TRAESGA IR Sep. 20, 2024, 51(9): 35103522
Microbiology China DOI: 10.13344/j.microbiol.china.231032
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

HENRE CHD & [E ek R EAN R R L E
B& 2540 5 BO1E R AR

wXlE, ZR, EALT, TAE
Hildol K2g gkl 5 TR, Hilr 22HM 730070

IR, 2o, 25K, /NG BUBBERGTE CHD [N sufie b HAE fUBIALUR K By B2 oo BV AR AT (D). T e 4,
2024, 51(9): 3510-3522.

XU Wenyi, LI Rong, LI Yongcai, WANG Xiaojing. CHD in Alternaria alternata: gene cloning and degradation performance against
phenolic acids in pear fruit peel[J]. Microbiology China, 2024, 51(9): 3510-3522.

W OE: IHFTYVHEYRRER LA BIGEF AR TE LR EA B F e R AR =W
FRERIAZ LA Z Fh, B A O A5 RS R R A B T i A R AR R B 1,2- R e B B4 (catechol
1,2-dioxygenase, CHD)%F &t 3 £ ¢4y K4 i, 1231 2 5i% B & 13 4t Fa(Alternaria alternata)st
REBENRRTEAGEHRERBZERAE S RFE. [B6] St EZsame F CHD #4748 % e
EWAE B F oM, AR LR R BB E DTG ERRAER, At —F 487 A alternata CHD
AR ELR LB KW R LA oy THAIRE E, [F5]1 RARRUEEMA A alternata + 54
% CHD; i# it Smart. SOPMA 3kt L3t AT A W15 & F o4, AR W AR B ik AR & 15U M)
A. alternata /X4t 5 B BA A& 49 4%, i i RT-qPCR 47 CHD R4 ErBA £ id 42 d o9 R A L.
[4R]1 A A alternata t£4#7%] 2 A~ CHD A B, 4 %1% 5 4 AaCHD1 #= AaCHD2, H & @ ¥4
H B Ae f Bt C Kt A N Kss R LM, RALFToWEN, £ 35 & #4485 (Semphylium
lycopersici) & 5t 7% 76 # (Cochliobolus heterostrophus) ¥ 49 CHD &L 5 7 LA & BB R, #—
o LI A alternata e 95 ABr BR KM R AR — AR A K, (2t AR R £ 2B B K 4 R e KatE
R ABEEZR, AR, HRER. ok BReGRANER T & 28, B INREBILET A alternata
¥ AaCHD1 #= AaCHD2 2 % il &k, L ¥ RomrBe)F FHERNRZ, ZAR MBI A 2
8. [ 4 1A alternata 49 AaCHD *f 3L R K By BR K 49 i B Ak A LI g 50 R I JR 0 AP K do %
A4 ®4B 7 AaCHD £ A. alternata 72 AR 3L R R B & 4 R 44 By #p1E R 3t Az 2 5 269 o F ALk 343
— TR .
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CHD in Alternaria alternata: gene cloning and degradation
performance against phenolic acids in pear fruit peel

XU Wenyi, LI Rong, LI Yongcai*, WANG Xiaojing

College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, Gansu, China

Abstract: [Background] To successfully infect and colonize the host tissue, phytopathogenic fungi
need to detoxify the antifungal secondary metabolites such as phenolic compounds in the host.
Studies have shown some pathogenic fungi can degrade phenolic compounds in the host by
synthesizing catechol 1,2-dioxygenase (CHD). However, whether the Alternaria alternata can
degrade phenols in pear fruit peel and the mechanism remain unclear. [Objective] To clone CHD
from A. alternata, conduct bioinformatics analysis of CHD, and study the degradation performance
of phenolic acids in pear fruit peel by CHD, thus providing support for further clarifying the
molecular mechanism of this enzyme. [Methods] CHD was cloned from A. alternata by
homologous cloning. Smart and SOPMA were used for bioinformatics analysis. The changes in
phenolic acid content after metabolism of A. alternata were determined by quaternary ultra-fast
liquid chromatography, and the expression level of CHD during the metabolism of phenolic acids
was analyzed by RT-qPCR. [Results] Two CHD genes were cloned from A. alternata and
designated as AaCHD1 and AaCHDZ2. The proteins encoded by the two genes both contained
C-terminal and N-terminal conserved domains of dioxygenases. The phylogenetic analysis showed
that AaCHD1 and AaCHD2 were highly homologous to the CHD amino acid sequences in
Semphylium lycopersici and Cochliobolus heterostrophus, respectively. Furthermore, A. alternata
can grow with phenolic acids as the sole carbon source and differentially metabolize phenolic acids
in pear fruit peel. Specifically, it showed stronger degradation effects on ferulic acid, chlorogenic
acid, and caffeic acid than on p-coumaric acid. At the same time, exogenous phenolic acids
up-regulated the expression of AACHD1 and AaCHD2, and exogenous caffeic acid had the strongest
up-regulatory effect, followed by ferulic acid and p-coumaric acid. [Conclusion] AaCHD in A.
alternata played a role in degrading phenolic acids in pear fruit peel, and the degradation effects
vary with different phenolic acids, which provides a theoretical basis for comprehensively revealing
the molecular mechanism of AaCHD in overcoming the defense effect of phenolic acids in pear peel.

Keywords: Alternaria alternata; catechol 1,2-dioxygenase; bioinformatics analysis; phenolic acids
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YR ERE Y A K E T . a )y
ARG I (2 e 25 )y ThT HoA S T ae ),
FEAFEIAE . WA REIEEE . AW
SRR, By, 1R R B R A AR
Yy, AITEREYIE R AR K TS BNk
A=W iaE Je s T B R AR ORI IR 5 L,
LA 3 o A T SR e L e B 2 i
Wep g S T 1 TR B (AR 10 TR, AR
SRR T IR YOI £ FEsd, sk
— RINEAT PR E A R AT

T EL T AT LA i 0 W SR Al A S 2 K i
it 248 55 Z2 b it A1 il A AL B SR I 25 ) B . Chen
AUy ke PRA% £ T4 (Sclerotinia sclerotiorum)fE
7R Z OB AR, A T 2R A B R R EE, LA
U E R R S48 Xie RN
7 ELE AP 2E 15 5 (Phomopsis liquidambaris) ™
A BT ERIR R T . RN LZRIR 3,4-3U4R
Tit R 0 65 figp VAR 355 % Bk vh NI I S AE A s rp
FREABTERLAR , JUHOZR Bl T 2o A fh B A 2
FAVVEFAREfE I 2R BT . BN b A Wit
W GE R PR E R AP AR
M. JEJLASER . FRAkmEmk . XPOR "y . JRRRR |
WA = S b=y, fRkE—Paad
B-fiil L Wi 5t . KRB H WAy FiE
P i) Hp )P o LA R kAR R Ul
Lubbers %57 % B 52t 25 (Aspergillus niger)nl i i
JEJLZSIR 3,4-RUNAE B FIFR LI 1,2- XU 4
X 2 PR LR o P LI 2
B AR A, s BT .

IR T U ARt 2 1 2AS ) o A A O B
fil, ARAEIIOLE AR, A Lo R 2R
1,2- XU 48 i (catechol 1,2-dioxygenase, CHD)#l
SR 2,3- UM, Horh CHD Re 4%
RIR T R PR A A O - R R, L EA
—PHERE T AR R R BUE RS

P, Rocheleau 25T & BLLE IR K A%
B2 hy Mk — Bk P50 G AR E IR IR B R A
(synthetic low nutrient medium, SNA)HF$EFI R
Bt JJ i (Fusarium graminearum)&8 7K -} 1,2-%1
TN BRI B T PR, 6 h J5 B3R KR &
G ARA, TP AR R MR IARE IR 4 h J5 K
KGR A . TR, Shanmugam 25PF5E
S PR ST F1 e T (Cochliobolus heterostrophus)&B 2
T 1,2-BUIN AU ) CCHDL 78 B AT P 2
G WA SRR AR 5 B BRI . IRt
FRMLAE B 1,2-3UINAMS 5 T 5
VB2 & WA, (A H B VR FH R L
AT 25T

ARSI EATHA T R B AL RERAY . &
TR SRR R L B R R | BT ERER | R AN
X SRR T, I HAE RS Kk R
S0 ] 5 0 288 00 okt ) R R o A AR 25 S B
HEAR R IR I [A] R A e Sk B, (H
A. alternata /3 AE 88 1= YL 1 5] & 5 3, HEW
A. alternata A BE<x il U B AR AL R K B 1R
W o TR 2 B o TRIIE, ARS8 7E X B4 A B
S5 A alternata H CHD Taffg kAt |, @it
Smart, SOPMA FEHPEXS H AT EWI5 B 50
BT 5 -2 — 25 1) T 0 G R 3R € iSRG D 4
Pr A alternata XJ 2SR Kz 3= S B2y Jo 114 ek fit
VEF, IRl I8 3 RT-qPCR 4307 A. alternata 74
WL Rt CHD SRR Ry RIBTENL, DAR
HE— 487 A, alternata CHD 7EACI AL SR Rz iy 2
Yy Bt B rh Y oAU R A S

R

1.1 #H

A alternata JT-03 73§ H SR BRERE LR 1005 48
WAL, Ak JE R
1.2 EFE

PDA }iFfSk(g/L): 4% 200.0, Jo/KH %
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B 20.0, A 18.0. PDB I3t BECHR[11]
Beiil, ek B A A FQ G R 3 S Bk [22] e il
1.3 FERFALE

DNA Marker . pClone007 Versatile Simple Vector
Kit KM TERE# AR TSC-C14 DH50 Chemically
Competant Cell, bR A YR A PR A
cDNA [ 5% 571857 & . FastPure Gel DNA Extraction
Mini Kit, Fg 5 iaMERE R PR B A R F
TRNzol Universal = RNA $2BGRF], JL 5 KA
AR A FR A ) 5 28502 (chlorogenic acid, CGA) .
T2 R (ferulic acid, FA). XJ 7% & J& (p-coumaric
acid, PCA)FIMIMERR (caffeic acid, CAFRHES:, |
TR AE IR A R A Al . SERF O E I PCR
GBS, B T H B e A BR 2 ] 5 MY,
AR A s 2 7= b (B ) A FR A | Waters
ACQUITYArc &%, KPR () ARRAF
1.4 BE#k JT-03 HL KR H &

W Rk IT-03 425 F PDA K553, 28 °CH
7% 5 d g sk B & oA A e R, IR
B K R MR 1x10° spores/mL F £ T~ 5: 77
W o W 40 pL BB AEF T 200 mL ) PDB
B3tk 28 °C. 180 r/min 151k 48 h, WKHKEL
BRI 2214, FHJCH/KhEE 2 WEHFF 200 mL
R A R AR SR B, 28 °C. 180 r/min 13
7% 2 h, DAHBREE AL LR R0 A 8B F- )
B, AFIREEEE .
1.5 E#k JT-03 H4FEEY 1,2-WINE b
B EE T E

B 0.1 g B RR IT-03 B 22 7E A P F
J#& . {ifi ffl TRNzol Universal i RNA #6742
HUE RNA, 208 cDNA S S5l i il 54
B cDNA, —20 °CIRfF4H . T# NCBI Hiy
Alternaria alternata (SRC11rK2f, taxon: 5599)Jt
45, 4 DNAMAN 6.0 # it
AaCHD1, AaCHD2 {4 14514

PAFEIPE JT-03 (%) cDNA i T H 5L
14, AaCHD1., AaCHD2 7351 HH5 [#5%F AaCHD1-F
(5-ATGGCHDCTTCCAAGAGCG-3")#1 AaCHD1-R
(5'-CTAGTCGACCTCTGGAACAG-3') . AaCHD2-F
(5'-ATGTCTACAGGAACACCAGCTT-3")  Hl
AaCHD2-R  (5-ACGCGCTTTCTTCTGTCG-3")
WHATY 4 . PCR W AR R (25 pL): 2xPhanta Max
Master Mix 12.5 pL, 1EM 5|4 AaCHDI1-F &
AaCHD2-F (10 pmol/L) 1 puL, & [ 5|9
AaCHD1-R i, AaCHD2-R (10 pmol/L) 1 pL, ik
¢DNA 1 pL, ddH,0 9.5 pL, PCR JZ 3 451 : 95 °C
3min; 95°C 15s, 56 °C 15s, 72 °C 1 min,
33 AMEFR; 72 °C 5 min, KPR UEATEEG
L UKKE , fi ] FastPure Gel DNA Extraction
Mini Kit #FATIEI, Z )5 556 v gk ik i
¥z, ¥ A TSC-C14 DH50 Chemically Competant
Cell 1, BREUCHTURERFE )G 1T K PCR 10
WE, 24 TAY TR A BRA /il #E: 7
Wy
1.6 AaCHD £¥1EE8Z o0 #h

FIF GSDS2.0. ORF Finder 2547 H i3
PR R I G 7 400 %) B A S 2 A, R 3 I
FELMEENER 1 Fos. ffiF NCBI $dEE T
BLASTp TEZ 53 #r T HIE 172 HL 18 1y 51 1) [] 5
PEAMHT, {HF MEGA 11.0 {4 mIARIE M H 2
SR B, bootstrap [HIEE N 1000,
1.7 ETFHRKZBIINFRERER ZE B IK{E D M
—RRIE AT E Bk JT-03 £ KB 520

T HESE A alternata RE A AR 2 b 3
B R AR R E— B IR EA T ARG, AR 2 uL
HeJFH 1x10° spores/mL FH T 77 AP T LU
HMEER IR . PTELRR . WINMERR . X T ER(0.1.
0.2, 0.3 A1 0.4 mg/mL) A ME— B 5 1) A R A FG [
WG, LS o/L S0 A ME— Bk I A ol R A
FCEMA R R B DX IR, 28 °ClEFR 3. 5 F17 d,
MR B, AT 3 A1, BE 3K,
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R 1 FUAR AR R M 4k

Table 1 Online prediction software and website

Online software Internet site Use

GSDS 2.0 http://gsds.cbi.pku.edu.cn/chinese.php?input=se FLF 458 Gene structure

ORF Finder https://www.ncbi.nlm.nih.gov/orffinder FF ik E 52HE Open reading frame

ProtParam http://web.expasy.org/protparam/ HALA4: i Physical and chemical properties
SMART http://smart.embl-heidelberg.de/ PRFEEFYI M Conservatied domain analysis
Protscale http://web.expasy.org/protscale/ SE/B K Pk Hydrophilic and hydrophobic

SOPMA https://www.predictprotein.org/ " Z5H Protein secondary structure
ProtComp 9.0 http://linux1.softberry.com/cgi-bin/programs/ V4 A XE 7 Subcellular localization

1BS2.0 https://ibs.renlab.org/ H: W7 512517 Tllustrator for biological sequences

1.8 E#k JT-03 & FF R IMNEDHER 2
BERBREER

A. alternata Bk JT-03 7] LLA]FAMNE B R
W R E— B, TE [ AR R 3 A KA
WML 0.1 mg/mL A ] b B2 ] 1) T 7% A=
I 22 5 o DR Ry i — 2P it 5 X A
MR A E R, IR EE S 0.25 mg/mL
AR BT AR AR . XA R L A R A A SR R A
ME—BRIE, SRISTERN 0.1 g (EE)FE K JT-03
224K T 50 mL 2 R A QWA RE SR 5,28 °C
180 r/min 1557 48 h, LIARGIIGERE JT-03 B 221k
F A PRI R R E X B, B b PR 3 4
AT, K 48 h NSRRI S ARk, BERR
12 h 28I HIE

2% Ghosh EPWH I o HTER BRI & &
HSEB U, B RE WL E pH EH ol
1.0-2.0, SRJ5 SR 4R BT ie i 78
%, feJaH S0% IR E0 KA E R E
3 mL FF/ESeail, AMIE I RS T 5 B 1k
M Waters ACQUITYAre Z%5, 4G 2998
PDA Yt “HAS RN SR , £ ZORBAXSB-C18
OFEFE(250 mmx4.6 mm, 5 um) AR W Bh
FHR 0.1%H FRK SR G, 334 0.8 mL/min,
FEIR A 28 °C, FHAERN 5 pl eI KA 280 nm
A0 -5 b T 14 B IS TR R A T Ok S
Ty BRI, M B0 0 T SRR g s o o RO I

1115 = N R N e Bl S R = G R A = X
A. alternata XJ A [a] By R 2590 S A IR 80%
TR (%) =

R RRALBYRR P A AL P (1)
X B A R 7 ik

1.9 AaCHD ZEE#k JT-03 X SR Ep R 38

MR PR EERIE

PR IT-03 W22 iRl &5 1.4 —58, DA
VNI SIS Wy o B 8 R B AR D BR, B Ak
3AER . TE 48 h s T, M 12 h it
IR, 2R IRK e i 22 . B AT Y T 2275
WA, $2H cDNA, ffi 4k Primer3.0
BETSERT 266 %E 7 PCR 514 i SR EE &t
PCR 7M1 T RT-qPCR 434T, NS HEH g 1
T & ( glyceraldehyde phosphate dehydrogenase,
GAPDH)A:[K . RT-qPCR JZWifAZ : 2xSYBR®Green
Pro Taq HS 10 uL, ##zx cDNA 2 pL, FiiE5|9
AaCHD1-gF (5-CTGTCGGCAAATTGCTTGAG-3') &,

AaCHD2-qF (5'-AATGAGCTCACCGTCGATG
AG-3")8{ GAPDH-gF (5'-ATTGTCGCCGTAAACG

ACCC-3') (10 umol/L) 1 uL, 5|4 AaCHD1-qR
(5'-GCCCTCCTTCTCGAACHDGA-3")5}, AaCHD2-
qR (5-TTGCGTTTGGAATCCGACHD-3))5 GAPDH-qR

(5'-TTGACGGTCAGGTTGTTGCC-3") (10 pmol/L)
1 pL, RNase free water 6 pL, RT-qPCR Sz )i 5%

. 95°C30s; 95°C5s, 60°C30s,40 Mf
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¥, 95°C 15s, 60°C60s, 95°C 15s. 45 R
0 h AU AN R 24 Joi Y 6 IR 2 38 s A Sk ot
B, @ 2722 AN R B

2 BER54

2.1 CHD ERE R
He ¥5  Shanmugam %5 % 7£  Cochliobolus

heterostrophus H* 4 51| i) 4 S 4B2R 1 1,2- XU 4
il (4 85 141 24, i@k NCBI H1#9 BLASTp 7E4k
JyHr T H AR5 3] A alternata (taxon: 5599,
SRCI1rK2f) H1 &R 2% — My 1,2- AU 4 Bl JE
AaCHD1 (FEH& SR 29112679)F1 AaCHD2
GEHFE S8 29118455), LA Alternaria alternata
) cDNA itk , FIH 5% AaCHDI-FR .

AaCHD2-F/R 17 PCR ¥4, e Fa Pk kil e
132 H B0, G , 437581k 1051 bp
1 1048 bp 1 AaCHD1 1l AaCHD2 JE[H ) cDNA J5

HI(E 1),
A B
bp M AaCHDI bp M AaCHD2?
2 000 2 000
1 000 1 000
750 750
500 500
250 250

100

1 AaCHD1. AaCHD2 %t [F 52 fE 3 1& f ik [
Figure 1  Amplification electrophoretogram of
AaCHD1 and AaCHD2 genes. M: DL2000 DNA
Marker.

1 36 114

2.2 AaCHD ERFMEMEEFNT
221 EFESHEEBREBMERSH

WL GSDS2.0 3o Hrdh £ W, AaCHD1
4K N 1 664 bp, H %k F 5 (coding
sequence, CDS)X K JEH 1 008 bp, H:mt 335
MNEILR; AaCHD2 JEF 4Kk 1 445 bp, H
CDS XK R 966 bp, IZwid 321 PMEIEMR,
JIFHBEA 2 AW EF . A ProtComp 9.0 i
DS 240 A o 2 Y 45 SR R ], AaCHD1 4351 o1 T
AN, 1 AaCHD2 & {8 78 20 Jifd 5 Al
iR, @id ProtParam 434 R AaCHDI
Ml AaCHD2 i 1E . f LA 5o 5 530 36
45, 32, HIRSEH AN 5.06 1522, 3R
B AaCHD1 #1 AaCHD2 % [ J47 1IE Hi, ; AaCHD1
M AaCHD2 i~ 35 3% K 1 43 3 o —0.322 F0I
—0.464, ARE R RN 31.30 F1 40.56, Hf
AaCHDI1 MF3E /KT . AaCHD2 N AR
KEM,
2.2.2 AaCHD EHMRTFEME S

Wik SMART 3 Fl 1BS2.0 4k 44F 43 -4
il AaCHD1, AaCHD2 #E 458, 45R B
AaCHDI1 7£%5 36—-110 aa HA Dioxygenase N
PRSP, 725 114-299 aa HA Dioxygenase C
5P 3 ¥ ; AaCHD2 7£%5 41-114 aa H AT
Dioxygenase N R£5FIEF, 7655 123-304 aa H A
Dioxygenase C {&5FFE ¥ (18 2).

AaCHDI

AaCHD2

114
2 AaCHDI1 #1 AaCHD2 E B HRT & HE o4

¥ Kt HopiE ARy

335aa

299 335

321 aa

304 321
B AL . BAT U4 N S C 3 (4 2 P ik

Figure 2 Domain analysis of AaCHD1 and AaCHD2. Dark grey: Protein conservative motif with N-terminal
and C-terminal of dioxygenase; Grey: The remaining protein motifs.
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2.2.3 AaCHD BRI — R B4

fdi TEL Bt SOPMA W& [ — 2k 45 4y ik
PP, AaCHDI1 R Z5H) o B25E . B 4540 .
AR A TSR il 3 50l 5 30.15% . 4.78% .
20.60%7%11 44.48% ., AaCHD2 — 45 # b o 12 |
B AEff . IEMPEEFN TR #4305 27.1%.
5.3%. 19.63%F1 47.98%. AaCHDI, AaCHD2
TREER IR R o MEURE LG R4 RN G R0 il

P g, RO IR AR, HE Ik Y 2
B H (K 3).
2.2.4 AaCHD REEXE N

H& 4 Z55A] I, AaCHD1 #1 AaCHD2 435115

TR (Semphylium lycopersici)Fi S i 7 s
(Cochliobolus heterostrophus) CCHD3 f4) 23 ik
FEVRI M SR i, SR R i, AR 2351
ik 82.55%71 81.19% (1K 4).

AaCHDI

|
|

|
|
‘I
I

\meqmuq@gHHWJHﬂwﬁu\”m{ujqp”:}l

250

| Inifmm IH‘!!HHHIF IE‘IIIi:I:

™ il I ™ i
m T T 1 lwwanl
Lo H o A H‘
' WA A | I
A

50 100 150 200

‘ lfﬂ'”pnz.”E;JJN;juy;y;¢umquﬂwwl.]M¢ﬁmg'w\;y@mmﬂ;}{:”;r

AaCHD2

o}

50 100 150 200 250

3 AaCHDI1 #0 AaCHD2 ZEREEMTFME 0. o iRie; 206 FEMpEE; 2. pHAMm; KRG X
R

Figure 3 Protein secondary structure prediction of AaCHD1 and AaCHD2. Blue: Alpha helix; Red: Extended
strand; Green: Beta turn; Purple: Random coil.

4 AaCHD1 #1 AaCHD2 5EfEE CHD FEREEEMAZLBENN  KEW AT IR
bootstrap FJEAH; 55 BB WAHN AR P IR E T AR RBR BN E IR 0.05 BB L
Figure 4 Phylogenetic analysis of AaCHD1, AaCHD2 and other fungal CHD homologous proteins. At the
branch nodes are 1 000 bootstrap replicates represented as percentage values; The accession numbers of
different fungal CHD protein are in parentheses; The scale bar indicates 0.05 substitutions per amino acid
position.
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23 ETFHRERZBINEDER L BIRIEAM
— iR MM E R JT-03 BYAE K

A& 5 A1, R JT-03 RETE AR BAAALE Hy
ME—RRIE AR IR A, PR AR Bl R
MR YIS BRI IR N 0.1 mg/mL
i, £5A0h FRA [B] i B VR B TCIH 25 570 M AR
TSI RIS Rl 0.2 mg/mL i}, 7655 7 K
L2 S 76 T 0 A D e i 5% R B AR K 2
I FAMNEA AL 3 BhEY R 2 51 (P<0.05).

0o 2 \3 B \5 EZ \7

Uk, BRI JT-03 BEAS I FH I R SR A A Ay o — R 5
Ak, (BAFTERI I ROk B 22 57, TE ARG IR 1
XoF IR () 1) FH RE 0 41 4 SR BT 2R R X 5
GIR
24 EHE JT-03 X EFHRREKFIMNEEER R
BERBREIER SR

B 255 5 % R 1) ) i K, 3% 97 L v R A I R 75
RGBS, (A ERR IT-03 fYRE A
Ty R 2 ) o % 1 0 AR T X IR 6). fEdS

o \3 N7 \5 a7 |7

Time (d) Time (d)
C D
0 - 2N
IIZ0E D7 SHZEN  ® NIIZEE SEZOE REZEE 2
3 5 7 3 5 7
Time (d) Time (d)
5 RIFEER(A). FEEL(B). WHER(C)FIXM EZER D)X EHK JT-03 EEEZMEN  ARKEFE:

HING “Fb] 53 S A PR 18] A0 A0 BRZH N A7 A 2P 25 S
Figure 5 Effect of chlorogenic acid (A), ferulic acid (B), caffeic acid (C) and p-coumaric acid (D) on colony
diameter of strain JT-03. Different capital and lowercase letters indicate significant difference between and

within treatments, respectively.
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Figure 6 The degradation effect of strain JT-03 on chlorogenic acid (A), ferulic acid (B), caffeic acid (C) and
p-coumaric acid (D). Different capital and lowercase letters indicate significant difference between and within

treatments, respectively.
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Figure 7 Relative expression level of AaCHD1 and AaCHD2 gene induced by chlorogenic acid (A), ferulic
acid (B), caffeic acid (C) and p-coumaric acid (D). *: P<0.05.

AR PN RIBHTE 48 h BB ; Sh
PRSI B SRR SR B 43 JIHE 12 h A1 48 h
FERFKIER R E (K 7B, 7TD). HMEMIMERR HY
WSRO B E 0 T AR B RS Y BT, )
R 15 RO 5 55 (B 7A).

3
SR M ek W Ry A A R A o
[B]7=4), AT RATEAR A )y 1,2- XU A B A T

HE— 2 B XA = IR IRYE IS o AT FE A FL 2R
B 1 P e R 3 T AaCHDL f1 AaCHD2 3t A,

T I OR AT SEF 00 B R B SO C oK
WAl N R IRSFE I, Rk T iRy
H 4y %5 Franco 45 PYHRIE A9 Semphylium
lycopersic il 4 PR OE R
Cochliobolus heterostrophus CCHD3 AH1I 14 %
1R, 2 W D L T ) < 2R 1 U 4e il EL A T
Sk

B2y e ) F B R AE A ),
FETETAHPIRI . RS0 AEEEI AL, HEPHT
. RS . WS, A S TR A
KR S A=Y AR Py iia vh B Z R

Shanmugam

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3520 (YIS Gk

Microbiol. China

IR R A K R B R P B A
TG54 T2 5H A K e R, R T
Ak TR, MR IR E R R TR
JERYLFE T 7T E AN, A IR— RS EA T2
P R R AE P B AL G . AR R
A. alternata AJ DATESE TR Kz By R 2 W Joa i 15
P AR TN BRI B AR | XoF A AR L DIMERR . SRJEER N
ME—RRVR A3 IR 0L AR (B S), [RIRER A 22
Jpi A Fusarium oxysporum B2 U peik s o] DA7E
HMBTR TIPSR . & 5. . WEERR S B 2R ol
M — iR A A B /N R R 3 B AR P (L I g Xt
AR SN IR B2 B A AT AE 22 5, ARBIFSE 2 B
TEANRANAN 0.25 mg/mL B R FLAA Ay E— R 5 Y
Wk FR 5 A, alternata X 4% R . BTERR |

WMHERR . XA ORI HA —E AR RE T, (AE
i 36 h Xt PR R i, BEE SR A
KR 23 T BT AR A 10O 3 m (B] 6). Xie
SRR T P AR B A 10125 5 (Phomopsis
liqui dambaris) i B £ 1 545 4 5 1) K4 i g 7

48 h AR AMIRES I EE D 200 mg/L 8RR 56 4%
FfE s Patil 2215 B LA B4 B (Trametes
hirsuta) 1 %% i Jit & °F % & (Phanerochaete
chrysosporium)7E 55 7% 48 h J& 1] 43 B S NI s i
350 mg/L il 250 mg/L BrZRR 5¢ %Ak, AT LA
[vi) 9 D5 L s ) & IR T 288 (A T 52 A R 1 A gt

it — PR

H—EF5E &K P A. alternata (1) AaCHD1 Fl
AaCHD2 SE[RFEAME LR IR R . FTERIR . mhnERR F1
XEE RN T B2 FRREWE 7). [FH
¥ Shalaby 2577 & B TEAR I 7 AR 28 1
1,2- XU B R [ CCHD 1 32 35 7K 5F- 32 i e
2 | BTBLIR | 4- 2 BRI RN SRR AN =
I HWMHERR 975 SR I TR R , X 5 A

Y45 R — 20, AR 1,2- XU A B R ZE AN [R]
s S0 52 G RN A I 2 ) Jo 15 S R o Y SRR
WAFE2E S, Wadke PYERFSE 2 PR # )
[ 3 1 N 4396 F B2 (Endoconidiophora  polonica)
WRRIZ G S AP B2 B R B0, 53 758 B R AR AR e i
TR 3 ANARIR Tl 1,2- 00N A BERL K EpCDO1
il EpCDO2 £ s 28 Ay e 42 (1 2Rk 7K
SEAEAL, 1 EpCDO4 74 3 28 rh ik /K- i
AR ERE L L A alternata AaCHD1
I AaCHD2 7E5ME By M) 5T 55 h BE R R s 77
1 FRACERN FR 22 (8 7). 2 b, B
My 1,2- B0 A s i L T TE 2 B 2 o i)
A FHEY) EAK | RRERE R E AR, 2
AN TRl S A AR 1,2 XUJI R i 114 35 PR
ST B2y o i A AL A A8 ARV R A 2k
HEARGVE R T X PR A — 2 R 5¢
WFIT .

A WE 58 N B R BE S R b e B AR B T
AaCHD1 fil AaCHD2 B4 75—y 1,2- XU A il
B, A5 B 2= o A R W L3 B XU A
C Rl N Kbl FE5M, RELEE %R
BH, L0000 5 2 i HAW B B S T 7 s AT v i &R
T 1,2 U0 AR P S R A v o TR BT o R
A. alternata BE7E LA 2 Joi by ik — Bk I A 5%
I3k B A K B Re Ry RIS o, FLACHHME
P R ) B A2 5, i — 22 r BT R W] A alternata
H R AaCHD1 il AaCHD2 RE ¥k SN By 25 ) Ji
VR 3 EIERE . AT AR ARl 1,2- XU R
57T A alternata U AL K2 By eSS i 1)
R, %R & iE s AaCHD 7 A
alternata e ik B4 5 Bz By 2590 ot (%) B AED 4 FH 2 i
1R YA 1 4> F AL RIS AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



7 Iy

®mxXta

% | {EWHE CHD 2R EREARGHRRKEELSE

SR b RO B R AR 3521

REFERENCES

[1] PRUSKY D. Pathogen quiescence in postharvest
diseases[J]. Annual Review of Phytopathology, 1996, 34:
413-434.

(2] AkA, BeRH. SPERBLRBEN I A A A G R T]. HE
YR 254R, 2006, 33(2): 131-135.

LIYC, BI'Y. Occurrence and infection of Alternaria rot of
pingguoli pear, Pyrus pyrifolia[J]. Journal of Plant
Protection, 2006, 33(2): 131-135 (in Chinese).

(31 FI/NAR, BRMH, 20kcA, ER, FRF, FiE, M.

RBRSGH TR LB R[], B
2015, 36(7): 278-282.
BAI XD, BI Y, LI YC, WANG Y, NIU LL, WANG T,
SHANG Q. Mechanism of latent infection for
postharvest diseases of fruits and vegetables[J]. Food
Science, 2015, 36(7): 278-282 (in Chinese).

[4] ISAH T. Stress and defense responses in plant secondary
metabolites production[J]. Biological Research, 2019,
52(1): 39.

[51 YANG L, WEN KS, RUAN X, ZHAO YX, FENG W,
WANG Q. Response of plant secondary metabolites to
environmental factors[J]. Molecules, 2018, 23(4): 762.

[6] GUERRIERI A, DONG LM, BOUWMEESTER HJ.
Role and exploitation of underground chemical signaling
in plants[J]. Pest Management Science, 2019, 75(9):
2455-2463.

[7] KESSLER A, KALSKE A. Plant secondary metabolite
diversity and species interactions[J]. Annual Review of
Ecology, Evolution, and Systematics, 2018, 49: 115-138.

(8] K& 19 D RIBMP B I T [D]. M. vidt
PP RAER L2203, 2017,

ZHANG L. Characterization of phenolic compounds in
19 Malus genotypes[D]. Yangling: Master’s Thesis of
Northwest A&F University, 2017 (in Chinese).

[9] BOY FR, CASQUETE R, GUDINO I, MERCHAN AV,
PEROMINGO B, BENITO MJ. Antifungal effect of
autochthonous aromatic plant extracts on two
mycotoxigenic strains of Aspergillus flavus[J]. Foods,
2023, 12(9): 1821.

[10] SASAKI A, YAMANO Y, SUGIMOTO S, OTSUKA H,
MATSUNAMI K, SHINZATO T. Phenolic compounds
from the leaves of Breynia officinalis and their tyrosinase
and melanogenesis inhibitory activities[J]. Journal of
Natural Medicines, 2018, 72(2): 381-389.

[11] CHENJY, ULLAH C, REICHELT M, GERSHENZON J,
HAMMERBACHER A. &lerotinia  sclerotiorum
circumvents flavonoid defenses by catabolizing flavonol
glycosides and aglycones[J]. Plant Physiology, 2019,

180(4): 1975-1987.

[12] XIE XG, DAI CC. Degradation of a model pollutant
ferulic acid by the endophytic fungus Phomopsis
liquidambari[J]. Bioresource Technology, 2015, 179:
35-42.

[13] VAILLANCOURT FH, BOLIN JT, ELTIS LD. The ins

Critical
Reviews in Biochemistry and Molecular Biology, 2006,
41(4): 241-267.

[14] MAKELA MR, MARINOVIC M, NOUSIAINEN P,
LIWANAG AJM, BENOIT I, SIPILA J, HATAKKA A,
de VRIES RP, HILDEN KS. Aromatic metabolism of
filamentous fungi in relation to the presence of aromatic

and outs of ring-cleaving dioxygenases[J].

compounds in plant biomass[J]. Advances in Applied
Microbiology, 2015, 91: 63-137.

[15] LUBBERS RJM, DILOKPIMO A, VISSER J, MAKELA
MR, HILDEN KS, de VRIES RP. A comparison between
the homocyclic aromatic metabolic pathways from
plant-derived compounds by bacteria and fungi[J].
Biotechnology Advances, 2019, 37(7): 107396.

[16] WENG CH, PENG XW, HAN YJ. Depolymerization and
conversion of lignin to value-added bioproducts by
microbial and enzymatic catalysis[J]. Biotechnology for
Biofuels, 2021, 14(1): 84.

[17]LUBBERS RJM, DE VRIES RP. Production of
protocatechuic acid from p-hydroxyphenyl (H) units and
related aromatic compounds using an Aspergillus niger
cell factory[J]. mBio, 2021, 12(3): e0039121.

[18] BXAkvk, REHE, W2, e, B4, 5, XY
R 1,2- XU ARG S5 | Iﬂﬁ%&ﬂl%ﬂ%ﬁﬁ
SYHERE[T]. W8 R, 2019, 46(9): 2419-2425.
ZHAO HB, QIN K, TAN ZL, LI HY, LI DJ, GUO J, LIU
F. Advances in study on structure, enzymatic property

and isoenzymes of catechol 1,2-dioxygenases[J].

Microbiology China, 2019, 46(9): 2419-2425 (in
Chinese).
[19] ROCHELEAU H, AL-HARTHI R, OUELLET T.

Degradation  of  salicylic acid by Fusarium
graminearum([J]. Fungal Biology, 2019, 123(1): 77-86.

[20] SHANMUGAM V, RONEN M, SHALABY S,
LARKOV O, RACHAMIM Y, HADAR R, ROSE MS,
CARMELI S, HORWITZ BA, LEV S. The fungal
pathogen Cochliobolus heterostrophus responds to maize
phenolics: novel small molecule signals in a plant-fungal
interaction[J]. Cellular Microbiology, 2010, 12(10):
1421-1434.

(217 ¥16, A, ERPH, A0, EEM, SKER, FKA.
AR I 1) B SR B 3 26y i e e i A e A 0], &2
W5 REE T, 2019, 45(19): 219-226.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3522 WA

FiE Rk

Microbiol. China

HUANG Y, GAO CL, B1'Y, LI DM, DONG YP, ZHANG
YD, LI YC. Changes in phenolic compounds and
antioxidant activity of pear peel during cold storage[J].
Food and Fermentation Industries, 2019, 45(19): 219-226
(in Chinese).

[22] TANG Y, LI YC, BI Y, WANG Y. Role of pear fruit
cuticular wax and surface hydrophobicity in regulating
the prepenetration phase of Alternaria alternata
infection[J]. Journal of Phytopathology, 2017, 165(5):
313-322.

[23] GHOSH S, SACHAN A, MITRA A. Degradation of
ferulic acid by a white rot fungus Schizophyllum
commune[J]. World Journal of Microbiology and
Biotechnology, 2005, 21(3): 385-388.

[24] FRANCO MEE, LOPEZ S, MEDINA R, SAPARRAT
MCN, BALATTI P. Draft genome sequence and gene

Semphylium  lycopersici  strain
CIDEFI-216[J]. Genome Announcements, 2015, 3(5):
e01069-15.

[25]HEIM KE, TAGLIAFERRO AR, BOBILYA DIJ.
Flavonoid antioxidants: chemistry, metabolism and

annotation  of

structure-activity relationships[J]. The Journal of
Nutritional Biochemistry, 2002, 13(10): 572-584.

[26] RINGLI C, BIGLER L, KUHN BM, LEIBER RM, DIET
A, SANTELIA D, FREY B, POLLMANN S, KLEIN M.
The modified flavonol glycosylation profile in the
Arabidopsis roll mutants results in alterations in plant
growth and cell shape formation[J]. The Plant Cell, 2008,
20(6): 1470-1481.

[27] KIs . RURK LB RYIBXT Alternaria alternata 4=

KR HEOR R R FE[D]. 22 M HOR RO R 2= R -2
FEIE3L, 2019.
ZHANG TT. Regulation of phenolic compounds based
on concentration level in pear fruit peel on growth and
pathogenicity of Alternaria alternata[D].
Master’s Thesis of Gansu Agricultural University, 2019
(in Chinese).

[28] MICHIELSE CB, REIJNEN L, OLIVAIN C,
ALABOUVETTE C, REP M. Degradation of aromatic
compounds through the p-ketoadipate pathway is

Lanzhou:

required for pathogenicity of the tomato wilt pathogen
Fusarium oxysporum f. sp. lycopersici[J]. Molecular
Plant Pathology, 2012, 13(9): 1089-1100.

[29] PATIL PD, YADAV GD. Comparative studies of
white-rot fungal strains (Trametes hirsuta MTCC-1171
and Phanerochaete chrysosporium NCIM-1106) for
effective degradation and bioconversion of ferulic acid[J].
ACS Omega, 2018, 3(11): 14858-14868.

[30] SHALABY S, HORWITZ BA, LARKOV O.
Structure-activity relationships delineate how the maize
pathogen Cochliobolus heterostrophus uses aromatic
compounds as signals and metabolites[J]. Molecular
Plant-Microbe Interactions: MPMI, 2012, 25(7): 931-940.

[31] WADKE N, KANDASAMY D, VOGEL H, LAH L,
WINGFIELD BD, PAETZ C, WRIGHT LP,
GERSHENZON J, HAMMERBACHER A. The
bark-beetle-associated Endoconidiophora
polonica, utilizes the phenolic defense compounds of its
host as a carbon source[J]. Plant Physiology, 2016, 171(2):
914-931.

fungus,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



