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B E: (%] 2K KA (Dickeyazeae) T 5| MM aF KB/, TERMAFE. KEFE
ZHMOE T wh, AIRESEMAESEAE D. zeae MS1 49 TnS REARE T ihik3] 4 N h
EEBRBORZTAR, [B ) #H—F 5% TnsS B THEANR TR EARERALE, FF#Z KR
w5 HeFea. [ %] @i A R #R 4% PCR (thermal asymmetric interlaced polymerase chain
reaction, TAIL-PCR) % & 4% i T3 AAL & AR R R €475 FMEEAK R 693808 B LKA B A4
Bk, FreBReEMSFAR Ami A K. AAXRH =W E . 4 mI0 A % %8 (plant cell
wall-degrading enzymes, PCWDEs)a it B A &A% F@me) £57. [4R] TAIL-PCR X2 i 4 A
R TARGY 4% & T AENAL &) AL T a-B R =B L 284 (0-ketoglutarate dehydrogenase, o-KGDH)A F
SUCA I , iZ AL [ % A = 32 BR (tricarboxylic acid, TCA)/f 2R3 42 69 X 42 Ba4a 4 I A 3k 'R B 4K AsucA
EmAARGR LRI —TRENH A, 1228 o-KGDH FhHr e &k, AARTTIEERY
PCWDEs #)47is 5 1% pelB #» pelC AR ag4t Lk, mAFamB Az, Hahfeh. i
PP A, ASUCA fEMEet b A GG R MR IR, SMEEHUHNBEREELDEEIK. D4E

WV H AR R 5 N AT T R 42 (2022A1515010082); [ 5% HAREBF F R 42(32372509); [ R A RNV RF A B B
I €1 3 G T H (XTXM202202)

This work was supported by the Basic and Applied Basic Research Foundation of Guangdong Province (2022A1515010082),
the National Natural Science Foundation of China (32372509), and the Guangdong Academy of Agricultural Sciences
Collaborative Innovation Center Project (XTXM202202).

#These authors contributed equally to this work.

*Corresponding author. E-mail: zhangjingxin@gdaas.cn

Received: 2024-08-31; Accepted: 2024-11-03; Published online: 2024-12-13



2108 (YIS Gk Microbiol. China

CUERSET PSS EXT T E S SEE O EX SRR TR EF P
FE|THonmi & /1) TCA %48 A R sucA, ZABWRETRIGELE /B F PCWDEs 44
B, {2 RF R mEE G,

LA SEME ARG TS BT SicA, B mIL MR il

TnS transposon insertion of a-ketoglutarate dehydrogenase gene
SucA affects the virulence of the pathogen causing bacterial soft
rot of banana

JIANG Shangbo**3, SUN Dayuan*?3, SHEN Huifang!?3, PU Xiaoming"**, LIU Pingping"*?,
LIN Birun'??, YANG Qiyun'*?, ZHANG Jingxin"!**

1 Plant Protection Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640,
Guangdong, China

2 Guangdong Provincial Key Laboratory of High Technology for Plant Protection, Guangzhou 510640,
Guangdong, China

3 Key Laboratory of Green Prevention and Control on Fruits and Vegetables in South China, Ministry of
Agriculture and Rural Affairs, Guangzhou 510640, Guangdong, China

Abstract: [Background] Dickeya zeae is a phytopathogen causing bacterial soft rot and has
seriously threatened the production of a wide variety of crops including banana and rice
worldwide. In this study, four Tn5 transposon mutants of D. zeae MS1 isolated from diseased
banana plants were obtained and found to exhibit attenuated virulence in banana plants.
[Objective] To determine the gene loci inserted with the transposon in the four mutants and
examine the effect of this gene on bacterial virulence. [Methods] Thermal asymmetric interlaced
polymerase chain reaction (TAIL-PCR) was applied to identify the transposon-inserting genes;
further, homologous recombination was used for the construction of in-frame deletion mutants
and the complementation strains of target genes, which were compared with the wild-type strain
D. zeae MS1 in terms of growth, metabolite activity, secretion of plant cell wall-degrading
enzymes (PCWDEs), motility, and virulence. [Results] TAIL-PCR showed that all the four
mutants were produced by the insertion in the same gene, SUCA, which encoded an
a-ketoglutarate dehydrogenase (a-KGDH) in the tricarboxylic acid (TCA) cycle. An in-frame
deletion mutant ASUCA showcased partially affected growth, and its a-KGDH activity was
completely deprived. AsucA showed significantly reduced secretion of PCWDEs and was
repressed at the transcription levels of genes encoding PCWDEs, such as pelB and pelC.
However, mutation of SUCA did not affect the swarming or swimming motility. In comparison
with the wild-type, ASUCA induced weakened hypersensitive responses (HR) in tobacco leaves
and demonstrated significantly attenuated pathogenicity in banana seedlings. The
complementation of this gene restored all these phenotypes to the levels as the wild-type.
[Conclusion] Generation of Tn5 transposon mutants revealed that SUCA was involved in
virulence of D. zeae, which encoded a key enzyme in the TCA cycle. Mutation of this gene
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could weaken the secretion of key virulence factors PCWDEs but did not affect bacterial

motility.

Keywords: pathogen causing bacterial soft rot of banana; Tn5 transposon; SUCA; plant cell
wall-degrading enzymes (PCWDEs); bacterial virulence

T K il 77 [ T (Dickeya zeae), 544 Erwinia
chrysanthemi pv. zeae, A 5L &4 . KHE. D4
A EOR S EH ARV B AN RS & A, R AE
SRR P 3 O™ E T EREEY B,
D. zeae 7 | JE 114 7K e 25 68 9 R 0K 200 T 2 25 8
T Ty S8t R sl 1 0 S R AR K IR S T
KA R EC, fEAEREHLIX, 1 D. zeae 5|
S 1) A A TR M B R I WITE T AR R B,
Bo G AR R E TV . R . R AR
SEHLM s R T E AR RR R R AR ARSI
RIRFERTHE, N E R AE T R
1)

HAr, C s 55 [KFE (Dickeya) iz
Y BF FAEWAH G R ) R E SR . YA
JItd B 2% 7 Tt (plant cell wall-degrading enzymes,
PCWDEs)*7 | /M RGN MiEiz sk
AR RN A5 5 VO R 20 T AR e A1 5E L AN T
BN ] 2 KRB VIR R, R L i
(pectate lyase, Pel)FlI4T-4E K iff (cellulose, Cel)ifi
1 11 B30 22 Gi(type 11 secretion system, T2SS)
72 Dickeya Jfi4h, £ MM (protease, Prt) il
A T 1533 R Bt (type 1 secretion system, T1SS)
PEAT A AR ZAEHUT , W — S Ay 28 A8
HAlSZ ) R EE e, JfEE— 2
U555 A0 TR B ), AngE SR BRI fis B mR 9828
n] /b PCWDEs 7™ Az, AR A TR 0 s 1 A
iz, WA YIREIE B zeamine 5
B A, NI X K R R BN s g
5 MarR ZEJHe s 45 1 SlyA kAR
D. zeae AEYIWIEIL AE T . AT B S8R T
IR, 3F HH: PCWDEs 7= A: 52 3 A [l 74
FERRZ S Ak, RS R A B AR iR
Ji 1 94 775 Al F- (organic hydroperoxide reductase

regulator, OhrR) A 75 Cel M= A, FH- 52 M 241 1]
st AR B SO R A ) A
ERURIE7/E IR

YT P EE TR B R 4R, B R E
HEE IR A1, R B2 W8 RN A 1F
E— 8, I, =R (tricarboxylic acid, TCA)
TEIE R A = A fe f o CilhiRk e, ©fF
i 8 2R I 240 T RT3 e 2 A A R R e 40 LA oA A
AT A RAGFEVD T TG (Salmonella enterica)
H, 24 TCATEFR LA Y 248 S BOHR T BALB/e
ANER E R sty R A T A R fE AR TG TR
(Edwardsiella ictaluri)#f A=, TCA JEIRIEH 28
A R T B B B 0 B S Y E R IG AR IA
(Escherichia coli)', ymdB 248 A] /5 sucA i T~
WKL, —2 SEEYRIY B, fEik
H 4%l 7% [C #i(Dickeya dadantii)H, 2 > TCA 7§
FRELIR fumA Fil sdhCDAB F 2825 U ] 5 541 it P
MR — 542 (cyclic diguanosine monophosphate,
¢ di-GMPYAREREAIC, FEMTEHN Pel 7420, K1,
AW S AT AU TP R % TE D. zeae MS1 1Y
TnS5 %% JE 47 A58 78 (A 5 0 398 5 07 sl 553 119 2
ARIK , PRER T ZVEAERI AT 520 D. zeae 41 1 7 11
F PN [FIR, % TnS R FHiA
A S DRIV A5 ) S A A PR P g B 0 A28 R 5 [l
FNBERRSE 51, A5 S IR B 2 AR e A T A AR
it . PCWDEs 43I FIAH G L PR K 1k K 21 1132 3
PESE TR A A8k, BHERIZIEINT T D. zeae
YHTEEE ST RSER DL A A B O s TR B0
BIL B2 AL 1 D A

1 MHEET%

1.1 #&
AW 5 R AE Y 40 B R AR R R R 1) T
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Z& 1231 H, D. zeae MS1 A AT 2009 4F
RS 2N TR 1 R S 1) A AR L AU 4y B AR B
2 DA TR AR R SORLORAE T AR B AR P HT BOR
HELRE, 80 CIRAFEH; M= AEE
WEALRENEE . 8.

1.2 EHRE

LB 50 (g/L): BERHERWY) 5.0, HEE
1 10.0, NaCl 10.0, pH 7.0, [&{4¥s3: 500
10.0 g/L BifIEH; .

Minimal medium (MM)Z&At$E 35 (g/L):
MgS04.7H.0 0.246, BEHIFREN 2.000, Hillez
0.040, CaCl, 0.011, 10xM9 (Na,HPO, 6.8 g/L,
KH,PO4 3.0 g/L, NaCl 0.5 g/L, NH,C1 1.0 g/L) 100 mL.,
A 1% FR 6 10.0 g/L Biig#

ISR 125 S5 W 1 R 2« il 900.0 mL
AT NaCl 1) LB A FR3E . 50.0 mL MIZRLT %
W (MIERLE 0.8 g/L). 50.0 mL 2% =5 15 v Wik (%
L5k 0.4 g/L); A KA IR HIE 60 °Cla,

* 1 I ERF R

TRA) 3 P I F 180K 35 b ) A

Ve £ e R 5% B (/L) KoHPO4 10.500
KH,PO4 4.500, H &% 2.000, (NH4),SO4 2.000,
MgSO04-7H,0 0.200, CaCl, 0.010, FeSO4 0.005,
MnCl, 0.002, 31 2.000, pH 7.0, [EAL:FREM
10.0 g/L BifEky . MRETHEL, #c LU R ETERE
IR TSI E (ug/mL): PRKEE K (Gm) 20.0;
A H R (Amp) 100.0; 547 K (Cm) 34.0,

Cel ¥l 5 95 3 (g/L): NasP0O4 3.8, ¥R H
T YEE 1.0, BiEMH 8.0, pH 7.0,

Pel Kl 85 5 5 (g/L) : BERE 2 HUY) 10.000 0,
BRI R 10.000 0, Tris-HCI 4.844 8, CaCl,
0.112 5, Bifigkr 8.000 0, pH 8.5,

Prt K 55 35 5L (g/L): BEREREY) 5.0, 40
HE I 10.0, NaCl 10.0, BiigT¥ 10.0,
pH 7.0,

o 000 240 BT VG S0 e T B AR B 5 3 (g/L) . R
E M4 5.0, NaCl5.0, BUIE#H 4.0, pH 7.0,

Reference or source

Table 1  Strains and plasmids used in this study
Strain or plasmid Relevant phenotypes and characteristics
Dickeya zeae

MSI Wild-type of Dickeya zeae

C45 Tn5 mutant derived from MS1

XT20 Tn5 mutant derived from MS1

Q63 Tn5 mutant derived from MS1

XT120 Tn5 mutant derived from MS1

AsucA A deletion mutant derived from MS1

C-AsucA Complementation strain of ASUCA

Escherichia coli

SM10 thi, thr, leu, tonA, lacY, supE, recA::RP4-2-Tc::Mu, 4 pir

Lab collection
This study
This study
This study
This study
This study
This study

Lab collection

RP4-2(Km:Tn7,Tc::Mu-1), pro-82, LAMpir, recAl, endAl, thiE1, hsdR17,

S17-1 reC510 Lab collection
DH50 fhuA2, 4(argF-lacz)U169, phoA, glnV44, @80, A(lacZ)M15, gyrA96, recAl, Lab collection
relAl, endAl, thi-1 hsdR17
Plasmid
pBT20 The mariner transposon mutagenesis vector; GmR and AmpR R6K [21]
pDS132 Suicide vector with sacB gene; CmR [22]
pBBRIMCS4 Expression vector contains a lacZ promoter; AmpR [23]

GmR, AmpR, CmR

PA BN PN 11K NI~ R SR 7K S LR 7

GmR, AmpR, CmR: Indicate resistances to gentamycin, ampicillin, chloramphenicol, respectively.
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o 000 210 TR Ui Sl e T A AR B SR 3 (g/L) . %
BRI 5.0, AEE K 10.0, NaCl10.0, 3
EHr 2.5, pH 7.0,
1.3 EE RTINS

YA TR R 2 DNA 42 BOR50 &, R A e R}
AR ABRAF; JToag el &, & TAY
TR R ABRA A o8 R A i
(a-ketoglutarate dehydrogenase, a-KGDH)Jf 4
B 58 A1 b el o R G, A Ze A RN, (b
F)A MRS A]; RNeasy Mini i &, Qiagen 24
F]; Tag DNA Polymerase ifjfll & )z 2xEasyTaq®
PCR SuperMix, L5 &N EWF AR AN A TR A
F] ; PrimeScript™ RT i8] & J Premix Ex Taq™ II
(Tli RNaseH Plus)iffl & , TaKaRa 23] #7EE
4r¥636E T, Thermo Fisher Scientific 23 H] . 5K
I 5¢ % E 7t PCR 1Y, Bio-Rad 23],
1.4 FEFHANRTEHN~%

Z: B8 Kulasekara P, 4547 Tns
% ) 1) iR pBT20 38 1 RGE 2 & 1 7 AL
{RBHR(E. coli SM10)4%: 53 Z KK (D. zeae
MSh, BAAPIRAEE: D. zeae MS1 HFA:HY
76 LB $53: %7 32 °C. 180 r/min $53834 1% 5
E. coli 7€ LB K5 % 3L 37 °C . 180 r/min 1531t
o TE5 000 r/min 558 T B0 3 min J5, Wk
PR Z R ER SR, AAGIAR
FBTEE LB WARRE 2LV 2 WOFEHIRIT .
W AR A T 32 A TR AR 19 A0 TR S U VR R A 2 A [
ODeoo JfLA 4:1 MILBNES , KHE G SETE
LB [E A5 #7351 IFFE 32 °CIF & 8 ho 15575
IR AT B 277 T LB Wik =&Y, mEA
A BE (10 % . 100 £i5 . 1 000 £i5)J5 VA T a8
20 pg/mL JRRE R PR IR 4% D. zeae
MS 1 B A= B = A 1 TS % 8 116 A 28 A8 IR AR
LB iR R 7534 32 °C. 180 r/min ¥ F5 14 1%
M1 pL AN SR B WAL -5 S s i R
IRk b, 32 CCAMF T &% 48 h; LA D. zeae
MS1 BF A= BIH Tn5 %% 14 A 58728 1R i R Y
Z5 o

1.5 TnS REFPFZEFRAMLSLEE
HR 4 SR, pBT20 74115 1145 5% 51 9 Gn-0a
Gn-la Fl Gn-2a (£ 2); BASMHIIIY
LAD-1/LAD-2/LAD-3/LAD-4 #1 AC1 (3 2)# 4T
PAXIFRACHE PCR (thermal asymmetric interlaced
polymerase chain reaction, TAIL-PCR), J #4H
TnS % B4 AL s 1 383 51) - 55 5 24 A
A7 5125200 2 BE A B L (R 4 DNA $R G R] &bl
Bl 40 DNA, ffi 1514 Gn-0a/LAD
(-1/-2/-3/-4)/F TAIL-PCR 54" 14 7 o Fig)" 4 2 i
AZ(25.0 pL): 10xPCR buffer 2.5 puL, dNTPs
(2.5 mmol/L) 2.0 uL, 5|4 Gn-0a/LAD (10.0 umol/L)
4 0.5 uL, DNA polymerase (5 U/uL) 0.5 pL,
DNA F47(100 ng/pL) 1.0 uL, ddH,O 18.0 pL,
FiY 14 2 v 45 1F : 95 °C 3 min; 94 °C 30's, 60 °C
1 min, 72°C 3 min, 10 ME#; 72 °C 3 min,
1 MEFF; 94°C 20 s, 58 °C 1 min, 72 °C 3 min,
25 MEFR; 72 °C 5 min, F ddH,O ¥ 1.0 pL i
P 1G BN W B SO A5 AR A TS 1 4T
W, I Gn-1a/AC1, %6 1 9 H)%
A Z(25.0 uL): 10xPCR buffer 2.5 pL, dNTPs
(2.5 mmol/L) 2.0 uL, 5|4 Gn-1a/AC1 (10.0 pmol/L)
4% 0.5 uL, DNA polymerase (5 U/uL) 0.5 uL, Fi
P& PCR 7“4 1.0 uL, ddH,O 18.0 uL. %% 1 #&¥9"
B R Z5F: 95 °C 3 min; 94 °C 20 s, 65 °C
1 min, 72 °C 3 min, 94 °C 20 s, 68 °C 1 min, 72 °C
3 min, 1 MEH; 94°C 20s, 68 °C 1 min, 72 °C
3 min, 94°C20s, 50°C 1 min, 72°C3 min, 13 {>
P& 72 °C 5 min, B555 1 50488 SO0 6 R
50 Ve AR VEAT26 2 de B RO, 514Md
Gn-2a/AC1. 5 2 3P BN AKFR(25.0 pL):
10xPCR buffer 2.5 pL, dNTPs (2.5 mmol/L)
2.0 uL, 5[#) Gn-2a/AC1 (10.0 pmol/L)4% 0.5 uL,
DNA polymerase (5 U/uL) 0.5 puL, Fi® PCR
) 1.0 uL, ddH,0 18.0 puL 4 2 %8418 [ W 44k -
95 °C 2 min; 94 °C 30 s, 60 °C 1 min, 72 °C
3min; 94°C20s, 58°C 1 min, 72 °C 3 min,
25 MG ; 72 °C 5 min, 7E5S 2 $8¥ WG KN 7 )
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%2 HRT TAIL-PCR. SERIAEEE PCR AR EFEMMRRETAR. EAEKNSI I RFT
Table 2 Primers used for TAIL-PCR, RT-qPCR, and the construction of deletion mutant and complementation

Primer Sequence (5'—3") Description

Gn-0a GCGGCTTACGTTCTGCCCAAGTTTGA TAIL-PCR

Gn-la ACGATGGACTCCAGTCCGGCCGCAGCCGCGTAGTGAGATCTATATCT  TAIL-PCR

Gn-2a ATTGCCACCGCGCTCATCAATCTCCT TAIL-PCR

LAD-1 ACGATGGACTCCAGAGCGGCCGCVNVNNNGGAA TAIL-PCR

LAD-2 ACGATGGACTCCAGAGCGGCCGCBNBNNNGGTT TAIL-PCR

LAD-3 ACGATGGACTCCAGAGCGGCCGCVVNVNNNCCAA TAIL-PCR

LAD-4 ACGATGGACTCCAGAGCGGCCGCBDNBNNNCGGT TAIL-PCR

ACl ACGATGGACTCCAGAG TAIL-PCR
pDS-sucA-F1 GATCCTCTAGAGTCGACCTTCTGGCTCTGTAGCACACTGT Construction of ASucA
pDS-sucA-R1 GGCACCAAATTCGTCGGTGTTGGTGATGTG mutant

pDS-sucA-F2 ACCGACGAATTTGGTGCCTCGTTGCGG Construction of ASucA
pDS-sucA-R2 CGGGAGAGCTCGATATCGCGTGGTCAACATGGCGGT mutant

pBBR-sUCA-F CGACGGTATCGATAAGCTGCATGCTGTTCGACATCCTGCC Complementation of
pBBR-sUCA-R CTCTAGAACTAGTGGATCCCGGCAGATCAGGGACAAG SUucA

SUCA-JF GATCCGCTGGGTCTGTGG Sequencing of ASUcA
SucA-JR GACAGTCGCGTCAGCTAC deletion

pDS132-F GTTTCTGTTGCATGGGCATAAAG Universal primer of
pDS132-R AACAAGCCAGGGATGTAACG pDS132

MCS-F TCTTCGCTATTACGCCAGCT Universal primer of
MCS-R GGCTCGTATGTTGTGTGGAA pBBRIMCS4

bglA-qF GGTTGGATGAGCCGTAAA Detection of bglA gene
bglA-qR GCCGATACATTCTTCTGGTTA expression

celH-qF TGATACAGGACGACTACC Detection of celH gene
celH-qR TAAACGCCCACAGCATAT expression

pelB-qF GTCCATGCGTACAACAAC Detection of pelB gene
pelB-qR CGTCATAGCGTGAGGTTA expression

pelC-qF CAACCGCTATAACGACGTGAAC Detection of pelC gene
pelC-qR AGACCGGAACTGGTGACATTG expression

prtE-qF CCAGCGAAGGATTAGGTT Detection of prtE gene
prtE-qR CCACTAACGATGACTGATTG expression

prtF-qF CTACAGCCATTCCAAGGT Detection of prtF gene
prtF-qR GTCAGCGTTGATACATAGTTG expression

hemF-F GAAATGGTGCGATGATTAC Detection of hemF gene
hemF-R ATTGACGATAGGCAGATAG expression

HLUK e, A Ak 38 7= W e A T A TR (i)
TR . MR e pBT20 #5158
77 B A R 3l A B9 LR P 41, HeXT D. zeae MS1

ey BR 2 W) kA

LD AR IO AR L E B
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{8 Fil pDS-sucA 5 #(F 2)4 14 sucA Fii#(778 bp)
IR I#(752 bp)AY DNA H Bt sucA E g By
HA{K 2 (50.0 pL): 2xPrimeSTAR Max Premix
25.0 uL, 5|4 pDS-sucA-F1/pDS-sucA-R1 (2 #&
pDS-SUcA-F2/pDS-sucA-R2) (10.0 pmol/L) %%
1.0 puL, DNA #&# 1.0 uL, ddH,O 22.0 pL, §"
14 20 24 : 94 °C 2 min; 98 °C 10's, 57°C 15's,
72°C45s, 34 ¥ ; 72 °C 5 min, F|FfJG4%
v B &0 DNA R B 20 Pst T Al
Sph I XUV pDS132 #0044 |, g i & 20
$i(pDS-sucA) . & pDS-sucA 1k % E. coli S17-1
G, S 1.4 SRS 7154 pDS-sucA #%# &
D. zeae MS1 K15 — IR ACH IR MR 3 — IR SR I MR
16 LB A 72 3 32 °C . 180 r/min #5355 24 h
&, BRI R R(10. 100, 1 000 13%5) M 4 #
BVRWOR AT T 10%BE0E Y LB [BRRE 23 -
i IR ACHR MR . [ sucA-JF/IR 514EA T
W% PCR, ik 5 B Bk B JCh o 2 K 1Y
SUCA JE [R] fi B 28 A8 1K .

f#i FH pBBR-SUCA-F/R 5| #J 4" ## D. zeae MS1
S LERIAY sucA JEA SERE Gt P41 . B HG SOw AR
#(50.0 pL): 2xPrimeSTAR Max Premix 25.0 pL,
2% pBBR-sucA-F/R (10.0 pmol/L)% 1.0 uL,
DNA AR 1.0 uL, ddH,0 22.0 pL. 434 2 b 2%
4. 94°C 2 min; 98°C 10s, 57°C 15s, 72°C
45 s, 34 MEH; 72 °C 5 min, i FFICEE valE
WA S 4l fb ) PCR 718 H BamH 1
1 Hind 111 WEFYIH pBBRIMCS4 #ifk |, %
W14 B A okl o DR A T IE RS S & sucA
F R r bR 2 AR p ] MCS-F/MCS-R 514
AT O e FEARAR MR R PR o AR 2R (25.0 pL):
2xPrimeSTAR Max Premix 12.5 uL, 5| ¥
MCS-F/MCS-R (10.0 umol/L)$% 0.5 uL, DNA 7
#2 1.0 uL,ddH,0 10.5 pL. ) 2544 : 94 °C 2 min;
98°C 10s, 57°C 155, 72°C 45s, 34 MEH;
72 °C 5 min,
1.7 HEE KL aNE

B EE S 77 11 D. zeae MST B9 A 7 JE R

BRISAEIR AsucA. [HIRME AR C-AsucA 4l 45 5%
YIREE ZE ODeoo M 1.0, FF4 1% 3R B4 Fh E)
LB z MM &R 3234, 32 °C, 200 r/min i#
SE8E3E, 43R 2 h i H ODggo. RIS B 3 K
HEYEELE
1.8 o-KGDH &4 a5 E

¥ D. zeae MS1 BFA= R | FLIA R R AR A
AsucA. [EI#MEGRE C-AsucA 7 LB W {445 35 3t
323 % ODgoo=1.0, 7E 5 000 r/min 518 T &
O 3 min AR mIRFIEE & A 1 mL 2
BORITE Tk b, S B30 W, T
£ 5s, [EIf% 10 s) 3 min; 4 °C. 12 000 r/min &
0 10 min FRIEE FIEWA FIEENE . S8
a-KGDH 15 1 i 28 41 Eb €0 30 72 3570 0 106 BH 45
E B 1) o-KGDH 16 1. iR E 3 AEY
A,
1.9 PCWDEs &N E

225 ELRAE A FAR I 5 7250 %2 PCWDES [1)
TEPEL 2728 M AR RIS M E R 7RI (30 mL)
BIATT AR (120 mmx120 mm)Hr, 7EiE
A AT FL(E AR 5 mm), ZEEEAS LA 40 pL
O D. zeae MS1 BFA: Y | JE R R R o828
1A AsucA. [ %M E Bk C-AsucA 15554)(ODeor=1.0),
32 °CCEFEREFE 15 h, Cel Kl B335 0.1%HM1
AT Ju(t 20 min, F-FH 1 mol/L NaCl #3E 2 ¥k ;
Pel Kl 15 35 5400 A 1 mol/L HCI #E47 B (%, ; Prt
For i 35 75 LT — D AR 3, I R AR K
B R E 3 RAEYFER .
1.10 ZHEDEENMEFNAzEEN N E

SR SR 3 00 5 20 RT3 sh e A sh v o il
VARG 0 40 T8 T s BE 1 A AR 92 55, %% 1 uL
D. zeae MS1 HFAE Y | JE R B BR 28 A8 KX AsucA
[ KPR R C-AsucA 1555 H1(0Desoo=1.0) 2 322 75 [#]
RS L, 32 °CHEE 12 h JEEH s &
1o VRSN 20 B Vi sl RE ) 0 AR 3R 3
1 uL ZH B 353299 (ODgoo=1.0) £ 33 7E [ /A -4l
L, 32°CHFE 12 h Je il Hish 515 ik
B3WEYEERL,
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1.11 RNA HJ$EBLH RT-qPCR

¥ D. zeae MS1 BpA= 71 | FEIA R R AR A
AsucA 7£ LB {41 77 L h 15 9% 28 ODgoo 4 1.0,
FE 5 000 r/min 25/ T &0 5 min IAEREK, ff
JH RNeasy Mini =55 & 52 BCAH TR A9 RNA . fifi
HA YK FI R S 4 Y6 E BTG I RNA 58 261k
WeESE . {47 ¢gDNA Eraser [ PrimeScript™
RT #2458 cDNA, L 100.0 ng cDNA fEH
RT-qPCR 5t . WK FR : 2xPremix Ex Tag™ II
12,5 pL, BENFE 55190 (bglA-qF/R, celH-gF/R,
pelB-gF/R, pelC-qF/R, prtE-qF/R, prtF-qF/R,
hemF-F/R) (10.0 pmol/L)#% 1.0 pL, cDNA 100.0 ng,
ddH,0 #h 2 25.0 pLo i 4544 : 95 °C 30 5595 °C
5s, 58°C30s, 40 MEI . RT-qPCR Z5H )5,
HEH T Z RN . LA hemF JEFEAE K N
S A 27 W T B AR SR DR R X
Tk,
1.12 WEMRMEESS ENEHMN
M ZE

¥ D. zeae MS1 HpA Y | F PR il b R AR A
ASUCA . [Nk C-AsucA 7E LB W {4 ks 5 3t
Ri##3d %, 5 000 r/min 4544 F &0 3 min J5 UK
LRI T EIET ddH,0 8R40 14 1 55
Y& ODeoo K 0.3, ffi H—W ML AR (s k)
¥ 100.0 pL 2R 5 2P AR E Frs DL
ddH0 Ay RV BT BE . BEFh 24 h ), Mg
JH L e R R REAR 5 IR 3 AR E A

FEFAEBURMERI m, EEEAERK -8
A, R — RS 28 G R R)%F 200.0 pL
Y TR T S AR, s FiRE
FEOREE 25-30 °CIY IR, & IMESRIRIT T 7 d
JE ST KRR TENL s AR ddH0 41 1E 4 1]
PEXTRE; IR E 10 RAEYFEREE . KWW E
FERE AT R 0—4 SRR A 0 TRk
BUEAR s 1 FnZE3BACTF 25% 0 T AR B AR
FER 3 2 87 25%—50% Aty 2235 1 FH HE P 40 e
MR 53 TR 50%—75% 1) Z5 3 T B BUAR B AR 5
4 IR 75%—100% 1) 25 FR TR H B RE IR

TEHREOTE AT « a1 48 =02 (& i Ml ik Bt >
X IO7 B 905 S5 4% )/ (RELAR 6. 850 4) 1% 100
1.13 St o

i FH GraphPad Prism 7 B4 F34E |
PR 25 25 57 W EMER I S S b, )
R 220 MT il AT 2 55 B TER IR .

2 ERE540

2.1 TS HBEFRANLEAEESER

7E D. zeae MSI (1) Tn5 % )8 T4 A 578 1K
PP eS| XT20. C45. XT120 1 Q63 i% 4 4
BRSS9 SR, SRR EEAE R B P (TS 4
A sucA JERIRAMAXFER I BE A, B
P2 B E X MAEYR B D L, w5
NMDCNMDCX0001751, https://nmdc.cn/resource/
attachment/detail/ NMDCX0001751). % 4 i~ Tn5
B PR T4 N\ G AR AR A W SR 21 -2 T 8 W B R L
RBUR BRI R, AR TR AR, Sk
PR AR /N 2T H B8 (TS i A sucA
FE R 9 A AR W SR 21 -2 T 17 5 S 19 TRV
TEAARALE A, 4’5 NMDCNMDCX0001751).
i R AR R ZE [N 4] DNA #E47 TAIL-PCR #*
Ha . WP R, TS ¥REFFEIZ 4 DRA RS
IR A TR —AFH sucA R R A
XT20, 55 1870bp; C45, %5 1923 bp; XT120,
252241 bp; Q63,55 2373 bp (Kl 1A).7E D. zeae
MS1 JEF A, sucA F [ ik 7 52 HE (open
reading frame, ORF){: & A 2 808 bp, 4wl 935 aa
MW o-B 8 R AW 5y RN
D. dadantii 3937 B Fk i sucA % [H ¢ 51 L AT 89%
HTR] A o sucA BE[R T2 404l T A 1A H AT
FHAUA T, SucA HIFFIM RS K B W5
2 Wl 52 [C 1A i (Dickeyay) g RR AR AT 37 )&
(Pectobacteri um) B i 14 15t 1% 1 25 fie 3 HL AT 2R A%
— AR 3, st X 5K AR
(Erwinia), Y75 [K )& (Escherichia) . 7 75111 %
i# )& (Klebsiella) . i 1 [ J& (Enterobacter) 55 14
RN R R W] B B A5 3 X 40 (K] 1B),
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A
D D D D DD

sdhA sdhB sucA sucB sucC sucD

—
0.05

1 ToSHEETHANSUCABRRRERGZLZEN SN AJREEIRI/R Tns § % 14 A D. zeae MS1
sucA JE A FIAL AT, FROVHET Sk 72 A 700 2R R IR XT20, C45., XT120 H Q63 KM A 5(; B
BT SucA EHAFIIR ARG K EW N, WS T %5465 N2 GenBank #5815, 733 FAYECU
FZ H: bootstrap (H (VLA 7 IWEAEIR), A3 RECTAUFRIZ A 59 73 ST AR A BE DR AL A8 53 8

Figure 1 The sSucA gene inserted with Tn5 transposon and the phylogenetic tree. A: Schematic of the
transposon insertions at gene SUCA within D. zeae MS1 wild-type, black arrows from left to right represent
the transposon insertion sites of mutations XT20, C45, XT120, and Q63; B: The phylogenetic tree based on
SucA protein sequences, the GenBank accession numbers are enclosed in parentheses after the Latin name of
the strains, the numbers at the nodes of different branches in the phylogenetic tree indicate the bootstrap

values that are displayed in the form of percentage, and the number of scale bar indicates the variability of
the gene sequences represented by the branch of this determined length.
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2.2 sucA ERERLTXT o-H K — B S B
JEMEREE AR RN

METF D. zeae MS1 H7A: A JE IR fi R 28 A8
A AsucA 119 o 13— TR 5 S I G P 58 4 ate Ok
X 5% 5L R U A A W T R — B0 190D PR R
C-AsucA 11 ol 13 — i Mt I 77 1 D) ol &2 &
5 A RUAHE K- (B 2A) 0 XTSI A= K 1)
SN 7T, BFSE KPR AsucA 7E LB R 5L 40
T A A 9 A Y A R R[] R R R B — R
JERREAG; 7EAERK S WIET AsucA B: 3911
ODsoo A 1.50—1.60, HF A= KU1 C-AsucA ) ODeoo
J351h 2.06-2.20 1 1.95-2.08 (& 2B). 440
1E MM B3R 5erp 5350, AsucA 7R AR B
—EREMARKEER; FEAK 14 h EiR4E
KA &S W, AsucA ik 3 5 B A4 BRI C-AsucA
2T 1) A0 T A K (R 2C) . SUCA ZRAZR ] 5E 4
3R D. zeae MS1 19 -l 13 — 1R i S G 14
BALE—E FE R R g e AR K o
2.3 sucA EFEZRITE(R PCWDEs By 537

M T D. zeae MS1 H A=, AsucA 7 &
SEMR R F7 5 19 Cel | Pel i1 Prt BTG PE4> HIREAR T
44.25% . 40.60%F1 97.48%, 251k EE K-
(P<0.05); C-AsucA & £k WK PCWDEs i 4k &2
2 58 A RUAR LA KO- (] 3A-3C). sucA JER Xt
TAEAEME VAR E NN 73 PCWDEs HA &%
YEF, RT-qPCR 4r#rti A sucA JERI AT 52
M 4h PCWDEs B[R 4% sk 3Rk . AHASEY AR A,
it Pel FZEIK pelB F1 pel C 75 AsucA H % 55K
VBRI HE, sucA LRSS RS Cel
) bol A 1 celH JE[K | 4afih Prt (1) prtE Fl prtF &
DR 18y 2 Sy iR YA 7= A W B i VR (] 3D).
2.4 sucA ERF T A0 EIE BT

TEAN T iz sh )7 1, D. zeae MS1 HF2E T35
B R TR S E AN s . AR TR AR A
AsucA FII SR sl R 2 B0 AR A2 Bl K
S, [AIENE R C-AsucA 5 305 B A TR B A0
18 B RE F7 (] 4) . sucA JE IR A i B 2% 738 3 R B AR
21 B BT sk A sl

60

Active unit (U)
=
o
T

o]
<o
T

MSI1 AsucA C-AsucA

25 - MSI - AsucA — C-AsucA

0 4 8 12 16 20 24
Time (h)

L5 —«MSI  —=Asucd — C-AsucA

0007574 6 8 10 12 14 16 18 20 22 24
Time (h)
2 HEN Bk B SEEE MR E KRk
A: D.zeae MS1 BFAERY | FLIR BRI AR A AsucA Fl
[P BR C-ASUCA 4 ol 13— RIS S0 MHE 1 25 57 5
B: 4#7E LB B SR AL NG R AR K th 222 575 C:
MR AE MM B SRR G IR A AR i 2R 25 57
Figure 2 Bacterial o-KGDH activity and their
growth curves. A: The difference in activity of
o-KGDH among D. zeae MSI1 wild-type strain,
in-frame deletion mutant ASucA, and the
complementation strain C-AsucA; B: The difference
in bacterial growth curves when they were grown in

LB medium; C: The difference in bacterial growth
curves when they were grown in MM medium.
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A B

2.0 _ 15- 1.0f —
—_ | —_ === — 0.8
- = * =
% 10 % % 0.4
E 5 os 8§

®
0.0 —
o4 MSI1 AsucA  C-AsucA e MSI1 Asued C-AsucA MS1 AsucA C-AsucA
Cellulase Pectinase Protease

D

1.5

I MS1 0 AsucA

=]
.2
LT 1
‘% 1.0F T T T T
-
L5
N
=
£
ﬁ 0.5 *
2
§ *
Lol
) i

0.0

blgA celH pelB pelC prtE priF’

3 EYIMMRERERE S W REXEERENESR

A:D. zeae MS1 By 4= BY L R RiBA 28 A8 & AsucA

AN R BR C-AsucA RILFHERBEETE; B: RILEUBEHGTE; C. EAMSEIE; D HEY) 40 1 BE i i
St HE R Y 5% 335, blgA Fl celH % Cel, pelB F pelC 4t Pel, prtE Fl prtF 4ifid Prt.

Figure 3 The activities of PCWDEs and the expression of the related genes. A: The activities of cellulose
(Cel) secreted by D. zeae MS1 wild-type strain, in-frame deletion mutant ASUCA, and the complementation
strain C-AsucA; B: The activities of pectate lyase (Pel); C: The activities of protease (Prt); D: Transcriptional
expression of genes encoding PCWDEs, blgA and celH encode Cel, pelB and pelC encode Pel, and prtE and

prtF encode Prt. *: P<0.05.

2.5 sucA EERTAIFMARELIES
TEXT AR AF IR EL A o ek v B, D. zeae
MS1 B A B I He b AR F v )5 A AR
URFE G W (W R R SO, 2R AsucA W4
T R A B 055 A e Bk B g, PR (R 1)
F 250 (K 5A); C-AsucA A YK IZ 588 fA
TEAR R g5 T A e v S N, B RE T o FEXT 7
FEHFHEMEOFME Y b, Bl D. zeae MS1 ¥
HEFRIFT C-AsucA MIFFELTTE 3 d JFHn 2

AR RO AEAR , HARSR BN R 2R R
WAHM IRk sx; FEERN 7 d R, ZREERAE
2 C 2HU R AR, HERIUNIRZEE
K4 ARG M BUKBURIREE, Bt R BLH A .
il 25 H RN IRBE (B 5B). A L, B2 AsucA
MEEAEAE 7 d JRTIRRBUBRIERE, 1Edk
Foft Kb oAt B BT S 8 A P R A IR (] 5B) o
A 7 d )R, FELE AR E AR AR
G 2% B S A TR [ e T R ] 5 S 48 2 42 o 4
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Diameter (cm)
A~
T
Diameter (cm)
S~
T

MSI1 AsucA C-AsucA MS1 AsucA C-AsucA
Swarming Swimming

El4 @EEsiE A: WshaE)); B: WFshae ).

Figure 4 Bacterial motility. A: Swarming motility; B: Swimming motility.

A C

- Tl \
- . =

Bl 4 level 1 level
[ 3 level [0 level
2 level

AsucA ‘ C-AsucA

> Jo oY, P

Disease index percentage (%)
W
|

MS1 AsucA C-AsucA

5 MEEAMSHMEREMBFERNUE  A: D.zeaeMSI1 B4R | FEKRFR S A5 1A AsucA Fl[E] b
PR AR C-ASUCA FEFPIHIN 24 h J5 It BCPE SN 5 B AR HM A4l 7 d IS BRSO 5 C: b 7d
JE B AR K ™ R S R oA, 04 AR R B S F] S 4

Figure 5 Determination of hypersensitive reaction and pathogenicity of bacterial strains. A: Hypersensitive
reaction on tobacco leaves after 24 hours of inoculation with D. zeae MS1 wild-type strain, in-frame deletion
mutant ASUCA, and the complementation strain C-ASUcA; B: Pathogenicity on banana seedlings after 7 days of

inoculation with tested bacteria; C: The distribution of scores of diseased severity of different banana
seedlings after 7 days of inoculation, 0—4 indicate different scores reflecting the diseased severity.

B IUAEIR , 7 BREEFPEF A RIR A IR B T 3 2 IR0 ) (18 5C). i BT A= BUAI [l 4 I R Y A
PAERIREAR, 5 BREEFHIEANARRIIAEIA R T 390 A I I 15 200051 62.50%A01 60.00% , 4%
PAERYREIR s H5Rh AsucA Yl R I BUAE  Fb AsucA A& B 15 45 808 0.

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



FeAE A | TnS B T4E N o7 I T S0 55 R sucA xR 440 T 1k U8 9 T 75 0 1) 52 2119

3 Wik

TCA TR ZLL ARG A SRy, i
8 FA [ lbp At Ak B — 20 SO, e 22k LR I £ PR
F1 2 389 CO, (https://www.britannica.com/science/
tricarboxylic-acid-cycle), LA W5 & TCA Jx
o7 Aok A v i 1 i A B R ] 7 A A 7 A T 4 2
PR AE P T B . 2 00 200 o ) 2 25 5 i
FEANEL0 IR B S T o 7 S5 20°0 SRTT, 5
FE 095 B A TR TCA PR DG 0 B 5% i D) 3
B, AUILE] TCA JEFR AT 52 0 Al 05 I A T T 7
15 4 i 1A 25 73t 20 48 P (Pseudomonas syringae
pv. tomato)X i I+ 1B SIPHLA K D. dadantii
XFR I3 Eh 4 i a0,

TE TCA R, o-KGDH 2f#4k o-fii
I8 R A AR SN B DGR, A TR BB 30
WG A F1 CO,, [HIHERE NADH (1774 ;
o-KGDH filt = 2352 ) o- 7 13 192 [+ 355 0 Tk 1l il
A W54k, o-KGDH J&—F i E1. E2 fil E3 i
SILRI A A E G, b E1 WAL sucA 2
4wt . Zhao %L BT sucA JE[H A5 £
Zh 25 25 {0 #T 1 (Paenibacillus  polymyxa) X ik i
R AR A AR A B AF1E 3. 18 E. coli i,
sucA JER AR T B 5 TCA JEFAHCH)
Tt 1 T RN PG ik B YT 2 T E ymd B
LR AT R R R, R RS 2 T AR )
BERERIE B . REARBT A R 250 dH AR
B L 24 4 S A TR R AL Y A8 AR W] T sucA S
RS9 7 e, Yi PR A sucA
S S NI AT TR P N i (Y 3 o
(Bacillus thuringiensis, Bt)xf B HUE 8 77 4R,
FF sucA FERE F T 40 B T AR AT dR ds
R R 1 AR LI S R TR AR e i 4 T Y
Y IIRERIA CHGE . L, ASHFSY IR AR
FEY097 20 T T JR8 T sucA kIR Y A= 27 T g
WEE, BHHIZ LX) D. zeae 40 B 5% J1 52 0 Af
R — W5 TCA A PR R4 240 T AN 25 A
H RSB SR, IF A e T v SO B

PR 0% DA

A B 5 30 o PR R 5 2 728 A ast A% EL AR 2
BEIGIE 7 U B T SUCA TE B A8 41 1A 1k S0 0 Tl
D. zeae MS1 H [ YeiE o-KGDH Az B FIE M 11
HEYIHE(E 2A), 1F Dickeya i, D. zeae MS1
5 %531 58 [C & (D. chrysanthemi), D. dadantii .
J7 Wik g 73 G I (D. fangzhongdai ) 1 73 11 5 [
B (D. solani)fy fLR M kY SucA ¥4
SR SR, MRIEE S 96%-97%. SER
JE B 73— B 51 Pectobacterium T #ki# 17 L
XF, & Bl D. zeae MS1 [t SucA & [1/751 5 #] &
N SRS (P. - carotovor um)Fl 22 3 68 S e AT 7
(P. versatile) i A3 M T bk R AE AT 4 i (R AR AL
PE(88%). /R4 SucA HEFFHN I R G K BB
FH] Dickeya Fil Pectobacterium 5 74 H HoAth
JE AN HA W WX 5], D. zezae MS1 5 Klebsiella,
$71 1% /R #i )& (Raoultella) . Enterobacter . #i#5 iR
¥F i )& (Citrobacter) . 701 [X 1% J& (Salmonella) .
W JE (Shigella) . Escherichia. Erwinia
Edwardsiella 5 A [a] J& AR HHRATI IR BA B
HIAH LI (83%—-89%), D. zeae MS1 5 HiA H &Y
2 T 1N 56 ' A1 B 7 (Pseudomonas fluorescens)
WA AT FP AR AR (59%) o X BEF AT sucA JE[H
TEALHE E. coli 7E N M AT A H A& ) iz 278
HBHORSY, TEIZZEM T Al Re EA AR 7
FYERMLE . ABFFAE TnS 5% )8 T4 A 288 K
JE v Bt AL T 32 1) 2214 A B sucA S R A [A] 437 A5
M5 |2 B 7 58 2 9k 55 A 28 AR 14 5 R, T sucA
i DAL 5 W KL 9 Dt 40 T B 0 0 B 9t R DR O
kil . B, AR #E— 20 70 sucA LK 28
725 ek 5553 A4 TR PR S s TR B ) SR — 28 s T I
FHE

T 240 R 50 5 T i 55 ) I PCWDESs
Hr, T2SS 23U Pel I Cel 23 AR 5 AR 1Y
“HER KK F37BO T T1SS 43 Pre (AT B SR AE
0 A4 R 1) e e e S e D TR A A B 1T 1Y
TEPERT, ZEARAEGEH, sucA SRR AR Pel |
Cel il Prt ¥ I 29k /43 Wk, 2R AR 2240 AT BE
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& SUCA JE[R AR IR 1) ) A R i E i [
AR FEY, D. dadantii Hr4hs E B R R Y
fumA Fl1 a3 H1R I S B sdhCDAB 45 TCA 1if
RAH S R A AR P R N c-di-GMP 197
A IR Pel M= AR I EE AN R T AR
RINI) sucA FEN AL PCWDEs 73l i 2%
B XTit, AW T c-di-GMP A il 6 i
fiff — 5 F R AL i (diguanylate cyclase, DGC)HY
Gl I N gep ARSI i SRR AR L, R B SE
TE S AR A 15 By A 7 8] I A 3R B S e S 3Rk 22
5. 7 D. zeae /P, DGC [t g s
15 F [H ¥ (integration host factor, IHF)2f it A%
c-di-GMP 7KV, 52 e 40 o B i S A Pel
5 Prt (TEEP, SR, ABESE & B sucA B
W B 5 AR R () Al T iz Bh M9 R 5 PCWDEs —Ff:
ZHNFZA,  sucA J R i 55 2 725 1A 1 240 T 9 sl ik
st SE AR T B 225, HRARL
40 i3z 8l . D. dadantii (9 fumA Fil sdthCDAB
B JE R 228 0] e c-di-GMP (1) L N 7K SF 3 5%
M) H iz s RO, sucA FE IR Y 2 78 ) 3 K 52 i
c-di-GMP A B CHE B R gepA 3Rk 40 T
ik, i, 5 fumA 1 sdhCDAB % TCA #
FeFEPIANTA], sucA Xt PCWDEs 43 Wk FY 52 1] i 2
A A AR IR AR R S . JE 22T i sucA 5%
Wi D. zeae 43 PCWDEs AYVE FHLEI BT 5T 0] 1k
— A58 TCA 8 PR 81 40 B 1 0088 s 71 1 2
K AT 1405 T A LRSI B T E 40
TR BT o i 3 B 2 %) 3 S

TCA 0 3= 2232 21 AT FH R i v B i il 2
B AR R4 R T S5 TR R R, AR A RO o AR
& A Z RN R g A B2 5 s d 2 A
IR ZREMIINRERPY o I R S AT A4 it
A P SRR ™, -l IR AR B
S R BRI B4 LR 10 sucA Bk R g g A ]
S o-fi I BRI FLER, S ] BE S B0 A
AR 8 o A S S HAE 7 AR E
B . iU, BUREREZ, WRREHER T
B [RI, sucA JE R R AR T g

SEIE IR E S LIRS e 2 b Al S
ZE T 5, £135 PCWDEs A4 A5 %
5% sucA %1 D. zeae # 1 [F-F PCWDEs 431
BOVE R AL AT SE 83 - — FRF B 5 AT
WS B R 2l PCWDEs 090 W i 3 /b

4 Z

AW R TnS B V8 74 A 5 AR A 22 i ik
BV R AIAR S — 3 HL B ) s G 4 4
ZRAFK, TAIL-PCR %58 3% 4 ALK M4
A SUCA FE R P72 A= 1 sucA Fi D] f a3 28 78 3 fifi
N Y o-KGDH 3% P 58 42 3 2% I 18 2% ok /D>
PCWDEs #9451, 1 T R AT 2 BR7 T 08 i () 2
YRS AR BN TE; 57 D. dadantii H1
38 2 4~ TCA EHFE A fumA i1 sdhCDAB fi4 3
fie AN [\, sucA B A5 |2 PCWDES [ 43 WA,
WA A B IR s A sheE fr . ik, WA
TCA FEHAH S FE R 0T 40 7 1 (10520, al oy
i — 2 50 35 A TR 2T 9 TR E0HE HIL T 4 R B 5
WA
YE & Tk =

PEmAn . SO0 eidh, 4% TS 00 S it Al
B abr, wXwimiEs; kot F£WSLm
SClE B AT, I SCHIRRRE sy A
WS, B B0 S0 St AL A3
Brs W/ TnS RASIREM A, FEDH AR 2R
RN IR AR AL s XIPF . SRR SRR
S E f: PCR R 5 AREENE . H5Hh o0 By Aie SO
B 51T A8z BB R SO 1 5 &
115 5Kk RSN, BRAE 43R,
WIXIRIRE , CHRS5BIT,

16 A 25 oF BT = WA

VR 75 W 4 JCAT AT ] B 23 R M AR SCPIrff o
TAERE AT R 2 8 AR
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