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B /RIBERAM L ZEH BepE T AR Csk &8
SSBEE SIS

7

KO RERD AT I ARV
O EBEEBEM R TN, AR TERE LSS, b5 1001015 2 PEREEGERSE,  JE5T 100049)

WE  EREREENZ I ABERRER, tTaowemEimpiEgd. Khe 7 A8 808 E H BepA~BepG H—ANIV
BN RS VIrB FIEANTE A, T8 R 2 #iE 56 5E. EiX 7 MM EEY, BepD~F B N by & A FFEH)
EPIYA ZE)7. JEANTE FAUMU/G, X2 EPIYA 25)7 b MBS a0 IR ik I 4 1 = 40 i b i) SFK WG R IR AL, WEBRAL /S 1) EPIYA 2
Al 515 E4UM P S SH2 SRR A4 & H T I1s EAMA SH2 & AMSEE @, I al, C8f 2 Mm% EHE
N AW A S H EPIYA 25, 7 Hil s f B L 10 EPIYA TR0 L3018 10 SH2 5 S i, XEHJ SN E AR
EPIYA /7 2 A A R P FI RVEYE. SUEMRL, EAREARAHFR HIr R KM T 6 & F EPIYA )P MEH, X4
HE T H I A R K T A T RE ML IO AR, X TR R A FE R B EPIYA B2 7 B 2 T HIE RS 5l k%
SR, JAM-A 2 OB 6 N AMRKN EPIYA B2 —, 'EAET MM, n@E 52 Csk 2 /MR R 8 G A2
IR, ©FMIRIENEE T BepE W5 AJE Csk M EAEA, @i 520 Csk MD)gedtm i — RFEF@E . AJF Csk & A1E
AN AT AT B R 1 08 BB 2 00 2 RN P R AR R B AL EPTY A B R IR & 11, AIRATHE R0 b i i F 2
EPIYA 37 [ 8 1 B N R4 e b SH2 5 Sl B /R F#R it 7 — DM ERAR M SERR . ASCIRIE T Csk 5 BepE X JAM-A 2 Fiijf
T2 IR E SR 0 HER AR S M e Hsg M . Csk 52 B AME M EIR, Csk 5 2 FiZ ke & 07 AL, #B2
i SH2 45 S BRI EE R IR 45 A, ST EE T SH2 &P g 2. SPREUBA R E/R, RIFET E/RIE KA
BepE L AJE JAM-A 5 Csk S8R )i, XS/ 70 8 Ll R AL I EPIY A 527 CAimisr R D 456 NAR A & SH2 2543801 B

H, BETTI SH2 8 H P R iS5 i

KR E/REIIK, BepE, EPIYA, Csk, ghfhZity
EFRHES Q71

B R I8 FCAK (Bartonella henselae) & —FF N\ & 3
B EARY, AT B R NS, a0 RO
TP T 1 LA R oA A T LS AR o 428 1 R R s ¢ 231,
LR AR 1 gm i VirB/VirD U7 433 2 4t LA
o7 RN EE RO By (PAD). BUR B _EgITHT 7
TN & A 2 W FRIE N BepA~G, Hd BepA~C
# & A FIC S5 38, S5 WA TR B EH 1 N
vy, SN AN 24 %, FIC 45 M TE v 2 41
B AEE fR5F; BepD~F Y N ¥y & A Glu-Pro-Ile-
Tyr-Ala(EPIYA) 5% 2% EPIYA F£%1, EPIYA %5 A]
DI#; SFK IR, WEERILJS I EPTYA S 7 LL Y
F SH2 45 E AT E &9, X ] L3 8UE
FUARAE 515 T 2 BN 51 & ™ B (7=

Sre F ISR IR B (SFK)TE R TIF 5, W%
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T30 SFKs FFs, X2 SHMBAEE HIL™H
GBI Csk DhREMG 5, v LLBH 2 R i SFK
M SHIMIE 545 S, Csk 1 SH2. SH3 M il 25
P 2H R, AL SFK SR/ N oA (E 5, XA
Csk 5 SFK H T AL AR A [F].

Glu-Pro-Ile-Tyr-Ala(EPTY A)motif £ )& 7E 14 ]
IEFFIE CagA 1) C sy RIS A IRIF IR (L 7. B
BRI 2o, AR S A EPIYA R EA R
A6 AN, XAHE KKK T2 TR 5
BEI AT RE IR EL. X T RE A& B T EPIYA 27
T4t SH2 i E A2 51015 5@k, Al
N A i R A S Bk S AR N B & H EPIYA K&
P, ERRE T AJAM-A)2 NS EPIYA J&
FRERZ—, BOEA TR ER JAM-A 7] Ll
B G RAT T 1% 3 R AR T 0. JAM-A
AT LUK Csk #5321/, Csk @it H SH2 45
P s SRR AL I JAM-A AH ELAE A AT #) c-sre (1)
5 1 24K T 2 s I A PR T

RIGHE TR H b5 F N8 Csk S A BEAT LSS &
KA S FEBE  BepE, XA BL4E & s 1k
MNEEH JAM-A, 25T SH2 45838 5 B R 1t
ZIKFE RS G R EAE H AR, T Csk 5 BepE &
JAM-A ¥ EPIYA 27 itk Z IKE &) f ik 45
), X BT RN Csk 5 NJEE A L #E
wEALE AN ER, INEESH EPIYA 27
EE S A TR RE T s i Bk 7 =

A X GRS AT B TR T NR
Csk 5 BepE M JAM-A % EPIYA )7 I {L £
IKE G =445, FHiEid SPR 1734 il
7 Csk 5 BepE. JAM-A BERRAILZ BKFISER 1. SE
645 IR, Csk it SH2 45 #4154 EPIYA #t
7 BRI 2 KA BARE A, [RIEF,  Csk 590 Ji 1 oK
U5 BepE SR A7 2 N RIE ) JAM-A 1] 7.28 f%,
X U0 s DR TR R R N VR B EPIYA 7 PRI
S = U iR S G NS
EPIYA HH 5 Csk & N FE— R 5 Csk #H
FAF T BT FBO™ER . 2D R
Z P EPIYA JEJ7 (19 J5 2 1 800 HL 2 4L 1 %7 1)
R, X 25 A 0 i A B L

1 MREHE

1.1 ##)
1.1.1 . KA ERARIEE A
SEO6 BT B ) VR Csk FE R A A 5256 5 FT 4

17, Csk &K IR 7% S pET22b JFAZ Rk #F Ak L,
BEUINI N Nde 1 5 Xho | . IARIEH I Csk &
F /) C S A Hise b8, LMEFaifb BN . RIE
BRI B A6 5 4 e B HEOR A IR A | 1 BL21
(DE3)/E 32 A2 ..
1.1.2 X E5EGR

PCR X\ #%RHLUKAX . 8 5 kA3 1 B
% [H Bio-Rad /A Fl; AKTA purifier/FPLC £ [ i 4l
ARG HEE GE A 7: &fRE DNA K5 E.
dNTP. 5x P.S buffer 3 Wy | Takara A & ; T4
DNA 0 . EH MW Cutsmart 2% /1
Nde 1« Xho 1 %52 FH R #|PE N ) B DNA marker
%10 H New England Biolab(NEB) 2 @ 5 Jii ki /)N
A G S . DNA B GR350 H Axygen
YNGR
1.2 A%
1.2.1 Csk HAMERIE

BE A NIEA K Csk FE R R IE FRLFE L 2
BL21(DE3)/&Z2 &40, kA0 27 100 mg/L &
R PUE LB BASFAR, 37°CIHRAEREFE 12 h.

Bl AAFH 37CHIE 12 h 2, FIREEK
HI SR A B BRI AR T, BRI B 7R 2
Sml AN PUE LB ik 7: 56, 37 CHREIRER 77
12h. Z 58 1.5 ml SO E] 50 ml AHRZ P14 LB )
REEFRIEE A, 37T CRERES 7% 3 h. K 50 ml Bl
BINE] 800 ml AHMHLME LB WitAREF: 5+, 37CHE
REEIRE Ago=08~1.0, A IPTG & LIKE N
0.5 mmol/L, 37 CHEIKEFRIL 3 h G H &0
BT 4 000 r/min 550 30 min LASCEELN .
1.2.2 Csk FHAR4ifL

WBEOEMERE BE, %8 15 ml B
N R 22 W W (Lysis Buffer: 50 mmol/L
NaH,PO,/Na,HPO,, pH 7.5, 300 mmol/L NaCl,
10 mmol/LIKME ), FHUEIRNfE F ot R EaE SO Rk
PR, EEZ G, LA R OO R, e R
JE 7374 120 MPa, BB 3 IR, RS 73 20385 52 00 1
W BB S AR R B 40 ml BSOE T, 1
4°C, 13000 r/min &0 30 min, Y&E BiE. KL
6 FH 6 ) 22 2218 1 FF B F Lysis Buffer ~F 4 4 ()
Ni-NTA FEr, Bhit 2 i Ni-NTA 1R 298 T koK
REWh. ERARIE, I BE% S M (Washing
Buffer: 50 mmol/L NaH,PO,/Na,HPO,, pH 7.5,
300 mmol/L NaCl, 20 mmol/LIKM: ) i Ni-NTA
FE, FARACE K R e 45 5 Ni-NTA #F JE 45 7
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AT, %: BRERAKMNES BepE TH AR Csk EAESEHREHSITREN T * 53«

SEREA. FFRIMSNOORERSE S, HIYesE
W (Elute Buffer: 50 mmol/L NaH,PO,/Na,HPO,,
pH 7.5, 300 mmol/L NaCl, 250 mmol/LIBKME ) 3 it
s E, WG kA H B & ik 4 B
FEREAT SDS-PAGE %7€ H ) FH HI2E 8 5K L.

4 Ni-NTA A L BE i TR H Csk 8 B K
(4 000 r/min) &0 R4 % 1 ml, #ESHE—F 0 T
ai b . 7 9% JZ 7 & (HiLoad 16/60 Superdex
75column, GE Healthcare) 1E fiff % %% F] AKTA
purifier EMr 24 L, ¥EANRFLT 4CEHAE
R E AT AR S A 22 B (20 mmol/L Tris-HCI
pH 8.0, 150 mmol/L NaCl, 0.2 mmol/L EDTA,
5 mmol/L DTT)-, #4i)5 8 HFEA EL 1 ml/min
R B, WCERER AV, W4 A 40 g/L & H.
1.2.3 Csk 5@ Z IKE &Y skt K i

S5 TS0 BT F A IR 1 22 I e et < B A2 )
PHCER AT G PIRBERILZ K& 15 A
BRIk EL, 737 J2 BepE & H 1) BepE-Y37(J7 41
N: SPQPEPLpYATVNKRP, M pY fRFEMER L
% 2 R ) & JAM-A & 1) JAM-A-Y280 (/7 %11 4 :
TSSKKVIpYSQPSARS). ¥& pR R L 2 ik 7
TIREMREMR G S Csk HARS, WABINIER
BWR P EARS ZIREEREN 1 D2, R R4
i 2 E K B T BT 9 Mosquito 25 4 /i 45 H 2h ik T
PEsh 2, 48 R 18 % % 14 4 Hampton Research
B4R 7 & : Index, Crystal Screen [ , Crystal
Screen I , PEG Ion Screen [ ; PEG Ion Screen [I ,
PEGRx [, PEGRxI, SaltRx I /% SaltRx Il %
W&, 2 KRG, fEZALL PEG RNUTHE I 2 A+
U 5 2 SR AK.

s AR Ja, AR R B A 45 ok R bt
Tl &5 d kA R OU AL 2 AN BLTR LA T Tk
17 EEBEERIREE . DUERIREE . B Fh R
S pH. A INGRI AR08 BOREE . SRR LAk 2
w UYL, 1 Wl EEERS 1 R
B BIRE, SRR (8] o5 T A TR Y =R
R EA MRS E, ET 22 CHE ALK,

gzl )s, SRR AT RS AR, T4
WHLRAF TARALRET. PR AR ANEARAL, # S AE
K. BEMRAL GBI 5 5% AT 9 Csk-Y37: 0.2 mol/L
Tirs pH 7.0, 0.2 mol/LL Potassium sodium tartrate
tetrahydrate, 16%PEG3350; Csk-Y280: 0.1 mol/L
Tirs pH 8.4, 13.7% w/v PEG3350, 2% Tacsimate
pH 8.0.

1.2.4 BRI 5038 R 451 @b

Csk 52 K A1) AT i s 2 78 b
3 [F) 2545 5] beam line 1701 - YEE 52 . Hdf i
EIAE 95K IR JE N HEAT, BEWE E R 4R AN 1o,
REHARICE 180 MR . BCEIWCEE B R 28 N
MX225CCD, iR X G263y 0.9795A. £T4
s H XDS B2 7 AT HR AR R R4y T L1 2
A ] Matthews coefficient 9 2.78 & 2.76 Da/A}, &
B A B E B IAAE 55%~60% 18], i —
MAFEHRBEALFH 2 N F . CkY37T 5
Csk-Y280 175t # 4 73 il G b #E 2] 3.0A 5 2.77A,
A FEHECA P2,2.21s Rueges llon CCyp 2 58 %8 FE HE
TEAETE .

PN E A YIRS Ao+ B HOE M. 3241
PAK B Csk 4504 A1tk , H Phenix 2 77 £ ()
AutoMR 474y T B #™, 19 2] 1EH fE 2 )5 8 H
Coot ¥ Fah#E @A 09, 2 J5 H Phenix ™ [
refine #HATZEMIBIES, 2 LRI THBRS
SR IEAR AT, DARAELR K. B BB IE &
KESGIR, B 5EmK Csk 52 IKE AW ks
fRHTITE. B IESE RS, S CCP4 A
PROCHECK #2 /7 #E A7 f 8 Ji s vE Al . AR B VP 45
R, Csk ZIKE AV SRS R & DR bR £ &
HYEEN. Csk- ZIKE &M RmEFSHINEK 1.
1.2.5 RINEE TR AN & Csk & A 5010
EZNINE ]

FT 4B T LR BOAR (SPR) W] LLFE RAR&AE R
T8 A R S SIS A AR A - 0 B E R
ZIE. R BRI TAGE P 2 A A HAE
F . ARS2E0 A8 FH B4R A v BB B A P B
Fr i) BlAcore T100 SPR 1, i 88 Fr /& CMS it
Fr. FMEERAE S Csk B 2% v & ¥ SPR ZZ 1
# (20 mmol/L Hepes pH 8.0, 150 mmol/L NaCl),
Csk HEAE AR EAM, ZERIENRIIE. Bk
¥ EDC 5 NHS 1 : 1784, UL 10 wl/min [#38 3E
NUOFEALE . B pH 5.0 F 2 4 14 WM B Csk
HH, LA 10 pwl/min (58 FE N 208 I 0 %2 B E
B, % Csk AR &1L 5713 RU. H AR E
FERE LA 10 wl/min Y FEVEN SBRERE S . %
b 2 K o) I R AN R R MR I, B NIR T
B HT L 40 wl/min B BEVEN 60 s, AR5 fil 55
2 min, WEAFRHBRNLZKERLS Csk EOS A
JIH)ZE 5. SPR SELGHH 4b ¥ 2 18 H BlAevaluation
A, A 1 1 Langmuir binding model #4715 .
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Table 1 X-ray data collection and refinement statistics

Csk-Y37 Csk-Y280
Data collection
Space group P2.2.2, P2.2.2,
Cell dimensions
a b, c/A 83.75,97.03,142.07  85.08, 97.20, 142.35
a, B, v/(°) 90.00, 90.00, 90.00  90.00, 90.00, 90.00
Resolution/A 47.31-3.0(3.15-3.0) 142.35-2.77(2.84-2.77)
Rierge 0.068 (0.592) 0.070 (0.617)
Runcas 0.074 (0.662) 0.081 (0.718)
Riim 0.044 (0.213) 0.042 (0.363)
T () 17.7 (2.5) 19.5(2.9)
CCy, 99.6(89.8) 99.9 (86.9)
Completeness/% 99.5(99.8) 99.9 (100)
Redundancy 3.6 (3.7) 7.1(74)
Refinement
Resolution/A 47.31.-3.0 142.35-2.77
No. reflections 23546 30781
Ryoic/ Riee 0.2370/0.2950 0.2314/0.2801
No. atoms
Protein 5734 5641
Ligand/ion 125 125
Water - 44
B factors
Protein 85.05 63.54
Ligand/ion 80.25 55.79
Water - 53.14
R.m.s. deviations
Bond lengths/A 0.006 0.006
Bond angles/(°) 0.863 1.037

(@

2 & R

2.1 Csk SHBER L% BR@RA KL

FATMMNT T Csk 5 BepE-Y37 I E & W) .
Csk-Y37 K Csk 5 JAM-A-Y280 11 & & W
Csk-Y280 fmik&htt), 43 #E35 7 h 3.0A K 2.77A.
ARG ImE 1. B2 s, EE A

(@

Peptide

Fig. 1 Structures of Csk-peptide complex
(a) Overall structure of Csk-peptide complex. (b) Alignment of Y37 and
Y280.

Fig. 2 Structure and density of Csk-Y37 and Csk-Y280
(a) Structure and density of Csk-Y37. (b) Structure and density of Csk-Y280.
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AT, % BRERANEER BepE THAR Csk ERESBIRRI LM SINRES I + 55

(B 1b), — A EAR AR X ICH A 2 > Csk 4
T DA ZIEAEAE | AN AERR S k. Csk H 4k
fH SH2. SH3 } Kinase iX 3 MMM, 3 N45
PIHE R “Y” 7. EMIK Csk 52 kE &
Vg fy R SH3 &5 5 % i 22, X Re 2 A
SH3 S5 M B A BRI, BRI 2 K Csk &
I SH2 Z5F93R 0L 1 1 1 FIBE/R LSS &, 5 SH3 &
Kinase 45 #9383 1% B M AR .

PABE 25 M T Csk AW C i, 2 H 9 A
o BBE S 2 NIl B R K. B A R kT C
Ui 7 AT PAT I o BRBEZE AR, o BRI 8] 3
P loop JEHE il — L NI BRI o BBIE K.

SH2 S5 #38H 2 A o IR E R H B HZ%
OHMB, 24 o BE K B v ETEANFK SH2 4514
PR PR SH2 4538, Arg-89. Arg-107.
Ser-109. Thr-110. Asn-111 J% Thr-117 5% ik _F )
BRI IR A M 4%, XA Z kS
SH2 S5t ai G e it 7 E SRR ).

22 WHERZ RS Csk HIEE(EA

1t Csk SR ZIKE &Mdtath, Btz
JKTE B T SH2 &5k g v B e, ZIKIEEIR
B A4 N B SH2 45 #4358 i — A5 IE LS K
. ZREM C E T LAY SH2 25 M3 4 et
RG5E, 2 AR DURe e I Rl IR 45 S A R 22
JIKE .

T PR b % R R 45 & 10 48 flt SH2 &5 F sk 1= 1Y
Arg-89. Arg-107. Ser-109. Thr-110. Asn-111 k&
Thr-117 20 (&l 3). ERUEE R IR & NERLAR
SR IEHE, BT LLS A e B B M 4
X467 e SH2 WIS R4 & P EHE
WL, 2H R R A I SRR G A 1 4R ) 2 SR IR ik Bk m LA
T R i A T SV IR 4%, IX Ol SHR2 &5 M 5 1
R Z R4 G IR R 4 & 0. B T IR I TR
ZiG 4R, fE SH2 it LA E— MRt
45, J& M Tyr-129. Ile-140. Asp-141. Asp-161 %
Leu-163 ZHRM0. #5521 4S50 T SH2 S5ERR £ ik
(RE S R I R T, AR SH2 45 MR
PO ZRIIRK, B P+2 A(pTyr 1 C 426 2
RORIERIEVER, IS P+3 ok P+4 AL RIFRIE/ER,
Csk MRS ME AR 5 2 IR P43 A7 2 B IR TR 1)
MBER EAE . K2 %0 SH2 &5 My ek S vk 1 48 2
B K SRR pR FE M AR, (E /2 Csk 9 SH2 5 57
48 i 2 N oR/K R IER (Asp-141, Asp-161) % 3
AN K 5 FE B2 (Tyr-129, Tle-140, Leu-163) 44 1%,

XAEFL IR AT LS K R IR 45 A SRT LS SRk R 2k
MR (1A 4).

Fig. 3 The hydrogen bond net between phosphotyrosine
and hydrophilic pocket of Csk-SH2

) Y129
//T163 -
'Di6l N\
l 11405 )

D140

1 Y37
—: Y280

Fig. 4 The P+3 specificity-determining pocket of Csk

2.3 SPRENE Csk 54 EHEEL 4 % BAEIEFN S

Csk 5 BepE-Y37 & JAM-A-Y280 2 i Ik ()
SPR £ R 5 firon, Hd, RIET B. henselae
RN 2 Ik BepE-Y37 5 Csk HO i B % $U(K,)
X F T 0.607 wmol/L, T K IE T A& H JAM-A-
Y280 5 Csk 3E Al /1% BepE-Y37 55, fift 3 Hh
4.42 pmol/L. 4HH 5 & HRIFH Y37 5 CskHIZR
77 ARSI Y280 [ 7.28 5, IXHE/R T 4B
BRI EPIYA motif 5 Csk B% 454, w4k
Hh M Csk 5 HAE N ARG P IR GG BC A 45 & T
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B Csk ype Z AL, 3 — D 3B SFK 5 80
SFK. ) #7820 {43 SFK 3 K 1) & i {5 5 3 1% 25
AL, BET S K — AR B ™ B

(a) RU
801

60+ o

Response

s

201/

1 2 3 4 5 6 7 8
(b) RU

Response
N
S

05 1 15 2 25 3 35

c/(10°+mol-L")

Fig. 5 SPR result of Csk-Y37 and Csk-Y280
(a) SPR result of Csk-Y37. (b) SPR result of Csk-Y280.

NEEA A BRI 6 % EPIYA %t
FFHRIEH, JAM-A Bl2Hdz —. it A
H, EPIYA JEJ7 o] et 4i i i 78 K%, DR Uk 7E
BEAL R AR HERR 4. T 40 B AR 2 2N B (A P AT
7E EPIYA J: )7, X SR8 & (i A 15 A 1R P A7
FEH EPIYA 27 H, PR IR o i
7RG NAEN A SH2 45 /38 & G A BAE T,
SRZITHUE 32 SH2 & EH T RIS S s k.

2.4 Csk-Y37 B Csk-Y280 E 5454

i SE ) SR, BepE. JAM-A 5 Csk 145 &
J7 AR ARL, B LAERATIA A S ma SE R ) 1) 3 B A
FRWFZIK—RT AN %R, R4E Huang 52007
O SH2 254 38 2 1 Tl e T 1 5 71 A 12 S 56
EoR, Csk ATHAIE pY(T/A/S)(K/R/Q/N)(M/I/V/R)
IR L Z BK. BepE 5 JAM-A [f) P+1 £}
Bl A5S, & Csk FImEr, P2 MaileE TS
Q, P+3 Ml V5P, BepE 1 P+3 i 5
JAM-A [f) P+2 Si 754 Csk fwtf, BT Csk HI4F R
PE TSR 12 P43 AL IR R TR L, FTLL P43
Rt F 2 IKE Csk SRA MRS, @t t bt
PR 2 K7 51 b 22 S nl DU Csk SRR

#Z 5, LW BepE feLi = T JAM-A KISERI Y

Csk 454

3 it

 EPIYA 27 B 80W B AN S A K5 Nk 2
Tl P2 B B VAR ST 2 BRI OGE, ELRIB IR
1 (Bartonella henselae) RN 2 1 BepE & /& H
2 —. BepE A L@ VirD PUR S0k 5 G543 Wh 21
F W, SFK 1] LA R 1k BepE & 115 37 £ HI %
A, WERRAL S I BepE ML BERR 1 5 Csk 1
SH2 53 AH BAEA], Tt Csk IR DIRERIHAT .
JAM-A 2 AFAE T N ML/ o 3 R, & 8
SFK kB2 1k J5 T 47 5% Csk & I /N 4] SFK ()
TP, I G I AR PR T R

Csk 5 2 PRI 2 BRI MR g5 M R, 2 b
BRI Z K5 Csk 454 7 AR, AT/ DU R IR
BEHET SH2 MWK B E, 61K 7k
H T SH2 45 K38 1) Arg-89. Arg-107. Ser-109.
Thr-110. Asn-111 /% Thr-117 58 3 A
SIS, A Csk-SH2 25 #3077 — /MR 7 1k
4%, HE SH2 i 5 RM 4 & R ik, x4
4S5 2K P+3 A7 S SRR ik L B AH TAE .
SPR {1757k, ¥ Csk B AENEEM, 2 IKIERIE
L BIAR 43 N E B R AL 2 K Csk (SR A1) .
SPR L4525 R IR, Csk 5 BepE W2 M )12 5
JAM-A SEFIZI1 7.28 £, BIEL 7R 08 AR 2408 2
KIRHI 2 B a8, AN BepE IE 2 iEid
R R REA N S Csk B4 4, sedtE
I AAR B B JAM-A 5 Csk (454, X158
Csk ToyEHAT HIEH Dhfe.

L AT Csk-Y37 K Csk-Y280 &2 &) Sk 45
F, BATHR T ELRIE AR N 85 1 BepE 12 4415
F S5 FPUAE A5 5 30 B 0 5] R B0 1 AT REHLA,
ZHLHFF & EPIYA A OGAEA IR I dRkiE, thEoR
T Csk /& BepE RIEFHIEAMEEEEN, XN
A Ja i — RN AR B R G AR B0 L IR R
IR PR O] RE PRI 25 ) B0 R it 1 A5 ) Bt

2 % X M
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Structural and Functional Analysis of Disruption of The Human Csk Signaling
Pathways by Effector Protein BepE From Bartonella henselae®

ZHANG Ke'"?, LIU Qing-Bo", HU Yong-Lin"”, WANG Da-Cheng"™
(" Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
? University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The vasculotropic pathogenic bacteria Bartonella henselae secretes 7 Bep effector proteins (BepA-G)
and injects these proteins into host cells using a type IV secretion system. Among these effector proteins, BepD-F
contain multiple copies of Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs in their N-terminal regions. After injection into
host cells, the tyrosine residues in these EPIYA motifs will be phosphorylated by SFK, and the
tyrosine-phosphorylated EPIYA motifs can subsequently interact with various SH2 domain-containing proteins
from host cell and interfere with the SH2 signaling pathways of the host cells. In addition to B. henselae Bep
effector proteins, numerous pathogenic bacteria effector proteins had been identified previously to contain EPIYA
motifs. They were also found to utilize their EPIYA motifs to disrupt the SH2-signaling pathways of respective
host cells, although they share no obvious overall sequence similarities. In contrast, only 6 proteins containing
EPIY A motifs were found in human proteome, much lower than random occurrences, probably due to its toxicity
in human cells. JAM-A is one of EPIYA motif containing proteins occurring in blood platelet, which can recruit
Csk to avoid thrombus formation. BepE was reported to interact with Csk and disturb Csk-related signaling
pathways. Here we reported the crystal structures of complexes between Csk and the phosphorylated EPIY A motifs
from BepE and JAM-A, and biophysical measurements of their binding affinities. The complex structures show
that Csk binds with two phosphopeptides in a similar way. The Csk SH2 domain binds with phosphotyrosine.
Phosphopeptides are perpendicular to B-sheets in SH2 domain. Results of SPR show that the affinity of BepE with
Csk is much higher than that of JAM-A. These results suggest that the EPIY A motif of toxic proteins binds with
the SH2 domain of human Csk by a higher affinity, then disturb the SH2 domain proteins involved signaling
pathways. The results reported here laid a solid foundation for our understanding of the structural basis of how

toxic EPTY A motifs interrupt the SH2 signaling pathways of host cells.
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