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Equilibrium centrifugation of two strains of tobacco mosaic virus 
in density gradients 

Vee have examined two strains of tobacco mosaic virus by  equil ibrium centr i fugat ion 
in salt  dens i ty  gradients  according to the  me thod  of ME SELSON, STAHL ,XN D VL'~OGRAD 1. 

A volume of o.65 ml of a salt solution containing 30 /zg virus was placed in a 
xz-mm cell and  centr ifuged at  a speed of 44,7oo rev./min for i6 h at  20 ° in ,x model E 
Spineo analyt ical  centrifuge. The dens i ty  of the salt-virus solution was de te rmined-  
with the aid of a refractometer  which had  been cal ibrated with  a series of salt solutions 
of known densi ty.  The dens i ty  gradient  in the cell at  x6 h was de te rmined  by the 
method  of ,]O}~NSON et al. 2. The virus formed a sharp band  ear ly  in the  rhn. The 
position oi the band wi th in  the  cell was careful ly de termined a t  16 h. C o n d i t i o n s  
were so arranged tha t  the band was near  the  midpoin t  of the liquid column. The 
densi ty  of the solution at  the posit ion of the virus band (effective density) was calcu- 
la ted assuming a linear dens i ty  gradient  and  a densi ty  a t  the  midpoin t  of the l iquid 
column equal  to the dens i ty  of the solution before centr i fugat ion.  The two strains 
of virus which were examined.  Ur  and  U2, have been described a. 

D a t a  for the effective densities of the two strains de termined in a series of salts 
are presented in "Fable I. The two strains differ in effective dens i ty  by  o.oo3 g/ml in 
aLl of the salts tested. In each salt a mixture  of the two strains yielded two dis t inct  
bands.  Fur thermore ,  it was observed tha t  the apparent  dens i ty  de te rmina t ions  were 
unaffected by  the pH of the salt  solutions over the  range p H  2 to 8. These facts  
t aken  together  suggest t h a t  the  observed difference between the  strains represents 
a t rue  difference in dens i ty  and  is not  the reSrrlt of a differential in teract ion of the  
two strains with the salt solutions, 

T A B L E  I 

THI~ EFFECTIVE DENSITIES OF T~.VO S T R A I ~ S  O F  T O B A C C O  I~1OSAIC VIRIJS 
D E T E R M I N E D  I N  S E V E R A L  S A L T  S O L U T I O N S  

T h e  s a l t s  w e r e  u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n  a n d  w e r e  o b t a i n e d  f r o m  t h e  f o l l o w i n g  s o u r c e s :  
N , ~ r ,  J .  T.  t~aker  ('hen~tical Co. .  C. P.  g r a d e ;  K B r ,  B a k e r  a n d  Adanzt.~on, Re~-tg~nt G r a d e ;  C,~CI, 
F i s h e r  Sc ien t i f i c  CJ . ,  p t t r i f ied  ; R b C I  a n d  R b B r ,  K a n d  K C h e m i c a l  L a b . ,  L o n g  I s l a n d  Ci ty ,  N . Y .  

V irzls strain 

Uz U. ~ 

l ( B r  1 .3o6"  1.303 
N a B r  1 .316 1.313 
R b H r  t .3o7 t , 3 o  4 
R b C I  1,3-~5 1.32z 
CsCI 1.325 1.322 

" T h e  s t a n d a r d  e r r o r  is o , o o i  o r  l e s s .  

The values obta ined with  the different salts do not fall into an  obvious pa t te rn .  
I t  m a y  be t ha t  the disparate values result from possibly erroneous assumptions as 
to the l inear i ty  of the densi ty  gradient  and  the  position in the gradient  where the  
dens i ty  is equal  to the s tar t ing dens i ty  of the solution. 

During the course of the experiments,  it was noted tha t  3 M CsC1 h a d  no effect 
either on the infec t iv i ty  or t~e ul traviolet- l ight  sensi t iv i ty  of the two strains. 
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The  m i c r o e s t i m ~ t i o n  of  succinate and the  ex t inc t ion  

coeff ic ient  of  c y t o c h r o m e  c 

Phenazine  methosu lpha te  has been ,;hewn to  be a very" good electron accep te r  in the 
oxidat ion of succinate  b y  succinic dehydrogena_se 1, whereas cy tochr~me c is ap.. 
ex t remely  poor accep te r  in this sys tem.  However ,  cy tochrome  c is reduced rapidly 
in a non-enzymic react ion wi th  reduced phenazine me thosu lpha te  'z. Hence  the 
oxida t ion  of succinate  b y  succinie dehydrogenase  can be coupled  to the  reduct ion of 
ey toeh rome  c in the  presence of t race a m o u n t s  of phenazine  methosu lpha te  to give an 
ex t r eme ly  sensi t ive me thod  for the  es t imat ion of succinate .  

sUt'C ill~l'ttw 4-, |/|IelI~IZiII(L ITI~[ ]l|).~lll, })|l~'Lto '/dehv(~uccirtictrogen''-a-.~,e / ~ I) 

f u m ; t r a t e  -~- r e c luced  p h e n a z i n e  m e t h o s u t p h a t e  

r e d u c e d  p h e n a z i n e  m c t h o s u l p h a t e  + - c v t o c h r o m e c  ~ > (z) 
p h e n a z i n c  n t e t h o s u l p h a t c  + -' r e d u c e d  c y t o c h r o m e  c 

The opt imal  condi t ions  for this es t imat ion  have not  been explored fully, but  the 
following condit ions have  been found satisfactory' .  Spec t ropho tomete r  cells are filled 
wi th  the following reagents  to a to ta l  vo lume of 2.95 ml; phosphate ,  pH 7.6, I5o 
/ ,moles;  cy toch rome  c, o .z25/~mole ; succinate,  o-0.o5 t~mole; succinic dehydrogenase  
prepared  according to the  m e t h o d  of SIN~ER et ul. 1, O.2 rag. "l~e cells are incuba ted  at  
25 ° and  the  react ion begun b y  the addi t ion  of o.o5 ml of o.oz 20 phenazine metho-  
su lpha te  (freshly d i lu ted  from a x % s tock solution).  

A b lank  wi thou t  a n y  suecinate  b u t  containing all the  o the r  reagents  m u s t  be 
run,  since a red eolour develops  on the incabat ion  of phenazine methosu lpha te  --'"*~ "rV l L I I  

most  proteins,  due  to a complex  wi th  sn lphydry l  groups". The absorbance  at  55 ° m/z 
is recorded  until  the  difference be tween  sample and blank becomes  constant .  Fig. i 
shows the  resul ts  of a n u m b e r  of es t imat ions  carr ied oa t  in this way.  I t  will be no ted  
t ha t  the  a m o u n t  of cy tochrome  6 reduced is the same in the presence or  absence of 
oxygen.  As reduced phenazine methosu lpha te  is very  auto-o:ddizable  (in fact  i ts  
react ion wi th  O 2 is the  basis of the usual assay  for succinic dehydrogenasO)  it  is 
ev iden t  tha t  the ra te  of react ion of reduced pbenazino methosnlphate  wi th  t y r o -  
chrome c must  be ve ry  much greater  than that  of its re-oxidat ion wi th  O. z. As cy to -  


