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Summary 
An antiviral substance, showing highly significant virus inhibiting property,  

has been isolated from the aqueous extract  of Cuscutn reflexa plants. The bio- 
logically active virus inhibitor was purified by fractionation with organic solvents 
followed by precipitation with a saturated solution of ammonium sulphate, 
dialysis, ultracentrifugation and filtration through a Sephadex G-200 column. I t  
shows characteristics of proteins with a molecular weight around 14,000---18,000 
daltons. The antiviral activity of the purified material was increased several folds. 
I t  has prevented the infection of several unrelated isometric as well as anisometric 
viruses in their hypersensitive and systemic hosts. Systemic resistance induced in 
lower treated as well as upper nontreated leaves of host plants, whose lower leaves 
had been treated with inhibitor, was significantly reversed in presence of Acti- 
nomyciu D. 

Introduction 
In  the present paper the isolation and characterization of the virus inhibitor 

from Cuscuta reflexa extract  (3) has been discussed. I t  has been also studied 
whether the systemic resistance induced in host plants by  purified Cuscuta reflexa 
inhibitor, like crude inhibitor (3), was sensitive to Actinomycin 12). Actinomycin D 
inhibits DNA-dependent cellular RNA synthesis (t6), but  does not  inhibit viral 
RNA multiplication (20). Reversal of systemic resistance in the presence of 
Actinomycin D therefore lends support  to the hypothesis tha t  some protective 
substance(s) is produced in plants (9, 6, 23, 24, 25). 

Materials and Methods 
Raising of test hosts, maintenance of virus cultures, preparation of virus inocutum, 

and inoculation procedure were the same as described earlier (3). 

Extraction o] Virus Inhibitor 
Two hundred grams fresh filaments of the vigorously growing Cuscuta re]lexa 

Roxb. plants (parasitizing on Zizyphus jujuba) were used as the source of inhibitor. 
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The frozen filaments of C. re/lexa were thawed, ground in a meat grinder with distilled 
water (i ml/g) and pressed through cheese cloth. The expressed juice was centrifuged 
at 3000×~ for 15 minutes. The supernatant fluid was centrifuged at 120,000×y for 
1 hour. Then the more or less opalescent brown supernatant fluid was immediately 
filtered to remove some lipid material. The filtrate was dialysed against I00 times its 
v o l u m e  of d is t i l led  w a t e r  for  48 h o u r s  a t  4 ° C. T h e  n o n  d ia lysab le  f r ac t i on  (bag con- 
t en t s )  was  cen t r i fuged  a t  3000 × g for 15 minu t e s .  

Puri]ication 
The  s u p e r n a t a n t  t h u s  o b t a i n e d  was m i x e d  w i t h  p e t r o l e u m  e the r  in  equa l  a m o u n t s .  

The  m i x t u r e  was s h a k e n  v igorous ly  in  a s e p a r a t o r y  funne l  for  15 m i n u t e s  a n d  al lowed 
to  set t le .  The  two  layers  (upper  so lven t  a n d  lower aqueous)  were col lected sepa ra te ly .  
Lower  aqueous  layer  was t a k e n  in  a n o t h e r  s e p a r a t o r y  funne l  a n d  was m i x e d  in  a series 
w i t h  d i e thy l  e ther ,  ch lo ro fo rm a n d  benzene .  The  finM aqueous  f r ac t ion  was e v a p o r a t e d  
to d ryness  in  a w a t e r b a t h  a t  4 0 - - 5 0  ° C. The  res idue  o b t a i n e d  was s u s p e n d e d  in  2 5 m i  
of d is t i l led  w a t e r  a n d  cen t r i fuged  a t  3 0 0 0 × g  for  15 m i n u t e s .  A n  equa l  v o l u m e  of a 
s a t u r a t e d  so lu t ion  of a m m o n i u m  s u l p h a t e  was a d d e d  to t h i s  s u p e r n a t a n t  a n d  a f t e r  
12 hou r s  t he  m i x t u r e  was cen t r i fuged  a t  3000 × g for 15 minu t e s .  T h e  p rec ip i t a t e  o b t a i n e d  
was d isso lved  in  10 ml  of d is t i l led  wa te r .  The  so lu t ion  was cen t r i fuged  a t  3000 × g for  
15 m i n u t e s  a n d  t h e  s u p e r n a t a n t  was  d ia lysed  a t  4 ° C ag a i n s t  d is t i l led  w a t e r  b y  con- 
t i n u o u s  s t i r r i ng  for 48 hours .  The  non-d ia lysab le  f r ac t ion  (bag c o n t e n t s ) w a s  cent r i -  
fuged  a t  3000 × g for  15 m i n u t e s  a n d  t he  s u p e r n a t a n t  t h u s  o b t a i n e d  was cen t r i fuged  a t  
120,000 × g for  120 minu t e s .  The  s u p e r n a t a n t ,  a f t e r  t~s t ing  i t s  a n t i v i r a l  ac t iv i ty ,  was  
freeze dr ied  a n d  f u r t h e r  pur i f i ed  b y  pass ing  i t  t h r o u g h  a Sephadex  G-200 co lumn.  

2'iltration Through Sephadex Gel 
S e p h a d e x  G-200 (Pha rmac i a ,  F i n e  chemicMs,  Uppsa l a ,  Sweden),  was p r e p a r e d  

a n d  p a c k e d  u p t o  45 cm in to  a 2.8 × 90 cm c o l u m n  (1), wh ich  a l lowed a flow r a t e  of 
0.2 mI /min .  T h e  c o l u m n  was e lu t ed  w i t h  dis t i l led  wate r .  All  ope ra t ions  were  pe r fo rmed  
a t  4 ° C. The  p a r t i a l l y  pur i f ied  a n d  freeze dr ied  i n h i b i t o r  (25 rag) was  d issolved in  1 m l  
d is t i l led  water ,  app l ied  to t he  top  of t h e  gel a n d  40 f rac t ions ,  5 m l  each,  were col lected.  
The  a b s o r b a n e e  of each  f r ac t ion  was r ecorded  a t  280 n m.  T h e  e lu t ion  v o l u m e  (re)  of 
t h e  f rac t ions  showing  m a x i m u m  i n h i b i t i o n  was eMcula ted  a n d  t h e  ul tra-violet ,  light. 
a b s o r p t i o n  s p e c t r u m  was  r eco rded  a t  220---340 n m .  T h e  a n t i v i r a l  a c t i v i t y  of all t h e  
f r ac t ions  was  t e s t e d  on  N.  gl,utinosa leaves  aga ins t  tobacco  mosaic  v i rus  (TMV). The  
f rac t ions  were app l i ed  b y  foref inger  d ipped  in  t h e  so lu t ion  on  to  t h e  u p p e r  surface  of 
2 lower leaves  of t e s t  p l a n t s  (2 u p p e r  leaves  r u b b e d  w i t h  dis t i l led  water ) ,  24 hou r s  be- 
fore v i rus  chal lenge.  The  v i rus  was chal lenge i nocu la t ed  in  all  t h e  four  leaves.  By 
exac t ly  t he  s ame  p rocedure  2 lower  leaves  on  con t ro l  p l a n t s  were  r u b b e d  w i t h  dis t i l led  
water. 

Molecular Weight of the Virus Inhibitor 
The  molecu la r  w e i g h t  of t h e  v i rus  i n h i b i t o r  in  t h e  pur i f ied  p r e p a r a t i o n  of U. re- 

flexa was d e t e r m i n e d  b y  S e p h a d e x  gel f i l t r a t ion  m e t h o d  ( t ,  21, 27, 29). The  i n h i b i t o r  
so lu t ion  (25 m g  in  1 ml  d is t i l led  w a t e r  c o n t a i n i n g  2 nag of B lue  I ) e x t r a n  2000) -was 
l ayered  u n d e r  t he  dis t i l led  w a t e r  on  t he  t op  of t h e  c o l u m n  of Sephadex  G-200 as 
descr ibed  earl ier  a n d  40 f rac t ions ,  of 5 ml  each,  were  collected.  F o u r  p ro t e in s  of k n o w n  
molecu la r  we igh t  (Cy tochrome  C., V a l l a b h  B h a i  P a t e l  Ches t  I n s t i t u e ,  New Delhi ,  Mol. 
wt ,  12,500; Lysozyme,  Se rva  Fe inb ioehemica ,  G e r m a n y ,  Mol. wt .  t4 ,000;  Chymo-  
t r y p s i n ,  B D t t ,  Ind ia ,  Mot. wt .  24,500 a n d  B o v i n e  s e rum a l b u m i n ,  C.D.R.I . ,  Lucknow,  
Ind ia ,  Mol. wt .  68,000) were also app l ied  t h r o u g h  t h e  s ame  co lumn,  a n d  40 f rac t ions ,  
of 5 m l  each,  for  each  reference  p ro te in ,  wore atso col lected.  T h e  vo id  v o l m n e  ( re )  of 
t h e  c o l u m n  was  d e t e r m i n e d  b y  measm ' ing  t he  e lu t ion  v o l u m e  (re)  of t h e  Blue  d e x t r a n  
2000 b a n d  f ron t .  

The  e lu t ion  v o l u m e  a n d  t h e  a b s o r b a n e e  a t  280 n m  of all t h e  f r ac t ions  of each  
reference p r o t e i n  a n d  t he  v i rus  i n h i b i t o r  f r o m  U. reJlexa was d e t e r m i n e d .  A s t a n d a r d  
g r a p h  was p r e p a r e d  b y  t h e  p lo ts  of Ve/Vo ra t ios  of these  p ro t e in s  ag a i n s t  t h e i r  loga- 
r i t h m i c  molecu la r  weight ,  a n d  t h e  molecu la r  we igh t  of t h e  v i rus  i n h i b i t o r  was  de r ived  
f rom i t  (21, 27, 29). 
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Qualitative Tests ]or Proteins, Carbohydrates, Phosphorus and 
Nucleic Acid Sugars 

The presence of protein in the purified sample was confirmed with the biuret 
reaction, Millon's reaction and Xanthoproteic reaction; Carbohydrates by Molisch's 
test, Fehling's solution test, Bardfoed's reagent test and Feigl spot test;  phosphorus 
by ammonium molybdate reagent; and nucleic acid sugars (RNA or DNA) by the 
orcinol reaction and diphenyl amine test (27). 

The purified samples were hydrolysed with 6N HC1 in a sealed vessel for 36 hours 
and then evaporated to dryness under reduced pressue to remove excess HC1. The 
residue obtained was dissolved in 2 ml distilled water and centrifuged at 3000 × g for 
15 minutes. The supernatant  solution (20--40 ~zl) was spotted on glass plates coated 
with thin layers of silica gel and chromatographed. The ehromatograms were developed 
in n-butanol :  acetic acid: water (4: t :5), a~d amino acids were located with 0.2 per 
cent n inhydr in  in acetone (15). 

Quantitative Analysis o/Proteins and Nitrogen 
The proteins in the purified sample were estimated quanti tat ively by Folin phenol 

reagent (12), and nitrogen by Koch-McMekin Micro Kjeldahl method (7). The nitrogen 
content was determined by referring the optical density readings to a standard curve 
constructed previously with ammonium sulphate solution of known nitrogen content. 
The protein value was calculated by multiplying the nitrogen value by 6.25 (30). 

Effect o/the Inhibitor on the In/ection o/ Viruses in Their Hypersensitive and Systemic 
Hosts 

Earlier tests indicated that  rubbing C. reflexa extract on lower leaves of test hosts 
invariably rendered upper leaves refractory to virus infection. Hence in all experiments 
reported here only the basal two leaves, out of four of a plant, were treated by 
rubbing their upper surface with a 20 ppm solution of C. reflexa inhibitor (CR 
inhibitor);  the upper 2 untreated leaves were rubbed with distilled water. Twenty 
four hours later residual C1% inhibitor was washed off the leaf surface with distilled 
water. The leaves were blotted dry and sprinkled with 600 mesh carborundum powder. 
Ten minutes later all leaves were inoculated by forefinger dipped in virus inoculum. 
With control plants lower 2 leaves were rubbed with distilled water instead of C1% 
inhibitor (Table 1). 

Sensitivity el Systemic Resistance Induced by C. reflexa Inhibitor to Actinomycin D 
To determine whether Actinomyein D would reverse the resistance induced in 

upper non treated leaves of test hosts by C1% inhibitor, a 20 vg/ml solution of Actino- 
mycin D (Merck sharp and Dohm, U.S.A.) was applied (on to the same 2 lower leaves 
of N. glutinosa which had been treated earlier with inhibitor) at  0, 6, 12, 18 and 24 hours 
following inhibitor treatment.  An equal number of identical lower two leaves, on each 
plant, in control sets were treated with AD alone, inhibitor alone or distilled water. 
Two upper leaves, in each case, were rubbed with distilled water. The virus (TMV) was 
challenge inoculated in all the four leaves, 24 hours after inhibitor t reatment  (Table 2). 

Physical Properties el the Inhibitor in C. reflexa 
The physical properties of the purified virus inhibitor like thermal inactivation 

point or longevity in vitro were studied in the same way as described for crude in- 
hibitor (3). 

Results 

The elut ion profile of the inhibi tor  from the Sephadex G-200 column shows 
tha t  fractions 25- -33  were most  inhibi tory,  in which prote in  concent ra t ion  was 
also high (Fig. 1). F rac t ion  28 which was most  inhibi tory,  showed the m a x i m u m  
and  m i n i m u m  absorpt ion of ul t ra-violet  l ight a t  280 n m  ~nd 245 n m  respectively 
(Fig. 2). 
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Chemical tests revealed that  inhibitor contained only proteins and no carbo- 
hydrates, phosphorus and nucleic acids. Thin layer chromatography of the hydro- 
lysed sample also confirmed presence of animo acids. Upon spraying with nin- 
hydrin reagent 16 spots developed on TLC plate, these matched with those pro- 
dueed by alanine, arginine, aspartie acid, eystein, glutamie acid, glycine, histidine, 
isoleueine, lysine, methionine, phenylManine, proline, serine, threonine, tyrosine 
and vMine. Upon spraying with aniline phthalate no spots for carbohydrates were 
formed. 

In the purified preparation of the virus inhibitor, protein percentage was 
92--96. The nitrogen valne which was 15--16 per cent when multiplied by 6.25 
also yielded the same amount of protein. 

c : O P T I C A L  D E N S I T Y  

. . . . .  P E R C E N T  D E C R E A S E  tN V IRUS A C T I V I T Y  AT S ITE  

P E R C E N T  D E C R E A S E  iN V IRUS A C T I V I T Y  AT 

R E M O T E  S I T E  'OO ~- 
2 . 0  ~. 

k- 
u 

1.6 e o  

O ee 

- -  1 . 2  6 0  z 
U 
Z uJ 

re 0 . 8  4 0  ul 
O 
m U 
m uJ 

i • P" t 20 k- 0 , 4  # "  J Z 
I I UJ 
; t ~,l U 

E 
uJ 

0 , 0  0 m. 
0 5 I 0  15 2 0  2S 3 0  35  4 0  

F R A C T I O N  N U M B E R  

Fig. i. Sephadex gel filtration of virus inhibitor in C. re/lexa and percent decrease in 
virus infectivity at site and remote site by effluents in N. glutinosa in relation to 

optical densities of the fractions 

2.4 

2 . 0  

z 

1 . 2  
o 
en 

0 . 8  

0.( I I I I 
2 0 0  2 4 0  2 8 0  3 2 0  3 6 0  

W A V E L E N G T H  ( n m )  

Fig. 2. Ultraviolet light absorption spectrum of the purified virus inhibitor (Fraction 28) 



Antiviral Protein from Cuscuta reflexa Plants 219 

Molecular Weight of the Virus Inhibitor in C. reflexa 

The void volume (Vo) of the column was 40 ml (determined by Blue Dex- 
tran 2000) and the elution volumes (Ve) of cytoehrome C, Lysozyme, Chymo- 
trypsin, Bovine serum albumin and virus inhibitor in C. reflexa were 150 ml, 145 ml, 
125 ml, 85 ml and 140 ml respectively. A plot of Ve/Vo ratios of standard proteins 
(of known molecular weight) against their logarithmic molecular weight suggest 
the molecular weight for the virus inhibitor in C. reflexa is between 14,000--18,000 
daltons (Fig. 3). 
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Fig. 3. Estimation of rnol. wt. of the inhibitor, plot of log molecular weight against 
Ve/Vo ratios of proteins (of known molecular weight) in Sephadex G-200 column 

The results clearly indicate that  CR inhibitor prevented infection of all four 
viruses in both hypersensitive as well as in systemic hosts. The inhibition of 
isometric (GMV and TRSV) and anisometrie (TMV and SlaV) viruses was highly 
significant when inhibitor was applied on to the two basal leaves of test hosts, 
24 hours prior to virus challenge. Application of the inhibitor induced resistance in 
non-treated regions, showing that  the protection was systemic (Table 1). The 
systemic resistance induced by CI~ inhibitor in N. glutinosa plants was completely- 
reversed by simultaneous application of Actinomycin D, 20 ~zg/ml. If Aetinomy- 
ein D was applied upto 12 hours after inhibitor treatment, the reversal was partial 
and after 18 hours Aetinomycin had no effect (Table 2). 

Physical Properties of the Purified Virus Inhibitor in C. reflexa 
The inhibitor in C. reflexa was inactivated by heating at 70 ° C for i5 minutes 

and by storage for 6 months at 4--10 ° C. 

Diseussion 

Inhibitors of virus infection and multiplication isolated from plant extracts 
have different physico-chemical characteristics. Majority of them were protein- 
aeeous, glyeoproteinaceous, or polysaecharides while, a few others were phenolies 
or alkMoides (26). 
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Table  1. Prevention o/ virus in/ection and multiplication in their hypersensitive or 
systemic hosts by C. ref lexa inhibitor 

Virus H o s t  

% reduc t ion  of virus  infect ion 

24 h before 24 h af ter  
virus virus  
ehMlenge chal lenge 

TM-V C, amarantieolor 92.7 a 9.2 
(Anisometrie)  D, metel 87.1 ~ 2.8 

2¢. glutinosa 90.8 ~ 8.0 
N. tabaeum var,  K Y  58 97.2 a 16,5 
N, tabacum var.  N P  31~ 76.9 a 21.4 

SI~V C, amaranticolor 94,7~ 32.5 
(Anisometr ic)  C. tetragonoloba 88.9 a 11.7 

V. sinensis 96.5 a 15.4 
C. juneea ~ 72,6~ 8.6 

GMV C. amaranticolor 78.2 a 2.7 
(Isometr ic)  S. oleraeea 75.2~ 11.6 

V. sinensis 69.5~ t7.3 
G. globosa~ 46.3 b 14.1 

T R S V  C. arnaranticolor 72.6 ~ 22.9 
(Isometr ic)  _h r. glutinosa ~ 41.5 b 14.8 

Differences due to  t r e a t m e n t  w i th  inhib i tor  are  significant ,  a = a t  1 per  cen t  level, 
b ~ a t  5 per  cen t  level 

a Act ive  virus f rom sys temic  hos t  was assayed,  15 days  af ter  inoculat ion,  on C. 
amaranticolor leaves 

Table  2. Sensitivity el systemic induced resistance in N. glut inosa  by C. ref lexa inhibitor 
to Actinomycin D (AD)  20 v~g/mt 

Two upper / lower  leaves t r e a t e d  wi th  

Dist i l led wa te r  
Dist i l led wa te r  

Dist i l led w a t e r  
Ac t inomye in  D (AD) 

Dist i l led wa te r  
CR Inh ib i t o r  

Dist i l led wa te r  
Ct~ inh ib i to r ;  t h e n  AD soon the rea f t e r  

Dist i l led wa te r  
CR h lh ib i to r ;  AD af ter  6 hours  

Dis t i l led  wa te r  
CR, inh ib i to r ;  AD af te r  12 hours  

Dist i l led w a t e r  
CR inh ib i to r ;  AD af ter  18 hours  

Dist i l led wa te r  
CR inh ib i to r ;  AD af te r  24 hours  

Average  n u m b e r  of local lesions 
f rom 10 leaves ± SEM 

173.5:k8.25 
182.0=~9.24 

161.2~2.12 
168.7~3.58 

4 ,6 ~1 .1 6  
3.0-~- 1.00 

174.9:k6.25 
186.4~= 9.26 

153.217.46 
147,8±4.82 

94.2~:5.26 
89.8:~-6.15 

24 ,6~4 .16  
1 9 . 7 i 1 . 1 2  

6 . 1 t 1 , t 2  
2.3:~-1.14 

SEM ~ s t a n d a r d  error  m e a n  
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The biophysical and chemical properties of the virus inhibitor in C. reflexa 
revealed tha t  it is proteinaeeous in nature. The protein nature is also confirmed by 
the ultraviolet light absorption spectrum (maximum absorption at 280 nm) and 
no characteristic maximum at 260--265 nm, which suggests the absence of nucleic 
acids or purines and pyrimidines. The tests for nucleic acid sugars were also 
negative. 

As indicated by high speed centrifugation and Sephadex gel filtration, the 
molecular weight of the inhibitor appears to be low (14,000--18,000 daltons). 
Several proteinaeeous inhibitors reported earlier have slightly different molecular 
weight. :Bovine pancreatic ribonuclease has a moh wt. 13,700 (11), Dianthus 
Caryophyllus inhibitor has mol. wt. about  10,000 (14), Phytolacca americnna, 
inhibitor has a tool. wt. 13,000 (32), Chenopodium album, C. amaranticolor, Atr@lex 
nitens and Amaranthus caudatus inhibitors have moh wt. 25,000--38,000 (21), and 
C. amaranticolor inhibitor has a moh wt. of t5,000 (22). 

Like the virus inhibitors from pepper (13, 2), brinjal (28) and Boerhaavia diffusa 
(24, 27), inhibitor in C. reflexa also did not pass through cellophane membrane, 
showed protein nature and induced systemic resistance (resistance at  non-treated 
sites) in host plants. There is also a systemic effect expressed in the phenomenon 
tha t  the inhibitor applied to the lower leaves (two basal leaves) reduces virus 
infection in upper non-treated leaves, too. This type of systemic response (systemic 
acquired resistance) induced in host plants by local lesion producing viruses (17, 
18, 8, 4, 19) Polyacrylie acid (5, 6), acetyl s~licylic acid (31) and a number of viral 
and non-viral agents (10) has been observed earlier. The induction of resistance can 
be reversed by the application of Aetinomycin D, up to 6 hours after inhibitor 
treatment.  These results suggest tha t  development of systemic induced resistance 
depends on th.e transcription mechanism of the cell from DNA to RNA, thereby 
producing a resistance-inducing substance. If  Actinomyein D is applied close in 
time to the inhibitor treatment,  when the hypothetical resistance inducing agent 
is beginning to be produced interference is completely prevented. However, if 
AD is applied at  a later stage when such a substance has already been produced, 
interference is not affected (9, 6, 24). 
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