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Construction of fluorescent protein reporting system of Helicobacter pylori
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Objective To construct two types of reporting system for green fluorescent protein (GFP) and red fluo-
rescent protein (RFP) of Helicobacter pylori. Methods Firstly,the constitutive urease gene promoter (PureA) from
H. pylori was amplified by PCR and ligated with green fluorescent protein gene (gfp) and red fluorescent protein gene
(rfp) ,respectively,by overlapping extension PCR to construct two gene expression boxes PureA-gfp and PureA-rfp.
These two expression boxes were respectively ligated with EcoRI digested suicide plasmid vector pSD by seamless assem-
bly technology.and two types of fluorescent protein gene expression reporting plasmids pSD-GFP and pSD-RFP were con-
structed. Then,these two reporting plasmids pSD-GFP and pSD-RFP were transformed into H. pylori 26695, respec-
tively,and coated on kanamycin resistant plate,and two engineered strains Hp::gfp and Hp::rfp were constructed by
homologous recombination method. Finally, kanamycin resistance and PCR were used to screen positive engineering
strains,and the expression of these two fluorescent proteins in H. pylori was detected by fluorescence microscope.  Re-
sults The engineered strains could grow on the kanamycin resistant plate,and the PCR bands were consistent with the
expected results,indicating that gfp and rfp gene were successfully expressed in H. pylori. Conclusion GFP and
RFP fluorescence protein reporting systems were successfully constructed in H. pylori,which providing a good detection

method for the study of transcriptional regulation and pathogenesis of H. pylori.
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Table 1 Primers used in this study
514 52l TR
Primers Sequence (5'—>3") notes
TGGGCTTGGCGGTGGAATTCGATCT
ureA-RFP-1 TTATAAATTCTAAAGGGGTATTAAA g 4 5 ,/p
CGCAC HEHERY PureA
\gppy TTAATTCTGACATCTTATTCTCCTAT LR
ures TCTTAAAGTGTTTTTCCTTG
Appps  TAGGAGAATAAGATGTCAGAATTA .
ure ATTAAAGAAAATATGCACATG TR IO
CGGGTACCGAGCTCGAATTCTCAA B
_ _ UGG L ALLLAGUL Ao _ Y (rfp)
ureARFPA A TGTCCTAATTTCGACGG
acrpy  TGGGCTTGGCGGTGGAATTCCCAG ‘ _
ure TCGTGGCCACCA Vs efp

T YT SCOATOANTOTTATTOTOCCT AT EJ&H{JP“"(/\
areA-GEP-2 I(f(,ILA(,L‘AI‘LAILI I‘A‘I IL‘I(,L‘IAI BT
TCTTAAAGTGTTTTTCCTTGAAG

GAATAAGATGATGGTGAGCAAGGG

ureA-GFP-3 PG ET
CGGGTACCGAGCTCGAATTCATCC (ﬁ ok
ureAGEP4  CCGGTCTCGAGTTACT 81
CE-1 GGCACAACTTTAGGGCCTAT -
CE-2 TCAACACACTGCCTAAGAAACG % )
CE-3 TCAACACACTGCCTAAGAAACG

1.2 &M% HEIRE IR (200AB-4 2D Jy QB0
SR HAL AR A R R A 7= PCR U T 28 Bk G- B
HAFDYY-7C RV IR AL o8 — T A2 7 5 BE L
BN AR RGN FICT E AW ARG RS A
HF151 B CO, 53748 4 1 [E Heal Force 24 F 4™
GBS (cire-ds-r11 BT JE BEA A .

1.3 B#EBER%E KWBR&HE E. coli DH5a, 1 LB
WA SRR R 5 (1 00 R AR IR . 0. 5 Vo e Bl 48 4 . 1 Y0 Ak
T 37 CIEEFER . 180 r/min &% 5 3%, 0
PERFEH & A 1.5 Yo Bty LB AR R & T 37 °C
TER 3G FR A8 Th 3G 5, b E A FE AR E 100 pg/mL &
NHB RN 30 pg/mL RIBE R, WA TTIRAT A, 325
ZE 105 MR A I BRI R 9 (200 AR E I
0. 5 Vo WEREF$2 9 . 0. 5 0 AL BN 0. 10 A A D . T
37 C.10% CO, fHIRFE K (120 r/min) i & FF5E b 55
F% 5 1A R 35 482 b 7 I B8 9% 3 (10 %6 B i A 2 1
e SR FL BT 37 CL10% CO, R E 3E
B R HOE bR RORRL L 2.,

2 HiE

2.1 JFixtyE

2.1.1 pSD-GFP ihi ity it LAMd TR AT 26695
L2 b, UL ureA-GFP-1/ureA-GFP-2 5| ¥,
PCR ¥ 384 gl | TUEAT 1 JR £ B 3L K S 3 F (PureA) ; U
ptet-EGFP ki A M, DL ure A-GFP-3/ure A-GFP-4
FEIY UL ERY SRR PureA 3 TR gfp A
AR L i B GE A PCR 934 4K 75 PureA-gfp 5
WFEEE., HEEARIKANEW PureA-gfp FEBS
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Table 2 Strains and plasmids used in this study

R S UL T e P

Strains and plasmids Characteristics References
Strains
E. coli DH5a Clone strain, F lacZAM15A This lab.
(lacZYA-argF) relAl
DH5a ; :pSD DeriVéd ffom DrH5a, carrying Thislab.
plasmid pSD, kan
_ Derived from DH5a, carrying .
DH5a : : gfp . . R This study
plasmid pSD-GFP, kan
Derived from DHb5a, carrying .
DHb5a : : rip . . R This study
plasmid pSD-RFP, kan
H. pylori ATCC26696,wild-type strain This lab.
H. pylori strain, expressing
Hp::gfp green fluorescent protein  This study
gﬁFPEjfﬁ%r strain, expressing
Hp::rfp red fluorescent protein (RFP), This study
kan”
Plasmids
From pill570, suicide plasmid, N
pSD mp ! Shan Y %20
kan
. Carrying green fluorescent pro- .
ptet-EGFP i . . This lab.
tein gene(g fp),Amp
»-Mhate Carrying red fluorescent pro- Liu H 4027

tein gene (rfp) , Amp"

Recombinant plasmid s arrying

pSD -GFP green fluorescent protein gene This study
(gfp) kan’
Recombinant plasmid, arrying

pSD-RFD red fluorescent protein gene  This study

(rfp),kan"

2.1.2 pSD-RFP Biti i & LIKA T TERFT 7 26695
B4 MR, LL ureA-REP-1/ure A-RFP-2 J 3| ¥y,
PCR "3 W4 [ TWRFT 1 K R il 5& [H )3 3 1 (PureA) 5 LA
p-Mkate iR A, UL ure A-RFP-3/ure A-RFP-4 %
1%, PCR ¥ 2L ¢ Sl BN v fp. LA ureA-
RFP-1/ureA-RFP-4 Jy 5l ¥, VL | & 97 3 38 15 1Y
PureA JA 3+ Fl rfp FEP NBNR , 38 i # S 4 fff PCR
P HEARAG PureA-rfp FER IR & . FJC 4% 4 43450
& PureA-rfp R BS54 EcoR1 FAEEYI Y pSD ki
R L O R IR FURL pSD-RFP, 14 # i
AN 1B,

2.2 @A

2.2.1 Kp¥m#m e B 5~10 pL EAL=YINA
# 100 pL E. coli DH5a JEZ AN b R IR S, K
L #E 30 min J5 . 42°CAKVE B 45 s, LV CE VK L 2
~3 min, LA 900 pL LB W ARE; #7 5,37 °C.200 r/
min 3% 1 h, 5000 r/min &[> 5 min, % 900 pL I+
TR IGF NG R E B, R R & A RIR
BRI L RRIRS.
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Amp
tet'GFP ureA-GEP-1
Pt |[=—m==Hp 26695
ot i RCR 298p

Eeol
\

ureA-GIP-3
PCR Té6hp

ureA-RFP-1

=) 26695

ureA-RFP-2
BCR 2thp
CREK) Bkl
\

0p = T Down x

Paraltey—— ori )

ureA-RFP-3
PCR 718bp
| RFP 4

A pSD-GFP Biki# /R BB B pSD-RFP Sk 4 s BIE
1 FRHHEREE
A Schematic diagram of pSD-GFP plasmid construction B
Schematic diagram of pSD-RFP plasmid construction

Fig.1 Schematic diagram of plasmid construction

2.2.2 HATTIBFFREEFAL Wi SRR EAEKR
U T TR AT P 26695 HEFP BT AN F LA R FHE
P M3 BE SE# b BT 10% CO, M &8s 3544 b
Figt 5~6 h, W50 pL Uk 5 R A, & T Ik A 5
TR ST SR 24 ho WH KPR 7R3t 1A K ik
AR AN 2RI PUE Y ISP A bR SR 3~5 dL ML
PEFAR AR K R AR #E T PCR %5E .

2.3 PCR %%

2.3.1 KR HHEHEE PCR X2 PEH LB P4 b
KB RE, iS5 Y CE-1/CE-2 # 17 PCR ¥ 14,
PCR 414 :94 CHIZM 2 min; 94 °C 30 5,60 °C 30 s,
72 °C 1.5 min, 3t 35 NPE ;94 C L LA 2 min,
PCR 7= I 1. 5 % B A5 W B Jie f vk 4G

2.3.2 MY PCR %&E  [KHd ] I2FT & # %
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PCR %78 AR e , P ]8R B R 26 9 40 DNA
SRR AT S . BRECR TSP B 1 B 5 e Rl T
BHI W& R 3G 95 2 (% 10 %0 8 A= 4 1) » 37 °C 1120 1/
min TR S IR 5 WOHE TR A R A TR R DA 2 4 G
& HRE B S 25 B bk DNAL R H 519 CE-1/CE-3 #t47
PCR #"#4, PCR £&1F:94 CHAEM 2 min; 94 C 30
$,60 °C 30 s,72 °C 1.5 min, 3k 35 PFFR ;94 C A IE
i 2 min, PCR j= #3813 1. 5% B A5 b %8 i el Tk 4G
o,

2.4 RAEFARZAR SR pL B3R EXECD
WK% 4HAE DHSa::gfp/DHb5a::rfp FHIIT]
BHE Hp::gfp/Hp:orfp AR IR BN
ci-e-ds-r11 A B i 5 M A 2 OB 8 H Rk 1% Ol . [R i A
BF 4= B Bk 1E B 4F B, GFP: Ex = 488nm., Em = 465-
495nm ;RFP:Ex=557nm,Em=540-580nm.

& =R

1 BRHuHEEHHESEE

BRSO CE RN (g f p B rfp) 53 5B T Hd )
BT TR 20 R PR RS U B T (Pure D FERIZ T 5
RAREE R ok ke 3R 5k L 4 W U R A
¥ pSD-GFP 1 pSD-RFP ik, | iR 5ok %% 1k K
BAH G PRI 75, L) CE-1/CE-2 J 5| 4 347 Wi 7%
PCR %7€ .28 120 BAfE s UK 73 0 3K 45 29 1. 3 kb (]
2A)FN 1.2 kb(B 2B) 9 1 v B, 5 W 45 SR — 3K
H A SR 0 T

M1 2 M3 4 5 M1 2 M3 4 5

A B

A GFP ¥ M DNA marker 1 PureA 2 gfp 3
PureA-gfp 4 BIFEXB 5 ZFHXHE B RFPBEKHIK M
DNA marker 1 PureA 2 rfp 3 PureA-rfp 4 BIHEXS

|5 AEAXE,
B2 HMERMEEE PCREE

A GFP gel electrophoresis results M DNA marker 1PureA
2 gfp 3 PureA-gfp 4 Negative control 5 Blank control B
RFP gel electrophoresis results M DNA marker 1 PureA 2

rfp 3 PureA-rfp 4 Negative control 5 Blank control.

Fig. 2 Plasmid was constructed by agarose gel electrophoresis

2 HMMEFERAEAREIEHMNEESERE
FIH B ARG ACTT B R 3R A R 3R A TR A R

i ki pSD-GFP 1 pSD-RFP 4 Wl %5 1k H. pylori

26695, F FH A0 B [ B [R) 5 5 21 AL A4 2 ke 1] BT A 2¢

HEARIKHEE Hp::gfp MM Hp::orfp (B 3A), $k
R BB 1 9 15 7 Je P HUEE I 40 DNA L R H] CE-1/
CE-3 51447 5875 Bk 3 ARG I, 43331 3K A5 24 2. 0 kb
B AL R B (] 3BL3C) , 55 T 45 S — 2, 1 1 1
FE TR T P RR A )

— ) -5
chromosome

1.2kb~—]

PurA CEXU-3
m Hp::gfp chromosome/
CEXU-1 Kan' Hp::rfp chromosome
F—>2.0kb/1.9kb—]
A
bp M 1 2 3 bp
5000
3000
2000 2000
1000
99
500 500
250 250
100 100
B (6

A THREKWERZEE B Hp:..GFP Hi PCR %% M
DNA marker 1 Hp::GFP 2 H. pylori 26695 3 454X
C Hp::RFP Hi#k PCR¥% M DNA marker 1 Hp::RFP 2

H. pylori 26695 3 25X,
B3 #TEFEAAEAREAKRNEER PCREE

A Schematic diagram of engineering strain construction B
PCR identification of Hp : :GFP M DNA marker 1 Hp::GFP
2 H. pylori 26695 3  Blank control C PCR identification of
Hp::RFP M DNA marker 1 Hp::RFP 2 H. pylori 26695

3 Blank control

Fig. 3 Construction and PCR identification of H. pylori fluorescent
protein expressing strain
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BRI T B (R TR B AR #E BHI K
AP S R T RO 8 I i ) G M O DS R TR T €
R 5 6 B 1 B3R 1 00 o ] BF LR i 5% A R Rl 1) R
FFTE B AR BEARVEXT IR . 4 B KB IR A B (K 4A
B) FHA TR AT 1R (] 4C D) ¥ AT 058 31 B 5 1) 2 (8, 9%
JEFNLT (05, Fe B A 2 1 P 2R 0 R iy R G
KN 35 A B AN ) A B R 2 RO R TR

FEDOE B T 38 WL 5% 31 K i BRE WA 1] I8 AT A
(] AC-d,AD-d) , BV EA T TSR FT 3B 25728 R BROE 1, BROE
ARV IBAT AR AN R R W AR LA, 58 R
B AR BIRKBEZFERALT . W2
FERS A AR BRI AR A I AN 9O (5 5 g . Iy
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A KHBATE GFP R MBE W% o DHba::pSD 25 I BT
WA WEWEE b DHba::pSD %5 HE MR IR, M
DH5a ::pSD -GFP Al WLt WEE d DH5a::pSD -GFP %t W%

B WAITMEFFH GFP Wi BIWE a H. pylori 26695 %5 H W # 4
ML LEWEE b H. pylori 26695 25 AT B 9 G M ¢
Hp::gfp ATWOEMEE  d Hp::gfp %OLNE C KBRAFR
RFP BBEME a DHb5a::pSD 25 A #R B T WOEWEE b
DH5a::pSD ZZHEMM IBPOLMEE ¢ DHSa:: pSD-REP ] L
JeM4E  d DHb5a::pSD-RFP #OEM%E D W] 8R4F B RFP &
WMBEMEE a H. pylori 26695 25 (AR BRX IR, 7T OB b H.
pylori 26695 25 AT MEXT B, 286 MEE ¢ Hp::rfp WTWOEME d
Hp::rfp 5SS
4 RABHEVNBRIBERAXRAEARIEER

A E.coli GFP microscopic observation a DHb5a::pSD blank
strain control,observed in visible light b DHb5a ::pSD blank strain
control, fluorescence observation ¢ DHb5a:: pSD -GFP observed in
visible light d DH5a :: pSD -GFP , {luorescence observation B H.
pylori GFP microscopic observation a H. pylori 26695 blank strain
H. pylori 26695 blank strain
Hp:: gfp observed in visible

control,observed in visible light b
control, fluorescence observation ¢
light d Hp::gfp,fluorescence observation C E.coli RFP micro-
scopic observation a DH5a ::pSD blank strain control,observed in
visible light b  DH5a :: pSD blank strain control, {luorescence obser-
vation ¢ DH5a :: pSD -RFP observed in visible light d DHb5a::
pSD -RFP fluorescence observation D H. pylori RFP microscopic
observation a H. pylori 26695 blank strain control,observed in vis-
ible light b H. pylori 26695 blank strain control, {luorescence ob-
servation ¢ Hp::rfp observed in visible light d Hp::rfp fluo-
rescence observation

Fig. 4 Fluorescence microscopic examination
o
B T TIRAT AR O TR0 N 1. nl SR 5 B R
H btz B S 2 A B S SO AR B O TR
Y BOR B FE A5, G s il 45 L B0 ML ) 55 7 1 ) 4 B

B RA AFEILE R T 245 A5 5 15 5 st L AR = 5%
205 T AL TIATIAS W . DRI 0k, ) 2 22 oA [ ) i 4 &
Gt B A7 5 A I A 2 X R A 98 e A AL A5 SR B
5 B HAB A ) = 18] 0 AR B AR T R iR AR A
JHAAEEE L,

Wen 55 F] FHFE A 48 1) pH 48 75 57 1 4% €658
A AL T T PR I A T TR AT I pHE Y Y 2O
TR T TR AT T R AR E A O TR
PEAFSRAL T RAF M T H G0 98 6 8 1 78 ot A% R 48
15 5 78 B S SR AR Tz 0 1 TE S AR ) A ) S N
SN 35 T SRAR B O T H R LI
Jey B GO B4 488 nme RS 507 nm) L AL (252
SR X 2 8,5 O, Lk R R G I T SE (BRI K
270-510 nm, &G 600 nm., I H 40 M 4 AR 15 5
SO AR, DR, A A T LRt B — £ 4,58
JCAFAE Y R B

WAL s 2 G5 BEAR 10 A 1T R AT T o 2 0 50 e
H A5 510 A B TR S O B A
TE— 2 W RS PR . 0, 7€ 't Gl ek AR w7 JR% e 1) 37 44 240
JL N BEAT BRI, BV EARIC AT = 5 85 o 23 Bl 25 41
A% AN T 1 O 2R T2 A0 ek 558 . T 2 't 2 1 ik P
A B0 G K b BE A AN A ST A AR S IR
T8 AAATEAR 5 08055 BB AL AR . (H 2B A
FoZRahFRA MEERKRNBERNRYZm, A
WF5E LA WIZR AN ) B9 22 06 8 1 SRl B 2% (0 5Ot 8 H
B g fp ML B B rfp 53 5 E T 1y TR
FFE 2 PR R L N S 3 7 (Pure ADEER Z T 5 R
MR R PUTESRE P HER a5 M T SR DOL R R
K& (PureA-gfp-kan M PureA-rfp-kan) ,i%)8 3 T
R WA TSR TR 2H Y SR B O A2 A0 T AR A Y R
Wil A 1 AN () A A N AR 5 s B AR A i 52 R . T HL
AR IR G A [ Y5 2H Oy 300 Tl 4 A B 1 1) R T A
R/ A ERE 12 FE N gluP (glucose/galactose trans-
porter) PN HB 12 B A AN J2 A 1] B2 FF T 19 6 75 I L 1%
B DAL 2R 106 X 1 1T IR AT T T R R B i A K TE R
EEm, P, gluP BPIAT DLAE Sy 1] 58T T 2 A
TR HE R TR A A T RESE A

AT TR B Y W S 98O0 A 1k R Rk &L T Y
SR R T A TR TR PN DR ) 2 R DR R il R IS B T
PureA IZJA 3§ & HA T VIR FF T8 A R A7 SE L (H A 1Y
FLK F ik & (PureA-g fp-kan Fl PureA-r fp-kan) TE
RN YA T A A v L REAR B 3t T4 (AT 4AL C) L T fiE
S Ay W VMR T 5 K 32 A T 44 O 2 B PR A A
B AL RS 30 5 90 FFAE , 75 [F] 49 Fh 22 18] 2 A 58
A, I, PureA J8 3 ¥ A AUBE A5 F T | 1] B2 A 18
B DRI 2 s AN o W T HG Al 4 T A R A AR AU
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T s R AW TE A 3815 PR 45 AT TR B B g A A b
e T BRI RIEE BT

ABIE ST FH A T TR AT 1 B 00 28R PR 3R i A P
Ja 3 (Pure A) f SR A5G AMLL AR E A
EWMERG, HIZR G EH ) W IR AT /R R b B
B AL kM 5 5m 4 i 7 kD S A R
AT T W T TSR TR 35t 4% R 45 KR 5 i A5 22 T T 1
G PG A 1T IRAT TR B0 B 48 IR T R A Y 43 B

AN
o

O IR R 22D AR HAZ LR = 5 pSD. 1R
RAF A W) 1 5 S 0 & R e AN BB p-Mkate J5
KL 78 1 — I 278 S
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