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o [N, M fructicolaGl @RISR GHIRMEA, FEEARF, HBURMEBARME. VM. fructicolayht 5, W
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L 5 T e P B R ARG, B I R PR LA T R AR W A B AR K I IR IR Y D 20~28 C,
mT36 C, MBEABEIER AR, WRESHWEEIEE, RERE, WEEESAE; 66 EKEZm
HA; NUIHRPER (endoglucanase, EG) . B-FI & HE1FEE (B-glucosidase, BG) . SR H 3 2 L ik 2 I
(polymethylgalacturonase, PMG) . £ ZFA MR (polygalacturonase, PG) & JJ#47E28 ‘C 444 Figmi: pH 6.0
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Biological Characteristics and Cell Wall Degrading Enzyme Activities of Flat Peach Brown Rot Pathogen

SONG Dandan', KONG Qingjun’, LI Hongbin', REN Xueyanz'>l<
(1. College of Life Sciences, Shihezi University, Shihezi 832003, China;
2. College of Food Engineering and Nutritional Science, Shaanxi Normal University, Xi’an 710062, China)

Abstract: Brown rot disease caused by Monilinia fructicola is one of the major postharvest diseases of flat peach, which
causes serious postharvest loss. Meanwhile, the pathogenicities of M. fructicola for different fruit hosts are different. In
this investigation, we studied the biological characteristics of M. fructicola under different culture conditions including
temperature, pH, and light, and we also examined the impacts of culture temperature, pH and time on the activities of
cell wall degrading enzymes. The results showed that the optimum pH for spore germination and germ tube extension of
M. fructicola was 5.0 and it grew well in a weak acidic environment, while the spore germination rate was significantly
lower in an excessively acidic environment. The optimum temperature for colony growth was in the range of 20-28 C,
and the pathogen could not grow normally at a temperature above 36 “C. Temperature affected colony morphology, and at
different temperatures, the colony morphology characteristics were different. Light had little effect on the hyphal growth.
The activities of the cell wall degrading enzymes endoglucanase (EG), S-glucosidase (BG), polymethylgalacturonase (PMG),
and polygalacturonase (PG) were the highest at 28 “C. The activities of EG and BG reached the highest values at pH 6.0,
while the activities of PMG and PG reached the highest values at pH 7.0. The activities of these four enzymes were the
highest after cultivation for 5 days. Regardless of changes in pH, temperature and incubation time, BG activity was higher
than EG activity and PG activity was higher than PMG activity.
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WMk (Amygdalus persica Linn. var. compressa) %44
gk, BEEEH, BRAERG. T2 HE. RIKRER.
BRFEEMZAANIKERR, HEHE. BRIl 2
TR TE IR N I U, SR SR S B ) R P SR S R
WA T, A SR S il R R o DA, AT SR R
HOES W Og F R B R R R R
(Monilinia. spp) 5|2 F BRI RIGHERK, FRIEK
PRGN S, HEEWRSLH O, Wi, R,
3D A N2 1 SN

P B R R R (Monilinia
fructicola)  MRIBEHE (M. laxa) FA-HRAEEHE (M.
Siuctigena) =K. Hrh, M fiucticolatt 3R E ]z At
B o R e AR A BB R R, AT 4E R, R
R RS, PRI R R .

YRS — R o R AT 4 R B R AR, &
KRR, — Mo N RN VIBE (1,4-p-D-glucan
glucanohydrolase, E /=AM AREG, 405 /4 fRiFR
Cx) . HE¥ESMIIEG (1,4-B-D-glucan cellobilhydrolase,
C) Mp-#i%mi¥ETrEs (B-1,4-glucosidase, BG) ",
HIEHERG, BIRB-1A-HIEINE R, TR RSOR B L Y N
WA BRI 4, U2 AHES, LA, S
IR, DUEEAE R ROK R T — AN Y AL,
BMAE R T RRF AR, JUTF TG SR A . p-Hi %
PELFEE, & —Fh B8 K M4 Jis P 11 8- D- 781 4 Wil 7 i 1¥) 7K
ARG, 706 b KUK (1) o5 8 B 41 4 31 P4 A 5 AU L g T
(ISP E™ o 27 4 22 B S5 B 4 o B A P B R AN AR
S, AE AT H )0 P A 0 R B H AR SR A s

IR — R 43 il SR IR R o I g 1) R, B
BEZASNE G, )z 0 m TEDAMAEY H,
TER LA S YA B R R A K. BRI H,
HTE . THEREE . T BRI B ES AR S 2 W SRR . LI
WIRHEEA 2 B FMHEIRES (polygalacturonase, PG)
W NERE (pectinesterase, PE) | 5% Rk 2 3 bl s %
fif (polymethylgalacturonase, PMG) . & H 2= 1
IETR 24 /il (polymethylgalacturonate lyase, PMGL)
FOSE 2 AL FR 24§ (polygalacturonate lyase,
PGL) . PG/2& —F1E 20 i B 25 4 i o5 78 vk 5 224 (1
B, FEIReLRRLPRRMETERS, N2 EPEA

Bl IR B 0 - FLBE R, [ 2 M B S5 MR A, S BOCR

SRR . PMG R — Pl — 7K A JE P W 7 1 K AR
XA B AR P B AT e FE I, DA fi SR 1 R
NI -

AN S50 i 95 A AR A R B Ay AR B, &
TSRy THEWS %58 AM. fructicola, )& THEAETH
JB o B AL R R 0 T B A A SRR S B AR 2
T o RSP R SR S48 9 5 R I s B A B A
SR T P BOR T T AT R A, T x
Bie A % 0« SO LR B R 8 2% 1 o 4 D B o it il 1) 52
WA FE . BTEL, RBP4 R KA
A R 1A B B 2% A B AN [R]85 97 S AR TR 8 JER T 4 i B
BRGS0, AR R A BUR I fE b, = BRI
TR KRB B EARA, AFT 3 R H BUR
FRIALE, A R T8 SR i i A7 RS B o i o 428 o1 A 5 5%
1Sk BAEATC s B A 3 R AR FE) PT R

b A = =
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1 MEEHE

1.1 MEERER
WERE T, Phik KN R BGAEBONY — . o
F HICHURA 5 B SRS

FWRZ ARG W (M. fructicola) HIEBEAE 5 53 95
R bR s,
1.2 R S5 R4

3,5- ARk (3,5-dinitrosalicylic acid, DNS) —_[i#§
BrESONEAERAR; KBy AR, HCL. BEERH
RETRIMFAAFARAT: o &N OR A KA
KRG THRAR: EXR=T  EiEHEED
FARARAF; =5 TR H b JeRt ik E 2 R
HAWRAR; B  RENEFRAL TAHRAHR;
KE  REERIEEMB AR AT 2R RER
R REA IR A E MR R4
HARAWAF; Tris bR ERGERHEEARAH-.

AR (potato dextrose, PDB) }F3ikk. 1
42200 g HIEHE20 g BIR18 g, Z&1E/K1 000 mL, H
SRpHAH -

A S R R B IR (potato dextrose agar, PDA) £
FEdL: PDBHIINAENRIS g.
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FHERMRERBY: BRPRFERMNES g.
KH,PO, 0.5 g. CaCl, 0.5 g. VB, 0.5 g. MgCl, 2 mmol.
FERERYS.0 g A FRH0.5 go 78187K1 000 mL.

B H R KNO, 2.0 g. K,HPO, 1.0 g.
KC10.5 g. MgSO, *+ 7H,0 0.5 g. L- K&MWE0.5 g\
FeSO,0.01 g. VB, 0.2 mg. RHIELAF4EZRMEE10.0g.
787K1 000 mL.

13 XSS5

LDZX-30KBSH 2 A & JZ& VK E#  BilgH
GESTERW) YT-LS-2DAE @ TEE bR
BIHEALZEF ARG R AT ; DH4000 11 AY d1 HiE 15 35 72 46
RET R GRAT]; ZD-8SABI T REH IR B
PEIR VLR &I RIS ST . ML104%Y i+
KF. Orion Star A1 &5 pHIl  MEREHEI-FER 2 (X
2% (E#) BRAF; ME21 (MSHOT) FU$igAEY)
s HABRMKEHAF: XB-K-258 2R 1T 0k
KRB SR AT ; XL30 ESEMAI IR 14t
i ZPhilips A F]; WIHEDEE Ol BRI REHE AR
AT BEPEERKBE  RlERMESDL R R R A
SWHKEAR EEMEAF.

1.4 J5ik

141 APkt e

L4101 pHERI RIS E X M. fructicolaftd ¥ # ) 1% 2F
TEK [P RE

1150 mL PDB}% 37 ¥ (144 T i A I\ A B i A
FAWPEER6X10° 4A~/mL, 28 C. 130 r/minf& R 3%
5. 7. 9. 11 hjg H BB 5eas, THEMT iR R K&
FEREKNKE (REEREFEREBIRTAGH
B—F) . BB ES3 K.
1.4.1.2 A RESR R M. fructicolad= K [P 5 MH

TEB:3R7 dIIM. fructicola PDA-H L) LS mm A B
A FHPDAR R, Wit Jel CRFEYE) o B2 A
ROFR, IRy MIFE20. 24, 28, 32, 36 CE&AFTFEFE, 1F
2. 3. 4. 6 dJE g I EAS R 24 T VR AR K BRI
s, AN HEERS K.

142 B 770 E
1.4.2.1 & FEbRAE 26 10

AERAAREL100 mg i & (TS AE105 CHET 4 15 i
), HEBET/KEMEEAZ100mL, 75305 & PEbs ik
TR BUPRYEVETRO. 0.1, 02, 0.3, 04. 0.5, 0.6. 0.7,
0.8, 0.9, 1.0mL, IZEMWM/KERE2mL, FH 5NN
3 mL DNSIKF, JRAEHKMES min, SLEPAEI 2=,
INZEMKE25 mL, $84), 540 nmi KA OGEE, Bl
HVER A AR AE 2R, TR R A R
1.422  Z4E R 1M E

FHE R FZ B 18150 mL PDBES F2 W (1) HE T8 i o

AT B VE A HL &R N6 X107 4~/mL, 28 C.
130 r/min$® R 85 7%, B2 B A ) R0 i B2 B B 2 1% 77 i
B, BEATIRE, 4 ELALIE, 4 °C. 10 000 r/min&.0
30 min, FiEWR4 CIRAFEH .

WS 715 . R HFIDNSTE!,

BGHGIE /M€ = #2508 o A B 0.5 mL,
SRJG AT mL 50 mmol/LEHBR-BS RN %+ (pH 5.0,
WE1.0%KTE) , T50 C%M T AR 30 min,
SZEDAIN3.0 mL DNSRFIZK LN, 784088 21 Ja i /K %
6 min, HUHAH, HZAMKEARZE20mL, 7SR E
7E540 nmyE K Ab W 2 ODAE ,  Jd i £ b i il 28 B30 FH 26 2E [
U 7 R SR M S TR P o R o Ko BT KL I B 75 1
K, HREAER E.

EGHEFIE JHM 5« BL1.0% ¥ P 3k 2 4 240 %
BGl & 7L HI1.0% K8, HAREVEHIA .

PR 1AL (UmL) 5 SUNTESO CHUE T, &
ZETHEGRAE ] min N (AR A R pg 814 B T 7 (i
1423 REEEE 000 %

FH B O SRR 1.4.2.27 7 i

i3S 77 O 52 SR FHDNSIA! Y,

PGIE 71l « 7R3 i AL EF#0.5 mL, &
JE 0.5 mL 50 mmol/L & 2-BS B 8 22 vl (pH 5.0,
WNE1.0%% ZEAERERR ) . 150 CHERIRFf#60 min,
SEEPIMADNSIAF] 3.0 mLZ& ik B, 7850351 5 K iR
6 min, WA, HZAEMKERZR20mL, "R )GE
7E540 nm KA ODAY , 38 ik 75 s vf i 28 55 28 4 [l
VA SR H I OB ) i X K R il 4 2R TR OK
HAREAER L.

PMGE I E : LA1.0% F AR PG & 7325 1)
1.0%% 5 A MERE IR, HABEAEAR R . DL RS 70 5 A
(U/mL) 7 SN T mLBGRAE 7 oA RV ™ 1 ng 3L
WA 1 — A B 70 54T
1424 ANFESRFEFRAR T B 7700 2

ANEEFEEEE . )50 mL PDB% 75 W 4 TR 0 v
AT B VE S H &R N6 X107 4~/mL, 28 C.
130 t/min$E R I 7%, WEHIEERE18, 23, 28, 33,
38 °C. }57R5 el lgis /1. A HEERS K.

AFYIEpHE : 7150 mL PDBRE 77U A HE T ik - m
NF 7B AT LR N6 X 10° AN/mL, ¥ B ¥l ikpH
HEEEE4.0. 5.00 6.0. 7.0, 8.0. 130 r/min¥%375 djgillE
B 77 BN AEERE 3 IR

AN BREFEIF A 17150 mL PDB:E 7% (1 4E T8 i o
AT B VE A H &R N6 X107 4~/mL, 28 C.
130 r/minE R 9%, AL TR 1. 3. 5. 7. 9d/gllE
B 77 BN AEERE 3 IR
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2.1 AR TR R M. fructicolalt) W2
R
2.1.1  pHAEAIEG KBS AN M. fructicolaftF 5 K X %4
JEK I 52 ]

97 I pHAE A 811k KGR EERI S, 530
MW TAESS 7+ 9+ 11 h pHIE A1 & S S KI5
Wi, EShi, pH 3.0\ 40098 FE 03 N52.4%. 60.0%,
HoARpHME T4 fEEFRT h)G, pH 3.0/ T K
H80.0%, HARpHAA AT T I H K& N100%; (ER:F7
9 hif, TEpH 3~ 87 Hfj K H 351K £]100% .

251 a
2 L
g b .
@15- c
W
mlo-
A d
i S_W
0 3 1 4 1 5 1 6 1 7 1 8 1

pH
NEFRERFEFREREE (P<0.0D) . FH.
1 7 hitpHEESIM. fructicolaZE & TR B W
Fig.1  Effect of pH on germ tube extension of M. fiucticola after
cultivated for 7 h

WE 1R, pHS5.08F, M. fructicolaftd ¥ B ZF &KL
SFEE T HABpHIE (P<<0.01) ; Y4pH 3.0, M. fiucticola
7 1 2R B AR K S B R B AR Bl S, B pH
ERHE, THREARFEKERARE (P>
0.01) . ZLEWH, MRIEMBERN TR EAK, 2k
FRILpHAE AR . LB, M. fructicolaftl ¥ 8H & M 4 8 4k
K, BHBEK, HEpHE/NT3.0, 7RI KR
BRI
212 RPERIEXIM. fructicola®tl 1-#H & M B TE 4K 1Y

A
8-
71 a a ald
2d
E) or 4 a 23(1
@ Sr b
mo4F a a b mdd
=3 bl
Eoty b é ¢
1.
0 1 1 1 1 J
20 24 28 32 36
BREIC

H2 EEXNEEEREM

Fig.2  Effect of temperature on colony growth of of M. fiucticola

WE2FTR, M. fructicolafF20~32 “CIHAJ DLIE %
K, mT36 CHAREAEK. B0, HEMLELH
fE1 dFN2 diF, 28 “CB & AR K il 28 2 35 v T AR IR

(P<0.01) , {HEERFA dJF, IR HN20 CHI24 CHY
W BRI 28 C A& TRV B AR

28 ‘CUAF, YHEXIM. fructicola - 12BN,
HIR SRR FHREERERARE (P>0.01) , H
Fe IR E 32 ChE, Jel % EAE 8413 cm, JRIEAL
W% EARAN3.55 em, U ER T, SR HEEKR
WG K. 36 CHBILIRSE, HALIEITLEKLTS. I
FEXT TRV AW HEA W, FEFRR 20 TR, B
Mg ty, REWOEMR, T N24 CIHEE LS 520 C
MZEAZ, (HRMEEER28 C, BEgiagk, HA
FREFCER, HAE20~28 CYFEAN, BN
AR, IR N32 CHE, BEEAEIR T BRI Y
R R 22, Ui BH i AR 1R T i AR B 22 S TR gk
%, HAFApE TR
22 ANFAIREFMTM. fructicola¥)BEG 7
22,1 FEEREbRE 2

iz HExcel & il br it dh 28, Xf B =] )3 5 72 Ry =
0.007 9x—0.012 3, R*=0.9959, ZbrdEfIZRLM LR R
U, BT B 2 B E .
222 ANIEIGRAT T G FRRE B AR R 0 1 AR AL
2221 REXM. fructicolay™ A5 ) 4H i BE S A BG4 1)

Al

g 73/ (U/mL)
CNE XD DR

1
18 23 28 33 38
/T

3 RENFEREHE R

Fig.3  Effects of temperatures on cellulase activity of M. fructicola

ME3ATN, 7E18~38 CYE N, M. fructicolaly
AP AEEGHIBG, HBGEE JE W W& TEG. £
T 18 ‘CHf, EGHIBGHEFIE /13 &M EA-EH, 4k
FEILF|28 CH, 2 FhGHE /158 B 0&(h, BGEREIE TN
16.05 U/mL, EG§#E /) N8.51 U/mL, & T28°C, 2 fh
s 3 2R RS, LI R BGEEE /128 R, Ui
BGE§IE /15213 525K

WnE4fTIR, 1E18~38 CILHI N, M. fructicola¥)n]
PEAPGHIPMG. 785118 ‘CHF, PGHIPMGHgIE /) &
B TS, IR EEIA 28 CIN, 2 FhEEE ik B
{8, PGEENE /141523 UimL, PMGHE§E /741339 U/mL.
w128 CLLE, 2 Fhlgig /i3 2Ui T F%.
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Fig. 4  Effect of temperature on pectinase activity of M. fructicola

2222  pHAEXIM. fructicolar™ 4= 2 Jf B [ it fig % 1 1)
A
16 -
~ l4F - BG
2 12¢ < EG
5 10F
< 8r
X 6F
g4t
2 ,L
0 1 1 1 ]
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BHS pHEX T HEREEEREN
Fig.5  Effect of pH on cellulase activity of M. firucticola

WE 5T, {EpH 4.0~8.03GE N, M. fructicola
BIn =/ EEGHIBG, HBGHE W JZH & & TEG. 18
pH 4.0~6.0f, EGHIBGE G /13 2z LI,
HpH 6.01, 2 Filgis ik B 0&{H, BGEEIE 1A
13.19 U/mL, EGFi#§i%/1°49.34 U/mL, pHH KT6.0J5
2 PhBENE )X N, HBGHERE N EBBEONE, 3
HIBGHHE /1 52 pHAE S K o

9
~ 8L
271
=)
=)
vs_
= 4
;E3' = PG
2' —— PMG
1k
1 1 1 ]
04 5 6 7 8

pH

6  pHEN ™ RIBHEEEH: AR
Fig. 6  Effect of pH on pectinase activity of M. fructicola

K6, fEpH 4.0~8.03GH N, M. fructicola¥s)n]
P24PGHIPMG. 7EpH 4.0~7.08F, PGFIPMGH;E /134
LB TS, MpH 7.0, 2 FhEEE 110k B4,
PG 71 48.56 U/mL, PMGHE /146.76 U/mL, pH{H
KT7.0)52 PREEE 7735 F B
2223  BEFEWAIXSM. fructicolar™ = ()4 B Bk B4 At B 1
T PR

7RI %0, e FR1~9dWN, M. fructicola¥y ] ;=

HEGHIBG, HBGEE /1 E @ TEG. £ 1~5KA,
EGHIBGH§% 713 2 EF-#a %, HABGHEHE /1 LFE &
o HESKRES, 2 FgE 13k BIEE, BGEEE 1N
16.05 U/mL, EGHE§E 1 48.51 U/mL, 5K )52 s
aps N R

—

O PRNXON O\

A% J3/ (U/mL)

—_
w
W
-2
o

R 7RI 1Al
B 7 3EIe R RS R

Fig.7  Effect of culture time on cellulose activity of M. fructicola

fifFi% 73/ (U/mL)

BRI A)/d
B8 E3rInd i) R R ek B R v

Fig.8  Effect of culture time on pectinase activity of M. fructicola

WESH R, EEFEI~9dN, M. fructicolal) W] =
PGFIPMG, fE1~5ditf, PGFIPMGHEE /13 % &k ETt
s, USRI, 2 PhEETE 1A BIEME, PGS /1N
15.23 U/mL, PMGH§I% /7 413.39 U/mL, 5KJE, 2 Fh
fitg s f138 0 B R %, AR R RE T, PGRIPMGHEE S
TR ZEA K

3 3 ®

H BT 5% TR 5 5 SEA8 S O F 7 1 B4R vh a1
P02, 22 g RN B | AR SR
TRAS [ 1 DX AN [R] 25 3 1 (048 8 B A0 2 R I B 7 R
A — 2 R, A E 2R, Ak,
M. fructicolatE20~32 C 2[5 ml LA, BOILIEE N
36 °C, il EREpHIE 5.0, JulRX B E ALK
Hot, et PV R IR ZEM. fructicolald #41E7~27 C
WA AEK, REAEKEE N2 C, BERT
32 CH R IR A, i A iod i pHAE 29 6.0~8.0,
e R T B R A B R i X I e A IR 3
M. fructicolafE35 CHBII I A K . X 13 A A Hh X A [F)
ZFEM. fructicolalfy E W) # P iR FE R pHAEL M 52 38 22
S, GRS O 2 .
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AR RIS 557 Dt TR A B e el 1 3 49 AR D) [11  #w&H. R YmEY: Jbr AR M. dbat: o E Rl L, 2001:

Fo REFPVRINSHIEH AR LA EPG, 203-207.

F 3L /e S W (pectin methyl trans-eliminase,
PMTE) . PMGHICx 4 Fhat fu e[ g lg, H #IWPMTER
PGTEHAE R A SR Pl . 25 R RE
A SRS 2T 4 22 i TN 2 o 350 kD o AR
H, RFEREBOFER T2 —. SasakiE R I8 K % 5
PRIBORE 115 57 RPE LB LA A . B R DE
BT 7 76 1 B R O B0 15 4T 4 R G 1 2 OEAE SR,
IR T PR AR R 77 i S B0 7798 55 F — 2 A e
TX AR IR T 2 24 3% Wl R SR it 2 s A 11 7 o 2 B2 1) 3
995 DRI, T LA K7 Ji 1 40 i I gt Bl v 3k A 52 T LA
R, 1 A o B TE AN [ 2% 1R X 18 R B RE 7D

WK, A RIEF 4 R g, B
WS R I, M. fructicolafE 55375 diN 4T 4 Bl
W& I, EGA21.71 U/mL, BG410.69 U/mL. 4%]
4pH 6.00f, PZEGH &, Bi% J1412.62 U/mL. BFHEELE
4.0~6.02 A FTF=4EG, %EHi&HE MR T
Ko A, 8RS dRIYIMEpH 6.00 IEG. BGH
W, SHEER -8 AR IR A
fE1~14d. 8~38 °C. pH4.5~8.57uH A ¥ a P4 Cx.
BG. PGHIPMG, {E:5%6 digiG /1¥isss ok, CxEgE
JI L T H A3 AR, BOERiIRIRE 28 C, PMGHE
WEHROK, BisEpHAE 7.0, HPGHEEE /1 5% & T Ht
3Pl UiBAR IR AR, HEOE R A AR R

ELAE SIS A B0 B ) o A K AR A S R i
T2 AR ZE o SEIGAE, M. fructicola™: K H) B @ i
FERIL AR ROE R HIF, #0828 C, FERRESI
AR T s F, P BAE B 7 2K 250 1 78 1 1 B &
I 224 JE B IR 20 °C,  HL 4T o B 4 At Wlg B %) W
HHF. PGRICXTE20 C iy R B H B s s Pk . HAE,
FRCORI i TR A K 1 B T P S 7 Il O R AR R, H
iGpHE HIAFAE 2R, M. fructicolat K K i@ pHAE A
5.0, Ti/=4F4E R fOGpHIE 6.0, 7= Wi il i 1& pHAE
7.0, PRI TR A K B (PR B A R S L IR A R A
T H A B S PR 3R 0 22 i AN AR [

HERE R Y R — AR, ERANG
A2 SR S R B0 0 0 KN S S R R R AR R
PEARDG, LUK, R IR BETEAR TG 3200 11 2 48 2140 f B b7
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