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SUMMARY

This study was concerned with the polypeptides of feline leukaem ia 

virus (FeLV), both the s t ru c tu ra l  polypeptides of the v iru s  p a r t ic le  and 

putative n o n -s tru c tu ra l  p ro te ins which appear in FeLV-Infected and transfo rm ed  

ce lls .

In the f i r s t  p a r t  of the v;ork (Chapter Two) it was established that v irus 

purification and s to rage  methods did not cause ser ious  lo sses  which might 

invalidate fu r th e r  charac te r isa tio n . At the sam e tim e, the extent to which 

purified  v irus  p repara t ions  a re  contaminated with host cell pro teins was 

investigated.

The next chapter concerned the s tru c tu ra l  location of v irus polypeptides 

within the v irus  pa r t ic le ,  which was examined by p ro tease  digestion, enzymic 

rad io-iodination  and generation of su b -v ira l  f rac tions . The re su lts  were  

s im i la r  to published findings for m urine leukaemia v iru se s ,  at leas t  v/ith 

re sp ec t  to the m a jo r  su rface  glycoprotein and the m a jo r  core  pro te in .

Com parison  of the polypeptides of different FeLV s t ra in s ,  documented in 

Chapter Four, revealed  essen tia lly  no detectable differences in the m olecu lar 

s ize  of the low m olecu lar weight virion p ro te ins . However, the m ajo r glyco­

p ro te in  showed considerable  s tra in  to s t ra in  varia tion . Although this did not 

correspond to the v irus subgroup (A, B o r  C) it did seem  to be a s tab le  p roperty  

for a given virus s t ra in ,  which may re la te  to the sero typ ic  specific ities  of the 

glycoprotein.

Purification of FeLV polypeptides and immunisation of heterologous 

spec ies  was the subject of study in Chapter Five. Highly reac tive  a n t is e ra  to 

two v irus polypeptides, p27 and pl5, w ere  ra ised  and w ere utilised  in immune 

prec ip ita tion  studies to detect immunologically re la ted  molecules in purified 

v irus  and in infected ce l ls .  Attempts to ra is e  a n tise ra  to FeLV glycoproteins, 

which would be expected to neu tra lise  v ira l  infectivity, were la rge ly  unsuccessfu l. 

A m ore  p rom ising  approach to this problem is suggested.

Finally, in C hapters  Six and Seven, the ce ll-m em brane  glycoproteins of 

cultured cells , both uninfected and infected with FeLV, were examined, and 

an attem pt was made to elucidate the biochem ical na tu re  of the feline oncorna­

v irus  assoc ia ted  cell m em brane  antigen (FOCMA). In the course  of these



s tudies, a num ber of in te res t ing  observations w ere  m ade regard ing  the 

in trace l lu la r  p ro cess in g  and shedding into culture medium of molecules re la ted  

to virion s t ru c tu ra l  p ro te in s .  However, the cat s e r a  which were expected to 

re a c t  with FOC MA did not p rec ip ita te  any additional m olecule when compared 

to control s e r a .  Possible  reasons for this observation a r e  d iscussed .

XI
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NOTE ON NOMENCLATURE

Tliroughoiit the thes is ,  tlie te rm s  oncornavirus and RNA tum our v iru s  

a re  used interchangeably . Recommendations have recen tly  been made by 

the In ternational Committee on the Taxonomy of V iruses  (ICTV) on dais group 

of v iru se s  and tlie designation of FeLV in the new system  would be a s  a 

species  within the genus "Type C oncovirus".

The thesis  includes many SDS polyacrydamide gel an a ly se s .  The 

m igration of p ro te ins  under th is  system  is expressed  a s  M .̂ (apparent 

m olecu lar weight) which is  the c o r re c t  te rm  since m o lecu lar  weight is 

estim ated by com parison with p ro te ins of known m olecu lar  weight. To avoid 

excessive  repetition , p ro te ins  a r e  designated as  e . g .  10,000 da Rons, a s  if 

synonymous with 10, 000 M^., although the da Ron is  a m easu re  of m olecu lar 

m a ss .

x tii



GENERAL INTRODUCTION



O ncornaviruses a re  m em bers  of a widely dis tributed  group of animal

v iru se s ,  many of v/hich induce tum ours  in th e ir  hosts  of origin. A part from  

th e ir  s t ru c tu ra l  s im ila r i ty ,  an im portan t shared  p ro p e r ty  is the ability to 

in tegra te  the v ira l genome into host cell genetic m a te r ia l ,  which gives r is e  

to p e rs is te n t  infections. In addition some oncornaviruses  a re  inherited  as 

norm al chrom osom al genes.

The f i r s t  rep re sen ta t iv e s  of the group were d iscovered  when it  was 

dem onstra ted  that chicken leukaem ias (EHerman and Bang, 1908) and sa rco m as  

(Rous, 1911) could be tran sm itted  by ce l l - f ree  f i l t ra te s .  F o r  many years ,  the 

chicken was reg a rd ed  as unique in th is  re sp ec t  until the f i r s t  m am m alian 

leukaem ia v irus  was dem onstra ted  in 1951, when G ross showed that f i l t ra tes  

of tum ours from  a mouse s t ra in  (AKR) with a high incidence of leukaem ia could 

t ra n s m it  the d isease  to a low incidence s tra in .  This d isco v e ry  was followed by 

o ther re p o r ts  of v iru s  induced mouse leukaem ias (Friend, 1957; Rauscher,

1962) and sa rco m as  (Moloney, 1960). Subsequently J a r r e t t  £ i ^ l ,  (1964.)

showed tha t c e l l - f re e  homogenates from  cat lym phosarcom a tissu e  could induce 

lym phosarcom a when inoculated into neonatal cats , and that th e re  was an 

assoc ia ted  rep licating  C -type^virus. FeLV was then dem onstra ted  in spontaneous 

case s  of the d isease  (Laird e t ^ . , 1967; Rickard et a l . , 1967; Kawakami 

e t a l . , 1967).

Many species  have s ince been shovwi to c a r r y  oncogenic C-type v iru se s ,  

from  fish to higher p r im a te s .  However, in many cases  v iru se s  a re  detected vdiich 

a re  endogenous in th e ir  host species: tha t is, in tegrated  into host ciirom osom es 

of the g e rm  line and inherited in a Mendelian fashion. Such v iru se s  often have no 

estab lished  ro le  in d isease . A part from  the "conventional" FeLV, the dom estic  

cat c a r r ie s  an endogenous v iru s ,  which was d iscovered when human rhabdo­

m yosarcom a cells  were inoculated in trac e reb ra l ly  into cats  (M cAllister et a l . ,

1972). It was orig inally  believed that this RD 114 v iru s  might be of human origin. 

However fu r th e r  s tudies demonsLrated tha t th is  was an endogenous feline 

oncornavirus (eFOV) which was antigenic all y unrela ted  to the a lready  Icnown 

FeLV (F ischinger et a l . , 1973; Livingston and Toda.ro, 1973). The subject of 

endogenous m am m alian  RNA tum our v iru se s  has been reviewed recen tly  by 

Aarons on and Stephenson (1976).

see  page 4.



The existence of complete endogenous v ira l  genomes in many cells  

and the ir  activation by agents which include carcinogens led to the 'V irogene- 

oncogene" theory  of Huebner and Todaro (1969), which proposed that each cell 

c a r r ie s  v ira l  information (a virogene) which includes an "oncogene" responsib le  

fo r cell transfo rm ation . Release of these  genes from ce llu la r  regu la to ry  

m echanism s might re su l t  in v iru s  express ion  and tum our growth. However, 

in cats, wild m ice and chickens, where the epidemiology of leukaem ia has been 

fa ir ly  well investigated, it appears  that horizontal o r  congenital tran sm iss io n  

a re  of p r im e  im portance in inducing d isease , (Ja rre tt  e t a l . , 1973c; Hardy e t a l . , 

1973; G ardner, pe rsona l communication; Purchase and B urm ester , 1972). Tliis 

co n tra s ts  with tran sm iss io n  in "covert fo rm " suggested in Üi.e virogene-oncogene 

theory.

The usual rep lication  cycle of RNA tum our v i ru s e s  can be b rie fly  

su m m arised  as follows: v iru s  surface  components in te ra c t  with specific 

re c ep to rs  on the cell su rface , allowing penetration. The v ira l  genetic information, 

which is borne in the v irion  on a single stranded RNA m olecule, is converted 

into double s tranded  c i rc u la r  DNA by the RNA-dependent DNA polym erase  o r  

r e v e r s e  t ra n sc r ip ta se  enzyme. The next step is the integration of this "p ro v iru s "  

into host chrom osom al DNA. In a p e rm iss ive  cell, the v ira l  genes a re  then 

exp ressed . M essenger RNA is produced which codes fo r v iru s  s t ru c tu ra l  

p ro te ins  and r e v e rs e  t ra n s c r ip ta se .  These a re  assem bled  along with v ira l  RhlA 

under the hos t p lasm a m em brane  where v irions bud outward wi.thout noticeable 

cytopathic effect.

Tern in 's  p ro tov irus  hypothesis (1971) proposed that RNA tum our v iru se s  

have evolved from  norm al ce l lu la r  genes involved in the t r a n s fe r  of genetic 

information from  DNA to RNA and back to DNA, mediated by re v e rse  t r a n s -  

s c r ip ta se .  Tem in  also  suggested that th is  " rev erse  flow" of information could 

occur norm ally  during differentiation. This theory  m ay be supported by the 

observation that a v iru s-coded  virion s tru c tu ra l  component, the gp70 of mouse 

leukaem ia v iru s ,  has been shown to be rep resen ta tiv e  of a fam ily  of re la ted  

m olecules , some being v irion  envelope components, som e f ree  se ru m  proteins 

and some expressed  se lec tive ly  on various differentia ted  cells  (E lder et a l . , 1977b). 

Also, v iru se s  can be selected  which have acquired host genes and hence new 

tran sfo rm a tio n  p ro p e r t ie s .  Mouse or avian sarcom a v iru se s  have been produced 

by recom bination of leukaem ia v iru ses  v/ith host cell genetic m a te r ia l  (Scolnick



e t a l . , 1976; Hanafusa et al, , 1977),

S tructure  of feline oncornav iruses

In e lec tron  m icroscope studies of thin sections of infected cells , FeLV 

and eFOV appear to be typical C-type  p a r tic le s  as defined by Bernhard (1958),

In the ex trace l lu la r  " im m ature"  fo rm  o r in budding v irions, three  concentric  

e lec tron  dense la y e rs  a re  v isüde . The apparent s ize  of these  s tru c tu re s  v a r ie s  

considerably  with d ifferen t p repara t ion  methods (Sarkar et a l . , 1975), However, 

with carefu lly  s tandard ised  techniques, it can be shown tha t eFOV p a r t ic le s  a re  

5 to 10% sm a l le r  than those of FeLV. The m easured  d iam e te rs  a re  120 nm. for 

the outer m em brane  of FeLV, 90 nm, fo r the in term edia te  s t ru c tu re  and 70 nm, 

fo r  the dense r in g  of the inner core  o r  nucleoid. The com parative d iam e te rs  

for eFOV are  110 n m . , 80 n m . , and 50 nm, respec tive ly , (H.M. Laird , pe rsonal 

communication). In the m atu re  p a r t ic le s ,  only the ou ter envelope and an e lec tron  

dense core  a re  seen. The in term edia te  "m em brane" is no longer apparent. This 

m atura tion  p ro cess  has recen tly  been attributed to cleavage of a p re c u rs o r  po ly ­

peptide in MuLV (Yoshinaka and Luftig, 1977). The re la tive  infectivity of 

im m ature  and m ature  p a rt ic le s  has not yet been established , although rap id ly  

harvested  v iru s  seem s m ore infectious, v/ith an optimum of 20 miii for RSV 

(Smith, 1974).

A-type p a r t ic le s  (Bernhard, 1958) have not been described  in FeLV 

studies, e ither  in t is sue  culture  o r  v iru s  infected t is su e s .  However, a recen t  

p aper  by Cala fat et al. (1977), desc r ib e s  these s tru c tu re s  in feline m am m ary  

carc inom as, although th e ir  detection was not re la ted  to express ion  of FeLV of 

eFOV antigens, leading the authors to suggest that the ca t  harbours  another, as 

yet undefined oncornavirus,

FeLV and eFOV p a r t ic le s  show surface  p ro jec tions , p a r t icu la r ly  in the 

im m ature  form . It was orig inally  believed that MuLV and FeLV lacked these  

surface  s t ru c tu re s  since they a re  much le ss  prom inent than those of avian 

leukosis v iru s  o r  mouse m am m ary  tumour v irus .

Genomm of FeLV

The genome of FeLV is s im ila r  to that of o ther C-type v iru se s .  It is 

a single s tranded RNA molecule which sedim ents rap id ly  (70 S) in neutra l suc rose  

gradients  (Ja rre tt  e t aL , 1971) which was thought to correspond  to a m olecu lar  

weight of 10 - 12 x 10^. In addition to this high m olecu lar weight RNA- mm or



species  of 35S and 4~5S can a lso  be isolated from  v ir ions . The 70S molecule 

can be d issoc ia ted  by dénaturation with dimethyl sulphoxide o r  heat into 35S 

subunits. It was believed until recen tly  that the 70S RNA was a complex of 3 

to 4 358 subunits linked by hydrogen bonding (Whalley, 1973). It was dem onstra ted  

fo r  RSV that the 358 was a p re c u rs o r  to 70S RNA (Cheung » 1972; Canaani

et a l . , 1973), More recen t  work with the m ore  thoroughly immstigated avian 

and m urine leukaem ia v iru se s  have shown that 70S RNA co rre sponds  to a 

m olecu lar  weight of 6 x 10^ (Delius et a l . , 1974; Rxggin e t a l . , 1975) while the 

358 subunit is  approxim ate ly  3 x 10^ daltons in size, indicating that the native 

molecule is composed of only two subunits. Studies on 70S P.NA, the 3' ends of 

which were m arked  with SV40 DNA. have indicated that the v ira l  RNA consis ts  of 

two subunits joined together at th e ir  5' ends in a "d im er linkage s tru c tu re " ;  in 

addition, the m onom ers both contained a loop s tru c tu re  c lose to the middle of the 

m olecule  (Kung et a l . , 1976). The 358 subunits of va rious  FeLV iso la tes  were  

s hown to d iffer in s ize ,  with FeLV-A sm a l le r  than FeLV-B o r  C (Whalley, 1973), 

The native RNA of eFOV is sm a l le r  than that of FeLV, sedim enting at Gv 60S 

(Whalley, unpublished data; E as t  c t  a l . , 1973).

It has been shown for a num ber of RNA tum our v iru se s  that the 358 

subunit has s im ila r i t ie s  to eukaryotic  mRNAs, Tliere is  a cap s tru c tu re  at the 

5' end, a poly-A tra c k  a t the 3 ' end and sev e ra l  m ethylated adenosines (Furuichi 

e t a l , , 1975), A rec en t  study with FeLV found m ethylated adenosines, but failed 

to dem onstra te  a cap s tru c tu re  (Thomason et a l . , 1976), However, these  authors 

a lso  re p o r t  a low er sedim entation coefficient (50 - 60S) fo r  the native RNA and 

do not ru le  out the possil)ilit.y of a rte fac tua l endonuclease hydrolysis . They used 

a d ifferent s t ra in  of FeLV from  the e a r l i e r  study of j a r r e t t  e t al. (1971).

T h ree  sep a ra te  lines  of investigation have indicated that the RNA tum our 

v iru s  genome is diploid, i, e . , both 358 subunits a re  identical : f irs tly ,  RNA-DNA 

hybrid isation  kinetics (Baluda et a l . , 1974); secondly, analysis  of unique 

oligonucleotides a f te r  digestion of 708 RNA with r ibonuclease  T  (Billéter e t a l , , 

1974; Beemon et a l . , 1976); and third ly , genetic analysis  (M cCarter, 1977).

The coding potential of RNA of 3 x 10^ m o lecu la r  weight is approxim ately  

300, 000 daltons of protein . Baltimore (1974) proposed  four genetic functions fo r  

the RNA tum our v iru se s  v/hich would account fo r  m ost of the coding potential of 

the genome: gag fo r the g roup-specif ic  antigens or in te rna l v ira l  polypeptides, 

pol for the re v e r se  t ra n sc r ip ta se ,  env for the envelope glycoprotein and_o^  o r
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s r c  for a cell t ra n s fo rm in g  protein . All RNA tum our v iru se s  capable of 

independent rep lication  would c a r r y  gag, pol and env. The one gene o r s r c  

gene of avian and m urine sarcom a v iru se s  can be dem onstra ted  by the existence 

of mutants which lack  these  functions (Wyke, 1975; Vogt, 1977). No one gene 

has yet been a ttributed to FeLV. RSV can c a r ry  all four functions in one v irus 

p a rtic le ,  but in th is  p roperty  it is unusual. All the m am m alian  sarcom a v iru se s  

identified so fa r  appear to be defective. The one gene in these  v iru se s  would 

appear to be c a r r ie d  at the expense of some other function, often the env function 

(Hartley and Rowe, 1966; Sarm a and Log, 1977),

N om enclature of RNA tum our v iru s  s tru c tu ra l  poly|Deptldes

In 1974, a consis ten t nom enclature was estab lished  for oncornavirus 

s tru c tu ra l  polypeptides (August et a l . , 1974), According to th is  convention the 

polypeptides a re  designated p (protein) o r  gp (glycoprotein) followed by the ir  

m olecu lar  weight in thousands. The m olecu lar weights of the sm a l le r  components 

(10, 000 - 30, 000) a re  to be estim ated  by gel fil tra tion in the presence  of 6 m o la r  

guanidine hydrochloride (GuHCl), while SDS-PAGE should be used for la rg e r  

components. In addition, the s t ru c tu ra l  location of a polypeptide in the v irion  

can be specified inparentheses (E for envelope, C fo r  co re , N fo r  nucleoprotein). 

The authors recognise  tha t  accepting the GuHCl gel f il tra tion  estim ate  for plO,

12, 15 and 30 gives d ifferent re su l ts  from  com parison with various globular 

p ro te ins  under SDS-PAGE. The convention also ignores the anomalous m igration  

of glycoproteins with reg a rd  to m olecu lar weight, under SDS PAGE. Although 

th is  system  of nom enclature was a g rea t  im provem ent over the previous confusing 

v a r ie ty  of system s, it has encountered a number of p rob lem s. F ir s t ly ,  sm all 

env gene products  have been d iscovered  in MuLV s tra in s .  These components, 

pl5(E) and pl2(E), m ig ra te  in the void volume under GuPICl gel fil tra tion, due to 

th e ir  hydrophobic na tu re . Hence SDS PAGE m ust be used to estim ate  the ir  

m olecu lar v/eight (Ilile et a l , , 1975; Ike da et a l . , 1975). A m ore  ser ious  problem  

is that, even within a spec ies ,  v iru s  polypeptides of a given m olecu lar weight do 

not correspond when antigenic o r  ionic p ro p e rt ie s  a re  com pared. F o r  instance, 

R auscher MuLV p i5 appears  to correspond to F riend  MuLV pl2 (Strand and 

August, 1977). This can c rea te  confusion, p a r t icu la r ly  with v iru se s  like FeLV 

which a re  le s s  com pletely  ch a rac te r ised  than MuLV iso la tes .



Gene p ro ducts of FeLV

The gene products of RNA turn oui' v iru ses  have only recen tly  been 

estab lished  by in v itro  trans la t ion  of v ira l  RNA (Von d e r  Helm and Duesberg,

1975; Said en et a l . , 1976; K e rr  et a l . , 1976). Until tlien, it could only be 

estab lished  that a v irion  pro te in  o r  v ira l  function was v iru s  coded by the isolation 

of m utants. Thus, the tran sfo rm a tio n  defective avian sa rco m a  v iru se s  

(Duesberg and Vogt, 1973) o r  the env gene delection of Bryan s tra in  RSV 

(Duesberg et a I , , 1975) dem onstra ted  that these  fu n c tio n s  were c a r r ie d  by the 

v ira l  genome. In m ost c ase s ,  however, it could only be in fe rred  that a pro te in  

v/as v iru s-coded  by its antigenic express ion  in a v a r ie ty  of host ce lls ,  and its 

absence from  uninfected contro ls  (Strand and August, 1976). This was ce r ta in ly  

the case fo r  FeLV when th is  study began in 1974. A fur die r  difficulty in studying 

oncornavirus gene express ion  is that unlike many other v iru se s ,  these  agents 

do not shut off host pro te in  syn thesis . Thus, in trace l lu la r  v iru s  protein synthesis  

can be detected only when the pro te ins  a re  selected  by techniques such as  im m uno­

précip ita tion .

The p ro cess in g  of RNA tum our v iru s  gene products  into v irion  pro te ins  

appears  to involve p o s t- tran s la t io n a l  cleavage of p re c u r s o r  polyqxeptldes (Vogt 

and F isenm an, 1973; Van Zaane et a l . , 1975; Ar ce m ent e t a l . , 1976). Tliis has 

been shcnwi fo r  the gag gene of FeLV (Okasinski and V elicer, 1977). The FeLV 

s t ru c tu ra l  polypeptides which have a lready  been descr.ibed a re  gp70, p27, pl5, pl2 

and plO (Bolognes i  et a l . , 1974), Khan and Stephenson (1977) dem onstra ted  

immunological c ro s s - r e a c t iv i ty  between polyqxeptides of R auscher  MuL'V and FeLV. 

They showed that the elution p a tte rn  of these  c ro s s - r e a c t iv e  antigens under GuHCl 

gel f i l tra tion  corresponded  c lose ly  and concluded that R- MuLV and FeLV had a 

common p rogen ito r .  This was fu r ther  supported by the s im i la r  N -te rm ina l 

amino acid sequence of FeLV p27 and R-MuLV p30 (Oroszlan et a l . , 1975). It 

seem s reasonable , therefore , to draw  com parisons with the b e t te r  c h a rac te r ised  

R-MuLV when d iscussing  the v i ra l  p ro te ins  individually.

gag-gene polypeptides of F eLV

It has been shown that FeLV p27, pl5, pl2 and plO a re  derived from  a 

common p re c u r s o r  (Okasinski and V elicer, 1977), However, the o rd e r  of the 

polypeptides on the p r e c u r s o r  is  the subject of con troversy . Okasinski and 

V elicer, from  pactainycin o rdering  s tudies, deduced the sequence NH^ ** p i2 -



p is  - plO - p30 - COOH. However, Khan and Stephenson (1977), on d iscovering  

the c r o s s - reac t iv i ty  between R-MuLV and FeLV, suggested tha t both v iru se s  

would show the sam e p re c u rs o r  sequence. This  has been well c h a rac te r is ed  fo r  

R-MuLV as NH^ - pl5 - pl2 - p30 - plO - COOH (Barbacid et a l . , 1977).

p27. This is the m a jo r  pro te in  of the oncornavirus core  (Bolognes i 

et a l . , 1974). It c a r r ie s  in te rsp ec ie s  antigenic de te rm inan ts  (shared by v iru se s  

of d ifferent species) , g roup-specif ic  de term inants  (shared  by v iru se s  of one species) 

and type-spec if ic  de term inan ts  (unique to an individual v iru s  s tra in )  (Green_et_al.,

1973). Biochemical ch a rac te r isa t io n  of th is  molecule from  a range of RNA tum our 

v iru se s  has confirm ed the immunological evidence fo r  th e ir  re la ted n ess  

(Buchhagen et a l . , 1975; Oroszlan et a l . , 1975), In MuLV, p30 is not exp ressed  

on the v irion  su rface  (Hunsmann e t a l . , 1976; Schv/arz et a l , , 1976). S im ilar  

observations for FeLV p27 a re  reported  below. However, MuLV p30 and FeLV 

p27 a re  exp ressed  on the su rface  of infected cells  (Yoshikl e t a l . , 1974). It has 

recen tly  been suggested tha t th is  express ion  may be in the form  of a gag p re c u r s o r  

(Snyder e t a l , , 1977; L edbette r  and Nowin ski, 1977). The pi of FeLV p27 is 7. 5 

(Khan and Stephenson, 1977). '

p l5 . This is the "subgroup" specific antigen for R-MuLV. It c a r r ie s  

the F MR (F riend, Moloney, R auscher MuLV) cell su rface  antigen (F riedm an 

et a l . , 1974). F o r  FeLV, evidence is p resen ted  below that pl5 is not ex p ressed  

on the virion  envelope, although it is not associated  with the co re  e i th e r .  Its 

location could thus be te rm ed  "ex t ra -c o re " .  FeLV pl5, like p27, is c lose to 

neu tra l  in overa ll  charge, (pi = 7.6; Khan and Stephenson, 1977).

p i2 . MuLV pl2 c a r r ie s  type-specific  de te rm inan ts  and is useful in the 

c lass if ica tion  of endogenous v iru se s  (Stephenson e t  a l . , 1975), It has been shown 

that FeLV pl2 is phosphorylated (Pal et a l . , 1975), and can bind to its  homologous 

RNA with a high degree  of specific ity  (Sen e t a l . , 1977). Hence, p i2 would be 

expected to be located in the v ira l  co re . This is d iscussed  below. Bologne s i  

et al. (1973) showed tha t a polx/peptide of F-MuLV^which m igra ted  as pl2 in SDS- 

PAGE was p re se n t  on the virion su rface , hi the light of recen t  evidence, this m ay 

have been a sm all  env subgene product. FeLV pl2 is  a re la t iv e ly  acidic molecule 

with a p i of 5. 4 so that its  binding to RNA would not be by a s im ple  ac id -base  

o r  h is tone-like  affinity,

plO. In MuLV, plO shows a high degree of homology between iso la tes  . 

(Buchhagen et a l . , 1975). It is a basic  pro te in  (FeLV plO, pi - 9.1) (Khan and
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Stephenson, 1977) and is  found in the v ira l  core , in s trong  association  v/ith the 

nucleic  acid (Bolognesi et a l . , 1973). It binds to single s tranded  DNA cellulose 

columns (Davis e t a l . , 1976). Most authors have found plO to be poorly  antigenic, 

but the s tronges t  reac tiv i ty  appears  to be group specific  (Barbacid et a l . , 1977).

gag p re c u r s o r s  in v irions

Okasinski and V elicer  (1977) have repo rted  a p70 p re c u r s o r  of p27 in 

FeLV v irions . Such p re c u r s o r s  have also  been dem onstra ted  in FeLV pseudo- 

types  of Moloney MSV (Oskarsson et a l . , 1975) and in R-MuLV (Jamjoom et a l . , 

1975). Tlie l a t te r  authors have suggested that the v ira l  RNA ca ta lyses  the 

p ro cess in g  of the gag p re c u r s o r  and th a t_ g ^ -p r  65 is p re s e n t  in a sm all frac tion  

of v irions  lacking RNA.

env-gene products  of FeLV

In MuLV it has been shown that gp70 is  derived  from  a p re c u r s o r  in 

which it is linked to a sm all protein , designated pl5(E) (F am ulari  et a l . , 1976;

A r ce ment e t a l . , 1976). The surface  spike of avian leukosis  v iru s  has been shown 

to consis t  of two glycoproteins (Bolognesi e_t_aL, 1972a), gpS5 and gp37, which 

a re  disulphide linked in v ir ions  (Leamnson and Halpern, 1976). This t}y)e of 

linkage has also  been dem onstra ted  recen tly  fo r  MuLV gp70 and pl5(E) (Leamnson 

e t al. > 1977). Another m ino r  component of R-MuLV, gp45, has recen tly  been 

shown to have m ost of the reac t iv i t ie s  of MuLV gp70, but to d iffer in its lack of 

in te rsp ec ie s  reac tiv i ty , and in its g rea t ly  reduced glycosylation com pared to gp70 

(Charm an et a l . , 1977),

F o r  FeLV, the only established envelope glycoprotein is gp70 (Bolognesi 

e t a l . , 1974). The possib le  ex istence  of m inor en v -gene products is d iscussed  

below. In MuLV, the gp70 c a r r ie s  type, group and in te r  spec les antigenic 

de term inan ts  (Strand and August, 1974). Thus, an ti-F riend  MuLV gp70 se ru m  re a c ts  

with FeLV by v ir tue  of its in te rsp ec ie s  activity. This has been exploited to inhibit 

v iraem ia  in FeLV -infected  cats (de Noronha et a l . , 1977). It is  repo rted  below

that the e lec trophore tic  mobility of FeLV pp70 v aries  considerably  and the 

biological s ignificance of this difference is, d iscussed .

The v ira l  envelope de te rm ines  p ro p e r t ie s  such as host range, in te r ­

fe rence  and sero log ical specificity . All FeLV s tra in s  which have so fa r  been 

iso la ted  can be placed in one of th ree  subgroups A, B o r  C (Sarm a and Log, 1971),



This c lass ification , which is analogous to that desc ribed  fo r  avian leukosis v iru s  

(l^ogt and ïshizaki, 1966) is  based on the phenomenon of v i ra l  in te rfe rence: 

infected cells  a re  re s is ta n t  to superinfection with v iru se s  of the sam e subgroup, 

while v iru se s  of any o ther subgroup m ay successfu lly  infect.

T h e re  is an unusual pa tte rn  in the frequency of FeLV field isolations. 

FeLV"A is p re s e n t  in all known iso la tes .  FeLV-B is  a lso  p re se n t  in about half 

of these iso la tions, and about 1% of iso la tes  contain FeLV -C, e i th e r  with FeLV-A 

(FeLV-AC) o r with FeLV -A  and B (FeLV-ABQ Q arre tt ,  e t  a l . , 1978). However, 

FeLV-B and C have been separa ted  and grown independently in cell  culture  

(Sarma and Log, 1973).

FeLV -A  s tra in s  a ie  usually  r e s t r ic te d  to growth in feline cells , while 

FeLV-B or C have a w ider host range (Jarre tt  et a l . , 1973a), It can be 

dem onstra ted  that th is  p roperty , along with v ira l  in te rfe ren ce ,  is  an envelope 

determ ined  p roperty , by infection of cells  with pseudot^^pe p a r t ic le s  which c a r r y  

defective sa rco m a  v iru s  genomes and the envelope spec if ic ity  of any FeLV su b ­

group (F isch inger et a l . , 1974; Sarm a and Log, 1973).

Tire surface  components of the v iru s  also ac t  as re c ep to rs  fo r neu tra lis ing  

antibodies. The gp70 m olecule seem s to be the m ain ta rg e t  fo r  those antibodies, 

s ince a n t is e ra  to purified  gp70 can neu tra lise  v iru se s  (Steeves et a l . , 1974), 

Antibodies to m inor components, such as host antigens o r  pl5(E) seem  to req u ire  

se ru m  com plem ent to successfu lly  neu tra lise  (Aupoix and Vigier, 1975; F isch in g e r  

el; aL , 1976).

Feline onco rnav iru s - assoc ia ted  cell m em brane  antigen (FQCMA).

Antx-FOCiVIA antibody is detected by ind irec t  im m unofluorescence 

(Riggs, 1971) on a feline lymphoblastoid cell line, FL74 (Thelien et a l . , 1969).

This antibody was observed  a f te r  inoculation of ca ts  with feline sa rco m a  

v iru s  (FeSV) and its p re sen ce  was found to be assoc ia ted  with tum our re g re ss io n  

(Essex  e t a l . , 1971). A nti-F  OC MA antibody is  a lso  assoc ia ted  with FeLV infection

(Jarrett  e t a l . , 1973l?)and it has been suggested that FOCM.A acts  as a ta rg e t  for 

na tu ra l im m unosurved lance  against leukaem ia development (Essex  ct a l . , 1975). 

Anti™FOGMLA antibodies were  found in 50% of urban  Gmsgow cats and in 6% of 

r u r a l  cats (Rogerson e t a l . , 1975) giving fu r ther  evidence for the horizontal 

t ran sm is s io n  of FeLV (Jarre tt,  i976). An experim ental vaccine has been 

developed which is based on whole FL74 cells . This r a i s e s  a high level of an ti-
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FOCMA antibody in: inoculated cats , v/bich a re  r e s is ta n t  to subsequent challenge 

with a n o rm a lly  pathogenic dose of FeLV Q arre t t  e ^ l . , 1974; J a r r e t t ,  1975)

The m o lecu lar  na ture  of FOCMA is as yet u nc lea r .  T ie  FL74 cell 

line on which FO G W t is detected re le a s e s  FeLV of all subgroups in la rge  

quantities. However, the p resen ce  of v iru s  neu tra lis ing  antibodies in cats was; 

found to be unrela ted  to the p resen ce  of FeLV (Ja rre tt  e t a l . , 1973b)or to the 

re g re s s io n  of FeSV induced sa rco m as  (S d ia ller  e t  a l . , 1975). It was a lso  claimed 

tliat absorption of cat s e ra  with FeLV of all 3 subgroups failed to rem ove an ti-  

FOCMA antibody (Essex, 197^. A recen t  study (Stephenson e t  a l . , 1977a) 

dem onstra ted  a lack  of co rre la tion  between anti-FOCKLA antibody and anti-gp 70 

or antipSO as m easu red  by radio im m unoassay . This was p a r t ic u la r ly  s tr ik ing  

fo r v iraem ic  cat s e ra ,  which often had antibodies to FOCMA, but never  to gp70. 

The au thors  a ttribu ted  th is  to a state  of antigen excess  of v irion  an tigens. E ssex  

orig inally  described  FOCMA express ion  on FeLV infected cells  of heterologous 

species  (E ssex  et cd ., 1972), However, since his  redefin ition of FOCMA as a 

non-virion antigen, he and his co -w orkers  now suggest tha t the expiression of this 

antigen is lim ited to FeSV tran s fo rm ed  cells  in v i tro  and in vivo, and FeLV 

induced feline tum our cells  (Hardy et al . , 1977). These au thors  a lso  find FOCMA 

on v iru s  negative lym phosarcom a t is su e s ,  but fail to find the antigen on FeLV 

infected norm al blood lymphocytes, even in a cat with lym phosarcom a. They 

conclude that FOCMA is a tum our specific  antigen which is induced by FeLV 

infection and is probably  FeSV coded.

V ery  recen tly , a FeSV transfo rm ed  non-producer cell line has been 

ch a rac te r is ed  (SIiski e ^ l . , 1977). This line, which does not re le a se  infectious 

FeLV, e x p re sse s  FOCMA in the absence of detectalhe gp70 o r  p30. Imm uno­

préc ip ita tion  studies with th is  cell line showed that anti-FOCMA serum  .reacts 

with a pro te in  of 65, 000 m o lecu lar  weight and a p re c u r s o r  of 85, 000 daitons which 

a lso  contains FeLV p i5 and p i2 antigenic de term inan ts  (Stephenson et a l . , 1977b), 

It should be noted that a goat an ti-FeL V  serum  also  p rec ip ita ted  the 65,0 00 

molecule to some extent. The 85, 000 p re c u rs o r  a lso  appea rs  In FeSV virions 

when re scu ed  from  the non-producer mink cells  with he lper v iru se s  o ther than 

FeLV (Sherr et al. in p re s s L

On the o ther hand, a num ber of w orkers  have found evidence suggesting 

that FOCMA m ay be a v irion  antigen. It has been shown tha t ca ts  have a high 

incidence of antibodies to FeLV -C, although th is  v irus  is r a r e  in na ture  (Russell,



1977). This neu tra lis ing  antibody is p re sen t  even when ca ts  a re  v iraem ic  with 

FeLV -A  or AB. Thus, the survey  of Stephenson e t  aL_ (1977a) might have failed 

to de tec t some type specific an ti-F eL V  gp70, since these  authors used gp70 from  

FeLV-AB fo r im m unoassay. Calafat (personal communication) dem onstra ted  by 

im m unoferritin  studies that cat s e r a  reac ted  with the FL74 v ir ion  envelope even 

when the cats  ŵ êre p e rs is te n t ly  v iraem ic .  This m a y b e  due to the la rge  amount 

of FeLV-C envelope antigen on the FL74 surface  (Russell, 1977), Calafat a lso  

c laim s that anti-FOCMA activity  in v ira e m ic  cat s e r a  could be absorbed with 

purified  FL74 v iru s ,  in contradiction of the re su l ts  of E ssex  (1975). Attempts 

by R usse ll  (1977) to co rre la te  au ti-F eL V -C  neu tra lis ing  antibodies with an ti-  

FOCMA activ ity  were unsuccessfu l except in ce r ta in  ca tegories  of cat, notably 

v iru s-nega tive  leukaem ic cats . However, a c ro s s - r e a c t iv e  de term inan t between 

FeLV-C and FOCMA could not be ru led  out. Ruscctti e t  a l . (1976) desc ribed  an 

FL74 su rface  antigen, ”pS5'h which was detected by im m unoprécipita tion a f te r  

lac toperox idase-ca ta ly sed  labelling. This molecule had gp70 de term inan ts  

since purified  gp70 could block its precipita tion . These  authors suggested that 

FOCVLA was a v iru s  coded antigen which was c lose ly  re la ted  to gfjlO, How-ever, 

they have re c en tly  modified this in te rp re ta tion  (R u s c e tc iR 3 rk s i9 7 7 )  since it 

appears  that they were unable to p rec ip ita te  p85 with v ira e m ic  cat s e r a ,  which 

a re  claim ed to be specific  fo r  FOCMA (Stephenson e t a l . , 1977a). These v/orkers 

m aintain  that a high incidence of anti-p85 reac tiv i ty  in ca ts  would make th is  an 

im portan t de term inan t of immunity to FeLV, even if it cannot be defined as 

"FOCVIA" according  to the c r i te r ia  of E ssex .

My re su l ts ,  p resen ted  below/, do not show that FOCMA is a virion 

antigen. Gag -proteins and th e i r  p re c u rso r s  in FL74 ce lls  m ay  be detected and 

gp70 and a "p85", like that of Ruscetxi et a l . , m a y b e  dem onstra ted  in FL74 cell 

culture  medium and on the cell su rface  wiLU v irus  n eu tra lis in g  se rum . However, 

a v iraem ic  ca t anti-FOCMA serum , and tv/o anti-FOCMA. s e ra  without v iru s  

n eu tra lis in g  activ ity  failed to p rec ip ita te  any molecule which was not detected- 

by control s e ra ,  despite  our experim ental tecliniques being very  s im ila r  to those 

of Stephenson e t al. (1977b) who dem onstra ted  a c ro s s - r e a c t iv e  antigen in FeSV 

transfo rm ed  mink ce lls .

A.t p re sen t  the m o lecu la r  nature  of FOCMA in the cell line on which 

it  was defined (FL74) is s t i l l  unknown. It seem s possib le  from  the published 

evidence that; Stephenson e t al. (1977b) and S h e rr  e t al. (in p re s s )  have
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c h a ra c te rise d  a gene product of FeSV, which c ro s s - r e a c ts  with FOCMA, It 

a lso  seem s possib le  from  the evidence of R ussell (1977) th a t FeLV -C  c a r r ie s  

o r induces a d e te rm in an t of FOCMA. T hese re su lts  a re  supported by the re su lts  

of M.B. G ard n er (personal com m unication) who c la im s to be able to absorb  an ti-  

FOCMA with FeL V -C  infected feline em bryo fib ro b la s ts . It will be in te re s tin g  

to de te rm in e  which FeLV genes a re  encoded in the 25 - 50% of the genome 

which has been shown to be endogenous to ca t ce lls  (Okabe e t a l, , 1976; Levin 

e t a l . , 1976; N im an et a l . , 1977).
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CiTiPTER ONE

GENERAL MATERIALS AND METHODS



Cells

F eline  em bryo ce ils  (FE) of the FE A s tra in  (Ja rre tt e t a l . , 1973p); 

uninfected o r infected with FeLV , w ere used betv/een p a ssag es  9 and 40, The 

PER s tra in , which spontaneously  re le a s e s  eFOV, was used in a s im ila r  m anner.

FL74 ce lls  a re  feline l^miphoblastoid ce lls  which continuously re le a se  

FeLV -ABC/K T. They o rig inated  from  a lymphoid tum our in the kidney of a 

k itten  infected with FeLV  (Theilen e t al. , 1969) and a re  the ce lls  used to d e tec t 

anti-FOCM A antibodies by in d irec t im m unofluorescence (Riggs, 1971). F 422 

ce lls  a re  a lso  lym phoblastoid c e lls , estab lished  by R ickard  (1969) from  a thym ic 

tum our of a kitten , and these  re le a se  F eL V -A /R ickard . T hey w ere obtained 

from  D r. M. E ssex .

Clone 81 (cSl) ce lls  derived  from  the C randell feline kidney cell line 

(CCC) contain the genom e of Moloney M3V and w ere obtained from  D r. P. J. 

F isch in g e r (F isch inger e t a l . , 1974),

CT45S ce lls  a re  canine thymoc^Xes o rig inally  iso la ted  by D r, J. M itchell 

and obtained from  D r, M, E ssex .

Human em bryonic luo.g (Flow 2000) ce lls  v/ere obtained from  Flow 

L ab o ra to rie s  L td . , Irv ine.

Media

M onolayer ce ll lines (FEA, PER, cBl, Flow 2000) v/ere m aintained in 

E a g le ’s m inim al e ssen tia l m edium  (MEM ) - Glasgow m odification (M acpherson 

and S toker, 1962) which was p rep a red  a t the Institu te of V irology, U n iversity  of 

Glasgow. This was supplem ented with 10%. foetal bovine se ru m  (FBS) (Gibco 

Biocult Ltd. ) and the com plete medium is re fe r re d  to as EFB.

Suspension cu ltu res  (FL74T422, CT45S) w ere grown in m edium  

consis ting  of equal p ropo rtions of L iebovitz-L-15 and M cCoy's 5A m edia (Gibco 

Biocult Ltd. ) supplem ented v/ith 15% FBS. Special m edia  fo r  rad ioactive  labelling  

a re  de tailed  in the text.

C ell cu ltu re

M onolayer ce lls  w ere m aintained e ith e r in 8 ounce g la ss  bo ttles o r 

2. 5 l i t r e  ro ta tin g  bo ttles and w ere su b cu ltu red  by rem oval from  the g lass a fte r  

2 r in se s  with 0, 01% try p sin  in 0, 02% EDTA. Resuspended ce lls  w ere tra n s fe r re d



to f re sh  b o ttle s . The cu ltu re  v e sse ls  w ere flushed with 5% carbon dioxide in 

a ir  before sealing . F o r  rad ioactive  la b e llin g 'o r fo r v iru s  assay , m onolayer 

ce lls  w ere grown in 9 cm  o r  5 cm  d iam e te r polyst^orene p la te s  (Nunclon) and 

w ere m aintained in an a tm osphere  of 5% carbon dioxide in a ir  in an incubator.

Suspension ce lls  v/ere grown in s ta tio n ary  cu ltu re s  ac d en sities  of 
5 65 x 10 - 3 X 10 p e r  m l. Tliey w ere gen era lly  subcultured  ev ery  th ree  days : 

the ce lls  w ere pelle ted  by low speed centrifugation  (500 x g, 5 m in) and w ere 

re  suspended in fre sh  m edium .

V iru ses

FeLV  of subgroups A, B and C, and eFOV, w ere used . The standard  

m em bers of each subgroup w ere FeLV -A /G lasgow -1, F eL V -B /S arm a and 

F eL V -C /S arm a  (Ja rre tt et a l , , 1973a; Sarm a and Log, 1973). F o r  p a r ts  of the 

w ork these  v iru se s  w ere used as cloned stocks p rep a red  a f te r  3 o r 4 cycles of 

se lec tin g  v iru s  from  tw o-fold te rm in a l d ilu tions. At each cycle the v iru se s  w ere 

grown in FEA ce lls  fo r 3 weeks and w ere then detected  by a m ic ro in te rfe ren ce  

te s t  (R ussell and J a r re t t ,  1976). The orig in  and d esc rip tio n  of the o ther iso la te s  

of FeLV  which w ere used a re  lis te d  in Table 1.

A ssay  of F e LV

FeLV was assayed  by focus form ation  in c81 ce lls  (F isch inger et a l . ,

1974). The t i t r e  of FeLV obtained by the use of c81 ce lls  v/as exp ressed  as focus 

inducing units (FIU) p e r  m l. The c81 a ssa y  method was a s  follows: 3 x 10^ FEA 

ce lls  and 3 x lo"  ̂ c81 ce lls  w ere seeded onto 5 cm  p la te s . The following day 

FeLV in 1 m l of EFB containing 4 p g /m l polybrene was adsorbed  for 90 m in and 

was then rep laced  by 4 m l of fre sh  EFB. T hat m edium  was changed 3 - 4  days la te r  

and foci were, counted under the m icroscope a t 6 - 7 days a f te r  infection.

V irus pu rifica tion

This is the sub ject of study in C hapter Two,

(i) C la rifica tio n . C ulture fluids w ere co llected , cooled to 4^C, and 

spun a t 10, 000 x g fo r 10 m in. If the m a te ria l had to be s to red , it was s to red  a t 

th is  stage; a t -20^0  fo r p e rio d s  of up to a month, and a t -70^C if longer s to rag e  

was n e ce ssa ry .
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TABLE L

V irus iso la tes  used in th is study.

Subgroup Country of o rig in  Designation

A UK Glas gow -1

USA R ickard  (F422)

USA Boston-1

B USA S arm a

USA Boston-1

C USA S arm a

ABC USA KT "

eFOV UK PER

* K a w n k u m i  - T h e i T e n



(ii) Am m onium su lphate p rec ip ita tion . When FeLV  was purified  from  

la rg e  volum es of cu ltu re  fluid the v iru s  was concen trated  f i r s t  by p rec ip ita tio n  

with am m onium  sulphate. Equal volum es of cu ltu re  fluid and sa tu ra ted  am m onium  

sulphate (pH 7, 0) w ere  m ixed and incubated at 4^C fo r 30 m in. The m ix tu re  was 

then centrifuged  at 10, 000 x g fo r 10 min, and the p rec ip ita te  was resuspended  

in TS buffer (0.1 M .NaCl, 0.1 M T ris-H C l, 0. 001 M. EDTA, pH 7. 4).

(iii) D en sity g ra d ient cen trifuga tion . F u r th e r  pu rifica tion  was 

achieved by u ltracen trifuga tion  in discontinuous and continuous su cro se  g rad ien ts . 

F o r  d iscontinuous g rad ien ts , a typ ical method was to  o v erlay  1 m l of 50% su cro se  

in TS with 5 ml of 20% su cro se  in TS, in a Beckman SW41 ro to r  tube. The 

^rem ainder of the tube was filled  with the v iru s  sam ple, and th is  was centrifuged 

at 36, 000 rpm  fo r 60 m in, a fte r which tim e the v iru s  banded at the in te rface  of 

the two su c ro se  solu tions. A ppropriate  volum es w ere used  fo r o th e r ro to rs . A 

cycle of cen trifugation  on a p re fo rm ed  lin e a r 20 - 50% su c ro se  g rad ien t was 

always used, with o r  without p r io r  discontinuous g rad ien t centrifugation .

G radients w ere form ed e ith e r d ire c tly  with a Buchler g rad ien t m ix er, o r by 

overlay ing  20% su cro se  on 50% su cro se  and leaving the tube overnight a t 4^C.

In each case  the v iru s  band was rem oved by puncturing the base  of the tube and 

collecting  frac tio n s , e ith e r by v isu a lis in g  the lig h t-sc a tte r in g  v iru s  band in a 

s tro n g  light, o r  by drop collection from  a Buchler g rad ien t co lle c to r attached 

to  a p e r is ta ltic  pum p. V irus - containing frac tions w ere d istinguished  e ith e r by 

re fra c tiv e  index m easu rem en t (since FeLV bands a t den sity  of approx im ate ly  

1.16 g, cm   ̂ in su cro se ; J a r re t t  e t a l . , 1971) o r by estim atio n  of rad ioactiv ity ,

(iv) Pelleting. As a final step  in v iru s  concentra tion , purified  v iru s  

was d iluted in TS buffer and pelle ted  by u ltracen trifu g a tio n  in a Beckman SW50.1 

ro to r  a t 40, 000 rp m  for 60 m in. The sides of the tubes w ere d ried  and the v iru s  

p e lle t was resuspended  fo r fu r th e r analysis  o r s to red  a t -70^0  until u se . F o r  

som e ex p erim en ts , w here soluble tissu e  cu ltu re  fluids w ere studied, an in itia l 

v iru s  pe lle ting  step  was used before  su c ro se  g rad ien t cen trifugation .

Radioactive labelling

R adioisotopes w ere obtained from  the R adiochem ical. C entre, A m er sham . 

Isotopes used w ere L(4, 5 - ^H) leucine (40 •• 60, 000 m  C i/m . mol), L(U-^^C) 

leucine (>270 m C i/m .m o l) , D(6 -^H) glucosam ine hydroch loride  (> 10,000 rnC i/ 

m . mol), and iodine - 125 (100 m C i/m l). Specific labelling  m edia and conditions
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a re  specified  in the tex t,

C h em ica ls

U nless o therw ise  specified , chem icals w ere "an a la r"  g rade, pu rchased  

from  B ritish  D rug H ouses (BDH) o r  Sigm a Chem ical Company, London.

Scin tillation  counting

Sam ples fo r sc in tilla tio n  counting w ere p rep a red  in a nunrber of v/ays.

F o r  dual label counting (^H and ^'^C) it "was n e c e ssa ry  to d ry  the sam ples. Such 

sam ples w ere p rec ip ita ted  with 5% tr ich lo ro ac e tic  acid (TCA) washed with 5%

TCA and co llected  on Wliatman G F/G  fil te rs ; o r w ere dropped d ire c tly  onto 

f il te r  p ap e rs . The f il te rs  w ere  d ried  in an oven before  p lacing  in sc in tilla tio n  

v ia ls . D ry  sam ples w ere counted in a toluene based sc in tilla tio n  fluid; toluene 

witit 0. 4% 2, 5 diphenyloxazole (PPO) and 0. 04% 1, 4 di - 2 - (5 phenyloxazolyl - 

benzene (POPOP).

Sam ples containing w ater w ere made up to 1 m l volum e with w ater in 

sc in tilla tio n  v ia ls , to which 6 m l of a xylene based  sc in tilla to r  (NE260, N uclear 

E n te rp r ise s , Edinburgh) was added.

Sam ples w ere counted in an In tertechnique SL40 sc in tilla tio n  counter.

P rote in e s f i.niation

Protein  estim ation  was done accord ing  to the method of Lov/ry et  a l.

(1954).

SDS polya c r y 1am ide gel e lec tro p h o res is

Two d ifferen t m ethods fo r SDS PAGE w ere used during  the study.

Method 1.

The f i r s t  m ethod was as  d esc rib ed  by J a r re t t  (1973) using  a phosphate 

buffered sy stem . Gels w ere m ixed to give a final concen tra tion  of 7. 5% to  10% 

acry lam ide  (BDH, e lec tro p h o re tic  g rade), 0.375% b is  (N, N m e th y len e-b is- 

acry lam ide), 0.1 VI'. sodium  phosphate buffer (pH 7. 4) 0.1% SDS (BDH, e le c tro ­

p h ore tic  g rade) and 0, 5 M u re a . The la s t  ing red ien ts to  be added w ere am m onium  

persu lphate  to 0.07%  and TE MED (N, N, N, N -te tram ethy le thy lened iam ine) to

0.125%, which in itia ted  the po lym erisa tion . The gel was then poured  into 

s ilicon ised  g la ss  tubes (10 cm  long, 6 m m  in te rn a l d iam e te r) and a la y e r of w ater 

was added to  keep a fla t m en iscus on the gel until po lym erisa tion  was com plete.



T hese gels w ere used im m edia te ly  or s to red  in a hum ified cham ber a t 4°C 

until use. Sam ples v/ere so lub ilised  for tiiis method by boiling fo r 3 m inutes in 

so lub ilis ing  buffer which contained 1% SDS, 1% d ith io th re ito l (DTT), 0 .8  M u rea , 

10% (w/w) su cro se , and brom ophenol blue (0.001%), A fte r cooling, the sam ples 

v/ere lay ered  on top of the gels which w ere held in a Shandon Southern e le c tro ­

p h o re s is  tank. Both top and bottom  re s e rv o ir s  contained the sam e buffer solution 

(0. 01 M sodium  phosphate (pH 7, 4), 0, 5 M u rea  and 0.1% SDS). TLie gels w ere run 

a t a constant c u rre n t of 2 mA p e r  gel overnight. They w ere then stained  o r s liced  

fo r rad ioactive  counting.

Method 2.

Tiie second method was tha t of Laenim li (1970). T h is  is a discontinuous 

system , involving a stacking gel which concen tra tes  the sam ple, and a sep a ra tin g  

gel. The sep a ra tin g  gel was cas t with fixed concen tra tions of acry lam ide  

ranging  from  7. 5% to 15%, B is-acry lam ide  was alw ays p re se n t such th a t the 

ra tio  of acry lam ide  to  b is was 30: 0 .8 . O ther ing red ien ts w ere 0. 375 M T r is -  

HCl buffer (pH 8, 8) 0.1% SDS, 0.1% am m onium  p ersu lp h a te , and 0. 025% TE MED. 

A la y e r of 5% ethanol was carefu lly  p ipetted onto the gel su rface  and le ft until 

the sep a ra tin g  gel po lym erised . T his rec ip e  was used fo r slab  gels of various 

dim ensions (70 m m  x 70 m m  x 3 mm, 70 x 70 x 1 mm o r 90 x 150 x 1. 5 mm ), 

in each case , enough space was le ft fo r a " s tac k e r"  gel approx im ately  10 m m  in 

length. The s tac k e r gel contained 3 to 5% acry lam ide, b is-acry lam .ide  (30; 0 ,8 ),

0,125 M T ris /H C l (pH 6. 8), 0.1% SDS, 0.1% am m onium  p ersu lphate  and 0. 025%

TE MED. Teflon o r p e rsp ex  "com bs" w ere used to produce sam ple w ells of the 

d e sired  s ize  in the s ta c k e r  gel. Solubilising buffer fo r th is  method contained

0.0625 M T r is /H C l (pH 6 ,8 ), 2% SDS, 5% (3 -m ercap toethano l, 10% g ly cero l 

and brom ophenol blue (0. 001%). T his was m ade up as a double s tren g th  m ix ture  

which was added to an equal volum e of sam ple, b e fo re  boiling fo r 3 m inutes.

A fter lay erin g  on to  the gel, the sam ples w ere run  a t a constant voltage of 40V 

during  "stack ing", a f te r  which the potential was in c reased  to lOOV. G els w ere 

run  until the tra c k e r  dye was approxim ately  1 cm  from  the end of the gel and 

w ere then rem oved fo r stain ing  o r autoradiography.

Stain ing of gels

P ro tein  was v isualised  by stain ing  with C oom assie blue R. T his was 

done in itia lly  by the method of W eber and O sborn (1969) using  a f ix -s ta in  solution
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of 0. 25% C oom assie blue in a 5; 5; 1 m ethanol : w a ter : a c e tic  acid m ix ture  fo r 

1 hour, followed by desta in  solution (5% v /v  m ethanol, 1. 5% v /v  ace tic  acid in 

w ater). L a te r , a m odified m ethod was used in which gels w ere le ft in f ix -s ta in  

solution of 0. 0125% C oom assie blue in a 10: 8: 1 w ater : m ethanol : ace tic  acid 

m ix tu re , overnight. This was followed by desta in  solution as befo re . The 

advantages of th is  method v/ere that p ro te in  bands could be v isu a lised  before  

de stain ing, and tha t de s tain ing  by diffusion was v e ry  m uch fa s te r .

G lycoproteins w ere v isualised  by period ic  ac id -sch iff  (PAS) stain ing.

The gels w ere fixed in 12% tr ich io ro ac e tic  acid fo r 10 m inu tes, and left in 15% 

ace tic  acid overnight. Tliey w ere then soaked in 1% p eriod ic  acid/3%  ace tic  

acid for 90 m inutes, r in sed  exhaustively  with w ater until a ll t ra c e s  of acid w ere 

rem oved, and then stained with fresh  Schiff's reag en t fo r 40 m in. The gels w ere 

de stained and s to red  in 5% ace tic  acid .

Autoradiography

G els for au torad iography  w ere d ried  under vacuum  a t 80° - 100°C onto 

hard  f i l te r  p ap er (W hatman grade 182). F o r f lu o rography, which was n e c e s sa ry  

to de tec t tr itiu m -la b e lled  p ro te in s , the gels w ere f i r s t  dehydrated  by soaking in 

d im ethyl sulphoxide (DMSO), then im pregnated with 2, 5 diphenyloxazole (PPO) 

by soaking f o r  3 hours in a 22% solution of PPO in DMSO. The DMSO was 

rem oved by soaking in w ater, and the gels w ere d ried  as d esc rib ed  above. T h is  

m ethod is as d esc rib ed  by Bonner and L askey (1974).

The d ried  gels w ere clam ped in close contact with m edical X -ra y  film  

(Kodak XH-1 o r Kodirex) v/hich had been p re-exposed  to a sh o rt flash  of light 

which m akes the re sp o n se  of the film  to rad io activ ity  lin e a r  (Laskey and M ills,

1975). The film s v/ere exposed to the gels at -70°G fo r  pe rio d s  ranging  from  

3 days to 4 v/eeks depending on the am ounts of rad io ac tiv ity  in the sam ple. The 

film s w ere developed in a 50% solution of brom ophen (Ilford) fo r up to 5 m in and 

fixed in Ilford Hypam rap id  fix e r.

Gel slic ing

Rod gels w ere s liced  for rad ioactive  counting using  a M ickle gel s l ic e r . 

The gels w ere f i r s t  frozen and then cut into 1 mm s lic e s . Each s lice  was placed

in a sc in tilla tio n  v ial, to which 0, 5 m l of NCS so lu b ilise r  (N uclear Chicago) v/as 

added. The v ia ls  w ere sea led  and le ft a t 37°C overnight. Six ml of to lu en e- 

based sc in tilla tio n  fluid was then added to each v ia l and the sam ples w ere counted
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fo r rad io ac tiv ity  as p rev iously  d esc rib ed .

Irn rnune p re cipitation

Protein  A bearing  Staphylococcus aureus ce lls  v/ere used to h a rv est 

immune com plexes. Typically , 20 p i  of an tise ru m  was added to 0. 5 ~ 1 m l of 

soluble antigen p rep a ra tio n s . A fte r overnight incubation a t 4°C, 50 pi of a 10% 

suspension of fixed b a c te ria  w ere added. A fter incubation for a fu r th e r hour, 

the te r t ia ry  an tigen -an tibody-bacteria l com plexes w ere h a rv ested  by low speed 

centrifugation (2, 000 x g, 15 m in) and v/ashed th ree  tim es in buffer. The 

antigen-antibody com plexes w ere rem oved and so lub ilised  with e lec tro p h o res is  

sam ple buffer (usually  100 pi ),

The b a c te ria  w ere Staphylococcus a u reus Cowan I s tra in  (NCTC 8530), 

T hey v/ere grown ovem ight a t 37°C in tryptone b ro th  in an o rb ita l shaking 

incubator. The ce lls  w ere ha rv ested  by centrifugation a t 2, 500 x g in a MSE 6L 

cen trifuge. They w ere v^ashed once in PBS (j)H 7. 2) with 0,2%  sodium  azide 

(FBS-azide) and resuspended  to a 10%(w/v ) suspension in PBS with 1, 5% fo rm ald e ­

hyde, The suspension was s t i r re d  at room  tem p era tu re  fo r 90 m in and then 

washed, resuspended  in FBS-azide, incubated a t 80°C fo r 2. 5 m in and then 

im m edia te ly  cooled in a m elting ice bath . Tlie b a c te ria  w ere re  centrifuged and 

resuspended  to a 10% (w/v) suspension in FBS-azide, The suspension was s to red  

a t 4°C fo r im m ediate use, o r -70°C fo r longer s to ra g e , Before use the b a c te r ia  

w ere washed tw ice in the app rop ria te  buffer.

The method of grow ing the b a c te ria  and th e ir  use hi im m unoprécipitation 

was e ssen tia lly  as d esc rib ed  by K ess le r (1975) and Cullen and Schw artz (1976),

Tlie b a c te ria  w ere checked fo r th e ir  ab ility  to bind immunoglobulin 

from  various sp ec ies  by incubating 20 pi of serum  with 50 pi of b a c te ria l 

suspension in a to ta l volum e of 1 m l TS buffer. A fter a 2 hour incubation period  

a t 4°C, the com plexes v/ere co llected  by low speed cen trifugation  and w ere washed 

and p rep a red  fo r e lec tro p h o res is  as described . The reco v ered  antibody 

p rep a ra tio n s  w ere analysed on an 11% po lyacry lam ide  gel (Laem nrli) and the 

p ro te in s  v isu alised  by stain ing  with C oom assie blue R, The re su lts  a re  p resen ted  

in F ig . 1.
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FIGURE I

Serum  p ro te in s which bind to Staphylococcus au reus

Proteins eluted from  the fixed b ac te ria  w ere sep a ra ted  on a 10% 

polyacry lam ide gel.

Lane A shows standard  m o lecu lar weight m a rk e r  p ro te in s; phosphory lase  

a (94,000), bovine seru m  album in (68,000), c a ta la se  (60,000), alcohol 

dehydrogenase (41,000), carbonic  anhydrase  (29,000). Lane P> rabb it se ru m ,

C cat se ru m , D dog se ru m , E human seru m , F pig se ru m , G h o rse  se ru m ,

II bovine se ru m , I sheep se ru m , ] ra t se ru m , K goat s e ru m .



CHAPTER TWO 

PURIFICATION OF FeLV
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INTRODUCTION

For. detailed  study of the b iochem ical and antigenic p ro p e rtie s  of any 

v iru s  it  is  im portan t to  en su re  tha t purifica tion  p ro ced u res  yield p rep a ra tio n s  

suffic ien tly  free  from  contam ination with ce llu la r  and grow th m edium  

com ponents, while leaving v iru s  s tru c tu re  and infectivity’’ in tac t. This ta sk  

is  often d ifficu lt s ince cells  re le a se  a m ultitude of constituen ts, som e of which 

m ay c lo se ly  resem b le  the v iru s  in s ize  and shape. V irus p a r tic le s  m ay a lso  

aggregate , o r adsorb  m edium  com ponents, e ith e r b e fo re  o r during the iso la tion  

p ro ced u re . T hese p rob lem s w ill be aggravated  by v iru s  in s tab ility  o r low v iru s  

yield. F inally , a quantitative v iru s  infectiv ity  a ssay  m u st be available to follow 

the effects of the various tre a tm e n ts  (Knight, 1974).

The enveloped RNA tum our v iru se s  p re sen t p a r t ic u la r  d ifficu lties, since 

they  m a tu re  by  budding a t the cell m em brane, acqu iring  th e ir  ou te r m em brane 

along with m any c e llu la r  com ponents. Thus, de The (1964), rep o rted  that avian 

m y e lo b lasto sis  v iru s  (AMV) c a r r ie d  A TPase only when grown in ce lls  which 

c a r r ie d  the enzym e. Ish izaki e t a l. (1973) showed th a t guinea pigs im m unised 

in tra c e re b ra lly  with AMV produced an tise ru m  which reac ted  with a v.irion- 

su rface  antigen d is tin c t from  known v iru s -sp e c if ic  an tigens, concluding tha t 

the v ira l m em brane was rep re se n te d  m ainly by host ce ll m a te r ia l, Aupoix and 

V igier  (1975) rep o rted  Inactivation of avian sa rco m a  v iru se s  by an tise ru m  to 

chick em bryo ce lls  in the p resen ce  of guinea pig com plem ent. Recently, Bubbers 

and L illy  (1977) have .reported the selec tive  incorporation of H-2 antigens into 

F rien d  MuLV p a r tic le s . C ellu lar ac tin  can a lso  becom e incorpora ted  into v irio n s , 

and i t  has been suggested tha t th is  m ay have a ro le  in v iru s  budding (Dam sky e t a l . , 

1977).

Techniques fo r v iru s  pu rifica tion  m ay re s u lt  in lo ss  of v irio n  com ponents, 

p a r tic u la r ly  loosely  eittached su rface  p ro te in s . Thus, Strand and August (1976) 

rep o rted  tha t one cycle of freez in g  and thawing re le a se d  98% of MuLV g lycopro te ins. 

W itter e t a l . (1973) have a lso  found tha t centrifugation  of MuLV in su cro se  

g rad ien ts  re s u lts  in considerab le  lo ss  of su rface  sp ikes and hence g lycoprotein .

In fact, th ese  au thors have used the 'b sm otic  shock’df suspending v iru s  in 30% 

su c ro se  solutions as a f i r s t  s tep  in the pu rifica tion  of MuLV gp70.

In view  of the above inform ation  it seem ed im portan t to  ensu re  tha t the 

pu rifica tion  techniques to be used in th is  study did not re s u lt  in g ro ss  re le a se
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of v irio n  com ponents, p a r tic u la r ly  gp70. H ost ce ll com ponents in v iru s  
p rep a ra tio n s  w ere a lso  studied.
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K/IATE RIALS AND METHODS

1. T h e  e f f e c t  of pu r i f icn t  ion nu ' l l iods  on TNT ,V -A / (M nsgcw - l  p r o i c i n s

FEA c e lls , infected with FeLV -A /G lasgow -1, w ere seeded onto four 

9 cm p e tr i d ishes a t 1 x 10^ ce lls  p e r  p la te . A fte r overnight incubation, they
3

w ere labelled  with L(4, 5- H) leucine (250 pC i/p la te) in le u c in e -fre e  MEM 

supplem ented with 10% foetal bovine se ru m . A fte r 24 hours the cu ltu re  fluid 

v/as collected, cooled to 4°C, and centrifuged at 10, 000 x g fo r  10 m in. The 

supernatan t fluid (36 m l) was sp lit into s ix  frac tio n s , and the aliquots w ere 

tre a ted  as lis ted  in Table 2.

Sucrose g rad ien ts  w ere continuous 20 - 50% g rad ien ts  which w ere 

centrifuged fo r 2 hours (Beckman SW41 ro to r , 36, 000 rp m ). V irus was then 

concentra ted  by pelle ting  o r im m unoprécip itation . F rac tio n s  2 and 3 w ere 

frozen  and thawed by placing in a -70°G deep freeze  fo r 30 m in and then thawing 

in a w a ter-b a th  a t 37°C. Ammonium sulphate p rec ip ita tio n  was as p rev iously  

desc rib ed . D irec t im m unoprécip itation  of frac tion  4 was c a r r ie d  out by 

inci±)ating the cu ltu re  fluid fo r 2 hours a t room  te m p e ra tu re  with 200 pi goat 

an ti-F eL V  seru m  (ra ised  to whole FeLV -A /G lasgow -1) and then fo r a fu r th e r 

one hour a f te r  adding 200 pi of a 10% suspension of fixed S. au reu s . F o r 

frac tio n  5, the p rec ip ita tio n  was c a r r ie d  out in a p p ro x im a te ly ! m l of su c ro se -  

banded v iru s  suspension . The final step  fo r each aliquot was e ith e r pe lle ting  

o r im m unoprécip ita tion  followed by resu sp en sio n  in 100 pi of e lec tro p h o res is  

sam ple buffer (Laem m li). A liquots 1 - 5  w ere then com pared  by e le c tro ­

p h o res is  on SDS polyacry lam ide slab  gels, as d esc rib ed . P ro teins w ere 

v isu a lised  by flu or ography.

2. Tlie effect of p u rif ic a tion m ethods on FeLV-B/Boston-1 p ro te in s .

FEA ce lls , infected with FeLV ~B/Boston-l, w ere  seeded onto four 9 cm

p la tes  a t 1 x 10^ ce lls  p e r  p la te . One s im ila r  p la te  of uninfected FEA ce lls  was

also  used . Radioactive labelling  was c a rr ie d  out as in E xperim ent 1. A fter
3overnight grow th, the m edium  was rem oved and 500 pCi (4, 5 - H) leucine in 

leu c in e -free  EFB was added to each p la te . C ulture fluid was ha rv ested  and 

c la rified , as in C hapter One. The v iru s-co n ta in in g  supernatan t was sp lit into 

six  aliquots, and, along with the uninfected cell cu ltu re  fluid, subjected  to 

va rio u s  tre a tm en ts  as lis ted  in Table 3 ,

25



The d e ta ils  of the various m ethods w ere as .in the f i r s t  experim en t 

except tiiat fo r im m unoprécip itation  the am ount of se ru m  added was reduced  

to 100 pi. F o r  "m ock im m unoprécip ita tion", only the fixed b a c te r ia  (100 \ù.,

10% suspension) w ere added,

3, The effect of pu rifica tion  m ethods on F eL V -A /G la s gow-1 in fec tiv ity.

C ulture m edium  was harv ested  from  rap id ly  grow ing cu ltu re s  of FEA 

cells  infected with FeLV -A /G lasgow -1 the m edium  of which had been changed 

24 h r  p rev iously . The harv ested  fluid was c la rified , sp lit into six  aliquots of 

5 m l, and subjected  to various tre a tm e n ts  as lis ted  in T able  4.

T rea tm en ts  w ere perfo rm ed  exactly  as d esc rib ed  in the f i r s t  experim en t 

in th is  chap ter, except that, a f te r  any tre a tm e n t which concentra ted  the v iru s  

sam p les , th is was reco n stitu ted  to tlie o rig inal 5 m l volum e with fre sh  tis su e  

cu ltu re  m edium  (EFB). A ssay  of FeLV  infectiv ity  on c81 c e lls  was as desc rib ed  

in C hapter One.

4, Host cell pro te  ins in F eLV p r eparations

4a. E lec tro p h o re s is  of uninfected FEA cell cu ltu re  supernatan t p ro te in s , 

A 24 h r. h a rv e s t (500 ml) o.f tis su e  cu ltu re  fluid was co llected  from  rap id ly  

dividing FEA c e lls . This was p ro cessed  as if fo r  v iru s  pu rifica tion  as 

d esc rib ed  in C hapter One. The s teps employed w ere c la rifica tio n , am m onium  

sulphate p rec ip ita tio n  and su cro se  density  g rad ien t cen trifugation . F rac tio n s  

w ere  co llected  from  the g rad ien t, the densities  calcu lated  from  re fra c tiv e  index 

m easu rem en t, and p ro te in  content analysed by SDS-PAGE on an 11% poly­

acry lam ide  gel which was stained with Coom assie, b lue,

4b. Ele c t r opho re tic  com parison  of F eLV and FEA cell pro te in s . FeLV_ ' g
and uninfected FEA cu ltu re  fluid w ere rad ioactive ly  labelled  with ' H leucine as 

d esc rib ed  in C hapter F ou r, Sam ples w ere e lec tro p h o resed  on an 8% po ly ­

acry lam ide  gel and p ro te in s v isualised  by fluor ography.
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RESULTS

1. The effec t of purn ic a tio n  m ethods on F eL V -A /G lasgowp] pro te in s ,

la . Yield of rad io ac tiv ity. The yield of leucine counts as lis ted  in 

Table 2 was in the range 70 - 100% com pared to "co n tro ls"  1 and 6, a p a rt from  

frac tion  4, the d ire c t im m unoprecip ita te , which showed a yield of around 30%.

lb . Protein  com position. This is  p resen ted  in F ig . 2, L anes a to  e 

co rrespond  to frac tio n s  1 - 5. T here  w ere no detec tab le  d ifferences in lanes 

a to c, How^ever, lane d showed a m arked  reduction in the p27 band with no 

apparen t reduction  in gp7Q. O ther m inor changes w ere  the d isappearance  of a 

high m o lecu lar w eight band and the appearance of sev e ra l new spec ies  from  

30, 000 - 55, 000 apparen t m o lecu lar weight (M^). T h e re  m ay also  have been a 

re la tiv e  incarease in a band at 21, 000 and a re la tiv e  d e c rea se  in m a te ria l a t 

the tra c k e r  dye fron t. Lane e a lso  lacked the high m o lecu lar weight band which 

was absen t in lane d, but in o ther re sp e c ts  was s im ila r  to lanes a to c.

2. T ie  effect of pu rifica tion  m ethods on FeLV -B /B oston-1 p ro te in s

2a. Yield of rad ioactiv ity . T ie s e  re su lts  showed som e s trik in g  d ifferences 

fro m  those obtained with FeLV -A . It appeared  tha t d ire c t  im m unoprécip itation  

(fraction  4)gave the h ighest v iru s  yield. However, the rea so n  fo r th is  is c le a r  

when the p ro te in  com position is exam ined. It did appear in th is e:{perim en t 

th a t am m onium  sulphate p rec ip ita tio n  (fraction 3) gave a m uch low er yield. T his 

is d iscu ssed  below,

2b. P rotein com p o sitio n . These re su lts  a re  p re sen ted  in Fig. 3 . One 

s trik in g  d ifference  from  the re s u lts  of E xperim en t 1 was the appearance  of a 

heavily  labelled  high m o lecu lar weight band which non -sp ec ifica lly  bound to the 

fixed b a c te ria  (since it  was p re se n t in frac tion  6). U nfortunately, the "con tro l" 

frac tio n  im m unoprécip ita tion  from  uninfected c e lls )  could not be com pared; 

th is  sam ple was acciden tally  overheated and the antibody seem ed to have been 

degraded since no heavy chain band was v is ib le  on the stained  gel before  

fluorography. It seem s probable that the labelled  antigens had been degraded 

a lso . The 30 - 55, 000 m o lecu lar weight bands seen in E xperim en t 1 w ere 

reso lved  in th is experim en t. T hese a re  seen  in frac tio n s  4 and 53 and re p re se n t 

soluble antigens which w ere le ft in the supernatan t a f te r  v iru s  pelle ting . F rac tio n  

58 shows a considerab le  am ount of "soluble " gp70. Ammonium sulphate
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TABLE 2

Treat: ment s of F eL V -A /G las  gow-1 tested  fo r effect

on protein  composition and yield of rad ioactive  pro teins

F rac tio n  T rea tm en t leucine cpm in 10 pi (10%)
of frac tion

1 Sucrose g rad ien t. Pelle ted . 41,200

2 F ro zen  and thaw ed. Sucrose 37,800
grad ien t. Pelle ted .

3 F ro zen  and thawed. P recip ita ted  36,700
with am m onium  su lphate.
S ucrose g rad ien t. Pelle ted .

4 Iinm unoprecip lta ted , 15,300

5 S ucrose  g rad ien t. 33,400
Tmmu nop rec ip  i ta te d .

6 As frac tion  1. 46,700

D etails of tre a tm en ts  a re  d escribed  in the tex t.
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FIGURE 2

Effect of p u rif ic a tion m ethods on FeL V -A /G lasgow-1 p ro te ins

SDS-poly acry lam ide  gel fluorograph of the polypeptides of the 

FeLV -A  /G lasgow -1 a fte r  various trea tm en ts  (see  T able 2).

Lane a frac tion  1

Lane b frac tion  2

Lane c frac tion  3

Lane d frac tion  4

Lane e frac tion  5

Standard p ro te in  m a rk e rs  a re  phosphorylase a (94,000), c a ta la se

(60.000), alcohol dehydrogenase (41,000), carbonic  anhydrase

(29.000) and cytochrom e c (11,700).



TABLE 3

T rea tm en ts  of F e L V-B/Bos ton-I tested  for effect on p ro tein

composition and yield of radioactive p ro te  ms

F rac tio n T rea tm en ts  %î leucine cpm in lOpl
(10%) of frac tion

1 S ucrose  g rad ien t. P elle ted .

T " ----  ---------

22,000

2 F ro zen  and thaw ed. S u c ro se  g rad ien t. 
Pelle ted .

21, 000

3 F ro zen  and thawed. P rec ip ita ted  with 
am m onium  su lphate. Sucrose g rad ien t. 
Pelle ted .

12,000

4 Xm m unop r  ec ip ita ted . 46,000

5P P elle ted?  S ucrose g rad ien t. P elle ted , 23,000

5S Supernatant fluid of 5pf Imrnuno- 
p rec ip ita ted .

12,000

6 Mock im m unoprec ip ita ted^ . 10,000

C o n tro f I m m unop r  e c ip ita ted . 12,000

No a n tise ru m . Fixed S. au reus only, 

b P erform ed  on uninfected FEA cell cu ltu re  su p ernatan t fluid.
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FIGURE 3

Effect CI p u rifica tion m ethods on FcLV-B p ro te in s

SDS polyacry lam ide gel fluorograph of FeLV-B/Boston-1 

and FEA cell cu ltu re  fluid p ro te ins a f te r  various trea tm en t;

(see  Table 3).

Lane a frac tion  1

Lane b frac tion  2

Lane c frac tion  3

Lane d frac tion  4

Lane e frac tion  5P

Lane f frac tion  6

Lane g fraction  5S

Lane h control



p rec ip ita ted  v iru s  (fraction  3) showed a reduced yield in th is experim ent. It 

is not c le a r  w hether the d isappearance  of m inor bands is  a quantitative o r  a 

qualitative d ifference,

3. The effect of purification  m ethods on FeLV -A /G lasgow -1 infectivity .

Tlie re su lts  a re  p re sen ted  in Table 4.

4. Host ce ll p ro te in s  in FeLV p rep a ra tio n s .

4a . E lec tro p h o res is of unm fected FEA cell cu ltu re  supernatan t p ro te in s .

It was d iscovered  on analysing  FEA cu ltu re  fluids by centrifugation  through 

su cro se  g rad ien ts  th a t die c e lls  re le a se d  a la rg e  range of p ro te in s  which would 

contam inate v iru s  p rep a ra tio n s , s ince they had s im ila r  density  and sed im en t­

ation ra te s  to FeLV . T h is is shown in F ig . 4 . However, s ince FEA p la sm a- 

m em brane p ro te in s w ere a lso  being studied (see C hapter Six) it was im m edia te ly  

obvious tha t not a ll p lasm a m em brane com ponents w ere  re p re se n te d  in th is  cell 

"eM oliate". In p a r tic u la r , the g lycoproteins w ere o v e rre p re se n te d . In FEA 

ce lls  th is  is m ainly a 145, 000 - 160,000 doublet. T his was a lso  noted fo r 

o ther cell types, such as CT45S canine thym ocytes whicli shows a v e ry  d istinc tive  

m em brane glycoprotein content (see C hapter Six; v iru s  p rep a ra tio n s  from  these 

ce lls  showed so m uch ce llu la r  glycoprotein  tha t even the v ira l  p27 was obscured  

(see Fig. 10 ),

4b, E lec tro p h o re tic co m p aris on of FeLV and F EA ce ll p ro te in s. When FEA 

"exLoliate" was com pared d ire c tly  with v iru s p re p a ra tio n s , ano ther in te re s tin g  

observation  was made (Fig. 5 ). Although FEA "exfo lia te" p ro te in s  Com igrated 

with p ro te in s  in v iru s  p rep a ra tio n s , th e re  w ere m arked  quan tita tive  d ifferences. 

T hese  a re  highlighted in a d iag ram m atic  re p re sen ta tio n  of the fluorograph  

(Fig, 5b). The yield of rad ioactive  p ro te in  (‘̂ H leucine cpm) from  the FEA cell 

cu ltu re  fluid was ]0% of tha t of the FeLV p rep a ra tio n s . The loading of m a te r ia l 

on the gel in F igu re  5 is thus b iased  so tha t the  FEA cell p ro te in s  could be 

v isu a lised  m ore  c lea rly . T his is re flec ted  in the fact th a t .some m ajo r spec ies  in 

the FEA cell p ro tein  p rep a ra tio n  were b a re ly  seen in the FeLV  p re p a ra tio n s . On 

the o ther hand two polypeptides, m arked  with 1 and 2 in R g u re  5b w ere c le a rly  

seen in the v iru s  p rep a ra tio n s . U nfortunately, the 74,000 Mj. band was obscured  

by the v ira l  gp70 in the photographic p rin ts  of F igure  5a, H owever, the o rig inal 

X -ra y  fluo rographs c le a r ly  d istinguished these  species  and th is  is em phasised  in 

F igu re  5b, The bands m arked  "gl’)" a re  of s im ila r  m igration  p ro p e rtie s  to the
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TABLE 4

T rea tm en ts  of F eL V “A/Glasgow-1 and th e ir  effect on v ira l  infectivity.

F rac tion T rea tm en t T itre  * % reco v ery  of 
infectivity

1 Held a t 4^C 3 . 4 X 10^ 100

2 P rec ip ita ted  v;ith am m onium  
su lphate .

2 . 2  X 1 0 ^ 65

3 F rozen  and thaw ed. 1 .8  X 10® 52

4 F rozen  and thaw ed. Ammonium 
su lphate  p rec ip ita ted .

Z .O x lo S 59

5 P elle ted , 1 .6  X 10® 47

6 S ucrose  g rad ien t. 4
7 X 10 21

" A verage of two rep lic a te  p la tes  with a countable num ber of foci 

(5-40 p e r  p la te ).

^ Between tre a tm e n ts  and before  dilution fo r a ssa y , a ll sam ples 

w ere  held a t 4^C.
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FIGURE 4

P roteins purified  from  PEA cell cu ltu re  supernatan t

SDS PAGE analysis  of su c ro se  density gradient pu rified  PEA cell cu ltu re  

p ro te in s . Sam ples w ere run on an ll% acr>Tam ide gel and p ro te in s w ere 

v isualised  by s ta in ing  with C oom assie blue R. The key below re fe rs  to the 

density of the frac tions chosen for e lec tro p h o re s is .

Lane A Standard m a rk e r p ro te in s

Lane B 1.207 -3g .cm

Lane C 1.199 “3g. cm •

Lane D 1.189
“3

g .cm

Lane E 1.177 ~3g .cm

Lane F 1.163 -3g. cm

Lane G 1.152 -3g. cm

Lane H 1.139 -3g .cm
-3

Lane I L129 g. cm

Lane f 1.101 s] “3[. cm
L-ane K 1.082 g .c m ”'̂



3
F ig u re  5a shows a SDS PAGE fluorograph  of H -leucine labelled  p ro te in s  

sep a ra ted  on an 8% acry lam ide  gel.

Lane a 10,000 cpm of frac tiona ted  FEA p ro te in s  

Lane b 25,000 cpm of FeLV -A /Boston-1 p ro te in s  

Lane c 25,000 cpm of FeLV-AB/Glasgow-1 p ro te in s

F ig u re  5b is a d iag ram m atic  rep re sen ta tio n  of Fig* 5a.



FIGURE 5

C om parison of purified  FeLV and uninfected FEA cell cu ltu re  

supernatan t p ro teins

FIGURE 5a W

FIGURE 5b
gp

©
©

gp70
p r6 2 ?

MM p 2 7



FEA cell meiTibraue glycopro teins shown in C hapter Six and detected  in FEA- 

grown FeLV p rep a ra tio n s  in C hapter Four.
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DISCUSSION

In the f i r s t  experim en t, d ire c t im m unoprécipitation of v iru s  gave a 

reduced  o v e ra ll yield of rad ioactive  counts, and much le s s  label in the m a jo r 

core p ro te in , p27, but a s im ila r  am ount of labelling  of gp70. This could have 

been due to the effect of su cro se  of rem oving v iru s  su rface  spikes (W itter e t_ a l., 

1973). However, ano ther rea so n  m ight be that d ire c t im m unoprécipitation, as in 

Fig. 2(d) b rings down soluble gp70. This was te sted  in the second experim ent 

by including a p rec ip ita te  from  cu ltu re  m edium  from  which v iru s  had been 

rem oved by u ltracen trifu g a tio n . N ev erth e less , th e re  is no se rio u s  lo ss  of gp70 

a f te r  any of the tre a tm e n ts  used . This is  in m arked co n tra s t to the re su lts  of 

Strand and A ugust (1976) who rep o rted  a 98% lo ss  of gp70 from  one freeze-th aw  

step . I would suggest tha t th is d ifference could be explained by the fac t tha t 

these  au thors w ere freez in g  very  la rg e  quantities of highly purified  v iru s , 

w hereas th is  experim en t involved freez in g  whole cu ltu re  m edium , v/hich m ay 

have a considerab le  p ro tec tive  effect. The lo ss  of a high m olecu lar weight 

band in im m unoprecip itated  v iru s (lanes d and e) suggests tha t th is  is a non­

v irion  com ponent v/hich m e re ly  cop unifies with v iru s  on su cro se  g rad ien ts.

The significance of m inor bands of 30,000 to 55,000 is unclear: these  m ay 

be highly lab ile  v iru s  com ponents, o r m ay be soluble c e llu la r  antigens recognised  

by the goat an ti-F eL V  seru m , A re la tiv e  reduction in the m a te ria l at the tra c k e r  

dye fro n t of lane d is m ore  difficult to explain, but it could be explained if the 

low amount of rad io ac tiv ity  in th is  band leaves it in the range w here the resp o n se  

of the X -ra y  film  to light is not lin ea r (Laskey and M ills, 1975).

The second experim en t again dem onstrated  th a t tre a tm e n ts  such as 

su cro se  density  g rad ien t centrifugation  and freeze-thaw ing  had no serio u s  

effect on FeLV pro te in  com position. However, am m onium  sulphate p rec ip ita ted  

v iru s  showed a considerab ly  reduced  yield and the apparen t lo ss  of m inor bands. 

The reaso n  fo r th is  is unknown. It is  possib le  that p rec ip ita tion  activated a 

p ro tea se  which d igested  the m inor com ponents, but it  is a lso  possib le  tha t 

these  bands a re  p re sen t and a re  not seen  because of the n o n -lin ea r response  of 

the X -ray  film  to v e ry  low lev e ls  of light. P re-ex p o su re  of film s was not 

exam ined quantitatively , and it is  not known w hether in th is  experim ent the 

"fog" in c rem en t was as g re a t as the level req u ired  to m ake the response  of 

the film  to light com pletely  p roportional (Laskey and M ills, 1975),
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F rac tio n  5S showed th a t tis su e  cu ltu re  fluid is an abundant source of 

soluble gp70. This has a lso  been rep o rted  for F rien d  MuLV by Bologne s i 

e t ^  (1975) . D irec t im m unoprécipitation appears to yield  gp70 free  of any 

other component of s im ila r  m o lecu lar weight so th a t cu ltu re  fluids m ight be 

usefully  ex tracted  to yield the purified  antigen. F rac tio n  5S dem onstrated  tha t 

the ex tra  com ponents seen in frac tion  4 a re  a lso  soluble tis su e  cu ltu re  fluid 

p ro te in s . However, since the uninfected FEA cell con tro l was degraded and 

no m ore goat an ti-F eL V  seru m  was available, it was not possib le  to decide 

w hether th ese  m olecules w ere specific  fo r v iru s  infection or w ere n o rm al ce ll 

antigens. T his would be worth investigating  with o ther a n tise ra .

None of the tre a tm en ts  caused a d ram a tic  lo ss  of FeLV infectivity , since 

in ev ery  case  the m easu red  infectiv ity  was v/ithin an o rd e r  of m agnitude of the 

contro l. The low est yield of infectiv ity  was a f te r  su c ro se  density  g rad ien t 

centrifugation. F ro m  the re su lts  of the two previous expseriments this could not 

be explained by lo ss  of su rface  g lycoprotein. P resum ably  the rap id  change in 

osm otic p re s su re  on centrifugation  through su crose  has som e o ther effect on 

the in teg rity  of the v iru s  p a r tic le s . One p o ssib ility  would be that the lo ss  of 

in teg rity  of the v irion  ou ter m em brane would allow a cc e ss  to p ro tea se s  o r 

nuc leases . The re su lts  in th is  C hapter dem onstrate  no g ro ss  change in p ro te in  

com position a f te r  su c ro se  g rad ien t centrifugation . H owever, lo ss  of re v e rse  

tra n sc r ip ta se  activ ity  o r degradation of v ira l RNA should a lso  re s u lt  in lo ss  of 

infectivity .

Although none of the Infectivity lo sse s  w ere suffic ien t to  ju stify  a sea rch  

fo r new/ purification  m ethods, it is s till  possib le  tha t additive o r m ultip licative 

effects of sequential tre a tm en ts  would re s u lt  in m uch g re a te r  lo sse s . This was 

te sted  fo r s a lt p rec ip ita tion  and freeze /thaw ing  in frac tio n  4 . Surprising ly , 

the final yield was as high as th a t a fte r e ith e r one of the tre a tm en ts  alone.

Tills m ay re p re se n t the destru ctio n  of a su b -frac tion  of v iru s  p a r tic le s  which 

a re  lab ile  to both trea tm en ts , leaving a re s is ta n t re s id u a l frac tion . 

A lternatively , the re su lts  m ay be explained by die inheren t im prec ision  of 

m anipulating sm all quan tities of v iru s  and dilu ting fo r a ssay . To reso lve  th is , 

the experim ent would have to be repeated  with a suffic ien tly  la rg e  nun.iber of 

rep lica te  sam ples to allow s ta tis tic a l an aly sis . Such an e x e rc ise  m ight be 

confounded, unfortunately, by the fact tha t v iru s  s tra in s , and even individual 

h a rv ests  of one v iru s  s tra in , v a ry  m arkedly  in th e ir  s tab ility  (Smith, 1974; 

S trand and August, 1976).
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Strand and August (1976) have rep o rted  that over 50 polypeptides a re  

detectab le in R auscher MuLV p rep a ra tio n s  by high reso lu tio n  po lyacry lam ide 

gel e lec tro p h o res is . In view of re c en t e stim ates  of the lim ited  coding potential 

of the RN-A. tum our v iru se s , it  seem ed like ly  that the g re a t m a jo rity  of these  

bands w ere host cell-coded . On appl^dng th is technique to FeLV , s im ila r  

re su lts  w ere reco rd ed . Although FEA "exfoliate" p ro te in s  com igrated  with 

p ro te in s in v iru s  p rep a ra tio n s , there  w ere m arked quantita tive  d ifferences.

This could be explained if tiie m em brane exfoliate com position v aried  

w idely from  tim e to tim e, o r if it was g ro ss ly  affected by v iru s  infection. 

However, i t  could m ean that these  cell com ponents a re  specifica lly  incorpora ted  

into v iru s  p a rtic le s  and m ay have an im portan t ro le  in v iru s  budding o r v irio n  

s tru c tu re . This was suggested by Dam sky et a l . (1977) on finding ce llu la r 

actin  (43,000 m olecu lar weight; see  F ig . 5) to be o v e rrep re sen ted  in M uM W  

p rep a ra tio n s  when com pared to v iru s - f re e  v e s ic le s . A nother p o ssib ility  is 

tha t th e re  a re  v iru s-co d ed  p ro te in s  (e .g . gag p re c u rso rs )  which have s im ila r  

m igration  p ro p e rtie s  to c e r ta in  host m em brane com ponents. Some c r ite r io n  

o ther than m igration  in SDS-PAGE would have to be used to decide between these  

p o ss ib ilitie s . In co llaboration  with D r. J. Sm art, Im peria l C ancer R esearch  

Fund, London, trjq^tic peptide d igests  of these m olecu les a rc  being analysed. 

Since a n tise ra  to v irion  p ro te in s p27 and p i5 w ere availab le , it was decided to 

te s t  w hether any of the v esic le  com ponents w ere im m unologically  re la ted  to 

these  v iru s-co d ed  p ro te in s . This is described  in C hapter F ive.
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CHAPTER THREE 

STRUCTURAL LOCATION OF FeLV PROTEINS



INTRODUCTION

Tlie s tru c tu ra l location of a v irion  component is of in te re s t since it m ay 

indicate its ro le  in v ira l function. Tlius, su rface location w ould.suggest tha t 

a p ro tein  m ight be involved in the in itia l in teraction  betv/een v iru s  and its  

host ce ll and m ight a lso  be im plicated  as a ta rg e t for v iru s -n e u tra lis in g  

antibodies. In ternal p ro te in s, on the o ther hand, m ay be expected to p lay  a 

d ifferen t ro le : th is m ight be p u re ly  s tru c tu ra l such as a p ro te in  which would, 

by v irtue  of its  affinity fo r itse lf  o r o ther m olecules, m ain ta in  the shape-and 

s tru c tu ra l in teg rity  of the v iru s p a r tic le . A lternatively  in te rn a l p ro te ins 

could have a ro le  in s tab ilising  the v ira l nucleic acid o r som e enzym ic activ ity  

im portan t fo r v ira l infectivity . It should be em phasised  tha t in te rna l v irion  

com ponents, if they a re  exp ressed  on the infected ce ll su rface , m ay also  be 

d e term inan ts of im m unity to v iru s infection.

A pproaches to estab lish ing  su rface  location fo r a v irion  poU peptide 

include rem oving  su rface  com ponents with enzym es and su rface  labelling  with 

. These techniques a re  fac ilita ted  with enveloped v iru se s  by the fact that 

the v irion  outer m em brane re p re se n ts  a p e rm eab ility  b a r r ie r  to pro teoly tic  

enzym es o r lactoperox idase  resp ec tiv e ly .

Convincing evidence now ex ists  tha t the RNA tum our v iru s  glycoproteins 

a re  located on the su rface  of the v irion . Brom elain tre a tm e n t of RSV (Rifkin 

and Comp ans, 1971) and F riend  MuLV (W itter e t a l . , 1973) rem oved the v irion  

glycoproteins and the su rface  spikes o r knobs as seen  in the e lec tron  

m icroscope . F u r th e r  evidence that the surface  spike of the avian le u k o sis / 

sa rcom a v iru se s  consists  of the v irion  glycoproteins com es from  the isolation 

of " ro s e tte s ” of m a te ria l m orphologically  resem bling  the su rface  spike and 

containing m ainly  gp85 and gp37 (Bolognesi et al , , 1972a), Both surface  spikes 

and glycoproteins a re  absent from  non-infectious s tra in s  of RSV when they a re  

grown in the absence of he lper v iru s  in chick h e lp er fac to r negat.lve cells  

(De Giuli e t a l . , 1975). The spike of Mu MTV has been a ttribu ted  to  the m ajor 

v irion  glycoprotein  (gp55) in a s im ila r  way (Cardiff et  a l . , 1974). In a ll the 

experim ents mentioned above, v ira l in fectiv ity  was g re a tly  reduced by d igesting 

the su rface  glycoproteins and, where m easured , tlie ab ility  of v iru s  p a rtic le s  

to  absorb  n eu tra lis in g  antibodies was abolished.
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L ac to p ero x id ase - c a t a l y s e d l a b e i l i n g  of MuMTV labelled  a lm ost 

exclusively  gp55, suggesting  tha t the o u te r m em brane is re p re se n te d  m ainly 

by th is  glycoprotein (Damsky e t a l . , LL7). S im ilar re s u lts  have been 

obtained with Moloney MSV (MuLV) (Vfirre and W eiss man, 1974) and R auscher 

MuLV (MeLe 11 an and August, 1976), A m uch m ore  com plex p a tte rn  was 

reco rd ed  by Panem and K irsten  (1975) with K irsten  MSV (MuLV) who found 14 

envelope p ro te in s  including 3 g lycoproteins by th is  m ethod. T h is is d iscussed  

below with re fe ren ce  to re su lts  with FeLV.

In a lim ited  num ber of c a se s , su ffic ien tly  pure  p rep a ra tio n s  of MuLV 

g]̂ )70 have been obtained to r a is e  highly specific  an tise ru m  and to show that 

th is  has v iru s  n eu tra lis in g  activ ity  (Steeves et a l , , 1974; Hunsm ann e t a l , , 

1975). The su rface  location of MuLV pl5(E) was a lso  suggested by v irus 

n eu tra lis in g  activ ity  of anti-plS(E) serum  in the p re sen ce  of the com plem ent 

(F isch inger e t a l . , 1976) although its  in access ib ility  to su rface  labelling and 

its  hydrophobic na tu re  have led w orkers to believe tha t th is  m olecule is 

f irm ly  em bedded in the v ira l  ou ter m em brane, and has som e anchoring 

function fo r the spike p ro te in s.

T h ere  is le s s  ag reem en t about the p ro te ins of v ira l c o re s . T hese 

s tru c tu re s  have been iso lated  by centrifuging  v iru se s  through la y e rs  of 

su rfac tan ts  such as S terox  SL o r  non-ionic de terg en ts  such as T rito n  X-100 

o r Nonidet P-40; o r by p re tre a tm en t with these  agents. T h ere  is  som e 

doubt as to w hether these  tre a tm en ts  en tire ly  rem ove lip id , as it has been 

rep o rted  tha t core  s tru c tu re  is destroyed  by phospholipase-C  tre a tm en t 

(Bolognesi e t a l . , 1972b). C ores of FeLV  w ere found to band at a density  of
_3

1.27 g .c m  in su cro se  density  g rad ien ts . As rep o rted  below, co re  

p rep a ra tio n s  contained a la rg e  num ber of p ro te in s , although they w ere .found 

to lack  pi 5 and have considerab ly  reduced  am ounts of gp70.
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.RIALS AND METHODS

1. Su.rIacG p ro te in s  of FeLV detected  by iac to p e ro x id ase -ca ta ly sed

labelling ,

A sam ple of 600 pg of su cro se  g rad ien t pu rified  F eL V -A /R ickard  (F422 

was labelled  w lth^^^I by the lactoperox idase  method (M archalqnis, 1969), To 

v iru s  in 1 m l of TS buffer was added 1 m l reac tio n  m ix tu re  containing 25 pi 

of^^^I (250 pCi), 7. 5 pg lactoperox idase  (grade B, C aibicchem  : 122 I. U. p e r 

mg) and TS buffer. The labelling  reac tio n  was s ta r te d  by adding 20 pi of 

H^^O  ̂ (6% diluted 1:1000 in TS buffer). Tills addition was rep ea ted  a t 10 and 

20 m inutes la te r .  A fter 30 m inutes the reac tio n  m ix tu re  was tra n s fe r re d  to  

d ia ly sis  tubing and d ia lysed  overnight against TS buffer a t 4^G, V irus was 

then sep ara ted  by su c ro se  density  g rad ien t centrifugation . About 4 x 10^ 

cpm  of v iru s  (approxim ately  30 pg pro te in ) was pelle ted  and re  suspended in 

100 pi e lec tro p h o re s is  sam ple buffer (Laem m li). V irus p ro te in s  w ere 

sep ara ted  on an 11% po lyacry lam ide gel and labelled bands w ere detected  by 

autorad  i ography.

2. Identification of FeLV su rface  component s by p ro teo l^Tic digestion.

FeLV  from  FL74 ce lls  was purified  as described  in C hapter 1. A v iru s  

suspension  (1 m l) containing 1 m g p ro te in , as m easu red  by the method of 

L ow ry e t al. (1954), v/as dialysed into TS buffer supplem ented with 20 mM 

jS - m e r  cap to e than o l. Tlie sam ple was then sp lit into two frac tio n s: one was 

dilu ted  v/ith an ecpial volum e of the sam e buffer while the o th er was diluted 

in buffer containing 1 m g /m l b rom ela in  (Sigma), A fter overn ight incubation 

a t 37^C, v iru s  was purified  from  the frac tions by su cro se  density  g rad ien t 

centrifugation  and pelleting , and p rep a red  fo r e lec tro p h o re s is  as in C hapter 

One, The sam ples w ere e lec tro p h o resed  in a phosphate buffered gel sy stem  

(Method 1), overnight a t 2m A /gel. P ro teins w ere v isu a lised  by stain ing  with 

C oom assie blue R and absorbance p ro files  w ere com pared  on a Kipp and 

Zonen densito m ete r.

3. _lso la tion of FeLV co re s  and analys is  of thei r  polypeptide com position .

The method d esc rib ed  h e re  is  based  on that of Bologne s i e t a l . (1973). 

One mg of su c ro se  g rad ien t pu rified  FL74 v iru s  (FeLV-ABC/KT) was 

sedim ented through two de terg en t lay e rs  on top of a g rad ien t consisting  of
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I m l of 70% su cro se  overlayed with a lin e a r 20 - 60% su cro se  g rad ien t, iUl 

su c ro se  solutions w ere in TS buffer and contained 20 mM DTT, The top 

d e te rg en t la y e r  consisted  of 5% su cro se  in 0, 5 m l TS buffer containing 1% 

S terox  SL and 0,1 M DTT, The lay e r beneath was in 10% su c ro se  (also in 

0, 5 m l TS buffer) containing 0, 25% NP40 and 0,1 M DTT. A fter centrifugation 

at 10, 000 rpm  fo r 15 m inutes in a Beckman. SW 50.1 ro to r , the speed was 

in c reased  to  45, 000 rpm  for a period  of 90 m inutes. A fte r th is  tim e two 

sh arp  lig h t-sc a tte r in g  bands w ere v isib le . One co rresponded  to the expected
-3

co re  density , 1, 27 g, cm and the o ther to the rep o rted  density  for d isrup ted  

envelope m a te ria l, 1.08 g .c m  T ie  se bands, and an in te rm ed ia te  density  

reg ion  co rrespond ing  to whole v iru s , w ere collected , diluted, and pelle ted .

The p ro te in s w ere then so lub ilised  fo r e lec tro p h o res is  as desc rib ed  in 

C hapter One. P roteins w ere sep ara ted  on an 11% polyacry lam ide gel (Laem m li) 

and v isu a lised  by stain ing  with C oom assie blue R,
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RESULTS

1, Surface p ro te in s of F e LV detected by lactoperoxida se -c a ta lysed

labelling .

The re su lts  a re  shown in F ig . 6. The m ajo r labelled  p ro te in  was a t 

70, 000 Mj;. A m inor, w ell-reso lved  band was a lso  v isib le  a t 62, 000 daltons 

and a diffuse band a t approxim ately  21, 000 . A part from  low m olecu lar

weight m a te ria l m ig rating  ahead of the tra c k e r  dye, th e re  was a lso  strongly  

labelled  m a te ria l a t the fron t of unresolved m olecules. The stained gel, 

before au to rad iography, showed th a t plO and p i2 m igrated  with th is unresolved 

m a te ria l. A tra c e  of label is v isib le  in association  with p27 and a p ro te in  at 

45, 000 Mj*. F inally , a v e ry  high m olecu lar weight band (> 200, 000 daltons) 

was v isu alised .

2, Identification of F eLV surface  components by pro teo ly tic  d igestion .

The re su lts  a re  shown in F ig . 7. Two high m o lecu lar weight bands 

(80, 000; 72, 000) a re  greatly reduced in the b rom ela in  tre a te d  v iru s . A m inor 

band at 37, 000 a lso  d isappeared  while a new band at approxim ately  12, 000 was 

seen, and a shoulder on the p27 peak at 26, 000 in c reased . A nother m inor 

change was the d isappearance  of a shoulder from  the high m olecu lar weight 

side of the pl5 peak. All other bands appeared to be una lte red  by the trea tm en t.

3, Iso la tion of F eL V_core s  and analysis of the i r  pol;?peptide com position.

The re su lts  a re  shown in Fig. 8 and sum m arised  in Table 5. The 

"envelope" frac tion  consisted  a lm ost en tire ly  of m a te ria l of 70, 000 m olecu lar 

weight. The core  frac tion  showed a reduction in stain ing  m a te ria l a t 70, 000 

Mj- re la tiv e  to whole v iru s , while v ira l  pl5 was v irtu a lly  undetectable in any 

of the th ree  frac tio n s . O ther m inor d ifferences a re  considered  in D iscussion.
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FeLV-A (F 422)

gp7 0 -

p 2 7 -

pl5“

FIGURE 6

L ac to p ero x idase-ca ta ly sed  labelling of FeLV su rface  p ro te ins

SDS po lyaciy lam ide  gel (11%) autoradiograph of labelled  FeL V -A / 

R ickard (F422), Around 200,000 cpm of v irus was applied to each w ell. 

The m igration  positions of p27 and pl5 a re  m arked . T hese  w ere c lea rly  

v isib le  on the stained  gel before autoradiography.



FIGURE 7

Brom elain digestion of FeLV su rface  components

Shows densitom eter tra c e s  of SDS PAGE sep a ra ted  v irus p ro te in s  with 

and without b rom ela in  tre a tm en t. N um bers a t the top re fe r  to m igration  

positions of standard  m a rk e r p ro te in s on a gel run in p a ra lle l. These 

w ere  bovine serum  album in (68,000), ovalbum in (43,000), chym otrypsinogen 

(25, 700) and cytochrom e C (11, 700).

A lso, a rrow s on the low er p a r t  of the figure  denote bands which a re  

a lte red  a f te r  b rom ela in  tre a tm en t.
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FIGURE 8

C om parison of su b -v ira l frac tions of FeLV

FeLV-ABC/KT was d isrup ted  by centrifugation through lay e rs  of 

de tergen ts  (S terox SL, NP40). T h ree  density bands from  the su cro se  

grad ien ts w ere  co llected  and analysed on SDS PACE (11% g e l). P ro teins w ere 

v isualised  by sta in ing  with C oom assie  blue.

Lane A In term ed ia te  density  region (1.16 g .cm

Lane B Standard m a rk e r p ro te in s . Phosphorylase a

(PHA) 94,000 daltons, c a ta la se  (CAT) 60,000 daltons 

alcohol dehydrogenase (ADH) 41,000 daltons, 

carbonic  anhydrase (CAN) 29, 000 daltons, cytochrom e 

c (CYT) 11,700 daltons

Lane C C ontrol v iru s .

Lane D Envelope fraction  (1.08 g .cm  ^).
-3

Lane E C ore frac tion  (1.26 g .cm  ).



TABLE 5

D istribu tion  of p ro te in s in su b -v ira l frac tions

Molecular , ,^-3. 
weight ) Core Intermediate Envelope

70 + bb bbhh

62 •bH- bfb tr

46 bbb tr

40 bi- b -

37 ++ b -

29 -H-h bb tr

18.5 bf -Ib tr

16.5 bb bb tr

14.5 - - “

<11.5 bb - -

ThH- ) 

+++ ) 

4T )

+ ) 
t r  )

- )

R epresen tation  in su b -v ira l frac tion  com pared  to whole 
v iru s , -H- denotes s im ila r  p ropo rtions to whole v iru s .



DISCUSSION

E nzym ic  iodination c lea rly  dem onstrated  that the m a jo r v irion  su rface  

com ponent is a 70, 000 p ro te in . This co rresponds to the re su lts  of Witte 

and W eissm an (1974) fo r Moloney MuLV and D am sky et a l. (1977) fo r MuMTV.

Tlie identity  of o ther labelled  com ponents is  unknown, although the 62, 000 

band could conceivably be a g ag -p re c u rso r  ex p ressed  on the v irion su rface . 

Im m unoprécipitation with anti p27 serum  m ight re so lv e  th is  question. The 

diffuse band at approxim ately  21, 000 daltons m ay co rrespond  to the m inor 

p ro te in  in th is  size  range rep o rted  by G raves and V elice r (1974) in FeLV -A  

R ickard F422 p rep a ra tio n s . A band in the sam e m o lecu lar w eight was seen  in 

F eLV - A /G lasgow -1 (see C hapter Two) but m a te ria l com igra ting  with th is  band 

was shed by uninfected FEA ce lls , suggesting tha t th is  is  a contam inating 

ce llu la r  component. The v e ry  low efficiency of labelling  of p27 and a p ro te in  

at 45, 000 Mj- suggests th a t these  a re  not su rface  com ponents; likew ise, p i5 is 

not labelled . However, it m ust be borne in mind th a t su rface  iodination re q u ire s  

a ty ro sin e  re s id u e  to be access ib le  to  the la rg e  lactoperox idase  enzym e (80, 000 

m o lecu lar w eight)(M archalonis, 1969). Antibody to pl5(E) w ill bind to the 

su rface  of MuLV (Ihle et a l . , 1976) but Witte and W eissm an (1974) did not 

re c o rd  labelling  of any low m olecu lar component in M oloney MuLV, even a fte r 

digestion of the v irion  su rface  p ro te in s . The m ost like ly  explanation is  tha t 

MuLV pl5(E) lacks su rface  ty ro sin e  re s id u es . F o r the sam e reaso n , th is 

experim en t m ay have failed to detect som e su rface  com ponents. However, 

som e m a te ria l m ig rating  with the tra c k e r  dye fron t was labelled  in th is  

experim en t and it is  possib le  tha t th is is  a sm all env -gene product analagous 

to MuLV pl5(E).

A g re a te r  num ber of com ponents w ere recognised  as su rface  components 

by p ro tea se  d igestion than by iodone labelling . B rom elain is a re la tiv e ly  non­

specific  p ro tea se  (Mur a chi and N eurath, 1960) and hence does not req u ire  the side- 

chain of one p a rtic u la r  am ino acid to be exposed in o rd e r to  achieve digestion.

Two b ro m ela in -sen s itiv e  components w ere seen in the 70 - 80, 000 M^ 

range. If a ll the analyses of FL74 v iru s  p resen ted  in th is  work and e lsew here 

a re  com pared, it can be seen  tha t the detection of the h igher m o lecu lar weight 

component v a rie s  considerab ly  from  tim e to tim e. Since th is  cell line is  not 

cloned, subpopuiations m ay ex ist which dem onstra te  reduced syn thesis  o r



v irio n -inco rpo ra tion  of the h igher m olecu lar weight com ponent. Another 

b rom ela in  sen s itiv e  component was seen  at 37,000 Mj-. This may be ano ther 

v irion  su rface  component. However, if cell m em brane v esic le s  copurify with 

v irio n s , th ese  may a lso  have enzym e-sensitive  su rface  com ponents. This 

possib ility  m ust be considered  fo r the > 15,000 component a lso .

A fter enzym e trea tm en t, a new peak is seen a t 13,000 and th e re  is 

an in c rease  in a peak a t 25,000 M^.. T hese m ay re p re se n t "co re"  polypeptides 

which a re  re s is ta n t to fu rth e r enzym e digestion.

The re su lts  of su b -v ira l fractionation  provided fu r th e r evidence that gp70 

is a sso c ia ted  with the v ira l envelope, since it could easily  be rem oved by 

centrifugation  through detergen t la y e rs . The "envelope" frac tion  consisted  

a lm ost en tire ly  of m a te ria l a t 70,000 and thus th is p ro ced u re  might be 

useful as a f i r s t  s tep  in the purifica tion  of gp70.

V ira l p27, and som e low m olecu lar weight p ro te in  m ig ra tin g  a t the 

t ra c k e r  dye front (plO o r  pl2?) w ere  asso c ia ted  m ainly with the co re  frac tion . 

T hese include bands a t 18, 500 and 16, 500 Mj^. A m olecule m ig rating  a t 62, 000 

Mj- was asso c ia ted  strongly  with the co re  and in te rm ed ia te  frac tio n s . This is 

possib ly  an uncleaved gag-p re c u rso r . Jamjoom et a l, (1976) have suggested  

that a R auscher MuLV gag-p re c u rs o r  of 65,000 daltons is p re sen t in v irions 

lacking RNA, The observations reco rded  here  would not be consisten t with 

th is since  co res  lacking RNA would not be expected to band at such a high 

density . However, the 62,000 Mg- m olecule may have becom e artifac tu ally  

adsorbed  to the co res during  d isrup tion . As d iscussed  in C hapter F our, the 

gag-p re c u rso r  specific ity  of the 62,000 p ro te in  could be estab lished  with 

a n tise ra  to p27 and pl5. In a s im ila r  way, the 40, 000 and 37,000 dalton p ro te in s 

v/hich a re  found predom inatly  in the core fraction , could be analysed 

immunolo g ically .

The 46,000 M^ sp ec ie s , which is found predom inantly  in the in te rm ed ia te  

lay er, is found in uninfected cell cu ltu re  fluids (see C hapter Two). A lso, the

70,000 M r spec ies  seen  in the in te rm ed ia te  lay er may be the non-glycosylated 

spec ies  (C hapter Four) which is a lso  found in uninfected cell ex trac ts  (C hapter 

Two).
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V irai pl5 could not be found in any of the frac tions iso la ted  h e re . It is 

p o ssib le  that this m olecule rem ained  in the detergen t lay e rs  ra th e r  than en te r 

the g rad ien t.

41



CHAPTER FOUR

POLYPEPTIDE COMPOSITION OF DIFFERENT STRAINS OF FeLV
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INTRODUCTION

Strains of FeLV vary  in th e ir  host range and in te rfe ren ce  p ro p e rtie s , 

which a re  determ ined  by the v irion  envelope (see  C hapter One). Another 

d ifference betw een FeLV  s tra in s  is the d iseases which they induce. F o r 

instance, FeLV -C  s tra in s  cause sev e re  ap lastic  anaem ia when inoculated 

into k itten s . This is in co n tra s t to FeLV-A o r  FeLV-AB s tra in s  which induce 

a la te r  neop lastic  d isease  (Mackey et a l . , 1975,° J a r re t t .  et a l . ,  1978).

D ifferences in oncogenicity of iso la tes  of avian leukosis v iru s  a re  well 

docum ented (P urchase et a l ,., 1977) and m urine leukaem ia v iru ses  a lso  vary  

widely in the spec trum  of d isease  they induce. Exam ples a r e  the thym ic 

lym phom a of AKR MuLV (G ro ss , 1970) and the e ry th ro b la s to s is  and la te  

ery thro leukaem ia of F riend  MuLV (S teeves, 1975). No gene resp o n sib le  fo r 

tran sfo rm a tio n  analagous to the s rc  gene of the sarco m a  v iru se s  has been 

a ttrib u ted  to the "weakly transfo rm ing" leukaem ia v iru se s . It is not c le a r  

w hether th is is due m ere ly  to the difficulties involved in studying these v iru se s , 

since th e ir  tran sfo rm in g  effects have been observed  only in vivo and the laten t 

period before  clin ically  apparen t d isease  is often long. In view of th ese  problem Sf 

it seem ed im portan t to c h a ra c te r is e  the v irion s tru c lu ra l  antigens of the various 

FeLV  s tra in s , in the event tha t these  influence pathogenicity/ o r  oncogenicity.

At the tim e th is study began very little  inform ation was availab le  on type- 

specific  antigens of FeLV . One re p o rt (G reen et a l , , 1973) claim ed that the 

gs-1 antigen of FeLV, which has been Identified on p27, c a r r ie d  ty p e-spec ific  

as well as group and in te rsp ec ie s  d e term inan ts, It has a lso  been shown ind irec tly  

that FeLV gp70 has in te rsp ec ie s  reactiv ity  (Strand and August, 1974).

Pal c t  aj g • (1976) have rep o rted  charge h e te ro g en e ity  of FeLV p30, pl2 and 

plO. V ariation in iso e le c tr ic  point of the v ira l p30 has recen tly  been suggested 

as a useful m a rk e r  to d istinguish  m urine xenotropic from  eco trop ic  v iru ses  

(Chuat et a l . , 197 8). Hopkins e t a l. (1977) have found that N-B trop  ism  differences 

in MuLV s tra in s  a re  asso c ia ted  with a sligh t d ifference in p30 m obility in SDS 

polyacry lam ide gels.

A study of the se ru m  neu tra lisa tion  of FeLV s tra in s  was in p ro g re ss  in 

p a ra lle l with the work p resen ted  in this thesis (R u sse ll, 1977) which revealed  

that som e a n tise ra  w ere  highly type o r subgroup specific  in th e ir  neu tra lisa tio n  

while o th e rs  showed a broad spectrum  of reac tiv ity . An in te re s tin g  observation  

was that a ll s tra in s  of FeLV-A tested  w ere of the sam e sero type: they responded
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in an identical m anner to a range of a n tise ra , including one ra ised  to a cloned 

iso la te  of FeLV -A . By co n tra st, FeLV-B and FeLV -C  showed antigenic 

heterogeneity , even though only four iso la tes  of FeLV -C  w ere  availab le  fo r 

te stin g .

Evidence has em erged tha t ecotropic MuLV s tra in s  can recom bine with 

endogenous xenotropic v iru se s  and produce v iru ses  with expanded host range 

and in c reased  tran sfo rm atio n  potential (E lder e t a l . , 1977a; T ro x le r  et a l . , 

1977), T hese  have been shown to be env gene recom binan ts, and th is has ra ised  

the possib ility  tha t the m ajo r v ira l glycoprotein may be c ru c ia lly  involved in 

leukaem ia v iru s tran sfo rm a tio n , although concom itant re scu e  of a d is tinc t 

tran sfo rm in g  gene by recom bining MuLV has not been ru led  out. It is shown 

in th is chap ter that the m ajo r glycoprotein of FeLV v a rie s  in apparen t m o lecu lar 

weight in SDS PAGE. It is possib le  that a range of gp70 m olecules ex ists  in 

FeLV s tra in s  and in norm al cat cells in a s im ila r  fashion to the m ouse system  

(E ld er et aL , 1977b).
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MATERIALS AND METHODS

1, C om parison of FeLV -A , B and C by co e lec tro p h o resis

FeL V -A /G lasgow -lf FeL V -B /Sarm a and F eL V -C /S arm a  v/ore grown in 

FEA c e lls . FeLV -A  and C w ere labelled  with L (4, 5 - ^H) leucine by p lating 

infected cells a t 1 x 10^ cells  p e r 9 cm plate  and rep lac ing  the EFB m edium  

a fte r  24 hours growth with leu c in e-free  E agle’s m edium  fo r 1 hour. A fter 

th is tim e label was added (100 pC i/m l) in EFB with 10% norm al levels of leucine. 

A fter a fu r th e r  24 h o u rs , the cu ltu re  fluid was h a rv ested  and v iru s was purified  

as d escribed  in C hapter One. FeLV-B was labelled  with L(U - ^“̂C) leucine in 

a s im ila r  m anner, except tha t label v/as added a t 10 p C i/m l. Purified v iru se s  

w ere p rep a red  fo r e lec tro p h o res is  as described  in Chap ce r  One (Method 1), 

P ro teins w ere  sep a ra ted  on 7. 5% polyacry lam ide gels and rad ioactive  bands 

w ere  detected by s lic ing  gels into 1 mm s lices  followed by sc in tilla tion  counting,

2. C om parison of FeLV and eFOV on SDS-po lyacry lam ide  slab  gels.

Sucrose g rad ien t purified  v irus sam ples ('Xy 50 pg protein) of FeLV-ABC/ 

KT, FeL V -B /S arm a and eFO V /FE R  w ere com pared by e lec tro p h o res is  on a 

s lab  gel (L aem m li) with an acry lam ide  m onom er concentration  of 11%, Proteins 

w ere v isualised  by stain ing  w ithC oom assie  blue R250.

3. C om parison of the m ajo r glycoprotein of F eL V s tra in s  by lectin  affinity

chrom atography and SDS polyacry lam ide gel e le c tro p h o re s is .

The v iru se s  used in th is study w ere produced in the expierim ent involving 

infected cell labelling  which is described  in C hapter Six. -leucine labelled  

v iru s was purified  from  cu ltu re  fluids by discontinuous and continuous density 

grad ien t centrifugation . The purified  v iru s pe lle ts  w ere  dissolved in 1% DOC 

and centrifuged at 100,000 x g fo r 60 m in. The su p ernatan t fluid was 

frac tionated  on lectin  affinity colum ns and the frac tions w ere  lyophilised and 

e lec tro p h o resed  as d escribed  fo r cell m em brane p rep a ra tio n s  in C hapter Six,

4, F u r th e r  compariso n  of FeLV glycoproteins by SDS PAGE.

All v iru ses  w ere grown in FEA cells and labelled  fo r 48 hours with 

L(4, 5 - ^H) leucine a t 30 u C i/m l in EFB with 10% of the norm al leucine 

concentration . V irus-con ta in ing  and uninfected cu ltu re  fluids w ere ha rv ested  

and purified  by dis continuous and continuous su c ro se  density  gradient cen trifu g ­

ation . V irus p ro te in s w ere sep a ra ted  by SDS PAGE I Laem m li) and v isualised  
by fluorography.
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RESULTS

1. C om parison of FeLV -A , B and C by co e lec troph o re s is ,

3
R esults a re  shown in F ig , 9. F ig . 9a shows a com parison  of H 

leucine labelled  FeLV-A and leucine-labelled  FeLV-B, while F ig . 9b 

shows leucine FeLV-C and "̂̂ C leucine-FeL V -B , No d ifferences could be 

detected in the m igration  of the th ree  m ajo r peaks corresponding  to p27, pl5 

and plO/12 respec tive ly  (Boiognesi e t .a l  . , 1974), The reso lu tion  of th is

system  w’as not sufficien t to a ss e s s  with any confidence the m inor d ifferences 

seen  in the high m olecu lar weight range,

2. C om parison of FeLV and eFOV on SDS-polya cry lam ide  s lab  gels.

This re su lt (F ig . 10) shows that the SDS PAGE technique can d ifferen tia te  

one RNA tum our v iru s  from  ano ther. Again, the p27, p i5 and pl2/pI0 bands 

of two d ifferent FeLV s tra in s  (FeLV°ABC/KT and FeLV -B /Sarm a) had identical 

m obilities, while eFOV showed a h igher m olecu lar weight ”p28 '’ and a c learly  

distinguishable p a tte rn  of low m olecu lar weight p ro te in s .

3. C om parison of the m ajo r glycoprotein of FeLV  s tra in s  by lectin  affinity

chrom atography and SD S-polyacrylam ide gel el e c tro p h o re s i s ,

F ig . 11 shows a SDS PAGE separa tion  of cloned FeLV -A /G la s gowT 

produced by FEA cells which was fractionated  by lec tin  affinib/. Proteins which 

failed to bind to e ith e r lectin  (lane e,f)exhibited m o lecu lar weights of approx­

im ately 74,000, 44,000 and 30,000. Lanes g and K revealed  tha t th ree  virion 

glycoproteins of approxim ately  160,000, 145,000 and 80,000 daltons bind 

equally well to both LcPI and RCAj^. The analysis was repeated  on an unci on ed. 

stock of F eL V -A /G lasgow -1, (F ig . 12) giving an apparen t 2 to 4-fold enhancem ent 

of the 80,000 dalton component re la tiv e  to the o th er two g lycoproteins.

A cloned stock of FeL V -B /Sarm a produced by FEA cells was exam ined in 

a s im ila r  m anner (F ig , 13). As with FeLV-A, th ree  m ajo r p ro te ins wldch 

failed to bind to the lectin  columns w ere observed  at approxim ately  74,000,

44,000 and 30,000 daltons. Inspection of lanes c tolK revealed  only two m ajor 

glycoproteins a t approxim ately  160,000 and 145,000 daltons, both of which w ere 

specifica lly  bound by LcH and RCA^ This analysis was a lso  repeated  with an 

uncloned stock of FeL V -B /S arm a and these re su lts  a re  shown in F ig, 14. As 

before the m a jo r components which failed to bind to the lectins m igrated  at
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FIGURE 9

C om parison of FeLV -A , B and C 

by coe lec tro p h o resis  on SDS polyacr ylam ide gels.

F ig u re  9a shows a sep ara tio n  of F’eL V ~C /Sarm a and F eL V -B /Sarm a,
3 14labelled  with H -leucine and C -leucine  resp ec tiv e ly  on a 7.5%

acry lam ide  gel (sodium  phosphate buffer sy stem ). The gel was
3 14cut into 1 m m  s lic es  which v/ere analysed for H and C by 

sc in tilla tion  counting.

F igu re  9b shows a s im ila r  sep ara tio n  of FeL V -B /S arm a and F eL V -A / 

Glasgow -1,
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FIGURE 10

Com parison  of FeLV and eFOV on SDS PAGE

V irus p ro te in s (c .5 0  pg) w ere separa ted  on an 11% slab  gel, and 

v isualised  by stain ing  with C oom assie  blue.

Lane a FeLV-ABC/KT purified  from  FL74 c e ils .

Lane b eFOV grown in CT45S c e lls .

Lane c FeL V -B /Sarm a grown in FEA c e lls .

Lane d As lane a .

Lane e Standard m a rk e r p ro te in s . Phosphoryiasc a ( 9-1, 000 

daltons), bovine serum  album in (68,000) and 

cytochrom e c (11,700).

M igration positions of FeLV proteins gp70, p27 and pl5 a re  m arked as 

on the left of the figure.



FIGURE II . '

G lycosylation of cloned FeLV -A /G lasgow -1 p ro te in s  exam ined 

by lectin  affinity chrom atography
3

F luorograph  of SDS PAGE separa ted  H -leucine labelled  com ponents of 
cloned F eL V -A /G lasgow -l a f te r  fractionation  on LcH and RCAj affin ity  
co lum ns. M onom er concentration  w as 10%. M arker p ro te in s  a re  /S-galacto- 
sidase  (130, 000 daltons), phosphory lase-a  (94,000), ca ta la se (60,000), 
a lcohol dehydrogenase (41, 000) and carbonic anhydrase  (29,000).

Lane a O rig inal v iru s  p re p a ra tio n .

Lane b 1% DOC soluble com ponents (100, 000 x g supernatan t).

Lane c Com ponents which failed to bind to LcH ,

Lane d Com ponents which failed to bind to RCAj,

Lane e Com ponents which failed to bind to RCA^- and subsequently
failed to bind to LcH .

Lane f Com ponents which failed to bind to LcH and subsequently  
fa ile d  to bind to RCAj»

Lane g LcH bound com ponents.

Lane h RCAj bound com ponents.

Lane i Com ponents which failed to bind to RCAj and subsequently  
bound to LcH,

Lane j Com ponents which failed to bind to LcH and subsequently  
bound to RCAj.

FIGURE 12

Glycosylation of uncloned F eL V -A /G lasgow -1 p ro te in s  exam ined 

by lectin  affinity chrom atography

As F igu re  11, except tha t uncloned FeLV-A/Glasgow**l w as used, and 
m onom er concentration of gel w as 8%.

Lane a O rig inal v iru s  p re p a ra tio n , '

Lane b Com ponents which failed to bind to LcH,

Lane c Com ponents which failed to bind to RCAj.

Lane d Com ponents which failed to bind to RCAj and subsequently,
failed to bind to LcH.

Lane e Com ponents which failed to bind to LcH and subsequently  
failed to bind to RCAj.

Lane f InH bound com ponents.

Lane g RCAj bound com ponents.

Lane h Com ponents which failed to bind to RCAj and subsequently 
bound to LcH g

Lane i Components which failed to bind to LcH and sulDsequently 
bound to RCAj,
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FIGURE 13

Glycosylation of cloned FeL V -B /S arm a p ro te in s  exam ined 

by lectin  affinity chrom atography

3
F luorograph of SDS PAGE separa ted  H -leucine labelled com ponents of 

cloned FeLV -B /Sarm a a fte r  fractionation  on LcH and RCAj affin ity  colum ns « 

M onomer concentration w as 10%. M ark er p ro te in s a re  a s  in F igu re  11.

Lane a O rig inal v iru s  p re p a ra tio n .

Lane b 1% DOC soluble com ponents (100, 000 x g supernatan t).

Lane c Com ponents which failed to bind to LcH.

Lane d Components which failed to bind to RCAj,

Lane e Com ponents which failed to bind to RCAj and subsequently
failed to bmd to LcH,

Lane f Com ponents which failed to bind to LcH and subsequently  
failed to bind to RCAj.

Lane g  LcH bound com ponents.

Lane h RCAj bound com ponents.

Lane i Components which failed to bind to RCAj and subsequently  
bound to LcH.

Lane j Com ponents which failed to bind to LcH and subsequently
bound to RCAj,

FIGURE 14

G lycosylation of un cloned FeL V -B /S arm a p ro te in s  exam ined 

by lectin  affinity chrom atography

A s F ig u re  13, except tha t un cloned F eL V -B /S arm a w as u sed .
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approxim ately 74,000, 44,000 and 30,000 daltons. However,unlike the re su lts  

shown in Fig. 13, the FeLV-B virus obtained from this infection of feline 

fibroblasts  contained only one m a jo r  glycoprotein at approxim ately  75,000 

daltons ,

A fluorograph of lectin  fractionated "H-leucine labelled  components of 

F eL V -C /S arm a  produced by FEA cells is shown in Fig . 15. The unbound 

species  w ere  s im ila r  to those seen with FeLV-A and FeLV-B. The lectin 

bound virion glycoproteins w ere  composed of a m ajo r glycoprotein a t 69, 000 

as well as l e s s e r  amounts of glycoproteins at approxim ately  160,000, 145,000,

135.000 and 62,000-65 ,000 daltons.

Fig. 16 shows an analysis of v irus  pi:oduced by feline lyinphoblastoid 

(FL74) cells (FeLV-ABC/KT). Lane b again dem onstra ted  unbound components 

at 74,000, 44,000 and 30,000 daltons, while lanes c to f dem onstrated  a

69.000 Mj. component which bound to both lectins and two l e s s e r  glycoproteins 

of approxim ately 41,000 and 35,000 daltons which w ere  specifically  bound to 

the LcH lectin  but not to the RCAj lectin .

The endogenous feline oncornavirus (eFOlO was also  analysed in this 

com parative study. A line of feline fibroblasts  which spontaneously re le a se  

this v irus (PER) was used. The analysis is shown in Fig. 17. The m ajo r 

glycoprotein of this v irus m igra ted  at approxim ately 85,000 daltons. T rac e s  

of glycoproteins a t  160,000, 145,000, 135,000 and 62,000-65, 000 Mj. w ere  

a lso  observed . All of the glycosylated proteins were bound effectively to both 

lec t in s .  It should be noted that this fibroblast-produced  virus contained 

essen tia lly  no pro te in  a t 74,000 daltons.

4. F u r th e r  com parison of FeLV glycoproteins by SDS po lyacry lam ide gel

e le c trop h o re s is .

The re su lts  a re  shown in Fig. 18. The glycoproteins w ere  all diffuse 

bands, the resolution of which was obscured in som e s t ra in s  by the p resen ce  

of the non-glycosylated 74,000 m olecu lar weight band. However, an es tim ate  

of the mean value for each m ajo r v irion glycoprotein is given in Table 6.

Ill addition, a diffuse band was seen in the FeLV-B/Bos ton-1 p repara t ion  

at 37,000 M^, which may re p re se n t  a m inor v irion glycoprotein. Other bands 

which vary from  s tra in  to s tra in  w ere  observed at 60, 000-65,000 daltons and

34.000 daltons,
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FIGURE 15

Glycosylation of FeL V -C /S arm a p ro te ins  examined by 

lectin affinity chrom atography
3

Fluorograph of SDS PAGE separated  H-leucine labelled components of 

F eL V -C /S arm a  afte r  fractionation on LcH and RCAj affinity colum ns. Monomer 

concentration was 8%. M arker p ro te ins a re  a s  in F igure  11,

Lane a Original v iru s  p re p a ra t io n .

Lane b Components which failed to bind to LcH,

Lane c Components which failed to bind to RCAj.

Lane d Components which failed to bind to RCAj and subsequently
failed to bind to LcH.

Lane e Components which failed to bind to LcH and subsequently 
failed to bind to RCAj.

Lane f LcH bound components.

Lane g RCAj bound components.

Lane h Components which failed to bind to RCAj and subsequently
bound to LcH,

Lane i Components which failed to bind to LcH and subsequently 
bound to RCAj.

FIGURE 16

Glycosylation of F eL V -ABC/KT pro te ins  examined by 

lectin affinity chrom atography

As F igure  15, except Üiat FeLV-ABC/KT was used, and monomer 

concentration of gel was 10%.

Lane a Original v iru s  p rep a ra t io n .

Lane b 1% DOC soluble components (100, 000 x g supernatan t).

Lane c Components which failed to bind to LcH.

Lane d Components which failed to bind to RCAj,

Lane e LcH bound components.

Lane f RCAj bound com ponents ,

Lane g Components which failed to bind to RCAj and subsequently 
bound to LcH.

Lane h Components which failed to bind to LcH and subsequently 
bound to RCAj,
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FIGURE 17

Glycosylation of endogenous felme oncornavirus 

ûns examined by lectin affin ity  chrom atography

3
Fluorograph of SDS PAGE separated H-leucine labelled components 

of endogenous feline oncornavirus a fte r  fractionation on LcH and RCAj affinity 

columns. Monomer concentration was 8%. M arker pro te ins  a r e  a s  in F igure  11.

Lane a Original v iru s  p rep a ra t io n .

Lane b Components which failed to bind to LcH.

Lane c Components which failed to bind to RCAj.

Lane d Components which failed to bind to RCAj and subsequently
failed to bind to LcH.

Lane e Components which failed to bind to LcH and subsequently 
failed to bind to RCAj.

Lane f LcH bound components.

Lane g RCAj bound components.

Lane h Components which failed to bind to RCAj and subsequently
bound to LcH.

Lane i Components which failed to bind to LcH and subsequently 
bound to RCAj.
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FIGURE .18

C om paris on of gp70 of various F eLV s tra in s  on SDS PAGE

3
Proteins of various FeLV s tra in s  (25,000 cpm H -leucine p e r  v irus

3
preparation) and FEA cell cu ltu re  supernatant (10,000 cpm H-leucine) 

w ere  separa ted  on SDS PAGE and visualised  by fluorography. Monomer 

concentration v;as 8%,

Lane a FEA cell culture  supernatan t p ro te in s .

Lane b  FeLV-A/Boston-1.

Lane c FeLV-A/Glasgow-1 (contaminated with unknown 

FeLV-B).

Lane d F eL V -• A/Glasgow-1 (cloned).

Lane e FeLV-B/Boston-1.

Lane f FeL V -B /S arm a (cloned).

Lane g F eL V -C /S arm a .

Lane h F eL V -B /S arm a (uncloned).
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TABLE 6

Com parison on SDS PAGE of apparent m olecu lar weights of gp 70 

of d ifferent FeLV s tra in s

FeLV s tra in Apparent m olecu lar  weight

A/Glasgow-1 (cloned) 80,000 (80,000) » T

AB/Glasgow-1^ 76,000

A/Boston-1 78,000

B /Sarm a 76,000

B /Sarm a (cloned) 74,000 (75,000) ^

B/Boston-l 82,000 (8 2 ,000 )+

C /S a rm a 72,000 (69,000) *

^ contaminated with unknown FeLV-B,

* values reco rded  in Experim ent 2 in p a ren th ese s ,  

+ values reco rded  in C hapter Two in p a ren th ese s .



DISCUSSION

The re su l ts  of the f i r s t  experim ent showed that th e re  w ere  no m ajo r 

differences in the m igration  in SDS PAGE of the low m o lecu la r  polypeptides 

of various FeLV  s t r a in s .  However, the resolution of this system  involving 

gel slic ing  Is re la tive ly  poor and no conclusions could be drawn regard ing  

the high m o lecu lar  weight range (>  40,000 daltons).

F u r th e r  analysis  on s lab  gels confirmed the observation  that p27, p i5 

and p l2/pl0  bands had identical e lec trophore tic  mobility from  different FeLV 

s t ra in s .  In F ig . 10, a p repara t ion  of eFO V /FE R  is included to dem onstra te  

the ability of SDS PAGE to d isc r im ina te  one oncornavirus from another.

Lectin  affinity chrom atography and SDS PAGE dem onstra ted  m arked  

differences in the apparent m olecu lar  weights of the m a jo r  glycoproteins of 

various FeLV  s t ra in s .  The significance of this finding is d iscussed  in Chapter 

Eight. Some p repara t ions  contained very  little  detectable  glycoprotein in the 

expected m o lecu lar  weight range . F rom  fu r th e r  ana lyses , it can be concluded 

that th is  is not a reproducib le  finding fo r a given v irus  subgroup, but is m ore  

likely to be an a r t i fa c t  of v irus  purification o r  s im ply experim ental varia tion . 

Although the effect of purification techniques were analysed in C hapter Two 

and found to be negligible fo r  the two v iruses  tested , it is possib le  that som e 

v irus p repa ra t ions  will have m o re  labile  su rface  g lycoproteins. S im ilar  

re su lts  have been noted for R auscher MuLV by Strand and August (1976), 

However, it was of in te re s t  that in the FeLV-B p rep a ra t io n s  which showed 

no detectable gp75, the  two bands at 160,000 and 145,000 daltons were enhanced. 

These  a re  FEA cell m em brane  glycoproteins (see  C hapter Six). As d iscussed  

in Chapter Two, the p re sen ce  of som e ce llu lar  components in v irus  p repara t ions  

is quantitatively g rea te r  than can be accounted for by p la sm a  m em brane 

exfoliate contam inants. P repara tions  of FeLV-B from  CT45S canine thym.ocytes 

showed a lm ost equal amounts of p lasm a m em brane and v irus  pro te ins  (data 

not shown) but this cell line seem ed to r e le a se  much la r g e r  quantities of such 

m a te r ia l ,  com pared  to the o ther  cell lines used . Minor glycoprotein bands in 

FeLV-ABC/KT at 41,000 and 35,000 a r e  probably no rm al ceil glycoproteins, 

but s ince  no uninfected control is available for FL74 cells ,  this could not be 

verified .
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The p re sen ce  of only one "gp70" band in FeLV-ABC/KT requ ires  

consideration s ince FEA-grown FeLV-A, B and C dem onstra te  such b e te ro -  

geneity of m o lecu lar  weight. T itra tion  of FL74 virus revea ls  that its  specific  

infectivity is 10 to 10"^ tim es that of FeLV-A grown' in FEA cells  ( Ja rre t t  

. , 1975). Of the th ree  components in FL74 cells ,  FeLV-A has the highest 

infectivity t i t r e  (data not shown). Absorption of n eu tra lis ing  a n t is e ra  with 

FL74 cell ex trac ts  revealed  that FeLV-C neu tra lis ing  activity is  removed fa r  

m ore  efficiently than FeLV-A neu tra lis ing  activity (R usse ll ,  1977). Also, 

inoculation of FeLV-ABC/KT into cats ra ised  a n tise ra  which neu tra lised  FeLV-C 

to h igher t i t r e s  than FeLV -A, T hese  re su l ts ,  together with the observation 

that FeLV-C and FL74 virion glycoproteins a re  of s im i la r  apparent m olecu lar  

weight, suggest that the m ajority  of the FL74 virus envelope m a te r ia l  may be 

subgroup C specific . As d iscussed  in Chapter T h ree ,  FL74 (FeLV-ABC/KT) 

virus contains variab le  amounts of an additional component of 80 to 85,000 

m o lecu lar  weight, and a m olecule of s im ila r  m o lecu lar  s ize  is p rec ip ita ted  

from  FL74 cell fractions by cat s e r a  which, neu tra lise  FeLV (see  Chapter 

Seven).

Lectin affinity chrom atography ch arac te r ised  the glycoproteins of various 

FeLV s tra in s  and dem onstra ted  differences in th e ir  m igration  in SDS PAGE. In 

the final experim ent in this Chapter these  observations v/ere confirmed and 

extended to fu r th e r  s tra in s  to a s se s s  the possible  re la tionship  of v irus subgroup 

to glycoprotein m olecu lar weight.

The values recorded  h e re  for FeLV glycoproteins ag ree  well with 

those p reviously  reco rded  (see Table 6) showing that this is a stable  p roperty  

for a v irus s t ra in  grown in a p a r t ic u la r  cell. The varia tion  in m olecu lar 

weight does not re la te  to the subgroup of the v irus: FeLV-B s tra in s  shov/ed a 

wide range of values, from  74,000 to 82,000. However, it is of in te re s t  

to note that FeLV-B/Boston-1, unlike o ther FeLV-B s tra in s  te s ted , shows a 

high degree of c ro s s -n eu tra l isa t io n  with FeLV-A iso la tes  (R ussell,  1977) as 

well as a s im ila r  m olecu lar  weight for the m ajo r glycoprotein. This ra is e s  

the possibility  that the sero type of FeLV s tra in s  may co rre la te  wdth the 

value of the gp70, but m ore  iso la tes  m ust be tested  before  this' conclusion can 

be confirm ed.
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Migration of glycoproteins under SDS PAGE can be anomalous due to 

reduced SDS binding re la tive  to sim ple  proteins and hence values for 

glycoproteins m ust be in te rp re ted  with caution (Weber and Osborn, 1969). 

However, Sefton (1976) has examined this question with glycoproteins of 

various enveloped v iru ses  grown in different cells . His conclusions were 

that the type of su g ar  res idues  added to the glycoprotein varied  from virus to 

v irus grov/n in the sam e ce lls , and varied  in p repara t ions  of a single v irus 

grown in different cells . However, the apparent s ize  of the glycoprotein of 

a p a r t ic u la r  v irus was very s im ila r  even when grown in different cells, 

suggesting that the specific ity  and extent of glycosylation were functions of 

the p r im ary  s t ru c tu re  of the nascen t glycoprotein. He also  made the re levant 

point that although com igration of two unrelated glycoproteins could occur 

fortuitously, an apparen t m olecu lar weight difference does indicate rea l 

d ifferences between two spec ie s .

Attempts to investigate  som e of these  propositions with FeLV w ere  made 

by growing two v iru ses  of d is tinct glycoprotein m olecule weight in the sam e 

cells and by growing a single v irus  in a number of d ifferent cell lines and 

examining the effect on the of the virion glycoproteins. Unfortunately, the 

experim ent was unfruitful due to poor resolution on the gel, but it seem s worth 

repeating , and would probably be e a s ie r  to in te rp re t  if a carbohydrate  label 

was used.

T h ere  is l i t t le  information on m urine leukaem ia and avian leukosis 

v iru ses  to com pare  with the observations d iscussed  h e re .  However, it seem s 

that sm all differences in M .̂ of gp85 between avian leukosis iso la tes  re la te  to 

the sero type ra th e r  than to the subgroup of the v irus  (M. Hayman, pe rsonal 

communication), kïuLV gp70s have been com pared by tryp tic  peptide mapping 

(E lder  et a l . , 1977(>)and it has em erged from these studies that th e re  is a 

"m ulti-gene family" of MuLV glycoproteins, mouse se ru m  glycoproteins and 

differentiation antigens which show different degrees  of re la tedness  in th e ir  

peptide m aps. Intriguingly, recently  isolated v iru ses  from  pre leukaem ic  AKR 

m ice, and the sp leen  focus-form ing v irus in F riend  MuLV p rep a ra t io n s ,  have 

been shown to be env gene combinants by this technique (E ld er  et a l , , 1977a; 

T ro x le r  et a l . , 1977). A com parison  of the tryp tic  peptide digests of FeLV 

glycoproteins which should give m ore  information rega rd ing  the re la tedness  of 

v irion glycoproteins than m olecu lar  s ize  can, is in p ro g r e s s .
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An in te res t ing  exploitation of the apparent m o lecu lar  s ize  d ifferences 

recorded  h e re  would be in the study of phenotypic mixing in FeLV s t ra in s .

This is probably of biological significance for FeLV  since  FeLV-B may be 

defective for contact t ran sm iss io n  between cats unless in a phenotypic m ixture  

with FeLV-A (O. Ja r re t t ,  pe rsona l communication). Coprecipitation with 

subgroup specific  an tis e ra  of the two distinguishable glycoproteins by v irtue  

of th e ir  express ion  on the sam e virion could be used to quantitate the envelope 

"m osaic"  p a r t ic le s  which a re  thought to ex ist in these  phenotypic m ixtures 

(Vogt, 1967).
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CHAPTER FIVE

PURIFICATION OF FeLV PROTEINS AND PROPERTIES OF 

ANTISERA TO FeLV
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INTRODUCTION

T here  a re  a num ber of reasons  for wishing to r a i s e  an tis e ra  to 

purified v ira l  antigens. F ir s t ly ,  these  a n tise ra  can be used to detect antigen 

express ion  in the t is sues  of infected anim als and norm al anim als in the case  

of RNA tum our v i ru se s .  The a n tise ra  may also be employed to examine the 

ce llu lar  location and the in trace l lu la r  synthesis  and p ro cess in g  of virus 

polypeptides.

Thus, m urine  leukaem ia v irus pro teins have been shown to be expressed  

in m ouse t is su es  in the absence of whole v irus  production (Aaronson and 

Stephenson, 1976). A s im i la r  situation exists in the chicken. Although all 

chicken cells  were  dem onstra ted  to contain genetic information re la ted  to 

RAV-(O) (Varm us et a l . , 1972), som e chick em bryonic fib rob las t cultures 

express  the v ira l  glycoprotein (gp85) in the absence of whole v irus production 

(Hanafusa et a l . , 1973). Using radioim m unoassay with specific  a n tise ra ,  

one line (line 6) has been shown to express  v ira l  p ro te ins  p27 and pl9, but not p i5 

(Smith et a l . , 1976). This is thought to re f lec t  an incomplete pro  virus in these  

c e l l s ,

The use  of specific  a n t is e ra  to v irion pol^qjeptides in immune precip ita tion  

has revealed  that the p ro te ins of RNA tum our v iruses  a r e  f i r s t  synthesised as 

covalently linked polyproteins and then cleaved to yield the p ro cessed  virion 

pro te ins  (Vogt and Eisenman, 1973; Van Zaane et a l . , 1975; A rcem ent et a l . , 

1976; Okas inski and V elicer, 1976; Fam ulari  et a l . , 1976.

A fea tu re  which has em erged  from the study of purified  oncornavirus 

antigens is that individual m olecules , notably gp70 and p30, reveal multiple 

antigenic determ inants  (Strand and August, 1974; 1975) which can be exploited 

to a s s e s s  re la tedness  between RNA tum our v i ru se s .
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PURIFICATION OF FeLV PROTEINS

1. Guanidine hydrochloride gel f i l tra tion

This technique can be used for polypeptide m olecu lar  weight estim ation, 

s ince in the p resence  of 6M guanidine hydrochloride (GuHCl) and reducing 

agents, many pro te ins  behave as randomly coiled chains (F ish  et a l . , 1969; 

Mann and F ish , 1972.). As such it has been applied to RNA tum our v iruses  

(F le is sn e r ,  1971; No win ski et a l . , 1972). However, it can also be used 

p repara t ive ly  (Green and Boiognesi, 1974) since GuHCl dénaturation is often 

rev e rs ib le  on rem oval of the sa lt .

Pharm acia  columns (K16/100 o r  K15/90) were filled with Sepharose 6B 

o r  CL 6B in 6M GuHCl, 0 .02M  sodium phosphate buffer pH 6. 8. After the 

gel had settled , columns væxe  run at a flow ra te  of 1. 5 m l /h r  for Sepharose 

6B o r  5 m l /h r  for Sepharose CL 6B for two days before use  for protein  

separa tion . Also, the buffer was made O.OIM with dithiothreitol (DTT) and 

run for 24 hours  before use,

2. Separation of F eL V -ABC/KT proteins on 6M GuHCl gel fil tra tion  columns

FeLV-ABC/KT was harvested  from FL74 cells by collecting culture

fluid two days a f te r  subculture  of cells , which was then clarified  and s to red

at -70°C. Such fluids contained up to 5 mg p e r  l i t r e  of v ira l  p ro te in . Between

5 and 20 m g of su c ro se  gradient purified FL74 virus was mixed with purified 
Q 5 6
’■^H-leucine“labelled t r a c e r  virus (10 to 10 cpm). The virus sam ple, in 

sodium phosphate buffer (0.02M, pH 6.8) was made 8M v/ith guanidine hydro­

chloride, to 2% (w/v) j3 - m ercaptoethanol, to 0 .01M with dithiothreitol (DTT), 

and was adjusted to a final volume of 1ml. The sam ple was held at 37^C 

overnight, and boiled for th ree  minutes before applying to the column. 

F rac tions  of 1ml w ere collected and pro tein-containing frac tions w ere  detected 

by scintilla tion counting of 50 pi aliquots from  each sam ple .

A separa tion  of FeLV-ABC/KT on a Sepharose CL 6B column is shown 

in Fig. 19a. This profile  was compared to the SDS PAGE method by pooling 

peak sam ples A, B, C and D, dialysing them against dilute buffer (T ris -H C l 

pH 6. 8, 0,001 M, 2% /I-m ercaptoethanol), concentrating with Carbowax, 

and e lec trophoresing  aliquots on polyacrylam ide gels (Laem m li) . This is 

shown in Fig. 19b. This separa tion  was in fe rio r  to subsequent runs using
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FIGURE 19

Com parison of 6M GuHCl gel f il tra tion  and SDS PAGE 

separa tion  of FeLV pro te ins

F igure  19a shows separa tion  of 10 mg of FeLV-ABC/KT pro teins 
5 3(c.lO cpm H-leucine) on a Sepharose CL6B, 0.01 M. DTT 

and 0 .02M  sodium phosphate pH 6, 8. Protein-contain ing 

fractions w ere  detected by scintilla tion counting of 50 pi 

s am p le s .

F igu re  19b shov/s the analysis  of pooled and concentrated fractions

from  F ig . 19a on SDS PAGE. The sam ples  w ere separa ted  

on an 11% gel, and pro te ins w ere  v isualised  by Coom assie 

blue staining. V denotes whole v irus (50 pg and 25 pg of 

FeLV-ABC/KT pro te in ). A, B, C and D correspond  to the 

four peak fractions in Fig. 19a,
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Sepharose 6B columns which had a m ore  suitable elution profile  (F ig , 20a).

Low m olecu la r  weight polypeptides plO and pl2 v/ere not reso lved , however, 

and only p27 and pl5 could be obtained in a sufficiently homogenous s ta te  for 

im m unisation. F rac tions  containing p27 and p i5 w ere  concentrated  and 

recycled  on Sepharose 6B (F ig . 20b and 20c) before  final dialysis  into 0 .02  M 

sodium phosphate buffer pH 6, 8 and reconcen tra tion  to a suitable volume for 

rabbit inoculation.

E lectophoretic  analysis of the "void volume” frac tion  from  another 

separa tion  is shown in F ig . 21. This consisted of high m o lecu lar  weight 

m a te r ia l  with a t r a c e  of p27. This is d iscussed  in re la tion  to the possib le  

existence of a FeLV pl5(E) in Chapter Eight,

3. G lycoprotein p u r i fication fo r  immunisation

GuHCl gel f il tra tion  yielded gp70 fractions of insufficient purity for 

im m unisation. The purif ication  reg im e chosen for th is  purpose  involved 

lectin  affinity chrom atography (with ric in  RCA% lectin; see  C hapter Six) 

followed by m o lecu lar  s ize  separa tion  on SDS polyacry lam ide gels.

Two l i t r e s  of cu lture  fluid ha rvested  from  cells  infected with both 

FeLV -A/Glasgow -1 and F eL V -C /S arm a  w ere concentrated  by ammonium 

sulphate p recip ita tion  and su c ro se  density  gradient centrifugation to yield 

1.5 mg and 1.4 mg of v irus pro te ins  respec tive ly . T hese  sam ples  w ere 

d issolved in 1% DOC and frac tions  binding to RCA^ lectin  w ere collected and 

lyophilised as described  in Chapter Six. These frac tions  were solubilised and 

e lec trophoresed  on SDS polyacry lam ide gels (Laem m li) which w ere  cas t  using 

a mould which produced a single sam ple application well 80 m il l im e tre s  long. 

A fter e lec tro p h o res is  a sam ple  s t r ip  ( ^  2 mm) was cut along each gel and 

stained with C oom assie  blue R. Staining m a te r ia l  in the region of 80,000 

daltons for FeLV -A  and 69,000 dallons for FeLV-C was located and aligned 

with the unstained glycoprotein bands. These w ere  minced with fine s c is s o r s  

and liquefied by extrusion  through a  syringe  before  p rep a r in g  fo r  immunisation,
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FIGURE 20

Purifi cation of FeLV  p27 and pl5 by gel filtra tio n  i n 6M GuHCl

F igure  20a shows a separa tion  of FeLV-*ABC/KT (20 rag v irus  protein) on 

a Sepharose 6B column (95 x 1.6 cm). The buffer contained 

6M guanidine hydrochloride, O.OIM dith lothreito l and 0.02M  

sodium phosphate pH 6. 8, P ro tein-containing frac tions  were

detected by scin tilla tion  counting of 50 pi sam ples of the frac tions , 

s ince  H 

sam ple .

3
s ince  H -leucine labelled t r a c e r  v irus was added to the v irus

F igure  20b and 20c show separa tion  of the p27 and pl5 peaks a f te r  d ia lysis  

and concentration. T hese  recycled  p repa ra t ions  w ere  used fo r  

im m unisation of rab b its .
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FIGURE 21

Analysis of ’void volume* fraction of FeLV on 6M GuHCl gel filtration

Pooled, dialysed and concentrated fractions from the 6M GuHCl- 

Sepharose CL 6B column (see  Fig. 19) w ere  analysed on an 11% acry lam ide  

gel. Proteins were visualised by s tain ing with C oom assie  blue. "Void" 

and "gp" re f e r  to the void volume and gp70-containing peaks from the 

column respec tive ly . The standard  protein  m ark e rs  were phosphorylase 

a (94,000), bovine serum  albumin (68,000), ovalbumin (43,000) and 

chymotrypsinogen (25,700).



IMMUNISATION OF RABBITS WITH FeLV PROTEINS '

Protein sam ples  in buffer (p27, p i5) o r  bu ffe r /ac ry ]am id e  suspensions 

( gp70 FeLV-A, FeLV-C) w ere added to an equal volume of F reu n d ’s 

Complete Adjuvant (Miles L abora to ries  Ltd) and mixed until a s tab le  suspension 

form ed. Half of each inoculum was adm in is tered  in a p r im a ry  im m unisation, 

with a "booster"  injection given 28 days la te r .  At inoculation, half of the 

m a te r ia l  (usually  ^ 0 . 5  ml) was injected in tram u scu la r ly  into each hind leg 

of the an im al. E s tim a tes  of the total p ro te in  adm ins te red  at each inoculation 

w ere  made by com paring  the res idua l content of radioisotope to the orig inal 

v irus  sam ple  on which a pro te in  estim ation  had also  been m ade. Thus, each 

rabbit rece ived  100 (jg p27, 50 pg pl5 o r  50 pg gp70 at each inoculation. The 

rabbits  were young adults , e i th e r  New Zealand White (A662, A656) o r  Dutch 

black and white (A701, A626, gpA, gpC). They w ere  bled for an tise rum  from  

the e a r  vein, a t 7 and 14 days a f te r  the booster inoculation.



PROPERTIES OF ANTISERA TO FeLV PROTEINS 

L Ouchterlony gel diffusion

Rabbit a n t is e ra  to FeLV p27 and pl5 gave s tro n g  p rec ip it in  lines in 

Ouchterlony gel diffusion te s t s ,  which w ere done in Hyland p a tte rn  - C 

iniraunodiffusion p la tes  (T ravenol L abo ra to ries  Ltd). F igure  VL sKowa the  

reac tion  of an anti-p27 se ru m  (A701) and an anti-pl5 se ru m  (A626) with 

purified FeLV-ABC/KT (50 pg /m l protein) Vv̂ hich was d is rup ted  with 0 .5%

NP40 in PBS. Tlie two an tis e ra  showed no detectable c ro s s - r e a c t iv i ty .  The 

p la te  shown in Fig. 22 was photographed 24 hours a f te r  adding the reagen ts ,  

when only one p rec ip it in  line was seen betrween the v irus  well and each a n t i ­

se ru m  well. F u r th e r  Incubation (to 5 days) reso lved  the plo - FeLV p rec ip ita te  

into two closely  apposed lines .

The two an ti-F eL V  glycoprotein s e r a  showed no reactiv i ty  in this te s t .

2. Im m unoprécipita tion and SDS-polyacrylamide gel e le c t ro p h o re s is .

2a. FeLV-A/Glasgow-1. FEA cells infected v/ith FeLV-A/Glasgow-1
3

w ere  radiolabelled  with PI-leucine at 10 pC i/m l for 24 h o u rs .  The culture  

fluid was ha rvested  and c lar if ied  and v irus  was purif ied  by su c ro se  density 

gradient centrifugation as described . The purified v iru s  was solubilised with

0. 5% NP40 and 0. 5% DOC in TS buffer. Aliquots containing 5 x 10^ cpm of ^H 

leucine w ere reac ted  with 20 pi volumes of various a n t is e ra  as detailed in 

Table 7. The total reac tion  volume was one m il l i l i t re .  A fter overnight 

incubation at 4^C, the immune complexes were collected by incubation fo r  a 

fu r th e r  hour with 50 pi of fixed Staphylococcus aureus  suspension . The b ac te r ia  

w ere  washed th ree  tim es with cold TS buffer before  rem oving  and d issocia ting  

the antigen-antibody complexes by addition of e lec tro p h o res is  sam ple  buffer 

(Laem m li). E lec trophores is  v/as pe rfo rm ed  as described , on a 10% poly­

ac ry lam ide  gel.

The re su lts  a r e  shown in F ig . 23, The control frac tion  with no se ru m  

(lane K) shov/ed c lea r  p rec ip ita tion  of FeLV p27, and som e t r a c e s  of o ther 

p ro te ins  seen in purified  v irus  (lane F). Also, the specific  pathogen f ree  cat 

serum  showed p rec ip ita tion  of a num ber of the reso lved  virion pro te ins  with the 

possib le  exception of pl5. The a n t i -p 27 (lane G) and a n t i -p i5 (lane E) s e r a  gave 

greatly  enhanced yield of th e ir  homologous antigens when com pared to the o ther 

an tis e ra .  Two cat s e r a  (lanes H and I) were used in experim ents  described  in
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FIGURE 22

Reactivities of a n t is e ra  to FeLV-AI3C/KT pro te ins  in immunodiffusion

A ntisera  to p27 (A 701) and pl5 (A 626) from FeLV-ABC/KT were 

tested  against purified , de te rgen t-d isrup ted  FeLV-ABC/KT. 5 pi of 

an tise rum  was applied to each well. The plate v/as incubated at 4^C for 

24 h rs  before this photograph was taken.



TABLE 7

S era  used  fo r im m une p rec ip ita tion  stud ies with purified  FeLV.

Serum Species R eactiv ity /specif ic ity

A 701 Rabbit Raised to 6M GuHCl purified FeLV p27.

A 656 Rabbit; Raised to 6M GuHCl purified FeLV p27.

A 626 Rabbit Raised to 6M GuHCl purified FeLV  pl5.

A 662 Rabbit Raised to 6M GuHCl purified FeLV  pl5.

gpA Rabbit Raised to SDS PAGE purified FeLV-A gp70.

gpC Rabbit Raised to SDS PAGE purified  FeLV-C gp70.

a-BNS Rabbit Raised to whole bovine se ru m .

a-FEA Rabbit Raised to whole feline embryo ceils  (FEA).
831 Cnt Normal cat
SPF Cat N orm al cat. Specific pa thogen-free .

Q71 Cat N eu tra lises  FeLV ( t i t re s  : 1/64 F eL V -A . 1/16 FeLV -C), 
Infected by contact with FeL V -excre ting  cat. Immune,

854 Cat N eu tra l ise s  FeLV (FeLV-A and C; not t i tra ted ).  
Vaccinated with live FL74 ce lls .  Challenged with 
FeLV -A . Immune.

CIO Cat V iraem ic  with FeLV-A. Indirect m em brane  im m uno­
fluorescence  t i t r e  1/256. Experim enta l infection.

V115 Cat H istory unknown. No FeLV neu tra lis ing  activity. 
Ind irec t m em brane  im m unofluorescence t i t r e  1/128,

a-gp70 Goat Raised to purified FeLV gp70. The gift of Dr, M, Strand, 
A lbert Einstein Institute, New York.
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FIGURE 23

Reactivities of an tise ra  to FeLV-A/Glasgow-T p ro te ins analysed 

by immune precip ita tion  and SDS PAGE

Immune p rec ip ita tes  from FeLV-A/Glasgow-1 which bound to fixed

S. aureus  cells  were  analysed on a 10% acry lam ide  gel. Proteins, which were
3

labelled witli H leucine were visualised by fluorography. Details of an t ise ra  

a re  lis ted  in Table 7.

Lane A SPF serum  prec ip ita te .

Lane B 854 se ru m  p rec ip ita te .

Lane C 071 serum  p rec ip ita te .

Lane D Goat anti gp70 serum  p rec ip i ta te .

Lane E A 626 serum  p rec ip ita te .

Lane F Control v irus (25,000 cpm FcLV -A/Glasgow -1), 

Lane G A 701 serum  prec ip ita te .

Lane H CIO serum  prec ip ita te .

Lane I V115 serum  prec ip ita te .

Lane J gpA serum  prec ip ita te .
Lane K No an tise rum . Bacteria only.
Lane L gpC scrum  prec ip ita te .



Chapter Seven to identify the feline o n co rn av iru s-asso c ia ted  cell m em brane  

antigen showed even ie ss  p rec ip ita ted  m a te r ia l  than "negative" control s e r a .

Two cat s e r a  v/hich had neu tra lis ing  activity for FeLV showed p rec ip ita tion  

of an additional band at 75,000 - 80,000 which is p re sum ab ly  the FeLV 

gp70. However, this band a lm ost com igrated with the non-glycosylated

74,000 spec ies  which is described  in Chapter F our . F o r  this reason , it 

was not c lea r  w hether the goat an ti-F eL V  gp70 se ru m  (lane D) also  p rec ip ita ted  

th is  sp ec ie s .  In addition, the apparently  specific  p rec ip ita tion  of a m olecule 

of app rox im ate ly  . 50,000 daltons in lanes B, C and D may have been m asked 

in o the r  sam ples  by the p re sen c e  of, a considerable  excess of IgG heavy/ chain 

which is of lowey m olecu lar  weight in the rabb it s e r a  than in the cat s e r a .

T h ere  was no c leà r  difference betv/een the serum  p rec ip ita tes  from  the 

rabbits  which had been inoculated with FeLV-A gp70 (lane J) and FeL V -C  

gp70 (lane L). However, ne ither  showed prec ip ita tion  of the band which was 

tentatively identified as gp70 from  its appearance in lanes B and C.

2b. FeLV-ABC/KT (FL74). This immune p rec ip ita tion  experim ent was 

c a r r ie d  out exactly as before , except that fifty/ micro,grams of purified bovine 

se ru m  albumin (Sigma) was added to each reaction  m ix tu re  in an a ttem pt to 

p revent the a r te fac tua l prec ip ita tion  seen  in the f i r s t  experim ent. Also, a 

rabbit an tise rum  to no rm al bovine se ru m  was included to d iscover whether the 

p re sen ce  of la rg e  anti gen - a ntibody complexes enhanced th ese  a r te fa c ts .  Each
5 o

reaction  m ix tu re  contained 10 cpm of H-leucine labelled FeLV-ABC/KT.

Fig . 24 shows the immune p rec ip ita tes  sep a ra ted  on a 12% polyacrylam ide 

gel. Again, the rabbit anti-p27 s e ra  (A701 lane j'; A656 lane h.) and anti-p l5  

s e r a  (A626, lane g A662, lane p recip ita ted  la rg e  quantities of th e ir  hom o­

logous antigens. However, the sam e p a tte rn  of p rec ip ita tion  of o ther m olecules 

( /x/^SO, 000, 70 ,0 0 0 ,/v  40-50, 000 and 17,000 daltons) as with control s e r a

(lanes b and c) was seen .T he  rabb it anti-bovine se ru m  showed only a very faint 

background of these  molecules ( lan e 'd ) .  The cat s e r a  with FeLV neu tra lis ing  

activity  (lanes hi and T) showed additional p rec ip ita ted  baa ids at 130,000, 82,000

and 17,000 daltons. Hov/ever, the cont3:ol cat se ru m  (lane f ) also showed these  ■ 

bands. The band at-W/ 24, 000 daltons visible in lanes b, tf, e and f  was probairly 

FeLV  p27 whose m igration  was affected by the p re sen c e  of immunoglobulin light; 

chain (m olecu lar  weight -25,000) on the gel. The p resum ed  p27 band in lane B 

could be seen to "ta il"  up to the v ira l  p27 band in lane â ,

5 8
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FIGURE 24

Reactivities of an tise ra  to FeLV-ABC/KT pro te ins  analysed by 

immune prec ip ita tion  and SDS PAGE

Immune p rec ip ita tes  from  FeLV-ABC/KT which bound to fixed S. aureus 

cells w ere  analysed on a 12% polyacrylam ide gel. P ro teins, which w ere
3

labelled with ' K leucine, w ere  v isualised  by fluorography. Details of 

an t ise ra  a re  given in Table 7.

Lane a Control v irus (50,000 cpm FeLV-ABC/KT) 

Lane b Anti FEA serum  p rec ip ita te .

Lane c Anti BNS serum  p rec ip ita te .

Lane d 854 serum  p rec ip ita te .

Lane e 831 serum  p rec ip ita te .

Lane f Q71 serum  p rec ip ita te .

Lane g A 626 serum  p rec ip ita te .

Lane h A 656 serum  prec ip ita te .

Lane i A 662, sc rum  p rec ip ita te .

I.ane j A 701 scrum  p rec ip ita te .



2c. Whole cell e x trac t .  The reac tiv i t ies  of the a n t is e ra  to p27 and p i5 

w ere  tested  against de tergen t ly sa tes  of FL74 ce lls .  The experim ental 

p ro ced u res  and re su lts  a r e  p resen ted  and d iscussed  in C hapter Seven. Briefly, 

the an tise ra  p rec ip ita ted  th e i r  homologous antigens and a s e r ie s  of h igher 

m o lecu lar  bands which a re  p resum ably  gag-p re c u r s o r  polypeptides. Minor 

bands unique to each se rum  w ere  a lso  seen .
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DISCUSSION

The guanidine hydrochloride gel fil tration technique proved to be very 

useful for separa ting  the low m olecu lar  weight FeLV p ro te in s ,  p27 and pl5.

The correspondence of the GuHCl elution o rd e r  and m igration  o rd e r  on SDS 

polyacry lam ide gels was as reported  by o ther w orkers  (Green et a l . , 1973;

Green and Bolognesi, 1974; Graves and V elicer, 1974). However, plO and 

pl2 were not reso lved  in this study. Graves and V elicer (1974) repo rted  that 

FeLV pl2 had a m olecu lar  weight of 11,000 estim ated  by the GuHCl technique, 

and could be reso lved  from plO on 8% agarose  gel columns (Bio-gel 1. 5M). Tlie 

agarose  content of Sepharose 6B used in this work was 6%, However, even with 

8% ag aro se  gels, it v/ould not be expected that plO and pl2 could be obtained 

en tire ly  f ree  from  c ross-con tam ina tion . In Graves and V e lice r 's  study, plO 

did not successfu lly  im m unise rabb its  as detected by immunodiffusion te s t s .

Thus, th e ir  an ti-p l2  se ru m  may have appeared to be monospecific due to the 

low immunogenicity of plO and the insensitivity of the immunodiffusion te s t .

The gp70 fraction from  the ag aro se  column was heavily contaminated with 

o ther components. In view of recen t  data (Jamjoom et a l . , 1975; Okas inski and 

V elicer, 1976) this fraction might have been expected to contain gag-p re c u r s o r  

m olecules in addition to norm al cell p ro te in s . Thus, any an tise rum  ra ised  to 

this fraction would have multiple re ac tiv i t ie s .  Also, rena tu ra tion  from 6M 

guanidine hydrochloride might be le ss  efficient for the glycoproteins v/hich have 

sugar s ide-cha ins  which may p reven t c o rrec t  refolding of the peptide backbone. 

Regaining native conformation would also be less  likely if this is dependent on 

a num ber of disulphide c ro ss - l in k s ,  which a re  reduced by the p resen ce  of 

dithlothreitol in the column buffer. R auscher MuLV gp70 has an estim ated  19 

cysteine amino acids, suggesting a la rg e  number of such c ro ss - l in k s  (Marquadt 

et aL , 1977). The method used to purify gp70 in this study was c lea rly  not 

suitable s ince immunogenicity appeared to be lost in the p ro c e ss .  The rabbit 

a n t ise ra  to SDS-PAGE purif ied  FeLV-A and FeLV-C gp70 did not neu tra lise  

the v irus (F .H . R usse ll,  pe rsonal communication) and did not appear to 

p rec ip ita te  gp70. Again, SDS-dénaturation and reduction of disulphide bonds 

may have been i r r e v e rs ib le .  Denatured proteins have been found to be much 

le s s ,  if a t all, immunogenic (Crumpton, 1973). A suggested explanation is the 

high s treng th  of binding needed to induce B-cell d ifferentiation and the "m olecu lar 

r ig idity" which this re q u ire s .  Suitable purification reg im es  for plO, pl2 and

6 0



gp70 a re  d iscussed  la te r .

Results  p re sen ted  in F igs . 23 and 24 failed to reso lve  the question 

ra ised  in C hapters  Two and Four, as to whether the non-lectin-b inding  virion 

components of 44,000 and 74,000 daltons a re  trapped cell p ro te ins  o r  v i r u s - 

coded m olecules  such as g a ^ -p re c u r s o r s , The p rob lem  encountered h e re  

was the non-specif ic  trapping  of pro te ins  of these  m o lecu lar  weights in 

p rec ip i ta tes  from v iru s  ly sa tes  incubated with control s e r a .  FeLV p27 also 

appeared , in vary ing  amounts, in every  prec ip ita te ,  suggesting non-specific  

trapping . However, tlie binding of this antigen to its homologous a n t ise ra  did 

give much g re a te r  yields of p27 in the immune p re c ip i ta te s .  Other w orkers  

have encountered s im i la r  difficulties in purifying RNA tum our v irus  p ro te ins 

and estab lish ing  the specific ity  of a n t is e ra  to them . Eisenm an and Vogt (1978) 

have recen tly  s tated : "Oncoviruses a re  notorious fo r th e ir  ability to re ta in  host

cell nucleic acids and pro te ins  as c o n ta m in a n ts   In addition, it appears

that the detergent lys is  and incubation conditions (usually  non-ionic detergent, 

37^0) often used in immune prec ip ita tion  experim ents , may favour the po ly­

m erisa t io n  and CO-precipitation of o ther host cell p ro te ins  such as actin and a 

polj/peptide that co -m ig ra te s  with m yosin". Fu ture  modifications which would 

help reduce  this "background" precip ita tion  might be : (1) Short incubation 

t im es  for immune prec ip ita tion  e. g. 15 minutes at O^C. This might reduce 

sensitiv ity  but should im prove the apparent specific ity . (2) M inimising the 

amount of an tise rum  added e. g. 1-2 pi instead of 20 pi. (3) Addition of a 

la rg e  excess  of unlabelled d isrupted  cell pro te in , although if not coupled with 

low te m p e ra tu re s  and sho rt  incubation it is possib le  that this could aggravate  

the p ro b lem s . Also, any antigen which c ro s s - r e a c te d  with norm al cell p ro te ins , 

which could include endogenous oncornavirus p roducts , might be undetected.

If these  modifications s t i l l  do not allow the identification of the 44,000 and

74,000 dalton p ro te in s ,  then analysis of tryp tic  peptide digests would seem  to 

be the method of choice.
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CHAPTER SIX

GLYCOPROTEINS OF FeLV-INFECTED CELL MEMBRANES
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INTRODUCTION

Interac tions  betrween cell su rfaces  seem  to be of p r im e  im portance in 

ce ll  recognition and differentia tion. Tlie m ajor histocompatibilitry gene 

complex, for instance , is  c ruc ially  involved in m ost, if not all, cell-m ediated  

immune functions (Bodmer, 1972). H istocompatibility gene products have 

been ch arac te r ised  as  tran sm em b ran e  glycoproteins (Walsh and Crumpton, 

1977). Recently, i t  has been suggested that non-glycosylated m em brane 

pro te ins  a re  exposed only on the inner surface, and that a ll m em brane c a rb o ­

hydrate is  associated  with the ex ternal surface, w hether complexed to lipid 

o r  protein  (Rothman and Lenard, 1977). This has been found to be true of 

v iru s  glycoproteins as  well a s  n o rm a l cell antigens.

The aim  of th is  work was to examine the effect of FeLV infection on the 

composition of host cell m em branes , with p a r t icu la r  re fe re n ce  to the g lyco­

p ro te in s .  The study involved no immunological selection, and v/as intended 

to be followed by immunoprécipitation s tud ies . Thus, only g ro ss  changes in 

m em brane composition w ere  m easured , selecting glycoprotein frac tions  by 

affinity chrom atography with immobilised plant lec t in s .
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MATERIALS AND METHODS

C ells .

FEA, FL74 and CT45S ce lls  w ere  grown as  described  in Chapter One.

When the f ib rob las ts  had reached about 70%. confluence, the medium was 

removed and rep laced  witli 5 ml of f resh  medium containing leucine a t 10%
3

of its  n o rm a l level, 10% FBS, and a total of 5 mCi of H -leucine for 24 h o u rs .  

Usually, a total of 10 pla tes  (9 cm) was used for each experim en t.  Suspension
3

cu ltu res  v/ere labelled in complete medium at 25 pCi H leucine p e r  ml of 

medium (total of 5 mCi) for 24 h o u rs .

M em brane p repara t ion

Medium was poured from  the p la tes  and cells  w ere  washed twice witli

cold PBS before ha rvesting  by scrap ing  into cold PBS. Suspension cu ltu res

w ere  washed in a s im ila r  m anner and w ere  harvested  by low speed centrifugation
-3(1000 X g, 5 mill). The pe lle ts  w ere  resuspended in 10 M Z 11CI2  and s t i r re d  

at room  tem p e ra tu re  fo r 10 m inutes . Tlie cells  w ere  disrupted  by equilibration 

for 10 minutes at 800 psi in a cold nitrogen p re s su re  hom ogeniser (Atizan) 

followed by a sudden re tu rn  of the cell suspension to a tm ospheric  p re s s u re .

Large m em brane fragm ents  and nuclei w ere  pelleted at 2, 500 x g fo r 10 min 

at 4*^C. The pelle t was resuspended in the chilled aqueous two phase polym er 

system  (polyethylene glycol 6000 - dextran T-500) d esc ribed  by Brunette and 

T i l l  (1971). Phase separa tion  was achieved by centrifugation at 2500 - 4000 x g 

for 20 min a t 4°C in a swinging bucket ro to r  (Beckman JS-13). Nuclei and some 

of the m ore  dense m em branes  pelleted while the le ss  dense m em branes  floated 

to the in te rface  between tlie two phases . The tv/o phases  (including the in te rface) 

w ere  rem ixed  and re  centrifuged twice to rem ove any nuclei o r  m ore  dense 

m em branes  trapped a t the in te rface .  The in te rface  band was removed and 

diluted 5 - 1 0  fold witli cold H^O and pelleted at 10, 000 x g for 10 m in . The 

pelle t of "plasm a m em branes"  was resuspended in 5 m l of 2% sodium deoxycholate 

(DOC) and frozen at -70^0 .

Affinity Chrom atography

Plant lectins  w ere  Isolated and covalently attached to cyanogen brom ide 

activated Sepharose 4B as  described  by Hayman and Crumpton (1972). The 

lectins w ere  from  Lens cu ljnaris  (L-cH) specific for tt - D -m annopyranosyl-like
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carbohydra te  r e s id u es ,  and from Ricin us comm mils (RCAj), speci f ic  for  

E -D -ga lac topyranosy l - l ike  r e s id u e s .  Lectin densi ty was  1 mg/ml of 

Sepharose 413.

The 2 % h)OC”p'jasma m e m brane  suspension was thawed,  diluted with 

an equal volume of cold H,^0, and then sonicated for 30 seconds with a 

Branson Microtip Sonicator ,  power set t ing  4. The solution was  then 

centr ifuged at  100, GOO x g for 1 hour at 4 C and the re su l t ing  supernatant ,  

containing the "soluble"  p la sm a m e m b ran e  components was applied to the 

appropr ia te  affinity column (25 ml of sett led beads in a 2 .5  cm d ia m e te r  

column).  The sample  was eluted f rom the column until the absorbance  at 

280 nm of the eluate r e tu rned  to base  line. The siiecif ically bound g lyco­

p ro te ins  were  then eluted with 0.3M - m e thy l -D -m annose  (LcH) or  Ü.3M 

D -ga lac tose  (RCA) in 1% DOC. The specif ical ly eluted peaks  w ere  then 

dialyzed overnight  at 4'^C against  at le as t  20 volumes  of 1% DOC, All sam ples  

w ere  frozen  at -2d/^C and then lyophil ized.  The d ry  re s idue  was ex tracted 

witii absolute ethanol at -20*^0 for  at le as t  24 hou rs .  The p rec ip i ta ted  pro te ins  

w ere  pel leted at  14,000 x g fo r  20 min and washed once with cold absolute 

ethanol .  The  final pel let  was  fully dried under vacuum before  d issolving 

in the sample  buffer  fo r  SDS po lyacry lamide slab gel e l e c t ro p h o re s i s .  Af ter  

chromatography of each sample  the columns were  washed with about 2 volumes 

of H^O and then with 1 volume of 80% satura ted  ammonium sulphate.  

Immediately  p r io r  to each new chromatograph ic  run the column was  washed 

with 2 volumes  of I-hjO, followed by approx imate ly  1,5 volumes  of 1% DOC 

before applicat ion of the sample .

6 5



RESULTS

Fig. 25 shows a SDS PAGE analysis of the lectin  affinity fractionated 

components of uninfected FEA fib rob las ts .  The glycoproteins at 180,000,

160.000 and 145,000 bind well to both LcH and RCAp those at 83,000,

74.000 and 50,000 appear to bind p re fe ren tia lly  to the LcH lectin . D irect 

com parison of p lasm a m em brane  components of uninfected and F eL V -A / 

Glasgow-1 infected FEA cells (F ig . 26) revealed  essen tia l ly  no differences 

between the p ro te ins  and glycoproteins of the norm al and infected cells , with 

the possib le  exception of an approxim ately  tv/o fold in c re ase  (on infection) of the

83.000 dalton component, which binds only to LcH, and the a lm ost im percep tib le  

appearance  of a new glycoprotein at 80,000 M^, which binds well to both lec t ins .

In co n tra s t  to the FEA ce lls ,  FL74 cells (F ig . 27) showed an abundance 

of m a te r ia l  of the sam e m olecu lar  weight and binding specific ity  as  the v ira l  

glycoprotein (see  C hapter Four) ( i . e .  69,000 M-) binding equally well to both 

LcH and RCAf. In addition bands w ere  visib le  at 71,000, 41,000, 35,000 and

30.000 Mr which bound pre fe ren tia lly  to LcH. Other glycoproteins which bound 

to both lectins  w ere  observed  at 210,000 and 180,000 M^.

No non-infected control cell is available for FL74 ce lls ,  s ince this line, 

and o thers  like it, have been established from FeL V -positive  cases  of feline 

leukaem ia. However, examination of lymphoid cells from  another spec ie s ,  

CT45S canine thymocytes (F ig . 28), showed a s tr ik ingly  s im i la r  glycoprotein 

p a tte rn  to FL74 ce lls .  G lycoproteins which bound to both LcH and RCA% w ere  

observed  a t 94,000, 41,000 and 30,000 to 35,000 M^. When CT45S cells were 

infected with FeLV-B, no detectable  difference was observed  in the glycoprotein 

pa tte rn .
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FIGURE 25

Glycoproteins of FEA cell m em branes  detected by lectin 

affinity/ chrom atography
3

Fluorograph of SDS PAGE separated  H-leucine labelled p lasm a m em brane 
components of feline em biyonic fib rob lasts  (FEA) a f te r  fractionation on LcH and 
RGAj affinity columns. Monomer concentration was 10%. M arker p ro te ins  a r e  
6 -galactosida se (130, 000 daltons), phosphorylase-a  (94,000), ca ta lase  (60,000), 
alcohol dehydrogenase (41, 000) and carbonic anhydrase (29,000),

Lane a Original plasma m em brane preparation .

Lane b Components which failed to bind to LcH,

Lane c Components which failed to bind to RCAj.

Lane d Components which failed to bind to RCAj and subsequently
failed to bind to LcH,

Lane e Components which failed to bind to LcH and subsequently 
failed to bind to RCAj,

Lane f LcH bound components.

Lane g RCAj bound components.

Lane h Components which failed to bind to RCAj and subsequently
boimd to LcH,

Lane i Components which failed to bind to LcH and subsequently 
bound to RCAj .

FIGURE 26

Comparison of ce ll mem br ane glycoproteins of uninfected and 

FeLV -A /G lasgow ”l infected FEA cells
3

Fluorograph of SDS PAGE separated H-leucine labelled p lasm a m em brane 
components of uninfected and FeLV-A/Glasgow-1 infected FEA ce lls .  Monomer 
concentration was 8%i. M arker p ro te ins  a r e  as  F igure  25.

Lane a Original p lasm a m em brane components (FEA),
Lane b Original plasm a m em brane components (FEA + FeLV-A), 
I^ n e  c LcH bound components (FEA).
Lane d LcH bound components (FEA -f FeLV-A).
Lane e RCAj bound components (FEA),
Lane f RCAj bound components (FEA + FeLV-A),
Lane g Components which failed to bind to RCAj but subsequently 

botmd to LcH (FEA),
Lane h Components which failed to bind to RCAj but subsequently 

bound to LcH (FEA + FeLV-A).
Lane i Components which failed to bind to LcH but subsequently 

bound to R C A j  (FEA).
Lane j Components w/hich failed to bind to LcH but subsequently 

bound to RCAj  (FEA + FeLV-A),
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FIGURE 27

Glycoproteins of FL74 cell m em branes  detected by lectin 

affinity chrom atography 

3Fluorograph of SDS PAGE separated  H-leucine labelled p lasm a m em brane  

components of FL74 cells  a f te r  fractionation on LcH and RCAj affinity colum ns. 

Monomer concentration was 10%, M arker p ro te ins  a re  a s  in F igu re  25,

Lane a Original v iru s  p repara t ion .

Lane b 1% DOC soluble components (100, 000 x g supernatant).

Lane c Components which failed to bind to LcH,

Lane d Components v/hich failed to bind to RCA-.

Lane e Components which failed to bind to RCAj and subsequently
failed to bind to LcH.

Lane f Components which failed to bind to LcH and subsequently 
failed to bind to RCAj.

Lane g LcH bound components.

Lane h RCAj boimd com ponents .

Lane i Components which failed to bind to RCAj and subsequently 
bound to LcH.

Lane j Components wliich failed to bind to LcH and subsequently 
bound to RCAj.

FIGURE 28

Glycoproteins of CT45G cell m em branes  detected by lectin

affinity chrom atography

As F igure  25, except that p lasm a m em branes  of CT45S ce lls  w ere  used
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DISCUSSION

This study dem onstra ted  a s tr ik ing  difference in the m em brane  glyco­

pro te in  composition of various d ifferentiated cells . The 145,000/160,000 M̂ . 

doublet appears  to be c h a rac te r is t ic  of feline em bryonic fib rob las ts ,  s ince it 

has been detected in v irus  p repara t ions  from both the FEA cells  shown in 

R esu lts , and from another such line, FER.

The s trong , distinctive  glycoprotein pattern  observed  with the FL74 and 

CT45S cell lines is a frequent fea ture  of lymphoid cells from  a range of species  

(J, Sm art, p e rsona l communication). However, although the overa ll  glyco­

pro te in  p a tte rn  is s im i la r  th e re  a re  d ifferences in apparen t m o lecu lar  weight 

and lectin  binding specific ities  which distinguish the two cell l ines . The 

glycoproteins of these  cell lines a re  presum ably  differentiation antigens, 

analagous to the 0  (Thy-1) and Ly lymphocyte antigens of the m ouse, (Boyse 

and Old, 1969) and o ther gene products expressed  specifica lly  on lymphocytes.

The FL74 cells  a re  considered  to have orig inated from  T -lym phocytes, 

since they c a r ry  the c h a rac te r is t ic  e ry throcyte  ro se tt in g  m a rk e r ,  while the 

CT45S cells  c a r ry  the EAC (ery throcyte-antibody-com plem ent) ro se t te  m a rk e rs  

c h a rac te r is t ic  of B-lymphocytes, although they do not have detectable su rface  

immunoglobulin. However, the  norm al canine thymus contains la rg e  num bers 

(80%) of cells revealing  s im i la r  m a rk e rs  to the CT45S cells  (Krakowka et a l . , 

1977).

A possib ly  im portan t difference between the FL74 and CT45S cells v/as 

the o ccu rren ce  in the FL74 m em branes  of bands of s im i la r  apparent m olecu lar 

weight to the m a jo r  FeLV  virion glycoprotein (see  C hapter Four). T h ree  such 

bands were observed; one at 69, 000 which bound to both lectins  and two at

71,000 and 76,000 which bound only to LcH. The FL74 v irus  m ajo r glyco­

p ro te in  is a m olecule of 69,000 which binds to both LcH and RCAj. On 

infection with FeLV-B, no change could be detected in the CT45S m em brane 

glycoprotein composition. However, v irus  purified from  the cells  in this 

experim ent also  failed to dem onstra te  significant amounts of glycoprotein in the 

expected m olecu lar  weight range. This cas t doubt on the observations recorded  

for FeLV-B in CT45S cells s ince  subsequent experim ents  revealed  norm al 

quantities of gp70 in FeLV-B grown in FEA cells .  A ttempts to repeat the CT45S 

studies with FeLV-B and FeLV-C infection were ham pered  due to contamination
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p rob lem s . The detection of what is assum ed to be v ira l  gp70 in FL74 m em branes , 

while it is bare ly  detectable in FEA cells could be explained by a quantitative 

difference in v iru s  yield. FL74 cells generally r e le a s e  ten tim es as many 

v irus pa r t ic le s  as FEA cells , as judged by electron m icroscopic  examination 

and by pro te in  a ssay  of purified virus p rep a ra t io n s .  A lternatively , the 

m em brane  glycoprotein species  may be norm al T lymphocyte antigens which 

shows a fortuitous m olecu lar  weight s im ila r i ty  to FL74 v irus glycoprotein. This 

should be reso lved  by com paring tryp tic  peptide digests  of the m em brane and 

v irus glycoproteins. These experim ents  a re  in p ro g re s s .

An in te re s t in g  possib ility  is tha t the m em brane  glycoproteins a re  indeed 

’’norm al"  differentiation antigens of feline T lymphocytes, but a re  also re la ted  

to the v irus  gp70, in an analogous fashion to the antigen which is expressed  

only as  a thym ocyte-specific  alloantigen in low leukaem ia m ouse s t ra in s ,  and 

is a constituent of MuLV gp70 (Obata et a l . , 1975; Tung et a l . , 1975), A 

hypothesis might thus be advanced to explain som e of the curious -.observations 

regard ing  FeLV -A  and FeLV -C . N eu tra lis ing  antibodies to FeLV-C occur 

frequently in the cat population although the FeLV-C v irus  i tse lf  is only ra re ly  

isola ted . A nti-FeLV -C  antibodies also occur a f te r  experim ental infection v/ith 

FeLV"A, although again FeLV-C is not isolated from  these cats (R ussell, 1977). 

FeLV-C gp70 might be an endogenous gp70-like m olecule coded fo r  by the FeLV - 

re la ted  endogenous sequences in norm al cat DNA (Okabe et a l . , 1976). Its 

express ion  on differentiated cells  at cer ta in  s tages of development might give 

r i s e  to an ti-C  antibodies, and very  r a r e  recom bination with superinfecting  

FeLV-A give r i s e  to complete F eL V -C . This might be m o re  probable in cells 

where FeLV -C  gp70 raRNA is produced. The o ccu rren ce  of an ti-F eL V -C  

antibodies a f te r  infection with FeLV-A might be explained by the existence of a 

group-specific  de term inan t sh a red  by FeLV-A and FeLV -C . However, antibody 

to FeLV-C is detectable in the s e ra  of many cats which a r e  v iraem ic  with FeLV-A. 

Such cats very  r a re ly  show any t ra c e  of an ti-F eL V -A  neu tra lis ing  activity 

(R ussell and Ja r re t t ,  1978; Stephenson et a l . , 1977b). An a lte rnat ive  explanation 

is that FeLV-A in.fection breaks  to le rance  to an endogenous antigen (FeLV-C 

gp70) , This is a well-known phenomenon for o ther antigens (Weigle, 1961). 

Generation of a type-spec ific  FeLV-C gp70 an tiserum  would be useful to examine 

this hypothesis by probing the t is su e s  of norm al o r  FeLV-A infected cats for 

express ion  of the antigen.
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CHAPTER SEVEN

FELINE ONCORNAVIRUS-ASSOCIATED CELL MEMBRANE ANTIGEN (FOCMA)
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INTRODUCTION

This topic is reviewed in detail in Chapter One. FOCMA is considered 

to be a v iru s  “induced non-virion  antigen, immunity to which will p ro tec t  cats 

from  leukaem ia (E ssex  et a l . , 1975; Hardy et a l . , 1977). When this study 

commenced no inform ation was available on the m o lecu lar  na tu re  of FOCMA. 

Since a n t is e ra  w ere  available which were deemed to re a c t  with FOCMA in the 

absence  of detectable  v irus  neu tra lis ing  o r  an ti-v ir ion  polypeptide activity , we 

chose im m unoprécipitation of FOCM A-bearing cell frac tions  as the m ost 

p rom is ing  approach  to c h a ra c te r is e  this antigen.

The cell line used in these  studies was the FL74 cell line on which FOCMA 

was defined (E ssex  et a l . , 1971). As d iscussed  in C hapter One, this is a 

suspension cu ltu re  of lymphoblastoid cells  estab lished  from  a leukaem ic cat.

It re le a se s  FeEV  of subgroups A, B and C in la rg e  quan tities , although the 

specific  infectivity of this v irus Is low (Ja rre tt  . , ,  1975),
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MATERIALS AND METHODS

1, Im m unoprécipitation of Fe.LV antigens from FL74 cell lys a te s .

FL74 cells  w ere  grown as described  in Chapter One, Two bottles
5

(20 m l medium, 6 x 10 c e l ls /m l)  w ere  grown for 24 h ou rs . Five mCi of
3

(4, 5 “ H) leucine was then added, sp lit between the two bottles . After a 

fu r th e r  24 hours  the cells w ere  harvested  by low speed centrifugation, washed 

th ree  tim es with cold PBS, then extracted  at 0 °C fo r  15 min in 5 m l buffer 

containing 0 ,0 2  M T ris-H C l (pH 7. 5), 0 .05  M .NaCl, and 0. 5% Nonidet P-40 

(NP40). The m a te r ia l  was centrifuged at 10,000 x g for 10 min„ Sodium 

deoxycholate (DOC) was added to the supernatant, to 0. 5%, This was incubated 

for a fu r th e r  15 min at O^C, and centrifuged at 100,000 x g for 1 hour. The 

supernatan t a f te r  this step will be te rm ed  the N D C -lysa te . This ex traction  

method was as  described  by R ohrschneider et a l . , (1975) .

The NDC-lysate  was made up to 7 ml with cold lys is  buffer and sp lit  

into 1 m l lo ts .  T hese  w ere  incubated overnight at 4°C with 20 pi amounts of 

various s e r a .

The immune complexes and free  antibody w ere collected by incubation 

with 40 pi of fixed Staphylococcus aureus (SaCI) suspension  fo r 1 hour, and 

centrifugation (2,000 x g, 10 min). The b a c te r ia  w ere  washed th re e  t im es  with 

cold lysis  buffer before  rem oving and dissociating  the antigen-antibody complexes 

by addition of 100 pi of e lec tro p h o res is  sam ple buffer (L aem m li) . The b a c te r ia  

w ere  again rem oved by low -speed centrifugation and the supernatan ts  w ere  

boiled for e lec tro p h o res is .  Samples w ere separa ted  on a 10% polyacry lam ide 

gel (Laem m li) and radiolabelled  antigens were detected by fluorography.

2. Im m unoprécipitation of FeLV antigens from  FL74 cul tu re  supernatan t.

The efficiency of am ino-acid  labelling is very  low in Liebovitz-15/M cCoy's 

5A medium due to the high concentration of unlabelled amino acids in the 

Leibovitz medium . In an a ttem pt to overcom e this p rob lem  the FL74 cells  

were  grown in E ag le 's  medium (EFB) supplemented with 50 p g /m l L -arg in ine .

In this medium the cells  re ta in  viability and multiply, a t le a s t  for the te rm  of 

pilot, experim ents  which lasted  up to two weeks. The value of this finding was 

that it allowed the suspension cells  to be grown in the read ily  availab le -leuc ine- 

free  Eagle 's  medium (Gibco Biocult L td .) ,  which was found to in c rease  the 

efficiency of v iru s  labelling  by at le a s t  twenty-fold.
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T h ree  bottles  were  se t  up each containing 20 ml E ag le 's  medium with

10% of the norm al levels  of leucine, 15% FBS, 50 pg /m l L -a rg in in e  and 8 x 10'^
3FL74 c e l l s /m l .  A fter 24 hours of growth, 5 ml (4, 5- H) leucine (5 mCl) was 

added to each bottle with an additional 1 ml FBS. After a fu r th e r  24 hours ,  

the cells  w ere  spun out of the medium at 500 x g for 5 min. The medium 

was then c lar if ied  by centrifuging at 10,000 x g for 10 min, and v irus  v/as 

pelleted  by centrifugation in a Beckman SW27 ro to r ,  at 24,000 rpm for 2 h ou rs .  

V irus was fu r th e r  purified  by su c ro se  density gradient centrifugation and was
6 3

then pe lle ted . The yield of v irus  was 33 x 10 cpm ( H) from  15 mCi of input 

label, which was an in c rease  of around twenty-fold on previous experim en ts .

The " v iru s - f r e e "  medium was aliquoted and frac tions of 1ml w ere  incubated 

overnight at 4^C with 20 pi volumes of various s e r a  as shown in Table 8.

Immune complexes w ere ha rvested  with fixed b a c te r ia  as in the f i r s t  

experim ent, except tha t the b ac te r ia  v/ere washed in T r is -H C l  (pH 6, 8) buffer 

v/ith no detergen t. The sam ples  were p rep a red  for e lec tro p h o res is  as in the 

f i r s t  experim ent, sep a ra ted  on a 10% polyacrylam ide gel, and radioactive  bands 

w ere  v isualised  by fluorography.

3. Im m unoprécipitation of FL74 cell su rface  an tigens .

Conditions were chosen which followed as c lose ly  as possib le  the initia l 

s teps  in the im m unofluorescence te s t  for anti-FOCMA antibodies (E ssex  et a h , 

1971). One 8 ounce bottle of FL74 cells was labelled, as described  in the
3

second experim ent with 3 mCi of ( H) leucine. The cells  w ere  h arves ted  and
7

washed th ree  tim es with s te r i le  PBS at room te m p e ra tu re .  The cells (2 x 10 ) 

w ere  resuspended in 20 ml of L-15/M cCoy's 5A medium with 10% FBS. Aliquots 

of 5 m l w ere incubated with 40 pi volumes of various s e r a  as lis ted  in Table 8.

A fter incubation at room te m p era tu re  for 1 hour and subsequently at O^C 

fo r a fu r th e r  30 min, a threefold excess of washed, unlabelled FL74 cells  was 

added and the m ix tu res  w ere  kept on ice for a fu r th e r  15 m in . The cells were 

then ha rvested  by low speed centrifugation (500 x g, 5 min) and resuspended 

in 2 ml TS buffer with 0. 5% NP40. After 15 min at O^C, nuclei v/ere pelleted 

by centrifugation at 2,000 x g fo r  10 min. The fixed b a c te r ia l  suspension 

(100 pi) was then added to each ly sa te .  This m ix tu re  was incubated for a fu r ther  

1 hour at 4^C before  washing the b a c te r ia  in TS buffer with 0, 5% NP40 and 

finally in O.OIM T r is  HCl buffer (pH 6. 8) before p re p a r in g  for e lec trophores is  

as desc ribed  in Experim ent 1.
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TABLE 8.

Sera  used for immune prec ip ita tion  s tudies with PL74 cell frac tions

Serum Species IF t i t r e  * VN t i t r e  * V iraem ia Additional information

SPF Cat 0 0 - Specific pa thogen-free .

831 Cat 0 0 -

719 Cat 0 0 -

Q71 Cat 8 64'(A) 
@(C)

Recovered from  in fec t­
ion by contact v/ith FeLV 
excre ting  cat.

Q89 Cat 8 64 (Al 
16(C)

Recovered from in fec t­
ion by contact with FeLV 
excre ting  cat.

854 Cat 2.56 3 2 (A ) 
3 2  (C)

Vaccinated with live 
FL74 ce l ls .  Challenged 
with FeLV -A. Immune.

V115 Cat 128 0 - H is to ry  unknown.

V150 Cat 128 0 - H istory  unknown.

CIO Cat 256 8(A) 0 (C) 4 Challenged FeLV -A.

NRS Rabbit ND'^ ND Nvf N orm al rabb it se ru m .

A701 Rabbit 64 0 NA Anti FeLV p27 (see  
C hapter Five).

A626 Rabbit 256 0 NA Anti FeLV pl5 (see  
Chapter Five).

* IF = ind irec t  m em brane  im m unofluorescence (Riggs, 1971).

VN = v iru s  neu tra lisa tion  (R usse ll  and J a r re t t ,  1976).

T i t re s  a re  given as rec ip ro ca l  of highest dilution with positive  re su lt .  

'^NA = not applicable.

'^ND = not done.



RESULTS

1. Im m unoprécipitation of FeLV antigens from FL74 cell ly sa t e s .

I The re su l ts  a r e  shown in Fig. 29. The rabbit a n t is e ra  to GuHCl-purified 

FeLV  pl5 and p27 p rec ip ita ted  th e ir  homologous antigens and also  a s e r ie s  of 

m inor bands (lanes e  and f). Some of these  were of high m olecu lar weight 

which corresponded In both p rec ip ita tes  (190,000, 75,000, 68,000, 56,000,

50.000 and 44,000) while o the rs  w ere  unique to the anti p i5 (< 12,000) or the 

anti p27 se ru m  (175,000, 37,000, 33,000, 32,000, 15,500). The tŵ o "an ti-  

FOCMA" s e r a  (lanes a and b) p rec ip ita ted  a s e r ie s  of faint bands, but this 

p a t te rn  was identical to a control se ru m  unth no FOCMA im m unofluorescence 

t i t r e  o r  v irus n eu tra lis in g  activity (lane d). The \drus n eu tra lis ing  se ru m  

showed no detectable p rec ip ita tion .

2. Im m unoprécipitation of FeLV antigens from FL74 culture  su p ern a tan t .

The re su l ts  a re  shown in F ig . 30. A background of precip ita ted  bands a t

50.000, 34,000, 31,000, 28,000, 25,000, 21,000 and 18,000 M̂ .̂ was p re sen t  

with a ll s e r a  tes ted , re g a rd le s s  of species  of orig in . It th e re fo re  seem s 

probable  that th is  p rec ip ita tion  was non-specif ic , these  m olecules sticking to 

IgG o r  the fixed b a c te r ia  in the absence of de te rgen ts .

No new bands w ere  v is ib le  in the th ree  "anti-FOCM A" s e ra  (lanes d, g 

and h) com pared to the controls (lanes a and b).

The m ost s tr ik in g  differences w ere observed  with the v iru s  neu tra lis ing  

a n t is e ra  (lanes e and f). Both showed prom inent bands at 80,000, 70,000 and

37.000 M^ and a m inor band at 120,000.

3. Imm unoprécipitation of FL74 cell su rface  antigens.

F ig . 31 shows separa tion  of the immune p rec ip i ta tes  on a 10% poly­

acry lam ide  gel. Radiolabelled FL74 virus was run  on the sam e gel for d irec t  

com parison  (lane a). All cell su rface  p rec ip ita tes  showed a la rge  num ber of 

bands, with the m ost prom inent at > 300,000, 150,000, 57,000, 43,000 and

29.000. T h e re  w ere  quantitative and proportional d ifferences in these  bands 

between se ru m  p rec ip i ta te s .  The only detectable qualitative difference was 

the appearance  of new bands in the v iru s -n eu tra l is in g  an tise rum  p rec ip ita te  

(lane b) a t  76,000 and 85,000 M^. These  appeared to com igra te  with bands 

from purified  FeLV (lane a). The 76,000 M^ band was a m a jo r  virion component.
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FIGURE 29

Reactivities cf antis e ra  to FL74 cell lysate  p ro te ins  analysed by 

immune prec ip ita tion  and SDS PA G E

3
FL74 cells ,  labelled with ' H-leucine, were  lysed with NP40 and DOC 

detergen ts .  The lysates  were incubated with various s e r a  and the immune 

complexes which bound to fixed S. a ureus cells were analysed on a 10% 

acry lam ide  gel. Proteins were visualised by fluorography. Details of s e r a  

a re  given in Table 8.

Lane a VI15 se ru m  prec ip ita te .

Lane b V150 serum  p rec ip ita te .

Lane c Q89 serum  p rec ip ita te .

Lane d 719 serum  p rec ip ita te .

Lane e A701 se ru m  prec ip ita te ,

' Lane f A62Ô serum  p rec ip ita te .
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FIGURE 30

Reactivities of s e r a  to FL74 cell culture s upernatant p ro te ins 

analysed by immune prec ip ita tion and SDS PAGE
3

Supernatant fluids from FL74 cells , which had been labelled with H-

leucine, were incubated with various an tise ra .  Immune complexes were

collected with fixed S. aureus  cells  and analysed on a 10% acry lam ide  gel. 

P roteins w ere  v isualised  by fluorography. Details of s e r a  a r e  given in Table 8.

Lane a SPF serum  prec ip ita te .

Lane b 831 serum  p rec ip ita te .

Lane c gpC serum  prec ip ita te ,  (see Table 7).

Lane d CIO serum  p rec ip ita te .

Lane e Q71 serum  prec ip ita te .

Lane f 854 serum  p rec ip ita te .

Lane g V115 se ru m  prec ip ita te .

Lane h VI50 serum  p rec ip ita te .
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FIGURE 31

R eactivities of s e r a  to FL74 cell su rface  p ro teins analysed by 

immune prec ip ita tion  and SDS PAGE

3
FL74 cells  were labelled with H -leucine. Sera  w ere  incubated with 

live cells  before detergen t lysis  and collection of immune complexes which 

w ere analysed on a 10% ac iy lam id e  gel. Proteins w ere  visualised by 

fluorography. Details of s e r a  a re  given in Table 3.

Lane a FeLV-ABC/KT (50,000 cpm).

Lane b Q71 serum  p rec ip ita te .

Lane c CIO serum  p rec ip ita te .

Lane d V115 se ru m  prec ip ita te .

Lane e SPF se ru m  p rec ip ita te .



but the band at 85,000 was faint. Another new band which was seen  in the 

Q71 p rec ip ita te  appeared  to com igra te  with FeLV plS.
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DISCUSSION

The rabb it an ti-p l5  and anti-p27 s e r a  p rec ip ita ted  th e ir  homologous 

antigens as well as a s e r ie s  of m inor bands. The bands in common a r e  

p resum ab ly  in trac e l lu la r  p re c u r s o r s  to the gag p ro te ins  as  has recen tly  been 

published by o thers  (Okasinski and V elicer , 1977). Some of the m inor bands 

brought down by the anti-p27 se ru m  m ay be m inor antigens which contaminated 

the  GuHCl purif ied  p27 since they have m olecu lar  weights c lose  to that of p27.

It Is not c lea r  w hether the faint band at 15, 500 was p l5 . It seem ed to 

m ig ra te  slightly slow^er and corresponded to a band seen  in the cat se ru m  

p rec ip i ta te s .  The significance of the two high m o lecu la r  weight bands is also  

u nc lea r .  They may re p re se n t  gag-pol p re c u rso r s ,  s im i la r  to those described  

by Jamjoom et a l .  (1975) although one would appear to lack pl5 reactiv ity .

This seem s feasib le  s ince  pl5 may be at the N - te rm in a l  end of the g a g -p re c u rso r  

(Khan and Stephenson, 1977). The an ti-p i 5 se rum  also  p rec ip ita ted  some 

m a te r ia l  which m ig ra ted  with the t r a c k e r  dye. This could be plO o r  p i2 which 

contaminated the GuHCl pl5 frac tion  (see  Chapter F iv e ) .

The "anti-FOCM A" s e r a  p rec ip ita ted  no additional band when com pared 

to the control s e ru m . The separa tion  of ga g -p re  cu rs  o r  s and gag-pro te ins on 

the sam e gel suggested that the "FOCMA" specificity  was not c a r r ie d  on these  

m olecu les .  However it could not be ru led  out that, the  lys is  p rocedure  failed 

to r e le a s e  the m olecule, o r  that the "FOCMA" specific ity  was a de te rgen t-  

sens it ive  conformational de term inan t of any of the v ir ion  pro te ins  o r  p r e c u r s o r s .  

The complete lack of detectable  labelled antigens in the neu tra lis ing  an tise rum  

p rec ip ita te  is difficult to explain. The stained gel showed the expected 

quantities of heavy and light antibody chains. Subsequent experim ents  have 

shov/n that the p rec ip ita tion  of gp70 by som e cat s e r a  is m arked ly  inhibited by 

the p re sen c e  of NP40 and DOC de tergen ts .  However, one might have expected 

to see  the sam e  background p rec ip ita tion  pa tte rn  as o ccu rred  with the o ther 

th re e  cat s e r a .

In view of the fa ilu re  to dem onstra te  any antigen which could be defined 

as FOCMA In N D C-lysa tes , it was decided to adopt o th e r  approaches to identify 

the antigen. Since FOCMA is a cell su rface  antigen, and many cell su rface  

antigens a r e  shed into the culture  medium (see  C hapter Two; and Bolognesi 

e t  a l . , 1975) it seem ed  that this might prove to be a r ich  sou rce  of FOCMA.
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It would also be unnecessa ry  to add detergents  if the antigen w ere p re sen t  

in the cu lture  supernatant in soluble fo rm .

FL74 cell cu lture  supernatan ts  w/ere thus analysed by immunoprécipitation* 

However, the "anti-FOCMA" s e ra  again failed to p rec ip ita te  any antigen which 

ŵ as not seen in control p re c ip ita te s .  The only s tr ik ing  difference was seen 

in p rec ip ita tes  of cat s e r a  with FeL V -neu tra lis ing  activ ity . Two m a jo r  species  

w^ere seen 'a t  70,000 and 80,000 M^. It seem s m ost likely that the 70,000 

species  is the m a jo r  virion glycoprotein. The 80,000 m olecule may be 

analagous to the "p85" of Ruscetti and Parks (1977) which has since been 

repo rted . This is supported by the fact that a m olecule with s im ila r  M^ was 

detected on the FL74 cell su rface  in the th ird  experim ent.

The identity of the o ther bands (120,000, 37,000 daltons) is unknown.

The 37, 000 band may be a m inor glycoprotein o r  a gp70 cleavage product, but 

no such component was found in FL74 virions (see  C hapter Five). If the 

p rec ip ita tion  could be blocked by excess purified  gp70 this could reso lve  the 

question. Blocking could also  be a ttem pted with o ther v irion pro te ins for both 

the 37,000 and the 120,000 dalton components.

The only detectable  difference between the contact infected cat (lane e) 

and the FL74 vaccinated cat (lane f) se rum  p rec ip ita tes  was a band at 44,000 

Mj;. This is in te re s t in g  s ince  it is of s im ila r  m o lecu lar  weight to the heavy 

chain of m urine and human histocompatibility  antigens (Henning et a l . , 1976).

It would not be su rp r is in g  if inoculation of whole cells  into a non-syngeneic 

host ra ised  antibodies to th is  c lass  of m olecu les . The re su l t  with the rabbit 

anti-gp70 (lane c) was unexpected. No c lea r  p rec ip ita tion  of gp70 v/as seen, 

but a la rg e  num ber of high m olecu lar weight bands was brought down. Since 

this se ru m  was not p reab so rb ed , this could re p re se n t  m e re ly  na tura lly  o ccu rr in g  

rabb it antibodies which fortu itously  re a c t  with the heterologous ce lls .

Since no novel antigen was dem onstrab le  in immune p rec ip ita tes  with 

anti-FO CM A  s e r a  from  NDC lysed cells o r  untrea ted  cu lture  supernatan t, 

a th ird  approach to the  identification of FOCMA v/as m ade. It was considered  

that FOCMA may have a hydrophobic moiety which anchors  It firm ly  in the cell 

m em brane , explaining its absence from, soluble frac tions  of culture  s u p e r ­

natan ts . This might a lso  explain the absence of the FOCMA specificity  from 

NDC lysates : the hydrophobic molecule could become trapped  in the m ice lles
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which these  de tergen ts  form  in aqueous solutions. A lternatively , if FOCMA 

v/ere a conformational antigen, in te rfe rence  with hydrophobic p ro te in  - 

p ro te in  in te rac tions  might destroy  its activity . The ra tiona le  of the th ird  

experim ent was that form ation of the FOCMA-anti-FOCMA complex before  

cell lys is  may s tab i l ise  conform ational determ inants  o r  p reven t loss  of FOCMA 

into detergen t m ice lle s .  Antibody was adsorbed to whole cells  under s im ila r  

conditions as  in the initial s tages  of the ind irec t im m unofluorescence te s t  

(Riggs, 1971) for FOCMA, and cells  w ere  lysed with the non-ionic detergent 

NP40.

The experim ent did not c h a ra c te r is e  FOCMA, although v irus neu tra lis ing  

an tise rum  was shown to re a c t  with new antigens, one of which com igrated  with 

the m a jo r  virion  glycoprotein, one with FeLV p i5 and another v/ith a m inor 

v ir ion  antigen of 85,000 m olecu lar  weight. The two high m olecu lar  weight 

antigens would seem  likely to correspond  to the two antigens of s im ila r  

m o lecu lar  weight which a re  shed into the culture medium (see  Fig . 30).

Ruscetti and Parks (1977) detected two components of 70,000 and 85,000 daltons 

by lac toperox idase  catalysed iodination of the FL74 cell su rface .  Precipita tion 

of both m olecules could be blocked by purified FeLV gp70.

Taking into account s light d iscrepancies  between gels and buffer sy s tem s , 

it seem s highly probable  tha t th is  observation  co rresponds  to the re su lts  

p re sen ted  h e re .

The identity of "p85" is unknown. Results p re sen ted  in Chapter Four 

show that the apparent m olecu lar  weight of FeLV gp70 v a r ie s  considerably  

from  s tra in  to s t ra in  of FeLV. It seem s possib le  that p85 might re p re se n t  

glycoprotein of one subgroup while the 70,000 dalton component is from  another 

v iru s .  It should be added, however, that the 70,000 dalton component is 

p re sen t  in v irions in g rea t excess over m a te r ia l  a t 85,000 da ltons . Thus, one 

glycoprotein would have to be m ore  efficiently incorpora ted  into virions while 

both glycoproteins would be m o re  o r  le ss  equally re p re se n te d  on the cell 

su rface  and f ree  in cu lture  m edium .

The dem onstra tion  of what appears  to be FeLV p i5 on the cell su rface  is 

in te resting , s ince  recen t work with MuLV has suggested that cell su rface  p i5 

antigenic de term inan ts  a re  p re sen t  mainly in high m o lecu lar  weight gag- 

p re c u r s o r s  (L edbe tte r  and Nowinski, 1977).

77



The technique of p re trea tm en t of cells with antibody before lysis  

c learly  re q u ire s  som e refinem ent. The high background of precip ita tion  

meant that FOCMA may have been undetected because it com igrated with one 

of the bands which was heavily rep resen ted  in norm al se ru m  contro ls .
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GENERAL DISCUSSION
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This study v/as concerned v/ith the polyj^eptides of feline leukaem ia 

v iru s ,  both the s t ru c tu ra l  polypeptides of the v irus p a r t ic le  and putative non- 

s t ru c tu ra l  p ro te ins v/hich appear in FeLV-infected and transfo rm ed  ce lls .

Studies on the effect of purification methods on the protein  composition 

and infectivity of FeLV did not show the dram atic  lo sses  reported  by o ther 

w orkers  (W itter et a l . , 1973; Strand and August, 1976). One possib le  

explanation is that the v irus s tra in s  used by these  au thors  were much m ore  

labile and v/ere sensitive  to ’osm otic  shocL 'or freezing  and thawing. However, 

a m ore  likely explanation seem s to be that these  t re a tm en ts  v/ere perform ed  

on highly purified  and concentrated virus p rep a ra t io n s .  The p resence  of la rge  

quantities of se rum  pro te in  and much g rea te r  dilution of v irus  may have 

pro tec ted  against these  deleterious  effects in my s tud ies .

T hree  lines of evidence have shown that gp7u is on the su rface  of FeLV:
12. S’brom ela in  digestion, su rface  labelling with l a n d  fractionation of v irus 

p a r t ic le s  on su c ro se  density gradients a ll  showed at le a s t  one m olecule of 

approxim ately 70,000 m olecu lar weight associated  with the v ira l  envelope.

The p27 was defined as  an in te rna l virion component associated  with the co re . 

Although p i5 did not appear to be a surface  component, it could not be found in 

association  with core  frac tions . It is possib le  that the hydrophobic, "lipophilic" 

nature  of pl5 (Green et a l . , 1973; Strand and August, .1976) caused it to rem ain  

in association with the ligh ter detergent layers  in the fractionation experim ents . 

Polypeptides pl2 and plO could not be resolved on the gel e lec tropho res is  

system  used in these  s tudies and so th e ir  subvira l location could not be defined, 

although at leas t  one of these  polypeptides was assoc ia ted  with the v ira l  core  

frac tions . F rom  recen t evidence (Pal et a l . , 1975; Sen et a l . , 1977),pl2 as 

well as plO would be expected to be located in v ira l  co re s ,  in association  with 

genomic RNA. An unresolved, but intriguing problem  is the possib le  existence 

in FeLV of a molecule analogous to the pl5(E) of MuLV. This is not m ere ly  

an academ ic question s ince  Ihle et al. (1976) have shown that naturally  occurring  

antibodies in m ice which have a broad spec trum  of reac tiv ity  against MuLV 

s tra in s  a re  d irec ted  toward pi5(E) which is sero log ically  re la ted  in a range of 

viruses* F u r th e r  m ore , pl5(E) has been implicated as the re c ep to r  for binding 

of the se ru m  complement component Clq (Bartholomew et a l . , 1978)which is 

the f i r s t  s tep  in the non-im mune lysis  of oncornav iruses  by human s e ra  (Welsh
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et a l . , 1975). The p re sen t  c ircum stan tia l  evidence for the existence of a 

FeLV pl5(E) is that an tise rum  to MuLV pl5(E) will neu tra l ise  FeLV in the 

p resen ce  of com plem ent (F isch inger et a l . , 1976). Also, evidence p resen ted  

in Chapter T h ree  showed a p ro te a se -sen s i t iv e  m olecule of approxim ately 

17, 000 daltons p re sen t  in FeLV-ABC/KT. However, lac toperox idase- 

cata lysed iodination of su rface  p ro te ins gave only a t r a c e  of label in two 

pro te ins in th is  m olecu lar  weight range. The m ore  s tr ingen t requ irem en t of 

this technique for exposed ty ros ine  res idues  may explain this d iscrepancy .

Also, analysis  of the 6 M GuHCl gel fil tration column void volume fraction, 

which is a r ich  source  of MuLV pi5(E) (Ikeda et a l . , 1975), showed no t ra c e  

cf any component of low m olecu lar  weight.

The bes t  approach to reso lve  this question would seem  to be immune 

precip ita tion  analysis  of FeLV with an tiserum  to MuLV pl5(E). This should 

define the m o lecu lar  s ize  and allow com parison  of the c ro s s - re a c t iv e  component 

in FeLV s t ra in s .  This se ru m  should a lso  be used to examine the 80,000 -

85,000 dalton pro te in  re leased  into FL74 culture fluid and p rec ip itab le  with 

cat s e r a  which neu tra l ise  FeLV. Ruscetti and Parks (1977) have shown a 

m olecule of this m olecu lar  s ize  on the FL74 cell su rface  which has gp70 

de term inan ts .  The anti-plS(E) se rum  might reso lve  whether this is a gp70 - 

pl5(E) p re c u r s o r .  This would be in teresting , s ince p ro cess in g  of the analagous 

env gene p re c u r s o r  polypeptide in avian sa rco m a  v irus  infected cells has been 

shown to take place in trace l lu la r ly  (Hayman, 1978). The express ion  of 

p re c u r s o r  polyproteins may lead to new cell su rface  antigenic determ inants  

which could be defined as v irus-induced  non-virion antigens (Snyder et a L ,

1977; Tung et a l . , 1977). An a lte rnative  explanation for the existence of p85 

m ay be that it is a "gp70" species  d istinct from  that of 70,000 m olecu lar  

weight. This seem s possib le  from  the observations repo rted  in C hapter Five 

on the variab le  apparen t s ize  of this molecule.

The difference in apparen t m olecu lar  weight of the  FeLV glycoprotein ■

(see  Table 6 ) may be examined fu rther to estab lish  whether a re la tionship  

ex ists  between the sero log ica l  specificity , as detected by virus neu tra lisa tion  

te s t s ,  and SDS PAGE mobility. The re su lts  of Russell (1977) showed that 

FeLV-B/Boston-1 was re la ted  to FeLV-A/Glasgow-1 in neu tra lisa tion  te s t s .

This v irus also has a glycoprotein of approxim ately 80,000 daltons, like
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FeLV"A/Glasgow-1 and distinct from  FeLV -B /Sarm a. A p a rticu la r ly  in te r e s t ­

ing virus in this re sp ec t  is the F eL V “C/FS246 iso la te  which behaves identically 

to FeLV-A iso la tes  when neu tra lised  by a range of antis e ra .

The FeLV system  may also be a useful model to study the ro le  of host 

and virus factors  in glycosylation of v irus pro te ins  s ince  tv/o m olecules of 

s im ila r  function, FeLV-A and FeLV-C gp70, em erge  from  the sam e cells  

(FEA) with a m arked  difference in SDS PAGE mobility. This may be due to 

a difference in the polypeptide chain length of the two m olecu les , o r  to the 

existence of m ore , o r  longer, carbohydrate  side chains on the FeLV-A gp70; 

o r  the observed  difference may be due to a combination of both fac to rs .

Whalley (1973) found that the subunits of FeLV RNA showed apparen t s ize  

differences on SDS PAGE. However, the s ize  o rd e r  (FeLV-A < FeLV/B < 

FeLV /C)w as the inverse  of that reco rded  for glycoprotein s izes  (FeLV /A  > 

FeLV/B > FeLV/C) h e re .  If this is indeed reflected  in polypeptide chain 

length, and the env-gene of FeLV-C is sm a l le r  than that of FeLV-A „ this 

leaves the intriguing possib ility  that FeLV-C may c a r ry  som e additional 

genetic information o ther than the gag, env and pol rep lication  genes,

M arquadt et a l.  (1977) have purified the m a jo r  glycoprotein of R auscher 

MuLV and found tha t the apparent m olecu lar weight in SDS PAGE varied  

accord ing  to the percen tage  of acry lam ide  in the gel. The re la tionship  was 

that of an asym ptotic  curve, dec reas ing  with in c reas ing  acry lam ide  concen­

tra tion , and approaching a m inim al value of 67, 500 daltons. This phenomenon 

does not explain the re su lts  in Chapter Four, however, s ince various FeLV 

glycoproteins separa ted  on the sam e gel s t i l l  showed m arked  d ifferences. 

However, s ince glycosylation affects proteins so that th e i r  m olecu lar weights 

can be overestim ated  in SDS PAGE, it would seem  that a com parison  of tryp tic  

peptide digests of FeLV  gp70 spec ies  offers a b e t te r  method of a sse ss in g  

re la ted n ess .  The dem onstra tion  of the "m ulti-gene family" of gp70s and 

re la ted  m olecules in m ouse leukaemia v iruses  and m ouse t is su es  (E lder et a l . , 

1977b) could be repeated  in the FeLV system . T here  is som e cause to believe 

that FeLV-C gp70 may be a norm al differentiation antigen, o r  the product of 

a p a r t ia l  endogenous p rov irus  (R ussell,  1977) which is activated by FeLV -A  

infection. A type-spec if ic  radioim m unoassay for FeLV -C  gp70 could be 

employed to investigate  this possibility .
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This study revealed  no s ize  differences in the low m olecu lar  weight

g ag -gene polypeptides of FeJLV-A, B o r  C. A ntisera  w ere  ra ised  to p27 and 

pl5 purified from FeLV-ABC/KT, so that these could not be used to sea rc h  

from  subgroup-specific  determ inants  on these  m olecules . T here  is a re p o r t  

in the l i te ra tu re  (Green et a l . , 1973) of type-specific  determ inant(s) on FeLV 

p27 but these  observations do not appear to have been extended. Results in 

th is  thesis  would suggest that the gag-proteins of FeLV s tra in s  will be m ore  

closely in te r re la ted  than those of MuLV iso la tes .

Gel f il tra tion  in 6 M guanidine hydrochloride allowed separa tion  of quite 

pure  and highly immunogenic p repara t ions  of FeLV p27 and p i5. These  two 

pro te ins showed no immunological c ro ss  -reactiv ity , suggesting no o v e r ­

lapping sequences when they a re  cleaved from the ir  common p re c u r s o r  

polypeptide (Okasinski and V elicer, 1976). FeLV plO and pl2 could not be 

reso lved  on the Sepharose 6 B column used in these  s tud ies .  Since these  two 

pro te ins have such different charge p roperties  (Khan and Stephenson, 1977) 

a purification method which exploits this d ifference would be appropria te .  

Ion-exchange chrom atography on phosphocellulose (P-11, Whatman) is the 

method described  by Strand and August (1976) which efficiently reso lved  

Rauscher MuLV plO and pl2. A combination of th is  technique with a m o lecu lar  

s ize  separa tion  method should allow purification of plO and pl2 n e a r  to hom o­

geneity.

Recent studies where v ira l  glycoproteins have been purified and used to 

r a i s e  specific  neu tra lis ing  an tis e ra  (Moennig et a l . , 1974; Huns m an n et a l . , 

1974; Steeves et a l . , 1974; Marquadt et a l . , 1977) have avoided techniques 

which involved pro te in  dénaturation such  as 6 M GuHCl o r  SDS PAGE. Again, 

the best reg im e  fo r purification of gp70 would be one which exploits a num ber 

of different p ro p e r t ie s  of the molecule, such as s ize , charge  p ro p e r t ie s  o r  

carbohydrate  content. Hence, lectin  affinity chrom atography, phosphocellulose 

ion-exchange chrom atography, and gel fil tra tion  on Sephadex, might be a useful 

combination. As with a ll  p rotein  purification reg im es ,  inc reased  purity  m ust 

be weighed up against reduced final yield. This is p a r t icu la r ly  tru e  of RNA 

tum our v irus p ro te in s , s ince la rg e  quantities of v irus a re  very  expensive 

to produce.
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Analysis of FeLV -infected cell m em brane  glycoproteins as  reported  

in Chapter Six revealed  a num ber of in te res t ing  features* Although infection 

of feline em bryonic fib rob las t cells  with FeLV shov/ed a lm os t no d iscern ib le  

effect on the total m em brane  glycoprotein composition, the m em branes  of 

t ran sfo rm ed  FeLV -producing  lympliblastoid cells showed an abundance of a 

glycoprotein of the sam e  apparen t m olecu lar weight and lectin  binding 

specific ity  as the FeLV-ABC/KT and F eL V -C /S arm a  gp70 m olecu les . In 

addition, two glycoproteins of 71,000 and 76,000 daltons w ere  seen which 

bound only to the lentil lectin  column. The possib le  re la tionsh ip  of these  

m olecules to FeLV gp70 o r  gag p ro te ins , o r  to the m olecule  with FOCMA 

determ inants  detected in FeSV -transform ed mink cells  (Stephenson et a l . ,

1977b) could be investigated by analysis  of tryp tic  peptide d igests . It may 

also be fruitful to extend the work on cell m em brane glycoproteins to o ther 

cell lines which a re  known to ex p ress  FOCMA. Two o ther lymphoblastoid 

cell lines a re  available, F422 (R ickard  et a l . , 1969) and 57176 (P. Roger son, 

unpublished). F422 re le a se s  FeLV-A and 57176 re le a s e s  FeLV-B. Both a re  

estab lished  lines of tran s fo rm ed  lymphoid ce lls ,  like FL74. A m ore  te lling 

com parison , however, might be with the "v irus-negative"  lymphoid tum our 

cell lines which have very  recen tly  been established by Hardy and his co- 

w orkers  (W .D. Hardy J r . , p e rsona l communication) which exp ress  FOCMA 

in the absence  of v irus production. Also, a range  of mink cell lines a re  

available . Control cells  could be com pared to FeLV -infected and to FeSV 

tran s fo rm ed  non-p roducer ce l ls .  This might estab lish  the m olecu lar  na ture  

of the FO C M A -reactive m olecule as expressed  in the mink cell m em brane.

As repo rted , in C hapter Seven, th ree  sep a ra te  s tudies have failed to 

dem onstra te  any FL74 cell antigen precip ita ted  by anti-FOCMA s e r a  which is 

not p rec ip ita ted  by control s e r a .  However, th e re  rem ain  a number of possib le  

explanations for this which suggest fu r th e r  exper im en ts .

The NDC lysis  method was used by Rohrs chneider et a l . (1975) to 

dem onstra te  an avian tu m our-spec if ic  su rface  antigen (TSS.A) in RSV -transform ed 

ce lls . This was a glycoprotein of 100,000 M^, and was unre la ted  to the m ajo r 

virion glycoprotein, gp85. However, this claim has not been substantia ted  by 

fu r th e r  work with o ther a n t is e ra  and the gplOO was subsequently  detected in 

n on-transfo rm ed  cells (Kurth, pe rsona l communication). Recent rep o r ts  of 

successfu l dem onstration of tu inour-spec if ic  antigens by immune
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precip ita tion  have involved much s tro n g e r  detergent lysis  reg im es .  The 

initial step has involved both a, non-ionic detergent (T riton X -100 o r NP40) 

and a weakly ionic detergent (DOC), which apparently  leave nuclei intact if 

used in appropria te  tim e and concentration combinations, followed by addition 

of the strongly  po la r ,  and usually strongly  denaturing,detergents, SDS, 

to 0,1%. This apparently  does not in te rfe re  with the imm.une precip ita tion  

s tep . Thus, Brugge and Frikson  (19771 have reported  the isolation of an avian 

sa rco m a  v iru s  tum our-spec if ic  antigen, and Stephenson et al, (1977b) have 

claimed that a m olecule c ro s s - re a c t iv e  with FOCMA can be found in FeSV - 

t ransfo rm ed  mink ce lls .  This modification certain ly  seem s worth attempting 

with FL74 cells , although it is in con trast to m ost of the experim ental 

modifications used here , which were designed to make ex traction  le ss  

destruc tive  of native m olecules .

A second possibility  is that the FOCMA determ inants  in FL74 cells , 

unlike the FeSV -transform ed mink ce lls ,  a re  highly sens itive  to m em brane 

d isruption. The way to approach this problem would seem  to be to refine, by 

subsequent addition of s tro n g e r  de tergents , the antibody p re trea tm en t technique 

described  he re , in the hope that preform ation  of the FOCMA antibody complex 

would s tab il ise  the antigen through the extraction p ro ced u res .

Finally, the problem  may lie in the an tise ra  which were chosen for this 

study. We have no information regard ing  the re la tive  sens itiv ities  of the indirect 

im m unofluorescence te s t  and our immunoprécipitation technique. The a n tise ra  

could be checked by using them to repeat the experim ents  of Stephenson et al. 

(1977b) with FeSV -transform ed mink ce lls .  If the re la tive  insensitivity  of our 

technique is the problem , this might be rem edied by f i r s t  se lec ting  the purified 

FL74 m em brane  fraction, as described  in Chapter 6 , and pe rfo rm ing  the 

experim ent on th is , s ince  FOCMA may be re la tively  m ore  plentiful in the 

p lasm a m em brane  than in the cytoplasm.
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antigen of thymocytes to envelope glycoprotein of m urine  leukem ia 

v iru s ,  J. Exp. Med. 141, 188-197 (1975),

Okabe, H . , Twiddy, E . , Gilden, R . V . , Masakazu, H . , Hoover, E . A . , and 

Olsen, R .A . F eL V -re la ted  sequences hi DNA from  a F eL V -free  cat 

colony. Virology, 798-801 (1976).

Okasinski, G . F . ,  and V elice r ,  L .F .  Analysis of in trac e l lu la r  feline 

leukem ia v irus p ro te in s .  I. Identification of a 60,000 dalton 

p re c u r s o r  to feline leukem ia virus p30, J. V irol. 20, 96-106 (1976).

Okasinski, G .F . ,  and V elice r ,  L .F .  Analysis of in trac e l lu la r  feline

leukem ia virus p ro te in s .  II. Generation of feline leukem ia virus 

s t ru c tu ra l  p ro te ins  from  p re c u rso r  polypeptides. J. V irol. 74-85 

(1977).

O roszlan , S . ,  Copeland, T . ,  Sum m ers, M .R . ,  Sm ythers, G , , and Gilden, 

R .V . Amino acid sequence homology of m am m alian  type C RNA virus 

m a jo r  in te rna l p ro te in s . J. Biol. Chem. 250, 6232-6239 (1975).

O sk a rs so q ,M .K ., Robey, VV. G . , H a r r is ,  C . L , , F isch inge r ,  P . J . , Haapala,

D .K *, and Vande V/oude, G .F ,  A p60 polypeptide in the feline leukem ia

v irus  pseudotype Moloney sa rco m a  virus with m urine  leukem ia virus

p30 antigenic de te rm inan ts .  Proc, Nat. Acad. Sci. USA. 72, 2380-2384
(1975),

9 8



Pal, B .K .,  M cA llister, R .M . ,  G ardner, M .B ., and Roy Burrnan, P.

C om parative  s tudies of the s t ru c tu ra l  phosphoproteins of m am m alian  

type C v iru se s ,  J. \T ro l .  jb, 123-131 (1975),

Panem, S . , and K irs ten , W .H. Proteins of K irsten  m urine  leukaem ia- 

s a rco m a  v irus  : Localisation within the v irus p a i t ic le  by iodination 

and fractionation techniques, J. gen, V iro l. _26, 1-14 (1975),

Purchase, H .G . ,  and B urm ester ,  B .R . In "D iseases  of Poultry" 6 th edition 

(M .S . Hofstad, B.W. Calnek, C .F ,  Helrnboldt, W .M , Reid, and 

H .W . Hoder, J r . ,  e d s , ) .  Iowa State U nivers ity  P re s s ,  A m es. 502-568 

(1972).

Purchase, H .G . ,  Okazaki, W . , Vogt, P . K . , Hanafusa, H . ,  B u rm ester ,  B .R . ,  

and Crittenden , L.B. Oncogenicity^ of avian leukosis v iru ses  of 

different subgroups and mutants of sa rco m a  v iru s e s .  Infect. Immunity. 

15, 423-428 (1977).

Rauscher, F . J . ,  A v irus-induced  d isease  of m ice  c h a rac te r ized  by

ery throcy topoiesis  and lymphoid leukaem ia. J. Natl, C ancer Inst.

29, 515-543 (1962).

R ickard, C . G . , B arr ,  L . M . , Noronha, F . , Doughertyq. E . , and Post, J .E .  

C -type v irus  p a r t ic le s  in spontaneous lymphocytic leukem ia in a cat. 

C ornell Vet. 57, 302-307 (1967).

Rickard, C . G . , Post, J. E . , Noronha, F . , and B arr ,  I .M . A t ra n sm is s ib le  

v irus-induced  lymphocytic leukaem ia of the cat. J. Natl. C ancer Inst, 

987-1014 (1969).

Rifkin, D .B . , and Compans, R. W. Identification of the spike pro te ins  of Rous 

sa rco m a  v iru s .  Virology. 4^, 485-489 (1971).

Riggin, C .H . ,  Bondurant, M . , and Mitchell, Vf. M, Physical p ro p e r t ie s

of Moloney m urine  leukem ia virus h igh -m olecu la r-  weight RNA : a two 

subunit s t ru c tu re ,  J, V irol. 1528-1535 (1975).

Riggs, J, L. An im raunoiluorescent te s t  fo r feline leukem ia and sa rco m a  v irus 

antigens and antibodies. J. Am. Vet. Med. A ssoc . 158, 1085-1087 (1971).

99



Rogerson, P . , J a r re t t ,  W ., and Mackey, L. Epidemiological studies on 

feline leukaem ia v irus  infection. L A sero log ica l  survey in u rban  

ca ts .  Int. J. C ancer,  15, 781-785 (1975).

R ohrschneider, L . R . ,  Kurth, R . , and Bauer, H. Biochemical c h a r a c te r ­

isation of tu m o r-sp ec if ic  cell su rface  antigens on avian oncornavirus 

transfo rm ed  cells , Virology. 481-491 (1975).

Rothman, J . E . , and Lenard , J. Membrane asy m m etry .  Science. 195, 

743-753 (1977).

Rous, P. A sa rco m a  of the fowl t ra n sm iss ib le  by an agent separab le  from  

the tum our ce lls .  J, Exp. Med. 397-411 (1911).

Ruscetti, S .K . , Scolnick, E . M . , and Parks, W.P. Proceedings of the Cold 

Spring H arbo r Meeting on oncornav iruses . (Cold Spring H arbor 

L ab o ra to r ie s ,  Cold Spring H arbor, New York, p45 (1976).

Ruscetti, S .K . ,  and Parks, W.P. C harac te riza tion  of a feline leukem ia v ira l  

cell m em brane  antigen reac tive  with feline s e r a .  J. Immunol. 119, 

2194-2202 (1977).

Russell, P .H . N eutra lis ing  antibodies in feline leukaem ia v irus infections. 

Ph.D. thesis  U niversity  of Glasgow, 1977,

Russell, P .H . ,  and J a r re t t ,  O. An improved a ssay  for feline leukaem ia

virus  pseudotyqres of m urine sa rco m a  v iru s .  J, gen. Virol. 3D 139-143

(1976).

Salden, M . , A sse lbe rgs , F . , and Bloemendal, H. T rans la tion  of oncogenic ■ 

v iru s  RNA in Xenopus laevis oocytes. N ature . 259, 696-699 (1976).

S a rk a r ,  N .H . ,  Manthey, WLJ., and Sheffield, J.B. The morphology of

m urine  oncornav iruses  following different methods of p repara t ion  for 

e lec tron  m icroscopy. Cancer Res. ^  740-749 (1975).

Sarm a, P .S . ,  and Log, T. V iral in te rfe rence  in feline leukemia - sa rco m a  

complex. Virology. 44, 352-358 (1971).

100



Sarm a, P . S .,  and Log, T . Subgroup classification of feline leukaemia

and sa rco m a  v iru ses  by v ira l  in te rfe rence  and neutralization te s t s .  

Virology. 54  ̂ 160-169 (1973).

Sarm a, P. S . , and Log, T ,  Defectiveness of a feline sa rco m a  virus

dem onstrab le  by the acquisition of a new envelope antigenic type by 

phenotypic mixing. Virology. 78, 336-339 (1977).

Schaller, J . P . , Essex , M . , Yohn, D .S . ,  and Olsen, R .G . Feline

onco rnav iru s-assoc ia ted  cell m em brane  antigen. V. Hum oral immune 

response  to v irus and cell m em brane  antigens in cats inoculated with 

G ardner-A rns te in  feline sarcom a v iru s , J, Natl. C ancer Inst. %  

1373-1378 (1975).

Scheele, C . M . , and Hanafusa, M. Proteins of helper-dependent RSV. 

Virology. 45, 401-410 (1971).

Schwarz, H . , Hunsmann, G , , Moennig, V , ,  and Schëfer, W. P roperties  

of m ouse leukem ia v iru ses  XL Immunoelectron m icroscopic  studies 

on v ira l  s t ru c tu ra l  antigens on the cell su rface . Virology. 169-178

(1976).

Scolnick, E . M . , W illiams, D . , Maryak, J , , Vass, W . , Goldberg, R . J . , 

and Parks, W.P. Type-C partic le -posit ive  and type-C  p a r t ic le - 

negative r a t  cell lines : charac te risa tion  of tlie coding capacity of 

endogenous sa rco m a  v iru s -sp ec if ic  RNA. J. V irol, 20, 570-582 (1976).

Sefton, B.M. V irus-dependent glycosylation. J, Virol. jV, 85-93 (1976).

Sen, A . ,  S herr ,  C . J . , and Todaro, G . J . , Phosphorylation of m urine type C 

v ira l  p l2  pro te ins regu la tes  th e ir  extent of binding to the homologous 

v ira l  RNA. C ell. 10, 489-496 (1977).

Sherr , C . J . ,  Sen, A . ,  Todaro, G . J . , Sliski, A . , ' and E|Ssex, M. Feline 

sa rco m a  virus p a r t ic le s  contain a phosphorylated polyprotein (pp85) 

with pl5, pl2 and FOCMA antigens. Proc. Nat. Acad. Sci. USA. in 

p re s s  (1978).

101



Sliski,  A . H . ,  E ssex ,  M . , iVIcyer, C . ,  and Tcxlaro, G ,  Fel ine oncornav i rus -  

assoc ia ted  cel! m e m brane  antigen : Expression in t rans fo rm ed  non - 

p roducer  mink ce l l s .  Science.  J%, 1336-1339 (1977).

Smith, E . J . ,  Stephenson,  J . R .,  Cr ittenden, l - .R. ,  anclAaronson , S . A .

Avian s a rc o m a - le u k o s i s  v irus genc' express ion , Virology.  70, 493-501

(1976).

Smith,  R . F ,  High specific Infectivity avian KNA tumor  v i r u s e s .  Virology.

543-547 (1974).

Snyder, H .W .  j r . ,  Stockert ,  F . ,  and E' ieissner,  F » Charac te r i sa t ion  of 

m olecula r  spec ie s  ca r ry ing  G ross  cell surface  an t igen . J. Viro l .

23, 302-314 (1977).

Steeves,  R .A .  Spleen focus- fo rming  v i ru s  in Friend and Rauscher  leukemia 

v i ru s  p r e p a r a t i o n s . j .  Natl .  Cance r  Inst.  54, 289-297 (1975).

Steeves,  R . A . ,  Strand, M . , and August , J.'IV S truc tura l  p ro te ins  of

m ammal ian  on cogen ic RNA v i ru s e s  : Murine leukemia v i ru s  n e u t r a l ­

ization by an t i se ra  p repa red  against purifieti envelope glycoprotein.

] .  Viro l .  FD 187-189 '1974).

Stephenson,  J . R . ,  Essex ,  M.,  1 lino, S . ,  Hardy,  W.D.  j r . ,  and Aaron son, S .A. 

Fel ine oncornavi  r u s -associa ted cel 1 -membraim  antigen (I'OCMA) : 

Distinction between FOCMA and the m a jo r  vir ion glycoprotein .

Proc. Nai. Acad. Sci. USA._7D 1219-1233 (1977a).

Stephenson,  j . R . , Khan, A .S . ,  Sliski,  A . 11., and Essex ,  M. Fel ine

oncornav i rus -a  ssociated cell memi^rane antigen (FOCMA ) : Identification 

of an immunological ly c ro s s - r e a c t i v e  feline s a rcom a  v irus -coded  protein 

Proc.  Nat.  Acad.  Sci.  USA. J D  5608-5612 (1977b).

Stephenson,  J . R . ,  Reynolds, R„K.,  Tronick,  S .R . ,  and Aaron son, S.A . 

Distr ibution of thig'e c l a s s e s  of endogenous type-C RNA v i ru ses  

among inbred s t ra in s  of m ice .  Viro logy. ^ 7 ,  404-414 (1975).

Strand, M . , and August, J . T .  S tructural  prote ins of mammal ian  oncogenic 

RNA v i ru s e s  : Multiple antigenic de te rminan ts  of the m a jo r  internal  

protein and envtdope glycoprotidn . j . Virol.  13, 171-180 (1974).

1 0 2



Strand, M . , and August, J .T .  S tructu ra l p ro te ins  of m am m alian  RNA

tum or v iru se s  : Relatedness of the in te rspec ies  antigenic de term inan ts  

of the m a jo r  in te rna l p ro te in , J. Virol. 15, 1332-1341 (1975).

Strand, M , , and August, J .T .  S tructu ra l  pro te ins  of ribonucleic  acid tum or 

v iru se s  ; Purification of envelope, core  and in te rna l components.

J. Biol. C h e m . ^ 1 ,  559-564 (1976).

Strand, M . , and August, J .T .  Purification and Analysis of a Gross m urine  

oncornavirus pro te in  with a m olecu lar weight of about 12, 000 specific  

for Gross v irus  subgroup. Virology. 79, 129-143 (1977).

Tem in, H .M , The p ro tov irus  hypothesis : Speculations on the s ignificance 

of RN A-directed DNA synthesis  for norm al development and 

ca rc inogenes is .  J, Natl. C ancer Inst. 46, 3 -8 . (1971).

Theilen, G .H . ,  Kawakami, T . G . , Rush, J .D . ,  and Munn, R .J , Replication 

of cat leukaem ia v irus  in cell suspension cu ltu res .  N atu re , 222,

585-590 (1969).

Thom ason, A .R . ,  Brian, D .A . ,  V elicer, L . F . ,  and Rottman, F .M .

Méthylation of high m olecu lar-w eigh t subunit RNA of feline leukem ia 

v iru s ,  J, V irol, 20, 123-132 (1976).

T ro x le r ,  D .H . , Lowy, D . , Howk, R . , Young, H . , and Scolnick, E .M .

F riend  s t ra in  of spleen focus-form ing v irus is a recom binant between 

ecotropic  m urine  type C v irus  and the env-gene of xenotropic type C 

v i ru s .  P roc. Nat, Acad. Sci, USA. 74, 4671-4-675 (1977),

Tung, J - S , , P in ter , A . ,  and F le is sn e r ,  E. Two spec ies  of type C v ira l  core  

polyprotein on AKR mouse leukem ia ce lls ,  J. V iro l. 430-435 (1977).

Tung, J -S . ,  V itetta , E . , F le is sn e r ,  E . , and Boyse, E .A .  Biochemical 

evidence linking the  0%  ̂ thymocyte surface  antigen to the gp69/71 

envelope glycoprotein of m urine  leukemia v iru s .  J. Ex d̂, Med. 141, 

198-205 (1975).

103



V a n  Z a a n e ,  D . , Gielkons, A .L . J . ,  D ekker-M icbielsen, M.J. A . ,  and

B loem ers, H .P .J .  V iru s -sp ec in c  p re c u rso r  pol>q)eptides in cells  -  

infected with R auscher leukaem ia v iru s .  Virology. 544-552 (1975).

V arm us, H. E . , W eiss , R . A . , F r i i s ,  Pv.R.\ L ev in so n ,-W ., and Bishop, J .M .  

Detection of avian tum or v iru s -sp ec if ic  nucleotide sequences in avian cell 

DNA's. Proc. Nat. Acad. Sci. USA. 20-24 (1972).

Vogt, P .K . Phenotypic mixing in the avian tum or v irus  group. Virology,

32,  708-717 (1967).

Vogt, P .K . Genetics of RNA tum or v iru se s .  In C om prehensive Virology.

Vol. 9. Plenum. New York and London (1977).

Vogt, P . K . , and Ishizaki, R. Patterns of in te rfe rence  in the avian leukosis 

and s a rco m a  complex. V iro logy. ^  368-374 (1966).

Vogt, V . M . , and Eisenm an, R. Identification of a la rg e  polypeptide p re c u r s o r  

of avian oncornavirus p ro te in s .  Proc. Nat. Acad. Sci. USA. 70,

1734-1738 (1973).

Von D er Helm, K . , and Duesberg, P. T ransla tion  of Rous sa rco m a  v irus  RNA 

in a c e l l - f re e  system  from asc ite s  Krebs II ce l ls .  P roc. Nat. Acad. Sci. 

USA. 72, 614-618 (1975).

Walsh, F .S . ,  and Crumpton, M.J. Orientation of c e l l - su r fa ce  antigens in the 

lipid b ilayer  of lymphocyte p lasm a m em brane . N atu re . 269, 307-311

(1977).

Weber, K . , and Osborn, M. The re liab ility  of m olecu lar  weight determ inations 

by dodecyl su lfa te-po lyacry lam ide gel e le c tro p h o res is .  J. Biol. Chem. 

244, 4406-4412(1969).

Weigle, W. O. The immune response  of rabbits  to le ran t  to bovine se ru m  

albumin to the injection, of o ther heterologous se ru m  album ins.

J. Exp. Med, 114, 111-125 (1961).

104



W e ls h ,  R . M .  J r . ,  C o o p e r ,  N . R . ,  J e nse n ,  I N C . ,  and  Old s tone ,  M . B . A .

Human s e r u m  l y s c s  RNA t u m o u r  v i r u s e s .  N a t u r e .  257 , 612-614 (1975). \

W ha l l ey ,  J . M .  E l e c t r o n  m i c r o s c o p y  of f e l ine  l euka e m ia  v i r u s  RNA.

Unify mg c o n c e p t s  of l e u k a e m ia ,  Bib l . h a e m a t .  N o .  39.  ed .  by R . M .  

D u t c h e r  and L .  Chieco -B ianch i  ( K a rg e r ,  Base l ) .  125-132 (1973).

Wit te ,  O . N . ,  and W e i s s m a n ,  1.1.. M e m b r a n e  p r o t e i n s  of MSV-MLV ; T h e i r  

r o l e  in v i r i o n - v i r i o n  i n t e r a c t io n s  in v i t r o . V i r o lo g y .  61, 588-593

(1974).

W i t t e r ,  R . ,  F r a n k ,  11., Moennig,  V . , Hunsm ann ,  G . , Lange ,  H . ,  and Sch’à f e r ,  

W . P r o p e r t i e s  of m o u s e  l eu k e m ia  v i r u s e s  : IV. H e m a gg lu t ina t ion  a s s a y  

and c h a r a c t e r i s a t i o n  of h a e m a g g lu t i n a t in g  s u r f a c e  c o m p o n e n t s .  V i ro logy  

54,  330-345 (1973).

Wyke,  j . A .  T e m p e r a t u r e - s e n s i t i v e  m u ta n t s  of avian s a r c o m a  v i r u s e s .

B ioch im .  Biopi tys . Acta  (CR).  417, 9]-121 (1975).

Yoshiki ,  T . ,  M e l l o r s ,  R . C „ ,  H a rd y ,  W . D .  J n r . ,  and F l e i s s n e r ,  E .

C o m m o n  ce l l  s u r f a c e  ant igen a s s o c i a t e d  with m a m m a l i a n  C - t y p e  RNA 

v i r u s e s .  J .  E xp .  M ed .  139, 925-942 (1974).

Y o s h m a k a ,  Y .,  and Luftig,  R .B .  M u r in e  l eukem ia  v i r u s  m o r p h o g e n e s i s  : 

C le a v a g e  of p70 in v i t r o  can be a c c o m p a n ie d  by a shi f t  f ro m  a 

c o n c e n t r i c a l l y  coi led i n t e r n a l  s t r a n d  ( " i m m a t u r e " )  to a co l l ap sed  

( " m a t u r e " )  f o rm  of the v i r u s  c o r e .  P r o c . N a t .  A c a d .  Sci.  USA.

74, 3446-3450 (1977).

{RSITY
I XBRARY

105


