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Group 2 capsules (e.g.K1,K5)

Region 1 Region 2 Region 3
kps F E D U C S r M
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Figure 1. Genetic organization of group 2 capsule gene
clusters. Two conserved regions (region 1 and 3)
encode enzymes required for capsule transport through
the inner membrane and are localized up- and
downstream of a highly variable serotype-specific
region (region 2).
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1. AR D R R R BTRL

Table 1. Bacterial strains and plasmids used in this study

Strains or plasmids Characteristics Source or reference

Strains
E058 Wild-type avian E. coli serotype O2 Avian
u17 Wild-type strain of UPEC serotype nontypable Human
E058AkpsED E058AkpsED This study
U17AkpsED U17AkpsED This study
_ + . R
DH5a endA1 hsdR17(rk mk )supE44 thi-1 recAl gyrdA (Nal") RelA1A(lacIZY A-argF) U169deoR Invitrogen
(80d lac A(lacZ) M15)
Plasmids
pMD18-T Vector TA Cloning Vector, Amp TaKaRa
pHSG396 Complementary vector, Cam TaKaRa
pKD46 Amp, expresses A Red recombinase [27]
pKD3 cat gene, template plasmid [27]
pCP20 Cm, Amp, yeast Flp recombinase gene, FLP [27]
R2. A EMASI4
Table 2. Primers used in this study
Primers Sequences(5'—3') Target genes
KCF ATGTTGATAAAAGTGAAGTCTGCCGTATCCTGGATGCG KD3
TGCTCGTCTGTCTTGTGTAGGCTGGAGCTGCT p
KCR ATTGATGACGTCGCCATCTTCAAGCAGAACAGAATC KD3
AATATTGGATTCGTATGGGAATTAGCCATGGTCC p
KF AGTGAAGTCTGCCGTATCC Upstream region of kpsED
KR GTCGCCATCTTCAAGCAGA Downstream region of kpsED
CF TTGTGTAGGCTGGAGCTGCT pKD3
CR ATGGGAATTAGCCATGGTCC pKD3
HF CTCAAGCTTATGTTGATAAAAGTGAAGTC kpsED
HR GCTCTCGAGTTACAAAGACAGAATCACT kpsED

50 bp up- and down-stream region of kpsED are underlined.

] 5 ) S B R L PCR= ), B A T Red
[Fi) 5 T AL 1 R PEFTHIIDNA

1.3.2 BB RGVRBRNERE : HLMEITHIDNA
F B AL B S5 A pKDA6 Y RS2 A5 41 IR E05 8 il

1.3.3 R[AERGEERERR. FRIAFLPE]
I (14 78 B OB pCP2OHL R AL A B A SR R P2
BB R T, T8 2N 5 % R LB L i ik
PRPERR, SRS 1M LB A b i e A & Sl ds R L

U170 B, BRSA T & A E LB PEREDI A B ISR
TIREARE T, PRECAREIE S WKF/KREZS S 1.4 BIEHRAHE

CF/CR#ATPCRY G % . 45 IE W 1 B 2K R AE
42 °CHiF¢ G 2= BEpKD46 Tk, FHEIEFTPCREE

5P HF/HR BT A= #RFE 4 DNA H 18 4>
KhkpsED R B, alifb [l i% $2 2pMD18-T#k A
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AkpsEDFU1TAkps EDIFATIE SR, SR T
PCRYE M FFHIE, DAArH Hast e fa e 1k o
1.5.3 AKMEWE: FEMEFRSERFET, 535
AR AERR . SRR T ODgop=0.05)F
10 mL LBE;FEHER, 7637 °CIEIEFERY, 121220 v/min
PEPRKGTR; #2524 h, BERR0.5 hill 2 5532011 ODgy
{Ho DAREFRIREAREAAR, ODgoo WAEFR, 2]
B AE R M2, WEREFAE bR S B BRZELBG 35
B AR
1.6 IMERERL

A3 90 5 BT AE RREOS8 FIULT, BRICHRE0SS
AkpsEDFIU17AkpsEDYLIMLIE#MARHIARE S .
1 mL515% Hl B PBSE LB - I 3557 1) 4 15k
T, MR E10° CFU/mL, BU100 pLE IR
HERFIN90% SPFAS I, 37 °Ci3:. 2l
HaEaEL . 2. 304 hisa] B iy VAR B LRS- ARo T
., 18 hig MERLs R,
1.7 1HEXEKEEBICR (LDs,) I E

A3 IXFEFAAREOSSFIULT, B HRE0S8AkpsED
MU17AkpsED, B ¥ReE058AkpsEDFIReU17
AkpsEDXTS LD s AT E o FEASLIRANT : 21
BT R TLBW AR FR b, 37 °CHi % AT
BAKH, 4 °CB.L, UIEMAEH15%H -
PBSYA VLA BIF M 10", 107, 10°, 10°H0
10° CFU/mL; A B 0. 1 mL B S B3
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PAGHZML, TEAMEIEEFRTLS h, AR
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B A A4 . %1000 r/min.0>5 min,
B AR IR 26 . 37 °CHERE 1 h, H]
PBSYEANAI3YK, MAT10% FCSHI100 pg/mL
B IR E R MDMEME i3, 37 °CIFF 1.5 h, &
KA AT . HPBSHEE A3, MMAT mL
0.1% TritonX-100%5 ¥ 24 A . REFLAAY1 mLAH
M2, HR100 pLhin A 21900 uLiYPBS, KUKH
R BB BURVRERE00 uL, IRATLB-Hit
BT, BRRE R 3L, AR 20 TR 1 N
B A=A A 2 M 1 20 T B B AL A b i 2 T
$0)%100%.

1.8.2 MRS RE: 405U =R ER
ARKMIANE L FER]1.8.1. FPBSUEAAHME3IK, i
AF10% FCSHI0 pg/mLEK K% Z I DMEME; 37
B, H TSN R A RIS . DO AT
A VR B W B SR LB AR TER, 43 )8 40 T 4
6. 12F124 hi}, JIA1 mL 0.1% TritonX-1009% 7K
L1020 M AT M N TR IR AR T, TR TE SR P Y
FEIG 8= (FE— & IF 8] P A P 3280 1) 200 1 250+ g AL
FER A 250 < 100%

1.9 35H R SPFRSLIRL

1.9.1 RASIESAHEIRE: K40k E4x10°
CFU/mL. 60X35H % SPFAS, BlHHL 44,
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RREH15H , FREH35 H I SPFXS 43 5 20 M < e FE b
0.25 mLIYE058. UL17H A4k . E0S8AkpsEDFI
U17AkpsEDERR AR . 42F024 him, FhR&HR,
Q19 = R 1 | N =
A, MREGE, fuESmBE, Ttk
LB & 435 77 G55 R PPk = B T e it
£, 18 W MEREER . Ak 5 HMann
Whitney test 7 i1 745104 o

1.9.2 ERTESRE: KN ARERT, 415
35 H i SPEXY /3l 78 22 M S BE 4 F10.5 mLIKJE0SS
PP AR S E058 Akps EDER IS HRIR A W, U178FA:
-5 U117 Akps EDBIAR BITR A BT (R RN e 447
FhEFAE AR . BRCHESS10° CFU), $2M24 hE, 23
R, BGL . FFL gL ML E, EREVE, &
RS A AR PR AICHUE B LB E R
FREIATANEITEL, 18 hjg ML T

2 H#RAupAT

2.1  AkpsEDBRBRIIMIE R KE

PIpKD3 AR, 51#KCF/KCRY S HH K/
1100 bp P kps EDIRIRE i & 2 Z Pt A
FB, R aifb 55214 THIDNA (52),

M 1 2 3

bp bp

—1100

2. Z14$T#EDNA PCRER

Figure 2. PCR product of linear targeting DNA. M:
DL5000 DNA marker (TaKaRa); lane 1, 2, 3: PCR
product of linear targeting DNA.

WL THEDNAZ 51 L 5% AL A& A pKD46 1Y
FPABREOS8FIUL 7Rk, 5 Rl IRE L, PRI
PSR E YU AR K B SE R E A TPCR
YE, DAKF/KRG I 3 oy s RPUrE AL
B, XFHREPA:RRY 1 A BEM2500 bp, AkpsED::cat
A R A5 K/ A 1100 bp (E13).

M 1 2 3 4

bp bp

—2500

—1100

&l 3. E058AKpsED::cat f1U17AkpsED::cat EHHE
PCREE

Figure 3. Identification of EO5S8AkpsED::cat and
Ul17AkpsED::cat by PCR. M: DL5000 DNA marker
(TaKaRa); lane 1, 2: the amplified kpsED fragment of
E058 and U17 by primer KF/KR; lane 3, 4: the
amplified kpsED-cat fragment of E058AkpsED::cat and
U17AkpsED::cat by primer KF/KR.

T 5 A BB F K FLP 40 i (1) p CP20%H Bl i
B T IEBRFRTA 8 Z M A& R DUk, D
L2 5 SR R DU i B s B PR R M ARAR, DA
KF/KRG| YA TPCRY BG4, B ARk 4 Fr B
42500 bp, HEAFEAK/INA120 bp (Kl4), EKHHBR
¥RE058 AkpsEDFIU17 Akps EDFEERLY) .

22 FEHHEERREE

A S HF/HRY ¥kpsED K TP, K/

412826 bp, W% B REA BURipHSG396, iE i)
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bp

—120

4. FRECHRE0S8AkpsEDFIU17AkpsED PCREE

Figure 4. Identification of EO58AkpsED and
Ul7AkpsED by PCR. M: DL5000 DNA marker
(TaKaRa); lane 1, 2: the amplified kpsED fragment of
E058 and U17 by primer KF/KR; lane 3, 4: the
amplified kpsED fragment of EO58AkpsED and
U17AkpsED by primer KF/KR.

PCRIEFG VIS, WME T HEA A pHSG396-
kpsED . ¥ [0l & FkipHSG396-kps EDHLFE AL A Bt
RERE0S8AkpsEDAIU1 T AkpsEDY, PREUIE A E R
PrrE Pt AR BHYE sk, TS [ KF/KR i
FTPCRYEE (I815), Z5RFWRIERIE KT, 4
i 4 HReE058 AkpsEDFIReU 17 AkpsED

2.3 BRI FELEYER

2.3.1 WEFEESHELES: Kok bk My A ks =
XN L 4EF TLBREAR FR 2, T37 °CHi3%18 h
i, BRWEDE, o, S, WRIERA LN ETE
(Hf21-2mm), KU, SEERMLL, SRR
WKL I KA B 2E 1k

2.3.2  BEREWEST: KRAEKRELSL1I0MR
5, PCREERKAMB R, FFHINTFE5RIE
W, FEHHEA RIS SR e,

2.3.3 AKMLWE. BT RE0SSFIULT,
Je RS BRE0S8 Akps EDFIIU 17 Akps EDFELB H1 43 5]
Big20.5. 1. 1.5, 2, 2.5, 3. 3.5F14 hf 0D,
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SEMEEA, W LUE H S bR 1 A4 Ko 5 B R i
FAR—H(K6).
2.4 SPFXYIMER RIS R

I35 7R B R IR 25 SR B R B R ARE05 8 Akps EDFI
U17Akps EDHEHTINLIE #MA K T B g 7 3 T %,
U SEREEAE ST NI #MAK TR 7 T R P A
HET)

120

& 5. [E12 #xReE058AkpsEDFReU17AkpsED PCREE

Figure 5. Identification of complementation strain
ReEO058AkpsED and ReU17AkpsED by PCR. M:
DL5000 DNA marker (TaKaRa); lane 1, 2: the
amplified kpsED fragment of E058 and U17 by primer
KF/KR; lane 3, 4: the amplified kpsED fragment of
ReE058AkpsED and ReU17AkpsED by primer KF/KR;
lane 5, 6: the amplified kpsED fragment of
E058AkpsED and U17AkpsED by primer KF/KR.

35 1 o Eos8

;'2 T =U17
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S - U17AkpsED
g 15 ¢t

1.0 t
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0.0{ L L L 1 I |
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6. ExPECEF AR, FREREMRALBHHIE KL
Figure 6. Growth curves of wild-type strains and
isogenic mutants in LB at 37 °C, and their optical
density checked at different times.



FIEESE | RPN, 2016, 56(10)

1577

1200000 [ = E058
~=Ul7
-+ E058AkpsED
900000 | —-U17AkpsED

—
E /
= 600000 F
35 e

300000

0 1 1 1 1
0 1 2 3 4
t/h

7. ExPECEFEMRASER BRI IB R E IR
Figure 7. Influence of the capsule on serum resistance
of wild-type strains E058, U17 and isogenic mutants.
Bacteria were incubated in 90% serum obtained from
SPF chicks. The graph shows means standard errors of
values originated from three independent assays.

2.5 RHEILE (LDs) il

FUFH 1 H WA AR R YLASRIN B A BROS R
MBS RRE T, 25 R bR ) AR
&, IR IR BEFAEMOKE, W33,
2.6 ZHpRRYLAT:
2.6.1 HD-11HEWEIRLE : HD-1140H47 Wkt
W5 R 7N, HD-11Z40 0% B A REOS8 FIU17HY
AR 50.24% F10.25%, 1% B4 #RE058

%<3. ExPECEFA k. JFEPRERIHRFNE] & #K LDs BN E

Table 3. LDs, of wild-type strains, mutants and
complementation strains

Challenge dose (CFU)
Strains LDs,
10’ 10° 10° 10* 10°

APEC E058 6/6%  6/6  5/6  5/6  4/6 10
UPEC U17 6/6 5/6 5/6 5/6 3/6  10°*
E058AkpsED  0/6  0/6  0/6  0/6  0/6 \
Ul7AkpsED  0/6  0/6  0/6  0/6  0/6 \
ReE058AkpsED  6/6 5/6 4/6 4/6 3/6 10
ReUl7AkpsED 5/6  4/6  5/6  4/6  3/6 10*

*Number of dead chicks/Number of inoculated chicks.

AkpsEDFIU1T AkpsEDW N #7535k 2 55 T HP A bk
G35 H1.44% Fl1.26% (£4).

2.6.2 HPEMIANTIEIRS: 05 I AT R 2
BN, SN EEML, Y6 h,
12 h A1 24 h)5, EFAHREOSSHI PN AF 1% R 45 A
1.51% . 1.65%F11.92%, UL1755%] }51.26% .
1.47%H11.84%, FHLLIT T, kpsEDERIARFERLA
FEIRRE S B E T %, E058AkpsEDTERY6 h)5,
FE RN 1.15%, MAERYL12 h #1124 hi5 50500 T
[ 220.46% F10.12%; U17AkpsEDIRY6 W5, fF
R K1.22%, MTEL2 hFI24 WG9 THE
0.48% F110.09% (I¥18).

4. BEEMHHFHD-1140EFEIX L
Table 4. Ingestion assays of bacteria by HD-11

Strains Percent of intracellular bacteria/%
E058 0.24+0.019

u17 0.25+0.002

EO058AkpsED 1.44+0.02**

U17AkpsED 1.26+0.016**

**_ Significant differences between mutants and their wild-type
strains (P<0.01).

>
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~~ B058AkpsED
U7

- U17MkpsED

/
/ .

0 6 12 24
t/h

8. ExPECEFE HRANZEPRER LR AA 275X 5
Figure 8. Intracellular survival of bacteria in chicken
macrophage HD-11 cells. Intracellular growth of wild-
type strain E058 and U17, isogenic mutants
E058AkpsED and E0S58AkpsED were compared over a
24 h period. The values represented the average data of
three independent experiments. Asterisks indicate
statistically significant differences (**P<0.01).
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2.7 SPFSENZIEM RIS HE (P<0.01) (&19),
24 hig RN B A& il e a5 SR L8], 5H 2.8 HRNFEHEER

HERRA L, BRRBRE0S8AkpsEDFIUL7AkpsED

RNTERLAER IR, kpsEDBRI RS EFEMRGE

TERESS P a0 A B TR, RPN RS AERBENRE TR, R UL (E10).
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9. ExPECEFAEMRMIERRAARIFAENE DI
Figure 9. Colonization and persistence of the wild-type strain E058 (e), EOS8AkpsED (A), U17 (V), Ul7AkpsED
(o) during systemic infection. A: blood; B: liver; C: spleen; D: lung; E: kidney. Data were presented as log;, (CFU/mL)
of heart blood or log;, (CFU/g) of tissues. Horizontal bars indicated the mean values. Each data point represented a

sample from an individual chicken. Statistically significances as determined by the Mann-Whitney test were indicated
by asterisks (**P<0.01).

(A) 8 . B) 8 .
S N e S - v vy v, v
E () . ° ﬁ ° E 6 "' V' M ; ""
S |l = ®# T o« S |l = T o=
. 4 oo . o® . 4 vy :v v v A3
g s ** ok (C)/ *k ok *%
E) N % N ok " B o *% ° *% °
%D A aah A A,a %D o 00° () 00
<) = % = & % )l £ X X & %
F FTE S ST S S QTS PN S SN Y TN R SN
IS E S E&ITTE
W W® W W ¥ ¥ ¥ » W »
6%V v 6%? v v AV AV AV AV \/\V
& & & & R
Heart  Liver Spleen Lung Kidney Heart  Liver Spleen Lung Kidney

10. ExPECEFAE MR R ER KR A RN TR LG
Figure 10. In vivo competition assays: (A) E058 (®) and mutant EO58AkpsED::cat (A) were inoculated
simultaneously; (B) U17 (V) and mutant U17AkpsED::cat (0) were inoculated simultaneously. Data are presented as
log;o (CFU/mL) of tissues. Horizontal bars indicated the mean log;, (CFU/mL) values. Each data point represented a
sample from an individual chicken. Statistically significant differences in values between wild-type strains and their
mutants were indicated with asterisks (¥**P<0. 01).
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Dual deletion of the kpsE and kpsD genes reduced the bacterial
virulence of extraintestinal pathogenic Escherichia coli

. . . . * . .
Qingqging Gao, Le Xia, Juanhua Liu, Song Gao , Xiufan Liu
Key Laboratory of Avian Bioproducts Development, Ministry of Agriculture, Jiangsu Co-Innovation Center for Prevention and

Control of Important Animal Infectious Diseases and Zoonoses, College of Veterinary Medicine, Yangzhou University, Yangzhou
225009, Jiangsu Province, China

Abstract: [Objective] To study the role of capsule polysaccharide in pathogenesis of extraintesinal pathogenic
Escherichia coli (EXPEC). [Methods] By using A Red recombination system, we generated the capsular
polysaccharide transport associated genes kpsE and kpsD double knockout mutants EOS8AkpsED and U17AkpsED.
We then compared and analyzed the characteristics of the mutant strains and wild-type strains. [Results] The growth
curves in Luria Bertani showed that the deletion of kpsED did not affect growth kinetics of the mutants. The abilities
of resistance to serum and killing by chicken macrophages were significantly impaired. LDs, results showed that the
double mutants completely abolished the virulence, whereas the complementation strains restored the virulence to
resemble that of wild-type strains, and the colonization and coinfection model demonstrated that the deletion of kpsED
led to attenuation of virulence, because the double mutant showed significantly decreased colonization compared with
the wild-type strains in all organs tested in chickens. [Conclusion] These results indicated that the virulence factors

encoded by capsule genes were important for the pathogenesis of EXPEC.

Keywords: extraintestinal pathogenic Escherichia coli, capsule, mutant, pathogenicity
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