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S u m m a r y  

The  increased percentage  of  oleic acid and  decreased percentage  of  
arachidonic  acid which  occurs  in the  l ipids of  ch icken  e m r b y o  f ibroblasts  
t r ans fo rmed  by Rous  sa rcoma virus was s h o w n  to  be t r a n s f o r m a t i o n  specific 
r a the r  t han  a consequence  o f  virus infect ion.  Cells infec ted  wi th  a t e m p e r a t u r e  
condi t iona l  m u t a n t  of  Rous  sa rcoma virus (RSV-T5)  had  a no rma l  t y p e  f a t ty  
acid compos i t i on  when  held  at  the  restr ict ive t e m p e r a t u r e  of  41°C, b u t  had  a 
t r ans fo rmed  type  fa t ty  acid compos i t i on  when  held at  the  permissive 
t empe ra tu r e  of  36°C. However,  these  acyl g roup  changes occur red  slowly 
in the  course  o f  t r ans fo rma t ion ,  suggesting t h a t  t hey  are no t  a p r imary  event  
in the  genesis o f  the  t r ans fo rmed  p h e n o t y p e .  

There  exists  extensive corre la t ional  evidence th~t ta l tera t ions  in cell 
m e m b r a n e  s t ruc tu re  and func t ion  p lay  a role in ma l ignan t  t r a n s f o r m a t i o n  
(see ref. 1 for  a recen t  review). A m o n g  the  m e m b r a n e  a l tera t ions  is a decrease 
in t he  arachidonic  acid (20:  4) c o n t e n t  o f  cellular  l ipids and a cor responding  
increase Ln oleic acid (18 :1 )  fo l lowing mal ignan t  t r ans fo rmat ion .  This  change 
in the  rat io of  1 8 : 1 / 2 0 : 4  occurs  in ch icken  e m b r y o  f ibroblasts  t r a n s f o r m e d  
b y  Rous  sarcoma virus [2 ,3 ] ,  3T3 an.~ \7~38 cells t r ans fo rmed  by SV40 [4,5]  
and rat  h e p a t o m a s  [6,7 ] .  Thus ,  it is a b iochemica l  a l te ra t ion  c o m m o n  to  a 
n u m b e r  of  mal ignan t  cell types.  Membranes  which  have an increased rat io 
o f  1 8 : 1 / 2 0 : 4 ,  in t he  absence of  o the r  al terat ions,  m i g h t  be expec ted  to  
display a dect'eased lipid bflayer " f l u i d i t y "  (or  increased "mic rov i scos i ty" )  
since the  decreased percentage  o f  doub le  bonds  migh t  allow be t t e r  s tacking 
o f  the  phosphol ip id  acyl  groups  [ 14 ] .  In  fact,  b o t h  SV40 t r ans fo rmed  3T3 
cells and Rous  t r ans fo rmed  ch icken  e m b r y o  f ibroblasts  have been r epo r t ed  
to  have somewha t  increased m e m b r a n e  "mic rov i scos i ty"  measured  by 
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f luorescence depola r iza t ion  (ref. 8 and Fri:i6, personal  c o m m u n i c a t i o n )  and 
e lec t ron spin resonance  [ 3 ] .  (However ,  the.re is some con t r ad i c to ry  evidence 
o n  the  "mic rov i scos i ty"  of  t rm~sformed fib;roblast m e m b r a n e s  [9 ] .  Moreover,  
it is i m p o r t a n t  to  no te  t h a t  compar i sons  o f  l y m p h o m a s  wi th  no rma l  
l y m p h o c y t e s  rew~.al a decreased microviscos i ty  of  the  m e m b r a n e s  o f  the  
mal ignan t  cells, due  to  decreased choles terol  c o n t e n t  of  these cells [ 15 ] .  

In making  compar i sons  be tween  n o r m a l  and  ma l ignan t  cells, it is 
i m p o r t a n t  to  be cer ta in  tha t  the  di f ferences  observed are specific fo r  trans- 
f o r m a t i o n  if  deduc t ions  a b o u t  oncogene.ds are ~o be made.  For  example ,  bio- 
chemica l  compar i sons  be tween  3T3 cells and the i r  SV40 t r ans fo rm ants  are 
somet imes  d i f f icul t  to  in te rpre t  since thence established cell lines may  n o t  have 
had ident ical  his tories  and  thus  m a y  have accumula t ed  n u m e r o u s  b iochemica l  
d i f ferences  second~ry to the  t r ans fo rming  event.  Moreover ,  since the  eff ic iency 
of  t r a n s f o r m a t i o n  by  SV40 is so low ( typical ly ,  fewer  t h a n  10% of  the  in fec ted  
cells ~ o w  in to  t r ans fo rmed  clones) the  possibi l i ty exists t ha t  t he  virus selects 
a pre-exist ing var iant  type .  Similar  cr i t icisms can be made  of  compar i sons  
be tween  t u m o r s  and no rma l  tissues. On  the  o the r  hand ,  t he  R N A  t u m o r  
viruses, such as Rous  sarcoma virus, a l thou~h t h e y  can  rapidly  t r a n s f o r m  100% 
of  a cul ture ,  generally repl icate  p roduc t ive ly  in the  cells t hey  t r ans fo rm,  and  
thus  may  cause cellular  a l te ra t ions  as a consequence  of  rep l ica t ion  r a the r  
t h a n  jus t  t r ans fo rma t ion .  

To d e t e r m i n e  whe the r  lipid acyl group ,~hanges fo l lowing Rous  sa rcoma 
virus in fec t ion  o f  ch icken  e m b r y o  f ibroblasts  were t r a n s f o r m a t i o n  specific,  
we have t aken  advantage  o f  RSV-T5 [ 1 0 ] ,  a m u t a n t  of  Rous  sa rcoma  virus 
which is t empera tu re~condi t iona l  for  t r a n s f o n ~ a t i o n ,  bu~ n o t  fo r  repl ica t ion .  
Cells infec ted  wi th  this  m u t a n t  are pheno typ i ca l l y  n o r m a l  hy  a n u m b e r  o f  
cr i ter ia  when  held at  41°C, b u t  rap id ly  b e c o m e  t r ans fo rmed  w h e n  sh i f ted  to  
36°C [ 1 0 , 1 1 ] .  Conversely,  cells t r ans fo rmed  by  RSV-T5 at  36°C rapidly 
revert  to  a no rma l  p h e n o t y p e  w h e n  shif ted  to  41°C. Since 100% of  a cu l tu re  
can be rapid ly  and reversibly t r ans fo rmed ,  and  since normal ,  high t i te rs  o f  
in fec t ious  virus are p roduced  at  b o t h  t empera tu res ,  thai sys tem is ideal for  
de t e rmin ing  w h e t h e r  v i rus- induced changes in cellulva' b iochemis t ry  are due  
to  select ion or  in fec t ion  or  are t ransformat ion-speci f ic .  

In Table  I is shown  the  acyl g roup  c o m p o s i t i o n  of  to t a l  cel lular  l ipids 
f r o m  normal ,  exponen t i a l ly  growing u n i n f e c t e d  cells, cells t r a n s f o r m e d  by  
the  wi ld- type  Rous  sarcoma virus, cells in fec ted  by RSV-T5 and hetd  at  41°C, 
(where  t h e y  are pheno typ ica l ly  normal ) ,  and  cells t r a n s f o r m e d  by  RSV-T5 
a t  36°C. I t  can  be seen t h a t  the  RSV-T5 infec ted  cells he ld  at  36°C which  
had a t r an s fo rmed  m o r p h o l o g y  and  a high ra te  o f  hexose  t r anspor t  (which  is 
character is t ic  of  t r ans fo rmed  f ibroblasts)  also had  a fa t ty  acid c o m p o s i t i o n  
typ ica l  of  the  wildotype t r a n s f o r m e d  cells, wi th  a h igh ra t io  of  1 8 : 1 / 2 0 : 4 .  
The  increased ra t io  o f  1 8 : 1 / 2 0 : 1  in Rous - t r ans fo rmed  cells occurs  in all t he  
separated phospho l ip ids  [2]  and  in isolated p lasma m e m b r a n e s  as well  as 
whole  cells [ 3 ] .  Bu t  when  RSV-T5 infec ted  cells were held  at  41°C, t h e y  
had  a n o r m a l  t ype  fa t ty  acid compos i t ion ,  w i th  a lower  1 8 : 1 / 2 0 : 4  ratio.  
Thus ,  th is  cel lular  change is d e p e n d e n t  on  the  express ion o f  viral oncogenic  
act ivi ty,  and  is n o t  due  to  in fec t ion  or selection. 

The  effects  of  t e m p e r a t u r e  on  t he  f a t ty  acid compos i t i on  of  these  
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cul tured  cells are clearly related to  the  t~,mperature-sensiti~ e lesio.u in 
RSV-T5,  since un infec ted  cells and cells infected with  wild-Lype vivls  or  
wi th  a non- t ransforming de le t ion  mutan~L o f  Rous  sarcoma virus ( td lqY101)  
did n o t  show tempera ture -condi t iona l  v ~ a t i o n s  in the  rat io Qf 1 8 : 1 / 2 0 : 4  
in cellular lipids (Table II). Thus,  th is  change in lipid compos i t ion  i~ 
t r ans fo rmat ion  specific. 

The  conclus ion t h a t  the  acyl group a l tera t ions  ~ 'e  t rans~o~nat ion-  
specific has been conf i rmed in ano the r  system: human  cells~, h l fec ted  with  
ei ther  adenovirus  12 or Herpes viruses t y p e  ! or t y p e  2 ( infect ions which do  
no t  lead to  mass t rans format ion  of  the  cultm:e), did no t  display al terS,  ions 
in the  lipid acyl  group compos i t ion  (Yau and Ledinko ,  unpubl ished observa- 
t ions).  

To  de te rmined  whether  the  a l tera t ions  in fa t ty  acid compos i t i on  could  
be  a p r imary  event  in mal ignant  t r ans fo rma t ion  by  Rous  sarcoma virus, ~ e  
compared  the  kinetics of  appearance of  the  f a t t y  acid changes to  the  vinL~ 
induced a l tera t ions  in the  ra te  of  hexose  t ranspor t ,  fol lowing ~a shift  in th~ 
growth  t~mpera tu re  of  RSV-T5 infected cells (Fig. 1). I t  can be  seen t h a t  
cells infected wi th  RSV-T5 and held at  41°C had a low ra t io  of  18:1/20"~4 
(panel b) and  a low rate  o l  hexose  t ranspor t  (panel  c). When shif ted to  36°C, 
t hey  rapidly  increased their  rate  of  hexose  t r anspor t  unti l ,  af ter  12 h i t  had  
reached the  level character is t ic  of t rdnsformed ceL~s. On the  o~:her hand ,  t h e  
change in the  rat io  of  1 8 : 1 / 2 0 : 4  occurr~d much  more  slowly,  requir ing 
a lmost  t w o  days  to  go to  comple t ion .  Similarly, ceils he ld  a t  36°C, which  
had the  t r ans fo rmed  type  f a t t y  acid compcs i t ion  and a high r~Lt~ of  hexose  
t ranspor t ,  reversed their  hexose  t r anspor t  ra te  much  more  quickly t h a n  the i r  
acyl group compos i t ion  when  shif ted to  41°C. The  kinetics of  the  acyl  group 
changes occur red  no  more  quickly  in isolated plasma membranes  (panel a) 
nor  in individual phosphol ip ids  [ 3 ] .  

The  results  presented  here  indicate  t h a t  t he  increased ra t io  of  18 :1 /  
20 :4  seen in the  lipids of  Rous  sarcoma v i ru~ tmns fo rmed  chicken e m b r y o  
f ibroblasts  is t ransformation-specif ic ,  depending on  the  express ion o f  viral 
oncogenic act ivi ty in cells infected with  a t e m p e r a t u r ~ c o n d i t i o n a l  virus 
mutan t .  However ,  the  slow kinet ics  wi th  which these  compos i t iona l  changes 
occur  suggests t ha t  they  c a n n o t  be a pr imary event  in mal ignant  t r an~or rna t ion ,  

T A B L E  ][I 

R A T I O  I ~ ; X / 2 0 : 4  IN C E L L S  G R O W N  &T D I F F E R E N T  ~ E M P E R A T U R E S  

Culturem w e r e  ~nfec ted  w i t h  virus  a n d  ~ o w n  a t  e i t h e r  41 o r  3 6  ° C. 24  h b e f o r e  .~ .ar~e~ng ha l f  t h e  
c u l t u r e s  w e r e  shif ted to  t h e  o p p o s i t e  t e m p e r a t u r e .  

T e m p e r a t u r e  (o C)  

3 6  4 1  4 1 - - , 3 6  36---41 

N o r m a l ,  u n i n f e c t e d  
cel ls  1 .4  1 .5  1 .2  1.4 

Cells t r a n s f o r m e d  b y  
w i l d - t y p e  R S V  2 .6  3 .2  2 .9  3 .3  

Cells I n l e c t e d  w i t h  
n o n - t r a n s f o r m i n t  
m u t a n t  t d N  Y1 O1 1. ~ 1.6 1 . 5  1 .3  

Cells  i n f e c t e d  w i t h  
R S V  - T 5  3 .2  1.7 ~].7 2 . I  
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Fig. ~,. C h a n g ~  in  t h e  raUo o f  1 8 : 1 / 2 0 : 4  in  p h o s p h o l i p i d s  f r o m  p l a s m a  men lb~Lnes  (a)  a n d  w h o l e  
cells  Co) a n d  t h e  r a t e  o f  t r a n s p o r t  o f  2 - d e o x y ~ l u e o s e  (e) i n  c u l t u r e s  i n f e c t e d  b y  t h e  t e m p e r a t u r e -  
c o n d i t i o n a l  n~,utant o f  R o u s  s a r c o m a  virus,  RS V-TS. Ceils  we re  i n f e c t e d  w~th I t S V - T 6  a t  e i t h e r  36  o r  
41 ° C. AfLmr i n f e c t i o n  was  f u l l y  e s t a b l i s h e d ,  c u l t u r e s  w e r e  s h i f t e d  t o  t h e  o ~ p o s i t e  t e m p e r a t ,  tre (t~rn.e 
ze ro )  a n d  s a m p l e s  w e ~  w i t h d r a w n  f o r  I /pid  ana lys i s  a n d  t r a n s p o r t  m e a s u ~ ; m e n t ~  L i p i d  e x t r a c t i o n ,  
a c y l  g r o u p  ana ly s i s  a n d  h e x o s e  t r a n s p o l t  were  p e r f o r m e d  as p rev io ,  -Ay d e ~ r l b e d  [ 2 , 3 , 1 2 ] .  P l a sma  
m e m b r a n e s  w e r e  i so l~ ted  b y  t h e  m e t h o d  o f  P e r d u e  e t  aI. [ 1 3 ] ,  

but  m o s t  l ikely are a secondary c o n s ~ l u e n c e  o f  s o m e  e.~rlier metabo l i c  
alteration. Since the  ratio o f  1 8 : 1 / 2 0 : 4  changed s lowly  in both  the  plasma 
membrane  and in w h o l e  cells, it is dif f icult  to  argue that a specif ic  m e m b r a n e  
fraction which n i g h t  change c o m p o s i t i o n  rapidly is critical in precipitat ing 
the  early event~ in malignant transformation,  a l though it is conce ivable  that  
alterations in critical "micro-domains"  or the  induct ion  o f  phase separations 
may cause changes which  would  not  be  detec ted  by  analysis o f  total  cellular 
lipids and isolated plasma membranes .  
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