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Abstract: Staphylococcus aureus is a pathogenic bacterium responsible for food-borne infections. The overuse of
antibiotics has led to a lack of effective pharmacological treatments for S. aureus infection. To identify candidate therapeutic
agents, the metabolic potential and active components of Streptomyces strain TRM 74023 were analyzed. Metabolic potential was
comprehensively assessed based on a genomic analysis, and antibacterial activity was analyzed by adopting S. aureus as the target
bacterium. Biologically active secondary metabolites were obtained through modern techniques for isolation, purification, and
identification. The bacterium had a genome size of 6 885 644 bp and a G+C content of 72.24%. The average nucleotide identity
(ANI), DNA-DNA hybridization (DDH) values, and phylogenetic analysis collectively suggested that TRM74023 is a novel species.
In total, 29 natural product biosynthetic gene clusters and three resistance genes were found in Streptomyces strain TRM74023.
Two monomeric compounds were isolated based on an antibacterial activity analysis and were identified as actinolactomycin and
6-methylnicotinic acid. Actinolactomycin (1 mg-mL™) exhibited strong activity against S. aureus, with an inhibition zone diameter

5130k

KRS, A8, 01 P, 45 58 25 T TRM 74023 ) 22 [R5 3 B B HAM B8 A (0] BAX £ i FH2,2026,42(2):77-85.

LIU Chaowen, CHEN Yihuang, LIU Yang, et al. Streptomyces strain TRM74023: gene cluster analysis and antibacterial
activity [J]. Modern Food Science and Technology, 2026, 42(2): 77-85.

WS EEA: 2024-10-04 ; 1EEIHHA: 2025-02-27 ; #EFHHEA: 2025-03-04

E¢H: EREARFESIE (323600000 ; “FEZA” SEFETE (2022-XBONXZ019) ; BEAAFERMEEBE LW (TDZKZD202202) ;
EAMREHEWFIHTRITE (BTYIXM-2024-K20)

E&E . X3 (2000-), 5B, MEMTE, ARAE: BEPYSFEYF, E-mail: 2257373369@qq.com

BIREE: TBEE (1982-), %, H+, T, ARAE: BEPHFEYF, E-mail: xxluod15@163.com

71




MR B

Modern Food Science and Technology

2026, Vol.42, No.2

of 21.40 mm and MIC and MBC values of 1x10”° mg-mL™" and 1x10” mg-mL", respectively. Significant antibacterial effects

were detected against Enterococcus faecalis, Acinetobacter baumannii, and Erwinia amylovora. In summary, Streptomyces strain

TRM74023 demonstrated substantial metabolic potential, and actinolactomycin isolated from the bacterium exhibited strong

antibacterial effects against S. aureus. These results can serve as a scientific basis for the development of drugs to prevent and control

food-borne pathogenic bacteria, such as S. aureus.
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Fig.2 Analysis of antibiotic biosynthesis gene clusters based on TRM 74023 and its similar strains
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Table 1 Resistance scanning of strain TRM74023 based on comprehensive antibiotic resistance database

RGI 4 A F Ll A AT ot AR B Rk EEEF i 25 AL —EUE /%
Strict HelR protein homolog model helicase-like RNA pol?/merase rifamycin antibiotic antibiotic t arget 74.48
protection protein protection
Strict N{)cgrdla protein homolog model rifampin monooxygenase  rifamycin antibiotic . antlblot} N 71.94
farcinica rox inactivation
Strict qacl protein homolog model small multidrug resistance ~ disinfecting agents antibiotic efflux 38.83

(SMR) antibiotic efflux pump

and antiseptics
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PR RS LA e 2 B R, ARt R A
R R R R B AR 2T U B B2 i o), 9T
i 24 35 R T 4R 208 P2k MR g bR R .
B, HERY R R AN SRR, R A B
Pt R AR T BRI EAR, R—k
DA 8 R EPiA R T A P42 408 7 3 i ok
W, R TR PUE R R AT E R
T, TAEETE TRM74023 FRINAG FIAE TRk 3L,
KRR ATEE T PR F M FER, A BRI H
PP R

22 ETIAAR B A AR A TRMT74023 % 4
i /E 4

JE R TRM74023 %) S aureus 53135 B B 9
S HERIE LAY, AT TOR KA & R B A
Y, A FRE A A A B AT 5, Th A e alifh
BRI A BAKIL A Y TRM74023-1. TRM74023-2, H:
HEE R TRM74023 FHEEPI R 2 2 451 222 3,
I NMR b, 53R

TRM74023-1 : H ¥ K, REEKRTEERS
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F10.01 mg, M 4a. 4b &, tbkEWEH%E N H
NMR(500 MHz,DMSO), 2.52 (1H,m,H-2), 4.02 (1H, g,
H-4), 1.64~1.92 (2H, m, H-5), 1.51~1.99 (2H, m, H-6),
3.87 (1H, H-7), 1.76~1.77 (2H, H-8), 4.96 (1H, H-9),
1.10 (1H, d, 3-CH;), 1.24 (1H, d, 9-CH;). “C NMR (125
MHz, CDCly). 174.21 (C-2), 45.23 (d, C-3), 80.05 (d,
C-4), 28.13 (t,C-5), 31.39 (t,C-6), 76.74 (d,C-7),
4230 (,C-8),69.06 (d, C-9),12.82 (qg,3-CH;),20.49 (q,
9-CHy)o I SCHRET BRI, 24 &5 40as i SCRk )
HP, %E IR B % (Actinolactomycin)  #1 & 4c
B, TERLLRT e va I, %A P Re S 0
DNA & A1 RNA )5 o

=501

—:H=10:1 =301 TH=201 | iH=1
3 E#k TRM74023 1R K E BISEREN &4
Fig.3 Thin-layer chromatography (TLC) and silica

gel chromatography conditions for the crude extract of

strain TRM74023

TRM 74023-2 : H 45 &b oK, e % 28 KT %
5 13 820 mg, A F K, 4 7 XN CHNO,,
R B 4d. de, 1b & W45 % 5 N 'H NMR(500
MHz,CD3Cl;) : d 11.09(1H,s,1-COOH,2-OH),
7~7.38(1H,t,4-H) ; 6.89(1H. d. 5-H) ; 6.79 (1H, d,
J=7.32Hz, 6H), 2.65(3H, s, 3CH3). " C NMR(125
MHz, CD3Cly), d175.86 (COOH), 163.39 (C-2),
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142.39 (C-6), 135.04 (C-4), 122.81 (C-5), 115.46 c. TEEOZ 111000
(C-3),110.45 (C-1),23.70 (CHy). 2% [ SCHk KR I, i ;%830
AL AW S CERIRGE A — B, S A E L E 15 000
A 6- H FE MR (6-Methylnicotinic-acid), 5% gggg Z
WA Af FToR . 6- HER R A O & A B 5 501 2- F 2 2000 E
JE B 10 b ) s, 12 65 R4 25 (NSAIDs) & | 2 000
i (Etoricoxib) MBI, £ )& LM | ) 000
\/: L 1 1 g 1 -
Ei#LL° 14 13 12 11 10 1000

-174.21
80.05
76.34
69.06

76.74

74023-1_'C
NMR of 74023-1
in CDCI,

17950
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'H NMR of 74023-2
in CDCI,

-174.94
-16339
-142.39
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-~115.46
~110.45
76.46
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4 BT EIRE# TRM74023 Bk &MEHRNETE
Fig.4 Identification of the monomeric compound structure of the
strain TRM74023 based on nuclear magnetic resonance

E: a: TRM74023-1 49 "C NMR #H; b: TRM74023-1 #)
'H NMR # B ; ¢c: TRM74023-1 ¢4 & #) % % ; d : TRM74023-2
4 "C NMR # B ; e: TRM74023-2 49 '"H NMR # H; f:
TRM74023-2 #9455,

2.3 HFH AR X TRM74023 % 3 7= 4 7%
T

PL S. aureus N ¥E bR, X TRM74023 3F 47 15 HU ik
PEVPAT . WTFRAE RAEW], ToEIEAC A I B &K BN
1 mg'mL" ffJ Actinolactomycin 1] /%4 d=21.40+1.20 mm
PIFNEE e, HAEPT S, aureus BAEUFFIFEDUETE, 4%
Wl s fros. SRAFEFERJTE, 11 6-Methylnicotinic-acid
FEIEATIG 1 52560 h AR R I XS S, aureus A HEHIIEME

5 MAREENE R BHEKRANEIENE
Fig.5 Antagonistic activity of compound actinolactomycin
against S. aureus
E: CK ARKA BT B Z AR 1. 2423 HIEA
J #E3% 1 mg-mL™" Actinolactomycin ¥ B4 49 523040
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R 2 EFAAAEXActinolactomycinFTE i & E
Table 2 Determination of the antibacterial spectrum of

actinolactomycin based on two methods

Ja B 4 AR JELE A % /mm 473L7% /mm
E. faecalis 23.90 £0.25 26.68 £ 0.68
P. aeruginosa 15.65+0.85 16.65 £ 1.00
E. coli — —
K. pneumonia — —
A. baumannii 13.88 +0.73 19.65+0.86
S. enterica 6.89 +£0.55 —
S. Castellani — —
E. amylovora 15.43 £0.65 19.48 £0.24

C. albicans — —

E B PR RE 8RR 6 ARG IR R R Y
HZ r AREERT, RMBAFMHA “— &F.

M P A 7 32008 B e AT U 0 O, 45 5R
2, TRM74023 X} E. faecalis< A. baumannii E. amylovora
M P, aeruginosa FAT AN TEIE. 8L 96 FLHEN 2
MIC 2 1x10° mgmL ", IR & WHAT i Ai e J L7 A
K% IR MBC A 110 *mg'mL .

B T TRM74023 #if) O, HAEIAL S
29 AN RIRP= W6 AR RN 3 AN HvEERE, i A
AU W0 A] e B R AL S SRR TR, Do
PG RARME R . AW FE 1k N BRI 2 AR A2 3 2]
Xt S, aureus FIGTERIIE R, BER. 2RERM
BB RS NI R EY), A AR B 7
F PR AL RAR S BUG MR 808 A RIS, WG T
BERR R B 2 . RIS R
VEREAR B BEAT S BEAT I VEAL B 4 B, AR FHOE
UUBREE PR 7% 1) 07 U HARIB e e L B 3R E, 45
HRRFA . Fardl BARARSLERA, K
ANFE TR B TR HEAT 305 W) 3RAT 2 Bl WU ) NRPS-like.
PKS-like. T3PK3, Terpene. Siderophore 2 %Y ft] X i
P, L] PAAZ R 5E 2 5 ik &4

TE 2 HT IR SR IE b, M EE T M B
Bk TRM74023 $2 B AR 7 90 4 76 T 1 3 24 77 1 H
H & R S, 4> B I Actinolactomycin [A H: i 2
{1 0 e T8 A P T A% 52 O R, T AE A 5T R R IR
Actinolactomycin *f S. aureus. E. faecaliss A. baumannii
M E. amylovora 32 B tH B3R B 15 BUAE Al X Rk A
Actinolactomycin AN AE H1 0 J7 [0 B AW /1, W] g
BN — MR TR 254, T 2 M e Bow 1 51
AT . A H RTRIBT ERE, MR BIIESE &
W S. aureus =%} Actinolactomycin F= M 25 VE. SR,
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A E #P™, Actinolactomycin 38 i3 #11 #1] mTOR 15
SO BTSSR HIF-1o B AR B L RE. (=
A AT G 1 BEAREIN, A2 7 AR T 24 PR AT RE A
it T RE I B B S AR T, b X HIF-1a
A5, DL k8 Actinolactomycin HI/E . AR
SIS (N 21500, IRICI 2500, X SR T
[0S R O B 1 2 M O T 24 1 22 S, 9 i PR RV FH i
PRI . B bk TRM74023 RIFEE T Tl kKB, 2
R EEAL, AT RASEELOR B 7%, IF A 0o B
6-Methylnicotinic-acid.

3 #ip

A S5 DL v fr B T b R AR B g
i BE % 1 TRM74023 NREFLX 5, DI B A IR
P A BUR B S aureus BT, X H AT A S
J15r W AITE R A 4208 . FE T IR Ay, 25 R
B 77 B TRM74023 2 K 2H K /NN 6,885,644 bp, G+C
RN 7224%, HZRERNHARIMEGES, ok
KA E, 5T ANI{EE. DDH H{E A & 5
HE AL AR 43 A7 JL [F) 56 B TRM74023 18y — AN B f. il
id antiSMASH il 43 #1, TRM74023 #1 4 T 29 /™1
TEI R IR =AW & B R R AR AE, R G %
B 1, AFEIREREHUAER . WS
AR HEARRE 2K BT E 2K, Chloramphenicol. Hygromycin
A1 Leinamycin 55 3 73 & K % 55 O 50 14 2 2 K A& AH
LEEAS, RUTTRER A & RS T, Wk
TRM74023 5T S. aureus & VEHT, B 5r B H A
AR A W) Actinolactomycin Fl1 6-Methylnicotinic-acid,
A Actinolactomycin X S. aureus. E. faecalis.
A. baumannii S5 s 25 A0 RURA B3 B9 R ROCR .
g5 FRTA, Z0EFE R TRM 74023 W {E N6 S. aureus
R UE VR IR B ke T AR, B B E RAHE 7,
IR 53 B H ) 6-Actinolactomycin & 1 f5 P &M
T3 S5 TR T PR I DR R H 2 R 24 12 ]
FRALET AR TT &
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