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Inhibitory Activity of Quaternary Ammonium Polymers
against TMV Infection*

Tetsuo NAKAJIMA, Masatsugu Opa, Toru TERAOKA
and Taichiro SHIGEMATSU

Reseavch Center, Mitsubishi Chewmical Industvy Lid.,
Midovi-ku, Yokohama 227, Japan

Cationic quaternary ammonium polymers were tested for their antiviral activities against
TMYV infection on tobacco plants (Nicotiana tabacum L. cvs. Xanthi-nc and Bright Yellow).
Chemicals were applied onto leaves of Xanthi-nc prior to TMV inoculation or with TMV
inoculum. Among polymethacryloxyalkyl ammonium salts, poly(3-methacryloxy-2-methyl-
propyl-2-trimethylammonium methylsulfate) (MOBA - TMMS) showed the highest inhibitory
activity. Copolymer of dimethyldiallylammonium chloride (MAA) and (3-chloro-2-hydroxy)-
propyldiallylammonium hydrochloride (PAA) (MAA/PAA =6, CMPA) was the most effective
among polydiallyl ammonium salts. CMPA showed the highest inhibitory activity on Bright
Yellow tobacco to TMV infection through the infested soil. It was observed that the degree
of flocculation of TMV by CMPA was significantly greater than that by sodium alginate, a
known antiviral substance. Furthermore, CMPA was proved to be a stronger antiviral agent
than sodium alginate in mixed inoculation method. Whereas, both polymers showed nearly
equal antiviral activity in pre-treatment method.
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WMENY: [ Yy 2 N 2 (Nicotiana tabacum 1.
cv. Xanthi-nc) L £ B&Yy % X2 (Nicotiana tabacum
L. cv. Bright Yellow) % Fu 7-.
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1. AiR® %

ALE 4 ~ 5 A TELRM L/ Xanthi-ne # % v,
TONLER AL IR & U, )i S 2 i 5 ol
Ure (GREER)Y. REgEH, #—K7v £ 5 (600 £ v
V) REOREAEWICE 2T, 1/15M U v EiEEik
(PH 7.0) TAHML 72 0.25 ug/ml @ TMV %754 0>
JER U, BEHIfE, BEAAKVEL, 3~4 DRNESCE

Witk OSBRI AR AE U, BRI st
T HRGPHIEEEZFEH U7, R EER (%)=1—x/y)
x100. 72721, ¥ BX W ¥y 3FRFHOHEK 5 X O
LRI OFFHEE 35, 1[MoRBRICIZ2 Ky P (88)
ZHEAL, 2O DELOYHEERFERE L, o
X5 7%, HEE TMV B ORI T 5380203, 8T
WLERH: LR TV B89,

2. REEgEzx

Xanthi-nc OEXMEIZ, H 5L UL DI —KF v &L A
(600 2w o) ZHDTTERE, FOIE CIT 1/16M
U v EEREE (PH 7.0) THW L2 TMV 2 (854 o
HEENIR, RE 1~ 2B, AREEEEE LT
0.25 pgfml & TMV Z 70§ 0 DI EE LY, £ ofis
DRI D WTIHTAEE DR ES L AR TH 5. 20X >

Table 1 Inhibitory activity of poly(methacryloxyalkyl ammonium) applied before TMV in-
oculation to Xanthi-nc®> (Pre-treatment method).

(':HS
fcnz—?%, R
COORrﬁﬁRz
R3 X
Inhibition (%)
R, L Rs X Code 2,000 1,000 500
ppm  ppm  ppm
CH,;CH, CHg H Cl MOEA.DMC 57
” z z /250,  MOEA.DMS 73 71 31
’ i CH; CH3S0, MOEA.TMMS 70 57 59
o 2 2 cl MOEA . TMC 75 55 56
z CoH, H cl MOEA.DEC 56 53 45
% 2 z 1/250,  MOEA.DES 75 74 35
o 2 CH, CH,;SO,  MOEA.DEMS 79 61 62
” i i Br MOEA-DEMB 67 60 14
i i i Cl MOEA.DEMC 72
CH,CH,CH, CH, H cl MOPA . DMC 68 52 36
” ” & 1/2S0,  MOPA.DMS 62
z z CHj CH;SO,  MOPA.TMMS 63 62 66
” i ’’ Br MOPA-.TMB 62 63 59
” 2 z cl MOPA.TMC 66
CH;
CH,-C % H cl MOBA . DMC 79 61 46
CH,
z z z 1/250,  MOBA.DMS 78 75 56
z z CH,4 CH,;S0,  MOBA.TMMS 74 77 78
z % z cl MOBA . TMC 80 66 63

®> Chemicals were applied approximately 3 hr prior to TMV inoculation.

®) Apparent viscosity at 2,000 ppm was between

5 and 20 mPa-sec.
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7%, HAIE TMV 25500 UDIRE L THrLERT 5
Ry, REBEESYLIFEhTw .

3. LiEEiEE

TMV §E§% 2 o323 (Bright Yellow) o Bzl ¥ K %
0.5g {RAE L5 -t 101, Fu (2,000 ppm) %
50ml QIRL T 5, HHFOMENIC ANz, LI~
W (2,000 ppm) % & 5 A U & 50ml jjdi L7z Bright
Yellow # % i L7, £¥ROMBIIEEE 50cm & 57z,
W2 A B SRBHBIAE D, 17 BERCERKRROH

HaiTiew, MBI 5B HERZE L 2.
R R (%)=(1—x[y)x 100, 72721, * BFIX Oy iX

FRFNMEX R X O X ORIRRER & T 5. {5
X5 BA 5 8 g T 2|, ML TTw, B
fEF) 10 BBCRBERITEV, MR E s #ERET
7 ote. 1 EORBICIIER 16 Rz ital L2, BiE
B#icHgEdomHicay, FROJEE IS
xxA Uk, 2hoRBOAR 2R E L.

4. TMV BEHHAR

REACIEE L TMV (200 pg/ml) & 3y 2 3ml

FOREL, 145HMLSEELL. ok, 12,500
g T 30 %\FEE] EOSEEL, RiEo 260nm (235 UV
W Z e L, BRI U, EEE (%)=1—-(T

—B,/B))x100. 7=72L, T X By, B, ixxthZh
TMV t*ﬁ“ﬁu@{ﬁ% Wit X o, TMV o Lig o
260 nm 1z 351 BRI & T 5.
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1. RURAZIULAFRLTILELT L EZTL)D
TMV iR

RU(RARXZ VNI FITAFALT VEZT L) ZHIK
L, TMV &Yl R ORE % T8 - 72, BTABTEC
BF HE5RE, Table 1 (278 L7, 2,000 ppm 75 500
ppm EFTOD TRTOREBICOWTHDE, KUGB-22
YNNI ET-2-2F AT REN-2-TVE= L) (LLF
MOBA rpg3) B@EmwWiEtkz mLic. &<ig, FUA
FATVEZYLAF ALY LT 2 —F (BLF MOBA -
TMMS 2 %3) bk, 500ppm T @&EWiEME R L.
IRAHHR TR 5550, Table 2 iR Uiz, AR
OB, BV@-AZ2Z7ULFFTTRELTVE
=7 &) (LAF MOPA Lp&3) ©igd>T, b U AFLT
vE=Y AEPETEWEEEZ R L. holbEWics
WTh, FUTAFATVE=T MEDIEI N, VT LF
AT vE=7AELD DEWEEE R ITHATH - 7.

Table 2 Inhibitory activity of poly(methacryl-
oxyalkyl ammonium) applied to Xanthi-nc with
TMV inoculum (Mixture method).

Inhibition (%)

Chemicals 0.1  0.05 0.02
ppm  ppm  ppm
MOEA -DMC 89 66 50
MOEA -DMS 97 77 0
MOEA -TMMS 95 56 6
MOEA -TMC 97 98 29
MOEA-DEC 89 42 0
MOEA.DES 92 79 3
MOEA.DEMS 97 89 0
MOEA.DEMB 98 92 10
MOEA .DEMC 97 95 58
MOPA.DMC 91 54 46
MOPA - DMS 97 39 35
MOPA - TMMS 97 94 53
MOPA.-TMB 98 91 74
MOPA - TMC 95 94 80
MOBA . DMC 90 38 53
MOBA -DMS 98 86 4
MOBA -TMMS 98 82 27
MOBA-TMC 97 93 44

2, RYECTIVLTLE=YL) O TMV REMHIE
hER

RKYV(T7IATvE=Y L) O TMV IKLEHIEZHR
ke Lic (Table 3), ®AiAABIC X S5MRE 25 &,
FAFATTIATvE=YAZrTFA F (LIF MAA
LEEF) & B-Zmru-2-2 FrxI) T RrEALIT UL
73 7 iaNeE (LIF PAA Zmgd) robEa? (L
ALEAL 6:1, DIF CMPA ERET) BXUKRY (N,
NP AFN-3,5-AF LV V/ERYT = A rT 1 F)
DEVIEMER R L, BAEBMEILC X 29RESRD &,
0.1ppm, 0.05 ppm iR \WT, CMPA LK (N,

N-JRF)NL-3,5-AF NN AN K= ERY T=7 LT8R
4 F) BEvigtEd sl

3. MAA & PAA OfA&HEILLE TMV EZHIE

ShR DRR

BALERY:, REEHEOWMRBRTEWELZ R L
CMPA 3, MAA 3 PAA OHRAZENLILHM 6:1 T
H5, FOLEREx-RY ~— 2R L, BTk
Xy TMV @&yl R a i Le (Table 4), {HA 24
LIS 611 DBFBEHITIE, KBEICRSWTHEWEE
ZalL7. MAA X PAA okrERY~—X, =2—FY

NI | -El ectronic Library Service



Pestici de Science Society of Japan

508 HARE2LE H8% 4% HEM8411H

Table 3 Inhibitory activity of poly(diallyl ammonium) against TMV infection on Xanthi-nc.#®)

Inhibition (%)

Chemicals Pre-treatment Mixture
2,000 ppm 1,000 ppm 500 ppm 0.1ppm 0.05 ppm
(—(Tcm-soﬁn 49 94 87
N
7 N J—
CH3 CH3 (I
—(—(\J— CH2-S02}, 51 74 13
H cHs ¢
—60 CH2-S02}, 72 36 0
CH3 CHZCHOH
—ij“chru>-ﬂ%[/:]—CHz}— 86 82 73 94 80
CHSCHI’ H CHZ‘CH CHZ
cl cl OH CI
n:m=6:1 (CMPA)
—%Iifg—<:Hz -s02 ). 73 73 35
N\ —
H CH CH=CH Cl
79 57 0 11

—F[ T CH2 }n 83
_{,
N

2N —
CH3 CHs Cl

2) Apparent viscosity at 2,000 ppm was between 3 and 10 mPa.sec.

Table 4 Inhibitory activity of several polymers
changing in the ratio of MAA to PAA on TMV
infection.?>

—é—[ Tcnz} {—( Tcuz}
. n + m
N N

re N N

e
H CH2-CH—-CH2

CH3 CHs
cl ci” OH
MAA PAA
Inhibition (9;)
MAA/PAA
2,000 ppm 1,000 ppm 500 ppm

1/0 64 52 53
7/1 86 65 59
6/1 81 79 71
41 77 68 62
1/1 75 66 56
3]7 71 68 58
0/1 65 55 44

2) Assayed on Xanthi-nc as in Table 1.

— I THEME D 590 » 72

4. 2HBEFINICHT D TMV RLEIEHFE

FRY(RZZINF X TAFATVEZT L) OIS
52T, ATALERAL R X ONESEME TEWIEEZ IR LS 8
e e CMPA %, +8fEfiks Flvc TMV g
1R &2 tRE Uie (Table 5), CMPA 238 4 & Wik %
7L, MOBA.-TMMS 2Rzhicik{7EMHEZR LK.

5. CMPA & TMV LOHBERG

CMPA & TMV % BTN TIRA L, dnb L7 TMV
BHAREIC X, BEDKZ DV FIZOWT, T=4vV
FI~—DT7LFUEEF U a7 (Fig 1),
WA O E 2 e 35720, #EiEifcX % pH @
PRI T bt o 728, Fiko pH o8z X b, »
THORGHED PH 4 6.0~7.0 O TH -72. ik
TMV ZREET 5L, RELCABIEID, 175H
LR T 2L 7ry 7 RHEIN, £ LT, SR
A 2.5ppm -2 L LT, FhU Lo EECkD
&, BEIAMITIKT LR, —F, TAFVEEF Y
v Ak TMV ZEA LS ACE, 1,000 ppm & v 5
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Table 5 Inhibitory activity of quaternary ammonium polymers against TMV infection on
the systemic host (Bright Yellow).*)

Chemicals No. of plants _No. of plants (B]A4) % 100 Inhib/ition

inoculated (4) exhibited symptoms (B) (%) %)
MOEA.TMMS 29 12 41 55
MOEA.TMC 32 15 48 48
MOEA.DEMS 32 15 48 48
MOPA.TMMS 28 10 35 62
MOBA.DMC 30 18 60 35
MOBA - TMMS 30 8 26 72
MOBA.TMC 30 12 40 56
MOBA.DMS 30 16 53 43
CMPA 30 6 20 78
Untreated 32 30 93

) Tobacco seedlings sprayed with chemicals (2,000 ppm) were transplanted to artificially infested soil,
where the chemicals had been predrenched.
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oL, . ) ] .
5 5 0 100 500 1000 ) 25 5 10
Conc.(ppm) CMPA Conc. (ppm)
Fig. 1 Sedimentation of TMV from the mix- Fig. 2 ‘Sedimentation of TMV from. the .mix—
ture with the chemicals by low speed centrifu- ture with CMPA by low speed centrifugation.®
gation.® 1) Sedimentation ratio was assayed as in Fig. 1.
2) Sedimentation ratio was assayed by measur- TMV Conc. (final); a: 50 gg/ml, O: 100 pg/ml,
ing the optical density of the supernatant ®: 200 zg/ml.
after the centrifugation at 260 nm (12,500 x g,
30 min). 10071 o
o
b) Na-Alg: sodium alginate. /°
o
[ ]
IR T U RS PR A R S T o 7 S CMPA
(= S
TMV il eZx B aofiEs Fig 2 @il 8% Na-Alg
i 2 R NIgTR o 2 Q y
S THET HHINTH - 7. /
6. CMPA ORE&EEXIC LS TMV BRMIETHR olye . .
CMPA QiE&ERICE 5 TMV EEMLESRE, 002 0B e opm) | 0 %000

T x OMIEEET, TAXVEF YT ALEELE
(Fig. 3). CMPA %, 0.05ppm ‘T 80%, 0.1ppm D
T 90% DLEoRIEEA IR L. —F, TA¥VEE

Fig. 3 Inhibitory activity of CMPA applied to
Xanthi-nc with TMV inoculum.

> Y akE, 100ppm 2D EWEHEIRE T 70% 7. CMPA OFiLIE:(C LB TMV REMIEHE
FEOBERE LR X nh o . CMPA ogijiykic X 5 TMV &yl shHie,
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Fig. 4 Inhibitory activity of CMPA applied to

Xanthi-nc before TMV inoculation.

DHFURIRET, 7AXVEEF U AL L (Fig.
4). 2,000 ppm iZ B R EHSL L, CMPA, 71 ¥
VRS P YUY AL DI 90% W IHIEERERLTED,
1,000 ppm 225 250 ppm E TOREICR T, B
KR ELZTA DN 5 72,

% £

AEBRICHHK LA BV (A2 7 U FFoTLELT
VESY A ORTERN:, REEMEE, RIREEROR
BTk, 7 (R) B5OREHEBLLVIT E G
BV TH o7z, PV TAFATVE=Y LS
PTNFAT VE=T NGRS THE, P TAFL
TVESTAEDITIBREWERE R L., 2D XSk
FRPD, KRKILEMO T d T < TMV I
Zeflibzh R % k3 @ 1k, MOBA.-TMMS Th 5% L¥ 2
5., RV(ITVATvyE=Y L) OFTABE, BB
HEORIR T, MAA L PAA ORHLERYOEMER
e, O THHIALRE LI 6:1 (CMPA) 2344,
BWIEHE R L7, CMPA @ &5 RYex Sz icwf+ 5%
WAL, MOBA-TMMS I b 45 <, BEYblilkFlE LT
FThMEEAE LTS EE LS.

z T, CMPA o TMV Ry fHIER%Z, 7=4v
RKY—THBITAFVEF U YA LAERLHK
Pfl7z. 7AEvEEF P U AR, CMPA »HERT,
BHEITABRIC S TR VEREER LRSS, BEE
MR WC L X O 572, Lo L, BTk
DOFERE B D L EFEFOE®ERLL., ol Ep
5, WA <—0 TMV ELEE IO R > Tw5
EHEZD.

CMPA DfR%Z 5% &, JEWITIRVERKIRE © TMV
R U CBREMREMEZRL, TMV 100 gg/ml 2% L T
2.5~5ppm TIF 5841 TMV e g, L
L, BRELZEL T2 LEETLON kot ¥

FPBBICHFET D L, VA L ARTREC S 5 NLHETE
HEEE, IRTCEARN T >ThEdbhTlEwy, L
b, HAESFEESTEREATHD, #KESBNO
THREz2 A FOBREEZDODbLTY A L AR F R
P, ZRERLERL, 7 A LRRTIE 5 Bk g 2 R
FTEFEZLNBHW. F72, H 52 U DOEMEREALE
TMV (0.25 ug/ml) % Xanthi-nc iz jifE$ % &, 0.1
ppm OEEUIREE T TMV DERLEFEN 2 ITIT R 40880k
SH7c. £ LT, FRiRER 10ppm £ T P T LM
DETEALNRE 572, TMV OBBERSKZ LWL
SBEREOEEDOMIIC X 5 Th, 71 /LADKLE
FEETEECHIEXINEEELLHM TS L, Hrow 4
AR FREA~DFERIR A DTS2, L TMV (EEZE B
OFREREFRTHHREU R EbD THVEEZ LN
H. T=dvERI ==X MOV LT Z -1 } LiES
LTV ANADERGAIAET S L0y #g®, EEREC
Wi Lz A L A BEGUC DI R T8 2 R X v & 0
SHEDEAEBROFERE Db TEET DL, HFt
VIR T vE = AR Y % —iX, EOEWECEeD Yy
ANARMFOAWELHML, FEEHIZEEDTLES
Lk, Pt TMV (G2 REAIETCV5EHE 2 L Hh
5.

= #

HFAVMRTvE=T LRI —DEY(RAZ Y
NFFRYTAFATVE=ZT L) BXERY(IT Y
TvE=v L) O TMV IRGHI#REZ, ALEE,
B, RIMEMIRC X DR L .

RYVREZZINZFYTARALT vE=Y L) O
PTERYIB-RAEX 7V LFFT-2-2AF LT 1 EL-2-
FURFATVEZGLAF ALY LT - — ) (MOBA.
TMMS) 23, FU(STYATVE= L) O Tk
FRAFNTTIYNTVE=TLIRT A F (MAA) &
B-7rvwv-2-cFr*xY) TREAITUNLT I JHEER
i (PAA) 2 ofbiAB € 1t 6 1 1 DER{LESY (CMPA)
23, mbhEWIEEER L. 250G 2 S22
%3 % R Ty, CMPA 23404 i&tE23 5 <, MOBA.
TMMS 232 iz iR V72

CMPA L7 A ¥vpir b ) akfiit L, TMV &
PP ER O 1T s o 72, TMV R4 2548
NCREEE R X 535 TIE, CMPA 23 Ihick)
RAERUD, AR X B5HBTIE, WA ~—k
LIZIEFZEOBREZR LIz, 2hbDz &0b, nF+
VIR T Vv E= Y AR w—F, T =F v EUv—1L
TMV &GP DR R D, v A A 2R KR~
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