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FROES R37
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—, IR B T Lk AR A R vayr, H2
WAL FATIRAF A B B 25 1 eeF 20 K A
(E. coli) /2535007 A8 ) LI I 28 S5 5 DL g o 2= G B 1k
BB PR, 5 KA TR R A
LA AT RRAL R AT TR 00 20T 2 ik 32 p
I & N % 41 B (brain microvascular endothelial
cells, BMECs) 41 i 19 1f i b i . K i 41 B4 %8 ik
BMECs ¥ AN KBEVEIR T, — 2 E. coli FiF I
2783k N BMECs, /& E. coli #£ BMECs ik
T 5 0 M ) 7 A AT B, 5 ik BMECs A
. JEAEk, 2 FAT IR 43 B 3597 1 BMECs /E 24
TS, 505 280E T BUMR 2 K A B i — 2
12 2% BMECs tH X5, W fimH, ompA, ibeA,
ibeB, CNFI1 %%, x5 KWt iz 2840 ¢ i) 4h i
WG S/ Rl AT TH 18, (HEX T
BMECs H'[1) E. coli QA &k 45 3= 4H i 1 s 180 I 2k
AT EHA MBI H H A E 2L

WAV TOS R, IEOHT AR LI 2 E. coli
K1 ¥k RS218 (018 : K1 : H)H % 7 — 4
203 kb [ E. coli K1 % JJ & 3 Al GimA (genetic
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I FEE % 552 TR s Y 43 2519, E44 2 RS218 4T
FIAE A RN DI, T4 DNA MEH:IE A
Takara 2 7] ; pGEMT-easy Z 1A & Promega /A #] =
b UKD DNA 42 BO 7 & W B Qiagen A # 5
DNA Jv Bealith S Rl & Bl A TAYA
B2 W] 7™ ;. HBMECs FH 56 [ 29 51 88 3 4 107 K2
P< %% B Kwang Sik Kim {8 -1- 2% ; BHI (brain heart
infusion) 4l & £5 7 55 1 Nu IfiL 3% 4 92 [F BD A & 7=
a s RPMI-1640 K 7% 55 5 56 [H Invitrogen 24 W] 7
W5 i 4 M3 (fetal bovine serum, FBS) A Hyclone

antigen 1, EEATL) NIV B A AH OCHR 8 1 1 (lysosome
associated membrane protein 1, Lampl)$fifA Ky 56
Abcam 2 H P4 s Pt MRS IR D (Cathepsin
D)$ifAk 3% [E Santa Cruz Biotechnology 23 &7 .
1.2 A%

1.2 W IR KM BE L LB $5 3R 5L (T
SEAN 10 g, NaCl 10 g, BELRHEEY) 5 gk
I%, WAE A H M E 15%E T-70C . LLE. coli
DHS5a 1 4 W 5 B RUTURLY 34 (1) 75 256, 5 LB Kf
FRHL R 2 BN N FE R 100 mg/L 2% 75 B £ A
50 mg/L EMFEHZE, T 37C. 225 v/min £&4F ;5%
Wi AT JFORL ) DHSo A1 SMI1ONT 15 1. K AT B
E44 Pk FH & 4 100 mg/L R4 1 1f) LB K 9% 5 T
37°C . 225 v/mindk A MR, AEHHATIR 2240 M ik
B2 Wi, PRHL E44 MR IEEA T3 100 mg/L
FIAESE 3.75% BHI i Fdkrh, 7k 37°C, 90 r/mink
PR EFRE .

1.2.2 40 Mo 85 9% . HBMECs 7 37C « 5% CO,.
100%%2 B2 45, T&H 10%FBS. 10%Nu Ifi.
H 2 mmol/L 23 Z Wi X A1 1 mmol/L 1A i 2 4 1)
RPMI-1640 B5 32 P AT 8597, B 2~3 REHH
BF SR, A A0 M A B IR 1 AR K & 90% A2
I, T 0.25% 19 11 I (1% 40 B 905 10 9 05 4 40 e
i, MNEEFRW, AT BOR AN MRS, BRI
W ILMRE 3 1%, gk e 7%,

1.2.3  Ed44:AibeT FERHUR SRR . S L
BR[7, 814RIE 1) )57, HHi GimA(GenBank & 5%%5
AF289032) J¥ 41, EFXF ibeT JEN B P, Wit
514 pl, 5 GTCAGATGAAAATACGGTAGAGTC-
AGGT 3', p2, 5% AAGCTTAACTTTATTCCCTG-
TTAAAAGACT 3, 73 AIAE pl A p2 1 5" % o A
Sal T 1 Hind I (W BEDIAL 2, X ibeT JEDR /7
B, ¥ 514 p3, 5 AAGCTTGTTATTCAAGAT-

AATAAATGCG 3', p4, 5 GAGCTCGGCTGACA-
GAGTATAACGTAAT 3', 43l 7E p3 1 p4 (1) 5' %y
NN Hind LA Sac T (A EEDIAE AL FI X P X5
Y, UL E44 FE[K 4] DNA 4 #EkHE 4T PCR § 3,
I3 WERTF ibe T JEH LYF AR U1 DNA 751, ¥iX
PSS 4153 59 5a % 1) pGEMT-easy #5044 b, FA) T
p2 1 p3 _LIEEVINL & Hind 0K P4 BEpfie. F)
H Sal T F1 Sac T ¥PF42 5 1) v Be oo B 21 B 3k P2
& pCVD442 I, Fi¥s AL TR E5 AL B SMI10NT /2
ZAME T, KA B4R ) SM10nT A B
Pt 3 R ARTR B4 B, TE R B AR Y [R)JRAS He
2 PCR %58 H M P U0 AE, 733 ibeT 3 K B K 1K)
E44:Aibe T 375K

1.2.4 AR M AA IR . 4% SCHR[9] 4R E (1)
J7i, faikan R . ¥ HBMECs #F1 %) 24 fLA A+,
AR5 41 MG s B 2 I R R S R R S B IR W
(RPMI-1640, 5% FBS, 1 mmol/L /A HifR4h), [H
BEALINAN 1x107 A>3 15 75 10 K A i, 37°C o
5% CO, 100%¥2 LI 454 T E 1.5h J5, A%
SZEG R FEW . ] RPMI-1640 ¥E 3 ¥k, IIASH
100 U/ml PROK 85 214 S50 15 72 R SR 40 M A1 (1) 40 T4
Ja, O AIEEEREEOR, 2h, 4h, 8h, 12,
24 h, 48 h JE I CHI/KZMRAN N, H a0 B 24 iR
A TAE S A AR LB IR b, ok gids 9%,
THERTVE AL

1.2.5 B4 K e, S SCHR[10]3RIE 1 5
%, A8 LB 3R, 40l A 7R 1K) E44 Bk
8% B44:AibeT 5378 FE, 7£ 37C . 225 r/min £54F 1
Ghel3EgE, e S A 2 h, 4h, 6h, 8h,
10 h, 12 h BPSCER SR 20 BRI, I TR AE B KR
600 nm i (IR EBEAE. LA R) Ry R AR b, BT 43
(IR A A P AAR, 2 il A= K il 28

1.2.6  RPEVOLSLK:. K HBMECs 4 Fh 31 I 14 ib
Mg b, RSy FAEK SR 50% /4
AW, BRI Ry SERGRE IR, AR JE NN
Ki 7R 10 B44 #REK B44:Aibe T 587B MK S 1x107/ml, 4y
BIEMATE B E 5 30 mine 1h & 2h iy, 3%
SCEGEE IR, PBS VEUESG . 4% 2 5 I AL [
15 min, PBS %t 3 &, & ¢ 5 min. 0.25% Triton
X-100 i#E1L 10 min, PBS ¥t 3 K, K 5 min. 5%
BSA il M 1 hJ5, 760 E 30min. 1h & 2h
() 5 3% b 43 503 n bt EEAL(1 @ 500). Lampl
(1: 500)LL & Cathepsin D(1 : 400)Piik, 47C id7.
PBS LR 3 K, K S min, 4RJ5 M TRITC
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FRACH —HT(1 1 200), FEiRWFH 1h. PBS Ik 3 K,
BER S min. 4, 6- BLK -2- ZRFEN|E(DAPL 1 : 1000)
FIGAE 3 min, LETAKBEE— NEAE, 90%
Hotidtfr, DABOGILR A WIMBT AT 0. bl
HUEHE 10 MR, T SR ARbR G Yk A e
7 PRI B 5 A P A B R 1)

1.2.7 ESTHBDMES. AN M DUIE Y 1) R 2
FRFRIrh, A5 40 M4 B2 N, SR O SRR B R
W ARG I ES 7R 1) B44 BR R B44:Aibe T 5877
PEA 1x107/ml, 3 AE A KM EIG 5 1. 5
2 R 3 /NI, e SEIG KT IR 40 e s T Ak
M. e BESCHR[OTHRIE 1) 7 v, 4 BT C A (1 4 e
H 2.5% 5 1 e 5, TR 2% DY S A ER A & 1 h,
SN KRS, PR IR IE A, IR
PIAHUE R H D) i 70~ 80 nm B Y) F,  H0K
D) SRR AR B IR AT G (5, HLE S W Ba ik
TS, EMERBAML 20 5, EE 30 M7 T
AN R - RSt L T Ry Al SN 7]
1 %L (E. coli containing vacuole, ECV) /5 4
JH 2% P AR AN B R 1 R

1.2.8 AW A= E. SBR[ 7%,
AR U FEXT B K IICER AN B, F 4 e T
ZE KT B4 EA R, KA 0.05 mol/L
HCI 2215 il 21 pH 7374 7.5, 7.0, 6.5, 6.0 I
5.5, FIHEBRAE A FRR 7], H 0.05 mol/L KOH i
AT, VF A 20 e A28 pp 28 5 iC AV Bo. )
FEJ7%, ABAE ] KOH HEAT 1% 58 /T LA 2R IE N 5%

—~
o
=

20000 ~

Intracellular CFU recovered/well

4 812162024283236404448
t(Incubation)/h

Triton X-100 XJ 41 g g A REATE AL, 15 2040 0 L Y
FAN R 25 80 E Bt. Bt 5 Bo [ZE{ERD A
G R N P A, G AE Bi.

R R

2.1 ibeT EREFRKHNG T E. coli K1 £ HBMECs
REYEK

N TN ibeT SRR RERE S E. coli K1 7
221k X HBMECs Ji5 715 40 L P 38 I 2B K, Rl
M T Edd:Aibe T 530K, R FZ S AR R
177 40 M0 P 4 1 A7 35 R 5. 76 41 1R 28 HBMECs
ZJa, FHRKEFZACAMANI KB H, H¥
HBMECs 4k 245 75— i Al J5, A0 HBMECs
ARG B, Wkl la s, BEERE TR TR,
E44 Hk7E HBMECs W 253 R, 1597 12 h 3k
I TE RO R TR TR 0 h SRAG IO B TE 5, 3k A3
(PR VE BT R SR 24 hak BT A, 5% 0 h gkt
BVEEIN 4.5 1%, AERFR 48 h Pk i vk B (4
FFRGRKCT. 1T E44:Aibe T 5845 KE 5 Bad FRIGAEK
1500 2 5 W 2, B4d:AibeT XAF KR AE1R 2B 3E X
HBMECs Ji5 [1] 48 h 4 JIT 315 (1) B ¥ 25038 JC B W AR
. T HERR AN B AR B AR K R S 5 1) R
W, FATEXT E44 #RAT E44:Aibe T 535 RE 142K il
AT T IE (K 1), g5 R SoR, W {eisb e
KEERAE BEEER. XWEREY, £ E coli
K1 1228t N HBMECs J&, ibeT JE R 1) 2K GEGZ )
il E. coli K1 EA 2= 41 N 0 1) A= K.

(b)
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Fig. 1 Deletion of ibeT gene inhibited the intracellular growth of E. coli K1 in HBMECs

(a) HBMECs were infected with E44 strain or its isogenic jbe T mutant for 1.5 h, treated with gentamicin to kill extracellular bacteria, and the number

of intracellular bacteria was determined at the indicated time points. (b) Growth curves of E44 strain and its isogenic ;be 7T mutant in LB medium. The

error bars represent standard deviations of triplicate samples and the results shown are representative of three independent experiments.

o—e: E44; A—A: AjbeT.

2.2 ibeT EEBRKSH E. coli K1 %% HBMECs
IRERIAR B BE 1 R A ERBA
HWILEM, E. coli K1 12281 X\ HBMECs I

wIa, HIOLRE A KA R R, B ECVY,

ECV £t 57 48 W1 A PR b i M A 1 A 3 oy 44
RGEMEEA, (B ECV AR 25w ik Kk
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RS, IAE E. coli K1 ST B2, FRATTH 25
REoR, ibeT FERIGRALLT E. coli K1 7- HBMECs
W S R T A, XIS R S ECV kiR
WA RIS, Rk, FA IR O LR £
P28, L BEEAl. Lampl 1 Cathepsin D 73
SAEA SN A W AR AR T bR S, U
%7 HBMECs WA KA i #2851 Bor,
In] 15 7 (1) HBMECs 041 1% 25 [F] 9 & 30 min J&5,
E44 HRAI E44:Aibe T 537 FE M BRI 1K 2 5 HBMECs
FIiL 1 EEAL A 3L (in &l 2a §isk i, S
), LEMANGNEE 1 h J5, E44 PRI E44:AibeT
RAF Kk 5 HBMECs ] Lampl 5 %% £ (1 3% 5 A

Cathepsin D

(Kl 2b). FEIRMME, EMAAEITFE 20 )5,
K5 E44 BRI B I 7007 B AN 2105 g A4 Ar &
Y)——Cathepsin D [1J%<¢ ), 1] E44: AibeT 582 Hk
P& Cathepsin D [R5 G5 5 4 R B A W i 1) HE
BIMZ(E 20). WAt e A 25 RdAT 404
RKIN, E44:AibeT 375K Cathepsin D L& A7 [F1 L
KU E T E44 8K, Gevt o B = = (A
2d). XELLE R, ibeT LI KAFEW E. coli
K1 # N\ HBMECs J&i ECV 5 5. 1] Py 44 1 i 159 Py 4
BlG I RE, iRATER S ECV S MR AT
Rl B dbeT BEPRGR K5, E. coli K1 iR
HBMECs # A4 R fE 1 R A T .

Co-localization/%

EEALI Lampl Cathepsin D

Fig. 2 Intracellular trafficking of the E44 strain and its isogenic ibeT mutant in HBMECs
HBMECs were infected by the E44 strain or its isogenic ibe T mutant for 30 min (a), 1 h (b) and 2 h (c), followed by wash of extracellular bacteria. Cells

were fixed and EEA1 (a), Lampl (b) and Cathepsin D (c) were stained with respective primary antibodies followed by respective secondary antibodies

conjugated with TRITC, bacteria were labeled with DAPI. EEA1, Lampl were acquired on E44 strain except Cathepsin D. However, EEA1, Lamp1 and

Cathepsin D were acquired on isogenic ibe T mutant. Scale bar: 10 um. (d) Quantification of co-localization of cytoplasmic bacteria with EEA1, Lamp]

and Cathepsin D based on examination of 10 random visual fields. The error bars represent standard deviations of triplicate samples and the results

shown are representative of three independent experiments. *P <0.05. l: E44; [O: AibeT.

2.3 ibeTEREBFT E. coli K1 )\ ECV HitiEAN
gi)iiake

AT FREE R W, R T ibeT PG
E44:Aibe T BRI RIS AR GE I R AE T HUG. AT
WP ML ibe T IERAE E. coli K1 BEIR B IS 2
VR, RGBS B S T E44 F1 E44:AibeT
RAFKAEAZ 28 HBMECs REFEH 1R, Wil 3 Bt
7N, {E B44 ¥R B44:Aibe T 5378 1412 32 HBMECs
Ji 30 min, HBMECs Jii i ] &M H 04 42 K 41 B 1R
A4, {£1% %8 HBMECs J& 2 h, #E A\ HBMECs

S0 M P (1) B44 PR RO 2 RN RS T 40 %,
ARG EE, B %A ML g, ik
HBMECs 40 1% 1] E44:Aibe T 535K B AKATAT T H
Hoe BRI ECV . e B s BB,
76 41 W 12 %% HBMECs Ji 2 h, Ed44:AibeT 1E
HBMECs P BTt 5¢ 3 ECV B 240 f i P B
(PN A A 1) 70%, B S s T B44 23841, Xt
gi WKW, ibeT FENA R T E. coli K1 I8 ECV
B ECV BB A 41 g 2% .
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Fig. 3 The E44:AibeT mutant failed to escape from the ECV into the cytoplasm of HBMECs
(a) Representative electron micrographs of ECV after HBMECs infected with E44:AibeT mutant at indicated times, compared with E44 strain

(10 000x). Arrows showed the uptake of E. coli by HBMECs 30 min postinfection. Free bacteria were observed in the cytoplasm 2 h after E44
infection, whereas intact ECV were showed 2 h after E44: AjbeT infection. (b) Quantification of intact ECV in cytoplasm of HBMECs from different

sections 2 h after infection. The error bars represent standard deviations of triplicate samples and the results shown are representative of three

independent experiments. *P < 0.05.

2.4 BERR ibe TEEEHI E44:Aibe TR HRE AR
HERmAE T

K HEHEN HBMECs J&i, LA ECV [IERAF
7ET HBMECs 40 ffi2¢ N, 11 ECV K 2505 w1k
KRG, WHENY, ECV (KN F A8 5 %0 1R
A1 B (FE 0 pH E AT LA R B &8 5.6 AcA) 1oL
0 4 T L PAY 22 e 45 30 5 04 A A 40 TR /40 5 pHL AR
P e SE Y IR B AR e IR B B e bRt 9, PRk, 3R
VR FARSNSEBG RS T PR 1t 458 T E44bk 5 E44:
AibeT FEALRB AN N I Sz b 75 5. 45 R WoR, 1
YW pH (20 91 R 6.5 A1 6.0 1), E44 R4 A
(FZE P25 B B4d:Aibe T F7CKE N B, vt 24T
HREEZER, WE pHES 5N 7.5, 7.0 155
I, E NG A XA KK 4). Xk

200 | * *
150 ’_‘ F‘

o
)
£ 100
El
&
50 +
0

7.5 7.0 6.5 6.0 5.5

pH
Fig. 4 Cytoplasmic buffering capacity of E44 strain and
E44:AibeT mutant at different pH values
Cytoplasmic buffering capacity (Bi) values for E44 strain and E44:AibeT
mutant over a range of external pH values. Bi values were calculated as
described in the Materials and methods. The error bars represent
standard deviations of triplicate samples and the results shown are
representative of three independent experiments. * P <0.05. l: E44; [
AibeT.

145 FE #EWT, 1F E. coli K1 12 Z23E X HBMECs
Jii» ibeT FER YR IE W] LLEE ECV K I #F 1 3%
UL B e D A e T A PN P AR 11

3 it it

AR, R0 SR AR 5 1 =40 HAH BLAE F AT
G, o B A Rl HE BT A 40 1 875 AL R i
T A0 MO IR M A7 TS, BTS2 BIWF SN DA G
avem FAERE U R, HBUIE R E. coli K1
(123 ) B HE N ibe T WBR 5, 12281 N HBMECs [
E. coli K1 & HBMECs W {142 K S5 52 2] T 461,
TR ibe T RN RIE WM BES 5 T E. coli K1
54t HBMECs B 18I f#) i F4.

AW R, SEEYIR 2 DL IR B i
NI A0 L P S0 7 IR AE HE N A4 )
2% Py L) RRE R R B T EEALL Rabs S5 HI R
TEWARRISNR IR, TR N,
5, FHINARSNRINE RabS B/, i
SEEE (MM T AR AH SC B (1 Rab7. Lampl DL 6-
TR H R 2 AR I W 22, LI PN A T4 ) e T A A
BRCGRAEAR . LEAHE T IR IR (ATP) [ i T 2= A
RF, SE 7 NWIH AARAT I N ARRR L, TR
BUWEE R, I A AT E D B A s 7 X —
SRR R AN Ml BB AR, R AR S,
AW NG NS, TEAE 40 B N (s i 7R
5B WAR ) G R A @ AL, AT B0
R DB R, 15 E44 BRI E44:AibeT
RAFRAZ ZE3E N HBMECs Ji, 7£ HBMECs it 3¢ )
TE I ECV 23 4 IR 55 55 5L I N 45 e 1t i A
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EEAL. Ml NAAAH G  Lampl. #:45, FAT1X
A Cathepsin D 1F A ¥ A& bR &4, WEET E44
PEFN B44:Aibe T 582 #A1E 12 22 HBMECs i fErf 5
HBMECs W3t fr. iR WR, K25
7 B4 FE i & 4 k% HBMECs W 44, 1M K
ibeT F= KI5 5 1) BE44:Aibe T 587 REEN X 43 5 %
B A TRl . XU, ibeT JERIMKIE 1T
ANFEN BCV S8 5L 0T A A4 AH OC 8 11 RTG S0 P9 A4 A
KEHMNERE, M2EZ5 T E. coli K1 )\ HBMECs
ASUTZENYSUAIIPUR B

AN TR P99 D e 0 Sk AN [ 119 77 =R b i 1 3= 4
PSR A, DUR) -0 S 40 B N 1R 2 A2
PR, ZE B B AT LOE i — 25 S5 T
I S 5 A PR S E N NI AR, Al sl i
Tk T A P P D TR P A T A A4 B P A
T AR BORF BRI ] DURR O L Bl ) B 25 e ik e N
W2k, Ak ke Sl SRR AR, O T DR
E. coli KI )\ HBMECs ¥ g4k ik it it %, A 1A
FIZES B M EE T1E E. coli K1 1228 HBMECs i 2
1 ECV 781k, S5 BIR, ibeT JEDE 6 25 52 M
T E. coli K1 2% BECV BRI HE 1. XA FAT]
FELEHHEWT, BT beT LG K 5 1) E44:Aibe T
RARRARERIN ECV BE45 1, ALK 2 20dE A
HBMECs 3% (1)K W 1 5 v Bl A4 il -5 17 9 e A
I8 O B T RO A R R I SR>, AT
I E44:Aibe T 2378 B AE HBMECs 2% A 1) %5 51
I IR

P R RAR B HENTE R AN SRS, 90 SRR IT A 11
INBE TR DA R R R A I TR AL IR e RO, 3R
IS R, SAMASER pH {5 5124 6.5 F11 6.0
i), E44 ¥ 1R A M N 2% ph g ) B2 5 T E44:Aibe T
FARRR. XN, ibeT NS5 T E. coli K1 7E4b
FEIREE R AL A 1 L B L R, B beT FEIA
2 IE AT LIME E. coli KI 7EAME pH KA BRI K
RN I RS IR RE B SIS ).

MBATLE RATLUE Y, ibe T FEB FRIEAF
F-HE\ HBMECs M (1) E. coli K1 Bffif ECV i 4k
F, ff ECV B4 T 5 B A @&, Wi B B
E. coli K1 3% N\ HBMECs i, £ E. coli K1
7t HBMECs MU W I A K BT, 1117 ibe T FE R Qi o]
W YEHF E. coli K1 AR AN ZMEE T kS5
E. coli K1 [%fif# ECV &y, XERMN N H
IR A 25

2 % x M
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IbeT, an Escherichia coli K1 Pathogenicity Island Gene,
is Essential for Escape From The Lysosomes
in Human Brain Microvascular Endothelial Cells

ZHANG Ke™, ZHAO Wei-Dong™, LI Qiang, FANG Wen-Gang, ZHU Li, CHEN Yu-Hua™
(Department of Developmental Biology, China Medical University, Key Laboratory of Cell Biology, Ministry of Public Health, Shenyang 110001, China)

Abstract Escherichia coli is the most common gram-negative organism causing neonatal meningitis. In order to
characterize the role of the pathogenicity island gene ibeT of Escherichia coli K1 in the pathogenesis of neonatal
meningitis, an ibeT gene isogenic in-frame deletion mutant strain was constructed. Intracellular survival assay in
human brain microvascular endothelial cells (HBMECs) showed that the deletion of ibeT inhibited the growth of
Escherichia coli K1 within HBMECs. Confocal microscopy analysis showed that much more ibeT mutant
remained in lysosomes of HBMECs compared with wild type Escherichia coli K1 after bacterial invasion into
HBMECs. Transmission electron micrographs further showed that ibeT mutant strain was failed to disrupt the
Escherichia coli containing vacuole (ECV) and escape into the cytoplasm. Furthermore, cytoplasmic buffering
capacities of ibeT mutant were lower than wild type Escherichia coli K1 at pH 6.5 and pH 6.0. These results
suggested that the expression of ibeT in Escherichia coli K1 contributed to ECV membrane degradation and
subsequent escape from lysosomes into the cytoplasm for replication after Escherichia coli K1 invasion into
HBMEC:s.
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