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Visualization of Helicobacter pylori CagA deliveringby Split-GFP

WU Qianwen'?, LIU Shuzhen', ZHANG Jianhui', CAO Xinying'*, SUN Zckun', JIA Yugang'”?,
ZHANG Ying', L1 Boging's ZHAO Huilin', JI Xiaofei' (1. Department of Pathogen Biology » Binzhou
Medical University, Yantai, Shandong 264003, China; 2. The Second Clinical Medical College, Binzhou Medical

University)

Objective Visualization of CagA delivering from Helicobacter pylori (Hp) into infected gastric epithelial
cells by Split-GFP method. Methods (O The upstream and downstream homologous arms of cagA gene were amplified
by PCR and inserted into knockout vector pSJHK4. The resulting plasmid was transformed into Hp G27 strain by
electroporation. The CagA-knockout mutant Acag Awas selected by kanamycin resistance. @ Sequence of the 11™ strand
of GFP B-barrel (GFP-11) was amplified by PCR and linked into 3" teminal of cagA sequence. The fusion sequence was
then inserted into the Hp-E. coli shuttle plasmid pCHFHp. The resulting plasmid was transformed into ACagA strain by
electroporationand transformants expressing CagA-GFP11 fusion protein were selected by chloramphenicol resistance. @
Gene sequence of the first to tenth strands of GFP (GFP1-10) was amplified by PCR and packaged into lentivirus, and
then transfected into GES-1 cells by viral infection. Hp mutant expressing fused CagA-GFP11 constructed in @ was co-
cultured with this cell line expressing GFP1-10 at an MOI (multiplicity of infection) of 100. The fluorescence intensityof
infected GES-1 cells was observed by fluorescence microscope,and the amount of CagA transferred into GES-1 cells was
detected by Western blot.  Results ACagA-knockout mutant, ACagA, was obtained by transforming a CagA knockout
plasmid pSJHK4-cagA into Hp G27 strain. An expression plasmid pCHFHp constructed in our previous work was then
inserted with CagA-GFP11 gene sequence and transferred into ACagA to obtain the mutant Hp G27-cagAgfpl1 expressing
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CagA-GFP11 fusion protein. Lentivirus packaging GFP 1-10 B strands encoding genes was constructed to infect GES-1

cells and generate a cell line expression GFP1-10 B strands stably . After Hp G27-cagAgfpll infection, fluorescence was

observed in the cytoplasm of infected GES-1 cells,indicating that CagA entered into the recipient cells,and the fused GFP-

11 B strand combined with the intracellular GFP1-10 part. Meanwhile, the presence of intracellular CagA was also

confirmed by Western blot.

Conclusion In the process of Hp infecting GES-1 cell, Split-GFP approach could be used to

trace CagA delivering from Hp into infected gastric epithelial cells. It provides a new effective tool for the study of CagA

translocation, which contributes to the in-depth study of the mechanism of Hp type IV secretion system (T4SS).
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SELOIH T WUy T O L AME & L IR EE S T GFP
1 (Split-GFP) J 3%, MK GFP #f 430 1-10 B 4 & 1
(GFP1-10) M5 11 B 478 i (GFP-1D Pi&ER 73 f 3%
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1,0507-arm2-2, ] T 4 1 [A) I 5 20 3¢ 4 1y [w] 95 R
arml fl arm2., Z J5 WA A U5 20 il 248 #F BamHI,
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RIS 25 P S TR A 4 R ) 7 e R A R
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Table 1 Strains, plasmidsandprimersusedinthisstudy

[Nk . 3
‘ . ik
Strains, plasmids . Reference
. Description
or primers orsource

Strains

- . Lo This
Hp G27 Hp wildstraincontainingCagA i

. THY
Hp G27-caghglpl1 Hp G27.cagA-gfp11 knock-in(Km") udy
E. coli DHbq E. coli DHjastrainusedforgenecloning Clostech
Plasmids
pSJHKA Gene targeting template plasmid, Ap" (Km") Tlhl]
pSTHK4-cagA A CagA recombinant vector, Ap” (Km") ?H:;V
pCMV-glpl1 A plasmid with the gfp11 gene, Ap" <tu(iv
pCHFHp Gene-targeting template plasmid, Ap" (Cm") ;1114
pCHFHp-cagAgfpl1 A CagA-S11 recombinant vector, Ap" (Cm") “UEV
Primers o
0507-arml-1 GACCAGGGATCCAGTCTCAGTGACGCCTGTTGCA
0507-arml-2 GGCCACCATATGATTATTGATAAATTGCTGCGGGTT
0507-arm2-1 GCGTCCCTCGAGTTGAACAATGCTGTAAAAGA
0507-arm2-2 CGATGCTAGTCTAGAATATTTGCAGCAAAAAT
0507-1 GTCATTTGCTGACCCATACGA
0507-2 GGCGTGATTGAGCCAAGCATT
Km-1 TGCCTCGTCTTGGAGTTCATTC
Km-2 GTTGGCTACCCGTGATATTGCT
YZ-pCHFHp-F AAGCTAGTGGGTTGGGAGTT
YZ-pCHFHp-R GCGTTATTGTGGTAGGTGGT
Y7-CagA-F CCCTAGTCGGTAATGGGTTAT
Y7-CagA-R GCGTTAGCTACCGGTCGCTT
CaghF GTTAGGCTCGAGAACATATG
8 ACTAACGAAACCATTGATCA
CaghA-R TCCTCGGGTACCCCAGATTTTTGGAAACCACCTTT
GFP11-R GCTACGGTCGACGGTATGGCTGATTATGATCATCTAGA

oA A HBE K KBEE O RBE, RERRITRS 0 H bk it L0 T
ST E. coli i,

2.2 CagA #= GFP-11 @& &2 e MmE Ll Hp
G27 F:H 4 DNA R Bibe , I H 514 CagA-F Fil CagA-
R Y1 hp0507 £ ¥ 41, 4 Kpnl Al Xhol Y] J5 5
[F)AE i B U0 9 pCMV-gfp11 BORLAH % . % 357 W)
W P ks A E. coli DHSe LRI & 6 &% 5
B 251 [ A B 75 3L 0 18 BH M v B L Bk A T 1 B
Ja MR RLAF 2] pCMV-cagAgfpll, #t— 2 LUK R
KB, L CagA-F F1 GFP11-R 5|94 3 cagA-
gfpll FER F B, 2 Ndel f1 Sall )5 %42 %] Hp-E.
coli ZERRRL pCHF Hp AH N 1) Bl U1 A7 a5 b o BRI % 4L
E. coli DH5a, F] FH 2 % 15 55 2 $0 1 01 8 B 1 e B
PO AL T G B 55 05 SR ISR 15 3] CagA il GFP-
11 filG 223k ki ik pCHFHp-cagAglpll,

2.3 Hp#yd EH# L5 #4FFx HBRERE
TR B 7 W A Hp Wi 5% 40 32 25 08 i A7 v i 7%
RS R 9 Hp %A T & A B4 K R AR
37 CIH A 3R 5~7 d. 3Rk + . Rl 5E
214 0507-1 il Km-1.0507-2 fil Km-2 # {7 PCR #i
e, ARAG fil S R IBE bR HpG27-cagAgipll,

2.4 GES1@mpaeysmastd GFPI-10 & Rk JikL

LV8N-GFP1-10 (EF-1aF/mCherry & Puro) 4 & K &
s A 2 by N 3 3k DR IS A PR A D 9 AR L 32 R
fill 75 FRIR L0 %6 H 11 mCherry HIIEE PS 55 2 P o4 36
B, 8FP5X10° 4~ GES-1 408 F 24 FLIRTF . HFE
AN EE & R4 N 40% ~60% W A 5 pg/mL (¥
Polybrene ¥ & 30 min. Z 5 B k5 32 53 A 50 pL
TR 1X10° TU/mL (5 5 55 U2 24 h ff FI & %
R (1 pg/mL) i 55 77 5 1 8 R 40 Bk 8 2 28
W (OPTIKA B-1000FL-HBO) W £2 41 Jii 1) %% )
(R R AR T

2.5 Hp B % GES1 @tk 2 AR R EME L
2X10" 4~ GES-1 40 s T 40 ff € Jr o o 15 5% . Hp 35
I B R BOE AW, WS A AT PBS A BB AR AL
PR RE G WM BT, A 600 nme P4 A 19 WO
LO AT M BEZ9 R 5 X 10° 4~ /mL, DL 5 5
MOI=100 [ LL B E Hp it A GES-1 4 fid 5 = p, &
T 37 CHy CO, HEFEAM IS, MM 1 h4 h.8h
S5 F ) B B AEE (Olympus CKX41) WLEZ 41 il % 4
WAk, ZJE KBRS, A PBS PR =KW N 10 pL
£ DS I E o Al o DD S R X €T R S|
Ji v 2 (0 5 G B

2.6 Western blot & BI85 52 0 Hp f1 GES-1
Y M R 5 25 55 R W A PBS PEis 3 . A 20 i Y
fif W vk 3% 20 min, IWEHEHTF 1.5 mL EP &1,
B 4 CE.LOHVLH 12 000 r/min B> 20 min, HL
I WGE AT BCA B 2 2 1 B )5 4T SDS-PAGE
LUK 3 25, BERC MR S B ke R
PVDF fi5t, 5 H1 5% B i 95 4 & i B 2 b SR 5 A
CagA $ifk (Santa Crun) ifFfTIFE . IRH L IMAZ
P, = EEEEIEE 1 h, FRR W U S A ECL k2% &
T O B ULEE

% R

1 ETF Hp G27 HHR#E CagA RLBR#k

N T GFP-11 5 CagA ByRl& £k, KATHE
JoAE HpG27 Witk PR BR CagA FEP (hp0507) . i Bk
J5 ¥ A8 P ) 5 B 20 WS e B R L s AR A 1 1A TR .
15 5EiEt PCR 744 hp0507 e PR A F) [] 58 IR
WAE A B B BB pSTHKA 15 3] CagA #1435 ki
pSJHK4-cagA, ¥4 A Hp Hifi ik 15 5] CagA @R
Bk ACagA. O T B hp0507 Bl S5 B Bk » AT 50 Bl
BT Es 4 Km-1, Km-2,0507-1,0507-2 (fy & 40 &
TA Jfrn) DL Hp BFAE R AR AT ACagA |1y 5 R 4 R B AR
PEAT PCR 78 . 45 % ACagA REfSH 1 i 1 752
bp F1 1 329 bp By 2%, 5 FlH 45 B AH AT, M BF 2R AR
fed 3 H 1 4 (L 1B) . ] ACagA H hp0507
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PR b L I [ U5 38 A TR R E AL hp 0507 Sk X
bR . AT — 2Lt Western blot #5ll T Hp % /&
P ACagA 1 CagA [ FRIBG L 45 L K 2C FroR,
AR rh A CagA 19334 1 ACagA H CagA 1%
LA AR R B 2l L R W] Cag A B O B RIER

hp0503 hp0504 hp0505 hp0506 hp0507 2 4
Chromosomal 'GagE  CagD CagC CagB CagA hPO508 hp0509 bp 1 3
DNAOfthe  — (i qm—— g d—- -_— 10000

parental strain

7000
4000
Km 2
pSJHK4-cagA Y 1L 2000

1000

Chromosomal osor-1, Kmt Kkm2, sor-2

DNA of the s — S )

mutant strain  hp0503 hp0504 hp0505 hp0506  Km  hp0508  hp0509
CagE CagD CagC CagB 250

A

500

A CagA ZEREBR/REE B KRB IKIRIER (M DNA 4
FhARAE 1 BI% 0507-1 F1 Km-1 434 57 A2 7 bk B 1 41 PCR 7 9
2 51¥ 0507-1 il Km-1 4" 3% ACagA BiBRIE ML K 4] PCR =4 3
B4 0507-2 F1 Km-2 3 W BFAE J#R L PCR =41 4 B4 0507-2 1
Km-2 "1 ACagA KK 4 PCR f=¥))

1 E-F HpG27 E#R#A% CagA BRI

A Schematic representation of CagA gene knockout B
Electrophoretic verification of knockout mutant (M DNA molecular
weight standard 1 Product amplified with primers 0507-1 and Km-1
from wild strain genome 2 Product amplified with primers 0507-1
and Km-1 from ACagA genome 3 Product amplified with primers
0507-2 and Km-2 from wild strain genome 4 Product amplified with
primers 0507-2 and Km-2 from ACagA genome)

Fig.1 Construction of CagA knockout strain based onHp G27
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CagA
c

A CagA Fil GFP-11 @i &Rkt @ s =K B CagA fil GFP-11 gl
GRBWEHE I RIER (M DNA S TR 1 549 YZ
pCHFHP-F 1 YZ-pCHFHP-R §"#% ACagA Jfi ki PCR /=% 2 5|¥)
Y7 pCHFHP-F #1 YZ-pCHFHP-R #"# HpG27-cagAgfpl1 ffiki [y PCR 7
Y 3 5|4 YZ-CagA-F Fil YZ-CagA-R "1 ACagA Jii ki A PCR 7= 4
4 5¥) YZ-CagA-F Fil YZ-CagA-R ¥ 1t HpG27-cagAgfpll Jii ki fY) PCR
=) C Western blot &l Gl A 2 35 B MR P 19 CagA

2 CagA 5 GFP-11 A RIERETHRNBE

A Schematic representation of CagA and GFP-11 fusion plasmid B

Electrophoretic verification of CagA and GFP-11 fusion in mutation strain(M

DNA molecular weight standard 1 Product amplified with primers YZ-
pCHFHP-F and YZ-pCHFHP-R from ACagA plasmid 2 Product
amplified with primers YZ-pCHFHP-F and YZ-pCHFHP-R from HpG27-
cagAgfpll plasmid 3  Product amplified with primers YZ-CagA-F and
YZ-CagA-R from ACagA plasmid 4 Product amplified with primers YZ-
CagA-F and YZ-CagA-R from HpG27-cagAgfpll plasmid) C Western
blot detection of CagA in bacteria expressing fused protein

Fig.2 Construction of Hp mutant expressing fused CagA and GFP-11

2 #JE CagA 5 GFP-11 £ Hp WHIBL & Ri&

PL Hp-E. coli ZEt2 ik pCHEHp S 5 4, #4
CagA 5 GFP-11 [ @l & % ik i A pCHFHp-
cagAglpll, Mgt AN IEl 2A BN o K3 508 4 FL
di i A ACagA H FIH & RIRERMATEN
[E] {7 1% 37 B 0 3% 31 BH M 50 B HpG27-cagAgipll, M
HpG27-cagAgfpll K ACagA 5875 ¥ b $1 B KL, 43
S pCHFHp A 45 7 514 YZ-pCHFHp-F,YZ-
pCHFHp-R M CagA ¥ R M54 YZ-CagA-F. YZ-
CagA-R #E47 PCR B 0E . 25 R WOR 1T & fE 5 9 3% K
/NGRS 721 bp 1543 bp 1 24 (8 2B) A5 5 U
M ACagA AN 8 ¥ #f h 1% %4 4, Ul Bl pCHFHp-
cagAglpll i ki dE A F] ACagA Wbk H . Z 53k AiE
it Western blot #f — & B {iE T 1% fill & 2% i5 W & b
CagA MBI 5 R BIR A& RIXFE R P A CagA
HE S (& 20, RUIZ W R BEGS 17 £ ik CagA 5
GFP-11 @ &8,

3 HBEFRERIZ GFP1-10 5 GES-1 {Afa &

¥ GFP1-10 1y 3 [ 3 51 A4 2 31 B % 36 k8 3k
LV8N (EF-1aF/mCherry& Puro) I (& 3A), fi 3% |8
W TE . A ISR RY GES-1 21 g . 3 1 122 v 55 2% 0
VEARAF B TE AN Mk . B T LVSN ik | & f 40 (o
HEFER mCherry (19335 &, PRI 44 B 0y 1) BHAE 248 i
PRAE S & Hh 41 (5586 (B 3B),

cMv
[HIV-1 5 LTR
HIV-1 psi pack

[RRE

(EF-1aF/mC
HIV-1 3 LTR 9915 bp EF-1a

4
~ GFP1-10
(WPRE

CMv

mCherry

T2A

A

A GFPL-10 b Rk Bk m BB B 320 0B A Il 5T kL A3 4%
4t il (200 X))
B 3 GFPL-10 REREMAMKEIHERE
A Schematic diagram of GFP1-10 overexpressed plasmid B
Fluorescence detection of cells stably harboring overexpression plasmid (200 X)
Fig.3 Construction of cell lines stably expressing GFP1-10
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4 Hp BEMP CagA HEHKN

N T RERPIEAZ R ER) Hp CagA R Bk
) HpG27-cagAgfpll B bR FIIE i 22 55 YL ) GES-1
AEILREFE . HaA T GFP-11 /) CagA i A4l il Py
E . S AW GFP1-10 44 il e %1 GFP & H . 4
JitL PN S B 5 &t 2k €6 5O (BT AAD o 2Ok 1 1l B WL 5%
SERANE 4B FroR &Y 1 h )5, T LUOULES 21 40 i Py
kAT RV IET CagA B H T 4 AN E .
S 4 b 20N A O R BE TR T L U B R R
I ] A SE S, B2 B CagA B B AN N AR . SR,
YL 8 h 5 A0SO B E B B HE— 2D B 5 L T 2
WAT FEARG . FRAT TN o B A T I ) i L 40 T R
JELA) I T3 349 BLR B Cag A B3 ACBEAS PR3 0. ELAE
WU AN AL T L R T UG DL

Hp G27 mCherry GFP Merge

Oh

8h

A GFP ¥ 5r B ik kil CagA #3258l B GES-1 40 jfd p
GFP A ZE 6K (200X)  C Western blot K1l 41 il 4 CagA 1
B DG 8 5 R R A UIE (200

E 4 Hp B CagA HiZmE N

A Schematic diagram of Split-GFP method B  Fluorescence

detection of GFP protein in GES-1 cells (200 X) C  Western blot

detection of CagA translocation in infected cells D  Statistics of

cellular hummingbird phenotypic alteration (200X)
Fig. 4 Detection of CagA transport in Hpinfected cells

[ B, 3 F Western blot &zl 7 4 ig 4 CagA ¥
BEM AR AL, 55 AL 5 905 B AR Ak — B (| 4C) R
1 h 5. 40 N RESE A I 5] Cag A AUHLIK 4577 .4 h JE Ik
R T 1 h, 8 h J5 kIR, Beokh, i T
PG A0 ) B 2S84k, RE 98 B W L2 3 CagA R fy
R 20 e 7 R T —— " i S AR (18] AD) IR SE Rl
GFP-11 1y CagA B 59 e 1z 1 40 i P 7 o 2 1 5 5 20
F s BB S ek s

W

Cag PAI Zmtd CagA F1 T4SS M2 H & 30 24
B R AE Sk Hp S0W L BF 98 0 #4 A8
CagA [H 5 18 9 0 K A B DI A G T # R b e s 1
HER L C 2R AR TE . T4SS i (A 4L

SRR OB ZHERY . WA PRIl CagA
Jeil et T4SS #5328 3k A 57 (R 41 it 1, Hohlfeld % 2%
WA H GFP #ric 2k m B CagA W58, 20 DL 5 &
2 HED R A AT e R K 1y GFP i K, H s A A 4 [
fil YRS &A@ T4ASS#iE, HAj, X T CagA &
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