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Abstract: [Objective] To obtain the new lasso peptide noncaromin, the biosynthetic gene cluster of
noncaromin (nonc-BGC) from Nonomuraea candida HMC10' was cloned and the heterologous
expression in actinomycete classis strains as well as the antibacterial activity were explored. [Methods]
The new nonc-BGC was initially defined by analyzing the whole genome sequence of N. candida
HMC10" with antiSMASH. Then, complete nonc-BGC was cloned by ExoCET method from the
genomic DNA of N. candida HMC10" to obtain the recombinant plasmid pJQK652. The A-Red
recombination system was used to construct the integrative plasmid pJQK653, which, through
conjugative manipulation, was introduced into Streptomyces albus J1074, S. lividans 1LJ1018, S. lividans
1326, S. coelicolor M1252, S. coelicolor M1452 and Saccharopolyspora erythraea 11161 for heterologous
expression. Subsequently target noncaromin was obtained by fermentation and purification. Finally, the
chemical structure of noncaromin was determined by QTOF-ESI-MS?, and its antibacterial activity was
evaluated as well. [Results] In this study, complete nonc-BGC was cloned by EcoCET method, and its
heterogeneous expression in six different actinomycete hosts were performed separately. Furthermore,
we characterized the chemical structure of noncaromin and determined its negligible inhibition activity
against Bacillus subtilis 168. [Conclusion] On the basis of the cloning of complete nonc-BGC from
N. candida HMC10", the heterogeneous expression of nonc-BGC in six different actinomycete hosts
was performed. As a result, a new noncaromin was discovered, with negligible inhibition activity
against B. subtilis 168. These results provided reference for the discovery of new compounds in strain
N. candida HMC10" and other actinomycetes.

Keywords: Nonomuraea candida; lasso peptides; heterologous expression; structural determination;
bioactivity analysis
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IAEE, WA R T T AN B & 3 75 31 45
T # H B A ELIEYER R, X LTk
BN T 254 K B BRI B A G
W & (Nonomuraea) @ T W5 & W ISHE, %2k
B R RE = A Tz A s R AL A ) A dE
PRI UL 22 FC A B A9 maduramycin™) Flt
Ji g 25 4 (A T35 S 7 carminomycin!® Al
brartemicin®®) %, FEZ4YIHT & A Tl Fik - H
AEEMBFMES, H, ZERRY) 2
G A YR R E R —, R
Y16 BUALT 3= 20T 43 B RS (ribosomally
synthesized and post-translationally modified
peptides, RiPPs)F1dE4 B4 ik2S (non-ribosomal

peptides, NRPs)!®,

KA IR ZE K AR 7 W) 2 — 2 ol BE DR i )
OIS BT IR, 28 H 08 J5 48 T i 4+ 2]
M RR =, AT IZ oA T
MG RS h, B2
M ZAEVERIE W TR 2R, A HURGY . $t
FRE TR AN A R PR N, 2 BT AR
ZWIEE OCTE . HETE & B A IR AL
YA 20 0, HFPRILTERREE Inrh o
b, ERRCEEZEEREG Y —KEh
FROR B BRSNS M AL G, IR IR T T
B AR A B 1 VR RN R 1 R
A3 55 BRI B 3 D P R AT b I S i
Ao RN, HERKRAY G
ST RE AR XY AZ O BB R KPR A2
AR T8 i B AR T BOT RS M AL sl R
o2 Z R o RIS i S ) B A U
BRI A 426 T2Kd 2 DT msties, m
siamycin 1 & JJLBERER 17152 50 W0 )40 ) ) At
HIV 254105 TI2R00 —midl, F 2@ ad =5 (a4
HAEFRGESEHE, 290 ERK 905%™, 4N

microcin J25 BEFSHUBFFEARH"); [IEZEAIVEYY
R 1A Tmis, Hrb sy ey 6 s 22 KR
EIREE R, IV 2 A D SO AE T R R .
HAETIIZE IV R 1 MeGH, 5300k
i 5 I 2 A2 RS PR BI-321691 ORI 4 2 1K
PHPERERY L2006, BF5E R, BRI T
FORRAS ] T HAbpi AR R, A v A 4 i )
(FZHAREA) . RNA B4 ClpC1P1P2
FEEE 3 A, IR RERK Z RN
A BT B T G R R R

A& LR 01, ERIR A&
¥ & [A 7% (biosynthetic gene cluster, BGC)F %
A 34, IR E (precursor peptide) . BT ki
(transglutaminase-like protease) fll £ 2 1 1k i
(asparagine synthase-like protein)®, i, Fijik
BK 43 A Bl 3 BK (Ieader peptide) F1 #% .0 ik (core
peptide) &R 435 Aif 3 KGR T2 4% 45 =k Jie ity
M, TR YOI K DL R R R
o i B BT 5 B A2 00 R ) N SR o 3, ik
PR R AT 2 S T SRR Bl AR
STUIEIN B2 M ERRILEGNKR ATP,
o ARG Asp/Glu 5% A9 ¥R FR £R 0B
SEAZ I N i 2 ST B P e e R0

RTARE S, FRATTR IS HROIR B B A FC TR
HMC10" F 4x 35 [K 21 OV i A7 75 35 4 2 R A IR
KEYG BN, 45 4 ~ERKE. 54
FEBMALTE . 14 Ranthupeptide . 1 8K
2 ANMRAFERFE . N T X2 B R BT A pE A
JRZEA G Wi AT Aot , ARSI T — Gl
B AR AR Y 11 B 2R A W) B R DR AR Ay
"XT%, FIH ExoCET = 4 4: K (exonuclease
combined with RecET recombination), 7[5 %]
T REFEHATE nonc-BGC, ML F IR KB
0, LT IZEERETE 6 MRS E MR (H Bt R
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WL 2 BRASET T RERE I L 2 MROR O (A R T A4
CREZ ) PRI R I, et E R T
QTOF-ESI-MS #:17 T H#i%E, 44 M noncaromin.
TU TR TG A DU S8 75 927 0 % il B ZE AR AT TR A
e BRI E T ASBIE ST A 42 2 TR AR R BT
RIRIR T4 T 2%

WEERE

1.1 #8
1.1.1 EEE AT FINLES

A . HEE, ORE, NE . Sk
W B 2 4 A A2l ey A R A w5 Balya
BHar. FRER. AERANEERRIE B i
IR AR 5 A RAF]; DNA E#IA Plu
FURE DNA AN B FE 5t v 4 Y4
A BRZS F] 5 BRAEAZ R N VTR 1 3 8RR
BHEA IR A A AR : FHIRIRZ HEIK ZQZY-70BS
WA AR R A A i A
Eppendorf 24w ; .0l CR21G 1A H
Hitachi 23 A ; e 4% 7% & X Rotavapor R-210 Il F
BUCHI /) ; PCR {4 T Thermo Fisher Scientific
s Fl s UKL EPS-300 M H bR R RERH A R
o] BERR RS H Bio-Rad Al A4k
FEFRAH LRH-250A W [ FR G T 28 7 BRYT e il
B AW Z2ER AL RTEA e RA
R F] o 3t . A G o BTk T e SO AR £
i Agilent 1262 series HPLC, #§ #4538 Ml _ 2%
TR R A 8 ] Agilent 1290 Infinity 11/6545
QTOF LC/MS.
1.1.2 IBHFE

(1) R ER;F AR A LB (Luria-Bertani)
VR /T A R P (2) A TR I R R
FR WA IR 5 TSBY™?; BEE MBI M
T & K A SFM [ (R85 72 56022 | & e s o
AR FE 3 R3PVRN RSP, (3) PR TR
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B 5 R R il ARG 72 R3P, (4) s
Wi 2 M PE M R 37 3L ISP4 Il B BD-Difco 23l 5
2T (00 22 76 B 1) 5 3% A0 1 ko) [ A4 85 5
B ESMPY, HLEER R EFMPY,
1.1.3  E¥RFBRR

ASCHT BRI 1, BRI 2,
1.1.4 3|4

ARSI LR 3 (B 15 38 R A

Wi AR A B Fl L)
1.2 EFEFEMNREMES R RNASE
1.2.1 N. candida HMC10" 2 X ¢H DNA Y32 BY

BRI WA T R3 R 57 5,
30 °C i fbKi 3 7d J5, BUE R FF TSBY )
s g, FEEREREIKT 30 °C. 220 r/min
TSR 3 do WERIA)S, A 10 mL TE 22
YR PE 1 WOFE R, IMAZWEE R 1 mg/mL
PR, T 37 °CE 1.5 ho FIMAZLKRE
1%y SDS ML E N 0.2 mg/mL 1Y 2 i
K, F 55°C KiHi%ES 3 h, FAEKE 1.5 h B0
A 2 mL 5 mol/L NaCl #1 1.5 mL 10% CTAB. [i]
PR R A R A T - A - S G (25:24: 1)
22 WHh$E DNA, FIFHSARBUTNEEF 1/10
RFLAY 3 mol/L NaOAc ULIEFE R4, #k B ITiEny
KH B DNA, A 710%ZBEEE VM 2k, T
5 FJCRK R, i )e T-30 °C IRAEFF .
1.2.2 EFEHERYS EIL

FIH Frameplot 1 BLAST 43 B 45 4: ik — 4
S as, R Hind IF EcoR V XUEEY], A]
Al & e s BL N7 /) DNA H Bt nonc-cluster,
29 25.6 kb, HU 10 pg (.5 DNA S, 4391
A 3 uL ¥ Hind IIIF1 EcoR V , 4 ZE 50 uL
J&, T 37 °C AR ETPEEY) 2 he BEYIERUS,
FIHZ RS NEER 1/10 RFLE 3 mol/L
NaOAc ULUESE R4 ML EFY =, 28 75% 1%
Ve TS, R TR, PG E
h 2 683.5 ng/ul L E4L DNA RS o
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Table 1 Properties and sources of strains used in this study

Strains Genotype/description References
Escherichia coli DH10B lacZ, recA, AM15 Invitrogen
Escherichia coli GB05-dir RecET mediated linear-linear recombination system [25]
Escherichia coli GB08 Redaf mediated linear-circular recombination system [26]
Escherichia coli ET12567/pUZ8002  recE, dem ™, dam”, hsdS, Cm", Tet", Str', Km" [27]
Streptomyces albus J1074 Chassis strain used for heterologous expression [28]
Streptomyces coelicolor M1252 Strain M 1152 with two artificial @C31-attB sites, dact, Ared, Acpk, [29]

dcda, rpoB [C1298T]
Streptomyces coelicolor M1452 Strain M 1152 with four artificial @C31-attB sites, dact, Ared, [29]

Acpk, Acda, rpoB [C1298T]
Streptomyces lividans LJ1018 Strain LI101::/mrA,,::mdfA ., :nusG::afsR . :afsSe, [30]
Streptomyces lividans 1326 Chassis strain used for heterologous expression [31]
Saccharopolyspora erythraea Derivative of SLQ185 with deletion of the pke cluster [32]

LJ161

Bacillus subtilis 168
Staphylococcus aureus

SG511

Micrococcus luteus NCTC 2665
Escherichia coli K-12

Indicator strain used for bioassay

Indicator strain used for bioassay

Indicator strain used for bioassay

Indicator strain used for bioassay

Lab preservation

Lab preservation

Lab preservation

Lab preservation

Pseudomonas aeruginosa Indicator strain used for bioassay Lab preservation
ATCC 29853

Candida albicans AKU 4596 Indicator strain used for bioassay Lab preservation
Nonomuraea candida HMC10" Wild-type Lab preservation
HSTO06 S. albus J1074 containing pJQK653 This work
HSTO07 S. lividans LJ1018 containing pJQK653 This work
HSTO08 S. lividans 1326 containing pJQK653 This work
HSTO09 S. coelicolor M1252 containing pJQK653 This work
HST10 S. coelicolor M1452 containing pJQK653 This work
HST11 Sac. erythraea LJ161 containing pJQK653 This work
HSTO06-control S. albus 11074 containing pSET152 This work
HSTO07-control S. lividans LJ1018 containing pSET152 This work
HSTO08-control S. lividans 1326 containing pSET152 This work
HST09-control S. coelicolor M1252 containing pSET152 This work
HST10-control S. coelicolor M1452 containing pSET152 This work
HST11-control Sac. erythraea LJ161 containing pSET152 This work

*®2 BRI R HFFEFIRIR

Table 2 Plasmids and their properties and sources

Plasmids Genotype/description References
pBluescript SK (+) ColE, lacZ, bla, orifl [33]
pl5A-cm-ccdB ori(pl5A), chl, ccdB [25]
pSET152 attP, Int, oriT, aac(3)IV [34]
pJQK652 A pl5A-cm-ccdB based plasmid containing nonc-BGC This work
pJQK653 A pSET152 based plasmid containing nonc-BGC This work

http://journals.im.ac.cn/actamicrocn
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Table 3 PCR primers and their sequences

Primers Sequences (5'—3")

Usage

nonc-HA-p15A-1-F TATGCACCCTCTAGATGAGGTCGTGTGTTATGGAGATATCCCCAGCCC

p15A vector fragment

Gcececageccgectaatgageg

carrying the 80 bp

nonc-HA-p15A-1-R - GCATCCAACGAACATGAGGAAGGCTTGTGCTTCGAAGCTTAtctgaccteet target gene cluster

ggttatg

homology arm

nonc-HA-p15A-2-F TAAGCTTGCTGGACACCCGCTCGAAGCGGCATGCATATTTAGGGTGAT

ATGCACCCTCTAGATGAGG (Hind III)

nonc-HA-p15A-2-R TAAGCTTTCTGGGACACCCCCCCTCAGCCTGCCGGCGACGGCTCTGC

GCATCCAACGAACATGAGGA (Hind III)

nonc-pSET152-F

TTCCATGGTTAGCCCTCCCACACATAACCAGGAGGTCAGATgaagatccttt  Vector fragment with

gatcttttc
nonc-pSET152-R

gene cluster homology

CGCGGGAGCGCGTCCGAGGGCGCCCTCCGCCGAATATGAGTTTCGTT arms and conjugation

CATcgatctttgtagaaaccatc

nonc-MV-F AAGAGCGTGTGGTCGGCCA
nonc-MV-R TGTCCGCGCACCGGGCCAGA
Apr-F TTCGCATCCCGCCTCT

Apr-R CGCCTGCCAAATGTAAAGC

transfer element
Verification of
functional gene
Verification of

resistance gene

Underlined uppercase letters indicate homology arms, lowercase letters indicate vector fragments, and italic letters indicate

enzyme cleavage sites.

1.2.3 ERERTEI AR B HI&REEZN
g

TE W B 35 Hind TIIFN EcoR V Ab43-51]
HEHL 80 bp VE ARSI e [ . A5
%t nonc-HA-p15A-1-F/R, LA KL p15A-cm-
ccdB #EATES 1 IRYHE, R alifb 3815 1.9 kb
) PCR ¥ 3479 . LA WIS W) ksl ,
SI¥%F nonc-HA-p15A-2-F/R #4745 2 ¥k PCR
IR, FARATHREE N 49.7 ng/uL K545 80 bp
[ R IR PR AL 2K DNA F Bt R4 3.7 uL i
YIEUE B DNA FBE(10 pg). 4.0 pL 474 [H] 8
B2 1L 2R A p15A (200 ng). 1.3 L T4 DNA
R4 3 U/uL)Fil 2 pL 4 10x NEB buffer 2.1,
FEMKAME 2 20 pL AR . 425 °C i 1 h,
75 °C [ 20 min F1 50 °C % 30 min 52 B A
R R R, i 2 KA TR GBOS-dir
(G AL IR Z S A, KR A AR T S
GBOS5-dir /&2 4 A 1 mm BHEMT, @
T HLEEAL (B R 1 800 V) S AL FRoE i, 2 Nk

<l actamicro@im.ac.cn, & 010-64807516

PER BB, JFIRAT T 0.05% 58 % K 1 LB
BAR R b, F 37 oC §ipid G, Pz A
BT REDES T PCR B A OIS IE , i B bR A
RSN R SE I, IR BURL A 44 o pJQK 652,
1.24 EEBFRNAEE

20 BURL pJQK 652 fif /D4 5 5 A Wb 75 Y
Hoolt, WA TORL pSET152 AsAT, FIH
5145} nonc-pSET152-F/R #E4T PCR 44 [,
PATFIEH A BB 49 bp FUE .
GG LR (9 C31) . attP AL E (pC31) .
BT A 7 B 2 DU PR SE R A5 B # B T (ori Y
4.5 kb Z AR B FIFH A-Red RGN FRILANER
PEEARAR, WG R oo/ 4 3 B s iUk
o, R38R 4 D EE ARG R R
PAF IR & A A R B Afr R 2 Mt
K, @5 Pst 1 #0 Bgl 11 WUEGYIERE, 1% 5
VR Tk AL TR M B IE W, A 4% 4 pJQK653.
1.3 BEEERBMESFIIFIE

il 3k R A RS R BURL pJQK653
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X BR BT R pSET152 43 4l A KAt wi1a &
ET12567/pUZ8002 . Kigid % Jm, Lh 10%
LR, 8557 3 h, FIJCHL LB W 2 IRGEIR A
RLLSE 4 LBRbTAE R IFE R [, T TES %K
YRS 3 U5, 50 °C KIAFIL 10 min, FAIA
SEARTR I 2461 Pl A B 7R AL 0.01 mol/L 54k
5 F37°C FHiik 2.5h, PREIFREE, &
AiF SFM [EIASEFREE . T30 °C #53% 13-17 h
i, F# 50 pg/mL BTAFIEEZE f 40 pg/mL Z50E
PR A /KIEA TR, P 30°C BIER TR Sd A,
RSB T. 1 EohLa i 2 e, SR
ISP4 35553, T 35°C 5538 1520 h J5, IFAE
WEFIBANI R R M . RS TRINGE, BGaE
fi7F TSBY fEi3: 1-2 d, DL 2 XMRestEs1Y
nonc-MV-F/R #1 Apr-F/R #£17 PCR %ilE, #fiE#%5
T BRI A 2 R R EM ek
1.4 $#ESRHAVEFNRE

B UEE 0 A PR & 10 5 o LABE B2 T N
15 F 19 HST06 . HSTO7 . HST08 . HST09 . HST10
ML s Z A N 16 0 HST1, §REE5%
BF, LG TR 1 BBOBR b B o A - 3 ST i A B
FRAER M, TEERE SR P EE R SR 7 d =,
TS R BT Y SEML 1A% 35 251 30 °C 85
FRAR L L1 Z2 A TR R F B 6 i) ESM. [ 4415
FEHA 35 °C HiFfE. WhkAEKZERE, FIH
T TR 1 B R R T R A, T
A 20% 0 H B A E T, R IRG
IRA1IE T-30 °C R IRAR#E
1.5 SR AZEMERGIE

BERE A FRMERT R3 A RS [EASE SR
I, 2R 2 AR EFM BRI 8 A
A5 9 75 I FUAH IO A8 X TR AR 2 P T R A s 7
TSBY, 7£ 30 °C fHJFEIK LA # 220 r/min ik
S 1 dEIRBIRER T . L 1% (VD)
TG0 K65 Tl - Y 43 50 2 Pl 1 S 8 4 e I K 8 o O

J&, T 30°CHEFE 7d. REESERUE, H
AT figf 391 70 i1 AR 3% 3 R K JHC 3R T TR 22 1A ) Y
BAARFRZ A 0.5 cm?® /N, F HE st 42 B 77
Yy, HAANEE 30 min 5 AR R B AR U
BB IE WO S TS, A 1 mL R
fif, 22 0.22 pm PEAR L UEE B4 W HF HPLC
A1 UPLC-QTOF A5 53 BT ) & BEFE &t o
1.6 %AEFYINS S

TR ZE AR HST11 Sy R I RE, SR AT 50 mL
TSBY W IA$E IR, T 30 °C #R% 15 5% 2-3 d 4
9007 . BCH 10 L EFM [ 3538, T4
15 cmx15 cmx2 cm 5351 F 43 51548 50 mL,
56 MR TR FR L0 2% o RS, T 30 °C
EISR T do KRS, 10 L aif g
BRI ALHL 4 U, R R AR 5 AR AR R B S g
B A U= ERET MCL R 4 B kRS, 4351
B B 5 30% . 50%. 75%F1 100% FY A
WA 1 L AT R ey, Rkl 5 4 515
IR ZEAL 74 0.9 go FI ] 4k iy 38 5 4 25 i &5
A% RGEX R AiAE G AT R Al S LB,
JEHRAE 13 mg P4l AT 80%. ik, Fl
A HPLC #£ 280 nm AbAGM, DL 65%H .
0.4 mL/min Jis X S TRE 240 4 B alidl, A
ZHE 20 min Zb3R1S T 29 2 mg 4ifbAE b .
1.7 7% HPLC #1 UPLC-QTOF MS/MS
R 514

AWFFERF 150 mmx4.6 mm ., Fife 5 um )
Agilent Eclipse XDB-Cyg o ER: ;. HPLC il 45
2 DL 0.1%H /K i siAe A, LAk H BER i
A B, KN 0.4 mL/min, KK N
280 nm, #EAEEK 20 uL; 0-25 min, B AH L EL
5%—60%; 25-45 min, B M 60%—100%;
45-53 min, B M5 100%; 53-54 min, B A
di e 100%-5%; 54-60 min, B #H5 1 5%.
UPLC-QTOF ks, #EiE4 30 °C, B FEH

http://journals.im.ac.cn/actamicrocn
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HH, 5% 2% 25 - (electron spray ionization, ESI),
FALILEE 350 °C, Gl Ry 8 L/min; ik A
W% PR B2 782, HHYE RS 100-3 000
(m/z), “ZHEFEREBIE N 10, 25, 40, 60eV,
1.8 EZ AL noncaromin B4 45 1448

8 B4 ¥ {0 35 25 BR 11 (Staphylococcus  aureus
SG511). #H B ZEHFT B (Bacillus subtilis 168) .
B #% /\ B BRI (Micrococcus Iuteus NCTC 2665) .
B 288 B I B (Pseudomonas aeruginosa ATCC
29853) . KMFF# (Escherichia coli K-12)F1 {4,
&K (Candida albicans AKU 4596)3t 6 #k48 7~
W, BT LB A IR Ak, £ 37 °C B 3RiE
16 24 h J5 , B 200 pL 50 i JF 02 A0 20 2
LI 40 mL [EARIREE LB SEMRA, 5
PR T IE R SR ML o K0 B A R AT 10 4l i
noncaromin LA 65% M BEIS M, ARASUREE 53500
2. 1., 0.5 mg/mL 7= YW, 4 31 100 pL
VA VRV 10 2 K TR AR AR O B T A T M R
SRR, T 37 cCEIRIGFRAE IE B R 24 h
J& . WREEAS[R] e BE T 7R P 8 2R/ o

2 BERXR504

2.1 NEEZEBK noncaromin & [X 7% iE
B5a9th
i antiSMASH A AP0, Fe A1 7e B

K G HMC10" 42 25 K 4H (genome sequence:
JOAG00000000.1) H % £ 7 — 4~ 11 A & & ik
(lasso peptide) s A= W) & Jl BE IR 2 A Sl F 9 %6
%o MR AZ O IR ZUSE R A AL R T, 2 3 R AR
AIREGIE T — D H Sigs M ER IR &Y,
HAZORR B 05 T 2 R o L s ik 43%, A A
TS50 h AT A DG M A I . 3 3
AT R, LR N B B RN
23.7 kb, 44 nonc-BGC. F|F] FramePlot™"
1 BLAST 3 it — 20 0B kB, i 3L R i 3
16 1~ ORF, M5 1 51 57 ERINE A
AR R A A5 3L K (noncAd) . 1T S IKEE B 4t
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Figure 1
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The biosynthetic gene cluster of noncaromin in N. candida HMC10".
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FIER TR . H4&H RecET B4 AL MK
E. coli GBOS5-dir 24, FrAb FRAT A 3R 2
I3 L AL T AR R (] 2A). s s
e, PRECR T EDEATR R, A nonc-

MV-F/R 5|#)%fif 3 PCR ik, #kidk By
veRE. A, RBOEM BN B, A
Pst 1 #1 Bgl 11 EgYISUE, K45 E6A 1Y H A5 B
i, 145N pJQK652 (¥ 2B).

#F 4 EZBK noncaromin & 4& B E E 7% H 44D & B Y TH BEFIUN
Table 4 Proposed functions of proteins encoded by nonc-BGC

Gene aa Proposed function Identity aa/% Accession No.
o 975 CsgD family transcriptional regulator 97 MBB6547160.1
P 58 Hypothetical protein B0I32 13224 73 PRX52274.1
E 800 Peptidase S8 and S53 86 SB095635.1
F 414 Peptidase S8 91 WP _185101844.1
G 405 Hypothetical protein BOI32 13221 90 PRX52271.1
H 867 S8 family serine peptidase 96 WP_148436427.1
A 42 Hypothetical protein HMPREF1486 02664 57 EPD94850.1
C 634 Asparagine synthase 47 RMI42804.1
B1 96 Coenzyme PQQ synthesis protein D (PqqD) 69 MBB6347668.1
B2 139 Transglutaminase superfamily protein 81 MBB6347667.1
J 1 044 Transcriptional activator of the SARP family 80 SEG88985.1
K 183 Hypothetical protein 77 WP_132603269.1
L 179 Hypothetical protein 78 WP 132632875.1
D 599 ABC transporter 81 KJK45081.1
M 125 S26 family signal peptidase 79 WP_109638471.1
N 404 Subtilase family protein 86 PRX69084.1
A (B)
25.6 kb
kb
nonc-BGC 23.7 kb
@RI S DES S e 00— 277 k)
a1l k! 1
Hin 3 $
+ £ EcoRV

wavo S
SOoOOoOo O

pIQK652
cem®  plSA

1.0

2 pJQKG652 i BYHI3E FnIE E

Pst1 & Bgl 1l

Figure 2 Construction and validation of pJQK652. A: cloning of nonc-BGC using ExoCET strategy; B:
enzymatic verification of pJQK652 by the digestion of Ps¢t I and Bgl 1I.
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Sac 1 BT — LBk, B € BEY) 500 5 U i

(A) cm®  pl5A

H w257t 56 S AHAF, UE B2 A 7 E 4] Sk (144
g, Ik pJQK653 (K 30).
24 HE£YEMERKFNFIERIE
HATESE T 5 DR RIRETE £(S. albus
J1074. S. lividans 1326, S. lividans 1LJ1018.
S. coelicolor M1252 1 S. coelicolor M1452)#l
1 ML K08 3 Sac. erythraea 1I161
XF T e R Y H AR R R AT Rk .l B A
A4 R pJQK653 43l A 6 A HARIKEL Rk
&, SRS %t Apr-F/R Fl nonc-MV-F/R i
7 PCR Bk, U 4 1Y HAR S5 4351k 474 bp
F1901 bp (K 4). e RIS IE M) IR FRIE I
A3l 44 R HSTO06 A-C (S. albus J1074::pJQK653)

®) ©

&
3 &

& Q
FF w W&

6.10
45kb 898

em®  pJQK653

4.00 3.33
3.00 3.03

2.16

1.57
1.24

2.00
1.50

1.00
0.80
0.85 0.75

0.65 0.53

0.50 0.47
0.40 0.36

0.30 0.29
0.20 0.25

it attP Apr® pl5A

3 pJQKG653 [FRL A 44 3 Fn G iE
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Figure 3 Construction and validation of pJQK®653. A: the construction of integrative plasmid pJQK653; B:
PCR recovery of 4.5 kb gene fragment; C: enzymatic verification for pJQK653 by Pst 1 and Sac I.

(A) kb Marker
+ — HSTO06
HSTO7
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500
400 =

Apr-F/R 474 bp

4 RIRFTIEERE PCR EIELER

HST11
ABCABCABCABCABCABC

(B) kb Marker
+ — HSTO06
HSTO7

HSTO08 HST10
HSTO09 HST11

ABCABCABCABCABCABC

nonc-MV-F/R 901 bp

Figure 4 PCR validation of the recombinant strains. A: PCR amplification results of apramycin resistance
gene; B: PCR amplification results of the target functional gene.
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HSTO07 A-C (S. lividans LJ1018::pJQK653) .HSTO08
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35 °C 4MFF ki 7 d%Y, Re ks G, DA
P P SR IBUR 7 ), R Y A R AL O
fr i DR ARG SR O AR i, B AT T S S AR
A PTG Hr S

L5 5 BRI T AR A B2 IERR
HHRGHEAT 3, HEIN 2 RE R g ) 1) Ak ]
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2024.8872
(A) 20 rNoncaromin B)
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2023.883 7
o~ 15} *
o -]
A 2025.889 6 é
Z 10
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5t 2045.864 1 2046.8656 =
< |2 047.867 4 é
I | 2048.872 6
ik I 1. fhc i Li43
2020 2030 2040 2050
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5 REEYINRNS SIS R

AE A — 1S HK(GYPLGDFPDSLYWYYW), H.
TESE 9 7 Asp 55 1 A Gly [a]38 13 5 ke A%
KN BEREIA . FF mMass 34504 P8 e b &
Py 0 3 38 CroaHi22025N s, JBEfuf Ly
m/z=2 023.890 1 [M+H]" . %X )5 , #] ] QTOF-ESI-
MS X ARAT B RE S EA TR, 25 BN, X R AR
(AR P BIAGFEEE R Y, m
HST06-HST11 #t 6 PRIEEASPR i BILETE BT fir Le
m/z=2 023.883 7 [M+H]" Fl m/z=2 045.864 1
[IM+Na]' 155 (& 5A), XE(E 5 5 H 4
T —8. Wik, OGS mah
noncaromin. {H4&, HPLC {4 j&i& BNz &4
A SRR A Erh g i A EE LA 5B).
2.6 BEFRFHIN R RIS E FE AN
TEICAE X 5 7 A 28 A8 TR vk HST 11 Ry & TR TR
PR, & RN T L B3RP iR A T 10 L EFM
RIS R B T R BE. (B Tk 8k
77 o KA, it REERREAH or 2 RIS A )
2 mg 4T 4 NMR G HT Bos it ik AN
FRE, FRATRI R 43 BRSO - B B ) QTOF
LC/MS il 4646 15 21 ) noncaromin (K] 6A), 3
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Figure 5 The results of detection and analysis of fermentation products. The results of QTOF-ESI-MS
analysis of fermentation products in heterologous expression strains (A) and HPLC analysis results of
fermentation products from strains HST11-control & HST11 (B).
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Figure 6 Structural identification of the lasso peptide noncaromin. The schematic diagram of the structure
of noncaromin (A) and MS/MS? spectra of noncaromin (B).
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Z=RKAER/NTF 10 ppm, 156 B 2% 1 G I £ e ]
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Wi %€ noncaromin A W)TE M, FRATTERXT
6 PG PEFE /N R (L35 G o A A A 3K e . i 2l
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SRR N P A R TR AR T A 3 R A3 A Y
AR B R 5L, L 65% H v i 4l Ak 15 30 i
noncaromin il B 3 ik BE B4 BCHEA T A P 1
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R 7 Fros, i8] noncaromin A 55 A PT
ik B ZE A TR T

3 winEE#

MAY KRR YRR Z—, HA
HIT AT 85 I5 AT TR AL 5 AR 1%, 358

&5 EZBK noncaromin B Z 4 FIEHT R EHE
Table 5 MS/MS spectra data of noncaromin

Ton Calc./Da Obs./Da
M+Na 20458721 2045.864 1 -3.9
M+H  2023.890 1 2 023.883 7 -3.2
bl5 1 819.800 3 1819.777 2 -12.7
bl4 1 656.736 9 1 656.746 0 5.5
bl3 1493.673 6 1 493.669 6 -2.7
bl2 1307.594 3 1307.588 2 —4.7
bll 1144.5310 1144.522 1 -7.8
b10 1031.446 9 1031.4403 —6.4

Error/ppm

yl 205.097 2 205.092 9 -21.0
y2 368.160 5 368.159 1 -3.8
y4 717.303 1 717.290 2 —-18.0
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Figure 7 Inhibition activity against Bacillus subtilis
168 of noncaromin.
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