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The separation of strains of tobacco mosaic virus by continuous 
filter-paper electrophoresis 

P l a n t  v i ruses  f requent ly  occur  in their  hos t s  as mix tu re s  of vi ruses  or v i rus  s t ra ins .  Centr i fugal  
pur i f icat ion methods ,  as c o m m o n l y  applied to p l an t  vi ruses  do no t  separa te  individual  componen t s  
of these  mix tu res ,  b u t  general ly  s ed imen t  viruses as a group,  Separat ing t h e m  from the  hos t ' s  
p ro te in  cons t i tuen t s .  The  recent  deve lopmen t  of con t inuous  fi l ter-paper electrophoresis  1 sugges ted  
t h a t  th i s  m e t h o d  could be util ized in the  phys ica l  separa t ion  of m i x t u r e s  of p l an t  vi rus-proteins ,  
and  as will be shown  below, wi th  th is  m e t h o d  the  indiv idual  c o m p o n e n t s  of a m i x t u r e  of two 
tobacco mosaic  v i rus  (TMV) s t ra ins  have  been obta ined  in mi l l igram quant i t ies ,  such  t h a t  each 
s t ra in  af ter  separa t ion  is biologically dist inct .  

To date,  m o v i n g - b o u n d a r y  electrophoresis  is the  only  phys ica l  m e t h o d  which  ha s  been 
applied in the  separa t ion  of m i x t u r e s  of p l an t  v i rus  s t ra ins .  By  m e a n s  of a m o v i n g - b o u n d a r y  
cell indiv idual  v i rus  s t ra ins  have  been isolated f rom m i x t u r e s  of TMV s t ra ins  by  KAHLER AND 
WOODS ~, and  by  SXNGEE et al. ~; in bo th  ins tances  however,  the  isolated s t ra ins  were no t  biologically 
pure,  b u t  represented  only  an  e n r i c h m e n t  over  the  concen t ra t ion  of the  s t ra in  in the  original 
mix ture .  R e m o v a l  of a c o m p o n e n t  f rom a m o v i n g - b o u n d a r y  cell is tedious,  and  unless  t he  com-  
ponen t s  migra te  a t  s ignif icantly different ra tes  t he  separa t ion  m a y  no t  be a comple te  one. Fu r the r -  
more,  wi th  mix tu r e s  of more  t h a n  two subs t ances  it  is no t  possible to ob ta in  all of t he  individual  
components .  

Con t inuous  f i l ter-paper electrophoresis  overcomes  d i s advan tages  encountered  when  moving-  
b o u n d a r y  electrophoresis  is used  as a p repara t ive  me t hod .  The  use  of filter paper  as a suppor t ing  
m e d i u m  to overcome convection,  combined  wi th  t he  large area  of the  paper  over  which  t he  
migra t ion  of t he  m i x t u r e  t akes  place, enables  the  separa t ion  of m ix tu r e s  of pro te ins  even when  
t he  c o m p o n e n t s  of the  m i x t u r e s  possess  a lmos t  identical  electrophoret ic  mobilit ies.  In  addit ion,  
wi th  h igh ly  act ive biological mater ia l s  such  as viruses  i t  is of significance t h a t  the  componen t s  
of ten  separa te  into individual  containers ,  which  obvia tes  hav ing  to collect a c o m p o n e n t  f rom 
a c e l l - - w i t h  the  inhe ren t  danger  of accidental  mixing.  

The  t echn ique  to be described was developed by  us ing  two s t ra ins  of TMV which  were known  
to differ in electrophoret ic  mobi l i ty .  Only the  work which  deals  wi th  t h e  deve lopmen t  of t he  
me thod ,  us ing  artificial m i x t u r e s  of the  two TM-V strains,  will be  repor ted  here. Studies  wi th  
th is  t echn ique  as applied to t he  separa t ion  of na tu ra l l y  occurr ing v i rus  m ix tu r e s  are con t inu ing  
and  will be publ ished in detai l  later.  

I nocu lum from which  t he  TMV was prepared  was obta ined  f rom Dr. S. G. WILDMAN. The  
origins and  purif icat ion m e t h o d  applied to t he  two strains,  U-I  and  U-2, wi th  electrophoret ic  
mobil i t ies in o. i  ionic s t r eng th  cacodylic acid buffer, p H  6.9, of - - 8 . 9 "  Io -5 cm  I vol t  -1 sec -1 and  
- - 4 . 9 '  lO-5 cm2 volt-1 sec-1 respectively,  are described b y  SIEGEL AND W I L D M A N  6. Before use, 
the  v i rus -pro te ins  were dialyzed aga ins t  M]9o p h o s p h a t e  buffer, p H  6.9. Virus-prote in  concen- 
t r a t ions  were e s t ima ted  by  direct  Nesslerization.  

A "Con t inuous  Elec t rophores is"  a p p a r a t u s  m a n u f a c t u r e d  by  Shandon  Scientific Company ,  
London ,  was employed  in th is  work. The  e q u i p m e n t  was  modified to provide  for a u t o m a t i c  
appl ica t ion of t he  v i rus-prote in  to the  paper  by  m e a n s  of a synch ronous  moto r -d r iven  hypode rmic  
syringe.  A ful l-wave rectifier opera ted  f rom a vol tage  regulator ,  provided  an  o u t p u t  potent ia l  
regula ted  to =]= i %. P la t inum-wi re  electrodes enclosed in dialysis  t ub ing  were c l amped  to t he  
two ver t ical  edges of t he  paper .  A s t r e am of buffer  was  circulated t h rough  t he  dialysis  t u b i n g  
to r emove  t he  p roduc t s  of electrolysis a t  the  electrodes. The  d is tance  be tween  t he  electrodes 
was app rox ima te ly  4 o cm.  M/9o p h o s p h a t e  buffer, p H  6.9, c i rculated t h r o u g h  t he  electrode t u b i n g  
and  also moved  down the  pape r  ( W h a t m a n  No. 54) as the  buffer  cur ta in .  

The  condi t ions  for a typica l  expe r i men t  were as follows: 
The  filter paper  was placed in the  appa ra tus ,  t he  buffer  cu r t a in  was  s t a r t S ,  and  a po ten t i a l  

of 460 V was  applied.  After  several  hours ,  when  equi l ibr ium condi t ions  were establ ished,  a 50: 5o 
m i x t u r e  of t he  purified vi rus  s t ra ins ,  each a t  a concen t ra t ion  of 2. 5 m g  pro te in  per  ml,  was  appl ied 
to t he  top  of the  paper, i3.  5 cm f rom t he  cathode,  a t  t he  ra te  of a p p r o x i m a t e l y  0.2 ml  per  hour.  
The  a p p a r a t u s  was  run  a t  room t e m p e r a t u r e  for 48 hour s ;  45 m g  of v i rus-pro te in  was  applied 
dur ing  the  first 42 hour s  of the  migra t ion .  The  po ten t ia l  was cont inued,  and  t he  buffer  was  allowed 
to flow down the  paper  for an  addi t ional  six hour s  to  elute  more  v i rus  f rom the  paper .  The  buffer  
which  flows down the  paper  collects in a series of 3o tubes  placed a t  dr ip  po in t s  c u t  into  t h e  b o t t o m  
edge. Dur ing  the  48 hour s  of the  r u n  an  average  of 4.0 ml  of buffer  collected in  each of the  3o tubes .  
Dur ing  the  migra t ion  t he  cu r r en t  var ied be tween  6 and  9 mil l iamperes.  

Those  t ubes  which  con ta in  t he  vi rus  m a y  be  readi ly  identified,, e i ther  b y  serological tes t ,  
by  m e a n s  of a spec t ropho tome te r  (ext inct ion a t  26o m/~), or b y  s ta in ing  for t h e  pro te in  which  
r ema ins  on t he  paper  wi th  b romopheno l  blue, af ter  KUNKEL AND TXSELIVS s. Tubes  I 3 - I  7, and  
26--28 gave  posi t ive serological react ions  wi th  T M V (rabbit) an t i s e rum.  T h a t  v i rus  had  reached  
the  lips of these  t ubes  was  conf i rmed by  t he  s ta in ing  of t he  paper ,  as shown  in Fig. z. 
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Fig. x. Con t inuous  electrophoret ic  separa-  
tion of two s t ra ins  of TMV. St ra in  U-I  
mig ra t ed  to t ubes  26-28;  s t r a in  U-2 

migra ted  to t ubes  I3-17  . 

The  solut ions which  collected in tubes  13-18 were 
pooled, as were t he  solut ions  which collected in 
tubes  25-29. The  two solut ions  were dialyzed aga ins t  
M[9o, p H  6.9, p h o s p h a t e  buffer  for a t  least  72 hour s  
to r emove  a n i t rogen-conta in ing  subs t ance  of un -  
known  compos i t ion  which comes  f rom the  paper .  
Af te r  cent r i fugat ion  a t  25oo r .p .m,  for 2o m i n u t e s  
in a clinical centrifuge,  t he  a m o u n t  of prote in-  
n i t rogen in each s u p e r n a t a n t  solut ion w a s  deter-  
mined.  Tubes  I 3 - I 8  conta ined  a to ta l  of Io. 5 m g  
of virus-protein,  and  tubes  25-29 conta ined  3.4 rag. 
A l though  equal  a m o u n t s  of each s t ra in  were applied 
to the  paper  it  was c o m m o n l y  observed t h a t  s t ra in  
U-2 moved  to the  b o t t o m  of t he  paper  more  rap id ly  
t h a n  s t ra in  U- I ;  t hus  relat ively more  of s t ra in  U-2 
collected in the  tubes .  Consequent ly ,  less U-2 re- 
ma ined  on the  paper,  which accounts  for t he  l ighter  
s ta in ing  of the  U-2 band  in Fig. i .  

I n  o ther  expe r imen t s  it  was shown  t h a t  t he  
to ta l  yield of v i rus  could be grea t ly  increased if t he  
process of e lut ion of the  vi rus  f rom the  paper  was 
allowed to con t inue  for several  days .  

An a l iquot  of each pooled solut ion (before 
dialysis) was tes ted to de te rmine  whe the r  a biological 
separa t ion  of the  two s t ra ins  had  been achieved.  
A few ml  of each pooled solut ion was mixed  wi th  
a smal l  a m o u n t  of celite and  each was rubbed  on to  
the  leaves of several  Nicotiana rustica (vat.  Olsen 68) 
plants .  After  7 days  the  s y m p t o m s  which  appeared  

on  t he  p lan t s  ind ica ted  t h a t  t he  two isolates were biologically distinct• The  N. rustica p lan t s  
which  were rubbed  wi th  t he  solut ion f rom tubes  13-18 developed s y m p t o m s  which  were typica l  
of those  obta ined  wi th  pure  s t r a in  U-2;  i.e., smal l  necrotic lesions developed on t he  inocula ted  
leaves wi th  no s u b s e q u e n t  sys t emic  infection.  The  p lan t s  which  were rubbed  wi th  the  isolate 
f rom tubes  25-29 showed marked l y  different  s y m p t o m s ,  typical  of those  obta ined  wi th  purified 
s t r a in  U-I  when  it  is inocula ted  into N. rustica. Local  lesions appeared  a t  t he  poin t  of inocula-  
t ion, b u t  these  spread  rap id ly  and  a sys t emic  infection developed which, af ter  21 days ,  had  killed 
t he  apex  of t he  p lant .  

I n  t he  l ight  of cu r ren t  expe r i men t s  it  is envisaged  t h a t  t he  t echn ique  of con t inuous  filter- 
paper  electrophoresis  can  have  wide appl ica t ion  in the  separa t ion  of m ix tu r e s  of p l an t  vi ruses  
and  of v i rus  s t ra ins ,  and  in the  separa t ion  of p l an t  vi ruses  f rom their  a c c o m p a n y i n g  hos t -pro te ins .  
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N-terminal  residues of serum lipoproteins 

The  shif ts  in l ipoprotein p a t t e r n  observed  dur ing  the  clearing react ion have  led to t he  sugges t ion  
t h a t  low-densi ty  l ipoprote ins  are  in terconver t ib le  in vivo 1. I t  h a s  also been repor ted  t h a t  a-lipo- 
pro te in  concen t ra t ions  m a y  rise a t  the  expense  of low-densi ty  l ipoprotein concen t ra t ions  du r ing  
in vitro clear ing 1-8. If  in tefconvers ion  occurs directly,  t h rough  s t r ipp ing  down of lower dens i ty  
mate r ia l  b y  del ipidat ion,  t he  pro te in  moiet ies  of source and  p roduc t  shou ld  be identical .  The  
amino  acid compos i t ion  of several  l ipoprotein f ract ions has  been repor ted to be a lmos t  ~dentical 4 


