AP~k

Acta Microbiologica Sinica

2024, 64(11): 4290-4307
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20240303

-.-&-_ :
Research Article Bkt

— R RELEZHRVERENTEEELH
EE AT

KK, &L FRE AES, FAZY AEET xE

1 PRIRS: ReE SRR ERE, HIK 400715

2 FRPM T A BRSULA R, M IR A E R E G50 E, B 400060

3 YRR P ZREMERE, KU B A=Y %2 SE A HE iR E A SIS, HIK 400715
4 INARY:, BUEWHORERERASLRE, IR Hi 266237

TRER, ESEME, G, "%, TR, SR, XE. T R LR RV QR 6 43 2 4 8 e HLIE R A 43 D]
AR MRk, 2024, 64(11): 4290-4307.
ZHANG Yuxin, WANG Meiyan, LI Dianyi, SI Jun, BIAN Xiaoying, NIU Guoqing, LIU Rong. Isolation, identification, and

genomic analysis of a prodigiosin-producing strain of Serratia marcescens[J]. Acta Microbiologica Sinica, 2024, 64(11):
4290-4307.

5 E: [ A HERRBRAEDITHS B, AFRFELARRERGE R, T HRARB >
WA BATITAE, AHBRGRAEY T RGLIEFIRN LA, [FE] REZATRER
e 4R Ah S AT AR, S BREAREHRAEDER, ATPEBE—HER DT KH (Serratia
marcescens), #|/i PacBio RS II -F & #= Illumina HiSeq -F & T &2 A& H 00 5, i@ i antiSMASH
DHATIRAE LA RK BRI T H, A Red/ET €A TAEM AR LK B 9L B EHHITHRE
ik, [£R]) AHBERESBLELH —MHRFRBAFTOERYERA, AHATEAE AN T B
WEIN, KRLEH 11 NRBRS WA RAER R, EF 9 ANKRKL Crbompmbik
B EARAME AR, VLERIZE A A S FrH A K ARBTG5, HPLC 947 F= & 4 P40 4
MERZTRAUE;, ARTRABEEAMERARE, FEXMAFE ¥ FINT FRAZK; k#F 4 #
XKHBEFRRHTRHZ AL ELREG KL, KA rpoSpshFEALRIFHHE. [£4] A
RN ERGS BRI R EFRALENRR T ERA, TRT2ARANF R0, AT L
BiFBRALETAMSRILBIL, FRAEKXIATE T F R KL,

X BB BRYERE; RABLE;, ARALN; AMEARERE; FRREA

TENIUH . B K E SR TRI(2020YFA0907700)

This work was supported by the National Key Research and Development Program of China (2020YFA0907700).
*Corresponding authors. E-mail: NIU Guoqing, niu062376@swu.edu.cn; LIU Rong, LiuR20190724@163.com
Received: 2024-05-15; Accepted: 2024-07-03; Published online: 2024-07-06



KR 45 | Rk, 2024, 64(11) 4291

Isolation, identification, and genomic analysis of a
prodigiosin-producing strain of Serratia marcescens

ZHANG Yuxin', WANG Meiyan', LI Dianyi', ST Jun®, BIAN Xiaoying®, NIU Guoqingl*,

LIU Rong"*

1 College of Agronomy and Biotechnology, Southwest University, Chongqing 400715, China

2 Chongqing Key Laboratory of Scientific Utilization of Tobacco Resources, China Tobacco Chongqing
Industrial Co., Ltd., Chongqing 400060, China

3 Key Laboratory of Agricultural Biosafety and Green Production of Upper Yangtze River, Ministry of Education,

College of Horticulture and Landscape Architecture, Southwest University, Chongqing 400715, China
4 State Key Laboratory of Microbial Technology, Shandong University, Qingdao 266237, Shandong, China

Abstract: [Objective] To select the elite strains among the microorganisms isolated from the
rhizosphere of Brassica oleracea var. capitata and evaluate the secondary metabolism
potential of the strains, laying a solid foundation for mining the microbial resources in the
rhizosphere of this plant. [Methods] The roots of B. oleracea var. capitata were collected
from Xianniishan Town in Wulong District of Chongqing. The conventional methods were
then used to isolate microbial strains, and one strain of Serratia marcescens was selected for
genome sequencing (PacBio RS II and Illumina HiSeq) and bioinformatic analysis. The
antiSMASH was used for the detection and comparison of biosynthetic gene clusters (BGCs)
encoding secondary metabolites. Red/ET recombination was employed to capture the BGC
for prodigiosin. [Results] One prodigiosin-producing strain of S. marcescens was isolated
from the rhizosphere of B. oleracea var. capitata. The genome of this strain contained 11
putative BGCs (1-11) for secondary metabolites, of which 9 BGCs displayed low similarities
to the BGCs encoding known compounds. This result suggested that the strain had great
potential of producing novel secondary metabolites. Prodigiosin was identified by HPLC and
high-resolution mass spectrometry (HRMS). Heterologous expression of BGC4 resulted in
the production of prodigiosin in Escherichia coli. Four common promoters were used to drive
the expression of BGC in E. coli, and the highest prodigiosin production was observed with
the rpoS promoter. [Conclusion] A prodigiosin-producing strain of S. marcescens was
isolated from the rhizosphere of B. oleracea var. capitata. The BGC for prodigiosin was
captured from the chromosome of this strain and expressed successfully in the surrogate host
E. coli BAPI.

Keywords: Brassica oleracea var. capitata, Serratia marcescens; prodigiosin; genomic analysis;
biosynthetic gene cluster; heterologous expression
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&1 AHARFAAEK
Table 1  Strains used in this study

Strains Genotype/Description Reference/Source

Serratia marcescens BoR121  Wild-type, prodigiosin producer This work

Escherichia coli

DH5a F, 80lacZAM15, A(lacZYA-argF) U169, recAl, endAl, hsdR17 Thermo Fisher Scientific
(rK~, mK"), phoA, supE44, 1™, thi-1, gyrA96, rel Al

IM109 endAl, recAl, gyrA96, thi, hsdR17 (r,, my"), relAl, supE44, Thermo Fisher Scientific
A(lac-proAB), [F’ traD36, proAB, lacl’ZAM15]

BL21(DE3) fhuA2, ompT, gal (1 DE3), [dcm] AhsdS, 2 DE3=1 sBamH Io AECOR  New England Biolabs
I-B int-(lacl-PlacUV5-T7 genel) i21 Anin5

BAPI1 BL21(DE3), AprpRBCD-T7prom-sfp, T7prom-prpE Kerafast

BW25113/p1J790 K-12 derivative, 4araBAD, ArhaBAD/p1J790 [26]

GBO05-dir Red/ET mediated linear-linear recombineering [27-28]

DH5a-pig E. coli DH5a containing p15A::pig This work

IM109-pig E. coli JIM109 containing p15A::pig This work

BL21-pig E. coli BL21(DE3) containing pl5A::pig This work

BAPI1-pig E. coli BAPI containing pl5A::pig This work

BAP1-T7-pig E. coli BAPI containing pET28a::T7 pig This work

BAP1-rpoD-pig E. coli BAP1 containing pET28a::Ppop Pig This work

BAPI1-rpoS-pig E. coli BAP1 containing pET28a::P,pes Pig This work

BAP1-0xb20-pig E. coli BAP1 containing pET28a::Py20 Pig This work

&2 AWK RAL
Table 2 Plasmids used in this study

Plasmids Relevant characteristics Reference/Source

p15A-cm-TetR-TetO ori (p15A), Cm"® [27]

pET28a ori (pBR322), T7, His6-tag, Kan® Novagen

pl5A::pig A derivative of p15A containing the prodigiosin biosynthetic gene This work
cluster, Cm®

pET28a::T7 pigUpDn pET28a containing T7 promoter, 500 bp of pigAl and 530 bp of copA This work

pET28a::Ppop PigUpDn pET28a containing Prpep, 500 bp of pigA3 and 530 bp of copA This work

pET28a:: Poyno PigUpDn pET28a containing Poynzo, 500 bp of pigA3 and 530 bp of copA This work

pET28a:: PrpospigUpDn pET28a containing Pypes, 500 bp of pigA2 and 530 bp of copA This work

pET28a::T7 pig A derivative of pET28a containing the prodigiosin biosynthetic gene This work

cluster driven by T7 promoter

pET28a::Poxno Pig A derivative of pET28a containing the prodigiosin biosynthetic gene This work
cluster driven by oxb20 promoter

pET28a::Ppop pig A derivative of pET28a containing the prodigiosin biosynthetic gene This work
cluster driven by rpoD promoter

pET28a::P,pos Pig A derivative of pET28a containing the prodigiosin biosynthetic gene This work
cluster driven by rpoS promoter

<l actamicro@im.ac.cn, & 010-64807516
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®3 AWMRFABEI
Table 3  Primers used in this study

Primers Sequences (5'—3") Purpose

27F AGAGTTTGATCCTGGCTCAG PCR amplification of 16S
rRNA gene

1492R GGTTACCTTGTTACGCTT PCR amplification of 16S

pig-HA-p15A-1-F
pig-HA-p15A-1-R
pig-HA-p15A-2-F
pig-HA-p15A-2-R
0xb20-F

oxb20-R

rpoD-F

rpoD-R

rpoS-F

rpoS-R

pig Up-F1

pig Up-F2

pig Up-F3

pig Up-R

pig Dn-F

pig Dn-R

gecgggegagegteggctecatetggtgggcagecatccaAGATCCGAAAACCCCAAGTT
atgggaataaaagtaagcatgcaaacctectgtcagacaAGATCCTTTCTCCTCTTTAG
tcgeccaaaagttacgcettatceggegetggacatcactct GCCGGGCGAGCGTCGGCT
tgacgccggcgaacaccacaatcagegegacgacgatcacgATGGGAATAAAAGTAAGC
AATTAGATCTCTATTTACAAGAGGGGGGCG
GCCGGGTAATACCGGATAGT
AATTAGATCTACGCACGACCATGCGTATAC
tgataagttaaaatccatAAGACGGTATCCACACTTAT
AATTAGATCTCTTTAGTGAAGGGTGAGCTGGC
AAGGTGGCTCCTACCCGTGA
AATTCCATGGATGGATTTTAACTTATCAAGTGGGC
ATGGATTTTAACTTATCAAGTGGGC

tatccggtattacccggc ATGGATTTTAACTTATCAAGTGGG
TTAAGCTAGCATGTCGGCAATCGGCGCGTT
AATTGCTAGCCCCCAACGCGGCAGCGCGGTT
AATTGAATTCGGATCCCTTTGCGTTGTCGATCTCG

rRNA gene

p15A vector fragment
carrying the 80 bp target
gene cluster homology
arm

PCR 706 bp of oxb20
PCR 706 bp of oxb20
PCR 600 bp of rpoD
PCR 600 bp of rpoD
PCR 1 367 bp of rpoS
PCR 1 367 bp of rpoS
PCR 500 bp of pigAl
PCR 500 bp of pigA2
PCR 500 bp of pigA3
PCR 500 bp of pigA1-A3
PCR 530 bp of copA
PCR 530 bp of copA

Underlined sequences for restriction enzyme recognition sites, and lowercase letters for overlapping between DNA sequences.

1.2 BRI EMEE

B ORAF I H AR, KR 1 25 8 1K o
pERVE L, BB, BESSHEL 20 g RN
100 mL JCH KA B EERL B I MR, £ 4
J2 TG TR 20 A 3 U S 1D A A B AR K R T R
Fikk o U BEEERRBRUE 100 pl 205046 T s
B3, BT 28 cCE;#EP MABEAGY
27F/1492R XF 41 1% i 16S rRNA #:[H /4T PCR 4"
4 BT AR 22 B R W I P VRS I A T
A T AR () B A B "IN . - BioEdit
PHZI I BT A E R 7 91 J5 78 NCBI HfE 47 X o
1.3 FHERVERENER

PRELEL Vb 7 [P BRI YR, HeFh & LB WA
Br3edkrp, 28 °C 220 r/min 535 2 h., 13 ODgo
290 0.5 B, $ZFAEUEKAE LB, LBG. TB.
TSB. GTY il GYB 3t 6 Fl [ AR 5556 X2k,
BT 28 CCREFAEREFE 2 d R WA TR LA . [
BF, LA 2% 8R4 2 30 mL Bk 6 Fhii

RIS, 28 °C. 220 r/min $53% 6 h 5 B
WMEARIE A
14 HERVERENRSAEMNEE
FIIH NCBI %5 B 7087 [G A Y 16S rRNA
K3 8 2647 H T, e HR v [ AT Hh A s A
WYL S, it MEGA 6.0 W ZRE L ER .
1.5 EFEBNFMEMEEZDH
BTV TR PG A 3k PR A Y el i 9 AR
WEAGHEARAFZER, KIEEHF=FE
(www.i-sanger.com) 5t B3 R A1 A RFAE 34T . FIFH
antiSMASH 7.0 (http://antismash. secondarymetabolites.
org/) X} 1% TR Bk B IR B AR 7 W A W R TR
AT
1.6 EHREZEEITTERE
FRVE R E M E LB, LBG, TB. TSB,
GTY #l GYB 3 6 Rl Ik, ST vl = 4 v
BERE LBG Kigedt, 28 °CHigE 2 d I, WEEM
LT, HBRTEFEEGE 4%AEFEE A 1 mol/L
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HC)REHIZERL, 12 000 r/min 250> 10 min B FiE
W, i 022 um JEREES EHLIGEEL . HPLC AN
HPLC-HRMS Wi st A A5 0.1%H BRI 2551
K, FEhtH B O HEE, Kol KR 535 nm. HPLC
PEWIFER : 0-2 min, 50%—100%MH f5; 2—5 min,
100%H 5 5 5—7 min, 100%—50%H! % ; 7-20 min,
50%H i, i 1.0 mL/min; HPLC-HRMS ¥&/i
¥ : 0-3 min, 70%H %; 3-8 min, 70%—100%
HEZ; 813 min, 100%HE; 13—15 min, 70%
FEE, Ji# 0.3 mL/min.
17 REAZEREKENRERRIFERIE

VA R 2R 2 50 mL LB R 536,
fEIRFER T 28 °C, 220 r/min 4514 F #3352 d,
WCAE R AR IR IUGE R 4L . FIH Nde I iV, 4R75
5 e AL N FE R DNA R B A 519t
pig-HA-p15A-1-F/R il pig-HA-p15A-2-F/R, DA
ki pl5SA-cm-TetR-TetO MM, HKIKPEFT PCR
P, mA&HA5HA 80 bp [RIEEAYZ 2.7 kb
DNA F Bt ¥H 5 b I A g U] BDE i
DNA F BHRA , B E KIFAT B GBOS-dir P,
SR Tt 070 36 UE B 7 AR A5 2 H br 5k DN 7% 1% = 4 o
ki, IR A4 h pl5A:pig. #F pl5A:pig 435
AKX DHSa. JM109., BL21(DE3)F
BAP1 i 7 IR RIE
1.8 RELZEREZENEB TS

pET28a Jiki437illZ: Nco I/BamH 1 F1 Bgl
1/BamH 1 i I il #85 PO Fh £ M fb 24k o DU
BW25113 BLA AR, FH5 % 0xb20-F/R
P31 oxb20 R B Bes ARIHFIAE K-12 FE [
HMEANR, 2 HHGI%F rpoD-F/R F1 rpoS-F/R
il % rpoD Al rpoS J& sl T F Bt . LABH v IR
BoR121 SE[H 4 AR, 4331k HEIX pig
Up-F1/R., pig Up-F2/R. pig Up-F3/R #1191,
33 3 /> 500 bp ) pigAl. pigA2 il pigA3 FrEk
YER UEIRRE , FHS 9% pig Dn-F/R ¥ 31415
£ 530 bp 1 copA T ii#[AE Bz . oxb20 ., rpoD
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5 55 pigA3 iE #: 3K 1§ oxb20-pigA3 I
rpoD-pigA3 fr Bt . #RJ5, 4 pigAl. oxb20-pigA3
1 rpoD-pigA3 43 1) 5 T 1iF copA A Br BV iE 5 &
pET28a &b ik, 15580 F 4k pET28a::T7
pigUpDn pET28a::Poo  PigUpDn  AFll
pET28a::Ppop PigUpDn. rpoS-5 pigA2 F Br i
k3% 3 2 pET28a::P;pop pigUpDn (Bgl 11+Nhe I fiff
Yok A AL, 152 AR pET28a::Prpes
pigUpDn., ¥ FiRHEEY) 4 B4 FRIZ Nhe T
Zetkfk, FIH PCR-targeting 7 A 2 L1 KL
R4 A BNZ AR R |, 45 31 5 41 T kE
pET28a::T7 pig. pET28a::Poxso Pig. pET28a::Prpop
pig Al pET28a::Pips Pig, ZJaH A K
BAPI1,

2 BER54

21 HRVERENSEMEE

BEALR AL T 5 P T B XAl £ Bl £ i
PR AR, ot IS GE A B 15 3% 7 VA H iE AR PR
TAEY A T4y B RN AlisE 7, 76 LB PR gL
— PR A TRk o (1 A8 5 14 27F/1492R %t
ZHE R 16S rRNA JEFE U T PCR P73, W frfe
16S rRNA FE[H 54147 BLAST Hextsr#r,
F MEGA 6.0 FJ: Rt K B, KX RKR 55
VN G ATCC 274 HIEGR R RIE(E 2),
HARRIE R 99.67%, b Hoan 2 R Eh v 8
[CH BoRI121, N T — U ERIES,
P R AE 6 B[R] [ AR 75 5 (LB
LBG. TSB. GTY. GYB #l1 TB), 28 °C};#: 2d
JER RGN . i 5, REIBNE, %
HTE 6 FiE Rt F I EIEE 3A). It
Ab, BATTHEIZ B RE 5 RN 2 AR R A B
FRIEH, 28 °CHEFE 6 h JF i T Ao ER, KX
RE 6 FIRIAEE IR B 3 2 F AR (A 3B). LA
ESRERH, BV E G BoR121 & — R JEH
KA, HA - A& Ynaes .
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N .
Serratia proteamaculans ICMP 1724 (MT758029)

85 — Serratia plymuthica strain AS13 (CP002775) *
| | ~ R i mm e

1NN

Serratia oryzae strain J11-6 (KX421209)

‘ 98 L Servatia glossinae DSM 22080 (F1790328)
94

| Serratia sp. ATCC 39006 (CP025084)*

—
0.005

2 ET 16S rRNA EEFFIMENRELEHN

Figure 2 Phylogenetic tree showing the relationships between Serratia marcescens BoR121 and closely
related species. Prodigiosin-producing strains were marked using a red star, and numbers in parentheses
represent accession numbers of 16S rRNA gene sequences in GenBank. Numbers at the branch points indicated
the bootstrap value; Scale bar indicates the estimated number of base changes per nucleotide sequence position.

A B
i ERCNEE | e
LB LBG TSB
! ¥ X A 7y ALY
1’} -
GTY GYB TB GTY GYB B

3 FBUVEIKRE BoRI121 EAFEEFIEFRE LWEKIFERAFM MiRFEFRERERESAEMB)
Figure 3  Growth of Serratia marcescens BoR121 on different agar media (A) and morphological
characteristics in different liquid media (B).
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2.2 ERFEMF RS

K TIRA TRV EIRE BoR121 4
Y2k, XPHIER A AT TIF . [lumina
HiSeq — AR 7 B B, J5h reads 52K
150 bp, )5 15935 i reads R UEA 3L
220 %%, Circos ZEH UK 4 Fr/n . PacBio =4
MFFEE R R, M reads FIECRN 136 179, F1y
reads 11 8 025.33 bp, EMHILK: 1092 881 030 bp.
SERESLINAE B AR, RN R B B G,
HIER R — PR G A, K 5228 182 bp,
G+C TN 59.51%, A 4 996 P aifh R,
SERRE 913.94 bp, BN 4 566 027 bp, 15
FRZH R FE Y 87.33% o [RI 40 4045 22 Fl t(RNA
LRI 92 4~; 22 4> rRNA FE[HH, 16S rRNA
LR 23S rRNA JEH& 7 (K 4). B anis

/ ,?ﬂ‘“':‘_"nﬁig'};‘;.]l‘i':;ﬁ,mwﬁ ‘

4 FFUVERE BoR121 BYE[E L E [

FI Y R A 5 45 Fh D) BRAICHR 2 A T LU, A3 b
W KEGG %udha e rp L8831 3 098 K, o5 i
PR % H 1 62.01%, MRAEHLIIRE N 6 KK,
A3 )2 M P A A i) B2 (cellular processes) . FRES (5
H4bF (environmental information processing) . it
445 M AL F (genetic information processing). A
¥ (human diseases) . fXiff(metabolism) M4
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A: RNA processing and modification
B: Chromatin structure and dynamics
C: Energy production and conversion
D: Cell cycle control, cell division, chromosome partitioning
® E: Amino acid transport and metabolism
B F: Nucleotide transport and metabolism
B G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
M : Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis
K: Transcription
L: Replication, recombination and repair
M: Cell wall/membrane/envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
B P: Inorganic ion transport and metabolism
M Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
S: Function unknown
T: Signal transduction mechanisms
U: Intracellular trafficking, secretion, and vesicular transport
B V: Defense mechanisms
B W: Extracellular structures
BY: Nuclear structure
B 7: Cytoskeleton
W 16S rRNA
23S rRNA
W 5S rRNA
B {RNA

Figure 4 Circular genome map of Serratia marcescens BoR121. From inside circle to outside, the following
tracks are shown: G+C-skew, G+C content, rRNA and tRNA, predicted protein coding genes on forward and

reverse strand, and genome size.
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x4 FHFLERKE BoR121 BUEFHIFE
Table 4 Genomic characteristics of Serratia marcescens
BoR121

Feature Chromosome characteristics
Chromosome size (bp) 5228182
G+C content (%) 59.51
Predicted genes 4996
rRNA operons 22

tRNA genes 92

sRNA genes 112
Genes assigned to COG 4502
Genes assigned to GO 3136
Genes assigned to KEGG 3098
CRISPR repeat regions 4
Prophages 3

Simple tandem repeats 26
Interspersed repeats 72
Genomic islands 8
Carbohydrate-active enzymes 138
Transposable element 9
Antibiotic resistance genes 322
Virulence factors 656

Secondary metabolite gene clusters 11

Cell growth and death

Cell motility

Cellular community-prokaryotes
Transport and catabolism
Membrane transport =

Signal transduction fs

Folding, sorting and degradation
Replication and repair
Transcription

Translation

Cancer: overview

_Cancer: specific types ]

305

= ENLLL AU LIV LY & WSO O

T ’
B ) Amino acid metabolism 277
v Biosynthesis of other secondary metabolites 58
Carbohydrate metabolism 299
nerov metahnliam 188

62.77%, MIEINEEMIANIE], X 5L 4 5 R A=
¥ 1t #2 (biological process), 4 ifd i 43 (cellular
component) fl 43 P HE (molecular function) =K
KB 7).

H T PG R BV IR BoR121 & IR )
R Ynae S, AWF5EiE ) antiSMASH 4347
HILEHA S, KB 11 DRBRW = EY &
RFENFR , MR fiv 4 R 1-11 (3 5), Hip
3 MNE TAERZRHARK A 2 (non-ribosomal peptide
synthetase, NRPS). 2 A™IEAZ M K G i fif - 2R il
B4 5 2% (non-ribosomal peptide synthetase-
polyketide synthetase, NRPS-PKS). 2 M fik2
(thiopeptide). 2 HERZE (lactone)Fl 2 A~ HABZE
M, b, JEFE 4 5EEUDTE IR ATCC 274
MR LL R IL A 100%FH:, ST EHEK
P ATCC 39006 R LT EIENFA 82%HIHAM

B Cellular processes
¥ Environmental information processing
B Genetic information processing
» BHuman diseases
Metabolism

I B QOrganismal systems

5 FBRIVEIKE BoR121 £FH KEGG BIBEIRER
Figure 5 The annotation result of Serratia marcescens BoR121 genome against KEGG database.
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“ 400 33 BM: Cell wall/membrane/envelope biogenesis
173 ®N: Cell motility
200 97 130104 15 17864' O: Posttranslational modification, protein turnover, chaperones

= P: Inorganic ion transport and metabolism
#Q: Secondary metabolites biosynthesis, transport and catabolism

0 L
ABCDEFGHII JKLMNOPQSTUVIS'Functionunknown

6 FBUVEIRE BoR121 EFH COG HIEEIRER
Figure 6 The annotation result of Serratia marcescens BoR121 genome against COG database.
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Figure 7 The annotation result of Serratia marcescens BoR121 genome against GO database.
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#5 FFUVEKE BoR121 EFHA) antiSMASH 747

Table 5 antiSMASH analysis of the genome sequences of Serratia marcescens BoR121
Cluster Type From To Most similar known biosynthetic gene cluster
1 Hserlactone 23 358 44 032 Unknown

2 NRPS 278 246 342 472 Unknown

3 Betalactone 747 506 773 174 Unknown

4 NRPS-PKS 1174 609 1195556 Prodigiosin

5 Thiopeptide 1797 266 1 823 709 Unknown

6 Other 2183 729 2 205 826 Yersinopine

7 Other 2467 098 2487376 Unknown

8 NRPS-PKS 2514 439 2 584 366 Unknown

9 NRPS 3218021 3294 757 Unknown

10 Thiopeptide 3 840 325 3 887 793 Unknown

11 NRPS 4 687 524 4731 463 Unknown

PP LR 6 5 E Yersnia pestis CO92 HY
Yersinopine JERIFEA 100% AR, Hifth 9 4
LR 5 OB A1) Gk DR AR M AT
UEIZ R HA 77 A Z R a5 B aetb G
W
23 RELENEE

LEA R ERE BoRI121 MYIE S MEE K
FERA P50, AN E A SR WL RR
AEJT o MV bRV, A FH AR il B A
B, BT S2EBORGI T HPLC 20, 458K, 6 Fh
IR AE PSRRI S ISAE 535 nm WSO A YR
ZEH W] i — U, 108 O/ B IS A] 2 8.4 min,

LB
LBG
TSB

GTY Jud
GYB A
TB !L"J

Standard . . .l l . l .
25 45 65 85 105 125 145 165
t/min

& 8

5 R EZARER A —E(# 8A). HRMS &
HArFHEh 324.235 6 [M+H], 5RELZEME
A FH(324.199 8 [M+H)HSE, #EiZib oW
J R AL E (F 8B).
24 RELAREFKNRE

BV EICE BoR121 RN &H RE
LR G MIEHFEGERER 4), i SEH 14 A5
PRI 2B — A B s oG, LR R 4 B8 7 4 %o )ik
PigA-N 1 [RIJEEE [1(FR 6) e AV [RR(S
marcescens ATCC 274, S plymuthica strain AS13
il Serratia sp. ATCC 39006)F1i] [C# (H.
chejuensis KCTC 2396)H 3 i 41 2 3[R 7% iF

=]
B o
ol
x107 e
30, MHHIQ o_
F *
25| | > )
20} H Hy
w Y/
1.5 o1
(]
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- = Calculated ([M+H]"): 324.199 8
' I ‘ L L 1 L
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Figure 8 HPLC analysis of Serratia marcescens BoR121 in different media (A) and the result of HRMS

analysis of the compound found by HPLC (B).
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Freese b, APOZBENZEWHEA XS S K/R 209 kb (R BLLRILHFE, 155 EL4 R
marcescens ATCC 274 —Z((#1 9). Mt —2E1IN K pl5A:pig (Bl 10A). ZFkL5 414 EcoR 1 #l
EIHNEN T REARNEY S, W3 Sac TEFG, BUSHREER B kA & BRG] 4%
Red/ET A TAEFABEEMXF RO FFEC W 5HUHHARF(E 10B), 255K, AR E)

T R/NZ K 26.3 kb ) DNA B, HibasT

SERERFE] T R LLRIEN

*6 FAPUVEE BoRI121 RELREYE REEMNINRES

Table 6 Functional analysis of genes within the prodigiosin biosynthetic gene cluster of Serratia marcescens

BoR121
ORF  Number of Proposed function Protein homology Amino acid
amino acids identity (%)
pigA 385 L-prolyl-PCP dehydrogenase Serratia marcescens acyl-CoA 383/385 (99)
dehydrogenase family protein
(MDV2100735.1)
pigB 670 Oxidoreductase Serratia marcescens FAD-dependent 667/670 (99)
oxidoreductase (HEJ0404376.1)
pigC 8838 Prodigiosin synthesizing transferase Serratia marcescens phosphoenolpyruvate 884/888 (99)
synthase (MDR2288025.1)
pigD 867 Thiamine diphosphate Serratia marcescens biosynthesis protein  864/867 (99)
dependent-3-acetyloctanal synthase PigD (WP_197787955.1)
pige 853 Aminotransferase Serratia sp. JKS296 minotransferase class 851/853 (99)
I11-fold pyridoxal phosphate-dependent
enzyme (WP_097102633.1)
pigFk 338 S-adenosyl-L-methionine-dependent Serratia marcescens methyltransferase 336/338 (99)
methyl transferase domain-containing protein (MBH2772015.1)
pigG 87 Acyl carrier protein Serratia marcescens acyl carrier protein ~ 86/87 (99)
(WP_176063587.1)
pigH 648 4-hydroxy-2,2'-bipyrrole-5-methanol Serratia sp. JKS296 aminotransferase 643/648 (99)
synthase class I/1I-fold pyridoxal
phosphate-dependent enzyme
(WP_097102635.1)
pigl 491 L-proline-[L-prolyl-carrier protein] ligase  Serratia marcescens 489/491 (99)
D-alanine-poly(phosphoribitol) ligase
(AWO78120.1)
pigJ 762 Beta-ketoacyl synthase Serratia marcescens polyketide synthase  758/762 (99)
(WP_261420020.1)
pigk 104 Sterol 3-beta-glucosyltransferase Serratia marcescens RedY 103/104 (99)
(WP_164052918.1)
pigb 215 4’-phosphopantetheinyl transferase Sfp Serratia marcescens 212/215 (99)
4'-phosphopantetheinyl transferase
superfamily protein (WP_306376640.1)
pigM 352 Probable NAD(P)H nitroreductase Serratia marcescens prodigiosin biosynthesis 350/352 (99)
protein PigM (WP_229597835.1)
pigN 242 Delta (14)-sterol reductase Serratia marcescens putative 240/242 (99)

oxidoreductase (QWV59760.1)
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Figure 9 Comparison of prodigiosin biosynthetic genes of Serratia marcescens BoR121 with homologues
from three additional strains of Serratia and Hahella chejuensis KCTC 2396.
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Figure 10 A simplified schematic diagram for the construction of pl15A::pig containing the prodigiosin gene
cluster (A) and confirmation of the recombinant plasmids by restriction digestion (B). M: DNA marker; Lane
1—4: Restriction analysis of four independent plasmids showing correct band patterns.
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Figure 11 Heterologous expression the prodigiosin gene cluster in Escherichia coli. Heterologous expression
of the cloned prodigiosin gene cluster in Escherichia coli BAP1, BL21(DE3), DH50 and JM109 cultivated on
LBG agar plates (A), and a simplified schematic diagram for the construction of the recombinant plasmids with
commonly used promoters including T7, Poxpoo, Prpop and Pypes in Escherichia coli to drive the expression of the
prodigiosin gene cluster, respectively (B) and HPLC analysis of recombinant strains with the four promoters (C
and D).
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