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Abstract

The inhibitory effect of a polysaccharide from kefir on human rotavirus infection in MA-104 cells was investigated. The
extracted polysaccharide was separated as fraction I in unbound materials and as fractions II, I11, and I'V in bound materials.
Adding polysaccharide fractions II (4.8 mg/mL), III (5.3 mg/mL), and IV (1.4 mg/mL) inhibited the infection of MA-104
cells by human rotavirus. The 50% inhibitory concentrations (IC 50) were 0.075, 0.083, and 0.022 mg/mL, respectively.
Based on these results, the kefir polysaccharide has anti-rotavirus activity. In conclusion, a polysaccharide from kefir had
more than a 97% inhibition effect against human rotavirus infection in MA-104 cells.
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e fo YFoF ikt o|fd] axef &
2 fAtolu &8-S vIEst Ve 553 HES 7R
= A|Fo] kefiro|tH(Ferreira et al, 2010; Ismail ef al.,
1983; Kemp, 1984). Kefird] &3-& wgo)| #ojsl= &
B gl diste] 8-S gk B3 kefir grain
o gXE g% polysaccharide= kefirano|2}al £ &1
(La Riviere et al, 1967; Toba et al, 1991), F 2| A 3=F
FAPNA FLe] A AFAES e ATHMurofushi
et al, 1983; Murofushi et al, 1986; Quiros et al., 2005;
Shiomi et al, 1982). Kefir= kefir graine HF Washy|
ool faktel o3t HEFRUS kefir grainge] &%
9} 2AHFO 93] vitamin B2 b ARSI - A
i o]9)o] 435X A8 AR okl BarEg]
THKandler and Kunath, 1983; Shiomi et al, 1982; Yokoi
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et al, 1990). Caucasus A"e] HAUFTRZ L7 kefir
culture2 7] EPSE Aibetke HAA frikdTE v A
WS}l (Lim and Lee, 2009), A& f-2to] WjakAd, 1f
G54, SE2HE 558 ¢ e T 4 54
< dolral, HAg fikrfo]l AShkE crude EPSE &
gl3ted fro} nulolej A AAMHE Y FQ A< human

rotavirus(HRV)9] 2180 AA &35 Jehi=AE gRlgt
o2, kefirol| A 8 HAY fiktS 716 da
2 883 4 ok sFYTh(Kim, 2003). Rotavirus 7+$3
Bxte] HEZAR IS FE, v, 18]l 2-8Y A
&5 = F4AE 4o 7H(Rodriguez ef al, 1977), Tz
R Folu G @ EE RVA 89S H
Astal 4714<1 /ddr8o] = Uth(Riepenhoff-Talty
S, 1985). whEbA, B A1) E-HL kefir polysaccharide
7} human rotavirus®] MA-104413E ZFA Ao v|X])&=

e zABL.

3A| Kefir grain
Kefir grain d¥ F7 oJx o) E(Kyoritse Women's
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Univ. Japan) S8 A0 £ o}l 23°C(Incubator,
Sanyo, MIR-253, Japan)ollA] 48417t Althufjeksle], &2 o]
FL kefir graing WA RASIHA Agol o] 834}

Polysaccharide?| £2|

Dasilva®} Goncalves(1990) ol e} kefir grain 60 g
S FTHTE A F, e SRTE ¥ol 80°CallA
A7 &9t 718 Wzkeh v grains 12,000 gollA] 203
b QAR stoH, AEds AA F 23] vE AY
SlATh AZdel] Feke] ethanolS H7FsF THS-, 12,000 g
o] Al 2081t A EEstAth oAl A HHAES 12-
15A17F 248§, 15,000 gl Al 10237 488 &
polysaccharides &2 71z3l] AMS-3FS T

SDS-polyacrylamide gel electrophoresis

Kefir grain’] 2] H7]%952 Laemmli(1970)2] WH-S- =
Aste] oy} o] A3t Mini-protein’d 2| (Bio-Rad,
USA)9 separating gel(acrylamide-bis 4.16 mL, 1.5M Tris-
HCl(pH 8.8) 3.125mL, SDS 10% 0.125 mL, ammonium per-
sulfate(1%) 0.425 mL, TEMED 5 L, distilled H,0 4.65 mL)<-
UFE 3] stacking gel(ammonium persulfate(1%) 0.5 mL,
1.25M Tris-HCI(pH 6.8) 0.5 mL, SDS 10% 0.05 mL, TEMED
5L, distilled H,0 2.5 mLYS TFESITE Al 0.1 g2 FH3)]
M8 1 mLE 41 Fol| 100°CoA] 287t 71EF W
ZIAZ TR 150 mAR 1ARE F7]9Ssiith J7195 +
gel coomassie brilliantd A Ho] oF 1087+ GAAIZ] o)L
10% acetic acid®} 20% methanol2 ¥ Bl o 2 thilz o)
AArslA] B w7bx] eA5199a1 UVP Imagestore 7500(Vilber
Lourmat, France)® 33153t}

DEAE-sepharosedi| 2|8t ion-exchange chromatography

Crude polysaccharideE 50 mM Tris-HCI buffer(pH 8.7)%
v|2] 333}sk DEAE-sepharose ©]-2n3H2(1.5x20 cm)©l]
FUZ 7, 1A BEo] AF §EF O] §E540] base
lineol] =0} 2 T 0-1.0M NaCl9] linear gradients A
sto] EElskiatt. 2] T carbazole assayH O 2 530 nm
X AP o, Gl A ET= 254 nmoll M) FREES
monitors}e] ST, &, ThdA|Y] RS A8
98} HPLC(High Performance Liquid Chromatography)ol|
gk BAE AXIsItt. 54 71E3H polysaccharideZ 0.2 pm
filterol] o3t &, ¢ Hol| columnS H,0Z H33IA|7]
31, HPLC reodine injecterol] =431t} Columne- S35} &
Z5) = peakS ATPEE 355 71A] B85t} Oligosaccharide
o] o] 8% HPLC ¥4 271 Table 12} 2t}

MA-104 M|ZHHQ¥

Rotavirus®] 7H = 212 9431 H9A|EE= Macaccus

Table 1. Operating conditions of HPLC

Items Condition
Instruments Waters co. 510 solvent delivery system, 486
tunable absorbance detector
Column MCL Gel CKOSEC (8.0x300 mm)
Detector RI
Mobile phase Water
Flow rate 0.6 mL/min

Column temp. 75°C
Injection volume 20 pL

Rhesus monkey kidney cell(MA-1044]3)2, 1]=t Stanford
University 2]3}t)&}2] Dr. Greenberg LabS ZHE] F-oF nt
o} Medium 199 Earl's Salts(No. 9466: Irvine scientific.
Santa Anna. CA.)NA S2AZ & &2 3l&ste] A-83)
Atk MEe] F23 FA= M1999] 7%2] Fetal Bovine
Serum(FBS) (GIBCO, U.S.A)¥} 1% L-glutamin penicillin
streptomycin(L-GPS: Irvine scientific. Santa Anna. CA.)<
T3t 75 em® Z719] 22 gE T-flaskell A} WL wlA]
S WESPAA 3-4Y Fof] &3 monolayerZ 33 Al
3T

EZ AduigFste] ARk

Kefirel polysaccharided| 2|8t HRV S-22| MA-104

M=ZY M £3

Kefir®] polysaccharideol] €]3+ HRV S-22] MA-104 A
FE A AT =42, Kaljot5(1988)9] Wl et
AEC stainingsS AA8te] ST WA MA-104 A3
£ 96-well plateo]] ©Z-0] FAEHEF wjYstAAL, trypsin
1 Z7He M199e &gdshel nlelz)2E 10,0000 1473}
THA] 304 5<F SASIAIA ARSI 2H2ke] oA
A 50 uLE 27 3A3kaL 7)) virus 100 uLE EF
1S 5% CO27]- A== 37°C B0l A 13-154]%F
Z

O

e

=
A
St FAAAT. AAEAY v5o|F oz AFS vlo
2E A)AT ¢S, TNC(10 mM Trizma base, 100 mM
NaCl, 15mM CaCl, pH 7.4)& 2¥1 A H3EI, 10%
formalinS 7} wellol] 60 uLA Fo] 20 x 30% &<t
MEE A TNCZE 2 AlZsFATE 1% Triton X-
1002 7} welloll 60 uL® YWar 2o 487 F=x &
TNCE thA] 2 &3 T2 1X}= rotavirus HEE &
ARl 1B2E FBS7} 1%37Fe TNCOl| 15,000807} ===
34351 ZF welloll 125 uLA 7}18F 3 37°C incubatorol]
A IAZE R HEEAIH T Al TNCE 29 Al F 3] 2
2} A HRP goat antimouse(IgG)(Kirkegard & Perry,
USAYE FBS7} 1% 71 TNCZ 4,000017} H== 3]
ho] 75 uLA Z} welloll o] 37°C incubatordl| A 1217t &
S HRSAIATE FHARE Tes] 9t AECEH S
7k wellell 60 pLA 7181, 2ol 51083 GAA)
Z1 § TNCZ 29 A3ttt 7HaE A2 715-E count

4 ot
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Table 2. Chemical composition of kefir grain and the poly-
saccharide content extracted from kefir grain by
centrifugal method and ethanol extract method

Chemical composition

Separation Step - -
Water (g) Protein (g) Polysaccharide (mg)

Kefir grain (500 g) 437.5 41.8 29200
Crude polysaccharide 0.47 21.6

3t virus tET-9} Blste] 1 A BEE S

Inhibition rate

~ Number of non-infected cells by virus

Number of total cells

nl ]

b}

24 jl_l.

Kefire] W29 a3} @ )4 7152 F2 polysaccharide
o QP Ao E HIEIl 9O T Z(Shiomi ef al, 1982), &
Ago| A= polysaccharideZ FE3}] HRVY t3F A=
& 1] Hylt

Polysaccharide®| £&

500 g9 kefir grainS ARE3IAS W 2] 4375 g, ©
ulzlo] 41.8 g, 28]al polysaccharide= 29.2 g0 2 A%
Ao 7 et YAEEHT ethanol A o3l F
<9 crude polysaccharide= °F 21.6 mg(0.07%)°] 3}55]
AT} (Table 2).

DEAE-sepharose0di| 2|gt ion-exchange chromatography

Fig. 194 VR ule} o] e o] 28k chromatography
oA fraction 1(0.8 mg)] MIAY 83} A3 £ o2 1}

10

o8 NaCl 1M

06

04

Absorbance

0.2

00 i

=02

+ NaCl OM
I v
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Fraction number (7mL/tube)

—* 254 nm: protein
~*-530 nm: carbazole assay (160 pL tube)

Fraction 1:FN 6-9 (0.8 mg/1.8 mg)

Fraction II : FN 41-43 (4.8 mg/8.9 mg)
Fraction III : FN 44-48 (5.3 mg/9.4 mg)
Fraction IV : FN 49-51 (1.4 mg/3.1 mg)

Fig. 1. DEAE-Sepharose ion-exchange chromatography for
the polysaccharide separation.

FHolRek Ak 282 ok 0.05904 0.2 M7EA2] NaClol)
2J&leq 37)9] peak®E 8% 9] 212} fraction 11(4.8 mg), I1I(5.
3mg), IV(1.4 mg)Z F&]=F 3o}

Kefir2| polysaccharided 2|8t HRV S-22| MA-104

M= 2 duEat

HRV S-22] MA-104 A3 734 A] kefir®] polysaccharide
E 7G-S o WA= AF}E Fig. 20] YERASITH
AEC staining(Fig. 3, 4yS ©]-8-3}] kefir®] polysaccharide
of &3 HRV $-29] AAaHE SH3 23, DEAE-
Sepharose Z-o]l A$3l polysaccharide®] fraction 57}
5% HRVE] MEA 433t JAEadE Jepld
Kefir®] polysaccharide fraction II, III, IVZ7} 22} 4.8, 5.4,
1.4 mg/mLe] FEoA ok 97, 99 B 100%2] A EIHE
el or, 50% JAFTE(ICs)E 0.075, 0.083, =
0.022 mg/mLE YERGTE Fraction II, 11, IV @A E
37 Aoz welsel AIFES AAAE 1 fraction
Vi @ do] B o}, fraction 119} MIolE T do]
ZhE) 2] ekt whebA fraction 119} 111, VOl U+ kefir
2] polysaccharide’} HRVS] MA-104 A|EZFF] 97% ©]
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Fig. 2. Inhibitory effect of kefir polysaccharide against MA-
104 cell infected by human rotavirus S-2.

Fig. 3. AEC staining of the MA-104 cells infected by human
rotavirus S-2.
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Fig. 4. AEC staining of the human rotavirus S-2 infected MA-
104 cells inhibited by kefir polysaccharide treatment
(Addition of fraction 1V).

4 T AAERL Sl Ao B,

Polysaccharide®| HPLC &4

Kefirol] $H+¥ polysaccharide®] 73453 31517] 9
&}e] polysaccharideE ThA| HPLCE E4313oH, 1 4
F= Table 33} Fig. 5, 6, 79 YERNRIL, Fig. 8o Q¢F
sted AHE)staint. Table 3o YRR vle} 320] kefir grain
ol 4] FZ3} polysaccharide:= retention time®] 11.3, 16.1,
17.7 2 19.3% Joll A peak= #-e|=]o] E== AT HE3h,
24, 36 & 487]7Fe] wjekste] AAHE polysaccharideES 7}
Z} HPLCZ Z&3tas ol xpEA o2 859 peake §l

o, 7} peak’de] HIEL iEioldt o= IHER
. S oAz R A2 AYAE= polysaccharide= HPLC
AN R ggkeh. T]ar AA|ZQl 8= pattern
£ Hosonos(1990)°] B3k Avje} Axel= HES UE}
ot Kefir graing: ©]-8-8t 24A17F w43t kefir2 F-E|
Z3} polysaccharideS HPLCZ #23} 74-9—= retention time
o] 11Eo]H peakHZ]0] 13,828,314 pVE 33 b, &

Table 3. HPLC pattern analysis of polysaccharide extracted
from kefir grain at each cultivation time

Peak Retenti(?n Time Area Height
(min) (nV sec) (1V)

Ist 11.312 13,828,314 327,991

b 2nd 16.136 472,265 14,189
3rd 17.707 4,541,570 144,765

4th 19.311 5,584,489 124,295

Ist 11.254 11,055,823 248,548

36h 2nd 16.353 78,718 4,467
3rd 17.712 2,565,991 83,134

4th 19.924 2,977,906 64,568

Ist 11.269 11,645,007 262,824

48 h 2nd 16.133 255,743 7,817
3rd 17.714 3,217,074 87,377

4th 19.327 3,711,273 8,112

Auto-Scaled Chromatogram

35000 —

T T T T T T
000 5.0 1000 15.00 2000 2500 3000 3500

Min.
Fig. 5. HPLC pattern of polysaccharide produced by cul-
tured Kefir at 24 h after fermentation.

Auto-Scaled Chromatogram

24000+
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Fig. 6. HPLC pattern of polysaccharide produced by cultured
kefir at 36 h after fermentation.

Auto-Soaled Chromatogram

050 500 1000 1500 20m 2500 3000 3500

Min.

Fig. 7. HPLC pattern of polysaccharide produced by cultured
kefir at 48 h after fermentation.

A X kefir graing 0]-83t F%3F polysaccharide®] 73
9+ retention time®] 102THo]™ peak™ -2 1,097,848 pvV
Q1 peak7} -850 kefir grain2] “Jeljol w2} polysaccharide
o e 2ol HATHAFHAA]). HAZOZ kefird]
polysaccharide 479] peak= ] =AU OH] 0|52 Al
o] Zt7t tE td ¥ &Eardo R AE At
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Fig. 8. Polysaccharide composition of kefir grain during fer-
mentation.
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=% polysaccharide= DEAE ©]<21/8} chromatography
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Ve 22t 4.8, 53, 1.4 mg/mLe] 52 FH71S o HRV
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ABHE Pl & A7 23E T kefire] o
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cell ZHEel 97% o’ AAEIT} o] FH7] frote] ub
olelznd BRHAT ool kefirs B 7o) vl
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HALe| 2
£ = T8 3 EATAR @A E: PI007195)
Aol o] o]FojFom, HAST} XA 2010d%

T3] g 2141408) AL ol ool AE =Puh

F

I
o
rat

a

1. Dasilva, J. A. L. and Goncalves, M. P. (1990) Studies on a purifi-
cation method for locust bean gum by precipitation with isopro-
panol. Food Hydrocolloid 4,277-287.

2. Ferreira, I. M., Pinho, O., Monteiro, D., Faria, S., Cruz, S.,
Perreira, A., Roque, A.C., and Tavares, P. (2010) Effect of kefir
grains on proteolysis of major milk proteins. J. Dairy Sci. 93, 27-
31.

3. Hosono, A., Tanabe, T., and Otani, H. (1990) Binding properties

of lactic acid bacteria isolated from kefir milk with mutagenic
amino acid pyrolyzates. Milchwissenschaft 45, 647-651.

4. Ismail, A. A., EL-Nockrashy, S. A., and Khorshid, M. A. (1983)
A beverage from separated bufallo milk fermented with kefir
grains. J. Dairy Technol. 36, 117-118.

5. Kaljot, K. T., Shaw, R. D., Rubin, D. H., and Greenberg, B. H.
(1988) Infectious rotavirus enters cells direct cell membrane pen-
etration, not by endocytosis. J. Virol. 62, 1136-1144.

6. Kandler, O. and Kunath, P. (1983) Lactobacillus kefir a compo-
nent of the microflora of kefir. Syst. Appl. Microbiol. 4,286-294.

7. Kemp, N. (1984) Kefir, the champagne of cultured dairy prod-
ucts. Cultured Dairy Prod. J. 19, 29-30.

8. Kim, J. H. (2003) Studies in the characteristics of roby lactic acid
bacteria and exopolysaccharide isolated from kefir culture. M.S.
thesis, Konkuk Univ., Seoul, Korea.

9. LaRiviere, J. W. M., Kooiman, P., and Schmidt, K. (1967) Kefi-
ran, a novel polysaccharide produced in the kefir grain by Lacto-
bacillus brevis. Arch. Microbiol. 59, 269-278.

10. Lim, Y. S. and Lee, S. K. (2009) Characteristics of exopoly-
saccharide produced in goat milk yogurt cultured with
Streptococcus thermophilus LFG isolated from kefir. Korean
J. Food Sci. Ani. Resour. 29, 143-150.

11. Murofushi, M., Mizuguchi, J., Aibara, K., and Matuhasi, T.
(1986) Immunopotentiative effect of polysaccharide from
kefir grain, KGF-C, administered orally in mice. Immuno-
pharmacol. 12, 29-35.

12. Murofushi, M., Shiomi, M., and Aibara, K. (1983) Effect of
orally administered polysaccharide from kefir grain on
delayed-type hypersensitivity and tumor growth in mice. Jpn.
J. Med. Sci. Biol. 36, 49-53.

13. Quirds, A., Hernandez-Ledesma, B., Ramos, M., Amigo, L.,
and Recio, I. (2005) Angiotensin-converting enzyme inhi-
bitory activity of peptides derived from caprine kefir. J.
Dairy Sci. 88, 3480-3487.

14. Riepenhoff-Talty, M., Offor, E., Klossner, K., Kowalski, E.,
Carmody, PJ., and Ogra, PL. (1985) Effect of malnutrition
on rotavirus infection in mice. Pediatr. Res. 19, 1250-1253.

15. Rodriguez, W. J., Kim, H. W., Arrobrio, J. O., Brandt, C.
D., and Chanock, R. M. (1977) Clinical features of acute
gastroenteritis associated with human reovirus-like agent in
infants and young children. J. Pediatr. 91, 188-193.

16. Shiomi, M., Sasaki, K., Murofushi, M., and Aibara, K. (1982)
Antirumor activity in mice of orally administered polysac-
charide from kefir grain. Jpn. J Med. Sci. Biol. 35, 75-80.

17. Toba, T., Uemura, H., Mukai, T., Itoh, T., and Adachi, S.
(1991) A new fermented milk using capsular polysaccharide-
producing Lactobacillus kefiranofaciens isolated from kefir
grains. J. Dairy Res. 58, 497-502.

18. Yokoi, H., Watanabe, T., Fuji, Y., Toba, T., and Adachi, S.
(1990) Isolation and characterization of polysaccharide-pro-
ducing bacteria from kefir grains. J. Dairy Sci. 73, 1684-1689.

(Received 2010.8.25/Revised 1st 2010.12.13, 2nd 2010.12.29/
Accepted 2011.1.3)



