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Inhibitory effect of tetrandrine on five plant pathogens and its
mechanism on Botrytis cinerea
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Abstract In order to search for more effective environment-friendly fungicide lead compounds, sensitivity of
tetrandrine on five plant pathogens were determined by mycelium growth rate method. The results showed that
tetrandrine had antifungal activity against all tested pathogens, displayed a strong antifungal activity against
Rhizoctonia solani isolate (ECs, =33.49 mg/L), exhibited a higher activity against Fusarium moniliforme isolate
(ECs =41.71 mg/L) and Didymella bryoniae isolate (ECs, =43. 97 mg/L) than osthole, and showed significant
activity against Botrytis cinerea equal to osthole. The results of inoculation of blueberry leaves in vitro showed that
tetrandrine had both therapeutic and protective activities against gray mold infections, equal to those of osthole.
Laser confocal microscopy showed that tetrandrine could reduce the concentration of calcium ions in the mycelia
of B. cinerea. and the interaction of tetrandrine with CaCl, and calcium channel blocker verapamil could reduce
the sensitivity of B. cinerea to each reagent, indicating that the mechanism of tetrandrine against B. cinerea was
related to Ca*" and Ca’" channels. Our work represents the first report of the antifungal properties of tetrandrine
against five plant pathogens and its mechanism, providing a theoretical basis for its further development and
application.
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TR IE TRy C 2R R a4 B0 (0 A 2 K T Staphy-
lococcus aureus . K& Escherichia coli . [4 2
BRI Candida albicans A EFH S (BLEHD
TR S I B 5 TR IR WA iR GE . BT
AT A B 20 DR D AR R B3 15 45 21 LB
O H AR R 22 AE s AR gl 1 R DA )
o JEL T AT A3 1 0 2B R T DU 2 RN K
A AR B AR R O 56 T RO ) B AR
R T R SR BB E A

1 #MRETE

L1

KBy CLHAR - I B Rt g 2 B R AR Ry A
B AR 3 =50 SR 1

MR B T A2 A% R Rhizoctonia solani » 4385 H
IKFESOIR I s K4 Botrytis cinerea s 73 [ 5
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FE A, m p. 223~224.1 °C G, 216~
222°C), ESIMS Gn/z2):623.38(M+H]" , 4> F=
H Cys Hi N,Os . "H-NMR (400 MHz, CDCl;) §:
2.34(s, 3H),2.38~2.40(m, 1H),2.48(d, J =
33.8, 13.8 Hz, 1H),2.63(s, 3H),2.67~3.12(m,
6H),3.19 (s, 3H),3.27(dd, J=12.3,5.2 Hz,
1H),3.37 (s, 3H),3.38~3.40(m, 1H), 3. 46~
3.48(m, 1H),3.75(s, 4H),3.88(dd, J=10.8,
5.6 Hz, 1H),3.93(s, 3H),6.00(s, 1H),6.29(s.,
1H),6.30(s, 1H),6.53(d, J=13.1 Hz, 2H),
6.80(d, J=28.3 Hz, 1H),6.86(d, J=28.1 Hz,
1H).6.89(d, J=8.2 Hz, 1H),7.15(d, J=8.1,
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2.5 Hz, 1H).7.35(d, J=8.2, 2.0 Hz, 1H),

"H-NMR % £ 4l . 52 35 £ 8 L 06 2080l 5 3
R — 0 WO A P S5 B & (tetran-
drine) , £& HPLC-MS & brife i B 32 B3 25 464k
(IR O R Al 4t 9820

2.2 NBHCHRERIMEESE
2.2.1 R HEEXMLMHBE LREFN EC,

PR L. 3. 2 SRR G RIS i e DU 2

X5 R Y IR B ECs Z5 RN 1 PR,
TE 5 FRAE D) B E AP DB 3 R R A ik 4
PR AT S T PR o Xk At 4 o AL 0 A D R A 410
T VR Xk N7k 222 R 0 30 A 3 P A 5t (ECs =
33. 49 mg/L) s X ERERAEAL RIS RIFERTE R ECs,
4350 41, 71 mg/L A1 43. 97 mg/L, il iG A F
X B 2RI PR 1 3 5 X0 T 2 9t 18 40 A 3 4 0
AR T 2 A

®1 AHCHEEMNELS HEVMHEEEER EC"

Table 1 The ECs values of tetrandrine against five common plant fungal pathogens

AT e FE - o ECso/
Pathogen Compound Slope=+SE mg e L}

SIAN224% W Rhizoctonia solani WEFC B 1.533=£0. 708 1. 442 3 33.49
IR & 2.65140. 442 0.071 3 25. 88

RAHEM  Fusarium graminearum WRHE & 3.71640. 044 2.116 3 78. 90
IR & 4.55540. 061 0. 052 3 21. 30

JKA%GHL  Botrytis cinerea WEiC A& 0.459=0. 661 6. 134 3 51. 97
IR & 2.49740. 377 1. 541 3 48. 65

HERMRA  Fusarium monili forme WG E & 3.10540. 441 1. 801 3 41.71
MR TR 4.017%0. 148 0.263 3 50. 16

TRKBEFRSEE  Didymella bryoniae W B & 1. 438=0. 140 0.092 3 43. 97
R TR 3. 294+0. 389 0. 407 3 63. 34

1) MR- N XS BE , #] ] DPS,GraphPad Prism 8 #4478 AL B
Osthole is positive control. The data are analyzed by DPS and GraphPad Prism 8.

222 BERABTRHCEEZNKRE RN R A
BT ER
PP I 0% 977 R0 7 45 R R (38 2), eI 2
Rk 20,40.60 mg/L B, BB O H &R 5 %0 R 255
PR 2 B VE FROR JE I i 25 5% 25k h 80,
100 mg/L B, Bg PR T R 19V SR 8007 R 1B H
{14 B 3 AR it FH 24 3 P8 18 o e i, ELAS 356 FH 24
WS AR Bl A E 43 %00 |
TEITVE A o 350 e 25 R R (R 2, TE 2
WIE R 20 mg/L B g KT 2 i /R AR B4 H
25 FE A 40,60.,80,100 mg/L B, 3R ) H 2 5%
FRZG 510 IR R Z (Rl AV TSR TE 3 25 535 R T
VB FH R B 55 S 357 i FH 245 vk 3 384 o 484 58, AR 3K
B P25 B 3R T RO 78 41276 I
2.3 XBHCEHEEMEERVEIMER
231 NEMREBFARAGCRENEEANS
¥
e 3 s AT AT, DU ) F 2 Bl B o
A AN H 2R Ny 26. 46 %0, ¥E FE Sl 40 000 mg/L

(1) CaCl, b fi BTS2 40. 54 20 A0 FIRA
i PRI 2% h 40. 27 %, 55 CaCl, {4
A s MUY CaCl, ¥ BE S 50 000 mg/L i
il % Ky 56.01%, BE A H J5 40 il R AE
49. 48%6 , & CaCl, bl F 0 il 3% Tt
B R R . 2 SRR UL A LB L FF 28 A 400 3
Y5 CaCly 930 B8 T35 1 B AH AR T . DL & F R ]
REAR K H  FR X6 CaCly i SIUERE , PR LA I DL B
R I B A FAMLH] S 55 1 2% .
2.3.2 FIABAEREEMERN X EWF &4t
REHBE L NEETRENE W

SRt — A DUl ) 28068 A 7 0 1 22 9 S
BTl i O R AR B A R T AR . AR
IREMA Fluo-3 AM J5 2 h OISR £ B ks
WS A 160 T 22 9 6 B R & BLAT A8 4k T I A
UG O H R 5 2 6 i B B S ok s Can &l 1 e, %
Y 4] 2 10 TR 22 P9 465 13 R R RAAIG » L UL st i) sk
T RRARRR BB B G . el SR Ul BB O X K
A TR PR 585 5 T G
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Table 2 Protective and therapeutic effects of tetrandrine on Botrytis cinerea in blueberry leave

PRAPE R RITEA
255 e /mg « L1 Protective effect Therapeutic effect
Reagent Concentration JRBEE AR/ cm BiriaskR/ %o JBEE AR/ cm BivasR/ %
Lesion diameter Control efficacy Lesion diameter Control efficacy
WHFEH & tetrandrine 0 (2.73£0.16)a — (2.892£0.10)a =
20 (1. 88+0.16)b (43.0040. 06)c (1.89£0.1Db (41.82+4.47)c
40 (1.41£0. 1Dc (59. 14=£0. 05)b (1. 43%+0.06)c (60. 93+2.66)b
60 (1.16£0. 07)cd (70.527+0.03)b (1.33£0.07)c (65.1242.74)b
80 (1. 00£0. 04)d (77.61=£0. 02)ab (1. 06=0. 05)cd (76. 45=+2. 22)ab
100 (0. 77%£0.03)d (87.96=+0.01)a (0. 90=£0. 03)d (83.26=%1.24)a
PR T2 osthole 0 (2.73+0.16)a = (2.89+0.10)a =
20 (1.75£0.171b (44.02=£0. 08)c (1. 65+0.07)b (52.04=£2.87)b
40 (1.42=£0. 12)be (58. 80=£0. 05)be (1. 47=£0. 09) be (59.347£3.91)b
60 (1. 20%£0.07)c (68.65+0.03)b (1. 2740. 08) be (67.91%3. 18)ab
80 (0. 85+0.03)d (84.33£0.01)a (1. 08+£0.09)¢ (75.93+3.85)a
100 (0. 61=£0.03)d (94. 96+£0. 01)a (0. 88£0. 08)c (84.30£3.13)a

D TR EBME AR . RIFVEEE S A RING FEER R R —Fh 255 b S 93 BE AR 2Z [ Bl VA ROR Z (8] 43 A 7E 0. 05 /K- 122 57 i
¥, FIH#A: GraphPad Prism 8 #4744 A2
Data in the table are mean®+SE. Different lowercase letters in the same column indicate significant differences between colony diameters
and control efficacy treated by same pesticides at 0. 05 level, respectively. The data are analyzed by GraphPad Prism 8.
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Table 3 Effect of exogenous calcium ions to the inhibitory effect of tetrandrine on Botrytis cinerea

Bl W /mg - L1 MR/ %
Reagent Concentration Inhibition rate
WEHFCH#  tetrandrine 30 (26. 462. 06)d
S5 CaCly 40 000 (40. 5474-2. 40) ¢
S4k55  CaCly 50 000 (56.0142. 7)) a
WRic &+ 54645 tetrandrine+CaCly 30-+40 000 (40. 2740. 61)c
I H Z +44k45  tetrandrine+CaCly 3050 000 (49.48+0. 3D b

D R P E AR MERR . RSVEHR S A F/NE FEFRR AR 2550 AL 85 30 32 Z [BIFE 0. 05 /K P 2257 3 . IR Graph-
Pad Prism 8 Y4744l A0 HE
The inhibition rates in the table are mean®=SE. Different lowercase letters in the same column indicate the inhibition rates of the different
pesticides are significantly different at 0. 05 level. The data are analyzed by GraphPad Prism 8.

2.3.3 FEMFHRA LK G NGE CFEZME 51.86%., LR UNBCH RMMETEES

TEF % AERLMA K A TR 1 AN B2l B AN P

H1 2 4 Kl nl A DR O F S B e P X K AR ELARE T A AR A X 5 R SRR S TR kg el

A LRI AN 37, 1900 AERLMFOK B P HEWT IS DU AR A 0 B R L S A G E
MR 44 79% H - FR SR ME R AKX,

R4 ERRKRIE CREMH KA ERIERBZE

Table 4 Effect of verapamil to the inhibitory effect of tetrandrine on Botrytis cinerea

2557 WeJE /mg « L1 il 2/ %
Reagent Concentration Inhibition rate
W & tetrandrine 40. 0 (37.194+3.35)¢c
ZERINAK verapamil 200.0 (44.79£1. 98)b
DU C 2 +4ERLIfK tetrandrine+verapamil 40. 0-+200. 0 (51.86+1.18)a

D R P E AR MERR . RSVEHR S A F/NE F R RN AR 2550 AL 85 3 32 Z [BIFE 0. 05 /KF 2257 3 . IR Graph-
Pad Prism 8 #EAT4IRAL 2L,
The inhibition rates in the table are meand=SE. Different lowercase letters in the same column indicate the inhibition rates of the different
pesticides are significantly different at 0. 05 level. The data are analyzed by GraphPad Prism 8.



49 45 3 )

TR DU RS 5 AR s T 1 0 o A4 P ke b 2 16 4V FR AL A 0 4R « 303 ¢

A-1: Z3 AT HRO min; A-2: 23 AT HRS ming A-3: 3B & B Z AR FES min; B-1: 23 FFBRO min; B-2: 2% FIXFHE 10 min; B-3: 35 & H ZALFE10 min.
A-1: Blank control 0 min; A-2: Blank control 5 min; A-3: Tetrandrine treatment for 5 min; B-1: Blank control 0 min; B-2: Blank control 10 min; B-3:

Tetrandrine treatment for 10 min.

Bl mMAXMERRERAFAELICURETHHNMEARERRBENRE

Fig. 1 Observation on the change of fluorescence intensity of Botrytis cinerea mycelia with tetrandrine by laser confocal microscope
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