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‘f‘r\v.AB'STRACT o RS

.[’ HSV encpdes‘severalkglycoprote ns Wthh are expressed

»

“5of the ~virion and‘,the infected cells.

1n>order to

(strain 333) was

s .
R

‘fdetermlned g The amlno ac1d sequence of gB2 was deduced from’

! o : . 2
fthéhnucleotlde@

'\.\l

a

reglons Seoohdly, glycoproteln gDl .from HSvV-1 (KOS) was

s i ,,_-

1solated and characterlzed dlrect y by .blophemioal

, V- a .
'readlng frame analys1s of the gBZ gene Adentlfled a
:‘? }:‘JQ')Q_;J PN
g ZAPQlypep 1de w%lch qon51sted of 904 amino acids and showed
» “ ,Q f"i‘é & ,,,'u . ‘ JL}K*‘ -2 .

‘;exten51ve homology with gBl. Informat;on gathered ﬁtom

A

- -
comparison of the prlmary sequence of gHB2 (333) w1th that of

&
analyses, was used to pred'

t'other HSV stralns, seifndary strhcture and'surface proflle.

"amino aC:Ld pOSLtlons mk)\43 7*& - (2) 129-141, (3) 221-242, (4)

a. .

v299 309, - (5) 325—339, (6) 409 440, (7) 462h5§g - (8) 582-611

and (9) 689—712. Potentlal -Site specific ep;topes were
located between p051t1ons 59- 68, 463;474 and 475-483. '

. " .t . > N

. ’, “ e :

At nlne major antlgenlc reglons at -’

gB plays a ma]or role in virus 1nfeot1v1ty e

F rst"uln the case of gB the nucleotide '

[
'



Glycoproteln gDl was synthe31zed in HSV I rnfected Vero B

b',cells ~Analysis 'of ng“'by SDS polyacrylamlde’ gel
f:electrophoresis, showed that ng could ‘be. resolved 1nto 3 to

.4 dlStlnCt spec1es ranglng in 51ze from 52 to 60§ Lectln

'afflnlty chromatography showed/that ng did not blnd to Wheatq

germ agglutlnln, suggestlng_the‘absence of,termlnal 51alicff

- " »
-aCLd'groups on the'oligosaccharide moieties, A portlon of

fthe precursor and mature forms of ng bound to Lentll Wectln"

an& lOO% of mature gDl bound to Castor bean -120, suggesting
the presence of high-mannose core sugars cortalnlng fucose on.
Hgthese molecules and -the presence of termlnal galactose .on
tmaﬁure ng The conformatlon of gbl was stable between pHA4 . O
f— 9.0 and 1soelectr1c focusrng showed that 1t had a pI of 5.9

_'under non- denaturlng conditions’ Purlflcatlon of the ‘matu;

fform(s) of ng fwas achleved knr a comblnatlon of lectlnfb

'afflnlty chromatography and gé! flltratlon
) v

vi

a
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CHAPTER 1
v | - LITERATURE REVIEW
I.. fThe He:pesvi;uéeg N o
The viruses.beloﬁging to the family Herpesvifidae share

several common ‘chardcteristics: linear, double-stranded DNA

Q

in the core of the virion, -an Lcosédeltahedral *capsid

conﬁaining 162 capsomers; assembled in the nucleus of the
infected cell, and an envelopg derived from the_nuclear

a2mbrane. N
C o

.

Approxim@ﬁelyA80 herpesvirusés*have been characterized.

Out of this group, 5 herpesviruses were isolated from humans
' : : N T e

‘(herpes simplex virus type 1 (HSV-1), herpes simplex virus'

-type 2 (HSV-2), cytomegalovirus (CMV), varicella—zoster:virds

Al

(VSV), and Epstein-Barr virus kBBV)]/ 4 from horses, at’least -

- “ B

3 from cattle, 2 from pigs {pseduorabies)virus (PSV) and
porcine cytomegalovirus], and 2 from chickens [Ma{ak's
disease'hérpesvirus'(MDV) and infectioﬁs laryngotracheitis

virué] (Roizman and Batterson, 1985)
In spite of common features, it is difficult to classify

c .

-

members of the Herpesviridae into distinct, genera due to

. . . : .
extensive diversity in genomic arrangement and serological

“reactivity (Roizman, 1982; Honess, 1984): On the basis of

‘ - , . |
theirvbiologicaf propertiys( the members of Herpesviridae

fare subdivided into three subfamilies:‘l) Alphaherpesvirihae,
2) Betaherpeévirihae~and 3).Gammahe:péSVirinae (Matthews,

v !
1982) .

SN
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& The members of Alphaherpesv1r1nae 1nclude the genera

51mplex virus (HSV—l,ﬁHSVez bov;ne mamillitis v1rus) ané
A .

poikilovirus [(PSV, VzZV, and equ1ne herpes v1rus type 1 (EHV-

1)7. These wviruses lnfect a.widevrange of host cells,
rapidly spread in cellrculture, and efficlently'destroy the ,

infedteq cells. They are able to establish latent intections
'Jprima{ily in the gangliai - Members of the Betaherpesvlrinae
exhibitfa-restricted host rangei_a‘long feplication cycle and
lele progressing lnfection in eell culture. .Latency,is
established_in secietoty glands, lymphoreticnlér—tells and '
the fidneys" Thi's subfamlly contalns the genera cMY and

‘MuromegalOV1rus (murine - cytomegalov1rus) In v1tro, all

members of the Gammaherpesv1r1nae repllcate in lymphoblast
cells and several viruses- cause lytlc 1nfectlons in some -
)

eplthella and flbroblast cells These viruses are spec1f1q
e

Cay
for T or B lymphocytes and 1nfectlon 13 frequently arresged_

in a p:elytlc or*a lytic stage W1thout productlomﬂ<3f
. .l ;,

infectious virus... Latency is often establlshed in l%§§h01d

«5_
tissue. Th\s subfamlly includes the genera Qymphocryp bvirus-

(e.qg. EBVL Thetalymphocryptov1rus (e.g.
Rhadinovirus (e.g. herpesvirus saimiri).
human herpes' virus hag been isolated from Be
suffering from lymphoprollferatlve dlsorderA‘ malehuddin'et
él. 1986 Josephs et al. 1986). This has been
tentatlvely named Human B lymphotrophlc virus (HBLV) but "is

] v
not fY/ly characterlzed : U ‘ . : W



II: Genomic Structure of HSV.

. o . : : o )
'Herpes.virus DNAs are variable in molecular weight (80-
T, - : ‘

, 9150 milligh), base composition [32—70 (G. =~ C) mole %I and
’Hegree of sequence homoldgyf(R01zman and Eatterson, 1985) .

All DNAs of the herpes virus group fall 1nto 1l cf£ S sequence~f
]
arrangements (see Flg. ). The sequence organization of HSV

DNA is best understood (reviewed by Roizman, 1979). "

The HSV 'genome 1is a linear, double;stranded molecule,
approx1mately 100 x lO6 in. molecular weight (160 kllobases.)
The base comp051tlons of HSV- l\\Nd HSV-2 are 67 and 69 (G +

‘C)'moles %, respectlvely."The DNA consists of 2 covalently

N ! i
linked components L (long) andg S‘(short),.containing 82% and

- 18%, respectively, ofvthe viral DNA sequence (see Fig. 1).
Eachﬂcomponent contains predbminantly unique-sequences,*UL

. (long unique ‘'sequence) and ' Ug (short4'unique sequence),
9 7y

flanked by .reiterated repeats (Sheldrick et al.;v l970;

Wadsworth et al. -1975). The reiterated sequences flanking'UL

were designated ab and b'a' "and those flanking Ug were

e,

o ‘
designated a’'c’ and ca. The size of the a sequence varies

[

between the HSV strains and reflects the number of
~re1teratlons of tandemly repeated sequences comprlslng the a»
sequence (Roizman and Batterson, 1985). Most HSV—l,stralns
contain only one - a sequence at the 'terminus -of the 'S
component. The number of a sequences at the junction between

1
the L and S component and at the L termlnus ranges from one

to several “e ‘ ‘

]
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Fig. 1.A schematic diagram of té% sequence arrangements in

the five typésfof genomes of@vifhsés comprising the family -
.Hérpesviridaé. The genome types A, B, C, D and E are
exemplified by the channel catfish herpes wvirus (CCV);
. herpesvirus  saimiri '(HSV);’ Epstein-Barr virus (EBV),
pseudorabies virus (PRV), and hg;pes simplex 1§;uéés (HSV),.
resp&ctively. The horizontal lines ‘represent unique reglons.
Reiterated sequences, largér than I,OOO'base pairs in length,
are shown as reétangles. The ar;owvhead in the rectangle
iné?cates phe orientation of the‘repeated sequence kdirécé.

or invertea). The longef, vertical gectangles represent (ﬁ\
terminal-se§uehces reported in ghe genome types B, C, D.and - /
E. AlLvtefminél reitefations are direct repeats. The
reiteratedjsequences in HSV DNA (genome type E) are

. gdesignated b and ¢, and the inverted seqﬁences were
- . )

[} ~

designated b' and c¢', The terminal reiterations, designated

aévthe.a‘seéuence,are aléo.repeéted in inverted Q{ientatiopff
intfrnally. The 1ldng (L) and shirt (S) componenté,caqd the‘

‘long uniqde (Ul)‘and short unique (Us) sequences of the HSV

" genome are indicated on the figuréff. _ ' g
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The L and 'S comoonents invert relatlve to each other, -

giving rise to 4 DNA 1somers whlch differ w1th respect to the

.orlentatlon of L and S (Delius and Clements,il976; Hayward et

al., 1975). Vlral specific, trans-acting products mediate

site—SpecifiE ﬁecombinations through the a ,seQGence to.

°

pfoduce the iuyérsions “Mocarski and Roizman, 1981; Mocarski
anquoizman,.l982a; Mocarski ana.Roizman,_lQBZb' Smiﬂeﬁ et
al.,\l981) and these inversions may play a specific role in
the ulogene31s of . llnear packaged DNA (R01zman and Batterson,

1985) .

IIT ;“at‘:hogehes is of HSV

y

. ST < !
A fH§V related diseases . ’ ' : '

“-

- Herpes virus infections are amBng the most common of @1l

human’ infections and causé a btroad spectrum of diseases. .Of’

the five human- herpesVirusesf HSV-1 ,and' HSV 2 are

partlcularlyplmportant because of frequent recurrences and

ready transm1351on of infectious virus HSV-1 is‘usually

1solated from leslons in or near the mouth and is spread by
. \
dlrect phy31cal contact - HSV-2 is responsible for-the

I

majqutyh.of genital tract infecgions .and the wvirus is

transmittedQVenereallyJ(Nahmias and Rolzman, 1973). Both
viral subtypes, however, can cause genital and oral-facial

. . . S ' : )
infections. ,Immunosuppgessed‘patients, especially those with N

ects in celi;mediateﬁ immunity, have more frequent and
. A . :
more ‘gevere HSV fﬁiecpions'(Whitley et al., 1984).

‘Gingiovastomatitis and pharyhgitis are the most frequent

.Q.\. ) ) : )

clinicadl manifestations of primary HSV-1 infections, ang\\
} . l ; .

/



_recurrtnt herpesblablalls is\the.nsual manifestation of
reactlvated HSV (Corey and Spear, 1986) ASV lnfection-of
'the ‘eye 1s’ a frequent cause of corneal bllndness and HSV-1
~encephalltls is. a common’ viral 1nfection bf the ‘central
‘nervous system (Corey and.Spear, l986l. fNeonatalvinfectionse:_
i are severe w;th a mortallty rate of up- to 65% (Whitley et
al., l980)’ |
B. HSY: and oncogenesis

“Numerous 'reports have assoc1ated HSV with the
fdevelopment of cancer, although not all the data have been
;deflnltlve;x Most of the studles are seroepldemlologlcal in
nature and demonstrate 1ncreased antibody tlters to HSV-2 in
‘women Wlth cerv1cal cancer (Nahmlas’and Norrild, 1980 Rawls
and Adam, 1877) ‘ Molecular hybrldlzatlon technlques have
detected the presence of HSV-2 DNA and RNA ln'cancerous
:,t;ssues (Frenxel et al. l9721-qones et-al., 1978) but other
reports have been negative’(Rapp,_l%84). Moreoverh there is

'

evidence'that portions of HSV DNA hybridize with normal human

S

}cellular DNA and RNA (Jones and Hymangil983; Jones et al.,

‘1985) therefore, cautibn must be ,exercised‘\in' the

lnterpretatlon»of the DNA hybridization data. ad

HSV can transform cells in_ v1tro (rev1ewed by Galloway

and McDougall l983) and in some studles, the resultlng
O
transformants are oncogenlc in mice (Duff and Rapp, 1973)

q

Several 'DNA sequences from both HSV l and HSV- 2 | have

‘transforming .ability.. The HSV 1l genomic reglon between map

',units 0.30 Ep0.45-(BglII I fragment) transformed hamster



. .\ . | T
embryo cells (Camacho and Spear, 1978). Viral specific.

proteins, bu# nbp‘DNA sequences/-coUld be deteéged,in the

| .transfdrmants. Two HSV-2 sequences df map units, 0.58 - 0.62

(BglII N fragment) and 0.43 - 0.58 (BglliI C fragment); were

'qsed to ﬁ;ansfdrm rat‘and hamster emb%yo céllé, réspectiveiy

(éalloway. and McDougall, 1981; Jariwalla et al., 1980).

- Small amounts og veral DNA yeré detécted in ﬁheitfansformed
~cells by dot hybridization. ‘

‘The a&éilablé data suggest that only a‘portion of the

HSV genome is required for the initiation of tggésforming
events and that no set of Qirai genes 1is cghéistently
retained or expressed to maintain the transformed phenotyée:;
’Gallbway and . McDougalls (l983j‘ préposgd that cell
transformation by HSV can be explained by aC"hit-and—run"
mechanism based on the facﬁ that there is 1little or ‘no
evidence of viral DNA or‘consiépent:vifal protein iﬁ cells
transformed by HSV DNA fragments.

C. Latency

Latency is‘a-centjal feature of HSV infections and takés
place in gangiion cells (reviewed by Hill, 1985). The ﬁost
common feéture of HSQ latent inféction is re;urrencé of
lesions producing infectious virus in the peripheral bédy

sites. Recurrence is frequently precipitated by a variety of

stimuli such as light, trauma, stress, fever or menstruation

N
A\

(Wheeler, 1975) and in immuhd;compromised>individuals (Ho,

1977).



Co-cultivation of neural cells from the .Sensory or’
autonomic ganglia from cadavers with permisside cells,

resulted in productlon of 1nfectlous virions and subsequent

..

acute 1nfectlon of %usceptlble cells (Warren et al.,_l978).

-

Viral replication and DNA werevfirst detected in neurons
duringgireactivaticn in. vitro suggesting that the ‘neuron
harbors the latent virus in vivo {(Cabrera et al., 1980;
Fraser et al., 1981).. In addition, HSV RNA was detected in a

small percentacc nf the neurons which suggested that some HSV

genes are expressed during latent infection (Galloway et &l.,

1979) .

.

HSV DNA extracted ‘from latently infected neural tissue

ELE

dlffers'rrom the HSV DNA of actively replicating‘virus[ The
 HSV-1 genomel.present' in"latently infected tbrain ‘and
trigeminal ganglia lacked free ends (éock and Fraser, 198€3;
Efstathiou et al., l986). _Southenn‘blot analysis\of ldtent
HSVY DNA, detected in mouse brain . and dlgested ;With
res “iction enzymes, revealed two coples of the DNA joint
fragment (Rock and Fraser, 1986). These  results were
consistent with the hypothesis that the absence of free end;,J
was due to the joiningcpf the HSV DNA termini, prObably'by
concatemerlzatlon or circularization of the HSV genome, whlch
existed as an eplsome or was .integrated into the cell genome
(Rock and,FrasefT l983). Support for this hypothesis came
from studies of Epstein Barr virus, whose genome could be

L ——

malntalned as an eplsome in proliferating lymphoblast01d°

cells (Robinson and Miller, 1982).

ATy



Studies using HSV ts mutants suggested that specific

~viral genes are necessary for the establishment. and _
nainte“ance'oﬁ latency (Watson et alﬁ,_l980). One mutant
(tsK) was defective in productiOn of HSV « polypeotide iCP4
and could not establish latency (Preston, 1979) 'This-same,
polypeptide was continually- expressed in tne"nuclei of
latently infected ganglionic neurons (Green et al., 1981).
HSV mutants ‘defective in-vthymidine kinase (TK‘ nutants)
produced a low inCidence of latent 1nfection in sensory and
;utonomic ganglia (T2nser et'ali, 1979' Price -and‘Kahn,

1981) The re%plts were not concluSive enough to suggest

that TK is an absolute requirement for latency to occur since

th "lacendy negative" phenotype of TK” wviruses may be.
related to their ooor growth in skin tissue, thereby.reducing
the chance entry‘into nerye endings (Hill, 1985).

In situdand northern blot hybridization of latently -

o i : .
infected mouse ganglia with HSV-specific DNA probes detected
an antifsense ICP-0 transcript‘YStevens et al., 1987).  In
ilatently infected cells this transcribt.Was localizedvin the
nucleus whereas in acutely infecfed neurons nuclear -
restriction was not observed This RNA Xpecies may'encode a.
protein required for the lytic cascade in 1nfected cells,
Nuclear retention of the mRNA for bh;sﬁprotein may block its
translation and the subsequent lytic cascade. Alternatively,
the "“anti-ICP-0" transcript may function as an anti-sense RNA
‘

and regulate expre551on of ICP-0 by lowering the pool of

functional ICP- O mMRNA (Stevens et al., 1987).

"




The nature of the virus-cell interaction in latency and

reactivation is not well understood. Roizman (1965; 1974)

proposed two models the static model proposes that the

virus gen&éé not replicated but remains in the cell
: . . . . 2 .
,(probably integrated into the cellular genome), while the

. . * :
dynamic model proposes replication of virus at a reduced rate

with gradual spread from neuron-to neuron.- The bulk .of the’

evidence is in favor of the static state' of latency in which
'only ‘some of the early functlons, such as- ICP4 are expresseo
(Hlll, l985). 5
Iv. - Aspects of HSV’hReplication

Al Cell attachment and penetratlon

HSV 1n1t1ates 1nfectlon by attachlng to the host cell

and fu31nc 1ts envelope with the plasma membrane (Morgan et

al., 19 The.cap51d is transported to the nucleus nhere

DNA is released into the nucleoplasm. Internalization and

transport of the cap51d is probably medlatedlby the rdemlar.

cytoskeleton Cytochala51ns A and B, whlch 1nteract hlth and

inhibit cytoskeleton functlon, 1nh1b1ted the 1nternallzat10n
‘of HSv-1 v1rus in HEp-2 cells (Rosenthal et al 1985) and in
neurons (Lycke et al., 1984). | |

Virion components accompany the DNA into.the nucleus and
*participate inl\iral replication (Fenwick and Walker,‘l§78;
Read and Frenkel, 1983). , Batterson'and Roizman (l983)
'characterlzed a virion- assocrated proteln, VP16, that induced

expre551on of the a genes of HSV,. -HSV)lnfectlon is followed

by an early shutfoff’ of host macromolecular _synthesis.

10
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Daksis a+d Chan (l987) have mapoed two separate HSV-1 loci,
defined by ts mutations ts -8 and ts 199 respon51ble for
1nh1b1tlon of host DNA synthe51s

B. Viral genes and their expression -

-

Transcription of HSV DNA occurs in the nucleusq More
5 .

than 50 polypeptldes are encoded by the HSV genome (Wagner,y

rosae) . The regulatlon of . gene expression has three basic

°

¢¢¢¢¢

Afeatures (Rolzman and Batterson, 1985); 1) HSsV polypeptrdes
. can be cla531f1ed into five maln groups. on the basis of their
{

'Jtemporal ordervpf expression and kinetics of synthe31s, 2)

the rate of synthe51s and relatlve amounts of proteln may

vary and B}che polypeptlde groups are sequentlally ordered

in a cascade fashion.

immedfigtesearly polypeptides ICPO, 4, 22, 27 and 47 The

rate of synthesis' for these proteins reaches a. peak between 2

tc 4 hours post infection and then decreases. Functional a

proteins areé required for the accumulation aof all subseguent

classes of mRNAs (Honess and Roizman, 1975), Studies, using

ts mutants, indicated that - ICP4 plays an essentlal role

throughout the replicative cycle and regulates the expression
\of early and late viral genes (Watson and Clements, 1980)
.ICP22 expreSS1on 1s requlred for viral replication in some

cell types but not others (Pdst.and Roizman, 1981) "ICPO and

-

ICP27, 1like ICP4\.are essential for the stlmulatlon of early'

v1ral gene expre551on ICP27 also plays a regulatory role in

The first genes expressedlare the o genes which encode .

11
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virus regzrﬁat;on and viral DNA synthesis (Sachs et al.,

1985) .

The second group of genes expressed are the B genes

which encode the early polypeptrdes. This group can be

‘subdivided into two categories, 'Bl and B, (Roizman .and

Battersoh, 1985). Examples of the}ﬁl category are ICP6 (a '

‘o &

.component of HSV rlbonucleotlde reductase)=and ICP8 (theh

-

- major DNA blndlng proteln). The BZ polypeptldes include

thymldlne kinase and DNA polymerase The-B(_polypeptides
13

reach peak. rages of synthesis~ about & to 7 hours pOst

infection (Honess and Roizman, 1974) and are dlStlngulShed
from o polYpeptides_by their requirement for a functlonal

ICP4 protein for their synthesis.

)

E

The Y genes encode the late polypeptides and\iii be

dividedrintortwo categories, Yland Ys . The Y1 genes,/ lso_‘

I

called By or delayed- early genes, are ‘transcribed 1n the

absence of v1ral DNA - synthe31s, whereas the transcrlptlon of -

'72 genes strictly’ requ1res viral DNA synthe51s (Honess and
'R01zman, 1974; Conley et al.. 1981) . The mlprotelns ‘are

"vdlstlngu1shed from B polypeptldes by the fact that the

. amounts of v protelns are greatly -reduced 1n the presence of

wA‘.

DNA synthesis 1nh1b1tors (Roizman and Batterson, 1985) .

Glycoprbteins B  and D and ICPS (major cap51d protein) are

1ncluded in the proteln group, whereas glycoprotein C is a

»

Yz proteln : _ - - -

2

HSV DNA 1is transcrlbed by the host_cell RNA polymerase

I‘(Cons}anzovet al.,1977). The transcrlpts are capped,

P

12
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methylated and polyadenylated. They vary in theiriabundance
and stability (Silverstein et al. l976, Stringer et al.

1977). A limited extent of RNA splicing was observed for HSV

the 51gnals for alternate splic1ng but the ma]or trans

{

transcriptsf For example, the glycoprotein C transcrip vs
from this gene is.-unspliced (F\tink et al., l983); A few
genea vthat share’ 5' or 3' termini have been described
(McLaughlan and Clements,‘l982;gPellet et éi.,_igss). A
transcript homologoua to‘the genoémic region-between 0;185 and
0.225 map.unrts contains a 4°'kb intron (Costa_et al., l985af.
4 ' : i
‘Tranecription offsome HSV genes, e.q. tnymidine kinage;

occurs at multiple initiation sites (Sharp et al., 1983).

. . ‘,x“al B

C. Transcriptionatl regulationﬁg cis and transacting
factors _ »

<\ N : . : ]

Transcriptional requlation is an important’mechaniam for
the%gcontrol of {HSV gene expreasion. v Extensive
investigations, includlng transient. expreSSion and -in v1tro
transcription assays, have enhanced. the understanding of the
transcriptional regulatory sequences and- the virus—encoding:
regulatory factors required for ‘HSV gene expreesionn

e use of hybrio target genes, controlled by ‘a
promoter regulatory regions to analyse virus transcription,

indicated that o promoter actiVity was stimulated by a

'structural component df the Virion (Batterson and Roiqman, -

o ¢

1983) . | It wasﬂlater identified as -PlG (also known=as,:

Vmw65) (Campbell’ et al., 1984; Dalrymgle et al., 1985 and'

Pellet et ali; a985a). Sequence analysiS‘Arevealed an |

. : ) : IS
-



J 'WLlcox (1986) to associate specifically with ICP4.

g
N . " . . . .
. oL

- . .. >

upstream consensus sequenzel, TAATG%RXT

present  in two'or»more coples- in the 5'

P
)7

and Clements, 1984) .. The promoter regulatOny”reglonvor IC;PL},‘Y
is also subgect to auto- repre551on and stlmulaifon by.IE 110K
- ' B dy '

2 -

':polypeptlde (O Hare and Hayward, 1985).) GéL&g}eql&ophore31s
ARSI

it “5 "“( K :
~of specific DNA'fragments (derlved from tbé? é&ﬁ promoter

N 4

3 o . Y
region), after association with I€P¢» proteln?ﬁi%”~vrtroy-
1dent1f1ed a deflned DNA region to. whlcz ICP4 bound (Muller,
1987) This 'reglon contawned a’ putatlve ICP4 consensus

blndlng sequence, CCCCQCGATCGTC, which was shown by Faber and

In vitro transcrlptlon of gD and gqC (Ba and Y denes,
respectively) required the Bresence of a:nuclear fraction
‘from HSV .infected cell extract which was enriched in ICP4

(Plzer et aI. 1986) %ICP4 was shown to blnd(lOO bp upstream_
from the transcrlptlon start site of - gD ‘and thlS reglon
contained the TICP4 consensus sequence (Faber and Wilcox,
1986) Arsenakis et al (l986a) constructed‘aJceil,iine which
constitutivelyiexpresSed gBl. Expression <af.§Eli inhthe‘

prlmary cell line and . after severar serial passages was .

dependent on the expre551on of ICP4.

The major DNa binding proteln, ICP8 ‘plays a.major role ‘
- in HSV gene transcription4 The negatlve regulatlon of ICP45
transcrlptlon required a functlonal ICP8 and defects in ICP8

L]
resulted in 1ncreased levels of,transcription of ICP4; ICP8,

N\
N



N (1983) studled the'. promoter‘ of gD in a transient

ICP5 " afid gC-'(Godowski and Knipe, 1986) . These results

‘indicate that ICP8 may - function to negatively regulate

-transcription of 'q,[3and fqenes either in a direct or
indirect’manner; -

- Most B ‘promoters are- similar to ~other eukaryotic
promotersv recoqnized by RNA polYmerase II,g(revieQed by

Wagher, 1985). ~ an identifiable' FTATA" box occurs

%approx1mately 28 30 bases upstream from the transcrlptlon

‘@éCAT" sequence at about -60 and at —90 bases,'and many
_conta@m an “AC- rlch" sequence between -90 and-—lZOAbases.
HSV superinfectlon in cell lines ccntalning HSV earlyfgenes

"indicated that sequences required for stimulating expression

of seveéal B genes were no greater'than‘200 bp fupstream from

mthe mRNA cap srte (Sandri-Goldin et al., 1983). Everett

Q

transcrlptlon assa/ and determlned that only 83 bp 5°' to the

< transcrlptlon .Cap site were ‘required for 1nductlonbsof

transcripsion during viral superinfection. ‘ : ~

'Homa ‘et Val (1986) analyzed the ‘eXbreSSlon of gC

.~

transcrlpts from cells infected by mutant HSV v1ruses Wthh

haad varlable deletlons in the 5' r of the gC gene ( a ¥,

-

gene). The resul S indicated that “h- DNA sequences requlred

!
fo regulatlng g expre351on lie w1th1n bases —34 to f124

»

relatlve to the 5' termlnus of the .gC mRNA 1n1tat10n site

and sequences between -34 and +14 contained 51gna es ential .

»
for gC expression.

1nlt1atlon 51te Most f promoters also have a recognizable

15



< Tran31ent expre551on assays, u51ng the v, gene VPS5 and
the B, gene TK fused to the promoter- regulatory "domains of Yz

genes, have shown that these genes were reg lated as B genes

A~

-when 1ntegrated into,the _host genome (Costa et al. l985b'

Silver and Roizman, 1985). Slmllarly, after transfectlng and
ntegrat1on of the gC gene into LtK- cells, the re51dent gC

o
gene was regulated as a B gene (Arsenakls et al. l986b).

“i

These results suggested that, not only are the'upstream

sequences of the Y genes important, but the genomic
’ ' | o ‘

environment of the gene also plays an lmpogggnt fole in its

proper regulation.-

The underlying message derived from the above data is

that .both trans—acting proteins and cis- actlng promoter
seguences play a 31gn1f1cant role in the regulation of HSV
gene transcrlptlon Elu01datlon of the precise mechanisms
which are responsiblé\for maintaining the highly ordered
cascade of "HSV gene expressron w1l? llkely‘reveal a complex
interaction between regulatory proteins encoded by the virus
with specific DNA sequences ,Addltional,factors such as
genomic ’env1ronment, cellular ,protelns, and post-
transcriptional regulation‘must also be considered. One
major guestion that remains unanswered is; what uﬁique
features determlne whether. a HSV gene will beggranscrlbed as

an qQ, Bor”y gene? A more extensive compllatlon of promoter

sequence data and generation of more mutations. in the
. . N N f\\ . ‘ | \ .
regulatory regions and proteins will assist ?? answering this

question. ¥

3
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D. DNA synthesis
. .
Viral DNA synthesis begihs in the nucleus approximately

.
. d

3 hours post infection and proceeds for 9-12 hours thereafter

\=
(Roizman et al., 1965). Herpes virus DNAs are thought to

. replicate by a rolling-circle mechanism (reviewed by Roizman,
1979). Electron microscopic studies have shown that, after

the onset of replication, HSV DNA was in the form of full

circles and circles -with tails or lariats. Jacob et ‘al.

(1979) showed, by BUAR density shift experiments, that less

than '5% of input patental HSV DNA entered the,repréductivg

cycle. Pulse-chase experiments Showed that the radio-label
appeared first in rapidly sedimenting DNA and after a chase

..J
it appeared in unit length DNA. Restrictfon endoruclease

analysis indicated that newly‘replicated DNA was linked head
to tail. These results were consistent wi-h a rolling circle
mode of replicatign.

The HSV genome contains 3 origins of DNA sypthesis. ~Two

origins (ORIg) map in the c
o\ N ’ . .
(Mocarski and Roizman, 1982} and the third origin (ORI;) maps

in the middle of the U;, component ‘close to the genes encoding

of *

ICP8 and\\PNA polymerase (Weller et alii 1985). " DNA

sequencing of ORIg revealed an A+T rich, 45bp, palindromic

sequence This sequence shared sequence homology with a
\

144bp palindromic sequence found in ORI; (Stow, 1985; weller

‘et al., 1985). Insertional mutations in the ORIg palindrome
- ‘ ) & .
abolished its origin activity, demonstrating the essential

~

‘repeats flanking the Ug component

17
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il*ole of this sequence in the 1n1t1atlon of DNA synthesis

(Stow, 1985) .

7/

Herpesv1ruses spe01fy several. enzymes 1nvq§ved in DNA'

sypthe51s.> The HSV DNA- blndlng protein (ICP8) is essential
for wviral DNA repllcatlon ;Godowskl.and,Knipe,'l983).3 In
vitro$<ikP8 bonnd'preferentially to singleAStranded hNA and
'lowereo rhe melting temperature of poly(A)—poly(T) heliees
:(Powell et al., 1981). Prlor to DNA'repllcation, ICP8.was
located at pre-replicative 51tes in‘the cell nucleus and

ater Was found bound to repllcatlng viral DNA (ieinbach and

asto 1983) Ruyechan and wSir '(1984) ;reported that
purified ICP8 could stlmulate HSV DNA polymerase in -vitro.
.CthU et al. (1985) showed that mutations in ICP8 led to
altered sensitivity to DNA polymerase 1nh1b1tors and that
ICPB 1nterac£ed ‘directly with HSV DNA polymerase

Both the HSV—encoded-vDNA polymerase and _ the

rlbonucleotlde reductipe differ from the correspondlng host.

engymes HSV DNA polymerase is highly sen81t1ve to drugs

such as phosphonoacetate (Purlfoy and Powell, 1977) and

nucle051de analogues (Crumpacker\Qét al., 1980) HSV

ribonucleotide reductase is 1nsen51t1ve to 1nh1b1ton by dTTP
B L’

A

-and dATP and requires Mg2* for its activity (Husar and

The \HSV thymidine %inase (TK) gene is essential for .

virus growht in vivo (Tenser -and Dunstan, 1979): The TK gen
o

spec1f1ed by HSV has a substrate range which 1s much greater
w’

than its host counterpart. '@sv Té is composed of two

( N o 4]

(49 " l
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identical subunits and has binding sites for the nucleosidg,
thymidine and deoxycytldlne and also for ATP (Wagner et al.
1981). Darby et al (i9%6) proposed a prellmlnar§ model for
the acti&e center of this enzyme. ‘Their model suggests that .
3 regions of the éolypeptide cooperate in . the genetration of' |
. overﬂapping;ATPf.and nucleoside-binding sitgs, thus bringipg_
the two substrates iq»olose‘proximity on the surface of the
enzYme. , ' . . .f ' I
Other HSV enzymes such as dUIPase (Preston- and Flsher\g\
1984y, and alkallne nuclease ICPlB (Banks"ﬁm: al 1985{
Preston and Cordingley, 1982) also play a role in HSV DN ‘
reﬁlication. ' , . . - o %
E. QNA. processing, virion assembly‘ and .egress - : ‘ '
Newly synthesized HSV DNA is processed before packaging

into capsules. Viral DNA, in circular or head-to-tail

concatemeric form, is linearized by specific cleavage to

N e
produce unit length' DNA molecul&s. ICP3?2 binds specific to a@
viral DNA and is a’ possible candidate for the cleavage
: ' _ A .
pqotein -(Braun et al., 1984). The DNA . @ sequepncé 1is

’f://i;cessary for o;eavage and/or packaging (Locker and frenkel,
- —1979; Viazny et al., 1982). | |
N Emptyi jiral capsids ere assembleu n the nuoleus:
followed by inserrion of unit length viral DNA (Vlasoy é£f'
al., 1982). ° Major cspsid protein ICPS5 was found to be
strictly associaéed with rhe nuclear matrix, suggesting that

capsid assembly occured at‘the nuclear matrix level (Bibor-

Hardy et alp, 1985). Nubleocapsid protein VP22a was required



for encapsulation- of” viral’ DNA ((Preston et al. 1983)

'Nucleocap81ds attach to mogrfled patches on inner lamella of
nthe nuclear membrane and acqulre an envelope durlng passage'
”through the 1nner membrane * Buddlng and envelopement may be’
medlated by the 1nteractlon'between the cytoplasmlc domalns

of HSV glycoprotelns (extendlng from the modlfred nuclear

envelope into the nucleoplasm) and the. nucleocapsrd proteins

I

(Spear, l985).

| Electron mlcroscoplc studles suggested that the.cap51d

may be strlpped of the envelope derlved ~from the nuclear
membrane,. acqulre .a neW"envelope from the endoplasmic’
retlculum and be released to the cell exterlor,'elther by
: envelopement at the plasma membrane or by fusion of vesrcles
carrylng enveloped v1rus at the plasma membrane (R01zman and .
hBatterson, 1985) , In contrast to- this hypothe51s, Spear
»(1985),: favoured a qeverse phagocyt051s" hypothe51s which
uproposed that the cap51d 1s enveloped once at the 1nner'

nucleaf“\membrane and the egress -of VlrlODS is via the

fClsternae of the’ RER the Golg1 apparatus, and transport

've51cles. Ev1dence for thls hypothe51s came from experlments

show1ng that monen51n, which 1s known to block the transport

~
£

of protelns from the Golgl to the cell surface, alsogblocked

the trans ort of HSV virions to the cell surface /Johnson and

Spear, 19



V. HSV Glyeoproteins
A. An overyiew

Herpes simplex virus encodes several glycoproteins which
are expoeed on ‘the surface\'of both the vifion ‘and the!
infected cell. Their expression is pertinent to a number of
aspects of viral pathogenesis including: 1) nediation of
virus entry and spread of infectiouslvirus to'adjecent cells,
2) affecting cellular moépnology and hoet range, 3) viral
budding from the nuclear membrane, and 4) they ‘are the major

elicitors of protégctive Simmune ‘respqQnses. Detailed

characterisation of the HSV glycoproteins will increase the

understanding of the mechanisms of HSV infection and assist

» '

in the development of more effective HSV vaccine .

By 1984, glycoproteins gB, gC, éD and gE from HSV-1 and
HSV—2,.and_gG2;f:om HSV;Z had. been identified (reviewed by‘
Spear, ;985). Since then, two edditional glycoproteins, gHIl
(Buchmaster et al., 1984; Gompels and Minson, 1986) and the
HSV—l.coﬁnte:part to gG2 (Richmen et al., 1986), have been
reported. Sequencing of the large‘s .component of H3V-1

.(strain 17) -revealed the presence of three open-reading

frames, US4, US5 and US7, which likely- coded for additional

glycoproteins (McGeoch et al., 1985).
. , 3
Restriction analysis of intertypic recombinants between
HSV-1 and.HSV—Z determined the epproxinate genomic locations
vof}gB,,gC,‘gD’and gE (Marsden et al. 1978; Ruyechan et al.,

1974;. Para et al.,'l982)., More precise map locations were

obteined by the use of cloned viral DNA fragments for marker



b

tra;h’eF or rescue oﬁ_mutations in gBl (Little et al., l9él;
Deluca et al., l§82, Holland et al., 1953; Kousoulas et al.,
' i984); for 'selection of gCl ng and‘ gEl. t;énscripts
identified by manoclonal antibody precipitation of their‘in
vitro,transfatiqn products (Lee ee al., l982a; Ffink et.al.?
1983); and forx insertion into the TK gene of appfopriate HSV

strains to detect expression of gCl and gC2 or gDl (Lee et

al, I982b; Gibson and Spear, 1983; Zezulak and Speaf, 1884) .

Exact map locations for these genes were established by

nucleotide sequence analyses.

“Related counterparts of‘similar elecﬂropho:etic mobility
for "Sv-1 glycoproteins, gB,.gD and gE have been identified
in HSV-2 (Eisenberg et al., 1982; Pereira et al., l98lf
bereira et al., 1982; Showalter et al., 1981). Tnitiably,
gC2 was-thought to be type-specific on the baéis of its size
and antigenic structure and was originally designated gF
b(Balachandran et al., 1981, 1982). The gF gene was mapped'by
'inser£ing appropriate‘HSV—Z genomic DNA fragments into the TK
gene of gC” strain HSV-1 (MP), which led to the expreseibn of
gF by-the recombinant virus (Zezulak and épear 1984) . | This
dgpanst:a&ed that the. gene boundary of gF was between 0.62-
0.64 and was collnear Wlth gCl Itvalso showed that gF and
gCl were antigenically related (Zweig'ét ai.,~l983; Zezulak
and Spear, 1983). In the‘8th International Herpesvirus
Workshop (1983),  the name gF was changed to gC2 (Speaf,
i985).v Nucleotide sequence analyses revealed extensiQe

sequence homology ‘between gCl and gC2 and showed that §Cl



contalned 27 amino aclds 1n the aming- termlnal region that

were missing from the gC2 proteln (Dowbenko and Lasky, 1984)

¢

Glycoproteln gCl and g2 were. structurally unlque in terms of

molecular welght-JlSOK'ahd 75K, respectively).and exhibited

some antigenic differences (Balachandran et al

¢

oy 1982;
'Zezulak"and”Spear,‘l984' Zweig et;al‘. l983) .‘
Glycoproteln gG2 was, 1n;t1ally thought to be the HSV 2
counterpart to gCil (Marsden et al. _1978) and.wasfmapped
between coordinates 0.65 = 0-70 map unlts. By a. more. c=reful

analysis of 1ntertyp1c recomblnants (R01zmah et al 1984)

the map position of thlS glycoproteln was changed to the S

component between O 85-— 0 97. The apparent molecular welght

. of gG2 (determlned by polyacrylamlde gel electrophore51s)
g

reported by R012man et al (1984) and Marsden et al. (1978)1

was 124K and 92K g respectlvely ThlS dlscrepancy ‘was .

attributed to the dlfferent cross llnklng agents used in the

gels by these 1nvest1gators (R01zman et al. 1984)
“\‘ o d

Richman et al (1986), u51ng a type spec1flc monoclonali

-antlbody LPlO, prec1p1tated a HSV 1 59K glyCOproteln frohﬁf

. 2N

purlfled HSV -1 v1rus Thls glyc0prote1n was mapoed Wlthln

0. 892-0.924 map unlts by 1mmunopreglp1tatlon iusznq LPlO) of

in vitro translatlon produbts from transcrlptp cor respondlng

to this reglon ThlS reglon corresponded to the US4 open-‘sf

reading frame 1n the "S- component of HSV- 1 DNA reported by

' McGeoch et al.’ (1985). . Ackerman et al: (1986) u31ng C

i I‘

vintertypic frecombinant‘ analyses and manker transferp

\,

experlments, determlned that thlS glycoproteln was, collnear_

e



"with the gGZ gene. : Sequence comparisons of the S component;

-

- of HSV 1 and HSV-2 genomes revealed that asHSV 2 gene in the‘

. region of gG2 was homologous but larger than the gene coded
X

for by> HSV-1 US4 (Frame'et al., ,1986), therefore indicating

that US4 is likely the HSV-1 equivalent to gGZ Antiserum

raised* ' a synthetic peptide, - corresponding to a portion of

" the predicted polypeptide from ghé 954 sequence, precipitated

a DN
three. glycoprotein speCies havingﬁmolecular weights, 37K, 48K

& .

and 56K from HSV-infected cell extracts.

potentially code for glycoproteins, in the S component of HSV

'DNA  have been described (McGeoch et.al,, 1985) . Further
characterization is required to identify the existence and

properties of the proteins corresponding to USS and US7 in

HSV infected cells. Transcript mapping data and nucleotide

sequenCing of the HSV 2 genome between gD and ‘' gE - genes
determined that HSV- 2 has an HSV- 1 equivalent to the US7T

(Hodgman and Minson, 1986)

-Showalter et al. (1981) prepared a series of monoclonal

antibodies that precipitated a 110K glycoprotein from HSV-1

.and HSV- 2 1nfected cells. This glycoprotein was distinct

from HSV-1 glycoprotein gB, gC gD and gE and mapped between'

'pOSltlonS 0. 28 to 0. 3l on the HSV genome (Buckmaster et al

. 1986) The gene for: th*s glycoprotein, deSignated gHl, has

been sequﬁpced~(Gompels and Minson,“l986).

Two additional ~open reading, frames (US55 and US7) which,

"24
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B. Glycoprote;n $tructure and an*1gen1c1ty

S A great dealﬂof 1nformatlon has been derlved from the

X

nucleotlde sequence and deduced amino aC1d sequence of HSV

glycoprotelns »Analjses of the primary structure of all the
glxcoproteins descrlbed_to'date.have-indicated that they are
SIRT *UE - S o

cormiposed of at least four regions; 1) a hydrocphobic signal

»sequence .2) a hydrophilic cell surface region-containing

: of the amlno termlnal end of the mature polypeptlde ands

. comparlson with the prlmary sequence (deduced from the‘

,a N

potentlal glycosylatlon and antlgenlc 31tes 3) a hydrophobic

- .\..‘

membranlng spanning sequence and 4) a cytop;asmic region,

\

1) The signal sequence

'A_signal sequence consis*ing.of'15—30 amino acids is

found at the amino termlnus of the precursors of many

membrane and secreted protelns The 51qnal sequence mediates:

k)

the attachment of the ‘nascent poly@eptlde to ) the rough

endoplasmic'reticulum (RER) - and vectorial transport of the.

polypeptide across the_membrane (revieWed by»Kreil; 1981).
The 51gnal sequence is usually cleaved off during the export
of the proteln by an endoproteolytlc 51gnal peptldase"
contalned on the inner surface of the RER (Perlnan and
Halvorsoh} 1983; wvon Heijne/ 1984) .

The hydrophoblc amlno termlnal ends of the precursors of
gBl, gCl and ng exhibit features that are characterlstlc of
typical 31gnal sequences (Spear, 1985) The first 25 amino
ac1ds of gD were cleaved off at some ‘time after 1n1t1atlon of

1

translatlon (Elsenberg et al 1984) Amino acid sequencing

25



nuciectide sequence) indicated‘.that gBl and'.gcl also-
ccntained a cleavable signal Sequenceﬁ(Claesson—Welsh and
Spear, 1987; Kikuchi et.al.,. 1984). s |

DNA seanencing of the HSV-1 Ug component revealed_S open
readinc framee which could enccde polypeptides havinq”_
stﬁucturai reatnree common to membrane'proteins (Mcéeoch et
al.;.l985) Open- readlng frames US6 and USB correSponded to

1

glycoprotelns gD and gE, respectlvely, whereas US4, USS andf'
VU;7 encoded uncharacterlzed protelns "Comparisonﬁof:the .
putatlve 31gnal sequences of the protelns predlcted from
these reglons W1th a reference set of amino- termlnal regions,
of other membrane protelns indicated that US4, USS ~and US7
gene products were. also llkely to poseess amino- termlnalh
. signal peptldes (McGeoch 1985).
2)  The cell surface-regloh-and antigenic regiOns

ﬂ "Analy51s of. the dqﬁuced amlno aC1d sequence for severaL

“HSV glycoprotelns 1nd1cated the presence 'cf a largeh

-hydrophlllc region beglnnlng at the N- termlnus of the mature

v k

-polypeptide (Spear, 1985) The ‘number of potentlal N-linked
v(where N= Asn) glycosylatlon site§1that odcur in this reglon
_varled between the dlfferent glycoprotelns All three N-
llnked glycosylatlon 51tes on ng and gbh2 were in-fact,
glycosylated (Cohen et al. 1983)"- The pctential sites'that‘
| are actually glycosxlated on‘the.other HSVfglyccproteins,muet
still be determined ﬁ |
Ev1dence that the major hydrophlllc reglon is lccated on

the cell exterlor can be 1nferred from studles whlch show



C}

‘that neutralizing monoclonal antibodies, raised against HSV
- % ,

glycoproteins,.react with sites that map within this{region
of the.protein.(see below) . 'Directvevidenceifor the external'
location of this domain on gB came from 1n v1tro translation
of gB in the- presence and absence of pancreatic microsomal

membranes (Claesson Welsh/and Spear, 1987) . The pancreatic

membrane protected a large portion of gB containing N= linked"'

'carbohydrate from proteolytic cleavage .Inﬂ VlVO, this

portion would - represent the region of gB which is inserted
through the membrane into the Cisternae of the RER and

ultimately is Dxpressed on the cell surface

Several linear antigenic 31tes on gb were delineated by
synthes121ng oligopeptides corresponding 'to predicted

antigenic regions of the amino acid seque#ce and'comparison

of their cross- react1v1ty with gD~ SpGCl%EC monoclonal or

b polyclonal antibodies (Cohen et al., 1984; Dietzschold et

ial., 1984).. A _similart approach has "been utilized for

antigenic sites on’ gC (Zweig et al., 1984). . Three‘

continugus epitopes on gD were locallzed to residues 1l1l- 19
‘-27;’3 279 and 340-356 (Cohen et al. 11986)». These epitopes
‘reacted w1th group VII, »II and Vv nmnoclonaﬂ antibodies,

‘»respectively. Groups VII and 1II monoclonai antibodies

eXhibited type—Common neutralizing.activities . TWO type~-
spec1f1c epitopes were, localized to. re31dues on either side

of the type common epitope (VII) by reacting monoclonal -

antibodies to a series of overlapping oligopeptides which

’con51sted of. amino acid sequences SpelelC for ng or gD2
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Spear, 1985).

P

(Rietzschold et al., 1984). SYnthetic peptides corresponding

to residues 1-23 induced the production of neutralizing

“

antibodies (Cohen et al., 1984) and protected mice against

‘both HSV-1 and HSV-2 challenge (Eisenberg et al. 1985b) . .

Reactlon of" truncated forms of gD with a panel of monoclonal

a tlbOdleS deflned four - dlSCOntlDUOUS epitopes w1th1n the

first 250 Netermlnal amino acids on the polypeptide (Cohen et

al., 1986; Eisenberg et al{,;l985).UTheseAepitopes_were

defined by groups I, III, IV and VI monoclonal antibodies.

Groups I and III exhibited ‘type~common neutrallzlng"

o

activities. Group IV neutrallzed only HSV- l : Grouﬂ VI

monoclonal antlbodles inhibited HSV-1 adsorptlon (Fuller and

i

A

Antigenic'sites on glycoproteins gB and gC have.beenp-

determined, u31ng antlgenlc varlants of HSV selected in the
\\"’

presence of v1rus neutrallzlng monoclonal antlbodles (Holland
N

et al;, 1984), Q%e patterns of re31stance of mar mutants to
2 ‘ | o
neutrallzatlon with panels of monoclonal anwpbodles were

N

analysed Nlne epltopes on gCl were operatlonally deflned

) and clustered in two dlStlnCt antlgenlc sites (Marlln et al"

1985) A 51m1yar analyi)s identified at least 5 dlscrete

epltopes on g “(Marlin e al., 1986) Pellet et al. (1985)

mapped and sequenced the gB reglons respon31ble for the

i

-resistance of 3 mar mutants to neutrallzatlon and reactivity
with gB-specific monoclonal antlbodles .. Determlnatlon of

‘the amlno acid substltutlons 1n these reglons, in‘combinatione,

¥

with secondary structure analyses \determined that at least
‘ aaa _ - :

LN
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two epitopes were within or near amino acid residues 273 and -

305 on the mature gBl polypeptide.

3) The membrane spannlng seqlence and the . cytoplasmlc region
A hydrophoblc seguence of amino ac1ds, folloyed by a

strongly basic reglon, was found for thefdedncedlprimary

structures‘of HSV 1 glycoprotelns, gB gC, gD,‘gE, gG and gH

(Gompels and Mlnson, 1986; McGeoch et‘al;, l985; Richman et

al., 1986; Spear, 1985) .

The hydrophobic region spans the 1lipid bilayer and

anchors the glycoprotein in the cellular membrane. In vitro

translation of - gB ‘and gD” in the presence of microsomal‘

R
membranes resulted in glycosylatlon of the polyptptldes and

a35001atlon of the polypébtldes with the membranes such that

the region containing carbohydrate-'was protected from

. proteolysis (Claesson—Welsh and Spear, 1987; Matthews et al‘

‘l983).' A nonglycosylated polypeptlde fragment was cleaved
off from- the native proteln These.results are conslstent
with the view that these glycoproteins span the microsomal
membrane, leaving the remaining C-terminal end exposéd on the

outside‘ of . thezvmembrane, . Detailed hydgopathicity,

thermodynamic -and ‘secondary structure analyses , of the

proposed membrane Spanning sequence of gB led to the

" hypothesis that thls region contained three” ant1 parallel'
.segments whlch traverse the membrane three tlmes (Pellet et
s al., l985c) Tryp51n cleavage at an ar¢1n1ne re31due ergpsed

'7§n the turn between the first and second membrane spannlng

segment. or at an arginire .residue in the'cytoplasmic tail



could account for the size of the protected gBl fragments

(Claess@b=Welsh ‘and Spear, 1987) .

The presence of the hydrophoblc transmembrane sequence

affected the expression of HSV glycoproteins at least in some

heterologous host systems. It was’ found that efficient

expression of gD in E.coli required the removal of the

. - v
transmembrane sequence (Weis et al., 1983). - Expression of a

secreted form of - the gD polypeptlde in mammallan cells was

achleved by constructlon of an expression wvector which
encoded a ‘truncated gD protein, lacking the transmembrane
> s O .

sequence (Lasky et al., l984). €)

C. Synthesis and Process:Lng of HSV Glycoprotelns

1). Klnetlcs of expreSSIOn
The kinetics of syntheSIS of HSV glycoprotelns have been

revrewed by Spear,’ (1985) . | The genes for the major

glycoproteins are generally characterized as Y genes. The

gene for gC is the only true late ;b gene, where&@?ﬁB, gD and
. : . 12 .
gE are Yl genes ,,Between HSV-1 and HSV-2, the kinetics of

d LI . N N

synthesis was very similar but there were some minor
o 1

-differences. In 1nfected cells, the ‘rate of gD2 syntheSIS

decllned sharply after 5-7 hours, whereas the rate of'ngww

syntheSIS decllned after 4-6 hours post lnfectlon

Jennings e@ al. (1986) studied ,the. klnetlcs of

.

appearance of the major glycoproteln spec1es on the surface
of HSV l 1nfected murlne, 51m1an and human ‘cells. Infected

cells were removed from - monolayer culture at varlous times

\

post 1nfectlon and were . stained® for the presence of surface

»
v

#
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glycoprotein using - monoclonal uantibodies inv'an
1mmunofluorescence assay. j‘Fluorescence flow cytometry was
used to quantitate the levels of surface antlgen expression:
"and determined that the klnetlcs and levels of e\presalon of
the HSV glycoprotelns varléd between the cell ilnes tested. ;

Only gB exhibited a consrstent level o expression for all

P t

the cells investigated. L;ﬂ
. - B

2) Glycoprotein, processing . N o Y

(%)
3

The intracellular processing 0f the major HsvV

glycoproteins, gB, gC, gD vand gE has be.. e\ten51vely
documented .in the literature; Tne characterlstlc mobility of

each proteln was dependent on the C: oss linking agent used in

the SDS polyacrylamlde gels (Eberle and Courtney 1880) and
"1

the cell lines. used in the rnfectlon studles The estimated
molecular wélght of gB. 1solated from HSV-1 1nfected HEp-2
cells or Vero cells was l33K and 123K respectlvely (Pereira

et al 1981) _ The apparent dlfference in molecular welght

may have resalted from a dlfferentlal . post- translatlonal
proceSSIng and to some extent,~proteolyt1c cleavage during
v the extractlon procedure from Vero tells (Zezulak and Spear,'

l984b) Mature glycoprotelns gC and gD had an. estlmated
'imolecular welght of 130K and 59K,'respectively, in HEV-1
-‘infected BHK and KB cells\(Cohenvet;al. 1980 Eisenberg et
al., 19795 The mature form of gE had a molecular welght of'

approx1mately 80K (Baucke "and Spear, 1979; ‘Para et al
'1982b) . )

L



'Pulse—label axperiments idantified precurser molecules
to-shese glycoproteins which have been designated PgB, pgC,
pgD and pgE (Spear, 1985). Studies using tunicam?cin, whitb
Ainhibits the dolichol dependent transfer of high-mannosg core
carbohydtate to 'asparagine residueS' in the polypeotlde,
indicated that each of the HSV precursor proteins contalned
‘N-linked oligosaccharides (Pizer et al., 1980). Experimeats
gsg%g éndo—B—acetyl—glucosamin;dase (Endo H), thch\cleavea
thé' two proximal N—acetyl—glucosamine “residues of h? -
mannose oligosaccharides, confirmed tﬁis conclusion

The addltlon of core carbohydrate to HSV glvcoprotelns
preaumably takes place as the nascent_ polxpeptide ia
ttansported (during translation) into the RTR (Spear, 1985)
The in.- vitro translatlon products of gB and gD associated

with microsomal membranes only if the membrancs were present

durlgg translatlon. The translation. products contained N-

.

- linked carbohydrate (Claesson-Welsh and Spear,. 1987; Matz:ews

et al.,'l983). These results suggested that addition N~

A\

linked ollgosaccharlde to these HSV glycoproteins occurred-

i

.. Co- translatlonally However, it 1s,of interest that after

incubation of HSV—l infected cells at.34°C) non-glycosylated

Il

Trecursors to gB and gC Wwere detected in the nuclear

fractions. This 1mplled that N-= glycosylatlon could ¢be
dncoupled from translation under these condltlons (Cohptdn

, W
and Courtney, 1984a). Compton and Courtneyﬂﬁi}984b)

demonstrated that high—manngizzggecurso:s of gB, gC and gD

were major components of the ear frattion andisuggested
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- oiigosaccharides. and [3H]-fucose -to .label

-

,

-were converted to the magure forms “of the

that the nucleus may have the components necstary for at

least core glycosylation of HSV glvcoprotelns Electron
mlcroscopic radiography, using [3H] -mannose to label core
terminal

oligosaccharide ehains, shcwed that precursor glycoorotelns

bearing mannose, but not fucose, accumulated in nuclear

¢

membranes (Poliguin et al., 1985). ' > '

Within 15-20 minutes after synthesis, the precursors

.
glycoproteins

(Spear, 1985). ‘This conversion involved'processihg of N—

linked oligosaecﬂaride from hlgh mannose to comple\ type

(which c01nc1ded w1th a decrease in sen51t1v1ty to Endo H)

and acqu131tlon of O~linked oligosaccharides (sensitivity to

N-acetyl galactosamlne ollgosaccharldase was gained) (Johnson

and Spear,;r983) ':The Golgi was shown to be necessary for

thlS proce531ng to. occurd .The ionophore monensin, which

1nterfere51wlth G@lgl functlon, prevented'eonversien of the
R RS2

precursors &o matur‘

el ;zdﬂ o
Relatav@ J&é‘

,glycoprotelns (Johnson and Spear, 19€7)

»
I

o

a.

other giycoprotelns, mature gC contalned

larger amounts ™ danked carbohydrate (Johnson and Spear,

.1983) . . T%nlcamydin prevente%' the expression of SV

glycoproteins on the cell surface, presumably due tQ.Yhe

absence -of carbohydrate moieties (Norrild and Pederson;

‘\.1982). HoWever, a partially g’ « -ylated gC was detected on

the cell surface of tunicaymcin treated HSV- 1 1nfected cells

(Wenske'and Courtney, 1983). 'Membrane bound gC from these

2

@

cells 1likely coAtained O-linked %oligosaccharide, a

¢

33



‘carbohydrate linkage that is not sensitive to the'tunicamycin

i

blockv . S L
v . O ,
Fatty acylatlon and sulfatlon of glycoproteln “gE | has
e ] ) ‘
gbeen demonstrated (Hope et al 1982; Johnson and'Spear;‘
1983). Fatty acylation occurred at an early stage of Golgl

process1ng prlor to convers1on of ‘the precursor»to mature

gE. Sulfation of the.N—llnked Carbohydratevon gE, and to a

g

.lesseréextent, on gB, gC and:gD, occurred at a late stage in
maturation. = = P o o~
3) Intracellular transport7

HSV glycoprotelns have a dual destlnatlon w1th1n the °

v'cell . First, they can -be transp%rted via cell organelle
'membranes and expressed on the cell surface. The second
destlnatlon is the viral envelope‘ which i acqu1red by

buddlng of progeny nucleocapsids through ‘tke nuclear membrane
U(Spear, 1985). |

Precursor.glycoproteins, containing high-mannose core‘
carbohydrate, accumulated rapldly in the nuclear ‘membranes
(Fompton'and Courtney, l984 Pollqu1n et al., l985) The

results from electron mlcroscoplc radlography of Hsv-lnfected?

cells were _conslstent with the hypothe51s that newly

ot

ttenveloped nucleocapsxds acqu1re these 1mmature precursors and

‘termlnal glycosylatlon occurs at the surface @f progeny

: e

'.;v1rlons as’ they depart from the cell via the Golgl apparatus
"(Pollqu1n et 'al., l985) Johnson ‘and Smiley (1985)
.demonstrated that. 1ntrace11ular transport of gD to the é%ll

Hsurface occurred much more slowly 1n HSV 1nfected cells than



in transformed:cells which constitutively exprese high levels
of gD2 : They attributed the slow transport of gD to thev
period. of time required for gD to accumulate in the nuclear
membranes and participate in the envelopment process when
other HSV structural camponents were present5
Immunofluorescent -lqcalization of HS§;2b'glycoprote§ns
‘indicated that glycoproteins'gé, gC, gD, gE and gG were
,preferentially eorted to basolateral nembranes in several
dlrferent types of polarlzed epltnellal cells (Srinivae et
al., l986),.suggest1ng that these.glycoproteins may contain
-uputatlve sorting 51gnals that deterélne their destination.
Changes in the structure of -actln -filaments andf
.microtubules occurred in HSV infected cells (Norrlld et al
1986). Indlrect immunofluorescent stalnlng, using antlbodles\
dlrected ‘agalnst actin, myosin, tubulin anw H%Vj
'glycoproteine, revealed that all thé%é molecu}es showed
progressive association within juxtanuclear structures. The
thoskeleton—disrupting drug, demecolcine, led to
accumulation of HSV glycoprotelns in small cytoplasmic
vesicles dr. focal "adhecion areas, suggesting that
=1ntracellular transport of HSV glycoprotelns was deoendent on

an 1ntact cytoskeleton
D. The Carbohydrate Moieties»ﬁ
Several steps of glycosylation occur before the: final

mature HSV glycopeptides are syntheOized Pulse Chase

experlments and two- dlmen31onal gel analyses of HSV 1nfected_.%5

cell extracts"suggested. that synthesis of gB and ,gdﬁ
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.ollgosaccharldes'was accompllshed by at least 15 and lO
i FdLscrete vsteps, respectlvely (Haarr - and Marsden( -1981) .

’.:31m1h%?'analy51s by Cohen et al. (1980), wusing specific

,_,.x.\ ,
iy antrsega,tgildentlry the'glycoproteinsi-detected at least 5

3

.and 15 to 20 forms of gD and gC, -respectively. Eisenberg'et
al. (l97Ql showed that processing from pgD to gD did not
alter the polypeptide structure ‘but 1nvolved carbohvdrate'
addition. The results Of gel'{ flltratlon chromatography-,
suggested that pQD contalned an lBOO dalton ollgomannosyl

core morety Eurther proce331ng of pgD was accompanled by an

d"

acrdlc Shlft in 1ts lsoelectrlc pornt Mlld acid treatment
of mature gD lowered 1ts moleculdr weight, suggestlng that
the acldlc shlft was. partly due to the addlthﬂ of sialic

vaC1d Neuramlnldase treatment of gB, gC and gh released\
4 )
srallc acid from these glycoprotelns and decreased the size

K

and acxdlc charge of the precursor forms cCohen et al., 1980;

b

._AHaarr and Marsden, 1983' Smlley and Frledman, l985) Detal

]

" led s*ructural studles of gDl and gD2 1nd1cated that all.

'“three potentlal - llnked glycosylatlodxsates were utilized
:i(Cohen :etidal}; l983) Treatmen&/ qt pgD ‘with tryp51n
generated three glycopeptldes haylng molecular welghts of
fibg} 3 9h ano l 8K - Endo H!clegiage of the glycan m01et1es

A :;;7« v, Q

R /
f'and gel flltratlon chromatogﬁ%phy of the digested products

f}from each of the tryptlc‘pegtldes established that the size
. )

,{dof each N llnked olrgg ccharlde was approximately l 4K to
. . . {Lﬂ- ’, l‘
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The 'carbohydrate "structures- on gg have 'béen
characterized in great depail (reviewed by fel1i- Fnume>
S o
“and Serafini—Cessi, 1985} . Pronase -dige ted glycopeptldes of

pgC were 1solated by ge@ flltratlon nd. analy ed by lect1n~ 3

bindi ng and SDS polyacrylamlde gel ngectrophe51s after

trga mént with Endo H. The results 1nd1cated that only hlgh—j
~ :. :

mannose glycans were present on ‘pgt (Seraflnl Ce551, 1984)

Thin- layer chromatography of the h}éh mannose gly ans from

~ A;‘-
pgC showed that 5 glycan spec1es were present .dlfferlng in-
the number of‘ mannose . re51due5v (Campadelli-?iume tgnd,

s ,\.

S .
Serafini-Cessi;71885)~ Usmng a comblnatlon of 1on e\change,
e

chromatography and neuramlnldase *treatment comple>~typeLf/,
glycopeptldes were resolVed lnto three spec1es,.desxgnated
AI, AII and AIII,'Wthh corresponded to the elutlon posltaoni*
of monoé,‘ di;' and hlghly4y51alyated 'glycopeptidcs}
respectively lCampadelll Flume et . al l982)w The rcsults of
analyses of binding of the glycopeptldes to Con A Sepharose
suggestied that AI and AII had a dlantenmary structure andh
‘AIII had a trlantennary or more. hlghly branched‘structure
In addltlon to N linked glycans, HSV glycoprotelns also
contalned O llnked glycans. Ev1dence for thls‘came fromu
treatment of HSV glycoprotelns w1th mlld,alkallne borohydrlde
‘or N- acetylgalactosamlne (GalNAc) ollgosaccharldase'whlch .
released O- llnked ollgosaccharlde from glycoprotelns gB gC,"
gD and gE (Johnson and Spear,v 1983). : GalNAc occurs ’
preferentlally in 0O- llnked carbohydrates (Montreu1l ,@980)

Olofsson et .al; (l981a,v l981b), detected labeled'
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galactosamlne after acid hydrolysis of~(14C)—glucosamine—
labelled HSV glycoprotelns and demonstrated that gCl ‘bound to-i
f;ellx pomatla (HPA), a lectln with afflnlty for GalNAc.
Serafini—Cessi (1983) 1dent1f1ed an GalNAc—transferase'
aCtivlt$ in HSV—l‘infected cell lysates Whlch selectively”
addedAGalNAc,onto the HSV‘precursors pr‘ ng pgD but not
'!onto the mature forms of these glycoprotelns in vitro. Lectln”
._plndlng studies w1th HSV-2 glycoprotelns revealed thatv
~ﬁlycoproteln gG2 binds to (HPA) lectin indicating thatvat.
least some .0of the glycans are O-linked and contaln GalNAc
(Olofsson et al., l986) . 0f all the HSV. glycoprotelns,'onlyi
gCl‘and gGZ bound to HPA lectin, suggestlng that the addltlon

4

of HPA- blndlng glycans requlres spec1al attachment sequenceS'
. \that are. only present in gCl and gG2. '
| Glycosylatlon and proce351ng ‘of "HSV glycoprotelns
*2depends on the host glycos/ltransferases and glyc051dases
The electrophoretlc proflle of glycoprotelns made in mutant‘
cells RicR14 ancl RlcRZl which ‘are defectlve in specific
glycosyl transferases responsible for late ‘sugar addltlon 1n,
the Golgl, showed an accumulatlon of the precursor forms and
the absence of.mature glycoprotelns (CampadellleFlume and;
?Seraflnl—Cessl,> 1985) ; Both sialyl— and galactosyl—
,transferases of HSV 1nfected cells had klnetlc properties
jdlfferent from those of unlnfected cells, suggesting that HSV
'mlght influence glycosylatlon and somehow modlfles the

glycosyl transferaSes in the 1nfected cell (Olofsson et al;,

1980) , Benzhydrazone (BD) is a specific inhibitor of high:



g

tggé

ﬁtherefore the v1ral &ﬁt

mannose glycan addition to HSV glycoproteins (Campadelli-

Fiume’et al;,fl980). Togan et al., (1984) isolated a Hsv

)

mutant gHSVl(lB)Sll) which was resistant to. BH. '\The BH‘
're51stance was shogg to be encoded by the mutant v1rus and'
could be transferred by marker rescue to BH sen51t1ve w1ld’

type HSV-2. These resultgﬁguggested that HSV encodes a

\

"product(s) respon31ble for HSV glycosylatlon which could be .

'1nh1b1ted by BD

S T . : :
E. Function - . .

1) Viral infectivity and receptor activities

The various stages of “HSV infection i.e. virion

2

infectivity, virlon envelopement and egress, and host
tresponses are regulated ’and hlghly dependent on the
,expre531on'of HSV glycoproteins.

. "The HSV component responsiblevfor‘adéorptionfto the“hostf

cell receptors has not been identified but‘isvlikely to

~

broad host range w1th respect to the cell type and speC1es,
“Q fa . )

Jchment component may blnd to "a

'ublqdltlous constltuent of the cell surface HSV 1 and HSV- 2
.appeared to bind to different cell surface receptor; (Vahlne*

et al., - 1980), suggestlng dlfferences in the attachment

component Fuller and Spear_(l985) found that - gbl and gCl

spec1f1c antlbodles most effectlvely 1nh1b1ted adsorptlon ‘of

radlo—labelled HSVal to HEp—Z.cells ngh concentratlons of'

-

' Fc domalns of IgG partlally 1nh1b1ted adsorptlon, suggestlng

include-at least some of the viral glyc@protelns HSV has a
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that gE_(therFc—binding.glycoproteinl may.also'be‘involved in

. adsorption.

~

'Glycoprotein gB“plaYS a major ~role in‘-v1ral_

"

s .penentration. Three temperature sen51t1ve gBl.mutants, tsBS,

. : v AT %
tsJ20 and tsJl2, could not synthe51&e mature gBl- at the non-
,Q ‘ 1
Ce perm1551ve temperatureA(DeLuca’et al., 1984) . The virionsv

produced: in cells 'infected by .these mutants were nonjg
infectious but infectivity could‘be Testored by treating<

4.v1rus ceLl complexes with poﬁyethylene glycol suggestlng

e

o (
) that the\defect in these mutants was 1n the membrane fu51ng
act1v1ty requlred for . vlral penetratlon (Sarmlento'et al

, —_ )
l979). DeLuca et al (1982) demonstrated that tsB5 v1rlons

entered host cells more rapldly than the parent HSV-1 s%}raln~
FKOST B21k et al. (1984a) showed by -DNA sequenc1ng that the}j
-
hlocatlon of the t§$5 mutatlon was separate from that of tsJ12>
' and tsJZO Wthh suggested that this: mutatlon affects a reglon

of gB whlch regulates the rate of viral penetratlon o S

’It has been proposed that gC negatlvely modulates v1ral
penetratlon and cell fuslon (Manserv1g1 et al. 1977) ThlS.
hypothe51s was supported by the fact that cells 1nfected by._

: ‘gC ~viruses,’ ‘for example, HSV—l (MP)'vand HSV-2 (Gp)y

vexhibited the synk(syncytium formingl phenbtype (Mansefvigi

et 'al.. l977'_ Zezulak band".Spear,’ l9845 Certaln HSV 1

stralns were able to . penetrate the restrlctlve cell line XC. |

A locus that affects thlS phenomenon was mapped‘to a locatlon
.

.closely linked" ‘to the gC requlatlng locus, Cr Epsteln et

(1984) suggested that reduced levels of gCl relatlve to



-penetrate XC cells e o ___"gg.

gBl in ‘these cells may be: associated with enhanced ability to

Tt is thoughtithat the Hév glycoprotei® s are invelved in

" the envelopment of nucleocapsids but as yet no conclusive

evidence has been presented. Syncytial strains;such as HSV-1
(M?) hproduced viable and enveloped virions despite the

absence of gCl (ManserVigi et al l977- Spear, l985)

leycoprotein gE was identified as. an unessential/cenp since

$

deletion of this gene did not affect Viral replication

4l

(Longnecker and ROizman,, 1986) . DNA sequenCing data,'

o

suggested that gB has a long cytoplasmic tail (Bzik et al.,

'1984; Pellet et al. I@SS which could interact With v1raI

nucleocap51ds and promote envelopment ’ Hoggger, Weizhong et

al. (l987) constructed a mutant HSV 1 »strain that did not

| 4
produce gB but could form VlrUS particles, indicating that gB

was not essential for nucleocap51d envelopment or’ viral

assembly

HSV—l' induces a receptor for the CBb,'complement‘

‘c¢omponent” on the plasma membrane of infected cel}s.(Friedman

’

et al., 1984). ‘This receptor was not: detected on. cells

infected'by HSV=-2. Friedman et al.’(l984) proposed that gCl~

serves a function Similar to C3b receptors on. human ‘blood

cells in that it may: - protect the virus- infected cell from

complement—mediated.lysis. Bvidence for this has'comeagromf'

'studies' which showed that gCl was an inhibitor‘ of the.

complement cascade (Fries et al., ’1986) Neuramlnidase

;reatment ‘of HSV—l 'infected cells greatly enhénced the

’
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blndlﬁg of mC3b to gC suggestlng that thlS blndlng was

J

modulated by 31allc ac1d on the carbohydrate m01et1es zf gC

(Smlley and Frledman 1985)

~ e a ot - - ‘G‘.I V. : ‘
Glycoprote;n gE acted as a ﬁﬁ%eptogﬁf N e Fcﬂggrtron
. & - Q i

o]

- of human IgGvon the‘Surfiﬁe of HSV infected*wv

Spear, 1979). Examlnatlon of the@igG subclasses shOWed:

)

&

IgG3 did not bind to Hsvfl 1nfected cedls and that blﬂél§§
'affinity increased in the order: IgGZ Iqu ‘IgG4 (Johansson
et al., l984)f The blndlng of IgG to gﬁ“in the surface ‘of '
1nfected cells may hinder immune cytoly31s of HSV- 1nfected
cells and may 1nfluence the expre551on of v1ral gene p&oducts

(Lehner et a& 1975) but a prec1se role for-gE has not been

'identified.
'2) Role of‘oligosaccharides:
o In the presence ofy deoxygluCOse, tunicamycin, -or
_ammoniun} ions, HSV infected- cells _produced virions with
3 markedly reduced infectiyity (Spear, l985' Campdalleiéfiume
,.and Serafini¥Cessi, 1985), 1nd1cat1ng that addltlon of N-
linked . core carbohydrate was a mlnlmal requlrement for
;nfect1v1ty. ‘Monen81n, whlch 1nh1b1ts further proce551ng of
‘N-linked 'core sugars' and addition ofy O-llnked
oligOsaccharides; has little adverse effect ~on the
infectivity of the,progeny virions
In mutant cell llnes{oef1c1ent in spec1f1c glycosyl
-‘transferases, 1nfectlous v1rus; contalhlng 1mmature
:glycoprotelns, was produced but transport to the cell surface

g

was’ 1mpalred (Campadelll -Fiume et al. 1982; Seraflni—Cessi



© - monensin block

v . . . _ | - .
et al., 1983b). iJohnson'and Spear,(l982) showed that ‘the
in maturatlon of v1rlon glycoprotelns was

assocrated with a- block in the transport of the v1rlons to

the cell surface ' Therefore, virlon egress was hampered

under condltlons where further carbohydrate processing was

'1mpa1red

v

3) ¥ Structurai_slmilarities of‘the”glycoproteins within the «

. o . &b,
herpes viridae family.
7The overall orgahization of Varicella—ioSter virus (VzV)

DNA was srmllar to HSV and ‘encoded at least some proteln)
0%

nwhlch were functlonal analogues of the HSV protelns (Felser'

et al., l987) DNA sequence analysis has shown that sevefal'

Pl

VZV glycoprotelns 'share seqﬁ%hce homology with - HSV

'glycoprotelns (Davrdson et al., 1986). The VZVIgpII gene, in

particular, had extensive sequence homology with HSV gB

‘(Keller et al., 1986) and‘ displayed serological cross-

reactivity ‘(Kitamu}a- et . al

.. 1986) . - Open—reading frame

analy31s,'of the UL reglon of VZV predicted a protein hav1ngv

&
. partial sequence homology to HsV ' 9C (Kinchington et al.,

1986)

’

DNA sequence analysis of Epsteln Barr v1rus (EBV)

predlcted a proteln encoded by open- reading frame BALF4 wthh

-

showed extensive sequence homology with HSV gB (Pellet et

alj, l985b)

vthat 1t encoded a I10K »glycoproteln that localized 'to
.intracellular membranes (Gong et al., 1987) . Pseudorabies

virus‘eﬁcoded a glycoprotein (gpSO),homologous.to HSV gD

Expre551on of BALF4 in mammallan cells showed.

143.
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(Petrovskis et al., 1986) and'é¥§ptic peptide analysis showed

chat several glycoproteins from HSV, bovine mammillitis virus .

aﬁd‘equine'herpesvirus type 1 had cc-.siderable structural

bonServation'of the peptide backbone‘(Snowden et,alf, 1985).

Further characterization of tjese glycoproteins will likely

reveal many ‘functional similarities.

F. Immune responses to HSV

v

The HSV glycoproteins are ehe major viral antigens
. . > i

exposed- on the surface of HSV infected cells. The

3

glycoproteinS‘are highly‘immun“genic and are the'principal

' 3ndncers of viral-specific - antibodies in . the host

o
(Vestergaard, l980) Antlbodles agalnst the glycoprotelns

pafticipate in: antlbody dependent complementfmedlated and

. -]
cell-mediated immunolysis of infected cells (Glorioso et al.;

1983; Norrild et al., 1979). The HSV glycoproteins werei'

essentlal to recognltlon of 1nfected cells: by cytotox1c ;
cells (Carter et al., l98l) and contalned epltopes recognlzed

by human natural killer (NK) cells (Blshop et al. l983)

The lmOral and cell -mediated immune responses to HSV have

X
veen - riewed by Norrild (1985) and Nash' et alw (1985),
respectiv :ly. ‘ . ' 3 e

Prep~ration5’ of‘ gB, gC, gD and ’QEJ Wthh had been

solubili: »d from polyacrylamide gels, 1nduced the productlon

ot nev‘ralization antibodies in 'anlmals (Spear, l985)

Stud. u51ng cells infected Wlth HSV-1 mutants, altered in

2

“he - ability to express gC and gB, demonstrated that gC and

.

4B were dominant immunogens (Gloriaen o+ a3 ~ 10021

T

R



Comparison_of-the immunogenic potency of gBl, gCl and gD1

~

revealed that gDl induc?d'the highest titer of neutrallvingw i
1n.§pbibodies (Norrild and Vestergaard, l977)v olvcoprot ‘
:1251, purifled by. monoclonal affinit¢9column, prov1ded strong
%protection in mice against lethal Hsy—l'and HSV-2 challenge

ong et al., 1984).  The protective effect.was correlated tor’

-ne presence of high tlters of gD spec1fic antibodies.
Monoclonal antibodles ‘specific foy gB, gC and gbh were

able to neutralize HSV infectivity (Balachandran et al.

~C

l982a) | The highest neutralizing activities, in the absence'
of complement, have been assoc1ated with anti- gD nonoclonal-
antibody *(Spear, l985) :_Passive transfer of monoclonal

antibodies directed against gBR2Z, gC° gb2, gE2 and gG7’

. prov1ded protectloniin BALB/c mice sto subsequent lethal HSVg'

challenge (Balachandran et al 1982b) .. The mechanism of

immune protection ”is unclear but may involve wvirus
3 : :

o-'~

neutrallzation and monoclonal antibody- dependent complement—

or cellj&ediated lysis of,HSV virions and HSV infected cells.
. du'j/

In vitro 1ncubation @% Mnfected trlgemlnal ganglia, in the

presence of;monoclonal antihody dir wwad agains " gB and qgE,

s /7

ﬂsuppressed intracellular v1rus &%plication suggesting that -

,1nteract£bn of antlbody w1th the infected cell was suff1c1ent,

!.

to ﬂ%press viral replication (Oakes and Lauscnh, 1984).

Kumel et al. (l985) showed that passive transfer of

?dhoclonal antibodies recognizing dlfferent epitopes. on a

‘ingle glycoproteln were not equally protective despite the

fact that the antibody doses were functionally equ1valent on

45
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. . .
the basis of in Vltri neutralization tésts. Thesevresults
imply that monoclonal immune protection is not only due to
virus neutralization.

Recurrent» HSV infectionf occur inN the presence of
c1rculat1ng HSV specrflc antlbody therefore the precrse role
of the humoral response ln.v1vo remains undertain (Norrlld,
1985) . In an animal .model, specifically designed to,gtudy
the effect 0f maternal antibodies on neonatal HSV'infection,
both nmunlzatlon of the mother and oral- fee ing of newborg
mlce Wlth HSV specific IgG gave protectlon yashi et al.,
'1983) .  However, 1n.humans, there was no apparent correlation
between-the‘presehce of maternal HSV antibodies and‘the
development of, heonatal HSV infection (Norrild, 19855. " In a

n?v[*%purﬁent HS& infection, 1n?ectlon of HSV 'in
subsequent transport of~the virus to the ~skin v1a nerve
flbers and devélopment of ‘a zosterlform rash. Simmons and
Nash (1985 ﬁéﬁﬁ%vthat neutrallzlng antrbodles prevented'the
developmentmg% éils rash and concluded that a helghtened

A~_

humoral respons? tmfﬁsv could 1nterrupt recurrent epldermal

lnfectlon. RN ‘ i
‘ gl
/# i .

,4, The HSV glycoproteins expressed on the'ISUrface of

- -

1nfected cells also servé as- target antlgens for HSV- speC1f1c

' cytotox1c T lymphocytes (CTL)'(Carter et al. 1981; Nash et

al., 1985) The CTL response( !

ﬁpﬁrestricted by the

assoc1atlon of these antlgens wlth the class I and
- * kY fv‘:’ﬁ'
¢ :,, .
cases, class II MHC antlgens (Jenhlngs et ali, 1985; Yasukawa

, 1n some

Oy
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and Zarling, 1984):. CTL lysis of HSV infected;cells required

T RS
the presence of helper T cells {(Schmid and  Rouse, '1983).

Relative to HSV—l/ HSV-2 infected eells"exhibitea a reduded

. ‘ .
Susceptibility to 1lysis by CTL,_ygich may result from a

>

reduction in' class I H- 2 antlgen e\pre551on on these cells

(Jennings et al 1985) . Human CTL clenes generated with

HSV-1 or purified gDl were able to lyse autologous cells

. a
infected w1th a recomblnant vaccinia virus that EXDYeSSGd ng
(Zarling et al., 1986). Thls result demonstrated that gD

sefved as a target antlgen’ for hSV SpeC‘flC CTL.

Immunlzatlon with the recomblnanL vaccxnla virus protected
? ‘ .i\

mice from lethal HSV challenge (Cremer et al:, l985).
Martin et al. (1987) evaluated the nature of the gb—

specific T cell response us%sg the recombinant vaccinia gDl

virus, VgD52. T-cell 'proliferatlon and interleukin-2

. % S )
production was eetected when HSV-stimulated immune cells

>
) ~ \
,(derlved from mice immunized with HSV) were cultureg\with

syngeneic ‘spleen ~cells infected wiﬁh H§V-l or ngSZ.

However, when VgD52 infected target cells were incubated.in

the presence of HSV-itimulated immune cells, gD-spe#ific cell

-}

lysis (i.e" gD—specifie' CTL) wass * not 'observedf - Further

investigation revealed the presence of suppressor cells and

" factors ‘capable of inhibiting HSV-specific CTL induction.

Horchov et al. (1985) have also demonstrated that HSV-

specific suppressor cells regulate T-cell responses to HSV
antlgens in vitro. There is some evidence that helper—to—

suppressor T lymphocyte ;at;os ynge during recurrence of
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that suppressor cells and thelr products are lnvolved 1nA

modulatlng 1mmun1ty to HSV rn vivo.

<

The susceptlblllty of HSV 1nfected target cells to human
NK celJ act1v1tv correlated 1th the presence of gB and oé on.
the infected cell surface,(Blshop et al 1983) Monoclonal-
,antlbodles spec1f1c for gB and gC- blocked NK actrvrty agalnst

HSV- 1nfected cells, 1nd1cat1ng that NK- cells recognlzed these

7glycoprote1ns. \Experrments, ~uasing cells infected by~

.glycoprotein—mar mutant,viruses showed that these cells

‘exhlblted reduced sensrt1V1ty to Nh~med1ated cytotox1c1ty and

deflned some of the antlgenlc sites on the glycoprotelns that -

are recognlzed ‘hy. NK cells (Bishop et al. l984) Bishop et

Sy

al. (1986) demonSLrated that cells: mediating NK act1v1tY*

showed clonally restrlcted récognltlon of HSV l 1nfected

5,target cells and that precursor NK cells, spec1f1c forQ

determinants of gB and gC glchproteins,‘eXist in normal

-human—peripheral'bloodmenonuclear cells,

‘In Vivo,linterferon—alpha (IFN-a) was produced dtrlng

’systemlc or localized HSV 1nfectlons from perlpheral blood

dmononuclear‘ cells (Klrchner et al., 1979) In -Vltro,

monoclondl antlbodles specrflc for gD neutrallzed the IFNO-

'_1nduc1ng capac1ty of 1nfected fibroblasts 1nd1cat1ng that gD

.iplays a key role in IFNa—lnductlon (Lebon, 1885) . - Chatterjee

et al. (1985) reported that cloned IFN-JB or IFN-o dld not;‘

2

impair synthe51s of -major nucleOCapswd proteins in HSV

1nfected cells but the synthe51s of glycoprotelns gB and gD



Rl U VRGN U lilesc resulls SIO” steda that 'D!Uman
IEN blocked HSV morphogenesis at a late stage and 1nhlbiﬁed

the release of v1rus partlcles from IFN. treated cells.

, g o
glycoprotelns of HSV in th & humoral and cell -mediated Jmmune‘“

4.‘

responses to HSV it will be necessary to fully osflne thelr
antigenicity. Although some of the antlg nic. sites on
glycoproteins gC and gD have been located, little was known

P

about  gB. q§§coprotein gB is a strong immunogén and its
expression 1is required for the production bf,infectidus‘

virus. Therefore,« characterizatipn ~of “the antigénlcv
strucuture of gB is essentlal to the understanding of the
.1mmunoblology of HSV 1nfectlon ~ The mtent of glycq%ylatlon
on HSV glycoprotelns affect?¥ their 1mmunogen1c1ty {Glorioso
et al 1983) Therefore, it will also be necessary'to
purify the different glyco§ylated forms (precursor and
‘mature) rof each glycop%oteln, to characterize their
carbohydrate’ moieties and examine their ‘contribution to

.

immunogenicity;- G‘ycoproteln gD is an 1mportant 1mmunOgen
and - has been purlfled by 1mmuno-aff1n1ty chromatography

(Eisenberg et al. 1982)““” ,Structural analysis .of gD

..,

determinedfthat it contained three N-linked carbohydrate

v‘\'l‘
'

moieties (Cohen et al., 1983) “and p0531bly several 0- linked
carbohydrate moieties (Johnson and Spear,'l983f However,
neither their comp051tlon nor structure. were known The
development of an efficient purification scheme, vhicht

achieves fractionation of the precursor and mature forms of

¢

.y,



5

gR, .is. a prerequisite to the biochemical analysis of the

oligosaccharides attached to gD.

gy,
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MATERIALS AND METHODS

I. Cells, Viruses and Vectors f*

14

A, ’Tissue Cculture 1; l't %Eeé
a) Cells - R

Vero>cells .Wwere used as host cells for the propagatlon
of HSV. They were grown in Dulbecco modlfled Eagle“s medium
supplemented with S% heat-inactivated fetal bovine sernm
Sodlum penicillin G and streptomycin sulfate (P/S) (Gibco
Canada, Burlington, Ontario) were added to the medium to
controhlbacterlal contamlnatlon The pH of the medium ‘was

adjusted to approximately 7 by the addltlon of 7 5% (w/v)

-

sodium bicarbonate. : {jf

b) Viruses R L

HSV-1, (strain KOS) and HSV-2 (strain 333) were obtainedn .

v R
fromv Dr. William -Rawls (McMaster Unlver51ty, Hamllton,[

Ontario)  and propagated in Vero. cells HSV Ihgetted cells“'

3 - 8!

were prepared by 1nfect1ng confluent monolayers of Vero cello
'p .‘
in 490cm? roller bottles or 150 cm2 flasks at a mult1p11c1ty“

4
I ET oL

of infection of 10 pfu/cell._ After 1hr adsorptlon perlod

~¢

’the unbound v1rus suspggplon was - removed and replaced w1th,f

ﬁ‘

fresh medium. After 1ncubatlon at 37°C for 16 hrs , the

l' J

cells were harvested for the purpose -of RNA or proﬁeln

extraction. ' . o S ' f“
B. Bacterial ‘host cells
E.coli HB101 Cells.were used to propagate the plasmid

vectors. | The cells were grown in' Luria broth containing



2ug/ml of ampicillin (Sigma Chemical Co., St. Louis, Mo.,

SA) to select for the host cells containing the transfectlng_

'plasmlds utlllzed in this study® E.coli JMlOl and JM103
hosts were obtained from NeW‘England Blolabs (Beverly, MA,
‘USA) and used to propagate the M13 phage vectors. .These~hgst
stralns carry a .chromosomal .pro deletlon which ensures

selectlon of “the eplsOme on glucose/mlnlmal medium. The

bacterla were transferrggﬁf%om a glucose/mlnlmal plate and

te KQ 3 )-l Z\‘

grown - for one generat;on fn Luria broth just» prlor to ..~

ttansfectidn by Ml3 phage.
C: Plasmids and M13 vectors

»HSvil (KOS) and HSV-2 (333)<BglII'genemic libraries were
. constructed in gur'laboratdry by cioning the genomic BglII

'restriction fragments into the BglII site of plasmid pPKC7.

Plasmids plBIl and p2BJl contaln HSV-1 BglII DNA fragment I

(0.314 - 0. 416) and HSV- 2 BglII DNA fragment J (0.314 -

T

&

0.395), respectxvely, and. were used as sources of DNA for the -

DRI
determlnatloh of. arestrlstmon:

. 1 . s “ W .
'anéﬁy51s and sub clonlng Cl ne 12 1s a recomblnant clone of
‘ i, p . ) ' . ~ ‘.'.

nzyme maps, northern blot

o

the HSV-1 7. 8kb BamH1 DNA fragment (0.345 - 0.397) inserted

2y

into the BamHl site of pBR322. Cloneé 75 is a recombinant
. clone of'the HSV-2 BamH1-BglII DNA fragment‘(O 345 - 0. 395)

inserted 1nto the - BamH1 51te of the mammallan expre531on

vector pSV2 gpt. ‘C}onele ahd Clone 75 contain the gB1 and

gB2 genes, respectively‘ Mi3 vectors mp8 mp9, mplO and mpll

\

were obtalned from New England Biolabs and used to subclone

4

gBZ DNA subfragments for the purpose of DNA sequenc1ng

.-



II. _Restriction Bndonuclease Xhalys;s tdf.‘DNA
A. Restriction ,enzynes | .
| “The restriction enzynesfwereiobtained f¥om Pharmacia P-L
Biochemicalsp(Dorval, Quebec), Bethesda Research LaboratOries
‘(Burlingtcn, Ontarlo) and New England Biol (Beverly, MA.,
USA); and were used accordlng to the ihi?ﬁ}ctions of thed
suppliers. |
B. AéarcseA gel electrophoresis
;ﬁ,' Electrophore51s of DNA was carrled out in agarose gels
ranging  from 0.5 to 1.5% agarose: (BlO Rad Laboratorles,
Richmond, THIEE. USA) in 1XTBE buffer [lmMED,TA, 50mM Tris-
borate'(pHB.3ll at a constant current _ Lcw meltind pcint‘
agarose (Mandel Sci. Coﬂ,_Rockwoodh Ontario) was used for
recovery and" purlflcatlon cf DNA fragments > DNA fragments\l
were- v1suallzed by staining w1th O 5ug/ml ethldlum bromldeﬁ
(Slgma Chemlcal Co:). - The sizes of the fragments were
, determlned by comparing thelr mlgratlonal p031tlons w1th that
of the molecular size DNA markers . lambda phage DNA cut with

'l.'

HlndIII or pBR322 plasmld DNA cut with AvaI

»‘Cl Termlnal labellng' of DNA ragments)

a) Labeling procedure using T4 \DNA polymerase

5

The 20ul react.don, mlxture con31sted of 1. 25 unlts T4 DNA

polymerase (Bethesda Research Laboratorles) per ug of DNA
sample in exonuclease buffer [6 7 mM zptaSSLum acetate, 3.3
HmM Trls acetate (pH7 8), 1. O mM magne51um acetate,'O 05 ‘mM

DTT, looug/ml BSA] and was 1ncubated at 370C for 2 min. The-

3'f>,ST.exonuclease act1v1ty of T4.DNA polymerase’removed



nucleotides sequentially from the 3" terminal{ends at a rate-
of approx1mately 20 nucleotides '‘per min. The exonuclease
.act1v1ty was then termlnated by transfer of the reactlon

mlyture onto a drled mlxture of 1. 5 mM dATP dTTP dGT?'{

'(Pharmac1a P-L Blochemlcals Inc ) and 100 ucl a32P -dCTP' ( 800f.e5

%

Cl/mmole)(Amersham Canada lelted Oakv1lle, Ontarlo)L ‘4The*? ‘

deoyyrlbonucleotldes acted as substrates and promoted the 5‘
> 3! polymerase actlmlty ‘of T4 DNA polymerase , The_j
polymerase reaction was carried:oUt_at,37°C forng m:n.:and
it was terminated hy the _addition‘of~2.0 pl ofi5};0% (w/v)
- SBS, 0.1 M EDTA and incubation at 60°C-for 5 min.
b) Labeling prooedure using E;coli.ﬂDNA.'polymerasei 1

f@

The 25 ul - reactlon mlxture con31sted of 1 unlt of Kienow'

-(Klenow fragmen

fragmentf(Bethesda Research Laboratorles) per Ug of DNA,'in 6

. mM Tris-HC1' (pH7 5), 6 mM MgClp, 6 mM NaCl, 0.1M KCl. The
.mlxture was added’ to ‘a ‘tube contalnlng 25 pHcCi of dried a32P—
dNTP and 1ncubated ‘at room temperatdre for - 12 ) mln " The 5'-
>_3' polymerase act1v1ty of the . Klenow fragment adds the

radlolabeled nucleotlde to the receSSed 3' hydroxyl ‘terminus

of the restrlctlon site, The radloactlve nucleotldes, a32P—
dGTP and a329 ~dATP’, were used:as:substrates to radio4labelh
‘the restriction endonuclease sites, BglI ~ and .Ecde,
‘respectinely. The reactlon was termlnate&/é; additionfofh

5.0pl 25 .mM EDTA, 25 mM Tris- HCl (pH8—0), 0.1% (w/v) SDS.

KA



D. Mapping of restriction 'endonuclease sites by
partial. digeSt

The procedure of Smith ‘and Blrnstlel (1976) was used. *

The HSV 1 BglII fragment I (2- ug) was labeled.:at a 31ngle
‘terminus (elther the BglII terminus or the EcoR1 restrlctlon”

'site'close.to the opp031te termlnus) by the\T4 DNA polymerase

1‘4labeling'procedure. The radlolabeled fragment was purlfled

l

>fby sequentlal extractlon w1th phenol and ether (in order.to

B

”*,remove :contamlnatlng agarose), and followed by “alooholﬂ

precipitation. The DNA sample was drled and _suspended in 60

o ul 10 mM T%ls HCl(pH? 5) 1mM EDTA An allquot contalnlng

approx1mately 2x105 cpm was removed and dlluted to . a flnal

volume of 40 ul w1th the approprlate restrlctlon buffer
o .

Partlal dlgestlon ‘was performed by addlng 0. 5 unlts -of

restrlctlon enzyme and the mlxture was 1ncubated at 37°Cv

Allquots of 6 ul were removed at 0, -5, lO 30, 60,and 120
min. and added to 2. },Ll stop uffer [25 mM Tris-HC) (pHB.0),
25 mM EDTA, 1.0% SDS 0. 4% (w/v) bromphenol blue, 25% (v/V)

glyoerdll. Samples wer& loaded onto 0.5% agarose gel and

'subjected to . electrophore51s at 35 ‘mA for . 16 hrs The gel

was. then drled and autoradlography was performed u51ng Kodak‘

XAR 5 fllm in a par speed 1ntensrfy1ng screen i(CronexJ.

: cassette Fllm exposures requ1red 4-8 hrs

Irr. DNA Hybr:.d:rzat:.on Analyses | 1 }g
A-: 'DNA hybrldlzatlon - /I:_ . "

DNA -restr;ctlon fragments were subjected to

coe

electrophoresis. in agarose: gel and transferred onto

.
v



nigfocellulose paper'(Schleicher and Schuell BA85f0.4 mm)

3

¥

using the Southern transfer method descrlbed by Manlatls et

3

(1982) _ The DNA fragments which were to be used as

probes yere nlch@Qranslated using the nlck translatlon kit

and a32P.dCTP (>3000 Cl/mmole) supplied by Amersham Canada

"Limited The hybrldlzatlon procedure used was a modification
l

of the protocol descrlbed by Manlatls et ‘al. (1982). The

flnal concentratlon ofa the‘ radlolabeled probe was

-’approx1mately 1 2x106 cpm/ml in the hybrldlzatlon buffer

Hybrldlzatlon was carried out at 42°C for 16 -20° hrs ' The

" blots were,Washed 4 times with 2xSSC,'0;l% (w/v) SDS, at rqom “

‘ . . . - e ¢ . N N v‘,l_,-‘,
temperature for 5 min. w20xSSC =a'3M NaCl, 0.3M sodium’

;citratef and then 3 tlmes w1th 0. leSC Orl%‘(w/v) SDS at

60°C for 15'min.  The blots were dried at 50°C for 30 min.

s

Autoradlography was' performed using Kodak XAR- 5 fllm for 1 toyg

4 hrs
" B. Dot blot ‘analysis . - x

ThlS procedure was utlllzed to 1dent1fy p051t1ve M13

clones. DNA- samples (approx1mately O 1 Hg) were applled Onto-

fe

'nltrocellulose paper and allowed to dry at room tempéQature

for 15 min. The blot: was baked at 80°C for 2 hrs .The

&

hybrldlzatlon procedure was 1dent1cal to that outllned fo;

DNA hybrldlzatlon (see aboVe); Blots were washed 4 times

3

‘w1th 2xSSC 0. 1% (w/v) SDS at room temperature for 5 min
;and then 2 tlmes w1th O 1xSSC, O 1% (w/v) SDS at 60°C for 45

min.,

$



IV. Procedures X Extraction - and Hybridization

Analysis

cells by a modification'of tf

/
i

Arocedure outllned by Kumar
and Lindberg (1972) . Infected-cells were harvested by
scraping the cells 'from. the ‘flask surface, followed by
rinsing with phospnate buffered saline‘XPBS)A(l4O.mM NaCl,
2.7 mM KCl, 8 mM NayHRO,, 1.5 mM KH,PO,). The cells were
‘:centrifuged at 3000g for 10 ’min; and then washed ‘twice with
cold PBS. Approx1mately 1x108 cells were suspended in 3 ml
of isotonic buffer (150 nM NaCl, 10 mM Tris-HC1 - (pH7.8), 1.5:
mM Mgcl]} An equal voluﬂe of isotonic/NPAO buffer (150 mM
NaCl, 10 mM Tri’s—HCl (pHT.8), 1.5;mM MgCl, _1~.3% (v/v) ’Npqo) .
.was then addedl ThlS mlxture was 1ncubated at . 4°C for 10
‘min. and then centrlfuged at 3000g at' 4°C for 5 min. The

supernatant solutlon was transferred to a 30 ml Clorex tube

.‘and an' equal volume of a solution consisting of 7M urea, 35

mM NaCl, 10 'mM Trls—HCl (pH7.4), 10 mM EDTA was added/'
Protef//;as removed by 2 extractions w1th an equal volume’ of
- 50% (v/vx ehloroform (saturated with sodlumiacetate{ NaCl,
EDTA), 50% (v/v)\phenol. The aqueous\phase was separated by
centrifugatien{at_1200gfat 4°C for 10=nin. and transferred'to.
.a new tube. ”RNA was precipitated by addingdl/lo volume of 3M
sodlum acetate (pH7.8) and 2 volumes of cold 95% ethanol and

1ncubated at —20°C overnlght RNA was sedlmented by

centrlfugatlon at 16000g at 4°C for 15 min. - The RNA pellet
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was uashe twice with 1.0 ml of cold 70% ethanol, 125

mM sodium. acetate (pH7.0) and stored —jOOC, The
concentration of RNA was determinedvby its absorbance at 250
nm, The total yleld of cellular RNA ranged from 200-300 p g
per 1x106 cells (150 cm? flask). o y o éﬁ'
B. Selection of polgadenylated RNA

Poly(h)+ RNA wae selected from total cellular RNA by
chromatography on oligo(dT)—cellulose (Pharmacia P-L
Blochemlcals) u31n% a protocol modified from~that of Manlatls
et al. (1982) The RNA sample was drled ‘in a'Speed Vac

concentrator (Savant) and suspended 1n 1.0 ml sterlle HZO

Afteé heatlng at 70°C for 2 min. an equal amount of 2x

loadﬁ{g buffer was - added (1x loading buffer = 2 mM Pris-HCl

0.5 M NaCl, 1mM EDTA, 0.1% (w/v) SDS). The mixture
v;ssed 3 tlmes through the ollgo (dT)~cellulose column
t%;d been equlllbrlated with 1x loadlng buffer. The
column uas washed with 20 volumes 1x loadlng buffer. ,The
poly(A) RNA which bound to the column was eluted with 4°
' volumes of‘poly(A) elution buffer [0.1 M NaCl, 10 mM Tris-
Hcl (pH7. 5),.1mM EDTA, 0.05% (w/v) SDS] The poly(A)* RNA
.was eluted w1th 4" volumes of poly(A)* elution buffer [10mM

Tris- THCL(PH?.5), 1mM EDTA, 0.05% (w/v) , SDS]. " The- poly (A)*

" RNA' was precmpltated by adding 1/10 volume of 3M sodium -

acetate and 2.2 volumes of 95% ethanol at -20°C overnight and"

then centrifugated ath16000g for 10 min. The RNA pellet was

~resuspended in 70% ethanol, 125 mM sodium»acetate‘(pH7.0) and
. ( N



stored at -70°C. - Typical-yields ffom 100 ug~§%,totaerNA‘
were 1-2 Bg poly(A)* RNA. . ° -
C. RNA electrophoresis’ >
RNA samples'wére subjected té'electrophoresis in aéarose
gelé‘in the presenge'of glyqxalh‘accordihg to' the procedure
of McMaster-and Carmichael (1977). The sample was dried in a

Speed Vac concentrator and suspended in 32 Ml of denaturing

solution (1M deionized glyoxal (BDH -Chemicals Ltd., Poolef

: A\
England), 50%

(v/v) dimethyl sulfoxide (BDH Chémicalé.Ltd.),’
10mM sodium phosphate (pH7.0f]; JHAfﬁerfthe mixture was
incubated at _50°C for 1-hr,.followed‘by'cooling on ice.fpf_B
min., 8 M1 onRNA samplé buffer (50% (v/v)..glycerol, 10mM
sodium ﬁhogphate (§H7.0), 0.5% gw/v)vbromphenol blue] was
added,‘ 'Denaturéd RNA samplesu“wgre subjectedv to
‘electrophoresis in 0.8% agarose gel contai;iﬁg-lp’mM sodi@m‘
Aphosphate~(pH7.O; at 70 mA for 5 hrg.lvcirculation éf the.
éleétrqphoresis buffer [iO mM sodium phosphate (PHT.0) ] was

required to maintain a constant pH.

D. RNA ~transfer to nitrocellu;ose +and hybridizqtidn

T
IR
v

procedure

The procedure was modified ffqm Thomas (1930)1 Aftef
~electrophoresis the RNA was tranéfeéred onto niérocellulose
paper‘pre-soaked in 20x SSC. The RNA blot was baked at 80°C
‘for 2 hrs. ‘The blot was prehybridized at 42°C,for 7 hrs. in
the preséhce"of p:ehyb#idizatioﬁ solutign {50% (v/vf
déiohiéed formamide (BDH Chemicals Ltd.), SXSSC,,SO mM sodium -

,phosphéte (pH6.5), 250 pg/ml salmon sperm DNA, 0.02% (w/v)



BSA, 0.02% (w/v) Ficoll (6igma Chem. _cO.) 0.02% (w/v)
polyv1nyl pyrrolldone (PVP- 360)(Slgma Chem Co.)]. After

prehxbrldlzatlon ‘this solutlon was replaCed . wWith.

hybridization solution {prehybridization‘solution, 50% (w/v)

60

dextran 'sulfate (PharmagiaLLk_ka’Eonta1n1ng 1- 2xlO7 cpm/ml of.
—_———

the DNA probe and 1ncubated at 42°C . for 20 hrs The blot was.

then washed 4 tlmes with ZXSSC, 0.1% (w/v) SDS at room

‘temperature for 5 min, and'ZTtimes wlth 0. leSéC' 0.1% (w/v)

SDS' at SOOC for 15 min. The blot was drled at 50°C for 30
min and autoradlography was performed The molecular sizes

of the bands detected were determlned by comparison w1%h the

mlgratlon dlstance of denatured DNA marker fragments (pIBIl,

DNA cut yuiji BglIl and Sall) which were included in the
agarose gel.. ‘ |
\Y% M13 Cloning and Sequencing
A. MlB cloning
1. Puriﬁication of the DNA fragment
The DNA fragment to be eloned was. fractionafed by

electrophoresis in low melting point agarose gel. The

agarose slice containing the DNA was excised. -After adding 5

volumes of TE buffer [10 mM Tris-HCl(pH?7.5), 1 mM EDTA], the

A4
agarose was melted by 1ncubatlon at- '65°C for 10 min. After

“adding 25 pg of yeast tRNA carrier, the DNA was purified by 2
phenol extractions and 1 ether extractlon The DNA was
alcohol prec1p1tated Ln.the presence of 2 volumes of 959
ethanol and l/lO volume 3M NaAcetate 'pPH 7.0, oollected'by

centrlfugation and suspended in 20 Ul TE buffer.
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2. Preparation of the M13 vector e .

. i,
The replicative form (RF) of the M13 vector (1pg) was

dlgested with * the approprlate enzyme(s) The reaction
mlxture was extracted tw1ce with 1/2 volume of phenol ‘and

once with 1 volume of. ether The final volume was made up_to

30 Bl with sterile dH,0.

3. Ligatioh reaction, transformatlon and platlng

pE

The total volume of the ligation reaction mixture wa>J

20l and consisted of the following:
DNA restriction fragment (0.5 - 1.0uq)
M13 vector"(~150ng)

66mM Tris-HC1(pH7.6),

0.5 mM ATP

15 mM DTT

&T4 DNA llgase (2 5 units) (Pharmacia-PL Biochem. Inc!)
“ 4
The llgatlon mixture was incubated at 4°C for 16-20 hrs.

For transformation, the lhgatlon mixture was added to

at 4°C for 1-2 hrs. the transformed cells wepe mixed withIZOO

Ul of log—phase host cells, 10 ul of 100 mM isopropyl-R-D-

- thiogalactopyranoside (Sigma Chem. Co. ), 50 ul'of 2% (w/v)

P

»Xgal (5- Bromo 4- chloro 3 1ndolyl -B-D- galact051de) in N-N

dimethyl formamide and 3 0 ml of liquid "soft agar. The
mixture was poured onto an L agar plate and allowed to
solidify.r The plate was incubated at 37°C overnight.

Recombinant phage were identified by formation of white

\.
plaques.

1]

200 ul of competent JM101 or JM10FR.cells. After 1ncubationg‘

61



l:‘for 30 mln the phage were sedlmented by centrlfugatlon for .

e

. of ethanol,.washed w1th 70% g:y

_B.. M13 sequencxng .

‘1; Prlmer template anneallng

AN ~o

1.

4., Growth of recombinant phage and purification of

v51ngle strand DNA

A 31ngle Whlte plaque was inoculated into 2 ml of Luria

-

broth,_contalnlng 20 Ul of an overnlght JMlOl or JMIO3

SRR

culture- ;The ‘¢ulture was incubated at ~37°C for 8 hrs. with

’ shaklng 1n a GlO Gyrotary shaker (New Brunsw1ck SC1ent1f1c‘_

Co., ~Edlson,_ N.J. U.S.A.). ' The@.cells were removed by

“ centrlrugatlon and 250 ul 20SL (w/v) polyethylene glycol 6000

(Sigma Chem 'Co.)y 2 5 M NaCl was added to 1.0. ml of ‘the

tsupernatant solutlon -After 1nc?batlon at room temperature

»

I

'_10 min. in- an Eppendorf mlcrofuge The phage were

resuspended in lOO ul TES buffer (10 mM NaCl 20 mM Trls HCl'

(pH7. 5), O A, mM EDTA)W Proteln was removed by 1 phenol

C

‘exbractlon and the phage DNA was further purlfled by 3'ether

-

extnactlons The phage DNA wasﬁprec1p1tated in the presence

.

3. o R Y

-(pH? 0), . drled. and resuspended in 50' gl  TES buffef

N ’ . 3 o'

Recomblnant phage DNA was screened for the presence of

1gserts by dot blot analy51s

: o~
oy ‘ w’

The. flnal volume.ﬁof the pramer témplate- anneallng

ifmlxture was 10ul and con31sted ‘of the . followlng reagents Ml3

2, .
&

- T
"y

~
! Q

! 4 . *
= bifant DNA ( ~2- 4ﬁg) DNA_prlmer (= ~22 4ng) and 20" it Tris=
'ﬁc; ? S

pH8 5), and 10 m. MgCl e e

nol, 125 mM#sodlum_acetate'

62
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The mlxture was 1ncubated at 65°C for 30 min. eaﬁd fheh
cooled slowly to ‘room tempersture for 30 min. The M13
‘hnlvergal prlmer (15mer; Pharmac1a PL;Bioéhem;JInc.j'ahd
synthetlc prlmefs were uSed in this study. Geherally,:a
sliéhtly higher 'amoﬁnt\jof syﬁtheticr primer (~10ng) was
”requiféd to efficiently primé the sequence reaction.

"

2. Sequencing reactiogé‘

‘Aliquots of 2 pl from the annealing reaction mixture

.were distributed»into 4 separate Eppendorf tubes containing 2

’

Hl of the dideoxy/debxy nucleotide mixes; ddA/dA, ddc/dc,

ddG/deahd‘ddT/dT and 2 Ml of enzyme—iabel_mix. The mixes

consisted.of the following reagents:

1 A/an o v : “ -

ddATP . 001 6mM adcTe 0. asmt

dCTP o;lémM“'iLT‘d dCTP 0. 00 6mM

dGTp"OflSmM%fff" » dé;P 0.12mM

4TTP  0.45mM dTTP o;1éﬁmil "

:i:iG" f':ig', ‘~ . 1'11 /4T .

ddGTP 0.1mM  4dTTP 0.35mM | h

“‘dCTP 'O;iZhﬁ7g AJ dcm§ 0.,16mM- id , R S
'-"._A._dC;v'I‘lP 0.00% . dGTP _Q.‘.l‘6r.r}.Mq L | "

dTTP \0}1énM 1 ‘.}-\ df&p‘ 0.008ms 'L . -

\

Ail nucleotlde\reagents-weré obtained'ﬁrqm%@h@;hacid‘PLi-

v . LN
. B wo.
' E - . . -

Bl@chem Ing. ‘ - ' ) s
- Eﬂl¥m§:l§b§l_mlx Co e
’ 9"}M DTT .Iv A ' "\ _-‘ :" . .' ) h B ‘“ ." - ‘.-‘_ ’ - . ! ' ,‘., ‘(

~0.8UCi/ml 35S-dATP (650 Ci/mmole, Amersham)

q ’ : , .
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8 mM Tris-HCl (pHS.S)
0.1 unit/pl Klenow fragment (Pharmac1a PL- Blochem )
The sequenc1ng mixture was. incubated at 37°C. _After 20 min.,

2pl of dNTP chase solution_(O.S mM dATP, 0.5 mM‘dCTP, 0;5 mM

dGTP, O. SImM dTTP) was added and the reaction was 1ncubated'

q;’

for an adﬁltlonal 20 min. The reaction was termlhated by
it ; .

adding 5 TR ‘formamide dye mix* [100% (v/v) deionized
formamide, 0.013% (w/v) bromphenol blue, 0.013% (w/v) xylene
cyanol] The sequenc1ng reactlon samplee were boiled for 3

min.- and loaded onto 30x50 cm gels containing 8% (w/v)

acrylamide and M urea Electrophore51s was carrled out in a

Bio-Rad Sequ1 -Gen™ Nuclelc Acid Sequenc1ng Cell at a constant
voltage of 2000 volts, .5 5°€. ‘Double loading of the samples

permitted a practical sequence.resolution of 300-350 base

pairs.-

\

In some'cases the resolution of band compressions on ‘the

‘ 'sequenCLng gel requ1red the use, of deoxy 1~ deazaguan051ne

: &trlphosphate (c7dGTP, Boehrlnger Mannhexm, Dorval 'Quebec) in

place of dGTP.  ‘The final concentratrons of c7dGTP in the

.ddA/g§ ddé/dCT ddG/dG and ddT/dT mixes  were 0.43 mM, 0.43

0 075 mM and" O 43 mM, respectlvely ‘The‘ labeled’

nucleot;de used in conjunctlon with ﬂ7dGTP was a32P dATP (3000

'Cl/mmole),and the samples were,subjected tohelectrophoresis-

I

fln 100 cm qelg contalnlng 6% (w/v) acrylamlde and 8M urea

C; Synthetlc prlmers. H‘ ._:" . ) ‘

Synthetlc prlmers ‘were synthe51zed\1n order to prime: the'

'sequence ‘reaction at spec1f1c locatlons to conflrm the DNA

5 1 ’ . ’ . ¢
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sequence. These primers were synthesized by a phosphite

triester methoq using 'B—cyanoethel"N,N-diisopropyl

phosphoramldltes purchased from Pharmacra PL- Blochem Inc.
All solvents and chemlcals for DNA synthe31s were ¢ purchased
from Aldrich Chemical Co. (Mllwaukee, WlSCQnSln(>USA) and BDH
. Chemicals. Synthesis was performed on a solid support in
Pharmacials.Gene Assembler.” The primers werefpurified by gel

flltratlon and acrylamlde gel electropheresis accordlng to

P

the protocol of Jing et al.(1986) .

VI. Computer .Analyses

A. BIONET

2

DNA sequence management, translatio readlng:frame and

-deduced 1primaxliw‘ ﬂ'tces,' hydropathicigy; and ‘Chou and’

Fasmap analj}se~l

g

of . BIONET (IntelllGe hetics, Inc., Mountain View, CA., USA).

The core programs, GEL  and GENED,<were'usedzto aSSemble'and

edit sequencing data. . SEQ analysed the sequence fo; .open

N
-the gB DNA and am;no ac1d sequences from dlfferent HSV
#.- W S S "

‘.vstralns. PEP determlned the hydropath1c1ty aﬂong the qB

. sacids?

W

polypeptlde The program used the values chosen by Kyte and -

:

Doollttle'(1982), whlch reflect the water vapour transfer

\‘ ?

free energles and the 1nterlor exterlor dlstrlbutlon of*amlno

R AT
- ,. . .

The program:uses a. frame 51ze of 6. re31dues and plots

’
-

1
the average hydropath1c1ty along the length of "tné
polypeptlde. The{Chou‘and'Fasman (1978) algorithm scanned

~the gB polypeptide <chain sequentially,ulookinq for 1local

« !

5

s

Srmed with the CORB’library orograms,

readlng frames and correspondlng polypeptldes IFIND allgned

{8

65

Se—




'ifmetnlonine free medra whlch contalned the followlng

I4

*
q upsd of -amino” acidsA wnose average propensity 'and
former/1nd1fferent/breaker characteristics allow for the
naucleation of an alpha helix, or beta sheet, or the formation
of a turn. o
B. Composite surface profile o 4 e
| Prediction ‘of' antigenic‘ reglonsd.on HSV-2 gBZ, was
'performed'using a comouter program developed by ‘Parker étlal

(1986) and run on an Apple-Macintosh microcomputer.  The

program incorporates 3 different'sets‘of parameters: . 1)

hydrophilicity values, derived from the' retention time of 20

model S%ynthetic peptides in high—performaqce -liquid.

cnromatography (HPLC),VZ) accessibility and 3) flexibility

The program first calculated hydroph111C1ty, acce331blllty'

and: flexibility proflles and then comblned reglons having
P - Y W

values greater than 25SL above ‘the mean Darameter value to

.construct a comp051te,surface proflle'graph._ o

~

VII. Preparation of .HSV-1 Infected-Cell Extract .

\

66

B

a) Piepa&ation of . 1§S-nethlonine-labeléd ».iéfected: .

[ s . 0

‘cells. - . o, T K oy

Y
-

K

I'fConfluent Veroaoella were infeCted with'HSV"vAfter 1 hr.

\ .

‘adsorptlon ‘the’ unbound virus suspen31on was replaced w1th

"4' @ : . a, . . N

* v s = ¥ N ¢ e YLt - - ' .

1 volume ';'f' llenlmal essential Eagle s medium -

‘ (mod1f1ed) e x e ) '
B a'>: ¥ *(Flow Laboratorles, McLean, Vlrglnla, USA) C
1/50 volume 2% dlalysed fetal bov1ne serum - T

1720 volume:{\ modlfled/Eagle 8 medlum
. b )

3



1/100 volume: P/S [(Penicillin G (5 x 106 unlts) 0. 5% (w/v)/
. Streptomyc1n sulfate] i

"1/100 volume: 30% (w/v) L- glutamlne . e

30pCi/ml: 35S—methionine (>800 Cl/mmole)(Amersham Canada

e _ , C “Ltd. Oakv1lle,'
Ontario) = * .. '

The cells'were'harvested after incubation at 37°C for 16 - 18

hrs.

_HSV-1 1nfected -Vero cells ‘were. scraped from
: ‘ 1

'dlshes u51ng a rubber pollceman and washed 3

w tlmes 1n cold PBS conta;nlng Q l mM @? the
, o % .
phenylmethyl sulfonyl fluorldgg(PMSF) (Slgm

“

~

s'HCL (pH7 5)

O S8 (v/v) nonrdet P—40 (Bethesda Research Lab. ), 0. 5%‘ w/v)‘

s g b}
T deoxycholic acid (Slgma Chem é% ) Cells were lysed usang

&,

\”finhibitor;

a'“s“w.‘éo,).:fiheuv,

67

100 pl of this ly51s buffer per ~lx105 cells (150 cm2 dlsh) at.fl~

/ . e

P
)

and the mlxture was - centryfuged at 4 OOOg for 10 mln Sto

AT T TR ‘ ) H;
gEﬁ;ve”&cellu.l%ﬁr debrls and nuclel : DNA was precxpltated from
W .\?

L g T

@;C for 10 min. _ PMSF was. added to a flnal molarlty of 10 mMﬁf3

the supernatant SOlUthﬂ by addltlon of 1710 volume of 30@__1,

._(w/v) streptomyc1n sulfate (Allen and Hanburys, Glaxo Canada

,Ltd.fToronto, Ont.) and cetrlfuged at lOO OOOg at 4°C for i

S PN The SUPernatant solutlon was stored at —70°C

"
t < v e .

ty
A

Certaln procedures requlred dlaly51s of ..the lysate or

e

.lysate fractlons Dlaly31s was performed using “#7¢ cellulose”

R Yo Id

:dlalySAS“_tublng' (molecular .welghtﬂ exclusmon:‘ >14,000,

Ay RN
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B AN

"t glac1al acetlc ac1d overnlght .Radio%lah%;ed'polypeptioes_-

.#ﬁ descrlbed by Bonner and Laskey (1974) ‘Molecular,welght.

Spectrunx Medical Industries, JInc. Los - Angeles,- ¢A}, USAa)
'agalnst 2 changes of 10 mM NH4HCO3 (pH7 O) buffer

VIII.Immunoprec1p1tatlon Qand SDS—polyacrylamide“ Gel

Electrophoresis

. AL . SDS—polYacrylmide gel electrophoresis

o 5

[125 mM Trls HCl (pH6 8) 6% (w/v) SDS 20% (w/v)'glyeerol;
10”_(v/v 2 mercaptoethanol]»and loadedfonto,7;5e15% or 10%.

polyacrylamlde 'gel& ,containing‘ 0.2% . ( w/V)» SDS.

Electrophore31s was’ carrled out in electrophoresms buffer [50_

1 Trls HCl (pH8 6), 380 mM glyc1ne, 0.1%‘ (w/v) SDS] aet 150
volts for 5 6 hrs i Electrophoresrs in’ 10% gel at 150 volts;

l. for 8 hrs 1mproved the reeolutlon of peptldes in the 40~

*

80 OOO range Protelns were stalned (Paul et al 1972) with

TX

ZfO.ZS%' w/v) Cooma551e brllllant blue 1n 50 Kv/v) methanolf

'

,and lO% (v/v) glac1al acet;c ac1d at room. temperature for 30 .

'f}min. Gels were destalned in 25% (v/v) methanol'and 10% (v/v)

v,were v1suallzed by a fllm (Kodak XAR- 5) detection method

-~ .

proteln standards were obtalned from BlO Rad Lab Ltdteand
Pharmac1a Flne Chem R S BT a ’
. B. Immnnopre01p1tablon f«ATf’:.*f.'p ‘ .';hrf:'”;

Proteln samples were dlluted to 0. 5 ml w1th RIPA burfer

244
s k

(w/v) deoxychollc ac1d l; (v/v) Trlton =X = 100 and 1mM-

: PMSFJ: , Protelns blndlng non- spec1f1cally to the agarose

- : . .
) @ . M ) N L2
a . . - . . e 3
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Proteln samples were dlssolved 1n proteln sample bufferi"'

[50 mM T,rls HCl (pH7 2),, 150 mM NaCl o 1% (W/v),. SDS ’0.:_.1%"” ,



beads we;e removed by addlng 100 ul of a- 1 l dllutlon of

o

proteln A Sepharose CL 4B beads (Pharmac1a Fine Chem ) inw S

"RIPA buffer, rotatlng at 4°C for 30 mln 7 and sedlmentlng the

.beads To the suoernatant solutlon, 3 uJ. of - monoclonal;

. -n

’f

_antlbody was added and the mlxture was rotated at 4°C for- 27'“’

hrs Antlbody antlgen complexes were precrpltated by addlngﬂ"

1007 pl of the Sepharose bead solutlon, rotatlng at 4°C for lt

hr{,'and sedlmentlng the beads The beads were washed Sf

s « N .

'_tlmes thh RIPA buffer at 4°C and then resuspended in proteln‘
'sample buffer Samples were heated at lOO°C for 3 min. to
:elute and denature '1mmune complexes "~ The monoclonalj

rantlbody, lSBB3 used to prec1pltate gD of HSV was obtalned

.:from Dr: Wllllam Rawls (McMaster Unlver51ty, Hamllton, ont . )

. IX Flat bed Isoelectrlc Focuszng (IEF)

f A 30 ml flat bed IEF gel was %fepgled and conSlsted of
h?the follow1ng reagents 50% (w/v) acrylamlde,'o 15%-(w/vf
=fN'N-—methylene blS acrylamlde, ‘3.3% ‘(v/v) glycerol 15.8%

(v/v) 3=~ lO Pharmalyte (Pharmac1a) . The gel was prefocused at

f'a constant power of 50 watts at 15°C The anode and- cathode

N}

fbuffers con31sted of O 04 M aspartlc ac1d (Slgma Chemlcalrn,'
?.Co ) and 1 M NaOH respectlvely Proteln samples were loaded
- /

g"‘on the gel u31ng 3MM Whatmann fllter paper and focused for S

o

(7;3500 volt hours The pH gradlent was determlned by cuttlng L T

m2 strlps from the gel and plac1nc them in 1 ml ddHZO and

P

':.measurlng the pH u31ng a pH meter The gel was flxed by 5%

'-_(w/v) SUlphosallcyllc a01d 10% (w/v; trlchloracetlc aC1d for

60 mln and then the gel was tréated w1th 30% (v/v) methanol



':oontaining 0.2% (w/v) Cooma581e brllllant blue and then'

',A;};DEAEQSephadex ;chromatography7 - ' 'gm
3

10% (wyv)_glacial aeetic acid'(destain) = The gel was stalned

]

n- 30% (v/y)‘ methanol’ lO%. (v/v) glac1al acetlc a01d

LY

il

ldeStained;overnight. The,Qels were driediand'the radio

labeled'proteins were detectedfﬁy autoradiography.

R
¥

X\ vIon—exchange Chromatography | - s

i

b4 p .
DEAE Sephadex columns were prepared by p cklng a 2 ml :

bed volume of DEAE Sephadex AS0 (Pharmac1a Fﬁge Chem )
A

pasteur plpettes and equ1llbr1ated with one of the ﬁollow1ng

buffers.:"],. pﬂ  buffer
3. ._Y. 50 mM sodium,acetate_ _
4 '}‘;‘__50 mM sodium_acetate‘= J
5:., ."‘ 50 mM sodium phosphate
6 QSO\mﬁ'sodium phosphateh-
7 ‘::<t(fzqgmm TRis-HCL
9;"ﬂ’f yzzo,nderis—ﬁeli

t

'[fThe-wequilibrating' buffer .was'fusea to dilute 50 ul”

(approx1mately 2. 5 p lOGCpm) HSV-1 1nfected cell lysate to a .

s

final volume of 500 M1, Thls mlxture was passed. through the

column at‘n flow rate of approxlmately 0. 05 ml/mln ‘The
flow rate was controlled by a C clamp’.' Bound prOtelnS were,
;eluted by 1 ik of 1M NaCl in. the approprlate buffer Theh'

flow through and elutlon fractlons were dlalysed agalnst 10

- mM NH HCO3(pH7 O) overnlght and then lyophlllzed

K 70
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B. 'DEAE-Sepharose, chromatography -

The DEAE~ Sepharose column was - prepared by packlng a 10

ml bed volume of DEAE- Sepharose 1nto an HR10/10 column

'(Pharmac1a); The- column: was equilibriated wuth 20 mM Trls—jt'

-

HC1 (pH6.5).\ An allquot of 300, ul from the HSV—lnﬁécted celd

' lysate was flrSt dlalysed agalnst 20 mM Trls -HC1 (pH6 5) and '

«

“then 1n3ected onto the column. 'Bound ptotelns were elutgd in

. 30 min. by a linear(NaCl‘gradient (from 0 to 0.5 M) in"?O mM

: Tris+HCl (pH6.5) buffer. The gradlent was rate was, 16 7 mM

NaCl/min and was generated by Pharmac1a s FPLC machlne -,_A-‘

constant flow rate of 1 ml/mln .was used and 2 ml fractlons
o

were collected.  The fractlons were dlalysed and lyophlllzed

 overnight. ‘About. 70% of each sample was analysed by

I3

immunoprecipitation, followed by SDS-gel electrophore51s to

'detect the gDl polypeptlde. The remaininhg volume of each

sample was analysed by SDS4§el electrophoresis~to visualize

k]

" the total protein profile.
XI. Ammonium 'Sulfate Precipitation

358—labeled HSV-l 1nfected cell extract'(300 ul) was

diluted to 5 ml in- lO mM Trls HCl (pH6 O) Solid ammqniumj

s

.wy sulfate, was added to preclpltate the protelns at 0, '0-30,

7

n30 30 and,50 70%w§aburatlon The proteln prec1p1tate was.

. collected by centrlfugatlon at - 80009, for 15 min. at 4°C and
‘%then the proteln pellet ‘wag’ resuspended ‘in l 0 ml of 10 mM
Trls HCl (pH7 5) dlalysed overnlght and lyophlllzed The
dried samples were resuspended in. 100 ;ll of: RIPA buffer

" About 30% of each sample was analysed ,by SDS—gel

‘
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electrophoresis and the remainder of each sample was, analysed

by immunoprecipitatlon; followed by SDS-gel electfophoresis.
XII.*)ﬁectin Affinity Chromatography

- BEach lectin affinity column was prepafed by’packing a'lf

.,~lh5vml bed volume of lectin (coupled to Sephag§Ee 4B) *into a

~

“siliconized pasteur pipet. A list of the lectins utilized in

‘the study and the corresponding eluting agent is given as

follows: _
‘ ,' ' | o i . L b- .
Wheat germ: agglutinin 0.2M N—acetyl4D—glucosamine

{(G1lcNAc) L
(WGA: PL- Blochem Inc.:

Castor Bean-120 2.5% (w/v) Néacetyl—D—galactosamine
+(CB-120: PL-Biochem Inc.) (GalNAcy

L or 2.5%(w/v) D(+) galactose (Gal)
Lentil lectin - - 0.2M methyl' 0.-D-mannoside  (Me
aDMan) - B

(LL: Sigma Chem. Co.)

All eluting agents were purchased from Sigma Chem. Co.

35S-labeled HSV-1 infécted-cell extract (100pl = approximately

" .5-6 x 10%cpm) was diluted to 1 ml in lectin start buffer [50

b

‘mM TrisfHCl (pH?.S), 0.15 meNaCl 0.1% (w/v) deoxych011C'

l

4 v’acid] and passed throught the lectin column at a flow rdte of

'0‘1 mh%mln . The g@mple was. then reapplled onto the column to

'

enhance proteln blndlng The column'* was washed w1%§ 5 ml

Astart buffer R Bound glycoprotelns ‘were eluted w1th’$ ml "

start buffer contalnlng the elutlng component The size of

[y

-th%‘fractlons collected was 1 ml.  Fractions 1-4 (flow-

,Gthfqu§§) and 7-10 (elution) were pooled. . The pooled

3L‘ffact;on§% were dialysed against 10 mM NH4HCO; (pH?.O)

72



osernﬁght lyophiliied “and analysed ‘by SDS-gel

: electrophoreSis or immunopreCipitation
‘XIII.: Iodination of Fetuin and Aszalofetuin

FetUin and aSialofetUin were obtained from Dr. Glen

iy

Armstrong (UniverSity of Alberta, Edmonton, Alberta) . The
L

fetuin or aSialofetuin protein (10 Hg/10 ply was added to 100

Ml 0.33 M sodium phosphate (pH7.5) and 5 pl sodium 125-iodide.

[20 MBq. (0.5 mCi)l%dn an Iodo-Gen (l,3,4;6—tetrachloro—3a co—

diphenylglycouril }Pierce Chemical Co. )—coated glaso tube.

c e

After- 5 ‘min. at- rqom temperature the reaction mixture was
f ,

fa&tered through a glass wool-plugged pasteur pipet to remove

any flakes of the Iodo Gen which may have comg off thL

.surface of the glass tube The iodination reaction was

ot
.,L‘
iy,

quenched by the addition of 200" ul offcysteine (1mg/ml in

PBS) ‘Carrier protein-[ZOOul of 0.1%. (w/v) BSA in PBS] was
then ‘added and the mixture was passed through a 10 ml
Sephadex G-25 gel filtration column in order to fractionate
the unincorporated radiolabel from the labeled~protein “The
| void volume fractions, containing radiolabeled protein, were

identified by counting an aliquot of each fraction in a

Rackgamma 1271 gamma counter. Peak fractions were pooled and

a portion of this material was preCipitated by addition of'

trichloroacetic acid to determine the amount of radioactivity

which was covalently bound to protein.

XIV. Sialyltransferase Reaction and Lectin Binding

The a2,6—Sialyltransferase enzyme from .rat' liver

catalyses the addition  of terminal sialic acid to the

13



st:uctura;IUnit galactééé 51—4 N—acetylFD—glucosamine (Gal
$1-4GlcNAc) of ollgosaccharldes at the 6- -position of the
" galactose. _Gal Bl-3GlcNAc unlts\—are not sialylated

(Weinstein et al. 1982a; 1982b). The sialyltransferase

feactlon mlxture contalned the follow1ng reagents

Acceptor:'lzsl §51alofetu1n ‘ 1p1(20-25,000

cpm) ; :

50mM sodium cacodylate (pHéng, ' 150u1

0.5% (w/v) Triton CF-54, 071% (w/v) BSA

Donor: CMP-N- acetyl-neuraminic acid -1ul (100uqg)
(CMP-NeuAc) :

a2,6¥Sialyltransfera§eﬁf . - iﬂl (2 munits)

v

[Sodium cacodylic acid (Polyscggnces Inc., Warrington, PaAa,

w WK Trivdh ¢F-54 and CMP-NeuAc (Sigma Chen. Co.), a2,6-

, . _ ‘
sialytransferase (Boehringer Mannheim)].. The reaction

mixture was rotated at.37°C~pverhight. Prior to loading onto
“WGA columns théiéample waékailﬁtéd to 0.6 ml in lectiﬁ start
‘buffer. -

XV.' - Gel Filtration of ‘Lectin-Bound Glycoproteins
35s-labeled HSV-1 infected-cell proteins which bound to CB-120
lectin were gluped with 2.5% GélNAé, dialysed against 10mM
NH4HCO3(p§7.O) apd lyophilizec.-.The sahplé-was.dissolved in
250pi filtration buffer [O OSM éodiﬁm phésphate (pH7.0),
0.15M3.NaCl? 10% (v/v) ‘Z—mgréapﬁoethanol, 2% (w/y) HSDS]
containing 2mg/ml BSA and ’ovalbumin (molecular weight
standards). An éliquotqu this mixture (approximatelinxlOﬁ
| cpm) wés passed through a Superose -12 HR10/30 colgmn

(Pharmacia) at a flow rate of 0.2 ml/min. The flow rate was
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&

maintained u51ng an FPLC machlne (Pharmacia). The eluent
buffer con31sted of 0.05 sodium phosphate (pH7.0), 0.15M

NaCl, 0.2% (w/v) SDS

and 0.5ml fractlons were collected. After removing S5SO0ul for

scintillation countlng the fractlons were dialysed against
lOmM NH HCO3 (PH7.0) overnight, lyophilized, and dissolved in
25ul of ﬁaotein sample buffer ([125mM Tris-HCl (pH6.8), 6%

(w/¥) SDS, 20% (w/v) glycerol, 10% (w/v) 2-mercaptoethanol].

~The samples were subjected to electrophoresis 4ih 10%

polyacrylamide gelsécqgtaining SDS. . The molécular weiéht
. )

sStandards were’ detected by Coomasie blue stain. +*The 35s-

”épbeled_protelns were detected by autoradiography.

The column was ¥un at room temperature
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CHAPTER 3

PINE MAPPING THE! GENOMIC LOCATION OF THE 'gBl GENE~FROM HHV 1

. ..’ : . )\
‘._“ . c \ / ,. N
T I. Introduction o : e
o - At the onset of this study it was necessary to dttermlncj

e .

the locatwon of the gB2 gene on the v1ral genome and obtaln'a

] . ’

molecular clone of the gene , Marsden et;al. (1978):a

< ,Ruyechan et al. (l979) determlned a low resolutlon geno%*fﬁ
map for the HSV genes encoding glycoprotelns B, C-and D

restrlctlon endonuclease site analyses of genomes  of

7 I

1ntratypic recombinants"bétween HSV-1 and HOV- ?

—

o Glycoproteln B was mapped to the 15,000 base pair rtglon

N\ ‘
between map ‘coordinates O 3 to 0.4. The length of thn DN

a

, seguence required “to encode the 120- l25K glycoproteln gl3
I
% ‘._.,\-

should be no more than 4 kllobases Therefore, it was
expedlent»to‘determine-more precisely the gB gene location.
In order to achieve this alm,;thls study made use cf: plasmld

&
plBIl which is a molecular clone of the BglIl fracment'l

(O.3l4_e 0.416 - map units) of HSV- 1 (strain KOS) inserted into
the BglII Si ﬁ§ of plasmid vector pKC7:

A restrlctlon endonucleasevmagvof the BglII fragmont I
was constructed t DHA subfragments were used-as-probe* in
Northern blot analyses in' order to flne map. the tran crut
which encodes gBl Northern blot analysrs also 1dent1f1cd

6.6 kb BamHl - Bglll DNA fragment from the HSV-2 genome

containing the 'gB2-gene,
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II. Results ' o SR !

: , ) . - ‘ .
'A. The orientation of the HSV-1 BglII  fragment I in
‘plasmid plBIl. e R - F

{blgestion‘of plBIl with EcoR1 andeglPI producéd 4'DNA\;

~

fragments A, B, C and D as -shown in the autoradlogram of
termlnally labeled DNA fragments (Fig. 2B)4 Comparlson with

Che DNA fragment prdflles of parental plasmld pKC7 1nd1cated

that fragments B'(5460) and C (340)-were derlved from_the

pKC7 vector (Fig; 27/ lane [o} I FragmentS'A (approx1mately 15
)

kb) and D' (less than lOO bp) were then derlved from the BglII
@

—_——— —

fragment I insert~b These results 1nd1cated that a 51ngle
EcoRl site was located on fragment I w1th1n lOO bases from
one of the BglII termlnl ) In ethldlum bromide stalned gels
fragment D was obscured by the re51dual RNA presen&—in the
DNA plasmld preparatlon qlg ‘2A, lane b) and hence wasnbest

v1suallzed by autoradlograohy (Fig. ZB).'

P

DNA fragments; A + B and C + D having molecular 51zes of
20500 and 440 bases respectlvely (Flg- 'lane~a) The size
_of these fragments demonstrates that the EcoRl 51te on the
BglII fragment I must be adjacent to the single EcoRl site of
“‘he pKC7 vector [i.e. C(340) + D(less than lOOY]. Thls
lowed the assignment of the orlentatlon of the HSV-1 BglII

tragment T in. plasmld plBIl as shown in Flg 2C. -

Digestion of the-plBIl DNA with EcoRl alone produced two‘

7;



Flg 2. Determlnatlonfe{ the orlentatlon of- the HSV- l RgllI
fragment I lnse;t in plBIl by dlgestlon with EcoR1 and
; ji BglII A) Agarose gel electrophoretlclproflle of’ plBIl
, cut w1th’EcoRl (lane aj, EcoRl and BglII (lanelb) and
PKCT cut with EcoR1 and BglII (lane c). The'sizes of
‘lthe restrlctxon fragments are glven in klloba . The
molecular sizes of the DNA marker fragments are
1nd1cated on the left of the flaure .B) Autoradlogram
.of termlnally labeled fragments generated by digestion
of PIBI1 with EcoRl and BglII (lane b).. "C) Orientation
‘of he BglII fragment I in plBIl .,Reatrittion enzyme
sites are Pstl(P), EcoRl(E), BglII(Bg), BamH1l (B) and
- Sall(Sa). The numbers correspond to the sizes of the
fragments 1n-kllobase5'[i.e. (15,0)3 B(5146),'C(0.34)

and D(<0.1)]. . ' ' - | B
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B. Determlnatlon of the SLze and number of restrlctlon

endonuclease DNA fragments produced yhen the BglII
-, L T

fragment I was digested ‘with the enzymes Hpal, Sall,

s
a3

BamH1  and Pstl. J o

Plasmid plBIl'was’digested-with each restrictigéﬁenzyme

alone or in combination with'.BglII.\Q;d the  resulting

restriction fragments were subjected to -electrophoresis in

0
.

de51gnated enzyme, lane b shows; plBIl cub with both . the

de31gnated enzyme and BglII 'In-lane‘c plasmid‘pKC7 was cut

w1th the de51gnated enzyme and. BglII to determine which"

fragments were derived from the pKC7 vector. The size of

“

‘each fragment was calculated by comparison with a plot of,loq

molecular sizevversus‘diatance migrated of the DNA marker
v s ! . ' : .

N

-electrophore51s -in. 0.8% agarose gel.

‘fragments. Thelterminal subfragments of the BglII'fragmenL I

&

were identified by the:r differential migration rate after

being released from the . pKC7 vector, by. double dlgestlon with -

'BglII and the d651gnated enzyme,

C

: ~The 1dent1ty of’ the terminal fragments was furthtr

conflrmed by end labelllng the BglII fragment I using 14 DNAf

polymerase and subsequent dlgestlon wrth the appropriate .
'. o : ! ' __'\

s - ) o :
enzyme Plasmid plBIl was first cut with-BglII to release

the DNA .insert. Tne linearized’pKC7 vector and fragment 1

038% agarose gel. Fig. 3, lane'a, shows plBII cut  with the,

were end- labelled with T4 DNA polymerase, cut with the second'

enzyme and the resultlngﬂ fragments were 'subjected to.

Subsequent '

autoradiography allowed the detectidnk‘of ‘the labelled
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‘Fjg.BlAgarOSE gel electrophoretlc proflle of DlBIl DNA.
- dzgestod w1th Hpal, Sall, BamHl and Pstl. In‘lane]a,
plBl1l was dlgested wiﬁh the designated‘enyVme In lane

b, plBIl was digested w1th the 0051gqated enzyme and

IglII In l e ¢, pKC] was dlgested w1th the de51gnated
'enzyme and BglII Marker fragmentsvare: lambda phage

"DNA ¢ . with'HindIII (lane 1) and pB322 cut w1th Aval

-

(lane p). Thelr molecular sizes are glven\ln kllobases

’

2
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'terminal fragments (Fig;-4). This. procedure end labels both

_ \
,tht pKC7 hector and the fragmen@ I termlnal subfragments
r

__Taken together with Fig. 3, these,results unamblglously

' 1dent1f1ed the BglII fragment'l termlnal subfragments Y4

summary of the 31zes of 1nternal and termlnal subfragments is

'_glven in. Table I. g

'C?‘:',Detérmination~'of' the order of restriction
‘,endonucleaSe bNA fragments .

Lk Partlak‘dlgest mapplngB .

-

The BglIT fragment was radloactlvely labeled at one\ot 3
lte tefmlnl ThlS was accompllshed by flrst cuttlng plBIl
fgywith'EcoRl' labeling the EcoRl 31te by/;;h DNA polymerase lﬁ
N Klenow fqﬁgment) labellng procedure and- then cuttlng the DNA
'w1th BglII Thls plocedureogroduced an I fragment which was
. less than 100 base pai:s shorter than_the*original size

*

(15,000 base pairs) withl a labeled EcoRl terminus and
unlabeled BglII terminus. . This ftagment wae’ designated
*EcoRl/BglII (or _*E/B) fragment/h. ’ Alﬁafnatively, the I
‘fragment wasv labeled at the opp051te termlnus by 'firso
cutting plBIl w1th BglII, ‘labellng the,BglII'termlnus and
-then cutting with EcoRl. This fragment was de51gnated E/B*
fragment A. In each case, fragment A was purified by agarose
gel eIectrophore31s and eluted from the gel It was then cutv: ' N

-

w1th thé approprlately diluted enzyme to obtaln a partlal‘
/

digest. Subsequent gel electrophore51s and autoradlography'

fdetected a series of overlapplng subfragments whlch were

labeled at a common terminus. Comparlson with mélecular size'

v,
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Table I S )
. . . . ‘ .'
Subfragments of the HS -1 BglII DNA'fragmenp I
S L
A 11.2% L A aiax/ p 7.8 A 2.8%
B 2.1% B 3.8 B 2.2 B 2.5
cC 1.7 C 2.6 e 201 C 2.1 B
: A
~ 7 p 2.3 ¥ p0.80 D 1.7
‘.' o . R
"E 1.1 B L 76% E 1.4
JEZa A . \
o ’ F 0.8 F 0.75 F 1.1
., 7 60.73* Fo.sa-
' H 0.78
t 10.51
- - J 0.48
roe K<0.20* .

4

The sizes of the fragments (in kilobases) pepfesent averagey,

values obtained from duplfcate gel elect{éphoreslg
experiments. Terminal fragments are indicated by an

‘asterisk. I



Fig.4.Identification of terminal sﬁbfragments of the HSV-1

" BglII fragment I. The plBI1 plasmid was cut with BglII,
e ! : 1P .

' endlabeled by the T4 DNA ligase end labeliq@ procedure

and dig'ested with Hpal (H), Sall(Sa), BamH1 (B) or

S Pstl(p) . After elec;rophore51s in 0.8% agarose gel the

terminal fragments were detected by autoradlography

L W

g

by a llne dra@%ng of the elctrophoret;c proflle

Terminal fragments are denoted by an asterisk.

Ay

Fragments derived from the pKC7 vector are also_getected

‘ N : E
by, autoradiograpty (not given tter designation)-.

R
1 AN
\

The' pos;tlon of each subfragment - in the gel is 1nd1cated
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staniar- s allowed the: determination' of the size of €ach

,

.fragmenr and therefore'the distance’betweew each of the

rCSfri“;ion sites and the labeled vtermiqgs could be

Fig. 5A shows the autoradiogrgph of the *E/B fragment a

-vafﬁer incubatipn‘ from 0 to 120 minutes at 379C in th absence

of enzyme, Seveqpl contaminating fragments wef%~pre§ent in
k2 ’ :
the *E/B but not in the E/B* fragment A Sample. - These

fragments were also present in the Hpal partial dlgeSL
B hat S b
o _
prdfile of "*E/B fragmenf A (Figure 5B). From the data

btalned from figure 4B 1t was ev1dent that de Bgl I 51te

had also become labeled resulting in:two overlapping partlal
hcY
\ ~ k

'dlgest profiles. The restriction profllesxobtalned for the

"E/B* fragment were used to construct a, restriction

. . .
endonuclease map for the enzymes Hpal (Fig SB)'and Sall-

(Fig. 5C) in order td?ellmlra e the confu51on presente4 by

these problems.

2. Hybridization of sall and'BamHl'subfragments
C.

The BamH] partlal digest proflle was. dlfflcult to

1nterpret beeause several BamHl subfragments were similar in

51ze., Therefor@, 'ap for this,enzyme W onstructed by

usrng Sall subfrag ts to probe for reXYated DNA.sequepces_in

% BamH1 fragments.

w'Plasmld PlBI1 DNA was dlgested with BglII and Sall or

BamH]l and subjected to electrophores1s 1n a 0. 75% agarose

o

3gel. Flgure 6A shows a typlcaB ethidium bronlde stained gel

-ppoflle of P1BIl cut with BglII and Sal} (lane® s) or BglII
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Partial digosg\mapping.of Hpal and 3all restriction

“ ° —

sites on the HSV-1 BgLIT fragment I.. A) 0.5% agarose
gel electrophqgesis of the endlabeled BQITI'fragment I

\ : . : ) . ) .
after incubation at 37°C in the absence of restriction

_—

enzyme. The *EcoR1/BglII (*E/B) and ECOR1/BglII* (E/R*) %

- fragment A’ (¥egckibed in téxt)-weré incubated at®370C

for 0,5,10,30, 60)and 320 min. (lanes 0, 1, 2, 3, 4, and

5, respectively] .. B).Hpal partiﬁl,dige@t profile of
*E/é and £/B* fragment A. The DNA fragﬁ€%LS are >

diagramatically represented below. The size’ of each

subfrégment.is given in kilobases. () Sall partial
. i ’ ) . . .
digest profild of EB* fragment 2.
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¢




N

~

N < lD‘D

k

vv  8E 92 1180 €2
b

i v —mU

3

o

T

12N

- 0

P\,l.-.lv--"_,l..lal

t

¥

.

S P°EC Lt0 S veE g

IVdH

mvn.wpo_mv.mm;o.
~ ¢ - . " «Q3. , ﬂ..mw..
IWAZNI ON 'Y



?ig.6.ﬁybridizauion of Sall and BRamH1l subfragmentsvfrom.tho
HSV-1 BglII fragment I. A) Agarose gel profile of pl1BI1
cut with‘BglEI and Sall (lane s) or BglII and Bamlil

: (iane b) . 'B) Croés hybridization of-Sall DNA

subfragme;ts"D,F,EfC,B, Or'A with Sall and éamﬂﬂ

frégments by SOQ£hern'blot analysis. The position and

identity-of the fragment(s) detected by the Sall probe

is indicated by the letters beside each autoradiograph.
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and BamHl‘flanes b). Six dupiicatejgels were, blocteo‘onto
nicrocellulose paper. rFigure 6B shows the autoradiograph ot
each, blot afce; %ybrldl atba? to the nick translated Sall
probe. Lane S in .each case demonstrates 4fhe probe
specificity. Lane b shows the BamHl fraoments whlch cross
hvbrldlze w1th the Sall probe

Fig. 7 shows the restriction endonuclease map of the
BglII I fragment which is consistent wlth all the above data
obtalned for the enzymes EcoR1, Hpal, Sall and BamHl;
D. ‘_Nortﬁern blot aoalysis ‘for thé HSV genomici region
becween 0.314 ahd 0.416 using HSV-1 snd' HSV—Z
spec;fic‘ DNA probes

The aucoradiograph in ¥_.g. 8 shows a northe;n’b%ot o£
poly v(A)*mRﬁA from HSV-1 infected ;VeroA cells after
hybridization to radiocactively iabeled plBIl plasmid. At
least five mRNA species were detected ranoing in size from
4.4 to 2.0 xilobases. On the, basis of protein coding

capacity and in vitro translation data, the 3.3 kb mKkNA

species'was most likely the gB message (see discussion) .

~

Northern blot analysis, using individual DHNA

subfragments from BglII fragment I, refined the map locations
of these mRNA species. Clone 12 contains the 7.8 kb\BamHl A
restriction fragment (map coordinates 0.345 - 0.396). When

used as a hybridization probe in Nofthern blot analysis,

Clone 12 detected only the 3.3 kb message (ng 9A). Sall cC

and B $ragment probes also detected this message, Sall E and

A did not (Fig. 9B). These data localized the 3.3 kb gB-

LN
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"ig.?: Restriction enionuclease map of the HSV—1 BglII-
fragmént I for the enzymes EcoRl, . Hpal, Sall and BamHi.
The,loQér portionng tpe figure shows a schematic |
“diagrqﬁ}of the hsy genome.  The long (L) and'sﬁqrt (S)
componéhts'of the genome, and the map‘coordinates of the

.BglII fragment I, are indicated.
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'ig.B8.HSV-1 infécted—cell'RNA transcripts detected by the ~

HSV—l.BgliI fragment;Iu yLaneé 1,2?

pooo~

and 3 contain 0.2,'a
1.0 and 2.0 Hg of p@lyadenyLéted RNA. ;The sizes of the
transcripts are giveann ki}ébases.and were calculatéd

by comparing their mi ratiod rate with DNA size-markeyp '

fragments (plBI1l digested with BglII and Sall). .

3 ' . .

>
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tig. 9 RﬁA transcripts in. HSV-1 infected~cells detected by
hybridization wifth BamH1 and Sall subfragments from

. BgllT fragment I. A) Transcripts detected by BglII

fragment I (plBIl)sand the 7.8 Kb BamHl 0.345°0.396 map.

units) fragment (Clone 12).  B) Transcripts detected by
. ) " a

Sall fragments E(0.337-Q.342)r'C(O.342—O.361)/ B(0.361-

0.386) and A(0.386-0.416)
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cssage Lo w1th1n map, coordinates 0.345 and O~386 on the HSV—
l genome
. a

l ' i ] T .
The gB genes from HSV-1 and HSV-2 were presumed to be

-

colinear  based on‘restriction'endongclease site analyses of

. : 5
intertypic recombinants"and marker ‘rescue experiments

_(Ma%sden et al. 1978 and Ruyechan et al l979) Allgnment of

2
the BglII ge;&mlc maps for HSV~-1 and HSV-2 (see qu 16
Chapter 4), predicted that HSV 2 BglII fragment J °(0.314 -

0. 395) contained the gB2 gene The reglon contalnlng gBl

—_— £

(0.345 - 0.386) corresponded to HSV 2 6.6kb BamHl - BglII

subfragment\ (0.345 - O 395) . A 1nqleeular clone of this
B \ . ‘ . ‘_..-— _ -~ " 3
‘fragment (Clone 75: described in detail in/,chapter 4)

4

. , .
hybridized to a.3.3 kb mRNA from HSV-1 and HSVZ2 infected
, cells (Fig. 10). This résult shows that these 3.3 kb

meSsages share sequence homology and that the HSV-2 6.6 kb

BamH1-BglII fragment probably contains the gB2 gene.

Nucleo?ide' sequencing (see Chapter 5) ‘cenfirmed this
prediction. .

III. Discussion
I ’ 5 )

At  the onset of this project, a detailed restriction
~endonuclease map of the HSV-1 genome (strain KOS) between map

coordinates 0 3 and 0.4 units was’ not available. Genomlc
[V {

-

maps of a number. of other strains for the restriction enzymes

BglII Hpa I andj&boRl were publlshed but yheir. resolutlon'

Vwas poor and was not suff1c1ent to define the llmltS of the'

4

glycoprotein gB gene. _ In addition, restriction‘enéyme maps
k .

vary between_qu yirus,strains, therefore ‘it would berunwise

(>/~/ 8’

;-
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Fig.lu RNA trangéripts in HSV-1 and HSV-2 infected-cells

\

detected by HSV-1 BglII fragment I and -HSV-2 6.6Kb

BamH1-BglII fragment (Q.345-0.395y . ‘Polyadenylaped mRNA

from uninfecfed'(lane u). and HSpyp-1 ﬂ?ﬁne 1) or HSvV-2

(lane 2)

fragment I (p1IBI1)

3

infected cells, was hyRridized to the‘BgiII

or*the 6.6Kb BamH1-BglII fragment
(Clone 75) .

A
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~

. to. strictly infer gengmic map data from ong .strain to

g

another. * .A more precise map of the genomic &egion that
M 1 . .

e
A

‘resolution in aga?bse_gel.

contained .the gB gene was required. Plasmid P1BI1l, "which is

‘a molecular clone of the‘HSV—l (KOS) BglII fragment 1 (O 3ll

- 0.416) was utilized as a molecular tool to achleve this
. Q
aim.,

The restrictiOn enzymes Hpal Sall, BamHl and Pstl wore

chosen because they cut fragment I into a maRlageabl®" number

of fragments for restriction %Qaly31s ‘Flgure 3 shows an
: #

- 0.8% agarose\gel profile of plBIl cut Wlth each envyme which
gave thé best resolhtlon of both large andfshaller sized DNA

fragments ' Variable size -estimates were Obtained for the

0}

larger fragments, such as the 7.8 kb BamH1l A and 11.2 kb Hpal ¢

A Actual 51zes are’ probably accurate to within ZOU base

. b , ‘ . R :
.. pairs. A more accurate size éSflp‘thn of DNA fragments
‘smallef than 5 kilobas€s was po:cil 1.+ due to their Letter

-

o a v ]

Agarose gel electrophore51s analysis does not absolutel ¥

./
rule out .the. existence. of additional restrlctlon fragmentc in_.

1

the low molecular welght range which migrate with the same

.

4
mobllltyA Hoqever/ in the case of each enzyme, summatioa of.

the estlmated 51zes of "all the fragments yielded a value

) which was abprox1mately equal to the expected 15 kllobase

siz of the BglII fragment I. DNA fragments smaller than 200

were difficult -to visualize due to reduced Staining
intensity and the presence of residual RNA in the plasmid
preparation. Phese fragments were best visualized by radio-

N



labeling of‘DNA termini. Radioactive»endlabeling detected the
‘EcoRl D fragment lless than lOO base pairs) (Fig. 2A) and the
Pstl K fragment (less . than 200 base palrs) (Fig. 4, lane p).

The restrlctlon maps of the BglII fragment I for the

‘enzymes Hpal and Sall were determlned by the partial dlgest

technlque vdescrlbed by Smith: and Blrnsteilv (13876) .
Radioac¢tive .labeling of a single-terminus was achieved by

taking advaptage of the fac¢t that a single EcoRl site exists

‘within 100 nucleotides of one BglII,terminus . ThiS‘made

‘p0581ble the end labellng of elther thls EcoRl site or the

Y

‘opp081te BglII termlnus (see Results: sectlon II C.l).

' Attempts to label ‘the EcoRl 51te also resulted in the

1ncorporatlon of label at the'BglII termlnus The reason for

‘this 1is- unclear In contrast ‘ end labellng the BglII

0

'terminus dld not produce this double labellng problem

Partial digest fragments /2re subjected to electrophoresrsrln

7

0.5% agarose gels in order to 1ncrease the resolutlon of _the

larger . DNA fragments and thereforec_improve their size
estlmatlon .i |

Hybrldlzatlon of Sall- fragments with the BamHl fragments
.allowed the BamH1" map- to be constructed Occa51onally,
partlally dlgested BamHl fragments were - detected by the Sall

!

probes. However, these bands were  faint. -and mlgrated to

jdlfferent positions than the BamHl fragments v1suallzed by,

ethldlum bromlde stalnlng

A summary of the restrlctlon endonuclease map of the '

BglII fragment I whlch is consistent w1th all the data

D94
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‘obtained ﬁor_the enzymes EcoRl, Hpal, Sall and BamH1 is given
“in Fig. 7. The single EcoRl site defines the orientation af

the map which is shown in relation.to the entire prototype

HSV genome, It was unnecessary to complete the Pstl map

since the infdrmation provided by the map and:northern blot

4

analyses proved sufficient to determlne the approximate
locatlon of the glycoprotein Bl gene. The map closely agrce°

with the restriction map of the EcoR1 fragment F region (map

units 0.315 - 0.421) of HSV-1 (KOS) published U@ Holland et
al. (1984a).

The glycoproteln B geéne was fine mapped by northern blot

'analy51s u51ng HSV specific 'BNA probes to. hybrldlze to {SV

infected 'cell RNA. . RNA samples were enriched . for

<~

polyadenylated mRNA species by selection on oligo (dT)

columns. - This procedure also reduced the problem of hlgh

radloactlve background in the autoradiograph of the northern

blot.  The optimal RNA concentration for the detection of

mRNA species which hybridized to the HSV1 BglII fragment I

)
was between 1.0 - 2.0 micrograms® (Fig. 8). At least five
HSV—l‘specifio transoripts were identified: 4.4-, 3.3-, 2f9—,
2.5- and 2.0- kb mRNAs. o

The Baml A (0.345 - 0.396), Sall ¢ (0.342 - 0.361) and
Sall. B (0.361 - 0.386) pmbes detected the 3.3 kb gB mRHA

(Fig. 9). These results mapped thlS message to the genomlo

reglon w1th1n map coordinates 0. 345 and 0.386. This location

is consistent with the results of Rafleld and Knipe (l984)v>

and Holland et al. (1984a), who used northern blot analysis

o
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to map a major HSVD 3.3 - 3.4 kb transcrlpt to the reglon

between 0.346  and 0.385. - _In v1tro translatlon of’ the
transcripts homologous to this region dlrected_the synthesis
of two masicor polypeptides: 103K and 99K, which were

prcc1p1table by gB specific mono\lonal antibody (Rafleld and

hnlpe, 1984). ?%rker“gescue experlments have locallzeda

mutations in;the gB gene»to the region 0.346 té'0.368A(Deluca
et al., '19862 and Hollaﬁd et al., 1983). Taken together,
these findings indicate that the 3.3 kb mRNA encodes
glycdprotein gB. "

The Sall A probe (0.386 - 0.416) idenﬁifiédﬁa 4.4 kb
mRNA . This message most.likely encodes HSV DNA polymeraée
(ICP8) . Holland et al,’ (1953) &etermined thap. mRNA
homologous to Qbis region- of the genone directed the
synthesis of ICPS8 spécific polypeptidés." Teméér?ture
Seﬁsitive ICP8 mutén;s were found to have mugationsgthét map

within this region (Carley et al., 1981 and Lee and Knipe,

1983) . The sall E (0.337 - 0.342), C (09342 - 0.361) and
B(0.361 - 0.386) p(%be;”also detected ' one or more minor
transcripts in the 4.4 kb size range. Rafield'and Knipe

(1983) detected a 4.4 kb and 4.2 kb RNA franscribed'from-the
regions 0.320 - 0.345  and 0.380 - 0.417 respectively.
Therefore, the minor transcript(s) ideniified by these Sall

probes may be distinct from the 4.4 kb transcript identified

a

by Sall A. The BamHl A probe (0.345 - 0.396), however, did

not detect a 4.4 kb transcript. Figure 9A shows that the

band intensities of all five transcripts detected by the -
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Be II fragment I probe (piBIl) were feduced,.implying that,
in this ca§$/‘the concentration of poly (A)*mRNA may havé
been less than the>optimum 1—2 microgxams. . Thé‘éall E éqﬁ A
probes also detected minor transcripts in the 2.0 - 3.0 kb
range. Holland et -al. (1984a) iden;ifiéd similar mRENAs

homologous to these regions. To date, these messages have

not been .assigned unambiguously to any known HSV specitic.

polypeptides. 4 - “i

Alignmgpt'of the HSV-1 and HSV-2 BglII genomic maps’

predicted that the HSV-2 6.6 kb Bamil - Bglil restriction

fragment (0.345 - 0.395) contained the ‘entire gB2IQvnu.,

Northern blot analysié, using a molecular clone of this
fragment (Clone 75) as a probe, detected'a HSV-2 transcript

having exactly the same size as the 9Bl transcript (Fig:. 10).

The "~ strong hybridization of the probe with the 3.3 kb

transcript from both HSV-1 and HSV-2 suggests extensive

sequence homology. The HSV1 BglII fragment I (plBll) probe

hybridized less stro gly to the HSV-2 4.4 and 3.3 Kb mRNA and
-~ o

did not detect the smaller HSV-2 transcripts. fhis was most

~likely due to the lower specific radioactivity of this probe

S o TSRO .
and a greater .homology with HSV-l.transcripts.

A
]
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™ CHAPTER 4
@) ) | .
FINE MAPPING , THE GENOMIC LOCATION OF THE gB2 GENE-FROM HSV-2
I. . Introduction . | |
'Glycoprotein B has epitopes common to both HSV-1 and
HSV-2 (Showalter et al 1981) and the 3.3 kb gB transcrlpt
f rom both v1ruses hybrldlzed to the same gB2 DNA probe, hence_
the gBl and gB2 genes must share DNA sequence homology.
Therefore, it was reasonable to map the géé gene using HSV-1
. DNA restriction fraoments, fcontaining- gBl sequences, as
hybridization probes for the corresponding gene in HSV-2.

3

Clone 75 is a‘molecular clone of the HSV-2 6?6-kb BamH1
- Bg'. fragment (0.345 - 0.395) inserted lnto tne BamHl site -
of ;1vnalian expression vector pSVZ—gpt. This Chapter
describes the construction of a restriction map of Clonel7$
and the mapplng of the gBR2 gene by Southern blot analyses
IT. Results
A. - Orientation of the HSV-2 6.6 kb BamHl - BglII
fragment in Clone 75

Upon ligation of the BglII terminus of the 6.6 kb BamHl
- BglII fragment into the BamHl terminus of the pSV2-gpt
vector a hybrid site was formed Consequently, this fragmentn
could not be eXC1sed from the vector by dlgestlon with either
BamHl or BglII Its orientation was a:termined by loeating

the Sall sites on the HSV-2 insert with respect to the BamHl

and BglII site present on the pSV2-gpt vector portion of

Clone 75



-

Fig. 11 shows the ‘agardse gel proflle of Clone 75 cut‘

with Sall BglII or BamHl. A Clone 75 was cut by Sall into

Foar restrlctlon fragments, Sall A (8.0 kb), Sall B (3 7 kbY

and Sall C (Ol26 kb) (lane aj) . Since the pSV2-gpt vector

portlon of this plasmld contalns no Sall sites, this result

1nd1cated “hat the insert contalns 3 Saill 31tes BglII cuts

Sall A (8. O kb) into Sall Al (5.6.kb) and Sall A2 (2.3 kb)
|

(lane b) - %BamHl cut Sall A (8.0 kb) into Sall X1 (6.1 kb

and Sall X2 (1.85 kb) (lane c). A restriction map of Clone

75 for the enzymes BamHl, BglII and Sall_tﬁ%t.is_consistent

with these results is shown in Fig. 12. The results in
' sectlon I1.B conflrmed the locatlon of the fragment Sall C

(3&3 26 kb)

? *

~B. Sall, Pstl and Sstl restriction endonuclease maps
of Clone 75
1. "Restriction enzyme  analyses . and cross

hybridization.

Fig. 11 shows the agarose gel profile of Clone 75 cut -

with Pstl (lane a), Pstl and sall (lane b), Sstl ' (lane c),
.Sstl and Sall (lane d)! and Sall (lane e) . ig,t13 shows the
Southern blot,ef Clone 75 cut with Pstl and Sall (lane a) and
Sstl and éalln(lane b) after’hybridization with f:agment Sall

"% (8.0 kb) from Clone'75‘ Fig. 13 also shows the result

nhen these fragments were hybridized with another probe: ‘a

(3

5.0 kb Kpnl fragment containing the gBl gene of HSV-1 and 5

flanklng sequences (see Flg 16) .
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Fig.11 Restriction endonuclease 51te analysis of ‘Clone 75.
"s

”
« <

) Agarose gel . elctrophoretlc profile of CLone 75 cut
with Sall (lane a); Sal 1 and BglII (lane b), and Sall -

~and ' BamH1 (lane c). The rizes of the DNA fragments were

»

. determlned by comparison of their mlgratlon rate w1th

vmarker DNA fragments lambda phage DNA cut w1bb HindIII
(lane 1)} . A dlagramatlc representatlon oﬂ‘the
restriction profile is also- glven whlch 1dent1f1es the
fragments and thelr q1zes New restrlctlon fragmenta
generated by the second enzyme are- a531gned the same
‘alphabetlc letter as the parent fragment;ruB) Agarose

"

gel profile of Clone 75 cut with Pstl ‘(lane aj, Pstl and
< i R .

W Sall (lane b}, Sstl (lane c), Sstl and Sall (laqp dy, .
r'd - . -,

and Sall (lane e).
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Fig.12. Sali, Pstl and Sstl restriction engonuc
: . . - 8 Tmen

Clqne 75 determined by restriction endonuclease and*
. ’ ‘ ' I ' :
+ Southern blot analyses. A) Sall, BamHl, BglII map. - B)

Y
. Pstl, Sall map.. ) Sstl, Sall map. The shaded regiorr
,fep} sents the pPSVy-gpt vector-énd théwremgining region'
'igpresents the HSV-2 6.6Kb BamH1-BglII fragment (0.345-
. 0.395) insert. Deéignati%ns for the restriction enzymes
are :BglII (Bg), BamHl(B), Sall(sa), sstl(s\, and
" Pstl(p). , ' A -
& - o _ :
. g
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'ig.13. Hybgidizatidn‘of Sall DNA fraémént A’ from Clone 75

.’/V

and 5. OKb Kpnl fragment (gBl probe) from HSV-1 with
"'Clone 75 subfragments Qldhé 75 «as éut with Pstl and -
‘sall (lane a) or‘Sstl and Sall (lane p)" The fragments
were subjécted to electrophofesis in agérose gel,
blotted onto nltrocellulose and hybrldlzed w1th elther .
Clone ;5 Sall fragment A (SallA ’Br HSV-1 5.0 Kb Kpnl

fragment (Kpnl). The identity of the fragments which

hybridize with_ghe probé‘are indicated. s






¥

The informétion obtained from these oata together with

the g Hl map (Flg 12) were vsed to~estab%15h a restrlctwon

‘map of Clone 75. The ratfonule for construction of the’Pstl
. . A
. T4 ' ) ’
(Fig. 12) and Sstl (Fig. 12) maps, was as follows: a0
— Pstl Map ) | ' ’ : N~

(i) The Sall A (8.0 kb) probe hybridized to the Pstl - Sall
“ragments- A, B, F, and D2. Pstl/fragment F (0.86 kb) is the
internal Pst1l fraéﬁent derived from the vector pSvV2- gpt (Fig.

12y . Pstl fragments A and B Fontalm vector secuences plus

HSV- 2-sequences The 5.0 kb Kprl (gBl) probe hybrldlzed to

Pstl - Sall fragments D2 and B. 7 These data suggested the

following ‘clockwise order »f Pstl fragments; 1, F.fB and D2,
and that B and D2 contain DNA sequences homologous to tHe»gBl

| e ' , n
probe. ' Ji%

(if) Pstl fragment % (1.55° kb) was cut twice by Sall

generating DNA fragments D2 (0.95 %33, Sall C (O 26. kb) and ™

D1 (0.3 kb) . These reSUIts placed the Sall C fragment in the
middle of Pstl fragmént D. These fragments and Pstl  fragment
E hybridized with the gBl probe.

~(1ii)  pstl fragment C (1.75 kb) was cut once by Sall and

generated fragment Cl (1.745 kb) and a ffagmenu which wes

presumably too small to be seen by ethidium bromide staining.

Pstl fragment C does not hybridiéé”to ghe gBl probe.

The above analysis Suggests the Pstl - Sallﬂyestrfction

A ‘/
endonuclease map shown in figure 12. Z

;
¥

Ks
e

i
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S T -
Sstl Map ' v ' : A

. @ - - & '
(i)kahe Sall A (8.0 kb) nrobe hybridized ‘with Sstlf?-Snl 1

’!x .

fragments Al and Bl. Sstl f?égment B (2.15 kb) was cut twieé :
by Sall ‘into 'Sstl ~ Sall fragments Bl (1.65 kb), B2 (0.24 kb N
‘and’ Sall Eragment C (0.26 kb) .. The location of Sall fragmep:
'C was alfeady . ; determined
for the Pstl —'Sai‘l map f(see the ebove and{%iq. 15). .TheUc
data suggested the }ollowing clockwise ordo!.nf fragments; ,,d
A2, Al, Bl, Sall C and B2, ‘ ) ) @
(ii, Sstl - Sall fragments Bl, 82, C, D, A2 and Sall «
hybridized to the 5 0 kb Kpnl (gBl)’probe.
(i1i1) Sstl 'fragments C ané_[) must be located betweon
fragments A'and B. lThe noraert Order of the. former Lwo-&é7§
fragments was deiuced from the fact that Pstl fragments D and ¥

E cross hthldlzed with Sstl . fragment C and D, Ac)pogLJV(ly

o >

(see sectlon 11.B. 2) .

‘The above analysis suggests the Sstl - Sall Aresppichun

endonuclgase ~map "shown in Fig. 12.

N]

2, Hybrldlzat;on between Sstl and ..tl DNA fragments.

of : . . Ty
‘ b

Clone 75.

Fig. 14 shows the composite restriction endonuclease map

of Glone 75 constructed by superimposing the Ps Ll - Sall
(Fig. 12) and Sstl - Saill (Fig. 12) maps.  This map WA S
conflrmed by hybrldlzaelon of Sstl and Pstl fragmonts (Fig.

15) . Two additional Pstl fragments, G and H, were identificd

by Sstl fragment probes € and B, respectively, ;These



Fig.14 Restriction endonuclease map of Clone 75. The

location and difection of the gB2 gene,‘determined”by

Southern blot and'DNA sequence analyses, is indicated by

the arrow.

\



\

Fig.lS. Hybridization of Sstl and Pstl [NA frqgments éf Clone
75.‘ Sstl fragments A,B, C and D were uséd fo probe a

SOuthern blot éf Pstl DNA fragments. The positiqns and

identities of the Pstl DNA fragments are indicated.
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S~ ’ .
-fragments are less than 100 bases in length and therefore
! . .

were not readily detected by ethidium bromide staininé of the

agarosp gel. Their position'on the map-was further confirmed

by DNA

quencing. (see Chapter.Ser?ff
C. Fine mapping  the gg?ﬁ%ggaeQMby Southern  blLot
’ ﬁ a5 ' Byt T g ‘
analysis 0 .

Fig. 16 shows the allgnment of the BglII phy51cal maps

for the HSV-1 and H;V 2 genomes and allgnment of the BglIIr

fragment I (0.314 - 0.416) of HSV- 1 "with the BglII'fragment J
{0.314 -~ 0.395) of HSV—2 Three HSV 1 DNA fragments were
used as hybrldlhatlon probes to 1dent1fy the restriction
fragments, from the HSV-2 6.6 kb BamHl BglII (0:345 -.0.395)
insert of Clone 75, which ‘contain gB2 DNA Sequénces. |
The Kpnl DNA probe’ (0.346 - 0,377) of HSV-1, containing

the entlre gBl gene and flanklng sequences, hybrldlzeq with

Clone 75 fragments Pstl - Sall B, D1, D2 and E, %Sstl‘—‘Sall

fragmeqts A2, Bl, 'B2, C and D and Sall C (Fig. 13). The HSV-

I Xhol (0.55 kb) fragment (0.367 = 0.71) contains the 5' end

of the HSV-1 gB gene. This probe deteécted HSV-2 Sstl,
fragment D (256 bp) (Fig. 17). The HSV-1, Sst .1 (2.4 kb)
_fragmént (0.352 430.365), contéining a.major portion- of the

gB-1 5 coding sequence, detected HSV=2 fragments Pstl B, D

and G;'Sall A, B and C; and Sstl Brand C. These results, in

vcomblnatlon w1th DNA sequenc1ng data, defined the location of

1

the gBZ.gene shown in Fig. 14 and 16.
Vs
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Fig.16. Alignment’ of the BglII restrlctlon endonuclease maps

for HSV- 1 and HSV- 2 genome%,(from flg 3 of Preston'et

1.(1978)) and allgnment of ASV 1 Bg®II fragment I
(0.314-0.416) and ﬁnév 2 BglI.t Frqgmﬁnt J (0.314-0. 395) .
Restrictlon maps of the HSV- 1 'Bg Il‘fragment I and Hsv 2

. BamH1-BglII fragment (0.345—0.3 5) are shown. The
positiéns and transériptional directibh of thé gB2 éene
(determined by sbuthern'blot analysis and DNA .
sequencing) is indicatéd by the arrow. HSV-1 DNA
1fragménts‘KpnIA(5.0Kb)_apdnSst1 (2.4Kb) and.thi a L

(6;55 b) contain gél sequences (deséribed in ﬁhe texﬁ)i

and were used as probesvfoq gBZ_sequégces.&iRestrictioh

enzymes used were BglIl (Bgﬁ, BamHl(B),cSall(sa), S°t1

(S), Xhol(X), Kpnl(K) and Pstl (P) .

»
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Fig.17. Hybridizatienaof HSV-1 gB1 probes with Clone 75 Pst1,

- Sall .and éétl DNA fragments; The‘2;4'Kb Sstl fragment
(0.35146.368)‘ofeHSV—1 (Sstl)'cohtains a majoréporﬁion
of the gB1l codlng sequence and the 0.55 Kb Xhol. frag?enb
(0.367-0. 371)(Xhol) contalns the 5° end of the gBl gene
The Pstl (P), Sall (Sa) and Sstl(s) DNA fragments which

‘were detected® by the orobe are identified.

@
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IiI. V.DiscuSSion_ﬁ

rIn.Chapter‘B gBl was mapped by northern blot analxs es
to within map units 0. 345 and 0. 386 on the Hbv 1 genome. - The
'gBZ gene was llkely to be colinear and share DNA °eqntnoo
homology with- gBl ‘This assumptlon was baseo on the fact
that 1) the 6.6 kb BamHl - BglII rragnent (0. 345.; O 305)'of
HSV 2 hybrldlzed to both gBl and gB2 transcrlpts (Flg 10),

2) restrlctlon analyses of HSV 1ntertyp1c recomblnants and

.o

marker rescue experlments locate the two genes to the same
reglon Magsden et al., 1078,\Ruyechan et al, 1979) and 3)

. 9B has. epltopes common tg both HSV-1 and HSV-2 (Showalterfet

al., 1981). Functional mutations if’gBl have been localized

within map units 0. 346 to 0.368 (Deluca'et al., 1982; Holland

: et al. ‘ 1983) Therefore, HSV1 DNA probes Kpnl (0.346'~‘

01377), sst1 (0.352'— 0.367) and Xhol (0.367 - [o. 371) (sce

Fig. 16) were chosen to probe for gB2 sequences on ithe HSV2

6.6 )kb' BamHl - BglIi fragment} (0.345 - 0.395). DNA

w

sequencing of the HSV 2 genomic reglon between 0. 343 to 0.371
map units revealed an open readlng frame hav1ng )ufficient

length to encode the gB2 glycoproteln and. having extensive

-

homology with the gBl (straln KOS) sequence (see Chapter 5)

J

‘The HSV-2 6.6 Kb BamHl - BglII fragment (0. 345 - 0.395)

¢
¥

lrpsert could not be excised from Clone 75 due to the hybrid
B

BglII/BamHl clonlng site. Therefore, hxbridization, rather

than partlal dlgest analyses,,was a more convenlent method to

1

' determlne the restrlctlon map of thls fragment In fact, two.

.addltlonal DNA fragments, PstlAG and H, were detected by
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M L2 -

hybrldlzdtlon to Sstl and Pstl fragmento from Cl@ne 75 (Figu

© 15 and 17) wthh contalned gB2 sequences

In most cases, the gBl DNA probes clearly 1di?t1f1ed the
H%V’2 fragments containing gB2 sequences. The HSVel 2. 4 kb e
SStl fragment did not hybrldlze as strongly to the Clone 75
Sall 8.0 kb fragment A (Fig. 17), probably as & result of.theﬁ
less efficient transfer; of_llarger D¥A  fragments to
~nitrocellulose membrane. : “ “ &

~



~was deduce

-CHAPTER 5

- - 1

DETERMINATION OF THE NUCLEQTIDE SEQUENCE AND AMINO ACID
SEQUENCE OF GLYCOPROTEIN gB2 AND PREDICTION OF MAJOR

ANITGENIC REGIONS
- : o Y
I. Introduction - '

h 4

" The characterization of ~the antlgenlc structure of

glycoproteln gB ‘is essentl'l to the understandlng of the

immunoblology of_HSV 1nfectlon There may be a correlation

between “the antlgenlc and blologlcal properties ‘of "HSV .
: w
. ThiS'ehapter describes the M13

clonlng of Clone 75 restrlctlon fragments which contain gB?

(Frankel et al. 1985)

(Strain 333) sequenCes and the subsequent determlnatlon of
the entire nucleotlde sequence of this gene by the Sanger

dideoxy cha;n*terminétion method. The amino. acid sequence

L o

"and compared with fhe primary sequence.of gB from

other HsV strains. .Seci'ndary structural features were

‘predicted by the Chou and Fasman (1978)*talgorithm. Antigenic

- sites were predicted from the primary sequence on the basis

of three different paramete;s: 1) a‘hYdrophilicipy scale

derived\f;om high performanCe'liquid chromatography (HPLC)

.

peptide retention data, 2) accessibility and 3) flexibility,

‘The cbmputer program which was used ‘combined these three

parameters and sucessfully predieted ﬂ?ny <3¢;the known

antlgerlc 51tes for myoglobln, lyzozyme, cytochrome ¢ and

-y

1nfluenza hemagglutlnln $Parker et. al 1986) Extensive

. amino acld dlver31t1es were found in certaln reglons among



the several gB ‘“sequences compared and these regions
« correlated well with the predicted antigenic determinants.
II. Results

A. M13 cloning and sequencing of the/ gB2 (strain 333)
’ ) . < .

gene ‘ )
‘ )

1. Construction and identification o

/]

Fig.13 shows the overall strategy used to obtain the

4

M13 clones.

sequence of the gB2 gene. Several Pstl, stl, and Sél; DNA
fragments, betwéen the-BamHl and‘thé Pstl sites (map units
O.3§5f0.377); were  cloned 'iﬁto M13 Qedtqrs.‘ Sau3Al-
subfragments from the Ssti1 fragmeht B (0.348—0;3§2) wereB
shot-gun cloned in;o veétor§.mp10-and mpll. The'éal—?stl
fFagment (0.360-0.367), from Clone 75, was 1isolated from

 agarose gel‘add found to be resistant:to gigéstion by Hpafl
and'HaeIII. Therefore this frégmeﬁt 's cloned iﬁtq plasmid
vector pUC8 and the resulting recombinénf was cut with Pétl,'
Sail and HaeIII-or Hpall. Efagments derived from the Sal—
Pstl fragment weré separated by agarose gel electrophoresis
and cloned dirgctly into M}B vectors. %iB phages carfying
DNA inserts were identified by fheir reduced migratf&p rate
in 0.5% agarose gel‘relative to the M13 vector and aLﬁo by.
dot blot analysis.' Fig.19 shéw&;§§ example of a dot blot
which idenkified M13 clones contain;hg Cléne 75 Pstl
fragments B, D”and E, and Sst1 ffagmenng._A
2. Sequenéing the gB2 gené. ,

Entr. strands of the HSV-2 DNA reyion between map units



¥

Flg 18. Strategy used for determlnlng the HSV 2 ' DNA sequence
between 0.345 and O 370 map units. S'The size of the
region sequenced (in base pairs). B) The completc
restrlctrbn map of thlS reglon for the'enzymes Ps L1 (P),
Sst1(S) and Sall(Sa) and a partial map for the enzymes

oy

Sau3Al(Su), HaelII and Hpq;I(Hp <The proteln

,‘3 ~\, v

encodlng reglon ’ d gB2 orientation decermlned by DNA

sequence aﬁiw

# C)
Map of the sggégkgé The vertical dash at

u " the beglnnlng of eaCh arrow lnq&cates the p031tlon of

the first nucleotide of a sequenced clone§>'The thicker

arrows (numbered 1-5) represent sequence§ primed b{

specific synthetic DNA primers

<
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17,

P,l




‘ig.l9.‘Dot blot analysis of M13 cloneé DNA derlved from
| M13 phages carrying DNA fragments Pstl B, D and E, and
Sstl D of Clone 75 was blotted onto nltrocellulose
paper. The DNA fragments which were used as 1nserta to

constract the M13 clones were used as hybrlszat;on

probes to detect.positive clones. -'The’positive (+). d”ﬂ','
. Cpe

negative (=) controls are Clone 75 plasmld DNA and '
Mlep9(RF)DNA, respectlvely. . -’ , | ’



I )




1. DNA sequence analysis

s

)\/Z | : f;
) " i . ‘V.‘/ - . . ’ .

chain—terminat}én methdd % In most cases“ MlB univer:al-

a7

. ?. ’ °
primers were used to pq;me the sequenc1ng reactlon from the

termini of the cloned frjgment.l In scme regions where an MI13

“, /

ckcwc« was not, “available orf sedgence confirmation Was

S ¢ , . .
required, symthetic DNA primers were synthe31ved to prime
sequencing reactions at SpelelC locatlons (see Frg.lB)r

» s . ) ” ne | )

Table 1II vlfsts the ~sequencesp~of the sﬁhthetic primcrs

'

utilized. Examples of nucleotlde sequenc1ng gel Cfor”

@,
sequences prlmed by synthetic and M13 unlversal primers. arc
ROY

“shown in Fig. ZOB andeOA respectively Sequéncing oi both

A SN
7

strands resolved several amblgultles in the DNA sequence due

i

to band compre351ons in the ’sequenc1ng gel ' Howuvex,m

%

determination of the sequence 1mmed1ately 3‘ to the PstLl site
at nucleotide p051tlon 495 and between the Sau3A sites x738?5

2625) required ‘the  use of - deaza 2‘—deo;yguanosrno~>

triphosphate (c7'dGTP) in place df dGTP in the sequcnrlnq

reaction. The N-7 p051tlon of the guanlne ring in thJ

nucleotide analbgue is replaced by a methinel moiety

A ¥

Therefore Hoogsteen bond formatlon iss av01ded amd halrpln

. e

structures, whlch glve rise s to abnormal band mlgratJOn'

vespec1ally in G-C rich areas, are. av01ded (Barr et al l9bh),'

L by

Fig. 20C shows the sequenc1ng .gel of the CNA sequence, 3'

the’SauBA.51te at position 2382, usmng;c7dGTP.

B Sequence analysis - and antigenic“;aite. predictionﬂ'

<
&

The nucleotlde sequence of the reglon between O 305

0. 370 is shown in Flg 21. Open readlng frame analy51s of tho

4

sy



‘jgrégjﬂgxamples of nucleotide sequencing gels. A)
Nétleotide sequence - 3' to Sau3Al.reCOgnitidn site
5 . . . :
)'(position 2625) uSing M13‘univ¢Fsal pr%mer. i).n
" Nucleotide sequenée 5° tb Haelll recognitién site

N> :
Q

(ppsifiogflOZQ) using synthetic primer #4 (see Table

-

II). C) Nucleotide sequenc: 3' to’Sau3A (paBitioh 2382)

.
-~

using M13 univérsal primer and c’/dGTP.
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"ig.21.Nucleotide sequence and deduced amino ecid'sequence ef.“
.HSV;Z strain 333 gB2. thleotide nqug;AZ is the first
nﬁcleotide of the Sstl site»at approximately O.370vmap
units and nucleotide 3721 is the iéét nueleotide‘ofttheﬁﬁ
.BamHI 518% located 1mmed1ately to the rlght of HSV 2, map.
coordlnate 0.345 (see Flg 17). The nucleotlde\sequence
of the coding strand 1s presented. : Glycoproteln B is

v,transcrlbed from the rlght to the left in the P .
arrengement of:HSV—Z DNA. Transcriptional and
'trenslatiohal'regdlatory signele are‘indiceted by,boxee

= and described in the text. Potentiel N—iigked
glycoey;ation sitee are gnae:lined. °

. ' - o E . x



AGA GCT CGT CAA CGGGCC

CCC CAA CAC CGC GCT GTA

» CAA GGA GGA ACT CGC €CG
' G656 €CG TCA GCG AGT TTC
CGC CCA CCT AGC 6CG CCG
@ TeT 16 cGT Coa TeT
GCA GCC GCC COA CCT CCO
__CGT ACA ACT cc6 A¢1 or¢
GCA TCG GAC cCC act coa
Am acc

CCC CGT AGG CCC 6CC

.

i

GCG CTG QTG GCC 6CA 616

Ala leu Val Ala Al Val,

" 6CC TCG GOC GG GTC HCC
Als Ser Gly Gly Val

CCG CCC €CC GTC CCQ AGC
Prp Pro Pro Val Pro s.«

AAG CCG. CCC AAG CGG ccc
Lys Pro Pro Lys Arg Pro

6CC G0C GAC CACYGCC ACG
Als Als Gly His Ala The

GCC GAT GCC:CAG TTT TAC
Als Asp Ale' Gln Phe Tyr

TTT GAG CAG €CG" CGC COC
Phe Glu GIn Pro Arg Arg

GGC ATC GCG GTG GTC TTC
Gly Ile Ala Val Va) Phe

- ATG TAC TAC AAA GAC GTG
"MET Tyr Tyr Lys Asp Val

CAG TTT ATG GOG ATA TTC
Gin Phe NET Gly 1le Phe

GAC AAG ATT AAC OCC AAG

Asp Lys Ile Asn Ala Lys

AAC ATG GAG ACC ACC 6CG
Asn BET Glu The The Ala

AAG CCG GCO AAG GTC GCC
Lys Pro Ala Lys Val Als:

AAG TAC AAC CCC TCG COG
Lys Yyr Asn Pro Ser Arg

1GC ATC GTC .GAG GAG GTG
Cys Ile Vel Glu Glu Vsl

TTG GCG ACG GGC GAC TTTY

" Leu Ala The Gly Asp Phe

1C6 CAC ACC GAG CAC ACC
Ser His The Glu His The

- TTIC.TAC GCG CGC GAC CTC
Phe Tyr Als Arg Asp Leu

AAC TTG CTG ACG ACC CCC
Asn Leu Leu . The Thr Pro

CCG GCG GTC TGC ACC ATG
Pro Ala Vai Cys Thr MET

# 'GAG TAC GGC G6C TCC TTC

Glu-Tyr Gly Gly Ser Phe

ACC AAC CTG ACC CAG TAC
The Asn Ley The Gln Tyr

€G3 GAT GCC COC GAG OCC
Arg Aoé Als Arg Glu Als

CAC ATC AAG GTG 0GC CAG
_His lle Lys Va1 Gly Glh

4

AAA AGT ;CT ACT GTT T1G ACG GTG TTTY A
B 4 .

!#];IIDIC GCG AGC TCA T14 T

¢CcT 66C
ACC 66T gg? 008
CAa a1C TGT ACC
405
cOC 768 103 CCA
458

TCG TGG TTT ACG
513

16 CCC CCA™ GAC,
587

CGC GGG 8aa 00C
“Arg Gly g;)‘f Gly

GCG TCG 0Ca 6cc

Ala Ser Ala Als
875 .

GCG ACC OTC OCO

e Ale The Vel Aluv

729
CCC OCa ACC ACC
Pro Ala The The

783
OAO GCG ACC. Cca
Glu Ala Thr Pro

€16 coc OCG CAC
Leu Arg :;n His

G876 TGC €CCa cCC
Val Cys Pro Pro
945

I i
ys. Pro rg
899

AAG GAG AAC ATC

Lys Glu Asn 1l
1053

ACC GTG TCO CAG

The Val Ser GIn
1107

Tco

-

) 27. .. 54
cCt 617 cg? CCA CTC CAC CCA CAG CTT CGC CCA oc'g
CTA CAG cg; COA-GAA COT 066G 6CT CCT oce och CCT

1862 <
CIT CAT cs; 066G CGC 630,608 CIT 63 60 CT0 n; :
L)

7

T10 aaT Tac dec ol oo Act
acc C6C €6G CGT 410 e rg?
tce AGA.0CG GCC CCO ACO (8

86 -
ACC GAO ACG TTT Y” CCA 1CcC gCT

TAG

118
Leu

cca
Pro

aca
Al

AAQG

Lys
cce

40
CGG GCG GCAa 668 ACG GAC oaC

594
ATT 16C 0C6 10 are OTG 000
1le Cys Als leu Val Val 0|‘

“

OCGOCCCCOOCGOCCCCCCOC‘

Als-Als Pro Als Als Pro 9-8

- 0
AAC 00G GQT €CC.CC TCC Caa-

Asn Gly Gly Pro Als Ser A

. 7%
GCC CAG AAG: AA ACC AAA -
Als Arg Lys yi The tya
CCC GAC GCC AAT oCa ACC aTC

Pro Pro Asp-Als Asn Ala The Val

[41]
Leu

ces

884
COG GAA ATC AAG GTC GAG AAC
Arg Glu lle Lys Val Glu Asn

818
ACG GGC GCC ACG QTG GTQG CAG

Pro The Gly Ala ‘The Yal Va) G;n

o 972
GAQG 0G0 CAG-AAC 'TAC ACG GAG
Pro Glu Gly Gin Asn Tyr th‘g;g

cca

‘ace

Als

Q16 706 7

Val

CCG TAC AJA. TTC AAG OCC ACC
Pro Tyr Phe Lys Ala (Y):a
GGC CAC CGC. TAC TCC
!rp Pho Gly His Arg Tyr s;:

GAG GAC COC GCC CCC GTT CCC TTC GAG GAG GYG ATC

Qlu Asp A;?

Ala Pro Val Pro Phe Glu Glu Val lle

1188
033 GTC T0C CGC TCC ACG GCC AAG TAC GTG. COS AAC
Gly Vsl Cya Arg Ser The Als Lyn Tyr Val Arg ;ug

TIT.CAC coa GAC GAC CAC GAG ACC GAC ATG GAG CTC
Phe His ;;8 Asp Aep His Glu The Asp MET Glu‘gg
1 .

ACG COC ACG AGC €GO 00G TG CAC ACC ACC GAC CTC

The Arg The

Ser Arg Gly Trp His The The Asp Leu

. 1350 -
GTG GAG GCG TTC CAT CGG TAC 0OC ACG ACG" arc AAC |
Yal Glu Al; Phe His Arg Tyr Gly The The Vol :af‘\

GAC 0CG €Od TCG GTQ TAC CCG TAC GAT GAG TTT QTG
Asp Ala Ar? Ser Ve! Tyr.Pro Tyr Asp Glu m'm

[} {1} fAC‘ ATG TCC CCG TTT TAC GGC TAC COG GAG GGG

V&l Tyr MET Ser Pro Phe Tyr Gly Tyr Arg GlU Ol

ACG TAC GCC OCC GAC COC T1C AAG CAG QTC GAC ooc
The Tyr Ala Als Asp'Arg Phe Lys Oin Val Asp Ol‘

. 9 . 158
ACC ACG AAG OCC COG OCC ACG TCG CCO ACG ACC COC
The The Lg; Als Arg Als:-The Ser Pro The The Arg

AAG TTT ACC QTG GCC TOG GAC 766 G7G CCQ AAG COA
Lys Phe The Val Als Trp Asp Trp Vsl Pro Lys Arg

ACC AAG 0O CAG GAG GTG GAC GAG ATG CTC COC occ
The Lys ;rp 0in Glu Yal Asp Glu MET Leu Arq ;u

1728
COC TTC TCC TCC GAC OCC ATC TCO ACC ACC TIC ACC
Arg Phe Ser Ser Asp Als 1le Ser The 1hr'hoT

1758

1782
TCG CTC 1C@ COC GTC GAC CTG GOC GAC TGC ATT 0GC
Ser Louws;; Arg Val Asp Leu Gly Asp Cys llo'g;!

ATC GAC COC ATG TTT GCG COC AAG TAC AAC OCC ACO
llc Asp a;g NET Phe Ala Ary Lys Tyr

CCO CAG TAC TAC CTG ‘0CC

ACG 00G 0GC TTC CTCATC

Pro GIn Tyr Tyr Leu Ale The Gly Gly Phe Leu 1le

O
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GCG TAC CAG CCC CTC, CIC" AGC AAC ACG CTC GCC GAG CTG TAC ‘GTG’COG N
Ale Tyt Gln Pro Leu’ ’sﬂ; Am Thr Leu Als Glu Leu Tyr V' Kt 'l'ﬁ ‘a

ATG CGG GAG CAG GAC COC AAG. ccc coe Ax oec ACG €CC 6C6 CCA R4 éoa aAg =
MET APg-Glu GIn Asp Arg Lys P 202! Pro Ala.Pro Leu Arg Glu

. " 2052 .
CGG CCC AGC GCC AAC GCG TCC GTG GAG CGC ATC AAG ACCTACC TCC TCG ATC GAG
Arg Pro Ser Als Apn Alg: Ser Vn_lzg;g Arg lle Lys The Thr ‘Ser Ser lle Glu

. . 2108

TTC GCC CGG CTG CAG TTT ACG TAT AAC CAC ATA CAG CGC CAC QTG AAC GAC ATG
Phe Als Arg Leu aln Phe: 1hr Tyr2 ;g His 1le GIn Arg uu Yal Asn Asp KGT

: 1 2180

CTG GGG CGC ATC OCC QTC GCG TGG TGC GAG CTG CAG AAC. CAC/GAG CTG ACT CTC

Leu'Gly Arg 1l Als Val Al Trpfg; Gtu Lou Gln -Asn Nis u* Leu Thrz!‘;ou
. 14

TGG AAC GAG GCC CGC AAG CTC AAC CCC AAC GCC ATC GCC TCC OCC ACC GTC GaC
Trp "Asn Glu Als Arg Lys Leu Aen Pro Asn Als lle A|. Ser Ala The val @1

228
€0G Cag 010 AGC GCO COC ATG CTC 0GA GAC QTC ATG @CC GTC TCC ACG TOC a16 -
Arg Arg Val Ser All Arg BET leu Glg Asp Vel MET Ala Val Ser Thr Cys Vsl

2295 . 2322
CCC GTC 6CC CCo OAC AAC GTG ATC G7G CAG AAC TCG ATG CGC GTC AGC TCQ CGG )
Pro Yal Ala Pro Asp Asn Val “.2;:; GIn Asn Ser NET- Arg Val Ser Sor2A
. 37
CCG GGG ACG TGC 'TAC AGC CGC CCC CTG GTC AGC TTT GG TAC GAA GAC CAG G0C
Pro Gly Thr Cys Tyr Ser Arg Prozksu Ya) Ser Pha Arg Iyr Glu Asp GIn g;g

: C, 3 2
. CCG CTG ATC GAG.GGG CAG CTG GGC GAG AAC AAC GAG CTg' COC CTC ACC COC GAC
Pro Leu l1e Glu Gly Gin Leu Glyzt‘igt; Asn Aln Glu Lou Arg Leu The Arqziz
'6CG CTC GAG CCG TGC ACC GYG GGC.CAC €G3 COC TAC TYC ATC TTC GGC 006 GGC-
Als Leu Glu Pro Cys The Vsl Olyzgl? Arg Arg Tyr Phe lle Phe Gty Olyzg;
’ 1
TAC GTG TAC TTC GAG GAG TAC GCG YAC TCT CAC CAG CTG AGT CGC GCC GAC GTC
Tyr Val Tyr Phe Glu Glu Tyr Ala Tx; Ser His GIn Leu Ser Arg Als Asp Val

. 2588 .
ACC ACC GTC AGG ACC TTC ATC GAC CTG AAC ATC ACC ATG CTG GAG GAC CAC GAG
The: The Yal Arg_Thr Phe lle Asp Leu Agn [le Thr MET Leu Glu Asp His Glu

2819 ) 2648
JTT GTG CCC CTG GAG GTC TAC.ACG CGC CAC GAG ATC AAG GAC AGC 0GC CTG C1G -
Phe Val Pro Leu Glu Val Tyr TM::;? His Glu Ile Lys Asp Ser Gly Leu Leu
GAC TAC ACG GAG GTC CAG CGC CGC AAC CAG CTG CAC GAC CTG CGC TTT GCC GAC -
Asp Tyr The Glu Vsl Gin Arg Argﬁ;{; Gln Leu His Asp Leu Arg Phe ”.2;;‘4’ )
ATC GAC ACG GTC ATG COC GCC GAC GCC AAC GCC GCC ATG TTC GCG GGG CTG TGC
[le Asp Thr Val 1le Arg Als Alnga Asn Al Als MET Phe Als Gly Louzg :
GCG TTC TTC GAG GGG ATG GGG GAC TTG GGG CGC GCC GTC GAC AAG GTA GTC ATG
Als Pha Phe Glu Gly MET Gly Asp’ Iégg Gly Arg Als Val Gly Lys Val Vel MET -

: 2 882
GGA QTA GTG GGG GAC GTG GTG TCG GCC GTC.TCO GGC GTG TCC TCC TTT.ATG TCC°
Gly Val Ya1-Gly Gly Val val Ser A!a Val Ser Gly Val Ser Ser Phe MET Ser

2889 : : ’
(AAC CCC TTC 6AG GCG CTT GCC GTG GGG CT6. CTG GTC CTG '6CG GAC CTG GTC OCO - ) 4
Asn Pro Phe Qly Ala Leu Ala va) glg Leu Leu Val Leu Ala Gly Leu Val Als

294 . : '
GCC TTC TTCGCC TIC CAGC TAC GTC CTG CAA CTG CAA COC AAT CCC.ATG AAG OCC
Als Phe Phe Als Phe Arg Tyr va) %:l; Gin Leu GIn Arg Asn Pro MET Lys Als

2 - N
CTG TAT CCG CTC ACC ACC AAG GAA CTC AAG ACT TCC GAC CCC 666 0OC GTG 0aC °
Leu Tyr Pro Leu Thr Thr Lys Glu Iégu Lys -The Ser Asp Pro Gly Gly Val G1

L .
OOOGAGOOGOAGGAAOOCOCGOAGOOGOOCOOGYTT GAC GAG OCC A22 T7G OCC
Gly Glu Gly Glu Glu Gly Ala Giu 0!; Gly Qly Phe Asp Glu Als Lys Leu Ala

310
GAG OCC CGA GAA ATG ATC COA TAT ATG QCT TTG GTG TCG OCC ATG GAG COC ACG
Glu Ale Arg Glu MET lle Arg Yyr IU Ala Leu Yal Ser Als NET Glu Arg The

GAA CAC AAG OCC AGA AAG AAG ACG AGC GCC CTG CTC AGC TCC AAG GTC ACC |
Glu His Lys Ala Arg Lys Lys y Thr Ser. Ala Lou Leu Ser Ser Lys Val The

AAC ATG GTT CTG COC AAG COC uo uA OCC AQG TAC TCT CCG CTC CAC AAC GAG
Asn NET Val Leu Arg Lys Arg Asn Lxl Als Arg Tyr Ser Pro Leu His AsA Glu

R 3294
"GAC GAG GCC OGA GAC GAA GAC 0AG crcmooa AGG GGA 0GG GAG CTG GGC TTG
Alp Glu Ale. Qly Asp Glu Anp Glu lew

11 ATA (AAT 222 Jho aca cco no’ggc AAA AAT ACA CAT GAC TTC YaO w’?é‘x'
177 0CC TG GTT TTT ATT 100 000000 00C GTG TGA CTA GAA AAA CAK no’c‘uog
ACA CTQ T0C TAA COG GAA AAC cu’ggg CAA ACC AAC CCC AAA CCA ACC CCO e
cce-¢erg GGA €CO GTC GCT TIC CAC ATC CCC TCC CCO 106 TAG TCC TTC coa, act
T1c 61c GG TAT 00 00C CAT coa J1c oac Tee TAa cce coc cec cee Tea cce
CTC COA CCT AAT TTT TGT QTC ATT C38 CCC ACT TTC. CCC CCC ACT CeA Cec Joct
CCC TCT CAA ACA AAA ACA CAA GCA CAC GAA GTG GYA TAC TYT TGT CCG GTT GTT
TGY TTA TTT AAA ATA TAT d.u _.AAC_Agg CAC CCC CCC CAA OTC CGG ATC C




.
- DNA sequence between 0. 345 and O 370 map unlts revealed one
readlng frame extendlng from nucleotlde p051tlons 536

3270. A larger open readlng frame cn‘ the opp051te strand

could not code for gB2 31nce this strand of DNA did not

'hybrldlze to. the gmi mRNA (Holland et al. 1984) and because
the predlcted protein sequence was not homologous to gBl. . An
addltlonal open readlng frame, which ends ~at -termination
..codon TAG at nucleotlde position 548 and extends beyond'the
flrst nucleotlde of the sequence, translated 1nto: a

polypeptlde Wthh ‘was homologdgﬁ to the C- termlnal end of

'._HSV-l.polypeptlde ICP18.5 (Pellett et al. l986),

The sequence context around the proposed initiating

codon was QQQATGQQ (nucleotides 553 to 559) whlch quallflod'

as ‘a functlonal Sequence context for translatlon initia tion

in other eucaryotlc mMRNAs (Kozak et al. l983) Putative
&

-transcrlptlonal regulatory 51gnals were found in the region
5' to the AUG ‘codon  at p031tlon 556. Transcription of
eucaryotic mRNAs -typlcally begins“ at an 'A' residue

<

vsurrounded by pyrimidine residues (Breathnach and Chambon

’l98l), therefore transcrlptlon of the gB2 mRNA prO)dbly

1n1t1ates at one of the ‘A" residues in the sequence

v

GCCACCACAC (nucleotides 264 - 273). A 'TATA' box having the

sequence ATATATT (nucleotides 242 -~ .248) and a potential

'CAT'vhox’dGGAAT (nucleotides 209_* 214) are‘located at 16

and 50 nhcleotides, respectively, upstream from the putative-

'transcription 'initiation site. Nine out of thlrteen
%

nucleotldes in' the sequence CGCCCGCTTCATC (nucleotldes 121~



l1.33) are homologous with the ICP4 DNA blndlmj eonsensus site

foUnd in several . promoter ﬁeglons of HSV 1mmediate—early.

proteins and glycoproteln gb (Faber and Wilcox, 198¢; Muller;

1957) ..

9

A polyadenylation signal ‘'AATAAA' (nucleotidgs 3301 -.

121

3306) was found 30 nucleotides downStream from ctherﬂ;7

termination codon TAA (nucleot Jdes 3268 - 3630). A cleavage

osite CACATG (3329 - 3334), similar to the consensus RNA
T e o :

'cleavage site 'CACTG' (Berget 1984), occurs 22‘nucleotides‘

downstream from the polyadenylatlon 51gnal ’Eight_out of ten

>
nucleotldes in the sequence S5'- TCCTGCAGCA -3 (nucleotldes 547

to 556) are complementary to the 185 ribosomal RNA sequence

3! —AGGAAGGCGT 5' (Hagenbuchle et al. 1978). This sequenge

»probably acts as the rlbosomal binding srte thought to be

required for eff1c1ent 1n1t1atlon of translatlon All the.

a .o regulatory sequences are identical to those found forf
X

g32 st 1in HG52 (Bzik et'al. 1986) . The overall DNA sequence

o ¢B2 333) is 99% homologous to that of HSV 2 (HG52) and

89% heme Dgous ‘to HSV-1 (KOS) .
2. Pro’ 2in sequénce,,analySisl_

e predlcted polypeptide“consists.otl904 amino acids
and 5 a molecular weight of 100.4. Analysis of thé amino

< 'sequence reveals a number of features common to membrane

' .e».

bound glycoprotelns (1) a cleavable sxgnal sequencP, (2) a-*

hydrophlllc surface ' reglon contalnlng?N glycosylatlon sites

3

and'several potential antlgenlc 31tes, (3) a hydrophoblc

membrane spannlng reglon and (4) a hydrophilic cytoplaSmié



e

i v:"?. 2

;region.b'These features ~have also been reported for qB of

“other HSV strains (Pellett et al. 1985c¢; Bzik et al .1986) .

The flrst 22 amino ac1ds of gB2 (333) are characteristic

of a 31gnal sequence region Fifteen out of seventeen

residues from p031tlons 6 to 22 are nonﬁolar Hydroph111c1ty

analy51s, u31ng the algorlthm oﬁ Kyte- and Dool1ttle,(l98°),

1nd1cated the exten51ve hydrophoblc character of this-*

¥

(Fig, 22) Thé amino acid sequence ala-ser- ala (re51due¥~?o -
&

22) is a common signal cleavage- recognltlon site (Perlman and

¥

Halvorson 1983) . Allgnment of the

-

sequences of gB from HSV—2 stralns '333 and HG52, and HJV l

strains KOS and F, _shows that the amino acid sequence val-

ala ser- ala ala pro (residues 19 to 24) 1is conserutd

(Flg.23).

-

Dlmect amlno ac1d sequenc1ng of the maturt gB1

e

,polypeptlde revealed th@t the first N- termlnal amlno acid
.\,pﬂﬁ 2
reSLdues .are: 'ala pfo-ser (Claesson- Welsh and Spear 1987) .
!

Taken togethem, ‘these observatlons sﬁqgest that both gBl and

‘i.

‘JgBZ 81gnal peptldes are - cleauéd after the sequence ala-ser—

e

ala. 0 PR o, .
, % ol
. h

’Hydropathlc analy31s of gB2 (333) indicateﬁ that the

Q‘.r

domaln between re51dues 723 to 792 contalns three major

ydrophoblc peaks wthh range “from 15 to 22 amino aC1d'
éiggength (Flg.22). ThlS region is postulated to-span.rhe
cellular membrane and to contain three anti- parallel segment s

.that traverse the membrane three tlmes (Pellett et al. 1985¢;

Claesson Welsh and Spear 1987) This ' reglon is completely

'conserved between the two HSV 2 stralns and dlffers from the

region’

predlcted prlmd*y>

in



TigL22. Kyte;and Doolittle hydrbpathic analysis of HSV-2(333)
. . . e .Q

and-HSY—l(KOSﬁgpfimary gB seguences. Regions scoring

above (+) and be ol 5 z€To mark on the vertigml

axis are hydrophobic - jy&rophilic, respectively, Thé

27ino acid position, along the gB polypeptide of the
HSV-2(2) and HSV=1(1) virus, is indicated an the-
P2 B -

horizontallaﬁgs.ég
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{Fig;ZB.Alrgnment of gB primary sequences. The primary

sequence of gB2 (strain 333: this paper) is compared

© with gB2 (strain'HGSZ:Bzik et:alh,,1986) gBl (strain

KOS :Bzik et al.;1984b)‘and gBl (straln F Pellett et

1.,1985c). For convenience, the 'sites are numbered

'accordlng to the\amlno acid. p031tlons of gB2 (333)
- Residues numbered l and 9d§§are the N and C- termlnal

" ‘amino aC1ds, respectlvely. Only amino acids that differ*

. from the gB2 (333) sequence are indicated. Deletlun of

" a re51due relatlve to the same position in another
,polypeptlde is rndlcated by a dash. The total number of

amlno aC1dS in each polypeptlde is lndlcated at the C-

termlnal end.- The 51gnal peptlde and membrane spannlng

reglons are 1nd1tated by brackets Major antlgenlc

.reglons are 1nd1cated by boxes, potentlal N— .

glycosylatlon 51tes are underllned
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HSV 1 stralns at onlyvthree p051£;ons The high degree"of
N :

amino ac1d conservation 1n the gB mﬁmﬁgane spannlngAdOmain
suggests that 1t may be ‘an essddglal reglon wlth respect o
gB orientation and function. '

The reglon between amlno acids 23 to 723 corresponds to

the extracellular surface domain of the gB (333) polypeptide.

It contains seven potential N-= llnked glycosylatlon 31tes and -

many hydrophlllc re51dues Evidence for thlS domain is qrven
by anayys1s of gB translated in vitro in the presence or
absence 0of pancreatic membranes o large portlon'of the-_qB

polypeptide which contalned N-linked ‘carbohydrate wa s

protected from proteoly51s by the membranes (C-laesson—wcf'*'h-':T

-7

%

and Spear‘l987). Amino ac1d dlver51ty between gBl and gB) d*"
prevalent in this dgmain. The remalnder of. gBZ reSLdues"793'i

to the carboxyl terminal amino ac1d at positfbn' UOGA -

: B RO
corresponds to the cytoplasmlc domaln i 4

3

N ) &

3. Primary sequence comparlson; serndary ,structure'

4(*

analysis - and antlgenlc site’ predlctlon .

Fig.24 shows the comp051te surface profrle of the maturo

‘ .

gB (333)° polypeptlde ashﬁnalysed by the program of ParPcr et

.
« L , -, *

al. (198¢6) (deSCrlbed more fully in Materlals and Method“)

Regions of the polypeptlde that showed surface values whrch

exceed the 50% cut-off valve were defined as major antigénic
regions. The hydroph111c1ty profiles of gB from HSV-1 and

(HSV-2 were similar (Fig.22) . Therefore‘the positions of the

major antigenic sites are likely to be in the same relative

location along the length of the gB polypeptide. Amino acid



ﬁa.z b
I

Fig.24. Predlcted comp051€%réu¥’
’ -

@BZ {333) pdlypeptide. The analysis was .carried out for

e profile,for the mature

three separate segments of the polypeptide : A) residues

23 - 400, B) residues 360 ~ 740 and C) residues 700 -

904. The horlzontal axis represents the amino ac1d
p051tlon along the length of the polypeptide. The
‘vertical axis‘represent the"relative surface value
(5.v.). The selid line represents a 50% €ut-off value.

Peaks that have surface vaLueéﬁéréater than 50% were -

defined as major é#near %ﬁgi@%& uérmesf Peaks in the
cytoplasmlc domaln (re51dues 792 '904) were not scored

as antlgenlc sites.
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dlverslty between gBl and gB2 in a predlcted antlgenlc reglon

could therefore be 1nterpreted as deflnlng a site- spec1f1C‘;

antlgenlc determinant . N ~.‘ o ‘g.'
" From Figures 23-and’24 flve of the major antlgenic

regions; ‘residues 43 - 82, 409 - 417, 420 - 427, 462 - 499

-

i 4:} N

N

and 582 - 59¢, exhlblt amlno acid dlver31ty between HSV-1 and,hv

HSV-2 gB. 1In some cases, the amino acrd changes appear to be_

' clustered. ’ ThlS obserwgglon may further dellneate the
Vlocatlon of a type specific epltope For example, all th%

amino acid subst:yh&&ons in the region 462 to 499 occur to

plot 1nd1cates three peaks ranglng from p051tlons 462 v’475,
475 —_490 ~and 491 - 499. Taken together, these data suggest
at least two type—specificfepitopes at positions 463 - 474
and'475 - 483 ‘and a type-common epltope between 491 - 499‘

"Fig. 25 shows a comparlson between -the secondary structural

;&idues 463 to 483.' Theisurface profile

features 'for the gB2» (333) and gBl (KOS) polypeptldes'i

_predlcted by Chou and Fasman analy31s Between amino ac1ds

462. and 499 the.polypeptide is predominantly alpha-helioal‘

with'a few minor turns. Structural predictions of the

'correspondlng reglon in- gBl showed that the large number off

t

, prollne re51dues occurrlng between pOSlthDS 472 to 482'

1nduced a major turn ‘Therefore, it 1s,llkely that'this

region in partlcular‘ contains a type specmflc epltope
. . _ LA
.Similar analy51s of the other antlgenlc 51tes show1ng amlno

')

/a01d dlver51ty 1nd1cated the followlng the region between‘

position 43 - 83 contalns four(possxble epltopesO\\ Ma]or

A
(S
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2 (333);and_
- gB1 (KOS) polypeﬁgides predicted by the Chou and‘Fasman
i alébrifhm. ARAR =

Fﬁ%.ZS.%SeéOndary sﬁrdctural features of the gB

alpha helix, BBBB = beta sheet, TTTT

= turn. o : ) | / v

L/



: 2000000000000
- . nn

" » 3 0 - - 80 10
SR00GL ICALYYGALYAAYASAAPARPAAPRASOGYAS TVALNGOS A 3APFIYPSPAT TRARKRKTKAPY.
- frvy?y (YYVYY Ry A AAAAAAAAAA
uuum e [1711] ‘ .
" nnnv 1|nu 133} "

9 10 130
llrul”ﬂwulumulml( IRYENADAQH vvc»nuvvvououlcnnuo-nm

ARAARAAL NAMMMRARAAAAAAALAAAAY
: 000008 SBRONNNS
"o A " it
L} t

130 , 88 200 .
llv"ll!ll"l'l"l"m” M'WNU(MA""I(IIﬂlwdvﬁlﬂu"l
AAAAAS AAAAAAAALY

AAABARALRE AARAAAL AdAsA

e ]
T mn . mmn ,
120 0 w0
—nnmluu'uuuluﬁﬂlbukuvunlvol"!tlv(lvmlumn
AAAMAAAAAAAAAAAMAALAAL u Asasarss

" LA

lmu
“H T H

L]
IHI ey me "" " I;;l

bl 300, 10 310 330 340 .
EFvLATROF YYRRPP unuwumnuuncw 'Albt"lllﬂ”"llu"’l"ﬂﬂ
AALALA AAAAALAAL

Ad
S5505 P0000  BOOED - MMM OB [ L ]
LARRERIAA AR Y] "" . T ey
» e m 400 410 420
IV’IIMVC'I‘!“'NIlAlleI"ml"""KMVSL“M”CIMDAI“IW
mAtZAAAAAALAALAALL [YYYVYPVYVY)
L] 555400050808
T S oum WARARARE] e 1
& 4

43¢0 440 30 a0 47 0 Lae
ARKYMATHIKVOOPQY YLATEOFLIATOPLLINTLALL Y YR TEREQORK PRRATFAS RERPSANAS YL
aa AdA ALAARA AAMARAA

mirnn T I L
$00 L $200 . 830 340 330 540
SINTTSSIAFARLOF TYIN]QRIVIONLON L AYARCELONHEL TLWIEARKLIPRATASAT YORRY SARD
ABAAASAAAAAMAAAA .  AAAMAAAA AMAAAAMAAL ASARAAAAAAAL AAARARAL AMAAAAL

S05500000000000 3000000080 L I
mnn nn v un
370 $40 50 $00 810 420 L3
anvucnvmlwn-vmmcmnmlvmomuml-(uununc
e [y

008000’ 00500 sondse se800 ]
BITYOTTIT TIRMTRTINY A} e m

: # 60 870 90 100
‘V..l" l'“""ll'llﬁmm"""lull'll"'m""lﬂ IxgsaLLdYt
AAMAAAAAA AMAAMAAAAALALL AdAAAAAL A

S000000000 00000  DOROONS  DE000000MSLISLNNS uuuu
1 H" "" "y ""

120 ™ 3%’ 740
|m-ouommnmnunnuxumm-n-vmvmwmnvwm
AAARAMALARMAAAALAMMAALALA AAARAL  AAAAAA

N ) m
AL N mey ll" . Ty

760 o] 00 Q2o - (33 840
”M\Aml'&mVM"AII"&M.MM."L'lllLl'mulﬂlWNML
LIVYVYY AMARALAALALL AAAAAALAAL AMRARAL

204000000 .
Ty - TRIY

"o "o e 00 " 200
AUARENTRTIALVLLA & (b UAQT SALLSSAYIMEYL RRRIKAS TS0 WM O AOOLDH L
AAAL AAMALAAAAALAAAAAL AAAAALAR ARAAMA . AAAAAALRAALLL
a E T "" ARRRNR ARE1

nm l -
HHHH""IHH .

80 ”0 1 120 0
lnm""'mlIAMILI(KIDll“llbw"c”"lﬂwlm"l'(ﬂ
. 24 AAMMAAAAAAAAAA Y

-

gB1(KOS) .

. : 10 20 30 40 L33 (1] 10

m'm"'mll“'l"l"w!’sn‘”lm‘wl APPPLOLAP TEOPR PK
© ARAAAAA [YYVVVIVYY

YTt s

L o
H!Hl"l" H"""" e "" LAREARLAR
144

. 0055083 L

"o . TITTIE TNReNY TTITTITITINNY

150 180 170 100 # 00 250

-nuunvuuuuuuunvm!vmukumu:mtumxmm"
AAMAALAMAA AAAAAAA AMMALAMAAL

05500808 :ml‘“‘l

l.l s L]
ey ey Ty - o

20 230 240 2%0 s
AKTYRIGUETTAZNROOME TDME LRPARALTATSROUMT TOLKTIPSAVEASMEYQT TYNC I VILVOARS
AMAAAAAAAAAAAALLAL AAAALAA

[ ] e
e LRAA LAARSRAR AR RRA

0 300 bAL) 320 N 340 bl
YYPTOEFVLATAOY Y TREPF TGTREGSNTENT TTALORT KQVDMS VARDL T TRARATAPTTRNLLTTPRF
AAA
BOSS0 SDES  DESSE  BEGNSNS NN L]
LAkA I ITTTVRT 11Ty e oI
%0 e 300 n 400 419 420
TYANOWYPRRPSYCTRTRNOL YOEM RSETOOSFRFSS0A1STYF TTNL T YPLSRYOLGDC | GKDARDA
L] S3000800000
l""" . LASRAL NS LA TN “" it 1
430

480 40
-mmnumlmnmunmuvoﬂ.tuuuumnummmvmm
ALAARAAAAAAAALAAAARAA

IUI "" . nn THINIT TITeNYIY

500 $10 30 $40
. mnmvsmvut«!mnmnuuwummuutmmnmtu
mnnnuu AAAMALAL AAMAARARAA AAAAAAAAAALA

"H . T crn

370 580 $90 400 20 630
AIQMIHCV"MMImi.lulﬂlﬂﬂ'l"ll'lmll“l“lluml

L
TIVE O TrTIIRIINY i m
$40 30 840 0 380 "0 0
EPCTVONRRTITFOOOTYYFEETAYSOUSRADI TTYSTF IDLN] THL(OMEF YOLEYTTRNE 1RO3OLL
- AAALAAAAN AAAAAALALAAAAL AAALALAA
S0050803008000008

00083003088 BSOS  PRONNNS [ J
AN "H mn LLE L SR i’ nn
140 750 170

2 0.
. ommmmuunmmmAuulHNUAmn-lmnuvmw
AMAAAAAMAMALAMAAAAARAALLLAAAL AdAAAR

" 580008 I““ 000008 90000
nn LRLAL U T

80 L] [ 0 M
WSO GALAVOLLYLAGLALAIFAFRY ONPINAL YPL TTRELNNG THPOASOE OE £ SQOF DF AKL
ALAAAA  AAMAAMAAMAAAAL ALAAAALL nnnn

e "" I I"'

"o 870 30 "0
um-llmxvuln(uuuu'uumnmunmm
- Ad A ALMAAAAAKAAALMAAL ARALAAALAAAAALALAA

lml 0000000
TITNTY IrenITeINnIY

monn wir




Va,,

changes in secondary struct §§%ﬁne predicted between residucs

59 -~ 68. This segment also ;ginc1des with the highest poak
suggestlng at least one other sate spe01f1c epitope in the aB
polypeptlde

Few or no amino acid substitutions and- cbanges in
secondary st:uctnre,betyeen‘gBi andbgBZ occut for the_otbor
major antigenio regions shown invFigure.ZB. An exoeption.tu
this occursafot antigenic tegion 325 - 339 where adSerinu
substitution in the gB2 .polypeptide disrupts the alpha-he}dx
seen in gBl between residues 324 to 335. In conttast‘to this
flndlng, in the reglons 409 - 417, 420 - 427 and 582 - 590,
the amlno acid substltutlons ‘do not correlate with any major
struotural changes. Thetefore, theserpa:ticnlar sites may be

type-common.

Comparison of the gBl and gB2 -regions which were outsidc

the major'antigenic sites, by secondary structure analyshff

'1nd1cated that ‘a few amino acid substltutlons 1nduced minor

structural perturbationse in the polypeptide. Most.
substitutions';and deletions, however, did not"produce' a
.significant‘tonformational.change,

intratypid variation in gB between strains of the same
virus type is also seen.from Figure 23. In the case of gBl,
there are amino ac1d substltutlons at p051tlon 27° 308, Bis,
and 550 between strain KOS and F. In addition, there is a

single amino acid deletlon in the gB 51gnal peptlde of strain

F. Amino acid substltutlons occur at p031tlons 92, 396 438,

re)

568, 636 and 665 in gB2 between strains 333 Aand HESY - seen



of these intratypic changes had a ﬁajor‘predictable effect on
the gB polypeptide in te‘rms of antigenicity an&-second

:ﬁ.

structure. _

The position: of the proposed"hydrophobic membrane
spanning region is‘ohvious from the lowhscoring’surface value
of the'residues b&tween~position 723 to 792 (Fig.é2 and“23).

'As mentioned preniously, there hare few amipo acid
snbstitutions in this region. A nuhberfof‘high scoring

surégCe regions occur in the gB domain between amino acids

in the cytoplasm of the HSV infected cell and inside
N1 envelope.
III Discussion. . . ﬁ

Nucleotide sequen01ng of the gBZ gene revealed sequences

'1n the promoter reglon'whlch could functlon as regulatorv

sequences. One qf these regions, CGCCCGCTTCATC (nucleotides
121-133), exhibited striking homology with the ICP4 DIA

binding site reported by'Faber and Wiloox (1986) . A similar

. Sequence = is . present in the promoter " region of gD

\

approximately 100 bp ~upstream from the transcription

rnitiation site. ICP4 bound specifically to this sequence

¢

(Faber and W&lcox, 1986) . These data suggest that ICP4 may
1nteract dlrectly w1th the promoter redlon of these genes in

order to stlmulate thelr transcription Pizer et al. (1986)

T

showed that the 1nteractlon between ICP4 and DNA can 1nh1b§£

transerintiaAn ~F e n D -

130
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itself, and stimulate early or late genes. This interaction

involved the ICP4_cdnSensus seguence (Mulier: iéS?)[; It is
.‘possible that‘ the ability of ICP4 to both 1nh1b1t and
stimulate gene expre351on may be unrelated to the actua* DNA
sequence in %Fe binding 51te andcperhaps more related to the

A

influence of secondary proteins acting in concert with ICP4.

The gB2 seduence‘AGGAGGAA (nucleotldes 112~ 119) dlffcrs

only by one~nucleot1de from the sequence. AGGAGGAG whlch was
found 60 and 150 nucleotldes upstream from the mRNA

1n1tlatlon site of - gD and TK, respeCtiVely (McKnight, 1980;

Watson et al. 1982). No function'has‘been assigned to this

sequence, however, its presence in the promoter reglons ot

these genes implies that it may have some regulatory role.

Informatlon/gathered from comparlson of the dedw(td

primary sequence from four dlfferent HSV stralns, secondaryf

structure and surface profile analysis," was used to predch
g —
-the location of the major antigenic sites- in glycoprotein B.

A number of theoretical "considerations and empirical

'observatlons made thlS a valid approach

"The antlgen1c1ty of a protein is ‘determ%ned by

restricted parts of the‘poiypeptide These dlscrete regions,
known as antlgenlc determinants or epitopes, correspond to
~areas on the native protein that are specifically recognized
by an appropriate antibody. These sites_shouid therefore be
accessible patches on the surface of the protein and are more

" mobile than the interior regions (Van Regenmortel 1986,

131



A

algorithm t

acce351bility and mdbility ‘would ‘most accurately predict ‘the

location of the antigenic_regions on the gB polypeptide.

predicted antigenic sites for several proteins whose

antigenic Site locations had already been determined by X- ray

‘crystallography and immunological studies (Parker_et al.

a P

1986) ,

'Viral glycoproteins‘are:often expressed on the‘infected
cell surfacet Therefore, it‘could be expected’that antigenic
regions ,are especially subject to selective pressures
provided by the host immune system. Continual propagation of

the virus in the presence of antibody and componenvs of the

cell mediated immune system result in amino‘ acid

substitutions and deletions which occur most frequentlv in

SR

epitopes that are highly antigenic. This phenomenonfhasﬂbeen'

well documented -for the antigénic determinants of

neuraminidase and hemagglutinin for differents Influenza virus
. ‘ . .

strains (Gerhard et al. 1981; Webster et al. 1982) . In vitro

cultivation of HSV infected cells in the presence of

monoclonal antibody has ‘also demonstrated this process in

vitro (Eisenberg et al. 1985a; Marlin et al. l985);' Certain
regions of gB, predicted by‘hign surface scores to be major
antigenic sites, did in 'fact correlate with amino acid
changes (substitutions and deletions) between gBl and gB2. A

Similar observation was made for the predicted antigenic

-combines the parameters of hydrophiliCity,

132

" Indeed, the program -utilized in .this study accurately‘n,
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immunodeficiency virus (HIV) isolates (Modrow et al.,, 1987).

~Q

The sites on gB that eXhlblt amino ac1d dlver31ty may also

represent epitopes that are specrflc to HSV type 1 and ..

\

\
When secondary structural changes were taken. into account the

: &
data suggested three possrble swte—speC1f;c epitopes between
amino acidsv59 - 68, 463 - 474 and 475 - 483, .

The composite surfacc proflle-q

shown in Fig. 24

predlcted at least nlne maijor“~ gregions in the | gR

(333) polypeptlde between.positi S129 - 141, 221 -

242, 299 - 309, 325 - 339, 409 - 499, 582 - 1l

and 689 - 712.\Fig;26b3hows a schematic diagram of the g2 -
& . N .
poddpeptide and a summary.. of the antigenié regions.

Hydrophilicity nrofiles for gB of both HSV-1 and HSV=2 are
. »

similar and therefore the relative antigenic site p0°1tron

hY

should correspond. Five maximal peaks were Observed betweon

c\v‘

amino acid positions 61 - 76, 129 - 141, 221 - 227, 462.—’47h
and 582 - 596. It is interesting that Marlin et al‘ (19846),
USlng a panel of 16 virus- neutralizing monoclonal antibodic
to react with a serles.of JBl "mar (monoclonal antibody
resistant) mutants, operationally defined at least five nor-
overlapping epitopes on thie antigen.
Pellett et al. (1985c) performed DNA sequence anal/

on three HSV-1 (F) mar mutants. Resrstance of these stra<:5
to neutralization by monoclonal antlbodles H126-5 and n?'?l

correlated with amino ac1d substltdtlons at p051tlonc 273,

283, 285, and 305 in the mature gBl (F) polypeptide. The e



. B Y

.26. The lohatlon of the antlgenlc reglons on the gB2(333)

polypeptide‘~ The antlgenlc reglons, whick wese
' predlcted from the. composrte surface‘proflle,‘are ) «
Jndlcated by the boxes \numbered 1‘— 9:) under a™
ischematlc dlagram of the gB2 pokypeotlde The shaded
boxes correspond to the hlghest surface value peaks in
the comp031te graph The scale at the top of the flgurej
&

1nd1cates the amlno ac1d p031tlon The 10catlons of the

lantlgenlc reglons whlch correspond to the monoclonal

K

[

antlbody re31stang (mar) mutatll

. p - . ~e‘
‘:;% alf '(1985c), and p0551ble elte spec1f1c epltopes,.

are 1nd1cated by a + : The«31gnal ano membrane spannlng

3

sequences are - represented by the hatched reglons on: the-

poﬁypeptlde _— T ) " 'f‘- con T

3”'determ1ned by PeLlett,nv
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of gB (333) shown in Fig. 23. All these residues lie within,

or. lmmedlately adjacent to two major antigenic regions
predlcted by the surface value plot.
rup proposed antigenic site locations will need to be

verified by fﬁftherfexperimental work. . Synthetic peptides,

which ‘correspond to -the polypeptide regions exhibiting high

surface value scores, could be used to 1mmun12e anima? hosts

The anti-sera ralsed would then be tested for its ability to

2

bind natlve -gB antigen or protect animals against HSV

A

infection\ Such an approach has been successful in
delineating epitopes on glycoproteighb (Dietzschold et al.
1984; Eisenberg et al. l985b) The'prediction of antigenic

reglons by the, pre>ent method 1is llmlted to llnear antluenlc

) 51tes ‘ Mlnor antlgenlc reglons (less th‘an‘SOSL of the maximum

‘on the surface value scale).were not con51dered here but mav-

.,z

] ' - ' : : . Y
be 51gnlflcant in v1vo. ) N o
4 . @ L] [ . ! .
. . : .

The overall amlno ac1d conservatlon in gB for the HSV

stralns examlned 1s probably perthent to the . malntenance of

A

. a spec1f1c tertlary conformatlon and functlon Ten cystelne

t
a

re51dues are conserved betmween all four stralns At least

some of these are llkely to be 1nvolved 1n dlsulflde llnkages'

- -
. -

whlch Stdblllze the proteln structure", There“'r .. Seven -

¢ 8

potentlal glycosylatlon sités ‘on the surface domaln of gBZ

(333) : SlX of these 31tes are conserved in gBl Also ofi

.o

‘interest .is the conservatlon of alahlne at p031tlon 550 for

-

all 'stralns except for KOS"Wthh has a wvaline rQsidue.

Secondary structure ana&ysis of'this region indicated that

Y
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valine at this,'position disrupts an “alpha-helix and
introduces a beta turn. The Virionsyof strain KOS:+are known

to enter cells more slowly than other HSV virus

.Bzik et al. (1984a) showed, by DNA sequence analysis, that

s

The 1nvest1gatlon reported

mutant strain tsBS had a reversion of vallne back to alanlno
Thls reversion correlated with a more rapld entry phenoty
of tsBS virions into the host cell. One notable dlffOIGHtP
between gBl ahd gB2 is the deletlons of 8 amino acids in the

signal peptide of gB2.

i

Comparison: of the cytoplasmic domalns of gé reveals

- cause. major conformatlonal changes Two completely conserved

regions exist‘between position 801 - 815 ‘and 835 - 863,

SubStitution of histidine in'place of arginine at oodjtlon

858 in gB of the t'sB5 v1r£s correlates w1th the fOrmatlon of

"'la\
syncytlal plaques 1n‘HEL and Vero cells 1nfected“by

£ -..'v ) .
mutant v1rus (B21k et al. l984a) The

redion 1n the cytoplasmlc tall of gB may interact w1th other

:

membrane ox 1ntra cellular protelns of the HSV 1nfected C(]l

A mutatlon ln thls reglon of gB could conce1Vably pertuﬂ

v - 4

thls rnteractlon ln some way resultlng in the syn phenotynr:‘w
y ‘

%

TLme dld not permlt a- follow up study, u51ng synthﬂtlc

peptldes, to verlfy the predlcted antlgenlc reglons on 9L2

in the'following chapter was

undertaken in order to study another glycoprotein, gbhl, for

F

strains.

po

rsity-between gBl,and gB2. " However, '

~.amlno ac1ds 874 to the C termlnnk

thi T

l'atte*r~ conserv@d
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which several antigenic regions have already been: defined

(Eisenberg et al., 1985b).
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fglyc@protel

predlctlve © 4Precise blochemlcal @haractk

s n

(Long et aﬁ 1984),' Therefcre, gD was a prlme candldato for

_Chapter 6 o -
BIOCHEMICAL CHARACTERIZATTON OF GLYCOPROTEIN gDl SYNTHFSI ZED

. IN HSV-1 INEECTED VERO CELLS

I. Introductlon

LY

_ N _ ‘
_the DNA " s ' 's and deduced amino acrd sequen of 1SV

..\

v

the analy51s remalns 1nd1rect and ldrgoly

- b, ST
i

” B
3 _. t : ' ;.: N . ]
polypeptlde ‘requires’ the dggelopment of, \§ fpurid fication

™

' prdtocol‘ and "direct -chemical analysis ofd the purified

'proU£1n

¥ & . < (K

This chapter descrlbes the.%%fchemical charaCterizatybn
i .

oL, . w

of ng from HSV-= 1 . The reesons for ch0051ng gD were thrve—‘fj

;:fg%dgklf gD was the most potent 1nducer of HSV neutralizlng;;*”

/

v
)

' antubodles (Norrlld and V@stergaard 1977} cand provided’

ﬂ

) s m\*% 4 M ”‘;

‘stﬁgng pr@teg@%on 1n anrmals against ltthal v1ruc ChdllFng

. .‘m S
R

HSV subunit veccine, 2). Onfy three_ sites oh the gD

v

polypeptlde are 7modified by ,the ‘attachment of N- lln}rdﬂ

"aolrgosaccharlde @QhenA“et‘~al.j. 1983),? analy is of the

% & 4

‘carbohydrate groups on gD was therefore less complex relative

.o L . s
.

' to the other HSV glyCOprotelns ?.3) A monoclonél antibodyWA

°

was' avalrable whlch could 1mmunoprec1pltate gD—Specific

polypeptldes,

: , S O,
The pH stability and 1soelectric point of.natlve‘ng

“were defermined. The *molecular ‘size and ‘number of gD1-

)
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specific polypeptides synthesized in HSV-infected Vero cells”
were determined by 1mmunoprec1p1tatlon and SDS- polyacrylamlde
gel electrophore31s “This study also. evaluated methodS'such_

as 'ion—exchange chromatography,; ammonlum sulfate

preC1p1tatlon, lectin afflnlty columns and gel flltratlon as

a means to purlfy ng from HSV-1 .infected Vero. cell extracts.

Ihls led to the purlflcatlon of precursor‘ard mature forms of

gDl by exploiting the unique binding properties of their

carhohydrate groups toISpecifio lectln affinity columns.®

IT. Results | |

A.Lh pH étabilitywand isd%lectric'poiht of gDl . ;
Determlnatlon of ‘PH stablllty and 1soelectr1c polnt werexf

pre- requlsltes to the developement of a purlflcatlon scheme

_‘for the: gbh_ polypeptlde - Figure 27 shows that gb malntalned'~

‘:1ts react1v1ty w1th gD spe01f1c monoclonal antlbody 18BB3 at

pH values ranglng from 5 O to 9 O 1nd1%atlng that the'. o

conformatlon of the epltope respon51ble for blnd;ng to Ghe,

R monoclOnal antlbody was’ not markedly altered w1th1n thlS pH
ranget The blndlng afflnlty of ng was reduced by short

exposure to pH g, O aand ng appeared to (ilSlntegrate yat; '
. . ,"A ' ‘ " - L, IS '. ,._‘ 4/' .\ Y
sprolonged exposure at thls pH value 'i'r. o %dn
3 v : ’
Thewlso electrlc p01nt of ng was debermlned as a pre—;

. e

'vrQQUlSlte to “the development of a purrflcatlon protocol based;

o
' -

on charqe p In order to presérve., the natlve polypeptlde

conformatlon of gDl, the 1soelectr1c point :was determlned by

'flat bed 1soelectr1§pfocu51nq in the absence of. urea Flgure

28 shows that gDl mlgrated tc> a 31ngle position in the

N
~
%



Fig.27.szstability,Of gD1. The pH of 358—labeled HSV-1

1nfected cell extract was adjusted to acidic or alkaline
‘7 .
COﬂdlthﬂS (pH 4.0-9.0) for 30 mln and then tltrated

Aback to pH7. 0 - The long term effect - @f @Q 4. O and 5. O
‘on ng was determlned by.malntalnlngéthe evtract at -’
'these PH values throughout the experlment (constant)
.Glycoproteln ng was=1mmunopre c1p1tated bx monoclona]

_.-

antlbody 18883 and subjected to electrophoresws in 7.5-

15% gradlent acrylamlde gel '

vy
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Fig.28 Qetermination of the.isoelectric point of'ng '3551

°

labeled glycoproteln ng was 1mmunoprec1p1tated from
HSV-1 1nfected eeli extract and loadéd onto. OppOS]tL
ends df a flat bed 1soelectr1c focusrng gel Foeusing
was. performed for 3500 volt- hours at 120C The gel‘was
;:drled and ng was detected by autoradlography ; The

_.p051tlon of ng relatlve to the pH gradlent

'

indicated hv tha :r;ﬁ.






focu51ng gel which corresponded te pH 5.9 - 6.0, irrespective

4

of . the sample loadlng locatlon

" B. Ion exchange chromatography_.

On the basis of its isoelectric p01nt ng wa"prtdlctvd

_.’.—vjo
to be negatlvely &harged above PH 6.0 and therefdre should

y2) .
bind to p051t1velyjcharged matrices. ~HSV-1 infected cecl]
extract was passedqﬁhrough 'DEAE- Sephadex columns at variqys
W i

pH‘Walues ranglng from 3 0 to 9.0. Proteins bound to the

‘COlumns_were eluted by lMFsodium chloride. AtK%H:valuos

L%

éreater than 6.0; a polypeptldevhavld

e
~

o ) 1

fraction (Fig. 29A). Below pH 6.0 this polypeptldt could naot -

be detected. To confirm lthat ng dld in fact bind ‘to DEA}-

Sephadex, the fractions eluted® at pH S@D, 6.0 and 7.0 werv
immunoprecipitated Qith-lBBB3’monoélonal (Figure 29B) . ;he
amount of gD1 bound to DEAE-Sephadex wés greatest at pH 7.0,
whereas only a minimal amount Boundlat pPH 5.0. ?heseAresu}ts
were consistent with the isoelectric focusing data and

.- . <
suggested that gD1l. became negatively charged as the pH

1

~increased from 5.0 to 7.0.

A pH value of 6. 5 was chosen for purlflcatlon of gbhl hy

DEAE- Sepharose chromatography since the polypeptlde wou]d he

negatively charged at this pH va\luiﬁlA HSV-1 1nfected cell

extract was paésed through a 10 ml D AE-Sepharose column and

the polypeptides bound to the column were eluted‘ by a
continuous sodium chloride gradient (Figure 30A). ‘Most of

the bound polypeptides were eiuted'between 0.2 f;0.47 M
) ) : ‘ ’ :

o

FAS

#8 molecular ~size .

characteristic: of ;gDl (59K) was preseht in the . eluted

| 1
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Fig.29. Affinity of gD1 for_DEAE:éEPhadex at pH wvalues

e

ranging from 3.0-9.0.. 35S-labeded HSV-1 infected-cell

v

gﬁ%???t géé&g%égga‘throughaa DEAE-Sephadex column and
P i . »
the bound proteins weré‘eluted by'1M NaCl. The flow
through and-eluted protein fractiéns were subjected to
eléctrophoresis.oh 7.5% - 15% gradienﬁ gel. Panel A
éhgws the proﬁeihs which had affinity for DEAE—Sephadex
ét pH values rénging frOmTB.O to 9.0. Lane C = gD1
immunoprecipitated from HSV-1 infected cell extract.
The position of gD1 is indicated by‘tﬁe arrow., Panel B
shows the polypeptides pfesent in the flow tﬁrough (F)
and elutioﬁ (E) fractions at pH S.O,f6.d and f.O.' The
presence of gDl iﬁ the elutionlf;aétion was confirmed by

immuncprecipitation (I).

w -
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FigTBO.RBEQE—Sepharése.chromatoéraphy of‘35s;labe;ed HSV—l
infééteé—cell extract pfoteins at'pﬁf6.5 (The‘egtraét
was loaded onto thé DEABfSepharose column.. Proteins .

.2which bound to ﬁhe column were eluted_by a iinear NaC)
gradient. A) fﬁk.proteins pfesent in.théieluted
"fractiQns{ The numbers abové thé gel iqdicate tﬁe.
éluting lea:ity_of NaCl for each fréction. The
proteins were détéCted by autoradiogréphy,' B)

Immunopre— cipitation of gDl from the fractions using

monoclonal antibody 188B3.

Y.
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sodium dhloride.g Immunoprecipitation of the*fractlons showed
that the majoritj of- gDl was eluted between 0.34 =.0.41 M
'sodium-chloride'(Figure 3Q531 Two gD-spe&ific polypeptidd

\ . , . . . .
-indicating that precursor and mature forms of gD were eluted

- bands were’ resolved by SDS~pol9acrylamide gel electrophoresis

in these fractions. R

c.. A@monium sulfate precipitation 7 ' T

, ' . The proteins in HSVel infected:cell extnﬁctbiwere?

.prec1pf\ated by varylng concentratlons of ammonium’ sulfafe at

pH 6.0. " Flgure-BlA show5*that-the‘major1ty of ng‘Tmt

x

'grecipitated between 36—50% amﬁonium'sulfate.' Ccntrlfuqatlon-
of the extract at pH 6.0 precipitated some ng in the absence
Aof ammonlum sulfate, suggestlng that some form of gD may be *

vassocmated Wlth membrane or partlculate matter,

~

. The extent af ng purlflcatlon that could be achieved by

a- comblnatlon of ammonlum sulfate prec1p1tatlon and DEAE ion
exchange chromatography was examined. _The fraction‘ af
proteins, precipitated by 3O-SOF ammonlum sulfate, was'loaded:
“onto a DEAE- Sepharose column and the bound prote1n° were
"eluted by a linear NaCl gradient (Figure 31B).-  SDS-
'polyaCrylamide gel electrophoresls of the‘collected ffactions
indicated tnat'a polypeptide havinglthe same noleculariﬁgﬁo
as gDl (59K) was eluted between 0;33”J—”O.37: M  sodium
chloride. Fig 3OA shows that in addition to ng, a large
number of other proteins were eluted from the DEAE Sepharose

+ column at 0.34 - 0.41 M NacCl. Comparlson between Flg 30A and

Fig. 31B shows that partial purification of the gDl

-



Fig.BIl.Ammon;ﬁm\sulfaﬁe pfécipipaﬁion and DEAE—Sephé#ose
chromatbgraphy of HSVfl infecpe&-cell ext;act~pfoteins.7
,.A) Immunopreciéfté%iqn of gDl from the"broteins fhich'
were precipitated ir UWE pfesence of 0%, 0-30%, 30-50%,
50—70%vammonium sulphate;and from tﬁé»ﬁg;idu&l;prgteiﬁ?
(>70%) . The pfoteins'were p:ecipifated by addiﬁg'
ihcreasing amouAts of'aﬁmonium sﬁlpﬂate té the eﬁtract
at pH6.QL After immunopreciﬁitétion,'gsiﬁg 18BB3
‘ monoclonal‘anlibody;-the samples were analerd by;
~eleCtropﬁoresis in 7.5-15% gradient pQLyacrylamidébgelv
-and au%oradiégraphy. 'B} DEAE—Se;%arose chromatography
of the proteins preéiﬁitated,by 30 - 50% ammonium
sulfate. The precipitateq préteins were loadeé onto a
QEAE—Sephardse'colUmn and.eluted*gy‘a gradient of[NaCl.
The molarity of NaCl is indjcatéd éb@ve the figyrg. -
‘Eéch fractibh:was analysed by elebtrophoresis i? 7.5-15%

..polyacrylamide gel.
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C polypcptlde‘ was .achleved by combining fa&;oniumv°sulfaﬂe'

.'proclpltatlon with ion exchange chromatography e >
: Y B - A ; ’
D . Lectig affinity" columns Ao

3

rLect'nlaffinity'columnsfhave proven‘dsefulffor'partial'

purlflcatlon oﬁ HSV glycoprotelns gB (Pachl et al., l§87y(

“3
-~

ngv(Qlofsson et.al l98lb) and gG2 (Olofsson etral. l986)

e

Thtrefore.coveral lectlns were studled for their ablllty to.’

' L3

- L

blnd sexeCtlvely to gbl. . I
N - :
Mild ac1d condltlons or treatment with neuramlnldase

reduced the molecular size of mature gD1ly suggesting that

.?‘-

sialic acid w;s present’ in .the oligosaccharides'attachedcto

the gD polypeptide‘(Cohen et fal., 1980;'Smiley'and_Friedman,

-
¢

198597 Therefore, Wheat germ agglutinin (WGR), a lectin with
affinitY‘ for terminal sialic .acid YNeuAc); and N- acetvlﬁ_

‘glucosamir (GlcNAc) residues, »mae first tested— -for itsv'

Y

ability to bind'ng.V’Uninfected‘and HSV—l infected celg.‘

N

, ’ Lo 2 R . » . N . L <
extracts were passed through WGA columns and the bound

vglycoproteins were‘eluted by 2.5% GlcNAg¢. Figure 32 shows
: : ; ¥

that glycoprotein gDl did not bind to WGA. However, ‘another

-glycoproteini (approx1mately 100- lZOK),‘ present‘ ln ;HSV—1~

1nfected but not 1n.un1nfecte&-cell extract, was able to

9

bipd}‘ One posszble reason for the Snon- blndlng of gDl to WGA

could be that the lectin had lost its specificity-for sialic

acid. To test for thls p0531b111ty, 125I labeled fetu1n, a

glycoproteln whlch is known to bind to WGA was included in

the HSV-1 1nfected_celL-ext:act, prlor to loading ‘onto the

gcolumnf Figure 33A shows that approximately 45% of labeled

¢ .

‘ [

.

w'*—flﬂ%i;



-’and‘unidfﬁcteq—cellﬁ”

extfagt grotelns to“'heat germ agglutlnln (WGA) .
A e :

fbound to WGAqure eluted with O 2M N= acetyl D—

B

glqcosamlne LélcNAcg_ Fﬁe pooled flowthrouqh (FT)

fractlons

L)

iractioné,(ll—

15) were sgbjéated to electrophore31s 1n 7 5% - 15%
w, , .

g <, ) i;' .
4., X . . N
’ _“‘au ) ) - )
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'Fig.33. Behaviour of fetuin.apd . .alofetuin on Whnat'germ
agglutinin -agarose (WGA) af  ir .ty columns. A) Affinity

of,125l—fetuinﬂand,358—protein affinity (from HSV—l

-

- : - ' Co )
infected cells) for WGA. 125I-fetu1n wds added to 355—

‘labeled HSV-1 infected-cell extract and the mixture was

passed through a WGA column. The bound proteins were

eluted by 0.2M GlcNAc. The number of counts per min

- It e

(cpm) of 1251—.fetuin (@) ‘1d “58 proteln (0) was

> iv\

determined for each fractlon The first fraction
¢

follow1ng the addltlon of GlcNAc is 1ndlcated by the

arrow. B) 1257- a51alofetu1n afflnlty for WGA aftor‘
, ‘ '
treatment with sialyltransferase : 1251—fetuin or,

a

1251 a51alofetu1n was passed through a WGA column. The

pnoteln whlch bound to the column was eluted by 0. ?H
)
- GlcNAc. The percentage of the-total cpm loaded on the

column ln ‘each fraction was oetermlned 125I FtUlp

(@), 1257~ a31alofetu1n after-lnoBbatlon w1th a2-6

sialyltransferase and CMP-Ne Ac (), 1251~ a51aloletu1n

- after 1ncubatlon in the bbsence of w2- f

1

sialyltransferase (A). ' l _ \\
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fetuin bound to WGA .and could be- ’lutéd by GlcNAce.

. Additional evidence for. the spec*f1c1ty oﬁ the WGA taz:Fﬁﬁéiu

srallc acid groups on fetuin was‘shown by- the‘fact thxr

treatment of 125rva51alofetu1n with a2-6 sralyltransferas@'in
, - - - . o o
the presence of donor CMP-NeuAc restored&at least some of it
'. ' R . ’ ' _‘g
binding activity (Figpre 33B) . Approximately 20% of the 39—

labeled polypeptides in the infected cell extract’ had

raffinity for WGA (Figure 33A) and was due to the binding of

Y
\

'the - 100-120K ‘protein SpeCiesp T(Fiquro 34n) ..
~ : -

Yo 4

Immunoprécipitation dith lBBB‘B monoclona] ooﬂi;’vm( d that qbl

4

- was absent from the elution fractions and w SzuuYy Prese
in the'flow—through fractiomns (Flgure B) These results

.suggested that the carbohydrate moretlts wnoogbl  did ncd N

contain sialic and/or. GlcNAc residues wh;ch were availak]e

e

for binding to WGA. ' “ : i;m
Glycoprotein'ng,‘and_otherfleCoproteins in the highe

Y

molecular welght range, were able to bind. to lentil lectin

‘
lectin w1th afflnlt‘ for mannosyl re51due°).and could 1,

eluted by O 2 M Methyiu D-mannoside (Mea-D-Man) (Figur& 349) .
Immunoprecipitation vof the proteins %resent ih-tho pomifd
flow- through and elutlon fractions éévealpd that onlfﬁ
precursor rorm(s) of ng (ie. the form(s) that had a higheor

mlgratlon rate ‘than -the mature form) was able to bind to

lentll £5ct1n (Flgure 36) . Intérestingly, an additional high

welght species was detected in the  elutinn

'fracﬁlon This species had a molecular size which Vas

. . { - .
\ - ¢
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Fig.34.Imqunoprecipitation‘of gDl from the flow-through and
- : e
eluiiop fract?<ns from ﬁeeat gérm agglutinin agarose.

- s

A) The 35S-proteins in the flow through (FT) and elutiop,

(E) fractions .of the expegiment shS@n-in-fig.BBA'were
1 ! .
!

\ subjected to electrophoresis in 10% polyacrylamide gel |,

"\ and detected by autoradiography. ,Lane Cc-= prote?ns',ﬁg
. . " . .
present in the unfractisnated infected-cell extract. B)
Immunoprecipitation of theaynffactionated cell extrfact

(CI), flow through (FT) and elution (E) fractions with

18R8B3 mbnoclonal'antibody. «
. . 4 ‘

s>
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Fig.35. Binding‘of‘HSV—l.infected—cell éxtract pno£eins to’
lenti& lectin. The extract was passed thrg&gh a lentil
lecgin columﬁ and the bound pgoteinsAWere'eluted bv O.éM
méthyl a—D—maﬁnoSide iMe a-D-Man) . vThe.flow—through
(fT)‘fraptions (1%2, and 6) and elution- (E) fractions;
(7, 8 and 9) wére‘subjéqted ,td electrophorésis'in‘a 10%

'polyacﬁylamidengel.,.Lane CL="unfractionated HSV-1

infected-cell extract.
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Fiq.36.Ihmunoprecipitétion of gDl from the flow-through and
‘olutiBn fréctions'fro& lentil lectiﬁ.' Tgé flow ghroUgh
(FT) and elution (,)‘fraqtiqns were immunoprecipitated
with iBBBB monoclonal antibody ana subjected to
electrophdresis ;n a}10%‘polyacrylamide\gel. Lane

CL=unfractionated HSV-1 infectéd cell extract.
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approximately "twice that of gDl and may repreeent an' 

E

wligomeric form of this glycoprotein.

Clycoproteih gDl and other infected cell“glycoproteins

~

wwre@able to bihd to CastorAbean;l2O (CB—l20)- a lectln with

hlgh afflnrty for D- galactosyl residues and a lower afflnltv

for N-acetyl galactosamine re51dues.' The bound glyvcoproteins

could be éluted. by 2.5% D-gaiactose but:ruﬁf_by N-acetyl

‘galactosamine (Figure 37),"indicating that the binding

specificity was fcr oligosaccharide chains containing

galactose. The- flow-through and eluted proteins from CB-120

lectin oolumn were immunoprecipitated with 18B3B3 and
: . . ot

- Qubjecttd to electrophore51s in 10% polyacrylamlde gels for 8

hours to improve the resolutlon of gDl specific polypeptloes

L]

(Figure 38) . ‘At least 3 ng—specific polypeptides were .

vresolved. THe two faster .migratihg gbl polypeptides,

detected in the flow—throughAfractlon (FT), likely represent

}mmature forms of gDl which lack terminal galactose. The

/largest polypeptide (probably mature ng) was the only form
p ‘ =3 . Y

detected .in the elufion fraction (E). A similar
electrophoretic analysis was applied to the gbl polypeptide

species present in the flow- through armd elution fractions

from lentil lectin column Flg&re 38) The majority of the.

gDF’precursors were bound to the column whereas the mature

form(s) was present in both the flow- through and elutlon

-

fractions. The mature gDl polypeptlde 1n the flow- ~through

fraction exhlblted a slightly slower migration' rate (relative,'

to the eluted species, suggesting that it may be more

154
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"ig.37. Blﬁdlng of HSV-1 1nfected cell protelns Lo Castor

- ~

bean 120 lectln ~ Infected-cell extract was passed.w’

through the Castor bean-120 column.” Bound protelns were'
eluted Wlth 2.5% N- acetyl galactosamlne or galactose
‘The flow through (FT) and elution (E) fractlons were.

sub]ected to electrophore51s in a 10% polyacrylamlde

gel. Lane CLﬂ‘unfractlonated HSV-1 lnfecteo cell

extract.






.Flg 38. Iﬂmunopre01p1tatlon of gbl from the flow through and

elution fractions from Lentll and Castor bean-120

N
. ) r"
lectins. Infected- cell extracts'Wéfé“passe@;t%roUgh

A Y ’ -

lentil. lectin (LL) "or Castor'bean—lgo (CB-120) columns

and bound-proteiqg were é&hted by 0.2M Me@-D-Man and
L& i ’

2.5% galactose, respectively. The flow- througﬁ (FT),

and elution (E) fractions were immunoprecipitated with

18BB3 momoclonal and electrophoresed in 10%

\

polyacrylam%de gel %dr 8 hrs at iSO Vélts. Lanes E1l1 and
ﬁ2'shoy thé gDnifecific pol?peptidés-present in the
lentil lectin elﬁtﬁon fractions from two different

. experiments. L;ne C = immugoprec%bitation of
unfractionated HSV-T infected-cell extract with 18BRB3

monoclonal antibody. ' S—

I
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extensively .glycosylated. A high molecular weight protein

species was also detected in the‘eluﬂign fraction (E2). This

]

species reacted with.gD—specific monoclonal antngi:, had a

molecular size of approximately: 120-125K, and uld be

-

resolved.into 3 to"4 distinct bands. This larger form of gDl

B

was'repeatedly~found in the elution fractions from lentil

. - . » . ' o - N . P
lectin columns (see also Figure 36) but was -not. always
present in the samé'relagive amounts (compare experiments I

T g _ .
and,E2 in figure 38).

E. Gel Filtration

LN

3

Glycopfotein gDl was further'purified from the protein:

which bound to CB-120 lectin by'gel.filtration (figurc 39) .
HSV-1 infected-cell extract -was passed through a CB-120:

" lectin column anq the bound proﬁeins were eluted by~2.5#

: N

GalNAc. The elution fraction was passed through a Supergu.

™d2 gel filtration column. - The majority of nghwas presemﬁina
. L 4 : ya

‘ ¥

fraction 23 and was separated from the higher mole®ul.r

—

: 4
weight proteins (>67K) present in fractions 19 to 2% s
4 .

minor protein-bands} approkimately 65-67K and 42‘
N R

also detected in fractions 22 and 23 by.;augn:

. :EK;?
These protefNs may be cellular glycoprot;

G proteins
A . S g”i i :
which bound non-spécf?ipally to CB-120 Mgin.  Thei.
' : ' . :
estimated molecular sizes do not correlate“ﬁgfﬁlany of th

known glycoproteins specified by HSV. The migration rates rf
. . - . \J
- these two proteins were distorted slightly between fractiofg

22 and 23 due to the bresence'of unlabeled molecular weigh:»

standards [BSA(67K) in\fraction 22 and 0valbumin (43K) 1in



¥ig.3

13

9. Gel filtration of the HSV-1 infectéd-cell proteins

- : ' 4

which. Ou;a to Castor bean-120 lé!tin. 358—labéled HSV-

1 infected-cell lysate was passed through a CB-120

lectin column and the bound proteinsiwere eluted with = °

2.5% GalNAc. The eluted protein sample was loaded onto

a Syperose 12 gel filtration column which had been
W -

- . _ . -~ / N ,
. equilibriated with 0.05M sodium phoSphhte (pH7.0), .0.15M

-

4

NaCl, 0.2% SDS. The proteins were eluted at a flow rate

2

;)
of 0.2 ml/min. and 0.5 ml fractions were collected. " The
ﬁﬁgctions were anlysed by 10% polyacrylamide gel

electrophoresis and autoradiography.. The fraction

numbers are shown.above the autoradiogram. The position

~
v

of gD1 is indicated by the arrow head.
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“fract:on 23] which were added to.the sample pr{or to loadirng
: : - X ‘ .
on the column. _ S : e
. ,

III. Liscussion

. S%i7polyécrylamide gel electrophoresis showed thaz:

e

/,- mazture glycoprotein gbDl, synthesized in HSV-1 infected Vero
' . ~ . : s ¢ .
cells, had a molecular size of approximately 58-60K.- Rt

least 3 to i distinct’ gDl-specific polypeptides, Tranging 3in
g -
size from 52 to ﬁOK, could. be resolved‘by polyacrylamide gel

4
]

7ulectrophoresis. - These - polypeptides 1likely représent

’

'pfccd:sor—and maturq—glycdsylated torms of the gDl molecule.

Glycoprotein gDl was Shown to be a relatively stable

polypeptide which maintained a constant tertiary confdrmaticn
. > - !

in the pH range between 5.0-9.6. The isQﬁlecfriC pbint (pI)

of gbl was deterTined by flat-bed isocelectric focusing (IEF)

o~ tOo be 5.9 - 6.0. This, agreed with'.the approximate pI

‘determined for mature gDl by, 2-dimensional gel

electrophoresis (Cohen et al., 1980; Eisenberg.et 'al., 1979).

Surprisingly, I;deid not resolve the precursors from the

o ‘ .
mature gDl polypeptides. Eisenberg et allf (1979), using 2-

dimensional IEF, foung that the ng precursor, Syn:bésized in

HSV~L ({F) 1nfected KB cells, had a~pI-of 8.0. Uréa was not

1an§ged 1n phe IEF gel utilized in th-» present ‘study in
oo $u\s~ ‘ K S
u"order %& preServe the native’ conformatlon of gbDl. In the
g . ]

abﬂgnpa of urea, the 66 lypeptide may faold in such a way

.

that the charge contriputilon from the carbohydrate moieties

s

159
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negligiblef‘ The éaot that both of these forms of gPRl bound
to DEAE—Sepharoee at pH'G.S and could be eluted by 0.27 .-
O.éé M sodium chloride (sie Figure 30) lende additional
support to tﬁe notion that they exhibitisimilar oeJ ohargwg
in the absencevofldenaturing agent. A gDl precursor Raving A
pl of 8.0 wouﬁd'oe positively charged at this pi and“coold'
not bind to a positively charged matrix such as DEAN-

. ’
Sepharose. Altethatively, the single gDl species observed @

on the'IEF gel may be due to-association betweeo precursor
andnre mole'cules. ' B ! .

o . v T T

.Partial purifioation of gDl was achieved "by  DEAb-
Sepharose chromatograpo; and the eStent of purification &Ms
improbed by‘combrning this technique with aﬁmoniuﬁ sulfamf
precipitation.' Due nto the 1arge numoer of polyoeptidwu
present in"iqfected cell extraots, complete purification rf
gbl was not possibleﬂv Howevery ammonium sulfat .

—_ il

prec1p1tatlon was‘useful as a technique for concentratlng the
\
porypeptldes from the eYtract and, +n ccmbination with ion
R
exchange chromatography, as an ipitial pnx1fication step.

Lectin afflnlty columns provided a means to ”ofcificali/

4
purlfy HSV glycoprotelns and ylelded information regarding ;
the 1dent1ty'of various sygar residues contained in the S

ollgosaccharldes of gbl.” The inability of gDl to bind to WoA

,suggested that 5\\d1d not contaln terminal sialic acid

GleAc residues since ‘the presence of either of thes:
N ! N

residuels is a requirement for high affinity binding to WG:\\

(Wright, 1984)-* WGA Ras a low affinity for 2-6 linkeod



sialir acid (Kronis and Carver, 1985). Therefore, .if any
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terminal sialic. acid residies are present on the gD .

oiigosaccharides; the§ may_be joined‘byean‘a256 rather than
Can -@2-74 linkage. The fact.that fetuin, avglycoprotein‘that
.ccntajns L£WO terminal.'qé—j linkedj eialic acid' reeidues
';(1akaﬁdyl and Kobata, 1986), was able to bind to WGA negated
~the po,alblllty that the WGA column had lost its specificity
" for tnls ne31due. One Hsvfspecific glycopeptide (120-130K)
éia bind to WGA (?igure 32). On the basis of ite molecular
‘si;e tnislglycoorotein.may be gC. O{ofsson et al. (1983)

‘showed that a, portion of tne gC population could bind’to WGA .

r fraction-. of "»oth the precursor and mature gDl had-

B

"afflnl y for lentll lectin. Comparlson of the lnten51ty or,

the bands between the elutio%'and flow—throu@h fractions

L4 —

suggesfed that a’ larger percentage of 'the precursor gDl

popularlon bound to lentll Lectln (Flgure 38)". This reéu;t

was ccn51stent with the expectatlon that the glycans on

5 * 3 %

vprecur ;or ‘gDl would be largely composed of hlgh mannose co Jc

carbor/drates _ Lentil lectln has spec1F1c1ty for

‘glycoprotelns hav1ng ollgosaccharlde molecules with &t leasc

one of- the o- llnked manngse re51dues substituted at p051t10n>'

C-2 and C-6 and w@}ch»also have a fucoSe residue linked-to

¢
)

the GlcNAc proximal to the'polybebtidei(Kornfeld thql;,

1981; Cummings and Kornfeld »1982)' - The portlon of the

preouruors and mature forms of gDl which did .not blnd to the

"column may lack .either or both of these features.



Respess et al. (1984) found that none of the mature ghl-

polypeptide synthesized in HEp-2 cells was able tobbiﬁd‘to‘

\

~lentil lectin. This result was in contrast to the presc::
study which <found that a bortion of-mature gDi did.bind.
This Qiscfepanéy may reflecﬁ differential glycan{prbCESsiﬁu
-bet@een ﬁEp¥2 and Véio cells. Several'othe; glycopfotéimy
within the range 80-130K, had affinity for lentil lectin (uc.~
‘Figure 35). Respess et al. (1984) showed thét gB (120K), oo
(128K), and gE (84K) bound to lentil lectin. Lo

-CB—120 iectin has a high affinity' for carbohydra: .«
containing terminal galactose. The mature form of gDl bou:!

specifically to CB-120 whereas the precursor forms did -

bihd, suggesting that terminal galactose was present on ti.

a

mature gD molecule and that addition of this residue was

late step in processing of gDl in Vero cells. At least tuwo

‘additional glycoproteins in the molecular size range of 11¢-.

»

l3OK‘also bound to CB—lZp. Eberle and Courtney (1980), usi:.:
© gels crossflinked'With methylenebisacryiamidg, determined
that gB and gC poiypeptides (synthe;ized in]Vero andeEp~,
cellé) migrated to positions thaﬁ corresponded to ti-
moiecular\gife range of 118-128K. Kumarosamy and Blou::.
(1985) éhdwed‘that the numhér,of cell Surface galaéto:w
residues increased dramatical}y;foilowing HSV infection ar:
that this increase was largel;\due to the incgrporétion e
galactose onto the N-linked carbohydrates of gB and gC b.
‘not_gD.énd gE. Therefore,.the higﬁ moieculg} weight CB-1."

binding glycoproteins likely ‘correspond to mature, ar -
. . ‘ .
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possibly-some immature,.forms of glycoproteins gB and gC.
The results of Kumarosamy and Blough (1985) suggested that

terminal galactose is absent from gDl synthesized in BHK-21.

and HEp-2 cells. However, in this study,leO% of mature gDl

bound to. CB-120 (see Figure 38) iﬁdicating that terminal

galactose addition to gDl may be a unique feature of Vero.

cells. v . ’ -

TN

A gDl-re.ated species (approximately 120K) was detected
in the elution fraction from lentil lectin. On the basis of
its size, it may represent a dimeric form of gbhl. Multimeric

forms cf gD were not detected in the CB-120 eluti@@hor flow-

-
T

through fraction. Taken together, these results suggested

that enrichment of the lentil lectin- blndlng gDl species mav
have promoted the ‘formation of ng ollgomers  Another
,00551b111ty is that lentil lectin blnds spec1f1cally to go-
oltgomers'whlch are already present in HSV-1 1nfecteﬂ cell
extract. However, this explanation is less ilkely since
.equal molar amounts of ng ollgomers were not. con51stent‘:

detected 'in every exg?rlment u31ng the same cell extracf.

This speC1es could not be dlssoc1ated by" b01lwng in ‘the
\‘

presence of SDS and B—mercaptoethanol and was comoosed of .=

least 3 bands which were resblvable'by SDS polyacrylamide gl
electrophoresis. These results suggested that the putatl

qDl dimer may consist of tlghtly bound, multiple forms of
glycosylated gDl. ‘Other. 1nvest1gators have detecteti
oligomeric formslof gbl kEisenberg et al., 1982; Snowden and

Haliburton, 1985) but this is the flrst report to suggegt
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that the presence of certain carbohvdrate structures,
recogaized by lentil lectin, may be important for thei:

* -
formation. Specific endoglycosidase cleavage and chemical

analysis of thé oligosacchatides attached tc - the lentilv'

‘fractions 1nd1cated the presence oﬁ two dddltl@ﬂnl proteir,

lettin-binding gDl species will determine the naturé of this

. i

interaction more pfecisely.
Further purificatioh» of gb from the léwtin—béun&

glycoprotein was achieved by gel filtrationv It wes

necessary to fractlonate the glycoprotelns in the presence ¢!

SDS. In the abSence of SDS all the glycoproteins - hich bou:.!

to CB-120. lectin were eluted as one fraction. Thisi w. =

T, ——

perhaps due‘to ihteraction betweeh hydrophobic regions i
these proteins'causing them to aggregate togcthur.‘ lnclu;ign
éf zwitterions in the;eluént buffer and.tunning the column
lowér temperatpres should reduce this problem and furth .

1mprove the extent of proteln separation so that QU rould I

~pur1f1ed from the contamlnatlng proteins at 43K'and 67K . .

. The structural integrity of the proteins would be bette:

maintained undex. these conditions rather than in the present .

,ofgSDS or 2—mercaptoethanol. Silver staining of the proteir.;

present in- tpe CB 120 elution fract;@n and the gel filtratieon

’
i \

in the 30-35K rangé which were not detccted -

“autoradiography (data not shown). These,proteins woere eluted

in fractions 25 and 26 from the gei filtration column ard

‘thé:efore we' © resolved from gD-1 present in fractions 22, and

%3,

-
oy




Lectin'affinity»chromotography,was useful aS-a'method to

isolate'gD\Qnd fractionate -individual gD species on the basis®

of their carbohydrate moieties. This method'thereforebhas an
advantage over_immunoaffinlty chromotography[la teChnique
whlch is not necessarlly spec1f1c for precursor and matur

forms of the glycoprotern;‘ Further characterlzatlonL using
speciflc monoolonal'antibodies, will be required in order to
ascertain the usefulness'of CB-120 and lentil lectins for the
»purifiqation of'other HSV glycoproteins._ Scalefup of the

lectin procedure in conjunction with immunoaffinity

chromatography‘or gel_filtration should provide sufficient

quantltles of gD for detalled blochemlcal analysis of tie

proteln *d carbohydrate structures, "The lectins will also

'~ be use:: . as probes which detect variations in the
carbohydrate residues added to HSV glycoproteins in differen:

cell lines.

The results ~of this study suggest the ‘followiny

purification protocol for the purpose of isolating gD1 from
Vero cells infected by HSV-1 or cells expressing ghbl after

transformation by an expression vector-containing this gene:

‘l) Concentration oflproteins~from'the cell culture by 30—501

ammonlum sulfate followed by suspension and dlalYSlS in the

'approprlate buffer for lectln afflnlty chromatography 2)
.

Afflnlty chromatography of :this fractlon first on a CB-1290

'lectln column and then pass the flow throuqh fractlon throucn

a lentil lectln‘column -The'elutlon, fractlons, from these

two columns can be comblned or processed separately dependlr
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on whether separéfion of the different forms of gDl i

. desired or not.  3) Dialysis &§ainst gel filtrétion buffer

and performance of gel filtration in order to purify gbl to

B N

"homogeneity. R —— P .

-
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CHAPTER -7 . 7 e el

" SUMMARY

| Two'élycoproteins, QB and gD, of Hév Qere characterized
in this thesis projecti;bThe»followiog‘is allist.of the major'
finddings: : | =
‘ll Glycoproteins gBl and QB2.were:localized by northerc f
bior analysis, to within 0.345 and)D 386 map unlts on the HSV'
genome. . | _ :i"-*v ¢ “f |
2)  The DNA sequence between O.34S;éodﬁb 3%0 hap unirsdoni
the HSV-2 genome was'determiﬁed - Open readlng frame analy31s{“
ofs the - Sequence 1ndent1ﬁ1ed the gB2 gene and showed that 1t;_
was transcribed from rlght'tO‘left (on the prototype HSV
genome) and coded for a polypeptlde con51st1ng of . 904 amlno.
acid residues. | | Y
,3)‘ | Analysis of tpe amino ecid (a.a. ) sequence sugéested:
four structtiral regions; a signal peptlde (22 a. a. ),
external reoion (701 a;a.),,a cytoplasmlc‘membrane spannlng
sequence (68 a.a.) and a cytoplasmlc regloo (lll a. a )
q) Surface profile . analy31s of the'external seqoenceﬂ
bredlcted 9 major'antlgenlc reglons "f SeQeral. of thesei.
'regions corresponded to segments 5onf:the gBl and, gB2
'-opolypeptldes whlch exhlblted amino. acid dlver51ty - |
YS), Glycoproteln gbhl was resolved into 3 to.4- forms (52 60K)
by electrophore51s in SDS- lO% polyacryiamlde gels These'
forms corld be fractronated by, . lectln afflnlty chromatography dd
uerng Lentil and’ CB:lZO lectins. ’ o

. -
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6)  The binding of the high molecular weight form(s) of gD}

to CBjiZO lectin indicated that mature gD, syntheSizedﬂih

Vero cells; contains terminal galactose residues on ity

carbohydrate moieties. This form(s) was purified by a two

step \| procedure }utiliéi@g CB-120 lectin arfinity.

chroma Ography followed-by gel filtration.
Addltlonal work will be requ1red to verify the antlgenlc
reglons on the gB polypeptlde ) Synthetlc.peptldes,'which

1nclude the predicred epitopes,'couid»be synthesized énd

t

anélysed for their ability to raise HSV—neutralirfhg antibody .

1

or 'their-‘ability to react with gB-specific monoclonal

0(‘}% .

anrihody. The fractlonarlon of yhe different glycosylated

-forms of ng could be further refined by comblnlng lectin
afflnlty chromatography with 1mmunoaff1n1ty chromatography.

_Thls would enable the purlflcatlon of the gDl forms which

were bound and not bound to the lectin,columns.

!
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