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NucleoSpin® RNA clean-up (MACHEREY- ,
NAGEL, Germany); PCR NucleoSpin Extract II Kit 1.1.3 APEC
(MN, Germany); M-MLV (Invitrogen), cDNA

Synthesis Kit (Promega);
; D
F1 BERYIEAAS. BRURRKRE

Table 1 Gene targeted, template, primer sources and annealing temperature in this study

Annealing Size of amplified

Primer Primer sequence (5’ - 3") Template Temp/'C product /bp Reference
fimC CGTCAATGTAAGGAAATCGCAGG E058 60 565 AY734876
GGCATTCAACTCTGTTACCGTC
fimH ATGAAACGAGTTATTACCCTGTTTG E058 55 854 AF089840
TTATTGATAAACAAAAGTCACGCC
tsh TTATTCTCTTCGCTACAG E149 59 685 AF218073
GATGACAGGCTACCGACAG
iroN TCCTGGTTGGGTTGAATA E149 55 603 AF449498
CAGCCAGAGGCCCACTA
irp2 AAGGATTCGCTGTTACCGGA E149 58 295 L18881
TCGGCCAGGATGATTCGTCG
frud ACACGGCTTTATCCTCTGGC E149 55 953 729675
GGCATATTGACGATTAACGAA
kpsM GCGCATTTGCTGATACTGTTG 1794 58 237 Johnso &
CATCCAGACGATAAGCATGAGCA Stell(2000)
csgA ACTCTGACTTGACTATTACC E037 53 200 X90754
AGATGCAGTCTGGTCAAC
papC GACGGCTGTACTGCAGGGTGTGGCG E058 64 353 Le ouguenec
ATATCCTTTCTGCAGGGATGCAATA et al. (1992)
feld GGCAGTGGTGTCTTTTGGTG E058 58 279 L07420
GGCCCAGTAAAAGATAATTGAACC
facA ATGAAGTTAAAATTCATCTCC EO058 50 540 AF298200
CTGGTACTGAACTTTAAAGG
cvaC CACACACAAACGGGAGCTGTT E149 60 678 Johnso &
CTTCCCGCAGCATAGTTCCAT Stell(2000)
Iss GTGGCGAAAACTAGTAAAACAGC E058 58 760 Johnso &
CGCCTCGGGTGGATAA Stell(2000)
iucCD ATCCATGATTTGCAGACGG E149 55 467 AY553855
ATGACAATCCGGTACCAGCA
vat TCGCTTACCCTGACTATCC 24 57 441 AY151282
CCTTACCAGACATACCGC
bmaE GCTATCGCAAGCAGTGTC 17# 57 444 M15677
CAATGTCTGGTCTCCGAAG
hiyE ACTCTCAATCGGCATCCAC 3# 57 453 AF052225
CTTCAACAACCCCAGCAG
enfl ACGCAGTTTCAGTGATGGTG A 57 534 X70670
TCATAGTAGATGCCGCTCAG
GAACCAACGGTCAGGATG
chuAd ATGGATTCGTCATTCGGC 2# 55 415 AMO055961
hlyA ATGGATTCGTCATTCGGC
TTGTCAGGACGGCAGATG HEC2 55 472 AF037578
sitAd ACAACTTTTACCATCATCGC E058 53 451 AY 598030
GTTCCGCAATCTGCTTAC
kfiB GAGGGATTTAGAATACGAGAC B 56 579 X77617
GCATTATGGGAGGTAGTCG
papGII CCTTGTGTGTGTCTGGTGAG HEC4 57 415 AY212280
TCAGTCAGACGGGTTGTTTC
papGIII TGTCAGGCTGTAATGATGCTC 24# 58 368 AF237473
CTGTCCAGATGTGTTTGCTTC
ired ATTACACGCTGATTCTGGTC 3# 55 440 AF320691
CTTCTGGCTTTCAGTCGG

(to be continued on the next page)
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(Continued)
. . VA Annealing Size of amplified
Primer Primer sequence (5’ - 3") Template Temp/'C product /bp Reference
focG AGCACAGGCAGTGGATACG 23# 57 414 S68237
TAATACTTCCCGCACCAGC
malX GCTGGCGACTAATAACCC S# 55 411 AF081286
TATCCCATTGCTCTGCTAAG
afaBC GCTGGGCAGCAAACTGATAATTCTC HEC4 63 793 Le ouguenec
CATCAAGCTGTTTGTTCGTCCGCCG et al. (1992)
sfaDE CTCCGGAGAACTGGGTGCATCTTAC HEC4 62 408 Le ouguenec
CGGAGGAGTAATTACAAACCTGGCA et al. (1992)
gvrB CACCATTCACGCCGATAAC HEC4 57 581 X04341
CCACTTCGACGCCAATACC
recA AAAACCACGCTGACGCTG 10# 55 595 V00328
AAGTTGATACCTTCGCCG
mdh GGAGTTTAGGATGAAAGTCGC HEC4 58 674 Y00129
GCCCATAGACAGGGTTGC
uspA GCGTTGGCATCTGCTTTG B 57 615 AB056440
GCCGTTATTGGATACCGAC
sepL TAATCAAAACACCGCATCTG 933W 55 473 AJ277443
ACTCCCAATCATCTTCGCC
AGAGTTAGTTTGTGGTGAGGTG
fepC ATGGCGAGCACATTCAAC 933W 53 357 X57471
ACAACTCCAGCAAATCAATC
rtx GGTCACCGTTACCTTTGGC 933W 57 446 AE005229
GGTTACCCGCTTTATCGC
ehxA TTGCTGAGAAAACAACGGG 933W 55 360 AF043471
CCAACATTTCCAAGAACCTG
espP TAGTGAAGAAAGATGGCTCC 933W 53 458 AF074613
GTCATCAATGTGAACGAAAG
flic ATCGGTGGAAGCCAGGCATACG 933W 63 350 U47614
GCAGCATCACTGGATTCACCCG
iha TAACCACTCTGGCTTCCGTAG 933W 58 592 AF126104
CTGACAGAATCATCCACAAGG
tir GCACCTCCATTACCTTCAC 933W 55 451 AF070067
CAACGGTGACCATAGCAT
eae TAACGGCTATTTCCGCATGA 933W 53 552 AJ223063
TCCCAGACGATACGATCCAG
ler CGCACACAACAAGCCCATAC 933W 59 195 AF200363
GATGAGTTCCGGCGAGCA A
stxl GCAGTTGATGTCAGAGGGATA 933W 50 473 M17358
CTACTCAACCTTCCCCAGTTCATG
stx2 TATCTCAGGGGACCACATCGG 933W 50 430 M59432
ACACAGGAGCAGTTTCAGACAGT
rfbE CTACAGGTGAAGGTGGAATGG 933W 59 327 S83460
ATTCCTCTCTTTCCTCTGCGG
paa GGTCCTGGTGGCCCGCATAC 933W 59 292 U82533
GTCTGGTCAGGTCGTCAATAC
katP GTCGCTGAAAGAGCAGGTTA 933W 57 641 X89017
TACTCCATCGTGTTGACATATCC
neuC TGCTAAGAGAAACTCCAGAA 14# 53 594 M84026
GATCATTAACCGACTGCGTG
etpD GGGACTGGTGATGAGGTTG 933W 55 487 Y 09824
CCACTAAATCCTTCGCCTTC
toxB GGCAAAATACACCTTCCTC 933W 55 572 ABO11549
CATTAGGGGCGATGTTTAC
tagA TGAGAGATGGAGAACACCG 933W 57 494 NC002128
GAATAGAACTCCCGCTGG
cesT GCTTTTATTAGATAGATTTGC 933W 50 383 AF253560
ATGTTATTCCCTGATTATG
pas GCGGGAGATGTTGATACC 933W 55 531 Y13068
GATGTCTTAACGGAATACGG

(to be continued on the next page)
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(Continued)
. . Var Annealing Size of amplified
Primer Primer sequence (5' - 3') Template Temp/C product /bp Reference
espA ATGTGAGTGCGAGTTCTTC 933W 55 432 Y13068
TATTCACTACCGTTGTCAGG
cdtA CTCAAGTAGAGGGAGGACC 17# 55. 601 AJ508930
TCTGGCTTAACAATAGTGGC
east ATCCTCATCGCCTGTGTG 1# 57 149 L11241
CGAGTGACGGCTTTGTAG
bfpA CGTTACCGCAGGTGTGATG 37# 59 438 768186
CAGCAGGAGTAATAGCAGTCG
cif ATAGGGCGAGAGAAAGGC 37# 52 510 AY'128538
GGTGTCATACTCAAACAACTGG
efal GATGGAACTATCCTGCCG 37# 57 376 AF159462
CATAGGTGATAACGACGAAG
sheAd GCAGATAAAACGGTAGAAG 37# 53 576 AF200955
CCCGCAGCAATAGAATAG
perd CACCGAATACACAATAGAATCC 37# 56 427 AF255771
CATTGAACTACTGACATCGCC
espB TAACAGTGCTACGAAAGGCG 37# 57 495 AF144010
GCTCTGCGAACTTCTTGC
OmpA GACTGGTTAGGTCGTATGCC 37# 57 618 V00307
AACAACAGACTGAGCACGG
faeG(K88) CCTGGATGACTGGT 107/86 58 788 M35945
CGTAGCAATAACTTATTAC
K99(fanC) AATACAGGTACATTAACTTCAATG C83907 58 477 M35282
ATCCTTCTTAGTCACTTATATG
987P(fasA) GCGCCCGCTGAAAACAA 987P 59 513 M35257
CGGTGTACCTGCTGAACGAA
F41 GCTGATTGGACGGAAGGT Fc 57 768 X14354
TTAACTATAAATAACGGTGATAGTC
fl7a-A4 GCTACGCTTGCTTATGAC C83927 55 243 AF022140
CGTGTTCGCATTAGGTTC
It TGGATTCATCATGCACCACAAGG 2134 50 313 X83966
CCATTTCTCTTTTGCCTGCCATC
sta TCTTTCCCCTCTTTTAGTCAG 2134 58 166 M34916
ACAGGCAGGATTACAACAAAG
stb TGCCTATGCATCTACACAATC 2134 50 283 M34916
GCAGTGAGAAATGGACAATG
stx2eB GCGGATTGTGCTAA TB1 58 205 AB252836
AGTTAAACTTCACCTGG
tetA CACTATGGCATTCTGCTGGC S0503 59 948 X00006
CATAGATCGCCGTGAAGAGG
tetB GCCCAGTGCTGTTGTTGTC S09256 57 553 JO1830
AAGACCAAGACCCGCTAATG
tetG CGGTCTTATGGGTGCTCTAT S213 57 900 AF071555
CCTTGCTTGTTACTGCTGAC
blaTEM-1 CAGCGGTAAGATCCTTGAGA 10159 46 643 AJ6346025
ACTCCCCGTCGTGTAGATAA
carb2(blaPSE) GGTGTTTCCGTTCTTGATAC S5109 55 423 DQ238104
TATTGCCTTAGGAGTTGTCG
addAl TATCAGAGGTAGTTGGCGTCAT S10158 53 537 AY125351
GTTCCATAGCGTTAAGGTTTCATT
sull GTGACGGTGTTCGGCATTCTG 02/98 51 825 AF071555
TCTAACCCTCGGTCTCTGGC
sulll CATTTTCGGCATCGTCAAC S0503 55 357 AF542061
AGTTTGGCAGATGATTTCGC
addA2 TGTTGGTTACTGTGGCCGTA S5216 58 713 AF071555
GATCTCGCCTTTCACAAAGC
strA-B AACGCCTTGCCTTCTATCTGC 41/06 60 645 AF100173
CCAAAGCCCACTTCACCGAC
qac CTTCCGCCGTTGTCATAA S5213 55 234 AY152821
GCAGCGACTTCCACGATG
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(Continued)
. . L ar Annealing Size of amplified
Primer Primer sequence (5' - 3') Template Temp/C product /bp Reference
Int-1 CGAATGTCGTAACCGCTG S5213 57 455 AF071555
CCTTGATGTTACCCGAGAG
cat | GTATGGCAATGAAAGACGG S5413 55 333 U46780
TCAGCACCTTGTCGCCTT
floR TATGGTGATGCTCGGCGT S4207 57 403 AY499129
TTCGTGCCACCTGAAACC
Aac(3)-1V GTCTCTGACACATTCTGGCG S5213 57 387 X01385
ATGACCGACTGGACCTTC
dfr-12 GAATCGGTCCGCATTTATC S9305 55 354 AF175203
ATTGGGAAGAAGGCGTCAC
aph(3)-1a AGCGTCTCCGACCTGATG S5301 55 372 V01499
GTATTGACCGATTCCTTGC
cmlA CTCTTGTTTGGACCGCTATC S5339 57 454 DQO018384
ACAACCAGAAGTTCAGGCAC
uidA GTCACGCCGTATGTTATTGC 933W 57 493 AF30597
AACTGTTCGCCCTTCACTG
fhuAd CCGAACCGCTGAAAGAAG 933W 57 481 M12486
CAGACGCCGTAACCATAAAC
yjaA AGACGCTGCCTTCAGTAAC 1# 57 437 U00096
GACGCTCTGAGGTGGACG
feoB GTGTAGGTAACTGGGCTGG E149 55 478 X71063
AGTGAATCTGCTTCGTTGAG
1.2 BHHER®TE. £EMIH 1.4.2 RNA
PCR ) RNA, RNA,
1 ,  Agrose  NucleoSpin® RNA clean-up RNA
Gel DNA Extraction Kit
[10]
1.4.3 RNA &ifk. ,
DNA RNA
: GenBank ’ 1.5 RNA HIBEHL3| MR s R Lk
[10]
-
13 EHEE PCR NucleoSpin Extract II Kit ,
154 cDNA 1.43
’ . 1.6 #x%
(Suppression sub- 61 'DNA  Klenow
tractive hybridization, SSH .
Y ? ) ( 14ul) 9 Random Primer (4uL)
Selective capture of transcribed sequences, SCOTS . .
( p d ) 95°C 3min, Klenow

( 23
PCR , PCR
500~1000bp 0.5mg/ mL DNA
(CapitalBio Corp., Beijing, China) , PCR
SmartArray™ microarrayer (CapitalBio Corp.)
2 h) (30
min) (UV) 0.5% SDS ,
(305s),
1.4 ZHE RNA ZEY
1.4.1
E058 ES526 LB
, 37C (ODgoo=
0.4~0.8)

dATP, dGTP, dTTP
60umol/L, Cy5-dCTP
40 pmol/L  Cy3-dCTP
Cy5-dCTP cDNA,
26uL, 37°C, 90min; 70°C 5min;

120pmol/L, dCTP

Cy3-dCTP
cDNA,

Smin

PCR NucleoSpin Extract II Kit ,

1.4.3 NE 2 (30uL/ ),
1.5pL
1.6.2 DNA 3uL (
-cy3, -cys), 6uL
4x 3uL, 12pL,
95°C 3min, 5min, ,
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2 SSH A3£% 58 APEC E058 45 BRI B ES HEE %3 SCOTS 73£3551589 APEC 3R B ESZS HERFE

B Ex Table 3 APEC pathogen-specific fragments of potential viru-
Table 2 APEC E058-specific fragments of potential virulence lence genes identified by SCOTS
genes obtained by SSH Functional group Insert size/bp Acacee:ilgglgg' of
SSH fragment Insert size/bp GenBank accession No. &
aec-8 261 D30057
ces 765 M31808 aec-11 223 D30059
ecs-6 534 AF218051 weel3 275 V14016
ecs-7 1519 AF218051 aec-14 322 AF218051
ecs-8 984 AF218051 aec-18 253 AB027308
ecs-9 629 D30057 aec-20 342 AY333433
ecs-10 649 D30061 aec-24 435 AE005674
ecs-11 594 AY048853 aec-25 473 AE005674
ecs-12 215 AF218051 aec-26 293 AE005674
aec-27 392 AE005674
ecs-13 689 AF311902
aec-29 254 AE000516
ecs-14 801 AF311902 ee-30 303 AIS75436
ecs-15 180 AEO015101 aec-31 386 X58999
ecs-16 330 AE000412
ecs-17 220 X61676
aes-1 576 AF550679 42°C ; ; 42°C 0.2%
aes-2 1144 AF550679 SDS, 2xSSC 5 min, 0.2xSSC
aes-3 721 AF550679 5 min
aes-4 933 AF550679 1.7 SR BEGBEEMEIE S
aes-5 586 AJ223631 LuxScan 10KA
aes-6 697 AY205565 (CapitalBio )
aes-7 412 AY205565 LuxScan 3.0
aes-8 652 X 14566
2 b
aes-9 253 X05874 Lowess : t test
aes-10 550 U15625
aes-11 321 AE016765
(1) 95
aes-12 792 AF493797
;(2) 2
aes-13 616 U82619
14 594 AE016764 +
aes 2 é‘j
aes-15 304 AE016758
+Hs8
aes-16 367 AE016760 21 BMERRRE
aes-17 424 AE016760 PCR 97 ,
aes-18 393 AE016760
aes-19 893 AE016761
aes-20 259 AE016761 ’ ’
aes-21 230 AE016768 BLAST ’ 57 SSH
aes-22 478 AE016771 SCOTS APEC
aes-23 321 AE016772 (1, 12]
aes-24 270 AE016772 2.2 EH%U%
5-25 639 AF222160
e 154 c¢DNA
aes-27 1024 X57524
aes-28 216 L07942 ™ ’
aes-29 465 U82619 SmartArray " mi-
aes-30 1201 AE016759 croarrayer (CapitalBio Corp., Beijing, China )
aes-31 1199 AE016759 75%25 mm
aes-32 372 D90750 Hex
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8 1 (%),
24,21, 180um, 2.4.2 E526/E058
150pm, 3 2 E526 E058
2.3 ZHE RNA ,
, E058 E526 ,
( 4 RNA ,288  18S
rRNA 1:1, , E526(cy5)/E058(cy3) 15
( o),
24 SHBZERLELE s
2.4.1 Lilhx*q i E526/E058 3tk
1 E526 E058 , (UPEC)
, HEX , DMSO (3]
,Y1-Y8 , LB
, , , APEC E058, E526
E058 E526
, E526 E058 ,
15 ( 6), LB ,
E526 E058 16 ( 5) APEC E526 11
, E526(cy5)/E058(cy3) 16 , 2

>

R4 EFEEFEFEFRIABHITEARA RNA BT

Table 4 Characters of RNAs extracted from E.coli cultured in different media

Strain Medium (st‘atically Aco ot Asconso Concentration Total weight Result of RNA
incubation) /(ng/pnL) /ng electrophoresis
E.coli E058 LB 6.068 1.98 2.45 242 145.20 qualified
E.coli E526 LB 5.937 1.94 2.44 2.37 142.20 qualified
E.coli EO58 Chicken serum 9.69 2.03 2.36 3.88 116.28 qualified
E.coli E526 Chicken serum 12.731 2.00 2.35 5.09 152.77 qualified

*5 LBEREEFFMHT E526 45 E058 thEFRIEEE (16 M TIFEE)
Table 5 16 genes downregulated in APEC strain E526 compared to those of APEC strain EQ58 in LB stationary cultures

Average ratio

Gene Function (cy3/eys) T value P<0.05 P<0.01
aec-31 IS1 target sit 0.4377 22.3263 T T
aec-25 Praline permease II 0.4100 66.0570 T T
aec-15 Unnamed protein, E.coli 0.3947 10.5305 T T
frud Yersiniabactin 0.3897 28.3011 T T
aes-4 finP, traJ, traY, plasmid F, E.coli 0.2767 9.2598 T
iss Increased serum surivival 0.2680 12.7092 T T
aes-6 p300, iro gene cluster, E.coli 0.2560 21.9831 T T
iroN Siderophore receptor IroN 0.2077 7.2756 T
aes-2 sopA, sopB, plasmid F, E.coli 0.2053 38.8229 T T
aes-31 Unknown, UPEC 0.1833 46.1379 T T
iucCD Aerobactin protein TucCD 0.1443 22.8091 T T
aes-25 TspE15.D11 neonatal meningitis, E.coli 0.1281 11.4831 T T
aes-1 repA6, repAl, E.coli 0.1177 31.6314 T T
aes-8 traT lipoprotein, E.coli 0.1117 11.3716 T T
cvaC Colicin V 0.0664 50.8782 T T
iutd Aerobactin 0.0155 21.7546 T T
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Fig.l ov.erlay fluorescence image of E526 (Green) and E058 (Red) Fig.2 Overlay fluorescence image of E058 (Green) and E526(Red)
in LB stationary cultures. in chicken serum stationary cultures.

*6 BMFHBIZFZHT E526 15 E0S8 RESFRIZEE (THAEE151)
Table 6 15 genes downregulated in APEC strain E526 compared to those of APEC strain E058 in chicken serum stationary cultures

Average ratio

Gene Function (cy3/eys)* T value P<0.05 P<0.01
aes-13 Unknown, UPEC 0.4040 10.2156 T T
aes-10 Colicin, plasmid Colla-IHE3113 colicin, E.coli 0.3645 18.8787 T T

iss Increased serum surivival 0.2970 96.0475 T T

aes-6 p300, iro gene cluster, E.coli 0.2224 20.6923 T T

iroN Siderophore receptor IroN 0.2002 19.4175 T T
aes-15 Cell division protein ftsk, UPEC 0.1750 49.1722 T T
aes-4 finP, traJ, traY, plasmid F, E.coli 0.1283 47.1721 T T
iucCD Aerobactin protein [ucCD 0.1104 29.4130 T T
aes-31 Unknown, UPEC 0.1087 31.0365 T T

aes-3 Nostoc sp. PCC7120 transposase, plasmid F, E.coli 0.1052 8.2764 T

aes-2 sopA, sopB, plasmid F, E.coli 0.1014 96.7352 T T

cvaC Colicin V 0.0991 38.2940 T T

aes-8 traT lipoprotein, E.coli 0.0986 25.7795 T T

aes-1 repA6, repAl, E.coli 0.0860 18.8980 T T

iutA Aerobactin 0.0082 15.2912 T T

*Ratio=Cy5 Cy3. Standards of differential expression of gene Ratio> 2 indicated it was up-regulated gene in this point, Ratio< 0.5 indi-
cated it was down-regulated gene in this point. Average ratio was average of three points ratio of the same gene.

“T0.05”indicated differential expression threshold on 95% level. If T value> T0.05, the gene of this point was differential expression on
95% level and it was labeled T in p<0.05; “T0.01”indicated differential expression threshold on 99% level. If T value> T0.01, the gene of
this point was differential expression on 99% level and it was labeled T in p<0.01.

R (iucCD, iutA, s LB s
iroN, fyud), (iss) (eva(), , , 4
11 ,
02 APEC
) ) , , LB
LB ) , E526  E058
R (ired, sitA,
, APEC E058 , E526 feoB), (ompA) (tetB,
, 15 4 (aes-3, blaTEM-1) tetB, blaTEM-1
aes-10, aes-13, aes-15) LB 4 APEC B-
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Differential expression of virulence and potential virulence genes of
avian pathogenic Escherichia coli in vitro with DNA
microarray analysis

Haixia Huan" 2, Qiong Zhou', Lixiang Zhao', Song Gao 1*, Xiufan Liu'

(‘Animal Infectious Disease Laboratory, Ministry of Agriculture,
Yangzhou University, Yangzhou, Jiangsu 225009, China)
(*Biology Department, Huaiyin Pedagogic College, Huai’an 223001, China)

Abstract: We constructed avian pathogenic Escherichia coli (APEC) specific DNA microarray to analyze the
transcriptomes of APEC highly pathogenic strain EO58 and low pathogenic strain E526 (both belonging to O2 se-
rotype). For cultures in Luria-Bertani (LB) broth medium, 16 distinctly expressed genes were observed in strain
E526, and all of them were down-regulated. For cultures in the serum of chickens, 15 distinctly expressed genes
were screened in strain E526, and all of them were also down-regulated. The results suggest that DNA microarray
could be used to screen distinctly expressed genes among virulence- and potential virulence-associated genes of
APEC. The expression of 11 common virulence- or potential virulence-associated genes were down-regulated for
strain E526 compared to those of strain E058 cultured both in LB broth and chicken serum. Meanwhile, 4 potential
virulence-associated genes,aes-3,aes-10,aes-13 and aes-15 were down-regulated for strain E526 but not for strain
E058, when they grew in the chicken serum. Besides known virulence factors, we observed 10 new potential viru-

lence-related genes including aes-1, aes-2, aes-3, aes-4, aes-6, aes-8, aes-10, aes-13, aes-15 and aes-31.

Keywords: DNA microarray; APEC; differential expression of gene; culture in vitro
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