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Abstract

From the pellicle membrane of rancid wine, an acetic acid bacterium
NOK21, which was intended to be used as an inoculum for fermented sour
drinks or a producer of Dbiopolymer applicable to diet food,
pharmaceuticals, cosmetics or bioplastic industries, was 1solated and
purified.

The 1solated bacterium was Gram—negative, aerobic, and rod-shaped
bacterium, which could assimilate capric acid as a carbon source. The
partial 1,380bp nucleotide sequences of its 16S-rRNA gene were determined
and compared with those of some known bacterium through blast search of
GenBank data in NCBI, USA. The bacteria showing greater than 99.7%
homology mostly belonged to Gluconacetobacter hansenii species. The G.
hansenii has been well-known as an acetic acid bacteria producing
cellulose polymer.

The thick insoluble membrane formed by the NOK21 was subjected to solid
BC-NMR spectroscopy to analyze the types of its constituting carbon atoms.
The “C-NMR spectrum of the water—insoluble polymer suggested that the
biopolymer was not pure cellulose. It was estimated to be a new acetylated
biopolymer such as hyaluronic acid(hyaluronan) containing carboxyl,
amide(or ester) and acetyl groups.

The changes in culture acidity and biopolymer concentration during
cultivations were measured to investigate the effects of ethanol
concentrations from O to 8% on NOK21 bacterial growth.

The growth rate showed the greater in the medium containing 3% ethanol
where the bacteria produced both acid and insoluble biopolymer. The
biopolymer concentration reached the maximum 5.2g/ ¢ in 3%

ethanol-containing medium whereas the highest acidity 3.97% was observed



in the 5% ethanol-containing medium. No bacterial growth was observed in
the medium containing greater than 6% ethanol.

When the bacteria NOK21 and vyeast Saccharomyces cerevisiae were
co—cultivated simultaneously in the medium containing glucose 2~20%, both
acid and biopolymer were produced only in the media containing relatively
low glucose concentration at 2% and 5%. In addition, ethanol was produced
prior to the acid and biopolymer production, which suggested that the
yeast converted glucose to ethanol first, and the bacteria oxidized
ethanol into acetic acid and synthesized biopolymer. Although the yeast
made ethanol to a great degree at glucose concentration higher than 10%,
no production of either acid or biopolymer was observed probably due to
the 1inhibition of NOK21 bacterial growth. Meanwhile, the yeast «cell
concentration was maintained at quite constant level at 1.0x10" cells/ml
throughout all the media containing glucose 2~20%. The greater glucose
concentration in the culture medium showed a tendency of higher ethanol
production.

This research demonstrated that the isolate NOKZ1 belonged to acetic
acid bacterial group like G. hansenii and synthesized organic acid and new
acidic  biopolymer like  hyaluronan during co-cultivation  with
ethanol-fermenting yeast S. cerevisiae. These results will be useful for
the mass production of such fermented health drinks as Kombucha and

hydrogel-1like biopolymer.
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AFEATE, ook, Aok T okl de AREH AL TH2].

Dextran< A 9= Y] EE  dextransucraseo] 93] AT q
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L@ #Hx=Q ~(rhamnose) 7} AE4 < A2 AAH AFGAZE & e wHE

GHAE olF= 722 HofJdu 5], Sold =4 "ol HSAl, dEA, <
_]

Ao} A E A EZ Al - (agar) EFOo2%E Zhgkal QloH6].
AR ZeF~E el poly- B-hydroxyalkanoate(PHA)E & WA S~
goz Q3% AT ATt A et 2 AEEEZA A7

o e Ed]] A=ada=doltt. &3 PHA= Asidat g AAH

_,d
e
(i
ol
o
)
=



Polyglutamic acid(PGA)+ = FAAHOZ A oy mAEd A=
polyglutamic acid7}b AFAH= Aol dAHMH. 53], uwAZ ot
polyglutamic acidE Mo dojx AyE de y A9 carboxylic acid
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2

WOl Bacillus licheniformisES ©]-83F 2

o
_ﬁ
ol

ol
rlr

S
o
il

o
T

o
2,

=

°<

4
(D)
rl
5
2
~
~
<
0

o<

mO
o o
1:0{1
o
2
ro,
(02

1B o\ M= Bacillus nattos FTAO&2 y-PGAS =
sho] AEFFAMNFARA ARE 7o o227, sFFolE &&38t7] #lske] i
ik So|tH8].

Curdlan< Agrobacterium 49l 3= v Eo] AAksle] Aoz FH|st= tf
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st as T & 2o
(C6H1005) nH2Q ———————— nC6HI1206

NEAGER: R daa 2
2AZ 162n+18 180

2
CeH1208 > 2CzHs0OH + 2C02
¥og 8213 A ol Et=
180 a6

(. E
CeHsOH + 02 — >  CH3CO2H + H20
ollEte 2218 £A FM
46 B0

JZN 2dt +8
Tagram £ & = 0.51 gram 0| EH2=0.67 gram = A

=4 s 7|

Fig. 2. Mechanism of acetic acid production.

%)

AT & (CHOE Z714 ZA0A 02 AF8kAIA ZAHCH,C00H) & FHETh, 24

Yz, #Fel meA s 24kE ol

MEheael B2 b ARSI TV gk, o] B4 1g9] ERTFOoEFH 0.51g9
o ghZo] BAEIL, 0.51g9] oghES AFSIAIZIE 0.67g9] FA4ko] Hofxitt.

aRE @714 2d0A Be Eelldte] daZd o iEeAE whEo] e

Al HFEE Saccharomyces o] glow wFEulg A A S,

cerevisiae, S. carlsbergensis &3 HTFoNA S. sake, IALFFAAM S.
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= ZAES 57

olt

manchuricus 5°] WAHET., 4FSS AFAAH ZHAS

rUO

A3
A dtgEs st o FE2A Acetobacter aceti, A. pasteurianus, A.

schuetzenbachii, Gluconobacter oxydans 5°| oW, o5 A2 Gram 24,

3714 O Be ARHoR ¥AE AR =t 15]
o etS Wgol At grl FAld dE = iEAQ o2 Kombucha A|lZ 3}

A& E 7 doh. Kombuchatw A® 2o} 4¢3t 2AMAT ¢33 Haagr v

Azl znt low, 7PgolM wedtal il A el R Eas
BE e U Mg F28 24T~29ToH, A e L7l B 2n
of HlalA F2 7Iztel #A7 AFS Aetal, A= wFoldd o &

v, AR vk 242 Aol g5l duH16, 17]. Pellicle((Ta e 2%
S 9+ AFHx A7 HAeA 99), caffeine, acetic acid, citric acid,
propionic acid, gluconic acid, glucuronic acid, 2-keto-gluconic acid,
succinic acid &9 7]4F, ethyl alcohol(ethanol), ethyl acetate 52 o~
Bl Z(esters)®}, vitamin Bl(thiamine), vitamin B2(riboflavin), vitamin
B3(niacin), vitamin B5(pantothenic acid), vitamin B6(pyridoxine), vitamin
B12(cyanocobalamin), vitamin Bl5(pangamic acid), biotin(folic Acid),
niacinamide, nicotinic acid, vitamin C 5<] HEFIF7}

2 AFdAE Atoe x5 o2 HE #55 F3t9 Kombucha®}

o wagas 4Eu¥a Yol olgsu sdon, ¥y #FE o
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FHE HorRY Ads w26kl
o A egie] 2 o ujde] v|EH o= SHEfA](20g/ ¢ dextrose, bg/ {
yeast extract, b5g/{ bactopeptone, 2.7g/0 NaHPO,, 1.15g/¢ citric
acid)[18, 1915 A&}, Wi 28Tk, @ mAmA el dd+
s Felskalar
shTE. A= v d7]a ddsiion, g HAGoR FEHA v

B

2.1.2. +89 #F° T4
Bald 732 5487 Yste] 23943 API20 NE testE Al&stala, A

71 (Solgent Co., Ltd., t&A)el 9FHsle] =R d #+52 16S-rRNA 4
A A7INLE B Waaelc

165-rRNA 4} 71 SRS et 2v. wide Al A =5E
AA FHA DNAE 83T}, universal primer 27F(5'-AGA GIT TGA TCC TGG
CIC AG-3') ¢} 1492R(5'-GGT TAC CIT GIT ACG ACT T-3')& 16S-rRNA frzl=te] 3
F3= 5915 PCR(GeneAmp® PCR System 9700, Applied Biosystems)Z 5 ZA|
Zth. PR kg 2% 9 AJZEE 95C(DNA WA 2X)olA 15min, 95CelA
20sec, 50C (annealing &%)l Al 40sec, 72°C(Tag DNA polymerase Whg &%
ol 1Imin 30sec, 72ColA bmine = 30cycle ¥WHZ3}t}. PCR product:
SolgentAFe] PCR purification kit= AL, 1% agarose gel “FollA %7]
gz or sHalstHrt. AAE  16S-rRNA  F#xe] PCR productE Bigdye
terminator cycle sequencing ready reaction kit(Applied Biosystems)(bigdye
T FHFEHLE labeling ¥ ddNTP)2 WH-EAIA 41719 FFHel wet 459

JFEZA = labeling*l7]3L, PCR sequencing Wh&ol FFo]dlx] ke #ro] ddNTP
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= acetate$} 70% EtOHS A}-83F DNA Aoz A AT, AAE DNAZS &

s

t}S capillary electrophoresis®}f

2

o] formamide(Hi-Di formamide)el] 5<%
laser detector X7} #=r=l ABI 3730XL DNA Analyzer(Applied Biosystems,
Foster City, CA 94404 USA)ol| runningA|AA Aoz FFE=Zo] HEH L,
A7 o]l AAHES stk AA 16S rRNA %12 1542kbF ol Al 1380 bpE
A73lo], NCBI(National Center for Biotechnology Information)o] T4

GenBank data baseZ BLAST(Basic Local Alignment Search Tool)s}lal, 2%

HE g7l de wasker,

2.1.3. cgtZ 8%
ZAbAdo]l dErES AR AMSIAF|E HS Y stY]  Saccharomyces
cerevisiae Pilsnerg ZdwgE olets TaEaER=E ARESII O™, crystal
2 AR BH5E Fig. 37 #uh. o
AR HAY darE 10~13TE vy gon oue T 15%H% A&
7Vsettt. R Al g BEL2 PDA(potato dextrose agar, Difco) BiAZ

AHgaeiet.

Fig. 3. Microscopic examination of Saccharomyces cerevisiae Pilsner cells

after staining with crystal violet(X400).
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2.2. Biopolymer 2 % PC-NRE 0] &8 %A

A g A A7 FHH(pellicle)o] oW 79 A=A gelst
a2 ST, 2AES SHEf Al wigsials w3l AEH
F718ke] 0.5M NaOH &<e= 90TCelA 143t &
33] AlHete] BeEs Aol AAsT. AAlE nE8AE 16T T
o] & wi7kx] Axstar, 1A PC-NMR spectroscopy® HA13HATH19]. “C-NIR
Ao AMgH 7]7]% 400MHz Avance 11" Bruker Solid-state NMR(&h=7]Zx}s}
LAY oFAlE)el,  PC  CP/MAS  (cross—polarization/magic—angle
spinning) WHow FEA5H, 8L 33 LY} spinning rate, 8
kHz; delay time(dl), 3 sec; contact time(pl5), 2 ms; radio frequency,

100.623 MHz; calibration, TMS(tetramethylsilane)(Oppm).
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1

el EmFe]l SR vy vue P8k Al NOK2L(Fig. 4)< #
glako] SHER wfx|oll wiFst At wwo]l vha AEAM (smooth to rough), =
el g Bofe THAbe7E eknkgk o)
R, FEE7E 7R ol HlEA 9kt &ebrt AATE. o] Ml catalase &
Aol 71 o2 agrSAdolAnk. API20 NE kitE A&l AElaisty &

<
S FAFEE Ay, NOK21 o capric acid® @AYo ® o] &3] A3

Fig. 4. Morphology of an acetic acid bacterium NOK21.

(A), Colonies on SH agar; (B), Gram—stained cells under microscope;

(C), Pellicle on culture medium; (D), Biopolymer membrane.
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Table 1. Test results of an acetic acid bacterium NOK21 by API20 NE kit

Reaction or enzyme production Result
Reduction of nitrates to nitrites Negative
Indole production Negative
Glucose fermentation Negative
Arginine dihydrolase Negative
Urease Negative
Hydrolysis of esculin Negative
Hydrolysis of gelatin (protease) Negative
B—-Galactosidase Negat ive
Glucose assimilation Negative
Arabinose assimilation Negat ive
Mannose assimilation Negat ive
Mannitol assimilation Negat ive
N-Acetyl-glucosamine assimilation Negative
Maltose assimilation Negat ive
Gluconate assimilation Negative
Capric acid assimilation Positive
Adipic acid assimilation Negat ive
Malate assimilation Negat ive
Citrate assimilation Negat ive
Phenyl acetic acid assimilation Negative

* Caution: These data need to be confirmed.
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NOK21S &7g3t7] $3ted, 16S-rRNA frzixte] A 7|4 <E 1,380bpE 4]
3 A3}Z Table 2.9 YJERAATE. NOK212] 16S-rRNA FAdx} 9171498 NCBI 2|
GenBank data®} W]usle] v e AFE AUTt. 1,380bpd HHEd= ¢
Ma Foll 37ie] FEHLEI =7 MR vE #5(99.80 YAt dF)ERE

i

N

Acetobacteraceae bacterium MA38%} Acetobacteraceae bacterium J27F U

AV

Acetobacteraceac= o iy Y} (Fami ly) 2] B o=, a o
Gluconacetobacters WVIE&3d o] 719 & (Genus)o]l EFTHETH. wheba] M438%
J2 w52 vsd dFolt. I uFom 49 wEHLEe|=TF tE
(99.7% LAsh= TF)EE  Gluconacetobacter hansenii NBRC 14820, G.
hansenii NBRC 14817, G. hansenii NBRC 14816(ATCC 23769), G. hansenii NBRC
105051, G. hansenii NCIB 8746, “1¥]al G. kombuchae LMG 23726T ‘5| UUT}.
16S-rRNA RS 7= o2 NOK213F 99.7%° 7M7hs A S Hole dF%
5 G. hansenii®lt}. G. kombuchae% G. hansenii®} w5 f-AFsH g, o
A BEA4e 2 Atk Kombucha(EA|A REE black tead] ¥5)E We=x

Ef} A
T8 Al¢to] G. kombuchae® MA|ujeksld o] HAFf-ZAA Iuwe wET

u

16S-rRNA 4248 @71 Eds vlaste] 7 DAs A7)E olojA AlEs

(phylogenetic tree)Z WF=ATHFig. 5). ¥ AFolA Ed NOK21E& o &L

S st A 2ARS AAbsta, AfEAd aEATE e Jdo® dEzl G
=

hansenii[25]3} Y3 Fo 7 FHEL.
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Table 2. Partial DNA sequences of 16S-rRNA gene from NOK21 bacterial

isolate

GACGACGTGGTCGGCTGCGTCCTTGCGGTTCGCTCACCGGCTTAAGGTCAAACCAA
CTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCA
TGCTGATCCGCGATTACTAGCGATTCCACCTTCATGCACTCGAGTTGCAGAGTGCAAT
CCGAACTGAGACGGCTTTTGGAGATCCGCTCGGCATCGCTGCCTGGCTTCCCACTGT
CACCGCCATTGTAGCACGTGTGTAGCCCAGGACATAAGGGCCATGAGGACTTGACGT
CATCCCCACCTTCCTCCGGCTTGTCACCGGCAGTTCCTTTAGAGTGCCCACCCAGAC
GTGCTGGCAACTAAAGGCGAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCA
CGACACGAGCTGACGACAGCCATGCAGCACCTGTGCTGGAGGTCTCTTGCGAGAAA
TGCCCATCTCTGGACACAGCCTCCGCATGTCAAGTCCTGGTAAGGTTCTGCGCGTTG
CTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGT
TTCAACCTTGCGGCCGTACTCCCCAGGCGGTGTGCTTATCGCGTTAACTACGACACT
GAATGGCCAAGCCATCCAACATCCAGCACACATCGTTTACAGCGTGGACTACCAGGG
TATCTAATCCTGTTTGCTCCCCACGCTTTCGCGCCTCAGCGTCAGTCATGAGCCAGG
TTGCCGCCTTCGCCACCGGTGTTCTTCCCAATATCTACGAATTTCACCTCTACACTGG
GAATTCCACAACCCTCTCTCACACTCTAGTCGTCACGTATCAAATGCAGCCCCCAGGT
TAAGCCCGGGAATTTCACATCTGACTGTAACAACCGCCTACGCGCCCTTTACGCCCA
GTCATTCCGAGCAACGCTTGCCCCCTTCGTATTACCGCGGCTGCTGGCACGAAGTTA
GCCGGGGCTTCTTCTGCGGGTACCGTCATCATCGTCCCCGCTGAAAGTGCTTTACAA
TCCGAAAACCTTCTTCACACACGCGGCATTGCTGGATCAGGCTTGCGCCCATTGTCC
AATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTG
GCTGATCATCCTCTCAGACCAGCTATCGATCATCGCCTTGGTAGGCTTTTACCCCACC
AACTAGCTAATCGAACGCAGGTTCCTCCACAGGCGACTCGCGCCTTTGACCCTCAGG
TGTCATGCGGTATTAGCTTCAGTTTCCCAAAGTTATCCCCCACCCATGGACAGATCCC
TACGCGTTACTCACCCGTCCGCCACTAACCCCGAAAGGTTCGTGCGACTGCATGGTA
AGCATGCCG
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24 Uncultured Gluconacetobscter sp. Clone ANPHI18 (HG232733.1)
29 Uncultured Gluconacetobacter sp. Clone ANPHL7 (HQ232774.1)
34 Uncultured Gluconacatobacter sp. Clone ACHIL (HQ23275321)
51 Uncultured Acetobacter sp. Clone ACH3C (HQ2327721)
30 Uncultured Acefobacter sp. Clone ACHLT (HQ2327761)
44 Gluconacetobacter xynus strain: JCM 7644 (ABE45T3T.1)
I 41 Gluconacetobacter xydinus strain CGMOCL.1812 (FIS99669.1)
| 4€ Slucsnacetobacter xydinus strain- MBRC 15237 [ABEBOR151)
45 Gluconacetobacter rhasticus strain: JCM 17122 [ABG45732.1)
48 Uncultured Gluconacetobacter sp. Clone ANPH2 (HQ316486.1)
48 Uncultured Glvconacetobacter sp. Clone SX-1 (HQ41315281
1 50 Uncultured Gluconacetobacter sp. Clone AMPH14 (HQ232735.1)
47 Uncultured Acefobacter sp. Clone ACH23 (HQS164511)
33 Uncultured Gluconacetobscter sp. Clone ANPH22Z (HQ232758.1)
23 Gluconacetobacter sp. NBRC 14815 {ABEBO671.1)
43 Gluconscetobacter maltacel strain: NBRC 14815
27 Glucoraceiokacter xdinus strain: MBRC 13772
28 Glucomaceiokacter xinus strain: MBRC 13773
25 Gluconacetobacter persimmons (ABOSS100.1)
F1 Acotobactorzp. PAZZ (AFRE24TAL)
32 Gluconacetobscter-ike organim isolste IFR101 (AF127403.1)
26 Gluconacetobacter emami strain LTH4560 (NRO28909.1)
A0 Gluconacetokacter hansemi strain LMG2372€7 (JF75358289.1)
1€ Gluconacetobacter kombucha strain RG3 (NRO43112.1)
1% Uncultured Gluconacetobacter sp. Clone NB4E (HQ232775.1)
20 Uncultured Gluconacetobacter sp. Clone ACH1E (HQ316448.1)
18 Uncultured Gluconacetobacter sp. Clone ACH3 (HQ316489.1)
12 Uncultured Gluconacetobacter sp. Clone MB35 (HQ232771.1)
14 Gluconscetobacter kombuchs strain LMG1523 (JF73359281)
09 Gluconaceiobacter hansermi strain NBRC 105051 (ABER2236.1)
17 Uncultured Gluconacetobacter sp. Clone ACHZ (HQ3 164901}
[ 10 Uncultured Gluconscatobacter sp. Clone ACH19 {HQ232782.1)
21 Uncultured Glucomacetobacter sp. Clone ACH29 (HQ232791.1)
= 11 Uncultured Gluconscetobacter sp. Clone ACHE (HQ2327871)
42 Uncultured Gluconacetobacter sp. Clone ACHS0 (HQ232750.1)
26 Sluconaceliobacter hanser strain LMG1528 (JF733982.1)
37 Gluconacetobacter harnserm strain DEMSE02 (JFTI3927.1)
38 Gluconacstobacter hanseni strain LMGL527 (JF7935261)
35 Gluconacetobacter hansemi ATCC23TED strain LMG1524 {JF753985.1)
07 Gluconacetohacter hanseni strain MBRC: 14816 (ABGROGTZ.1)
08 Gluconacetohacter hanseni strain MBRC: 14817 (ABEBO673.1)
06 Acstobacierscese bacterium 12 (GU219109.1)
02 Acstobacieraceas bacterium WMA3E (GU227424.1)
[ 22 Gluconacetobacter hanseri strain UACDS (FIES5E72.0
04 Gluconacetobacter hanseni strain MBRC: 14817 (AB166735.1)
— : 1905050,

101 NOHK21 fasta.xcreen.contigs
03 Girconacerobactar Azmsam straain MBRC: 14820 (JF7935851)
13 Oohrobactrum sp. BE-1 (GU2477541)
15 Sluconacetobacter hansem strain NCIB 8746 {NRO2E133.1)
05 Gluconacotobactor hamsany ATCCZ3769 strain: NBRC 14816 (AB1667341)

O (LRG0 1050000 | G202 15000527 (LI0ERI40.0073 700 0B 20000438

() SolGent ca, .
(FFTYIYFTY YY1 FSTTY YYTYFYPTA Y71 Pt vt oo

e

Fig. 5. Phylogenetic tree of the isolate NOK21 by neighbor—joining(NJ)

method comparing partial 1,380bp sequences of 16S-rRNA genes.



3.2. Biopolymer®] %

ZAARE NOK21E elF3le o dofxl 284 adA dis st
solid “C-NMR spectroscopy® T4 E2Yzte] EHE BA59ch, WA o=+
2A @AW (absorbent cotton)= #A% ZAH(Fig. 6(4)), 7IHIAd iz

cellulose®] =AFxE olF= X=Fo| @2d9x7t Yebstth(Fig. 7)[26, 27,
28]. IMSE 7]ls=o ¥regol 1 ©A4(CHE 105.1ppm, 49 EA(CHE
88.8ppm, C2,C3,C5 += 74.7°14 71.8ppm AFe], C6%= 65.2 ppmel] Z+ZF Y ER%:
NOK219] #AE w43k A3, x=39 pg-1.4 Agtoe=r o|Fofx #5435
celluoseZb ofar, §-E4k(uronic acid, RCOOH), ol =ElZ(ester, RCOOR) HE+=
T+ oF1|=(amide, RCONH-) 18]3L oFAE&7](acetyl group, CHsCOO-)el 3all=s}
= A AAES 95t Yuk. YC-NMR  spectrumel Al 180.7ppmell  $-EAF
(RCOOH) @] carbonyl group ¥4, 171.9ppmol] o ~H 2 = o}u|=2] carbonyl
group &4, 104.6ppmol 6¥H pyranose®] C1 ¥axol &fdak= -0C(HR)O-, 76.8
ppmel] (R3)COR, 59.4ppmoll 68+ pyranose®] C6 ®Aof 3fd3sl+= (R3)COH, 1
3l 26.5ppmo] CHsC002] methyl group ©47} ZHzF I3 =2 yYelgth. owk, 76.8
ppmoll UERd ) F7F (R)CORO slF8h= €2, €3, €4, (5, 4F9 ©Aags BT W
3 YEAE EEYEY. 2248 glucuronic acid® EAE AT uf
HEUAA R Fostal, o AHEARS WA TN o B5dE
A ARe] AR (F0H) Ham obw] 7] (ANHp) 7 obAl EAH(CH;CO0H) 2F RH-e-5}e]
AdE Aoz FHET[29]. oA NOK219] aliAb= =578 cellulose FH
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rf
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(A)

§— Absorbent Cotton of LHJ, 13C CR/MAS NMR ar BkHz

=1 :
2 wo mw oo
=] o3 M = N
- oo 00 [ o -]

| =

.

(B)

g- NOK2I of LHJ, 13C CP/MAS NMR at 8kHz
7 e e o @
S = oA o = o = ey M
s A 1 [ 7 SR 8L
00 Sl e wnllE s t
=17 1 I
i
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- (Hs-C-0-

!
200 150 100 50 0 [ppm]

Fig. 6. BC-NMR spectra of absorbent cotton(A) and biopolymer from NOK21

culture(B).
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Fig. 7. Back bone structures of cellulose and acetylated biopolymer.
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Table 3. Changes in total acidity and biopolymer concentration during cultivation of NOK21 isolate at different level

of ethanol concentration

Cultivation Ethanol concentration(%)
time
(day) 0 1 2 3 4 5 6 7 8
5 0.22 0.22 0.22 0.78 0.19 0.21 0.16 0.19 0.20
Total acidity
(%) 10 0.46 1.11 1.99 2.98 3.20 0.64 0.20 0.19 0.18
0
15 0.48 1.10 1.49 2.38 2.83 3.97 0.25 0.21 0.21
5 - - - 1.8 - - - - -
Biopolymer
concentration 10 0.9 2.1 2.5 4.1 3.2 1.0 - - -
(g/ )
15 2.2 3.5 3.7 5.2 4.0 3.4 - - -

—-: Not detected.
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Fig. 8. Changes in total acidity(top) and biopolymer concentration(bottom)
during cultivation of NOK21 isolate at different level of ethanol

concentration.
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Table 4. Changes in total acidity, yeast population, and concentrations of
ethanol and biopolymer during mixed culture of an acetic acid bacterium
NOK21 and Saccharomyces cerevisiae Pilsner at different levels of glucose

concentration

Cultivation Glucose concentration(%)
t ime
(day) 2 5 10 15 20
3 0.32 0.26 0.32 0.32 0.34
Total acidity 6 0.43 0.30 0.26 0.34 0.38
(%) 9 0.60 0.29 0.27 0.30 0.33
12 0.78 0.58 0.29 0.30 0.34
3 4.95x107 3.13x10" 1.58>x10" 1.39>x10" 1.18>10’
7 7 7 7 7
Yeast population 6 2.32x10" 1.39x10" 1.39x10" 1.27x10" 0.68%10
(cell number/mt) 9 3.44%x107 2.02x107 1.43x10" 1.68x107 0.93x10’
12 2.49x10" 1.25%X10" 0.93x10" 0.91x10" 0.68x10"
3 1.7 1.6 2.4 3.6 2.6
Ethanol 6 1.0 1.8 3.0 5.8 4.4
concentration
(%) 9 0 1.6 3.8 5.6 3.6
12 0 0.8 2.4 5.1 5.3
3 — — — — —
Biopolymer 6 0.75 - - - -
concentration
(g/ 0) 9 1.65 - - - -
12 2.20 1.15 - - -
3 2.0 2.9 6.2 9.2 12.8
Soluble solid 6 2.0 2.9 3.9 5.0 11.0
concentration
(* Brix) 9 2.0 2.8 3.9 5.0 7.5
12 2.0 2.9 3.9 5.0 7.0

—-: Not detected.
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Fig. 9. Effects of glucose concentration on total acidity during growth

for 12 days.
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Fig. 10. Effects of glucose concentration on yeast population during

growth for 12 days.
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|

2% 5% 10% 15% 20%

Glucose concentration(%)

O3day O6day E9day W12Zday

Fig. 11. Effects of glucose concentration on ethanol concentration during

growth for 12 days.
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Fig. 12. Effects of glucose concentration on biopolymer concentration

during growth for 12 days.
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