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Figure 1. Chemical structures of nikkomycins (A) and organization of the gene cluster for nikkomycin biosynthesis (B) .
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Table 1. Strains

Strains Genotype /description

Reference /source

Escherichia coli

F-merA A (Cmrr-hsdRMS-merBC) 80lacZ AM15 AlacX74 recAl

Topl0 Invitrogen
araD139 A (ara leu) 7697 galU galK rpsL. (SuR) endAl nupG

BW25113 K2 derivative, AaraBAD, ArhaBAD b

ET12567 (pUZ8002) dam dem hsdS cat tet/pUZ8002 ts)

Streptomyces

Streptomyces ansochromogenes 7100 (CGMCC 4. 321)

Streptomyces coelicolor M1146 Aact Ared Acpk Acda

China General Microbiological

Culture Collection (CGMCC)
[13]

Wild-type, nikkomycin producer

M1146452 S. coelicolor M1146 containing pSET152 This work
M1146-NIK S. coelicolor M1146 containing pNIK This work
M1146-NIKm S. coelicolor M1146 containing pNIKm This work
Alternaria longipes Indicator strain CGMcCC
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Table 2. Plasmids
Plasmids Relevant characteristics Reference /source
pBluescript 11 KS ( +) Routine cloning and subcloning vector Stratagene
pSET152 Integrative vector lis]
plJ790 N-RED (gam, bet, exo) , cat, araC, repl01" L4l
plJ778 aadA (14
pNIK A pSET152 based plasmid containing the whole nikkomycin biosynthetic gene cluster 07
pBSNIK A pBluescript 11 KS( +) based plasmid containing the nikkomycin biosynthetic gene cluster This work
pBS-hF A pBluescript I KS( +) based plasmid containing part of sanF with hrdB promoter This work
pBSHI A pBluescript 1T KS( +) based plasmid containing part of sanH, sanl and aadA This work
PBS-HINF A pBluescript I KS( +) based plasmid containing part of sanF with hrdB promoter, part of sanH, This work
sanl and aadA
pSET152 :: P, ., G pSET152 containing sanG with hrdB promoter (18]
pBS-hG pBluescript I KS( +) containing sanG with hrdB promoter This work
pBS-hGX pBluescript 11 KS( +) containing sanG with hrdB promoter, sanG downstream fragment and sanX This work
fragment
pSET152-hGX pSET152 containing sanG with hrdB promoter, sanG downstream fragment and sanX fragment This work
PBSNIKaadA A-pBluesuript All KS( +) based plasmid containing the whole nikkomycin biosynthetic gene cluster This work
with PhrdB—driven sanF
PBSNIKm A-pBlucscript All KS ( +,> based plasmid containing the whole nikkomycin biosynthetic gene cluster This work
with PhrdB-driven sanG and sanF
A pSET152 based plasmid containing the whole nikkomycin biosynthetic gene cluster with PhrdB-
pNIKm . | This work
driven sanG and sanF
%£3. 3|4
Table 3. Primers
Primers Sequences (5°—37) Purpose
sanH RT¥ GGCCTGGCTGGTCCTCAA sanH RT-PCR
sanH RT-R CTCGCCCCGCTCCTTCTC sanH RT-PCR
sanHI-F AATGAGCTCCACCCGGACCGGCTCGACTT PCR 465 bp of sanH and sanl
sanHIR AATGCGGCCGCGTCGTCTCGGACGGCGGCTT PCR 465 bp of sanH and sanl
sanFF GTGGTGCTGACGCTCGACTCGG PCR 355 bp of sanF
sanF R CCGCTCGAGCCGTTGCGGTGGGTGTAGAGGC PCR 355 bp of sanF
aadAF AATGCGGCCGCTGTAGGCTGGAGCTGCTTC PCR of aadA cassett
aadAR AATGAATTCATTCCGGGGATCCGTCGACC PCR of aadA cassett
hrdBp-F AATTGAATTCCCGCCTTCCGCCGGAACG PCR of hrdB promoter
hrdBpR GAACAACCTCTCGGAACGTTGA PCR of hrdB promoter
sanG dn-F AATCTCGAGCGGCCGGATCGTCGGTTCC PCR 422 bp of sanG downstream region
sanG dn-R AATGATATCCGGAAACCGCTGAAGCCCG PCR 422 bp of sanG downstream region
sanX ¥ AATGATATCGACCACGCTGCGCAACCA PCR 147 bp of sanX
sanX-R AATGGTACCTCAGGCCGGGTCCACACC PCR 147 bp of sanX
sanG RT¥ GGCTTTCGGTGTGATGAC sanG RT-PCR
sanG RTR CCTGGGAGACGAGGGTCT sanG RT-PCR
sanF RT-F GAAGCCCCGGTCTTCCCC sanF RT-PCR
sanF RT-R TGATCCGCTCGGTCCCCT sanF RT-PCR
sanX RT-F GCTCACGCCCTGCACCAT sanX RT-PCR
sanX RT-R GTCGACCCGCACCCCCAT sanX RT-PCR
sanO RTF CGACGGCTGCCTGGAGTT sanO RT-PCR
sanO RTR CGGATGCGGGCGATGAGA sanO0 RT-PCR
sanl RT-F GCACATCACCGCGGACAG sanl RT-PCR
sanl RT-R CAATCCTCGTCGATCCGG sanl RT-PCR
sanN RT-F CTGTCCGTGTCGGTCCTG sanN RT-PCR
sanN RT-R TCGATCTCGTGCGCTCTC sanN RT-PCR
sanV RT-F GGCGGAATGCTGCGAGAT sanV RT-PCR

sanV RT-R CGGGTGCGGGGATAAACG

sanV RT-PCR

Underlined means restriction enzyme recognition sites.
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4709,
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FER 4 DNA g B4, Fil 519 % sanF ¥ /sanF-R 4 34

(A) -
Suc 1 Not Not | EecoR 1 EeoR | Yho |
H ; aadA P, F
Sac 1 /Not | Not 1 /EcoR T EcoR | Xho |

pBluescript [ KS(+)
EcoR 1 /Sac |
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T -
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Sac 1 Ecor 1 Ahol

H I aadAd P F

EcoR 1 /Xho 1 EcoR 1 /Xho |

pBS-HIhF

Not | bla

Sac | Ecor T Yho'l

aad4d P, F

pBluescript [ KS(+)
EcoR 1 /Xho 1

sanF Fr By, 51 % sanHIF /sanHIR 438 sanHI
B LUK W 0 4 B2 1 6 [ 41 DNA Sh B4R, FH 514
hrdBp F1 3% 1 44 (1) hedBp-R 4~ 34 hrdB J3 3 1 )7
By BLoplJ778 Bk, 51 % aadAF /aadAR 9
SERERE R W AR R USRI aadA B o 4 sanF
Al hrdB )3 3 1 Fr B BB 2-A T oR B D), 3E N
pBluescript IT KS ( +) 7§ £ & 41 i ki pBS-hF; ff
sanHI Fl aadA Jv B % 8B 2-A Jif R B U1 0% N
pBluescript IT KS ( +) 5 #| & 41 it ki pBS-HI. H
EcoR 1/Xho 1 [ Y] pBS-hF, [0l & H sanF F hrdB
Ja B 1 B 3E A R D) 1Y) pBS-HI, 453 31 H 41
Stk pBS-HIWF.
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DA P 25 7= (0 5 57 81 36 R 41 DNA S BEAR, FH 51 4 %
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Kpn 1

P, sanG Gdn X
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Figure 2. Schematic diagram of the construction of pBS-HIhF (A) and pSET152-hGX (B). P, : hrdB promoter; aadA: Spectinomycin/streptomycin

resistance gene; bla: Ampicillin resistance gene; aac(3) IV: Apramycin resistance gene; pSET152/EcoRV: EcoR V linearized pSET152.
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pSET152, 35453 pNIKm (& 3) . 44 Jii B pNIKm 43
S H Bgl 11 F1 Not 1 B 56 1UF « Bgl 11 [ 1) ¥ 3 v Bt
29 12399.7609 .6105.4108 .2764 .2259 F1 534 bp; Not 1
fitg Y1) T3 B Sk 21409.8062 Fll 6065 bp. i 41 )i i
pNIKm W) J5 B 155 Bl ek 19 v vk 45 R 55 i — 25 ()
4-A) , U W R 1 5 20 ORE pNTKm o2 E A 1 o
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FLP-mediated excision of aadA casscllcl
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Bl 3. ZHFRH pNIKm B EREE
Figure 3. Schematic diagram of the construction of pNIKm. pBluescript Il KS( +) /EcoR V: EcoR V linearized pBluescript 11 KS

(+) ; aadA: Spectinomycin/streplomycin resistance gene; P, : hrdB promoter; pSET152/EcoR V: EcoR V linearized pSET152.
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Bgl 1 Not |
3 4 M G C 1 2 3 4 M G C 1 2 3 4
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sanQ)

sanGG

E 4. F4H R A pNIKm &9 E5 1] 38 9F WA & M1146-NIK #1 M1146-NIKm & PCR 3% 3E
Figure 4. Confirmation of pNIKm and M1146-NIK/M1146-NIKm by restriction digestion analysis (A) and PCR amplifications (B) .
M: DNA ladder; 1, 2: Different clones of pNIK for restriction digestion or genomic DNAs from different M1146 — pNIK as PCR
templates; 3,4 : Different clones of pNIKm for restriction digestion or genomic DNAs from different M1146-pNIKm as PCR templates;
G: Genomic DNA from S. ansochromogenes 7100 as PCR template; C: Genomic DNA from M1146-452 as PCR template.
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7100 (}&6) .

—M1146-152
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6. HUE E AR

Figure 6. Bioassays of nikkomycin production against A. longipes.
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Figure 7. Color reaction of compounds with barbituric acid.
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Figure 9. Structural determination of uridine, ribofuranosyl-<4-formyl-4-imidazolone and PHT. A: Structure and ' H-NMR spectrum of uridine
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10. BAISZZMBREASEERZMEWERE
Figure 10. Structural determination of nikkomycin Z and pseudo-Z. Structure of nikkomycin Z (A) and pseudoZ (B) ;' HINMR spectrum of

nikkomycin Z (C) and pseudo-Z (D) ; '*C-NMR spectrum of nikkomycin Z (E) and pseudo-Z (F) .
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Table 4. Summary of 'H and ”C NMR data for uridine, ribofuranosyl-4<formyl-<4-imidazolone and PHT in D,0
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Microbiology, 1979, 121 (1) : 71-74.

Archives

test model for

of

Position Uridine Ribofuranosyl4 Hormyl-4-imidazolone PHT
3('H, mult., J) "C (3 3C'H, mult., J) e 3('H, mult., J) R S))
1 173.7
2 151.9 153.2 3.97(1H, d, 4) 58.8
3 2.65(1H, m) 38.3
4 166. 4 124.2 5.03(1H, d, 5) 76.0
5 5.79 (1H, d, 8.0) 103.7 7.74 (1H, s) 125.5 0.63(3H, d, 6.0) 6.0
6 7.77 (1H, d, 8.0) 143.6 9.19 (1H, s) 180. 2
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6° 8.39(1H, d, 8.0) 147.8
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Table 5. Summary of '"H and " C NMR data for nikkomycin Z and pseudo Z in D,0
Position Nikkomycin Z Nikkomycin pseudo Z
3('H, mult., J) Pc(®) 3('H, mult., J) Bc(®)
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4 166. 1 165. 1
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3" 7.92(1H, dd, 8.0, 6.0) 125.2 7.92 (1H, dd, 8.0, 6.0) 125.2
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Engineering and heterologous expression of a nikkomycin
biosynthetic gene cluster

1# 2# L :2 . . 2 s 1* . s 2%
Lu Wang ", Deyao Du™, Jin"e Li", Yuqing Tian”, Hao Liu , Guoqing Niu~ ,
2
Huarong Tan
'Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, Tianjin University of Science and
Technology, Tianjin 300457, China

*State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101,
China

Abstract: [Objective] We expressed a nikkomycin biosynthetic gene cluster in the well-characterized surrogate
Streptomyces coelicolor M1146. [Methods] By using PCR-targeting method, we replaced the promoters of sanG and sankF
in pNIK, which contains nikkomycin biosynthetic gene cluster, with the hrdB promoter to generate pNIKm. We transferred
pNIK and pNIKm into S. coelicolor M1146 by intergeneric conjugation and obtained M1146-NIK and M1146-NIKm,
respectively. We then evaluated expression of the gene cluster in the heterologous host by RT-PCR. Furthermore, we also
compared the antifugal activity and nikkomycin production of M1146-NIK and M1146-NIKm by bioassay against Alternaria
longipes and HPLC analysis. [Results] M1146-NIK and M1146-NIKm exhibited antifungal activity, and they can
produce a trace amount of nikkomycin X, nikkomycin Z and pseudo—Z. There was a substantial accumulation of uridine in
M1146-NIK, whereas substantial accumulations of uridine, ribofuranosyl-4 formyl-4-imidazolone and pyridylhomothreonine
were observed in M1146-NIKm. [Conclusion] We successfully expressed the nikkomycin biosynthetic gene cluster in the
heterologous host and identified nikkomycins and some of its key biosynthetic intermediates. This study will provide the
basis for enzymatic reaction of the condensation between the two nikkomycin moieties and for the generation of hybrid
antibiotics by combinatorial biosynthesis.

Keywords: Streptomyces ansochromogenes, nikkomycin, biosynthetic gene cluster, heterologous expression, antifungal
activity, compound identification
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