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m m i A C H

Seed extrada from IS varietlea of legumes were tested for 
virue inhibitory activity against ÏI4V. Unheated seed extracts 
fall into two categories. Those extracts which give 73^9%^- 
inhibition end includes U. tnn.x (Soybean), and extract» in which 
inhibition is between 0-60;4, for example P. (French bean).

Inhibition was decreased by heating some extracts such as
G. Bax, «diilst in other extracts, such as P. vtilgaris. the 
percentage inhibition was increased by heating.

F. vul;:mri9 and G. max seed extracts were studied la detail,
P. vul:^ari9 was also inhibitory to THV, whilst G« max was 
inhibitory to Ï>ÎV and FVX. Dilution experiments confirmed the 
presence of inhibitors and not inactivators in both extracts.
Hone of the inhibitors was nucleic acid. IWwover, dialysis 
precipitation with alcohol or ammonium sulphate end disc electro
phoresis experiments suggested that the Inhibitors are composed of 
proteins and glycoproteins stable to a wide range of pE.

JSejdiadex G—100 gel filtration showed that G, max seed extracts 
inhibitors have molecular weights of about i>3,5Ü0 and 17,7^0. On 
the other hand, F, vul-mris inhibitors have molecular weights of 
about 177,800 and 12,590.

Seven fractions were obtained from DFAE chromatography of each 
of (Soybean) and P. vulgaris (French bean) seed extracts*
Soybean contains three virus inhibitor fractions, one basic in 
nature and two acidic. Hone of the virus inhibitors agglutinated 
erythrocytes; however, the acidic inhibitors showed trypsin

THV « Tobacco necrosis virus
0. rr>-\x ss Cl y-ni n'-» , P. V','] »;r-



inhibition activity,

Frcxich bean contains also three virus inhibitors as well as 
com^x)und3 reducing the effects of the inhibitors. These are termed 
xmsklng compounds. Such masking comx>ounds were agglutinins. The 
basic Inhibitor also showed agglutination of erythrocytes whilst 
only one of the two acidic virus inhibitors showed try%)sin 
inhibition.

Plant lectins were also tested for virus inhibition and 
agglutination activity, and it was found that the situation is 
complex and although eoybeaa end French bean seed extracts seemed 
to have surface effect on the susceptibility of the host, the mode 
of action of lectins and the virus inhibitor* are different. The 
virus inhibitors seem either to affect the attachment of the vim* 
to the infective centre* or perhaps allow attachment but prevent 
entry of virus into the cells.
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TXTrnPTTCTTON ■

The presence of antimicrobial substances in higher plant» has 
been known since ancient times. ?%yptlaEs probably used mixtures of 
certain vegetable oils for the preservation of mummies from protein 
decomposing bacteria. Greeks and Romans used the juice of green walnut 
shells against infectious fungal diseases of skin (Hovacs, 196%)* 
Siiarville (i960) reported that the application of plant extracts for 
the control of a plant disease was attempted aa early as 470 B.C. by 
Democritus, however, it 1» only in recent years that Intensive research 
has been made to discover antimicrobial substances from higher planta 
which could be used for the control of diseases caused by plant 
pathogens.

The firet suggestion of a plant virus inhibitor in plant sap 
occurs la the work of Allard (1914, 1918). Although it is now well 
recognised that many plants contain imtent inhibitors of virus 
infection, the nature of most inhibitors remains unresolved and there 
is fttill no clear understanding of the ways in which inhibitors reduce 
infection.

Diere are two schools of thought about the way in which inhibitors 
of infection act. One theory suggests that inhibitors affect the 
resistance of tlie inoculated host plant, and the other that they 
inhibit by acting directly on the virus particles. Substances that 
act by inactivating the virus without affecting the boat are termed 
inactivators (Fulton, 1943). These include certain plant extracts, 
milk, trypsin, normal blood serum, and other complex substances of 
biological origin.

Inhibitors primarily affect the susceptibility of the host used



axîd caa be diatinguisbed from virus inactivators by posseeaing the 
following charectcristicss they are capable of inet&nt&neona effect; 
their effect is dependent on the host naed; they have greater effect 
on concentrated inocula; their effect is diminished by dilution; 
they have an effect whoa applied prior to inoculation or when applied 
to the undersurface of leaves (Crowlcy, 1935).

Bawdcn (195%) divided virus inhibitors into two categories: 
inhibitors of infection and inhibitors of virus multiplication. 
Inhibitors of infection are defined as "substances that, when 
inoculated to leaves simultaneously with viruses, prevent infection 
from occurring”. Inhibitors of virus multiplication are defined aa 
"aubstaacea that, wiiea applied to leaves already infected, retard 
the rate at which the infecting viruses multiply”.

Many plant species have been reported to contain inhibitors of 
plant viruses. Most work has been carried out on virus inhibitors 
extracted front plant sap. Some virologists noticed, for exâ Aplê  

that crude extracts prepared from virus infected material often failed 
to produce infection in other susceptible plante. This apparent 
resistance might be due to many factors, such as insufficient 
concentration of virus in the inoculum, or the instability of the 
virus during the process of transtalssion because normal infection 
may occur via insect vectors rather than by mechanical inoculation.
Of particular importance, however, is the possibility that crude 
inoculum may contain substances, that inhibit virus infection either 
by influencing the virus or by acting on the plants being tested. 
Considerable interest has been paid to the possible presence of virus 
inhibitor compounds in the aerial parts of a wide range of plants.
Bawden reviewed the subject of plant virus inhibitors covering the 
period up to 193%.
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Table» 1 axai 2 list planta from which inhibitor coK|>oia«i* have 
been extracted la more recent experiments. Table 1 lists plant» 
covering 60 different families in which vegetative tiaanea Inive been 
tested for virua inhibitor compounds. Table 2 li*t& plant® where 
fruits and «eed» have been exoiained for inhibitora. In these table* 
famille* are listed alphabetically while genera are listed in 
chronological order of investigation.

Although, aa Table 1 shevs, virus Inhibitors occur in mamy 
fmailiea of plants, it i® apparent from the literature tliut only a 
few workers hove investigated the chemical nature of the inhibitor 
co;wounds. ' Only ia eight families, the ^IZOACFAE. CARYOnrYLlACFAE. 
fmiNororiACTAi:. t . r m m m A E , nnrrorACCAci-AfR
mid FOIANACFdE. has any substantial amount of work been carried out 
to establish the identity of the inhibitory compounds isolated. In 
the AIZOACRIE. Benda (l95b) found that expressed sap of Nev Zealand 
spinach fYctrafyonia exivmsa). when mixed with tobacco ringspot virus 
and inoculated by rubbing on Cow|>ea (Viĵ na sircnsis) leaves, caused 
a delay la the appearance of the primary virus symptom. On further 
analysis New Zealand spinach appeared to contain two active fractions, 
one an Inhibitor which decreased the number of lesions, and the other 
an augmenter, identified indirectly as a soluble oxalate salt which 
increased the number of lesions*

By means of an ion excWmge cellulose (DDIZ), Simons, Swidler and 
Moss (1963) removed the inhibitory substance from crude extract of 
M*genbryanthemum cauroheV m « Attempts to establish, by proteolytic 
enzyme digestion, the possible protcinaceous composition of the 
inhibitor were only partially successful. Host of the en%)'%»es tried 
were either active themselves a# virus inhibitors, or were proteo- 
lyticaXly active only ot pH’s low enougli to degrade tlie inhibitors.



DTBLE 1

PLANTS TESTED FOE VIEUS IHrilBITQIl ACTIVITY 
(excluding test* on seed»)

s i m m  OF miiBiTOE virus
FAMILY
AIZOACEAF

Tetragonia expansa 
Cheiriclopeis aspera 
Me smabryanthemum 

caprohetuta
AMAHlNDIACZiRZ

Gomplirena globosa L« 
G# globosa L*

Tobacco rings|)ot Benda (1936)
Tobacco mosaic (TMV) Simons et al. (I963)
TMV

TXV Yoshii et al. {l95%)
Potato virus X (PVX) Blassczak et al.

(1959)
AMiUûlilHACIiiE

Agapanthus africanua TMV
Agave americana L. TîIV
Sanseveria anthiapica TMV
Allium cepa TMV
A. sativum TMV

ANACAlmiACLlE
Scbimis molle L.
S. terebintkifollus 
Mongifera Indien L.
K. Indica L.
M. indica L.

APOCYNACLAE
Neriuta oleander L.
Plumeria rubra L.
Vinca rosea L.
Plumeria rubra L.
Nerium indicum Kill* TMV

AliACïAE
Konsterra delicioaa DîV
Dieffenbachia seguine DiV
Acorns calazms L. PVX

AIIALIACIAE
Hedera canaricnsls THV

TMV
THV
TMV
PVX
Cucumia virus I

TMV
TMV
PVX
PVX

Simons et al* (1963) 

Dhaliwal (l97l)

Simons et al. (1963)
Singh (1969)
Singh (1971)
Sharma (1973)

Simons et al, (l9&3) 
Sin^ (1969)
Verma et al. (l97U) 
Singh (1971)
Lai et al. (1974)

Simons et al* (1963) 
Verma et al. (1970)

Simona et al* (1963) 
/Contd......
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T;J3LL 1 (contd.)

SOURCE OF rOilIÎÏTQji vimfH miTJENEE

g\xiu
ASCUTIADACIAE

Caiatropls gigantea 

Bofubax ceiba L.
BU&lCmE

Sissttondsia caXiforuica 
ClCTAClAi; 

Echiaocactu* ap. 
Opuntia robuata

CAMPAKULACEAE
Campanula 
biouoniensia

CANNACEàB
Canna gonoralia

CAITAdmiCEAE
Gynandrop»i@ 

pentaphylla 
Clemaa viacoaa L. 
Oynaxidropaia gynandra

CAHOFOLIACEAE
Lonicera ap« :

C/dtYOrJYLLACME
Piantbus caryopbylXus 
D. barbatu 

D. caryopbyllua 
D. caryophyllus 
D. caryophyllus 
D, caryopbylltts 
D, caryophyllua

7 m

m

TMV

DiV
DiV

TNV

TKV

Sunnhotap mosaic
THV
TMV

TMV

THV
Tobacco ringapot
THV
THV
THV
DfV
Sunuhomp mosaic THV

Lai et al. (l97%)

Singh (1971)

Hmona et al. (1963)

Hmons et al. (l9b3)

Blaszczak et al,
(13&9)

Simona et al. (l@63)

Taliwal et al.
(1965) 

Thakur et al. (l97l)

Simons et al. (19&3)

Van der bant (1931 ) 
Weintraub et al.

(1952)
Van iiammen et al#(1961)
Ilagetli et al.(l962) 
Simona et al. (19&3) 
Falival et al. 
Blaazcaak et al.

lUbO
Jvontd....
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TABLE 1 (coutd.)
SOmCE OF ÎNÜIBITOE

mmÆ.

CARYDHiïLUCLAE (contd.) 
Dianthus caryophyllua

D. caryopbyllua
GIINarOBIACEAIi

Spinacia oleracea L. 
8# oleracea L«

VÎEÜS

Beta vulgar!a L«
Cheaopodium album L. 
Beta vulg&rie L# 
Bpioacia oleracea L. 
S« oleracea L.
Chenopodium album L# 
Beta vulgaris L»
B. vulgaris L* 
Spinacia oleracea L. 
Chenopodim album L#
C. amaranticolor 
Spiuacia oleracea 
S« oleracea L,

Beta vulgaris L.
Cbesû podiuia 

omarauticolor 
C. quiuoa
Spluaeia oleracea L.
S. oleraeea L# 
Cheuopodium 
amaranticolor 

C. àlbtm L#
C. album L.
C. amarauticolor 
C, album L*

TKV Nert (1972)
Alfalfa mosaie
Barley stripe siosaic
Papiiya leaf reduction SiugU (l972)

TMV
THV
Cucumber mosaic 
Cabbage mosaic 
Tobacco riugspot 
Necrotic potato 

riugspot
THV
Cabbage mosaic 
THV
Cucumber mosaic 
THV
Bottle-gourd mosaic
Tobacco etch 
Cucumber mosaic 
Tobacco necrosis THV
T O
PVX

PVX
PVXm
Eadish mosaic 
Zinnia mosaic 
Yellow virus
Cucumber mosaic
Cucumber mosaic 
Radish mosaic
FVX

THV
THV
THV
THV
Sunuhemp mosaic

Grant (1934)
Nuntz et al. {l9%7)

KuntE et al. (l9%7)
Hanll (1949)
Bharg&va (l95l)
Chiba et al. (l952) 
Vasudeva et al.

(1932) 
Greeuleaf (l933) 
Gendron et al. (193%)
Bartels (195:
Ubarraa et al, (1956) 
Blaszczak et al.

Baychaudhuri (196I, 
1963)

Jermoljev et al.(196%)
Francki (l964)

Eaychaudhuri et al#(1965)
Sharma et al. (1965) 
Biiullor (1965) 
Thomson et ol.(l965) 
Falival et al.{l965)

/Contd,
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TABLE 1 (contd.)
FOimCL OF TNHIBITOH 

FAMILY
OlLNOmDIACEAL (contd.)

VIKU8

Beta vulgaris L. Sunrdiemp mosaic Falival et al.(l965)
Spiuacia oleracea L. Sunnhcmp mosaic
Cheuopodium album L« TMV Yoshizaki et al.

(1966)
C. album L. Turnip mosaic Yosbii et al. (1967)
Beta vulgaris Cucumber mosaic Euppel (1967)
Chenopodium album L. Vatermelon mosaic Detaski (1968)
C. emaranticolor Vatemelon mosaic
C. amaranticolor TMV Ximains (1969)
Chenopodium albwa L. Watermelon mosaic Singh (1969)
C. amaranticolor Watermelon mosaic
Spinacia oleracea L. Watermelon mosaic
Chenopodium quinoa Apple chlorotic 

leafspot
Saksena (l969)

Chenopodium ep. Cucumber mosaic 
Daikon mosaic
THV

Yoehii (1969)

Chenopodiades (29 »pp) TNV Smookler (l97l)
Spinacia oleracea L. TMV Lbrahim-H e sbat

(1971)
Beta vulgaris L. TMV Lbrahiia-Ne sbat

(1972)
Spinacia oleracea L. THV
Chenopodium

liorvatb (1973)amaranticolor DlV
C« album L. TMV Taaiguchi et al.

COMBRlin'ACLAE
Terminalia chebula 
T. belerica

COMPOSITAE
Kleinia cylindrica
&. tomentosa

CONVOLmACLAF:
Convolvulus batatas L. 
Cuscuta sp.

PVX
PVX

ÎHV
TMV

THV
Tomato spotted ViIt 
Lucerne mosaic 
Cabbage black riu&gpot 
Potato virus Y (PVY) PVX
Cucumber mosaic 
Potato rattle 
Tomato bushy stunt

Verma et el. (19 
Verma et al. (1970)

Simons et al. (l9b3)

Duggar et al. (l925) 
Schmelzer (1996)

/Contd,
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TABLE 1 (conta.)

FOÜRCi: OF INHIBITOR 
laMILY •

CmSSULACIAE 

13 #pp. 
cimcirmiE

Brassica oleracea 
Benebiera didyma 
Raphmiu» sat ivus

CUCUK8ITACUE
t'ucurb i ta «tel opepo 
Cucumis sativus 
C. sativus
Cucurblta naedullosa 
C. pepo
Cucuieis sat 1 YUS
C. «ativus 
C. ©ativua 
Lagenaria slceraria 
CuciMia sat ivus

CUFBES8ACLAE
Chamaecypari s 

lawsoaiana 
Juniperud cœmmmi» 
lliuja oriental is

CYFimCEAL
Cyperus papyrus

p m m m . A £ K M

Euphorbia aebisiperi 
lUciuua coimtmis 
Euphorbia geuiculata 
Croton roxburghti 
lUphorbia milii
E. pul cherriîaa

lUMAlOACEAE
FUmaria j>arviflora

VIKUi

THV

TMV
Eunnhemp moaaie 
Sunubemp moaaic

TMV
Cucumber mosaic 
Stone-fruit
Stone-fruit
Stone-fruit
PVX
Cucumber mosaic 
Stmnhemp mosaic 
Sunnhemp mosaic 
Watermelon mosaic

TMV
ivyTMV

TMV

TMVTMV
Suxmhemp mosaic
IVX
THVTMV
Cucumls mosaic

T O

Simons et al. (l9&3)

Chiba et al. (1952) 
Paliwal et al.(l965)

Duggar et al. (l925) 
Bill et el. (1952) 
Weintraub et al.

(1933)

Blaszczak et al.
(1959) 

Franck1 (196%) 
Paliwal et al.(i965)
Singh (1;

Simons et al. (I963)

Simons et al. (1963)

Simons et al, (l963)
Paliwal et al.(l963) 
Singh (1971)
Lai et al. (197%)

Veraa et al. (l9?0) 
/Contd.....



TABLE 1 (contd.)
SOURCE OP INNTOITOR VIRUS

M M .
6HIAKIACLAB

Pelargonium ep, 
P. hortorum
P. hortorum 
P* Lortozw
P# hybridusa 
P. bortorum

THV
FVX
TMV
TMV
DIV
THV- .

Duggar et al, (l925) 
Blaszczak et al,

(1953)
Simona et al. (1963)
Blaszcgak et al,

(1969)
Apablaza et al#

(1972)
GmiBEIUCEAE

Gingiber officinale Suimbemp mosaic i’aliwol et al. (1965)
GliAMLOiAE '

Oryza aatlva 
Trlticnm mtivmi 
Oryaa eativa 
C# sativa

THV
Wheat streak mosaic 
TMV
Sunnheisp mosaic

Alien et al. (1957) 
Bram. (1956)
Kahn et al. (i960) 
Falival et al,

(1965)
LABIATAL

Kcntba «ylvootri»
Oclmum eanotum 
0. eonctuM

Bunnhemp mosaic
Simnhemp mosaic 
Papaya leaf

reduction

Falival et al#
(1965)

Singh (1372)
LAimCLAE

Ciniiamonuui eamphorum 
Fereea americana

THV
THV

Simons et al. (l963)

LLGUMINOSM
Vida faba 
Aracbis hypongaea 
Lobinla pseudoacacia 
Mcdicago dentieulaia 
Iliasoolus Tulgarie 
F# vulgaris
Trifolima pratonse 
Vida faba 
Vigxm siDenais

TMV
T>IV
TMV
r m
Southern bean mosaic

• FVX
FVX
PVX
PVX

ïoshii et al, (1954)

Cheo (1955)
Blaszczak et al#

(1959)

/Contsi. # # #



TABLE 1 (coatd.)

FAHITAT

UBUHrNO.SM (coaW.)
Glycine max THV Simona et el. (I963)
Prosopi# juliflora Sunnhemp mosaic Paliwal et al.(î9b3)
Trifolitm pratense Led clover vein El-üandelgy et al.

- (19&6)lliaseolas vulgaris TNV Klmsains (19&9)
P, vulgaris Watermelon mosaic Siugb (1969)
Vida faba Watermelon mosaic
Vigna einensie Watermelon mosaic
Tamar indus indica TMV Siugb {1969)
Glycyrrhiza glabra T O Verma et al. (l970)
Cassia occidentalis PVX TUalctir et al. (l97l)

D M
Acacia arabica m Gupta et al. (l97l)
Tamarindus indica T O Singh (1971)
Baubinin variegata PVX
Phaseolus vulgaris THV

Alfalfa mosaic 
Barley stripe 

mosaic

Nart (1972)

Hedicago eativa Alfalfa mosaic Musil et al. (l972)
llmgeolus vulgaris t m Taniguchi (l97%)

LÏLUCKâB

Allium cepa 
Aloe ®p.
Geeterla ep# 
Baworthla cimliirinia 
Fhormium teaax

MALVACEAE ^
Co8eyi>ium ep.
Halva eylvestrie

MWlACrAE
Morue alba 
Caxmabie eativa 
Ariocarpua lalioocka 
Ficua beagaleaals 
F# elastica F. rimpWi 
Artocarpus 
hetero|ihyllua 

Horua alba 
Artocarpus 

beterophyllus

THV
TMV
D4V
THV
THV

THVPVX

THV
mwsaicTMV

m v
D M
IBM
D M
DIV
T O

Simona et al. (1963)

Duggar et al. (1923) 
Verna et al. (1972)

Simons et al. (1963) 
Paliwal et &l.(l9b3) 
Singh (1969)

Sin# (1971)
/Contd.••
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TABLE 1 (contd.)

nyctagihaciae;
Bougainvillea 

epectabilia 
Klrabilia jalajm

OP DIHIBITOR VllitJS

MGBACmg (contd.)
Ficus bexigaleasis m Sin# (1971)
F. racomosa PVX
F. elastics FVX
F. Hisplda PVX
F. semicordata PVX
F. rmapbii PVX
F. elastica PVX Sin# et al. (1973)

MU5ACEAB
Strelitzia regiaae TMV Simons et al. (I963)

MDlTACmE
Eugenia paniculata D M Simons et al. (1963)
IXicalyjjtua globulus THV
Psidiim guajava niv
Calliatmaon

lenceolatus D M Singh (1969)
Psidlisa guajava D M
Sy^ygiusa jambolanum D M

Sin# et al. (l970)PeidixM guajava THV
Callistemon

lanceolatus m Gupta et al. (l97l)
byssygitaa cuminii 
Callistemon

O T

lanceolatus m Gupta et al. (l972)
Syzygium euminli O T
S. cmminii Cucimis virus I Sharma et al. (1973)
Callistemon citrinus Cucmis virus I

D M
THV

Tbakup et al. (l97l)

Cocoa nucifera 
C. nucifera

THV
Buimbemp mosaic

Weeraratne et al.
(1361)

Paliwal et al.

/Contd,
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TABLED 1 (contd.)
souiLCK OF m û u m m

f m i L X

PAPAVmACME
Papaver gomniferma

PASSIFLÜHACEAE
Carlca papaya

HnCTOLACCACEAi;

Phytolacca docaatira 
P. dec&ndra 
P. docaiidra
F. eseulenta
P. decaadra 
P. acinosa 
?. eiQericana
P. decandra 
P. americana

PmiCME
Pinna thunbergii 
Cedrua deodara 
Pinna cootcrta 
Cedroa deodar*
Piana thonbergii

PIHlfACEAB
Piper cnbeba 
P. nigrum

PITTOSPORACmE
Pittoeporum

temiifolima
PÜLYFODIACEAE

Cyrtwalum flaceznna 
Polypodium pruinatum 
Fieris vittata 
Asplénium nidus 
Microlepia strig©sa

VIRUS

Sunnhemp mosaic

Snnnhemp mosaic

Pokeweed mosaic
TMV
THV
TMV
Cucumber mosaic 
TMV
5loutbem bean 

mosaic 
Cucumber mosaic 
TMV

IXV
TMV
THV
Capsicum mosaic 
Turnip mosaic

FVX
FVX

TMV

TMVTMVTMVTMVTMV

Paliwal et al.

Paliwal et al.(l9üj)

Allard (l914, 1913) 
Duggar *t al. (1925) 
Idlton (1945)
Kassanis et

(1948)
Piachma (l952)
Gupta (l9b4)
Wyatt et al. (l9i>9)
Marchoujc (l970)
Owens et al. (l973)

Yosbii et al. (195%) 
Simons et al. (l963)
Raychaudhuri et al
Tmuura  ̂̂

Verma ei al. (l970)

Simons et al. (l9&3)

imons et al, (1%

/ContiL. •..
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TABLE 1 (contd,)
SOURCE OF m î i m m i  
FAMILY
POkTUIjACACEAB

Tortulacaria afra 
PniHULACmB

Auagallis arvesisis
FmrmcLAE

GrevilXea robust*
PUNICACLAK

IXuxica granatum
&ANUNCULACLAE

Acojoitum terox 
A, beteropbyllum 

mSACBAL 
Halus sp, 
Fragaria vesca L. 
F. vesca L,
F, vesca L*

F, VOsea L#
F» vooca L, 
Lriobotrya japonic* 
I’yru» communis 
P. cotdmtmis 
Fmmis persica

mmiAcmE
Cinchona iodgoriaim 
C, Icdgeriaua 
C, officinalis 
C. robust*
C, succirubra

FUTACLAB
Citrus limon

VIHJS

TMV

PVX

m

Sumxhomp mosaic

T O
T O

TMV
THV
T O
T O

iîadish mosaic 
Zinnia mosaic 
Sunnhomp mosaic 
T O
'mv
TMV
PVX
T O

FVX
PVX
PVX
T O
T O

THV

Simona ei al, (l9b5)

Verem ©t al. (l970)

Paliwal ©t al

Veriaa et al. (l970)

Duggar ei al. (1923) 
Bawüen ©t al. il9%3) 
Sharaa et al. (l9:5b) 
Lfiycbautiburi et al.

(1961)

Falival et al.(l965) 
Ihâïiaa et al. (1963) 
Sin# (1969)
Sia# (1971)

Verma et al. (1969) 
Verma ©t al. (1972/

Simons et al. (1963) 

/Contd.......
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D\BLE  ̂ (coaU.)
FOmCE OF IHiiieiTOH

jEmmi
SCLOmULAaiACEAE

Antirrhinum majus 
Digitalis purpurea

SOLAbTACFAZ
Datura stramonium 
Nlcotiana *p«
Capsicum #p.
Datura stramonium
Capsicum axinuum 
Eolanum nigrum 
Lycopersicon 

esculeutum 
Mieotiaua glutiaosa
H. tahacim 
Capsicum anuuua 
Nicotiana ap.
Capsicum fruteacens 
C. amamm 
Kicotlana sp«
Cap«1 c m  frutesceaa
Batura strmmnimm 
!>• metal
B olmxm Integrifoliua* 
S. tuberosum  
Ihysali» floridana 
Petunia hybrid* 
Kicandra physalodes 
N, tabacum
H. debneyi 
K. glutlnofi* 
Lyeopersicon 

esculentom 
Capsicum annuim

Nicotiana tabacim
Capsicum aunuum 
Solandra longlflora 
Nicotian* glutinosa 
Capsicum annum
Datura stramonium

Watermelon mosaic
PVX

DÎV
IMV
TMV
Eottle-gourd mosaic
Bottle-gonrd mosaic 
Botile-gourd mosaic
Bottle-gourd mosaic
TMV 
% V
DfV
TMV
Cucumber mosaic
T O
TNV
T O

T O
T O
T O
T O
T O
T O
T O
T O
T O
T O

T O
PVX
Radish Judaic 
Zinnia mosaic 
DîV
THV
TMV
CucQ^er mosaic 
Radish mosaic
l^dish mosaic

bin# (1969)
Venaa et al. (l970)

Duggar et al. (1923) 
H«1chers et al.

(1940)
Biral (194%)
Yasudeva et al.

(1932)

Chiba et al. (1952)

Weathers et al.
(1934)

HcXeea (1936)
Ehama et al. (1936) 
Bawdea et al* (1937) 
Bl&8%c%ak et al.

(1939)

liaychaudhuri (l96i)

Zaitlin et al.
(1963) 

Simons et al. (l9&3)
Francki (î96%) 
îiaychaudhuri et al

/Contd,



TABLE 1 (contd.)

sciiricE OP iNumiToR
F-̂ -KILY
SOLANACi^m (contd.)

Capsicta» annuum
C. annuufft 
Datura stramoniumD. atrmsonium 
Nicotian* glutinosa 
With&nia eomnifera 
ITiysalis peruviana 
Solanum tuberomm
S. tuberosum
S. tuberosum 
Capsicum annuo#

Nicotian* glutisoaa 
Solanum tuberosima 
Nicotian* glutinoea 
N. tabacum 
Datura stramonium 
Lycopersicou 

esculentum 
Ilyoscyams niger 
Withania somnifera iVX 
Kicotiana tabacum 
Capsicum annuum
C. frulescans
Datma stramonim 
Capsicma wmuum
Fetuaia hybrid*
Caimitxm ammum

Datura me tel 
BoXaiium melongena

TAXODIACLAE
Sequoia sempervirens

vu-m

T O
T O
T O
Sujinhemp mosaic 
Suamhemp mosaic 
Simnbmp mosaic 
Smmhemp mosaic 
T O

T O
T O
T O
Cucumber mosaic
Alfalfa mosaic
Tobacco mosaic
TMV
T O
TNV
T O
Watermelon mosaic
Watermelon mosaic 
T O

TMV
Cucumber mosaic
rm

TMV
Fapaya leaf

reduction 
F&imym leaf

reduction
TMV
Alfalfa mosaic
Cucumber mosaic
T O
T ODiVDfV

TMV

Lbarm et al. (1963) 
Îtiîo et al. (1963)
Paliwal et *1.(1965) 
Paliwal et *1.(1965)
Paliwal et *1.(1965) 
dermoljev et *1.

(1365)

«îerooljev (1966)
Marcboux

Palm (1967) 
Albrechtova (1968) himmlns (I969) 
Chod et *1.
Siugh (1969)

Venaa et al. (1970)
VolHgang (l970) 
t'lorchcHUE (1970) 
Apablaza et al.

(1972)

Singh (1972)

Fischer et «1. (1973)

U l  et al. (1973)

Simone et &1.
/Contd



TABLE 1 (contd.)
SeiB':.CR OF INHIBITOR. VPflJS PmiAHCR

' .
TiimcmE

Camellia sinon»!» SuniBiemp moaaic Paliwal et al.
îbea sinenaia Cucumber mosaic Okada (1971)DiV

ZINGIBERACEAE
Curcuma long* PVX Verma et al. (l972)



Studies of the CAHYOR'iyi.iLACÊ E made many years ago established 
the occurrence of an active principle ia the genus Pi ant hit a that 
interfered with the mechanical transmission of plant viruses# It was 
shown independently in Holland and la Canada that sap from both 
Carnation Î). carror-hvllu a L. (Van der Want, 1951) and Sweet William 
D, brvrbatu*̂  L. (Weintraub and Gilpatrick, 1952) upon mixing with 
viruses tmch as tobacco mosaic (TMV) and tobacco riags|>ot, suppressed 
or greatly reduced the development of syaptoms on their respective 
hosts. Later it was siiowa by Ragetil (l937) that the carnation 
Inhibitor probably acts via the host plant in the early stages of 
virus establiaiment and that it ia active egaiaat combinations of at 
least 14 viruses ani 20 different plant species, Hugetil and Weintraub 
{1962a) described the isolation and purification of a potent virus 
inhibitor from carnation D. carvor?hTllua« They passed carnation sap 
through an ion exchange column (0EMi) and then tlirough a cation 
exchange column (Ot-celluloao). A number of inhibitor-containing 
fractions resulting from tlie second Oi-cellulose treatment were 
recombined and re fractionated on a ĥ d̂rox) 1 epat i te column. The 
fractions were tested for inhibitor activity and the nature of the 
inhibitor was studied. Hagetll and Weintraub (1962b) concluded that 
the virus inhibitor from carnation was a protein Wiich upon acid 
hydrolysis yielded 14 amino acids, llie inhibitor activity however 
was unchanged after incubation with four proteolytic enzymes.

Nart (1972) confirmed the ïlagetli and Weintraub results by 
showing that, on five different local lesion hosts, sap from carnation
D. carvoDhrllu-^ L. inhibited the mmiber of local lesions induced by 
three different viruses, namely tobacco mosaic (THV), alfalfa mosaic 
(A>'ÎV) and barley stripe mosaic virus (BSÏîV). An attempt was made to 
isolate and identify the inhibitory substance. A rough separation
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vus obtained, by low ceutrifagatiou, phenol extraction and
ethanol precipitation of the eap* The inhibitor was found to be a 
proteinaceous material,

Kany members of the CTIÎ7T01dCFAE have been examined for virus 
iiihibiiore, Kimtz and Walker (194?) described tvo inhibitors in 
spinach juice r'A?inacia olcracea L«), one which vas absorbed in 
charcoal and which vas considered to be a high molecular weight 
protein; the other was an oxalate and was removed by adding calcium 
chloride. These results are at variance with those of Benda (l9>6) 
where oxalates from Tetragonia (Aixoaceae) were thought to
enhance virus activity.

More work was carried out on sap from S. oleraeea by Chiba and 
Tomlnaga (1952). llioy pressed the juice from spinach and partitioned 
it by centrifugation into "ehloroplast suspension” and "cytoplasmic 
suspension". Using "DiV they showed the presmce of a certain heat 
sensitive Inliibitory substance or substances in "Chloroplast 
suspension". In contrast the "cytox>lasmlc suspension" did not show 
such inhibitory effects.

Ibriihim-Ncsbat (l97l), also investigating the inhibitory effect 
of spinach sap, isolated and partially purified an inhibitor fraction. 
Furthermore, he studied the mod© of action of the inhibitor by 
electron microscopy, and he found tliat the addition of the inhibitor 
to a suspension of TMV caused an aggregation of virus particles 
resulting in loss of iafectivlty. Later it was shown by Lbrahim- 
Nesbat (l972) that the inhibitors resembled proteins.

Pap from Chonopodiales (mn order including emae members of the 
Chenopodiaceae and the Amranthaccae) has also been stiuiied by many 
workers. Eiimins (l9^9) examined a crude extract from the leaves of 
Chenopodium amorant1color end found it inhibited the infection of



ïrciich Bean leaves by TH\% Fr&ctionatioa of the crude extract 
indicated that the Inhibitory activity resided in the idià portion.

Other studies of leaf extracts from Cheuopodialee suggested that 
inhibitor cowiwujuds are proteiuaceous (auutx and Walker, 194?; 
ï h o m m m and Peddle, 19b5f foahiaaki and iiiu'ayaica, I9b6; Yoshil and 
Sctko, I9&7). &2iookler (l97l) examined awre member* of the Cheuopodiales 
and found iiiat loaf extracts from 29 ei>ecies inhibited the infection of 
rha^oolus vulgaris by TNV* 1 urthermore, he described the nature and 
properties of inhibitor* from extracts of CheuoDodium rir̂ mrmntlcolor.
C, album. Atriplex nitons and A*iigrautbu» caudatua. loa-exchange 
column chromatography oa CM-Sophadex C-23 showed that most of the 
protein fractions which were eluted by 0.4 H sodium acetate buffer 
were Inhibitory against ÎNV.

Recently Taniguchi, Nakajima, Ymagachi and Naganava (1974) 
isolated two fractions from leaf extract of Cheno^odiu# album L« 
by IX'tkOLwl cellulose column chromatography. Doth fractions isliowed 
inhibitory activity against T̂ iV. The inhibitors consisted of 
particles of various sizes, and their activity was destroyed by phenol 
but not by pronaae or chloroform.

Simona, Swidler and Moss (19^3) discovered that the fatally 
ClCASSblACKAS I» an extremely rich source of tobacco mosaic virus 
inîiibitors. Out of 13 specie* tested, Simons et al. tried to Isolate 
the virus iidiibitors from crude extracts of Aeoniua arboretsa.
!Cal ancb oe s oml i en si* and Sedum nus sbaime r i a m m . The inhibitors were 
eluted by dilute sulphuric acid (Di) from an ion-exchange cellulose 
colwm. Attempts to establish the possible proteinnceoua composition 
of the inhibitor* were only partially successful.

■ Several members of the IJ-UtMXNOSAE have been examined for virua 
inhibitors, Bl-lCaodelgy and Wilcoxson (l%6) studied the effect of



Eed clover (TrlfoHm nr#ten%e) flower extract on infection of 
Gomnhrena r:lobof^^ by Red Clover vein mosaic virus* The extract 
contained 9;'» glucose, 5?i galactose, and xylose, each of which 
inhibited infection*

In 1972, Nart attempted to isolate and identify the Inhibitory 
substance from Phaoeolus vula^ris (French bean) sap. A rough 
aepar&tion was obtained and the inhibitor was Identified as a protein* 

Tanigucbi (l974) also studied some properties of tobacco mosaic 
virus inhibitor extracted from P« vut^rrls* The inhibitory substance 
was found to be a relatively low molecular weight compound, diffusible 
in sepharose 2B gel, Oel filtration chromatography indicated that the 
partially purified inhibitor contained compounds of several molecular 
sizes.

The first suggestion of an inhibitor in plant sap occurs in the 
work of Allard (l914, 1918) who worked on a mosaic disease of poke- 
weed, Phyto1ace a de cnndra * the type genus of the pnYTOLAPCACPAE.
Allard found that mosaic virus could be transmitted by sap-inocul&tion 
from pokeweed to pokeweed, but not to tobacco, and he therefore 
suggested that pokeweed sap might contain substances inhibitory to 
the pokeweed mosaic virus*

Although many workers subsequently tested pokeweed juice against 
viruses, none of them tried to Isolate the inhibitor* Warchoux (1967, 
1970) however, proved that extracts of P. découdra had ribonuclease 
activity (ld4as@) which suggests that proteins may be Involved in the 
inhibitory activity of P. decandra»

Kassoais and Kleczkowaki (l948) isolated an inhibitor from the 
sap of P. eseulenta, which was identified as a glycoprotein containing 
14 to 13yi nitrogen and 8 to 12̂ 4 carbohydrate. Gupta (1964) used the 
method of Kassanis and kleczkowski for isolating an inhibitor froia



M:riolacca nci,noo.. . The inhibitor proved to bo a glycoprotein 
coa^aiaimg glucose*

kyatt and Ühepherd (1969) extended the procedure developed by 
iCaaacui* aud Eleczkowski for the isolation of an inhibitor froiâ 
Phytolacca Kiac-ricana. Following |mrificatioa by colimm chromatography, 
using carboxymethyl sephadex, the inhibitor vas reported to fee a 
protein of life amino acid residues giving a molecular weight of 13,000* 
In 1973* Gwens, Bruoning and Shepherd reported a possible mechanisM 
for the i:diibltion of plant viruses by a peptide from Pîiytol accg 
ancrlcnnn* line inhibitor was te&ted for its ability to inhibit in 
vitro polypeptide synthesis in system# employing ribosomes of wheat, 
cowpea and pokeveed* Only the pokeweed ribosome system was resistant 
to iaiiibition* This suggests that the inhibitor acts in vivo by 
blocking tii© messenger function of a potentially infective virus îutl* 

Bavdea and Kleczkovaki (l943) reported that extracts from leaves, 
stems or roots of rramrla vo^ca L* (strawberry), a member of the

contained tannins, which even at the 1/S concentration, were 
sufficient to precipitate TTdV and prevent it from infecting Nicoti^m 

Van dor Want (l95l) suggested timt tannins prevent 
infection of all plants, and such substances should be colled "absolute 
iuiiibitors” to distinguish them from "relative inhibitors" whose 
action depends oa the species of plant to which inoculations are made. 
Tannins from F* vescs L. would appear, therefore, to act more like 
virus inactivators than inhibitors*

A considerable volume of work has been carried out to investigate 
the possible occurrence of inhibitory substances in plants fro# the 
fnilAMACT̂ Ik* kaitlin and Siegel (l9b3) isolated an inhibitor of TMV 
infection from Hicotiang tabacum L* var, "Turkish Samsun"* The 
inhibitor was a protein having a molecular weight greater than 40,000*
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Volffgaïïg (1970) fractionated leaf extract* of Mlcotl eng t ,gb a cum var. 
"Turkish Damaim" by colmmi cttromatography into high and low molecular 
weight fractions, both having inhibitory effects# Chiba and Tocsinga 
(1952) reported an inhibitor of T!îV in the "chloroplast euspeneion" 
obtained from leaf extracts of Nicotiaga H. tabmc'ci and
Canslcn# cnmuim.

The inliibitory effect of N. glutinosa vas also studied by Palm 
(1967). A salt-soluble fraction prepared from leaves of H* rlutinooa 
caused 60>4 inhibition when mixed in equal volwaes with TIÎV# Basic 
chemical and ĵ diysical tests indicated that the inhibitor was a protein 
of the globulin type# On the other hand, two years later himains 
(1969) fractionated crude extracts from K. %lutinoma into protein 
and rdîA, and suggested that the inhibitory activity was retained in 
the RNA portion#

Marchoux (1967, 197^) showd that the inhibitory extract of 
Cangjcnm ep* contained proteins with riboaucleaae activity (BZJa$e)# 
Apablaxa and Bernier (l972)# however, separated the inhibitory 
activity of CangicuR frutegcenat into tvo fractious 1 one with a 
molecular weight greater than 30,000, and one %d.th a molecular weight 
range of 1,000 - 50,000# Later, Fischer and Nieohauo (l973) related 
ilia inhibitory effect of Cag%lcum annunm extract to a protein and a 
l>heuollc substance* The phenolic substance was identified as either 
a flavoue, an Isoflavoae or a flavonoae compound#

Inhibitors of FVX have been isolated from Solgiri-a tuheromim 
(potato) (Jenaoljev and Albrechtova, I965)# Ihe proteinaceoua 
inhibitor was separated from other proteins by ultracentrifugation 
followed by subsequent gel filtration of the su;ieriiatant on a 
Sephadex G-59 column. Albrechtova (1968) in further \mrk on î otato 
leaf sap, and using LFAE cellulose columns, isolated an electro-
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plioretitally hoiütvgoneou» protein which was eluted at 0.15-0*3 î̂ aCl
concentration, and which inhibited FVX multiplication.

This review ©Iiows that inhibitora from vegetative paria of planta 
have been variously identified aa oxalates, tannins, lUA, proteins 
ana glycoproteins* Whether such cmipoimâé act ia preventing or 
diminiahiag virus multiplication in vivo ia not understood.

Inhibitors ia vivo may act by restricting virus infection either 
to the production of local lesion or by preventing virus multiplication 
completely. Inhibitors may well be important in restricting the spread 
of infection throughout the plant, for example preventing the entry of
viruses into reproductive structures. Such a phenomenon miay be
imjwrtant la limiting the transmission of viruses by seeds.

Little work has boon done oa virus inhibitors extracted froa 
seeds, although tlio problem as to why many highly infectious viruaes 
are not transmitted via seeds is still not entirely understood and 
may involve inhibitors*

I'ailure to transmit a virua via seeds may be duo to (a) failure 
of virus to enter seed tissue, (b) some form of Inactivation or 
inhibition of tlw virua after entering into the sood.

Bennett (l^üj) has reviewed the w r k  oa seed transmission of 
viruses m â  although there is evidence that a virus fail to enter 
seed tissues, the picture ia not altogether complete. Swio workers 
have shown that seeds and fruits contain compounds inhibitory to 
plant viruses (Table 2). Thus, dealing with these in alphabetical 
order of families, ia the fiMCAI^MACViht iiharma and Cholmn (197.3) 
rej>ortod the Inhibition of Cucumis virus I (vegetable marrow mosaic 
virus - \ W N )  by seed extract of Mauzlfera indica (ituigo). TJio 
percentage inhibition was 774.

nnVOFODIACFAB have been considered ia rather more detail*
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TADIZ 2
FRUITS AMD SLEDS TUSTLD FOR VIRUS INHIBITOR 

ACTIVITY

f̂ OmCT: OF miIBIT(8i 

FAMILY

A:aCARDLlCUAU
Maagifera itidica 

oudmOi^ODiACLe:
Beta vulgaris (beet)

B. vulgaris (beet)
B* vulgaris {sugar- 

beet)
CONPOSITAB

Lactuca eativa
CKUCIFERAB

Braseica mijua 
B» alba
Cheiraathua cheiri 
iZaphauus aativus

CUCUiaiTACLAE
Cucumifl aativa
C« sativa
Ecbinocyetus lobata

GRAMINmU
Oryza sativa 
0« aativa 
Triticum sativum

IICUMIXOSAE
Pba#eolus vulgaris 
F* vulgaris

Vicia faba

Cucumia virus I

m v
TXV
Beet mosaic
TAV

TZIV

TNV

TXV
T'NV
TXV

Cucumber mosaic
114V
TXV

TMV
T%V

Southern bean mosaic 
Bean virus 1

Bean virus 2 
TNV

Sbarma et al# (l973)

SzirîMal (1903)

Stevens (1970)

Stevens (l970)

Stevens (l9?0)

Sill et &1# (1951, 
1932)

Crowley (1933)

Alien et al# (1957) 
Kalia et al* (190O) 
Veicma et al# (1965)

Cbeo (1955) 
Crispin et al#

(1961) 
Stevea» (l970)

/Contd#####
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TABLE 2 (cootd.)
^Otjî»CF OF INITTBTTCn

r p n t t  ' -
LECmiMOSAE {coaid.)

Pba&eolUB vulgaris 
"The Prince"

F* ftureue
LÜGANIACFAE

Stryehnos nux-vosaica
HYÏiTACEAE

Syziglufii etxsiial
Callisteraon eiiriuus

PALHACEA8
Llaeie «pp.'

PAFAVIKACSA2
Fajwîtver orientale

SOLANACEAE
Mlcoiiana epp.
H. spp#

- N. spp*
N# glutinosa 
Lycoperaicoa 

esculentum

YII?U8

rivTNV

rvz

Cucumia vlraa I 
Cucwis virus I

r #

TKV

TMV
THV
THYTXV
T!4V

Stevens (l970)

Y e n m  et al, (i$70)

Shaivia et al.
(1973)

Lucariîie (l95l) 

Stevens (l970)

Daggar {19
Kiausclie 
Crowley 
Steveus (1970)
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Êairmai (1963) tested the inhibitory effect of beet "seed” pericarp 
on a number of vii-uses. It inhibited THV by TE-fV by 86*^$
and beet mosaic virus by The inhibitory effect was also found
when the duet of the pericarp, removed by mechanical treating of the 
beet clttstere, waa examined* The pericarp of the abraaed eeede were 
found also to contain inhibitor substance but In lower quantities.

Stevens (1970) studied the effect of seed extracts of Beta 
vulgaris L* (Beet), Beta vul.ggria var# Baj>a, Dumort (Sugar-beet) 
and Chenonodium amaranticolor Coste and Reyn, on the local lesion 
production by T}4V* Inhibition was most marked in the case of beet 
and sugar-beet seed extract, Wierea# C* gjaarsaticolor gave 6?^ 
inhibition.

Stevens (l970) also prepared an extract from seeds of Lactuca 
gativ^ (lettuce), a member of the COMPOSURE, and tested it against 
TNV. The extract yielded an activity quotient greater than one, 
suggesting enhancement of virus activity* loihancemeut or augmentation 
of virus activity has not previously been described for seed extracts 
although such a phenomenon has been observed when plant saps were 
mixed with virus suspension (Benda, 1956; Biaszczak, Frank lioss and 
Larson, 1939)*

With plants of the a m m m m . Stevens (l970) showed that 
extracts from the seeds of Brasslca nnmis L. caused complete inhibition 
of lesion fonmtion by TNV* However, seed extracts from B. alba 
Eabenh* and Cheiranthas eheiri gave inhibition. sativum L.
seed extract contained a moderate inhibitor which resulted in only 2D'4 
inhibition*

Sill (1951) and Sill and Walker (l952) found tiiat seeds from a 
member of the CUCT3PBI TA C K-'lE (Cucu?ais satĵ iva) contained a stable 
inhibitor effective against cucumber mosaic virus when Inoculated on
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cowpea oinensis Savi)* Similarly, Crowley (1955) suggested
the preseace of & vira» inhibitor ia eeeda of C. aatlva (cuetaaber) 
and fchinocvstaa lobgta (wild cucumber)*

THV inhibition by rice (Orv?-a gativg. a mmaber of the CPAHINFAE) 
vas studied by Allen and Kahn (1957). They extracted an inhibitor 
from rice kernels* In I960, Kaîm, Allen and Zaumeyer tested the 
effect of grain extracts from 12 rice varieties on the reaction of 
Pinto bean to infection by THV* All the varieties tested were sources 
of inhibitors* Verma and Verma (1965) reported the presence of an 
inhibitor in wheat (fritirun n ^ A i w m ) seed extract* Inhibition was 
concluded when wheat seed extract was added to T>1¥ inoculica and then 
assayed on .^icotimm zlutlnosa leaves*

Some studies have been made of possible inhibitors from seeds of 
the IJEGl^IIXOSAE* ■ The effect of extract from ?* vul^ris seed oa the 
infectivity of southern bean mosaic virus (SBMV) was investigated 

by Cbeo (1953)* He found that the virus to idiich the bean seed 
extract was added produced 93/4 fewer local lesions on Kentucky ïozuler 
bean leaves than did untreated virus of the same dilution* Extracts 
from mature or germinated seeds caused greater Inhibition than extracts 
frms Imature seeds* Cheo postulated that the inhibition was due to 
a virus inhibitor that was formed as seed matured. This explained 
why, in serological tests, the virus titer for 3 M N  from embxyo tissue 
decreased end seed tranaaismion of the disease fell from 80 to 2^ as 
the seeds approached maturity.

Tests were conducted for inhibitors to BYl (bean virus l) or 
BV2 (bean virus 2) in mature bean (Phascolus vulsaris) seeds (Crispin 
and Grogan, I96I)* Bean seeds from healthy plants were dissected to 
separate embryos from seed coats, and extracts from each were prepared. 
Thk extracts were mixed with BVl and BV2, and were then inoculated on
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leaves of Small White and Sattoa Fink varietiea* All inoculated 
planta became infected, whether or not the inoculii# contained the 
extracts, indicating that inhibitors of BVl or BV2 were not 
present. It seems unlikely, therefore, that the difference in eeed 
tranamissibility of tlie two vim»ea is due to inhibitors in the 
mature seeds, as vas reported earlier by Cheo (1955), Stevens (l9?0), 
tested riiaseo 1 ua volK&ria L, var, "'The Prince" and F, aureus. Roxb. on 
local lesion formation by TNV. These extracts yielded activity 
quotients greater tliaa one, suggesting enhancement of virus activity* 

Verma, UaycïmiuJhuri and khan (1970) studied the effect of 
medicinal plant extracts oa the infectivity of PVX. They reported 
that seed extracts of Strvchnos nux-voaica L« gave
30 to 33:4 inhibition.

An attempt was made by ihama and Chohaa (l973) to study tlie 
Wtibition of Cucumia virus I (luCiV) by seed extracts of various 
plaints* Seed extracts of Svzi^ium cw^inl ÙfïRTACtAE) showed coijaplet© 
inhibition of VltMV as indicated by the absence of any local lesion on 
leaves of Oienouodium nsrxranticor. however, extract from seeds of 
CalXigtgmoa cttrimis inhibited the infectivity of the virus by 63/4, 

Lttcardie (l95l) tested the effect of kernel extract from llaeis 
ep* (PALMACFAS) oa local lesion formation by TEJV, Inhibition of 
lesion nusaber was marked oa Njcotiana ^lutinoea plants*

Only one member of the has been studied for virus
inhibitors* Stevens (l970) found mi inhibitive principle ia seed 
extract of Famver orientale L. It gave inhibition Wien 
inoculated with fhY on Phaseolus vulgaris L, var* "The iriuce",

la an attempt to explain the lack of seed transmission of TW, 
iJuggar (l93û) suggested that tîi© virus was inactivated by some 
"spécifié protein or otlwr specific material" ia the seeds*
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Experimental"evidence ia eupi>ort of this theory was published by 
Kauacbe (l940) wUo shoved that the addition of aqueous extracts of 
tobacco (sot (AN ACFAF)see d to purified tobacco mosaic inoculum could 
reduce its iafectivlty by as much as }̂Ù';L Crowley (19j5) also 
demonstrated the presence of a virus inhibitor in the seeds of tobacco. 
The addition of tobacco seed extract to THV inoculum consistently 
resulted in a significant reduction in the number of lesions produced; 
but the extracts used by Crowley were four times as concentrated as 
those reported by Eausche to produce a similar effect. This is 
attributed to the fact that Kausche used a different variety of 
tobacco seed,

Stevens {l970), found that although seed extracts of Kicotiana 
glutinosa were not inhibitory to TW, seed extracts of tTcoi?ersicon 
esculentum Mill, gave 67T̂  inhibition.

Table 2 summarises the details given above for the 12 families 
of plants covering 23 species, where seeds have been investigated for 
anti-viral activity. Clearly, seeds do contain substances 
influencing the infection of plants by viruses. As pointed out 
earlier, euch influences might come about by effects either on virus 
uptake or on virus multiplication. Inhibition could, for exm*ple, 
come about through compounds that act on cell surfaces, eo interfering 
with virus uptake or in some way disrupt cell metabolism, so leading 
to lower yields of virus.

Legume seed extracts, for cxampio, are known to have a wide 
range of biological activity in both animals and plants, including 
effects on cell surfaces and on cell metabolism (Nuspits and 
Richter, I968),

The agglutination of blood by effects on erythrocyte® surfaces 
was one of the first biological activities described for legume seed
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extracts, and such extracts are commonly referred to as phyto- 
hemagglutinin or phytoagglutinins. However, as cell-agglutinating 
proteins also occur in organisms other than plants, the term 
"lectins" proposed by Boyd (l970),Gprear# to be more suitable. 
Prominent examples of lectins are concanavalin A (Con A) from 
jack beau, soybean agglutinin from Glycine max and phytohemagglutinin 
(HIA) from Phaseolus vulearis.

Some lectins are specific in their reaction with human blood 
groups (ABO) and have therefore been used in blood typing and in 
investigations of the chemical basis of blood group specificity 
(Bird, 1959; Boyd, 1970); Watkins and Morgan, 1952). This 
specificity is thought to arise as a result of the binding of 
lectins to particular carbohydrate moieties on the erythrocyte 
membrane. Further examination and purification of the crude lectins 
(pHA) from P. vulgaris has shown the presence of glycoproteins wiiich 
agglutinate lymphocytes. Agglutination is brought about by the 
attachment of the lectin to the lymphocyte surface (Hirschhorn, 
Kolodny, Hashem and Bach, 1965)* The interaction of lectins with 
cells can, in many instances, be inhibited specifically by simple 
sugars, polysaccharides and glycoprotein (Mekala, 1957; Goldstein, 
Hollerman and Smith I967). This inhibition is used to interpret 
the nature of the binding sites.

Activity of another type was first demonstrated by Nowell (1960) 
who showed that lectins are mitogenic in that they can stimulate the 
transformation of lymphocytes from small "resting" cells into large 
blast-like cells which may ultimately undergo mitotic division.
Cooper and Rubin (19&5) demonstrated that, within 30 minutes of the 
addition of PHA, for example, to lymjihocyte cultures, there was a 
rapid brealcdown of existing cellular ribonucleic acid (ENA) followed
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by the eyntWsie of increased aaiouats of new cellular EllA* This 
newly synthesized ENA v m  iliougîit to regulate the transitioa of 
the lymphocyte Ircœa a resting to aa active atate.

Few studies have been iraide of the effect of lectins on plants* 
Nagl (1972) reported that HIA stimulated germination and early 
seedling growth in P. coccincug. but not in ?. vulraris, the species 
from which the com%)ound is extracted* Magi also found that root 
growth in A1 Hum ce:m was enhanced by HIA during the firat 12 days 
of treatment, but only at temperatures below 20'̂ C* Bangorth (1965) 
used niA for the induction of fruit setting in & pollen-sterile 
mutaait of tô iaio* In 1972, Bangerth, Cots and Buchloh also found 
that HiA induced parthenocarpic fruit set in a taale sterile mutant 
of tmmto rnxd also in Bartlett pear. Although it is not clear how 
HIA is bringing about these effects ia plants, such results may 
reflect changes ia nucleic acid metabolism induced by the lectin*
The lectin from Kicinus conjrTuois has been ahown to have effect oa 
plant organelle surfaces since Uhlenbruck and Wduna (l972) found 
that riciu agglutinated chloroplaets and thylakoid fragments*

Lectins appear therefore to act in two ways; one through 
reactions involving combination with the mmbrones, and another by 
effects on metabolism, particularly M A  synthesis. It seems 
reasonable to suggest that if legume seed extracts influence the 
multiplications of plant viruses they might do so either by 
influencing virus uptalkO through a cell surface effeot, and/or 
through biochemical effects mediated through changes in the 
zynthesi# of MA.

LeciinB derived from legi«ae eeeda are known to influence 
animal virus activity (Nicolson, 1974) although, as far as is known, 
no studies of the effects of such lectins on plant viruses has been
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published* Few, if any, of the retwri» of virus inhibitor* from 
seed* contain iaforsmtloa regarding tiio identity of the cmmmxmds 
involved or the mode of action of «ueh eompounds*

In view of this paucity of information, legime eeed# have been 
selected for study as a possible sources of plant virus inhibitor# 
because
(a) they are large and likely to yield detectlble guaatitiea of 

inhibitor compoimds capable of identification and analysis;
(b) some information is already available sting that they

may influence virus infection;
(c) they are known, as outlined above, to contain compounds 

(lectins) with considerable biological activity*
The work described in this thesis is designed tos

(1) Ixîiîaiae a selection of legume seeds for inhibition activity 
«gainst plant viruses*

(2) Establish scmm details of the properties of the compounds 
responsible for inhibition, usinât selected examples#

(3) Study the nature of the inhibitor fractions with a view to 
establishing their chemical identity and possible 
relationship# with lectins.

(4) Gain some idea of the possible mod# of action of coii-ip-ound# 
from seed# ia bringing about effects oa virus infection of 
plants*
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1. Qf^Xmil OF A^CAY HANTS 
Ci re ©ïtl-ou se renditions

All test plants were grown la the greenhouse under natural 
light supplemented with illumination from mercury vapour lamps to 
give 13 light hours in every day. The temperature vas maintained 
between 20-25*C during the winter months; however, ia suetaaer it 
was difficult to keep the temperature at that range. H i ^  
temperature was counteracted by the use of a fan, and by watering 
the plants twice daily,
Growth o f  Phaseolu#  v i t lg a r is  L. v a r .  "The IV ince”

Seeds of F. vulgaria var. "The Prince" were sown in 12 cm 
plastic pots containing John Innes compost No.2 (JI2). Five 
plants were grown in each pot. Only obviously healthy plants of 
uniform appearance were used.
Growth of Kicctlana tabacum var. "Jvanthi”

Seeds of N. tabacum var."Xonthi" were Initially sown in 
"Jiffy pots" containing compost (JI2). After about three weeks 
individual healthy seedlings were transferred to 6 cm plastic 
pota containing JI2.
Growth of Comnhrena globos-a

Seeds of G, globosa were sown and grown as for N. tabtieura 
var, "Xaathi".

2. Hin^RATION AMD INFECTIVITY ASSAY OF H.ANT 
Tobacco Necrosis Virua

Deep frozen leaves of French bean infected with tobacco
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necroals virua (TlvV) straia ^ v c r e  uaed a s  th e  source of virus.
These leaves were grouwd usiag A peetle and mortar with a little 
acid washed aaud and 0,06 M phoaphate buffer pH 7 or water 
(1:1 w/v). The bulk of the leaf deferia and «and va» re:wved by 
squeezing the pulp through four layers of muslin. The extract was 
centrifuged at r.p.m. for 15 minutes, and the supernatant

' decanted and kept at room temperature overnight to précipitai© any 
proieiruiceoue virus inhibitor present in the leaf sap (Bavden,
1954). Finally, the solution tma cleared by spinning down at 

: 4,000 r.p.m. for 5 minute». Aliquots (19 kH) of the supernatant 
vere stored in glass vials at -25®C ia a deep-freezer. %<ben inoculum 
vas required, the contents of the vial wore thawd and diluted vitli 

I 0.06 H phofephate buffer 7 or wAer to obtain the concentration 
necessaiy to produce approximately 40-100 local lesions per leaf.
P. vul %ari? var. "Hie lYince" was used as the local-leeioa host
to quantitatively measure the activity of Tr^(D), Direct measure
ment va» made by local lesion counts. The irdierent variability 
among leaves way be reduced by pre-inoculation reraoval of the 
growing tip and ell leaves except those to be inoculated (Toudea 
and Beale, 1934).

For virus a»5^ay^comparisons, one of the prWiry leaves of 
12-13-daya old French beans was inoculated with teat eoiutioa and 
virus and the opposite leaf with control inoculum. The control 
inoculum va a a mixture of T W  in water or buffer ami distilled 
water. Carborunduaa was used as an abrasive and inoculation was 
made by dipping the forefinger in Inoculum and rubbing ©nee ever 
the leaf surface. Leaves were not rinsed after inoculation 
because, as Table 3 show», there was no difference between waslied 
and unwashed leaves- The plants were placed ia the greeidwmse



until local lésion» appeared four or five days later*

TABLE 5
lll'LCî OF kASIiING IRMC1Ï BIAS LEAVES AFTER INOCULATION

BY t m

Tource of 
seed extract

Mean number of lesions ■" Activity
quotient

TNV + water TNV seed extract

P. vuîiïaris 
(unwashed) 102 65.1 0.64

P. vulsaris 
(washed) 123 87.9 0.71

n. ni?tx 
(unwashed) 54.14 5.3b 0.09

G. max 
(washed) 53.47 5.6o 0.10

" Each figure représenta the mean number of lesions for
ten replications

The activity quotients were calculated for each treatment as 
described by Benda (1956),

Activity quotient, Number of lesions on control leavea
The relative percentage inhibition of the extract was

estimated according to the following calculations (Smookler, 1971):
Percentage inhibition;

number of lesions produced by inoculum containing 
^00 ^ inhibitor ^

number of lesions produced by control inoculum
The difference between control and teat treatment vas analysed

statistically using the "t" test*

Details of the statistical method, together with worked examples, 
are given in the Appendix*
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Tofogcco Mosülc Vini^
Tobacco mosaic virua (T>fV) was maintained la P. vnl^gris 

var, "Hie Prince", Three to four weeks after inoculation, 
ayatmieelly infected leaves showing marked symptoms were 
triturated in a mortar with 0,06 M %Aosphate buffer pH 7 (ill w/v). 
Hf/ was extracted and stored using the same procedures as for THV, 
Infectivity was assayed on the younger five expanded leaves of 
7-»9-.veeks old N. tabacwa var, "Xonthi" plants. The older leaves 
and the growing points were retaoved before inoculation.

A latin square design was «sapleyed to randomise treatments 
among half-leaves of test plants, (see Appendix)
Potato Vin.M X ' '

Potato virus X  (IVX) was %%repared from N. tabaouti var. 
"Eanthi", It was extracted and stored using the same procedure as 
for TNV. Infectivity of PVX was measured by the local lesion as&ey 
method on the youngest foxir fully expanded leaves of 0. alobopg L, 
plants, -

3. mi) 53TACT H^EPAiATIQH . ,

< :
Germination T es t

Seeds used In all experiments were estiemted for viability 
using a test baaed on that of Bennett and Looiala (l949). The
I . ■ . .test solution contained a 0,05^ 2,3»5 triphenyltétrazolium 

chloride. Ten seeds of each legume variety were soaliod in water 
overnight and were then cut carefully with a sharp razor blade 
through the embryo axis end transferred to the test solution for 
two hours at 39®C. Viable seeds showed a deep red stain by the 
2,3,3 triphenylteirazolitim chloride solution over the surface of 
the «ïubî o, Non-viable seeds remained unstained.



Preparation of Crude ^eed Extract»
Dry seeds of 18 varieties of legumes from local health stores 

were ground to a flour la a mechaaicol hoütogoaizer. Seed extract 
was prepared by mixing 1 g» seed flour with 10 ml distilled water* 
The mixture was allowed to stand at room temperature for 10 
minutes, after which it was centrifuged at 4,000 r.p.m* for 13 
minute»* The »u;>eraataat was decanted and used as test eolation.

Seed extracts of French bean (P. vulgaris var. "The Prince") 
and soybean foivcine max var. "Merr”) were examined in more detail. 
In order to achieve uniform samples, larger volumes of extracts 
were prepared from these seeds and wore lyophllized (freeze dried).

Table 4 shows that freeze drying of the crude seed extract 
of P. v\:tla:prig and 0. mgx has no effect oa their inhibitory activity.

TABLS 4
COZIPAHIEOH OF THIS LFFPCT3 GF CRUDE AND LY0IÏI1LIZED 81:3) DHRACT 

ON LOC.U, LESION PRODUCTIVITY BY TNV

Source of Mean number of lesions * Activity
seed extract TNV + U qO TNV + seed extract quotient

?, vtiLggris 
(crude) 67 47.4 0.70

P. vfJÎ!znri9 
(lyopiiilizod) ao.a 56.7 0.70

G, mgx 
(crude) 30.73 2.64 0.07

0. mgx 
(lyophllized) 63.8 4.5 0.07

* Each figure represents the mean number of lesions for 
ten replications

/Contd.*•.
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Prenorgtinn of lyonhilizcd feed Extract
Dry #e*d# of P. vnliraria and G. max were each ground to & 

flour using a mechimical hoTOgenizer* 20 gsi of m m l  flour were 
mixed vith 200 ml distilled water «uicl stirred by magnetic stirrer 
for 30 minutes, The mixture vas then squeezed through four layers 
of muslin, aud the cell debris discarded. The extract was 
centrifuged at 4,000 r.p.m. for 13 minutes, and the »ni>eraatant 
lyophllized overnight, Hie yield of lyophllized material was 
weighed and the quantity required to medte up a concentration 
identical to that of fresh seed extract was calculated, The 
extracts were stored at 4^C in screw-topped glass bottles.

4 , rSTIK^TItM OF WmfJH

The metliod of Lowry, Imsebrough, Farr and Ihtndall (l93l) was 
used to determine the protein concentration. Hie samples were 
read at 6 W  mp ia a spectrophotometer. A  calibration curve was 
obtained using Bovine serum albumin (Si#m Chmical Company, 
Ü.S.A.).

5 , ESTIMATION OF CAhBOjm.gHTB

The method of Dubois, Gilles, Hamilton, Bobers and Smith 
(1936) was used. Carbohydrate concentration was read at 490 
by reference to a standard curve prepared using glucose,

6 , DISC ILrCTRpmORESIS

Polyacrylamide gel electrophoresis has proved to be an 
excellent tool for the separation of proteins and glycoproteins 
from both plant and animal sources.

Polyacrylamide gel electrophoresis was performed according
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to tîio method of Oraateim and Davit (1964) utilizing trit-glyciao 
buffer pli 8.3 and an acryXamide concentration of 7i# The smpleë 
were carefully layered on to the tope of acrylamide gelt made ia 
siliconized glass tubes. A trace of bromophenol blue dye vas 
added as a marker. A constant current of 5 ma vas applied for 
each tube until the sample had completely entered the upper part 
of the gel. The current vns then reduced to 2 ma, Folloviag the 
run the gel* vere removed fro# the siliconized glass tubes by 
rimming and pulling vith the aid of stainless steel needles.
Gels were then Lmersed in the appropriate staining eolation.

Proteins were stained by immersing the gel for at least four 
hours in 1-4 Goomaseie Brilliant Blue Xi in 12,54 trichloroacetic 
acid. This vas followed by destaining ia 10,4 trichloroacetic 
acid*

Protein-bound carbohydrates were located vith Periodic Acid- 
Echiff (X’AS) reagent. Gels were first oxidized by immersion for 
an hoar in 1/ periodic acid dissolved in 3/ acetic acid and were 
then thoroughly leached with water for one hour. Upon subsequent 
immersion in Schlff** reagent, sharp red bands developed within 
an hour, indicating the position of glycoproteins. Finished gels 
were stored in I'i sodium metobisulfite (Zacharius, Zell, Morrison 
and Voodlock, 19&9)* % e  relative mobility of protein and glyco
protein bands were expressed where appropriate as Ef values vhlch 
were determined from the position of each band with reference to 
the broKtophenol blue m&rker.

Detail# of special techniques,for example hemagglutination 
assay, tiypsia-iiihibiting activity assay, and crude agglutinin 
extraction methods, are given in their appropriate section.
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T!T?tT OF v/-riorv- ('h' n nAT-fT- Or< rn: rp
my-R^H.Ur vn/:,'̂ rr:< b y TTY

Initial experiments were undertaken in which fresh seed extract# 
Iro.ii lb varieties of leguiae were iavertig&teh for virua inhibitor 
activity. In theae experiments 1 ml of extract, prepared as described 
earlier, was mixed with an equal volume of ÎNV solution and. inoculated 
onto F. vu'lÊ ’rrlv, Control loaves wore inoculated vith 1 of water 
fiiid an equal volwüe of TKV solution.

The effect of fresh seed extracts on ÏXV ere presented in terms 
of local lesion number#, activity quotient, and percentage inhibition 
in Table# 5* b and 7* The seeds are listed according to their 
effectivenesa ia inhibiting f.W infection.

The result# sdiov that the iuîilbitcry activity of leguate seeds 
appeared to fall into two categories:
(i) Seed extracts in which the percentage inhibition i® between

75-95
(ii) Seed extracts in which the percentage inhibition is between

0—to, rhgceclus vulmri « var. "Tiio l>ince” coed extract
varied ia inhibition between 0-70d,

The effect of beat on the inhibitory activity of each of the 
«eed extracts vas also studied, lach seed extract v̂ is heated on & 
vater bath at 100®C for 10 minute@ end cooled xo rootj temperature 
before testing* One ml of heated seed extract was mixed with equal 
volimie of TivV solution wid inoculated onto r. vul.'zcris leaves.
Control consisted of 1 ml of water oiul an equal tanoimt of TTîV 
solution.

The results are reported in Tables o, 9 and 10 in tenus of local
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îessiou umbers, activity quotient, ami percentage inhibition,. The 
results egain fall into two rain groups:
(i) Those for extracts ia which percentage inhibition is decreased

by heating. Thia group includes most aoed extract# tested, 
them Glycine i-nx var. "Herr" (soybean),

(ii) Those seed extracts iu which the percentage inhibition ig
increased by heating. This ^oup includes rhaspolns vulf:aris 
(French becjj), ?. linencis (Butter beau), P. cerrineua (ihinner 
befitt), and P. ŷ.ris (Haricot bean).

/II the seed extrtvcts tegted were iiJiibitory ai;;alnsft TNY; however, 
because of limited time a detailed etudy vas mtào only ©a two seed 
extracts, F. vrlgprtyt var. "The I'rince" and Q, #rx var. "Kerr".

F, v̂ il-yprig var. "The iY*iace" eeed extract «bowed slight 
Inhibition which can be increased oa beating, and in contrast F. max 
seed extract showed strong inhibitory activity which 1® reduced on 
beating. These difference* may be duo to different activities of 
inhibitor compounds, or F. vf?1 fftey contain in addition
augmenter# which counteract the effects of inhibitors (S'tevena, 1970).

Both of these legume# ore else known to contain lectins with 
cell surface activity, and there is a possibility tlmt they might act 
oa plant cell surfaces, so influencing the initial events la the 
uptake and multiplication of viruses. The section# of this theeis 
that follow, describe attempt# to identify the properties, cheaieai 
nature and, to some extent, the mode of action of inhibitors from 
these tvo legume species.
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ï'mpïmirs OF viHiis im isib itoh  h:ep.ik'?-d rnoM

GLYCINE M.AX AND m O M ilS

Studied were made of the effects of dilutloa, pH, dialysie, heat,
alcohol precipitatioii aud attaaoaium sulphate preclpitatiou to establish 
aome idea of the propertied of the inhibitor cosi|>ouud8 ia seeda of 
P. villa art a aad G. mt'.x extract a with a view to the eveutual 
ideutificatiou of the active amenta aad their mode of actioa* For 
couveaieace the résulta for each seed specie* is described and 
di&cuaaed ia two separate sectious, A aad B*

SECTION A
PPOPi'ETIES'OF VIEU-? DIEIMIfOR FXTIUCfS P^rPAEEi) FKOM GLYCIME MAX V M U

"HIER" EREDE
(a) Effect of dilution

G. max v»r. ’’Herr” (soybean, yellow testa) seed extract was
diluted with distilled water ia 10-fold dilution series.

Results in Table 11 show that inhibition end-point was about 
10"’̂ . This leads to the conclusion that #. seed extracts act 
as inhibitors and not by inactivation of the virus. Therefore, 
experiments were undertaken in order to gain more information about 
the properties of 0. mnx virus inhibitor.
(b) Effect of pi!

Seed extracts, it might be argued, may influence local lesion 
number by changing the p̂ i of the inoculum; similarly, the effect of 
seed extracts, in bringing about inhibition, might be j>iî sensitive.

In order to exmxlne the possible effects of pli, 0.4 gram samples 
of lyophilized G. max seed extract were dissolved in 10 ml of



TABLE 11
Mfect of varioüB illlutlona of G. mmx ooed extract# on 
iLo auôiceptibility of F« viîlîtarla to infection by THV

Dilution Mean number of lesions ^ Activity
Quotient

Percentage
Inhibition

THV «► water THV + seed

10-1 79.6 36.90 0,46 54

10-2 92.9 5Ü.4 0.63 37

10-3 Ü0.6 49.9 0.62 .

10-t 80.0 54.5 o.&a 32

10-5 59.0 6a.0 1.02 - 2

* Lach figure represent# the mean number of lesion# for
ten replications



5 ?

Sorensons phoê iliate buffer at pH# 5*4, 6.0, 7.0 and 8.0 and inoculated 
together with TNV onto French bean leaves. Controls consisted of 1 ml 
of TNV solutions and 1 ml of corresponding phosphate buffer.

Results in Table 12 show that lesion numbers increased with 
increase in pli in the control experiments, although there was little 
change between pH 7.0 and B.O. %hen G. max seed extract was mixed 
with phosphate buffer pE $.4, lesion numbers were reduced by 37/'̂  At 
higher pE values greater inhibition was obtained, although there was 
only a lOf’ difference between pii 6.0 (7lO nnd pU 8.0 {3li).

In previous experiments where 93^ inhibition had been obtained, 
distilled water at pH 5«5 was used without any buffer. Hie final 
concentration of tiie mixture was measured as pli 5.6. The use of 
phosphate buffer at about the same \M has a marked effect since the 
percentage inhibition has been reduced to 37. This may be due to the 
so-called phosphate effect (Y&rwood, 1952) in which phosphate increases 
the response of plants to viruses.

The effect of pH was studied further using Mcllvaines buffer 
vhicb, although containing phosphate, extended the pH range. Sodium 
acid maleate buffer which eliminated any possible phosphate effect 
was also tested.

Results ia Table 13 show that the Mcllv&ines buffer ia the control 
had no effect on the number of lesions. However, the number of lesions 
were decreased ia the presence of G« max seed extract to a greater 
extent than with Sorensons phosphate buffer, giving a higher percentage 
inhibition.

Results la Table 14 show that sodium acid maleate buffer over the 
pH range 5.2 to 6.8 had little effect in both control and treated 
leaves oa the number of lesions produced. The percentage inhibition 
(92 - 94) was again similar to that found in the absence of buffer.



ÎABLB 12
Effect of SoreaaoBa phosphate buffer on the 
iohibitory activity of G. max seed extract

Kean number of lesions *
Activity
Quotient

Percentage
Inhibitionpa TXV + buffer THV + buffered, 

seed extract

5.% 37.6 23.5 0.63 37

6.0 50.4 14.6 0.29 71

7.0 60,8 12.9 0.21 79

8.0 61.8 11.9 0.19 81

* Each figure represent* the mean number of lesioaa for
tea replications
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TABlh 13

Effect of HcXXvaineo buffer oa the inhibitory 
activity of G> max aeed extract

ph
Mean nutaber of leaioaa * Activity

^uotieat
Percentage
InhibitionI'NV ♦ buffer m r  + buffered 

eeed extract

3.0 46.5 2.1 0.05 93

4.0 42.9 7.5 0,17 63

3.0 43.3 3.6 0.08 92

6.0 47.9 2.8 0.06 94

7.0 43.5 3.2 0.07 93

8.0 45.5 3.7 0.08 92

* Each figure repreaeatm the mmber of leeio&a for 
tea replieatloBd



14

éo

Effect of ®oîiiiîa acid maleate buffer oa the inhibitory 
activity erf G. fn,n.x seod extract

Mean number of lesion* * Activity Percentagei4 TKV buffer TNV + buffered 
oeod extract

tnotlent Inhibition

3.6 80.7 5.0 0.07 93

3.8 Ü2.5 6.0 0.07 93

6.0 85.0 5.7 0.07 93

6.y B5.5 ■ 6.5 0.08 92

Each figure represents the mean number of lesions for

tea replication*



él

These results substantiated the idea that buffers containing phosphate 
increase in some vay the number of local lesions produced by viruses.

These experiments show that there is little advantage in using 
buffered solution» particularly as the usual phosphate buffers tended

fto minimise the inhibitory activity of seed extracts. Although tîiere 
appears to be some advantage in preparing purified virus using buffer 
solution» the subsequent preparation of inoculum was performed without 
the use of buffers.
(c) Effect of dialysis

In order to gain some information regarding the types and sizes 
of molecules involved in inhibition, seed extracts of G. max were 
dialysed against water. In preliminary experiments 10 ml samples 
were dialysed against running water, and the dialysate (non-dislysable 
part) gave sia;Hked inhibition (9^^) similar to that of whole seed 
extracts (Table 13). In subsequent experiments both the dialysate 
and the dialysable part (hP) were examined for effects against virus 
to determine whether there mi^t be any «mil m>lecular weight 
compound lost from the seed extracts by dialysis. In order to 
achieve this, dialysis ia 100 ml volumes of water were undertaken at 
romm tenq^eraturo# The volume of the DP was reduced to 10 ml by 
rotary evaporation at 40*C» .

The effectiveness of both the DP and the dialysate of the seed 
extracts were examined against TN"V. Eesults in Table 15 show that 
the inhibitory components of the extracts were retained in the 
"vising tubing” since it gave an activity quotient of 0.06, suggesting 
that the inhibitors are large molecular weight compounds unable to 
pass through the tube memhrane. The dialysable part of the seed 
extract was not inhibitory and it showed a slight augmentation.

It was found from the protein determination (Table l6) that the
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Protein and carbohydrate contents et the dialysable 
and the nna-dialy%ble part of Glycine mr.% seed extract

^ 3

Source of extract mg proteiEk/isl mg carbohydrate/ml

uon-dialysable pĝ rt 50 3.5

dialysable part 2 20.0

whole seed extract 75 25.5



dialysate of the seed extract contained 50 mg/ml protein, wbereaa 
the dialysable part (dp) contained only 2 mg/ml. On the other hand, 
using the Dubois carbohydrate test, the DP was found to contain a 
considerable amount of carbohydrates, mg/ml, compared to 3.5 mg 
of carbohydrate in the dialysate* ■ ■

Ihrther analyses of the fractions were made in order to establish 
whether any of the carbohydrates odght be bound to protein in the form 
of glycoprotein* Polyacrylamide electrophoresis was carried out, as
described earlier, on the DP, dialysate and, for comparative purposes,

1 .

on the whole seed extract* Electrophoresis of whole seed extracts 
produced nine fairly discrete protein bands and three broad bends 
staining with PAS reagent* The dialysate gave an almost identical 
pattern of bands* From these staining patterns (Fig* 1} it can be 
concluded that at least some of the proteinaceous material in the 
dialyshte fraction is glycoprotein* In repeated experiments it 
proved impossible to narrow the glycoprotein bands so as to know more 
precisely to which of the protein bonds each corresponded*

the DF did not stain in the electrophoresis experiment altliough 
it gave positive protein and carbohydrate tests as indicated earlier. 
The compounds in the DP, staining for protein, might be amino acids 
since the Lowry et al* method of protein determiiiatiou is known to 
give positive reaction with some amino acids* Therefore, an attempt 
was made to determine the constituents of the DP since it consists 
presumably of small molecules capable of passing through the dialysis 
tubing* The presence of amino acids and small carbohydrate molecules 
was tested using paper cbrcaaatography.

Amino acids were separated using a solvent composed of butanol- 
acetic acid-water (&;li5 v/v)* The amino acids were identified by 
comparison with known com%x>unds after dipping the papers in O.l l*



Fig. 1. Disc electrophoresis of the proteins and 
glycoproteins from G. max seed extracts

Wliole seed extract

proteins 

Non-dialysable part

proteins

'

f. :

. . .

glycoproteins

glycoproteins

Dialysable part

No bands detected of either proteins or glycoproteins

  Position of marker )

Shading indicates intensity of band staining)
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solution of aiahydrin ia acetone, drying and heating in an oven at 
100®C for five minutes. Keeulta sliowed that the DP of G. max seed 
extract contained amino acids identified aa aspartic acid, glutaiaic 
acid, alanine, tyrosine and leucine.

Carbohydrates were separated by paper chromatography using a 
solvent of ethyl acetate-acetic acid-formic acid-watcr (l8:3:l:4 v/v). 
Com|)ound3 were located by dipping the chrwaa to grams in a solution 
consisting of 5 ml analiae, 6 g diplienylamine in 100 ml acetic acid, 
100 ml acetone and 100 ml phosphoric acid (B5 ). The papers were 
air-dried and then heated in an oven at 95*C for ten minutes. 
Carbohytlrates were identified by comparison with known standards.
The extracts were foimd to contain sucrose and galactose with trace 
amounts of glucose and melibiose.

The presence in the DP of these sugars might explain the slight 
augmentative effects of the DP since sucrose has been reported to 
enhance virus activity (aongsvick and Santilli, 1970). On the other 
hand, amino acids have been reported to inhibit lesion production by 
TT£V (Lai, Verma and Verma, 1973).

These dialysis experiments suggest that the inhibitory fraction 
from G. Rax seeds is largely proteinaceous in nature* This result 
is substantiated by results described previously in which it has been 
shown that et least part of the inhibitory activity of the seed 
extract is thenoolabile? thus, heating extracts for ten minutes at 
100®C reduced Inhibition from 93/̂  of control down to 60/* (Table 9).

Bearing in mind reports that plant (ribonucleic acid) may 
act a; virus inhibitors (Sela et al., 19̂ >6; Kiasaias, I969) the seed 
extracts wore examined for nucleic acids by ultraviolet ©|>ectrO'- 
pliotometry. Following clarification by centrifugation and by using a 
Unicam SP 800 recording spectrophotometer, maximum absorptions were



a

obtained at 275 and 231 mp correspoading to proteins aad glyco
proteins (̂ iaith, 1970), Tbe«« results confirm the absence of the 
nucleic acide in the extracts and give further gupport to the idea 
that proteins are responsible for the inhibitor activity of the 

seed extract*.  ̂_ .  _
To test further whether the Inhibitor from 0, p.uxx seed extract i 

vas proteinaceous ia nature, the effectsof alcohol and aæmoaium 
sulphate precipitates on the inhibitory activity were studied. ^
Experiment oa alcohol precipitate will be described first.

M   L,:.-. .

Absolute alcohol vas mixed with 10 ml C*« seed extract, to 
give a final concentration of 6 0 ) The precipitate formed vas 
removed by centrifugation at 4,000 r.p.m. (3,000 g) for 13 minutes, 
and vas dissolved in 10 ml distilled water. Alcohol was removed 
from tlia supernatant fluid by rotary evaporation at 40 *C and the 
volww reduced to 10 ml. One ml of the dissolved precipitate or the 
supernatant fraction was mixed witl» an equal volume of THV and 
inoculated onto P. ynilmrim leaves. Control inoculum consisted of 
TiW and water.

I W  results in Table 17 *diow that the alcohol precipitate is 
inhibitory to virus infection reducing infection by 33/* although 
this inhibition is not as high as the 93̂  ̂found with whole seed 
extracts. ïli© sapemataxti was also inhibitory, but tlie percentage 
inhibition (3b ) was less than that of the precipitated fraction. 
Those results support the contention that some of the inhibitory 
activity of 0. max seed extracts resides ia com%)ounds probably 
proteinaceous in nature#
(e) Effect of amRoniun eulnlmte

In further experiments to test the idea timt proteins are
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TABLE 17
Effect of alcohol on the Inhibitory activity 

of G. ïïîf'X seed extract

Extract
He an nimbei of lesions * Activity Percentage
TNV + water THV + extract Quotient lihiibi tioa

supernatant 59.7 33.4 0.64 56

precipitate 51.6 24,0 0.47 53

* Each figure represent* the mean number of lesion# 
for tea replications ,
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responsible for virus inhibition, extract* of G. max seeds were 
precipitated with SO^, Tea gram* of G. m&x aoed flour were
dissolved in 100 ml distilled water. The mixture wa# stirred at 
room temperature for >1 minute* and then centrifuged for 15 minute* 
at 4,000 r.p.m. (3,000 g) to remove insoluble matter. The supernatant 
was decanted from the residue and brought to saturation with solid 
(smonims sulphate added slowly with stirring. After standing for 15 
minutes at room temperature the precipitate was removed by 
centrifugation at 3,000 g for 15 minutes and the supernatant retained. 
The pelleted precipitate was dissolved in 100 mi distilled water.
Using the same procedure, the supernatant fluids were in turn brou^t 
to 20, >3# 40, 50, end saturation with solid ammonium sul%Aate.
The reauspendod precipitate* and the supernatant were each dialysed 
against three change* of one liter distilled water with stirring at 
10®C for W  hour* to remove ammonium sulphate* The various dialysate* 
and the final supernatant were then assayed for inhibitory activity 
against TNV, and for protein concentration.

Result* in Table Id show that precipitates 4, 5 and b obtained 
at 40, 50 €uad ammonium sulphate saturation respectively, showed 
marked Wiibitory activity against TNV infection, whereas precipitate* 
1, 2 end 3 were less effective. The protein precipitated giving most

'I '
inhibitory activity ($4/) was obtained at 40[v saturation. It also 
contained the maximum protein concentration (6 mg/ml). Precipitate 3 
(yy)^ saturation mmosxivm suljdiste) showed no inhibition, although it 
contained more protein (1*95 mg/ml) than precipitate 5 wiiich gave 
iWiibition. The protein-free supernatant showed no significant effect 
on local lesion production.

Polyacrylamide electrophoresis experiments were carried out oa 
the ammonium sulphate fraction* with a view to establishing whether
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the iaJiibitor consisted of more than one protein fraction and to see 
if, like lectins, a glycoprotein might be found. The results shown 
in Figs. 2 and 3 «bov that precipitate 4, the most active in terms 
of virus inhibition, can be resolved Into nine distinct proteins.
These bands have been numbered 1 to 9* Protein band 1 consisted of 
material at the surface of the gel, whilst band 9 consisted of the 
most mobile material having moved over half-way down the gel. Bands 
2, 3 onû 4 each stained with PAS reagent, showing that they contained
glycoprotein. Precipitate 5? which also shovwd inhibitor activity

;

contained two weak protein bands and only one glycoprotein band. 
Precipitate 6 with inhibitor activity similar to that of precipitate 5*’ " Î
contained three bands of protein and two glycoprotein banda.

Precipitates 2 and 3 which were not very effective inhibitors, 
contained a variety of proteins and gave only weak glycoprotein 
staining. These glycoproteins appear, from their position in the 
gels, to be quite distinct from those found in the inhibitory fractions.
Both the 10/ sample and the supernatant which had no inhibitory

' Iactivity, were free of proteins and glycoproteins.

DISCUSSION

As pointed out in the introduction, little work, if any, has been 
done on the properties of virus inhibitors extracted from seeds 
(otevens, 1970; Crowley, 1935» Verma and Verma, 1965). Hone of 
them tested G. max seed extract against virus infection* However, 
some work on G. max leaf extract has been described by Simons,
Svidler and Moss (l9&3)# The leaf extract was inhibitory as it 
gave 33/ inhibition when tested against TMV infection.

In this investigation G. mnx seed extract was tested against TNV 
infection, and it showed 89-93/ inhibition. The percentage inhibition
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vas decreased on dilution, slioviag that the seed extract coatained aa 
inhibitor and not an inactivator (Bawdea, 1934)*

pH seeiaed to have little influence on this inhibitory activity. 
This agrees with ti*e results found by ïoshizaki and Hnrayoma (1966) 
viio found that the ifdiibitory agent contained ia Cbfnorvdi%?m album 
vas stable in acid solutions between 3*0 end pU 10.0, giving 
consistent degrees of inhibition over this pli range. Similar 
conclusions were reported by Gupta and haychnudhuri (l97l) who sdiowod 
that the inhibitory property of Acacia arebice^ leaf extract vas not 
affected over the pH range of 4.0 - 10.0.

The inhibitory principle of G. seed extract was partially 
heatlabile when it vas boiled for ten minutes. Similar results were 
obtained by Blaezczak et ai. (l959) Wien they tested the inhibitory 
activity of heated Juices of Cay>«i fnite*cey?« end Chcnerodiven , 
m a refxticolor. Franchi (1964) also found that boiling partially 
destroyed the inhibition produced by Kieotigon rlutiro?a leaf extracts, 
Cn the other band, some Juices retain their inhibitory activity after 
boiling such as T*elerEo»i>an fertonm (Blaszczak et al. (l939)# and 
ST>inacis oler&cea (Hunts and Walker, 1947)* Other plant Juices such 
as Cheuo po c! iiua ml bum lose their inhibitory activity when boiled 
(^atookler, 1971}* inch loss of activity is generally interpreted as 
indicating the proteinaceous nature of the compounds involved.

Dialysis had no effect oa the inhibitors present in G. fmx seed 
extract, indicating that they consist of high molecular weight 
compounds. This agreed with results of Crowley (l935) from 
experiments on cucumber and tobacco eeed extracts. However, it 
contrasts with the results found by Verma and Verma (1965) who 
reported the presence of a dialysable inhibitor in wheat seed 
extracts* the dialysable part of G. max seed extract was si&own to
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coutaiii mL&ll muleciilar au;̂ ara smd m l n Q  &eid coza^uimda
UÜ pointed out earlier» to eiAance and inhibit respectively the 
infection of planta by vimeea. The enhancement of local lesion 
production vixen the dialysable part of the extract vas mixed vith 
tliVf might veil result from the effects of sugars in the extracts* 
Detailed investigations of the effects of the dialysable fractions 
vere not umlertakcn since this investigation was limited mainly to 
studies of virus inhibitors. Such inhibitor activity was found in 
the nonr-dialysable jjurt of the extract, and particular attention vaa 
therefore paid to this fraction.

The inhibitory principle of the m e d  extract was precipitated 
by alcohol and with ammonium suliAate, concentrations
known to precipitate protein. Other workers have used precipitation 
techniques to assess the proteinaceous nature of virus inhibitors.
50;̂  ammonium sulphate concentration was found to precipitate a protein 
inhibitor fraction from juices of Chenorodi'm albtw (Yoshisaki and 
liurayama, 19^6) and Nicotiana n o (?alm, iiih?). Furthermore,
50*;4 ethanol was found by Eraookler (l9?l) to precipitate the Inhibitors 
extracted from leaves of Ch ere no r! 1 nnarant i c o 1 or. C. alburn. Atri^lex 
nlteng. Amrrmxthus caudatus. however, HclCeen (l95b) found that 
ethanol vas needed to precipitate a virus inhibitor from the juice of 
Ca i cim fruteeeena »

hx&mination of the ultraviolet absorption characteristics of the 
extracts confirmed that cwajwunda such as lu-hl were not the inhibitor. 
In those studies vixere iti'V has been implicated as an inhibitor, 5>ela 
and Applebams {li)d2) and himmins (i‘>^9) worked on juices extracted 
from virus-infected plants with a view to testing iammxity in areas 
of systemic-induced resistance.

rreliminary examinations of the whole seed extract, the non-
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dialyaable pari and the mmoaiim aulphate precipitates by gel 
electrophoresis suggest that the iuhibitory activity la due to a 
complex of proteins, some of which appear to be glycoproteins. 
Glycoproteins have been found to be responsible for the iniiibitory 
activity of extracts from Phytolaccft esculenta (kassaai* and 
kXoczkovski, Such glycoproteins were heat labile and
precipitated by alcohol and were found to contain 8-12 t carbohydi'ate. 
In more recent studies, Gupta (l9GT) has confirmed the virus Inhibitor 
activity of glycoproteins, using P. aclnoRa.

Therefore, at this stage, evidence from a number of experiments,
r
Using a variety of techniques. Indicate tiiat the G. max inhibitor is 
proieinaceoua in nature. Evidence from gel electrophoresis studies 
suggest that the inhibitor fractions contain glycoprotein. Studies, 
described in later sections, were undertaken to elucidate further 
details of the inhibitor frwa these seeds.

ShCTIO% D . .  ̂ .. . .
ji>oh:3:tiks of vipu< imhibitor OTTt'CTS rdon

MUSFOLUS VULGARIS VAH. PRINCE" SF!?DS
Studies were made of the effects of dilution, pH, dialysis, 

heat, alcohol precipitation and wmconium sul^diate precipitation on 
P. vul.yaria seed extract. The properties of the virus inhibitor 
were investigated in the same way as that of G. seed extract, 
therefore only the results will be described in this section. *
(a) Fffect of dilution

P. vul:-»:aris var. "The Prince" (French bean) seed extract was 
diluted with distilled water in 10-fold dilutions. ‘

hesults in Table 19 show that there was no significant 
difference in the number of lesions between the control and the



TABLE 19
IXJtect o f various d ilu tio n s of P.

weed extract oa the sa sc e p tib ility  of 
P« vol Arts to iu fection  by TNV

Dilution Mean mmiber of lesions * Activity Percentage
Inhibition

T'^ + %»ater Tîr/ + seed extract
Quotient

Neat 85.36 91.0 1.07 •* 7

10-1 72.2 77.3 1.07 •  7

10"  ̂. 103.8 96 .7 0.93 7

10-3 9I.Û 87.1 0.96 4

10-4 87,8 83.6 0.93 5

10-3 103.2 72.0 0,7) 30

10-4 86.0 90,0 1.05 - 5

 ̂ Each f i^ ir e  représenta the mean manber o f lesion» for  

ieu  rep lication»

Full s ta t is t ic a l  treatment for th is  table ia  ^ivea ia  the appendix.
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weaker concentration of weed extract» up to dilution, as 10“*̂
dilution g,avu 30: ' inhibition.

The results might be interpreted as eiiowiug that the extract 
may contain more than one active component influencing virua 
multiplication. Ia dilutions up to 10~'̂  the effects of inhibitors 
are balanced or marked by effects of other compound®. Further 
dilation of the extracts results in the inhibitor becoming more 
obvious in its effect, because those com|>ound8 responsible for 
masking Imve been diluted below their effective concentration.
Whether such masking compounds are augmentcre as described previously 

(ytevens, 1970) ia not clear.
(b) Effect of vH

When P» vtilr.A.riH seed extract was dissolved in Sorensons phosphate 
buffer at pU 5.4, 6.0, 7.0 and 6.0, there was an increase in lesion 
numbers on the control leaves over the pll range 6,0 to 8.0 (Table 20), 
However, plî 5.4 reduced the lesion number from a mean value of 35.8 
per leaf compared to 58.9 at pH 8,0. On seed extract treated leaves, 
the number of lesions did not change at xdl 6,0, 7.0 or 8.0, giving 
activity Quotients between 0.91 and 0,98, At p?i 5.4 the activity 
C[UOtieat was greater than one (â .Q, « 1.35) suggesting enhancement 
of virus activity. Ihia enlianceaent is probably due to the phosphate 
effect previously described for G. rax seed extract.

No appreciable change was noticed in the activity quotients when 
P, vul^^rls seed extracts were dissolved in Mcllvaines buffer at 
pH 3.0, 5.0; 6.0, 7.0 and 8,0, The inhibitory activity was completely 
lost at pH 4,0, giving activity quotient of 1.04 (Table 21),

Sodium acid maleate buffer also had no effect on the activity 
quotient over the pJi range 5.2 to 6.8 (Table 22).

These results are similar to those recorded for G, max seed
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TjUaji cj
Effect of Sorciiteons phosphate buffer on the 

iuhibitory activity of P. vtilgaris seed extract

pH
j Mean number of lesions * Activity Percentage
I HJV ^ buffer 1 
! 1

Th”/ + buffered 
seed extract

*. no tient Inhibition

5.4 j 35.8 j 48.5 1.35 - 35

6.0 i 59.1 11
57.8 0.98 2

1 7.0 j 62.9 j 59.3 0,94 6

I 8.0 58.9 53.6 0.91 
4------------ 1

* Lach figure represents the mean mmher of lesions for

ten replications



TABLE 21

g o

Effect of Hellvaines buffer on the inhibitory 
activity of F. v^dsaris seed extract

pai Mecoi mmher of lesions * Activity
Quotient

Percentage
Inhibition' " ■ ' .r T, 1 1 II ,1 ' r

rrv + buffer j rar + buffered 
seed extract

3.0 46.3 40.0 0.86 j 14

4,0 47.5 49,2 1.04 1 — 4

5.0 48.6 43.3 0.89 j 11

6.0 1 47.9 40.8 j 0 ,85  j 15

7.0 43.3 41.0 0 ,85 1 15 
....... — ... — 1'-""......... T .... . ...... i

) 8,0
f

4<3.0 41,2 0.64 16
T T

* Lach figure représenta the mean number of lesions for 
ten replications

Full statistical treatment for this table is given in the appendix.
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extracts ia showing that pH has little effect ou inhibitor activity*
(c) Effect of disTvsis

Table 23 shows that dialysis of whole P. ic.il;:rcri » seed extracts
against rwmiag water had no significaat effect on the ability of
the extracts to influence local lesion production by TNV* 14irthermore,
when the dialysis was performed against 100 ml of distilled water,
the dialysate gave an A,Q. of The dialyeoble %mrt (tp) was not
inhibitory, giving an A*Q. of 1.13* :

Disc electrophoresis experiments (Fig. 4) showed tliat whole
P. vulr*ris seed extract was similar to the dialyaate consisting of
seven protein bands and five banda of glycoprotein. The DP did not
give any staining in the electrophoresis experiment, althougli it did
give positive protein (l.5 mig/ml) and carbohydrate (l2.75 mg/ml) testa
(Table 24). DP was then studied in another method, using paper 

: . :  ̂ : 
chromatography, for the identification of the proteins and the
carbohydrates, lesuits were similar to those found for the DP of
G, Kv\x seed extract. The carbohydrates %%r@ sucrose, galactose ontl
traces of glucose and mellibiose. Amino acids included aspartic acid,
glutamic acid, alanine, tyrosine and leucine. .
(d) Effect of brat - '

AltlmugU the unheated P. v^lrnrjg seed extract gave an activity 
quotient (A.Q.) of 1.D2, boating the eeed extract reduced the A.Q. to 
0 .54 (Table 9)* Therefore, heat revealed the presence of on inhibitor 
which is stable to boiling at 100®C for ten minutes. In contrast, it 
seems that the ctmpounds maokiug inhibitor activity are heat labile.

This experiment lends 8U|q>ort to the idea forwai‘ded earlier as 
a result of dilution experiments that F* extracts
contain to&üpounds tending to the effects of iuhibitora.
Lxperiments described later support this idea further. Tim nature
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Fig. 4. Disc electrophoresis of the proteins and
glycoproteins from P. vulgaris seed extracts

Whole seed extract

proteins glycoproteins

Non-dialysable part

proteins glycoproteins

Dialysable part

No hands detected of either proteins or glycoproteins

Position of marker ' )

Shading indicates intensity of hand staining)



TABLE 24

Protein and carbohydrate contents o f the dialyaable 
and nouh-dialyeable part of r . vulgaris seed extract -

j Fource of extract j proteia/ml j mg carbühytîrate/sil ;

nun-dialysable part | 62#>0 | 3«75

dialysable pia-t j 1.50 j 12.75
 i ' " ’ ' ' I ' ' " ' " ... '

whole eeed extract j 65*50 » 17*00} !

TABLE 25

Effect of alcohol on the in iiibitory a c t iv ity  o f  
P. v u lg fr is  aeed extract

■ tract i Lean uUiauer of lesions * Activity \ Percentage I
r—      ........ . Quotient t Inhibition |I I ÏNV water I INV ♦ extract ! I |

I ' ! : 1  “  *" T "  ' r ~  ' !
, supernatant i 75*9 « 53*9 \ 0*71 , 29 |I- - - 1- - - ;- - - i- - ;- - - 1
I precipitate j . «>.0 | 112.6 j 1.23 | - 33 , i

*  Ihch figure represents the mean number of leaiona for ten 
replication.!



of the inhibitor will also bo studied lator: however, the probability
tlmt the inhibitor or the milking ctmpound in P. vulgar la seed 
extract belongs to nucleic acids can be eliminated at this stage. 
Ultraviolet absorption of the extract was recor ded and the taairiiaiim 
absorptions were obtained at 279 mp and 230 wp corresponding to 
protein and glycoprotein*

. \  -  ‘
(e) Effect of alcohol ;

The precipitate produced \dien ?. valircria seed extract was treated 
vith 80'> alcohol gave an activity quotient of 1*33« Statistical 
comparison of the number of lesions produced by TNV ia the presence 
and absence of the precipitate material shows significant differences 
(P » 0.02), suggesting the presence of augmentera in the extract. The 
alcohol-free sux>ematant was inhibitory and it gave 2%o inhibition 

(Table 25). !
(f) Effect of eiTg'ionluya sulphate

Using the same procedure as for G. max. it was found tliat 
precipitates 2*, 3*» 4*, 5* and 6* obtained at 2(Ev, 401, 508
and 60 4 ammonium sulphate saturation respectively, inhibited 
(Table 26). The 10,4 (l*) precipitate and the supernatant had no 
significant effect on lesion production. The inhibitory precipitates 
were prepared in such a way that their concentration was equivalent 
to that found in the untreated seed extracts. Thus, precipitate 4* 
produced at 40t8 (HH^)2 SO^ saturation contained only 0.5 mg protein 
per ml but gave 33/4 inhibition, whereas precipitate 6*, vhich gave a 
similar degree of inhibition (39/)* contained 6.75 mg of protein 
(Table 26).

Disc electrophoresis experiments (Figs. 5 *md 6) showed that 
precipitate 2* contained four proteins with one intense band moving 
midway down the gel. Four, glycoprotein bands were detected.
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Precipitate 3* consisted of six protein bands vith two intense bands
\

moved behind the marker dye* Three distinctive bands and one faint 
band of glycoprotein were detected. Precipitate 4* contained four 
fairly discrete bands of protein and three bands of glycoprotein. 
Precipitate 5* contained five obvious bands of protein and two sharp 
bands of glycoprotein as well as one diffuse area of glycoprotein. 
Precipitate 6* contained five distinct bands of protein, the most 
mobile having moved only half-way through the gel (Ef 0.65), Seven 
bands of glycoprotein were also detected. No protein or glycoprotein 
bands were noticed in the unhibitory supernatant; however, two weak 
protein bands and one glycoprotein band were stained in precipitate 1'.

DISCUSFION
A number of workers have tested juices extracted fremi the aerial 

parts of r. vulipris for effects against plant viruses. Thus, using 
aerial parts of P. vulznrls. Cheo (l955) found such extracted juices 
inhibitory against Southern bean mosaic virus, and Blaszcxak et &1. 
(1959) described the inhibition of PVX by similar extracts. In 1969 
Singh showed timt P. vul^ffrls juice inhibited watermelon mosaic virus. 
P. VTÜ.tteTi» juice was also inhibitory %dien it was inoculated together 
with TMV onto test plants (Kart, 1972; Taniguclii, 1974),

There ai>pears to be general agreetteut that juices from the aerial 
parts of P. vtilrari a are inhibitory to plant viruses# The situation 
regarding the effects of seed extracts from these plants is more 
confused. Cheo (l955), for example, reported that extracts from 
P. wltrarig seeds produced 95î̂- inhibition when tested against Southern 
bean mosaic virus. However, Crispin and Grogan (1961) showed that 
similar seed extracts had no effect on bean mosaic virus 1 and yellow 
bean mosaic virus. More recently, Stevens (1970) examined the effect



91

of P« seed extracts and found them to enhance the local
lesion production by lECV, giving activity quotients greater than one. 
The different results obtained by Stevena, Cheo, Crispin and Grogan 
might be due to the different viruses uaed in testing the seed 
extracts.

The results described in this investigation showed that the 
undiluted P. v'Tlf?%ris seed extract gave an activity quotient of 1.02; 
however, when it was dilated by 10’*5 the extract baîiaved as an 
inhibitor giving 30^ inhibition.

The active fractions of r. vul?nri? seed extract remained in the 
visking tubing after dialysis which suggests that they are high 
molecular weight compounds. The dialysable part shoved no significant 
effect on local lesion production.

then P. vuleari» seed extract was treated with alcohol, the 
presence of two active fractions was revealed. One of the fractions 
was an augmenter precipitated by alcohol, while the other fraction was 
an inhibitor Wiich remained in the 8u;>emataat.

P« vulgaris seed extract inhibitor was not nucleic acid as shown 
by examination of tiie ultraviolet absorption s£>ectra. Thus the 
inhibitor appears to be different fr<xa that described by Kifmiins (1969) 
end induced in P. vijil a by inoculation with 1"NV.

The inhibitory agents on the other hand, were precipitated at 
20-6f)̂ i aoxionitmi sulphate saturation, concentrations known to precipitate 
proteinaceous virus inhibitors (Yoi^izald and Muraymoa, 1966).

One interesting feature of inhibition by these seed extracts is 
their insensitivity to pH. Phosphate buffer at pH 6.0, 7.0 and d#0 
had no effect on Inldbition by P. vul̂ r̂rrlg seed extracts, hhen the 
seed extract was dissolved in phosphate buffer pE 5*4, however, it 
gave enhancement. Using buffers free of phos|jhate, this enhancement
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epj>ceT» to be Uue to the i/bosiiuite effect (Yarwood, 1552). The 

insensitivity of inhibitors to reported ia this work, is similar 
to that described by Sio^ and Gupta (l970) vho fouiui that the 
inhibitor from iava berk was not affected over the range
of ph 4.0 - 10.5.

The presence of inhibitors and compounds viiich maslc in some way 
their activity was noticed %dien the seed extracts were heated at 100*C 
for ten minutes* The heated seed extracts gave 4i/p inhibition, 
although the mdieated seed extract was not liihibitory. Therefore, it 
can be concluded that, in the unheated ?. vnlrrrls seed extract, some 
compounds neutralise or mask the effects of inhibitors. However, on 
heating, such masking compounds are destroyed or inactivated ia some 
way. These observations sUiXgest that the masking cc^poiunU are heat 
labile %diile tlie inhibitor ia heat stable. Hart (1572) found however, 
that the iniiibitory effect of P. leaf sap was destroyed by
heating at 59*C for tea minutes. This re&ult suggests that tl.e 
inhibitor extracted from aerial parts is different in ccKa|>o«ition to 
tliat of seeds. Further evidence for the preaeace of masking cou;>cu2Ki8 

coa be deduced from those experiments where extracts vert? dilated, 
irogresaive dilution of seed extracts produced saaples vith powerful 
inhibitory properties suggesting that the ccsi^uads masking the effect 
of inhibitors ore more susceptible to dilution than the inhibitors.

Few, if any, reports of compounds masking the effects of virus 
inhibitors from plants have been described prevleusly. Coispoucds 
caiiaacing or sugyientirg virus multiplicetica have been reported by a 
niTiber of workers. Thus, Bl&szcz&k et al. (l559) suggested the 
preeeoce of augmenter* ia the diluted Juices of 1 cet iane /fb ,

J rcco’̂rri-rrn , CvcT-'i « and CfrrT*hrena
rlrSnyg, In addition, Sijmma et al. described augseaters ia
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leaf juice* of Klein in, l\3Tdmrbia echlM jerl. Aloe sp#,
Al^m cer>a. Ca^teria ep., Eevorthi a chal 1 vinia and P h n y â m  tennx. 
Steveaa (l970) found that unheated seed extracts from P. vulcari?. 
Vicia fnbg. P» aurnu» enhanced local lesion production by T*«V* 

JLnhaneetaent might come about by effectson the virus, on the 
host plant, or by neutralising the effects of virus inhibitors. This 
latter suggestion is supx>orted in |>art by the obcervations of Benda 
(1956) who found that New Zealand spinach leaf extracts contained two 
active fractions, a virus inhibitor and an augmenter#

In the experiments described in this thesis the high activity 
quotient values quoted by Stevens (l970) vere not observed. At the 
same time some experiments lend support to the idea that certain 
cora|»ound3 in seed extracts ezmance virus multiplication. It is not 
clear, however, whether they act in this way in vivo and are 
responsible for neutralising or masking the effects of the inhibitors. 

In view of the doubtful nature of augmentera from P. vulfrr-rig. 
attention was concentrated on the inhibitor fractions, evidence, 
accumulated from exjieriments described in this section, etq̂ port 
strongly the idea that inhibition resides in proteinaceous material. 
This is further supported by dime electropiioresis of whole seed 
extracts, dialysate and mmaonium sulphate fractions. He suits shoved 
that each sample analysed contained more than one protein and also 
glycoproteins. An attempt was made, therefore, to purify the 
inhibitor so as to ascertain which protein or glycoprotein is 
responsible for the inhibitory activity. These experiments are 
described in a separate section.



CiRPTEE V 
NATUUK OF THE VILUS H'HlIBlTOltS

Following the étudié» of the properties of G. max and P. vulgaris 

seed extracts which have shown that virus inhibitor fractious frcna 
thoee seed* consist of a com%)lex of proteins and glycoproteins, more 
experiments were undertaken to analyse these inhibitor extracts* Gel 
filtration and ion exchange chromatograpdiy procedures were used to 
identify more precisely which parte of the seed extracts contained 
inhibitory agents and consequently to gain information regarding 
their molecular wei^ts and other properties. For the sake of 
simplicity, G. max and P. vulgaris results will be described in 
separate sections, Â and B respectively*

FACTION A
HATPPP OF TTIE VIFUF INIIIBITOrS lyiAACTED T i m  CT,YCD^ MAX B l J m  
Much work has been done on G. max seed extracts* Interest has 

been concentrated on growth depression factors in soybean meal fed to 
animals (Stead, Nuelenaere, and Quicke, 190b) and also in the trypsin 
inhibiting property of the seed proteins* Considerable attention has 
also been paid to G. max hemagglutination activity* Little work has 
been published ahowiug the effects of these extracts on viruses*

Heiasl and Bocker (I883) were the first to publish investigations 
on the isolation and fractionation of soybean proteins* In 1898 thia 
work was continued by Osborne and Campbell who used salt extraction 
and precipitation methods to separate and identify four different 
proteins from soybeans* Recent investigationsof soybean*, using more 
refined techniques, have shown the seeds to contain a large number of 
different proteins with a variety of biochemical activities* Some of
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these proteins have been characterised in detail; for example. Vu 
and Scheraga (l562) isolated a proteinaceous trypsin inhibitor from 
soybean extract and described it as having a molecular weight of 
21,000. The glycoprotein responsible for the heaagglutinating 
activity in soybean seed extracts was first isolated in purified 
form and characterized by Liener and his co-workers (1952, 1958).
This glycoprotein was named as soybean agglutinin (SBA) (Lis, Sola, 
Sacha and Sharon, 1970), and is reported to have a molecular weight 
of 110,000, This latter glycoprotein is of some interest since it 
can be shown to influence animal viruses. Recently, Poste, Alexander, 
Reeve and Hewlett (197%) found tliat S M  inhibited virus release from 
primary chick embiyo cells and baby hamster kidney cells >diich were 
infected by Newcastle disease virus (!©V). This activity, like that 
of other hemagglutinins presimmbly operates by effects on membrane 
surfaces, so perhaps influencing the attachment of viruses.

Bearing ia mind these rc;>srt* of soybean seed extract activity 
it seems clear that various protein fractions may promote widely 
different functions. It seems likely, ia view of the experiments 
described earlier, that plant virus inhibition may be a farther 
property of soybean seed proteins. In order to discover the nature 
of the plant virus inhibitors in G. mnx seed extracts, gel filtration 
experiments vere performed, so giving a more detailed idea not only 
of the constituents of the extract, but also of the molecular weights 
of the inhibitors. In further experiments, ion exchange chromatography 
of the extracts %fere allowed even further analysis and this was 
followed by experiments designed to test the fractions for trypsin 
inhibition and also for hcmagglutinating activity. Each fraction 
was tested for its inhibitoxy activity against In this way the
plant virus inhibitors could be ccBspared with protein fractions of
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kilovn blolcgic&l activity from soybean seed extracts*

1. GîL FILTT^ATION Of GLYCBTK MAX SEED
(a) Colm-'n chro^ntorranhv of G. riey seed extract on Fenhadex G-1G0

The gepbadex G-lOO gel filtration medium vas prepared and packed 
into a glass colwm according to method of Andrews (1964, 1965)#
The Sepliadex G-ÎOO %rea swollen by boiling for four boors ia distilled 
water* The water and the small particles of the gel vere removed by 
décantation and the gel was then mixed vith 0.03 M phosphate buffer 
1̂ 1 7* After two hours the buffer was decanted and the gel suspension 
was deaerated under reduced pressure* The gel suspension was packed 
into a glass column 1*3 z 40 cm by pouring a small emount of the gel 
into the column idiich was already filled with phosphate buffer pH 7# 
Excess liquid was allowed to pass through the growing gel-bed and the 
gel was poured into the column until a bed-height of 35-40 cm had 
been reached* Phosphate buffer pü 7 was allowed to pass through the 
column at a flow rate of 12 ml per hour for two days at 10*C* A 
peristaltic pieap was used to maintain a constant flow rate* The 
buffer reservoir, the inlet outlet tubes to the column were 
arranged to produce a 3^ cm operating pressure*

The column vaa checked for irregularities by passing through it 
a one ml mixture of blue deztran, yellow dextran and Vitamin B^g* 
bhea not in use, the column was continously eluted with phosphate

pH 7.
Lyophilised G. max seed extract (0*0b gm) was dissolved in 2 ml 

of 0.03 M phosphate buffer 7# This solution was then layered on 
the column and 1 ml fractions were collected using a fraction collector,

For the purpose of determining the elution volumes, effluent 
fractions were collected immediately as the sample had entered the
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column. Ultraviolet absorption measurement* vere made at 280 nip.
Elution profile* of the seed extract (Fig. ,7) shoved the presence 

of three peaks vith elution volumes (Vc) of 17 ml (peal: l), 35 ml 
(peak Xl), and 55 ml (peak III). Effluent fractions from each peak 
vere assayed for inhibitoiy activity against ITJV.
(b) Effect of FeTfh.i'icT G-IGO coTrion fr^etion^ 0 . yeed

extract on local lesion bv TNV

One ml from each of poaîvs X, II and II was mixed vith TNV and 
tested for inhibitory activity on French bean leaves. Control saraples 
consisted of one ml of TïiV plus one ml of phosphate buffer pH 7# 
Results in Table 27 show that peaks I and XI had marked inhibitory 
activity giving 55# and 52!̂  inhibition of TNV respectively. Peak III, 
however, was not inhibitory and it gave an activity quotient (A.Q.) 
of 1.21, but with no significant difference between mean mmibers of 
lesions ia controls and treated samples.

Each peak was examined initially for protein, carbobytirate and 
then exoaiiricd (mire precisely by disc electrophoresis.
(c) Protein and cnrb<'hr'̂ l.r?.te egti^ati^n for the Cr-tOO

fractions frnn G. extract

Peak I consisted of high concentrations of protein (2.03 mg/ml) 
and relatively Gaaall waounts of carbohydrate (0.04 mg/ai). Peak IX 
contained lower protein (o,29 mg/ml) and carbohydrate (O.Ol mg/ml) 
concentrations. Peak III showed the highest carbohydrate 
concentration (2.83 mg/ml)J however, it contained only 1.18 mg/ml 
of protein (Table 28).
(d) Disc electron!iore3is of tb? G-ino fr^ctionn from

G. max 9:!ed extract 
0.2 ml of each of pealis I, II and III were layered on top gels 

pre^mred as described previously. Fig. 8 shows that [>eak I contained
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VMLL £7

I'flect oi Si^phadex G-iüO eoXiüaa fractioaa from C. #nx 
fieed extract on local lesion production by ÎKV

Peak „ Mean timber of lesions ♦ Activity
Quotient

Percentage
Inhibition

Tiar + PO. buffer 
■ ; 1*17

!D!V 4" Peak

!101.8 145.8 0.43 : 55

II ' 100.0 1 ‘ i43.3 1 0.43 ! 521 • :

III i 1 1 102.3 : 124.0 »1.21 ! , - 21 1

* L&ch figure represents the mean number of lesions for 
tea replications

TABLE 23
Protein and carbohydrate cstir^atioa for tlie 

Sephadex G-lOO fractions from G* max seed extract

Peak 1 mg protein/ml j mg carbohydrate/ml I

■ : - - i
I

- 2.03 j 0*0% ■ 1

»  ;,1:
I0.29 ’

... - _ . r ___ . f

t
0.01 : ;' '■ :■ ' 1

III I
J

1,13 i 2.85 !
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Fig. 8 Disc electrophoresis of the Sephadex G-lOO 
fractions from G. max seed extracts

Peak I

Protein

toiraj-iiBWi

Glycoprotein

Peak II

Protein Glycoprotein

position of marker

Shading indicates intensity of hand staining



four bauds of protoius aud throe bauds of glycoproteins. Bauds in 
peak I vere located at the upper half of the gel with hf Ü.b4, vherea» 
the protein oud the glycoprotein bauds of peak II were located in the 
middle and the lower part of the gel with llf*s of between 0,46 and 
U,7d, Peak III did not give any protein or glycoprotein staining on 
the gels, although it was previously shown to give positive protein 
and carbohydrate reactions in the Lowry and Dubois test respectively.
The explanation for this becomes clear in later experiments,
(e) Holecular veirbt determination of Senh&ùex 6-100 fractions from 

G. mix seed extract 
It has been shown by Whitaker (l9v3) and Andrews (l9u4, 1965) that

ta correlation exists between elution volume on Sephadex G—100 and the 
molecular weight of globular protein. It was decided therefore to 
plot the Ve/Vo ratios of a nimber of pure globular proteins against 
their logaritbmio molecular weight in order to calibrate the G«100 
colmm and determine the molecular viwi^hts of the peaks material 
present in G. inrix seed extract.

The following proteins were used as standards: bovine serum
albumin (>ÏW « 67#000), horse heart cytochrome C (>f.V » 12,400), 
peroxidase (ii¥ » 40,000) and Y globulin a 100,000), Bach protein 
was dissolved in 2 ml of phosphate buffer 7 and layered on the 
G-lOO column. The stmidard proteins were run and eluted as previously. 
Details of the elution volumes of the standard proteins are given in 

Table 29. '
The Ve/Vo readings were plotted against their logarithmic molecular 

weight (rig, 9)t and they were found to fit directly on a straight 

line.
The plotting of Ve/Vo ratios for the three peaks obtained from 

0, iTiax seed extract shows that the molecular weights of the inhibitors
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roiiLged betweem 158,500 (%)eak I) aaU 17*780 (p«ai£ IX)* XII vbich
va» laoi ItiUikiiory, had a molecular weight of about 1,583 (Table 30)*

TABLE 30

Kolecular weight detenaiuatioa of Sephadex 0-100 
fraction® from C, seed extract

Peak I Molecular weight j
    ■  l i »  ■ ■ ■ ! . ■ ■  ■ ■ ■ . I »  m i  w i l l *  H I i « M i  I I  ■  ■ I I I  4

: t
I ; 153,500 j
II j 17,730 I
III 1,533 I

* I» previous eectiona it haa been shoim that the effecta of heat, 
dialysis and alcohol indicate that G. extract* consist of complex 
material# end that the inhibitor is proteinaceous in nature. In 
experiment# where extract# were heated for exaraple, the inhibitory 
activity wtta reduced but not eliminated. Similarly, dialysis of seed 
extract# showed that the inhibitor was non-ciialysable.

In order to find out how the»© various treatment© effected the 
extracts, treated easaples were analysed by passing 2 ml of each 
through the G-lOO column*
(f ) Se^hndpx 0-100 col urn chropf*to.;i;ray'>hy of G. extracts

following various treatments
(i) Geated seed extract
Although boiling partially reduced the inhibitory activity of
tîi© extract, three peak# were obtained which are similar to the 

! unlieated seed extract (Fig. 10).
(ii) Dialysel seed extracts
The dialysate and the dialysable part of G. max seed extracts
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were yaaaed tkrougU Sepluidex G-100. The dialys&te which had 
previously beeu shown to retain all the iidiibiiory activity of 
the extractI consisted of peaks I and XX» both of which shoved 
inhibition of TNV# (Fig* 11)* The dialysable part, which was 
not inhibitory, contained only peak III* (Fig* 12)* The 
Sepiiadex column experiments showed that peaks I and 11 contain 
comjK>und« with molecular weights about 13d,^ 0  and 17*7dO* In 
Chapter IV' it has been shown that the dialysable part of G* max 
seed extracts did not stain in the electrophoresis experiments, 
and paper chromatography showed it to contain small molecular 
weight carbohydrates as well as amino acids* It seems likely 
therefore, that peak III consists of a number of small molecular 
weight compounds, noue of which can be detected by gel electro
phoresis* Furthermore, these co4M].>ounds have little, if any, 
inhibitory effect on TKY*
(iii) .Alcohol treated extracts .
Alcohol treatment of the seed extract precipitated most of peak I, 
all peak II and part of peak III* (Fig* 13)* The supernatant 
consisted partly of peak I and most of peak III* (Fig* 14)*
This result supports the idea that in these seeds the inhibitors 
are protL'inaceous and found in peaks I and II, whilst the material 
in peak III is non-protoinaceous*
The evidence produced by using Sephadex columns has ^phasiEcd 

the proteinaceoua nature of the Inhibitor. It se<^s that inhibition 
is centred on materials with molecular weights in the region of 
15d,5dO (pealt I) and 17*7oQ (peak II). however, to establish more 
precisely the identity of the fractions responsible for inhibition 
more refined techniques of protein separation are required. For this 
purpose the seed extracts were further analysed, using ion exchange



lo'T'

-poau
M0)
o0)CQgs
ci?
«HO
-PgA
OiH
(0>>
la•H"Tj4o
o
«HOI
0-p
1

bJ]•HP4

Oirv

3
M

OOJ

O

oooo(N O om oaso

g
ü
0rH«H3

a0><w,a
%
,3I
3m
'd3
440
0)«H•H«M1 g•H
0

I
OSwm01
•HIIO
kO

-p-p
'd

(ilm 0 8 S ) uoTSSTrasn^jj;



M
MM

O

oVO

Om

o

o

g
do0rH
«H«HM

001

O)
bD
•HIh

001 o  otn ^ o  oIT\ VO or- o00 ocr, oo- -H

(Tim 083) noTSSTrasu^JX



o3

to
bD•H

O

MMM
Om

M
M

Oto

od
M

OOOOinoo

>

"§
s

rH
«H

u

sa
m
â
g

•HI
§

0
«
r-4

«M

1
g•H
?
"3
I
09»09I

•H

5

CJ•H
03Q)■P-P
•§

(lira 08S) uoTSsxinsneJiL



110

tH
bfi•H

MMM

Om

Ô

001

H

O

OOO\o O oomo 3O

rH
>

IrH4-1
M

(rim 08 S ) n oT SSiin siiü jj;



chromato^r&phy cellulose (Cii-ü2) aû<i dlotliylamiuoetbyl
collulûüe {ujù\1^j2)*

2 .  7?n- A::\LY.'IS or  ci.YcrT; K\x r:/r;i:cTj lY  ic;; cujxtlose
I

The r&u^e of Vhatoau advoaced loa exchange cellulose baa been 
developed opocifically for the efficient eo^aratioa of coaipounùe each 
aa proteina, enzymes mid nucleic acida. A nw^er of cellulosic ion

1 . t
exchangers are nov available; however, the cation exchaogor 
carhoxymetliyl celluloao Cr-52 and the anion exchanger diethylaaino-

I -ethyl cclluloae l>I-̂ £-52 are the moat widely used ion exchangers, 
(leterson and Sober, 1*̂ 02).
(a) Colrrei fd »hy OÎ-C9 cellulose

Colutm chroEUitogra;d*y of C. ri»-T seed extract vas performed by 
using Qi-52 cellulose (Ueher, Nordnan and Graahoch, 196?). A 
suspension of Ot->2 cellulose vas prepared according to the 
manufacturers* instructions (Vliatman). The gel suspension va# 
packed into a glass column 1.5 x 40 cm* The column vas tlica connected 
to a flaak of O.OG K KH2 P0 }̂ buffer 4.5» and the buffer vas allowed 
to pass through the colam at a constant flow rate of CO ad per hour 

in the cold rooa.
Two lul of seed extract were applied to the column and elution 

was achieved by the stepwise addition of the following buffers:

(a) O.OC K idl 4.5
(b) 0.&6 M pll C,J
(c) O.wC M hh PU^ pC a.o

Konitoring of absorption at 2C2 mg revealed four pc&hs labelled 
A, B, C and D. (Fig. 15). Peak A was eluted at p2 4.5, peak B at 
pd 6.0, pcnh# C and D at pJÎ B.C. The fractions were dialyaed for 
two day# against distilled water in the cold rona and they were then
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teated for inîilbltory activity against Î’ÏÎV,
(l) frncti"%q frcn 0. p-hx cyfrn/-1 on

locr l legion  Icn bv

Eeaiilts in Toble 31 ahow that peaJc A was not inîûbitoryj however, 
peak* B, C and 1) were inhibitory to local lesion production, 
giving 30 '̂"'', and 199̂  inhibition respectively.
After testing each of the three peaks against TbTl'', the samples were 
analysed for protein end also cxaiolned by disc electrophoresis.
(ii) Protein e?tl^>otica of CM-?? fractions fro% C. tr̂ x ?ecd

extract
The proteinaceona nottare of the four peaks A, B, C and D was 
confirmed by the Lowry method. Peak 2) contained the highest 
protein concentration (0.25 mg/ml). Peak B, which was the most 
inhibitory, contained the lowest protein concentration (0.02 
mg/ml). Peak A contained nearly the same protein concentration 
(0.025 ïag/al) as peak B, but shoved no inhibitory activity.
Peak C, which gave l6^ inhibition, contained 0.05 mg/ml protein. 

(Table 32).
Disc electrophoreaia experiment* were performed for each of the 
four peaks to gain some idea about the protein end glycoprotein 
components of each.
(iii) Pi go electro yhoreglm of the Of-^2 fr*ctlnn% fr^i 0 .  tacx

extract
Peak A consisted of two band# of protein and one band of glyco
protein, all with Df greater than 0,5* Peak B consisted of four 
bands of protein end two bands of glycoprotein. Peak C consisted 
of three bands of protein end one band of glycoprotein. Peak D 
consisted of five banda of protein end three banda of glycoprotein. 

(Figs. l6 end 17)#
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TABLE 31

Effect of Oi-52 fractions of G» max seed extract on 
local lesion production by TIN

1I Peak
1 ;

Mean number of lesions * i1Activity j Percentage 
Quotient | InhibitionTNV + water | TNV + Peak

1 / :
49.9 t 43.9

I
0.98 2

33.9 27.3 1 0.70 30

c 1
f

I
46.2 1 33.9 Î 0.S4

i 1
16 1

V 41.1 33.4 0.81 19

^ E&ch figure represents tlie mean niraber of lésions for 
tea replications

TABLE 32
Protein estimation of CM-52 fractions from 

G. seed extract

I Peak j mg proiein/ml

0.025

D 0.023

0.050

D 0.253
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Therefore It can b« concluded at thie atage that Sepimdex G-lOO 

proved useful iu separating the tioa-proieia material from the seed 
extracts. During the use of CH-52 cellulose, dialysis will have 
removed this type of non-pro te imiceous material so that CH-52 has 
shown that the remaining fractious contain proteins with varying 
ability to inhibit viruses. The gel electrophoresis studies ol these 
fractions suggest however, that C>*-52 does not separate all protein.
To aualyee the extracts more intensively, further analysis vas under
taken, Using the method of Stead et al. (1966), with subsequent 
analysis on DEAD-52 cellalose.
(b) Column chrojnntor,ra?>hv uginz PRUJ-92 cellulose

Stead et al. isolated the protein from soybean seed extract at 
isl 4.2 and with SJi ammonium sulphate. Such extracts he termed

(soybean). Experiments described in this section have been 
produced in the same way and the same nomenclature is used.

(i) Preparation of Ext^*^ (Soybean)

400 gts of raw bean meal were suspended in 4 liters of water. The 
pil was adjusted to 4.2 with 5 H liCl. After thoroughly mixing for 
two hours it was allowed to settle overnight. Insoluble matter 
was removed by centrifugation at 275 g for 20 minutes. The 
BUj,)ernatant fraction was adjusted to 6.S with 5 N NaOIi. Solid 
ammonium sulphate was added to the supernatant fraction to give 
a final saturation of 95/W the pU being checked and adjusted to 
6.8 througliottt the addition. Hie suspension was stored at 2®C 
overnight, and then centrifuged at l,Ui>0 g for 20 minutes. The 
precipitate was redissolved in a minimal volume of distilled 
water and dialyaed against distilled water for 12 hours. The 
dialysed solution was chilled to 2*C, cold acetone was added to 
a final concentration of and the precipitate was allowed to
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aggiregate with Intermittent stirring. The white precipitate was 
removed hy centrifugation and vaished twice with an efpml volume 
of cold etlier. the washed tiaterial was dried and ground to a 
powier. Fractions prepared in this maiuier are referred to am 

(Soybean) (steal et al.» I966),
One gram hxt^"^ (Soybean) vaa homogenized In 30 ml of 0.01 H 
idiosphate buffer pH 7.6 and dialyoed overnight against an 
identical buffer at 2®C. Insoluble matter was removed by 
centrifugation and the supernatant fraction was diluted with' 
distilled water by 10-fold dilutions and then tested against TNV. 
he suits la  Table 33 eIîow tîiat Ixt^^ (‘k>ybean) i s  ialxibltcry 
against TMV, giving Inhibition. Dilution seemed to reduce 
the percentage inhibition, and this substantiates tlte previous 
suggestion that soybean seed extract contains plant virus 
inhibitors and not inactivators. (Soybean) was then
fractionated on DEAI5-52 cellulose in order to identify which 
proteins are Involved in the plant virui? Wiibition.
(ii) Column chrotaaiograpliy of (Soybean) on DFAH-32

cello?
hhatisan dicthylaiuinoothyl cellulose (DJ^II-^S) anion exchanger 
was washed before u@in{; the method of Peterson and Sober (19^2). 
Tlie washed adsorbent was suspended in two volumes of potassium 
X>hos;dmte buffer (O.Ol M, pJI 7-6) and the suspension was poured 
into a 2 X 60 aa glass column and allowed to settle. At the 
completion of packing, one liter of buffer wns forced through the 
column at a flow rate of 36 ml per hour. The adsorbent warn 
subsequently left to equillbriato overniglit, tuid a further 3^0 ml 
of buffer was run through the column before use*
Cao gram Ext^^^ (Sojdiean) was homogenized in 3d ml of 0.01 H
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TiffiLE 33
Effect of various dilutions of Ext^^^ (soybean) on 

local lesion production by TNV

Dilution Mean number of lesions * Activity
Quotient

Percentage
Inhibition

TNV + water TNV + extract

Neat 29.4 8.8 0,30 70

67.7 41.5 0.61 39

10-2 49.0 35.3 0.72 28

* Each figure represents the mean number of tenions for
ten replications



j-'hospliiite buffer iii 7*6 and dialygevi overnight cq^ainst cia 
identical buffer at 2%. Insoluble tmttor was removed by 
centrifugation cud the auperftataiit fraction was applied to the 
coluiun. ilution was accornedished by a stepwise technique 
similar to that described by loàckis, hasciiae, /awierfiou and fiaitli 
(1959) using sis different NaCl conceatratious (Fig* io) ia 
O.Cl H phosphate buffer pii 7.6. The small deviations from 
pll 7 .6 whicii resulted from the inoculum of Natl into the buffer 
system, were corrected by addition of 5 N Nadh* The final 
elutant consisted of unbuffered 2 K NaCl ia order to remove all 
residual protein frw the column (Peterson and Sober, 
llution profile monitored for absorption at CcO m# revealed the 
presence of seven peaks, (fig. 18). Tubes corresponding to 
each peak were xx)olcd, care being taken to discard at least two 
tubes on the leading and trailing edge of each peak. The pooled 
fractions were dialyaed for 24 hours with continuous agitation 
against tap water in the cold room, follow^ed by a further 24 
hours* dialysis against distilled water. The fractions were 
then tested for TIN inhibition.

(iii) if feet of hlAX—52 fractions of (soybean) on local
I r - ^ ' i o n  ! ^ r o < H ic t i c n  b y  THV 

One ml of each of the seven peaks was mixed with TNV ami inoculated 
on French bean leaves. Control consisted of ‘CvV and wutcr. 
ho suits in Table 34 show that although (Soybean) gave 7#)%
inhibition, not all the seven x̂ eaka were inhibitory. Inhibition 
vas noticed in %mak 1, the most mobile, and also in x̂ eoka 5 and 
6, the percentage inhibition being lü'6, 12i:4 mid 37% respectively. 
Therefore, marked inhibition was obtained in peak t. The 
difference between inhibition obtained by using Fxt|*^ (Soybean)
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and iKjoI;. C» vas due to the dilution of tl*e inhibitor after elution 
throu^ celluloee*

Peaka 2» 3» 4 end 7 ehovedt no inhibitory effect ngainat Î>JV, 
giving an activity quotient of 0,99, 0,ÿo, 1,03 end 1,D4 
respectively.

The seven peaks were also examined for protein by using the Lowry 
method,

(iv) Protein estimation of hLX£r»‘j2 fractions from ijct̂ **** (Soybean)

The seven peaks shoved positive protein test (Table 33). Peak 3 
(l mg/ml), peak 4 (l,3 mg/ml) and peak 5 (l.23 mg/ml) shoved 
high protein concentration, but of these only peak 5 vaa ali^tly 
iuhibitoz^. Peak 1 (0,8 Kg/ml) and peak 6 (0,6 mg/ml) contained 
low protein concentrations, and were inhibitory. Peak 2 contained 
a similar concentration of protein (0,7 mg/ml) but it was not 
inhibitory, liorked inhibition, 37fi>t was found when peak 6 was 
mixed with Peak 7 contained the lowest protein concentration
and was not inhibitory. Thus inhibitory activity was confined to 
peaks 1, 3 and 6,
(v) Disc electrophoresis of DLAlii-̂ 32 fractions from Pxt^** (Soybean)

ilectrophoresis experiments for (Soybean) showed that it
consisted of nine bands of protein and three vide bands of glyco
protein, (Fig, 19), After fractionation of this (Soybean)
on a DlAE-32 column, each peak was examined by disc electrophoresis, 
(Figs, 20 end 21 ),
Peak 1, which was inhibitory (l<̂ t), consisted only of ©no band of 
protein (llf » 0.2?) and one band of glycoprotein (Ef « 0,2l),
Peak 2, which was not inhibitory, consisted of two bands of 
glyco|xroteia (Ef » 0,42 - 0.67)* and two bands of protein.
Peak 3» like i>eok 2, was not inhibitory and it consisted of four



TABLE 33
Protein esiiiijatioii of lIATv-32 fractions frô a 

4,2Lxty^ (soybean)

, Peak mg proteiu/iiil |
!

:
1

0.80 j

' 1

)
0.70 j

1 / 1.00 j
4 1.30 1

1.23

0.60

l5Lf

0.10



Fig. 19 Disc electrophoresis of (Soybean)

Extg^^ (Soybean)

Protein Glycoprotein

<---- position of marker

Shading indicates intensity of band staining
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bands of protein end tvo band* of glycoprotein. l*eak 4, 
howevert although showing no inhibition, consisted of &ix 
bonds of protein but only one band of glycoprotein. Peak 5» 
which gave 12:» inhibition, conaietcd of only one band of 
protein (Ilf » 0.46) and one band of glycoprotein (Ef « 0.44).
The markedly inhibitory peak 6 [jTi) consisted of three bands 

< of x>i‘cteia (i*f « 0.45 - 0.75) nmi three bands of glycoprotein 
(kf sa 0.43 — 0.70), which were located in the middle part of tiie 
gel, wiioreas peak 7 consisted of one band of protein (lit - 0.55) 
and one bemd of glycoprotein (tit « O.69) and again showed no 
inhibitoiy activity.
It va» noticeable that in the inhibitory pealis (l, 5 and 6) 
the kf values of protein corresponded closely to Hint of the 
glycoprotein. It seem reasonable to suggest, therefore, that 
in peaks 1 ami 5 the inhibitor is a glycoprotein. In peak 6, 
three bands were observed, suggesting that three different 
proteins or glycoproteins were involved in izdiibition.

The nature of G. r-ax seed extract was studied by using various 
techniques, soî ie of them, but not all, being effective in jfurifying 
and characterising the plant virus inhibitors.

Gel filtration (Sexhadex G-10: ) of 0. rznx seed extract shoved 
the presence of throe peaks. Only wore rapidly eluted materials of 
peaks I and II were inhibitory and had molecular weights of about 
153,500 and 17,760 respectively. Peak III, with a molecular weight 

of 1,535, not inhibitory.
Altliough, as listed in the introduction of this thesis, many 

workers have studied plant virus inhibitors, very few molecular weight



\3iS

detcmlnatioai tor inhibitor ctmjoxmdn have been mmle. liagetli 
(1957) reported that the carnation (!)ianthus c a rv o :shv l l u s ) inhibitor 
has a molecular weight of 10,000. la Ijé) kyott and Shepherd found 
Uiat .Phytf> 1 e.cca •? icri e 11a juice contalas a proteia virus inhibitor 
with a molecular weight of 13,000. Ileceaily, Smookler (l97l) studied 
tlie propertiee of inhibitors froîa extracts of onnraaticoi^r.
€, aTh't-.n. Ptrt^lpx nii e s  and i. He foun<l that gel
filtration with Sepbadex G-200 sev>arated inhibitors having molecular 
weights of 25,000 - 38,WO,

oophadox G-lOO proved useful ia indicating the molecular weights 
of inhibitor fractions and also in allowing tine separation of low 
molecular weight non-inhibitor compounds, cephadex gel filtration 
did not, however, separate the materials precisely enough as indicated 
by disc electrophoresis, since the latter technique revealed several 
protein and glycoprotein bands in each of the two dephadex peaks. 
Therefore, ion excharq-e chroaatograpay cXj^wriments were performed. 
Chromatography of G. m x  seed extract on Cl 1-52 produced four peaks 
(â, B, C and D), three of which (B, C and D) were inhibitory against 
TNV» The most inhibitory peak (B) was eluted with phosphate buffer 
at l<d b, whereas the other two inhibitors were eluted at yil 3. This 
suggests tliai soybean extract contains three plant virus inhibitors, 
one (|>eak B) which is weakly attached to the cation exchanger CH-52 
colism, and is thus acidic in nature; on the other hand, %)eal{s C 
and *> were strongly attached to the colimsi (CH-52) end this proves 
their more baeic nature, iroteiu estimation end disc electrophoresis 
experiments showed again that each of the virus inhibitors isolated 
consisted of more than one band of protein and glycoprotein. Tor 
eximqle, peak D consisted of five protein bands end t'jree bunds of 
glycoproteins. Xt eeemed therefore, that CH-vC chromaLogK'a^hy was
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not completely effective ia purifying the virus inhibitor* and bringing 
about good protein eeporation, although Wyatt and hh*i*herd (ijbg) 
prepared a highly purified virus inhibitor from Phytolacca amerlcana 
by chr«J*̂ aiograp)iy on a similar column of carboxymethyl Bephadex,

Better separation of soybean proteins was obtained by using 
DBAB-52 chromatography• The extract was prepared using the 6tend et al, 
(19G6) method, and it was given the same nomenclature (soybean),
this extract contains a highly active virus inhibitor. Beven 
proteinuceous peaks were obtained from this extract and only peaks 1,
5 and 6 were inhibitory against t M *  Peak 1 was eluted from 
colman by 0.015 H NaCl in 0.01 X phosphate buffer pit 7,6 which suggests 
its basic nature since it did not attach strongly to the anion exchange 
BiAB-52 cellulose column. Disc electrophoresis showed that peak 1 
contained one band of proteia and one band of glycoprotein on the 
upper part of the gel. The close hf value suggests that this fraction 
consisted of a single molecular species, leak 5, which was also 
inhibitory against TliV and was eluted at 0.170 M Katl, consisted of 
one band of protein and a glycoprotein band, and, again, may represent 
only oae molecular species.

Marked inhibition was obtained in peak b which was eluted at 
0.258 H KnCl and it consisted of three bands of protein and three 
glycoprotein bands.

The virus inhibitors isolated in both peak 5 uni peak 6 were 
apparently strongly attached to the DiAE-52 anion exchanger and 
required a high concentration of KaCl to elute them. This suggests 
tha acidic nature of the virus inhibitors ia these peaks.

Peaks 2, 3i 4 and 7 did not show any inhibition against TîJV, 
giving an activity quotient of 0.95, O.96, I.05 and 1,14 respectively.

Therefore, reviewing the result* obtained from the ion exchange
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experiment» i%  can be coucluiled that the reparation of soybean 
proteins, and conaoquently virus inhibitors by IiiklE-32 chroimtogrnphy, 
is mors suitubls end successful than using CI-52 chrma&tography. 
Albrechtova (1963) found similar results sàiea be applied I&IB
S©|>bad0X A-5D cbromatograidiy to «epaxate virus iuhihiiora frosa

i
potato leaf sap# The inhibitor was eluted at the concentration
0 .1 5 - 0 .3 H KaCl and was electropJioretically homogeneous. Ia 197i 
amookler used a different ioa-exchaiiger (Oi-ScpluuUx C-23) to purify 
the inhibitors prepared from leaves of Chenoooliua a^ffanticolor,
C, A triplex eitrnm and Az'iprmthp 9 Most of the

inhibitory activity was eluted by 0.4 M sodium acetate buffer, 
suggesting that the inhibitors were basic in nature.

At this stage it can be concluded that gel filtration and DIAE-52 
chromatography are useful in adding more information to the properties 
of G, virus inhibitors by giving on idea about the molecular 
weights of the constituents and properties of the proteins isolated 
from the extract. Therefore, it was decided to use those tvu 
successful techniques ia the experiments on P. vulrrrls seed extract 
which vill be cloacribcd in section B of this chapter.

/:TTiPN n
rr TT-' vrn'! r-̂ gpiTnp? n m  !';?p;TLr: vn;GAHxs

Although P. r"ri 3 seed extract has been tested against plant

viruses (Cheo, 1955î Crispin and Grogan, I96I; htevens, 1970), no 
rcseexchers have tried to isolate and characterise the pi wit virus 
inhibitors. In I966 Stead et al. separated seven i^roteina from 
f\ VTi?;:er!? seed extract; however their interest lay not in the plant 
virus inhibitor activity, but in isolation of proteins for
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hem&gglutlaating activity, trypsin-inhibltioa activity, ami animal
growth toxicity studio*. Since the method of Stead et al. (1966)
gave aatielactory reeulte when it was used to study the nature of the
virus inhibitors extracted from C. seed extract, it vas decided
to use this method in the examination of P. vulEaria seed extracts.

4 2The same nomenclature vaa used and extracts are labelled Dxt^^

(French bean).

Initially gel filtration was also performed for etude P. vulgar is 
in the same way as vas done for G. nn% seed extract and this will be 
described first in this section.
I

i
1. Gi% mrzATiorf of n i A p m m  vut^aeis s n m
' (a) Colmnai chromatotrraphv of P. v\T,ltnarlg seed extract on Sephadcx G-lOO 

By using the same Sephadex G-lOO column as used in G, max 
experiments, column chromatograijhy of P. vulgaris seed extracts were 
undertaken. Lyophilized seed extract (0.04 g) was dissolved in 2 ml 
0.03 H phosphate buffer pH 7* The solution was layered on the top 
of the column and fractions were collected on a volume basis (l ml 
each five minutes) using a fraction collector.
: Elution profiles ©hovod the presence of three tweaks, I, II and
III, id.th elution volume* of 16 ml, 38 ml and 49 ml resiiectivcly.
(Fig. 22). Each of the peaks was tested against TNV.
(b) Effect of ^enhadex G-lOO column fractions from F. val^arls, seed 

extract on local legion production by TXV 
One ml of each of peaks I, II and III was mixed with TKV and was 

tested for inhibitory activity on French bean leaves. Control 
consisted of one ml of TNV and one ml of the eluting phosphate buffer 
pH 7. Result* in Table 36 show that peaks I and II were inhibitory 
giving and 129> inhibition resi>ectiveiy. Peak III was not inhibitory
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îfjfect of G-luO colwua fructlous from
»\ r̂->T ->̂ 1 w eeed extract on loc&l le*ioa r̂oJïjctiott

by :XV

* î’uaîi 1 . -hcnu nni-bcr of le&iona * '■ . A ctiv ity  1 
t ‘uo tie n t  |

i

Percentage
Inhibition

1 - 
1

1%V + FO4 buffer i 
I 7 ;

ÏKY -f Peak <

i I
'

1 61.Ü jB.o i
!

3.02 1 5h

I n 1 73 .9 ' 65.0 O.BO ] 12

! Ill
r * " " " " " "

1 , 
I 73.9 '

'"■1.. ... .... ....
91.9

!
'1.25 ; -  25

* Flach fi^re represents the me an nuLiber cf lésions for 
ten replication»

TABUL 37
Proteia euad carbohydrate eatiaation for ilia feph&der G—100 

fractioaa froüA P. vnl’iiirls aoed extract

I Peak I protein/uJ j caibohydrale/w*l

0,66 0,030

II 0.07 0.003

III 0.02 2.d40



13f

*Müi xi wx attivit/ oX l,Zj

ïltü vhr'̂ 0 vex'u ni au te^tuu fur tûw presence uX pruieXu end
Oiii UU*ij' 'vii li C e • -' Y ' - ,- j ,
(c) Fr^le.L: : :r■ cari’'' ..v T" t'r/ f >r tJio ' y\,Lu '- % ' ;

Xrr^t:' m '. "-'J r.rj r

P'ciA X ciîtiuttxUcrd vad Llàhosi proteia co*tcoulruixwu (v.va î l.4l) 
£üiù cal y U.ùj caihoLy^lraW. Xeoiv II coautiaua 0,07

proteia airi ü*0 >3 Sjg/ciX carbûàyOrale, ïàü Li^air^t CouOuliyurîile
coiiceiitx’atioa vus càtriiacvl la peak 111 (2,^k uj/wl) ; Love ver. it
contained oal/ 0.07 proteia. (Table 3?).

la crOer io gxla u&re iaXor-xxtioa akoui, cae ..epku 'vx L-10 3
! !

fraction^ frax P. v il.—  ri i seed extract, cucu of tky i^cak . -̂,5
'* -■ ,0'. ' ■•

u u b j o c t o i  t o  diftC eleciropaorojia.
(pj ' i 'V*-' f; 1 nr •’■ <*ir» ....•» •? ,t r, ̂ t * ** ’ — i ' » ' f - V I 4 '"'

P. f  .'"i -' CC'f :
Lfcsolts iu Ii&. 23 siliuw tart peiik I c o a t e i a o J  xevca UraJu  o f

': ■:
proteia aai uovca baaOd of giyco^jrotcia. i'ea:, II coataiaoa Xccr 

baiiis of protexa aai oae of *ly:oprcceiu. staiaia*. ?tal. Ill till aol 

otaia ia the electrophoresis ex^/orrueat a^a i/icy t >asi*t of low 

onleculcjr veijltt co.upouii is es desoribo i ia the Xollo vxoj. ti >a,
 ̂ J*' \ 1 f.  ̂>* -'.•fF> P’- '■■ t ? > « * î7 ■"’ ■' V • ■ — 4 < f

f r*r, -j 1"*̂ f !i' .- r-î - t. > 1 ’ r.T 4 ■*»;■* •

Py plotting ratios f ;r poaks 1, II III ox l J. t’js«

tiolet'ular toigkta were âctermiuoô. Ike i.J.ioitory I cal II !uid

fuoloculai’ weights of about a-ih 12,3,-; re< -occ*ve!^ , ’̂ ak III,

wliica ïkiOved îm> iiâiibAtioa wLoa it was tesie^x s,ps,i.fi.ist 1 «/, isk'-'- 

no positive résulta in electropkore&is siucics. ievo_:cr weight

of about 3,172, (Table 37a).

Using the earao Iepî:a*ies G-170 cslutca, e^^ple» tr-festc-cî Lr
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Fig. 23

Disc electrophoresis of the Sephadex G-lOO fractions 
from P. vulgaris seed extracts

Peak I

lisaaaa

Protein

KMBwaa

Glycoprotein

Peak II

Protein Glycoprotein

<---  position of marker

Shading indicates intensity of hand staining
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TABLR 37»

Molücuîtxr weiglit Je ic rs iu u tio u  o l the Seplixdex G-1Û0 
fraction# from P, vulgari# aeed extract

Peak j Molecular weight

177*300

II 12,590

III j 3.1-S2
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ilial/fti», or vitli alcohol wore, a# ùeecrihod previously, also wmlysed 
by gel filtration. This wua done ia order to find out how the varioue 
treatment* affected tike extracts, since, for example, heating the 
extract clmngod non-inlkihitory extracts to inhibitory extracts*

( f  ) .chreffiatog r̂^uliV of P. v%licarl$ peed extractm

fo llow ing vrtriou.» treatm ents

(i) % Seated peed extract

Although heat revealed the presence of inhibitor* and masking 
' comiX>unds in P ,. vulzcrls seed extract, the Sepîiadex G-lOO profile
r- i '. ] shoved the presence of the saao three peaks found in the unheated
k seed extract, ilovever, peak I in the heated extract was smaller
k than timt in the uuheated seed extract (Fig, 24), suggesting the

destruction of protein constituents of this |>e^. This i?olat 
will be examined in more detail later,
(ii) seed extract
The dlalysate end the di&lysable part of the seed extracts were 

'■ passed through Sephadex G-lOO, The dialyoate contained only
f peaks I and II; (fig* 25); however, the dialysable part contained
c only peak III (Fig, 26), substantiating earlier evidence that

peak III consisted of low molecular weight compound*.i
(iii) Alcohol treated extracts
As previously described, alcohol treatment of the extract 
precipitated compounds which sliowed aug^aentation, leaving the 
inhibitor in the eu^jernatant* The alcohol precipitate contained 
most of peak I, all of peak IX and part of peak III (fig* 27).
The supcmatant contained part of peaks I and XIl(fig* 2<i), 
Therefore it cun bs concluded at this stage that Sej.ihadex G*1D0 
chromatography bus confir*eii the presence of high molecular 
weight plant virus inhibitor* in ?* vulcrris seed extracts.
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llmmver, to ostablisih more precisely the Identity of the fractions 
rem%)onalble for inhibition, more refined teclmiqnea of protein 
separation vere performed* For this gmrpose the seed extracts vere 
farther analysed in the same vay as that of (K mtix seed extract, 
usin^ colnmn chromatography*

2* cmmmiwimm' or mjix) on miE-52 m x s i m

Ext^^^ (French bean) vas prepared frma %00 grsua of P, 
seed flour using the acme procedure vhich va» used for the preparation 
of ihct̂ '̂̂  (Soybean).

One gram Ext^^^ (French bean) vas homogenized in 30 ml of 0.01 M 
phosphate buffer pH 7*6 and dialysed overnight against this buffer at 
2*C. Insoluble matter vaa reifaoved by centrifugation, and the super- 
natent fraction vas diluted in a 10-fold dilution eeriee using distilled 
vater. Each dilution vua tested against TTV. Ext^^^ (French bean) 
vas inhibitory, giving 73 " inhibition (Table 38), The inhibition vas 
reduced by diluting the extract vhich confirms the presence of plant 
vims inhibitors, rather than virus inactivators, in the extract*.

Since Fxt^^^ (French bean) proved to be markedly inhibitory 
against plant viruses, another one gram seuaple vas homogenized as 
described above. Insoluble matter vaa removed by centrifugation and 
the supernatant fraction applied to a DEAE-52 cellulose colii^. As 
in the case of Ext^^^ (Soybean), seven peaks vere obtained (Fig. 29). 
Each peak vas tested for its effect on T.N infection.
(a) Effect of FEAJ>!?2 fractions of (French bean) on local

jlegjoa iou by V W  ■,

One ml of each of the seven peaks vas tested against T3(Y infection. 
Results in Table 39 sliov that only three peaks of the seven are



ÎARLL 38

Effect of varioua d ilu tion s of (l reach boon)
' - . Oil loca l le&loa j>îoùuctioa hy Tâ'J

Dilution I Ne^n nuwher of leaioua * Activity 
(.uotieut ’

Percentage 
inhibition !

j’ l-KV + water \ Tl'JV + extract

Neat 'r - ■ ! 
: : 1 12.0 0.27

' 73 1

;■ 40.Ü !! 15.2 - _ 0.33 :
i

62

10"^  ̂ _ W.7 !
) : 33.1 0.63

,
32

* Each figure represent» tiie moan mmher of lesions for

tea replications
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iiaîiibltüry* Pe&k 7» tlào leaat mobile» vae the moat iablblioiy peWi 
giving inbibitiou» while peak# 2 a W  6 were le%a inhibitory 
giving end 21, ̂ inhibition redi>ectively#

Feok» 1 and 5 vore not inhibitory, and peak 3 showed «ligîit 
nut^entation, giving an activity quotient of 1.27.

Ill© eoven peaka were also tested for the presence of protein using 
ib© Lowry method of estlm&tlon.
(b) I*roiein estimation of fractions from (Freacb bean)

A high protein concentration {0*3 mg/ml) vas obtained in each 
of the Bon-inhibltory peaks 3 and k* Peaks 1, 2, 3 and 6 contained 
similar protein concentration (O.l mg/ml), but only peaks 2 end 6 vere 
inhibitory. Peak 7 contained lov concentration of proteia (0.05 2ig/ml), 
but it shoved the maximisa inhibitory activity (Table 40}•

(c) Disc electrophoresis of Dik'lB-̂ 32 fraction* from ixtg^* (French bean)

Disc electrophoresis experiments vere performed on ccssplete 
Dxt^^ (French bean) and also on the smterial from each of the seven 
peWca following column chromatogrnphy* The complete extract contained 
seven bands of proteins and six of glycoproteins (Fig. y>)» Feaît 1 
contained one band of protein which appeared to give a glycoprotein 
stain. (Figs. 31 and 32). This inroteinaceous material was found ia 
the surface layers of the gel. Feak 2 contained one broad band of 
proteia (Ef a O.36) and one band of glycoprotein (kf « 0.37). Peak 3 
contained four bands of proteia, one of which was very concentrated 
(kf s* 0 .33). The gels also stained in this region for glycoprotein.
A protein band running at Ilf 0.80 did not stain for glycoprotein.

4 contained one band of proteia (hf a* 0.88) and one band 
of glycoprotein (Ef « 0,90) at the lower end of the gel. Peak 3 
contained one band of protein (Ef » 0.43) and one of glycoprotein 

w 0.38). Peak# 6 and 7 each contained one band of protein with
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Protein estimation of DiAL-52 fractions from 
 ̂ Lxty*^ (French bean)

Peak j mg protein/ml ,

1 1 0.10 '

2 ! 0.10 ;

3
1j 0.30

%
i
I 0.30 1

5 j 0.10 >

6 1 ' ; 0.10

7 0.05
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Fig. 30 Disc electrophoresis of (French bean)

(French bean)

Protein Glycoprotein

<---  position of marker

Shading indicates intensity of band staining
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Jif values of about 0.63 aud 0,6* ro#^jOCtively» Tbeae baud# al«o gave 
: ' » : positive reaction* when ieatei for glycoprotein. Both protein and

: , !
glycoprotein staining reaction* wore stronger from pt»ak 6 material
tlum from peak ?• ' , I

It aeome, thereforet that disc electrophoreaia experiments, as
veil as B^AB-32 cellulose chromatography of (French bean)
seed extract, are effective techniques for isolating and identifying
the P, vulcaria virus inhibitors. However, there are still points,
mentioned \diea the properties of the inhibitors were studied in the

: '. ' ' , : : previous section, ikhich need to be explained, ihus, how is it that
: ;

heat converts unluhibitory French bean seed extracts to inhibitory 
extracts? If masking compounds are involved as suggested earlier, 
what are they? , In order to answer these questions the heated and the 
unheatod samples of the crude French bean seed extracts (prepared as
in Chapter II) were studied once more, using BEdE'-pS cellulose

■ . : chrwaatograjhy. .

3. DrAE-?2 Cmi(ul̂ T(XFlA:rrr cr TIE: AXI) TIÎ" m::ATn) p. VULGARIS

■ s!:r:) mrn'ecTs
Unheated and the boated extracts were each passed through a 

BLAI>-32 cellulose column. Xh& unheated seed extract gave seven peaks 
similar to those found in examination of Lxt^^ (French bean}(Fig. 33). 
However, la the whole extract, two peaks (peak 2 and 2*) wore eluted 
by buffered 0.023 M NaCl, but only one peak (peaîz 2) was eluted in 

the case of Lxt^^^ (French bean).
Ihe seven i>eaks obtained from the unhcated extract wore each 

tested against TXV. Only peaks 2, 6 and 7 were inhibitory, giving 
2 0 ; 2%'è and inhibition respectively (Table 41 ). Feaka 1, 2*, 3»
4 and 5 were not inhibitory; however, peak 3 gave slight augmentation
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effect of fractio&a of uulieaio4 P» vul^^ris jseod
oxtraci ©a local lemioa production by XKV

j Peak
)
!

Mean number of lesions * Activity
Quotient

Percentage ! Probability 
Inhibition ■ (P)

ITNV + water | TNV + peaîi

i..d: .......
97.7 j 95.3 0.9d 2 1 >  0.100

!
2 93.2 j 76.5 0.30 20 1 <T 0.001

96.6 1 97.6 1.01 - 1 ! >  0.100

’ 100.0 j 125.0
-......... - ------ ; . . . . . . .

1.25 - 25 i <  0.001

‘ ...............

. 1
93.1 I 90.3 0.97 3 1 >  0.100

Is! : 99.5 1 102.0
. ...... ....................... ..........................

1.03 - 3  ; >  0.100

i 1101.0 i 76.0 0.75 25 1 <  0.001

7 : 93.5 ' I 36.1 0.60 40 1 <  0.001

1 3 + 2 i 9<i.3 97.7 0.99
-,

1 >  0.100

i 3 + 6 , 96 .2 ' 1 96.8 1.01 - 1 i > 0.100
; 3 ̂  7 i 102.0 { 103.0I— " ̂ --1— """— *-- - ■ ....... 1.06 - 6 > 0.100

* "iMcli figure represents the mean number of lesions for
ten replicatioDs
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vith cm activity «luotieni ot These re mil ta are icî]«>rtnnt i»
t!mt they eiapliaiise the eimllarity betweu the crude uuheated extract 
and the hxt^^^ (French bean) in tlmt tlie number of pealis are 
detected, the peak* are eluted at the eame NaCl concentration»,and 
each ehciw similar activity against TNV.

The Game procedure vaa performed for the boated seed extract, 
but only six peaks vere obtained (Fig, 34), Peak 3 vas lacking, and 
it semas likely that it contains the masking conrjftounds since such 
heated extract gives inhibition. An experiment vas designed therefore, 
to test v&ether peak 3 amakod the inhibitory activity of peaks 2, 6 
and 7 in the vbole seed extract. One ml of peak 3 vas mixed vith 1 ml 
of each of the three inhibitory peaks before testing against TNV, 
lie suit a in Table 41 show that peak 3 eliminated their inhibitory 
activity and, therefore, it seems reasonable to suggest that peal: 3 
contains the marking compounds*

DISCUSSION
The nature of the plant virus inhibitors found in P. 

seed extracts vas studied la the same vay as that of G. max seed 

extract,
tiel filtration, using Bephadex G-iOO, revealed the presence of 

three peeics la "Uie extract (l, II and III), Only peaks I and II 
vere Inhibitory against ÏW, having molecular veights of about 
177,000 and 12,590 respectively, Peak III vith a molecular weight of 
3,162, vas not inhibitory. Disc electrophoresis showed these peaks 
to consist of proteins and glycoproteins.

Molecular weight determination of glycoproteins extracted from 
P, vulrrria has been reported before, but not for the plant virus 
Inlilbitors, Allen et al, (î96j) purified a glycoprotein with



lysip̂ iocyie mitogonic properties from P. v̂ ilrr-ri:; &ced extract vhich 
clioved it has a molecular weight of 115,000, Allan aud Crumpton 
(1571) reported that P. vtil;:aris seed extract cuutains a hemogglutinating 
glyccprotcia vith a molecular weight of 135,000,

E^eplmdex G-lOO proved useful in determining the magnitude of the 
molecular vei^it# of the virus inhibitors in IVeach beua eeed extracts 
and also in the se%mration of low molecular vei^t aon-lnhibitory 
oom^wunda. This technics did not, however, separate the proteins and 
glycoproteina %)recisely enough to identify the coui;>ouni8 involved in 
plant virus inhibition. Therefore, ion-exchange cliromatograpliy of 
tliO extract vas %)erformed using the meüiod of Steal #t al, (1566),
The extract vas prepared in the same v&y as Ixt^" (Soybean) and the 
some nomenclature vas used, Lxt^Z^ (French bean) contained strong 
plant virus Inhibitors giving 73,: inhibition. Seven peaks vere 
obtained from this extract all of which reacted positively in protein 
tests. Only peaks 2, 6 and 7 vere inhibitory against TFV. Peak 2 
vas eluted from the colimm by 0,023 M NnCl in 0,01 H phoaphate
buffer ]AI 7*^f indicating its basic nature, since it did not attach 
strongly to the onion excho^^er column. Disc electrophoresis shoved 
that peak 2 contained one band of protein oad one of glycoprotein vith 
close IS values, suggesting that this inhibitor is a single glyco
protein.

Pea:; 6, which gave 21/ inhibition, vas eluted by buffered 0,25 M 
KaCl and also consisted of cue band of proteia and one cf glycoprotein. 
Their Df values suggest that this fraction of the extract consists 
of a single molecular specie®.

Strong Inhibition (37^) va» obtained vith peak 7 vbich va» eluted 
by unbuffered 2 H NaCl, Disc electropboreeie shoved that this peak 

consisted of a glycoprotein.
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T}xe Yinia iiililbliora in both peek» 6 aiid 7 vor« stroahly attached 
to the J)ïXh-32 aaiott exchange colimm, fisd required a high concentration 
of KaCl to elnte them. This attachment gtî jgests the acidic natnre of 
the virue inhibitor» in theee peaks,

Peake i, 4 and 5 did not ©how significant inhibition against TNV 
giving activity quotients of 0,93» 0*92 and 1.01 respeetivcly.

Peak 3f Dibich vaa eluted by buffered C.06 M PaCl, shoved no 

Wiibltion, but it gave an activity quotient of 1.27 which suggests 
slight augmentation or enhancement of virus activity* Peak 3 consisted 
of four bands of protein and three of glycoprotein of similar Ef 
values to the upx̂ er tliree bands. This peak seemed to effect the 
inhibitors found in the whol* extract of P. vfilfnris. This idea was 
confimed \dioa chroimiography vas porîoraoâ ou the non-
inhibitory unheated extract, an«i tho heated extract, -which gave hOi 

inhibition. Seven peaks were obtained fr<m the niiheated extract 
which proved to be similar to those obtained from ijct^^^ (French bean) 
since they were eluted at the game KaCl concentration and showed 
similar activity againat T>3V* However, the heated one contained only 
six peaks, where peak 3 seemed to be destroyed. This stiggeets tîi&t 
peak 3 containa heat labile masking coespouada. TM» w%a proved when 
a special experiment w?ia carried out in which one ml of peak 3 was 
mixed with an equal volnae of each of the inhibitory peai:s. The 
mixtures were tested against T3W, end it was found that peak 3 masked 
the inhibitory activity of peaks 2, 6 and 7.

Tîierefore, ?. seed extract la a complicated extract
which contains at least three virua ialiibitors, one of lAich la basic 
in nature and two which are acidic. The tlipoe inhibitors are each 
hraiJGgcaeoua glycoproteins. The extracts contain also complex masking 
compounds idiich appear to consist, fr<%a disc electrophoresis studiea, 
of three glycoproteins and one protein.
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Some workers bave tried to purify and isolate virua inhibitor* 
from 2 , , . . . m sap. Thus, Mart (1972) obtained a rough genaratioa 
of the proteinaceous Inhibitory principle from P. vul^crls sap by 
using centrifugation, phenol extraction and ethanol precipitation 
techniques. Recently, using different procedures, Toaigaehi (1974) 
reported the presence of two relatively low molecular weight inhibitory 
eubstancea in French bean leaf sap which vere diffusible in sepharose 
23 gel; however, their chemical nature was not studied. No detailed 
work on the extraction of plant virus inliibitors from P. yiilraris 
seeds lias been reported. However, a* mentioned previously, some 
considerable interest has been shown in P. vî  I Tar is seed extracts 
since they have been shown to contain glycoproteins vith 
hemagglutination and aitogenic activity. Such glycoproteins are 
called phytohejsagglutlnins and, together vith similar glycoproteins 
from legumes and other seeds, are named lectins (Naspiiz and Eichter, 

1968).
Bearing in mind the properties described in this thesis for 

G. tpfix and P. vulgaris seed extracts, it might be suggested that
glycoproteins found in both extracts are involved in plant virus
inhibition. It would seem appropriate, therefore, to test the virus 
inhibitor fractions from both 0. and P. vulg«>.rl9 for trypsin 
inhibition, hemagglutination activity, and also to examine lectins 
against plant viruses. Eeeults of these experiments will be
described in detail in the next chapter.



161

t m m x :  vi

m G. HAX AND P. vrLG.̂ us rvm  rnuuTou extfact^
WITH HA^rr tKCTINS ATO THYI^IX INI!I3IT€!l .

l>ik&52 fractions of (Soybean) and (French bean)
described in the previous chapter, were compared for heii^agglutlnatioa 
and trypsin inhibition activity with commercially available soybeaa 
trypsin Inhibitor, and lectins extracted frma seeds of F* vulriaris 
(ilb\)f G. max (SDA) and C^nav^lis fnTifar^ia (Coa A)*

F::CTIFN A

pm^GGLUTI'UTION iUm TFYFSIN IXIIBITICN ACTIVITY OF YTF'S 
rCHBITOFS rXTF/FTm F!:0:! G. mJ. S!-X:>S : 

p. %n,C.r:5ria (lligas and Osgood, 1954) and 0. max (his et al,,
1370) ore a#oag the legisae seeds which possess glycoproteins called 
agglutiniaa with remarkable ability to agglutiuate erythrocytes, 
llkis pheaomenoa is called hemagglutination and such agglutinins act 
by combiiüug to specific receptor sites on the surface of the 
erythrocytes. P. vulgaris agglutinin cm&blned with H-&cetyl-I>- 
galactosamine (it-Gal lilc) residues (Borberg et ol.# 19U6); on the 
other hand soybean agglutinin combined with D-Gal NAc and D-galactose— 

like residues (his et al., 1970),
- - k m

(a) Hemgglutlnation activity of D&1D-52 fractions î n m  hxtg^
(

(i) Pre^&ratioa of standard erythrocxle 8u$:)en$icn 
Fresh venous whole rabbit blood was added to an equal volume of 
Al sever *s solution containing l/jO volmw of anticoagulant 
(sodiua citrate 8 g, formaldehyde 37/̂ # saline 108 ml). The 
erythrocytes were collected by centrifugation at 200 g for



three minute* and vere washed three times with ikiâ (phoepliate- 
huffered saline). The washed erythrocytes %#ere added to FB8 
to give a suspeasioa with an absorbance of 2 at b20 mp. The 
diluted suspension was referred to as standard erythrocyte 
suspension (hiener, 1955)*
(il) ■ H t i n a 1 1 on activity assay
The hemagglutination reaction was demonstrated in standard 
hemagglutination trays. Samples of each of the seven peaks were
diluted with FhS in a two-fold dilution series. Each well
contained 0.5 ml of the seed extract peaks and to these were 
added 0.5 ml of standard erythrocyte suspension. Control wells 
contained PÛ3 and erythrocytes only (Waterson, Ijod). The 
hemagglutination activity (iU) was measured from the
hemagglutinating titre. Fig. 55 shows that only peaks 2, 3 and
4, none of which inhibited INV infection, gave hemagglutination. 
The HA for these peaks was l/2, 1/04 and i/4 respectively. No 
hemagglutination was noticed in the inhibitory peaks 1, 5 and 
o, nor in the non-inhibitory peak 7. Therefore, it can be 
concluded that the plant virus inhibitors are not the agglutinin 
of the seed extract. The seven peaks were also tested for 
trypsin inhibition activity.

(b) Trypsin inhibition activity of bkAE-52 fractions from kxt^*^

Trypsin Inhibition activity was assayed for the seven peaks 
obtained fr<m Ext^^^ (̂ >oybean) by a mouification of the âeravac 
Laboratories method (I963), based on the original method of Schvert 
and Takenalia (l955) in wliich the synthetic substrate N-benaoyl-h- 
arginine ethyl ester (BALh) is used. The reaction consisted of 
BAEF, 2 .9 X M in borate buffer 91 trypsin 48 pg/ml in a
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solution of Ü.Uül K XIcl ujud trypsia inhibitor 0.2 mg/ml in borate 
buffer pu 9.

Xhe clmiiàge iu optical density (A.E) vas measured at 253 mp at 
zero time (tq) and then after five minutes (t^ min)* l̂ie difference

; between the amount of BALL hydrolyzed by the control (trypsin plus 
water) and ex̂ >eriiseutal (trypsin plus trypsin inhibitor) systems gave

- a measure of the residual trypsin activity*
 ̂ Trypsin inhibition activity vas expressed as micrograms of trypsin
inhibited per microgrma of test material and is referred to as the 

, specific activity of the inhibitor.
: Only peaks 9 and 6 showed trypsin inhibition activity (Table 42).
It was decided therefore to teat the commercial soybean tJL*yj>sia 
inhibitor (bigma Chemical Company, U.S.A.) at two different 
concentrations (l mg/ml and 0.2 mg/ml) on TNV infection, itesults in 
Table 43 show that at high concentration (l mg/ml) the trypsin 
inhibitor gave inhibition of local lesion production by ÏNV on 
French bean leaves. At low concentration, however, the trypsin 
inhibitor had no effect on TNV infection. This experiment shows that

- a compound vith trypsin inhibitory property can also inhibit plant 
virus infection. However, the commercial soybean trypsin inhibitor 
is not Identical with the virus inhibitor extracted in these 
experiments because the virus inhibitors have been described earlier
: (chapter 5) to be mainly glycoproteins, while the trypsin inhibitor is 
thought to be a pure protein (Vu and bcheraga, I962). Furthermore, 
peek 1 was inhibitory against ÎNV but showed no trypsin inhibition 

activity.
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TABLE 42

Trypsin inhibition activity of LLÂL-52 fractions 
from (fJoybean)

Peak 1 Optical density A  E { BALE tmit/ml Specific
I activity

if !1 s  j t.

1 ,1 Control i 0.3b 0.10
i !

0.26 5,200 1

I 1 I 0.3J 1
0.11 0.27 3,W O  1 - *'

... . i  J .2 i 0 .36 0 .09
.........................  ................  ..........

0.27 5,400
1 1 

3 0.31 0.04 0.27 5,430 ■ ■ ' _ 
1

(4 Î 0.30
.. 1 1 - 1 ...........

0.02 0.23 j 5,600 j

3 j 0.12 0 0.12 2,430 1 0.24!

6 1 0.32 O.Oj j 0.24 I 4,000 1 0.67
. ...Î-.-............ !.........__________________  1 ............. - ....

1
7 ( 0.30

1 f 1 
0.04 I 0.26 1 3,230 1

^ No trypsin inhibition
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TALLE: 43
"' ' ' Effect of Eoybena irypsia Inhibitor 

legion production by TNV
on local

Trj-'psia j Mean nu&bar of Xesiona * i .....Î J /.oilVItv Percentage
inhibitor
(concentration) j T mV 4- water 1 TNV s trypsin 

j , 1 iiihi.bitor
<Aiotient Inhibition

1 lag/atl j 1 j
j 33.90 21.2 1 0.63 37

u • 2 2üj,5/niX I >3.08 1 30.1 1.00 3

* Làch figure represents the uean nuwher of legions for

ton replications



F/TTirr? B
iPll/GGix^riN/Ti^FT Tny^süT r-T'UBîTiON A rriviTY  Of v i i i r /  

rn^IPTTOIiS T%?:\XCT:D TV<n ï \  APTB 

ütiüation activity of DlÆ-52 fractions from 
(Fr/nch bc;>ji)

The Uemagglutinating activity (HA) vas assayed ia the esme w«y as 
for Extyg^ (Soybean) fractions. Result* la Fig. 36 sîiow that only 
peaks 2, 3, 4 and 5 gave hemagglutination and t!iO HA vas I/1 6 for the 
inliibitory peoli 2 and l/i>4, 1/2 aiid 1/4 respectively for the other 
non-inhibitory peaks. No agglutination vas obtained in the non-
inhibitory peak 1 and tlie inliibitory peaks 6 and 7. Therefore, it

_
can be concluded that the virus inhibitor in peak 2 has some
heiiiagglutinating activity vUile t!ie vims inhibitors in peaks 6 and
V
7 do not agglutinate the erytlirocytos.

The seven peaks vere also tested for trypsin inhibition activity,
(b) Trypsin inhibition activity of fractions froa

(French b̂ n̂n)
'a

3y testing the hlk\N-52 fractions of (freach bean), only
peaks 4, p and 6 gave tr^'psin inhibition activity. Naximua trypsin 
inhibition was found in the virua inhibitory peak 0, giving a specific 
activity of 4. Fcaka 4 and 5 gave much lower specific activities,

Ü .67 and 2 respectively (Table 44).

SkCTIW C
TTTT:CT op LFCTINS ON LOCAL LFFTON FkOIfJCTION BY TNV 

' (a) FkvtohMTnnKlut.iai a (iTLl)
HL4 ie an aqueous extract fro& seeds of the red Kidney been 

(Tlxf.li'i01us Vg.l::1 n) (Li and Osgood, 1949). A amber of ÎTÎA 
preparation are available eocjaercially, and it Is net always clear
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TABLE kk
Trypsia inhibition of D&A.B-52 fractions 

from Ext^i^ (French bean)

\L3

Peak 1 Optical density

1 S  1 V
^  *%53 BALE unit a/ml Specific

activity

Coutrol 0.)i 0.10 0.2J 5,600 i
1 ' 0.36 0.08 1 0.23 5,600 -  * j
2 ! 0.37 ü.üi j 0.29 5,603 j

3 0.30 0 .02 0.28 5,600 ' -

1 0.32 0.03 0.27" 5,400 0.67

j i 
j ■ 5 ■ j 0,33 0.08 1 0.27 5,400 2

1 i î 6 1 0.31 0.03 0.26 5,200 k
?

0.38 0.10 0.28 9,600

* No trypsin inhibition
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how such preparations are made. It seemed prudent therefore to teat 
a variety of commercially produced HiA for effects on T!>rV’.

(i) Effect of (Wellcome). W A Î V ) and on local lesion
product10» by TNV 

One mg each of ITIA (Vellctme), a freeze-dried sample obtained 
from Wellcome Laboratories, PUA(p) and 1Tîâ(m) preparations 
produced by Difco Ltd., were dissolved in 10 ml of water and , 
tested against Controls consisted of 1 ml of water and 1 ml
of TNV. Inoculations were randomised on French bean leaves. 
Results in Table 45 show that 1 %  (Wellcome) has no inhibitory 
effect against TNV infection. However, BiA(P) and PHA(M) were 
inhibitory, giving and 29.6 inhibition respectively*
Disc electrophoresis experiments were also performed on the FilA 
samples to gain some knowledge of their constituents.
(ii) Disc electrophoresis of R.LT (Wellcome). F!IX(P) and MA(m) 
Fig. 37 shows that HiA (Wellcome) consisted only of one large band 
of protein and one of glycoprotein which were located on the upper 
part of the gel (Bf %» 0.44). 1UA(p) contained four bands of 
protein (fcf « 0.42, 0.63, 0.77 and 0.92) and two bands of glyco
protein (Bf « 0.41 and 0.62). îTiA(M) contained three bands of 
protein (Ef w 0.52, 0.64 and 0.86) and four bands of glycoprotein 
(Ef » 0.12, 0,49» 0 .6 3 and O.90). Therefore, it seems likely 
that tlie bands found to be involved ia plant virus inhibition 
with Bf 0 ,4 3 (peak 6) and 0.64 (peak 7) ere found in FdA(P) and 
nbl(M) respectively* This might explain why niA(P) and IflA(M) 

are inhibitory against TNV.
Since HiA extracted from P. vulizcris seeds are famous in 
agglutinating erythrocytes, it was decided to assay HlA(Wellcome), 
HiA{P) and H1A(h ) for hemagglutination activity so as to compare



TABLE 45

\ r \

Effect of ÎTI\ on local lesion production
hy W

I PibV '
iiiiitu uiiiiber of Isolons  ̂: 
IIAT + water j ix; 4.

' ■-
Activity
Quotient

Percentage
Inhibition

EHA(kellc(me) 117 [ 119 1.02 - 2

niA(p)
1

■ 106 76.3 0,72 : !

126 39.7 0.71 2J I
--------------_ J --------- ----- 1_ --------- »

^ Each figure represent* the mean number of lesions for

tea replications
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Disc electrophoresis of FHA samples 
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IBA
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position of marker

Shading indicates intensity of hand staining
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ii with the activity obtained from the peaks (2, 3, 4 and 5) 
isolated from (French bean).

(ill) HllCVeMcoiae). HlAfP) and (X) heg!n.,!yjy.luttnatlon activity 
m n m

liaximum hemagglutination was obtained in nM(v.ellcome) giving 
a titre of 1/123. ITIA(p ) gave a hemagglutination titre of 1/32. 
Kioimm hemagglutination was obtained %dien HIA(I4) was mixed with 
the rabbit erythrocytes and the titre was l/4 (Fig. 38). 
hémagglutination teat was also made to crude soybean agglutinin, 
and the results will be described in the following section.

(b) Crude soybean og.tlutinln
At the time of this investigation, unlike HiA, pure foms of 

S M  were difficult to obtain. It was considered valuable, however, 
to test SBA against virus even though the hemagglutiaating extracts 
from Ixt^g (iknybean) had proved non-inhibitory. Soybean agglutinin 
was prepared in this study and its hemagglutinatlng activity compared 
with that of fractions extracted frœa hxt^^^ (Soybean).

(i) Preparation of crude soybean agglutinin (SBA)

Using the method of his et al. (1966), crude SBA was pre^mred
from 500 ©a ef seed flour. Crude SBA was then tested for its
inhibitory activity against ÏNV and for its heaagglutinatiag

activity.
'

(ii) Effect of crude SBA on local lesion production by 
One ml of crude SEA was mixed with THY and inoculated onto
p. vul^erla leaves. Control consisted of THV and water. The 
extract was very inhibitory, giving 93/̂  inhibition (Table 46). 
Dilution reduced inhibition, suggesting that crude SBA contained 

an inhibitor and not a virua inactivator.
Crude SBA was next tested for hemagglutination activity.
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ÏABLK 46

Iffect of vurlous coucenirtitioîia of crude dBA 
ou local lésion |.u’odncilou by îm

Dilution
i (3Hl)

nuuber of lesions * 
IXV + water * W /  + dOA

Activity
Quotient

Percentage
Inhibition

 ̂ Keat
_______

13.9 0.8 0.05
.........

95

17.2 9.9 0.38 12

10-2 21.0 15.3 0.73 27

10-3 25.6 19.4 0.76 2i

10-' 25.5 22.4 0.89 12

1 >̂3-̂ 39.7
,. 1. n m . 1.1 « LI IT . 11, 1

3Ï.3 0.86

î 10"6 I
23.0 23.3

i
1.01 I -  1

  \ -------

^ Each figure represent* the mean number of lésions for

ten replications
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(ill) heT̂ mr.gl-utinatlon activity assay
Hemegglutizuitien activity vas assayed as described previously* 
Crude SEA was diluted in a tvu-fold eerie* with buffered saline 
to a i/512 dilution. Controls consisted of buffered saline and 
standard erythrocytes suspensions* Results in Fig* 39 show that 
crude SEA has an agglutination titre of 1/256*
Crude S M  shoved not only inhibition against DfV* but also 
hemagglutinating activity* On the other hand, the three peaks 
(2, 3 and 4) fractionated from Ext^^^ (Soybean) and showing 
hemagglutination activity, were not inhibitory against fW. 
Conversely, peaks 1, 5 and 6, vhicli shoved no hemagglutination 
activity, inhibited T̂ îV. It would seem therefore, that crmie 
SBA, as the name suggests, contains plant virus inhibitors as 
well as agglutinins* To analyse this situation further, disc 
electrophoresis experiments were undertaken on crude SM.
(iv) Disc electrophoresis of crude S M
Fig* 40 shows that crude SBA contains four bands of material 
giving positive reaction in protein tests (Hf « 0.27, 0*44, 0,66 
and 0.83) nnd four bands reacting in glycoprotein tests (Kf » 0 *30,
0.44, 0*67 and 0.84)* It would appear, therefore, because of 
the aimilarity of Kf values between compounds reacting in these 
two tests, that S M  contains four glycoproteins* SBA has been 
known by other workers to consist of glycoprotein (Lia and Sharon,

1973).
Glycoproteins of Bf value 0.27 and 0.43 were also found in the 
virus inhibitory peaks I and 6 as aei>arated by DKAE-52 chromato- 
graphy of Ext^^^ (Soybean). On the other hand, peak 3 of this 
extract, vhich was non-inhibitory to virus but which gave maximum 
hemagglutination, also contained glycoproteins, two of which with
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Fig. 40

Disc electrophoresis of crude soybean agglutinin (SBA)

Crude SBA

Protein Glycoprotein

<---- position of marker

Shading indicates intensity of hand staining
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lit valuea of 0.67 and 0*80 corresponded to similar molecule*
(Ef values 0.66 and 0,83) from SM.
These results indicate that crude S M  contains virus inhibitors 
which are distinct from the agglutinating comx>ounds.
To exaiaine further the effect of agglutinins on plant viruses 
the pure agglutinin (Con A) from Canrnvsli s enslfomi s seeds was 
also tested against TNV.

(c) E ffect of Con A on loca l lesion  production bv T;4V

Althou;^ C. eneiformis (jack bean) seed extract gave 73/̂  inhibition 
Wien it was tested against virus, as mentioned in chapter 3, Con A 
at various concentrations shoved no inhibitory effect (Table 47)• It 
seems that during the preparation and purification of the agglutinin 
Con A, only fractions which agglutinate erythrocytes are isolated.

DISCUSSION
A detailed discussion of the in^lications of these results will 

be given in the final cliapter. It seiKas appropriate, however, at 
this stage to summarize briefly the results of this chapter and to 
moke some comparison between the two specie* exan&ined,

% e  work described in this chapter has established that in the 
case of soybean, the crude seed extract contains hemagglutinating 
glycoproteins similar to those in the S M  and that such extracts also 
inhibit virus# The virus inhibitor glycoproteins are not, however, 
identical to the hemagglutinins.

Crude G. pwx seed extracts were also shown to contain glyco
protein with trypein inhibition activity. These same extracts 
possessed the ability to iaîîibit virus. Cmmaerctally available trypsin 
inhibitors also inhibited virus. However, trypsin inhibitor In crude
0. nsjc seed extract appears to differ from that commercially available
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I/wLG 47

EiXect of various coacoatratious of Con A on 
local lesion production by Tî\Y

!
Dilution

Kean nuwber of lesions ** Activity
Quotient

Percentage
InhibitionÏMY + water + Con A '

Meat ■* 79.5 75.0 0.96 4

,0-1 0.3 69.1 0,99 1

,0-2 70.4 68.6 0.97 3

,0-5 69.3 72.6 1.05 - 5

,0-" 89.1 88.6 0.99 1

,0-5 73.3 69,8 0.93 5i 1 0 ^
t

i
66.3 66.5 1.00, 0 1

I ....«.■■■— -H

* 0.
— ........» ■ 1

1 ffig/iiti
\

** Uich figure represents Uàe mean nwuber of lesions for 

ten replications
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«ince the former ooneisted of glycoprotoia and the latter is 
proteinaceous in nature.

Crude extracts of P. valmris contain some glycoproteins with 
heîsagglutinating activity and others with trypsin inhibition activity. 
One glycoprotein, showing hemagglutination activity, also inhibited 
plant viruses. A second virus inhibitory peak showed trypsin 
inikibitiou activity, but a third peak which inhibited virus showed 
neither trypsin iaîàifaitor activity nor hemagglutination activity.

HL\ from commercial sources varies in its properties. This was 
demonstrated when pure Î11A. from different commercial sources were 
tested against virus. Thus, the more homogeneous (Wellcome) 
gave no virus inhibition, but heterogeneous XM(p) and niA(H) each 
inhibited virus.
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a m m n  vii
MmiiOF ACTION OF G. M.1X ,/\ND ?. VUIGARI^' FilD ICXTDACTS

It is veil known tiiat in order to infect plants mechanically with 
virus, host tissue must he wounded, usually hy abrasion. The act of 
wounding creates or exposes infectible sites which are converted to 
infective centre upon interaction with virus particles (Siegcl, 1966). 
When the inoculum contains virus inhibitor, no infection, or a low 
percentage only, is obtained. The reason might be explained in more 
than one way, and there is controversy about how plant virus inhibitors 
act. Some workers believe that they act by altering the susceptibility 
of the host plant, probably by blocking the infectible eitea on the 
leaf surface. Among such inhibitors are leaf extracts of Beta vul^^aris. 
CRDgieuia aaninim and Va turn i xm (Paliwal and Nariani, 1965)*
Xil-Sandelgy and Wilcoxson(l966) suggest that the inhibitor extracted 
from Trifolium nratense flowers altered the host cells physiologically 
and therefore they are no longer susceptible to the virus. Ihese 
results agree with those of Simons et al. (I963) wiio studied the mode 
of action of virus inhibition by 75 succulent plant species. Yoshii 
(1 9 0 ), WiO studied the effects of the Chenopodium sap inhibitor 
against TNV and cucumber mosaic virus, showed that the effect of the 
inhibitor vas due to interference in the formation of a virus- 
receptor complex at the susceptible site. Lai et &1. (1973) reported 
that inhibitors from Datura metel acted by affecting the host 

susceptibility to THV.
The other school of thought believes that plant virus inhibitors 

fona a non-infectious complex with the virus, rather than by acting 
on the host plant. This idea is supported by Fulton (1943) using 
leaf extracts of Phytolacca deeandra. Paliwal and Nariani (19&5)



attributed the inhibitory activity of Cariea r*ar?ava latex to it» 
ability to bind to sumtUemp mosaic virua in au liubreaUuble virus- 
iuhibitor complex, Palm (190) degcribed a plant virus inactivator 
gy&tom from the leaves of Ni cotlaim glutitio£ a, Leceutly, Ibruhim- 
Kesbat (l97l) described the mode of action of TMV inhibitors extracted 
from apiuach leaves (fpinacia oleracea). By electron microscopy he 
shoved that inhibition is caused by aggregation of virus particles.

Therefore, it seems that plant virus inhibitors fall into two 
categories, one including inhibitors affecting the virus, and the 
other in which the host plant is influenced. In this cliapter the 
mode of action of seed extracts of G. rex (Section A) and P, v^ürarls 
(Section B) will be studied,

SECTION A .. 

î:OhN OF ACTION (T G. MO.X SEJT .

1. PO G, tm  I!-!?ri8IT0IlS ACT BY AFPrGTING T m

In order to answer this question an ex^wriment vas designed in 
which T M  was incubated with the seed extract for 15 minutes. The 
virus was then recovered by ultra-centrifugation, and its infectivity 
tested and com^iared with untreated TNV, la this w%y any possible 
change ia the virus, induced by the seed extract, could be detected. 
Prior to undertaking this exv>eriuieat the opaque crude seed extract 
required clarification by ultra-ceatrirogation end this experiment 

is described first.
Lyophilized G. max seed extract prepared as described previously, 

was spun at 11,000 g for >0 minutes to obtain a clear extract. Both 
the precipitate and the supernatant were tested against The
precipitate gave no inhibitory effect; however, the eupematant gave 
5if 4 inhibition, which was nearly the same as the whole seed extract
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(68^ inhibition) tested at tbia time. Thia level of inhibition ia 
lower than that described earlier (Chapter II) when 93;. inhibition 
was obtained. This reduction in the percentage inhibition was 
thought to be due to seasonal effects on the susceptibility of 
French bean leaves to infection, since samples of the same seed 
extract tested some weeks before and after this experiment each 
produced 89-9 3; inhibition.

Having established that the inhibitors extracted from G . max 
seeds were still in the clarified supernatant, 10 ml of this 
supernatant was mixed with 10 ml of TNV. The mixture was kept at 
room temperature for 15 minutes. Control mixture consisted of an 
equal volume of TNV and water* Treated and control mixtures were 
then spun at 100,000 g for two hours. The pellet of virus was washed 
with water to remove any residual inhibitor. Finally, the pellets in 
both the treated and control tubes were resuspended in 5 ml of water. 
Two ml of each were inoculated on French bean leaves. Results in 
Table 48 show that similar numbers of lesions were obtained for both. 
Statistical analysis also proved that there was no inhibition.

Therefore, it can be concluded that G* max inhibitors do not 
act by affecting virus particles, and it seems likely that they 
affect the susceptibility of French bean leaves to infection by TNV. 
To examine this, further experiments were undertalien to teat the 
effects of seed extracts on French bean leaf surfaces.

2. 1FF7XT OF DIPPING HNNCH BEAN LEAVES IN G. MAX F T W  TXTRM,r
(a) Effect of dinniaa French bean leaves In G. max seed extract one 

hour before inoculation by TNV
(1) Diuuirifi the whole leaf

This experiment was performed on ten intact French bean plants.



TAÎBLU 43

Effect of Q* max seed extract on TlfW

Treatacat of 
TNV

Moan number of lesion# following 
ultra-centrifugatioa

.HgO 177

+ heed extract 163

♦ Inch figure represents the mean amaber of lesions for 
ten replications

g r

TAELS 49
Effect of dipping French bean leaves ia G. rmx 
seed extract one hour before inoculation with TNV

Surface
dipî>e4

Mean umaber of lesions * 
for leaves dipped into;

Activity
Quotient

Percentage
Inhibition

water seed extract

whole leaf 44.3 3.80 0.09 91

upper 46.2 4.13 . 0.09 91

lover 51.0 55.00 1.03 M Q

* Each figure represents the mean msaher of lesions for 
tea replications
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One leaf of each of the tea plants was dipped for two minutes 
into a petri diah containing 20 ml of G. max seed extract. The 
opposite control leaf was dipped into 20 ml distilled water.
After drying in air at room temperature for one hour, all the 
leaves were inoculated with D'lV. Hands were washed after 
inoculating each leaf so as to prevent any G, max seed extract 
being transferred to the inoculum. Results in Table 49 show that 
G* max seed extract was inhibitory, giving 9i> inhibition.
(ii) Dipping the n:>'?cr surface of the leaf
Using the satae procedure, only the upper surfaces of the leaves 
were dipped in the seed extract or water, hesuits in Table 49 
show that the inhibition was again 9%;*.
(iii) the lover sî rface of the leaf
Vhen the lower surfaces of the French bean leaves were dipped in 
G. max seed extract, similar aismbers of lesions were obtained 
on treated and control leaves.
In tiiese experiments the seed extract Wiibits when applied to 

the upper surface but has no effect if applied from below (Table 49). 
These results suggest that the extract either alters the leaf surface 
and affects the entry of the virus into the leaf, or the extract 
enters the leaf with TNV and then affects tJie virus multiplication 
by affecting cell metabolism in some way.
(b) Effect of dl??T>in/t French bean leaves into G. max seed extract 

followed bv rinaiii'Z with water before TNV Inoculation 
This experiment was performed in order to gain some idea as to 

whether G, max seed extract enters into French bean leaves through 
the upi>er surfaces, thus affecting TNV after entering the leaves.
Tea French beau leaves were treated ia the same way as when the whole 
leaves were dipped ia the seed extract as described above. Control



leaves were dipped in water. After one hour, the leaves were rinsed 
with tap water and left to dry for 15 minutes. TNV was then inoculated 
on the treated and control leaves. lie suits in Table 50 show that 
rinsing the treated leaves with tap water had removed the extract, 
and the number of lesions produced on treated leaves were much the 
some as that produced on the control leaves, giving an activity 
quotient of 1.02. Therefore it can be concluded that the extract 
alone does not enter and modify the leaf in any way. It was also 
proved previously in this section that the extract does not act by 
affecting the virus itself. Another possible mode of action is that 
the extract affects the entry of I W  tiirough the leaf surface. 
Alternatively, the seed extract might need to enter the leaf along 
with the virus and so influence the initial attachment of virus to 
infectible sites on cells. Experiment# described later in this 
section will help to elucidate this problem further.
(c)- Effect of dinning French bean leRvea into G. max seed extract at 

different time intervals before and after inoculation bv TNV 

■ (i) Effect of dinnin* 1. 3. 6. 9 and 24 hours before inoculation 
Since dipping French bean leavea in 0. max seed extract one hour 
before inoculation with TNV gave inhibition, it was decided to 
dip French bean leaves at different time intervals before 
inoculation ia order to find out how long seed extracts remain 
effective in producing inhibition.
One primary leaf of each of 50 French bean plants was dipped into 
seed extract. Ihe opposite control leaf was dipped into water. 
After one hour, tea plants were inoculated with TI4V. The 
remaining plants were divided into batches of tea end inoculated 

3, 6, 9 end 24 hours after dipping.
Results in Table 51 show that G. max seed extract was inhibitory



TABLE 50

m

Effect of dipping French bean leaves into G« max 
seed extract followed by rinsing with water before 

TlVf infection

Mean number of lesions * Activity
Quotient

Percentage
Inhibition

Control Treated '

52.5 55.2 1.02 - 2

♦ Each figure represents the mean msîkber ef lesions 
for ten replications

TABLE 51
Effect of dipping French bean leaves in G> seed 

extract at different time intervals before inoculation
by TNV

Hours before 
inoculation

Mean of lesions * Activity
Quotient

Percentage
Inhibition

Control Treated

1 50.0 6,0 ! 0.12 88

3 54.0 27.0 0.50 50

6 46.3
i

27.0 0.58 42

9 46.0 29.7 0.65 35

24 63.9 66.2 1.04 — 4

* Bach figure represents the mean nimber of lesions for ten 
replications
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vhen applied up to 9 hour» before inoculation by TNV. There ia 
a alow loss of inhibitory power with complete loaa after 24 hours. 
Presumably the inhibitors become inactivated ia some way. Ia 
this experiment virus inhibitora, which remain active on leaf 
surfaces, presumably enter the leaf togetiter with the virus and 
bring about their Inhibitory effects within the leaf.
(ii) Mfgct of tljnnin..̂  1, b, 9 and 24 bnitrg after Inoculai ion 
The leaves of 50 French b o ^  plants were first inoculated with 
TNV and then after 1, 3, 6, 9 and 24 hour*, batches of ten plants 
were treated by dipping one leaf into seed extract and the 
op^K»aite control leaf into water.
Résulta in Table 52 sitow that tl, max seed extract had no 
inhibitory effect on local lesion production if applied after 
inoculation of TNV. This support» the earlier suggestion tliat 
G . Max seed extract does not change the leaf surface and is only 
effective Wien accompanying tiie virus during entry into the leaf. 
Although it seems that the inhibitors from 0. max have no effect 
on the virus itself, it was thought useful to test two other 
viruses against the inhibitors. For these experiments two rod- 
shaped viruses, THV and X’VX, were selected*

3* IIYKCT OF 0 .  m% Ç5.:n> OTHACTS m HïORJCTXOH by THV

IÙW T‘VK  \

M  jHX
One Dal of the seed extract warn mixed with 1 ml of jmrtially 

purified THV (legmio strain) and inoculated onto ten half leaves of 
Ml CO 11mm tabacufA var. lanthi. Control consisted of an equal volume 
of THV end water. Results in Table 53 ehow tlmt the seed extract vas 

inhibitory, giving 64 inhibition.
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TABLE 52
Effect of dipping French beam leaves im G. max seed 
extract at different time intervale after imeculatiom

by T M

liour* after 
iiioculatiou

1 Mean nmiber of lesions * | Activity ( Ter^mtage 
Qnotient j Inhibition

\ Control Treated |

1 1 67.2 67.9 I 1.01 j -  1

....  L i 53.6 53.4 i 1.09 1
1

-  9

63.6
172.3 1 1.04 „ i - 4

9 55.7 1 59.6 1 1.07 ' - 7

24
.

54.3 56.7 1 1.04
■■ - M 4

* Each figure represents the me am ni&̂ iber of Issioas for tea 
replication#

TABLE 53
Effect of G. max seed oxtract# oa local lesion 

production by THV and PVX

Virus j Mean nisaber of lesions j 
I Water j seed extract j

Activity
Quotient

1 Percentage | 
i Inhibition I

T M  ^ i 72.3 i 26.1 1 0.36 1 64 !

FVX ** t 7 .9  i 1.2 I 0.13 !  ̂i 83

* ' TMV tested on ten half leaves of Xicotlena tabacig* var. Xomthi

#* pVX. tested on ten leaves of Cnrr'direni
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(b)

One ml G,. Kzx seed extract was mixed with 1 ml of partially 
purified fVX and inoculated on GomObrena g:Iobpaa leaves* Control 
consisted of PVIC end water. Kesuite in Table 53 show that G. max 
vae Inhibitory, giving 85,4 inhibition.

DISCU%tTO% .

Experiments have been employed to determine whether 0. max seed 
extract reduces infectivity by affecting the virus (TNV) or the host 
(French bean leaves). Previous experiments on dilution indicated 
that the extract contains virus inhibitors and not inactivators, 
since the percentage inhibition was reduced as the extract was diluted 
up till dilution.

In this section of the thesis, experiments have been described 
which show that virus recovered from treatment with inhibitor appeared 
to be unchanged. These results seem to agree with those obtained by 
Zaitlin and Siegel (ijtj) who used similar techniques and found that 
ÏMV virus inhibitor extracted from MicotlRna tabacura leaves, reduced 
the infectivity by affecting the host and not the virus. Crowley 
(1955} reported similar results when he studied the mole of action of 
the inhibitory extracts from Nicetiara species and CucuTia gativn 
seeds on the infection of tobacco mosaic and cucumber mosaic virus 

respectively.
Kuay inhibitors of plant virus infection affect the host plants 

and they act by destroying or blocking the infectible sites. The 
work of Ragetli (1957) suggested that the inhibitor extracted from 
Dianthus ccrvobhvllus (carnation) gap acts by blocking virus receptor*

on the surface of the leaf.
Von Kamuen et al. (l9bl) lupported this hypothesis by examining
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the relationship between the loimber of locel lésion» on leave# of 
lii.cQtiaxik\ fd.utijrioqu and THV concentration, and the effect of the 
concentration of the inhibitor on thie relationship. Their results 
showed that the action of the inhibitor was on the receptor sites in 
the leaf# Van hmamon et al. used the dipping method of the leaves 
for applying the virus inhibitor since it avoids the danger of the 
second rubbing where new wounds would be created or existing 
susceptible sites destroyed, hipping was preferred as a method in 
the present work for studying the mode of action of G* rarx seed 
extract. ■■

High percentage inhibition (91 ) was obtained Wien the wtiols and 
the upper burface of the leaves were dipi^ed into the extracts# This 
agrees with results obtained by and Ikiyeiiaudiiuri (l95b) who
found timt extracts of chilli (Canuiciyi p.mmvisn), spinach (suinacia 
oleracca) and strawberry (Fra,caria vesca) were inhibitory vhon 
sprayed on leaf surfaces half an hour before FV% inoculation. In 
the experiments described here, on the other hand, no Wiibition was 
obtained when the lower sinrfaces of ircnch bean leaves were dipped in 
G. xaax seed extract# Similar results were obtained by Mart (1972), 
udien the inhibitory P. vui.̂ üaris leaves extract shoved no significant 
virus iidiibition when it was applied to the lower sui*face of Nicgtima 
elutinoen leavea and T W  was applied to the upper surface. Different 
results were reported by Halm et al. (i960) who found that the 
inhibitory Crv?.a sativa seed extract showed virus inhibition \dion it 
was applied to the lower surface of Thascplus vulicf.ris leaves.

Crowley (1955) also found that the inhibitor from CucomigL .sativA 
seeds affects local lesion production when applied to the under- 

surface of ©owj>0a leaves# v
The results obtained in this thesis suggests that the inhibitors
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extracted from fi... m x  seed extract act either hy altering the 
ansceptihiXity of the host cells for virus attachment, or hy entering 
the cells and thereby creating conditions within the cells unanitable 
for the replication of the virus* In experiments where French bean 
leaves were dip%)ed into seed extract end then rinsed after one hour 
viili water before inoculation by TiEV, it was shown that similar 
nmabers of lesions developed on the treated and control leaves.
This confirms the idea that the inhibitors act by altering the 
susceptibility of the cells for virus attachment since no Inhibitor 
was present to enter the leaves during subsequent abrasion during 
virus inoculation. This idea was substantiated by results obtained 
when the G. nax seed extract was applied at various time intervals 
before and after virus inoculation. The extract was inhibitory when 
applied up to 9 hours before inoculation, but no inhibition was 
obtained when the extract was applied after inoculation. Similar 
results were obtained by Verma et al* (l90). They found tliat wheat 
seed extract (7ritF%M sativum) is inhibitory when applied before the 
inoculation by THV virus but is not so when applied after inoculation. 
This might be due to blockage of virus receptor sites as suggested 
by bupta and Price (1950, 1952). Palm (lÿo?) however, found no 
significant inhibition of infection when the inhibitory fractions from 
N1 COtim a  11 noi-a were applied to N. tabgciia leaves prior to, or
after, T:iV inoculation. lie interpreted those results as supporting 
the concept that the iidiibitor acts by its effect on the virus rather

than oa the host.
The fact th&t G, viox weed extract inliibits local lesion production 

of both THV and FVX shows tlmt the inhibitor works not only oa 
receptor sites for spherical viruses, but also for rod-shaped viruses.
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These results are also valuable in that they demonstrate that the 
inhibitor works In varioui» host x̂ lant» other than French beau,

M r m c M  B
" ' HODF OF j'CTION OF P.' QllTD BZrTACT

The mode of action of P. vulfrrri s seed extract was studied in 
the Bo&e way as for 0. max seed extract; therefore, only the result* 
will be described in this section.

1. 1*0 P. VTjiRÂ î  nrTDJTors »r? m /mtTFiG Twt
Seed extract was incubated with T>iV at room temperature for 15 

minutes and the mûxture epon at 100,000 g for two hours to recover 
the virus. Controls consisting of TNV and water were treated ia the 
same way. Results in Table 54 show that similar ambers of lesions 
were obtained when the treated virus and the control were each tested 
on French bean leaves, suggesting tlmt the inhibitors did not effect 
the virus and therefore act by affecting the host,

2 . • E m y y  of DTPPTMG FPfVM FQAM T,%VFS INTO p . yiTGMgg SFH!> mUACT

(a) Fffert of for v^rioue Icnrths of brfcre iun^uletion
with T M

Fifty French bean leaves were dipped into P. vi?.l?:frig seed 
extract and after 1, 5, 6, 9 and 24 hour», ten leaves were inoculated 
with TNV, Control leaves were dl^^d into water. Résulta in Table 55 
ehow that P. vnlc%ci s seed extract was not inhibitory wiien applied 

up to 24 hours before inoculation by TNV.
In a further experboent, in vhich the upper and lower surfaces 

of French bean leaves were separately treated with seed extract one 
hour before inoculation, no inhibition of local lesion production by
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TABLE 54

Effect of P. vulaarls seed extract oa TNV

Treatment of j Mean iiiBriber of leaiooa
. XNV i following ultra-centrifugation

* V 91.9

+ steii t&lr&cL j _ , 1

* Each figure represent# the mean nuwher of lesions 
for ten replication*

TABLE 55
Effect of dipping French bean leaves in P. v T t i R  

&eed extract at different time intervals before 
inoculation by TNT

Lours before 
inoculation

1 >iean number of lesions * | Activity
Quotient

Percentage
Inhibition

j Control i Treated I

1 1 1 ( 76.6 1
, ( . , - .....\.. -

1 U  I I  1 1 I I  1 I I  1 ij 1
75.1 1 0.98 2

3 i 70.7 1
i

67.2 1 0.93 5

6 j j j 74.4 I
1

76,6 j . 1.03 - 3

9 ! 76.4 j 73.7 1 0.94 6

24
i I 
1 64.7 I..4,. . . . . . . . . . . . . . . . . .

68.3 ; 1.06 - 6

* Each figure represents the mean nujaber of lesions for 
ten replications
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T W  could be detected. (Table 56)$ Similar résulta were obtained 
wiien French bean leaves were rinsed with tap water before inoculation 

by TNV (Table 57).
(b) Fffoct of dirrginT for yariou*^ len';t!?.gt o.t a fter  inoct^lat.ion ■

with TNV

French bean leaves were first inoculated by TNV and then, after 
1, 3f 6, 9 and 24 houra dipped into F. vulirari# seed extract. Control 
leaves were di%q)od into water. Results ia Table 58 ©how that 
P. vul^nris @eed extract had no inhibitory effect when applied to the 
leaves after inoculation by TNV.

3. TJTTC? OF P. VTLGAÏŒS SPTCD FXTEACYS ON LOCM, LESION PPODUCTION BY 
TMV AN;) MX

(a) TMV
Lyo^diilized P. jrmri$ seed extract was tested against ITfV oa 

half leaves of Nicotiana t#aeim var. Xanthi. Control consiated of 
an equal volume of THV and water. Results in Table 59 show that the 
seed extract was slightly inhibitory, giving 15 ̂ inhibition.

(b) z m
One ml of P. vul^mris seed extract wsis mixed with 1 ml of FVX 

aîid Inoculated onto thxci)3:T.rena ;iIobo%t% leaves. Control consisted of 
1 ml of IVX and 1 ml of water. Results in Table 59 show that the 
seed extract was not inhibitory against IVX, giving an activity 

quotient of 1.04.

la previous chapters it has been shown that crude G . seed 
extract was consistently inhibitory (A.Q. *» 0*07), whereas crude 
P. vulgaris seed extract varied from being non-inhibitory (A.Q. ® 1.02)
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TABLE

Effect of dipping French bc&a leaves in P. vnlr.ari 
seed extract one hour before inoculation by TNV

Surface dipped

1 ,

i Mean timber of legions *
 ̂ for leaves dipped into; *
1 water ■* eeed extract

Activity
Quotient

Percentage 
* Inhibition

whole leaf ! ' 18.9 ' ̂  18.1 ' 0 .96 ' 4

upper surface
T ,, rr. M.j . ri.Trn,,

20.4 20.6 1.01 ' ' - 1 '

1 lover surface \ 17.5' T" ' ■ ' 16.9 ' u.9d 2 ' '

* Each figure represent# the mean number of lesion» for
ten replications

TABLE 37
Effect of dipping French bean leaves ia P« wl^?ari3 eced 
extract followed by rinsing with water before T M  infection

* Mean nmber of lesions * ' Activity
Quotient

Percentage
J Inhibition ,

* Control ■ 1 ■ ■ ♦ ■ i Treated
i - - •

23.1
..

 ̂ -1 - - 1 -
26.4

H ------------- -
1.05 - 5

* Each figure repro&cata tZm ujoaa amxAcr of leaions 
for ten replications
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TABLE sa

Effect of dipping French bean leave# in P» vulzari# 
aeed extract at different time intervals after 

inoculation by T?îV

! Hours after 
j inoculation

i Mean number of lesions * Activity
Quotient

Percentage | 
Inhibition I
.....  ’j Control j Treated j

i
i 1 i 76.1 i 79.9 j 1.03 . 3  1

. . . .!

! 3 1 69.9 j 69.2 t 0.99 . i
1 - I 60.3 ! 82.7 1 1.03 - 3 1

1 ....
j
I 73.1

I ......... !'
: 70,2 i 0.96 <* 1

1 24 1 Cô«0 S 63.4 i Ü.9V i
i

4 J

* Each figure represents the mean number of lesions for ten 
replications

TABLE 59
Effect of P. vulgaris seed extracts on local lesion 

production by and IVX

1 Virus j Mean cmibcr of lesioaa j Activity \ 
Quotient |

Percentage j
f1 EaterJ.. . -1 ......... j Seed extract j

XHIaXOXvXOu I

TMV » Î 83.1 i 70.6 1 0.35 ! »  1
px/X ** j 8.1

1 ’ ! 8.4 !
\

1.04 : 
--------

« 4 ' 1

e TMV tested on ten half leaves of Micotiana tabacics var, 
Xanthi

** , PvX tested on tea leaves of Gompbreua ^lohoaa
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to being «lightly inhibitory (A.Q, « Q.70). P .  vul*?aris extract 
treated with beat, or alcohol, and analysed BIiAB-52 cellulose 
cîiromatograidxy was found, however, to contain virus inhibitors* 
Dilution experiments confirmed the presence of inhibitors aa well as 
corspomda masking the inhibitory activity ia these seed extracts* 
la this section experiments have @hown tîaat seed extracts influence 
the host plant rather than the virus* In contrast, Lai et ol. (1973) 
studied the mode of action of inhibitors of THV from P* vulgarla 
leaf extracts and suggested tSiat inhibitors act by forming a loose 
complex with the virus.

P« seed extract was not inhibitory when ei>plied either
to upper or lower surfaces of test plant leaves, or when applied at 
various time intervals before or after inoculation of virus. However, 
ia studying the inhibitor extracted frcsa P. vul.carls leaves, Nart 
(1972) found that tlio extract was inhibitory only vdisa applied up 
to W  hours before was inoculated on to test pleats of Nicotian a 
rlrtinosa* No inhibition was obtained when the extract was applied 
after TîlV inoculation. On the other band, Lai et al. (1975) reported 
that, although P. vnl.Taris leaves extract was inhibitory when it was 
mixed and inoculated at the same time as TIW, the extract was not 
inhibitory Wien applied up to 24 hours before or after DfV inoculation.

These results can be interpreted as showing that inhibitors 
in leaf extracts of F. vuliTnria are different from those found in 
seed extracts. This interpretation is supported by the further 
observation of Lai et al. (l973) vho found tlmt P. vuli:arig leaf 
extract was not inhibitory against TNV oa Nic a t i .Mbaci^a var. 
Xanthi. In experiments described ia this section, P. vulnsris seed 
extracts showed some inhibition against TiW when inoculated on to 

N. tfibacir# var. Xanthi.
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av^p^rm vtii

Although 8orne discussion of the results has been made ia each 
chapter of this thesis a more general discuesioa will he given here.

The experiments described ia this thesis have produced 
considerable iaformatioa regarding virus inhibitor fractions from 
legume seeds. In the survey of such seeds, for example, it was of 
particular interest to notice that they were all, for the most part, 
inhibitory to virus, and i'urthermore, heating these extracts either 
decreased inhibition as in the case of G> max. or increased 
inhibition as in the case of P. vjlgaris.

Dilution studies of these two legumes inhibitor extracts have 
established that true inhibition and not virus inactivation is 
brought about by these seed extracts.

Careful preliminary studies of inhibitor fractions by techniques 
including dialysis, precipitation with alcohol or amaoniuw sulphate, 
as well as electrophoresis have indicated that they consist of high 
molecular weigîît compounds identifiable as proteins or glycoproteins.

In the introduction (Chapter l) attention has been drawn to 
the large voluae of work carried out oa plant virus inhibitors.
Many workers have attributed inhibition to proteins and one of the 
earliest studies, identified an active virus inhibitor from leaves 
of Phytolacca esculents to be a glycoprotein (ihissanis and 
Klecadiowski, 19T3). Furthorsaore, Kart (l972) has shown that 
P. vilceri9 leaf extracts contain proteinaceous virus inhibitors. 
Although these latter studies were not of seed extracts, it is not 
unreasonable to exi>eet that protein/glycoprotein from seeds may also
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act as inhibitors since the main nitrogen storage material in m m e  
legume seeds con be identified as glycoprotein (Derbyshire et al,, 
1973j Pusztai and Watt, 1970; Bacusea mid Foote, 197l),

The situation ia likely to be complex, however, since
F...vu.li».eriŝ  and 0« max seed extracts contain a vide variety of 
compounds with varying effects on virus, This was confirmed, using 
Sopliadex when low molecular weight compounds with no inhibitory 
effect could bo separated from inhibitors.

The complex nature of extracts demands more sophisticated 
methods of extraction and separation of proteins, nlthou^ Sephadex 
gel filtration and disc electrophoresis proved valuable in confirming 
the protein/glyco%)rotein nature of Inhibitors as veil as establishing 
information regarding their molecular weights.

More detailed information was obtained from chromatography on 
DDIE columns \diich proved particularly valuable ia identifying those 
components that determined the differences in activity between
G. ginx and P. vulgaris. Thus, as discussed earlier (Chapter XV),
P. vul.^nris, unlike G. max. appears to contain compound# which in 
some way eliminate the effects of inhibitors. Such compounds are 
thought to mask the activity of the inhibitors; however, the 
mechanism of their action ia not clear. They mi#it act either by 
combining with the inhibitors or they œigîit influence the leaf 
surface, thus affecting its response to virus inhibitors. Masking 
compounds have not been described before although Benda (l95&) 
described compounds called augmenter# in the Wiibitory extracts 
from Tetrafroiiia exoansa which Increased the activity of viruses, 
Recently Stevens (VJ70) reported the presence of augmenter# ia a 
number of crude seed extracts including P. vulgarig. In the 
experiment# described in this thesis, P. v»aliigris seed extract did
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liot give augmentât i oa ; however, fractionation of the extract hy 
DEAR column chromatography revealed the presence of aubetimcea 
i&creaeiag virus activity which tended to mask the effects of 
inhibitor»* It seems that the overall effect of P» vulzaris seed 
extract against TNV depends upon the ratio of masking comx>ounds to 
inhibitor cosapounds* Thus the seed samples examined by Elevens 
(1970) might veil have contained a predominance of masking or 
augmenter compounds and relatively small amounts of inhibitors.

In chapter VII, it is shown that inhibition in both G. max 
and P. vulgaris can be attributed to effects on leaf surfaces rather 
than on virus.

Initially, events in virus multiplication involve
(a) attachment of virus to some receptors;
(b) enti^ of virus or at least its nucleic acid into host

cells.
The nature of the receptors for virus attachment is unknown but 

recently Kiyamoto and Amemiya (1972) suggested that they might be 
ectodesmata (structures considered as connections of the protoplast 
Up to the leaf cuticle (Brants, 19^5)) and plasmodesmata (bridges 
of protoplasm which join cells of plant tissue (Pranke, 196I)), 
particularly in the hair cell bases.

Wiibitors affecting host cells could operate by
(a) interfering with the initial attachment of the virus to

the receptor»;
(b) perhaps allowing attachment but preventing entry of virus

or its nucleic acid into cells, or
(c) preventing nucleic acid multiplication and the synthesis

of viral protein, so stopping the assembly of new

virus particles.
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Dipping experiments described in chapter VII would suggest that 
with seed extracts, mechanisms (a) or (b) are moat likely to operate* 
The question therefore arises as to identity of those compounds 
present in seed extracts which could have some effect on cell surfaces 
and therefore influence virus receptors sites.

Extracts of F« viilfmria and G. max seeds are known to contain 
lectins (chapter I) which influence cells chiefly by;
(a) surface effects on membranes resulting for example ia 

agglutination of erythrocytes due to the binding of lectins to 
saccharides on the surface of the cells, and

(b) effect at the nucleic acid level in inducing mitosis* , 
In view of these major biological activities of lectins, it

seemed pertinent to establish whether lectins are responsible for 
virus inhibition (chapter VI)•

The term lectin, however, is not very precise since, in the case 
of I1L\, for example, a number of types are available. nM(li), a 
mucoprotein, and Hhl(P) predominantly a protein, both of which were 
inhibitory against TKV were found to consist of a number of 
comiK>nent8* On the other hand, llhl(Wellcome) consisted of a single 
large glycoprotein band with no Inhibitory properties* Electro
phoretic studies showed that with niA(>î) end (P) some of tîie many 
bands caused erythrocyte agglutination. Such bands were distinct 
from those causing virus inhibition with exception* of one band of 

Bf (u,3b) which gave both activities.
Crude soybean agglutiaia (sB.\) was also Inhibitory against liW, 

and electrophoresis showed that Inhibitor glycoproteins were distinct 
from those causing erythrocyte agglutination.

Another lectin prepared from Jack bean seeds and available aa a 
imre protein, Con A, was not inhibitory against T:4V, although crude
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extract# prepared from Jack bean aoeda were highly inhibitory to 
virus. These observations suggest that, during the preparation of 
Coa A and f'SA, plant virus inhibitors are discarded with the 
non-agglutinating fractions*

Clearly, virus inhibiting and agglutinating properties of seed 
extract reside in different proteins* This conclusion is supported 
by the findings of byatt and Shepherd (19^9) who isolated from 
l^ytolgcra anericann leaf extracts a virus inhibitor of molecular 
weight 13,000 with high lysine constituents. The glycoprotein with 
lectin-like activity extracted from P. atrtî ricana root extracts 
(Eeisfeld et al., 19&7) had a molecular weight of 32,000, homogenous 
in nature and contained large amount* of cystine.

Recently, Finkelstein and KcWilliams (l97b) tested the effect 
of a range of plant lectins on a number of animal viruses and found 
varying degrees of inhibition.

The mechanism of protection afforded by the lectins is not clear. 
It ia suggested that it might be due to effects of lectins on the 
virus or due to the direct alteration of host cell membrane# making 
them unable to manifest or contribute to the destructive changes 

produced by the viruses.
Although the surface effect ia a mechonima which looks to be 

common between lectins end virus inhibitors extracted from seeds, 
it sems unlikely that both act in the same way* Lectins, for 
example, combine with s^jccific receptors on the mmbraaea of 
erythrocytes (Borberg et al., iy66{ Lis et ol*, 1970) with tii© 
resultant of agglutination of the cells.! For exâ aple, phyto- 
hemagglutinin (aii) combined with N-acetyl-D-galftctosoisaine} soybean 
agglutinin (SM) combined with R-galactose and N-acetyl-D- 
galactosamijaef and Con A combined with a-D-glucopyraaosyl,



of-î>-iîiamiopyrf«îo»yl ami 0-I)-fnictofuranoayl residues (Po«te et al., 1974), 
However, tiio plant virus inhibitors do not agglutinate erythrocytes 
suggesting that they camiot combine vith the swae membrane sites, 
wui may well act by a different mechanisa*.

Inspite of the enormous volume of work on lectins, for the most 
part the isolation ami xmrificatiou of the biologically active 
components has not been achieved. Most lectins pre|>araiion appear to 
be heterogeneous and it is not clear whether different activities are 
due to different fractions. It is not surprising, therefore, that the 
relatively crude extracts of seeds proved to be even more cmaplicated 
and difficult to wmlyse, since they contain amongst other things, 
fractions with agglutination, trypaia inhibition and virus inhibition 
activity. The work described in this thesis has helped to indicate 
the complex nature of these extracts and to elucidate some details 
of their antiviral activity.

The following general conclusions can be *drawn from this work*
1. All the 18 varieties of legume seed extracts were inhibitory 

against ÎHV.
2. The unheated extracts fall into two categories* those which gave 

75-.95>; inhibition and includes G, tsmx (Soybean), and extracts in 
which tlie percentage inhibition ranged between , for
example P. vulgaris (French bean).

3. Inhibition was decreased by heating some extracts such as G.
However, ia other extracts such as F. vilmrim.. the percentage 

inhibition was increased by heating.
P- vulgaris end G. max seed extracts were studied ia detail.

5. Dilution of French bean and soybean seed extracts confirmed the



presence of plant virus inhibitors and not inactivators.
6. Boiii extracts were inhibitory against THVj however, only 

soybean ebovod inhibition against I'VS.
?• Si)ectrophotometric absorption showed that none of the 

inhibitors ia French bean and soybean is nucleic acid.
8. Dialysis, precipitation with alcohol or armonium sulphate end 

disc electrophoresis experiments suggested that the inhibitors 
in both extracts are com^wsed of proteins and glycoproteins.

9. Sephadex G-lOO gel filtration proved useful in indicating tdie 
molecular weights of the inhibitor fractions and also in 
allowing the separation of low molecular weight non-inbibitory 
ccKapouads.

10. Seven fractions were obtained from DEfUS-92 chromatography of 
soybean seed extract. Three of the fractions were inhibitory 
against !HiîV. One of the inliibltory fractions is basic in nature 
while the oilier two are acidic. None of tlio virus inhibitors. 
agglutinated erythrocytes; however, the acidic inhibitors 
showed tryx^sia inhibition activity.

11. Seven fractions were also obtained from DEAE-52 chrœaatography 
of French bean seed extract. Three of the fractions were 
inhibitory against TNV, One of the inhibitory fractions is 
basic in nature while the other two ore acidic.

12. French bean, unlike soybean, in addition to the inhibitors 
yielded one fraction containing c<mix)unds idiich reduced the 
activity of the inhibitors; such compounds are termed masking 
com^)ounds« Such masking compounds are heat labile and their 
presence explains tlio different heat responses between soybean 

and French bean.
13. The basic glycoprotein virus inhibitor and the masking comiwunds
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each shoved agglutination of erythrocyte»j however, only one 
of the acidic virus iohihitors shoved ttypsia inhibition 
activity.

14. CoKSiiercially available soybean try%)sin inWbitors shoved 
inhibition against TNV, However, the glycoprotein virus 
inhibitors obtained in this investigation from soybean seed 
extracts are not identical vith trypsin inhibitor since the 
latter is known to be proteinaceous in nature.

15. hhen plant lectins vers tested against TNV, phytohemsgglutinia 
(KÎA) Wellcome and Con Â showed no inhibition, However,
%%(?), nu(M) and soybean agglutinin (sBA) were inhibitory. 
Eleetropliorcsia experiments showed that these IzWbltory 
lectins contain proteins and glycoproteins with both virus 
Inhibitory properties and some with the ability to agglutinate 
erythrocytes,

16• Studies of the mode of action of the seed extracts confirmed the 
presence of Inhibitor* and not inactivators and showed that 
inhibition ia brought about by effect* on leaf surfaces rather 
tiian on the virus is&rticles.
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I(a.n.ilomi?rtif>ri of treatments on Tobncco r ly n ts

Ixioculâtloa arrandomoat for tvo treatments each of 
ten replications oa half leaves of Nicoti.^ng var* Xanthi

<3̂ 1

riant 1 ilaat 2

leaf niüiiber L It leaf number L L

1 a 1 B . A

2 B A 2 A  ̂ B

3 A B 3 B ; A

B A 4 A .! Bi
5 A B 5 B ! A 

■.. ....
* treatiiioat 
h  ss le a f  h a lf le a f

a » right half leaf



APJ^^miX 2

Statistical Analvsia

Local lesion counts vere statistically analysed using the 
student *t* test as described by Bishop* (lOLd).

The analysis involved the calculation of*
(i) The mean nuiüber of lesions for each treatment (%)
(ii) The deviation (d) for each nmaber of lesions (x) given by

the equation
d = X - X

(iii) Frequency of each deviation (f)
(iv) The sum of squares of deviations (Zfd*)
(v) Variance ( ) of the mean

Ef s= sum of frequencies 
n s= nmiber of leaves in every treatment

(vi) The sum of the variances of the tvo means (control and treated)
9 !?

a Ug
variance of control variance of treated

“■ number of leaves In number of leaves in
control treated

(vii) Standard deviation of the difference of means ( S^)

(viii) deviation of the differences of the means from zero 
standard deviation of the difference of means

(ix) Calculated values of t \rere com%)ored vdth published figures 
after finding the number of degrees of freedom, using the 
formula n^ + n^ - 2

The probability value (?) is given in the appropriate tables
A specimen calculation and details of statistical analysis 
are given for Table V) and Table 21*

* Bishop, O.N. (196a). Statistics for Biology. Longmans, Green
and Co. Ltd., London.



m

Specimen calculation of the data from Table 19 showing the effect of 
neat P. vulggris seed extract on the susceptibility of P. vulgaris

to infection by TXV

Local lesion Nos. d fd" 1
(TNV + (TNV + Control treated Control treated
Water) seed
Control extract)!

treated

130 102 1 44.7 11 1998.09 121
74 76 1 11.3 15 127.69 223

109 134 1 19.7 43 338.09 1349
46 93 1 39.3 7 1544.49 49
111 93 1 25.7 2 660.49 4
79 64 1 6.0 7 36.00 49
102 61 1 16.7 : 30 278.89 900
114 131 1 23.7 90 823.69 6100
35 52 1 50.3 59 2530.09 3461
57 49 1 23.3 42 600.89 1764

853 910 10 9133.41 16542

=s Ex =* Ex = Ef « Efd2 = Efd2

X (control) » = Q5»3

X (treated) = « 91

^2 , . 918.8%

g.2 = 1654.2

^2 ^ = 257.304

<r
a = / 257.30'1i  3: 16.04

P > 0.1 (difference not significant)
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