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T (Mangifera indica) & # s AL iy i [X 5
i EY, HOREEEH, E7FEE, WXl
%% ¥ %% (Sivakumar et al., 2011). {HEAEH—FnE
W R AR R RS, R B R AR 5 52 31 & Fhos J5 B I R
e, G AR IE I AN B R S5, AT R A IS
R R 1) e Az AR %, 3 R S b T B, R
S [ 455 J< (Jongsri et al., 2017; Perumal et
al., 2017). ik 4 % JH B (Colletotrichum gloeos-
porioides) & 51 kg = 5 i JH 5 1) Z I B, TR
2L sz 2 A AL, W R R S A 51 R RE IR
(Kefialew and Ayalew, 2008). HHfj, & E X5 %E
IR ML R TE A, 2R . BERIA MR
IRPA R, AR R T R 1 K it ) 2 9 Ji o 7 A= T
Zitk, I AW AR (Hu et al., 2014). B AT AR
iR R . B A SO T A ) R H G, T
AR TG ey R0 A DR B 40 B 55 1 R 97 36 2R I e 55 I E
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Y fih 27 3 A& 9 i 55 55 1 (Streptomyces natalen-
sis) K IS R v = AR (R R AR 2 M KR N BRI, %)
B DR P B BEA BRI A E T, 3 A AN 224 %)
B WP E 2 —(Hondrodimou et al., 2011). 44fh %
BT T A S A S O S SR
ghitr, PHIBZZ A SR DG R, A0 MR E AR, A
1M 51 A2 40 fu FE T (Aparicio et al., 2016). N & A
AICEE R W oI5 PR P2 S S
(Arroyo-Lopez et al., 2012), 553 ETE N 1 £
FOKPhERHANTHB A ER, JZH TR
5. ST E (Pipek et al., 2010; Mehyar et al.,
2017)F1 R B K 5 fr e (Fajardo et al., 2010). 7E 5%
(Fragaria ananassa) (W £ fk%, 2006). ##(Citrus
reticulata) (FMz3hZE, 2006)FHEHk(Prunus avium)
LEAE, 2009)55 7K S mh a8 IIAS [F1R FE 1 9 it 75 3%,
X7 1 A SER G L B e T R AR .
FRW], A 55 2R W] LA R4 ) 2K i &) £ (Botrytis
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cinerea). ¥ J&7 & (Penicillium expansum)F14 fl 7%
JE 1% (Colletotrichum acutatum) ()1 78 & Fll i 22 4
K, AT R S5 W R AR (S0 4, 2013;
Haack et al., 2018; He et al., 2019). H#lJ, gifhHE =R
X R S R A e L AT 190 0 T 25 SR AR R L B O
L3

AHIE T LA A B 2 OB BT, A I fi A
L B FH 2 SRR IELIo B8R, I 0 B LI T 4]
BIRE, AT RERS AR B AL G R 25 I P R AL R I
), AT g4 7~ 2 Ath B 2 0] Jie A JE B 1) 4t AL 2 B
B LA .

1 MR5EE

1.1 #H8

S8 BT 998 JE B I 16 7% JEL 1 (Colletotrichum  gloeos-
porioides) H A S48 = M R 7 R (Mangifera indica
L) oy B Aifb A3 28] KIS Mg ith 8 2 (A5 2912.5%,
Cat No.20171109N) H VLB i R 2B W) TREAT BR A ]
Peft. HE) s & R T R Tl r 4 BV E o R,
A H iz [ 56 = AL FE

12 FH&

121 MEBRAFIEFHEENE
W10 7 B VF T PDBYRARRS F7 FE RIS [ 9K 1) 4l fih 57
RN mLICE 08, 908 R 2R 2
A1, 2813 mg-L™'. HL100 uLIR &350 T 8k
bk, ARE BT RAA RIEEAU R SR L, (2541)°C
RIS % o P01 20K R I AT i P LA K
SR AN [ B R) %5 9K 52 490 i 25 3 A0 3 A i K 36
FZEE KR, G RRN, FEPLEAE P
7 BEAR D TF1001 . US55 T R /KA Sy if
H, N2 AT, SLIRER 2K

7 01 R (%)=( 7 0 R B AT
#0)%100%

1.2.2 PMeSRIFIELEKE

KW 22 KRR (S /2%, 2016)0 & ghfihdE =
MIANEEBCR . Tow A RIS AS R I g fth 2 R I
100 mL PDAS;FREEH, (LR 5781, 2413
mg-L™". HIELR A5 mmikiTe i 4T FL 8 A K7 R I T

EILGATAL, AP T S 4R R bk, A
T(2521)°ClEiLH IF . 2 AIFEER1. SMEREL A+
A2 SN 5E T % ELAR - OISR TE KA xt B4,
B SH AT, SHIRER I

1.2.3 MittBRIFIREFHET RYRMUE

PRt KN R B35 — o oMU £ A HUEE 22 SRR
SE, H2% A BRANIZ 24 B, T KR A H AR B
Fo FTERATFLARTE R SR IE AR FL(FE4 mm, IR
2 mm), H10 pLiE &S (10 mL yEAFL A, 1
AN JE R B TR T FRVEN 20 uLghfith 25 R IS (K
533198041160 mg-L™"). BT Jmok R B T T i
i g T (2521)°CHEE . 7 AITESHE2. 4. 6818
RIS R SR TE I, FE 258 XA & i B
BT, IMLNENEE LR KR AH, f4a320
AN, S AR 3K

1.2.4 ZHRRAEIE MEME
1 mLIKR A 10°4 -mL i i T 9 Wi N E100
mL PDBH;74E, fHiRE#%%((25+1)°C, 548150
)RR FR36/NN JE i RN SR B 22 . S ARET gRei 22, 4
BALNFI2H3 mg-L™ gt 2 25 3 b 2 WG L
Z(ms), A5/ HIZELLFE30. 60, 90. 120, 150!
180> B Al 2 M 326, B Je I A ik AL 3L JE I L
Fo AR EAEE R .

oo o - ALTRRLS S AT G
R ) = S b S R
LI TE B K AF Aot BEAH, 4 A BE ¥ 34T A7, S2
HE3WK.

x100%

1.25 AEMEASENE

APV TR A A R E A S A B HEE(2004) . K
1 mLiK 9 10%4-mL7 9 78 7 B W A 100 mL
PDBX% 77 2 FF E IR 4R 7 ((25+1)°C, &5 81115055 )15
Fr36/0N0, SR JE R SR A I AR R, [
WEEAY BIR2MI3 mg-L™". 4kEEARG 3, 4> BILES
2. 4. 6MB/NIFEURE . HAT RN SH TR 22, 1 g
B MA2 mL 0.2 mmol-L™" B2 £h 2% i (pH7.5),
VKBS RORIAR, K A RO E T I E s
%8 mL, 4°C. 10 000 xg# L2153 4. 0.4 mL L
THBINAS mLZ%E S B 5, 5580 5 1595
nmE AL 5E O RE, ARHE o ot B 2 T R
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SRR AR BmL) /I B A A (mL)
FE il i 5 ()
i, XOh bR il 2 b 15 2 5 R i b 8 B R
(MQ). LAEHKIE XML, A B 3L T4T, S5
A3

X

1.2.6 ZAREERSTEENEMIE

1 mLIKRE 10" A mL i TR E]3 mL
& 2 mg-L 9 fih 25 % 1) PDB 1 37 2 th fH IR 1R %
((25£1)°C, #4r8h150%6)55 9%, HIFEEHE4. 651871
IR, 4°C. 6 000 xgEg 05434k, FH10 mmol-L™"
R 2% i W (pH7.0) I ¥E 34k, I A\ Jit & W B2 8 10
ug-mL I RILAL PTIE (P Jei, 30°CHRE: i & 1574,
BRI E 2 G, S RVE T2 6 B T gg
IR g g tcR . AR 24 4T, SEIRE R 21K,

1.2.7 FEMEKFENE

WP IR J7VERN.2.6%5. 4 BIFESE4. 618/ NI HL
FEE4°C. 6 000 xgES Ly, FIRERRZE M LE3 IR, N
A10 pg-mL™" DCFH-DA%:(t i, 30°CiE i & 155>
b, P WERR 2 PP OE Y2V R, L EDE T 0 O A
TSI G Qe R, R BB TAT, L
HE 20K,

1.2.8 ZRESHME

LA o A I 5E T 722 IR Shi%%(2012) . HIDMSO¥%
fi#MitoTracker® Red CMTMRos (Cat No.M7512),
FiC K 1 mmol-L B, B T —20°C 38 4
o 1 mLEREE 1074 mL 7 T B R A 33
mLE A2 mg-L7 g0 ith % 2 (1 PDBR; 772 3 h fH i 4R %
((25%1)°C, &4re150%) k9%, /> HIfESE4. 618/
i 58 I ECHE 10 L 73, AIA0.1 L 0.05 mmol-L™
MitoTracker® Red CMTMRos%y kst T4, rHIE T
PR TR, AR R4 T, LI E
H2UK.

1.3 HBGITSR

SR HSPSS 19.0% {1 4L # . K F Duncan
% W RN IET 72 57 B35 1 HT (P<0.05).

2 ZR5i0R

21 MERMBEAREEREFHLZNEI

WA FrR, 994 2 e A R i i L aJE 1 6 1
RAGEEMK . Bi7R6/NN, IR 74 ERaa &, 12
NB K £14343.33 um. 12 mg-L 7' ghf a2 kb
A2/ JFINA5.26% M TR, FEKEN
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Time after treatment (h)

Womg L' @1mg ! W2mgL-! O3 mg-L!
BL gt 30T IR R B 7 T Wi R AT 2 R s
(A) A EME (Bars=50 um); (B) i A%, (C) #i&
K. RE/NGFRERIR &AL HRAH 7] 22 57 2. % (P<0.05).
Figure 1 Effect of natamycin on conidial germination and
germ tube elongation of Colletotrichum gloeosporioides
(A) Micrograph of conidial germination (Bars=50 um); (B)
Conidial germination rate; (C) Germ tube length. Treatments
followed by different lowercase letters are statistically diffe-
rent by the Duncan’s multiple range test (P<0.05).
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6.67 um. 3 mg-L™" g R LI 12 /NN ST T
KRR .

22 HpSENEEREEELEKOZN

H 20T 201, g fih 5 2 0 e At 5 I 1R 1) B 42 4 K I
FMHIER, &R % 7 535 (P<0.05), H#IH &L
TRE R B RSG5 . B A B R, X HRAL TR
BARIE67.17 mm, 1F12 mg-L™ g fth 55 2 4 B 5 (¥ 1
V& ELAR 4 11 952.58138.33 mm, 3 mg-L~ b B 4H B V&
HAA1 N27.83 mm.

A 0 mg-L 1 mg-L™ 3mgL”

2mgL™

1d

3d

(6]
o

o+ ]
©
o

1

454 a

Colony diameter (mm)

a
.bbcd
0

1 3 5
Time after treatment (d)

B2 i 2 A S 1 o 2 A K
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A UL AL 2 5 2 (P<0.05).

Figure 2 Effect of natamycin on colony growth of Colleto-
trichum gloeosporioides

(A) Colony morphology (Bar=15 mm); (B) Colony diameter.
Treatments followed by different lowercase letters are statis-
tically different by the Duncan’s multiple range test (P<0.05).

2.3 PEFEFNTRRERNYT BRI
34N, BEE A (A) A SE K, A% 2H P B SR S
BE AR E W K. (1228081160 mg-L ™" 4hfth 25 & kb

=m0 mgL' ==m80 mg-L™! =160 mg-L~!
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ab c
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2pp
0 RS
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Time after treatment (d)
B3 i Fxd 1 ARG SR BRI
(A) FIEHE KIS ML (Bar=8 mm); (B) RIEAEKEZ. ANFE/N
5 RER N S AL B R 25 7 R 35 (P<0.05).

=N
T 9
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Figure 3 Effect of natamycin on anthracnose in mango fruit
(A) Symptoms of anthracnose in fruit (Bar=8 mm); (B) Lesion
diameter of anthracnose. Treatments followed by different
lowercase letters are statistically different by the Duncan’s
multiple range test (P<0.05).

RIS, SRR DE AW RN TR IR, HoA
J& 22 JA) 72 5 4 25 (P<0.05), 4111 & RCER Bl A B2 189 o i 4
SRo WfF B8R, XML HA21516.10 mm, 1
8ORI160 mg-L™" 4t 25 2% Ak 3 Frfy SR 550095 B B 4% 59
5l 912.5817.18 mm, i BEHJ& 53 il /b 22.36% il
55.40%.

24 ApBRMRATEEMARRSELEMATR
HERSENTWE

HHXS V5 35 2 (A3 A T DA I 290 At 25 3R 4k B 0] R 22 i
EPEIOR . EAARTR, £2R13 mg- LT ahthE %
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Figure 4 Effect of natamycin on cell membrane permeability
and soluble protein content of Colletotrichum gloeosporioides
(A) Relative permeability of cell membrane; (B) Soluble pro-
tein content

AL FR TR 22, FLAH A X5 02 % 0 B T R AL
AL P50 535 5, XF RRALAHSTIBIE R FE R, 1Ak
PH AR B FE RGBT = . LFE180 7 4, 240
3 mg-L™" 9 b B 2% 40 TR I B 2 AR X538 R 4 BIIL B
26.10%F127.92%, i %f B 411X ~20.41%. HE4B
AL, R AT APEE O B2/ Sl TR
€, ACFR IR A BRI . B A FE T )
MIIE, o REZH AN Ab PR 2H 1 22 mT I M B B S B R AR
K, XTHRAZHCTABEAH . HBEE MR RIRE
Hahn, BTt A S EWAHNI . DL RS,
fih 25 20 TR 22 A LB = AR R e, S BB A 1, I
S B 22 0B ARG S, RS m.

25 PAESENRARERE TFARKRTELN
S
HEIS T P (48 AT 1, 42 mg-L™' 9 8 2 At

2 mg-L‘1
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A 0 mg-L'1
Bright field Pl

4h| -
6h

8hE L ol

40- Bomgl”"' @ 2mgl!
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4 6 8
Time after treatment (h)

B5 i fih 85 2 0 R A R I B 1 4 L e A A ) 2

(A) 6B T Bk P uE (P B 5L, 4 M 32 45 ) 78 T
B 458 (Bars=50 um); (B) PIgE K, NE/NGFEFRR
& b PR A 75 57 ¥ 3% (P<0.05).

Figure 5 Effect of natamycin on membrane integrity of
Colletotrichum gloeosporioides conidia

(A) Propidium iodide (PI) staining under fluorescence micro-
scope, conidia with damaged plasma membranes showed
red fluorescence (Bars=50 um); (B) PI staining rate. Treat-
ments followed by different lowercase letters are statistically
different by the Duncan’s multiple range test (P<0.05).

T, A0 e B 2 BIRR, Pt a1 i,
TR AL . 4. 618/ Ab HE A G 0 K 4y A
25.4%. 28.0%F133.6%, i X {25 e 0 2 AL 43531 A
11.5%. 12.2%#113.9%.

26 HEBERIVMEAREEREEHSERROE
K HIDCFH-DATRER X4t i P s Vg AT et 45
WG~ . Hige6/NF, WAL R 5k, ib
PR Q2 R2.67%. F5FR8/ N, AbFEZH46.92%
(1) 7t -7 # DCFH-DA %%t fy X [ 41 4 K AU A
7.52%. UL 45 REW, ibE RS ST N
MR SR,
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Figure 6 Effect of natamycin on reactive oxygen species
(ROS) content of Colletotrichum gloeosporioides

(A) DCFH-DA staining under fluorescence microscope, coni-
dia with intracellular ROS induction exhibit green fluores-
cence (Bars=50 pm); (B) DCFH-DA staining rate. Treatments
followed by different lowercase letters are statistically differ-
ent by the Duncan’s multiple range test (P<0.05).

2.7 MpERMERRERRTFRSRESHR
LA

FIMitoTracker® Red CMTMRos % T4 &1 %f 2 Fi 44
AT T, SRR, SRARTFAFE
BRIk B AR 5], JnmE s, b b E
B S S TO I B 22 5] o AL FR6/INET, 2 G5 I 55,
T IWERAR A0 2R R A, B FRAK HL A A
). AbER8/NES, AL A NPT Es,
DAL 5 A T A

2.8 THg
AL FF RN — MR S R AE I, A EL AL
AEANTE 7R RLIENMERN AT HRE

0mg-L™’

2mg-L™!

B7 gt FRT A SR B A T N R A 43 A H R R
LT A LR RS X (Bars=5 um).

Figure 7 Effect of natamycin on the distribution of mito-
chondria of Colletotrichum gloeosporioides conidia

The red fluorescence represented the mitochondrial aggre-
gation area (Bars=5 pm).

i P e L T A R R Bl v R, SREGEE AR, g
Al 75 2 AV R SR S 3 IR AR AE TR B, T LA R
il R R TR A PRI 0 T R SRR ORI B 22 2R K,
BF 9 25 25 2L 4% B FH T SRR S R IELE BT R T

Y Ath B 2% 10 I LR 3 R LT B A N
MRS bR A A G, SUR A REIEYE . A,
Yhyfth B 2% AT LA P RV A A RN R A 1 2 A
REARVE B B IR SE, SEMRE FEY) IS K, X 2 A S
A5 4 A OC B (1 = AR — E 2 (te Welscher et al.,
2010). N HR 7T 40 B 2% 6T R A e I B 1 40 AL B
TATI & 7 G At 57 2= 4 B 5 PR 22 200 i RS AR 0 V5 05
gE R G h 3 = T LASE ngn i B v, (E R N PR
BTSSRt R KRB hE RS R 2
AT A S BN HEAAFQ013) M & E &k
B SR JH BR DA K R BE 55 (2011) FH B R Ik A B Bk
(Amygdalus persica) i J& 7 1 o, ¥R I 22 A Al
R S RN, X 0TRSO T RS2 Bk 2 e )
— PR RON, BRR 25 AR R A A M Th RE 2L, 0
TE A AR . PIYL(ugh J35 0 20 i i 2 g A
B A WE R, FHnr 5| i B 20 MR D R 2L,
NS5, ST (Aparicio et al., 2004;
Van Leeuwen et al., 2009).

T TR A IR FH o LI =4, B v R B e
AREE SRS, B IMDNAR R, /=4 8 [
10 B 5 i AL B mtDNASS A5, 40 &k A Th e e RS
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S FE B AR B4 A AE T (Circu and Aw, 2010; Marchi
etal., 2012). CHARFFLRM, VF 2 HMNEMRIE# =
LA 73 SR A A 0 P S K R A T RIS B (Xu
and Tian, 2008; Lai et al., 2011). AW} 5% 1 B2 ffd 5 e
WAEMME RO, BTFRNEREASEREAS
i B 204t 5 2% AT DLE I 15 5 0 M SO B AR T N T
A3 A%

LR E B R R AE RS, &P
MOAC . 4515 5 5 5 R0 40 Mo 8 T b Ok O B R
(Chan, 2006). #4th 7 2% b P f5 i £ 5 JE 1 18 T N 2%
PR G AT AT S 0055, G th 2 20 2 ki A=
A — B IR, VT RE 5 S04 R 1R B R AT TE VR T
B, X200 B T 1A A BAR UG B 7 AR [ B 2 kL
2 T L P 95 PR SR B R, TERE AR =R
RIS A e A AR B B T R AR A SR RN, i
FRERLR TG (AL UREE, 2012), i B iE M A
2R WA T AT A RIS P, 8 R A I 3 1
(Avery, 2011), TR B T4 18 R G, T
HE— DR 2R P9 E VA 2E Bl (Angelova et al.,
2005; Indo et al., 2007), —HHHCRMENEIR, REA S
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AL B T A, TR A IR TR
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Antifungal Activity and Mechanisms of Natamycin Against Colle-
totrichum gloeosporioides in Postharvest Mango Fruit

Jiayi Liu", Jiaxin Wang1, Haichao Songz, Zhengke Zhang1, Xiangbin Xu', Xuncong Ji%, Xuequn Shi"”

College of Food Science and Technology, Hainan University, Haikou 570228, China; 2Institute of Tropical Agriculture and
Forestry, Hainan University, Haikou 570228, China; ®Institute of Plant Protection, Hainan Academy of
Agricultural Sciences, Haikou 571100, China

Abstract In this study, we examined the inhibitory effects of natamycin at different concentrations on the conidial ger-
mination and mycelial growth of Colletotrichum gloeosporioides in vitro as well as the controlled effect of natamycin on
postharvest anthracnose of mango (Mangifera indica) fruit inoculated with C. gloeosporioides. To further explore the un-
derlying antifungal mechanism, we analyzed the membrane permeability, soluble protein content, changes in cell mem-
brane integrity, intracellular reactive oxygen species (ROS) level and mitochondrial distribution in C. gloeosporioides after
natamycin treatment. Natamycin at 3 mg-L_1 effectively suppressed the conidial germination, germ tube elongation and
mycelial growth of C. gloeosporioides. Also, 80 mg-L"1 natamycin significantly inhibited the expansion of anthracnose
lesions in mango fruit during storage. Furthermore, natamycin treatment increased the relative permeability and soluble
protein content in the cell membrane of C. gloeosporioides. After 8h treatment with natamycin 2 mg-L’1, the staining rate
of damaged cell membranes in C. gloeosporioides was 33.6% and 13.9% in the control. The staining rate of intracellular
ROS reached 46.9% in treated conidia, which was 39.7% higher than that of the control. Natamycin treatment caused
heterogeneous distribution of intracellular mitochondria along with weaker fluorescence as compared with the control. In
summary, natamycin can destroy the cell membrane of C. gloeosporioides, induce ROS accumulation and reduce mito-
chondrial activity, thus interfering in the normal physiological activity of C. gloeosporioides and affecting its metabolic
activities.
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