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AEZ Qe QAN 7P F73 AA 7 Aoz
A glucoseZ} B-1, 4 Al olaf o]FojA uEA} thdFo|t),
QA AA, HzdAs vIESE gt okl A ARREIAL s
Rk o} 2k A o R F-gopt vig- wlo| L AHlgke] A
A F7HE T ) AEZ QA FlslelE 2 nYE 32 o
gk AgAdo] Al Fol, el dEE AREEIL glom,
JEZ FEAlE o, UERdxH2E 3ok d8aXM &
S93 Juk1, 10, 20). A YEEEQ EAo) 3} Few &
FE oAl Qlov A8 FHT FAEAR et diAEd
o] 7htel] thgk A77E HAF Sl AL Uvhk4, 21).

AEZ Q= §AE BNt ol 2} Agrobacterium, Pseudomonas,
Rhizobium 2 Acetobacter 45 5 AlrtollNE 1 ATl FRIEA
O, IF Acetobacter spp.ollA AEZ 2 A5 7Y -
g Acw RuFATK1). olHF Al AEZ 22 (bacterial
cellulose; BC)= A& AEZQ0M= 2ol B =gl &
535 B48 7HAAL o] AFAEY] #ilo] EolAaL glom,
T AZE 7154 SRR E8317] Hs Aot ] 11
3 Ik, 9, 26).

BCE A EFY ASZQ229= ] hemicellulose, pectin,
lignin Z12]3L biogenic product®} -2 E<-ES A3 EgelA
B 53 AEZQ~o|BE 4T o9} eREo R g
Tol AEEQAE AL F Avhis, 25). Lal BCE
20~50 nm®] microfibrilo] FAAg ] &l 32k W EE ©]

*To whom correspondence should be addressed.
Tel: 82-55-350-5540, Fax: 82-55-350-5540
E-mail: shjoo@pusan.ac.kr

275

A=, BS54, Young’s modulusE 7HR|aL
Jdoer g 4T e, 1FD AR, sFE L o] AF F
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2 540 v A% ARy ATh23). ARl o5t
Ak BCE 3PAIEE 39ty Ay 5 odt 8w
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H7E gjE e g dSEa glovt GApulekel gk BC ALt
o gk A= HAF AAaH AL e Aol

weba 2 Aol sk &8 Eobrt blal AnlEe] B
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0, 7% P4 AN Bl R £5 e 9
712 Arg 9524 30
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ARSE T € 5(19)00 93t St AT 4
], A Acetobacter sp. V6O|QT}. AT HE
AufeF 2 BC AYAHE 98 7]Euf A= Hestrind} Schramm
(HS) HjA|o]ATh®). HS HiAS] Z/d2 glucose 2%, yeast
extract 0.5%, polypeptone 0.5%, Na,HPO,"12H,0 0.675% %
citric acid monohydrate 0.115% (pH 6)°]t}t. A8 %E 50 ml<]
HS A7} -2 250 ml -8-3FS] conical flaskol] F2HEHIH| =]
N BEFS TF @ Ul L] 30°CAN AR B
QF ATt A & P99 pellicleZHE AEE
A17171 918t 1087t B38HAl RS &, HirE AZRZE o3)s)
o] AEAGNS 3|51 0TH20). ] AEAE 5% (vv)S B
kel 50 mi7} -2 bottle (B2 9 em?)oll FE3S 30°C0]
Al 797 Al sk

MUY

BCO| e ot 2o] ZALEITE A" BCE 353}
of B2 Z43] AFS F, 0.5N NaOH &9 3|5l 90°C
oA 2A17F F<E HEFFo2M AEE BT oS T4
o] & W7px] FRFE AT F, 105°ColA o] & wj7hA]
Axste HAxFEE SASATG). TABEFS UV-visible
spectrophotometer (Ultrospec 4000, Pharmacia Biotech, England)
2 olgald 660 nmol A FREES S YT =
BC7} &3 vlFel-S- homogenizerZ 1037+ T3t pellicle
Well EAsh= AEES FeAzl §, AZE oakste] Axde
Ho] FHEE SH3HATH20). BCY] S gm™® LEhAR]
th Mz AFEHA & 3 BE AP F W vkEsg e,
Table 2 Figureol] YERA Z¥h= 1 Ftgho| o)

BCO| O|M7x 2&

BCY "AMFEE FARAAEEZHJEOL JSM-6390, JEOL
TECHNIC LTD., Japan)o2 #&3t5th. & A/d4E BC pellicle
< 34 @ BAAZEIY 2.5% glutaraldehyde -84l 325}
A2 A 2A17E B WA BC pellicles 1x phosphate
buffered saline®. =2 W3} |23k 3 70, 80, 90, 100%
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ethanolS Z}7} 1584 X 2|3} T} Isoamyl acetateS} 100%
ethanolS 22} 0.5:1.5, 1:1, 1.5:0.5 H|E&E &3tsle] vHE 8
& TR o R 1584 X8 ¥, 100% isoamyl acetate 8-l
2087 HA L AZSAY. ©] A2 ion coating (gold coating)

ato] 8T

Fourier transform-infrared spectroscopy (FT-IR)

BC pellicleS SFAZ F&3F & sheet FE| 2 ZA3 U
o|AS frejuell F2 AElolA 105°CelA 124]7F Bt AERA|
Ao 7] AlE&E FTIR  Spectrophotometer (IRAffinity-1,
Shimadzu Corp., USAYE ©]-83} 400~4000 cm™ oA S 31A
o} A|E% KBr powderE A3l 9190 Ho & Z7315th

X-ray diffraction (XRD)

XRD+= X-ray Diffractometer (Rigaku III, Rigaku Corp.,
Japan)& ©]8-3t] ZA3IATE = BC pellicles AR 2t
3lo] sheet FEZ ZAIGH tha o123 Freldtel F& el
105°C, 12713t B9 AZAIFAT 7] AlEE 40kV, 30mA %
7oA Cu Ka radiation®l] ©]3+ WA SAHO = 20 =5°-40°,
scan speed= 10°/minZ =743t} Crystallinity index (Cr.L)=
O Aleg 78t

I —1
Cr.l, = 202__am 100

002
Q7ML= 20=22.8%0A] (002)H0) “-&3h= 3 peaks]
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Table 1. Effect of carbon sources on cellulose production by
Acetobacter sp. V6

Carbon source Cellulose yield (g/m?)
Glucose 26.1
Fructose 222
Lactose 22
Sucrose 24
Maltose 3.0
Mannitol 212

Various carbon sources were added at the final concentration of 2%
(w/v) to the basic medium containing 0.5% yeast extract and 0.5%
polypeptone as the nitrogen source. Cells were cultivated for 7 days at
30°C. Culture volume = 50 ml, culture-surface area =9 cm>.
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Fig. 1. Effect of glucose concentrations on cellulose production by
Acetobacter sp. V6. Cells were cultivated for 7 days at 30°C in the
basic medium. Culture volume = 50 ml, culture-surface area =9 cm?>.

o, 53] glucoseE F7FzF wiA]oll A BC Akl 26.1 g/m*®
7FE =9t olgs Axke AAugel Aol glucose R TH
mannitol®] BC A4S 1] F71A171t)= Oikawa 5(13)2] Bl
o= olatd o), Al slo] BC Aitel] o] &= vt
Q] BAY2 glucose® EHA AT A XA TH21). 4,
glucose= HAHEE B3l BC /39l B3 RIS AlF3|
I Al BCY 9 ¥1§ monomer2A] HEHS ditkal Bl
= 1} 9loj(22), U2 A9 B glucose’} BC Aol ©f &
£79l Ao g AU} GlucoseS H & et oz XA s}
797 vl § BC RS SIS HF wEE AR A, 3.0%
glucoseol| A BC A42H5(30.0 g/m?)°] 74 =34 THFig. 1).

A0 whE BC Mt

Aa9lo] BC Aiksol vA= FES AR $18te] 3.0%
glucose”} SHrE HiAl] 2+ AADE 05%% F71st] 30°C
ol A 7¢7t St AF= Table 2004 B vk} ). Soytone
o] H7ld wiAlA 7HE B-e BC (333 gm?)7}F AAHE AL,

Table 2. Effect of nitrogen sources on cellulose production by
Acetobacter sp. V6

Nitrogen source (0.5%) Cellulose yield (g/m?)
Yeast extract 26.8
Polypeptone 11.0

Tryptone 16.3
Malt extract 8.0
Corn streep liquor 21.2
Soytone 333
None 1.7

Cells were cultivated for 7 days at 30°C in the medium containing glu-
cose with an initial nitrogen source concentration of 0.5% (w/v). Cul-
ture volume = 50 ml, culture-surface area = 9 cm?.
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Fig. 2. Effect of soytone concentrations on cellulose production by
Acetobacter sp. V6. Cells were cultivated in the medium containing
glucose for 7 days at 30°C. Culture volume = 50 ml, culture-surface
area=9 cm”,

yeast extractol AT =& BC A YEIY. 3HA, & F
(20) 2 Matsuoka 5-(11)2 XLl A yeast extractZ} 7F -
a3k Aagolgkar gk uh glo] £ A3 Avje} Adolstl e
L}, yeast extract®} #©] soytone HE3F TSk A Huk ol
2} Z8E o)Al HIEN § mlEdio]l EAlste] BC A4k
A Ao R FAHHATE Soytones HA Aoz s}
o 793t vjgRt - BC ALHS QS HA s AR A3,
3.0% soytone®l| A BC AJ2F5(39.2 gm?)e] 71 &) Th(Fig. 2).

QI&k40f| HE BC it

o] BC Aiksol wAl= &2 2AK] ffal viAld)
Na,HPO, 12H,09} K,HPO, & 0~1.0%%] == 717} 243}
30°Col A 747 v ket Aw, 0.8% K,HPO,olA BC AAatak
(413 gm?°] 717 =JQTHALE HAA)). 0.8%S] K,HPO, 7} $Hr
H iAo F714 2 Z NaH,PO, ¥ KH,PO,E 0~1.0%9] ==
Zhzy st wieker Ak, o529 H7ks BC ALl ojwd
FF= vH)A] FATHARR vAA).

HEREARO| 2 BC it

HEERgo] BC At A= 93s AR #l8te] 3%
glucose2} 3% soytone©] 71 wljX|ol Z15 /714 ethanolS
0.1%% Z7kate] 30°ColA 797t Mg ZAIR= Table 304 B
+ ek 2tk Ethanololl X 7HE =& BC AiFs43.4 gm’)ye
HeR oW, UmA] REEAAER HISg S Byloy
ethanol H.U= Y3kt 31, ethanolS ME A3 931 ATPY]
FEE Z7MA713L, pentose phosphate A=l #aJdl= glucose-
6-phosphate dehydrogenase®] &3-S A3l|gho2ZH BC A1k
£S5 =9 4 oy BRuE vl QItk12). Ethanots A HE
gadoz AAste HH wEE AR A, 0.4%01A
442 gm’2 Z BC A2kFso] HulAoh=E wIAIA)).
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Table 3. Effect of secondary substrates on cellulose production by
Acetobacter sp. V6

Secondary substrate (0.1%) Cellulose yield (g/m?)
Gluconic acid 26.8
Lactic acid 35.1
Succinic acid 337
Acetic acid 35.0
Fumaric acid 30.3
Formic acid 36.0
Malic acid 30.7
Citric acid 41.9
Ethanol 434
Pyruvic acid 38.6
None 30.1

Cells were cultivated in the medium containing glucose for 7 days at
30°C. Culture volume = 50 ml, culture-surface area =9 cm>

Z| X v X|0fAM BC it

47 Aol 7)Z3te] SYE BC A HAwA 2L
glucose 3.0%, soytone 3.0%, K,HPO, 0.8% 2 ethanol 0.4%%3
ok HF iRzt A Bl s AAIE A, dA A
BC A2k 57w Azt vlE|ete] F71at o, oo wek
BC A4t} oA A2 DS BAVE 5-S & 5 AU Hl
& 8Y ¥ A9" BC MRS 4.7 gmlo| ATt pHE Wi 7
ol whe} F2pH o2 Aasr] Alatsle] v 82 7, pH 3.8
2 73 tk(Fig. 3).
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Fig. 3. Time course of cellulose production by Acefobacter sp. V6 in
an optimized medium. Cells were cultivated in the optimized medium
for 8 days at 30°C. Culture volume = 50 ml, culture-aurface area =
9 cm?.
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Fig. 4. Scanning electron micrograph of cellulose produced by
Acetobacter sp. V6.
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2 olsold AR, 1 %ol AEA E5)o] ANTKFig. 4).
gutgo g AEH AEZ AT AEZ QX fibre/t FHTEE
o)1 Qop), slAETEE UeRA) etk tebd Al
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Fig. 5. FT-IR spectrum of cellulose produced by Acetobacter sp. V6.
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Fig. 6. X-ray diffraction pattern of cellulose produced by Acetobacter
sp. V6.

peak 25 YERATE T3 A5G AEZQE 893 em oA
CH, W&ol 93 2%F, 1430 cm ol CH,2 A #38 A,
2900 cm™'of| A CH,9] 21ZX%F, 3400 cm'o|A] OHS A1&75S
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ABSTRACT : Production and Structural Analysis of Cellulose by Acefobacter sp. V6 Using Static Cul-
ture
Jeong-Do Kim, Ho-Il Jung, Jin-Ha Jeong, Ki-Hyun Park, Young-Dong Jeon, Dae-Youn
Hwang, Chung-Yeol Lee, and Hong-Joo Son* (College of Natural Resources and Life Sci-
ence, Pusan National University, Miryang 627-706, Republic of Korea)

The optimal medium compositions for the production of bacterial cellulose (BC) by a Acetobacter sp. Vo6,
which was isolated from the traditionally fermented vinegar in Korea, were investigated in static cultures. The
optimum medium compositions for BC production were 3% glucose, 3% soytone, 0.8% K,HPO,, and 0.4% eth-
anol, respectively. Adding NaH,PO, or KH,PO, had not shown the increase in BC production. Under the opti-
mum medium compositions, the highest BC production was 44.67 g/m” in 8 days and the thickness of BC
pellicle was about 1 cm. Structural properties of BC produced in the optimal medium were studied using Fou-
rier-transform infrared spectroscopy and X-ray diffractometer. BC from the optimal medium was found to be of
cellulose type I, the same as typical native cellulose. No difference in the compositions between bacterial and
plant celluloses, but BC showed unique micro-network structure and high crystallinity (82%).



