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Abstract

The microorganism isolated from soil was identified as Bacillus coagulans by morphological and biochemical

analyses and API-50CH/B kit, which was an identification kit for Bacillus species, and named as B. coagulans DL-1.
It produced an extracellular biopolymer. Maximum production of biopolymer was 500 *0.15 g/{ ina 7 ¢

bioreactor with an aeration rate of 1.0 vvm and an agitation speed of 500 rpm when concentrations of glucose and

yeast as the optimal carbon and nitrogen sources were 2.0% (w/v) and 0.25% (w/v), which were optimized with a

flask scale. Gas chromatographic analysis showed that the biopolymer producded by B.-coagulans DL-1 consisted of

glucose and rhanmose and their molar ratios was about 9 : 1. Its average molecular weight was 2.80 x10° with gel

permeation chromatographic (GPC) analysis.

Key words — Extracellular polysaccharide, Bacillus coagulans, gas chromatography, molecular weight

M B

ngEe] giastd AR EHlste 1A FHAE
x

EAAY 4F4EH AEE ol 348 B2 ¥
£ 53 ge 9Razd BeH) AT 4E vy 97
2 Bk EF FolE ool riggel Aushe neA 3

*To whom all correspondence should be addressed
Tel : 051-200-7593, Fax: 051-200-6993
E-mail : jwlee@mail.donga.ac.kr

214 / ARHEEA

A7 rEo] ol EY FiY AT ByAd
ook L&A} %fé}iﬂJ A A FFRY I
4 AT, 2 FFY 27 283, o il 98
FojAa 3l [81921]

A X9 thdF(exopolysaccharides)e &) F&F2 vA
o ostal AirEo] AEY R E WEHE F44 &

244 dgRe $Ho2 Bold 3y F2E A
nEA} Edo|th o33t Axe tuFE EHU 5

Aol gFstoz f3tA, HgA, FEA, 1A, S2A,

=]
MR-

o

rr rlo it



YEA, 98 344, 53A, €894 o= AF #§4E,
g 2 BASYAM 2 &8 HA7E i FHAS
T A )59 BHPALA o)A TR A8 Y2EF,
debd, ER S, Acdy njAEAT AFL R SN 5
1AE wjokd ofste AAEE UdFFA e EAe o
FAAb g Azt &Es] AgF oAy olv] NEH
A AE R AGES TES el 2 AeH
312,21). B3], Agrobacterium 49 #F7} Aiste A=
1o o) AAD T Feoz Az de FEAE

wman immunodeficency virus(HIV)] g%»g— A A s
920 Qo Aureobasidium & #F7} AAke=4-1,3/1,6
727 dodAAY 84 ¢ FLAEA AFH7 By
o ook Rololl 7] HEHAE WE7EL 3TH13,1516,20].

B Ao Ne 44 a8 FRAE Aets 58S 7t
10 AT BN BAST HsE 2 4o H Aast
\PI-S0CH, B kitS AHe-3te] SR8, o] o] A& ujok

Aol 4 2y FYAE $el - AASHT, 1 TR D ¥

O_L.,o

ot 52 B a4l Uk BEA FTA o
#7250 54 BT B A FHA 42
A7 Baq 2 449 59 22 Y2 Yatd 49
491 ol §-& A BP9 1R A2 E FuHA

Mz H U

Jol sAe £ AR B
85% NaCl, w/v)Z 3|43t & nutrient agar
P E 4%-5}@1 e ZTYeE MAES Rt

24]. Gram 94 ¥ F8 dAv|A g 53l #59] Fuh4
EAS B39, glucose fermentation test, catalase
est, oxydase test, Z12] 3L casein hydrolysis test Si 7o
488H A4E Sarol 2ol vuge 72A 54
g ol Th{14,23]. #& g ﬁ—r«] AL MAEY s
o] W& 49| o)L & Hwld, Bacillus & FF
= 43t= API-S0CH/B kit (bloMerleus Co., France)E A}
&3t oH11].

tt ol ﬁJ

2ed ord 4% 2 284 AT Y] A2

A A 547 grxdel 453

B Ao 24L& 50 g/ ¢ KHPOs, 1.0 g/ ¢ NaCl, 02 g/ ¢
MgSO; - 7HO, 0.6 g/ ¢ (NH)S0:8} 25 g/ { yeast extract
o]tk vl gAY e 2% (w/v)Y EEZE AMEEE L
M 12T Heg g F x| Hrtetsinh6,22].

R A3 Ao 2 Gram g4 AGEE HIXsHA
glucose fermentation test, catalase test, oxydase test, 12]
il casein hydrolysis test8 AJoF % 7h& AZvlE1TY
HME A 52 Sigmarl (Sigma Chemical Co., USA)ll

N FYste Agag. #329 ALS 9§ f71349
02H o§4E dotnr] 8 AT e 17
o2k AT oA WA e BAEER (F)QBAZ A
22zl B A Algsigoen, 7pgute Fa FAA
o g (9 17%)7 SuA (F 33%)olUTh

de o

rl

TEX}

A WA A 2 FF ﬂil% 3 WFo] Hsbo
250 m Zek2aAo] BFAIZ 50 me) v HEH F,
200 rpm¢] wWHk £E 2 30TAA 24A17 ¢ A" wi
stk Bade] FEE 2% (W/v)°)
o] pHE =7 Ao 65~682 2 F3ATH

Bogke A wjgy 5YF MAS AHEstien, 500
nl ZgtxaFe] FTAZ 100 me) wlFdol A wigFAS
5% (v/v) ¥EE HAEde] A g FUT 2002 )
Fg AAEATh wjA Y 7] pHE B A 682 =4
AT, 4% B w gad % dade I 249

Z3}R|Q AIAH

t BEWE7IE At
2 Z2H35 (o HAET L
8 f‘ﬁ ¥ 2 NS 5% (v/)
sE2 AEaa NYeEE NCRer B9 7
wars= 247 1.0 vwm 500 rpmo| Tk 5UZF &4
WopstEA 9P Adeht REeE e Asd
Ao pH, FHY #A2ZHF ¢ AERLEAY YNFS
=559
QA A7t wjokE T3 v 8000xgE 208 <t
A4 Beste FAE AAT 5 Ao 242 isopropyl
alcohole 71313 4T 9 2o 1247 S B354
th o]% FY% zHoz FARYE At AL

A3+ 39 isopropyl alcohol

2
X
ofs
SOk
=
st
(R
it
ithef
i1
=2
i

Vol. 13. No.2(2003. 4) / 215



AAR -

rbr

A 7t F voltex mixer ALE3Ho] 4o1FTh 2 3

23] W8 AAste 1RA FHAE AFF, A
ol =9 thd dialysis membrane (Spectrum Co.,
USA)g o] &3t AEAEAR € HEE AAT &, 55
TollA 0.06 mTorre] AFYHoZ UAZEe STEAAZ
£ 2Alst 10

o o

o|N
du dfo

DX SEAe =ME &Y

EgoA Eeg nAdEol AL nikA FFAY T
EAS 7t2 AZEORYE AMEEt FRIEUH &
F AEE T3 A5 HAY AL 05 g AR
methanol¥} acetyl chlorideZ 20 : 1 (v/v)¢] HI&2 &%
g SulE 300 wE it wut SIEA 70T oA 24X
$<t 933 %, tbuthanol 30 & H7NSHo] RaPHEE
HAANAT. Aol 3087 PAAT F, A& TIAE o] f
3ol A|SE AXslx, 100 p TriSil Z (Pierce Co.,
USA)E 7hete] Ao 2417 WA Hol) 243 ATH10].
Ao Alg® 7]£-& HP 5890 series I (Hewlett Packard
Co., USA)e]ll o™, Z&7]|& flame-ionizationS AFE-31$
1, HP 7673 injector® A3t A 25 FYaQch A&
3 APL 5%<] phenylmethyl siliconedZ o] 2|8
A7} AY (Supelco, Bellefont, Pa)o. & A7]& 30 mX
032 mmol it E¥7tAE a7t AAY ARIMAE A
&stdor §42 29 ni/min o]tk 4 2= 140T
ol £ 7CH F5AA 260C7HA S MY EA3)
i,

ox

DEX SEAe 2X £
Gel permeation chromatography (GPC)E AMg-3le E
FAM B FF7F A 1 2A FEAY EAF S
A8t TSL PWx. Z& (Viscotek, USA)S A3k Vis-
coteck AHUSA)2] GPCE A}&3te] £44519.25 RI detec-
torg AHget] EAFE SAHUT olF 422 1.0 m/
FRTE ol &AL, A8 FEE 50 ng/
mio]Qlo ] F91 Aol 045 un (pore-size) filterZ AE %,
13 Ao 100 s FYstAHI]. &F A Z
58x10°) 4 1.0x10°7k4) 9] pullulan (Sigma Co., USA)<
A&t A s

min 4]

ey RN
T e

216 / 4TEEA)

34489 -

7
AZFATE VRAT WFH WAL 500x gL 0
2 5 AAS AAEL R 5
]

AH&te] 28] AHE F, 105C A

err
477 T Az SAHA.

54
8 FFE Gram G435 33 dv]3E Al

g Ax, 2540 gle Gram ¥4 174

Q131G 0.1 catalase test®} oxydase test 22E ¥}
714 v AEYE g9l cHTable 1). Casein hydrolysis
testo] 4= caseing E-8]5}= caseinase EAlo] 28 F
olstdct 223t #2E API-50CH/B kitE Ap&-3fo], API
lab. program (bioMerieus Co., France)&Z EAX%H ZH,
99% o) Are] §AM& 7RI Bacillus coagulans=2. EHQ1¥ 0]
B. coagulans DL-10.2 H3ldch L3S X3 50 &
F9o gago gt o] £ A AT 20 FHY B©L
4L N4zZ o848 F AL IAFHT

Fofl e TEX SEH
Z577} B. congulans DL-19] A%3} 182 &
Aol Ml E G 2ABIATH (Table 2). Ao
AHEE BANSY BEE 2% (w/v)Rer AAYL 025%
(w/v) yeast extracto] T} AM8-3 BAYUL B3R I&
o} fructose, mannose$} o FF-9l sucrose, maltose 12| 11,
t25Q dextrind} starchE A&t gch wjdees 30C
Qon, wigAZEe 3dogit). BEFY ExFE AHEF
RSl WAL 4501014 g/ L 02 71 BgoH, o7
F91 sucroseS- 430014 g/ 4 o HAEFE B glucosed}
2 z0)]E Rro|A gkt 2o, thgE Sl dextring} starch
]

i
1o
Opt

G290 2 AMESIEE Ald WFY Foll &3] &3l
ool A FAFS 2AY F AR, 1EA T
A& £e3t7) Jald FAE AAT A5 g 771 &2
A7 o, o)5 gado] ZEA FHAG T FAHE



=

Bacillus coagulans DL-10] Atele TEA F8A 9 E47 4

Table 1. Morphological and physiological characteristics of B. coagulans DL-1

Characteristics B. coagulans DL-1 Characteristics B. coagulans DL-1
Morphological @ -Methyl-D-mannoside -
Shape rod @ -Methyl-D-glucoside -
Gram stain + N-Acetyl-glucosamine +
Motility + Amygdaline -
Optimurn temperature 30T Arbutine -
Growth in air + Esculine -
Salicine +
Physiological Cellobiose +
Clucose fermentation test + Maltose +
Catalase test + Lactose -
Oxydase test - Melibiose +
Casein hydrolysis test + Saccharose +
Glycerol - Trehalose +
Erythiol - Inuline -
D-Arabinose - Melezitose -
L-Arabiriose + D-Raffinose +
Ribose + Amidon -
D-xylose + Glycogen -
L-Xylose - Xylitol -
Adonitol - B -Gentiobiose +
4 -Methyl-xyloside - D-Turnose -
Galactose + D-lyxose -
D-Glucose + D-Tagatose -
D-Fructcse + D-Fucose -
D-Mannose + L-Fucose -
L-Sorbose - D-Arabitol -
Rhamnose + L-Arabitol -
Dhulcitol - Gluconate +
Inositol - 2-Ketogluconate -
Mannito! + 5-Ketogluconate -
Sorbitol +
+ . Positive reaction, - : Negative reaction

Table 2. Effect of carbon sources on cell growth and production of biopolymer produced by B. coagulans DL-1*

(Carbon sources pr DCW* (g/ ¢) Polymer (g/ ¢) Yprs Y/s Yp/x
Glucose 5.44 1.20t0.14 450+0.14 0.23 0.06 3.75
Fructose 5.81 25310.12 2.67x0.06 0.13 0.13 1.06
Mannose 5.43 3.10+0.00 350+0.14 0.18 0.16 113
Sucrose 528 1.20+0.14 430+014 0.22 0.06 3.58
Maltose 5.76 2.60£0.10 3.15+0.07 0.16 013 1.21

a Results ootained after 3 days culture at 30C in the medium with 2%(w/v) carbon source
b. Final pH of the medium
¢. Dry cells weight
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Table 3. Effect of glucose on cell growth and production of biopolymer-produced by B. coagulans DL-1

Glucose (%, w/v) pH DCW (g/ ¢) Polymer (g/ ) Yo/s Yy/s Yp/x
0 6.95 0.93+0.06 1.03+£0.12 - - 111

2 5.34 1.17+0.06 5.10+0.14 0.26 0.06 436

5 391 3.07%0.06 2.65%0.07 0.05 0.06 0.86

10 432 3.00£0.10 2631012 0.03 0.03 0.88

15 456 3.85+0.07 2.73+0.06 0.02 0.03 0.71

20 462 620+0.14 3.35+0.07 0.02 0.03 0.54

Table 4. Effect of nitrogen sources on cell growth and production of biopolymer produced by B. coagulans DL-1

Nitrogen sources pH DCW (g/ ¢) Polymer (g/ {) Yo/s Yyss Yp/x
Yeast extract 5.46 1.03 £0.15 500 +0.14 0.25 0.05 4.85
Bacto peptone 3.80 1.27 £0.06 1.03 £0.06 0.05 0.06 0.81
Soybean pomace 3.60 - 1.07 £0.06 0.05 - -
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Bacillus coagulans DL-10] A 2ba}=
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Teblz 5. Effct of yeast extract on cell growth and production of the biopolymer produced by B. coagulans DL-1

“east extract (%, w/v) pH DCW (g/ ¢) Polymer (g/ {) Yy/s Ys Yo/
0 382 0.80£0.06 0.97+0.10 0.05 0.04 121

0.05 3.80 1.4370.05 1.56+0.12 0.08 0.07 1.09

0.10 3.96 1.70+0.00 217+0.04 0.11 0.09 1.28

0.15 5.51 1.23£0.08 4141011 021 0.06 3.37

0.20 5.52 1.04£0.10 4.6610.05 0.23 0.09 448

0.25 5.58 1.14+0.07 4.7910.09 0.24 0.06 4.20

0.30 5.03 1.56+0.09 3.96+0.03 0.20 0.08 2.54

0.40 512 212+0.11 3.74%0.03 0.19 0.11 1.76

(.50 521 2.60%0.06 3.33£0.16 017 0.13 1.28
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Fig. 1. Cell growth and production of the biopolymer
produced by B. coagulans DL-1.
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Fig. 2. Gas chromatographic spectrum of sugar-TMS
(trimethylsilyl) components of the biopolymer pro-
duced by B. coagulans DL-1. Glu, glucose; Rham,
rhamnose.
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