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ABSTRACT

T h i r t y  s p e c ie s  from the  f a m i ly  C ary ophy llaceae  were found to  

c o n ta i n  i n h i b i t o r s  o f  l o c a l  l e s i o n  p ro d u c t io n  by TNV, The crude 

e x t r a c t s  o f  20 s p e c ie s  t o t a l l y  e l im in a te d  l e s i o n  p ro d u c t io n .

D i lu t i o n  e x p er im en ts  r e v e a le d  th e  p re sen c e  o f  a t  l e a s t  two m a t e r i a l s  

i n  th e  e x t r a c t s  o f  some s p e c i e s ,  an i n h i b i t o r  which d e c re a se d  and an 

augm enter which in c r e a s e s  th e  number o f  l e s i o n s .  Heat t r e a tm e n t  d e c re a 

s e s  i n h i b i t o r y  a c t i v i t y  i n  some s p e c ie s  and n o t  in  o t h e r .

Two s p e c ie s  were s tu d ie d  in  d e t a i l ,  G ypsonh ila  n a n i c u l a t a  which 

showed pow erfu l i n h i b i t o r y  a c t i v i t y  was p a r t i a l l y  th e rm o s ta b le  and 

K in u r a t i a  c a n i l l a c e a  which showed weak th e rm o la b i le  i n h i b i t i o n .

The c o n s t i t u e n t s  o f  Gp e x t r a c t s  a c te d  as  v i r u s  i n h i b i t o r s  r a t h e r  

th an  i n a c t i v a t o r s ,  su rv iv e d  a t  room te m p e ra tu re  f o r  60 d a y s ,  and were 

s t a b l e  to  a  wide range  o f  pH. D ia l y s i s  ex p e r im en ts  confirm ed  t h a t  th e  

i n h i b i t o r y  a c t i v i t y  r e s id e d  in  b o th  h ig h  and low m o le c u la r  w e igh t 

compounds. E th an o l o r  ammonium s u lp h a te  p r e c i p i t a t i o n ,  and d i s c  

e l e c t r o p h o r e s i s  su g g es te d  t h a t  the  i n h i b i t o r s  a re  composed i n  p a r t ,  

o f  p r o t e i n  and g ly c o p r o te in .  F u r th e rm o re ,  i n h i b i t o r y  a c t i v i t y  cou ld  

n o t  be a t t r i b u t e d  to  RNA, b u t  rem ained  unchanged a f t e r  in c u b a t io n  

w i th  each  o f  t h r e e  p r o t e o l y t i c  enzymes,

Sephadex G-100 g e l  f i l t r a t i o n  showed t h a t  Gp e x t r a c t  i n h i b i t o r s  

to  have a  m o le c u la r  w e ig h ts  o f  abou t 12 ,600 -  27 ,500  and 2 ,0 0 0  f o r  

th e  m a t e r i a l s  which e l u t e d  s lo w ly .  Ion  exchange column chrom atography 

on CM-52 c e l l u l o s e  showed t h a t  e x t r a c t s  c o n ta in e d  a t  l e a s t  th r e e  v i r u s  

i n h i b i t o r  f r a c t i o n s ,  one n e u t r a l  and two b a s i c  i n  n a t u r e .  The low

m o le c u la r  w e igh t f r a c t i o n ,  d i a l y s a b l e  p a r t ,  c o n ta in e d  17 f r e e  amino 

a c id s  most o f  which had i n h i b i t o r y  a c t i v i t y  a g a i n s t  TNV, and 5 f r e e  

s u g a r s  a l l  o f  which s t im u la te d  l o c a l  l e s i o n  p r o d u c t io n .

"H .C .



Aqueous e x t r a c t s  p re p a re d  from  G .r a n i c u l a t a  and M.c a n i l l a c e a  

each  i n h i b i t  l o c a l  l e s i o n  p ro d u c t io n  by TNV, TMV and PVX v i r u s e s .

The G .n a n i c u l a t a  i n h i b i t o r s  seem to  have d i r e c t  e f f e c t s  on TNV and 

some was p r e c i p i t a t e d  on c e n t r i f u g a t i o n .  M in u ra t ia  i n h i b i t o r s  a re  

n o t  p r e c i p i t a t e d  by c e n t r i f u g a t i o n .  I n h i b i t i o n  i n  b o th  e x t r a c t s  

i n f l u e n c e s  h o s t  p l a n t s  and a c t s  e i t h e r  by a l t e r i n g  the  s u s c e p t i b i l i t y  

o f  th e  c e l l s  to  v i r u s  a t t a c h m e n t ,  o r  pe rhaps  a l lo w  p e n e t r a t i o n  and 

p r e v e n t  e a r l y  e v e n ts  o f  v i r u s  r e p l i c a t i o n .

The c rude  e x t r a c t s  from Gp induced  l o c a l  and s y s te m ic  r e s i s t a n c e  

i n  u n t r e a t e d  p a r t s  o f  the  p l a n t .  S ystem ic  r e s i s t a n c e  was induced  on 

F rench  bean le a v e s  when Gp e x t r a c t s  were a p p l i e d  to  t h e i r  r o o t s .

The sample ta k en  from r e s i s t a n t  le a v e s  c o n ta in e d  an i n h i b i t o r  o f  v i r u s  

i n f e c t i o n  and showed 5 a d d i t i o n a l  p r o t e i n  bands w i th  m o le c u la r  w e ig h ts  

o f  105 , 94 & 40 z lO * ^ d a l to n s  on SDS p o ly ac ry lam id e  g e l  e l e c t r o p h o r e s i s

Gp = G ynso n h ila  n a n i c u l a t a  TNV = to b acco  n e c r o s i s  v i r u s

TMV =s tob acco  mosaic v i r u s  PVX = p o ta to  v i r u s  X
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CHAPTER I  

GENERAL INTRODUCTION 

V iru se s  invade and damage a  v e r y  wide range  o f  p l a n t s  i n c lu d in g  

a number o f  e co n o m ica lly  im p o r ta n t  c ro p s .  C on tro l o f  v i r u s  d i s e a s e s  

i s  c o n f in e d  l a r g e l y  to  c o n t r o l  o f  v e c t o r s .  The d i r e c t  c o n t r o l  o f  

v i r u s e s  by chem ical t r e a tm e n t  i s  o n ly  m o d e ra te ly  s u c c e s s f u l  and in  

g e n e ra l  can n o t  be used  f o r  l a r g e  s c a l e  f i e l d  d i s e a s e  p r e v e n t io n .

The chem ical t h a t  have been  used  to  c o n t r o l  v i r u s e s  a re  v e ry  

d i v e r s e ,  the  most s u c c e s s f u l  b e in g  analogous  o f  n u c l e i c  a c id  b a s e s .

Many o th e r  pure  ch em ica ls  have v i r u s  i n h i b i t o r y  p r o p e r t i e s  th e se  

i n c lu d e :  dyes (O rlo b , I 967 ) ,  RNA (Gicherman and L o e b e n s te in ,  1968 ) .  

P o l y e l e c t r o l y t e s , b o t h  b a s i c  ( P o ly ly s i n e )  and a c i d i c  (P o ly g lu tam ic  a c id ) ,  

i n h i b i t  TM7 (Stahmann and G o th o sk a r ,  1958). P r o t e i n s  such  as bovine 

l a c t o g l o b u l i n ,  r a b b i t  serum, and TMV-protein a l s o  have been  r e p o r te d  

to  i n h i b i t  v i r u s  i n f e c t i o n  ( S a n t i l l i  ^  a l . , 196I ) .  Enzymes, f o r  

exam ple, t r y p s i n ,  p a p a in ,  and r ib o n u c le a s e  (RNase) a re  known to  red u ce  

i n f e c t i v i t y  o f  TMV (Nene, I 96O). The growth r e g u l a t o r s ,  oC-naphtha- 

l e n e a c e t i c  a c id  (NAA) and g i b b e r e l l i c  a c id  a l s o  show e f f e c t s  on v i r u s  

symptom p ro d u c t io n  (U p re t i  e t  a l . ,  1 9 6 4 ) ,  and sometimes grow th 

r e t a r d a n t s  such as N -d im ethy lam inosuccinam ic  a c id  i n h i b i t  v i r u s  

(K aras ^  a l . , I 964 ) .  The d i v a l e n t  c a t i o n s  Ba*^, Ca^^, and Mg^^at 

s u i t a b l e  c o n c e n t r a t i o n s  a l s o  i n h i b i t  v i r u s  (Rossouw and P u l to n ,  1963 ) .  

Milk and v a r io u s  e x t r a c t s  from p la n t s  a re  n a t u r a l  s u b s ta n c e s  a l s o  

known to  b r i n g  ab o u t th e  i n h i b i t i o n  o f  v i r u s  a c t i v i t y .

The term  i n h i b i t i o n  r e f e r s  to  i n s t a n c e s  whereby v i r u s  i n f e c t i o n  

o r  r e p l i c a t i o n  i s  p re v e n te d  by a  n o n m u l t ip ly in g  su b s ta n c e  t h a t  does



n o t  i n a c t i v a t e  th e  v i r u s  ^  v i t r o . The f i r s t  s u g g e s t io n  o f a  p l a n t  

v i r u s  i n h i b i t o r  in  p l a n t  sap  o ccu rs  i n  the  work o f  A l la r d  ( 1914 ,

19 I 8 ) . I t  i s  now w e ll  known t h a t  numerous p l a n t s  c o n ta in  p o te n t  

i n h i b i t o r s  o f  v i r u s  i n f e c t i o n ,  and the  v i s i b l e  e f f e c t  o f  t h e i r  a c t i o n  

i n  r e d u c in g  symptoms i s  u n ifo rm , th e  mechanism by which t h i s  i s  

ach iev ed  may be d i v e r s e .

There a re  two th e o r i e s  ab o u t th e  way i n  which i n h i b i t o r s  o f  i n f e c t 

io n  a c t .  One th e o ry  s u g g e s ts  t h a t  i n h i b i t o r s  a f f e c t  th e  r e s i s t a n c e  

o f  the  in o c u la te d  h o s t  p l a n t ,  and th e  o th e r  th e y  i n h i b i t  by a c t i n g  

d i r e c t l y  on the  v i r u s  p a r t i c l e s  v i v o . Since th e  a c t i o n  o f  th e  

l a t t e r  i n h i b i t o r s  r e s u l t s  in  c h e m ic a l ly  m o d if ied  i n a c t i v e  v i r u s e s ,  i t  

has  been su g g es te d  t h a t  th e se  compounds be c l a s s i f i e d  as  v i r u s  i n a c t i 

v a t o r s  (P u l to n ,  1943)" S e v e ra l  s u b s ta n c e s  have been  r e p o r t e d  to  

i n a c t i v a t e  v i r u s e s ,  such as t r u e  t a n n in s  (Cheo and L in d n er ;  19^4; 

R a g e t l i  and W ein traub , 1 9 7 4 ) ,  naphthoquinone  d e r i v a t i v e s  o r  benzo- 

qu inones  formed from n a t u r a l  (p o ly )  p h e n o l ic  p r e c u r s o r s  th ro u g h  o x id ase  

a c t i o n  ( B e s t ,  1937; Hampton and P u l t o n ,  I 96I ) .  Saponins  may a f f e c t  

membrane bound complex v i r u s e s  such  a s  tom ato s p o t t e d  w i l t  and rhabdo  

v i r u s e s .  Enzymes, t o o ,  may a f f e c t  th e  i n t e r g i t y  o f  v i r u s e s  o r  t h e i r  

n u c l e i c  a c id s  (S anger and B randenburg , I 96I ) .

I n h i b i t o r s  have been d iv id e d  by Bawden (1954) i n t o  two c a t e g o r i e s  ; 

i n h i b i t o r s  o f  i n f e c t i o n  and i n h i b i t o r s  o f  v i r u s  r e p l i c a t i o n .

It
I n h i b i t o r s  o f  i n f e c t i o n  a re  d e f in e d  as  th o se  s u b s ta n c e s  t h a t ,  when 

i n o c u la te d  to  le a v e s  s im u l ta n e o u s ly  w ith  v i r u s e s ,  p r e v e n t  i n f e c t i o n

tt
from o c c u r r in g .  I n h i b i t o r s  o f  v i r u s  m u l t i p l i c a t i o n  a re  d e f in e d  as 

substances  t h a t ,  when a p p l ie d  to  l e a v e s  a l r e a d y  i n f e c t e d ,  r e t a r d  the

II
r a t e  a t  which th e  i n f e c t i v e  v i r u s e s  m u l t i p l y .  These d e f i n i t i o n s



10

depend on th e  mode o f  a c t i o n  and n o t  on th e  chem ical n a tu r e  o f  the 

i n h i b i t o r .  T h i o u r a c i l ,  f o r  exam ple, may b o th  i n h i b i t  i n f e c t i o n  and 

a f f e c t  m u l t i p l i c a t i o n  (Commoner and M ercer,  1951» Bawden, 1964a ) .

I t  was n o t i c e d  t h a t  c rude  e x t r a c t s  p re p a re d  from v i r u s  i n f e c t e d  

p l a n t s  o f t e n  f a i l e d  to  produced  i n f e c t i o n  in  o th e r  s u s c e p t i b l e  p l a n t s .

T h is  a p p a re n t  r e s i s t a n c e  m ight be due to  many f a c t o r s ,  such as  in 

s u f f i c i e n t  c o n c e n t r a t io n  o f  v i r u s  i n  th e  inocu lum , o r  th e  i n s t a b i l i t y  

o f  the  v i r u s  d u r in g  the  p ro c e s s  o f  t r a n s m is s io n  because  normal 

i n f e c t i o n  may occu r  v i a  i n s e c t  v e c to r s  r a t h e r  th a n  by m echan ica l 

i n o c u l a t i o n .  A l t e r n a t i v e l y ,  absence  o f  i n f e c t i o n  may be due e i t h e r  

to  the  p h y s ic a l  i n c o m p a t i b i l i t y  o f  the  h o s t  p l a n t  to  m echan ica l v i r u s  

i n f e c t i o n  o r  th e  p re sen ce  o f  i n h i b i t o r  ( s )  i n  p l a n t  s a p .  Such i n h i b i 

t o r y  su b s ta n c e  may be by -p ro d u c ts  o f  v i r u s  m u l t i p l i c a t i o n  o r  th ey  

may o ccu r  n a t u r a l l y  in  the  t i s s u e  o f  h e a l t h y  p l a n t s  and be su b se 

q u e n t ly  r e l e a s e d  from the  c e l l s  d u r in g  sap  e x t r a c t i o n .

A lthough i n h i b i t o r  compounds have been found i n  e x t r a c t s  o f  f u n g i ,  

l i c h e n s ,  b a c t e r i a  and i n s e c t s ,  o f  p a r t i c u l a r  im p o r ta n t  i s  the  p o s s i 

b i l i t y  t h a t  e x t r a c t s  o f  h ig h e r  p l a n t s  may c o n ta in  s u b s ta n c e s  t h a t  

i n h i b i t  v i r u s  i n f e c t i o n  e i t h e r  by i n f l u e n c in g  th e  v i r u s  o r  by a c t i n g  

on th e  p l a n t  b e in g  t e s t e d .  C o n s id e rab le  i n t e r e s t  has  been  p a id  to  

th e  p o s s ib l e  p re sen c e  o f  v i r u s  i n h i b i t o r  compounds i n  th e  v e g e t a t i v e  

p a r t s  o f  a  wide range  o f  p l a n t s .

V arious  i n h i b i t o r  m a t e r i a l s  have been e x t r a c t e d  from th e  v e g e t a t iv e  

t i s s u e  o f  ove r  s i x t y  d i f f e r e n t  f a m i l i e s  o f  p l a n t s  (Bawden, 1954» E a j j ,  1 9 7 6 ) .  

However, s t u d i e s  o f  th e  chem ica l n a tu r e  and mode o f  a c t i o n  o f  the  

v i r u s  i n h i b i t o r  m a t e r i a l s  have tended  to  be c o n c e n t r a te d  on r e l a t i v e l y  

few f a m i l i e s  o f  f lo w e r in g  p l a n t s  p a r t i c u l a r l y  the  C henopodiaceae ,
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P h y to la c c a c e a e , f îosaceae , S o la n a c e a e ,  and a  few members o f  the  

C ary o p h y lla ce ae ,  A b r i e f  summary o f  v i r u s  i n h i b i t o r  s t u d i e s . f r o m  

each  o f  th e se  f a m i l i e s  i s  g iv e n  below ,

CHENOPODIACEAE

Many i n h i b i t o r s  o f  v i r u s  i n f e c t i o n  a re  known to  o ccu r  i n  the

f a m i ly  Chenopodiaceae. Kuntz and Walker (1 9 4 7 ) ,  f o r  exam ple,

d e s c r ib e d  two i n h i b i t o r s  i n  sp in a c h  j u i c e  ( S p in a c ia  o le r a c e a  L . ) ,

one which was absorbed  by c h a rc o a l  and which was c o n s id e re d  to  be

a  h ig h  m o le c u la r  w e igh t p r o t e i n ,  the  o th e r  was an o x a la te  and was

removed by ad d in g  KCl. O ther o x a la t e s  were i s o l a t e d  from New Z ea land

s p in a c h  sap  by Benda (1956) who th o u g h t  them to  be v i r u s - e n h a n c in g
e b r a h ï m - j J v î i V ^ a T  a / i d  N Î e r t b a u S  ( I 9 ? z )

compounds. L a t e r ,  Ebrahim -N esbat ( l 9 7 l )  i s o l a t e d  and p a r t i a l l y

p u r i f i e d  an i n h i b i t o r  f r a c t i o n  from s p in a c h  s a p .  He s tu d ie d  the  mode 

o f  a c t i o n  o f  the  i n h i b i t o r s  by e l e c t r o n  m ic ro sco p y , and he found t h a t  

th e  a d d i t i o n  o f  th e  i n h i b i t o r  to  a  s u sp e n s io n  o f  TMV caused  an ag g re 

g a t io n  o f  v i r u s  p a r t i c l e s  r e s u l t i n g  i n  l o s s  o f  i n f e c t i v i t y .  He 

concluded  t h a t  the  v i r u s  i n h i b i t o r  from s p in a c h  le a v e s  was a  p r o t e i n .

Thomson and P e d d l e ( l 965) found t h a t  sap  e x t r a c t e d  from Chenopodium 

a m a r a n t i c o lo r  l e a v e s ,  i n h i b i t e d  i n f e c t i o n  by TMV o f  N ic o t ia n a  

g l u t i n o s a  L . , b u t  had o n ly  s l i g h t  e f f e c t s  on s p e c ie s  from which th e  

sap  was e x t r a c t e d .  They a l s o  found t h a t  most i n h i b i t o r  rem ained  i n  

th e  s u p e r n a ta n t  f l u i d  a f t e r  c e n t r i f u g i n g  sap  a t  40 ,000  rpm f o r  4 h r s .  

Kimmins (1 9 6 9 ) ,  on th e  o t h e r  h and , found t h a t  c rude  e x t r a c t  from 

C .a m a r a n t i c o lo r  l e a v e s  can i n h i b i t  TNV on F rench  bean  p l a n t s ,  and the  

i n h i b i t o r y  a c t i v i t y  was found to  r e s i d e  i n  the  EN A -portion. F u r th e r 

more, Smookler ( 1971 ) examined 29 s p e c ie s  o f  the  C henopodiales  (an  o r d e r

i n c lu d in g  some members o f  the  Chenopodiaceae and th e  Amaranth a c e a e )
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and found t h a t  l e a f  e x t r a c t s  i n h i b i t e d  th e  i n f e c t i o n  o f  P haseo lus  

v u l g a r i s  by TNV, He a l s o  examined the  n a tu re  and p r o p e r t i e s  o f  

i n h i b i t o r s  e x t r a c t e d  from C.a m a r a n t i c o lo r , A t r ip l e x  n i t e n s ,

Chenopodium album and Amaranthus c a u d a tu s . Ion  exchange column 

chrom atography on CM sephadex C-25 showed t h a t  most i n h i b i t o r y  a c t i v i t y  

were e lu t e d  by 0 .4  M sodium a c e t a t e  b u f f e r ,  the  i n h i b i t o r s  b e in g  

p r o t e in aceo u s  i n  n a tu re  h a v in g  m o le c u la r  w e igh ts  o f  2 5 ,0 0 0 -3 8 ,0 0 0 .

In  c o n t r a s t ,  A lb e rg h in a  (1 9 7 6 ) ,  found the  i n h i b i t o r  from C .a m a r a n t i c o lo r  

to  be an h ig h ly  a c t i v e  a g a i n s t  TNV on C .a m a ra n t ic o lo r  l e a v e s ,  i t  was 

n o t  d e s t ro y e d  by p r o t e a s e , was th e rm o s ta b le ,  and a l th o u g h  l a r g e l y  n o t  

d i a l y s a b l e  i t  seems n o t  to  be a  p r o t e i n .

R e c e n t ly ,  T an iguch i and Goto (1979) f u r t h e r  p u r i f i e d  the  i n h i b i t o r  

from  C.a m a r a n t i c o lo r  l e a v e s  by Sephadex G-100, G-50 and DEAE-Sephadex 

io n  exchange column chrom atography . They found th e  i n h i b i t o r  was

a p r o t e i n  which may c o n s i s t  o f  a  s i n g le  p o ly p e p t id e  c h a in  w ith  a

m o le c u la r  w e ig h t o f  3 2 ,000 . T an ig u ch i e t  (1974) a l s o  i s o l a t e d  two

f r a c t i o n s  from l e a f  e x t r a c t  o f  C.album by ECTEOLA c e l l u l o s e  column-

ch rom atography . Both f r a c t i o n s  showed i n h i b i t o r y  a c t i v i t y  a g a i n s t  TMV. 

The i n h i b i t o r  c o n s i s t e d  o f p a r t i c l e s  o f  v a r io u s  s i z e s ,  and t h e i r  

a c t i v i t y  was d e s t ro y e d  by phenol b u t  n o t  by RNase, p ronase  o r  ch lo ro fo rm ,

PHYTOLACCACEAE

The f i r s t  i n d i c a t i o n  t h a t  s u b s ta n c e s  p r e s e n t  i n  h ig h e r  p l a n t s  were 

i n h i b i t o r y  to  p l a n t  v i r u s  i n f e c t i o n  was o b ta in e d  by A l l a r d  (1914, 1918) 

u s in g  e x t r a c t s  o f  P h y to la c c a  d ecan d ra  L .(p o k ew eed ). A l l a r d  found 

t h a t  m osaic v i r u s  cou ld  be t r a n s m i t t e d  by s a p - i n o c u l a t i o n  from  pokeweed 

to  pokeweed b u t  n o t  to  to b a c c o ,  and he t h e r e f o r e  su g g es te d  t h a t  

pokeweed sap  m ight c o n ta in  s u b s ta n c e s  i n h i b i t o r y  to  pokeweed m osaic



13

v i r u s ,  A few y e a r s  l a t e r ,  Duggar and Arm strong (1925) a s c e r t a i n e d  

th e  p re sen c e  o f  an i n h i b i t o r  i n  pokeweed t h a t  i n t e r f e r e d  w i th  

m echan ica l t r a n s m is s io n  o f  TM7, S in ce  th e n  many w orkers  have 

i n v e s t i g a t e d  s e v e r a l  o th e r  s p e c ie s  b e lo n g in g  t o  th e  same f a m i ly ,  and 

i n  some c a s e s ,  i t  has been p o s s ib le  t o  p u r i f y  and c h a r a c t e r i z e  th e  

i n h i b i t o r .

K assan is  and ELeczkowski (1948) i s o l a t e d  an i n h i b i t o r  from  the  

s ap  o f  P h y to la c c a  e s c u l e n t a , which was i d e n t i f i e d  as a  g ly c o p r o te in  

c o n ta i n in g  14-15 % n i t r o g e n  and 8-12 % c a r b o h y d r a te ,  Gupta ( l 964) 

a l s o  i s o l a t e d  an i n h i b i t o r  from P h y to la c c a  a c in o s a . The i n h i b i t o r  was 

found to  be a  g ly c o p r o te in  c o n ta in in g  g lu c o s e .  Marchoux ( l 967 , 1 9 7 0 ) ,  

on th e  o t h e r  hand , proved t h a t  e x t r a c t s  p re p a re d  from pokeweed le a v e s  

had r ib o n u c le a s e  a c t i v i t y  (RNase) w hich s u g g e s ts  t h a t  p r o t e i n s  may be 

in v o lv e d  in  th e  i n h i b i t o r y  a c t i v i t y  o f  th e  e x t r a c t s ,

W yatt and Shepherd ( l 9^9) p u r i f i e d  th e  i n h i b i t o r  i s o l a t e d  from 

P h y to la c c a  am ericana  by column chrom atography u s in g  CK-Sephadex, the  

i n h i b i t o r  was found to  be a  p r o t e i n  o f  I I 6 amino a c id s  r e s i d u e s ,  g iv in g  

a  m o le c u la r  w e ig h t o f  13 ,0 0 0 , L a t e r ,  Kisawa e t  (1975) i s o l a t e d  an 

i n h i b i t o r  w ith  h ig h  a c t i v i t y  from b o th  c a l l u s  t i s s u e  and su sp e n s io n  

c u l t u r e d  c e l l s  o f  P . am er ica n a .  T h is  i n h i b i t o r  was found t o  be s i m i l a r  

t o  i n h i b i t o r  s u b s ta n c e s  i s o l a t e d  by Wyatt and Shepherd (1969) from  an 

i n t a c t  p l a n t .  R e c e n t ly ,  G rasso  and Shepherd (1978) i s o l a t e d  a  pu re  v i r u s  

p r o t e i n  from P .a m e r ic an a  by a d s o r p t io n  to^and  e l u t i o n  from ^the  c a t i o n  

exchange CM-Sephadex fo l lo w e d  by p assag e  th ro u g h  DEAE-Sephadex.

They used  th e  same p rocedures  to  examine I 4 o t h e r  p l a n t  s p e c ie s  

r e p o r t e d  to  c o n ta in  v i r u s  i n h i b i t o r s ,  in c lu d in g  s e v e r a l  s p e c ie s  o f  

th e  o rd e r  Centrospermae which in c lu d e s  th e  P h y to la c c a c e a e ,
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S im i la r  b i o l o g i c a l l y  a c t i v e  p r o t e i n s  were o b ta in e d  in  e v e ry  c a s e .

The p o s s ib l e  mechanism o f  i n h i b i t i o n  o f  p l a n t  v i r u s e s  by P . am ericana  

e x t r a c t s  has  been s tu d ie d  by Owens e t  a l .  (1973)* They su g g es ted  

t h a t  the  i n h i b i t o r  a c t s  in  v iv o  by b lo c k in g  th e  m essenger f u n c t io n  

o f  a  p o t e n t i a l l y  i n f e c t i v e  v i r u s  ENA.

More r e c e n t  s t u d ie s  have shown t h a t  e x t r a c t s  from P . am ericana  

c o n ta in  s e v e r a l  v i r u s  i n h i b i t o r  f r a c t i o n s  (PAP, PA P-II & PAP-S) 

eac h  w i th  the  a b i l i t y  to  i n h i b i t  p r o t e i n  s y n th e s i s  as  w e l l  as  v i r u s  

r e p l i c a t i o n  ( I r v i n  e t  , 1980; B a r b i e r i  e t  1 9 8 2 ) .

ROSACEAE

Tannic su b s ta n c e s  were found to  be r e s p o n s i b l e ,  a t  l e a s t  i n  p a r t ,  

f o r  the  v i r u s  i n h i b i t o r  a c t i v i t y  o f  some p l a n t  s p e c i e s .  For exam ple, 

e x t r a c t s  p re p a red  from F r a g a r i a  v e s c a  L. ( s t r a w b e r r y )  l e a v e s ,  c o n ta in e d  

t a n n in s  which were s u f f i c i e n t  to  p r e c i p i t a t e  TMV and p re v e n t  i t  from 

i n f e c t i n g  N .g l u t i n o s a , even 1 % c o n c e n t r a t i o n  (Bawden and 

K leczkow ski, 1945)* O ther w orkers  have r e p o r t e d  t h a t  t a n n ic  s u b s ta n c e s  

have a  d i r e c t  e f f e c t  on v i r u s e s  ( i n a c t i v a t o r s )  r a t h e r  th a n  on th e  

h o s t  p l a n t s  (B e s t ,  1937; Hampton and F u l to n ,  1961; Cheo and L in d n e r ,  

1 9 6 4 ) .

I t  was su g g es te d  by Tan d e r  Want (1951) t h a t  t a n n in s  co u ld  p r e v e n t  

i n f e c t i o n  in  a l l  p l a n t s ,  and such s u b s ta n c e s  sh o u ld  be c a l l e d  

" a b s o lu t e  i n h i b i t o r s "  to  d i s t i n g u i s h  them f r o m " r e l a t i v e  i n h i b i t o r s "  

where t h e i r  a c t i o n  depends on the  s p e c ie s  o f  p l a n t  i n t o  which in o c u la 

t i o n s  a re  made.

SOLANACEAE

The p o s s ib l e  o ccu rren ce  o f  i n h i b i t o r y  s u b s ta n c e s  i n  p l a n t s  from 

th e  So lanaceae  has  been i n v e s t i g a t e d  by a  number o f  w o rk e rs .
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Z a i t l i n  and S ie g e l  ( l 963 ) ,  f o r  exam ple, e x t r a c t e d  an i n h i b i t o r  from 

N ic o t ia n a  tabactun L. v a r ,  T u rk ish  Samsun which i n h i b i t e d  TMV on 

s e v e r a l  h o s t  p la n ts *  T his  i n h i b i t o r  was a  p r o t e i n  h a v in g  a  m o le c u la r  

w e ig h t  g r e a t e r  th an  4 0 ,0 0 0 . F u r th e r  f r a c t i o n a t i o n  o f  such  e x t r a c t s  

was c a r r i e d  o u t by V o lffg an g  ( l 970) u s in g  column chrom atography . He 

found  b o th  h ig h  and low m o le c u la r  w e igh t f r a c t i o n s  were i n h i b i t o r y  

a g a i n s t  TMV.

Palm ( 1967 ) showed t h a t  e x t r a c t s  from N ic o t ia n a  g l u t i n o s a  L. 

c aused  60 ^  i n h i b i t i o n  when mixed w i th  an eq u a l  volume o f  TNV. The 

p h y s ic a l  and chem ical t e s t s  o f  such  e x t r a c t s  i n d i c a t e d  t h a t  the  

i n h i b i t o r  was a  p r o t e i n  o f  the  g lo b u l i n  ty p e .  Kimmins (1 9 6 9 ) ,  on th e  

o t h e r  hsind, f r a c t i o n a t e d  crude e x t r a c t s  from N .g l u t i n o s a  i n t o  p r o t e i n  

and RNA, and su g g es ted  t h a t  the  i n h i b i t o r y  a c t i v i t y  was r e t a i n e d  in  

RNA p o r t i o n .

E x t r a c t s  p re p a red  from Capsicum annuum L. showed i n h i b i t o r y  

a c t i v i t y  a g a i n s t  TMV and cucumber m osaic v i r u s  (CMV) and were found 

to  c o n ta in  p r o t e i n s  w ith  r ib o n u c le a s e  a c t i v i t y  (RNase) (Marchoux , 1967 

and 1970 ) .  A s i m i l a r  f i n d i n g  was r e p o r t e d  by F i s c h e r  and Nienhaus 

( 1973 ) who found t h a t  i n h i b i t o r y  power o f  C.annuum e x t r a c t  was 

co n n ec ted  w i th  a  p r o t e i n  and a  p h e n o l ic  s u b s ta n c e .  A f te r  p o ly a c ry 

lam ide  g e l - e l e c t r o p h o r e s i s  the  p r o t e i n  was l o c a t e d  i n  th e  zone w ith  

th e  g r e a t e s t  r ib o n u c le a s e  a c t i v i t y .  The p h e n o l ic  su b s ta n c e  was 

i d e n t i f i e d  as a  f l a v o n e , i s o f la v o n e  o r  f la v o n o n e  compound. In  1972, 

A pablaza  and B e r n ie r ,  s e p a r a te d  the  i n h i b i t o r y  m a t e r i a l s  o f  Capsicum 

f r u t e s c e n s  i n t o  two f r a c t i o n s  : one w i th  a  m o le c u la r  w e ig h t  g r e a t e r  

th a n  30,000  and one w ith  a  m o le c u la r  w e ig h t w i th in  the  range  1000 -  v

5 0 , 000 . They a l s o  found a  h ig h  m o le c u la r  w e ig h t  f r a c t i o n  from
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such  e x t r a c t s  was i n h i b i t o r y  when a p p l i e d  t o  th e  u n d e rs id e  o f  th e  l e a f .  

CARYOPHYLLACEAE

The o ccu rren ce  o f  an  a c t i v e  p r i n c i p l e  i n  th e  genus D ian thus  t h a t  

i n t e r f e r e s  w i th  th e  m echan ica l t r a n s m is s io n  o f  v i r u s  was d is c o v e re d  

some y e a rs  ago . I t  was shown in d e p e n d e n t ly  in  H olland  and in  Canada 

t h a t  sap  from b o th  c a r n a t io n ;  L ian th u s  c a ry o p h y l lu s  L . ; (Van d e r  Want, 

1951) and sw eet w i l l ia m ;  L ian th u s  b a rb a tu s  L . ; (W eintraub and 

G i l p a t r i c k ,  1952) upon m ixing  w i th  v i r u s e s  such  as TMV and tobacco  

r i n g  s p o t ,  su p p re s s e s  o r  g r e a t l y  re d u c e s  th e  developm ent o f  symptoms 

on t h e i r  r e s p e c t i v e  h o s t s .  L a te r  i t  was shown ( R a g e t l i ,  1957) t h a t  

the  c a r n a t io n  i n h i b i t o r  p ro b a b ly  a c t s  v i a  th e  h o s t  p l a n t  i n  th e  e a r l y  

s t a g e s  o f  v i r u s  e s t a b l i s h m e n t  and i s  a c t i v e  i n  com bina tion  w ith  a t  

l e a s t  14 v i r u s e s  and 20 d i f f e r e n t  p l a n t  s p e c i e s .  E a r ly  a t te m p ts  aimed 

a t  i s o l a t i n g  and c h a r a c t e r i z i n g  the  i n h i b i t o r  from L . c a ry o p h y l lu s  by 

u l t r a c e n t r i f u g a t i o n ,  p ap er  e l e c t r o p h o r e s i s ,  and ammonium s u lp h a te  

p r e c i p i t a t i o n .  These te c h n iq u e s  r e v e a le d  t h a t  th e  a c t i v e  a g e n t  in  

c a r n a t i o n  e x t r a c t s  had a  m o le c u la r  w e igh t o f  10 ,000  and showed no a c t i v e  

e l e c t r o p h o r e t i c  movement in  the  pH range  5*4 -  8 . 1 ,  and r e q u i r e d  h ig h  

s a l t  c o n c e n t r a t io n s  (50 % ammonium s u lp h a t e  s a t u r a t i o n )  f o r  p r e c i p i 

t a t i o n  ( R a g e t l i  and W ein trau b , 1 9 6 2 a ) .  In  l a t e r  e x p e r im e n ts , R a g e t l i  

and W eintraub  (1962a) passed  c a r n a t io n  i n h i b i t o r  th ro u g h  an  a n io n  

exchange column (LEAE), fo l lo w e d  by column chrom atography o v e r  a  

c a t i o n  ex ch an g er  (carboxym ethyl c e l l u l o s e )  and h y d r o x y l a p a t i t e . The

f r a c t i o n s  produced  were t e s t e d  f o r  i n h i b i t o r y  a c t i v i t y  and th e  n a tu r e  

o f  the  i n h i b i t o r  was s t u d i e d .  R a g e t l i  and W ein traub  ( l9 6 2 b )  concluded  

t h a t  the  v i r u s  i n h i b i t o r  from  c a r n a t io n  was a  p r o t e i n  which upon 

a c id  h y d r o ly s i s  y ie ld e d  14 amino a c i d s .  However, b e fo re
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b e in g  c l e a r l y  r e c o g n iz e d ,  th e se  p r o p e r t i e s  had l e d  to  some co n fu s io n  

r e g a r d in g  the  n a tu re  o f  th e  a c t i v e  a g e n t  from L i a n th u s , which was
a

o r i g i n a l l y  c o n s id e re d  to  b e ^ m ix tu re ,  c o m p ris in g  a  d i a l y s a b l e  and a 

n o n - d i a ly s a b l e  components (Van d e r  Want, 1953)#

N art  ( 1972 ) confirm ed  the  R a g e t l i  and W eintraub r e s u l t s  by showing 

t h a t  sap  from c a r n a t io n  i n h i b i t e d  th e  number o f  l e s i o n s  induced  by 

t h r e e  d i f f e r e n t  v i r u s e s  TMV, a l f a l f a  m osaic (AMV) and b a r l e y  s t r i p e  

m osaic  v i r u s  (BSMV) on f i v e  d i f f e r e n t  l o c a l  l e s i o n  h o s t s .  The 

i n h i b i t o r  was i d e n t i f i e d  as  a  p r o t e i n  by v a r io u s  methods such  as  low 

speed  c e n t r i f u g a t i o n ,  phenol e x t r a c t i o n  and e th a n o l  p r e c i p i t a t i o n  o f  

th e  s a p .  M oreover, Pante s  and O’ N e i l l  ( l 964 ) found t h a t  m a te r i a l  

i s o l a t e d  by R a g e t l i  and W eintraub from a p p a r e n t ly  h e a l t h y  c a r n a t i o n  

p l a n t s  seemed to  p o s se s s  marked s i m i l a r i t i e s  to  c h ic k  i n t e r f e r o n .

R e c e n t ly ,  S t i r p e  ejb (1981 ) i s o l a t e d  two p r o t e i n s  (Li an t h i n  50 

and L i a n th in  32) from the  le a v e s  o f c a r n a t i o n ,  w ith  m o le c u la r  w e igh ts  

o f  29 ,500  and 31,700  f o r  L i a n t h i n '30  and 32 r e s p e c t i v e l y .  Both 

L ia n th in s  a re  g ly c o p r o te in  c o n ta in in g  mannose and th e y  a c t  by damaging 

r ib o so m e s ,  so  p re v e n t in g  p r o t e i n  s y n t h e s i s  i n  a  manner s i m i l a r  t o  

t h a t  d e s c r ib e d  f o r  PAP ( I r v i n  e t  ^ . ,  1980; B a r b i e r i  e ^  ^ . ,  198 2 ).

This l i t e r a t u r e  rev iew  r e c o rd s  t h a t  i n h i b i t o r s  e x t r a c t e d  from 

v e g e t a t i v e  p a r t s  o f  s e v e r a l  p l a n t  s p e c ie s  have been v a r i o u s l y  i d e n t i 

f i e d  a s  p r o t e i n s ,  g l y c o p r o te in s ,  t a n n in s  and RNA. Whether such 

compounds a c t  i n  p r e v e n t in g .o r  d im in is h in g  v i r u s  m u l t i p l i c a t i o n  in  

v iv o  i s  n o t  u n d e rs to o d .

Some crude  p l a n t  e x t r a c t s  have v e r y  l i t t l e  e f f e c t  on v i r u s e s ,  

t h i s  may be because  i n h i b i t o r y  e f f e c t s  a re  c o u n te rb a la n c e d  by the
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v i r u s  en h an c in g  e f f e c t s  o f  o th e r  s u b s ta n c e s .  P l a n t  e x t r a c t s  have 

been  r e p o r t e d  to  c o n ta in  v i r u s - e n h a n c in g  compounds. Benda (1 9 5 6 ) ,  

f o r  exam ple, found t h a t  sap  e x t r a c t e d  from New Z ea land  sp in a c h  

( T e t ra g o n ia  e x p a n sa ) , f a m i ly  A izo aceae ,  when mixed w i th  tob acco  r i n g  

s p o t  v i r u s  and in o c u la te d  on to  cowpea (Vigna s i n e n s i s )  l e a v e s ,  caused 

a  d e la y  i n  the  appearance  o f  th e  p r im ary  v i r u s  symptoms. On f u r t h e r  

a n a l y s i s .  New Z ealand  sp in a c h  appeared  to  c o n ta in  two a c t i v e  f r a c t i o n s ,  

one an i n h i b i t o r  which d e c re a se d  th e  number o f  l e s i o n s ,  and th e  o th e r  

an  augm en ter ,  i d e n t i f i e d  i n d i r e c t l y  as  a  s o lu b le  o x a la te  s a l t  which 

in c r e a s e d  the  number o f  l e s i o n s .  L a t e r ,  enhancement o f  v i r u s  a c t i v i t y  

was d e s c r ib e d  f o r  p l a n t  e x t r a c t s  (B la szczak  ejt a l . ,  1 9 5 9 ) ,  seed  

e x t r a c t s  (S te v e n s ,  1970, E a j j  and S te v e n s ,  1979) and f o r  v a r io u s  

su g a r s  (Kongsvik and S a n t i l l i ,  1 9 7 0 ) .  The mode o f  a c t i o n  o f  such 

v i r u s  en h an c in g  compounds i s  n o t  y e t  u n d e rs to o d .  This  phenomenon 

w i l l  be d e s c r ib e d  and d i s c u s s e d  where r e l e v a n t  i n  th e  l a t e r  c h a p te r s .

I t  seems a l s o  from the  rev iew  t h a t  the  i n h i b i t o r y  su b s ta n c e s  

from  o n ly  a few s p e c ie s  o f  h ig h e r  p l a n t s  have been i s o l a t e d  and 

c h a r a c t e r i z e d ,  and few er y e t  have been i n v e s t i g a t e d  f o r  t h e i r  mode o f  

a c t i o n .  However, the  c u r r e n t  o p in io n s  r e g a r d in g  p o s s ib l e  mechanism 

by which i n h i b i t o r s  p re v e n t  i n f e c t i o n  can be summarized as  f o l l o w s :

1 -  a g g r e g a t io n  o f  v i r u s  p a r t i c l e s ,  th e re b y  d e c r e a s in g  the  number o f  

s e p a r a t e  p a r t i c l e s .  2 -  p r e v e n ta t i o n  o f  a t ta c h m e n t  o f  th e  v i r u s  to  

r e c e p t o r s ,  due to  com plexing  o f  the  i n h i b i t o r  w i th  th e  v i r u s  p a r t i c l e s .

3 -  c o m p e t i t io n  o f  the  i n h i b i t o r y  su b s ta n c e  w ith  th e  v i r u s  f o r  r e c e p t o r s ,

4 -  a l t e r a t i o n s  i n  the  p h y s io lo g y  o f  th e  h o s t ,  so p r e v e n t in g  i n f e c t i o n .

The i n h i b i t o r  from c a r n a t i o n ,  f o r  exam ple, f u l l y  i n h i b i t s  i n f e c t i o n
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on N,g l u t i n o s a  when a p p l ie d  b e fo re  i n o c u l a t i o n  w ith  TMV. No s i g n i f i 

c a n t  i n h i b i t i o n  was o b ta in e d  when the  i n h i b i t o r  was a p p l ie d  l a t e r  th an  

50 m inu tes  a f t e r  i n o c u l a t i o n  ( R a g e t l i ,  1957)- R a g e t l i  and W eintraub 

( 1962 ) p u r i f i e d  t h i s  su b s ta n c e  and p re s e n te d  ev id en ce  t h a t  i t  i s  a  

p r o t e i n .  I t  has been su g g es te d  t h a t  t h i s  i n h i b i t o r  a c t s  by com peting 

w i th  the  v i r u s  f o r  r e c e p t o r  s i t e s  a t  the  b e g in n in g  o f th e  i n f e c t i o n  

p ro c e s s  (Van Kammen e_^ , I 961 ) .  The i n t e r a c t i o n  betw een v i r u s  and

r e c e p t o r  l e a d i n g  to  i n f e c t i o n , o r  th e  i n t e r a c t i o n  betw een i n h i b i t o r  and 

r e c e p t o r  l e a d i n g  to  i n h i b i t i o n ^ i s  i n  dynamic e q u i l ib r iu m  and depends 

on th e  c o n c e n t r a t io n s  o f  v i r u s  and i n h i b i t o r .  I n c r e a s in g  th e  v i r u s  

c o n c e n t r a t i o n  a t  a  g iv en  i n h i b i t o r  c o n c e n t r a t io n  d e c re a s e s  th e  i n h i b i 

t i o n ,  and v ic e  v e r s a - i n c r e a s i n g  th e  amount o f  i n h i b i t o r  a t  a  g iv e n  

v i r u s  c o n c e n t r a t io n  in c r e a s e s  the  degree  o f  i n h i b i t i o n  (Van Kammen 

e t  ^ . ,  1961 ; Gicherman and L o e b e n s te in ,  1968).

A p p ly in g ‘the  i n h i b i t o r y  su b s ta n c e  s e v e r a l  days  b e fo re  i n o c u l a t i o n  

i s  a l s o  g e n e r a l l y  i n e f f e c t i v e .  RNase (Nene, I 9 6 0 ) ,  how ever, and h e a t  

k i l l e d  c e l l s  o f  Pseudomonas s y r in g a e  (L o eb e n s te in  and L ovrekov ich , 

1966 ) s t r o n g l y  i n h i b i t  i n f e c t i o n  when a p p l ie d  seven  days b e fo re  

i n o c u l a t i o n .  An i n h i b i t o r  from  r i c e  has  been  r e p o r t e d  to  be e f f e c t i v e  

when a p p l i e d  to  bean le a v e s  1-3  days p r i o r  to  TMV i n o c u l a t i o n  

(Jones  e ^  a l . , 1959)- R egard ing  h e a t - k i l l e d  b a c t e r i a ,  how ever, i t  has 

been  su g g es te d  t h a t  an induced  i n t e r f e r e n c e  mechanism i s  in v o lv e d  

(L o e b e n s te in  and L ovrekov ich , 1966 ) .  I n t e r f e r e n c e  i s  d e f in e d  as  t h a t  

phenomenon whereby the  i n f e c t i o n  p ro c e ss  o f  one v i r u s  i n t e r f e r e s  w i th  

th e  m u l t i p l i c a t i o n  o f  a n o th e r  v i r u s  o r  s t r a i n ;  o r  whereby a  n o n m u lt i

p l y i n g  su b s ta n c e  i n t e r f e r e s  v i a  a  h o s t -m e d ia te d  p r o c e s s ,  r e q u i r i n g  

th e  t r a n s c r i p t i o n  mechanism o f  the  c e l l ,  w i th  th e  m u l t i p l i c a t i o n  o f
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th e  v i r u s •

A cquired  r e s i s t a n c e  i s  a  d i s t i n c t  type o f  i n t e r f e r e n c e ,  d e v e lo p in g  

i n  noninvaded h o s t  t i s s u e  a f t e r  v i r a l  o r  fu n g a l  i n f e c t i o n  o f  o th e r  

p a r t s  o f  th e  p l a n t ;  th e se  r e s i s t a n t  t i s s u e s  a re  l e s s  a b le  to  s u p p o r t  

v i r u s  m u l t i p l i c a t i o n  th an  non r e s i s t a n t  c o n t r o l s .  The f i r s t  observa

t i o n  t h a t  i n f e c t i o n  i n  one p a r t  o f  th e  p l a n t  c o n fe r s  r e s i s t a n c e  in  

o t h e r  noninvaded t i s s u e s  was r e p o r t e d  by G i l p a t r i c k  and W eintraub 

( 1952 ) .  In  l o c a l  i n f e c t i o n s  i t  i s  th o u g h t a  p ro d u c t  o f  th e  i n f e c t e d  

c e l l s  i s  t r a n s l o c a t e d  ahead of i n f e c t i o n  and c o n fe r s  r e s i s t a n c e  on y e t  

u n in f e c te d  c e l l s ,  thus  c o n f in in g  the  sp re ad  o f  the  v i r a l  i n f e c t i o n .

I t  was found t h a t  the  t i s s u e  around the  v i r u s - in d u c e d  l o c a l  

l e s i o n s  i s  r e s i s t a n t  to  su b se q u e n t  v i r u s  i n f e c t i o n  (Yarwood, 1953? 

f i o s s , 1961a ) .  Such r e s i s t a n c e  i s  c a l l e d  l o c a l  a q u i re d  r e s i s t a n c e  (L A E ). 

In  a d d i t i o n ,  d i s t a n t  p a r t s  of th e  v i r u s - l o c a l i z i n g  p l a n t  a re  p a r t i a l l y  

r e s i s t a n t  (R oss , 1961b), t h i s  r e s i s t a n c e  i s  c a l l e d  sy s te m ic  a c q u ire d  

r e s i s t a n c e  (S A R ).

Yarwood (1953) r e p o r t e d  the  p re sen c e  o f  LAR i n  the  t i s s u e  su r ro u n d 

in g  l o c a l  l e s i o n s  induced  by TMV on bean . Ross ( l9 6 1 a  & b )  a t t r i b u t e d  

th e  i n a b i l i t y  o f  v i r u s  t o  move from l i v i n g  c e l l s  around n e c r o t i c  

l e s i o n s  in  N .tabacum c v .  Samsun NN o r  X an th i in o c u la te d  w i th  TMV̂  to  

an  a l t e r a t i o n  o f  c e l l s  in  advance o f  the  v i r u s ,  the  t i s s u e  around th e  

l e s i o n s  becoming h ig h ly  r e s i s t a n t .  He a l s o  added t h a t ,  n o t  o n ly  th e  

h e a l t h y  t i s s u e  around th e  l o c a l  l e s i o n s ,  b u t  a l s o  th e  u n in o c u la te d  

o p p o s i te  h a l f  le a v e s  and th e  le a v e s  above and below th e  in o c u la te d  

one became r e s i s t a n t  t o  f u r t h e r  i n f e c t i o n .

L o eb e n s te in  and Ross ( 1963) showed t h a t  j u i c e  from v i r u s  f r e e
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D a tu ra  stramonium produced v e ry  l i t t l e  i n h i b i t i o n  to  TMV i n f e c t i o n  of 

th e  t e s t  p l a n t s ,  N,g l u t i n o s a , N .tabacum v a r .  Samsun NN o r  D .stram onium . 

J u i c e s ,  e x t r a c t e d  from u n in f e c te d  h a lv e s  o f  D a tu ra  l e a v e s  p r e v io u s ly  

in o c u la t e d  on t h e i r  b a s a l  h a lv e s  w i th  TMV o r  TNV were found to  i n h i b i t  

TMV. Such e x t r a c t s  i n h i b i t e d  l e s i o n  number by an  average  o f  70 % * 

They su g g es te d  t h a t  i n f e c t i o n  o f  b a s a l  h a lv e s  e i t h e r  induced  the  

fo r m a t io n  i n  a p i c a l  h a lv e s  o f  an i n t e r f e r o n - l i k e  a g e n t  ( s )  n o t  found 

i n  h e a l t h y  l e a v e s ,  o r  s t im u la te d  the  p ro d u c t io n  o f  an i n h i b i t o r  ( s )  

n o rm a l ly  found in  low c o n c e n t r a t io n  i n  D a tu ra  l e a v e s .

I t  has  been r e p o r te d  t h a t  e x t r a c t s  p re p a re d  from  some h e a l t h y  

p l a n t s  can induce  r e s i s t a n c e  (LAR & SAR) s i m i l a r  t o  t h a t  induced  by 

v i r u s e s .  MeKeen (1956) found t h a t  i n h i b i t o r  from p ep p er  when a p p l ie d  

to  th e  lo w er  s u r f a c e  o f  one h a l f - l e a f  was a b le  to  e x e r t  an i n h i b i t i v e  

e f f e c t  on th e  u p p e r  l e a f  s u r f a c e  o f  the  e n t i r e  l e a f .  S im i la r  o bserva 

t i o n  was r e p o r t e d  by A pablaza and B e r n ie r ,  1972; F i s c h e r  and N ienhaus,

1973# MeKeen e x p la in e d  . t h i s  f a c t  as an in f lu e n c e  o f  a  r e a d i l y  t r a n s 

p o r t a b l e  i n h i b i t i v e  a g e n t .  F i s c h e r  and Nienhaus (1 9 7 3 ) ,  who a l s o  

s t u d i e d  th e  pepper i n h i b i t o r ,  a t t r i b u t e d  t h i s  phenomenon to  th e  

p ro d u c t io n  o f  a chem ical e f f e c t  which was t r a n s l o c a t e d  th ro u g h  c e l l s  

to  th e  u p p e r  e p id e rm is .

Verma and Awasthi (1979) found t h a t  the  i n h i b i t o r  r o o t  e x t r a c t s  o f  

B o erh aav ia  d i f f u s a  when a p p l ie d  on to  two b a s a l  o r  two a p i c a l  l e a v e s  o f  

C.a m a r a n t i c o lo r ; a  sy s tem ic  h o s t ,  and N.g l u t i n o s a . a  h y p e r s e n s i t i v e  

h o s t ,  o f  TMV; induced  r e s i s t a n c e  i n  u n t r e a t e d  t i s s u e s .  This s u g g e s ts  

t h a t  i n h i b i t o r y  s u b s ta n c e s  had been  t r a n s m i t t e d  t o  u n p ro te c te d  l e a v e s .  

T h is  was confirm ed  when e x t r a c t s  from th e se  u n t r e a t e d  le a v e s  were
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shown to  i n h i b i t  v i r u s ,  whereas normal sap  was non i n h i b i t o r y .  

F u r th e rm o re ,  Noronha e t  a l .  ( 198O) found the  e x t r a c t s  tak en  from each 

o f  f i v e  s p e c ie s  o f  the  C a ry o p h y lla le s  showed i n h i b i t o r y  a c t i v i t y  n o t  

o n ly  on the  t r e a t e d  h a l f —l e a v e s , b u t  a l s o  on the  h a l f - l e a v e s  o p p o s i te  

to  th o se  to  which th ey  were a p p l i e d .  They s u g g e s te d  t h a t  the  i n h i b i t o r y  

m a t e r i a l s  a r e t r a n s l o c a t e d  a c r o s s  le a v e s  and between le a v e s  th ro u g h  

th e  l e a f  b la d e .

A p p l ic a t io n  o f  v i r u s ,  o r  ch em ica ls  to  l e a v e s  produced  changes i n  

l e a f  p r o t e i n s  and th e se  may be a s s o c i a t e d  w ith  r e s i s t a n c e .

K assan is  e t  ( 1974) found t h a t  induced  r e s i s t a n c e  o f  i n f e c t e d  

le a v e s  when c h a l le n g e d  w ith  a  second v i r u s  was c o r r e l a t e d  w i th  the  

ap p ea ran ce  o f  th r e e  p r o t e i n s  n o t  p r e s e n t  i n  h e a l t h y  l e a v e s .  L a t e r ,  

G iam inazz i e t  a l .  (1977) d em o n s tra ted  th e  appearance  o f  f o u r  new l e a f  

p r o t e i n  components in  the  l i v i n g  t i s s u e  around the  l o c a l  l e s i o n  produced 

d u r in g  the  h y p e r s e n s i t i v e  r e a c t i o n  o f  N .tabacum v a r .  X anth i  to  TMV 

i n f e c t i o n .  These new p r o t e i n s  n o t  found i n  the  h e a l t h y  t i s s u e .  Such 

p r o t e i n s  cou ld  a l s o  be induced  by p o ly a c r y l i c  a c id s  (G ia n in a z z i  and 

K a s s a n i s ,  1 9 7 4 ) ,  s a l i c y l i c  a c id  and ben zo ic  a c id  (W hite , 1978)- These 

same ch em ica ls  induced  r e s i s t a n c e  t o  v i r u s  i n f e c t i o n .

I t  seems l i k e l y  t h a t  the  p r o t e i n s  induced  e i t h e r  by v i r u s  in v a s io n  

o f  t i s s u e s ,  o r  by t r e a tm e n t  of t i s s u e s  w i th  ch em ica ls  o r  p l a n t  e x t r a c t s  

a r e  s i m i l a r ,  i f  n o t  i d e n t i c a l ,  to  th e  a n t i v i r a l  f a c t o r s  f i r s t  d e s c r ib e d  

by S e la  and Applebaum ( l 962 ) .  These w orkers r e p o r t e d  f o r  th e  f i r s t  

tim e th e  p re sen c e  o f  a n t i v i r a l  a c t i v i t y  i n  c l a r i f i e d  v i r u s - f r e e  sap  

from  v i r u s  i n f e c t e d  l e a v e s .  They c a l l e d  the  f a c t o r  r e s p o n s ib l e  f o r  

t h i s  a c t i v i t y  as a n t i v i r a l  f a c t o r  (AVP).
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I t  has n o t  been c l e a r l y  e s t a b l i s h e d  t h a t  ATP i s  a  p r o t e i n ,  a l th o u g h  

Mozes e t  ( l9 7 8 )  i s o l a t e d  ATP from TMV—i n f e c t e d  le a v e s  o f  N ic o t ia n a  

g l u t i n o s a , and i d e n t i f i e d  i t  a s  a p h o sp h o g ly c o p ro te in  w ith  a  m o le c u la r  

w e ig h t  o f  ab o u t  2 2 ,0 0 0 ,  AVP has been found f o l lo w in g  TMT i n f e c t i o n  

(A ntignus e t  1977) o n ly  i n  p l a u t s  t h a t  c a r r y  th e  N-gene, This

gene i s  r e s p o n s ib l e  f o r  TMT l o c a l i z a t i o n  i n  M ic o t ia n a . P rev io u s  

s t u d i e s  o f  induced  v i r u s  i n h i b i t i o n  or a n t i v i r a l  f a c t o r s  has caused  

a u th o r s  to  draw a n a lo g ie s  between AVP and i n t e r f e r o n  (Baron, 1963; 

A ta n a s o f f ,  19&4; S e la  e ^ ^ « *  1985» G ia n in a z z i  and K a s s a n is ,  1974;

Mozes e t  a l , ,  1978; S e l a ,  1 9 8 l ) .

To summarize b r i e f l y  i t  may be concluded  t h a t  r e s i s t a n c e  o f  p l a n t s  

t o  v i r u s  can be induced  by th e  v i r u s  i t s e l f ,  by c h e m ic a le ,  o r  by v i r u s  

i n h i b i t o r y  p l a n t  e x t r a c t s .  B e s is ta n ce  i s  o f t e n  a s s o c i a t e d  w i th  th e  

a p p ea ran ce  o f  new p r o t e i n s .  These p r o t e i n s  may be d e s c r ib e d  as  a n t i 

v i r a l  f a c t o r s  and may have s i m i l a r i t i e s  to  i n t e r f e r o n .  The r o l e  o f  

v i r u s  i n h i b i t o r  p l a n t  e x t r a c t s  may th e r e f o r e  in v o lv e  amongst o th e r  

t h i n g s ,  th e  in d u c t io n  o f  AVP,

There i s  some in fo r m a t io n  on i n h i b i t o r s  e x t r a c t e d  from p l a n t s  in  

a  wide v a r i e t y  o f  s p e c i e s .  The need i s  f o r  more i n t e n s i v e  s tu d y  o f 

a  few s p e c i e s .  W ith in  the  C aryophy llaceae  th e r e  a r e  w e l l  documented 

a c c o u n ts  o f  i n h i b i t o r  f r a c t i o n s  from B ian thus  c a ry o p h y l lu s  and a l s o  

some in fo r m a t io n  on I) ian thus  b a r b a tu s , No o th e r  s p e c ie s  w i th in  t h i s  

f a m i ly  ap p ea rs  to  have been s tu d ie d  f o r  a n t i v i r a l  p r o p e r t i e s  i n  s p i t e  

o f  the  p o s s ib le  r e l a t i o n s h i p  o f  the  B ian th u s  i n h i b i t o r  t o  i n t e r f e r o n  

(P an t e s  and O 'N e i l l ,  1984)*
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The work d e s c r ib e d  in  t h i s  t h e s i s  i s  d e s ig n ed  t o ;

( 1 ) Examine a  s e l e c t i o n  o f  s p e c ie s  from the  f a m i ly  C aryophy llaceae  

f o r  i n h i b i t o r  a c t i v i t y  a g a i n s t  p l a n t  v i r u s e s  (C h ap te r  I I I ) .

(2 ) S tudy  the  e f f e c t  o f  h e a t  and o th e r  p h y s ic a l  f a c t o r s  on the  

i n h i b i t o r s  w ith  a  view to  e s t a b l i s h i n g  some d e t a i l s  o f  the  

c h a r a c t e r i s t i c s  o f  the  compounds r e p o n s ib le  f o r  i n h i b i t i o n  u s in g  

G ypeoph ila  p a n i c u l a t a  as a  s e l e c t e d  example (C h ap te r  IV & V).

( 5 ) S tudy th e  n a tu r e  o f  th e  i n h i b i t o r  f r a c t i o n s  o f  G .p a n i c u l a t a  

w ith  a  view to  g a in in g  in fo r m a t io n  ab o u t th e  chem ical i d e n t i t y  

o f  th e  i n h i b i t o r  (C h a te r  V l ) .

(4 ) Gain some id e a s  o f  the  p o s s ib le  mode o f  a c t i o n  o f  v i r u s  i n h i b i t o r s  

( C hap ter  V I I ) .

( 5 ) S tudy  the  p o s s ib le  in d u c t io n  o f  v i r u s  r e s i s t a n c e  by th e  

G .p a n i c u l a t a  e x t r a c t s  (C hap ter  V I I l ) .
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CHAPTER I I  

MATERIALS AND METHODS 

1• Growth o f  a s s a y  p l a n t s

a )  G la ss  house c o n d i t io n s

In  summer, a l l  t e s t  p l a n t s  were grown in  n a t u r a l  l i g h t ,  the  range

o f  te m p e ra tu re  was m a in ta in ed  between 20 -  50 °C. High tem p e ra tu re

was red u ced  by th e  use  o f  a  f a n ,  and by w a te r in g  the  p l a n t s  tw ice

a day . The r e l a t i v e  h u m id i ty  was k e p t  h ig h  and f u r t h e r  c o o l in g  

ach ie v e d  by damping the  f l o o r  w ith  w a te r .

In  w in t e r ,  th e  n a t u r a l  l i g h t  was supplem ented  w ith  i l l u m i n a t i o n  

from  m ercury  vapour lamps to  g iv e  16 l i g h t  hours  i n  e v e ry  day , the  

range  o f  te m p e ra tu re  was m a in ta in ed  between 20 -  25 °C by thermo

s t a t i c a l l y  c o n t r o l l e d  t u b u la r  h e a t e r s .

b )  Growth o f  P h aseo lu s  v u l g a r i s  L. v a r .  The P r in c e  (F rench  bean)

Seeds of P .v u l g a r i s  v a r .  The P r in c e  were sown i n  12 cm p l a s t i c  

p o ts  c o n ta in in g  John Innes No,2 ( J I 2 ) com post. S ix  p l a n t s  were grown 

i n  each  p o t .  Only o b v io u s ly  h e a l t h y  p l a n t s  o f  un ifo rm  appearance  were 

used  f o r  a s s a y .  French  beans were u s u a l l y  re a d y  f o r  i n o c u l a t i o n  10-13 

days a f t e r  p l a n t i n g .

c )  Growth o f  N ic o t ia n a  tabacum v a r .  X an th i (Tobacco)

Seeds o f  N .tabacum v a r .  X an th i were i n i t i a l l y  sown in  p l a s t i c  

s ee d s  t r a y s  c o n ta in in g  compost ( J I 2 ) .  A f te r  t h r e e  weeks, i n d iv id u a l  

h e a l t h y  s e e d l in g s  were t r a n s f e r r e d  to  6 cm p l a s t i c  p o ts  c o n ta in in g  

( J I 2 )  com post, one p l a n t  i n  each  p o t .

d) Growth o f  Gomphrena g lo b o sa

Seeds o f  G.g lo b o sa  were sown and grown as fo r_N .tabacum  v a r .  X anth i
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2 .  P r e p a r a t io n  and I n f e c t i v i t y  a s s a y  o f  p l a n t  v i r u s e s

a )  Tobacco N e cro s is  V irus  (TNV)

French  bean  le a v e s  i n f e c t e d  w i th  tobacco  n e c r o s i s  v i r u s  s t r a i n  D 

were s t o r e d  a t  -2 5  °C and used  as  the  sou rce  o f  v i r u s . Frozen  le a v e s

were ground u s in g  a p e s t l e  and m o r ta r  w ith  a  l i t t l e  a c id  washed sand

and d i s t i l l e d  w a te r  (1 :2  W/V). The b u lk  o f  th e  l e a f  d e b r i s  and sand 

was removed by sq u ee z in g  the  p u lp  th ro u g h  th r e e  l a y e r s  o f  m u s l in .

The e x t r a c t  was c e n t r i f u g e d  a t  2000 xg  f o r  15 m in u te s ,  and the  

s u p e r n a t a n t  d ecan ted  and k e p t  a t  room te m p e ra tu re  over n ig h t  to  

p r e c i p i t a t e  any p ro te in a c e o u s  v i r u s  i n h i b i t o r  p r e s e n t  in  the  l e a f  sap  

(Bawden, 1 9 5 4 ) .  The s u p e r n a ta n t  was c l a r i f i e d  by c e n t r i f u g a t i o n  a t  

2000 xg  f o r  15 m in u te s .  Ten ml a l i q u o t s  o f  th e  c l a r i f i e d  s u p e r n a ta n t

were s to r e d  in  g l a s s  v i a l s  a t  -2 5  °C. When r e q u i r e d ,  c l a r i f i e d

e x t r a c t s  were thawed and d i l u t e d  w ith  0 .0 6  M p h osphate  b u f f e r  pH 7 .0  

t o  a  c o n c e n t r a t i o n  g iv in g  a p p ro x im a te ly  40 -  100 l o c a l  l e s i o n s  p e r  l e a f ,

P h aseo lu s  v u l g a r i s  v a r .  The P r in c e  was used  as l o c a l  l e s i o n  h o s t  

to  q u a n t i t a t i v e l y  measure th e  a c t i v i t y  o f  TNV (d ) .  The a p i c a l  bud 

was removed from t e s t  p l a n t s  s in c e  Youden and B eale  ( l9 3 4 )  have shown 

t h a t  i n h e r e n t  v a r i a b i l i t y  among le a v e s  may be red u ced  by rem o v a l,  

b e fo re  i n o c u l a t i o n ,  o f  th e  growing t i p  and a l l  l e a v e s  e x c e p t  th o se  

t o  be in o c u la t e d .

For v i r u s  a s s a y  co m p ar iso n s ,  s e t s  o f  te n  p r im ary  le a v e s  o f  10-13 

days o ld  f r e n c h  beans were in o c u la te d  w ith  the  t e s t  s o l u t i o n  and 

v i r u s ,  a n o th e r  s e t  was in o c u la te d  w ith  c o n t r o l  inoculum  o f  TNV in  w a te r  

o r  p hosphate  b u f f e r  pH 7*0* Carborundum 300 mesh was used  as  an 

a b r a s iv e  (B eraha  e t  a l . , 1955 ). The in o c u l a t i o n  was made by d ip p in g
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th e  f o r e f i n g e r  i n  inoculum and ru b b in g  once over the  upper s u r fa c e  

o f  th e  l e a f .

The r e l a t i v e  p e rc e n ta g e  i n h i b i t i o n  o f  the  e x t r a c t  was e s t im a te d  

by u s in g  the  fo l l o w in g  c a l c u l a t i o n :

% I n h i b i t i o n  = 1 0 0 -----1—  x 100

Where A = Number o f l e s i o n s  on t r e a t e d  le a v e s  

B = Number o f  l e s i o n s  on c o n t r o l  le a v e s

The d i f f e r e n c e  between c o n t r o l  and t e s t  t r e a tm e n t  was a n a ly sed  

s t a t i s t i c a l l y .  D e ta i l s  o f  the  s t a t i s t i c a l  m e th o d s , to g e th e r  w ith  

worked exam ples a re  g iv e n  in  th e  Appendix 1 & 2

b )  Tobacco Mosaic V irus  (TMV)

Tobacco m osaic v i r u s  (TMV) was m a in ta in e d  i n  P .v u l g a r i s  v a r .  The 

P r i n c e .  S y s te m ic a l ly  i n f e c t e d  l e a v e s ,  showed c l e a r  symptoms a f t e r

4 - 5  weeks from i n o c u l a t i o n  (F ig u re  1 ) .  Such le a v e s  were ground 

w ith  d i s t i l l e d  w a te r  ( l : 2  V/V) u s in g  a  p e s t l e  and m o r ta r .  Crude TMV 

was e x t r a c t e d  and s to r e d  u s in g  th e  same p ro ced u res  as d e s c r ib e d  above 

f o r  TNV, I n f e c t i v i t y  a s s a y  was c a r r i e d  o u t  on the  young expanded 

l e a v e s  o f  7 -9  weeks o ld  N .tabacum v a r ,  X a n th i .  The low er o ld e r  

l e a v e s  and th e  growing p o in t s  were removed b e fo re  i n o c u l a t i o n ,

=) l 2 l s i o _ ï i o s _ x _ X m }

P o ta to  V iru s  X (PYX) was p re p a red  from s y s t e m ic a l ly  i n f e c t e d  

l e a v e s  o f  N ,tabacum v a r .  X a n th i .  V iru s  was e x t r a c t e d  and s t o r e d  u s in g  

th e  same p ro c e d u re s  as  f o r  TNV. I n f e c t i v i t y  a s sa y  o f  PVX was measured 

by th e  l o c a l  l e s i o n  method on the  young f u l l y  expanded le a v e s  o f

Gomphrena g lo b o sa  L.
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F ig u r e  1 ; E f f e c t  o f  TNV on P h a s e o lu s  v u l g a r i s  p l a n t s

A B

A = W ater t r e a t e d  p l a n t  ( c o n t r o l ) , a f t e r  f i v e  weeks 

B = A s y s t e m i c a l l y  i n f e c t e d  p l a n t ,  a f t e r  f i v e  weeks
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5• P r e p a r a t io n  o f  e x t r a c t s  from C aryophyllaceae

P la n t s  from the  f a m i ly  C aryophyllaceae  were o b ta in e d  from the  

B o ta n ic a l  Supply U n i t ,  U n iv e r s i ty  of London,

a )  P r e p a r a t io n  o f  crude e x t r a c t s

Crude e x t r a c t s  were p rep a red  from each  o f  t h i r t y  C aryophy llaceae  

s p e c ie s  by g r in d in g  the  le a v e s  and stems in  d i s t i l l e d  w a te r  (1 :2  W/V). 

The p u lp  was squeezed th rough  f o u r  l a y e r s  of m u s l in  and th e  f l u i d  

c e n t r i f u g e d  a t  2000 xg f o r  15 m in u te s .  The s u p e r n a ta n t  was decan ted  

and used  as  th e  t e s t  s o l u t i o n .

Crude e x t r a c t s  o f  G ypsophila  p a n i c u l a t a  and M in u ra t ia  c a p i l l a c e a  

were examined in  more d e t a i l s .  In  o rd e r  to  ach iev e  un ifo rm  sam ples , 

l a r g e  volumes o f  e x t r a c t s  were p re p a red  from th e se  two s p e c ie s  and 

l y o p h i l i z e d  ( f r e e z e  d r i e d ) .

b )  P r e p a r a t io n  o f  l y o p h i l i z e d  p l a n t  e x t r a c t s

100 g  le a v e s  and stems o f G.p a n ic u l a t a  and M.c a p i l l a c e a  were each  

ground i n  200 ml d i s t i l l e d  w a te r ,  the  pu lp  was squeezed  th ro u g h  f o u r  

l a y e r s  o f  m u s lin  and th e  f l u i d  e x t r a c t  c e n t r i f u g e d  a t  2000 x_g f o r  15 

m in u te s .  The c l e a r  s u p e r n a ta n t  was ly o p h i l i z e d  o v e r  n i g h t .  The 

y i e l d  o f  l y o p h i l i z e d  m a te r i a l  was weighed and the  q u a n t i t y  r e q u i r e d  

t o  make up a  c o n c e n t r a t io n  i d e n t i c a l  to  t h a t  o f  f r e s h  crude e x t r a c t  

was c a l c u l a t e d .  The ly o p h i l i z e d  e x t r a c t s  were s to r e d  i n  sc rew -to p p ed  

g l a s s  b o t t l e s  a t  -25  °C. The e f f e c t  o f  l y o p h i l i z e d  and f r e s h  crude 

e x t r a c t s  o f  G .p a n ic u la ta  and M.c a p i l l a c e a  were compared a s  shown in  

(T ab le  1 ) .  The r e s u l t s  show t h a t  l y o p h i l i z a t i o n  has no e f f e c t  on 

t h e i r  i n h i b i t o r y  a c t i v i t y  compared to  f r e s h l y  p re p a re d  e x t r a c t s .



30

Table 1 : Comparison between the  f r e s h  and l y o p h i l i z e d  e x t r a c t s  

on l o c a l  l e s i o n  p ro d u c t io n  by TNV

Source o f  p l a n t  

e x t r a c t

Mean number o f  l e s i o n s  * %

I n h i b i t i o nTNV + 
Water

TNV + 
E x t r a c t

G .p a n ic u la ta  ( f r e s h ) 80.2 0 100

G .p a n ic u la ta  ( l y o p h i l i z e d ) 156.9 0 100

M .c a p i l l a c e a  ( f r e s h ) 71 .7 12 .8 82

M .c a p i l l a c e a  ( l y o p h i l i z e d ) 7 7 .0 13.3 83

* Each f i g u r e  r e p r e s e n t s  the  mean number of l e s i o n s  f o r  t e n  r e p l i c a t i o n  

4• E s t im a t io n  o f p r o t e i n

P r o te i n  c o n c e n t r a t io n s  were measured w ith  th e  F o l in -p h e n o l  r e a g e n t  

a l k a l i n e  copper t r e a tm e n t  by the  method o f  Lowry e t  ( l  951 ) .  This 

F o l i n  te ch n iq u e  seems to  be 1 0 - 2 0  tim es more s e n s i t i v e  th a n  m easu r-  

ment by the  U l t r a v i o l e t  a b s o r p t io n  a t  280 nm. A c a l i b r a t i o n  curve was 

o b ta in e d  u s in g  d i f f e r e n t  c o n c e n t r a t io n s  o f  Bovine serum album in .

5 .  E s t im a t io n  o f  c a rb o h y d ra te

K o l i s h 's  t e s t  was used to  i n d i c a t e  th e  p re sen c e  o f  a  c a rb o h y d ra te  

i n  the  i n h i b i t o r  e x t r a c t s .  The t e s t  i s  a  g e n e r a l  r e a c t i o n  f o r  a l l  

c a rb o h y d ra te s  and su b s ta n c e s  c o n ta in in g  a c a rb o h y d ra te  r a d i c a l .  

Q u a n t i t a t i v e  and q u a l i t a t i v e  e s t im a t io n s  o f  c a rb o h y d ra te  by Thin  Layer 

Chromatography (TLC) w i l l  be g iv en  in  th e  a p p r o p r ia t e  s e c t i o n .

6 . E s t i m a t i on o f  amino a c id

F ree  amino a c id s  were d e te c te d  u s in g  0 .5  ^ n i n h y d r i n .  D e t a i l s  o f  

amino a c id s  i n  G.p a n ic u l a t a  e x t r a c t s  were c h ro m a to g ra p h ic a l ly  de te rm in ed
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u s in g  an au to m a tic  amino a c id  a n a ly s e r .  Q u a n t i t a t iv e  and q u a l i t a t i v e  

e s t i m a t i o n  o f  amino a c id s  w i l l  be g iv en  in  the  a p p r o p r ia t e  s e c t i o n .

7 .  D isc e l e c t r o p h o r e s i s

P o ly ac ry lam id e  g e l  e l e c t r o p h o r e s i s  i s  one o f  th e  most e f f e c t i v e  

methods f o r  th e  s e p a r a t i o n  of io n ic  components o f  a  m ix tu r e .  The 

method o f O rn s te in  ( 1964 ) and Davis ( 1964 ) was u s e d .  Gels o f  7 % 

a c ry lam id e  were ru n  u s in g  T r i s - g ly c in e  b u f f e r ,  pH 8 . 5 , c o n ta in in g  

bromophenol b lu e  (S m ith , 1968) as m arker.  Samples o f  0 .2  ml were 

c a r f u l l y  l a y e r e d  on to  the  top  o f  the  ac ry lam ide  g e l s  i n  s i l i c o n i z e d  

g l a s s  tu b es  (7 .5  x 0 .5  cm). The m arker s e p a r a t i o n  was ach ieved  u s in g  

a power su p p ly  o f  5 m ill iam p s  p e r  tube  u n t i l  th e  sample had co m p le te ly  

e n te r e d  the  g e l .  The c u r r e n t  was th e n  red u ced  to  2 mA p e r  t u b e . 

S e p a r a t io n  was s topped  a f t e r  5-4 hours  when the  m arker had moved 4 .5  cm 

i n t o  th e  g e l .  At the  end o f  e l e c t r o p h o r e s i s ,  th e  g e l s  were e x t r a c t e d  

from  th e  tu b es  by rimming w ith  th e  use  o f  s t a i n l e s s  s t e e l  n e e d le .

G els were th en  immersed in  f i x i n g  s o l u t i o n  o f  m ethyl a lc o h o l  ( 15O m l) ,  

s u l p h o s a l i c y l i c  a c id  ( 17.2  g ) ,  t r i c h l o r o a c e t i c  a c id  (5 7 .5  s )  $ and 

d i s t i l l e d  w a te r  (350 ml) f o r  two h o u rs .  P r o te i n s  were s t a i n e d  by 

im m ersing th e  g e l  i n  1 % Coomassie b r i l l i a n t  b lu e  R. i n  a  w a te r  b a th  

a t  60 f o r  one h o u r .  The g e l s  were d e s ta in e d  by im m ersing i n  d e s -  

t a i n i n g  s o l u t i o n  (e th a n o l  5OO m l, g l a c i a l  a c e t i c  a c id  I 6O m l, and w a te r  

2 l i t e r s )  f o r  2 -3  d a y s ,  and s to r e d  i n  7 % a c e t i c  a c id  i n  g l a s s  v i a l s .

G ly c o p ro te in s  were l o c a t e d  w ith  p e r io d ic  a c id  S c h i f f  (PAS) r e a g e n t .  

Gels were f i x e d  in  o x id iz in g  s o l u t i o n  o f  1 % p e r io d ic  a c id  d i s s o lv e d  

i n  3 ^  g l a c i a l  a c e t i c  a c id  f o r  one h o u r ,  th e y  were th e n  r i n s e d  i n  

ru n n in g  w a te r  f o r  one h o u r .  Gels were s t a i n e d  in  S c h i f f * s  r e a g e n t .
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W ithin  one h o u r ,  sh a rp  re d  bands d eve loped , i n d i c a t i n g  th e  p o s i t i o n  

o f  g l y c o p r o t e i n s .  A f te r  s t a i n i n g ,  the  g e ls  were s to r e d  i n  1 % 

sodium m e t a b i s u l f i t e  (Z ach a riu s  e t  a l . ,  I 969 ) .

A q u i t e  s u c c e s s f u l  te ch n iq u e  f o r  th e  a n a ly s i s  o f  th e  p r o t e i n s  in  

c rude  e x t r a c t s  by po lyacry lam ide  s l a b  e l e c t r o p h o r e s i s  has a l s o  been 

u s e d .  The d e t a i l s  of t h i s  te ch n iq u e  and o th e r  s p e c i a l  te c h n iq u e s  

a re  g iv en  in  t h e i r  a p p ro p r ia te  s e c t i o n s .
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CHAPTER I I I

EFFECTS CP CRUDE AND DILUTED EXTRACTS FROM THE 

CARYOPHYLLACEAE ON LOCAL LESION PRODUCTION BY TNV

I n t r o d u c t i o n

In  t h i s  s tu d y ,  a  su rvey  has been made o f  th e  e f f e c t s  o f  e x t r a c t s  

from  t h i r t y  s p e c ie s  o f  the  fa m ily  C aryophyllaceae  on TNV i n f e c t i o n  

o f  P h aseo lu s  v u l g a r i s .

In  p re v io u s  s t u d i e s ,  e x t r a c t s  from D ian thus  c a ry o p h y l lu s  L. and 

D ian th u s  b a rb a tu s  L. have been r e p o r te d  to  i n h i b i t  the  i n f e c t i o n  o f  

p l a n t s  by v i r u s e s  (Van d e r  Want, 1951» R a g e t l i  and W ein trau b , 1 9 6 2 a ) .  

No o t h e r  s p e c ie s  w i th in  the  f a m ily  C aryophy llaceae  a p p ea r  to  have 

been  s t u d i e d .

In  o r d e r  to  see w hether e x t r a c t s  c o n ta in  compounds t h a t  i n a c t i v a t e  

v i r u s ,  o r  i n h i b i t  t h e i r  a c t i v i t y ,  many workers have u n d e r ta k en  

d i l u t i o n  s t u d i e s .  Kuntz and Walker (1947) found t h a t  d i l u t i o n  o f  

s p in a c h  e x t r a c t  to  10“ ^ w ith  d i s t i l l e d  w a te r  reduced  i t s  i n h i b i t o r y  

a c t i v i t y  a g a i n s t  TMV to  45 %•  K assan is  and K leczkow ski (1948) found 

t h a t  sap  i s o l a t e d  from P h y to lac c a  e s c u l e n t a  was a  v e ry  s t r o n g  

i n h i b i t o r  a g a i n s t  tobacco  m osaic v i r u s  (TMV) on N ic o t ia n a  g l u t i n o s a , 

on th e  d i l u t i o n  o f  the  e x t r a c t s  v i r u s  i n f e c t i v i t y  was r e s t o r e d .

A l le n  and Kahn (1957) observed  t h a t  e x t r a c t s  from r i c e  p o l i s h  were 

a c t i v e  a t  d i l u t i o n  up t o  1 :6 ,0 0 0 .  B la szczak  ^  a l .  (1959) found  t h a t  

t e n f o l d  d i l u t i o n  o f  e x t r a c t s  from  28 s p e c ie s  o r  v a r i e t i e s  o f  p l a n t s ,  

i n  most c a s e s ,  removed the  i n h i b i t i o n  o r  d e c re a se d  i t  m arked ly .

A s tu d y  o f  the  e x t r a c t s  p re p a red  from Chenopodium q u in o a  was 

c a r r i e d  o u t  by Saksena and Kink (1969) who r e p o r t e d  t h a t  when the
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e x t r a c t  vas  d i l u t e d  w ith  phosphate  b u f f e r  to  10"^ , i t  p roduced 9 % 

i n h i b i t i o n  a g a i n s t  app le  c h l o r o t i c  l e a f  s p o t  v i r u s  (CLSV) on 

P .v u l g a r i s  v a r .  Kinghorn (Kinghorn bean) compared to  100 % w ith  the  

c rude  p r e p a r a t i o n .  On the  o th e r  hand , Marchoux (196?) r e p o r t e d  t h a t  

p e p p e r  l e a f  e x t r a c t  ( Capsicum annuum)were s t i l l  a c t i v e ,  even  when 

d i l u t i o n  re ach ed  10“ ^ g iv in g  52 ^  i n h i b i t i o n .  Takagi and Sugimura 

( 1977 ) found t h a t  the  i n h i b i t i o n  o f  TMV by e x t r a c t s  from th e  f r u i t -  

b o d ie s  o f  th e  fungus L en tinus  edodes was l i n e a r l y  d e c rea se d  w ith  

d i l u t i o n ,  i t  reach ed  z e ro  a t  2 x 10“ ^ d i l u t i o n .

V ario u s  r e p o r t s  have shown t h a t  most o f  th e  i n h i b i t o r y  a c t i v i t y

o f  Chenopodium album and Chenopodium a m a r a n t i c o lo r  e x t r a c t s  a g a i n s t
-5

TMV i n f e c t i o n  o f  N .g lu t in o s a  was l o s t  a t  a  d i l u t i o n  o f  10 w ith  

d i s t i l l e d  w a te r  (Thomson and P e d d ie ,  1965» Y osh izak i and Murayama, 

1966 ) .  However, B laszczak  e t ^ l .  (1959) r e p o r t e d  t h a t  sap  e x t r a c t e d  

from  C.album f a i l e d  to  i n h i b i t  PVX i n f e c t i o n  on Gomphrena g lo b o sa  

when d i l u t e d  to  10 w ith  d i s t i l l e d  w a te r .  Smookler (1971) found 

t h a t  sap  p r e p a r a t io n  from 29 s p e c ie s  o f  C henopodiales  were s t r o n g l y  

i n h i b i t o r y  (more th an  90 ^  a t  d i l u t i o n  2 x lOT^ , b u t  a t  10"^  o n ly  

e i g h t  s p e c ie s  i n h i b i t e d .  F u r th erm o re ,  i n  s t u d i e s  c a r r i e d  o u t  by 

V ic e n te  e t  a l .  (1977) i t  was observed  t h a t  the  p e rc e n ta g e  o f  i n h i b i 

t i o n  by C.a m a r a n t i c o lo r  le a v e s  e x t r a c t  was g r a d u a l ly  d e c re a se d  w i th  

th e  in c r e a s e s  o f d i l u t i o n  u n t i l  i t  reach ed  14 %and 0 % a t  d i l u t i o n  

& 10"4 r e s p e c t i v e l y .  R e c e n t ly ,  Noronha e_t ( i9 6 0 )  r e p o r t e d  

t h a t  l e a f  ju i c e  from some members o f  the  C a ry o p h y lla le s  were i n h i b i t o r y  

to  TMV i n f e c t i o n  on N.g l u t i n o s a , i t  was a l s o  observed  t h a t  the  

h ig h e r  d i l u t i o n  o f  i n h i b i t o r y  e x t r a c t  th e  low er p e rc e n ta g e  o f
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i n h i b i t i o n .  At d i l u t i o n  of 5 x 10“ ^ o f A l t e r n a n th e r a  f i c o i d e a  and

Chenopodlum am brosio idea  l o s t  t h e i r  i n h i b i t o r y  a c t i o n ,  w hile

Amaranthus d e f l e x u s , Eougainvi l 1e a  s p e c t a b i l i s  and M i r a b i l i s  j a l a p a

showed an i n h i b i t i o n  o f  47 %j 30 % and 76 r e s p e c t i v e l y .

A few r e p o r t s  have been made c o n ce rn in g  the  e f f e c t  o f  d i l u t i o n

o f  seed  e x t r a c t s  on p l a n t  v i r u s  i n f e c t i o n .  Verma e t  (1975) showed

t h a t  seed  e x t r a c t  o f  Lawsonia a lb a  was q u i t e  p o te n t  i n h i b i t o r  a g a i n s t

TMV on N.g l u t i n o s a , i t  was e f f e c t i v e  up to  a  d i l u t i o n  o f  1 :5 0 , w hereas

—2a t  h ig h e r  d i l u t i o n  10" the  i n h i b i t o r y  a c t i v i t y  was c o m p le te ly  a b s e n t .  

E a j j  and S tevens (1979) r e p o r te d  t h a t  seeds  o f  15 s p e c ie s  o f  legume 

i n h i b i t e d  the  i n f e c t i o n  o f  p l a n t  by v i r u s  and l o s t  t h e i r  i n h i b i t o r y  

a c t i v i t y  on d i l u t i o n .

Some workers have s tu d ie d  th e  e f f e c t  o f  d i l u t i o n  on th e  enhancement 

o f  v i r u s  a c t i v i t y .  Benda (1956) o b ta in e d  ev id en ce  o f  an augm enter t h a t  

in c r e a s e d  v i r u s  a c t i v i t y  in  th e  ju ic e  o f  New Z ea land  s p in a c h ,  t h i s  

augm enter was i d e n t i f i e d  i n d i r e c t l y  as  a  s o lu b le  o x a la t e  s a l . t .  I t  

was r e p o r t e d  t h a t  w ith  a  c o n s ta n t  c o n c e n t r a t io n  o f  sodium o x a la te  

(augm enter)  and v i r u s  ( to b acco  r i n g  s p o t )  mixed w i th  p r o g r e s s iv e  

d i l u t i o n s o f  i n h i b i t o r ,  th e re  was an in c r e a s e d  number o f  l e s i o n s  u n t i l  

e v e n t u a l l y  more were produced th a n  on c o n t r o l s .  B la szczak  e t  a l .

( 1959 ) showed t h a t  d i l u t e  p l a n t  e x t r a c t s  caused  an in c r e a s e  i n  v i r u s  

symptoms compared to  c o n t r o l s ,  and su g g es ted  t h a t  d i l u t i o n  r e v e a le d  

th e  p re sen ce  o f  augm enters o f  PVX i n f e c t i o n  i n  j u i c e s  o f  G .g lo b o s a , 

Cucumis s a t i v u s ,  L ycoperiscon  e sc u le n tu m , N .tabacum , N .debney i and 

P . v u l g a r i s .  I t  was a l s o  r e p o r te d  t h a t  d i l u t i n g  j u i c e s  1 :1 0  w ith  

d i s t i l l e d  w a te r  removed th e  i n h i b i t o r y  a c t i o n  p a r t i a l l y  o r  c o m p le te ly  

i n  most c a s e s .  D i lu t io n  o f  o th e r  j u i c e s ,  n o t  o n ly  removed t h e i r
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i n h i b i t o r y  a c t i o n ,  b u t  m arkedly  in c re a s e d  PVX i n f e c t i o n  e . g .  55 % 

w i th  tomato ju i c e  and 145 % v ith  G .g lo b o sa  j u i c e .  S tevens  (1970) 

found t h a t  e x t r a c t s  p rep a red  from the  seed s  o f  L ac tu ca  s a t i v a . V ic ia  

f a b a , and P h aseo lu s  au reus  caused enhancement (au g m e n ta t io n )  o f  v i r u s  

a c t i v i t y  and sug g es ted  t h a t  seeds  c o n ta in  b o th  i n h i b i t o r  and compounds 

f a v o u r in g  v i r u s  a c t i v i t y  (a u g m e n te rs ) .

Reduced i n h i b i t o r  a c t i v i t y  b ro u g h t ab o u t by d i l u t i o n  s u g g e s ts  

t h a t  e x t r a c t s  c o n ta in  compounds t h a t  i n h i b i t  r a t h e r  th a n  i n a c t i v a t e  

v i r u s .  Thus v i r u s  and i n h i b i t o r  must i n t e r a c t  i n  such  a  way t h a t  the  

a b i l i t y  o f  th e  v i r u s  e i t h e r  to  r e p l i c a t e ,  o r  to  produce symptoms, i s  

im p a i re d .  D i l u t io n  a l s o  re d u ces  the  chances o f  v i r u s  and i n h i b i t o r  

i n t e r a c t i n g .  I t  appears  a l s o  from the  l i t e r a t u r e  t h a t  p l a n t  e x t r a c t s  

o r  some f r a c t i o n s  o f  e x t r a c t s  may enhance v i r u s  a c t i v i t y .  Enhancement 

o f t e n  appea rs  on d i l u t i o n  o f p l a n t  s a p .

D i lu t io n  o f  i n h i b i t o r  e x t r a c t s  can t h e r e f o r e  p ro v id e  in fo r m a t io n  

r e g a r d i n g  th e  a c t i v i t y  o f  i n h i b i t o r  compounds and may a l s o  r e v e a l  the  

p re se n c e  o f  compounds fa v o u ra b le  t o  v i r u s  a c t i v i t y ,  f o r  t h i s  r e a s o n  

d i l u t e  e x t r a c t s  o f  C aryophyllaceae  were t e s t e d  a g a i n s t  v i r u s  as w e ll  

a s  th e  crude u n d i lu te d  e x t r a c t s .

E x p e r im ental p ro c e d u re s  and r e s u l t s

Crude e x t r a c t s  were p re p a red  and l y o p h i l i z e d  a s  d e s c r ib e d  e a r l i e r  

( M a te r ia l s  and M ethods). The d r i e d  m a t e r i a l  was r e c o n s t i t u t e d  by 

a d d in g  d i s t i l l e d  w a te r .  D i lu t io n  o f  c rude e x t r a c t s  were made w ith

d i s t i l l e d  w a te r  as  f o l lo w s :

1 : 10 , 1 : 100 , 1 : 1000 

The f i n a l  d i l u t i o n s  were x 2 o f  t h a t  above a f t e r  a d d in g  an eq u a l
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volume o f  TNV, C on tro ls  c o n s i s te d  o f  d i s t i l l e d  w a te r  i n s t e a d  o f 

e x t r a c t .  V iru s  a s sa y  was made by c o u n tin g  l o c a l  l e s i o n  p ro d u c t io n

5-5  days a f t e r  i n o c u la t io n  on P .v u l g a r i s  l e a v e s .  Each t r e a tm e n t  was 

r e p l i c a t e d  te n  tim es on te n  p rim ary  l e a v e s ,  o p p o s i te  le a v e s  on each  

p l a n t  a c t i n g  as c o n t r o l s .  Each ex p er im en t was perform ed 2 -5  t im e s .

a )  E f f e c t  o f  crude e x t r a c t s

R e s u l t s  i n  T ab les  2 ,5» 4 & 5 and F ig u re s  2 ,  5* 4 & 5 show t h a t  

a l l  the  s p e c ie s  examined i n h i b i t e d  to  some degree  l o c a l  l e s i o n  

p ro d u c t io n  by TNV on P .v u l g a r i s . U n d ilu ted  crude  e x t r a c t s  o f  tw en ty  

s p e c ie s  t o t a l l y  e l im in a te d  l e s i o n  p ro d u c t io n  g iv in g  100 % i n h i b i t i o n .  

Some o th e r  s p e c ie s  were l e s s  e f f e c t i v e  b u t  s t i l l  i n h i b i t o r y .  For 

exam ple , crude e x t r a c t s  o f  S i le n e  c o e l i - r o s a , G ypsoph ila  e l e g a n s ,

G erastium  b l e b e r s t e i n i i , and S i le n e  a l p e s t r i s  gave 5 6 , 66, 69 and 

71 % i n h i b i t i o n  r e s p e c t i v e l y .

b )  E f f e c t  o f  d i l u t i o n  on the  i n h i b i t o r y  a c t i v i t y

F o llow ing  d i l u t i o n s  the  e x t r a c t s  cou ld  be d iv id e d  i n t o  two groups : 

Group 1 -  E x t r a c t s  in  which i n h i b i t o r y  a c t i v i t y  d e c re a se d  on d i l u t i o n

T his  group in c lu d e s  18 s p e c ie s  as shown in  T ab les  2 & 5 and 

F ig u re  2 & 5. R e s u l ts  show t h a t  a l l  th e  s p e c ie s  a re  a f f e c t e d  by 

d i l u t i o n , a n d  t h a t  w ith  the  d e c rea se  i n  i n h i b i t o r  c o n c e n t r a t io n s  th e  

i n h i b i t o r y  a c t i v i t y  d e c r e a s e d ,  e x c e p t  in  C erastium  tomentosum, 

M in u ra t ia  c a p i l l a c e a  and S i l e n e  a l p e s t r i s . V i th  th e s e  e x t r a c t s  the  

i n i t i a l  d i l u t i o n  10"^ produced a  d rop  in  p e rc e n ta g e  o f  i n h i b i t i o n ,  

b u t  f u r t h e r  d i l u t i o n s  r e v e r s e d  th e  s lo p e  o f  th e  g ra p h s .

The most pow erfu l i n h i b i t o r  e x t r a c t s  in c lu d e d  D .c a r y o p h y l lu s ,

G .p a n i c u l a t a  and S . ocym oides. These e x t r a c t s  s t i l l  showed 50 , 58 and
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57 % i n h i b i t i o n  r e s p e c t i v e l y  a t  d i l u t i o n  o f  10” ^ as  compared to  

c o n t r o l s .  D i lu t i o n  of th e se  e x t r a c t s  (Group 1) have e s t a b l i s h e d  

t h a t  th e y  a re  a c t i n g  as  i n h i b i t o r s  and n o t  i n a c t i v a t o r s .

Group 2— E x t r a c t s  which enhanced v i r u s  a c t i v i t y  on d i l u t i o n

T his  group in c lu d e s  12 s p e c ie s  as shown in  T ab les  4 & 5 SLnd 

F ig u re s  4 & 5« U n d ilu ted  crude e x t r a c t s  o f  th e s e  s p e c ie s  were v e ry  

s t r o n g  i n h i b i t o r s  a g a in s t  TNV. The p e rc en ta g e  o f  i n h i b i t i o n  reach ed  

a b o u t 100 % w ith  th e se  crude e x t r a c t s ,  e x c e p t  G.e le g a n s  wh ic h  gave 

66 % i n h i b i t i o n .  On d i l u t i o n ,  th e se  crude e x t r a c t s  showed v i r u s  

en h an c in g  a c t i v i t y  a t  d i l u t i o n s  o f  10“ ^ and 10"^ .  D i lu t i o n  of 

e x t r a c t s  from D.g r a t i a n o p o l i t a n u s , D.m onspessulanus and L .v i s c a r i a  

showed e x tre m e ly  h ig h  enhancement a t  d i l u t i o n  o f  10“ ^ and 10"^ .

The mean number o f l e s i o n s  were 2 1 2 .1 ,  177*5 and 566 .6  r e s p e c t i v e l y  

a t  a  d i l u t i o n  10"^ as compared w i th  t h e i r  c o n t r o l s  which gave 77*3*

58.1 and 8 2 .5  l e s i o n s  r e s p e c t i v e l y .

I t  would ap p ea r  t h a t  d i l u t i o n  o f th e se  e x t r a c t s  r e s u l t s  in  

en h an c in g  o r  augm enter compounds becoming e v id e n t  because  the  

i n h i b i t o r  compounds have been d i l u t e d  beyond t h e i r  e f f e c t i v e  concen

t r a t i o n s .  I t  seems a l s o  t h a t  d i l u t i o n  o f  th e se  e x t r a c t s  has r e v e a le d  

th e  p re sen ce  o f  compounds enhanc ing  v i r u s  a c t i v i t y ,  and the  e f f e c t  

o f  such  compounds oppos es  the  e f f e c t  o f  i n h i b i t o r s .

D is c u s s io n

These r e s u l t s  su g g e s t  t h a t  v i r u s - i n h i b i t o r  compounds a r e  p r e s e n t  

i n  the  crude e x t r a c t s  o f  a l l  the  p l a n t s  t e s t e d ,  b u t  i n  v a ry in g  

q u a n t i t i e s .  However, the  l e v e l  o f  i n h i b i t o r y  a c t i v i t y  i n  th e  m a jo r i t y  

o f  s p e c ie s  was v e ry  h ig h  ( tw en ty  s p e c ie s  showed t o t a l  i n h i b i t i o n ) .
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F i g u r e  2 : E f f e c t  o f  c r u d e  a n d  d i l u t e d  e x t r a c t s  f r o m  v a r i o u s  s p e c i e s  

o f  C a r y o p h y l l a c e a e  o n  t h e  i n f e c t i o n  o f  P .  v u l g a r  i s  "by TNV
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F i g u r e  3 : E f f e c t  o f  c r u d e  a n d  d i l u t e d  e x t r a c t s  f r o m  v a r i o u s  s p e c i e s  

o f  C a r y o p h y l l a c e a e  o n  t h e  i n f e c t i o n  o f  P . v u l g a r i s  b y  TNV
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PîgTire 4 • E f f e c t  o f  crude and d i l u t e d  e x t r a c t s  from v a r io u s  s p e c ie s  

o f  C aryophyllaceae  on th e  i n f e c t i o n  o f  P .v u l g a r i s  hy TNV •

Group 2 ( s e e  t e x t )
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F ig u re  5 : E f f e c t  o f  crude and d i l u t e d  e x t r a c t s  from v a r io u s  s p e c ie s  

o f  C aryophyllaceae  on th e  i n f e c t i o n  o f  P«v u l g a r i s  hy TÎ3Y 

Group 2 (see  t e x t )
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In  e x t r a c t s  showing weak i n h i b i t o r y  a c t i v i t y ,  th e  e f f e c t  o f  

i n h i b i t o r  compounds may e i t h e r  be po o r,  because  th e  i n h i b i t o r s  a re  

p r e s e n t  in  low c o n c e n t r a t io n s ,  o r  t h e i r  e f f e c t  i s  red u ced  as a  r e s u l t  

o f  th e  an tagon ism  o f  enhancing  compounds. In  o n ly  4 o u t  o f  18 s p e c i e s ,  

i n  th e  f i r s t  g roup , in  which d i l u t i o n  reduced  the  i n h i b i t o r y  a c t i v i t y ,  

co u ld  i t  be shown t h a t  d i l u t i o n  to  10“ ^ w i th  d i s t i l l e d  w a te r  red u ced  

th e  l e v e l  o f  i n h i b i t i o n  to  z e r o .

Twelve o f  the  t h i r t y  s p e c ie s  examined gave e x t r a c t s  which on 

d i l u t i o n  produced enhancement o f  v i r u s  a c t i v i t y .  These e x t r a c t s  

p resum ab ly  c o n ta in  both  i n h i b i t o r s  and v i ru s - e n h a n c in g  o r  augm enter 

compounds. The e f f e c t  o f  v i ru s -e n h a n c in g  compounds can o n ly  be seen  

on d i l u t i o n ,  s in c e  u n d i lu te d  crude e x t r a c t s  o f  11 o u t  o f  12 s p e c ie s  

(Group 2 )  showed t o t a l  i n h i b i t i o n .

These r e s u l t s  su g g e s t  t h a t  th e re  a r e ,  a t  l e a s t ,  two m a t e r i a l s  i n  

th e  e x t r a c t s  o f  some s p e c i e s ,  an i n h i b i t o r  which d e c r e a s e s ,  and an 

augm en ter  which in c re a s e s  the  number o f  l e s i o n s .  The e f f e c t  o f  th e s e  

augm enter compounds seems to  become a p p a re n t  on d i l u t i o n ,  and over

comes the  e f f e c t  o f  i n h i b i t o r s  which have been d i l u t e d  beyond t h e i r  

e f f e c t i v e  c o n c e n t r a t io n .

Compounds enhanc ing  v i r u s  a c t i v i t y  have p r e v io u s ly  been d e s c r ib e d  

from  p l a n t s  (see  e a r l i e r ) .  V arious su g a rs ( (K o n g sv ik  and S a n t i l l i ,

1970 ) ,  o th e r  compounds in c lu d in g  DEAE-dextran (H u l l ,  19?1) and a l k a l i  

(Helms and Z a i t l i n ,  19?0) can a l s o  enhance v i r u s  a c t i v i t y .

The ev id en ce  produced in  t h i s  su rv ey  showed t h a t  tw en ty  o f  the  

s p e c i e s  t e s t e d  c o n ta in  i n h i b i t o r s  e q u a l l y ,  as  pow erfu l a s ,  t h a t  from 

D .c a ry o p h y l lu s  (Van d e r  Want, 1951; R a g e t l i ,  1957; Van Kammen ^  ^ . 1 9 6 1 ;  

R a g e t l i  and W ein traub , 1962a and H a r t ,  197 2 ).
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CHAPTEH 17

EFFECTS OF HEAT ON CARYOPHYLLACEAE EXTRACTS

I n t r o d u c t i o n

The e f f e c t  of tem p era tu re  on the  i n h i b i t o r y  a c t i v i t y  o f  p l a n t  

e x t r a c t s  has been s tu d ie d  by many w o rk e rs .  Some r e p o r t s  i n d i c a t e  

t h a t  h e a t  t re a tm e n t  co m ple te ly  removes i n h i b i t o r y  a c t i v i t y ,  o r  re d u c es  

i t ,  o th e r  in d i c a t e  t h a t  h e a t  may enhance v i r u s  a c t i v i t y .

One o f  the  e a r l i e s t  r e p o r t s  by Johnson (1941) showed t h a t  P h y to la c c a  

r i g i d a  i n h i b i t o r  e x t r a c t  was i n a c t i v a t e d  by b o i l i n g .  Kuntz and Walker 

( 1947 ) r e p o r te d  t h a t  h e a t in g  sp in ach  ju ic e  a t  70 ®C f o r  12 m in u te s ,  

c o m p le te ly  i n a c t i v a t e d  the i n h i b i t o r  o f  TM7 i n f e c t i o n  o f  N ic o t ia n a  

g l u t i n o s a ,  a l th o u g h  t h i s  ju ic e  r e s i s t s  d i l u t i o n .  However, t h i s  same 

i n h i b i t o r  when used  a g a in s t  cabbage mosaic v i r u s  was n o t  d e s t ro y e d  by 

h e a t i n g  the  e x t r a c t  a t  125 f o r  15 m in u te s .  S i m i l a r l y ,  Takagi and 

Sugimiira (1977) r e p o r te d  t h a t  the  i n h i b i t o r y  a c t i v i t y  o f e x t r a c t s  o f  

th e  f r u i t - b o d i e s  o f  L en tinus  edodes was m a in ta in ed  a f t e r  h e a t  t r e a tm e n t  

a t  120 °C f o r  20 m inutes when t e s t e d  a g a i n s t  TKF.

A number o f  workers have t e s t e d  the  e f f e c t  o f  tem p e ra tu re  on 

Chenopodium s p e c i e s .  Manil (1949) found t h a t  j u i c e  from  Chenopodium 

b o n u s - h e n r ic u s , which was i n h i b i t o r y  to  TMV i n f e c t i o n  o f  P .v u l g a r i s  

was i n a c t i v a t e d  by b o i l i n g  f o r  4 m in u te s ,  b u t  was s t i l l  i n h i b i t o r y  

a f t e r  h e a t i n g  a t  60 °C f o r  15 m in u te s .  A lb e rg h in a  (1976) showed t h a t  

i n h i b i t o r y  a c t i v i t y  o f  Chenopodium a m a r a n t i c o lo r  l e a f  e x t r a c t  to  TNV 

on C .a m a ra n t ic o lo r  was th e rm o s ta b le  to  t r e a tm e n t  a t  60 oq f o r  10 m i n . , 

a l th o u g h  t r e a tm e n t  a t  80 °C reduced  i t  a c t i o n  by abou t one h a l f .  

B la sz cz a k  e t  a l .  (1959) found t h a t  b o i l i n g  the  j u i c e s  o f  sp in a c h  and
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C.a m a r a n t i c o lo r  f o r  10 m inu tes  had l i t t l e  e f f e c t  on t h e i r  i n h i b i t o r y  

a c t i v i t y  a g a i n s t  PVX i n f e c t i o n  o f  Oomphrena g lo b o s a .  On th e  o th e r  

h an d , Thomson and P e d d i e ( l 965 ) J Y osh izak i and Murayama (1966) and 

Y o sh i i  and Sako (196?) showed t h a t  b o i l i n g  th e  sap  from C.album f o r  

10 m inu tes  c o m p le te ly  d e s t ro y e d  i t s  i n h i b i t o r y  a c t i v i t y  on N.g l u t i n o s a  

a g a i n s t  TMY. However, Y o sh i i  and Sako ( 1967) showed t h a t  the  i n h i b i t o r y  

a c t i v i t y  o f  sap  from C.album on d a ik o n  mosaic v i r u s  i n f e c t i o n  o f  White 

B u r le y  tob acco  was red u ced  by o n ly  50 % a f t e r  b o i l i n g  f o r  10 m in u te s .  

A pablaza and B e r n ie r  ( l9 7 2 )  d em o n s tra ted  t h a t  th e  i n h i b i t o r y  a c t i v i t y  

o f  Jimsonweed e x t r a c t s  to  TMY on P in to  bean  le a v e s  was not. c o m p le te ly  

l o s t  on b o i l i n g ,  b u t  o n ly  red u ced  by a b o u t 55 % •

The e f f e c t  o f  m o d e ra te ly  h ig h  tem p e ra tu re  on th e  i n h i b i t o r y  a c t i v i t y  

o f  p l a n t  e x t r a c t s  has  been r e p o r te d  by s e v e r a l  w o rk e rs .  Thomson and 

P ed d ie  ( 1965 ) found no s i g n i f i c a n t  r e d u c t io n  i n  th e  e f f e c t i v e n e s s  o f  

C.album i n h i b i t o r  a f t e r  h e a t i n g  sap  f o r  10 m inu tes  a t  55 °C , a l th o u g h  

no i n h i b i t o r y  a c t i v i t y  rem ained  i n  th e  sap  which was b o i l e d  a t  100 

f o r  10 m in u te s .  S i m i l a r l y ,  Saksena and Mink (1969) found t h a t  the  

i n h i b i t o r y  a c t i v i t y  o f  sap  from C.q u in o a  was n o t  a f f e c t e d  by exposure  

to  70  ®C, b u t  a t  h ig h e r  te m p e ra tu re  th e  i n h i b i t o r y  a c t i v i t y  d e c re a se d  

l i n e a r l y .  I n h i b i t i o n  was t o t a l l y  d e s t r o y e d t y  b o i l i n g  f o r  5 m in u te s .  

Y o sh izak i  and Murayama ( 1966) ;  Y o sh i i  and Sako ( 1967 ) showed t h a t  

h e a t i n g  0 . album e x t r a c t  f o r  10 m inu tes  a t  60 °C had no e f f e c t ,  b u t  a t  

80 °C produced  a  s l i g h t  d e c re a se  i n  i n h i b i t o r y  a c t i v i t y .

Smookler (1971) c l a s s i f i e d  e x t r a c t s  from members o f  th e  C henopodiales  

i n t o  two main ty p es  i n  r e l a t i o n  to  t h e i r  th e rm a l i n a c t i v a t i o n  p o i n t ;  

th o se  which l o s t  most o f  t h e i r  a c t i v i t y  a f t e r  exposu re  to  60 -  80
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f o r  1 0  m i n u t e s  ( B e t a  n a n a , E a l i m i o n e  p o r t u l a c o i d e s  a n d  A m a r a n th u s  

c a u d a t u s ) ;  a n d  t h o s e  w h i c h  l o s t  i t  o n l y  a f t e r  8 0  °C  -  1 0 0  °C  t r e a t m e n t  

( C h en o p o d iu m  s p p . ,  A t r i p l e x  c a l o t h e c a , B a s e l l a  r u b r a , H a b l i t z i a  

t a m n o i d e s , S a l s o l a  k a l i  a n d  C e l o s i a  p l u m o s a ) » More r e c e n t l y ,  N o ro n h a  

e j t  ( l 9 8 0 )  f o u n d  t h a t  t h e  i n h i b i t o r y  a c t i v i t y  i n  f i v e  C a r y o p h y l l a l e s  

s p e c i e s  v a r i e d  w h en  s a p  w as  m ix e d  w i t h  TMV a n d  i n o c u l a t e d  o n t o  

N . g l u t i n o s a . Some l o s t  t h e i r  i n h i b i t o r y  a c t i o n  a t  60  ° C ,  o t h e r s  l o s t  

a c t i v i t y  a t  90 °C  a n d  o t h e r s  a t  1 0 0  ° C .

Z a i t l i n  and S ie g e l  (l9&3) showed t h a t  an i n h i b i t o r  from th e  le a v e s  

o f  N .tabacum v a r .  T u rk ish  samsun was n o t  i n a c t i v a t e d  by b o i l i n g .  

S i m i l a r l y ,  Crowley (1955) r e p o r t e d  t h a t  the  i n h i b i t o r  from Blue P r i o r  

to b acco  seed s  was h e a t  s t a b l e .  T an iguch i (1974) no ted  t h a t  i n h i b i t o r  

f r a c t i o n s  o f  c rude  f r e n c h  bean e x t r a c t s  were h e a t  s t a b l e  a t  100 °C f o r  

6 m inu tes  when in o c u la te d  on to  P .v u l g a r i s , N .g l u t i n o s a  and C.album 

t o g e t h e r  w ith  TMY. R a g e t l i  ( l9 5 7 )  r e p o r t e d  t h a t  th e  i n h i b i t o r  from 

B ian th u s  c a r y o p h y l lu s  was th e rm o la b i le  above 80 °C. S im i la r  r e s u l t  

was r e p o r t e d  by W eintraub and G i l p a t r i c k  (1952) f o r  B .b a r b a tu s .

However, R a g e t l i  and W eintraub  ( l9 6 2 b )  found t h a t  the  p u r i f i e d  i n h i b i t o r  

from  B .c a ry o p h y l lu s  was l a r g e l y  i n a c t i v a t e d  by h e a t i n g  a t  70-80 °C f o r  

10 m inu tes  a t  pH 6 .6  .

Some c o n f l i c t i n g  r e s u l t s  have been  o b ta in e d  on th e  e f f e c t  o f  

te m p e ra tu re  on the  i n h i b i t o r y  a c t i v i t y  o f  e x t r a c t s  from p ep p e r .

McKeen (1 9 5 6 );  B la szczak  e t  ( l9 5 9 )  and Marchoux (1967) found t h a t  

th e  i n h i b i t o r y  a c t i v i t y  from Capsicum annuum was t h e r m o la b i l e .  r

C o n v erse ly ,  Feldman ( 1965 ) and A pablaza  and B e r n ie r  (1972) found t h a t  

i t  was th e rm o s ta b le .
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The e f f e c t s  o f  tem perature on seed  e x t r a c t s  have been s tu d ie d  by 

Verma £ t  ^ * (1 9 7 5 ) ^ho n oted  th a t  d i lu te d  seed  e x t r a c t s  o f  Lawsonia  

a lb a  ( l  Î 1 0 ) when h ea ted  a t  100 f o r  10 m inutes were th erm ostab le  

when t e s t e d  a g a in s t  TMY on N .g lu t in o s a . S tev en s ( 1970 ) exam ined the  

e f f e c t  o f  some l-egume seed  e x t r a c t s  w hich enhanced v ir u s  a c t i v i t y .

Such enhancem ent was red u ced /b u t n o t c o m p le te ly  e l im in a te d  by h e a t in g  

th e se  seed  e x t r a c t s  to  100 f o r  10 m in u tes . R e c e n t ly , H ajj and 

S tev en s  ( l9 7 9 )  d iv id e d  15 s p e c ie s  o f  lagum e seed  e x t r a c t s  in t o  two 

g ro u p s; th o se  in  w hich in h ib it o r y  a c t i v i t y  was reduced  on h e a t in g ,  and 

th o se  in  w hich in h ib it o r y  a c t i v i t y  was in c r e a se d  on h e a t in g .

In  o rd er  to  e s t a b l i s h  w hether the C aryop hyllaceae e x t r a c t s  c o n ta in  

compounds s e n s i t i v e  to  h e a t  ( th e r m o la b i le ) ,  or  in s e n s i t i v e  to  h e a t  

( th e r m o s ta b le )  a s e r i e s  o f  exp erim en ts were perform ed on th e  e f f e c t s  

o f  h e a t  on th e in h ib i t o r y  a c t i v i t y  o f  crude and d i lu t e d  e x t r a c t s .  

H ea tin g  o f  in h ib i t o r  e x t r a c t s  e i t h e r  u n d ilu te d  or d i lu t e d  were a l s o  

u n dertak en  to  g a in  some in fo rm a tio n  reg a r d in g  th e  a c t i v i t y  o f  in h ib i t o r  

compounds,

E xp erim en ta l p roced u res and r e s u l t s

Sam ples o f  ly o p h i l iz e d  e x t r a c t s  o f  each  s p e c ie s  were r e c o n s t i t u t e d  

by a d d in g  2 ml d i s t i l l e d  w a te r . Each was h ea ted  f o r  10 m in u tes in  

a w a ter  b ath  a t  100 °C , and im m ed iate ly  c o o le d  to  about 25 °C w ith  tap  

w a te r . E x tr a c ts  were mixed w ith  an equal volum e o f  stand ard  TNY, and 

in o c u la te d  on to  P .v u lg a r i s .

D i lu t io n s  were made o f  e x t r a c t s  as above u s in g  d i s t i l l e d  w ater  

as f o l l o w s :  1 : 10 , 1 : 100 , 1 : 1000

2 ml o f  each  d i l u t i o n  was h ea ted  by u s in g  the same method as d e sc r ib e d
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above* An eq u a l  volume o f  s ta n d a rd  TNV p r e p a r a t i o n  was added to  each  

tube* C o n tro ls  c o n s i s t e d  o f  w a te r  i n s t e a d  o f  e x t r a c t .  Each t r e a tm e n t  

was r e p l i c a t e d  te n  t im es  on te n  p r im ary  le a v e s  o f  P . v u l g a r i s .

a )  E f f e c t  o f  h e a t  on crude e x t r a c t s

Tne r e s u l t s  shown in  T ables 6 & 7 ,  in  term s o f  p e rc e n ta g e  i n h i b i 

t i o n ,  f a l l  i n t o  f o u r  main g ro u p s :

Group 1— E x t r a c t s  in  which p e rc en ta g e  i n h i b i t i o n  was d e c re a se d  by 

h e a t i ng ( t h e TOo l a b i l e ) .  This group in c lu d e s  20 s p e c ie s  (T ab le  6 ) .

The most marked d e c re a se  in  the  i n h i b i t o r y  a c t i v i t y  by h e a t i n g  was 

shown by P la n th u s  c a m p e s t r i s , D .p e t r a e u s , D .p lu m a r iu s , S i l e n e  d i o i c a , 

and Telephium im p e r a t i .  Unheated crude e x t r a c t s  o f  th e se  p l a n t s  

gave a lm o s t  t o t a l  i n h i b i t i o n .  On h e a t i n g ,  the  p e rc en ta g e  i n h i b i t i o n  

d e c re a s e d  to  50* 12, 52» 53* and 45 % i n h i b i t i o n  r e s p e c t i v e l y .  On th e  

o th e r  hand , unhea ted  crude e x t r a c t s  from G ypsoph ila  p a n i c u l a t a  and 

V a c c a r ia  p y ram id a ta  gave 100 % i n h i b i t i o n ,  b u t  on h e a t i n g  t h e i r  

i n h i b i t o r y  a c t i v i t y  was reduced  to  94 & 91 % i n h i b i t i o n  r e s p e c t i v e l y .  

Group 2 -  E x t r a c t s  i n  which i n h i b i t o r y  a c t i v i t y  was u n a f f e c t e d  by 

h e a t i n g  ( t h e rm ostabl e ) .  This group in c lu d e s  6 s p e c ie s  (Table  ? ) •

Crude e x t r a c t s  o f  th e se  s p e c ie s  gave maximum i n h i b i t i o n  ( 98-100 ^  o f  

l o c a l  l e s i o n  p ro d u c t io n  b e fo re  and a f t e r  h e a t i n g .  These r e s u l t s  

s u g g e s t  t h a t  compounds o th e r  th an  p r o t e i n  m olecu les  a re  r e s p o n s ib l e  

f o r  i n h i b i t i o n  o f  l o c a l  l e s i o n  p ro d u c t io n  by TNV.

Group 3- E x t r a c t s  in  which v i r u s  enhancement was o b ta in e d  on h e a t i n g  

T h is  g roup  in c lu d e s  3 s p e c ie s  L .v i s c a r i a , D .k n a p p i i  and L .c o r o n a r i a  

(T ab le  7 ) .  Unheated e x t r a c t s  o f  th e se  p l a n t s  gave t o t a l  i n h i b i t i o n .  

H e a t in g  the  e x t r a c t s  produced enhancement o f  v i r u s  a c t i v i t y  to  12, 28
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and 112 ^  more l e s i o n s  r e s p e c t i v e l y  as  compared w ith  t h e i r  c o n t r o l s .

I t  seems t h a t  h e a t i n g  th e se  e x t r a c t s  d e s t ro y e d  a l l  o f  t h e i r  i n h i b i t o r y  

p r o p e r t i e s  and the  e f f e c t  o f  enhanc ing  compounds s t a r t  to  a p p e a r .

Group 4— E x t r a c t s  in  which the  p e rc en ta g e  i n h i b i t i o n  was in c re a s e d

group in c lu d e s  o n ly  one s p e c ie s  ( K in u r a t i a  c a p i l l a c e a ) . 

Unheated c rude  e x t r a c t  gave 82 % i n h i b i t i o n ,  h e a t i n g  the  e x t r a c t  

in c r e a s e d  the  i n h i b i t i o n  to  95 % , T h e re fo re ,  h e a t  r e v e a l s  the  

p re se n c e  o f  an i n h i b i t o r  which i s  s t a b l e  to  b o i l i n g  a t  100 °C f o r  10 

m in u te s .  I t  seems t h a t  the  e x t r a c t  o f  t h i s  s p e c ie s  c o n ta in s  an 

i n h i b i t o r  and compounds which mask in  some way i t s  a c t i v i t y .  On h e a t 

i n g ,  t h i s  masking compound ( g ) i s  d e s t ro y e d  o r  i n a c t i v a t e d  r e s u l t i n g  in  

g r e a t e r  i n h i b i t i o n  by the  th e rm o s ta b le  i n h i b i t o r .

b )  E f f e c t  o f  h e a t  on d i l u t e  e x t r a c t s

Pew, i f  any , r e p o r t s  have p r e v io u s ly  been d e s c r ib e d  c o n ce rn in g  the  

e f f e c t  o f  h e a t  on the  i n h i b i t o r y  a c t i v i t y  o f a  p r o g r e s s iv e  d i l u t i o n s  

o f  p l a n t  e x t r a c t s .

From the  r e s u l t s  i n  C hapter I I I ,  d i l u t e  e x t r a c t s  cou ld  be d iv id e d  

i n t o  two d i f f e r e n t  g ro u p s .  In  group 1 (T ab les  2 & 3) d i l u t i o n  

d e c re a se d  the  i n h i b i t o r y  a c t i v i t y .  In  group 2 (T ab les  4 & 5) i n h i b i t o r y  

a c t i v i t y  was c o m p le te ly  d e s tro y e d  by d i l u t i o n ,  and a t  the  same tim e 

th e  a c t i v i t y  o f  some augmentons o r  enhanc ing  compounds s t a r t e d  to  a p p e a r . '

In  t h i s  s e c t i o n ,  th e  e f f e c t  o f  two f a c t o r s  t o g e th e r  ( d i l u t i o n  and 

h e a t )  on the  i n h i b i t o r y  a c t i v i t y  o f  e x t r a c t s  i s  c o n s id e re d .  From th e  . 

r e s u l t s  th e  e x t r a c t s  can be d iv id e d  i n t o  two groups :

1 )  D i lu te d  e x t r a c t s  in  which i n h i b i t o r y  a c t i v i t y  was f u r t h e r  d e c re a se d  

by h e a t i n g .  The r e s u l t s  in  F ig u re s  6 and 7 show t h a t  t h i s  group
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F ig u re  6 : E f f e c t  o f  h e a t  on th e  v i r u s  i n h i b i t o r  a c t i v i t y  o f  c rude  and 

d i l u t e d  e x t r a c t s  from v a r io u s  s p e c ie s  o f  C aryophy llaceae
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EXTRACT DILUTION

H istogram s show e f f e c t  o f  e x t r a c t s  on l o c a l  l e s i o n  p ro d u c t io n  by 

TIÎV on P . v u l g a r i s  a s  a  ^ o f  c o n t r o l s
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F ig u re  7 * E f f e c t  o f  h e a t  on th e  v i r u s  i n h i b i t o r  a c t i v i t y  o f  crude and 

d i l u t e d  e x t r a c t s  from v a r io u s  s p e c ie s  o f  C aryophy llaceae
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EXTRACT DILUTION

H istogram s show e f f e c t  o f  e x t r a c t s  on l o c a l  l e s i o n  p ro d u c t io n  by

TITV on P . v u l g a r i s  as  a  ^  o f  c o n t r o l s
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i n c l u d e s  12 s p e c i e s .  I n  e i g h t  s p e c i e s ,  i n h i b i t o r y  a c t i v i t y  d e c r e a s e d

w i t h  d i l u t i o n .  H e a t  h a d  s l i g h t  e f f e c t  on  t h e  i n h i b i t o r y  a c t i v i t y  o f

d i l u t e d  e x t r a c t s  o f  t h e s e  s p e c i e s .  I n  t h e  o t h e r  f o u r  s p e c i e s ,

A . b a l e a r i c a , H . p l u m a r i u s ,  G . e l e g a n s  a n d  H . g l a b r a , a  10  d i l u t i o n  o f

t h e i r  e x t r a c t s  p r o d u c e d  v i r u s  e n h a n c i n g  s o l u t i o n s  ( T a b l e s  4 & 5)*

t h i s  sh o w s  t h a t  t h e  i n h i b i t o r  h a s  b e e n  d i l u t e d  b e y o n d  i t s  e f f e c t i v e

—3
c o n c e n t r a t i o n .  On h e a t i n g ,  a  10  d i l u t i o n  o f  t h e s e  e x t r a c t s  p r o d u c e d  

c o n s i d e r a b l e  r e d u c t i o n  i n  l e s i o n  n u m b e r s  g i v i n g  46 ,  47» 2 6  a n d  3I % 

i n h i b i t i o n  r e s p e c t i v e l y .  T h i s  sh o w s  t h a t  t h e  a u g m e n t e r  i s  t h e r m o l a b i l e ,  

b u t  a t  t h i s  c o n c e n t r a t i o n  t h e  i n h i b i t o r s  s h o u l d  h a v e  b e e n  t o o  d i l u t e  

t o  o p e r a t e .  Why t h e n  a r e  t h e s e  e x t r a c t s  i n h i b i t o r y  ?  P o s s i b l e  a n s w e r s  

i n c l u d e  : 1 -  The b r e a k d o w n  p r o d u c t  f r o m  t h e  a u g m e n t e r  i s  i n h i b i t o r y .

2 -  The i n h i b i t o r s  a r e  m o d i f i e d  b y  h e a t i n g ,  f o r  e x a m p l e ,  some i n h i b i t o r  

m o l e c u l e s  m ay  t h e m s e l v e s  b e  c o v e r e d  b y  m a s k i n g  co m p o u n d s  w h i c h  a r e  

r e m o v e d  o n l y  b y  h e a t i n g  a t  d i l u t e  c o n c e n t r a t i o n s .

2 ) D i l u t e d  e x t r a c t s  w h i c h  e n h a n c e  v i r u s  a c t i v i t y  on h e a t i n g

T h i s  g r o u p  i n c l u d e s  18 s p e c i e s  a s  sh o w n  i n  F i g u r e s  6 & 9* E i g h t  

o f  th e m  o n  d i l u t i o n  a l r e a d y  s h o w e d  v i r u s  e n h a n c i n g  a c t i v i t y .  I n  m o s t  

o f  t h e s e  s p e c i e s  h e a t  a n d  d i l u t i o n  s l i g h t l y  d e c r e a s e d  t h e i r  a c t i v i t y .

The v i r u s  e n h a n c i n g  p r o p e r t i e s  o f  D . g r a t i a n o p o l i t a n u s  a n d  D . m o n s p e s s u l a n u s  

w e r e  c o m p l e t e l y  l o s t  o n  h e a t i n g  a  1 0 “ ^ d i l u t i o n  ( T a b l e  S ) .  D . p e t r a e u s  

g a v e  g r e a t e r  e n h a n c e m e n t  o n  d i l u t i o n  a n d  h e a t i n g .  T h i s  w as s i m i l a r  t o  

t h e  1 0  r e m a i n i n g  s p e c i e s  ( T a b l e  9)» w h e re  d i l u t i o n  d e c r e a s e d  i n h i b i t o r y  

a c t i v i t y ,  p r o d u c i n g  e n h a n c e m e n t  w hen h e a t e d .  T e l e p h i u m  w as u n u s u a l  i n  

t h a t  t h e  e n h a n c e m e n t  o f  10“  ̂ & 10” ^ h e a t e d  e x t r a c t s  w as  l o s t  o n  f u r t h e r  

d i l u t i o n .
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F ig u re  8 : E f f e c t  o f  h e a t  on th e  v i r u s  i n h i b i t o r  a c t i v i t y  of crude and 

d i l u t e d  e x t r a c t s  from v a r io u s  s p e c ie s  o f  C aryophy llaceae
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EXTRACT DILUTION
H istogram s show e f f e c t  o f  e x t r a c t s  on l o c a l  l e s i o n  p ro d u c t io n  by 

TNV on P .v u l g a r i s  as a  ^  o f  c o n t r o l s
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FigTire 9 % E f f e c t  o f  h e a t  on th e  v i r u s  i n h i b i t o r  a c t i v i t y  o f  crude  and 

d i l u t e d  e x t r a c t s  from v a r io u s  s p e c ie s  o f  C a ry o p h y l la c e a a
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EXTRACT DILUTION
H istogram s show e f f e c t  o f  e x t r a c t s  on l o c a l  l e s i o n  p ro d u c t io n  by 

TNV on P .v u l g a r i s  as  a  % o f  c o n t r o l s
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D is c u s s io n

The r e s u l t s  d e s c r ib e d  in  t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  the  p l a n t  

e x t r a c t s  examined c o n ta in  d i f f e r e n t  ty p es  o f  i n h i b i t o r s .  These r e s u l t s ,  

as  w e l l  a s ,  those  from o th e r  r e p o r t s  show t h a t  h e a t  t r e a tm e n t  d e c re a se s  

i n h i b i t o r y  a c t i v i t y  i n  some c a s e s  and n o t  in  o t h e r .  Some i n h i b i t o r s  

a r e  a p p a r e n t ly  th e rm o la b i le  and o th e r  th e rm o s ta b le .

I t  a p p ea rs  t h a t  some o f  t e s t e d  s p e c ie s  c o n ta in  b o th  i n h i b i t o r s  and 

v i r u s  en h an c in g  o r  augm enter compounds. The e f f e c t  o f  h e a t i n g  crude 

o r  d i l u t e d  e x t r a c t s  has e s t a b l i s h e d  t h a t  th e r e  a re  augm enter compounds 

i n  some p l a n t  e x t r a c t s .  Compounds enhanc ing  o r  augm enting v i r u s  m u l t i 

p l i c a t i o n  have been r e p o r te d  by a  number o f  w orkers (Benda, 195^; 

B la szczak  e^  a l . , 1 9 5 9 ;  Simons a l . ,1963 and S te v e n s ,  1970).

Our r e s u l t s  a re  i n  agreem ent w i th  B enda(1956) who o b ta in e d  ev idence  

o f  an  augm enter in  the  j u i c e  o f  New Z ea land  sp in a c h  t h a t  had been 

b o i l e d  to  remove i n h i b i t o r s .  He e x p la in e d  t h a t  the  e f f e c t  o f  augm enter 

m igh t be due t o :  1- An d e c re a se  i n  the  v i s c o s i t y  o f  the  o u te r  p ro to p lasm  

which m ight p e rm i t  a  more r e a d y  movement o f  th e  v i r u s  i n t o  the  c e l l .

2 -  A d e la y  in  s u r f a c e  p r e c i p i t a t i o n  r e a c t i o n s ,  which m ight p e rm it  a  

more tho rough  m ix ing  o f  inoculum  and p ro to p la sm . L a s t l y ,  3- 

i n c r e a s e  i n  the  p e r m e a b i l i ty  o f  th e  wounded c e l l  membrane, so  p e r m i t t i n g  

e a s i e r  e n t ra n c e  o f  v i r u s  i n t o  the  c e l l .

B la szczak  ^  (1959) found t h a t  m i ld e r  h e a t  t r e a tm e n t  d id  n o t

r e v e a l  augm enters  in  the  j u i c e s  he t e s t e d ,  b u t  some ev idence  o f  

augm enters  was o b ta in e d  in  t e s t s  w ith  j u i c e s  d i l u t e d  s u f f i c i e n t l y  to  

remove t h e i r  i n h i b i t o r s .
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Enhancement m ight come a b o u t by e f f e c t s  on the  v i r u s ,  on the  h o s t  

p l a n t ,  o r  by n e u t r a l i s i n g  the  e f f e c t s  o f  v i r u s  i n h i b i t o r s .  This 

l a t t e r  s u g g e s t io n  i s  s u p p o r te d ,  in  p a r t ,  by the  o b s e r v a t io n  o f  Benda 

( 1956 ) who found t h a t  New Z ea land  sp in a c h  l e a f  e x t r a c t s  c o n ta in  two 

a c t i v e  f r a c t i o n s ,  a  v i r u s  i n h i b i t o r  and an augm enter. I t  i s  n o t  c l e a r  

how ever, w h e th er  augm enters  a c t  by n e u t r a l i z a t i o n  o f  i n h i b i t o r s .

The c o n c lu s io n  from th e se  e x p e r im en ts  on the  e f f e c t s  o f  h e a t  on 

C aryophy llaceae  e x t r a c t s  show t h a t  a t  l e a s t  p a r t  o f  i n h i b i t o r y  a c t i v i t y  

p ro b a b ly  r e s i d e s  i n  p r o t e i n  o r  g ly c o p r o te in  because  th e y  a re  h e a t -  

s e n s i t i v e  ( t h e r m o l a b i l e ) .  In  th o se  e x t r a c t s ,  i n s e n s i t i v e  t o  h e a t  

( t h e r m o s t a b l e ) ,  th e  i n h i b i t o r  may w e ll  be e i t h e r  p o ly s a c c h a r id e s  o r  

o t h e r  n o n -p ro te in a c e o u s  s u b s t a n c e s . .

R e s u l t s  i n  C hapters  111 & lY show t h a t  a l l  t h i r t y  s p e c ie s  examined 

i n h i b i t  t o  some degree  l o c a l  l e s i o n  p ro d u c t io n  by TNV. However, time 

a llo w ed  a  d e t a i l e d  s tu d y  t o  be made o f  o n ly  two s p e c ie s  G ypsophila  

p a n i c u l a t a  and K in u r a t i a  c a p i l l a c e a .  G .p a n i c u l a t a  ex t r a c t s  showed 

pow erfu l i n h i b i t o r y  a c t i v i t y  which was s l i g h t l y  red u ced  on h e a t i n g ,  

and r e s i s t e d  d i l u t i o n .  In  c o n t r a s t ,  M .c a p i l l a c e a  e x t r a c t  showed weak 

i n h i b i t i o n  which in c r e a s e d  on h e a t i n g  and was c o m p le te ly  removed by 

d i l u t i o n .  These d i f f e r e n c e s  between th e  two e x t r a c t s  may be due to  

d i f f e r e n t  a c t i v i t i e s  o f  i n h i b i t o r s ,  o r  to  the  p re sen ce  i n  each  o f  

d i f f e r e n t  i n h i b i t o r  compounds.

The fo l lo w in g  c h a p te r s  o f  t h i s  t h e s i s  d e s c r ib e  a t te m p ts  to  s tu d y  

th e  g e n e r a l  p r o p e r t i e s  and chem ica l n a tu r e  o f  G .p a n ic u la ta  e x t r a c t s .

The f i n a l  c h a p te r  d e s c r ib e s  th e  in d u c t io n  o f  a n t i v i r a l  f a c t o r s  by 

th e s e  e x t r a c t s .  A com parison  between th e  mode o f  a c t i o n  o f  G .p a n i c u l a t a  

and t h a t  o f  M .c a p i l l a c e a  i s  a l s o  d e s c r ib e d .
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CHAPTER V

GENERAL PROPERTIES OF GYPSOPHILA PANICULATA EXTRACTS

I n  t h i s  c h a p t e r  e x p e r i m e n t s  c a r r i e d  o u t  t o  e s t a b l i s h  some g e n e r a l  

i d e a s  a b o u t  t h e  p r o p e r t i e s  o f  G .p a n i c u l a t a  i n h i b i t o r  e x t r a c t s  a r e  

d e s c r i b e d .  I n h i b i t o r  e x t r a c t s  f r o m  G y p s o p h i l a  p a n i c u l a t a  w i l l  be  

r e f e r r e d  t o  a s  Gp e x t r a c t s  a n d  Gp i n h i b i t o r .  F o r  c o n v e n i e n c e ,  t h e  

r e s u l t s  a r e  d e s c r i b e d  a n d  d i s c u s s e d  i n  tw o  s e p a r a t e  s e c t i o n s ,  A a n d  B .

I n  s e c t i o n  A, s t u d i e s  w e re  m ade o f  t h e  e f f e c t  o f  v a r i o u s  d i l u t i o n s  o f  

i n h i b i t o r  e x t r a c t s  a n d  o f  v a r i o u s  d i l u t i o n s  o f  v i r u s ,  a s  w e l l  a s ,  t h e  

e f f e c t s  o f  s t o r a g e ,  h e a t ,  pH a n d  d i a l y s i s .  The r e s u l t s  f r o m  t h i s  

s e c t i o n  i n d i c a t e d  t h a t  a t  l e a s t  p a r t  o f  Gp i n h i b i t o r y  a c t i v i t y  r e s i d e s  

i n  p r o t e i n .  I n  s e c t i o n  B ,  t h e  e f f e c t  o f  t h e  p r o t e i n  p r é c i p i t a n t s  

e t h a n o l  a n d  ammonium s u l p h a t e  on  i n h i b i t o r s  w e re  s t u d i e d ,  e x t r a c t s  w e re  

a l s o  e x a m i n e d  b y  d i s c  e l e c t r o p h o r e s i s  a n d  s u b j e c t e d  t o  t r e a t m e n t  

w i t h  p r o t e i n a s e  e n z y m e s .

SECTION A

PHYSICAL PROPERTIES

I n  o r d e r  t o  e s t a b l i s h  w h e t h e r  t h e  Gp e x t r a c t s  a c t  a s  i n h i b i t o r s  o r  

i n a c t i v a t o r s ,  t h e  e f f e c t  o f  p r o g r e s s i v e  d i l u t i o n s  o f  s u c h  e x t r a c t s  on  

a  c o n s t a n t  c o n c e n t r a t i o n  o f  v i r u s ,  a s  w e l l  a s ,  t h e  e f f e c t  o f  a  f i x e d  

c o n c e n t r a t i o n  o f  Gp e x t r a c t s  o n  d i f f e r e n t  c o n c e n t r a t i o n s  o f  v i r u s  h a v e  

b e e n  s t u d i e d .

1 .  E f f e c t  o f  p r o g r e s s i v e  d i l u t i o n s  o f  Gp e x t r a c t s  o n  c o n s t a n t  

c o n c e n t r a t i o n  o f  v i r u s  

I n  m o re  e x t e n s i v e  s t u d i e s  o f  Gp e x t r a c t s  t h e  f i n d i n g  d e s c r i b e d  i n  

c h a p t e r  I I I  h a v e  b e e n  e x t e n d e d  u s i n g  a  w id e  r a n g e  o f  d i l u t i o n s .
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E x p e r im en ta l  p rocedure

L y o p h i l iz e d  e x t r a c t s , a f t e r  r e c o n s t i t u t i o n ,w e r e  d i l u t e d  w ith  

d i s t i l l e d  w a te r  in  a  t e n f o ld  d i l u t i o n  s e r i e s  as  d e s c r ib e d  e a r l i e r  

( c h a p te r  I I I ) .  Each d i l u t i o n  was mixed w ith  an eq u a l  volume o f  TNV. 

C o n tro ls  c o n s i s t e d  o f  TNV inoculum  and d i s t i l l e d  w a te r  (1 : 1 )  .

Res u l t s

D i lu t io n s  o f  10"^ and 10"^ gave h ig h ly  s i g n i f i c a n t  i n h i b i t i o n  

(see  Table 10, F ig u re  10 and A ppend ix ). The 22 % i n h i b i t i o n  shown by 

Gp e x t r a c t s  a t  10“ 5 d i l u t i o n  was n o t  s i g n i f i c a n t  and marks th e  d i l u 

t i o n  end p o i n t  o f  the  i n h i b i t o r ,  s in c e  f u r t h e r  d i l u t i o n  gave 34 & 78 % 

more l e s i o n s .  This enhancement o f  l e s i o n  numbers proved s i g n i f i c a n t  a t  

p = 0.05  and 0.01 r e s p e c t i v e l y .

2 .  E f f e c t  o f  Gp e x t r a c t s  on p r o g r e s s iv e  v i r u s  d i l u t i o n s

Caldwell (1935) showed t h a t  s u b s ta n c e s  i n h i b i t i n g  p l a n t  i n f e c t i o n  

by a  v i r u s  cou ld  be d i s t i n g u i s h e d  from su b s ta n c e s  i n a c t i v a t i n g  a  v i r u s  

because  i n h i b i t o r s  have t h e i r  g r e a t e s t  e f f e c t  on c o n c e n t r a te d  in o c u l a ,  

whereas i n a c t i v a t o r s  have t h e i r  g r e a t e s t  e f f e c t  on d i l u t e d  in o c u la .

F o r  exam ple, Crowley (1955) r e p o r t e d  t h a t  a  r e d u c t io n  i n  l e s i o n  

numbers was c o n s i s t e n t l y  found to  be g r e a t e s t  w ith  c o n c e n t r a te d  in o c u la  

o f  cucumber mosaic v i r u s  when mixed w ith  c o n s ta n t  c o n c e n t r a t io n  o f  

cucumber embryo e x t r a c t ,  i n d i c a t i n g  t h a t  th e  e x t r a c t s  a c t  a s  i n h i b i t o r s .  

S i m i l a r l y ,  G upta and R aychaudhuri ( l 972) found t h a t  e x t r a c t s  o f  

C a l l is te m o n  l a n c e o l a t a  and Syzygium c u m in ii  each  showed s i g n i f i c a n t l y  

l e s s  i n h i b i t i o n  when mixed w ith  c o n c e n t r a te d  e x t r a c t  ( l  ;1 ) o f  the  v i r u s  

g iv in g  30 and I 6 % i n h i b i t i o n  r e s p e c t i v e l y  compared to  97 and 99 % 

i n h i b i t i o n  w i th  d i l u t e  (10 ^  v i r u s .



Table 10 : The e f f e c t s  o f  v a r io u s  d i l u t i o n s  o f  G .p a n i c u l a t a  

e x t r a c t s  on l o c a l  l e s i o n  p ro d u c t io n  in  P .v u lg m r ir 

by TNV
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E x t r a c t Kean number o f  l e s i o n s
%

d i l u t i o n s TNV ^ Water 

( c o n t r o l )
TNV + E x t r a c t  

( t r e a t e d )
I n h i b i t i o n

0 9 6 .3 0
II

100

10"^ 112.8 3 .0 97

10"2 102.6 2 4 .7 76

1 0 - Î 7 5 .4 58.9 22

10-4 84 .8 113.7 -34

10-5 ■ 127.8 227 .6 -78

♦ Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  te n  le a v e s

N egative  v a lu e s  o f  % i n h i b i t i o n  = enhancement

P u l l  s t a t i s t i c a l  t r e a tm e n t  f o r  t h i s  t a b l e  i s  g i v i n  i n  the  append ix  1

" F ig u re s  i n  b r a c k e t s  n o t  in c lu d e d  in  s t a t i s t i c a l  a n a ly s i s  **
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V ic en te  e t  ^ . (1977) found t h a t  the  i n h i b i t o r  p re p a re d  from 

Chenopodium a m a r a n t i c o lo r  l e a v e s  a c te d  on a l l  inoculum c o n c e n t r a t io n s  

o f  TMV. S im i la r  r e s u l t s  have been r e p o r te d  by Noronha e t  a l ,  ( l9 8 0 )  

who showed p e rc e n ta g e  i n h i b i t i o n  o f  B o u g a in v i l le a  s p e c t a b i l i s  and 

M i r a b i l i s  j a l a p a  was the  same in  a l l  v i r u s  d i l u t i o n s  u s e d .  However, 

th e  i n h i b i t o r y  a c t i o n  o f  A l t e r n a n th e r a  f i c o i d e a . Amaranthus d e f le x u s  

and Chenopodium am b ro s io id e s  in c re a s e d  s l i g h t l y  w ith  th e  in c r e a s e  o f  

v i r u s  d i l u t i o n s .

I t  h a s  b e e n  r e p o r t e d  t h a t  t h e  i n h i b i t o r s  f r o m  som e p l a n t  e x t r a c t s  

a r e  v i r u s  i n a c t i v a t o r s  b e i n g  m o re  e f f e c t i v e  a t  h i g h e r  d i l u t i o n s  o f  

v i r u s .  F i s c h e r  a n d  N i e n h a u s  ( l9 7 5 )  r e p o r t e d  t h a t  t h e  i n h i b i t o r y  

a c t i v i t y  o f  C a p s ic u m  annuum  c r u d e  l e a f  e x t r a c t ,  a p p l i e d  t o  v a r i o u s l y  

a g e d  l e a v e s  o f  m a t u r e  X a n t h i  t o b a c c o  p l a n t s ,  w as  m a r k e d l y  i n c r e a s e d  w hen  

m ix e d  w i t h  l o w e r  c o n c e n t r a t i o n s  o f  TMV. H o w e v e r ,  w h en  l e a v e s  o f  s i m i l a r  

a g e d  f r o m  y o u n g  X a n t h i  t o b a c c o  p l a n t s  w e r e  u s e d ,  t h e r e  w as n o  e f f e c t  o n  

t h e  i n h i b i t o r  i n  a n y  o f  t h e  v i r u s  d i l u t i o n s .  V erm a et  (1975) f o u n d  

t h a t  s e e d  e x t r a c t s  o f  L a w s o n ia  a l b a  w hen m ix e d  w i t h  d i f f e r e n t  d i l u t i o n s  

o f  TMV sh o w ed  t h e  g r e a t e s t  i n h i b i t i o n  a t  h i g h e r  d i l u t i o n s  o f  v i r u s .

E x p e r i m e n t a l  p r o c e d u r e

C o n s t a n t  a m o u n t s  o f  d i l u t e d  Gp e x t r a c t s  ( e i t h e r  1 : 1 0  o r  1 : 1 0 0 )  

w e r e  a d d e d  t o  s e r i a l  d i l u t i o n s  o f  c r u d e  TNV i n  p h o s p h a t e  b u f f e r  pH 7 . 0  

a s  f o l l o w s ;  0 . 5 x 1 0 " ^  ,  1 . 0 x 1 0 " ^  ,  1 . 5 x 1 0 " ^  ,  2 . 0 x 1 0 “ ^  ,  2 . 5 x 1 0 “ ^  a n d  

3 . 0 x 1 0 "  • I n  c o n t r o l s ,  Gp e x t r a c t  w as  r e p l a c e d  b y  w a t e r .

R e s u l t s

R e s u l t s  i n  T a b l e  11 show  t h a t  t h e  i n h i b i t o r y  a c t i v i t y  o f  e x t r a c t s  

a c t e d  i n  a l l  d i l u t i o n s  o f  TNV. A t  h i g h e r  c o n c e n t r a t i o n s  ( 2 . 5 x 1 0  a n d
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Table 11 ; The e f f e c t  o f  d i l u t e  ( l ; 1 0 )  G .p a n i c u l a t a  e x t r a c t s  on 

l o c a l  l e s i o n  p ro d u c t io n  by v a r io u s  d i l u t i o n s  o f  TNV

V irus

d i l u t i o n s

Mean number o f  l e s i o n s *
%

I n h i b i t i o nTNV + Water 

( c o n t r o l )

TNV + E x t r a c t  

( t r e a t e d )

0 .5x10“ ^ 19.4 0 .2 99

1 .0x10-2 59 .5 0 .6 99

1 .5x10-2 95 .7 2 .7 97

2 .0 x 1 0 -2 102.4 2 .2 . 98

2 .5x10-2 155.8 9 .5 94

3 .0x10-2 198.5 10 .3 95

*  E ach  f i g u r e  r e p r e s e n t s  t h e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s
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3x1D” ^) th e r e  was no s i g n i f i c a n t  r e d u c t io n  in  l e s i o n  num bers, t h i s  

m ight be due to  the  e x t r a c t  b e in g  to o  c o n c e n t r a t e d ,  in  f u r t h e r  e x p e r i 

m en ts ,  when Gp e x t r a c t s  were d i l u t e d  1 :100 and th e n  mixed w ith  a  s e r i e s  

o f  v i r u s  d i l u t i o n s ,  the  r e s u l t s  (Table  12 and F ig u re  11) showed t h a t  

th e  r e d u c t io n  in  l e s i o n  numbers was g r e a t e s t  a t  h i g h e s t  c o n c e n t r a t io n s  

o f  v i r u s ,  s u g g e s t in g  t h a t  Gp e x t r a c t s  a c t  as v i r u s  i n h i b i t o r s  r a t h e r  

th a n  v i r u s  i n a c t i v a t o r s .

3 . E f f e c t  o f  s to r a g e

In  o r d e r  to  examine th e  s t a b i l i t y  and h ig h ly  p o te n t  i n h i b i t o r y  

a c t i v i t y  o f  Gp e x t r a c t s ,  i t  was n e c e s s a ry  to  p re p a re  b u lk  sam p les .

These sam ples were s to r e d  a t  room te m p e ra tu re  f o r  s e v e r a l  weeks f o r  

two r e a s o n s ;  one was to  e s t a b l i s h  in fo r m a t io n  r e g a r d in g  the  s t a b i l i t y  

o f  th e  a c t i v e  i n g r e d i e n t s ,  and th e  second was to  av o id  e x p o s in g  the  

e x t r a c t s  to  chang ing  te m p e ra tu re  which would have r e s u l t e d  from 

s to r a g e  a t  low tem p e ra tu re  fo l lo w ed  by thaw ing to  room te m p e ra tu re .

L o n g ev ity  and s to ra g e  i n v e s t i g a t i o n  o f  i n h i b i t o r  e x t r a c t s  a t  room 

te m p e ra tu re  have been r e p o r t e d  by some w o rk e rs .  Euntz  and W alker( (1 947) 

found  t h a t  the  j u i c e  o f  s p in a c h  le a v e s  d id  n o t  lo s e  i t s  a b i l i t y  to  

i n h i b i t  any o f  s e v e r a l  v i r u s e s  d u r in g  15 months s to r a g e  a t  room 

te m p e ra tu re .  In  c o n t r a s t ,  W ein traub  and W i l l i s o n  ( l9 5 3 )  r e p o r te d  t h a t  

j u i c e s  from 4 s p e c ie s  o f  C u cu rb i ta  l o s t  t h e i r  a b i l i t y  to  i n h i b i t  

c e r t a i n  s t o n e - f r u i t  v i r u s e s  w i th in  4 -8  hou rs  a t  the  same te m p e ra tu re .  

Verma and Awasthi (1979) found  t h a t  B o erh aav ia  d i f f u s a  r o o t  e x t r a c t s  

s u rv iv e d  a t  20 ° C ± 6  f o r  20 d a y s .  S i m i l a r l y ,  Thomson and Peddie 

( 1965 ) r e p o r t e d  t h a t  th e  Chenopodium album i n h i b i t o r  d id  n o t  lo s e  i t s  

a c t i v i t y  d u r in g  s to ra g e  a t  20 f o r  6 d a y s .  Saksena  and Mink (1 9^9) 

showed a l s o  the  i n h i b i t o r y  a c t i v i t y  from Chenopodium q u in o a  was



Table  12 : The e f f e c t  o f  d i l u t e  ( l : 1 0 0 )  G. p a n i c u l a t a  e x t r a c t s  on 

l o c a l  l e s i o n  p ro d u c t io n  by v a r io u s  d i l u t i o n s  o f  TNV
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V irus Mean number
*

o f  l e s i o n s %

d i l u t i o n s TNV + Water 

( c o n t r o l )

TNV + E x t r a c t  

( t r e a t e d )

I n h i b i t i o n

0 . 5110-2 2 5 .0 8 .0 68

1 . 0110-2 5 4 .9 19.3 65

1 .5x10-2 8 3 .4 53.8 59

2 . 0x 10-2 108.2 41 .8 61

2 .5x10-2 145.8 65.8 55

5 .0x10-2 182 .6 8 9 .0 51

*  E ach  f i g u r e  r e p r e s e n t s  t h e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s
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u n a f f e c t e d  by s to ra g e  f o r  120 hours  a t  room te m p e ra tu re .

E f f e c t  o f  low er tem p e ra tu re  on the  s t a b i l i t y  o f  some p l a n t  v i r u s  

i n h i b i t o r s  has been r e p o r te d  by B laszczak  e t  (1959) who found

most o f  26 p l a n t  i n h i b i t o r s  r e t a i n e d  t h e i r  a c t i v i t y  a g a i n s t  PVX a f t e r  

s e v e r a l  weeks s to r a g e  a t  4 how ever, D a tu ra  stramonium e x t r a c t s  

l o s t  some i n h i b i t o r y  a c t i v i t y  a f t e r  s to r a g e  f o r  48 d a y s ,  Noronha e t  a l ,  

( 198O) found t h a t  the  i n h i b i t o r y  a c t i v i t y  o f  C a ry o p h y lla le s  s p e c ie s  

o n ly  changed a f t e r  4 months a t  5 °C. However, e x t r a c t s  from

B .s p e c t a b i l i s , A,f i c o i d e a  and M.j a l a p a  s t i l l  p r e s e n te d  a  h ig h  i n h i b i t o r y  

a c t i v i t y  a f t e r  12 m onths, Smookler (1 9 7 1 ) ,  on the  o th e r  hand , r e p o r te d  

t h a t  the  i n h i b i t o r y  a c t i v i t y  o f  sap  from C.a lbum , A t r ip l e x  n i t e n s .

B eta  t r i g y n a . Amaranthus au reu s  and A ,cau d a tu s  was n o t  l o s t  by s to r a g e  

f o r  56 days a t  e i t h e r  4 o r  -2 5  °C, However, sap  o f  Chenopodium 

b o t r y s  l o s t  a t  l e a s t  50 % o f  i t s  a c t i v i t y  on s to r a g e  u nder  the  same 

c o n d i t i o n s ,

E x p erim en ta l  p rocedure

G y p so p h ila  e x t r a c t s  were s to r e d  in  s t e r i l i z e d  g l a s s  v i a l s  a t  room 

te m p e ra tu re (2 5  ° C ± 5 ) f o r  p e r io d s  o f  2 ,  7 ,  14, 2 1 , 2 8 , 35 and 60 d a y s .  

A f t e r  the  a p p r o p r i a t e  time i n t e r v a l s  e q u a l  volumes o f  the  e x t r a c t s  

and TNV were mixed and in o c u la te d  on to  French bean l e a v e s .  C o n tro ls  

c o n s i s t e d  o f  TNV mixed w ith  d i s t i l l e d  w a te r .

R e s u l t s

Crude u n d i lu t e d  G ,p a n ic u la ta  e x t r a c t s  d id  n o t  lo s e  any o f  t h e i r  

a b i l i t y  to  i n h i b i t  TNV on s to ra g e  f o r  two months a t  room tem p e ra tu re  

(T able  I 3 ) ,  These r e s u l t s  su g g e s t  t h a t  the  e x t r a c t s  a re  v e ry  s t a b l e  

even  a f t e r  60 days s to r a g e  a t  room te m p e ra tu re .
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Table  13 • E f f e c t  of s to ra g e  a t  room te m p e ra tu re  on th e  i n h i b i t o r y  

a c t i v i t y  o f  G.p a n i c u l a t a  ex t r a c t s  upon th e  i n f e c t i v i t y  

o f  TNV on P .v u lg a r i s

P e r io d  of Mean number o f  l e s i o n s  *
%

s to r a g e
(d ay s)

TNV + Water 

( c o n t r o l )

TNV + E x t r a c t  

( t r e a t e d )
I n h i b i t i o n

2 68.3 0 100

7 117.9 0 100

14 9 3 .6 0 100 ■

21 7 8 .3 0 100

28 46.4 0 100

55 4 9 .0 0 100

60 79 .7 0 100

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  le a v e s
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4 .  E f f e c t  o f  h e a t

Many w o r k e r s  h a v e  b e e n  s t u d i e d  t h e  e f f e c t  o f  h e a t  on  t h e  i n h i b i t o r y  

a c t i v i t y  o f  p l a n t  e x t r a c t s  ( s e e  i n t r o d u c t i o n ;  c h a p t e r  I V ) .  Few r e p o r t s ,  

i f  a n y ,  h a v e  p r e v i o u s l y  d e s c r i b e d  t h e  e f f e c t s  o f  h e a t  on t h e  i n h i b i t o r y  

a c t i v i t y  o f  p r o g r e s s i v e  d i l u t i o n s  o f  p l a n t  e x t r a c t s .  S u c h  e x p e r i m e n t s  

may b e  o f  p a r t i c u l a r  v a l u e  w h e r e  a  n u m b e r  o f  co m p o u n d s  a r e  i n f l u e n c i n g  

v i r u s  r e p l i c a t i o n .  I f ,  f o r  e x a m p l e ,  e x t r a c t s  c o n t a i n  a  v a r i e t y  o f  

i n h i b i t o r s ;  some s e n s i t i v e  t o  h e a t  a n d  o t h e r  i n s e n s i t i v e ,  t h e n  h e a t i n g  

d i l u t e  e x t r a c t s  r e v e a l  h e a t  s e n s i t i v e  i n h i b i t o r s .  S i m i l a r l y ,  d i l u t i o n  

may s u b s t a n t i a t e  t h e  i d e a  g i v e n  b y  e a r l i e r  e x p e r i m e n t s  t h a t  e x t r a c t s  

c o n t a i n  a u g m e n t e r  c o m p o u n d s ;  h e a t i n g  d i l u t e  e x t r a c t s  w i l l  show  w h e t h e r  

s u c h  a u g m e n t e r s  a r e  t h e r m o s t a b l e .

E x p e r i m e n t a l  p r o c e d u r e

T e n f o l d  d i l u t i o n s  o f  Gp e x t r a c t s  w e re  p r e p a r e d  a n d  t h e i r  e f f e c t  o n  

l o c a l  l e s i o n  p r o d u c t i o n  c o m p a r e d  w i t h  s i m i l a r  d i l u t i o n s  h e a t e d  t o  1 0 0  °C  

f o r  1 0  m i n u t e s  u s i n g  m e th o d s  d e s c r i b e d  p r e v i o u s l y ( s e e  F i g u r e  1 0 ) .

R e s u l t s

R e s u l t s  i n  T a b l e  14 a n d  F i g u r e  1 0  show  t h a t  t h e  i n h i b i t o r y  a c t i v i t y  

o f  c r u d e  Gp e x t r a c t s  w as  d e c r e a s e d  t o  79 h e a t i n g ,  c o m p a r e d  t o  t h e

1 0 0  % i n h i b i t i o n  g i v e n  b y  u n h e a t e d  c r u d e  e x t r a c t s .  T h i s  l e a d s  t o  t h e  

c o n c l u s i o n  t h a t  Gp e x t r a c t  i s  i n  p a r t  t h e r m o l a b i l e .  S e a t i n g  t h e  

p r o g e s s i v e  d i l u t i o n s  o f  e x t r a c t s  r e v e a l e d  t h e  p r e s e n c e  o f  t h e r m o s t a b l e  

e n h a n c i n g  c o m p o u n d s .  E n h a n c e m e n t  o f  v i r u s  a c t i v i t y  was sh o w n  a t  a l l  

t h e  d i l u t i o n s  u s e d .  A t  10” ^  d i l u t i o n  t h e  e f f e c t  o f  v i r u s  e n h a n c i n g  

c o m p o u n d s  r e a c h e d  t h e  maximum v a l u e  g i v i n g  90 % m o re  l e s i o n s  c o m p a r e d  

t o  i t s  c o n t r o l .



T able  14 : E f f e c t  o f  h e a t  on the  v i r u s  i n h i b i t o r  a c t i v i t y  o f  

c rude  and d i l u t e d  e x t r a c t s  from G.p a n i c u l a t a

77

E x t r a c t
Mean n u m b e r o f  l e s i o n s  *

d i l u t i o n s
TNV + W a te r  

( c o n t r o l )

TNV + E x t r a c t  

( t r e a t e d )

I n h i b i t i o n

0 92.3 19 .8 79

10-'* 112.8 156.2 -38

10’ 2 110 .5 147.2 -3 3

10-5 127.8 186.8 -4 6

10-4 8 4 .8 160.7 -9 0

1 0 -5 93 .6 125.6 -34

*  E a c h  f i g u r e  r e p r e s e n t s  t h e  m ean  n u m b e r  o f  l e s i o n s  f o r  t e n  l e a v e s  

N e g a t i v e  v a l u e s  o f  % i n h i b i t i o n  = e n h a n c e m e n t
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5 .  E f f e c t  o f  pH

S tu d ie s  o f  the  e f f e c t  o f  pH on th e  i n h i b i t o r y  a c t i v i t y  o f  some 

p l a n t  e x t r a c t s  have been r e p o r te d  by a  number o f  a u t h o r s . Y osh izak i 

and Murayama (1966) r e p o r t e d  t h a t  the  i n h i b i t o r  e x t r a c t e d  from

C.album was s t a b l e  in  s o l u t i o n s  between pH 3 ,0  -  1 0 .0 ,  i t  gave a  

c o n s ta n t  degree  o f  i n h i b i t i o n  ove r  t h i s  wide pH ra n g e .  S im i la r  r e s u l t s  

were r e p o r te d  by Singh and Gupta (19?0) who found t h a t  the  i n h i b i t o r  

from  Psid ium  g u a iav a  ba rk  was n o t  a f f e c t e d  over the  pH range  4 .0  -  1 0 .5 .  

Gupta and Haychaudhuri (1972) found t h a t  the  i n h i b i t o r  from C a l l is tem o n  

l a n c e o l a t u s  and A cac ia  a r a b i c a  was n o t  a f f e c t e d  over the  same pH ra n g e .  

Demski and C halk ley  (1977) a l s o  n o ted  t h a t  the  i n h i b i t o r  i s o l a t e d  from 

w aterm elon  rem ained  a c t i v e  ove r  a  pH range  2 .0  -  1 2 .0 .

Verma e t  (1975) found t h a t  the  i n h i b i t o r y  a c t i v i t y  from Lawsonia 

a l b a  e x t r a c t  was v e ry  pronounced a t  a c i d i c  o r  n e u t r a l  pH, b u t  a t  pH 10

th e  v i r u s  a c t i v i t y  was c o m p le te ly  r e s t o r e d .  S i m i l a r l y ,  Pukaya and 

T an ig u ch i  (1979) found t h a t  the  i n h i b i t o r  e x t r a c t e d  from P h y to la c c a  

am ericana  was c o m p le te ly  d e s t ro y e d  by a l k a l i n e  t r e a tm e n t  b u t  n o t  by

a c i d i c  t r e a t m e n t .  In  c o n t r a s t ,  Verma and Awasthi (1979) r e p o r te d  

t h a t  i n h i b i t o r  from E o e rh a a v ia  d i f f u s a  r o o t  e x t r a c t s  was n o t  d e s t r o y e d  

a t  pH 10, b u t  i n a c t i v a t e d  a t  pH 4*0.

Qiange in  pH may, how ever, have d i r e c t  in f lu e n c e  on the  v i r u s .

Some p re v io u s  r e p o r t s  i n d i c a t e  t h a t  p r e - i n o c u l a t i o n  t r e a tm e n t  o f  th e  

v i r u s  w i th  a l k a l i  re d u c es  i n f e c t i v i t y  (Schramm e t  1955; D ien er

and D e s j a r d in s ,  196 6 ).  O ther r e p o r t s  i n d i c a t e  t h a t  a l k a l i  t r e a tm e n t



79

i n c r e a s e s  v i r u s  i n f e c t i v i t y  (Bawden, 1950; ELeczkowski, 1957;

L i p p i n c o t t ,  1958; Helms and Z a i t l i n ,  1970).

In view o f  th e se  i n t e r e s t i n g  r e p o r t s  and to  g a in  more in fo rm a t io n  

a b o u t  the  n a tu r e  o f  Gp i n h i b i t o r  the  e f f e c t  o f  pH on the  i n h i b i t o r y  

a c t i v i t y  o f  e x t r a c t s  from G ypsoph ila  was s tu d i e d .  Phosphate  b u f f e r  

o n ly  was used  s in c e  b u f f e r s  c o n ta in in g  phosphate  in c r e a s e  in  some way 

th e  number o f  l o c a l  l e s i o n  produced  by v i r u s e s  (Yarwood, 1952^, and 

components in  o th e r  b u f f e r s  o f t e n  show ad v erse  e f f e c t s  on l o c a l  

l e s i o n  p r o d u c t io n .

E x p e r im en ta l  p ro ced u re

L y o p h i l iz e d  e x t r a c t s  o f  Gp were d i s s o lv e d  in  Sorensen  p h o s p h a te (o '^ 6 H )  

b u f f e r  a t  pHs 5*4, 6 .0 ,  7*0 and 8 .0 .  These e x t r a c t s  were th e n  d i l u t e d  

1 :10  and 1 :100  i n  more b u f f e r .  Each e x t r a c t  d i l u t i o n  was mixed w ith  

TNV and in o c u la te d  on to  P .v u l g a r i s . C o n tro ls  c o n s i s t e d  o f  2 ml o f  TNV 

and 2 ml o f  corresponding  phosphate  b u f f e r .

R e s u l t s

R e s u l t s  i n  Table 15 show t h a t  th e r e  was no e f f e c t  on the  i n h i b i t o r y  

a c t i v i t y  o f  th e  e x t r a c t s  ( d i l u t e d  1 :1 0 )  over th e  pH range  5-4 -  8 .0 ,

each  gave ab o u t  100 i n h i b i t i o n  compared to  c o n t r o l s .  On th e  o th e r  

h a n d , when Gp e x t r a c t  was d i l u t e d  1 :1 0 0 ,  t h e r e  was l i t t l e  change in  the  

i n h i b i t o r y  a c t i v i t y  between pH 5*4 -  8 .0  (Table 1 6 ) .

In c re a s e d  pH caused  an i n c r e a s e  i n  l o c a l  l e s i o n  p ro d u c t io n  f o r  

b o th  c o n t r o l s  and e x p e r im e n ta l  t r e a tm e n ts  i n  a  s i m i l a r  manner to  t h a t  

d e s c r ib e d  by Helms and Z a i t l i n  (1 9 7 0 ) .  However, the  p e rc en ta g e  

r e d u c t i o n  o f  l e s i o n s  by the  Gp e x t r a c t s  rem ained  th e  same a t  each  pH 

s u g g e s t in g  t h a t  th e r e  was no e f f e c t  o f  pH on Gp i n h i b i t o r y  a c t i v i t y .
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Table  15 : E f f e c t  o f  pH on the  i n h i b i t o r y  a c t i v i t y  o f  G. p a n i c u l a t e  

e x t r a c t s  d i l u t e d  ( l ; 1 0 )  w ith  phosphate  b u f f e r

B u f fe r

pH

*
Mean number o f  l e s i o n s %

I n h i b i t i o nTNV + B u f fe r  

( c o n t r o l )

TNV + b u f f e r e d  

d i l u t e d  e x t r a c t

5 .4 ' 54.8 0 100

6 .0 45.1 0 100

7 .0 124.1 0 .5 99

8 .0 188 .6 1 .8 99

*  E ach  f i g u r e  r e p r e s e n t s  t h e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s
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Table  16 : E f f e c t  o f  pH on the  i n h i b i t o r y  a c t i v i t y  of G .p a n i c u l a t a  

e x t r a c t s  d i l u t e d  ( l ; 1 0 0 )  w ith  phosphate  b u f f e r

B u ffe r

pH

Mean number o f  l e s i o n s %

I n h i b i t i o nTNV+ B u ffe r  

( c o n t r o l )

TNV + b u f f e re d  

d i l u t e d  e x t r a c t

' 5 .4 18 .5 6.1 67

6 .0 33.2 9 .5 71

7 .0 36.5 10.8 70

8 .0 52 .7 18 .9 64

*  E ach  f i g u r e  r e p r e s e n t s  t h e  mean num ber o f  l e s i o n s  f o r  t e n  l e a v e s
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6 .  E f f e c t  o f  d i a l y s i s

Some r e p o r t s  have been made on the  e f f e c t  o f  d i a l y s i s  on i n h i b i t o r  

a c t i v i t y  in  o rd e r  to  g iv e  some in fo r m a t io n  r e g a r d in g  the  ty p es  and 

s i z e s  o f  m o lecu les  in v o lv e d  in  i n h i b i t o r  e x t r a c t s ,

Kuntz and Walker (1947) r e p o r te d  t h a t  the  i n h i b i t o r  o f  WT7 e x t r a c t 

ed from sp in a c h  le a v e s  ap p ea rs  to  be n o n -d ia ly s a b le *  On the  o th e r  h and , 

th e  i n h i b i t o r  o f  cabbage mosaic v i r u s  was co m p le te ly  d i a l y s a b l e .

Takagi and Sugimura (1977) found t h a t  th e  i n h i b i t o r y  a c t i v i t y  o f  

L en tin u s  edodes e x t r a c t  to  TMV i n f e c t i o n  was d im in ish ed  by d i a l i z a t i o n ,  

and the  a c t i v i t y  was d e te c te d  in  the  e x t e r n a l  w a te r  around th e  d i a l i z i n g  

b ag .  Verma and Verma (19&5) a l s o  r e p o r te d  the  p re sen ce  o f  a  d i a ly s a b le  

i n h i b i t o r  in  wheat seed  e x t r a c t s .

A pablaza and B e r n ie r  (1972) s e p a r a te d  the  e x t r a c t s  from p ep p er  and 

geranium  i n t o  two f r a c t i o n s ;  one w i th  m o le c u la r  w e igh t g r e a t e r  th a n  

50,000  which was r e t a i n e d  by the  d i a l y s i s  membrane, and a  second w ith  

a  m o le c u la r  w e ig h t  range  o f  1 ,000  -  50,000  which was p r e s e n t  i n  the  

f i l t e r a t e .  They found b o th  r e s id u e  and f i l t e r a t e  from e x t r a c t s  of th e s e  

two p l a n t s  i n h i b i t o r y  t o  TMV. These a u th o rs  a l s o  showed the  i n h i b i t o r  

from  jimsonweed t o  be p r e s e n t  in  an h ig h  m o le c u la r  w e igh t f r a c t i o n .

Many r e p o r t s  d e s c r ib e  i n h i b i t o r  e x t r a c t s  to  be n o n - d i a l y s a b l e , 

i n c lu d in g  the  i n h i b i t o r s  from  Cucumis s a t i v u s  and Blue p r i o r  tobacco  

seed s  (Crow ley, 1 9 5 5 ) ,  P epper  (McKeen, 1956; Marchoux, 196 7 ) ,  B ian th u s  

c a r y o p h y l lu s  ( R a g e t l i ,  1 9 5 7 ) ,  R ice (Feldm an, I 963 ) ,  smd Chenopodium 

a m a r a n t i c o lo r  l e a v e s  (Thomson and P e d d ie ,  196 5 ).  O ther w orkers have 

a l s o  shown t h a t  i n h i b i t o r s  from  C.album (Y osh izak i and Murayama, I 966 ) ,  

and C.q u in o a  (Saksena and Mink, 1969) a re  n o t  d i a l y s a b l e .  I n h i b i t o r s
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s t u d i e s  o f  13 s p e c ie s  from the  f a m i ly  C h en o p o d ia le s , showed t h a t  

d i a l y s i s  had v i r t u a l l y  no e f f e c t  on the  i n h i b i t o r s  p r e s e n t  (Smookler,

1971 )•  R e c e n t ly ,  Verma and Awasthi (1979) r e p o r te d  t h a t  the  i n h i b i t o r y  

p r i n c i p l e  in  e x t r a c t s  o f  B o erhaav ia  d i f f u s a  r o o t  was a l s o  non- 

d i a l y s a b l e .

E x p e r im en ta l  p ro ced u re

Samples o f  Gp e x t r a c t s  (10 ml) p re p a re d  from ly o p h i l i z e d  p r e p a r a t i o n s  

were d ia ly s e d  u s in g  V isk in g  tu b in g  ( s i z e  I - 8/ 32" ) .  The d i a l y s i s  sac s  

were s u b je c te d  to  d i a l y s i s  a g a i n s t  one l i t e r  o f  d i s t i l l e d  w a te r  a t  

4 °C . The s o l u t i o n  was a g i t a t e d  by means o f  a  m agnetic  s t i r r e r .

In  o rd e r  to  t e s t  w he ther the  sam ples c o n ta in e d  a c t i v e  sm all  mole

c u l a r  w e igh t compounds, the  vd u m e  o f  d i a l y s i n g  w a te r  c o n ta in in g  the  

d i a l y s a b l e  m a t e r i a l  was red u ced  to  10 ml by r o t a r y  e v a p o r a t io n  a t  40 °C. 

Two ml o f  each  o f  the  d i a l y s a b l e  and n o n - d ia ly s a b l e  p a r t s  were mixed 

w i th  2 ml o f  TNV inoculum  and a p p l ie d  to  P .v u l g a r i s . C o n tro ls  

c o n s i s t  o f  2 ml o f  w a te r  added to  2 ml o f  TNV. In  su b seq u en t e x p e r i 

m e n ts ,  b o th  d i a l y s a b l e  and n o n - d ia ly s a b l e  f r a c t i o n s  were c e n t r i f u g e d  

a t  2 ,0 0 0  X g  f o r  15 m inu tes  and th e  e f f e c t i v e n e s s  o f  b o th  the  su p e r 

n a t a n t  and p r e c i p i t a t e  were examined a g a i n s t  TNV. The e f f e c t  o f  h e a t  

on d i a l y s a b l e  and n o n - d ia ly s a b l e  f r a c t i o n s  and a l s o  on the  s u p e r n a ta n t s  

and p r e c i p i t a t e s  produced  by c e n t r i f u g a t i o n  o f  th e se  e x t r a c t s  were 

s tu d i e d  as  shown i n  F ig u re  12.

R e s u l t s

The p e rc e n ta g e  i n h i b i t i o n  produced by each  sample i s  shown in  

F ig u re  12. S u b s tan ces  p a s s in g  th ro u g h  the  V isk in g  tu b in g  r e f e r r e d  to

as  s m a l l ,  o r  low m o le c u la r  w e ig h t m o le c u le s .  S ubstances  r e t a i n e d
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F ig u re  12 : Scheme o f  the  i n v e s t i g a t i o n  o f  the  p r o p e r t i e s  

o f  d ia ly s e d  G ypsoph ila  p a n i c u l a t a  e x t r a c t s *

DIALYSIS

Non-di al Ysabl e  
1 0 0 %

U n h e a t e d
1 0 0 %

H e a t e d  
7 3 %

C e n t r i f u g a t io n

P r e c i p i t a t e

u n h . H
1 0 0 % 6 8 %

unh
—1 8 %

D i a l y s a b l e
7 7 %

Un h e a t e d  
8 1 %

C e n t r i f i  g a t  io n

H e a t e d
59%

supernatant Precip itate suPe matant

unh. H
- 5 % 1 %

unh.
7 5 %

% v a lu e s  r e f e r  to  v i r u s  i n h i b i t i o n  

R v a lu e s  r e f e r  t o  v i r u s  enhancement
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w i th in  th e  d i a l y s i s  sac  a re  n o n - d ia ly s a b le  and r e f e r r e d  t o  as l a r g e ,  

o r  h ig h  m o le c u la r  w e ig h t m o le c u le s .

R e s u l t s  i n  Table  17 and F igu re  12 show t h a t  th e  l a r g e  m olecu les  

gave t o t a l  i n h i b i t i o n  (100 ^ , h e a t i n g  t h i s  f r a c t i o n  o f  th e  e x t r a c t s  

produced a  s l i g h t  r e d u c t io n  in  th e  i n h i b i t o r y  a c t i v i t y  g iv in g  73 % 

i n h i b i t i o n .  On the  o th e r  han d , the  sm all  m olecule  f r a c t i o n  was 

i n h i b i t o r y , b u t  w ith  l e s s  e f f e c t  th an  the  l a r g e  m o le c u le s ,  g i v ip g  77 % 

i n h i b i t i o n .  H e a tin g  t h i s  f r a c t i o n  s l i g h t l y  reduced  i t s  i n h i b i t o r y  

a c t i v i t y  to  59 % • A f t e r  c e n t r i f u g a t i o n  to  s e p a r a te  th e  l a r g e  mole

c u le s  i n t o  p r e c i p i t a t e  and s u p e r n a t a n t ,  i n h i b i t i o n  was found to  be 

p r e s e n t  in  th e  p r e c i p i t a t e ,  which gave 100 % i n h i b i t i o n .  On h e a t i n g  

t h i s  was reduced  to  68 % i n h i b i t i o n .  The s u p e r n a ta n t  o f  n o n - d ia ly s a b l e  

f r a c t i o n  had no i n h i b i t o r y  a c t i v i t y ,  i t  showed a  s l i g h t  enhancement o f  

v i r u s  a c t i v i t y  b o th  b e fo re  and a f t e r  h e a t i n g .  C e n t r i f u g a t io n  o f  the  

d i a l y s a b l e  f r a c t i o n  showed t h a t  the  s u p e r n a ta n t  r e t a i n e d  the  i n h i b i t o r y  

a c t i v i t y  g iv in g  75 % i n h i b i t i o n ,  t h i s  p e rc e n ta g e  was s l i g h t l y  reduced  

on h e a t i n g .  The p r e c i p i t a t e ,  how ever, e i t h e r  h e a te d  o r  u nhea ted  had 

no i n h i b i t o r y  e f f e c t s .

I t  was found from th e  p r o t e i n  d e te r m in a t io n  t h a t  th e  whole e x t r a c t  

c o n ta in e d  JO mg/ml p r o t e i n ,  the  n o n - d ia ly s a b le  f r a c t i o n  c o n ta in e d  

1 6 ,3  mg/ml p r o t e i n ;  whereas the  d i a l y s a b l e  f r a c t i o n  c o n ta in ed  9*4 mg/ml 

p r o t e i n .  F u r t h e r  a n a l y s i s  o f  th e  f r a c t i o n s  were made i n  o rd e r  to  

e s t a b l i s h  w h e th er  any o f  th e  c a rb o h y d ra te s  m ight be bound to  p r o t e i n  

i n  the  form  o f  g l y c o p r o te in .

P o ly ac ry lam id e  e l e c t r o p h o r e s i s  was c a r r i e d  o u t ,  as  d e s c r ib e d  e a r l i e r ,  

on th e  n o n - d i a l y s a b l e ,  d i a l y s a b l e ,  and f o r  com para tive  p u rp o s e s ,  on the
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whole e x t r a c t .  E l e c t r o p h o r e s i s  o f  the  whole e x t r a c t  produced seven  

p r o t e i n  bands and 4 bands o f  g ly c o p r o t e in .  The n o n - d ia ly s a b l e  f r a c t i o n  

gave an a lm o s t  i d e n t i c a l  p a t t e r n  o f  bands (F ig u re  I 3 ) ,  I t  can be 

concluded  t h a t  a t  l e a s t  some o f  the  p ro te in a c e o u s  m a t e r i a l  in  the  non- 

d i a l y s a b l e  f r a c t i o n  i s  g ly c o p r o te in .  In  r e p e a te d  e x p e r im en ts  i t  proved 

im p o ss ib le  to  narrow  the  g ly c o p r o te in  bands so as  t o  know more p r e c i s e l y  

to  which o f the  p r o t e i n  bands each  co rre sp o n d e d .

The d i a l y s a b l e  f r a c t i o n  d id  n o t  s t a i n  i n  the  e l e c t r o p h o r e s i s  e x p e r i 

ment a l th o u g h  i t  gave p o s i t i v e  p r o t e i n  and c a rb o h y d ra te  t e s t s .  The 

compounds in  d i a l y s a b l e  f r a c t i o n  s t a i n i n g  f o r  p r o t e i n ,  m ight be amino 

a c id s  s in c e  th e  Lowry e t  method o f p r o t e i n  d e te r m in a t io n  i s  known 

to  g iv e  p o s i t i v e  r e a c t i o n  w i th  some amino a c i d s .  The p re sen ce  o f  

amino a c id s  and sm a ll  c a rb o h y d ra te  m o lecu les  i n  the  e x t r a c t s  was t e s t e d  

u s in g  n in h y d r in  r e a g e n t  and K o l i s h ’ s t e s t  r e s p e c t i v e l y .

B ea r in g  in  mind r e p o r t s  t h a t  p l a n t  RNA (R ib o n u c le ic  a c id )  may a c t  

as  v i r u s  i n h i b i t o r s  (S e la  e t  , I 966 ; Kimmins, I 969 ) the  Gp e x t r a c t s  

were examined f o r  n u c l e i c  a c id s  by u l t r a v i o l e t  sp e c tro p h o to m e try .  

F o llo w in g  c l a r i f i c a t i o n  by c e n t r i f u g a t i o n  and by u s in g  a  Unicam SP 800 

r e c o r d in g  s p e c t ro p h o to m e te r ,  maximum a b s o r p t io n  were o b ta in e d  a t  275 

and 231 nm c o r re s p o n d in g  to  p r o t e i n s  and g ly c o p r o te in s  (S m ith , 1970)* 

These r e s u l t s  con firm  th e  absence  o f  n u c l e i c  a c id s  i n  the  e x t r a c t s  

and g iv e  f u r t h e r  s u p p o r t  to  th e  id e a  t h a t  p r o t e i n s  and o th e r  sm all  

m o le c u la r  w e ig h t  compounds a re  r e s p o n s ib l e  f o r  the  i n h i b i t o r y  a c t i v i t y  

o f  th e  e x t r a c t s .

F i n a l l y , i t  can  be concluded  from d i a l y s i s  e x p e r im en ts  t h a t ;

a )  The i n h i b i t o r y  a c t i v i t y  o f  G.p a n i c u l a t a  e x t r a c t s  i s  found in  b o th
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F ig u re  15 î D isc  e l e c t r o p h o r e s i s  o f  the  p r o t e i n s  and g ly c o p r o te in  

from G .p a n i c u l a t a  e x t r a c t s

W hole Gp e x t r a c t

P r o t e i n s  

N o n - d i a l y s a b l e  f r a c t i o n

------ ►

G l y c o p r o t e i n s

C D

P r o t e i n s  

D i a l y s a b l e  f r a c t i o n

[

G l y c o p r o t e i n s

No b a n d s  d e t e c t e d  o f  e i t h e r  p r o t e i n s  o r  g l y c o p r o t e i n s  

■> P o s i t i o n  o f  m a r k e r

S h a d i n g  i n d i c a t e s  i n t e n s i t y  o f  b a n d  s t a i n i n g
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l a r g e  and sm a l l  m o le c u la r  w e igh t compounds.

b )  Large m o le c u la r  w e ig h t  compounds a r e  s l i g h t l y  s e n s i t i v e  to  h e a t

c )  Small m o le c u la r  w e igh t compounds a r e  a l s o  r e s p o n s ib le  f o r  the  i n h i b i 

t o r y  a c t i v i t y  o f  Gp e x t r a c t s ,  and a re  s l i g h t l y  a f f e c t e d  by h e a t i n g ,

d )  Both the  l a r g e  and sm all  i n h i b i t o r y  m o le c u la r  w e ig h t f r a c t i o n s ,  i t  

i s  s u g g e s te d ,  c o n s i s t  o f  m ix tu re s  o f  a c t i v e  compounds some thermo

l a b i l e  and some th e rm o s ta b le .

D is c u s s io n

E x t r a c t s  t h a t  reduce  l o c a l  l e s i o n  p ro d u c t io n  may do so by e i t h e r  

d e s t r o y in g  o r  i n a c t i v a t i n g  the  v i r u s  p a r t i c l e s ,  o r  a l t e r n a t i v e l y  may 

p r e v e n t  o r  i n h i b i t  v i r u s  r e p l i c a t i o n ,  Caldwell (1955) s u g g e s ts  t h a t  

s u b s ta n c e s  i n h i b i t i n g  p l a n t  v i r u s  i n f e c t i o n  may be d i s t i n g u i s h e d  from 

i n a c t i v a t o r s  by t h e i r  d i f f e r e n t i a l  r e a c t i o n  to  d i l u t i o n  a s  m entioned 

above . E x t r a c t s  from Gp showed the  h ig h e s t  r e d u c t io n  o f  l e s i o n  numbers 

w ith  c o n c e n t r a te d  in o c u la ,  s u g g e s t in g  t h a t  the  e x t r a c t s  a c t  as  i n h i b i 

t o r s  r a t h e r  th a n  i n a c t i v a t o r s .

D i l u t i o n  e x p e r im en ts  a l s o  p roved u s e f u l  i n  t h a t  th e y  r e v e a le d  the  

complex n a tu r e  o f  th e  compounds in v o lv e d  i n  i n f l u e n c i n g  v i r u s  symptom 

p r o d u c t io n .  Thus, a l th o u g h  crude e x t r a c t s ^ a n d  d i l u t i o n  up to  10 ^ 

caused  i n h i b i t i o n ,  f u r t h e r  d i l u t i o n s  produced samples t h a t  enhanced 

v i r u s  a c t i v i t y .  As p o in te d  o u t  e a r l i e r  o t h e r  w orkers  have s tu d ie d  the  

e f f e c t s  o f  d i l u t i o n  on i n h i b i t o r  p l a n t  e x t r a c t s  (Kuntz and W alker,

1947; Thomson and P e d d ie ,  1965* Marchoux, 1967; Noronha ejk , 1980 ), 

None o f  th e s e  i n v e s t i g a t o r s ,  how ever, d i l u t e d  t h e i r  e x t r a c t s  up to  

o r  beyond the  i n h i b i t i o n  d i l u t i o n  e n d - p o in t .  In  e x p e r im en ts  d e s c r ib e d  

h e re  10*”^and 10“ ^ d i l u t i o n s  r e v e a le d  the  p re sen ce  o f  augm enter compounds.
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Enhancement o f  v i r u s  a c t i v i t y  by d i l u t e d  p l a n t  e x t r a c t s  has been r e p o r t 

ed p r e v io u s ly  by Benda, 1956; B laszczak  ^  , 1959; S te v e n s ,  1970.

C le a r ly  e x t r a c t s  c o n ta in  a  v a r i e t y  o f  m a t e r i a l s  some which i n t e r 

f e r e  w ith  v i r u s  r e p l i c a t i o n  and o th e r  t h a t  fa v o u r  v i r u s e s .  The 

re m a in in g  e x p er im en ts  d e s c r ib e d  in  t h i s  s e c t i o n  em phasize the  complex 

n a tu r e  o f  th e  e x t r a c t s  u nder  e x a m in a t io n .  For exam ple, a l th o u g h  

e x t r a c t s  rem ain  a c t i v e  f o r  2 months o r  more a t  room te m p e ra tu re ,  th e y  

a re  s e n s i t i v e ,  i n  p a r t ,  to  h e a t .  S t a b i l i t y  o f  p l a n t  i n h i b i t o r  e x t r a c t s  

a t  room te m p e ra tu re  has  been d em o n s tra ted  i n  o th e r  l a b o r a t o r e s ,  b u t  

w i th o u t  any comment as  to  th e  n a tu re  o f  the  p o s s ib le  compounds in v o lv e d .  

The p re se n c e  in  e x t r a c t s  o f  p ro te in a c e o u s  i n h i b i t o r s  m igh t be i n f e r e d  i f

II n
e x t r a c t s  have a  s h o r t  s h e l f  l i f e  • L ongev ity  f o r  s e v e r a l  weeks 

su g g e s t  compounds o t h e r  th a n  p r o t e i n s  b e in g  the  a c t i v e  i n g r e d i e n t s .  

However, 21 % o f  th e  i n h i b i t o r  a c t i v i t y  can be d e s t r o y e d  in  10 m inu tes  

exposure  to  100 °C, a  r e s u l t  i n  s u p p o r t  o f  th e  id e a  t h a t  a t  l e a s t  p a r t  

o f  the  i n h i b i t o r y  a c t i v i t y  r e s i d e s  i n  p r o t e i n s .  P ro te in a c e o u s  v i r u s  

i n h i b i t o r s  a re  w e ll  known from p l a n t s  in c lu d in g  P h y to la c c a  e s c u le n t a  

(K a ssan is  and E leczkow sk i,  194 8 ),  Capsicum f r u t e s c e n s  (McKeen, 1 9 5 6 ) ,  

B ia n th u s  c a ry o p h y l lu s  ( R a g e t l i  and V e in tra u b ,  1962b), P h y to la c c a  

am er ican a  (Wyatt and Shepherd , 1 9 6 9 ) .

B laszczak  e t  a l .  (1959) found t h a t  sap  from Chenopodium a m a r a n t i c o lo r . 

C.f r u t e s c e n s , S p in a c ia  o l e a c e r a  l o s t  a  s l i g h t  amount o f  t h e i r  i n h i b i t o r y  

a c t i v i t y  a f t e r  b o i l i n g ,  A pablaza  and B e r n ie r  (1972) a l s o  r e p o r te d  

t h a t  th e  e x t r a c t s  from p ep p er  and geranium  were n o t  be co m p le te ly  

h e a t  s t a b l e .  Where p a r t  a t  l e a s t  o f  the  i n h i b i t o r y  a c t i v i t y  o f  e x t r a c t s  

was t h e r m o la b i l e ,  t h i s  would su g g e s t  t h a t ,  h e re  to o ,  some p r o t e in s  a re
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r e s p o n s ib l e  f o r  v i r u s  i n h i b i t i o n .

A d d i t io n a l  s u p p o r t  f o r  the  complex n a tu re  o f  Gp e x t r a c t s  came from 

th o se  e x p e r im en ts  where v a r i o u s l y  d i l u t e d  e x t r a c t s  were h e a te d .

H e a t in g  th e  p r o g r e s s iv e  d i l u t i o n s  o f  e x t r a c t  r e v e a le d  th e  p resen ce  of 

augm enter compounds w i th  a l l  d i l u t i o n s  u se d ,  th e s e  su g g e s t  t h a t  th e se  

compounds en h an c in g  v i r u s  a c t i v i t y  a re  th e rm o s ta b le .  E x t r a c t s  may, 

t h e r e f o r e ,  c o n ta in  a t  l e a s t  th r e e  f r a c t i o n s  as  f o l l o w s :  1- th e rm o s ta b le  

i n h i b i t o r ,  2 -  th e rm o s ta b le  augm enter ,  5- th e rm o la b i le  i n h i b i t o r .

An i n t e r e s t i n g  f e a t u r e  o f  th e  Gp e x t r a c t s  was t h e i r  s t a b i l i t y  over 

a  wide pH ra n g e .  This f e a t u r e  i s  n o t  however un ique  to  Gp i n h i b i t o r  

e x t r a c t s  as  d em o n s tra ted  by Gupta and Haychaudhuri (1972) ;  Y osh izak i 

and Murayama ( 1966 ) ;  and Demski and C halk ley  (1 9 7 7 ) .

In  ex p e r im en ts  d e s ig n e d  to  p a r t i a l l y  f r a c t i o n a t e  the  complex 

i n h i b i t o r  e x t r a c t s  by d i a l y s i s ,  a  number o f  i n t e r e s t i n g  r e s u l t s  were 

o b ta in e d .  I t  r e a s o n a b le  to  assume t h a t  l a r g e  m o le c u la r  w eigh t compounds 

w i l l  rem ain  in  the  d i a l y s i s  sac  and t h a t  o n ly  th e  s m a l l e r  compounds 

w i l l  d i a l y s e .  D ia ly s i s  o f  e x t r a c t s  r e v e a le d  th e  p re sen ce  b o th  l a r g e  

and sm all  m o le c u la r  w e ig h t  i n h i b i t o r s .  S im i la r  r e s u l t s  were o b ta in e d  

by Verma and Verma ( 1965 ) who r e p o r t e d  the  p re sen ce  o f  a  d i a ly s a b le  

i n h i b i t o r  in  wheat seed  e x t r a c t s .  A pablaza  and B e r n ie r  (1972) a l s o  

found i n h i b i t o r y  a c t i v i t y  in  b o th  r e s id u e  and f i l t  r a t e  a f t e r  s e p a ra 

t i o n  o f  e x t r a c t s  p re p a re d  from  p ep p er  and geranium i n t o  two d i f f e r e n t  

m o le c u la r  w e igh t f r a c t i o n s .  More r e c e n t l y ,  Takagi and Sugimura 

( 1977 ) r e p o r t e d  t h a t  the  i n h i b i t o r  a c t i v i t y  from L e n tin u s  edodes was 

d im in ish e d  by d i a l y s a t i o n  to  g iv e  2 5  % i n h i b i t i o n  and the  a c t i v i t y  wsls 

d e te c t e d  in  e x t e r n a l  w a te r  o f  d i a l y z i n g  bag  to  g ive  75 % i n h i b i t i o n .
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However, the  r e s u l t s  r e p o r te d  h e re  showed th e  l a r g e  m o le c u la r  w e igh t 

compounds were more e f f e c t i v e  th an  the  sm all  m o le c u la r  w e igh t compounds. 

The p o s s ib l e  e x p la n a t io n  o f  th e se  r e s u l t s  i s  t h a t  b o th  l a r g e  and 

sm all  m o le c u la r  w e ig h t  f r a c t i o n s  i n  Gp e x t r a c t s  have a  r o l e  i n  the  

o v e r a l l  i n h i b i t o r y  a c t i v i t y  o f  th e  e x t r a c t s .

Evidence c o l l e c t e d  from e x p e r im en ts  d e s c r ib e d  i n  t h i s  s e c t i o n  

s u p p o r t  f u r t h e r  the  id e a  t h a t  Gp i n h i b i t o r s  a re  complex m ix tu re  o f  

compounds. The m a jo r  p a r t  o f  th e  i n h i b i t o r  m ight be p ro te in a c e o u s  in  

n a t u r e ,  even though p a r t i a l l y  i n s e n s i t i v e  to  h e a t  and pH. The o th e r  p a r t  

com prises  sm a ll  m o le c u la r  w e igh t compounds which a l s o  reduced  m arkedly  

l o c a l  l e s i o n  p ro d u c t io n  by TNV.

In  the  f o l lo w in g  s e c t i o n  an a t te m p t  was c a r r i e d  o u t  to  s tu d y  the  

p ro te in a c e o u s  n a tu r e  o f  the  Gp i n h i b i t o r  e x t r a c t s .
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SECTION B

PROTEINACEOUS PROPERTIES

E x t r a c t s  w e r e  e x a m i n e d  a f t e r  t r e a t m e n t  w i t h  e i t h e r  e t h a n o l  o r  

ammonium s u l p h a t e  f o l l o w e d  b y  e l e c t r o p h o r e s i s  s e p a r a t i o n  o f  t h e  

p r e c i p i t a t e d  m a t e r i a l s .  The p o s s i b l e  p r o t e i n a c e o u s  n a t u r e  o f  t h e  

i n h i b i t o r s  w as a l s o  t e s t e d  u s i n g  p r o t e o l y t i c  e n z y m e s .

1 .  E f f e c t  o f  p r o t e i n  p r é c i p i t a n t s

a )  E f f e c t  o f  e t h a n o l

A number o f  w orkers  have used  p r e c i p i t a t i o n  te ch n iq u es  to  con firm  

th e  p ro te in a c e o u s  n a tu r e  o f  p l a n t  v i r u s  i n h i b i t o r s .  K assan is  and 

Kleczkowski (1948) p r e c i p i t a t e d  a  v i r u s  i n h i b i t o r  from P h y to la c c a  

e s c u l e n t a  s ap  w i th  e t h a n o l .  Crowley (1955) found t h a t  th e  i n h i b i t o r  

from  Cucumis s a t i v u s  embryo seed s  was p r e c i p i t a t e d  o n ly  by 60 ^ e t h a n o l , 

S i m i l a r l y ,  Kuntz and Walker (1947) found t h a t  50 e th a n o l  p r e c i p i t a t e d  

the  i n h i b i t o r  o f  TKV from  s p in a c h  s a p ,  w h ile  th e  i n h i b i t o r  from cabbage 

m osaic  v i r u s  i n f e c t i o n  was u n a f f e c t e d .  However, t h i s  l a t t e r  i n h i b i t o r  

was c o m p le te ly  o r  a lm o s t  c o m p le te ly  p r e c i p i t a t e d  by KCl. F u r th e rm o re ,  

50 % e th a n o l  was found by Smookler (1971) t o  p r e c i p i t a t e  the  i n h i b i t o r s  

e x t r a c t e d  from  Chenopodium a m a r a n t i c o lo r , C.album , A t r ip l e x  n i t e n s  and 

Amaranthus c a u d a tu s , and by Verma and Awasthi (l979)#who r e p o r te d  t h a t  

50 e th a n o l  p r e c i p i t a t e d  the  i n h i b i t o r  from  B o erhaav ia  d i f f u s a  r o o t s .

McKeen (1956) found t h a t  95 % e th a n o l  was needed to  p r e c i p i t a t e  

a  v i r u s  i n h i b i t o r  from  th e  j u i c e  o f  Càpsicum f r u t e s c e n s . Demski and 

C h a lk le y ( l9 7 7 )  r e p o r t e d  t h a t  i n h i b i t o r y  a c t i v i t y  o f  w aterm elon l e a f  

sap  t r e a t e d  w i th  c h lo ro fo rm ,  b u ta n o l ,  e t h a n o l , a c e to n e ,  e t h e r ,  o r  

h y d ra te d  ca lc iu m  phosphate  a t  c o n c e n t r a t io n s  o f  8 ,  2 0 ,  and 50 % was
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s i g n i f i c a n t l y  reduced  a t  any o f the  c o n c e n t r a t io n s  based  on s tu d ie s

u s in g  to b acco  r i n g  s p o t  v i r u s  i n f e c t i o n  o f  cowpea.

E x p erim en ta l  p ro ced u re

L y o p h i l iz e d  e x t r a c t  o f  Gp was d i s s o lv e d  in  d i s t i l l e d  w a te r ,  th en  

2 ml o f  r e c o n s t i t u t e d  e x t r a c t  was mixed w i th  8 ml o f  a b s o lu te  a lc o h o l  to  

g iv e  a  f i n a l  c o n c e n t r a t i o n  o f  80 % .  The m ix tu re  was shaken f o r  2 min. 

and th e n  k e p t  a t  room te m p e ra tu re  f o r  20 min. The p r e c i p i t a t e  formed 

was removed by c e n t r i f u g a t i o n  a t  2000 x g  f o r  15 min. and th e n  r e d i s s o l 

ved in  2 ml o f  d i s t i l l e d  w a te r .  E th an o l was removed from the  s u p e r 

n a t a n t  f l u i d  by r o t a r y  e v a p o r a t io n  a t  40 °C, and the  volume reduced  to  

2 ml. The d i s s o lv e d  p r e c i p i t a t e  and th e  s u p e r n a ta n t  f r a c t i o n s  were each  

mixed w ith  an e q u a l  volume o f  TNV and in o c u la te d  on to  P .v u l g a r i s  l e a v e s .  

C o n tro ls  c o n s i s t e d  o f  TNV and w a te r .  The n o n - d ia ly s a b l e  and d i a l y s a b l e  

f r a c t i o n s  o f  Gp e x t r a c t  were a l s o  t r e a t e d  w i th  e th a n o l  in  th e  same way. 

B e s u l t s

The r e s u l t s  i n  T ab le  18 show t h a t  th e  e th a n o l  p r e c i p i t a t e s  o f  whole 

and n o n - d ia ly s a b l e  p a r t ,  t o t a l l y  e l im in a te d  l o c a l  l e s i o n  p ro d u c t io n  by 

TNV g iv in g  100 % i n h i b i t i o n .  A lthough most o f  th e  i n h i b i t o r y  a c t i v i t y  

o f  th e  d i a l y s a b l e  f r a c t i o n  (82 ^  rem ains  beh ind  in  the  s u p e r n a ta n t  

a f t e r  m ix ing  w ith  e t h a n o l ,  a  sm all  amount (12 ^  i s  a s s o c i a t e d  w i th  

th e  p r e c i p i t a t e .  The s u p e r n a ta n t  from  the  whole and n o n - d ia ly s a b le  

f r a c t i o n  a l s o  showed i n h i b i t o r y  e f f e c t s  g iv in g  80 & 73 % i n h i b i t i o n  

r e s p e c t i v e l y .  This was n o t  due to  r e s i d u a l  a lc o h o l  as  t h i s  was a l l  

removed by r o t a r y  e v a p o r a t io n .

I t  seems re a s o n a b le  to  s u g g e s t  from  th e se  r e s u l t s  t h a t  Gp e x t r a c t s  

c o n ta i n  a number o f  i n h i b i t o r  compounds, p a r t  in  the  compounds p r e c i p i -
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Table  18 : E f f e c t  o f  e th a n o l  on v i r u s  i n h i b i t o r y  a c t i v i t y  o f  

G .p a n ic u l a t a  e x t r a c t s

G .p a n ic u la ta

f r a c t i o n s

*
ïfean number o f  l e s i o n s

%

TNV + Water 

( c o n t r o l )

TNV 4- E x t r a c t  

( t r e a t e d )
I n h i b i t i o n

Whole

e x t r a c t

**
P r e c i p i t a t e 7 4 .9 0 100

S u p e rn a ta n t 108.7 2 1 .6 80

Non-

d i a l y s a b l e

f r a c t i o n

**
P r e c i p i t a t e 9 5 .5 0 . 100

S u p e rn a ta n t 7 5 .5 20.1 75

D ia ly s a b le

f r a c t i o n

**
P r e c i p i t a t e 5 2 .5 4 6 .5 12

S u p e rn a ta n t 105.0 18.4 82

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  le a v e s  

o f  f r e n c h  bean 

** P r e c i p i t a t e s  produced  w i th  80 % e th a n o l
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t a t e d  by e t h a n o l ,  and l i k e l y  t h e r e f o r e  to  be p ro te in a c e o u s  i n  n a t u r e . 

O ther  sm all  m o le c u la r  w e ig h t  compounds a p p ea r  to  have a  s i g n i f i c a n t  

r o l e  in  the  pow erfu l i n h i b i t o r y  a c t i v i t y  o f  Gp e x t r a c t s ,  s u b s t a n t i a t i n g  

the  r e s u l t s  d e s c r ib e d  in  s e c t i o n  A.

b ) E f f e c t  o f  ammonium s u lp h a te

To co n f irm  t h a t  p a r t  o f  the  Gp i n h i b i t o r  i s  p ro te in a c e o u s  and 

a l s o  to  p a r t i a l l y  f r a c t i o n a t e  th e  e x t r a c t s ,  ammonium s u lp h a te  was used  

a t  d i f f e r e n t  c o n c e n t r a t i o n s .  Some workers have p r e c i p i t a t e d  v i r u s  

i n h i b i t o r s  from p l a n t  e x t r a c t s  u s in g  ammonium s u lp h a t e .  Crowley (1955) 

f o r  exam ple, found t h a t  the  i n h i b i t o r  from Blue p r i o r  tobacco  seeds  

was p r e c i p i t a t e d  by 75 % s a t u r a t e d  ammonium s u l p h a t e .  However, Varma 

( 1975 ) showed t h a t  the  p r o t e i n  f r a c t i o n s  o b ta in e d  a f t e r  75 % ammonium 

s u lp h a t e  p r e c i p i t a t e  o f  th e  l e a f  e x t r a c t  o f  cabbage d id  n o t  i n h i b i t  TMV 

i n f e c t i o n  when a ssay ed  on N ic o t ia n a  X an th i and N .g l u t i n o s a . w hile  the  

p r o t e i n  f r e e  s o l u t i o n  showed a p p r e c ia b le  i n h i b i t i o n .

Smookler (1971) found t h a t  most o f  the  i n h i b i t o r y  a c t i v i t y  o f  some 

s p e c i e s  o f  th e  C henopodiales  co u ld  be p r e c i p i t a t e d  from e x t r a c t s  by 

70  — 90 % s a t u r a t e d  ammonium s u l p h a t e .  The same c o n c e n t r a t io n  was found 

by Kimmins ( 1969) t o  p r e c i p i t a t e  th e  i n h i b i t o r y  f a c t o r s  p r e s e n t  in  

f r a c t i o n s  o f  D a tu ra  s tram onium , N.g l u t i n o s a , P .v u l g a r i s  and 

C .a m a r a n t i c o lo r . Verma and Awasthi (1979) a l s o  showed 90 ^  ammonium 

s u lp h a t e  p r e c i p i t a t e d  th e  i n h i b i t o r  from  B .d i f f u s a  r o o t s .

O ther p l a n t  i n h i b i t o r s  have been  p r e c i p i t a t e d  u s in g  50 #  

ammonium s u lp h a te ,  i n c lu d in g  th o se  from j u i c e s  o f  C.album (Y osh izak i and 

Murayama, I 966 ) ,  N.g l u t i n o s a  (Palm, 1 9 6 7 ) ,  and N .tabacum v a r .  T u rk ish  

Samsun ( Z a i t l i n  and S i e g e l ,  1 9 6 5 ) .  However, McKeen (1956) observed



97

t h a t  the  i n h i b i t o r  from p epper  sap  began to  be p r e c i p i t a t e d  w ith  50 % 

s a t u r a t i o n  ammonium s u lp h a t e ,  b u t  a  p r o g r e s s i v e ly  h e a v ie r  i n h i b i t o r y  

p r e c i p i t a t e  was found as the  c o n c e n t r a t io n  o f  the  s a l t  i n c re a s e d  to  95 •

E x p e r im en ta l  p ro ced u re

T en  ml o f  l y o p h i l i z e d  e x t r a c t  i n  d i s t i l l e d  w a t e r  was c e n t r i f u g e d  a t  

4 0 0 0  rp m  f o r  50  m i n .  t o  r e m o v e  a n y  i n s o l u b l e  m a t t e r .  T he  p r e c i p i t a t e  

w as d i s c a r d e d  a n d  t h e  c l e a r  s u p e r n a t a n t  w as b r o u g h t  t o  1 0  % s a t u r a t i o n  

w i t h  s o l i d  ammonium s u l p h a t e  a d d e d  s l o w l y  w i t h  s t i r r i n g  f o r  15 m i n u t e s  

( C h a y k i n ,  1966) .  A f t e r  a  f u r t h e r  2 0  m i n .  a t  ro o m  t e m p e r a t u r e  t h e  

p r e c i p i t a t e  w as  r e m o v e d  b y  c e n t r i f u g a t i o n  a t  2 0 0 0  x  g  f o r  15 m i n .  a n d  

r e s u s p e n d e d  i n  1 0  ml d i s t i l l e d  w a t e r .  U s i n g  t h e  sam e p r o c e d u r e ,  t h e  

c l e a r  s u p e r n a t a n t  f l u i d s  w e r e  i n  t u r n  b r o u g h t  t o  2 0 ,  50, 40 ,  50 ,  & 60  % 

s a t u r a t i o n  w i t h  s o l i d  ammonium s u l p h a t e .  The r e s u s p e n d e d  p r e c i p i t a t e s  

a n d  t h e  r e m a i n i n g  s u p e r n a t a n t  w e re  e a c h  d i a l y s e d  w i t h  s t i r r i n g  a t  4 

f o r  5 d a y s  a g a i n s t  3 c h a n g e s  o f  o n e  l i t e r  d i s t i l l e d  w a t e r  t o  re m o v e  

ammonium s u l p h a t e .  T he p r o t e i n  c o n c e n t r a t i o n  o f  e a c h  s a m p l e  w as 

m e a s u r e d .  Two ml o f  t h e s e  v a r i o u s  d i a l y s a t e s  a n d  t h e  f i n a l  s u p e r n a t a n t  

w e r e  m ix e d  w i t h  e q u a l  v o l u m e s  o f  TNV, t h e n  a s s a y e d  on  P . v u l g a r i s  l e a v e s .  

S u i t a b l e  c o n t r o l s  c o n s i s t e d  o f  d i s t i l l e d  w a t e r  a n d  TNV.

R e s u l t s

T a b l e  19 sh o w s  t h a t  p r e c i p i t a t e s  1 ,  2 ,  & 3 p r o d u c e d  a t  1 0 ,  2 0  a n d  

30 ^  ammonium s u l p h a t e  s a t u r a t i o n  r e s p e c t i v e l y ,  w e re  e a c h  i n h i b i t o r y  

( 54,  6 6  & 81 5̂  i n h i b i t i o n ) , b u t  w e re  l e s s  e f f e c t i v e  t h a n  p r e c i p i t a t e s  

4 ,  5 a n d  6 p r o d u c e d  w i t h  40 , 50 & 60 % ammonium s u l p h a t e  s a t u r a t i o n .

T h e s e  l a t t e r  p r e c i p i t a t e s  i n h i b i t e d  l e s i o n  p r o d u c t i o n  b y  95, 99 & 97 % 

r e s p e c t i v e l y .  T he  f i n a l  s u p e r n a t a n t  l e f t  a f t e r  a d d i t i o n  o f  ammonium
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s u lp h a te  showed a s i g n i f i c a n t  r e d u c t io n  in  l e s i o n  numbers g iv in g  59 % 

i n h i b i t i o n .

The maximum i n h i b i t o r y  a c t i v i t y  was n o t  d i r e c t l y  c o r r e l a t e d  w ith  

maximum p r o t e i n  c o n c e n t r a t i o n  as  shown in  F igu re  14. The p r e c i p i t a t e  

g iv in g  most i n h i b i t o r y  a c t i v i t y  (99 ^  was o b ta in e d  a t  50 % s a t u r a t i o n ,  

and c o n ta in e d  o n ly  0 .85  nig/ml p r o t e i n ;  whereas the  p r e c i p i t a t e s  o b ta in e d  

a t  10 and 50 % s a t u r a t i o n  ammonium s u lp h a te  c o n ta in e d  most p r o t e i n ,  b u t  

showed l e s s  i n h i b i t o r y  a c t i v i t y  p ro d u c in g  54 and 76 9^i n h i b i t i o n  r e s p e 

c t i v e l y .  In  f a c t ,  the  10 ( p r e c i p i t a t e  1) gave l e a s t  i n h i b i t i o n  (54 9Ô 

and was second o n ly  to  the  50 % ( p r e c i p i t a t e  5) i n  p r o t e i n  c o n c e n t r a t i o n  

c o n ta i n in g  1 ,48  mg p r o t e i n / m l .  On the  o th e r  hand , p r e c i p i t a t e  6 ,  gave 

97 % i n h i b i t i o n ,  b u t  c o n ta in e d  th e  l e a s t  amount o f  p r o t e i n  (0.42  m g/m l).

I t  can be concluded  from th e se  r e s u l t s  t h a t :  1 -  the  main p a r t s  o f  

the  i n h i b i t o r y  a c t i v i t y  were p r e c i p i t a t e d  a t  40-60  % ammonium s u lp h a te  

s a t u r a t i o n ,  th e se  c o n c e n t r a t io n s  were shown by o th e r  w orkers  to  p r e c i 

p i t a t e  p ro te in a c e o u s  v i r u s  i n h i b i t o r s  2 -  t h e r e  i s  no d i r e c t  c o r r e l a t i o n  

between maximum i n h i b i t o r y  a c t i v i t y  and maximum p r o t e i n  c o n c e n t r a t i o n .

To examine w h e th er  th e  Gp i n h i b i t o r s  c o n s i s t e d  o f  more th an  one 

p r o t e i n  f r a c t i o n  and to  see  i f  any g ly c o p r o te in  m ight be fo u n d ,  the  

ammonium s u lp h a t e  p r e c i p i t a t e s  were examined by po ly acry lam id e  e l e c t r o 

p h o r e s i s  u s in g  th e  methods d e s c r ib e d  e a r l i e r .

B e s u i t8 i n  F ig u re s  15 & 16 show t h a t  p r e c i p i t a t e s  1 & 2 which were 

r e l a t i v e l y  weak i n h i b i t o r s  c o n ta in e d  on ly  p r o t e i n ;  w hereas p r e c i p i t a t e s  

5 ,  4» 5 & 6 which s t r o n g l y  i n h i b i t e d  l e s i o n  p r o d u c t io n ,  c o n ta in ed  

d e t e c t a b l e  l e v e l s  o f  g ly c o p r o t e i n .  F o r  exam ple, p r e c i p i t a t e  5* which 

gave th e  h ig h e s t  i n h i b i t o r y  a c t i v i t y  (99 c o n ta in e d  two bands o f
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F ig u re  14 : I n h i b i t o r y  a c t i v i t y  ---- •) and amount o f  p r o t e i n  ^---- •)
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p r e c i p i t a t e s  o f  l y o p h i l i z e d  G .p a n ic u la ta  e x t r a c t s

§H
M
PP

100 2-50

2.2590

80 2-0 0

70

1-50 f=q EH O «
125

60

50

1-0 040

30 0 7 5

0-502 0

1 0 0.25

0

S4 010 3 02 0 50 60

AMMONIUM SULPHATE SATURATION 

S = The s u p e r n a ta n t



101

i

w
p
H-
0
i-iP
c+H*
O3

&

9p
OH.
VM«cK
P
rkP

Oc+
PH*3m

î
vn

cc
II
g
p

m
3tl
Py3
PC+-
ë

C/3y
&H*3
%

iH»O
Pe+
P
m

3
rk
P3
m
p.
<+
*<

op
p.
p k
p .
O3
O

B
PMi*r
p

M

ro
O

ro

v>i
O 04 I

CQ
O
Pk-<
P
0 
c+
y

1
3
m
p *
m

s,

oM)
cr*
S3.
mck
P
P*3
p *

%

o

m
3 H»

•S-
pe+
P

H)
4 
P O 
r k  kk
o
g

ui
o

VJ1 ?
i

ip
MP

CTn
O

ON

o3
p »

p
P k
P

M



102

ÿt
H-g
g .
P*
O
prkmm

3
rk
P
3P
P»
rk
*<4

o
H)

o 'P
3
p.

p
rk
P

3
m

i
hjo
p

o
3
O

gp4 X" 
P  
4

U i
P
rk

P
rkk-.
3

04O

O

\jnO

2O
P*kO
P*
rk
P
rk
P

04.

v-n

ONO ON

Qt-J
O
o
4
0
rk
P
H*
3
P

f
O'

1
p

<
p
4  
P

p .
P
rk
P
O
rk
P
p .

2
O
p.kO
p .
rk
P
rk
P
P

r o
Pg
f

*2

S .

ON

g
P
O

p
p<
p
o
rk
4
O

*o
3 '

2
P
k*.
P

0  Hî

1
O

g

p
3kJkd
3 '
P
rk
P

2
O
rk
P*
Og
9
B

i p

o

&
P
rk
P



103

p r o t e i n  and two bands o f  g ly c o p r o te in  w ith  s i m i l a r  Hf v a lu e s .  P r e c i 

p i t a t e  5* which showed maximum c o n c e n t r a t io n  of p r o t e i n  (2 .2 5  mg/ml) ,  

c o n s i s t e d  o f  4 p r o t e i n  bands and o n ly  one wide band o f  g ly c o p r o te in .  

P r e c i p i t a t e  4 ,  which showed 95 % i n h i b i t i o n ,  c o n ta in e d  3 bands o f  

p r o t e i n  and 2 bands o f g l y c o p r o t e in .  P r e c i p i t a t e  6 , c o n ta in e d  3 bands 

o f  p r o t e i n  and on ly  one d i f f u s e  a r e a  o f  g ly c o p r o te in .  P r e c i p i t a t e  1 , 

which showed l e a s t  i n h i b i t i o n ,  c o n ta in e d  one weak m obile  p r o t e i n  band , 

b u t  no g ly c o p r o t e in  was d e t e c t e d .  P r e c i p i t a t e  2 ,  which gave 66 % i n h i 

b i t i o n ,  c o n s i s t e d  o f  2 bands o f  p r o t e i n  and ho g l y c o p r o t e in .  The s u p e r 

n a t a n t ,  which gave 59 % i n h i b i t i o n ,  showed one band o f  p r o t e i n  b u t  was 

f r e e  o f  g ly c o p r o t e i n .  P r e c i p i t a t e s  1 , 2 and th e  s u p e r n a ta n t  which were 

n o t  s t r o n g  e f f e c t i v e  i n h i b i t o r s ,  c o n ta in e d  weak p r o t e in s  and were f r e e  

o f  g ly c o p r o t e in .  The a s s o c i a t i o n  o f  i n h i b i t o r y  a c t i v i t y  w i th  f r a c t i o n s  

c o n ta i n in g  g ly c o p r o te in s  i s  o f  some i n t e r e s t  and w i l l  be d is c u s s e d  l a t e r ,

2 .  E f f e c t  o f  p r o t e in a s e  enzymes

I f  i n h i b i t o r y  a c t i v i t y  o f  G .p a n i c u l a t a  e x t r a c t s  i s  due to  p r o t e i n 

aceous s u b s ta n c e s ,  i t  i s  r e a s o n a b le  to  s u g g e s t  t h a t  th e y  w i l l  be s e n s i 

t i v e  to  t r e a tm e n t  w ith  p r o t e o l y t i c  enzymes. To t e s t  t h i s  s u g g e s t io n ,

Gp e x t r a c t s  were exposed to  h y d r o ly s a t io n  by th r e e  d i f f e r e n t  p r o t e o l y t i c  

enzymes.

E X p r i m e n t a l  p r o c e d u r e

The enzymes t r y p s i n  (Hog p a n c r e a t i c .  S igm a) , p e p s in  (BHH) and 

p ro n ase  (E xstrep tom yces  g r i s e u s , K o c h - l ig h t )  were p re p a red  a t  0 .4  mg/ml 

i n  0 ,2  M phosphate  b u f f e r  pH 7*2 , 0 .05  K a c e t a t e  -  HCl b u f f e r  pH 2 .2  

and 0.01 M t r i s  -  HCl b u f f e r  pH 7 .7  r e s p e c t i v e l y .  Each enzyme was 

mixed w i th  an eq u a l  volume o f Gp i n h i b i t o r  p re p a re d  from l y o p h i l i z e d
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e x t r a c t s  and d i s s o lv e d  in  the  a p p r o p r ia t e  b u f f e r .  C o n tro l  s o l u t i o n s  

c o n ta in e d  enzymes in  b u f f e r s  and d i s t i l l e d  w a te r  i n s t e a d  o f Gp i n h i b i t o r .  

The v a r io u s  e n z y m e - in h ib i to r  m ix tu re s  and c o n t r o l s  were in c u b a te d  a t  

25  °C f o r  6 ,  24 and 48 h o u rs .  A ll  the  sam p les ,  t r e a t e d  and c o n t r o l s ,  

were th e n  d ia ly s e d  a g a i n s t  n e u t r a l  phosphate  b u f f e r  f o r  24 h o u r s ,  s in c e  

the  a c e t a t e  and th e  t r i s  b u f f e r s  gave u n s a t i s f a c t o r y  l e s i o n s  c o u n ts .

Two ml o f  t r e a t e d  and c o n t r o l  sam ples were each  mixed w ith  2 ml o f  TNV 

and in o c u la te d  o n to  P .v u l g a r i s  l e a v e s .  The n o n - d ia ly s a b l e  f r a c t i o n  was 

a l s o  t r e a t e d  w ith  enzymes and t e s t e d  in  the  same m anner.

R e s u l t s

The r e s u l t s  i n  T ab les  2 0 , 21 & 22 show t h a t  none o f  th e  th r e e  

p r o t e o l y t i c  enzymes t e s t e d  had any e f f e c t  on the  i n h i b i t o r y  a c t i v i t y  o f  

th e  whole and n o n - d ia ly s a b l e  f r a c t i o n  o f  Gp e x t r a c t s .  The p e rc e n ta g e  

i n h i b i t i o n  rem ained  unchanged (100 90 a f t e r  in c u b a t io n  f o r  6 , 24 and 

48 h o u r s .  The r e s u l t s  i n d i c a t e ,  i n  g e n e r a l ,  t h a t  th e  a c t i v i t y  o f  Gp 

i n h i b i t o r s  i s  n o t  in f lu e n c e d  by any o f  the  p r o t e in a s e  enzymes t e s t e d .

I t  m ight be a rgued  t h a t  th e  amino a c id s  l i b e r a t e d  by h y d r o ly s i s  o f  

th e  p r o t e i n  would them selves  i n h i b i t  v i ru s *  This seems v e ry  u n l i k e l y ,  

how ever, s in c e  the  r e a c t i o n  m ix tu re s  have been d ia ly s e d  to  remove 

i n t e r f e r i n g  b u f f e r  r e a g e n ts  which w i l l  a l s o  remove sm all  m o le c u la r  

w e ig h t  amino a c i d s .  O ther w orkers  have observed  the  i n s e n s i t i v i t y  o f  

v i r u s  i n h i b i t o r  p r o t e i n  to  p r o t e o l y t i c  enzymes. K assan is  and 

Kleczkowski (1948) found t h a t  th e  i n h i b i t o r  a c t i v i t y  from P h y t o l a c c a . 

e s c u l e n t a  was n o t  d im in ish ed  a f t e r  t r e a tm e n t  w ith  p e p s in  and t r y p s i n .  

S im i l a r  r e s u l t s  were r e p o r te d  by R a g e t l i  and W ein traub  (1982b) who 

found t h a t  the  i n h i b i t o r y  a c t i v i t y  o f  c a r n a t io n  e x t r a c t s  was unchanged
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a f t e r  in c u b a t io n  a t  room tem p e ra tu re  f o r  4 , 9 , 12 and 24 hours  w ith  

each  o f  f o u r  p r o t e o l y t i c  enzymes (p a p a in ,  t r y p s i n ,  l e u c in e  amino- 

p e p t id a s e  and c a rb o x y p e p t id a s e ) .  They su g g es ted  t h a t  the  i n h i b i t o r  

was n o t  a f f e c t e d  due to  the  c y c l i c  s t r u c t u r e  o f  the  i n h i b i t o r  m o lecu le ,  

s in c e  am in o p ep tid ase  and c a rb o x y p ep tid a se  r e q u i r e  f r e e  amino and 

AC- ca rb o x y l  end g ro u p , r e s p e c t i v e l y .  F u r th e rm o re ,  ex p er im en ts  c a r r i e d  

o u t  by Fukaya and T an iguch i ( l9 7 9 )  showed t h a t  the  a c t i v i t y  o f  i n h i b i 

t o r s  e x t r a c t e d  from P h y to la c c a  am ericana  was d im in ish ed  o n ly  by p e p s in ,  

b u t  n o t  by t r y p s i n  and p r o t e a s e .

Z a i t l i n  and S ie g e l  ( 1983 ) found t h a t  enzymes; c h em o try p s in ,  p a p a in ,  

p a n g e s t in  and t r y p s i n  d e s t ro y e d  the  i n h i b i t o r y  a c t i v i t y  o f  to b acco  l e a f  

t i s s u e  when t r e a t e d  a t  h ig h  c o n c e n t r a t i o n  (IOO ^ ig /m l ) . A lpha-am ylase 

and l i p a s e  were a l s o  e f f e c t i v e  a t  h ig h e r  c o n c e n t r a t i o n .  However, th e  

c r y s t a l l i n e  t r y p s i n  and chem otrypsin  a l th o u g h  e f f e c t iv e ,w o r k e d  a t  much 

low er c o n c e n t r a t i o n  ( 2 .0  ^ / m l ) .  On the  o th e r  hand , A lb e rg h in a  (1978) 

n o t i c e d  t h a t  the  a n t i v i r a l  a c t i v i t y  o f  Chenopodium a m a r a n t i c o lo r  

e x t r a c t s  was n o t  red u ced  when the  e x t r a c t s  was mixed w i th  w i th  p ronase  

(4 jng/m l) a t  58 °C f o r  72 h o u r s .  S im i l a r  r e s u l t s  were o b ta in e d  when 

th e  e x t r a c t  was t r e a t e d  w i th  t r y p s i n  f o r  20 m inutes  (S e la  e_t a J . ,  I 988).

The i n s e n s i t i v i t y  o f  Gp e x t r a c t s  to  p r o t e o l y t i c  enzymes i s  n o t  

t h e r e f o r e  a l t o g e t h e r  u n u su a l  and l e a d s  to  the  i d e a s :

1-  The i n h i b i t o r  p r o t e i n s  must be s p e c i a l  i n  some way making i t  r e s i s t 

a n t  to  h y d r o l y s i s .  2 -  T his  may a r i s e  because  the  i n h i b i t o r  i s  a  g ly c o 

p r o t e i n ,  and th e  s u g a r  r a d i c a l s  p r o t e c t  the  m olecule  from enzym atic  

d e g r a d a t io n .

In none o f the  p re v io u s  acco u n ts  o f  i n h i b i t o r  r e s i s t a n c e  to  h y d ro -
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l y s i s  have the  a u th o rs  t e s t e d  the  e f f e c t s  o f  th e se  e x t r a c t s  on the  

a c t i v i t y  o f  th e  p r o t e in a s e s  b e in g  u sed .  In  view o f  t h i s  d e f i c i e n c y  

the  fo l lo w in g  e x p er im en t was u n d e r ta k e n ,  

a )  E f f e c t  o f  Gp v i r u s - i n h i b i t o r  on p r o t e in a s e s

0 .4  mg/ml o f  each  o f  the  th r e e  p r o t e o l y t i c  enzymes ( t r y p s i n ,  p ronase  

and p e p s in )  were p re p a re d  i n  t h e i r  a p p r o p r ia t e  b u f f e r s  as d e s c r ib e d  

above. Two ml o f  each  enzyme s o l u t i o n  were mixed w ith  2 ml o f  bovine 

serum album in (BSA) as s u b s t r a t e  a t  a  c o n c e n t r a t io n  o f  1 mg/ml, and th en  

2 ml o f  Gp e x t r a c t s  p re p a re d  from ly o p h i l i z e d  e x t r a c t s  were added t o  see  i f  

i t  i n h i b i t e d  enzyme a c t i v i t y .  C on tro l samples c o n s i s t e d  o f  p r o t e o l y t i c  

enzyme, ESA and 2 ml o f  the  a p p r o p r ia t e  b u f f e r  i n s t e a d  o f the  Gp e x t r a c t .  

The v a r io u s  enzyme-Gp m ix tu re s  and c o n t r o l  samples were in c u b a te d  a t  

25 °C. At 0 ,  0 . 5 ,  1 .0 ,  1 .5  and 2 .0  h o u r s ,  1 ml o f  each  sample was 

mixed w i th  1 ml of a b s o lu te  a lc o h o l  to  s to p  the  r e a c t i o n .  The samples 

were c e n t r i f u g e d  a t  4 ,0 0 0  rpm f o r  10 m inutes  t o  p r e c i p i t a t e  any 

p r o te in a c o u s  m a t e r i a l s .  One ml o f  the  c l e a r  s u p e r n a ta n t  o f  each  sample 

was t e s t e d  f o r  l i b e r a t e d  amino a c id s  by t r e a t i n g  w ith  4 ml o f  0 .25  %

n in h y d r in .  A r e f e r e n c e  sample c o n s i s t e d  o f  1 ml o f  w a te r  and 4 ml o f

n in h y d r i n .  A l l  the  sam ples and r e f e r e n c e  were h e a te d  in  a  w a te r  b a th  

a t  100 °C f o r  15 m in u te s .  The p e rc e n ta g e  o f  t r a n s m is s io n  o f  each

sample was measured a t  660 nm.

The r e s u l t s  i n  F ig u re  17 show t h a t  the  Gp e x t r a c t s  i n h i b i t e d  

m arked ly  th e  a c t i v i t y  o f  t r y p s i n .  There was a  c o n s id e ra b le  p r o d u c t io n  

o f  f r e e  amino a c id s  when BSA was t r e a t e d  w ith  t r y p s i n  i n  the  absence  o f  

Gp e x t r a c t s .  The c o lo u r  i n  th e  sample c o n ta in in g  Gp e x t r a c t s  was 

i n i t i a l l y  h ig h  due to  amino a c id s  i n  th e  Gp e x t r a c t  i t s e l f ,  how ever.
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F ig u re  1? : E f f e c t s  of G p -v iru s  i n h i b i t o r  e x t r a c t s  on the  a c t i v i t y  

o f  p r o t e in a s e  enzymes

^  Enzyme + BSA + b u f f e r  ( c o n t r o l )
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t h e r e  was a l i t t l e  change in  the  c o lo u r  i n t e n s i t y  showing t h a t  no amino 

a c id s  were produced  by enzymic h y d r o ly s a t io n  o f  the  BSA. G ypsoph ila  

e x t r a c t s  seem to  have a  s i m i l a r  i n h i b i t o r y  e f f e c t  a g a i n s t  p ronase  and 

p e p s in  (F ig u re  1 7 ) ,  a l th o u g h  the  enzymic a c t i v i t y  o f  th e se  l a t t e r  

enzymes was l e s s  th a n  f o r  t r y p s i n .  A h ig h  i n i t i a l  amino a c id  c o n te n t s  

o f  p ronase  p o s s ib le  e x p la in s  the  i n t e n s e  c o lo u r  shown in  th e  i n i t i a l  

sam ples u s in g  t h i s  enzyme sy s tem . I t  can be concluded  from th e s e  

i n t e r e s t i n g  r e s u l t s  t h a t  Gp e x t r a c t s  which showed a  p o te n t  v i r u s  

i n h i b i t i o n ,  can a l s o  i n h i b i t  th e  a c t i v i t y  o f  p r o t e in a s e  enzymes. 

D is c u s s io n

I t  a p p ea rs  when G .p a n i c u l a t a  e x t r a c t s  were t r e a t e d  w i th  e th a n o l  

( f i n a l  c o n c e n t r a t i o n  80 ^  the  i n h i b i t o r y  p r i n c i p l e  o f  th e  e x t r a c t s  

was p r e c i p i t a t e d .  On th e  o t h e r  hand , th e  s u p e r n a ta n ts  produced a f t e r  

t r e a tm e n t  o f  th e  whole and n o n - d ia ly s a b l e  f r a c t i o n  w i th  e th a n o l  

c o n ta in e d  a c t i v e  i n h i b i t o r  compounds g iv in g  80 and 73 % i n h i b i t i o n  

r e s p e c t i v e l y .  S im i l a r  r e s u l t s  have been r e p o r te d  w i th  Amaranthus 

can d a tu s  i n h i b i t o r  e x t r a c t s  which rem ain  in  th e  s u p e r n a t a n t  p ro d u c in g  

52 % i n h i b i t i o n  and a  sm all  amount ( I 4 9Ô a s s o c i a t e d  w i th  th e  p r e c i p i 

t a t e  (Sm ookler, 1 9 7 1 ) .  He su g g e s te d  t h a t  50 % e th a n o l  may be i n s u f f i 

c i e n t  to  p r e c i p i t a t e  th e  i n h i b i t o r  from th e  s a p .  Our r e s u l t s  su p p o r t  

th e  c o n te n t io n  t h a t  i n h i b i t o r y  a c t i v i t y  o f  Gp e x t r a c t s  r e s i d e s  b o th  i n  

l a r g e  m o lecu les  p ro b a b ly  p ro te in a c e o u s  i n  n a t u r e ,  as w e ll  a s ,  i n  o th e r  

sm a l l  m o lecu les  l i k e l y  to  be n o n - p r o te in  s u b s ta n c e s .

Evidence f o r  th e  p ro te in a c e o u s  n a tu r e  o f  p a r t  o f  the  e x t r a c t s  came 

from e x p e r im en ts  u s in g  ammonium s u l p h a t e .  Ammonium s u lp h a te  a c t s  by

II II
a  phenomenon c a l l e d  s a l t i n g  o u t  . Such s a l t i n g  o u t  occu rs  w i th
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p r o t e i n s ,  e l e c t r o l y t e s ,  uncharged  m o lecu les  and g a se s  (White e t  a l . ,  

1968 ) .  The mechanism o f  t h i s  phenomenon m ight be due to  d isp la c e m e n t  

o f  the  s o lv e n t  by the  s a l t  ( K e l l e r  and B lock , I 96O ), and r e s u l t s  in  

a d e c rea se d  i n t e r a c t i o n  between the  s o l u t e  and s o lv e n t  o r  to  the  

rem oval o f  w a te r  m o lecu les  from the  s o l u t e  by the  s a l t  and a  su b seq u en t 

l o s s  i n  the  s o l u t e  s o l u b i l i t y .

The most i n h i b i t o r y  p a r t  o f  Gp e x t r a c t s  was p r e c i p i t a t e d  a t  40 -  

60 % ammonium s u lp h a te  s a t u r a t i o n .  However, o th e r  p r e c i p i t a t e s  

p roduced  by low er l e v e l s  o f  ammonium s u lp h a te  a l s o  showed c o n s id e ra b le  

i n h i b i t i o n  b u t  were l e s s  e f f e c t i v e .  There i s  no c o r r e l a t i o n  between 

p r o t e i n  c o n c e n t r a t i o n  o f  th e  ammonium s u lp h a te  f r a c t i o n s  and t h e i r  

i n h i b i t o r y  a c t i v i t y .

D isc  e l e c t r o p h o r e s i s  o f  ammonium s u lp h a t e  p r e c i p i t a t e s  su g g e s ts  

t h a t  the  i n h i b i t o r y  a c t i v i t y  found in  l a r g e  m o le c u la r  w e igh t compounds 

i s  due to  a  complex o f  p r o t e i n s ,  some o f  which a p p e a r  to  be g ly co 

p r o t e i n s .  G ly c o p ro te in s  have been found to  be r e s p o n sa b le  f o r  the  

i n h i b i t o r y  a c t i v i t y  o f  e x t r a c t s  from P h y to la c c a  e s c u l e n t a  (K assan is  

and K leczkow ski, 1 9 4 8 ) .  Such g ly c o p r o te in s  were s l i g h t l y  h e a t  l a b i l e ,  

p r e c i p i t a t e d  by e th a n o l  and were found to  c o n ta in  8-12 c a rb o h y d ra te .  

P h y to la c c a  a c in o s a  (G upta , I 964 ) and m a t e r i a l s  e x t r a c t e d  from v i r u s  

i n f e c t e d  p l a n t s  (Mozes e t  a l . ,  1978) were a l s o  found  to  c o n ta in  g ly co 

p r o t e i n  v i r u s  i n h i b i t o r s .

Evidence accum ula ted  from  a  number o f  ex p e r im en ts  u s in g  a  v a r i e t y  

o f  te c h n iq u e s  i n d i c a t e  t h a t  the  Gp e x t r a c t s  c o n s i s t  o f ;  1 -  p ro te in a c e o u s  

i n h i b i t o r s  o f  l a r g e  m o le c u la r  w e ig h t .  This c o n c lu s io n  i s  su p p o r te d  by 

e x p e r im en ts  i n c lu d in g  d i a l y s i s ,  ammonium s u lp h a te  p r e c i p i t a t e s  and d i s c
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e l e c t r o p h o r e s i s .  The r e s u l t s  a l s o  showed t h a t  most ammonium s u lp h a te  

p r e c i p i t a t e s  c o n ta in e d  more th an  one p r o t e i n ,  some o f  which a re  g ly co 

p r o t e i n s .  2 -  n o n - p r o te in  i n h i b i t o r s  o f  sm all  m o le c u la r  w e ig h t .  S im i la r  

f r a c t i o n s  have been d e s c r ib e d  by Bawden and Freedman (1 9 5 2 ) ,  H i r a i  and 

Shimomura (19&5), E l-E an d e lg y  and Wilcoxon ( 1966 ) ,  and A pablaza and 

B e r n ie r  (1 9 7 2 ) .

A ttem pts  were made to  co n f irm  the  p ro te in a c e o u s  n a tu re  o f  the  l a r g e  

m o le c u la r  w e ig h t  f r a c t i o n  o f  th e  Gp e x t r a c t s  u s in g  th re e  p r o t e i n a s e s .  

T ry p s in  which i s  a c t i v e  tow ard  p o s i t i v e l y  charged  s u b s t r a t e s  and i t  i s  

u sed  i n  p e p t id e  sequence a n a l y s i s  because  i t  w i l l  h y d ro ly se  p r o t e i n s  a t  

l y s y l  and a r g i n y l  r e s id u e s  to  g iv e  a  l i m i t e d  number o f  p e p t i d e s .

P ronase  which has a  wide s p e c i f i c i t y  toward c a r b o x y l ic  a c id  d e r i v a t i v e s  

and i t s  a c t i v e  s i t e s  a re  c y s t i n e  r e s i d u e s ,  e s s e n t i a l  f o r  c a t a l y s i s .

P e p s in  which can h y d ro ly se  p e p t id e  o f  L-amino a c i d s ,  as w e l l  a s ,  c a t a ly s e  

th e  h y d r o ly s i s  o f  o rg a n ic  s u lp h a te  e s t e r s .  A ll  th e s e  p r o t e o l y t i c  

enzymes had no e f f e c t  on th e  i n h i b i t o r y  a c t i v i t y  o f  th e  whole and non— * 

d i a l y s a b l e  p a r t  o f  Gp v i r u s  i n h i b i t o r s  even  a f t e r  in c u b a t io n  f o r  48 

h o u r s .  S im i la r  r e s u l t s  were o b ta in e d  by a  number o f  w orkers  as  d i s c u s s 

ed e a r l i e r .  R a g e t l i  and W eintraub (1962b) found t h a t  the  i n h i b i t o r y  

a c t i v i t y  o f  the  p r o t e i n - v i r u s  i n h i b i t o r  e x t r a c t e d  from B ian thus  

c a ry o p h y l lu s  was unchanged a f t e r  i n c u b a t io n  w i th  each  o f  f o u r  p ro te o 

l y t i c  enzymes (see  e a r l i e r ) ,  and r e l a t e d  t h i s  o b s e r v a t io n  to  th e  p o s s i 

b le  c y c l i c  s t r u c t u r e  o f  th e  p r o t e i n .  F u r th e rm o re ,  B ian th u s  i n h i b i t o r  

was n o t  a f f e c t e d  by t r y p s i n ,  d e s p i t e  the  p re sen ce  o f  l y s in e  i n  the  

m o le c u le ,  t h i s  th e y  s u g g e s te d ,  i n d i c a t e s  t h a t  d i s u lp h id e  groups were 

n o t  in v o lv e d  in  m a in ta in in g  the  s t r u c t u r a l  i n t e g r i t y  o f  the  m o le c u le .
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A lb e rg h in a  (1976) found t h a t  t r y p s i n  and p ronase  d id  n o t  red u ce  th e  

a n t i v i r a l  a c t i v i t y  o f  C.a m a r a n t i c o lo r  e x t r a c t s ,  and su g g es te d  t h a t  th e  

i n h i b i t o r  i s  n o t  a  p r o t e i n ,  b u t  some o th e r  h ig h  m o le c u la r  w e ig h t  compound.

The p ro te in a c e o u s  n a tu re  o f  the  v i r u s  i n h i b i t o r s  from P . e s c u l e n t a  

(K a ssan is  and K leczkow ski, 1 9 4 8 ) ,  P . am ericana  (Pukaya and T a n ig u c h i ,

1979 ) has  been e s t a b l i s h e d .  However, b o th  i n h i b i t o r s  were u n a f f e c t e d  

by p ro n ase  and t r y p s i n .  The l a t t e r  e x t r a c t  was a f f e c t e d  by p r o t e in a s e s  

when the  r e a c t i o n  m ix tu re  was d i l u t e d .  F u r th e rm o re ,  Z a i t l i n  and S ie g e l  

( 1963 ) d e s c r ib e d  th e  i n h i b i t o r  i n  the  homogenate o f  to b acco  l e a f  t i s s u e  

as  a  h e a t  s t a b l e  p r o t e i n .  When t h i s  e x t r a c t  was mixed w ith  s e v e r a l  

enzymes, i t  was e f f e c t e d  o n ly  a t  h ig h e r  enzyme c o n c e n t r a t io n s  

( 0.01  m g/m l) . They su g g e s t  t h a t  the  s e n s i t i v i t y  o f  i n h i b i t o r  to  low 

c o n c e n t r a t i o n  o f  t r y p s i n  and chem otrypsin  was due to  th e  p re sen c e  o f  

p e p t id e  bonds n e c e s s a r y  f o r  i t s  a c t i v i t y  as a  v i r u s  i n h i b i t o r .

I f  p r o t e i n a s e s  a c t  on G p -v iru s  i n h i b i t o r  p r o t e i n s ,  the  amino a c id s  

l i b e r a t e d  m ight be r e s p o n s ib l e  f o r  v i r u s  i n h i b i t i o n  and t h i s  to o  m ight 

e x p la i n  the  o b s e r v a t io n s  o f  o th e r  w o rk e rs .  However, as e x p la in e d  

e a r l i e r ,  our e x t r a c t s  c o n ta in  no f r e e  amino a c id s  because  the  sam ples 

have been d i a l y s e d .  The a p p a r e n t  i n s e n s i t i v i t y  o f  th e  e x t r a c t s  t o  

p r o t e o l y t i c  enzyme d e g ra d a t io n  comes ab o u t  because  the  Gp e x t r a c t s  a c t  

as  o r  c o n ta in  t r y p s i n  i n h i b i t o r ,  which a l s o  in f lu e n c e s  p ronase  and 

p e p s in .  T ry p s in  i n h i b i t o r  (T l )  has  been i s o l a t e d  from an im a ls  b u t  more 

im p o r ta n t l y  from a  number o f  p l a n t  m a t e r i a l s .  That from o x -p an c rea se  

o b ta in e d  by K unitz  and N orth rop  (1936) , i s  a  sm all  p r o t e i n  w i th  mole

c u l a r  w e ig h t  ab o u t  9 ,0 0 0 .  In  the  pH range  4-8  the  i n h i b i t o r  r e a c t s  

w i th  t r y p s i n  to  form an a c t i v e  complex, which can be c r y s t a l l i z e d .
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T ry p s in  i n h i b i t o r s  a r e  a l s o  p r e s e n t  in  human p la c e n ta  (S ce v o la ,  I 9 56 ) ,  

and in  A sc a r is  (G reen, 1957)»

Soybean TI has  been c r y s t a l l i z e d  from soybean by K un itz  (1947* 1948) , 

and from Lima bean by Tauber ^  (1 9 4 9 ) .  Moreover, S tead  e t

11966) found w ith  soybeans t h a t  the  peaks e lu t e d  from D EA E-cellu lose up 

to  0 .17  M NaCl had r e s i d u a l  t r y p s i n - i n h i b i t o r y  a c t i v i t y ,  those  e l u t e d  

a f t e r  0 .17  M NaCl had h ig h e r  a c t i v i t y .  However, E ack is  e t  a l .  (1959) 

r e p o r t e d  maximal t r y p s i n - i n h i b i t o r  a c t i v i t y  a f t e r  O.17  M NaCl, b u t  no 

a c t i v i t y  a t  a l l  i n  the  e a r l i e r  peaks o f  t h e i r  s e p a r a t i o n .

T ry p s in  i n h i b i t o r s  r e a c t  w i th  o th e r  enzymes. For exam ple, p lasm in  

i s  i n h i b i t e d  by the  soybean TI (Tagnon and S u l i e r , 194 6 ),  th e  o x - lu n g  

TI (A s tru p  and S ta g e ,  1956), and the  plasm a i n h i b i t o r  I  from ox -b lood  

(Wu and Laskow ski, I 96O). I t  i s  n o t  s u r p r i s i n g  t h e r e f o r e  t h a t  p ronase  

and p e p s in  a re  a l s o  i n h i b i t e d  by the  TI from Gp e x t r a c t s .  The q u e s t i o n  

r e m a in s , i s  t h i s  T I  a l s o  th e  v i r u s  i n h i b i t o r ? .  H a jj  (1976) found t h a t  

c rude  e x t r a c t s  p re p a re d  from soybean and f r e n c h  bean c o n ta in e d  g ly c o 

p r o t e i n s  w i th  t r y p s i n - i n h i b i t o r  a c t i v i t y .  These e x t r a c t s  a l s o  p o s se sse d  

th e  a b i l i t y  to  i n h i b i t  v i r u s .  H a j j ,  showed t h a t  the  commerical soybean 

t r y p s i n - i n h i b i t o r  was n o t  i d e n t i c a l  w ith  th e  v i r u s  i n h i b i t o r s  e x t r a c t e d  

from th e se  two s p e c i e s .  The TI i s  th o u g h t  to  be a  pu re  p r o t e i n  (Wu and 

S c h e ra g a ,  1962), whereas v i r u s  i n h i b i t o r  a  g ly c o p r o te in  (H a j j ,  1 9 7 6 ) .

I t  i s  p ro b a b le  t h a t  the  v i r u s  i n h i b i t o r  p r o t e in s  ( g ly c o p r o te in s )  

a r e  s e p a r a te  compounds from T I and t h a t  th e  l a t t e r  p r o t e c t s  the  v i r u s  

i n h i b i t o r  from enzym atic  d e g r a d a t io n  so  making i t  lo o k  l i k e s  a  p r o t e i n 

ase  r e s i s t a n c e  p r o t e i n  w ith  u n u su a l  p r o p e r t i e s .

T h is  i n v e s t i g a t i o n  s u g g e s ts  t h a t  G .p a n i c u l a t a  i n h i b i t o r s  may n o t
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be a  s i n g l e  s u b s ta n c e ,  b u t  r a t h e r ,  a  group o f  c l o s e l y  r e l a t e d  s u b s ta n c e s  

h a v in g  v a r io u s  p r o p e r t i e s ,  Hore d e t a i l s  co n ce rn in g  the  chem ical n a tu r e  

o f  th e  e x t r a c t s  w i l l  be g iv en  in  the  fo l lo w in g  c h a p te r .
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CHAPTER V I

CHEMICAL NATURE OF GYPSOPHILA PANICULATA EXTRACTS

P rev io u s  s t u d i e s  on the  p r o p e r t i e s  o f  G.p a n i c u l a t a  e x t r a c t s  have 

shown t h a t  v i r u s  i n h i b i t o r  f r a c t i o n s  from t h i s  p l a n t  c o n s i s t  o f  

a  complex m ix tu re  o f  compounds, some o f  which a re  p ro te in a c e o u s  in  

n a tu r e  and o t h e r s , o f  low m o le c u la r  w e ig h t ,n o n -p ro te in a c e o u s  compounds. 

Gel f i l t r a t i o n  and io n  exchange chrom atography te c h n iq u e s  have been  

u sed  to  i d e n t i f y  more p r e c i s e l y  th e  n a tu re  o f  the  i n h i b i t o r y  compounds 

to  g a in  in fo r m a t io n  r e g a r d in g  m o le c u la r  w e igh t and o th e r  p r o p e r t i e s  o f  

th e  f r a c t i o n s .  Amino a c id s  and su g a rs  in  th e  low m o le c u la r  w e ig h t 

f r a c t i o n s  have a l s o  been  examined.

For s i m p l i c i t y ,  r e s u l t s  w i l l  be d e s c r ib e d  in  two s e p a r a te  s e c t io n s  

A and B. In  s e c t i o n  A, s t u d i e s  c a r r i e d  o u t  on the  p ro te in a c e o u s  

f r a c t i o n s  a re  d e s c r ib e d .  In  s e c t i o n  B, the  r e s u l t s  o f  i n v e s t i g a t i o n s  

o f  the  low m o le c u la r  w e igh t f r a c t i o n s  a re  g iv e n .

SECTION A

STUDIES OF THE PROTEINACEOUS PORTION

The p ro te in a c e o u s  n a tu r e  o f  some p l a n t  v i r u s  i n h i b i t o r s  has been  

w id e ly  r e p o r t e d  by v a r io u s  r e s e a r c h e r s .  The f i r s t  r e p o r t  was made by 

Osborne and Campbell (1898) who used  s a l t  e x t r a c t i o n  and p r e c i p i t a t i o n  

methods to  s e p a r a t e  and i d e n t i f y  f o u r  d i f f e r e n t  v i r u s  i n h i b i t o r  p r o t e i n s  

from so y b ean s .  Recent i n v e s t i g a t i o n s  have shown some p l a n t  i n h i b i t o r  

e x t r a c t s  c o n ta i n  a  l a r g e  number o f  d i f f e r e n t  p r o t e i n s  w ith  a  v a r i e t y  

o f  b io ch em ica l  a c t i v i t i e s .  Wu and S cheraga  (1962) i s o l a t e d  a  p r o t e i n  

w ith  v i r u s  and t r y p s i n  i n h i b i t o r  a c t i v i t y  from  soybean e x t r a c t s  and
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d e s c r ib e d  i t  a s  h av in g  a  m o le c u la r  w eigh t of 2 1 ,0 0 0 .  Smookler ( l 9 7 l )  

u s in g  g e l —f i l t r a t i o n  (Sephadex G—200) found v i r u s  i n h i b i t o r  p r o t e in s  

o f  m o le c u la r  w e ig h ts  o f  25 ,000  -  58 ,000 in  e x t r a c t s  from Chenopodium 

a m a r a n t i c o lo r , Chenopodium album, A t r ip l e x  n i te n s  and Amaranthus 

c a u d a tu s . T an ig u ch i (1974) who a l s o  used  Sephadex G-200, G-100 and 

G—50 g e l  f i l t r a t i o n ,  found t h a t  the  p a r t i a l l y  p u r i f i e d  i n h i b i t o r  from 

crude  e x t r a c t s  o f  f r e n c h  bean le a v e s  c o n ta in e d  compounds o f  s e v e r a l  

m o le c u la r  s i z e s .  R e c e n t ly ,  T an iguch i and Goto (1979) p u r i f i e d  a  v i r u s  

i n h i b i t o r  p r o t e i n  from C .a m a ra n t ic o lo r  le a v e s  by Sephadex G-100, G-50 

and DEAE -  Sephadex io n  exchange chrom atography , th e y  found the  i n h i b i t o r  

to  have a m o le c u la r  w e ig h t  o f  52 ,000 .

1 .  Gel f i l t r a t i o n  o f  G .p a n ic u la ta  e x t r a c t s

a )  Column chrom atography  o f  Gp e x t r a c t s  on Sephadex G-100

Sephadex G—100 g e l  f i l t r a t i o n  medium was p re p a red  and packed i n t o  

a  g l a s s  column 1 .5  x 50 cm by the  method o f  Andrews ( 1964» 19^5)* The 

Sephadex G-100 was sw o l len  a t  room tem p e ra tu re  in  d i s t i l l e d  w a te r  f o r  

5 d a y s .  The w a te r  and the  sm all  g e l  p a r t i c l e s  were removed by d é c a n ta 

t i o n  and th e  g e l  was th en  mixed w ith  0 .06  M phosphate  b u f f e r  pH 7 . 0 .  

Three h o u rs  l a t e r ,  the  b u f f e r  was d e can ted  and the  g e l  su sp e n s io n  was 

d eg assed  u n d e r  p r e s s u r e .  The g e l  s u sp e n s io n  was packed i n to  a  g l a s s  

column by p o u r in g  a  sm a ll  amount o f  th e  g e l  i n t o  the  column which was 

a l r e a d y  f i l l e d  w i th  phosphate  b u f f e r  pH 7 .0 .  Excess l i q u i d  was a llow ed  

to  p a ss  th ro u g h  th e  grow ing g e l -b e d  and the  g e l  was poured  i n t o  the  

column to  a  b e d - h e ig h t  o f  55-40 cm. Phosphate  b u f f e r  pH 7 .0  was a llow ed  

to  p ass  th rough  th e  column a t  a  c o n s ta n t  f lo w  r a t e  o f  10 ml p e r  hou r 

f o r  2 days a t  4 ^C. The b u f f e r  r e s e v o i r ,  the  i n l e t  and o u t l e t  tu b es
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to  the  column were a rran g ed  to  produce a  30 cm o p e r a t in g  p r e s s u r e .

The column was checked f o r  i r r e g u l a r i t i e s  by p a s s in g  th rough  i t  a  1 ml 

m ix tu re  o f  b lue  d e x t r a n ,  ye llow  d e x t ra n  and v i ta m in  B12 to  observe  i f  

any skewness i n  th e  bands d ev e lo p ed . When n o t  in  u s e ,  the  column was 

c o n t in u o u s ly  e l u t e d  w ith  phosphate  b u f f e r  pH 7 .0 .

L y o p h i l iz e d  G ypsoph ila  e x t r a c t s  C50 mg) were d i s s o lv e d  in  2 ml o f  

0 ,0 6  M phospha te  b u f f e r  pH 7*0 and la y e r e d  onto  the  column. The sample 

was e lu t e d  w ith  phosphate  b u f f e r  and f r a c t i o n s  c o l l e c t e d  on a volume 

b a se s  (1 ml each  5 m in u te s )  u s in g  a  f r a c t i o n  c o l l e c t o r .  To d e te rm in e  

th e  e l u t i o n  vo lum es, e f f l u e n t  f r a c t i o n s  were c o l l e c t e d  im m edia te ly  as  

th e  sam ple had e n te r e d  the  column. U l t r a v i o l e t  a b s o r p t io n  measurments 

were made a t  280 nm.

The e l u t i o n  p r o f i l e s  o f  Gp e x t r a c t s  i s  shown i n  F ig u re  18. Three 

peaks  w ith  e l u t i o n  volume (Ve) o f  19 ml ( p e a k ' l ) ,  24 ml (peak I I )  and 

54 ml (peak I I I )  a r e  o b v io u s ,  w ith  a  s h o u ld e r  a t  ab o u t  (Ve) 75 m l.

E f f l u e n t  f r a c t i o n s  from each  peak were a ssay ed  f o r  i n h i b i t o r y  a c t i 

v i t y  a g a i n s t  TNV. For t h i s  p u rp o se ,  2 ml from each  peak were mixed w ith  

an eq u a l  volume o f  TNV and t e s t e d  f o r  i n h i b i t o r y  a c t i v i t y  on f r e n c h  bean 

l e a v e s .  C on tro l sam ples c o n s i s t e d  o f  2 ml o f  TNV and 2 ml o f  p hosphate  

b u f f e r .  Measurements were a l s o  made on the  p r o t e i n  c o n te n t  o f  the  peaks 

by Lowry m ethod. R e s u l t s  in  F ig u re  18 show t h a t  peak I I  c o n ta in e d  

most o f  th e  i n h i b i t o r y  a c t i v i t y  g iv in g  81 % i n h i b i t i o n ,  and the  h i g h e s t  

p r o t e i n  c o n c e n t r a t i o n  ( l 88 ^ g / m l ) .  Peaks I  & I I I  were a l s o  i n h i b i t o r y  

to  l o c a l  l e s i o n  p ro d u c t io n  by TNV g iv in g  28 and 43 % i n h i b i t i o n  r e s p e c t 

i v e l y .  However, Peak I ,  c o n ta in e d  th e  lo w e s t  p r o t e i n  c o n c e n t r a t io n  

( 9 8 ^ g / m l ) ,  peak I I I ,  c o n ta in e d  n e a r ly  the  same p r o t e i n  c o n c e n t r a -
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t i o n  as  peak I I  (174  ̂ b u t  showed l e s s  i n h i b i t i o n ,

b )  D isc  e l e c t r o p h o r e s i s  o f  the  Sephadex G-100 f r a c t i o n s  from Gp e x t r a c t s

0 ,2  ml o f  each  peak ( l ,  11 & 111 ) were la y e r e d  on g e l s  p re p a red  

as  d e s c r ib e d  p r e v io u s ly .  F ig u re  shows t h a t  Peak 1 c o n ta in e d  two 

p r o t e i n  b an d s ,  l o c a t e d  a t  th e  u pper  h a l f  o f  the  g e l  a t  Ef = 0 , ^ 6- 0 , 2 5 , 

and a v e r y  wide d i f f u s e  band o f g ly c o p r o te in .  Peak 11 c o n ta in e d  4 bands 

o f  p r o t e i n ,  two were lo c a t e d  i n  the  m iddle  (Ef = 0 , 4 0 - 0 ,6 0 ) ,  one i n  the  

u p p e r  (Ef = 0,21 ) and one i n  the  low er p a r t  o f  th e  g-el (Ef = 0 ,92 ) .

The 3 g ly c o p r o te in  bands o f  Peak 11 were l o c a t e d  in  the  u p p e r ,  m id d le ,  

and th e  low er p a r t  o f  the  g e l  w ith  E f ' s  v a lu e s  0 ,2 4 ,  0 ,6 0  and 0 ,9 0 ,

Peak 111 c o n s i s t e d  o f  3 bands o f  p r o t e i n  (Ef = 0 ,3 3 ,  0,81 and 0 , 9 2 ) ,  

and 2 bands o f  g ly c o p r o t e in  (E f = 0 ,3 0  & 0 ,7 9 )*  I t  was observed  t h a t  

th e  Ef v a lu e s  o f  p r o t e i n  in  peak 11 co rresponded  c l o s e l y  to  t h a t  o f  th e  

g l y c o p r o t e i n .  I t  seems re a s o n a b le  to  s u g g e s t ,  t h e r e f o r e ,  t h a t  the  

i n h i b i t o r  in  peak 11 i s  a  g ly c o p r o t e in  a t  l e a s t  in  p a r t ,

c )  M o lecu la r  w e ig h t  d e te r m in a t io n  o f  Gp e x t r a c t  components by 

Sephadex G-100

W hitaker ( l 9^3) and Andrews ( l 9^4; 19^3) have shown t h a t  a  c o r r e l a 

t i o n  e x i s t s  between e l u t i o n  volume on Sephadex G-100 and th e  m o le c u la r  

w e ig h t  o f  g l o b u la r  p r o t e i n s .  In  o r d e r  to  c a l i b r a t e  th e  G-100 column 

and d e te rm in e  th e  m o le c u la r  w e ig h ts  o f  the  peak m a te r i a l s  p r e s e n t  i n  

Gp e x t r a c t s ,  i t  was n e c e s s a r y  to  p l o t  Ye/Vo r a t i o s  o f  a  number o f  

g l o b u l a r  p r o t e i n s  a g a i n s t  t h e i r  lo g a r i th m ic  m o le c u la r  w e ig h t ,  Ve i s  

th e  e f f l u e n t  volume c o n ta i n in g  th e  maximum c o n c e n t r a t io n  o f  p r o t e i n  

e s t im a te d  to  the  n e a r e s t  1 ml from the  e l u t i o n  d iag ram s, and Vo i s  the  

v o id  volume m easured by f i n d i n g  the  e l u t i o n  volume o f  b lu e  d e x t r a n  2000 #
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F ig u re  19 : D isc e l e c t r o p h o r e s i s  o f  the  Sephadex G-100 f r a c t i o n s  

from G .p a n ic u la ta  e x t r a c t s

Peak I

P r o t e i n

Peak I I

P r o t e i n

Peak I I I

E = 3

P ro te  i n

Peak I

!  •••

Peak I I Peak I I I

G ly c o p ro te in  G ly c o p ro te in  G ly c o p ro te in

P o s i t i o n  o f  m arker

S had ing  i n d i c a t e s  i n t e n s i t y  o f  band s t a i n i n g
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P r o t e i n s  used  as  s t a n d a r d s ,  t h e i r  e l u t i o n  volumes and m o le c u la r  w e igh ts  

a re  shown in  Table 2% Readings o f  Ve/Vo, p l o t t e d  a g a i n s t  t h e i r  l o g a r i 

thm ic m o le c u la r  w e ig h t were found to  g iv e  a  l i n e a r  r e l a t i o n s h i p  ( P ig .  2 0 ) .

Ve/Vo r a t i o s  f o r  the  th re e  peaks o b ta in e d  from G .p a n ic u la ta  

e x t r a c t s  showed t h a t  the  m o le c u la r  w e ig h ts  o f  the  i n h i b i t o r s  ranged  

betw een 27 ,500  (peak l ) ,  12 ,600 (peak I I )  and 2 ,000  (peak I I I ) ,

d )  Sephadex G-100 column chrom atography o f  Gp e x t r a c t s  fo l lo w in g  

v a r io u s  t r e a tm e n ts

In  c h a p te r  V, i t  has been shown t h a t  the  e f f e c t s  o f  v a r io u s  t r e a t 

ments ( h e a t ,  d i a l y s i s  and e th a n o l )  i n d i c a t e  t h a t  Gp e x t r a c t s  c o n s i s t  

o f  complex m a t e r i a l s ,  b u t  the  m ajor p a r t  o f  th e  i n h i b i t o r  i s  p r o t e i n -  

aceous  in  n a t u r e .  To i n v e s t i g a t e  how th e se  v a r io u s  t r e a tm e n ts  a f f e c t  

th e  e x t r a c t s ,  2 ml o f  each  t r e a t e d  sample was an a ly se d  by p a s s in g  

th ro u g h  the  G-100 column.

i .  Heated e x t r a c t

A lthough h e a t  had o n ly  s l i g h t  e f f e c t s  on the  i n h i b i t o r y  a c t i v i t y  

o f  Gp e x t r a c t s ,  the  Sephadex G-100 p r o f i l e  showed t h a t  h e a t in g  removed 

peaks I  & I I  (F ig u re  2 1 ) ,  s u g g e s t in g  the  d e s t r u c t i o n  o f  p r o t e i n  c o n s t i 

t u e n t s  o f  th e se  two p e a k s .  Peak I I I ,w h ic h  showed 43 % i n h i b i t i o n  in  

u n h ea ted  e x t r a c t s ,  f r a c t i o n a t e d  i n to  two peaks ( ï ï - I I I - a  & E - I I I - b ) .

Peak H - I I I - a  showed h ig h e r  c o n c e n t r a t io n  o f  p r o t e i n  ( l6 8  )ig /ml)  and 

produced  36 % i n h i b i t i o n ;  whereas peak H - I I I - b  c o n ta in e d  l e s s  p r o t e i n  

b u t  produced g r e a t e r  i n h i b i t i o n  (52 9Ô*

i i .  R ia ly se d  e x t r a c t

I t  has  been  p r e v io u s ly  shown t h a t  the  i n h i b i t o r y  a c t i v i t y  o f  Gp 

e x t r a c t s  was found  in  b o th  n o n - d ia l  y s a b le  (KD) and d i a l y s a b l e  (l>)
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f r a c t i o n s .  When the  f r a c t i o n s  were passed  th rough  Sephadex G-100, i t  

was found t h a t  the  n o n - d i a ly s a b le  f r a c t i o n  c o n ta in e d  3 peaks (EDI,

NDII & NDIIl) w ith  p r o t e i n  c o n c e n t r a t io n  o f  64 , 150 and 58 yg/ml 

r e s p e c t i v e l y .  Each peak i n h i b i t e d  TNY. The n o n - d ia ly s a b le  f r a c t i o n  

c o n ta in e d  most o f  peaks I  & I I  and p a r t  o f  peak I I I  p r e s e n t  i n  the  

l y o p h i l i z e d  Gp e x t r a c t s .  Peaks EDIT & NDIII showed the  h ig h e s t  l e v e l  

o f  a c t i v i t y  g iv in g  85 % and 78 % i n h i b i t i o n  r e s p e c t i v e l y .  Peak EDI, 

how ever, showed o n ly  37 % i n h i b i t i o n  (F ig u re  2 2 ) ,

The d i a l y s a b l e  f r a c t i o n  which had p r e v io u s ly  been shown to  r e t a i n  

some o f  th e  i n h i b i t o r y  a c t i v i t y  o f  the  whole e x t r a c t s ,  b u t  d id  n o t  s t a i n  

i n  the  e l e c t r o p h o r e s i s  ex p e r im en ts  ( c h a p te r  V ), c o n ta in e d  o n ly  p a r t  o f  

peak I I I  and i s  r e f e r r e d  to  as  D i l i .  The compounds i n  peak D i l i  ( F ig ,  23) 

showed 40 #  i n h i b i t i o n  and c o n ta in e d  h ig h  l e v e l s  o f  p r o t e i n  j i g / m l ) ,

I t  seems l i k e l y ,  t h e r e f o r e ,  t h a t  peak D i l i  c o n s i s t s  in  p a r t ,  o f  a  

number o f low m o le c u la r  w e ig h t  su b s ta n c e s  l i k e l y  to  be amino a c id s  and 

c a r b o h y d r a t e s ,  s in c e  th e  d i a l y s a b l e  f r a c t i o n  gave p o s i t i v e  r e a c t i o n  

w i th  amino a c id  and c a rb o h y d ra te  t e s t s  as d e s c r ib e d  e a r l i e r .  The 

a p p a r e n t ly  h ig h  l e v e l s  o f  p r o t e i n  i n  peak D i l i  i s  p ro b a b ly  a t t r i b u t a b l e  

to  the  t y r o s in e  and t ry p to p h a n  c o n t e n t s .  These two f r e e  amino a c id s  

a re  known to  r e a c t  s t r o n g l y  and produced c o lo u r  w i th  th e  Lowry r e a g e n t .  

S tu d ie s  d e s c r ib e d  in  the  l a t e r  s e c t i o n  were u n d e r ta k en  to  e l u c i d a t e  

f u r t h e r  d e t a i l s  c o n c e rn in g  the  sm all m o le c u la r  w e igh t compounds in  

Gp e x t r a c t s  p a r t i c u l a r l y  i n  the  d i a l y s a b l e  f r a c t i o n ,

i i i .  E thano l t r e a t e d  e x t r a c t

As p r e v io u s ly  d e s c r ib e d ,  2 ml o f  Gp e x t r a c t s  were mixed w i th  8 ml 

e t h a n o l .  The p r e c i p i t a t e  produced was removed by c e n t r i f u g a t i o n  and
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d i s s o lv e d  i n  2 ml o f  o . 06 M phosphate  b u f f e r  pH 7 .0 ,  th en  la y e r e d  

o n to  the  column. I t  was found t h a t  e th a n o l  t r e a tm e n t  o f  Gp e x t r a c t s  

p r e c i p i t a t e d  a l l  compounds i n  peaks I  & I I  g iv in g  one l a r g e  peak (E P i) 

as  shown in  F ig u re  24 .  This peak showed 8? % i n h i b i t i o n  and h ig h  a  

c o n c e n t r a t i o n  o f  p r o t e i n  (26l p g /m l ) .  The s u p e r n a ta n t  c o n s i s t e d  o f  

peak  I I I  which i s  r e f e r r e d  to  as  E S I I I .  Peak E S I I I  produced 44 % 

i n h i b i t i o n  and c o n ta in e d  156 ^ g /m l o f  p r o t e i n  (F ig u re  2 5 ) .

These r e s u l t s  s u p p o r t  th e  id e a  t h a t  i n  t h i s  e x t r a c t  the  main p a r t  

o f  th e  i n h i b i t o r  i s  p ro te in a c e o u s  i n  n a tu r e  and found in  peaks I  & I I  

(F ig u re  1 8 ) .  On the  o th e r  hand , the  m a t e r i a l s  i n  peak I I I  c o n ta in  

p r o te in a c e o u s  and non-p ro  te  in ace  ous s u b s ta n c e s .  The non -p ro  te  in a ce  ous 

f r a c t i o n  i s  u n a f f e c t e d  by h e a t ,  n o t  p r e c i p i t a t e d  by e th a n o l  and o f  

sm a l l  m o le c u la r  w e ig h t ,  b u t  n e v e r th e l e s s  i n h i b i t s  TNV. Sephadex column 

chrom atography  has  confirm ed  t h a t  G .p a n i c u l a t a  i n h i b i t o r s  a r e  complex 

m ix tu re s  o f  compounds, th e  m ajo r p a r t  b e in g  p ro te in a c e o u s  i n  n a tu r e  

w i th  m o le c u la r  w eigh ts  r a n g in g  betw een 12,600 -  2 7 ,5 0 0 .

2 .  Ion  exchange chrom atography

S e v e ra l  compounds such  a s  p r o t e i n s ,  hormones, n u c l e i c  a c id s  and 

c a r b o h y d ra te s  have been e f f i c i e n t l y  s e p a ra te d  u s in g  io n  exchange 

c e l l u l o s e .  A number o f  c e l l u l o s i c  io n  exchangers  a re  now a v a i l a b l e Î 

how ever, th e  c a t i o n  exchangers  carboxym ethyl c e l l u l o s e  (CN-52), and 

th e  a n io n  exch an g ers  N ,N ,d ie th y la m in o e th y l  c e l l u l o s e  (DEAE-52) a re  

th o se  most w id e ly  used  ( P e te r s o n  and S o b e r ,  1962) .

Some r e s e a r c h e r s  have used  io n  exchangers  i n  the  p u r i f i c a t i o n  and 

c h a r a c t e r i z a t i o n  o f  p l a n t  v i r u s  i n h i b i t o r s .  R a g e t l i  and V e in trau b  

( 1962a )  p u r i f i e d  the  i n h i b i t o r  from  P ia n th u s  c a ry o p h y l lu s  by a d s o r p t io n
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o n to  CK—c e l l u l o s e  a t  pH 6,0« However, the  i n h i b i t o r  was n o t  adsorbed  

a t  pH 7*5 by D E A E -ce llu lose . S e la  e t  a l ,  ( l 964) s e p a ra te d  an a n t i v i r a l  

f a c t o r  which o c c u r red  in  N ic o t ia n a  g l u t i n o s a  i n f e c t e d  w ith  TKV by 

u s in g  DEAE and C M -cellu lose  a t  pH 7 .6  and pH 4 .0  r e s p e c t i v e l y .

R e c e n t ly ,  S t i r p e  e t  a l ,  (1981) used C W -cellu lose  (CM-52) i n  th e  p u r i f i 

c a t i o n ,  from c a r n a t i o n  l e a v e s ,  o f  two p r o t e in s  each  w ith  p r o t e i n  sy n th e 

s i s  and v i r u s  i n h i b i t o r  p r o p e r t i e s ,  Pukaya and T an iguch i (1979) a l s o  

p u r i f i e d  an i n h i b i t o r  o f  p l a n t  v i r u s  i n f e c t i o n  o c c u r r in g  in  the  le a v e s  

o f  F , am erican a  by u s in g  ion -exchange  columns (DEAE & C M -c e l lu lo se ) ,

a )  Column chrom atography u s in g  CK-52 c e l l u l o s e

A su sp e n s io n  o f  Whatman CK-52 c e l l u l o s e  was p re p a red  a c c o rd in g  to  

th e  m a n u fa c tu re r s  i n s t r u c t i o n s ,  Ihe  su sp e n s io n  was packed i n t o  a  g l a s s  

column 1 ,5  X 40 cm. The b u f f e r ,  0 .03  M c i t r i c  a c id -p h o sp h a te  pH 4 . 0 ,  

was a llo w ed  to  p a ss  th ro u g h  th e  column a t  a  c o n s ta n t  f low  r a t e  o f  50 ml 

p e r  h ou r  i n  the  c o ld  room f o r  24 h o u r s .  Two ml o f  s ta n d a rd  c i t r i c  a c i d -  

phosphate  b u f f e r  pH 4 .0  c o n ta i n in g  5 mg o f  l y o p h i l i z e d  Gp e x t r a c t s  were 

a p p l i e d  to  th e  column. E l u t io n  was c a r r i e d  o u t  u s in g  a  co n tin u o u s  l i n e a r  

s a l t  g r a d i e n t  up to  0 ,5  M NaCl in  0 ,03  M c i t r i c  a c id -p h o sp h a te  b u f f e r .

The e l u t i o n  p r o f i l e s  o f  Gp e x t r a c t s  r e v e a le d  4 peaks ( a ,  B, C & D ), 

Peak A was e l u t e d  by 0 ,13  M NaCl, peak  B by 0 ,2 0  M NaCl; whereas peaks 

C & D e l u t e d  w i th  0 ,22  and 0 ,2 5  M NaCl r e s p e c t i v e l y  (F igu re  2 6 ) ,  The 

f r a c t i o n s  were d ia ly s e d  f o r  two days a g a i n s t  3 changes o f  500 ml 

d i s t i l l e d  w a te r  i n  a  c o ld  room a t  10 °C to  remove the  N a d ,  and th e y  

were th e n  t e s t e d  1 -  f o r  i n h i b i t o r y  a c t i v i t y  a g a i n s t  TNV 2 -  f o r  p r o t e i n  

c o n te n t  by th e  Dowry e t  a l ,  method, and 3- examined by d i s c  e l e c t r o 

p h o r e s i s  u s in g  p o ly a c ry lam id e  g e l .
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R e s u l t s  in  Table 24 show t h a t  peak B was n o t  i n h i b i t o r y ,  b u t  c o n ta in 

ed a  p r o t e i n  c o n c e n t r a t i o n  o f  1 1 0 y ig /m l. Peak A showed some i n h i b i t i o n  

( l6  9Ô and c o n ta in e d  the  lo w e s t  c o n c e n t r a t io n  o f  p r o t e i n  (43 ^ g / m l ) .

Peak C, showed th e  h ig h e s t  i n h i b i t o r y  a c t i v i t y  g iv in g  41 % i n h i b i t i o n  

and the  h i g h e s t  p r o t e i n  c o n c e n t r a t i o n  ( l 2 5 ^ / m l ) .  Peak D, which gave 

39 % i n h i b i t i o n  c o n ta in e d  n e a r l y  the  same p r o t e i n  c o n c e n t r a t io n  

(113 a s  peak C.

D isc  e l e c t r o p h o r e s i s  in  F ig u re s  27 and 28 show t h a t  peak A, which 

was i n h i b i t o r y  ( l 6  ^ , c o n s i s t e d  o n ly  o f  one band o f  p r o t e i n  (Rf = 0 . 3 1 ) » 

and one wide band o f g ly c o p r o te in  l o c a t e d  a t  the  m iddle  o f  the  g e l  

(Rf = 0 .6 0 )*  Peak C, which produced the  h ig h e s t  i n h i b i t i o n  (4 I ^ , 

c o n s i s t e d  o f  3 bands o f  p r o t e i n  (Rf = 0 .7 9 ,  O.64  & 0 .2 3 )  and 3 bands o f  

g ly c o p r o t e in  (Rf = 0 .8 0 ,  O.64  & O.2 4 ) .  The band a t  Rf = 0 .23  gave 

s t r o n g  r e a c t i o n  f o r  b o th  p r o t e i n  and g ly c o p r o te in .  Peak D, which 

produced  s i m i l a r  i n h i b i t i o n  as  peak C, c o n s i s t e d  o f  2 bands o f  p r o t e i n  

(Rf = 0 .6 6  & 0 . 52 ) ,  and 2 bands o f  g ly c o p r o te in  (Rf = 0 .6 8  & 0 .5 4 )*

I t  was c l e a r l y  observed  t h a t  the  Rf v a lu e s  o f  p r o t e i n  i n  peaks C & D 

c o rre sp o n d ed  c l o s e l y  to  t h a t  o f  the  g ly c o p r o te in .  T h is  s u g g e s ts  t h a t  

th e  i n h i b i t o r  i n  peaks 0 & D i s  a  g ly c o p r o t e in .  In  peak  A, th e  p r o t e i n  

and the  g ly c o p r o t e in  have d i f f e r e n t  Rf v a l u e s ,  e i t h e r  compound may be 

in v o lv e d  i n  i n h i b i t i o n .  Peak B, which was n o t  i n h i b i t o r y ,  c o n ta in e d  

3 p r o t e i n  bands (Rf = 0 .8 0 ,  0 .6 6  & O.46 ) ,  however, no bands o f  g ly co 

p r o t e i n  were d e te c te d  in  the  g e l .

b )  Column chrom atography  u s in g  DEAE-52 c e l l u l o s e

A lthough u s in g  CK-52 was a  s u i t a b l e  te ch n iq u e  f o r  the  p u r i f i c a t i o n  

o f  v i r u s  i n h i b i t o r s  and b ro u g h t  abou t a  r e l a t i v e l y  good p r o t e i n
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Table 24 : E f f e c t s  o f  CN-52 f r a c t i o n s  of G.p a n i c u l a t a  e x t r a c t  

(see  F ig ,  26) on l o c a l  l e s i o n  p ro d u c t io n  by TNV

Peak 

(see  F i g . 26

Mean number o f  l e s i o n s  *
%

I n h i b i t i o n

P r o t e i n

c o n te n t
(pg /m l)TNV + Water TNV + Peak

A 113.5 95 .5 16 43

B 75 .7 7 9 .9 - 6 110

C 8 6 .3 51 .0 41 ** 125

D 63 .6 39.1 39** 113

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  le a v e s

N egative  v a lu e s  o f  % i n h i b i t i o n  = enhancement 

*♦ S i g n i f i c a n t  i n h i b i t i o n  (P = 0.001 & 0.01 f o r  peaks C & D 

r e s p e c t i v e l y )



137

ÿ
S.M»

g .H»O
(B
m

3
g-
g
H-c+
*<
OH»
O'P
R
00f+p

(g

hOO
00

§
o

B«(BM

. 1 Oe+m

. 1
td

*1

. !

?2
ro

(B
o
CT
yo

o2
00
I—
00

af?vs
?
5 «+ 
H*

g00
H»
yo
B

|Q
•3
g
H*O
6 
Pff
P
P
H«+
MPOrh
00



138

Wp y o
p p m
PS" a p»p» €+•
w 3 P*

CK) O3m P*
y 3 Oo p. H)
< P"p O Sp. P p

H- H3 P PS"
O m p

Mm p*
f+ 3P <+
H* p
3 3
P* m
3 p*
% H-«<
MP OP H)
O
et- c+-
H* y
O p
3 y►*> pO 3M p.
% uM H*
% PO P*
O 3*3 p»
3 3O CK)cf
P
P»
3

ow

■Syoc+P

•O

mo
pw
p0fh4

1
2 m
H*p
oH)

tr
p

P
>5
H,

g
d -H»
§a
H»
y
§

IQ

O
&
prk
P
PHc+
2O
€+■n



139

s e p a r a t i o n ,  s e v e r a l  t r i a l s  were made to  produce b e t t e r  r e s o l u t i o n  o f  

the  Gp p r o t e i n s  u s in g  DEAE-52 chrom atography , b u t  u n f o r t u n a t e l y  w ith  

l i t t l e  s u c c e s s .  I t  was n o t i c e a b l e  t h a t  the  Gp e x t r a c t s  s t r o n g l y  

a t t a c h e d  to  th e  DEAE-anion exchange b u t  cou ld  n o t  be e lu t e d  u s in g  h ig h  

NaCl c o n c e n t r a t i o n s .

D is c u s s io n

A lthough numerous h ig h e r  p l a n t  e x t r a c t s  a re  known to  c o n ta in  p o t e n t  

i n h i b i t o r s  o f  p l a n t  v i r u s e s , the  n a tu re  o f  most o f  th e  i n h i b i t o r s  i s  

s t i l l  c o n t r o v e r s i a l ,  and l i t t l e  i s  known ab o u t the  ways in  which th ey  

red u ce  i n f e c t i o n .

M olecu la r  w e ig h t d e t e r m i n a t i o n s , f o r  i n h i b i t o r  compounds, i n  p l a n t  

e x t r a c t s  have been s tu d ie d  by a  number o f  w orkers eund a  wide s i z e  range  

o f  compounds im p l ic a te d  as  v i r u s  i n h i b i t o r s .  A llen  ^  ( l 969 ) found 

t h a t  P h aseo lu s  v u l g a r i s  seed  e x t r a c t  c o n ta in s  a  g ly c o p r o te in  i n h i b i t o r  

w i th  a  m o le c u la r  w e ig h t  o f  115 ,000 . R e s u l t s  s i m i l a r  to  th o se  r e p o r te d  

by E a j j  and S tev en s  (1979)* Most w o rk e rs ,  however, r e p o r t  low er 

m o le c u la r  w e ig h t  i n h i b i t o r s .  R a g e t l i  (1 9 5 7 ) ,  f o r  exam ple, found t h a t  

th e  c a r n a t io n  (P ia n th u s  c a r y o p h y l lu s ) i n h i b i t o r  has  a  m o le c u la r  w e ig h t 

o f  1 0 ,0 0 0 . S t i r p e  e1  ̂ a l .  (1981 ) i s o l a t e d  two p r o t e i n s  from c a r n a t io n  

( d i a n t h i n  50 , and d i a n t h i n  32 ) w ith  m o le c u la r  w e igh ts  o f  29,000  and 

31,000  r e s p e c t i v e l y .  Wyatt and Shepherd ( l 9^9) r e p o r te d  t h a t  j u i c e  

from  P h y to la c c a  am ericana  c o n ta in s  a  b a s i c  p e p t id e  w ith  a  m o le c u la r  

w e igh t o f  15 , 000 . However, I r v i n  (1975) and Pukaya ^  T an ig u ch i (1979) 

found t h a t  the  p r o t e i n  from t h i s  s p e c ie s  c o n s i s t e d  o f  a  s i n g l e  po ly 

p e p t id e  o f  m o le c u la r  w e igh t 2 7 ,0 0 0 .  I n h i b i t o r s  from C henopodiales  

s p e c ie s  have been  r e p o r t e d  w ith  m o le c u la r  w e ig h ts  o f  25 ,000  -  38,000
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(Sm ookler, 1 9 7 1 ) .  These l a t t e r  f i g u r e s  co rre sp o n d  c l o s e l y  to  the  

r e s u l t s  g iv e n  in  t h i s  t h e s i s .

Sephadex G—100 columns chrom atography o f  G .p a n i c u l a t a  e x t r a c t s  

r e v e a le d  th e  p re sen c e  o f  r a p i d l y  e lu t e d  i n h i b i t o r y  m a t e r i a l s  w ith  

m o le c u la r  w e ig h ts  o f  between 2 7 ,500  -  12 ,6 0 0 . Some m a t e r i a l s  which 

e l u t e d  s lo w ly  (peak I I I )  showed i n h i b i t o r y  a c t i v i t y  g iv in g  43 % i n h i b i 

t i o n ,  and had a  m o le c u la r  w e ig h t o f  2 ,0 0 0 .

The c o m p lex ity  o f  the  e x t r a c t s  was d em o n s tra ted  u s in g  CM-52 column 

chrom atography  and g e l  e l e c t r o p h o r e s i s .  Of the  f o u r  peaks (A, B, C & B)

found by CM-52 chrom atography , th r e e  (A, B & C) were i n h i b i t o r y  to  l o c a l

l e s i o n  p r o d u c t io n  by TNV. T his  s u g g e s ts  t h a t  G .p a n i c u l a t a  e x t r a c t s  

c o n ta i n  a t  l e a s t  t h r e e  p l a n t  v i r u s  i n h i b i t o r s .  I t  was n o t i c e a b le  t h a t  

peak  A was w eakly  a t t a c h e d  to  the  c a t i o n  exchanger  (CM-52) ,  i n d i c a t i n g  

i t s  n e u t r a l  o r  s l i g h t l y  a c i d i c  n a t u r e .  Peaks C & D, on the  o th e r  hand ,

appea red  to  be more s t r o n g l y  a t t a c h e d  to  th e  columns and r e q u i r e d

r e l a t i v e l y  h ig h  c o n c e n t r a t io n s  o f  NaCl to  e l u t e  them, i n d i c a t i n g  t h e i r  

more b a s i c  n a t u r e . S e v e ra l  b a s ic  p r o t e in s  showing v i r u s  i n h i b i t o r y  

a c t i v i t y  have been r e p o r t e d  from p l a n t s  such  as B .c a ry o p h y l lu s  ( R a g e t l i ,  

1957 ) and P h y to la c c a  am ericana  (Wyatt and S hepherd , 19^9)# Both th e s e  

i n h i b i t o r s  were r e p o r te d  to  a t t a c h  s t r o n g l y  to  t h e i r  c a t i o n  columns 

and r e q u i r e d  h ig h  c o n c e n t r a t io n s  o f  b u f f e r  to  remove them. These 

w orkers  su g g e s t  t h a t  the  b i o l o g i c a l  a c t i v i t y  o f  the  i n h i b i t o r s  i s  due 

to  the  b a s ic  n a tu r e  o f  the  p r o t e i n s .  In  a d d i t i o n ,  Smookler ( l 971) 

who used  a  d i f f e r e n t  io n  exchangers  (CM-Sephadex Q-25) to  p u r i f y  the  

i n h i b i t o r s  from  le a v e s  o f  Chenopodium a m a r a n t i c o lo r , Chenopodium album ,

A t r i p l e x  n i t e n s  and Amaranthus c a u d a tu s , showed t h a t  a c t i v e  e x t r a c t s
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were e lu t e d  by 0 ,4  M sodium a c e t a t e  b u f f e r ,  s u g g e s t in g  t h a t  th e  

i n h i b i t o r s  a r e  b a s i c  i n  n a t u r e .

D isc  e l e c t r o p h o r e s i s  showed a g a in  t h a t  each  of th e  v i r u s  i n h i b i t o r s ,  

w i th  th e  e x c e p t io n  o f  peak A, c o n s i s t e d  o f  more th an  one band o f  

p r o t e i n s  and g l y c o p r o t e i n s .  Both p r o t e i n  and g ly c o p r o t e in  in  peak A 

ap p ea red  to  have d i f f e r e n t  Ef*s v a lu e s  s u g g e s t in g  t h a t  the  i n h i b i t o r  

may be e i t h e r  p r o t e i n  o r  g ly c o p r o t e in .  On the  o th e r  hand , peaJcs C A D  

which showed the  s t r o n g e s t  a c t i v i t y  (4 I & 39 % i n h i b i t i o n  r e s p e c t i v e l y ) ,  

c o n s i s t e d  o f  more th a n  one band o f  p r o t e i n s  which co rre sp o n d ed  c l o s e l y  

t o  th o se  bands which s t a i n e d  f o r  g l y c o p r o te in s .  This  may in d i c a t e  t h a t  

th e  i n h i b i t o r s  i n  th e s e  two peaks a re  g l y c o p r o t e i n s .  As m entioned 

e a r l i e r  many workers have s u g g es te d  t h a t  v i r u s  i n h i b i t o r s  a re  g ly co 

p r o t e i n s .  One f u r t h e r  p ie c e  o f  ev id en ce  s u p p o r t in g  t h i s  id e a  i s  th e  

o b s e r v a t io n  t h a t  peak B, which c o n ta in e d  p r o t e i n  b u t  no g ly c o p r o t e i n ,  

had no i n h i b i t o r y  a c t i v i t y .

I t  seems c l e a r  t h a t  CM-52 chrom atography was an e f f e c t i v e  te ch n iq u e  

f o r  th e  p u r i f i c a t i o n  o f  v i r u s  i n h i b i t o r s  and b r in g  ab o u t good p r o t e i n  

s e p a r a t i o n .  S im i la r  r e s u l t s  were r e p o r t e d  by Wyatt and Shepherd ( l 9^9) 

who p re p a re d  a h ig h ly  p u r i f i e d  v i r u s  i n h i b i t o r s  from P .am e r ic an a  by 

ch rom atography  on a  s i m i l a r  column o f  CM-Sephadex. However, A lb rec h to v a  

( 1968 ) a p p l i e d  DEAE Sephadex A-50 chrom atography to  s e p a r a te  PYX v i r u s  

i n h i b i t o r s  from p o ta to  l e a f  s a p .  The i n h i b i t o r  was e lu t e d  a t  the  concen

t r a t i o n  0 .15  -  0 .5  M NaCl and was e l e c t r o p h o n e t i c a l l y  homogeneous.

G y p so p h ila  e x t r a c t s  a l s o  c o n ta in  low m o le c u la r  w e igh t compounds 

which showed i n h i b i t o r y  a c t i v i t y  a g a i n s t  p l a n t  v i r u s e s .  S i m i l a r l y ,  

T an ig u ch i (1974) r e p o r te d  th e  p re s e n c e ,  i n  P h aseo lu s  v u l g a r i s  s a p ,  o f
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two r e l a t i v e l y  low m o le c u la r  w e ig h t i n h i b i t o r y  s u b s ta n c e s  which d i f f u s e d  

in  Sephadex 2 B g e l ,  how ever, t h e i r  chem ical n a tu re  was n o t  s t u d i e d .

A t t h i s  s ta g e  i t  can be concluded  t h a t  g e l  f i l t r a t i o n  and CM-52 

chrom atography  a re  u s e f u l  te c h n iq u e s  i n  ad d in g  more in fo rm a t io n  abou t the  

p r o p e r t i e s  o f  G .p a n i c u l a t a  v i r u s  i n h i b i t o r s  ,by g iv in g  an id e a  ab o u t the  

m o le c u la r  w e igh ts  o f  the  c o n s t i t u e n t s  and p r o p e r t i e s  o f  th e  p r o t e i n  

i s o l a t e d  from the  e x t r a c t s .

B ea r in g  in  mind the  p r o p e r t i e s  o f  Gp e x t r a c t s  d e s c r ib e d  i n  t h i s  

t h e s i s ,  i t  m ight be su g g es te d  t h a t  g ly c o p r o te in s  found in  the  e x t r a c t s  

a re  in v o lv e d  in  p l a n t  v i r u s  i n h i b i t i o n .  However, i t  would seem appro

p r i a t e  to  s e p a r a te  and i d e n t i f y  the  sm all  m o le c u la r  w e ig h t  i n h i b i t o r y  

s u b s ta n c e s  in  the  e x t r a c t s .  R e s u l t s  of th e se  ex p e r im en ts  w i l l  be 

d e s c r ib e d  in  s e c t i o n  B o f  t h i s  c h a p te r .
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SECTION B

STUDIES OF THE LOW MOLECULAR WEIGHT FRACTIONS

I t  has been e s t a b l i s h e d  th ro u g h o u t  t h i s  i n v e s t i g a t i o n  t h a t  G. 

p a n i c u l a t a  e x t r a c t s  a re  complex m ix tu re s  o f  compounds. The p r e l im in a r y  

s t u d i e s  o f  e x t r a c t s  by te c h n iq u e s  in c lu d in g  d i a l y s i s , p r e c i p i t a t i o n  

w i th  e th a n o l  o r  ammonium s u l p h a t e ,  as w e l l  a s ,  g e l  f i l t r a t i o n  and d i s c  

e l e c t r o p h o r e s i s  have i n d ic a t e d  t h a t  th e y  c o n s i s t  m a in ly  o f  h ig h  mole

c u l a r  w e igh t compounds i d e n t i f i a b l e  as p r o t e in s  o r  g l y c o p r o te in s .  On 

th e  o th e r  hand , th e  ev id en ce  from  s e v e r a l  e x p er im en ts  d e s c r ib e d  in  t h i s  

t h e s i s  s u p p o r ts  s t r o n g l y  th e  id e a  t h a t  low m o le c u la r  w e ig h t  m a t e r i a l s  

a l s o  have c o n s id e r a b le  i n h i b i t o r y  e f f e c t s  a g a i n s t  p l a n t  v i r u s e s .

In  c h a p te r  V, amino a c id s  and su g a r s  were d e t e c t e d  as  th e  main 

c o n s t i t u e n t s  o f  th e  low m o le c u la r  w e ig h t f r a c t i o n s  o f  i n h i b i t o r y  

e x t r a c t s . In  view o f  th e se  o b s e r v a t io n s  b o th  amino a c id s  a n d .s u g a rs  

have been examined to  t e s t  t h e i r  e f f e c t s  on l o c a l  l e s i o n  p ro d u c t io n  by 

TNV, Two app ro ach es  have been made, in  the  f i r s t  i n s t a n c e  Gp e x t r a c t s  

have been examined to  d e te rm in e  t h e i r  n a t u r a l  c o n te n t  o f  amino a c id s  

and s u g a r s .  S eco n d ly ,  u s in g  t h i s  knowledge, pure  sam ples o f  amino 

a c id s  and s u g a rs  have been t e s t e d  f o r  v i r u s  i n h i b i t o r y  p r o p e r t i e s .

The r e s u l t s  o f  amino a c id s  s t u d i e s  w i l l  be d e s c r ib e d  f i r s t  fo l lo w e d  by 

th o se  o f  s u g a r s .

a )  AMINO ACIDS

1. Q u a l i t a t i v e  and q u a n t i t a t i v e  d e te r m in a t io n  o f  amino a c id s  in  

G .p a n ic u l a t a  e x t r a c t s  

Amino a c id s  have been s e p a r a te d  and i d e n t i f i e d  from Gp e x t r a c t s  

u s i n g ;  a -  p a p e r  chrom atography b -  an a u to m a t ic  amino a c id  a n a ly s e r
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( a )  P a p e r  c h r o m a t o g r a p h y

Amino a c id s  were s e p a r a te d  from th e  whole and d i a l y s a b l e  p a r t  o f  

Gp e x t r a c t s  by one d im en s io n a l  p ap e r  chrom atography u s in g  a  s o lv e n t  

composed o f  b u ta n o l ,  a c e t i c  a c id  and w a te r  ( 4 : 1 :5 V/V) .  The amino 

a c id s  were i d e n t i f i e d  by com parison  w i th  known compounds a f t e r  d ip p in g  

th e  p a p e r  in  0.1 % s o l u t i o n  o f  n in h y d r in  i n  a c e to n e ,  d ry in g  and h e a t i n g  

in  an oven a t  100 f o r  5 m in u te s .

R e s u l t s  in  F ig u re  29 show t h a t  th e  whole e x t r a c t  o f  Gp c o n ta in e d  

seven  amino a c id s  i d e n t i f i e d  as a s p a r t i c  a c i d ,  a l a n i n e ,  g lu ta m ic  a c i d ,  

g l y c i n e ,  v a l i n e ,  l e u c in e  and p h e n y l - a l a n i n e . The d i a l y s a b l e  f r a c t i o n  

gave an a lm o s t  i d e n t i c a l  p a t t e r n  o f  amino a c id s  (F ig u re  2 9 ) .

P aper  chrom atography proved u s e f u l  in  s e p a r a t i n g  some o f  the  amino 

a c id s  in  the  e x t r a c t s .  The te c h n iq u e ,  however, d id  n o t  s e p a r a te  a l l  

com ponents. To a n a l y s i s  the  f r e e  amino a c id s  more p r e c i s e l y ,  the  more 

r e f i n e d  tech n iq u e  o f  amino a c id  a n a l y s i s  was perform ed u s in g  an a u to 

m a tic  amino a c id  a n a l y s e r .

(b )  Autom atic  amino a c id  a n a l y s i s

The s e p a r a t i o n  and q u a n t i t a t i v e  d e te r m in a t io n  o f  f r e e  amiijo a c id s  

were c a r r i e d  o u t  u s in g  a  J o e l  model JLC 6AH f u l l y  a u to m a tic  amino a c id  

a n a l y s e r .  In  p r i n c i p l e ,  t h i s  in s t ru m e n t  a u to m a t i c a l ly  r e c o rd s  th e  v a lu e  

o f  the  n in h y d r in  c o lo u r  o f  th e  e f f l u e n t  from  io n  exchange columns.

The i n f l u e n t  b u f f e r  i s  pumped a t  a  c o n s ta n t  r a t e  th ro u g h  a column of 

s u l f o n a t e d  p o ly s ty r e n e  r e s i n .  The e f f l u e n t  i s  met by a  c a p i l l a r y  s team  

o f  n in h y d r in  r e a g e n t ,  c o lo u r  i s  developed  by p a s s in g  the  m ix tu re  o f  

r e a g e n t  and e f f l u e n t  th ro u g h  a  s p i r a l  c a p i l l a r y  T e f lo n  tube immersed 

i n  a  b i o l i n g  w a te r  b a th .  The abso rbance  o f  th e  r e s u l t i n g  s o l u t i o n  i s  

m easured c o n t in u o u s ly  a t  570 and 440 nm as i t  f low s th ro u g h  a  c y l i n d e r -
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F i g u r e  2 9 : A n a l y s i s  o f  t h e  amino a c i d s  f ro m  t h e  whole  and 

d i a l y s a b l e  f r a c t i o n  o f  G.p a n i c u l a t a  e x t r a c t s  

u s i n g  p a p e r  c h r o m a t o g r a p h y

A =  The w h o le  Gp e x t r a c t s  

B = The d i a l y s a b l e  f r a c t i o n
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i c a l  g l a s s  c e l l . The peaks on the  re c o rd ed  curves  can be i n t e g r a t e d  

w i th  a  p r e c i s i o n  o f  100 + 3 % f o r  lo ad s  from 0.1 to  3«0 pmls f o r  each  

amino a c id  (Spackman e t  a l . , 1958)*

50 mg o f  l y o p h i l i z e d  G.p a n i c u l a t a  e x t r a c t s  were p re p a re d  f o r  the  

a n a ly s e r  by m ixing in  5 ml o f 2 ^  phenol and 10 ml o f  30 % TCA ( t r i 

c h l o r o a c e t i c  a c i d ) .  The n o n - d ia ly s a b le  and d i a l y s a b l e  f r a c t i o n s  were 

t r e a t e d  in  the  same way. The m ix tu re s  were l e f t  o v e rn ig h t  and th en  

f i l t e r e d  th rough  Whatman No. 1 f i l t e r  p a p e r .  The pH o f  th e  f i l t  r a t e  

which c o n ta in e d  f r e e  amino a c id s  was a d ju s te d  to  pH 2 + 0.2  b e fo re  p la c 

in g  in  the  a n a l y s e r .  The i d e n t i t y  of the  components was found from the  

s ta n d a rd  curve produced  u s in g  known amino a c id s  (F ig u re  30)* The 

amount o f  each in d iv id u a l  amino a c id  in  the  e x t r a c t s  was c a l c u l a t e d  by 

com parison  o f  peak a r e a s  w ith  th o se  o b ta in e d  u s in g  a  c a l i b r a t i o n  mix

tu r e  as  d e s c r ib e d  by E v e le ig h  and W inter  ( l 9 7 0 ) .

Amino a c id s  in  the  Gp e x t r a c t s

The f r e e  amino a c id s  p r e s e n t  i n  the  whole e x t r a c t  a re  shown in  

F ig u re  31 * S ev en teen  f r e e  amino a c id s  were i d e n t i f i e d  and two o th e r  

sm all  peaks (A & B) rem ained  u n i d e n t i f i e d .  The d i a l y s a b l e  f r a c t i o n  

gave an a lm o s t  i d e n t i c a l  p a t t e r n  o f  amino a c id s  (F ig u re  3 2 ) .  The non- 

d i a l y s a b l e  f r a c t i o n ,  how ever, d id  n o t  show any d i s t i n c t  peaks o f  f r e e  

amino a c id s  (F ig u re  3 3 ) »

The q u a n t i t y  o f  each  i n d i v i d u a l  f r e e  amino a c id  and th e  t o t a l  

amount o f  amino a c id s  p r e s e n t  i n  the  whole e x t r a c t  a r e  shown in  

Tab le  2 5* A s p a r t i c  a c i d ,  h i s t i d i n e  and g lu ta m ic  a c id  showed th e  h ig h e s t  

c o n c e n t r a t i o n s ,  w hereas l y s i n e ,  a la n in e  and a r g in in e  were p r e s e n t  on ly  

i n  sm all  am ounts. The 17 amino a c id s  were t e s t e d  f o r  v i r u s  i n h i b i t o r  

p r o p e r t i e s .
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F ig u re s  30 , 31» 32 and 33 : Amino a c id s  a n a l y s i s  u s in g  a  J o e l  model 

JLC 6AH f u l l y  a u to m a t ic  amino a c id  a n a l y s e r .

Pho tog raphs  o f  t r a c e s  from a n a l y s i s  o f :

F ig u re  30 : S ta n d a rd  amino a c id s

F ig u re  31 : Crude e x t r a c t  o f  G .p a n i c u l a t a

F ig u re  32 : D ia ly s a b le  p a r t  o f  G .p a n i c u l a t a  e x t r a c t

F ig u re  33 : N o n -d ia ly s a b le  p a r t  o f  G .p a n i c u l a t a  e x t r a c t
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T able  25? Free  amino a c id s  i n  l y o p h i l i z e d  G .p a n ic u l a t a  e x t r a c t

Amino a c id

*
c o n c e n t r a 

t i o n

(jig/mg)
Amino a c id

*
c o n c e n t ra 

t i o n

iyig/mg)

A s p a r t i c  a c id 4 8 .9 Leucine 2 5 .7

H i s t i d i n e 124.4 P r o l in e 6 .2

G ln tam ic  a c id 49.1 G lyc ine 5 .0

P h en y l-  a la n i n e 13.8 M eth ion ine 10 .2

V a l in e 1 2 .9 S e r in e 2 4 .3

T y ro s in e 63 .8 L ysine 3 .8

I s o - l e u c i n e 11.1 A lan ine 1 6 .5

T ryp tophan 101 .9 A rg in in e 14.1

T hreon ine 1 8 .8 T o ta l  f r e e  amino .,  ac ic 550 .5

jOLg amino a c id  p e r  mg l y o p h i l i z e d  e x t r a c t
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2 ,  E f f e c t s  o f  f r e e  am ino  a c i d s  on l o c a l  l e s i o n  p r o d u c t i o n  b y  TNV

Pure sam ples o f  each  o f  the  i n d i v id u a l  amino a c i d s ,  i d e n t i f i e d  i n  

th e  whole Gp e x t r a c t ,  were t e s t e d  a g a i n s t  TNV. A ll  the  amino a c id s  

were a n a l y t i c a l  grade and used  a t  a  c o n c e n t r a t io n  o f  200 j ig /m l ,  s in c e  

h ig h e r  c o n c e n t r a t io n s  can cause  p h y t o t o x i c i t y .  To do t h i s ,  400 jpg o f  

each  pure  amino a c id  was d i s s o lv e d  in  1 ml o f  d i s t i l l e d  w a te r ,  mixed 

w i th  1 ml o f  TNV in  p h osphate  b u f f e r  pH 7 .0  and in o c u la te d  on to  f r e n c h  

bean  l e a v e s .  C on tro l sam ples c o n s i s t e d  o f  1 ml o f  w a te r  and 1 ml o f  TNV, 

The r e s u l t s  in  Tab les  26 & 27 show t h a t  th e  d i f f e r e n t  amino a c id s  

had v a r i e d  e f f e c t s  on l e s i o n  p ro d u c t io n  by TNV, In  term o f  l e s i o n  

numbers and p e rc e n ta g e  i n h i b i t i o n ,  the  amino a c id s  f a l l  i n t o  2 g ro u p s :  

i -  th o se  t h a t  i n h i b i t ,  and i i -  th o se  t h a t  s t im u la t e  l e s i o n  p r o d u c t io n ,

i .  Amino a c id s  which i n h i b i t  l o c a l  l e s i o n  p ro d u c t io n  by TNV

This g roup in c lu d e s  10 f r e e  amino a c id s  (T able  2 6 ) .  The most marked 

i n h i b i t i o n  was shown w ith  a s p a r t i c  a c i d ,  h i s t i d i n e  and g lu ta m ic  a c id  

g iv in g  38f 31 &nd 26 % i n h i b i t i o n  r e s p e c t i v e l y .  The r e s t  o f  th e  amino 

a c id s  w i th in  t h i s  g roup (p h e n y 1 - a la n in e , v a l i n e ,  t y r o s i n e ,  i s o - l e u c i n e ,  

t r y p to p h a n ,  th r e o n in e  and l e u c i n e )  were l e s s  e f f e c t i v e ,  i n h i b i t i o n  ra n g 

in g  between 23 -  16 % •

i i .  Amino a c id s  which s t i m u l a t e  l o c a l  l e s i o n  p ro d u c t io n  by TNV

This g roup in c lu d e s  7 f r e e  amino a c id s  (T able  2 7 ) .  P r o l i n e ,  g ly 

c i n e ,  m e th io n in e  and s e r i n e  had no e f f e c t  on l e s i o n  numbers compared 

w i th  t h e i r  c o n t r o l s .  On th e  o th e r  hajid, a r g i n i n e ,  a l a n in e  and l y s i n e  

s t r o n g l y  s t im u la t e d  l e s i o n  p ro d u c t io n  g iv in g  60, 36 and 19 more 

l e s i o n s  r e s p e c t i v e l y  th a n  t h e i r  c o n t r o l s ,

A m ix tu re  o f  the  i n d i v i d u a l  f r e e  amino a c i d s ,  i d e n t i f i e d  in  the  

whole Gp e x t r a c t ,  was a l s o  t e s t e d  f o r  i n h i b i t o r y  a c t i v i t y  a g a i n s t  TNV,
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Table  26 : E f f e c t  o f  pure  amino a c id s  (200 ^ g /m l)  on l o c a l  l e s i o n  

p roduced  by TNT, on F rench bean  le a v e s

Amino a c id

*
Mean number o f  l e s i o n s %

I n h i b i t i o nTNV+ Water 

( c o n t r o l )

TNV+ AA 

( t r e a t e d )

A s p a r t i c  a c id 8 5 .9 5 3 .5 38

H i s t i d i n e 6 5 .7 4 5 .3 31

G lu tam ic  a c id 7 6 .0 5 6 .0 26

P h e n y l - a la n in e 8 1 .8 63.1 23

V a l in e 7 5 .0 5 8 .5 22

T y ro s in e 101 .8 80 .2 21

I s o - l e u c in e . 9 2 .0 7 2 .5 21

T ryptophan 103 .3 8 3 .6 19

T hreon ine 7 1 .0 58.1 18

L eucine 102 .4 8 5 .7 16 1

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s  

AA = amino a c id
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T able  27? E f f e c t  o f  pu re  amino a c id s  (200 ^ / m l )  on l o c a l  l e s i o n  

p roduced  by TNV, on French  bean  le a v e s

Mean ntcmber
*

o f  l e s i o n s
%

Amino a c id TÎT7+ W ater 

( c o n t r o l )

TNV+ AA 

( t r e a t e d )
I n h i b i t i o n

P r o l in e 66 .7 68.8 - 3

G lyc ine 51.8 55 .2 - 3

M eth ion ine 8 5 .2 8 8 .7 - 4

S e r in e 57 .2 60 .3 -5

L ysine 91 .8 109.7 -19

A lan in e 102.4 139 .0 -3 6

A rg in in e  ■ 6 1 .3 97 .9 —60

Amino a c id  m ix ture 93 .5 68 .4 27

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s

** Each amino a c id  vas  a t  a  f i n a l  c o n c e n t r a t i o n  o f  200 

AA = amino a c id

N eg a tiv e  v a lu e s  o f  % i n h i b i t i o n  =■ enhancement

F u l l  s t a t i s t i c a l  t r e a tm e n t  f o r  t h i s  t a b l e  i s  g i v i n  i n  the  append ix  1
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800 jxg o f  each  o f  th e  1? amino a c id s  were d i s s o lv e d  in  2 ml o f  w a te r ,  

th e n  mixed w i th  2 ml o f  TNV and in o c u la te d  on to  f r e n c h  bean  l e a v e s .  

C o n tro ls  c o n s i s t e d  o f  2 ml o f  w a te r  p lu s  2 ml o f  TNV. R e s u l t s  in  

Table  27 show t h a t  the  amino a c id  m ix tu re  produced 27 % i n h i b i t i o n .

I t  can be su g g e s te d  from th e se  r e s u l t s  t h a t  i n h i b i t o r y  amino a c id s  a c t  

more s t r o n g l y  than  th o se  w i th  e n h an c in g  p r o p e r t i e s .

I t  i s  n o t i c e a b l e  t h a t  th o se  amino a c id s  p ro d u c in g  the  h i g h e s t  l e v e l s  

o f  i n h i b i t i o n ,  a re  p r e s e n t  a t  h ig h e r  n a t u r a l  c o n c e n t r a t io n s  i n  the  Gp 

e x t r a c t s  th an  amino a c id s  p ro d u c in g  enhancem ent. For exam ple, a s p a r t i c  

a c i d ,  h i s t i d i n e  and g lu ta m ic  a c id  which showed 58» 51 & 26 i n h i b i t i o n  

r e s p e c t i v e l y  were p r e s e n t  a t  c o n c e n t r a t io n s  o f  48.9» 124.4  & 49.1 ^ / m g  

o f  l y o p h i l i z e d  e x t r a c t  (T ab le  2 5 ) ,  whereas l y s i n e ,  a la n i n e  and a r g in in e  

w i th  augm enter a c t i v i t y  were p r e s e n t  o n ly  a t  c o n c e n t r a t io n s  o f  5 .8 ,  16 .5  

and 14.1 ug/mg l y o p h i l i z e d  e x t r a c t  r e s p e c t i v e l y  (Table  2 5 ) .  In c id e n 

t a l l y ,  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  the  h ig h  l e v e l s  o f  t ry p to p h a n  

and ty r o s in e  i n  the  sm all  m o le c u la r  w e ig h t  f r a c t i o n  may e x p la i n  th e  

p o s i t i v e  p r o t e i n  r e a c t i o n  g iv e n  u s in g  the  Lowry t e s t  as  m entioned 

p r e v i o u s l y  (p .  127 ) .

I t  seems from th e s e  r e s u l t s  t h a t  th e  c o n c e n t r a t i o n  o f  200 jig/^ il 

o f  a s p a r t i c  a c id  gave th e  maximum i n h i b i t o r y  e f f e c t  (38 ^  compared 

w i th  o th e r  i n h i b i t o r y  a c id s  (T able  2 6 ) .  In  c o n t r a s t ,  s i m i l a r  concen

t r a t i o n  o f  a r g i n i n e  showed the  maximum v i r u s  enhancement (60 % more 

l e s i o n s ) .  I t  was d e c id e d ,  t h e r e f o r e ,  to  examine the  e f f e c t s  o f  v a r io u s  

c o n c e n t r a t i o n s  o f  th e se  two i n t e r e s t i n g  amino a c id s  a g a i n s t  TNV.

a )  E f f e c t  o f  v a r io u s  c o n c e n t r a t i o n s  o f  a s p a r t i c  a c id  on l o c a l  l e s i o n  

p ro d u c t io n  by TNV

Five  c o n c e n t r a t i o n s  o f  a s p a r t i c  a c id  (5 0 , 100, 250 , 500 & 1000 ^ ^ / m l )
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were p re p a re d  in  d i s t i l l e d  w a te r .  Two ml of each  c o n c e n t r a t i o n  were 

mixed w i th  2 ml o f  TNV and th e n  in o c u la te d  on to  f r e n c h  bean l e a v e s .  

C on tro l sam ples c o n s i s t e d  o f  2 ml o f w a te r  and 2 ml o f  TNV, R e s u l t s  

in  Table  28 and F ig u re  34 show t h a t  th e  low er c o n c e n t r a t io n s  (50 & 100 

j i g / m l )  had no i n h i b i t o r y  a c t i v i t y .  At h ig h e r  c o n c e n t r a t io n s  (250, 500 

and 1 0 0 0 ^ / m l )  th e  p e rc e n ta g e  i n h i b i t i o n  in c re a s e d  w ith  c o n c e n t r a t i o n ,  

g iv in g  36, 41 and 48 % i n h i b i t i o n  r e s p e c t i v e l y .  None o f th e  c o n c e n t r a 

t i o n s  used caused  any p h y to to x ic  e f f e c t s .

b )  E f f e c t  o f  v a r io u s  c o n c e n t r a t i o n s  o f  a r g in in e  on l o c a l  l e s i o n  

p ro d u c t io n  by TNV

Five  c o n c e n t r a t i o n s  o f  a r g in in e  were p re p a red  and a ssay ed  on f r e n c h  

bean le a v e s  as f o r  th e  a s p a r t i c  a c i d .  R e s u l ts  in  Table  29 and F ig .  34 

show t h a t  the  h ig h e r  c o n c e n t r a t io n s  o f  a r g in in e  (500 and lO O O ^g/m l) 

s l i g h t l y  s t im u la t e d  l e s i o n  p r o d u c t io n ,  w h ile  a t  the  low er c o n c e n t r a t i o n s  

( 5 0 , 100 and 2 5 O ^ g /m l )  a r g i n i n e  produced  v i r u s  enhancement g iv in g  64 ,

53 and 38 % more l e s i o n s  r e s p e c t i v e l y  th a n  t h e i r  c o n t r o l s .  No p hy to 

t o x i c  e f f e c t s  were o b se rv ed .  In  view  o f  th e se  i n t e r e s t i n g  r e s u l t s ,  i t  

was th o u g h t  u s e f u l  to  examine th e  p o s s ib l e  e f f e c t  o f  an tagon ism  between 

th e s e  two d i f f e r e n t l y  b eh av in g  amino a c i d s .

c )  E f f e c t  o f  m ix ing  a s p a r t i c  a c id  and a r g in in e  on l o c a l  l e s i o n  

p ro d u c t io n  by TNV

500 o f  a s p a r t i c  a c id  and o f  a r g in in e  were d i s s o lv e d  in  1 ml o f  

d i s t i l l e d  w a te r ,  th e n  mixed w i th  1 ml o f  TNV and in o c u la te d  on to  f r e n c h  

bean  l e a v e s .  C o n tro ls  c o n s i s t e d  of 1 ml o f  w a te r  p lu s  1 ml o f  TNV. 

R e s u l t s  i n  T ab le  30 show t h a t  the  n e t  e f f e c t  o f  th e s e  two amino a c id s  

was i n h i b i t o r y  g iv in g  21 % r e d u c t io n  i n  l e s i o n  num bers. Such a r e s u l t  

may be i n t e r p r e t e d  as showing t h a t  the  e f f e c t  o f  a s p a r t i c  a c i d ,  which
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Table 28 : E f f e c t  o f  v a r io u s  c o n c e n t r a t io n s  o f  a s p a r t i c  a c id

on l o c a l  l e s i o n  p r o d u c t io n  by TNV on F rench  bean le a v e s

C o n c e n t ra t io n  ,
Mean number of l e s i o n s  * %

(^g/ml )
TNV + W ater 

( c o n t r o l  )
TNV + A s p a r t ic  

a c id
I n h i b i t i o n

50 8 1 .5 79 .3 3

100 66.8 68.1 -2

250 97.3 62 .5 36

500 117 .0 68 .9 41'

1000 72 .7 37 .9 48

*  Each  f i g u r e  r e p r e s e n t s  t h e  mean num ber o f  l e s i o n s  f o r  t e n  l e a v e s
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Table  29 : E f f e c t  o f  v a r io u s  c o n c e n t r a t io n s  o f  a r g in in e  on l o c a l  

l e s i o n  p ro d u c t io n  by TNV on F rench bean le a v e s

C o n c e n tra t io n

(;ig /m l)

*
Kean number o f  l e s i o n s %

I n h i b i t i o nTNV + Water 

( c o n t r o l )
TNV + A rg in in e

50 57 .3 94 .0 -6 4

100 7 6 .0 116.2 -5 3

250 7 1 .3 98 .5 -3 8

500 4 8 .9 52 .4 - 7  ,

1000 6 7 .3 6 9 .5 - 3

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  le a v e s  

N eg a tiv e  v a lu e s  o f  % i n h i b i t i o n  = enhancement
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Table  30 : E f f e c t  o f  a s p a r t i c  a c id  and a r g in in e  on l o c a l  l e s i o n  

p ro d u c t io n  by TNV

C o n c e n t ra t i  on 

(250  ^ g /m l )

*
Mean number o f  l e s i o n s %

I n h i b i t i o nTNV + W ater 

( c o n t r o l )

TNV + Amino 

a c id

A s p a r t i c  a c id  (1 ) 109.8 77.2 30

A rg in in e  ( 2 ) 52 .5 7 0 .5 -3 4

M ix tu re  ( 1 ) + ( 2 ) 94.7 75.1 21

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s  

N eg a tiv e  v a lu e s  o f  % i n h i b i t i o n  = enhancement
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a c t s  as i n h i b i t o r ,  i s  s t r o n g  enough to  overcome the  en h an c in g  e f f e c t  

o f  a r g i n i n e .  An e x p e r im en t c o n c e rn in g  the  p o s s ib le  r o l e  o f  a s p a r t i c  

a c id  in  th e  in d u c t io n  o f r e s i s t a n c e  to  v i r u s  i n f e c t i o n  i s  d e s c r ib e d  in  

c h a p te r  V I I I .

The s e p a r a t i o n  and i d e n t i f i c a t i o n  o f  amino a c id s  d e s c r ib e d  h e re  

have added more in fo r m a t io n  r e g a r d in g  th e  p r o p e r t i e s  and chem ica l n a tu r e  

o f  the  Gp v i r u s  i n h i b i t o r  by g iv in g  id e a s  a b o u t :  1 -  th e  q u a l i t a t i v e  and 

q u a n t i t a t i v e  n a tu r e  o f  th e  f r e e  amino a c id s  in  the  e x t r a c t s  an d ,  2 -  the  

e f f e c t s  o f  such  f r e e  amino a c id s  on l o c a l  l e s i o n  p r o d u c t io n  by TNV.

S ince  s u g a rs  a r e  a l s o  im p o r ta n t  components o f  th e  Gp e x t r a c t s ,  i t  

was d e c id ed  to  d e te rm in e  the  q u a l i t y  and q u a n t i t y  o f  the  f r e e  su g a rs  in  

su ch  e x t r a c t s  and to  examine t h e i r  i n h i b i t o r y  a c t i v i t y  a g a i n s t  TNV.

b )  SUGARS

Because th e  low m o le c u la r  w e ig h t  ( d i a l y s a b l e  f r a c t i o n s )  o f  Gp e x t r a 

c t  c o n ta in s  c a r b o h y d r a t e s ,  i t  was th o u g h t  u s e f u l  to  t e s t  s im ple  c a rb o 

h y d r a te s  f o r  t h e i r  e f f e c t s  on p l a n t  v i r u s e s .  There a re  o n ly  a  few re p o 

r t s  on the  e f f e c t s  o f  s u g a rs  on the  s u s c e p t i b i l i t y  o f  p l a n t  to  v i r u s  

i n f e c t i o n .  I t  has  been r e p o r t e d  t h a t  a d d i t i o n  o f  su g a r s  to  v i r u s  in o 

c u l a  can i n h i b i t  v i r u s  i n f e c t i v i t y  (E l-K andelgy  and W ilcoxon , 1 9 6 6 ) .  

O th e r  r e s e a r c h e r s  found t h a t  su g a r s  a c t  to  enhance v i r u s  i n f e c t i v i t y  

(G ran t and C o rb e t t ,  I 96O; Whitcomb and S in h a ,  19^4» Davis and Whitcomb, 

19 6 7 ) .  However, B ra n ts  (1 964 ) showed t h a t  i n c r e a s e s  i n  th e  c a rb o h y d ra 

t e  c o n te n t  o f  l e a v e s  d e c re a se d  t h e i r  s u s c e p t i b i l i t y  to  v i r u s  i n f e c t i o n .

Thin  l a y e r  chrom atography  (TLC) was used  to  s e p a r a t e  and i d e n t i f y  

the  f r e e  s u g a r s  from G. p a n i c u l a t a  f r a c t i o n s ,  and to  d e te rm in e  th e  

q u a n t i t y  o f  e ach  f r e e  s u g a r  in  the  n a t u r a l  e x t r a c t s .  These su g a r s  were 

th e n  t e s t e d  f o r  t h e i r  e f f e c t s  on v i r u s  i n f e c t i o n  i n  p l a n t s .
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1 • Q u a l i t a t i v e  and q u a n t i t a t i v e  d e te r m in a t io n  o f  f r e e  su g a rs  in  

G . -p a n ic u la ta  e x t r a c t s

( a )  D e te rm in a t io n  o f  f r e e  su g a rs  u s in g  TLC

i . Samples p r e p a r a t i o n  f o r  TLC

50 mg o f l y o p h i l i z e d  Gp e x t r a c t s  were mixed w ith  10 ml o f  e t h a n o l ,

th e n  c e n t r i f u g e d  a t  4000 rpm f o r  10 m in u te s .  The c l e a r  s u p e r n a t a n t ,
o

a p p ro x im a te ly  9 m l, was red u ced  to  2 ml by r o t a r y  e v a p o r a t io n  a t  40 C. 

The c o n c e n t r a te d  c l e a r  s u p e r n a t a n t  was s to r e d  in  2 ml sc rew -cap  b o t t l e s  

a t  - 2 5  °C . The n o n - d ia ly s a b l e  and d i a l y s a b l e  f r a c t i o n s ,  p re p a re d  as 

d e s c r ib e d  in  c h a p te r  V, were t r e a t e d  in  the  same way. Sugar s ta n d a r d s  

o f  s u c r o s e ,  g lu c o s e ,  f r u c t o s e ,  m a lto se  and x y lo se  a t  4 mg/ml were p re 

p a re d .

i i .  A p p l i c a t io n  o f  sample on TLC

P l a s t i c  backed t h i n  l a y e r  p l a t e s  (20 x 20 cm), co a te d  w i th  a  l a y e r

o f  0 .25  mm s i l i c a  g e l  G, type  Polygram S i l  G, were s u p p l ie d  by M acherey-

Nagel and Co. L td .  The s u g a r  sam ples were a p p l ie d  as  bands 0 .5 - 1 .0  cm

lo n g  and 2 mm w id e ,  two cm above the  lo w er  edge o f each  p l a t e .  The

a p p l i c a t i o n  o f  5-10 was found s u i t a b l e  f o r  s u g a r s ,  and s a t i s f a c t o r y

s e p a r a t i o n  co u ld  be a ch iev ed  u s in g  one d im en s io n a l  chrom atography .

i i i .  Development and c o lo u r  r e a c t i o n  o f  TLC p l a t e s

The s o l v e n t  system  o f  K enzies  and Mount (1975) was m o d if ied  as 

f o l l o w s :  e t h y l  a c e t a t e  (60  m l ) ,  p y r id in e  (50  m l ) ,  g l a c i a l  a c e t i c  a c id  

(15 m l) and w a te r  (5 m l ) .  The p l a t e s  were developed  tw ice  w ith  the  

same s o l v e n t  sy s tem  f lo w in g  r i g h t  to  the  top  o f  th e  p l a t e s .  Between 

th e  ru n s  th e  p l a t e s  were a i r  d r i e d  in  the  fume cupboard  o v e r n ig h t  to  

remove the  p y r id i n e  c o m p le te ly  as  i t  i n h i b i t s  many c o lo u r  r e a c t i o n s  f o r  

s u g a r  (Menzies and Mount, 1 9 7 5 ) .  Sugars  were d e t e c t e d  u s in g  a  r e a g e n t



164

p re p a re d  by d i s s o l v i n g  7 gm o f  4 -am inobenzo ic  a c id  in  400 ml methanol 

and 17 .5  ml o r th o p h o s p h o r ic  a c id  (90 %W/V). This s o l u t i o n  was made 

up to  500 ml w i th  m e th an o l.  The p l a t e s  were d ipped  in  th e  r e a g e n t  as 

b r i e f l y  as p o s s ib l e  to  p re v e n t  zone t r a i l i n g .  The c o lo u r  was developed  

by h e a t i n g  the  p l a t e s  in  an oven a t  100-110 °C f o r  5-10 m in u te s .

Sugars  from each  s e r i e s  o f  s ta n d a r d  and sample chrom atographs were c u t  

o u t  and scanned  in  a  chromoscan double-beam  r e c o r d in g  and i n t e g r a t i n g  

d e n s i to m e te r  ( Jo y ce-L o eb l & Co. L t d . )  w i th  q u a r tz  io d in e  l i g h t  s o u rc e .  

The a re a s  u n d e r  th e  peaks  on th e  re c o rd e d  t r a c e  a re  p r o p o r t i o n a l  to  

th e  amount o f  s u g a r  p r e s e n t  i n  the  sample ( C h r i s t i e ,  1 9 7 3 ) .  I n d iv id u a l  

s p o ts  were e s t im a te d  u s in g  the  fo rm u la :

Peak a r e a  o f  s t a n d a r d  _ Amount o f  s u g a r  in  s ta n d a r d

Peak a r e a  o f  sample Amount o f  s u g a r  i n  sample

(b )  D e te rm in a t io n  o f  t o t a l  c a rb o h y d ra te s  u s in g  th e  Dubois t e s t

The q u a n t i t a t i v e  d e te r m in a t io n  o f  c a rb o h y d ra te s  i n  the  sam ples was 

c a r r i e d  o u t  u s in g  a  c o l o r i m e t r i c  te ch n iq u e  (Dubois e t  a l . , 1 9 5 6 ) .  In  

t h i s  te ch n iq u e  d i s a c c h a r id e  and p o ly s a c c h a r id e  a re  h y d ro ly se d  and th e  

p ro d u c ts  t o g e t h e r  w i th  f r e e  su g a r s  g iv e  a  c o lo u r  r e a c t i o n  w ith  p h e n o l .  

Two ml o f  th e  e x t r a c t  to  be t e s t e d  were mixed w i th  0 .5  ml o f  80 % 

pheno l in  w a te r ,  and 5 ml o f  c o n c e n t r a te d  s u lp h u r i c  a c i d .  A f t e r  s ta n d 

in g  f o r  10 m in u te s ,  the  m ix tu re  was shaken  and p la c e d  f o r  10-20 m inu tes  

in  a  w a te r  b a th  a t  25 -30  °C. The abso rbance  o f  th e  c h a r a c t e r i s t i c

y e l lo w -o ra n g e  c o lo u r  was measured a t  490 and 480 nm f o r  hex o ses  and

.p e n to se s  r e s p e c t i v e l y .  The amount o f  s u g a r  i n  th e  sam ples was d e t e r 

mined by r e f e r e n c e  to  a s ta n d a r d  curve  p re p a re d  u s in g  x y lo s e ,  m annose, 

g a l a c t o s e ,  g lu c o s e ,  s u c r o s e ,  m a lto se  and f r u c t o s e .
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2 .  R e s u l ts  o f  c a rb o h y d ra te  d e te r m in a t io n

Using the  te ch n iq u e  d e s c r ib e d  above the  f o l lo w in g  v e re  i n v e s t i g a t e d  

a -  The i d e n t i t y  o f  f r e e  su g a r s  i n  G .p a n i c u l a t a  f r a c t i o n s ,  

b -  The q u a n t i t y  o f  i n d i v i d u a l  f r e e  s u g a r  p r e s e n t  in  the  e x t r a c t ,  

c -  The t o t a l  c a rb o h y d ra te s  p r e s e n t  in  Gp f r a c t i o n s .

a )  F ree  su g a r s  from  G .p a n ic u la t a  e x t r a c t s

The f r e e  su g a r s  o f  the  whole Gp e x t r a c t  were i d e n t i f i e d  as  f r u c t o s e ,  

g l u c o s e ,  s u c ro se  and unknown f r a c t i o n  n e a r  th e  top  o f  th e  p l a t e  showed 

up as p in k  s p o ts  (F ig u re  55)* The unknown f r a c t i o n  had d i f f e r e n t  ch ro 

m a to g rap h ic  p r o p e r t i e s  to  e r y th r o s e  and D ( - )  3 -p h o sp h o g ly c e r ic  a c i d .

The e r y th r o s e  s p o t  showing up below and D(—)5 -p h o sp h o g ly c e r ic  a c id  

above th e  unknown f r a c t i o n .  However, i t  seems t h a t  due to  i t  p rox im a- 

t e l y  t o  th e se  s u b s ta n c e s  i t  co u ld  be a  5 -ca rb o n  compound. The low mole

c u l a r  w e ig h t  ( d i a l y s a b l e  f r a c t i o n ) showed an i d e n t i c a l  p a t t e r n  o f  f r e e  

s u g a r s  to  the  whole e x t r a c t ,  w hereas the  n o n - d ia ly s a b l e  f r a c t i o n  

c o n ta in e d  no f r e e  su g a rs  (F ig u re  35)*

b )  Q u a n t i t a t i v e  e s t i m a t i o n  o f f r e e  su g a rs  in  Gp  e x t r a c t s

The amount o f  f r e e  s u g a r s  i n  each  sample was found by com paring 

peak  a r e a s  w i th  th o s e  o b ta in e d  u s in g  known amounts o f  g lu c o s e ,  f r u c t o s e ,  

s u c r o s e ,  m a lto se  and x y lo s e .  The r e s u l t s  i n  Table  31 show t h a t  the  

t o t a l  f r e e  s u g a r s  i n  the  whole e x t r a c t  was 1 0 .8 9  mg/ml. The d i a l y s a b l e  

f r a c t i o n  showed a  s i m i l a r  amount o f  f r e e  s u g a r s  (1 0 .1 8  mg/ml) as th e  

whole e x t r a c t ,  i n d i c a t i n g  t h a t  th e  b u lk  o f  th e  f r e e  s u g a r s  had been 

removed by d i a l y s i s .  T h is  was confirm ed  s in c e  no s u g a r s  co u ld  be

d e te c t e d  i n  the  n o n - d i a ly s a b l e  f r a c t i o n .  G lucose showed th e  h ig h e s t  

c o n c e n t r a t i o n  (4-24  mg/ml) fo l lo w e d  by f r u c t o s e ,  th e  unknown f r a c t i o n  

and s u c r o s e  a t  3 .9 3 ,  1 .4 5  & 1 .27  mg/ml r e s p e c t i v e l y .  The d i a l y s a b l e
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F i g u r e  55 : A n a l y s i s  o f  t h e  f r e e  s u g a r s  f rom  t h e  w h o l e ,  n o n - d i a l y s a b l e , 

and d i a l y s a b l e  f r a c t i o n s  o f  G. p a n i c u l a t a  e x t r a c t s  u s i n g  

T h in  L a y e r  C h ro m a to g r a p h y  (TLC)

W S ND

S = S t a n d a r d  m i x t u r e  o f  s u g a r s  

W = Whole e x t r a c t  f r o m  G . p a n i c u l a t a  

ND = N o n - d i a l y s a b l e  f r a c t i o n  

D = D i a l y s a b l e  f r a c t i o n
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Table  31 • C arbohydrate  c o n te n t  of th e  G .p a n i c u l a t a  e x t r a c t s

Sugar

C arbohydra te  c o n te n t  (mg/ml)

Whole

e x t r a c t

D ia ly sa b le

f r a c t i o n

N o n -d ia ly s a b le

f r a c t i o n

G lucose 4 .24 4 .6 5 0

F ru c to s e 3 .93 3.12 0

S ucrose 1 .27 1 .43 0

Unknown s u g a r 1 .45 1 .58 0

T o ta l  f r e e  
su g a r s 10 .89 10.78 0

T o ta l  carb o h y . 13 .26 12.75 2 .1 7
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f r a c t i o n  showed an a lm o s t  i d e n t i c a l  c o n c e n t r a t io n s  f o r  th e s e  f r e e  su g ars ,

c )  T o ta l  c a rb o h y d ra te s

R e s u l t s  i n  Table 51 show t h a t  th e  whole and th e  d i a l y s a b l e  f r a c t i o n  

o f  Gp e x t r a c t s  c o n ta in e d  a  c o n s id e r a b le  amount o f  c a rb o h y d ra te  g iv in g  

1 5 .5  and 1 2 .8  mg/ml r e s p e c t i v e l y ,  whereas th e  n o n - d ia ly s a b le  f r a c t i o n  

c o n ta in e d  o n ly  2 .2  mg/ml o f  c a r b o h y d ra te .  I t  can be concluded  t h a t  Gp 

e x t r a c t s  c o n ta in  some c a rb o h y d ra te s  o t h e r  th a n  f r e e  s u g a r s .  A lthough 

some may be p r e s e n t  i n  s t a r c h - l i k e  m o le c u le s ,  i t  i s  a l s o  p o s s i b l e  t h a t  

some i s  p r e s e n t  in  the  whole e x t r a c t  as g ly c o p r o t e in .

5# E f f e c t s  o f  f r e e  s u g a r s  on l o c a l  l e s i o n  p ro d u c t io n  by TNY

Pure sam ples o f  each  o f  th e  f r e e  s u g a r s ,  i d e n t i f i e d  in  th e  Gp 

e x t r a c t s ,  were p re p a re d  by d i s s o l v i n g  S mg a n a l y t i c a l  g rade  s u g a rs  in  

1 ml o f  w a te r ,  so  g iv in g  a  f i n a l  c o n c e n t r a t i o n  a p p ro ach in g  t h a t  o f  th e  

e x t r a c t s .  A f t e r  m ix ing  w i th  1 ml o f  TNY, the  sam ples were in o c u la te d  

on to  f r e n c h  bean l e a v e s .  C o n tro ls  c o n s i s t e d  o f  1 ml o f  w a te r  and 1 ml 

o f  TNV. R e s u l t s  i n  Table  52 show t h a t  eacl\ of th e  3 su g a rs  t e s t e d  p ro 

duced a s t i m u l a t o r y  e f f e c t  on v i r u s  i n f e c t i v i t y .  Sucrose  showed th e  

optimum v i r u s  enhancem ent g iv in g  12 3 % more l e s i o n s  compared w i th  i t s  

c o n t r o l .  G lucose and f r u c t o s e  a l s o  produced  a  h ig h  l e v e l s  o f  enhan

cem ent,  b u t  were l e s s  e f f e c t i v e  th an  s u c r o s e ,  g iv in g  62 and 75 % more 

l e s i o n s  r e s p e c t i v e l y .  The m ix tu re  o f  th e s e  3 s u g a rs  a l s o  a c te d  as 

v i r u s  a u g m en te rs .  The mean number o f  l e s i o n s  was 156 p e r  l e a f  compared 

w i th  81 l e s i o n s  p e r  l e a f  f o r  c o n t r o l .

Sugars  d id  n o t ,  i t  seem s, p la y  any r o l e  i n  the  i n h i b i t o r y  a c t i v i t y  

o f  th e  sm all  m o le c u la r  w e ig h t  f r a c t i o n s .  The p o s s ib l e  i n t e r p r e t a t i o n  

o f  th e s e  o b s e r v a t io n s  w i l l  be g iv e n  i n  the  d i s c u s s i o n  o f  t h i s  s e c t i o n .
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Table  32 : E f f e c t  o f  s u g a r s ,  i d e n t i f i e d  from G .p a n ic u la ta  e x t r a c t ,  

on th e  i n f e c t i v i t y  o f  TNV

S ugar

*
Mean number o f  l e s i o n s %

I n h i b i t i o nTNV + Water 

( c o n t r o l )

TNV + Sugar 

( t r e a t e d )

F ru c to s e  ( f ) 8 7 .8 153.9 -7 5

G lucose (G) 65.2 105.3 -6 2

Sucrose  (S ) 7 4 .5 165.9 -123

M ixtu re  (F+G+S) 8 1 .0 155.7 -92

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s  

N egative  v a lu e s  o f  ^  i n h i b i t i o n  = enhancement



170

D is c u s s io n

In  t h i s  s tu d y  17 f r e e  amino a c id s  and 3 f r e e  su g a rs  were i d e n t i f i e d  

i n  the  d i a l y s a b l e  f r a c t i o n  o f  G .p a n i c u l a t a  e x t r a c t s .  I n i t i a l  t e s t s  

i n d i c a t e d  t h a t  10 ou t o f  17 f r e e  amino a c id s  can cause c o n s id e ra b le  

i n h i b i t i o n  o f  the  h y p e r s e n s i t i v e  l o c a l  l e s i o n  r e a c t i o n .  The i n h i b i t o r y  

a c t i o n  o f  some pure  amino a c id s  a g a i n s t  p l a n t  v i r u s e s  has been r e p o r t e d  

p r e v i o u s l y .  For exam ple, Varma and Verma (1967) found t h a t  a l a n i n e ,  

s e r i n e  and g lu ta m ic  a c id  a t  c o n c e n t r a t io n  o f  100 ^ g /m l ,  when sp ray ed  on 

N ic o t ia n a  g l u t i n o s a  le a v e s  one week b e fo re  i n o c u l a t i o n  w i th  TMV, caused  

a b o u t 68, 50 &nd 37 % i n h i b i t i o n  r e s p e c t i v e l y  o f  l o c a l i z e d  r e a c t i o n  to  

TMV. M oreover, Verma e_t a l .  (l 970) r e p o r te d  t h a t  g lu ta m ic  a c id  and 

a s p a r t i c  a c id  a t  1000 ^ g /m l  c o n c e n t r a t io n  had profound  i n h i b i t o r y  e f f e 

c t s  when sp ra y ed  im m ed ia te ly  a f t e r  v i r u s  i n o c u l a t i o n ,  s u g g e s t in g  t h a t  

th e s e  a c id s  a f f e c t e d  th e  v i r u s  i n f e c t i o n  p ro c e ss  o r  v i r u s  m u l t i p l i c a t i o n  

in  i n i t i a l  s t a g e s  o f  v i r u s  deve lopm ent.  A la n in e ,  th e y  r e p o r t e d ,  d e c r e a 

sed  v i r u s  m u l t i p l i c a t i o n  a t  i n i t i a l  s ta g e s  o f  r e p l i c a t i o n .

Seven f r e e  amino a c id s  s t im u la te d  l o c a l  l e s i o n  p ro d u c t io n  by TNV. 

A r g in in e ,  l y s in e  (b o th  b a s i c  in  n a t u r e )  and a la n in e  showed the  h i g h e s t  

enhancem ent o f  v i r u s  i n f e c t i v i t y  (Table  2 7 ) .  The r e s u l t s  a g re e  w ith  

th e  o b s e r v a t io n s  o f  Bobyr (1959) who r e p o r te d  the  s t i m u l a t i o n  o f  n e c ro 

t i c  r e a c t i o n s  by a l a n i n e .  Verma ^  a l .  ( l 970) a l s o  found t h a t  a s p a r a 

g i n e ,  g ly c i n e ,  l e u c in e  and a r g in in e  a t  0 .5  -  1 .0  mg/ml, c o n c e n t r a t i o n  

had  s t i m u l a t o r y  e f f e c t s  on TMV when sp ray ed  on N.g l u t i n o s a  l e a v e s .

The m ix tu re  o f  17 pure  amino a c id s  produced a c o n s id e r a b le  r e d u c t io n  

i n  l e s i o n  num bers. The mode o f  a c t i o n  o f  th e se  amino a c id s  on l o c a l  

l e s i o n  p ro d u c t io n  can n o t  be a t t r i b u t e d  to  a  pH e f f e c t ,  s in c e  amino

a c id —v i r u s  m ix tu re s  were b u f f e r e d  (pH 7 .0 )  b e fo re  i n o c u l a t i o n .  I t  has



17Î

been su g g es te d  t h a t  amino a c id s  e f f e c t s  may be due to  the  accu m u la tio n  

o f  th e s e  compounds i n s id e  the  h o s t  c e l l ,  so i n f l u e n c in g  l e s i o n  f o r m a t io n ,  

e i t h e r  by a f f e c t i n g  the  normal chem ica l ba lance  o f  the  v i r u s  p a r t i c l e s ,  

o r  by im p arin g  the  normal c e l l  env ironm en t (Varma and Verma, 196 7 ).

A s p a r t ic  a c id  and g lu ta m ic  a c id  ( a c i d i c )  had th e  s t r o n g e s t  i n h i b i 

t o r y  a c t i o n ,  whereas a r g in in e  and l y s i n e  ( b a s i c )  showed pronounced v i r u s  

enhancem ent. S im i l a r  o b s e r v a t io n s  were r e p o r te d  by Verma e t  a l .  (1970) 

who found t h a t  amino a c id s  h a v in g  OH o r  COOH groups in  a d d i t i o n  to  the  

CE(NH2)C00H group were g e n e r a l l y  i n h i b i t o r y  to  TMV. On th e  o th e r  hand , 

th o se  a c id s  where H io n s  dom inate ove r  OH o r  COOH groups had no i n h i b i 

t o r y  i n f l u e n c e ,  b u t  cou ld  enhance v i r u s  i n f e c t i v i t y .  Richkov ( l 951 ) 

and Bobyr (1959) a l s o  r e p o r t e d  i n h i b i t o r y  e f f e c t s  o f  g lu ta m ic  and a sp a 

r t i c  a c id  a g a i n s t  TMV, and Verma e t  a l .  ( l9 7 0 )  observed  the  s t i m u l a t o r y  

e f f e c t  o f  a r g i n i n e  on N.g l u t i n o s a  by TMV. I t  was n o t i c e a b le  t h a t  

in c r e a s e d  c o n c e n t r a t i o n s  o f  a s p a r t i c  a c id  produced  in c r e a s e d  i n h i b i t i n g  

a c t i v i t y .  S im i la r  r e s u l t s  were r e p o r t e d  by Chowfla and N a r ia n i  ( l 9 7 6 ) ,  

who found t h a t  the  i n h i b i t i o n  o f  b road  bean mosaic v i r u s  by a l a n i n e ,  

t r y p t o p h a n ,  a s p a r t i c  a c id  and g lu ta m ic  a c id  was d i r e c t l y  c o r r e l a t e d  

w i th  amino a c id  c o n c e n t r a t i o n .  They a l s o  showed t h a t  th e  h i g h e s t  con

c e n t r a t i o n  (2000 ppm) o f  a s p a r t i c  a c id  produced th e  h i g h e s t  p e rc e n ta g e  

i n h i b i t i o n  (65 90 fo l lo w e d  by a l a n i n e  (43 9Ô, g lu ta m ic  a c id  (39 9Ô, and 

t r y p to p h a n  ( 3I 9^• Lower c o n c e n t r a t i o n  (IOO ppm) gave 26 , 6 ,  11 and 

8 9̂  i n h i b i t i o n  r e s p e c t i v e l y .

In  th e  c ase  o f  s u g a r s ,  i t  was shown t h a t  a l l  3 s u g a r s ,  i d e n t i f i e d  

from Gp e x t r a c t s ,  were c a p a b le  o f  en h an c in g  TNV i n f e c t i v i t y .  There a re  

some r e p o r t s  t h a t  s u g a rs  and o th e r  c a rb o h y d ra te s  can i n h i b i t  i n f e c t i o n  

o f  p l a n t  by v i r u s e s  (Bawden and F r e e d m a n ,1952; E l-K an d e lg y ,  1964;
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B r a n t s ,  1964» Whitcomb and S in h a ,  1964 ) .  Many w o rk e rs ,  however, des 

c r i b e  enhancem ent o f  v i r a l  a c t i v i t y  by c a rb o h y d ra te s  (G ran t and C o rb e tt , ,  

I 96O; Whitcomb and S in h a ,  1964; Davis and Whitcomb, 196?; Kongsvik and 

S a n t i l l i ,  1970 ) .

The mechanism o f  enhancem ent o f  v i r u s  i n f e c t i v i t y  by su g a rs  i s  n o t  

known. However, B ran ts  ( l 964 ) s u g g e s ts  t h a t  enhancement r e s u l t s  from 

th e  in c r e a s e d  c a rb o h y d re a te  c o n te n t  o f  h o s t  l e a v e s ,  r e s u l t i n g  i n  i n c r e a 

sed  r e s p i r a t i o n  and a  s u b se q u e n t  in c r e a s e  in  s u s c e p t i b i l i t y .  S im i l a r  

i n t e r p r e t a t i o n s  were made by Tarwood (1 9 5 2 b ) ,  P an ze r  (1957) and L in d n er  

e t  a l . ( 1959 ) .  S c h le g e l  and Rawlins (1954) s u g g e s t  t h a t  su g a rs  can 

s e rv e  as an e n e rg y  so u rce  f o r  h o s t  m etabolism  and i n  t h i s  way b r i n g  

a b o u t  an in c r e a s e  in  v i r u s  p ro d u c t io n .  However, Kongsvik and S a n t i l l i  

( 1970 ) c o n s id e r  t h a t  s u c ro se  a c t s  to  enhance i n f e c t i v i t y  o f  TKV-RNA by 

a f f e c t i n g  an e a r l y  s t e p  in  th e  i n f e c t i o n  p r o c e s s ,  p ro b a b ly  the  p e n e t r a 

t i o n  o f  RNA i n t o  th e  c e l l .

I t  may be r e c a l l e d  t h a t  an amino a c id  m ix tu re s  s i m i l a r  to  the  p l a n t  

e x t r a c t s ,  red u ced  the  i n f e c t i v i t y  by 21 whereas a  s u g a r  mixtures* 

in c r e a s e d  th e  i n f e c t i v i t y  by 93 % • However, the  d i a l y s a b l e  p a r t  o f  

th e  p l a n t  e x t r a c t s  c o n ta i n in g  th e se  compounds, produced  a b o u t  80 % 

i n h i b i t i o n .  T h is  s u g g e s ts  t h a t ;  1 -  th e r e  a r e  i n h i b i t o r s  o th e r  th an  

amino a c id s  in  the  d i a l y s a b l e  f r a c t i o n  such a s  o rg a n ic  compounds 

(S c h le g e l  and R aw lins , 1 9 5 4 ) ,  and l i p i d  (E l-K andelgy  and W ilcoxon,

1966 ) ,  o r  2 -  th e  amount and r a t i o  o f  amino a c id s  to  su g a rs  v a r i e d  from 

th e  amounts p r e s e n t  i n  the  n a t u r a l  e x t r a c t s .

C le a r ly  th e  o v e r a l l  e f f e c t  o f  p l a n t  e x t r a c t s  on l o c a l  l e s i o n  

p ro d u c t io n  i s  d ependen t on the  v a r y in g  e f f e c t s  o f  the  d i f f e r e n t  sm all  

m o le c u la r  w e ig h t  c o n s t i t u e n t s .  I n t e r a c t i o n  between the  e f f e c t s  o f
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s u g a r s  (enhsincing compounds o r  augm en tera )  and o t h e r  sm all m o le c u la r  

w e ig h t c o n s t i t u e n t s  in c lu d in g  amino a c id s  ( i n h i b i t o r s )  d e te rm in e s  th e  

re sp o n se  as shown by l o c a l  l e s i o n  num bers. Such i n t e r a c t i o n  a re  f u r 

t h e r  c o m p lic a te d  by the  e f f e c t s  o f  l a r g e  m o le c u la r  w e igh t f r a c t i o n  

such  as  p r o t e i n s  and g l y c o p r o t e i n s .
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CHAPTER V I I

MODE OF ACTION OF GYPSOPHILA PANICÏÏLATA AND 

MINÏÏRATIA CAPILLACEA EXTRACTS

I n t r o d u c t i o n

A lthough numerous p l a n t s  have been shown to  c o n ta in  p l a n t  v i r u s  

i n h i b i t o r  f r a c t i o n s ,  r e l a t i v e l y  few r e p o r t s  have i n d i c a t e d  t h e i r  

mechanism o f  a c t i o n .  This  c h a p te r ,  d e s c r ib e s  a t te m p ts  to  s tu d y  th e  

mode o f a c t i o n  o f  two C aryophy llaceae  i n h i b i t o r s .  B a rak a t  and S tevens  

( 198O) have shown, as d e s c r ib e d  in  c h a p te r  I I I ,  t h a t  members o f  th e  

f a m i ly  C aryophy llaceae  c o n ta in  pow erfu l i n h i b i t o r s  o f  p l a n t  v i r u s  

i n f e c t i o n .  Two s p e c i e s ,  G ypsoph ila  p a n i c u l a t a  (G p), which showed power

f u l  i n h i b i t o r y  a c t i v i t y  and M in u ra t ia  c a p i l l a c e a  (E c ) ,  which showed 

weak i n h i b i t i o n ,  have been s tu d i e d  in  some d e t a i l  t o  g a in  in fo r m a t io n  

r e g a r d in g  t h e i r  p o s s ib l e  mode o f  a c t i o n .

There a r e  c o n f l i c t i n g  r e p o r t s  ab o u t  the  way in  which i n h i b i t o r s  

o f  i n f e c t i o n  a c t .  Bawden ( l 954) has c l a s s i f i e d  p l a n t  e x t r a c t s  a s  e i t h e r  

i n h i b i t o r s  o f  i n f e c t i o n  o r  i n h i b i t o r s  o f  v i r u s  m u l t i p l i c a t i o n .  Among 

th e  i n h i b i t o r s  o f  i n f e c t i o n ,  t h e r e  a r e  two ty p e s :  1 -  th o se  which a f f e c t
« tf

v i r u s  p a r t i c l e s  e i t h e r  by p r e v e n t in g ,  o r  b lo c k in g  t h e i r  a c t i v i t y ,  o r  

by com peting  w i th  v i r u s  f o r  r e c e p t o r  s i t e s  on the  p l a n t  c e l l  s u r f a c e .  

The second type  2 -  a c t  e x c l u s i v e l y  on the  cy top lasm  o f  h o s t  c e l l s  by 

i n t e r r u p t i n g  some p ro c e s s e s  concerned  w ith  r e p l i c a t i o n ,  so  t h a t  th e y  

can  no lo n g e r  s u p p o r t  v i r u s  m u l t i p l i c a t i o n .

I n h i b i t o r s  which a c t  by b lo c k in g  v i r u s  p a r t i c l e s  in c lu d e  e x t r a c t s  

p re p a re d  from  y e a s t  (T ak a h a sh i ,  1942, 1 9 4 6 ) ,  Physarum polycephalum  

(Mayhew and F o rd , 1 9 7 1 ) ,  and some l e a f  e x t r a c t s  which c o n ta in  t a n n in s
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(T h re sh ,  1 9 5 6 ) .

Complete i n a c t i v a t i o n  o f  v i r u s  p a r t i c l e s  by some p l a n t  v i r u s  

i n h i b i t o r s  has been r e p o r t e d  by Gupta and E aychaudhuri (1 9 7 2 ) ,  who, 

showed t h a t  A cac ia  a r a b i c a  e x t r a c t s  i n a c t i v a t e  v i r u s  p a r t i c l e s  comple

t e l y .  P a r t i a l  i n a c t i v a t i o n  o f  PVX co u ld  be b ro u g h t  ab o u t by t r e a tm e n t  

w i th  C a l l is te m o n  l a n c e o l a t u s  and Syzyglum c u m in i . A s i m i l a r  e f f e c t  i s  

found  when T>rV i s  t r e a t e d  w i th  geranium  t a n n in  (Cheo and L in d n e r ,  1964 ) .

B a g e t l i  (1957) su g g e s te d  t h a t  the  i n h i b i t o r  e x t r a c t e d  from L ian th u s  

c a ry o p h y l lu s  a c t s  by com peting  w ith  v i r u s  f o r  r e c e p t o r  s i t e s  on th e  

p l a n t  c e l l  s u r f a c e .  The r e s u l t s  o f  Van Kammen e t  a l .  ( 1961 ) ,  and 

B a g e t l i  and W eintraub  (1 9 6 2 b ) ,  u s in g  s i m i l a r  s p e c ie s  s u p p o r t  t h i s  i d e a .  

A lb e rg h in a  (1976) conc luded  t h a t  th e  i n h i b i t o r  i s o l a t e d  from  Chenopodium 

a m a r a n t i c o lo r  a c t s  by b lo c k in g  v i r u s  r e c e p t o r  s i t e s  s i t u a t e d  on the  

s u r f a c e  o f  the  l e a f .  E x t r a c t s  s t r o n g l y  red u ced  v i r u s  i n f e c t i v i t y  when 

a p p l i e d  b e fo re  o r  up to  30 m inu tes  a f t e r  i n o c u l a t i o n  w ith  v i r u s .  He 

s u g g e s te d  t h a t  th e  b in d in g  o f  the  v i r u s  t o  the  s u s c e p t i b l e  s i t e s ,  rem a ins  

r e v e r s i b l e  f o r  a  30 m inu tes  p e r io d  a f t e r  i n o c u l a t i o n .  N art ( 1972 ) a l s o  

n o t i c e d  t h a t  th e  a c t i o n  o f  th e  i n h i b i t o r s  p re p a re d  from  c a r n a t i o n  and 

f r e n c h  bean  was th ro u g h  the  h o s t  p l a n t  r a t h e r  th a n  on the  v i r u s . He 

s u g g e s te d  t h a t  once the  i n h i b i t o r  was in t ro d u c e d  to  the  l e a f  s u r f a c e  

i t  b locked  th e  v i r u s  e n t r y  p o in t s  o r  d e s t ro y e d  th e  i n f e c t i b l e  s i t e s .

I n h i b i t o r s  which a c t  by a l t e r i n g  the  h o s t  c e l l s  m e tabolism  so  t h a t  

th e y  a r e  no lo n g e r  s u s c e p t i b l e  t o  th e  v i r u s ,  have been r e p o r t e d  from 

a  v a r i e t y  o f  p l a n t s  in c lu d in g  T r ich o th ec iu m  roseum (Bawden and Freedman, 

1952 ) ,  Capsicum f r u t e s c e n s  (MeKeen, 1 9 5 6 ) ,  New Z ea land  s p in a c h  j u i c e  

(B enda, 1 9 5 6 ) ,  s u c c u le n t  p l a n t s  (Simons e ^  ^ . , 1 9 6 3 ) ,  r e d  c lo v e r  

(E l-K an d e lg y  and W ilcoxon, 1966 ) ,  Chenopodium (Y o s h i i ,  I 969 ) ,  and
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D atu ra  me t e l  (Lai 1973)» More r e c e n t l y ,  Verma e t  a l .  (1979)

found t h a t  the  mechanism by which v i r u s  i n f e c t i v i t y  i s  i n h i b i t e d  by 

e x t r a c t s  i s o l a t e d  from B o erh aav ia  d i f f u s a  i s  due to  the  i n t e r a c t i o n  o f  

i n h i b i t o r  w i th  the  t e s t  p l a n t .  S i m i l a r l y ,  V ic en te  e t  a l . (1977) r e p o r t 

ed t h a t  the  i n h i b i t o r  e x t r a c t e d  from G.a m a r a n t i c o lo r  le a v e s  a c t s  on the  

h o s t  p l a n t ,  and i n h i b i t i o n  o f  i n f e c t i v i t y  v a r i e d  w i th  th e  d i f f e r e n t  

h o s t  p l a n t  s p e c i e s .

O ther w orkers  b e l i e v e  t h a t  i n h i b i t o r s  do n o t  in v o lv e  d i r e c t l y  the  

h o s t  p l a n t ,  b u t  th e y  a c t  by fo rm ing  a  n o n - i n f e c t i v e  complex w i th  th e  

v i r u s .  T h is  s u g g e s t io n  i s  s u p p o r te d  by G rasso  ( l 9 7 7 ) ,  who showed th e  

i n h i b i t o r  a c t i v i t y  from P h y to la c c a  am ericana  comes abou t as  a  conse

quence o f  i o n i c  bond ing  between v i r u s  and i n h i b i t o r .  Verma e t  a l .

( 1975 ) found t h a t  Lawsonia a lb a  e x t r a c t s  d id  n o t  reduce  the  m u l t i p l i 

c a t i o n  o r  i n f e c t i v i t y  o f  TMV when sp ray ed  a f t e r  o r  p r i o r  t o  v i r u s  inocu

l a t i o n  on to b a cc o  p l a n t s .  F u r th e rm o re ,  the  e x t r a c t s  were n o t  e f f e c t i v e  

a g a i n s t  TMV when i t s  came i n t o  d i r e c t  c o n ta c t  w ith  the  v i r u s  ^  v i t r o . 

They concluded  t h a t  th e  i n h i b i t o r  does n o t  i n a c t i v a t e  the  v i r u s  p a r t i 

c l e s  Iji v i t r o , b u t  i t  form s a  n o n - i n f e c t i v e  r e v e r s i b l e  complex w i th  th e  

v i r u s  _in v i v o . S im i l a r  r e s u l t s  were o b ta in e d  by P u l to n  (1943) w i th  

l e a f  e x t r a c t s  o f  P h y to la c c a  d e c a n d ra ,b y  P a l iw a l  and N a r ia n i  (1 9 6 5 ) ,  

w i th  C a r ic a  papaya l a t e x ,  and by Palm (1967) who d e s c r ib e d  a  p l a n t  

v i r u s  i n h i b i t o r  system  from  th e  le a v e s  o f  N ic o t ia n a  g l u t i n o s a .

E l e c t r o n  m icroscopy  has  been used  t o  i n v e s t i g a t e  th e  mode o f  a c t i o n  

o f  some p l a n t  v i r u s  i n h i b i t o r s  by some w o rk e rs .  Moraes e t  a l . (1974) 

found  two c a rb o h y d ra te  i n h i b i t o r s  from  Physarum polycephalum  and 

A b u t i lo n  s t r i a t u m  when a ssa y ed  a g a i n s t  TMV. By e l e c t r o n  m ic ro sco p y , 

th e y  showed th e  i n h i b i t o r  c o a t s  the  v i r u s  p a r t i c l e s ,  so  i n h i b i t i n g
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norm al p r o t e i n  c o a t  s t r i p p i n g ,  when v i r u s  p a r t i c l e s  e n t e r  th e  h o s t  c e l l .  

S i m i l a r l y ,  E brah im -R eshat (1971) showed t h a t  th e r e  was an a g g re g a t io n  

o f  v i r u s  p a r t i c l e s  when p a r t i a l l y  p u r i f i e d  i n h i b i t o r  from s p in a c h  was 

added to  TMV. He concluded  t h a t  i n h i b i t i o n  i s  cau sed  by such  ag g reg a 

t i o n  o f  v i r u s  p a r t i c l e s .

I t  seems from  th e  l i t e r a t u r e  t h a t  th e r e  i s  no c l e a r  answ er t o  p rob 

lem as w h e th e r  i n h i b i t o r s  a f f e c t  th e  r e s i s t a n c e  o f  in o c u la te d  h o s t  

p l a n t s ,  o r  a c t  d i r e c t l y  on v i r u s  p a r t i c l e s .  More in fo r m a t io n  on more 

exam ples need to  be s t u d i e d .  With t h i s  i n  mind, s e v e r a l  e x p e r im en ts  

have been u n d e r ta k e n  to  d e te rm in e  w h e th er  i n h i b i t o r  e x t r a c t s  p re p a re d  

from G .p a n i c u l a t a  and M.c a p i l l a c e a  reduce  i n f e c t i v i t y  by a f f e c t i n g  th e  

TKV p a r t i c l e s ,  o r  by a c t i n g  on the  h o s t  p l a n t .

E x p e r im en ta l  p ro c e d u re s  and r e s u l t s

B efore  t e s t i n g  th e  d i r e c t  e f f e c t  o f  Gp and Me e x t r a c t s  on TNV, i t  

was n e c e s s a r y  to  c l a r i f y  b o th  e x t r a c t s  by u l t r a c e n t r i f u g a t i o n ,  p a r t i 

c u l a r l y  as th e  e x t r a c t s  appea red  c lo u d y .  C l a r i f i e d  e x t r a c t s  were th e n  

in c u b a te d  w i th  TNV f o r  I 5 m in u te s ,  the  v i r u s  re c o v e re d  by u l t r a c e n t r i 

f u g a t i o n ,  and i t s  i n f e c t i v i t y  t e s t e d  and compared w i th  u n t r e a t e d  TNV.

1 .  The i n h i b i t o r y  a c t i v i t y  o f  c l a r i f i e d  Gp and Me e x t r a c t s

L y o p h i l iz e d  Gp and Me e x t r a c t s , p re p a re d  as d e s c r ib e d  p r e v i o u s l y ,  

were each  r e c o n s t i t u t e d  i n  2 ml d i s t i l l e d  w a te r ,  th e n  th e y  were p a r t i a 

l l y  c l a r i f i e d  by c e n t r i f u g a t i o n  a t  11 ,000 x g  f o r  30 m in u te s .  The 

c l e a r  s u p e r n a t a n t s  were t e s t e d  a g a i n s t  v i r u s .  The p r e c i p i t a t e s  produced

on c e n t r i f u g a t i o n  were each  r e c o s t i t u t e d  in  2 ml d i s t i l l e d  w a te r  and 

th e s e  a l s o  t e s t e d  a g a i n s t  TNV. C o n tro ls  c o n s i s t e d  o f  TNV and an eq u a l  

volume o f  w a te r  i n s t e a d  o f  e x t r a c t .



178

The r e s u l t s  in  Table 33 show t h a t  b o th  the  s u p e r n a ta n t  and p r e c i p i 

t a t e  o f  Gp were i n h i b i t o r y  g iv in g  100 % and 84 % i n h i b i t i o n  r e s p e c t i 

v e l y ,  w hereas o n ly  th e  s u p e r n a ta n t  o f  Me reduced  l e s i o n  numbers g iv in g  

80 % i n h i b i t i o n *  The Me p r e c i p i t a t e  had no i n h i b i t o r y  e f f e c t *  The 

l e v e l s  o f  i n h i b i t i o n  o f  each  c l a r i f i e d  s u p e r n a ta n t  was the  same as  f o r  

th e  whole e x t r a c t s  as  r e p o r t e d  e a r l i e r  ( c h a p te r  I I I ) .  The s u p e r n a t a n t  

f r a c t i o n s  o r  c l a r i f i e d  e x t r a c t s  were used  in  th e  rem a in in g  e x p e r im en ts  

d e s c r ib e d  below . In  f u r t h e r  e x p e r im e n ts ,  i t  was th o u g h t  u s e f u l  to  t e s t  

th e s e  c l a r i f i e d  e x t r a c t s  a g a i n s t  two o th e r  v i r u s e s  TMV and PVX. S in ce  

t h i s  p e r m i t te d  th e  e v a l u a t i o n  o f  the  i n h i b i t o r s  a g a i n s t :  a )  two f u r t h e r  

h o s t  p l a n t s ,  and b) a  r i g i d  ro d -sh a p ed  v i r u s  (TMV), and a  f l e x i b l e  ro d 

shaped  v i r u s  (pVX).

2 .  E f f e c t  o f  c l a r i f i e d  Gp and Me e x t r a c t s  on l o c a l  l e s i o n  p ro d u c t io n  

by TMV and PVX

Two ml o f  e ach  o f  th e s e  c l a r i f i e d  s u p e r n a ta n t s  were mixed w i th  2 ml 

o f  p a r t i a l l y  c l a r i f i e d  TMV (Legume s t r a i n ) ,  o r  PVX and in o c u la te d  o n to  

t e n  l e a v e s  o f  t h e i r  r e s p e c t i v e  t e s t  p l a n t s  (N ic o t ia n a  g l u t i n o s a  v a r .  

X a n th i ,  o r  Gomphrena g lo b o s a ) . C o n tro ls  c o n s i s t e d  o f  an eq u a l  volume 

o f  v i r u s  and d i s t i l l e d  w a te r .

R e s u l t s  i n  T ab le  34 show t h a t  Gp and Kc p a r t i a l l y  c l a r i f i e d  s u p e r 

n a t a n t s  i n h i b i t e d  l o c a l  l e s i o n  p r o d u c t io n  by TMV g iv in g  100 % and 60 % 

i n h i b i t i o n  r e s p e c t i v e l y .  Table  34 , a l s o  shows t h a t  Gp e x t r a c t s  gave 

t o t a l  i n h i b i t i o n  (100 ^  w i th  PVX, w h ile  Me e x t r a c t s  showed l e s s  i n h i b i 

t i o n  g i v in g  63 % i n h i b i t i o n .

I t  seems from  th e se  r e s u l t s  t h a t  b o th  e x t r a c t s  were i n h i b i t o r y  

a g a i n s t  TNV, TMV and PVX, b u t  Gp e x t r a c t s  showed th e  s t r o n g e s t  e f f e c t .
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Table  33 • E f f e c t s  o f  s u p e r n a t a n t  and 11 ,000 x g  p r e c i p i t a t e s  from 

G .p an icu I2 tta  and M.c a p i l l a c e a  e x t r a c t s  on l o c a l  l e s i o n  

p ro d u c t io n  by TNV

Source  o f

Mean number o f  l e s i o n s * %
I n h i b i t i o n

e x t r a c t Super

n a t a n t

P r e c i 

p i t a t e

Super

n a t a n t

P r e c i 

p i t a t e

G .p a n ic u l a t a 0 34 .3 100 84

K .c a p i l l a c e a 4 4 .4 217 .3 80 2

C ontro l 220 .8 0 0 0

♦  E a ch  f i g u r e  r e p r e s e n t s  t h e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s
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5« E f f e c t  of c l a r i f i e d  e x t r a c t s  on TNV

Having e s t a b l i s h e d  t h a t  the  i n h i b i t o r s  from each  e x t r a c t  were s t i l l  

p r e s e n t  in  th e  c l a r i f i e d  s u p e r n a t a n t s ,  the  d i r e c t  e f f e c t s  o f  i n h i b i t o r s  

on v i r u s  was s t u d i e d .  F ive ml o f  each  c l a r i f i e d  e x t r a c t s  were in c u b a te d  

f o r  15 m inu tes  w ith  an eq u a l  volume o f  TNV p u r i f i e d  from f r o z e n  le a v e s  

o f  P .v u l g a r i s  by th e  method o f K assan is  (1 9 7 0 ) .  The v i r u s  was th en  

re c o v e re d  by c e n t r i f u g a t i o n  a t  100,000 x g f o r  2 h o u r s .  The p e l l e t e d  

v i r u s  was washed by re s u s p e n d in g  in  d i s t i l l e d  w a te r  to  remove any r e s i 

d u a l  i n h i b i t o r ,  and th e n  r e p e l l e t e d  by c e n t r i f u g a t i o n  t o  o b t a in  TNV. 

C on tro l sam ples c o n s i s t e d  of TNV in  w a te r  which were c e n t r i f u g e d  in  th e  

same way. To be c e r t a i n  t h a t  u l t r a c e n t r i f u g a t i o n  a t  100,000 x g f o r  

2 h o u rs  had no e f f e c t  on i n h i b i t o r  e x t r a c t s ;  e x t r a c t s  a lo n e  were a l s o  

s u b j e c t e d  to  u l t r a c e n t r i f u g a t i o n .  F i n a l l y ,  the  v i r u s  p e l l e t s  i n  b o th  

th e  t r e a t e d  and c o n t r o l  tu b es  were re su sp en d ed  i n  d i s t i l l e d  w a te r .

A ll  sam ples o f  v i r u s  were in o c u la te d  o n to  P .v u l g a r i s  t e s t  p l a n t s .

R e s u l t s  in  Table  55 show t h a t  u l t r a c e n t r i f u g e d  i n h i b i t o r s  from b o th

Gp and Kc were as  e f f e c t i v e  as crude e x t r a c t s  i n  r e d u c in g  l e s i o n  numbers
€

ind u ced  by TNV when mixed w i th  v i r u s  and immedia'ü.y in o c u la te d  onto  

l e a v e s .  However, v i r u s  t r e a t e d  w i th  Me e x t r a c t s  f o r  I 5 m inu tes  and 

p r e c i p i t a t e d  by u l t r a c e n t r i f u g a t i o n  was n o t  i n h i b i t e d ,  s u g g e s t in g  t h a t  

Me e x t r a c t s  had no e f f e c t  on the  v i r u s  p a r t i c l e s .  In  c o n t r a s t ,  Gp 

e x t r a c t s  ap p ea r  t o  have some d i r e c t  e f f e c t  on v i r u s  s in c e  l e s i o n s  were 

red u ced  by 79 I t  may be argued  however t h a t :  1 -  some i n h i b i t o r y

m a t e r i a l s  a re  bound to  th e  v i r u s  p a r t i c l e s ,  o r  2 -  some i n h i b i t o r y  

m a t e r i a l s  may be c a r r i e d  f r e e  in  th e  s o l u t i o n  w ith  the  v i r u s  p a r t i c l e s ,  

so  t h a t  t h i s ” r e s i d u a l " i n h i b i t o r  a cc o u n ts  f o r  i n h i b i t i o n  r a t h e r  th a n  

v i r u s  i n a c t i v a t i o n .
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F u r th e r  e x p e r im en ts  t o  s tu d y  th e  p o s s ib le  e f f e c t  o f  th e s e  e x t r a c t s  

on h o s t  p l a n t  were p e rfo rm ed , in  o rd e r  to  e s t a b l i s h  w h e th e r  th e  e x t r a c t s  

o p e ra te  e i t h e r  by i n t e r f e r i n g  w ith  the  i n i t i a l  u p tak e  o f  v i r u s ,  o r  by 

a f f e c t i n g  c e l l  m etabo lism  so  i n t e r r u p t i n g  some p ro c e s s e s  concerned  w ith  

v i r u s  m u l t i p l i c a t i o n .  A p p l ic a t io n  o f  v i r u s  i n h i b i t o r  by the  l e a f  d ip  

method was used  i n  t h i s  i n v e s t i g a t i o n ,  s in c e  Van Kammen e t  a l .  ( 1961 ) 

su g g e s te d  t h a t  t h i s  te ch n iq u e  avo ided  th e  d an g er  o f  the  second ru b b in g  

where new wounds would be c r e a te d  o r  e x i s t i n g  s u s c e p t i b l e  s i t e s  d e s t r o y e d .

4 .  E f f e c t  o f  d ip p in g  f r e n c h  bean le a v e s  i n  e i t h e r  Gp o r  Me e x t r a c t s  

one hou r b e fo re  TNV i n o c u l a t i o n

a )  D ipp ing  the  whole l e a f

One p r im ary  l e a f  o f  e ach  o f  th e  te n  f r e n c h  bean  p l a n t s  was t o t a l  

immersed f o r  2 m inu tes  i n t o  a  p e t r i  d i s h  c o n ta in in g  e i t h e r  Gp o r  Me 

e x t r a c t s .  O pposite  le a v e s  were d ipped  i n t o  d i s t i l l e d  w a te r  and s e rv e d  

as  c o n t r o l s .  A ll  th e  l e a v e s  were d r i e d  in  a i r  a t  g l a s s  house te m p e ra t

u re  f o r  one h o u r ,  th en  in o c u la t e d  w ith  TNV. C on tro l le a v e s  were in o cu 

l a t e d  f i r s t l y  to  p re v e n t  any i n h i b i t o r  e x t r a c t s  b e in g  t r a n s f e r r e d  t o  

th e  inocu lum . The r e s u l t s  in  Table 56 show t h a t  b o th  Gp and Me e x t r a c t s  

were i n h i b i t o r y  g iv in g  100 % and 83 % i n h i b i t i o n  r e s p e c t i v e l y .

b )  D ipp ing  th e  u p p e r  s u r f a c e  o f  th e  l e a f

In  f u r t h e r  e x p e r im e n ts ,  o n ly  the  u p p e r  l e a f  s u r f a c e s  were d ip p ed  i n  

e i t h e r  Gp o r  Me e x t r a c t s  u s in g  the  same p ro c e d u re s  as  d e s c r ib e d  above. 

C o n tro l  l e a v e s  were d ipped  in  w a te r .  R e s u l ts  i n  Table  36 show t h a t  

th e  i n h i b i t i o n  was the  same f o r  the  d ip p in g  o f  whole l e a v e s .

I t  i s  p o s s ib l e  t h a t  i n h i b i t o r  on u p p e r  l e a f  s u r f a c e s  may be i n t r o 

duced i n t o  l e a v e s  t o g e t h e r  w i th  v i r u s  i n  th e  i n o c u l a t i o n  p r o c e s s .
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To av o id  t h i s  p o s s i b i l i t y  an ex p e r im en t was d e s ig n e d  where the  low er 

s u r f a c e  was t r e a t e d  w i th  i n h i b i t o r  and the  u p p e r  s u r f a c e  w i th  v i r u s ,

c )  D ipp ing  th e  low er s u r f a c e  of th e  l e a f

On d ip p in g  th e  low er s u r f a c e s  o f  P .v u l g a r i s  le a v e s  i n  e i t h e r  Gp o r  

Me e x t r a c t s ,  th e  p e rc e n ta g e  i n h i b i t i o n  was found to  be a lm o s t  th e  same 

as f o r  d ip p in g  th e  whole o r  u p p e r  s u r f a c e s  (Table  3 6 ) .

I t  seems from th e s e  r e s u l t s  t h a t  t h e r e  i s  c o n s id e r a b le  i n h i b i t i o n  

o f  l o c a l  l e s i o n  p ro d u c t io n  w he ther le a v e s  a re  immersed i n  s o l u t i o n s ,  o r  

s o l u t i o n s  a p p l ie d  to  a  s in g l e  s u r f a c e .  The f a c t  t h a t  i n h i b i t i o n  o c c u r r s  

when the  low er s u r f a c e  i s  t r e a t e d  w ith  e x t r a c t s  and v i r u s  a p p l i e d  t o  

th e  u pper  s u r f a c e ,  i n d i c a t e s  t h a t  e x t r a c t s  ^  v iv o  in f lu e n c e  l e a f  s u sc e 

p t i b i l i t y  r a t h e r  th a n  h a v in g  d i r e c t  e f f e c t s  on v i r u s .  T h is  c o n c lu s io n  

was f u r t h e r  t e s t e d  in  the  f o l lo w in g  e x p e r im e n ts .

5 . E f f e c t  o f  d ip p in g  f r e n c h  bean le a v e s  in  e i t h e r  Gp o r  Me e x t r a c t s  

fo l lo w ed  by w ashing w i th  w a te r  b e fo re  TNV in o c u l a t i o n  

Ten p r im ary  f r e n c h  bean le a v e s  were t r e a t e d  w i th  each  e x t r a c t  u s in g  

th e  same p ro c e d u re s  as  f o r  th e  whole l e a v e s .  O pposite  c o n t r o l  le a v e s  

were d ip p ed  in  w a te r .  A f t e r  one h o u r ,  the  le a v e s  were r i n s e d  w i th  t a p  

w a te r  and l e f t  t o  d ry  f o r  15 m inu tes  b e fo re  i n o c u l a t i o n  w i th  TNV.

R e s u l t s  in  Tab le  36 show t h a t  r i n s i n g  th e  t r e a t e d  le a v e s  w i th  w a te r  

had no e f f e c t  on th e  i n h i b i t o r y  a c t i v i t y  o f  Gp e x t r a c t s  g iv in g  97 % 

i n h i b i t i o n .  On the  o th e r  h and , r i n s i n g  the  l e a f  s u r f a c e  t o  which Me 

e x t r a c t s  had been  a p p l ie d  produced  some r e d u c t io n  in  th e  i n h i b i t o r y

a c t i v i t y  g i v in g  49 % i n h i b i t i o n  as compared w ith  u n r in s e d  le a v e s  (78 %

i n h i b i t i o n )  as  shown in  Table  36 .

These r e s u l t s  s u g g e s t  t h a t  t h e r e  i s  f a i r l y  s t r o n g  a t ta c h m e n t  o f  th e

i n h i b i t o r s  t o  the  l e a f  s u r f a c e s  p a r t i c u l a r l y  w i th  Gp e x t r a c t s .  A l t e r -
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n a t i v e l y ,  i t  can be concluded  t h a t  th e  Gp i n h i b i t o r  has some e f f e c t  

on c e l l  m etabo lism  in  some way, so in f l u e n c in g  l e a f  s u s c e p t i b i l i t y  to  

v i r u s .  The r e s u l t s  o f  the  p re v io u s  ex p e r im en t ( 4 - c )  s u p p o r ts  t h i s  i d e a .  

A nother p o s s i b i l i t y  i s  t h a t  a n t i v i r a l  f a c t o r s  a re  induced  i n  the  le a v e s  

which p re v e n t  l o c a l  l e s i o n  p r o d u c t io n  a f t e r  v i r u s  a p p l i c a t i o n  (see  

c h a p te r  V I I I ) .  Me i n h i b i t o r  a p p ea rs  to  a c t  by the  same mechanism as 

th e  Gp i n h i b i t o r ,  b u t  w ith  l e s s  e f f e c t .

To examine more c l o s e l y  the  p o s s i b i l i t y  t h a t  i n h i b i t o r s  in f lu e n c e  

h o s t  s u s c e p t i b i l i t y  e i t h e r  by p r e v e n t in g  e a r l y  e v e n ts  such  as v i r u s  

a t ta c h m e n t  t o  th e  l e a f  c e l l s ,  o r  by s to p p in g  l a t e r  e v e n t s ,  f r e n c h  bean  

l e a v e s  were d ipped  i n t o  i n h i b i t o r s  p r i o r  t o  and a f t e r  v i r u s  i n o c u l a t i o n .

6 .  E f f e c t  o f  d ip p in g  f r e n c h  bean le a v e s  in  e i t h e r  Gp o r  Me e x t r a c t s  

a t  d i f f e r e n t  tim e i n t e r v a l s  PRIOR t o  TNV a p p l i c a t i o n  

I t  was shown p r e v io u s ly  t h a t  the  im m ersing o f  l e a v e s  i n  Gp o r  Me 

e x t r a c t s  one h ou r b e fo re  i n o c u l a t i o n  w i th  TNV produced i n h i b i t i o n .  In  

f u r t h e r  e x p e r im e n ts ,  le a v e s  were d ipped  i n t o  e i t h e r  Gp o r  Me e x t r a c t s  

f o r  2 m inu tes  and t h e n l e f t  f o r  1 , 4 ,  6 , 12 , o r  24 hours  b e fo re  inocu 

l a t i o n  w i th  v i r u s  i n  o r d e r  t o  t e s t  th e  e f f e c t  o f  lo n g e r  exposu re  of 

l e a v e s  t o  th e  i n h i b i t o r s .  C on tro l l e a v e s  were d ipped  i n t o  w a te r  

i n s t e a d  o f  e x t r a c t .

R e s u l t s  a s  shown in  Table  37 i n d i c a t e  t h a t  th e  e x t r a c t s  from 

G y p so p h ila  a re  v e ry  e f f e c t i v e  as  i n h i b i t o r s ,  t h e r e  b e in g  no l e s i o n s  

d ev e lo p ed  even  when v i r u s  i n o c u l a t i o n  was made 24 hou rs  a f t e r  i n h i b i t o r  

a p p l i c a t i o n .  On th e  o th e r  hand , M in u ra t ia  e x t r a c t s  were i n h i b i t o r y  

b u t  l e s s  e f f e c t i v e ,  i t  showed th e  h i g h e s t  p e rc e n ta g e  i n h i b i t i o n  (89 9Ô 

when a p p l i e d  1 h o u r  b e fo re  i n o c u l a t i o n  w i th  TNV, and th e  lo w e s t  

i n h i b i t i o n  (45 9Ô a f t e r  12 h o u rs .



187

S’
oy

3

gA
m
A3e+A
«+y
A

A

§
3

aCT*
A
4
O

A
A
H -O
3  
A

O
4

H-
A
3

H*
3 m
O oPO —& O p4:k PO ON 4L p 4
M A
P
rP O ' pg
H* A p
O P^ o '
3 O p-̂

4 A
A

VX

g :

- 4

o p A M
—J PO vx VJI o 3 H H- 0 PO VX - 4 3 rP

rP 3 4 APO o vx —* O 4 P O
O O e+
M

S '
rP
A

A

4 O O
O Hj

O *3 3
i-') A *3

O A 4
pg M *3 P A
4 A O' O ' rP

O O o o O A A t-k A 4
P P* P-" A A
c+ O P »o P
A 3 P eP
p . A *3 A 3

P 3 A
* 3 cP 3

H* cP

P O O
P-" O P ^
P P

M cP P-» P-»
3 P A
3* M P
H* A 4

o O o o O O' A A
o O o o O H* Pk A

rP O
H» 3 O
O I-»
3 •3

4  4 j
O •
P P
O P-»

a eP CX)
O ( F H» p
b P O 4

- o 4L 0 0 ON O 3 3 3 H»
4L VO o VO rP A

4 3 O '
ON O 4L o v-n o «4 <

M P**
S ' S % O '
4

g p^
O 4 3
M) P O*

P3 rP P-
4x PO 4L PO 4 M H - O '
VO 4L O vx A A P p*»

P A cP
4:k O O ov V I fP Ph O O

A O P 4
p . 3 •3

A pp
* P-»

P-»
P
O
A
P

- 0 4L v n ON 0 0

g

H*
-k v-n v n VO C*

rP
H -
O
3



188

These r e s u l t s  s u g g e s t  t h a t  e i t h e r  th e  i n h i b i t o r s :  1- r e m a in  a c t i v e  

on l e a f  s u r f a c e s , e n t e r  th e  l e a f  t o g e t h e r  w i th  the  v i r u s  and cause 

t h e i r  i n h i b i t o r y  a c t i v i t y  i n s id e  th e  l e a f ,  o r  2 -  th e y  may a l t e r  c e l l  

m etabo lism  in  some way, so  a f f e c t i n g  v i r u s  r e p l i c a t i o n .

An i n t e r e s t i n g  f e a t u r e  o f t h i s  ex p e r im en t was th e  o b s e r v a t io n  t h a t  

th e  v i r u s  c o n c e n t r a t i o n  r e q u i r e d  t o  g iv e  adequa te  l e s i o n  numbers i n  

o p p o s i te  c o n t r o l  le a v e s  t r e a t e d  w i th  Gp e x t r a c t s  was double  t h a t  norm al

l y  g i v in g  100 -  150 l e s i o n s .  T h is  o b s e r v a t io n  s u g g e s ts  t h a t  Gp i n h i b i t o r  

may induce  a n t i v i r a l  compounds which p re v e n t  l o c a l  l e s i o n  p ro d u c t io n  

i n  th e  o p p o s i te  l e a v e s .  F u r th e r  e x p er im en ts  s u b s t a n t i a t i n g  t h i s  c la im  

w i l l  be d e s c r ib e d  i n  the  f o l lo w in g  c h a p te r .

7 .  E f f e c t  o f  d ip p in g  f r e n c h  bean le a v e s  in  e i t h e r  Gp o r  Me e x t r a c t s  

a t  d i f f e r e n t  time i n t e r v a l s  AFTER TNV a p p l i c a t i o n

The above e x p e r im en t was r e p e a te d  w i th  the  e x c e p t io n  t h a t  i n h i b i t o r s  

were a p p l i e d  1 ,  4» 6 ,  12 and 24 hours  a f t e r  i n o c u l a t i o n  w i th  TKV.

The r e s u l t s  in  Tab le  58 show t h a t  no s i g n i f i c a n t  i n h i b i t i o n  o c c u r r 

ed w i th  Gp e x t r a c t s  i f  a p p l i e d  one h o u r  o r  more a f t e r  i n o c u l a t i o n  w i th  

v i r u s .  However, th e r e  i s  a  s l i g h t  e f f e c t  w i th  Me e x t r a c t s  when a p p l i e d  

1 o r  6 h o u rs  a f t e r  i n o c u l a t i o n  w i th  TNV g iv in g  25 %and 23 % i n h i b i t i o n  

r e s p e c t i v e l y .

These r e s u l t s  may i n d i c a t e  t h a t  e a r l y  e v e n ts  i n  v i r u s  r e p l i c a t i o n  

have occured  d u r in g  the  f i r s t  h o u r  a f t e r  v i r u s  a p p l i c a t i o n  g i v i n g  r i s e  

t o  l e s i o n  p r o d u c t io n .  I n h i b i t o r  e x t r a c t s  t o  be e f f e c t i v e  must be 

p r e s e n t  d u r in g  th e se  e a r l y  e v e n t s ,  s in c e  a p p l i c a t i o n  one h o u r  a f t e r  

t r e a tm e n t  w i th  v i r u s  i s  to o  l a t e  to  b r in g  ab o u t  r e d u c t io n  i n  l o c a l  

l e s i o n  num bers.
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D is c u s s io n

The r e s u l t s  o f  th e se  e x p e r im en ts  i n d i c a t e  t h a t  th e  i n h i b i t o r y  

f r a c t i o n s  from G ypsoph ila  p a n i c u l a t a  d i f f e r  from th o se  o f  M in u ra t ia  

c a p i l l a c e a .  On c e n t r i f u g a t i o n  Me i n h i b i t o r  was c o n f in e d  to  the  s u p e r 

n a t a n t  f r a c t i o n ,  s i m i l a r  r e s u l t s  were o b ta in e d  by Thomson and Peddie  

( 1965 ) w i th  an e x t r a c t  from Chenopodium a m a r a n t i c o lo r . Gp e x t r a c t s ,  on 

th e  o t h e r  hand , c o n ta in  l a r g e  m o le c u la r  w e ig h t  i n h i b i t o r s  which p r e c i 

p i t a t e  on c e n t r i f u g a t i o n  as w e l l  as sm all  m o le c u la r  w e ig h t  i n h i b i t o r s ,  

s u g g e s t in g  t h a t  th e re  i s  more th a n  one i n h i b i t o r  i n  the  e x t r a c t s  o f  Gp 

as  d e s c r ib e d  e a r l i e r  ( c h a p te r  V ). However, th e  i n h i b i t o r  may be a d so rb 

ed t o  l a r g e  p a r t i c l e s  in  the  e x t r a c t s  and sed im ented  w i th  them. The 

p r e c i p i t a t e d  i n h i b i t o r s . f r o m  Gp may w e l l .b e  p ro  te  in ace  o u s , s in c e  i n h i b i 

t o r s  from r e l a t e d  p l a n t s  (D ian thus  c a r y o p h y l lu s ) have been c h a r a c t e r i z e d  

as  p r o t e i n  (Van Kammen e t  a l . , I 96I ;  B a g e t l i  and W ein trau b , 1962b;

S t i r p e  ^  1981)*

A lthough Gp e x t r a c t s  seem t o  have some d i r e c t  e f f e c t  on TNV, s in c e  

l e s i o n  numbers were red u ced  by 79 %on s e p a r a t i o n  o f  th e  v i r u s  from  th e  

Gp e x t r a c t s ,  i t  i s  p o s s ib l e  t h a t  th e  i n h i b i t o r  i s  ad so rb ed  o n to  v i r u s  

and in f l u e n c e s  l o c a l  l e s i o n  p r o d u c t io n  on e n t r y  i n t o  p l a n t  c e l l s  a lo n g  

w i th  v i r u s  d u r in g  th e  i n o c u l a t i o n  p r o c e s s .  On th e  o th e r  h and . Me 

e x t r a c t s  a p p e a r  to  have t h e i r  e f f e c t  on the  h o s t  s u s c e p t i b i l i t y  r a t h e r  

th a n  on the  v i r u s ,  because  th e  v i r u s  r e c o v e re d  a f t e r  t r e a tm e n t  w i th  

i n h i b i t o r  ap p ea red  unchanged . S im i l a r  r e s u l t s  were r e p o r t e d  by Crowley 

( 1955 ) who found t h a t  the  i n h i b i t o r  e x t r a c t e d  from  s p e c ie s  o f  N ic o t ia n a  

and Cucumis s a t i v a  s eeds  had l i t t l e  e f f e c t  on TMV and cucumber m osaic  

v i r u s  r e s p e c t i v e l y .  V icen te  e t  a l .  (1977) and Thomson and Pedd ie
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( 1965 ) a l s o  found t h a t  th e  i n h i b i t o r  from C»a m a r a n t i c o lo r  l e a v e s  a c te d  

on th e  h o s t  p l a n t  and n o t  on the  v i r u s .

In  t h i s  i n v e s t i g a t i o n  th e  l e a f  d ip  method was used  (Van Kammen 

e t  ^ , 1961 ) t o  s tu d y  th e  mode o f  a c t i o n  o f  b o th  Gp and Me e x t r a c t s .  

When th e  low er s u r f a c e s  o f  f r e n c h  bean le a v e s  were d ipped  i n  e i t h e r  Gp 

o r  Me i n h i b i t o r s  and u p p e r  s u r f a c e s  in o c u la te d  w i th  v i r u s ,  no l e s i o n s  

were formed w ith  Gp i n h i b i t o r ,  and s l i g h t  r e d u c t io n  i n  l e s i o n  numbers 

was p roduced  w ith  Me i n h i b i t o r .  S im i la r  r e s u l t s  were o b ta in e d  by

Crowley (1955) u s in g  cucumber embryo e x t r a c t s ,  where l o c a l  l e s i o n  p ro 

d u c t io n  on u p p e r  cowpea l e a f  s u r f a c e s  was i n h i b i t e d  by a p p l i c a t i o n  o f  

e x t r a c t s  to  th e  u n d e r - s u r f a c e s .  Crowley s u g g e s te d  t h a t  the  e f f e c t  o f  

t h i s  i n h i b i t o r  was to  red u ce  the  s u s c e p t i b i l i t y  o f  cowpea le a v e s  to  

i n f e c t i o n .  Kahn ^  ( 196O) a l s o  r e p o r te d  t h a t  th e  i n h i b i t o r  from

Oryza s a t i v a  e x t r a c t s  showed v i r u s  i n h i b i t i o n  when i t  was a p p l i e d  to  

th e  lo w er  s u r f a c e  o f  in o c u la te d  l e a v e s .  A pablaza  and B e r n ie r  (1 9 7 2 ) ;  

Simons e t  a J .  ( I 963 ) found t h a t  the  i n h i b i t o r s  e x t r a c t e d  from  geranium  

and p ep p e r  i n h i b i t e d  th e  developm ent o f  l o c a l  l e s i o n s  when sp ra y ed  o n to  

the  u n d e rs id e  o f  l e a v e s  b e fo re  i n o c u l a t i o n  o f  the  u p p e r  s u r f a c e .  

B la sz cz a k  e t  a l .  (1 9 5 9 ) ,  how ever, r e p o r te d  some i n h i b i t i o n  o f  PVX when 

s i m i l a r  e x t r a c t s  were a p p l i e d  to  lo w er  s u r f a c e s  o f  Gomphrena g lo b o s a . 

D i f f e r e n t  r e s u l t s  were r e p o r t e d  by N art (1 9 7 2 ) ,  who found t h a t  th e  

i n h i b i t o r  i s o l a t e d  from f r e n c h  bean  le a v e s  showed no s i g n i f i c a n t  v i r u s  

i n h i b i t i o n  when i t  was a p p l ie d  to  the  low er s u r f a c e  o f  N.g l u t i n o s a  and 

TMV was a p p l i e d  to  the  u p p e r  l e a f  s u r f a c e .

The p o s s ib l e  mechanism by which Gp e x t r a c t s  i n h i b i t  v i r u s  i n f e c t i o n  

when a p p l i e d  to  low er s u r f a c e s  may be due t o ;  1 -  Gp e x t r a c t s  c o n ta i n  a  

m ix tu re  o f complex compounds which can  a l t e r  th e  m etabo lism  o f  th e  l e a f
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c e l l s ,  so  t h a t  in t r o d u c e d  v i r u s  p a r t i c l e s  can n o t  m u l t i p l y ,  2 -  the  

e x t r a c t s  a re  t r a n s l o c a t e d  a c r o s s  the  l e a f  t o  th e  o p p o s i te  s id e  o f th e  

l e a f  and d i r e c t l y  i n h i b i t  v i r u s  r e p l i c a t i o n ,  o r  3- the  e x t r a c t s  may 

induce  the  p ro d u c t io n  by th e  l e a f  o f  a n t i v i r a l  compounds. On the  o t h e r  

h and . Me e x t r a c t s  produced  l i t t l e  i n h i b i t i o n  when a p p l ie d  to  the  lo w er 

s u r f a c e  o f l e a v e s ,  i n d i c a t i n g  t h a t  th e  i n h i b i t o r  i s  n o t  t r a n s l o c a t e d  o r  

has  a  s lo w er  o r  weaker e f f e c t s  on c e l l  m e tab o lism , o r  i n d u c t io n  o f  a n t i 

v i r a l  compounds.

Washing f r e n c h  bean  le a v e s  w i th  t a p  w a te r ,  one h o u r  a f t e r  t r e a tm e n t  

w i th  i n h i b i t o r ,  had no e f f e c t  on the  b i o l o g i c a l  a c t i v i t y  o f  the  Gp 

e x t r a c t s .  These r e s u l t s  con firm  the  id e a  t h a t  i n h i b i t o r s  from  Gp a c t  

by a l t e r i n g  the  s u s c e p t i b i l i t y  o f  the  c e l l s  to  v i r u s  a t t a c h m e n t ,  o r  

e a r l y  e v e n ts  in  v i r u s  r e p l i c a t i o n  r a t h e r  th a n  h av in g  d i r e c t  e f f e c t s  on 

th e  v i r u s .  I n h i b i t i o n  induced  by Me e x t r a c t s  was p a r t i a l l y  red u ced  by 

w ash ing , s u g g e s t in g  t h a t  such  e x t r a c t s  a c t  e i t h e r  by a l t e r i n g  th e  s u sc e 

p t i b i l i t y  o f  h o s t  p l a n t  to  v i r u s  a t ta c h m e n t ,  o r  by a l t e r i n g  th e  c e l l s  

and i n t e r r u p t i n g  some p ro c e s s e s  concerned  w ith  th e  r e p l i c a t i o n  o f  v i r u s .

F u r t h e r  ev id en ce  abou t th e  mode o f  a c t i o n  o f  b o th  e x t r a c t s  were 

o b ta in e d  when each  was a p p l ie d  a t  v a r io u s  time i n t e r v a l s  e i t h e r  b e fo re  

o r  a f t e r  v i r u s  i n o c u l a t i o n .  Both e x t r a c t s  were i n h i b i t o r y  when a p p l i e d  

up to  24 hou rs  b e fo re  v i r u s  i n o c u l a t i o n ,  Gp i n h i b i t o r s  showed th e  s t r o n g 

e s t  e f f e c t .  These r e s u l t s  a g r e e ,  in  p a r t ,  w i th  th o se  o b ta in e d  by 

F i s c h e r  and Nienhaus (1973) who found t h a t  the  i n h i b i t o r  i s o l a t e d  from 

Capsicum annuum le a v e s  was i n h i b i t o r y  a t  l e a s t  24 h o u rs  b e fo re  in o c u la 

t i o n  and up to  1 hou r a f t e r  a p p l i c a t i o n  o f  v i r u s .  N a r t  (1972) r e p o r t e d  

t h a t  the  i n h i b i t o r  from f r e n c h  bean was s t i l l  e f f e c t i v e  i n  r e d u c in g  the  

i n f e c t i o n  o f  TMV in  N.g l u t i n o s a  when i t  was a p p l i e d  to  l e a v e s  48 h o u rs  

b e fo re  v i r u s  i n o c u l a t i o n ,  w hereas l i k e  Gp e x t r a c t ,  t h e r e  was no s i g n i 
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f i c a n t  e f f e c t  when a p p l i e d  a f t e r  v i r u s  i n o c u l a t i o n .  On the  o th e r  h and , 

Lai ^  a l . , (1 973 ) r e p o r t e d  t h a t ,  a l th o u g h  f r e n c h  bean le a v e s  e x t r a c t  

was i n h i b i t o r y  when i t  was mixed and in o c u la te d  a t  the  same time a s  TMV, 

th e  e x t r a c t  was n o t  i n h i b i t o r y  when a p p l ie d  up to  24 h o u rs  b e fo re  o r  

a f t e r  TMV i n o c u l a t i o n .

No s i g n i f i c a n t  i n h i b i t i o n  was o b ta in e d  when e i t h e r  Gp o r  Me e x t r a c t s  

were a p p l ie d  a f t e r  v i r u s  a p p l i c a t i o n .  S i m i l a r  r e s u l t s  were r e p o r t e d  by

Verma and Verma (1 965) who found t h a t  wheat seed  e x t r a c t s  were i n h i b i t o r y  

when a p p l i e d  b e fo re  the  i n o c u l a t i o n  by TMV, b u t  n o t  when a p p l i e d  a f t e r  

i n o c u l a t i o n .  They su g g es te d  t h a t  t h i s  e f f e c t  m igh t be due to  b lockage  

o f  v i r u s  r e c e p t o r  s i t e s  as  r e p o r t e d  by Gupta and P r i c e  (1950, 1 9 5 2 ) .  

However, Palm ( l 967) showed no s i g n i f i c a n t  i n h i b i t i o n  o f  i n f e c t i o n  when 

th e  i n h i b i t o r y  f r a c t i o n s  from N.g l u t i n o s a  were a p p l i e d  tm N .tabacum 

l e a v e s  p r i o r  t o ,  o r  a f t e r  TMV i n o c u l a t i o n .  He concluded  t h a t  the  

i n h i b i t o r  a c t s  i t s  e f f e c t  on the  v i r u s  r a t h e r  th a n  on th e  h o s t .

Both Gp and Me e x t r a c t s  i n h i b i t e d  l o c a l  l e s i o n  p r o d u c t io n  by two 

ro d -sh a p e d  v i r u s e s  (TMV and PVX) as  w e ll  a s ,  the  s p h e r i c a l  TNV v i r u s .  

However, Gp e x t r a c t s  were more e f f e c t i v e  i n h i b i t o r s  th a n  Me e x t r a c t s .  

These r e s u l t s  i n d i c a t e  t h a t  b o th  Gp and Me i n h i b i t o r s  work i n  h o s t  

p l a n t s  o th e r  th an  P h aseo lu s  v u l g a r i s .

The f a c t  t h a t  i n h i b i t o r  a c t i v i t y  i s  t r a n s l o c a t a b l e  betw een lo w er and 

u p p e r  l e a f  s u r f a c e s  and from one l e a f  to  a n o th e r  ( s e e  c h a p te r  V I I l ) ,  

i n d i c a t e s  t h a t  e i t h e r  i n h i b i t o r s  a re  m o b ile ,  o r  t h a t  th e y  induce  the  

p ro d u c t io n  o f  compounds w ith  a n t i v i r a l  a c t i v i t y .  A n t i v i r a l  f a c t o r s  

ind u ced  by G y p so p h ila  p a n i c u l a t a  e x t r a c t s  w i l l  be examined i n  th e  n e x t

c h a p t e r .
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CHAPTER V I I I  

ANTIVIRAL SUBSTANCE INDUCTION IN PLANTS 

BY GYPSOPHILA PANICULATA EXTRACTS

I n t r o d u c t i o n

P la n t s  i n f e c t e d  by v i r u s  may produce compounds which can be shown 

to  p re v e n t  v i r u s  a c t i v i t y ,  such  compounds a r e  known as  a n t i v i r a l  f a c t o r s  

(AVF). A n t i v i r a l  f a c t o r s  have been found in  v i r u s  i n f e c t e d  le a v e s  o f  

a  number o f  p l a n t s  and a re  n o t  d e t e c t e d  i n  n o n - in f e c t e d  p l a n t s .  Such 

a n t i v i r a l  f a c t o r s  were f i r s t  r e p o r te d  by S e la  and Applebaum ( 1962 ) .

S ince  th e n ,  the  p re se n c e  o f  a n t i v i r a l  s u b s ta n c e s  induced  by v i r u s  

i n f e c t i o n  in  p l a n t s  has been confirm ed  by a d d i t i o n a l  i n v e s t i g a t i o n s  

(Y o s h iz a k i ,  1966; Chadha and M acN eil l , 1969; Kimmins, 1969; Nagaich 

and S in g h ,  1970; A n tignus  1971 ; S ak a i  and Take b e ,  1974? P a te r s o n

and K n ig h t ,  1975? A ntignus e t  ^ . , 1977? Mozes e t  a l . , 1978; Devash 

e t  a l . ,  1 9 8 1 ) .  S e la  e t  ^ . ( l 964 ) found t h a t  th e  j u i c e  from u n in f e c t e d  

N ic o t ia n a  g l u t i n o s a  le a v e s  showed a n t i v i r a l  a c t i v i t y ,  b u t  an a d d i t i o n a l  

new a n t i v i r a l  s u b s ta n c e s  were produced when th e  p l a n t s  became i n f e c t e d  

w i th  TKV.

The p ro d u c t io n  o f  AVF has  been c o r r e l a t e d ,  by a  number o f  w o rk e rs ,  

w i th  th e  app ea ran ce  o f  new p r o t e i n s  n o t  p r e s e n t  i n  h e a l t h y  p l a n t s .  

G ia n in a z z i  e t  a l .  ( l 970) r e p o r t e d  t h a t  to b acco  shows v a r y in g  d e g re e s  of 

r e s i s t a n c e  to  i n f e c t i o n  by d i f f e r e n t  v i r u s e s .  Such r e s i s t a n c e  i s  a s s o 

c i a t e d  w i th  the  appea rance  o f  4 new bands o f  p r o t e i n  on d i s c  e l e c t r o 

p h o r e s i s  o f  l e a f  e x t r a c t s .  S im i la r  f i n d i n g s  were r e p o r t e d  by Van Loon 

and Van Kammen ( l 9 7 0 ) ,  and K assan is  e t  (1 9 7 4 ) .  B a rk e r  (1 9 7 5 ) ,  on 

th e  o th e r  hand , found t h a t  d i s c  e l e c t r o p h o r e s i s  o f  s o lu b le  p r o t e i n  i n
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N ic o t ia n a  ben tham iana  l e a f  e x t r a c t s  f a i l e d  to  r e v e a l  any change in  

p r o t e i n  p a t t e r n  induced  by i n f e c t i o n  w i th  r a s p b e r r y  r i n g  s p o t  v i r u s  

e i t h e r  in  symptomless l e a v e s ,  o r  in  s y s t e m ic a l ly  i n f e c t e d  symptom- b e a r 

in g  le a v e s  o r  l e a v e s  r e c o v e re d  from i n f e c t i o n .  He su g g e s te d  t h a t  3 o f  

th e  4 p r o t e i n s  p r e v io u s ly  th o u g h t  t o  o ccu r  o n ly  in  v i r u s  i n f e c t e d  

N ic o t ia n a  tabacum le a v e s  a r e  p ro b a b ly  normal l e a f  c o s t i t u e n t s .

When a  l e a f  i s  in o c u la te d  w ith  v i r u s  i t  becomes r e s i s t a n c e  to  a t t a c k  

by v i r u s  a p p l i e d  in  su b se q u e n t  i n o c u l a t i o n s .  S i m i l a r l y ,  le a v e s  o p p o s i te  

to  and d i s t a n t  from the  in o c u la te d  l e a f  o f t e n  become r e s i s t a n t ,  t h i s  i s

II If
c a l l e d  a c q u i r e d  r e s i s t a n c e .  A cquired  r e s i s t a n c e  i n  p l a n t  i n f e c t e d  w ith  

v i r u s e s  t h a t  cause o n ly  n e c r o t i c  l o c a l  l e s i o n s  has been r e p o r t e d  by 

Ross ( 1961a )  who observed  no a c q u i r e d  r e s i s t a n c e  w i th  n o n - n e c r o s i s  

( s y s te m ic )  c a u s in g  v i r u s e s .  He s u g g e s te d ,  t h e r e f o r e ,  t h a t  t h i s  r e s i s 

ta n c e  d ev e lo p s  on ly  i f  some p a r t  o f  th e  p l a n t  i s  i n f e c t e d  by n e c r o s i s  

in d u c in g  v i r u s e s .  Van Loon and Van Kammen ( l 970) found t h a t  r e s i s t a n c e  

in d u ced  by v i r u s  i n f e c t i o n  in  h y p e r s e n s i t i v e ( l o c a l  l e s i o n )  s p e c ie s  a c t s  

a t  some d i s t a n c e  from the  s i t e s  o f  i n f e c t i o n .

O ther s t u d i e s  showed t h a t  induced  r e s i s t a n c e  d ev e lo p s  i n  b o th  l o c a l  

and s y s t e m ic a l ly  i n f e c t e d  p l a n t s .  L o e b e n s te in  ( l 963 ) found sy s te m ic  

r e s i s t a n c e  in  D a tu ra  stram onium  and Gomphrena g lo b o s a  a f t e r  i n o c u l a t i o n  

w i th  TMV and PVX r e s p e c t i v e l y .  Ross ( I 96I b ) ;  and B o za r th  and Ross 

( 1964 ) r e p o r t e d  t h a t  when low er l e a v e s  o f  Samsun NN to b acco  were inocu

l a t e d  w ith  TMV, s y s te m ic  r e s i s t a n c e  was induced  in  th e  u p p e r  l e a v e s .

They su g g e s te d  t h a t  developm ent o f  sy s te m ic  r e s i s t a n c e  was d ependen t 

upon th e  movement o f  some su b s ta n c e  ( s )  from i n f e c t e d  t o  u n in f e c t e d  

r e g io n s  o f  th e  p l a n t .  The chem ica l n a tu re  o f  such  t r a n s l o c a t a b l e
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su b s ta n c e  ( s )  i s  n o t  known.

The p r o t e c t i o n  deve loped  by p l a n t s  t r e a t e d  w ith  i n h i b i t o r  e x t r a c t s  

has  been s tu d ie d  by a  number o f  w o rk e rs .  Me Keen (1956) found t h a t  when 

p e p p er  e x t r a c t  was a p p l ie d  t o  one h a l f  o f  the  low er l e a f  s u r f a c e  of 

cowpea, th en  in o c u la te d  w ith  cucumber mosaic v i r u s ,  l e s i o n  p ro d u c t io n  

was reduced  to  the  same e x t e n t  on b o th  h a lv e s  o f  the  u pper  i n o c u la te d  

s u r f a c e s .  He a l s o  d em o n stra ted  t h a t  a p p l i c a t i o n  o f  e x t r a c t s  to  the  

s u r f a c e  o f  one p r im ary  l e a f  reduced  by h a l f  th e  number o f  l e s i o n s  produ

ced on the  o p p o s i te  p r im ary  l e a f .  S im i la r  r e s u l t s  were o b ta in e d  by 

Simons e t  a l .  (1963) w i th  geranium  and p ep p e r  e x t r a c t s  sp ray ed  on to  the  

u n d e rs id e  o f  N.g l u t i n o s a  le a v e s  one day b e fo re  i n o c u l a t i o n  w i th  TMV.

In  c o n t r a s t ,  B laszczak  e t  a l .  ( l 959) o bserved  l i t t l e  o r  no i n h i b i t i o n  

i n  u n t r e a t e d  l e a v e s ,  o p p o s i te  to  th o se  t h a t  had r e c ie v e d  e x t r a c t s  from 

p ep p e r  and Chenopodium album « p o s s i b l y  because  the  e x t r a c t s  had been 

a p p l i e d  5-7 days b e fo re  i n o c u l a t i o n .

A pablaza and B e r n ie r  (1972) a p p l i e d  e x t r a c t s  from g e ran ium , p ep p er  

and jimsonweed to  th e  lo w er  s u r f a c e  o f  one o f  a  p a i r  o f  p r im ary  le a v e s  

o f  p in t o  bean p l a n t s ,  4 and 2 hou rs  b e fo re  b o th  p r im ary  l e a f  u p p e r  s u r 

f a c e s  were i n o c u la te d  w i th  TMV. They found a l l  th e  p l a n t  e x t r a c t s  were 

e f f e c t i v e  in  i n h i b i t i n g  l o c a l  l e s i o n  developm ent on th e  o p p o s i te  l e a f ,  

a s  w e l l  a s ,  on the  l e a f  t h a t  r e c ie v e d  the  i n h i b i t o r s .  The d eg re e  o f  

i n h i b i t i o n  on l e a v e s  t h a t  r e c ie v e d  th e  i n h i b i t o r  (65 -  85 9Ô was g r e a t 

e r  th a n  t h a t  on the  o p p o s i te  l e a v e s  (40  -  75 /6* l e s s  th a n  th e  99- 

100 % i n h i b i t i o n  o b ta in e d  when each  e x t r a c t  was mixed w i th  th e  v i r u s  

o n ly .  More r e c e n t  examples o f  induced  r e s i s t a n c e  by p l a n t  e x t r a c t s  

a r e  g iv e n  by Verma and Awasthi (1979) and Noronha e t  ( l 9 8 0 ) .
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I n d u c t io n  o f  r e s i s t a n c e  can  a l s o  be b ro u g h t  a b o u t  by c h e m ic a ls ,  

th u s  G ia n in a z z i  and K assan is  ( l 974) found t h a t  i n j e c t i o n  o f  h e a l t h y  

l e a v e s  o f  N,tabacum v a r .  X an th i w ith  p o l y a c r y l i c  a c id  (PA) induced  

r e s i s t a n c e  to  i n f e c t i o n  by TMV and TNV. P r e v io u s ly ,  Gicherman and 

L o e b e n s te in  (1968) found t h a t  th e  i n j e c t i o n  o f  y e a s t  ENA i n t o  le a v e s  

o f  a  h y p e r s e n s i t i v e  tob acco  caused  a r e s i s t a n c e  to  TMV. White (1978) 

showed t h a t  a c e ty l  s a l i c y l i c  a c i d ,  s a l i c y l i c  a c id  and b en zo ic  a c id  each  

induced  v i r u s  r e s i s t a n c e  i n  l e a v e s .  R e s is ta n c e  induced  by PA i s  accom

p a n ied  by the  p ro d u c t io n  o f 3 iiew p r o t e in s  r e m in i s c e n t  o f  th e  p ro d u c t

io n  o f  AVP as d e s c r ib e d  e a r l i e r .  However, r e s i s t a n c e  induced  by PA 

may be d i f f e r e n t  to  t h a t  induced  by v i r u s ,  s in c e  PA induced  r e s i s t a n c e  

in  l o c a l  and does n o t  ex ten d  to  d i s t a n t  l e a v e s .

The o c cu r ren c e  o f a n t i v i r a l  f a c t o r s  in  some p l a n t s  t r e a t e d  w i th  

i n h i b i t o r s  r a i s e s  the  v e ry  i n t e r e s t i n g  p o s s i b i l i t y  t h a t  AVF p la y s  some 

p a r t  in  the  mechanism of p ro d u c t io n  o f  r e s i s t a n c e  o f  p l a n t  t i s s u e s  t o  

v i r a l  i n f e c t i o n .  In  t h i s  c h a p te r ,  e x p er im en ts  a re  d e s c r ib e d  t h a t  

a t t e m p t  to  answ er th e  f o l lo w in g  q u e s t i o n s ; -

1 -  Can Gp e x t r a c t  induce  r e s i s t a n c e  i n  p a r t s  o f  p l a n t  d i s t a n t  from  i t s  

p o i n t  o f  a p p l i c a t i o n  ?

2 -  Can Gp e x t r a c t s  induce  AVF o r  AYF-like a c t i v i t y  ?

3 -  I s  i n d u c t io n  o f  r e s i s t a n c e  a s s o c i a t e d  w i th  d e t e c t a b l e  chem ica l 

changes i n  th e  le a v e s  ?

E x p e r im en ta l  p ro c e d u re s  and r e s u l t s

The e x p e r im en ts  i n  t h i s  c h a p te r  a re  d e s c r ib e d  in  seven  s e c t i o n s .

The e x p e r im e n ta l  d e t a i l s  and r e s u l t s  a re  in c lu d e d  in  e ac h  s e c t i o n .

A d i s c u s s i o n  o f  the  r e s u l t s  i s  g iv en  a t  the  end o f  th e  c h a p te r .
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1. Local in d u c t io n  o f  r e s i s t a n c e  in  f r e n c h  bean le a v e s  by Gp e x t r a c t s  

To t e s t  w he ther  Gp e x t r a c t s  produce r e s i s t a n c e  in  t i s s u e  around the  

p o i n t  o f  i t s  a p p l i c a t i o n ,  one d rop  (50 j i l )  o f  Gp e x t r a c t s  was p la c e d  on 

the  upper s u r f a c e  o f  one p r im ary  l e a f  o f  each  o f  s i x t y  f r e n c h  bean 

p l a n t s .  The o p p o s i te  c o n t r o l  le a v e s  r e c ie v e d  50 ^1 o f  w a te r .  Both 

t r e a t e d  and c o n t r o l  le a v e s  were l e f t  f o r  15 m inu tes  a t  the  g l a s s  house 

te m p e ra tu re  when the  d r o p l e t s  had c o m p le te ly  d r i e d .  At 0 ,5 ,  1 , 3, 6 ,

24 and 48 h o u rs  a f t e r  i n h i b i t o r  a p p l i c a t i o n ,  te n  l e a v e s  from b o th  t r e a 

te d  and c o n t r o l  p l a n t s  were in o c u la te d  w ith  TNV,

R e s u l t s  in  Table  39 show t h a t  th e  i n h i b i t o r y  e f f e c t  o f  Gp e x t r a c t s  

a p p e a rs  to  be r e l a t e d  to  th e  time i n t e r v a l s  between i n h i b i t o r  a p p l i c a 

t i o n  and v i r u s  i n o c u l a t i o n .  The lo w e s t  l e v e l  o f  i n h i b i t i o n  (37 9Ô 

showed a f t e r  0 ,5  hou r from i n h i b i t o r  a p p l i c a t i o n ,  and the  h i g h e s t  o f  

76 % a f t e r  24 h o u r s ,  d ro p p in g  s l i g h t l y  to  71 % a f t e r  48 h o u r s , I n t e r e 

s t i n g l y  the  a r e a  o f  l o c a l  l e s i o n  i n h i b i t i o n  was s p re a d  o v e r  a  much 

l a r g e r  a r e a  th an  was p r e v io u s ly  occup ied  by the  d rop  o f  i n h i b i t o r .

Areas f a r t h e s t  away from the  d rop  showed the  l e a s t  i n h i b i t i o n .

The r e s u l t s  s u g g e s t  t h a t :  1 -  the  i n h i b i t o r  may be t r a n s l o c a t e d  a t  

l e a s t  l o c a l l y  th ro u g h  the  l e a f  and in d u ces  l o c a l i z e d  a c q u i r e d  r e s i s t a n c e  

i n  t i s s u e  n e a r  the  p o in t  o f  i n h i b i t o r  a p p l i c a t i o n .  Or, 2 -  the  i n h i b i t o r  

may induce  the  fo rm a t io n  o f  p r o t e c t i v e  o r  a n t i v i r a l  su b s ta n c e  ( s ) .

To examine t h i s  h y p o th e s i s  f u r t h e r ,  l e a v e s  d i s t a n t  from  th o se  

t r e a t e d  w ith  the  i n h i b i t o r  were s tu d ie d  to  see  w he ther  th e y  were r e s i s 

t a n t  to  v i r u s  a t t a c k ,  such r e s i s t a n c e  would s u g g e s t  t h a t  sy s te m ic  

a c q u i r e d  r e s i s t a n c e  had been in d u c ed .
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Table $9 : E f f e c t  o f  one d rop  ( 5 0 ^ l )  o f  Gp i n h i b i t o r  on l o c a l  

l e s i o n  p r o d u c t io n  by TNV, a p p l ie d  a t  d i f f e r e n t  time 

i n t e r v a l s  a f t e r  i n h i b i t o r  a p p l i c a t i o n

Time in  hours  

a f t e r  Gp 

a p p l i c a t i o n

*
Mean number o f  l e s i o n s %

I n h i b i t i o n
C ontro l
(w a te r )

T re a te d  
p-p e x t r a c t )

0 .5 122.0 7 6 .8 37

1 127 .0 6 0 .0 53

3 97 .6 32 .3 67

6 7 5 .9 30.8 60

24 8 9 .5 2 1 .5 76

48 105.0 30 .0 71

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  le a v e s
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2• D i s t a n t  I n d u c t io n  o f  r e s i s t a n c e

a ) I l jduç tio n _ o f_ ree Is ta n ce _ b g _ g E _ e X tr a g tg _ ln _ o p p o s i t e  le a v e s  

of_fr£2£h_i£an

One p r im ary  l e a f  o f  each  o f  s i x t y  f r e n c h  bean p l a n t s ,  p r e v io u s ly  

d u s te d  w ith  carborundum pow der, was rubbed w ith  Gp crude e x t r a c t s  on 

i t s  u pper  s u r f a c e .  The le a v e s  were n o t  washed a f t e r  i n o c u l a t i o n .

C on tro l p l a n t s  were s i m i l a r l y  rubbed w i th  w a te r .  A f te r  d i f f e r e n t  tim e 

i n t e r v a l s  (O, 1 ,  3, 6 ,  24 & 48 h o u r s ) ,  t e n  t r e a t e d  and te n  c o n t r o l  

p l a n t s  were in o c u la te d  w i th  TNV on the  l e a f  o p p o s i te  t o  th e  Gp o r  w a te r  

t r e a t e d  l e a f .

R e s u l t s  in  Table  40 show t h a t  th e  p e rc e n ta g e  d e c re a s e  i n  l e s i o n  

numbers in c r e a s e d  w ith  i n c r e a s i n g  time between a p p l i c a t i o n  o f  e x t r a c t s  

and v i r u s  i n o c u l a t i o n .  No s i g n i f i c a n t  r e d u c t io n  i n  the  number o f  

l e s i o n s  was shown when the  le a v e s  o p p o s i te  to  th o se  r e c i e v i n g  the  i n h i 

b i t o r  were im m ed ia tly  in o c u la te d  w i th  TNV. The l e s i o n  numbers d e c re a s e d  

by 33 % when the  i n t e r v a l s  between Gp a p p l i c a t i o n  and v i r u s  i n o c u l a t i o n  

was one h o u r ,  and by 62 ^w hen  the  i n t e r v a l s  was one d ay .

I t  seems from th e se  r e s u l t s  t h a t :  1 -  Gp i n h i b i t o r  induced  r e s i s t a n c e  

i n  th e  o p p o s i te  le a v e s  even  one hou r a f t e r  a p p l i c a t i o n .  2 -  The deg ree  

o f  r e s i s t a n c e  depends on th e  tim e i n t e r v a l s  between i n h i b i t o r  a p p l i c a 

t i o n  and v i r u s  i n o c u l a t i o n .  3- Gp i n h i b i t o r  in d u ces  the  maximum i n h i b i 

t i o n  to  i n f e c t i o n  a f t e r  24 h o u r s .  4 -  The a b i l i t y  o f  Gp e x t r a c t s  t o  

i n h i b i t  when a p p l ie d  t o  p l a n t s  some d i s t a n c e  from  th e  p o in t  o f  v i r u s  

a p p l i c a t i o n  s u g g e s ts  the  invo lvem en t o f  m obile  i n h i b i t o r ( s ) ,  l i k e l y  t o  

be sm a ll  m o le c u la r  w e ig h t  compounds. This s u p p o r t  the  id e a  d e s c r ib e d  

e a r l i e r  r e g a r d in g  the  n a tu r e  o f ,  a t  l e a s t  p a r t  o f  th e  Gp i n h i b i t o r



201

Table  40 : E f f e c t  o f  Gp e x t r a c t s  on th e  in d u c t io n  o f  r e s i s t a n c e  

i n  o p p o s i te  u n t r e a t e d  p r im ary  le a v e s  o f  f r e n c h  bean

Time in  hours Mean number o f  l e s i o n s %

a f t e r  Gp 
a p p l i c a t i o n

t
C on tro l

It
O pposite I n h i b i t i o n

0 38.5 36.2 6

1 5 4 .3 56 .3 33

3 129.0 6 7 .0 48

6 115.4 63.4 45

24 51 .4 19 .7 62

48 9 1 .7 4 0 .5 56

* Each f i g u r e  r e p r e s e n t s  the  mean number o f  l e s i o n s  f o r  t e n  l e a v e s

* Leaves o p p o s i te  to  w a te r  t r e a t e d  le a v e s  

” Leaves o p p o s i te  t o  Gp t r e a t e d  le a v e s
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complex, 5— The i n h i b i t o r  may a c t  by s t i m u l a t i n g  th e  p ro d u c t io n  in  d i s 

t a n t  t i s s u e s  o f  a n t i v i r a l  s u b s t a n c e ( s )  n o t  found in  h e a l t h y  l e a v e s .  

F u r th e r  ev id en ce  f o r  induced  r e s i s t a n c e  was o b ta in e d  in  to b acco  p l a n t s  

a s  d e s c r ib e d  below,

b )  In d u c t io n  o f  r e s i s t a n c e  by Gp e x t r a c t s  in  d i s t a n t  le a v e s  o f  N .tabacum

The b a s a l  l e a f  o f  each  o f  f i v e  N .tabacum p l a n t s  (6 -8  weeks o ld )  

w£LS rubbed w i th  Gp e x t r a c t  mixed w i th  carborundum. Leaves o f  c o n t r o l  

p l a n t s  were s i m i l a r l y  rubbed  w i th  d i s t i l l e d  w a te r .  T w en ty -fou r  hours  

l a t e r ,  a l l  th e  o th e r  f u l l y  expanded le a v e s  A, B, C, L &.E as  a r ra n g e d  

from base  t o  to p  (F ig u re  36) were i n o c u la te d  w i th  ®TV, and l o c a l  l e s i o n s  

coun ted  5 days l a t e r .  S i m i l a r l y ,  in  a n o th e r  e x p e r im e n t ,  e x t r a c t s  were 

a p p l i e d  to  th e  two lo w e s t  l e a v e s  of N.tabacum . B asa l le a v e s  o f  c o n t r o l  

p l a n t s  were rubbed w i th  w a te r  (F ig u re  36)* The le a v e s  were i n o c u la t e d  

and sampled as b e f o r e .

R e s u l t s  in  Table  41 show t h a t  the  number o f  l e s i o n s  produced  by TMV, 

24 h o u rs  a f t e r  i n h i b i t o r  a p p l i c a t i o n  to  a  s in g l e  b a s a l  l e a f ,  was re d u ced  

i n  a l l  th e  le a v e s  above th o se  which r e c ie v e d  th e  i n h i b i t o r .  The d eg ree  

o f  i n h i b i t i o n  in c r e a s e d  from th e  lo w e s t  t o  th e  u p p e r  most l e a v e s .  On 

th e  o t h e r  hand , the  le a v e s  (A, C & E) which were on th e  o p p o s i te  s id e  

t o  the  in o c u la te d  l e a f  showed l e s s  r e a c t i o n  g iv in g  1 4 , 51 and 34 % 

i n h i b i t i o n  r e s p e c t i v e l y  as  compared w i th  t h e i r  c o n t r o l s .  Leaves (B & D) 

which were a r ra n g e d  im m ed ia tly  above the  Gp t r e a t e d  ones showed h ig h e r  

i n h i b i t i o n  g iv in g  47 and 56 % i n h i b i t i o n  r e s p e c t i v e l y .

When the  two lo w e s t  le a v e s  were t r e a t e d  w i th  the  i n h i b i t o r ,  i n h i b i 

t i o n  in c r e a s e d  from the  lo w e s t  to  u p p e r  most le a v e s  b u t  t h e r e  was 

l i t t l e  l a t e r a l  v a r i a t i o n  as  shown i n  Table  4 2 .
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P i ^ r e  36 : Diagrams to  show the  p o s i t i o n  o f  l e a v e s  o f  N ic o t ia n a  

tabacum v a r ,  X an th i  as used  in  e x p e r im en ts  c o n ce rn in g  

in d u c t io n  o f  r e s i s t a n c e  to  v i r u s

c

A

D

B

G y psoph ila  e x t r a c t s  a p p l i e d  to  one o r  two shaded  le a v e s  

TMV a p p l ie d  to  l e a v e s  A to  E (see  t e x t )
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Table  41 •  The i n d u c t io n  of v i r a l  r e s i s t a n c e  i n  K .tabacum le a v e s

f o l lo w in g  t r e a tm e n t  o f  a  s i n g l e  b a s a l  l e a f  w i th  Gp

e x t r a c t s

L eaf p o s i t i o n Mean number o f  l e s i o n s  *
%

(see  P ig .  56 ) t
C on tro l

•t
T re a te d

I n h i b i t i o n

A ( b a s a l  ) 39.2 33.6 14

B 4 7 .7 2 5 .5 47

C 51 .9 35 .7 31

D 61 .8 2 7 .3 56

E ( to p ) 60 .4 39.6 34

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s

* B asa l l e a f  t r e a t e d  w i th  w a te r

” B asa l l e a f  t r e a t e d  w i th  Gp e x t r a c t s  

P u l l  s t a t i s t i c a l  a n a l y s i s  f o r  t h i s  Table i s  g iv e n  i n  th e  ap p en d ix  2
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Table  42 : The in d u c t io n  o f v i r a l  r e s i s t a n c e  i n  N .tabacum le a v e s

fo l lo w in g  t r e a tm e n t  o f  a  p a i r  o f  b a s a l  l e a v e s  w ith  Gp

e x t r a c t s

L eaf p o s i t i o n Mean number o f  l e s i o n s  * %

(see  F ig .  56) 1

C ontro l
II

T re a te d I n h i b i t i o n

A ( b a s a l ) 2 8 .6 1 8 .9 34

B 56 .6 3 9 .0 31

C 6 2 .5 52.4 48

D 6 8 .3 2 8 .6 58

E ( to p ) 4 1 .4 2 2 .9 45

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s

• Two b a s a l  le a v e s  t r e a t e d  w i th  w a te r

" Two b a s a l  le a v e s  t r e a t e d  w i th  Gp e x t r a c t s
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These r e s u l t s  s u g g e s t  t h a t :  1 -  The degree  o f  r e s i s t a n c e  depends on 

the  age o f  the  l e a f  i . e  the  y o u n g es t  l e a v e s  d e v e lo p  r e s i s t a n c e  q u ic k e r  

th a n  the  o l d e s t .  2 -  A p p l i c a t io n  o f  the  e x t r a c t  induces  r e s i s t a n c e  in  

u n t r e a t e d  r e g i o n s ,  showing t h a t  th e  p r o t e c t i o n  was s y s te m ic .  I t  

was a l s o  n o t i c e d  t h a t  Gp e x t r a c t  in d u ces  r e s i s t a n c e  n o t  on ly  i n  f r e n c h  

b ean , b u t  a l s o  in  N .tabacum p l a n t s , a n d  fu r th e rm o re  i n h i b i t i o n  i s  indu 

ced a g a i n s t  TMV as w e ll  as TNV.

As p r e v io u s ly  su g g e s te d  such r e s i s t a n c e  may be due to  th e  m o b i l i t y  

o f  th e  i n h i b i t o r ,  o r  a l t e r n a t i v e l y ,  the  i n h i b i t o r  induced  s u b s t a n c e ( s )  

w i th  a n t i v i r a l  a c t i v i t y  in  u n t r e a t e d  r e g i o n s .  In  o r d e r  t o  g a in  more 

in f o r m a t io n  r e g a r d in g  th e  in d u c t io n  o f  sy s te m ic  a c q u i r e d  r e s i s t a n c e  by 

Gp e x t r a c t s ,  the  r o o t s  o f  f r e n c h  bean p l a n t s  were t r e a t e d  w i th  i n h i b i t o r  

e x t r a c t s  p r i o r  to  and a f t e r  i n o c u l a t i o n  w i th  TNV.

3. E f f e c t s  o f  immersing f r e n c h  bean r o o t s  i n  Gp e x t r a c t s  on the  

in d u c t io n  o f  v i r u s  r e s i s t a n c e

a )  Immersing f o r  0 .5  hou r PRIOR to  v i r u s  i n o c u l a t i o n

To f a c i l i t a t e  a p p l i c a t i o n  o f  the  Gp e x t r a c t s ,  seed s  o f  f r e n c h  bean  

were grown i n i t i a l l y  i n  p l a s t i c  seed  t r a y s  c o n ta in in g  damp v e r m i c u l i t e .  

A f t e r  9 -10  d a y s ,  h e a l t h y  s e e d l in g  o f  u n ifo rm  s i z e  were s e l e c t e d  and 

t h e i r  r o o t s  were c a r f u l l y  washed w ith  ta p  w a te r  to  remove any a t t a c h e d  

v e r m i c u l i t e  p a r t i c l e s .  Roots o f  t h i r t y  p l a n t s  (60 p r im ary  l e a v e s )  were 

immersed in  500 ml o f  d i l u t e  ( l : 1 0 )  Gp e x t r a c t s  f o r  0 .5  h o u r .  S i m i l a r  

numbers o f  c o n t r o l  p l a n t s  were immersed in  w a te r  f o r  th e  same l e n g t h  

o f  t im e .  The r o o t s  o f  t r e a t e d  p l a n t s  were washed w i th  w a te r  t o  remove 

any  e x c e s s  e x t r a c t .  The t r e a t e d  and c o n t r o l  p l a n t s  were th e n  d iv id e d  to  

b a tc h e s  o f  f i v e  p l a n t s ,  each  b a tc h  was t r a n s f e r r e d  to  12 cm p l a s t i c
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p o ts  (5 p l a n t s  p e r  p o t )  c o n ta i n in g  s ta n d a rd  com post. A f t e r  0 ,  0 .5 ,  1 ,

6f 24 & 48 h o u r s ,  t e n  le a v e s  from t r e a t e d  and from c o n t r o l  p l a n t s  were

in o c u la t e d  w i th  TNV, The r e s i s t a n c e  induced  by th e  e x t r a c t  on th e

le a v e s  c a l c u l a t e d  as  the  p e rc e n ta g e  r e d u c t io n  in  th e  number o f  l e s i o n s

produced  as  compared w ith  t h e i r  c o n t r o l s .  The r e s u l t s  a re  average

numbers o f  l e s i o n s  f o r  t e n  l e a v e s .

R e s u l t s  in  Table  45 and F ig u re  37 show t h a t  t h e r e  was o n ly  a  s l i g h t

v a r i a t i o n  i n  the  p e rc e n ta g e  r e d u c t io n  in  th e  number o f  l e s i o n s  when th e

v i r u s  was a p p l ie d  one hou r (48 ^  o r  48 h ours  (57 ^  fo l l o w in g  i n h i b i -
e

t o r  a p p l i c a t i o n .  The le a v e s  which were immedia'Qy in o c u la t e d  w i th  TNV 

a f t e r  i n h i b i t o r  a p p l i c a t i o n  to  t h e i r  r o o t s  ( z e ro  t im e )  showed no re d u 

c t i o n  i n  l e s i o n  numbers compared w i th  c o n t r o l  l e a v e s .  The f i r s t  s ig n  

o f  l e s i o n  number r e d u c t io n  (29 ^  appeared  0 ,5  h o u r  a f t e r  i n h i b i t o r  

a p p l i c a t i o n .  The g r e a t e s t  l e v e l  o f  i n h i b i t i o n  (66 ^  was produced  

a f t e r  24 h o u r s .  I t  seems from th e se  r e s u l t s  t h a t ;

1 -  H a lf  an h ou r from the  tim e o f  i n i t i a l  c o n t a c t  w i th  the  i n h i b i t o r  i s  

n o t  s u f f i c i e n t  f o r  the  i n h i b i t o r  to  move from  the  r o o t s  to  th e  l e a v e s ,  

o r  to  induce  any p r o t e c t i v e  s u b s t a n c e ( s )  w i th  a n t i v i r a l  a c t i v i t y .  

C on tac t f o r  a  t o t a l  o f  one h o u r ,  how ever, p roduces  s i g n i f i c a n t  

i n h i b i t i o n ,

2 -  These r e s u l t s  s u p p o r t  th e  id e a  su g g es te d  e a r l i e r  ( c h a p te r  V I l )  t h a t  

Gp i n h i b i t o r  a c t s  on th e  e a r l y  e v e n ts  o f  v i r u s  i n f e c t i o n ,  s in c e  th e  

number o f  l e s i o n s  was n o t  red u ced  compared w i th  c o n t r o l ,  when th e  

v i r u s  was a p p l ie d  a t  z e ro  time a f t e r  i n h i b i t o r  a p p l i c a t i o n ,

3 -  S in c e  29 % i n h i b i t i o n  was produced when th e  v i r u s  was a p p l i e d  0 ,5  

h o u r  fo l l o w in g  i n h i b i t o r  t r e a tm e n t ,  i t  can  be assumed t h a t  a t  l e a s t
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Table 43 • The in d u c t io n  o f  v i r a l  r e s i s t a n c e  i n  f r e n c h  bean le a v e s

f o l lo w in g  immersion o f  r o o t s  i n  d i l u t e  ( l : 1 0 )  Gp

e x t r a c t s  f o r  0 ,5  h o u r

Time i n  hours  

a f t e r  immersion

o f  r o o t s

Kean number o f  l e s i o n s  *
%

I n h i b i t i o nC o n t r o l '
II

T rea te d

0 70 ,3 66 .9 5

0 ,5 55.8 38,2 29

1 8 2 .8 4 2 .9 48

6 8 8 ,3 4 5 .0 51

24 57.6 1 9 .5 66

48 51 .5 15 .4 57

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  le a v e s

• Roots immersed in  w a te r  f o r  0 ,5  hou r b e fo re  v i r u s  i n o c u l a t i o n

" Roots immersed in  Gp e x t r a c t s  f o r  0 .5  h .  b e fo re  v i r u s  i n o c u l a t i o n
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p a r t  o f  the  i n h i b i t o r  had moved o r ,  th e  i n h i b i t o r  had induced  some 

a n t i v i r a l  compounds which b ro u g h t  ab o u t r e s i s t a n c e  in  th e  l e a v e s ,

b )  one h o u r  PRIOR to  v i r u s  i n o c u l a t i o n

French  bean r o o t s  were immersed in  d i l u t e  ( l ; 1 0 )  Gp e x t r a c t s  f o r  

one h o u r  fo l lo w in g  the  p ro c e d u re s  d e s c r ib e d  above. R e s u l t s  i n  T ab le  44 

and F ig u re  57 show t h a t  ;

1— Z ero  time a f t e r  i n h i b i t o r  a p p l i c a t i o n  to  the  r o o t s  and v i r u s  in o cu 

l a t i o n  produced 50 r e d u c t io n  in  the  number o f  l e s i o n s  compared 

w i th  c o n t r o l s .  T h is  s u g g e s t  t h a t  the  i n h i b i t o r  w i th in  t h i s  time

(l  h o u r )  may have re a ch e d  the  l e a v e s  o r ,  induced  some p r o t e c t i v e  sub

s ta n c e  ( s )  w ith  a n t i v i r a l  a c t i v i t y  which p re v e n ts  l o c a l  l e s i o n  produ

c t i o n .

2 -  The p e rc e n ta g e  i n h i b i t i o n  g r a d u a l ly  in c re a s e d  w i th  th e  in c r e a s e s  in  

the  time i n t e r v a l s  between i n h i b i t o r  a p p l i c a t i o n  and v i r u s  i n o c u l a 

t i o n .  The h ig h e s t  l e v e l s  o f  i n h i b i t i o n ,  o r  r e s i s t a n c e ,  induced  in  

the  l e a v e s  o f  p l a n t s  w i th  r o o t s  h av in g  been immersed in  the  i n h i b i t o r  

f o r  one hour, was shown a f t e r  24 and 48 hou rs  g iv in g  64 and 68 % 

i n h i b i t i o n  r e s p e c t i v e l y .

H aving e s t a b l i s h e d  t h a t  Gp i n h i b i t o r  can induce  r e s i s t a n c e  i n  the  

le a v e s  when a p p l i e d  to  p l a n t  r o o t s  p r i o r  to  v i r u s  i n o c u l a t i o n ,  e x p e r i 

m ents were c a r r i e d  o u t  to  d e te rm in e  w he ther  such  i n h i b i t o r s  can induce  

r e s i s t a n c e  when a p p l i e d  a f t e r  i n o c u l a t i o n  w i th  the  v i r u s .

4 . E f f e c t s  o f  im m ersing f r e n c h  bean r o o t s  i n  Gp e x t r a c t s  AFTER 

in o c u l a t i o n  w i th  TNV on th e  in d u c t io n  o f  v i r u s  r e s i s t a n c e  

T h i r t y  f r e n c h  bean p l a n t s  (60 p r im ary  l e a v e s ) , grown i n  v e r m i c u l i t e  

as  d e s c r ib e d  above, were in o c u la te d  w ith  TNV. S im i la r  numbers o f  p l a n t s
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T a b l e  44  : The i n d u c t i o n  o f  v i r a l  r e s i s t a n c e  i n  f r e n c h  b e a n  l e a v e s

f o l l o w i n g  i m m e r s i o n  o f  r o o t s  i n  d i l u t e  ( 1 : 1 0 )  Gp

e x t r a c t s  f o r  1 h o u r

Time in  hours  

a f t e r  immersior 

o f  r o o t s

Mean number o f  l e s i o n s
%

I n h i b i t i o n
Control* T re a te d

0 7 0 .0 49.1 30

0 .5 100 .9 54.7 46

1 6 5 .5 37.6 43

6 6 J .6 2 7 .5 57

24 9 2 .6 33.7 64

48 51 .3 1 6 .4 68

♦ Each f i g u r e  r e p r e s e n t s  th e  mean number of l e s i o n s  f o r  t e n  l e a v e s

* Roots immersed in  w a te r  f o r  1 h o u r  b e fo re  v i r u s  i n o c u l a t i o n

" Boots immersed in  Gp e x t r a c t s  f o r  1 h .  b e fo re  v i r u s  i n o c u l a t i o n
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were a l s o  t r e a t e d  w ith  the  same v i r u s  to  se rv e  as  c o n t r o l s .  A f t e r  0 , 

0 ,5» 1* 6 , 24 & 48 hou rs  b a tc h e s  o f  f i v e  e x p e r im e n ta l  p l a n t s  and 

c o n t r o l s  were tak en  and t h e i r  r o o t s  immersed in  d i l u t e  (1 ;1 0 )  Gp 

e x t r a c t s  f o r  0 .5  h o u r .  The p l a n t s  were washed and t r a n s f e r r e d  to  p l a s 

t i c  p o ts  as  d e s c r ib e d  e a r l i e r .

B e s u l t s  i n  T ab le  45 &nd F ig u re  37 show t h a t  Gp e x t r a c t s  had no i n h i 

b i t o r y  e f f e c t  on l o c a l  l e s i o n  p ro d u c t io n  i f  a p p l i e d  a f t e r  i n o c u l a t i o n  

o f  TNV. This  s u p p o r ts  e a r l i e r  s u g g e s t io n  t h a t  Gp e x t r a c t s  to  be e f f e c t 

i v e ,  must be p r e s e n t  d u r in g  the  e a r l y  e v e n ts  o f  v i r u s  i n f e c t i o n  ( c h a p te r  

V I I ) ,  A p p l i c a t io n  o f  Gp i n h i b i t o r  im m edia tly  a f t e r  i n o c u l a t i o n  was too  

l a t e  to  b r in g  ab o u t any s i g n i f i c a n t  r e d u c t io n  in  l e s i o n  numbera.

E xperim ents  were c a r r i e d  o u t n e x t  to  see  w h e th er  e x t r a c t a b l e  a n t i 

v i r a l  f a c t o r s  co u ld  be d e t e c t e d  in  r e g io n s  o f  th e  p l a n t s  showing induced  

r e s i s t a n c e •

5* E f f e c t s  of e x t r a c t s  from Gp t r e a t e d ,  from, o p p o s i te  u n t r e a t e d  and 

from h e a l t h y  f r e n c h  bean le a v e s  on l o c a l  l e s i o n  p ro d u c t io n  by TNV 

Samples o f  t e n  le a v e s  o f  f r e n c h  bean p l a n t s  were rubbed w i th :  

a -  Gp e x t r a c t ,  b -  E x t r a c t  from le a v e s  ta k e n  from  p o s i t i o n s  o p p o s i te  to  

such  Gp t r e a t e d  l e a v e s ,  c -  Water ( c o n t r o l s ) .  At 1 ,  2 ,  5» 6 , 24 & 48 

h o u rs  a f t e r  such  t r e a t m e n t s , s a p  was p re p a re d  from th e  le a v e s  by g r in d 

in g  5 g  o f  washed l e a f  lam in a  in  d i s t i l l e d  w a te r  ( l : 2  W/V). The p u lp  

was squeezed  th ro u g h  m u s lin  and th e  f l u i d  e x t r a c t s  c e n t r i f u g e d  a t  

2 ,0 0 0  X g  f o r  15 m in u te s .  Two ml o f  each  c l a r i f i e d  s u p e r n a ta n t  were 

mixed w i th  2 ml o f  TNV and in o c u la te d  on to  f r e n c h  bean l e a v e s .  For 

co m p ar iso n ,  2 ml o f  TNV were mixed w i th  2 ml o f  d i s t i l l e d  w a te r .

R e s u l t s  i n  Table  46 show t h a t  th e  c rude  e x t r a c t s  p re p a re d  from
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Table  45 : E f f e c t  on l o c a l  l e s i o n  p ro d u c t io n  o f  immersing f r e n c h

bean r o o t s  in  d i l u t e  (1 ;1 0 J  Gp e x t r a c t s ,  f o r  0 .5  h . , a t  

d i f f e r e n t  tim e i n t e r v a l s  a f t e r  i n o c u l a t i o n  w i th  TNV

Time in  hours Mean number o f  l e s i o n s
%

a f t e r  TNV 
i n o c u l a t i o n C on tro l

n
T re a te d

I n h i b i t i o n

0 39 .5 35.2
■ JH t

11

0 .5 36 .9 3 4 .0 8 **

1 4 9 .0 4 6 .5 5 * *

6 55.2 53 .0 4 * * .

24 51.7 52.8 -2  **

48 6 2 .5 67 .4 -8

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s

* Roots immersed i n  w a te r  f o r  0 ,5  h o u r  a f t e r  i n o c u l a t i o n  w i th  TNV 

” Roots immersed in  Gp e x t r a c t s  f o r  0 .5  h o u r  a f t e r  TNV i n o c u l a t i o n

N egative  v a lu e s  o f  % i n h i b i t i o n  = enhancem ent

** T > 0 . 1  ( d i f f e r e n c e  n o t  s i g n i f i c a n t )
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u n t r e a t e d  c o n t r o l  le a v e s  had no i n h i b i t o r y  e f f e c t  when mixed w i th  TNV. 

I f  a n y th in g  th e r e  was s l i g h t  enhancem ent o f  th e  v i r u s  p r o d u c t io n .  

E x t r a c t s  from Gp t r e a t e d  p l a n t s  produced more th a n  90 % i n h i b i t i o n  f o r  

up to  6 h o u r s .  I n h i b i t o r y  a c t i v i t y  o f  such  e x t r a c t s  was s l i g h t l y  red u 

ced a f t e r  24 and 48 hou rs  from e x t r a c t  a p p l i c a t i o n .  E x t r a c t s  from 

o p p o s i te  u n t r e a t e d  le a v e s  produced c o n s id e r a b le  i n h i b i t i o n  i n  a l l  th e  

sam p les .  The maximum i n h i b i t i o n  (42 ^  was shown a f t e r  24 hou rs  from 

th e  tim e o f  e x t r a c t  a p p l i c a t i o n .  For com para tive  p u rp o s e s ,  th e  mean 

number o f  l e s i o n s  p e r  l e a f  a f t e r  24 hours  from e x t r a c t  a p p l i c a t i o n  was 

8 & 56 w i th  sap  from t r e a t e d  and o p p o s i te  u n t r e a t e d  l e a v e s  r e s p e c t i v e l y ,  

and 62 from f r e n c h  bean c o n t r o l  l e a v e s  o r ,  65 w i th  d i s t i l l e d  w a te r .

These r e s u l t s  i n d i c a t e  t h a t  the  i n h i b i t o r  a c t s  by fo rm a t io n  and t r a n s 

l o c a t i o n  o f  a  p r o t e c t i v e  s u b s t a n c e ( s )  from t r e a t e d  t o  u n t r e a t e d  p a r t s  

o f  th e  p l a n t .

At t h i s  s ta g e  i t  can be concluded  t h a t  Gp e x t r a c t s  induced  l o c a l  

a c q u i r e d  r e s i s t a n c e  i n  t i s s u e  around th e  p o in t  o f  i t s  a p p l i c a t i o n ,  as 

w e l l  a s ,  sy s te m ic  a c q u ir e d  r e s i s t a n c e  in  le a v e s  o p p o s i te  t o  and d i s t a n t  

from  t h a t  had been r e c ie v e d  th e  e x t r a c t s .  R e s is ta n c e  was a l s o  induced  

in  the  l e a v e s  o f  p l a n t s ,  the  r o o t s  o f  which had been immersed in  Gp 

e x t r a c t s .  S i m i l a r l y ,  s ap  p re p a re d  from t r e a t e d  and o p p o s i te  u n t r e a t e d '  

r e g io n s  c o n ta in e d  an e x t r a c t a b l e  p l a n t  v i r u s  i n h i b i t o r .  In  o r d e r  to  

g a in  more in fo r m a t io n  r e g a r d in g  w he ther  such  e x t r a c t  i s  l i k e l y  to  be 

t r a n s l o c a t e d ,  o r  to  a c t  by in d u c in g  more i n h i b i t o r ,  o r  o t h e r  a n t i v i r a l  

s u b s t a n c e ( s ) ,  i t  was th o u g h t  u s e f u l  to  d e te rm in e  which f r a c t i o n  o f  the  

Gp e x t r a c t s  induced  r e s i s t a n c e .
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6 ,  E f f e c t s  of c ru d e ,  n o n - d i a l y s a b l e , and d i a l y s a b l e  p a r t  o f  Gp e x t r a c t s  

on the  in d u c t io n  o f r e s i s t a n c e  in  the  o p p o s i te  l e a v e s  o f  f r e n c h  bean 

One l e a f  o f  each  o f the  two p r im ary  le a v e s  o f  t e n  f r e n c h  bean 

p l a n t s  was rubbed w ith  the  whole Gp e x t r a c t s .  F u r th e r  s i m i l a r  b a tc h e s  

o f  p l a n t s  were rubbed w ith  n o n - d ia ly s a b l e  and d i a l y s a b l e  f r a c t i o n  p re 

p a red  as  d e s c r ib e d  p r e v io u s ly  ( c h a p te r  V ) ,  C on tro l p l a n t s  were rubbed  

w i th  w a te r .  T w en ty -fou r  hou rs  l a t e r ,  a l l  o p p o s i te  l e a v e s  o f  t r e a t e d  

and c o n t r o l  p l a n t s  were i n o c u la te d  w i th  TNV,

The d a t a  p r e s e n te d  in  Table  47 shows t h a t  the  whole Gp e x t r a c t s  

p roduced  the  g r e a t e s t  r e d u c t io n  in  the  number o f  l e s i o n s  on the  o p p o s i te  

l e a v e s  g iv in g  62 % i n h i b i t i o n .  The d i a l y s a b l e  p a r t  ( sm a ll  m o le c u la r  

w e ig h t  f r a c t i o n )  produced 42 % i n h i b i t i o n  on th e  o p p o s i te  l e a v e s  compar

ed w ith  15 i n h i b i t i o n  w ith  the  n o n - d ia ly s a b le  f r a c t i o n .

I t  seems from th e se  r e s u l t s  t h a t  the  r e d u c t io n  in  l e s i o n  numbers 

may be due t o  the  a b i l i t y  o f  sm all  m o le c u la r  w e ig h t  compounds to  move 

from  t r e a t e d  to  u n t r e a t e d  p a r t s  o f  the  p l a n t ,  s in c e  th e  number o f  

l e s i o n s  was reduced  by 42 % on the  le a v e s  o p p o s i te  to  th o se  t r e a t e d  

w ith  the  d i a l y s a b l e  f r a c t i o n .  In  c o n t r a s t ,  th e  l a r g e  m o le c u la r  w e ig h t  

f r a c t i o n  had l i t t l e  e f f e c t  on the  in d u c t io n  o f  r e s i s t a n c e  on o p p o s i te  

u n t r e a t e d  l e a v e s .  T h is  s u g g e s ts  t h a t  such  r e s i s t a n c e  i s  l i k e l y  to  be 

d ep en d en t on the  a b i l i t y  o f  i n h i b i t o r  m o lecu les  to  move from t r e a t e d  

to  u n t r e a t e d  p a r t s  o f  th e  p l a n t .

In  c h a p te r  V I ,  a s p a r t i c  a c id  was found n o t  o n ly  to  be i n  h ig h  

c o n c e n t r a t i o n s  in  the  sm all  m o le c u la r  w e ig h t  f r a c t i o n  b u t  was m arked ly  

i n h i b i t o r y  to  l o c a l  l e s i o n  p ro d u c t io n  by v i r u s .  T h is  s u b s ta n c e ,  l i k e  

o t h e r  amino a c i d s ,  m igh t be s u f f i c i e n t l y  m obile  to  move from  t r e a t e d  t o
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Table 47 • E f f e c t s  o f  c ru d e ,  non—d i a l y s a b l e , and d i a l y s a b l e  p a r t  

o f  Gp e x t r a c t s  on the  in d u c t io n  o f r e s i s t a n c e  in  

o p p o s i te  u n t r e a t e d  le a v e s  o f  f r e n c h  bean

G .-p an icu la ta Mean number of l e s io n s * %

f r a c t i o n s 1
C ontro l

If
o p p o s i te

I n h i b i t i o n

Whole e x t r a c t 4 8 .5 18 .5 62

N o n -d ia ly s a b le  p a r t 7 7 .4 67 .5 15

D ia ly s a b le  psirt 7 1 .5 4 1 .5 42

♦ Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e a s i o n s  f o r  t e n  l e a v e s

* Leaves o p p o s i te  t o  w a te r  t r e a t e d  le a v e s  

” Leaves o p p o s i te  t o  Gp t r e a t e d  le a v e s
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u n t r e a t e d  le a v e s  and hence be r e s p o n s i b l e ,  a t  l e a s t  in  p a r t , f o r  th e  

phenomenon o f  induced  r e s i s t a n c e .  T h is  was t e s t e d  i n  th e  f o l lo w in g  

e x p e r im e n t .

l 2d u ç t io n _ o f _ r e s i s t a n c e _ b y _ a s p a r t i ç _ a c

Three c o n c e n t r a t io n s  o f  a s p a r t i c  a c id  ( 500 , 1000 & 2000 ^ / m l )  were 

p re p a re d  from a n a l y t i c a l  g rade  as d e s c r ib e d  e a r l i e r  ( c h a p te r  Y l ) .  Two 

ml o f  each  c o n c e n t r a t i o n  were rubbed on to  one o f  each  o f  th e  two p r im ary  

l e a v e s  o f  t e n  f r e n c h  bean p l a n t s .  C ontro l p l a n t s  were rubbed w i th  

w a te r .  T w en ty -fou r  hours  l a t e r ,  a l l  th e  o p p o s i te  l e a v e s  o f  t r e a t e d  and 

c o n t r o l  p l a n t s  were i n o c u la te d  w i th  TNV,

R e s u l t s  in  Table 48 show t h a t  the  two h i g h e s t  c o n c e n t r a t io n s  

(2000 & 1000 ^ g / m l ) induced  r e s i s t a n c e  i n  th e  o p p o s i te  l e a v e s ,  r e s u l t 

in g  in  30 and 17 % i n h i b i t i o n  r e s p e c t i v e l y .  The lo w e r  c o n c e n t r a t i o n  

(500  ^ g /m l  ) had no e f f e c t  on the  o p p o s i te  l e a v e s .  These r e s u l t s -  s u p p o r t  

the  id e a  t h a t  low m o le c u la r  w e ig h t  i n h i b i t o r s  can move th ro u g h  p l a n t s  

and b r i n g  ab o u t  v i r u s  i n h i b i t i o n  in  a r e a  d i s t a n t  from t h e i r  p o in t  o f  

a p p l i c a t i o n .  The l e v e l s  o f  induced  r e s i s t a n c e  i n  t h i s  e x p e r im en t were 

r e l a t i v e l y  low .

There  s t i l l  rem ains  th e  p o s s i b i l i t y  t h a t  th e  Gp e x t r a c t s  induce  th e  

p ro d u c t io n  o f  p r o t e c t i v e  su b s ta n c e  ( s )  w i th  a n t i v i r a l  a c t i v i t y .  To 

examine t h i s  an ex p e r im en t u s in g  g e l  e l e c t r o p h o r e s i s  was u n d e r ta k e n ,

7 ,  Gel e l e c t r o p h o r e s i s

P o ly ac ry lam id e  g e l  e l e c t r o p h o r e s i s  was perform ed on th e  e x t r a c t s  

l i s t e d  below to  see  i f  any new p r o t e i n s  had been induced  by th e  v a r io u s  

t r e a t m e n t s .  The d is c o n t in u o u s  p o ly ac ry lam id e  g e l  e l e c t r o p h o r e s i s  

system  o f  Laemmli (1970) was u s e d .
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Table  48; E f f e c t  o f  v a r io u s  c o n c e n t r a t i o n s  o f  a s p a r t i c  a c id  on 

th e  i n d u c t io n  o f  r e s i s t a n c e  in  o p p o s i te  u n t r e a t e d  

p r im ary  le a v e s  o f  F rench bean

Mean number
*

o f  l e s i o n s %
C o n c e n tra t io n

)
t

C ontro l
fi

O pposite
I n h i b i t i o n

2000 53.1 37.2 30

1000 8 2 .6 68.7 17

500 7 1 .0 69.1 3

* Each f i g u r e  r e p r e s e n t s  th e  mean number o f  l e s i o n s  f o r  t e n  l e a v e s

• Leaves o p p o s i te  t o  w a te r  t r e a t e d  le a v e s

" Leaves o p p o s i te  to  a s p a r t i c  a c id  t r e a t e d  le a v e s
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a )  P r e p a r a t i o n  o f  samples f o r  e l e c t r o p h o r e s i s

Samples were p re p a red  from f r e n c h  bean p l a n t s  by e x t r a c t i n g  l e a v e s :

1- O pposite  to  th o se  t r e a t e d  w i th  Gp e x t r a c t s

2 -  O pposite  to  th o se  t r e a t e d  w i th  w a te r

3 -  T rea te d  w i th  Gp e x t r a c t s

4 -  T re a te d  w i th  w a te r

5 - O pposite  to  th o se  in o c u la te d  w i th  TNV

6- I n o c u la te d  w i th  TNV

7 -  O pposite  to  th o s e  i n o c u la te d  w i th  i n h i b i t o r - v i r u s  m ix tu re

8 -  T re a te d  w i th  i n h i b i t o r - v i r u s  m ix tu re

Samples were ta k e n  24 h o u rs  a f t e r  t r e a tm e n t  and ground w ith  0 ,5  M 

T r is -E C l pH 6 ,8 ,  The samples were b o i le d  f o r  3 m inu tes  i n  a  m ix tu re  

o f  3 % g l y c e r o l , 10 % sodium dodecy l s u lp h a t e  (SDS), ^  m ercaptoe  th a n o l  

and 0,1 % bromophenol b lu e .  Optimum r e s o l u t i o n  and d e t e c t i o n  o f  p r o t e i n  

bands was o b ta in e d  when 50-100  ^ig p r o t e i n  was a p p l i e d  p e r  sam ple ,

b )  S to ck  s o l u t i o n s

The f o l lo w in g  s to c k  s o l u t i o n s  were used  to  p re p a re  th e  10 % s e p a ra 

t i n g  g e l  and th e  5 % s t a c k in g  g e l .

S o lu t io n  A : 30 J!̂ (W/V) a c r y la m id e ,  0 ,9  (W/v) b is a c ry la m id e

" B : 0 ,2  M e th y le n e d ia m in e t e t r a a c e t i c  a c id  d i  Na^ (EDTA)

" C : 0 ,5  M T r is -H C l,  pH 6 ,8 ,  10 ^  SDS

'• B : 1 ,5  M T r is -H C l ,  pH 8 , 8 ,  10 % SUS

" E : 10 % ammonium s u lp h a te  f r e s h l y  p re p a re d

c )  P r e p a r a t i o n  o f  po lyacry lam ide-SD S g e l  s l a b s

The g e l  s l a b s  ( l  mm t h i c k )  were s e t  up to  form a  d is c o n t in u o u s  sy s 

tem o f  two l a y e r s .  To p re p a re  the  p o ly m e r iz in g  m ix tu re  f o r  each  l a y e r ,  

th e  a p p r o p r i a t e  amounts o f  s t o c k  s o l u t i o n s  p r e v io u s ly  c h i l l e d  were added
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t o  a  f l a s k ,  s t i r r e d  and degassed  u nder  vacuum f o r  ab o u t  5 m in u te s ,  

TEKEL(N,N,N, Te tram eth y lm e th y le ned ia m in e ) was added and the  f i n a l  m ix t

u re  s t i r r e d  and poured i n t o  th e  g l a s s  p l a t e  frame a t  room te m p e ra tu re ,

d ) E l e c t r o p h o r e s i s

E le c t r o p h o r e s i s  was ru n  in  a  4 a i r  coo led  chamber a t  c o n s ta n t  

c u r r e n t  (20 mA) f o r  abou t 3»5 "  4 h o u r s .  The a p p a r a tu s  and e l e c t r o d e  

b u f f e r  ( T r i s /G ly c in e  b u f f e r  c o n ta in in g  EDTA and SDS) used  were e s s e n t i 

a l l y  those  d e s c r ib e d  by S t u d i e r  (1972, 1973)* A s ta n d a r d  c o n s i s t i n g  o f  

myosin (2 0 0 ,0 0 0 ) ,  ^ g a l a c t o s i d a s e  (1 1 6 ,5 0 0 ) ,  p h o sp h o ry la se -B  ( 9 4 ,0 0 0 ) ,  

bov ine  serum album in  ( 6 8 ,0 0 0 ) ,  and ovalbumin (4 3 ,0 0 0 )  was ru n  a lo n g  

s id e  th e  sam ples in  o rd e r  t o  a s s e s s  m o le c u la r  w e ig h ts .  A f t e r  e l e c t r o 

p h o r e s i s ,  g e l s  were f i x e d  ove r  n ig h t  i n  50 % t r i c h l o r o a c e t i c  a c i d ,  

s t a i n e d  f o r  24 hou rs  w i th  Coomassine b r i l l i a n t  b lu e  G made up f r e s h l y  

i n  50 % TCA, The g e l s  were d e s ta in e d  in  s o l u t i o n  composed o f 125 ml 

p r o p a n - 2 - o l ,  75 ml g l a c i a l  a c e t i c  a c id  and 800 ml d i s t i l l e d  w a te r .

R e s u l t s  in  F ig u re  38 show th e  p r o t e i n  p a t t e r n s  o b ta in e d  from 1 0 0 ^ 1  

o f  e x t r a c t s  from th e  8 sam ples l i s t e d  above , Of p a r t i c u l a r  i n t e r e s t  i s  

th e  sample ta k e n  from le a v e s  o p p o s i te  to  th o se  t r e a t e d  w ith  Gp which 

showed th r e e  a d d i t i o n a l  p r o t e i n  bands w i th  m o le c u la r  w e ig h ts  approxim a

t e l y  105 , 000 , 94 ,000 and 4 0 ,0 0 0 ,  These new p r o t e i n s  were n o t  d e t e c t e d  

i n  w a te r  t r e a t e d  le a v e s  o r  i n  any o th e r  sam p les .  I t  was found t h a t  th e  

a d d i t i o n a l  p r o t e i n s  appea red  i n  o p p o s i te  u n t r e a t e d  l e a v e s ,  one day 

a f t e r  a p p l i c a t i o n  o f  Gp e x t r a c t s  to  the  p l a n t .  As shown from p re v io u s  

e x p e r im e n t s ,  r e s i s t a n c e  to  v i r u s  i n f e c t i o n  was n o t  p r e s e n t  i n  e x t r a c t s  

p re p a re d  from c o n t r o l  f r e n c h  bean p l a n t s .  I t  seems t h a t  t h e r e  i s  a  

c o r r e l a t i o n  between the  appearance  o f  th e  a d d i t i o n a l  p r o t e i n s  and the  

r e s i s t a n c e  to  i n f e c t i o n .
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F i g u r e  38 •  S D S - p o l y a c r y l amide  g e l  e l e c t r o p h o r e s i s  o f  f r e n c h  b ean  

l e a f  e x t r a c t s .  E l e c t r o p h o r e s i s  was c o n d u c te d  a t  4 °C 

c o n s t a n t  c u r r e n t  (2 0  mA) f o r  3 -4  h o u r s

F r e n c h  b ea n  e x t r a c t s  p r e p a r e d  f r o m  l e a v e s  :

1 -  O p p o s i t e  t o  t h o s e  t r e a t e d  w i t h  Gp e x t r a c t s

2 -  O p p o s i t e  t o  t h o s e  t r e a t e d  w i t h  w a t e r

3 -  T r e a t e d  w i t h  Gp e x t r a c t s

4 -  T r e a t e d  w i t h  w a t e r

5 -  O p p o s i t e  t o  t h o s e  i n o c u l a t e d  w i t h  TNV

6 -  I n o c u l a t e d  w i t h  TNV

7 -  O p p o s i t e  t o  t h o s e  i n o c u l a t e d  w i t h  i n h i b i t o r - v i r u s  m i x t u r e

8 -  T r e a t e d  w i t h  i n h i b i t o r - v i r u s  m i x t u r e  

S t  = S t a n d a r d  p r o t e i n  ( s e e  t e x t )
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D iscuss  ion

In  th e s e  e x p e r im e n ts ,  i t  has been shown t h a t  r e s i s t a n c e  to  v i r u s  

i n f e c t i o n  can be induced  by a p p l i c a t i o n  o f G .p a n i c u l a t a  e x t r a c t s .

Loss of s u s c e p t i b i l i t y  to  v i r u s  by o p p o s i t e ,  and by d i s t a n t  u n t r e a t e d  

l e a v e s ,  as w e ll  a s ,  by a re a s  immediate to  th e  p o in t  o f  a p p l i c a t i o n  o f  

th e  Gp e x t r a c t s ,  s u g g e s ts  t h a t  a c q u i r e d  r e s i s t a n c e  has  been induced as 

d e s c r ib e d  in  the  i n t r o d u c t i o n  to  t h i s  c h a p te r .

A cquired  r e s i s t a n c e  has  been r e p o r te d  i n  v a r i o u s  h y p e r s e n s i t i v e  

h o s t s ,  b o th  in  t i s s u e s  n e a r  p r im ary  l o c a l  l e s i o n s ,  and in  more d i s t a n t  

p a r t s  o f  the  p l a n t .  In  th e  f i r s t  c a s e ,  th e  te rm  l o c a l i z e d  a c q u i r e d  

r e s i s t a n c e  (LAE) i s  u s e d ,  w hereas the  r e s i s t a n c e  d e v e lo p in g  i n  o th e r  

p a r t s  i s  termed s y s te m ic  a c q u i r e d  r e s i s t a n c e  (SAB).

LAE was f i r s t  d em o n s tra ted  by Yarwood ( l9 6 0 a )  when TKV was in o c u la 

te d  onto  one h a l f  o f  each  p r im ary  l e a f  o f  p i n t o  beans i n  two s t r i p s  

ab o u t 8 mm a p a r t .  On the  o p p o s i te  h a l f - l e a f ,  s i m i l a r  s t r i p s  were 

b ru sh ed  w i th  c o n t r o l  s o l u t i o n  w i th o u t  v i r u s .  Two days a f t e r  s t r i p  

i n o c u l a t i o n  th e  whole l e a f  was c h a l le n g e  in o c u la te d  w i th  more o f  th e  

same v i r u s .  The r e d u c t io n  in  l e s i o n  numbers betw een s t r i p s  v a r i e d  

betw een 4O and 80 % o f  th o se  between c o n t r o l  s t r i p s .

SAB has  been shown i n  v i r u s  i n f e c t e d  p l a n t s  by Boss (1 9 6 0 b ) ,  who 

showed t h a t  when h a l f - l e a v e s  o f  Samsun-NN to b a cc o  were i n o c u la t e d  w i th  

TNV, h ig h  l e v e l s  o f  v i r u s  r e s i s t a n c e  were r e c o rd e d  in  th e  o p p o s i te  

h a l f - l e a v e s .  S i m i l a r l y ,  r e s i s t a n c e  cou ld  be induced  i n  th e  b a s a l  p a r t  

o f  a  l e a f  by i n o c u l a t i n g  th e  a p i c a l  h a l f  o r ,  i n  th e  o p p o s i te  p r im ary

le a v e s  t o  th o se  t r e a t e d  w i th  th e  v i r u s .  F u r th e rm o re ,  Boss ( l 9 6 l b )  and 

B o za r th  and Boss (1964 ) su g g es te d  t h a t  developm ent o f  s y s te m ic  r e s i s 

ta n c e  was dependen t upon the  movement o f  some s u b s t a n c e ( s )  from  v i r u s



224

i n f e c t e d  to  u n in f e c te d  re g io n s  o f  th e  p l a n t .

System ic  a c q u ir e d  r e s i s t a n c e  has been found to  be induced  by p l a n t  

e x t r a c t s  (MeKeen, 1956; A pablaza  and B e r n i e r ,  1972; F i s c h e r  and N ienhaus , 

1975; Verma and M ukerjee , 1975» Verma and A w asth i,  1979)* MeKeen 

( 1956 ) e x p la in e d  SAR as b e in g  due to  a  r e a d i l y  t r a n s p o r t a b l e  i n h i b i t i v e  

a g e n t .  S i m i l a r l y ,  F i s c h e r  and Nienhaus (1975) a t t r i b u t e d  SAR t o  th e  

p ro d u c t io n  o f  a  chem ical e f f e c t  t r a n s l o c a t e d  th ro u g h  c e l l s  to  u n t r e a t e d  

p a r t s  o f  the  p l a n t .  R e c e n t ly ,  Verma and Awasthi (1979) s u g g e s te d  t h a t  

th e  i n h i b i t o r  may induce  s y n t h e s i s  o f  t r a n s i o c a ta b le  v i r u s  i n h i b i t o r y  

o r  p r o t e c t i v e  s u b s t a n c e ( s )  i n  h o s t  p l a n t .  These e x p la n a t io n s  may ap p ly  

to  the  r e s u l t s  d i s c u s s e d  in  t h i s  c h a p t e r ,  a l th o u g h  i t  sh o u ld  be n o te d  

t h a t  LAR and SAR a re  b e in g  induced  n o t  by th e  p a th o g en ,  b u t  by a  p l a n t  

e x t r a c t  which i s  i t s e l f  i n h i b i t o r y .

There a re  two h y p o th e s i s  to  e x p la in  a c q u i r e d  r e s i s t a n c e  i n  v i r u s  

i n f e c t e d  p l a n t s .

a )  D e p le t io n  th e o r y :  Due to  h y p e rm e ta b o l ic  a c t i v i t y  o f  i n f e c t e d  c e l l s  

m e ta b o l i t e s  a re  d e p le te d  from a d ja c e n t  u n in f e c t e d  t i s s u e s .  Thus 

t i s s u e s  a d ja c e n t  to  the  i n f e c t e d  a r e a  a re  l e s s  a b le  to  s u p p o r t  v i r u s  

s y n t h e s i s  and became r e s i s t a n t .  Such a  th e o ry  may e x p la i n  LAR b u t  i s  

l e s s  s a t i s f a c t o r y  in  the  case  o f  SAR.

b) R e s i s t a n c e - in d u c in g  s u b s t a n c e ( s )  t h e o r y :  I n i t i a l  v i r u s  i n f e c t i o n  

in d u c es  a  s u b s t a n c e ( s )  which c o n fe r s  r e s i s t a n c e  in  u n in f e c t e d  t i s s u e s .

T h is  m igh t e x p la i n  b o th  LAR and SAR.

When Gp e x t r a c t s  were a p p l i e d  to  f r e n c h  bean  r o o t s  a t  d i f f e r e n t  

i n t e r v a l s  b e fo re  i n o c u l a t i o n  w i th  v i r u s ,  SAR was induced  i n  the  l e a v e s .  

Such e x t r a c t s  may a c t  by in d u c in g  s y n th e s i s  o f  t r a n s l o c a t a b l e  s u b s t a n c e ( s )

w ith  a n t i v i r a l  a c t i v i t y .  These r e s u l t s  a r e  com parable  to  th o se  o f
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S e la  and Applebaum ( 1962 ) and L o e b e n s te in  and Ross (1 9 6 5 ) ;  who found  

t h a t  TMV inocu lum , mixed w ith  e x t r a c t s  from r e s i s t a n c e  h a l f - l e a v e s  o f  

D a tu r a , induced  on ly  8 ^  as many l e s i o n s  a s  i t  d id  when mixed w i th  

e x t r a c t s  from com parable c o n t r o l  l e a v e s .  They su g g e s te d  t h a t  th e  i n f e 

c t i o n  in  b a s a l  l e a f - h a l v e s  e i t h e r  induced  the  fo r m a t io n  in  a p i c a l  

h a lv e s  o f  an i n t e r f e r o n - l i k e  a g e n t ( s )  n o t  found in  h e a l t h y  l e a v e s ,  o r  

s t im u la t e d  the  p ro d u c t io n  o f  an i n h i b i t o r ( s )  n o rm a lly  found in  D a tu ra  

l e a v e s .  Kimmins ( 1969 ) a l s o  found t h a t  sy s te m ic  induced  r e s i s t a n t  

a r e a s  c o n ta in e d  an e x t r a c t a b l e  i n h i b i t o r  o f  p l a n t  v i r u s e s .

S u b s tan ces  which c o n fe r  r e s i s t a n c e  to  v i r u s  i n f e c t i o n  may be 

in d u c e d ,  n o t  on ly  by v i r u s e s  b u t  by a  v a r i e t y  o f  c h e m ic a ls .  F or exam

p l e ,  Gicherman and L o e b e n s te in  ( 1968 ) found t h a t  when y e a s t  RNA was 

a p p l i e d  t o  p l a n t s  b e fo re  i n o c u l a t i o n  w i th  v i r u s ,  i t  induced  th e  sy n th e 

s i s  o f  p r o t e in s  i n h i b i t o r y  to  i n f e c t i o n .  S i m i l a r  r e s u l t s  were r e p o r t e d  

by S t e i n  and L o eb e n s te in  ( l9 7 0 )  u s in g  s y n t h e t i c  doub le  s t r a n d e d  RNA, 

p o l y i n o s i n i c  (P o ly  l )  and p o l y c y t i d i l i c  a c id  (P o ly  C ) , and by M erigan 

and F i n k e l s t e i n  ( 1968 ) and S t e i n  and L o e b e n s te in  (1972) u s in g  p o ly -  

a n io n s .  Gupta ^  a l .  ( 1974 ) found  t h a t  a  p o ly s a c c h a r id e  in  e x t r a c t s  o f  

T r ich o th ec iu m  (T -p o ly )  induced  l o c a l  and sy s te m ic  r e s i s t a n c e  to  i n f e c 

t i o n  o f  N ic o t ia n a  g l u t i n o s a  le a v e s  by TMV. P l a n t  e x t r a c t s  can  a l s o  

a c t  i n  a  s i m i l a r  way, th u s  Verma and Mukerjee (1975; 1977) showed SAR 

i n d u c t io n  w ith  the  e x t r a c t s  o f  b r i n j a l  l e a v e s .  S i m i l a r l y ,  i n  th e  

e x p e r im en ts  d e s c r ib e d  in  t h i s  t h e s i s  the  in d u c e r  o f  r e s i s t a n c e  i s  

a  p l a n t  e x t r a c t .

A s i g n i f i c a n t  a s p e c t  o f  t h i s  s tu d y  i s  the  r e s i s t a n c e  and i n h i b i t i o n  

in d u ced  by th e  sm all  m o le c u la r  w e ig h t  f r a c t i o n s  o f  Gp e x t r a c t .  I t  was 

shown t h a t  sm all  m o le c u la r  w e ig h t  f r a c t i o n s  induced  th e  g r e a t e s t  r e s i s -
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t a n c e  on the  l e a v e s  o p p o s i te  to  th o se  had r e c ie v e d  i t .  In  c o n t r a s t ,  

th e  l a r g e  m o le c u la r  w eigh t f r a c t i o n s  had o n ly  a s l i g h t  e f f e c t  on the  

o p p o s i te  l e a f .  The d i f f e r e n c e  may be a t t r i b u t e d  to  th e  d i f f e r e n t  

m o b i l i t y  o f  the e x t r a c t  com ponents. This  id e a  g a in e d  s u p p o r t  when 

sy s te m ic  a c q u ir e d  r e s i s t a n c e  was induced  in  l e a v e s  o p p o s i te  t o  th o se  

t h a t  had been t r e a t e d  w i th  a s p a r t i c  a c i d .  O ther a c id s  have been r e p o r 

te d  to  induce r e s i s t a n c e  to  v i r u s  i n f e c t i o n  such  as  (P o ly  I .  C) as 

m en tion  e a r l i e r ,  as w e l l  a s ,  p o l y a c r y l i c  a c id s  o f  v a r i o u s  m o le c u la r  

w e ig h ts  (G ia n in a zz i  and K a s s a n is ,  1974);  and a c e t y l  s a l i c y l i c  a c i d ,  

s a l i c y l i c  a c id  and ben zo ic  a c id  (W hite , 1 9 7 8 ) .

A p a r t i c u l a r l y  i n t e r e s t i n g  s u g g e s t io n  i s  t h a t  a c q u i r e d  r e s i s t a n c e  i n  

p l a n t s  may be caused  by AVF which may be l i k e  i n t e r f e r o n  (A n tig n u s  e t  a l . , 

1975; S e l a ,  198 1 ).  I n t e r f e r o n s  a re  v i r u s  i n h i b i t i n g  p r o t e i n s  d eve loped  

i n  an im al t i s s u e s  a f t e r  i n o c u l a t i o n  w i th  a c t i v e  o r  i n a c t i v e  v i r u s .  

I n t e r f e r o n ,  may a l s o  be induced  by s y n t h e t i c  p o ly n u c le o t id e s  and o t h e r  

n o n - v i r a l  ag en ts  such  a s ,  n u c l e i c  a c i d s .  P o ly  I  . C, and phytohaem a- 

g g l u t i n i n .  Like i n t e r f e r o n  a c t i o n ,  a c q u ir e d  r e s i s t a n c e  in  p l a n t s  i s  

n o t  s p e c i f i c  t o  a  s i n g l e  type  o f  v i r u s  and may be induced  by v a r io u s  

a g e n ts  such  a s ,  chem ical and f u n g i ,  as w e l l  a s ,  v i r u s e s  (S ec h t  and 

Bateman, 1964)* V i r a l  p r o t e i n  su ch  as t h a t  from  TMV (L o e b e n s te in ,  1 9 6 2 ) ,  

y e a s t  RNA (Gicherman and L o e b e n s te in ,  1 9 6 8 ) ,  and p l a n t  e x t r a c t s  a l s o  

induced  a c q u i r e d  r e s i s t a n c e .

F u r th e r  ev id en ce  f o r  a  p o s s ib l e  r e l a t i o n s h i p  betw een a c q u i r e d  

r e s i s t a n c e  and the  i n d u c t io n  o f  AVF, o r  i n t e r f e r o n - l i k e  p r o t e i n s  comes 

from  th e  o b s e r v a t io n s  o f  by G ia n in a z z i  e t  (1970) and Van Loon and 

Kammen (1 9 7 0 ) ;  who showed 4 new p r o t e in s  appea red  i n  TI-V -infec ted  

p l a n t s ,  when the  le a v e s  become r e s i s t a n t  to  f u r t h e r  i n f e c t i o n ,  and
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s u g g e s te d  a  c a u sa l  c o n n e c t io n .  G ia n in a z z i  and K assan is  (1974) a l s o  

s u g g e s t  such  a  c o n n e c t io n  in  p l a n t s  t r e a t e d  w i th  p o l y a c r y l i c  a c i d ,  

th e y  to o  s u g g e s t  t h a t  th e se  new p r o t e i n s  may be compared to  an im al 

i n t e r f e r o n .  These o b s e r v a t io n s  a re  s i m i l a r  t o  th o se  d e s c r ib e d  e a r l i e r  

in  t h i s  c h a p te r  inw hich Gp e x t r a c t s  induced  th r e e  new p r o t e i n s  n o t  

found  in  u n t r e a t e d  h e a l t h y  l e a v e s .

U n fo r tu n a te ly  w i th  the  te c h n iq u e s  a v a i l a b l e  i t  was n o t  p o s s i b l e  to  

i s o l a t e  the  induced  p r o t e i n  in  s u f f i c i e n t  q u a n t i t y  to  t e s t  d i r e c t l y  

a g a i n s t  v i r u s  and to  examine i t s  AVP o r  i n t e r f e r o n - l i k e  p r o p e r t i e s .

To u n d e r ta k e  t h i s  type o f  e x p e r im e n ts ,  l a r g e  volumes o f  Gp e x t r a c t s  

w i l l  be r e q u i r e d  a n d /o r  pe rhaps  some more r e f i n e d  p r o t e i n  s e p a r a t i o n  

t e c h n iq u e s .  G ia n in a z z i  and K assan is  (1974) t e s t e d  the  p r o t e i n s  induced  

i n  to b a cc o  by p o l y a c r y l i c  a c id  f o r  a n t i v i r a l  a c t i v i t y ,  b u t  f a i l e d  to  

show t h a t  th ey  a c te d  as v i r u s  i n h i b i t o r s .  F u r th e r  ex p e r im en ts  a r e  

r e q u i r e d  to  examine w h e th e r ,  f o r  exam ple, th e  p r o t e i n s  found by w orkers  

were in t ro d u c e d  i n t o  s u i t a b l e  s i t e s  i n  th e  p l a n t  to  b r i n g  ab o u t v i r u s  

i n h i b i t i o n .  S im i la r  s t u d i e s  m ight be a p p l i e d  to  Gp e x t r a c t s .

The ex p e r im en ts  c o n c e rn in g  Gp i n h i b i t o r s  and the  in d u c t io n  o f  

a c q u i r e d  r e s i s t a n c e  d e s c r ib e d  h e re  a re  p a r t i c u l a r l y  i n t e r e s t i n g  and 

p ro v id e  a  f i rm  b a s i s  upon which to  s tu d y  f u r t h e r  th e  r e a c t i o n  o f  

p l a n t s  to  v i r u s  i n f e c t i o n .
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CHAPTER IX

GENERAL DISCUSSION AND CONCLUSIONS

The r e s u l t s  o f  each  c h a p te r  i n  t h i s  t h e s i s  have been  d i s c u s s e d  in  

d e t a i l ,  however a  more g e n e r a l  d i s c u s s io n  c o n c e rn in g  some p o i n t s  of 

w id e r  i n t e r e s t  w i l l  be g iv e n  h e r e .

In  th e  s u rv e y  o f  th e  C ary ophy llaceae  s p e c i e s ,  i t  was o f  p a r t i c u l a r  

i n t e r e s t  to  n o te  t h a t  o f  th e  t h i r t y  s p e c ie s  t e s t e d  a l l  were i n h i b i t o r y  

t o  v i r u s  i n f e c t i o n  b u t  i n  v a r y in g  d e g r e e s .  Twenty s p e c ie s  t o t a l l y  

e l im in a te d  l o c a l  l e s i o n  p r o d u c t io n  by TNV.

Loss o f  i n h i b i t o r y  a c t i v i t y  on d i l u t i o n  o f  most o f  th e  s p e c ie s  exam

in e d  showed t h a t  th e y  a c t  as i n h i b i t o r s  o f  v i r u s  i n f e c t i o n  r a t h e r  th a n  

as  v i r u s  i n a c t i v a t o r s .  P r o g re s s iv e  d i l u t i o n s  o f  some o th e r  s p e c ie s  

r e v e a le d  the  p re sen c e  o f  a t  l e a s t  two m a t e r i a l s  i n  th e s e  e x t r a c t s ;  an 

i n h i b i t o r  which d e c r e a s e d ,  and an augm enter"w hich  in c r e a s e d  th e  number 

o f  l e s i o n s .  Such augm enters o r  en h an c in g  compounds a p p e a r  to  e l im in a t e  

i n  some way the  e f f e c t  o f  i n h i b i t o r s .  The e f f e c t  o f  th e s e  compounds 

seems to  become a p p a re n t  on d i l u t i o n  and overcomes th e  e f f e c t  o f  i n h i b i 

t o r s  which have been d i l u t e d  beyond t h e i r  e f f e c t i v e  c o n c e n t r a t i o n  as 

d e s c r ib e d  e a r l i e r  ( c h a p te r  I I I ) .  Benda (1956) d e s c r ib e d  compounds i n  

th e  i n h i b i t o r y  e x t r a c t s  from New Z ealand  s p in a c h  p l a n t s  which in c r e a s e d
It It

th e  a c t i v i t y  o f  v i r u s .  He used  the  term  augm enter f o r  such  compounds. 

Enhancement o r  au gm en ta tion  o f  v i r u s  a c t i v i t y  has s in c e  been  o b se rv ed  

by p l a n t  e x t r a c t s  (B laszczak  e t  a l . ,  1 9 5 9 ) ,  s eed  e x t r a c t s  (S te v e n s ,

1970; E a j j  and S te v e n s ,  1 9 7 9 ) ,  v a r io u s  su g a r s  (Kongsvik and San t i l l i ,

1970 ) ,  a l k a l i  (Helms and Z a i t l i n ,  1 9 7 0 ) ,  amino a c id s  (Verma ^  a l . ,  

1967 ) .  The mechanism of a c t i o n  o f  th e se  v i r u s - e n h a n c in g  compounds 

(au g m e n te rs )  i s  n o t  c l e a r .  However, th e y  m igh t a c t  e i t h e r :  1 -  by
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com bining w ith  i n h i b i t o r s ,  and so  e l i m i n a t i n g  t h e i r  e f f e c t s ,  o r ,  2— by- 

i n f l u e n c i n g  l e a f  s u r f a c e  c e l l s  in  some way, th u s  a f f e c t i n g  t h e i r  r e s p o 

nse to  v i r u s  i n h i b i t o r s  5“  i n  the  absence  o f  i n h i b i t o r ,  augm enters  

presum ably  a s s i s t  some s ta g e  o f  v i r u s  i n f e c t i o n  and r e p l i c a t i o n .

P a r t i c u l a r l y  i n t e r e s t i n g  a re  th e  r e s u l t s  o b ta in e d  by h e a t i n g  

C ary ophy llaceae  e x t r a c t s  ( c h a p te r  IV ) .  The i n h i b i t o r y  a c t i v i t y  o f  the  

c rude  e x t r a c t s  o f  20 s p e c ie s  was re d u c e d ,  b u t  n o t  c o m p le te ly  e l im in a te d  

by h e a t i n g ,  th e se  a re  th e rm o la b i le  i n h i b i t o r s .  Crude e x t r a c t s  o f  a n o th 

e r  6 s p e c ie s  appea red  t o  be u n a f f e c t e d  by h e a t i n g ,  th e s e  a re  therm o

s t a b l e  i n h i b i t o r s .  F u r th e rm o re ,  h e a t i n g  p r o g r e s s i v e  d i l u t i o n s  o f  t h e r 

m o la b i le  i n h i b i t o r  e x t r a c t s  r e v e a le d  th e  p re sen c e  o f  v i r u s —e n h an c in g  

compounds. This s u g g e s ts  t h a t  th e s e  e x t r a c t s  c o n ta in  th e rm o la b i le  

i n h i b i t o r s  and th e rm o s ta b le  aug m en te rs .  On th e  o t h e r  h and , d i l u t i o n  o f  

some o th e r  s p e s ie s  showed v i r u s - e n h a n c in g  a c t i v i t y  which became s t r o n g e r  

on h e a t i n g ,  s u g g e s t in g  the  i n a c t i v a t i o n  o f  i n h i b i t o r s  in  th e  m ix tu r e .

I t  i s  l i k e l y  t h a t  th e s e  e x t r a c t s  c o n ta in  a t  l e a s t  3 f r a c t i o n s  :

1 -  th e rm o la b i le  i n h i b i t o r s  2 -  th e rm o s ta b le  i n h i b i t o r s  5- th e rm o s ta b le  

au g m en te rs .  I t  can be concluded  from the  e f f e c t s  o f  d i l u t i o n  and h e a t  

t h a t  th e  n a tu r e  of C aryophy llaceae  e x t r a c t s  i s  com plex, s in c e  th e s e  

e x t r a c t s  c o n ta in  a  wide v a r i e t y  o f  compounds w i th  v a r y in g  e f f e c t s  on 

v i r u s .

T u rn in g  now to  d i l u t i o n  e f f e c t s  on the  G .p a n i c u l a t a  e x t r a c t s ,  

th e s e  e x t r a c t s  a c t  as v i r u s  i n h i b i t o r s  r a t h e r  th a n  v i r u s  i n a c t i v a t o r s .  

D i l u t i o n  a l s o  r e v e a le d  t h a t  e x t r a c t s  from Gp c o n ta in  b o th  i n h i b i t o r s  

and v i r u s - e n h a n c in g  compounds. S tu d ie s  o f  the  p h y s ic a l  p r o p e r t i e s  o f  

Gp f r a c t i o n s  by te ch n iq u es  in c lu d in g  d i a l y s i s ,  p r e c i p i t a t i o n  w i th  ammo

nium s u lp h a t e ,  and d i s c  e l e c t r o p h o r e s i s  have i n d i c a t e d  t h a t  e x t r a c t s
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c o n ta i n  a  v a r i e t y  of m a t e r i a l s  w i th  a  complex n a t u r e .  The r e s u l t s  o f  

d i a l y s i s  ex p er im en ts  i n d i c a t e  t h a t  th e  i n h i b i t o r y  f r a c t i o n s  from Gp 

r e s i d e s  in  the  sm all  m o le c u la r  w e ig h t f r a c t i o n s  a s  w e l l  as  f r a c t i o n s  

p r e c i p i t a t e d  w ith  e th a n o l  o r  ammonium s u l p h a t e . The i n h i b i t o r y  comp

ounds p r e s e n t  i n  th e  l a r g e  m o le c u la r  w e ig h t  f r a c t i o n s  were i d e n t i f i e d  

a s  p r o t e i n s  o r g ly c o p r o t e i n s .  The main c o n s t i t u e n t s  o f  the  sm a l l  mole

c u l a r  w e igh t f r a c t i o n s  were amino a c id s  and s u g a r s .

Experim ents  c a r r i e d  o u t  in  c h a p te r  V u s in g  g e l  f i l t r a t i o n  and d i s c  

e l e c t r o p h o r e s i s  proved v a lu a b le  in  c o n f irm in g  the  p r o t e i n / g l y c o p r o t e i n  

n a tu r e  o f  the m ajor p a r t  o f  th e  i n h i b i t o r  f r a c t i o n s .  Many w orkers  have 

d e s c r ib e d  th e  i n h i b i t o r s  from  p l a n t  e x t r a c t s  as  p r o t e i n s  (Kuntz and 

W alker, 1947; J e rm o l je v  and B rack , 1966; Okuyama e t  ^ . ,  1975; G rasso  

and S hepherd , 197 8 ) ,  w h ile  o th e r s  have d e s c r ib e d  them as  g ly c o p r o te in s  

(K assan is  and KLeczkowski, 1948; Verma e ^  , 1979) * Sephadex G-100 

column chrom atography s u g g e s ts  t h a t  th e  p r o t e in aceo u s  i n h i b i t o r s  from 

Gp e x t r a c t s  have a  m o le c u la r  w e ig h ts  r a n g in g  betw een 12 ,600  -  2 7 ,5 0 0 -  

S i m i l a r  f i g u r e s  have been found by o th e r  w orkers  as m entioned  e a r l i e r  

( c h a p te r  Y l ) .  More d e t a i l e d  in fo r m a t io n  was o b ta in e d  from  chrom ato

g rap h y  on CM- 92 columns which proved  p a r t i c u l a r l y  v a lu a b le  i n  i d e n t i f y 

i n g  th e  i n h i b i t o r  compounds as b a s ic  p r o t e i n s .  S im i l a r  b a s i c  p r o t e i n s  

have been  r e p o r te d  to  a c t  as  i n h i b i t o r s  from o th e r  p l a n t s  ( E a g e t l i  and 

W ein trau b ,  1962; Wyatt and S hep h e rd ,  1969; Sm ookler , 1 9 7 1 ) .  I t  seems 

l i k e l y  t h a t  such  b a s ic  p r o t e i n s  may be e l e c t r i c a l l y  charged  in  such  

a  way as  to  b ind  t o ,  o r  i n t e r f e r e  w i th  v i r u s ,  p e rh ap s  a t  e a r l y  s t a g e s  

o f  i n f e c t i o n .

S tu d ie s  o f  the  sm all  m o le c u la r  w e ig h t  f r a c t i o n s  i n d i c a t e  t h a t  th e  

i n h i b i t o r  compounds in  th e se  f r a c t i o n s  a r e  u n l i k e l y  to  be s u g a r ,  s in c e
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a l l  f r e e  su g a r s  from Gp e x t r a c t s  were c a p a b le  o f  e n h a n c in g -v i r u s  a c t i 

v i t y ,  On the  o th e r  hand, most o f  the  f r e e  amino a c id s  s e p a r a te d  from 

Gp e x t r a c t s  reduced  c o n s id e r a b ly  l e s i o n  numbers produced by TNV, I t  

seems t h a t  the  o v e r a l l  i n h i b i t o r y  e f f e c t  o f  th e  sm a l l  m o le c u la r  w e ig h t  

f r a c t i o n s  ( d i a ly s a b l e  p a r t )  a g a i n s t  TNV, depends upon th e  r a t i o s  o f  

su g a r s  w i th  augm enter a c t i v i t y  to  o th e r  i n h i b i t o r  compounds such  as 

amino a c id s  (Bobyr, 1959» Verma e ^  , 1 9 7 0 ) ,  o rg a n ic  compounds 

(S c h le g e l  and R aw lins , 1 9 5 4 )» and l i p i d  (E l-K andelgy  and W ilcoxon, 1 9 6 6 ) .

In  th e  ex p er im en ts  d e s c r ib e d  i n  c h a p te r  V I I ,  a l th o u g h  e x t r a c t s  from 

M.c a p i l l a c e a  were much l e s s  e f f e c t i v e  as i n h i b i t o r s  to  l e s i o n  p r o d u c t io n  

by TNV, TMV and PVX, th a n  G .p a n i c u l a t a , b o th  e x t r a c t s  were a l s o  e f f e c t 

iv e  a g a i n s t  TNV when th ey  were a p p l ie d  up to  24 h o u rs  b e fo re  in o c u la 

t i o n .  S im i la r  o b s e r v a t io n s  were r e p o r t e d  by o th e r  w orkers  u s in g  o th e r  

p l a n t  e x t r a c t s  (Y o sh ii  and Sako, 1967* R a g e t l i ,  1957)# In  c o n t r a s t ,  

p o s t - i n o c u l a t i o n  t r e a tm e n t  o f  P .v u l g a r i s  l e a v e s  w i th  b o th  e x t r a c t s  had 

l i t t l e  o r  no e f f e c t  on v i r u s  i n f e c t i v e t y .  These r e s u l t s  s u g g e s t  t h a t  

b o th  i n h i b i t o r s  a c t  on the  h o s t  p l a n t  i n f l u e n c i n g  th e  e a r l y  s t a g e s  o f  

i n f e c t i o n .  S im i l a r  f i n d i n g s  were r e p o r te d  by R a g e t l i  ( l 9 5 7 ) ,  who found  

t h a t  v i r u s  symptoms cou ld  be e l im in a te d  o r  red u ced  by t r e a tm e n t  w i th  

c a r n a t i o n  i n h i b i t o r  i f  a p p l ie d  d u r in g  a  p e r io d  up t o  2 .5  hours  a f t e r

v i r u s  i n o c u l a t i o n .  L a te r  a p p l i c a t i o n  had no e f f e c t  on v i r u s ,  i n d i c a t i n g

n II
t h a t  t h i s  i n h i b i t o r  a c t s  on e a r l y  o r  th e  e s t a b l i s h m e n t  phase  o f  v i r u s

r e p l i c a t i o n .  F u r th e r ,  th e  i n a b i l i t y  o f  f o l i a r  a p p l i e d  i n h i b i t o r  t o  be 

ta k e n  up th ro u g h  th e  v a s c u l a r  system  was i n t e r p r e t e d  by E a g e t l i  as
tke

showing t h a t  th e  a n t i v i r a l  a g e n t  i n t e r s  o n ly  w i th ^ p r im a ry  phase  o f  

th e  i n f e c t i o n  p r o c e s s .

C y p so p h ila  e x t r a c t s  seem to  have some d i r e c t  e f f e c t  on TNV, T h is
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does n o t  mean t h a t  i n h i b i t o r y  s u b s ta n c e  i s  a c t u a l l y  a  v i r u s  i n a c t i v a t o r  

because  i t  i s  p o s s ib le  t h a t  th e  i n h i b i t o r  was a d so rb ed  o n to  v i r u s  and 

in f lu e n c e d  l o c a l  l e s i o n  p ro d u c t io n  on e n t r y  i n t o  p l a n t  c e l l s  a lo n g  w i th  

th e  v i r u s  d u r in g  th e  i n o c u l a t i o n  p r o c e s s .  C o n s id e ra t io n  o f  an  an a lo g o u s  

s i t u a t i o n ,  in v o lv in g  i n a c t i v e  homologous a n t ib o d y  com plexes , w i l l  i l l u 

s t r a t e  t h i s .  Such i n a c t i v e  complexes a r e  sed im en ted  d u r in g  u l t r a c e n t r i 

f u g a t i o n ,  w hile  f u l l y  a c t i v e  v i r u s  may be re c o v e re d  from  th e  suspended  

p e l l e t s  by a p p r o p r i a t e l y  lo w e r in g  th e  pH (R ap p ap o r t ,  196I ) .

I t  can be co n c lu d e d ,  in  g e n e r a l ,  t h a t  i n h i b i t o r s  from  b o th  G. 

p a n i c u l a t a  and M.c a p i l l a c e a  s u p p re s s  d i s e a s e  symptoms by i n t e r f e r i n g  

w i th  the  i n f e c t i o n  p ro c e ss  p r o p e r ,  w i th o u t  a l t e r i n g  o r  i r r e v e r s i b l y  

c h ang ing  th e  v i r u s .  They may accom plish  t h i s  by i n t e r f e r i n g  w i th  e i t h e r  

o f  th e  two phases  which c o n s t i t u t e  i n f e c t i o n ;  the  e s t a b l i s h m e n t  phase  

o r  th e  m u l t i p l i c a t i o n  phase ( R a g e t l i ,  1957)# The e a r l y  e v e n ts  o f  v i r u s  

e s t a b l i s h m e n t  in v o lv e :  1 -  a t ta c h m e n t  o f  th e  v i r u s  to  some r e c e p t o r s  

2 -  e n t r y  o f  v i r u s  o r a t  l e a s t  i t s  n u c l e i c  a c id  i n t o  h o s t  c e l l s .

I n h i b i t o r s  which a c t  by a f f e c t i n g  h o s t  c e l l s  may do so  by :

1 -  i n t e r f e r i n g  w ith  th e  i n i t i a l  a t ta c h m e n t  o f  th e  v i r u s ,  t o  th e  r e c e p t o r s  

( b lo c k in g  v i r u s  r e c e p t o r  s i t e s ) ,  2 -  a l lo w in g  a t ta c h m e n t  b u t  p r e v e n t in g  

e n t r y  o f  v i r u s  o r  i t s  n u c l e i c  a c id  i n t o  c e l l s ,  o r  3- a l t e r i n g  th e  

p h y s io lo g y  o f  th e  h o s t  c e l l  by p r e v e n t in g  n u c l e i c  a c id  m u l t i p l i c a t i o n  

and the  s y n th e s i s  o f  v i r a l  p r o t e i n ,  so  s to p p in g  the  assem bly  o f  new 

v i r u s  p a r t i c l e s .

The f a c t  t h a t  i n h i b i t o r  a c t i v i t y  i s  t r a n s l o c a t a b l e  between lo w er  

and u p p e r  l e a v e s ,  and from one l e a f  to  a n o th e r ,  i n d i c a t e s  t h a t  e i t h e r  

i n h i b i t o r s  a re  m obile  o r  t h a t  th e y  induce  th e  p r o d u c t io n  o f  m obile  

compounds w ith  a n t i v i r a l  a c t i v i t y .  I n t e r e s t i n g  e x p e r im en ts  d e s c r ib e d
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i n  c h a p te r  V I I I ,  show t h a t  the  whole i n h i b i t o r  e x t r a c t s  from G y p so p h i la , 

a s  w e ll  a s ,  the  sm all  m o le c u la r  w e ig h t  f r a c t i o n s  ( d i a l y s a b l e  p a r t )  can 

induce  r e s i s t a n c e  in  t i s s u e s  d i s t a n t  from t h e i r  p o in t s  o f  a p p l i c a t i o n .  

A nother i n t e r e s t i n g  f e a t u r e  i s  the  o b s e r v a t io n  t h a t  c rude  e x t r a c t s  from 

r e s i s t a n t  l e a v e s ,  u n t r e a t e d  w i th  th e  i n h i b i t o r ,  when mixed w i th  v i r u s  

d e c re a se d  the  l e s i o n  numbers by ab o u t  40 % • F u r th e rm o re ,  S D S -po lyacry - 

1amide g e l  e l e c t r o p h o r e s i s  o f  such  e x t r a c t s  from  r e s i s t a n t  l e a v e s  

r e v e a l e d  th e  p re sen c e  o f  3 new p r o t e i n  bands n o t  n o rm a l ly  found in  

h e a l t h y  l e a v e s . These i n t e r e s t i n g  o b s e r v a t io n s  may be a t t r i b u t e d  t o  

the  fo rm a t io n  and t r a n s l o c a t i o n  o f  p r o t e c t i v e  s u b s ta n c e s  w i th  a n t i v i r a l  

a c t i v i t y  i n  u n t r e a t e d  p a r t  o f  th e  p l a n t s .

A n t i v i r a l  compounds have been found in  v i r u s  i n f e c t e d  l e a v e s .

S e la  and Applebaum (1962) d e m o n s tra ted  f o r  th e  f i r s t  tim e th e  p re se n c e  

o f  an a n t i v i r a l  f a c t o r  s p e c i f i c  to  TM T-infected p l a n t s .  This  a n t i v i r a l  

a c t i v i t y  was a t t r i b u t e d  to  th e  p re s e n c e  o f  an a n t i v i r a l  f a c t o r  (AVF) 

which l i m i t e d  v i r u s  s p re a d .  AVF from TM V-infected N.g l u t i n o s a  l e a v e s  

was p u r i f i e d  (S e la  e t  , 1 9 6 4 ) ,  and i d e n t i f i e d  as  p h o s p h o ry la te d  

g l y c o p r o t e i n  o f  a  m o le c u la r  w e ig h t  o f  ab o u t 2 2 ,0 0 0  d a l to n s  (Mozes e ^  a l . , 

1978 ) * K assan is  e t  (1974) a l s o  found  t h a t  in d u ced  r e s i s t a n c e  o f  

i n f e c t e d  le a v e s  when c h a l le n g e  w i th  a  second  v i r u s  was c o r r e l a t e d  w i th  

th e  appearance  o f  3 p r o t e i n s  n o t  p r e s e n t  i n  h e a l t h y  l e a v e s .

A n t i v i r a l  f a c t o r s  can  a l s o  be induced  by some c h em ica ls  such  as 

p o l y a c r y l i c  a c id  o f  v a r io u s  m o le c u la r  w e ig h ts  (G ia n in a z z i  and K assan is  

1974 ) ,  p o ly i n o s i n i c  and p o l y c y t i d y l i c  a c id s  (P o ly  I .  P o ly  C) ( S t e i n  

and L o e b e n s te in ,  1970; Gat-Edelbaum ^  a l . , 1 9 8 3 ) ,  and by a c e t y l  s a l i 

c y l i c  a c i d ,  s a l i c y l i c  a c id  and b en zo ic  a c id  (W hite , 1978)# These same 

ch em ica ls  induced  r e s i s t a n c e  to  v i r u s  i n f e c t i o n *  F a c c i o l i  and R u b ie s -
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A n to n e l l  (1976) u s in g  a n t i m e t a b o l i t e s  i n c lu d in g  ac t in o m y c in  D and 

c h lo ra m p h e n ic o l ,  concluded  t h a t  a n t i v i r a l  f a c t o r s  become a c t i v a t e d  on 

i n f e c t i o n  o f  Chenopodium a m a r a n t i c o lo r  w i th  TNV. They su g g e s te d  t h a t  

a n t i v i r a l  f a c t o r s  p ro b a b ly  p a r t l y  p r e v e n t  v i r a l  p r o t e i n  fo rm a t io n  o r  

m a tu ra t io n  of v i r u s  p a r t i c l e s .

R e s is ta n c e  induced  by v i r u s  i n f e c t i o n  i n  l o c a l  l e s i o n  h o s t  and t h a t  

induced  by p o ly a c r y l i c  a c id  seems to  d i f f e r  i n  t h a t  th e  l a t t e r  o n ly  

a c t s  i n  the  t r e a t e d  l e a v e s ,  whereas v i r u s  i n f e c t i o n  c o n fe r s  r e s i s t a n c e  

to  d i s t a n t  le a v e s  (K assan is  e ^  ^ . , 1974) # I t  seems r e a s o n a b le  to  

s u g g e s t  t h a t  r e s i s t a n c e  induced  by our p l a n t  e x t r a c t s  (G.p a n i c u l a t a ) i s  

s i m i l a r  t o  t h a t  induced  by v i r u s e s .  I t  has  n o t ,  as  y e t  been p o s s i b l e  

to  show t h a t  the  induced p r o t e i n s  a c t  as  v i r u s  i n h i b i t o r s  when t e s t  on 

l e a v e s .  With modern methods o f  h ig h  perform ance  p r o t e i n  chrom atography  

i t  may prove p o s s i b l e ,  i n  the  f u t u r e ,  to  i s o l a t e  th e  induced  p r o t e i n s  

and a s s a y  them a g a i n s t  v i r u s .  I t  may be t h a t  e x t r a c t s  o f  p l a n t s  

c o n ta i n  compounds, some o f  which a c t  d i r e c t l y  as  v i r u s  i n h i b i t o r s  and 

o th e r s  t h a t  induce  th e  fo rm a t io n  o f  a n t i v i r a l  f a c t o r s .  The fo rm er  

in c lu d e  p r o t e in s  which a c t  as  p r o t e i n  s y n t h e s i s  i n h i b i t o r s  and o p e ra te  

on r ibosom es d e r iv e d  from p l a n t  s p e c ie s  o t h e r  t h e i r  own (S tev en s  e t  a l . , 

1981; S t i r p e  ©.t ^ . , 1 9 8 1 ) .  In  th e  l a t t e r  g ro u p ,  in d u c e r s ,  may in c lu d e  

n o t  o n ly  p r o t e i n s  b u t  s m a l l e r  m o le c u le s .  V iru s e s  th e m se lv e s  may a l s o  

a c t  as  in d u c e r s .

These induced  v i r u s  i n h i b i t o r s  o r  a n t i v i r a l  f a c t o r s  (AVP) s h a re  

c h a r a c t e r i s t i c s  and a c t i v i t i e s  r e m in i s c e n t  o f  an im al i n t e r f e r o n .

AVF re sem b le s  i n t e r f e r o n  in  th e  fo l lo w in g  f e a t u r e s :

1 -  I t  i s  r e l e a s e d  in  v i r u s  i n f e c t e d  t i s s u e  and e x h i b i t s  a n t i v i r a l  

a c t i v i t y  a g a i n s t  a  range o f  d i f f e r e n t  v i r u s e s .
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2 -  AVF can be induced  by p o ly  ( l . C ) ,  p o l y a c r y l i c  a c id  o r  tRNA p r e p a r a t io n s  

5 -  I t  i s  a  g ly c o p r o te in  o f m o le c u la r  w e ig h t  o f  2 2 ,0 0 0 ,  s t a b l e  i n  SDS 

and a t  pH 2 ,0 ,  f e a t u r e s  which a re  r e m in i s c e n t  o f  i n t e r f e r o n ,

4 -  AVF i s  a c t i v e  a t  th e  l e v e l  o f  few m o lecu le s  p e r  c e l l ,

5 -  I t  i s  cap ab le  o f  p o ly m e r iz in g  ATP i n  the  p re se n c e  o f  ds SNA.

The d i f f e r e n c e  between AVF and i n t e r f e r o n  a re  as  fo l lo w s  :

1 -  AVP i s  p h o s p h o ry la te d ,  i n t e r f e r o n  ap p ea rs  n o t  to  b e ,

2 -  The r e l e a s e  o f  AVF i n  v i r u s - i n f e c t e d  o r  ds EN A -trea ted  p l a n t  t i s s u e  

seems to  be a  p ro c e ss  o f  a c t i v a t i o n  r a t h e r  th an  a  new genomic 

e x p r e s s io n  ( S e la ,  1 9 8 1 ) .

5 -  No s p e c ie s  s p e c i f i c i t y  was found f o r  AVF a c t i v i t y  w i th in  th e  p l a n t  

w o rld .

In  s p i t e  o f  the  ev id en ce  f o r  in d u c t io n  of r e s i s t a n c e  w i th  a n t i v i r a l  

a c t i v i t y  in  the  r e s i s t a n t  p a r t  o f  th e  p l a n t s  when t r e a t e d  w i th  aqueous 

p l a n t  e x t r a c t s ,  th e  i s o l a t i o n  and p u r i f i c a t i o n  o f th e  AVF has n o t  as 

y e t  been c a r r i e d  o u t .

E x t r a c t s  from C ary o p h y lla ce ae ,  i n  g e n e r a l ,  and from G .p a n i c u l a t a . 

i n  p a r t i c u l a r ,  a p p ea r  t o  c o n ta in  f r a c t i o n s  w i th  many d i f f e r e n t  c h a ra 

c t e r i s t i c s  combined w i th  an  a b i l i t y  t o  i n h i b i t  v i r u s  r e p l i c a t i o n .

These c o m p lica ted  f e a t u r e s  make a n a l y s i s  o f  the  e x t r a c t s  d i f f i c u l t .  

G ypsoph ila  e x t r a c t s ,  f o r  exam ple, c o n ta i n  p ro te in a c e o u s  v i r u s  i n h i b i t o r s  

and v i r u s  au g m en te rs .  Some i n h i b i t o r s  a l s o  have t r y p s i n  a c t i v i t y  

( c h a p te r  V ), and may i n h i b i t  v i r u s  a t  e a r l y  s t a g e s  o f  i n f e c t i o n .  I t  

i s  o f some i n t e r e s t  t h a t  P ia n th u s  c a ry o p h y l lu s  c o n ta in s  v i r u s  i n h i b i t o r  

g ly c o p r o t e in  which a d d i t i o n a l l y ,  i n h i b i t  p r o t e i n  s y n t h e s i s  (S tevens  

e_t ^ . ,  1981 ; S t i r p e  e t  1 9 8 1 ) .

In  v iew  o f  th e s e  o b s e r v a t io n s  one may q u e ry  w h e th er  v i r u s  i n h i b i t o r
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a c t i v i t y  i s  i n c i d e n t a l  to  the  m ajo r r o l e  o f  a  number o f  p r o t e i n s  i n  

p l a n t s .  The answer may n o t  be found u n t i l  more p r o t e i n  f r a c t i o n s  have 

been t e s t e d  a g a i n s t  v i r u s .  The answ er to  t h i s  q u e s t io n  a l s o  r e q u i r e s  

a  more fundam enta l u n d e r s ta n d in g  o f  th e  a c t i v i t y  o f  i n h i b i t o r  compounds. 

F u r th e r  q u e s t io n s  a r i s e  as to  th e  r o l e  o f  AVF in  v i r u s  c o n t r o l  ( l o c a l 

i z a t i o n  o f  th e  v i r u s  i n  the  l e s i o n  and induced  r e s i s t a n c e ) .  Where AVF 

i s  induced  by t r e a tm e n t  o f  t i s s u e  w i th  v i r u s ,  t h i s  may be c o n s id e re d  

a s  a  de fence  mechanism by the  p l a n t .  I t  i s  n o t  c l e a r ,  how ever, w h e th er  

th e  same mechanism o p e r a te s  when AVP i s  induced  by ch em ica ls  o r  by 

o th e rw ise  innocuous p l a n t  e x t r a c t s .  I t  m ight be a rgued  t h a t  any number 

o f  compounds which i n t e r f e r e  w i th  c e l l  m e tabo lism  m a y ,fo r  exam ple, r e d i —
M  »l

r e c t  p r o t e i n  s y n th e s i s  to  th e  p ro d u c t io n  o f  new p r o t e i n s  some o r  a l l  o f  

which c o n t r o l  v i r u s e s .  On the  o th e r  hand , some compounds from  p l a n t  

e x t r a c t s  m igh t a c t  more d i r e c t l y  by s to p p in g  p r o t e i n  s y n t h e s i s  ( p r o t e i n  

s y n th e s i s  i n h i b i t o r s ) ,  so  p re v e n t in g  th e  p ro d u c t io n  e i t h e r  o f  v i r a l  

p r o t e i n s  o r  some p r o t e i n  e s s e n t i a l  to  th e  v i r u s  r e p l i c a t i o n  p r o c e s s .

The v a lu e  o f  th e  work d e s c r ib e d  in  t h i s  t h e s i s  l i e s  i n  th e  f a c t  

t h a t  a t t e n t i o n  has been d i r e c t e d  t o  th e  co m p le x i ty  o f  th e  problem s o f  

u n d e r s ta n d in g  and a n a ly s in g  the  e f f e c t s  o f  p l a n t  e x t r a c t s  on v i r u s  

symptom p r o d u c t io n .  By c o n c e n t r a t i n g  a t t e n t i o n  on one s p e c i e s , i n  

p a r t i c u l a r ,  i t  has proved p o s s ib l e  to  make (X number o f  v a lu a b le  o b s e r 

v a t i o n s  r e g a r d in g  v i r u s  i n h i b i t i o n ,  and to  h i g h l i g h t  some f e a t u r e s  o f  

i n h i b i t i o n  o f  c o n s id e r a b le  i n t e r e s t  i n  te rm s o f  th e  mode o f  a c t i o n  o f  

th e s e  i n h i b i t o r s .  These f i n d i n g s  may be summarized i n  th e  f o l l o w i n g  

c o n c lu s io n s .
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C onclusions

1 • A l l  the  t h i r t y  s p e c ie s  from th e  f a m i ly  C ary o p h y llaceae  were found 

to  c o n ta in  i n h i b i t o r s  o f  l o c a l  l e s i o n  p ro d u c t io n  by TNV#

2# Crude, u n d i lu te d  e x t r a c t s  o f  tw en ty  s p e c ie s  t o t a l l y  e l im in a te d  

l e s i o n  p ro d u c t io n .

5. In  e ig h te e n  s p e c i e s ,  i n h i b i t o r y  a c t i v i t y  d e c re a se d  on d i l u t i o n ,  

i n d i c a t i n g  t h a t  th e y  a c t  as  i n h i b i t o r s  o f  v i r u s  i n f e c t i o n  r a t h e r  

th an  i n a c t i v a t o r s .

4* P r o g re s s iv e  d i l u t i o n s  o f  a n o th e r  12 s p e c ie s  r e v e a le d  th e  p re se n c e  

o f  augm en te rs .  T h is  s u g g e s ts  t h a t  e x t r a c t s  c o n ta in  b o th  i n h i b i t o r s  

and v i r u s - e n h a n c in g  o r  augm enter compounds.

5 . H e a t in g  most o f  th e  e x t r a c t s  (20 s p e c i e s )  d e s t r o y e d  much o f  t h e i r  

i n h i b i t o r y  p r o p e r t i e s  ( t h e r m o l a b i l e ) ,  t h i s  s u g g e s ts  t h a t  a t  l e a s t  

p a r t  o f  the  i n h i b i t o r y  a c t i v i t y  r e s i d e s  i n  p r o t e i n  o r  g l y c o p r o t e i n .  

In  c o n t r a s t ,  o th e r  e x t r a c t s  appeared  r e s i s t a n t  to  h e a t i n g  (therm o

s t a b l e ) .

6 . D i lu t io n  o f  G .p a n i c u l a t a  e x t r a c t s  up to  10” 5 co n firm ed  th e  p re se n c e

o f  p l a n t  v i r u s  i n h i b i t o r s  and n o t  i n a c t i v a t o r s ,  and a l s o  showed

compounds en h an c in g  v i r u s  a c t i v i t y .

7 .  D i a ly s i s  ex p e r im en ts  confirm ed  t h a t  th e  i n h i b i t o r y  a c t i v i t y  o f  Gp

e x t r a c t s  r e s i d e s  in  b o th  l a r g e  and sm all  m o le c u la r  w e ig h t  f r a c t i o n s ,

8 .  P r e c i p i t a t i o n  w i th  e th a n o l  o r  ammonium s u l p h a t e ,  as  w e l l  a s ,  d i s c  

e l e c t r o p h o r e s i s  i n d i c a t e d  t h a t  th e  i n h i b i t o r s  a re  composed, a t  

l e a s t  i n  p a r t ,  o f  p r o t e i n s  and g ly c o p r o t e i n s .

9 .  Sephadex G-100 g e l  f i l t r a t i o n  proved v a lu a b le  i n  d e te r m in in g  th e

m o le c u la r  w e ig h ts  o f  th e  Gp p r o t e i n  o r  th e r m o la b i l e  i n h i b i t o r  

f r a c t i o n s  -  th e s e  ranged  between 12 ,600  -  2 7 ,5 0 0 .
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10. Pour f r a c t i o n s  were o b ta in e d  from CM-52 column chrom atog raphy , 

th r e e  o f  them were i n h i b i t o r y  a g a i n s t  TNV. One o f  th e  i n h i b i t o r y  

f r a c t i o n  was n e u t r a l  in  n a t u r e ,  w h ile  th e  o th e r  two were b a s i c .

11. The i n h i b i t o r y  e f f e c t  o f  th e  p ro  t e  in a c e  ous p o r t i o n  o f  Gp e x t r a c t s  

was unchanged a f t e r  t r e a tm e n t  w ith  each  o f  the  3 p r o t e o l y t i c  enzymes.

12. The v i r u s  i n h i b i t o r  m a t e r i a l s  o b ta in e d  from Gp e x t r a c t s  a l s o  showed 

t r y p s i n - i n h i b i t o r  a c t i v i t y .

13 . S even teen  f r e e  amino a c id s  and th r e e  f r e e  su g a rs  were i d e n t i f i e d  

in  the  low m o le c u la r  w e igh t f r a c t i o n  o f  Gp e x t r a c t s .

1 4 # Ten f r e e  amino a c id s  showed c o n s id e r a b le  r e d u c t io n  i n  l e s i o n  numbers 

by TNV, w hile  the  o th e r  seven  f r e e  amino a c i d s ,  as w e l l  as  a l l  3 

f r e e  su g a rs  s t im u la te d  l o c a l  l e s i o n  p ro d u c t io n  by TNV.

15* S tu d ie s  of th e  mode o f  a c t i o n  o f  G .p a n i c u l a t a  and M.c a p i l l a c e a  

confirm ed  th e  p re s e n c e  o f  i n h i b i t o r s  and n o t  i n a c t i v a t o r s ,  and 

showed t h a t  i n h i b i t i o n  i s  b ro u g h t  abou t by e f f e c t s  on l e a f  s u r f a c e  

r a t h e r  th a n  on th e  v i r u s  p a r t i c l e s .  However, Me e x t r a c t s  were 

much l e s s  e f f e c t i v e  as i n h i b i t o r s  to  l o c a l  l e s i o n  p ro d u c t io n  by 

TNV, TMV and PVX, th an  were Gp e x t r a c t s .

16 . Local and sy s te m ic  r e s i s t a n c e  t o  v i r u s  i n f e c t i o n  was induced  i n  un

t r e a t e d  re g io n s  o f  th e  h o s t  p l a n t  a f t e r  a p p l i c a t i o n  o f  Gp e x t r a c t s .

17 . The sm a l l  m o le c u la r  w e ig h t  f r a c t i o n  ( d i a l y s a b l e  p a r t )  was cap a b le  

o f  ‘ in d u c in g  r e s i s t a n c e  i n  l e a v e s  o p p o s i te  t o  th o s e  t o  which i t  

had been a p p l i e d .

18 . SD S-polyacrylam ide e l e c t r o p h o r e s i s  r e v e a le d  th e  p re se n c e  o f  t h r e e  

new p r o t e i n  bands from th e  r e s i s t a n t  l e a v e s  n o t  n o rm a l ly  found i n  

h e a l t h y  l e a v e s .



2 3 9

BIBLIOGRAPHY

A lb e rg h in a ,  A. ( 1976 )

The i n h i b i t o r y  a c t i v i t y  o f  e x t r a c t s  o f  Chenopodium a m a r a n t i c o lo r  
l e a v e s  on the  i n f e c t i o n  by to b acco  n e c r o s i s  v i r u s .
P h y to p a th .  Z . ,  87 , 17.

A lb re c h to v a ,  L. ( 1968 )

The problem o f i s o l a t i o n  o f  th e  X v i r u s  i n h i b i t o r  from p o ta to  l e a f  
s a p .  B io lo g ia  P I . , 10, (4 ) ,  29 6 .

A l l a r d ,  H.A. (1914)

The mosaic d i s e a s e  o f  to b a c c o .  U .S . D ep t.  Agr. B u l l .  No. 40 , 33.

A l l a r d ,  H.A. ( 19I 8 )

Mosaic d i s e a s e  o f  P h y to la c c a  d e c a n d ra .  P h y to p a th o lo g y ,  8 ,  51*

A l le n ,  T .C . and Kahn, R .P . ( l 957)

Tobacco m osaic v i r u s  i n h i b i t i o n  by r i c e  e x t r a c t s  ( A b s t r . )

P h y to p a th . , 47 , 515.

A l le n ,  L .V . ,  Svenson, R.H. and Y achnin , S .  (l9&9)

P u r i f i c a t i o n  o f  n i t r o g e n i c  p r o t e i n s  d e r iv e d  from  P h a seo lu s  v u l g a r i s  
I s o l a t i o n  o f  p o t e n t  and weak p h y to h e m a g g lu t in in s  p o s s e s s in g  

n i t r o g e n i c  a c t i v i t y .  P ro c .  N a t.  Acad. S c i . , 6 3 , 354*

Andrews, P .  ( 1964 )
E s t im a t io n  o f the  m o le c u la r  w e ig h ts  o f  p r o t e i n s  by Sephadex g e l -  

f i l t r a t i o n .  Biochem. J . ,  9I , 222.

Andrews, P .  (1965 )

The g e l - f i l t r a t i o n  b e h av io u r  of p r o t e i n s  r e l a t e d  to  t h e i r  m o le c u la r  

w e igh ts  ov e r  a  wide ra n g e .  Biochem. J . ,  96 , 595*

A n tig n u s ,  Y . , S e la ,  I .  and H auschner ,  A. ( l 9 7 l )

An a n t i v i r a l  f a c t o r  from  v i r u s - i n f e c t e d  p l a n t s  : S t a n d a r d i z a t i o n  o f

crude  p r e p a r a t i o n s  f o r  b i o l o g i c a l  a s s a y .  P h y to p a th o .  Z . ,  7 6 , 345*

A n tig n u s ,  Y . , S e la ,  I .  and H arpaz , I .  ( l9 7 5 )
A p h o s p h o ru s -c o n ta in in g  f r a c t i o n  a s s o c i a t e d  w i th  a n t i v i r a l  a c t i v i t y  

in  N ic o t ia n a  sp p .  c a r r y in g  th e  gene f o r  l o c a l i z a t i o n  o f  TMV 

i n f e c t i o n .  P h y s io l .  P l a n t  P a t h o l . ,  6 ,  159.

A n tig n u s ,  Y . , S e l a ,  I .  and H arpaz , T .  ( l 977)

F u r th e r  s t u d i e s  on th e  b io lo g y  o f  an a n t i v i r a l  f a c t o r  (AVF) from  

v i r u s - i n f e c t e d  p l a n t s  and i t s  a s s o c i a t i o n  w i th  the  N-gene o f  

N ic o t ia n a  s p e c i e s .  J .  Gen. V i r o l . , 35 , 107 .



24 0

A pablaza , G.E. and B e r n i e r ,  C.C. (1972)

I n h i b i t i o n  o f  tob acco  m osaic v i r u s  i n f e c t i o n  by p l a n t  e x t r a c t s . 

C an a d ia l .  J .  o f  B o tany , 50 , 1475»

A s t ru p ,  T. and S ta g e ,  A. (1956)

A p r o te a s e  i n h i b i t o r  i n  ox lu n g  t i s s u e .

A cta  Chemi, S c a n d . , 10 , 617 .

A ta n a s o f f , B. ( 1964)

U n i v e r s a l i t y  o f  i n t e r f e r o n  f o r m a t io n .  P h y to p a th o l .  Z . ,  50 , 336.

B a r a k a t ,  A. and S te v e n s ,  W.a. ( 198O)

E f f e c t s  o f  e x t r a c t s  from s p e c ie s  o f  C ary o p h y llaceae  on l o c a l  l e s i o n  

p ro d u c t io n  by to b acco  n e c r o s i s  v i r u s .  M icrob ios  l e t t e r s ,  14 , 33*

B a r b i e r i ,  L . ,  Aron, G.M., I r v i n ,  J .D .  and S t i r p e ,  ? .  (1982)

P u r i f i c a t i o n  and p a r t i a l  c h a r a c t e r i z a t i o n  o f  a n o th e r  form  o f  the  

a n t i v i r a l  p r o t e i n  from the  seed s  o f P h y to la c c a  am er ican a  L. 

(pokew eed). Biochem. J . ,  2 03 , 55-

B a rk e r ,  H. ( 1975 )
E f f e c t s  o f  v i r u s  i n f e c t i o n  and p o l y a c r y l i c  a c id  on l e a f  p r o t e i n s .

J .  Gen. T i r o l . ,  2 8 ,  155*

B aron, S .  (1963)
Mechanism o f  r e c o v e ry  from v i r a l  i n f e c t i o n .

Advan. V irus  E e s . ,  10 , 39*

Bawden, P .O . and KLeczkowski, A. (1945)
P r o t e i n  p r e c i p i t a t i o n  and v i r u s  i n a c t i v a t i o n  by e x t r a c t s  o f  s t r a w 

b e r r y  p l a n t s .  J .  o f  Pomology and H o r t i c u l t u r a l  S o c . , 2 1 ,  2 .

Bawden, P .O . ( l 950)
P la n t  v i r u s e s  and v i r u s  d i s e a s e s .  3 rd  e d .  C hron ica  B o ta n ic a ,  
Waltham, M a s sa c h u se t t s .

Bawden, P.O . and Preedman, G.C. ( l 952)
The n a tu r e  and b e h a v io u r  o f  i n h i b i t o r s  o f  p l a n t  v i r u s e s  produced  

by T rich o th ec iu m  roseum L ink . J .  Gen. M i c r o b i o l . , 7 ,  154.

Bawden, P .O . ( l9 5 4 )
I n h i b i t o r s  and p l a n t  v i r u s e s .  Adv. i n  V iru s  R e s . ,  2 ,  31*

Bawden, P .O . ( l9 6 4 a )
P l a n t  v i r u s e s  and v i r u s  d i s e a s e s .  4 th  e d .  Ronald p r e s s .

New York. 36I pp.



241

Benda, G .T .A, (1956)

The e f f e c t  o f  New Z ea lan d  s p in a c h  j u i c e  on th e  i n f e c t i o n  o f  

cowpeas by tob acco  r i n g  s p o t  v i r u s .  V iro lo g y ,  2 ,  438.

B eraha , L . ,  V arzandeh, M. and T h o rn b e r ry , H .E. ( l 955)

Mechanism o f  the  a c t i o n  o f  a b r a s i v e s  on i n f e c t i o n  by tob acco  

mosaic v i r u s .  V iro lo g y ,  1 , 141.

B e s t ,  R . J .  ( 1937 )

Ch the  p re sen ce  o f  an o x id a se  i n  th e  j u i c e  e x p re s se d  from tomato 
p l a n t s  i n f e c t e d  w i th  th e  v i r u s  o f tom ato s p o t t e d  w i l t .

A u s t r .  J .  Exp. B io l .  Med. S c i . ,  15 , 191.

B la sz c z a k ,  W., R oss , A .F . and L a r s o n , 'R .H .  (1959)

The i n h i b i t o r y  a c t i v i t y  o f  p l a n t  j u i c e s  on th e  i n f e c t i v i t y  o f  

p o ta to  v i r u s  X. P h y to p a th o lo g y ,  4 9 ,  784 .

Bobyr, A.B. ( l9 5 9 )

E f f e c t  o f  c e r t a i n  amino a c id s  on to b acco  m osaic v i r u s .
J .  M ic ro b io l .  K ie v . ,  2 1 ,  2 5 .

B o z a r th ,  R .P . and R oss , A ,P . ( l 964 )

S ys tem ic  r e s i s t a n c e  induced  by l o c a l i z e d  v i r u s  i n f e c t i o n :  E x te n t  

o f  changes in  u n in f e c t e d  p l a n t  p a r t s .  V i ro lo g y ,  2 4 ,  446 .

B r a n t s ,  D.H. ( 1964)
The s u s c e p t i b i l i t y  o f  to b a cc o  and bean  l e a v e s  to  to b acco  mosaic 

v i r u s  i n f e c t i o n  i n  r e l a t i o n  to  th e  c o n d i t i o n  o f  e c to d e s m a ta .  

V iro lo g y ,  2 5 ,  588.

C a ld w e ll ,  J .  (1935)
F a c to r s  a f f e c t i n g  th e  fo r m a t io n  o f  l o c a l  l e s i o n s  by to b acco  m osaic  

v i r u s .  P ro c .  Roy. S oc .B , 119, 493.

Chadha, K.C. and M acN eill ,  B.H. (1969)
An a n t i v i r a l  p r i n c i p l e  from  tom atoes  s y s t e m i c a l l y  i n f e c t e d  w i th  

tob acco  mosaic v i r u s .  Cand. J .  B o t . , 47 , 513.

Chaykin, S .  (1966)
B io c h em is try  L a b o ra to ry  T ech n iq u es .

John Wiley and Sons, I n c . ,  New York.

Cheo, P .O . and L in d n e r ,  R.C. (1964)
In  v i t r o  and in  v iv o  e f f e c t  o f  commerical t a n n i c  a c id  and geran ium  

ta n n in  on tobacco  mosaic v i r u s .  V iro lo g y ,  2 4 ,  414 ,



242

Chowfla, S .C . and N a r ia n i ,  T.K. (1976)

I n h i b i t i o n  o f  b ro a d -b e an  mosaic v i r u s  (BEMV) by amino a c id s  

and enzymes, Acta B o tn ic a  I n d i c a ,  4 ,  159*

C h r i s t i e ,  W.W. ( l9 7 5 )
•• H

L ip id  a n a ly s i s  Pergamon p r e s s ,  Oxford and New York,

Commoner, B, and M ercer, F . ( l 951)

I n h i b i t i o n  o f  th e  b i o s y n th e s i s  o f  to b a cc o  m osaic  v i r u s  by t h i o u r a c i l .  
N a tu re ,  168 , 11 5 .

Crowley, N.C. (1955)

The e f f e c t  o f  seed  e x t r a c t s  on th e  i n f e c t i v i t y  o f  p l a n t  v i r u s e s  
and i t s  b e a r in g  on seed  t r a n s m is s io n .
A u s t r a l i a n  J .  B io l .  S c i . , 8 , 56 .

D a v is ,  B . J .  ( 1964)

D isc  e l e c t r o p h o r e s i s .  I I .  Method and a p p l i c a t i o n  to  human serum 
p r o t e i n s .  Ann. N.Y. Acad. S c i . , 121, 4 O4 .

D a v is ,  R .E . and Whitcomb, R .P .  ( l 967 )

S uc rose -enhanced  l o c a l  i n f e c t i o n  o f  p l a n t s  by v i r u s e s  ( A b s t r . )  

P h y to p a th o lo g y ,  57, 808.

Demski, J.W. and C h a lk ley ,  J .H .  ( l 977)

A v i r u s  i n h i b i t o r  i n  w aterm elon  and i t s  e f f e c t s  on i n f e c t i o n  w ith  

f o u r  c u c u r b i t  v i r u s e s .  P l a n t  d i s e a s e  r e p o r t ,  6 l ( 3 ) ,  167 .

Devash, Y . , H auschner, A . ,  S e l a ,  I .  and C h a k ra b u r t ty ,  K. ( l 981)

The a n t i v i r a l  f a c t o r  (AVP) from  v i r u s - i n f e c t e d  p l a n t s  in d u c es  

d is c h a rg e  o f  histidinyl-TM V-RNA. V iro lo g y ,  111, IO3 .

D ie n e r ,  T.C and D e s j a r d i n s , P .R . ( l 966 )

F a c to r s  a f f e c t i n g  the  s t a b i l i t y  o f  to b acco  m osaic  v i r u s .
I .  R ib o n u c lea se - in d u ce d  p r o t e c t i o n  o f  v i r u s  from  a l k a l i n e  

d e g r a d a t io n .  V iro lo g y ,  2 9 ,  15»

D ubo is ,  M ., G i l l e s ,  K .A ., H am ilton , J . K . ,  R eb e rs ,  P .A . and S m ith , P .

( 1956 ) .  C o lo r im e tr ic  method f o r  d e te r m in a t io n  o f  su g a r s  and 

r e l a t e d  s u b s ta n c e s .  A n a ly t i c a l  c h m is t r y ,  2 8 ,  350.

D uggar, B.M. and A rm strong, J .K .  (1925)
The e f f e c t  o f  t r e a t i n g  the  v i r u s  o f  to b acco  m osaic  w i th  th e  j u i c e  

o f  v a r io u s  p l a n t s .  Ann, M iss o u r i  B o t.  G arden , 12, 359



243

E brah im -N esba t,  P . (1971)

E le c t r o n  m ic ro s c o p ic a l  s t u d i e s  on tob acco  m osaic v i r u s  a f t e r  
t r e a tm e n t  by i n h i b i t o r s  from s p in a c h ,
I r a n i a n  J • o f  p l a n t  p a th o lo g y ,  7 ( 2 ) ,  15

E brah im -N esba t,  P . and N ien h au s ,  P . ( l 972)

The e f f e c t  o f  i n h i b i t o r y  p r i n c i p l e s  i n  p l a n t  e x t r a c t s  on to b acco  
m osaic and cucumber mosaic v i r u s  i n f e c t i o n .
P h y to p a th .  Z . ,  7 J ( 3 ) ,  233 .

E l-K an d e lg y ,  S.M. ( 1964 )

I n h i b i t o r y  e f f e c t  o f  c lo v e r  f lo w e r  j u i c e  on fo r m a t io n  o f l o c a l  

l e s i o n s  on Gomphrena g lo b o s a  by re d  c lo v e r  v e in —m osaic v i r u s  
( A b s t r , ) .  P h y to p a th o lo g y ,  54, 892.

E l-K an d e lg y ,  S.M, and W ilcoxon, R. ( l 966)

E f f e c t s  o f  r e d  c lo v e r  f lo w e r  e x t r a c t  and g lu c o se  on i n f e c t i o n  o f  

Gomphrena g lo b o sa  by re d  c lo v e r  v e in -m o sa ic  v i r u s .

P h y to p a th o lo g y ,  56 , 832 .

E v e le ig h ,  W.J. and W in te r ,  G.D. ( l 970)

Amino a c id  co m p o s i t io n  d e te r m in a t io n .  I n :  P r o t e i n  sequence 

d e te r m in a t io n .  Ed. Needleman, S .B . Chapman and H a l l ,  London.

P a c c i o l i ,  G. and Rubies -  A n to n e l l ,  C. (1976)

A c tio n  o f  a n t i m e t a b o l i t e s  on the  b io s y n th e s i s  o f  to b acco  m osaic 

v i r u s  i n  l o c a l l y - i n f e c t e d  c e l l s  o f  Chenopodium a m a r a n t i c o lo r . 
P h y to p a th .  Z . ,  87 , 48 .

F an t e s ,  K.H. and O’N e i l l ,  C .P . ( I 964 )
Some s i m i l a r i t i e s  betw een a  v i r a l  i n h i b i t o r  o f  p l a n t  o r i g i n  and 

c h ic k  i n t e r f e r o n .  N a tu r e , 203 , IO48 .

Feldman, J .M . ( l 963 )

E f f e t  i n h i b i t e u r  des e x t r a i t s  de semence de p im ent ( Capsicum 

annuum L . )  s u r  l e  p o u v o ir  i n f e c t i e u x  de q u e lq u es  v i r u s  des p l a n t e s .  

Ann. E p i p h y t i e s ,  14 , 377 #

F i s c h e r ,  H. and N ienhaus , P .  (1973)
V iru s  i n h i b i t i n g  p r i n c i p l e s  in  p a p r ik a  p l a n t s  ( Capsicum annuum L . ) .  

P h y to p a th .  Z . ,  78 ( 1 ) ,  2 5 .

Pukaya, N. and T a n ig u c h i ,  T . (1979)
Some p r o p e r t i e s  o f  an i n h i b i t o r  o f  p l a n t  v i r u s  i n f e c t i o n  o c c u r r in g  

i n  the  l e a v e s  o f  P h y to la c c a  a m er ica n a . P h y to p a th .  Z . , 94 , 132.



2 4 4

F u l to n ,  R.W. ( 1943 )

The s e n s i t i v i t y  o f  p l a n t  v i r u s e s  to  c e r t a i n  i n a c t i v a t o r s .  
P h y to p a th o lo g y , 35 , 6?4 .

G at-Edelbaum , 0 . ,  A ltman, A. and S e l a ,  I .  ( l 983)

P o l y i n o s i n i c .  P o l y c y t i d y l i c  a c id  in  a s s o c i a t i o n  w i th  c y c l i c  
n u c le o t id e s  a c t i v a t e s  th e  a n t i v i r a l  f a c t o r  (AVF) i n  p l a n t  t i s s u e s .
J .  Gen, V iro lo g y ,  6 4 , 2 1 1 ,

G ia n in a z z i ,  S . ,  M a r t in ,  C. and V a l l e e ,  J .C .  ( l9 7 0 )

H y p e r s e n s i b i l i t é  aux v i r u s ,  te m p e ra tu re  e t  p r o t é i n e s  s o lu b l e s  
chez l e  N ic o t ia n a  X an th i  n . c .  A p p a r i t io n  de n o u v e l le s  macromole 
c u le s  l o r s  de l a  r e p r e s s i o n  de l a  s y n th è s e  v i r a l e .

Compte rendu  de 1' Académie des s c ie n c e  de p a r i s  D, 270 , 2383 .

G ia n in a z z i ,  S .  and K a s s a n i s , H. ( l 974)

V irus  r e s i s t a n c e  induced  i n  p l a n t s  by p o l y a c r y l i c  a c i d .
J .  Gen, V iro lo g y ,  2 3 ,  1 .

G ia n in a z z i ,  S . ,  P r a t t ,  H,M., Shewry, P .R . and M i f l i n ,  B . J .  (1977)
P a r t i a l  p u r i f i c a t i o n  and p r e l im in a r y  c h a r a c t e r i z a t i o n  o f  s o lu b le  

l e a f  p r o t e in s  s p e c i f i c  t o  v i r u s  i n f e c t e d  to b acco  p l a n t s .
J .  Gen. V iro lo g y ,  34, 345 .

G icherman, G. and L o e b e n s te in ,  G. (l9&8)

C om petitive  i n h i b i t i o n  by f o r e i g n  n u c l e i c  a c id s  and in d u ced  i n t e r 

fe r e n c e  by yeast-RNA w ith  th e  i n f e c t i o n  o f  to b acco  m osaic v i r u s . 
P h y to p a th o lo g y ,  58 , 405 .

G i l p a t r i c k ,  J .D .  and W ein trau b , N. ( l9 5 2 )

An u n u sa l  type o f  p r o t e c t i o n  w i th  th e  c a r n a t i o n  m osaic v i r u s .  

S c ie n c e ,  115» 701#

G ra n t ,  T . J .  and C o rb e t t ,  M.K. ( 196O)

M echanical t r a n s m is s io n  o f  the  i n f e c t i o u s  v a r i e g a t i o n  v i r u s  o f  
c i t r u s .  N a tu re ,  188, 519*

G ra sso ,  S . ( l9 7 7 )
I n v e s t i g a t i o n s  on the  a c t i o n  mechanism o f  a  v i r u s  i n h i b i t o r  from  

P h y to la c c a  a m er ican a . R i v i s t a  d i  p a t o l o g i a  v e g e t a l e ,  S . IV, 13, 77*

Gras s o ,  S , and Shepherd , R . J .  (1978)

I s o l a t i o n  and p a r t i a l  c h a r a t e r i z a t i o n  o f  v i r u s  i n h i b i t o r s  from 

p l a n t  s p e c ie s  ta x o n o m ic a l ly  r e l a t e d  to  P h y to la c c a .

P h y to p a th o lo g y ,  68 , 199.



2 4 5

G reen, N.H. (1957)

P ro te a s e  i n h i b i t o r s  from A sc a r is  lu m b r ic o id e s . Biochem, J . ,  66 , 416 .

G upta , B.M. and P r i c e ,  W.C. (1950)
P ro d u c t io n  o f  p l a n t  v i r u s  i n h i b i t o r s  by f u n g i .
P h y to p a th o lo g y ,  4 0 , 642 ,

G upta , B.M. and P r i c e ,  W.C. (1952)

Mechanism o f i n h i b i t i o n  o f  p l a n t  v i r u s  i n f e c t i o n  by fu n g a l  grow th 
p ro d u c ts .  P h y to p a th o lo g y ,  42 , 45*

G upta , D.H. ( 1964)

I s o l a t i o n  and amino a c id  make-up o f  a  v i r u s  i n h i b i t i n g  p r o t e i n  

from P h y to la c c a  a c i n o s a . N a tu rw is s e n s c h a f te n ,  51» 111.

G upta , V.K. and H aychaudhuri,  S .P .  (1972)

Mechanism o f i n h i b i t i o n  o f  p o t a to  v i r u s  Y by e x t r a c t s  from le a v e s  

o f  some woody p l a n t s .  P h y to p a th .  Z . ,  75* 256 .

G up ta , V.K. and H aychaudhuri, S .P .  ( l 972)

I n h i b i t i o n  o f  p o ta to  v i r u s  Y by th e  l e a f  e x t r a c t s  o f  C a l l i s te m o n  

l a n c e o la tu s  and Syzygium c u m in i i .

In d ia n  p h y to p a th o lo g y ,  25 ( 1 ) ,  108.

G upta , B .M ., Chandra, K . , Verma, H.N. aud Verma, G .S . ( l 974)

In d u c t io n  o f  a n t i v i r a l  r e s i s t a n c e  i n  N ic o t ia n a  g l u t i n o s a  p l a n t s  

by t r e a tm e n t  w i th  T r ich o th ec iu m  p o ly s a c c h a r id e  and i t s  r e v e r s a l  
by ac tin o m y c in  D. J .  Gen. V iro lo g y ,  2 4 ,  211 .

E a j j ,  B.A. (1976)
S tu d ie s  o f  p l a n t  v i r u s  i n h i b i t o r s  from  legume s e e d s .  Ph.D . T h e s i s ,  

U n iv e r s i ty  o f  London.

H a j j , B.A. and S te v e n s ,  W.A. ( l9 7 9 )
The e f f e c t  o f  legume seed  e x t r a c t s  on p l a n t  v i r u s  i n f e c t i o n ,  

E x p e r i e n t i a ,  35* I 46O.

Hampton, R .E . and F u l to n ,  R.W. ( 196I )

The r e l a t i o n  o f  p o lypheno l o x id ase  to  i n s t a b i l i t y  iji v i t r o  o f  

prune dw arf and s o u r  c h e r r y  n e c r o t i c  r i n g  s p o t  v i r u s e s .

V iro lo g y ,  13* 4452.

H ech t,  E . I .  and Bateman, D .F . ( l 964 )
N o n -s p e c i f ic  a c q u i r e d  r e s i s t a n c e  to  p a thogens  r e s u l t i n g  from  

l o c a l i z e d  i n f e c t i o n s  by T h i e l a v i o p s i s  b a s i c o l a  o r  v i r u s e s  i n  

tobacco  l e a v e s .  P h y to p a th o lo g y ,  54 , 523 .



2 4 6

Helms, K. and Z a i t l i n ,  M. ( 1970 )

Enhancement o f  i n f e c t i v i t y  o f  to b a cc o  m osaic v i r u s  p a r t i c l e s  
p a r t i a l l y  u n co a ted  by a l k a l i .  V i ro lo g y ,  4 I * 549 .

H i r a i ,  T . and Shimomura, T . ( 1965 )

B l a s t i c i d i n  S ,  an e f f e c t i v e  a n t i b i o t i c  a g a i n s t  v i r u s  m u l t i p l i c a t i o n .  
P h y to p a th o lo g y ,  5 5 , 2 9 1 .

H u l l ,  R. ( 1971 )

The e f f e c t  o f  BEAE d e x t r a n  on th e  n u c l e i c  a c id s  o f  two p l a n t  
v i r u s e s .  J .  Gen. V iro lo g y ,  11, 111.

I r v i n ,  J .D .  ( 1975 )
P u r i f i c a t i o n  and p a r t i a l  c h a r a c t e r i z a t i o n  o f  th e  a n t i v i r a l  p r o t e i n  

from P h y to la c c a  am er ican a  which i n h i b i t s  e u k a r y o t i c  p r o t e i n  

s y n t h e s i s .  Archs Biochem. B io p h y s . , I 69 , 522.

I r v i n ,  J . D . , K e l ly ,  T. and R o b e r tu s ,  J .D .  ( l 980)

P u r i f i c a t i o n  and p r o p e r t i e s  o f  a  second a n t i v i r a l  p r o t e i n  from 

P h y to la c c a  am ericana  which i n a c t i v a t e s  e u k a r y o t i c  r ib o so m e s .
Archs Biochem. B io p h y s . , 200 , 418.

J e r m o l je v ,  E . and B rack , J .  ( 1966 )

P re v e n t iv e  e f f e c t  o f  i n h i b i t o r s  from p o ta to  l e a v e s  on l o c a l  

i n f e c t i o n  w ith  v i r u s  X. B io l .  P l a n t ,  8 , 393.

Johnson , J .  (1941)
Chemical i n a c t i v a t i o n  and th e  r e a c t i v a t i o n  o f  a  p l a n t  v i r u s .  

P h y to p a th o lo g y ,  31» 679.

J o n e s ,  W.A., J aco b so n , N. and Kahn, R .P .  (1959)

Chemical n a tu re  o f  p i a n t - v i r u s  i n h i b i t o r s  from  r i c e .

N a tu re ,  I 84 , 1146.

Kahn, R . P . , A l le n ,  J r .T .C .  and Zaumeyer, W .J. ( I 96O)

C h a r a c t e r i s t i c s  o f  p l a n t - v i r u s  i n h i b i t o r s  i n  r i c e  ( Oryza s a t i v a ) .  

P h y to p a th o lo g y ,  50* 847.

K a ras ,  J . G . ,  Hamner, G .L . ,  deZeeuw, D . J .  and S e l l ,  H.M. ( l 964 )

I n h i b i t i o n  o f  l o c a l i z e d  v i r u s  l e s i o n s  by N -d im ethy lam inosucc inam ic  

a c i d .  N a tu re ,  203 , 1197#

K a s s a n i s ,  B. and K leczkow ski, A. ( l9 4 8 )

The i s o l a t i o n  and some p r o p e r t i e s  o f  a  v i r u s - i n h i b i t i n g  p r o t e i n  

from P h y to la c c a  e s c u l e n t a . J .  Gen. M i c r o b i o l . , 2 ,  143.



2 4 7

K a s s a n is ,  B. ( l9 7 0 )

Tobacco n e c r o s i s  v i r u s  CMI* D e s c r ip t io n s  o f  p l a n t  v i r u s e s .
Number 14* Commonwealth M yco log iea l  i n s t i t u t e ,  Kew, E ng land .

K a ss a n is ,  B . , G ia n in a z z i ,  S .  and W hite , R .P . ( l 974)

A p o s s ib le  e x p la n a t io n  o f  the  r e s i s t a n c e  o f  v i r u s - i n f e c t e d  tob acco  
p l a n t s  to  second i n f e c t i o n .  J .  Gen. V iro lo g y ,  23» 11.

K e l l e r ,  S .  and B lock , R . J .  ( i9 6 0 )

S e p a ra t io n  o f  p r o t e i n s '  i n :  A l a b o r a t o r y  manual o f  a n a l y t i c a l  
methods o f  p r o t e i n  c h e m is t ry  ( i n c lu d in g  p o l y p e p t i d e s ) .  Volume I .  
E d i to r s  A lex an d er ,  P .  and B lo ck , R . J .  1 s t  e d i t ,  pergamon p r e s s .

Kimmins, W.C. ( l 969 )

I s o l a t i o n  o f  a  v i r u s  i n h i b i t o r  from p l a n t s  w i th  l o c a l i z e d  i n f e c t i o n ,  
Can. J .  B otany , 4 7 , 1879.

K leczkow ski, A. (1957)

A p r e l im in a r y  s tu d y  o f  to b acco  mosaic v i r u s  by th e  g e l l  d i f f u s i o n  

p r e c i p i t a t i o n  t e s t s .  J .  Exp. M i c r o b i o l . , I 6 , 4 O5 .

K ongsvik , J .R .  and S a n t i l l i ,  V. ( l9 7 0 )

Sugar induced  enhancem ent o f  tob acco  mosaic v i r u s  r i b o n u c l e i c  a c id  
i n f e c t i v i t y .  V iro lo g y ,  4 0 , 855 .

K u n itz ,  M. and N o r th ro p ,  J .H .  (1956)

I s o l a t i o n  from b e e f  pa n c r e ase  o f  c r y s t a l l i n e  t ry p s in o g e n ,  t r y p s i n ,  
a  t r y p s i n  i n h i b i t o r ,  and an i n h i b i t o r - t r y p s i n  compound.

J .  Gen. P h y s i o l . , 19* 991.

K u n i tz ,  M. ( 1947 )
I s o l a t i o n  o f  c r y s t a l l i n e  p r o t e i n  compound o f  t r y p s i n  and o f  

soybean t r y p s i n - i n h i b i t o r .  J .  Gen. P h y s i o l . ,  30 , 311.

K u n i tz ,  M. (1948)

The k i n e t i c  o f  thermodynamics o f  r e v e r s i b l e  d é n a t u r a t i o n  o f  

c r y s t a l l i n e  soybean t r y p s i n - i n h i b i t o r .  J .  Gen. P h y s i o l . ,  32 , 241 .

K untz , J .E .  and W alker, J .C .  ( l9 4 7 )
V iru s  i n h i b i t i o n  by e x t r a c t s  o f  s p in a c h .  P h y to p a th o lo g y ,  37 , 561.

Laemmli, U.K. ( l9 7 0 )
Cleavage o f  s t r u c t u r a l  p r o t e i n s  d u r in g  th e  assem bly  o f  th e  head  

o f  b a c te r io p h a g e  T4. N a tu re ,  227 , 680.



248

L a i ,  B . , Verma, G .S . and Verma, H.N, (1975)
E f f e c t  o f  some p l a n t  e x t r a c t s  on i n f e c t i v i t y  o f  tob acco  mosaic 
v i r u s .  In d ia n  P h y to p a th o lo g y ,  26 ( l ) ,  122.

L in d n e r ,  B .C . ,  K i r k p a t r i c ,  B .C . and Weeks, T .E . (1959)
Some f a c t o r s  a f f e c t i n g  th e  s u s c e p t i b i l i t y  o f  cucumber c o ty le d o n s  

to  i n f e c t i o n  o f  to b acco  m osaic v i r u s .  P h y to p a th o lo g y ,  49» 78*

L i p p i n c o t t ,  J .A .  ( l9 5 8 )

S tu d ie s  on the  p r e p a r a t i o n  and i n f e c t i v i t y  o f  to b acco  m osaic v i r u s  

n u c le i c  a c i d .  Ph.D . T h e s i s ,  W ashington u n i v e r s i t y ,  s t .  L o u is ,  
M is s o u r i .

L o e b e n s te in ,  G. (1962)

In d u c in g  p a r t i a l  p r o t e c t i o n  in  the  h o s t  p l a n t  w i th  n a t iv e  v i r u s  
p r o t e i n .  V iro lo g y ,  17 , 574.

L o e b e n s te in ,  G. ( 1965 )

F u r th e r  ev id en ce  on sy s te m ic  r e s i s t a n c e  induced  by l o c a l i z e d  

n e c r o t i c  v i r u s  i n f e c t i o n s  i n  p l a n t s .  P h y to p a th o lo g y ,  55» 506.

L o e b e n s te in ,  G. and B oss , A .P . ( 1965 )

An e x t r a c t a b l e  a g e n t ,  induced  in  u n in f e c t e d  t i s s u e s  by l o c a l i z e d  

v i r u s  i n f e c t i o n s ,  t h a t  i n t e r f e r e  w i th  i n f e c t i o n  by tob acco  m osaic 
v i r u s .  V iro lo g y ,  2 0 ,  507*

L o e b e n s te in ,  G. and L o v rekov ich , L. ( 1966 )

In te r f e im c e  w ith  to b acco  mosaic v i r u s  l o c a l  l e s i o n  fo r m a t io n  i n  

tob acco  by i n j e c t i n g  h e a t - k i l l e d  c e l l s  o f  Pseudomonas s y r i n g a e . 

V iro lo g y ,  30» 587*

Lowry, O .H ., B osebrough, N . J . ,  P a r r ,  A. and B a n d a l l ,  B . J .  (1951)

P r o te i n  measurement w i th  th e  F o l i n  pheno l r e a g e n t .

J .  B io l .  Chem., 195» 265*

M an il ,  P .  (1949 )
I n h i b i t i o n  de v i r u s  p h y to p a th o g en es  p a r  des e x t r a i t s  de p l a n t e s .  

Compt. Bend. Soc. B i o l .  P a r i s ,  145» 101.

Marchoux, G. (1967)
I n h i b i t o r y  e f f e c t  o f  Capsicum annuum l e a f  e x t r a c t s  on i n f e c t i o n  

by some v i r u s e s  o f  h y p e r s e n s i t i v e  h o s t s .  Ann. E p h ip h y t i e s ,  18 , 55«

Marchoux, G. ( l9 7 0 )
D em onstra tion  o f th e  i n h i b i t o r y  e f f e c t  o f  p e p p e r  l e a f  r ib o n u c le a s e  

on v i r u s  i n f e c t i o n .  C . r .  hebd . S ean c . Acad. S c i . ,  P a r i s ,  S e r .  D . ,

270  (22 ) ,  2663 .



2 4 g

Mayhew, D.E. and F o rd ,  B.E. (1971)

An i n h i b i t o r  of to b acco  m osaic v i r u s  produced by Physarum 

polycephalum . P h y to p a th o lo g y ,  6 l , 636 .

McKeen, C.D. (1956)

The i n h i b i t o r y  a c t i v i t y  o f  e x t r a c t s  o f  Capsicum f r u t e s c e n s  on 
p l a n t  v i r u s  i n f e c t i o n .  Canadian J .  o f  B otany , 34» 891.

M enzies, I . S .  and Mount, J .N .  (1975)
Advantage o f  s i l i c a  g e l  as a  medium f o r  r a p i d  t h i n  l a y e r  chroma
tog raphy  o f  n e u t r a l  s u g a r s .  J o u rn a l  o f  M edical L a b o ra to ry  
Technology, 32, 269*

M enzies, I . S . ,  Mount, J .N .  and W heeler, M .J .  (1978)

Q u a n t i t a t iv e  e s t i m a t i o n  o f c l i n i c a l l y  im p o r ta n t  m onosacchar ides  
i n  plasm a by r a p i d  t h i n  l a y e r  ch rom atography .

Annals of C l i n i c a l  B io c h e m is t ry ,  5» 65 .

M erigan , T .C . and P i n k e l s t e i n ,  M.S. ( I 968 )

I n t e r f e r o n  s t i m u l a t i n g  and jji  v iv o  a n t i v i r a l  e f f e c t s  o f  v a r io u s  

s y n t h e t i c  a n io n ic  po ly m ers .  V iro lo g y ,  35» 563*

Misawa, M ., H ay ash i ,  M. and Tanaka, H. (1975)

P ro d u c t io n  o f p l a n t  v i r u s  i n h i b i t o r  by P h y to la c c a  am ericana  

su sp e n s io n  c u l t u r e .  B io te ch n o lo g y  and B io e n g in e e r in g ,  17» 1355.

M oraes, W .B.C., M a r t in s ,  E .M .F . ,  C o n ti ,  E .D .E . and O l iv e i r a  » A.B.

( 1974) .  The i n h i b i t o r y  a c t i v i t y  o f  e x t r a c t s  o f  A b u t i lo n  s t r i a t u m  
le a v e s  on p l a n t  v i r u s  i n f e c t i o n .  I .  I s o l a t i o n  and some p r o p e r t i e s .  

P h y to p a th o l .  Z . ,  8 1 ,  145.

Mozes, B . , A n tig n u s ,  Y . , S e l a ,  I .  and H arpaz , %. (1978)

The chem ical n a tu re  o f  an a n t i v i r a l  f a c t o r  (AVP) from  v i r u s -  

i n f e c t e d  p l a n t s .  J .  Gen. V i r o lo g y ,  38 , 241 .

N agaich , B.B. and S in g h , S .  (1970)

An a n t i v i r a l  p r i n c i p l e  induced  by p o ta to  v i r u s  X i n o c u l a t i o n  in

Capsicum pendulum W il ld .  V iro lo g y ,  4 0 ,  2 6 ? .

N a r t ,  T. (1972)
S tu d ie s  on two n a t u r a l  i n h i b i t o r s  o f  v i r u s  i n f e c t i o n .

J .  T u rk ish  P h y to p a th . ,  1 ( 3 ) ,  81.

Nene, T . t .  ( i9 6 0 )
S tu d ie s  on the  mechanism o f  i n h i b i t i o n  o f  to b a cc o  m osaic v i r a l  

i n f e c t i o n  by enzymes. B i s s .  A b s t r . ,  2 1 ,  1325.



2 5 0

Noronha, A .B ,,  G i l ,  V .L . and V ic e n te ,  M. ( i9 6 0 )

Occurrence o f  p l a n t  v i r u s  i n h i b i t o r s  i n  s p e c ie s  o f  C a r y o p h y l la le s . 
A1t e m a n th e r a  f i c o i d e a , Amaranthus d e f l e x u s , B o u g a in v i l l e a  
s p e c t a b i l i s . Chenopodium a m b ro s io id e s  a nd M i r a b i l i s  . ja la p a .

Arq. I n s t .  B i o l . ,  Sao P a u lo ,  47 (3 )»  71 *

Okuyama, S . ,  Haruo, S .  and M asakats u ,  M. (1973)
S tu d ie s  on i n h i b i t o r s  o f  p l a n t  v i r u s  i n f e c t i o n .  IV. I n h i b i t i o n  o f  

cucumber mosaic v i r u s  by the  j u i c e  o f  Nandina d o m est ica  p l a n t s .  
S c i .  Eep. Pac . A g r ic .  I b a r a k i  U n iv . ,  2 1 ,  1.

O rlob , G.B. (1967)

I n a c t i v a t i o n  o f  p u r i f i e d  v i r u s e s  and t h e i r  n u c l e i c  a c id s  by 

p h o t o s e n s i t i z i n g  d y e s .  V iro lo g y ,  31» 402.

Q rn s te in ,  L. (1964 )

D isc e l e c t r o p h o r e s i s .  I .  Back-ground and th e o r y .
Ann. N .y . Acad. S c i . ,  121, 321.

Osborne, T.B . and Cajnpbell, G .P . ( I 898 )

P r o te in s  o f  th e  soybean . J .  Anu Chem. Soc . ,  2 0 ,  419.

CVens, f i .A . ,  B ru en in g , G. and S h ep h erd ,  R . J .  (1973)

A p o s s ib l e  mechanism f o r  th e  i n h i b i t i o n  o f  p l a n t  v i r u s e s  by a  

p e p t id e  from P h y to la c c a  a m e r ic a n a . V iro lo g y ,  56 ( I ) ,  390.

P a l iw a l ,  Y.C. and R a r i a n i ,  T.K. (196$)

E f f e c t  o f  p l a n t  e x t r a c t s  on th e  i n f e c t i v i t y  o f  sunnhemp 

( C r o t a l a r i a  ju n c e a  L . )  m osaic  v i r u s .  A cta  V i r o l . ,  9» 261 .

Palm, E.W. ( 1967 )
The e f f e c t  o f  s a l t  s o lu b le  p r o t e i n  f r a c t i o n s  o f  N ic o t ia n a  s p e c ie s  

on tob acco  m osaic v i r u s  i n f e c t i v i t y .  D i s s .  A b s t r . , 27 ( 7 ) ,  2224 .

P a n z e r ,  J .D .  (1957)
Osmotic p r e s s u r e  and p l a n t  v i r u s  l o c a l  l e s i o n s .

P h y to p a th o lo g y ,  47» 337.

P a t e r s o n ,  R. and K n ig h t ,  G. (1975)
P r o t e i n  s y n th e s i s  i n  to b acco  p r o t o p l a s t s  i n f e c t e d  w i th  to b acco  

m osaic v i r u s .  V iro lo g y ,  6 4 ,  10 .

P e t e r s o n ,  E.A. and S o b e r ,  H.A. ( 1962 )
Ifethods in  enzymology. V o l.  $ . E d i te d  by Colowick, S .P .  and 

K aplan , N.O. Academic P r e s s ,  New York.



251

R a c k is ,  J . J . ,  Sasame, H .A .,  A nderson , R .L , and S m ith ,  A.K. (1959) 
Chromatography o f soybean . I .  F r a c t i o n a t i o n  o f  whey p r o t e i n s  

on d i e t h y l - a m i n o e t h y l - c e l l u l o s e .  J .  Am. Chem. S o c . ,  81 , 626$.

R a g e t l i ,  H .W .J, (19$?)

B ehaviour and n a tu re  o f  a  v i r u s  i n h i b i t o r  o c c u r r in g  in  

B ian thus  c a ry o p h y l lu s  L. T i j d s c h r .  P l a n t e z i e k t e n ,  6 l , 245*

R a g e t l i ,  H.W .J, and W ein trau b , M. ( l9 6 2 a )

P u r i f i c a t i o n  and c h a r a c t e r i s t i c s  o f  a  v i r u s  i n h i b i t o r  from 
B ian thus  c a ry o p h y l lu s  L. I .  P u r i f i c a t i o n  and a c t i v i t y .
V iro lo g y ,  18, 2$2 .

R a g e t l i ,  H .W .J. and W ein trau b , M. ( l$ 6 2 b )

P u r i f i c a t i o n  and c h a r a c t e r i s t i c s  o f  a  v i r u s  i n h i b i t o r  from  

B ian thus  c a ry o p h y l lu s  L. I I .  C h a r a c t e r i z a t i o n  and mode o f  a c t i o n .  
V iro lo g y ,  18, 241.

R a g e t l i ,  H .W .J. and W ein trau b , M. (1974)

The in f lu e n c e  o f  i n h i b i t o r s  on th e  r e a c t i o n  o f  i n d i c a t o r  p l a n t s  

Res. S t a t .  A g r i c . , Canada, V ancouver, B.C. C o n tr .  No. 359.

R ap p ap o rt ,  I .  ( 1961 )

Acid d i s s o c i a t i o n  o f  a g g re g a te s  o f  a n t ib o d y  and tob acco  m osaic 
v i r u s ,  w ith  re c o v e ry  o f  i n f e c t i o u s  v i r u s .

Biochem. B iophys. A c ta ,  47» 206 .

R ichkov, U.L. ( 1951 )
E f f e c t  of amino a c id s  and r e l a t e d  s u b s ta n c e s  on th e  p r o d u c t io n  o f 
tob acco  m osaic v i r u s .  Compt. Rend. Acad. S c i . ,  U . S .S .S . ,  N .S . ,

8 0 , 677 .

R oss , A .P . ( 1961a )
L o c a l iz ed  a c q u i r e d  r e s i s t a n c e  to  p l a n t  v i r u s  i n f e c t i o n  i n  

h y p e r s e n s i t i v e  h o s t s .  V iro lo g y ,  14» 329.

Eoss A .P .  ( 1961b)
System ic  a c q u i r e d  r e s i s t a n c e  in d u ced  by l o c a l i z e d  v i r u s  i n f e c t i o n s  

i n  p l a n t s .  V i ro lo g y ,  I 4 » 540.

Rossouw, B . J .  and P u l t o n ,  R.W. ( I 963 )

The e f f e c t  o f  c e r t a i n  m onovalen t and d i v a l e n t  c a t i o n s  on p l a n t  

v i r u s  i n f e c t i o n .  S .  A f r .  J .  A gr. S c i . ,  6 ,  195.



2 5 2

S a k a i ,  P . and Takebe, I .  (1974)
P r o te i n  s y n th e s i s  i n  tob acco  m esophyll p r o t o p l a s t s  induced  by 
tobacco  mosaic v i r u s  i n f e c t i o n .  V iro lo g y ,  62, 426.

S ak sen a , K.N. and Mink, G . I .  (l9&9)
P r o p e r t i e s  o f  an i n h i b i t o r  o f  ap p le  c h l o r o t i c  l e a f  s p o t  v i r u s  
from Cheopodium q u in o a . P h y to p a th o lo g y ,  59» 61.

S a n g e r ,  H .L. and B randenburg , E . ( 196I )
I t  n

Uberdie Gewinnung von i n f e k t i o s e n  P r e s s a f t  aus  W in te r type  

P f la n z e n  das T a b a k - E a t t l e - v i r u s  d u rch  P h e n o le x t r a c t io n .  

N a tu rw is s e n sc h a f te n ,  4 8 ,  391 .

S a n t i l l i ,  V . ,  P i a c i t e l l i ,  J .  and Wu, J .H .  ( 196I )

The e f f e c t  o f  tob acco  m osaic v i r u s  p r o t e i n  on v i r u s  i n o c u l a t i o n  
p e r io d  and i n f e c t i v i t y .  V iro lo g y ,  I 4 » IO9 .

S c e v o la ,  M.E. (1956)

Iso lam en toe  p r o p r i e t a  d i  un i n h i b i t o r e  t r i p t i c o  p r e s e n te  r e l i a  
p l a c e n t a  amana. G io rn .  B iochem ., 5 , 45#

S c h le g e l ,  B .E . and R aw lins , T .E . (1954)
A s c r e e n in g  t e s t  o f  th e  e f f e c t  o f  o rg a n ic  compounds on p ro d u c t io n  

o f  tob acco  m osaic v i r u s .  P h y to p a th o lo g y ,  67» IO3 .

Schramm, G . , Schumacker, G. and Z i l l i g ,  V. (1955)

The s t r u c t u r e  o f  to b acco  mosaic v i r u s :  I I I .  D e g ra d a t io n  in

a l k a l i n e  s o l u t i o n s .  Z .  N a tu r f o r s c h ,  10b, 481 .

S e l a ,  I .  and Applebaum, S .V . ( l 962 )

Occurrence o f  a n t i v i r a l  f a c t o r  i n  v i r u s  i n f e c t e d  p l a n t s .

V iro lo g y ,  17» 543.

S e l a ,  I . , H arpaz , I .  and B i r k ,  Y. ( l 964 )

S e p a ra t io n  o f  a  h ig h ly  a c t i v e  a n t i v i r a l  f a c t o r  from  v i r u s - i n f e c t e d  

p l a n t s .  V iro lo g y ,  2 2 ,  446 .

S e l a ,  I . ,  H arpaz , I .  and B i r k ,  Y. (196$)
S u p p re s s io n  o f  v i r u s  i n f e c t i v i t y  i n  d i s e a s e d  p l a n t  t i s s u e  f o l l o w in g  
t r e a tm e n t  w ith  an a n t i v i r a l  f a c t o r  from v i r u s - i n f e c t e d  p l a n t s .  

V iro lo g y ,  25» 80.

S e l a ,  I . » H arpaz , I .  and B i r k ,  Y. (1966)
I d e n t i f i c a t i o n  o f  th e  a c t i v e  component o f  an a n t i v i r a l  f a c t o r  

i s o l a t e d  from v i r u s - i n f e c t e d  p l a n t s .  V i ro lo g y ,  2 8 ,  71*



253

S e l a ,  I .  (1981)

I n t e r f e r o n - l i k e  s u b s ta n c e  from v i r u s - i n f e c t e d  p l a n t s ,  

P r e s p e c t iv e  i n  V iro lo g y ,  11, 129.

Sharma, B .C. and B ay ch au d h u ri , S .P .  (1956)

I n h i b i t i o n  o f  p o ta to  v i r u s  X.

P ro c .  43 rd  In d ia n  S c i .  C o n g r . , A gra . P t . , 3» 396.

Sim ons, J . N . , S w in d le r ,  R. and Moss, L.M. (1963)

S u c c u le n t - ty p e  p l a n t s  as  so u rc e  o f  p l a n t  v i r u s  i n h i b i t o r s .  
P h y to p a th o lo g y ,  53, 677.

S in g h ,  R. and G upta , S .N . (1970)

S tu d ie s  on a v i r u s  i n h i b i t o r s  from  Psid ium  g u a ia v a  L. b r a k .  
P h y to p a th .  Z . ,  69 (4 ) ,  292 .

S m ith ,  I .  ( 1968)

C hrom atographic and e l e c t r o p h o r e t i c  t e c h n iq u e s .
V o l . I I .  Zone e l e c t r o p h o r e s i s .

2 nd e d i t .  V. Heinemann Med. Books L t d . ,  B a th .

S m ith ,  M.S. (1970 )

Hand-book o f  B io c h e m is t ry .  2nd e d i t .  E d i te d  by S o b e r ,  H. 

The chem ical Rubber C o ., Ohio.

Sm ookler , M.M. (1971)
P r o p e r t i e s  o f  i n h i b i t o r s  o f  p l a n t  v i r u s  i n f e c t i o n  o c c u r r in g  

i n  the  le a v e s  o f  s p e c ie s  i n  the  G henopod ia les .

Ann. Appl. B i o l . , 6 9 , 157*

Spackman, B .H . ,  S t e i n ,  W.H. and Moore, S .  (1958)
A utom atic  r e c o r d in g  a p p a r a tu s  f o r  use  i n  th e  chrom atography  

o f  amino a c i d s .  A n a ly t i c a l  C hem istry , 30 ( ? ) ,  1190.

Stahmann, M.A. and G o th o sk a r ,  S .S .  (1958)
The i n h i b i t i o n  o f  th e  i n f e c t i v i t y  o f  to b acco  m osaic  v i r u s  by 

some s y n t h e t i c  and n a t u r a l  p o l y e l e c t r o l y t e s .
P h y to p a th o lo g y ,  4 8 , 362.

S te a d ,  R .H .,  BeM uelenaere , H .J .H .  and Quicke, G.V. (1966)

T ry p s in  i n h i b i t i o n ,  h e m a g g lu t in a t io n ,  and i n t r a p e r i t o o n e a l  
t o x i c i t y  i n  e x t r a c t s  o f  P h aseo lu s  v u l g a r i s  and G lyc ine  max. 

A rch ives  o f  B io c h em is try  and B io p h y s ic s ,  113» 703*



2 5 4

S t e i n ,  A. and L o e b e n s te in ,  G. (1970)

In d u c t io n  o f  r e s i s t a n c e  to  to b a cc o  m osaic v i r u s  by P o ly  I .
P o ly  C. i n  p la n ts *  N a tu re ,  2 2 6 , 363*

S t e i n ,  A. and L o b e n s te in ,  G. (1972)

Induced i n t e r f e r e n c e  by s y n t h e t i c  p o ly a n io n s  w i th  the  i n f e c t i o n  
o f  to b acco  mosaic v i r u s .  P h y to p a th o lo g y ,  62 , I 46 I .

S te v e n s ,  W.A. ( l9 7 0 )

The e f f e c t s  o f  seed  e x t r a c t s  on l o c a l  l e s i o n  fo r m a t io n  by to b a cc o  
n e c r o s i s  v i r u s ,  E x p e r i e n t i a ,  2 6 ,  1268.

S te v e n s ,  W.A., Spurdon, C . , Chyon, L . J .  and S t i r p e ,  F .  ( l 981)

E f f e c t s  o f  i n h i b i t o r s  of p r o t e i n  s y n th e s i s  from p l a n t s  on to b acco  

m osaic v i r u s  i n f e c t i o n .  E x p e r i e n t i a ,  37» 257*

S t i r p e ,  P . ,  W ill iam s ,  D .G . , Qnyon, L . J . ,  Legg, R .F .  and S te v e n s ,  W.A. 

( 1981 ) .  B i a n t h i n s , Ribosome-damaging p r o t e i n s  w i th  a n t i v i r a l  

p r o p e r t i e s  from B ian th u s  c a ry o p h y l lu s  L. ( c a r n a t i o n ) .

Biochem. J . ,  195» 399»

S t u d i e r ,  F.W. ( l9 7 2 )

B ac te r io p h ag e  T7: G e n e tic  and b io ch em ica l  a n a l y s i s  o f  t h i s  s im ple  

phage g iv e s  in fo r m a t io n  ab o u t  b a s i c  g e n e t i c  p r o c e s s e s .

S c ie n c e ,  1976, 367 .

S t u d i e r ,  F.W. ( l9 7 5 )
A n a ly s is  o f  b a c te r io p h a g e  T? e a r l y  RNA and p r o t e i n s  on s l a b  g e l s .  

J .  Mol. B i o l . ,  79» 237 .

Tagnon, Ï Ï . J .  and S u l i e r ,  J . P .  ( l 946)

A n t i - c o a g u la n t  a c t i v i t y  o f  th e  t r y p s i n  i n h i b i t o r  from  soybean 

f l o u r .  P ro c .  Soc. E xp th . B io l .  N .Y ., 6 l , 440 .

T ak a g i ,  Y. and Sugim ura, Y. (1977)
I n h i b i t o r y  e f f e c t  o f  aqueous e x t r a c t  o f  f r u i t - b o d i e s  o f  L en tin u s  

edodes (B e rk .)  S in g ,  on p l a n t  v i r u s .

P ro c .  K an sa i ,  P I .  P r o t .  S o c . , 19» 11.

T a k a h a sh l ,  W.N. (1942)

A v i r u s  i n a c t i v a t o r  from  y e a s t .  S c ie n c e ,  95» 586.

T a k a h ash i ,  W.N. (1946)
P r o p e r t i e s  o f  v i r u s  i n a c t i v a t o r  from y e a s t .

S c ience  (W ash ing ton ) ,  104» 377»



2 5 5

T a n ig u c h i ,  T. ( l 974)
Some p r o p e r t i e s  o f  i n h i b i t o r s  o f  p l a n t  v i r u s  i n f e c t i o n  o c c u r r in g  

in  the  l e a v e s  o f  f r e n c h  b ean , Ann, P h y to p a th ,  S o c , , J ap a n ,  4 0 » 282 ,

T a n ig u c h i ,  T . ,  Nakajim a, T . , Yamaguchi, N, and Kaganawa, Y. (1974)
Some p r o p e r t i e s  of i n h i b i t o r s  o f  p l a n t  v i r u s  i n f e c t i o n  o c c u r r in g  

in  the  le a v e s  o f  Chenopodium album L,

Ann, P h y to p a th ,  S o c . , J a p a n ,  40 , 304»

T a n ig u c h i ,  T. and G oto, T . (1979)
P u r i f i c a t i o n  and some p r o p e r t i e s  o f  a  v i r u s  i n h i b i t o r  o c c u r r in g  

in  le a v e s  of Chenopodium a m a r a n t i c o lo r .

Ann. P h y to p a th .  S o c . , J a p a n ,  45» 1 35»

T auber ,  H . ,  Kershaw, B .B . and W righ t,  B .B . (1949)
S tu d ie s  on the  growth i n h i b i t o r  f r a c t i o n  o f  Lima beans and 

i s o l a t i o n  of a  c r y s t a l l i n e  h e a t - s t a b l e  t r y p s i n  i n h i b i t o r .

J .  B io l .  Chem., 179» 1155»

Thomson, A.B. and P e d d ie ,  B.A. (196$)
S tu d ie s  on a  v i r u s  i n h i b i t o r  from Chenopodium l e a v e s .

N .Z .JL . A g r ic .  R e s . ,  8 ,  825»

T hresh , J.M . (1956)
Some e f f e c t s  o f  t a n n ic  a c id  and o f  l e a f  e x t r a c t s  which c o n ta in  

ta n n in s  on the  i n f e c t i v i t y  o f  to b a cc o  m osaic v i r u s  and to b acco  

n e c r o s i s  v i r u s .  Ann. Appl. B i o l . , 44» 608.

U p r e t i ,  G .C . ,  N agaich , B .B. and L a i ,  S .B .  ( 1964 )
I n h i b i t i o n  o f  p o t a to  v i r u s e s  X and Y by some c h e m ic a ls .

In d ia n  P o ta to  J . ,  6 ,  19»

Van d e r  Want, J .P .H .  (1951)
I n v e s t i g a t i o n s  on c a r n a t io n  m osaic I I .

T i j d s c h r .  P l a n t e n z i e k t e n ,  57» 72 .

Van d e r  Want, J .P .H .  ( l 953)
The ^  v i t r o  s e p a r a t i o n  o f  v i r u s e s  from m ix tu re s  c o n t a i n i n g  v i r u s  

i n h i b i t o r s  from c a r n a t i o n  p l a n t s .

I n t e r .  Congr. M i c r o b i o l . , 6 th  Chngr. Rome 1953» V ol. 3» IX , pp .  594»

Van Kammen, A . ,  Noordam, B. and Thung, T .E . ( l 961)
The mechanism o f  i n h i b i t i o n  o f  i n f e c t i o n  w i th  to b acco  m osaic  v i r u s  

by an i n h i b i t o r  from c a r n a t i o n  s a p .

V iro lo g y ,  14» 100»



256

Van Loon, L.C . and Van Kammen, A. (1970)
P o ly ac ry lam id e  d i s c  e l e c t r o p h o r e s i s  o f  th e  s o lu b le  l e a f  p r o t e i n s  

i n f e c t i o n  w ith  to b acco  mosaic v i r u s .  V iro lo g y ,  4 0 ,  199*

Varma, J . P .  and Verma, G .S . (1967)
E f f e c t  o f  a l a n i n e ,  s e r i n e  and g lu ta m ic  a c id  on th e  m u l t i p l i c a t i o n  

o f  tobacco  mosaic v i r u s .  P h y to p a th .  Z . ,  58* 53»

Varma, J . P .  (1973)
I s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  a  v i r u s  i n h i b i t o r  from cabbage 
(E r a s s i c a  o le r a c e a  v a r .  W irs in g )  l e a v e s .

In d ia n  P h y t o p a t h o l . , 2 6 , 217.

Verma, G .S . and Verma, H.N. (1965)
Tobacco m osaic v i r u s  i n h i b i t o r y  p r i n c i p l e  i n  wheat e x t r a c t .

In d ia n  J .  M i c r o b i o l . , 5 (3)*  17.

Verma, H .N ., Verma, G .S . , E h a tn a g a r ,  Y.M. and E ash m ila l  (M is s . )  (1967) 
I n h i b i t i o n  and s t i m u l a t i o n  o f  to b acco  m osaic v i r u s  by some 

amino a c i d s .  I n t e r n a t i o n a l  symposium on p l a n t  p a th o lo g y ,  h e ld  a t  

I . A . R . I . ,  New D e lh i  ( I n d i a n ) -  D e c . ,  27* 1966 t o  J a n .  1 ,  1967.

Verma, G .S . ,  Verma, H.N. and Verma, V.K. ( l9 7 0 )

F u r th e r  s t u d i e s  on the  i n h i b i t i o n  o f  to b acco  m osaic v i r u s  by 

amino a c i d s .  In d ia n  P h y to p a th o lo g y ,  2 3 ,  491.

Verma, H.N. and M ukerjee , K. (1975)
E r i n j a l  l e a f  e x t r a c t  induced  r e s i s t a n c e  to  v i r u s  i n f e c t i o n  i n  

p l a n t s .  In d ia n  J .  Exp. E i o l . , 13* 416.

Verma, G . S . , Verma, H .N ., S r i v a s t a v a ,  K.M. and Miss M u k er jee , K. (1975) 
P r o p e r t i e s  and mode o f  a c t i o n  o f  to b acco  m osaic  v i r u s  i n h i b i t o r  

from seed  e x t r a c t  o f  Lawsonia a l b a .

New B o t a n i s t ,  11 ( 2 ) ,  109.

Verma, H.N. and M ukerjee , K. (1977)
P r o p e r t i e s  o f  th e  i n t e r f e r r i n g  a g e n t  from  b r i n j a l  l e a v e s  in d u c in g  

r e s i s t a n c e  a g a i n s t  to b acco  m osaic v i r u s .  New B o t . , 4* 137#

Verma, H.N. and A w asth i,  L .P .  (1979)
A n t i v i r a l  a c t i v i t y  o f  B p erh aav ia  d i f f u s a  r o o t  e x t r a c t  and the

p h y s ic a l  p r o p e r t i e s  o f  the  v i r u s  i n h i b i t o r .
Can. J .  B o t . , 57* 926.



25 7

Verma, H .N ., A w asth i, L .P .  and S axena, K.C. (1979)
I s o l a t i o n  o f  th e  v i r u s  i n h i b i t o r  from  th e  r o o t  e x t r a c t  o f  

B o erh aav ia  d i f f u s a  in d u c in g  sy s te m ic  r e s i s t a n c e  i n  p l a n t s .

Can. J .  B o t . , 57* 1214.

V ic e n te ,  M ., Noronha, A. and C o lam arina , E. (1977)
Mode o f a c t i o n  o f  a  p l a n t  v i r u s  i n h i b i t o r  from le a v e s  o f  

Chenopodium a m a r a n t i c o lo r .

Arq. I n s t .  B i o l . , Sao P a u lo ,  44 (4)*  229

W ein traub , M. and G i l p a t r i c k ,  J .D .  ( l 952)

An i n h i b i t o r  in  a  new h o s t  o f  to b a cc o  r i n g  s p o t  v i r u s .

Can. J .  B o t . , 30* 549.

W ein trau b , M. and W i l l i s o n ,  B .S .  (1955)
S tu s i e s  on s t o n e - f r u i t  v i r u s e s  in  C u cu rb i t  h o s t s .

I I ,  The e f f e c t  o f  C u cu rb i t  e x t r a c t s  on i n f e c t i v i t y .

P h y to p a th o lo g y ,  43* 328.

W h itak e r ,  J .R .  (1963)
D e te rm in a t io n  o f  m o le c u la r  w e ig h ts  o f  p r o t e i n s  by g e l  f i l t r a t i o n  

on Sephadex. Ann. Chem., 35* 1950.

Whitcomb, R .F . and S in h a ,  B.C. (1964)
E f f e c t  o f  h o s t  components and s u c ro se  on i n f e c t i o n  by p o ta to

y e llo w  dw arf v i r u s .  P h y to p a th o lo g y ,  54* 142.

W hite , A . ,  H a n d le r ,  P .  and S m ith , E .L . (1968)

P r i n c i p l e s  o f  B io c h e m is t ry .  4 th  e d i t .
McGraw. H i l l  Book Co. & Kogatusha Co. L t d . ,  J ap a n .

W hite , R .F . (1978)
In d u c t io n  o f  r e s i s t a n c e  to  to b acco  m osaic v i r u s  (TMV) by a c e t y l  
s a l i c y l i c  a c i d .  Annual R eport  Rotham sted E x p e r im en ta l  s t a t i o n  

p .  207.

W olffgang , H. (1970)
S tu d ie s  on th e  i n h i b i t o r y  mechanism i n  v i r u s  i n f e c t e d  p l a n t s .

7 .  The e f f e c t  o f  s u b s ta n c e s  accompanying sap  e x t r a c t s  used  as  

in o c u la  on the  i n f e c t i v i t y  o f  v i r u s e s .  P h y to p a th .  Z . ,  67 ( 2 ) ,  150.

Wu, y .V . and Laskow ski, L. ( i9 6 0 )
C r y s t a l l i n e  a c i d - l a b i l e  t r y p s i n  i n h i b i t o r  from bov ine  b lood  

p lasm a. J .  B io l .  Chem., 235 ( 6 ) ,  1680



25 8

Wu, Y.V, and S ch e rag a ,  H.A, ( 1962 )

S tu d ie s  of soybean t r y p s i n  i n h i b i t o r .  I .  P h y s ic o -c h em ica l  

p r o p e r t i e s .  B io c h e m is t ry ,  1 , 698 .

W yatt, S .D . and Shepherd , R . J .  (1969)
I s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  a  v i r u s  i n h i b i t o r  from 

P h y to lac c a  a m e r ic a n a . P h y to p a th o lo g y ,  59 ( 1 2 ) ,1 7 8 7 *

Yarwood, C.E. ( l9 5 2 a )

The phosphate  e f f e c t  i n  p l a n t  v i r u s  i n o c u l a t i o n s .  

P h y to p a th o lo g y ,  4 2 ,  137.

Yarwood, C.E. (1952b)

Some r e l a t i o n s  o f  c a rb o h y d ra te  l e v e l  o f  th e  h o s t  to  p l a n t  v i r u s  

i n f e c t i o n ,  Ann. J .  B o tany , 39* 119.

Yarwood, C.E. (1955)
A cquired  r e s i s t a n c e  to  tob acco  m osaic v i r u s  i n  b ean . 

P h y to p a th o lo g y ,  43* 490 .

Yarwood, C.E. ( l9 6 0 a )

L o ca lized  a c q u i r e d  r e s i s t a n c e  to  to b a cc o  m osaic  v i r u s .  

P h y to p a th o lo g y ,  5 0 , 741.

Y o s h i i ,  H. and Sako, N. (1967)
I n h i b i t o r y  e f f e c t  o f  Chenopodium sap  on v i r u s  i n f e c t i o n .  

H y p e r s e n s i t iv e  r e a c t i o n  o f  p l a n t  cy top lasm  a g a i n s t  in c o m p a tib le  
i n h i b i t o r ,  Chenopodium s a p .

Ann. P h y to p a th .  S o c . , J a p a n ,  33* 244 .

Y o s h i i ,  H. (1969 )
I n h i b i t o r y  e f f e c t s  on v i r a l  i n f e c t i o n  o f  some p r o t e in a ceo u s  

i n h i b i t o r s  a p p l ie d  b e fo re  o r  a f t e r  inoculum  w i th  some p l a n t  

v i r u s e s .  Ann. P h y to p a th .  S o c . ,  J a p a n ,  35 (4 ) ,  319 .

Y o sh iz a k i ,  T. ( l 966)
On the  i n h i b i t o r y  e f f e c t  induced  by to b acco  m osaic v i r u s  i n  

P haseo lus  v u l g a r i s . J a p a n .  J .  M i c r o b i o l . , 10 , 85 .

Y o sh iz a k i ,  T. and Murayama, D. ( l 966)
I n h i b i t i o n  o f  to b acco  m osaic v i r u s  by the  j u i c e  e x t r a c t e d  from 

Chenopodium album p l a n t s .

Ann. P h y to p a th .  S o c . , J a p a n ,  32* 267.



25  9

Youden, W . J .  and B e a le ,  H.P* (1954)
A s t a t i s t i c a l  s tu d y  o f  the  l o c a l  l e s i o n  method f o r  e s t i m a t i n g  
tob acco  mosaic v i r u s .
C o n tr ib ,  Boyce Thompson I n s t . , '  6 , 437*

Z a c h a r iu s ,  R .K .,  Z e l l ,  T . E . , M o rr iso n ,  J .H .  and Woodlock, J . J .  (1969) 
G ly c o p ro te in  s t a i n i n g  f o l lo w in g  e l e c t r o p h o r e s i s  on a c ry lam id e  

g e l s .  A nal. B iochem ., 50* 148*

Z a i t l i n ,  M. and S i e g e l ,  A. ( I 963 )
A v i r u s  i n h i b i t o r  from  to b a c c o .

P h y to p a th o lo g y ,  53 , 224 .



2 6 0

A CKNOWLEDGEMENTS

I w ish to  e x p re s s  my a p p r e c i a t i o n  of th e  h e lp ,  encouragem ent, 

gu idance  and keen i n t e r e s t  o f f e r e d  by my s u p e r v i s o r  Dr. V.A. S tevens  

a t  a l l  s ta g e s  th ro u g h o u t  t h i s  work.

I  w ish a l s o  to  e x p re s s  my th an k s  to  a l l  members o f  th e  Botany 

D epartm ent a t  Royal Holloway C ollege  f o r  t h e i r  f r i e n d l y  and e n c o u ra g in g  

a t t i t u d e s  which th ey  showed d u r in g  my work in  th e  D epartm en t.  I  would 

p a r t i c u l a r l y  m ention Miss C. Spurdon f o r  t e c h n i c a l  h e lp  and Mr. D. Ward 

f o r  p h o to g ra p h ic  a s s i s t a n c e .

My thanks  a l s o  go to  my p a r e n t s  and my w ife  f o r  t h e i r  c o n t in u o u s  

encouragem ent and s u p p o r t  d u r in g  t h i s  s tu d y .

My g r e a t  th an k s  a re  a l s o  due to  the  E g y p tian  governm ent ( M in is t r y  

o f  H igher E d u c tio n )  f o r  t h e i r  f i n a n c i a l  s u p p o r t .



2 6 Î

APPENDIX 1 

STATISTICAL ANALYSIS

Thé r e s u l t s  o b ta in e d  i n  t h i s  t h e s i s  have been a n a ly se d  where 

a p p r o p r i a t e  s t a t i s t i c a l l y  by methods ta k en  from Bishop* ( l 9 6 8 ) .

A specimen s tu d e n t  *t* t e s t ,  used  to  compare mean number o f  l e s i o n s ,  

a r e  shown below. The f o l lo w in g  o b s e r v a t io n s  and c a l c u l a t i o n s  have 

been  u sed .

( 1 ) The mean number o f  l e s i o n s  f o r  each  t r e a tm e n t  (X)

(2 )  The d e v ia t i o n  (d ) f o r  each  number o f  l e s i o n s  (X) g iv e n  by the

e q u a t io n  d ■= X -  X

( 3 ) Frequency o f  each  d e v i a t i o n  ( f )

(4 )  The sum o f  sq u a re s  o f  d e v i a t i o n s  (2 fd ^ )

( 5 ) V ariance  (S) o f  the  mean

4 . #

Zf = sum o f  f r e q u e n c ie s  

n = number o f  le a v e s  i n  e v e ry  t r e a tm e n t

(6 )  The sum o f th e  v a r i a n c e s  o f  the  two means ( c o n t r o l  and t r e a t e d )

.  fL  fL
n-1 n2

v a r ia n c e  o f  c o n t r o l  v a r i a n c e  o f  t r e a t e d
i . e .  — + —— . I .. , —— ..  —

number o f  le a v e s  in  c o n t r o l  number o f  l e a v e s  in  t r e a t e d

(7 ) S tan d a rd  d e v i a t i o n  o f  th e  d i f f e r e n c e  o f  means (S^)

d e v i a t i o n  o f  th e  d i f f e r e n c e s  o f  the  means from  z e ro
(8 )  t  = ---------------------------------------------------------------------------------------------

s ta n d a rd  d e v i a t i o n  o f  the  d i f f e r e n c e  o f  means

( 9 ) C a l c u la t io n  v a lu e s  o f  t  were compared w ith  p u b l i s h e d  f i g u r e s  

a f t e r  f i n d i n g  the  number o f  d e g re e s  o f  f reedom , u s in g  the  

fo rm u la  n^ + n^ -  2

The p r o b a b i l i t y  v a lu e  (p )  i s  g iv e n  in  the  a p p r o p r i a t e  t a b l e s

A specim en c a l c u l a t i o n  and d e t a i l s  o f  s t a t i s t i c a l  a n a l y s i s  a re  

g iv en  f o r  Table 10 and Table  27#

An a n a ly s i s  o f  v a r i a n c e  i s  g iv e n  on page 266^ APPENDIX 2

* B ishop , O.N. (1968 )
S t a t i s t i c s  f o r  B io lo g y .  Longmans, Green and Co. L t d . ,  London.
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S tu d e n t  t  t e s t

Specimen c a l c u l a t i o n  o f  the  d a t a  from  Table  10 showing the  e f f e c t s  

o f  v a r io u s  d i l u t i o n s  o f  G .p a n i c u l a t a  e x t r a c t s  on l o c a l  l e s i o n  

p ro d u c t io n  by TNV..

Local l e s i o n  Nos. d

TNV + TNV + f
w a te r e x t r a c t C on tro l T re a te d C on tro l T re a te d

(c o n t ro l ( t r e a t e d )

117 1 ■ 1 4 .2 2 17.64 4
132 4 1 19.2 1 368.64 1
100 4 1 12 .8 1 163.84 1
114 2 1 1 .2 1 1.44 1

119 7 1 6.2 4 38.44 16
98 3 1 14 .8 0 219.04 0

83 2 1 2 9 .8 1 888.04 1
135 4 1 22 .2 1 492 .84 1

87 2 1 2 5 .8 1 665.64 1
143 1 1 30.2 2 912.04 4

1128 30 10 3767.60 30
s  ZX = XX = I f

-  / \ 112.8 _ _ 
X ( c o n t r o l )  *= — ”  112.8

X ( t r e a t e d )  = . = 3*0
10

„2 5767.6
^1 = = 376.76

10

30 = 3 .0
10

gS ^ _ % 0 _  ^

 ̂ 10 '10

98 = 6.163

t  = ,  17.82
6.16

P <  0.001 ( d i f f e r e n c e  h i g h ly  s i g n i f i c a n t )
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APPENDIX 2

A n a ly s is  of v a r ia n c e

A worked example f o r  th e  a n a l y s i s  o f  v a r ia n c e  o f  th e  d a ta  from 

Table 41 i s  g iv e n  below. The s o u rc e s  o f  v a r i a t i o n  t e s t e d  a r e :

( 1 ) Between l e a f  p o s i t i o n  a lo n g  the  p l a n t

(2 ) Between c o n t r o l  and t r e a t e d  p l a n t s

( 3 ) Between l e a v e s  (B & D) and le a v e s  (C & E) see  d iagram s p .  203

Table 1-A: p r e s e n t a t i o n  o f  th e  raw d a t a  from Table  41* showing 

th e  in d u c t io n  o f  v i r u s  r e s i s t a n c e  i n  N.tabacum le a v e s  f o l lo w in g  

t r e a tm e n t  o f  a  s i n g l e  b a s a l  l e a f  w i th  G .p a n i c u l a t a  e x t r a c t s .

L eaf
P o s i t i o n

Local l e s i o n  numbers
Kean

C on tro l T re a te d

A
2 5 * 58, 47* 4 2 , 30 , 

5 8 , 2 2 , 2 5 , 4 3 ,  62

35 , 50 , 2 9 , 39, 43, 

2 6 , 33 , 4 1 ,  31 ,  9
56.4

B
55, 6 2 , 51 , 35. 32 ,

5 6 , 48 , 5 1 , 30 , 84

36 , 31 , 18 , 2 7 , 2 3 , 

2 0 ,  32 , 1 7 , 2 3 , 28
55-1

C 6 2 , 59 , 55 , 37, 61 , 
32 , 30 , 61 ,  5 2 , 70

4 1 ,  33 , 2 7 ,  4 5 ,  2 9 , 
33 , 34, 4 3 ,  2 6 , 46

45 .8

D 5 2 , 5 1 , 93 , 6 0 , 61 , 

4 0 , 37, 8 0 , 4 1 ,  103

2 1 , 16 , 4 4 ,  30 , 35,

2 2 , 2 1 , 4 0 , 2 5 , 19
4 4 .5

E 7 1 , 55, 6 1 , 7 2 , 38, 

7 1 , 5 8 , 6 3 , 51 , 64
33 , 38 , 53 ,  2 9 , 50 , 

2 3 , 30 , 4 0 ,  4 8 , 52
5 0 .0

Means 5 2 .2 0 32.34
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Table 2 - A : Sums d e r iv e d  from Table  1-A in  the  s t a t i s t i c a l  

a n a l y s i s  o f  th e  d a t a  from Table  41*

L eaf p o s i t i o n C ontro l T re a te d T o ta l

A 592 556 728

B 477 225 702

C 519 557 876

D 618 275 891

E 604 596 1000

T o ta l 2610 1587 4197

D e t a i l s  o f  th e  s t a t i s t i c a l  a n a l y s i s  o f  the  so u rc e s  o f  v a r i a t i o n :

(a )  C o r r e l a t i o n  f o r  the  mean = ----  =
N
G" (4197)'

100
= 176148.1

Where G = Grand t o t a l  o f  a l l  o b s e r v a t io n s  

N = Number o f  o b s e r v a t io n s
2 G(b )  T o ta l  sum of sq u a re s  o f  a l l  o b s e v a t io n s  = ZX —

.  (25^+ 58^+ ...........  + 52^ ) -  176148.1

= 211462.0  -  176148.1 = 55515.9

d . f .  = 99 (where d . f .  e q u a ls  d e g re e s '  o f  f r e e d o m ) .

( c )  Sum o f  sq u a re s  between l e a f  p o s i t i o n  a lo n g  th e  p l a n t

= (728)2 + (702)2 + ...............+ (1 0 0 0 )2 /2 0  -  176148.1

.  179202.3 -  176148.1 = 3054.2

d . f .  = 4

(d )  Sum o f  sq u a re s  betw een c o n t r o l  and t r e a t e d  p l a n t s

= (2610)2 ^  (1587)2 / jQ  -  176148.1

= 186613.4  -  176148.1  = IO465 .3

d . f .  = 1

( e )  Sum o f  s q u a re s  betw een l e a v e s  (E & E) and le a v e s  (C 4  E)

= (1592)2 + (1876)2

= 151346.0  -  150424.5  = 921 .5

d . f .  = 1
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Table 5 -A ;:  A n a ly s is  o f  v a r i a n c e  f o r  th e  in d u c t io n  o f  v i r u s  

r e s i s t a n c e  i n  N .tabacum le a v e s  fo l l o w in g  t r e a tm e n t  o f  a  s i n g l e  b a s a l  

l e a f  w ith  G .p a n i c u l a t a  e x t r a c t s

Source o f  
v a r i a t i o n

d . f . Sum o f  
sq u a re s

Mean
sq u a re s

V ariance  
r a t i o  (F)

Between l e a f  p o s i t i o n 4 5054.2 76 5 .6 5.44

Between c o n t r o l  and 

t r e a t e d  p l a n t s
1 10465 .5 10465.5 47 .12

Between leaves(B&D) 

and le a v e s  (C&E)
1 921.5 921.5 4 .15

E r r o r 94 20872 .9 222.1

T o ta l 100 55515.9

From v a r ia n c e  r a t i o  ( f ) t a b l e s ,  the  s i g n i f i c a n t  o f  th e se  (f ) 

v a lu e s  i s  found to  be

(a )  For 4 - 9 4  d . f .  (b )  For 1 -  94 d . f .

when P = 0 .0 5  -  2 .4 8  when P = 0 .0 5  -  5 .69

P = 0.01 5 .5 6  P = 0.01 ^  6 .95

P = 0.001 ^  5 .15  P =  0.001 ^  11.65

F = 5.44  w i th  4 -  94 d . f .  i s  t h e r e f o r e  s i g n i f i c a n t  a t  th e  O.O5 l e v e l  

F = 47.12  w ith  1 - 9 4  d . f .  i s  t h e r e f o r e  s i g n i f i c a n t  a t  th e  0.001 l e v e l  

F e  4 .15  w i th  1 - 9 4  d . f .  i s  t h e r e f o r e  s i g n i f i c a n t  a t  th e  O.O5 l e v e l
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E ffe c ts  o f  e x t r a c ts  f ro m  sp e c ie s  o f  C a ry o p h y lla c e a e  o n  lo ca l le s io n
p r o d u c t io n  b y  to b a c c o  n e c ro s is  v iru s

A. B arakat and  W. A. Stevens
D epar tm en t  of  Botany, Royal Holloway College, University of London, Egham Hill, Egham, 
Surrey T W 2 0  OEX, Great  Britain

Abstract
T h irty  species from  th e  fam ily C aryophyllaceae were fo u n d  to  con ta in  inh ib ito rs  o f local lesion 
p rod u c tio n  by to b acco  necrosis virus. M ost ex trac ts w ere tem p era tu re  sensitive, and  som e 
appeared  to  con ta in  enhancing com pounds as well as inh ib ito rs .

Introduction

Extracts iiova Dianthus caryophyllus L  andD . barbatus L. have been reported to  
inhibit the infection o f plants by virus (van der Want, 1951 ; Ragetli and W eintraub, 
1962a). F urther studies provided inform ation regarding the chemical identity  and 
possible mode o f  action o f the inhibitor (van Kammen et a l, 1961 ; Ragetli and 
Weintraub, 1962b). No o ther species w ithin the family Caryophyllaceae appears to  
have been studied for antiviral properties in spite o f the possible relationship o f  the 
Dianthus inhibitor to  interferon (Fautes and O’Neill, 1964). In this paper we report 
the exam ination o f th irty  species from  the Caryophyllaceae for virus inhibitor activity 
and com pare them  briefly w ith extracts from D. caryophyllus.

Materials and methods

Tobacco necrosis virus (TNV) was purified from  frozen infected French bean 
(Phaseolus vulgaris var. The Prince) leaves by  grinding 10 g o f  leaf lamina in 20 ml 
o f 0 .06 M phosphate buffer, pH  7.0, w ith a little washed sand. After squeezing 
through muslin and centrifuging at 2,000 for 15 min, the supernatant was kept 
a t room tem perature overnight to  precipitate proteinaceous inhibitors (Bawden, 
1954), and then clarified by a further centrifugation. The supernatant virus solution 
was stored at —25°C.

Plant extracts were prepared from each o f th irty  Caryophyllaceae species supplied 
by the Botanical Supply Unit, University o f  London. Plant shoots were ground in  
distilled water (10 g per 20 ml). The pulp was squeezed through muslin and the fluid 
centrifuged a t 2,000 x g" for 15 min. The clear supernatant was lyophilized in 2 ml 
aliquots and stored at —25®C The dried m aterial was reconstituted by adding 2 ml 
o f distilled water.

Inhibitor activity o f extracts was assayed by mixing reconstituted samples 1:1 w ith 
TNV, or w ith water in controls. The effects o f diluting samples w ith distilled water 
were studied. The effect o f heating extracts to  100® for 10 m in was also measured. 
Virus assay was made by counting local lesion production on 10- to  12-day-old 
P. vulgaris (var. The Prince) plants using carborundum  as an abrasive. Each treatm ent 
was replicated ten times on ten  plants, w ith opposite leaves acting as controls.

33 Microbios Letters 14 33—37 1980
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Results and discussion

Table 1 shows th a t o f  the th irty  species examined all inhibit to  some degree local 
lesion production by  TNV. Crude, undilu ted  extracts o f tw enty species to tally  
elim inated lesion production. Extracts o f  Gypsophila elegans, Cerastium biebersteinii 
and Silene alpestris were least effective but still inhibited 64%, 69% and 71% respec
tively o f  the lesion production o f  the controls.

The m ost powerful inhibitor extracts included Dianthus caryophyllus, and a 10“  ̂
dilution o f  this extract still produced a 50% reduction o f lesion num bers com pared to 
controls. Extracts from  Gypsophila paniculata, Lychnis flos-jovis and Saponaria 
ocymoides were equally as effective inhibitors as D. caryophyllus extracts.

Heating extracts for 10 min a t lOO^C destroyed much o f  their inhibitory  properties, 
although other extracts appeared resistant to  heating. Hemiaria glabra. Lychnis 
chalcedonica, Pterorhagia saxifraga and Saponaria ocymoides still gave to ta l inhibition 
o f  local lesion production after heating.

Dilution o f extracts produced samples enhancing virus activity in the case o f  
LAanthus gratianopolitanus, Dianthus monspessulanus, Lychnis viscaria. Heating 
treatm ent converted inhibitory extracts o f  Lychnis coronaria in to  ones showing 
enhancem ent o f the num bers o f  local lesions produced by TNV.

These results suggest th a t virus inhibitor com ponents are present in all the plants 
tested but in varying quantities. The effects o f heating the extracts show th a t at least 
part o f the inhibitory activity resides in proteins or glycoproteins. Many w orkers 
have shown virus inhibitors to  be proteinaceous in nature (see Verma, Awasthi and 
Saxena, 1979); some have identified inhibitors as glycoproteins (Kassanis and 
Kleczkowski, 1948; Mozes ef a i ,  1978).

In those extracts insensitive to  heat the inhibitors may well be either polysaccharides 
(Takahashi, 1946; Hodgson e ta l ,  1969) or o ther non-protein inhibitors (see Apablaza, 
1972).

In extracts showing weak inhibitory activity the effects o f  inhibitor com pounds 
may either be poor, because the inhibitors are present in low concentrations, or their 
effect is reduced as a result o f  the antagonistic effects o f  enhancing com pounds. The 
effect o f  such enhancing com pounds can be seen in those extracts where inhibition is 
reversed by dilution or by heating. Compounds enhancing virus activity have been 
described previously from  plants (Benda, 1956; Blaszczak e f  fl/., 1959; Stevens, 1970) 
as well as for various sugars (Kongsvik and Santilli, 1970), and other com pounds 
including DEAE-dextran (Hull, 1971) and alkali (Helms and Zaitlin, 1970).

The evidence produced in this paper tha t m any plants contain inhibitors, some 
equally as powerful as the D. caryophyllus inhibitor, is im portant. R an ts such as 
Gypsophila paniculata, Lychnis flos-jovis and Saponaria ocymoides m ay provide 
extractable inhibitors each w ith a different spectrum  o f  antiviral activity. If these 
inhibitors are similar to  the carnation inhibitor w ith interferon-like properties (Fantes 
and O’Neill, 1964) they may be o f considerable im portance in antiviral and anticancer 
research. Studies are in progress to  ascertain the chemical com position o f  some o f  the 
inhibitors described here and also to  determ ine their m ode o f  action. F urtherm ore , it 
is hoped to  test some o f these com pounds against animal viruses.
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S tu d ie s  on  th e  m o d e  o f ac tio n  of in h ib ito rs  o f local lesion p ro d u c tio n  
by  p la n t viruses

A. B arakat an d  W. A . S tevens
D ep ar tm en t  of  Botany, Royal Holloway College, University of  London, Egham Hill, Egham, 
Surrey TW20 OEX, Great  Britain

Abstract
A queous ex trac ts  p repared  from  Gypsophila paniculata  and  Minuratia capillacea each in h ib it 
local lesion p ro d u c tio n  by to b acco  m osaic  (TMV) an d  to b acco  necrosis (TNV) viruses. T he 
Gypsophila ex trac ts  have d irec t e ffec ts on TN V  an d  som e are p rec ip ita ted  on  cen trifu g a tio n . 
Minuratia in h ib ito rs  are  n o t  p rec ip ita ted  by cen trifu g a tio n . Inh ib ition  in b o th  ex tra c ts  influences 
h o st p lan ts an d  induces antiviral ac tiv ity  a t sites d is ta n t fro m  their p o in t of ap p lica tio n .

Introduction

In a previous paper Barakat and Stevens (1980) have shown tha t members o f the 
family Caryophyllaceae contain powerful inhibitors of plant virus infection.

Such inliibitors may operate either by inactivating the invading virus, or alter
natively by effects on the host plant which might operate either by interfering w ith 
the initial uptake of virus or by interrupting some process concerned w ith replication.

A lthough numerous plants have been shown to contain plant virus inhibitor frac
tions, relatively few reports have indicated their mechanism of action. In this paper 
we report on experim ents designed to give some idea o f tlie mode o f action of 
inhibitors from  Gypsophila paniculata and from  Minuratia capillacea.

Materials and methods

Crude inhibitor extracts were prepared from  leaves and stems of Gypsophila 
paniculata (GP) and Uom Minuratia capillacea (MC) supplied by tlie Botanical Supply 
Unit, University o f London. Tissue was ground in distilled w ater (1 :2 w /v); the pulp 
was squeezed through muslin and tlie fluid ex tract centrifuged a t 2,000 x g  for 15 
min. The clear supernatant was lyophilized in 2 ml aliquots and stored  a t —25°C.

Tobacco necrosis virus (TNV) was purified from  frozen leaves of Phaseolus 
vulgaris by the m ethod o f Kassanis (1970). Tobacco mosaic virus (TMV) was purified 
by the m ethod of G ooding and H erbert (1967) from  frozen leaves of Nicotiana 
tabacum  var White Burley. All virus samples were stored  as 2 ml aliquots at —25°C 
in 0.06 M phosphate buffer, pH 7.0.

Test plants o f Phaseolus vulgaris var The Prince, were used as local lesion host for 
TNV. These plants were grown in 15 cm plastic pots, five plants per po t, in a glass
house under natural ligliting conditions a t a tem perature o f 20—24°C.

Plants o f N. tabacum var Xanthi, were used as local lesion host for TMV and were 
initially grown from seed in trays. A fter three weeks, individual seedlings were trans
ferred to  7 cm plastic pots. Only healthy plants of uniform  appearance were used in 
virus assays.

Inoculations o f samples were made by rubbing virus mixed w ith test solutions 
onto  ten leaves o f the appropriate test plant Bsing carborundum  as an abrasive. 
Suitable controls o f virus in w ater or buffer were random ized w ith the test samples. 
Each experim ent was replicated two or throe times. Where appropriate, lesion num 
bers were com pared using tlie S tu d e n t‘t’ test.

Microbios Letters 16 7—13 1981



Results and discussion

Lyophilized extracts o f G. paniculata a n d M  capillacea were reconsituted in 2 ml 
w ater and partially clarified by centrifugation at 11,000 xg" for 30 min. The clear 
supernatants were tested against virus. The precipitates produced on centrifugation 
were each resuspended in 2 ml water and these also tested against TNV. The results 
in Table 1 sliow tha t bo th  the supernatant and precipitate o f GP were inhibitory 
whereas only the supernatant o f MC reduced lesion num bers.

In a fu rther experim ent it was shown that each o f  these supernatants inhibited 
local lesion production by TMV in N. tabacum var Xanthi (Table 2). The supernatant 
fraction or clarified ex tract was used in tlie remaining experim ents described below.

To test the direct effect o f GP and MC extracts on TNV, each clarified ex tract 
was further purified by centrifugation at 100,000 x ^  for 2 h. These purified extracts 
were incubated with an equal volume of purified TNV for 15 min. The virus was 
recovered by centrifugation at 100,000 x g for 2 h. Tlie pelleted virus was washed 
by resuspending in distilled w ater and then repelleted by centrifugation. Control 
virus samples were treated  in a similar m anner w ith water instead o f sap. All samples 
o f virus were inoculated on to  P. vulgaris test plants.

Table 3 shows that purified inhibitor from bo th  GP and MC were as effective as 
crude extracts in reducing lesion num bers induced by TNV, when mixed with virus 
and imm ediately inoculated onto leaves. However, virus treated w ith MC extract 
for 15 min and reprecipitated by centrifugation was not inhibited suggesting that 
MC acts on the test plant leaf rather than on the virus. In contrast GP ex tract appears 
to  have some direct effect on virus since lesions were reduced by 79%.

Experim ents to  study the possible effects o f these extracts on host plants were 
perform ed by immersing whole leaves in inhibitory extracts for 2 min, drying in air 
for 1 h and then inoculating w ith TNV. Opposite leaves were dipped into distilled 
w ater as controls. In other experim ents either the upper or lower surface was covered 
in ex tract, care being taken to  exclude air so th a t com plete contact was made between 
test solutions and leaf cells.

Table 1 Effects of supernatant and 11,000 x g precipitates from Gypsophila (GP) 
and Minuratia (MC) extracts on local lesion production by TNV

Source of Mean n u m b er of local lesions: % Inh ib ition  com p ared  to  con tro ls:
e x tra c t S u p e rn a ta n t P rec ip ita te  S u p e rn a ta n t P rec ip ita te

+ GP 0 34 .3  100 84

+ MC 4 4 .4  2 1 7 .3  80  2

C ontrol 2 2 0 .8  — — —
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Table 2 Effect of extracts of Gypsophila (GP) and Minuratia (MC) on local lesion
production by TMV

S ource of 
ex tra c t

Mean num b er of 
local lesions % Inhibition

GP 0 100

MC 54.4 60

C ontro l 136 .2 -

The results in Table 4 show that significant inhibition o f local lesion production 
occurred w hether leaves were immersed in solutions, or solutions were applied to  à 
single surface. The fact that inhibition occurred when the lower surface was treated 
with ex tract and virus applied to  the upper surface, indicates tha t ex tract in vivo 
influence leaf susceptibility rather than having direct effects on virus. This conclusion 
was furtlier tested in experim ents where leaves were washed after 2 min immersion 
in the inhibitor extracts, dried and then inoculated. Both plant extracts produced 
inhibition o f local lesion production although that o f GP was stronger than tliat o f 
MC.

An interesting feature o f these experim ents was the observation that the virus 
concentration  required to give adequate lesion numbers in opposite control leaves 
was double that norm ally giving 1 0 0 -1 5 0  lesions. This observation suggests that 
the inhibitor on treated  leaves influences lesion production on opposite leaves. 
F urther experim ents substantiating this claim will be described elsewhere.

To examine more closely the possibility that inliibitors influence entry  o f TNV 
into leaf surfaces, leaves were treated with inhibitor extracts at various tim es before 
inoculation with virus. One primary leaf o f each P. vulgaris plant was dipped into 
inliibitor for 2 min, the opposite control leaf being dipped into water. A fter 1 h 
ten plants were rinsed w ith water, dried and inoculated with virus. F urther batches 
were inoculated at 4, 6, 12 and 24 h after immersion in inliibitor. The ex tract from 
Gypsophila was very effective as an inhibitor (Table 5), and no lesion developed 
even when inoculation was made 24 h after inhibitor application. Minuratia extracts 
were inhibitory bu t less effective and the results more variable.

This experim ent was repeated with the exception that inhibitor was applied after 
inoculation with virus. The results in Table 6 show that no significant inhibition 
occurred with either ex tract if applied 1 h or more after inoculation w ith virus.

Mode of action of plant virus inhibitors



>
z
1-
co
o

o_O

1
e>

CO

Ik
ss 8 S

I I

TJ

E >

a 5 Ô 5
II

E_ 
8 <  
CO o

2 ? i 2

l î i i l

o> o r~ d o to
T— CN

oo

2
|q
!cc
o
c

.52

q:
'o

a.
a .

- a
05c
I
>
Z
H
È
co

3
■§

co
f3
o
2
UJ

0)

l i s
c  «

i l

II

O TO

IIOT TO

o> in m
CN 0) ro O)
r-» CN r -

05 05 ^
to T- ^

in in CO
CN O) in 05
'T CN CO r -

<D jr

a

10 Microbios Letters A. Barakat and W. A. Stevens



>
z
I -

È
co

'*->o3
■§

3CTO)
XI
3

CO
i2o
X<u
0

1 5
l ec
5

1
ce
'o

UJ

in

Z
f

X .. H

o f
■ s i _

: : s

III

i  1

l i "

11o 1_

I h
I l s

I I

II

(O q qd o d
CM CM

m o q q
d d 05 Tf
o <n CO V p:

I I

q «- CO q CN
f ' d d r~ d

in CO (N r-

>
z
h-

§
■g
3"OO

X
3

2
In
X
c

3

a ;

*0

o
Q.

"o
&

LU

(O
_0)
X
hs

i f
o  s

I I
: : :

• s i

i ê

in T-
1

CO q T-
d d CN CO d
05 05 lO

r q 00
CN CO 05 d
CN CO

d ^ do  CN «-

11 Mode of action of plant virus inhibitors



The results o f these experim ents indicate that the inhibitory fractions from 
Gypsophila paniculata differ from  those of Minuratia capillacea. GP extracts contain 
small molecular-weight inliibitors as well as inhibitors precipitating on centrifugation, 
whereas MC inhibition was confined to  the supernatant fraction (Apablaza and Bernier, 
1972). The precip itated  inliibitor from GP may well be proteuiaceous since 

inhibitors from  related plants have been characterized as proteins (Ragetli and 
W eintraub, 1962; Stirpe e/cr/., 1981).

The supernatant inhibitors are very likely to  be small molecular weight non-protein 
molecules, since in a previous paper (Barakat and Stevens, 1980) crude extracts of 
these same species of plant rem ained inliibitory even after heating to  10G°C for 10 
min. Fukaya and Taniguchi (1979), however, found that the pokeweed inhibitors, 
known to be polypeptides (Irvin, 1975; Irvin, Kelly and Robertus, 1980), were insen
sitive to  heating for 5 - 1 0  min at 100°C. Similarly the lectin-like glycoprotein from 
Phaseolus vulgaris seeds lacked heat sensitivity (Hajj and Stevens, 1979), and inhibitors 
from  geranium and peppers retained tlieir capacity to inhibit following heating.

A lthough GP extracts seem to have some direct effect on TNV it is possible that 
the inliibitor is adsorbed onto virus and influences local lesion production  on entry 
into plant cells along w ith the virus during the inoculation process.

The induction of resistance to  local lesion production when leaves were treated 
some time before inoculation but not after virus application suggests that inhibitors 
act on the host plant so influencing the early stages o f infection. However, the fact 
that inhibitor activity is translocatable between lower and upper leaf and from one 
leaf to  another indicates that either inhibitors are mobile or tha t they induce the 
production o f com pounds with antiviral activity. Antiviral com pounds have been 
found in virus infected leaves (Sela and Applebaum , 1962; Mozes e t a l ,  1978) and 
identified as protein or phosphoglycoprotein. Kassanis, Gianinazzi and White (1974) 
found that induced resistance o f infected leaves when challenged w ith a second virus 
was correlated w ith the appearance o f three proteins no t present in healthy leaves.
Such proteins could also be induced by polyacrylic acids o f various molecular weights 
(Gianinazzi and Kassanis, 1974), and by acetyl salicylic acid, salicylic acid and benzoic 
acid (White, 1978). These same chemicals induced resistance to  virus infection. 
Resistance induced by virus infection in hypersensitive (local lesion) host and that 
induced by polyacrylic acid seem to differ in tha t the la tte r only acts in the treated 
leaves whereas virus infection confers resistance on distant leaves (Kassanis, Gianinazzi 
and White, 1974). These workers could no t show tha t the induced protein acts as 
virus inhibitor when injected in to  leaves. Such injection techniques may have placed 
these proteins in to  intercellular spaces rather than in to  cells.

Faccioli and Rubies-Antonell (1976) using antim etabolites including actinom ycin 
D and chloram phenicol concluded tha t antiviral factors become activated on infection 
of C henopodium  amanticolor w ith TNV. They suggested tha t antiviral factors 
probably partly  prevent viral protein form ation or m aturation  o f virus particles. 
Inhibitors o f protein  synthesis extracted  from  plants can inhibit local lesion produc
tion by viruses (Stevens et a l, 1981 ; Stirpe e t a l ,  1981) and act by effects on 80S 
ribosomes. However, it is suggested tha t such protein inhibitors only act by damaging 
‘foreign’ rather than their own ribosomes. It seems likely therefore that extracts o f 
plants may contain com pounds, some o f which act directly as virus inhibitors and 
others that induce the form ation of antiviral factors. The form er include proteins
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wliich act as protein synthesis inliibitors and operate on ribosomes different from  
tlieir own. In the latter group inducers may include no t only proteins but smaller 
molecules. Viruses, too, may act as inducers. The induced virus inhibitors or antiviral 
factors may resemble interferon (Gianinazzi and Kassanis, 1974; Mozes e ta l ,  1978).
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