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AR KA 64 Bkt 8 R R e ez 2 K B yijP #9388, A% yijP LB (1.04 kb) £,

%3 pQE30 A A H Ak, MIEEIAFHH N KK TA 6 NMLEABM(His)A 769 yijP iIL&%& 4, vAMI15
(PREP4) 4 AR H, K FRIA(His)e-yijP ILA& G, #A Ni-NTA £AEATIL AT G, W2 EH
i H_ 69 — R R 89 (His)e-yijP & @ I N BRI 3 R A TRl 8 W R e, 45 R B FyiP & &
XA A AR IR SR WA . A E BT T LR B e s 4 . AT 2 0K
i, MA AT 3 K AR A LT, ROL AT T dm Az 2 90 5O B sholk 3 B 7% R e ik
2R THAECE; DNA S IR T L DNA MR A, AX @R T EF /g2
Al I — ATk 424K Western 5P 5T 40 2| caspase-3 6975t K B, X IR B A yiP &
B AR A E AR L) 16 W25, BT RKIAT AR EARHAE R L miedAEd, yijP
G T ReAL R E S i g A R e iR K AT aEAER.

XA

0 A2 U A B8 1 o 28 ) IR b, KA B
(Escherichia coli, E.col))K1 ¥R 2 T HEHBREZ —»
E.coli ZIMATHRECRI MG, {5e e 27 i ifn s 55 i 41
2R [A] (1) J3E % &5 F4——IfiL ini 7% % (blood-brain barrier,
BBB), HAIMAERE. WAHAKYE, E.coli §F
it BBB )35 At F R A AR BSOS Y 57 40 A2 (human
brain microvascular endothelial cells, HBMEC) /%
02, WABME. coli KI KPS g T
o2 N A R AR KRR, W
ompA. ibeA. ibeB FlyijP 50B~61, v yijp B[H,
WK f577 8 ibeC #EK, 3 ORF Jy 1734 bp. F)H
R PRI R G R AR K IL, yijP %K) Tn
PhoAFINTEAZ . 5l R yijP KK K E.coli K1 % HBMEC
2220 JJ 2 R R HETT yij P SR gL =4,
B yijP #7142 E.coli K1 AMEER A, LRI A fI5
IKER 7> R AR K nT PR 420 i T yijP RS
54§ E.coli K1 1272 HBMEC HL&, ARF57#iA
FAAh T % RSN 5y, FEx H I RESH T 4]
B, WMEEE] yijP & A g T HBMEC iB K& P
I %

1 #MRERZ®
1.1 #H#
HBMEC tH 5 [H 20 15 B A R 2 i Kwang

KMk G yijP R AR P9 R 20 s i i 7 B s 40 0 1

Sik Kim {1+, M15(pREP 4 )4 # ¥k A AHF 5
ER{f. Nu-Serum, F[HBD A#l/fh: 1640 5
%, £ Invitrogen A 7]; G4 LI (fetal bovine
serum, FBS), Hyclone A #]; Ni-NTA Iifigh#,
Qiagen A #]; Hoechst 33258, Sigma /A #]; caspase-
3. BAULBhE AP HRP ARid PR, RPLE
i B e L A AR A\l . ECLRFI&,
Amerham Phamarcia 23 6] .

1.2 A%

1.2.1 REBKRGME  yijP RN 4K 1734 bp,
J% F PCR J712:3K I C A i ) 1.04 kb Fy BE(WAS 333
MNEFHERR), TR pQE JFiki(Invitrogen A 7)) Sall

HIZRIE =P N At 6 NME R yijP 1L &%
H, H73FEH41 kDa.

12.2 (His)eyijP iILA & @ty & i fositt.  ¥pQE-
yijP A TR B) 2 AR B M1S(pQE,) . HEEI M5
(pPREP4. pQE-yijP) L ##MT LB ¥ 5310 g/L
M - BER AR, 5 g/L 4004 - BERERY, 10 g/L NaCl),

Wk E . 2005-04-04 2 HW: 2005-07-04

A B AR B HE S B IR 1 (N0.30170053, No.30170470, No.
30370702)

* I TR T30 T 1S B

** @R # . Tel/Fax: 024-23260246, E-mail: yhchun@mail.cmu.
edu.cn



£ OEA K E yiP R R A5 AL A B A0 663

HFRSWEH 1 2100 #f T2 X YT 557575616 g/L
AHTR - BREE FIR, 10 /L 408 - BERERY, 5 g/L NaCl), 37
CHIFF RN Ay 155 0.6 ~ 0.7 B, INIPTG &
KIRIEH 0.2 mmol/L, 37 CHERS5 h)a, Bk
LR DTE . HERUTE AT AR M (0.4 mol/
L PMSF, 15 mmol/L B- % 2, 0.4 mg/ml %
fiff, 200 mmol/L Tris)1, MHM#40s. T4 C,
10 000 r/min #.> 20 min, WHEVTIEE T 6 mol/L 3
A, =1 h, 2, 5 000 r/min &L
15 min, W4 LG . §1#& Ni-NTA B EN
FE, e 2238 7Kk 3, REH 6 mol/L 2
FRAK (pH 8.0)¥E 1 K. # ik i W& A FFE )
INZENAERN, 45 pH 8.0 Al pH 6.8 f] 8 mol/L
JRFZ MG, 85 pH 4.2 1 8 mol/L JREVEME, W
LEE T, HEEAFRKE.

123 ZafeyEHE  H 8mol/L JRE(pH 8.0)
Mk FIRSRAII A TR LKA 200 pg/ml. %
10 4 EBIMAEAIE R M (2 mmol/L i&JR A
B H K, 0.2 mmol/L AL AL A Bt H IK, 200 mmol/L
Tris), &4 CHU®. KH, EEAREEIEN
48rh, 7¢ pH 8.0 HEHT# (20 mmol/L Tris, 10% H
wmyHENT, 4 CHERZE, BOEBREETUEN
W RTTRE R sy, WO BIEW, WE R A K .
HAMT -70 CRAE, HRFDVFIEN G BT
CEMT & M) MR A BRI RE 4 i B2 .

1.2.4 SDS- RAWKBERKR®IEK & (TR
BESCITFMY AR A kETSNE
AT AT .

1.2.5 yijP & @ HBMEC %955 A% A ¢))
FHZE B T MR MM B AT L BATLLATHR
T ) 145 155 38 HBMEC, Z41/180% L& )5, &
B BOBNTIRO SALGENTZ P8O M yijP LB 4L, i
AN —E BRI EIEH yijP ILA & A GTHR A A%
WARIENTE TR 5, ke85 5% HBMEC, # M
£ M B AR .

Q)P BB SR M M TE 51 HBMEC
RS AR L, E480% MEE, MA—E
B yijP EEAGHRAUY BN MR), k8557 16h
128 h, LA 1 X PBS ¥ 2 X, 3.7% FEE[E E 10 min,
Hoechst 33258 444 20 min, ddH,0 £ 3 X5, 95%
HumE R, RECEMBE T,

(3)DNA FJHEHUR B igE R Ik 7 i RS
yijP 2 F O R B RO S 4 e, TES
(5 mmol/L Tris-HC1, pH 8.0, 20 mmol/L EDTA,

10%SDS) % i Z4f# 30 min, N ¥ K(500 ng/
ml), & 50 C{EM 3 h, DL GRME. Sh( 1)
IR IR, B LSRR E e — Ik, oK ZEEDT
& DNA, WIAi&& TE (10 mmol/L Tris-HCI, 1
mmol/L EDTA, pH 8.0)%f# DNA.

@) W g s T RS yiiP EE
CRF B A B AT 2 v ) 1 S I 4H L (5 X 10° ),
RV H 1 X PBS ¥ 2 %, IIATIA ) 70% /K LBE
[, SOFMAMREFT 1 ml 1 XPBSH, A
100 pl 1% RNA B . U4k A 0E (propidium iodide, £k
F k25 pg/mb 5, &I 30 min, #C4H KA A
g R,

(5) Western E[IiZEFG ] caspase-3 WG PE A B WX
$R22 yijP B O B R 3% 0T 5% v ) 4 FH I 1 4t
PL RIPA 223 (1 X PBS; 1% NP40; 0.1% SDS;
0.1 mmol/L PMSF)F¥K_I-%4fi# 30 min, #7515
KB AT HEIKFES, 4 14% SDS-PAGE J&, ¥ T
¥EENF| PVDF i, 5% Biflg @k & i, LA caspase-3
REZTEPUE RN —H. HRP- brid ¥4 1gG h
i, KW caspase-3 By SR Ay A& RIEE v By [
B LB E A M AT

2 #R
2.1 (His)eyijP L& EBRIIRS

. SDS-PAGE /#r&7r: fE¥%F/5 1 hy 2 h.
3 h. 4 h. 5 h 8] WL— 4 W 90 1 8 A 4k e
ST RZH 41 kDa( 1A); MM & )5 (EMHR)
MEA A& SH MR PEA AT E
(B 1B), X5 AR (His)e-yijP 1L 8 F 4> F &2 AH
o MR I (His)e-yijP IL & E AL HT B,
HHREH 40 pg/ml.
2.2 yijP EAX HBMEC 895 S ATER
22.1 yijP& @ 4% HBMEC tmit B T 04 & F LK

A5 yijP E A B DhRE, FRATHEHis)eyijP HH

N ZE| HBMEC 40 el , fiAHZBME T
MEEAMTEASTN. ERKIM: KZE HBMEC 4
MI7ERE 8 h WA BMESL, HIRFFIER
M2 fIEFFARE . 16 h i HBMEC 41 i 28 %7 2 31
FaE4E, FORE AR H (membrane blebbing), FF
BRI /MEAR, FRAMmARTKAE. &N
PR, RARHT SR R4 ECE R EIE % . 28 h
JE AR TR B R, DL AN M v AR T (]
2A). MINK yijp B AU BE I A EILAH P ) T e R
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Fig.1 SDS-PAGE analysis of the confluence protein (His),-
yijP

A: The confluence protein (His),-yijP expressing in E.coli cells(M:
Protein molecular weight marker; 0 h-5 h: The total bacteria proteins
induced for 0 h,1 h,2 h,3 h,4 h,5 h respectively. The arrow shows
the confluence protein); B: The confluence protein (His)q-yijP after
denaturalized and refolded (M: Protein molecular weight marker;
refolder: Refolded confluence protein; denaturalized: Denaturalized

confluence protein. The arrow shows the confluence protein).

TR FERAGE o it I 241 HBMEC 41 (4 M 5 3% bt
G PG I, 7T AT R B TR 15 PR e 2 fR TR RTRI AR
W, RWIENT AT HBMEC 40 i %% A5 d: 7 H .
AU A C yijP AR O HBMECAH MY 1 98 11
H, AT Hoechst 33258 9¢ G4kl X HBMEC 41l
MO AT 9O Yt o TR AT XS YRR, T
A1 AR A7 B0 I P AR, T LASEEN Hoechst Yk,
5 DNA g5 55000 N RO . 7E50
AR N, L ENTSE M L ) HBMEC 41 Hi A
R SRR 2¢O 1S yijP 3L 1Al%E 7 ) HBMEC
20 i P AR A H IS0 [ ROIR sl e R R ¢ 0, M
Mk — S S s A A8 T A2 (K] 2B) o
222 yijP & &% 4 HBMEC @@/ DNA &/ 4
WURAE BTN, A% N DI TS DNA 5 Hb D)
FROMAIR X, T80 DNA F WK B e k%
AN FAAT(180~200 bp) I REE ir o 1 B Iig B AL e
HL UK LT ORI 2 TR B B R 45 717 (DNA Tadder)! o
yijP #2115 HBMEC 4 gL [E# 5 16 hy 28 h )5,
(BB Bt Hee L vk LT WL DNA RFAE P B B 45717
T HAZH (G Mt 22 i -5 HBMEC 40 At G )38 &) R W
SR B BRAR A5 (4 3) o
2.2.3 AKX o AE Fa A
(flow cytometer, FCM)XJ i T 21l e i3k 4 173 B A il
& H TN R 2 1—2077% . FCM Kl ] 20—

(A)
butfer vijp

8 h
16 h
28 h

B)

butfer yijp

16 h
28 h

Fig.2 The morphological changes of the HBMEC induced by
protein yijp

A: HBMEC was visualized under phase contrast microscopy (200 X);
B: HBMEC was visualized under fluorescent microscopy (400 X), the
arrows point to the nuclear condensation and fragmentation; buffer:
HBMEC was incubated with dialysis buffer; yijP: HBMEC was incu-
bated with protein yijP.

R IR (K4l . (E DNA FHL7 1 L, 4040 i
HEL ARG, 40 19k D s G g A BT
FARZN AR UA 71, HBMEC 4 i 15 yijP & 11 3t (]
HE 16 h #1128 h 5, (LG, WEay I Nk,
M- 3 AT S R 3L R )it 75 (PO HBMEC AN i A I L 17
T 4) .

2.2.4 Western FPiZi4& caspase-3 TR 2
WSV A0 P U2 ) R E . HO T e P A R
FE ) caspases B [T AE U1 0B 110 A,
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Fig.3 DNA ladder analysis in agarose gel electrophresis
buffer: HBMEC was incubated with dialysis buffer; yijP: HBMEC was
incubated with protein yijP (DNA ladder was visualized after 12 h
and 28 h).
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Fig4 Detection of the apoptosis peak by FCM
buffer: HBMEC was incubated with dialysis buffer; yijP: HBMEC was
incubated with protein yijP (apoptotic peak was visualized after 16
h and 28 h).

F—RINEA LB YIF RV . Caspase-3 TE4H Al
TR REAEE M /EMH . Caspase-3 IEH
0L UM 47 F 84 32 kDa [ | caspase-3
H) B I (pro-caspase-3) I S AEAE, 440 M A A= T2 it
AR REIEPER caspase-3. WG ITFE &A= 4 P20/
P10 4 “RAKM E I BUKEH:. 1EILIY) caspase-3
W XYIBIARIPEY), 530 A8 HE) F %
K, BEAEMBERFETM. AP yijP &

E pro-caspase-3

j +— caspase-3
<+— B-actin

Fig.5 Detection of the activated cleavage of caspase-3 by
Western blotting

buffer: HBMEC was incubated with dialysis buffer; yijp: HBMEC was
incubated with protein yijP (the activity cleavage of caspase-3 was
visualized after 16 h and 28 h).

F1 7] % 5 HBMEC A1 B T, 3RATTHAH Western
ED K caspase-3 OISR I, 45 SR A DLAN I 5
yijp B 3L & 16 h 5 Al KM 2] caspase-3 TG
A B, 28 hJEREME WIS N, [ AR Y b
caspase-3 f il J5 25 55 Bl A ) ) 2 K OB W T B (B
5)o X} FEFE AT 22 P AL AT W 2] caspase-3 HITE M
B

3 iTig

3 SRR 1= 22 2010 E A0 2 3L S 1 4 A
HAEHMER, HhMEm “Bomk 7 il
YR, BATTR AR ST 2 0 ) 45 R RN ) B AR 1Y
5%, DR TRBHEHK: 55—, 16 L4
1E “PpIR” 4012 28 1 [R) B (4 Mo i 28 F L 4L,
3 B A0 N P B AR SS B fH R S L < RBE” A
P, B I T o 0 A B PR TS A A R
HAT, BREUH B2 22 A0 M 1E 3 40 . =0 48 o) fr
FUEMMBET IR Z A, KT BUR R R 222 HEEM
T 5 40 2 J T 5 L A A0 P R T St A A D SR
iE, mELESURERE R AR, gk
W2 3% HEp-2 b 2 4H fat oy w5 4 |- e 4 f g T o
&4 % E H— 2 g R AR B R Ve TE 2 4 08 T A0
JEE BRI e ARSI R IR, RSN E A
PRI AE LB 158 48 K B A B KL BRI yij P S AR T
HBMEC 2 Jii, HBMEC .75 H it 8 Rz . 4
P A% H IR 8503 B (BRI YL UL ) . DNA BEAR 4 Bt i
JRIXH(DNA ladder). LA caspase-3(pro-CPP32)7K
fiF o P20/P10 5 " HEARSE WORI A0 M 4 T ORRAIE

MAEMREY, HRME EARBE TN “HE
BUFER 7 WA R e E MR . B
fEEFEATER BN, yijP RBIE G D) th 4
E.coli SMEE A©, IX$E/R7E E.coli K1 12 %% HBMEC
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IR

R, yijP R EA ML F 4% ' HBMEC 40 i i
EABURAEEN, BPTTRERZEA SipB @id
caspase-1 &5 UNIFE I 5 TR 4 BRI T2 B,
MHBMECH" -k yijP (I ¥E AR 11 & A% R4 E T 1)
55 E o R FE I R T

MR, AW SR R TS A H
A yijP S EIMEH FHBMEC 116 h 2 J5, £ 28h
TR A WS NI, MY THEINE. coli 1238
HBMEC (¥ 43 #r S48 18] (2 h)B~91, yijP SR T
HBMEC Z BT I BT RIR AR . XRHR
KA TINS5 CARIE 1R800 P 28 1 L R 4 it
FER RS M bR 40 M T2 O o AL . B 1%
&, E.coli yijP {2 228 15k HBMEC H IR A& 1414
o AT BEE T 4L E.coli 12 22 )5 ¥ HBMEC 4
i i 29 U B S DA 40 i () 5 0 4, A of A i v
e SR FO 40 R HBMEC 40 B Rk, a8k 5|
FEC AL I %%

PA_LARSTERA%: {E E.coli K1 1% 2% HBMEC 1L 2
i, yijP SRR DI REZ — AT AL 5 A HBMEC 812,
AL &5 R — P E. coli K1 WHAf % 8 1 i ot
FEMEANTHRMERERR T HEF
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Escherichia coli Invasion Protein yijP Induces Apoptosis of

Human Brain Microvascular Endothelial Cells

Chun Wang*, Wen-Gang Fang, Yu-Hua Chen**
(Department of Development Biology, Key Laboratory of Cell Biology, Ministry of Public Health,
China Medical University, Shenyang 110001, China)

Abstract

In order to further characterize the role of invasion locus yijP in the pathogenesis of E. coli

meningitis, the yijP gene (about 1.04 kb) was subcloned into pQE30, and expressed in E.coli M15(pREP4) as His-

tagged confluence protein induced by IPTG. The successfully harvested confluence protein by Ni-NTA agarose

affinity chromatography was refolded by dialysis. Phase contrast microscopy was used to observed the morpho-

logical changes of human brain microvascular endothelial cells (HBMEC), and Hoechst 33258 staining, DNA agar-

ose gel electrophoresis, FACScan flow cytometer and Western blotting were employed to investigate the type of the

cell death. The results showed that the confluence protein yijP was toxic to HBMEC. Besides the cell shrinkage and

nuclear condensation, DNA fragmentation, a sub-diploid peak and activity cleavage of caspase-3 were detected,

which were the characteristics of the cell apoptosis. All these phenomena occurred after 16-hour incubation with the

yijP. Our results indicated that yijP protein may act as a kind of toxin to induce delayed apoptosis of HBMEC.
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