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WE. 2 H4% (prodigiosin,PG) , —#d AV EFREA Z AW RERM ZH , AL LA EE
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T XFE KL BT DeoR K k4% A4 B F BVG0_04085(PsrB) E A 45 45 i) & KA 4 A&
RALE G THH  ERAIN,LB ZHRA P psrB £ K 4k SK8-61 #= APsrB = 2 4 % 48 A1
J R B # INB5-1 #9 0.22 45 4= 0.26 45 . RT-qPCR % #7 @ #k INB5-1 & APstB ¥ pig & B 4 8%
Fk KT R, AT R B Ak INBS-1, & psrB 8 X R T4k APsiB # , R o mik 24
A W pigA BCDEFGHIJKLMN # #& 35 K-F TR T 5.81~22.93 4, #J il EMSA 5 5 B4k 5% 4%
AT PaB THEEL pig AR K BFHTRHRLES, RAHKXE T PaB EREHR Y TRAS
BERELFN S TR TRA PaBERALFTERARKEZ T RRAZL S E@iRIE pig
ABEEGHEFIRF MY R ERAECRAALE, R ABRBHREF porBITAEH
# INB5-1/pXW1906 7T & rk 8.61 /L 69 Z H4r %, 4 & #H 4k INB5-1(5.53 g/L)#) 1.56 1%,
KW : FRTEREA ;KA T PaB; R AL F jpig AR %
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DeoR Family Regulator PsrB Regulates Prodigiosin
Synthesis in Serratia marcescens
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Biotechnology, Ministry of Education, Wuxi 214122, China)

Abstract: Prodigiosin (PG), a secondary metabolite produced by Serraiia marcescens, has attracted
attention owing to its anti-microbial, anti-malaria, anti-tumor and immunosuppressive activities.

However, there is still limited understanding of the regulatory mechanism for prodigiosin biosynthesis
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in S. marcescens. In this study, a Tn5G transposon insertion mutant library using the strain S.
marcescens JNBS-1 as the parental strain was constructed, and BVG90 04085(PsrB), a DeoR family
transcription regulator, was identified and elucidated to positively regulate prodigiosin production in
strain JNB5-1. Further, the molecular mechanism behind PsrB in regulating prodigiosin production in
this strain was investigated. Results showed that when fermentation was done in LB medium, the
prodigiosin productivity of psrB mutants SK8-61 and APsrB was only 0.22 and 0.26 times as high as
that of the parental strain JNB5-1. The expression level of pig gene cluster analyzed by RT-qPCR
showed that the psrB deletion mutant APsrB comparing with the parental strain JNB5-1, and the
expression level of a key gene in the prodigiosin pathway, pigA BCDEFGHIJKLMN, was
down-regulated by 5.81 to 22.93 times. Further, electrophoretic mobility shift assay (EMSA) and
other experiments confirmed that regulator PsrB could directly bind to the promoter region of the pig
gene cluster, suggesting that the molecular mechanism by which PsrB regulated prodigiosin
production in S.marcescens was probably through direct binding to the pig gene cluster, and thus
positively regulated the transcriptional level of pig gene cluster, affecting the synthesis of prodigiosin
in S. marcescens. Finally, the psrB overexpressed strain JNBS-1/pXW1906 found during prodigiosin
fermented in the fermentation medium could synthesize 8.61 g/L prodigiosin, which was 1.56 times

of that produced by the parental strain JNB5-1 (5.53 g/L).
Keywords: Serratia marcescens, regulator PstB, prodigiosin, pig gene cluster
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Fig. 1 Prodigiosin biosynthesis pathway in S. marcescens
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B T IRE  (Serratia marcescens) JNB5—1:
Vi BT AR S 50 % S i M\ - 38 rh i e 45 31111 K861
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TnSG e & T4l A RAERE ; APstB . AHF 544 115 5]
K psrB SR 5 A Kk ; K FF 1 (Escherichia coli)
DH5a Al BL21(DE3) . W A 24 TAE 9 T2 () i
B34 BRA 7 5 S5k pUCP18 Al pDN19lacQ ; 1 & I £
STUSEARAT  EA TR pXW1906 A1 pXW 1905 45
ARG HE AW FEAE O B RR A SR DL 36 1
1.2 iKH

JFORE DNA 42 U0 & SUIE B BERE DNA (811
TR0 G R TR N ZH DNA SR BGAR & . WA i
FE 5 A=) TR A PR A Al ;ClonExpress® 11 One Step
Cloning Kit .2xPhanta® Max Master MiX\HiScript® 11
Q RT SuperMix for qPCR (+gDNA wiper) il ChamQyy

Universal SYBR® PCR Master Mix: 14 [ g 50 i e
e W B4 A BR A F] s RNAprep Pure Cell/Bacteria
Kit: 1 B R AR AR (6 50) A R R sEcoR T,
BamH 1 F1 Hind 11T 45 R &1 A UIAZ IR 6 . 18 5 H
EAYER A ARAF K KRER A TEHE
FMBIR L S HEZEYER WA LEgRRL T 41k
B A PR B HAd R . 20 [ 24 4 A A2l
FIABRAH
1.3 BEFRESEFREG

RIGHATF B R A LB 15 F2 5E (FH ik 10 o/L, B
PEY 5 oL, F4LE 10 gL,pH 7.0), F 37 CF
180 r/min 4TI % ; FBTVD 7R R R A LB K59 5
T30 CF 180 v/min 78555, FhVDE NI &
FEREAFER, RFREN LB K77 3 alUfR 5 1) &
Br R (R 20 o/L 2 A FF 15 @/l CaCl, 10 g/L,
&R 7.5 ¢/L. . MgSO0,+7H,0 0.2 /L. 1 FeSO,-7H,0
0.06 g/L,pH 7.0), 751537 KW FF I 8 0] 35 5% 5k
FFITAZRRHE N 10 pg/mL R KEE 25 pg/ml

LRS LR LS 2021 EE 405E 108




RESEARCH ARTICLE

PAN Xuewei,et al: DeoR Family Regulator PsrB Regulates Prodigiosin
Synthesis in Serratia marcescens

TR SR

E. coli strains

F1 A ET AR E KRR
Table 1 Strains and plasmids used in this study
FEIR

DH5a hsdR recA lacZY AF80 lacZDM15 BRL
BL21 (DE3) F—dem ompT hsdS (rB-mB-) gal A(DE3) E & BT A S 56 % AR AT
S17-1 F-recA hsdR RP,, (Te:Mu)(Km::Tn7) lysogenized with Apir phage A i A6 S5 56 2 R A7
DHS5a/pUCP18/pXW1905 E. coli DH5a containing plasmids pUCP18 and pXW 1905 ARWFTE
DHS5a/pXW1906/pXW 1905 E. coli DH5a containing plasmids pXW1906 and pXW 1905 ENE
S. marcescens strains
JNB5-1 S. marcescens wild type strain [13]
SK8-61 psrB:Gm" mutant of JNB5-1, prodigiosin lower—producing mutant EN IS
SK8-61/pXW1906 Mutant SK8-61 containing plasmid pXW 1906 A5
APsrB psrB deleted mutant of S. marcescens JNB5-1 E N
APsrB/pXW 1906 Mutant APsrB containing plasmid pXW1906 AW
JNB5-1/pXW1906 psrB overexpressed strain of S. marcescens JNB5-1 BN
JNB5-1/pXW 1905 S. marcescens JNB5—1 containing plasmid pXW 1905 LN
SK8-61/pXW 1905 S. marcescens SK68 containing plasmid pXW1905 A5
Plasmids
pRK2013Tn5G Tn5G carrying plasmid, Km"Gm" [20]
pMDI18T Cloning vector, 2 692 bp, Amp"®, lacZ TaKaRa
pET28a(+) E. coli expression vector, Km" YE & BT A S5 36 % AR AT
pUCP18 Broad—host-range shuttle vector, Amp" [21]
pXW1906 psrB gene driven by Plac promoter cloned in pUCP18, Amp" ENIE
pDN19lacQ) Promoterless lacZ fusion vector, Sp"Sm"Tc [22]
pXW1905 Promoter of pig operon cloned in pDN19lacQ) plasmid, Sp"Sm"Tc" BN
pUTKm Tn5-based delivery plasmid with Km"Amp" [23]

FA) it R 4 5 .25 pg/mL AL LA .50 pg/mL 1)
FIPH R S0 pg/mL AN HERR; BRFTDH
FG B S, 85 1) 5% 7 3 v i A MRl 50 pug/mL
(R KB 2 25 we/mL B R 55 % K 25 pe/mL 1
AT R 50 pg/ml A B IR % 3% 2% 2 51 150 pg/mlL
AR ERR.

14 HEFERANRTIXENHERRT K SK8-61
B % 1%

LK AT E. coli/pRK2013 Tn5G 4 BEKH |
FIRVEKE S. marcescens INBS=1 N Z 1K H , |
AR X 3 TnSG 14 A 2878 3C
J A5 BN B R VD FCTE TnSG 5% PR T4 A 2848 SCJEM
RAFCE R R F AT E R IR KREE (50
we/mL) M4 K 7 8 % (50 pg/mL) XL F A L it
WHEFE 24 h 5, LB TR T 1 B 6, Bk IR 7 64 B
E TR RARIE D RO KRG AL B2 T
(VRS TE SR AR bR . AR I K 3K 4 28 A ok B B A AU R AR

JNB5-1 480 2 LB ¥ e e h A7 I G 2 )5
(16 h) , $e BEAR T3 B 4955 Fh 2 5 6 (1) LB 15 97 3k
TR AT KRG SR, AR — 2B 2 AR R A LR TR 4T
EN VI bt D AR g A EPAR T E N
)22 A5k SK8-61,

1.5 2Tk SK8—61 B Tn5G ¥ EEF AL A

)1

&£

RAL M SK8-61 ' TnSG #% JAE 14 A7 w1 %
E 2 HB SCHR[ 24109 B 18] PCR 5 k047, B H0AS 51 14
¥k SK8-61 & [F 2 DNA J& , FH BR il £ ] VI Tag 1
IR AE MR LN 4] DNA, 22 )5 DNA 320 [ 1% 15
FIFOR Y DNA F B, SR)5 DAFRIR Y DNA F Bl s
Mo, FIFHBI4 OTnl F1 OTn2 #4752 [ PCR 15
DNA F Bt 93843515 DNA H BL4 ¥ J5 5 NCBI
Bl P VE AT H X (hitp ://www.ncbinmlnih.gov/) , L1
SE TnSG % T (R4 A A, Ry i — 25 56 I 4 B b7
FEH M TIRE, LARE B IR JNB5-1 5 K ZHDNA
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FREA , PsrB-F1 1 PsrB-R1 JJy 5| ¥ 4™ 184 15 5] 4
IRFE IR (1) 58 38 7 51 0F 7 e 2 484k pUCP18 1153 31
TR pXW 1906, K 520 T 4% 7% %2 58 bk SK8-61
HEAT T AR HANSC I LIIESE AL S T PsrB X T2
Vb B TGP A BUR R 21 2 A B AR5 BT
Y51 % 2,

1.6 psrB TRk R ¥k APsrB K psrB it R ik H #
JNB5-1/pXW1906 #IH93#

MR FH 5k PR 48 1) 7 12 60 TR Bk INBS—-1 (1 psrB
FERGHATRIE S @ XS 51 4 615 R R A psrB
R R Ui A BEM aacC3 BiPEFE R (9 DNA K
Bt 8 TS G PCR B aac C3 KPR A 1) H b5 Jk
R R B b ), SR )5 K% PCR =1 e e &
pUTKm {453 ) # 20 Bk pUTKm—PsrB., K45 ]
1 Jit kL pUTKm—PsrB #% 4k 2 KA #F & S17-1 14
N E U FE K S17-1/pUTKm-PsrB.,  #5Ji LA K I #F 1
E. coli S17-1/pUTKm-PstB J bR H | R0 E
W INBS-1 2K B4, i b 35 5 7% 00 5 0 B
VA G INBS—-1 %) psrB LR SEAT Bk, psrB 1
IR TR R INBS—1/pXW 1906 fh#4 # 7 i | R A e 15
PN A psrB L BT TR pXW1906 T A &
PR INB5—1 H45 21 F 21 B #k JNB5-1/pXW 1906,
1.7 HK#EZHUE

52 B Bk INBS—1,SK8-61 ,.SK8-61/pXW1906 .
APsrB . APsrB/pXW1906 A JNB5-1/pXW1906 19 4
Ko gk . X504 K40 (ODe=0.8 ) 5 122 2 B e 11
WK LB 57837 F 30 °C 180 r/min F #E£EH; 3% |
EEF 0.2.4.6.8.10 .12 .24 h K 55 5% W A4 O % 1
Ao m, 251045 2] H B JNB5-1,SK8-61 ,SK8-61/
pXW1906 . APstB . APstB/pXW1906 J% JNB5 -1/
pXW1906 ) A4 K i 41,

1.8 RNA §32EL#0 RT-qPCR

R B 5% SR PsrB X B VD G B R B AT
RO UL R 15 pig FE DR AR IR 3 35 /K F- B 52 ), g
o B B A% 0 R 5 VD T TR B AR AU B AR INBS-1 K&
psrB FEAERE APstB, DL 4% (1) 2 B A FR 4 8505y ) 42
il TR B A MUIAR LB Bi 3R, T 30 °C 180 1/min
¥ 9% 12 h, HU 1 mL # & 1 RNAprepPure Cell/
Bacteria Kit(DP430) ik /] £ (TiangenBiotech , China)
$& PORE i B RNA, SR J5 Fl F HiScript® II Q RT
SuperMix for qPCR (+gDNA wiper) (R223-01) i 7
% (Vazyme Biotech, China) % RNA #4172 % 5 3545

cDNA, P Fl F StepOnePlus #¢ )t & & PCR X
(Applied Biosystems) #£47 RT-qPCR 73 47, LA 43 Hr
3 N pigABCDEFGHIJKLMN 7£ 1 ¥k JNBS -1 J&
SK8-61 H1 iy F ik /K F . RT-qPCR H Ik 1E = Id
ChamQ™ Universal SYBR® qPCR Master Mix(Q311)
BN & U AT, SO S 195 TS 1 30 s,
95 °C 10 5,60 °C 30 s, 4t 40 M EFF, SR )5 95 °C 15
s,60 C 605,95 °C 15 s, HAHRYEER BT 3 )
A EEE AR EE R . FifS 16S tDNA /Y
FERWAE R NS R AT i, e Ja il 270 Jr ik
THRE AN R KA,
19 #ERBMEMEEEMNKEE

27 SCHR (252610 5 v 1 8 5 S il 4 i i AR
PRIl S AR A b 5T VD G UMHS 5 X 41 )7 47
(https : //www.ncbi.nlm.nih.gov/nuccore/CP018927.1) ,
BT 51 ¥ PigA-F 1 PigA-R, L& 8 K E
JNB5-1 S [H 41 DNA i, ¥ 315 21#54H A7 pig
BT )8 3 F XA DNA F Bt SR 5 8% DNA K
Bf 3% # &= 3 K pDN19lacQ w75 3 & 41 fF ki
pXW1905, 4 ik pXW1905 #%41k E. coli DH5a
T2 AS U ML 7R B R 5 75 R (50 wg/mL) FUH: W25
2 (50 wg/mL) B XL b i e 15 2 b+, IR
AL PR R, 248 EcoR T A1 BamH 1 XUV 5 46
WEF L HE AR E. coli DH5a/pXW 1905 J2&: 75 F #E s Ty
kg K N B A R TR Bk INBS -1 K psrB i O %% AE BR
SK8-61 1 pig & P 7% () ik 22 7, 4 AL
pXW1905 4 i i i % (4 Iy =0 43 0l i 7% & 1 Ak
JNB5 -1 J SK8-61 1 145 #| 5 2 & # JNB5 -1/
pXW1905 1 SK8-61/pXW 1905, {4 P i 5L 7% 5i [
¥ PstB 5 pig B K 5 31 IR /Y 5 AR B AR
F, kL pXW1906 1 pUCP18 43 il i % 28 14 bk
E. coli DH5a/pXW1905 1, 15 %] & 41 W& #% E. coli
DH5a/pUCP18/pXW1905 F E. coli DH5a/pXW 1906/
pXW1905,
1.10 B-FFMEFEEEENNE

Bt " K I 0 E AR S.marcescens JNBS -1/
pXW1905 F1 SK8 —61/pXW1905 . E.coli DHS5a/
pUCP18/pXW1905 F1 DH5a/pXW1906/pXW1905 43
IV B 7 T R AR LB R 9 4L |30 °CEE 37 CHR
FFR 2 Agow A 3.0, 3 BEBRUER Miller 777 K5 DU
lacZ FE TR St (1) B—F FL WK 1 Wi 1l 7% , BV I 348 T
T, Mg R A 80 pL & 4 $X 0.1%
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SDS, 80 wL % {55 ,3 mL Z-buffer, 800 pL ONPG
(4 ¢/L), Fr LR AR 3 J5 A 1 mol/L ik iR 4 75 T
21k S I 1 s BN B T] 8 S I TR O, W |
THIE Ao FRIMOGAE, A2 Mnit=(1 000x
A )/ (TXA g0 ) VLT

111 @EGER LI (EMSA)

2 W SCHR[25 4R 18 A9 EMSA 5256 7 36 |, 3iF BH %
S PsrB 2 5 AR Y pig B9\ 7 )3 8 1 X 45
A Pl EMSA LR N 1) LB R H CH
JNB5-1 B: K20 DNA S#AR , 3% 2 v i g iy 51 4 %F
PstB-F2/PstB-R2 Jy 5|9, ¥ 1545 2 psrB FE A, 344
PCR 7=y v b 24575 A His #3419 pET28a(+) K ik
AR AR 45 3 4 Bk BL21/pET28a (+)-PrsB, 1%

PRG 1L IPTG 5% psrB B2 K Rk 5 |, 24k 15 2] PsrB
B 2) AEE VDR TG INBS—1 JE[R 20 DNA SHBEAR
%2 P A 5 P % PigA—F/PigA-R 514, ¥ 1%
13BN pig BT )5 8 F XU DNA F Bt ;3)
W alifb A pig BT )5 3h F X B DNA Fr
Bt PsB 1 R YW BERAE IS N 2x45 5 22 vh
% (40 mmol/L Tris HCI .4 mmol/L. MgCl,,100 mmol/L.
NaCl,10% H il .2 mmol/L. DTT 0.2 mg/mL BSA F1 1
mmol/L. EDTA) i EP 45 i — 2 = i # & 30 min;4)
TE 5 o/dL W AEAE M PAGE #E i k47 vk, IR AL
ZREGL A LR PsrB RS RE S A pig
YF I 3 FIX I DNA B Begh &

FR2 AWHEAARMNSIY
Table 2 Primers used in this study

519 79(5-3) it

Identification of Tn5G in mutant SK8-61

OTnl GATCCTGGAAAACGGGAAAG
0Tn2 CCATCTCATCAGAGGGTAGT
PsrB-F1 CGCGAATTCGTGATACCTGTAGAACGCCATCAACA

Amplification of psrB gene for complement experiment

PsrtB-R1 CGCGGATCCTTATTCTTCTCCCGCCGTCAGCA
PsrB-F2 CGCGGATCCGTGATACCTGTAGAACGCCATCAACA
Overexpression of psrB gene in plasmid pET28a(+)
PsrB-R2 CGCAAGCTTTTATTCTTCTCCCGCCGTCAGCA
PigA-F CGCGGATCCGACGAACTCCGCCATTGGGTTG
Amplification of the pig operon promoter region
PigA-R CGCGAATTCTTTTTCCTCCGGAATGCTCCTGC
PigA-RT-F ATGGCTTTATGGGCGTGTCC
qPCR primers, coding region of gene pigA
PigA-RT-R GAGAGGCAATCTTTCGGGCT
PigB-RT-F AACCGACGACGACTTCACCC
qPCR primers, coding region of gene pigB
PigB-RT-R CGGTCTGAGCGGCGTATATAAATC
PigC-RT-F AAGTTCACGACCCGCTACGC
qPCR primers, coding region of gene pigC
PigC-RT-R GGGGCCATAGGGGTTTTTGTAC
PigD-RT-F TGATAGGTATTGATGACGGACAGAC
qPCR primers, coding region of gene pigD
PigD-RT-R CCATCCGCAGTTGCTGAATAAA
PigE-RT-F GGGTGTTCTTCAGCAACTCCG
qPCR primers, coding region of gene pigh
PigE-RT-R CGGCGGTGTITTGTCTCGTC
PigF-RT-F CTCGCCCCATAGCGGATACA
qPCR primers, coding region of gene pigh'
PigF-RT-R GTTGAGCGACGAACCCCAGT
PigG-RT-F TCCTGACGCAGAAAATCCACC
qPCR primers, coding region of gene pigG
PigG-RT-R TGAATGCTCAAACCCCGCTG
PigH-RT-F CAAACGAAGCCGCCTAACCC
qPCR primers, coding region of gene pigH
PigH-RT-R CACGGCGGAACACTTCAATATG
Pigl-RT-F CGAAGGTGCTCAGATCAAAGGC
qPCR primers, coding region of gene pigl
Pigl-RT-R CTTCAGGCTCCACAGGCACC
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51975 (5'-3")
Pig]-RT-F ATGGCGCTGAGCGGTGTAGG
Pig]-RT-R CATCGACTATCAGCCCATCACC
PigK-RT-F GCCTGGTAATCGGTCGTCTCC
Pigk-RT-R GCTAAAAGACATCGCCCACCG
PigL-RT-F ACGGTTGTCCACTCGCCTCAT
PigL-RT-R CCTCTGTCGGCGGTGAAAAA
PigM-RT-F GCTCGGCACTTTCGTCGTTC
PigM-RT-R CTTTCAAGTGGCGTTTCATCCTC
PigN-RT-F AACATCGGGCGAGTGTCCTG
PigN-RT-R TTGCCCTGCTGGCGTTTATTA

16S rRNA-RT-F CACACCGCCCGTCACACCA
16S rRNA-RT-R  CGCAGGTTCCCCTACGGTTAC

qPCR primers, coding region of gene pig/

qPCR primers, coding region of gene pigk

qPCR primers, coding region of gene pigl.

qPCR primers, coding region of gene pigh

qPCR primers, coding region of gene piglV

qPCR primers, coding region of gene 16S rRNA

TAGGCCGAATTCGAGCTCGGTACCCGATTTGGGCGCATAG

The upstream fragment for knocking out the psrB gene

The downstream fragment for knocking out the psrB

gene

Amplification of aacC3 gene for gene knocking out

PsrB-D-U-F TCGC
puBp U TTCAATGTATITAGAAAAATAAACAAATAGGGGTTCCGCG
o GGTTCCCTCTCGTTGCTGCG
puBppop  ATCCGAAGAATGCGATGCCGCTCGCCAGTCGATTGGCTGA
o GCGGGAGGCCATTGAGCAAG
ATTACAGCCGGATCCCCGGGTACCGCG-
PsrB-D-D-R
GACTATGGCTACCCGCT
AacC3-D-F  CGCGGAACCCCTATTTGTTTATTTTTCT
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