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Introduction

‘This investigation was undertaken in the hope of throwing some light on
the nature of the virus of the mosaic disease of tobacco.. In spite of an ex-
tensive literature concerning the virus diseases of plants and of the rapidly in-
creasing number of pathologists whose attention has been attracted to study
on this subject, comparatively little work has been done as regards the effects
of toxic substances on the viruses, except ALLARD’s work with the virus of the
tobacco mosaic disease. It may be partly attributed to the difficulties which
are encountered when'wé ‘attempt to study the properties of the mosaic viruses.
For. the present, the mosaic viruses can not be isolated in a pure state and ac-
cordingly their natures must be studied in association with the juice of the host
plant which is complex in nature. Under such circumstance, it is difficult to
know what influence it may exert on the virus when treated with a certain
chemical agent. It can be considered that some chemicals may act upon the
ingredients of the plant fluid which contains the virus and a substance or sub-

stances thus produced may exert more or less influence on the behavior of

[Transact. Sapporo Nat. Hist. Soc., Vol. XI, Pt. II, 1930]
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the virus, while the other chemicals may be adsorbed more easily by the col-
loidal particles in the fluid to reduce their effects on the virus.  Thus the results
of investigations along this line are apt to be considered rather uncertain and
less significant. Nevertheless it can not be denied that such work will lead to
the discoveries which are very suggestive in respect to the nature of the virus,
to its classification, and to the development of more satisfactory experimental
methods. The effects of ordinary toxic substances on the virus of the tobacco
mosaic disease have been studied by RaciBorski (17), KoNiNGg (12), HEINTZEL
(1), CruintoN (6), CuapmaN (5), and ALLARD (1, 2, 3, 4) but none of these
investigators has mentioned as regards the effect of alkaloids, glucosides, and
etherial oils on the virus, with the exception of ALLARD (4) who stated that
quinine bisulphate in 4 % strength did not affect the infectivity of the virus after
19 days’ treatment while saponin in concentrations of I, 2, 5, 10, and 15% great-
ly weakened it in 3 days.

The experiments, herein recorded, were begun at the suggestions of Dr.
DucGAr and a large part of the work was done in the Missouri Botanical
Garden, St. Louis in U.S.A. during a period from October, 1925 to June, 1926,
while additional experiments were carried out in the Botanical Institute of the
Hokkaido Imperial University. The writer wishes to express his sincere grati-
tude to Dr. K. MivaBg, Dr. B. M. DuGGar and Dr. S. Ito for their helpful ad-
vices and kindly criticisms, and to Dr. G. T. MooRE for the use of facilities of

the Missouri Batanical Garden.

Material and method

Preparation of the inocula. A known weight of fresh, mosaic tobacco
leaves were cut up and ground in a motar, adding an equal weight of distilled
water, until the leaf tissue was throughly crushed, then the juice was filtered
off thrdugh two thicknesses of cheese cloth, and through a coarse filter paper
on a Buchner funnel. To § c.c. of the filterate in a small beaker, was added
3 c.c. of distilled water which contained 0.08, 0.16, 0.24 gm. etc:, of the ap-
plied chemical, thus making the concentration of the latter in the solution I,
2, 3% etc., respectively. For the chemical substances which are hardly soluble

in water, 709% alcohol was used as the solvent and 3 c.c. of the alcoholic solu-
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tion, thus obtained, was added to 5 c.c. of the mosaic juice as above. The
alcoholic strength in such solution being less than 30% it exerted no appreciable
effect on the virus under the condition of the writer’s experiments. The material
thus prepared was kept in a tightly plugged sterile test tubes under the room
temperature ranging 20°C. to 26°C.

Inoculated plants. The plants used for the inoculation were vigorously
growing young tobacco of unnamed variety for the experiments in the Missouri
Batanical Garden, and Bright Yellow variety for those in the Hokkaido Imperial
University, with stems about 2 to 3 inches high, that is 3 months to 4 months
old in s-inch pots.  In the early experiments, however, it was necessary to
use somewhat older plants owing to deficiency of young ones.

The applied chemicals. The chemical agents used in the experiments are
as follows: Aconitine potent Merck, C3HyuNOy; atropine Merck, CyHyNO;;
brucine, CgHasO4N,+4H,0 ; caffeine Merck, CsH,;(N,O.+ H,O ; nicotine Merck,
CioHuNg; piperine Merck, C,;H;yNO;; quinine Merck, CoHpOsNp+3H;O; atro-
pine sulphate Merck, (CyyHgxNO;),SOH,; hyoscyamine sulphate, (CyHyzxNO;)-
SO,H;; morphine sulphate Merck, (CyyH,NOs), . SO,H,+ 5H, O ; strychnine sul-
phate, (CeHgNO;) . SOHy+5H;O; scopolamine hydrobromide Merck, CyHy-
NO,.HB + 3H;O; amygdalin Merck, CguHguNOy + 3H,O; digitalin Merck,
Cs;HO,4; phloridzin Merck, CgHpOy0+ 2H,0 ; salicin Merck, CysHyO; 5 saponin
Merck (purified), CeHsOgr (?); oil of geranium, oil of peppermint, oil of bergamot
(artificial), and oil of mustared Merck (true distilled).

Technique of inoculation. The method of inoculation employed in this
investigation was principally same as that described by DucGAr and KARRER (8).
Three inoculations were made on each plant, one near the growing tip, another -
at the base of a young leaf, and the other farther down the stem near the
ground. The inoculum kept in a small test tube was well shaken before using
to mix the precipitate in the solution with the upper supernatant fluid and
poured into a small sterile beaker.  Then a large drop of the inoculum was
placed with a sterile scalpel on the desired spot of the stem, and with a sterile
needle about 30 pricks were made through the fluid, thus working the latter
into the tissue.  Between different inoculations the needle was flamed, then
dipped in alcohol and burned off, while the hands were washed with a dilute
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formaldehyde solution and rinsed with water. All the inoculations .v;fére per-'
formed in the ‘late afternoon and .then the floor of the green house Was watefed
so as to prevent a too rapid drying of the inoculated surface. The inoculated
plants were kept under observation more than a month after inoculation and
sometimes until they bloomed as far as the mosaic symptom was not manifest
on the leaves, because it had been found that some of the plants inoculated
with the:inactivated virus had failed to show the symptom on the leaves but

shown on the petals.

Experimental results

The results of experiments will be shown summarized in the following
tables.

Table 1. Effects of various alkaloids on the infectivity

of the mosaic tobacco juice

alkaloid date of concent- duration of |No. of inocu- No. of percent of
inoculation ration treatment | lated plants [affected plants| infection
aconitine Dec. 3, ’25 1 9% 3 days 10 9 90
” May 1, /26 2% 6 20 19 95
atropine Feb 11, 726 1/4 3 Io 10 100
? ” 12 ” 10 8 8o
o Oct. 6, /29 I 1 10 8 80
» Dec. 3, 725 ” 3 10 2 20
” Dec. 31, “25 ” ” 1o 1 10
” Feb. 11, 726 ” ” 10 o o
» Sept. 9, /29 ” ” Io o o
» Oct. 6, ‘29 2 1 1o 2 20
» Dec. 31, ’25 ” 3 To o o
” Sept. 9, /29 ” » 10 o o
» May 1, 726 ” 5 20 o [)
brucine Dec. 3, ‘25 1 3 10 9 Q9o
» Mar. 25, /26 ” 5 10 10 100
» May 1, /26 2 6 20 12 60
caffeine Oct. 21, ‘25 1 2 10 10 100
” Dec. 31, 725 ” 3 10 10 100
» Dec. 14, 725 ” 5 9 8 89
» Oct. 21, “25 2% 2 10 10 100
” Dec. 31, 725 ” 3 10 9 9o
nicotine Oct. 6, ‘29 1 1 8 7 88
” Sept. 9, ‘29 » 3 10 5 50
” Nov. 17, ‘25 ” 5 9 3 33
”? Mar, 3. 726 ” » 10 4 40
» Mar. 25, 726 ” » 10 10 1C0
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alkaloid date of concent- duration of |No. of inocu- | No. of affect- | percent of
inoculation ration treatment | lated plants | ed plants infection
P p
nicotine May 27, 726 1% 5 days 20 18 go
” Oct. 6, 729 2 1 10 8 8o
” Sept. 9, ‘29 ” 3 10 2 20
” Mar. 3, ‘26 ” 5 10 2 20
” May 1, ‘26 ” ” 10 1 10
” May 27, ‘26 ” ” 20 10 50
? May 30, ‘26 3 3 hours 20 8 40
” Oct. 6. ‘29 ” 1 day 1o 2 20 -~
” Sept. 9, ‘29 ” 3 10 1 10
? May 27, ‘27 ” 20 o o
” May 18, 726 5 ” 20 o o
piperine Dec. 3, 725 (1) 3 10 10 100
quinine Oct. 21, ‘.9 0.9% 3 10 6. 60
” Nov. 2, 729 ” 5 20 8 40
control¥* Oct. 21, 725 10 10 100
(untreated juice) | Nov. 17, ‘25 . [} 9 100
” Dec. 3, 725 10 10 100
” Dec. 14.: /25 . . 10 10 100
” Dec. 31, 725 15 15 100
”? Feb. 11, 726 . . 15 15 100
” Mar. /26 . 10 9 90
” Mar. 221 726 . . 10 10 100
” %{ay ix;, :22 10 1o :gg
ay 1 2 . 20 20
” Mag 27, 726 20 20 100
” May 30, ‘26 20 20 100
” Sept. 9, 729 . 9 8 89
” Oct. 6, “29 . 10 10 100
” Nov. 2, ‘29 . 10 10 100

*: approximately.
#%: To 5 c.c. of the mosaic juice, filtered through two thicknesses of cheese cloth and through a
coarse filter paper, was added 3 c.c. of distilled water or 7095 alcohol.

Table 2. Effects of salts of alkaloid on the infectivity of

mosaic tobacco juice

1 date of concent- duration of | No. of inocu- | No. of affect- | percent of
salt inoculation ration treatment | lated plants | ed plants infection
atropine sulphate | Apr. 8, /26 2 9% 5 days 10 7 70
” May 18, /26 5 ” 20 16 80
hyoscyamine
sulphate | Dec. 7, ‘25 I 5 10 8 8o
” Apr. 8, 726 2 ” 10 9 9o
” May 18, /26 5 ” 20 1 55
hi Iphat Oct. 21, 72 1 1 10 10 100
ORI, suphate D::ec. 7: ’22 ” 5 8 8 100
» Apr. 8, 726 2 ” 10 10 100
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date of concent- duration of | No. of inocu- | No. of affect-| percent of
salt inoculation ration treatment | lated plants | ed plants infection
strychnine sulphate | Oct. 21, /25 1 9% 1 day 10 10 100
” Dec. 7, 725 ” 10 10 100
” Apr. 8, /26 2 ” 10 10 100
scopolamine ,
hydrobromide Dec. 7, 725 ! 5 To 9 99
control
(untreated juice) | Oct. 21, ‘25 . .. 10 10 100
” Dec. 7, 725 . 10 10 100
” Apr. 8, 726 . 10 10 100
» May 18, 726 20 20 100
Table 3. Effects of glucosides on the infectivity of
the mosaic tobacco juice
. date of concent- duration of | No. of inocu- | No. of affect-| percent of
glucoside inoculation ration treatment | lated plants | ed plants infection
amygdalin Oct. 21, ‘25 1% 2 days 10 10 100
” Nov. 17, ‘25 ” 9 9 100
” May 2, ‘25 2 ” 10 10 100
? May 5, /26 5 ” 20 19 95
digitalin Dec. 14, 725 b ¢ 3 10 8 8o
” Mar, 25, /26 ? 5 10 10 100
” Dec. 14, 725 2 3 10 8 8o
” May 1, 726 ” 5 10 10 100
» - May 18, 726 5 ” 20 3 15
phloridzin Dec. 3, 725 1 3 10 10 1co
” May 2, /26 2 5 Io 10 1c0
” May 5, 726 3 » 20 20 100
salicin Nov. 15, ‘25 1 5 9 8 89
” May 2, ‘26 2 ” 20 20 100
saponin Nov. 15, 725 1 5 9 6 67
”? May 2, /26 2 ” 10 10 100
” May 5, /26 5 ” 20 13 65
» May 18, 726 Io ” 20 7 35
control
(untreated juice) | Oct. 21, “25 10 1o 100
” Nov. 15, ‘25 .. 9 9 100
” Nov. 17, ‘25 . . 9 9 100
” Dec. 3, ‘25 . 10 10 100
» Dec. 14, /25 . 10 10 100
” Mar. 25, /26 - 10 10 100
” May 1, /26 - Io 10 100
” May 2, 726 .- 10 10 100
» May 5, 726 . . 10 10 100
” May 18, 726 . . 20 20 100
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Table 4. Effects of volatile vils on the infectivity of . |

the mosaic tobacco juice

i _ date of concent- duration of | No. of inocu- | No. of affect- | percent of

o inoculation ration treatment | lated plants | ed plants infection
oil of geranium Apr. 24, ‘26 2 % 6 days 10 7 70
» May 28, /26 3 » 20 II 55
oil of peppermint | Apr. 24, 726 2 6 10 8 8o
oil of bergamot Apr. 24, /26 2 6 Io 10 100
oil of mustard Apr. 24, 726 2 6 10 2 20
” May 28, /26 3 ” 20 3 15

control

(untreated juice) | Apr. 24, ‘26 10 10 100
” May 28, ‘26 20 20 1c0

These experiments were carried out in gfeen houses where the tempera-
ture between 20° and 29°C was predominating.  Tobacco plants inoculated
with the untreated mosaic juice developed the mosaic symptom mostly 9 to II
days after inoculation while those inoculated with the virus, partly inactivated
with chemical agents showed the symptom a few days later, the average length
of incubation period being 10 to 15 days.

As shown in these tables, the virus of the mosaic disease of tobacco is
remarkably resistant to various kinds of alkaloid, glucoside, and etherial oil,
when these chemical agents are applied to the mosaic juice. It resisted the
saturated solution of aconitine (approxim. 2% or 0.03 mol. sol.). and the nearly
saturated solutions of morphine sulphate (2% or 0.03 mol. sol.), strychnine
sulphate (2% or 0.02 mol. sol.), salicine (2% or 0.07 mol. sol.), and phloridin
(3% or 0.07 mol. sol.), for 5 days, and also brucine in concentration of I %
(0.02 mol. sol.), digitalin of 2 9 (0.025 mol. sol.), and amygdalin of the strength
of 5§ % (0.11 mol. sol.) for the same period. The virus resists the saturated
solution of caffeine (approxim. 2 % or 0.10 mol. sol.) for 3 days or probably
longer. But it is partly inactivated with brucine in concentration of 2 % (0.04
mol. sol), oil of geranium of 3 9%, and hyoscyamine sulphate of 5 % (0.07
mol. sol.) in § or 6 days. Oil of mustard of a strength of 2 % and digitalin

in 5 9% concentration (0.065 mol. sol.) are effective to destroy the virus in 5 days.
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Nicotine in I or 2 9 concentration (0.06 or 0.12 mol. sol.) seems to be
considerably toxic to the virus under certain conditions and it remarkably at-

tenuates in 3 9% concentration (0.18 mol. sol.), the infectivity of the virus in 3

“hours and completely destroys its virulence in 3 to 5 days. Atropine seems

to be more effective to inactivate the virus, the latter being unable to resist
I % concentration (0.035 mol. sol.) for 3 days under certain conditions and
completely inactivated in 2% concentration (0 07 mol. sol.) of this alkaloid in T
to 3 days. Atropa Bellandonna L. has been reported by ALLARD (1) and also
by DicksoN (7) to be immune to the mosaic disease of tobacco. Whether the
immunity ef this plant can be attributed partly to its atropine content is un-
certain, because of the small amount of this alkaloid contained in this plants (18).
The saturated solution of quinine (nearly 0.9 % or 0.03 mol. sol.) appears to
weaken the infectivity of the virus considerably in 3 to 5 days.

Saponin in concentration of 2 % (0.03 mol. sol.) shows no appreciable
effect on the virulence of the virus and even in the strength of 10 9% (0.15
mol. 50l.) it can not completely destroy the infectivity of the virus in 5 days.
In connection with this it will be interesting to note that the viruses of several
animal diseases such as vaccinia, rabies, fowl pest and chicken sarcoma have
been reported to be easily destroyed by saponin' at comparatively dilute con-
centrations.  According to Russ (16) and LANDSTEINER (13), saponin in con-
centration of 1 or 0.5 % destroyed the virulence of -the virus of fowl pest in
30 minutes. Russ considered the virus of fowl pest to be of “tierischer Natur”,
because saponin showed no deleterious’ effect on certain bacteria such as Viério
Cholerae, Bac. typki, Bac. anthracis, and Staph. pyogeneus and yeast, while it
was injurious to both Zriypanosoma Lewsii and the virus of fowl pest. (Prior
to him NEUFELD and ProwAZzEK (I4) pointed out the fact that saponin has toxic
effects upon Zrypanosoma and Spirockaeta although it is harmless for bacteria.)
EisLeEr (9) states that the virus of rabies was destroyed by 0.25 or 0.5 %
saporin in 4 to 6 hours.  The virus of chicken sarcoma, according to Rous
and Mureny (15), is destroyed by saponin in strength greater than 1:800
(0.125%) within 2 hours. The virus of vaccinia is also inactivated by saponin
in 0.5 9 strength in 30 minutes, and in 0.05 % concentration in 18 hours, as

reported by FRIEDBERGER and Yamamoro (10).
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Summary

‘The virus of the mosaic disease of tobacco was remarkably resistant to
various kinds of alkaloid, salt of alkaloid, glucoside, and etherial oil, when it
was subjected to these chemical agents in the mosaic tobacco juice.

It resisted the saturated solution of aconitine (approxim. 2% ot 0.03 mol.
sol.), and the nearly saturated solutions of morphine sulphate (2% or 0.03 mol.
sol.), strychine sulphate (2% or 0.02 mol. sol.), salicin (2% or 0.07 mol. éo].),
and phloridzin (3% or 0.07 mol. sol.) for 5 days, and also brucine in concent-
ration of I 9% (or 0.02 mol. sol.), digitalin in concentration of 2 % (0.025 mol.
sol.) and amygdalin of the strength of 5 9% (or 0.11 mol. sol.) for the same
period. ' ' '

A Oil of mustafd of the strehgth of 296 and digitalin in 5 % concentration
(0.065 mol. sol.) were effective to destroy the virulence of the mosaic juice in
5 days.

Nicotine in 1 or 2 9 concentration (0.06 or 0.12 mol. sol.) were considerab-
ly toxic to the virus under certain conditions, while, in 3 9 strength (0.18 mol.
sol.) it remarkably attenuated the infectivity of the mosaic juice in 3 hours and
completely destroyed it in 3 to 5 days.

Atropine was more effective to inactivate the virus, the latter having been
unable to resist it in I 95 strength (0.035 mol. sol.) for 3 days under certain
conditions and completely destroyed in 2 % concentration (0.07 mol. sol.) of
this alkaloid in I to 3 days. - , i

Saponin in concenration of 2 9% (0.03 mol. sol.) shows no appreciable ef-
fect on the virulence of the virus and even in the strength of 10 9 (0.15 mol.

sol.) it could not completely destroy the virus in 5 days.

Botanical Institute,
Hokkaido Imperial University,
Sapporo, Japan
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