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Effect of high frequency, low frequency and direct
current upon tobacco mosaic virus.

Yuichi Mivamoro and Junichi Fukuoka
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Table 1. Effect of ultra-short waves (wave-length: 5.0 m) upon the
pathogenicity and antigenicity of TMV (ca. 0.2 2).

> Antigenicity** ( Pathogenicity* **
> :
W% . Number of |
Yeg, % @ 1 Antigen .V | Percentage
R 116 | 1/32 I 1/64 ‘1/128]1/256 IC wntige ne;(;r&tslc Fercentage
> ; ol b oo~
60 ) ~ - » ! . 90.1
C|10min.| 56~ 91 PRI AR I A B 319/354 | 90
| | T . ' !
- - 2o W L - 1
70°C | 10 min. ~ ‘ 88/392 9
G| 10 min 91110 + 199 il il ; B i | Foio- 1388/ ‘_ 98
80°C 10min. | 64~100 | 4 | 8| 10 H o F | SR T B B 6 5.0
i : ! - ' |
90°C |10 min. | 91~100 T N T S ") S
H 1o L _ ~ / !
95°C [ 10min. | 91~100 | 4 | ob | &’ J‘;A; ol sz L om0
) Not 9 wo o Do o+ — l
Control | jyradiated | — |20 | # | # [ A !

* Results of precipitin reaction were read after 2 hrs. in a water-bath at 37°C and after 20 hrs.
at the room temperature.

#% o gigns indicate the grade of precipitation. — signs indicate no precipitation. Dilution of
antiserum shows the final concentration.

*#¢  Number of necrotic spots: the numerator represents for the fotal number of spots produced
on 5 leaves and the denominator those produced on control half-leaves. .

s These precipitates were fine and not flocculent as in the other cases.

Table 2. Effect of ultra-short waves (wave-length: 5.0 m) upon the
pathogenicity and antigenicity of TMV (ca. 0.2 %).

Antigenicity** ‘ Pathogenicity***
. Number of |/
Antigen .~ | Percentage
1/16 | 1/82 | 1/64 1 1/128|1/256 control n:;r(')(;issxc 1of s urvivgal
+ BB E (5 - | ssum | w53
ol WLV E | 2] T | eoess | 960
A= i L
70°C 2 T T e e I e I
omin| 56~ 91 | 4 o0 ML W M F T - 472/666 | 170.8
60min.| 56~ 91 | 4 | oo m jﬁ’; ]rt T - 49/933 5.2
10min.| 58~ 91 | 4 | g8 Hal Fal Fol Fal 7ol Z 0/1091 0
20min| 58~ 01 | 4 | o2 S Y e 2/1498 | 0.1
8% omin | 73100 w2 A A = e T ] omes | o
LU e I sl e
60min.| 61~100 | 4 | oo ]ﬂL[A ﬁA jr"FA ol a0 C 0/ 667 0
Not 2 + - -
Control irradiated T 20 fHJr m ﬁ +H + -

# ¢ wx* For the explanation of the table, see the footnotes of Table 1.
A These precipitates were fine and not flocculent as in the other cases.



EEARERETRE

Table 3. Effect of alternating current (frequency: 50 c¢/s) upon the
pathogenicity and antigenicity of TMV (ca. 0.02 ).

Antigenicity** Pathogenicity*#**
i 1 ! Antigen  Number of 'Percentage
1/100i1/200 1/400‘1/800;1/1600 P nestlé‘ggslc ‘of sorvival
i |
lomin| 105~110 | - (o | E TS 196/414 | 47.3
60°C | — e
20min.| 105~110 | ~ |2 jjt ji + P 110/343  32.0
| iomi - 2l s s - s 13
10min.| 100~110 l o HIHITIE 2 T s
e PPNV ) TR TR T
~110 | =+ M N - 2/231 0.8
20m1n? 100 IR t + - / o
; ! 20 =, | =, - - - - |
omin.| 121~181 | = || Fal Fa| T4l - ’ . 0/120 | 0
80°C : T | _
. i b g —_ -— —_ —_— ‘ —_— i
_ 20 min.| 121~-131 { + 19 44 +2 + J + | - 0/132 | 0 ]
10min.| 181~157 | + |2 Ea| T4 Ta| Ta T - 0/174 0
’ 20 + + + - -
90°C ‘ p " ; —
20min.| 131~167 | + Ta0 Lol T4 70T - 0/129 0
R e B L
Not | 2+ - -
Control treated - [ 20 | 4 ' + |+ | x ] - -
* *& ¥%%  Tor the explanation of the table, see the footnotes of Table 1.
& These precipitates were fine and not flocculent as in the other cases.
Table 4. Effect of direct current upon the pathogenicity and
antigenicity of TMV (ca. 0.02 %),
Antigenicity** Pathogenicity***
\ Anti Number of P tage
X gen - ercen age
\1/10011/200 1/400 | 1/800 1/1600}c o] nescprgttslc of sorvieal
10 min.! 157184 | ~ ‘23 i e i R R , 0/159 0
60°C > :
20min.| 157~184 | - |2 T | T | 2 | | - | = ! 0/154 0
0min.| 152~173 | ~ (ool — | 2 | 2 | T | = - 0/ 89 0
70°C T = - | = - .
20min.| 162~178 | ~ |0 — | Z | Z | T | = - 0/190 0
0min| 186~157 | = |0 — T | T T | T | = 0/ 41 0
80°C|— —|———— L = L= L= - - .
20min.| 136~167 | + [g01 | _ B - - - 0/ 75 0
. 2 _ - Z R _ o
10min.| 126~157 | =+ 0/189 0
20min.| 126~157 | = 2| T | 2 T | T |~ - 0/ 81 0
! ‘ o
Not 2T |+ L+ [~ -
Control | piied | ~ loa| & FaE: H ~
%, **, *x*  For the explanation of the table, see the footnotes of Table 1.
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oo pH i 6.0 ©% o 7=, WMEEEG 807, 857,

90° K* 95°C TH L 3BT L b ERE BT
< 10000 r.p.m. 30 SEOBAC & 5 ILBIEREE
DF A+ E PR, MEE W2 7R 2R
CABIZHR USRI R CHTHEED 7 A g Uiz,

MEEEN T WA ORBRYHE S FITRL, E
UEFORBICTANTHEE Y86 FITR Uiz, i,

Zh S ORI SRRy & T s HoniEs b
BT L CIERNL B 0O Th 5 OBLR D 5 12T
EH 7R B ME AEEC FR L < 95°C MR Ui,
OB OUBRFIEE T DM & ORRIRET

Effect of high temperatures upon the pathogenicity

and antigenicity of TMV (ca. 0.2 %).

Antigenicity** : " Pathogenicity***
' i Antigen | Number of ErPercentage
1/16 | 1/32 1/64 1/12851/2561c0ntfgl ! ng;iggc | of survival
+ m #:L ﬁ I f = 11/306 3.5
85°C | g8 Hal de| o) Jo) To] C 0/295 0
90°C H | o8 i:A thA ]:tA j;_a Sy 0/186 0
95°C ' 10min.| 4 | oo s HE Hal o) Fa| = 0/203 0
] 5 - Sy o S~ _ .
Control ‘ - \ 20 '_}{;Jr ';H_*' ﬁ _',:;_ i -
* #* #x¢ Tor the explanation of the table, see the footnotes of Table 1.
A These precipitates were fine and not flocculent as in the other cases.
Table 6. The pathogenicity and antigenicity of TMV (ca. 0.2 25
exposed to high temperatures.
Antigenicity** ‘ Pathogenicity***
: Number of
Antigen p Percentage
1/32 1 1/64 |1/128 1/256 | control | DeCrotic | g o ol
spots
+ e 0 A I 7 4.1
8°C |10min.| 4 | o2 | j} Fa Tal 7o Eay 0/101 0
o 2 - T = + | -
90°C 10m1n’ g | j_A Far el ol Fal 0/ 98 0
9°C |10min.| 4 1 50 { ol dat Fal Fal Tal T 0 o 0
R R
Control SR S A I A A

All heated preparations were
fluids were used for tests.

* R ERE
> 3

For the explanation of the table, see the footnotes of table 1.

& These precipitates were fine and not flocculent as in the other cases.

centrifuged at 10000 r.p.m. for 30 min. and the supernatant
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Table 7. Precipitation test of heated TMV (ca. 0.2 25) with normal

:it?ﬁﬁ?’x%

FEME

serum.

Dilution of

T
T - ot . Antigen
Jﬁqgajﬁ;>£<lﬁfj?alser“f“ 1/16 | 1/82 | 1/64 |1/128|1/256 cont§;1
Virus preparatlon _ 1
Heated at 95°C for 10 min. and centri- ( 2 - Al = _ - -
fuged at 10000 r.p.m. for 30 min. | 20 +4 4 + - - _
Control 1 2(2) e e -

* Readmgs were made after 2 hrs. and 20 hrs
& These precipitates were fine and not flocculent.
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(AL E BRI & B D BARIR TS D fo 80°C
MEHOBEIITE OIHOUBH RO OIS T 2%
Dize CHLOKIHET HHBFHRSE I ROZh L
FRETH %o

IV. Z2RUER
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IRIFEMIERB OBRIC X B U RIS OB Bmic
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NI el o EoL Y 53, KL TEE
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Résumé

The present work was performed in order .
to investigate the effect of ultra-short waves,
alternating current and direct current upon

the pathogenicity and antigenicity of tobacco
mosaic virus (TMV).

The virus preparation used in this work
was the aqueous suspension of TMV which
had been purified by Bawden’s procedure.
The pH of the virus preparations were 6.0~
6.2 and the concentrations of TMV in the
preparations 0.2 and 0.0225. The antiserum
used was prepared by injecting rabbits with
the ‘purified TMV. The infectivity of the
treated TMV was tested by the so-called half-
leaf method on leaves of Nicotiama glutinosa
plants. In serological tests of TMV, the pre-
cipitin reaction was used.

The frequencies of the ultra-short waves
(wave-length: 5.0 m) and alternating current
employed in this work were 60 megacycles
per second and 50 cycles per second, respec-
tively. In every test, the electric field inten-
sity and the rise of temperature of the virus
preparation were measured. On the other
hand the effect of heat upon TMV was
investigated.

The experimental results are summarized
as follows:

(1) The results of exposure of TMV to ultra-
short waves resembled those of heat treat-
ment of the virus (Tables 1,2, 5,6 and 7), the
infectivity of TMV being retained when hea-
ted at 80°C for 10 ~ 20 min. in either case.
The serological reaction of the virus was
demonstrated even when heated at 90°C or
95°C for 10 min. in either experiment. In
precipitin tests, however, the precipitates

- produced in the preparations exposed to tem-

peratures above 80°C, being fine and not
flocculent are apparently different from those
induced by lower temperatures.

(2) The results of treatment of the virus
with the alternating current were similar to
those of exposure of the virus to ultra-short
waves or high temperatures (Table 3). The
infectivity of TMV, however, was lost at
temperatures higher than 70°C, and it seemed
that the virus might have been subject to
some electrolytic effect.

(3) When the virus preparations were treated
with direct current, the infectivity and sero-
logical activity of TMV were completely des-
troyed even at temperature of 60°C for 10
min. (Table 4). This finding may indicate that
the effect of direct current upon TMV is
probably attributed to the action of electro-
lysis regardless of the rising temperature.



