture (2X) 

1M Tris He1 (pH 7.6) 

100 mM MgCl2 
200 mM dithloth reitol 

10 mM AlP 

TG OW (autoc!aved) 

T IJ DNA 1 igase 

dephosphory laUon 

ZnC1
2 

MgC1
2 

buffer (lOX) 

Tr'is Hel (pH 8.3) 

PREPARATION OF MD8K CELL CULTURE 

25 mg 

1 ml 

0.5 M 

100 mM 

100 mM 

500 /ug/ml 

1.0 jul 

1.0 jul 

1.0 luI 
1.0 luI 

4.0 luI 

2 luI 

10 mM 

TO mM 

100 rnM 
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Preformed monolayer was subcul tured using try psin-ver'sene 

solution and then cells were suspended in the growth medium containing 

10% heat inactivated new born calf serum, 2 mM L-glutamine, 0.4% 

try ptase phosphate broth in GMEM with antibiotic. ~LJspended cell s were 

incubated at 37°C for 2-3 days· t.o get a campl ete monol ayer. 
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ADAPTATION OF BHV-1 IN MDBK CELL CULTURE 

An uniform complete monolayer of MDB~< cells was prepared 

in mil k dilution bottle. The growth medium was decanted and monolayer 

was washed ,twIce ,with maintenance medium. For inoculum pl"'e.paration, 

the contents o'f two freeze-dried ampules wen=o reconstituted In 0.5 ml 

maintenance medium with antibIotics (Penicill in 200 IU/ml and 

Streptomycin 200 /ug!ml). Then it was incubated at 37°C for 30 minutes. 

Using this prepared inoculum t the monolayer was infected and I(apt at 

37°C for 1 h with Intermittent rotation for aasorption of the vIrus aHer 

which the inoculum was removed and replaced with ,10 ml maintenance 

medium with the 'pipette using pipetu5 (Flow lab, Germany) and bottle 

was incubated at 3?OC. The monolayer was examined dally for cytopathic 

effect (CPE) and the virus was harvested after 4 days of infection. Tllis 

harvested v frus was used as inoculum 'for the next passage after freezIng 

and thawing twIce. After 5 passages in MDBI< cell culture,. tile vJrus was 

titrated in 2/1 well pJates alongwith contro]. 0.1 ml of each o'f the serial 
-1 -6 

ten fold diluted virus, from 10 to 10 ,was added in each well and 

after adsorption, 1 mJ maIntenance medium was added in each well, The 

plates were incubated at 37°C for 5 days and CPE was recorded. The 

titre of the vIrus was calculated according to the method of Reed and 

Muench (1938), The fifth passaged virus in MDBK cells was used t.o 

infect MOBK monolayer cell s for bull< preparation of virus. 

PURIFICATION OF BI-IV-l 

The BHV-l was concentrated and purified fallowing the 

method descr,ibed by Talens and Zee (1976) and Owen and F iel d (1988) 

with slight modification. 

A 

The two times freeze thawed infected MOB/( culture fluid 

was pooled and clarified at 3000 rpm (1500X9) for 20 min at Lloe in 

Sorvall ~SA rotor, The virus in the cl arified supernatent was pel} etted , 

at 33,OO{) rpm (1,21,000><'9) fo1'" 90 min at 4°C in A-641 fixed angle rotor 

(OT0758 Sorvoll ultracentrifuge) I The resultant virus pellet was 
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suspended in 0.5 ml TNE buffer, pH 7.5 [0.01 M Tris Hel, pH 745, O.15M 

NaCl, 0.001 M EDTA, pH 8.0] per tube and '~ept overnight at I,OC. 

The resuJ tant virus suspension waS I ayered onto a 3.0 ml 

cushIon of 40% sucrose solution In TNE buffer I pH 7,5 and centrifuged 

at ,31 ,O~O rpm (1 ,60 ,OOOxg) for 75 mIn at 4°C in RPS-40T swinging bucl~et 

rotor (SCP70H Hitachi u] tracentifuge). The crude virus pell et was 

resuspended in O.5mJ TNE buffer, pH 8.0 [O.lM Tris He] (pH 8.0), 

O.15M NaC] , O.001M EDTA (pH 8.0)] and J<:ept overnight at lloC. The 

resuspended crude-v lrus suspension was Incubated, at 37°C for 60 min 

with DNase at a 'final concentratio':l of 50 /ug/ml and 1 ayered 'onto a 10-

50% 1 inear potassium tartrate gradient in TNE buffer (pH 8.0). TI1 is 

density gradient centrifugation was performed at 28,000 r'pm 

(1 ,00 ,000xg) in RPS-40T swinging bucJ<et rotor (SCP70H Hitachi 

uJ tracentrifuge) for 10 h at 4°C I The virus band was aspirated with F.l 

Pasteur pipette, diluted approximately 4-fold witt, TNE buffer, pH 8.0, 

and centrifuged 1n RPS-/lOT rotor at 2.8,000 rpm (1100,OOOxg) for 2 

hours. The concentrated and purified virus pellet was finally 

resuspended in 0.5 m] of TNE buffer, pH B.O [O.05M Tris Hel (pH 8.0), 

O.lM NaC] , O.OOlM EDTA (pH 8.0)] and kept overnlgf,t at l"oC. 

ISOLA lION OF BHV -1 DNA 

BHV-l DNA was isolated from purified virus suspension 

according to me.thod described by Owen and F iel d (1988). The purified 

virus suspension was incubated at 37°C for 30 min with RNase at a final 

concentration of 40/ug!ml and then incubated with Proteinase 1-< at a final 

cOI1,centration of 250/ug/ml at 37°C for 15 min. The resul tant virus 

suspension was treated with sad ium dodecy] suJ fate (50S) to a final 

concentration of 0.5% at 37°C for 1 h. The virus DNA was extracted witl1 

phenol:chloroform:isoamylalcohol (25:2l~:1) twice, then once with 

chloroform and precipitated with 2.5 volumes of chilled ethanol in the 

presence of O.3M sodium acetate (pH 5.2). Precipitated virus DNA Was 

washed with 70% .ethanol. The DNA pellet was dried and dissol ved in 

TE buffer, pH 7.5 [a.01M Tris Hel (pH 7.5), O.OOlM EDTA (pH 8.0)J 

and stored at 4°C. The absorbance of DNA sample was recorded in 
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GUford UV-VIS Spectrophotometer at 260 nm and' 280 nm and DNA 

concentrat ion was estimated. 

RESTRICTION ENZYME DIGESTION OF BHV-l DNA 

The digestion of viral DNA with restriction endonucleases 

wes performed in the manufacturer's recommended buffer and ~ssay 

conditIons. With all restrictJon enzymes, used in the worJ(t tl1e 

digestion was performed overnight at 37°C in JuJabo F20/LI<B2219 

multitempII thermastatic circulator water bath. In al] cases tile 

restriction enzyme digestion was stopped either by addition of loading 

buffer or stored at -20°C till it was used. 

AGAROSE GEL ELECTROPHORESIS 

All dtgested DNA, including digested alpha [32p} dATP end 

labelJed samples we-re analysed using standard procedures of agarose gel 

electrophoresis (Sambroo'< & &., 19B9). 

The agarose was boiled in microVol8ve oven (Deltawave I 

Toshiba I U. K.) for 1-2 min and cast on gel trays, The submarine 

horizontal slab gels of various concentrations (0.5%, 0.7% or 0.8% 

agarose, w/v) and various dimensions (7x 10crn I 15x20 em, 13. 5x25 em) 

were run with Atto Digi.-Power or LI<B 2301 Macrodrive 1 power 

supplies. Tris-borate EDTA or tris-acetate EDTA running buHer's were 

used for running the slab gels for 2 to 24 h at 60 to 100 V depending 

upon the agarose concentration, gel size and size and num ber of DNA 

fragments generated by restriction enzymes. The gel was monitored with 

Chromato VUE Lamp (Mode] UVM-57, San Gabriel I USA) wi1 il e running. 

After agarose geJ electrophoresis I DNA bands were visual ized and 

photographed in a UV-transillumina'tor (Fotodyne Inc., U.S.A.) using 

Polaroid MP-'J Camera and Polaroid B]acl< and White films. type 57 I 667 

and 665 (Po]aroid Corp., U.S.A.). 
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ALPHA [32p ] dATP END LABELLING OF RESTRICTION DIGESTS 

. 32 
End labelling of digested fragments using alpha [ PJ dATP 

was carried out ImmedIately following restriction enzyme digestion. 

Each digested sample , having approximately 1 lUg DNA in 10 luI reaction 

vol ume was diluted to 25
/
ul with 1 X restriction enzyme buffer. To each 

25/Ul diluted sample J 2/uCi alpha [32pJ dATP was ad~ed and pulse 

spun down to collect radioactive material at bottom. One m icrol iter of 

2mM unlabelled deox yribonucleaHde triphosphates (d NTPs) dCTP, 

dGTP, dTTP in TE buffer (3mM Tris Cl pH 7.5, lmM EOTA] , was added 

to on] y BamHI, Bg111 and EcoRI restr ietion digested sampl es. The 

reaction ·mix ture was kept for 20 min at room temperature after adding 

1 unit of I<Jenow fragment of DNA polymerase I. 

End ]abelJed restriction. enzyme digested fragments were 

separated on a 0.7% agarose gel run at 60V for 20-2i~ h using trig-borate 

EDT A runnIng buffer system. After running, the agarose gel s were dried 

on a slab gel drier (Biotec-Fischer) and exposed to Kodal<. X-OMAT 5, 

X-ray film in Cronex (DU Pont) casettes (20x25 cm) with intenSifying 

screen lightning plus on both sides. The casettes were kept at -20°C 

for 4 days or -70°C for 2 days I Autoradiograms were scanned in LKB 

Ultrascan XL Laser densitometer attached with U<B Labor'atory 

Computer. 

. 
PREPARATION OF pUC9 PLASMID DNA AS CLONING VECTOR 

Preparation of pUC9 plasmid DNA as cloning vector was done 

following the method described by SambrooJ< et a1. (1989). E. coli -- --
strain containing pUC9 plasmid was tal<en from glycerol cuI ture If\ept at 

-20°C. After thawing at room temperature 1 the cul ture was s tree I<ed on 

LB/Amp plates (60/ug/ml ampicillin) .and incubated at 37°C overnight to 

get Individual colonies. A single colony from the plate was picJ<ed up 

and incubated In LB/Amp broth overnIght at 37°C In Gallen I<amp cooled 

orbital Incubator. The plasmid DNA was isolated by all<a11 1 ysis 

method. 
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The bacterial pellet, obtained after centrifugation at 12,000 

rpm for 1 mIn at J~oC in Tomy hIgh speed micro refrIgerated centrifuge 

MTX-150, was resuspended in 100 luI of ice-col d, J ysis buffer [50mM 

glucose, 20 mM TrislCl, pH 8.0, 10 mM EDTA] containing lysozyme (!~ 

mg/mJ). Fresh] y prepared 200 luI of a1 kallne 5DS (0 .2N NaOH I 1% 5DS) 

was added and kept In Ice for 5 min. Then 150/ul of ice cold 3.0 M 

sodium acetate I pH l •• 8 was added and again I~ept In ice for 5 min. It 

was centrifuged at 12,000 rpm for 5 min at "oC and the supernatent was 

extracted twIce with phenol: Chloroform (1:1), once with Chloroform: 

isoamyl alcohol (24: 1) and precipitated V'Jith 2 volumes of ethanol at 

room temperature. The DNA pellet I obtained by centrifugation at 12,000 

rpm for 5 min at 4°C was washed once with 70% ethanol and resuspended 

in 50 luI TE bU'ffer [10 mM Tris-Cl, pH 8.0, 1mM EDTA] containIng RNase 

(20
/
ug/ml) • 

Closed circular plasmid DNA (10 lug) was incubated 

overnight with Pst! restriction endonucl ease in water bath at 37 ac. The 

complete! y digested DNA sample was extracted with phenol: chloroform 

and precipitated with 2. volumes of ethanol for 15 min at Oee. Recovered' 

DNA pellet after centrifugation was resuspended in 10 mM Tris.C1, pH 

8.3. The linearized pUC9 Pst! digested DNA was dephosphorylated with 

10 luI calf intestinal al kaline phosphatase (CIP) and incuba ted at 37 °C 

for 15 min. Then another aliquot of CIP Was added and continued 

incubation for a further 45 min at 55°C. At the end of the Incuba t ion 

perIod, 0.5% SDS, 5 mM EDTA, pH B.O and proteinase I( at a final 

concentr'ation of 100 lug/ml were added and the tube was incubated for 

30 min at 56°C. After cool ing the tube to room temperature, the 

dephosphorylated 1 inearized DNA was extracted once with 

phenol: chloroform and precipitated with 2 volumes of ethanol at aoc in 

presence of 0.1 volume of 3M sodium acetate pH 7.0. The DNA, 

recovered by centrifugation at 12,000 rpm for 10 min at lloe Was washed 

with 70% ethanol and redisolved in 100/U] TE, pI-l7.6. The concentration 

of DNA was estimated on the basIs of absorbance at 260 nm using Gil ford 

UV-Vis-5pectrophotometer. 
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CONSTRUCTION OF RECOMBINANT pUC9 PLASMID 

Recombinant pUC9 plasmids were constructed througl1 

ligation of cohe~ive termini of Pst! digested pUC9 plasmid DNA and v ira] 

DNA following the procedure described by Sambrook II &. (1989) t TI1e 

Pst! digested fragments of v ira] DNA were ex tracted twice with 

phenol: chloroform, once with chloroform, and precipitated with 2 

volumes of. ethanol. After washing with 70% ethanol, DNA pellet WDS 

redissolved In TE, pH 7.6. To a fresh micro'fuge tube, 50j ug (2/ul) of' 

dephosphorylated pUC9 DNA was added alongwith 8/ul Pst! digested 

BI-IV-l DNA (to get vector:!nsert ratio 1:5) 10 mM ATP, 1 unit 

bacteriophage Tll- DNA ligase and ligase buffer. This ligation mixture 

was incubated at 16°C for 10 h alongwith ligation control for the plasmid 

vector. After incubation, the ligated mixture was I~ept at -20 oC till 

transformation was done in E. coli TG-1 competent cells 

TRANSFORMATION OF E. COLI TG-1 WITH RECOMBINANT PLASMIDS 

Fresh com petent eel] s preparation and transfor maHan was 

per"formed using protocol described by Sambrooh: !ll. al. (1989) t E. col i 

TG-l si:rain Was ta\<en from glyce"rol culture kept at -20 oC and streaked 

on LB agar plates without antibiotics just after thawing to room 

temperature I Singl e colony was obtained after keeping the plates at 370C 

overnight. A single colony I 2-3 mm in diameter was transferred from 

plate to 100 ml LB broth and incubated for 2 to 3 h at 37°C with 

vigorous shaking (300 cycles/min) in Gallenl<amp Cooled orbitaJ 

incubator, When 00 reached approx imatel yO. 6, 1G-1 cell 5 were 

pelleted at 5000 rpm (3000xg) for 10 min at J~oC in 5S-3'. fixed angle 

rotor in a Sorvall Re5B high speed centrifuge. The supernatant was 

discarded and the cell s were '"ept in ice for 10 min after suspending 

in 10 ml fresh~y prepared ice cold O.lM CaCJ
2 

solution. The cells were 

again centrifuged t,Jnd resuspended in 2ml ice col dO. 1M CaC1
2 

t The 

al iquots of 200/ul of these fresh] y prepared com petent TG-1 cel.ls were 

dispensed in sterile microfuge tubes and k~pt for 12-24 h at 4 0 C. 
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Recombinant pUC9 plasmid was added in one rnicrofuge tube 

containing competent TG-1 cells alongwith controls which consisted of 

circular pUC9 plasmid, dephosphorylated pUC9 DNA in separate 

microfuge tubes containing competent TG-1 cells and competent cells that 

received no plasmid DNA. AJJ these tubes were I"ept on ice ·for 30 Inln 

and then heat shocked at 1~2 °C for 90 sec without shal<ing. Again, tubes' 

were I<ept on Ice, bath for 1-2 min and then 800 luI SOC medium was 

added f The tubes were incubated at 37°C for 45 min and 100 luI or 200 luI 

volume of samples from each tube were plated on SOB agar plates 

containing ampicillin (60 /ug/ml) 1 X-gal (25 /ug/ml) and IPTG (25 /ug/~l) • 

All the plates were incubated at 37°C for 12-16 h. 

ISOLATION AND SCREENING OF RECOMBINANT PLASMIDS , 

The recombinant plssmids in the bacterial colonies were 

identified by alpha-complementation and restriction analysiS of 

miniprepared plasmid DNA (Sambrool'( et ru_., 1989). All white 

(recombinant) colonies were transferred from SOB plates to LB/Arnp 

broth and incubated at 37 PC overnight. Minipreparation of pJasmid DNA 

from th is cuI ture was made, The plasmid ONAs were then digested with 

Pst! restriction endonuclease at 37°C overnight and run on 0.7% agarose 

gel alongwith lambda molecular weight marker and PstI digested v iraJ 

DNA to ident ify the insert fragment. 

SELECTIVE CLONING OF BHV-l DNA FRAGMENT 

The v ira] Pst! digested DNA fragments were 1 ig6 ted wi til 

Pst! digested dephosphorylated pUC9 plasmid DNA (Pst I digested) in 

the melted slabs of agarose following the method described by Sambrook 

et a1. (1989) f --

The Pst! digested BHV-l DNA were separated on 0.7% low­

meHing-temperature agarose gel containing 0.5 /ug/ml etl1idium bromide 1 

run in 1 x TAE buffer system for about 20 h. A viral DNA band was cut, 

using surgical blade from the gel visualized in the long wave length UV 
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light I and colJected in a sterile microfuge tube. This microfuge tube was 

heated to 70°C for 10-15 min and an a1 iquot of 9
/

u] from this melted 

agarose was ~dded in a 37°C prewarmed mlcrofuge tube containing 1 luI 

of dephosphorylated pUC9 DNA. After incubatIon for 5-10 min at 37°C I 

10/ul of jce~co]d 2X bacteriophage T4 DNA ligase mixture was added to 

this 10 jU} reaction mix ture (pJasmid DNA and Insert DNA) and incubated 

again for 12-16 h at 16°C for ligation jn L1<B multitemp thermostatic 

circulator water-bath. After ligation, transformation of fresh competent 

E. coli TG-1 cells with recombinant plasmids was done as per the 

method of Sambrool<: et !!!_. (1989). 

RESTRICTION ENZYME ANALYSIS OF RECOMBINANT PLASMID DNA 

The recombinant pJasmid DNAs were anal ysed with 

restriction endonucleases using sIngle or multiple digestion methods. 

The restriction endonucleases Pst!, EcoRI I BamHI, SmaI t SaIl 1 l-lindI~I, 

BglI I BglII, HaeIII, XhoI, RsaI and StuI were used for this study. The 

digested plasmid DNAs were separated on 0.8% agarose gels using tris­

borate EDTA running buffer system (Sambrool< et &. I 1989). 



RESULTS 



RESULTS 

GROWTH OF BHV-1 IN MDBK CELL CUL lURE 

The BHV-l induced cytopathic effect (ePE) was manife5t~d 

by granulation and rounding of ceJls withJn 24 h postinfE"C'Uon, AH€:'r 

2/t hand upto '+8 h postinfection balloonjng o'f the ceJ J s with sma) J 

refractile syncytia followed by formation of grapeIiI<e clusters or 

aggregation of infected ceJl 5 was obser'ved _ In J ater stage t a fler" J.8 h 

post infp.ction t strands of cytopJ asm J inking affected eel15 a nd detached 

cells floating in the medium were observed. On further incubation, the 

infected cell s showed marked degeneration with Jarge number of ceJ] 5 

de1ached from the monolayer (F!g, 3 to 5), The fift!1 passaged BHV-1 -

In MDBl< was titrated on 1he preformed monolayer in 2l} we)] plates and 

the titre wa's 106 • 7 TCIDSO/ml. 

lhe MDBK cel) culture grown virus, \Nhpn pelleted through 

sucrose solution and purified on a linear 10% to 50% potassjum tartrate 

gradient, yielded a clear purified virus band. 

RESTRICTION ENZYME ANALYSIS OF BHV-l DNA 

The DNA obtained from density gradient purified BHV-l 

was found to have the concentration of O.31/ug/ml on the basis of 

absorbance at 260 nm. The absorbance ratio of 260 nm/280 nm 

(OD260/0DZBO) was 1.80, which showed the purity of isolated BHV-1 

DNA. 

The BHV-l DNA was analysed using restrlction 

endonucleas'es HindU!, EcoRI) BamHI, SaJI I BglI ~ PstI, HpaI, BgJII, 

I<pnI I Hsal, XhoI, Oral end SmaI. The DNA was cleaved with 

restr let ion endonucl eases fol] owing the manufacturer' 5 recomrn~nd€'d 

buffers and assay conditions and the resuJtant DNA fragments were 

sf?parated on 0.5% or o.?% agarose geJ. MOlecuJar sJzes of restr-iction 

digested fragments were estimated by comparison with f'l ectrophoretic 

'mobJ] Hies of HindIIJ digested lambda DNA fragments of known 
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Healthy MDI3K cell culture mono l ayer, 48 h of gr wth . Un s l a;n d l;vinc 
culture, x75 . 



Fig.4 

Fig.5 
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. .1 .. ~ 

BHV-1 infected MOI3K cell culture~ 24 h postinfection. Unsta ined 1iving 
cultures x75. 

I3HV- 1 infected MDBK cell culture~ 48 h postinf ction. Un st.ai ned living 
cultures x75. 
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molecular sizes. Restriction fragments with increased fluorescence on 
12 

gels with ethidium br9mide or incr~a5ed intensity with alp h a ( .... P] 

dATP end labell ing on autoradiograms were considered to be present 

in more than equimolar ratio while those with decreased fluorescence 

on ge1 or decreased intensity on autoradJogram were considered to be 

of half molar ratio. All the restriction fragments were designated 

alphabetically witll decreasing molecular sizes in terms of kiJobase 

pairs. 

HindIII 

The HindIII digested BHV-1 DNA fragments were sepa{~eted 

on 0.7% a.garose geJ using ethidium bromide stajning. On 0.5% agarose 

geJ, the fra~ments were well separated and hal f mol ar fragments WE:re 

identified on the basis of decreased intensity of the fJuorescence. The 

max imurn number of fragments, that coul d be identifjed on 0.5% Agarose 

gel were 15. The genomjc sjze was esUmated to be 138.8 kb or' 138.6 

kb (Table 2, Fig.6, 7). 

EcoRI 

The EcoRI restriction e nzyme digested BHV - l [ NA 

fragments and end Jabelled dIgested fragments with [32 pJ dATP we r e 

separated on 0.7% agarose gel. On 0.5% agarose gel, the higher 

molecuJar size fragments coul d be better separated. On t h e basis of 

res tr iet ion profil e on agarose gel stained with eth id ium brorn i de a nd 

end Jabelled fragments with [32 p ] dATP exposed to Kodak X-I~ay fiJm, 

the maximum number of fragments was 7 and mol ecular s i ze was found 

to be' 137.0 kb. Four submolar fragments, F1 (8.01~b), F
Z 

(/4.7kb), F3 

(4.1 kb) and G1 (1.41~b), were observed on autoradiogram, but th ese 

fragments caul d not be visual ized on agarose gel stained with ethidium 

bromide. However, their fragment sizes were not included in total 

genome size of BHV-1 DNA (TabJe 2, Fig. 6,7,14). 

Bam HI 

The BHV-1 DN A fragments digested with BamHI was 

analysed on 0.7% and 0.5% agarose geJ using ethldium bromide staining 
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and on 0.7% agarose gel using end Jabel1ing with alpha [ P] dATP. 

The fragmE'nts A to I were not separated clearly on 0.7% agarose gel 

due to their I arge genome sizes and ] arge numbers but the same caul d 

be clearl y separated on 0.5% agarose gel run "for about 36 h in TBE 

running buffer system. The total number of restriction fragments ,was 

11. Three sub-molar fragments 11 (3.4kb), 12 (2.71<.b), 13 (l. l ll<;b) 

were identified on autoradiogram only (Tab1e 3, Ffg.6,8.14). 

San 

The restriction endonuclease analysis of BHV-l DNA using 

Sall produced a large number of fragments below 18.5 Io::b. There were 

few fragments below 0.4 kb that could not be visualized using ethidium 

bromide staining and end labelling with al pha ~ 2p] dATP. The total 

number of 26 fragments caul d be identified usjng a] pha [32 p ] dATP end 

label ling and scanning results (Table 3, F ig.6 ,8,13,15, 16) • 

BglII 

The restriction fragments, on digestion of BHV-1 DNA with 

8g11l, were separated on 0.7% agarose gel. The analysis revealed 11 

fragments ,of different sizes ranging from 32.0 I<b to 1. 5kb. The 

fragments Band C did not separate on 0.7% agarose gel but could be 

identified on the basis of increased fluorescence on ethidium bromide 

stained gel (Table 4, Fig.6 ,9); 

, KpnI 

The digestion of BI-IV-l DNA with KpnI generated 1/~ 

fragments. The restriction fragments C and D did not separa te on 0; 7% 

agarose gel. The presence of four haJf molar fragments could be 

identified on the basis of reduced fluorescence with ethidium bram ide 

in the gel. The genome size of BHV-l DNA was calculated to be 137.8 

kb excluding 12.3 kb G and K half molar fragments or 138.2 I<b 

excluding 11.'9 I<b Hand I( half molar fragments (Table /~I Fia.6tg). 
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XhoI 

The restriction enzyme digestion of BHV-1 DNA with XhoI 

generated numerous fragments. The small fragments be10w 

a pprox imateJ y 1. 0 I~b size made a smear. Onl y 26 fragments cou] d be 

idEmtified on 0.7% agarose gel stained wJth eth Jdium bromide 

( F 19 • 6 , 10) • 

RsaI 

The BHV-l DNA ylel ded large number of numerous small 

fragments on dIgestion with Rsal restrjction endonucl ease. The 

numerous sma]] fragments sized below 1.0 I<b made a smear on 0.7% 

agarose gel stained with ethidlum bromide (Fig.5, 10) • 

Dral 

ThE:' BHV-1 DNA digested with Oral yielded 11 fragments 

as anaJysed on 0.7% agarose gel. The sum of indiv idual fragment sIze 

accounted for a total genome size of 138.2 kb. The fragments B, C and 

E f F could not be separated 011 0.7% agarose gel (TebJe 5, 

Fig.6 ,10). 

SmaI 

The SmaI digested BHV -1 DNA fragments 1 separated on 0.7% 

agarose gel I reveal ed 26 fragments. The numerous sma) I ·fragments 

below 0.5 kb sizes made a smear (Fig,6, 10,13,17). 

Pst! 

The cleavage products of PstI digested BHV~l DNA were 

anal ysed on o. 7% agac"ose gel in TBE running buffer system using 

ethidium bromide staining. The indiv idual fragments, that caul d not 

be distinguished on ethidlum bromide stained gel, were delineated by 

scanning the negative of Po] araid 6f,5 fi1 m. The a] pha [32 p ] dATP end 



Jabelllng yJelded distinguishable fragments of Pst! djgested BHV-l 

DNA. The restrict Ion enzyme PstI had yell ded more than A8 fragments 

of vaT"ying sizes. The fragments below 0 .1~O kb size caul d not be 

dist inguishe'd easily I The B~V-l DNA size was estimated to be of 

135.05 I~b (Table 6, FIg.6,11,12,15). 

BgJI 

The BHV-l DNA digested with 8glI showed onl y one 1 arge 

25.3 kb fragment and rest of the fragments were below 3.0 J<b as 

revealed on 0.7% agarose gel (F ig. 6) I . 

HpaI 

J ne restrICtion endonUClease digestion of BHV-l DNA with 

HpaI was partial. So no restriction profile could be obtained· (Fig.5, 

13) • 

CLONING OF Pst! FRAGMENTS OF BHV-l DNA 

For shotgun cloning, the plasmid pUC9 was digested with 

Pst! and then treated with cal f intestinal a11(aline ph ospha tase. The 

concentration of dephosphorylated pUC9 Hnear pJasmid was estImated 

to be 25 ng//.ul after extraction with phenol: chloroform. Two 

mIcrol iter of dephosphorylated plasmid was ] igated with 8/uJ PstI 

digested BHV-l DNA in 1: 5 ratJo and the] igated mixture was used to 

trensfor'm freshl y prepared competent E. coli TG-1 ceJJ 5. The 

recombinant pJasmid containIng bacterial colonies were amp) ified and 

minipreparation was done to isolate recombinant plasmids. The inser'ts 

of B'-IV-1 DNA were identified on restriction enzyme digestion of 

recombinant plasmids with PstI and running on 0.7% agarose in tris­

borate EDTA runnlng buffer system alongwith lembda DNA cut with 

HindII! marl<er and BHV-l DNA digested with Pst! •. There were many 

recombinant plasmids containing the same insert. Few colonies (P 1 , 

P6, Pl1 , P26) dId not contain any insert whIl e two colonies PJ~2 and 

P31D containE'd recombinant plasmid with two inserts. One recombinant 

plasmid in lane 33 (Fig.19) showed partial digestion (Table 7, 

FIg.18, 19 J20,21). 



For selective cloning, the BHV .... 1 DNA dlg~sted with PstI 

was separated on 0.7% low melting temperature (LMT) agarose gel run 

in TAE running buffer system. The fragment K was cut from the gel 

and call ected In a microfuge tube, An al iquot of 9/u1 of mel ted agarose 

with fragment K was ligated with 25 ng Pst! dIgested dephosphory lated 

pUC9 plasmid. This ligated plasmid (recombinant plasmid) was used 

to transform fresh] y prepared E, col i TG-1 competent cell s. The 

recombinant plasmid containing bacterial coJonies were amplified and 

recombinant plasmid DNA was Isolated. The isolated recombinant 

pJasmids were digested with Pst! and run on 0.7% agarose gel along 

with lambda DNA HindIII digested marker and pUC9 DNA J inearized 

with Pst! digestion (Fig.22) • The insert was identified on the basis of 

migration of DNA fragments in agarose gel. 

RESTRICTION ENZYME ANALYSIS OF RECOMBINANT PLASMID DNA 

The recombinant plasmids ·pUC9P18(G) I pUC9P20(S) and 

pUC9P'J9(1<) containing BHV-1 DNA inserts werE? anal ysed using sfngJE' 

and multiple digestion with restriction endonuc]eases (Table 8), 

The pUC9P18(G) re-cornbinant plasmid, having insert G-

5,91<b fragment of Pst! dIgested BHV-1· DNA, yieJded ·completE' insert 

when double digested with any of the r,estriction endonuclease, EcoRI I 

BamHI I 8glII and XhoI after initla1 digestion with PstI. Th is showed 

no restriction site on the insert itself for these restriction 

endonuclease-s, TI,e digestion with StuI and SalI separately after iniUal 

digestion with Pst!, y iel ded two fragments of the insert showing one 

restr iction site on the insert fragment for these endonucl eases. More 

than 5 sites could be identified for B911 restriction enzyme. For 

mapping Stu! and Sa1I restriction site on the insert, pUC9P18(G) 

recombInant plasmid was first digested with Stu1 to get J inear 8.5 l<b 

recombinant plasmid I then this linearized pl asmid was again digested 

with Sa]J. This yielded three fragments - 6.7kb fragment (having total 

pUC9 plasmid and i~.l J<:b insert), O. 8kb fragment and 1.0 k b fragment. 

Flnally restriction sites for StuI and SaJI were mapped on the 

r'ecombinant plasmid (Flg,23 ,24). 
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The recombinant plasmid pUC9P20(S) yIelded com p) ete 

insert (5-2.35I<b) on doubJe digestIon with HindUI, EcoRI, BamHI, 

8g111 and Stu! restriction enzymes after initial digestion with Pst!. 

This showed no restrictIon site for these restrIction enzymes on the 

insert. The restriction endonuclease Rse! and 8g11 showed 3 sites and 

2 sites respective] y whereas restrcition endonucleases SmaI, XhoI and , . 

Sal! showed one restriction site each on the insert fragment. The 

restriction sites for XhoI and Sma! were mapped on the insert 

fragment. For this, the recombinant plasmid was dfgastscl fJrst with 

XhoI and SmaI separateJ y. On XhoI digestion,. the recombinant plasmid 

yielded lInear 5 ~O kb fragment while with SmaI it y Ie] ded ' ... 3 I<b and 

0.7 kb fragments showing only one site on the insert., Through double 

digestion with Sma! and XhoI these sites caul d be mapped on the 

recombinant plasmid (Fig.25,26). 
I 

The restriction endonuclease analysis of recombinant 

plasmid pUC9P49(1< ) revealed no restriction site for EcoRI, 8amHI and 

8gll1 but 3 sites for Sma! and 5 sites for RsaI. There was on] y one 

restriction site on the insert fragment for each of the restriction 

enzymes XhoI, StuI and Sall. For 8g11, more than 3 restriction sites 

could be Identified on the insert. The restriction enzyme digestion of 

the recombinant pJ asmid with SaJI, y leI dad two fragments because one 

site for SaIl existed on the insert and the oth,er on the MCS of pUC9 

plasmid. To map restriction site for Stu! and XhoI on the insert, the 

recombinant plasmid was first linearized with HindIII and BamHI 

separately and then again digested with Stu! and XhoI separate] y, 

These yielded two fragments In each case. The double digestion of the 

recombInant plasmid with StuI and Xhol y leI ded 1.9 I<b fragment and 

11-.5 kb fragment which contained 2,665 I<b plasmid pUC9 DNA aJ50. On 

the basis of these results, the restriction sites for Stu! and XhoI 

coul d be mapped on the recom binant plasmid f Out of 3 sites of Sma! I 

only one site coul d be mapped on the recombinant plasmid since- on 

digestion with SmaI the recombinant pJ Hsmid y iel ded 4 fragments of 

which the 3.5 kb fragment contained pUC9 plasmid as well as 0.9 kb 

fragment of the insert. Remaining 3 fragments were 0 .81<b I 1.4 kb and 

1.4 kb size (Fig.27 ,28). 
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Fig.6 Restriction endonuclease- profile of DHV- l DNA on ethidium oromide stained 
0.7% agarose gel. 

M: HindIII cut lambda DNA marker (size in kb). 



of Hl·ndllI end EcoRI digested 8HV-l DNA 
Table 2. Molecular size 

fragments(~ 

Hind III 

Fragment Size (kb) 

A 21.2 

B 20.5 

c1 15.6 

0-1 1/ .. 7 

E 13.2 

Fi 13.2 

G 12.1 

Hi 12.1 

I 12.1 

J 9.0 

1< 8 .l~ 

L 7.6 

M 3.8 

N 2.7 

0 0.36 

Sum of "fragm~nt 166.56 

sjzes 

T ota] fragment 

numbeor 

Genome size ex c] ud ing 

half molar fragments 

C, H 

D, F 

15 

138.86 

138.66 

EcoRI 

Fragment Size (kb) 

A r=2 ~ ....J •• " 

B 23.5 

c 17.2 

0 17.2 

E 1/~. 7 

F 8.B 

G 3.1 

137 

7 

-----------------------,-----------
i indicates helf molar fragments 

~'The digested fragments were sized by comparison with standard 

HfndIII cut lambda DNA marker on agarose geJ. 
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-23·1 
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Fig.7 Restriction endonuclease profile of HindII! and EcoRI digested BHV- 1 DNA on 
ethidium bromide stained 0.5% agarose gel. 

A: HindI!! cut lambda DNA marker (size in kb). 
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Table 3c Molecular size of Barr-HI and SaIl digested BHV-1 

fragments'!C 

DNA 

BamHI 

Fragment Size (kb) 

1 

I~ 

J 

1< 

30.20 

30.20 

21 .70 

21.70 

17.50 

16.80 

15.70 

12.50 

12.50 

0.88 

0.25 

Sum of fragment sizes 179.93 

Total number of 

fragments 11 

Genome sjze ex cl ud ing 

ha1 f molar fragments 

A,l 137.23 

C ,D 136.53 

.:c T h~ digested fragments were sIzed 

by comparison with standard 

HindIII cut ) ambda DNA mar ker 

on agarose ge1. 

Fragment 

A 

B 

C 

o 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

o 

P 

Q 

R 

S 

T 

U 

V 

W 

X 

Y 

Z 

SalI 

Size (kb) 

18.50 

18.!lO 

17.00 

11 ~ 00 

9~G() 

8.00 

7 .. 00 

6.00 

5.'fO 

I, .30 

3.90 

3.50 

3.10 

2.90 

7. .:2 () 

2 • 10 

1 • 70 

1 .. 50 

1 ./1 5 

1 .110 

1 .30 

0.97 

0,90 

0.80 

0.70 

o. [~O 
Small fragments 

c] oseJ y ] oca ted Cl ppr ox. 1.0 

Sum of fragment 
sizes 

135.12 

'-------~-----------------
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Fig,ll Restriction endonuclease profi le of BamHI and Sal I digested BHV- 1 ONA Oil 
eth1d1um bromide stained agarose g~l. 

A : HindIll cut 1 amhda DNA marker (size in kb.J. 
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Table If. Molecular size of BgIII and KpnI digested BHV-1 DNA 
fra gment S~C 

8g11I 

Fragment 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 

1< 

Sum of fragment 

sizes 

Total number of 

fragments 

Size ( I~b) 

32.0 

23.0 

23.0 

19,0 

10.4 

8.4 

8.0 

6.8 

2.3 . 
1 .8 

1 .5 

136.2 

1 1 

i indicates half molar fragments 

KpnI 

Fragment Size ( kb) 

A 

B 

C 

D 

E 

F 
1 

G 2 

Hi 
I 

1 

J2 

1< ~ 
L 

M 

N 

Sum of fragment 

sizes 

Total num ber of 

fragments 

Genome size ex cl ud ing 

hal f molar fragments 

G,I< 137.8 

H, J 138.2 

28.0 

23. 1 

17 .2, 

17.2 

15,0 

12,5 

8.0 

7.0 

6.8 

4.9 

1~. 3 

3.0 

1 • 9 

1 ,2 

150 t 1 

-------------------------
The digested fragments were sized by com parison with standard 

HindU! cut lambda DNA marl~er on agarose gel. 
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Fig.9 Restriction endonuclease prof il e of [3g111 nd Kpnl di ge s ted OIiV - l 0 II 0 1 

ethidium bromide stained 0 . 7% agarose ge l . 

A : HindI1 I cut lambda DNA mark er ( s i ze in kb t. 
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Restriction endonuclease profile of Xhol, RsaI, Ora! and Sma I dig s d BHV­
DNA on ethidium bromide · stained 0.7% agarose gel. 

A: HindIII cut lambda DNA marker (si ze in kbJ . 
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Table 5. MolE'cule.r size of Oral djgested BHV-l DNA fragments':c 

Fragments Size (kb) 

A 39.1 

B 20.5 

C 20.5 

D 18.5 

E 10.2, 

F 10.2 

G 7.4 

H 3.8 

I 3.6 

J 3 .t~ 

K LD 

Sum of fragment sizes 138.2 

Total number o'f fra.gment 5 1 1 

*The digested fragments were sized by comparison with standard 

HindU! cut ] ambda DNA mar I"(er on agarose gel. 
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Table 6. Mol ecul ar size of Pst! fragments of BHV-l DNA':' 

Fragment Size (kb) Fragment Size ( kb) 

A 14.0 AF 1.25 

B 12.0 AG 1.20 

C 7.8 AH 1.10 

D 7.0 AI 1.00 

E 6.2 AJ 0.95 

F 6.2 At~ O~gO 

G 5.9 AL 0.87 

H ~ .• 7 AM 0.70 

I l~. 5 AN 0.65 

J 4.5 AD 0.60 
I( 3.8 AP 0.58 

L 3.7 AQ 0,53 

M 3.5 AR 0,50 

N 3.4 AS a ,J,5 

0 3.3 AT o ,LIO 

P 3.2 AU 0.32 
Q 2.5 AV 0.30 
R 2.4 Very small approx .1.0 
s· 2.35 fragments close] y 
T 2.20 located 
U 2.20 

V 1.90 Sum of fragment 135.05 
W 1.85 sizes 
X 1.80 
y 1.80 

Z 1.70 

AA 1.60 

AS 1.55 

AC 1.50 

AD 1.40 

AE 1.30 

The digested fragments were sized by comparlso~, w,lth standard 

HindIII cut lambda DNA marker on agarose geJ. 
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Restriction endonuclease profile of Pst! digested 8HV-1 DNA on ethidium 

bromide sta ined 0 . 7% agarose gel. lane 1: HindIII cut lambda DNA marker 

(size in kb), lane 2: PstI cut BHV- 1 DNA. 
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Scan of Polaroid 665 film negative of Pst! digested BHV-1 DNA fragments 
seiParated on 'ethidium bromide stained 0.7% agarose gel'• Peaks show Pst! cut 
BHV-1 DNA fragments (red co lour) and HindIII cut 1 ambda DNA marker ('green 
colour). 
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Autoradiogram of electrophoretically separated [32pJ end labell ed 
restriction fragments. Direct contact print: HindIII cut lambda DNA mark er 
(lane-1), BHV-1 DNA fragments dige~ted with BamHI (lane-2) , BglII (Lane-3) , 
KpnI (Lane-4), EcoRI (lane-5), SalI (lane-6), HpaJ (lane- 7), Sma I (l ane-8 ). 
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32 Autoradiogram of [ P] end labelled BamHI and EcoRI restriction fragments of 
BHV-1 DNA. Direct contact print. 

32 . 
A.: [ P] end labelled HindIII cut lambda DNA marker (size in kb). 



Fig.15 

•• ,1 A 

Autoradiogram of [32p] end labelled PstI and Sall restriction fragments of 

BHV-1 DNA. Direct contact print. 
32 A: [ P] end labelled HindI!1 cut lambda DNA marker (size in kb). 

6 1 
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\ ., 
" 

Scan of autoradiogram of [32p1 end labelled Sal! restriction fragments of 

BHV-1 DNA. 
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" f' • , . , 

Scan of autoradiogram of [32p] end labelled Sma! restriction fragments of 

BHV-1 DNA. 
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Fig.18 & 19 Screening of recombinant plasmids for BHV- 1 DNA inserts after digestion 
with PstI. 
HindIII cut lambda DNA marker (lane 1,18,19,25,36), PstI digested BHV-1 
DNA (lane 2,35), Pst I digested recombinant plasmids, isolated from 
bacterial colonies P19 (lane3), P18 (lane 4), P9 (lane 5), P16 (lane 6) 
P20 (lane 7), P4 (lane 8), P5 (lane 9)~ P24 (lane 10)~ P25 (lane 11), P43 
(lane 12), P29 (lane 13), P38 (lane 14), P15 (lane 15), P44 (lane 16), 
P10 (lane 17), P7 (lane 20), PB (lane 21), P2 (lane 22), P3 (lane 23), 
P12 (lane 24), P13 (lane 26) •. P33 (lane 27). P37 (Jane 2B), P40 (lame 
29), P14 (lane 30), P39 (lane 31), P22 (lane 32), Pl1 (lane 33) lind P6 

(lane 34). 
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Fig.20 

Fig.20 & 21 Recombinant plasmids showing different BHV-l DNA inserts. 
H1 nd II I cut 1Bmbda DNA marker ( hm~ 1,1A.1" .gG) • PH 1 111 ~(Il tNti 
recombinant plasmfds pUC9P18(G) (lane 2), pUC9P20(S) (lane 3). pUC9P9(U) 
(lane 4), pUC9P4 (V) (lane 5), pUC9P43 (W) (lane 6); pUC9P3B (Z) (lane 
7), pUC9P15 (AG) (lane 8), pUC9P13 (Af<) '(lane 9), pUC9P33 (AL) (lane 10), 
pUC9P40 (AP) (lane 11). fUC9P39 ,(AU) (lane12), pUC9P22 (AV) (lane 13), 
pUC9P31D (AU/AV) (1ane 11 • pUe.P4. (At/AU, (1 H~ ~i.' .~ t, 
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Fig.22 
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Selective cloning of PstI-'K' fragment of DHV-1 DNA. HindII! cut lambda DNA 
marker (lane 1,6), Pst! cut pUC9 plasmid DNA (Jane 2,5), PstI cut pUC9P49 
(K) recombinant plasmid DNA (lane 3), PstI cut pUC9P50 (K) recombinant 
plasmid DNA. 

• 
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Table 8. Restriction endonucJease anaJysls of recombinant plasmlds 

Restr Ietion 

endonuclease 

1-1 indII I 

EcoRI 

BamHI 

SmaI 

BgJI 

BgJII 

Xhol 

RsaI 

Stu! 

SaJI 

No,o"f restric1'Ion s!te(s) on BHV-l DNA insert In 

recombinant. pJasmids 

pUC9P18(G) pUC9P20(S) p~C9P49(K) 

NA 0 0 

0 0 NA 

0 0 NA 
6 1 3 

>5 2 ') 3. 

0 0 NA 

0 1 1 

L~ 3 5 

1 0 1 

1 1 1 

'0' = No restriction site on insert fragments; NA = Not 

ana]y~ed 
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X a: Ci5 en 0 
++\ ++::l~ 
a. Q. tl. a.. a. 

pUC9P18(G} 
--- ----

Restriction endonuclease analysis of pUC9P1B (G) recombinant plasmid using 
restriction endonucleases Pst1 (P), EcoRI' (E), BamlH (8), Sma I (Sm), 8gll 
(BI), Sg1l1 (SIr), HaelIl (HaJ, XhoI (X), Rsal (R) and Stu1 (St). Iftp­
HindIII cut lambda DNA marker (size in kb): 'pUC' - pUC9 DNA cut with PstI. 
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Restriction site map of pUC9P18 (G) recombinant plasmid for restriction 
endonucleases StuI (St), PstI (P), HindI!! (H) and Sal! (S). 
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pUC 9 P2.D(S} 

Restriction endonuclease analysis of pUC9P20 (S) recombinant plasmid using 
restriction endonucleases, PstI (p)~ [coRI (£), BamHf (B)" SmaI (Sm). 8g11 
(BI), BgBI (BII), HaeIII (Ha), XhoI (X), Rsal (R). HfndJll (H) and StuI 
(St). 'M' .. HindIII cut lambda DNA marker (.size 1" kb). 'pUC

1
- pUC9 DNA cut 

with Pstt. 'pUCBI'·pUC9 DNA aut wfth UgH. 
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r 



7'1. 

x 
PUC 

X 
t I J I = 

P P 
< . • 5-0 ) 

Sm PUC Sm Sm 
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H pUC9 S 1'65 0-7 

pUC 9 P:2.0(S) 

Fig.26 Restriction site map of pUC9P20 (S) recombinant plasmid for restriction 
endonucleases XhoI (X), Pst! (P), Sma! (Sm), Sal! (5) and HindIII (II). 
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pUC9P49(KJ 

Restriction endonuclease analysis of pUC9 P49 (K) recombinant plasmid us i ng 
restriction endonucleases Bg11 (8T), RsaI (R), HindIII (HJ, SmaI (Srn), 8g111 
(BI1), XhoI (X), Stu! (St), and Sal! (5). 'W-HindIII cut lambda DNA marker 
(size in kb). 'pUC R'-pUC9 DNA cot with RsaJ. eSt P18 (G)'-pUC9P1S (G} 

recombinant plasmid cut with StuI. 
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Fig.28 Restriction site map of pUC9P49(K) recombinant plasmid for restriction 
endonucleases Pst} (P),. Stu! (St), Sall (S), XhoI (X) and Smal (Sm}. 

* Out of 3 restriction sites for Small only one could be mapped. 
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DISCUSSION 

Keeping the economic importance of the BHV-I disease in 

our- ] i vestocl<. in view, the present investigation was taken up to 

ch c:::.:, ra cter ize the DNA from an indigE'nous respiratory isolate of BHV-l _ 

by restr let Ion enzyme ana] ysis. 

The respiratory isolate of BHV-1, inlUaH y adapted in 

bo-......,;r i~e kidney cell culture, could be readily adapted in MDBI< cell 

cu 1 ture in which it produced characteristic cytopathic effect 

re~ch ing to its maximum within 48-72 h post in'feeHon. Thjs 

00 'Servation is in agreement with the observations of ear] ier worl<ers 

(G ibbs and Rweyemamu, 1977; Shulda, 1987; OV\'en and Field, 1988; 

M:i... '1: tal and F.ield, 1989; Bandyopadhyay gt &. I 1990). 

The BHV-1, concentrated and purified foIl owing the 

m ~thod described by Talens and Zee (1976) and Owen and Fjel d 

( 1 988) with slight modification, yJelded highly purified virus. An 

add it ional ste p of DNase tree tment was 91 yen before potes slum 

ta rtrate density gradient centrifugation to remove any cellular DNA 

c C':)ntam inant from the v ira) suspension, obtained after, 40% 5ucro~e 

pE=:'1 1 eting. The density gradient centrifugation was done for 10 h at 

28 ,000 rpm (1 ,OO,OOOxg) since the method described by Owen and 

Fi.eld (1988) dId not yield viral band when the density gradient 

centr ifugation was done for 3 h at 35,000 xg. The 10 h time given 

for df?nsity gradient centrifugation in the present study is in 

a gre€ment with the findings of Talens and lee (1976) wl10 also used . 
10-1.1-0% potassium tartrate gradient for 12 h to purify t.he BHV-l. TI1e 

B HV -1 DNA was isolated from density gradient purified virus 

following the method described by Owen and Field (1988) and the 

i sol ated DNA was found to be pure since it gave 0°260/0°280 ratio 

o'f 1.80 and an intact band on the agarose gel €,Jectrophoresjs. 

Therefor'e, the present method of virus purification and DNA 

lso1atloll, which is based on the methods descrIbed by TaJens and 

Zee (1976) and Owen and F Jel d (1988) coul d be advantageousl Y used 

for such wor k and may be recomm~nded for further use I 
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The BHV-1 DNA was anal ysed by restriction enzymes 

HindUI, EcoRI I 8amHI, SaJI, SmaI, KpnI t BgJII t Dral, Pst! and Xt10I. 

Each restriction enzyme produced a unique restriction pattern of 

BHV-l DNA on agarose gel. In restriction digestion with HindUI, 

EcoRI I BamHi I B9JI1 • KpnI I Oral and Pst!, co-mIgrating fragments of 

same or almost same molecular sizes were identified on the basis of 

either their Increased fluorescence with ethidfuITI bromide on agarose 

gel or their increased intensity obtained on the ex poseod X-ray 'film 

whid1 corroborates the findIngs of earlier workers also identified co­

migrating fragments using the above techniques (Mayfiel d .tl &~ I 
19B3; Misra !!ill', 19B3). Digestion of the BHV-1 DNA with HindU! I 

EcoRl, BamHI restriction endoncuJE'ases and measurement of the , . . 
fragment sizes by gel el ectrophoresis gave an estimated genome size 

between 137:0 kb to 138.8 I<b, which is in agreement with the 

molecular size reported by earl!er wor[<ers (Mayfield !1. !1., 1983; 

Seal et &., 1985; Engels et .9.L, I 1986/87), However I the genome sIze 

,of BHV-1 coul d also be estimated using other restriction 

et1donuc) eases lll<e Bgl II, K pnI and Oral and found to be 136.2 I<b, 

137.8/138.2 I<b, and 138.2 I<b, respectively. The approximate genome 

size of BHV -1 DNA with Sa1I and PstI caul d be estimated and found 

to be 135,2 I<b and 13.5.05 kb, respectively since the smaJJ fragments 

beJow D./JO J<b could not be exactly located on the agarose gel. 

Restriction enzyme analysis of BHV-1 DNA yielded 

resuJ ts In which the DNA restriction patterns were the same for 

HindU!, EcoRI and BamHI restriction endonucJeases as reported by 

earlier wor!<ers (Mayfield et_ gL., 1983; Misra et !!it, 1983j SeaJ et 

&., 1985). RestrIction endonuclease HindUI produced 15 fragments 

ranging in size from 21_2 kb to 0.36 I<b. The 0.36 I<b fragment was 

very faint and coul d not be reproduced in the photography. The 

restriction endonuclease pattern of HindIII cleaved BHV-1 DNA was 

found to be correlated with pattern A I among the four patterns (A I 

B I Ca, Cb) described by Mishra et &. (1983). Misra II &. (1983) 

further correlated this pattern A of Hind III cleaved BHV-1 DNA, 

with strain 1, with respiratory isolates of BHV-1. The restriction 
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patter~ of I-HndIlI cleaved BHV-1 ·DNA Was found to be correlated with 

the pattern described by Seal & sQ. (1985) and Engels et oJ. 

(1986/87) for respiratory isolates incl uding IBR LA isOla~;d 
Metzler !!..!!.t. (1985) for lBR Cooper type. With EcoRI and BamHI 

restr let ion endonuc1eases, the BHV-1 DNA was fragmented into 7 

fragm ents ranging from 52,5 1< b to 3. 1 kb and 11 fragm~nts ranging 

from 30.2 I< b to O. 25 ~<b sizes, respecti vel y. Th e fragment I( of BI-IV-

1 DNA with BamHI couJ d not be clearly made out on 0.7% agarose ge] 

stained with ethidium bromide. The restriction 'pattern of BHV-1 DNA 

with EcoRI was found to be related with patterns Aa, Ab I Ac and 

B reported by Misra & &. (1983) for respiratory isolates including 

JBR LA isolate. Thus the results obtained with the BHV-l respiratory 

isolate is in close agreement with the above reports. The Restriction 

profile of ~amHI digested BHV-1 DNA fragments yielded pattern 

simIlar to the pattern reported by other""'~J(ers (MayfieJ d et _a1. t 
'. l.C 

1983; Misra ~E!!" 1983; Seal ~&'t 1985). 

Only two restriction endonucleasesPstI and 8g1H, among 

the restriction endonucleases used in this study, revealed the 

restriction pattern distinct from reported patterns. Whetstone !it E!!_. 
, 

(1986) also reported that PstI and BgIII restrIction endonucleases 

could be used to distinguish vaccinal virus from the fieJd isolates. 

The DNA from the BI-/V-1 respiratory Indian isolate produced 11 

fragme~ts on digestion with BglII ranging from 32. Q K b to 1.5 1< b In 

whIch fragment H (6,B kb) was found to be additional from the 

pattern reported by Whetstone & &. (1986). However, the size of 

the BHV-l DNA waS found to be 136.2 kb which was in good agreement 

with the observed genome size of BHV-1 DNA thus showing that only 

the restriction pattern was different and the fragment observed was 

the v fral fragment. Similarl y with PstI digestion, the BI-IV -1 DNA 

produced two new fragments A and 8 sized 14.0 I<b and 12.0 I<b 

respective] y. These two fragrnents showed fluorescence less than 

equimolar fragment in ethldium bromide stained agarose gel and 

intensity was also found to be submolar on autoradiogram exposed 

with [32 p ] dATP end labelJed Pst! digested fragments of BHV-f DNA, 

The Pst! digested BHV-l DNA fragments below fragment G showed 
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almost similar pattern as reported by other worl~ers (Whetstone et 

&., 1986, 1989; ~1l11 er !t..2!_. 1988). However the fragments C, 0 IE, F 

and G showed different migratIon pattern on 0.7% agarose geJ that 

might be due to d lfferences In size of" these fragments. The genome 

size of the BHV-1 DNA estimated from this fragment pattern was 

135.05 1< b suggesting that these new fragments VoIere from the viral 

DNA. The reason of variation in the restriction pattern with these 

two restriction endonuclease could be due to the fact that the Indian 

isolate might have slight variation from the strain reported abroad. 

The BHV-1 strain used by Whetstone at &. (1986) was tfle modlfied 

live in"fectious bovine rhinotracheitis vaccine strain virus. Various 

worl~ers have already reported ~ar'iation in tile restriction pattern 

of BHV-l DNA from dIfferent isolates/strains (Engels et &., 1981; 

MIsra et aI., 1983; Thiry !tl.!!L., 1983j Seal !!t&., 1985; Bra~<e and 

Studdert, 1985 j Osorio ~ s!_', 1985; Metzler et al., 1985; Engels ~ 

!!!_., 1986/87) and hence the observations in the present study are 

in agreement with the above reports. Few submoJar fragments wer'e 

observed on autoradiogram for BamHI and EcoRI digested BI-IV-1 DNA 

but couJ d not be detected in ethidium bromIde stained agarose gel. 

There is strong need to confirm the nature and origin of these 

submolar DNA fragments using Southern blot hybridization. The sum 

of size of EcoRI submoIar fragments was approximately 18 I<b 50 the 

possibility of the extra fragments observed in the present 

investigation being of mitochondria] origin may not be ruled out. 

Since in a valuable study, Obom et &. ( 1988) were able to 

demonstrate presence of mitochondrial DNA In vaccinia and Shope 

fibroma virus DNAs, extracted from cesium chloride purified virion 

tested with DNase I and the same coul d be detected in viral DNA 

after restriction enzyme· digestion. 

The" restriction endonuclease pattern of BHV-1 DNA with 

KpnI, Oral ~ 8glI, SmaI and XhoI were found to be unique restr let ion 

pattern for BHV-1 DNA. Restriction endonuclease KpnI produced lJ~ 
fragments of BHV-1 DNA, ranging from 28.0 I<b to 1.2 I<b. Four half 

molar fragments could be identified on the basis of fluorescence 

produced on 0.7% agarose gel stained with ethidium bromide. 

Restriction endonuclease Oral yielded 13 fragments of BHV ... 1 DNA 

ranging from 39 f 1 kb to 1.0 kb. 
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For cloning of Pst! fragments of 8HV .. 1 DNA I pUC9 

plasmid was used as cloning vector because of the presence of Pst! 

restriction site in the multiple cloning site of pUC9 plasmid vector, 

easy identification of the recombinant plasmid based on LacZ 

insertional inactivation marker and presence of ampicilJ in resistance 

gene. The recombinant plasmid containing TG-1 cells could be easily 

identified on the agar plates producing white colonies In the 

presence of IPTG/X-gal since their Lac i gene was inactivated' by 

jnse rUon of' P 5 tI d 1ges te d fragm ents of B HV -1 DNA. Out of 50 wh ite 

colonies transfe,rred from pJates to broth, 46 colonies y leI ded 

recombinant plasmids with vIral insert fragment. Few colonies,P/.2 

and P31D, yielded recombinant plasmids with two viral insert 

fragments. Mayfield & s!.. (1983) also reported a recombinant 
• 

plasmid containing two HlndIII fragments Land 0 and on digestion 

with H indIII, th Is recom blnant pJ asmid y iel ded both the inserts an d 

plasmid pBR322 vector', They explained that it might be due to 

insertion of an L -0 partial digest fragment into the plasmid. The 

present observation supports the findings of Mayfield et &. (1983), 

The colonies P42 and P31D, containing insert fragments AI/AD (1.0 

l<bID,60 I<b) and AU/AV (0.32 kb/O.30 I<b) respectivel y, might have 

originated due to insertion of partial digest fragments of BHV-1 DNA 

with Pst! restriction endonuclease since the posslblJ lty of two 

colonies being transferred "from plate to broth was rul ed out by . . 

further strealdng of these colonies on LB/Amp plates and then again 

s-~J.e transferr Ing the single colony to broth. On the basis of these 

findings the position of fragments AI and AD as well as AU and AV 

coul d be located close to each other on the BHV-1 genome. 

The resuJts of shotgun cloning with PstI digested 

fragments showed that a large number of small er fragments caul d be 

cloned into pUC9 vector. To clone a large fragment, fragment 1< (3 '~O 

I<b) was selectively taken out from the LMT agarose gel and 1 igated 

into Pst! c10ning site of pUC9 plasm id in MeS region and a 

recombinant plasmid containing this fragment could be obtained 

successful 1 y • 
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Out of 15 recombInant pJesmids obtained, three pJasmlds 

could be mapped for restriction enzymes Sall I StuI I Sma! and XhoI 

using single and double digestion. For the recombinant plasmid 

pUC9P18{G} the restriction site for Sal! and Stu! was found to lie 

near MCS of pUC9 plasmid. The restriction s1 te for XhoI and SmaI 

was found to be close to each other on the pUC9 P20(S) recanbinant 

p1asmid.· This was confirmed by single and double digestion with 

these two restr letion en donucl eases. On digestion with Sma!, the 

recombinant· plasmid yiel ded two fragments showing one restriction 

site on the insert fragment itself and another on MCS region. The 0,7 

I<b sma]] fragment obtained after digestion of pUC9P20(S) with Smalt 

showed that the restriction site for Sma! on the insert fragment 

existed near SmaI site of MCS Tegion. The double digestion of 

pUC9P20(S) ·with SmaI and XhoI also yielded two fragments similar 

to single digest fragments with Sma! , showing that the restriction 

site for Sma! and XhoI lies very .near to each other on the insert 

fragment in pUC9P20(S}. On restriction endonculease digestion with 

SaIl, this recombinant" plasmid yielded two fragments showing one 

restriction site on the insert fragment. Restriction endonuc]eases Stu! 

and Xho! also showed one restriction site on the insert fragment as 

recombinant plasmid became linear on digestion with these 

restriction endonuc1eases. The restriction site for Sall, StuI and 

Xh 01 restr iction endonucl eases coul d be rna pped on the insert 

fragment. The restriction sites for StuI and XhoI were located on the 

insert fragment in pUC9P49(K) recombJnant plasmid linearized with 

HindII1 and BamHI. These restriction sites were further confirmed by 

digesting recombinant plasmid pJC9P l f9 (K) first with StuI and then 

followed by XhoL SimiJarly, the restrIction sjtes for SalI and Sma! 

could be located on the insert fragment on the recombinant plasmid 

pUC9 pl.9 ( I() • 

The recombinant plasmids, having Pst! digested BHV':'l 

DNA inserts may be used as a diagnostic probe to detect various 

isolates of BHV-1 from denatured DNA samples from cell cultures. As 

Andino et al, (1987) reported that three recombinant plasmids t1aving --
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insert fragment of BamHI digested BHV-l DNA, could detect 10 ng to 

1 pg BHV-l DNA in dot-b] ot hybridization using nicl<: translated 32p_ 

labelled recombinant plasmids as a pro~e. Sim llarl y recombinant 

plasmid containing Pst! digested BHV-1 DNA insert coul d be used to 

detect BHV-l DNA from cel) culture samples using dot-blot 

hybridization procedure. Furthermore pUC;9P18(G) I pUC9P2(S) ~ and 

pUC9PI~9(K) mapped recombinant pJasmids could be used to prepare 

restriction map for BHV-1 DNA using these 32p labelled recombinant 

plasmids as· probe. Thus restriction endonuclease analysis, cloning 

and mapping resul ts obtained in the present study waul d further hel p 

in understanding the molecular nature of the BHV-l DNA, 
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SUMMARY 

An Indian respiratory isolate of BHV -1, initia1J y adapted 

In boy Ine kidney cell culture,. was propagated in MDBI< cell culture 

and purified by ul trecentrifugation, Restriction enzyme anal y sis was 

performed using BHV-1 DNA iso1ated from pota~slum tartrate density 
gradient purified v Ir:'us t 

To characterize the DNA of BHV-1, it was cleaved with 

HindUI , EcoRI,' Baml-lI, SaIl, BgJI, 89111, K pnI, Xho!, RsaI, Oral I 

Sma! and Pst! restriction endonucleases. The restr letion cleavage 

products were analysed by agarose gel el ectrophoresis. All the 

restrIction enzymes used in the' present study, generated a" unique 

restriction profile of BHV-1 genome. The total molecular size of BHV-

1 DNA was 'estimated to be within 135 I<b to 138 kb which was in 

good agreement with the reports "fop other BHV -1 stpains ~ 

The restriction endonculease pattern of BHV-1 DNA with 

HindIII, BamHI and EcoRI was found to be almost similar with the 

reports for other BHV-1 strains of respiratory isolate. Restriction 

endonucJeases HindIII, BamHI and EcoRI· cleaved BHV-1 DNA into 15 , 

'1 and 7 fragments, respectively I Restriction profile of BHV -1 DNA 

for restriction endonculeases KpnI I OraI, 8glI I Sma! and XhoI cau1 d 

also be produced. Few restriction endonucl ease I Pst! and BgIII, 

Y iel ded distinct restriction profile of BHV-1 DNA from the 

restriction profile reported for other respiratory isolates of BHV-1 

from abroad • 

. For further anal ysing the BHV-l DNA 1 the Pst! fragments 

of the BHV-1 DNA was cloned into the Pst! site of pUC9 plasmId 

vector. Using sHotgun cloning approach of cloning I 111 PstI fragments 

of v iraJ DNA coul d be cloned into the PstI site of the pI asmid vector' 

pUC9. One Pstl-K (3.8 kb) fragment of BHV-1 DNA could also be 

selectively cloned into the Pst! site of the plasmid vector pLlC9. 

Through restriction enzyme anal ysis of the recombinant plasrnids I it 
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was observed that the Pst! fragments AI an AD were located close 

to each other on the BHV-1 genome I Similar] y the Pst! fragments AU 

and AV were also observed to be located c10se to each other on the 

BHV-l genome. The viral fragments G, 1< and S, cloned in the 

recombinant plasmids pUC9P18(G), pUC9P.l~9(1<) and pUC9P20(S), 

respectivel y) were mapped for Sall, Stul, Xhol and Smal restriction 

endonucl ease sites, 
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