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Microbial Cellulose Fermentation by Acetobacter xylinum BRCS5. Sang Hoon Park, Young
Kook Yang, Jung Wook Hwang, Chang Seung Lee and Yu Ryang Pyun*. Department of

Biotechnology, Bioproducts Research Center,

Yonsei University, Seoul 120-749, Korea — The

characteristics of cell growth and cellulose production by Acetobcter xylinum BRCS5 were studied in
shaking flasks and jar fermentors. Of the substrates tested, the highest cellulose yield was obtained from
the fructose medium. Some inductive cultivation was observed and then cellulose was produced with
cell growth. When glucose alone or mixture of glucose and fructose was used as the carbon source, cell-
ulose could be biosynthesized under the glucose limitation. Comn steep liquor (CSL), as a low-cost nitro-
gen source, was a good substitute for yeast extract. In a jar fermentor experiment, 4.14 g/l of disinte-
grated cellulose was obtained from 8% CSL medium containing 0.5% glucose and 1.5% fructose.

AR e = 2 Akl 73
} ob 24 glucose2] B-1,.4 Aol &f3s}ed o] Foix]
lolth, 4ER e e WEAES T8 TR
Aol 2fste] wird 2| AJAkE]l = biomassEA] §3] H
2.2 Fo] AFol FI o]E-=o] ghow, AR 4b
d 4x 2 o)g5 glvk(l). 2w}, 1886 Brown
yoll 2]8}e] ZAbTo] A28 ¢ A AYAkgthe ARAlo]
son 2o o]zl PIME f AEZ e
W2 fRo] AEz Qo) PN E MEZ e
NE Alge e sl whe] 2ladely snjdER e

7} A gl w7 AER e AbeR Agaksv], A
]

FatA] EAsE I

N
i, off

>
r o

A A
r4c~
)

Roox B Ho > oAr px %R T of W o o

W AE AERZ e AL FF2 5 Acetobacter®, Rhi-
zobium?y L8] Agrobacterdy 5o HIE I glow, 1
ZollA 928 dTE Acetobacter® 224, 53] Ace-
tobacter xylinume] X742 vlAE AER2 2 49
thabo] Blo] ghrhH(4), A xylinums 3713 &7 A
=) weksl wfofol Fdol A gk 2(pellicle)®] Sej =
3R whabEA o] AE2 e vt A=, o] pellicleW]
AlA A7} FAlshE BA4E Baloh el A wil-
num-S QubA o g sk wokoll A= Ak ol ofsted A

ER e~ AARER] 8} cellulose negative mutant

*Corresponding author

Tel. 82-2-361-2883, Fax. 82-2-312-6821

E-mail: yrpyun@bubble.yonsei.ac.kr

Key words: Acetobacter xylinum, Microbial cellulose, Fermen-
tation

0%
filo
N
)
)
R
32
=
z
=

(cel )& AA3l= AelAql &
AEo] FAE AEZAE M= A o
Abgojelrl Bebe A vylinumsS 3714 HFolm
N grlell mr] $)8) = 31 WSt A AR
3l7] 9k Aoz FAHE T glov) ofF] wEshr] ¢

A=l oFS vl A Aol iAol Y] wFoll wnk
Hjokol] ofale] w| A& AEZ 0 AE diaf WAkslr] ¢1g
A77p &Hbs] z 8= 3 gl Weyerhaeuseriit+= 2k
vjofoll ] oAt WFE AAAA Al sls, WHelE

£3}o] F-AHE-<l gluconic acide] A HaAA AE
the FHAA A sl o T8 Al o

o, 5 B FellA] 0.2 g cellulose/g glucose2] AJ4F
= c}h(8). ICIit+= glucoses =7} 0.5 g/l ©]3k=
TR E =S 2HEA {7F weksled gluconic acid Y
]

glucose o &5 A3vh(9). A2 BPRitelA&= 2
o]

BPR 2001 7% A19sl32(10), corn steep liquor
(CSL)E AAxfo 2, fructosedS ©HAKYO R dto] LF
Z uljokate] fructose 44 g/lell tiste] 9.7 g/18] AEZ
L2 Aok, 2 PIE AER e o A
A Ak # A gl 7l2o) =l Ae]A”] vk 54
off &t FHETA A= o} mlvlgh AR er}. o]= A
Ab TF7F e 558 A & A4bEe] pellicle 3
v A Y2 YAk 7] w el wioklo] Bty
o F-2o] FA7} pellicle Hell EA)3EE wljof o]
ol87] w1l o2 Az}

B A2 Feham wub viokel A vl A kA Etar



Ao =2 Acetobacter xylinum BRCHE A1HH g v}
UATH12). wpebd] B A4+ A xvlinum BRCS #5
5 EebaFelA] cellulase 3718k o F3ld-& w 4]
A EAE A3, AEZ e AE A= AEg)
712 g e 27AE HES o, LA s nlef
2~ PR SAS dslsd )

M=z % a9

T2 F(12)l] 2]3lod aped A o) 4
J % Acetobacter xylinum BRC5o|c}h, AER 9
2= Al 2l= Hestrin & Schramm (HS)(14)8iR] &
Abgsledom, 7 FAE yeast extract (.5%, peptone
0.5%, Na,HPO, 0.27%, citric acid 0.115%, glucose 2.0
%(pH 6.0)o]c},

=HH S

A vk 500 mi A Ee2FATe] 70 mi HSW R &
g, A b z”‘]"] 7171 sl MEr e~ F
& 842l Celluclast{Novo Nordisk Co., Denmark)-=
1% (v/v) A7}she] zled slloF7] (KSI-400L, Korea In-
strument Co.}ollX 307, 150 rpm2-& 384|7F Z2} wl
k&l T}, vkl 2 47T, 8000 x goll A 3087F 14 H&
gl 2 -"‘J’%"”% A 3L Fke] A 2-g HSHR|E A7}

sl dFT02 el

AL% - ;{d?‘»oﬂ 5%% _____ 8 ;%]
7}8har 21E wlekr] oA 30 c 150 rpm2Z 647} vk
shdct, FASA] B4 dTshy] gaxE A4E A
EFA~F FEldlr] #18le] 1% cellulased 3L vRok
stdcd, gk, #FEF wliofoll = 5] jar fermentor
(KM]J-5C, Mitsuwa Co., Japan)ol 2 /2| AAF vz & ¢
a1, pH 5.0, 30T, 713 0.25 vvmS-E 80~120417F 3]
w ovjekslgdch nRb S AEE om0 A e
o sF2 v x| B2 wlok Zr]e] -FE7]el+= 500 rpm, i
= 1000 rpm 22 A3t

CellulaseE #7F} 1 vl oFgt 7 -$-oll+= Bl A58 &
B s 3 BT A (U-1100, Hitachi, Japan)3 AHE-s)
o] 660 nmellA FA st WA sjofe] Ffelle &
oAl Al &ell 5%2] cellulases 718} Z1EF w7 (Ju-
labo SW-21C, Germany)ellA 50T, 120 rpm o2 304
7Fuke A7) 3o) £} E E2sledc) T T ERE 7
ZF A 2o R IS FF A A Ag 0.316(g

Acetobacter xylinum BRC50] 2|5t MER2PA 8% £4 599

dry cell/ODg)= 73] Al4kabsdct

MIEEQA AHA}EI: ,33:-]

Feba3 vliofol A ARl dloje] e AER
S 58 AA3E % 0.25 N NaOH €4 100 miel) as-]
R A1 A BFFEF WA &, 32 0.25 N acetic acid
= 9ol FIAFH o)7lE oA £F/FFE A Zis‘re#
80T dry ovenollA] AFA|A Fefo] =lolS o] A
FHe A 0H15). daE woe] A= wlﬂ
Helel A2 ~5 FFE M A8 10 miE HE
o] ().25 N NaOH £ 10 mlE 93 100CcA 2087}
2ol & Fgke] .25 N acetic acidE 9ol F3}4]7]3 o]
S 12,000 rpmell A 1027 14 F-2]sle] A2 o
3 oA FReE dEE & AR 4] B E g o
o]z] u| Y5 ME T o ~o] AF Feks ZA5}oitH10).

n&ﬂﬁ&'

&t 81 gluconic acid

nfofel} Fof] 23} glucose, fructose # sucrose s
S dlefy Alg25e A e AEEeAE A AT
g 0.2 tm syringe filter(Gelman Sciences Co.,
USA)E o938 3 HPLC(Waters Co., USA)E =35}
%ttt Column< carhohydrate column(4. 6 X 250 mm,
WATO 44355, Waters Co.)& A3t
80% acetonitrile, % 2.0 ml/min, detectorw— Al 2w
AA(410, Waters Co.)E ARg-3te] A8k}l Glu-
conic acid -2 FA =Rl B e A X
3?— HPLCZ A 3}eict, Columne Aminex HPX-87H

olumn(7.8 X300 mm, Bio-rad Co., USA)-& A}&-3}9

3, o] FAHE 4 mM sulfuric acid, % 0.6 m//min, de-
tectorv S%% AEA(Waters 486)-8 AHEshe] UV
210 nmel| A &3 3FA Tt

} _1:_}\]-____

Zdat ¥ I&

A. xylinum BRCSC2| MEEM

A. xylinum BRC5E HS wR]ell4] b njof3t Ast&
Fig. 1ol vtepsich, Fale oF 2441718 fx7]7F R
FH-E oF 48A17M7H2] FAE] FAlskd e, 1 o] Fe
= $uks] Frbele AEHS JeRgic) wioF 484] 7kl
ek Foll 4% gluconic acids 2F 15 g/lZA] vt
oHe] pH7} 4.00]3tE AEtE 24 o] Fell= F-FA o
2 M-S AEE v Zl R Al dig 241719 8]
S &% piE 0,068 h el o, vfok 12041 7F 3 A
e 03] g/i2A U ¥R el sadal
glucoses= Fr7] o] Fd| & AT B F43] 7
A%+ FA)ol gluconic acid?} wefel Fofl FAH 3] =4
zlof vk 60417} Foll FH FX 17.5 g/l =3l Th



600 digteE &

&
| \
s
L
2
—~ 20 .y
S e
45 "
8 g =
g o & o
g 1955'-':
_— 2 — O
d)"‘_.g (:g
U"'""' L
E 5 &
" | " 0
o 20 40 80 80 100 120

Time (h)

Fig. 1. Typical course of flask shaking culture of Aceto-
bacter xylinum BRCS.

(— ) Cell mass concentration; (—U1-) Glucose concentration;
(-¢—) Gluconic acid concentration; (—4& —) Cellulose produc-
tion; — pH.
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Table 1. Effects of initial culture conditions on the cellulose
production by A. xylinum BRC5

Initial conditions Cellulose produced (g/)

Inoculum size 1 1.51
3 1.84
5 2.33
10 2.27
Medium (ml) 70 2.10
100 2.45
200 (.34
300 0.38
pH 3 1.04
4 1.84
5 2.18
6 2.03
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Fig. 2. Scanning electron mlcrograph of cellulose pmduced
by A. xylinum BRCS under flask shaking culture.
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Fig. 3. Time course of flask shaking culture of A. xylinum
BRCS with cellulase addition.

(— M) Cell mass concentration; (—7—) Glucose concentration;
(—#—) Gluconic acid concentration.
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Fig. 4. Effects of carbon and nitrogen sources on the cell
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Table 2. Effect of CSL concentrations on Kinetic data of cellulose fermentation hy A. xylmum BRCS

CSL concen. X (Cell mass, P (C‘el]uloae Ypx (g-cellulose Y, (g-cellulose Yx,‘, (g-cell/g-glc,
(%) g/D) g/n /g-cell) /g-glc,frc consumed}  frc consumed) u (1/hr)
2 2.05 2.62 1.278 (0.131 0.103 0.080
4 2.48 3.04 1.226 0.152 0.124 0.083
6 2.97 3.49 1.175 0.175 0.149 0.085
8 4.39 4.13 1.183 (.207 (L.175 0.097

10 3.22 3.61 1.121 0.181 (.161 0.094
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Fig. 8. Typical course of cellulose production by A. xylinum

BRCS in jar fermentor.
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