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A Rapid  C o l o r i m e t r i c  M e t h o d  f o r  the  D e t e r m i n a t i o n  of  T o b a c c o  M o s a i c  V i r u s  C o n c e n t r a t i o n  i n  

P l a n t  S a p s  

BANCROFT a n d  CURTIS 1 r e p o r t e d  t h a t  a copious  w h i t e  
p r e c i p i t a t e  a p p e a r e d  w h e n  2 M  t r i ch lo roace t i c  acid (TCA) 
was  a d d e d  to  p r e p a r a t i o n s  of ch lo ro fo rm clar if ied sap  
(Sc~NE:OER ~) f r o m  v i rus - in fec t ed  p l a n t s ;  w he r ea s  t h e  
p r e p a r a t i o n s  f rom h e a l t h y  p l a n t s  r e m a i n e d  clear.  I t  is 
t h u s  e v i d e n t  t h a t  t h e  p r ec i p i t a t e  wh ich  a p p e a r e d  o n  
a d d i t i o n  of t r i ch lo roace t i c  ac id  to  c lar i f ied s ap  f r o m  
v i rus - in fec ted  ( tobacco  mosa ic  v i rus  ~TMV]) p l a n t s  was  
of TMV-nuc l eop ro t e in .  

COMMONER e t  al.  3 used  a modi f ied  m e t h o d  of Fo l in  
r eac t ion  4 for  t he  e s t i m a t i o n  of pg  q u a n t i t i e s  of TMV. I n  
t he  p r e s e n t  case t he  nuc leopro te in ,  a f t e r  p r e c i p i t a t i o n  
w i t h  2 M  TCA, was  d isso lved  in  1 N N a O H  a n d  t h e  Fol in-  
P h e n o l  r eac t i on  used  for  t he  e s t i m a t i o n  of p r o t e i n  con-  
c en t r a t i on .  

NIethod. F r o z e n  leaves  f r o m  t obacco  p l a n t s  were  h o m o -  
genized a f t e r  t hawing .  T h e  h o m o g e n a t e  was  t r a n s f e r r e d  
to  10 m l  glass s t o p p e r e d  v o l u m e t r i c  flasks.  T h e  f ina l  
t i s sue  w e i g h t  to  buf fe r  v o l u m e  r a t i o  was  1:10.  1 m l  of 
ch lo ro fo rm + 0.5 m l  of N - a m y l  a lcohol  were  added .  T h e  
sample  was  s h a k e n  v igorous ly  for  15 rain,  a n d  t r a n s f e r r e d  
w i t h o u t  r ins ing  to  a conica l  cen t r i fuge  t u b e  a n d  he ld  a t  
1 °C for 15 rain.  The  ch lo ro fo rm se t t l ed  a t  t h e  b o t t o m ,  
l eav ing  a n  aqueous  p h a s e  a t  t h e  top .  T h e  sample  was  t h e n  
cen t r i fuged  for 5 ra in  a t  2000 g in  a n  e lect r ica l  cen t r i fuge .  
3 def in i t e  l ayers  were  fo rmed .  A p a c k e d  solid l a y e r  
s e p a r a t e d  t h e  lower  ch lo ro fo rm a n d  u p p e r  aqueous  phases .  
T h e  s u p e r n a t a n t  a q u e o u s  l a y e r  was  p o u r e d  off a n d  a g a i n  
cen t r i f uged  a n d  u p p e r  a q u e o u s  p h a s e  r emoved .  

D i f f e r e n t  a t i quo t s  of t h e  r e s u l t a n t  s u p e r n a t a n t  were  
r e m o v e d  to  a c id -washed  t e s t - t u b e s  a n d  to  each  a l i quo t  
2 M  TCA was a d d e d  a t  r o o m  t e m p e r a t u r e .  T h e  r a t i o  of 
a l i q u o t  a n d  T C A  in each  case was 2 :1  v /v .  T h e  t u b e s  
were  a l lowed to  s t a n d  for  5 ra in  a n d  t h e n  cen t r i fuged  a t  

2000 g for  5 min .  T h e  s u p e r n a t a n t s  were care fu l ly  d e c a n t e d  
a n d  t h e  t u b e s  were  d r a i n e d  off t h o r o u g h l y .  I n  s u b s e q u e n t  
s teps,  i n s t e a d  of a d d i n g  0 . 3 M  TCA as sugges t ed  b y  
BAS:CROFr a n d  CURTm ~, t h e  p r e c i p i t a t e  was  d i sso lved  in  
e a c h  case  in  0.5 m l  of  1 N  N a O H .  T h e  n u c l e o p r o t e i n  
p r e c i p i t a t e  was  soluble  in  1 N N a O H .  D i f f e r en t  a l i quo t s  of  
t h i s  f r ac t i on  t h u s  o b t a i n e d  were  t a k e n  for  co lour  deve lop-  
m e n t .  R e a d i n g s  were  t a k e n  o n  a J u n i o r  Co l eman  Spec t ro -  
p h o t o m e t e r .  T h e  op t i ca l  d e n s i t y  r ead ings  gave  a n  ind ica-  
t i o n  of t h e  v i rus  c o n t e n t  a n d  co r r e sponded  w i t h  t h e  v i ru s  
c o n t e n t  o b s e r v e d  b y  biological  assay.  

T h e  resu l t s  of T a b l e  I a n d  F i g u r e  1 r evea l ed  t h a t  t h e  
op t ica l  d e n s i t y  r ead ings  could  be  co r re la t ed  w i t h  d i f f e ren t  
a m o u n t  of v i ru s  n u c l e o p r o t e i n  p r e s e n t  in  t h e  N a O H  
soluble  s a m p l e  a n d  ch lo ro fo rm clar if ied sample .  T h e  
nuc l eop ro t e in  p r ec ip i t a t e  in  each  case was d isso lved  in  
0.5 m l  of 1 N  N a O H  a n d  t he  co lour  deve loped  as s t a t e d  
above .  

I n  a n o t h e r  e x p e r i m e n t  a large  n u m b e r  of leaf  samples  
in fec ted  w i t h  T M V  were  t r e a t e d  w i t h  d i f fe ren t  chemica l s  

Tabte I. Estimation of virus nucleoprotein content in tobacco leaf 
sap by Folin-Phenol reagent 

Volume of O.D. at 640 nm 
nucleoprotein First replicate 
sample 

Second replicate 

(A) NaOH soluble fraction 

0.1 ml 0.10 0.10 
0.2 ml 0.19 0.20 
0.3 ml 0.28 0.29 
0.4 ml 0.36 0.36 
0.5 ml 0.45 0.46 
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Fig. 1. Folin-Phenol reagent calibration curve for TMV nucleoprote.[n 
after precipitation of virus nucleoprotein with 2M TCA and dis- 
solving the precipitate in 1N NaOH. 

(B) Chloroform clarified fraction 

I ml 0.07 0.08 
2 ml 0.14 0.13 
4 ml 0.29 0.29 
8ml 0.58 0.59 
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Fig. 2. Comparison of the virus content in 
3 virus samples, at different times after 
treatment with amino acid analogues by 
active virus assay (A) and by estimation with 
Folinphenol reagent (B). 
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(amino  acid ana logues)  for v a r y i n g  periods,  a n d  v i rus  
c o n t e n t  e s t i m a t e d  b y  ac t ive  v i rus  a s say  on  Nicotiana 
glutinosa l eaves  a n d  b y  F o l i n - P h e n o l  r e a g e n t  m e t h o d ,  
a f t e r  7 d a y s  of inocu la t ion .  T he  resu l t s  are  p r e s e n t e d  in  
T a b l e  I I  a n d  F igu re  2. The  a m o u n t  of v i ru s  n u c l e o p r o t e i n  
c o n t e n t  in  d i f f e ren t  v i ru s  s amples  was  c o m p a r a b l e  t o  t h a t  
o b t a i n e d  b y  a c t i v e  v i rus  a s say  of d i f f e ren t  samples .  T h e  
op t ica l  d e n s i t y  r ead ings  were  p r o p o r t i o n a l  to  t h e  n u m b e r  
of local  les ions in d i f f e ren t  samples .  Therefore ,  t h e  r e su l t s  
were  r ep roduc ib l e  for d i f f e ren t  a m o u n t s  of  v i r u s  nucleo-  
p r o t e i n  a n d  were  also c o m p a r a b l e  to  t hose  o b t a i n e d  b y  

Table II. Comparison of the pattern of virus multiplication in 
different samples by active virus assay and by estimating virus 
nucleoprotein content by Folin-Phenol reagent 

Sample Virus estimation 0 h 6 h 12 h 24 h 
No. 

1 Active virus a 50 45 50 30 
Virusnucleoprotein b 0.30 0.28 0.30 0.19 

2 Active virus 32 35 40 35 
Virus nueleoprotein 0.20 0.21 0.24 0.22 

3 Active virus 60 45 35 40 
Virus nucleoprotein 0.34 0.28 0.22 0.24 

ac t ive  v i rus  assay.  I t  is t h u s  a new s impl i f ied  m e t h o d  for  
t he  e s t i m a t i o n  of T M V - c o n t e n t  in  p l a n t  saps  a n d  gives 
resu l t s  c o m p a r a b l e  to  t hose  o b t a i n e d  b y  a c t i v e  v i r u s  
assay.  T h e  m e t h o d  e l imina t e s  t h e  use of cos t ly  a p p a r a t u s  
l ike  u l t r a c e n t r i f u g e  a n d  U V - s p e c t r o p h o t o m e t e r ,  a n d  also 
e l i m i n a t e s  t h e  use  of t r i ch lo roace t i c  acid as  b l ank ,  w h i c h  
s o m e t i m e s  gives s ign i f i can t  a b s o r p t i o n  in t h e  UV- range .  
T h e  m e t h o d  may ,  there fore ,  b e  of  g r e a t  he lp  to  l abo ra -  
to r ies  whe re  faci l i t ies  for  cos t ly  i n s t r u m e n t s  do  n o t  ex i s t  5. 

Zusammen]assung. E s  wi rd  e ine  neue  ko lo r ime t r i s che  
S c h n e l l m e t h o d e  zu r  B e s t i m m u n g  des  Nuc leopro te idge -  
h a l t e s  v o n  T a b a k m o s a i k v i r u s  im Saf t  y o n  Tabakb l~ t t t e rn  
beschr i eben .  D e r  Sa f t  wi rd  d u t c h  die  Ch lo ro fo rm-Wasse r -  
E m u l s i o n s t e c h n i k  geklArt, das  V i rus -Nuc leop ro t e id  d u r c h  
2,0M TrichloressigsXure gef~illt n n d  d a n n  in  1 , 0 N  N a O H  
gel6st.  Die d u r c h  Z u s a t z  yon  F o l i n - P h e n o l r e a g e n s  en t -  
s t a n d e n e  F a r b e  wi rd  ko lo r ime t r i s ch  b e s t i m m t .  Die  m i t  
de r  n e u e n  M e t h o d e  e r h a l t e n e n  R e s u l t a t e  s t i m m e n  gut m i t  
d e n j e n i g e n  y o n  A k t i v v i r u s b e s t i m m u n g e n  fiberein.  

H.  N. VJ~RMA a n d  G. S. VERMA 

Plant Virology Laboratory, Botany Department, 
University of Lucknow (India), 27 November 1967. 

a No. of local lesions on 5 leaves of N. glutinosa, b Optical density ~ The reasearch has been financed in part by a U.S.D.A. Grant 
at 640 nm. under a P.L. 480 Project. 

A S y s t e m  for Studying 'Target=Finding' by Schistosome Miracidia and Other Motile Organisms 

Thi s  c o m m u n i c a t i o n  descr ibes  a n  e x p e r i m e n t a l  s y s t e m  
w h i c h  m a y  be  app l i cab le  to  a n a l y z i n g  ' t a r g e t - f i n d i n g '  b y  
va r ious  mot i l e  o r g a n i s m s  or cells. T h e  s y s t e m  was  dev i sed  
to  s t u d y  in f luences  on  t he  c a p a c i t y  of t h e  f r ee - swimming  
m i r a c i d i u m  of t he  h u m a n  b lood- f luke  (Schistosoma man- 
soul) to  loca te  a n d  in fec t  i t s  usua l  i n t e r m e d i a t e  hos t ,  a n  
a q u a t i c  snai l  (Biomphalaria glabrata). Deta i l s  of t h e  f ind-  
ings will  be  p u b l i s h e d  e lsewhere  1. 

T h e  a p p a r a t u s  compr i sed  a series of pa ra l l e l  channe l s ,  
e ach  152.5 × 2.5 X 2.5 cm, levelled,  p a r t l y  filled w i t h  
water ,  a n d  a r r a n g e d  u n d e r  a p p r o p r i a t e  cond i t i ons  of l i gh t  
a n d  t e m p e r a t u r e .  Suscep t ib le  snai ls  were  conf ined  as 
' t a r g e t s '  in  one end  of each  c h a n n e l  a n d  c o u n t e d  mi r ac id i a  
were  i n t r o d u c e d  in  t he  oppos i t e  end.  P r e l i m i n a r y  exper i -  
m e n t s  se rved  to  e s t a b l i s h  t h e  n u m b e r  of m i r ac id i a  a n d  t h e  
i n t e r v a l  of exposu re  r equ i r ed  to  p r oduce  in fec t ion  in  a 
h i g h  p r o p o r t i o n  (usual ly  9 0 - 1 0 0 % )  of t h e  t a r g e t  an imals .  
O t h e r  e x p e r i m e n t s  disclosed t h a t  m i r a c i d i a l  h o s t - f i n d i n g  
was  n o t  i n t e r f e r e d  w i t h  w h e n  pebbles ,  shel ls  or  o t h e r  in -  
a n i m a t e  ob j ec t s  were  i n t e rposed  b e t w e e n  t h e  t a r g e t s  a n d  
t h e  p o i n t  of mi r ac id i a l  release.  W h e n ,  however ,  snai ls  of 
t h e  s a m e  species a n d  size as t h e  t a r g e t s  - and ,  of p a r t i c u l a r  
in te res t ,  w h e n  sna i l s  of severa l  va r i e t i e s  r e f r a c t o r y  t o  
in fec t ion  - were  i n t e r p o s e d  as  'decoys ' ,  t h e  f r e q u e n c y  of 
in fec t ion  a m o n g  t a r g e t s  was  usua l ly  r e d u c e d  to  0 - 1 0 % .  
T h e  f ind ings  in these  a n d  r e l a t ed  e x p e r i m e n t s ,  whi le  n o t  
who l ly  exp l icab le  a t  p r e sen t ,  sugges t  t h a t  i n suscep t ib l e  
snai ls  m a y  b e  i n v o l v e d  c o v e r t l y  in  t h e  ep idemio logy  of 
schis tosomias is .  

T h e  a p p a r a t u s  c an  be  modi f ied  to  a c c o m o d a t e  va r i ous  
k inds  of a q u a t i c  or  t e r r e s t r i a l  a n i m a l s  as decoys  or  t a r g e t s ;  
a m i n i a t u r e  a p p a r a t u s  cou ld  a c c o m o d a t e  cell or  o rgan  
cu l tu res  as a t a r g e t  for mot i l e  mic ro -o rgan i sms  or even  
gametes .  Soluble  or  vo la t i l e  subs tances ,  a lone  or  in- 

c o r p o r a t e d  i n to  a p p r o p r i a t e  carr iers ,  could  be  used  to  
p roduce  chemica l  g r a d i e n t s  in  m i d - c h a n n e l  t h r o u g h  w h i c h  
q u e s t i n g  o r g a n i s m s  m u s t  pass  if t h e y  a re  to  r e a c h  t h e  
t a rge t .  D e p e n d i n g  on  c i r c u m s t a n c e s  i t  m a y  be  poss ible  to  
obse rve  t h e  b e h a v i o r  of such  o r g a n i s m s  d i rec t ly ;  fa i l ing 
this ,  some d i rec t  consequence  of t h e i r  b e h a v i o r  ( infec t ion  
of t a r g e t  snai ls  in  t h e  case of mirac id ia)  m a y  serve  as a n  
ind ica to r .  T h e  i n t e r f e r ence  s y s t e m  can  be  t h o u g h t  of as a 
k i n d  of b iological  ' b l a c k  box '  in  t h a t  t h e  specific m e c h a -  
n i sms  u n d e r l y i n g  t h e  effects  of in te ' r fe rents  (decoy snai ls  
in  t h i s  case) m a y  n o t  be  u n d e r s t o o d ,  

T h e  idea  se t  f o r t h  is t h a t  of s t u d y i n g  t a r g e t - f i n d i n g  b y  
in t e r f e r ing  w i t h  it.  T h e  v e r y  s impl i c i ty  of t h i s  n o t i o n  
sugges ts  t h a t  i t  m a y  n o t  be  nove l ;  in  th i s  even t ,  i ts  
p r ev ious  desc r ip t i on  or app l i c a t i on  h a s  escaped  m y  not ice  s. 

Zusammen[assung. Die I n f e k t i o n s h ~ u f i g k e i t  d u r c h  Mi- 
r ac id ien  v o n  Schistosoma mansoni in  e m p f i n d l i c h e n ,  Ziel ~- 
S c h n e c k e n  in  g rad l in igen  K a n ~ l e n  wa r  s t a r k  v e r m i n d e r t ,  
w e n n  e m p f i n d l i c h e  ode r  u n e m p f i n d l i c h e  S c b n e c k e n  ats 
K 6 d e r  zwi schen  ¢,Ziet, u n d  E i n t r i t t s s t e l l e  de r  Mi rac id ien  
e ingese t z t  w u r d e n .  

E. CHI~RNIN 
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