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Abstract — The distribution of flocculating activity of culture broth was examined and the major
constituent with flocculating activity was identified. Most of flocculating activity was found in
culture broth without cells. Asthe activity was maintained by the digestion with pronase, it suggests
that the activity is due to the polysaccharide. The bioflocculant obtained from Lactobacillus jensenii
YW-33 was precipitated by 60~ 80% EtOH fractionation (L J-80). LJ-80 was separated by ion-
exchange chromatography using DEAE-T oyopear| 650C and L J-80-11 showed more potent floccu-
lating activity than those of other fractions. The major activity fraction LJ-80-11 was further puri-
fied on the gel permeation using Sepharose CL-6B to LJ-80-11-1. GPC (Sepharose CL-6B) and
HPL C were used to determine whether LJ-80-11-1 has a homogenecity. The molecular weight of
purified LJ-80-11-1 was estimated over 800,000 dalton by gel permeation chromatography. Purified
L J-80-11-1 contained 98.4% total sugar, 0.6% protein. Main sugar of purified LJ-80-11-1 was com-
posed of mannose: galactose : glucose with a molar ratio of 1.61: 0.25: 1.00.
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laria pullulans®] pullulans (Zgjic and Leduy 1973)8 =
4 SIek olE2) polymers Ao AEY F5lo)
(capsule) & HAFHA HUE (dime)zh o] #A] 9=
AALE R pH F4 ] Foled 5 wleleye) &
g AT A

A g 344 amino sugar = glucosamine,
galactosamineo] AAl&E=Z X33l polyelectrolyte B2
(Takagi and Kadowki 1985)>} carboxyl group =2 phos-
phate groupe] 715717k AAH o2 & (-)Adstz s
B Paeds FAste dake Ao S
25 do7)E= 7= (Parker and Munn 1984)8- 7}1A 12 9l
© ] Rhodococcus erythropolis(Kurane et al. 1986; Kurane
1994), Paecilomyces sp. (Takagi and Kadowaki 1984), Asp-
ergillus sojae (Nakamura et al. 1976), Saccharomyces cere-
visiae(Miki et al. 1992) S-o] djA gl AAFFo|t} &
wi A o} methylen Ab&2] F25 7H AW 29 &
AAE YA FAGEZA AHSAA ] 24
Zro] BH-EA2 ixtel C-potentid& FAaAA $AHF
A dodle 7oz dulA slon AAEFEA=
Rhodococcus erythropolis (Kurane 1994)7} W 31% 37 9]
t}. 7229] Nocardia amarae2] peptide (Koizumi and Takeda
1991), Saphylococcus aureus (Cripps and Elizabeth 1967),
Pseudomonas sp. (Sakka and Takahashi 1981)7} A Alsl=
DNA 5o &x&A e synergist &5 3o BarE s
alet.
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ulepr] 2 g Fo A= Lactobacillus jensenii YW-330]
AR SAAIZ R SAARA S FEstaa SAE

AL B, AAsly 2 BAS HESI AL sk

A ERT

1Al ek

2 oo Al4-E 9]yl DEAE-Toyopearl 650C: Tosoh

A} A< Sepharose CL-6B:= PharmaciaAl A &< 79
3hod AlL-3s)el ). Standard dextrans- Sigmarl A& A}
43t om 1 9 TlEf Aok dF H EFAIFE A

83k

2 A E-SRA L] A

H o o] A}-2-% Lactobacillus jensenii YW-332] 4
AR = A 5 (1999)°] HMarel uwhel AlAEsH) 3
A 227 AAk] A] (Glucose 2%, soytone 0.05%, CaCl,
0.01%, KH2PO4 0.05%, Y east extract 0.05%)2 5L &-2k<)
fermentorel] 4] working volume$- 2LE 3}x %7] pH 6.5,
25°C, 30rpmel| 4] 244 7F v ekalei o).

3A W) SHEY EX

A wiekHe A S BEE ZANET] 93
Lactobacillus jensenii YW-332 2314 %A AR =
v okt & <1A13a] (2,000rpm, 10min)dle] FA| = 3|5
gt o8& 30mM phosphate buffer (pH 7.0)¢l] &3 (60
nm)zte2 1.0 o] =HA FGAA #A AA Q] A5E
A z3t F, FA 5 A AT AsHFt culture broths A4
o7 747he] SAFAE SA st v, A =34

4. Periodate A+3}

EtOHol| A3k A& &2 20mge #3le] acetate
buffer (pH 4.5, 10mL)el] €-3]4]%] 3, 50mM NalO,= 5
mL 7}sled 4°Co] stAle|A] 3UzE AFSRAIZH o] W
Aol ethyleneglycol 5mLE 7}3] 1A]7F SqF Al b
gk &, £A38ke] NaBHq2] 20mge 7}al] 1A17F sHbA]
Aem 01M aceticacidz 313+ &, A 4 =A%
sto] 31842 7 =3}s]vl (Yamadaet al. 1984).

5.Pronase ] 2]

EtOHell Ak S3&A &3 20mgS 3 3le] 10mM
CaClo7} g% Tris-HCI buffer (pH 7.9) 20mL el £-3)] A]
71 &, pronase (20 unit)E 7}sle] 37°Cel|A] 48| 7F vlF-&-
AlFiet. o] Hhg-H& 100°Cell A 587t 714, uh-5-& A A
A7l F Al Eelste] d2 Aleds B4 9 Az

slo] 23184 & A 8kgl Tl (Yamadaet al. 1984).
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Culture broth (1L)

Centrifuge
(12,000 rpm at 20 min)

Supernatant
Vaccum evaporation
Concentrated supernatant
(10% ininitial volume)

Add 60~ 80% EtOH
Stand at 4°C for 24 hrs

Centrifuge
\ \
Supernatant Precipitate
(LJ-80)
DEAE-Toyopearl 650C (Cl- form)
ion-exchange chromatography
Elute with stepwise
NaCl solution
\ \ |

LJ-80-1 =l = -1V

(D.w) (0.2M) (0.4M) am)
Gel permeation chromatography
Sepharose CL-6B

Elute with 0.2M NaCl

|
Purified flocculant
(LJ-80-11-1)

Fig. 1. Purification procedure of crude flocculant.

gollAl 1087 AAlEested #AE AAS ¥, 1 A
HE Zhsle] 27] ik o] 10%2] foz A7
oS, EtOHE 0~95% =2 E3sle] 244 A7
ZAz480] =U=l 80% £ (LJ-80) 300mg2] crude floc-
culant® ¢t} Crude flocculantE 2740l =] 2M
NaClz =3]3}A)7] DEAE-Toyopearl 650C column (Cl-
form, 4.0x 33cm)el] FFAA)Z] & =7{4, 02,04, 1.OM
NaClg-dl oz 82A1A 7 JEe BN, 55 52471x
sled 4742] HEE& Ak

DEAE-Toyopearl 6500 2]3}ed o]zl 3B ZojA]
Fo A FEQ LI80-IIE 02M NaClg4oz
3] 3}x]7] Sepharose CL-6B column (2.3x 90 cm)S- A}
43te] £ 03mLe] f4502 4CoA A o3 A=
ohees) s fshel HAE A skl

74 el 25 2 ¥AY 34

Sepharose CL-6B columnel] 2] A] wtd peskz Hg]
5 LI80-1I-1 FFe] 5= FFeldr] ¢35t HPLC
(SAMSUNG SL C-2000/RI/Shodex ionpack S-804)=- 1 mL

minie] fgow Axstdon] YA chie] EAge
Dextran T-2000 (M.W.: 2 x 105), T-500 (M.W.: 5% 10°), T-
70 (M.W.: 7x10%), T-40 (M.W.: 4x 10%) 83 T-10
(MW.: 1x109)& Z=FEA=2 A}43}e] Sepharose CL-
6B columnel| ] 3t &A1 Kav 3h& wlaste] &

A5t

Z} 22 glucoseE: TFEH=Z 3led phenol-sul-
furic acid®j (Dubios et al. 1956) 0.2 3}l 0w whulzl 3+
2k bovine serum albumimg ZFEZ =2 3o Lowry
W (Lowry 1951) 0 2 7k7k st +A47 ¥4 &
A< dditol acetate =4 = H3kA|A gasliquid chro-
matography (GLC)2 #4391 GLC B4 %712 3%
OV-225 chromatosorb WHP 100/1202] packed columno]
A= Shimadzu GC-14A/FID/Shimadzu GC-R6A chro-
mopac (column temp. 225°C, inject temp. 250°C, detect
temp. 250°C)ol| A A Ajste] mF FADEI} retention
times vlwsle] Alg Fo| FAZTS FA3AS +A4
2] molar ratiox= 7 peakEe]l wHAW]|9} FATE2]
alditol acetate -fr=4 2] Bx}eko 2 BE] AAkslgd ol

R

03484 574

0.5% Kaoling-<§ 10mL 1.0% CaCl.Z 100uL A 7}stx
SAPYELL 0AmL }stel 108 Bk AAT & 4
S 1mLE 3] 550nmellA E4 =2 =33} Naka
mura et al. (1976)¢] el whel SATAL FAbeY
oA 27 T AFA 4 A AAAE A}

g3t

Flocculating activity (units mL 1)
=(A—B)/A x dilution rate

A: Optical density of reference sample
B: Optical density of reaction mixture
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Lactobacillus jensenii YW-33-2 | AwiX| 2 uljoFs}e]
AR 2249 Bx=2 2A}Eb7] $)8)e] culture broth
= 94132 (12,000rpm, 10min)g & FA S 3]43}e]
30 mM phosphate buffer (pH 7.0)ol] &-33x (660 nm)Zk.e
2 100914 A "G A FA AL Alas A3}
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Fig. 2. Distribution of flocculating activity in cell, filtrate of culture
broth and culture broth. A: Cell, B: Filtrate of culture broth,
C: Culture broth.
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2. Pronase #] 2] ¢} periodate A}3}

Lactobacillus jensenii YW-337} AJAbsl= 2-%]814 9]
EAE geotslr] flslke] wioF AlEH ol 80% EtOHE 7}

3 A& HAES pronaseo] oJs =AE Fajsia
periodateE o]-g3le] o B9E AMeldoz R &
$A#8AE 2R sgeh 2 A3 pronasez X3 AA

g Az wlmstel Ael7t AW W perio-
detez AFBA7] FAEE Aol W) $HBA ol
oF 90.7%7} ZrAglel| uwlgl YW-33¢] AAbst= 2313
ge) AL Bgel 710F¢ & 4 A (Fig. 3)
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Fig. 3. Comparison of flocculating activity to periodate oxidate
and pronase digest of flocculant. A: Native, B: Periodate
oxidate, C: Pronase digest.
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Fig. 4. Gel permeation chromatogram of LJ-80-11 using Sepharose
CL-6B. The column (2.3 90cm) of Sepharose CL-6B was
eluted with 0.2M NaCl at flow of 0.3mL min-1. -o-: Total
sugar (490 nm), -A-: Total protein (280 nm), - @ -: Floccu-
lating activity.

ZAVeE A3} (data not shown) =71 o} o) ulz}
SHEAAH FE2 F7HENeH 5= 60~80% (viv)9l
Z 7oA 300.3unitsmL12] 7%;%*273: JeRA LI80E
3 =3t} (data not shown).
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e4e ol Asker] 02M
2N g B S
9]} DEAE-Toyopear! 650C01]
] ¥=2]%l LJ80-11S Sepharose CL-6B column (2.3 x
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LJ-80-11-1
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Molecular weight
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Fig. 5. Estimation of molecular weight of LJ-80-11-1 on Sepharose
CL-6B column chromatography.

Vo: Void volume
Vt: Total volume
Ve: Elution volume

Ve-Vo
Vt—Vo

*Kav=

Table 1. Chemica compositions of purified LJ-80-11-1

LJ-80-11-1 Amount
Total sugar (%) 98.4
Protein (%) 0.6
Sugar composition Molar ratio
Mannose 161
Galactose 0.25
Glucose 1.0

Table 2. Purification steps of flocculant

90cm)S o] 43ted 03mL minl &=z £33ke] 2mL
% 2 Az YDA o) I pesks} AA s Adts
Aglo} (Fig. 4). ]9} 2e] EtOH¥-2], DEAE-Toyopearl
650C, Sepharose CL-6B column chromatographyell <]si
SRS AAA e o4kl 4gA A Tl .qz-;n
SAAE HER o2 13% 35E 119 A=
B} (Table2).

447 Thge) 2% 2 BAF 54

Sepharose CL-6Bel] ¢]3] 1o}zl LJ80-11-1 3]
=% #elsl7] a4 HPLCE AAR 23} &
= veh} £58 A0l e
rose CL-6B column (2.3x 90cm)&- ©]-&-3}o] B}
¥ dextrans3} v, A3 23} LI80-lla= EA=F oF
80qF A w2 et} (Fig. 5). Suzuki et al. (1990)-<
Sreptomyces A-6143¢] 4 A& SAA| 2] EA}=-2 73,000
olglxr B 113}yl on] Takagi et al. (1985)2 Paecilomyces
p.7F A= S A 2] 79 300,000, Toedaand Kurane
(1990)= Alcaligenes cupidus®] 234+ 2,000,0000]}
3 B3k

5. 448 AESHAL e 54

Sepharose CL-6B column chromatographyel] 2]af = A
% LJ80-11-12 &334 o] 126.7 unit mgto| 32 2} 3t
o] 98.4%o] T AL 06%F vepiAch A=
LJ80-11-19] FAZFE =87 Yste] 2M TFAZ 7}

$=23) 3l gasliquid chromatography (GLC)E o] £-3}]
F2AL A A7) (Tablel) A4 LI80-11-10] &
3t 9l FAIE-2 mannose: galactose: glucose 5|
1.61:0.25:1.002] moler] & 345 o] gl AL Fd
T A
AA Y AESAHAL A AL B o 2 A

serel B4E AT B She e
A7) e 3 %ZJ & AdAAN Qg >
Qe AESAN = 287 A

& Az e

Sy

32

Purification steps Total sugar (mg) Total activity (Units) S?EC:J;S rancg,\f)ty Purification folds Yields(%)
Cell free-extract 64,673 758,000 11.7 1 100
EtOH precipitation 1,638 90,090 55 4.7 119
DEAE-Toyopearl

650C 347 36,476 105 9 4.8
Sepharose CL-6B 78 9,879 126.7 10.8 13
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Lactobacillus jensenii YW-33¢] AJALsl= A E-2-% 4] 2]
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FAZ AAR FENE 73}, Este] EtOH 60~
80%2] s== I3 Z¥ LI80S Agith 8 LK
80< DEAE-Toyopearl 650C chromatography, Sepharose
CL-6B chromatography-$- o]-4-3}e] & AA= LI80-
lI-1e E)slgen HPLC X6 93] =& 3l
o}, A Y LI80-11-12] Ex}eke oF 800,000 o] A}e]m]
Zt}o] 98.4%, th A o] 0.6%°.2 mannose: galactose:
glucose7} 1.61:0.25:1.002] molecule ratioS 71X ¢

A},

= U]

Az, H R, =34, ‘2}1};1 1997. Lactobacillus jensenii
YW-33¢] Aaksts oAl AESAA 3 Az,
grZ Ak v A B8 3] #]. 25 328-334.

Ander BN and SO Enfors. 1982. Production of extracellular
polysaccharide by Zoogloea ramigera. Appl. Environ.
Microbiol. 44:1231-1237.

Brierly CL, DP Kelly, KJ Sea and DJ Best. 1985. In Biotech-
nology, pp. 186-204, Blackwell Scientific Pub., Oxford.
Cripps RE and W Elizabeth. 1967. The accumlation of extracel-
lular macromolecules by Staphylococcus aureus growth in
the presence of sodium chloride and glucose. J. Gen. Micro-

biol. 49:127.

Crueger W and A Crueger. 1984. Biotechnology : Textbook of
Industrial Microbiology. pp. 288-291. Science Tech. Inc.
Madison.

Deavin L, TR Jarman, CJ Lawson, RC Righdato and S Slocomb.
1977. The production of aginic acid by Azotobacter vinel-
andii in batch and continous culture. American Chemical
Society Symp. Ser. 45:14-26.

Desmond PF, F Auer and RJ Seviour. 1990. Influence of vary-
ing nitrogen sources on polysaccharide production by Aure-

obasidum pillulans in batch culture. Appl. Microbiol. Bio-
technol. 32:63-637.

Dubios M, KA Hamilton, TK Rebers and F Sonisth. 1956.
Colorimetric method for determination of sugar and related
substances. Anal. Chem. 28:350.

Ikeda FH, ST Fukui and T Tomita. 1982. An extracellular poly-
saccharide produced by Zoogloea ramigera 115. Eur. J. Bio-
chem. 123:437-445,

Jarman TR, L Deavin, S Slocombe and RC Righelato. 1978.
Investigation of the effect of environmental conditions on
the rate of exopolysaccharide synthesis in Azotobacter
vinelandii. J. Gen. Microbiol. 107:59-64.

Jochen B and M Nava. 1988. Cell adsorption control by culture
conditions. Appl. Microbiol. Biotechnol. 29:119.

Kazuo S and H Takahashi. 1981. DNA as a flocculation factor
in Pseudomonas sp. Agric. Biol. Chem. 45:28609.

Koizumi J and M Takeda. 1991. Synergistic Flocculation of
the Bioflocculant fix extracellulary produced by Norcadia
Amara. J. Gen. Appl. Microbiol. 37:447.

Kurane R. 1994. Production of a bioflocculant by Rhodococcus
erythropolis S-1 Grown on acohol. Biosci. Biotech. Bio-
chem. 58:428.

Kurane R. 1994. Purification and Characterization of Lipid
Bioflocculant produced by Rhodococcus erythropalis. Bio-
sci. Biotech. Biochem. 58:1977.

Kurane RK, K Toeda, K Takeda and T Suzuki. 1986. Cultural
conditions for production of microbial flocculant by Rho-
dococcus erythropolis. Agr. Biol. Chem. 50:2309-2313.

Lowry OH, NJ Rosebrough, K Farr and RJ Rindall. 1951. Pro-
tein measurement with the folin phenol reagent. J. Biol.
Chem. 193:256.

McNeil B and B Kristiansen. 1990. Temperature effects on
polysaccharide formation by Aureobasidium pullulans in
stirred tanks. Enzyme Micro. Technol. 12:521-526.

Miki BL, AN Hung, A Poon, P James and VL Seligy. 1992.
Possible mechanism for flocculation interaction governed
by gene FLO | in Saccharomyces cerevisiae. J. Bacteriol.
150:890-899.

Nakamura J, S Miyashiro and Y Hirose. 1976. Screening, isola-
tion and some properties of microbial cell flocculants. Agr.
Biol. Chem. 40:377-382.

Nakamura J, S Myashiro and Y Hirose. 1976. Conditions for
production of polysaccharide from Pullularia pullulans.
Appl. Microbiol. 25:628-635.

Norberg AB and S Enfors. 1982. Production of extracellular
polysaccharide by Zoogloea ramigera. Appl. Environ.
Microbiol. 44:1231-1237.

Parker ND and CB Munn. 1984. Increased cell surface hydro-
phibicity associated with possesion of an additional surface
protein by Aeromonas salmonicida. FEMS Microbiology



Bioflocculant Producing from Lactobacillus jensenii YW-33 311

Letters 21:233.

Souw P and AL Demain. 1979. Nutritional studies on xanthan
production by Xanthomonas campestris NRRL B1459. Appl.
Environ. Microbiol. 37:1186-1192.

Suzuki K, N Nakano, Y Nagatomi, H Tominaga, N Nakazono,
M Itai, M Uyeda and M Shibata. 1990. HAF hepatoma
aggregation factor produced by Sreptomyces sp. strain No.
A-6143. Agric. Biol. Chem. 54:2061-2068.

Takagi H and K Kadowaki. 1985. Flocculant production by
Paccilomyces sp. Taxonomic studies and culture conditions
for production. Agr. Bio. Chem. 49:3151-3157.

Takagi H and K Kadowki. 1985. Purification and chemical
properties of a flocculant produced by Paecilomyces sp.,
Agr. Biol. Chem. 49:3159-3164.

ToedaK and R Kurane. 1991. Microbia flocculant from Alca-
ligenes cupidus KT201. Agr. Biol. Chem. 55:2793-2799.

Yamada H, H Kiyohara, JC Cyong, Y Kojima, Y Kumazawa
and Y Otsuka. 1984. Studies of polysaccharide from Angl-
eica acutiloba. part |. Fractionation and biological properties
of polysaccharides. Planta Med. 50:163-167.

Zajic JE and A Leduy. 1973. Flocculant and chemical properties
of amicrobial cell flocculant by Aspergillus sojae AJ7002.
Agr. Biol. Chem. 40:1341-1347.

Manuscript Received: October 31, 2011
Revision Accepted: November 11, 2011
Responsible Editor: Hak Young Lee



