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Morphological changes accompanying thermal denaturation 
of tobacco mosaic virus 

The  i nac t i va t i on  of tobacco mosaic virus  (TMV) at  high t e m p e r a t u r e  was described in ti le last  
c e n t u r y  by  MAYER 1, who noted t h a t  the sap of mosaic-diseased p lan t s  became non-infect ious 
a f te r  exposure  to t e m p e r a t u r e s  of 8o ~ or more. l .a ter ,  wi th  purif ied p repa ra t ions  of the virus, 
the  t h e r m a l  i n a c t i v a t i o n  was found to be accompanied  hy dena t u r a t i on  and prec ip i t a t ion  of the 
nuc leopro te in  2. However ,  when the virus  is heated in sal t  solut ion at  loo , the  nucleoprote in  
complex  dissocia tes  and  the  prote in  precipi ta tes ,  leaving the r ibonucleic  acid (RNA) in sus- 
pens ion  3. The mechan i sm of th is  d issocia t ion is s o m e w h a t  difficult to unde r s t and  in view of the 
r ecen t  obse rva t ion  t h a t  the RN A  lies wi th in  a tube  of pro te in  in the rod-shaped virus par t ic les  4. 
In the presen t  note, the  effects of hea t ing  TMV are described as seen in electron micrographs  
and from these observa t ions  a mechanism is proposed for the the rma l  release of virus RNA in 
sa l t  solut ion.  

The me thod  of t r e a t m e n t  was as follows: A suspension con ta in ing  the purified TMV at  a 
concen t r a t i on  of a b o u t  0. 5 m g / m l  was d rawn into the lower pa r t  of a th in-wal led  glass capi l la ry  
tube  ben t  in to  the  shape of a U. The tube  was d ipped  into a ho t -wa te r  ba th  for a t imed  interval ,  
and  then  removed  and e m p t i e d  into a vo lume of dis t i l led wa te r  sufficient to d i lu te  the tube  
con ten t s  abou t  3o-fohl. h n m e d i a t e l y  af ter  this  d i lu t ion  the mate r ia l  was sprayed  upon electron- 
microscope grids and shadowed with uranium• 

In Fig. I are shown the resul ts  of hea t ing  TMV in pyrex-d is t i l l ed  water.  The same morpho-  
logical  changes  occur over  the  ent i re  t e m p e r a t u r e  range from 80 ~ to 98 ~ ( though the  ra te  a t  
which they  occur is s t rong ly  dependen t  on tempera ture ) .  The first visible change is a swell ing 
a t  one or both  e Ms of the rod. As hea t ing  cont inues  the swell ing takes  the form of a t e rmina l  
bal l  which incre :ses in d i ame te r  as the a t t a c h e d  rod becomes shorter .  F ina l ly  the rod is comple te ly  
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Fig. i. The effect of hea t ing  
tobacco mosaic v i rus  in 
dis t i l led water• Al though 
different t empe ra tu r e s  
were used for the  samples  
shown here, the ent i re  
conversion of virus rods 
to balls  occurs a t  any  of 
the  t empera tu r e s  used. 
These represen ta t ive  fields 
were chosen merely to  
i l lus t ra te  s tages  in the con- 
version. The larger  balls  
shown in d have  approxi -  
ma te ly  the same vo lume as 
the original  virus  rods. 
× 5o,ooo. (a) u n t r e a t e d ;  
(b) 15 seconds a t  85°; 
(c) Io seconds a t  9o°;  
(d) io seconds at  98:.  
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t r a n s f o r m e d  and  in its place is a ball" hav i ng  the  a p p r o x i m a t e  vo lume  of the  original v i rus  rod. 
F rom a compar i son  of the  resu l t s  of at n u m b e r  of hea t  t r e a t m e n t s  in pyrex-dis t i l led  water ,  

t he  t ime  ra tes  of such morphologica l  changes  a t  8oL 8 5  ~, 87.5 °, 9 °0 have  been found  to  be in 
the  a p p r o x i m a t e  rat ios  1:3o:  I2O:3OO. These  da t a  are a r ranged  in an  Ar rhen ius  p lo t  in Fig. 2. 
The  line of best  fit, as de t e rmi ned  by  t he  m e t h o d  of least  squares,  h a s  a slope of o.58/degree, 
indica t ing an ac t iva t ion  energy  of 15o,ooo calor ies /mole for the  react ion (conversion of rods  to 
balls) a t  85 °. This  value  agrees wi th  t h a t  found  in a macroscopic  s t u d y  6 of the  d e n a t u r a t i o n  
of TMV. 

W h e n  the  vi rus  was hea ted  a t  ioo ° in a o . i M  solut ion of a m m o n i u m  acetate ,  t he  bu lk  of 
the  mater ia l  was appa ren t ly  precipi ta ted,  s ince t he  sp ray  drople ts  of such  p r epa ra t i ons  were 
seen to con ta in  only occasional  rods and  balls in addi t ion  
to a f ibrous mater ia l  resembl ing  RNA,  Because  of the  
rap id i ty  of precipi ta t ion unde r  these  condit ions,  it 
would  be difficult to s t u d y  in detai l  t he  morphological  
changes  of the  indiv idual  part icles.  The  presence of a few 
unprec ip i t a t ed  balls m a y  indicate,  however ,  t h a t  the  
t h e r m a l  precipi ta t ion in sa l t  solut ion is preceded or 
accompan ied  by  morphological  changes  s imilar  to those  
which  t ake  place in disti l led water .  

F r o m  the  above  observa t ions ,  a m e c h a n i s m  m a y  
be pos tu l a t ed  for t he  t h e r m a l  release of N R A  in sal t  
solution.  The  chemical  evidence to da te  7 indicates t h a t  
the  R N A  is b o u n d  to the  virus  pro te in  by  a sa l t  l inkage. 
A l though  t he  prote in  as a whole is p r e d o m i n a n t l y  
acidic, a sal t  l inkage is easily conceivable  if t he  prote in  
t ube  has  a sufficient n u m b e r  of basic  g roups  so ar ranged 
along its interior  as to engage  the  R N A  p h o s p h a t e  
groups.  The  d i s rup t ion  occurr ing  in t he rma l  den. a tu ra -  
t ion would des t roy  the  original a r r a n g e m e n t  of charged 
g roups  and  could lead to an  electrostat ic  repulsion 
be tween  the  ball of d i s rup ted  protein  and  the  RNA.  
As more  and  more  of the  protein  tube  collapses and  
" rounds  up" under  the  act ion of interracial  tension,  the  
R N A  would t end  to be expressed  from the un-col lapsed 
end of the  tube  (which is p r e s u m a b l y  "open") .  The  re- 
q u i r e m e n t  t h a t  the  m e d i u m  conta in  sal t  3 can  be ex- 
p la ined by  pos tu l a t ing  t h a t  sal t  ions in the  m e d i u m  
would pe rmi t  the  R N A  fibers to "s l ip"  more  easily 
pas t  t he  posi t ively  charged  groups  in the  in tac t  por t ions  
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Fig. 2. Na tu ra l  logar i thm of the  rela- 
t ive react ion rate,  r, p lo t ted  aga ins t  
t empera tu re ,  T, for the  t h e r m a l  dena-  
tu ra t ion  of tobacco mosaic  v i rus  in 
distilled water .  The  po in t s  were est i-  
m a t e d  by compar i son  of a n u m b e r  of 
mic rographs  s imilar  to those  shown  in 
Fig. 1. The  s t r a igh t  line was de t e rmine  
by the  m e t h o d  of least  squares  and  

has  a slope of o.58/degree.  

of the  prote in  tube.  In  disti l led wate r  the  R N A  would r ema in  locked in place while t he  ent i re  
tube  collapses, and  t hus  would be t r apped  in the  pro te in  precipi ta te .  
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* The  circular  out l ine  of such  par t ic les  as pro jec ted  in the  mic rographs  would  sugges t  a spherical  
shape ,  b u t  the i r  shadows  indica te  t h a t  t he  t rue  shape  when  dried is more  like an  ob la te  ellipsoid 
of revolu t ion  wi th  its minor  axis  perpendicu la r  to  the  grid surface and  a b o u t  ha l f  as long as t h e  
major axes.  The  la t te r  shape  was  a s s u m e d  in ca lcu la t ing  t he  vo lume.  However ,  it is quite  possible  
t h a t  t he  balls  are a p p r o x i m a t e l y  spherical  in water ,  s ince the re  is a wel l -known t e n d e n c y  for 
small ,  non-r igid objects  in s p r a y  drople ts  to become f la t tened as t he  drople ts  dry  ~. 
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