AEAMAL A2 6(1), 10~14, 2001

£ : 0j48 X8

Food Industry and Nutrition

Bacterial Cellulose?] A&+ A1 =

X

oo - A4A"

A eleta 4713

Industrial Application and Biosynthesis of Bacterial Cellulose

Oh-Seuk Lee and Yong-Jin Jeongf

Department of Food Science and Technology, Keimyung University, Taegu 704-701, Korea

MOE

Cellulosex XA AN A 7} F53 biomassZ glu-
coseZt B-14 Aol o) o]z 1A BEHoln, A&
A9k ol 2} Acetobacter, Rhizobium 3 Sarcina 59
AT s e E AT FeA ). v A S o
A2+t celluloseE &3] bacterial celluloseg}il 39,
AEA cellulose’t 2323 mAYE F 74X dga &
A3tHA hemicelluloseWt lignin 58 8=
polysaccharide$] ¥HH ol bacterial cellulose® 43 4
B2 Z£A3l= homopolysaccharide©] .

CelluloseZ AVt AT FxAgol Axnas
Bl QT og wade R FAug FAsAY
B¢ GAE A= FoZ 94 FH o] gto} 1886
d Browno| #ute] A& o] cellulosedS 74 & ol 1
AEE B4 2 B4 tsid B& A7) o] Fojxn
A Bacterial celluloseE FFAE F e v E Fo
A Acetobacter xylium& Eo}stA cellulose® 435+
wHlEtE Aoz Z 48A Stk H2oe A xyliumel
A HE2.Z cellulose T4 Oﬂ T*‘#?‘S}“ FAAF SAE &
cellulose AFA WFAINZS A sle TUdrAHoZ T
°] 8 S U = *g’&% bacterial cellulose® 17

T, B, 8 89 A4 1Ela 24 Fo) Hou
21‘1]7] D 22X o] 88 Hdgo] & Aoz dHA
ATH2). kA AA7A] HiEo e dFARE F4
© 2 bacterial cellulose 34 A& 9} A3 &4 7}
T8E AHEA 3o

hetero—

Bacterial Cellulose| A4&tA

A xylium® carbon metabolism Z =
ARtH o2 A xyliume 57 A F9 A2 2 a5588

YCorresponding author. E-mail: yjjeong@kmu.ac.kr
Phone: 82-53-580-5557, Fax: 82-53-580-5164

o] Azt & 2 ¥t ¢14}3) 2 (pentose phosphate pathway)
9} f7]4H 2 %E A 9] 43171 Y o= Krebs cycles
ol g3t B4 ES ol 83lte Aoz ¥HA gt what
A A FHZ Y key enzyme?_] phosphofructokinase® $1
Ak wl - kst A EAj st g Aol YA vl oFE}
A dojdo 24 glucosed] 713 dAtE A Doyt
2 e Ao g 4R Ath3). Tonouchi 5(4)< agitated
culutured] A3 FFZE screeningdte] A2d #F<)
A. xylium subsp. sucrofermenatans BPR20012] ol A
phosphofructokinase &/4-& A3+ A3 5 ¥ 13 v} 9l
o A xylium9 carbon metabolism¥} TH ¥ A= 2
g 13 Zo] a8 £ ATG).

A xyliumel cellulose MEHN A2

Bacterial cellulose A &4l &3t 454 AR
A= A xyliumol tisf| A vz 33

m conste
glucosse giuconste 2- ketogiuconste  ketogiuconate
N ~ 7/ N

IGADH | iZ-KGDH l \

cellulose

a3 1. A xylium2} carbon metabolism & 2.



Bacterial Cellulose®l MEHMD} MAHN 28 11

o A= 47fe BFAA HAAaEo] Qe AL
2 g A WA F 9] glucoseE bacterial membrane-$
#H3lo] A ZWE o]H F glucokinased] 93 A glucose-
6-phosphateZ &5 11, 9] glucose-6-phosphate™ pho-
sphoglucomutased] 2|8 4] glucose-1-phosphate® ©] Al
3=t} Glucose-1-phosphate™ UDPG pyrophosphorylase
o] 23| A uridine 5’ ~diphosphate glucose(UDPG)Z A 3+
H I cellulose synthased] 2al| A A0 2 cellulose2
FTHE. Cellulose FFAL ANURE Ansle FHo
2 H]71Y ghg-olt}. o] ¥h-E-9} key enzyme$! cellulose
synthase™ cellulose A A0 FL3 G402 <EA 9
o mebA o] BA e A8 AR 2-EHE FAS )
A& OB FHHY, o] HA4o] BAL EX13le BEHE
& cyclic diguanylic acid(c-di-GMP)gto] <&4 glth
(6). UDPGE UDPG pyrophosphorylase®] 280 & glu-
cose-1-phosphate 2% E wrEoiA ™ S -14-glucan 8
Hhg-oll Abg s A8 E Aot o] £49 AL Aceto-
bactere] B %ol 1ol A cellulose A 4H& 2] z}o] 7} 1004}
o] UE cellulose At} v QLTS HwE wf ujA)
59| glucoseYt fructose?] EA|JR I okof] oA &
HAEE A Gsithd). A FAAd UM cellulose
AAbel| 24 c-di-GMPTHe] G388 vl A= key regulatory
elementZ 2H-&6}9, wol] 23 Fej 2 A5t cellu-
lose synthase(UDP-glucose: 1,4- 8 -D-glucosyltrans—
ferase)9| allosteric activatorZ A-83Hch. Cellulose syn-
thase™ c-di-GMP7} £x15% ¢to™ EgAzld A
2 EA35MY catalytic sitel} substrate-binding site$+

£ regulatory sited activator7} 7} d oz A
g4 stETH6).

Cellulose A &4 9] activatorS] c-di-GMP= 5 £4}9]
GTP7} diguanylate cyclase®] 242 2 pppGpGel A3
Bk FHAE AN BAHEY. c-di-GMP] A A
o FE ¥ 84 & A BodstE 549 diguanylate
cyclase®] ZH&3 Eajo] BostE ¢-di-GMP phosphodi-
esterase A2t B(PDE-A ¢} PDA-B)9] &8 20 2 £-2 3} 7
Ao c-di-GMPE3ol 19JA PDE-AE c-di-GMPE
pGpGgEH 2 Eafist=d #43 oju) A4 E pGpGe
< HE &2 E F 229 5'-GMPE &3] ¥t} Cellulose
Ao 248 1Y 29 20| Ross 5 Aotz md =
Az Adro] #Ho

Cellulose synthase (bcs) operone| #+=

Cellulose A &4 ol 21014 A §HAL 9} rate-limiting factor
2l cellulose synthased] W3t 4+& &2 2 Lin® Brown
(78)0] EAE AASH I catalytic subunits 533}

ag 2. A xyliumoll A0l A cellulose MEtMe] =Hpd,

B sttt Catalytic subunit® sequencedt AT+ Saxena
59 9 B 15 +=0 anchored membrane protein
ol21t}. Cellulose synthase= cellulose synthase operon
o oM HAHE Hi e did BERAZ 245
o] At} Cellulose synthase®] FAx= 28 33 2o
besA, besB, besC9F besDE FAE O oW, besAT
cellulose synthesis ¥4 FHU= Ao 2 Yt &
3 besA, besB, besCe 0] S40] 840 40 Ao
A on olE FHAF o= st AEEoE 24
£ 9 g besD7F A€ HAS de TR 40%HE 9
o] 2AHAT. &8 5L T A o] F cellulose
synthase operond} th& 23} bes operono] WHAEl F
70 €] bes operon®] EAjgte] & o 11 75 o dis]
A= o}2 BEHETH9). Cellulose synthased] &4 ol+=
%3 npe} 2o] ¢-di-GMP7}F B4 9] cofactor] AL
2 AL sl Z deilon, o]l A NI FE
= F B4¢ GTPEXRE AL Zujsdte diguanylate
cyclase(DGC)$F E8l|uk-8-2 Zu)s}+= phosphoesterase
A 2 B9 g s FAET

Cellulose &Mool LA glycosylation reactione| =&

Cellulose A &Ao] #EE a4zg9 yrlyEe 1
g 49} 22 Tdo] Hand Johnol &alA A<= Aot
(10). & cellulose At 9] 21742 Saxena T ol 2] &4 &<
3 HERE dojd Ao 2 FHE F Han 5ol osiA
o) FA A xylium® M E} F& ALE-3 cellulose T4
of A7 AT o3t NAEHE cellulose AHEY] A4
Zobo] A28 D-glucose”’} #7Fg o] 95Ut} Han

—LlAlBI c |D|—jt

85 kDa 85kDa’ 141 kDa 17 kDa

a3 3. Cellulose synthase (bcs) operone| +=.



12 oI - BB

52 o] A7 E ENE cellulosed Aol #EE 549 #
S ES 08 49 2L 2dE At

Cellulosed43 9} A Wk-3-2- lipid pyrophosphate - UDP-
Glc phosphotransferase( LP - UDPGIc-PT)l| )3~ &
et 19 49 A, B §H3- 13 Zo] 29 A A A}
Ag3ka 9= phosphate7t UDPGY] glucose®t o 2%H&
31 e AAIE FAFOEHN UMP7E AAHEA
glucose®A= A A3 AgtE e <l lipopyrophosphoryl
glucose’} Bt F HA ¥H-3-& cellulose synthase(CS)7}
283t 18 49 B (2)%FS-3 7o) 3vhe] lipopyro-
phosphoryl glucose] 4-hydroxy group®| ™2 lipopyro-
phosphoryl glucosed] C-1& FATLEZHN L-14-gly-
coside Aol WAEAXA glucosed] Aoz} Lot
(cellobiosed] &A). 4 A W32 lipid pyrophosphate
phosphohydrolase(LPP)2-& 2 2 glucoseE A o]gk 22
Bzbo dstetar 919 phosphate?}t she]Ee 33 o))
Q471 U7t dllsElol A9 lipid pyrophosphates
LP: UDPGIc-PTS #1822 UDPGEHH glucoses
A o]uro} Kpopyrophosphoryl glucose7t H& A ¥k-3-&
A5 Al Ao (2 E4 B(4) BE3). o|| A lipopyro-
phosphoryl glucoses= 4-hydroxy group®] lipid phosphate
o At e o] FF(cellobiose)d C-1 &4 E 7
3t 393 (cellotriose)7t AT} 0|9 22 WHHOZ cel-
lulose 9] AAL d&H o2 dojuir] A4 Do) Al
2& glucose A7 8€Y.

Cellulose A& 34719 Az 22 549 80
2 polymeration®] dojui= Aoz AzZtEY AAd
cellulose?] crystallization 2 extrusion< A2 9] ojH =
Ao A ojuj g A2 E FA dojvteAd 1&d B8

e P § " o eojf N

" SN b Ec’z LP:UDPG PT % E—o—i—o—upid N E i
e }e ) é é e N
ump

UDP-Glc g
9°—Z-O—Lipld Lipopyrophesphoryl glucose
e
8 u-Rib-p2 p_f).
L-po 20Ne |_-p—¢=32< L-r-riele
? cs
LP.UDPG PT ( @
L-PO, 1) L_P_:J_. L—-P-P®
a
U-Rb-P3PT@ AN P
Py
L-P-PO L-»-*La’s we ) _pplele
[ o (@ ( [
5) LP-UDPG PT
L-P-P \;.5.5' L—P— P;‘ “ L-Peo
WO~ op U-Ri>-PrR@

U-Rib- p’l e
ump

‘> L-p-pZ
L-FPo Z CS LPP LP.UDPGPT
[ LP:UDPG PT [ ? - _—;ﬁmcs [

Lr-p;@;0;® “LoPT00e

18 4. Cellulose MatM g42 =& o7ty E.

7F 9tk G714 dhs 4= Browndt SaxenaZl A|QrsE &
d(2g 5)0] = A% gFAe] de A 21D, 1 ¥
59 A9 Bdl-L cytoplasmic site®l] cellulose synthase$]
catalytic subunit7} &4 34 celluloseE 373 8t F extru-
siondl= AL Z cytoplasmol catalytic siter7} £ A3},
cytoplamol| A} £§4k3-0] dojuj= AL & Mol FXH
9 T RAEAQ cellulose?) extrusiond] #oddt= Tyl
Ao EA)o] g v} o}A o] F A AUA FobA FAT
3l wdo|t} Bo] Rl catalytic subunit?} extracellular
spaced] £A5H= A0 extrusiond FAl= ZAo] H
A9k cellulose A A ol AHE-5 = UDP-glucose®] plasma
membrane &35 A 7} @A 3o}, T3 cellulose synthase
cytoplasmell A8t Ao g LA glo] AFA
A7t Atk ¢ 2dL glycosyl reaction®] cytoplasm
ol x ) dEALe] Fo3le] e Aoz AHEA
gt extrusion®] #A= A3 o} vk A% 1Y 59
Do} 22 22 A cellulose A % extrusions A
g 4 2tk 2 catalytic site?} cytoplasm¥} extracellular
spacedl] EA1¢] ZA13t cytoplasmol A 12502 A
H #Ze A& 9 glucose 847} plasma membrane?]
A A8} flippasesE E3]A extracellular space2Z
7+ & catalytic sited] QalA A EFEHE AOZ o
extrusion®] & {lE FA el AR polymerization,
cystallization® extrusionol] W3+ A &3 d7ES &
7] e 2o B A7 AgH oo s A

Ju
ey
=1

RN

A Extracytoplasmic space
crystalization

AN Paliatlial
J ) JA RN [ Exdrusion (0
7 [
N Cytopiasm
ic-Gle-G
UDP-GIC  potymerization R2n rachaciog ond
B -Glo-Gilo-Gio-Glo-R.
UDP-Gle
11 i [ N ] VLY
1Y
e Eytoptasm ¢
C 1 2 am\inrsmm
) S waror oo S /
e
Cytopiasm e
. ~Gie-Gilo-Gio-Gln-Gle-R
D 2 :
?ﬂ
S o= AN
2 Qe — T\ 11
=S s v UL
, e Cytoptasm €

a8 5. Cellulose 4 gt oll 20| A glycosylation reaction2|
L=R=



Bacterial Cellulosel! MEMI} AN 22 13

Z},
derd oz e upol s A xyliumol 1o1A
cellulose A 342 outer membrane® cytoplasm mem-
brane Ato]ol A3t BFA B FA A M LojutH
bacterium®] ¥ H o £23}H= pore2t DA 3 ABA o] 9l
Ao delA dth(12). Bacterial cellulosed] A A3 =
ER4E 19 69 JEp e, o3 B 7 A
obd BVt HEFshe FHHA dojues Ao

M 0|87t5Y

Bacterial cellulose?l #+x=X9l &4

Bacterial cellulosew 9] cellulose9} Blne of 1
g7, 1% 87} o] uf ¢ A& cellulose AH-H-A4He} 4A
TZ(network structure) 2 744 = o] 1t} Bacterial cel-
lulose®] AH-Z2 AFFEZI} 32~43 um, FFEFIY=
20~40 um, HIE-A linter 20 um¢<l Al #3) 0.1 yum A=
2 o}F g AH2 5o loh w3 el (FA o o

)

1.5 nm sub-elementary fibril Ribbon
R ———— T
3.5 nm pore [___—'— [————-—-——_——
\ rp—
ANNNN N NN \uos oo
10 nm*panicle periplasmic space

plasma membrane

B(1.4) glucan polymerizing enzymes

17 6. Bacterial cellulose® MM

100 ym | <—— Hair

Cotton

+ Wood pulp
10 -
Hm Synthetic fiber

<— Ultrafine synthetic fiber
-<4—— Collagen fiber

1 um

0lym —T

Width (Diameter) of Fibers

<«—— Bacterial cellulose

0.0l ym |

az 7.
H|

£
2
%
ol

tM M 72 bacterial cellulose M 72| 2 A

a3 8. Bacterial cellulose?l wood pulpe] & X}aio|Z ALE
(SEM) dl1?. A bacterial cellulose; B, wood pulp.

3l o] 9} ¥]&, slenderness ratio)7} o} Z EA L 7R
3o FHAo] AHs AR ok 3008 AL F AL
2 484 Ak

7423} bacterial cellulose®] $17474 % (young’s modulus)
1 15GPao|t}. o] 88 o= AFH o2 - g
&R S ATEA Hy Bxd W3 A EH
o A BlmdtH GFrEH vl mykul kel A dof
7 bacterial celluloseZ AZ3 o] AZ3F sheets A
L= A A X vl o3t sheet® T &F3l T} o= 28] X
o|9} Agdo] FolA B zolE e 7] HEQA A
2t}

rrr

-

Bacterial cellulose™ 7)ol A A& npe} o] 11
ARE A7) g7 3= AFEE AHEo] /s E A
2 AZtE e SR Fsdoy B A @A, 2
ZulE 7898 x4 9 biosensorg® W 507 #Ro)
7He stk AA 2 A st E A5 dE9 SonyALE A=
4 9t} o] E & bacterial celluloseE A}&3le] 237
=% AT H AFESH AT A =EE vhEo] B s

At} ol9o = 317)% o] F bacterial cellulose?

A
s

il

koo



14 Ol12N - HgX
E2AQ 5L o] 43 gUd AEL AL 4 e St 479 BE, U AN 2 scale-up 279
Zolzt 7 Edh 02 AAFL A7t 2FEHE B3] AAA de
A AAHEE A AEN A o] 2 7E Aow
o8 HzeA B8 4780,
A bacterial celluloses FAR A, TR L4, 5 o 5
EAZHYY), QTR 344 AE 5ol 42 5 9 -
£ Hd 24 2 A Biofill®, Bioproess® o} Gengifles® 5&

AAZ 88 A 2A B8313 Yk 53] Biofill®L bac-
terial celluloseE ©]-&3 4F A AHE FUAS Bl
53] 212, 3% 349 bacterial cellulose o] &
3t Z]i% o}F BHH Ao 2 Biofill®H Bioprocess®d)
Me BRusdta 9o

33 R

CHOjolE 2X2M 8

A F M= bacterial cellulose®] A-59 A &A%}
B 3 F3148E ol gdte gUstA ALSE 4 o)
53] bacterial celluloset= 7154 A1 Z AR 2 A tho]o]E
ol &8¢ 5 Utk o] 2 H7bstd Aol R o] $4=
39 Hold B4A S o] 83t EA S gk RS e
U e At 59 AES AN 4 o B3 o
71300 BFE Qe Bl Qo Al 2% S9] 39
TEE T8t U F AT = Aot ole Yo FiEL
283t LRI 2AE Ao 2 M At 3
U MEL 28 F2olgte HolME & Fgo] gt

iy

E

AdH o2 e $8715 42 AU Q& bacterial
celluloseE tha A2ty Hajres Gold e A
ZEolBAA M 2 97 AFHE EUE gluconic acid
of Aol AL 3, mutuloko) A3l F3o) screemng,
kg0l Y50 %‘4"1\'} ‘Ezr“g] screenmg 5 53
o9 gH o} o]l5 FREZRE BHUEAE HA) 0}04
&84 B4 g E‘:} AAA A 7P a9, =3
bacterial cellulose A g3l Boste A9 2H847) %o
e ot A3 Aa S sty 3E ARS8
of ojefl st= LA FE AFetd nwd A2 FFE
HEE d &3 Fe801 s

T ol = bacterial cellulosedl] ™3 A7} 18 11
Ao B2 7FFZ screeningdts BAAY HA wE
E0& A 3te 9Alolth. FFE bacterial cellulose 441 & o]

J_L,

=

10.

11.

12.

. Matsuoka, M., Tsuchida, T., Matsushita, K., Adachi, O.

and Yoshinaga, F. : A synthetic medium for bacterial cel-
lulose production by Acetobacter xylinum subsp. sucrofer-
mentans. Biosci. Biotech. Biochem., 60, 575-579 (1996)

. Jeong, Y.J. and Lee, LS. A view of utilizing cellulose

produced by Acetobacter Bacteria. Food Industry and
Nutrition, b, 25-29 (2000)

. Vandamme, E.]., Baets, S.D., Vanbaelen, A., Joris, K. and

Wulf, P.D. : Improved production of bacterial cellulose and
its application potential. Polymer Degradation and Sta-
bility, 59, 93-99 (1998)

. Tonouchi, N., Tsuchida, T., Yoshinaga, F. and Beppu, T.

¢ Biosci. Biotech. Biochem., 60, 1377 (1996)

. De Wulf, P, Joris, K. and Vandamme, E.J.: J. Chem.

Tech. Biotechnol., 67, 376 (1996)

. Ross, P., Weinhouse, H., Aloni, Y., Michaeli, D., Ohana,

P., Mayer, R., Braun, S., de Vroom, E,, van der Marel, G.A.,
van Boom, J.H. and Benziman, M. : Regulation of cellulose

synthesis in Acetobacter xylinum by cyclic diguanylic
acid. Nature, 325, 279-281 (1987)

. Lin, F.C. and Brown, R.M. Jr. : Cellulose synthesis subunits

of Acetobacter xylinum. In Cellulose and Wood-Chem-
istry and Technology, Schuerch, C. (ed.), John Wiley and
Sons, New York, p.474-492 (1989)

. Lin, F.C,, Brown, RM. Jr, Drake, R.R. and Haley, B.E.

*J. Biol. Chem., 265, 4782-4784 (1990)

. Saxena, LM, Lin, F.C. and Brown, Jr. RM. : Cloning and

sequencing of the cellulose synthase catalytic subunit
gene of Acetobacter xylinum. Plant Mol. Biol., 15, 673-
683 (1990)

Han, N.S. and John, E.R. : The mechanism of Acetobacter
xylinum cellulose biosynthesis, Direction of chain elon-
gation and the role of lipid pyrophosphate intermediates
in the cell membrane. Carbohydrate Research, 131, 125-133
(1998)

Brown, Jr. RM. and Saxena: Cellulose biosynthesis, A
model for understanding the assembly of biopolymers.
Plant Physiol. Biochem., 38, 57-67 (2000)

Jonas, R. and Farah, L.F.: Production and application of
microbial cellulose. Polymer Degradation and Stability,
59, 101-106 (1998)



