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$03 2008 AR5 B F K BCEL IR IS A X5 7 H AR
BEAF 4G 1 2 BB Bl 3,65 x 107CFU, BR il 4
WY Sall, DNA ligation Kit Ver. 2.0 Wy B K &
TaKaRa 47 BR 2 ®], L-B0H A #5018 A Sigma 23 A,
pZero-Bank/blunt vector, X i ¥ %7 K B DH5a«,
TOP10, Gk /Iy i3t 42 HO 0 & 24 1 A RAR AL A IR
/N, SYBR Gree PCR Master Mix 1 iz % 5% 5% &
I F3& E Promega /& 6], DNA-free kit lij T Ambion
/NF] o DNA marker PCR MasterMix W H b 5% B¢ fy i
28 . 96 F 6 fLAHAE AR , W A 35 [ Corning 23w .

LIVE/DEAD BacLight'™ Bacterial Viability Kits #l
Trizol ¥ H Invitrogen A&, 0.22pm HIELST , ) H
2 [# Millipore 2\ 7] o
1.2 5|¥pigit

3 GenBank ( NC _008563.1) /™ A5 i) APEC
rmlA FEKF A, 430 & v T3 rmlA b R T
I 2 %31 % rmlA-UF/rmlA-UR #1 rmlA-DF/rmlA-
DR, Bt H T4 5E rmiA BEP SRR 3 X519
rmlA-F1/rmlA-R1 , rmlA-IF/rmlA-IR 71 pKD4-Sall-F/
pKD4-Sall-R

#& 1. PCR ¥ HEETAMISI M F 3
Tablel. Primers used for PCR in this study

Primers Prime sequences(5%> 3°) Size/bp Restriction site
rm]A-F CCGGAATTCATGAAAACGCGTAAAGGTATTATTT 879 EcoR 1
rmlA-R CCGGAATTCTTAATAACCTTTAATCATTTTCAG

rmlA-UF GGCTCACACCGCAGTAGATAAGGCT 905

rmlA-UR TCAGTGTAGAAAGCGGATAATAGAT

rmlA-DF TGGTTAGACACGGGGACAC 1074

rmlA-DR TATTCTTTGTCCTCTCTATTCTGTG 522

rmlA-F1 GTTAGCGGGTATTCGCGATATTCTG

rm]A-R1 CCCCATCATGGCAACAGATAAACG

rmlA-TF ACCAACAACTGCCTATCCTACACCA 1235

rmlA-IR CCTGAACAAATTCAACTTTGCGGCC

pkD4-sall-F CGCGTCGACTGTAGGCTGGAGCTGCTTCGA 1476 Sal 1
pkD4-sall-R CGCGTCGACCATATGAATATCCTCCTTAG

1.3 BREFEHEBEE

3 B 51 % rmlA-UF/rmlA-UR . rmlA-DF/rmlA-
DR F1 pKD4-Sall-F/pKD4-Sall-R 4" 1 | & 5905 bp
(4 rmlA 1% P 1) K S 1047 bp B9 T 3 Fr 81 L)L R
K 1476 bp iy RAR 8 R ik v Be. 4 b T iF
F Bt B zero-bank Jii ¥ I, #4 # zero-bank-Up-Down
HH KL, Sal 1 H§Y) zero-bank-Up-Down F1-k HE it
PR B BT Wy L ik JS T T4 Bl i R
FEREE AL K W KT R DHS o JE& 32 75 41 i, 45 B zero-
bank-Up-Km-DR 2 i ki, LUK EE Y zero-bank-Up-
Km-DR 5 20 5Ok A AR , AT 519 rmlA-UF/rmlA-DR
YIS A RIHUE A By B 89 i B Up-Km-Down,
DIBE Wi, # [l i | B % 46 A & A7 pKD46 11y
DE169 B A B #k th , #EAT Bl R AR i F e
1.4 BRKPREVHE R Bt 5 F B AR

2 WESCHRIE AT 2 25 AN 1 45, LA Red
[) 5 o 20 7 1 R AT rmdA FED B R (P 1) o Hal
el 19 H B BE 25500 ng 5100 Lg% 32 25 40 L IR
G HIR G A0. 2 em () Bio-Rad HLA AR, 4T

A L, 76 E2.5 kV, 1 BH200 Q, ik /25 wFi
ZHCT AT i JE T I A900 wL SOC B 5%
3,200 r/min,37C 53745 min )55 T R LB 4
(RARFE 2 W Z M50 pg/mL) , 37°C fH R 15 77 12 h,
PCR %57 $R R R AR o v v b .
L5 AKHERESHENE

%8 Chatterjee S 1977 1517 I 52 BF A= #k 1 B 26
w2, 2 BSCHR [ 8 ] e i Kk 3 (swimming)
B3t 3 (1% trytone, 0.5% NaCl, 0.8% glucose,
0.3% agar) ,JUERK = 0Dy, =1.0 A5 4 #k DE169
Flfk 2% £k DE169-ArmlA £ 10 L i T A+ 1],
37CHHIRIGFR 12 h, WA &\ e ) J L 9 32 3
TE 0
1.6 “£#ER

S8 Kim B9 7735 16 JC 96 FL 41 ML 1% 55 AR
(corning) 1 it A OD,,, =0.1 f#) DE169 #l DE169-
ArmlA B K %200 L, F 5 & 09 1& LB AR B 1 XF
HR,37°CH5 5736 hy 7 K357 WO H K PBS PR 3
W, H SR KT B L in 100 wL 0. 1% 45 & 5 4 {4
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30 min, Ff H] PBS ¥k % 3 K, B R KT B fLm
200 wL 95% L BEVE RIS, AR I 52 OD s

ZHSCHR (10 ], 78 6 £L 41 1% 3= M v, A G
WK H R 0D, =0. 1 ) DE169 .DE169-ArmlA
W, B AL A4 mL, B 4155 3 fL, 4 IR 4 s B
LB 5730, #19736 hjg, s K559, 1] PBS ¥ 3
%, ]l LIVE/DEAD BacLight™ Bacterial Viability Kits
HEAT YL, 45 L A 200 pL, % HE F 15 min, PBS
UE 3 KRR A BRI e, ' W IO WL AR AN T 1Y
A= )R REIE 1A B o
1.7 RNA KEHMEFERMREKSHNERER
TE R

Z: M8 Han XG f 7 """ ] Trizol ¥ 347 RNA
(I, 2 BEOAS S0 % 0 WO B 09 8 SO 1t K
FFEE B T1 3L R pfs, ompA ,vat , luxS , tsh , fuyA , iucD , iss
SRR R IEIN dnak 519 Bl Y
REVHEARGRAFGM(E 1) o A FR20 pL:
Real time PCR Master Mix 10 pL, FiiF5I ¥ (-F) | F
51 (-R) (10 pmol/L) £ 0.5 pL, A i 1 pL,
ddH,0 8 pL, $# % {:50°C 2 min,95%C 10 min;
95°C 15 5,60°C 1 min,fFEF 40 Xk, X 3 KJgKH
278 (Livak ) 3% A0 B 158 #E ) 3610 mRNA
L O

2 #XR

2.1 rmlA BERKPOUEREE

X BE AL B 25 Bk 514 pkD4-sall-F/pkD4-sall-R
HEAT PCR %5, 45 B W, B8 AL 2% Bk vT LAY 3 1
RIRHUE A B (& 2 Wik 1), i 27 26 iR 0 3 3
AT (T 2 Ykl 2) , B X Bt R 4 486 ) Ay (T
2 ¥k 3) .

Xt B¢ oL i 2k Bk FH 919 rmlA-F1/rmlA-R1 i 47
PCR %7 , 25 3R], BE LB R MR AR 3 38 1 2% (&
2 Pk 4) 1B AE ARG KN 522 bpi R B (UK
B 5) B B R A (TKIE 6) o

XFBE L K bk 51 9 rmlA-IF/rmlA-IR 3 17
PCR %7, 45 S R W, BE AL Bl 2k bk vl 47 34 10 R/ oy
2139 bp WY R Bt (B 2 Jk3E 7) , 10 95 26 BRI 16 1 1 B
K/NA1235 bp (B 2 JkiE 8) , B X Bt R 51
Zkt (2 kiB 9) .

PCR EELREY, TH R HERIMHN

DE169-ArmlA & #R A4 BT

sal 1 Kan sal 1

\I

rmlA-UF rmlA-UR rmlA-F1 rmlA-R1 rmlA-DF rmlA-DR

e .

& 1. DE169-ArmlA fif 5% #k # 2 7 K B &k B

Figure 1. Schematic chart of the strategy for generating the mutant

strainDE169-ArmlA.
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Figure 2. Identification of the knockout strain with Kan resistant gene
by PCR. M: DL2000 DNA molecular; lane 1, 4, 7; kanamycin-
resistant clones; lane2, 5, 8 ;wild type strain DE169; lane 3, 6, 9:

negative control.

2.2 rmlA BRKBRE U E BR

HL 5% pCP20 B RIRHTPE B K R, 28°C 45558 h
J& 4 B 42°C o R SR IR B Y B i
FLP 5 21 fiff 1) 3k, ) Ze 4 Fp T 184K LB #5572 55,
PR e o o, AT RIB A R P AEE

A rmlA-IF/rmlA-IR 54 #E4T PCR ¥ 18 45 5L 97
ALY 111235 bpiy B (18 3 Yk 4) i Bk 2K Ak
D438 /N 713 bp 4 B (& 3 WkaE 5) , B E
Xof B 38 1 2l (181 3 9k 6)

JH rmlA-F1/rmlA-R1 5 947 3% , 245 F ¥ A= R 9~
RN A 522 bp iy R Be (B 3 JKIE 7) , T R 2k Bk
WA 3G s 4670 (181 3 Jk3E 8) , BPEXT B 9 4
W& (F 3 UkiE 9), PCR X E 45 B LW, lizhik
8T AEA Kan itk Ry APEC rmlA BEPH 82K f% , O
fi %~ DE169-ArmlA (& 3) .,

2.3 E£RKHMZERIEIEKRN
JH LB 35 5% B 855 55 40, X B A= ok DE169 Fl 3t
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Figure 3. Identification of the knockout strain without Kan resistant
cassette by PCR. M: DL2000 DNA molecular; lanel, 4, 7. wild
type DE169; lane2, 5, 8: the knockout strain DE169-ArmlA ; lane

3, 6, 9: negative control.

itk DE169-ArmlA 14 K F1iz 3l GE ) #4700 %€ , H
523 W, el AR & B IE X Hoaz 3 5 AR AT
(P>0.05) , 45 530, rmlA FEP B2k )5 %F APEC (1)
A K iE S Ee S B A R .
2.4 YR ERN

A W e PG ) 435 B B el A BE PR Bl 2k O R
Vi B B RE 7 1 o, SR BT A AR 1. 78 5 (18 4)
ZFM R E(P<0.01),

XA ) B B AT ¢ O G 0 I R L, R R AE 9
6 UBE T 2% Sk K Y AN B A B4 B8 R AR —
I — A 2O B 45 0, A XT3 AR R DE169 A4

P i s Bk (KS) o
0.6
IIII*I*IIII
0.4
g
S
DE169 DE169-ArmlA

Strains

B 4. rmlIA %t APEC 4 4 % B % A B %% i
Figure 4. The effects of rml/Aon biofilm formation of APEC.

2.5 tHXFZNEE mRNA KEFHRIFR

XTHF A Rk DE169 Fil it 2K #& DE169-ArmlA % 7)
FEP ) mRNA % Sk o0 A W, rmlA 36 R R 5
luxS [irp2 He PG 55 K43 53] B 2 4% 1.6 £ 5iueD |
SyuA ¥R R 25 A% 5 i At 3 DA e S KT ) T8 B
A (R 2),

5. 36 h £ HERIRLER A (200 x )

Figure 5. Fluorescence microscope image of APEC biofilm

at 36 h(200 x ). A: DE169; B: DE169-ArmlA.

=R 2. 8495 N EE%E DE169 1 DE169-ArmlA rh
B Rk F
Table 2. Evaluation of transcriptional levels of selected

virulent genes in DE169 and DE169-ArmlA
The level of mRNA

Gene p value
DE169 DE169-ArmlA ( Mean + SD)
luxS 1 2+ 0.09 0. 007
irp2 1 1.6 £ 0.13 0. 002
ompA 1 0.6 = 0.00 0. 0001
pfs 1 0.85+ 0.04 0. 0068
iheA 1 0.3+ 0.49 0.15
tsh 1 0.8+ 0.19 0.29
iuch 1 0.04 = 0.007 1.89 x107°
SruA 1 0.04 £0.016 5.58 x10°°
vat 1 0.7+ 0.295 0. 64
fimC 11.07 = 0. 153 0.875

3 itk

AL A ) Red [W] 9 4 05 vk il Sh # 1
rmlA BRI, IE X A WA R VR UEAT 0 BT, SR 3R
W rmiA B B Gk 2% FF A 52 0 APEC DE169 T & 1Y
A 3% 5 SCHRARE (9 rmlA SE DR 2K 5 AT LA IR 45
A% 53 KT T8 9 A 4K S MR 4 7 O IR T
I (1) BIRR 22 57 3 A9 = Fy T T PR AS T 9 0 B 2



1060

Yue Han et al. /Acta Microbiologica Sinica(2013)53(10)

BEXT APEC 4 K R SC 3 7E T, 78 APEC b i i
A77E F A A AR AR R rmlA S R B 2
B B8 G LA 5 (2) 4 APEC  BR T rmlA
AR A HABFE RN S 5 BB A . BR T2l
FHAK, REHELAS SARPAHEEEZES . HARR
K s APEC rmlA PR G BR 5 51 K 5% 1w B4 k2 3h B
SRz ey, BARYLRAL A fE i — 22 ot .

ENEW TS ERURAT T S R R D S LR G
APEC A= B Al rmlA (5 5 Bk 1) 28 4 B T2 1 R )
HEAT RGN , 22 W e 2% A 2 W) 1k B2 T 1l B 7 % B 28 ik
WO, WFFTFRE AR BB R G (QS) Aok
BRI it P B B . 2 QS R
AL mE R M L B2 WE IR B 0 A
KA 38 B4R, 2 5 40 A W e B i 2 A4
BB Hi KT B BB T LA B A5 A
BRI L T rmlA 2 5 RS R
B R TT B2 rmlA DR A i 2R A T RS
i 0 B B M T 5 380 1 HL A W e IS B R D B i I
A, luxS FHe PR 2 20 B R ARV, R 5 (QS) i R B
PR uaeS 35 RS 41 BT 114 A 9 o B L o 2 ) 8 9 A
F 7036 R B R TE T, luaS 35 R Bl 2 BRI 4R 9 1
TEBE 7 v T B A bR 0 AR AR I B BR B P lunS S
B 2 i £ 0y ol RS A e 4 R A L A
AR, rmlA FE R B J5 7] DU luxS JE B 5K
B B, T RESE rmlA FE RE 5 0 luxS JH 5
(4 QS e 5% i fofe 2 Ak A= 0 ik RS T WL RE T

irp2 HE PR HIS IR % T 9 B0 1k B 71 5 (HPT)
AR IE IR, 1 Ry K 08 1 B TN, ANAE 78 T 5 B0 PR
H P A AR R 0 R BT ST A R W S fE
APEC pE0 i fE b R AR T EAE N frud FEH R
HPIL o1 R 8 R 52 R SE I, iweD 2 7= SOFF 1 R 36
PR, PR3 3 5 8k 0 dz i B R AR G A 18 4 TR ) k4
ARG, 48 APEC ({800 M AR 2 g g b 1 ) 2 IR
PR h R EEAEM . RS rmiA B
PRI A i 2R 32 B LuaS TN irp2 5 57K SF M, fyud F1
iucD ¥ 5KV 5% RV, rmlA B B 2R BE A AR S 8L
APEC 7 77 B 78 Al K HE o 4 45 B Zh RE 9 52 i, 415 A7
Fpik— B9

AWEFEXT APEC ) rmilA BE PR R bR 0 A2 ) 2
FEMESEAT T b, itk — 2B B9 rmlA J IR ) ) g 4
%,

[ 1] Rojas TC, Parizzi LP, Tiba MR, Chen L, Pereira GA,
Sangal V, Yang J, Yu J, Silverira WD. Draft genome of
a brazilian avian-pathogenic Escherichia coli strain and in
silico characterization of virulence-related genes. Journal
of Bacteriology, 2012, 194(11) :3023.

[ 2] Wang S, Niu C, Shi Z, Xia Y, Yaqoob M, Dai J, Lu C.
Effects of ibeA deletion on virulence and biofilm formation
of avian pathogenic FEscherichia coli. Infection and
Immunity, 2011, 79(1) ;279-287.

[ 3 ] Katiyar AK, Vegad JL., Awadhiya RP. Increased vascular

[}

permeability and leucocyte emigration in Escherichia coli
endotoxin in jury in the chicken skin. Research in
Veterinary Science, 1992, 52(2) . 154-161.

[ 4 ] Erridge C, Bennett-Guerrero ER, Poxton I. Structure and
function of lipopolysaccharides. Microbes and Infection,
2002, 4(8): 837-851.

[ 5] QuH, XinY, Dong X, Ma Y. An rmlA gene encoding D-
glucose-1-phosphate thymidylyltransferase is essential for
mycobacterial growth. FEMS Microbiology Letters, 2007,
275 (2) . 237-243.

[ 6 ] Datsenko KA, Wanner BL. One-step inactivation of
chromosomal genes in Escherichia coli K-12 using PCR
products. Proceeding of the National Academy of Sciences
of the United States of America, 2000, 97 (12) . 6640-
6645.

[ 7 ] Chatterjee S, Bandyopadhyay A, Sarkar K. Effect of iron
oxide and gold nanoparticles on bacterial growth leading
towards biological application. Journal of Nanobiote-
chnology, 2011, 9. 34-41.

[ 8] Ling H, Kang A, Tan MH, Qi X, Chang MW. The
absence of the [uxS geneincreases swimming motility and
flagella synthesis in Escherichia coli K12. Biochemicaland
Biophysical Research Communications, 2010, 401;521-
526.

[9] KimY, Oh S, Park S, Seo JB, Kim SH. Lactobacillus
acidophilus reduces expression of enterohemorrhagic
Escherichia coli O157; H7 virulence factors by inhibiting
autoinducer-2-like activity. Food Control, 2008, 11
(19) :1042-1050.

[10] Wang Y, Zhang W, Wu Z, Lu C. Reduced virulence is

an important characteristic of biofilm infection of



A G5 rmlA PR R 0 8 B0 P R AT R AR IR Y B /B W A 4 (2013) 53 (10)

1061

[11]

[12]

[14]

[16]

Streptococcus suis. FEMS Microbiology Letters, 2011, 316
(1):36-43.

Han XG, Lu CP. Detection of autoinducer-2 and analysis
of the profile of luxS and pfs transcription in Streptococcus
suis serotype 2. Current Microbiology, 2009, 58(2) :146-
152.

Chen W, Han X, He L, Hu Q, Yu S. Characterization of
duck pathogenic Escherichia coli. Chinese Journal of
Animal Infectious Diseases, 2010, 18 (2): 34-40. (in
Chinese)

Moo, shoeT s, S50, T 2%, WBUNE RS
FFB R 23 18 28 58 K AR W = e o A 3l W A% G
R, 2010,18(2) :34-40.

Huber B, Riedel K, Hentzer M, Heydorn A, Gotschlich
A, Givskov M, MolinS and EberlL. The cep quorum-
sensing system of Burkholderiacepacia H111 controls
biofilm formation and swarming motility. Microbiology,
147(P19) : 2517-2528.

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the
2 %" method. Methods, 2001, 25(4) ; 402-408.
Branda SS, Gonzalez-Pastor JE, Ben-YehudaS, Losick
R, Kolter R. Fruiting body formation by Bacillussubtilis.
Proceeding of the NationalAcademy ofSciences of the United
States of America, 2001, 98(20) . 11621-11626.

Davey ME, Toole GA.

CaiazzaNC, Rhamnolipid

surfactant production affects biofilm architecture in

Pseudomonas aeruginosa PAO1. Journal of Bacteriology,

2003, 185(3) : 1027-1036.

[17]

[19]

[21]

[23]

Beenken KE, Blevins JS, Smeltzer MS. Mutation of sarA
in Staphylococcusaureus limits biofilm formation. Infection
and Immunity, 2003, 71(7) . 4206-4211.

AparnaMS, YadavS.
Brazilian Journal of Infectious Diseases, 2008, 12 (6) :

Biofilms: microbes and disease.
526-530.

Wilhelm S, Gdynia A, Tielen P, Rosenau F, Jaeger K.
The autotransporter esterase EstA of Pseudomonas
aeruginosa is required for Rhamnolipid production, cell
motility, and biofilm formation. Journal of Bacteriology,
2011,193(4) :918-931.

Xu L, Li H, Vuong C, Vadyvaloo V, Vadyvaloo V,
Wang J, YaoJ, Yao Y, Otto M, Gao Q. Role of the luxS
Quorum-sensing system in biofilm formation and virulence
of Staphylococcus epidermidis. Infection and Immunity,
2005, 74 488-496.

Yoshida A, Ansai T, Takehara TK. Kuramitsu H. LuxS-
based signaling affects Streptococcus mutans Biofilm
Applied
2005, 71(5) . 2372-2380.

De Almeida AM, Guiyoule A, Guilvout I, Guilvout I,

formation. and  Environmental Microbiology,

Iteman 1, Baranton G, Carniel E. Chromosomal irp2 gene
in Yersinia: distribution, expression, deletion and impact
on virulence. Microbial Pathogenesis, 1993, 14 (1): 9-
21.

Han XG, Bai H, Liu L, Dong H, Liu R, Song J, Ding
C, Qi K, Liu H, Yu SQ. The luxS gene functions in the
avian Escherichia  coli.

pathogenesis  of pathogenic

Microbial Pathogenesis, 2013, 2(55) . 21-27.



1062 Yue Han et al. /Acta Microbiologica Sinica(2013)53(10)

rmlA gene deletion affects biofilm formation by avian
pathogenic Escherichia coli

Yue Han, Xiangan Han®, Hao Bai, Shaohui Wang, Qingmei Meng, Chan Ding,
Shengqing Yu®
Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences ( CAAS) , Shanghai 200241, China

Abstract: [ Objective | To characterize rmlA gene inavian pathogenic Escherichia coli ( APEC). [ Methods] We
constructed the rmlA mutant of APEC by the Red recombination system. Then we analyzed the differences of growth,
movement and biofilm formation between mutant strain and wild strain. We compared the differences of virulence gene
transcription between mutant strain and wild strain by real-time PCR. [ Results] The rmlIA mutant did not affect the
growth and motility of APEC, but enhanced the biofilm formation significantly. In addition, the transcription level of some
virulence genes in rmlA mutant showed that the luxS , irp2 were raised 2 and 1. 6 times respectively, but decreased the
iucD and fyuA by 25 times compared to the wild strain. [ Conclusion ] These data indicate that the rmiA gene could
strengthen the ability of APEC biofilm formation, and affect the transcription level of some virulence genes, but not the
growth and motility.

Keywords: Avian Pathogenic Escherichia coli, rmlA gene, gene deletion, biofilm formation, Real-time PCR
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