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WE. HESSURMAMITE (APEC) AEL7 & AEL7 ARyhB HIERE EFIH Red ﬁ%ﬁéﬂfﬂiﬁﬁﬁu&%ﬂ%
AE17 AcysE AE1T ARyhB AcysE , X EF A BRI FRIBRC bR B A= 4 A= W0 BB B0 RN2 shARe i AT 4087, 3R A qRT-
PCR AR FEB T A BRI B2 b 518 Sk A= W IRIE AR 5 BE X 1 3% s oK %%Er,%@ﬂ@k%&fnﬁ
EFZ5AELT ARyhB AE1T AcysE (AE1T ARyhB AcysE "W IRTE B RE J1 88 AE1T B35 F [ ; AE17 AcysE | AE17
ARyhB A cysE S8 E1RE S5 AELT MIH R R AE17 AcysE AE1T ARyhB AcysE 5 AE1T M1 fIRB  flgD fliF F1 cheY %
SRIK AR, T AELT ARyhB AcysE 5 AE1T AcysE AH L3 RN #% 5K F 376 Fr 3 i ; AELT ARyhB (AELT AcysE |
AE17ARyhB AcysE 5 AE1T HEL kD flgC sidA K BE AR, R cysE SRR FRIE T APEC EW bk
JEIE Wi fie 1 Mz shie 1, H RyhB FERIBRIRXT cysE e )iz sh i 1A E A REEVER, RyhB | cysE J R Y438 13 17
W5 A T A IR (IRD  flgC \sidA) 5% 5% /K T4 APEC AW EIE IRE J1 , AR 5T 45 R N BF9E RyhB-
cysE FEPIX} APEC RYTRE/EFZEE T 560,

KR BEURMEKRGITE; RyhB FH cysk L, AYE,; Bt

FESES: S851.3 MHFRIRAS: A MXEHS: 1000-4440(2020)05-1247-08

Effects of RyhB-cysE gene on biological characteristics of avian pathogenic
Escherichia coli

TU Jian, RUAN Yuan, CAI Wei-zhen, SONG Xiang-jun, SHAO Ying, QI Ke-zong
( Key Laboratory of Veterinary Pathology and Disease Control and Prevention of Anhui Province, Anhui Agricultural University, Hefei 230036, China)

Abstract; Based on avian pathogenic Escherichia coli (APEC) AE17 and AE17 ARyhB, gene-deleted strains AE17
AcysE and AE17 ARyhB AcysE were constructed using Red homologous recombination technology. The growth, biofilm for-
mation and motion characteristics of wild and gene-deleted strains were analyzeds and qRT-PCR technology was used to com-
pare the transcription levels of genes related to motility and biofilm formation in wild and gene-deleted strains. The results
showed that there was no significant difference in the growth curve of each strain. The biofilm formation ability of AE17 ARy-
hB, AE17 AcysE, AE17 ARyhB AcysE was significantly lower than that of AE17. Compared with AE17, the transcription lev-
els of fIhB, flgD, fliF and cheY in AE17 AcysE and AE17 ARyhB AcysE were reduced, while AE17 ARyhB AcysE had en-
hanced gene transcription levels compared with AE17 AcysE. The AE17 ARyhB, AE17 AcysE, AE17 ARyhB AcysE and
AE17 fIhD, flgC and sidA were significantly reduced. The results indicated that the deletion of cysE gene reduced the ability

— of APEC biofilm formation and exercise, and RyhB gene
fm B #5 :2020-03-07

BE&TH :HRARR R ERA RS (31502038) ; HZK
HARBRA R G R H (31972644)

TEEEA . f(1980-) 9 DU R DN T BlE0e, 15 film formation ability of APEC by regulating transcription
I Yy 5 5 6 B % A W B A WSS, (E-mail ) tu- level of genes(fIhD, flgC and sidA) related to biofilm for-
jian1980@ 126.com mation. These results of this study lay a foundation for stud-

BIFEE AR 5%, (E-mail) qkz@ ahau.edu.cn ying the regulatory effect of RyhB-cysE gene on APEC.

had a compensatory effect on the regulation of cysE gene’s

exercise capacity. RyhB and cysE genes regulated the bio-
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Key words

BEURME KT (Avian pathogenic Escherichi-
acoli , APEC) J& M /N EUR I KT |, ol LA 308 28
B 4 B MR e R R A Bk R &k, [
APEC P LLaE o B R R e A 9 2n N2, = NI
HNEURPER AT T BE ) B TR A7 15 32 s
X APEC P58, AMUA B TR 80k i & e, B BAT 5L
RAFETA LR Y R, B4
IEBINF T RNA 25 TiE 2 A arid 72, Hoh 46
S AR R EE R A
A TR BN 2R gt LA R B0 TR I B0 7 R 4
il RyhB 1E A /N4 F RNA, J& H A B 50 8 4% 14 48
mRNA ¥t H 2, HAE  CHE A G 7> 2 5 RIn T
PRI 22 PR I 4 7 A AT 1) 800 2o A v A A
PERY . AR T O A 8 AE17 ARyhB JFilE1T
Label-free 2 1 2H "7l 7 N2 A= W17 B2 000, 0 32 3
RyhB £ 5 RNA 148 Hfq L FIFEIEE cysE?

CysE(Serine acetyltransferase ) £ A& T2 5
TGRS AL Bl TERUE D 2 5 G ke ER . TR
TR RS 2P EIR 52 SRS 40 A
TRALYIITEA Rl e R e — 28 A W oe & ik
BT IICER , Bl R 2 R ,— L4t R4 R
AR R ER S 56 M, RMEARAMZSS
IR B U [ it 2 5 S A PR A AR
SR AR A K B,

AT HH Red 20 H R AE AEL7 | AEL7
ARyhB WEERN I, #E— 0 #h g T BE R R Bk AEL7
Acysk  AE17 ARyhB Acysk , 31 He 3 EATT 8 A 4 il
2 Js st AEYIEOE LR ) S A W A R 25
IR H qRT-PCR FEA HOREF A #R R BR R bR oz
e AT BORE DG JE DR Y 5 K F- SR IFSE
RyhB-cysE 3 [N X APEC By ¥ 4% 1 I DL &% 8 7R
APEC Y ZiHLEE 285 Bl

1 MRS I7

1.1 FZEiReH#

1.1.1  EH FAEZEF  APEC AE17, A SLHK
FORAERT O, LIE AU PR 53 B #k ; AE1T ARyhB HAS
Sy 2% H A 2. Red [W) R 41 B SR,
pKD46 (2 N &R i) . pKD3 (#5741 vl g FLP H
A BFRBIN FRT 780, 88 ZPitk) . pCP20(42 C

avian pathogenic Escherichia coli; RyhB gene; cysE gene; biofilm; motility

A5 FLP ARG, FHTIHER FLP {7 s8] 1 s R
PUPESEDR ) 349 L2 A 2 15 B g BRAE 2 5
PR RS E R, AR AN E
EN 2t 30 E/ N S 1N AUV =g DR TR
SRR R AL R G W A AR T AR TR (R ) IR
A BR 2 A = 4% B Phanta Super-Fidelity DNA
Polymerase, AceQ© qPCR SYBR© Green Master
Mix W FiaMERE A YR A FR A F]

1.1.2 514 e9at 56 & MG GenBan & 1Y
APEC cysE R FF 1] (1D:4493517) , 70 9l T
Y1 cysE FEH LR THEF S 2 X519 cysE-U-F/
cysE-U-R il cysE-D-F/cysE-D-R, T3 84 ot 5
51 : cysE-cm-F/cysE-em-R; B it B T %6
RyhB .cysE R FER 2 X519 : cysE-IN-F/cysk-
IN-R. ¢ysE-OUT-F/¢ysE-OUT-R, RyhB-IN-F/RyhB-
IN-R .RyhB-OUT-F/RyhB-OUT-R, LA 5191 (3£ 1)
By b5 BETE AR IR BR A B8

x1 XHRAIGEY

Table 1 The primers used in this study

s B (53 (ﬁ’f)
RyhB-IN-F ACCCGGCTGGCTAAGTAATAC 157
RyhB-IN-R CTTTCAAATGCGAGTCAAATG

RyhB-OUT-F CTGCGGATGTCATAAGCG 1 029
RyhB-OUT-R GCACCTGTAGCGTGTTGTA

pKD46-F GATACCGTCCGTTCTTTCCTT 888
pKD46-R TGATGATACCGCTGCCTTACT

pCP20-F TTAGTGGTTGTAAAAACACCTGACC 409
pCP20-R GTTAGCGTTGAAGAATTTAGCCC

cyskE-U-F CTGATCGAAAAAGAGATGAAAG 760
cyskE-U-R CCAGCCTACAGGATAGCGATAAACCGTCAAT
cysE-cm-F ATCGCTATCCTGTAGGCTGGAGCTGCTT 1033
cysE-cm-R AAGCTGAAGC CATATGAATATCCTCCTTAG
cyskE-D-F TATTCATATGGCTTCAGCTTTAATATTGTTCC 808
cysE-D-R TGATGCGCGTCTGGTGT

cysE-IN-F GGAACGCCAGCGGCAGTA 625
cysE-IN-R ACGCGACGCTACTCAAGCAC

cysE-OUT-F  TTAAGGGTTAGACGAATATCTGC 1992

cysE-OUT-R TGCTGCACTGTGGCAAAAG

1.2 REAE
1.2.1 AE17 AcysE AE17 ARyhB AcyskE #1325 %%
PL AE17 \AE17 ARyhB M6 , i FHRL KLY Red
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HH T LT M opsE FERER BBk, DLERELRY
AE17 AE17 ARyhB JE R 41 A4, 43 5048 FH 51 9
cysE-U-F/cysE-U-R # cysE-D-F/cysE-D-R ,ifiif PCR
Y1 cyskE BRI AR e R BL, DL pKD3 AR
B, HE1 ¥ cysE-cm-F/cysE-cm-R 8 i3 PCR §7 34 &
HEPME(Cm®) F B, DL LR4ifb i) PCR 7240k
it , UL eysE-U-F/cysE-D-R 51 %), >k H Overlap-
PCR HiAR ,PCR ¥ 38 FH T cysE J R A T80 A
Bro WA n T b Bor L 2= S A pKDA46 JBRL
) AE17 AE17 A RyhB JE&3Z 25 40 Jifd v | ¥ 41 40 147 7€
37 CH:FE 1 h JFIRA T84 30 pg/ml Cm* () LB
M b 05 E 24 h e, BRECR TR, cysE-IN-F/cysE-
IN-R . cysE-OUT-F/cysE-OUT-R 5% PCR %5 cysE
FER B AR, R pCP20 BURLEE cysE J PR Bl 26 bk 51
B R PUMETH BRI, 255 W) i FH v o 20 5 T bk
9 AE17 AcysE [AE17 ARyhB Acysk

1.22 BE#kAEKwmLnE f AE17 AE17 ARy-
hB AE17 AcysE [ AE17 ARyhB AcysE 4 ¥R 23 3 3%
FRE] LB P , WA b BRIBCA T 74 250 21 LB WA
BRI IR B 5%, R 1 h I 600 nm W6
OD oo B, iR HE OD g, 1B 22 i L3R bk 1 2R Kt 4k
R ES 3K,

123 ZBEHEMRBEH R AMNZ ¥ AELT,
AE17 ARyhB AE17 AcysE AE17 ARyhB A cysE T ¥k
Gy BIREFRE OD gy =1. 0, FH LB ML IR« 50({AF]
Fb ) A B A, I A EI 96 FL R M AR, 45 £L 200
wl, DA TR 35 95 FE0E 25 U0 IR 9] 3 AN R
28 CH;F 48 h, BALMA 200 pl PBS 1% 3 i, i
TR EFLINA 200 wl 0. 1945 5 4151, 37 °C YL (0,
20 min,PBS ¥ 3 4, B+, BEFLINA 200 pl 33%
LR STV RIS, AR SO 22 B FLAE A 620 nm &b
FIWERE OD 8 , i85 GraphPad Prism 6 paired ¢
124 A esILRES Ak EDHIE  TE 6 fLANIEMNR
FCALIIE R, 4350 2 ml & 108 CFU/mlfY
AE17 AE17 ARyhB AE17 AcysE AE17 ARyhB AcysE T
W TE 37 CHFAETTRFE RS 48 h, KHEEFRRYANHIE
FEUH, PBS YR 3 b, BT 4HARIE i 28t e K
T Fh WA E AR EIE

1.2.5 BHE#HEHEMNZ K AE1T AE1TARyhB,
AE17 AcysE \AE1T ARyhB AcysE TEREAY B 5 32 &
0Dy, =1.0,4 000 r/min.0> 10 min, 57255 55 3]

JCHE PBS ZE iR # 0D, = 2. 0, B il i iz s P
RiFR%E (43 100 ml %A 1.00 g #E A .0.50 g &k
9.0. 80 g HIAIHE 0. 25 ¢ BARKY) A EETEALAY
LA 2 wl R, BT 37 CH IR B 976~ 8
h, WREE 2 T 32 2l 175 0 -0 2 77 Pl /)

1.2.6 EHEENREARBELS KLk 4
BRIE 20 5 55 92 2 0Dy = 1.0,2 000 /min &5 0> 10
min, 7+ 2RI IO PBS 2 vk 3 WK, feJm
FH PBS Hi&: , WLHL 200 wl FE IR i Y ab B F i
UINGER RV - 38

1.2.7 BRI A4 L AR # KR
Ml SHESCER[ 7], SR EUS A 2 S it A e
I LY, fIhB flgD fliF fliM . cheY . fIhD . fl-
hC sidA,16S YER NS I, 5l veits1 (k 2),
HEAT qRT-PCR AN e 2 Ak 15 7 A= ok B PRI 19 2 57 K
TS, SISCER 8] M5k, 1 Lk 4 BREARE 57
ZEXPECP AT, A B0 1 ml R H mRNA A
B SR B U 570 eDNA | I LUAH I Y cDNA g
Mo RSN 95 C 5 min;95 °C 10 5,60 °C 30
s,40 MEFR, K 274249 (Livak ) B8 38 %
SHUESL 3 G A

%2 HT qRT-PCR 5|4
Table 2 Primers used for qRT-PCR

GIL /BN SIMFII(5'—3")
JuY-F AGCACCAAACCATTTTTCGGA
JUY-R GCTGCGTAAAGGAAATGAAGACC
cheY-F GCCGCAGCAATGATGTTCTC
cheY-R TTATGGATTTGTTATCTCCGACTGG
SfIhB-F CCTACCAAATCCATCGCATTACCC
flhB-R CTCCTGGTTGGCAGCGTGA
flgD-F ACCACCGATCCGACAAATACCG
flgD-R CGCCACCAACAAAGTCAGAAA
JUF-F GGTGGATCAGGGCGGACA
JUF-R CGTTACCAACAATAGGCGACAG
JUM-F CCTGAACCTTATCCATCTAAAACCG
JUiM-R TCCATCGCCGCCAAACA
fIhD-F AGAGTAATCGTCTGGTGGCTGTC
JIhD-R CGACAACATTAGCGGCACTG
fIhC-F GGCTGGTGAGCGTGGGTAATA
SIhC-R AGTGCCCGCAAGCAGAAGAAG
sdiA-F AAACGCATCAGAGCCATCAG
sdiA-R TTGTCCTTTTCCCGTTGCAG
16S-F TTTGAGTTCCCGGCC
16S-R CGGCCGCAAGGTTAA




1250 AN N R 3

2020 4F 55 36 4 55 M

2 R0

2.1 AE17 AcysE .AE17 ARyhB A cysE B E
K Red [FIEH 4 09 7 A0 H cysk B R 5 2

BRSPS  HETT PCR %5€, LA cysE-IN-F/

cysE-IN-R 5| ¥), AE17, AE17 ARyhB ¥ 34 Hi 625

AcysE AE1T ARyhB AcysE) 338 AR H B9 F BE (F
1), L cysE-OUT-F/cysE-OUT-R "N 5| ¥, AE17,
AEL7 ARyhB ¥ 38 5 1 992 bp H 1Y A Bt, AE17
AcysE AE17T ARyhB AcysE 97 H 1 303 bp HIY H
BE(E 1) P25 R AELT AcysE \AE17 ARyhB
AcysE t#ERY)

bp 1 cysE 3K R B, cysE & H 6% Bk (AEL7

M 1 2 3 4 5

5 000 bp 5000 bp
3 000 bp 3000 bp
2000b 2000
T 500 bp 1500 bp 1992 bp
1000b 1,000 bp
750 bg 750 bp 1029 bp
500 bp 500 bp 625 bp
250 b 250b
100 bp 100 bp 157 bp
A B

[l A ,M:Marker;1: AE17, cysE-IN-F/cysE-IN-R;2; AE17 AcysE , cysE-IN-F/cysE-IN-R;3: AE17, ¢ysE-OUT-F/cysE-OUT-R ;4. AE17 AcysE , cysE-
OUT-F/cysE-OUT-R;5: 25 FAXT & ; B B,M ; Marker; 1: AE17, RyhB-IN-F/RyhB-IN-R;2: AE17 A RyhB AcysE , RyhB-IN-F/RyhB-IN-R ;3 : AE17, Ry-
hB-OUT-F/RyhB-OUT-R ;4 : AE17 A RyhB A cysE , RyhB-OUT-F/RyhB-OUT-R ;5 : AE17 A RyhB , cysE-IN-F/cysE-IN-R ;6 : AE17 A RyhB A cysE , cysk-

IN-F/cysE-IN-R ;7 : AE17 ARyhB , cysE-OUT-F/cysE-OUT-R ;8 : AE17 A RyhB A cysk , cysE-OUT-F/cysE-OUT-R;;9: 55 FAXT A,
1 M cysE-IN-F/cysE-IN-R cysE-OUT-F/cysE-OUT-R, RyhB-IN-F/RyhB-IN-R RyhB-OUT-F/RyhB-OUT-R 5| #13t PCR ¥ AE17

AcysE ,AE17 ARyhB A cysE

Fig.1 Identification of AE17 AcysE and AE17 A RyhB /A cysE by PCR with cysE-IN-F/cysE-IN-R, cysE-OUT-F/ cysE-OUT-R, RyhB-IN-F/

RyhB-IN-R, RyhB-OUT-F/ RyhB-OUT-R primers

22 BEKMEKHMZ

SRR K M4 R, AE17, AE17 ARyhB |
AE17 AcysE (AE17 ARyhB AcysE 22 1510~3 h K 4E
W TESE 3 h i AGTECER I, 26 12 h AR E
Wi, 4 BRBERRTE 2 h ZRTA R IX 3] 7E2~3 h,
AE17 ARyhB . AE17 ARyhB AcysE 5 AE17 #H 1%
IR, AELT AcysE 5 AELT A K 2518 ; 78
3~12 h,AE17 ARyhB 5 AE17 AH LA B A5 4k,
AE17 AcysE 5 AE1T AHILA K 2212, AE17 ARyhB
AcysE 5 AE1T MHHAE 9 h G AE K18 713~ 16 h
4 BREARZ [ JC W W D (18] 2) o R W] RyhB A
B XT APEC By A2 4 3 B TC 52 ), cysk 3 A ik 2%
APEC FXF RO A A 3 B2 A BT REAR , RyhB (cysE B:A
FL[EER X APEC 1A 1 3B 0 b 52
2.3 BEKREVEENTKEED

FHU R 25 581 8 RN AEL7 (AE17 ARy-
hB AE17 AcysE (AE17 ARyhB AcysE = W15 IIE i

2.4
2.1
1.8
L5
1.2

ODGOU

0.6
0.3

1 23 456 7 8 910111213141516
BE] (h)

-~ AE17; —m— AE17ARyhB; —O— AE17 AcysE;
—o— AE17TARyhB AcysE

B2 HREZHNE
Fig.2 The growth curve

fiES1, 45 S /R AEL7 ARyhB, AE17 AcysE, AEL7
ARyhB AcysE A= WL L RE )i i E AR T AEL7
(P<0.01) ,3W RyhB .cysE R B APEC 4= 49k
RIE RRE T T RE (I 3)

A0 PR B UL 5% 4% T PR AR W R, 25 OR W
AEL7 TEHEIR AT 7 v, T8 5 W Z ] 22 R %



W AR RyhB-cysE JEPR X 8 BOW AT B A= YR LR 1251

M AE17 ARyhB , AE17 AcysE  AE17 ARyhB AcysE— AcysE JLTF-BAE ARG TETE (K 4) , 2
WS Z 22 R 4 BRIFR AR - RyhB cysk FEHEE APEC R EUE Y9 BOE i fg
RG] B AELT KA AT WA KR RS TR

¥y, 1M AE17 ARyhB ., AE17 AcysE . AE17 ARyhB

A B 1.0r *ok
[ * 3k
0.8F
g 0.6
Q —
S o4f
0.2F
0
a b c d e

7S

a:AE17;b: AE17 ARyhB;c: AE17 AcysE ;d: AE1T ARyhB AcysE ;e . LB IR SS FAXT IR, s+ FR22FW B # (P<0.01),
B3 EREBAKSFEREDRERBEENLE

Fig.3 Comparison of biofilm formation ability between gene-deleted strains and wild strains

AE17ARyhB AE17AcysE AE17ARyhBAcysE

! 5\

ALK TS 00045 Al WL
B4 BREKEFEREMBBHEAENLLER

Fig.4 Comparison of biofilm formation ability between gene-deleted strains and wild strains

24 HHREHRMIZEENEE ARyhB AcysE i ) P B 42 W % /N T AE17 (P<

PRIz Bl fe 1 I e 45 2R R . AE17 ARyhB 0.05) ,fHEL AE17 AcysE K (K 5) . 2B cysk F:A
BENPE HARS AELT MTHCICHA .22 5 AELT AcysE BRKRIEAR T APEC i83hBE 1, RyhB JE K 2 X} cysE
B AR S E/NT AELT (P<0.01), AE17  JREPLEEhRe A R,

E2 (cm)

AE17  AE17ARyhB AE17AcysE AE17TARyhBAcysE
(173

* FRNZESE W (P<0.05) ; #x TR MR E (P<0.01)
B 5 JEHRIEIES

Fig.5 Exercise capacity of each strain
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75 W0 L B WL 45 A T B B, 45 R R, AELT
AcysE MBS AE1T M H B 08D, AE17 ARy-
hB \AE17 ARyhB AcysE HEEELS AE17 #H H AT ik
/D AHE AE17 AcyskE 2 (1 6) . KB RyhB cysk %

K i
b 1

AE17 AE17ARyhB

BEl6 SREKSTFERBEEMBENLR

e APEC #EEEC A I B B, H cysk  RIXT
APEC HEEE A0 KT RyhB 5, H RyhB A
BRIRXT cysE FH PRl B 07 15 VR A AREEVE AT,

AE17 AcysE AE17ARyhBAcysE

Fig.6 Comparison of flagellum formation ability between gene-deleted strains and wild strains

2.5 EHEHEHE EVEEFEREXERNESR
7K 4G

K qRT-PCR %} AE17.,AE17 ARyhB . AE17
AcysE [AE1T ARyhB A cysE iz )P AH & FE R % 5K
SR, 255 R, AELT AcysE 38 AE1T fliY | fhB |
flgD fliF fliM F cheY 3 [F e 5K -3 3% F [,
AE17 ARyhB % AE17 fIhB fLiF fliY fliD . cheY %X
BESEKPAT RS 1T M JE DR e oK A L
% AELT ARyhB AcysE 5 AELT AL, K fIhB  fI-
gD fliF F cheY FEH % K -2 TR RS AELT
NcyskE FHECIIA Friass (B 7). KB cysE FE A 5
& APEC 1z 3l £ #H 5C 5 [ #% S K P T B, H RyhB
LR Bl 2R ) cysE PR e s KO A AR AE R
AE17. AE17 ARyhB. AE17 AcysE. AE17 ARyhB
AcysE A=W BEAH 5 5 R SRR OT- Rl 45 21 7R
AE17 ARyhB . AE17 AcysE , AE17 ARyhB AcysE 5
AEL7 MBI, WD fIhC | sidA ' 53 7K - 35 Wk 25 ARG
L3RS ARV REAR R BE ARG, 2B RyhB cysE FE K
AT T 5 A RO A DG ] fIRD - fIRC si-
dA 55K RS APEC A= 15 IEIE A E

3 9 e

KM FT B e N e sl 9y i 3 1) T T A, (EL L
T PR AT BN T LA S R K sh Wit 290
o SRR 18 B0 1o A A B SR i 3 40 AR AR
IR, X RO DL 22 DI BT R A AR B K

mRNAMRS K25 572

&
OAE17; mAE17ARyhB; B AE1TAcysE; BIAE1TARyhB/\cysE

#k TR 2T R (P<0.01)
B7 EWMERFEEES GEREEXERNERKT
Fig.7 Transcription levels of biofilm-forming ability and motil-

ity-related genes

PG FRPBESON AR RER R, R ER 2 a0
Ut TR 1 A R RS A A 2 — 40 BT 3 1 AN
RIS TIE U D=, 5 PR AN AR L, 2R 7
A= WA REE PR 08 A PRI T2 RN RGE R RE T T
S A gl RS ok SRR AT R B R R4
IR 5 76 BR A T 1 A A7 R 7, 4 1 A Y 568 200 7T 1) 3
WRTE S AR T A2 Bh P R R R A 4
Fow e R EEBAEHY . BF5E RyhB cysE 3
Xof B B0 M K FF TR 1) A Bk BB E 1 32 3 e
], A Sy s O L B8 FE Al

RyhB 3& Rk 2k ¥k AE17 ARyhB 5 B A 1 #k
AE17 AR K £ o Bl B A8 1L, (H cysk 3E PR Bk
APEC (1) % 5500 A 1 3l B A7 FIT B AR, 1T cysE  RyhB
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PR B2k X APEC (9 A K3 SR 0 8 25 52 )
IHEA A X A K RTINS, cysE JEH
BB 25 R APEC A KU BO0 10 A 1 R A
T2 F T R 52 e 40 B A A R G 7 AR Y T eysE
RyhB FE DR 3 [ i s Gtk 28 2 i), 150 A e 400
JE R K BOREE SIS RyhB 36 BUR X cysE
FEPR R 0 A B A T B A MEEDL R ELIZL A
A, BARBURA A ik — 2T

HIB R &5 b 52 kAl AE17 (AE17 ARy-
hB AE17 AcysE (AE17 ARyhB AcysE M ¥145% BRI i
AE )1, 45 B W.N, AE17 ARyhB , AE17 AcysE AE17
ARyhB AcysE £ ) B Y 10 RE ) & B 3 KT
AE17, H AE17 ARyhB  AE17 AcysE  AE17 ARyhB
AcysE HW 9 Y Wi BE S AL, qRT-PCR I 2€ 45
W IR, AE17 ARyhB . AE17 AcysE . AE17 ARyhB
AcysE 5 AE17 fIkD  fIhC sidA Y4 5 5 FRAR , HLIE 5%
IRV FEE AR BE ARG, HEW RyhB JE R 1 cysE FEH
JHE APEC fhID fIhC sidA FE R B4 2R W) ol B i BE
71 ,APEC cysE 3R RyhB JE R 4% A= W i BRI i,
RE ST HE 5 IRD fIRC sidA 34920 DNA 254
SERUEE RS P I LSS A TR R B s B X
S, DT T4 240 581 1 26 P B ST I RE T o AIRD fIRC
() AR AT X6} A5 A 0k BB o A A1 2 sl 40 ) 7 5 i
FLRHR e F 28 A8 7 i 7 A0 25 R R, Bk
cysE RyhB 3K APEC B 1) fID  fIhC FH
KT R, B BH APEC cysE  RyhB %& R it 2k 7
PR IT IR fID  fIRC PR %% KT AT 1 2 4
PEREAIE L, W5 25 A 3R I, 78 1 B0 Pk K T 147
W R sdid Jo , FoAE YR RRIE 18RS Bl A DG BE A
(LR YA I besA FE R HEE L5 4 A liC
FEH K Curlin B BA I csgA FER ) #4521
A AE W R T i B 32 B g 3, B sdid
T A A P IR LA SO R AT A
APEC $7 cysE \RyhB JEH 5 sdid FE % stk T
VA, P e 3 o 40 A 0 e T IS G R R 1) e SR i
FEARILAE MR A IE 1, BARBLHIAT A Fe it — 200
o

B fPERE I DA K% S H B UL S 240 A B 2
WEIR, cysE LRI APEC iz sl . 3% T % Ry-
hB SR 2k APEC 12 314 JC i & 221k ; RyhB | cysE
WL B APEC 158 B M cysE BEH BR2% APEC
iz SIS 5 B AR R AR LR AR, qRT-PCR

RN cysE FENBR RS AE17 ML, APEC i3
SR I LY, fIRB  flgD fUiF fliM F cheY %%
S B3 R B (5 AE17 ARyhB AcysE fIhB fI-
gD fiiF fliM T cheY FEPH ()% 5k K4S AELT AcysE
YA B, fihB S ¥ B A A RE AR T
BRI R G S Vs A R E BT ; cheY
JEECE RN R Y &R BT, AT AR cheA BEFR AL, BB
ORI B8 05 0 Y SR AN R TR T e
T, 7R JR TR 42 28 A0 OC M B2 20 h R H5 OC H A
F2Y I SR MR SR MS PR 324 i
[ %E FE AN BB - flgD 5 liM A4 B HE B 3R 5 C
W, 2 5T TER 1M I cpsE 3 PR ik
S T figD fiF fIhB cheY . fliM FE DR 5K SF
PR R A S GB 3 RE DT, f APEC iz 8hM: TR,
RyhB JEH I flgD fliF fIhB  cheY | fiM &K
B SRK  XF eysE JE PR TR AR A2 Bl BE ) BT R4
YEM . BARBLRIA R i — DT
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