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The role of the soluble antigens in the multiplication 
of the tobacco mosaic virus 

In the course of the last few years m a n y  workers have called at tent ion to the existence, in 
plants  infected with a virus, of protein const i tuents  of the same immunological specificity as the 
virus, bu t  non-infectious and lacking ribonucleic acid I .a The significance of these const i tuents  is 
not yet understood.  Prel iminary work G on the turn ip  yellow mosaic virus has, however, eliminated 
the possibility tha t  the non-infectious t)rotein const i tuent  might  be a degradation product  of the 
virus. Indeed, the incorporat ion of "labelled" amino-acids into the non-infectious const i tuent  is 
more rapid than  into virus. This is in spite of the fact tha t  both virus and non-infectious const i tueuts  
accumulate in the same leaves at the same rate, p resumably  from the same amino-acid pool. 

The same problem was approached by DELWICHf; el  al f l ,  who used the tobacco nlosaic virus, 
and introduced aSN into the infected leaves in the form of ammonium chloride. This work has remained 
wi thout  a definite conclusion, the authors  having reported a more rapid incorporation in the COl> 
s t i tuents  wi thout  RNA than ill the virus, but  also tha t  at tlle t ime of the exper iment  the rate of 
increase of these const i tuents  was greater than tha t  of the virus, which ah-me would ext)lain their 
results. 

We have carried out  a s tudy of the same kind with the tobacco mosaic virus and the protein 
const i tuents  wi thout  RNA (soluble antigens) which accompany it. The results were made more 
striking by greatly reducing the t ime of incorporat ion of the amino-acids, and by using 14CO2 as 
precursor, the plants  being intensely illuminated. The tobacco leaves, infected 3 days before, in 
which the virus was actively growing, were b rought  into contact  with the 14CO~ for 3 o, ()o or -,4 o 
minutes.  Tim virus was then isolated by  centr ifugat ion and purified by COMMONER'S technique. The 
soluble antigens (which were present  in too small a quan t i ty  to be isolated by any other method) 
were precipitated by a specific ant i-serum mixed with tile extract  of the leaves, ireed from virus 
particles by eentrifugation.  Finally the imrmal proteins, which do not sediment in 45 rain at 9o,ooo o 
are also collected. The specific radioactivit ies of the virus, of the solul)le antigens and of the normal 
proteins are shown in Table 1. The specific radioact ivi ty of the soluble antigens is calculated from 
tha t  of the imnmnological  precipitate. In order to do this, the content  of soluble antigen in this 
precipitate is determined in a t)arallel exper iment  carried out by means of purilied soluble antigens 
marked with 1all and precipitated under  the same conditions. 

T A  l~,l .l~; l 

Npcci/ic radioactivilies a/h'r: 

]o ml*l incorp. 60 mi*z #1el)r/. 24o *~ti*~ incofp. 

Soluble antigens 27 ° 08o 3, 28o 
Virus I. 5 12 25o 
Normal proteins  4 t () 5 u 

Examina t ion  of tile results leads to tile following observations.  Two of the fractions, the soluble 
antigens and the normal  proteins,  do not increase (luring the experiment .  However, the soluble 
antigens acquire ill 3 ° rain a specific radioact ivi ty  nearly 7 ° t imes as great as tha t  of the normal 
proteins.  This fact alone indicates tha t  they mus t  play a very special par t  in tile cell. If their  concen 
t ra t ion remains cons tant  while they are being synthesised with great rapidity,  it is to be predicted 
tha t  they are being as rapidly t ransformed into a different protein, which itself accumulates  in the 
cell. The virus is tile only protein in these cells which has this characteristic. "vVe are thus  led to pu t  
forward the hypothes is  tha t  tile soluble antigeus are the precursors of the protein par t  of the ~irus. 
The way in which the specitic radioact ivi ty  of the virus increases with t ime is in perfect agreement 
with such a hyt)othesis. In fact it increases more rapidly titan tha t  of the normal  protein while 
remaining very much less than the specific radioact ivi ty of the soluble antigens. Further ,  the ratio 
between the specific radioact ivi ty of the soluble antigens and tha t  of the virus decreases with time, 
as one would expect  if the completed virus represents a kind of reservoir into which flows a con- 
t inuous streain of soluble antigens, l:inally, the hypothesis  tha t  soluble antigens are the exclusive 
precursors of the protein par t  of the virus can be quant i ta t ive ly  verified by means of available data. 
Knowing the rate of increase of the virus, the mean specific radioact ivi ty of the soluble antigens, 
and the rat io between the quan t i ty  of soluble antigens and the quan t i ty  of virus, one can calculate 
the specific radioact ivi ty  which would be acquired by the virus after a given t ime according to the 
hypothes is  presented. The specitie radioactivit ies calculated in this way correspond in a very satis- 
factory manner  with the measured radioactivities. 
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If the  p ro te in  p a r t  of the  v i rus  appears  i n i t i a l l y  in the  cells in the  form of soluble an t igens ,  
w i th  low molecu la r  we igh t  and  w i t h o u t  r ibonucle ic  acid, the  l a t t e r  m u s t  be syn thes i sed  independen t ly .  
One is t hus  led to imag ine  t h a t  the  m a t u r a t i o n  of the  virus,  t h a t  is the  acqu is i t ion  of i ts  infec t ious  
proper t ies ,  m u s t  resu l t  f rom the  final un ion  of the  r ibonucle ic  acid thus  syn thes i sed  w i t h  the  soluble 
an t igens  to  form a huge  e longa ted  par t ic le ,  which is the  only  s t a t e  of the  cons t i t uen t s  of the  v i r u s  
in which i n f e c t i v i t y  is d i sp layed .  
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A rapid colorimetric distinction between 
91ucosamine and 9alactosamine 

Pub l i shed  me thods  for d i s t i ngu i s h ing  be tween  g lucosamine  and galactosaxnine in snlall  quan t i -  
t ies  depend  on the i r  separa t ion ,  or the  sepa ra t ion  of subs tances  der ived  Iron1 them,  by  pape r  or 
co lumn c h r o m a t o g r a p h y  t-4. Bora te  depresses colour fo rmat ion  in the  well k n o w n  color imet r ic  
e s t i m a t i o n  of ELSON AND MORGAN 5,6. Under the  cond i t ions  to  be descr ibed th i s  depress ion is of the  
order of 5 ° % for ga l ac to samine  and 75 3o for g lucosamine.  If therefore  in the  rou t ine  d e t e r m i n a t i o n  
of amino  sugars  by  the  ELSON AND MORGAN me thod  a second set  of samples  of double  the  an l ino  
sugar  con ten t  is hea ted  wi th  bora te  in add i t ion  to the  usual  r eagen t s  the  sugars  can be d i s t ingu i shed  
(using double  the  vo lume of amino  sugar  sample  wi th  bora te  avo ids  undue  spread of colour in tens i ty) .  
If  g a l a c t o s a m i n e  alone is p resen t  the  colour i n t e n s i t y  in the  two  sets  af ter  d e v e l o p m e n t  wil l  be 
a b o u t  the  same, if g lucosamine  alone is p resen t  the  i n t e n s i t y  in the  bora te  set  will  be abou t  half  
t h a t  in the  first set. If  m i x t u r e s  are p resen t  i n t e r m e d i a t e  va lues  wil l  be obta ined .  

Al iquots  con t a in ing  2 - 8 / / g  amino  sugar  N are made  to a final vo lume of I or 2 ml in tubes  
ca l ib ra t ed  a t  i o  ml and  m a tc he d  for use in a photoe lec t r ic  color imeter .  A second set  is p repared  
in which the  vo lume of each sample  is double  t h a t  in the  first and  the  final wflume is the  same as 
in the  first set. Two sets of s t a n d a r d s  of g lucosamine  and ga lac tosamine ,  the  second con t a in ing  
double  the  a m o u n t s  in the  first are also set  up toge the r  with two blanks .  L ml of bora te  solut ion 
(3.2 g Na2BaO :. r o H 2 0  in 1oo nil water)  is added  to the  samples  and  s t a n d a r d s  of doubled  concen- 
t r a t i on  and to a b lank,  t ml  of wa te r  is added  to the o ther  set. To all tubes  i 1111 of ace ty l ace tone  
solu t ion  (I vol. red is t i l l ed  ace ty lace tone  in 25 vols. 1.5 N Na2COa) is added  and the  con ten t s  of the  
tubes  well mixed.  The tubes  are closed wi th  glass balls, hea ted  for 7 rain in a boi l ing wa te r  ba th  
and cooled in cold water .  E t h a n o l  is added  to the  tubes  to br ing the  t o t a l  vo lume  to  IO ml and is 
followed by  the  add i t i on  of I ml  of Ehr l ich  r eagen t  (i.O g purif ied p - d i n l e t h y l a m i n o b e n z a h l e h y d e  
in 3 ° ml  cone. HCI and 3 ° ml e thanol) .  The con ten t s  of the tubes  are mixed  by  thorough  shak i ng  
in an i nxe r t ed  posi t ion.  After  d e v e l o p m e n t  (3o--45 mins) the col(mr in tens i t i e s  are read  in  a su i t ab le  
eo lor in le ter  us ing  a filter wi th  a n l a x i m u m  t r ansmis s ion  in the  region of 52o 54 ° nl H. There shouhl  
be l i t t le  difference be tween  the  values  for the  two sets  of ga l ac to samine  s t a n d a r d s  while  the  glucos- 
amine  s t a n d a r d s  t h a t  have  been hea ted  in the  presence of 1)orate should give read ings  abou t  half  
of those in the  control  set. The effect of l)~)rate is r a the r  var iab le  and  it  is therefore  adv i sab le  to  
include both sets of s tandards .  In  t e rms  of colour p roduced / t tg  N the  colour i n t e n s i t y  in the  presence 
of bora te  has been found to v a r y  be tween  24 and 3 ° % ()f the  control  (glucosamine) and  be tween 
5 ° and 65 % of the  control  (galactosamine) .  The compos i t ion  of m i x t u r e s  of the  two anl ino sugars  
can be e s t i m a t e d  wi th  an accuracv  of abou t  5 %. If  values  for the  colour p roduced  in the  presence 
of bora te  ~s a % of t h a t  produced" in i ts  absence are ca lcu la ted  for known  m i x t u r e s  i t  will  be found 
t h a t  the  results ,  if p lo t t ed  aga ins t  the  composi t ion ,  wil l  fall on a s t r a i g h t  l ine jo in ing  the  va lues  
for g lucosamine  aud ga lac tosamine .  The me thod  gave  sa t i s f ac to ry  resul ts  when appl ied  to hydro ly -  
sa tes  of known m i x t u r e s  of ch i t in  and  chondro i t in  su lphate .  

The add i t i on  of bora te  has  l i t t l e  or no effect on the  form of the  absorp t ion  curve  of the  coloured 
complex  f inal ly produced  in the  react ion.  The l inal  pH  of the  so lu t ions  before hea t i ng  is also unaffected 


