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Construction and application of mCherry red fluorescent
protein fusion expression system in lactic acid bacteria

Ying Chen, Peijuan Wang, Wenjun Zhang, Qiuxu Yang, and Yao Yang

Jinling College, Nanjing Normal University, Nanjing 210097, Jiangsu, China

Abstract: In order to enrich the library of domestic research about new red fluorescent marker in lactic acid bacteria (LAB),
we described a new fusion expression system in Lactobacillus plantarum WCFS1 based on the pSIP vector. This system
contained red fluorescent protein mCherry as a marker and bile salt hydrolase gene (bsh) as a reporter gene. Moreover, in this
study, four different promoters (Psppa, PianL, P32 and Pgpa) were used to regulate the expression of the fusion protein
mCherry-BSH, completing the inducible and constitutive expression in lactic acid bacteria. The recombinant protein
mCherry-BSH presented activity of red fluorescence and bile salt hydrolase (BSH). The successful construction of the fusion
expression system in LAB using a red fluorescent protein mCherry provides favorable conditions for the distribution, intestinal
colonization and survival rate of lactic acid bacteria, so as to reveal the function mechanism of its probiotic characteristics; and
the system also could lay the foundation for researches on protein expression, cellular localization and properties identification
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of active protein in lactic acid bacteria.
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hydrolase

FLBER A (Lactic acid bacteria, LAB) J&—25f¢
R KA K B KPR, FRAIL R R
P pH fH, AIERCEAR R 22 [CHYE | e
A B 1 FRtA, K BEmRE R L,
Xt AR K sk BAT 35 AR A, IR R A 2
O B 20 JLAERSY TAEMIEI KRR, L
LR T 1 A 28 1R A 14 1 O TR 38 2R G 1 )
A BCA B AT R IR 22—, — 28NS R
Wl e LRI PRI, N, Renye %51
HITEFLIR 5 i Y Nisin (FLEREEEKTR ) 5
SRILRS NICE /7= HERH % ; Abdullah 2
FLIR TR IA bk i B FLER LKA NZ9000 ik
T REFRE PR TR 1 DnaK,

PR A RARE R, TR E—1. &
FAEAN NN £ A% A0, Wk, e AR
Wy )z LR T A fr Rk SRt BT, A
E A 768 (AL AR IC FLER T A IR, {EAR SC
FORHIARZ ., 2000 4F, BRI 0@ T ot
PR 1 GFP bRt R KA (& pw425et-GFP,
ST GHEIOLE T GFP 7ERERR LT 1.1878
Hg Ik . 2014 4, fh—A TR T Rk
ST R {0 ¢ B 1 eGFP Y 2 FL R FL K I
BLCC02-0018., 2017 45 HI FH & Mg T LI 21 5
YOG AFEE (dsred2) MARIC, LA o-E# il (amy)
S L F Ak A, R S T A
dsred2-amy 7E T B&FLAF I P ARG KA. TSR
18 R R [R5 6 2 P R 15 32 LB T A ArRic Ak
ey, Nk, 320908 E Abnc T 2T
e B IV 2 LR T 1 Rk

AR, 21568 1 mCherry Fl F94thR
WM E B 2, MY AR A, X
DML A RC RN . RS, B
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mCherry red fluorescent protein, pSIP vector, promoter, Lactobacillus plantarum, fusion expression, bile salt

LA 1Y dsred2 2T @SS L, Ho eam
e RasE PEH A7) 2015 4 van Zyl 5258 T
FIFH mCherry 2 628 FIARIC 52 [ BR B ST4SA il
FEYIFUAF B 423 IBF5E, X J& mCherry %68
Fric LR B A0 1 R ARGE , W E N & T mCherry 2%
e PR IC LR R A B 0 R IR IE o A ST
T mCherry ¢ 568 FIXTAE Y FUAT W AR IEAE 5T,
Y FH B A P FLAT B WCFST 1 Bk 2 4 SL R 41 17 91
RN LRI, AL A B B 254 Flig
AT R R B A 2 A SN E A X
T bk v 2 2 B G 4 2200 RN A SURR 4
TR P B R . IRE KRR BSH
SEARSI R AR LR A S REME B, BB
G54 1% B T A A FL IR A M A A e B

R, A S 857 LA mCherry 26 685 1 M bk
10 JE R K 7 1 R bsh Sy 4 45 L PR (4 il A 2 1
RIKRGE, N L HMFIE V& (7 LR i Hh E T
T RE 5T 5 Jhh, ok BF 5 LR 1A A6 AR W ik
PR B SE AT 7 B8 e 2 A A TR ML 2 14 A 3 i
ARFE.

1 MRE7E

1.1 ##
1.1.1  BERRFIRRL

A5 G K ol ) TR AR AT TR L2 1
1.1.2 i RIEsFR &M

K AF 1 DH5a FH LB 55555 37 CHR % 15 5% .
HYFLF R MRS 557758 37 CEprE iR . 7ER
ki, ZAFE&HR. FRGERMAERMH
e 4354 100 pg/mL . 30 pg/mL Hl 250 ug/mL.
EFLRRE T, B E AW R 10 pg/mL, FES:
7 SpplP fifi ¢ & & 25 ng/mL.
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Table 1 Bacterial strains and plasmids used in this work

Strains or plasmids

Relevant characteristics®

References

Strains

Lactobacillus plantarum

WCFS1
NB5462
YE460
YeG471
YmCA472

YbE460
YbB462
YbBmC473

YbBmC673

YbBmC771

YbBmC871

Lactobacillus brevis
ATCC 367
Escherichia coli
DH5a

Plasmids
pMD19-T
pMG36e
pTracer-CMV3
pmCherry-C1
pSIP403
pSIPH460

pSIPH462
pSIPH471
pSIPHA4T72
pSIPH473
pLDHLH673
pP32H771
pSLPAHS71

Wild type

Derivative of WCFS1, bsh gene deleted (Absh1)

Em', derivative of WCFS1 containing pSIPH460

Em', derivative of WCFS1 containing pSIPH471 with egfp gene

Em', derivative of WCFS1 containing pSIPH472 with mCherry
gene
Em', NB5462 derivative containing pSIPH460

Em', NB5462 derivative containing pSIPH462 with bsh gene

Em', NB5462 derivative, containing mCherry-BSH fusion
expression vector pSIPH473

Em', NB5462 derivative, containing mCherry-BSH fusion
expression vector pLDHLH673 regulated by the promoter of IdhL
gene

Em', NB5462 derivative, containing mCherry-BSH fusion
expression vector pLDHLH673 regulated by Ps,

Em', NB5462 derivative, containing mCherry-BSH fusion
expression vector pLDHLH673 regulated by the double promoters
of slpA gene

Containing S-layer protein and sIpA gene

Cloning host

Amp', TA cloning vector

Em', expression vector of lactic acid bacteria

Amp', containing egfp gene

Kan', containing mCherry gene

Em', expression vector containing gusA gene regulated by Pgypa

Em', pSIP403 derivative, gusA replaced by a multiple cloning site
containing two his-tag fragments
Em', pSIPH460 derivative containing bsh gene

Em', pSIPH460 derivative containing egfp gene
Em', pSIPH460 derivative containing mCherry gene
Em', pSIPH472 derivative with bsh gene inserted
Em', pSIPH472 derivative, Psypa replaced by Pgn.
Em', pSIPHA472 derivative, Psypa replaced by Ps,
Em', pSIPHA472 derivative, Psypa replaced by Pgipa

Prof. Guangdong Shang

This lab

This study
This study
This study

This lab
This lab
This study

This study

This study

This study

CGMCC

This lab

TaKaRa
This lab
Dr. Shunying Yang
This lab
Prof. Lars Axelsson

This lab

This lab

This study
This study
This study
This study
This study
This study

& Amp": ampicillin resistant; Kan': kanamycin resistant; Em': erythromycin resistant; Cm": chloromycetin resistant.
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1.1.3 5|y

mCherry 1 egfp Jt [H /541 (U FRak PR 1148
ST . PL A1 P2, XTSI AT Nde I F1
Xba | WAEEYIAL s . M8 Bk pSIPHA462 I bsh
R, B3804 bshl Al bsh2, 78 HFr A B
Wit 51 A Xba T BFYIAL AL A4 GenBank (% 5%
5k AL935263.2) () WCFS1 | IdhL LK 1 53 3h
T, Bk pMG36e b Psp J3 31 TS
GenBank (& %5 N CP000416.1) )% FL AT i
ATCC 367 I slpA LS s F 74, 4 nliit
S1¥xF W F . PldhL1-PldhL2 . P32F-P32R LA K
PslpAl-PslpA2, L5151 A Bgl I EEUIAL A,
THE5 I 51 Neo I #1 Nde T P NEEYIN 5. o
SIBI AT A TR (i) BROARAES
Bo ASEH R 5 I WF S L3k 2,
1.1.4  FEERR RS

BRI Nde T . Xbal . EcoR I ., Bglll .
HindIll . rTaq. Ex Taqg. DNA marker. PrimerStar
Max F1 DNA YIIZ ISORAG G 3 =49 18 (R
) ARA; ARNEFER. FIMER. 45K,
V5 T T SanPrep #1205k, DNA /Nl #2055 4
Bradford k& v I iR & L Bl A I
HATAY TR () BOABRAH; SpplP i

®2 KWRTBEERSIMFT

Table 2 Sequence of primers used in this study

K (%5 : MAGNSSNFIHKIKQIFTHR) 4
TAY TR (L) BMHAWRAREM: T4 DNA
HEEMEE | NEB(New England Biolabs)Z\ ] ; His
PR PR sENg H 3£ Cell Signaling /A wl o 2F i HR
#(Sodium Taurocholate, TCA) Ity H 3[# Sigma A ] .

Personal PCR ¥, AG 4309 B! ik v g i
FRARAL, 1 mm B AR, CL-22M U v 5 B 0
Bl 7= Eppendorf A w]; Gel Doc XR+HUFEE
B #R%:, E Bio-Rad 22 w]; HE-90 HUHLIK{X,
KL UkAE, Bl RARERHCARA s YR
S)ide, AU BURALER A BRA w5 IX73 BUE B
@ #EE, HA Olympus 24 H]; Infinite 200 PRO
bR, it TECAN A H],
12 FH&*
1.2.1 BOBEH eGFP Ml mCherry Rk Bk ity
BREE

PL#EAA pTracer-CMV3 #il pmCherry-C1 Jfiki
DNA Smtit, FIHGI% PL 1 P2 4351473 egfp
A1 mCherry JEH , 4351 Nde T #1 Xba I XUfgY],
S5 MFEEYIAL B pSIPHA60 21K H BLi% 3,
WAL KT E DHS5a 2 25400, 76 & 4L
RN LB PR Lk, WERe M TE 3+
Psppa T8 4% T 1) egfp 2L K Fll mCherry 5[5 15 5 Al

Primer name Primer sequence (5'-3")% Size (bp)
P1 CATATGGTGAGCAAGGGCGAGGAG 24
P2 TCTAGACTTGTACAGCTCGTCCATGC 26
bshl TCTAGATGCACATCAGTAATTTATAC 26
bsh2 TCTAGAATTTTGTTGGTTAATAATTTG 27
PldhL1 AGATCTAATCTTCTCACCGTCTTG 24
PldhL2 CATATGTCCCATGGTTGGCATGCTTGACAAAATAAG 36
P32F AGATCTAGATTAATAGTTTTAGC 23
P32R CATATGTCCCATGGTGAATTTTTCTGCTGAAACG 34
PslpAl AGATCTGGACGGGTGCTAGAGACG 24
PslpA2 CATATGTCCCATGGTTAAACTTGATTGCATAATTTTTC 38

2 Restriction sites are underlined.
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AR B4 4% 4 pSIPHATL il pSIPHA72, Hy,
AL FLFT T WCFSL JRZ S5, RN
TR MA N YeGATL Al YmCAT2, 45 i ikL
PSIPHA60 114 B B bk 44 4 YE460,
1.2.2 %IEHEH mCherry-BSH B & AR EN
i 3 % %

DAAS S 56 28 DR800 5 25 AP DG L AT B81 JIE R 7K fif
fitf bsh JL R 9 pSIPHA62 Sk KBk , F 51 9%t
bshl #1 bsh2 ik PCR 4734 bsh J:[H, F Xba I
BARFAL B DR B, 5 4 AH A B4 BE Y pSIPHAT2
AR TR, TAERN LB VAR Rk, 4R
1R B TE v 4% 0 pSIPHAT3. % pSIPH460 .
pSIPH462 . pSIPHA72 #il pSIPHA73 ¢ )5 s 4% fb A
YFLFFE NB5462 MRz, HRAGAEHEH
TR R AH N AT 24 4 YDE460., YbB462, YbmC472 Al
YbBmC473,
1.2.3 HBAPIHEH mCherry-BSH Bi& A
B R K E

DI AT WCFS1 4 KR 4H . kL
pPMG36e [ S FLAT i ATCC 367 43[R 41 WA,
#FH PldhL1-PldhL2 .P32F-P32R #il PslpA1-PsIpA2
I, RIS Pigne. Ps2 F Pgipa 3 FR 3N
DNA H B, SRIGHHT TA s, WIF IR 3 Fh
BH P 7e B Sk 26 Nde T A1 Bgl [T W EGYI IS, 205115
ZAHFIMEAL PR pSIPHAT3 M3, HERIGR &
Ja 8+ Pine. Ps2 Fll Pgpa B ZAK 53 51 5 24 4
pLDHLH673., pP32H771 il pSLPAH871, Hi#%1{k
TP FLAT T NB5462 [/ 3Z 4l f5 , RAFAYE
ZH B BRAH Y i 4 5 YbBmC673, YbBmC771 Al
YbBmC871.
1.2.4 BHEHAFBHAMFEE R Western blotting 4 &

V55 T A B R4 25 ng/mL SpplP 5 S K ik
IR Nguyen 28k 5 ik A28, il
FHLIR T Bradford 12 25 11 v B2 I 1250 Al 2

http://journals.im.ac.cn/cjbcn

FIVREE, JRE R B kR, R E T aE
i —%, 12% SDS-PAGE #:lll . # PVDF fii,
TBST ¥E# 10 min, =T 5%BAGILE MR, =
T EE L h, HALRE, & TBST IRG Uk,
TNAFG BB 12 2 500 His bR2EHUIARRE &,
E Lh Rk EA,
1.25 HEAZBHREIWIOLEHEIE 5K

W75 T 3R 0k B3 2 0 AR I TR B O AR L
UE, HPBS VEVR 2 W, BC10 pL iiE TR 1,
bR, TR E SO BT g sk
I FARERS s

g AR IOt AR sk, &
HEEHRT 100 mL B3R b A, BRR 2 h U,
HERF 34h{F1k, FRELZ PBS TRIK)E , A%
S0 6E FETHFREEEAR A 53 B K I FE i ODegoo {EL AN
YGRS, eGFP PG H THIA K EX:
488 nm F1 & ST K EM 511 nm TG 56 % 38 )3
mCherry 28 1 TR K EX: 587 nm Flk
HHEK EM: 620 nm TRl 5 ki g2
1.2.6 EHAEHRIEAEE KBS HNE

W EARE TN 1.2.4, IHEL/K A BSH
W VENE I RS2 SCIRBAIM A VB . iR TR
Y ZH AR, 2850, 1 1 mL 0.1 mol/L & PBS(pH
6.0)ki% 2 K, ULyEE & T 500 uL PBS H1, WZHL
100 pL BRI ZE 1.5 mL WELE T, ROVIKZR
200 pL, JEPA4- i AR AN (TCA) A H 20 mmol/L.,
KA i F 37 “CKIE 1h, JiTA 200 pL 15% — 4%
LPRZE RN, 7B 12 000 r/min &5.0> 10 min,
Bt 100 pL W5 900 pL i =EE IR S, Wb
K% 14 min, 7K¥#% 5 min J5 I ODs7o B 52
o MR A-BERR- el = bR MERN 42, TAEAS bl g
IR IE, 115 BSH WG . — S 0L (V)
SRR Gph B T TRIRC S IS SN R R E R A
Ui B8 2 SE R 1 2 umol .
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2 ER5AM

2.1 eGFP#I mCherry X X EHEHRTIEFRAL
HMERBYILEE

LAk pmCherry-C1 Fil pTracer-CMV3
f ki DNA M, PCR 474 egfp #1 mCherry
PR SOGE g A, B R B4 %y 750 bp
(B 1A), TA FEREfEINF 45 R R EH egfp
F1 mCherry J&[H 5 B A A 9751 58 42— 3. K
Tk 1.2.1 MR E 2 R 2 Nde T 1 Xba T X
DI, ARG HUEH N R B, dE— 07 R
2 F IR TR pSIPHATL (7% egfp JE[H) 1 pSIPH472
(% mCherry JE[H) tEEM (K 1B).

2.2 eGFP#ImCherry X A EHAMEEHRIER
oI TE TR

ik 1.2.4, FEEHRKIEFRRIER 3 h,
BUBE R 5 | 375 W % Western blotting #&:31, 4nf& 2,
SRR EHEMRIEH SHUH eGFP (28.7 kDa)
Al mCherry (28.3 kDa) & 4T K/M—EH 4

M, AT R/ 28 kDao 75 on) BE B R B A
A bp M 1 2 B bp

2000 2000
1 000 1 000
750 750
500 500
250 250
100 100

1 eGFP 1 mCherry X AEREHRARKAILE
Fig. 1 Identification of recombinant plasmids
containing fluorescent protein eGFP or mCherry. (A)
Results of PCR amplification. M: DL2000 marker; 1:
egfp gene; 2: mCherry gene. (B) Results of enzyme
digestion. M: DL2000 marker; 1: egfp gene; 2: mCherry
gene.

&: 010-64807509

kba M1 2 3 4
191 —

97 —

64 — -
51 —

39 —

28 — -

14 —

2 EHBEHRRIZZ R Western blotting £ 7€
Fig. 2 Western blotting analysis of proteins expressed

in recombinant strains. M: 14-191 kDa protein marker; 1:

YE460 control; 2: GFP protein; 3: mCherry protein; 4:
mCherry-BSH fusion protein.

Wik FRIE 3 h WEAHAARE YeG4Tl I

YMCA72 1 T A TR T30 B O i U T WigE .

GERRW], TEXT RN B PECBOA KT, B
eGFP Pk YeGA71 frill B 4 5, (B2 T4
BN s OB AR, R R BRI 2RI
ARHE (K 3A), ARAEE, F4 mCherry Tk
YmCA72 K BN L1 A5, (HIE i THLEF N 5ok
A Y, I BRI SO EhR Oy i 2.3 (181 3B).

S5 UL H eGFP 2 6ARICTT . mCherry £1
SO T IS T haic P FLAF i WCFSL,
M, AWFFEHE)EHE T mCherry & A/ MHEYIFL
FFI WCFSL 5 ehric i A TR A DAY
2.3 iFEE8 mCherry-BSH i & RixH A8y
B, EHREREHETE

Wk 1.2.2, FJEkr pSIPHA462 kIR T

B EC ZL AT 1A 09 IR R UK A B L R bsh w2
pSIPHA472 Jfiki mCherry FE[H A C i, #3845
mCherry-BSH fill & KA 44K, fir44 hy pSIPHA473,
ﬂ%ﬁ%*j pSIPHAT3 HiFE AL HE ) ZLAT I NB5462 /5 3k

R AL AR 450 YbBmCA73, A4 # 5E ms I
%l 4, TELHMELS S 1 mCherry-BSH St it 5 &
TEJA B F Psppn I FRIEH, HTFIZR 8 F21%
SRA ¥, B, @S2 mCherry-BSH 1Y E 4
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3 EHEMRIR NG
Fig. 3 Fluorescence detection results of recombinant strains. (A) Green fluorescence in the recombinant strain YeG471.

(B) Red fluorescence in the recombinant cells YmC472.

Bglll Neo | Ndel Xho | EcoR 1 Kpn'l Sma | Xba 1 HindIl

Nde | Xba 1

mCherry

pSIPH460
(5 683 bp)

1 bsh 1

Nde ImCherry| /
Neo 1

Bgl I »}iwvf‘?f

(6353 bp)

(7331 bp)

4 FEE mCherry-BSH RiERIZHANMETEE
Fig. 4 Construction diagram of inducible mCherry-BSH fusion expression vectors.

FKEF R BB FRN, TSR SppIP S35k 3 h 5, BUlHE FIFRIETT Western
(oS L NIPANEE Tl iE Suys blotting #: (&1 2), 5 R B/REHEAREEE
)5 ek 1.2.4, (EFRAFRZ 25 ng/mL SpplP il mCherry-BSH fil &85 19 (65.3 kDa) 431k

http://journals.im.ac.cn/cjbcn
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IN—BR R, ST R/NEY Dy 64 kDa. 145 RN
BH T 2 YbBmMC473 %3k T mCherry-BSH il &
HH.

B T 2H BBk YbBmMCAT3 15 AL 55 4 EAH N bk
Bigedth, fE ODggo £ 0.3 B IAE S5 SpplP
WREARE., FERENEE, S TSRk
J | LT LA S AR ER /K A7 I BSH S 1 b
W E AR (8] 5). B, MEA ARG
KF& (K 5A), 2 & mCherry KN Ak EkE
YbBmMCA473 il YbmC472 5%} BE &k = 18] JCHH &
2251, FW mCherry 2GR IR X LR #
WCFS1 T s 81k, A kA4 . Hik,
MEAFEZ A ELR (K 5B) kA, EAW
YbmC472 F1 YbBmMCA73 H#6: 1 2565 , 2 S Hikk
FEAE DB AAE—EL, BIZ SpplP S5t
SR R A TR A KO BOH T (10 h) ik F R
% (37907 RFU A1 33707 RFU), Bl & T [,
Hrf, BiAT BSH EFIMEL N YbBmMC473 %
TG FERS AR o X R R IK A mCherry 2¢
JEHE A bR AE Y FLER A WCFSL, Tiiml & H
3 R IR R B 9O . wa, MY
B AHER /K g il BSH 16 MR IX B R E (K 5C),
il T mCherry &K 5 41 B ¥k YbBmC473 Kl 5]
T BSH & M, B )7 A A S IR R )
AR — B0, R R R R BEXT O R T (10 h)
BSH iG &, v 0.603 U/mL, B&AKT bsh A
HU R R YDBA62 1% 25 R 1B mCherry-BSH
EAMARIBEI, mA a0 & A R R A 5
()2 o F BSH T 14

i BTk, ZIKEJ%E;QBLT 73/ mCherry-
BSH 21 (A TEAR Y FLAT A WCFSL YRG5 3=
5, IREE RS S T A A mCherry %68
FARICHYFLATFE WCFS1 A 407 s, [,
Xt H bR 98 EhRIc i sy, o 7E LU ) LA
W WCFS1 ARy FLER E 1 F b iRk A &R
PRI ST R4 T R 41

&: 010-64807509

A
—+—YDbE460
0 |-+~ YbBd62
—e—YbmC472
g [ToYbBMC4T3 7/
S
3
4 L
2 L
0 T I 1 I I I 1 1 i
4 8 12 16 20 24 28 32 36
¢ (h)
2 45000 —+—YbE460
= 40 000 ~e- YbBAG2
- —8— m
&2 35000 . _—e—YbBmC473
.30 000 s S
Z 25000
[#]
= 20 000
§ 15 000
% 10000
S 5000t
= ol ateateeaaae .
4 8 12 16 20 24 28 32 36
t(h)
C
08 —e— YbE460
07l e- YDB462
~ ) o YbmC472
2 0.6 §ggop g > YDBMCAT3
20.5
=)
204
203
7 0.2
/m
0.1
0

4 8 12 16 20 24 28 32 36
t (h)

B 5 mCherry-BSH fi& RIEEHFEELEELER
Fig. 5 The activity results of mCherry-BSH fusion
expression recombinants. (A) The growth curve of
recombinants. The strain NB5462 harboring pSIPH460,
pSIPH462, pSIPHA472 or pSIPH473 was cultured at 37 C
for 34 h and induced with 25 ng/mL of SpplP inducing
peptides at ~0.3 ODgqo, respectively. (B) The fluorescent
intensity curve of recombinant strains. (C) The BSH
activity curve of recombinants. All data represent the
average of three biological replicates.
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2.4 (ARE mCherry-BSH g & RikHIKEH
B, BEEREREHEE

FEREEARAG B Ok pSIPHATS JLAl b, AHF
FOHMEE T 3 FPAES 2+ 95 F 19 mCherry-
BSH il & 85 [ R 204, TR 1) A4 H2 5 i L 1A 6.
AW FEIERE I T3 51 3 Tl ok T 2L AR A,
AT 2 Al 41 A LR B b ko 2 3k A U R ) U
T o 5 Psppn AFIHIE, I THEY) LA FE R
Pigne FLERFLERTA Y Psp I FLFLFTFHIHY Pipa 3
AR ST, IR TN, EAE
I 2 ke AR TR SN T

PAEEZH A YhBmMCAT73 Syxf A, H5Ehse 1 3
YA FRB AW FOERBEN, WE 7. 5%
SRIE R YoBMCAT3 BV A kAT, 4l
Y EE 2 P 1 SR R T R AR KRR E I (16 h)
HERE, HAERRE R, 76 3 FORRFIA IS 3h
TP T, EALH mCherry-BSH il 448 1132341

PR WA . Hrh, R8I+ Pian 875 T EA
W YbBMC673 G i iy , 5 9% 16 h J5 2<% {H
Jy 23 897 RFU, Ja3h¥ Py #8795 FPEAR
YbBmC771 56k BE A, i 13 879 RFU, T A
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Fig. 6 The construction strategy of constitutive expression vectors. The expression cassette was composed of three
constitutive promoters (Pign., P3; and Pgpa) and the fusion protein mCherry-BSH encoding gene with the nucleotide and
the corresponding amino acid sequence of the joint regions. The start codon and 4 or 8 amino acid residues from the
original gene of these promoters were introduced into expressing vector. The amino acid residues marked in bold font
were from the restriction enzyme recognition sites and first amino acid of the target gene.
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Fig.7 The activity detection of constitutive fusion
expression recombinants. (A) The growth curve of
constitutive fusion expression strains. The expression of
fusion protein mCherry-BSH regulated by different
promoters (P, P32 and Pgpa) in the host strain NB5462
were independent of inducing peptide. The inducing
expression strain YbBmC473 was used as a control. (B)
The fluorescence intensity of recombinants containing
constitutive expression vectors. (C) The BSH activity
results of recombinants. The strain YbE460 was used as a
negative control, containing no BSH protein. In contrast,
the positive control was YbB462. The different letters
represented significant differences between two strains
(P<0.05); the same ones showed no significant differences.
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