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Effects of Alcohols on the Production of Bacterial Cellulose
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The effect of 4 kinds of alcohols was investigated on the production of bacterial ceilulose (BC) by Gluconacetobacter
hansenii PJK. The addition of alcohols and acetic acid to medium caused the pellets of bacterial cellulose to aggregate into
a lump, which could be easily separated from the culture medium. The growth rate of cells and the production yield of BC
increased in the medium containing ethanol. Other alcohols in the medium decreased cell growth and the cellulose
production rate, because of their toxic effects. The addition of ethanol depressed the conversion of a Cel” cell to a Cel
mutant in shaking culture. Cells subcultured three times in a medium containing ethanol produced BC without any loss of
BC production yield.
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Cellulose= AAA N 714 78 AEAPozH A8 e, 2F32 AA, 3FE, JIHF B HoHFE Fo=
microbial extracelluar polymere] ZQT7AAQR oz Z deA o]&HL lom@3, 4, 6) 3 HA AAlEle He £
T E3] Acetobacter, Agrobacteria, Rhizobia, Sarcina S3} 2 7HHEL Vs TS UEta ok ¢33 BCE WHe
& NAEo] FABE bacterial cellulose(BC)= D-glucose unit 2 Aast7] 9EiA BCY §4 A} A=e 34 24 gt
7} B-1, 4 glucosidic bondZ ©] 52 homopolysaccharide& 4] UEd gigk A3 A AdgEo] gkon(, 8) o] uigro
E il cellulosed} 8324 2o} AE S celluloseo] 2 Hagge H4s A7 2 AAF YA 3 waze
A Fols = gl 553 BEd B4R Qe 4Ee scale wupol] I AT AE& Ha JoiO-11). Y
BA Bu ofugl 3R] AzA) AAGoA] nje =3 Acetobacter strain® H|% = shear rateZ 7}ElA HHA
A7 {3 Jei14). BCE A41eH= Acetobacter straing oF cellulose® J3HA] @ Cel’ mutationo] BA3L7] @&
2HAo) AxLFRANA edFozA] Wwade EH (12) Acetobater strainS ©]-83F BCe Aire Ao At
ous AL B3 WAS SwAAE TR ¢4 ol wi LA 1 WA B =F5HE FRE s
Ho] kot 188613 Brown(S)e] Fute] AJBo] cellulose?l S A HE AMRSl] 1459 celluloseE Ach 28k
Tt o)# Acetobacter straino] AAMSHE cellulose™ THE 7} # 49 Bio Polymer Research (BPR)A} #7h ojujg} =
74 AaAzA Be A7) AEEe gl YeMe AAAZEE augo) = BCE AT 5= Q)
BCE A& f cellulose®}= =] hemicellulose, pectin, - o5 Felste i F2HojA e BC Aake] thgh
lignin 2] 1 biogenetic product®} & ELES AHE %3} B2 97k RuEoey BCE A glo] mAiEe] #
BtA] @e 4% celluloseZH 20~50 nme] microfibrilo] AH oz Bt BCE digiat 3 A& 7lde of

A Aakgol Y13, 14). BEbA sl ofal AkEoiA
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Figure 1. Effect of alcohols on the shape of BC produced by G. hansenii PJK. Cells were cultivated at 30T for 5 days in the basal medium (A),

methanol-supplemented medium (B), and ethanol-supplemented medium (C).
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Figure 2. Effect of alcohols on BC production by G. hansenii PJK.
Cells were cultivated at 30 C for 5 days. A: Without alcohol (basal
medium), B: 1% addition of methanol, C: 1% addition of methanol
(industrial chemicals), D: 1% addition of ethanol, E: 1% addition of
2-methyl-1-propanol, F: 1% addition of n-Butanol.
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Figure 3. Effect of concentration of methanol on BC production by G.
hansenii PIK. Cells were cultivated at 30 C for 5 days.
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Figure 4. Time course of BC production in methanol-supplemented

medium.
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Table 1. Effect of additives added in the medium at the beginning of
cell cultivation on induction of Cel” mutants. Cells were cultivated at 30
C for 5 days

The number of subculture (times)

Additives

1 2 3 4
None + - - R
Methanol + - R R
Ethanol + + +

+: Cellulose-producing wild type strains {Cel"), - Cel' mutant



Jung, J. Y., BC Production using Alcohols

131

2nd day

3rd day

5th day

7th day
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Figure 5. Appearances of BC produced in methanol-supplemented medium according to the cultivation time.

o ok
a. =

Alcoholfi5 gl ol A7t wjgF Fol YHHe
BC7F 471 @4l eyt A4E BCY J7e i)
ARRE ) cellulosed] PSS 44 & & e 3

o] Qltk o] FolA ethanold Al&3Hs A9ol= BCO AAF
At wAEY AA4%IE Zr18l9th Ethanol 0]9]9]
alcohol®= BCO| A2 &Ade 7L Aot 17 =40
2 ste] uAEY A% BCY HMHS ZAAALL
Ethanolz} T}Z  alcohol BCY Hxave o}
ethanol?t &M Foll A Cel' F59] &8 WAlo) &77) 9)

itk

j
LS

of wEE 200dE ARudE 545 AYYKNURT)

REFERENCES

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

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

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

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

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

6. Klemm D., D. Schumann, U. Udhard, and S. Marsch (2001),

which forms

11.

13.

14.

15.

17.

Bacterial synthesized cellulose - artficial blood vessels for
microsurgery, Prog. Polym. Sci. 26, 1561-1603.

Ross, P, Y. Aloni, H. Weinhouse, D. Michaeli, P.
Weinberger-Ohana, R. Mayer, and M. Benziman (1986), Control
of cellulose synthesis in Acerobacter xylinum. A unique guanyl
oligonucleotide is the immediate activator of the cellulose
synthase, Carbohyd. Res. 149, 101-117.

Ross, P, H. Weinhouse, Y. Aloni, D. Michaeli, P.
Weinberger-Ohana, R. Mayer, S. Braun, E. de Vrioom, G. A.
van der Marel, J. H. van Boom, and M. Benziman (1987),
Regulation of cellulose synthesis in Acerobacter xylinum by
cyclic diguanylic acid, Nature 325, 279-281.

. Kouda, T, T. Naritomi, H. Yano, and F. Yoshinaga (1997),

Effects of oxygen and carbon dioxide pressures on bacterial
cellulose production by Acetobacter in aerated and agitated
culture, J. Ferment. Bioeng. 84, 124-127.

. Chao, Y., T. Ishida, Y., Sugano, and M. Shoda (2000), Bacterial

cellulose production by Acetobacter xylinum in a S0-L
internal-loop airlift reactor, Biotechnol. Bioeng. 68, 345-352.

Chao, Y., M. Mitarai, Y. Sugano, and M. Shoda (2001), Effect
of addition of water-soluble polysaccharides on bacterial cellulose
production in a 50-L airlift reactor, Biotechnol. Prog. 17,

781-785.

- Valla. S. and J. Kjosbakken (1981), Cellulose-negative mutants of

Acetobacter xylinum, J. General Microb. 128, 1401-1408.
Toyosaki, H., T. Naritomi, A. Seto, M. Matsuoka, T. Tsuchida,
and F. Yoshinaga (1995), Screening of  bacterial
cellulose-producing ~ Acetobacter strains  suitable for agitated
culture, Biosci. Biotech. Biochem. 59, 1498-1502.

Son, H. I, O. M. Lee, Y. G. Kim, Y. K. Park, and S. J. Lee
(2000), Characteristics of cellulose production by Acetobacter sp.
A9 in static culture, Korean. J. Biotechnol. Bioeng. 15, 573-577.
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. in press.

. Frebortova, J.,, K. Matsushita, and O. Adachi (1997), Effect of

growth substrates on formation of alcohol dehydrogenase in
Acetobacter methanolicus and Acetobacter aceti, J. Ferment.
Bioeng. 83, 21-25,

Ohmori, S., T. Uozumi, and T. Beppu (1982), Loss of acetic



132

19.

20.

21

acid resistance and ethanol oxidizing ability in an Acetobacter
strain, Agric. Biol. Chem. 46, 381-389.

. Adachi, O., E. Miyagawa, E. Shinagawa, K. Matsushita, and M.

Ameyama (1978), Purification and properties of particulate
alcohol dehydrogenase from Acetobacter aceti, Agric. Biol. Chem.
42, 2331-2340.

Jung, J. Y, Y. H Park, and J. K. Park (2003), Effect of
medium composition on the bacterial ceflulose production by
Gluconacetobacter hansenii  PIK, Korean J. Biotechnol. Bioeng.
submitted for publication.

Matsuoka, M., T. Tsuchida, K. Maisushita, O. Adachi, F.
Yoshinaga (1996), A Synthetic Medium for Bacterial Cellulose
Production by Acetobacter xylinum subsp. sucrofermentans.
Biosci. Biotech. Biochem. 60, 575-579.

Naritomi, T., T. Kouda, H. Yano, and F. Yoshinaga (1998),
Effect of ethanol on bacterial cellulose production from fructose
in continuous culture, J. Ferment. Bioeng. 85, 598-603.

22.

23.

24.

25.

26.

Korean J. Biotechnol. Bioeng., Vol. 18, No. 2

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.

Chao, Y., M. Mitarai, Y. Sugano, and M. Shoda (2001), Effect
of addition of water-soluble polysaccharides on bacterial celiulose
production in a S50-L airlift reactor, Biotechnol. Prog. 17,
781-785.

Valla. S. and J. Kjosbakken (1981), Isolation and characterization
of a new extracellular polysaccharide from a cellulose negative
strain of Acetobacter xylinum, Can. J. Microbiol. 27, 599-603.
Colby, J. and A. J. Blakey (1995), Effect of growth conditions
on the activities of methylotrophic enzymes in Methylophilus
W3A1, FEMS Microbiol. Lert. 128, 333-337.

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



