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Growth Inhibition of Polysaccharide Fraction in Cell Wall Components from Enterococcus fae-
calis 2B4-1 against Tumor Cell Lines. Park, Sang-Jin, Jeong-Hwan Kim, Kyung-Ho Lee, Jong-
Beom Yang, Young-Jin Baek, and Chang-Han Kim*. Animal Resources Research Center, Kon-
kuk University, Seoul 143-701, Korea. 'Department of Food Technology, DongNam Health Col-
lege, Suwon 440-714, Korea, “Research and Development Center, Korea Yakult Co. Ltd., Yon-
gin 449-900, Korea — This study was developed to evaluate the growth inhibition effects of cell wall
components of Enterococcus faecalis 2B4-1 obtained from feces of neonates against tumor cell lines.
Polysaccharide fraction (PS) shown sensitive growth inhibition effect in the cell wall components was
isolated and characterized. In growth inhibition effects, residue fraction of whole cell was shown sen-
sitive level of percent survival about 30% when administrated at the concentration of 100 pg/ml, and
that was more effective than that of supernatant fraction against the tumor cell lines, SNU-1, 3LL,
FARROW and HEC-1-B. Sensitive growth inhibition effects against SNU-1, FARROW and HEC-1-B
were performed by whole cell (WC) fraction from Ent. faecalis 2B4-1. Cytoplasm fraction (CP) of
WC was shown non-inhibition effect, however, the other part of WC, precipitate of disrupted cell (PD),
was sensitive against the tumor cell line mentioned above. Followed by separation to peptidoglycan
fraction (PG) and polysaccharide fraction (PS) were all sensitive which the latter was shown more sen-
sitive percent survival than the former. Composed sugars of polysaccharide fraction were determined to
D-glucose, L-thamnose and D-glucosamine, and the rate of composition was calculated to about 1:1:1
by the data of elemental analysis, IR, TLC and HPLC.
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Fig. 1. Procedure for the fractionation of cellular components
of Enterococcus faecalis 2B4-1.
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Table 1. Percent survival in clonogenic assay of various tumor cell lines treated with solvent extract and residue (100 ng/ml) of
Enterococcus faecalis 2B4-1 grown in M17 broth and MILS broth*

Solvents
Cell lines Media Hot water Ethanol Acetone
Extract Residue Extract Residue Extract Residue

SNU-1 M17 51 27 38 28 87 16
MILS 45 16 36 18 80 10
3LL M17 33 25 62 36 69 35
MILS 79 22 36 21 72 32
FARROW M17 47 , 24 71 42 76 26
MILS 56 23 84 23 73 28
HEC-1-B M17 89 20 85 59 91 38
MILS 88 24 88 43 91 40

*Means of three replicated trails(p<0.05), sensitive i.e. % survival <30.

ZA]ufA] M17 broth[Difco Lab.:0.5% tryptone, 0.5
% soytone, 0.5% meat digest, 0.25% yeast extract,
0.05% ascorbic acid, 0.025% magnesium sulfate, 1.9%
disodium-B-glycerophosphate and 5.0% lactose solu-
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acetone 522 77} F&ste] 1 AR NS} A} He
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Table 2. Percent survival in clonogenic assay of various tumor cell lines treated with residue of Enterococcus faecalis 2B4-1

grown in M17 broth and MILS broth*

Solvents
Cell lines Medium Hot water Ethanol Acetone
Concentration of residue (ug/ml)

500 100 50 500 100 50 500 100 50
SNU-1 M17 15 27 78 19 28 95 6 16 89
MILS 7 16 70 9 18 90 4 10 85
3LL M17 10 25 99 25 36 98 25 35 94
MILS 9 22 90 14 21 95 23 32 99
FARROW M17 12 24 94 18 42 96 15 26 99
MILS 10 23 95 14 23 94 16 28 90
HEC-1-B M17 5 20 89 36 59 100 21 38 85
MILS 12 24 89 30 43 95 29 40 90

*Means of three replicated trails (p<0.05), sensitive i.e. % survival <30.
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Table 3. Percent survival in clonogenic assay of various tu-
mor cell lines treated with cellular components of Enter-
ococcus faecalis 2B4-1 (100 pg/mh*

Table 4. Percent survival in clonogenic assay of tumor cell
lines of SNU-1 and FARROW treated with cellular com-
ponents of Enterococcus faecalis 2B4-1*

Cell lines PS PG CP PD WC Filtrates**
SNU-1 20 28 69 25 17 66
RAJI 65 89 81 50 60
3LL 80 73 93 75 75

37

28
FARROW 28 51 99 27 25 85
HEC-1-B 38 51 58 36 30 56
SW-156 76 69 82 68 100 78
HEp-G2 89 77 94 86 72 84
SF-188 92 100 90 81 100 79
WiDr 63 58 100 100 66 100
CALU-3 100 100 100 96 69 83

*Means of three replicated trails (p<0.05), sensitive ie. %
survival <30, **adjusted to pH 7.0, PS, ploysaccharide frac-
tion; PG, peptidoglycan fraction; CP, cytoplasm fraction; PD,
precipitate of disrupted cell; WC, whole cell.

Ent. faecalis 2B4-12] A ¥ MBS 2 33ie] 7+ £
9 FHAE FAGA EHE AARE A= Table
3ol velsich & AgA AEH FFAZT 10F
% SW-156, HEp-G2, SF-188, WiDr ¥ CALU-3 %l
3ted= Ent. faecalis 2B4-1¢] whole cel(WC) -1t o}
Yt 29 A2y BB o3 FUAE FA YA A7
= A9 vehtA] aigked}, SNU-1, RAJI, 3LL, FAR-
ROW ¥ HEC-1-B 59 FUSAEFel d3ld= WCe
A eF 20~30% A F-2] dA’ FAGA AHE Ry

271 AE 2l WCE AlEstd L cytoplasm
fraction(CP)ollX & 3 AF}E Holx| ¢oF2 Hidd|
CPE A|9J3¥} disrupted cell precipitate(PD)olA] &3}
£ Yeliglz, o] PDE o}A] A E-]F peptidoglycan(PG)
9} polysaccharide fraction(PS)oll Sle14, SNU-19]
sld= PSS PG 25 30% ol3le] #4] JA&E 249
on], FARROW®} HEC-1-B= PDE3Z PGrRu+=
PSelld B} A A5 veplisdel 8 WCellA
30%3 ¥ &35 vebd RAJIS} 3LLY 7%, WCH
32l CP ¥ PD(PG, PS) Sl 1o AS3l= &
& JephA] Z3lg e, o9 o] WCeF WCe Al
3 3e] u|nef|A] 38 AN EYE anr} o
= AL 29 Buld &9 AFAe] 24 59 o
ol I Aoz AlgHrt =3 A2y 7 23] ¥x
of w}2 SNU-13 FARROWSY FA)A] &A= 100
pg/ml o] A8 FEAA 10~30%S] FAHA & B
A, 50 pg/mle] FEM = AL AAE JehliA] ¢
SteH(Table 4).

A}A o2 B AFlA Ent. faecalis 2B4-12] TH <k
Ay FHES 1059 FHAET A3 FAHHe F
AldA &3] B R-E CAS 53 33 6l WCY

Fractions Concentrations (pg/ml) Cell lines
SNU-1 FARROW
PS 500 14 20
100 20 28
>0 89 93
PG 500 2 0
100 30 51
30 85 90
PD 500 15 17
100 24 25
50 85 90
wC 500 7 10
100 19 24
30 75 94

*Means of three replicated trails (p<0.05), sensitive i.c. % sur-
vival <30, PS, polysaccharide fraction; PG, peptidoglycan frac-
tion; PD, precipitate of disrupted cell; WC, whole cell.
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33}A] efskcly 2 131 7, Manjunath ${7]2 Tryp-
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oefo] HeLa, HEp-2 ¥ HFS-99] ZFA|EFe| 34~
36%2 FAGA AAE Mok sl dubdes
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20]. Yanagawa -5{21]% biological response modifier
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vitro’} 9l A sensitivity test A3}, OK-4329} bestatin
2F3}A] cytotoxicdh} FFAHE FA] Ao &H o]z}
3ldct. Morinaga $[812 Eubacterium lentum(TYH-
11)-2 Ehrlich ascitesell A 8] 2GA ] FA] A= BHo]
2] eskort, Serratia marcescens(TY-142)E 541 A
AFE BoohT e, o]’ AHEL FF 6, A
2] g A4 52 xlejdlA] 7lEhs A2 Alssn)

Polysaccharide fraction(PS)Q| &4

WC) HFEHERA PGE} AR FHAE F
A4 &2t g8 PSY A% olsaby 54¢ gl
3] Table 5ol Aelslac}. 2T T o) Fkax,
ninhydrin %¥44hg-2] amineolt} amide®2] EA4E &
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Table 5. Physico-chemical properties of polysaccharide frac-
tion from Enterococcus faecalis 2B4-1

Items Properties

amorphous powder
C:38.7, H:6.7, N:3.2
positive
3395, 2935, 1054

D-glucose, L-rhamnose,
D-glucosamine

Appearance
Elemental analysis (%)
Ninhydrin reaction
IR(KBr) cm’
Components of
monosaccharide units

85—
@

15.63
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4000 3500 3000 2500 2000 1500 1000 ard 500

Fig. 2. Infra-red absorption spectrum of polysaccharide frac-
tion from Enterococcus faecalis 2B4-1.

dstdet. w3 daiMede C 38.7%, H 6.7%, N
3.2% 2 0 51.4%°] v &2 FA= gle Ao et
el ¢4 IR spectrum(Fig. 2)ell 21e}4%: broaddt
3395 cm™ell4 -OH(-NH,), 2935 cm™4]2] C-H bent
2 1054 cm™2] 7}8F 4= bandZ ¥-E] polysaccharide
ol B 4= 9l+= alicyclic 3HE9] A3A < patterns
1&g 4 9lsdcth. Shiomi 5[18]¢l 28hH Kefir grain
o4 #2]8 484 polysaccharide®] 9474L C 41.8
%, H 6.2% % N 0.2%°]3}°]™, IR-spectrum-2 890
cm’e]] ZH&F < band”t 3le1 B-glycosidic bond7} &
AEgE HAlsI o, B PSS A= IR
2Jolsle B-glycosidic bond®] &3 714 bk A
22 AztE

PSe| A4 & AE-& setslr] $)sled 2 N trifloro-
acetic acid(TFA)E 7}E3E 3 & 7leBa 8o A
A& Q] WsE TLCell /st =437 A (Fig. 3), 4
7hrEd 30% FHE sk oA 74 Gl
vehtr] Ajabsksd w, 244)7F o] F2] sl B A
== Z o2 FHelxoe], slgEa] 1~341%F e A
7Y spots7t PSS 74 & M A Vel Zlog wt
shdcth =3 74 JddFe AAEAE 98 hEe)
E 3A7 ) 7N spotsE N-acetylmuramic acid, D-
mannose, L-rhamnose, D-glucose, D-galactose 2 N-

T =u

acetyl-D-galactosamine 59| ZF=33 vl HES]

a b ¢ d e f 8
Time of hydrolysisin 2N TFA(r)

Fig. 3. Thin layer chromatogram of 2 N TFA-hydrolyzate of

polysaccharide fraction purified from Enterococcus faecalis

2B4-1 on silical gel plate (reaction times: a, 0; b, 0.5; ¢, 1; d,

3; e 8; f, 24; g, 48 hr).

*TLC conditions

(D TLC plate : damp pre-coated silica gel plates in 0.5 M NaH,
PO, followed by drying, commercially available silica gel 60
Fys, MERCK.

@ developing solvent : dissolve 300 mg of lactic acid in water
(60 ml), 2-propanol (120 ml) and acetone (80 ml).

® detection method : 2% p-anisaldehyde reagent in ethanol.

(A) (B)

a b ¢ d e f g h i ] k

Fig. 4. Identification of sugar components of polysaccharide
fraction possessed in Enterococcus faecalis 2B4-1 on silica
gel TLC plate(standard sugar derivatives: a, N-acetyl mu-
ramic acid; b, D-mannose; c¢, L-rhamnose; d, TFA-hy-
drolyzate (3 hr); e, D-glucose; f, D-galactose; g, N-acetyl-D-
galactosamine; h, TFA-hydrolyzate (3 hr); i, glucosamine; j,
D-glucuronic acid, k; D-galacturonic acid).

(A) TLC conditions were equal to Fig. 3. (B) Developing solvent:
dissolve 300 mg of lactic acid in 2-propanol (120 ml), wate(140
ml) and acetone (80 mi). Other conditions were equal to Fig. 3.
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Fig. 5. HPLC chromatogram of 2 N TFA-hydrolyzate of po-
Iysaccharide possessed in Enterococcus faecalis 2B4-1.

®, L-rhamnose (6.7 min); ®, D-glucose (13.2 min); ©, D-glu-
cosamine(15.7 min)

Ax(Fig. 4, A), 74 H2HF< D-glucose(Rf 0.54)%F
L-rhamnose(Rf 0.76)2 FAHAES ¢ 5 U=, o]
9] A7 spots kol Yehd spot(Rf 0.1~0.2)F &
317) 9isl AMNE7A-E S8t D-glucosamine, D-glu-
curonic acid 2 D-galacturonic acid §% ZFEAF}
v] 2% A7} (Fig. 4, B), D-glucosamine(Rf 0.25~0.39)
o) ZANT-S Fassin) WA o] PSxe 3% WF
Z D-glucose, L-rhamnose ¥ D-glucosamine® 74 5
o] gle-& FalE - et

g, PSSl 2N TFAel & 7F&32@hr)<
HPLCell 2 43}lod TLC E4ZAF oM A& ZEEAR
B BA%F A3= Fig. 5904 E¥ vie} 2tf & peak
@+ L-rhamnose, ®+ D-glucose, ©< D-glucosamine
o2 7 FANE ¢ LL1E A=) o]F 3% =
F5e] FAulE PSe] da¥A ZI(Table 52k 7
2] g3l Al og Yebytet.

Oda S{101& L. helveticus var. jugurti7} A3/3%
2438 B3 mucous polysaccharide®] 74 32 glu-
cose®} galactose(2: )o1Ktk 819129, Tkawa S16]<
Streptococcus faecalis RS MEH = glucose®} rham-
nose’} A3k galactoser T4 2ol ohEta =
), o)2idt HFHe FRH9 FABY o)L dF
B A A whge) Aold] 71918 A2 Almdch

2 <%

AlAote] Bwolx Be] - FAE Enterococcus fae-
calis 2B4-18] AEH AEol 3 FIAE FAAA £
3} 4 g4 %3] polysaccharide fraction®] A&EA4 <=
A B3t

FAZ22E FUANE FA A &= FF AAY

B} FEAAgelA Ao g vehd, 100 pg/mield
o] A} EokAE SNU-1, 3LL, FARROW ¥ HEC-1-B 5
of Pzt 30% AF] HESE Byvh @<, ethanol
2 acetone 59 & 4 A Folx JAHHA
gk ont, A M 1780k MILS wiz| Aol 4] F3 2
FE AT 84S 23

Ent. faecalis 2B4-1 AEH A&%F SNU-1, FAR-
ROW @ HEC-1-B $-9] FU4A T30l tis] SA194 &
#E v}ebd whole cellWC)& #83 274, cytoplasm
fraction(CP)ollAl& A& FA9A Az} elslevt, A
HEql PDEFoA #AE Hrh o] disrupted cell
precipitate(PD)¥-2-& thA] A&’ 74, peptidoglycan
(PG)2} polysaccharide fraction(PS) ESoll4 #4E&
vteby ot PGRT} PSY] E&o] tha: A% oA &
7} 9lgo] AR =

Polysaccharide fraction®] 74 @it Va8A,
IR spectrum, TLC % HPLC 59} Az}el &J3f, D-glu-
cose, L-rhamnose ¥ D-glucosamine®]®, 7. 7438+

ok 111112 A=}
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