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Discovery of a new nosiheptide-producing strain and its fermentation optimi-

zation for nosiheptide production

SUN Qihang®, XU Yuncong’, WU Lingrui, RONG Jiale, WANG Yanwen, CAO Yudan, LUO Chen, WU Xuri"
Department of Biochemistry, School of Life Science and Technology, China Pharmaceutical University, Nanjing 211198, China

Abstract Nosiheptide is a typical thiopeptide antibiotic displaying potent activity toward various drug-resistant
strains of Gram-positive pathogens. Although nosiheptide lacks in vivo activity, and good water-solubility with a
series of uncontrollable analogues, which may limit its clinical application, glycosylated analogues may overcome
problem of low activity and may improve its druggability. In search of novel glycosylated nosiheptide producers,
we applied a genome mining strategy that identified Actinoalloteichus sp. AHMU CJO21 that contains all genes
required. However, despite the presence of a predicted glycosyltransferase, glycosylated derivatives of
nosiheptide were not detected, after following one strain many compounds (OSMAC) strategy and heterologous
expression of a regulatory protein NocP. Nevertheless, nosiheptide produced by this strain was remarkably pure,
and further experiments were conducted to improve its production by optimization of the culture medium. Under
optimal conditions, 58. 73 mg/L. nosiheptide was produced, representing an almost 6-fold improvement compared
to the original fermentation medium. Therefore, we consider Actinoalloteichus sp. AHMU CJ021 a suitable
potential candidate for industrial production of nosiheptide, which provides the basis for solving the problem of
nosiheptide structural analogues.
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Table 1 AntiSMASH analysis of screened strains by genome mining
Organism Accession No. Predicted product Similarity/% Noc S1
Actinoalloteichus sp. AHMU CJO21 CP025990.1 nosiheptide 46 Yes
Streptomyces xantholiticus JCM 4863 NZ_BMWB01000001.1 nosiheptide 73 No
Micromonospora sp. MW-13 QKKX00000000.1 nosiheptide 18 No
Sireptomyces afghaniensis T72 AOPY00000000.1 nosiheptide 57 No
Actinoplanes xinjiangensis NZ_BONA01000001.1 nosiheptide 29 No

Table 2 Deduced functions of genes in the predicted glycosylated nosiheptide biosynthetic gene cluster of Actinoalloteichus sp. AHMU CJ021

Gene Accession No. Protein homolog Identity/% Proposed function
cgt1-86 AUS77074.1 NosP (ACR48345) 52.3 Pathway specific regulatory protein
cgt1-87 WP_017625644.1 NosA (ACR48330) 39.3 Hypothetical protein
cgt1-88 AUST77075.1 NosO (ACR48344) 72.9 Hypothetical protein
cgt1-89 AUST77076.1 NosN (ACR48343) 78.6 Radical SAM-dependent methyltransferase
cgt1-90 AUST7077.1 NosM (ACR48342) 74.4 Nosiheptide precursor peptide
cgt1-91 AUS77078.1 NosL (ACR48341) 56.7 Radical SAM-dependent protein
cgt1-92 AUS77079.1 NosK (ACR48340) 54.2 Hydrolase/acyltransferase
cgt1-93 AUS77080.1 NosI (ACR48338) 46.5 ATP-dependent synthetase or ligase
cgt1-94 AUS77081.1 NosH (ACR48337) 63.5 Hypothetical protein
cgt1-95 AUS77082.1 NosG (ACR48336) 46.3 Cyclodehydratase
cgt1-96 AUS77083.1 NosF (ACR48335) 53.9 Dehydrogenase
cgt1-97 AUS77084.1 NosE (ACR48334) 51.0 Dehydratase
cgt1-98 AUS77085.1 NosD (ACR48333) 64.0 Dehydratase
cgt1-99 AUS77086.1 NosC (ACR48332) 38.4 Cytochrome P450 protein

cgt1-100 AUS77088.1 NosB (ACR48331) 57.6 Cytochrome P450 protein
cgtl-101 WP_026420167 PNPOx (WP_026420167) 84.1 Pyridoxamine 5'-phosphate oxidase
cgt1-102 AUS77090.1 NocS1 (ADR0O1066) 43.3 Glycosyltransferase
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Figure 2 OSMAC strategy for the fermentation of Actinoalloteichus sp. AHMU CJ021
A: LC-MS chromatograms (UV detector) of the fermentation products from the different medium (i: SM27 ii: SM31, iii: SM25, iv: SM1, v: SM5 medium,

and vi: nosiheptide standard); B: Mass spectra. a: compound 1; b: nosiheptide standard
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Figure 3 Effects of NocP on fermentation extractive of Actinoalloteichus sp. AHMU CJ021 and S. actuosus ATCC 25421

A: HPLC analysis of fermentation produces from different recombinant strains (WT: Actinoalloteichus sp. AHMU CJ021 wild type strain, WT/

pSET152E: Control strains by integrating empty pSET152E vector into the chromosome of WT, pSET152E/nocP: Recombinant strain by integrating
pSET152E-nocP into the WT); B: HPLC analysis of fermentation extracts (i: S. actuosus ATCC 25421, ii: Actinoalloteichus sp. AHMU CJ021)

3.4 AEERIRIAR 4R B E S

AN ) B8 37 I A = 1 7 B R
SIS ARBETER AR R RS T ANl
WL T AL ER & FE R X Actinoalloteichus sp.
AHMU CJO21 3 P Ik 7= A 52 I o 161 4 32 1], 4 28
R AR TPl G U G R A R I 80 A A A AR L T
BRI A AR IR L KCL
3.5 JX T Plackett-Burman 52 3& e vey 5 & % 49 %
W Ak K BE 3 SR A AL

Plackett-Burman 52 562 9% F 8 & X 45 74
[N e ST A N E= 5% e DO NP b
7 36 3 5 SRS AT 11240 5 R 2 K Y
Plackett-Burman 5255 . 458 W7, 4 74 K1Y fe (1% ™

2 R 7 = 4 R 3,26 F159. 57 mg/L(F3) .
HA#EHHE(P <0.01) 4 WEF (P <0.05) FIfELE
PEIY) (P < 0. 05) XU P4 BRI ™= 5 A7 bl 25 5 M)
3 CCD XT PB 525 45 1 A 3 sy % bl o0
157 3P 5K T 20 2H 5250 00 45 ke 4.,
P B A 7R -
Y =55.579 - 4701 X A + 5.771 x B — 0.236 X
C - 0.15x AB + 0.275 x AC — 1.85 x

BC - 12.938 x A* - 10.181 x B* -
15431 x C?

oy R 1 P9 IR B9 77 5 (mg/L) , A\ B A1 C 43531
FEoN A NE A IR RN TR B U 17 R e v
(g/L)

K ANOVA P-4 CCD 7= A= By B R ) 4 F



730 ‘r @A B # X # 22 4l Journal of China Pharmaceutical University 2022,53(6):725 - 733 53 &
A B
10 25
.
o 8t 320
Ei E)
E:/ 6 E:/ 15 F
g 4t gl
z z
2 2t ﬂ z st
O 1 1 |—| 1 '_l 1 1 ) 0 - 1 | — | 1 1 — 1 | s | 1 I )
» o o o » N S N P ¢ o
%‘p& i \\700% ‘bd@% ‘7’\@% %\Q}Q z‘ﬁ\(}o z}*"\‘ 4 "‘QZ:D 6*"6 ¥ '\%&0 efi\oo D
& S £ E & S s $ R H
%o\o ¢ 3 F @v 4 S
C D
18 14
T ¥
~ 15t ~ 12r
g) ecb 10
E 1 |
5] o 8
T 9t =
5 5 6l
2 6l 2
8 g 4r
" 10 o0 0
0 PR e Y | L ) ) 0 ! 1 ) P e )
& 2 > » ¢ A& C\"/ Q\m Q\ o> O™ Q\'v
S b S & < < o @% & @Q? Qg, 8
Figure 4 Effects of nutritional factors on the production of nosiheptide (¥ + s,n = 3)
A: Effects of carbon sources; B: Effects of nitrogen sources; C: Effects of amino acids; D: Effects of inorganic salts
Table 3  Effects of variables on nosiheptide production using P-B design
Variables
Run Nosiheptide/(mg/L)
Glucose/(g/L) Yeast extract/(g/L) Beef extract/(g/L) KCl/(g/L) Tyr/ (g/L)
1 20 20 10 2 0.2 51.90
2 40 20 10 2 0.2 16.25
3 40 20 10 1 0.1 26.72
4 40 10 20 2 0.1 30.39
5 20 10 10 1 0.1 29.49
6 20 20 20 1 0.2 59.57
7 20 10 20 1 0.2 43.97
8 40 10 20 2 0.2 23.14
9 40 10 10 1 0.2 3.26
10 20 10 2 0.1 25.93
11 20 20 2 0.1 52.46
12 40 20 1 0.1 23.55

PE, RSN 0. 99 & Bz A5 7Y (1% 45 1 0T 5 B M 99%
oA AH 56 28006 10 Pred R?(0.98) L Adj R*(0.94)
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[ P < 0.001, 2B BRI E 5o 404 b oA 8 3%
Mo BT RIES A G228 X, W A (A) |
AR (B) DL S BB U (C) iE4T F RS . 40

W15 7 2 2 8 A2 TRR R B Al 25 R e PR R
FI7 RN (P < 0.001) o TERESEIBCH -F- D7 800 €
(P<0.001) HA &M, M2 H2H AB AC . BC 1Y
W E AN WY, 7 [E 5 AR T L2
W, H AW A AR B R B B 2 52 T i 7 IR
FEA I EE R R, X T Actinoalloteichus sp. AHMU
CJO21 VA VE IR A 7 A= A EE B
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Table 4 Experimental design and results of central composite design

Run Glucose/(g/L) Beef extract/(g/L.) Yeast extract/(g/L.) Nosiheptide/ (mg/L)
Observed Predicated
1 20 15 25 20.13 17.15
2 30 20 20 55.94 55.58
3 40 15 15 7.31 4.82
4 30 20 20 58.12 55.58
5 20 25 25 25.38 25.29
6 30 20 20 51.89 55.58
7 20 15 15 14.72 14.47
8 40 25 15 19.35 19.76
9 40 15 25 9.17 8.60
10 30 20 6.3 11.01 12.33
11 30 20 20 56.67 55.58
12 30 20 20 55.03 55.58
13 30 20 33.6 9.22 11.54
14 30 20 20 56.51 55.58
15 40 25 25 18.48 16.14
16 9.6 20 20 9.27 11.08
17 50.4 6.3 20 14.59 17.08
18 20 25 15 32.04 30.01
19 9.6 20 20 24.98 26.89
20 30 33.6 20 35.25 36.49
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Figure 5 Response surface plots for optimized nosiheptide production

A: Glucose and beef extract and their interactive effects; B: Glucose and yeast extract and their interactive effects; C: Effects of beef extract and yeast
extract and their interactive effects
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