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Abstract

In this study, a safety evaluation was conducted to confirm if the Enterococcus faecium CKDBO0O03 strain obtained by selection
from a mixed fermentation of fruit and milk is suitable for use as a probiotic. The MIC value for the 10 antibiotics specified in
the EFSA guidance was below the acceptable cut-off value. The antibiotic resistance genes aac(6))-li, eatAv, and msr(C) exist by
whole genome sequencing, but are in the chromosome and not in the plasmid, thus confirming that there is no possibility of
transmission to other microorganisms. It was confirmed that cytolysin (cyl4, cyIB, cyII, cylL-I, cylL-s, cyIM, cylRI, cyIR2), aggregation
substance (asal, aspl), collagen adhesion (ace), enterococcal surface protein (esp), endocarditis antigen (efad), hyaluronidase (/y/)
and gelatinase (gelE) were not present in the genome by examining the genes of factors related to virulence. Also, the biochemical
analysis showed no toxic enzyme activities, and no virulence genes were detected by the PCR method. Thus, the E. faecium CKDB003
strain can be safely used as a health functional food probiotic, based on the results of the safety assessment.
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FV 1954; Lilly & Stillwell 1965; FAO & WHO 2006; Zheng

tato] QUIA| Aol vlAE felgt axe] disf #HxY S 2015; Markowiak & Slizewaska 2017). @A AM& %<l
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71&49] §-84< THEdliof gt AQFstith(Markowiak &
Slizewaska 2017).

maujole g At £5] 17 B4 Heelolet A Aw

w+F F S =2 11 o] EFSHH(Simon O 2005), 45
Al BdlollAl HAakE Ao 24 pHE W33l bacteriocin
9 H,0, 59 JAJNAEZ Adsto] Fofitel Hewtoluy
Fuflet9] A2 AAlSt: 7162 7HAAL AAtk(Park ST 1999;
Kang GH 2003; Ann YG 2011; Zheng 5 2015; Markowiak
& Slizewaska 2017).
A FOlFEQHA(MFDS) = ZR2HO|QHAR ARG
UE 5% 1952 71573 952 IS, ‘fARE &
Skt oJAlot RS Ao E92 2 4 ek
SB1S 4= QI 5851 Yt 5 1922 Lactobacillus <
2%, Bifidobacterium<s 4%, Lactococcusss 15, Streptococcus
4 1& 9 Enterococcus & 252 ZEJIgIT) o]E & ET
Enterococcus <5 340l tigk FAA 2A|7F FEHA
SfeloflA AlF H ARG R ANE FAISHAY S
Y53 * ARHAH 08 ARSI R FAIF ARE = F
Ko]tHEFSA 2012).

Enterococciz= 773R19] 97%%} 28 =29 A3 Yol
EAst= B4 Al < T892 IF(0h 5 2008; Golob 5
2019) 0. 24 AHA o= g EEE] 911, FANFS
sk #ol7| & sto] AFsiA Ao FAaZAQl 2|29
2AA 9 A AEE SAA7IHA FHE BEAT =
EAo] k. IEE oW 7|7 B AEF AEY F
A7 A (starter culture), WHAIF-ZO] FoF E L ZHO|QE
A3 AFEE 0] YTHKim JW 2007; Oh S 2008; Zheng S
2015). T3 ZEHPO|QEIAL} kR o T B8 Al A
oA Felxte SHIAA FallHY F4& Eotes sto] &
= A S QAL A et F2Ro] Fof HAL oA

2L o] 2 HHoA

ol

oo 1> mok

2~
T
ol
=
o
=

—_

009; Seong 5 2013; Hashem 5 2017).
3L vancomycing BIZRF TFRE A WS 7HRl ok
A A -(multidrug-resistant, MDR) O 2= X 11E]o] Qlof, %}
ol A&lst= 713 e Be BYd 8= A W
A SARNE Anfst 913140l tKim MN 1998; Mathur &
Singh 2005). Z1#122 F-H AT = Enterococcus <5 114y
E& IS AHAIES 558 AIEA (feed additive)Z A}
&3517] Aofl FABA WA 2 =4 JAAE BIFIEE 3
S}3 QITHEFSA 2012). E3F FAOOJA L 0|9} 72 o] g2

vt ool Al WAT WEA AT} Enterococcus®l] EAS}HA]
Ee 35 AT SHIHES AT YckFranz 5
2011; Sievert = 2013).

FUAAE m2oo]oE A0 HohHo] HE ek(Lee
JH 2013; Lee 5 2013; NECA 2016)1} A& Q] FAof ot
F+0] AFooFEtA oA = 201790l A737154F A
A AQY7Ve =Yg 23, Enterococcus 4 VBES F¢
P U W Y WS Eole] BAE UL
o= stseithKim JW 2007; MFDS 2017).

wEtA] B Ao A= Al B2$t Enterococcus faecium
CKDB003 w50 His] A 2404 5= AAR 548
4 B4l digh sl BAE skt F7te A
A BA4S St A WA /A 9 B4 FAAe
ZAof| gt gene annotationS HA|FOZH T FHA7}
ASzaE Ex By UGER Holg F5He 2
o] E. faecium CKDB003 #39] °FAAES H7lol4it.

o
o
lo

41

ERETETY

1. HHX] =M

A ZA5HE 95l Z2ZF deMan-Rogosa-Sharpe(MRS)
A8 R](diammonium citrate 2.0 g/L, dipotassium hydrogen
phosphate 2.0 g/L, glucose 20.0 g/L, agar 12.0 g/L)2} MRS
OB A v ] (diammonium citrate 2.0 g/L, dipotassium hydrogen
phosphate 2.0 g/L, glucose 20.0 g/L)E 121 Cof|A] 2087+
dotste] ARG M, AR S-S 1% IAS
WA= A1 ZF- A (MFDS 2018)°] A% o] %l bromocresol
purple(BCP) M7} HHZ4E 4 viAE ARSI ¥
HEAE S iAo =Eshy] A 514 GHOZ= 0.85%
Gt YA A-E ARSIt 292 AR5 gt /4
o MR HiA] A2 glucose 30.0 g/L, yeast extract 20.0
g/L, KH,POs 1.0 g/L, MgSO4 0.1 g/L, polyoxyethylene
sorbitan monooleate 1.0 g/Lo]it}. SHH, [ANF SAIste}
SRS 24 AT oA L UOEE WA AHSE Aok
BT (F)714hHteo] 2 E(Seoul, Korea) 2278 F-Y5IRIH.

2. wike 22| 4 S3

A71% QHHA Y] mHlo A Bl sl = EWLES} 7|91E
o & Zop o S3tE UaE A doA PHT A=
£ Aol 3Ag & fARFS BEotr] g AR
MRS-BCP HIH| z|of] =a}a1, 37 CollA] 48A]17F EQF Y
¥t hJeong 5 2008). 1 F sty G FEjolw F
Ho| LglE = colonyE 3 v IHAMS AA
sto IgIS UEH= colonys 4851 tH(Faisal &

A
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2017). o1& & IHUYA9 EFS HolHA
] T Al dgFoly £ colonyE AEst —?(‘Zr)Solgent

23l API 50 CHL kit(BNFkorea, Kimpo, Korea)E ©]-&73}
o & 98 E4E& EAsttH(Park YJ 2017).

3. Frike S

AEOA &P & & Botol ALt E faecium
CKDB003 #3= tg = 10% ZAES gy} 538t ot
& -70°Co| frozen stock FEHE Y5 HISIHA AHESHA
ot Y5 2East %T—‘:é g4gstst7] $1s MRS LA E|A] O
AL HIAH o2 TWsto] 37°Co A 24417t B9t v
sttt AR AA] 0.8 um 2|9 mono-colonyE AE
Sk oh3 MRS AAEi=| o] HEstaL, 37 °C°ﬂ*1 24X 7t vl F
gt & FUs W oR St 23] Al vigS Boto] 435t
AA AFo] Aot

g

o

o &

e I LHd At

FHAEQPHH(EFSA)Y] 7holdak ujAEo] FHAYA|
W4 w71 g eMmo=m 1059 AR (ampicillin,
vancomycin, gentamycin, kanamycin, streptomycin, erythro-
mycin, clindamycin, tylosin, tetracycline, chloramphenicol)
ol tial A 24 AEE AAP (minimum inhibitory
concentration test, MIC test)S AA|SIT== Fig. 14 473
Sl QUTHEFSA 2012). H Atol|lA AF7]9] A0

| Molecular taxonomy |

U

Quantitative MIC determination

MIC < cut-off ‘ ‘ MIC = cut-off

O U

| acceerasie |

Genetic basis of resistance

Acquired Demonstration of
ﬂ intrinsic resistance

Acquired resistance | ACCEPTABLE |
Added genes Demonstration of
H genomic mutation
GENERALLY
| NOT ACCEPTABLE | ACCEPTABLE

Fig. 1. Proposed scheme for the antimicrobial resistance
assessment of a bacterial strain used as a feed additive.
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3t MIC test9] cut-off valuel:= EFSAQ] 7[o|AAE 7|&F0 &
51991, 1]=9] Clinical and Laboratory Standard Institute
(CLSD?} 39 European Committee on Antimicrobial Suscep-
tibility Testing(EUCAST)ol Q= &84 WA AleHe 285
o] Zkz+o] 3hA| 58 ETEST® strip (BioMérieux SA., Lyon,
France)2 ARE-S}SITt. thdl, tylosin O] 749 E-test stripo] A}
&3t= o] YA grot 271 SlAH o= HAISHITHCLSI 2002;
CLSI 2012; EUCAST 2017).

5. HEREA B4

A WAAA 2 HEA 9AA}; ol 93] DNA =
= 2 AZ FHA Sl =(whole genome sequencing, WGS)=
Ee|EAlo] gl A(Suwon, Korea)ol|A] 2435} th PacBio RS
I EHES ol&sto] FAAE =32, Canu vI6O =
Z Yottt 28H E. faecium CKDB003 R-AA] AE9 F
A7](annotation)= Prokka v1.10& ©]-&3d}o] 435}t

A WA 84 f5= 2719 A W8 54 )
o]E{H|o] A (Comprehensive Antibiotic Resistance Database
(CARD), ResFinder 3.2)& 2915} tH(Cut off value: identity
70%, coverage 60%). HEA §-AA} &9l Virulence Factor
Database(VFDB)ﬂ Enterococcus A8 HE=AQIx} DBE 0]
L5}o] 3ot TS, Uniproto| A Enterococcus < -2
He=4 Ao gt dald A4S o] National Center
for Biotechnology Information(NCBI)2] tBLASTnO & H|il
F2A45t0] o]|F HASFATHCut off value: identity 70%,
coverage 60%).

ol

6. Hyaluronidase &M &I

E. faecium CKDBO003°] hyaluronidase &4 zr=%] &
Q15F7] Y3l cultivation plate assay W' (Smith & Willett
1968) WHEPolo] ARE5I¥ Tt Hyaluronidase &4 &9l
ot A2 FH|H plate EHO| E. faecium CKDB003
Wi 20 puLE FHASlA, positive control  plateo]
penicylinder (8 $x10 mm)E &% 1l penicylindero] Z}Z}
9] hyaluronidase(Sigma-Aldrich Co., St. Louis, MO, USA)
L0 unit/mL, 37 units/mL, 74 units/mL and 147 units/mL)
20 uLE FASATE 1 & 37CoA] 12~18A17F ¥HSAZ1
E]- Z+7+9] plate©]] 2 N acetic acid 84 5 mLE & &

0% 5% U AFsto] S|LFEAY] &f o E BF
O}ﬂE}(Smlth & Willett 1968; Sandip & Bhushan 2017).

J

7. Gelatinase &AM &0l
E. faecium CKDBO0030°] gelatinase &40 Q=X AAlS}
7] 98] Cevahir 5(2008)9] WH-e Mste] AR5},
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GelatinaseS Aot HE 591 Staphylococcus aureus
ATCC 6538-& positive controlZ 5] HUTH A3 25
SO, #S HEOHA] L2 viA|E negative control2 At

gstaict.

8. SEY =0l

E. faecium CKDB003°] €842 zF=x] &QI5}7] Y3
HAgHHu =] (blood agar)E AF&35}0] Buxton R(2005)2]
Hol| whet 2131t o]E Y3l blood agar base(Kisanbio,
Seoul, Korea)E sl &A43t= E. faecium CKDB003
3 YA AYFCF 10 uLA plateo] FE3 T 31
A WaUE AdEEEIHHS AMgSte] =Estal, 37T
ofl Al 2417t BiFRE ths -8 F/J(B-hemolysisy& ZHRI5FAT.
Positive controlZ [B-hemolysis 53| U= Streptococcus
pyogenes ATCC 8668 ¥ 5 AHEot] 53U AdS
Ao,

9. Auto-aggregation EAM £A

Auto-aggregation &4 B4 3 E. faecium CKDB003
5 MRS H{A] 10 mLo| HE3E F 37Cof|A 2443t &
oF wjJet thS PAIEE](5000xg, 20 min, 4 C)3FILE 1 &
pH 7.19] phosphate buffer 4]g<(10 mM Na,HPO,, 1 mM
KH,PO,4, 140 mM NaCl, 3 mM KCDHZE 23] Al&sta, 54
St buffero]] HEFSt thS vortexing & 37 Cof|A 5A17F B2t
A St BAG &HY FFEE ODeooll Al AlZTTHE
(0~5A17HE FA5kaL, thZ9] A4HAE o]&5to] auto-
aggregation rate® 2915} th(Garcia-Cayuela 5 2014;
Veljovi¢ 5 2017).

Auto-aggregation rate = {1 —(A#/A0)}*x100
At AZOA T3
A0: 0MZFOIH BB

= s

=

[kl
>

0l
A

10. €&

Eatug o gl A%t SHE A (citrated
whole blood)Z &A|Yo}(Seongnam, Korea)ZH-E L5}
o] Lee & Park(1995)9] ®Hoj| we}t HA4vhS A3 tha
Ag1ct. Baw SUNS Ao FHES olgsjo] o
83} Zo] EAHE(T) AL whet Pawt SUES Tl
S} AL, control2 suspending bufferih-S L FH19 533
=g ARgetRlon, dam SHES 100%E Aot
(Lee & Park 1995).

olo P
=2 00

o

X
%

o
=

T=1/10°*734

N

7ol A EJLFE I A
T: B1%
5A: SHEES 5B 39 5 E
3A: S3WHS # preincubation 35 $9] T4

11. PCRE0]| 2|5t 7&X} &0l

Polymerase chain reaction(PCR)H-& S|4 = HEA <l
o] RHA 22 R AT Ao TS 2
2 YaRsto] 45NAL A AT, PBS(WelGene, Daegu,
Korea)= 2% Al A3t th3 #ARt 3]t} #A9] A2
25 ol lysozyme(Sigma-Aldrich Co., St. Louis, MO,
USA)o 2 AT gt T2 GeneAll Cell SV kit(GeneAll,
Seoul, Korea)E ©]8€5}0] genomic DNAE F&59T).
PCR A& RE &Is7| A3t WHOZ control2 Ente-
rococci®] housekeeping geneQl pheS(phenylalanyl-tRNA
synthase a-subunit)(Svec & 2005)E AF&-5}% 2.1, PCR H
A2 BHEA AAEQ] cytolysin, aggregation substance,
hyaluronidase, gelatinase©]] th3j Table 10]AQ} Zo] & 9
set primer®] forward F7| A L1} reverse G714 ES Aol
. Z+Z+9] primer= Cosmo-genetech(Seoul, Korea)o] 4] A|
Z5199.a31, PCR 717+ Qcycler [ (Quanta biotech, Beverly,
MA, USA)Z, PCR premix= Accupower® PCR premix
(Bioneer, Daejeon, Korea)E A5} tH(Eaton & Gasson
2001; Vankerckhoven 5 2004; Seputiene 5 2012; Gozalan
S 2015; Iweriebor 5 2015; Hashem 5 2017; Suchi &
2017).

2 ARolA A2 SHH 9 A =42 FAAY A
FE T2 Graphpad prism 8(GraphPad Software, San
Diego, CA, USA)Z} SAS program version 9.3(SAS Institute
Inc, Cary, NC, USA)S ©0]&3}o] W(mean):HEZH2}
(standard deviation, SD)Z HA]5}G O™ ANOVAZR EA5t
3 Duncan’s multiple range test® ZF 7£7t9] H4xJo]& &

X519t

Jo
o
-
fllo
5]
)
ol
N
(e}
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)
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=
¥
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Table 1. PCR primer sequences used to determine virulence genes in E. faecium CKDB003

Virulence factor Gene Sequence (5°—3’) Ampicon (bp) Condition
TCGTGACACAAATCATGGAA .. .
Control pheS AATTTCGATCCATCCAGTGT 530 The same condition of each primers
Denaturation: 94°C, 1 min
b ACTCGGGGATTGATAGGC Annealing: 587, 45 sec
© 688 Extension: 72°C, 2 min
st w Final ion: 72C, 10 mi
GCTGCT. GCTGCGCTT inal extention: , 10 min
Cycles: 36
Cytolysin ayl
Denaturation: 94C, 30 sec
o GTGTTGAGGAAATGGAAGCGAT Annealing: 58°C, 1 min
rmer 424 Extension: 72°C, 1 min
2 set Final extention: 72°C, 10 mi
GGCTAGTTTCACTAGCCCTCT fnat extention: > 10 mn
Cycles: 30
Denaturation: 95C, 30 sec
. CCAGCCAACTATGGCGGAATC Annealing: 55, 30 sec
et 529 Extension: 72°C, 1 min
st Final ion: 72C, 7 mi
CCTGTCGCAAGATCGACTGTA tnal extention: /2L, / min
Cycles: 30
asal
Denaturation: 94C, 1 min
N . o GCACGCTATTACGAACTATGA Annealing: 56°C, 1 min
Beregation rmet 375 Extension: 72°C, 1 min
substance 2 set Final ion: 72C. 10 mi
TAAGAAAGAACATCACCACGA mnalextention: /2%, 10 mmn
Cycles: 30
Denaturation: 94°C, 1 min
primmer CCAGTAATCAGTCCAGAAACAACC Annealing: 64°C, 1 min
as 406 Extension: 72°C, 1 min
I set Final extention: 72°C, 10 mi
AGCTTTTTTCATTCTTGTGTTTGTT tnal extention: /2L, 10 min
Cycles: 30
Denaturation: 94°C, 1 min
prinmer ACAGAAGAGCTGCAGGAAATG Annealing: 56.5°C, 45 sec
Hyaluronidase hyl | set 276 Extension: 72°C, 2 min
GACTGACGTCCAAGTTTCCAA Final extention: 72°C, 10 min
Cycles: 35
Denaturation: 94C, 1 min
. TATGACAATGCTTTTTGGGAT Annealing: 56°C, 1 min
rumer 213 Extension: 72°C, 1 min
I set Final ion: 72C, 10 mi
AGAGTGCACCCGAAATAATATA mnal extention: /2L, 10 min
Cycles: 30
Denaturation: 94°C, 1 min
priner AGTTCATGTCTATTTTCTTCAC Annealing: 50C, 1 min
Gelatinase gelE 2 set 402 Extension: 72°C, 1 min
CTTCATTATTTACACGTTTG Final extention: 72°C, 10 min
Cycles: 35
Denaturation: 94C, 1 min
. GGTGAAGAAGTTACTCTGAC Annealing: 50°C, 1 min
rimer 704 Extension: 72°C, 1 min
3 set inal ion: 72°C. 10 mi
GGTATTGAGTTATGAGGGGC Final extention: 72, 10 min

Cycles: 30




228

204772 100%2] FAIES R QI 15-& Adstal, E. faecium
CKDB003° g §H3}tt. E. faecium CKDB0032] Ajs}lst
2 EA AFS 918 API 50 CHL kitE 0|83t & 2§ 4]
A2 497119] g diste] u| s S Qs A
AY7gstaL, pH7F RolA A WA s Ao] W3} o g
Fot]lal, olE Bl 7 Al ¥R ofRE gl
Th 71 A3}, Table 2004 UEbd A3 o] 49F9] G 5
glucose, fructose, galactose, mannose, mannitol 5 2159
2 olgaithe A SIstoLt

e o Mz

Table 2. Saccharometabolism of E. faecium CKDB003

]
o
M

Characteristics Activity" Characteristics Activity
Temoin + Esculine, citrate de fer +
Glycerol w Salicine +
Erythritol - D-Cellobiose +

D-Arabinose - D-Maltose +

L-Arabinose + D-Lactose +
D-Ribose D-Melibiose +
D-Xylose - D-Saccharose +
L-Xylose - D-Trehalose +
D-Adonitol - Inuline -

X}lt;[z;hy}rllﬁ)?i-de - D-Melezitose -

D-Glactose + D-Raffinose -
D-Glucose + Amidon -
D-Fructose + Glycogene -

D-Mannose + Xylitol -
L-Sorbose - Gentiobiose +

L-Rhamnose - D-Turanose -
Dulcitol - D-Lyxose -
Inositol - D-Tagatose -

D-Mannitol + D-Fucose -
D-Sorbitol - L-Fucose -
Maﬁ:;ﬁ;?ﬁ w D-Arabitol -
Glnglyyrlaz?side B L-Arabitol )
N-Acetylglucosamine + Potassium gluconate -
e+ ——y
Arbutine N Potassium 5- _

ceto gluconate

D The + was marked when the each activity was detected (+: positive
activity, —: negative activity, w: weak reaction).

2. SN ZA AMISE ZAL0] 25 SHA| LA

EFSA 7holgl Ao W= MIC gfo] A SFEE 4
AH cut-off values2oh ZAY HOH(S<xmg/L) &4
(Susceptible, S)0.2 WIS}, cut-off valuesETF =2(R>
xmg/L) MIC < 2 o3 WA(Resistant, R)O. 2 T3}
THEFSA 2012). Table 33} Fig. 20412} Zo] ampicilline
T3S FAAEY E. faecium CKDB003 #520] gt MIC
test= R3PSt A}, Z+ FAYAQ] cut-off values TH] 2.9~
25.0% =2 MIC ¢12 H 7] ol 1052 A 55
of tis wW/dol ofd Ao E EFEU. wWEbA EFSA
7told A8} Fig. 18] JAFAA o] weh E. faecium CKDBO003
W ZEHPO|RHARA ASE = e AoE ERE
o} SHA|RE 0|9} Zro] IS YT ZhE oFtt =9
A Udo] AR ol=et dAto]l WA WAgdlAl g
A7 sl E. faecium +5+2] YA W0l et g A
TH-&S ARSI

71& AEE0F ALEHE E faecium TM39, E. faecium
YF5, E. faecium KQ 2.6, E. faecium SF68 L E. faecium
BGG09-28 w50 tis Eiie A W 2=
EFSAC] T4 7120 X8 Al RS AP S
HtH(Tsai 5 2004; Mathur & Singh 2005; Tan 5 2013;
Zheng S 2015; Veljovié S 2017). 0|23t Ax}2 Ho} L.
faecium 5 EFSA 7}o|dAof we} Aoy Yios &
528 £ = #F=0] O £A61H, E. faecium CKDB003
T 4719 10714 A1l ds HAWES 7H 74
o] ¥& Zlog FHHh

3. MEARTA BAS SE S LY FEXIR H=s
X "ot

E. faecium CKDBO003 w39 A4 {44 &4 23,
Table 49} Fig, 304 HojZL uje} 7o] &A1z DNA 17]
(2,533,713 bp)2} E=}AU|= DNA 17(198,173 bp)= 74
o] glom, GC 3$FgFo| 38.1%°]3t};. E3St gene anno-
tation A3}, A FAAE 2735702 &S oH, CDS
(coding sequence)”} 2,6467}, rRNA 1871, tRNA 707], tmRNA
PEEREEETEY

10%2] FAA tF A WY A4 B 4
2719] YA WA #A} database(CARD, ResFinder)E ©]
goto] Wl B4 A3, 5422 559 A (vanco-
mycin, ampicillin, tetracycline, chloramphenicol, clindamycin)
o W FAATE BAEE ERI5HIAIRE, gentamycin, kana-
mycin, streptomycin®] XZ3+E aminoglycoside AY YA
W/ FAAR] aac(6)-li7h V22 SASHAT FHH, erythro-
mycin, tylosin®] Z3FE macrolide A|E TYA WA SR}
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Table 3. Antibiotic susceptibility values for E. faecium CKDBO003 obtained by MIC test

Antibiotics” AMP VAN GEN KAN STR ERY CLI TYL? TET CHL
MIC cut-off value
2 4 32 1,024 128 4 4 4 4 16
(mg/L)
Susceptibility value”

(me/L) 0.08+0.03 0.75+0.00 5.00£1.73 29.30+4.61 32.00+£0.00 0.29£0.17 0.24£0.05 1.00£0.00 0.25+0.00 4.00+0.00

Detection rate (%) 42+1.8 18.840.0 15.6+54 29405 25.040.0 7.3#4.5 6.0+1.3 250+0.0 6.340.0 25.0+0.0
D AMP, Ampicillin; VAN, Vancomycin; GEN, Gentamycin; KAN, Kanamycin; STR; Streptomycin; ERY, Erythromycin; CLI, Clindamycin;
TYL, Tylosin; TET, Tetracycline; CHL, Chloramphenicol.
? The tylosin susceptibility value was determined by two-fold dilution method.
% Values are mean+S.D. of three replicates.

Erythromycin

Clindamycin Tetracycline Chloramphenicol

Fig. 2. Comparison of MIC test for E. faecium CKDB003 using various antibiotics.
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Fig. 3. Circular genome map of E. faecium CKDB003.

Table 4. General genomic information of E. faecium
CKDB003

Feature E. faecium CKDB003

Total genome size (bp) 2,731,886
No. of plasmid 1
Chromosome size (bp) 2,533,713
Plasmid size (bp) 198,173
GC contents (%) 38.1
Coding sequence (CDS) 2,646
rRNA 18

No. of (RNA 70
tmRNA 1

Repeat region 0

Total genes 2,735

9] AL, CARDOA|= eatdv, ResFindero]| A= msr(C)7} &
At Aoz s3It Vancomycin®] W/ FAAkQ1
vand, vanBIe EASHA] & & oy, oE YA 9 371
WA AR aac(6')-li, eatdv X msr(C)= 25 chro-
mosometfo] ZAJ313 plasmidoll ZA3) ot Mol 7}
s40] gla= skt

Enterococcus®] =4 AR} 1 §-AX= B-hemolysin-

Enterococcus faecium
CKDB003

M CDs

tRNA
B rRNA
B tmRNA
W GC content
B GC skew+
B GC skew-

bacteriocing AJAFSl= cytolysin(cyld, cyIB, cyll, cylL-l,
cylL-s, cyIM, cyIR1, cylR2), XIIAE FEHO| F-2}of] A
H=2 o] 5o A%+ aggregation substance(asal, aspl),
collagenof] Agolo] 22 HA-S T Q= collagen adhesion
(ace), 32 2 A7 E oA -} FA]of ToIshH bio-
film ¥4 IS S}+= enterococcal surface protein(esp), A
- AR efud), 578 Bl FFZ WA= hyaluro-
nidase(hyl) ¥ Fetlat A2t 52 7HeEdfota Avdt
AS A3A7IM biofilm F/do| Tojst= Ao Az
gelatinase(gelE)7} &2]4 QIth(Chuang 5 2009; Sava 5
2010; Franz 5 2011; Lee & 2013; Iweriebor 5 2015; Choi
& Choi 2017).

BEYd A2 24 55 ZAsk] 8l E faecium
CKDB003 A% GAA B4 A3}, cyld, cylB, cyll, cylL-l,
cylL-s, cyIM, cylRI, cyIR2, asal, aspl, ace, esp, hyl, gelE7}
% BAskS 8RQIsk3Itt. 3HH, gene annotationS 3 T
1921 VFDBO| 23| o &% efad Aol thsf tBLASTn
g2} og o|F AHASH AF}, identity 64.60%, coverage
91%, e-value 4e-1252 cut off valueQ! identity 70%E.t} @7]
2ol FAfsiota wasith A f4A 4 23 E
faecium CKDB003 w5+ o] 7F53t A Uiid f-xket
HEA A7 Qe AR AEAE 5 AUtk
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4. Hyaluronidase &
Hyaluronidase+= d|¢F24E0] FE|IAIE AT 71k
ot AaE AgF Aoy mio| ANaxAtoldf EAs}
e HYTEAE BejohA 20l S, T
o]5}A| 3tt}. E. faecium CKDB0039] hyaluronidase &4
Z-=A] gRlsty] flsf aAEj A oA slYFEARS £l
ste e WESIH(Fig. 4). 1Y Hol= AAE 24
tfxo] A% ¥t gldlou, PR E S|gF
E4to] EofjE Ait, sEEE clear zoneo] AYsHA HE
F& & 4 QQlc}. 3, E. faecium CKDB0039] vijFol-&
2 A WHRS} o) gt W2 ¥
315 HolR] o} E. faecium CKDB003-2 hyaluronidase &
z

AE A G AR FHT £ itk

flo oo R AT

5. Gelatinase &4
Gelatinase:= A2tElg Eofote GHd ZojaLEA]
44 vzl o3 ZH =0 biofilme Fgsh= A=
A Jem, 53] BA Wold E2h, el % |

18 19 ok

N.C P.C

1" EC

Enterococcus faecium CKDB0032] QFH4 7} 231

Szo] B4S WFRIT we Bl B
2 ol %50 HIAAEE wFA7|A, A
ot 59 #AE fEcte Ao= d#A th(Thurlow
= 2010).

4% ol weh ARBE Tukz A9 Y] ST o
£ BESE A}, gelatinase A4 w5 HE3H positive control
Aol A= B A7 SALEA] AL, o FESHA B
negative control Al L E. faecium CKDB003-S &St
AlgTe] viAl = B5F SiEE 205 HojFelh webA
H AYZANNA E. faecium CKDB0032 gelatinase 40|
A= Aoz wrEkFig. 5).

6. 2EA ol
8B40 ojdl Mol Agto] TS wjsh: A
o} B4 Eatu, 8L ok AR 42 o

2t 34 o,B,y-hemolysisZ Y& 4 3Tt a-hemolysis= 2
e} S|EFENS] B &= v & colony FHZ

2™ EC 34 EC

Fig. 4. Investigation of hyaluronidase activity from the culture broth of E. faecium CKDB003 and its supernatant. N.C:
Negative control, P.C: Positive control(Test is hyaluronidase. Lower right, upper left, lower left and upper right, 0 unit/mL,
37 units/mL, 74 units/mL and 147 units/mL, respectively.), E.F: E. faecium CKDBO003 dripping (triplicate experiment).

N.C

EF

Fig. 5. Comparison of gelatinase activities between P.C and E. faecium CKDB003. N.C: Negative control, P.C: Positive
control, Staphylococcus aureus ATCC 6538, E.F: E. faecium CKDBO003 inoculation.
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=M o g WA W, B-hemolysist @12} R Z2H]
o] 2kA &3fj=lo] HiF & colony o] FrgolA WGt
¥- hemolysist= €8 YO 7|R] &OH, colony FHof ofF
@ Wsb} g o] BAol o] % 53 BAV} H A
2 B-hemolysisZA] cytolysin®]2til &8+ B-hemolysin-bac-
teriocing AYAYSH= Enterococcus= A9 ZAFELS 5 =
7N 7= Ao g HIEH(Franz 5 2011).
As] A}, FA RS 9 B-hemolysis
Streptococcus pyogenes ATCC 866824 =3t o5 FH

o] gt

of AE71 Z3fEo] FysiA Hatst o, Aol 7
L Tl 3 FHo A JHELIT glo] cytolysin®] &4
o] gl yv-hemolysis2 AEAZ 4= U3 Th(Fig. 6).

7. Auto-aggregation &AM =24
 masblesa) A e dae
e S34E A e 54 Fol sk nel
013‘%‘& *+FE Adstr] Rt 7|EeE HHA vk
(Garcia-Cayuela % 2014). B4l olUg} m2ulo]QElAQ]
A o 32 5L ey vaEEe] 4 Huo] RS
L AL JAI5to] FA-3Kcolonization) S WAFO N G
s F2RE HESAZ=t 719E 4 Ao 17
mzsloloEs F Rako] Arg ARBolA & 4 i
g o2 dhgglole] A}7H-8-%(auto-aggregation, clumping)
5eg 2ok W] A8HT
2014).

WHoR WU4 ogEe] A9, 1S S0l wes
= Al 24 Bsto] o] AL mol
A B0l £RAEZE) WY 71540l Z71517] tEo]

7+ed EAO =4 olxta 7hEEtHThurlow S 2010). o
A A7HEH Y-S TEHo| YA RA HIEHASE §4<
FAO AYAA 2 AR 5300 et 4
d & Ak
S(2017) TR

St Enterococcus faecium w55

P.C 1" EF

Fi oA

=

%l thH(Garcia-Cayuela &

Veljovi¢

o
rot
HN
o
Hx
(o]
o

FFAE LA

2 ALgS1o] 30 ColA SAZE Bt AASEA A5
= HI B4, 11 AT cells®] 80% o]l A
H strong auto-aggregation, 60% HJLE HH Alof+&=
auto-aggregation, 40% ©|5}2 A AJof= low auto-aggre-
gation O & 125} TH(Garcia-Cayuela 5 2014; Veljovié 5

2017). & Ao Al E. faecium CKDB003-& MRS HjZ]|o] 4|
HjoF & AAEESE TS phosphate buffer2 A& & x}7}
Sseg 243 A3, 30CoIA SA7H0] A T 2234
0.9%Y-S 2ASIATHFig. 7). WetA E. faecium CKDB003
2 low auto-aggregation E44& zF= 71072 AEXES 4+ 3l
7] gl &30l folishA] k2 b = HWeEo

JSBL

medium

8. HAE SZ HIS Hol
Az 2 o] AibA o] whe} 4SS control®] At
SHEE 100%% Aot AdFe] S controld} ot
35.0
b
300 b
£ b
8250 b
E
g 200
E’ 15.0 - a
3
& 100 -
00 -
1 2 a 5
Time (hr)

Fig. 7. Auto-aggregation rate of E. faeciunm CKDB003 in
phosphate-buffered solution. Results were expressed as the
meantSD of triplicate experiments. Values with different
letters within a column are significantly different at p=0.05
as determined by Duncan’s multiple range tests. “*Mean
with different superscripts are significantly different by
one-way ANOVA followed by Duncan’s multiple range tests
(»<0.05).

2 EF 34 EF

Fig. 6. Investigation of hemolysis activity using P.C and E. faecium CKDBO003. P.C: Positive control, Streptococcus
pvogenes ATCC 8668 streaking, E.F: E. faecium CKDBO003 streaking (triplicate experiment).
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72 dawdt CaCLE F7Vekal, F71& E. faecium

CKDB003 447} Z+zt 1x107 CFU/mLE} 1x108 CFU/mL

7h HEE 7R 8A9E 9SAIX] & a4 SHEE B

ARt A3, A SHEE 22 92.0%, 82.4%E BT

(Table 5). o]t A2 XE E. faecium CKDB003 #F+=

ADPE fEEE= 4% 33 &40l glal, 298 dat
o

=
o o
= [e)
SHl disf &% AAIRES & 5 AT

d

Table 5. Measurement of platelet aggregation rate

Platelet aggregation

Experi 1
xperimental groups rate (unit: %)

Control 100.0°
E. faecium CKDB003 (1x107 CFU/mL) 92.0°
E. faecium CKDB003 (1x10° CFU/mL) 82.4°

**Mean with different superscripts are significantly different by
one-way ANOVA followed by Duncan’s multiple range tests
(p<0.05).

Enterococcus faecium CKDB0032] QFH4 7} 233

9. PCRE S&t ¥=4 REX &4

E. faecium CKDB003 #F2] HEA AR S-AA B
%8 3712 BASTA PCRE S sl
cytolysin(cyl), hyaluronidase(hyl), aggregation substance(asal,
as), L gelatinase(gelE)°] 433-5}+= primerE AM&-5to] 571
o WE4 fAA Y v FE 1 Ak £
Jaccium CKDBO03 230 s MEA 9447} w5 2
Aol gl ATk(Fig. 8).

BHH, 7|20) AZL80 & AMREL AP E faecium strain
So] oy Wks F2 PCR o] oft WEA SRk}
A W FAAREC] B7HE AY Haoh 9l S E
Jaecium KQ 2.6739-0l= gelE, esp, asal, cyld, efad, hyl2]
WEY Q4SS PAR 23 2 etk S0
™(Zheng 5 2015), E. faecium YF5%= cylA, gelE, ace, agg,
esp, vand AAE°] SA4YS IS5 HTan 5 2013). E.
faecium BGG09-28 FA| E. faecium KQ 2.69] 21} A X
S}t 511 a(Tsai 5 2004; Veljovié 5 2017), E. faecium

600 —»
500 —»
300 —»
200 —»
100—»

(bp)

B00 —
300 —»

300 —
100—»

{bp)

600 —p
500 —

300 —m
200 —»
100 —=

Fig. 8. Results of E. faeciun CKDB003 using primers directed against (A) 688 bp and 424 bp fragments of the cyl gene

(B) 276 bp fragment of the hyl gene (C) 529 bp and 375 bp fragments of the asal gene, 406 bp fragment of the as gene
(D) 213 bp, 402 bp and 704 bp fragments of the gelE gene. Lane M: size marker, Lane 1: control (pheS gene), Lane 2:

E. faecium CKDBO003.
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SF68E ®HE=A QA7 gitkal B 1 E Itk (Kayser FH 2003).
ESE vancomycin®l| T5AlS HOItH= E. faecium strain
TM39%E FAA WA A2 vandQt vanB2] 34 PCR'E
o olgf] SAYS EsttH(Kariyama 5 2000; Tsai 5
2004). WetA E. faecium CKDB003 #3:9] A% S-A4 £
A3} PCRYC] 93t Ait= A9 B #3549 H54
Qlabe] fARET FAA WY SRR RATE 2ol
% e,

Q.

ok

20 3 A=

Enterococcie At =9 Ao EAst= B4 Al
o 7Y dFoEA A A= Fe FxE 0] 3§l
a1, RALS Aot fARFO R A MR AFEI TRHlo|Q
A AFo R g ARHIL vk LY o] w2 WA
| oFet vy AZAOlA & F AU A, HT] H49A
4 #8F 5= T & e 78 dAdolHA
vancomycing H|Eg TRt Ao WS 7H TR
Ao 2n LA St wetd B AfoAE A4E &
23t E. faecium CKDB003 50 T3] HHAdE B71E &=
20 & Al ZOJFERPH A7} Ajtstar o F3ket AU/
S 9D WS $34 WS FRAAT. £ fuccium
CKDBO03 520l o BHIA] 2140 Al EAAHMIC test)
2 gt 23, BFSA Zloldla0] 7HE 1059 FHAS
o disfl 518 =<1 MIC cut-off value2] o]st= &=}
oh I8 A WA A 2 s REREE Eelst
7] A% AR /fAA4 B4 23, FYAE S amino-
glycoside Al A WA 9-4A21 aac(6’)-liZ} macrolide
AL A W FAAR] eatdv, msr(C)7F EASH= A 0]
EQ1E O 1}, o]= chromosomeW ol &A3}31 plasmidof+=
2A31A] ggo} Ho] 7hs Aol g RO BeHU =
7t2 BEA QRS9 SAHAI cytolysin(cyld, cyIB, cyll,
cylL-l, cylL-s, cyIM, cylRI, cylR2), aggregation substance

o

(asal, aspl), collagen adhesion(ace), enterococcal surface
protein(esp), endocarditis antigen(efa4), hyaluronidase(hy/)
% gelatinase(gelE)7} FAS SRIstitt. B3 S4a4
4ol et st B4 Aake mE B4o] gl Zow
Uhebgton], PCRMO] SJSHME HEA AAER cytolysin
aggregation substance, hyaluronidase, gelatinase -4 A=0]
AEHRA Lgodtt. wEbA E. faecium CKDB003 w5+ THAY
A HAaASE AL AFRAA B 9 Azt Al
o olg T4 el ARk AP 5AE Leuol s F
F2A QIS AME 7Fse ZloR AR & Ytk
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