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Abstract

The infection of Nicotiana glutinosa L. with tobacco mosaic virus (TMV) was inhib-
ited by the addition of acridine orange, neutral red, methylene blue, or gentian violet to
the inoculum. The inhibition of TMV by dyes was appreciably reduced by the addition
of bentonite to the mixture of TMV and dye. TMV and its RNA (TMV-RNA) was
irreversibly inactivated by the addition of the same dyes under solar rays or irradiation
by a day-light lamp. The inactivation of TMV and TMV-RNA by dyes was obviously
reduced by the addition of bentonite to the mixture of dye and TMV or TMV-RNA. A
slight inactivation of TMV and TMV-RNA by a highly concentrated dye was brought
about when the mixture of viruses and dye was incubated in the dark.

@ B

aiaceF g oA na (TMV) 3, fExDbFHEICY - TRERILEh D Z Ehfbh
T\w% 2, Oster and McLaren (1950) %, acridine a3 #{E4& L7 TMV 1, RIRMEARORS -
IO RERL S D o A4 L. %1, Chessin (1960) (2 acridine orange, methylene blue,
5\ i safranin 4t TMV R (TMV-RNA) 2] 6 0BT X » TRERIAL S h b L3
& LT\ 5. A4 o $ sriboflavin, lumichrome, proflavin, thiopyronin, toluidine blue,
neutral red iz >\ T & & 5 h T\ 5 (Tsugita ef al,, 1965; Orlob, 1967 ; Sastry and
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Gordon, 1966a: Singer and Fraenkel-Conrat, 1966), &AB48ic %5\, acridine orange, neutral
red, methylene blue, ¥sJ 0f gentian violet ® 4 D @EFE I L 5 TMV ¥ X ¢f, TMV-RNA o7
LD THRBRZ T - 1odd, ZhbOBaBROREMEREL, ~v b 4 rORMCY -T2
L<HMH I N5 & Eadl. ThbOERYUTIEMET S,

MRS L UHE

KRBT X TOEMIL, B LTH S ABRTEE S, TMV 3388/ 2 H, &
-% 2 (Nicotiana tabacum L. var. White Burley) w568 L, RIM X w7018, FOEOWETE D
MBS (Steere, 1959) 12 k- THli{k L7z, TMV-RNA 13, bentonite-phenol 3 (Fraenkel
-Conrat et al, 1961) o X » CH#ME L7, < }+4 b3, Fraenkel-Conrat et al. (1961) oJ
B - TIER Lic. TMV 35X 08 TMV-RNA ¥ B 13 260 nm 0 224448 % Y& (Takahashi,
1951) 12X > THIE Lo, X7 7V v et v v (acridine orange), =a— b FAelw ¥
(neutral red), » ¥ v v+ 7L~ (methylene blue), X V¥v+7v {141 v b (gentian
violeD) LB 1o, Shbof#E, TMV 554013k TMV-RNA oFHFicid, 0.1 M OB
iy (PH7.0) %EM L7, BREEL Y 14 AR 5 THRER ORI, 250 W 0¥
SV (RER, BRo=aA¥—Ha Fig LIcRLE) 2HEL, ER4.5cmOBETS 25y
2DYy — VIEREE AR, By T AR TEL, 17.5cm ORERED SR T - 1o, ABEXE O
RS OBEDL, kBRI R >y — viIcAh, BBy 7 ARCTHE, —EORE, ABERcEs
Lic, 0B, REOERZEILIOICY + —vOFEkaE W BEHE, 1.0mg/ml 0
BEO~Y b r A PR EUHBRETRK (0.1M, pH7.0) CHE Y —TBRECHRL, 600 £ v v oD
A=K IV H K% S5 Y iz Nicotiana glutinosa L. DIECHER 1T\, 4 U - BEBER 6, +
DARTEMALDOBRE # I~

Day-light lamp

----- Solar rays

100+

Energy ratio (%)

1]
T4do 500 600 700(nm)
Wave-length

Fig. 1. The energy ratio of day-light lamp and solar rays in each
wave-length.
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TMV (2347 5 RO BRFEER

TMV (0.2 xg/mi) 1= 200 ug/ml Ot % X 5 1< acridine orange, neutral red, methyl-
ene blue, 3 I Ufgentian violet #{B& L, i, <V b+ A P OBHREYASS b, REE
» TMV FBEORESEIC~Y + 74 + (Gmg/mD) winxic. MRE CRED TMV 2R\,
N. glutinosa i\ Y3 CHEBR T - 1o, M EORR A BT S b, MEATERERAORET
DFTCH - o, M, N. glutinosa ¥RE B L, 3 BEICA U SBERBEH A H 1o Fig.2
BAEoEaRIroOWT, TMV KEEXES LBA, SLOTMV icaF e v b4 b 2EAL
P A DR (RBEED ARRICHTAESR (%) TRLE., Yotk T, TMV O
B EEORA I L » THIE Shic, FoRIER 2 gentian violet Dy 55% 43k & & <, methyl-
ene blue D) 36% 75 bIE» - o, ZhbofFEo TMV ikt 2 BGHIEERE, < b1 b
DT X - THE S h, BEHIBORET S Z LRD LR
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Fig. 2. The effect of bentonite on inhibition of TMV by dyes
A : acridine orange, N : neutral red
M : methylene blue, G : gentian violet
B: bentonite,
* The total number of local lesions produced on N. glutinosa by the
mixture of TMV and dye or, dye and bentonite, was compared with
that control.
KBz L 2 %O TMV LU TMV-RNA (233 ¢ BANEMAL D
AR 4o mEY BT, TMV 1250 ug/ml, 312200 ug/ml OREWLS X 5 RA L
Fo. Eh, RV bFA FOBREML D, FREDO TMV &GR0BT~V b4 Px 10

mg/ml ORI 5 L 5t ChboRkEy vy —vicAh, 7TAOKROH KB
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04D T, RMURED TMV & @3 & ORAT ¥ B O 1o b It B icfR - 7o, 30 9%, ~v b
FAPEMZTHRVWERICIEAY b oA b (10mg/md) whnxto. &8k TMV O 0.2
ug/ml ORECILD X 51, v br A+ (1.0mg/ml) %& T B ETE 2 BT AR L7,
N. glutinosa OIE 3 WICEER 21T » o, ZOFER % Table 1 1wk L, x4 TMV 351,
KB ORI X > TREMAL S h b = L p§R% & h, methylene blue & gentian violet D7RIE
AL 35 <, neutral red OAEMAL I I3 D BFE I, §hv» o, BELXEST TMV o<y +
A P RREE L TREXRY B Tled, ToREHl, REYET TMV 2RI - 388 o
BN EHBLT, bThThote, SV b+ 4 FBBEROENZIERC X 2AREMAE R A %)
THZ LR AuvikdBoaEronTtEbbht.

wic, @F (100 ug/ml) %&ts TMV-RNA (100 g/ml), &Itz oz TMV-RNA o

Table 1. Inactivation of TMV by dyes under solar rays

Number of
local lesions®
— + 38
Acridine orange -+ + 168
- - 219
88
248
263
14
208
220
2

159
189

Dye® Bentonite® Irradiation®

|+ +

Neutral red +

I+ +

Methylene blue +

I+ +

Gentian violet +

a) Dye (200 ug/m!} was mixed with TMV (50 gg/ml).

b) Bentonite was added at a concentration of 10 mg/m/ to the mixture of dye and TMV.

c) The TMV preparations in perti dishes were irradiated with solar rays for 1 hour,

d) After dilution, each preparation was inoculated to 8 leaves of N. glutinosa. The local
lesions produced were counted.

Table 2. Inactivation of TMV-RNA by dyes under solar rays

Dye® Bentonite® Irradiation® ]Iglcl:i'b]igigzlsm

_ + 0

Acridine orange + + 271
- — 245

— + 0

Neutral red + + 322
- - 349

— + 0

Methylene blue + + 142
— - 141

+ 1

Gentian violet + + 339
- — 336

a)} Dye (100 ug/m!) was mixed with TMV-RNA (100 ug/m/).

b) Bentonite was added at a concentration of 10 mg/m/ to the mixture of dye and TMV
-RNA. ‘

c¢) The TMV-RNA preparations in petri dishes were irradiated with solar rays for 30 min.

d} After dilution, each preparation was inoculated to 8 leaves of N. glutinosa. The local
lesions produced were counted.
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mEIr L5 TMV % X0t TMV-RNA DAREE TS~V 1 F OB 11

E%ﬁm&ybr4r(mn@mﬂ)&mitﬁﬂmx%%ﬁ&QOﬁﬁ&it.Ei(NM@mﬁ)
+ TMV-RNA (100 gg/ml) & OREWHFEFT R - fob OB E Lie, BEE, ~vFrat
&Mztwotaﬁthbe4h§m1,Ayrf4r(LmMmﬂ)%@bﬁm&ﬁﬁ%%
u{,TMVRNA@ﬁEﬁm@MHmt%;5Kﬁﬁbt&m,Némmma@sﬁmﬁmgﬁ
4T - o, L oiEFE Y Table 2 R LT, TMV-RNA iz Th, B ORE & KBER ORI
xofTMVRNAm,a&%ﬁuﬁﬁ&méh.&V%fﬁb%mm¢5:ku;of,%®$
%ﬁ&u.HH%&KW%§&&:&&,mvt4ﬁ®é$®¢&1mobf%bbhm

BRS v 7OREIZL AEEN TMV 54 TMV-RNA DX T % AsEMEAL A

%%avf%&mLf.ﬂ@%ﬁ@ﬁ%ﬂ%—ﬁm%%,éﬁniaTMV®$ﬁﬁmkovf
EHAIT - fo. BF (200 ug/ml) & TMV (50 ug/mb) LxEELE. Ch FRITREOHTR L
TMV@E%WK&vrfib(mmymﬂ%mztﬁﬂ&ﬁﬁtt.ﬁﬂ&w+-vmlh.%
%ﬁyftmﬁﬁﬁ%&ﬁot.ﬁ%%.&vrf4r&mztmotaﬂmm,Avrf4b&
MitaTMV@ﬁﬁﬁmzuymlmtéismmmﬁﬁm&mwf%ﬁbt.ﬁﬁmu.Euﬁ
gEd TMV % v, N. glutinosa o R 3EE THEB 21T > 1. 4 fEoBF oW TOFERY Fig. 3 wiR
L7-. acridine orange, neutral red, methylene blue, ¥ X ¥ gentian violet DEFEIFE LT v 7

120

110}

100F
90k
80}

T0F

Infectivity® (%)
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+ + +
B B B
Fig. 3. The effect of bentonite on photodynamic inactivation of

TMV by dyes.

A ; acridine orange, N : neutral red
M : methylene blue, G: gentian violet
B : bentonite.

+ TMV was mixed with dye or, dye and bentonite, and irradiated with a
day-light lamp for 1 hour. The TMV preparations were inoculated to
N. giutinosa. The total number of local lesions produced was compar-
ed with that of control.
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DABRHMOBHI L > T TMV 2 AEMAL L, Hic gentian violet OAREHAGESS, &b 5 -
R CRDOBRONERALIIE, RV b F A b RN BT L L > TR S hD = L2 4
DEFICSWTED LR (Fig. 3).

TMV-RNA 22T, BRI X 5 RERILEBES © 7 2 i TEBR % - 7. TMV-RNA
(100 pg/ml) & &3 (50 ug/md) L %BA Lie. Zh &R UlED TMV-RNA & 3% - 0RAW
sy b I A b (Q0meg/mbD 22 PR 2R Lic, £3BHCBE S v 72T, mE%Es
30 SrEIMRET L1 JREHE, ~v b oA FRIMX e o BRBICE, <Y k4 b (10 mg/md) AR
%, TRV-RNA DRER 4 pug/micics X 51, ~v b4 b (1.0 mg/ml) b &t rBiiie G s
FAVCTHRR UL MR, AUBRED~Y b4 k&l TMV-RNA (4ug/ml) %, A
glutinosa AR, THEMHT - 1o, Fig. 41043, £RHORLH P RRICHT BEHLE TR LI
BREEYL TMV-RNA QiR OREHC L » T CREMAL IR D 2 &2, v A Boms
EOWTRD bR ZORERLOBREIZTMY OBA L b, 3200 Eh -7 ZHbOR
WAL, B3 & TMV-RNA RSBV bH 4 b 23 2 L0t -, 2354 0k
o ER@Edbhi.

110F

100F
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70p
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Fig. 4. The effect of bentonite on photodymanic inactivation of
TMV-RNA by dyes.
A acridine orange, N : neutral red
M : methylene blue, G: gentian violet
B : bentonite,

* TMV-RNA was mixed with dye or dye and bentonite, and irradiated
with a day-light lamp for 30 min. The TMV-RNA preparations were
inoculated to N. glutinosa. The total number of local lesions produced
was compared with that of control.

BRICL 5 TMV & & 0 TMV-RNA 0BT T TEMAL
REREOEHKE, KoM, TMV $50 % TMV-RNA #TREMALT 558 5 pSE s
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@i kA TMV 3 1 0 TMV-RNA o RiE#ELic T2~ b+ 4+ OFE 13

FTote. B 4 EoOBRFEYE, TMV Lk L, ThThOREY 5mg/ml 275 X 5 ZkE
SERTES L. 3EMSIC<v b 74 A 10mg/ml OEE s k3 Emx T, BRORIEE Ik
Bt BERAORETOFT TSV b4 +Q.0mg/m) ¥ E&L@BgEmR e BT, TMV ORE
20.2ug/mlicicd X5 EHR UL, B, ~v b4 b (1.0mg/mD) & &{rBEMEEHE T
FR L7 TMV (0.2 ug/mD & E Tz, ThEhk N glulinosa W ¥-FEE THEBEZIT, &L 0E
BEB A8k % fo. = OEER T A~5 BT - 7o%, Table3 iy, 4 UmB BB AR LI BTCs
WTh, TMV (2BFEI X -» TRERL SRS 2 L2535 bt gentian violet @ 4496 DAREHAL,
MR 7 <, Y\ ~T, methylene blue, acridine orange DIEIZ{E A2 7. neutral red T3#9 12%
Db T ERNEELRTH- I

kiz, TMV-RNA o €0 BRI X 5 RERC oW T~k TMV-RNA (400 ug/ml)
LEE (500 pg/ml) rARERA L, 3EHIREATICE - 7o 3B~y r o4~ (Gmg/mb) =i
o, FiEw st BEAOREITOTFT, ~v b4 b (1.0mg/mD) »&TrEmEeEnt s
<, TMV-RNA OEEM 2 ug/ml iciesd L 5 &R L. MR, ~v b4 +(1.0mg/ml)
AETBMEEIECER L TMV-RNA (2 ug/ml) Zfvie. N. glutinosa Vo FJEETEM L,
B A LR U T, EB% 4~5 [@147 - 1ofk 5 % Table 4 j275 L. acridine orange, neutral red,
35 X 0 methylene blue Ti¥, 10~15% DFFEH OFD 2345 h, gentian violet T3, FEMBHHY
3% L, BoEEYX hELEINEr - Bl X 5, TMV-RNA B\ Th, TMV &
B, BRICE - TASLBORS LI, bIFHTIRbINRERIL IS Z EMBD BRI

Table 3. Inactivation of TMV by dyes in the Table 4. Inactivation of TMV-RNA by dyes

dark in the dark
Number of local lesions Number of local lesions
be ggiﬁg’:‘e Control % e Oh;l iﬁ;l;re Control %
Acridine 5094 6815 4.8 horidine 4575 4970 89.4
Neutral 1654 5308 87.7 Neutral 2116 2456 86.2
Methylene | 564 8140 66.0 Methylene | 1949 2207 86.0
Gentian 2188 3934 55.6 Gentian 1475 2265 65.1

The mixture of TMV-RNA (400 gg/m/) and dye
(0.5 mg/mi) was incubated in a dark room for 3

The mixture of TMV (5mg/m/) and dye (5 mg/mi)
was incubated in a dark room for 3 hours. As a

control, TMV was similarly mixed with 0.1 M
phosphate buffer (pH 7.0) instead of dye solution.
After dilution, the preparations were inoculated to
N. glutinosa by the half-leaf method. The total
number of local lesions produced by several repeated
experiments are shown.

£

hours. As a control, TMV-RNA was similarly
mixed with 0.1 M phosphate buffer (pH 7.0} instead
of dye solution. After dilution, the preparations
were inoculated to N. glutinosa by the half-leaf
method. The total number of local lesions produced
by several repeated experiments are shown.

S

TMV % % -~ 13 TMV-RNA 7% acridine orange, methylene blue, toluidine blue, neutral
red, 75 & DBEONHZESER (photodynamic action) 12X » TARERLE WD Z LAFILA T
%. (Chessin, 1960 ; Ito et al., 1967 ; Orlob, 1963, 1965, 1967 ; Oster and McLaren, 1950 ;
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Sastr)lr and Gordon, 1966a, 1966b; Singer and Fraenkel-Conrat, 1966 ; Tsugita et al.,
1965). [R#kiz, alfalfa mosaic virus, cucumber mosaic virus % I U boBEL BEIZY -
TREHAL Sh s o L Sh T s (Orlob, 1967). & 4 4 ABEED B3 105 3 5 RS 3
intact 78 7 A A AL D B, FLBHGEEOBTIL, KOBEALLICY A L AB D ILY 14 A
BEbTHTRDDH, THEEMT S 2 L2585 h T3 (Chessin, 1960 ; Hiatt ef al,, 1960 ;
Orlob, 1963, 1967 ; Wallis and Melnick, 1964), A BF28 iz 35\ i, acridine orange, neutral
red, methylene blue, ¥ X 0¥ gentian violet i3, ABIARH 5\ 3BH T~ 710 X BHIZ L - T,
TMV 3 L 0" TMV-RNA # REML S, ¥4, BBEOGEL BEICE -7 TMV ¥ 1
TMV-RNA %, o3 2 I REHAL & 2, LETOBEOREHALER IS\ T OWE & —3T 58
g1,

Y bF A rid, RNase ofF 2T 2R 2 E T 500, 94 A ALLREEHOWH Y A 1
ARBESHT D, BBV AN ABBOBRN YT BENO DI RIS h T 5
(Singer and Fraenkel-Conrat, 1961 Fraenkel-Conrat et al., 1961 ; Huppert and Pelmont,
1962 ; Hitchborn and Dunn, 1963 ; Sarkar, 1963). %7z, ~v F 54 b3, L DfEHED Y A
AR E OTER 2 IIH 3% 2 LA 55 (s, 1980). ZoEEW, ~<v br4 b ic
FLIEWESBE SR Db FE 2 bhTW5S, <V b4 P RFBTIE, 4% TRTETH- 1
BHREND 7 AV ADREN R EH#ERT 5 = L 4T &% (Yoshizaki, 1980 ; fhify, 1981). B,
Yoshizaki ef al. (1985) 1%, +v 7B{Lrv 14 FoF=v )ik (HSV-C) #H\, zov 4w
A FORRETL, <V b4 P OFRMCL - TE®Bh, RNase Ik 5% 4 = 1 F ORER{LIE,
SV R A PRIl @t ¥ 4 HSV-C i3, acridine orange, methylene blue, %I 0
toluidine blue 0 D¥sfn & AN ORI IC L » TREMAL 2 H, ZOBRIC LD Y4 v A ¥ ORE
Pl <Y b A P s TE LM S hs 2 LD TV A, APIBICRWTE, v b
A M, B3O TMV 3 208 TMV-RNA (=53 2 RIEMALYE B 288 < 50415 2 808 235 6 h
7z, toluidine blue 0 7g & D EFKR L, BMERE LBRIMT 5 DAV LR T WAL, =hboEk
DR, BROFALEB I, KoBHLTELRIGIBTALNE NS, ¥, @&
ROWTHERC L BEBONEE R T 27001, <V b5 4 b OFIBER R HE L% %
Bhb,

51 A X ®
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