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This paper is a continuation of a
study on the effect of some com-
pounds and biological products upon
infection by tobacco mosaic virus.
The previous study by Dale and
Thornberry (1955) reported the
findings from investigations on
eight groups of substances and
biological products (dyes, amino
acids, polypeptides, proteins and
protein derivatives, nucleic acid de-
rivatives, plant growth substances,
miscellaneous substances, and en-
zymes.) Since 13 of the 16 tested en-
zymes inhibited or reduced the
amount of infection at some pH, it
seemed worthwhile to ascertain the
effect of many other enzymes on in-
feetion. The results of such an in-
vestigation are reported and dis-
cussed.

REVIEW or LITERATURE

Literature in addition to the pre-
vious paper by Dale and Thornberry
(1955) has been reviewed by Baw-
den (1954).

MATERIALS AND METIIODS

The enzymes used were com-
mercial preéparations purchased from
the Nutritional Biochemicals Cor-
poration. They were tested at 0.1%
concentration in the inoculum unless
otherwise stated. Snake venom from
the western rattle snake, Crotalus
atrox, and obtained from the Ross
Allen Company, was tested at con-
centrations indicated in tables.

The buffer system was 0.1 M so-
dium phosphate; NaH,PO, for pH
4.5, 1:9 mixtures of 0.1 M Na,HPO,
and NaH,PO, for pH 6.0, and
Na,HPO, for pH 8.5. The solutions
were adjusted tc the desired pH
with 1.0 NHC1 or NaOH.

The virus was a subculture of to-
bacco mosaic virus, Marmor tabaci
var. wvulgare Holmes, Johnson’s
strain No. 1, secured from W. C.
Price in 1938 and maintained in liv-
ing plants of Turkish (Samsun) to-
baceo, Nicotiana tabacum Ii. Par-
tially purified preparations of the
virus were used at a.concentration
to provide about 50 lesions per leaf
from inoculations with nontreated
virus. '

Assays for mos: of the tests were
on primary leaves of 12- to 14-day-
old Scotia beans, Phaseolus vulgaris,
L. However, Pinto beans were sub-
stituted while we were restocking
with seed of a satisfactory strain of
Scotia bean. Opposite leaves were
inoculated  -with treated and non-
treated virus and washed with tap
water soon after the application of
virus by stroking the upper surface
of the leaves with a cheesecloth pad
moistened with tae inoculum. Ten
half leaves were inoculated with
each inoculum.

ExpeEriMENTS AND RESULTS -

The influence of some additional
enzymes and similar substances on
infection was ascertained at three
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TasLE 1.—Eifect of Enzymes and Related Substances on Infection of Primary
Leaves of Bean by Tobacco Mosaic Virus in 0.1 M Sodium Phosphate Buffer.
(Concentration at 0.1% except where noted.)

Infection index at
Substance pH 4.5 pH 6.0 pH 8.5
Enzymes:
Acetyl cholinesterase. . ................... 0.88 1.13 0.015
Acid phosphatase. . .............. ... .. .. 0.02 0.00 0.00
Aleohol dehydrogenase.................... 0.76 0.76 0.66
Aldolase. . .......... .. .. ... 0.40 0.64 0.74
Alkaline phosphatase..................... 0.00 0.00 0.00
D-amino acid oxidase..................... 0.00 0.00 0.00
Amylopsin. . ... ... ... ... ... 0.07 0.01 0.01
ArgInase. .. ... 0.29 0.53 0.03
Carbonie anhydrase. ..................... 0.85 0.74 0.043
Carboxylase. . ............. .. ... . ...... 0.45 0.33 0.32
Carboxypeptidase. . ...................... 0.34 1.17 0.81
Carnosinase. . .. .o .vvvrie 1.08 0.77 0.11
Chymotrypsinogen. ...................... 0.00 0.00 0.00
Desoxyribonuclease. ...................... 0.59 0.63 0.31
Emulsin. ............. ... ... ... .. .. ... 0.01 0.02 0.04
CErepSIn. e 0.02 0.00 0.001
Ficin. . ... 0.02 0.005 0.008
Fumarase...............c.uieienann.. 0.77 1.40 3.8
B-glucosidase. ... ... 0.66 0.67 0.105
Glyceraldehyde phosphate dehydrogenase. .. 0.65 0.72 1.22
Hexokinase..............cviiieieinaan 0.17 0.03 0.009
Invertase (mellibiase free)................. 0.01 0.02 0.02
Lactic acid dehydrogenase.............. .. 1.00 0.95 0.27
Lipoxidase. .......................... . 0.44 0.44 0.57
Malic acid dehydrogenase................. 0.76 0.56 1.41
Mylase P ... e 0.02 0.04 0.004
Pancreatin. ............................. 0.07 0.06 0.01
Papain crystalline 2x................ R 0.48 0.056 0.004
Pectin esterase........................... 0.28 0.10 0.14
Penicillinase................... ... ... ... 0.71 0.86 0.78
Pepsin..... ... ... .. i 0.67 0.18 0.32
Pepsinogen. .......... ... ... . . B 0.04 0.02 0.005
Peroxidase (horseradish).................. 0.04 0.03 0.01
Protease....... ... ... .. il 0.00 0.00 0.30
Proteinase............. ... .. .. .. e 0.09 0.08 0.09
Rhodanase. ............ ... ... .. ........ 0.00 0.02 0.02
Ribonuclease. ........... .. ... .. ... ... ... 0.00 0.00 0.00
Trypsinogen. ... 0.008 0.0008 0.00
Tyrosinase. . . ..c.oovveiiiin i 2.15 1.14 0.10
Uricase. . ..o 0.05 0.03 0.02
Xanthine oxidase................ ... .. ... 1.82 0.57 0.22
Cytochrome C........................... 0.03 0.08 0.15
Di-(p-chlorophenyl)-phosphoryl ehymotrypsin 0.00 0.00 0.00
Properdin, 10 units perml................. S 0.00
Snake venom, 0.01%,. ..o 0.00
Snake venom, 0.019%, boiled for 10 minutes..|............[............ 0.00
Tnphosphopyrldlne nucleotide............. 0.59 0.80 1.28
Trypsin inhibitor, Lima bean.............. 0.30 0.37 0.29

a No t. st.
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TaBLE 2.—Effect of Concentration of
Venom from Crotalus atroxz, on Infec-
tion of Primary Leaves of Bean by To-
bacco Mosaic Virus and on the Virus
at 22°C. and pH 7.0 for 60 Minutes.
(Assay of virus in 0.1 M sodium phos-
phate buffer at pH 8.5.)

No. lesions per leaf
Venom

concentration, 9, | 0 minutes | 60 minutes
05............... 0.0 0.0
01............... 0.0 0.0
0.01............. 0.0 0.0
0.001............ 6.8 1.0
0.0001............ 15.5 22.6
None............. 42.6 60.5
H-ion concentrations. The assay

plants were inoculated within 30
minutes from the time of mixing the
viral suspension and the solution of
enzyme or substance. In Table 1, the
infection indices, each a ratio of the
number of lesions from the treated
virus to that from the nontreated
virus, show that 21 of the 41 enzymes
strongly inhibited infection at all
three H-ion concentrations. Proper-
din and boiled and nonboiled snake
venom were tested only at pH 8.5;
they inhibited infection. TFive en-
zymes inhibited or reduced the
amount of infection at ome or two
H-ion conecentrations. Trypsin in-
hibitor, triphosphorpyridine nucleo-
tide, and 13 enzymes had little or no
effect on the amount of infection.
Tyrosinase at pH 4.5 and fumarase
at pH 8.5 increased the amount of in-
fection. Infection indices between
0.5 and 1.5 are probably within the
experimental error since the results
are from one test.

The influence of the concentration
of snake venom in the inoculum on

infection was determined by mixing
the venom and virus just prior to
inoculation. To detect any action of
enzymes in the venom on the infec-
tivity of the virus, samples of the
virus-venom mixture were adjusted
to pH 7.0 and incubated at 22°C. for
60 minutes, then adjusted to pH
8.5 for inoculation. The results
given in column 2 of Table 2 show
that the venom is a strong inhibitor
of infection. KEven as little as
0.0001% inhibited infection about
40% ; 0.001% about 839%. The re-
sults listed in column 3 of Table 2
indicate no action of the enzymes in
the venom on the infectivity of the
virus, since the amount of inhibition
was about that from the venom
without incubation.

Discussion ann CoNcLUSION

Strong inhibition by many of the
enzymes tested confirms the earlier
report by Dale and Thornberry
(1955) that enzymes of different
specificities inhibit infection. Under
these conditions it seems unlikely,
therefore, that specific and generally
recognized enzymatic reactions of a
chemical nature are involved in the
mechanism of inhibition. Nonspecifie
physical alteration of the surface of
virus or the injured cell seems likely.
The inhibition is surely physical in
nature, sinece enzymatic chemiecal
reactions are exclided. Since all
enzymes tested do not inhibit infec-
tion and sinee the proteins in casein,
skimmed milk, and beef blood serum
do inhibit infection (Dale and
Thornberry, 1955). the inhibiting
proteins and enzymas probably have
some particular physical property
which aceounts for the inhibiting
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action. Proteins are surface active
and adsorb to sites of surfaces with
appropriate electrical charge; there-
fore, the mechanism may be one in-
volving surface interactions between
the inhibiting protein and the virus,
the injured cell, or both, although
the data do not indicate which com-
ponent might be involved. Thus, in-
hibition of infection by enzymes may
be due to a competitive mechanism
in which the inhibiting protein com-
petes with the viral nuecleoprotein
for the surface of the injured cell or
with the substances on the surface
of the injured eell for the viral
nucleoprotein.  If nucleic acid is
released from the viral protein for
infeetion, the inhibiting protein
might protect the viral particle and
thus prevent the separation of nu-
cleic acid for subsequent infection.

Tt is of interest that properdin, a
protein of blood serum, inhibits in-
fection sinee it protects animals
against viral iofections (Dillemer
et al., 1954) and interacts with poly-
saccharides on the surface of cells
(Pillemer et al., 1955). Iikewise
it is of interest that a specific pro-
tein on the surface of cells of one
mating strain of a heterothallic
veast interacts with a complementary
polysaccharide on the surface of cells
of the opposite mating strain in the
primary union of the two cells
(Brock, 1959).

Snake venom, which contains sev-
eral enzymes, strongly inhibited in-
feetion. Since boiling an aqueous
solution of the venom for 10 minutes
did not destroy the inhibitive prop-
erty of the venom, either the enzymes
are resistant to the treatment or
stable substances other than enzymes
in the produet inhibited infection.

However, such enzymes as chymo-
trypsin may be reactivated upon
cooling after being boiled (Northrup,
1939). Substituted chymotrypsin,
di- (p-chlorophenyl)-phosphoryl chy-
motrypsin, also inhibited infeetion
strongly.

Increase in the amount of infec-
tion from two enzymes, fumarase at
pH 8.5 and tyrosinase at pII 4.5, but
inhibition at pH 8.5, also appears
to be associated with properties
other than enzymatic activity, sinece
the favorable pH for activity of
these enzyvmes, fumarase pH 6.6
(Spector, 1956) and tyrosinase pH
5.5-7.0 (Spector, 1956), is not the pH
at which increased infection oe-
curred.

SUMMARY

The data support the conclusion
that enzymes inhibit infection by a
mechanism other than their catalytic
chemical action on specific sub-
strates. It is conjectured that a
particular physical mechanism, prob-
ably surface interactions, is involved.
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