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ABSTRACT

Herpéaviruses rcmrwm.onc of the major pubhic health problems in ‘the world
todav s proebuble that everny ndividual carnies one or more of the sin human
herpovaruses 0 a0 latent state. The mala\;ms caused by lﬁcsc viruses i their aciinve,
rephcating form range from mild or asvmptomatic  disease 10 recurrent shin lesions.
Keratoconjuncoviies, lvmphoma, encephaliis or congenital defects in .lhc newborn

ihie thesis describes anvestigations into the structure  and immunology ol (wo
nicmbers of the herpesviridae. human cviomegalovirus (HCMV) and herpes simpley virus
tpe I (HSV-1). In the case of HCMV the protein composition of the nucleocapsid has
been analvéed, and 1t was determined that 4 out of more than 28 proteins present in
the nudeocapsnd are of cellular ongin. One nucleocapsid protein of molecutar mass
bJ-RD, was found to be z;\ sltrong mmunogen - mice. Fvidence s presented that this
protein s giveosvlated and processed inio proterns of 90, 27 and 14 kD dunng vinon
maturation.

The human immune response to HCMV has been examuned through the generation
of human monoclonal antibody secreting cell hnes. Thesc were obtained by exposure of
human pernipheral B cellzr to virions and subsequent trdnsformation with Fpstein-Barr
virus. Several of the human lgG monoclonal anubodies produced were specific for
HCM\ protemns of wvirion molecules mass 66 and 95 kD. and neutralized virus.

In the studies involving HS\'-I’. synthetic peptides were used 10 méb linear anti-
genic sites on the virion envelope glvcoprotein D Polyclonal antisera from rabbits
immunized with peptide-carrier protein conjugates were analyzed for Teactivity with
;iS\'-virions in ELWA and neutralization -tests. These results defined 7 surface sites on
gl,\coproleiﬁ' D, 4 ‘of which are recognized by virus neutralizing antibodies. The neutrali-
auon sites of sequences 2-21 and 267-276 may be of importance in the development of

an 'ﬁmi-HS\’ vaccine.

‘ -
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CHAPTER |
OVERVIEW: HERPESVIRUSES AND IMMUNE RESPONSES

History and Classification.  The word “herpes™ has been used i mediane 1or over iwo
millenna In the ume of Hippocrates  (dod STTOBCY the word e micanmg Ta
creeping” was used o deseribe condinions as diverse as cogma and cancer of e shan
(Beswich. 1962) 1t was not unul the mnclccmhﬁmur} that the modern noton ol
herpes began Willan and Bateman restnicted the use of the term “herpes” 1o condinons
characterized by the appearance ol localived groups of vesicles, a short self - hnuung
course ol infection. and the absence of severe swmptoms (Bateman . 1813 The speaies
of herpes Classificd were zoster. labal herpes and  genital herpes. abo ancluded  were
ningworm  ( Herpes circinatus)  and  envthema  muluforme  (Herpes riy) The  lauer
Antectons were considered 1o be species of  herpes as late as NSO The breakh from
L 4

nosological virus dasstficaton ¢came with the mtroduction of new techmques ol vins

~ o . hd .

wolation and  punficaton which. 1n the earlv 1950°s saw the introduction  of  virus
groupings on the basis of phyvsicochemical data. Awding the changes in virus dlassific
non  was the ntroduction of negative starming for electron microscopy (Brenner and

Horne. 1939) Thisy had three immediate effects

1 Virus particles could be characterized with respect o swe, shape. surface \lruuur:\l

and someumes svmmetry.

1. These properties could be determined for viruses irrespecuve of their host. be nt

plant, animal or bacterium.

2

30 Large numbers of virus strains could be examined.

By chance, herpes simplen virus was the first animal virus to be examined by this

lechnique. Wildy er al. (1960) described two basic tvpes of herpesvirus parucies.



distinguished by the presence or absence of an outer coat or envelope. The naked
particle or capsid showed varving degrees of angulanty, some appeanng hevagonal whilst
N ~

others were almost sphencal. The envelope 1in these negatively staned  preparations was
Frequenthy distorted and henceehad 1 vanable shape and size. Most envelopes -contaimed

onlv one capsid. bt occastonally two or more capsids were seen mside one envelope.

Whilst  the  vinons  of - vanous  herpesviruses  cannot be  differentiated

.

°

A
clectron mucroscopie exammauon, they are readihv differenuated on the basis of  bio-
logical  properties. immunological  characternstics,  and  the size. base composition  and
genetic arrangemerd ol their DNA'S (Table 1), Rouman (1982) hists some &9 members
of the familv Herpesvindae with hosts ranging from fung to- man (Nahmias; 1974)
. { .
Herpesvirnidae has been further divided into three subfamilies - the Alphaherpesyvindac.

the Betaherpesvinidae and the Gammaherpesvindae.

Mcembers of the Alphaherpesvindac are classified on the basis of a4 vanable host -

range, relativehy shor't reproductive covcle. rapid spread n” culture, efficient destruction of
mnfected  cells and capacity 10 establish latent nfection prnfnarxh in the sensory  and
autonomic gangha ol the host. This subfamuly includes the genera Stmplex-virus (HSV 1.
HSV -2 and Hovine- mammnllixs vitus)  and  Poitkdovirus  (pscudorabies  virus.
varicella-zoster virus and equine herpesvirus-1).

A non-exclusive characteristic of members of the Betaherpesviridae 15 a restricted

host range. Their reproductive cvcle s tong and infection progresses slowly 1n culture.

Infected cells frequently become enlarged or fuse together (cvtomegalia). The virus can’

be mamtamed'm latent form in secretory glands. lvmphoreticular cells. kidnev, lung and
other  tissues. The  subfamily contains  the  genera, Cytomegalovirus  and
Vurocviomegalovirus. |

The evperimental host range of the members of Gammaherpesviridae 1s limited 1o
the familyv or order to which the natural host belongs. /n witro all members replicate in

lymphoblastowd ceils and some also cayse Ivtic infections 1n epithehal and fibroblastic

) L

iy,



TABLE 1.

Genomic properties of the human herpesviruses

Designation Common name G+C Genome
(mole %) Mol.mass x10°6

Human herpes virus 1 Herpes simplex virus 1 67 96‘?
Human herpes virus 2 Herpes simplex virus 2 69 964
Human herpes virus 3 Varicella-zoster virus 46 79-1000
Human herpes virus 4 Epstein-Barr virus 59 114€
Human herpes virus 5 Cytomegalovirus 57 1454
Human herpes virus 6 Human B-Lymphotropic virus - . 72-1209

4 Characterized by inverted reiteration of sets of sequences internal to both termini, as well as’
reiteration ot a subset of these sequences at both termini in the same oriendation (Sheldrick and
Berthelot, 1975; Wadsworth et a/ .,1975.).

b Characterized by inverted reiteration of a set of sequences internal 10 one terminus , as well as by
reiteration of a subset of these sequences in the same ortentation at the other terminus(Ben-Porat et
al., 1979.). -

€ Characterized by multiple reiteration of dne set of sequences In the same orientation at both termin:
as waell as by internal tandem reiterations of other sets of sequences.(Raab-Traub et a/, 1980)

) ¢ Genomic structure currently unknown. Human B-lymphotropic virus (HBLV) was first isolated from
cultivated B celis in 1986 (Salahuddin et al; Josephs et a/ .) Morphologically the virus resémbles other
herpesviruses, for example herpes simplex virus, but is serologically distinct from all other human

herpesviruses.



cell lines. Viruses an this group are specific for cilhér T or B Ivmphocvies. In the.lvm-
phocvie, mtc-cuon 1s frequently arrested at erther a prelvue or a bvue stage. but without
the  production of’h infectious progeny. lLatent wvirus is  frequentls  demonstrated 1
lvmphoid tissue The subfamily contains three genera. Lymphoceryptovirus (Fpstein- Barr
virus, human Hrlxmph;nropm virus ). Jhetalymphocryptovirus (March's disease virus) and

Rhadinovirus (Herpes ateles, Herpes samurt) .

Virlon  Structure.  The  herpesvirion  consist™ of - four  structural  elements An
clectron-opaque core; an 1cosadéltahedral capsid that encloses the core: an electron - -dense.
assmmetrically - distnibuted matenal ébuumg lhc'capsld designated as the tegument; and
an outer membrane, or envelope, which surrounds the capstd and tegument (Figure 1)

The core u()l‘ the nauve vinon contamns the viral DNA in the form of sirands
cotled around a proteinaceous torus (Furlong et al. 1972)  Wiral proteins have been
reported within the core (Gibson and Rowzman, 19727 R;mman and Furlong. 1974) and
mayconsutute the toroid structure or be bound to the DNA as it 15 packaged within
the .capsid. All herpesvirus DDNA  consist of linear DNA 'duplcxes. The structural
organizanon <;I the DNA from HSV and HCMV s typical of alphaherpesvindae. These
molecules consist of two segments, the long unique and the short unique segment
bracketed by inverted repeat sequences. The long and short segments co;npnsc approx:-
mately  82&% and 18% of the genome reépectivel)A The sxz.e>o~f the HCMV DNA,
approxxma[cl;‘ 230 kbp is considerably larger than that of other herpesviruses. )

The capsid 1s composed of protein subunits (capsomers) which arei icosahedrally
artased, with five capsomers alang each edge of the 1tnahgular facets. of the
1cosahcdr6n. In the notauon of Casper-and Klug (1962) the lattice has a triangulation
number (T) of 16, with the 162 capsomers of herpes virus resulting from hexamer
(150) and pentamer (12) clusfermg of the fundamentat structure units.

’ The tegument i§ a term introduced by Roizman and Furlong (1974) to describe

<

the material between the capsid and envelope. The thickness of the tegument mayv vary

1



PIGURE 1
HERPESVIRUS STRUCTURE

A) The photograph  shows an  electron " micrograph ol the wvirion of  human
oyvtomegalovirus; the envelope, tegument and capsid are clearly visible. The prepat -
atfon was negatively stained’ with 2% sodium phosphotungstate (pH 7.0).

B) A model of the herpesvirus virion illustrating the positon of the major virion com -
ponents. Based on Figure TA and reference by O'Callaghan and Randall, 1970
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depending on the location of the vinon within the infected celli when the amount s
variable. there 18 more of 1t 1n vinons accumulating in cvioplasmic vacuoles than
those accumulating in l\hc pennuclear, space (Fong er gl 1973) 0 Available  evidence
suggests that the amount of tegument 18 more likely to be deternuned by the virus than
by the host (McCombs et al.. 1971).

Electron microscopic studies on lhm’ sections of the herpesvinion have shown that
the envelope has a trilaminar appearance (kpstein, 1962). The envelope appears 1o be
dertved from patches of alwered cellular membrane (Asher ef af, 1969)  That the integ-

. ' o
ritv of the envelope is essential for virus infecuvity was demonstrated by the obser-
vation that nfectivity was dimimished by treatment with organic solvents or detergents
(Spear & Rowvman, 1972). The surface of the herpesvirus cnvelope contains numerous
protrusions or spikes composed of proteins and/or glvcoproteins, which are shorter than
those appearing on the surface of many other enveloped viruses e g.. Semhki Forest
virus (Kondor-Koch er al.. 1983) and influenza (White er al., 192\'?)‘ These spike pro
teins have been found 1o play a role in the attachmtnt/fusion processes between virion

and ccll surface at the inital stage of viral infeclion.

VIRAL MULTIPLICATION

The nfectious process t'olléws a well-ordered sequence of cvents which can be
summarized as follows. The virion attaches to the cell, the capsid penetrates to the
nuclear membrane and the DNA is released into the nucleus. Different parts of the
viral genome are then transcribed sequentially and translated into proteins. Structural
vital components accumulate and are assembled into the infectious virus which is then

released from the cells. This lytic cycle is illustrated in Figure 2,

Initiation of Infection. To initiate infection. the virus must attach to specific receptors

on the cell surface. Onlvy one herpesvirus receptor has been thusfar identified: the

Epstein-Barr Virus (EBV) binds to the Complefnem 3d receptor, CR-2, on human

.



FIGURE 2
I'HE SEFQUENCE OF FVENTS IN THE MUI TIPLICATION OF HERPESVIRUSES

Virus attaches to a speafic receptor at the cell surface (1) and s followed by the
fusion of the wviral envelope with the cell plasma membrane (2). The capsid then
, penetrates the cell and makes its way to the nudear membrane (3) whery the viral
DNA 15 relcased into the nucleus (4). Transcription of the viral DNA and the
coordinated synthesis of scts of proteins (a-=B-y) rtequired for DDNA replication and
for progeny virion construction. Replication of viral DNA is by a rolling mechanism
(5) and occurs prior to assembly of the nucleocapsid. DNA is spooled into the newly
formed nuclcocapsid (6). which then mové to the miclear membranc (7) where they
acquire their envelope by budding through areas of membrane modified by fhe insertion
of viral envelope proteins (§). Virions are transported to the plasma membrane where
thev are released (9). :
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W
%mln\ to some  gheoprotems ate able 1o newtralize vitus do not uneguivocalh
%\pllulc a receptor protem(s) masmuch as these anubodies may mereh stencathy hindes
:n@gl‘m or anhibit other carlv vinal funcoons

Niuxmn ol the viral emvclope waith the plasma membrane o1 an endosome mem
brane tapidhy follows attachment e has been shown that dunmy HSVY T antecton. the
envelope  ghveoproteins  become  transienthy  associated  with the cell membrane pnior 1o
penctration (Jennmgs er af 1997} bFapresaon of ghcoprotems at the cell sartace was
obscived mmmediatehy afger mfection and subsequenthy dechned 1o undetectable levels over
the next two hours after imfection

On \hu“ release of the capsad from the envelope, the capad s transported g
pore 1 the nuclear membrane With the ad of a viral tuncuon encoded o the capsid
(\h«\‘\\‘n by studies with temperature sensiive mutants defective an the release of viral
DNA  Batterson er al . 1983} viral DNA 1< released into the nucleoplasm, while the
emptyv capsid remans outside the nuclear membrane

Transcription takes place i three distinct stages. The lhrsl genes 1o be transcribed
arc th ‘immediate-carly or a-genes 1t has bgen hyvpothesized lhal"J s¢ code for pro
wins which produce the switch from: restricted to extensive Iranscrlﬁfon The B o1 carhy
protemns have been ‘defined as those proteins svnthesized after lhe"a‘promns 1)ut before

@

viral DNA replication. It appears that these proteins are involved in the synthests of
° ;
DNA, eg the thymmdine kinase of HSV. Thev also play a role in the shut-off of a

and host protein synthesis (Honess and Roizman., 1974) whilst inducing the transcription

of y-genes. Most y-proteins appear to be .consmuems of the virion, 1n HSV these

comprise approaimgtely half of the known gene products. Virion capsid proteins and

-

envclope piveoprplein@have been classified as y-proteins. Studies on the maturation of
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the  phvcoprotems tollowme  tnanslation have adenubwed o senes of compley steps,
mvolving . multe-step . gheonvlabon, acvlaton  of - some ghooprotem spdaes, a0 process
occurimy predonunanthy within the Golgr appatatus (Johnson & Spear 19820 1983 and
msethion of the tully plhveosviated speaies mto the plasma membranes of anfected cells

(Heme e af 0 19720 Spear er al . 1970)

Control of Protemn Svnthesis.  The svnthesis of herpesvitus protems has been shown 1o
. «

be o coordmately regulated  and o sequentially ordered (Hooness and - Rozman, 1975 and

. .

1974y The rates of svathess of a protem tound i HSV b onfected cells was highess

LY

between 3 oand 4 hours after ifecnon and therealter dechined  The rates ol svinthesis of

B eroup proteins were mavmal from S 1o 7 hours after nfecnion and then “simlath

dechmed  The y o group proteins were made at ancreasing rates untul at deast 12 hours

after mfecuon The conclusion that they  were sequentiailhy ordered was based oo the

reuirements for therr syathesis, The synthesis of a protemns required no prnior imfected

cell protemn svgihests: they were made ammediately after withdrawal of  ovaloheximide og

of puronnamn added to_sge medium at the time of anfecuon. The production of

—
B proteins required fhe pnior svnthests of a - proteins, since 1in cultures svnchronized with
mhibitors of protemn svathesis, the svnthesis of B proteins coinctded with a raprd dechne
N

im the svathesis of a-proteins. A similar relatonship was observed between 8 and y
protein svnthesis.

Few details are avaiable concerming the mechanisms by which sequential svathesis

of co-ordinately regulated groups of ~iral protems s effected. and these relate mosthy 1o

the transinon of a- 1o B-protein  svnthesis.  Specifically, in cells  treated  waith

. . L4 . . .
cvelbheximide from gthe ume of 1nfecuon. transcripts arising from 10-14% of the wvial
. .
DNA accumulated in the cvtoplasm even though ti.0 nucier accumulated transcripts éadc
from at least 50% of the DNA (Kozak and Roizman. 1974). The transcrnipts retained 1n

the nucteus were not transported into the tvtoplasm even after the drug was withdrawn

and a-protein synthesis began; and no synthesis of B-protein cnsued unless new RNA

.
r



was  svnthesized  These data suggested  that  the svnthests of - f protain required  the
pattiapanon of a-protens inoorder for the B protem mRNAs o reach the ovioplasm
The requirement  of  funcuonally acuve protans i the turnmg on ol 8 and
y protem synthesis and turming ofl of a protein svnthesis was reported by Honess and
Rorman i 19750 The amino aad analogues. canavanine (an analogue ol argiine) or

acetidine 2

carbonvvhic aad (an analogue of prohine) were introdoced  at different umes
after herpesvirus mfectuon and  were found o selectively mactuvate “on” oand . Totf”
regulators functions  Speafically, one or more a protamn s required to twin on  the
syithesis of the 8 and y protemns since in the presence of a-protein contaiing one of
'

the analogues, transtton ol synthesis o the later protemn groups did not occur. i spite
ol the contnued syvnthesis ol a-protem comparable 1o mavmal rates  of  untreated
infected cells .

The requirement of functional protems from the B- and/or y-groups o shut off
the svnthests of a-proteins s cvident from the fact that amino aad analogues added at

. . -

3ohours post-infection, prior to the miuaton of svnthesis of 8- and y protans results
i the sustamed simultancous svnthests of all three groups. a phenomenon not seen In
untreated anfected cells. Since the mRNA speafving a-proteins appear 1o be relauvehy

<Table (Honess and Rowzman, 1974), the <shut off of a-protein svnthesis s probably

regulated at the transiational level.

DNA Replication.  Parental viral DNA penetrates the nucleus where the terminal repeat
sequences of the DNA molecule is digested by double stranded DNA) exonuclease(s) 1o
fotm complementary cohesive termini. These structures have been reported by Jacob and
Roi/man, (1977A)_ for HSV; Jean and Ben Porat, (1976), for pseudorabics virus, using
clectron microscopy.” Replication is initiated chiefly on circular molecules at a fixed
onigin, giving the nise to theta-type structures. Thi; mode of replication is transient and

restricted to the first round of DNA replication. Thereafter, newly synthesized DNA s

. . . ~ . . . . . .
associated mainly: with concatamers in which unit-sized molecules are linked in tandem

1.
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head-to-tail arravs, compauble with rephicabon of DNA by a rolhing arcle mechanmism
(Gialbert and Dresser. 1908). Maturation of the precursor-concatomene DNA 1o umt-
sized DNA 1y dependent upon protemn svoathesis and s linked 100 capaid assembhy
(Ben Porat er al. 1976) . Since all herpesvituses have a umqgue < of‘ cnd sequences,
site-speailic deavage of concatemernic DNA must ovcur
Virion Assembly.  Capsid struciural pr(')(cms are transported from the avtoplasm 1o the

’
nucleus of the cell. where with the ard of assembly  protemns, the capsid structure as
formed and a molecule of viral DNA s nserted. The nu%lcocapmd then moves o a
region  of anner nuclear membrane.  tnto which v:r.all\ cncoded  proteins have  been
-
inserted, and “buds” through this area  bFnvelopment can occur at sues other than the
nuclcar  membrane.  Fpstain (1962)  and  EFpstein and  Holt (1963)  have  shown
cnvelopment to lake place either at the plasma membrane or from yesicles ol the
smooth surface endopfasmic reticulum. However, this tvpe of cnvelopment has  been
found to be restnicted to swages late in nfecuon  Envelopment by budding from ditfer
ent cellular membranes 15 used by all the herpesviruses with the cxception ol  herpes
satrmuri.  H. sawrmuri uses an  alternale mechamsh 1Ne whlch.lhc envelope v laid down
around the nucleocapsid within the nL;clcus (Heine er al, 1971). The cnveloped particle,
enclosed 1n the vacuole which sequesters it from the cell cvtoplasm. moves to the cylo-

plasmic membrane where the vacuole releases the particle outside the ceil.

IMMUNOLOGY OF HUMAN HERPES’IRUS INFECTIONS -

By the age of 30 vears, most individuals have undergonc primary nfccuons with
all of the human herpesviruses (Shore and Feorino. 1981). Although differences exist in
the clinical pattern of infection with the various viruses, some common factors affcctling
the severity and outcome of pn’lﬁar_v infections have been ecluaidated. The first 1s the
age of the patient; children (excluding neonates) generally have clinically milder discase

»

than adolescents or adults. This age-related differenc® is most striking for EBV and



VZV but has also beerd shown to hold true for HSV and HCMV. Whether this rela-

nonship between virus and  host reflects a difference i the mmmune response of  the
child as opposed - o the nldg:r mmdividual - or reflects a difference in the  ininal
presentation  of - the nlecung vitus (size of virus moculum  or route of entry) 18
unknown A sccond factor which anfluences infecuon is the patient’s general immune
status, regardless of age. Immunocompromised patients. espeaially those with prnimary or
sccondary dehiaenaes i cell-mediated immunity . can have severe or even lethal priman
mfections with herpesviruses. A third factor is the portal of entry, which would also
imfluence the cxpression of the immune responsc. Thus, nawrally acquired HCMYV
mfecuon via acrosols or unne-oral contact (Sulhivan and Hanshaw, 1982) is normally
asymptomauc. whercas HCMV infecuion  acquired by the transfusion of infected blood
frequently gives rise to a mononucleosis-like syndrome.

The prnimary funcuon of the immune svsiem in primary virus infectuons is. of
course, to hmit the severity of disease and the spread of wirus to the vital organs. A
second function 18 10 establish those immune factors (virus specilic immune memory
cells. serum anuviral anuibodv) that will limit the extent of future infection with the
same  agent,  whether by the exogencous route of reinfection or by endogenous
reactivation of latent virus. Tﬁal this occurs is indicated by the general observation that

manifest primary infections are usually more severe or less well localized than clinically

appatent reinfections or reactivalions.

Immune Response. Defense against an invading herpesvirus depends on a number of

different cell populations and humoral factors acting in concert to limit virus replication
~

and to inactivate and remove free virions. The mechanisms involved in antiviral defense

include both non-specific and speciflic immune response. Non-specific responses are

induced immediately after infection begins and require no brevious exposure to the

foreign agent. Specific responses are nol normally detected until three to five days after

infection begins. 4 -



The first line of defense is provided by natural antubodv. the complement svstem,

\ ‘ , :
antiviral hpoproteins  and endogencous namralﬁxllcr (NK) cells (Cooper and Welsh,
1979)  These  factors  act independently  or  coordimately 1o macuvate  the  virus.
Macrophages (M®)  present i the  svstematic blood  arculation phagocviose  virus
parucles, process them and present processed antigen on their cell surface (Figure 3).

>
Helper T cells (Tl\{) recognize  this  antigen  n conjuncuon  with the  major
»

-
histocompatability. (MHC) tvpe 11 proteins, which arL‘ also present on the surface of the
Mé$,  and arc thereby stimulated to produce the Ivmphokines necessary o in turn
suimulate antibodv-producing B-lymphocvies. These activated helper T cells also produce
I1 -2 which is essenual for the clonal expansion of effector (cvtotoxic) T-cells.

On the surface of each B-cell are several copies of a speailic immunoglobulin
molecule which act as surface receptors that recognize and bind to a sp?cil’nc circulating
antigen. In the presence of both bound antigens and T-cell factors. the B-cell is acti-
vated, proliferates and undergoes terminal differentiation. The “plasma cells™ so pro
duced secrete antibody to combat the invading virus. Antibody m;)leculcs which bind to
the virions serve to label them for phagocviosis- by macrophages and cventual destruc-
tion. With the depletion of circulating virions, specialized T suppressor (TS) cells are
activated. These then act by an as vet obscure mechanism upon the activated B cclls lo
differentiate them into memory B cells, which then exist in the circulation to guard
against future infections. .

Another branch of the immune response has been develope’d to deal with virus-
infected cells. This cell-mediated response requires the expression of viral antigen al the
cell surface (Figure 4). In the case of herpesviruses, this antigen may represent viral
enveloi)e proteins left at the cell surface after uptake of the nucleocapsid, or may fep-
resent progeny virion proteins. A third’ class of :bT-ccl]. the cytotoxic T-cell (CTL)

recognizes the viral antigen in combination with HLA Class 1 protein and releases

‘cvtotoxic -proteins into the target cell which then bring about cell lysis. Virus specific

15



FIGURE 3
THE HUMORAL IMMUNE RESPONSE TO INFECTION

This response mobilizes several cooperating populations of cells. Antigen is taken up b
an antigen presenung cell, a macrophage (Mé) can serve in this role. The antigen 1s
processed by the macrophage and is displaved on 1ts surface. There in conjunction with
a major histocompatibility (MHC) class 1l protein it is recognized bv a T-helper cell
(T,;). which is thereby activated. The T-helper cell then activates B cells; which ¢arry
an{i{gcn bound to thetr receptors. The acuviated B cells proliferate and undergo terminal
differenuation. Some of the progeny becoming memory cells, which provide response 1o
future infections, wherecas others develop into antibodyv-secreting plasma cells. The
secreted antibodies bind to the antigen, therebv mark:ng it for destruction by various
other components of the immuné system, including macrophages. The extent of B cell
response is  regulated by T-suppressor cells T ). A soluble factor sccreted by
T-suppressor cells blocks T-helper cell acuvity and’ so B cells that woulds otherwise be
sumulated, fail 10 mature into antibody secreting cetls.
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FIGURE 4
THEY CELI MEDIATED IMMUNITY TO VIRAL INFFCTION

When a virus infects a cell (1), the ceil responds by producing interferon (IFN).
Interferon sumulates the activity ol natural killer cells (NK), a class of cytotoxic T cell
that does not require interaction with major histocompatibility complex proteins or
immunoglobulin prior to the relcase of cell lysis proteins (2). Natural killer cells are
- thercfore capable of destroying both infected and uninfected cells; 1t is interferon that
confers a viral specificity on the natural killer cells by enhancing their cytotoxic effect
on nfected cells, while protecting uninfected cells from lvsis. Cytotonic T Ivmphouvies
(CTL.) recognize antigen posinoned together with a class 1 major histocompatibility com-
plex pratein as a signal for cell lysis (3). Theyv therefore act only on infected cells.
l.ong-lived protection against similar infections i1s given by the development of memory
cviotonic T Ivmphocvtes. which carrv receptors of the same specificity as cvtotonic T
cells. The presence of viral protein-antibody complexes on the surface of infected cells
acuvates the complement system (4). With the formation of a membrane attack com-
plen (MAC) the integrity of the cell membranc is lost and cell death follows.
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CTIl. have been "demonstrated for a number of viruses: HSV, EBV, HCMV, mumps and
influenza (McMichael and Hildreth, 1983) and evidence has also shown specific memon

CTI to exist following infection and so protect against future infections.
¥

RESEARCH OBJECTIVES

In the course of the studies contatned in this thesis, our imtial objectives were 1o

20

use  mouse  monoclonal  antibodies  to investigate  the  structure  of  the  human’

cvtomegalovirus virion (HCMV) and 1o explore the feastbility of employving these anti-
bodies in a diagnostic assay for HCM{’ in urine. The work on HCMV structure s
deseribed in this thesis, and the diagnostic assay is sull a possibility although the avail-
abihtv of HCMV-DNA probes for the detection of HCMV bv DNATD];\IA hvbridization
(Chou & Merigan. 1983: Spéclor et al . 1984) has fulfilled the requirement for a rapd,
sensitive and quantitative mc_‘lhod for the detection of HCMV 1n chinical specimens.
While the HCMV project was in progress we were ntroduced to the field of
human monoclonal antibody production by Dr. Larry Winger. then in the Department
of Immunology at the University of Alberta. We have since produced human IgM mand
[gG Shlibodlcs 10 a number of structural proteins present in HCMYV nucleocapsid and
virion. In the analysis of the «n vitro immune response to HCMV antigens we concluded
that the production of antibodies by transformed lymphocytes 1s repre;enlative of the

tn vtvo human B cell immune Tesponse.

Investigations into the wuse of synthetic peptides as potential vaccines were

commenced in collaboration with Dr. R.S. Hodges of the Department of Biochemisti:

University of Alberta. The amino-acid sequence of herpes simplex virus type-]
glvcoprotein D wgs screened fZJr surface sites using the "Surfaceplot” algorithm devel-
oped by Drs. JJM.R. Parker and Hodges. Since it ils now widely believed that the entire
accessible surface of a protein is antigenic (Benjamin er al., 1984), the predicted surface
sites are potential antigenic sites. Svnthetic  peptides o all of " these siies were prepared

and photochemically linked to carrier proteins by Natalie Strynadka and Dr. Parker in

ey
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IDr. Hodges' laboratory. thn injected into rabbitd all of the peptides elicited a good
immune rtesponse. The resultant polyclonal antisera were screened {or  reactivity  with
wolated g and HSV wvinons: neutralization was also investigated. These studies have led

~44. the uncovening of three new ncutralizing sites on gl 1. Recogmuon of the svathetig
peptides by the human immune 8vstem was examined by FLISA assay using both HSV
immunc and non-immune sera. The B cell repertoire of non-immune B cell donors was
also  screened  for l:\'lixphm‘ucs carrving receeptors lor the svatheue  pepudes  using
anabvtical flow cyltometry. We hz\wc found that such receptors are present o a number
of donors, therefore the potenual eaists 1o produce anubodies against these svnlhcm-
pepudes.

| The outcome of thé studies on svathetic pepuide  vaccines together with those on
human monoclonal antibodies has led to thes development of a theoretical model system
for the tn virg analysis of svnthetic pepude vaccdnes. From cither nucleotide or amino-
acaid  scquences,  antigenic 5j(es may  be predicted and  syntheuc  pepudes  of These
sequences prepéred. Using immune scra and flow cvtometry analysts. antigenicity an

humans mav be confirmed. Human monoclonal antibodies made o these sites will

P ¥4
R B %

enable neutralizatton capacity (if any) 1o be measured.

’ \

4



CHAPTER 1l

HUMAN CYTOMEGALOVIRUS I:
IHE ORIGIN AND CHARACTERIZATION OF HUMAN CYTOMEGALOVIRUS

NUCLEOCAPSID PROTEINS ' . \\

INTRODUCTION
In 1904, Ribbert brcpor(cd the obscrvation of protozoan-like cells n the lungs,
v\,)ldncys and liver of an 8-month fetus. The nucler were large and eccentrically placed.
and cach nucleus contained a “central nuclear body”™ surrounded by an outer clear ronce.
A worker 1n Ribbcrl's laboratory. l.owenstein, went on o describe cytoplasmic as well

I
as intranuclear inclusions 1n samples of infant parotid gland ussuc and. not believing
that these structures were normal or altered celiular features, concluded that ‘the
' | {7

inclusions represented some type of protozoa; te. coccidia, sporozoa or amoeba/ The
lerm "cytomegalia” was,inlrodu‘ced bv Goodpasture and Talbot in 1921 to describe large
mononuclear cells that reminded them of the intranuclear incliisions produced in varicella
infectons. and it was for this reason that thev did not believe the inclusions to be
protozoa. One year later this be‘lief was coq(firmed .when cytomegalic inclusions were
ebserved in the kidney cells'of infants. As w?é poimed out at this time, since such
inclusions could also Be found ‘in the kidneys of stillborn infants, they were probably
present before birth. Protozoa are not able to pass the placental barrier and therefore
could not be\thc cause of this illness. Wyatt e al. (1950) suggested the term
"generalized cytomegalic inclusion disease"' on morphological grounds to describe the
congenital inf;ction. ‘lt was suggested that since these inclusion-bearing cells were
invariably present in the rtenal tubules, it might be possible to identify them in thé
urine of afflicted infan'ls. This was subsequently confirmed by Mercer er al. (1953) an\d

Margilgth (1955). Numerous attempts were made {0 isolate a virus from urine, but with

the methods available _these proved unsuccessful. The - isolation of cytomegalovirus was

>
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accomplished independently by Smith (1956) in St. louis, by Rowe and co-workers
(1950) in Bethesda. and by Weller (1957) in Boston. The comparison of the cvtopathic
chanécs produced bv Rowe's virus, termed "ADI169" and that of Weller's, strain Davis,
showed the wviruses to be pathologically identical. In 1960, Weller first applied e term
cvtomegalovirus 1o the virusés causing cytomegali¢ inclusion discase.

Clinical Spectrum of Human Cytomegalovirus Infection.  Cvtomegalovirus infections may
rcadily be sorted into three generaliced categories: 1) neonatal - thosc which are
detected within the first few months of life; 2) acquired HCMV i;lfcclion:« - mli)'. b-c
asymptomatic  or  produce a mononucleosis  syndrome; and 3}) HCMV  in
immunOsunpressed patients - renal, bone marrow and heart transplant recipients.

The primary charactenstic  of  symptomatic congenital infection, c¢viomegalic
nclusions, are in various organs. A typical case 1s a oremature infant noted to be
jaundiced within the first day of life. Enlargement of the liver and spleen
(hepatosplenomegaly) is found at birth by abdominal palpation, and within hours
discrete skin hemorrhages appear. Central nervous svstem depression and respiratory
distress 4ndicative of pulmonary involvement are evident within houss or dz_ays_ and the
infant usually dies. Those who survive are frequently severely brain-damaged. sufTering
from oplic_ and augitory atrophy together wilh‘ mental retardation.

Symptomatic acquired infection is marked by fever. often lasting 4-6  weeks,
headache, muscle pain and mild hepatitis. Acquired HCMV is not com}nonly found in
children and becomes ;nore marked in adolescence. Across all age gfoups this form of
the disease is often found post-transfusion, HCMV_ being carried in  tke
polymorphonuclear leukocytes from sero-positive blood donors (Rinaldo et al., 1979a).

In 1982, follewing an assassination allémpt, Pope John Paul I received a blood

transfusion during treatment for gun-shot wounds; he subsequently- contracted HCMYV

mononucleosis with the complications of adventious pneumonia, resulting from the

immunosuppression which accompanies HCMV infection.
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Immunosuppressed patients are at great nish from HOMV anfection tollowing renal,

o
&

martow and cardiac transplantaton there s the potential tor g pomary mbection of

HOMV  scronegative teapient if the organ transplanied or, blood  transtused  duning - the

£

transplant procedure s trom an HOMY . poanve individual - Ghiven that the underbang

¥
M condion ol uansplant reapients s pencrally o poor | Grienal ot other organ Lalure,

leuhemia ) together with the use of anurcrecuon thetapy o the resistance o0 primaty - or
reactnvated HOMM anfection s low

An HOMM nfection post transplantation s most of all ¢haracterized by acguired
mononucleosis ke svmptoms which persist from 24 weeks Onlyoanveny unusual cu
cumstances does. dissermunated HOMV nfecuon develop, and this can be fatal (Stimmons
el al . l‘;‘") More  often 1‘1 s the decrease o the number of Graulaung  leukoovies
audiated with the mononucleosts that predisposes the mdradual 1o secondary bacternial
o1 fulgal anfecneon, and 1t s these anfections that contribute m a  greater way o

-

morbrdits and mortabiny .

IMMUNOPATHOLOGY OF HUMAN CYTOMEGALOVIRUS INFECTIONS

There are many  gaps in our  knowledge about  the  pathogenesis ol human
oviomegalovirus nfectuons. Sero-epidemiologic studies have demonstrated a wide variation
i the age of acquisiion of cyvtomegalovirus nfection (Gold and Nankervis, y%'/b)_

e

Differences 1n geographic and socioeconomic factors account for these dnﬂcreni‘es fn age
related prevalence (')f‘ cytomegalovirus infections. In the Western Pacific islands ot the
New Hebrides, where large extended family units exist and the custom of masucation of
food Tor infants by family members is practiced. 100% of infants have expenenced
¢ovtomegalovirus infection b)‘ one vear of age (Lang é! al.. 1977). In the United States
approximx,l_\ 25-50% of 15-vear old children have circulating cylomegglqwrus antibody

&

(Hanshaw and Dudgeon, 1978).

Most nfections are probably acquired by acrosol or ur\me-oraiéalso fecal-oral)

contact (Sullivan and Hanshaw. 1982). with oropharyngeal epithelia) cell infection as the



puman focus Infecnion of vmphord tissue and leuhocvies  resulis i virenua and
mduction of a humotal and cell mediated respouse  The profonged evcrction ol vitus
the  throat, feces, breast milh and  semen followimg  mfeciion ncrcases the sk of
sprcading anfection  to susceptible persons - antmmate contact A cessation of - viras
shedding v not related to the acquisinon of anuibody - ands hittle v known about the
mmunological mechamsms operating to control viral tephication

The spealic Ivimphooyti —;k‘ll\ which rephcate Gvtomegalovitus are not known
Vitus can be recovered  from o polvmorphonuclear  leuhoovie nich Tractons as well as
mononudlear  leukocvie nich fractons  Braun and  Rawser (19%6)  have  teported  both
helper  and  suppressor/eviotoare T-eells 1o be suscepuble to HOMV  mtecoon The
persistencee of mfecnon m the penipheral lcukouvies ol panents with
HOMV mononudleosis has been documented  up fo 3 months following the onset ol
acute nfection .(Rm;lldo el al . 1937a)  Infecuon akd virenma s followed rapidiv by the
appearance  of anubodv: 1gM and  lgG neutralizing  ahubodies am»(\y first and are
followed by complement Ii\mg‘lg(i Antibody alone does not appear 1o chiminate virus
production by mfected cells as s evident by the presence of viremia and viruna in
congerkially infected nfants and immunosuppressed adults with arculatmg HOMV ano-
_bodies.

In additon o antibody, cell-mediated 1mmunity  appears 1o be amportant n
recovery from HCMV anfection. Quinnan er al. (1980) reported that viotoxic T lvm-
phocvies, natural killer cells and cells nvolved 1n anubody-dependent cell-mediated
cvtotoxicity were less active in patients who died from HCMV infecuon following bone
marrow transplantation. Cytotoxic lymphocvies may lyse infected cclls carly in  the

-
virus's replicative cvcle before infection rcaches surrounding fluids and may abort
cell-to-cell spread of virus. Both mechanisms serve as highly effective ways of hmiting

infection.



HCMN infection often predisposes individuals o potentially - severe supennfecnons
with other opportumisuge pathogens, fungr (e Aspergullus. Mucoraceae), protoroa (e.g.
Preumocyststs  cartni) . or - bactena IThin  has  been most dearhy demonstrated
transplant reapients (Braun and Naukervis, 19780 Rubin er al. 1977) but has also been
suggested i other populations, ncluding mnfants with - ovtomegalic inctusion disease
(Sefert. 1953y and  adults  with mononucleosis (Ten Napel, 1980)  How does HOMYV
mcicase suscepthibtliny 1o opportunisuic mfecnons” Studies by Casalr er al. (1984} have

shown anubody responses to be normal  Polvmorphonuclear leukoovie function appears

1o be normal, as measured by phagocviosts, reduction of nitroblue tetrazolium  (stainmg)
and chemotavs (Rinaldo er al.. 1979b)  Rimaldo er a/.. (1983) have studied NK o cell
ovlotovany o mononucleosts patents and found these responses 1o be intact {t appeats
1o be the abnormalities 1 the T-cell proliferative response. gamma interferon response
1o mutogens and antigens, and cvtotonie response o allogeneic (foreign)  cells. which
result i oammunosuppression in HCMV infection (thaldo et al.. 1977b: levin er al..
1979)  Immunosuppression  appears 1o be  hoked 1o increased monocyle -macrophage
SUPPIESSOT aChvity (Carnev and Hirsch. 1979) together with an inversion ‘o[' the normal
raio of T helper o T cvtotonic/suppressor cells. Carnev er al.. 1981 have analyred
penipheral blood T-lvmphocytes from individuals in the acute and convalescent stages of
HCMV mononucleosts using monoclonal antibodies directed towards T cell phenotypic
surface marker proteins. The Ortho *Pharmaceutica (OK) monoclonal antibody OK T3
binds to surface antigens on mature T cells. OK T4 surface antigens are helper/inducer
T cells, OK T8 surface antigens.on cyvtotoxic/suppressor cells, and OK 1A binds to all
- v
acuivateds T cells. In these studies no net change in T cell number as shown by T3
binding analvsis. It was found that acute HCMV is associated with a large absolute
increase 1in T8 cells and a smaller decrease in T4° cells. la- cells were also increased

fivefold. The preponderant T8'. la- lymphocyte present during HCMV mon;)_nucleosis is

virtually unresponsive 1o mitogen stiWation. The atvpical lymphocvies characteristic of

26



this disorder fall mamly into this category .

Unul the isolaton of human mmmunodeliceney virus (HIV) by the groups of 1w
Montaymer  (Barté Sinousst er af - 1983) and  Robert Gallo (Popovic er al . 1984),
HOMV  was conaidered as a candidate as the  causative  agent of - acguired
mmmunodefiaency discase (AIDS) (Rapp and Robbins, 1984, Mevers, 1984) HOMV was
Itmhed 1o AIDS because ATDS s hallmarked by oa reversal of the T4 718 ol rano, and
also for the prevalence in AIDS patuents of Kaposi's sarcoma. o cancer which has been
assoctated  with - HCMV  nfecuon.  Given today's greater understanding  of - the
immunosuppressive  effects  of - HIV, a0 s Jnteresting o compare these two
immunosuppressive viruses. T cells from HIV anfected individuals " exanuned by indiredt
lmmunol\lm')resccncc using OK T4 and OK T& anubodies showed hittle or no change m
the fﬂumbc‘rs of T& «c¢ells; however T4 cells had falien 10 20% of normal values
(Klauman er al.. 1984). The T4 /T¥ rauo s therefore mverted owing to the dramatic
decrease 1in T4 cells. It 1s the lack of T helper cells that produces the gencral
immunosuppression produced in le\' infecuon. In HCMYV anfection, the precise mecha-

nism {or immunosuppression 18 as vet undetermined. however. it 1s thought 1o nvolve

the unresponsive T8 Ivmphocvies which proliferate dunng the acute stage of infection

VIROLOGICAL DIAGNOSIS OF HUMAN CYTOMEGALOVIRUS INFECTION

The best method to diagnose HCMV infection is to isolate the virus. The virus
may be recovered from many body fluids or from tissues obtained by biopsy or ai
autopsy. Human CMV has been isolated from urnne. blood. lhroax washings, saliva,
tears. milk, semen, feces and vaginal secretions. Almost all clinically significant HCMV
infections are associaled with viruria despite the fact that none produces svmptlomaltic
urinary tract infection or renal failure. Viruria at birth is the essential and sufficient
finding for‘ the diagnosis of congenital HCMV infection.

Samples of body fluids may be used to directly inoculate human fibroblast cul-

N,

tures. Cultures such as these may sho\'\‘v cytopathic cffects (CPE) in 3-4 days but
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usually  require -2 weeks, depending on the concentravon of virus in the specimen.
Fig. S shows a tvprcal HOMV inlection in tissue culture. Inttally, foci of enlarged.
rounded refracule cells appear in the monolaver. These foct will cnlzfrgc. coalesce. and
mav cventually  destroy  the monolaver. a  process which mav take 2-3 weeks. The
cvitopathology  of HOCMV s usually sufficiently  charactenistic for adenuficattion i the
laboratory without further serological confirmation.

Grven that the dentificauon of HCMV by CPE of the virus 1s slow, we set out
to develop a rapid diagnostic assayv for HCMV in unine samples. This assay was 1o e
based on a sandwich ELISA-capture type svstem. Such a test would utilize monoclonal
antibodies  directed against  viral proteins to capture vintons 1n the urine sample.
Monoclonal  anuboides conjugated with enzyme, for cxample alkaline phosphatase or
perovidase. would then be added to form a sandwich. The ELISA would then be
completed by the addiion of the appropriate enzyme substrate. The development of this
assav system first required a sound understanding of the proteins found in HCMV, and

this was the staruing point of our studies.

HCMV PROTEINS

The HCMV proteins necessary for replication of the virus or for the maturation
of the vinon may also play a key role in the diagnosis and control of viral infectwon.
In vivo, HCMV can potentially infect both productive (permissive} and non-productive
(non-permissive) cells. In the permissive cell both early and late viral genes are
expressed and the cytopathology of the infectious process normally leads to cell dealhA‘
The viral genes are expressed Asequemially and therefore have been grouped iﬁlo three
broad categories referred 1o as immediate early (IE), early and late (analogous to the
a-, B- and y-genes of herpes s“implex viruses; see Chapter 1). The [E genes are
transcribed in the absence of prior protein Synthesis; consequently these encode the first
virus proteins to appear in the infected cell, normally within one hour of infection.

Early genes require the de novo synthesis of the IE proteins. They appear in the cell
. t



FIGURE S
CYTOPATHIC EFFFCTS OF A CLINICAL ISOLATE OF HCMV N
HUMAN FETAL - FIBROBIAST CUIL TURES

Cytopathic effects of a chnical 1solate of HCMV 1n human fetal fibroblasts. Note the
rounded, refractile cells at the foci of infection. The isolate was derived from the
throat washings of a pautent at the Unmversity of Alberta Hosprals, admitted  with
severe retimtus. The washings were directlv 1noculated into f{ibroblast cultures. The foci
of infecuon iilustrated appcared 3 days after inoculation. indicaung the presence of a
high concentration of virus 1 the speamen. | ower concentrations of viruy mav require:
-3 weceks incubation before cyviopathic effects develop. Magmfication 220n.

TN






FIGURE ¢
APPFARANCE OF HCMV INFECTED CELES TATE IN INFECTION

In indirect immunofluorescence microscopy of HUMYV infected cells in the late stages of
infection  (48-60  hrs) using antibodies  dirccted  against  HCMV  struciural  proteins
visualized by FITC-labeled secondary antibodics. shows that cells have become rounded
In appearance and contain a cvtoplasmic inclusion (arrow) and a nuclear inclusion
composed of cellulac (arrow-heads). (Magnificaton 8§75\))
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withjn four to six hours after infection -but prior to the svnthesis of viral DNA . In the
permussive cell, viral DNA  svnthesis begins around 12 hours  after infection. Newh
svinthesized viral DNA accumulates 1 the cell only very slowlhv, as do the late wviral
protemns. The latter reach their mightst rates of svnthesis by approumately 48 hrs atier

. . ¢
infection. and this rate may thep continue for several davs  Approvmately 50-60%  of
the total protein synthesized 18 viral, the remainder is host protein. The continued pro-
duction of host proteins has made the adenufication of viral proteins  difficult. but
approximately 50 such proteins have been recognized in infected cells, and 30 or more
can be detected n virus parucles (Fala er al.. 1976; Gibson, 1981 Kim er al.. 1976;

Sarov and Abady, 1975).

VIRUS PARTICLE ASSEMBILY

The assemblv of virus particles has been reported o take place 1 the nuclear
inclusions which appear in HCMV infected cells 48 hours post-infeciion (Figure 6).
Cavallo er al., (1981) have examined nuclear inclusions by clectron microscopy and have
found them to be composed of cellulae, (electron-luscent arcas) surrounded by clectron
dense matemal. Fons and Albrecht (1986) examined the cellulac and found them to be
composed of three sones. A central sone, devoid of any capsid structuges but conla.mmg
granular material and numerous small [ibers. Around the periphery of the electro-luscent
area was a zone com#ining incomplete capsids associated with [ibrous matenals. It was
observed that the fibrous material shdwed a progression from loosc association with
incomplete capsids to a highly organized structure of tightly condensed fibres completely
surrounded by capsid material. The third zone consisted of eleclron.‘ dense material con-
taining well developed capsids similar 10 those observed budding through ;hc nuclear
membrane, acquiring envelope and so forming complete virions (Figure 7‘;.

The architectura® organization of the virion reflects the distribution of its struc-
tural constituents in the cell. Thus the viral DNA, which is situated in the core of the

virion, is thought to accumulate in the centre ,of the cellulae (Huang et al., 1973;



FIGURE 7
HCMV PARTICLE ASSEMBILY

In light mucroscopy of HCMV infected cells, the characteristic cvtoplasmic (Cl) and
nuclear inclusions appear at approaimately 48 hours post-infecuon. The nuclear inclusion
as depicted 1n the upper panel of this figure s composed of numerous cellulae. In elec-
tron microscopic examination, the cellulae gre found 10 be divided into 3 regrons (lower
pancl) Region 1 contains granules and #frany small fibres. no capsid structures are
found 1n this area. Region 2 contains incomplete capsids, many ol which are associated

with fibrous matcrial. The third region (3) appears as a broad band of electron densc

matcrial contaning wchG?@op@‘dR capsids similar in appearance to those found within
the mature virion. The vizgly -'\t‘:_l(‘)p‘c 1s acquired as the capsid buds through the nuclear
membrane. (These figutes FMgaased on the clectron micrographs of Fons and Albrecht.
19%6) '
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Macda et al.. 1979, DecMarchi, 1983). The capsid forms around the DNA containing

\

core 1o the periphery of . the »,.%\tllulau Between the sites of capsid formation and

envelopment  at the nudlear membrane (McGavran  and  Smith,  1965; Smith and

DeHarven, 1973), the matrix  protein present  within the virus tegument is  acquired.

Wemner er al. (1985) have located the matriy protemm in the nucleoplasmic region of the
L]

nuclei rather than the cellulae. therefore after capsid formation the capsid cnters the

nucleoplasim. acquires matriy protein and then buds from the nuclear membrane as the

mature viron.

HCMY STRUCTURAL PROTEINS
There 1s general agreement between research groups that the virton capsid is

composed primarily of a protein whose apparent molecular mass (Mr) 18 ~150 kDD (Fiala

N

et al.. 1976: Gibson, 1981; Farrar and Oram, 1986;.Schmitz er a/., 1980). Irmierc and
Gibson (1985) have reported the nuclcocapsids of HCMV Stain AD169 10 be composed

of protcins with apparent molecular masses of 153,000 (major caps\i\d protein), 34.000,

g

( 28.000 and 11.000 kD. while Farrar and Oram. {1986) Vxeported the major ADI69
nucleocapsid proteins to be 150, 64 and 33 kD. ,

Two matrix proteins of Mr 74 kD and Mr 69 kD h'avc\;';\"bccn, assigned 1o the

tegument region of the HCMV vinon (Roby and Gibs.on. 1986). VT‘his assighment was
made on the basis of their architectural location in the virion together with Their
biochemical similarity to cellular nuclear matrix or lamin proteins (Weinef et al.,-1985).
The matrix proteins, which are made late in infection, are phosphoryiated in kinfecled'
cells an-d may be ass‘ocialed with the protein kinase activity observed when the viral
envelope is disrupted, but which is not presety within the nucleocapsid itself.

4.‘\
Identification of the glycoproteins of the HCMV virion has been carried out using
radio-labeled glucosamine and mannese (Kim et al., 1976; Stinski, 1977 and Péreira
et al., 1984). Also, Farrar and Oram (1986) labeled HCMV glycoproteins using the

™
~ carbohydrate-specific procedure of oxidation followed by reaction with *H-borohydride.
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These four groups of investigators have reported the presence of 14, 7. 17 and §

glvcoproteins, respectively. Very few of these share Jmilar molecular masses (Table 2).

Small variations may be explained for by the anomtalous migration of glvcoproteins in.
SDS polvacrylamide gels. but the larger variations in both molecular, mass and number
of glvcdprolc;ns can only serv¢ as an indication of the complexity of the vinon.
Grouping of the HCMV glycoproteins into antigenically related Families was achieved by
the careful use ()1‘ pancls of mouse monoclonal antibodies (Pc\enra el al.. 1984). Four
families of antigenically disuinct HCMYV glycoproteins designated as gA, gB. gC and gD
have been idemiﬁcd (Table 3). By using the inhibitors of glycosylation, tunicamvcin and
deo.\.yglucose (Schwar; and Datema, 1980) in a scries of pulse-chase experiments, Percira
and collaboraiors were able o propose a pathway for the maturation of one of these
gl.ycoprolems. gA. and 0 éxplgin the rriu]liple forms of glycoprotein found in _the
virion. This pathwayv is shown in Figure §. h
Details of the structure and processing of one HCMV glycoprotein have been
givcdby Britt and Auger, (1_98()). They described the formation of a disulfide linked
g]_vkcoprmcm compl\ex, gp 116-55, which is present in the viral envelope. The complex is
formed bv the cleavage\-of a glvcosylated protein, gp 160, which in turn is derived from
a precursor protein of molecular mass 150 kID. This pathway is also -illustrated in
Figure 8. Antigenic and structural analysis have indicated that gp 55 and gp 160 are
dissimilar, suggesting potentially different structural roles for these two envelope pro-
leins. ?
Several examples of cleavage in the process{ng of viral glycoproteins have been
described for other herpeéviruses. Hampl er al. (1984) have shown that one.group of
disulfide-linked envelope glycoproteins ‘of pseudorab;es virus is symhe;izeﬁ by cleavage of
a higher molecular weighta polyprotein precursor. Similarly, Van den Hurk et al. (1984)

have. provided extensive information on an envelope ~ protein complex of bovine

herpesvirus which\ was produced from a common precursor protein. Finally, proteolytic -
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. TABLE 2.

Apparent molecular masses® of HCMV glycoproteins, as reported
by four independent research groups.

Kim et al,1976 Stinski, 1977 Pereira et a/ 1984 Farrar & Oram. 1986

Strain C87 Strain Towne Strain AD 169 Strain AD169
250
175-165
160-148
145 -
142
140
138
132 130
130
123-116 -
123-107
i 120
115
105
98
g5 95
90 90
84
= 80
67
- 66 66
- 58 5 “
56.5
55 55
52 » 52
50 50
: 49
48 48
46
44
34
25 s
22
P 16

* Apparent molecular masses (as determined by SDS-polyacrlemide gel electrophoresis)
are given in kD.
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TABLE 3

Grouping of HCMV Strain AD 169 glycoproteins on the basis ot immunological
activity with a range of mouse monoclonal antibodies. Based on data from
Pereira et al.., 1984

* Form Apparent M,
kD
gA1 160-148
gA2 142
gA3 138
gA4 123-107
gA>bS 95
T\ gAb 58.5
gA7 56.5
gB1 123-116
gB2 80
gC1 66
gC2 55
gC3 50 7
gC4 46
gDt 49
gb2 48
gD3 34

gDb4 25




FIGURE §

IWO PROCESSING PATHWAYS REPORTED FOR HOCMVY GLYCOPROTEINS
r

Inhibitors o ghcosvlation have been used to -~ the accumulation of the mtermedian
forms of the gheoprotein. Tumcamvan (IMJ an analogue of UDP-N acetvlglucosamine,
mtibits the svnthesis of N-lhinked oligosacchdnides at the first step 1in the hipid-saccharnde
pathway,  the formation of dohchol-P P-N-acetvlglucosamine  from  UDP-N-acetv!
glucosamine  and  dohcholphosphate.  The inhibitor  2-deoxvglucose.  which effect ¥ thew
assembly  of  hpd-hnked ohgosaccharides as well as the clongaton of  oligosacchande
side-chams by mannose. The reduaing agent 2-mercaptocthanol (2ME) was used i these
studies to cleave anter protem disulfide bonds and so distupt glveoprotein complexes

!
!



Pathyay 1: Pereira et al,,1984. (adapted trom)
gA 1 Fully glycosylated

4

x DG
' 2ME !
(gA7) gA6 €———— gA3- gA2 Rapid glycosylation products

4 o

gA4 Partially glycosylated

f o

TM gA5 Unglycosylated

Pathway 2: Britt and Auger, 1986 (adapted from)

2ME
gp116+gp55 @——gp116-S-S-gp55

‘,‘ ngeo
f

p150
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cleavage of an nfected-cell protein ol varicella-7oster virus  was also shown to be
mnvolved 1 the svathesis of a virion envelope protein (Grose ef al., 1984).

The HCMV vinon 1s therefore complexy n terms of  protein composition. We  sel

N
out to characterize one part of this structure, the nucleocapsid, in terms of the number
ol protein components, their ongin (host- or virus coded). and their immunogenicity .
The results andicated that there are in eacess of 28 proteins i the nucdeocapsid, of
,

which 6 are major components  and anolhcr 4 were present i significant guantuuces.
Major nucdleocapsid proteins of Mr 190 kDD and 42 kD comigrated with cellular proteins
ol denucal molecufar mass and may therefore be of host origin. Monoclonal amib(.)dles
produced in muce and immunized with nucleocapsids reacted with a protein of Mr 64

MDD in western blots  of  nucleocapsid  proteins. This  parucular  protein also bound

convanavalin A, 1ndlcaling'1hal it 1s glveosvlated.

MATERIALS AN METHODS )

Cell Culture and Yirus Preparation. Human fetal lung (}7lFl<) cells (Flow 2000. Flow

Laborator Inc.. Mclecan. VA) between passages 17 and 30 were grown in 175 ¢m

'
s

flasks contaimng Fagle’s Minimal Essential Medium (Ml—“M) (Flow Laboralolries).supplc»
mented with 10% feial calf serum (FCS: Gibco. Grand Island, NY). Cells were cultured
at a temperature of 37 and relative humidity of 95%. HCMV strain AD 169 (American
Tyvpe Culture Collection- VR 538) was used to infect sub-confluent monolayers of HEL
cells at an input multiplicity of 1.

To obtain enveloped” virus particles, the infection was allowed to proceed unul the
cvtopathic effect involved approximately 90% of the cells. At‘lhis point the culture fluid
was removed, centrifuged at low speed to remove cellular debris and then subjected to
centrifugation at 100,000 g in a Beckman 70 Ti rotor for 1 hr to pellet the virus. The

pellet was resuspended in phosphate buffered saline (PBS; Dulbecco & Vogt, 1954),

. conlaining 6% sucrose and 10 ug Bacitracin (Sigma Chemical Co., St. Louis, MQO) per

»
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ml. and layered onto a suspension of Percoll (Pharmacia, Dorval, Quel) of densiy 1.07
g/ml. The gradient  which formed durning centrifugation in a Beckman Ti70 rotor at
SO000 g for 30 mun was fractionated, and the virus banding at a densitv of 1.07 g/ml

of Pereoll was rer Density was calculated from refraction as measured on a Abbe

refractometer (Modkl 3020 Canfab. Fdmonton). The presence of virus was confirmed
clectron mMICToscopy .

HOMV nucleocapsids were obtained by detergent treatment of nucter wsolated from
HEL cells which had been harvested 60 hours after anfection. This was essenually  the
method of (ilhson‘(l‘?xl)_ exeept that the treatments with deoxvribonuclease 1. urca and
20 cetvl ether (Brip 5%) were omitted. Briefly, mfected cells were harvested by scraping
off from the walls of the tissue culture flask using a rubber policeman. The cells were
washed with PBS pelleted at 500 g for 10 min and then resuspended in PBS contaming
1% Nonidet-P40 (NP-40) (Sigma). The cells were homogenized (S ;H()kc.\ using a
Dounce homogenizer with a ught-fitting pestle) to ensure complete rupture of the cellu-
lar plasma membranes. Nuclei were pelleted from this suspension by centrifugation  al
1000 ¢ for 10 min. The nuclei were resuspended in PBS containing 0.5% sodium
dt?ox_\cholalc (DOC) (Sigma) and subjected to homogenization as above. Nucleocapsids
were separated from nuclear debris by layering onto Percoll and centnifuging at 50,000 g
for 30 min. The nucleocapsids banded at a density ol 1.03 g/ml.

Total Ivsates of infected and uninfected cells were prepared by removing the
growth medium from the cell monolayer. washing twice with PBS and then scraping the
cells from the flask into 5 ml of PBS. The cells were then pelleted by low speed cen-

~
trifugation and resuspended in 1.5 ml of 10 mM Tris-HCl buffer (pH 7.5) comaim’ng
10 ‘mM NaCl and 1.5 mM MgCl,. After allowing the cells to swell for 5 min, they
were subjected to homogemzation (10 strokes with a tight fitting pestle). NP-40 and

DOC were then added, both at final concentrations of 1%, to solubilize plasma and

nuclear membranes. Lysates were prepared for SDS-polyacrylamide electrophoresis as



detailed below

SDS-Polvacrylamide Gel Flectrophoress.  Samples ol ssolated nucleocansids and  vinons
were ;ch.xru‘i for polvacrvlanude gel clturopho-rcsls by pipetung smail poruons directh
mnto - 63 ﬂ'lM Tro-HCL (pH 6.8). contanfing 2% $DS and 3% B-mercaptoethanol and
bothng for ¥ mun. Proteins trom cell lysates were preapitated by the addinon of 100%
tricholoracetic aud to a final concentration of 15%  After 30 min on ice. the proteins
were collected by centrifuganion (10,000 g, 15 mun). the pellets washed twice with
ice-cold acetone and then resuspended in sample buffer and boiled for 5 min.

The disconunuous™ svstem  of SDS-pohvacrvlamide gel electrophoresis (SDS-PAGH)
described by Laemmhb (1970) wa} emploved. 1in which the separating gel contamned 109
acrvlamde . Slab gels were clectrophoresed for 20 h at a constant current of 6.5 mA~/gel

-
and then fived in methanol-acetic acid-water (4:1:5. v/v/v) overmight. For detecuon of
radioacuvely labeled proteins. the gels were submitted to [luorography by treatment with
EN'Hance (New England Nuclear), drnving and exposing 1o X-omat AR films (Fastman
Kodak Co.. Rochester, N Y.) at -70° Siver staining of proteins was performed
according 1o anstructions  with  the Bio-Rad Silver Stain Kit, (BioRad laboratories,

Richmond, CA ) Scanning densitometry was performed on a Chromoscan 3 scanning

densiiometer (Jovee-Loebl, Gateshead. England).

Host Protein Identification and Analysis. Human fetal lung fibroblasts were seeded at.
a low density (3 » 10* cells) onto each of five 175 cm’ tissue culture flasks. After 4&

hrs, three of these flasks were radio-labeled by replacing the growth medium with

-medium containing 10% of the normal concentration of amjno acids, 2% fetal calf

serum and a mixture of *C-amino acids (NEC 445E New England Nuclear, Dupont
Canada ln'c..\ Lachine, Que.). Each culture was incubated with 5 4Ci/ml of radioactivil_\"
in a total volume of S ml for a period of 24 hr. At 72 hours, the cells from one

radiolabeled flask were harvested and' lysed. Also at this time one of the hitherto
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unlabclcd/ﬂasks together with one labeted flask were anfected with HOMV  at a
ml‘llllplicil_\ of 1. At 108 hr the two unlabeled flasks were labeled as described above.
After 132 hr all four rcmaimng cultures were harvested. Nucleocapsids  were wsolated
from the nfected cells while a lvsate was prepared from the uminfected cells. This
" labehng and infection protocol s summarized i Figure 9. Sample 1 represents the cellu-
lar proteins produced during the carly growth phase. while sample 2 s representative of
cellular proteins svathesized late n infecuon. Sample 3 was ncluded 1o montor labeled
protein turnover. Samples 4 and 5 contained wsolated nucteocapsids: sample 4 bemng
labeted from 118-132 hours and sample 5 being labeled pre-infection o indicate host

protein incorporation as well as proteins which incorporated label released by the degra:

dauon (turnover) of other proteins.

(Gseneration of Mouse-Hybridoma Cell Lines
A. Myeloma Cell Lines. Fusion experiments were carried out using two  different
mouse meloma cell lines; MOPC 31543 obtained from Dr. T.R. Mosmann of the
Immunology Department of the University of Alberta (Mosmann er al., 1979; Mosmann
and Williamson, 1980). and the SP2/0-Agld4 hne, oniginally isolated by Shulman er al.
(1978) obtained from Dr. J.S. Colter. Both of these lines «arry  the marker
hypoxamhme-guan/me phospheftibosvl transferase deficiency, together with resistance 1o
o‘uabain (MOPC 315 line) oX &-azaguanine (SP2 line). SP-2 has the additional advantage
" in the SP2 line does not synthe$ize immunoglobulin chains: clone 43 of the MOPC 315
mveloma line does not synthesize heavy chains but does synthesize a small amount of a

mutant y2 light chain that cannot be secreted.

MOPC cells were grown at a cell density of 1-2 x 10° cells/ml in a growth
3

’

mediupy” consisting of RPMI-1640 containing 50 uM 2-mercaptomcthanol and 5% fctal
calf g&m. One week prior to fusion, cells were transferred to media to which had

been added 1.0 mM ouabain.

H

Al



FIGURE 9
SCHEDULE OF *C TABFLING AND INFECTION OF SAMPLES PREPAREFD 10
IDENTIFY HOST AND HCMV NUCLEOCAPSID PROTEINS

Protcin samples were prepared in the form of cell lvsates or solated ducleocapsids.
Samples | contained cellular proteins labeled during the early growth of the cell culure,
whtic sample 2 - comained cellular . proteins labeled in the later stages of  culture.
Sample 3 proteins were labeled during early growth but were not harvested until late in
culture. Samples 4 and S contained is6lated nucleocapsids, sample 4 being labeled late in
culture (post-infection) and sample 5 was labeled ecarly (pre-infection).
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ldcn(nf‘lcalion of the glvcoprotcins of the HCMV vinon has been carnied out usng

radio-labeled  glucosammne and mannose  (Kim er al.. 1976. Sunski, 1977 and Pereira

et al.. 1984)  Also. Farrar and Oram (19%6) labeled HOMV g.l_\‘mpr()lcm.s using the
carbohvdrate-specthic procedure of onidation followed by reaction with H-borohvdride.

SP2 cells were mamtained 1n suspension culture at a densiny ol 38 010 cells/ml.

Dulbecco’s Modilied Fagles Growth Medium (DMFE) was supplemented with 10%  fetal

call scrum and 0.1 mM ¥-arsaguanine. The presence of §-azaguanmine was 1o ensure  that

the generation of revertants did not take place.

B.  Immunization Protocols. In an imual studyv, mice were mmmunized by the
mjection of a punfied preparauon of L HCMV nucleocapsids and vinons which had been
obtained by partal phospholipase digestion of intact virus. This preparation was judged
by clfuron MICTOsCopic exammation to contatn approaimately 50% free nucleocapsids and
S0% intact or partiallv enveloped virions. In a subsequent study., a nucleocapsid prepar-
ation obtained by treating infected cells with detergents followed by purification  on
Percoll gradients was used as the innoculum.

Fach mousc- was njected by the ntraperitoncal (LLP.) route with 100 ug of
HCOMVY - protein (as esumated by the Bio-Rad Bradford Protein assay) suspended in 100
ul of Freund's complete adjuvant (Difco laboratories; Detroit. MI) followed by booster
injections (I.P.) at 7, 10 and 21 days of 50ug of HCMV proteins suspended in
Freund's incomplete adjuvant. Fusions were performed 3 days after the final injection.
A .:c‘cond immunization protocol contained the additional step of intraveneous and [.P.
injection of 200 ug of capsid prowins in 100 ul of 0.85%; saline on days 22 and 23..
C. lusion Techniques. The derivation of antibody-producing cell lines from the
fusion of mouse spleen cells to the MOPC 315 myecloma line followed lhe’ procedure of
l.ongenecker er al. (1979). Hvbrid cells were selected by grow;h in RPMI-1640 medium -

with 10% FCS: oubain (I mM). and !i_\‘poxamhine (100 *uM)-aminoplerin (0.5



a feeder laver.
\‘
Clonalits of the cell lines was ensured by sub-cloning cells from  positive  wells
.. : "N

twice. Wells were tested for specific anubody secrction® by FLISA using plates coated
with the immunizing antgen. In the sub-clomng technique. cells were dispersed  psing
limiting dilution methods o wells  containing  feeder lavers of  mouse  blood  or
thvmocyvtes depending on the monoclonal. Hybridomas found 1o be producing specilic
monoclonal antibodies were eapanded step-wise 1o obtain sufficent antibody for char
acterization. Routine tssue culture of the cexpanded cell lines was carried out in RPMI

~

1640/DME containing 10% FCS.

Classification  of Immunoglobutin Secreted by Hybridoma - Cell Lines. T'he
immunoglobulin  class of the monoclonal antibody produced by cach cloned hvbridema
linc was determined by the Ouchterlony double diffusion technique (Quchterlony, 1948).
using agar gel plates supplied by Hvland Diagnostics, (Deerfield, [1.). The central well
was [illed with hvbridoma cell culwure supernatant (7 wul} and surrounding wells with
rabbit antisera (7 ul). . specific for the different mouse |mmunoglqbullns { Miles
[Laboratories, Inc.. Elkhart. IN). The plates wicxé/ incubated In a humidiﬁed Chamber for
2-3 days at room temperature.* Following incubation: the gel was scparated from the
plate and washed overnight in PBS. lmmunoprccipim'n bands were visualized by staining
the gel with 0.2% Coomassie™ Brilliant Blue R-250 (Biorad) in 7% acetic acid - 45%
methanol and destaining in 7% acetic acid - 40% methanol. In all cases (see Results),

these cell lines produced IgM class antibody.

Antibody Purification. Monocional [gM antibodies were precipitated from culure
v supg_:irpa‘lams (100-250 ml) by the addition of cold ("4') saturated ammonium sulfate to
"a volume ratio of 1:1 and slirring overnight ap 4. Precipitated agtibody was™ collected

by centrifugation at 24 .000 g for 2 hr in a Beckman JA-14 rotor. After ccnirifugation

the an.tibody was resuspended in 5 ml of distilled water and dialyzed for 24 hrs against



) ) ' 50
500 mM NaCl, 50 mM Tris-HCl. pH 8.0, ImM EDTA. Antibodies were then subjected

1o gel exclusion chromatography on Sephacryl $-300 in this buffer, and the cluant was
monitored by measurmng its absorpu.&)‘r: at 280 nm. Fractions of 4 ml were collected and
those corresponding to the immunoglobulin M (Mr 9 10%) were pooled. Purified ant-

bodies were stored at -207.

Protein  Transfer ("Western Blotting”).  SDS  polvacrvlamide gel clectrophoresis  was
performed as described above. Gel replicas were prepared by electrophoretic transfer o
nitrocellulose  sheets (()45}‘11 pore size. Schleicher and Schuell) in a Trans-Blot cell
(Bio-Rad). FElectrophorctic wransfer in  the electrophoresis  buffer without SDS  was
carried out at a potental difference of 20 volts for 1S min. followed by 200 volts for
a further 30 minutes. After transfer, the proteins which had been “"blotted” onto the
nitrocellulose werg treated with 8M urea for 1 hr in order to remove SDS and aid in
the rc_nalurau’on of active sites. The nitrocellulose was dried between two picces of
Whatman 3Imm filter paper and the antigen containing lanes excised. Remaining protein
binding sites on the nitrocellulose itself were blocked with 0.3% Tween 20.in PBS. pnior
to overnight incubation with a selution of 0.05% Tween/PBS containing 5 ug/ml of the
purified antibody. The nitrocellulose was then washed (3 x /30 min) with 0.05%
Tween/PBS and incubated with biotinylated goat anti-mouse IgM (Sigma) for 2 hrs.
Visualization of pfotein bound antibodies was achieved by using streptavidin-goid

(Janssen Pharmaceutica, Beerse., Belgium) according to the manufacturer’s directions.

Glycoprotein Detection.  Glycoproteins were also detected on Western Blots of HCMYV

nucleocapsids and virions by employing a probe of biotinylated- cpnavalin A

Visualization was with Streptavidin-gold fdllowing the\methods describéd above.

Immunofluorescence Assaﬁ'. Monolayer cell cultures were grown on glass coverslips
70% confluency and infected with HCMYV, at a multiplicity of 1. The cells were cul-

tured for a rurlher‘x72 hours, "at which point the cells were washed with PBS (2x) and
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fixed for 10 min in cold methanol (-20°) The cells were allowed to dry at room temp-
erature and then stored at -20° until assaved. Uninfected cells were prepared as controls.

The indirect immunofluorescent assav (IFA) conditions were as follows. For cach
antibody, onec HCMV infected and one uninfected control monolaver covershp  wefe
incubated with a [:20 dilution of monoclonal culture supernatant for one hour. After
repeated washings with PBS. the cells were covered with fluorescemn  1sothiocvanate -
labeled antiserum to mousce IgM (Sigma) for a further hour incubation. Following a
subscquent wash, the cells were mounted in a mixture of 1 part PBS and 9 parts
glycerol.  Observation and photography were performed on a  leitz Ortholun 11

fluorescent microscope using Kodachrome 400 ASA fiim.

P N



RESULTS AND DISCUSSION .

Nucleocapad  Protein Characterization Nucicocapsids sobated rome the nacker ol
HOMN ntedted celis were found o contaim at Teast 8 protems by SDS PAGE under
reduamg conditons Flection mumgl:iph\ ol this prepatation of nudleocapsuds . showed
that the sample appeared 1o be free of contammating cell debnis (B 10 We would
theretore  assuame  that  the protems  we o have  observed  are constituents of - the
nucleocatsids . Aatoradiographs ol SDS polvacny lannde {L‘l\ contammg nucleocapsud pro
A%

temns fabeled with 7 amimo aads, andicated the presence ol S major proterns of Mr
2300 NS 407 and 14 }fl) and 4 addional protems MI 2700 190 1Y and 16 kD
which were considered 1o be present an sigmificant guanuties within the nudeocapsid
(bFig 1)

The HOMV  genome ol 230 Kbp l\ considerably - farger than that ol the other
herpesviruses and s capable of encoding a large number of protans  To put this mto

. » .

nerspectne, FQuine herpes virus-1 with a genome of 143 Abp has been teportad 1o
cncode 73 protems (Grav er al o 1987 Although the HCMV -DNA has the capaaty 1o
\
code tor all of the nucdeocapstd protems we have detected, inaddion 1o tegument and
membrane proteins. we thought that such a large number of protemns present within the
nucleocapsid might anchude  cellular proteins ancorporated into the nucleocapsid  during
asscmbhy - Unlike other members of the herpesviruses, for example herpes simplex virus
(Fenwick and  Walker, 19?8) and Epstein-Barr virus (Nono_\tana and Pagano. 197.)
HCMV  does not completely shut oft host protein synthests. This renders difficult the
task of denufyving wvirus-coded proteins. According to Sunski (1978) . -protein synthesis
followmg HCMYV “infection may be divided into two stages. an early stage that 1s
70:90% host specific and a late stage, coinciding with viral DNA synthesis at 5 hours
post-mf‘_ccuon: during which protein syvnthesis is .predbminaml_\' viral, .but 40-50% of the

protein synthesized is still of host origin. We set out togfdetermine the origin of

nucleocapsid proteins by using a series of pulse-chase analvses. The kabeling and



HIGURL to
FILEFCTRON MICROGRAPH OF ISOLATED HOMA

NUCT FOCAPSID PREPARATIONS

Nudcocapsids were solated by the tcatment of HOMV anflected cells with

and sodum deovscholate followed by separation on a gradient of Percoll  This prepart
aton  was  stamed  negativelv owith 2% sodium phogphotungstate (pH o 7.0 and
photographed 1n a Philips FM 420 clectron nucroscope . The small sphencal parndies
the background are Percoll beads
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FIGURE 11 (

Nl’('l,'{()(lf\k’.\"ll) PROTEINS TABFIEFD WITH O AMINO ACIDS
Lanes 1 and 2 are autoradiographs of the same gel sample cvposed for 12 and 7 davs
respectisely o Major nucleocapsid proteins are andicated by arrowheads  whereas protems
indicated by arrows were considered 1o be present in sigmificant quanuty - The standard
lane (S) vontained *C-labeled high molecular weight marker protansy (from B R 1)
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infection schedule 18 given in Figure 9. Comparison of the pulse-chase "*C-labeled cellu-
lar lvsates with "C-labeled nucleocapsids was made o order to determine the presence
of comaidental proteins (Fig 1), Scanning densitgmetry was used to accurately adenufy
protemns of adentical mobilities (within 1.5%) I"nulnd in host Ivsates and nucleocapsids. A
total of eight proteins were thus identified as being potenually host i ongin (Mg, 13).
The Mr of these proteins were 190, 98, 90, 64, 42, 47 3. 6.3, The- major
nucleocapsid prrolcm MI 55 .was found 1o be shghtlv larger than cellular proteins > MI
54. W/c/)!;u noticed thatf one of the major capsid proteins, Mr 42 kD. comigrated with
a host protein and therefore nvestigated this protein further. losse er al. (1982)
reported the /?arl_\ l'un:nons" of HCMV 1o induce the loss of microfilaments. while
acun svnthests appeared o be largely unchanged as estimated from the specilic radio-
acuvily of c¢ytoplasmic actin. Since the Mr of SDS-acun is 43 k1D we thought that the
major HCMV capsid protein comigrating with a cetlular protein may be acun. However,
this was not so since Western blots of nucleocapsid proteins failed to react  with
polvclonal rabbil sera raised 1o SDS-actin. Another major protein Mr 190 was also of
potential host origin but was h()l further investigated. Not all of the coincidental pro-
teins found in samples 2. 3 and 4 were found 1n sampie S._lhc nucleocapsids isolated
from prelabeled cells (Figure 12). From these studies we have concluded that the capsid
proteins Mr 47, 36.5 and 26.3 are of viral origin. So, to summarize from Figures 11,
12 and 13: the major nucleocapsid proteins of viral origin' are of apparent molecular
mass “250, 55,17 and 14 kD while the major nucleocapsid protein of Mr 42 kD is "of

probable host orfgin.

LY

Specificity of Monoclbnal Antibodies. The fusion of HCMV . immunised mice
spleenocytes with the ‘mouse myelc;‘ma limes MOPC 314.43 and SPf/O-AgM resulted in
the generation™of eleven monoclonal antibody secreting cell lines. By Ouchterlony doubl»c
diffusion assay, all these lines were found to secrete antibodies of the léM class. The

antibodies were characterized with regards to specificity using the Western blot



FIGURE 12
I ABFIING OF PROTEINS IN TOTAI 1 YSATES:FROM CONTROI CFIILS
AND FROM ISOLATED HCMV NUCLEOCAPSIDS

The upper pancl shows the labeling schedule for each sample. The lower, pancl shows
the resolution of proteins on  SDS-10%  polvacrylamide gels. Sohid artpws indicate
coincidental proteins 1n samples 2. 3, 4 and 5. Hollow arrows indicate coincidental pro-
teins in samples 2. 3 and 4 without a comncadental protein wn sample 5. The star indi-
cales a major nucleocapsid protein M 17kD labeled in sample 5 but absent [rom
cellular Ivsates. The label in this sam;glc represents '“C amino acids returned o .the
amino acid pool protein by turnover of labeled cellular proteins. Densitometer scans of
lancs 2. 3 and 4 are shown in Figure 13,
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FIGURL 13
SCANNING DENSITOMETER PLOTS FROM AUTORADIOGRAPHS OF

NC-LABELED CELLULAR AND NUCLFOCAPSID PROTEINS
¥

Scanning  densitometer  plots  from  autoradiographs  of  "“C-labeled cellular  and
nucleocapsid proterns. Comugrating protetns are indicated by vertical lines and apparent
molccular masses are indicated 1n Panel A, The star indicates proteins of approximate
but not idenucal mobilities in SDS-Page. The samples were of equal protein concen-
tration, as determined by the fluorometric protein assav of Bohlen er al., 1973. Panct A
corresponds to Jane 2 of Figure 12, panel B to lane 3. and panel C to lane 4. Panel A
shows ccllular proteins labeled by incubation for 24 hours in media containing "*C
amino acids. Cells in this culture were harvested at the time of infection. The sample
for Rancl B shows the labeled cellular proteins present in uninfected cultures after a
ume period cquivalent to that for the nucleocapsid production in HCMYV infected cells.
Note the deggease in overall protein labeling due to protein turnover during the 60 hour
infection. period. Pancl C shows the isolated nucleocapsid proteins labeled for 24 hours
prior Lo nucleocapsid 1solation.

A
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techmques  descnibed  in Materials  and  Methods.  All ~ot" the :monoclonal antibodies
appeared to be. of similar specificiues; when incubated with‘nuclcocapsid antigen, inter-
actuon with a protein Mr 64 k1> was ndicated. -However, when incubated with virion
antigen. the interaction with the 64 kD) protein was less prominent and strong inter-
acuon with prolclln,\ Mr 90. 27 and 14 kDD was observéd (Figure 14),’ No interacuion
was found by Western blotung when either of the monoclonal antibodies was incubated
with ccllular protamns. In [FA analvsis, all of the monoclonal antibodies sh()w,‘kd strong
overall fluorescence when incubated with H(‘I:VW infected cells (Figure 15). No fluores-
cence was observed with uminfected (control) cells.

These results indicate that the antibodies interact with a polypeptide of 64 kD)

present an the nucleocapsid, whifh 1s subsequently modified o polypeplides of Mr 90,
A Y

27 and 14 kD in the winon. As ndicated in the following section. a glycoprotein

present in the nucleocapstd comigrates with an apparent moleculatr mass of 64 kD).

Virion glvcoproteins were also observed with molecular masses of 90, 27 and 14 kD

{sec section below). One may propose a possible explanation for the shifts tn antibody

specificity observed with nucleocapsid and viral antigens to be due 1o both glvcosvlation

and proteolvtic processing of the 64 kID nucleocapsid antigen.

\

.
Glycoprotein Components.  The presence lof glvcoproteins and their mannose containing
prt;cursors was investigated using Western blélEing techniques and a biotinylated
Concanavalin-A -probe. With nucleocapsid antigens, a major glvcoprotein ‘of apparent
molecular mass 64 kD was indicated; minor components of 150 and 17 kD were also
found (Figure 16, lane N). The presence of glycoproteins or their precursors in the
HCMV nucleocapsid has not previously been recorded. In preparations of HEMV
virions, major glycoproteins of 125 90, 62, 53 and 27 and 14 kD were detected
(Figure 16, lane V). Thege glvcoproteins fit well into the "framework proposed by

Pereira er al.. (1984) with £ach of these group classes~#A, B. C and D being represen-

ted by one or twovglycoprotein‘s (see Tablé 3.

. L



. FIGURE 14 ,
WESTERN BLOTS OR MONOCI ONAL. ANTIBODIES PRODL{(‘H) BY CELL PINES
10.5 AND .3 AGAINST NUCLEOCAPSID (N) AND VIRAIN(V) ANTIGF)S
A\
Monoclonal anubody 10.5 showed strong interaction with a nuclcocapsid protein M
64 kI> and minor interaction with viral proteins M_ 90, 27 and 14 k> whereas anllhod_\r‘

51.3 showed munor intcraction with the nucleocapsiJ protemn Mr 64 kD and major mnter-
action with the viral proteins Mr 90, 27 and 14 kD.

N »
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FIGURE 15
IMMUNOFLUORESCENCE MICROGRAPHS OF. HCMV INFECTED AND

QNINH&CTI&D CELLS FOILLOWING INCUBATION WITH
i

MONOCLONAL ANTIBODY 10.5

Infected and uninfected monolavers of cells were incubated with mouse monoclonal
antibody 10.5 and antibody binding was subsequently .visualized using FITC-labeled goat
anti-mouse antisera. Infected cells (Panel A) appeared to give a bright fluorescence over
the entire cell, with nuclear and cytoplasmic inclusions cleafly indicated. Uninfected con-
trol cells at the same magnification as the infected ccl@‘:_»appearcd dark with onlv a
generalized background fluorescence, no nélear fluorescence was visible. Panel B shows
a lower magnification "survey" photograph of uninfected cells exposed for 1 minutc.
The exposure for panel A was 12 scconds. (Magnifications. Panel A 200x. Pancl B
501 ). : -

4
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FIGURE 16
A

-~

NUCT FOCAPSHDY AND VIRAL 81 YCOPROTHIN DETECTED BY
WESTERN BLOTTING

Gheoprotems were detected by the bindimg of - brotnvlated concanavahin A and subse
A ] .
quent visualizauon wath streptavidim fabeted collordal gold . Concanavahn A

binds spea
wallv 10 e D-mannose and a D) glucose

Lane H contamed herpes simpley vitus protems
as a control, lane N ocontatned HOMY  nudleocapsid proteins, lane Vocontamed  HOMY
vral protems and lane O contuned cellular proteins Western blotting dearly aindicated
“ihe presence of a ehvcoprotemn Mo 64 kD e the HOMY  nudeocapsid Anrow andicnes
vital glecoproten M 90 kD '
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Summary of Nucleecapsid Proteins.  Our studies have tound v Icocapsids wolated from
the nudler of HOMV nfected cells 1o conttin approvimately M8 protems (Tabie 4). .
number greater than those reported by Schmty e af 0 (1980) o1 (ibson, (1981)  This
may - be o attnbuted o mncreased  sensiiviny e detecuon (protemn radiolabeling versus
Coomassic Blue protemn stamming) used by Schmity er af . (1980) and increased  concen
tration ol radio-labeled amino aads S L C/ml *C label versus 2, Crml Clabel used
by Gibson (F9R1) 0 Schmutz er al . (1980) concluded that nuddeocapsids of HOMY sram
AD 169 contained prominent pmlcm’.\ of Mr 1400 RO, 030 ST 4 and 23 KD Ghibson
(1981) 1eported that HCMV straine Colburn nucleocapsids (Tvpe A capsids which \l()\(‘l\(
resembled our nucleocapsids in clectron microscopy ) were composed of (hree protems M‘
145 334 and 28 kD Although we agree that the 145 kD protam s hkelv to represem
the major structpral element of the nucleocapsid, we do not find large amounts of the
cther proteins 1in our nuclcocapsid preparations.

Qur  studies indicate the presence of 5 major p'rolcm.\ and an addwonal 4
prominent proteins i the HOMY nudleocapsid. One protemn Mr 64 KD which dide i
label well with *C amino acids  but which  did sla:n with silver  (at late times \Q
infecnon) reacted with all of our mouse monoclonal anubodies. This protein (or one
with the same Mr) 1s glvcosvlated. It 1y possibic that the 56 kD) protein which did label®

: . P
prominently  with "“C-amino aads ecarlv in infecuon represents an unglvcosylated pre-
cursor 1o the 64 kD> protein. In herpes simplex virus, glvcoprotein 1) Mr 60-65 kI has
been reported to havesan unglycosylated precursor Mr 52 k1> (Spear, 1976).

In Weslefn blots against viral antigen. the anli 64 kDD nucleocapsid antibody
réacted with 3 proteins (Mr 9(2 27 and 14 kD) indicauing a precursor-produ.cl relation-
ship with the 64 kD protein of the nucleocapsid. We therefore have concluded that
during vinion formation the 64 kD protein’ is processed to yield the 90, 27 and 14 kD)

protetns. All of these proleins migrate with the same apparent molecular mass as

glycoproteins found in the HCMV virion (Fiéure 16). ®@ne could conceive that the

e o v



TABLE 4.

Summary of the properties of HCMV nucleocapsid proteins.

Apparent  Major Host Glycoprotein? Reactive with
molecular protein’! antibody
mass (kD) ;

1 270 X

2250 X )

3 190 X X

4 145 x o, (150)m

5 125.

6 115

7 107 ‘

8 98 X -

9 90 X

10 85

11 79

12 73 - h

13 64 M +

14 55 X )

15 47 )

16 42 X X

17 39

18 36.5 .

19 34

2 315

21 30

22 27

23 26.3

24 24

25 23 .

26 17 X m

27 16 X ;,

28 14 X ¢

Vv’.

¢

7

X denotes major nucleocapsid protein; x pf'ominem protein.
M indicates major glycoprotein; m minor glycoprotein.

Iy
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64 kD) protein s an anital translation product which s glveosviated 1o vield a 90 kD
protem  (this Mr may  be  overestimated  owing o the  anomalous  nugrgtion  of
glveoproteins in SDS-PAGLE: Weber and ()sborn,. 197~5) 0 The 90 kD protem mav then be
proteolytuically cleaved to vield the 27 and 14 kKD species

O! the major proteins found i the nuceocapsid. onhv one of Mr 190 kD) s
potentially off host ongin. The MI 42 protem (which 1 not acun) s prominent in both
viral and nucleocapsid preparatons. bFigure 17 shows this protem from a differem prep:
aratior which was silver-stained for protein following SDS-PAGE . Similarhy, the fatlure
of the monoclonal antibodies 7(0 recognize host proteins thiscounts the possibiliny of  the
host 64 kDD protein being adentical 1o the nucleocapsid 64 k1) protein. Our analvsis has
shown that 1solated nuclcocapsid contain preparations 4 cellular proteins. the role and

A\ A

- o
composition of which remains unknown.

L - y L .
The discovery of glycoprotemns in “the nucke®rapsid s nteresting, since glveosviation

e N N . [ o
v not a common modificatidon of nuclear proteins. Farrar and Oram “(

melaperiodiate labeling (indicative of glycosviated proteins) of nuclecocapsid proteins with
Mr of 35 64 and 150 kD. but thought that this may have been duc to non-speafic
oxidation of non-glycosvlated proteéins. The binding of concan\avahn A 10 the M‘ 64 ‘kl)
protein found in our studies confirms the presence of a gl.,vcoproxcm,. or its high
mannose precursor within the nuclcoce'lpsidi The recogninon of this protein and s,
processed viral counterparts by all of our mouse monoclonal antthodies indicates that
this glycoprotein may be of immunélogical importance. |

One of the requirements for a diagnostic assay based on a capture-ELISA svstem

is high affinity antibodies. Immunpglobulin M class antibodies are inheritantly less
q

specific than those of the IgG class. Our lack of success in generating 1gG class mono-

clonal a.'thodies from mice lead us to a different approach for nionoclonal antibody’

sroduction, that of producing human monoclonal antibodies by the .transformation of

I3

.

B-lymphocytes with Epstein-Barr virus.

P

-
19%6) reported -



FIGURE 17
HCMY NUCHEFOCAPSID AND VIRION PROTEINS SPPARAH’,; BY SDS PAGEH
AND STAINED FOR PROTEIN WITH SILVER-CONTAINING REAGENTS -
The arrow ndicates a -major nucleocapsid “protein of M 42 kD which appeared

~ consistenty 1n nucleocapsid preparations. Protein standards wére prestained high molecu-
lar marker protems (BRI ).
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CHAPTER 11

HUMAN (“\"I‘OMI‘}(;ALO\'IRUS 11:
I'HE SELECTION AND CHARACTERIZATION ()l: HUMAN

MONOCLONAL ANTIBODIES TO HCMYV

INTRODUCTION

In 1975. Kobler and Milstein demonstrated  that it was possible to fuse myeloma
cells, denved from a malignancy of B-lvmphocvtes. 1o B-tvmphocvies from an immu-
mzed animal to produce a cell hine that grew continuously and scuclcd. antibody
contmuously. Thus the technology of hybridomas and n%onoclonal anlibodic; was born.
The significanée, of this discovery and the subsequent advances made by its application
to the fields of the biological sciences and medicine, were marked in 1984 by the
aw;xrldmg of the-Nobel Prize in Medicine 1o Kohler and Milstein.

One hmitation of the fusion technology devised by Kohler and Milstein has been
the availab‘ilily of cell lines (o which lymph(?‘cylcs can be l‘uscd‘ Although rodent
r;1)cl<)nla lines arc available (mouse, rat and guinea- pig) human myeloma lines are more
difficult to obtain (Table 5). The desire 10 obtain human monodlonal antibodies has
been driven by the search for antibodies of greater specificity than those obtained
through rc')den,l fusions. The immunization of rodents with human tumor material has
demonstrated that the an-libodies produced emphasize certain cell surface components that
fclincate lhe "foreignness"' of the - animal gpecies rather than the differences between
tumor and normal cells. A lack of fine specificity 10 different molecular polymorphisms
found m certain structures, e.g. hun_uin HLA, has also been obsérved. Human monoclo-
nal.amibodies have the additional benefit of direct use on patients for. diaghostic 20r1
lher;peulic purposes without fear of sensitization or immune response.

In order 1o pr(;duce human monoclonal antibodies, .human ?cells have ‘beenn

1

immortalized by -the fusion of human lymphocvies with drug resistant mouse (Teng



~
TABLE 5.
Human cell lines for hybridization.
Cell line Ig secreted’ Referénce
U-266 o] NHsonn et al.; 1970
RPMI-8226 A Matsuoka et al.; 1967
UC 729-6 IgM Glassy et al.; 1983
UC 727-HF2 None . Abrams et al.; 1983.
LICR-LON-HMy?2 I9G Edwards et al.; 1982
GM 4672 - - lgG Croceet al.; 1980
SKO-007 . IgE _ Olsson & Kaplan;1980 )
RH-L4 IgG (not secreted) Brodinet al.; 1983
8226 AR/NIP4-1 . None Pickering & Gelder;1982
WIL2/729HF = ; -

Deniset al.; 1983

1

y

! Ideally, fusion partners should not express or secrete immunoglobulin. ‘In hybridomés made
by the combinatior] of non-idéahpartners. there is often a decrease in specific antibody
production due to irrelevant recombinétionlof thé parentat heav.y and / or light chqins.
(L.V&inger_, Rersonal communicatior.) . T :
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et al., 1983)., human mycloma-(fdwérds et al., 1982). or lymphoblastoid cell lines -
(Olsson & Kaplan, 1980).  The lransforrvnali(m of  human B-lvmphocvies - with
Fpstemn-Barr virus (FBV) has also been used successfully. The hrs»t report of the suc-
cesstul immortilizauon of speaific-antibody prodﬂcmg cells was by Sweiniz er al. (1977)

/ : .
Smee that tme monoclonal antibodies directed agaimmst a wide vanewy of antigens have

been produced by lh;s method. These nclude !(Hlllb()dlk‘,\ Lo hgjplcn motecules (Kosbor
er al.. 1979; Steinitz et al., 1979)1, auloantigens (Smnil/. e al.. 1980; Kamo et al..
1982), wviral (Crawford er al.. 1983a. Scigncurin er al., 1983). bacterial (Rosen er afl.__
1983, Steinitz er al.. 1984; K;\)zbor and Roder. 1981) or protoroal (l.undgrén et al.
1983) anugens. blood group anugens (Crawford er al.. 1983b). or tumor-associated

antigens (Iric er al.. 1982). , S -

3

. . !
Fach system for producing human monoclonal antibodies has prodlems. In - the

. . - : 4
. i . . -~ N ‘.
fuston svstem, - as poimnted out carlier, there 1s a shortage of human fusion pariners

Most heterohvbridomas, mousc-human or rat-human, have proved unsuccessful duc to
» } ) :
the chromosomal instability  of _ the fusion; human chromosomes are prelerentially
4

chminated (Shay, 1985). The FBV-transformation svstem oo has associated problems.

“

Cell hines ‘.pm.duccd in this fashion arc often short-lived and antibody production is °
Slen low (Bird er al, 1981). Recently, Rader er al. (19%5) have combined the two

techniques ar@ have fused EBV-transformed cell lines with human plasmacytomas. The

resulting technique uses the 'EBV system to expand the rare antigen specific B cells in ‘

the peripheral blood prior to fusion. These fusion lines have been found 1o be

~

extremely stable and produce good vields of antibody. It is likely that the Ro;icr s_vstém- s

will become the method of choice in the future. -

Fpstein-Barr- virus (EBV) is a ubiquitous Herpes virus that .infects most adull

individuals worldwide, and can u’su'all_v be identified in peripheral blood (4Hen]e angi

\

1 .
Henle.' 1979). *Unlike -other human blood cells, B-lymphocytes express ag EBV -specific

surface réceplor, CR-2. (Yefenéf and Klein, 1977; :Nemerow -“efézl., “1985) and are

.
)

-

.
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accordingly a primary target for infection with EBV . Infection with an immorlzili/ing.'
straig of EBV. for cxample B9S2, induces a fraction of immunocompetent pcriphcr:ﬂ

blood cells w0 proliferate and secrete IgG (Bird and Britton. 1979). This process s
ot

deperident on the infection of the B lymphocyies with biologically active virus and does

not require e¢ither prior immunity - of the lvmphocvie donor to EBV (Tosato er al..

L3
e 1982) or the presence of  T-cells or accessory  cells (Kirschner ef al.. 1979). The
- -
A immunocompetent Ivmphocvtes can be specilicaliv selected and immortahzed (Steinits and
'_ Tam&?: Crawlopd er al.. 1983a.b) wnh\high efficiency ip a limiting dilution trans-

4[‘ormalfon svstem (Winger efr al., 1983). Approximately 48 h after n varo exposurc to
the virus. B-celh begin to proliferate and- after 3-4 davs they become activated into

immunoglobulin - (Ig) -secreting cells. Eventually a proportion of these B-cells become

-

lransl'or&med into mmmortal cell lines that express a B cell phenotype and secrete lg. It s
s sud unclear exactly when during development cells of B lneage acquire a receptor for

EBV. 1t was recently- reporied that "immature B cells” (cells that have not as vet
o - ) 4 ,
undergone gene rcarrangement; Katamine er al. 1984) and “ptc-B cells” (surface

tg -negative ‘cell§ expressing cytoplasmic u-chains) can be immortalized by the virus
. - N .

) )\ . N . 4 .
(Hansson er al.. 1983) suggesting l?mal EBV receptor expression 1s an egrlv cvent in

B-cell development.

. EBV 1s capable of activating resting B-lymphocytes into Igssecreting cells, but

there is no evidence that infection of immature B cells with (his virus facilitate their

further ‘diﬁferemiation. For example, peripheral blood B cells ‘cdmmitted to lgM produc-

el al.. 1983). I

.

¢  addition, EBV-immortalized cells with Ig genes in germ-line conﬁghralion have ot been

tion do ., not undergo lg class switch upon “EBV infection (Yarcho

[N

ol;served to rearrange their Ig genes - (Katamine er of., 1984). Converselif _EBV

//' . - . - . - '. . ‘
immoralization of mature B. cells -has not been associated with their acquisition of a
. 7 i N . . .
o more {mmature pheno}_vpe. For example, expression of a variety of cell suwcc markers

a
»

including membrane,.lg., C3b receptor, and major histocompalability complex antigens is

‘ B e Al e

3
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comparable in FBV-immortalized B cells with those of normal B cells and B blasts
{(Nilsson and Klein, 1982). '

In spite of much study,  the mechanism  and  molecular  basis for B cell
immortalization by FBV is only now becomung clear. Wang el al. (1987) have described
how onc protein, the FBV virion glycoprotcm. gp 3507220 1s responsible for attachment
to, penctration of and release from B Jyvmphocytes by the FEBV wvirion. Glveoprotein gp
3507220 18 a hnghl,\-‘.spcul‘ig hgand for UR-2 (Nemerow er af.. 1957). Bmding 1o the
CR -2 receptors results in aggregauon of CR-2 rccéplor Pproteins (capping). The surface

. r . - v s
lg were reported o cocap’ with CRA (Wang et al.. 1987) and subsequently be

.o

endocytosed. The cocapping of surface lg may be a key step in the sumulation of pro-

Iiferation and Minal differentiation of B cells (Lisen. 1980). ' o
S
Infection with EBV resulls in the persistence of the Virus genome as an episome
4 -~

or integrated into the B cell l)N‘A‘ The expression of viral genes is highly restricted;
L] v .

gnly five gene products afc regularly expressed during latent infection. One of these,
EBNA-2 (EBNA-Fpstcin-Barr Nuclear Antigen) is required for B cell enlargement and
pfolifcration 1o high ccil densities.  FBNA-2 has been characterized as a direct or
indirgct transactivator of eypression of the B lvmphocyie surface prowein €I 250 CDH 23
is the receptor protein 1:0r B cell growth factor (Il.-4), which is required for B. cell
étlivalié'if and proliferation (Yokato er al.. 1986: Nocle er al., 1984; Noma et al. 1950).
Following EBV-transformation, B lymphoblasts release a soluble faé[or which mimics the

‘l-ccll factors produced by mitogen stimulated T cells ((ﬁ]ovrdon et al. 1984). The wirally-
1'r'ar;sformed cells then utilize this activity 'to suslainxtheir own grOthﬁ.:-

‘I)mailcd analysis of, FBV-DNA dem%.nstrated considerable similaritics in [ragments
generated by restriction  endonuclease cleavage of t;Mg (imhortalizing)-aﬁd
nonl'rar}sf"orming strains ol_“ EBV (Heller e al., 1981), and it W;S not- until 1985 lf‘lal.

. Skare er al. wege at;le to ‘l<;calize the transforming sequence of EBV. Although a large

~

percentage of B cells are able 1o bind EBV (Graves er al., 1975; Aman ef al., 1984),\

.4
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A

only a small proportion are wansformed as a result of infection (Henderson et al..
1977, Zerbini and Ernberg, 1983). lnvcsligaiors have endeavored to ‘determine Jhé nature
of the ttansfermable subset (Aman er al., 1984; Robinson er af.. 1979: Finhorn and
chin.. 1981, rChan et al.. 1986; loomc and Regding, 1987) ;"md have. in general, con-

-

cluded that the primary target for FBV transformation lay ‘j‘n..lhc resting B cell subset

[

Y

in penpheral blood. tonsils or umbilical cord. With acuvation and entry into S-phase,
the number of suscepiible B cells decreases. The reasons for the loss of the capacity for

#%ansformation are presently unknown, but the results of Aman er al.. (19%4), sugees)

*. .

~sthal it is not due to a loss of the EBV -receptor or the ability of the wirus to penctrate

the cell. However. other work indicates that n viro activation of B-cells by the addi-

QQ

ton of anti-lgM antibody leads 1o the loss of CR-2. the receptor for FBV (Bovd

et al.. 1985). These authors report that CR-2 expression declines in cullure from 74%
. . N .

on day 0 10 9% by dav 4 in response (o anli-lg stimulation. Consonant with thesé

findings is the conclusion that the errichment of antigen specific B lymphocytes ,peigt 10

()

EBV transformation is opumally “carried out by.selection of the desircd“cclls from the

ré’stfng B cell subsel (Winger et al.. 1983) rather than attempting the propagation of,"‘
these cclls via n vitro immunization. The introduction of antigen to B lvmphocytes will

. ) * _ .
result in activauon and loss of susceptibility .for EBV -transformation.

1

We have applied "EBV lransf‘drm_alion to a simple B ccll selection technique, which

increases expression of Ig producing transformants, as well as initial >uccess in

[ ‘ :
ing, from a random sampling of blood donors, transformants producing eit pand
[} | . v

IgG capable of binding to human cylomegaloviruf (HCMV). Sifce % large propg'rlion of
the world admit pOpulatioﬁ has been *xppsed to. HCMV (Krech, 1973), this antigenjc

system appeared 10 be appropriate for a syStematic s‘_ugiy.of the avgi'lablc (primary) and
S - ) i -
immune (secondary) human antibody response to herpes t_vp; virxses. and so may con-

’ ERtS
" tribute to the development and in" vitro testing of specific vaccines.:
t R \

' v N 3
~
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MATERIALS AND METHODS

.

o ¢ .- o - . A
Antigen Preparatiok The preparatidn ol \( MV vinons and nucleocapsids has been

dcxum'\l m Chapter 1P ol this theas
>

Lymphocyte Prepagation. Refernng to big 18, segment 1o lvmphoavies were pRepared

following «the projocol ol Winger er al (1983) 0 Bueflv. lvmphoovtes were punfied by

denaty pmdient separation on bicolt-Hvpaque. (Pharmaaiad 1 celivsgere depleted  from

the B-Ivmphoovies by ervithroevie rosctte formauon with sheep red bloodN\glls (SRBC)

treated with 2 ammocthvhsothiouronum bronide hyvdrobromide (AFT, Sigma) (Kaplan &

Clark. 1974)  Rosettes were separated mto postive (B T cells)  and negative  (F

B-cells and monocytes) fractions by centrifugation through Percoll b ocells at the intet
4

face were harvested and the b oocetls in the pellet were discarded . Recovery of Foocells

was 10 30% of the nput - peripheral blood - mononuclear cells ¥ The 1T cells 1y prcally

€
: >
comprised about 50% B-cells and 0% monocyies.
Sptcific Precursor Cell Enrichment - ‘Transformation Referning to Fig I8 sepment 2

HOMV antigens in PBS were allowed to adhere overmight to cach of the wells of a
Costar 6-well cul'turc plate (protein concentratien for coating was S-10 gg/ml)  The
antigen-carrving plate was then washed 3 umes with PBS." and the remaming protemn
binding sites blocked b\ incubating with 10% FCS for | hour at & Maintaining the
temperature at 47, 5 x 10 B cells in 22 ml RPMI-1640 (l!‘low lLabs) conamning 5% FCS
were added to each well and allowed to setude for 2-3 hours. The plate was then genth
swirled. and any unbound cells removed by aspiration. The wells were washed by .slowl_\
adding coldﬂ RPMI-TMO/S% FCS down one side of the well and gently swirling. One
wash was found to remove about 95% of F cells. The bound cells were subscquenthy
removed bv vigorous direct pipetting with RPMI-1640/5% FCS.

Up to 10° of these E° cells: were resuspended in 1 ml ofAEpstcin-Barr Virus

(EBV) supernatant containing 10¢ transforming units/ml. The FBV supernatant used was™ ~



FIGURLE 18
SCHEMATIC DIAGRAM OF PROCEDURES FMPLOYED FOR THE PRODUCTION
OF HUMAN MONOCIONAD ANTIBODIES
A

.
Details are given i the tewd
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» 4
from the producer lhine B95S¥. and was voblaiﬁed from Dr. R Lau of the Showa

Umversity  Rescarch  Institute, St. Petersburg,  F1 . Transformation  was accomplished

. 3\
dunmg a minimum of 4 hr mcubaton aj 37" Suspenstons were then centrifuged at 250

- . . .

’ -
g for 5 mn_ the supernatant  removed  and  the  cell  pellet resuspended  1n

RPML-1640/20% FCS at the desited concentrations for hmiting difution culture.

v

Feeder lavers consisting  of  surplus  F o cells w()rc. trradiated  at 15-20  gray
(Gammacell, Atomic i ncrgy of Canada. Chalk River, Ontario) in RPMI-1640/20% FCS.
contaimng garamyan (60 pg/ml), and cultured at a concentration of 10° cells per well
lﬁ 96 -well flat- bottomed mxcmmc; plates (Il inbro; Flow Labs).

Speafic precursor -enriched cells B were cultured with the feeder laver at limiting
dilutions  (104-10 cells per well) in a total volumé of 200 ul of culture medium. After
‘9-11 davs. 100 ul of supernatant was removed and replaced with 100 4l of fresh

S
medium  containing 10% FCS. Al subsequent culture work was then carried out using
3% FCS. After one further week. the feeding step was repeated. the 100 ul of aspirated
medium bemg saved for screeming by cnz_vme:linked immunosorbent (ELISA) assav (se¢
below). The next day, the cell lines were expanded in 2 mi Linbro wells, and feeder

-

lavers were no longer required. At this time. the supernalant from phr_\'lohemagglulmm
.
(PHA)-sumulated tonsillar cells (Nowell er afl.. 1981), at a final concentration of 10%
was added. A second screening of supernatant one week later confirmed the specificity
and 1solvpe of the antibodies produced. Cell lines were then sub-cloned using the
limited dilution culture conditions oullined above (dilutions at 10 and 1 cell/well).
Cultures were expanded to a 10 ml stage, sereened and the excess cells frozen.
Expansion continued using 1 in S dilutions, with a)tarting cell density of 10°/ml.
/

Antibody containing supernatants were centrifuged at 1,000 g o remove any

contaminating cells, and stored frozen prior to purification.

”
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Antibody purification.  Referring to Fig. 1%, segment 3, human monoclonal IgM anti-

84

bodies were preapiiated from culture supernatants (100-250 ml) by the additon of cold
(4) saturated ammonium sulfate 1o a volume rauo of 1 and stitning overnight at &
Precipitated antibody was collected by centritfugation at 24,000 g for 2 hr in a Beckman
TA-14 rotor. After cenmt'ugan(;n the anubody  was resuspended in § mi of dlslill.cd
“water and dialyzed for 24 hrs against $-300 buffer (0.5 M NaCl. S0 mM Tns-HCI® pH
0. ImM EDTA). /}n(ibodms were  subjected 1o gel exclusion  chromatography on
Sephacryl S$-300 and the cluant was montored by mcasuring s absorption at 280 nm.
Frachons of 4 ml were collected and those corresponding to the immunoglobulin M
pooied. Purified antibodies were stored at -20".

The purificaton of human monoclonal TgG antibody  from cell supernatants ot
from ammonium sulfate precipitates was achieved by chromatography 4\@1/‘ pasteur
pipet columas of Sepharosc-linked goat anti-human 1#G (Sigma). The columns  were
wasyd with PBS. and speafically bound IgG's were then eluted by (.1M glvcine- N
pH 2.5  Fluuon was monitored at 280 nm and the peak corrcspondmgi 10
immunoglobulin G collected. The' eluant was ncutralized with 3 M Tns. pH XS, and

stored at -20°.

ANTIBODY ASSAYS

A. Specificity and isotype. Antibodies raised 1o HCMV were detected and character-
ized by an ELISA assay. Purified HCMV of anti-human IgG or 1gM at S ug/ml was
dispensed in 100 ul aliquots onio the ELISA plate and allowed 1o ad;orb overnight at )
4°. The enzyme-linked antibodies used were alkaline phosphatase conjugated goat
ami-hliman [gM and IgG (Miles Scientif;:, Rexdale, Ont.), ébnd the substrate used was

- nitrophenyl phosphate '(Sigma).‘ The reactions were quantitated bv measuring absorbance

at 410 nm on a Titertek Multiskan Microplate reader. .
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B. 1gG Subclass Identification. The HCMV subclass assayps were performed essen-
tally as described by Linde er al  (1983). Microplates (Immulon 1. Dvnatech
laboratonies, Alexandria.' YA) were :'oalcd with wviral anuigen 10 ug/ml and incubated at
4" overnight. Serial dilutions of the human mor;oclonai' antibodies we‘re‘ then added to
the plates and incubation was allowed to proceed for 90 min at 37" Afrg] washing, 100
ul of ascites flud containing monoclonal antibodies "against 1gG 1. 2. 3 o1 4 wfrc
added. These monocionals were obtained from Miles Scientific 1.ad. (Naperville, 11.) and
were used  at 1hcl(\'bllowmg dilunons: IgGl clone SG16 (1:1000), 1gG2 clone GOM-1
(1:1000). 1gG3 clone SJ-33 (1:50), 1gG4 clone SK-44 (1:M00). A§ a control. the
\monoclonal antibodies were  also added to antigen-coated wells which had not been
exposed 10 human monocional antibody. Alkaline phosphatase-labeled shéep anti-mouse
IgG (Miles) diluted 1:300 was ~used in subclass assavs. with the nitrophenyl phosph‘:;lc

substrate. The background reactivity of the monoclonal antibodies to human igG 1-4

was estabhished using (Hm\ negative serum diluted 1:16.
]

C. g6 l,i;ht Chain Characterization. - The nature of the 1gG light chain was also
determined ELISA. Duplicated Dynatech lmmulon 2 plale_sm,were coated overnighl
with rabbit ti-human lg anuibody (algM +G + A; Cappel Laboratories, West Chester.
PA) at a conchntration of 10 ug/mi. Following incuk&ion with dilutions with affinity -
purified human monoclonal antibody, to the wells of one plate was added 1:300 \and
1:900 dilutions of mouse anti-kappa and- to the other plate ‘similar dilutians of mouse
anti-lambda (ax, aX; Bethesda Research Laboratories, Bethesda, MD). Bouﬁd antibodies
were dqtecled with alkaline phosphatase conjugated goat anti-mouse antibody (Boehringer

Mannheim, Dorval, Que.) at a 1:1000 dilution, using the nitrophenyl phosphate sub-

strate.

o

Immunofivorescence Assays. Monolayer cell cultures were grown on glass coverslips

and infected with viius once the cells neared confluencv. Culturing was continued with

N

-
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the periodfc harvesting of covershps representative of the immediate carlv, carly zm’d late
stages of HCOCMV infécton” For viral CToss-reacuivity  studies, cullurm? was continued
»unlil such 4 ume that cytopathic effects were wvisible in about  30% of  the cells.
Coverslips were fixed in methanol, dnied and stored at 20" until assaved. They were
then incubated for | hour at room temperature with a 1 in 10 dilution of mongclonal
culture supernatant. After repeated  washings with PBS  (he¢ cells were covered  with
fluorescein isothiocvanate-labeled a‘r;llscrur-n against hyman  lgGo (Hyvland  Diagnosties,
Deerfield. 11.) for 1 hr. After washing. the cells were mounted in a mivture of 1 part
PBS and 9 pams glycerol. Appropriate positive and ncge'uri-vc controls were indluded for

‘ ' \

cach test, and photography was carned oulgon a latz Ortholuy 1 fluorescent micro

scope using Kodachrome 400ASA film. .

Dot Blotting. Dot;blot analvsis was carried out p~rior to Western blotting v order to
cslablis;h aplimal antigen renaturation/reaction conditlons. Antigen 1n both native and
~denatured (boiled 1or 3 min in 63 mM TRIS buffer pH 6.8 containing 2% SDS and 5%
B-mercaplocthanol) forms. at a concentralion of 10 wg/ml. was dispensed i 100 wul
aliquots into lhe.wells of a minifold Dot-blot apparatus, (Schleicher & Schuell. Keene,
NH) lined with 045 4 ‘pore-sil,e nilrocélfulose filters. Antigen binding took piacc
overnight at ;& Renaturation: of the dqnalured arﬁigen .was then carried out by incu- .
bation with 8M urea. Wells were waghed 3 tmes with PBS prior to blocking apy
remaining protein binding ;\iles with 1% ovalbﬁmin (OA; Sigma). The following steps
were all c.arried out at 37°. Into the app%s/dot blot well was dispeased 100 ul of
affinity pixrified human monoclonal ‘amibody, 10 which had been added OA 10 a final
concemrau’pn of 1%. Antigen-antibody interaction was allowed to proceed for 90 min
prior 1o washing. Immunodetection was with the BRL Biotin-Streptavidin system
(Bgthesda Research Laboratories) with B-galaclosidése as the enzyr;uc com’uga;c. The

manufacturers' instructions were followed with the exception of the substitution -of 1%

. " . . )
OA for bovine serum albumin as a carrier, and Tween 20 was not included in the wash

£

3
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< buffers unul second  annbody  binding  was  complete. The B-galactosidase s ibstrate

't

Biwopal was emptoved inoan “iron” (ferric) cyvamide svstem (o visualize antibodyv  bind-

ing

Protein  Blotting. The discontinuous svstem “of SDS- pol)acrvlamldc gel Ll(Lerph()rt\lS
(SDS-PAGE) was performed auordmg to the metljod of lLaemmli (1970) Prestained
marker proteins (Bclhcsda Rescarch laboratores) were added alongside sample lanes and‘
clectrophoresis was carried out at 6mA/gel for 16 hrs in a Protean | apparatus (Bio-rad
l.aboratories. Richmond. CA.). Gel replicas were prepared by clectrophoretic transfer to
nitrocellutose sheets (0.45um pore size, Schlewcher and Schuell) using a Trans-Blot cclAl
(Bio- md) The cleclrophoretlc transfer method cof Towbin er al. (1979) wa; used with
th Iollowmg modlfmanons ‘Yhe transfer butfcr consisted of the [aemmli LlCL[TOphOT{Sl\
buffer without SDS. F.lcclrophorelic7 transfer was carnied out by blotling at a potential
difference of 20 volts for 60 min, followed by 200 volts fi)r\a further 90 minutes.
Aflcr transfer, the blots on nitrocellulose were treated with 8M urca for 1 hr in order
16 remove SDS and subsequently washed with PBS (3 changes of buffer) in order to
g,
remove the urea and to allow the renaturation pf the ac}ve site. The nitroceliulose was
blotted dry between wf,o'pieces of Whatman 3mm filter “paper and the antigen contatn-
ing lanes cxcised. Remaining protein binding sites were blocked with 1% OA prior 1o
-incubation with 5 ml of lhe purified antibody. lmrr;unodetection then fol'l’owed the same
protocol as the dot-blotting. Wash steps were of 30 min duration with at least four
changes of buffer.

hd - »
MNirus Neutralization. Virus neutralizing antibody was detected by the

e

microneutralization assay of ‘Rasmussen et al. (1984). Briefly, anitibody, together with
dilutions of HCMV, in bolh the prgsence and absence of 2% rabbit serum (as a source

cof ctmplemem) were incubated for 45 min at 377 Then 0.2 m] of virus-antibody mix-

ture was applied to monolavers of HEL cells, seeded the day before al a concentration
[ ]
-
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s

of 2.5 x 10 celly per well in 96-well ussue culture microtiter plates. Medium  was

changed 1 day later to BME containing 2% FCS. Three davs post mfection, cach well
. ‘ | ) .

was assaved microscopieally for viral cvtopathic effect as compared to control wells with

virus alone. Only antibodies that totally inhibited the development of  vital avtopathie

cffects were considered 10 have neutralized the virus.
R . v



RESULTS
Antibody Generation.  Imitial panning studies using HCMV nucleocapsids as the selecting
i

antigen yielded three lines of IgM secreting cells. These lines. however, proved to be
unstable mn the long term. with antibody production decteasing - after 8-12 weeks of
wmmuou; c;xl(ure. Since our objective was 1o establish cell lines which were represent -
ative of the human long-term 1mmune response 1o specific antigens. subsequent trans-
formation  protocols included two addiional steps. The first was (0 supplement the
- growth medium with supernatant taken from phytohemagglutinin (PHA) stimulated tonsil
cells (Nowell er al., 1981). Such a supernatant (which contains B-cell growth and
differentiaung factors) would, 1t Was hoped. give rise 1o the differentiation of IgM
sccreting lines into 1gG - producers’ -However. the inclusion of 10% PHA supernatant gave,
no enhancement of IgG production and produced variable results in maintaining
antibody secretion. NeAver(hcless, the inclusion of PHA supernatant into the resuscitation
media .l'or !'n%] cell lines was ;'ilal. since unsupplemented cell-lines recovered only
slowly after thawing, whereas those ‘mcubated‘ with PHA supernatant recovered rapidh
and continued growing for long periods of time.

The second additional step was the scq{Jenu’al decrease 1in FCS concentration from

20% 1o 5%. This procedure was based upon an earlier observation that consistently

higher ELISA readings were obtained from cell-lines grown in 5% FCS than in 20%

-

FCS. and that these _read'ings represented increased antibodv secretion. By ex;amining the
numbers of antibody-producing cell limes generated in 5% FCS compared to those in
20% FCS..' we noted an increase in both IgM and IgG secreting lines. All follo_wing-
transformations using HCMV antigens therefore included the FCS reduction step.

The transformation of lymphocytes from thre¢ donors, using both intact HCMV
and HCMV nucleocapsids as panning antigens, yielded six stable IgG_producing cell
lines; the IgM lines were discarded at the first screening. All of the stable IgG lines

were found to have been derived from a single donqr, and in each case intact HCMV

N
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was the selecting antigen.
The stability of the 1gG monoclgnal antibody  lines proved o be significantly
1 3
better than that exhibited by the 1gM producer lines. The six IgG secreting lines were

cultured for 12 weeks in order to build up antibody stocks for Characterization. Durning

this period no decrease i antibodv production or overall cellular proliferation  was

detected. Our better producing hnes have now been cultured continuoushy  over a6 -

month period, threughout which antibody production was maintained

-——

1g; Subclasses and-Light Chains. The subclass response of the si\ human monoclonal
antibody prc\>ducing cell lines was found to be limited to 1gGl. 1gG subclass responses
of lg(Gl alone (Vandvik er al.. 197(3)_.lg(j 3 alone (Beck. 1981) or léGl with 1gG3
(Gilljam er al., 1985) have been described in connection with human viral infections. It
has been reported by linde er al (1983). that in primary HCMV infection, Ig(‘]\_? was'
detectable first in serum. but that 1gGl levels increased and persisied for a lenger
period of time. During a reactivated infection 1gGl and 1gG3 were present during both
the acute and convalescent periods. Since 1gGl constitutes 60.9% of the total leG and
1gG3 only 5.3% in sera from healthy individuals (Morell el al.. 1977), the absence of
1gG3 from our transformed cell lipés is perhaps duc simply 10 a subclass distribution
effecl.' Since. HCMV serology was not performed on the lvmphocvie donors, the ques-

tion as to whether or not the lymphocytes transformed represent cells that had prior

.

exposure 1o HCMV must remain unanswered.
b

The results of the light chain characterization are shown in Table 6. Our findings

are in general agreement with the normal human kappa/lambda ratio of 70/30 reported

by Nisonoff et al. (1975), and confirm the observation of Stein and Sigal (1984) that

random Ig producing clones derived by limiling dilution culture show no preference for .

either light chain. -
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Immunofluorescence Assays. Indirect fluorescence assavs were carried out on HEL
[ibroblasts infected with HCMV strain AD 169 or,slraig Davis- (ATCC VR-807). as
well as with virus isolated from six clinical cogps of H‘C;M\/. The latter were generously
brovndcd in the form of primary infected cell cultures by Mr. R. Devine (Micrdbiolog_\'
Unit, Alberta Provincial laboratory, Edmonton). Immune serum from a; HCMYV
seropositive patient was used as a positive .control. In each case the pattern of fluores-
cenee obtained with .th human monocional antibodies was similar, and clearly demon-

——wrated the development  of perinuclear cytoplasmic inclusions at 40-45 hr and an
alleralidn in the shape of the nucleus and the appearance of nuclear inclusioms at times
later than 72 hours post-infection (Fig. 19C). This pattern differed somewhat from” that
obtained with the pesiive control serum. the latter exhibiting less well-defined concen-
trations of fluorescence and a higher overalt intensity produced by the binding of a
polvclonal mixture of antibodies to the HCMV antigens (Fig. 19a).

The absence of cross-reactivity of the human monoclonal lgG's‘ with other viral
antigens was also shown by indirect fluorescence assays. No interaction was found with
cells infected with herpes éimplcx type 1 (Strain Kos), herpes simplex tvpe 2 (Strain
333). Ekpstein-Barr virus (viral capsid antigen) or measles (Strain Edmonsion:-ATCC VR

24).

Dot Blotting/Western Blot Analysis. Optimal renaturagion conditions for HCMV
antigens denatured by heating in the-presen_ce of SDS and B-mercaptoethanol were
obtained by incubating ‘with 8M urea for 1 hr at room temperature; less antigen-
antibody int;:raclion was observed when 4M urea or 0.1% NP-40 were used as
renaturants. Erickson et _al. (1982) ha;i found that 8M urea did not affect the binding
of antigen 10 nitrocellujose and our results confirm this. Indeed, as Fig. 20 shows, with
the exception of monoclonal lime A, antigen-ah;ibody interactions were be[ter,wit‘h the
renatured antigen. In each case, the dot-rb-lot_ analysis - showed ihat the monoclonal anti-
bodies reacted with nucleqcapsids as well as wlith whole virion antigens. In relative

”~ ' -



FIGURE 19

INDIRECT IMMUNOFLUORESCENCE MICROSCOPY OF A

-

~

HCMV INFECTED HFL CELLS ‘=0

Panel A shows infected cells following in&nu’o‘n with HCMV immunc serum: notice the
cytomegalic cell. Panel B shows uninfected HFIL cells incubated ‘with anti-HCMV human
monoclonal IgG antibody from cell line A. Panel C shows HCMV -infected monolavers.
incubated with the same human monoclonal antibody. The arrow designated 1 in this
panel indicates an intense fluorescence associated with a perinuclear ¢ytoplasmic inclusion
and arrow 2 points to a nuclear viral inclusion (magnification 420x).

-
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FIGURIL 20
NITROCETTUTOSE DOT BLOT ANATYSIS OF HUMAN
MONOCT ONAL ANTIBODIES A K USING INTAC]

AND DENATURED KENATURED ANTIGENS

The  blots an row I contamed  mtact . HOMN nudlcocapsids and row 0
denatured - renatured  nucleocapsids  Rows 3 and 4 blots contamed native and  renatured
whole  virus,  respectively Following  nteraction with the  approprniate monodonal

antibody - the blots were probed with biotnsvlated goat anu human 1gGoand strepravidin
contugated 10 B-galactosidase. Visuabcation  with bluo gal showed  widespread  intense
cotoration  associated  with  strong  antigen-anubody nteraction and 4 more  centralized
coleration with weaker anteraction. Control wells contamming viral antngens and  control
anubody showed some penipheral stammg but lacked the mtenwaits of the posiiise results
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terms, antibodies A and b oreacted strongly with all of the antigens; antibodies B G H
and K reacted less stonghy with native vinons and undenatured nucicocapsids

Western blot (lf\‘ill\'\l\ Gllustuated 1 Fg 21 divided  the IeCr anubodies o (wo
groups  Antibody A Showed speatiaity towards vinon proteins of 9S kD and 66 D
with very faint staiming of a protem 160 WD Against nucleocapsid  anugens the onh
micraction was with a protem of 95 kD (g 21 nuddle panch)  This pattern was ale
observed with anubodies Vo b G oand H Anubogy K showed an incractuon with g

)
vinon protein of 77 KD (kg 210 nght hand panel). but no casthy discernable et
actions with nucleocapsid proteins. Occastionally a famt mteraction was observed between
Antibodv K and a nucleocapsid protem of mass 130 kD This observation is i contrast
o the observations  thai Anubody K reacts well with both  viral and nucleocapsid
antigens an-dot-blot and immunofluorescence experuments. A possible cxplanation for this
discrepancy could be the concentration effect. since the anugenic  proeins - wesiern
.
blots were dispersed over a greater area than i the dot blots.

The proteins reactive with antibodies A FF.G oand H  comade with HOMA
glvcoprotemns (kigure 16) and this 1v an evplanation for muluple protein speaficity - The
mmunoreactive  protemns  may - represent  precursors/products  of - giveosvlation  reactiols
simiar 1o those described by Pereira er al (1984).

Probing western blots with '**[-goat anu—huma'n F(ab’), (Amersham) estabhshed

1 thg anuibodies of IgM 1sotvpe which we had solated have affimues for D

nucleocapsid proteins. As shown in Fig. 22 [gM antibody | ingeracted with a 12 kD

protein whilst antibody 2 reacted with a 1& kD protein

. . N N . .
Neutralization Studies. Four of the monoclonal cell-lines were found o neutralize
HCMV in the absence of complement; the remaining two° lines failed to completely
. A
*
neutralize virus even in the presence of 2% rabbit serum, as a source of complement,

~despite an overall reduction in viral cyvtopathic effect. Antibodies produced by cell line F

were found to neutralize 3.75 x 10° pfu of virus (m.o.i. = 10) at a concentration of



FIGURL 21
WESTERN BLOTS FOR HUMAN ANTH - HCMV ig(i TINEFS A AND K

Viral (V) and nucleocapsid (N) proteins were electrophoresed on 10% Laemmli gels.
clectrophorencally transferred” to mitrocellulose and probed with antibody. Antibody -ants
genic é;

streptavidin- B-galactosidase  conjugate.  Posttive  results  produced  blue  bands. Fhe
arrow -heads denote proteins anteracung with antibodies produced by line A: the arrow
indicates that interacting with antibodies from line K. The control panel shows Silver
stained and Coomassie blue counterstained duplicate electrophoretic gels containing  viral
(V) and nuclecocapsid (N) proteins. The molecular weight marker proteins (M) shown
on theleft were from a  high-molecular-weight  standand kit supplied by Bethesda

Kescarch Laboratortes.

protein interaction  was visualized with biouinvlated goat  anu-human 1gG and

1

\
}

\
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FIGURE. 22
AUTORADIOGRAPHS OF WESTERN BLIOTS FOR HUMAN ANTI HCMA
IgM TINFS 1 AND

Blots were prepared following SDS-BAGE by the electrophoretic transfer of nudceocapsid
proteins from 10% Laemmli gels to nitrocellulose. Following incubation with monoclonal
anuibody, the blots were probed with '*'l-goat anti-human Ig(Fab’), fragments. The
control  pancl shows an autoradiograph of ['HJleucine labeled HCMV nucleocapsids

subjected o SDS-PAGE on the same original gel.
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10 ug/ml. Linc A antibodies did not neutralize cven at 25 times this concentration of

SUMMARY

Table 6 lists the results for the cHaracterizauon of the IgG monoclonal antibodics
produced by our transformed lvmphocytes. Comparing “the six antibodies m tcrms: of
HCMV prpteins recognized, neutralizing activity and light chain type. tour gIoups can
be disunguished: antibodies F. G and H recognize proteins of molecular mass 95 kD)
land 66 kI). are necutralizing and have kappa light chains; antibody F has the same
characteristics except that its light chains are of the lambda class: amibody A resembles
antibody F except that 1t is unable to ncutralize virus infectivity: and antubodv K 18
non-neutrahizing, has kappa light "chains, and is unique in recognizing a 77 kDD HCMV
protein. Since these four different lgroups of 1gG sccreting cell lines were all derived

from a single donor. the results are indicative of at least part of the human immune

response to challenge with HCMV.

DISCUSSION

This chapter describes the sclection  and characterizaion of human monoclonal
antibodies to human cviomegalovirus., with oparucular cmphasis v‘on the production of
immunoglobulin G. Crawford er al. (1983a.b). for the purposes of generating human
1gG monoclonal antibodies towards Rhesus D antigen and the nucleoprotein (gf influenza
virus, established iﬁe immune status of -Tymphocyte donors through deliberate prior
immunization. Having no details on the immune status of our donors, which_ were
sclected at random from a lymphdcyte library generated at the North London Blood.
Transfusion Centre, but estimating approximately 50% of the aduﬁ population of
london to have been exposed to HCMV (St_ern & Elek;'1965), we adopted the strategy
’ o; panning on HCMYV arﬁigens with the Iymphocytes from 3 donors. The six 1gG pro-

ducing lines characterized here were all derived from a single donor using HCMV as the

~
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panning (selecting) antigen; panning with the HCMV nucleocapsid antigen gave rise only

to IgM-secreting cell lines. It 1 therefore most likely that our IgG's are the fortuitous

result of having sclected blood from a naturally immune donor primed against native

t

Characterization of the IgG antibodics would appear to support this theorv: first,

HCMYV y - —

the ncutralizing antibodies recognize major antigenic HCMV  proteins: second. the IgGl
subclass  of  antibodies are recognized as  offering long-term immunity agamnst  viral
challenge. The IgM lines would appear to have been produced in a tvpical primary anu-
gentc response. This would apply to non-immune donors exposed to the virus for the
first time, and would hkewise apply to the HCMV nucleocapsid. an antigen which
would not normally be presented to the immune system.

El,cclrophoretic analysis of polvpeptides immune precipitated from HCMV infected
cell extracts by 1rﬁmunc human sera (Percira et al., 1982) a'nd sera from children with
c'ongcnilal and perinatal HCMV infections (Pereira er al.. 1983) indicated polvpeptides
with Mr's of ’140 and 66 kD> are primary immunogens. The proteins of Mr' 140 and
66 k1> comigrated Mlh glycoproteins and contained neutralizing sites (Stagno et al..
1984). Smaller amounts of protein Mr 74 kD was also precipil.aled. Therefore, the pro-
duction of our human monoclonal antibodies to these proteins would again suggest that
we are activating memory B lymphocytes into the production of IAgG antibody .

The production of! neutralizing antibodies is of major interest because of the
potential therapeutic role of such antibodies in coqferring passive immunity’ to HCMV.
Long-lived cell lines such as those that we have described could be continuously cul-
tured 1o produce large amounts of antibody. It has been suggested that ihe use of such.
antibodies couid ‘involve a risk of oncogenesis due to the presence of - Epstein-Barr viral
particles or genomes in the ‘preparations. However, antibody purifi'ca{ion by micro-
filtration (0.1 um filters), DNasebtreatmem. and affinity purification on anti-human

IgG columns would vield a product that is safe to use. An obvious use for émi-HCMV
. v '
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antibodies would be in the treatment of immunosuppressed paticnts at risk from HCMYV
infection following transplant surgery. :

Since the completion of our werk on human monoctonal antibodies  directed
agamnst HCMV there have been a number of other reports describing human monoclonal
antibodies directed against HCMV (Masuho er al.. 1987 and Matsumolo et al.. 1986).
Two groups of monoclonal antibodies were produced. one group recognizing HCMV pro-
teins Mr 130755 kD) that alsc\w had llmali[ing acuvity . the other recognized only a 64
kD prélein in immunoprecipitation and.fa?lcd 1o nculrallz(; virus. Serum antibodies from
this group’s lvmphocyte donor precipitated large amounts of the 64 kD protein and
smaller amounts of 130/55 kD) proteins.

In comparing the specificity of antibodies generated by human monoclonal cell
lines to those of mouse monoclonal cell lines when presented with nucleocapsid antigen,
we find marked differences. Whereas the human antibodies directed rcs&»onsc 10 proteins

Mr 12 and 18 kD). the mouse response was towards the 64 kI) protein. It is therefore

important not to extrapolate data obtained from one species to another.



CHAPTER 1V

HERPES SIMPLEX VIRUS: THE US_‘I_‘, OF SYNTHETIC PEPTIDES

TO MAP THE ANTIGENIC DETERMINANTS OF GLYCOPROTEIN D

A OF HERPES SIMPLEX VIRUS
INTRODUCTION

| Herpes simplex viruses (HSV's) are among the most common infectious agents of

man. There are two dlslmcl\scro(,\'pcs (HSV-1 and HSV-2) and they -usually have dif-
ferent modes of transmisston. HSV-1 is transmitted primarily by non-genjtal routes
whercas HSV-2 is most often transmitted vencreally or from a mother’s genital infectior;
1o the newborn.

The clinical course of an HSV infection can vary widely in severity and duration.
The primary infection may be inapparent, partly because the primary sites of infection,
in 1he' mouth or cervix, are not readilv visible, or it may have a clinically observable
course. Most HSV type 1 infections are asymplomatic and man._v recurrent  oral
infections are also subclinical (Nahmias and Josev. 1982). The infection mav become
latent, and the latency is independent of the previous form df the di;ease. A recurrent
infection may follow one of several stimwuli (for example, upper respiratory tract
infectiort, overexposure to sunlight or physical or emotional #slress)_ Oor il may appear
simultaneousty with o-ther conditions such as fever, viral or bacterial diseases (measles,
varicella or tuberculosis; Nahmias er a/., 1981), menstruation or general trauma.

A primary infection in an individual without preexisting antibodies lc‘)A HSV 1 or 2
is usually more severe than secondary (recurrent) infections, and is often accompanied
by fever, extensive lesions localized to. the skin, mouth or eyes includi_ng_ not . only
keratinitis but also choriorelinitis, and lymphadenopalhy.of the groin and pelvic region.
Primary infections are normally of foﬂger duration than secondalry infections. The

. ,

clinical manifestations of either virus may also be more“%evere in certain types of hosts,
y y

for example, a newborn infant or immunocompromised individual, and with involvement

105
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of certain sites. for example, the central nervous svstem. In the absence of antiviral
.

therapy, the mortality ensuing from HSV encephalitis is 70% and over one-hall of -the

survivors are left with severe neurological disorder (Whitley er al.. 1977).

HSV  Latency. Frqm the site of inoculatton on epithelial surfaces. the virus cnlcrs\
nerve terminals and travels to ganglia (Cook and Stevens, 1973 Openshaw et al., 1981:
Wildl,}i,,rel al.. 1982). An acute. productive infection takes place in the ganglion cells,
and high concentrations of viral antigen can be demonstrated in ‘these cells by immuno-
fluorescence. Al approximately. two weeks after infection. the infection passés from an
acute into a latent stage (Cook and Stevens, 1973). Viral anliécns can no longer be
demonstrated by immunofluorescence; however, by explant. 'on of ganglia cells and
culturing n viro, infectious virus can be demonstrated. 1t has been proposed (Roizman,

1965) that during latency the viral genome is in a non-teplicating, non-expressed stale.

However, HSV mRNA has been detected in ganglia cells by n siw hybridization:

(Schwartz et al., 1978), and "the impairment of transcripuon may only be partial.
Reactivation of the virus occurs when this impairment is _removed. The actual mecha-
nism of the reactivation process is still unknown. Al this timegvirus rephication resumes
and virus spreads from the ganglia back along the nerves 1o xle sensory cells, giving

rise to the clinical symptoms of HSV infection at or near the site of primary infection.

—

lmmunity to HSV. The normal host has a series of defense mechanisms that
parli/ciga[e in sequestering and clearing invading viral - pathogens (Allison, 1974). The
defense systems involved fall into two major categories: natural resistance and adaptive
immunity. )

Natural resistance mechanisms probably play a decisive role during early stages of
primary HSV infections (Lopez, 1985). Unlike antibody and cell-mediated immunity,
these mecﬁanisms do not require prior exposure to viral antigens to be operative and.a

A

significant response can be detected as early as 2-4 hr after infection. Adaptive immune

v
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[ Duning an anfectous avde, HSVY T oand HSVY 2 spealy the svnthesis of more than
/

arculatmy  HSY speatic antubodies and acuvated  Ivmphocstes  that have  the

to destroy virus infected cells

S(A) miﬂh Five HSV ghveoprotamns have been adentified and designated gB.opC ¢ vl
‘md'g(v; (Tt should be noted that gC ot HSV 2 was formerh named gboand that gGoas
a reeenth discovered  ghveoprotein i HSY 20 Roman er al.. 1984)  These vl
ghvcoprotems have been shown to be msetted mto the plasma membrane of infected
cells and thenee into the virus envelope (Jennings, 1987)

Several of - the  HSV - protans - are strong  immunogens,  and  espeaally the
ghcoprotemns that are exposed on the surface of nfected cells and vimons have been
studied extensively with respect to their abihty o anduce the production of both spectt
antibodies and actvated oviolviuc Ivmphocvies (Kapoor er af 1982) Antibodies 10 the

.
ghvcoproteins gB and gD were found te be domunant when 100 human  Sera were
analvzed upgscd immunoclectrophoreses {Vestergaard, 1979)  Gheoprotem 1) 1s a
major protein component of the envelope of the mature virwn and plavs an important

role 1in aniating the anfectious process (Spear. 1985). The two HSV serotvpes also show

a high dcércc of gD) sequence homology  Glveoprotein D has [thecn considered
&

as a good candidate as a subumit vaccine against HSV infections.

Herpes Simplex Virus® Vaccines.  Lipchutz first demonstrated the feasibility of immuni-
. .

zation against herpes infection in rtabbits i 1921, Since then there have been many

stuches that have attempted to devise safe and effecuve preparations for use in man.

These have included live virus (Blank and Haines, 1973). attenuated virus (Asher et al..

» :
1978). formulations of whole killed virus (Schmersahl and Rudiger, 1975). and prepar -

T auons based on purificg sub-viral membrane fractions (Skinner. 1978: Skinner. 1980).
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However. the tishy of oncogenicity (Parks and Rapp, 197%) from the HSV DNA and
the nshool latenoy ansing from the use of attenuated  strams prmludv the use of ive
o moditied strams tor human vacemation (Hall and Kattak 19%6). With the advent of
molecular genctios two new approaches have emerged  which may overcome  the cather
difticalnies o cthical . objections Recombimant vacones  of herpes virus nucleonde
sequences evpressed ana vacamia vitos amfecnon, for evample ghcoprotemn 1 (Cremen
ef al o TIRS D Paolett er al - 1980 have been reported o protect muwe from  dethal
. -
miection with HSV T Although donmg represents a major advance i vacoine develop
ment. an equally  vahid approach would be 10 svithesize pepude epitopes with - potent
N b b .

and relevant immunological activits (Shintick er af . 19853 Brown 984)

It has been shown that pepudes of  wwathetuc ongm can chat the produczion ol
antisera capable of ncutralizing viruses such as polio (Fnum er al. 1983) or nfluensa
(Muller er al = 1982) " bacteria such as Streprococcus (Beachey, 19%3) or Fibrio (lacob
ef al - 1983) and the sporosottes of  Plasmodium (Fgan er al | 1957, Harrimgron er af |
T987)  The cfficasv ol emploving @ svothelhic pepude as an antt virus vacone was st
demonstrated by Bittle er a/ (1982)  Thev svathesized pepuides corresponding 1o vanous
sequences of the capsid protein VP-1T of foot-and mouth discase virus and found that
onc of - them corresponding (0 residues  141-1600.  produced  high  levels  of  virus

L Y
neutralizing  antibody  when 1t was conjugated 1o the protemn carrier.  heyvhole limpet
hemocvanin (KL.H). and inoculated nto cattle. rabbits or guinea mgs. Furthermore,
ammals  which had received g single inoculation  werc protected  against  subscquent
challenge with virulent virus. A second pepude. corresponding to residues 200-213 of
VPl was also shown to clicit the production of neutralizing antibodies in rabbits. and
more recently  Di Marchi et al «(1986) synthesized the composite pepude 141-15%,
’ »
200-213. This composite peptide. administered withoul conjugation to carrier proten.

was shown 1o “elicit high levels of neutralizing antibodv”™ and to protect cattle agamst

“intradermolingual challenge by oculation with nfectipus virus". larger scale field

'
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trials of this vacame are currenthy underwan

The development ol peptide vacomes for protecuon agamst (oot and mouth discase
wias stmulated by the dramane dlustanion of one ol the problems with  conventional
“hlled-virus ™ ovacanes, namely therr potential 1o cause disease A sertous outbreak of
foot and mouth disease in Brittany . the Channel Islands and the south of bngland 1n
T981 was shown by carcful molecular analvas 10 have been caused by oan mcompleten
mactivated virus vacane (King e af . 1981)

Our nterest an the preparatton of a svathctic vacane for HSV arose i part from
the development of a predictive algonthim called “Surfaceplot”™ by Parker e al . (19%0)
Surtaceplot predicts from the amino aad sequence of a protem which residues have a
high probabilitn of bemng exposed on the molecular surface Since 11 s now generalhy
regarded that the entire surface of a protein s ranugemic (Benjamin er al.. 1984)
predicted surface sites are potential antigenic sites. Glveoprotemn D of HSV 1« one of
the most studied anugens of any herpesvirus and mav represent a useful candidate for
provision ol protection against both HSV#l and HSV-2 infections (Fisenberg et al
1980) © Glveoprotein D therefore presented itself as a prime candidate for Surfaceplot
analysis and anugenic stte mapping using polvclonal antisera raised (o svntheuc pepudes
of the predicted surface-sites. Sites producing a strong virus-neutralizing response are

-
potentially useful as svnthetic vaccines,

The application of Surfaceplol to the amino acd sequence of glvcoprotein D (pf
HSV-1 revealed 15 linear ‘segmcms (5 or more residues) of the polvpeptide which have
a high prbbabml) of surface exposure. Surfaceplot also identified a nurpber of segments
of glycoprotein D with a very low probability of surface exposure; two of these were
selected for control experiments. Fourteen peptides corresponding to the predicted surface
and interior segments were svnthesized, photochemically linked 1o protein carriers and

injected into rabbits. The polvclonal sera produced in response 1o these peptides were

then screened by ELISA for reactivity against peplide-conjugal‘es. purified glvcoprotein D

h Y
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and HSV-1 wvinions.

The results commumcated i this chapter show that all of the pepudes selected
produced  positive mmmunc - tesponses (FLISA) i rabbits, and that all of  the  rabbat
anusera reacted with aselated ghveoprotemn 1D Fight of the antisera were found 1o react

ith mtact herpes vinons, confirming the presence of these sequences on the surlace of
glhvcoprotein D un saw In plague-reduction (neutralization) tests, five of  the antisera
inhibited  virus infecton The greatest  virus  neutralizaton capacity - was found 10 be
assoclated with antisera ralscdplo the pepude-conjugate, of the N-terminal amine aad

residues 2210 Surong neutralization was also  produced by antiscra 10 the sequence

267-276
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MATERIALS AND METHODS

Surface  Profile  Prediction.  Syvnthetic  pepudes  were  c¢hosen from  surface regions
predicted  from éthe alggrithm of  Parker er al (19806)  This algorithm  (Surfaceplot)
combines  the HPL O hydrophihiaty  parameters of Guo et al. (1986). the accessibility
paramcters of Jamin (1979) and the flexibility  paramecters of  Karplus and  Schult
(1983). The HPLC parameters were denved {rom the relenuon times in reversed - phase
chromatography of model svnthetic pepudes. Ac~QI_\vX-X-(Lcu).—(l,ys);~an1|de, where X
was substituted with each of the twentv amino acids found in proteins. The accessibility
parameters derived from X-rav crystallographic data from twenty -two proteins represent
the parution cocfficient of each amino acid residue between the surface and the inside
volume of the pmlém, The fleability parameters were determined from the N-ray crvs-
tallographic data of jhe average temperature valucs\ol‘ all ¢ -atoms of cach ammo acid
in thirty-one protens. It has been shown that a combination of “these three parameters
1mpr6vcd the predicuon of surface regions compared 1o using any single parameter alone
(Parker er al.. 1986). The Sur‘faccplm program 1s available from' Svnthetic  Pepuides
Incorporated, [)cparlmcni)ol‘ Biochemistry. University  of Alberta. Edmonton. Albernta.

Canada, T6G 2H7.

Synthesis of Peptides. Pepude svnthesis and purification was carried out by Dr.
J.M.R. Parker and Miss N.C.J. Strynadka in the Biochemistry Department. University
of Alberta. All chemicals and solvents used were reagent grade. Co-polyv(stvrene 2%
divinvibenzene) benzﬁ_vdryl amine resin (hydrochloride salt, substitution=0.8 mmole/gm
of resin) was purchased from Protein Research Foundation, Osaka, Japan. Dichloro-
methane was distilled from calcium carbonate. Trifluoroacetic acid was purchased from
Halocarbon. Hackensack, N.., p-benzoyl-benzoic acid f{rom Aldrich Chem. Co..
Milwaukee. WI., and N@-t-Boc-L-lysine from Sigma Chemical Co.. St. Louis. MO.. All

other protected amino acids were purchased from Institute Armand Frappier. Laval,
/ - :
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Peptuides were svathesized on a licckman pepude synthesizer Model 990 using the
general procedure outlined by Erickson and Mernifield (1976) for sohd-phase synthesiy,
with the modifications described by Parker and Hodges (1985). Amino gro-ups v-vcrc pro
tected  at lht; a-amino postbon with a t-butvloxvearbonvl (Bo¢) group, and lh.c follow)
g side chamn blocking groups were used: l)'.s(3-chlombcmm\'carb(m\'l), Thr (bensvl),
Glu o (O-benzyl). Asp(O-bensyl). Arg  (tosvl). Cyvs (methosvbensvl) and T
(2.6-dichlorobenzvl). A radioactive Jabel Boc[1-*C) glycin_e. prepared as described  pre
viously  (Worobec e al.. 1983). was introduced al an appropniate  glvcine 1n  the
scquence. Since the pepuide corresponding to residues 12-21 of glvcoprotein D wa_; ta be -
used 1o invesugate different ﬁcp“d@pmlcm conjugation procedures other than the
photochemical coupling method described below. two analogs were synthesized. one with
a cvsteine added to the N-terminus and a sccond with a tyrosine added 1o lhc.
N -terminus.

The  photochemical  coupling  reagents N‘-(p-bcn/oylbcn/ovl)-N"-lAbul)lox_\—
carbonyl-lvsine.  Boc-1yvs(BB) (Parker and Hodges. 1985). and p-benzoylbensoic acid. {
BBA (Figure 23). were coupled to the N-tcrminal a-amino group of the pcpndc-rcsm/‘?
or Boc-Lys(BB) was coupled as the first C-lerrﬁinal amino acid during svnthesis. To
obviate the limited solubility of these reagents in dichloromethane the following proced-
ure was found to give high reproducible coupling vields. Boc-Lvs(BB) or BBA
(1600 umoles/800 umole peptide resin) was dissolved in dimelhyl-formamidq (200
500 ul) dilute¢ with dichloromethane (4.5 ml) -.and cooled to 4°C. Dicvclohexyl -
carbodiimide (DCC, 800 umoles) was added and' the reaction was left at 4'C for 30
min before being filtered and added to the deprotected and neutralized peptide resin.
After stirring for 30 min, an additional portion ofv DCC (800 pmoles) in dichloro-

methane (1 ml) was added and the reaction was stirred for one hour. All peptides were

synthesized as. C-terminal amides in order to eliminate the presence of charged residues
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STRUCTURE -OF THE PHOTOALFFINITY PROBES

The  structures  of  the  photoprobes  p-Benzvovibenzoyl  glvcine  (BBGY) and
NE€-(p-benzovibenzovl) -N®-t-butyloxvearbonvl Ivsine (BB lys) are shown. The BB Lys
probe is protected at the N terminal with a t-butyloxvecarbonyl (BOC) group
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at the C-terminus. When Lys(BB) was svnthesized at the C-terminus. the N-terminal
restdue of  the completed peptide was deprotected, ncutralized and acetvlated with acetic
‘anhydnde/pynidine/toluene (1:2:2.v:viv). Acetvlation was performed to climinate the
charge on the amino group on the terminal lvsine rewidue. | |

Pepudes were cleaved from the resin support usmg hvdrofluoric acid (Hb):10%
amisole (v:iv) at 4 for 45 min (Hodges and Merrifield, 1975a). The s()lvcms‘ were
removed under reduced pressure at 47, the resin was washed with cther and the pepude
was catracted with TFA (4 x S ml). The combined TFA washes were (‘\'ap('l(‘d\ and
lhclpcpudc redissolved in water and lvophilized.

Purificaion of peptides was accomplished by reversed-phase high  performance
hiquid  chromatography (HPLC). Samples 1in 0.1% trifluoroacetic aaid 1n water wete
applied 10 a Whatman Partisil CCS/C8 column (Whatman, ‘(Jﬁfton, NJ, 250 x 4.6 'mm
1.D.) or a Svnchropak RP-P'C18 reversed-phase column (2% v 10 mm 1.D ). Flution
was with a gradient of 0.0..S% lriﬂuor‘oacelic acid 1n acetonitrile. The absorbance was
recorded at two \zavelenglhs_ 210 nm for the peptide bond :'md 260-270 nm for the
pheotoprobe (BB or BBA). : /

Amino acid analysis were performed on a Durrum Model [D-500 high pressure
automauc analyzer after hydrolysis of samples witt\x 6 ‘N HCI:0.1% phenol in sealed,
cvacuated tubes ql 110° for 24 h. When pCplidC‘llﬁSln hyvdrolysates were,, required the
peptide-resins were hydrolyzed as described by Hodges and Merrifield, 1975b. The mean
of the molar ratios of all accurately measurable amino acids in the acid hydrolysa1.é was
used to calculate the concentration of the- peptide.

Conjugation to Carrier Proteins. Concentrated solutions of carrier proteins were prep-
ared in the foltowing manner. To 2 g of bovine serum albumin (BSA) (Fraction V:
Sigma) was added 1 mi of 0.1 M- phosphale buffer, (pH 6.8), and the gummy mixture

allowed to stand overnight before being further diluted to 4 ml (1 mg/2 ul). Similarly,

500 mg of keyhole limpet hemocyanin (KLH) (Sigma) was mixed with 1 ml of 0.1 M

&
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NaHCO. and allowed 1o stand overmght before being further diluted 0 S ml
(1 mg/10 ul). : )

Photochemical coupling of  peptide to carnier was  accomplished by (iiSS()l\'ll]g or
m}spc‘nding lyophilized pepude (1 0 2 mg) in a mnunum -volume olWalc bufter
(10-30 wl of 0.1 M KH,PO.. pH 68) ahd adding = 10 mg of BSA or KI.H from the
;IOL‘k solutions, (20-100 ul). Th(‘. photolysis was carried out for 4S5 nun in a Ravonet
RPR 20% preparative apparatus (Southern New  kngland Ultraviolet Co.. Middictown.
CT) equipped with 350 nm lamps. The reactor was placed in a cold room and a con-
stant air temperature (8-10") surrounding the sample was maintained by an electric fan
mouﬁled i the bottom of the reactor. Following photolvsis the conjugates  were
dissolved in 4 ml 8 M urea, dialveed (Spcctrapor.lubing_ 06000 -8000 MW cutoff,
pretreated by boiling and extensive washing in distlled water) against 0.1 M NH,HCO,
.(once) and 0.025 M NH,HCO, (1wice). and lyophilized. Peptide conjugation to proteins
qvnallhc peptide N-terminal cysteine or tyrosine was carried out according 1o the methods
of L e al ()979) and Bassiri (19%0), respectively.  Peptide “protein rélms were
ascertained from the specific activity of _lll_e radioactively -labeled peptide. or by amino

acid analvsis, and ranged f'rczm 5 to 1S moles of peptide per mole of carrier protein.

Production of Antisera. Antisera 1o symt{elic peptide-KLLH conjugates were obtained
from 6 wcék old male New Zealand white rabbits. On day .I, 40 ug of pcpu’de’-Kl,H
conjugate (in sterile 0.9% NaCl, 5'(%0 ul) was thoroughly mixed with an equal volume of
Freund's complete adjuvent (Difco laboratories, Detroit, MI.) and injected (200 gl per
‘ injectic_)n) into the left and right subscapular regions and gluteal muscle. The same pro-
cedure was repeated at day_‘ 14 except that 200 ug of peptide (in sterile 0.9% NaCl,
500 wl) in incomplete Freund's adjuvant (500 ul) was used as before (200 ul per
injection). The rabbits were” bled from the.ear vein at day 28 and jeinnoculated as

described for day 14. This bleeding/innoculation protocol was carried out for a total of

6 weeks.



Cells an(i Virus. Human fetal lung cells (Flow 2000 linc; Flow lLaboratories. Mcl.ean
VA.) were ;ulturcd in 175 ¢m' plastic flasks (Corning Glass. Cormng, NA\’._), contain-
mg  Fagle’s basal medium (BME; Flow l.abs) .supplcmcmcd with 10% (v:v) fctal calf
scrun‘1 (Gibco. Grand Island, N.Y.). Herpes simplex virus tyvpe 1 (TsrraiQ Kos) wJas used
to anfect confluent monolavers at an input multiplicity of infection of between | and §.
Infecuon was allowed 10 proceed for 18 hr. The infected cells were scraped from the
plastic  surface, resuspended in phosphalg buffered saline (PBS) (Dulbtcco & Vogt,
1954) and homogenized (Dounce homogenizer. close-fitting pestle). Following centrifu-
gauon (400 g. 10 min), the pelicted material was resuspended. re-homogenized and
recentrifuged (1800 g, l()‘mm)i The two supernatants were combined and centrifuged at
100,000 g for 1 hr (Beckman Ti60 rotor). The virion-containing pellet was resuspended
in a minimal volume of PBS. léyered onlo j discontinuous gradient of sucrose (20%.
40%. 60% w/w) and centrifuged (Beckman SW 27.1 rotor) at 100.000 g for 1 hr. The
opalescent virion band (at ~45% sucrose) was removed from the side‘of the tube .wi'th‘ a
hypodermic © syringe. The presence of intact virions was _confirmed by electron

MICTOSCOPY .

Purification of Glycoprotein D. N-octyl glucopyranoside (Sigma) was added to the
supernatants obtained from homogenized HSV-1 infected cells to a final concentration of

1% (w:v). Potenually infectious DNA was inactivated by incubating with 1 mg

DNase I/ml (Sigma) for 30 min at 37. This lysate was then dialyzed overpight (47)a.

against PBS to remove the detergent. An affinity column of Concanavalin A-Sepharose
(Pharmacia. Dorval, Que.) wa$ prepared and equilibrated with 50 mM Tns-HCl, (pH
7.2), containing 0.5 rhM NrgCl, and .250 mM MnCl,. The dialyzed HSV-1 lysate was‘
then ;pplied to the column washed with 10 volumes of buffer and the bound
glvcoproteins subsequently eluted with 0.2 - M r‘nannose (Aldrich). The eluant was

dialyzed overnight at 4'C against water, then lyophilized. The resulting powder was

dissolved in 1 ml of water and subjected to isocratic HPLC on a Superose 12 gel

»



118

filravon column (molecular weight range 10" - 10 daltons: Pharmacia) using 0.1 M
phosphate buffer (pH 7.0) 50 mM NaCl as cluung buffer. Protein elution- was
monitored by absorption at 280 nm. and glycoprotein D was found to be cluted as a
single peak after appoximately 30 mun. The punty of this product was confirmed by
SDS-PAGE. Samples of the 30 min pcak were electrophoresed on 10% polyvacrylamide
gels (Laemmii, 1970). -The gels were fixed in methanol:acetic  acid (40:10: v/v) and
smihed for protein using a protem~silver.slam kit (Biorad Laboratories, Richmond.
CA.). Two bands of apparent molecular masses 60 k1) and 52 kDD wete detected. These
are shown in Fig. 24, and correspond to the apparent molecular masses reported for
mature glycoprotemn D (59-65 kD) and pre-glycoprotetn D (52 kD) (Spear. 1976;

Fisenberg er al, 1979). . ,

¢

Enzyme-Linked Immunosorbent Assavs (ELISA).  Antisera tliters were determined using a
modil'icatibn ot the ELISA protocol described by Voller er al. (1974). Microtitre plates
(Immunolon II; Dynatech, Alexandria. VA.) were coated with 100 ul of peptide - BSA
conjugate (50 pg/ml) i 0.5 M NazCO. (pH 9.6) for 16 hrs at 4C in a_ moist
chambes. This represented a saluratinicohcemranon of protein carrier. Pcptidcf:BSA
conjugates were used in the ELISA wells when KLH peptide-conjugates were used for
immunization in order 1o measure antipeptide antibody titrte and to exclude anticarrier
antibody titre. The antigen coated wells were washed (3 x) with PBS containing 01.05%
(v:v) Tween 20 (PBS-T). After washing, the plates were incubated for 2 hr al room
temperature with 100 ul/well of the appropriate dilution of antisera in PBS-T containing
0.5% (w:v) BSA. Unbound or excess Ab was removed by washing with PBS-T (3,”
and the plate was incubated 'J»gith goat anti-rabbit [IgG éonjugated to alkaline’
phos;’)hatase (1:1000 dilution; Boehringer-Mannheim Corp., Dorval, Quebec). After
washimg with PBS-T (3 x), p-m‘[r.ophenyl phosphate (Sigma 104 substrate) in 10% (v:v)

diethanolamine was added. Thirty to 60 min later the absorbance at 410 nm was fnea-

sured on a Titertek Multiscan plate reader (Flow Laboratories, Mississauga, Ontario).



FIGURE 24
SDS-PAGE OF GIYCOPROTFIN DD ANIDD HSV-1 VIRIONS

Samples of glycoprotein D extracted with detergent from HSV-1 infected cells and puri-
ficd by affinity chromatography on Concanavalin A-Sepharose and isocratic HPLC.
together with virions obtained by mechanical distuption of infected cells and purification
on sucrose gradients, were boiled and electrophoresed under reducing conditions in 10%
polyacrylamide gels containing 0.1% SDS. Following electrophoresis the protein bands
were visualized by silver staining. The lane marked S obntained—a- standard mixture of
proicins of known molecular weight. The glycoproiein D isolate was found to contain
protein bands cquivalent to pol_\'pcpligcs of apparent molecular masses 60 kD and 52 -
kD). The virion preparation was found 1o contain tn excess of S0 polypepuides. ranging

in apparent molccular mass from l4 kD to > 200 kD. :
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Ditres from FLRISA assave are eapressed as the negative loganthm of  the reaiprocal of

the highest ditution ot serum which sull gave 4 postuve tesponse In FLISA assavs for
&

glveoprotem 1 and vinor reactivity - the same protocol was followed except for coatmg
the plates with 100 41 (10 ggzmb) of gl) or HSV 1 preparatons  Acute and unmune

sera from andividuals with HSV 1 imfections were genctously provided by Mt R Devine

Mot the Alberta Provinaat T aboratorns tdmonton, Alberta

/

Neutralization  Tests. Proor to analvas o plagque reduction assavs, the mmunoglobulin
component of cach antserum was separated from compliement and other serum proteimns
by atfinny chromatography on l)}/\l-'VAngcl Blue columns (Borad)  This was done m
order to esumate the contribution that complement makes 10 virus lli‘llll;llll’.dll()ﬂ undetr
our expernimental conditions . Dilutions of anubody with and without the addition of 3%
guinea-pig complement were incubated for 1 hr at room temperature with 100 and 200
\ .
plagyJorming units of virus. These mivtures were then assaved for unneutralized virus
using the plaque  technique o Wémworlh and trench (1969). Bocflhv, monolavers of
fibroblast cells were prepared by seeding ()175 VL0 cells inocach well of 6 owell tissue
culture plates (Costar, Cambridge, MA). After overmight incubation, the growth medium
was removed and  each  plate mnoculated with 0.4 ml of the neutralization  mixure.
™~

Inocula were allowed to adsorb for 30 min at room temperature after which ume 4 ml
of overlay medium (MEM containing 0.1% NaHCO. and 0.3% agar) was added‘_h\\c/,/dxn

/ .
the overlay had solidified, the plates_were incubated at 37 in a 5% CO, atmosphere t"d};
72 hrs. The monolayers were fixed using 4% ncutral buffered formalin prior to the

removal of the overlay, and subscquently stained with 1% “crystal violet. Clear plaques

of dead cells were enumerated.

Immunofluo%cence. Confluent monolavers of Flow 2000 cells on glass coverslips were
infected with® HSV-1 or HSV-2 at an input multplicity of between 1 ahd S pfuscell.

Culturing was for 24 hr after infection, at which time the cells were washed twice with

L
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PRS and fived min methanol Atter deving, the coverships  were stored a0 unul
assanved  The coverships were then incubated tor 1 bt at room temperature with 0%
n'm'm.ll goat serumoan PBS 1o block HSV induced Beoreceptors. washed with PBS. and
covered with a1 500 dilutton of  the peptide speaitic polvelonal rabbit sera After 1 hr

) ) ; “

the covershps were washed (3 1) with PBS and then moubated for 1 he with fluorescemn
pothrocvanate labeled (FITCY goat anu rabbie 1gGo (132 diluton: Stgma ) Following g
subsequent  wash the cells were ;11«>1ll1lc\1 moa o mnture of bopart PBS and v pars
ghveerol Negative controls of pre mmmune tabbit sera were mcluded for each test. and

photography  was carnied out with a fatz Ortholuy 1 flnorescent MICTOSCOPC  usiny

Kodacolor VR 400 film



RESULTS

Selection of  Potential  Linear  Antigemic Sites. Dio Parker. using the surface profile
algonithm . Surtaceplot, has shown for several proteins that there s a good correlaton
of s predicaons with surface sites determined  from immunological and X -tay structural
data (Parker er af . 19806) Inothis anstamce. Surfaceplot was apphed o glvcoprotem D
of HSV T ustng the amino aad sequence repotted by Wason er a/ (1982)  The
computer generated  surtace profile of glveoprotemn 1) s shown o bigure 25 and  the
predicted surface residues are listed m Ta ’;/ A predicted large buned region (amimo
acid residues 314 339) corresponds 1o the proposed rm‘mbranc'spam!ng area. and two
large surface areas (340 351 and 356 305) correspond 1o, the  proposed  hvdrophilic
Coternmunal ovtoplasmic tadl In the external N-terminal region. Surfaceplot predicts five
major (sequences of 10 or more residues) lincar surface regions (12-21. 83-93 130- 140,
244275 and 299-313) and eight munor (sequences of S or more residues) hnear surface
regions (2833 44-S10 73780 116-120, 144- 148, 184189, 206-213, 224.229) By compar
o, analvsis using Hopp and Woods (1981) hvdrophilicity parameters reveals only four
anuigenie sites 1n the external region of ghveoprotein Do As shown in bigure 25, the
sequences predicted using Hopp and Woods parameters exist as smalier subsets of those
predicted using Surfaceplot. We have s_\'mﬁeslzed pepuides corresponding 1o all major
predicted surface sequences which were 10 or more residues in length (Table §).
Peptides 52-61 and 150-159‘were svnthesized as negative controls since these regions
were predicted not to be on lhé surface. The remaining sequences were chosen since
they were minor spredicted surface regions (181-190. 206-215. 288-297) or they contained
one or two single predicted surface residues (63-72, 121-130, 314-323). Sequence
314-323 iy within the twént)-five amino acid sequence (314-339) that was predicted by

v

Watson et al. (1982) to be the transmembiane region.
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TABLE 7.
.

Surtaceplot predicted surface sites and antigenic sites predicted using
Hopp and Woods (1981) parameters

SURFACE SITE SURFACEPLOT HOPP & WOODS
RESIDUES RESIDUES

1 4.4
2 12-21¢ 113,15 210
3 28 - 33+ 1233
4 a4 .51+
S 66 - 66
6 73 - 78+
7 83 -93+ B4 .91+

: 8 104 - 104

' 9 ' 114 - 114
10 116 - 120* 119 - 120
11 ‘ 122 . 122
12 124 - 124
13 130 - 140+
14 142 - 142 .
1S . 144 - 148+ 145 - 147
16 160 - 162
17 172 - 172
18 174 - 175
19 184 - 189+
20 198 - 199
21 206 - 213*
22 224 - 229+ D27 -2
23 244 - 275* 256-2  68-27°.277 %
24 281 - 283 -
25 289 - 292
26 : 299 - 313+
27 322-322
28 T 324-324
29 340 - 351 341 - 351
30 ' 354 - 354 -
31 356 - 365* -

Asterisks denote sequences of )&;{or more residues



FIGURE 25
GRAPHIC REPRESENTATION OF HYDROPHILICITY AND SURFACEPL O1
VALUES FOR GLYCOPROTEIN D OF HERPES SIMPLEX VIRUS

Pancl A shows a Hopp and Woods (1981) hvdrophilicity plot while panel B shows a
Surlaceplot  (Parker er al.. 1980) plot. Residues are numbered from the N- (o the
C-ternunal. The surface value ordigate has been arbitrarilv re-scaled that the O value
corresponds to a cut-off of 25% abpve the mean of hyvdrophilicity/hvdrophobicity values
(Panel A) or the mean of extenor/interior values (Panel B). A surface value of 100
coiresponds 1o the height of the highest peak in cither case. The scale is therefore a
relative one. Shaded peaks represent predicted surlace regions of S or more contiguous
residues
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Affect of Linkers and Coupling Position on Antisera Production. Five mcthods of
conjugation of peptide to carrier protein were investigated (Table 9). All ("ive of these
conjugates elicited a strong antibody rtesponse in rabbits as tested in FLISA against
pepuide-conjugate antigen (Figure 26). As controls, there was no ELISA recaction when
the plates were coated with the coupling reagents BB-1vs or BB-Gly. Peptide-conjugates
with photoprobe attached (o the eamino  group of the N-terminal lysine residue
(BB-1.ys 12-21) or photoprobe altachcd‘ 10 the e-amino group ol the C-terminal lysine
residue (12-21 BB-Lys) showed significantly reduced reactivity in FLISA assays with
isolated glvcoprotein D) or with intact virions, 1n comparison to the reactivity produced
by a peplide-zonjugate with the phploprobe atlached to the N-terminal a-amino group
of sglycine (BB»G])’>12-21), Since the method of coupling. the photoprobe and the
sequence of peptide are identical. these results suggest that the posttion of the
photoprobe provides a different anti-peptide antibody response even though the titres
againsl pepuide-conjugates were similar. The chemicélly linked pcpiides. Cys 12-2‘1 and
Tyr 12-21. also showed a positive immune response in EI1SA assavs against isolated
glycoprotein D and intact virions. The titres produced by pepuides chemically linked to
carriers were simflar to those of the photoprobe linked peptide, BB-Gly 12-21. Given

these results and the ease of coupling with the photochemical rcagent, all subsequent

experiments were done with BB-Gly peplide-conjugales.

Antibody Titre. The ELISA titres (expressed as the mnegative logarithm of the reciprocal
of the highest dilution of serurn which gave a positive response) of ‘antisera raised
against BB-GIy peptide-KLH conjugates and tested against BB-Gly peptide-BSA
conjugates were found to be approximately 4-5. All antisera were also found to react
with isolatéd glycoprotein D, with a mean titre of 3. The positive'reacu'vity of control
peptide antisera (52-61, 150-159) with isolated glyco in D (ELISA titers of <1.7;
ie. 1:50 dilution) indicated that isolated glycoprotei no longer in its native

conformation.
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FIGURY 26

ro.

ACTIVITY IN FLISA OF RARBIT ANTISERA PRODU(‘:}"D USING PEPTIDES

. CONJUGATED TO KLLH USING DIFFERENT LINKERS
— .
Anuisera were lested against: pepudes conjugated to BSA. wsolated glveoprotein 1D and
HSV virions. The shaded bars indicate the résults from two differcnt rabbits immunized
in cach case (the second rabbit immunized with BB-Lvs (BB-K) conjugated wvia the
C-terminus unfortunatelv died). Titers are expressed as the negative logarithm of the
recaprocal of the highest dilution of serum which sull gave a positive response. Sera
with significant activily was judged to be that which reacted at a dilution~ef more than

1100 (uter > 2)0 C and Y refer to the chemically -linked (cvstemne, tvrosine) pepuities.
. <
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Antibody Reactivity with HSV Virions. lInteraction of the pepuide antisera with puri-
» -

fied virions 1s shown in Figure 27. Fight of the pepuide antisera reacted with titres > 2
{re. 1:100 dilution) with this antigen. 1t 18 interesting that antibodies raised 1o the pep-
tides which showed low titres 1o the whole virion did react well with 1solated gD, This
particular result indicates that either a conformational change altering antigenicity occurs
during incorpdration of glycoprotein 1) into the virion envelope, or that close packing
masks an antigenic sile. Anusera raised 1o the sequence 314-323 also shows rcactivity
with the whole virion. It has been proposed (Watson. 1982) that this sequence s likc\K

»
to be part of the transmembrane region. The reactivity of the antisera raised 1o pepude

314-323 (which was predicted by Surfaceplot 1o have surface residues) would place the
start of transmembrane region closer 1o the C-terminus. Antisera raised o the control

sequences (52-61, 150-159) did not react with the intact HSV-1 virion. —

Neutralization Tests  Antisera which reacted with intact virions,in FLISA was screencd
Y

for virus-neutralization capacity using a plaque-reduction test. Antibodies to five of the
eight surface 'regions were found to elicit a neutralizing response (Table 10). The
strongest neutralization was associated with the antisera (o N—tcrminal sequence 2-21 in
the presence of guinea pig complement. Without complement the ncutraliz.alic;n assoc -
iated with these antisera was found to be much weaker (1:25 dilution compared o
1:200 for 50% plaque reduction). A fragment of sequence 2-21, namely resiqpes 12-2},
was found o neutralize virus equally with or without complement. Since the extent of
this neutralization was equal to that of antisera 2-21 in the.absence of cbmplement, one
may ‘conclude that sequence 2-21 com?ins two epitopes; one-in the sequence 12-21 and
the other, which requires complement for neutralization, elsewhere within residues 2-21.

The rabbit antisera- raised to predicted surface regions 267-276 and 288-297 were

’

also found to contain neutralizing antibodies. It is interesting to note that in the plaque

teduction assay, the antisera to 267-276 exhibited the strongest complement-independent

'
.

response.
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FIGURE 27 N

REACTIVITY IN ELISA OF RABBIT PEPTIDE ANTISERA WITH HSV-VIRIONS

(te. INTACT GLYCOPROTEIN D)

Ihe asterisks indicate sequences which were selected and synthesized "as negative Controls.
Sera with significant activity was judged to be -that which® reacted dl dilutions of more
than 1:100 (titer > 2.0). N . \
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TABLE 10.

Results of neutralization assays

Antibody to Neutralization 50% Plaque-reduction
Sequence (Dilution)a
2-21 + 1:200b
12 - 21 + 1.25
121 - 130 X
206 - 215 X
267 - 276 + 1:50
288 - 297 ° + 125
303 - 312 X
314 - 323 + 1.25

4

a Control sera from pre-immune rabbits did not cause any plaque reduction at a dilution of 125
- «

b Neutralizafion capacity was enhanced by the presence ot 5% guinea-pig comptement Dilution without

complement was 1:25.
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I0 was surpnsing o find neatralizaton assoctated  with the antisera (o pepude
M43 A we s have stated previoush - out resalis suggest that this sequence hes

-~

adracent 1o the transmembrane tegion of ghcoprotem D

Reactimity of Human Sera with Syathetic Peptide Antigens. The recognition of - the
svithetic peptide antigens by osera obtamed from a small number ol idividuals with
acute o convalescent HSV T anfections was assessed using FEISA assavs The resulis of
these assavs are shown an bFae 28 and 29 for acute and convalescent seta respectivedy
For acute sera. althourh the stre agamnst vital antigen was {ound 10 be significant, no
strong  response tooany onc pepude was observed Tt s known that i the priman
stages of herpesvirus infecton, 1t as pnmarnly the ovtotoxie 1ocells and cell mediated
munune responses (Nash er al | 1955) which combat infecuon The lack of development
ol humoral response o hnear antigenic determinants was not, therelore. uncypected

The response of immune sera 1 some cases showed a lack of speaitiaty for sur-
face sites: for cxample, some sera reacted with the predicted internal Sequences 8261
and 150-159 }hl\ reactivity  was  probably produced by a fortwmtous ¢ross reaction  of
non HSV human anubodies with these sequences. The N-termunal sequence (2 21) as
well as the sequence 267-276 were recognized by o a number ol sera This may  be
indicative of  the 1mmunological 1mPortance of these sites. and  these are  potenual
candidates for a synthetic vacane e breitas er al. (1985) have reported that a syn-
thetic pepude corresponding o residues ¥-23 activated human penipheral blood T-cells.
A vacane containing this sequence might be expected to chicit both a strong humoral
immune response and to pnme celi-mediated immunity to herpes simplex virus. These

.
studies represent a preliminary analysis of the interaction of human scra with svnthetic
peptide antigens. Future studies will be expanded to incorporate the screening of larger
numbers of sera and will include the analysis of paired sera. Paired sera represent
samples from a single donor taken during the acute and convalescent stages of

-

infection. Analysis of such sera will monitor the changes in immune response during



FIGURE 28
REACTIVITY IN FLHISA OF HUMAN SERA WITH PEPTIDE BSA CONIUIGATLS
CONJUGATES AND HSV 1 VIRIONS

Scrta was obtamcea from three indimviduals in the/ acute stage of HSV 1 ifecuon
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FIGURL 29
REACTIVITY IN FEHISA OF HUMAN SERA WITH PEPTIDE BSA CONJUGATLES
AND HSV-1 VIRIONS

Scera was obtamned from cight andividuals in the convalescent stage of HSV-1 infection
{(nonc of these correspond to the sera used for the tests shown 1n Figure 28).

.
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' K
recovery from an HSV infection.

(AN

HSY - dype-Specific hmmune  Response.  The anteraction o antisera raised (o vpe

spectfe .\cq.ucnccs“ with cells infected with HSV-1 or HSV -2 was detected by indirect
fluorometre assav. Three tvpe speaific scqucncés from HSV 1 (those i .which there are
@ number of non-conservative amino-acid changes between corresponding  pepudes for
glhvcoprotein D of HSV-1 and HSV 2) have been svnthesized (sequences 3847, 8392

: -
and 199-208; Table 11). These tvpe-specific peptides also contained  residues predicted 1o -
be at or ncar the protein surface. Antisera (0 these sequences showed bright cvtoplasmic
fluorescence when assaved  against HSV-1 anfected  cells  (Figure 30, pancl A). In
Muormetnce analysis of cells infected with HSV-2 (strain 333). antisera to pepude §3-92
produced a pattern ol fluorescence identical 1o that obtained with HSV -1 ifected cells:
re. bnght pools of ovtoplasniic fluorescence (Fig. 30, panel C)  Antisera to pepude
38-47 produced plasma membrane fluorescence (Fig. 30, panel B). simular to that which
wehave previously  observed - with non-specific or  cross-reactive  antibody binding 10
membrane components. The antisera (o peptide 199-208 was non-reactive. Controls of
antisera tarsed 1o the type-common pepude sequences showed idenucal patterns of fluo-
rescence with both types of  herpes  simplex  virus  infection.  Negatve contiols  of
pre-immunization rabbit sera gave low overall fluorescence with small centers of appar-
ently non-specific binding. The immunofluorescence results suggest that the single amino
aad change in peptide 83-92 does not significantly affect antibody binding, whereas the
differences in peptides 38-47 and 199-208. which constitute major sequence changes.
|

proloundly al‘fecl. antibody binding. Antisera to peptide 199-208 could conceivably be
useful as a type-specific diagnostic reagent, permitting one o differentiate between

HSY-1 and HSV-2 infections.

A}



TABLE 11.

Sequences of synthetic peptides based on type-specific regions of

glycoprotein D of herpes simplex virus.

SEQUENCE PEPTIDE SEQUENCE
NUMBER
HSV1-gD 38-47 BB-G~G— (Y-H-T-Q-A-G~L-P-13-P) G-G~amide
* *x X *
HSV2—gD 38-47 Y-H-1-Q-P-5-L-E-D-P
HSV1-gD 83-92 BB~G~ (G-A-S-E-D-V-R-K—Q-P) G—=C=ami k>
*

HSVZ—gD 83-92 G-A-5-E-D-V-R-K-H-T

HSV1-gD 199-208  BB-G~G- (P=S—A~C-L-S-P~Q-A-Y) G-Gamil

* x Kk 0k

HSV2—gD 199-208 P-A~A-C-L~T-S-K-A-Y

Asterisks denote no

n-cdnservative amino-acid changes between corresponding peptides
for the glycoproteins D 8f HSW¥+<1 and HSV-2.

HSV-1 peptides were synthesized based upon the HSV-1 glycoprotein D sequence of

Watson et al.,1982.

HSV-2 peptCS/s' were from the HSV-2 glycoprotein D sequence of Watson et al., 1983.



FIGURE 30
IMMUNOF UORESCENCE OF TYPE-SPECIFIC PEPTIDE ANTISFRA WITH
HSV-1 AND HSV-2 INFECTED CELILS

Pancl A shows the f(luorescence pattern observed when HSV-1 infected cells are
incubated with all three tvpe-specific antisera. Note the pool of cvioplasmic fluorescence
{arrow). Pancl B shows the weak plasma membrane associated fluorescence observed
when anuisera (0 pepuide sequence 38-47 1s incubated with HSV-2 infected cells. Panet C
shows the fluorescence observed when HSV-2 infected cells are incubated with antisera
to pepude scquence 199-208. The photographic exposure for panels B and C was S
fonger than for pancl A (Magnificaton: 400v)
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DISCUSSION
We have used the Surfacepiot predictive algorithm to sclect linear amino  acid
scquences in herpes simplex virus type 1 glycoprotein 1D which have a high probabilite
of extenor location and are, therefore, potentally antigenic. Ten-residue peptides corre-
sponding to cleven such scquences, and 1o two "nega{ve controls™ (ue. sequences with
very  Jow  probability of being on the surface of glvcoprotein D) were svnthesized.
conjugated 10 KL.H carnier protemm and used to “immunize” rabbits. The polvclonal
anuisera thereby obtained was found. in each case. to react positively in FIISA with the
peptide conjugaled to BSA and with isolated glycoprotein ID. These results demonstrated
that all of the syntheuc peptide-conjugates weré i‘mmunogcnic in rabbits and that

glvcoprotein 1) isolated by affinity chromatography and HPL.C and bound 1o th& ELISA

plate 15 1in a highly denatured state. In contrast. not éll of the antisera reacted
postively 1in ELISA with HSV vnrAlons; that 15, with glvcoprotein D «n swu. Seven hincar
antigenic sites on HSV-1 virions were identified. Th’eée correspond to glvcoprotein D
sequences 12-21. 2-21. 121-130. 206-215. 267-276. 288-297 and 314-323. and were used
to generale anti-peptide antibodies.

Considering the Surfaceplot predictions, sequence\s 121-130 and 314-323 had fcs>
than 5 contiguous surface residues (Table 9). If one examines a Chou-Fasman second -
ary structure representation (Chou and Fasman, 1?74a_ b, 1978) qf gl_vcopr;)lein D
(Figure 31). the sequence 121-130 includes a glvcosylation _site (Asp 121) and parts of
two B-turns. These criteria are obviously indicaMve of a surface segment, and this
demonstrates that ;uch features as glvcosylation sites and B-turnszsﬁﬁhk\be considered
along with Surfaceplot data in selecting potential antigenic regions. In the casev of pep-
tide scquence 314-323, Surfaceplot indicates positive values for residues 322 and 324
(Table 9), a;xd‘ the Chou-Fasman structure (Fig. 31) prédicts B-turns for reﬁidues

312-315 and -323-324. The fact that at least part of the sequencé 314-323, being anti-

genic, must find itself on the exterior of the viral envelope makes it necessary to revise



FIGURL 31
PREDICTED SECONDARY STRUCTURE OF GL YCOPROTEIN DD GENERATED
USING A CHOU-FASMAN (1978) -BASED COMPUTER PROGRAM

This program was generousty donated by the Veterinary Infectious Discase Organization,
Saskatoon, Saskalchcwan. The program initiates a-helin when 4 out of 6 residues are
helix formers and B-sheet when 3 out of 5 residues are B-sheet formwers. The major
linear surfaceplot predicted sites, 12-21. 44-51, 83-93. 130-140, 2063213, 244-275.

v 299-3130 340-351 and 356365 were found to corrglate well with B-lurnl Neutralizing
antigenic sites  are shaded. The proposed transmembrane region (residues 323-339) s
outlined .

~J
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the proposal by Watson er al. (1982) that the membrane -spanning  region  for

glycoprotein 1> is residues 314-339 (or residues 340-364 of the glycoprotein 1D precursor
protein). Since Eisenberg er al. (1985) have described an epitope within the sequence
340-356 1n isolaled glvcoprotein D). we suggest that the membrane spanning region s
most likely to follow the predicted B-turn at residues 323-324 and extend (o approni-
mately residue 340. There are no charged residues within this sequence; part of 1t (res-
idues 326-330) may be helical and the remainder is probably random. coil, even though
Chou-Fasman predictions suggest 8-sheet. there is no cvidence for corresponding sheet
lo stabilize such a structure within the membrane.

Synthetic pepudes corresponding 10 sequences 2-21. 12-21. 267-276. 288-297 and
314-323 elicited a virus-neutralizing immune response in rabbits. The long peptide
cncompassing  residues 2-21 was found 10 comprise two epitopes. Onc¢ of these lies
within the sequence 12-21, which by iwself elicits antibodies capable ~of neutralizing
virions in the absence of complement. Pepude 2-21 retains the ability 1o generatce
complement-independent neutralizing antibodv, and in addition elicits the production of
rabbit antibodies which neutralize virus very efficiently in the presence of complement.
These results are compatible with those obtained by Cohen er al. (1984) who demon-
strated that rabbits immunized with synthetic peptide 8-23 developed HSV-1 ncutralizing
antibodies. Eisenberg er al. (1985) reported that antiserum o peptide 268-287 had no
neutralizing activity; in cortrast we found that antisera (o peptide 26"11-\27() showed the
strongest complement-independent neutralizing activity of all of the five linear epitopes
which we identified.

Dictzschold e al. (1984) raised polyclonal and monoclonal antibodies 10
glycoprotein D isolated from HSV-1 and HSV-2. Interaction of these antibodies with
synthetic peptides (peptide 1-23 with citraconylated lysines 10 and 20, and peptides &-23
and 11-23) suggested that one of the epitopes in the N-terminal 1-23 sequence is

. A
located between residues 11 and 19. We have confirmed this suggestion since-antisera to



peptide 17271 reacts with solated ghcoprotem D oand waith HSV 1 vinons

Fisenbery er af (1985) adentled another .‘l‘Illlgk‘HI\ site e the sequence 208 287
showing reactivity of this peptide with an ante ghvcoprotem 1 monodtona! antibods  This
monodonai anubody - did neutralive HSV T e a dilunon of 1500 however. when pepuide
JOR 8T was conpugated o KITH and wsed o immunize rabbis, the anu peptide ann
bodies did not react with cither glveoprotem D oor mtact vinons . We found . o contrast
that antibodies to the KIEH conjugate of peptide 267 1760 tecogmzed both ghcoprotain
and  HSV T ovimons They alse neatiabived  This ditference mght be explained on the
basis that the longer pepude (268 287) adopts a mnlorm‘&mn distinet trom that of the
native cpitope. whereas tN shotter pepnde (267 276) v more tlevble An alternatve
avplanatton s that the method of  conjugating the pepude 10 to KT H resulied o the

dferences iy immnnogeniaty bisenberg ef af coupled then pepuide via a0 Ctermina

avstemne, whereas we coupled out pcplid‘\mgh an N otermmal BBoelv o These results

point out the importance of selection of cross hinker and pomt of attachment o peptide

to carner protein an the gdesign of pepode vacaines
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CHAPIFR
®
SUNMNMARY AND FULTURE PROSPECTS

Fhe major focus of the work presented o this thesis has bee the structure and
imunology ol human heipesvituses - We have applicd a0 predicune algorthm tor the
detection of surface/antigenic sties 1o the priman annno aad of herpes stmpley virus
tpe bogheoprotem D brom our predicions we have descnibed o number of - hneat
cprtopes that stunulate the producton of neutrabizing antisera when miccted o rabbies
In studies on human cvtomegalovitus,. we have tapped the human immune svsiem (o
reveal the adenuty of immunodommnant vinon  protems to which neutraliziing  antibodies
ate produced

tach of the studies descuibed s of nterest cto - the hield ol vawcme o researh,
however. a4 combiation of the two approaches that «we have uthized may vield g .
powerful tool for studies in human viral immunology - The inddusion of an assay for |
Ivmphocvie response. for cxample the T cell proliferation assavs of D¢ brenias er af
(1985) or forseth er al . (1987) would be mm(ﬁlanl in - order toassess the overall
mmune rc.\poﬁsc (humoral and cell mediated  responses) 10 viral or  virus sub uni
antigens

The proposed system for svatheuc vacane development would  be composed  of

three sections.

*

1. The Surfaceplot analysis of antigens for potential linear anugenic sites. and the

construcuion of syntheue pepude conjugates of these sites.
\

2. Screening the peptide conjugates in a human context by scra analvsis (FLISA).

flow cytometry for B cell receptors. and T cell proliferation assays.

3. Productiott of human monoclonal cell lines and analysis of antibodies Tor

neutralizing activity.

150
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We o have imitiated the pilot studies mto - producing a synthelic pepude vacane tor
herpes simpley vituss using peptide sequences from ghveoprotemn D With the availabihia
of nudcotnde sequences from HIV (Ahzon er al . 1986, Stateich er al . 1980) vareella
soster vitus (Davison & Scott, 1986) 0 as well as HOMV (Weston & Bariel, 19%6) and
HSV 1 piveoproteins B (Bak er all o 1984) and € (bnnk er al | 1983 these studies may
be evtended 1o cover a number of medically important vital discases Indeed. the pro
cedure s not aesticted o vital sequences but may be apphied 1o almost anmy human
pathogen .

Epuope mapping currenthy rehes greath on the production of antibodies o the
whole protéin, n mice or fabbits. and the analvas of the micraction of such antbodies

. ;
with  fragments ol the protemn. We  have apphed  the converse approach. From  the
sequence of protems we can deduce potenual linear antigenic Sites. Tase antsera (0 sy
thetie pepudes ol these rcgl(.)‘n\_ and test the antisera for recogniion and neutralization
of the mmtact protein/yirus ?
v

[ the development of a human mapping system. the option (o generate  antisera
v not available However, anuisera from patients sufterning from wviral ;llnCsscx IS availa
ble and these mav be used 10 assess the immunogerian of speaific pepudes. The poor
spectfiaty of  human  sera (owards any one or (wo peptide sequences, as we  have
observed in the case of HSV glycoprotein D (see Chapter 1V), would require extensive
testing of large numbers of human sera. Given that such testing can readily be carried
out by FLISA | this task is not formidable.

Having sclected a small number of potenuallhy 1r;1mun0d0m|nanl sequences, 10 1
necessary 1o determine the response of seronegative individuals to the;e sequences. Could
these sequences elicil an immune response in humans® B lymphocyte recogngion of a
syathetic peptide amigén can be studied convenientlv in viro by flo cytometry using

pepuides  conjugated 1o fluorescenated carrier proteins. On  the “surface of each

B lymphocyte is a receptor of the same unique specificity as the antibodies which these



- [
cells svnthesize. 1t 18 through  these receptors that B ocells anteract with anugens By
ntroducing fluorescence labeled antigen 10 B cells we are able 10 detect the presence off
speaific receptors on the Bocell surface Analvucal flow avtometns may be used 1O assay
the reactvity of B lvmphocvies with the labeled antigen  bor example, we have carnied
\ y -
out a prchnunary {low  ovtometne survey  of hmphocvies from donors found to be
seroncgative against HSV 1 ghvcoprotem D pepude 12 21 a peptide which was found 1o
chat @ ncutralizing antbody response 1 rabbris Frigutc 32 shows the results Trom
analy ucal Hou//()mmcn‘_\ using pepude sequence 12 21 bound o (Tuorescemated  BSA
cartier protem bor sample AL 21% of Ivmphoovies (enniched for speatliciiy o sequence
12 21 by panning) bound 1o the fluoresceinated peptitie conjugate. whereas in .\amplv‘ B.
which was prepared ina manner adentical 1o sample A, onhv 3% bound 1o the probe
Control expeniments with carnier enniched  Ivmphocvtes sh()wu; the background binding
for the assay to be “2%. The number of cells i sample A bearing receptors for
sequence 12-21 1s greater than would be eapected for a single epitope. It i therefore
likehv that this sequence contains more than one epitope. that together with binding 1o
receptors of approxmate specificity could account for the numbers (\)\T fluoreseent cells
that we have observed. It 1s cervainly safe 10 assume from these results that  this
individual does carry B-lvmphocvtes with specific receptors for peptide sequence 1201

AN

and would be cxpeclted to mount an antibodv response 1o that peptide-antigen. Since the

B Ivmphocvtes from sample B (and from six other samples from dlﬂ’c'rcm individuals
screened thus far) did not carry specific receptors for sequence 12-21. this individual
would not mount an immune response 10 this pepude-antigen. De Freitas er al. (19%5)
also found glycoprotein D peptide 13-23 did not produce human ~ cell proliferation
in vitro. 1t is therefore unlikely that pep&e sequence 12-21 will.bc useful as a potential

-

human vaccine for HSV-1. \

It is natural for our work with synthetic peptides of glycoprotein ) sequences to

now progress into the human monoclonal antibody production and analvsis sltage We



FIGURF 32
STATISTICAL ANAT YSIS BY FLOW CYTOMEFTRY OF TWO POPUILATIONS
OF B-1 YMPHOCYTES USING HSV-1 GILYCOPROTEIN DD SYNTHEFTIC

PEPTIDE 12-21 CONJUGQTED TO FI UORESCENATED BSA
. AS RECEPTOR PROBF

In sampic A, 21% of cells carried probe whereas-1n sample B onlv 3% of cells were
marker posiive. Both samples were taken from donors who were seronegauive for this
antigen. The Ivmphocyte samples were depleted of T-lvmphocyies and monocvies (see
Appendin 2 and 5 for methodologies) and then enriched for specificity towards the pep-
tide antigen by panning procedures. Following reincubation with fluorescenated antigen
they were subjected to analytical flow cvtometry on a Coulter EPICS V flow cviometer
(Coulter Flectronies Inc., Hialech, Fl).
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aircady have indications thatglvcoprotein D pepude sequences 2-21 and 267-276 are of
nmpor(ancc' immunologyally. so these would be prime candidates tor such analysis. The
sequence  of HSV-1  glveoprotern B has  also been  reported  (Buzik er al. 1984).
Glveoprotem B s also involved in the initial stages of HSV-1 infection, and neutralizing
antibodies have been raised 1o this protein in mice. What we wish 10 do is 1o test
3

those peptides from glveoproteins D and B which are recognized b:) B lvmphocvies (see
above) for therr ability to chat the productuon of monoclonal antibody secreting cells
tn vitro (using the mclh(')d.s described in Chapter HI§. The monoclonal antibodies would
then be analyzed for neutralizing capaaty. Ideally we would hope to find a combination
ol peptides from gl) and gB which would: 1) interact with B cell Teceplors, 2) clicit
the production of necutralizing antibodies :n vitro, and 3) stimulate T cell proliferation
n vztré. Such a combination pepude should have excellent vaccine potential in humans.

C«'\,L
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APPENDIX 1

‘ HUWAN A‘l,\'Ml‘H()(‘\"l'E BREPARATION

T'he lyvmphocyie prcparauon/,s that we have usd were derived from. b‘&f["}-(()d(s
obtained from the -Canadian Red -Cross. The buf‘f‘)—coals\ arrive in the plasmku)llecuon
bags munus the red cells and plasma, although there arc large num'bcrs o‘f red cells’
contaminating the samplc.'l”suggcs( that all Randling of human céll.\ be carried oul
under level B biohazard containment, prior 1o the AIDS epilemic l“ was adlwavs
conscious of lhc‘ risks of hepatitis. Testing of all blood Qamplcs obtained through the

Red Cross 1s carried out, but the processing of tests takes a couple of davs. Sice vou

will be handling fresh samples take every precaution. o : i R
. ' 4
Ask for a serum sample from each donor so vou can screen for antibodies (o
. A

larget antigens.

Protocol? .
" ¢

L. Set up 3 x50 ml centrifuge tubes for eac uffy-coat to be processed.

2. Pipet 20 mi of Ficoll-Hvpaque (Pharmacia) into each tube.

3. Prepare a sterile 250 ml conical flask for each buffy-coat. You will be diluting

the buffy-coats in this bef@re loading the Ficoll-Hypaque tubes.

4. Wipe the bag containing the buffy-goats with Kieenex'sélurateq in 70% EiOH.

-Sterilize all imstrumenys, e.g. scissors that are lo come into contact with the

o

bag/buffy-coat..

5. Snip one of the bags \outlet tubes and- decant the buffy-coat into the 250 ml
flask. Disposé' of bag in Biohazard v'vaste. . .
- . - ' i ) A ( o
6. Dil{le buffyh-coal 1:1 with RPMI-:640 containing 25-40 ug/ml Gentamycin.
? - -
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7. Overl%’_\‘ the blood/medium muvture over the Ficoll, taking care not to let the two

174

-

qphases mix.

k. Centrifuge at 1500g for 20 minutes, RT.

g

9. Gesatly aspirate media, leaving 1-2 m! above the lvmphocvie laver.

e 10, Add’"of RPMI-1640 contaimng 10% FCS mto 15 ml tubes.
. . . \

11. ‘Wx’(hv pasteur pipette, aspirate the lvmphocyte layer. taking in some Ficoll and

s medium, ‘and transfer to 1S mi tubes.

12, Top tubes off with medium and ccmrif’ugc at 500 g for 10 mun.
&
-j,H. Aspirale supernatant, leaving cell pellet intact. then resuspend cells in 2 couple of ~

mi of RPMI- 1640 and’ top up the tube. Centrifuge (’or.‘7 min at S00 g Take a

>

sample of cells 10 count then repeat the wash once more.

‘14, leave tubes on ice for 5-10 quins. 3§ .

15 Aliqu'ol and freeze cells at a density of 1 A 10° cellsyml, in freezing medium: 10%

DMSO. 20% FCS. in RPMI-1640. - - ”

-

16. Transfer .cells to -70° freezer as quickly as possible. .

Q.

LEN

~
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APPE?I@[X 11

T-CELL DEPLETION
T-cells are depleted from both potential fgeder layers and from cells about 10 be
~transformed. T-cells are depleted b\ rosetting whh AFT- (2-aminoethylisothiouronium
bromide hydrobromide) .coated sheep red blood «cells (SRBC) and separation over

Percoll.

‘To prepare ARET-SRBC: ’ R
. *( / ' . -

1. Standard recipe = 402 mg AET/10 mi .ddH,0

\ ' -.
nbt overshoot® - Do nol

L)

Adjust pH to 9.0 with 5M NaOH (100-120 drops). Do

re-adjust pH with HCI ‘ o '
3. Filter through 0.2 um filter.

4. Wash SRBC x» 3 with RPMI-1640.

-
&

5. Add 4 vol. AET to 1 vol SRBC and mix thoroughly.

- -

6. Incubate at 37" fors 30 muin, mixing_occasionaly .

7. .Wash 5x with RPMI-1640. 4 i

“S. Make up 10 4% v/v With RPMI-1640 +"10% FCS.
AET-ARB,C will last up to 7 days at 4", but wash once before use.
a g-

. R ' . . ) \ r
To préepare Percoll for T-cell rosetting: 1/

-

" 1. Take 9 volumes Percoll .(Pharmacia) +* 1 volume 10x PBS (1:9 dilution —

-

-isotonic Percolb).
N.B. Percoll can only be autoclaved before addition of PBS, so handle. with care

’ . . : 4
sterile technique. . -

: ’f_/\\ 175
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‘ .
2. Weigh density bottle .
Weigh density bottle + dis{ill-ed’valcr ' ) .
® “
Carefully dry density botte andre-weigh .o
Weigh density bottle + Percoll-PBS T
Clean and dry density bottle and reweigh
o Werght of Percoll-PBS = weight of Percoll-PBS + bottle 1111;1115 bottle alone
%‘chght of distilled water = weight of water and bottle minus bottle |
Spegific gravity (_densily) = weight of Percoll-PBS/weight of water -
3. Weighr density bottle .
Weigh density boule + RPMI-1640 with 5% FCS .

Clean and dry density bottle and reweigh

Specific gravitv (density) = W%ghl of RPMI-1640 with 5% FCS/weight of w"a(er"ﬁf'_ ‘

. . ) . -
4. - Cajculate the density required (1.080 g/ml) according to the formula:

.

Lo SV-va : .
(D ~ d) .

D = density of Percoll-PBS
e

d = density of medium *
S = density required (1.08)

V = volume required (100 ml) o -

X = ~ml & Percoll-PBS : .

N.B. It is very important to be ‘accuratefwhen weighing. The proportion _ of
: , - s .

Percoll-PBS to medium should always roughly be 60:40. ‘\' v
P for stock 'iso’-osmotic\gercoll in saline (SIP) = 1.123 g/ml.. ‘

Y
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T-cell depletion:

~1

In a md  bottomed  tube (e Nuncatom unmiversal  contamer, >S5 ml  with
I

serew-cap) for cach 100 PHBL add 1 _mi 4% AET-SRBC m 8% FCS Use 100 cells
) 4

mantmum- tube

/ -
.

Centrifuge 10 min at 400 g Fet st on ace for 1 Hour

\

Aspirate supernatant but tcave enough to form j workable memiscus

\

Resuspend pellet by gentle honivontal twisting anverson This mayv take up 1o 13

min

Undcrla;{)\B(rmll (1.08 g/ml) ;‘u a rano 2 »"'ulk cell T vol Percoll

-

Centnfuge 20 min at 1000 g v

-

A5

. ¥ . .
Collect interphase cells: et macroscopic RBC clumps scttle for -5 pun and remove

carefully by pipette.

Dilute  mononuciear suspension in RMPL- 1630, peliet at 750 g tor 10 min and

wash once.

Recovery should be 10-30% of 1nput PBL.

- -

~




APPENDIX 111
[

SPECIFIC PRECURSOR FNRICHMENT (PANNING)
We have used this method for human monocional antibedy production and antigen -

sarecning by flow ovtometry

Procedure:
I Adhert stenle antigen to 6 well Costar Plate (S 10 ggzml, \)VCIngBl) .
2 Wash antigen-bound plate 3x and block it with 100% FCS for 1 hour at &

3. Under stringent 4 conditions, add 5 1 100 B Ivmphocvies/well 1n 2 ml RPMI-1640

L}
contaming 5% +CS.
¢ -
4 Allow 10 settle fop 2-3 hours. . .

5 (icnﬂy swirl and aspirate unbound celis. Wash by slowly adding cold RPMI-1640 )
with 5% FCS doWn one side of well. and genuy swirl. One wash may be sulfic-

~

ient to remove more than 95% of non-specific tymphocyies. )
5 J

»

6. Remove bound ¢ells by vigorous direct pipeting with 4 RPMI-1640 with 5% FCS.

y I
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@ APPENDIX 1V

,g:& EBY TRANSFORMATION

B
1 Rew‘)%pcnd up to 10° B-lvmphocvies or precursor enriched cells in 1 ml of IK
e N '
at 10° transformuing umts/mlb of RPMI-1640 contaiming 20% FCS.

> Incubate at 37 for 2-3 hours, no longer or the virus will kil the lvmphocvtes.

<
30 Centrifuge S minutes at 400 g

b
4. Aspirate supernatants observing MRC bioharzard guidelines.

)

S. Resuspend cells to desited concentrations of cells in RPMI-1640 contaiming  20%
] - N

FCS.

\
]

6. Plate out using limlling dilution culture technique, starting density 10" decreasing

stepwise, S a 10% 10% S x 10%; 10% S « 10° 108 cells/well. Use a feeder layer of

1 x 10" y-irradiated B ¢ells/well (irradiated with 2000 rads on ice). -
Do not disturb cultures for 9-11 days. '
- -
»
. S
/ .
{
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‘ ‘ APPENDIX ¥

MONOCYTE DEPLETION s

Although not -stnctly  necessary for the production of human mongclonals, this 18
required for B lymphocyte analysis by flows cytometry. Monocyles are remgved by incu-
bation with RPMI-1640 contamning Carbonyl Iron and Gum Arabic (IGA). Monocytes
;:hagocvmsc ron, increasing their density, which allovs.scparallon from the B hvmpho-

cvies by centrifugation over Percoll.

1. Prepare CIGA stock solution of 5 g Carbonyl lron (Sigma) and 5 g Gum Arabic

(Sigma). Have sterilized by 1rradiation.

rJ

Prepare a working solution of 10% CIGA stock in RPMI-1640 medium with or

without 5% FCS.

3 Incubate 10* lymphocyvie/monocyie cells in 10 ml working CIGA solution at 37

for 45 min with constant mixing. N
4 Underlaver 1.08 g/ml Percoll. ratio 2 yol medium:1 vol Percoll.

S. Centrifuge at 1‘,500-g for 20 mun.

The B Ivmphocytes appear as an interphase band while the monocytes will pellet. Flow

_cvtometric analysis of the monocyte depleted B lymphocytes is shown in Figure 33.
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FIGURE 33
ANALYSIS OF THE SIZES OF CELL POPULATIONS BY FLOW CYTOMETR)Y

The cell tvpes present in a sample of peripheral blood cells depleted of c'r_\lhroc_\'ws'
platctets and T tvmphocvies were analyszed. Panel A indicate the presence of two cell
populations. monocytes indicated by the arrow, and B lymphocyies. As pancl B shows,
the monocvies may be removed by incubation with carbonvl iron and gum arabic
followed by separation over Percoll gradients.
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