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[Abstract] Objective To explore the antimicrobial activity of the bacteriocin (tentatively named garvicin LG6) se-
creted by Lactococcus garvieae (L. garvieae) SHAMU-LG6 against Staphylococcus aureus (S. aureus) of different
hemolytic phenotypes. Methods S. aureus isolated from clinical patients in a hospital of Anhui from 2021 to 2023
were collected. The hemolytic phenotypes of S. aureus were detected by three-point inoculation method. S. aureus
of different hemolytic phenotypes were further categorized into methicillin-sensitive S. aureus (MSSA) and methi-
cillin-resistant S. aureus (MRSA) according to antimicrobial susceptibility testing results. The antagonistic activity
of L. garvieae SHAMU-LG6 against S. aureus of different hemolytic phenotypes was assayed by Oxford cup me-
thod. The whole-genome sequencing of L. garvieae SHAMU-LG6 was performed. Biosynthetic gene cluster of gar-
vicin LG6 was searched by online databases antiSMASH 7. 0 and BAGEL4. Through macroporous resin adsorption,
ethanol gradient elution, rotary evaporation, and dried material reconstitution, antimicrobial activity of garvicin LG6

crude extract against S. aureus was detected by the inhibitory testing of Oxford cup method. Results L. garvieae
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SHAMU-LG6 could significantly antagonize MSSA and MRSA of different hemolytic phenotypes. Biosynthetic gene

cluster of garvicin LG6 was present on the chromosomal genome of L. garvieae SHAMU-LG6. The antimicrobial

activity of garvicin LLG6 secreted by a single colony or 6 mL fermentation fluid of L. garvieae SHAMU-LG6 were at

least equal to that of antibiotic disc of 30 pg cefoxitin. Conclusion Garvicin LG6 can efficiently kill MSSA and MR-

SA of different hemolytic phenotypes, and has the potential to be developed into a novel antimicrobial agent, which

has great prospects for clinical application.
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Figure 1  Antagonistic effect of L. garvieae SHAMU-LG6 against MSSA and MRSA of different hemolytic phenotypes
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Figure 2 Location of the garvicin LG6 biosynthetic gene cluster in the genome, NCBI alignment results, and functional gene

composition
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Figure 3 Validation of the antimicrobial activity of ethanol gradient elution and different doses garvicin LG6 crude extract

against S. aureus

3 itig

124 T HUE 2590 B AN G BT L 4 B 60 A
R T A2 A0 T I T TR 24 ) FDL IR B 028 2R 4t 1) XL
JE 7 S SO 25 1k R RS R AR ) R IR R AR
AL T 7 AR /N 7% 48 5 (small colony vari-
ants, SCVs)', S EARFEMRA L, SCVs B FR7E 1
BNGF A b AR K G, J0 (8 AR B R AR R
Vs Y S U O L. AR X R ek R — A
AR P SR A S PE S TR AR A A R AN
—EHRAE SCVs, 48 (04 % 3R £ 20 W o By
S U I 2R 5 S 400 B R B BT T 2 ) 2 8 T L
F 2SRRI B IR IR bR A 4y B £
Tl s i 2 700 <5 B €5 7 7 3K TR A L B AL AR
P BE At  JLAR T R STHP -t A — > 1 EE 1 3
SRASTH AR B T AL P AR . A PR A T ST A R B
7 5 LR ) SCHP T AR AH LE L 3582 STHP T8 #k A X
LA S B 0 U IR M L O [ O M N A ) TR

BLRE J7 o T ELA RO A A R T 2 1 S, A
[vi) 5 1 2 784 4 ¥ €00 7 4 BR TR 1) A7 76 R AL, AL
0T PRATIER G 36 97 00 A B M R0 B [ B
o — > [ i« 3ok 2 4 B 6,4 4 3K T XS T W] — o 40 T
RIBUEE R LR

B 5 A AR HEAR L 0 T O 5 R 52 L R G FL
BRI SHAMU-LG6 REf§ 7™ A — B % AN 7] 7 1 ¢ Y
4 00 7 25 K P LA AR R R TS MR RO . Bl
Jo R A% G FLBK I SHAMU-LGO ) 4 55 [ 41
W F FAE Y B 2= 0 BUE T — D B i &= R
Y& B I % 4 T R fim 44 4 garvicin LGO,
28 KA B W IR o6 B 2 e O . T e 7% 2 T o A e
T 2 ERGEYE AL, & B garvicin LG6 £ A7 4
T 700080 800 SR . (HAFIERE AR 4
B (0] 25 BR TR 1) I I e AR AT, DA R S A 6 H 4R
T 25 (MSSA 5; MRSA) , garvicin LG6 #5 & B
AR 5R BT PE 16 M. A% [RFLER A SHAMU-LG6 HiA4
W% B 6 mL & BRI 3 W garvicin LG6 B BT 14 1&
PEOETF 30 pg Sk AMIPE T 2504t . Bk, % IR FLER



¢« D28 o ':F'

TR P Ze & 2025 4E

S AB 24 B5 1

Chin J Infect Control Vol 24 No 1 Jan 2025

B SHAMU-LG6 K H 43 b 09 387 B 40 5 & garvicin
LGo B T \mE R E . AR 5 2
6 FH 98 JC 23 A 0 A e 50U AH 8 5 X garvicin
LGO ML &Y i — 20 43 5 alifb , S H Al s o 4 4
HL B 7 ST L R 22 D R P A5 U N ¢ O
@HFSE garvicin LG6 9 4% T AL 5 3l 2 25 A
Iy 3 Bt 2 B R 7 91 5 O 205 5 4 i PR AL O 45 L R
H N TR ARIEUE garvicin LG6 ) g A 5 P 2

25 L P id s garvicin LG6 BE 8 /& 8508 45 A Iﬁl?ﬁ
Il MSSA F1 MRSA , BA H & W08 BT R 259
AR 0 Ml PR I P ISR AR R

BB ATLATE T FAAF RS D RAF
BRI R A G A TP S HF R AR R A 2 FR B AT R
AT 6 35 F A B,

SERT W N E L ES T

(& % x ]
CUT A [ 40 S 25 00 . 4 [0 400 245 00 99 20142019 4R 40 7

Tt 2 M W R 45 (0] v R e s ol 24 3K 2021, 20(1)
30.

15—

China Antimicrobial Resistance Surveillance System. Antimi-

crobial resistance of bacteria: surveillance report from China
Antimicrobial Resistance Surveillance System in 2014 — 2019
[J]. Chinese Journal of Infection Control, 2021, 20(1); 15—
30.

(2] 4[R2 P TR 25 WD . 2020 48 4 [ 40 B I 245 W 4Rk 5 (1.
ALK I BE 2F 4 ik, 2022, 45(2): 122 —136.
China Antimicrobial Resistance Surveillance System. 2020 Na-
tional antimicrobial resistance surveillance report[ J]. Chinese
Journal of Laboratory Medicine, 2022, 45(2) .

[3] B, BRI FREEB-1 L 4 8 @ 4 Bk @[ Cl/ /5
ZSE T I R AE W) K2 B W 5 e S8 1518 S
Kb s EBMEDE2, 2015 61

Liao WZ. First discovery of reticulate g-hemolytic Staphylo-

122 - 136.

coccus aureus[ CJ//Proceedings of the Microbiology and Immu-

nology Forum of the 6th China Clinical Microbiology Confe-

rence. Changsha: Chinese Society for Microbiology, 2015:
61.

[4] Zhang HF, Zheng Y. Gao HS. et al. Identification and chara-

cterization of Staphylococcus aureus strains with an incomplete

hemolytic phenotype[J]. Front Cell Infect Microbiol, 2016,
6: 146.
(5] KB, Wi/JF. kbug, S5, R 582 i 3 A0 4 8 (0 4 % BK 1

rm%&ﬁﬁ%lfﬁéé%lﬂﬂﬁﬁﬁﬁ[]]. A I R GEE A
2016, 9(3): 236 — 242,

Lo]

(7]

[8]

[9]

[10]

[11]

[13]

[14]

[15]

[16]

Zheng Y, Xie XF, Du H, et al. Analysis of the hemolysin and
virulence-related genes of incomplete hemolysis Staphylococcus
aureus[ J]. Chinese Journal of Clinical Infectious Diseases,
2016, 9(3) :
BERRA . TR XU 0P B B (0 R 4 BRI TR VR R AR B HG X
BU R 259 0 B A B LT o R SR, 2016, 26(7)
312.

236 — 242.

Cui L.Q, Liang Y. Colony characteristics of double hemolytic
Staphylococcus aureus and its sensitivity analysis of antimicro-
bial agents[J]. China Health Care &. Nutrition, 2016, 26(7) :
312.

XN, =0, K8,
ik 5 24y U 1k

(9): 1921 -1923
Liu MQ, Lan Y. Cai M, et al.

AL O I 3P g
Grpr L], A e e ik g

> U 0 2 TR T 1Y T 9

ek, 2016, 26

Colony features and drug sus-
ceptibility of Staphylococcus aureus with double hemolytic
rings[J]. Chinese Journal of Nosocomiology, 2016, 26(9):
1921 - 1923,

Gao ML, Sang RR, Wang G, et al. Association of pvl gene
with incomplete hemolytic phenotype in clinical Staphylococcus
aureus[]]. Infect Drug Resist, 2019, 12;: 1649 — 1656.

R, 5, XN ER, . MIEMF SR EHARE B0 H
e e — B[], A RIS E ¥ 2K, 2018, 27(9): 1046 -
1049.

Liang Y, Lu Y, Liu YL, et al. A case of severe sepsis caused
by Staphylococcus aureus with double hemolytic rings[]].
Chinese Journal of Emergency Medicine, 2018, 27(9): 1046 —
1049.

Pérez VKC, Custodio DAC, Silva EMM, et al. Virulence fac-
tors and antimicrobial resistance in Staphylococcus aureus iso-
lated from bovine mastitis in Brazil[J]. Braz J Microbiol,
2020, 51(4):

Ling LL, Schneider T, Peoples AJ., et al.

2111 -2122.

A new antibiotic
kills pathogens without detectable resistance [ J]. Nature,
2015, 517(7535) : 455 — 459.

Imai Y, Meyer KJ, ITinishi A, et al. A new antibiotic selective-
ly kills Gram-negative pathogens []]. Nature, 2019, 576
(7787) .

Shukla R, Peoples AJ,

459 — 464.
Ludwig KC, et al. An antibiotic from
an uncultured bacterium binds to an immutable target[]].

Cell, 2023, 186(19) .
Alvarez-Sieiro P, Montalban-Lopez M, Mu DD, et al.

4059 — 4073. e27.
Bacterio-
cins of lactic acid bacteria: extending the family[J]. Appl Mi-

crobiol Biotechnol, 2016, 100(7):
Liu S, Deng SL, Liu HL, et al.

2939 = 2951.

Four novel leaderless bacterio-
cins, bacin A1, A2, A3, and A4 exhibit potent antimicrobial
and antibiofilm activities against methicillin-resistant Staphy-
lococcus aureus [ J ].  Microbiol Spectr, 2022, 10 (5);
e0094522,

Chen J, Zhou HY, Huang JB, et al. Virulence alterations in
Staphylococcus aureus upon treatment with the sub-inhibitory

concentrations of antibiotics[J]. J Adv Res, 2021, 31: 165 —



T [ R e AR AR 2025 4F 1 A 24 5 1

Chin J Infect Control Vol 24 No 1 Jan 2025

« 20 .

[17]

(18]

[19]

[20]

[21]

[22]

175.

Atalla H, Gyles C, Mallard B. Staphylococcus aureus small
colony variants (SCVs) and their role in disease[ J]. Anim
Health Res Rev, 2011, 12(1) . 33 — 45,

Moneib NA, Shibl AM. el-Said MA, et al. Macrolides induced
suppression of virulence factors produced by Staphylococcus
aureus[J]. ] Chemother, 1993, 5(5): 289 — 292,

Ohlsen K., Ziebuhr W, Koller KP, et al. Effects of subinhibi-
tory concentrations of antibiotics on alpha-toxin (hla) gene ex-
pression of methicillin-sensitive and methicillin-resistant
Staphylococcus aureus isolates[ J]. Antimicrob Agents Che-
mother, 1998, 42(11). 2817 — 2823.

Worlitzsch D, Kaygin H, Steinhuber A, et al. Effects of amoxi-
cillin, gentamicin, and moxifloxacin on the hemolytic activity
of Staphylococcus aureus in vitro and in vivolJ]. Antimicrob
Agents Chemother, 2001, 45(1): 196 — 202.

Kernodle DS, McGraw PA, Barg NL, et al. Growth of
Staphylococcus aureus with nafcillin in wvitro induces alpha-
toxin production and increases the lethal activity of sterile
broth filtrates in a murine model[ J]. J Infect Dis, 1995, 172
(2): 410 — 419,

Goerke C, Koller J, Wolz C. Ciprofloxacin and trimethoprim
cause phage induction and virulence modulation in Staphylo-
coccus aureus [ J]. Antimicrob Agents Chemother, 2006, 50

(1. 171 -177.

[23]

[24]

[25]

Rohmer C, Wolz C. The role of hlb-converting bacteriophages
in Staphylococcus aureus host adaption[ J]. Microb Physiol,
2021, 31(2): 109 - 122.

Wang JJ, Xu HT, Liu S, et al. Toyoncin, a novel leaderless
bacteriocin that is produced by bacillus toyonensis XIN-YC13
and specifically targets B. cereus and Listeria monocytogenes
[J]. Appl Environ Microbiol, 2021, 87(12): e0018521.
Zhang XF, Xin N, Zhu ZL, et al. Three novel leaderless bac-
teriocins have antimicrobial activity against Gram-positive bac-
teria to serve as promising food biopreservative[ J]. Microb

Cell Fact, 2022, 21(1) . 194.

RS 8 - 26 U0

A5 BN EMA S, E R, 5. Garvicin LG6 X A [6] I
L% 7 5 9 €6 7 % TR TR 4 BT RS M L. ol RS 4 o 2 3. 2025
24(1):23 —29. DOI: 10. 12138/j. issn. 1671 — 9638. 20256333.

Cite this article as: TANG Wei., WENG Shengnan., WANG

Yawu,

et al. Antimicrobial activity of garvicin LG6 against

Staphylococcus aureus of different hemolytic phenotypes[J]. Chin
J Infect Control, 2025, 24(1); 23 —29. DOI. 10. 12138/j. issn.

1671 = 9638. 20256333.



