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The effects of variation in composition of the medium on the conversion of Gluconacetobacter hanseii PJK cells producing
cellulose (Cel’) 1o non-cellulose producing (Cel) mutants and the production of bacterial cellulose (BC) in an agitated culture
were investigated.

The impeller speed greater than 500 rpm was required to decrease the population of Cel mutants to minimum in a basal
medium containing 1.5% ethanol because the optimum impeller speed to minimize the population of Cel mutants increased
with the concentration of ethanol added to a basal medium. Ethanol fed-batch culture could not increase the BC production
in an agitated culture unlike that of a shaking culiure. The amount of BC produced in a basal medium containing 1%
ethanol was 39% more than that of the same medium with 0.27% Na;HPOQs. Increase in the concentration of acetic acid in
a basal medium decreased the BC production. The pH control of the cuiture broth increased the cell mass in the batch
culture and improved the production yield of water-soluble polysaccharide (WSPS), but did not affect the production of BC.
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Table 1. Effect of concentration of ethanol on production of BC. Cells
were cultivated in a 5 L jar fermentor in a basal medium containing
1.0% ethanol and 1.5% ethanol, respectively, at aeration rate of 1 vvm,
agitation rate of 500 rpm and working volume of 2 L for 44 hours.
Dry weight (g/L)
Conceniration of ethanol (%)

1.0 1.5

BC 1.42 1.01
Cell 239 3.05
WSPS 0.60 0.20

Table 1914 Hi= ule} o] der&e] F%7F 1.0%A
15%2 2718l dAe 42 oF 11% F7189ou BCsh
WSPSS] Axreke 47h ¢k 38%, 67% ZAstHth ek
9 Az A HHE deEd FEE 1.0%A
1.5%2 2717718 oAE o 4%, BCE o 13% 244314
tH(12). whebA] ek WRkA] 500 rpme] wWETE WS
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Table 2. Time course of the conversion of cellulose producing (Cel’)
cells into Ce/ mutants. Cells were cultivated in a 5 L jar fermentor in a
basal medium containing 1.5% ethanol at aeration rate of 1 vvm,
agitation rate of 500 rpm and working volume of 2 L. The experimental
data are mean values of the triplicate experiments

Culture time (h) CFU/mL Cel mutantsftotal cells
20 5.5x10° 0.036
24 6.9x10° 0.014
30 5.72x107 0.019
44 9.58x10° 0.013
48 3.54x10° 0.017
52 3.21x10° 0.078
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Table 3. Effect of ethanol fed-batch culture on production of BC. Celis
were cultivated in a 5 L jar fermentor at aeration rate of 1 vvm,
agitation rate of 500 rpm and working volume of 3 L for 43 hours.
0.25% ethanol was initially fed and 0.25% ethanol was fed every 12
hours for 36 hours

Dry weight (g/L)
Ethanol batch culture Ethanol fed-batch culture

BC 1.63 1.45
Cell 297 3.71
WSPS 0.30 0.35

Table 4. Effect of ethanol fed-batch culture on the conversion of Cel’ cells
into Cel mutants. Cells were cultivated in a 5L jar fermentor at aeration rate
of 1 vvm, agitation rate of 500 rpm and working volume of 3L. 025%
ethanol was initially fed and 0.25% ethanol was fed every 12 hours for 36
hours. The experimental data are mean values of the triplicate experiments

Ethanol fed-batch culture

Fthanol batch culture

Culture time
M CFUJmL Cel mutants/ CEUJmL Cel mutants/
total cells total cells
24 1.02x10° 0.010 1.65x10 0
37 1.77x10 0.028
39 1.05x10 0
43 5.21x10° 0.012 57x10° 0
48 3.59x10° 0.011 551x10° 0.002

Table 5. Effect of the concentration of acetic acid in a basal medium
containing 1% ethanol on the conversion of Cel” cells into Cel mutants.
Cells were cultivated in a 5 L jar fermentor at aeration rate of 1 vvm,
agitation rate of 500 rpm and working volume of 3 L.

Concentration of acetic acid (%)

Culture 0.15 1.0
time (h) CFUJmL Cel mutants/ CFUJmL Cel mutants/
total cells total cells
24 1.65%107 0 3.4x10" )
30 2.11x10° 0.009
39 1.05x10 0
4 1.48x10" 0.020
43 5.7x10° 0
48 551x10° 0.002 0 -
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Figure 1. Effect of concentration of acetic acid on BC production. Cells
were cultivated in a 5 L jar fermentor in a basal medium containing 1%
ethanol at aeration rate of 1 vvm and agitation rate of 500 rpm and
working volume of 3 L. The concentration of acetic acid in a basal
medium was 0.15% (a) and 1.0% (b).

dulz o7 wjek & Cel mutant7} WASHH BC AjAtko]
Hadte Aoz gy douk B AP A% Table 590
A RE ute} go] Cel mutant= A §loy BC AAikaEe
AA 3Pk o= 1.0% acetic acidZ7} 7L R ol A

C A4bo) t]RE o] 83 TEFEY acetic acid7}

=

Hg 37 st A Al A3t WSPS 5o At

=y

ES

> A=
Z2dth. &, G hansenii PIKE A9 ok
)SI B

Ae

glRES o] 831y i) oA AzFFE FAFSHY BC

Korean J. Biotechnol. Bioeng., Vol. 19, No. 6

| #4olM BCE Aitshed Hea
A A5 BRE 7] fEo &8 44
H#AA HAE AoE FHEo 2FEY acetic acid
= A 15% acetic acid7} U= wjk

25 Qe m(Table 5) o2
o 24Xk o] FRE £ 44Ut A% FURle A

r*i
[o]

dnix oz BC AihAR & 427 BSH wjA] (20 g/L
glucose, 5 g/l yeast extract, 5 g/L peptone, 2.7 g/L
Na,HPO,, 1.15 g/L citric acid - H,0) (16)= ¥ AgdA A}
L9 WA ZAd1 g2 NaHPO,$} citric acid7} 35 ojlct
o]Z phosphate ion& T|AE-o] AJXst= exopolysaccharide )
Abge] F23 Q43E n|X9 phosphate iond] FEIL F7}
52 Agrobacterium tumefaciens7} AA¥3l= succinoglycano]u}
Pseudomonas strain®] AYAFs}= alginate$} 7S exopolysaccharide
o Wugel F/lshe Aoz wud v oK, 19), wehA
2 AYAAE 10% ARSE Fdshe 712uAol BSH )
Aol EPHOIlE NuHPOS FES FUF 02799
Na,HPO,Z2 #7}3}od phosphate iono} G. hansenii PIK7} A3
AFsl= exopolysaccharide¢l BC2] A4 W #A|e] Alzte] ]
Ae 9FE IS Table 694 R nvis} Zol
NaHPO,Z #71et 7% H7betA & Z5ol wsf dA=
27% Z7+8t9.ou BCE 29% #ZASIH I WSPSS] Aatake
TYaATt =3 Table 7914 & 4= Uxo] wiA|ol| Na;HPO,
2 NP A9 U NPT 5L WA e Aol
Ws) ATaE Bov) wio] Cel mutanis®] WAEo] o}
Ak webd G, hansenii PIK2] 739 v} = phosphate ion
£ Cel mutants® A& =3 ¢Avl BC AAH = T

Aol AFE FAAUTGE RS ¢+ It

Table 6. Effect of Na,HPO, supplementation on production of BC. Cells
were cultivated in a basal medium containing 1% ethanol in a 5 L jar
fermentor at agitation rate of 500 rpm, aeration rate of 1.0 vvm and
working volume of 3 L for 43 hours

Dry weight (g/L)

Supplementation

None 0.27% NaHPO,
BC 1.63 1.15
Cell 297 3.77
WSPS 0.30 0.30

Table 7. Effect of supplementation of Na;HPOs on the conversion of
Cel' cells into Cel mutants. Cells were cultivated in a basal medium
containing 1% ethanol in a 5 L jar fermentor at agitation rate of 500
rpm, aeration rate of 1.0 vvm and working volume of 3 L

Supplementation

Culture None 0.27% Na;HPO,
s S
24 1.65x10" 0 1.65x10° 0
30

39 1.05x10 0

4

43 5.7x10° 0 1.20x10° 0.030
48 5.51x10° 0.002 3.68x10’ 0.076
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Table 8. Effect of pH control on production of BC in a medium
containing 1% ethanol. Cells were cultivated in a 5 L jar fermentor
at pH 4.5~5.5, the aeration rate of 1 vvm, agitation rate of 500
pm and working volume of 3 L

Dry weight (g/L)
Without pH control With pH control

BC 1.63 1.60
Cell 297 334
WSPS 0.30 230

Table 9. Effect of pH control on the conversion of Cel' cells into Cel
mutants. Cells were cultivated in a medium containing 1% ethanol in a 5
L jar fermentor at pH 4.5~5.5, the aeration rate of 1 vvm, agitation rate
of 500 rpm and working volume of 3 L

Without pH control With pH control

Culture time
h Cel mutants/ Cel mutants/
) CFU/mL total cells CFU/mL total cells
24 1.65x10 0 2.60x10" 0
39 1.05x10’ 0
43 57x10° 0
44 2.40x107 0.004
48 5.51x10° 0.002 8.5x10° 0.012
54 247x10° 0.004

pH H[o{7} BC dioj D|x|= et
Park 5(12) G. hansenii PIKE A& wjdsts 4% 3
Wix|e] Z7) pH7E 4004 659 HSleAE BCY Aatad
o

q

o

2k
Aol Y Aoz Byl vt BC Aikso] AU
I T2 739 Acetobacter xylinum® 735 BC A4S 93
#3 pHe 4~702 U3 AvH(i6). whr E AFM=
pH controllerE A}-&-8te] LE A} pHE 5 (4.5~55)2 43
3 23 pH Aloj7} #Ale 43 E BC Aatel mjA= o
&S =lstgr). Table 8olA HE ube} zho] mwhuj ool A
el pHE Alodt 23 pHE Aoty 82 Ao H
& FAe AzxFEHE o 2% FrIstgor) BCY Abgke
2 wgly} gl skAa pHE Alojdld Au4rt E71819
I(Table 9), WSPSe] AJstere 2.3 glLE AofslA] ¥ 4
2 (05 gLyel vl 4.6dv; FUISHETh wEkA sk
pH Aloj= A9 wlghalst Y& #48 FA3kA7 BC A
shole A9 S wlAR] g3 WSPSE A4S 34

[e)

A= AL & F Uk

o rlf

¢

R FA] wiA] e HrbE e desd] FErt SUHETE
Cel mutant®] 2Ago] Z73lE2 15% dek&o] AHArtd
A8 7B 500 pmREh E& WHHEES FA ol 27
02 Cel mutant®] WAo] A1 BC Aras F7EAA
o Stk gk ) 22 F39) shear stresse] W YFH 8}
dre kel Ae-s 98 1.0% dees £ETFE
f= BC Aste] 284S =Y 4 $1%Uch Phosphate ion®]
A7t wiA R H7MEA @2 A BC Aatge] H

455

S9th MARY F PIENS] FEE L0%E FAAH
FAle AZFFE WS} YRott BC 4ol gasgl
o wlgels] pH Aol BCS AdelE 4TE oIAA Bk
ou} #Ale] 44k WSPSS] 4TS PYAATH

z A

o] =F& 20039 FEHFTA T Yol ofste] ATy
21S (KRF-2003-042-D00050).

REFERENCES

1. Brown, A. J. (1886), An acetic acid ferment which forms cellulose,
J. Chem. Soc. 49, 432-439.

2 Delmer, D. P. (1999), Cellulose biosynthesis: exciting times for a
difficult field of study, Annu. Rev. Plant Physiol. Plant Mol. Biol.
50, 245-276.

3. Delmer, D. P. and Y. Amor (1995), Cellulose biosynthesis, Plant cell
7, 987-1000.

4. Yamanaka, S., K. Watanabe, N. Kitamura, M. Iguchi, S. Mitsuhashi,
Y. Nishi, and M. Uryu (1989), The structure and mechanical
properties of sheets prepared from bacterial cellulose, J. Mat. Sci.
24, 3141-3145.

5. Camnon, R. E. and S. M. Anderson (1991), Biogenesis of bacterial
cellulose. Crit. Rev. Microbiol. 17, 435-447.

6. Embuscado, M. E.,, I. S. Marks, and J. N. BeMiler (1994), Bacterial
cellulose. II. Optimization of cellulose production by Acetobacter
xylinum through response surface methodology, Food Hydrocoll. 8,
419-430.

7. Klemm, D., D. Schumann, U. Udhard, S. Marsch (2001), Bacterial
synthesized cellulose - artficial blood vessels for microsurgery, Prog.
Polym. Sci. 26, 1561-1603.

8. Fontana, J. D., A. M. De Souza, C. K. Fontana, I. L. Torriani, J. C.
Moreschi, B. J. Gallotti, S. J. De Souza, G. P. Narcisco, J. A.
Bichara, and L. F. X. Farah (1990), Acetobacter cellulose pellicle as
a temporary skin substitute, Appl. Biochem. Biotechnol. 2425,
253-264.

9. Vandamme, E. J., S. De Baets, A. Vanbaelen, K. Joris, and P. De
Wulf (1998), Improved production of bacterial cellulose and its
application potential, Polym. Degrad. Stabil. 59, 93-99.

10. Schramm, M. and S. Hestrin (1954), Factors affecting production of
cellulose at the air/liquid interface of a culture of Acetobacter
xylinum, J. Gen. Microbiol. 11, 123-129.

11, Park, J. K, Y. H Park, and J. Y. Jung (2003), Production of
bacterial cellulose by Gluconacetobacter hansenii PIK isolated from
rotten apple, Biotechnol. Bioprocess. Eng. 8, 83-88.

12. Park, J. K., J. Y. Jung, and Y. H. Park (2003), Cellulose production
by Gluconacetobacter hansenii in a medium containing ethanol,
Biotechnol. Lett. 25, 2055-2059.

13. Jung, J. Y., J. K. Park, and H. N. Chang (2004), Bacterial cellulose
production by Gluconacetobacter hansenii in an agitated culture
without living non-cellulose producing cells, Enzyme Micorb. Technol.
submitted for publication.

14. Valla, S. and J. Kjosbakken (1981), Cellulose-negative mutants of
Acetobacter xylinum. J. General Microb. 128, 1401-1408.

15. Jung, J. Y., Y. H Park, and J. K. Park (2003), Effect of medium
composition  on  the  bacterial cellulose  production by
Gluconacetobacter hansenii PIK, Korean J. Biotechnol. Bioeng. 18,
94-99.



456

16. Hestriny B. and M. Schramm (1954) Synthesis of cellulose by
Acetobacter xylinum. 2. Preperation of freeze-dried cells capable of
polymerizing glucose to cellulose, Biochem. J. 58, 345-352.

17. Stredansky, M., E. Conti, C. Bertocchi, M. Matulova, and F. Zanetti
(1998), Succinoglycan production by Agrobacterium tumefaciens, J.
Ferment. Bioeng. 85, 398-403.

18. Conti, E, A. Flaibani, M. ORegan, and I. W. Sutherland (1994),
Alginate from Pseudomonas fluorescens and P. putida:production and
properties. Microbiol. 140, 1125-1132.

19.

20.

Korean J. Biotechnol. Bioeng., Vol. 19, No. 6

Jung, J. Y., Y. H. Park, and J. K. Park (2003) Effect of medium
composiion on  the  bacterial  cellulose  production by
Gluconacetobacter hansenii PIK, Korean J. Biotechnol. Biceng. 18,
94-99.

Jonas, R. and L. F. Farah (1998), Production and application of
microbial cellulose, Polym. Degrad. Stabil. 59, 101-106.



