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Cholesterol Lowering Effect of Enterococcus faecium 1D9201 Isolated from
Breast Milk-Fed Korean Infant

Seung-Hun Lee, Young-Hoo Kim, Min-Goo Kim, Jae-Hoon Kang, and Dae-Jung Kang*
Bioprocess Engineering Team, Research Laboratories, ILDONG pharmaceutical Co., Ltd., Hwaseong 445-170, Korea

Abstract: We selected lactic acid bacteria to reduce cholesterol levels in vitro and in vivo. Among the 140 strains tested, a
strain ID9201 was shown to reduce cholesterol in the spent medium over 30% and to increase cholesterol in cell pellet. A
strain ID9201 isolated from breast milk-fed Korean infant feces was identified as Enterococcus faecium on the basis of mor-
phological analysis, biochemical analysis (API kit), and 16S rDNA sequence analysis. A freeze-dried powder of the strain
was fed to Sprague-Dawley(SD) rats with high cholesterol diet for 6 wk. In the control group fed cholesterol enriched diet
without probiotics, the serum cholesterol increased by 1.9 times in comparison with the initial value. Among the test group,
1D9201 group showed the lowest cholesterol increase, 1.5 times of initial serum cholesterol, as in the blank group fed normal
diet without probiotics. Based on these data, we assumed that ID9201 inhibited intestinal absorption of dietary cholesterol.

Keywords: Enterococcus faecium 1D9201, cholesterol, conjugated bile acid, deconjugated bile acid, bile salt hydrolase

M 2

A W SHZEE FFY F 80%= AHellA A
=31 20%E FEFE AHHS Al o] Slot A
e O AHRE G Fo BaljE7] og7] Wi o

Ayl Aglsle] 2| AT A (lipoprotein) 0.2 WHEH I,
o) Fog olgoigith, AdeAe THYoE 9
3wl AA)Re) 584 Teteg s glen, v
H= SAARNNTG, triglyceride)o} FE| 2B E2] AFA, 5

g sz FAHe] Tk, ol2d AAeAL QiAo 2
el w2l chylomicron, VLDL(very low density lipopro-
tein), LDL(low density lipoprotein), HDL (high density
lipoprotein)s -2 -dTh(Levy, 1981). LDLE 4A7} =
7] wjel 9 WFE Solhd eF= WA ue7] of

N

*Corresponding author: Dae-Jung Kang

Bioprocess Engineering Team, Research Laboratories, ILDONG
pharmaceutical Co., Ltd., Hwaseong 445-170, Korea

Tel: 82-31-371-2881, Fax: 82-31-371-2900

E-mail: djkang@ildong.com

Received October 5, 2015; Revised November 1, 2015;
Accepted November 4, 2015

41

Hot webx ] J2E o] FHASIE EA7]
g 2=HEo|th. ¥, HDLS YA 2] uf
FHsle] oF=2 wAud = ok A
= el fAkt(lactic acid bacteria)ol] €3+ 2|
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ZHE 5 A F oS A= A& gtk
(Walker er al., 1993). Weby] ZJFFALS SN 7=
EAF B3 a4 (bile salt hydrolase)E 2= T+ A&
SIS Yol Aol A FY2HE F54E AAZ
T Ak B AFeMe AlA 10t ARTsAEeRE A
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M, A7) A AR 2Pl AR T &, A% 2
T o] 7S Efrdote] W Z|A AN EHA
23 T A0 =E AFH st ZEulo|QYX: dFE
gsl=d FYAEE o] &351HT TFYAIEZ phosphate
buffered saline (PBS) £+5-8 (pH 7.2)0 ¥ H&I}A|
Z1 3, pH 3.02 ®RA3%F 0.5% (w/v) bile®] % de Man-
Rogosa-Sharpe (MRS, Becton, Dickinson and Company,
USA) agar plateoﬂ TEske] 37°Co| A 484X v &
WY 140 72 13} S5Eskg

| AHE XMotZF2

A YollA] S =HE A8t 855 e 55 A
Hal7] fsle] 1IZE B8 140575 e Z 0.3% oxgall
7} SYEEYUOE 10% bovine calf serum (BCS)7} $F
¥ MRS brothol] HE3}e] 37°Col| A 241371 w5
HlOFER AL 10,000xg, SEE AR FE5AL
Fste Polle FU2HE 55 SAS AL FE 2~
H 2 ¥%E O-phthalaldehyde methodS W&l =&}
S H(Danielson ef al., 1989). 2T WS 400 pL
9} 5% KOH &< 200 pL, 95% ethanol&-<} 300 pLE 3
7hetal &3t 60°ColA 1033 ¥HEAIZ T vhE-2
Ao A WZ}sE 3 hexane 500 plLE Wi &3 3, 4
204 1027 W8T TEE7F Yolubd hexaneT =
F 3} evaporatorS ©]-85}] hexane &S LA ZT %
73] Z9A1Z] &, O-phthalaldehyde £-24(0.5 mg O-phthal-
aldehyde/acetic acid 1 mL) 300 uLS ¥ A4 10&
b WRSAIZTE vkS 3 73k 34t 200 s 7Kk 10
WZF BT HS Ao A e S 550 nmellA S
gsted FH=(0.D7} T HIsH 30% o B 1t
FE At FE2EHE AskeS v 2k
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ZHE Adtd 1D92019] 54317 $13] Bergey's Manual
of systematic bacteriology$} FAAIWEE FAPAAIAW] 7
(FE-SEM, Carl Zeiss, Germany)& ©]-8-3 dejsts T4,
API kit ZZ I (API Strep 20 kit, Biomerieux, France)S-
o] g3t o|g}sky FAH 16S rDNA 71448 E45 7]
22 3 FAANETZ SHHY 3 SRS 283t

At

SEisd 34
£E-2]3) ID9201E crystal violet £ 02 JA3L &
A g2 2 3ol5lg om, FE-SEMS o]835le] FE)
4 3718 4% &
=4

= < Bergey's Manual of systematic bacte-
pasle] Feets) S

a3t

riology &

o|&&ty &3

1D92019] ©]3}8}3 T3 flall API kits o]élﬂoq o]
slshd 548 whEste] FA3IT 1D9201 #55 MRS
brotholl A 37°C, 16A17F ¥jSk3E 3 10,000xg, 5 l—g_oh} 2

AEEstal #ARES 531tk PBS $hE-g o2 23]
AHE TR 0D oy w01 1.00] HES BAG3}e] ol
S HEdT) TS API kit AFEROl w2k API Strep 20
iAo FEshal 2EHS vhE the 37°C, 481X vl
g %, vhS WisE wEsgo AFEHE EUE AP
LAB PLUS Z2 I35 A8t o|gtehs] F4& it

BXMEEIY =X
1D9201¢] FAMYESHH 4
F7IMG BAS 7IRE & Al
t}. o|E 3N, Escherichia coli®] 16S rDNA AE-S vl
© =2 primer (Forward primer 5-GGGGGATCCAGAGTTT
GATCCTGGCTCA-3', Reverse primer 5-GGGCTCGAGT
ACCTTGTTACGACTTCACC-3"YE Altst 2 1D9201 gen-
omic DNAZ 3=3}1 PCRE 16S tDNAS =Z31o] o

S 93l 16S ribosomal DNA
EoxskA A|FHE 2AAEHY
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7EE 28T o] MEE 7IHESE NCBI®| BLAST
program® 2 {FAMIO] =& Enterococcus 5 55 A
IES AE3lal Clustal X (Des Higgins, Germany)Z T}
T AES A & A4S 23K neighbor-joining
HpHo g 1 QXS BRI} THSaito er al., 1987). B3k
BLAST 2 programe ©|-8¢ 84S AAgFo=Hn &Y
Tol &3k MEETS] S vlastgl

In vivo & EY|2HE XMdls

E. faecium 1D9201¢] AU 73X dF Fel|=HE
& Astes gQltr] s sEATS AW
(Grunewald et al., 1982). A&FE2 577 female SD rat
= AREE e, i sulEld ARSSklTh diEate] AL
B ZFHZHEC] 0.5% THE AIRE ARSHEeH, &
BT AlgTre] YA Zd 2.0% BAEFS AHES)
Atk AT AEE FY2HE0] 0.5% SHrE AlEE
AREEI oM S84 6x10° CFU/rat/day, 6577t Fo]&}
Atk dF FHU2HE s=E A5 28 WF ratd]
g aol|A] FHE AFHlaL 2413 F A2 WA
Z1 3 4,000xg, 20 w53t A S FEeA
o} &3 20 pLoll FE|2eAtd @)l 38}, Japan) 300
puLE a1 37°C, 1033 ¥ESA1Z] & 500 nmoll X S3=

£ 2450 FERAL o8l TYEE BEE
2

A&, 7] 24 AR 2 AoA] AF 25 o] St
QA Ef Yotz RE S AFH3IaL MRS o]0
et F 14079 Fel7} Adolgh fikts EElskth
Y ikt FollA] B ol A FHZ2EES 30% ©]
A A ABIAZAL A A FEE FHHE]
550 nm®] §F=7} 03 ol FAEHE TH 5T
ID9201-5 A3} TH(Table 1).
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ID92012 Fig. 194 HE nie} o] Tk 14
(cocci type)FEjo]L HIEFA o2 E3], Sweptococcus <5
ZAZ9A]Q] SFHlA] (Becton, Dickinson and Company, USA),

Table 1. The screening of probiotics with lowering and adsor-
bing cholesterol

. Activities for cholesterol
No.of strains

Reduction Adsorption
316 15 0.12
551 32 0.25
1D9201 43 0.48

Fig. 1. Scanning Electron Microscopy (SEM, x5K) of selec-
ted strain ID9201.

45°Ce] AFhA 11281730 A A5o] 7VF531H, Enterococcus
£9] frktat Fej - ek fAMdS LFERIITH Table 2).

o]g}stA FAL Bergey's Manual of Systematic Bacte-
riology®] 7153} W8} (Sneath, 1986), Enterococcus <5
9] Z(species)S &2135}7] 93l API Strep20 kit= FAJ3)k
AR}, E. faecium™} 98.4%F LX]SATHTable 3).

AL F4L 16S tDNA 71 EEA ] 7]t
sle] RPstAnt. A E 1,459 bp 2719 A7IMES
NCBI2] BLAST programe- ©]g-3to] 4548 vlwsdlt 2
7}, 99.8%2] AHEF E fuecium® 2 FHHAHFig. 2).
b B Atoa MA@t IDR201TFE E. faecium 1D
92012 HZ W3} HGenBank AY057055).

In vivo E3|2HIE XM3IEE

2+ NP 6 3, E. faecium 1D92019] EF Z#~
HE As2h8-S RIsk 23, Fig. 3914 B nle} 2o,
Yo 7ol 7] w5 ] Z7h&o] 90%7kA A
som, D9201 FAT-E 50% A= 53t oF 40%2)

Table 2. Morphological characteristics of isolated strain ID
9201

Characteristic Strain ID9201 E. faecium

Gram stain + +
Shape Cocci Cocci

Catalase - -
Gas formation - -
pH 9.6 growth + +
NaCl 6.5% growth + +
10% growth + +
45°C SF agar growth + +
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Table 3. Biochemical characterization of strain 1D9201

Strai
API test rams

E. faecalis  E. faecium 1D9201

Acetoin from pyruvate + + +
Hippurate hydrolysis +
B-glucosidase +
Pyrrolidonyl arylamidase +
a-galactosidase -
B-glucuronidase -
[B-galactosidase -
Alkaline phosphatase

H o+ o+
I+ W+

+
+

Leucin arylamidation
Arginine dihydrolysis
Ribose
L-arabinose

+ o+ o+

+ o+ o+

Mannitol
Sorbitol
Lactose

+ o+ M+ o+ o+ o+

+ o+ + o+

Trehalose

Ho+

Inulin
Raffinose -
Starch +
Glycogen - -
B-hemolysis - - -

I+
I+

E. faecalis

E. sulfureus

E. saccharolyticus

[ £ moraviensis

E. avium

4‘ — E casseliflavus

E. gallinarum

E. faecium ID9201

E. hirae

S. dispar
0.01

Fig. 2. Phylogenetic position of strain ID9201 in the genus
Enterococcus based on the 16S rDNA sequence. The
tree was rooted with E. coli and constructed using the
neighbor-joining method. The bar represents 0.01% se-
quence divergence.

Y 2EE F2EHNE Uehfjo], RTRT} folA A
we FE|2HE 271 RAtHp<0.05 2] f-94).

o9} - Aol E. fuecium 1D9201-S 1L 2H|=
2olE sk FeollA oz ApdelA a3t s Ao
2 Ao o3 TFL E faecium 1D92010] ZZn}
o]QEl2e] 71 549 o T Wi - EEA
7go] 9slaL Aellxde] A2gdo] 94=3lal(data not shown),
BSHell oJgt Fe|2~E|E Fafl2h8 ¥k ofe} FA2ME-

1000

=3
=3
(=]

600

Con. of cholesterol (ug/mé)

Weeks

Fig. 3. In vivo efficacy of ID9201 on cholesterol lowering ef-
fect. Sprague-Dawley (SD) rats with high cholesterol diet
for 6 wk. @ ID9201, group fed cholesterol enriched diet
with probiotics; B control, group fed cholesterol enriched
diet without probiotics; A blank, group fed normal diet
without probiotics. Data are shown meantS.D., n=5. p
values (<0.05) are represented.

o] th& dFH B Fsiiir] wiielet
(Angelovicova et al., 2013).
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i3 Z2nlo]eg Az Azl 2 i
(intestinal microflora)oll A F-eletd Faivte] 482 FA
Ao =2 7ol B TS FXXZITE HT Z2njo|
LE2T}F 71EAQ A 147 Wk o), A W AR
Azl Fofgithe A7dart Hasojx]al Qi) o] o
A AR T, aAEF B s Astel HEE ARt
A FHEZEHES G Algate] a8l ik A7
AL o, frikto] Fdl2HEe] Ealef Sl
o #eo] k. Akl o3t FHZEE F52 At 7]
22 BE Al 7 E A A, fakro] el
Az FAsAA FYUHES F2ske] wldAl7E Slo)
I FRIA, fFAREO] EEihs A A= Blol
ot o] ¢ FHZEHES FFAe] A (precursor)©]
B2 B3 9i3hs B fdl Fel2HES o83t
Al o} AntH o AU FUXEHE TEE AL F
A}, viRE A= fakro] Z3EE4H conjugated bile
acidy2 XTI = 2F8olt). E. faecium 1D92012 0.5%
bile?} pH 3.08] 74t 2304 AE dF= 71E9] BSH
GAETL e T AW ERT FEZEHE FEE0]
& IFE AEEHNOH in vivo AP TZYHE
2015 rate]] FASAS W FH2HE Ast A7} 9
A UYERSETE o]& 7129 BSHol| 9§ 23 (decon-
jugation)¥H3-5 4 WollA do7)7] ffslixe frikol
gl A Aobx AR Edete] A el FAtE
A5 FHo] WA QFET WA in vitro A A
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BSHZo] & et A|gts SFe|2HE #3H4180]
S BNEE AL A7) 20S FSATIA £ WE
oty wEtA E. faecium 1D92012 Zdl|~H|E2] 28-S
AR7EC R 3HRom, 1407 T SFEZEE F2&0] 7
=2 dFA ol s A r|Edd Wt in vivo Aol
ME foze 8% e 2 Astazns Jehich
H A mAEY S 2EIETS] ATl o] A (live
cells) B30t o}lja} Al (heat-killed cells)E EZF 7 2H)|
5 Wrte 7 A%E0] IokKim er al., 2006). 13
ATE F3l, BSHo| 23t S 2HE AsIEHib= &
Zho] ofgt vjd B A5ES A ot mEpA] o]}

-

2o ATATREL AA 3] Yeas SAFe] AlEH
A T Y 2EHER] Al Boshe IAE s

w3} W) AE Abre] BeY AT 9ed Aoz

3 E. faecium-s HE L1t
A E. faecium 1D92012 ™3} HGenBank AY057055).
LS FH2EHE Aol fEst FERDS o= St
in vivo QTN HZTFET 40% o] = ZY2HE
TAE GFo2ZH IAFF, THAEsS T FEHE0
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