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BMP cell surface receptor regeneration after protease treatment took about 

6 h, and was inhibited by eyclaheximide, but not by tunicamyein. HPLC 

analyses of total and neuraminida~e-releasable sialic acids suggested that 

sbaut 30% of the total sialie acid on BMP cells is NeuSAc; NeuSGc on BMP 

cells seemed resistant to  K chnleme neuraminidase. It is mncluded that the 

receptor for EMGD virus on BMP cells is a sialylated glycoprotein, and vim 

binding involve NeuSAc, and possibly NeuSGe, but not N-linked sugars. 

l l ~ e  Hill analysis result is supported by the detection of two affinity 

purified putative receptor proteins (M.W. 97,WO & 70,000 daltons) from BMP 

cells. Chromatofocusing studies on these proteins confirmed that the putative 

virus receptor contains NeuSAe. Monoclonal antibodies raised against the 

putative receptor blocked EMC-D virus infeetion of BMP cells and virus 

binding to p-cells from SJUl mice. FACS analyses of virus binding and anti- 

EMC virus anti-idiotypic antibody binding to 8-cells, showed that cells from 

SJUl  and CS7BU6J mice contain about the same number of E M C D  virus 

receptors. It is concluded that the inability of EMGD virus to muse lDDM 

in CS7BUfil mny not be due to lack of, or a reduction in the number of virus 

receptors on p-cells from CS7BU6J mice. It is speculated that anti-idiotypic 

antibodies may play n role in the initiation of p-cell destruction In virus 

inlected SlUJ nlice, possibly by molecular mimicry. 
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Chapter One 

INTRODUCTION 

1.1.  General Propertiesof Viruses 

1.1.1. Rricf  historical background 

In IXY2thc Russian scientist Dmitrii lwanowskii reported that when sap 

removed from tobacco leaves was passed through filters which were designed 

to trap bacteria, the filtrate contained infectious agents which, when 

inoculated into fresh tobacco plants, produced tobacco mosaic disease. 

lwanowskii concluded, erroneously, that the disease causing agent was a toxin 

secreted by bacteria present in sap of  tobacco leaves. Sh yean later, i n  1R98, 

Beijerinck working in  The Netherlands repeated Iwanowskii's experiments and 

demanslrnted tnnsmission o f  tobacco mosaic disease i n  bacteria-free filtrates 

in  which no microscopic organism could be detected. Beijerinck called this 

pathogen of tohacco nlosnie disease, which is smaller than common bacteria, 

"contagious living fluid' or 'kirus". However, Beijerinck did not invent the 

word "virus". Belore 1898, the term "virus" was used by medical and biological 

scie~~tists to denote poison or any infectious microorganism, irrespective o f  is 

nnttlrc (Knight, 1974). 
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Today, we know a lot more about viruses than their ability l o  cnwe 

diseasc in  plants. We can define a v i ~ s  as an infectious, rcplicntillg 

microorganism containing either a single stranded or n double slrandcd DNA 

or RNA genome, which is surrounded by a protein coat, cnlled lhe capsid. In 

some viruses the capsid structure is enclosed within a lipoprotein bilaycr 

which forms an envelope. Viruses use the eellulnr synthetic mrehinety lo  

direct synthesis of components required for their nplienlioll and, since they 

depend heavily upon host cell metabolic components for n~alliplicstioe, lhcy 

reproduce only inside living cells. Viruses vary in morphology from sphcricnl 

to rod-like and they measure anywhere between 22 nm to 31111 nm in dinmeter. 

I n  contrast, bacteriocoeci and erythrocytes measure approxintntely IOIIO nm 

and 7500 nm in diameter, respectively. 

1.11. The picomavirus family 

Viruses can be classified on the b.asis of whether or not they canlain a 

lipoprotein envelope, or on the basis of their polarity (otherwise called sense) 

in  which ease the viral mRNA is designated as the plus sense (positive strand) 

while its complementary sequence, which does not function as mRNA, is 

known as the minus sense (negative strand). The picarnavirus family contains 

small (30 nm in  diameter), non-enveloped, single stranded RNA nruscs, 

shaped in  the farm of an icosahedron. On the other hand, onhomyxovirus. 
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paramyxovirus, togavirus and retrovirus families are classified as enveloped, 

single stranded RNA viruses. Other enveloped RNAvirus families with single 

stranded RNA genomes include coranaviruses, arenaviruses and 

rhabdoviruses. DNA virus families include adenoviruses and papovaviruses 

which arc non-cnvelopcd nnd contain double stranded genomes. Poxviruses 

and herpcsvtruses also contain double stranded D N A  but they are enveloped. 

Based on host range and physico-chemical properties such as acid stability and 

buoyant density, the picornnvirus family has been divided into four genera: 

enleroviruses, rhinoviruses, apthoviruses and cardioviruses. 

The enterovirus genus includes poliwiruses, coxsackieviruses, 

cci~ovinlses, enterovirus types 68 to  72, hepatitis A virus and a number o f  

non-human enteroviruses. These viruses inhabit the alimentary tract in 

humans. and are able to survive in the acidic conditions found in this 

environment. Polioviruses can also replicate in  motor neumns within the 

central nervous systeni (Rueckert, 1991). 

In contrast to enleroviruses, rhinoviruses have the characteristic feature 

of being acid labile and are adapced mainly to the nasopharyngeal region. 

I l l ey  are the major cause of  common w l d  in adulu and children. The genus 

col,tnins about one hundred nnd ten human seratypes and hvo bovine 
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srotypes (Rueckert, 1991). 

The apthavirus genus consisu o f  foot-nnd-moalh disease (FMD) virus 

types 1 - I which rarely affect humans but inlcct cloven-fouled nninlnls 

especially cattle, goats, pigs and sheep. FMD virus is acid labile nnd  it has 

been suggested that the acid lability of the virus mny he due lu  thc high 

eoncentr~tlon of the basic amino acid, hiuldine, which lines t l ~ c  illlerfnccs of 

the pentamer (Rueckert, IWI).  The pentamer is the basic building hluck of 

the virus capid and is made up of five m p i a  or four virus proteins (VI'), 

termed VPI to  VP4. These virus proteins are described in section 1.1.3. 

The eardiovirus genus includes encephalamyocnrdilis (EMC) virus, 

which is the virus I worked with and therefore forms the basis of this thesis. 

EMC virus was first isolated from non-human prinlalcs (llelwig & Schmidt, 

1945) and later from pigs (Muriane cl a/,, 1981). Somc or the viruses willlin 

this genus constitute what has been referred lo as thc EMC virus poap. 

which includes Columbia SKvirus, Maus Elberfeld (ME)virus, MM virus and 

Mengovirus (Mahy, 1988). These viruses have bccn shown to be 

immunologically indistinguishable from EMC virus by neutralimtion assay 

(Dick, 1949), camplement-fixation test and by cmrr protection assay (Warren 

a of., IWY). Theiler's murine encephalomyelitis virus (TMEV) is a member 
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of the eardiovirus genus but it is not pan  of the EMC virus group (Mahy, 

1988). Like enteroviruscs, cardioviruses are acid stable but at pH 6.0, in the 

prercnce ofU.1 M chlorideor bromide ionsat 37% EMCnrus disintegrates 

and releases infectious RNA (Dunker & Rueckert, 1969; Dunker & Ruecken. 

1971). 

The name encephalamyoearditis. resulted from the abilig of the virus 

to produce encephalamyeliris and myocarditis in laboratory mi-. Although 

enrdioviruscs are generally regarded as murine viruses, EMC virus has been 

recovered from human palients ns well nr from a variety of 2nimnis which 

include birds, bload-sucking arthropods, pigs, elephants and squirrels (Dick, 

194% Tesh, 1977). Serologicni surveys have revealed EMC virus infeetion of 

swinc in England and Hawaii (Tesh, 1977) and the virus has been isolated 

from zoo animals such as apes and monkeys which wen found moribund, 

pnnially pnralyscd or dead (Helwig & Schmidt, 1945; Roea-Garcia & 

Sann~arlin-Darberi, 1957). In humans, the virus has been found in patients 

suffering front enccphnlitisand meningitis (Jungeblut & Dalldorf, 1943; Dick, 

1949; Gnjdasek, 1955) and serological surveys have revealed that an epidemic 

of EMC virns infection in humans occurred in the Phillipines (Smadel & 

Women. 1947). Olller studies indicate that, like poliomyelitis, EMC v i ~ s  

infection in hunlnns tends to occur primarily during childhood and 
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adolescence. Tesh (1977) believer that in humans. EMC virus ihlfeclion is 

fairly common but i t  is either asymptomatic or unrecognized by tile attending 

physician 

Encephalomyocarditir virus has several variants. Based on its argnn 

tropism i n  mice, the strain described by Muriane and associates (IIK,(l) was 

classified into two main variants: the E-variant and the Mrarinnt (Cmighcrd. 

1966). The E-variant o f  EMC virus is neurolropic and produces 3 rapidly Bllnl 

infection, while the M-variant is myoeardiotropic and usually cnnser a non- 

fatal illness with few signs of central nervous system involvement (Cmigllcntl. 

1966). The M-variant was also shown lo  induce diabetes in pnrliculsr str:lins 

o f  mice (Craighead and McLean, 1968). Yoon and collnbor~~lors Inter isolated 

two more variants by repealed plaque-purification of the M-varinnt; their 

isolates were designated as D-variant and 6-variant ( Y w n  cr d, I')KO). Illc 

D-variant was established as highly diabetogenic in  certain strains nl nlicc 

while the Brar iant  was found to be non-diabetogenic. 

1.13. The pimmavirus u p s i d  

me eapsid o f  picornaviruses measures 22 nm to 30 nm in  diameter and 

is made u p  of sixty copies of each o f  four virus proteins (VP) named VPI. 

VP2, VP3 and VP4, in  order o f  decreasing molecular weight. Among members 
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of the piearnavirus family, VPI, VPZ and VP3 are similar in sire to one 

another. The number of  amino acid residues in pi i r~nariral  caprid proteins 

ranges from 2IW - 302 for VPI, 218 - 372 fo r  VPZ, and 221 . 246 for VP3. 

VP4, which is much smaller, comprises only 68 to 85 amino acid residues 

(Ihleekefl, IWI).  VPO is a precursor picornaviral capsid protein; i t  appears 

during vir.11 maemtion which occun after the viral RNA has been packaged 

and the eapsid is being assembled to form an infectious particle. V W  is 

elcrvcd by r viruscoded proteere to form VP4 and VPZ (see Fig. 1-1); this 

praccss, the cleavage o f  VPO, is one of the final steps in capsid assembly and 

is believed t o  bo related to stabilization of the mature virus particle 

(Rueckert, iOB1). 

One important function of the capsid is to protect the viral genome 

fronl necleases in the environment. Another function is as a determinant of 

host range and tissue tropism in non-enveloped viruses, because i t  serves as 

nn .~ttnchn~est protein. which recognizes specific receptors on the surface of 

surecptibic cells. In addition, the picarnaviral capsid determines antigenicity 

of lhc virion through variations in the size o f  the loops which connect eight 

strands inn P-barrel strumre. 7his stmaure has been described in HRV-14 

(Ranmnnn el a/., iYKS), poliovirus type I(Hogle el ol., 1985), FMD virus 

(Acl~nrya a 01.. IW) ,  and Mengo virus (Luo er oL, 1987). 
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1.1.4 Brier description o f  the picomavirvs genome 

Although this thesis is concerned primarily with cell surface receptors 

for EMC virus, a preamble on the structure of the picorn8virus genome and 

how i t  is replicated may make i t  easier for the reader to .appreciate how 

factors other than cellular receptors can affect viral tropism. 

l l l h e  genome of a picomwirus consists o f  single stranded plus sense 

RNA. The size of the genome varies from 7.2Ml nucleotides for rhinoviruses 

to 8,503 nucleatides for apthoviruses. As illunratcd in Pig. 1.1, the 3 '  

terminus o f  the RNA strand is polyodenylated (called the p l y  A tract) and 

the length o f  the poly A region varies among members of the picornnvims 

family (Ahlquist & ffiesberg, 1979). I t  is shortest in cnrdioviruws (35 

nucleotides) and longest in  apthoviruses (110 nucleotides). 

A t  the 5 '  terminus a small protein, VPg (virion protein, genome), is 

covalently attached to the RNA via a tymsine residue of the VPg protein. 

Amongdifferent picornaviruses, the length o f  VPgvaries slightly, ranging from 

20 to 24 antino acid residues. The function o f  V% is not known (Rusckcrt, 

1991). Between the 5 '  VPg and the beginning of the 3' poly A tract, the 

genome is fvrthcr divided into a 5 '  nontranslatcd region, a pratein-coding 

region and a 3 '  nantranslated region. 
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Fig. 1.1 Organization of the picornaviral genome. The three "dots' over the 

5 '  nontranslntcd region indicate the points af the poly C tract. Protein 

synlhesis is from left (N terminus) to right (C terminus). PI, P2, and P3 are 

the precursor proteins. (Ruccken, 1991). 
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The size o f  the 5 nontmnslated region ranges from h?J (rhinovin~ws) 

to 1.2W (apthoviruses) nueleolides (Rueckert, I'FII), which is nnusunlly long 

when compared lo  the 5 '  nontmnslated regions o f  celiulnr K N k  which are 

less than 50 nucleolides. I n  some picarnaviruses the 5 '  nonlrnnrlnled rcgion 

contains a segment, 80 to 730 nucleolides long, which is riel1 in cytosine 

residues (called the poly C t n d )  and lies 1511 nucleotidcs from lllc 5 end in  

eardioviruses, and 400 nuelcotides from the same end ill nplhovirnses 

(Rueekert. IYA). The funclian of the 5' nontrnnslnlcd region ill pieornavir:tl 

genomes remains l o  be fully elucidated. However, reports s u p p t  1l1:11 this 

region is involved in  determining some of lhc biological prnpcrlies of 

picornaviruses. For instance, in a study of three strains o f  polinvirus lypc 3 

which differed in  neurovirulenee, i t  was shown lhat these virtls slc~ins ":tried 

only at position 472 within the 5 nontrnnslntcd region; n singlc base chnngt: 

from cytosine to uracil at this position caused nn increase ill ncurovirulcncc 

in one strain (Sabin) o f  the virus (Slanwny d ul., I'JH4; Cann cl uL. I'IU4). 

Other studies suggest that changes in  Ihc nuclcatidcs nc:lr pmiliun 472 arc 

important in  the attenuation of type 1 and type 2 pulioviruscs (Kawanlur:l a 

ol., 1989, Pollard el oL, IWY). A recent reporl by Philip Minor's group ia 

England showed that the determinants o f  nttenualian and lcmpcraturc- 

sensitive phenotypes of lhe Sabin strain of type 2 poliovirus reside at pasition 

492, within the 5 nontranrlated region (Mawdarn d "I., ILrIl). 
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The pmtein-coding region of picornaviral RNAs enmdes a long 

polypeptide chain called the polyprotein. me capsid proteins VPI to W 4  are 

encoded at PI (see Fig. 1.1) which is located at the 5 '  end of the protein- 

mding region. Genes at the P2 region code for: 

(a) an "early" protease called ZA, whose function is to cleave the cnpsid 

proteins away fmm the nascent polypeptide. 

(b) protein 28, a product of the hr gene which carries a host-range 

determinant. It is known that when a given virusalsogravs in- 

cells, this indicates that the virus has a wide host range. With this knowledge 

in mind, the function of the hrgens was elucidated from rtudieswhich showed 

that growth of type 2 human rhinovirus in murine cells., selected for an altered 

hr gene product (Lomax & Kin, 1989). How the hr gene controls host range 

is yet to be determined. 

(c) 2C. The function of 2C is not known, but it is thought it may be 

involved in the initiation of picornaviral RNA synthesis (AndersonSillman el 

ul.. 1984; Righfsel ef oL, 1961: Tershak, 1932). 

A1 the 3' end of the proteincoding region are the P3 genes which code 

far VPg, a protense called 3C and an RNA-dependent RNA polymerase. 
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The nascent polypratein is cleaved by virus-codcd pratcnscs so lhnt up 

to eleven end products are generated (see Fig. 1.1). Most oflhe cleavages are 

carried out byp~utearc3Ccxcept thrse whieh involve the "early" pmtesse 2.4 

and a maturation protease whox precise identity is not yet known but 

functions to elea\e the precursor virion protein VPO to  yield the nlnturc 

capid proteins VP2 and VP4 (Rueckerl, I'RI). 

The 3 '  nontranslated region which rangcs i n  length from 47 nuclcolidcs 

for rhinoviruses to 126 nucleotides far csrdioviruses, is short in eon~pnriwn 

to the 5 '  nontranslated region whieh ranges lrom 624 to 1200 nucleolidrr 

The function of the 3 '  nontranslated region is not known ;~llhough one can 

speculate that i t  might be important at some sL~ge in rcpliation of the viral 

genome since this region would be expected to contain signals for polymernsc 

binding. 

1.1.5. Entry of viruses into cells 

Virus infection of susceptible cells may be cylocid;ll, resulting in  the 

host cell's death, or nan cytocidal, in whieh case the hmt ccllr survive. Illc 

replication cycle o f  a virus in an infected cell can be divided into stages. Rrsl. 

the "INS must attach to specific receptors on the cell surface, penetrale into 

the cell and unmat before it a n  bgin to replicate. Uncoaling involvcs tho 
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physical separation of the viral genome from the capsid or, in the case of 

cnvclopcd viruses, disruption of the envelope and liberation of the 

nueleoeapsid. Different viruses uncoat at different locations within the cell: 

for instance, pieornaviruses and poxviruses uneoat in the cytoplasm, whereas 

herpcsviruses unmnt at  the nuclear pores. After unmating, the viral genome 

is transcribed, translattd and replicated and these processes occur repeatedly 

nr new virus-speeific proteins, RNA andlor DNA molecules arc synthesized 

in an infccted cell. 

Some enveloped viruses, typically topaviruses, enter cells by receptor 

mcdinted cndocyiosis (Marsh & Helenius, 1Y89). In this process virus bound 

to receptors on the cell surfnee forms a eomplu which is moved and 

nceumulnted at specialized regions on the plasma membrane called waled 

pits. These pits are coated on their cytoplasmic side by a protein called 

elathrin. The coated pits invnginnte and are internalized in the form of waled 

vesicles. Subsequently, the clnthrin is removed from the coated vesicles and 

the uncoated vesicles fuse together to form endosomal vesicles whose internal 

pH is acidic. The drop in pH within endosomal vesicles causes glycoproleins 

an the surface of the virus particle to undergo conformational changes which 

result in the exposure of hydrophobic proteins on the surface of the virus. me 

hydrophobic proteins promote fusion between the lipid envelope of the virus 
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particle and the membrane of the endosomal vesicle, resulting in release of 

Ule nccleocapsid into the cytoplasm. 

Other enveloped viruses make use of virus-specific fusion proleins t o  

gain entry into cells. For example, paramyxoviruxs do not enter cells by 

receptor mediated endocytosis; instead, they use a fusion glymprotcin in their 

lipid envelope to fuse thevirus envelope with the hart plasma cell menlbrane 

directly, without intervention of dathrin coated endosomnl vesicles (Marsh & 

Heienius, 1989). Following fusion the nucleoeapsid is liberated into the 

cytoplasm. 

Adenoviruses are non-enveloped, but they too enter cells by receptor- 

mediated endoeytosis (Pastan er ol,, 1986). It is obvious that with non- 

enveloped viruses, ently cannot be by fusion of a viral lipid envelope with the 

plasma membrane. Pastan and coworkers (1986) have speculated :hat for non- 

enveloped viruses, the low pH within the endoaome activates a protein on the 

surface of the virus particle which then causes lysis of the endmomal 

membrane relesing the virus particle into the cytoplasm. 

Piwrnaviruses are non-enveloped and much of what we know about 

their entry into cells eomes from work done with poliovirus (Madshus d al., 
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1984b), human rhinovirus type 2 (Madshus el aL, 19%~) and E M C  virus 

(MadshuseroL, IYHk). After binding to cell surface receptors, poliovirus gets 

internalized and delivered to endmmes. Studies have show that a low p H  

of 5.5 is required for entry o f  poliovirus RNA into the cylosol (Madshus e l  al., 

I9IWa). The low p H  causes exposure o f  polioviral hydrophobic proteins and, 

at physiological temperature, the low p H  also causes the virus particle to  

undergo eonform.ntional changes (Madshus B oL, 1984b). 

Other studies by Madshus and collaborators showed that the 

observations made with poliovirus do not apply to all members of the 

pimrnnvirus family. Human rhinovirus type 2 (HRV-2) was found to require 

a law p H  for entry into cells, while EMC virus required a slightly alkaline p H  

for entry (Madshus el  oL, 1YRk). Although a model for virus entry put 
j 

forward hy Lonberg-Holm & Whitely (1976) suggested that HRV-2 is taken 

up by endocytasis tho mechanism by which picomaviruses enter cells is yet to  

be fully elucidnted. 

1.1.6. Strategy for pimrnavirus mplication 

Pieornaviruses contain an RNA-dependent RNA polymerase (RNA 

replicas), which can copy their positive RNA strands into negative R N A  

stnnds. Tile requirements for replication o f  the positive strands to negative 
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strands are still being worked out. Studis on cell-free synthesis of ncg.ntive 

strands from positive templates suggest that at least three proteins are 

required: a protease railed 3ddI, a VPg donor, and a host factor protein 

with a molecular weight of 67 kd (Baron & Ballintore, IYUZa). I t  is thought 

that the so called VPg donor (whore identity is not yet known) donates n 

primer such as VPg-pUplJ from which the new negaliw strand is elongated 

by protein 3D"01, which is n polymerase (Baron & Bnllimore. IW2b; 

Crawford and Baltimore, 1983). The strategy, by which picornnviruscs 

replicate their genome in infected cells, is to u x  Ihc copied negative RNA 

strands as templates far the syntnesis of many positive strands; titc lnller niny 

serve as mRNA and be trnnslated by host ribosomes illto proteins, or mny he 

packaged to form progeny virus. A characteristic Lnture is that, instcad of 

making individual mRNAswhieh specify single proteins, the picornaviral RNA 

is translated into one large protein (the polypratein) which is subsequcnlly 

cleaved by virus-coded proteases into many proteins, including four individual 

capsid proteins (VPI, VPZ, VP3, and VP4), an RNA-dependent RNA 

polymerase, proteases and several other proteins (Pig. 1.1). 

1.1.7. Strategies hy which other vitnses replicate 

Like the picornaviruses, almost all other RNA containing viruses 

replicate i n  the cytoplasm o f  the inkcled cell. The only exceptions are 
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retroviruses and orthamyxoviruses, which require a nuclear phase during 

replication. Retmviruses contain single stranded plus sense RNA and they are 

characterized by the presence of reverse transcriptax in the virion. Following 

penetration of the virion into the cell, the viral genome is reverse transcribed 

in the cytoplasm, into viral DNA which subsequently enten the nucleus. I n  

short, retroviruses replicate in  the nucleus because the viral DNA must 

bemme integrated into the cellular DNA to form the provirus, which is used 

as a template by cellular RNA polymerase I! for the synthesis of viral R N h  

Orthomyxoviruses cont.ain single stranded minus sense RNA. Upon 

entry into cells, they uncaat at endosomal vesicles in the cytoplasm from 

where the virus genome migrates into the nucleus. Thae  viruses replicate in  

thc nucleus because the virus-coded RNA-dependent RNA polymerase is 

unable to initiate replication of the negative strand viral RNA into positive 

strand RNA, without a primer (Plotch el aL, 1978). Capped 5 '  end fragmenu 

of cellular mRNAs, which are synthesized in the nucleus, are therefore used 

ns primer (Bouloy el uL, 1978; Catan & Robertson, 1980; Plotch el  ol., 1981). 

Following replication in the nucleus, the mRNA is transported into the 

cyloplasn~ and translated into protein. The strategy for replication, is to build 

n positive strand RNA from the minus sense single stranded viral RNA 

genonle. llte positive strand, which is complementary to the viral RNA, is 
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used as a template to make negative strand RNA, which is packaged and 

released as progeny virus. 

On the other hand, all D N A  containing viruses, except poxviruser. 

replicate in  the nucle?ls of the infected ceil. For elample, both poxviruses and 

herpesviruses contain double stranded DNA genomes which comprise n 

positive and a negative strand. I n  simple terms, these viruscs replienlc by 

transcription of the nrsative strand to produce positive strand RN& (LC. 

mRNA), which can be translated into protein. Herpcsviruscs uncoat nl the 

nuclear pores of the infected ceil where the empty capsids remnis while the 

viral D N A  is released into the nucleus and transcribed by the cellulnr I INA- 

dependent RNA polymerase 11. Processing of the mRNA trnnseript lakes 

place in  the nucleus. But poxviruses are unique among DNA containing 

animal viruses because their genome is trnnseribed and replicated in thc 

cytoplasm. We know that the cytoplasm of euknryotic cclls lacks the 

transcriptase required to transcribe D N A  and as such, euknryotic cells 

synthesize mRNA by transcriplion o f  D N A  in the nucleus. 'lherebrc, l o  be 

ablc to replicate in  the cytoplasm a DNA virus must bring its own enzymcr 

into the cell in order to transcribe the viral genome. Poxviru~cs arc able lo 

replicate i n  the cytoplasm because they contain a DNAdcpendent RNA 

polymerase which they use to transcribe their genome (Erteban & tIolowc%?k, 



Poxvirus genomes posses other unique features. For instance, it is usual 

that mRNA transcribed from DNA in the nucleus by host cell DNA- 

dependent RNA polymerase is post-transcriptionally modified in the nucleus 

through capping, polyadenylation and splicing, before being transported to the 

cytoplasm for translation into proteins by host cell ribosomes and tRNA 

molceules. In the case of the poxvirus genome, the primary transcript is not 

spliecd because the viral mRNAs have no intervening sequences (Moyer & 

Graves, 1981). 

With regard to post transcriptional modifications, poxviruses have the 

enpnbility to process their primary transcript so that the mdified transcript 

is recognized by the host cell translation machinery present in the cytoplasm. 

Following transcription of viral DNA in L e  cytoplasm, poniruses modify their 

mRNAs by c'apping the 5 terminus ofthe mRNA and polyadenylating the 3' 

end. C.~pping involves gunnylation and methylation in a process whereby the 

5 '  triphasphate end of a new RNA chain is modified and then linked to the 

nucleoride gunnasine triphosphate (GTP), which is methylated at the guanine 

base. The effect of capping is that it ensures eiiicient translation by protecting 

thc 5 ends of mRNAs from enzymes such as nucleases and thus provides 
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The plasma membrane consists of a phospholipid bilayer in which 

cholesterol and various proteins are embedded. The lipid and protein 

molecules are held together mainly by non-covalent interactions, and because 

of the fluidity of the plasma membrane, most of the molecules are able to 

move about in the plane of the membrane. The structure of the phospholipid 

bilnyer is not symmetrical; in other words, the lipid and protein molecules 

located an the inside face of the bilayer, are different from those situated on 

the outside. For instnnce, the human erythrocyte membrane has on its inside 

face, phospholipids which contain choline at their hydroghillic ends (such as, 

phaspbntidylcholine and sphingomyoiin), while the outside face of the bilayer 

contnins phospholipids with terminal amino groups a t  the hydrophilic end 

(such as, phosphatidylcthanalamine and phosphatidylscrine). In the human 

e~ytllroeylr. this asymmetry in the phospholipid bilayer results in different 

charges between the two halves of the bilayer. Phosphatidylserine is negatively 

charged and, therefore. the charge in the interior of the bilayer becoma 

significantly differently from the exterior. 

The protein molecules of the plasma membrane have several functions. 

n ~ e y  may serve as a system for transporting moleculer into and outside of the 

cell. For instance, the enzyme ~ a +  K+ ATPase which is an ion pump present 

in the membrane of cells, uses the energyof ATP hydrolysis to pump ~ a +  out 
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of the cell and K+ in. Plasma membrane proteins may also function as 

structural links between the membrane and ei.ier the cyloskeleton or the 

extracellular matrix. For example, i n  the red cell the cytoskelcton, which is 

principally spectrin, is linked to the membrane by the nlembranc proteins 

called band 3 and band 4.1: both membrane proteins bind to rpeclrin vin the 

protein ankyrin. Some protein molecules o f  the plasma n~cnlbrane are 

intercellular adhesion molecules which may serve t o  connect the plnrnln 

membrane of one cell with that of an adjacent cell o r  they ntny arvc as eel1 

surlace receptors for various Ligands (cell adhesion rnolcct~les am described 

in section 13.2.). 

1.3. Virus-cell Interaction 

13.1. Definition of a virus receptor 

The first stage in  the infectious cycle o f  a virus is attachment to lhe 

host cell plasma membrane. This interaction bctween viruses and cells involvcs 

hvo components: a viral attachment protein (VAP)which recognizes a cellular 

receptor and a receptor on the cell surface wnich is recognized by the VAP. 

I n  noninveloped viruses, the capsid is the VAP while in enveloped viruses 

the protein of the lipoprotein eogt forms the VAP. 
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Cell surface receptors function as binding sites for a wide variety of 
ir 

ligands, which include antigens, hormones, toxins and viruses. Avirus receptor 

is the structure on the surface of a cell to which a virus binds, prior to $ 
entering the cell. By definition, virus attachment to cell surface receptonmust 

be followed by virus infection of the call. A virus receptor can be 

carbohydrate (Fried el oL, 1981), protein (Greve el oL, 1989; Staunton el 01.. 

1989) or lipid (Sehlegel el oL, 1983; Mastromarinon a/., 1987) in nature. It is 

not known how many receptor molecules constitute a receptor site. 

It is unlikely that cell surface receptors which serve as virus receptors 

evolved far the purpose of virus binding. Such receptors have other imponant 

biologic functions. For instance, the receptor for reovirus type 3 also scwes 

as thc beta adrenergic receptor (Cna  a/., 1985). although thisclaim has been 

contested (Choi & Lee, i988). Another example is the CR2 molecule which 

serves nr a receptor for Epstein Barr virus and is found on B lymphocytes 

(Fingerath a aL, 1984). CR2 is important in generating immunity against 

antigens since it also functions ns a receptor for the C3 complement fragment, 

C3d. 

Virus binding to cells may occur direetiy via specific cell surface 

receptors, or indirectly vi.1 intermediate molecules. In antibody enhanced viral 
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iniections, antiviral antibaiies may facilitate viral infection of cells by crass- 

linking virions to cell surface Fc receptors, even when such cclls do not 

possess specific surface receptors for the viruses present. The intermediate 

molecule does not have to be an antibody. I t  has been shown that hepatitis B 

virus can bind to hepatocytes via polymerized serum nlbunlin which binds l o  

albumin receptors on hepatoeytes (Machida er aL, 1984) 

13.2 Cell adhesion mulecuks 

Thc receptor for human rhinovirus type 14 h.as been identified as n ccll 

adhesion molecule (Greve el  oL. 1989: Staunton e l  aL, 198% Tomrssini e l  d. 

19898) while that far poliovirus is a member o f  the inlmnnoglobulin 

superfamily (Mendelsohn el o l ,  1989). These virus receptors arc discussed in  

detail in section 1.3.3. 

Cell adhesion molecules are cell surface proteinsthnt participate in  ccll 

to cell interactions. The interaction may be between two cells or bctween a 

cell and extracellular matrix glycoproteins, such as fibronectin or laminin. 

There are several kinds of cell adhesion molecules and they are expressed on 

various cells. These cell surface proteins include: thc adhesion molecules of 

the immunoglobulin superfamily, the integrins, the cadherins which are 

calciumdependent cell adhesion proteins that can act as recepton or ligands, 
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and the LEC-CAMS which contain leetin-like domains and are involved in 

interactions between leucaeytes and endothelial cells (Albelda & Buck, 1990). 

A characteristic feature of the integrins is that they are hetemdimers 

m m p d  ofcommon,smaller p subunits andvariable, larger u subunitswhich 

are non-mvalently associated with each other (Hynes, 1987). lntegrins seem 

to recognize specific amino ac.d residues, usually those which contain the 

common sequence. Arg-Oly-Asp (RGD). However there are integrins which 

bind ligands thnt do not contain the ROD tn'peptide. For example, the 

integrin binds toa  region on  fibronectin which lack an RGD sequence 

(Ouan & Hynes, 1990). 

In order lo classify a protein as a member of the immunoglobulin 

supetfamily, it must contain domainslike tho= found in the immunoglobulin 

molecule. Each domain on both light and heavy chains of immunoglobulin 

molecules comprises approximately 110 amino acid residues and all of the 

domains are stabilized by intrashain disulphide bonds. A second requirement 

for inclusion into the immunoglobulin superfamily is that the amino acid 

sequence of the domains in the molecule of interest, must be significantly 

similar to those of immunoglobulin or immnnoglobulin-related domains 

Although the presence of carbohydrate structures is not a ~I'iten'0n for 

inclusion into the family, it is a characteristic feature for members of the 
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immunoglobulin superfamily. Neural cell adhesion molecule (NCAM) and 

lymphocyte function associated antigen type 3 (LFA-3) arc just two ernnlplcs 

of cell adhesion molecules which belong to the immunoglobulin superfamily. 

NCAM mediates contact among neurons or between neurons and muscle cells 

(Rutishauser & Jessel, 198R)while LFA-3 mediates the initial contnct between 

T lymphocytes and antigen presenting cells or tnrget cells, prior l o  antigen- 

specific recognition (Springer ei ul ,  1987). 

lntercellulsr adhesion molecule-l (ICAM-I) is n cell surlnee 

glyeoprotein which was identified in 1986 (Hogg rr  01.. IWI). I1 lhns a 

molecular weight of 80-110 kd (Hoggel ol., L%)l) and is erprcrsedon s variety 

of cell types including endothelial cells, fibroblasts, monocytes and, ll and 1' 

lymphocytes (Hogg el oL, 1Y)I). ICAM-I does not contain the lripcplidc 

(RGD) recognition sequence used by same integrins and, unlike the inlegrins, 

i t  is not made up of u and fi protein subunits (Hoggcr sL, 1991). ICAM-I has 

a rod-like structure and contains five immunoglobulin-like oxtrncellular 

domains at its amino terminal, a single transmembrane domain and a short C- 

terminal cyloplasmic domain (Staunton a oL, IWO). The exlrncellular domnin 

contains many potential N-linked glycmylation sites and each of the five 

extracellular domains shows significant amino acid sequence similarity with 

other members o f  the immunoglobulin famlly (Staunton r.1 ~1.1990). Based on 
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the  size of the proteins recognized by antibodies specific for ICAM-I, it has 

been shown that rat and mouse ICAM-I are similar but not identical to 

human ICAM-I (Horley el oL, 1989). At the protein level, murine ICAM-1 

shares 50% homology with human ICAM-1 (ITorleyeloL, 1989; Ballantyne el 

01.. 1989). 

131 Cell surface mceptora for pimrnaviruws 

So far, human rhinovirus type 14 is the only pieornavirus whose cell 

surface receptor has been unambiguously ic-ntified (Greve el oL, 1989; 

Staunlon el a/,, 1989; Tomassini cf ol., 1989a). For others such as poliovirus, 

eoxsickie virus or foot-and-mouth disease virus only the general nature of the 

cell surface receptor is known. 

1.33.1. The rhinovirus receptor 

Studieson the cell surface receptor for rhinoviruses can be traced back 

almmt three decades, lo when it was first realized that different rhinoviruses 

use different receptors to bind to cells (Haff n aL, 1966). Haff and 

eollahoraton found that both human rhinovirus type 2 (HRVO) and HRV-14 

nttncllcd to  lhc human cell line, WI-26, but only HRV-2 could bind to African 

green monkey kidney cells. Later, studies showed that t w i n  treatment 

prevented rhinovirus from binding to cells (Stott & Heath, 1970). Biochemical 
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studies of rhinovirus attachment to cells further showed that exposure of the 

cells to the leefin mncanavalin A, which recognizes the sugars mannose and 

glucose, prevented virus binding to  cells. These findings suggested that the 

receptor is a cell surface glycoprotein (Lonberg-Holm. IY7S). Subsequent 

studies revealed that a monoclonal antibody made againsl HeL? cell surface 

molecules blocked rhinovirus binding to H e h  cells and prevented certain 

serotypes of the virus from infeeling the cells. Colonno and associates (1986) 

reported that, out of about 110 distinct serotypes of human rhinovirus, close 

to 90% bound to a single receptor on HeLa cells. This mnjor group of 

rhinoviruses is represented by HRV-I4 while the prototype virus lor the 

remaining 10% (the minor group) is HRV-2. I t  was not unlil 19x9, that n 

glycopratein with an apparent molecular weight of 90 kd wns isolntod as the 

cell surface receptor for the major group of rhinoviruses (Tomnssini d "1,. 

1989a). This glycoprotein has been identified as human ICAM-I (Grcve el a/., 

1989; Staunton e l  aL, 1989). Interestingly, HRV-14 does not bind to  murine 

ICAM-I (Staunton el 01.. 1990). 

Very little is known about the receptor for the minor group of 

rhinoviruses. I t  is possibly a sialylated glycoprotein because binding of HlZV-2 

to cells is prevented by conanavalin A, which recognizes mannoso and 

glucose, and by wheat germ lectin which recognizes N-acetylncurnminie acid 
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and N-acetylglucosamine (Tomassini n ol., 1989b). Other reports have 

suggested that the minor group receptor has a molecular weight of about 450 

kd (Mischak el al., 1988). Cell surface expression of the minor group 

rhinovirus receptor is not affected by treating cells with cytokines such as 

interleukin-I, y-interferon and tumour necrosis factor (Tomassini el a/., 

19XYa). 

Evidence that human ICAM-1 is the cell surface receptor for HRV-14 

was derived mainly from experiments which showed that HeLa cells 

transfeeled with cDNA encoding human ICAM-I, expressed ICAM-I on their 

cell surface and bound r.adiolabelled HRV-14 whereas non-uansfected cells 

which did not express ICAM failed to bind HRV-14 (Tomassini el nl., 198%). 

When ICAM-I was purified and adsorbed to a plastic plate, 40% of the input 

virus bound to the molecule, within 90 minutes. No significant increase was 

observed in HRV-14 binding to bovine serum albumin similarly adsorbed to 

a plastic plate, during the same period. Furthermore. using cytopathic effect 

to determine virus infectivity, it was found that exposure of the cells to anti- 

ICAM-I monoclonal antibodies prevented HRV-14 infection of HeLa cells, 

whereas n control monoclonal antibody did not prevent HRV-14 infection of 

the same cells (Colonno el d ,  198@ Colonno el nl., 1988). The anti-ICAM-I 

monoclonal antibodies which blocked infection of HRV-14, did not prevent 
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other viruses from infecting the same cells, indicating specific blofking of th 

receptor for HRV-14. In addition, the amino acid sequence of the HRV-I4 

receptor matched the predicted amino acid sequence for ICAM-1, deduced 

from the cDNA Jequenee (Greve n a/., 1989; Staunton et ol.. 19R9). 

I 
1332. lk pllmlrvs receptor 

Initial research an poliovirussell interaction studied the bond between 

polioviruses and cells, and the effects of ions and temperature on poliovirus 

athehment. It was found that binding of poliovirus tomonkey kidney cells and 

human HeLa cells occurred electrostatically, the virus binding being salt- 

dependent an* temperature-independent (Youngner. 1955: Fogh. 1955; 

Bachtold a aL, 1957). Later, it was shown that poliovirus replicated in 

cultured cells of human or monkey origin but not in cells from species such 

as mouse, dog, rabbit or swine (McLaren EI 01,. 1959). However, even within 

infectable primates, poliovirus replication oeeurred only in speeiL cells and 

tissues. The virus was found to attach to human and monkey cells from the 

central nervous system and intestine, but not to human cells from the lung, 

heart or  skin. By the middle 1950s, it was kcoming clear that there was an 

association between cell surface receptors and, pathogenicity and tissue 

Vopism of polioviruses (Kaplan 1955; McLaren el ol.. 1959). 
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In 1974, the gene encoding the cell surface receptor for poliovirus was 

mapped to chromosome 19. In that study, it was shown that in a population 

of somalic ecll hybrids between human and mouse cells, cells susceptible to  

poliovirus infection contained ehromosame 19, whereas cells which were 

resistant to poliovirus infection lacked chromosome 19 (Miller el ol., 1974). 

Other studies revealed that by using whole Hep2C or He la  cells as 

immunogen, monoclonal antibodies could he produced which protected the 

cells from infection by all three poliovirus serotypes (Minor el al., 1984: Nobis 

el ol., 1985). In  1986, using a procedure called DNA-mediated gene transfer 

(described in section 1.3.9.). Mendelsohn and associates were able to transfer 

the poliovirus receptor gene into previously receptor-negative mouse cells, s o  

lhnt the mouse cells expressed the poliovirus receptor and became susceptible 

to poliovirus infeclion (Mendelsohn a oL, 1986). Later, Mendelsohn's group 

isolated two cDNA clones which encoded functional receptors for poliwirus 

(Mendelsohn el ol., 1989). The predicted molecular weights of the two 

receptor proteins were reported to be 43 kd and 45 kd, and the poliarirus 

reccplor was identified as a new member of the immunoglobulin superfamily 

(Mendelsohn ul "1.. 1989). later, mutant poliovirus receptor eDNAs were 

const ucled SO that the domains of the receptor molecule which are required 

for binding a,uld be identified. Koikc and associates reparled that the 

poliovirus binding site is laeated at  the N-terminal domain, which is called 
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domain 1, and they claimed that the cytoplasmic domain is not esscntinl far 

virus infection (Koike a o l ,  1991). Other researchers have found thnt while 

domain 3 and the extreme carboxyl terminus are not required for viral 

receptor function, the two N-terminal domains (domains t and 2) play a role 

in  the initiation of poliovirus infection (FrcisLqdt & Rsenniello. 1991). 

There is however a complication; another research gmup reported thnt 

the cell surface receptor for poliovirus is n IIKI kd protein (Sheplcy cr a/., 

1988). This group used a non-genetic approach; they isolated the poliovirus 

receptor by immunoaffinity, usinga monoclonal antibody which wasgenorsted 

by immunizing mice with HeLa cells. According toSh~pley and nssociales, the 

monoclonal antibody they produced, specifically inhibited radiolabelled 

poliovirus binding to HeLa cells. When i t  was used to probe blots containing 

membrane preparations, the antibcdy detected a I I W I  kd protein only in tho= 

cells and tissues which are susceptible to  poliovirus infection (Shoplcy er ul,, 

1988). They also found, that the 1W kd protein was detected in  humnn cells 

from the spinal card but not in  any murine tissue, which is consistent with thc 

observed tropism for poliovirus. The 100 kd protein is not cncoded by the 

receptor gene cloned previously by Mendelsohn and associates (Shcplcy I'm). 

These two contradietoly findings suggest that the cell surface receptor 



33 

far poliovirus is either a 434.5 kd protein or a 1M) kd protein. Alternativelj', 

assuming that the 43-45 kd protein is the true receptor, t3e 1W kd protein 

may be closely associated with the poliovirus receptor site but not encoded by 

the poliovirus receptor cDNA clones isolated by Mendelsohn and 

collaborators. If the latter is true, then perhaps the monoclonal anuiodies 

which dctected the 100 kd protein were able to block poliovirus infection by 

steric hindrance. 

1333. Cell surfare -torn lor wmackinirus 

The corsaekieviruses have been divided into hvo groups based on the 

type of tissue damage produced after inoculation into suckling mice. Group 

A coxsackieviruses (CVA) affect the skeletal muscle cells of newborn mice 

causing flaccid paralysis, whereas group B coxsackiwiruses (CVB) usually 

muse lesions in the central nelvaus system and induce spastic paralysis. 

About three decades ago, McLaren and associates (1960) reported that 

groups A and B coxsackiwiruses attach to different receptors on the surfaces 

of human cells. The report also showed that coxsackiedrus types B1,B3 and 

BS attached to a continuous human cell line whereas coaackievirus type A9 

did not attach to these cells, although the A9 virus could infect the same cells 

if its RNA was lnnsfected into them. Further studies showed that the s f  
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rhabdomyosarcoma (RD) cells lack receptors for CVB and therefore RD cells 

do not support CVB growth. Through blind passage of CVB-3 into RD cells, 

a variant of CVB-3 (called CVB3-RD) war generated which could grow in RD 

cells (Reagan el of., 1984). Further studies showed that CVB3-RD attached 

to a 641 kd protein on RD cells. However, on Hela cells CVB3-RD attached 

to a MI kd protein and to a 49 kd protein, similar to the putative receptor 

protein previously identified for the prototype virus CBV-3 (Lee-Hsu a a/., 

IBA)). Thesc receptor proteins have not yet been identified but it would be 

interesting to know whether the CVB receptor is also a member of the 

immunoglobulin superfamily. 

133.4. Cell s u r l m  receptors: fw oUlcr picomaviruses 

Compared lo receptors for HRV-I4 and poliovirus, very little is known 

about receptors for other picornaviruses. Studies on the foot-and-mouth 

disease (FMD) virus parlicle have revealed that the virus attachment site in 

nil seven scrotypes fonMins the Arg-Giy-Asp (RGD) sequence (Fox el a/., 

IY#J). This is the tripeptide sequence commonly found in the integrins 

(described in section 1.3.2.). Since FMD virus binding to receptors on BHK 

cells was blocked by peptldes containing the ROD sequence, itwas suggested 

that the gene for the FMD virus receptor might belong to the integrin 

supergene family (Fox cral, 1989). 
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Recent repore suggest that the receptor for echovirus type I is also a 

member of the integrin family (Bergelson el a/.. 1992). According to Bergelson 

and asmiales (1992), their monoclonal anti-receptor antibody protected 

susceptible cells from infection and recognized both protein subunits o f  the 

integrin VLA-2. Human rhabdomyosarcama (RD) cells express low amounts 

o f  VLA-2 and bind only minimal amounts of echwirus-1 (Bergelson er 01.. 

1992). The investigators reported that following uansfection wit11 cDNA 

encoding the VLA-2 gene, the RD cells expressed cell surface V M - 2  and 

gained the ability to bind echovirus-l (Bergelson rI 01.. 1992). 

The picornavirns that our laboratory is involved with, nnmcly EMC 

virus, attaches to  human erythrocytes, although the biological significance of 

its interaction wilh red blood cells is not known. I t  has bcen suggested that 

virus-erylhroeytc interactions probably augment the host's immune responsc 

by aiding virus clearance and by presenting viruses more elrectively ns 

antigens to immunacompelent cells (MeClintoek cr a/.. 19UO). Although EMC 

virus attachment to human and rnurinc nucleated cells has hccn investigated 

(McClintock el oL, IYUO), most of what is known so far about the BMC virus 

receptor was derived from studies on human erylhrocytes, which do not 

support virus growth. Reporls from our laboratory show that EMC virus binds 

to glymphorin A on human elythroeytes (Allaway & Burness. 1986). 
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Glymphorin A is a member of a family of red cell sialoglymproteim 

called glymphorins A to E (Anstee, 1990, Cartton d a/., 1990). Abu t  85% of 

the glycaphorins on human erythrocytes is glymphorin A while approximately 

10% of the glympharins on these cells is glycophorin B. Glymphorin A 

contains I31 amino acid residues and, residues 1 to 72 form Ule amino- 

terminal extracellular domain. Glymphorin A efists in two antigenic f m  

known as giycaphorin A~ with serine and glycine in positions 1 and 5, 

respectively, and glycophorin with leucine and glutamic acid in those 

positions. The glycophorin A molecule contains 15 oligosafcharides O-linked 

lo serine and threonine residues and one N-glycosidically linked to asparagine 

(Marchesi a ol., 1976). The extracellular domains of glymphorin A and 

glycophorin B contain notable differences. The first 26 amino acids, including 

glycosylation sites, are identical in glycophorin and i n  glymphorin B. 

Amino acids 27 to 56 in giycophorin A have no equivalent residues in 

glymphorin B. Residues 57 to 72 in glymphorin A show significant homology 

with residues 27 to 43 in glymphorin B (Anstee. 1990: Cartron et a!., 1590). 

The caneiusion that glycophorin A is the binding protein for EMCvims 

on human erythrocytes was based on the inhibition of virus attachment to 

erythmeytes pretreated with V7"o cholcme neuraminidase (Angel & Burness, 

1W7). or with proteases such as papain and ficin (Allaway & Burneq 1986), 
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and on the inability ofvlms toatlach to En (a-) red cells (All~way & Burners. 

1986), which are otheMise normal cells that lnek glycophorin A but contain 

glycaphorin B (Talianodal., 1960). Burness and Allnway (1')Xh) also reponed 

that the E M C  virus binding site on human red cells is located at amino acid 

residues 27 to 56, which are unique to glyfapharin A. 

13.4 Cell surface meptors  lo r  other viruses 

So far, the best characterized viral receptors belong lo  lour I1NA 

containing viruses. Two of these, rhinwirus and poliovirus arc non-cbveioped 

picornaviruses and their receptors have been described (see sections 1.3.3.1. 

and 1.3.3.2., respectively). The other two, influenza virus and human 

immunodeficiency virus type 1 (HIV-I) are enveloped. Ilnc receptor for 

influenzavirus has been identified assiaiic acid (Paulson, 1979) while lhnt for 

H IV- I  is the C D 4  molecule o f  T lymphocytes (Dangleish el "1 ,  1984; 

Klatzman er "1, 1984). The CD4 molecule is a M) kd glpprotein which 

functions as a cell adhesion molecule by binding to class II major 

histocompatibility complex (MHC) molecules on B lymphocyles and anligen- 

presenting cells. The process by which the CD4 molecule was identilied as a 

receptor for H IV- I  was very thorough. First, the virus was shown lo  infect 

cells that express the CD4 molecule. Then it was shown that monaclonal 

antibodies directed against the CD4 molccule blocked HIV-I binding or 
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inkction of CD4-positive cells (Dangleish a aL, 1984; KlaQman eI aL, 1984). 

Also, HIV-I binding to cclls blocked binding of the monoclonal antibodies td 

the CD4 molecule (McDougal el aL, 1986). Using lymphocytes infected in 

viuo, in~rnunopreeipitation of HIV-infected cells with HIV antibodies war 

shown to precipitate a complex of the HIV envelopeglycoprotein (gpl20) and 

the CD4 molecule (MacDougal aoL. 1986b). Further, human cellsthat lacked 

the CD4 molecule and were not infectable by HIV, acquired the ability to 

bind virus and become infectable following transfeetion with cDNA e n d i n g  I 

I 
the CD4 protein (Maddon d ol., 1986). 

Althaugl~ the evidence that HIV-1 infects CD4-positive T lymphocytes 

(Dangleish d ol., 1984; Klatzman d of., 1984) and other CDCbearing cells 

such as monoqtes and macrophages (Gartner et aL, 1986; Ho el 01,1986) is 

strong, a number of studies have also shorn that cells that do not eqresr 

demonstrable amounU ofCD4 can be infected with HN-1 (Cheng-Maycr el 

a!., 1987: Dewhunt a ol., 1987; Cao a ol., 1990; Kanopka a ol., 1991). Other 

studies showed that infection of cells by HIV-I is not always prevented by 

anti-CD4 antibodies or neutralizing doses of recombinant soluble CD4 

(Clapham a a/., 1989; Weiss el ol., 1989; Weber a aL, 1989) suggesting that 

receptors other lhnn CD4 are involved in the susceptibility of cells to HIV-I 

infection. 
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Evidence for the identity of receptors for other viruses is not as strong 

as that for HIV-1, rh inovim o r  poliovirus. However, the receptor for reovirus 

type 3 on susceptible cells is suggested to be the p-adrenergic hormone 

receptor (Co el nl.. 1985) although this claim has been contested (Choi & Lee. 

1988). The cell surface binding molecule for rabies virus may be lhe 

acetylcholine receptor (Burrage el ol., 19H.5) or gangliosides (Superli rl a/.. 

19H6). The sendai virus receptor on susceptible cells is also suggesled lo  be 

a gangiioside (Markwell el "I., 1984). Vesicular ston~ntitis virus may bind lo  

phasphatidylserineor phosphatidylinositol(SehlegelaaL, 1983; Mnslromnrino 

el a/., 1987). Among D l i A  containing viruses, hepatitis B virus binds lo  

hepatocyles via polymerized serum albumin which binds lo nlbunlin receptors 

on hepatocytes (Machida a d, 1984). The class I MHC molecule has been 

suggested as receptors for human adenovirus (Chattcrjee & Miazcl, l'N4) and 

for simian virus 40 (Ahvood & Norkin,l989), while the CR2 molecule found 

on B lymphocytes selves as a receptor for Epstein-Barr virus (Fingcroth aul . ,  

1984. 

13.5. Virus attachment pmteins of plmrnaviruses 

Although Colonno and collaborators (1986) showed that almost'X)% of 

rhinovirus seratypes shared a single receptor (described in section 1.3.3.1.), 

further studies revealed that there war no cross-immunity betwccn members 
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of this major group of rhinoviruses. This observation suggested that the virus 

attachment site for the major rhinovirus group is not immonogcnic. To explain 

this phenomenon, Rossmann postuiated the canyon hypothesiswhich suggests 

that the virus attachment site of the virion comprises a cleft, the inside of 

which is likely to contain conserved amino acid residues among similar strains 

of virus (Rawmann el o f ,  1985). The hypothesis funher suggests that such a 

depression on the virus is protected from the host's antibody response because 

it wotlld be loo narrow for an antibody Fab fragment with a dianleter of 35 

A to penctnle. According to the hypothesis, the region surrounding the cleft 

would conlain hypervariable amino acid residues which could represent 

binding sites Tor neutralizingantibodiesand taleratemutationssoas toescape 

the hast's immune response (Rossmann N a!., 1985). 

Using X-ray crystallographic studies to determine the atomic structures 

of viral capsids, it has bee? shown that the virus attachment proteins of 

ltunian rhinovirus type 14 (Rossmannrl a/., 198% Arnold & Rossmann, I N ) ,  

poliovirus type 1 (Hogle a nL. 1YU) and mengo virus (Luo el ol., 1987) 

contain depressions which have been variously referred t o  as "canyon", "cleft" 

or  "pit': In rlninovirus, the cleft is 25 Adeep, has a diameter tapering from 30 

A at  the rini la 12 A at the bottom and is lined by amino acid residues from 

VPI and VP2 (Rossmann eta/.. 1965). Mengoviruscontains a 20 .&deep cleft 
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on its surface, which is lined primarily by amino add  residues from VPI and 

VPZ and a segment of VP3 (Luo ef ol., 1987). Amino acid changes in !he VPI 

region of the Lansing strain of poliovirus type 2 have been shown to 

significantly affect neurovirulence of the virus in mice suggesting that the 

attachment site involves VPI (Moss & Racanicllo, 1991). These depressions 

have also been found on viruses other than picornaviruses. For instance, the 

haemagglutinin glywprotein of influenza virus which projects 130 A from the 

viral membrane, contains s cleft which is a more shallow depression than 

those found on some picornaviruses. The cleft on the haemagglutinin of 

influenza virus measures about 10 A across and 5 A deep (White & Littman, 

1989). 

In suppart of the canyon hypothesis, it has been repaned that the cleft 

found at the influenza virus attachment site binds sialic acid, contains 

conserved amino acid residues and is surrounded by amino acids that wry 

between influenza epidemics (Wiley n nl., 1981; Weis e~ "1.. lYU8). Among 

picomaviruses, it has been reported that the immunogenic sites for HRV-14 

are located at the hypervariable region surrounding the cleft, within the virus 

attafhmcnt site (Sherry a ol., 1986). Sitedirected alteration of the amino acid 

residues inside the clen war shown to affect HRV-14 binding to  isolated 

cellular receptors (Calonno a a/., 1988). When drugs were used to selectively 
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alter the topography o f  the floor in  the cleft, i t  was found that attachment of 

HRV-I4 to HeLa cells and to isolated receptors was bloeked (Pevear el oL, 

19n9). 

I n  contradiction to the canyon hypothesis, there are repom which 

indieate that even among piwrnaviruses the cleft phenomenon is not 

universal. For instance, the attachment site o f  FMD virus does not have a 

cleft. Rather, the domain of F M D  virus which binds the receptor is located 

at tllc surface of a prominent, antigenic loop, which contains amino acid 

residues from VPI (Acharya el oL, 1989). This region contains a conserved 

arginine-glycine-asplRic acid (ROD) sequence which is svrrmnded by 

rcsidues thnt vaty 'tam strain to strain (Fox el oL, 1989). 

With coxsnckie viruses, Beatrice and coworkers (1980) have suggested 

that VP2 selves as the virus attachment protein since wxsackie virus 83 is 

neulrnlized by antibodies to VP2. InTheilcr'smurine enccphalomyelitisvirus, 

VPI has been shown to be impottant i n  determining virus persistence and 

disease in  nlice (Zurbriggen el uL, IW1). Depending on the virus, n p o N  vary 

as to which cnpsid protein is primarily involved in virus attachment t o  cells. 

This makes one to wonder whether a single capsid protein functions as the 

viral nttnchment rite. I t  is canceivnble that interactions between the three 
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exposed capsid proteins VPI, VPZ and VP3, may result in a unique 

conformational state which allows binding of virus to cell surface receptors. 

136 Virus attachment proteins or other viruses 

Adenairuses possessapical projections called pentonswhich have been 

identified as the site of attachment to cells (Morgan rr aL. 19W; Boulanger 

and Lanberg-Holm, 1981).The evidence for this conelurion is that antibodies 

against the pentons inhibited adenovirus attachment to susceptible eclls and 

virus binding was competitively blocked by excess of purined penton protein. 

On the other hand, reoviruser have an outer capsid which is composed of 

three polypeptides: plC, 03, and o l  (Smith el of., 1969). The ol polypeptide 

which makes up 1 - 2% of the outer capsid and is located at the verlicss of 

the icosahedral structure is the major determinant of reovirus interactions 

with cells (Lee N of., 1981). 

The virus attachment proteins of enveloped viruses such ns 

herpesviruses, togaviruscs, poxviruses, orthomyxoviruses, paramyoviruses and 

rhabdoviruses consist of glycoproteins which are specific to a particular group 

of viruses. For example, in herpes simplex virus the gB glymprotein appears 

in a dimeric form in the viral envelope and is essential for penetration and for 

infectivity of the virus (Person el nl., 1982). The 112 mutant of herpesvirus 
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whieh lacks gB glycoprotein is able to attach but not penetrate susceptible 

cells suggesting that gB is essential for infectivity of herpesvirus at the level 

of penetration (Littleelal., 1981). Respiratory syneyfial virus, a member of the 

paramyxovirur family, has two surfilee glycoproteins, GPY0 and GP70. GP90 

is reported to serve as !he attachment protein (Fernie and Gerin, 1982). On 

the surface of some togaviruses there are three glycoproteins, El, U and E3; 

El and E2 are reported to serve as virus attachment proteins (Garoff el al., 

I1IX2). Only one sutface glycoprotein in rhabdwiruses called G glycoprotein 

is reponed lo serve ns the attachment protein (Wagner el ol., 1983). 

Orthomyxoviruses have two surface glycoproteins referred to as 

haentagglutinin and neurnminidase but only the haemagglutinin Selves as the 

nttnchment protein (Klenk a a/,, 1975). Poxviruss have about seven surface 

glycoproteins but it is not k n o w  which glyeopratein is involved in virus 

attachntent to cells. Human immunodeficiency virus type 1 uses an envelope 

glycoprolein (gp120) to bind to the CD4 molecule (Landau el oL, 1988). It has 

bccn reported that a segment of the HIV-I gp120 which interacts with the 

CD4 molecule contains regions which are highly conserved among various 

HIV-I isolales as well as in HIV-2 and simian immunodeficiency virus, which 

also bind lo CD4 (Lisky el "1.. 1987). 
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13.7. Factors which influence virus attachment to cells 

Virus attachment to e l l s  in vilm, is influenced by physical conditions 

such as temperature, pH, ionicstrenglh and cell concentration (Lonberg-Holm 

and Philipson, 1974). For instance, the rate at which rhinoviruses attach to 

cells is reduced at temperatures k low 37°C probably due to the need for 

receptorsto diffsse laterally through the membrane (Dimmock. IY82). Binding 

of EMC virus to L929 and Friend cells has been shown to bc rcduced as the 

temperature was raised, possibly due to an increase in the rnte of dissociation. 

In contrast, EMC virus binding to HeLa cells was unaffected by temperature: 

similarly, the attachment of Mengo virus to  LCD cells was indepcudenl of 

temperature (McClintoek, er a/., 1980). 

The interaction behveen viruses and their receptors is mainly 

electmtntic and it is therefore strongly influenced by tho charge distribution 

on bath the ligand and the receptor (Perutz, 197H; Bniley ad, IYU4). Binding 

of virus does not occur in the absence of ions (Holland and McIaren. 19.59). 

Some rhinoviruses, coxsackievirus A9 and FMD virus require div.alent cations, 

while some group B mxsackie viruses and echoviruses are strongly influoneed 

by the pH of the environment (Fiala and Kenny, 1967; McIaren d a/,, 1'Xdl). 

Binding of viruses like influenza to  the cell surface can result in 



destruction of the receptor itself. The surface of the influenza virus is 

covered with tightly packed haemagglutinin and neuraminidase glyeoproteins 

and i t  is the haemagglutinin which binds virus to sialie acid-containing cell 

surface receptors, since antibody to the haemagglutinin but not to 

neuraminidase, neutralizes infectivity and prevcnu agglutination o f  

etythroeytes. I t  has been reported that the neuraminidase o f  influenza virus 

destroys sinlie acid containing cell surface receptors (Collins and Knight, 

1978). I f  this is true, i t  is a puzzle that a virus would contain on its surface, 

the nieeh~nis~n for destroying cell surface receptors, which i t  needs to infect 

cells. Ilowever, according to Mea and associates (1981), haemagglutinin and 

ncnraminidnsc activities m n  be regulated by environmental conditions such 

r s  chloride concentration and pH. High concentrations of halide ion enhance 

Imemngglulinating activily while neurnminidase activity is inhibited at high 

concentmtions of these ions (Men et al., 1981). 

Changes in  cell concentration, which affcct the number of receptors 

nvnilnble, also affect attachment in  a directly proportional manner. Virus 

concentrations too can have an effect upon attachment because saturation 

orcursas the upper limit is appronched. A reduction in  the rate at which virus 

nunches to cells could wcur as a result of competition for receptor sites on 

the cell surface. Other factors which influence the rate o f  virus attachment 



48 

to cells include reagents such as sucrose that incre'ase viscosily, which then 

defreases attachment rates (Crowell and Sink. 1978). 

Sulphydryl groups a n  the surface of some picornaviruser hnve an 

influence on virus attachment. For example, echoviruses are profoundly 

affected by the presence of reagents that block sulphydryl groups whercas 

palioviruses are less influenced (Philipson and Choppin. 1962). 

Cell surface molecules which by lhemselves da not scwe as virus 

receptors but which are located close to a virus receptor may influcncc virus 

attachment to cells. Because HIV-I attaches to mouse cells which have bccn 

transfeeted with the gene encoding the CD4 molecule without infecting the 

cells, it has been suggested that HIV-I probably also binds to the MHC class 

I1 molecule HLA-DR. which mny be in close proximity to the CD4 molccule 

(Mann el& 1988). Other factors which may affect the attachment olviruscs 

to cells include natural or synthetic molecules (such as antibodies or peptides) 

which resemble structurally or  eonformationally the binding site on the virus 

or the binding domain on the receptor. These molecules, if present, could 

competitively inhibit binding of viruses to reeeplors on susceptible cells. 



49 

136. F.ctws which cwld aU& v i n l  tmpism 

Expression of cell surface, receptors for viruses is not the only factor 

that determines viral tropism. The inability of viruses to infect cells can be 

overcome by transfecting the cells with viral DNA, and resistance to virus 

infection may be due to a block in virus entry, to uneoating, or to "on 

expression of specific cellular proteins required for viral replication. 

There are several examples which illustrate cases where factors other 

than cellular receptors may determine whether or not cells become infected. 

One such case is the cell surface receptor for HRV-14, human ICAM-1, which 

has been shown to be expressed on a variety of human eell l p e s  including 

cells which are resistant to rhinwims infection (Hogg cr of., 1991). The fact 

that thc receptors are found an a variety of cell types, including cells which 

are resistant to infection, suggests that factors other than cellular receptors 

may be involved in rhinwirus tissue tropism. Similarly, polioviruses have been 

show to bind to insect mlls which express the poliovirus receptor on their 

surface, without leading to a productive infection suggesting that the defect 

may be at the virus entry stage or later (Racaniello, 1992). 
1 
! 

Another example where viral tropism has been shown to bc affected by 

factors other than eell surface receptors occurs in retroviruses. The retmviral 
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life cycle consists o f  the processes of viral entry, reverse transcription of the 

RNA genome, integration of viral DNA. transcription, translatian, post 

translational modification including protein processing, and assembly of the 

virus panicle. I t  has been reported lhol intracellular levels of 

deoxyribonucleotides, the substrates for reverse transcription, con vnry 

between host cells suggesting that the rate of reverse transcription fim be :, 
factor affecting retroviral growth (Mao el uL, IWX). Also, rctroviral genes 

contain nueleotide sequences called long terminal repeals (LTII). Il iese 

repeat sequences (LTRs) carry multiple signals such ns promoters and 

enhancers. There are reports which suggest that susceptibility of lymphocytes 

to retroviral infection is linked to the influence o f  KrRs on gcne cxpressioll 

(Garcia cr ul., 1987). Because the LTRs interact with a number of ccllulnr 

factors whose expression is modulated, i t  is suggested that susceplibility of 

lymphoid cells to retroviral infections may be influenced by a rcgulnloly 

protein($) which is produced only in  susceptible cells md acts on the I.TR to 

enhance expression of a gene which is required for virus replication (Gnrcia 

a a!., 1987). Alternatively, i t  is conceivable that in  cclls which arc resistant tu 

rctroviral infenion, expression of a specific pmtein(s) suppresses KI'R 

funaion and therefore, virus replication also gets suppressed. 

Viral tropism is influenced by features of the internal onvironmenl of 
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an organism which may affect the behaviour of a virus For example, the 

attachment protein on the virus partide can affect host range and tiuue 

tropism because it is that part on the virus which must attach lo specific cell 

surface receptors prior to viral infection. Although speeific receptors for a 

virus may be expressed on a cell, the virus may not bind to the receptors if a 

viral surface protein required for virussell interac'ion is altered, perhaps by 

digestion with enzymes. 

13.9. Strategies uscd to isolate virus receptors 

A variety of approaches has teen used in numerous attempts to isolate 

virus receptom from whole cells or from plasma membranes. Several atlempts 

toisolate receptorscontaininglipids employed chloroform-methanol extrnction 

techniques as described by Kritchevsky and Shapiro (1%7). Procedures used 

to isolate glycoprotein receplors included the use of hot phenol (Howe el aL, 

1972), or phenol in combination with either lithium diiodosalicylate (LIS) 

(Marche-i and A n d r e w  1971X or sodium deoxycholate (Segrest el ol., 1979), 

or Triton X-IOII (Fukuds and Osawa. 1973). Other methods far isolating 

glycoprotcin receptors employed aqueous pyridine (Blumenfeld and 

Zvilichwsky. 1972), chloroform-methanol-sodium dodecyl sulphate 

(Hnmagucl~i and Clcve. 1972). or  Trilon-Wheat germ agglutinin (WGA) 

affinity chromatography (Adair and Kornfeld, 1974). The advantage of the U S  
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method for RBC is its high yield (approximately 35 mg of receptor material 

per gram of membrane protein). The disadvantages are that up to 10 moles 

of LIS per mole of receptor material is retained (Segrest rlul.. I97Y). and lhe 

LIS method does not completely remove pigments such as hnem from the 

preparation (Segrest er a/., 1979). The sodium deorycholnte procedure, while 

resulting in a relatively purer product, gives a lower yield (Segrest aul. .  Ic)79))). 

Hot phenol has been shown to cause chemical modification of llle receptor 

material (Segrest d 01.. 1979). 

More recently, other strategies have been used for isol:ttion of ccll 

surface receptors. For instance. the receptor for coxsnekicvirus 83 an Ilcl,? 

cells was isolated by extraction of the co~mckievirus-receptor complex from 

sodium deaxyd~alate solubilized ccll membranes (Mapolesel ul., l98.5). Evcn 

though this technique yielded biologically active material that was purified and 

in  sufficient amount for biochemical characterization, this approach mny not 

be of general application because many virus-receptor complexes nrc unstnblc 

during purification. Co and associates ( I W )  used polyclonsl anti-idiotypic 

antibodies to reovirus o l  pmein, to isolate the reavirus type 3 receptor from 

rat neuroblastoma, human lymphoma and monkey kidney ccll lines. Thcy 

reported that these antibodies, whose binding sites resemble viral surface 

struetures, effectively bound to a 67 kd cell surface protein which also bound 
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virus. Thc technique of producing anti-idiotypie antibodies is based on the fact 

that thc binding of both a ligand (forexample, EMC virus) to its receptor and 

of the rame virus to an antibody, depends on protein-protein interactions and. 

involves complementary conformations. Thc strategy is to pmduce antibodies 

against appropriate determinants on the surface o f  a ligand that recognize the 

ligi~nd in  much the rame way that a receptor does. Thecombiningsite o f  these 

receptor-mimicking antibodies would have structural features which are 

similar to those of the receptor's own ligand-binding site. I f  a second set of 

nnlibodies is produced against the antigen-combining site ofthe first antibody, 

the combining sites of these anti-idiotypic antibodies should mimic the 

detcrminnnts on the ligand (virus) that mediate binding to its receptor. The 

nnti-idlotypic antibody approach ha? several advantages. Anti-receptor 

antibodies can be produced without having to use the receptor as immunogen. 

Antisera containing anti-idiotypic antibodies to cellular o r  viral proteins can 

be generated and stored in large quantilies for a long timc whereas viruses 

lose their activity over a short period of time. Binding of anti-idiotypic 

antibody is specific whereas viruses have been known to bind non-specifically 

to inanimate surfaces such as glass, nitmcellulose and carbon. Also, from a 

safely point of view, i t  is easier to  work with antibodies than with viruses. 

Employing a different strategy, Tomassini and Caionno (1986) used 
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anti-receptor monoclonal antibodies to isolate and purify a protenn which ws 

later identified as the receptor for humart rhinovirus type 14 (HRV-14) on 

HeLacells (Greve el aL, 1989; Staunton do!.. 1989). A major disadvantage of 

the approach used by Tomassini and coworkers is the low frequency at which 

monoclonal antibodies are generated; these investigatan reported that out of 

thousands of mays, only one hybridoma cell culture supenmtnst was 

identified which could protect cells from HRV-14 infection (Tonmssini nlid 

Colonno, 1986). 

The most exciting approach so far, employed n technique called DNA- 

mediated gene transfer (Mendelsohn el 111.. IYUh). Using this method, cells 

which were previously receptor-negative and resistant to virus inlrction, wem 

made receptor-positive and susceptible to poliovirus infection. Poliovirus 

infens HeLa cells which express receptors on their surface whereas the mousc 

fibroblast cell line, L cells, do not have receptors far poliovirus m d  nrs 

resistant to infection. The strategy was to transfeel tk' L cells with HcL.1 ecli 

DNA and plasmid DNA containing the thymidine kinase gene. 7k+ L cells 

(L cell transformants) were selected in HAT (hypoxanthine, aminopterin and 

thymidine) medium and screened for sensitivity to poliovirus infection. 

Mendelsohn and coworkers were able to isolate L cell transformants which 

were sensitive lo poliovirus infection whereas untransformed L cclls wcrc 
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resistant to infection with the same virus. 

Mendelsohn and associates (1986) then raised monoclonal antibodies 

directed against the poliovirus receptor on HeLa cells by immunizing mice 

with viable H e h  cells. Fronl experiments based on compelilion far the 

receptor between radiolabelled p0 l iov i~S and the monoclonal anti-receptor 

antibodies i t  war concluded that the monoclonal antibodies were specific for 

the poliovirus cell surface receptor o n  HeLa cells. To determine whether the 

Lcell transformants expressed receptors for poliovirus, the transformantswere 

screcned by a rosette assay in which the cells were first treated with the 

mouse monoclonal anti-receptorantibodies and then with humanerythmcytcs 

coated with goat anti-mouse antibodies. The results showed that the 

transrormcd L cells contained receptors for poliovirus. 

Sinec confluent monolayen of transformed L cells contained eelis that 

express llle poliovirus receptor and thme that do not express the receptor, 

Mendelsohn and coworkers (19x6) isolated the receptor-positive cells using 

a panning technique. Polystyrene petri dishes were coated with goat anti- 

laolue >nlibodirs and wnshed to remove unbound antibodies. The anti- 

receptor nlon~oclonnl antibodies were then added to the dish and fallaving 

incubation the lransformed L cells were added. The rationale is that mouse 
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monoclonal antibodies will be recognized by the nnti-mouse antibodies 

anached to the dish and the monoclonnl antibodies will i n  turn recognize 

poliovirus receptors on the transformed cells. The investigators found thnt 

receptor-ylsitive n l l s  adhered strongly lo  the petri dish even after scvenl 

washes while receptor-negative cells did not attach and were w.ashed away. 

Individual receptor-positive cells were cloned and used to mainllnin a cell line. 

Using the receptor-positive cell line, Mendelsohn and associates (I9K6) 

subsequently carried out tissue culture experiments and showed that poliwirus 

replicated in  the transformed mouse L cells as well as i t  did in  IlaL* cclls. In 

contrast, the untransformed mouse L cells showed no cvidancr o f  being 

infected by poliovirus. These experiments showed "cry strongly thnt ill this 

use susceptibility of mouse L cells t o  poliovirus infection depended "11 the 

presence of viral receptors. To confirm thnt the "susceptibilily genc' was lhc 

human poliovirus receptor gene which was introduced into mouse I.calls from 

HeLa cclls, the human receptor gene was identified based on its linkage lo  

human Alu sequences. These are short (- 300 bp) rrpclitivc sequences which 

are scattered throughout the human gcname and they contain n target site for 

the A l u  restriction endonuclease (hence their name). They arc uscd as 

markers when identifying human DNA, in non-human cells which have been 

transfected with human DNA. I n  the experiments by Mcndolsohn and 
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associates (19Xh), DNA from receptor-positive L cell transformants was 

digested with a restriction endonuclease and the fragments generated were 

separated on an agarose gel by electrophoresis and then transferred to 

nitrocellulose. The nitrocellulose which contains the fragments o f  DNA, was 

probed with r.adiolabelled Alu DNA and subsequently exposed to X-ray film. 

The results showed that the pro>* hybridized to fragments of D N A  from 

mouse L cell transformants as well as to HeLa cell DNA but not to DNA 

from untrnnsfornled mouse L cells, showing that the "susceptibility gene" in 

the mouse cells was derived from the HeLa cells. 

Although this approach is very impressive and the technique is 

attractive, i t  could not be use in this project, because EMC-D virus was found 

to infect all the human and mouse cell linestested. In other words, there were 

no receptor-negative cclls to be used. 

1.4. Insulin-dependentDiabetesMellitus (IDDM) 

Insuiin-dependent diabetes nlellitus, otherwise enlled type 1 diabetes01 

juvenile onset diabetes, results from destruction of the insulin-producing p- 

cclls which nre located in  the pancreatic islets o f  bngerhans. The process of 

p-cell destruction weun over a long and variable period, to the point where 
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insulin i n  the pancreas is no longer able 1.3 regulate the concentration of 

glucose i n  the blood. The onx t  of the disease is charaderircd by infiltration 

o f  the islets of Langerhans by mononuclear cells of the immune system snch 

as T-lymphocytes (a precess called insulitis), and selective deslruclioll o f  the 

@-cells. The appearance of circulating nutamtibodies to p-cell componcnls 

often precedes overt symptoms and is used as a serological marker for I D D M  

(Neufeld CI ol,, 1980; Baekkeskov el "I,, IlM7). Destruction o f  s signifinn1 

number of the insulin-producing psells resnlts in an inrrense in gluulgon, 

which is produced by the pancreatic a-cells. Whereas insulin secrcliol~ lowerr 

ihe level of glucose in the blood. the secretion of giucagon raises il. ID I IM 

results from the metabolic effects o f  insufficient insulin due lo  psel l  

destruction, and excess gluwgan. Several facton lhnve been in~plic:~led in the 

aetialogy of IDDM. They include genetic and environmental bclors. and 

possibly, the breakdown of immunological 1oler.lnce to self antigens. 

1.4.1. Role of genetic factors in IDDM 

Studies have shown that the concordance rats for developing I D D M  in 

identical twins is 36% (Olmos el ul., IWX), compared lo  an avcngc 6% risk 

for other siblings (Thomron a "1.. 1988). This finding s u ~ e s l s  that genetic as 

well as other faelan play a role in  the development 01 the disease. Other 

studiesemplayed animal models such as the non obese diabetic (NOD) mouse 
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which spontaneously develops IDDM similar to human type 1 diabetes. Some 

of the characteristic features of human IDDM which are shared by NOD mice 

include the appearance of autoantibodies to @-cell components (Backkeskov 

a oL, 1982). autoimmune isiet-cell destruction (Baekkeskav el nL, 1982), and 

the presence of susceptibility genes in the MHC (Todd el aL, 1987; Wicker er 

d.  1987). [The strain origin of NOD mice is given in the appendu]. 

Perhaps the ntost impressive experimental results on IDDM are those 

dcrivcd from immunogenetic studies of NOD mice. MHCclass 11 molecules 

are glycoprolein in nature and consist of two polypeptide chains, ~r and 8. 

which are nonsovalently assaciated with each other. The major function of 

these maleeuies is to hind fragments of foreign antigens and present them to 

helper T lymphocytes which are involved in controlling the immune system. 

Studies have shown that the amino acid residue nt position 57 af the class I1 

p chain is important in determining susceptibility to IDDM. An aspartic acid 

residue at position 57 was found to be protective against IDDM, whereas 

neutral residues such as serine and thrconine permitted development of the 

disease. The NOD mouse possesses a serine residue at position 57 in the I-A 

I3 chain (Acha-Orbea & McDevitt, 1987). Similar observations have been 

made in humans.where the amino acid at position 57 in the HLA-DQ @ chain 

wns shwn to play a critical role in determining predisposition to lDDM 
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(Todd el ol., 1987). However, studies using transgenic mice which expressed 

the wild type I -A~  or a mutated I -A~ molecule with r serine residue at 

position 57 on the (3 chain, have shown that the presence of serins nl this 

position of the I -A  beta chain is not suflicient to  permit developn~ent o f  

diabetes. The  study showed that in both instances the presence of new I - A ~  

molecules, with o r  without a serine residue at pasition 57, prevented 

development of the disease (Slattery a el., 19911; Miyauki  a a/., lY)l)). 

1.42. Role ofrmimnrnenial  factors in IDDM 

Environmental factors which could play a role in tile netiolagyollDUM 

include diet, chemicals and viruses. These may sclve ns agents which directly 

destroy the inrulin-producing p-cells of the pncrens or they niay illilinte 

processes, such as autoimmunity, which ultimately lead to deslruction of lhc 

pancreatic $-cells. 

Very little is known about the role o f  diet i n  the cau%?tion of IDUM.  

The incidence of the disease is known to  vary according lu  geogrnphic 

location; i n  Japan the incidence is about Il.X/1lU),lUWl people per year while in  

Canada nnd Finland its Y/llU~,lllUl people per ye.ar and 1.fdIlIIl,IUH) people per 

year, respectively (Lapone a aL, 1985). Further, the incidence o f  IDDM i n  

certain populations (e.g. the Polynesians of Western Samoa) increases as a 
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result of changes in diet following migration to other parts of the world 

(LaPorte el oL, 1985). Several studies on the effect of diet on the incidence 

of IDDM in the BB rat model have suggestcd that a diet of intact proteins 

such as skim milk or soy as opposed to B mixture of amino acids, increasesthe 

probability of developing the disease (Elliott & Martin, 1984). OUler reports 

suggested that BB rats on low vitamin E diets are more likely to develop 

IDDM than those on a high vitamin E diet (Scott a oL, 1988). Although it is 

generally believed that among susceptible individuals diet is only a 

contributoly factor rather than a trigger for IDDM, a recent repart suggests 

that bovine albumin in milk may be a culprit. This report showed that anti- 

albumin antibodies can initiate p-cell destruction by cron-reactingwith p-cell 

molecules (Ksrjalninen cr 01.. 192). 

Chemicals ruch as streptozotoein, alloxan and vacor can cause specific 

destruction of the pancreatic p.cells, resulting in IDDM. Streptomtocin is a ' 

broad ~pedmm antibiotic and it has been reported that just one dose of the 

drug is sufficient to cause type 1 diabetes-like symptoms in mi=, ratq 

hamsters and guinea pigs (Bradsky & Logothetopouler, 1968). Studies 

involving immunologicaliy incompetent athyr~nc (nude) mice have shown them 

to be resistant lo streptozotaein-induced diabetes (Paiker oL, 1982) suggesting 

that theability of the drug to induce diabetes issomehaw linked with thecell- 
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mediated immune status of the host. Alloxan (pyrimidinetetrone) when 

injected into rats, mbbits or dogs produces diabetes which resembles huntan 

type I diabetes (Dunn & Melatehie, 1943; Bailey & Bailey. 1943; GoldnerB 

Gomori. 1943). The mechanism by which allomn acts is unknown; i t  has been 

suggested that alloxan probably restricts insulin secretion by inhibiting calcium 

uptake by the islet cell endaplasmic reticulum (Pershaingh aol.. IWO). Vncor 

is a drug, and observations made i n  various p.arts of the world revealed that 

individuals who took it, subrequently developed l D D M  (Johnson cl ul.. IOXII). 

Vacor deslroys only the beta cells o f  the islets of L~ngerhans nlthaugh how 

i t  damages these cells is still a puzzle. I t  is thought tI1nt vacor may be jusl 

toxic to pancreatic @-cells or perhaps i t  somehow induces pcriphcrnl resistnncc 

to the action of insulin. 

1.4.21. V i d n d u c r d  IDDM 

Certain virr'res cause I D D M  to develop. lh i s  could be by direct 

destruction of the pancreatic p-cells by a cytocidal virus; altern:llively. 13-cell 

destruction might be caused by cellular and/or humarnl autoimmuno 

mechanisms which may be triggered in the hon by a virus. Pherc are scver~~l  

lines of evidence, derived from observations in hunlrns and in experimental 

iabaratary animals, which link viruses with IDDM: 
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i. Several serologic studies have reported the presence of viral antigens 

which correlate with histopathologic findings that show significant @<ell 

destruction in the pancreatic isleu of some patients with systemic viral 

infections (Yoan a a/., 197'); Jenson cl oL, 1980; Patterson el a/., 1981). 

For inslance, a IOyear-old boy admitted to hospital following an 

influenza like illness, died about seven days later. Grsackievirus type 8 4  was 

isolated from the boy's pancreas and hiaopathologic examination of 

pancreatic tissue obtained at autopsy, showed that the boy's pancreatic @-cells 

were signifleantly destroyed, with iymphocytic infiltration of the islets of 

L-ngcrhans (Yoon rloL, 1979). Similarly, corsaekievirus 8 4  has been isolated 

from throat w.ashings and stool samples obtained from a 5-year-old girl who 

was diagnosed as having IDDM, whileeoxsaekievirus BS was isolated from the 

same sources, in a ICmonth-old child who later developed type 1 diabetes 

(Champsaur a uL, 182). 

Viral antibodies have been detected in sera obtained from patients 

dingnoscd with IDDM. Ywn and associates (1979) showed that serum taken 

front the Iilyenr-old boy described 3bove contained rising tilres of 

neutralizing nnlibodies nginst coxsaekievirus 84, measured from the second 

d.ay of ndnnission lo the dny the patient died. Also, antibodies to 
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coxsaekievirur 8 4  were found in  the serum o f  the Syear-old girl who 

developed IDDM. 

Other lindings, both in humans and in laboratory animals, have 

prompted ;uggestions that infections with mumps virus (Prince er 01.. 1978). 

rubella virus (Menser cr 01,. 1978), some variants o f  mxsackicvirus (Yarn el 

al.. 1978: Yoon dal..  1979; Chns:psaurdu/., 19U2). reovirus type 3 (Yoon el 

ol,, 1981) and lymphacytie chariomenengitis (LCM) virus (Oldslonc el al., 

1984) cause pancreatic p-cell damage, or al  Ihc very ie;at, n redtuclion in 

insulin production. 

li. Consistent with Kwh's postulate, mice inoculated wilh virus isolnted 

from IDDM patients developed symptoms characteristic o f  type I diabclcs. 

When Yoon and associates (1976) injected several inbred strains of nlice with 

the virus isolated from the Ifbyear-old boy. SJUJ mice developed dinbelcs 

while C57BUhl mice failed to develop the disease. Chnmpsaur and coworkers 

(1982) alsoshaved that the eoxsackievirus B5 which war isolated from Ihe 16- 

month-old child who Inter developed diabeles, caused nbnormal glucose 

tolerance tests when inoculated into mice. 

Thnc findings do not suggest that all cases of I D D M  are mused by 



65 

mxsackieviruses, since less than 20% of l D D M  cases have been associated 

wilh coxsaekic B virus infections. 

ili. Another line of evidence linking viruses l o  I D D M  has to do with 

autoantibodics, which may be used to initiate p-cell destruction. A number of 

studies have reported the presence of autoantibodies which cross-react with 

insulin and other non viral molecules, in or on islet cells, i n  the serum of 

virus-infected IDDM patients. According to Pak e l  01.. (19RR). up to 15% of 

newly diagnosed I D D M  patients infectedwith cytomegalovirus, also produced 

islet cell nulanntibodies in their sera. Other studies have shown that about 

21%of IDDM patients infeeted with rubellavirus producedantibodiesagainst 

antigens on the surface of islet cells while 13% o f  patients infected wilh 

rubclln virus produced anti-insulin autoantibodies (Ginsberg-Fellner el ol., 

IIIX4). In contrast, only 1% of nan diabetic, non virally infected subjects were 

found to produce islet cell or anti-insulin autoanlibodies. 

iv. Studies using animal models of I D D M  have found that the 

pnrrenlic p-cells of N O D  mice expressed endogenous retrovirus particles 

and, expression of the virus particles correlated with the .3evelopment of 

illsulitis and type I diabetes in  these mice. I t  has been observed that 

adnlini~trntioll of the imnlunosuppressant, cyclopharphamide, to NOD mice 
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hastened the development of IDDM (Harada & Makino, 1982) while removal 

of macmphagcs by silica treatment prior lo administering cyclophmphsmide. 

prevented the development of IDDM in NOD miee (Lee a oL, 118). These 

studies further showed that sectlolts of islet celk from NOD mice which 

reeei.!ed silica prior to  administration of eyelophosphamidc contained 

reVainrs p n i e l e  whereas seaions from miee which received only silica did 

not contain these virus particles. The particles were not found in a or 6 cells 

of the islets of Langerhans nor were they found in any other orgam, either in 

cyclophosphamide.ueated or -unmated NOD micc. How beta cell spedlic 

expression of endogenous retrovirus leads to development af IDDM in NOD 

mice h not yet known. 

v. Further evidence linking virus- to IDDM, is the finding that the 

diabetogenicvariant of EMCvirus, EMC-Dvim, infects mouse pancreatic p- 

cells and may induce a type 1 diabetes-like syndrome (Yoon r ol., IM) .  

EMC-D virus induees diabetes in male SIUJ micc but not in female SlLrnice 

or, in male or female CS7BU63 mice (Ywn n ol., 1YHll; Yoan & Nolkins, 

1981). The nondiabetogenic variant, EMC-B virus, does not cause diabetes 

in uthcr SlUJ or C57BUbJ micc (Yoon a ol., IW) and it was hund to bc 

serologically indistinguishable from EMC-D virus. At the genomic level, it has 

been shown that EMC-D differs from EMC.B by only 14 nucleotides (Bac a 
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01,. 1989). The differences bemeen the two virus variants include Ovo 

delclions of five nuelcotidcs, one base insertion and eight point mutations 

(Bae el ol., 1989). The first deletion of three nucleotides and the second 

deletion of two nucleotides are loeated at the 5 '  poly (C) tract and the 3'- 

end poly.adenylation site of EMC-B virus, reqsctively. The single base 

inscrlion in EMC-B virusoccurs at the 5 '  noncoding region whereas the eight 

point mutations are located in the plyprotein d i n g  region. Two of these 

point mutations are"silenl"whilc I :e remainingsix result in changes in amino 

acid residues. One of thesix "productive" mutations is located on the Lgene 

which eodcs for the leader protein whereas the other five are located on the 

VPI gene (Bne a ul.. I9Wk Bne el ol., IYW). Sillce EMC-B vims is a better 

inducer af inlerfcron than EMC-D virus, it was suggested that interferon 

produced during EMC-B virus infection protects pancreatic p-cells from viral 

destruction (Yoon rl "1.. 1980; Cohen el ol., 1W3). More recent findings 

sugest that two amino acids on the viral polyprotein, one located on the 

le.ader peptide and the other on the virion protein VPI, may have a role in 

thc dinbelogenic activi!, of EMGD virus (Bae Q ni., 1990). Such reports 

suggest that the obselved induction of interferon may be a secondary 

nlaaifeaation nnd does not .account fully for the nan diabetogenieily of EMC- 

B virus. 
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1A22. Indudon dautoimmuni8 In r ims- iodud  IDDM 

Thc aim of this section d to provide a eontprehcnsive review of 

immunalogieal mechanisms, or for that matter, o f  the immunology of IDDM. 

Rather, the objective of this portion of the thesis is to provide an of 

possible immunological mechanisms that may be involved in the initiation of 

p-cell destruaion. 

Class I1 M H C  molecules are expressed an the surfaces of macrophnges, 

B lymphocytes and activated T lymphocytes. m. helper T lymphocytes 

become activated when their receptors bind the complex of frngnlents o l  

foreign antigens and class I1 M H C  molecules on the nntigen presenting cells 

(such as macrophages). The helper T cells am bath nr*':en-specilic and 

MHC-restricted in  that each one recognizes specific nntigen only when i t  is 

associated with o certain class 11 MHC molecule. Once foreign antigens arc 

recognized, helper T cells produce a range of lymphokines which may alfed 

other cells of the immune system. For instance, during a T cell dependent 

immune response following contact with antigen, the T cells stimuklte antigen 

presenting cells to secrete interleukin 1 ( I L I )  which i n  turn nctiv.ates ths 

helper T cells themselves. nlhe activated T cells go on t o  produce I L 2  and 

also to stimulate proliferation of activated B lymphocytes. Further stimulation 

of theactivated B cells (via IL-5 and 1Lfi)subscquently transforms the R cells 
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into antibody producing plasma cells. Antibodies pmduced by such B cells are 

specific in that they only recognize the antigen which stimulated their 

praluction. However, there are also antigens which do not require T cell help 

in order lo stimulate antibody production. Sach antigens a;e usualiy large 

pulymen with repenting identical antigenic dcterminanls (for exampie, 

microbial polys:tcchnridus). These T-cell independent antigens are effective i n  

pan bccnllse ofthe multiple binding o f  these antigens to the membrane bound 

molecules t11:at SeNC 11s antigen receptors on the B cells. 

Autointnaunity results from lack of tolerance to self antigens. 

Auloimmunily accuts whcn self antigens bind self class II M H C  molecules, 

resulting in sclf antigen presentation to the helper T cells. One way by which 

the immune system may nchieve tolerance is by deletion of self antigen 

reactivc Tcells (autoreactive Tcells) from the Tcell repertoire, during Tcel l  

edaeation. T lyn~phocytes are educated very wr iy during their development 

to mount an elleetivc iarnune response by remgnizinz and responding to 

foreign antigens, but to remain unresppnsive or tolerant o f  their own self 

antigens througho~~t life. Since helper T eelis do not recognize antigens 

(foreigl~ or self) in the abence of class I1 M H C  molecules, tolerance oceum 

when antigens are presented to the immune system in a non immunogenic 

fashion. For inslance, tolerance will occur i f  antigens are presented to 
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autoreactive Tcells by cells which do not express class II MHCmoleeulcs (for 

example, pancreatic psells) sr opposed lo  class 11 positive cells such as 

macrophages. Given this outline, ways by which vlraws may subvert &he 

immune system and possibly trigger autoimn~une respmses in  the host, *ill Iw 

described next. 

i. Following a virus infection, destruction o f  thc infeeled cells could 

result i n  release of sequestered cellular components 1h.11 arc nornjally 1101 

exposed to the immune syslem and, are therefore, not imnlunngenic. Induction 

of an autoimmune response in  the host could result from cxposure to such 

cellular self antigens. Although there is no evidence l o  suggest t!~;a 1hi.r 

mechanism is actually used to initi.ate nn nutoimn~une response in  virus- 

infected IDDM patients, i t  is n possible n~cclmnism, espccinlly since 

coronavims-induced autoimmune demyelinnlingencepl~alomyelitis is initi:~ted 

by the release of sequestered antigen, namely myelin, from dan~eged cells 

(Walanabe. 1983). 

ii. Another possible mechanism for induction of autoimmune IDDM 

involves alteration ofantigens. Experiments using mice infected with influenza 

virus indicate that viruses can induce alteralionr of host cell membrnne 

antigens so that normal host cell antigens become immunogenic. Wyiie and 
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Klinman (IWI) have reported that following immunization with influenza 

virus, the mice produced monoclonal antibadies which recognized antigens on 

virus-infected cells, but the antigens were not present on the virion or on 

uninfccted cells. 

lii. A virus infection may lead to an autoimmune response following 

infection of cells of the immune system. A virus that infects lymphocytes or 

cells such ns mncrophnges which are involved in  presenting antigen to 

lymphucytcs, could initiate an autoimmune response by interfering with the 

nurnl;li processes by which the hart distinguishes between self and non self. 

The virus may kill the cciis or modify the expression of certain ceii surface 

molecules or nffecl the production of lymphokines. For example, i t  has been 

reporlcd that i s  the case of Epstein Barr virus which infects I3 lymphocytes, 

the virus actually stimulates the B cells to  secrete antibodies which may then 

react with host tissues (Foxel uL. 1-6: Rosen eruL. 1977). This author is not 

nwnrc of any rcparls about viruses which destroy pancreatic fi-cells and, infect 

lymphocytes or antigen presenting ceiis in order to effect an autoimmune 

response. 

iv. Another mechanism by which viruses may initiate an autoimmune 

response is via cross-reaction beween host determinants and antiviral 
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antibodies or antibodies produced against the idialype on an nntivirnl 

antibody (calledanti-idiotypicanlibodies: described insection 1.3.9.). Oldstone 

and Notkins (1986) have reported that dernyelinnting autoimmune d i w a c  in 

mice is indueedvia moleeulrr nlinticly. when nn1ibodiesng:~ina 'llteilcr'svirus 

cross-react with host mouse tissues. Olher investigators hnvc found 1I,:11 

cytomegalovirus-infeeted IDDM patients produce antiviral :nnlihadiss which 

recognize a 36 kd protein on human pancreatic islet cells (Uackkeskov rr 01.. 

1%2 Pak cr(11,. 1988). The role of  this nnti-36 kd protcin in the pnlhoge~!eris 

o f  I D D M  is not yet clear. Anli-idiotypic anlihdics ilmde ngrlissl antihdics 

to the haemagglutinin of reovirur type 3 have been sllowrl l o  bind l a  rcovirlts 

receptors on the surfaces of lymphocytes and nuwe cells. In file1 Co and 

collabamlors (1985) went a step further and showed tI1n1 ;~sli-idiotypic 

antibodies to reovirus can be used lo  isolate the reovirus typc 3 rcccillur. 

However, despite these reports which show that .~nli-idiolypie nnlibodies f i l l 1  

react with has1 cell determinants, the question of whetl~er these ;~ntihodier 

can elicit an autoimmune response in  Ihe host remains to be fully elucidated. 

v. Aberrant expression o f  class I1 MHC molecules has bccn p r u p w d  

as the mechanism for induction o f  autoimmunity in virus-infeclcd individuals 

(Bottazzo a ol., 1983). The idea is based on the premise that helper 1' 

lymphocytes recognize antigen only in  association with class I1 MHC 
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aoleeulei. which are cxprcssed on only a few cell types. Consequenlly, cells 

which possess autoantigens (or foreign antigens) but normally do not express 

ecll surface class I1 MHC molecules are unable to elicit an immune response. 

'l'hc hypothesis by Dotlano and associates (1983) suggesls that interferon 

produced in response to viral infections can induce expression of class I1 

MI IC  molceulcs on cells which were previously class II negative. This aberrant 

expression of clnss I1 M l l C  n~olccules effecls presentation of autoantigens to 

the helper 'l'eclls resulting in  the effector functions outlined before. The B 

cells in eoopectlion with aaivnled helper T cells produce antibodies which 

"lay rcncl with hosl tissuc antigens such as the cell surface nutonntigens and 

cause tissue dnm.~gc. l'hus tolerance to the self antigens fails and 

nuloimmunity develops. 

I l l i s  hypollhcsis has been tested in transgenic mice conlaining constructs 

of mouse H-2 (thc MHCof  mouse; HLA, which is the M H C  of human) genes 

linked with the insulin pron~oter or construcls of the insulin promoter fused 

will1 interferon gnnlnla genes (Sawelnick el oL, 1988; Lo cr a/., 1988; Bohme 

a dl. .  I9U9). Ihe results showed that the situation in vivo is more mmplicated 

than one imagined. The transgenic mice showed strong expression of both 

class I and class I1 MHC genes in their pancreatic beta cells which normally 

da not express class I1 M H C  molecules. I t  was found that transgenic mice 
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which lacked I -E  genes but expressed I-A class 11 MHC molccnler on their @- 

cells both developed I D D M  without any evidence for autoimmunity or 

pancreatic infiltration (insulitis) (Sawelnick el oL. 1YW Lo er uL. IW). On 

the other hand, transgenic miee which produced interferon expressed class I1 

M H C  molecules on their pancreatic beta cells, developed I D D M  with insulitis 

but shaved no evidence for autoimmunity (Snrvetnick el rrL. IYXX). I n  

transgenic mice which conlained the rat insulin promoter linked to  an 

oncogene (SV40 T antigen) the miee had insulitis and prduced 

autoantibodies but they did not develop type I diabetes. 

Taken together, these experiments showed that simple exprcvsion of 

clam 11 M H C  molecules on the surface o f  !%cells is not sufficient l o  initiate 

an autoimmune response, although i t  may result i n  IDDM. Further, induction 

of an sutoimmune response may not necessarily lead to development of 

IDDM, N e n  when the pancreatic 8-cells are involved. I n  mouse and rat 

models af $.pe 1 diabetes, the disease is usually accompanied by insulitis, yet 

these experiments shaved that diabetes can occur without insulitis. The 

experiments using interferon gamma genes also bund that more expression 

of class n M H C  molecules on previously class I1 negative cells affected cell 

viability. This finding has prompted the speculation that aberrant expression 

of class I 1  M H C  molecules probably induces the production of endonucleases 
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which digest cellular nuclear DNA, and perhaps such cells die from DNA 

fragmentation (Sawelnick el nL, 1988). 

So far, there is no experimental evidence to suggest a mechanism by 

which virus-infected IDDM patients could induce an autoimmune response. 

While other immunological mechanisms may be involved in the pathogenesis 

of IDDM, the role of viruses in the induction of autoimmune IDDM or in the 

destruction of the pancreatic @-cells, which secrete insulin, remains unknown. 

1.5.0bjectiveof Study 

Fairly recent reports have suggested that amino acid changes unique to 

virion protein VPI of the diabetogenic variant of EMC virus may be 

responsible for its diabetogenicity, perhaps by increasingthe bindingeficiencj 

between EMC-D virus and pancreatic @-cells (Bae a aL, 1990). Other reports 

havesuggested an association behveen pathogenicity of EMC-D virus and the 

number of cell surface receptors on pancreatic @-cells available for virus 

binding (Chnirez el oL. 1978). 

Cell surface receptors are determinants of viral tropism because they 
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are required for the initiation and spread of viral infeetioss. Vrly little is 

known about the nature of the p-cell surface receptor for EMC-D virus 

( C h a i n  el uL, 1978; Kaptur a el.. 1989). Although EMC-B and EMC-D 

virusesvaly in  pathogenicity. i t  has been reported that both vnrinnls complte 

for Ue same receptor on baby mouse pancreatic (BMP) cells, nn SV40 

transformed pancreatic @-cell line derived from newborn mice (Kaptur a ~ 1 .  

1989). I t  w.as reported that up to sir limes more EMC-D Ihan EMC-13 " ins 

attached to primary mouse pancreatic p-cells (Knptur el "1.. I')UCJ) and. p-cells 

from susceptible SJW slrains bound more EMC-D virus than P-cells from 

resistant C57BUhl mice (Chnirez a uL, 1978). 

Despite these repars, important questions regnrding the number o f  cell 

surface receptors and biochemienl eha.nelcristiw of lhe rceeplor for BMC-I> 

virus on pancreatic cells have remained unanswered. The objective or this 

project was to characterize and isolate the receptor for EMC-D virus on baby 

mouse pancreatic cells and, to elucidate the role ofvirus receptors in EMC-I> 

virus-induced diabetes in  SJUJ mice. 



Chapter Two 

MATERIALS and METHODS 

21. BMP cells and EMGD virus 

Baby mouse pancreatic (BMP) cells, an SV40 transformed pancreatic 

p-cell linederived from newborn mice (Kaptur eta/., 1YHY),and EMC-Dvims, 

were a gencrous gift from Dr. J.W. Ywn (Faculty of Medicine, University of 

GqIgaty. Clnndn). The cells were grown in RPMI 1640 medium supplemented 

with 5% foctnl calf serum and !(HI units/ml of penicillin and 100 pglml of 

arcptomycin r t  3 P C  in a 5% C02 ntmosphere. Confluent monolayers of 

IIMI' cells were trypinired to  detach !!;em from culture dishes except when 

it was critical to retoin cell surface receptors, in which ax BMP cells were 

rcntoved by scraping with a rubber policeman. 

BMC-D virus was grown in suspension cultures of freshly harvested 

Krebs mouse nreites tumaur cells in Earle's medium and purified as described 

in section 2.4. Radiolabelled virus was prepared by adding 5 pCi/ml of a 3 ~ -  

labelled leucine lo the medium three hours post infection. 
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2 2  Harvesting of Kreba asclks tumonr cells 

mese cells were established tmm a carcinoma arising from the ingtlinnl 

region of a mouse (Klein and Klrin. 19.71). Subcutaneous injection of the 

original solid turnour intosimilar mice produced hnemorrhagic exudntcrwhich 

when ni Jected into the peritoneum of mice yielded ascites tunlours ratllcr 

than solid tumours (Klein and Klein. 1951). i n )  our laboratory. Krebs nsciler 

cells were grown in the peritoneal cavity of heterogeneous albino C D I  sicc. 

M~tferiah 

(a). Phosphate bulfered saline (PBS), p l l  7.4: Saiulion A consists or 

40.0g NaCI, 1.0 g KCI. 5.75 g Na2HP04, and I.llg KH2P04 in 4 L o l  

deionised water. Solution B consists al0.5 g CaCIZ rind 0.5 g MgCIZ 

in 1 L of deionised water. The hvo salutions were sterilirod separately 

and then combined, with vigorous stirring. 

(b). lee-cold calcium and magnesium free PBS ( ~ n + + - ~ g + +  free 

(PBS) contains just solution A above, made up to 5 L with deionised 

water. 

(c). 0.1% Trypan blue in  ~ a + + - ~ g + +  PBS. 
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(d). 711% ethnnol. 

Mdkd 

CDI miceweighingobout20-3(lgwereinoculated intraperitoneallywith 

0.1 ml of a suspension of 118 cells per ml of Ch++-Mg++ free PBS. Mice 

benringrevcn day turnours were killed by cervical dislocation. Their abdomens 

were wnshed with 70% elhanal and a small incision was made into the 

sterilized rrea with ;I pair of rcisson. With the mouse held over a funnel in 

n ee~ttrifugc bottle containing about 50 rnl ca++-Mg++ free PBS, the skin 

was pullcd open lo reveal the abdominal wall. The wall was punctured to 

alloweells lo drain into the funnel and the cells were flushed from the cavity 

wilh c.n++-Mg++ free PBS. 

The freshly harvested cells were washed three times in mld ~ a + + -  

~ g + +  free PBS by centrifugation at  1WU g for 5 minutes to remove red 

blood cells nnd ascitic fluid. After centrifugation, the cells were suspended in 

I ml of c?++-M~+ + free PBS and about 10 pl of the suspension was diluted 

1:IU in PBS. The suspension of cells diluted in PBS was again diluted 1:10 in 

0.1% Trypan blue nnd counted. Based on the counts obtained, the undiluted 

suspension of cells was adjusted to a final mncentration of lo8 unstained 

cells/ml. Krebs cells used to grow virus were distributed into 1M) ml quantities 
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in 1 L Erlenmeyer flasks, and maintained in Enrle's medium at 37% wllilc 

swirling at  80 rpm. 

23. EMGD virus grown in Knbs eells 

Mak-dZIr. 

(a). Earle's saline grauth medium. Consists of lllX L~rle 's  bnlnnccd salt 

solution (Gibco laboratories, N.Y., U.S.A.) supplemented with Ill ml 

of inactivated horse serum, Ill0 unitstml of pcnicillin, III p d ~ n l  of 

streptomycin, and 50 ml of 4.4% NatlC0,3 which has becn 

preslturated with COT The volume war made up to I 1. with sterilo 

deionised water. 

(b). 0.1% Tvpan blue in PBS 

(c). EMC-D virus. 

Maw: 

i. Krebs cells (108 eells/ml) were infected with EMC-D virus at  n 

multiplicity of infection of 3 p.f.u./ell and the suspension was maintained at  

4OC for 30 minutes to allow for adsorption and encourage synchronous 

infection of the wlls. 
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&The cell suspension was then diluted to 10'cells/ml with pmarmed 1 

(3PC) Earle's medium and distributed into 100 ml quantities i n  1 litre 

Brlcnmeyer flasks (i.e. I l l% of the flask volume occupied by liquid to  permit 

adequate gaseous exchange). 

iii. The flasks were sealed with screw caps and set swirling at 80 rpm 

at 3PC overnight. An uninfected control was prepared in a similar way. 

1". About 12 to I 8  hours later, the flasks were removed from swirlen. 

Cells (1iXl pl) were taken from the culture, stained by diluting I:10 with 900 

pl010.1% trypan bluc in  a tcst tube and counted to check for cell deatn. 

v. Wllcn 80% or more o f  the infected cells were stained, virus growth 

was considered complete. The number o f  stained uninfected control cells must 

remain below 10%. When cells were not at least 80% stained Lhe culturea 

were returned to the swirlen and cell death checked at one hour intervals 

until over 80% of the cells were stained. 

vl. Virus yield war estimated by the haamagglutination test and crude 

virus prepmtions, which comprise suspensions of virus plus cells and cellular 

debris, were stored at -20°C. When required, radiolabelled virus was prepared 
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by adding 5 pCi/ml of -'~-lnbelled leucine to the medium 3 hours pmt 

infection. 

2.4. Purification of EMC-D virus 

EMCD virus was purified as described hy Zioln and Scnbn (1974). 

M.lainIr: 

(a). Cold (-25OC) methanol. 

(b). lee-cold 0.2 M sodium phosphate huller, pH 7.4. 

(c). Ice-mld 0.2 M sodium pyrophosphate, pH X.0. 

(d). 30% and 15% sucrose solutions mnde in sodium phosphate buffer 

(c). Cesium chloride, trypsin solution (Il l  rndml in PBS) and n Dounce 

homogenizer. 

Muhad 

i. Crude virus preparations were thawed and clarified in 250 ml botlie~ 

by centrifugation in a Beckrnan centrifuge, model 5210, at IOLlll) rprn for 15 
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minutes using a Beckman JA-20 rotor. The supernatants were coileaed in a 

large beaker on ice and the combined volume was estimated. 

ii. Cold methanol was measured to approximately half l l le volume of 

the combined supernatanls. The methanol was slowly added to the 

supernatants from a funnel while stirring in an ice-bath. Prccipitnlion was 

allowed to occur for at i c a ~ l  24 h at -20'% afler which the prccipitatc was 

collected by centrifugation at 7,200 rpm lor 30 minutes at 4°C. using n 

Beckman 3-14 rotor. 

ili. The supernatants were discarded and the pellets were combined and 

resuspended in a 125 ml flask containing about 10 ml phosphale buffer, 3 ml 

trypsin, and 30 ml of sodium pyraphosphate, and incubated for 30 n~inutcs at 

37°C while stirving. 

1". The enzyme-treated pellet was then subjected to differential 

eentrifugstion. First, thesampie was centrifuged at I6,IIlX)rpm for 20minulcs 

at 4°C in  a lA-21 rotor and the pellet war discarded. The supernalant was 

then centrifuged at 30,llW rpm for 69 minutes at 4°C using n SW40 rotor. 

v. The pellet was resuspended in  1.2 ml of 0.1 M sodium phosphntc 
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buffer, homogenized with 5-10 strokes of the Dounce homogenizer and 

centrifuged through a sucrose gradient which comprised 2 ml of 30% sucrose 

(at the bottom) and 2 ml of 15% sucrose, layered with 1.2 ml of the 

resuspended virus pellet. Centrifugation through sucrose was performed at 

4°C for 27 hat 50,W)O tpm in n SW5O.l rotor. 

vi. The pellet was resuspended in 2 ml of 0.1 M sodium phosphate 

buffer. Cesium chloride (2.2g) was added to lhe resuspended pellet, mixed 

genlly, and made up to about 5.5 ml with phosphate buffer to bring the 

dcnsity to approximately 1.33. The sample was then centrifuged at 4°C for 24 

11 nt 41~.(NlO rpm in a SW50.1 rotor. 

vii. The virus bands seen after centrifugation were recovered and 

layered onto a Sephadex 025 column. The column was eluted wilh 0.1 M 

sodium phosphate buffer and 1 ml fractions were collected. Fractions with 

optical densities above 0.3 were combined and stored at 4°C as purified virus. 

l l le anlount of virus obtained was determined by plaque assay. (Note: 

OD2MJOD2m~hould be -1.M; 1 mgvirus = 7.6 OD260; 1 ODzW = 9.5 X 

10f2 virus particles) 
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25. Haematoxylin and Eosin staiuing 

Hnematoxylin is commonly used as a nuclear stain preceding staining 

of the cytoplasm with easin. The nucleus is stnined blue to blue-black nnd the 

cytoplasm stains shades of pink. 

MoIeiah: 

(a). Formalin fixed parnlfin embedded 5p sections o f  pancreas rmnl 

SJUJ and C57BUhl mice. 

(b). Mayer's haematoxylin stain: contains hnematoxylin I g: sodium 

iodate 0.2 g; potassium alum 50 g; citric acid 1 g; chlornl hydrate 50 

g; and 1 L of distilled water. The haemaloxylin, alum and sodium 

iodate were allowed to dissolve overnight. Citric acid and chloral 

hydrate were added and the mixture wno brought lo  boil lor 5 minules 

after which the solution was cooled and ready for usc. The chlornl 

hydrate serves as a preservative. 

(c).A5%stock solution of eosin prepared in  distilled water.To prevcnl 

mould growth a clystal of thymol or a few drops of lormalin were 

added. 
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(d). Scott's tap water substitute (S.T.W.S.): contains 2 g sodium 

bicarbonate and 20 g magnesium sulphate dissolved separately, 

combined, and made up to 1 Lwith distilled water. Aclystal oftlrymol 

or a few drops of formalin were added to prevent mould growth. 

M E W  

All procedures were carried out at room temperature. Sections were 

deparaffinized twice in xylol each lasting3-5 minutes, and then rehydrated by 

immersion for Z minulcs each in absolute, %%, 8096, m d  70% ethanol. 

Sections wcre rinsed in running wp water for 5 minutes and stained for 15 

minuteswilh Mnycr's hnematoxylin. After rinsing with tapwater, sections were 

exposed to S.T.W.S. for 2 minutes, rinsed again in running tap water and 

stained with I %  Eosin for 2 minutes. Sections were dehydrated in 95% 

ethanol and absolute alcohol, cleared in xylene, and mounted in synthetic 

resin for nlicroscopic examination. 

T h e  islets of L~ngerhans in the pancreas contains~rious typesof cells. 

llle aldehyde-fuchain stain is used to identify these different cell types in the 

islet. One type, the ~-cells,produce insulin. Using thisshin, 1hepancrea.i~ p- 

cells stain deep purple-violet. 
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MataialK 

(a). Formalin fixed paraffin embedded 5p sections of pancreas from 

Sn/J and C57BUdT mice. 

@). Lugol's iodine: consists of 1 g iodine; 2 g potassium iodide; and 100 

ml distilled water. 

(e). Aldehyde-Fuchsin stain: consists of 0.5 g Basic fuchsin, 100 ml of 

70% alcohol; 1 ml of concentrated HC1; and 1 ml of paraldehyde. 

(d). Celestine Blue-Haemalum: contains 0 5  g celestine hlue B; 5 g 

femc ammonium sulphate; 14 ml glycerin, and 100 ml of distilled. The 

alum was dissolved in water without heat after which the celestine 

hlue was added and boded for 3 minutes. The solution was filtered 

after it had w o l d  down and the glycerin was then added. 

(e). Orange G-Light green counterstain. wnsists of 0.2 g Light green; 1.0 

g Orange G; 0.5 g phosphotungstic acid; 1 ml glacial acetic acid; and 

100 ml of distilled water. 

(9. Acid alcohol: consists of 1% HCI in 70% alcohol. 
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M e  

Sections of mouse pancreas were de-ed in xylol, hydrated in 

decreasing concentrations of alcohol in water and oxidizedwith Lugol's iodine 

for 10 minutes. After washing in tap water and in 70% alcohol d o n s  were 

stained with aldehyde-fuchsin for 20 minutes. Sections were washed in 95% 

alcohol followed by water and then stained with celestine blue-haemalnm for 

15 minutes. After another wash in water, seaions were briefly differentiated 

in acid alcohol, washed well in tap water, rinsed with distilled water and 

counterstained with orange G-Light green for 45 seconds. Sections were then 

rinsed briefly with 0.2% acetic acid followed by 95% alcohol dehydrated in 

absolute alcohol, cleared in xylene and mounted in synthetic resin. 

This staining procedure is used to show the presence of insulin within 

the pancreatic B-cells. The insulin is stained brown. The materials listed in (c) 

to (g) below were obtained from Chemical Credential, ICN 

ImmunoBiologicals, Lisle, IL, U S A  

(a). Formalin fixed paraffin embedded 5~ sections of pancreas from 

SJUJ and CS7BU6.J mice. 
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@). 3% H202 in distilled water. 

(c). Normal rabbit senun diluted 1:100 in PBS pH 7.4. 

(d). Gniiea pig anti porcine insulin diluted 1:200 in PBS containing 1% 

BSA. 

(e). Rabbit anti guinea pig IgG diluted 1:200 in PBS containing 1% 

BSA. 

(0. Guinea pig polyclonal Peroxidase Anti-Peroxidase (PAP) diluted 

1:500 in PBS containing 1% BSA. 

(g). 3-Amino 9-Ethyl Carbazole (AEC). 

@). Mayer's haematoxylin stain (section 2.5.). 

M& 

AU the procedures described below were eamed out at room 

temperature. Sections of mouse pancreas were deparaffinied in xylol and 

hydrated in decreasing concenhatiom of alcohol in water. Then, endogenous 
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peroxidase was blocked by immersing the sections in 3% HZOZ for 20 

minutes. 'Ibe sections were rinsed in PBS and, to further minimize non- 

specific bindiag, sections were incubated with normal rabbit serum (1:lW) for 

15 minutes 'Ibe serum was drained off and sections were then q w e d  to the 

1 : m  guinea pig anti porcine insulin for 1 h. After rinsing in PBS, sections 

were incubated with the 1:200 dilution of rabbit anti guinea pig I@ for 20 

minutes Sections were rinsed in PBS before incubating with guinea pig PAP 

(1:500) for 20 minutes. After another rinse in PBS, sections were stained with 

AEC for 15 minutes, rinsed in distilled water and counterstained for 10 

minutes in Mayer's haematoxyfin. Following a rinse in tap water, d o n s  were 

dehydrated in 95% ethanol and absolute alcohol, cleared in xylene, and 

mounted in synthetic resin for microscopic examination. 

2.R Gronth of EMC-D vim6 Ln BMP ~eIls 

Monolayers of BMP cells g r o k  to confluency (appror 3 X lo6 cells) 

on 35 mm tissue culture dishes (Coming, New York) were washed twice in 

ice-cold ~ a + +  and M ~ + +  free phosphate buffered saline (PBS) containing 

1% bovine serum albumin (PBS-BSA) before infection with EMGD virus at 

a multiplicity of infection of 3 p.f.uJ cell. Afte~ addition of virus, cells were 

kept at 4OC for 30 min to minimize virus internalization and to synchronize 

virus growth on different cells. Unadsorbed virus was removed from the cells 
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by washing in PBS prior to the addition o f  prewnrmed RPMi I640 meditml 

and incubation at 37% i n  a 5% C02 atmosphere. At vnrious timer, dishes of 

infected cells were frorcn and thawed twice and the amount of virus present 

was delermined by plaque assay. 

29. Virus altachment assq 

M01miak: 

(a). Aquasol-2 and J~-lnbeiled leucine were from New England 

Nuclear (Mississaugu, Ont.. Cqnada). 

(b). Triton X-1110 was from Eastman Kodnk. 

Me- 

Purified, 3~-labeiled EMC-D virus in PBS-BSA w s  ndded ( l ln l  p l  

containing approx. M,W c.p.mJdish) to washed, confluent BMP cclls grown 

on 35 mm dishes and attachment was allowed lo proceed nt 4°C. Ancr 

specified periods, the cells were washed thrcc times ( I  ml/w.ash) with ice-cold 

PBS-BSA to remove unattached virus. Cells with virus attached were lysed 

with 1 ml o f  1% Triton X-IUTI. The washes and lysnte were each ndded to 10 

ml of Aquasol-2 and the percentage of cell-associated virus was delermined 

after l iquid scintillation counting. 
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t 1 0 .  Eneyne treatment of BMP cells 

Obourlols: 

(a). T~ypsin,ehymotrypsin, papain, phwpholipase C, and phwpholiplve 

D were purchased from Sigma Chemical Co. (St. Louis, Mo., U.S.A.) 

(a). Endoglymsidase F, glycopeptidase F and O-glycnsidase were fmm 

Boehringer Mannheim (Laval, Que., Canada). 

(e). Vihrio cholcmr and Anhmhocrrr U ~ f o c i e n r  neuraminidases were 

front Cdbiochcm-&ring (La Jolla, Calif., U.S.A.). 

Melh,d: 

Baby mouse pancreatic cells grown to canfluency in  35 mm dishes were 

incubated with 20 milli-units (mu) o f  :' choleme or A. um(~faciens 

neuraminidnse or with 11x1 p l  of prewarmed Hank's balanced salt solution 

(HBSS) containing 5 mg/ml of one of the other enzymes specified in  Tablc 1, 

for I 11 a1 37°C. I n  other instances, cells were treated with M)O m U  of 

Endoglycosidnse F or glycopeptidase F at 37'C overnight, or with 

ncurnminidase prior to trcntment with 5mU af O-glymsidase at 37% 

overnight. Following enzyme treatment, the cells were washed three times in  

icc-cold PBS-USA and virus attachment was measured as described in section 
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2.9. Where enzymes caused cells to detach from culture dishes, trenlntent w.1~ 

done an cells in  suspension. 

I n  a similar set of experiments, cells were treated with leetins or sugars 

instead of enzymes, followed by measurement of virus altnchnlent. The 

amount of leelin or sugar and the conditions used are given i n  tables 3.3 and 

3.4. Wheat germ (Tn'licum vulpds), horse gram (DoIiclt,~~ hiflonrv) and 

horseshoe crab (Limulur pr,b,,hrmrrv) ledins were obtained from Sigm.1 

Chemical Co. (St. Lauis, Mo., U.S.A.). Concnnnvalin A (luck hrwn) was 

supplied by Pharmacia (Baie d'Urfe, Que.. Cmnda). The sugars: N-ncelyl 

glucosamine, N-ncetyl-D-galactffi~mine. a-methyl-D-glucmidc. a-nlelhyl-1)- 

mannoride, s-lactose. D-mnnnox, maltose and g.alselose were also oblninsd 

from Sigma. 

In anolher sel ofexperiments, cells were treated with cyclol~cxin~ide or 

tunieamycin after treatment with trypsin, followed by mcarurement of virus 

attachment. Tunicamyein and cychloheximide were purchased from Sigma. 

211. Identifition of  sislic acids by HPLC 

M ~ ~ r u i a l r  

(a). Nacetyl and N-glycalyl neuraminic acid standards were from 
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BioCnrh Chemicals (Lund, Sweden) 

(b). An Aminex A-29anion-uchnnge column (40 X4.6mm) prepackcd 

for high-pressure liquid chromatography (HPLC) was purchased from 

Bio-Rad (Mississauga, Ont., Canada). 

Mnhrd: 

BMPccils were scraped from culturedishes, pooledandwashed In cold 

PBS-BSA. Sinlie acids were released from 3 X 106 cells either by hydrolysis 

nl UlflC far i h in 2011) pl of 0.1 N H2S04 or by treatment with 20 m u  of V. 

Cltolcme or A. urcvfaeietu neuraminidasc in 200 )11 of 0.02 M sadium 

phosphate huffer, pH 5.0, for 1 h at  37°C After incubation, cells were 

pelleted in an Eppendoifmicracentrifuge for 0.5 min a t  maximum speed and 

20 pl of the slnpernatnnt wls injected into an Aminex A.29 anion-exchange 

column and analyzed on a Beckman (model 344 CRT) HPLC system. Elution 

was carried out at  ambient temperature in 0.75 mM Na2S04, pH 7.0, at a flow 

rate of 11.3 mllmin. The effluent was monitored for UV absorbance at 195 nm. 

Sialic acids from BMP cells were identified by comparing their elution timer 

wilh those of known sinlicacid standards or by coinjeetion of BMPsialicacidr 

wilh nnndards. 



95 

212. Purification oranti-EMC virus antiserum 

Antiserum against EMC v i m  (AEMC) war produced by injecting 

purified EMCvirus into New Zenland white rnbbils and purified as de~crihed 

below. Before using the anti-EMC virus antibody to produce nnti-EMC virus 

anti-idiotypie antibodies, ils biological aetivily and specificity for EMC virus 

were determined by gel immunodiffusion. by enzyme-linked imn~nnosorbent 

assay (ELISA) and by the haemngglutinalion inhibilion (IIAl) tea. 

M111eriolc 

(a). Globulin fraction of anti-EMC serum prepared by ammonium 

sulphate precipitation of whole serum as described by Iludson and 

Hay (1980). 

(b). Virus-Sephnrose column 

(c). 0.02 M sodium phosphate buffer pH 8.0 

(d). 0.17 M glycinc-HCI buffcfcr pH 2.3 eonMining 0.5 M NaCI 

(e). 0.1% Triton X-1f10 in R.02 M phosphate buffer 
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Mahad: 

'This procedure is a modification of the method described by Hudson 

and Hay (IYRO). A virus afinity column was prepared b' coupling 1 mg of 

purified EMC virus to 1 g af CNBr-activated Sepharose 4B as described 

previously. 'The globulin fraction (1 ml) of anti-EMC virus immune serum 

(IIAI litre 2 x ll?) was added to the virusSepharose in a 50 ml centrifuge 

tube and mixed lor 1 hour at room temperature before leaving it overnight to 

mix a1 4°C. The virusSephnrose plus adsorbed antibodies, was packed into 

s column and washed successively with 20 ml phosphate buffer; with 20 ml 

glycinc-HCI containing NaCI; and with 20 ml Triton X-100 in phosphate 

burrer. One ml fractions marc collected and EUSA tests using EMC virus 

attached to polyvinyl microtitre plates were performed on samples from each 

fraction in order to determine the biological activity and specificity of the 

purified antibodies. The protein content of each wash was measured by 

absorbance at 280 nm. The degree of purification was assessed by comparing 

ELlSA activity with protein content before and after purification. 

213. Pmduction of anti-EMC virus anti-idioiypic antibodies 

ML~I~+LF 

(a). Affinity purified nnti-EMC virus IgG antibodies (i.e. purified 

AEMC). 
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(b). Complete and incomplete Freund's adjuva8,i 

(c). TWO New Zealand white rabbits supplied by the Animal C v e  

Facility, i n  this faculty. These rabbits were from the same breed o f  

rabbits as those used to produce anti-EMC virus antibodies. 

M e ,  

i. Affinity purified anti-EMC virus antibodies were determined to be 

biologically active and specific for EMC virus using the ELlSA and 

haemagglutination inhibition tests. About 40 ml  of preimmune blood wns 

taken from the ear veins of two New Zealand white rabbits b fo rc  they wcrc 

injected subcutaneously with IM) pg of affinity purified AEMC antibodies 

emulsified i n  an equal volume of complete Freund's adjuvant. 

ii.Three weeks later, 2 ml o fb lwd  wns laken from tho nbbils nnd the 

serum was immediately screened for the presence of anti-EMC virus anti- 

idiotypic antibodies by the haemsgglutination test. Then, an intramuscular 

booster of 30 pg of purified AEMC IgG in Freund'r incomptote adjuvant was 

administered to the rabbits and they wereallowed to rest for another 3 weeks. 

Blood samples (2 ml) were taken from each rabbit every week and screened 

for anti-idiotpie antibodies. Two intramuscular boosters o f  30 p g  of IgG each 
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in Freund's incomplete adjuvant were given on weeks sir and nine. Ten days 

after the ninth week, the rabbits were aneathetized by intramusular injection 

of 1(Xl mg of Ketamine and bled to death by cardiac puncture. Sera obtained 

from the blood collected were stored at -20°C. 

214. PolpcrylamMe gel elNtmphonsis (Laemmli) 

M(~lniolr 

(a). 4X Upper Tris (0.5 M) Buffer, pH 6.8: contains 0.1 g SDS and 3 

g Tris in 50 rnl deionised water. The solution was adjusted to pH 6.8 

with 1 M HCI. 

(b). 4X Lower Tris (1.5 M) Buffer, pH 8.8: contains 0.2 g SDS and 

18.15 g Tris in lflll ml deionised water. The solution was adjusted to 

pll 8.8 with 1 M HCI. 

(e). 2X Sample Buffer: consists of 4 ml deionised water, 1 ml of the 4X 

Upper Tris, 0.8 ml glycerol, 1.61111 10% SDS, 0.4 ml Z-mereaptoethanol 

and 0.2 mi of 0.05% bromophenol blue. 

(d). 30% aclylamide containing 0.8% Bis [wlw] (anylamide-Bis), 
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(e). Freshly prepared ammonium penulphate ( I lk l  mglml) in deionired 

water. 

(0. Tetramethylethylenedinmine (TEMED) 

(g). Electrophoresis Buffer: mntains 3 g Tris, 14.4 g glycinc and I.0 g 

SDS, dissolved i n  1 litre of deionised water. 

M e M .  

The slab pel was made in a Bia-Rad apparatus which holds plates 

measuring I 6  cm X 18 cm. The separnting (lower) gel was preparedby mixing 

acrylamide-Bis (9.9 ml), lower Tris buffer (7.5 ml), deionised water (12.6 ml), 

ammonium persulphate (99 pl) and TEMED (24.0 (11).  The gel mixture was 

degassed for 1-2 minutes at room temperature, transferred to thc plates 

already set to hold the gel and layered with 1-2 ml of bulmol. Whcn 

polymerization was complete (about 30 minutes nt room tempernare). the top 

of the gel was rinsed three times with deionised water and then overlaid with 

the upper gel mixture, which contains 38% aclylamide-Bis (1.3 ml), upper Tris 

buffer (26 ml), deionised water (6.1 ml), ammonium penulphale (50 pl) and 

TEMED (I0 pl). An  electrophoresis combwas inserted into the uppergel and 

the gel was allowed to set at roam temperature (about 30 minuter). Thc gel 
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was transferred to an electrophoresis tank containing electrophoresis buffer 

and samples were prepared for electrophoresis by adding to them, an equal 

volume of the sample buffer, followed by boiling for 5 minutes. Polyacrylamide 

gel electrophoresis (SDS-PAGE) was carried out at constant voltage, 

overnight (30 volts for 18 h). 

215. Coomassk blue staining 

Afler electrophoresis, separate gels were stained for protein with 

Coomnssie blue and for carbohydrate by the periodic acid-Schiff (PAS) 

procedure. 

MalaiaIr: 

(a). Fixative: 25% isopropylalcohd in 10% acetic acid. 

(b). Staining solution: 0.05% Coomassie brilliant blue (RZO). 

(c). Destaining rolution: 10% methanol in 10% acetic acid 

Mdhd: 

Gels were fixed for 2 houn at room temperature and then stained in 

O.ICi% Coomassie blue far 2 houn at room temperature. After staining the 
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gels were dewloriled by washing at 37°C. while shaking, for several hours in 

different changes of destaining aolution until the background became clear. 

Stained gels were stored at 4°C in destaining solution. 

216. PAS staining 

MowiaIr: 

(a). Fixative: 25% isopropylaleohol (also called 2-propanol). 10% ncctic 

acid. 

(b). 0.5% periodic acid. 

(e). 0.5% sodium arsenatc in 5% acetic acid. 

(d). 0.1% sodium arsenate in 5% acetic acid 

(c). 5% acetic acid 

(f). 0.1% sodium metabisulphitc in 0.01 M HCI (NaZS2O5IHCI). 

(g). Schiffs reagent was prepared by dissolving 2 5  g of Basic Fuschin 

in 500 ml of dcioniscd waler. Then, 5 g of sodium metabisulphite was 
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added to the solution, followed by 50 ml of 1 M HCI. The solution was 

stirred for several hours a t  room temperature after which 2 g of 

activated charcoal (Fisher brand, also called NORIT-A) was added, 

while stirrin&todecolorizethesolution.The reagent was then filtered 

and stored at  4°C. 

Melhod: 

After electrophoresis, gels were removed from the plates and soaked in 

fix.ative for 2 hours at room temperature. Pollowing fixation the gels were 

immersed in 0.5% periodic acid for 2 hours; washed in 0.5% sodium arsenate- 

acetic acid for 3lbMI minutes; washed in 0.1% sodium arsenateaeetic acid for 

20 minuter (twice); and washed in 5% acetic acid for 10-20 minutes. The gels 

were then transferred to SchifPs reagent and left to stain overnight a t  4 O C  

After staining the gels were put in Na$205,RICI and washed for several 

hours, until the rinse solution failed to turn pink upon addition of 

fomaldehyde. The rtained gels were stored a t  4OC in 

Nn2S205/HCI. 

217. Preparation of membrallrs fmrn BMP cells 

Confluent monolayer BMP cells were scraped from 150 mm tissue 

culture petri dishes (Beeton Dickmson, New Jersey), pooled and washed in 
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cold PBS. Cells were suspended in hypotonic buffer (5 mM N.?,HP04 

containing 2 mM of the protease inhibitor phenylmethylsulpl~onyl fluoride 

[PMSF], adjusted to pH 8.0) and left to swell for 1 h at doc, nncr which the 

cells were disrupted with 20 strokes in a Dounce homogenizer. Nuclei were 

removed by centrifugation at 1,OW X g for 5 min and thc supernatant was 

collected and recentrifuged at 100,000 X g for I It. The crude membrane 

pellet was resuspended in cold PBS containing 2 mM PMSF and stored nt - 
70°C For use, membrane preparations were solubilized by incubating in h 

mM sodium deoxycholate containing 2 mM PMSF (final concentr~tions) lor 

1 h at 4'C. 

'2.16. Immunoblotting 

After elecfrophoresis of membrane preparations, gels were transferred 

to nitroccliulose in transfer buffer wnlaining 48 mM Tris, 39 mM glycine and 

20% methanol for 6 hat ffl V, using a Bio-Rad Tmns-Blot transrcr apparatus. 

The nitroceilulose was then blocked with a 5% solution of milk powder 

(Carnation) in PBS-Tween (0.05% Tween 20) overnight at 4°C. All other 

incubations were performed at ambient temper.ature. After blocking, the 

nitroceilulase was incubated with 25 pg of purified EMC-D virus diluted in 

5-l0ml of PBS-Tween, for 2 h, in a sealed bag an a rotator. The nitrocellulose 

was rcrnwed from the bag, washed three times in PBS-Tween and incubated 
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for 2 h with rabbit anti-EMCvirus polyelonal antiserum diluted 1:2W in PBS- 

Tween. The nitrocellulose was washed again in PBS-Tween before it was 

incubated for 2 h with approximately lo6 e>p.m. of 1251-labdled goat snti- 

rabbit IgO antibody, in 10 ml of PBS-'Aveen, in a sealed bag. Then the 

nitrocellulose was washed three times in PBS-Tween, air dried, and exposed 

to  Kodak-AR X-ray film at -7Ii"C for autoradiography. 

219. P r e p r a t i n n  ofa vlmaSephamse 48 affinity column 

hfoleriaIr: 

(a). 1 mM HCI. 

(b). Coupling buffer pH 8.3: consists of 0.1 M NaHCOj containing 0.5 

M NnCI. 

(e). Blocking buffer pH 8.O: consists of 0.2 M glycine. 

(d). Acetate buffer pH 4.0: consists of 0.1 M sodium acetate containing 

0.5 M NaCI. adjusted to pH 4.0 with acetic acid. 

(e). I mg of Purified EMGD virus. 
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(0. Cyanogen bmmide (CNBr) activated CH-Sephnrose 48 supplied by 

Pharmacia (Baie d'Urfe, Que., Canada). 

M a .  

I. 20 ml of 1 mM Ha was added to  1 g o f  activated Scphnrose i n  s SO 

rnl beaker, and allowed to swell for approximately IS minutes at room 

temperature. The swollen suspension was emptied into n funnel with a 

sintered glass Biter and washed with ZIXI ml of 1 mM MCI tlndcr vncuuni. 

ii. 1 mg of purified EMC-D virus (i.e. the ligand) was dissolved in  10 

of ml coupling buffer i n  a capped 50 ml centrifuge tube. The washed. 

aelivated Sepharose was then transferred from the sintered glass funnel into 

the tube containing the ligand. The mixture was rotated end-over-end nt 6 

rpm for I hour at room temperature using a multipurpose rolator (Scicntilic 

Industries Ine., U.S.A.). The sluhry was then emptied into the sintered glass 

funnel and excess ligand was washed off with 20 ml of coupling buffer. 

lit. The Sepharasewith virus now bound, was transferred to the capped 

centrifuge tube and any remaining ligand attachment sites (active ester 

groups) were blocked by addition o f  10 rnl of 0.2 M glycine, p l l  8.0, and 

rotating end-over-end for 1 hour at  room temperature. The product was thcn 
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washed lhrcc times; each time, with 10 rnl o f  acetate buffer, pH 4.0, followed 

by n 10 ml wash with coupling buffer p H  8.3. The final produd, that is EMC-  

D virus bound to Sepharose, was stored at 4°C i n  0.M M phosphate buffer 

pH 8.0, containing (1.1% NaN3 as a preservative. 

Iv. T o  estimate the amount o f  virus bound to Sephame, a similar 

preparation was made using 'H-labelled EMC-D virus and the radioactivity 

in the entire preparation, rather than portions o f  it, was measured i n  a 

Beckmnn LS 3HIll liquid scintillation counter. 

2.20. Afinily chmmatognphy 

A virurSepharose amnity column was prepared as described in  section 

2.19. Solubilized membranes Rom BMP cells were prepared as described i n  

section 2.17.. .and applied to the column i n  0.02 M sodium phosphate buffer 

p l i  8.0 which was alsoused towash thc column until all the unbound material 

was ren~oved. Bound material was eluted with phosphate buffer containing 

either 11.2 M NaCl or (11% Trilon X-100. The absorbance o f  the eluate was 

detected at 3 0  nm using an LKB 2138 Uvicord S U V  monitor and recorder. 

Pesk fractions were combined, dialysed against deionised water at 4OC 

overnighl, lyophiiized and analyzed by SDS-PAGE on 10% Laemmli gels. 
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Sl. Chmmatofocusing of a putative receptor sialoglymprnlein 

MoterbIr 

(a). PBE 94 ion-exchange resin suspended i n  ethanol r s  n prerervntive 

and supplied by Pharmrcia (Baie d'Urfe. Que.. C~nrda). 

(b). Starting buffer: consists of 0.025 M irnid.lrolc adjusted lo p l l  7.4 

with 0.1 M HCl. lmidaurie wasobtained from Signin Chcn~icalCo. (St. 

Louis, Mo., U.S.A.). 

(r). Eluting buffer: consists o f  polybuffcr 74 diluted I:H with distilled 

water and then adjusted lo  pH 4.0 with 11.1 M HCI. Polybuffcr 74 wns 

obtained from Sigma Chcrnical Co. 

(d). 1251-iabelled putative EMC virus receptor obtlined by amnity 

chromatography on EMC-D virus-Sepharose wlumns. 

(e). Vib",, chr,lemr and Anhn,boc~er ~ ~ ( 1 f i c i d I L 1 '  neurantinidoses 

supplied by Calbiochem-Bering (La Jolln, Calif., U.S.A.). 

M& 

(i). Chromatofocusing was performed at ambient temperature. 



108 

Approximately 10 ml of the ion-exchange resin PBE 94 was transferred to an 

equal volume of starting buffer and degassed for about 5 minutes. The slurry 

was then transferred to a 22 X 0.9em mlumn and equilibrated at a flow rate 

of I mumin wilh approximately I ml ofstarting buffer, or until the pH of the 

c l ~ e n t  equalled that of the starling buffer (pH 7.4). 

(ii). The iodinated putative receptor sialoglycoprotein was added to the 

mlumn (npprox. 2.6 x 1(P e.p.rn.) in about 1 ml of starting buffer and allawcd 

to adsorb for 5 minutes. The column was washed with polybuffeer a t  a flow 

rate of 11.4 mllmin and I ml fraclions were collected. The pH of each fraction 

was measured with a combination electradc using a Beckman Expandomatic 

SS-2 pH meter m d  the rndioactivity in each fraction was detected with a n  

LKB 1277 (Gamnmmnster) gamma counter. Each fraction war plotted against 

its pH and against the amount of radioactivity (in c.p.m.) it contained. 

(iii). In n another run, the iodinated putative receptor sialaglyfoprotein 

(approx. 2.6 x 1lP c.p.m.) was desialylated by incubation with 20 mU of Kbtio 

clt~~lr.rue and Anl,mhoclur umaJ(~ciens neuraminidase for 1 h at 3PC before 

adding the receptor material to the chromatofocusing column. 
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2.22 lodination of glymphorin 

Glycophorin was prepared from human erythrocytes by the method of 

Marchrsi and Andrew (1971) and iadinated according to the method 

described by Markwell and Fox (1978). 

M # h i Z k  

(a). Olycophorin in solution 

(b). 1151 ws snpplied by New England Nuclear, Mississnugn, Ont., 

Canada. 

(c). 5% bovine albumin solution in ll.lJ2 M sodium phosphnle buffer pl I 

8.0 (BSA solution). 

(d). Disposable Sephadex 0-25 columns (internal diameter 1.5 em, bed 

height 5 ern, bed volume 9.1 ml) obtained from Pharmaein. Bnie 

d'Urfe, Que., Canada. 

(e). Glass test tubes coated with lodogen. These vlcre prepared ns 

follows: 2QLl pg of chloroglycoluril (available as ladogen from Picrce 

Chemical Co., U.S.A.) was dissolved in 4lXl 111 of chloroform. To  each 
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of a number of glass tuber was transferred 20 pl (i.e. 10 pg) of the 

lodogen solution. The solution was plated on the surface of the tubes 

by drying under a stream of N2 gas at r w m  temperature. Tubes 

coated with ladogen were stored in a desiccator a t  room temperature. 

M d M  

A Sephadex 0.25 desalting column was set up and equilibrated with 1 

ml BSA solution followed by a I0  ml wash with 0.02 M sodium phosphate 

buffer. A gl.ass tube coated with 10 pg of lodogen was rinsed with sodium 

phosphate buffer, pH 8.0, immediately before use to remove any loose flakes 

of lodogcn. Approximntely 100 pg of glycophorin in solution was transferred 

to tile coated lube and, working in n fume hood, 200 pCi of jZ51 war added 

l o  the glycophorin. After incubating the tubes for 10 minutes at mom 

temperature. 1 ml of 0.02 M sodium phosphate buffer was added to  the 

niixlure nnd then applied to the Sephadex column. The column was washed 

with 5 rnl of 0.02 M sodium phosphate buffer. 1 ml fractions were collected 

and the radioactivity in each fraction was detected with an LKB 1277 

(Cnn~mnmnster) gamma counter. 

223. Cell surlace iodinaiion uf pancreatic cells 

Baby mouse pancreatic (BMP) cells were surface labelled using a 
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modilied procedure of the lactoperoxidase technique dewribed by Meuer and 

asadale$ (1983). 

Mal.2iaIr: 

(a). 12'1 was obtained from New England Nuclear, Mississaugn, Ont.. 

Canada. 

(b). Baby mouse pancreatic cells (4 X 1n7 eellsiml) 

(c). I ce~o ld  phosphate buffered saline (PBS, pH 7.4) eonlaining 10 nlM 

Nal. lcesold PBS without Nal, is also required. 

(d). Lysis buffer: consists d PBS containing 1% Triton X-I(UI. 2 pglnll 

trypsin inhibitor and ImM Phenylmethylsulphonylfluoride (PMSP). 

(e). Lactoperoxidnse (2 mglml). 

M c f h d  

Baby mouse pancreatieeellswere suspended in PBS at  a eonccntralion 
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of 4 X 10' cellslml and 20 p1 of the lamperoxidase was added together with 

! mCi of IZfil. The iodination was carried out by adding 10, 15, and 20 pl of 

the H202 at time zero, 5 minutes and 10 minutes, respectively. After the last 

addition of H202 the reaction was allowed to proceed for an additional 10 

minutes and slopped by transferring the cell suspension to 5 ml of ice-cold 

PBS containing Nal. The cells were washed three times in ice-eold PBS 

(without Nal) and then lysed far 30 minutes on iee at 4 X 10'cells/ml in lyis 

buffer. The lysate was stored at 4'C. 

224. lmmunopmipitetian of w p t o r  Imm iodinated membrnnes 

Muk~Lv: 

(a). Sepharose-protein A(obtained from Pharmacia, Baie d'Urfe, Que., 

Canada, and packaged as a 1 mglml suspension in 0.9% NaCI) 

(b). Heat inactivated (5bUC, 1 h) EMCvirus antiserum (AEMC) made 

in rabbits. Also, preimmune rabbit serum. 

(c). Wash buffer: contains 0.25% Nonidet, 0.5% Triton X-I00 in 0.02 

M phosphate buffer, pH 8.0. 

(d). 14~-labelled protein markers. 
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Mdhd 

lodinated BMP cell lysates were solubilized by incubating them in 6 

m M  sodium deoxycholate containing 2 mM PMSF (final concentntians) for 

1 h et 4'C. Solubilircd lysater were then centrifuged i n  nn Eppendorf 

microcentrifuge for 0.5 minutes at mwimum speed. To n portion of the 

supernatant (2 X 1 6  cpm) was added 200 p g  of purilied EMC-D virus and 

the mixture was incrlbated for 1 h a t  37°C. After incubation, 50 p l  o f  n 1:200 

dilution of the EMC virus antiserum was added and incubated for I h at 

37°C The mixture was then incubated with 50 p l  of the Scphnrose protein A 

suspension for 1 hat  37°C. The beads were collected by centrifugation in the 

micmcentrifuge for 0.5 minutes and washed twice in wash buffer and then 

once i n  PBS. Then the beads were mixed with an equal volume of L?cmmli 

sample buffer and boiled for 5 minutes. The supernatant was collected and I 

p l  of i t  was counted in a gamma wunter while the rest was annlycd by 

polyacrylarnide gel electrophorcris. After electrophoresis thegcl wasdried and 

exposed to Kodak X-Omat RP film at -?PC for at least I 8  hours. Controls. 

i n  which virus was excluded from the protocol or rabbi1 preimmune serum was 

substituted for AEMC, were prepared in a similar manncr. 
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225. Production of a n t i - m p t o r  mowelonal antibodies Be rats 

M c W .  

(i). Twenty nan-immunized Lou rats (7-8 weeks old), purchased from 

Harlan Sprague Dawley Ine., wen bled by cardiac puncture. Preimmune 

serum war collected and stared at -20°C to be used as control serum. me rab 

were allowed to recover for 3 days from any trauma caused by the cardiac 

puncture. 

(it). While the rats were restin& BMP cells were pmwn in tissue culture 

petri dishes (Falcon, 150 X 25 mm) at 37% in RPMl 1640 medium in a 5% 

C02 almosphere. me cells were subsequently recovered from the dishes by 

scraping with a rubber policeman (trypsin would destmy recepton for the 

virus), washed twice with ice-cold PBS ( ~ a + +  & M ~ + +  free) and 

resuspended at 2 X 10' cells/ml i n  PBS. Each rat was immunized 

intraperitoneally with 0.5 ml of the cell suspension, without adjuvant 

(iii). Three weeks later, each rat received a second intraperitoneal 

injection (no adjuvant) of 0.5 ml crude BMP membranes preparations. Crude 

membranes were made as described in section 217. but without solubilization 

i n  sodium deoxychoiate. 
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(iv). Three weeks after the second injection the rnts were divided into 

3 groups. Group 1 received 0.5 ml of ~O'BMP cells in PBS intraperitoncally, 

without adjuvant. Group 2 was given an intrnperitonenl injection (without 

adjuvant) with 0.5 ml of crude membrane in PBS while rnts in group 3 were 

administered a booster intraspleenically, without adjuvant, with 0.2 ml of 

crude membrane in PBS. 

(v). Three days later blood war collected from the tail vein of each rat. 

The sera wore heat inactivated and tested in the MITIINT cell protection 

assay (described in section 2.26. below) to determine if any of the rats hnd 

made antibodies against BMP cell surface proteins which function ns virus 

receptors. Rats whose sera tested positive in the MTTIINT asray hnd their 

spleens removed and the spleen cells were fused with YBZIO rat myeloma 

cells (obtained from ATCC; YBZIO is a hybrid originating from a fusion 

between the LOU rat myeloma Y31Ag 1.2.3. and A 0  rat spleen cells) lo 

generate hybridoma cultures. 

ZM The mnm NII protection assay 

This assay uses a colour reaction to detect viable cells. MTT, is a 

tetrazolium salt and the presellce of active dehydmgenase enzymes in cells, 

results in cleavage of the tetrazolium ring in active mitochondria. Thc reaction 
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occurs only In living cells: not in dead cells or in tissue culture medium. Live 

cells metabolize the two dye$ MTT and INT, forming a deepviolet 

cytoplasmic precipitate and the colour produced is read on a multiscan 

spectrophotameter. For example, when BMP cells become infected with EMC 

virus the dead cells will produce no eolour in the presence of MTC/INT. 

However, if the BMP cellswere treated with antibodleswhich have the abilily 

to protect them from EMCvirus infection, the cells which survive subsequent 

infections with the virus will produce a colour in the presence of MlTANT. 

The assay is simple and quantitative (when semmlhybridoma culture is 

diluted), and because there are only very few washing s t e p  one can screen a 

large number of samples, in a relatively short period. 

Maluioh: 

(a). MTT which is 3-(4~-dimcthylthiazoI-2-y1~Z,5-diphenyltetmzolium 

bromide. 

(b). INT which is p-iodonitrotetrazolium violet. Both MTT and INT 

were obtained from Sigma Chemical Co. (St. Lauis, Mo., U.S.A.). 

The MTTIINT solution war prepared fresh, every week. 10 mg of 

INT was dissolved in 50 ml of PBS preheated to 90°C (final 

concentration is 200 pglml PBS). Then, 15 PI of glacial acetic acid was 
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added to the solution and the mixture was IeR to cool in the dark at 

room temperalure after which 150 mg of M'IT (final concentration. 3 

m9,ml PBS) was added and allowed to dissolve. l l l e  solution was kept 

in  a dark brown bottle and stored at 4°C 

M e  

(i). Baby mouse pancreatic (BMP) cells or HeL? cells (as a control) 

were grown to confluency (appro= l$ eellslwell) in Wwel l  flat bottomed 

tissue culture plates (tinbro, Flow Laboratories). 

(11). Various samples of hybridoma culture presumed to contain 

monoclonal antibodies raised in  Lou mb against the putative EMC-D virus 

receptor on BMP cells or heat inactivated (56°C for 1 hour) rat serum, were 

serially diluted in RPMl 1640 medium, added (50 pllwell) to BMP cells and 

incubated for 2 hours at 3 P C  in  a 5% C02 atmosphere. When large numbers 

of hybridomas cultures were screened, supernatants were used at a single 

concentration and protection or non-protection was recorded. 

(iii). The following controls were included: 

(a). BMP cells plus hybridoma growth medium which docs not contain 

antibodies (or heat inactivated rat preimmune serum), minus E M C D  virus. 
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(b). BMP cells in RPMl 1640 growth medium, minus hybridoma culture, 

(which contains antibodies) and minus E M C D  virus. 

(c). BMP cells in RPMl I640 growth medium (no hybridoma culture), plus 

EMC-D virus at a multiplicity of infection of 3 p.f.uJeell. 

(d). Hela cells plus hybridoma culture which contains antibodies (or rat  

immune serum), plus EMC-D virus a t  a multiplicityaf infection of 3 p.f.uJcell. 

(iv). Without removing the serum or hybridoma culture from the wells, 

EMCvirus was added to each well a t  a multiplicity of infection of 3 p.f.ubell 

and the plates were incubated for 1 h a t  3 f 'C  in a 5% C 0 2  atmosphere. 

(v). Without removing the virus, 100 pl of prewarmed (37OC) RPMl 

1640 medium war added to each well and the plates were incubated for 18 to  

20 h at 3 P C  in a C02 atmosphere. The next day the medium was removed 

from each well, replaced with the M'lTIINT solution (50 pVwell), and the 

plntes were incubated for 2 h a t  37% 

(vi). men, the MlTllNT solution was removed and 200 pI of glacial 

acelic acid was nddcd to each well. The plates were left to stand at  room 

lemperature for a t  least 30 minutes after which they were read on a multiscan 

ELISA plate reader (Now Laboratories) a t  415 nm. we colour produced 
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remained stable for at least 5 hours). Wells showing high optical densities, 

compared to  controls, i n  snare than one assay were considered positive. 

Hybridomas scoring pmitive are subcloned twice. 

227. Prepration of a primary culture of p-cells 

Primaly p-cellswere isolated from the pancreas of SJUJ and CS7BMJ 

mice using a previously described procedure (Knplur el ul., 19W). 

M e M  

(i). Mice pancreaser, were aseptieaiiy removed from 5 mice at a time. 

and washed two to  three times in icecold C a + + - ~ g + +  frce PBS wnlaining 

penicillin (500 Ulml) and streptomycin (1000 pgtml). 

(ii). The tissues were minced usin6 a pair o f  scissors and washed in  cold 

PBS. The supernatant was discarded and the small piecu o f  pancreatic tissue 

were transferred t o  a flask containing about I5 m l  of prewarmcd collagenase 

solution (3 mglml i n  PBS) and incubated at 37°C for 15-20 minutes while 

stirring vigorously. 

(iii). The fragments were allowed to settle and the supernatant was 

collected and temporarily kept at 4°C. More collagenase solution was added 
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to the remaining tissues and the previous step was repeated until the 

pancreatic tissues were completely digested. 

(1"). Thc supernatants were cambined, diluted with cold PBS and 

centrifuged at 5110 rpm for 5 minutes. The supernatant was discarded while 

the pellet which contains islets, aclnar cells fibroblasts and other eells was 

saved and washed three times with cold PBS. 

(v). The pellet was resuspended in  cold PBS and transferred to petri 

dishes where single islets were collected using a Pasteur pipette and a 

microscope. The islets were then disrupted by stirring vely gently i n  a 

prewarmed collagenase solution for 5 minutes at 3 P C .  

(vi). After centrifugation at 500 rpm for 5 minutes, the cells were 

resuspended in  cold PBS and filtered through two layen o f  sterile gauze to  

eliminate any large aggregates. Then, the cells were resuspended in 

prewarmed RPMl I640 medium containing 5% foctal calf serum, 100 uniWml 

of penicillin, and I l l0 pglml of streptomycin and incubated at 37% i n  a 

humidified atmosphere containing 5% COZ Approximately 12-15 h later, no" 

adherent D-cells were decanted and recultured In RPMl  1640 medium. 



2uL Dwl labelling of primary p-cells for PACS analysis 

Materials listed in  (a) to (c) were obtained from Sigma Chemicnl Co. 

(St. Louis, Mo., U.S.A.). 

Ma&. 

(a). Guinea pig anti-insulin serum diluted 1:40,000 in  PBS. 

r 
(b). FITC-conjugated goat anti-guinen (IgG) serum diluted I:20 in I'BS. 

(c). Goat anti-rabbit IgG R-Phycwrythrin conjugate diluted I:20 in 

PBS. 

(d). PuriFied EMC-D virus (concentration = 2.1 mglmi). 

(e). Heat inactivated (5&, I h) antiserum against EMCvirus, diluted 

I:uX) i n  PBS. 

(0. Washing buffer (PSS-NHS): contains 90 ml of PBS, 10 ml of hcrt  

inactivated normal hone serum, 2 p l  of Triton X-l(I0, and 0.1 g of 

sodium azide. 

(b). 5% paraformaldehyde in PBS. 
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Me&d 

(I). Primary mouse pancreatic p-cell cultures were isolated as described 

in section 2.27. Approximately 1 X 106 of these @-cells were f w d  in  1 m l  of 

cold (-ZIPC) YO% methanol i n  PBS, at -2O"C for 15 minutes, primarily to 

permeabilize the plasma membrane. After fixation, cells were immediately 

stored at -2O"C until required for use. 

(11). The fixed cells were washed once in PBS-NHS and then stained for 

I h a1 37°C with 100 p i  o f  guinea piganti-insulin serum. After washing three 

times in PBS-NHS,thecellswerestained with 100 p i o f  FlTCsonjugated anti- 

guinea pig serum for I h at 37% 

(iii). The FlTCshined cells were washed three times in PBS-NHS and 

IM) p l  (- ZIN) pg) of the purified EMC-D virus preparation was added to the 

cells and incubated for 30 minutes at 4OC, to minimize internalization. The 

cells were washed three times in  PBS-NHS to remove excess, unbound virus, 

followed by addition of 100 p l  o f  anti-EMCvirus serum (or preimmune serum 

ns a conlrol) for 30 minutes at 4°C 

(iv). The cells were washed again three times i n  PBS-NHS and then 

incubnted with 1M) pI  o f  the phycaelythrin for 30 minutes at 4%. After 
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washing three times in m l d  PBS, the cells were fh rd  in I% pnralorm.aldehyde 

in PBS for at least 15 minutes, ai-d through "on-absorbent colton wool to 

ramwe dumps of cells and analyzed in  an Epics C Coulisr tluorereent 

activated cell sorter (FACS) or i n  a FACS 440 (Bectin Diekenson, Palo Alto. 

CA). The FACS was programmed to use right angle light rnt ter  to excludo 

fluorescence due to debris. Vlabilitycf the cells in each samplewas monitored 

by propidiurn iodide staining (0.5 pplml). 



Chapter Three 

RESULTS 

3.1. Histap~thology 

The experiments carried out for this thesis made use of EMCD virus 

which was obtained from Dr. J.W. Yoon, University of Calgary, Canada (see. 

section 2.1). Before altempting to study the virus receptor it was necessary to 

show that this variant of EMC virus was indeed diabetogenic in SJUJ mice 

and not in C57BUbJ mice. 

The experiments involved ten SJUJ and ten C57BU61 mice whichwere 

infected intrapedtoneally with 5 X 16 p.f.u. of EMC-D virus per mouse. 

Between five and twenty days after virus infection, about 200 pl of blood was 

obtained from the tail vein of each mouse and analyzed for insulin and 

glucose content. Serum insulin levels in both virus-infected and non-infected 

mice were determined by radioimmunoassay using a kitsupplied by Pharmacia 

(d'Urfe, Que., Canada) and blmd glucose levels were measured using Ames 

dextrostix strip (Miles Laboratories, Elobicoke, On!., Canada) and read on 

a glucometer. Influenza virus-infected SJUJ and C57BU6J mice and non- 

virus-infected SJUJ and C57BUK.J mice were used as controls. 
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The results in Table3.1 show that EMC-D virus-infectedSJL mice had 

elevated levels of blood glucose and reduced amounts of serum insulin at 15 

days post infection, while influenza virus-infected and non-infected SJL mice 

showed no evidence of hyperglycaemia 15 days after infection. I . ,d on the 

criteria used in this thesis to  identify the diabetic mice (see Table 3.1), up to  

80% of SJL mice infectcd with EMC-D virus were regarded as diabetic. In 

wntrast, EMC-D virus-infected C57BLmice and influenza virus-inferted SJL 

mice were not diabetic. 

To further show the diabetogenic effect of EMCD virus in SJL mice, 

sections of pancreas from virus-infected and non-virus-infected SJL and 

CS7BL mice were stained and examined under the microseopc. 

Sections fmm the controls and from EMC-D virus-infected C57DU6J 

mice stained by haematoxylin and eosin (see section 2.5) showed normal. 

intact islet cells surrounded byacinar cells (Fig.3.1). In contrast, sections from 

EMGD virus-infected SJUI mice showed a disordered architecture of the 

islet with evidence of cellular infiltration (Fig. 3.2). 



Table 3.1 Blmd glucose and serum insulin levels of miee before infection and 15 
days after infection with EMGD virus. 

Results are expressed ns the mean * standard deviation. Blood glucose levels 
exceeding the average of uninfected miee by a five-fold standard deviation were 
regarded as hyperglycaemic. Mice which remained hyperglycaemic up to day 20post- 
infection werc defined as diabetic 

SJL and C57BL miee used in this study were 8-10 weeks old. 

Glucose measurementswere performed on heparinized blood from non-fasting mice. 





Fig. 3.1 Haematoxylin and eosin stained pancreatic section from an EMGD 

virus-infected CS7BU6.J mouse. Section shows a normal, intact islet of 

Langerhans surrounded by acinar cells. The section was p r d  as 

described in Materials and Metkodr. 



Fig. 3 3  Haematoxyh and eosin stained pancreatic section from an EMGD 

virus-infected SJUJ mouse. Section shorn is1ets with disordered architecture. 

The section was processed as described in Materiah and Methods. 
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To identify the beta cells within the islets, sections were stained by 

aldchyde-fuchsin (see section 2.6) which selectively stains beta cell granules 

purple. Sections from EMGD virus-infected SJUJ mice showed beta cell 

degranulation,indicated by little or no purplestain (Fig. 3.3),whereasscctions 

from control mice or from virus-infected CS7BU61 mice showed intense 

purple staining of the beta cells (Fig. 3.4). 

Since the pancreatic beta cells contained in the islet of Langerhans 

produce insulin, their destruction should show either a reduction in the 

amount of insulin or  total absence of insulin in the islets. Immunoperoxidase 

sl.aining (see section 2.7) with anti-insulin showed a significant amount of 

insulin in sections obtained from conlrol mice or from virus-infected C57BU6J 

mice (Fig. 3.5). In contrast, sections of pancreas obtained from EMC-D virus- 

infected SJUJ mice showed evidence of beta cell destruction as indicated by 

a reduction in the amount of insulin and @degeneration of the islets (Fig. 

3.6). 

Similar experiments were performed using thenon-diabetogenicvariant 

of EMC virus and the same number of mice. Neither EMC-B virus-infected 

SJUJ mice nor EMC-B virus.lnfeeted C57BU6J mice developed diabetes-like 

symptoms or  showed any signs of Bsell destruction (result not shown). 



Fig. 3 3  Aldehyde-fuchsin stained pancreatic section from an EMC-D virus- 

infected SJUJ mouse. The decrease in p 4  granules (purple stain) can be 

seen. The section was processed as described in Marainls and Mnhods. 



Fig. 3.4 Aldehyde-fuchsin stained pancreatic section from an EMGD virus- 

infected C57BL mouse. Section shows evidence of ample p-eell granules 

(purple stain). The seetion was processed as d e s c n i  in MateiiaLr Md 

M e W .  



Fig. 3.5 Immunoperoxidase staining, using anti-insulin antibody, of a 

pancreatic section from an EMGD virus-infected C57BL mouse. Section 

shows ample insulin the p-cells of an islet (brown stain). The section was 

processed as described in Materials and Methods. 



Ng. 3.6 Immunoperoxidase staining, using anti-insulin antibody, of a 

panc~catic section from an EMC-D virus-infected SJL mouse. Section shows 

evidence of reduced insulin content (brown stain) following p ~ l l  destruction. 

The section was processed as d e s c n i  in Materink and Methods. 
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Taken together. these experiments confirmed that the EMC-D virus 

used in this study is diabetogenic in SJUJ mice but not in C57BL mice. 

33. Biochemical Charaeteriotlon of the Virus Rceptor 

The plan of the following experiments was to sludy the EMC-D virus 

receptor, by a variety of methods, in a continuous line of baby mouse 

pancreatic (BMP) cells. After biochemical characterization tho EMC-D virus 

receptor on BMP cells would be isolated. These studies would eulminnte in 

production of antibodies to the receptor molecule. Such antihodie~would then 

be used in experiments an primary beta cells isolated fmm the pancreas of 

SJUI and C57BU6.l miec, to diswver if the same receptor molecule could be 

found on them. This appmaeh wuld alleviate the camman problem, during 

B.cell isolation, of contamination with other cell types and more importantly, 

the purilyof the psells wuld be ascertained using a fluorescent activated cell 

sortcr (FACS). Details of the cell line and its handling are given in M111~n'aL% 

and Me~llodr. section 21. 

As a basis for all future experiments, it was necessary first to study the 

behaviour of the virus in BMP cells. In the first three sections, data arc given 

on virusgrowth, the time course ofvirusattachment and the saturability. With 

those dam in hand then follow repom on a series of analytical experiments 



136 

aimed at elucidating the nature of the virus receptor. 

3.21 Viw garth in BMP d h  

The objective of these experiments was to establish a one-step growth 

curve to determine if EMCD and EMCB viruses can grow in BMP cells. The 

design was to infen a confluent monolayer of the cells with either virus and 

to mensure, by plaque assay, the amount of virus present in the cells at 

v.arious times. Details of the procedure are given in see section 2.8. 

The results in Fig. 3.7 show that during a 2 to 4 h eclipse period, the 

infectious titn for EMC-D virus decreased to almost 50% of the amount of 

virus initially bound to cells. Five hours after infection, the infectious titre 

began to increase and a t  18 h reached a maximum of 1.4 X 10' p.f.uJml. 

Similarly, after going through an eclipse period, the infectioc. titre of EMC-B 

virus increased from 2.1 X I@ at 5 h to a maximum of 5.4 X 10~p.f.uJml at 

18 h. The penk titre for EMGB virus in BMP cells was approximately 5-fold 

lower than that for EMC-D V~NS. These results showed that attachment of 

bath EMC-D and EMC-B viruses to BMP cells results in produelive infection. 



-0.. 10 i I 4 

C 0 
E ro e > .  
d - 
- .  

c" - , : 

0 4 8 12 16 20 24 

Time lh) 

Fig. 3.7 Growth curve of EMC-B and EMC-D viruses in BMP cells. 

Confluent monolayen o f  cells (appror. 3 X I@ cells) were infeeled with 

EMGB or EMC-D virus at a mulliplicity of infection of 3 p.f.uJcell. The virus 

titre in the cells was measured by plaque assay a t  the times indicated. 

*---A EMC-B virus ; EMC-D virus c-. 
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3.22" Time caurse 

Astudy of the time taken for virus to attach to BMP cells was necessary 

so that in later analytical experiments the minimum time needed for optimal 

binding muld br used. The raa at which EMGD virus attaches to BMP cells 

was determined by adding3~-labelled virus (apprax. 60,WOe.p.m.) to 3 XI@ 

cells (at 4°C to minimize internalization), for various lengths of time. 

The results of this experiment (Fig. 3.8), showed that EMC-D rims 

attached to BMP cells, with binding reaching a maximum 2 h after addition 

of virns. Further, prolonged incubation of the cells with virus, at 4'C, did not 

result in n signilicant increase in virus binding to BMP cells. 

3.23. Sahmbillly 

The objective of these experiments was to determine whether the 

surface recepton for EMC-D virus on BMP cells are saturable and if they are, 

to me.aatre the number of binding sites for the virus an these cells. If the 

surface receptors are saturable, then increasing the concentration of the virus 

should cause a proportional decrease in the percentage of virus bound. 
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Fig. 3.8 Time curve of EMC-D virus binding to BMP cells. 'H-iabcllcd virus 

(approx. 60,000 c.p.m.) was added to conflueltt monolayers of cells (approx. 

3 X lo6 cells) at 4OC. At the times indicated, the cells were washed and the 

amount of virus attached to them was measured. 
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Ceiis grown to eonfluency were incubated for 3 hat 4OC with increasing 

amounts of 3~-labelled virus. Then the cells were washed and the amount of 

virus bound or unbound was measured as described in section 2.9. Data 

derived from such saturation binding experiments \ ere plotted as boundvirus 

particles vcrsus the number of unbound virus psrtlcles. 

The results of this experiment are shown in Fig. 3.9. It can be seen from 

the shape of the curfe obtained that binding of EMC-D virus to BMP cells 

is saturable. Competition binding experiments in which 3~-labelied virus 

(npprox. hIl,01)0 =.p.m.) was mixed with increasing concentrations of nan- 

radiolnbelled purified EMC-D virus before measuring attachment to BMP 

cells showed that at least 80% of the 'H-labelled EMC-D virus which bound 

to cells was c o q  .led for by unlabelled virus (data not shown). These 

experiments indicate that binding of EMGDvirus to BMP cells is specificand 

sntur.able. 

3.23.1. Number c ~ f  binding sites per cell 

With data derived from saturation binding studies in hand, the number 

of binding sites for EMC-D virus on BMP cells was determined. Analysis of 

the saturalion binding data was performed on a computer using the 

progrnmnie "Lignnd", version 3.4 1986, as described previously (Munson & 



Fig. 3.9 Binding of EMGD virus to BMP cells. Increasing amounts f 3 ~ -  

labelled virus were added to confluent manolayers of cells (apprm. 3 X lo6 

cells) and incubated for 3 h at 4%. The cells were washed three times in ice- 

cold PBSBSA The amount of virus bound to the cells and the amount 

unbound (in wash) were then measured. 

Insct: A Scatchard plot of 3~-labelled EMC-D virus binding to BMP cells 

obtained by analysis of the binding data. 
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Rodbard. 1WO). From the Scatchard plot obtained, the dissociation constant 

(Kd), which is a measure of the affinity of Ihe receptor for its ligand, was 

indicated as 1.2 nM. From B-, the value of which was also given by the 

programme and which is defined as the maximum density of binding sites, the 

number of EMC-D virus binding sites was calculated to be 4 X 1 6  per a l l  

(see appendix). The Hill ~oeffient wasgiven by Ihe programme as 0.5812555. 

The linearity of the Scatchard plot suggesfs that BMP cells contain a 

homogenous group of receptors for EMC-D virus (Inset, Fig. 3.9). However, 

the fact that the Hill coefficient is less than unity strongly suggests that the 

cells contain more than one homogenous group of V ~ N S  binding sites. 

3 . u  End ef pntasrs l o d  @psid .a rs  

In order to gain some insight into the biochemical nature of the 

receptor for EMC-D virus, BMP cells were Vested with enzymes which either 

remove sialic acid molecules or other specifically linked carbohydrates, or act 

on proteins or phospholipids. 

Fallowing enyme treatment, radiolabelled virus was added to the cells 

and ineubaad for 2 h at 4OC The cells were then washed and virus 

attachment was measured (see section 2.9). Details of the conditions used in 

pre-treating the cells with enzymes are given under Table 3.2. 
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Since the different enzymes were used at various pH values, it was necessary 

first to establish the effect of varying the pH of the medium containing the 

eells, on virus binding. The design was to expose the cells to growth medium 

at a particular pH, overnight, and then to use the cells to measure virus 

atlachment as described in section 29. 

In preliminary experiments, it was observed that varying the p H  of the 

growth medium in the range 4 to 10 caused 15% and 35% reduction in virus 

binding st pH values below 5 and above 8 respectively (data not shown). The 

optimum p H  for virus binding was 7.0. Therefore, following enzyme treatment 

the p H  of the medium was raised or lowered (dependingon the enzyme used: 

see Table 3.2) to pH 7.0 prior to measuring virus attachment. 

The results of pretreatment with enzyme are shown in Table 3.2. The 

resulls indicate that, compared to control non-enzyme treated BMP cells, 

treatment with trypsin, chymotlypsin and papain resulted in XO to Rl% 

reduction in virus binding, suggesting that the receptor for EMC-D virus on 

BMP cells is protein in nature. Incubation of the BMP cells with V. eh,~Icrtle 

or A. ureaJaccienr neuraminidase which removes sialie acid residues, reduced 

virus binding by 45%. Treatment with phospholipases C and D, which 

hydrolyse phosphodiester bonds of phospholipids, or with endaglycosidase F 
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Tahls 3.2 Effect of prelreating BMP cells with e w e s  on EMCD virus binding 

Enzyme Vim3 bound (46) 
- -  - 

None (control) 

GI msida%v 
NLraminidox -)t 

Neurilminidase (A. ~renfadens)~ 

End~~glycosiduse fl 

Oiyeo~ptidaw @ 

~-g~~miidnsrR 

. U r d  ctlnfluenl monolayera (about 3 X i$ mils) and about 64WD Lpm. of  labelled 

virus for e;sh enzyme treatment 

t 20 mU of neurnminidose, pH 5.4, 3?C, 1 h. 

t MU1 mU of rdoglycllsidase F, pH 5.0, JPC, overnight. 

li 64x1 mU of glycoprptidasr F, pH 7.3, 37% overnight. 



I Cellsrnrcaeated with neuraminldasc prior to lreamentwith 5 mU ofO-glyunids%pH 

60, ovemlghr Increasing the concentration of 0-glpidnrc to 20 mU did not increalc 

the reduction in virus binding. 

T Used 1W pl wlumw containing 500 pg of proleases n pharpholipnra pH 7.0,3?C I 

h. With pmteases, cells were treated in suspension. 

Note V i m  binding to BMP cells treated with a mhture of and & - 
neuraminidasr war not significantly different fmm virus binding e BMP cclln 

t nabd  with ncuraminidasc fmm either V. eholerae or A. unnfaciens alone. 

Each cnyme had a conIrol (i.e. cells untreated with enzyme) which was e x p d  In 

Be same pH and temperature, for the specified perid. Cells not treated with glywsidose 

but kept s t  3PC, at the appmpristc pH, overnight, remaimdviuhle asdetermind by t p n  

blue stainin& The amaunt of radioiabclled virus hound to thc mntrol was taken a. IW% 

and is compared with virus binding to enzyme treated cells. The results reprerent the mean 

at duplicate experiments. 
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or glycopeptidase F, enzymes which specifically remove N-linked 

carbohydrates, resulted in less than 10% reduction in EMCD virus binding 

to BMP cells. Desialylation of the BMP cell surface with neuraminidase, 

followed by treatment with O-glyeosidw which removes O-linked 

carbohydrates, resulted in 4R% reduction in virus binding whereas treatment 

ofcells with O-glycosidase alone had no effect on virus binding. Treatment of 

cells with sodium periodate (0.1 to 1.0 mM), which oxidizes sugars or the 

exocyclie carbon atoms of sialic acids to aldehydes, reduced virus binding by 

7% at the most. These results suggest that the receptor for EMC-D virus on 

BMP cells is a sialylated glywpratein. 

335. E ( T d  dcydokdmidc  and toniamycin on rrcrptar rrmnr), 

Initial experiments in this xrier were designed to determine how long 

it takes lor BMP cells to regenerate EMC-D virus receptors. Cells were 

treated with trypsin, to destroy the virus receptors, and then grown in RPMI 

IM) medium nt 37°C. At various times the medium was removed, cells were 

washed and virus attachment was measured asderribed in section 2.9. Details 

of this experiment nre given under figure 3.10. 

The data given in Fig. 3.10 show that trypsin treatment redueed virus 

binding to 25% and, a full six hours were required, with the cells in growth 



Fig. 3.10 Recovery of receptor activity after pretreating BMP cells with 

tryprin. Approximately 3 X 1di cells suspended in 100 pl of HBSS were 

incubated for 1 hat 3FC in 100 pl of prewarmed HBSS containing SIN) pg of 

w i n .  After incubation, the cells were washed in HBSS and allowed to 

recover in growth medium at 37°C. At the times indicated thegmwth medium 

was removed and attachment of -'H-labelled virus (approx. ho,(HHI =.p.m.) was 

measured. 
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medium, for solne 5W of the virus biding activity to be rewvend The 

-Its shown in Fig 3.10 indicated the need for oron than a h  hours 

incubation, for studies of receptor regeneration on BMP cells. 

The aim ofthe foU~cxpcdmcntswas  to d e t e  

reccptws are replaced from a pwl or regenerated by synthcsia of new ones, 

and whether EMC-Dvirus requiresN-linked sugars to bind to BMP cells. Thc 

effect of 2-dwxy-D-glum, an antimetabolite of glucme, on receptor 

regeneralion, was not studied. 

Cells treated with hypsh were seeded into RPMl 1640 medium 

wntaining increasing wncentrations of either cyclohedmide or tunicamycin. 

The cells were incubated overnight at 3T'C until they became wnfluent and 

then the medium was removed, the cells were washed and virus attachment 

was measured (see section 29). Viability of cells gown in media wntaining 

either of the drugs was wnfirmed by trypan blue staining. 

The data in Fig. 3.11 show that at a eonantration of only 2 pglml of 

cyclohedmide, virus biding was reduced by 701, whereas incorporation of 

lunicarnycin in the growih medium at a wncentration of 12 pg!d resulted in 

only a 6% reduction in virus binding. These crperimenk indicated that the 



Fig. 3.11 Effect of tunicamycin or cycloheximide on recovery of receptor 

activity. Approximately 3 X I@ BMP cells suspended in 1lHl pl of HBSS were 

incubated for 1 h a t  3 F C  in 1W pl of prewarmed HBSS conlaining 5lIU pg of 

t w i n .  Following incubation, the e l l s  were washed in HBSS, seeded onto 35 

mm tissue culture dishes and allowed to recover in growth medium containing 

tunicamycin or cycloheximide at 3FC, overnight. Attachment of EMC-D virus 

(approx. 60,000 e.p.m.) was measured when the cells became confluent. 
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cell surface molecules to which the virus binds prior to  infecting the cell, are 

rcgencratcd by synthesis of new receptors. The experiments also suggested 

that N-linked sugars may not be required for EMC-D virus binding to BMP 

cclb. 

3.2.6. Sinlie acids r e l e d  horn BMP cells 

Since pretreatment of cells with ncuraminidase (see Table 3.2) 

snggestcd thnt sinlie acids are required for EMC-D vlms binding to BMP 

cells, this experiment was set up to identify the type of  sialic acid present on 

IIMP cclls. Sinlicacids were released fmm BMP cells either by acid hydrolysis 

(total) or by neuraminidsse treatment, and were analyzed by HPLC using an 

Anliner A-29anion exchange calumn. Details of the conditions used aregiven 

in section 2.1 1. Cellular sinlic acids were identified by comparing their elution 

limes with those of known sialic acid standards or by cainjection o f  BMP cell 

sinlic ncids with standards (Fig. 3.12 a and b). A standard curve was made 

after injecting v.arious amounts of sialic acid standards into the column, from 

whicil total and neuraminidase-relemable sialie acids in  BMP cells were 

estin~ated. 

I t  was estimated that both V. eholeme andA. urwfacienr neuraminidases 

relenacd only 311% o f  the total siolie acid in  BMP cells (data not shown). As 



Fie 3.12 Analysis of sialic acids by HPLC Sialic acids were released from cells by 
acid hydrolysis or by neuraminidase treatment and identified 080 nn An~incx A-29 
anion exchange column. (4 and (b) are sialic aeid standards showing titc elution 
times for N-acetyl neuraminic acid (NeuSAc) and N-glycolyl neurannnic acid 
(NeuSGe); (c) sialic acids released from BMP cells by aeid hydrolysis; (d) sinlic acids 
released from BMP cells by neuraminidase treatment: (c) control: cells incubnted for 
1 h at 80°C withor* aeid or far 1 h at 3'10C without neuraminidnse; (n sialic acid 
released by acid hjdrolysis from cells previously treated with neuraminidase. 
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shown i n  Fig. 3.12 d, the neuraminidase-releasable sialic acid comprised 

predominantly N-acetyl neuraminic sud. Subsequent acid hydrolysis of 

neuraminidase treated cells showed a major peak identified as N-glymlyl 

neuraminic acid (Fig. 3.12/3. N o  N-acetyl or N-glycolyl neur~minic ncids was 

detected in  control experiments when cells were kept at MPC for I h wilhout 

acid a. at 37% for 1 h without neuraminidase (Fie. 3.12 e). 

3.27. EKwl ol l&ns and sugm on virus binding 

The effect of lectins on virus binding was investigated l o  doterminc i f  

indeed sialic acids are involved in  EMC-D virus binding to BMP cells. Cclls 

w e n  incubated with various leetins (see Table 3.3) :or 30 nlin at an~bicnt 

temperature, after which they were washed and virus nltachment was 

measured as described in  section 29. As a control. cells were incubnlcd wilh 

PBS. The concentrations and sugar specificities o f  the lectins used are given 

i n  Table 3.3. 

The results in Table 3.3 show that pretreatment o f  cells with honeshoe 

n a b  (Limuluspolyphemur) and wheat germ (Tn'licum v u k k )  reduccd virus 

binding by 79% and 3R% respectively. Virus binding to cells prelrealed with 

hone gram (Dol ich,~~ bfl,,ms) or concanavalin A (Jad hem) was reduced Icss 
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Table 3.3 ELm d prvtreating BMP cells with kctim an EMCD virus binding 

Wheat prm 
(Trilisum) 

Ham gram 
(-hinorus) 

Sugar specilicily V i r u s  b o u n d  ( 8 )  

100 

Sialic acid (NeuSAC) 21 

Sialic acid (NeuSAc) & 62 
N-acelyl-D-giuemsmine 

N-acetyl-D-galactmaminc 92 

Confluent monolaycrs (about 3 X lo6 cells) were ineubatod with a I mglml solution of 

each l a i n  (1 mlldish), 30 min. ambient temperature. Used appro%. 60,WO c.p.m. of 

 labelled virus to measure *irw stlachment, after each treatmenL 

W The effect of prs-treating cells with sialoglycopmtoim, such as fetuin and much  an 

virus binding, was not studied since pre-treatment of tho cells with leclim, combined wiUl 

other resultl (Table 3.2; Fig. 3.1% Fig. 3.22) showed that sialoglycapmteins ere invakd m 

EMC-D virus binding to BMP cells. 

Bath Icctin-treated and "an lectin-treated cells (control) kept s t  ambient tempcraturc 

for 30 min remained viable as determined by trypan blue staining (not show). The amount 

of radiolabelled virus bound to the urntml was Iakcn as 1W% and is compand with viw 

hinding to lectin tmled celk The resultl reprerent Ule mean of duplicate uprimentr. 
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than 10% when compared with controls.These results (Table3.3)shawedthat 

sialie acids are involved in the binding of MMC-D virus to BMP cells. 

Since cert:in sugars have been shown to block the ability of EMCvirus 

to  haemagglutinate human etyihrocyies (Kunin, l!Jri7), an experiment was 

performed todetermine whether E M G D  V ~ N S  utilizes rugam other than sinlic 

acids to bind to BMP cells. Cells were incubated with the sugnn specified ihi 

Table 3.4 for 1 h a t  ambient temperature afier which they were wnshcd and 

virus binding was measured (sec section 2.9). Details of the conditions used 

are given in Table 3.4. 

The results show that none of the sugars tested inhibited EMC-D virus 

binding t o  BMP cells (Table 3.4), suggesting that none of these sugars arc 

required for EMC-D virus binding to the cells. 

3.3. Receptor Isolation 

The following experiments were designed to isolate thc EMC-D virus 

receptor from BMP cells and to de ten inc  whclher the isolnlcd receptor is 

able lo bind to the virus. The l int  set of experiments provide results on the 

stability of the column at  the temperature and pH values used to prepare thc 

column and, on the specificity of the column used lo isolate the receptor. 
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Tabk 3.4 Effcn of prc-tmting BMP al ls  with sugars on I3MC.D virus bindinn 

Sugar Virus bound (%) 

None (control) 100 

m-Methyl-D.glurmidc 92 

Confluent monolayen (about 3 X 10°cells) were incubated with a 05  M solution of each 

sugar (05 mVdil). I h ambient temperature. Used appro*. MI,WO cp.m. of 3~.labclled 

virus lo measurevirus attachment, aHer each treatment. W Treslal and untrestal cells 

(n,ntrol) remained viable (nal s h )  after 1 h a t  ambient temperature. The amaunt of 

radiulahclled virus haund to the control war taken as 100% and Is mmpsrcd d h  vim 

binding to treated eellr. The rerults represent the mean of dupllcatc erperimeno. 
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Results on the molecular weight o f  the isolated receptor arc also given. 

Subsequent experiments provide data on the ability of EMC-D virus to bind 

to the isolated receptor. 

33.1. PnperUes af the virusSlpbarosc mlvlnm 

The aim of these experiments was to prepare a virus-Sepharose column 

to be used i n  isolation of the virus receptor. Since EMCvirus disintegr.~tes i n  

the presence o f  halide ions b e w e n  p H  5 and 7, and because the procedure 

used to couple EMC virus to  Sepharose involved several altern.ate washes i s  

NaHC03 buffer pH 8.3 and acetate buffer p H  4.0 at ambient tempernlure, i t  

was necessary first to show that virus linked to Sepharose was lnot innctivated 

and that its ability to bind receptor material was not .adversely affected by the 

pH o r  temperature a t  which the column was prepared or stored. I t  was also 

necessary10 show that binding of a receptor to the virusdepharose is specific. 

To address these issue& the following experimenls were performed. 

Avirus-Sepharose column was made b r  eventual isolation o f  the virus 

receptor. Non radioactive ("cold") EMC-D virus was covnlcnlly linicd to 

cyanogen bromide activated Sepharose by mixing the two, blocking unattached 

sites with glycine and washing with buffers at p H  8.3 and 4.0. Details of the 

preparation of an EMCvirus-Sepharose column for affinity chromatography 



158 

arc given in section 219. 

311.1. Atnwnt of virus nn the column 

T o  estimate how much o f  the virus attached to the Sephame, a similar 

prepration was made using 3~-labelled EMC virus after which the entire 

radiolabelled virus-Sepharose conjugate was transferred to vials containing 
'j 

scintillation fluid and counted for radioactivity. Using this procedure i t  was 

determined that about 8% of the 3~-labelled virus added, remained 

covalently linked to the Sepharose even after washing with NaHC03 buffer 

p H  8.3 and acetate buffer pH 4.0 containing 0.5 M N a a  (data not shown). 

33.1.2. Void volume I I  the a>lumn 

T o  estimate the void volume, the column was packed by washing i t  with 

10 to IS ml of phosphate buffer. Then 1 ml of 0.2 mg/ml of calf thymus DNA 

(Sigma) in  phosphate buffer o r  I ml o f  a solution containing 0.1 mg of the 

DNA and I og of adenosine i n  phasphate buffer was applied to the column. 

Without allowing any time for adsorption to take place, I ml fractions of the 

eluate were collected and the absorbance of each fraction was measured at 

2611 nm. Using this procedure i t  was determined that the void volume of the 

colunln was 3 rnl (data not shown). 1 
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33.13. Stnbilily of the eolnmn 

To determine the stabilily of the mlumn a t  various pH values, a jH-  

labelled EMC virusSephamse column mnlaining 10,UMI c.p.m. was washed 

with 0.02 M phasphate buffer pH 6.0 a1 a flow rate of 0.3 mVmi.~ nt ambienl 

temperature and five 1 ml fractions were collected and counted for 

radioaclivity. Sub.uqucntly, the column was washed with phosphate adjusted 

to pH 5.0, 4.0, 3.0, 20, 1.0 and 8.0, respectively, and fractions (live I ml 

fractions for each pH) were collected and measured for radioactivity. Then 

the experiment was repeated at 4°C. 

The results show that the virus remained covalently linked to the 

Sepharase in the pH range 1.0 to 8.0 and the virus was not rele.ased at 4°C 

or a1 20°C (Fig. 3.13). When the column was tested for its ability l a  bind 3 ~ -  

labelled giycap'lorin, compared to a similar virur-Sepharase column which was 

not subjected to variable pH washes, no major difference w.as obscrved in 

percent binding (not shown). 

33.1.4. Specificily of the cl#lumn 

Glycophorin A is the cell surface binding protein for EMC virus on 

human erythrocytes. In this experiment, glycophorin was extn~ctcd from 

human erythrocytes and used as a control, to determine if binding of 
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Fig. 3.13 Effect of varying p H  or temperature on EMC virus mupled to 

Sepltarose 48. A 3~-lrbellcd virus-Sephamse mlumn was washed with 

phosphnte burner at various pHsand virus released wasdetected by measuring 

radioactivity in the fractions collected. 
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receptor proteins to the EMC virusSepharose mlumn w.as specific. 

Radiolabelledglycophorin (2 pg of protein) was applied lo either a Sepharose 

column without virus, a BSA-Scpharose column or to an EMC virus- 

Sepharose column. If the virus mlumn were specific, then the Ins1 would be 

the only one of the three to bind glycophorin. 

Each column containing j~-labelled glymphorin was washed wilh 

phosphate buffer until unhund material was fully removed. Then the eolun~n 

was eluted with phosphate buffer containing NnCl followcd by the snnte burrer 

containing 0.1% (1.6 mM) Triton X-1W. Fractions o f  1 ml were collected for 

radioactivity measurements. 

The amount of NaCl required to break the glycophorin.virus bond had 

been determined earlier by eluling glyeophorin bound to virus on the 

Sepharose column wilh a salt gradient of 0 to 0.5 M NaCl in U.lt2 M sodium 

phosphate buffer pH 8.0. The concentration of NaCl was determined from a 

standard curve of known NaCl molarity measured on a conductivily bridge 

(Model 31, Yellow Springs Instruments Co., U.S.A.). Conductivity re'adings 

obtained with phosphate buffer without any NaCl were sublncled from the 

results of phosphate buffer containing NaC1. 
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It was found that on average, 780h of the total radioactivity added to 

the columns was recovered. The rzsulls in Fig. 3.14 show that 'H-labelled 

glycophorin added to the virus-Sepharose column was eluted in three peaks. 

It can be seen from Fig. 3.14 that about 54% (peak 2) of t5e glyeophorin 

bound to the virus-Sepharose column, whereas approximately 25% (peak 1) 

was not retained on  the column, and about 21% (peak 3) came off only when 

the column was washed with phosphate buffer containing 0.1% Triton X-IW. 

In eontmst.only 2% and 2.5% of3~.glycophorin bound to  the Sepharose and 

BSA-Sepharose columns respeclively (not shorn). 

The possibility that the retained material (peaks 2 and 3; Fig. 3.14) was 

held back non specifically perhaps because separation occurred on the column 

neeording to size, war discounted by applying 'H-labelled glyeophorin to the 

virusSephnrose column and washing extensively with phosphate buffer. It was 

found that prolonged washing wilh phosphate buffer alone did not effect 

elution of the retained material (data not shown). 

33.1.5. S~turability of the virus column 

To tesl the possibility that material in peak 1, (Fig. 3.14) was not 

ret.ained beenuse the column was saturated, competition experiments were 

perfarnted. The design of there experiments was to mix various amounts (50 - 
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Fig.3.14 Affinity chromatography ofglycophorin an an EMCvirus-Scpharosc 

column. Two r g  of j~- label led glyeaphorin In 0.02 M phosphate buffer were 

added to the column and, following adsorption the column was washed with 

0.02 M buffer containing 0.2 M NaCi, and then finally buffer containing 0.1% 

Trion X-1M). The radioactivity in each 1 ml fraction was measured. 
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210 pg) of "cold giycophorin with 2 pg of 3~-labelled glycophorin and then 

to add each mixture (comprising a specific amount of '"cold" glycophorin plus 

2 pg of radiolabelled glycophorin) to the virus-Sepharose column. After 

adsorption for 30 minutes, the column was washed with phosphate bufler or 

with buffer containing NaCl or Triton X-100. The column was regarded as 

saturated with glycqpharin when it failed to refain mwt of the radioactive 

glycophorin. 

Using this procedure, a .an be seen that the virus-Sepharose wlumn 

is nblc to accommodate at least 1W pg of reeeptor protein (Fig. 3.15). Since 

previous experiments utilized only 2 pg of 3~-labelled glywphorin (see Fig. 

3.14). the result in Fig. 3.15 indicates that the three peaks observed in Fig. 

3.14 are not due to saturation. 

These results, when taken together, showed that EMC virus linked to 

cy;mogen bromide-activated Sepharose 4B is capable of binding specifically to 

a receptor protein. 

33.2 P m p r t i e s  of the sftinily prilied putptirr virus rrcrpto~ 

Having determined the amount (ic. protein concentration) of receptor 

material required to saturate thevirus column, and thestability and specificity 
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Pi& 3.15 Saturability of the virus.Sepharase column. The column was 

saturated with various amounts of non-radioactive glycophorin ("cold"), mixed 

with2 pgof3~-labelled glycophorin and regarded assilturatod when no more 

3~-labelied glycophorin bound lo the column. 

Y 2 cg3~-~abe~ledglycophorin plus either: C-0 50 pg,ur *-I llnl pg, or 

u 200 pg of cold glycophorin. 



166 

of the column under conditions used for receptor isolation, the stage was set 

for isolating the virus receptor. The objective of the next set of experiments 

was to isolate the BMP cell surface reeeptor for EMC-D virus by affinity 

chromatography, and to determine if the isolated receptor would bind the 

virus. Data are provided on the molecular weights 01 two putative receptor 

proteins and lhcre is evidence to show that the putative receptor is a cell 

surface protein. 

3.3.2.1. Rerrptnr isolatic~n 

The dcsigt of the experiment for isolating the receptor was as follows. 

Crude membranes were prepared from BMP cells as described in Mole"aLr dr 

Merhds (see seaion 2.17). Then the membranes were rolubilixd in 6 mM 

sodium deoxycholate and applied to the EMC-D virusdepharose column (see 

section 2.20). Material bound to the column (the putative EMGD virus 

receptor) was eluted with sodium phosphate buffer containing NaCI, desalted 

by dialysis and concentrated by lyophilization (see section 2.20). The putative 

EMC-D virus receptor was reconstituted in 100 pl of PBS and analyzed by 

electraphoresis on 10% SDS polyacrylamide gels [SDS-PAGE] (see section 

2.14). The gels were stained with Coomassie blue as described in section 215. 

It was not possible to include receptor-negative cells as a control because 

EMC-D virus altached to andlor infected all the cells tested, namely, mouse 
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Lcells, Krebs ascites mouse cells. Mardin-Darby bovine kidney (MDBK) cells, 

human erjthroleukacmic (K562) cells and Heta cells. 

m e  result of this experiment was that up to 40 pg  of putative receptor 

protein was obtained from solubiiized membranes by conlhining eiwates from 

several runs. When run on SDS-PAGE, as shown in  Fig. 3.16, there was 

evidence for at least two protein bands with relative molecular weights of 

about 97,000 and 70,000 daltonr. I t  can be seen from Fig. 3.16 thnt the larger 

molecular weight band is relatively more distinct while the lower molecular 

weight band is faint and more diffuse, perhaps beacre thc lower b.and is 

more glycorylatcd. No other bands were observed. This experiment was 

repeated three times and gave essentially the same result ezch time. The 

conclusion from this result is that EMC-D virus probably binds to two distinct 

receptor proteins on BMP cells, one o f  which may be glycosylated. 

33.2.2. Virus binding praprrtles of the isulshd pulatlve receptor 

To show that the column bound material was able to associate with tbc 

virus,thereeonstitvt~d putative EMC-Dvirvs receptor wa~serinllydiluted 1:2 

i n  PBS and analyzed on nitrocellulose In a %-well dot blot assay. Unoccupied 

sites on thenitrocellulose were blocked with a redundant protein as described 

inMa1en'oIrdr Merho& (see section 2.18). The nitrocellulose was washed twice 



Fig. 3.16 Coomassie blue stained putative receptor proteins. BMP plasma 

membranes were solubiied in sodium deoxycbolate and applied to an EMC- 

D virusSepharose column. Bound material was eluted with phosphate buffer 

containing 0.2 M NaQ. The eluate was dialysed, lyophilized, analyzed by SDS- 

PAGE and stained. lnne I, BMP membrane before application to column; lane 

2, membrane material bound to virus on the column; kane 3, protein markers. 
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as described in section 2.18 and then incubated with I(+ to IIP c.p.nl. of IBl. 

labelled EMC-D virus for 2 h at ambient temperature. After wnshing three 

times, the nitmcllulose was air dried and exposed to Kodak-AR X-ray film 

for autoradiography. ' h e  specificity of EMC-D virus binding to the putative 

receptor was investigated in  8 competition assay. The putalivr' receptor bound 

to nitrocellulose, was exposed to saturable nnlounls of non-rndio;~elive EMC- 

D virus before probing i t  with 1251.1.abelled EMC-D virus. 

'he results obtained are shown in Fig. 3.17. These ertperinlenls dlowcd 

that EMC-D virus bound to the putative receplor isolated frolll BMI' 

membranes (Fig. 3.17 0). As the ratio of non radioactive EMC-D virus lo 

putative receptor material increased (i.e. eonst.ant virus bul  serinlly dilulcd 

receptor protein) the omount of 1251-lahclled EMC-D virus bouud to lhc 

receptor protein decreased, indicating that binding of 125~-lahelled EMC-D 

virus was specific (Fig. 3.17 b). lodinated EMC-D virus did not bind i f  the 

putative receptor had been treated with trypsin prior to npplication lo 

nitrocellulose (Fig. 3.17 d). Pre-treating the receptor protein with V. chf,lcmc 

neuraminidase resulted in  a reduction in  the amount of iodinnted BMC-D 

virus bound, suggesting that the column-derived putative receptor was 

sialoglyeoprotein in  nature (Fig. 3.17 c) .  Therc was no nonspecific hinding of 

125~-labclled EMCD virus to the nitrocellulose (Fig. 3.171: & h), and the 



Fig. 3.17 A dot blot assay of EMGD virus binding to the putative receptor 

on nitrocellulose. (a) putative receptor serially diluted and then probed with 

125~-labelled virus; @) receptor exposed to unhbelled virus prior to probing 

with 125~-~be~edvirus; (c) K cholsne neuraminidase-treated receptor probed 

with125~-hbelled virus; (d) trypsin-treated receptor probed with 125~-labe~ed 

virus; (e) glycophorin probed with 125~-labelled virus; (f) glycophorin exposed 

to unlabelled virus prior to probing with 125~-labelled virus; (g & h) blocked 

nitrowllulose exposed to 125~-labeUed virus. 
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control using glycophorin behaved as predicted (e & f). Thus il .appeared thsf 

the column fractionation had indeed resulted in a specific, virus-binding. 

protein as had been hoped. 

35.23. Study or surface labelled BMP erll Iysate 

The aim of this experiment was to show lhal the putalive EMC-D virus 

receptor is a component of the BMP cell surface. 1251-lnbelled BMP cell 

iysates were prepared as described see seelion 2.27. Idinnled BMP cell 

lysales were then solubilizcd in 6 mM sodium deoxycl~olale and 

immunoprecipitated with non radioactive EMC-Dvirusasdcscribd in section 

2.24. To rule out the possibility that same free 1251 may hnvc bcrn 1r:apped 

on the cells and carried over in the reaction mixture, a bntclt of idinnled 

BMP cell l r~a te r  was centrifuged on sucrose density gr.adients and the plasma 

membrane band was collected, dialred againsl cold PBS and caneentrnted by 

lyophilization. Lysates prepared on sucrose gmdienb were solubilized in 

sodium deoxycholate, incubated with unlnbelled BMC-D virus and 

imm..naprecipitaled with anti-EMC virus antiserum and Protein A as 

described in section 2.24. 

The SDS gel autoradiograph derived from this experiment is shown in 

Fig. 3.18. Although difficult to see in the photograph, several bands were 



Rig, 3.18 An autoradiograph of j2'1 surface-labelled BMP cell lysates 

immunoprecipitated with EMC-D virus. (1) 1251-labelled (2) lP te ,  

without Virus, plus anti-EMC virus antiserum; (3) lysate, plus virus, plus 

preimmune serum; (4) lysate prepared on sucrose density gradients, plus virus, 

plus anti-semm; (5) lysate, plus virus, plus anti-semm; (6) 14c-labelled 

protein marker. 
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found to coprecipitate from BMP cell lysatcs in the presence of EMC-D virus 

(Fig. 3.18 lane 5) but not in the absence of EMC-D virus (lane 2) or in the 

presence o f  preimmune rabbit serum (Innc 3). Amongst these were two 

prominent bands. one with a molecular weigh1 o f  nbaut Y7.lXX) and another 

relatively faint, and more diffuse band at about 70.l100. This result Inns l o b  

considered quits preliminary. The experiment was performed twiec and cneh 

time there were no clear cut or sharp bands. 

362.4 Chrnmstnhcusing of the putative meplnr pmlcln 

Results o f  previous experiments described in this thesis. sucll ns 

neuraminidase treatment of whole cells, suggested that the cell surface 

receptor for E M C D  virus is sinlylated (see Tables 3.2 & 33). Ille objective 

of these experiments was to determine whether the isolated putalive virus 

receptor contains sialic acid. The design was to sepnrale molecules o f  tllc 

receptor protein from each other on the basis of differcnees in  lhcir 

isoeleetrie points (pl), bychromatofaeusing. Chromatofocusing wns performed 

on the putative receptor protein before and after treatment with 

neuraminidase. Details o f  the procedure are given in section 2.21. 

The results of these experiments are shown in  Pig. 3.19. 

Chromatofoeusing of the untreated putative receptor protein on a PBE 94 



Fig. 3.19 ChromatoFocusing of the affinity purified receptor pmlein before 

(b&~)andnfter (~~x)desialylation bytreatmentwith neuramiaidase.Theshift 

it! pH from 4.6 prior Lo desialylation (i.e. pH mrresponding to peak in baa) 

lo pH 6 1  after desialylation (i.e. pH mrrespandingto peak in xxx), indicates 

that siaiic acids have been released. The pH gradient (.mu) was generated by 

elution with polybuffer as ducribed in Muterink& Merho&. Appr,lrimately 2.6 

X 106  c.p.111. were used for each run. 
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ion-exchange resin shaved an iswlectric point (pl) o f  4.6 wherens 

desialylation o f  the putative receptor protein by neuraminidasc treatment. 

prior to chromatofmusing, revealed a p l  of 6.1. The increase in p l  from 4.6, 

prior to desialylation, to 6.1 after desialylation, confirmed that the putative 

virus receptor contains sialic acid. 

332.5. Mass spcctrnmetrie analysis and amincl acid sequencing of the 

p~tat lve m.pt,,r 

Mass speetrometrywas employed in  order to determine more precisely, 

the molecular weights o f  the two putative receptor protein bands which were 

isolated by affinity chromatography on a virusdepharosc wlunln. I t  was also 

highly desirable lo  sequence the protein bonds so ns to determine, by 

searching through data bdses, i f  the receptor protein(s) could bc idcntilied as 

known cell surface glycoprotcin. 

To prepare samples far mass spectrometly and amino acid sequencing, 

theafkinity-purified putative receptorwasrun on SDS polyncrylamidegelsand 

then transferred to "lmmobilon", a form of nitrocellulose. Prior to SDS-PAGB 

samples were boiled for three minutes in  electrophoresis (Laemmli) sample 

buffer as described in  section 214. The lmmobilon was stained wilh 

Caomauie blue, to confirm protein transfer, destained wilh methanol, air 
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dried, covered with "saran wrap" and then sent elsewhere for analysis. T o  

prevent Nterminal blocking that may be caused by unreacted polymerizing 

agents, the separating gel was cast 24 hours before runnivg. At no point did 

the samples come in contact with urea. In the first instance, the samples were 

sent to the Bioteehnology Service Centre, The Hospital for Sick Children, 

University of Toronto, Canada. Later, a second batch of samples was sent to 

the IAF BioChem International, lnc., 10900 Hamon Street, Montreal, Canada. 

In both instances, attempts to sequence the putative receptor protein 

or to determine more precisely the molecular weights of the major protein 

bands by mass spectrometry were unsuccessful. Amino acid analpis performed 

on the proteins by both companies, prior to  sequencing, showed that each of 

the two bands present on the lmmobilon contained at  least 20 picomoles of 

protein (correspondence from company), which, according to the companies, 

was more than they needed for the required analyses. No further experiments 

were performed to determine whether the inability to sequence the proteins 

was due to blockage of the N-terminus. 

333. Can the rarptor be isd.M using ndiolabelld rind 

Rather than use an EMC-D virus-Sepharasc column to isolate the 

receptor, il is less time consuming and probably cheaper, to use radiolabelled 
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virus for the same purpose. I n  the pmeedure using radiolabelled virus, cell 

surface membrane preparations are separated on SDS polyacrylnmide 

electrophoresis gels, transferred to nitmcellulase, blacked with an irrelevant 

protein and then probed with 1251.1abelied E M G D  virus, or with non- 

radioactive E M G D  virus followed by anti-EMC virus antibodies and Pmtein 

k The nitmceilulase is then exposed to X-ray film, for autoradiogmphy. 

Details of this immunoblotting procedure are given in  scctian 2.18. Since 

immunoblotting is performed on nitrocellulose aiter SDS-PAGE or 

deoycholate-solubilized membranes, and since samples arc usually boiled 

prior to SDS-PAGE analysis, the dot blot auny was used lo  look at the eifecl 

of SDS and sodium deoxycholate, with and without boiling, on EMC-D virus 

binding to the putative receptor protein. 

Such immunobiotting experiments were unsuceeuful nnd the 

autoradiographsare notshown. Upon autoradioeraphy, no protein bandswere 

observed. The same result was obtained after innumerable attempts. 

Successful transfer of the proteins to nitmcellulase was confirmed by 

Cocmauie staining of the nitrocellulose. However, i t  was found that boiling, 

or the presence of SDS or  sodium deoxycholate did not prevent EMC-D virus 

from binding to the putative receptor protein on nitrocellulose (resuit not 

shown). The results of these experiments are puzzling, especially since 125~- 
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labelled EMC-D virus is able to bind the putative receptor on nivoeellulose 

in  a dot blot assay (see 3.17). 

3.4 Pmduction or Anti-receptor Antibodies 

The objcctt,e of this experiment was to produce anti-reeepror 

antibodiesand to determine whether such antibodies could prevent the vims 

from infec.ing BMP cells. The plan was to use these antibodies, later on, to 

study the virus receptor on 8-cells isolated from the pancreas of SJUJ and 

CS7BUdl mice. 

Since the putative receptor protein wasderived from mice, anti.receptor 

antibodies were rnised in  rats. Approximately 1,500 supernatants from various 

hybridomn cultures,prr:.med to contain monocionalanti-receptorantibodies, 

were screened by the MTTnNT assay (see section 2.26) to  see i f  the 

antibodies would pratsct BMP cells from E M G D  virus infection. Details of 

the procedure used to produce anti-rzceptor antibodies are given in section 

2.25. 

The results of this experiment are shown i n  Fig. 3.20. The controls show 

that BMP cells kept, i n  the absence of EMC-D virus, i n  hybridoma growth 

medium (H 3-5) or in  RPMI 1640 growth medium (Fig. 3.20, H 6 4 ,  remained 



Fig. 3.20 m/INT colorimetric assay for detecting cell viability. Cells were 

infected with EMGD virus in the presence and absence of anti-receptor 

antibody as d e s r r i  in sections 2.26 and 3.4. A1-G5 hybridoma cultures; G6- 

HZ BMP cells and EMGD virus, H 3-5 BMP cells kept in hybridoma medium; 

H 6-8 BMP cells kept in RPMI 1640 growth medium; H 9-12 HeLa ceUs and 

EMC-D virus. C11, D3, E5, Gl and G3 are positive hybridoma nrltuns. 
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viable for the duration of the experiment In another control, it was observed 

that BMP cells kept in RPMI 1640 growth medium becsme infected when 

they were exposed to the virus (Fig 3.20, G6-HZ). None of the 

hybridoma cultures protected HeLa cells from infection with EMGD virus 

(Fig. 3.20, H 9-12). However, supernatants five hybridoma cultures were able 

to protect BMP cells from EMC-D virus infection (Fig. 3.20, wells C11, D3, 

E5, G1 and G3). Confirmation that these hybridomas were truly positive was 

obtained through a blind assay, whereby samples (including previously positive 

ones) were numbered in another laboratory, prior to b e i i  sent to our 

laboratory for screening by the MlT/INT assay. In each instance, samples 

which were previously reported as positive, were found to protect BMP cells 

from virus infection. AU of these positive hybridomas were unfortunateiy lost 

during the subsequent cloning procedure, which was necessaly to ensure 

production of monospeci6c antibody. However, the results of this experiment 

confirmed that the putative receptor behaves as an authentic receptor, since 

antibodies raised against epitopes on it prevented virus infection of BMP cells. 

It was also shown that the mouse receptor is immunogenic for the rat. 

3.5. FACS A d y &  of EMGD Receptors on pcdls 

The aim of this set of experiments was to study the receptor for EMC- 

D virus on @ e l l s  isolated &om the pancreas of SJUJ and CJ7BU6.J mice by 
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flow cytometry, and to compare the EMC-D virus receptor on BMP cells with 

receptors on primary mouse p-cells. 

The design of the experiments was to study binding of EMGD virus 

(detected with anti-virus antibody) or anti-virus anti-idiotypic antibodies to 

surface receptors on cells. Both BMP cells and sorted p-cells From SJL and 

C57BL mice (using a fluorescent activated cell sorter (FACS)) were used. 

Beta ceUs from SJL and C57BL mice were analyzed by a dual labelling 

procedure as d e s c r i i  in section 228. In this procedure, the p-cells are 

stained first with guinea pig anti-insulin serum followed by FITGconjugated 

goat anti-guinea pig antibodies (to enable sorting), prior to detection of cell 

surface-bound anti-virus or anti-idiotypic antibody, with anti-rabbit 

p h y c o e ~ s o n j u g a t e d  antibody. On the other hand, binding of anti-virus 

or anti-idiotypic antibody to BMP cells, which do not need to be sorted, was 

detected by a single labelling procedure using phycoelythrin-conjugated anti- 

rabbit antibody as described in section 2.28. The FACS was programmed such 

that the same number of cells were analyzed from each sample. As a control, 

cells were treated with rabbit preimmune serum and were used to set the 

baseline level for the FACS. 
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Details on how the anti-virus a n t i i e s  (AEMC) and the anti-vinu 

anti-idiotypic antibodies were produced in rabbits are given in sections 212 

and 213. Mouse. pancreatic @cells were isolated as described in seetion 227. 

'Ibc results of the first set of experiments are shown in Fig. 3.21. Thc 

histograms obtained show relative cell number on a linear scale on the Y-axis 

and fluorescence intensity on a log scale on the X-axis. From the fluomeence 

intensity, it can be seen that the amount of anti-idiotypic antibody molecub 

bound on C57BL or W J  pcells (p~g. 3.21 e ando is not much different from 

the amount of virus bound to the same cells (Fig. 3.21 b and c). However, the 

number of binding sites for EMC-D virus on pzells from SJUJ and G7BL 

mice (Fig. 331 b and c) were less than the number of bindiig sites for the 

virus (Fig. 3.21 a) or for anti-idiotypic a n t i i e s  on BMP cells (Fig. 3.21 d). 

These results showed that like EMC-D virus, the anti-idiotypic a n t i i e s  bind 

to BMP cells and to @-cells from S N J  and C57BL mice. Since the number of 

virus binding sites on BMP cells is known (see Fig. 3.9) these results also 

indicated that primary pceUs from both SJL and G7BL mice contain lesr 

than 4 x 1 6  EMGD virus biding sites per mu. 

The results of the next set of experiments show that compared to 

untreated wntrok (Fig. 322 a and d), pretreating cells with trypsh reduced 
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Fig. 3.21 Flow cytometric analysis of EMGD virus binding to p-cells. V i  

binding was detected using anti-virus antibody from a rabbit and 

phywerythrinanjugated anti-rabbit antibody. Positive fluorescence (see text 

for details) indicates binding of virus to cells. (a) - (c) BMP cells, C57BL p- 

cells, and SWJ $-cells respectively, exposed to EMGD virus. (d) - (e) BMP 

cells, CS7BL pcclls, and SJUJ pcclls respectively, exposed to anti-idiotypic 

antibodies made in rabbits. 
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both EMGD virus binding (Fig. 3.23 b) and anti-idiotypic a n t i i  binding 

(Fig. 3.22 e) to p-ceb from SJL mice. Similarly, pretreatment of cells with 

neuraminidase reduced the amounts of virus and anti-idiotypic antibody 

bound to SJL p-cells (Fig. 3.22 c andn suggesting that both EMGD virus and 

the anti-idiotypic antiiodies bind to sialylated proteins. 

These results are representative of similar results obtained when virus 

and anti-idiotypic antibody binding were studied on enzyme-treated BMP cells 

or enzyme-treated @-cells from C57BL mice (not shown). Also, flow cytomehic 

analysis of biding of polyclonal rat anti-receptor antibodies to BMP c e b  or 

to B-cells from SJL and C57BL mice gave profiles similar to that seen with 

binding of virus or anti-idiotypic antibodies, to the same cells (not shown). 

The possibility that EMGD virus and the anti-idiotypic antibodies b i d  

to the same site on SJL $ e l l s  was examined by competition experiments 

whereby SJL p-cells were exposed to saturable amounts of EMC-D virus prior 

to adding the anti-idiotypic antibodies. The reduction in the amount of anti- 

idiotypic anti'body bound to SJL p-cells after virus binding (Fig. 3.23 c), 

compared to the amount of virus (Fi. 3.23 a) or anti-idiotypic antibody (Fig. 

3.23 b) attached to SJL pal ls ,  suggest that the two Ligands recoghe similar 

binding sites on p-cells from SJUJ mice. It was concluded from these 
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experiments that B-cells from C57BL mice contain approximately the same 

number of EMC-D virus receptors as p a l l s  from SJL mice. 



Log Fluorescence 

Fig. 3.22 Flow cytometric analysis of EMC-D virus binding to p-cells 

pretreated with enzyme. Virus binding was detected using anti-virus antibody 

from a rabbit and phycoerythrin-conjugated anti-rabbit antibody. Positive 

fluorescence (see text for details) indicates binding of virus to cells. (a) 

Untreated, (b) trypsin-treated, (c) l! cholerae neuraminidase-treated, SJUJ p- 

cells exposed to EMC-D virus. (d) Untreated, (e) trypsin-treated, (f) V. 

cholerae neuraminidase-treated, SJUJ p-cells exposed to anti-idiotypic 

antibody from a rabbit. 
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Fig. 3.23 Flow cytometric analysis of competitive binding to p-cells between 

EMC-D virus and the anti-idiotypic antibody. (a) SJUJ p-cells probed with 

EMC-D virus; (b) SJUJ p-cells probed with anti-idiotypic antibody from a 

rabbit; (c) SJUJ p-cells exposed to EMC-D virus prior to probing with anti- 

idiotypic antibody. 



Chapter Four 

DISCUSSION 

Q t v i r M ~ ~  

The BMP cells used in this study are an SV40 transformed pancreatic 

pcell line derived from CDl mice (Kaptur et d, 1989). The plan was that 

following biochemical charactexization of the EMC-D virus receptor on these 

cells, the virus receptor would be isolated and anti-receptor antibodies would 

be produced in rats. Using the FACS, the anti-receptor antibodies would then 

be used in experiments on primary SJUJ and C57BU6.l mouse pancreatic 8- 

cells, to see if the same receptor molecule could be found on them. This 

strategy was inspired by the tinding that out of about 110 distinct serotypes 

of human rhinovirus dose to 90% bound to a single receptor on HeLa cells 

(Colonno etaL, 1986), and by the obsemtion that the major group rhinovirus 

receptor, ICAM-1 (Greve et aL, 1989; Staunton ef d, 1989) is expressed on 

different cell types from different species (Horley ef aL, 1989; Hogg et aL, 

1991). This approach has several advantages. Being a cell line, the amount of 

cells required to carry out the biochemical characterizations could be easily 

produced. To do this with primary pancreatic p-cells from SJUJ and C57BU6.l 
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mice would require hundreds of mice, s ine  the primary PceIls grow very 

poorly in culture. Further, this approach alleviates the wmmon problem, 

during BseU isohtion, of wntamination with other cell types and, relatively 

pure Snn and C57BU6J mouse p-cells wuld be produced by sorting on the 

FACS. 

4 . t l . E M G D ~ b i n d i n g 6 i t e s a n B M P ~  

Sice EMGD virus binding to BMP cells was a£fected at certain pH 

values, virus attachment studies were pedormed at pH 7.0. The observation 

that virus binding was reduced at pH values below 5 is consistent with 

previous reports that cardiairuses disintegrate at acidic pH in the presence 

of ehloride ions @unker & Rueckert, 1969; Dnnker & Rueckert, 1971). The 

reduction in virus binding observed at pH values above 8 may also be due to 

the instability of the virus at alkaline pH, however, the reason for this effect 

is not clear. 

The finding that EMGD virus bound to BMP cells in a timedependent 

manner at d°C, reaching a madmum 2 h after addition of the virus, differs 

from a previous report which indicated that HeLa cell binding of the M- 

variant of EMC virus (EMGM), from which both EMGB and EMGD viruses 

were derived (see section 1.1.2), reached maximum three minutes af'ter the 
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virus was added, at 4 C  (McClintock et a l ,  1980). Similarly, my results differ 

from the observation that maximum EMGM virus binding to pancreatic @- 

cells from SJUJ mice occurred between 16 and 32 minutes afier the virus was 

added (Chairez n d ,  1978). It should be noted that since these studies 

involve different virus strains and different cell types, a true comparison of 

these results cannot be made. Since it is known that different strains of virus 

show very Merent rates of attachment to cells (Dimmock, 1982), I speedate 

that the variation in binding kinetics between EMGD virus and BMP caw 

and between EMGM virus and HeLa or @-cells, is due to differences in the 

amino acid sequence of the attachment proteins of the different virus strains 

involved. Alternatively, the variation in binding kinetics may be a function of 

the motility of the cell surface receptor. fluidity of the plasma membrane is 

intluenced by temperature; as such, the temperahue at which attachment 

studies are performed can affect virus attachment rates. EMC-D virus binding 

to BMP cells was measured at 4OC, to minimize virus internalization, whereas 

EMCM virus binding to HeLa and p a l l s  was measured at 3FC. While 

EMGM virus binding to HeLa cells was unaffected by variation in 

temperature (McBintock et aL, 1980) the reduced rate of attachment of 

EMGM virus to p-cells (Chairez GI aL, 1978), w m p a d  to the rate of EMG 

D virus attachment to BMP c e 4  may be due to lateral diffusion [and thus 

increased awssib'ity] of the virus receptors, at 3TC. Although EMGD virus 
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attachment was assayed in PBS con- 1% BSA, the argument that these 

differences in binding kinetics are due to variation in the vbx i ty  of the 

medium in which virus binding was measured (Crowell & Siak, 1978), is not 

tenable. EMGM v i m  binding to p e e k  was assayed in PBS alone (Chairez 

er aL, 1978). However, EMGM virus binding to HeLa cells, which showed the 

lowest rate of attachment, was carried out in Eagle's minimal essential 

medium supplemented with 5% foetal bovine serum (McClintock ct d, 1980). 

Bovine serum albumin or foetal bovine serum was added to the medium used 

to measure attachment in order to minimize n o u - s ~ c  virus binding. 

It is reported in this thesis that EMGD virus binding to BMP cells was 

saturable, and unlabe11ed EMC-D virus inhibited attachment of the labelled 

virus to BMP cells (see sectim 3.23.). The specific activity of the 

radiolabelled virus and the moIecular weight of the virus are given in the 

appendix. Accepting that a straight line in a Scatchard plot suggests the 

presence of a homogenous group of binding sites, the linear plot obtained by 

Scatchard analysis of the saturation binding data (Fig. 3.9) contradicts the 

electmphoresis results (Fig. 3.16) which indicate that EMC-D virus binds to 

two prote.ins with different molecular weights. Wbile the BMP cells may 

indeed possess a homogenous set of high mty binding sites for EMGD 

virus, the Scatchard plot alone (Fig. 3.9, Inset) does not account for the 
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pmwme of another EMC-D virus receptor as soggssted by the 
I 

electrophoresis r d t s .  

Visual inspection of the points on the Scatchard plot suggests the 

pomiiility of more than one binding site; however, this approach is subjective. 

Apart from the diflienlty of determining objectively whether a Scatchard plot 

wmprises one or more straight lines, the Scatchard method is also limited by 

the fact that deviations from one-site interactions are not easily obsewed 

(Munson & Rodbard, 1980; Lee Hsn et d, 1988; Ttteler, 1989). So, rather 

than use subjective visual assessment, the wmputer programme Wgand" was 

used to analyze the saturation binding data This programme utilizcs binding 

data from replicate experiments, WIT& for non-speciilc binding, and 

statistically analyses the data before using a least-squares curve-fitting 

algorithm to objectively measure the best fit (Munson & Rodbard, 1980). 

Considering that the Scatchard method works on the assumption that 

binding is monovalent (Munson & Rodbard, 1980; Lee Hsu et aL, 1% 

Titeler, 1989), I suggest that the inwnsistency between these two results (Figs. 

3.9 & 3.16) is due to the fact that virus binding to cell surface receptors is not 

monovalent enberg-Holm & Philipson, 1974; Lonberg-Holm et d, 1976). 

Both rwvirnsea and piwrnavirnsea (e.g. EMGD virus) have iwsahedral 
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mclures and the concept of non-monovalent virus binding is Uusbsted by 

the d m  particle which has tweIve potential oell attachment sites (Lee a 

aL, 19111). The argument that the Scatchard method is inadequate for 

dcueting multiple binding sites for multivalent ligands such as viruses has 

made (Lee Hsu cr d, 1988). In fact Lcc Hsu and m t e s  (1988) had 

to use a different, albeit questionable, m p  

binding sites for group B Cowacki* on HeLa cells. Although detection 
I 
of multiple binding sites by the Scatchard me- 

other than viruses has bcen reported, particularly in phawaoologh: studiw 

I @denberg, 1989; Titeler 1989), ligand binding to multiple binding sites can 

o ~ l r  m various f o m .  For instance, when y&ms molecules of a 

1 mdiolabelltd ligand [A] bind to different receptors, @3] & [q, the 
k 
I Jigand M reco@dng multiple binding sites. H o  an 
1. 

Ahe&cdral virus partide whose various amchment pmtcins each bind to 
I 
; &ffemt receptors (In effeet cross-linking them) is also exhibiting multiple 

1 binding. And, perhaps the Scatchard method is able to detect the former 

j it 4. k$ m a a * n  binding altho* to m n t  sia 

I but 110th htter (i.e. c w s - w ) .  

I 
The Hill method is used to correct this weaknts8 of the scatchard 

dlethod (Titelm, 1989). A Hill d c i e n t  was obtained from the slope of a 
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Hill plot of the same saturation binding data that was used to produce the 

Scatchard plot A Hill plot and a Hill coefficient were given by the computer 

programme each time a Scatchard analysis was performed. The fact that Hill 

analysis of the saturation binding data in Figure 3.9 revealed a Hill coefficient 

lass than unity (see section 3.23.1.) strongly suggests that the interaction 

between EMGD virus and BMP cells involves more than one binding site 

(Titeler, 198% Hollenberg, 1989). This finding is consistent with the 

electrophoresis results shown in F i  3.16. Further, this Hill coefficient 

indicates negative woperativity for the radiolabelledvirus. In other words, the 

radiolabelled virus is not only binding to multiple sites on BMP ffih but there 

is competition for these sites (Titeler, 1989; Hollenberg, 1989). Although a 

Hill plot cannot be used to determine the number of binding sites or to 

measure the binding affinity between the virus and its receptor, the fact that 

the Hill coefficient is not unity indicates that the virus is likely to be binding 

to multiple sites with different affinities. If the Hill coefficient was equal to 

unity this would indicate independent binding of the radiolabelled ligand to 

different sites, with one affinity. On the other hand, a Hill coefficient greater 

than unity would indicate that the bindig of a radiolabelled ligand in some 

way increases the affinity of another ligand for the next unoccupied site [i.e. 

positive woperativity] (Titeler, 1989; Hollenberg, 1989). 
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In spite of the fact that the biding studies described in this thesis do 

not m u n t  for the semnd se.t of receptors, it could be estimated that BMP 

cells possess a homogenous group of about 4 X 16 EMCD virus binding 

sites per cell, This number of binding sites docs not exactly follow what one 

might expect from the saturation curve which seems to indicate saturation at 

about 0.7 X ldl viruses bound per 3 X 106 cells. This calculates to be 23 X 

lo4 virus bindig sites per cell, and is seventeen times less than the Scatcha~~I 

calculation. This difference is not readily explained. However, the Scatchard 

result is consistent with that obtained for the M-variant of EMC virus on 

HeLa cells [I-5 X 16 per cell] (McClintock n d, 1980) but differs 

signii?cantly from those for other pimrnavirugcs. For example, it is estimated 

that all six serotypes of group B Coxsackievirugcs (CVB) have about 3 X 106 

binding sites per HeLa cell whereas the even-numbered serotypes of CVB 

have about 5 X lo4 binding sites per HeLa cell (Lee Hsu aL, 1988). Since 

these. results involve different viruses and different cell types, a true 

comparison cannot be made. Such variation in the number of virui binding 

sites may be a tunction of differences in the surface areas of the different cells 

or to differences in receptor density, or a combination of both factors. 

It is also possible that the variation in the number of binding sites is 

due to posttranscriptional andor posttranslational events. Receptor mRNA 
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may not be translated into protein or the mRNA may encode a protein that 

cannot bind the virus because of differences in the amino add sequence. 

Mendelsoh el aL (1989) have shown that human kidney cells wntain a 33  Id, 

RNA that hybridized with both coding and 3' nonwding probes derived from 

poliovirus receptor cDNAs. Since the kidney is not a site for poliovim 

replication and the kidney ceUs did not contain detectable poliovirus biding 

activity, it was concluded that expression of poliovirus receptor mRNA is 

insufficient to encode functional receptor activity in this tissue (Mendelsoh 

cl aL, 1989). The variation in virus binding sites may be innuenced by 

posttranslational modifications such as the presence or absence of 

carbohydrate molecules, like sialic acids, at sites within the ligand binding 

region, or by phospholylation or sulphation which may innuence the 

wnformation of the receptor molecule and thus the availabiity of the binding 

sites (Cunningham el al., 1987; Tavakkol & Burness, 1990; Staunton er d, 

1990; Schultze & Herrler, 1992). For example, the activity and expression of 

N-CAM is influenced by sulphation of the N-linked o l i g d -  

(Cunningham el al., 1987), while the sulphide bonds within ICAM-1 are 

essential for its recognition by HRV-14 (Hogg el aL, 1991). 

The high binding affinity (Kd = 1.2 X M) between EMCD virus 

and a homogenous group of binding sites on BMP cells differs sigrtiticautly 
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from that ohserved betwean EMGM virus and Hela cells. EMGM virus 

bound to HeLa cells with a lower affinity, Kd = 1.3 X lw7 M (M&tock et 

aL, 1980). Although a true wrnpisou is not possible beeawe these data 

involve different virus strains and different cell types, one can speculate that 

a possible reason for this difference in binding a£6nities is variation in the 

virus attachment proteins of the different strains (Bae et d ,  1990). Mutations 

which affect virus attachment have been reported. For example, EMGB virus 

has eight point mutations which are located in its polyprotein coding region 

and live of these mutations are located on the VPl gene (Bae etaL, 1989; Bae 

er aL, 1990). These mutations result in amino acid changes on virion protein 

VP1 which affect the binding characteristics of the virus (Bae et aL, 1990). 

~~d~~~~ 

In interpreting the virus binding data, several limitations of the virus 

binding assay were taken into wnsideration. The ability to separate unbound 

(free) radiolabelled ligand from bound radiolabeUed ligand is technically a 

limitation of thevirus binding assay used in this study. Unbound radiolabelled 

EMC-D virus was separated from the bound radiolabelled virus by rapidly 

washing the cells several times in PBS-BSA as d d b e d  in sections 28 and 

2.9. Cells with radiolabelled virus attached were solubilized in Triton X-100 

and the percentage of cell-associated virus was determined after liquid 
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scintillation counting. Similar methods arc commonly used for getting rid of 

free virus and for measuring bound virus in virus attachment assays 

(Armstrong ef nL, 1 W ;  AUaway & Bumess, 1986; McClintock u d, I%& 

Clayson & Cornpans 1989; Tavakkol & Bumess 1990). The procedure is based 

on the supposition that s@c radioligand binding is associated with high 

m l y  binding (Kd < 1r8 M), and a slow rate of dissociation, whereas 

nonspcci6cally adsorbed radioligands have low binding -ties and 

therefore, are easily washed off. 

Distinguishing between specific binding of the radiolabelled virus to cell 

surface receptors and nonspecific binding of the same ligand to other surfaas 

is another limiting factor. In studies similar to thst reported in this thesis, 

specitic biiding is usually determined by comparing virus binding to cells 

which lack the virus receptor, with binding to cells which express the virus 

receptor. In this study, this could not be done because EMC-D virus bound 

to all the. cells tested, namely, mouse L cells, Krebs &tee mouse cells, 

Mardin-Darby bovine kidney cells, human erythroleukaemic (K562) cells and 

HeLa cells (Ingrid Pardoe, personal communication). In this discussion, 

specific biding refers to binding of radiolabelled virus to a cell surface 

receptor site for which non-radiolabelled virus with selectivity for the same 

site can compete. Although not as accurate as using receptor-negative &, 
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this method is often used as an indicator of specific ligand binding to 

receptors (Mnson & Rodbard, 1980; Armstrong et oL, 1984; Clayson & 

Cornpans, 1989; Titeler, 1989). It is based on the premise that specific 

receptor sitas exist in small finite numbers and, as such, binding of any ligand 

to such sitas is a saturable phenomenon. In contrast, ligand binding to 

nonspecific sites is nonsaturable since the sites exist in relatively large 

numbers and often increase linearly as the concentration of the radiolabelled 

ligand is increased. Based on this definition, the results shown in Figure 3.9 

clearly indicate that EMC-D virus binding to BMP cells was saturable. Using 

these criteria, the data derived from competition binding experiments in a dot 

blot assay (Fig. 3.17, lane b )  or in avirus attachment assay (section 3.23.) are 

mis t en t  with specific EMGD virus binding to BMP cells. However, it 

should be noted that although the results in Figure 3.17 show that the virus 

bound to the putative receptor material in a concentrationdependent manner, 

and that labelled EMC-D virus binding to the putative receptor was competed 

for by unlabelled virus, these results do not prove that specfically bound 

radiolabelled EMC-D virus is binding to a virus receptor. 

4.1J.Viros~lUhmpd.therrecptasmBMPallr 

The virus binding data suggest that the association between EMGD 

virus and BMP cells is receptor mediated. The detection of two protein bands 
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(M.W. 97,000 & 70,000 daltons) fouowing Coomassie blue staining of the 

affinity pnrified putative receptor@) is consistent with the conclusion made 

from analysis of the saturation binding data that EMGD virus nmgnkes 

more than one binding site on BMP cells. EMGD virus bound to the af6nity 

puiif~ed protein in a dot blot assay (pig. 3.17) just as the protein bound to the 

virus affinity wlumn, suggesting that the protein-virus interaction is authentic. 

In the dot blot assay, the lack of virus binding observed in wells which did not 

contain the affinity purilied proteins but which were blocked prior to addition 

of the virus (pig. 3.17, g & k )  indieat- specific binding of the virus to these 

proteins. The €act that supernatants from hybridoma cultures containing 

antibodies made against these proteins protected BMP cells from EMGD 

virus infection (Fg. 3.20) strongly suggests that one or both of these proteins 

is a m receptor. 

Individual protein bands cut from nitroceUnlose transfer blots were non- 

immunogenic for the rat, as determined by gel immuncdiffusion tests (not 

shown). Therefore, it could not bt determined via the use of (protein) band- 

specific polydonal a n t i i w  whether the functional EMGD virus receptor 

on BMP cells consists of the two protein bands, or the 70 kd or the 97 M 

protein. The idea of immnnizing rats with the affinity pnrified material 

wmprising both the 70 kd and the 97 kd proteins for the purpose of 
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producing monoclonal anti-receptor antibodies is reasonable, since antibodies 

will be made in the host against Merent epitopes on one protein and/or on 

different epitopes on the other. Being monoclonals, specific antibodies wuld 

be selected. The plan was that the antibodies which protected BMF' cells from 

EMC-D virus infection would be selected and assigned to a particular protein 

band by an enzyme-linked immunosorbent assay (ELISA). 

The possibil~ty that the 70,000 dalton band is a proteolytic product 

cannot be ruled out, however, this is unlikely because of the manner in which 

the affinity purified protein was collected and stored. The putative receptor 

proteln was collected at 4OC in 0.1% merthiolate and was immediately frozen 

or dlalysed against ice-cold PBS and lyophilized. Similarly, crude BMP 

membranes were stored frozen m 0.02 M phosphate buffer, pH 8.0, containing 

merthiolate and the protease Inhibitor PMSF and, were solubilized in sodium 

deoxycholate prior to application to the wlumn. Besides, data derived from 

the saturation bindmg experiments argues against the existence of a single 

blnding ate. 

EMC-D virus possibly recognizes two receptor molecules on BMP cells, 

which act in collaboration to initiate infection. One receptor, for example 

wuld require only sialic acid and might mediate the primary attachment of 
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the wrus, while a second receptor, likely involving protein-protein interaction, 

may be required to complete the binding of the virus and to initiate its 

internalization. This hypothesis might be experimentally tested if it were 

possible to reassemble the two purified molecules in, for example, artificial 

lipid membranes or maybe electroporated erythrocytes. The binding of virus 

to the reassembled protein could then be tested Although the mechanism by 

which picornavimses penetrate the membrane of susceptible ceUs is not 

completely understood, I suggest that since EMC virus does not require an 

acidic pH for entry into cells Wadshus et aL, 1984c), perhaps the interaction 

with a second receptor is required for the exposure of an epitope which 

participates in vkus internalization. 

The concept of two receptors for a pieornavirus such as EMC-D virus 

would not be unique. Poliovirus binds to a 43-45 kd protein (Mendelsohn et 

al., 1989) and to a 100 kd protein (Shepley ef aL, 1988) on susceptible cells 

(reviewed in section 1.3.3.2). Likewise, it has been reported that coxsade B 

virus can bind to more than one receptor on the cell surface (Lee-Hsu et aL, 

1990; reviewed in section 1.3.3.3). This does not imply that all members of the 

p~cornavirus family have to use two receptors in order to enter cells. Other 

picornanruses may employ other means. For instance, increasing the binding 

affinity of one receptor may render the other receptor non essential Since we 
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know very little about receptors for other piwrnaviruses, perhaps, as reported, 

a single receptor for FMD virus (Fox ef nL, 1989) or echovirus type 1 

(BergeIson n nL, 1992) is sufficient for initiation of an infection. 

4.2.N.tmrorthepd.the~rrceptaonBMPalla 

Several studies have shown that proteins (Greve er aL, 1989; Staunton 

ef aL, 1989). carbohydrates (Fried ef d ,  1981) and lipids (Schlegel er aL, 1983; 

Mastromarino er nL, 1987) can act as virus receptors. A common method for 

identifying the components of a virus receptor is to determine the effect of 

pretreating cells with various enzymes on virus binding (Zajac & CsoweU, 

1965; Clayson & Cornpans, 1989). EMC-D virus binding studies on BMP cells 

treated with trypsin, chymotrypin or papain revealed that the cell surfece 

virus receptor comprises a protein. Pretreatment of BMP cells with 

endoglycosidase F or with glycopeptidase F, at their appropriate pH optima, 

did not affect virus binding to BMP cells. These N-glymidases remove 

carbohydrates which are attached toproteins through N-linkages to asparagine 

residues. Endoglymidase F cleaves the bond between GlcNAc-p(1,4) GlcNAc, 

leaving only a single N-acetylgluwsamioe (GlcNAc) residue attached to 

asparagbe whereas the cleavage site for glycopeptidase F is at the bond which 

W the innermost GlcNAc to the asparagine and, as such, the entire 

oligosawharide gets removed from the glycoprotein. ' he  implication of this 
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result, that N-linked sugars are not required for EMC-D virus binding to BMP 

cells, was further investigated by growing trypsin treated cells in medium 

contaming increasing amounts of tunicamycin, a drug which inhibits the 

synthesis of N-hked sugars. Cells grown in medium containing tunieamycin 

bound a high percentage of virus, as did cells grown in medium which lacked 

the drug. In contrast, virus binding to trypsin treated cells grown in medium 

containing cycloheximide, an inhibitor of protein synthesis, was significantly 

reduced. It was concluded from these results that N-linked sugars are 

probably not required for EMC-D virus binding to BMP cells, and that 

receptors destroyed by protease treatment of cells are regenerated by 

synthesis of new receptors, not by replacement from an inttaceIluIar pool. 

Similar results have been reported for Coxsackie B virus receptors on HeLa 

cells (Levitt & Crowell, 1967; Krah & Crowell, 1985). 

EMC-D wrus bindlug was also studied on BMP cells pretreated with O- 

glycosidase,whichhydrolysestheN-acetylgalactosadnyl-senne/~eo&ebond 

and thereby releases the Gal-p(1,3) GalNAc disaccharide linked to serine or 

threonine residues ofglycoproteins. For this enzyme to work, substituents such 

as s ~ a l ~ c  ac~ds on either the galactosyl or N-acetylgalactmaminyl residue must 

be removed prior to addition of 0-glyeosidase and, since BMP cell 

des~alylation alone significantly reduced the percentage of EMC-D virus 
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bound to them (see Table 3.2). the involvement of specific 0-linked sngars in 

EMCD virus binding to BMP cells could not be determined by 0-glyuwidase 

treatment of cells. However, it is mncluded that the reduction in virus binding 

observed at'ter treatment with 0-glyuwidase is most likely due to desialylation 

rather than 0-linked deglyeosylation. It is reported in this thesis that treating 

BMP cells with sodium periodate, which oxidizes vicinal diol sugam or the 

exocyclic carbon atoms of sialic acids to aldehydes, reduced virus binding by 

only 7 percent The inactivity of sodium periodate in this case may be due to 

the prescnce of 0-acetylated sialic acids which prevents removal of the carbon 

atoms and their associated hydroxyl groups by periodate oxidation-borohydride 

reduction (Suttajit & Winzler, 1971; McLeanet aL, 1971); Herrleretal, 1985). 

43.Isli.ucaddmqdndRwEMGDvhsbindingtoBMP~ 

N-acew neuraminic acid (NeuSAc) is a sialic acid with an acetyl 

raid& attached to its amino group while 0-acetylated sialic acids have 

additional acelyl p u p s  at 0-4, 0-7, 0-8 and 0-9. Chromatofocusing, like 

isoeledric focusing, is a technique used to separate molecules from each other 

on the basis of differences in their isoelectric points (PI). In chromatofocusing, 

amphoteric molecules, such as proteins, are adsorbed to an ion-exchange resin 

which is then washed with a pH gradient. When the pH of the gradient 

reaches that of the isoelectric point of a particular adsorbed molecule, the 
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latter becomes elec&idy neutral and is released. The increased isoelectric 

point from 4.6 to 6.1, o k m d  when the affinity purified putative maptor 

was desialylated prior to chromatofocusing, clearly indicates that one (and 

perhaps both) of the proteins is sialylated. It is not clear why only one protein 

was detected by this method, especialhl since both proteins were detectable 

by Coomassie blue staining. One may spcdate that perhaps the u n d d  

band contains far leas tyrosine residues than the other and therefore was not 

as strongly radioiodinated as the band that was detected. The alternative 

argument that this result indicates the presence of a single protein (hence 

same PI) that is differentially glycosylated cannot be ruled out 

M o w  cells contain 0-acetylated sialic acids which makes them 

resistant to V: cholemc and A. ureufaciens neuraminidasc, although N-acetyl 

neuraminic acid is removed by both enzymes (Cde ld  a aL, 1%; Schauer, 

1987). Results from EMC-D virus binding to cells treated with lcctias 

combined with a previous o k m t i o n  in this thesis that EMC-D virus binding 

to cells treated with V: chdeme or A. urenfaacims neuraminidase is reduced by 

about SO%, confirmed that NeuSAc is involved in EMGD virus binding to 

BMP c e k  Although both horseshoe crab and wheat germ lectins have 

spedcities for NeuSAc, the d t s  show that one was more effective than the 

other in reducing virus binding (see Table 3.3). The lower reduction in virus 
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binding following pretreatment with wheat germ lectin is possibly due to the 

fact that this lectin has a higher m t y  for N-aeetyl-D-glumsamine than for 

sialic acid The observation that treatment with both I.: choleme or A. 

wenfwicnr neuraminidasm redneed virus binding to about the same level 

suggests that either there are no 0-acetylated sialic acids on BMP cells or that 

these sialic acids are not required for EMGD virus binding to BMP cells. 0- 

aoetylation of sialic acids can have a dramatic effect on the biological activity 

of cells. It has been reported that 0-acetylation of the hydmxyl goups at 

different positions alter the size, hydrophobicity, net charge, neuraminidase 

su8ceptl'bility, and thus the biological activity, of sialic acids (Schauer, 1987; 

Varki et d ,  1991). Although the HPLC system used in this study prevents de- 

0-acetylation by rapidly eluting substituted sialic acids (Manzi et aL, 1990), 

attempts to determine whether BMP cells contain 0-acetylated sialic acids 

were u t w u m f u l ,  perhaps due to the close retention times of 0-aeetyhted 

sialic acids (Manzi et d, 1990). However, it was found that total cellular sialic 

acid released by acid hydrolysis wntained N-glywlyl neuraminic acid (Fik 

3.12 c). It could not be determined if the acid-releasable sialic acid was 

located intracehlarly or cell snrfaoe bound. Assuming that the residual N- 

glycolyl nenraminic acid released after acid hydrolysis of neuraminidase 

treated cells was prwnt  on the cell surface, the result in Fig. 3.12 f suggests 

that N-glywlyl neuraminic acid is resistant to V. chdaoe nenraminidase. If 
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this is correct, the residual virus binding of about 55% obtained after 

neuraminidase. treatment of cells may be due to either the presence of N- 

glywlyl neuraminic acid or to O-acetylated sialic acids or both. Further, since 

the all surface component that the virus binds to is protein in nature and 

involves sialic acid residues which are linked to proteins via carbohydrate 

molecules, and since N-linked sugars are not required for virus to bind to 

BMP cells, any sugars involved in EMGD virus binding to BMP cells must be 

0-linked. Other virus receptors have been shown to require 0-linked sugars 

for proper ligand binding. For example, the receptor for SV40 virus requires 

0-linked sugars in the form Gal-p(1,3)WAc (Clayson & Cornpans, 1989). 

The fact that EMGD virus binds to sialic acid-containing receptors on 

BMP cells is not unique. Influenza A and B viruses use NeuSAc for binding 

to cells. Studies fmm our laboratoxy have shown that NeuSAc plays a direct 

role in the attachment of EMC virus to human erythrocytes pavakkd & 

Burness, 1990). Sialic acids are said to perform a direct role when they 

function as an integral part of the virus binding site on the receptor. In the 

indirect role, the receptor is held in the required configuration for virus 

recognition by negatively charged sialic acids which interact with positively 

charged amino acid residues found in the polypeptide chain of reeeptora. So 

far, two viruses, bovine coronavirus (BVC) and influenza C virus have been 
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reported to use 9-O-acetyhted sialic acid for the initiation of infection 

(Schultze & Herrler, 1992). Although these two very different viruses (BVC 

is a positive-stranded RNA virus and influenza C virus is a negative-stranded 

RNA virus) recognize similar sialic acids, it is not yet known whether the 

presence of 9-O-acetyhted sialic acid can be a determinant of tissue tropism 

for BCV, influenza C virus or any other virus. 

4 ~ w b . t s s t b e ~ ~ ~ t b e ~ r r c e p t o r ( ~ ) ~ B M P ~  

. a l g l p p b & A ?  

Glycophorin A has a molecular weight of about 36,000 daltons and is 

expressed only on e.rythrws and on cells of erythroid lineage such as the 

human erythroleukaemic cell line, K562 (Anstee, 1990; Cartron ef d,  1990). 

J3MC virus binds to human erythrocyte8 via glywphorin A which is the major 

cell surface sialoglywprotein on these cells (AUaway & Burness, 1986). 

Thc results of figure 3.14 @eak 2) and figure 3.17 (e & f )  provide. evidence 

that glywphorin binds to EMC-D virus  In figure 3.14, peak 1 is eluted in the 

void volumn of the EMC virus column and probably contains aggregated 

glywphorin, since ghlcophorin is present as monomers in sodium dwxychohte 

or Triton X-100, but as heterogenous, large-sized aggregates in the absence 

of detergents (AUaway & Burness, 1986). 
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lie possibility that EMC-D virus binds to glycophorin A or a 

glywphorin A-like molecule on pancreatic p cells is discounted by the huge 

difterence in the molecular weights of glycophorin A and the putative receptor 

proteins on BMP cells, and by the fact that g lycopho~ A is normally 

expressed only on cells of erythroid origin. However, I cannot rule out the 

possiility that both EMC virus and its diabetogenic variant, EMCD, may 

bind to a common structural component present on both glycophorin A and 

the putative receptor. 

4 . 5 . ~ n d . n t i - ~ . n t i i d i o Q p k . n t i b o d k a  

According to the canyon hypothesis (reviewed in section 1.3.5). the 

receptor binding sites on pimrnavirusw are in canyons or pits in the capsid 

wall (Rossmann er d, 1985). Since a n t i i e s  are supposedly too large to fi 

into these deep, narrow depressions, it is postulated that antibodies are not 

formed against the receptor binding sites. If this is so, it follows that 

anti-idiotypic antibodies against the receptor cannot be obtained. 'Ibese 

predictions were supported by reports that anti-idio-ic antibodies against 

anti-virus monoclonal a n t i i e s  for Cowackie virus (McCfintock eraL, 1')86) 

and fwt-and-mouth disease virus (Baxt et aL, 1986) apparently failed to 

rewgnise virus receptors, although more recent reports have shown that the 

attachment site on foot-and-mouth disease virus is wrposed, not located in a 
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pit (Achatya u aL, 1989; FOX et d, 1989). 

Thc anti-idiotypic a u t i i e s  used in this report were raised by 

immunizing New Zealand white rabbits with af5uity puriiied antibodies 

against EMC virus, using siblings of the rabbits which were used to produce 

the anti-EMC antibodies. These antibodies are polyclonal in nature, which 

means that they were made against a group of idiotypes rather than against 

a single idiotype. Idiotypes arc serologically defined determinants located 

within the wmbining region of immunoglobulins. The determinants may be 

amino acid sequences on either the light or heavy chain of the 

immunoglobulin molecule or may involve both chains. Antibodies against 

idiotypcs may be restricted, when they react only with the immunizing 

immunoglobulin molecule, or cross-reactive, in which case they react with the 

same or different immunoglobulins. Crw-reactivity among anti-idiotypes may 

be due to wmmou amino acid sequences or to the presence of an "internal 

image" of the antigen which ocwrs when the tertiary structure of the anti- 

idiotype resembles that of the antigen. 

The anti-EMC virus anti-idiolypic a n t i i e s  were characterized in a 

previous study by their ability to behave like EMC virus (Baldeh & Bum= 

1987). The evidence that these antibodies behave like EMC virus was that the 



212 

a n t i i s  were capable of binding to p d e d  glycophorin preparations 

immobiliscd on nitrocellulose and they immunoprecipitated glycophorin A 

from solubilized radiolabelled red cell membranes. Also, like EMC virus, the 

a n h w e s  agglutinated both human and sheep exythr- but again Wre the 

virus, they did not agglutinate bovine or rabbit red blood cells (Baldeh & 

B m e s  1987). In support of my rasults, other investigations have since 

produced anti-EMC anti-idiolypic antibodies (Vlasplder ct d, 1990). 

Our success in produdng anti-EMC virus anti-idiotypic a n t i i s ,  

compared to earlier investigators (Rossmann et d, 1985; Baxt ef d, 1986; 

McClintock ef d, 1986), may be due to the following reasons. The binding site 

on EMC virus for human erythrocyte glywphorin probably differs from that 

on nucleated cell8 and is located in a site accessible to antibodies. 

Alternatively, perhaps the canyon hypothesis needs modi6cation and the 

reason for the apparent failure to generate anti-idiotypic antibodies against 

Coxsackie and foot-and-mouth disease receptors lies elsewhere. For instance, 

I used polydonal antibodies throughout, thus covering the widest range of 

epitopes possible. In addition, it is easier to detect antibodies b i i d i i  to red 

cell receptors, which occur in such abundance, than to the low numbers of 

receptors on nucleated c e k  Also, it is possible that the canyon hypothesis 

does not apply to EMC virus; after all, foot-and-mouse disease virus does not 
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contain a cleft (Aclwya et aL , 1989, Fox et d , 1989). 

+ L E M C D v i m s ~ m . a l r h P t i i P l n c c d I D D M i n m k c  

1 diabetes (TDDM) results from destruction of the insulin- 

producing pancreatic $ells.  A number of reports have s h m  that the 

diabetogenic strain of EMC virus (EMGD) induces a type 1 diabeb-like 

syndrome in STUJ mice but not in C57BUCd mice (Yoon et aL, 1980; Yoon 

& Notkins, 1983). The histopathologid obsemtions reported in this thesis 

are consistent with such reports that EMGD virus destroys pancreatic B-ceIls 

in suxeptiile strains of mice. 

It is reported in this thesis that both EMGB and EMGD viruses are 

able to replicate in BMP cells although the peak titre for EMC-B virus was 

lower than that for EMGD virus. Similar results have been observed in 

tissues of SJUJ mice infected with these two viruses (Yoon & Notkins, 1%3; 

Jordan et aL, 1987). In spite of previous obsewations that EMGB virus is a 

better inducer of interferon than EMGD virus (Yoon et aL, 1980; Cohen et 

aL, 1983), my results show that both viruses productively infect BMP c e k  

Apart from indicating that BMP cells possesr surface receptors for both virus 

strains, this finding also shows that both viruses have the ability to enter, 

uaeoat, and replicate in mouse. pancreatic pells. According to Cohen et d, 
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1983, the greater interferon sensitivity of EMGB virus is not observed in all 

cells in vibo and perhaps a similar situation exists with BMP cells. What ever 

the case may be, Bae and associates (1990) have reported that a single base 

insertion at the 5 ' noneoding region of the EMC-B virus genome is probably 

r e s p o m i  for this this notable interferon-producing ability and that its 

ability to induce interferon is distinct from its non-diabetogenic activity. 

In contrast to EMGB virus, reports indicate that the diabetogenic 

activity of EMGD virus may be due to point mutations within the polyprotein 

eoding region of the virus genome, resulting in changes in the amino acid 

residues of the leader peptide and in VP1 (Bae ef aL, 1990). It is suggested 

that modifcation of amino acid residues within VP1 of EMGD virus probably 

i n a m  the efficiency with which the virus binds to p-eells (Bae et aL, 1990). 

A report by Kaptur and associates (1989) that up to six times more EMGD 

than EMGB virus attached to primary pancreatic B-cells seems to support this 

suggestion. However, because Kaphu and coworkers also reported that they 

wuld not achieve saturation with either virus, one finds it difficult to aewpt 

that their results reflect the true situation. While all of these reports 

demonstrate attempts to understand why one variant of EMGvirus is 

diabetogenic and another is not, they do not explain why EMGD virus 

destroys p-cells from SJUJ mice but not Bells from C57BU6J mice. 
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Although previous reports daim that p-cells from SJUJ mice bound 

more EMGD virus that pal ls  from C57BU6J mice (Chairez et aL, 1978), in 

my hands, EMGD virus bound equally well to $-cells from both mouse 

strains. A possible explanation for the different results may be wntamination 

With other cell types. The p-ce.lls used by Chairez and associates were isolated 

by a wmmonly used procedure which is nonetheless subjective. With the 

procedure used by Chairez ef aL, islets which wntain $-cells and other cell 

types are selected using a microswpe, disrupted and then allowed to settle so 

that the p-cells can be isolated. It is possible that the cells used by Chairez 

and coworkers comprised p-cells, and other wntaminating cell types, which 

may express increased number of receptors for EMC-D virus. In wntrast, the 

p-cells used in my study were stained for insulin using anti-insulin antibodies 

and then isolated on a fluorescent activated cell sorter (FACS). As such, the 

possibility that I too used contaminated cells is practically nil. First, panc~eatic 

cells from SJUJ and C57BUfi.l mice were stained with FITGmnjugated anti- 

ins& a n h i e s  and sorted on the FACS. Then the insulin-wntaining p-cells 

were selected and used to study EMGD virus attachment, utilizing rabbit 

anti-EMC virus antibodies and anti-rabbit phyeocrythrin-wnjugated 

antibodies. Alternatively, the increased number of receptors for EMGD virus 

observed on psells from SIUJ (Chairez et aL, 1978) may be due to the effect 

of cytokines, particularly TNF-a, which is produced by macrophages following 



216 

expcmwe to infectious agents. Receptors for TNF-a have been found on 

virtually all cells examined and TNF-a is inducible in a wide variety of cell 

types including pancreatic p-cells (Vileek & Lee, 1991). Induction of TNF-a 

induce8 expression of many proteins, including the cell adhesion molecule 

ICAM-1, which is also the cell surface receptor for m a t  rhinovirus seroypcs. 

According to a resent report by Topham ef aL (1992) treatment of pancreatic 

p-cells with TNF-a increased the number of cell surface receptors for EMGD 

virus on these cells. It is therefore wnceivable that peek obtained from 

inadvertently infected @aeterially) SJUJ mice would produce TNF-a and bind 

more EMGD virus than p-cells from non-infected C57BU6.l mice. Also, the 

fact that EMGD virus binds equally well to p-cells from both strains of mice 

suggests that the canse(s) for susceptibility or resistance to EMGD virus- 

induced IDDM in SJUJ and C57BU6J mice liea elsewhere, not in the 

presencelabsence, or reduction in the number of p-cell receptors for EMGD 

virus. However, it is arguable that differences exist between receptors for 

EMGD virus on p-cells from SJL and C57BL mice but are not detectable by 

the methods nsed. 

4.7. Possible mccbnkm far p 4  dcshdbn 

Various studies on whether or not immune mechanisms are involved in 

the deshyction of p-cclls following EMGD viral infection arrived at different 
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condusions. Yoon et aL (1985) could not find any evidence that immune 

mechanisms account for the destruction of $sells in EMCD virus-infected 

SJL. mice although a previous study had suggested that T lymphocytes were 

involved (Buschard et aL, 1976; Busehard et d, 1983). According to the study 

by Yoon and associates (1985), EMGD virus caused diabetes in athymic nude 

CD-1 mice, in D B W  mice immunosuppressed by thymeetomy, and in SJL 

mice immunosuppressed with antilymphocyte serum, suggesting that depletion 

of lymphocytes d m  not alter the incidence of the discasc. This finding also 

suggested that IDDM in virus-infected SJL miffi results from a direct cytolytic 

effect of EMGD virus on pancreatic $-cells. More recent studies showed that 

--2+ macrophages in EMC-D virus-infected SJUJ mice participate in the 

early phase of $-cell destruction in IDDM whereas other macrophages, CD~' 

and CD8' T lymphocytes appear in pancreatic islets at the intermediate and 

late stages of the diseiwe. The study revealed that mice treated with silica, 

which activates macrophages, showed enhanced destruction of $-cells while 

remwal of macrophages by treating with monoclonal antibody against 

macrophages resulted in reduced $4 deshlction (Baek & Yoon, 1990). 

Baek and Yoon (1990) have suggested that $-cells are destroyed via the 

synergistic actions of activated macrophages and virus infection in which case 

the $-cells may actually be destroyed by direct cytolytic effect of the virus 

while the macrophages are present only as scavengers. Another possibility is 
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that the macrophages actnally cnntniute. to @-cell durtruetion by releasing 

cytokimes such as TNF, interleukin-1 and y-interferon. Tumom necrosis taQor 

induces cell surface expression of MHC molceuks (Vilcek & Lee, 199l). Tbe 

possiity that TNF or y-interferon produced by virus-s@c response in 

EMGD visus-infi-infected SJUJ mice. causes aberrant expression of elas II MHC 

molecules on pancreatic $-cells, thus facilitating presentqtion of normal tissue 

antigens to the immune system, does not occur (Mvetnick et aL, 1988; Lo et 

d, 1988; B o b  ad, 1989). Simple expression of class I1 MHC moleculcd 

on the surface of p-cells is not sufficient to initiate an autoimmune response 

although it may result in IDDM (Sarvetnick et aL, 1988; Lo et d, 1988; 

Bohme a aL, 1989). These reports show that the immune processes by which 

EMGD virus cause IDDM in SJUJ mice are far £tom clear. 

This thesis reports that the anti-virus anti-idiolypic a n t i e s ,  like 

EMGD virus, bound to p-cells from SJUJ mice. This finding may indieate a 

possible role for anti-idiotypic antibodies in the initiation of panaeatic p a l l  

destruction in EMGD virus-infected SJUJ mice. Autoimmunity may bc 

initiated via cross-reaction between determinants on p-eeb and antibodies 

produced against idiotypes on the antiviral antibody or for that matter 

between p-cell determinants and the antiviral a n t i i e s .  Similar olses of 

molecular mimicry have been reported in demyelinating autoimmune disease 
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in mice where a n t i i e s  against Theiler's virus cross-react with host m o w  

tissues (Oldstone and Notkins, 1986). Further, antiviral antibodies produced 

by cytomegalovhs-infected IDDM patients have been shown to recognize a 

36 kd protein on human pancreatic islet cells (Baekkeskw et d, 1982; PaL et 

d, 1!388), and anti-~eovirus anti-idiotypic antibodies bind to reovirus receptora 

on the surfaces of lymphocytes and nerve cells (Co et d, 1985). Current 

opinion on the association of idiotypes with autoimmune disease pathogenesis 

suggests a link between the type of idiotype present (restricted or cross- 

reactive) and severity of the disease (Mendlovic et d, 1989). The anti- 

idio* a n t i i e s  used in this study were made against neutralizing anti- 

EMC virus a n t i i e s .  Since neutralizing a n t i i s  often bind to virus 

epitopes that are either directly or closcAy associated with the virus receptor 

attachment site, the 3-dimensional antigen-binding domain of the antibody 

might resemble the receptor. As such, the anti-idiotypic a n t i i s  a n t i ~ n  

binding domain might resemble the virus attachment site and therefore be 

capable of interacting with the receptor and thus initiate tissue damage. There 

is no evidence to suggest that a similar situation does not exist in C57BU6J 

mice especially since the anti-idiotypic antibcdies also bound to p-cells from 

C57BV6J mice. However, since C57BU6J mice infected with EMCD virus 

failed to develop IDDM, perhaps idiotypes produced in virus-infected SJUJ 

mice arc more pathogenic than those in C57BU6.J mice. Pathogenic and non- 
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pathogenic idiotypes have been obsemed in patients with systemic lupus 

erythematosus, in a phenomenon referred to as idiotype shift (Suenaga ad, 

1989). A particular idiotype was detected when nephritis occurred but when 

the cIinical manifestation changed, a different idiotype emerged. SMkuly, 

pathogenic idiotypes have been detected in mice (Habn n aL, 1988) and 

perhaps a similar phenomenon exists between SJUJ and C57B461 mice 

infected with EMGD virus 

a- 

In summary, the results described in this thesis are consistent with the 

receptor for EMGD virus on BMP cells being a sialylated glywprotein, 

possibly involving both Neu5Ac and NeuSGc but not N-linked sugars. EMGD 

virus attachment to BMP cells was saturable and specific and virus binding to 

these cells was identified as receptor mediated. While Scatchard analysis of 

the saturation binding data suggests the presence of a single binding site, 

further analysis of the same data by the Hill method indicates that EMGD 

virus has more than one binding site on BMP cells. The binding afIinity 

between EMC-D virus and a homogenous group of binding sites was 

estimated to be high (Kd = 1.2 nM) and the number of binding sites for this 

homogsnous group was estimated at 4 X 1 6  per cell. 
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Two putative receptor proteins (M.W. 97,000 & 70,000 daltons) were 

isolated from BMP cells by affinity chromatography. This finding supports the 

previous conclusion that EMC-D virus has more than one binding site on 

BMP cells. These proteins bound to EMC-D virus attached to Sepharose. 

Likewise, EMC-D virus bound to the isolated putative receptor on 

nitrocellulose in a concentration-dependent manner, and labelled EMC-D 

virus binding to these proteins was competed for by unlabelled virus. 

Antibodies raised against the putative EMGD virus receptor blocked EMGD 

virus infection of BMP cells as well as virus binding to $-cells from SWJ  

mice. This may suggest that (i) the EMGD virus receptors on BMP cells are 

authentic and (ii) that the virus possibly binds to the same receptor on various 

6-cells. Alternatively, this result may suggest that EMGD virus recognizes a 

common molecular structure present within different receptors, on different 

cells. Data from our laboratory (Ingrid Pardoe, personal communication) 

indicate that EMC-D virus binds to a similar receptor on a different mouse 

cell. 

It is also concluded that the inability of EMC-D virus to cause IDDM 

in C57BU6.3 may not be due to lack of, or a reduction, in the number of cell 

surface receptors for EMC-D virus on B-ceUs from C57BU6J mice. Pancreatic 

$-cells from SJUJ and C57BU6J mice contain about the same number of 
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receptors for EMC-D virus, so that EMGD virus binds equally well to p c c b  

from both mouse strains. Anti-idiotypic antibodies produced against idiotypes 

on anti-EMC virus a n h i s  behaved like the virus add bound BMP ceUs, 

and p-cells from SJUJ and C57BU6J mice. It is suggat.4 that anti-EMCvirus 

anti-idiotypic antibodies may play a role in the initiation of p-ceU destruction 

in virus-infected SJUJ mice, possibly via a molecular mimicry mechanism. 

Although there is no evidence to show that a similar situation does not exist 

in C57BU6.J mice, it is postulated that anti-EMC virus anti-idiotypic 

antibodies produced in SlUJ mice may be pathogenic while those in C57BU6.l 

mice may be non-pathogenic or less pathogenic; such an argument could 

account for the non diabetogenicity of EMGD virus in C57BU6.J mice. 

49. Rmm sbdIa 

Future studies on this project should be aimed at: 

L Further characterization of the putative receptor proteins by mass 

spectrometry to determine more precisely the molecular weights of the 

proteins, and amino acid sequencing of the receptor protein. Based on my 

experience, during failed attempts to sequence the putative receptor protein, 

I suspect that the N-terminus of the receptor is blocked If this is the case, it 

will be necessary to produce peptides, using cyanogen bromide or tryptic 

cleavage, for sequencing, after separating the peptides by high performance 
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liquid chromatography. With the amino acid sequence available, a search 

through data bases will determine if the receptor has been identified as was 

found for the rhinovirus receptor. If the protein has not been identified, it will 

be necessary to synthesize ohgonucleotide mixtures complementary to the 

receptor mRNA sequence as deduced from the amino acid sequence, taking 

Into account the degeneracy of the genetic code. These oligonucleotide 

mlxtures can be used for cloning of the EMC-D virus receptor gene. 

Ultimately, ~t should be shown that following transfection with cDNA 

encoding the vuus receptor gene cells which lacked the virus receptor and 

were not infectable by EMC-D virus, acquire the ability to b i d  the virus and 

become infectable. 

ii. A study to deterrmne whether anti-virus anti-idiotypic antibodies are 

present in the sera of virus-induced diabenc mice is worthwhile. Such a study 

could shed some light on my speculation that anti-virus anti-idiotypic 

antibodies are possibly involved in the initiation of p-cell destruction in virus- 

~nfected SJUJ, posslbly via a molecular mimicry mechanism. 



APPENDIX 

1. Formula used to ealeplate number of binding sites 

Binding sites per cell = B,, {expressed in moles per litre) X Avogadro's 

number divided by cell wncenhation {expressed per litre) (Kappy et aL, 

1979). 

2 Relationship between number of virus particles end moles 

Avogadro's Number = 6.023 X 1 d 3  

M.W. of EMC virus = 8.5 X lo6 daltons 

Specitic activity of the radiolabelled virus = 5976 dpm/piwmole 

Therefore 1 pM : X 6.023 X ld3 = 6.023 X ldl virus particles 

Note: (a). 1 M wntains 6.023 X ld3 particles 

p). 1 aalton = 1.64 x 10-24 

(c). cpm = counting efficiency X dpm (the efficiency, determined 

The non-obese diabetic (NOD) strain was established during the wurse. 

of an inbreeding programme aimed at developing a cataract-prone mouse 
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strain, later called CTS mouse (Wicker et aL, 1987; Slattery et aL, 1990; 

Miyazaki et aL, 1990). CTS mice were developed From an original pair of non- 

inbred ICR and Clea (sometimes called JCL) mice. At the sixth generation of 

sib matings of ICR and Clea mice, two strains could be distinguished from 

each other. One d i i t e d  fasting hyperglycaemia and the other did not By 

the 20th generation of sib matings, it was observed that the strain which did 

exbibit fasting glycaemia was predisposed to IDDM. Tbis line of mice, 

which exhibits normal fasting blood glucose levels and is predispwed to 

IDDM, is d e d  the NOD strain. The other line, which exhibits fasting 

hyperglycaemia but do not develop IDDM, are called non+bese normal 

(NON) mice (Wicker et aL, 1987; Slattery et d ,  1990, Miyazaki et d ,  1990). 

NOD mice develop diabetes ab~p t ly  between 100 and 200 days of age, 

as well as rapid weight loss and severe glucosuria Without insulin treatment, 

they do not survive for more than a month after developing IDDM (Wicker 

et aL, 1987; Slattery et al., 1990). 
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