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Summary: 
studied using s t e a r i c  ac id  sp in  l a b e l s  with the  n i t rox ide  r ing  on t h e  C 5  and 
c16 pos i t i ons .  
r i g i d  than t h a t  of t he  C16 sp in  l a b e l .  This r e s u l t ,  which p a r a l l e l s  s imi l a r  
observations i n  red c e l l  membranes and influenza v i rus ,  suggests t h a t  t he  l i p i d  
phase of Rauscher murine leukemia v i r u s  i s  arranged i n  a b i l aye r .  

The l ip id-conta in ing  membrane of Rauscher murine leukemia v i r u s  was 

The environment of t he  C 5  sp in  labe l  was found t o  be much more 

Electron sp in  resonance spectroscopy using sp in  l a b e l s  has proved t o  be 

a usefu l  t oo l  i n  studying the  geometric organization of l i p i d s  i n  both na tu ra l  

and synthe t ic  membranes (1-9). 

l abe l s  which probe t h e  l i p i d  phase a t  s p e c i f i c  d i s t ances  from the  membrane 

sur face .  

ca l a t ed  may be q u a l i t a t i v e l y  in t e rp re t ed  i n  terms of t h e  r i g i d i t y  o r  f l u i d i t y  

of t he  loca l  environment. 

of t he  membrane i n t e r i o r ,  conclusions can be drawn regarding the  ove ra l l  s t ruc -  

t u r a l  organization of t h e  membrane l i p i d  phase ( 3 , 4 , 9 ) .  

Especia l ly  va luable  f o r  t h i s  purpose a r e  sp in  

The spec t r a  from membranes i n t o  which a sp in  l abe l  has been i n t e r -  

By comparing the  r i g i d i t y  a t  severa l  d i f f e r e n t  depths 

We have previously shown t h a t  spec t r a  of spin-labeled influenza v i r u s  

and of human red  blood c e l l  membranes have similar c h a r a c t e r i s t i c s  which 

suggested t h a t  t he  l i p i d  i n  the  v i r u s  was arranged i n  a b i l aye r  (9) .  The 

su r face  membranes of transformed c e l l s  have p rope r t i e s  which may be r e f l e c t e d  

i n  the  envelopes of oncogenic v i ruses  which form by a process of budding a t  the  

plasma membrane. To inves t iga t e  the  arrangement of l i p i d s  i n  such a v i r u s ,  we 
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compared the  spec t ra  of spin-labeled Rauscher murine leukemia v i r u s  (RLV) with 

the  spec t ra  of influenza v i r u s  and human red  cell membranes which we have 

previously described (9).  

The growth, p u r i f i c a t i o n  and sp in- labe l l ing  procedure f o r  influenza 

v i r u s  has been described (9) .  For growth of RLV, t h e  SLS-V9 l i n e  of mouse 

bone marrow c e l l s  transformed by t h i s  v i r u s  was used (10). 

i n  re inforced  Eagle ' s  medium (11) with 20% c a l f  serum i n  75 cm 

f l a s k s .  

re inforced  Eagle 's  medium with 2% c a l f  serum. 

cubation a t  37" f o r  two o r  more days and was pur i f i ed  by p r e c i p i t a t i o n  with 

polyethylene g lycol  and equilibrium zonal cen t r i fuga t ion  i n  a 5-40% potassium 

t a r t r a t e  grad ien t  a s  described previously f o r  influenza v i r u s  (9) .  Samples 

containing 200-400 Pg of v i r u s  were spin-labeled by incubating with 2 mi. of a bovine 

serum albumin-spin labe l  complex (1 mg. of sp in  l abe l  and 50 mg. of bovine serum 

albumin per ml), and r epur i f i ed  i n  a potassium t a r t r a t e  grad ien t .  The number 

of spins i n  the  sample was estimated r e l a t i v e  t o  a p i t c h  standard measured 

under the  same conditions,  and it was concluded t h a t  l e s s  than 0 . 1 %  of t he  l i p i d  

molecules were sp in  l a b e l s .  

drawn heparinized blood by repeated washings with cold phosphate buffered s a l i n e  

and repeated removal of t h e  buffy c o a t  a f t e r  cen t r i fuga t ion .  

labeled as described previously (9) .  

e l ec t ron  sp in  resonance spectrometer. 

Ce l l s  were grown 
2 

Falcon p l a s t i c  

After monolayers were confluent,  the  growth medium was replaced with 

Virus was harvested a f t e r  i n -  

Human red  blood c e l l s  were obtained from f r e sh ly  

They were spin- 

Spectra were obtained on a Varian E - 1 2  

In Fig.  1 the  spec t ra  of Rauscher v i r u s  a r e  compared with those obtained 

Each t r ac ing  r ep resen t s  superposit ion from influenza v i r u s  and r ed  blood c e l l s .  

of two types of spec t ra ,  a "broad l i ne"  and a " l iqu id  l ine"  component. 

" l i qu id  l ine"  spectrum cons i s t s  of t h r e e  sharp l i n e s  a r i s i n g  from i s o t r o p i c a l l y  

tumbling sp in  l abe l s .  

from t h e  i n t e n s i t y  of t he  narrow l i n e  denoted llLL" i n  Fig.  1. 

neg l ig ib l e  amount o f  "l iquid l ine"  i n  the  red  c e l l  spec t ra ,  while t he  influenza 

v i r u s  spec t ra  have a la rger ,  but s t i l l  q u i t e  small, amount. The RLV spec t ra ,  

The 

The amount of "l iquid l i ne"  present can be estimated 

There i s  a 
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Upper Spectrum : RAUSCHER MURINE LEUKEMIA VIRUS 
Middle Spectrum: INFLUENZAVIRUS 
Lower Spectrum : HUMAN RED CELL 
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F i g .  1. Comparison o f  s p e c t r a  of  s p i n  l a b e l s  I (1,14) and 
I (12,3) incorpora ted  i n t o  Rauscher murine leukemia v i r u s ,  i n f l u e n z a  
v i r u s ,  and human r e d  blood c e l l s .  LL i n d i c a t e s  t h e  p o s i t i o n  of t h e  
h igh  magnetic f i e l d  peak o f  t h e  " l i q u i d  l i n e "  superimposed on t h e  
?'broad l i n e "  spectrum ( s e e  t e x t ) .  The t h r e e  " l i q u i d  l i n e "  peaks o f  
I (12,3) i n  RLV have been c l i p p e d  i n  o r d e r  t o  f a c i l i t a t e  comparison 
between t h e  "broad l i n e "  s p e c t r a .  H d e n o t e s  t h e  magnetic f i e l d .  
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however, are  c h a r a c t e r i z e d  by a n  extremely i n t e n s e  " l i q u i d  l i n e "  component. This  

i s  thought  t o  arise e i t h e r  from s p i n  l a b e l  which i s  adsorbed t o  t h e  o u t e r  s u r f a c e  

of  t h e  v i r u s  o r  t o  l a b e l  a s s o c i a t e d  wi th  l i p i d  d r o p l e t s  which may be  p r e s e n t  as 

contaminants  i n  t h e  v i r u s  p r e p a r a t i o n .  Consequently, t h i s  component of  t h e  

spectrum has  n o t  been i n t e r p r e t e d  i n  terms o f  membrane s t r u c t u r e .  

Apart  from t h e  i n t e n s i t i e s  o f  t h e  " l i q u i d  l ine1 ' ,  t h e r e  is  a s t r i k i n g  

s i m i l a r i t y  between t h e  "broad l i n e "  s p e c t r a  of t h e  v a r i o u s  membrane systems f o r  

each of  t h e  two s p i n  l a b e l s .  

i n t e r c a l a t e d  i n t o  t h e  l i p i d  phase of  t h e  v i r u s .  

of t h e  fact  t h a t  t h e  s p l i t t i n g  between t h e  low and h i g h  magnetic f i e l d  peaks 

i n c r e a s e s  as t h e  environment l i m i t s  t h e  motional  freedom of t h e  s p i n  l a b e l .  

Thus, i n  terms of  mechanical r i g i d i t y  a t  d i f f e r e n t  l e v e l s  of t h e  l i p i d  phase, 

a l l  t h e s e  membranes are  q u i t e  similar. 

t h e  l i p i d  phase i s  q u i t e  r i g i d ,  as shown by s p i n  l a b e l  I (12,3) (F ig .  1, t o p ) .  

Deeper i n  t h e  hydrocarbon r e g i o n ,  as shown by s p i n  l a b e l  I (1, 14) (F ig .  1, 

bottom), t h e r e  i s  g r e a t e r  f l u i d i t y  and consequent narrowing of t h e  "broad l i n e "  

spectrum. A more c a r e f u l  i n s p e c t i o n  o f  t h e  s p e c t r a  obta ined  from I (12,3) 

shows t h a t  t h e  "broad l i n e "  s p l i t t i n g s  f o r  RLV and i n f l u e n z a  v i r u s  are approxi -  

mately t h e  same, b u t  a r e  somewhat l a r g e r  t h a n  t h e  s p l i t t i n g  observed f o r  t h e  

e r y t h r o c y t e s .  

a r e  i n  a somewhat more r i g i d  environment t h a n  i s  t h e  case i n  t h e  r e d  ce l l  membrane 

A similar comparison cannot  be made wi th  t h e  s p e c t r a  from I (1,14) because of  

t h e  s t r o n g  i n t e r f e r e n c e  by t h e  t l l i q u i d  l i n e "  i n  t h e  RLV spectrum. 

T h i s  component arises from s p i n  l a b e l  which i s  

I t  may be i n t e r p r e t e d  i n  terms 

In  t h e  v i c i n i t y  o f  t h e  p o l a r  head groups 

This  i n d i c a t e s  t h a t  t h e  s p i n  l a b e l s  i n  RLV and i n f l u e n z a  v i r u s  

I t  has  r e c e n t l y  been shown by s e v e r a l  phys ica l  t echniques  t h a t  t h e  

l i p i d s  of a number of  b i o l o g i c a l  membranes, inc luding  r e d  ce l l  g h o s t s ,  are  

ar ranged  i n  a b i l a y e r  (12-14). 

of  s y n t h e t i c  m u l t i l a y e r s  i n d i c a t e s  t h a t  t h e s e  b i l a y e r  s t r u c t u r e s  a re  c h a r a c t e r i z e d  

by a f l e x i b i l i t y  g r a d i e n t ,  i . e .  a n  i n c r e a s i n g l y  r i g i d  environment as t h e  n i t r o x i d e  

r i n g  i s  p laced  c l o s e r  t o  t h e  p o l a r  head group of  a s tear ic  a c i d  molecule  ( 4 , l S ) .  

The s t r i k i n g  s i m i l a r i t y  o f  t h e  s p e c t r a  of  sp in- labe led  i n f l u e n z a  v i r u s  and o f  

Spin l a b e l  s t u d i e s  of  t h e s e  membranes and 
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r e d  blood ce l l  membranes l e d  t o  t h e  conclus ion  t h a t  t h e  l i p i d s  of in f luenza  

v i r u s  are a l s o  a r ranged  i n  a b i l a y e r  ( 9 ) .  The p r e s e n t  d a t a  provide  similar 

evidence f o r  t h e  presence  of a l i p i d  b i l a y e r  i n  t h e  envelope o f  Rauscher v i r u s .  

Thus, a t  t h e  p r e s e n t  l e v e l  of  r e s o l u t i o n ,  t h e  l i p i d  component of  a n  oncogenic 

v i r u s  has  a n  arrangement which cannot  be d i s t i n g u i s h e d  from t h a t  of  a non- 

oncogenic enveloped v i r u s .  
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