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Mode of Action of the Fungicide Guazatine in Alternaria kikuchiana
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The effects of an agricultural fungicide, guazatine triacetate [1,1 ’-iminiodi(octamethylene)-
diguanidinium triacetate, BEFRAN®] on the biosynthesis of protein, DNA, RNA, cell wall
and lipid, and on the respiration of cells were investigated in Alfernaria kikuchiana. The
incorporations of [U-*Clamino acid mixture, [2-14C]thymidine, [2-!*Cluridine and [1-*C]D-
glucosamine into protein, DNA, RNA and chitin respectively, were not significantly affected
in myecelial cells of A. kikuchiana, by the treatment of 10 ppm guazatine triacetate, of which
the concentration was I1Djo value for mycelial growth. The incorporation of [U-4C]p-glucose
into cell wall was only moderately inhibited by 10 ppm guazatine triacetate after an incuba-
tion of 90 min. A similar result was obtained in the case of incorporation of [1-1*C]sodium
acetate into cell wall. On the other hand, the incorporations of [U-14C]p-glucose, [1-14C]-
sodium acetate and [methyl-14#C]methionine into total lipid were remarkably inhibited by 10
ppm guazatine triacetate. The inhibitions of incorporation were found in the simple lipid
fraction after the separative analysis of both simple and complex lipids. Oxygen uptake by
the intact cells of 4. kikuchiana was hardly inhibited by the fungicide. These data suggest
that the primary antifungal action of guazatine triacetate is the inhibition of lipid biosynthe-

sis in A. kikuchiana.
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Chemical structure of guazatine tri-
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A, ERARZE X Ihicr v BHRE (4.
kikuchiana No. 15) Th 5.

2. $HEER

AEBICHCIERES 7 F ik, KBERA V{0
T3 (FF) TR SR (MR 93.7%) © 25% /Kik
WTH5.

SRS LTV Zr~F 2 3 F (1000 meg/
mg Jiffi) FHARELY, fh=FIV LT R}
(95 %) 1% Aldrich Chemical Co. Inc. X § #h FhjE
ALtz

[U-14C] % v R 7 B k4 ## 4y (57 mCi/milliatom car-
bon), [2-1C] # 3 ¥ v (568 mCifmmol), [2-14C] & Y &
v (57 mCi/mmol), [1-4C]p-/ 24 3 v (50 mCi/m-
mol), [U-#C]p-7/L == — 2 (333 mCi/mmol), [1-4C]
EEEE b Y 7 A (57.2 mCifmmol) 33 L OF [ A F L-14C]L-
AFF = (40~55mCi/mmol) % Amersham %t X 9
AL .

. DFAIIIFDEM R BRI TH 5.

3. HREIROAN

BT v REREEH CIYARELEEE L in A. kikuchiana O
F&Ty H A ERTEEERWICERE L, 28°C Tf9 40 Reh
RESEE L, ZOEKRERZERL, RHEERRE/KCHE
WLTHEIF A —CTHEL.

HAEBLFERIC SV T, ZOBRLCEEREE
HET 1.58/100ml Lg% X 51 v 74 TR
inz T, HERRBEERZFHERL 2.

HEFALEMORTGAR RS LU BRENHEBROERIC
BT, B ERS Y v EEREE R (0.066 M, pH
6.8) Hh, AFETLhLh 1.5g/100ml X * 1058/
100ml & 705 X 5B LTk Y v EREERIR GBI
L7z, oh# 28°C T 1 RefliR & S5 BEEBRER gt
L7z

4. BREBHEEERR

AfEC® 1.5g/100 ml i 5% U 7= RSB RS W 19 ml
iz, 74 w5 4 A2 (Gelman; 0.2 pum pore size) TP

W UEEE S 7 F VKB R 1ml inz, RERER
2, 4, 8, 12,5, 16, 25, 50 3 XX 100 ppm L% X S5
TRINER2 AR L, 28°C TIRESEER Tho7. T
D DIBEZTRT 7V v Ry F TRENCTR - 2.
& O BB 12 BRI tke W& L, 60°C T 16
RHEREEROERERLEIE L.

5. BREFERLEVOELAKRKE

UC-x vy FhK S8Ry, HC-7 3 D v R IO HC-
v ) IV OBGALERICIS VTR, BTRERK Y v EEE
WRIFIEIR 10 ml [ZEFEE 77 7 ¥ F VKR S0 ul 5 X 0%
heho “C-HFE{LEM & A& RES 0.1 uCifml & 7x
5X5Thg .

UC-7 a2 — ADBHABLFEERITBVWTIE, BRY VER
FEE ORI 9ml i 1 ml QAT S L 2 — AIKIBHK
BIOUC-/ v a—R%, BEREXZRLh 5mg/ml
BXW01puCijml b X5Cmz, SO ST
WF v IKEEHE 50l ZIRANL 7=,

UC-/ L ay I VO BRAERCREVTIE, HKY vV
B ERRIBIE 20 ml ([ EEER 27 ¥ F v KBk 100 pl
BIXIR UC-F oy I vEag&KiBEE 0.1 uCi/ml &7
5 X5z,

UC-EE g DBOA B EERIT 5V Tid, BR ) v EEEE W
SRBIE 9-4ml (CEAZIAEEEE - b Y v AR KON UC-FERR
F Y Y AEERETNERKIRES 0.2mg/ml 35X 0.2
uCifml %% X 51 0.2ml Fomz, XLICEBRS T
YF VvIKEWKE 0.2ml inx TRIGIRAEM]K L L.

UC-RAFN-2F A=V DFRALERIC BT, &
&Y R EHREYE 15mlic [RAFA-UCIRAFA =
0.3 uCi/ml ¥ X U\EiEE 7 7 ¥ F v /Kis#E 10 ppm & 75 5
oz,

EhZho YC-EF L EMOBA L ERITIE, RIGIE
BT OBEE 7 7 ¥ F VIKBKROR Y I, FEDEEAK
Zinz, WRXE Lk, £MC-& v o7 Ghks gt
BIVGHC-5+ 3T & HC-7 Y PV O FEAHRERT
X, WEREHIE LT rAF I F(0.5ppm) X
TF IV AT r<A F (200 ppm) FH 7z,

IhODORIGRAKEZFTERRM 28°C kTR & 5 Hik
#, 2ml HCTRRL, KK XVWRE 2 ELSE, &
LR TTn - Tethw ) VESRREIIR T 2 RIS 21T -
B2 BRICTR T HEC X b BB RER S Ot 217
A ol

UC-2 v IR BMETR D AARER P DD X
v ofHx Clemons & SislerD oo BB ic ¥ 0,
50% = % 7 — L CHI 217 - 7o, RE% 1N-NaOH
W 2ml iZfKiE L, 100°C T 20 Sy Rihnsk sy fig L7t%, &
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ORIV O LB 2 v R By L Lz,

UC-F I TPV ERIT UC-v Y YV 2R DIAERHRE
50 DNA #7-13 RNA ol Munro » Fleck®
OFERHE o, HC-F I DV AR D AERLEEEZ S
0.2 n-@EERE (PCA) &% L 10 S RE & Lo &
T51ER 3EEVIE L. BE%L 18-PCA 1ml 258
L, 70°C ‘T 20 SyRIBNEHE LT BEEZITR - 72, &
OEREEXTHERYIRL, EE2EbETDNASZELL
fo. —7F, HC-v Y IR DA EERE, FTEFA
¥ 02n-PCA itf%iB L, 10 SRIMESR R LSBT S
R 3EHE VIR L. T ok 0.38-KOH 1ml %
Mz T 37°C T 15 BrffALE L. Z OMERIC 2.5 N-
PCA 75 pul %Zhnz CTHEEHEIZ L, JKGTFT 30 MR- 7
BELSEE L7, BT 0.2N-PCA 1ml 2 H\vCkid
L, 260 LiEE &b T RNA S & Lz,

UC-Fra—REHRITUC- Loy I VERDAEE
FEEY 2ml oA K ) — -7 wrkl A-7K(2:1:0.8
viv) KIERIBLEIRT T 1 BRESEL S BEL . [
CHER 2R VIR LT, A&/ —A-7Zruk/ILA-K
R by CIFESE & L. BEIX 1N-NaOH
W 1ml 2B L, 100°C T 20 ke #iE, v
TSV T 4 E—THEBLREREY RS L.

Fie, ¥fAEE X F V AOBERAZR I DWW T, 1N-
NaOH THEE L - # o BfaEEsriE 2 2 N-HCL ¢ 100°C
6 KRk R 2 1T7e » 714, T OBRBEEFL, &5
i 6 N-HCI ¢ 100°C 6 Bk s 21T, El5
L LERFF U HEE LY.

UC-FiE R X [AFN-UCIAFF = v ERDIAER
T HitkH S DI E Ofhitix Kates® o B RiciEV-IEE S
Hi 5. lEEMHE%oRE X 1 N-NaOH 1 ml (2%
L 100°C T 25 3Rk 21TV, AV T IV T 4
NE— R L%IR Lcd DR MIRRESE & Ui,

W RE I R S E I DWW TIE P L =V Y v FU—
Z— (+trx=yv 11 fhiz PPO 4g % X ©* POPOP 100
mg) %, FofbsERARE PCS v v v —4— (Am-
ersham #) 2V, A vVFr—r 2 VARSI bR
A — % — (Rackbeta LKB Wallic 1215) iz X v #lEE L
7z,

6. BRAOBFHRRER

BiROBENBOBIER, BEBEEGEKILENER,
(b DO JIE%E) V. Thbb, 25°C T
3.5ml ARIGHEIC Y v EELEGINE (0.066 M, pH 6.8) %
3ml Ah, 4%, b0 HEC X - THRLERK
Y VR E RS R 0.5ml hnx e, HKROBENRE
ZEHEtDF v — P L THERE, MBS T v R 10

* 71k 100ppm X745 XS5 50ul iz <, HiEKOEE
ENE I RETEE 2 . TR AEBERIE LT
KCN (H#&REE 1072 M) ZHW .

RBRHERELUER

1. HEREFCREITER

ZIREOERR Y 7YV F v ETRML, 128K E 558
Lictic, ERoEREEXHAIE LAHRE Fig. 2
~.

BRoAFCH L TEEES 75 v 2ppm TRREH
237 <, 4ppm DIREIREE OBIMTHE - T BHESETL,
25 ppm TAFHIX ZFETLTEINA. SSITHRE
® 50 35 X U° 100 ppm TiX, RANOHEKE R (24.1 mg)
L TR oEmE R L.

DR OEEE S T ¥ F v D A kikuchiana [TRET
% 50% Wi R4 HHRE, 104ppm TR IR,
Lichdo T, LI UC-ZLAMOBUASZERIZI VT
i, B VEBRREREESRICNX DB T SV D
MERALRE %2 10ppm & L7z,

2. HEBERERAAD UC-ER{LAYMOTAKICE

EITER

A. kikuchiana iR D & v R 7 BER X O EEEG BRI~ D
UC B EMOTRARCRIET BE S 7 ¥ F Vv DF
TR, rOEERY Fig. 3 R T.

# v g, DNA 5 L' RNA GEA~NOEZHLE
WMOBAZE, MEEAE LTHV Y7~ I F
BIPzF T AT v, FLX>TENRTH 90% LA
ERXOELHEI N, B/ 7 ¥ F v (10ppm)
IZ LA EEEREY 5.

HIARE S ~D UC- 7 L 2 — ADOBGALRIL, ElES 7

40F

mg dry weight/20ml culture

24.1

208 \\Q
4 .
02 4 8 1625 50 100
Concentration of guazatine triacetate (ppm)

Fig. 2 Effect of guazatine triacetate on the
growth of A. kikuchiana mycelia. The initial
cell weight was 24.1 mg/20 ml.
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Fig. 3 Effect of guazatine triacetate on the incorporations of radioactive substrates
into protein, DNA and RNA in A. kitkuchiana mycelia.

A: [U-#Clamino acid mixture (0.2 #Ci/2 ml) into protein, B: [2-14C]thymidine (0.2
#Cif2 ml) into DNA and C: [2-"#C]uridine (0.2 #Ci/2 ml) into RNA, (O: untreated

control,
A ethidium bromide at 200 ppm.

@®: guazatine triacetate-treated at 10 ppm, A: cycloheximide at 0.5 ppm,

A Cell wall B : Cell wall C : Chitin
(Glucose) (Acetate) 3F (Glucosamine)
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Fig. 4 Effect of guazatine triacetate on the incorporations of radioactive substrates
into cell wall and chitin in 4. kikuchiana mycelia.

A p-[U-tClglucose (0.2 uCi/2 ml), B: [1-4C]sodium acetate (0.4 x#Ci/2 ml) into cell
wall and C: [1-#C]p-glucosamine (0.2 #Ci/2 ml), O: untreated control, @: guazatine

triacetate-treated at 10 ppm.

YF VR 60 518 F TIIEOER L 223050 5 7o, M
H 90 HBCIEOHEEmR R b, MO gL
T 25% DHE & I 5 7= (Fig. 4A) . KBAEES il ~ @ 1#C-
BFRR DBGA ST DWW C b IR MHmZ R L, EffEEs 7%
F VI 60 I X R0 SIS SO EFHEMSHLN
(Fig. 4B),

FF VREANDUC-F L ay I vVOBRGARE, NifES
THF VLK o TE LK HERZZTT, LLABEWN

TdH -7 (Fig. 4C),

SIS B AND UC- 7L 2 — ZADBARNE, il s 7 W
FVIER 30 S TIRE o e IE XN 5 7288, B
HELVIEE@EZBDb L, OB 90 5% RO
HRT 61.4% DAETH b, AFE 30 5L OB GA i
89.5% fHE XN 7= (Fig. 5A). —HISHE 5 Ei~D HC-fik
RROBGAZIC 0 T RO BIAR R L. F b bR
BR 77 F v J0EE 30 458 T 10% FREE LB S hit
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Fig. 5 Effect of guazatine triacetate on the in- I
corporations of radioactive substrates into total I| T DZ III
lipid in A. kikuchiana mycelia. S D
. Origin Origin
A [U—“C]D—glucose (0.2 [LC1/2 ml) and B: [1-14C]- Simple |ipidsa) Complex Iipids"’

sodium acetate (0.4 xCi/2 ml), O: untreated con-
trol, @: guazatine triacetate-treated at 10 ppm.

b o 7o dS, DA SELERIZ R TR 60 4352 T 51%, 90
S TIX 64% BAETH Y, LHE 30 FUROTASLE
R 60 45tk T 85%, 90 iR T 82.7% fHESIh
(Fig. 5B),

¥ 7z, MC-fEEg 0.25 uCijml B X O'FEfR 7/ 7 5 v 10
ppm % &k Y v EEREEIGEIR Y 120 SRIKRE S
B U Wi tkA 5 0 JRE S E R 2w, TLC J'v
— U B HF L 60 Fags (Merck), BHMASHEIZ n-~7 &
V-4V TrENLT—FL-FEEE (60:40:4, v[v), ¥/
EAREXZ vkt A-R & ) — -7 v E=77K(65:
35:3, v/v) VT RSB L 2. BHRERR S DR
BF—Vr5IFT 57 4 R X DX T7 « VA8 H
e, BOCHYEHs 2 2 &Y, Z7rr KL A=
A& = (2:1, v[v) 1ml CHHEHE O &5l Tl
5@, WEEASETIR6HE L h FhmtE2{Tx -
7. BHHREEX P L= VYV F U — F — IR THURAE
ZHIEL 2.

WMEZ v< /T AFXOESERSHHE (cpm) DA
25RO AT E D HREE Fig. 6 sk Table 1 1T
REN 5.

HlgE cixE AUt ALl E, EAIEE D FERS
B LD RFE v P BER I N, BFER S 7 ¥ F Vv ALHEIT
X5 AKXy + O Rf {HixQECK L TELIIEED S
i, SOt CHMIEE RS, o V X
O VII psighnof@Emz R L, 2 I X0t VI 3
HSLTWD, BEIBETESE VIID 2k < hidEmo
2R U7, ¥l 120 SR O JEES B~ D HC-HE

Fig. 6 Thin-layer chromatogram of !4C-labeled
lipids in 4. kikuchiana mycelia.

a) Solvent system: heptane-isopropyl ether-
acetic acid (60 : 40 : 4, v/v).

b) Solvent system: chloroform—methanol-am-
monia water (65 : 35 : 3, vjv).

BOTAARAERIT 8% TH -7z,

FEE 5 EAD [AFN-UC] A F 4 = vV ODFIAKRICRIE
THEiEE /7 ¥ v 10ppm o EEx Table 2 iTRX N
5.
EilE 7 7 ¥ F VBTV, [RESEAND[A F -
UC) A F 4 = v OB AR HC-EEfE DBGA L HE L [FfH
mi%R L, R 30 45T 16%, W% 90 55Tk 44%
DIEEZRLTVS.

3. HEOBFHEBCRETE

BAROBEBENBCRIETERE S 7 ¥ F v O E»n Fig.
7T XI5,

BARSRER T IREER] KCN ZR&IRE 107°m &7
H5X5RBMLBE, BEHEIFLIHESI L
2%, EEERZ 7 ¥ F v (10ppm) HMTIE & A LHRFEH
BBy RES o7, Bl 7 ¥ F ViRE% 100
PPM IZED B &, BERNERETE BN EZTR L.

DLk A. kikuchiana O EZFEERRTRIETEHER S 7V
FVOREL, HEROBEBEHBCRETEELHAIE
B, 50% BEREBHILRE Td 2E/ 7 ¥FFv 10
pPm MBI R \WTC IR EAARR & R MMOAGHFR KR
LUCICHEBBITITLALHESEDONE» o2, L
BLFAa—R, BB X2 F4 =V OIgEEERTE
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Table 1
fractions of A. kikuchiana.

Effects of guazatine triacetate on the incorporation of 4C-acetate into various lipid

% to extracted total radioactivity

Simple lipid®>

Complex lipid®>

Fraction No.

Guazatine triacetate

Guazatine triacetate

Control 10 ppm Control 10 ppm
Origin 25.69 46.26 (1.8)> 1.15 3.83 (3.3)
I 4.20 3.16 (0.8) 2.15 5.98 (2.8)
I 2.29 2.25(1.0) 1.28 4.72 (3.7)
111 51.44 28.19 (0.6) 5.40 11.74 (2.2)
v 6.39 7.44 (1.2) 6.18 11.89 (1.9)
v 1.00 2.09 (2.1) 2.23 4.47 (2.0)
VI 1.37 0.85 (0.6) 0.74 1.98 (2.7)
VII 2.81 4.81 (1.7) 3.90 3.31(0.9)
VIII 4.82 4.94 (1.0) 76.97 52.08 (0.7)
Total lipid 81,493 17,760 (cpm/mg dry weight mycelia)
2)  Solvent system: heptane—isopropyl ether—acetic acid (60 : 40 : 4, v/v).
b) Solvent system: chloroform—methanol-ammonia water (65: 35 : 3, v/v).
©)  Ratio of treatment to control in parenthesis.
Table 2 Effects of guazatine triacetate on the Cells Cells Cells

incorporation of [methyl-14C]methionine into the
total lipid fraction of A. Rikuchiana.

Incorporated radioactivity

Time after (cpm/mg dry weight mycelia)

treatment

min Guazatine
(min) Control triacetate Inhibition
10 ppm (%)
0 0 0 0
30 34,713 29,048 16.3
60 46,698 37,253 20.2
90 69,823 38,790 44 .4
120 72,488 44,468 38.7

ANOFRRARLIAERF— % — v 2R L, BHME 30 4
DAEBAE IR E R B By, 120 45O 0HRIZ 35\ TRk
B TiX 78%, AFF+=voOBE Tk 0% BEHEIN
Twb., —F, TLC KW CIiIBHMMIgESEES (B
BIFHE) B XOCEEIEESEIRSE > Dy VI & CTidde
IEBSTHE DIEAS 1.8~3.7 Z7R L, W EMAgE 5 E 111
BIOHEEIRE>E VI (BHIRE) X 06 X 07
fH, ERERLTCOBRVWBIREZEEZ T A7 r< b
ST 4 =P X VSBELRER, BHEES T Y v LER
VRN CHMIEE 0.6 fH, BHAIRE1.6fEZRL
7o DLEDEREERH OARER OFE—IRIVER S5 Biilg
BEASRRCHET D LeTET 5.

237

Oy uM

A A

I‘_—'I Minutes

10min

Fig. 7 Effect of guazatine triacetate on oxygen
uptake of A. kikuchiana mycelia.

Numbers along traces are rates expressed as um/
min.
GTA: Guazatine triacetate.

A OE IR (50, 100 ppm) IRV THRANDOEEE
BIXOVEASL T 20 REIER CHRIECRE &
ER kD tHEINDG., MFROBEFIT 2V Tidfho
MAEBCX > THHESH TNV B5HD,

—%, BREATZEOERABIREERKRRICD s 50E
DLDHRFESNTHESD, ZhbD% L OFRERIC
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ILERLERE LTHEKOERBHWEF 2SSz Tz e
BB ST B10518  EEER 77 5 v 2 k1 5 K
OFREBREC OV TIRSHEOMIEREE Lz,

= #

FTHF VERRIE D A. kikuchiana [T 38\ F 5 X V37
Z, DNA, RNA, #ifasE, *5v B3I UCREOKELES
BRE, BEROBEHBCRETEE oV THRL
7o. BEEE S 7 ¥ F v D 50% HEREBHILRETHS 10
ppm T, 2V 37'E, DNA, RNA ¥k XU HlgEES 5
vAaO, £hFh [U-YCl x v 7Bk @y, [2-
UCl# 3 Yy, [2-4Cl1Y Y Y vk X [1-4Clp-7 L o ¥
IVORRARMTIT LA LHEI N - 7. HIEEE~D
[U-4Clp-7" v a2 — AR X [1-4C] BEEE OBGA &1L, BE
77 %5 10ppm U 90 HFECEHETOMELZTRL
e T &l ote. —F, [BEZE~D [U-#Clp-7 1
2—2z, [I-MClEHEER X R (A FA-YClL-A FF =D
BAAVY, BtEE/ 7Y F v 10ppm B CH L {HEFS
hic, ¥7%, TLC T X5 BMEE S XU HEARESS
i D Y RE OFE RS O BHITE AL OIAERRD
iz, 4. kikuchiana KO FEIRERIL, BRI 7 FF
v 10ppm METIF LA LHEINAEP o7, THhEOD
RN SER Y 7 F v O A. kikuchiana T3+ 58—
WIEFR AL, BWMIBEAARRCHSEELDND.
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