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Reactivation of tobacco mosaic virus infectivity in 
mixtures of virus protein and nucleic acid* 

The poss ib i l i ty  of r e a c t i v a t i n g  non- in lec t ious  f r agmen t s  ~f tobacco in/)s:d< virus ('I'MV) has hehl 
cons iderable  in te res t  for inves t iga tors .  In  1047 SCttRA-~tSI 1 showed t h a t  a mihl  a lka l ine  t r e a t m e n t  
would  dissocia te  TMV nucleopro te in  and yiekl  u n d e u a t u r e d  low-molecular  weight  non- infect ious  
pro te in  f r agmen t s  which were read i ly  repo lymer ized  to form par t ic les  resembl ing  the v i rus  in size. 
SCHRAM~a s tud ied  t i le  i n f ec t i v i t y  of ma te r i a l  froln in  vi tro m i x t u r e s  of this  d issocia ted pro te in  
(A-protein) w i th  p r epa r a t i ons  of TMV nucleic acid. In  2 out  of 15 ins tances  he ol / ta iued a signifi- 
c a n t  increase in i n f ec t i v i t y  (as de t e rmined  by  local lesion counts)  of the prote in  RNA m i x t u r e  
over  the  res idual  i n f ec t i v i t y  of the  unm ixe d  s t a r t i ng  inater ia ls .  Because of the  va r i ab i l i t y  of 
the  results,  SCHRAMM concluded t h a t  he had  failed to  es tabl ish  the  v a l i d i t y  of the t)henome{lon. 
TAKAHASHI AND IsHII 2 sugges ted  t h a t  s imi la r  elforts  be made  to obtain" infect ious complexes  
from m i x t u r e s  of v i rus  R N A  and a nnn- infect ious  pro te in  which accompanies  TMV in infected 
plants ,  bu t  have  not  repor ted  a ny  success. COMMONER el al. a repor ted  the  l o rma t ion  of an ar t i f ic ia l  
nucleoprote in ,  which  proved  to be non-infect ious,  in m i x t u r e s  of v i rus  RNA and a non-v i rus  
pro te in  (BS). 

A new approach  to th is  problem is made  possible by SCHRA~IM'S recent  repor t  4 of an iIn- 
p roved  m e t h o d  for d issoc ia t ing  TMV protein.  The presen t  paper  repor ts  a p p a r e n t l y  successful 
r e a c t i v a t i o n  of m i x t u r e s  of tiffs prote in  and vi rus  RNA.  FRAENKEL-CONRAT .AND \~:ILLIAMS have  
jus t  r epor ted  comparab le  resu l t s  5. Our work  was carr ied out  i n d e p e n d e n t l y  of theirs.  

P r epa ra t i ons  of d issocia ted  TMV pro te in  were ob ta ined  according to the  me thod  descr ibed 
by  SCHRAMM et al. 4. An aqueous  so lu t ion  of TMV was b rough t  to pH IO. 3 wi th  N a O H  and a f te r  
three hours  a t  2 ° C, d ia lyzed  aga ins t  d is t i l led  wa te r  for Io-16  hours. Res idua l  unb roken  TMV 
was removed  from the  p r e pa r a t i on  by  two u l t r acen t r i fuga t ions  a t  lO4,5oo × g. Nucleic acid was  
p repa red  from the  same or ig inal  s tock of TMV by a modif icat ion of t i le  me thod  of COHEN AND 
STANLEY 6. The p roduc t  was  u l t r acen t r i fuged  twice to remove  res idual  v i rus  and  d e n a t u r e d  
pro te in  and d ia lyzed  aga ins t  d is t i l led  water .  

The pro te in  and nucleic acid p r epa ra t i ons  were then  mixed  and t r e a t ed  i m m e d i a t e l y  wi th  
a m m o n i u m  sulfa te  to  induce po lymer iza t ion .  This  was accompl i shed  by  add ing  solid sal t  to the  
m i x t u r e  un t i l  0. 4 s a tu r a t i on  was  a t t a ined .  Mix tures  were held in th is  s t a t e  for 1-6 hour  per iods  
a t  2 ° C. The m a t e r i a l  rendered  insoluble  by  the  sa l t ing-ou t  process was then  r emoved  by  cen- 
t r i fuga t ion  and redissolved in p H  7 p h o s p h a t e  buffer. H igh-molecu la r  we igh t  m a t e r i a l  was  then  
r emoved  by  u l t r a cen t r i f uga t i on  (lO4,5oo g for t hour) and  the  resu l t ing  pel le t  t a k e n  up in a fixed 
vo lume  of p h o s p h a t e  buffer. This final solut ion was  then  used for i n f ec t i v i t y  tests .  In  each ex- 
per iment ,  a l iquots  of the  sepa ra te  p ro te in  and nucleic acid p r epa ra t i ons  equa l  in a m o u n t  to the  
m a t e r i a l  used to p repare  e xpe r im e n t a l  mix tures ,  were set  aside for control  purposes.  In  all  b u t  
the  first two  exper iments ,  the  sepa ra te  componen t  p repa ra t ions  were t r ea t ed  in a m a n n e r  iden t i ca l  
w i th  the  schedule  employed  wi th  prote in-nucle ic  acid mixtures ,  inc lud ing  the  po l ymer i za t i on  s tep.  
Hence, the  final p roduc t  y ie lded  by  these  controls,  and  tes ted  for in fec t iv i ty ,  represents  a m i x t u r e  
of (a) res idua l  ac tua l  TMV rema in ing  iu the sepa ra te  componen t s  af ter  p r epa ra t i on  and desp i te  
pur i f ica t ion  s teps  and  (b) any  new infect ious ma te r i a l  formed wi th in  the  sepa ra te  componen t  
p r epa ra t i ons  as a resul t  of po lymer iza t ion .  Thus, in a p ro te in  p r e p a r a t i o n  t r e a t ed  in this  manner ,  
some v i rus  r e ac t i va t i on  mig t l t  be expec ted  to occur because  of the  possible presence of sti l l  ac t ive  
v i rus  nucleic acid. i n  four exper iments ,  controls  were represen ted  by  prote in-nucle ic  acid m i x t u r e s  
which were ident i f ical  in compos i t ion  to the  mix tu re s  descr ibed above, and  t r ea t ed  in a l ike 
manner ,  excep t  t t l a t  the  po lymer i za t i on  s tep was omi t ted .  {l'hese controls  would lie expec ted  
to show infec t iv i t ies  resu l t ing  from the  comlmmd res idual  TMV con ten t s  of the  componen t s  used 
to  p repare  tim expe r imen ta l  mixtures .  

\Vith the  except ions  noted  in Table  I, the  a m oun t s  of TMV used to p repare  pro te in  and 
nucleic acid componen t s  were in the  ra t io  2:*. In  all  cases, the s t a r t i n g  ma te r i a I  was ob ta ined  
from a single s tock  of TMV ex tens ive ly  purif ied by  successive isoeiectr ic  and  u l t r acen t r i f uga l  
p rec ip i t a t ions  and found to be homogeneous  in the  Tiselius appara tus .  

I n f e c t i v i t y  tes ts  were carr ied  out  wi th  leaves of N i c o t i a n a  gh t l inosa .  These were r emoved  
from the  p l an t s  and m a i n t a i n e d  dur ing  the t es t  per iod wi th  the i r  pet ioles  immersed  in w a t e r  
a t  24 ° C and ioo foot candles  of c o n s t a n t  i l lumina t ion .  Each  tes t  p r epa ra t i on  was made  up to 
a comparab l e  vo lume  (5 or 1o nil) and appl ied  to ~o or 2o r andomized  leaves with smal l  gauze  
pads.  Lesions were counted  4 days  af ter  inocula t ion .  In  each e x p e r i m e n t a l  series a comparab le  
set  of leaves was inocu la ted  wi th  a s t a n d a r d  p repa ra t ion  of ordinary,  u n t r e a t e d  TMV. 

The resul ts  of e ight  sets  of ext )er iments  are summar ized  in Table  I. In  each e x p e r i m e n t  
the  pro te in-nuc le ic  acid m i x t u r e s  po lymer ized  by means  of a m m o n i u m  sulfa te  yielded m a t e r i a l  
which con ta ined  s igni f icant ly  more in fec t iv i ty  t h a n  the  controls.  The abso lu te  n u m b e r  of lesions 

* Aided by a g r a n t  from ti le  Na t iona l  l :ounda t ion  l,~r h~fantile l ' a ra lys i s ,  inc.  
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T A B L E  I 

I~EACTIVATION OF INFECTIVITY IN MIXTURES OF TMV COMPONENTS 
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Final volumes ln.lectivity: total number o] lesions obtained** 

Experiment Starting* o/preparations Separate controls 
No. ~taterial tested Mixed controls Polymerized TMV*** 

mg T M V  mI Protein Nucleic acid (unpolymerized) mixtures standards 

I 69.9 IO - -  - 6 33 ° I35 
2 87. 4 IO - -  I9 387 328 
3 87. 4 io  13 1 I5 149 78 
4 58.5 lO - - - 2 8o 44 
5 87. 4 IO O O - - -  4 2 1 1 7  

6 69.9 io  33 7 146 257 
7 136-9 5 3 5 I54 184 
8 75-7 5 59 o - -  43-' 23° 

* This  m a t e r i a l  was  used to  p repare  p ro te in  and nucleic acid componen t s  in the  ra t io  2: ~, 
excep t  for e x p e r i m e n t  No. 7 in which the  ra t io  was  1:2, and  e x p e r i m e n t  No. 8 where the  ra t io  
was  7:8. 

* * E a c h  control ,  po lymer ized  p r e pa r a t i on  and TMV S t a n d a r d  t es ted  on 2o leaves  of N. gh, lbzosa, 
wi th  the  excep t ion  of expe r im e n t s  1 and  4, in which  io  leaves were employed.  

*** TSIV S t a n d a r d s  were io /~g /mI  in phospha t e  buffer, excep t  in expe r imen t s  6, 7 and  8 in 
which  concen t r a t i ons  of 20 t tg /ml  were used. 

ob t a ined  per  leaf var ies  cons iderably ,  as do the  lesion counts  g iven  by  the  TMV s tandards .  I n  
all  cases however ,  the  m i x t u r e s  gave  lesion counts  3 to  i o  t imes  g rea te r  t h a n  the  combined  
in fec t iv i t i e s  of the  control  samples .  An increase  in i n f e c t i v i t y  of th is  m a g n i t u d e  found w i t h o u t  
excep t ion  in e igh t  t r ia l s  c anno t  be ascr ibed to  chance va r i a t i ons  in the  response  of sepa ra te  sets  
of N. gluti~osa l eaves  to infec t ion  wi th  TMV. We  conclude,  therefore,  t h a t  the  processes p r ev ious ly  
descr ibed do, in fact, res tore  to r e l a t ive ly  uninfec t ious  p r epa ra t i ons  of TMV pro te in  and  nucleic 
acid, a s ign i f ican t  a m o u n t  of v i rus  in fec t iv i ty .  As j udged  from a crude compar i son  wi th  the  
TMV s t a n d a r d  inc luded in  each e x p e r i m e n t a l  series, the  added  in fec t iv i t y  induced by  the  t r ea t -  
m e n t s  employed  represen ts  t h a t  expec ted  from a b o u t  4o-25 o [,g of TMV. 

One e x p l a n a t i o n  for these  resul t s  is t h a t  the  i n f e c t i v i t y  and  by  inference the  genet ic  speci-  
f ic i ty  of TMV, is a jo in t  p r o p e r t y  of i ts  nucleic acid and protein,  and  t h a t  the  i n f ec t i v i t y  rega ined  
in ar t i f ic ia l  m i x t u r e s  resuI ts  f rom specific r e c o m b i n a t i o n  of the  two componen t s  into a nucleo- 
p ro te in  iden t i ca l  w i t h  the  virus.  However ,  i t  is equa l ly  possible t h a t  p ro te in  or nucleic acid alone 
carr ies  the  v i rus '  b iological  ac t iv i ty ,  and  t h a t  m i x t u r e  wi th  the  second cons t i t uen t  serves only  
to  p ro t ec t  t i le  ac t ive  m a t e r i a l  from degrada t ion .  Reso lu t ion  of this  ques t ion  will  require  the  
ac tua l  i so la t ion  and cha rac t e r i za t i on  of the  par t ic les  responsible  for the  newly  a c t i v a t e d  i n f ec t i v i t y  
of the  mix tu res .  Such an iden t i f i ca t ion  of i n f e c t i v i t y  wi th  a specific pa r t i c le  is not  ye t  possible 
because  only  a ve ry  smal l  p a r t  of the  repo lymer ized  pro te in-nucle ic  acid m i x t u r e  is infect ious.  
For  th is  purpose  i t  wil l  become necessary  to produce  n la te r ia i  t h a t  approaches  ac tua l  v i rus  in 
specific in fec t iv i ty .  
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