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SUMMARY 

ability to bind human IgG by the Fe portion of the molecule, however, neither 

the functional role nor the physical nature of these receptors has been · 

established. Electron microscopy using immunogold probes, has revealed the 

unexpected presence of an Fe receptor in the tegument of the HCMV particle 

itself. This study describes the isolation and characterization of that Fe 

receptor. 

Pure Fe fragments of IgG were obtained by ion exchange chromatography and 

gel filtration of the products of concentrated IgG after hydrolysis with papain. 

Specific Fe probes were prepared by coupling the purified Fe fragments to 

colloidal gold particles. These were used for immuno-precipitation, as well as 

for visual identification of Fe reactions on Western blots or electron 

microscopy. 
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HCMV virions were obtained from the supernatant culture fluids of infected 

human embryonic fibroblasts (HEF) and concentrated by ultracentrifugation. 

Treatment with Triton X-100, caused disruption of the virion envelopes and 

allowed release of, the tegument proteins into the Triton phase. The insoluble 

capsids did not bind the Fe-gold probes and were removed by centrifugation. 

Fe-binding proteins were immunoprecipitated from the Triton phase, using large 

colloidal gold particles coupled to the Fe portion of human IgG, and shown by 

SDS PAGE to consist of polypeptides of 70 and 33 kDa. 

After electro-transfer to nitrocellulose membranes, the 33 kDa component 

retained the capacity to bind human Fe. In addition, the 33 kDa protein also 

reacted, on Western blots, with beta 2-microglobulin (,B.,m). Previous work 

(Stannard, 1989) has shown by electron microscopy that ,B2m, also binds to the 

tegument of the HCMV virion. In the present study, tegument proteins which 

reacted with ,B1m yielded polypeptides identical in size to those which bind Fe. 

Identity was further confirmed by two procedures: firstly, proteins which had 

been precipitated by ,B2m, could react, on Western blots, with Fe, (and vice 

versa); secondly, the Fe-binding protein which was extracted from a mixture of 



viral proteins by affinity chromatography reacted equally strongly with both Fe 
and /32m on dot blots. 

5 

These findings suggest that the Fe receptor in the tegument of the HCMV virion 
is the same as that which binds /32m. The relevant protein appears to be a non-

covalently linked hetero-dimer consisting of a 33 and a 70 kDa subunit; with the 
binding property for both Fe and /32m residing in the 33 kDa subunit. This 

study has also demonstrated that the tegument Fe receptor of HCMV reacts not 

only with human IgG, but also with certain monoclonal antibodies, all of which 

belong to the IgG 1 subclass of murine IgG. 

Implications and relevance of the novel HCMY Fe receptor are discussed. 



INTRODUCTION 

HUMAN CYTOMEGALOVIRUS 

Family: Herpesviridae 

Subfamily: beta-herpesvirinae 

Genus: cytomegalovirus 
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In the early twentieth century, the tissues of certain infants, dying of a systemic 

disease, were shown to contain enlarged or "cytomegalic" cells with 

characteristic intra-nuclear inclusions. The condition was termed Cytomegalic 

Inclusion Disease (CID). The pathology was initially attributed to a protozoan 

infection, but evidence for a viral aetiology for the disease was provided by 

Cole and Kuttner (1926) who were investigating a similar disease in guinea 

pigs. These workers showed that material from the salivary glands of guinea 

pigs, that had the typical histology of CID, could produce an infection 

(clinically and histologically similar to CID) after passage through a Berkfield N 

filter. This excluded the possibility that the infection was caused by a bacterium 

or protozoan. 

In 1956, three different groups of investigators were successful in culturing the 

human virus in vitro in human embryonic fibroblasts (HEF). The laboratory­

adapted strain, AD169 of human cytomegalovirus (HCMV), originates from 

virus isolated at that time from adenoidal tissue of healthy children ( Rowe et 

al. 1956). Cytomegalovirus derives its name from the cytopathic effect that it 

causes in cell culture, namely the production of enlarged and refractile cells. 

Staining of these cells with haemotoxylin and eosin reveals the presence of 

prominent intranuclear inclusions which are identical to those seen in the tissues 

of infants dying of CID. 

EPIDEMIOLOGY 

,Cytomegaloviruses are strictly species specific and humans are the only 

reservoir for HCMV. The virus may be detected in various body fluids such as 

saliva, urine, cervical or vaginal secretions, semen, breast milk, tears, faeces or 

blood. Transmission occurs with close person to persor:i contact. After primary 

infection, the virus establishes a persistent infection in its host who may excrete 
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virus for prolonged periods. Virus may also be shed intermittently throughout 

life, which greatly increases the opportunity for horizontal transmission of 

infP.r.tion to SllSr.P[ltih]P. incfivicf11::ils f'.mwcfine ::incf ]::ir.k of hyeiP.nf' is ::t<;snr.i::itf'n 

with higher rates of infection. Thus in the third world, the majority of children 

have been infected by the age of puberty. Primary infection usually occurs in 

the first few years of life. One percent of infants are congenitally infected; 

others may be perinatally infected by maternal genital secretions during birth or, 

during the first few months of life, from virus excreted in breast milk. 

Transmission between toddlers and young children is common, although the 

precise route of infection is not known. In first world countries, only 40% of 

individuals have serological evidence of exposure to HCMV by the age of 

puberty. Thereafter, the percentage of infected individuals increases gradually 

until middle age. Oral or venereal contact probably accounts for transmission 

post puberty . Other potential sources of infection include blood transfusions 

and organ grafts (Alford and Britt, 1990; Griffiths, 1990). 

CLINICAL l\'IANIFESTATIONS 

When infection occurs in childhood, symptoms are usually mild or inapparent. 

Older children and adults may suffer an infectious mononucleosis-like illness. 

Primary or recurrent infection with HCMV during pregnancy may result in 

congenital infection of the foetus , sometimes with serious consequences for the 

newborn. It is as yet unclear what factors determine both the transmission of 

virus in utero and the severity of disease in the foetus. Approximately five 

percent of congenitally-infected infants are born with clinical evidence of 

disease, which in severe cases may present as growth retardation , jaundice, 

hepato-splenomegaly, thrombocytopenia, encephalitis or microcephaly. In these 

cases the prognosis is poor. The infected infants who appear normal at birth 

(95 % of all congenital infections) may later develop sequelae such as mental 

retardation , blindness, deafness and learning disorders (Alford and Britt, 1990; 

Griffiths, 1990). 

Immunosuppression usually exacerbates the severity of infection caused by 

HCMV. Immunocompromised patients may develop pyrexia, pneumonitis, 

hepatitis, retinitis, leukopenia or thrombocytopenia. Disease is likely to be 

most severe in the case of a primary infection, but reactivation of latent virus or 
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reinfection by another strain of HCMY (which can occur despite the presence of 

both neutralizing antibody and specific cell-mediated immunity) can also cause 

involving sero-positive renal allograft recipients, showed that symptoms are 

more commonly associated with reinfection of the host with the donor strain of 

HCMY, than with reactivation of endogenous virus. In transplant recipients, 

infection with HCMV is also associated with an increased rate of graft rejection 

(Waltzer et al., 1987). Whether this is due to decreased immunosuppression, or 

to an alteration in the graft tissue, is not clear. It may be relevant that infection 

of human fibroblasts with HCMV in vitro, is known to increase the expression 

of class I HLA antigens, the major target recognised by immune cells during 

graft rejection (Grundy er al. , 1988) . 

A report by Waltzer er al. (1987), which examined rejection rates in renal 

allograft recipients, indicated that the beneficial effects of matching donor and 

recipient HLA antigens was nullified when infection with HCMY supervened. 

In a similar study of liver transplant patients, who became~ infected with 

HCMY, O'Grady er a/.(1988) found that, contrary to expectation, the risk of 

chronic rejection was greater in those cases where the donor and recipient 

tissues were well matched with respect to the DR (HLA class II) antigens, than 

in those cases where the tissues were poorly matched. Chronic graft verses host 

disease has also been significantly associated with HCMV infection in bone 

marrow transplant patients (Lonqvist er al., 1984). Clearly, the effect of 

HCMV infection in graft recipients is more complex than that of an 

opportunistic infection in an immunocompromised host. 

VIRUS 1"10RPHOLOGY AND MORPHOGENESIS 

The morphology of HCMY virions is typical of that of all herpesviruses. 

Particles, approximately 150-200 nm in diameter, have a membranous envelope 

surrounding a 100 nm icosahedral capsid which contains the dsDNA genome. 

The envelope contains a variety of virus-encoded glycoprotein projections. 

Between the capsid and the envelope is a proteinacious layer termed the 

tegument or matrix. An additional particle, known as a "dense body", is 

formed in HCMV infected cells. These large dense particles consist of 

predominantly tegument proteins, surrounded by a membrane containing viral 



glycoproteins, but lack a capsid and nucleic acid and are therefore non­

infectious. 
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In vivo, HCMV appears to replicate predominantly in cells of epithelial origin. 

In vitro, however, only human fibroblasts are fully permissive to productive 

infection by HCMV. The virus is also capable of adsorbing to, and penetrating 

a number of other cell types in vitro, but replication does not advance beyond 

the immediate early phase. The block to complete viral replication in these cells 

has not yet been elucidated (Sissons et al., 1986). 

The major receptor for HCMV on human fibroblasts is a 30 kDa membrane 

glycoprotein (Taylor and Cooper, 1990). After adsorption of the virus to its 

specific cell surface receptor, entry into the cell occurs by membrane fusion of 

the virion envelope with the plasma membrane. Little is known about the early 

events in the replication of HCMV, but it is assumed to be similar to that of 

herpes simplex virus (HSV). Virus is uncoated in the cytoplasm and naked 

capsids are transported to the nuclear pores where viral DNA is released into the 

nucleus. 

Replication of HCMV proceeds under the control of sequentially activated viral 

genes. The first proteins to be synthesized are encoded by the immediate early 

or alpha genes. These are required for the transcription of mRNA for the 

second group of proteins, the beta or early genes. The ~ proteins are required 

for the replication of the viral genome. After multiple copies of viral DNA 

have been synthesized, the gamma or late genes (which code for structural 

virion proteins) are transcribed, and the proteins synthesized. This cascade 

synthesis of viral proteins is similar to that of HSV, except that in the case of 

HCMV, the period between DNA replication and the synthesis of the y proteins, 

is delayed, resulting in a marked prolongation of the replication cycle. 

Capsid assembly occurs in the nucleus and the virus acquires its envelope by 

budding through the inner nuclear membrane into the perinuclear space. From 

there, virions probably enter the endoplasmic reticulum and are transported to 

the golgi apparatus. Glycosylation and maturation of the virion envelope 

glycoproteins probably occurs in these organelles. Mature virions are 

transported in vesicles to the plasma membrane and are released from the cell. 
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VIRUS STRUCTURAL PROTEINS 

Two proteins make up the capsid of the virion; a 150 kDa protein, known as the 

major capsid protein and a 34 kDa protein, known as the minor capsid protein. 

The minor capsid protein probably plays a role in capsid assembly (Stinski, 

1990). 

Proteins of the envelope are more complex. Three immunologically distinct, 

covalently-linked glycoprotein complexes have been separated from membrane 

preparations of HCMY after solubilization with Triton X-100. These 

complexes have been designated gel, gcll and gcIII (Gretch et al., 1988a): 

The gel complex consists of three protein species which, after reduction have a 

molecular weight of 95, 130 and 55 kDa (Farrar and Greenaway 1986). The 

55 kDa protein has strong homology with the glycoprotein gB of HSY, 

Epstein-Barr virus (EBY) and Yaricella-Zoster virus (YZY) (Cranage et al., 

1986). Morphologically, this protein appears as 12-14 nm protein spikes, 

occurring in clusters on the virion envelope (Stannard er al., 1989). 

The gcll complex is probably a multimeric form of a single protein which has a 

(reduced) molecular weight of 47-52 kDa (Gretch er al., 1988b). This protein 

appears to be coded for by a number of homologous genes. It has not been 

shown to have homology to any other herpesvirus glycoprotein. 

The gcIII complex is a heterodimer, consisting of subunits of 86 and 145 kDa 

(Gretch et al., 1988). The 86 kDa protein appears to have some homology to 

the glycoprotein gH of HSY, particularly in the C-terminal half of the protein 

(Cranage er al., 1988). 

Although little is known about the role of the proteins that comprise the 

tegument of the virion, five genes have been identified which code for known 

tegument proteins (Stinski, 1990), all of which are phosphorylated 

proteins (pp): 

The 71 kDa "upper matrix" protein (pp71) which is present in the virion, but 

not in dense bodies (Rueger er al., 1987; Stinski, 1990). The function of this 

protein is not known. 
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A 65 kDa protein, known as the II lower matrix II protein, or pp65, is found in 

both virions and , abundantiy , in dense bodies. This protein appears to be 

present in larger amounts in laboratory adapted strains than in wild type strains. 

It has protein kinase activity, phosphorylating serine and threonine residues 

(Rueger et al., 1987; Stinski, 1990). 

A matrix protein of 67 kDa (pp67), like pp65, also appears to have protein 

kinase activity (Davis and Huang, 1985). The function of kinase activity 

associa,ted with tegument proteins is not known, although it has been suggested 

that they may play a role in regulating transcription, viral DNA synthesis or 

virus assembly (Stinski, 1990). 

The tegument protein pp150, which occurs only in association with the virion 

and is absent from dense bodies, is highly immunogenic (Stinski, _1990). It has 

an unusual form of glycosylation, where N-acetyl glucosamine is 

0-glycosidically linked to the protein (Benko et al., I988) t This form of 

glycosylation also occurs in nuclear proteins associated with the nuclear pore 

(Hart et al. , 1988). 

The fifth phosphorylated matrix-tegument protein, pp28, is hydrophilic and 

highly immunogenic. Its function is not known (Meyer et al., 1988). 

INTERACTION OF HCMV WITH J32m 

While attempting to develop an enzyme-linked-immunosorbant assay (ELISA) 

system for the detection of HCMV, McKeating et al. (1985) observed that, 

although virus harvested from cell culture fluids was readily detectable by the 

test , virus from fresh urine failed to bind to the monoclonal antibodies attached 

to the ELISA plate. When the urine samples were re-tested after a period of 

storage, many of the samples which had originally been assayed as negative, 

became positive. They concluded that fresh urine contained a factor which 

. bound to the HCMV virion and masked antigenic determinants, but which was 

released, possibly by proteolysis, on storage. The same workers later showed 

that virus isolated from both urine and cell culture fluids was able to bind to the 

host protein beta-2 microglobulin (~2m) (McKeating et al., 1986) and 



12 

furthermore, that P2m inhibited the attachment of specific monoclonal antibodies 

to whole HCMV virions (McKeating et al., 1987). 

p2m is a 12 kDa protein which is non-covalently associated with the 45 kDa 

heavy chain of the class 1 HLA molecule. This protein complex is abundantly 

expressed on the surface of all nucleated cells and its major function is to bind 

peptides derived from the degradation of proteins synthesized within the cell, 

and to present them to T cells (Roitt, 1988). P2m is shed from the surface of 

the cell and may be detected in small amounts in both serum and urine (Evrin 

and Wibell, 1972). 

Studies by Grundy et a/.(1987a; 1987b), indicated that viruses in cell culture 

did not associate with P2m intracellularly, but bound P2m only after the release 

of virions from cells. In addition they reported that attachment of P2m to 

HCMV, resulted in enhanced infectivity, and that P2m .and HCMV virions 

compete for similar binding sites on human fibroblasts. Because binding of 

HCMV to Raji cells (a lymphocyte line that expresses class) HLA antigens) 

was greater than binding to Daudi cells (which do not express class I HLA 

molecules), they concluded that HCMV uses the class I HLA antigen as a 

receptor for entry into cells. This conclusion has been challenged by Taylor and 

Cooper (1990) who claim that the major receptor for HCMV on human 

fibroblasts is a 30 kDa membrane glycoprotein. These workers were unable to 
demonstrate binding of virions to either P2m or the heavy chain of the HLA 

class I molecule. 

By means of immunoprecipitation studies, Grundy et al. (1987a) showed that the 
P2m-binding property of HCMV was associated with two virion proteins with 

molecular weights of 36 and 65 kDa. Because these proteins could be 

solubilized by treatment of virions with Triton X-100, it was assumed that the 
P2m-binding components were viral envelope glycoproteins. However, 

Stannard (1989) demonstrated, by means of immunogold electron microscopy, 
that P2m bound, not to the envelope, but to the tegument of the virion. 

In view of the fact that P2m normally occurs as a complex with the heavy chain 

of the class I HLA molecule, it was of great interest when Beck and Barrell 

(1988) discovered an open reading-frame in the HCMV genome which codes 

for a protein with homology to the HLA class I heavy -chain. The sequence of 
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the open reading frame (termed UL 18) suggests that the gene product, if 

expressed, would be a membrane protein with a predicted unglycosylated size of 

45 Id)~- -

STRUCTURAL COMPONENTS OF lgG 

IgG is a "Y"-shaped molecule (fig. I) . It consists of four polypeptide chains; a 

pair of heavy (H) chains and a pair of light (L) chains. Each heavy chain 

consists of four homologous stretches of amino-acids which fold to form 

repeating globular units, called domains. There is one variable (V) domain, 

designated VH , and three constant (C) domains designated CH 1, CH2 and 

CH3. Each light chain consists of one variable domain (VL) and one constant 

domain (CL). The third and fourth globular domains (CH2 and CH3) of the 

two heavy chains associate with each other to form the stem part of the "Y" ( or 

Fe portion). The first two domains of each heavy chain, VH and CH 1, 

associate with a light chain to form the two arms of the "Y" ( or Fab portion of 

IgG). The distal end of each Fab arm is the part of the Ig9 molecule that 

interacts with a specific antigen. The two antigen-combining sites are each 

composed of portions of the variable domains of one heavy and one light chain. 

Between the Fe and Fab components is a hinge region of variable length. It is 

at either end of the hinge region that the IgG molecule is sensitive to proteolytic 

attack (Metzger, 1990) and can be cleaved to form Fe and Fab fragments. 

Digestion with the proteolytic enzyme, pepsin, cleaves the IgG molecule at the 

Fe aspect of the hinge region to yield an abbreviated Fe portion , termed Fe', 
and an F(ab')2 fragment in which the two Fab arms are still linked by means of 

the hinge. Digestion with papain, cleaves the IgG molecule at the Fab end of 

the hinge, to yield two separate Fab fragments and one Fe fragment. Because 

of their homogeneity, purified Fe fragments have the propensity to crystallize. 

This property, first noticed by Porter ( 1959), resulted in the term "Fraction 

crystallizable", or Fe. 
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PAPAIN 

Fab 

"""""'" __________ .,. .. ----------- f 

Fe 

Fig. 1 

Model of an IgG molecule; ovals represent immunoglobulin domains. Those labelled CHI, 

CH2, CID and CL are the constant domains of the heavy and light chains respectively. 

Those labelled VII and VL are the variable domains of the heavy and light chains. The site 

at which papain cleaves IgG is indicated. 

Fe RECEPTORS 

Antibodies have two major functional regions, they bind to specific antigens via 

the two Fab antigen-binding sites, and they stimulate other essential functions of 

the immune system via the Fe portion of the molecule. The interaction of the 

Fe with specialized receptors on the surface of cells of the immune system, 

triggers various responses. When an Fe receptor engages its ligand, a signal is · 

transmitted across the membrane of the cell. The nature of the cellular 

response, is determined by the cytoplasmic portion of the Fe receptor. An 

effector cell may, for example, be triggered to release inflammatory mediators 

(Dessaint et al., 1990); or to phagocytose an immune complex and deliver it for 

degradation to a lysosome (Ravtetch and Anderson, 1990); or it may be 

triggered to lyse an antibody coated cell (Segal, 1990). In addition, Fe 

Receptors (FcR's) on the surface of T and B lymphocytes appear to play 



important regulatory functions in the development of the specific immune 

response (Lynch and Sandor, 1990). 
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The Fe receptors on mammalian cells have been best characterized in man and 

the mouse, and have been identified on macrophages, monocytes, T and B 

lymphocytes, natural killer cells, granulocytes and platelets (Kinet, 1989; 

Gergely and Sarmay, 1990; Ravetch and Anderson, 1990). All FcR's (with one 

exception) are integral membrane glycoproteins which have an extracellular 

portion, a transmembrane segment and a cytoplasmic tail. The extra-cellular 

portions consist of two or three globular domains which share significant 

homology with immunoglobulin domains, and on this basis are included in the 

immunoglobulin superfamily of molecules (Williams and Barklay, 1988) 

(fig.13, page 59). Three groups of FcR have been described:-

Group I contains the FcyRI of man and the mouse. This molecule has a 

molecular weight of 72 kDa. It binds monomeric IgG with high affinity and is 

found only on the surface of macrophages and monocytes. h 

Group II includes the FcyRII of humans and the Fcyllb of the mouse. This 

receptor is widely expressed on monocytes, macrophages, T and B 

lymphocytes, neutrophils and platelets. It has a low affinity for monomeric 

IgG. Effective binding only occurs when many of these receptors are bound 

simultaneously to complexed IgG. Different forms of this receptor are 

expressed on different cells. They vary mainly with respect to their cytoplasmic 

domains which are the regions involved in signal transduction. The different 

forms therefore probably mediate different effector functions, appropriate to the 

particular cell type expressing the receptor. In humans, the Fey RII is coded for 

by at least three genes. Further variation in the structure arises from alternative 

splicing of mRNA transcripts. 

Group ill includes FcyRIII in the human and FcyRIIa in the mouse. This 

molecule is expressed on granulocytes, macrophages and natural killer cells. 

Two forms of this protein, encoded by two separate genes, exist in man. One 

form (FcyRIIIa), which is expressed on monocytes, macrophages and natural 

killer cells, is a conventional integral membrane protein with two extra-cellular 

immunoglobulin domains, a transmembrane region and a cytoplasmic tail. The 

second form (FcyRIIlb), which is expressed exclusively on neutrophils, has an 
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identical extracellular portion, but no trans-membrane or cytoplasmic region. It 

is, instead, attached to a phosphatidyl-inositol lipid in the outer layer of the cell 

mP.mhr::inP. by" elyc::in mnP.ity 

Receptors for the other classes of immunoglobulin, (IgA, IgE and IgM) are also 

abundantly expressed on the surface of cells (Kinet, 1989; Underdown, 1990). 

Soluble immunoglobulin-binding factors for all classes of immunoglobulin have 

been detected in vitro, in the growth medium of cultured, activated 

lymphocytes. Some of these soluble FcR' s may arise by cleavage of the 

membrane-bound Fe receptors by the action of cellular proteases (Fridman and 

Sautes, 1990) . 

Fe receptors have also been identified on non-haematopoetic cells. Receptors 

which play a role in the transport of IgG across epithelial surfaces have been 

identified on the surface of neonatal intestinal cells, various cell types in the 

placenta, and breast tissue in lactating mammals (Simister, 1990). Maternal 

IgG is transmitted to foetal or neonatal animals and provides humoral immunity 

during the first few weeks or months of life. Suckling calves, rats and mice 

receive maternal IgG from colostrum. In these animals, the receptor for IgG is 

expressed on the apical surface of enterocytes in th~ proximal part of the small 

intestine (Simister and Mostov, 1989). It is a hetero-dimer , consisting of a 50 

kDa sub-unit non-covalently associated with a protein of 12 kDa. The 12 kDa 

component has recently been identified as (32m. The 50 kDa sub-unit is a 

member of the immunoglobulin superfamily consisting of three extra-cellular 

immunoglobulin domains, a trans-membrane region and a cytoplasmic tail. It 

has strong homology with the heavy chain of the MHC Class I molecule, 

another protein known to associate with (3 2m. 

The binding of IgG to this complex is pH dependent. Maximal binding occurs 

at a pH of 6.5 (the normal pH of the intestinal lumen) . The IgG-receptor 

complex is endocytosed, transported across the enterocyte to the baso-lateral 

surface of the cell, and the IgG is released from the complex at a pH of 7.4 (the 

pH of the fluid in the interstitial space). 

In humans maternal IgG is passed across the placenta to the foetus. FcR' s have 

been identified on three cell types: cells of the syncyti_otrophoblast, placental 
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macrophages and foetal endothelial cells. In late pregnancy, the 

syncytiotrophoblast forms a single cell layer separating the maternal and foetal 

circulations, and recqtors on these c.ells are likely \o be import.ant in the 
transport of IgG from mother to foetus (Simister, 1990) . Three Fe-binding 

proteins , with molecular weights of 64-67, 52-56 and 30 kDa, have been 

immunoprecipitated from detergent extracts of placental tissue. In addition, two 

clones have been isolated from a cDNA library constructed from human 

placental mRNA, which, when transfected into cells, code for proteins that have 

the capacity to bind Fe. Both gene products are integral membrane proteins 

with extracellular domains homologous to those of the immunoglobulin 

superfamily . 

Little is known about FcR' s expressed on other cell types. Although they have 

been reported to be present on the surface of endothelial cells, myocytes and 

fibroblasts , they have not been characterized and their funct ion is not known. 

Receptors on endothelial cells may play a role in the transport of IgG to the 

extravascular compartment (Simister, 1990) , while those eipressed on 

fibroblasts and myocytes may be important for the catabolism of IgG (Mariani 

and Strober, 1990). 

OTHER Fe-BINDING PROTEINS 

Several proteins which have the property of binding to the Fe portion of 

immunoglobulin, have been identified in micro-organisms \vhich commonly 

infect man. Best characterised of these are the bacterial cell-wall proteins, 

protein A and protein G (Langone, 1982) . Protein A, present in the cell wall of 

staphylococci, binds to human lgG of subclasses 1, 2 and 4. The binding site, 

on the Fe portion of IgG, appears to be between the second and third constant 

domains (CH2 and CH3). Other classes of human immunoglobulin (IgA, IgM 

and IgE), have also been shown to interact with protein A, but in these cases, 

binding appears to be via Fab structures (Inganas, 1981). Protein G of 

streptococci binds to the Fe portion of all subclasses of human IgG . Another 

. IgG-binding protein has been identified on the surface of the human parasite 

Shistosoma mansoni (Torpier et al., 1979). This protein has an affinity for both 
IgG and /32m. 
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Fe-RECEPTORS OF HERPESVIRUSES 

A number of the members of the herpesvirus family induce Fe receptors in the 

cells that they infect. This phenomenon has been demonstrated in the case of 

HSY (Westmoreland and Watkins, 1974), HCMY (Keller et al., 1976) and 

YZY (Ogata and Shigeta, 1979). Best studied is the Fe receptor induced by 

HSY. Johnson and Feenstra (1987) showed that the receptor, which binds 

monomeric IgG, is a complex of two virus-encoded glycoproteins , gE and gI. 

Neither gE, nor gI, alone is able to bind monomeric IgG, indicating that co­

expression of the two glycoproteins is necessary (Johnson et al., 1988). It has 

subsequently been shown that gE alone has some capacity to bind aggregated or 

polymeric IgG (Dubin et al., 1990). Unlike the major HSY glycoproteins gB, 

gC and gD, which are present in the virion envelope, (Stannard et al., 1987), 

the HSY glycoprotein gE has not been found on the virion itself, only on cell 

membranes (L.M .Stannard, personal communication): 

Little is known about the Fe receptors induced by HCMY. A search of the 
~ 

HCMY genome has revealed that there is no homologue for the HSY genes that 

encode gE and gI (the two proteins that make up the Fe receptor of HSY). The 

induction of an Fe receptor by HCMY was first described in 1976 by Keller er 

al. who demonstrated, by means of immunofluorescence, that cells infected 

with HCMY aquire the ability to bind non-immune IgG, but not IgA or Ig!vl. 

Frey and Einsfelder (1984) indentified an Fe receptor, apparently present on the 

surface of fibroblasts infected by HCMY, which bound aggregated IgG 

preferentially. Maximal expression of the receptor occurred late in infection. 

Xu et al. ( 1989) examined detergent extracts of HCMY-infected cells for the 

presence of Fe binding proteins. IgG was shown to bind to electro-transfers of 

six proteins of molecular weights 200, 130, 85, 65, 50 and 38 k.Da. 

Much about the Fe receptor(s) of HCMY remains to be elucidated. By analogy 

with the FcR' s expressed on the surface of mammalian cells, it has always been 

assumed that the receptor is a membrane-bound protein , but whether it is a 

product of a viral gene or a cellular one, is not known. Nor is it known 

whether the protein is present in the virion itself. Recent studies in this 

laboratory (Stannard and Hardie, 1991), have demonstrated that HCMY virions 

do contain a protein which interacts with the Fe portion of human lgG, but 

surprisingly, this Fe-binding protein was found to be ·present in the tegument of 
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the virion, and thus not membrane-associated. The present dissertation 

describes the isolation and characterization of the relevant tegument protein, and 

discusses possible roles Kor the pre.sence~f ~ Fc:-bindit1g protein it\ such an 
unusual location. 
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MATERIALS AND METHODS 

Vll{US 

All experiments were conducted using the laboratory-adapted strain AD169 of 

HCMV. Stock suspensions were kept frozen at -70° C. Virus samples were 

thawed and passaged several times in human embryonic fibroblasts (HEF) 

before use in experiments. 

CELL CULTURE 

Human embryonic fibroblasts (HEF) were grown to semi-confluence in plastic 

tissue culture flasks (Falcon), in Eagle's minimum essential medium (MEM), 

containing 10 % foetal calf serum. Growth medium was removed and cell 

mono-layers were inoculated with AD169 at a high multiplicity of infection 

(m.o.i.)°. The inoculum was allowed to adsorb for 2 h, after which fresh 

medium, containing 4 % foetal calf serum, was added . CeUs were monitored 

daily for the development of cytopathic effect (c.p.e.), and culture fluid was 

harvested when more than 80 % of the cells showed signs of infection. The 

harvest fluid was centrifuged at low speed to remove cell debris, and stored at 

4°c. 

PREPARATION OF IgG FROM HUMAN SERlThI 

Human serum, which was assayed as negative for antibodies to HCMV by 

ELISA, was obtained from Western Province Blood Transfusion Service. The 

serum was warmed to 25° C, and IgG was precipitated by the addition of 18 % 

(w/v) sodium sulphate and incubation at 25° C for 30 min. Precipitated proteins 

were concentrated by centrifugation at 1500 g for 30 min. The supernatant 

fluid was discarded and the pellet redissolved in the original volume of distilled 

water. The precipitation step was repeated and the second precipitate was 

dissolved in approximately 20 ml of 0.02 M sodium phosphate buffer, pH 8.0, 

and dialysed against the same buffer. The sample was then applied to an anion 

exchange column of diethyl-amino-ethyl cellulose (DEAE). IgG, which eluted 

with the starting buffer (0.02 M Phosphate buffer), was concentrated using an 

Amicon filter. 



DIGESTION OF HUMAN IgG WITH PAPAIN 

IgG purified on DEAE cellulose, was concentrated to 18 mg/ml and dialysed 

against 0.1 M sodium phosphate buffer, pH 7.0, containing 0.01 % sodium 

azide. 
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Digestion required 1 mg of papain (Sigma) per 100mg of IgG. The papain was 

"activated" by dissolving it in 100 µl of 0.1 M sodium phosphate buffer pH 7.0, 

containing 0.01 M cysteine and 0.002 M ethylene-diamine-tetra-acetic acid 

(EDTA) (di-sodium salt) . 

Papain was added to 4 ml aliquots of IgG, and the mixture was incubated at 

370 C for 17 h. Digestion was terminated by dialysis against 0.02 M phosphate 

buffer, pH 7.6 (which removed the cysteine). 

SEPARATION OF Fab AND Fe FRACTIONS 

Separation of Fab and Fe fragments was performed according to the method of 

Franklin and Prelli (1960). 

After papain digestion, the IgG was dialysed against 0.02 M phosphate buffer 

pH 7.6, containing 0.01 % sodium azide, and applied to a column of carboxy­

methyl Sephadex C50 (Pharmacia). 

Fe fragments were eluted with the starting buffer (0.02 M phosphate buffer), 

and Fab fragments eluted after the application of a step-wise sodium chloride 

gradient (0.05-0.4M). Both samples were contaminated with undigested IgG 

and required further purification. 

Fe purification: 

Purification of Fe fragments was performed either by crystallization (Sanderson 

and Lanning, 1970) or by gel filtration. 

Crystallization of Fe fragments was achieved by repeated cycles of 

concentration (using Amicon filters) and dialysis against 0.002 M phosphate 

buffer, pH 7.6. The combination of low molarity buffer and high protein 

concentration caused crystals of Fe to precipitate out of solution. These crystals 
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were removed by centrifugation, resuspended and washed four times in 0,002 M 

phosphate buffer. Fe protein was stored in crystalline form at 4° C until use. 

For purification of Fe by gel filtration, the sample was first concentrated and 

dialysed against 0.05 M phosphate buffer containing 0.15 M sodium chloride 

(PBS) , and then applied to a Sephacryl S-200 (Pharmacia) column. The Fe 

fraction eluted ahead of the undigested IgG. 0,05 M PBS was used as eluant. 

Fab purification: 

Fab was separated from undigested IgG by gel filtration chromatography. 

Protein was concentrated to 20 mg/ml , dialysed against 0.05 M PBS, and 

applied to a Sephacryl S-200 (Pharmacia) column. IgG eluted immediatly ahead 

of the Fab, and therefore rechromatography of the Fab fraction was performed 

to ensure complete separation. 

DETERMINATION OF PROTEIN CONCENTRATION 

The concentration of protein in a solution was calculated by first measuring its 

absorbance of light at wavelengths of 280 and 260 nm and then using these 

values in one of the following formulae: 

i)Where the protein was thought to be pure:-

concentration of protein (mg/ml) = absorbance at 280 nm x 10 

extinction coefficient at 280 nm 

Extinction coefficients (i.e. the absorbance of a 10 mg/ml solution at 280 nm): 

IgG = 13.6 

Fab = 15 .0 

Fe = 12.0 



ii)Where the protein was not pure, 

Protein concentration (mg/ml)= (1.55 x absorbance at 280nm) - (0.76 x 

absorbance at 260nm) 

DETERMINATION OF PURITY OF lgG SUB-FRAGMENTS 

"' i)lmmunoelectrophoresis 
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A glass slide ( 100 mm x 60 mm) was covered with 9 ml of 1 % agarose gel in 

tris-glycine barbital buffer pH 8.8. Samples of Fe and Fab fractions were 

loaded into 3 wells, 2 mm in diameter, which were cut in the gel halfway along 

its length. The slide was placed in an electrophoresis tank and strips of cotton 

lint were used to establish electrical connection between the ends of the gel and 

the electrode chambers which were filled with the same Tris-glycine barbital 

buffer, pH 8.8 (see appendix I). A current of 25 mA was applied across the gel 

for 60 min. Thereafter, two troughs, 80 mm in length, were cut lengthwise in 

the agar, equi-distant from the wells on either side. The trbughs were filled 

with a 1: 15 dilution of goat antiserum (Sigma) to human Fe or Fab. Gels were 

incubated at room temperature in a humidified chamber for 24 to 48 h and then 

examined for the presence of immunoprecipitation lines. Unprecipitated protein 

was washed out of the gel with several changes of distilled water, and the 

precipitin lines were stained with a solution containing 0.025 % Coomassie blue 

( see appendix 11). 

ii) Sodium-dodecyl-sulphate polyacrylamide Gel Electrophoresis (SDS­

PAGE) 

A modified version of the Laemmli (1970) discontinuous buffer system: for 

SOS-PAGE was used. Samples of proteins were diluted approximately 1 :2 in 

sample buffer and boiled for 5 min. The samples were then loaded on to 10% 

polyacrylamide slab gels with a 3% stacking gel and electrophoresed at 15 mA 

until the dye front (bromophenol blue) reached the bottom of the gel. Proteins 

were stained with a solution containing 0.025% Coomassie blue. (see appendix 

II for recipes of SDS-PAGE reagents) 
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PREPARATION OF COLLOIDAL GOLD 

CeUoidal goid particles of les~ th~n 10 nm in diameter were prertared according 

to the method of Slot and Geuze (1985). This involved reduction of chloro­

auric acid with a mixture of sodium citrate and tannic acid. Different sizes of 

gold particles (between 3 nm and 10 nm) could be obtained varying the amount 

of tannic acid present in the reduction mixture. For preparation of colloidal 

gold particles of 20 nm in diameter, tannic acid was omitted in the reduction 

step (see appendix IV). 

COUPLING OF Fe, Fab AND WHOLE IgG TO COLLOIDAL 
GOLD 

The coupling of proteins to colloidal gold particles is an electrostatic process (as 

yet little understood). It is impaired in the presence of exess ions, which cause 

the gold to flocculate. For this reason, the proteins, whole IgG and Fab 

fragments, were dialysed against 0.0002 M Borax-HCl buffer, pH 9.0, prior to 

coupling . Because Fe fragments were highly insoluble at low molarity, this 

protein was, instead, rapidly diluted in the same buffer just prior to coupling. 
The pH of the colloidal gold suspension was adjusted with 0.2 M K2C03 to a 

pH close to the isoelectric point of the protein to be coupled. For IgG and Fati 

fragments, the pH of the gold sol was adjusted to approximately pH 8.0, and 

for Fe fragments, gold sols were adjusted to pH 7.0. 

To determine the minimum concentration of protein required to stabilize the 

gold, doubling dilutions of the protein were made in the same buffer (borax­

HCl, pH 9.0), using 10 µI volumes . A 10-fold excess (100 µI) of colloidal gold 

(at the appropriate pH) was added. Gold-protein mixtures were mixed well and 

allowed to stand for two minutes at room temperature. Thereafter, 11 µl of 

10% NaCl was added to each tube. The presence of salt causes flocculation of 

unstabilized gold, and this is detectable by an alteration in the colour of the 

solution from pink to blue. Titration established the minimal concentration of 

protein required to stabilize the gold and prevent its flocculation in the presence 

of 1 % NaCl. 

One volume of protein, appropriately diluted in 0.0002 M Borax-HCI buffer, 

and 10 volumes of colloidal gold were mixed rapidly'and allowed to stand for 
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10 min. Stabilization of the gold was confirmed by examining a small aliquot 

of the prepared probe for its resistance to flocculation in the presence of 1 % 

N~C\ . Bovine .serum a1bumin was added to the pratein-g6''8 mij(ture tD a fova! 
concentration of 1 % . Excess ligand was removed by three cycles of 

ultracentrifugation and resuspension of the gold probe in 0.02 M tris buffer 

pH 8. 2, containing 0.15 M NaCl and 0.5% BSA (TBSA). Probes were finally 

suspended in TBSA containing 0.01 % sodium azide. They were stored in the 

dark at 4° C until use. 

ELECTRON MICROSCOPY 

HCMV AD 169 virions were concentrated from cell culture fluids of infected 

HEF by centrifugation at 38 000 g for 90 minutes and placed on formvar coated 

grids . The grids were allowed to dry, floated on drops of colloidal gold probes 

coupled to either Fe or Fab fragments of IgG and incubated at 37° C for 2 h. 

The grids were then washed with distilled water, negatively stained with 1 % 

phosphotungstic acid (PT A) and examined in an Hitachi 600 electron 

microscope. 

After treatment of HCMV virions with Triton X-100, insoluble components 

were separated from the Triton phase by centrifugation in a microfuge. The 

insoluble components were placed on a formvar-coated grid , exposed to Fe-gold 

and examined by electron microscopy in the same manner as whole virions. A 

sample of the Triton phase was mixed with Fe-gold probes and incubated at 

room temperature for 18 h. Thereafter, it was diluted in 5 ml PB and 

centrifuged at 38 000 g for 45 min. The pellet was suspended in a small drop 

of distilled water, placed on formvar coated grids, negatively stained with 1 % 

PT A and examined in the electron microscope. 

PREPARATION OF VIRAL PROTEINS 

Viral particles were concentrated from the culture fluid of infected HEF by 

ultracentrifugation at 38 000 g for 90 min. Virus pellets were washed once by 

resuspension in PB and repeat centrifugation. The final pellets were pooled and 

resuspended in 0.01 M Tris buffer, pH 7.3, containing 0.15 M sodium chloride; 

0.01 M calcium chloride; 0.002 M phenylmethylsulphonyl fluoride (PMSF); 

1 % ethanol and 1 % Triton X-100. After thorough ag'itation , the sample was 



centrifuged for 10 min in a microfuge. The supernatant (Triton phase) was 

removed and stored at 4° C for use in subsequent experiments. The viral 

proteins conta1ned ir. tht~ fractl~ were termed "jrit:on-selul)le." 

IMMUNOPRECIPIT ATION STUDIES 
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Precipitation of specific proteins from Triton extracts of HCMY virions , was 

facilitated by the use of large (10-20 nm) colloidal gold particles attached to 

specific ligands. Probes to be used as immunosorbants, were coupled to one of 

the following proteins: 

Monoclonal antibody F5 , specific for the HCMV envelope glycoprotein gB (gp 

52) 

Human IgG (whole molecule) 

Human Fe fragments of IgG 

Human {3 ') m (Sigma) 

All the human immunoglobulin used in these experiments was extracted from 

serum assayed as negative for antibody to HCMV . . 

Aliquots of Triton-soluble viral proteins were mixed with specific colloidal gold 

probes and incubated at 37° C for 18 h. After incubation , gold conjugates were 

concentrated by ultracentrifugation at 38 000 g for 60 min and washed by three 

cycles of centrifugation in phosphate buffer. The pellets were suspended in 

electrophoresis sample buffer containing 5 % beta-mercapto ethanol (BME) (see 

appendix II), boiled for five minutes, and subjected to SDS-PAGE on 10% 

polyacrylamide gels. 

DIGESTION WITH N-GL YCOSIDASE F 

(Elder and Alexander, 1982) 

Enzymatic digestion with the endoglycosidase, N-glycosidase F (Boeringer­

Mannheim), was performed according to the method recommended by the 

manufacturers. 
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Triton-soluble viral proteins were mixed with gold particles coupled to: a) Mab 

F5 (anti-gB of HCMV), orb) Fe of human IgG, and incubated at 37° C for 

18 h. Qold-prot,ejn conjugates we~ conoonttate.d Oj' vltracentr~fugat,Ot\ anr-l 

washed twice with phosphate buffer. The pellets were resuspended in a buffer 

containing: 0 . 1 M sodium phosphate pH 7.6; 0.5 % SDS; 0.1 % BME; 0.01 M 

EDTA (the total volume of sample was approximately 30 µ1) and boiled for 

10 min. The samples were then diluted to a volume of 150 µl in a 0.1 M 

sodium phosphate buffer containing 2 % Triton; 0.1 % BME; 10 mmol EDTA 

and 2 mmol PMSF and cooled to 4°C. 

Each sample was divided into two aliquots, one to be subjected to enzyme 

treatment, and one to remain untreated as a control sample. 0.6 units (3 µI) of 

N-glycosidase F was added to each test sample, and an equal volume of distilled 

water was added to the two control samples. The specimens were incubated for 

18 hat 370c, then diluted in sample buffer to yield a final concentration of 

2 .5 % SDS and 5% BME. Mixtures were boiled and subjected to SOS-PAGE, 

on a 10 % polyacrylamide gel. Protein bands were visuali~ed by staining with 

Coomassie blue. 

WESTERN BLOTS 

Proteins separated by PAGE were electro-transferred to nitrocellulose 

membranes either in a tank filled with transfer buffer or by the dry blot 

technique. The gel and nitrocellulose were placed face to face , and , in the case 

of the dry blot procedure, sandwhiched between sponges soaked in transfer 

buffer. 

In the tank procedure, the gel and membrane were clamped in a cassette 

between Scotch-Brite pads and submerged in a tank filled with transfer buffer. 

Application of a current of 200 mA between the electrodes for 2 h was 

sufficient to transfer most of the protein in the gel to the nitrocellulose 

membrane. 

· After transfer, membranes were soaked over-night in a 1 % solution of bovine 

serum albumin . The membranes were cut into strips and covered with colloidal 

gold particles coupled to various proteins, including, human IgG (whole 

molecule), Fe fragments, /32m, Mab F5 and a number. rnurine Mab's of sub-
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classes IgGl, 2a, 2b and 3, specific for antigens unrelated to HCMV. After an 

incubation period of 7 to 18 h at room temperature, strips were washed in 

distilled water, and adiorbed probet wete \Jisualized byent,aocetmnt.4f tlvt gal, 
with silver ions (Intense M, Janssen). 

PREPARATION OF Fe AFFINITY COL~IN 

Cyanogen bromide (CNBr-) , covalently attached to sepharose beads, can be 

used to immobilize proteins of choice, thus forming effective substrates for 

affinity chromatography. CNBr- captures protein by covalent linkage to free 
NH2 groups. 

A sample containing 8 mg of purified Fe fragments was prepared for coupling 
by dialysis for 18 h against a 0.01 M NaHC03 buffer, pH 8.3, containing 

0.5 M NaCl. One g of CNBr--activated sepharose 4B. (Pharmacia) was 

suspended in, and extensively washed with, 0.001 M HCl, under suction in a 

buchner funnel. Wet gel was added quickly to the protein solution and rotated 
h 

end-over-end for 4 h at room temperature . The gel was separated from the 

supernate by low speed centrifugation, and the fluid was tested spectro­

photometrically for the presence of unattached protein. 

To saturate residual binding sites , the gel was resuspended in a solution 

containing 1 M ethanolamine (pH 9 .0) and rotated enctover-end at 4° C for 18 h. 

Thereafter, the gel was washed alternately with three changes of Tris-HCl, pH 

8.0, in 0.5 M NaCl; and 0. 1 M acetate buffer, pH 4.0, in 0.5 M NaCl. Finally 

the gel was resuspended in 0.05 M Tris-HCl, pH 7.5 containing 0.01 % sodium­

azide, and poured into a column. This was stored at 4° C until use. 

EXTRACTION OF Fe BINDING PROTEINS BY AFFINITY 
CHROMATOGRAPHY 

It is recommended that affinity columns be washed before use with the 

dissociating agent which will subsequently be used for elution. This will 

remove protein that is loosely attached to the stationary phase which would 

otherwise elute with the specific ligand . As the nature of the interaction 

between the viral Fe-binding proteins and the Fe portion of IgG was not known, 

the choice of a suitable dissociating agent was difficult. For this reason, the Fe 
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affinity column was pre-treated with a number of dissociating agents, including, 

10% Dioxane, l M acetic acid and 3 M potassium thiocyanate (KSCN). After 

e~ treatmettt, the column w~ wa~ed widi 10 tolv~ vo-lutre£ of 0.&5 M 
Tris-HCI containing 0.15 M sodium chloride (TBS). 

To ensure that proteins did not adsorb non-specifically to the sepharose, Triton­

soluble HCMY proteins were first passed through a 5 ml sepharose 4B column 

and then through the Fe affinity column. By connecting the outlet of the 

sepharose-4B column to the inlet of the Fe-affinity column, viral proteins were 

cycled three times through both columns at a flow rate of approximately 

0.1 ml/min. Thereafter, the Fe-column was washed with 20 column volumes of 

TBS to remove any unbound protein . Elution of specifically bound proteins was 

attempted by washing the affinity column with successively: 1 M acetic acid, 

3 M KSCN, 10 % dioxane and 1 % SDS. The absorbance at 280 nm of the 

eluates was monitored with a uvicord. After each attempt at elution , the eluate 

was collected, concentrated and subjected to SDS PAGE to examine for the 

presence of protein. 

DOT BLOTS 

Approximately 6 µl aliquots of the protein solution which had been eluted from 

the Fe-affinity column, were spotted onto nitrocellulose membranes which had 

been presoaked in transfer buffer. Samples were applied to the membranes 

under suction in a Buchner funnel. The membranes were then soaked for 18 h 

in 1 % BSA. Separate blots were allowed to react for 24 h with suspensions of 
colloidal gold coupled to: Fe, {32m or anti-gB (Mab FS). Membranes were 

washed , and the presence of adsorbed gold particles was determined by 

enhancement with silver ions. 

IMl\tIUNOFL UORESCENCE 

Confluent mono-layers of human fibroblasts were treated with a solution 

containing 0.025 % Trypsin, 0.02 % EDTA and 0.02 % KC\ in PBS. The cells 

were suspended at a seeding rate of 3 x 105 cells per ml in MEM containing 

I 0% foetal calf serum and 5 % sodium bicarbonate, and drops of the cell 

suspension were applied to wells, 8mm in diameter, on Teflon coated glass 

slides (Flow Laboratories). The slides were incubated in a humidified chamber 
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at 37° C for 24 h in the presence of 5 % carbon dioxide (CO2). Thereafter, the 

growth medium was removed and medium containing AD 169 at a high m.o.i. 

was added to the cell rnar,~-1ayer3. 'ft,e.cel)g were again incuba~ a\ 37' C UJ 
the presence of 5% CO2. The infection cycle was terminated at 16, 23, 40 and 

48 h, by fixing the infected cell sheets for 10 min in cold acetone. The slides 

were dried and stored at 4° C until use. 

Acetone-fixed mono-layers of infected fibroblasts were flooded with 1 % TBSA 

and incubated at 37° C for 10 min. The TBSA was removed and wells were 

covered with purified Fe fragments of human IgG, diluted in PBS, or with PBS 

alone. After incubation for 1.5 h, unbound antibody was removed by extensive 

washing of the cell sheets with PBS. The presence of bound human Fe was 

assessed by immunofluorescence using a poly-clonal antiserum to human IgG, 

which was labelled with fluorescein-isothiocyanate (FITC). This antibody was 

also applied to wells which had not been exposed to Fe in order to identify any 

non-specific adsorption of the secondary antibody. After incubation for 1 h at 

37° C, the unbound FITC conjugate was removed by extensive washing with 

PBS, as before. The mono-layers were covered with glycerol under glass 

cover-slips and examined microscopically using incident light with a wavelength 

of 390 nm. The results were photographed on Ilford FPS, 400 ASA film, using 

exposures of between 1 and 6 min. 



HOMOLOGY COMPARISONS OF THE PRIMARY AMINO 
ACID SEQUENCES OF AD169 PROTEINS AND THOSE OF 
HUMANFcR;S 

The following gene sequences were imported from the Genembl data bank 
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:Hs5MY301 HCMV H301 gene for the glycoprotein homologous to MHC 
class 1 antigens 

Hs5p28p 

Hs5ppbc 

Hs5p67k 

HUMFCRHB 

HCMV 28 kDa structural phosphoprotein 

HCMV phosphorylated matrix protein (pp65) and related pp7 l 

HCMV 67 kDa phosphorylated protein 

Human high affinity IgG receptor (Fe')' R-I) 

HUMIGGFCRA Human low affinity IgG receptor (Fc')' R-II) 

HUMIGGRLAA Human low affinity IgG receptor CD16 (Fc"Y R-III) 

Using the computer programme Genepro, the nucleotide sequences 

corresponding to open reading frames were translated into proteins and the 

primary amino-acid sequences of the viral proteins were aligned with those of 

the human FcR' s. A percentage homology score was recorded for the "best fit" 

alignment. 



RESULTS 

SEPARATION OF IgG FRAG1\1ENTS AFfER DIGESTION 
WITHPAPAIN 

Separation of IgG fragments on a CM sepharose column yielded two main 

components (fig.2): 
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Fraction I (eluted with the starting buffer) contained mainly Fe fragments, but 

was also contaminated with undigested IgG. Initially the Fe fraction was 

separated from the undigested IgG by repeated crystallization in low molarity 

phosphate buffer, but this resulted in a low yield of Fe because much of the 

crystalline material did not redissolve after storage. Subsequently, therefore, 

separation was performed by gel filtration on Sephacryl S-200, which yielded 

Fe preparations of high purity (fig. 3a). 

Fraction II (eluted with 0.4 M NaCl) contained a mixtur~ of Fab fragments and 

undigested IgG. Separation of the two components was achieved by gel 

filtration on Sephacryl S-200. Initially, the IgG eluted immediately ahead of the 

Fab (fig.3b), resulting in incomplete separation of the two fractions. The Fab 

fraction was therefore reapplied to the column. Pure Fab, visible as a single 

symmetrical peak (fig.3c), was collected . 
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Fig. 2 

Elution pattern of IgG fragments after digestion with papain and separation hy CM 

Sephadex C50 chromatography. Peak I contains mainly Fe fragment-;, contaminated with 

undigested IgG. Peak II contains mainly Fab fragments, contaminated with undigested 

IgG. 
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Fig. 3 

a) Elution pattern of Fe and undigested IgG (obtained from peak I, fig.2) separated on 

Sephacryl S-200. The first fraction contains whole IgG and the second, pure Fe fragments. 

b) Elution pattern of Fab and undigested IgG (obtained from peak II, fig.2) separated on 

Sephacryl S-200. The first fraction contains whole IgG. It is incompletely separated from 

t~e second fraction which contains Fab fragments. 

c) Elution pattern after the second major fraction (fig.3b) was reapplied to the Sephacryl 

S-200 column. A single peak containing pure Fab is seen. 
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DETERMINATION OF PURITY OF Fab AND Fe FRACTIONS 

The purity of both Fe and Fab preparations was assessed by SOS PAGE and 

immunoelectrophoresis. Both techniques indicated that the final preparations 

were homogeneous. 

i) SDS PAGE 

After SDS PAGE, under non-reducing conditions, protein bands of 

characteristic size for each fragment were observed. Whereas whole IgG (fig.4, 

lane 2) migrated as a diffuse band at about the 150 kDa position, no equivalent 

bands were detected in either the Fe or Fab fractions. Fab fractions (fig.4, 

lanes 3 and 4), migrated to approximately 46 kDa. A minor band, present at 
approximately 100 kDa, may represent F(ab')2 fragments which resulted from 

incomplete digestion of the IgG. One of the Fab fractions contained some 

degraded material, visible as a smear of protein less than 20 kDa (fig.4, lane 4). 

This Fab fraction was therefore discarded. The Fe fractions (fig.4, lanes 5 and 

6) migrated to a position corresponding to approximately 55 kDa. Faint bands 

at the 110 and 160 kDa positions probably represent dimers and trimers which 

may have formed during the concentration process. 

ii) Immunoelectrophoresis 

Immunoprecipitin arcs were observed where antigen-antibody interactions 

occurred. Both Fe and Fab preparations formed immunoprecipitin arcs with 

their specific antisera only . No reaction was observed between Fe and anti-Fab, 

or Fab and anti-Fe (fig.5). Fe and Fab fragments were seen to have different 

electrophoretic mobilities; the Fe fragment (negatively charged at pH 8.8) 

migrated towards the positive electrode, and the Fab fraction (uncharged) was 

carried towards the negative electrode by endosmosis. 
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Purity of the Fe and Fab fractions of hwnan lgG was determined by SDS PAGE (under 

non-reducing conditions) on a 10% gel; proteins were stained with Coomassie blue. Lane 1, 

molecular weight markers; lane 2, whole IgG, seen as a diffuse band at approximately 

150 kDa; lanes 3 and 4, purified Fab fragments are approximately 46 kDa in size, a faint 

band at the 100 kDa position may represent (Fab')2 fragments; lanes 5 and 6, purified Fe 

fragments are approximately 55 kDa in size, faint bands visible at the 110 and 160 kDa 

positions may represent dimers and trimers. 

Fig. 5 

Purity of Fe and Fab fractions determined by immunoelectrophoresis. Purified Fab placed 

in the top and bottom wells and Fe in the centre well. Troughs were filled with goat anti­

Fe (upper trough) and anti-Fab (lower trough). Single immunoprecipitation arcs indicate 

the homogeneity of each fraction. 



E.M. OBSERVATIONS OF INTERACTIONS WITH Fe- AND 
Fab-GOLD PROBES 
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Negative staining electron microscopy allowed the visualization of precise sites 

of interaction between Fe- or Fab-gold probes and components of extracellular 

HCMY virions . The Fe-gold probes bound solely to the tegument and not to 

the envelopes of the virions (tig.6a). The binding of Fab-gold probes to the 

tegument was markedly reduced relative to the binding of Fe (tig.6b). 

Nevertheless, a low level of interaction between Fab and tegument was 

consistently seen. Neither envelopes nor capsids of the virions were labelled 

with Fab-gold. 

Treatment of virions with Triton X-100 removed the envelopes and some of the 

tegument proteins. Naked capsids, which were observed in the Triton insoluble 

fraction, did not interact with the Fe-gold probes (fig . 7) . 

After incubation of the Fe probes with the Triton soluble fraction, small 
~ 

aggregates of gold particles were seen by electron microscopy. The gold 

particles appeared to be cross-linked by protein. 

IMMUNOPRECIPITATION STUDIES 

Treatment of the virions with Triton X-100 resulted in the solubilization or 

dispersion of envelope proteins, and certain tegument proteins, into the Triton 

phase. Selected proteins could be extracted from the Triton phase by 

precipitation with specific ligands, coupled to colloidal gold . Proteins 

recovered in this manner were subjected to SDS-PAGE to determine their 

molecular weights. 

Polypeptides of approximately 70 and 33 kDa were precipitated with Fe-gold 

(fig .8, lane 3). These polypeptides were identical in size to those which were 

precipitated with ,62m-gold (fig.8, lane 2). Only one protein of approximately 

55 kDa was precipitated using gold particles coupled to a Mab specific for gp52 

(gB) of HCMV (fig.8, lane 1). 
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Fig. 6 

HCMV virions after reaction with colloidal gold probes; a) Fe-gold probes bind strongly to 

the tegument of the virion; b) Fab-gold probes show markedly reduced binding to the 

virion. (magnification x 200 000) 

Fig. 7 

Treatment with Triton X-100 removes the envelopes from HCMV virions. Fe-gold probes 

do not bind to naked capsids. (magnification x 150 000) 
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After treatment of HCMV particles with Triton X-100, specific viral proteins were 

immunoprecipitated from the Triton phase and subjected to SDS PAGE on a 10% gel. 

Protein bands were stained with Coomassie blue. A single protein of 55 kDa was 

immunoprecipitated by Mab F5, (lane 1); two proteins of 70 and 33 kDa were 

immunoprecipitated by both ~2m (lane 2) and Fe (lane 3). Lane 4 contains molecular 

weight markers. 

39 
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ENDOGLYCOSIDASE TREATMENT 

Fe-binding proteins, which had been selectively recovered by 

immunoprecipitation from Triton extracts of HCMV virions, were subjected to 

digestion with N-glycosidase F to determine the presence or absence ofN-linked 

glycosylation. Treated and untreated proteins were subject to SDS-PAGE, 

where an alteration in electrophoretic mobility would indicate loss of N-linked 

sugars. After N-Glycosidase treatment, the electrophoretic mobility of both the 

70 and the 33 kDa proteins remained unaltered (fig. 9, lanes 2 and 3), 

indicating the absence of N-linked glycosylation. 

To confirm the efficacy of the enzyme, parallel tests were performed on 

samples of the envelope glycoprotein gB, which had been immunoprecipitated 

in a manner similar to that used for the Fe-binding proteins. Treatment of gB 

with the enzyme resulted in a reduction in the molecular weight of the gB 

protein by approximately 9 kDa (fig. 9, 4 and 5). 
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Fig. 9 

Effect of N-glycosidase F treatment on the electrophoretic mobility (size) of the Fe-binding 

proteins of HCMV. Specific viral proteins were obtained by immunoprecipitation from 

Triton extracts of HCMV virions, treated with N-glycosidase F and subjected to SDS PAGE 

on a 10% gel. The molecular weights of the proteins precipitated by Fe were the same 

before treatment (lane 2) as after treatment (lane 3) with enzyme. The HCMV envelope 

glycoprotein gB, used as control, had a molecular weight of 55 kDa before digestion with 

N-glycosidase F (lane 4) and a molecular weight of 46 kDa after treatment (lane 5). 



WESTERN BLOTS OF TRITON SOLUBLE VIRAL 
PROTEINS 
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It was of interest to determine the spectrum of specific ligands with which the 

Fe-binding proteins were capable of interacting, and also whether the ability of 

these proteins to bind Fe (or other ligands) was impaired after reduction. 

Triton-soluble proteins were therefore subjected to SOS-PAGE (under both 

reducing and non-reducing conditions) and electrotransferred to nitrocellulose, 

after which they were allowed to react with a variety of ligands attached to 

colloidal gold particles. Specific interactions on the Western blot could be 

ascertained by direct visualisation of bound gold probes after enhancement with 

silver ions. These reactions were visible as discrete bands of brown 

colouration . 

It was found that a 33 kDa protein was able to bind, not only the Fe portion of 

human IgG (fig.10, lane 2), but also human (32m (fig . 10, lane 3) . Occasionally, 

weak reactions with both ligands were also observed at the. 70 kDa position . 

Reduction did not alter the capacity of the proteins to bind these ligands. 

A variety of murine monoclonal antibodies with specificities for antigens 

unrelated to HCMV, were also used as probes in the- blotting experiments. 

Three of these Mab's, namely antibodies specific for alkaline-phosphatase, a 

class II HLA antigen (expressed on NM melanoma cells), or the HSY envelope 

glycoprotein gC, were all bound by the 33 kDa protein (fig.10 , lanes 4, 5 and 

6). The only known property which all three Mab's had in common was that 

they were all sub-class I of murine IgG. Other Mab's of sub-classes 2a, 2b or 3 

did not bind to the transferred proteins (table 1). Likewise, the anti-gB Mab F5 

(subclass 2a) did not bind to either the 33 or 70 kDa proteins , but did react with 

the gB-protein complex ( 130 kDa), under non-reducing conditions (fig.10, lane 

1). 
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Triton soluble HCMV proteins were separated by SDS PAGE under non-reducing 

conditions and transferred to nitrocellulose. Electro-transfers were reacted with colloidal 

gold particles coupled to various proteins and the presence of adsorbed probes was 

visualized by enhancement with silver ions; lane 1, Mab F5 binds to a high molecular 

weight complex which does not enter the gel under non-reducing conditions. Both Fe (lane 

2) and P2m (lane 3) bind to proteins of 33 kDa; various murine Mab's of IgG subclass 1 

(lanes 4-6) also bind to a protein of 33 kDa; lane 4, anti-alkaline phosphatase; lane 5, anti­

HSV gC; lane 6, anti-melanoma cells. 
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TABLE l 

MURINE MAB'S TESTED FOR REACTIVITY WITH HCMV PROTEL'\TS 

ON WESTERN BLOTS: 

Mab Class Specifity Reactivity with HCMV 
proteins on Western 
blots 

IgGl anti-NM 33 kDa protein 
(melanoma 
cells) 

IgG 1 anti-alkaline 33 kDa protein 
phosphatase 

IgGl anti-ppl50 33 kDa protein 
(of HCMY) 

IgGl anti-gC (of 33 kDa protein 
HSY) 

IgGl anti-gH (of 33 kDa protein 
HSY) 

IgG2a anti-gH (of no binding 
HSY) 

FS IgG2a anti-gB (of high molec_ular weight 
HCMY) complex (non reduced) 

III-114 IgG2b anti-gD (of not tested * 
HSY) 

II-512-3 IgG3 anti-gC (of not tested * 
HSY) 

1-59-2 IgG3 anti-gB (of not tested * 
HSY) 

·* No binding to tegument by E.M. 



CONFIRMATION THAT THE PROTEINS THAT BIND Fe 
AND J32m ARE IDENTICAL 
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In order to determine whether the 70 and 33 kDa proteins which bound human 
Fe on Western blots , were the same proteins as those which bound P2m, further 

experiments were performed. In these studies, the relevant proteins were first 
precipitated from Triton solutions by either Fe or P2m using specific gold 

probes, and then subjected to SDS PAGE and electrotransferred to 
nitrocellulose. Duplicate transfers were reacted with either Fe-gold or P2m-

gold. In both cases, positive reactions were observed with both the homologous 

and the heterologous probes, indicating that the proteins which bound Fe, were 
indeed the same as those which bound P2m. 

PURIFICATION OF Fe-BINDING PROTEINS BY AFFINITY 
CHROMATOGRAPHY 

Affinity chromatography was employed for the purification of Fe-binding 

proteins from a mixture of Triton-soluble HCMV proteins. After extensive 

exposure of the column to the viral proteins, elution was attempted with a 

number of dissociating agents . The presence of protein in the eluate was 

determined spectrophotometrically. Treatment with, successively, 1 M acetic 

acid , 3M KSCN and 10% dioxane, failed to dissociate proteins from the 

stationary phase. Treatment with 1 % SDS, however, resulted in elution of 

sufficient protein to produce a visible deflection on the Uvicord tracing. The 

protein from this fraction was concentrated and subjected to SDS PAGE on a 

10% gel , and stained with Coomassie blue. A single band at approximately 

33 kDa was detected (fig.11) . 

Dot blots of the material which was eluted from the Fe affinity column, 
confirmed the presence of a protein which could bind both Fe-gold and P2m-

gold , but which did not bind Mab F5 ( Mab against gB of HCMV). 
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Fig. 11 

Fe-binding HCMV proteins, purified by Fe-affinity chromatography, were concentrated 

and subjected to SDS PAGE on a 10% gel. Proteins were stained with Coomassie blue. 

Mixture of Triton-soluble HCMV proteins before application to the column, non-reduced 

(lane 2) or reduced (lane 3). A single protein of 33 kDa was eluted off the column (lane 4); 

molecular weight markers in lanes 1 and 5. 



IMMUNOFLUORESCENCE 

Using immunofluorescence, it was possible to demonstrate that infection of 

HEF with HCMV (AD169) induces intracellular Fe receptors which become 

increasingly prominent with time after infection. 
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No specific reactivity with the Fe portion of human lgG could be demonstrated 

in cells harvested 16 h post infection, except for possible faint outlining of some 

nuclei (fig.12a). By 23 h post infection, prominent foci of fluorescence were 

observed which were concentrated in large aggregates in a juxta-nuclear 

position. Discrete pockets of fluorescence were also observed towards the 

periphery of the cell. Fluorescence was not prominent in the nuclei, although 

tiny fluorescent foci could be detected in most nuclei. Multinucleate giant cells 

were present. In these syncytia, the fluorescent material was concentrated in the 

centre and the nuclei were found at the periphery (fig.12b and c). No obvious 

cell membrane fluorescence could be seen. This pattern of fluorescence was 

unchanged at 40 h post infection. 

No fluorescence was observed when uninfected cells were reacted with human 

Fe, indicating that the Fe-binding protein is not present in uninfected cells, but 

is induced by infection with AD169. Fluorescence was also not observed in 

infected cells which were reacted only with the FITC-anti-human IgG 

conjugate, indicating that the fluorescence was not caused by either non-specific 

adsorption, or specific Fe-binding by the secondary antibody. 

Fig. 12 

Indirect immunofluorescence demonstrated the presence of Fe receptors in mono-layers of 

HCMV-infected HEF. Acetone-fixed cells were reacted first with purified Fe fragments of 

human lgG and then with FITC goat anti-human IgG. a) At 16 h post infection, only faint 

outlining of nuclei can be seen (film exposed for 6 min). By 23 h post infection (band c), 

prominent paranuclear fluorescence can be seen. 
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HOMOLOGY COMPARISONS OF THE PRIMARY AMINO 
ACID SEQUENCES OF AD169 PROTEINS AND THOSE OF 
HUMANFcR'S 
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In order to determine whether any significant sequence homology existed 

between the known tegument proteins of AD169 and human FcR 's, the primary 

amino acid sequences of the proteins were compared and scored according to 

their percentage homology. Homology scores varied from 8 to 20 % (table 2). 

Greater homology was seen when short amino acid sequences were compared 

with the three FcR sequences. The degree of homology observed was not 

considered significant. 

Table 2 

AD169 Protein Human Fe')' R 1 Human Fc-yR II Human Fc-yR III 

pp65 first exon 14 17 20 

(93 amino acids) 

pp65 second exon 8 8 10 

(456 amino acids) 

pp7 l (574 amino 7 7 8 

acids) 

pp28 (191 amino 

acids) 

pp67 (564 amino 

acids) 

MHC class 1 

homologue (369 

amino acids) 

10 

9 

14 

8 12 

8 15 

14 10 



50 

DISCUSSION 

Although 1t 1s well recognized that mtect10n with herpesv1ruses (mcludrng 

HCMY) can induce the formation of Fe-receptors in the cells that they infect, 

the Fe-binding proteins which have been isolated and characterized in this study 

are novel in two respects. Firstly, they are found in the HCMY virus particles 

themselves, and secondly, they are not present in the membranous envelope, but 

are found instead, in the proteinaceous layer between envelope and capsid, 

termed the tegument. The location within the virion of the Fe-binding protein 

was clearly demonstrated by electron microscopy using specific gold probes. 

The non-involvement of the virion envelope in Fc-virion interactions was of 

special interest since most Fe-receptors (FcR' s) thus far identified in 

mammalian cells, are membrane-associated proteins (Kinet, 1989; Ravetch and 

Anderson, 1990); either integral membrane proteins, or else attached to the lipid 

bilayer by a phosphatidyl-inositol glycan tail (Simmons and Seed, 1988) . 

Although non-membrane-bound immunoglobulin binding proteins have been 

identified, they are usually derived from cleavage of conventional membrane­

associated proteins (Fridman and Sautes, 1990) . 

. 
The results pertaining to this HCMY tE:gument FcR will be di scussed in three 

sections: the findings related, respectively, to the characterization of the protein , 

a comparison of the properties of the FcR with those of known structural 

proteins of HCMY and, finally, a discussion of its significance and the possible 

role that it may play in the pathogenesis of infection by the virus. 

CHARACTERIZATION 

The first step in the characterization of this unusual FcR was to extract the 

relevant tegument protein from the virions. Emulsification of concentrated 

virions in the non-ionic detergent Triton X-100, resulted in "solubilization" of 

the virion envelopes and release of the Fe-binding proteins into the Triton­

phase. Viral capsids remained intact after Triton treatment and immunogold 

electron microscopy demonstrated that the capsids did not participate in Fc­

binding. 



51 

Isolation of the Fe-binding proteins from Triton solutions was primarily 

accomplished by specific precipitation with purified Fe fragments. Because the 

Fe fragments were first COUf1ed h> large coll~i<ial gold particles, separa.tian Gf 
the precipitates was easily accomplished by differential centrifugation. After 

adequate washing, exposure of the precipitates to SOS, released the viral 

·proteins captured by the Fe, and allowed their characterization by PAGE. Two 

proteins with molecular weights of 70 and 33 k.Da were precipitated using this 

technique. 

By means of Western blots, it was shown that Fe probes reacted most strongly 

with the 33 k.Da protein, and that treatment of this protein with BME did not 

affect the interaction. Binding of Fe probes at the 70 k.Da position was only 

occasionally observed. These findings suggest that the Fe-binding proteins may 

exist as a non-covalently-associated dimer, in which the Fe-binding site resides 

predominantly in the 33 k.Da subunit. 

In addition to binding the Fe portion of human IgG, the HkCMV Fe-binding 

proteins were also shown, on Western blots, to react non-specifically with a 

number of murine Mab's of IgG subclass I. The possibility of specific (Fab) 

binding, was excluded as the IgGl Mab's used were all directed against antigens 

unrelated to HCMV proteins. As in the case of human Fe, strongest reactions 

were observed at the 33 k.Da position and weaker reactions at the 70 k.Da 

positions . The observation that class I murine Mab's can interact non­

specifically with HCMV proteins is of practical importance as Mab's are 

commonly used in the diagnostic laboratory to detect the presence of specific 

viral proteins in patient samples. The non-specific reactivity of murine IgG l 

should be borne in mind when interpreting the results of such investigations. 

Treatment of the purified Fe-binding proteins with the enzyme N-glycosidase F 

(an endoglycosidase that selectively cleaves N-linked oligo-saccharides at their 

point of attachment to asparagine residues in the polypeptide) did not result in 

an alteration in the molecular weight of either the 70 or the 33 k.Da proteins . 

. This indicates that these proteins are not N-glycosylated. It is known that N­

I inked oligo-saccharides are attached to proteins in the endoplasmic reticulum 

(Stryer, 1988). HCMY virions are assembled in the nucleus of the cell and 

acquire their envelopes by budding through the inner nuclear membrane. 

Enveloped particles are transported to the surface of the cell in vesicles, 
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probably derived from elements of the outer nuclear membrane and the golgi 

apparatus. Although envelope proteins could be glycosylated during this 

process, it is unlikely that virion proteins, not present in the envelope, would be 

exposed to glycosyl-transferases present in cytoplasmic organelles, and thus the 

presence of N-linked oligo-saccharides on tegument proteins would be 

unexpected. It has, however, recently been reported that one of the tegument 

proteins of HCMV, the 149 kDa basic phospho-protein, contains residues of 

N-acetyl-glucosamine attached by an unusual 0-linkage (Benko et al., 1988). 

This modification is found on a number of nuclear and cytoplasmic proteins 

(Hart et·al., 1988), and the presence of similar 0-linked modifications on the 

Fe-binding tegument proteins cannot be excluded. 

An important finding in this study, was that the HCMV tegument proteins 

which interact with the Fe portion of IgG, are identical to those which combine 
with P2m, Initial evidence came from the fact that proteins, precipitated from 

Triton-extracts of HCMV virions by either Fe or P2m, were of the same size, 

namely 70 and 33 kDa. The sizes of these proteins were similar to those 

obtained by Grundy et al. (1987a), who immunoprecipitated two proteins of 36 
and 65 kDa using a polyclonal rabbit anti-serum to P2m. Even stronger 

evidence that the proteins which bind Fe are the same as those which bind P2m, 

came from an experiment in which proteins, immunoprecipitated with Fe, were 
found to bind P2m on Western blots, and that proteins precipitated with P2m, 

were likewise able to bind Fe. A similar dual affinity was demonstrated when 

the 33 kDa protein which was purified by Fe affinity chromatography, was 
shown to react with both P2m and Fe-gold on dot blots. 

Immunofluorescence was used to determine whether the tegument protein of 

HCMV virions could account for the Fe-binding property displayed by cells 

infected by HCMV. The presence of these intracellular Fe receptors was first 

described by Keller et al. (1976). Using indirect immunofluorescence they 

demonstrated that Fe-specific reactivity was first detectable 36 h post infection 

as diffuse cytoplasmic fluorescence. Fluorescent foci (which they described as 

granules) later coalesced to form areas of intense fluorescence in a juxta-nuclear 

position. This became detectable 72 h post infection. The pattern of Fe­

specific fluorescence observed in this study was similar to that found by Keller 

et al. except that it was observed at a much earlier stage, namely 23 h post 
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infection. In addition, faint intranuclear staining, not described by Keller et al., 

was also observed in this study. Although there is no conclusive evidence that 

the Fc-biflding acti~ttr dem6'N.striled '3,y fh.1(:l(~~ is ciused\bt the. virioo­
associated Fe-binding protein, the intracellular distribution of the Fe receptors is 

in keeping with the accepted route of egress of mature virions, and suggests that 

they may well be virion associated. Virions, after budding from the inner 

nuclear membrane, are believed to accumulate at a para-nuclear location, 

possibly in the golgi apparatus. From this site, they are transported in vesicles 

to the plasma membrane. The para-nuclear fluorescence may thus reflect the 

accumulation of virions in the golgi, and the discrete fluorescent foci which 

were observed towards the periphery of the cell, might represent virions in 

vesicles which are being transported to the cell membrane. 

That an Fe receptor may be expressed on the surface of infected fibroblasts, was 

suggested by the work of Frey and Einsfelder (1984). In the present study, 

however, Fe specific membrane fluorescence could not be detected. This may 

be accounted for by the fact that the cells used in these studies were fixed with 

acetone. 

C01VIPARISON WITH OTHER KNOWN STRUCTURAL 
PROTEINS OF HCMV 

It was of interest to know whether the Fe-binding protein in the tegument of the 

virion was one of the known structural proteins of HCMV. Of the five 

tegument proteins which have been identified to date, three have molecular 

weights similar to the 70 kDa protein precipitated by Fe-gold. These include: 

the "lower matrix" protein (pp65), which has a molecular weight of 65-69 kDa 

and which is present in both virions and in dense bodies (Rueger er al., 1987); 

the "upper matrix" protein (pp71), which is present in small amounts in both 

infected cells and virions, but not in dense bodies (Rueger er al., 1987); and 

pp64, a 64-67 kDa protein, present in virions and infected cells (Davis and 

Huang, 1985) . On the other hand, the only known tegurnent protein in the size 

range of the 33 kDa protein, is the highly immunogenic, pp28 (Meyer et al., 

1988). Amino-acid sequence homology is possibly the best indication of protein 

identity, but until the primary amino-acid sequences of the Fe-binding proteins 

are known, no direct homology comparisons can be p~rformed. It was thought 
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that a comparison of the primary amino-acid sequences of the known tegument 

proteins, with those of mammalian FcR's might be rewarding. However, no 

.sigrtificant homGIGgy was reiieatecf af)d on this bui1 . 11t9ne.of t\ife. fe~,mem 
proteins previously characterized could be implicated as Fe-binding proteins. 

The nature of the interaction between virion tegument proteins and Fe portions 

of IgG , may of course be totally dissimilar to those between Fe and 

conventional mammalian FcR' s. The latter are reported to bind predominantly 

to the C2 domain of IgG, close to the hinge region (Gergely and Sarmay, 

1990). Other Fe-binding proteins bind elsewhere; protein A, for example, 

binds to IgG at a site situated between the C2 and C3 domains (Langone, 1982). 

It was shown by electron microscopy, that pre-treatment of Fe-gold probes with 

protein A blocked their attachment to the HCMY virion (Stannard and Hardie, 

1991) , thus the site on the IgG molecule (to which the HCMY tegument Fe­

binding protein attaches) is likely to be close to the binding site for protein A. 

It is possible that the 70-33 kDa heterodimer has previously been characterized 

as a non-tegument structural protein of HCMY. Because gf its solubility in the 

non-ionic detergent, Triton X-100, Grundy er al. (1987) mistakenly concluded 
that the HCMV virion protein which interacts with {32m, was an envelope 

glycoprotein . It was subsequently shown, by means of immunogold electron 
microscopy (Stannard , 1989), that the protein(s) that bound (32m are present, not 

in the envelope , but in the tegument of the virion. In other studies of HCMV 

structural proteins, workers have also assumed that extracts obtained with Triton 

X-100 contain only envelope proteins (Gretch er al. , 1988; Farrar and 

Greenaway, 1986). In the present study, it was found that treatment of virions _ 

with Triton resulted in the solubilization of, not only envelope proteins, but also 

some of the tegument proteins. Data obtained from earlier experiments may 

need to be re-evaluated in order to establish whether other tegument proteins 

have been mistakenly labelled as envelope components . 

In contemplating the possible identity of the Fe-binding tegument protein, 
consideration was given to its equally strong interaction with {32m. It was 

therefore of interest that Beck and Barrell (1988) identified an open reading 

frame (now termed UL18) in the genome of HCMV, which has significant 

homology with the gene for the heavy chain of the class I HLA molecule. It 

was natural to wonder whether either the 70 or 33 kDa tegurnent proteins, 
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which could be precipitated by {32m, did in fact represent the protein encoded by 

the UL! 8 gene. The DNA sequence suggests that the UL! 8 gene product, if 

eipre.1sed, w~uld ha'te a molecular weight~¥ t01. Also, ?hat it ti hlra\y #io 
be membrane associated. Neither its predicted size, nor its potential membrane 

association makes the putative UL18 gene product a likely candidate for the Fe­
and {32m-binding protein found in the tegument. Browne et al. (1990) 

constructed vaccinia virus recombinants containing either the UL 18 gene or the 
gene for {3 2m. Co-infection of cells with these two recombinants, resulted in 

increased expression of f32m on the cell surface. In addition, {32m and a 67 k.Da 

protein, presumed to be the ULl 8 gene product, could be co-precipitated with a 
monoclonal antibody to (:3 2m, which led them to conclude that {32m was indeed 

bound by the UL 18 gene product. They suggest that glycosylation could 

account for the increased molecular weight from the predicted 45 k.Da to 

67 k.Da. 

The intracellular processing of a protein, which has been encoded by an isolated 

viral gene inserted into vaccinia virus, is not necessarily the same as that which 

occurs during natural infections. Thus, while the UL 18 gene product may be a 

membrane associated protein when expressed in cells infected with vaccinia 

virus recombinants, it may occur in an entirely different form in cells naturally 

infected with the entire HCMV genome. It is not yet known whether some 

form of the UL18 gene product is present in the virion; tr.is can only be 

determined once we have access to either speci fie Mab's or the UL 18 gene 

product itself. 

Few reports analysing the FcR's induced by HCMV have been published. One 

recent publication by Xu-bin et al. (1989) describes PAGE analysis of Fe­

binding proteins from cells infected with the Town strain of HCMV and also 

from purified HCMY virions. These workers detected six Fe-binding proteins, 

present in infected cells, ranging in size from 200 to 38 kDa and two proteins of 

65 and 130 kDa present in purified HCMV virions. In these experiments, the 

FcR' s were detected using radio-iodinated lgG and it is possible that the 

iodination procedure may have altered the binding properties of the probes. In 

this study, Fe fragments of lgG coupled to colloidal gold particles were used as 

probes to identify the presence of Fe-binding proteins. Proteins associate with 

colloidal gold particles by means of electro-static intei:actions (Geoghegan and 
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Ackerman, 1977) and, when attached in this way, retain their native 

conformation and are therefore more likely to display their natural binding 

properties. Jl ;s possibl~ therebte tbit 1he. the differences in tkresutte c:bhlv.ted 
by Xu-bin er al. and those of the present study may reflect differences in the 

binding properties of the probes used in the experiments. 

SIGNIFICANCE AND POSTULATED ROLE IN HCMV 
INFECTIONS 

The presence of an Fe-receptor inside the virion particle is intriguing. What 

role a receptor located in the virion tegument might play in the pathogenesis of 

HCMV infections is perplexing . A number of hypotheses may be considered. 

It is possible that its presence may allow unenveloped virions to become coated 

with normal host proteins and thereby avoid immune recognition by the host 

immune system. The masking of antigenic epitopes as a result of the acquisition 

of a coat of host proteins is a strategy commonly employed by a number of 

human pathogens, including the parasite Shistosoma mansoni (Torpier er al., 
1979). The same strategy could help to preserve the infectivity of unenveloped 

HCMV particles in vivo. However, the manner in which particles coated with 

Fe-anchored IgG might attach to target cells and initiate infection is not clear. 

Viruses gain entry to cells by attaching to specific receptors present on the cell 

surface. Two groups of workers claim to have identified cell surface receptors 

for HCMV virions : Keay er al. (1989) identified a 92 kDa cell surface protein 

on human fibroblasts and Taylor and Cooper (1990) have identified a 30 kDa 

receptor, present on lymphocytes and human fibroblasts . They also observed 

weak binding of HCMV virions to 28 and 92 kDa cell surface molecules. 

Although not frequently taken into account, the envelope of herpesviruses is not 

essential for infectivity. In vitro studies with Allerton bovine herpesvirus have 

shown that removal of virion envelopes by sonication, does not result in a loss 

of infectivity (L.M. Stannard, personal communication). The attachment of 

. unenveloped particles to cells presumably involves the interaction of receptors 

which differ from those for enveloped virions . It is possible that the Fe-binding 

tegument protein, is involved in this interaction once virion envelopes have been 

damaged or removed. 
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The interaction between virus particles and cell surface receptors may occur 

either by direct attachment, or via a bridging molecule of host origin. That 

soluble proteins of ho.St cell origin mig_ht fac.iljta.teatta:hmeot difvi'licm; h5, -0..e 
cell surface, is well described. For example, the attachment of hepatitis B virus 

to hepatocytes, is said to be enhanced by polymerized serum albumin (Weiss, 

1991). It has also been suggested that HSY gains entry into cells by first 

adsorbing to the host protein, basic fibroblast growth factor (bFGF) and by this 

means , attaching to receptors for bFGF on the surface of the cell (Baird et al., 

1990). 

Antibody molecules frequently function as bridging molecules . After specific 

attachment of antibody to viral epitopes, antibody-virus complexes may be 

bound by FcR' s expressed on the surface of monocytes and macrophages and 

enter the cell by phagocytosis. In this way, infection with viruses that are 

capable of replicating in macrophages or monocytes , may be enhanced (Peiris 

and Porterfield , 1981; Halstead , 1979). 

With regard to possible mechanisms for attachment of HCMV , this study has 

shown that antibody can be bound in reverse orientation to unenveloped virions , 

i .e. via the Fe portion of the molecule. Under these circumstances, the Fab 

portions of the molecule would be most available for interaction with a receptor 

on the cell surface and , unlike specific immune complexes of viruses, IgG­

coated HCMV capsids would be unable to utilize Fe receptors to enter the cell. 

Of relevant interest, is the recent report by Lenert et al. ( 1990) , that the CD4 

molecule of T 1 ymphocytes can bind the Fab portion of IgG . This raises the 

question of whether CD4, or indeed any other unknown receptor, either for Fab 

constant domains or for another part of the IgG molecule , could serve as cell 

surface receptors for unenveloped HCMV virions. 

The relevance of the Fe-binding property of the 33 kDa HCMV tegument 

protein, must be assessed in the light of its dual affinity for {3 1m. It has 

previously been suggested that {32m-coated HCMV virions might attach to target 

cells by interacting with class I HLA molecules expressed on the cell surface 

(Grundy et al., 1987b) . This theory is rather improbable, however, as it 

implies that {3 1m is bi-valent. Since {32m is mono-valent. it cannot form a 

bridge between virion and cell. 
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In humans, {32m associates with the heavy chain of the class I HLA molecule 

and also with the the CD 1 antigen, a family of MHC class I-like proteins 

expressed on the s11rface of immawre. u,~mocytes {Martin ft al, i~Ci). 1n "'"e 
and rats, /3-,m is known to associate with yet another MHC-like protein which is 

also an Fe receptor. This receptor is expressed on enterocytes in the upper 

small intestine of neonatal animals and has provisionally been termed FcRn 

(neonate). Its function .is to transport IgG across the enterocyte from the 

intestinal lumen (Simister and Mostov, 1989). The FcRn molecule is markedly 

similar to the heavy chains of both class I HLA molecules and CD 1 antigens . 
Another protein known to have affinity for both the Fe portion of IgG and {32m, 

is a protein present on the surface of the parasite Schistosoma mansoni (Torpier 
er al., 1979). It appears, therefore, that shared affinity for Fe and {32m (such as 

we have shown to exist in the 33 kDa tegument protein) is not an uncommon 

phenomenon in nature. 

Both /32m and the IgG molecule, as well as many other proteins involved in 

recognition events occurring at the cell membrane, have been shown to contain 

one or more immunoglobulin units or domains (fig. 13) . The immunoglobulin 

domain is characterized by a conserved tertiary structure consisting of a pair of 

anti-parallel /3 pleated sheets, held together by a di-sulphide bond formed 

between a pair of highly conserved cysteine residues. Proteins containing this 

structure are said to belong to the immunoglobulin superfamily of molecules. 

The presence of an immunoglobulin domain in so many different proteins 

suggests evolution from a single primordial gene. An important feature of 

proteins of the immunoglobulin superfamily, is that they are complementary to 

one another and as a result, strong non-covalent inter-domain interactions 

commonly occur between members of the protein family. Examples of this type 

of interaction are, the association of the heavy and light chains in the 
immunoglobulin molecule itself, and the association of /32111 with the MHC 

class I heavy chain (Williams and Barklay, 1988). 
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Models for selected members of the immunoglobulin superfamily. The circles represent 

sequence segments that fold as an immunoglobulin domain. Segments labelled C 

correspond to domains similar in structure to the constant domains of immunoglobulins, . 
and those labelled V resemble the variable domains of immunoglobulins. Intra- and inter-

chain di-sulphide bonds are shown by SS symbols. Predicted N-linked glycosylation sites 

are indicated. The presence of a phosphatidyl-inositol glycan anchor is indicated by an 

arrow for FC"(3bR. (adapted from Williams and Barklay, 1988) 



It is possible that similar properties may be attributed to the 33 kDa tegument 

protein. If the tegument protein itself, were also a member of the 
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might occur as a result of domain homology. It would also be possible for the 

33 kDa protein to have equal (or greater) affinity for yet another ligand, also a 

member of the immunoglobulin superfamily. It is perhaps relevant, that a low 

level of interaction between Fab fragments of IgG and the tegument of HCMY 

virions was also observed by immunogold electron microscopy. This might 

represent interactions between similar domains in the Fe-binding tegument 

protein and the Fab portion of lgG. A number of cell surface molecules, 

belonging to the immunoglobulin superfamily, have been identified as virus 

receptors (White and Littman, 1989) . These include : the CD4 molecule, which 

acts as the receptor for HIV (Maddon et al., 1986); the inter-cellular adhesion 

molecule (ICAM-1), the major rhinovirus receptor (Staunton er al., 1989); and, 

an as yet unidentified protein, the poliovirus receptor (Mendelsohn et al., 

1989). It is thus possible that a cell surface molecule of the immunoglobulin 

superfamily acts as the receptor for unenveloped HCMY virions and that the 

33 kDa HCMY tegument protein represents the attachment protein on the 
virion. If this were so, then the Fe- and ,B2m-binding pro9erties of the 33 kDa 

protein may simply be red herrings. 

In conclusion, an Fe receptor present in the tegument of the HCMV virion 

itself, has been isolated and characterized. These results are novel, as the 

existence of a protein of this nature has not been revealed by previous work on 

HCMV. Positive identification of the protein can only be made once its 

sequence has been determined. Knowlege of the protein's structure will enable 

the role that it plays in the pathogenesis of infection with HCMY to be defined 

more readily. 



APPENDIX I 

0.08 NI t,a1b1.ul-glyci.'le-tris butfft, pllC. f ~t immv.nod~c.tt~ha,rcsi,: 

solution A: 

Sodium Barbital 6.5g 

Barbital 1.04g 

dissolved in 0.5 litres of distilled water 

Solution B: 

Glycine 28 . lg 

Tris base 22.6g 

dissolved in 0.5 litres of distilled water. 

Mix equal volumes of solutions A and B. 

APPENDIX II 

REAGENTS FOR PAGE 

Sample Buffer: 

0.01 M Tris-HCL, pH 8.0 

0.001 M EDTA 

l % sodium dodecal sulphate (SDS) 

10 % glycerol 

0.1 % Bromophenol blue 

Reducing Sample buffer: 

5 % Beta-mercapto-ethanol (BME) added to sample buffer. 
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Separating Gel Buff er: 

0.375 M Tris-HCL. pH 8.8 

0.1 % sos 

Stacking Gel Buffer: 

0.125 M Tris-HCL, pH 6.8 

0.1 % sos 

Electrophoresis Buffer: 

0.05 M Tris-HCL, pH 8.3 

0.384 M glycine 

0.1 % sos 

Acrylamide Stock Solution: 

30% w/v acrylamide 

0.8 % bis-acrylamide 

in distilled water 

Coomassie Blue Stain: 

10 % acetic acid 

30 % methanol 

0.025 % w/v Coomasie Brilliant Blue R 
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APPENDIX III 

Transfer Buffer: 

22.4 g Glycine 

4.8 Tris base, 

made up to 1600 ml in distilled water. Add 400 ml methanol and adjust pH to 

8.3 with concentrated HCl 

APPENDIX IV 

PREPARATION OF COLLOIDAL GOLD 

To make 50 ml of colloid: 

Solution A: 

39. 875 ml deionised, micro filtered water 

0.125 ml 4% Chiaro-auric acid 

Solution B: 

2 ml l % trisodium citrate (prepared freshly) 

0-2.5 ml 1 % tannic acid 

0-2.5 ml 0.015 K:C0
3 

(equivalent volume to tannic acid used) 

De-ionised, micro-filtered water up to 10 ml 

The size of the gold particles varies inversely with the amount of tannic acid 

added. 



Guide for the amount of tannic acid to use: (approximately) 

1.5 ml tannic acid for 3 nm gold 

0.1-0.05 ml tannic acid for 6-8 nm gold 

25 µI tannic acid for 10 nm gold 

Method: 

Heat both solutions to 60° C. Add solution B to solution A whilst rapidly 

mixing. Stir at 60° C for 20 minutes then bring to boiling point and boil for 

about 2 minutes. The colour of the gold mixture will change from blue to red 

indicating the reduction end point. 

64 



65 

LIST OF ABBREVIATIONS 

~2m - beta 2-microglobulin 

BME - beta-mercapto ethanol 

BSA - bovine serum albumin 

bFGF - basic fibroblast growth factor 

oc - degrees Celsius 

CID - cytomegalic inclusion disease 

c.p.e. - cytopathic effect 

C - constant (domain) 

cDNA - complimentary DNA 

DNA - deoxyribo-nucleic acid 

ds - double stranded 

DEAE - diethyl-amino-ethyl 

EDTA - ethylene-diamine-tetra-acetic acid 

ELISA - enzyme-linked immunosorbant assay 

E.M. - electron microscopy 

EBV - Epstein-Barr virus 

Fab - fraction antigen binding 

Fe - fraction crystallizable 

FcR - Fe receptor 

FcyR - Fe receptor for IgG 
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FceR - Fe receptor for IgE 

FcRn - Fe receptor-neonate 

FITC - fluorosceine isothiocyanate 

0 - grammes e 

mg - milligramme 

µg - microgramme 

g - gravitational force 

gp - glycoprotein 

gB - gl ycoprotein B 

gC - glycoprotein C 

gD - glycoprotein D 

gE - glycoprotein E 

gl - glycoprotein I 

HCMV - human cytomegalovirus 

HSV - herpes simplex virus 

HEF - human embryonic fibroblasts 

h - hour(s) 

H - heavy (chain of IgG) 

HLA - human leucocyte antigen 

IgA - immunoglobulin A 

IgE - immunoglobulin E 

IgG - immunoglobulin G 
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IgM - immunoglobulin M 

kDa - kilodaltons 

1 - litres 

ml - millilitres 

µl - microlitres 

L - light (chain of IgG) 

M - molar solution 

m.o.i. - multiplicity of infection 

mA - milliamps 

mm - millimetres 

min · - minute(s) 

mRNA - messenger RNA 

Mab - monoclonal antibody 

MHC - major histocompatibility complex 

nm - nanometres 

NH2 - ammo 

PT A - phosphotungstic acid 

PMSF - phenyl-methyl-sulphonyl fluoride 

pp - phosphoprotein 

PBS - phosphate buffer containing 0.15 M NaCl (saline) 

PAGE - polyacrylamide gel electrophoresis 

SDS - sodium dodecyl sulphate 



TBS 

TBSA 

vzv 

V 

V 

kv 

w/v 
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- tris buffer containing 0.15 M NaCl (saline) 

- TBS containing bovine serum albumin 

- varicella-zoster virus 

- variable (domain) 

- volts 

- kilo-volts 

- weight per volume 
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