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Lactococcus lactis CJNU 3001
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Abstract

This study sought to confirm the inhibitory ability of Clostridioides ditficile KCTC
5009 strain using the bacteriocin-producing Lacrococcus lactis CJNU 3001 strain.
For this purpose, bacterial culture and partially purified bacteriocin verified the
antibacterial activity against C. difficile strain. As a result, both samples showed
strong antibacterial activity against the target strain. Co-culture tests were
performed to more closely analyze the competition between the two strains. As a
result, a similar inhibitory effect was confirmed in RCM broth and CMM (colon
model medium) broth. In particular, inhibition of C. difficile KCTC 5009 strain was
not observed until the exponential phase of the growth of Z. /actis CJNU 3001 strain,
because bacteriocins were produced during that period. It was inferred that it
actively suppressed the growth of the target strain after that. Therefore, as it was
proven that the bacteriocin-producing . /factis CJNU 3001 strain can effectively
control C. difficile strain in co-cultures, it was judged that it could be an alternative
for CDI (Clostridioides ditficile infection) treatment.
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M E

Clostridioides difficile® TS, A 373, B7144 1RFC= b} 529 A3 1 2ol e
B3 =]o] QItiCzepie et al, 2019). CDI (Clostridioides difficile infectiony= C. difficilel 2J3t
AAF o= ol 749 Anigt AAE i 2 tiE8371A] gt S ERItHOwens, 2007).
29 CDI= A ARE A8 0= Zdsk=t] o|& Qs 44l U #Fo] TH=i C
difficile ZA2] Wol7} P ejo] o] 59| FAl Rt Aktories er al, 2017). FA| Hizntol4l
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(vancomycin)& CDI X|g°] 310|901} vl-g £A| @ vt}
oAl WA A(VRE, vancomycin-resistance enterococci)®]
kit 082 YEZUTEmetronidazole)°] 12} ARAZ AREE]
I SItKMusher, 2005). =4 A4 CDIY A 484 A=
A go] 52 FFS Ho|il(van Nood er a/, 2013) CDI ¥HE
9] 37l wet ALEE F7Ioks FAloltKBakken er al,
2011). CDI 7] o] A=H & ] oF 19~20%°14
o] At Aoz YeH(Aslam er al, 2005), AL st
S o= A TS X3} 2 ) 44.8%= HERdT
(McFarlandet et al, 2002).

F|Zol= olfgt A4 CDIE A=s7| flote] Erol4(fecal
microbiota transplantation; FMT) Al&o] &85 1 Qi 4
A1 7Rt AFRFe] T S SAoIAl =UTo=H u)
B MY 715E Stk AS UetHBénard et al,
2022). AA EH0lA] Al A|FRE SEAR] 7-9- oF 90%ollA A
= FI8 Hol1l QltiHvas er al, 2019). SFARE 11 Al&2] A}
7t QE|EA] P2 v A EEo] SHER] 2L AR A
T GojRtiMerrick ef al, 2020). ESH A712Q1 oA H
Zhgo]| gt gH4ilo] gl 7152 AE 4 W 5ol ohek e
gk 71 AAZE FAste] ERio]4|o] £-8/3E o=t Wynn
et al, 2023).

T2 CDI A& SlojA A= o] Easitt vz e
Al(Bacteriocin) AJAF GAMH Z2Hl]QEIAT CDI A|2E 95t
ticto] & 4= . vH|E] A1 TR vhe|2]ofele] FAollA] S
AE Hst7] ol delgjol2 R EH|E= A9 gt Heto]
E(Flayaraja et al, 20142, Tild 7B ga o] o5 A
HofElo] Q1A Zdo] flom pHeF Fofl thetk QFdAde] w2 &
A& 7HAL QtHLee, 1999). & A= APATolA HHE2 L
Al AAto] Bl x| 39 Lacrococcus lactis CJNU 3001
w5 B8 C difficiled 5] AO1RIE AF0AAL skt
(Yang and Moon, 2018).
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g o
2 Aol AREE HE2 Al AL ARSI L. Jactis CINU
3001 #F= ARBATolM HAERE EEAKYang and
Moon, 2018). L. /actis CJ]NU 3001 ¥+ MRS(de Man,
Rogosa and Sharpe; BD, Sparks, MD, USA) brothof|A %]
HioFslITt. C difficile KCTC 5009 @5+t SH=A3g5atd+
AEAAE (Korean Collection for Type Cultures; KCTC)Z

>

M

5//%
)
“}@ﬁ

2
Kstage”

HE Eof wol ARE31 9HRCM(Reinforced  Clostridial
Medium; BD) brotholAl @714 0= wjekstict. A7 [aiFAAl
X Don Whitley Scientific ABingley, UK)2IDG250 R
ARSI

C. difficile @ZF0| CHgt L. /actis #F20| g &M

C. difficile KCTC 5009 =]l ®fet L. /actis CINU 3001 w5
9] gt B3 gRIskr] flste] g4 (Daeschel, 1992)&
o] 85Tt &, RCM ILAMRA] Hof| L. Jactis CJNU 3001 =
HiFR 2 uIE FHsto] @712l 7oA 37°C, 12417 B
S I 99l C difficile KCTC 5009 w5 vjbo] 2% H5H
RCM soft agar(1.2% agar, w/v) 6 mLE &1L §7|2Q] A
A37C, 24A17E Bijget & =Y FHof AsAste] F4=%l

=X Folslgich

= 3 d

g2 2&2 M 2 A Y

L. lactis CJNU 3001 w57} AYitshs Hlee] eAlo] RagAls
P34 obAlE FEH(Chung er al, 2011)Z L5 F7dsto] AL
SHIrt &, o Bl YAHEEEC, 7,155 g 10D & A
A 3l5510] NaOHE pHE 7.092 2% 3 At o5ty
THO.22 #m membrane filter; Agela Technologies, Tianjin,
China). °[§ 27X T A9 Hatseol| Feotal opAlE
(& @ oIE=1:3)2 7Tt o] % —20°CellAf 3417t 5<% A
SHAA 304 7HA 0 R o] Itk ol5 AARF(E°C, 9,000 g,
208)% & E£849 S5 leoto] ool dEs F
Al B Al -GHOZ ARESIGIH.

F2 A HEE A9 B S4e fIste] 4719 ik
< olg3IHY RS DAFCR 2ui4 SISt & ¢ difficile
KCTC 5009 w57} 5% 2AIA] #4efl 2 plAS HAstA L
™ F7EFIA oA S RS K SPstSiT. HEE] A4 B4
2 9] EAU/mL)E AREsto] Ueflon ol= ABSAlsig
Hol= o 3)Aularo] A5 Fskal 1 mLof| it EiHAIG(500)
£ I3t #oltiDaeschel, 1992).

HE AAE 2|49 ¢ difficile KCTC 5009 w50l digt
Tt A8 WS FRlst] fIste] 1/10 RCM HAEA| (Y4 Q1
A AgEe] 10%%t 7hell st vkt € difficile KCTC
5009 5 1% FFshL 42 #Fs= 2.5, 5.0 AU/mLe| =
g2 24l G4 H7Istoirt. olE F7HIFAICNA HiekotHA]
BARCE(0, 3, 6ARD BetE S7Fsch

[r
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L. lactis @8} C. difficile 52 7Y

L. lactis CJNU 3001 #52} C. difficile KCTC 5009 w59
RS E4517] 9st] RCM broth®t CMM(colon model
medium) brothE ArE5F3TE. CMM broth+ Day-Walsh ¢
He 48 HAste] AxotAtHDay-Walsh er al, 2021). &,
254 1 L 7|&°& peptone water 2 g, yeast extract 2 g,
NaCl 0.1 g, K;HPO4 0.04 g, KH,PO4 0.04 g, MgSO47H,0
0.01 g, CaCl,2H,00.01 g, NaHCOs2 g, Tween 80 2 ml,
Vitamin K; 10 gL, cysteine'HCl 0.5 g, Bile salts 0.5 g,
Hemin 0.02 g, glucose 10 go] EsF=|Qith. Z1Z7o] w5 vfjofole
P2 23] AJ23E & RCM broth® CMM broth 5 mLel|l 1%
H S FEsId) o 37T oA F7uldstHA FAIH =0,
3, 6,9, 12, 18, 247D Bet=E S35k L. Jactis CINU
3001 HFFAHER 2= MRS ZAMIAIE AR C difficile
KCTC 5009 «#5:9] AEijz]z= RCM ARl YA
D-Cycloserine(Sigma-Aldrich, St. Louis, MO, USA) 250 ug

/mL, Cefoxitin sodium salt(Sigma-Aldrich) 8 yg/mLE %7}
St} ARSI

SHXE

=20 7led BE AY 33 sHEA R gl B+
FHAE YERHOH, SPSS ver. 25(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA)S SAEA]
oottt LUEAREA (one-way ANOVA)2E o1& AT
oF9.0H, Tukey HSD(p<0.05)Z AFFA7g5}ict.

C. difficile X0 thst L. Jfactis #3o| &td &M

L. lactis CJNU 3001 #5=9] C. difficile KCTC 5009 5]
oist JrEAdS shdEkibog SRIsH A, L. Jactis CINU
3001 o= EF2Y FHOA 7S ABSAs o] Vel L. actis
CJNU 3001 w7} A4bsle= dhe|e]Alof ofst gkl Aoz
FA=AKFig. 14). L. lactis GJNU 3001 w5+ dig|g] oAl 9
o= ZARS AA5H| W] Al ofgt A= WiAIE = QA
Tk gubH oz Alof gt A= A FEo] 53Igt EAS et
WrHan and Moon, 2020). T3+ B8 AAE uHe|g] QA1 %

A5t Aol YEAshgto] FokA Uty C difficile KCTC
5009 <= L. Jactis CJNU 3001 #57+ AAbsh= w2 41

58 | https://doi.org/10.35732/ctlabp.2024.10.1.56

0= - Z0f1El - OlRfS - =71

Fig. 1. Antimicrobial activity of Lactococcus lactis CIJNU 3001
against Clostridioides difficile KCTC 5009. A: bacterial culture; B:
partially purified bacteriocin.

of W% Ao& FolxQtkFig. 1B).

HiEZ|A BEE HA & S I

L. lactis CJNU 3001 #5245 E A== deeils FE2 4
A7) flaiA oplE FEHE ol 8stgleH & U & REst
A} F7500A BtelE] 41 E4do] ERI=QIch T3 B 2.4l
HE AN TS 5799 23} 8,000 AU/mLE HErST. °]
£ 018310 1. Jactis CJNU 3001 w57} AkSH= Hig2] 2.419]
C. difficile KCTC 5009 w=ol| gt H2hg F2 gRigt 2
I} A7) B bacteriocidal action mode)& YERNSILE &, Ht
HE Al F7HEY] A9 BAIFCR(0, 3, 6AIKY C difticile
KCTC 5009 w9 #4+= 27t 6.22, 6.82 97.20 log
CFU/mL& 373t ¥Hd, 2] 4l 2.5 AU/mL H7HE9] 4%
¥+ 6.21, 5.54 @ 5.69 log CFU/mLE VERQLY, 2] A4l
5.0 AU/mL 37Ht9] 3¢ 242 6.21, 456 2 4.09 log
CFU/mLE Yeto] soed i vt SRk Fig.
2). dulAgo] A3} 10 AU/mL ool ARZEAS uf A1 A1
g o] AEEA LtHdata not shown). ©1= L. /actis
CJNU 3001 w7} A4kslke= Bhe|e]Alo] ¢ difficile KCTC
5009 w5 tioto] =8t Pt S VeSS ERIT 4= Tt

L. lactis XL C. difficile #52| 23

RCM AR & #55 BAAZ B3, L Jactis CINU
3001 w59 A% 0-6AIRHA| MIEA] F21(4.91 — 8.65 log
CFU/mL)& o1 o]F SA=E F& Bk ¥, C difficile
KCTC 5009 #5+9] 4% 0-6AZ7HA] qtst S4]45(6.02 —
8.00 log CFU/mL)}E Eoltk7} 9A17K7.94 log CFU/mL)7HA] A8
#5571 GAE 3 o]% FEEE A4S YRS B on 184]
ZF olFolli= Batsr gRlo] EIelGitKFig. 3). Ol L lactis
CINU 3001 #9] S4)agolA] Ak vt Al 9 {714
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Fig. 2. Antimicrobial action mode of partially purified bacteriocin
from Lactococcus lactis CINU 3001 against Clostridioides difficile
KCTC 5009. “p<0.001 vs. control.
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Fig. 3. Viable cell counts of Lactococcus lactis CJNU 3001 and
Clostridioides difficile KCTC 5009 in a co-culture (RCM broth).

0] EFHoE kS nRl AR FEEHUL

CMM SBAERRM & vt o] ERI=SIT. L. Jactis CINU
3001 w9 A% 0-9ARHA| BEA] F21(5.46 — 7.74 log
CFU/mL) sl o|% A7t fAEE = Eairth v,
C. ditficile KCTC 5009 #59] 7% 0-6AIZ7H] |43t S4
£5(4.56 — 7.35 log CFU/mL)E Eolt7l 9A17H7.55 log
CFU/mL7HA] Bat7t fA1E F G558 dacte S B
Fom 18AIZE o|Fofi= Butr &elo] E76ISitHFig. 4). °le
RCM AR} upa7kA 2 CMM HAHRINAE L. /actis
CINU 3001 #=2] S417HgollA Ak BHEE| 4l 2 714k
50 EFHoE ok izl AR FEE

CDI A|&=o] A5 HEEUUE, whanfol4l 52 g4 og
AR AU E RS Tslr] wizell CDI o E A
o]l 71§38t Culligan and Sleator, 2016). WehA] BISAYA| A
A5 7igo] AlF3et Aol wlo]aZHlolE 78ke] FMT7}t
AR FHELIoH AlsE]al Q1o ZEHlo] QEA EIL CDI ARE

cra,

§
£
A
KSLABP

=4

@%

%
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—e—CJNU 3001

Log CFU/mL
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Time (h)

Fig. 4. Viable cell counts of Lactococcus lactis CJNU 3001 and
Clostridioides difficile KCTC 5009 in a co-culture (CMM broth).

Q1R A A=A B2 A7E Y=L Qi §9], ZEH)
O|RYAE WF S w0l Wt Bl Ajol7t Al TEo R
ARESE| B A HERAR ARGEE ) 1L 8t 4%t
Ao =2 BRI tHEvans and Johnson, 2015; Maziade et a/,
2015). HHEe] 2412 tiefst vie|2olrt kst et HEto]
= A U8 L Al AlE 1%t A A=A &
diet A47F A= 1 QI Culligan and Sleator, 2016). £3],
QIAo]| QP ZEHto| QEA 7t AJAlsh= BHE| ] QA1 of
St 40| S QAL C difficile Aol 3t 4k EHtst
t}. C ditticile Al°TE 13t tHEZAQ] BHe| 2] .4k 1ol X(nisin)
olt}. C difficileZ AN CE HEIH10° CFU/mL)EHA R
Holils sedE At 2% 50-500 4M FEOlA C
difficile®] Avto] TAER] L/ITHO Reilly er al, 2022). °ol=
HolAlS olgsto] W ARE C difficileg EIEOE Ao&
T e AARRITE ERE 7129 AAIR] viainte]dl W HER
Y& Blw oAM= YolA ¢ diffcile 35 AdtE gt &
AR EE(MIC, minimum inhibitory concentration, g
g/mL)eIA 7P B2 ke Hof T YAl vl Asjazrt £
319 tHBartoloni et al, 2004). 2 Aol AR&St L. Jactis
CJNU 3001 w57} JYakshs 2| Al Yolilog S5
A719] A2 CDI A= L. /factis CJNU 3001 @57} Ak&-2
T = AlARRIE ol AR W SHFollA L Jactis CINU
3001 It S48 C difficile w52 A4 AAIE 3t FE
2t 9 Hhe|2] AR AJArgAlof| thgt ool itk ol&gt in
vitro AR TARE S57| flote] FE in vivo AEZ B

3} 7%0] o|o|xof g,

ko

(o]
=

B AFE= vHE” A AAE Lactococcus lactis CJNU 3001 w5+
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Clostridioides difficile KCTC 5009 #59] JAls=
A} SH9I. ol sl o vl 9 B2 A BlE|E e
sto] € difficile w5l W3 S AT 21,
Alg 25t ool tieh 43t I 2/dE Ueislth
9] AR YDS Hot WA E4617] fisto] SAHIYG AIE
ottt 11 23 RCM AAEIA] D CMM AAE[A| oA H]
=5 P AlantE ERIg & Ao E3], L [actis CJNU
3001 @ A9 ti7 17 C difficile KCTC 5009 452
AA7} TEEA] Qb= of= 11 717 5%l BhE|E] .4l0] A4k
E|1 1 o]Fof Ei 759 TS HFH R dAok= AR
FEFU webA, sANIGelA B2 oAl ik L actis
CJNU 3001 @57} C. difficile #52 A2 0 & Aot 4= Q)
Th= Zo] 39H0] wet CDI ARE Y3t tigte] € &= 9k Ao
=2 e qlch

il

[o
o

i

e L a1
o
ol
-

N

Mo

HAe =2

o] £5e 20238 BREEHSHLY et ATEEAL
2 o} 4% Aol olo] FAIEL,
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