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Abstract: The antibacterial activities of crude extracts from the fruit capsules, leaves, and roots of Macleaya cordata, as
well as four isoquinoline alkaloids, including sanguinarine(SAN), chelerythrine(CHE), protopine(PRO), and
allocryptopine(ALL) against Xanthomonas citri subsp. citri(Xcc) were evaluated. Combined with determinations of
minimum inhibitory concentration(MIC), half maximal inhibitory concentration(ICso), scanning electron microscopy
(SEM) observation, and in vivo inoculation assays, the key active components in M. cordata responsible for Xcc inhibition

and their effects were identified. The results showed that the crude extract from M. cordata fruit capsules exhibited the
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most significant antibacterial activity, and its SAN content was significantly higher than those detected in the leaves and

roots, as well as other alkaloids in the fruit capsules. SAN and CHE were identified as the key antibacterial components,
with MIC values determined to be 4 pg/mL and 8 pg/mL, and ICso values of (1.723+0.002) pg/mL and (6.164 £0.106) ng/mL,

respectively. Results from scanning electron microscopy demonstrated that 4 pg/mL SAN induced morphological

deformation and surface depression in Xcc after 4 h co-culture, while 8 pg/mL CHE compromised bacterial membrane

integrity, and the integrity of the bacterial membrane structure was damaged, indicating that SAN and CHE had a strong

inhibitory effect on Xcc at very low doses. Results from in vivo inoculation assays of Xcc showed that, under the condition of
inoculation followed by spraying, the optimal antibacterial effects were achieved by SAN at 30 pg/mL and CHE at 10-20 pg/mL;

under the condition of spraying followed by inoculation, the optimal mass concentrations were determined to be 20 pg/mL
for SAN, and 30 pg/mL and 50 pg/mL for CHE. The best inhibitory effect against Xcc was exhibited by the SAN : CHE

combination at a ratio of 2 : 1(30 pg/mL : 15 ug/mL).

Keywords: citrus canker; antibacterial activity; Macleaya cordata; sanguinarine; chelerythrine
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Fig. 1 Inhibitory effect of crude extracts from Macleaya cordata against Xcc and alkaloid mass concentrations in different tissues
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Fig. 2 Inhibitory effect of four alkaloids on Xcc

2.2 SANFICHEXtXcchy s JIMIELE R

1 E3F] W.:  SANSCHE /M I £ 1xMIC
53 N4 ng/mL(E3(a)) 18 pg/mL(El3(c)), *fXcck
2 HCHI | W BE(ICs0) 73 ) 9(1.72340.002) pg/mL
(F13(b)M1(6.16420.106) pg/mL(E3(d)), & HKT
BH X R IIICs0. M SANJT R 91.0~2.0 pg/mL.
CHEJii 8K & 791.0~4.0 pg/mLi, 3% ¥ af 54>
i Xec At HSANT EIKFE#EIL4.0 pg/mL.
CHE i Bk FE 810 8.0 ng/mLIy, Xeel 4 Kak 58

A, R X2 AR B LE SR AR T & X Xec B
RN HIE o BSANSCHES) Hl) LAIxMICHK
FE S Xeedb 5374 hig, A H I 45 R (E3(e))
TR, SANACERAH 2 B Xco b M Bk R AR A AT,
TEAS WY FEAF B = S8R I s CHEARFE 4 Xece
RN o T e N A 7 R N S IR
fiE s BRAAEXT B (SST)ZH ) Wa JiZ B 44 0= B\ LESAN
S CHEALFE A1 /b TICK G 7K)4H. 1 B 4k K 22 %
B, AL E3E). %485 Ridt—Birse
SANFICHEAR 71 & Ab H X Xee BB IMHIVER



H52E 2 RUFLEAE g n] o AR BN e SR L BB0RT R A7 05 9 FA ) £ 69
(@) ——0.5 png/mL 0.6F (b)
06l %10 pg/mL o
: +<1-+2.0 pg/mL =
52240 ﬁgmL ‘,ﬁ._ﬁ"‘% ~Sack 1Cs0=(1.723£0.002) pg/mL
-0 8.0 pg/mL / 0.4+
s 04 ¢ 16.0 pg/mL / g
a T 32.0 pg/mL a
o }! o
7/ b 0.2
0.2 .
-------- =3 - &)
0. | | | 0.0 | A R A |
0 8 16 24 32 48 -0.5 0.0 0.5 1.0 1.5 2.0
I /b lg(Z4 7 BT S/ (ug- mL ™)
(¢) —5—0.5 pg/mL 0.6 @
o6l ~©-1L0pg/mL
O A 2.0 pg/mL - . _
- 4.0 pg/mL 3 * 1Cs50=(6.164+0.106) pg/mL
-<-- 8.0 ug/mL 'ﬁ 0.4
s 04 -<1--16.0 pg/mL Bk 7/ s
é > 32.0 pg/mL 80
'/V 0.2
0.2 / T
RY
T S e . 2 f e e 3
0. 1 1 | 0.0l I ! A A 1
0 8 16 24 32 48 -0.5 0.0 0.5 1.0 1.5 2.0
I [ /h lg(Z5 70 5T A A(pg-mL 1))
CK SST

BE A % R (SST) ITCs09433.0 pg/mL.

(a) SANSGXcclI3 IR A IIZE: (b) SANKI P HAMHIIK FE(ICs0) 12K () CHE S Xec SR IRAE K MIZE: (d) CHER) PR il B2 (1Cs0) HH 2
(e) &SAN. CHE. CK(#&7K)FISSTAMHE 1) XecH fi B (SEM) R 7 (JBUR20 000£%)-
El3 SANSCHEx &= mm E RS ITMN REEFEES
Fig.3 Toxicity assessment and bacterial morphology of SAN and CHE on Xcc
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Fig.4 The preventive and therapeutic effects of SAN and CHE on Xcc
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