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Heterologous expression of novel class [ lanthipeptide in
Streptomyces coelicolor A3(2)

QIAN Runze, LUO Yunzi'

Key Laboratory of Systems Bioengineering (Ministry of Education), Frontiers Science Center for Synthetic
Biology (Ministry of Education), School of Chemical Engineering and Technology, Tianjin University, Tianjin
300072, China

Abstract: [Objective] Class [ lanthipeptides usually have a wide range of biological activities, with
unique antibacterial mechanism and little drug resistance, which leads to the promising clinical applications.
This work intended to explore two novel class [ lanthipeptides in Streptomyces coelicolor A3(2).
[Methods] First, antiSMASH was used to analyze the S coelicolor A3(2) genome sequence and mine
lanthipeptide biosynthetic gene clusters. BLAST was employed to annotate gene function and select genes
that might be involved in the biosynthesis process. Then, we constructed plasmids via DNA assembly and
transferred them into Streptomyces chassis cells for heterologous expression. Finally, high performance
liquid chromatography (HPLC), mass spectrometry (MS) and bioactivity assay were performed to detect the
fermentation products. [Results] We reconstituted cluster 3 (8.9 kb) and cluster 24 (9.0 kb) of S coelicolor
A3(2) by adding promoter elements, and pYES-ColE1-SCO-cluster3 and pYES-ColE1-SCO-cluster24 were
obtained. pYES-ColE1-SCO-cluster3 was successfully expressed in S coelicolor M1152 and Streptomyces
sp. A14 separately, and the potential target compound coelin 3 was obtained. pYES-ColE1-SCO-cluster24
was heterologously expressed in Sreptomyces sp. ZM13, and the potential target compound coelin 24 was
obtained. Coelin 3 exerted inhibitory effects on Bacillus subtilis 168 and Escherichia coli ATCC 25922,
with the inhibition zone reaching 28 mm. [Conclusion] This study realized the expression of coelin 3 and
coelin 24 and conducted the bioactivity assay by promoter activation and heterologous expression, which

laid a foundation for subsequent structural and mechanism analysis of the novel class [ lanthipeptides.

Keywords: lanthipeptide; Streptomyces; heterologous expression
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Figure 1  Structure of typical class I lanthipeptide compounds.
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Table 1 Primers used in this study

Primer name Primer sequences (5'—3")

F-SCO266 GTGCGAGTATCTGAAAGGGGATACGCATGGCTCTTCTCGTTCGATGCC
R-SCO266 AGCGCCCGCGGCGGGTCACGTGACGGGCTCCGGC

F-SCO267 CCAGAGAACACCGACAGACGGAGACGTACATGAGCACCACGCAGCAC
R-SCO267 GTGGTGCGGTCGGCGCCTCAGACCGCCGTGGCG

F-SCO268 CAGTCCTGGGAGGACCACTTCACCCGTCCCCGCGGCTCC

R-SCO268 GGCCGGCGGCGCGGATCAGCAGCAGATGGGGCAGC

GED)
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F-SC0O269
R-SCO269
F-SCO270
R-SCO270
F-SCO271
R-SCO271
F-SCO272
R-SCO272

F-SC06927
R-SC0O6927

F-SC06928
R-SC06928
F-8C06929
R-SC06929
F-SC06930
R-SCO6930
F-SC06932
R-SCO6932
F-SC06933
R-SCO6933
F-SC06934
R-SCO6934
F-SC0266-qPCR
R-SC0266-qPCR
F-SC0267-qPCR
R-SC0267-qPCR
F-SC0269-qPCR
R-SC0269-qPCR
F-SC0270-qPCR
R-SC0270-qPCR
F-SC0271-qPCR
R-SC0O271-qPCR
F-SC0272-qPCR
R-SC0272-qPCR
F-SC06934-qPCR
R-SCO6934-qPCR
F-SC06933-qPCR
R-SC06933-qPCR
F-SC06930-gPCR
R-SC06930-qPCR
F-SC06929-qPCR
R-SC06929-qPCR
F-SC06928-qPCR
R-SCO6928-qPCR
F-SC06927-qPCR
R-SC06927-qPCR

AGTGAACAAGTGGACTCATGAGGAGGAACCCCGGACCGAGGCCCCCTC
GTGAGCGTGAGGAGAGGTCCGGTCATCGTCCGCTCCCGATCC
GTTCCACTCAAGTAGTCAGCTGGAGGAATTGACATGAGCGGCACCACCGAGG
CCTGACTTCCGCCTGCAGGGCTCAGGCCAGCAGCAACGGC
TCCGTGAGCTCGAGAAGACGACGGAGACGTACCCGCGGGGCCGGGGAC
CGGGCCGGATATGGCCGGGCTCAGGCCAGGTCCGAGCGG
GATCTCCGAAGGGGGAGGTCGGATCGGAGCAGACCATGACACACATCAGG
ATTATTTTTATAGCACGTGATGAAAAGGACCCAGGTGGCACTTTTCGTCACTTCATGCCGG
TGAAGTTCAGG
CCAGAGAACACCGACAGACGGAGACGTACATGGACGTCGGCCAGATAGC
ATTATTTTTATAGCACGTGATGAAAAGGACCCAGGTGGCACTTTTCGTCAAGAGTCGAGG
TTGCGCGAC
GAGCTCGAGAAGACGACGGAGACGTAACGACGAGAAGAGGGAACATGAC
TCCAGCGCCCGCGGCGGGTCACTGCCATTCGATGACGATGC
CTTAGTGCGAGTATCTGAAAGGGGATACGCATGAATCTGCGTGACAGCGCAC
CTGACTTCCGCCTGCAGGGCCTAGTTGGTCAGAAAGCAGGTCTCCCAC
CCACTCAAGTAGTCAGCTGGAGGAATTGACCCTCGGCGCATTGATCTGCC
CGTCCGACCGAAGGAGCAGCTCACGCAGATTCATGGTGATCTCCTCGG
GAACAAGTGGACTCATGAGGAGGAACCCGTCCTGTCGGCGCCGCC
GTGAGCGTGAGGAGAGGTCCGGTCAGGCCACGTTGGTGGCG
CCAGTCCTGGGAGGACCACTTCACGTGGTGATTCCTCCGTTGTCGTG
GTCGGGCCGGCGGCGCGGATCACCCGGGTGCTGGAC
TCTCCGAAGGGGGAGGTCGGATCACAAGCCGAACACCGCGGTC
GTGGTGCGGTCGGCGCCTCAGGCTGCCGCGGGCTG
GTCGCGCGATGGTGAAA

GCCGAACGTCATCGTCTC

GGACATCACCGAGCACAC

AGGTAGGGCACCAGGTT

TGTTCGTCAAGTGGTACGC

AACCGCAGTCGCAGATG

TTCGGACTGCGCTTCAC

CAACGGCATGTCCCAGT

TCACCGACTACAGCCTCAT

TCTGCGACACGATGTTCAC

CTGTTCGCGACCGTCTT

CACCCGCAGGAAGTTGAT

GGCCAACCGACTCATCTG

GCAGACGTCACTGCTCAT

CACTTCGAATCGGTGTGTTG

CGGTTCACCTTTCGGACTT

GGACTTCCACAACCGATTCTT

TTGCGCATCGCGGTATC

ACATCGGGCTCCTCGAA

CTAGTTGGTCAGAAAGCAGGTC

CACGGCATCTTCCACTTCA

CGTTCCCATGACTACCTCTTTC

CCTGGAACCACTGGTCAAC

GTCTTCGATCTGACTGCTCTG

http://journals.im.ac.cn/actamicrocn
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Figure 2

Lanthipeptide biosynthetic gene cluster. A: biosynthetic gene cluster of known class I

lanthipeptide; B: biosynthetic gene cluster of coelin 3 and coelin 24.
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Figure 3  Construction forms (A) and digestion results (B) of heterologous expression plasmids
pYES-ColE1-SCO-cluster3 and pYES-ColE1-SCO-cluster24. M is DL15000 DNA marker. 1-3 are ApaL I,
Xem I and Nco I digestion results of plasmid pYES-ColE1-SCO-cluster3 respectively. 4—6 are Nco I,
Nhe 1 and Xcm [ digestion results of plasmid pYES-ColE1-SCO-cluster24 respectively. 1: 9 673 bp, 5 561 bp,
1794 bp, 1 333 bp, 815 bp, 39 bp. 2: 8 215 bp, 4 963 bp, 1 943 bp, 1 592 bp, 1 248 bp, 831 bp, 381 bp, 42 bp. 3: 4
955 bp, 4 688 bp, 4 661 bp, 3 272 bp, 1 147 bp, 492 bp. 4: 5 080 bp, 4 688 bp, 3 931 bp, 3 904 bp, 1 677 bp. 5: 12
216 bp, 3 757 bp, 3 307 bp. 6: 8 432 bp, 3 988 bp, 3 379 bp, 1 943 bp, 1 538 bp.

I UFIEA A SR A R LE i B S AT pYES-ColE1-SCO-cluster3 £ S coelicolor M1152
KEEA S codicolor M1152, S ZM13, S Al4 Al 1 S Al4 4N SR KRG 40 BIHE 13.7,
S SUKAIL7 JE#4uiEH, idid iEy% PCR fikfs  14.6. 22.0 min ZAAAHIERNHPL, #E0 pYES-
FIERA ) IR F IR H Mk Sreptomyces coelicolor  ColE1-SCO-cluster3 7E S codlicolor M1152 Fi1S Al4
M1152/pYES-ColE1-SCO-cluster3 . Streptomyces  JEE&ANIEH vl BE I FRik, K B LBk 4
sp. A14/pYES-ColE1-SCO-cluster3, Streptomyces A coelin 3; pYES-ColE1-SCO-cluster24 7 S ZM13
sp. ZM13/pYES-ColE1-SCO-cluster24 11 Sreptomyces i ELANMIH FIF IR G0 HI7E 16,1, 19.5 min 45387
sp. SUKA17/pYES-ColE1-SCO-cluster24, 44  WeHI, MWifE S SUKAL7 JiS #4055 ik
FEIRPAET BRI 3 AR e EEF T 3 RE JE WA B = 4, Nl pYES-ColE1-SCO-
2 R TERIN ,  [R] BT LAV 48 4 AL A BR P %o cluster24 7€ S ZM13 &AM T RERLIN#3k, H
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Figure 4 HPLC detection of fermentation products of heterologous expression strains and chassis cells.
New product peaks in heterologous expression strains are numbered in order of retention time.
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Figure 5 RT-PCR validation of modification enzyme gene of expression strain.
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Figure 6 The LC-QQQ MS results of purified samples. A: Streptomyces sp. A14/pYES-ColE1-SCO-
cluster3@; B: Sreptomyces coelicolor M1152/pYES-ColE1-SCO-cluster3@; C: Streptomyces sp.

ZM13/pYES-ColE1-SCO-cluster24(2).
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(A) & S‘\(‘ll
Dhb Ala Pro |
Gly Ph G W T
Coelin 3 y S & \
H,N- Aia Gly Glu Ser Tyr Ala Iie G]yu\ —NH
oo dil -
Asp (Ser)
Coelin 24 asp Gly @ bro
H,N Leu Ile AsnLeu b Ala Dhb Asn \ﬁl Ala COOH
VOLEe_ G 0 VovE
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Figure 7 Possible structure of coelin 3 and coelin 24 (A), and most similar product structure (B) of coelin 24%%’.

Coelin 3 Coelin 24 Coelin 3 Coelin 24

Bacillus subtilis 168 Escherichia coli ATCC 25922

8 Coelin 3 F coelin 24 3F B. subtilis 168 #1 E. coli ATCC 25922 HY4 47 7% 1%l iX

Figure 8 Bioactivity test of coelin 3 and coelin 24 against B. subtilis 168 and E. coli ATCC 25922. 1:
solvent negative control; 2: ampicillin positive control; 3: kanamycin positive control; 4: S Al4; 5:
Streptomyces sp. Al14/pYES-ColE1-SCO-cluster3; 6: S coelicolor M1152; 7: Streptomyces coelicolor
M1152/pYES-ColE1-SCO-cluster3; 8: S. ZM13; 9: Streptomyces sp. ZM13/pYES-ColE1-SCO-cluster24.

&2 EH&EX B. subtilis168 # E. coli ATCC 25922 Ky & B #E
Table 2 The bacteriostatic diameter data of each sample against B. subtilis 168 and E. coli ATCC 25922

Inhibition zone/mm 1 2 3 4 5 6 7 8 9
Bacillus subtilis 168 - 30 24 10 26 - 28 - -
Escherichia coli ATCC 25922 - 22 28 - 28 - 26 - -

1: solvent negative control; 2: ampicillin positive control; 3: kanamycin positive control; 4: S Al4; 5: Streptomyces sp.
A14/pYES-ColE1-SCO-cluster3; 6: S. coelicolor M1152; 7: Streptomyces coelicolor M1152/pYES-ColE1-SCO-cluster3; 8:
S ZM13; 9: Streptomyces sp. ZM13/pYES-ColE1-SCO-cluster24.
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