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Immunostimulating Exopolysaccharide with Anticancer Activity from
Enterobacter sp. SSYLIKCTC 0687BP] Screened from Ulmus parvifolia
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Immunostimulating exopolysaccharides with anticancer activity produced by Enterobacter sp. SSYL(KCTC 0687BP),
isolated from Chinese elm(Ulmus sp.) were investigated. The exopolysaccharide contains molecular weight 100,000 to
1,000,000 Da and total carbohydrates 43.0 to 70.8% , total uronic acid 7.1 to 12.4%, and total proteins 15.4 to 20.6%.
Compositions and contents of sugars in the exopolysaccharides are 10-30% glucose, less than 1% fructose, 10-15%
galactose, 8-12% fucose, and 40-70% glucuronic acid. The anticancer immunostimulating activities were examined and

proved with regard to both in vifro and in vivo bioassays.

in

vivo assay, the glycoprotein at the concentration of 0.3

mg/kg showed the best result that median survival time increased to ca. 138.1% in contrast to control groups.
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Table 1. Established applications of microbial exopolysaccharides(2)

Use

Polymer

Antitumor agenis

Biological properties:
gical prop Heparin analogues

Wound dressings

Eye and joint surgery

A -D-glucans
Hyaluronic acid(Stepcoccus EPS)
Echerichia coli K5 EPS

Bacterial cellulose

. . Enzyme substrates
Chemical properties:

Oligosaccharide prepararion

Echerichia coli K4 and K5 EPS
Curdlan, pullulan, scleroglucan

Physical properties:
Emulsion stabilzation
Fibre strength

Foods, thixotropic paints
Acoustic membranes

Xanthan
Bacterial celiulose

Film formation Food coalings Pullulan
Flocculant Water clarification, ore extraction Various
Foam stabilization Beer, fire-fighting fluids Xanthan
Gelling agents Cell and enzyme technology Gellan

Foods

Hydrating agent

Inhibitor of crystal formation

Shear thinning and viscosily control Qil-drilling ‘muds’
Suspending agent Food

Puaper coalings

Viscosily control

Jet printing

Oil recovery(blockage of perrmeable zones)
Cosmetics, pharmaceuticals
Frozen foods, pastilles and sugar syrups

Agrochemical pesticides and sprays

Curdlan, gellan
Curdlan, xanthan
Hyaluronic acid
Xanthan
Xanthan
Xanthan

Various

Xanthan
Xanthan

F&Edp Ol £x

delgle =8 W] WS AAEFAL AHZAH ofb
o Fzlo Sl F& gold F Heg4de HAA 017)ﬂ
A7 AE F, YMrIE #FSE Bu 28tk o =
dA BHAA AT £ FELE] F2HTEA FEY
< 7EHAA Hed o] #g & MYGP(malt exiracl

3 g/L, yeast extract 3 g/L, glucose 10 g/L., bactopeptone
5 glL) 1A dPAe =5 YFUE ¥ (streaking) &3 TH
0% 30T WRTISNA HEHE T AABA 1A B
34 4] 0o 22U Tl AES 9RRE e
FE(colony) 52 EEstAth 2A FHMA M AET
GRS AAds FEUE MYGPHRAE T@Eie dAH)
Z(100 mL)ellA 307, 200 rpme] ZFCF iRz tha]
gdelsle] HEHo=n g 5o A4S Holx T3ha B
A3l 540 BoART. #F BAL FAAY|R
B3HATY FAALBECIOS T FHAALH, F
BE ST AFEEeEE FAAWE E4MIDD), AP 20E
7274, BIOLOG 7273, 165 RNA A IE4 Fo] o|-&H

oZi o ok

1‘

o

HES CiERe| M
BEGLN ST JEAAE 1| AT ATAE )
2 L &8 Marubishi Co. Ltd, Model MDL 6C)E A}-23}

Fermentation

|

Cell Separation
WZentrifugation)

Solvent Precipitation
isolvert:supermatant=2:10wA0)

Solubilization of EPS

Pressure Filtration

I

Dizlysis

|

Luyaphilization

1

Dried Sample(ERS)

in H,0

Scheme 1. Flow diagram for the preparation of dried EPS sample
from fermentation culture broth.
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4,3 g D/L malt extract, 3 g/L yeast extract, 5 g/L bactopeptone
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Figure 1. Photographs of microorganism(Enterobacter sp. SSYLKCTC 0687BP)) producing
(a) and lyophilized sample of EPS (b).

(sucrose), EE=EA(fructose), LR Q2 (galactose), SFF V|
o] E(gluconate), AU 2 (xylose), o}2}H] =@ *(arabinose), &
Tt/ (thamnose) B ARSI CE TEE WGERL 2=
30°C, 250 rprn E7]% 025-1.0 ywmo]glom, pHE H%
7@6] R @1 35 AZ4AE o) dkstsict. i kubg

g 7122 AES S ZAHEEA D
g3 2*Z4& w2 WHEE FASGPoH, AT wE wjck
A9 L HL(ORP) W= FASFHTE WUF 21
QAR 7] (Sorvall RC 26 Plus, Rotor SLA-1500)8 ©]-&%]
12,000 tpm, 208 AT 27dM #Fdozne Azs
gt o|% A4Tdg Eodle] ofAED Fun| 1:29]
&5 4Fdd Arlsie] 45dezRH Axw gFEE
_"]5']"331—4'(4) 228 AzR g9ie oA FHR(15-2 L)
o =] X 07 16 ym HH 9 o|HAE 7L ¢
B‘E]EJ*'l 2 o7yl g EMuidialysis membrane, cut off
molecular weight 6,000~8,000)0] YW1 3}5F AR FFHTolA]
FA(dialysis) A ZHTE B8 A FEAAZRYE o] &d] Az
AAA HFHeg HaA MHAhel Az Axyl FEg
(EPS)S ?_jiiE}(Figurc L(b)).
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M=t Ciebre| s, pHo|l mME H4Mst 3 Xanthan

gumT} H|TEH FHEx MF T
8} 3 5A|(Hakke viscomctcr)?— o]g-3lo] $23 2 (sucrose)

T gados 9 o Aud EPSY w=d P4 343
A A% 23¢ A3 S51 2RES AHEOR, &
EE 25Tk 293 05%(w/v) EPS 292 Az o2
21712 Frkste] pHE 13:@]*]2_ Z(2.68~11.5), pH BE}
Eq‘:' 71‘:‘]E "ﬂ&]e J,].;&-—].oﬂ];]_ EPSO] 1:115'1-3;1 )\-1 1&
dolH 7] & 1% MEH vhEs BHT 1% xanthan gum

°J194 A& = (shear rate)<] Hiszldll o2 %j"‘“ﬂi} 2 oW
2-F(shear stress)e] HEHE Yol B AFEL A
Fluid Rheometler(ARES, Rheometric Scientific, Co.)5 Al8-8)
SATH12).

O_L. 0
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Mz Oege] =HEY
EPS 2] %m'"ﬂ 2o # =82 (phenol-sulfuric  method)&
AMgEtggon, Abde gheke ylulE s (carbazole method)Z-,
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2] (modified Lowry method)2
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EPse] A dAddd 498 93 waAT FAAY
(immune cell proliferation assay), _’-}.] = “i@l]
lymphocyte tcaction, MLR), HaAZ Eg&
AE), T-cell &)&8 AW Al(in vitro Tcell dependent dnhbody
production) THEHEZ Ao, AAW AGEH0] o
g IdtEAs 1Y) 918 Ble S4% ZdS A48 2
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Tabhle 2. Comparison of monosaccharide compositions produced by various kinds of Enterobacter microorganisms(13)
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Monosaccharides in Expolysaccharide

Microorganisms
E. sakazakii glucose,
E. agglomerans glucose,
E. cloacae glucose,

galactose, fructose, glucuronic acid, acetic acid
galactosc
galactose, fucose, glucuronic acid, pyruvic acid, acetic acid

Enterobacter sp. glucose,
Enterobacter sp. (KCTC 0687BP) glucose,
o0 6 36
g PR
o
2
! INNES,
- = + )
= £ 0 &
E 1DDE 3 g
Q = w- n‘s
o g ‘5{15 E
i Fosnxl EOE
=t £l 5 3
=] I
B £
Lo 1" |5 ®
200 J o 0

Cukura timathaurs)

Figure 2. Time cowse of batch fermentation for the production of
exopolysaccharide when using glucose as a carbon source.
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}i%]l?_ EPSE= 3 Aato] HA] grotri(data not shown)
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Figure 2¢] veEhfigick @S Hd 2
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2273 100,000~1,000,000 Da Abele] EAp#:s z= 1
A FAZ 7 1%} a8, IRF} 'HNMRE AMg3hd
EPSE E4elny 43S ¥dele wagEe d¥E

100004

fucose, glucuronic acid
fructose, fucose, galactose, glucuronic acid

1004

Viscosity{cP)

1 T T T T 1
10 18 2

Cuoncentration of EPS{giL)
(a)

00 126

(b

Figure 3. Viscosity variaton with regard (o concentration(a) and

pH(b). EPS was produced by using sucrose as a carbon source. The

initial concentration of EPS was 0.5% in (b) expcriment.
WMEES By ?rmDHdata not shown).
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H

glucose(29.9%), galactose(11.0%)o]Rz, o2 w|Ae] A&
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Figure 4. Rheological behaviors of both EPS and xanthan gum: O
EPS viscosily; @ Xanthan gum viscosity; [ ] EPS shear stress; Wl
Xanthan gum shear stress.

T 157 ——EPS
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T /_/H
% = T T
'g ///_ s \“‘z
& 05 "
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E
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001 04 ¢ 10 100 200
Concentration{pugimL)

Figure 5. Result of immune cell proliferation assay. Tmmune index
means absorbance at 490 nm in MTS assay.

g BoFu o FE 7l e #x Fke A5F
ol =712 Jeiat 18lw, 05% 2989 7] pHE 4.1
Hze) 2Ag ehigle), o] F2dA Hd B4 EH
on] pH7} &713H wet FA4e Fids S Btk
EPSe] fuiatd AL 1% B Xanthan gum g T ]
o] A E T Figure 4% ATE&=2] HEld] ©WE EPS
9} xanthan gume] Hdwsl, AE-3He] HEE BoF3 ¢l
t}. AZE By AZS dFRs 9 ¥E4 Xanthan
oum® H|$3 S eb e (Psuedoplastic) fFrHEE AEA S
BQ&ED 9lon, A4 Wh(steady viscosity) Z2Ho| = £

Aolg vekhA 2.

Mzl|o| HoskH AHA U MFL SorEM, =M AY Ao
Figure 5+ WYAE ZAAEZ2AE L].E].ngiu].. EPSY]
$ f2d F& 29 A1) BEHAR sE7F S
G2 w2 WA F4L K ou, o] positive control
= ALEE LPS(hpopolysacchandL,)9} Hlws] 2 o o8 A%
g 1:10%—1.—% o]t} Figure 62 EPSZ zqam 7Ao9
joA e A WeNE F4A80 e BIdEe 3
HPYEE ‘:‘M%‘%ﬂl»ﬂ oHs Aoz EPSE HIYY AL
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| ControliMedium+C ell) |

Fdavs %
<200
.k ' i w y ‘
PR " ) v 1
.o §
> Lkw Q . \’ ! l:,;‘ \ :?ﬁ:
W : ﬂ;é‘? K %LH\MA' ,Q#

(b)

Figure 6. Microscopic photographs(magnification:200) of immune cell
proliferation assay after 3 days culture. [(a) conol: medium+cell, (b)
sample wearment(200 yg/ml)].

Figure 7(h)e] HEAFE EIHAAE(@n viro mitogenicity
tes)o] M= EPSS ¥Evh F7HdeE *ﬂ:‘EﬂE—‘QO] 23705z

$9% 298 ¥ 4 Ao O, =FuResd ped
WAL $He fEshe

= 4MLR) 235 Jehi=
S8 o] A&E EPSY iﬁ'—]l&?‘iﬂ’ ‘&7] TrE 2 WY
& HolFm 9tk COntrOl.E—_ AHEE PBSO| BlE &2
o8-8 B oled, ‘L‘S———r"ﬁ FZg g

E —.H 2 5 TAR] &8s £33
= 71%& 3 sl&& & 5 SIth Figwe 7(c)= EPSE] in
vitro T-dependemt &4 BA4g% 2ol thdl Ag2x4= MLR]
U direct mitogenicity A% Axid] dls] e AL HojP

Ll

rE T o

2.4_'.

ol

Ak olam 2o e HAYAgENE EdE E o =
FUEzRE Hag ndEd 83 AikE EPST WM E
9 4% fEZél= miogen22Ae VimE Zm slew,
HIHE £ BAE g Ay rohE TAX g ¥
dele e o 723 fredhe Zdes ddEw, o)d HY
gk2o) A SrtANE Figivha £F3ck

EPS9] Ay =4 AHZAZES R ¥(Figure 8), EPSY 7
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Mitoge 2500 7 In vitro
H t E T_deD
ZO00
@ 1500 -
® ]
e}
;‘E 1000
L
n
500
Q
£ " T=2s g =8

Concentration (ug/ml

(c)

Figure 7. /n vitro bioassays for measuring immunostimulating activities(PBS:phosphate-buffered saline, PFC:plaque forming cell) [(a):mixed
lymphocyte reaction(MLR), (b) direct mitogenicity test, (c)in virro T-dependent antibody production test].

i
EPS (1, 3 mghy)
¢ B | E 3 2o e r. Y 7,
=
&
= p
=S
£
=
£ EPs (30 10q me/kg)
=
=
=
LTS 3 mg/mouse
Ly i L) L |
ErsS 10 mylky
i
2] T 1
o z A ;

Time (days)

Figure 8. The number of live mice after treatment of

exopolysaccharide(EPS). The mice was treated at the concentration of

1,3,10,30,100 mg/kg. 3 mg of lipopolysaccharide(LPS) was injected to

each mouse.

2 10 mglke7ha] BB F(optic shock)Th FAIR 2 kol
YEhg AR, 7 olstel TmelAE FRE F4ol vehiA

okt o] ANERE AA W FYEAE B7] 5 EPSY
A srE mg/kg ©|8l2 819w Figure 9(a)= 03, 1,
3 mg/kgs] A|E#2]4] Ble £4F EdE& o]Fa W] o
@ IULSE 338 ox Pl wRdd v vl

vebsct ole] mwe} Figure 9(b)9) 7
o] ¥=& [ ‘5%‘%"30% 0.03, 0.1, 0.3 mg/kgoll THalA 2/‘}%-
71——':_‘34' 03 mg/kt’?-l lfﬂ 7]'@' 71_‘”"’ E«JO]B—"‘}'_' 1-4'[1 M-——

o] TEollA oF 138.1% Fro] HETAFEHZ UrFJrLH?iUr
ojw) FAYE ERY cl=2olelo] (adriamycin)e] B
1772% o]’ & AE=HA a1 el =3 §
o] The WEE 1497 o] WES 29 ReE BIF

=T

] -‘
EPS
JUL P
VEH
. ——  Dimgky
0 — = gy
= — == imghg
T ADR\ mafe
= wl
=
E
R
T
u T T T bl
0 5 10 5 L a5 n £
DAaysafte1 implantation
@
o
RPE
o
—w—  mmem
o 1 amiglis
;E
PR
=
B
2
i an A
it
noo-
C T it it T

1w ] pel a i

Days alter implantation

®)

Figure 9. In vivo immupostimulating anticancer activities of
exopolysaccharide. The mice implanted with B16F10 melanoma was
treated with each sample. BDF! mice were inoculated i.p. on Day O
with 10° B16F10 mclanoma cells. Drugs were administered by the

ip. at days 0-15. ADR means adriamycin.
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{b)

Figure 10, Photographs of B16 melanoma transplanied mice[(a) conirol(no treatment), (b) 0.3 mg/kg sample trcatment].

2% EAY & UVANA SEF ATVEE BRAA
29ltidata not shown). Figure 102 -Fvfch25tol] thal EPS
g HAY vh29 ARlE BeRs 433?; Rl et
At PARE FHo] FESHA o]FojF AL B £ AT
ctig A ] g olH O]"‘ﬂz% o] s AAH AR
£ & F vk AAH] ZHE BH EPSY A HAEQ
T2 F& giogae oot » ’—2 AHEAFE H
FUAHIY. F29 F& DUFA ] Ae 3 merkgel A,
EPSe] 7%= 03 mgkeollA BHEAS o FUR ]
o o 140% =9 HEd AE AGERE JePhAY
F2¥ F2E 39 ABdA dFIR0] 4HE HEA
7= AV o, HAE FEUNS AL AHE/F
F Ago]l kg £ AUATL HAE] 2§ EPSe] A4 o]
FAE 44 5T + dd 2 F29 FE22A A AME
Edoly kA H A EPSEL ] Hojulthil E £ fle
o, o] A EPSE FU A gt 7ol f7HTER

[o -]
.

2 GRAE SRR BYPLANA 2T AF 27
Enrerobactel sp. SSYL(KCTC 0687BP)S Ah&sle |5 3
B8}3tE(exopolysaccharide, EPS)S A8 +lsled, EPSe] modEA
o A7 gLENE dPHoZ AA)EETh EPS= 23EEr
of 430% WA T08ASH, FUAT FFE T1% UA
11.4%, il gk 193% W7 206%=, EA=RE 100,000

o A 1000,000 Dad] Pl s o 4 ¢lsith EPSE
TAAES B glucuronic acid(46.7%), fucose(10.8%), fructose
(0.2%), glucose(29.9%), galactose(11.0%)01811, ©]2] m]=|&]
] 1.3% F=Hc) EPSe wogA HAo| w2 EPS
= HYNEe 248 A=3E mitogenE L 30, B8 T
AZ % WAZZEARE AT Bl6 F4F ol4

wpemE o] gat A H Haggol o9 IJohaxtE BEAS
as #44 e ddards L}E}Lﬂ peoem, ALEY A2
T F& wdogd e 73 K3 mg/kesl A ¢F 140%2) Az

11.

= m:
Zo]aéLﬂJri: E‘”)Ql H "H 2 TH /10
-] -

. Yalpani, M.

. Sutherland, 1. W.
. Miguel,

. Hodgson, .

.Lee, Y. C

Tx2l 0.3 mg/keo
S JERA AT
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