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Abstract

Several tartaric acid-degrading bacteria were isolated from Korean grape wine pomace after enrichment culture
at 30°C for 10 days in liquid media containing tartaric acid. Among them, strains KMBL 5777 and KMBL 5778
exhibited the highest level in the growth and tartaric acid degradability in a medium containing 0.2%(w/v) tartaric
acid as a sole carthon source. They were identified as Acetobacter tropicalis based on their morphological and
physiological characteristics as well as their 16S IDNA sequences. Blast search of the 16S MDNA sequences revealed
that the isolated strains are closest to Acefobacter tropicalis. Homologies of the sequences of KMBL 5777 and
KMBL 5778 were 96.0 and 98.9%, respectively with those of A. tropicalis LMG 1663. Both the two bactena
showed higher tartaric acid degradation at 25C that those at 20 and 30°C. They could degrade tartaric acid at
a wide range of pH between 4.0 and 7.0 with the most rapid degradability at pH 7.0. However, when the bacteria

were grown for 8 days, the same level of tartaric acid degradation was observed at pH 4.0, 5.0, 6.0 and 7.0,
which was 90.0% of degradation of the acid.
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Fig. 1. Scanning electron microphotograph of the isolates KMBL
5777 and KMBL 5778 degrading malic acid.
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Table 1. Composition of media used in this study

Medium Ingredient Concentration(%)
L(+)-Tartaric acid 0.2
Bactopeptone 0.3
AE-TA medium PP
Yeast extract 0.2
Ethanol 1.0
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Cell size(ym)

075095 x 1.8-2.4

0.8-1.08 x 1.6-2.1

cET Cell shape rod rod
tropicalis®] 547} -ARE 21 0 2 WYEIITH26). mebA o Mobility : :
Ak =2 = = B = ST
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KMBL 5777 — GCGGCAT GCTTAACACA TGCAAGTCGC ACGAAGGITT CGGCCTTAGT GGCGGACGGG TGAGTAACGC GTAGGAATCT

KVBL 5778 ATCATGGCTC AGAGCGAACG CTGGRCGGGAT GCTTAACAGA TGCAAGTGGC AGGAAGGTTT CGGCCTTAGT GGOGGACGGG TGAGTAACGC GTAGGAATCT
LMG 1663 —AGCGAACG CTGGCGGCAT GCTTAACACA TGCAAGTCGC ACGAAGGTTT CGGCCTTAGT GGCGGACGGG TGAGTAACGC GTAGGAATCT

AAEKEKEE ARAXXELAEA A A KA KAT AKX AR KAAIARd A RRARIEAARK FhE ok hkdkxkd dhkdkhkhhhrhd hhkhhhhkhikx

KMBL 5777 ATCCATGGGT

KMBL 5778 ATCCATGGGT
LMG 1663 ATCCATGGGT

hRhkk kkAk Rkk

KMBL 5777 AGCTTGTTGG
KMBL 5778 AGCTTGTTGG

LMG 1663 AGCTTGTTGG

* kkk kkk kkk

KMBL 5777 GGGAGGCAGG
KMBL 5778 GGGAGGCAGC
LMG 1663 GGGAGGCAGC

*hhhkk hkhkk khkk

KMBL 5777 GGACGATGAT

KMBL 5778 GGACGATGAT
LMG 1663 GGACGATGAT

*okkk hkk kkk

KMBL 5777 TAAAGGGCGT
KMBL 5778 TAAAGGGCGT

LMG 1663 TAAAGGGCGT

*kkk Fkk kkk

KMBL. 5777 GTGGAATTCC
KVMBL 5778 GIGGAATICE
MG 1663 GTGGAATTCC

* kkk kAkk RA)k

KMBL 5777 GTGGGGAGCA

KMBL 5778 GIGGGGAGCA
LMG 1663 GTGGGGAGCA

*okkk khkk hikk

KMBL 5777 TAAGCAGACC
KMBL 5778 TAAGCACACC

LMG 1663 TAAGCACACC

* wkw kkk kK

KMBL 5777 GOGCAGAACC
KMBL 5778 GOGCAGAACC
LMG 1663 GOGCAGAACC

*hkhkK khk khkx

KMBL 5777 TOGTGTCGTG

KMBL 5778 TCGTGTCGIG
LMG 1663 TCGTGTCGTG

*kkk Ak k kkk

KMBL 5777 AAGCCGGAGG
KMBL 5778 AAGCCGGAGG

LMG 1663 AAGCCGGAGG

* kkok kA k kA ok

KMBL 5777 ACATCGTGCT
KMBL 5778 ACATCGTGCT
MG 1663 ACATCGTGCT

K KKK KKK KKK

KMBL 5777 CGG-TGAATA
KMBL 5778 CGNGTGAATA
LMG 1663 CGG-TGAATA

* Kk *kk kkk

GGGGGATAAC TCTGGGAAAC TGGAGCTAAT ACCGCATGAT ACCTGAGGGT CAAAGGCGTA AGTCGCCTGT GGAGGAGCCT GCGTTCGATT
GGGGGATAAC TCTGGGAAAC TGGAGCTAAT ACCGCATGAT ACCTGAGGGT CAAAGGCGTA AGTCGCCTGT GGAGGAGCCT GCGTTCGATT

GGGGGATAAC TCTGGGAAAC TGGAGCTAAT ACCGCATGAT ACC

FhhkAh Ak Ah Ahkhhkhkkkhkhhk khhkhkhkhhkkikhkh kkhhkkhrkdx

TGGGGTAATG GCCTACCAAG GCGATGATCG ATAGCTGGTC
TGGGGTAATG GCCTACCAAG GOGATGATCG ATAGCTGGTC

TGGGGTAATG GCCTACCAAG GCGATGATCG ATAGCTGGTC

FhKhkFx hkhhKhh RhkrkhkRhhhkhkhk khhhkhkhkhhkhkkdt Thxkrhkhdikx

AGTGGGGAAT ATTGGACAAT GGGGGCAACC CTGATCCAGC
AGTGGGGAAT ATTGGACAAT GGGGGGAACC CTGATCCAGC
AGTGGGGAAT ATTGGACAAT GGGGGCAACC CTGATCCAGC

vk Kkk dedek s

GACGGT ACCC

GACGGTACCC
GACGGTACCC

*Kk hkkk kkhkhk

GTAGGCGGT T
GTAGGCGGTT
GTAGGCGGT T

KK KAERK KKK )R]

CAGTGTAGAG
CAGTGTAGAG
CAGTGTAGAG

Kk kdk kkd kk

AACAGGATTA

AACAGGATTA
AACAGGATTA

kk khh kkk kk

GOCTGGGGAG
GCCTGGGGAG

GCCTGGGGAG

*k kkk hkkhk kh

TTACCAGGGC
TTACCAGGGC
TTACCAGGGC

LRl S b e e

AGATGT TGGG
AGATGTTGGG
AGATGT TGGG

KA KKK ARk kK

AAGGTGGGGA
AAGGTGGGGA

AAGGTGGGGA

kK kkkhkhkhkk ki

*hkk kkkkkkhk ok dhkhk kv hkk

GCAGAAGAAG CCCCGGCTAA

GCAGAAGAAG CCCCGGCTAA
GCAGAAGAAG CCCCGGCTAA

kdkhkkhkhkkkhkk *hkhkkhhkvhkw

IGTACAGTCA GATGTGAAAT
TGTACAGTCA GATGTGAAAT

TGTACAGTCA GATGTGAAAT

krk kA hkkkhkd KARK ALK RA*

GIGAAATTCG TAGATATTGG
GIGAAATTCG TAGATATTGG
GTGAAATTCG TAGATATTGG

*krxhkHhkkkhkkk khkdkwhhd kkk

GATACCCTGG TAGTCCACGC

GATACCCTGG TAGTCCACGC
GATACCCTGG TAGTCCACGC

hhkhkkkkkkhkhk khhkkkdhrxkkhk

TACGGCCGCA AGGTTGAAAC
TACGGCCGCA AGGTTGAAAC

TACGGCCGCA AGGTTGAAAC

whFhkAk hkk ok khkhkkhkhkhk hikk

TTGTATGIGT AGGCTGTGTC
TTIGTATGIGT AGGCTGTGTC
TTGTATGTGT AGGCTGTGTC

Khkhkhrkkkrkhkh khhkkhkkk ki

kK okkk kkk kk

CTTCGTGCCA

CTTCGTGOCA
CTTCGTGCCA

ke hhk kkk Kk

COCCGRGET T
CCCCGGGCTT

CCCCGGGCTT

Fh kAok dkk Ak

GAAGAACACC
GAAGAACACC
GAAGAACACC

kkhkkk kkhkkkk

TGTAAACGAT

TGTAAACGAT
TGTAAACGAT

ok kkk kkdk kk

TCAAAGGAAT
TCAAAGGAAT

TCAAAGGAAT

*kkkw kkk kk

CAGAGATGGG
CAGAGATGGG
CAGAGATGGG

kA RAKRKRE AR

TTAAGTCCCG CAACGAGCGC AACCCCTATC
TTAAGTCCCG CAACGAGCGC AACCCCTATC TTTAGTTGCC AGCATGTTTG GGTGGGCACT

TTAAGTCCCG CAACGAGCGC

khk hkkhkkhkkkk whkkhkihhvhkk

TGACGTCAAG TCCTCATGGC
TGACGTCAAG TCCTCATGGC

TGACGTCAAG TCCTCATGGC

kkk kkk kkdhk ok kKohkkk kkkhkhkk

AACCCCTATC

Kk kkhk kkk kk

CCTTATGICC
CCTTATGTCC

CCTTATGTCC

Kk kdek hkdk KKk

GATCTCTAAA AGCCGTCTCA GTTCGGAATG CACTCTGCAA
GATCTCTAAA AGCCGTCTCA GTTCGGATTG CACTCTGCAA
GATCTCTAAA AGCCGTCTCA GTTCGGATTG CACTCTGCAA

kk kkdokkk kk

CGT TCCCGGG
CGTTCCCGGG
CGTTCCCGGG

hk khkk hkkk kk

hhkkkhkdkkhkhhk khhkhkkhkkkt ®*k

GCTTGTACAC ACCGCCCGTC
CCTTGTACAC ACCGCCOGTC
CCTTGTACAC ACCGCCCGTC

FhH Kdhk dhkh Khkkkhhkhhk

xEk EkEk kkKk kh

AC-CCATGGG
ACACCATGGN
ACACCATGGG

**k kxkkkk

TGAGGGT CAAAGGCGCA AGTCGCCTGT GGAGGAGCCT GCGTTCGATT

HhkKrhkEkhhhkhkk *hFrhkddt & HEEhkhhkhkhdkd dhdhhkdkdhkd hrhkhhhhihk

TGAGAGGATG ATCAGCCACA CTGGGACTGA GACACGGCCC AGACTCCTAC
TGAGAGGATG ATCAGCCACA CTGGGACTGA GACACGGCCC AGACICCTAC

TGAGAGGATG ATCAGCCACA CTGGGACTGA GACACGGCCC AGACTCCTAC

khkhkEKAKEKEL KX HAEKAAXhkhk Ak, HAIhAAFhkAHHx HEXAFXAAXRK X Krrh ik dik

AATGCOGCGT GIGTGAAGAA GGTTTTCGGA TTGTAAAGCA CTTTCGGCGG
AATGCCGCGT GTGTGAAGAA GGTTTTCGGA TTGTAAAGCA CTTTCGGCGG
AATGCCGCGT GTGTGAAGAA GGTTTTCGGA TTGTAAAGCA CTTTCGGCGG

HhkK ARk hkhk Khhkhkrhkrhkhthk krxhkhhkhhhkhd xdkddhkhhhhk ki hihxhrk ik

GCAGCCGCGG TAATACGAAG GGGGCTAGCG TTGCTCGGAA TGACTGGGCG
GCAGCCGOGG TAATACGAAG GGGGCTAGCG TTGCTCGGAA TGACTGGGCG

GCAGCCGCGG TAATACGAAG

*kk kkk kkk K hhkhkxkhkk hkk

AACCTGGGAG CTGCATTTGA
AACCTGGGAG CTGCATTTGA

AACCTGGGAG CTGCATTTGA

Frkkhkhhkhhk Kk kAhkkhhkhkrhkk

GGTGGCGAAG GOGGCAACCT
GGTGGCGAAG GOGGCAACCT
GGTGGCGAAG GCGGCAACCT

hkk khkk hkkk Kk kkkhkk ki

GGGGCTAGCG

*k kFok dokk Kk

TACGTGCAGA
TACGTGCAGA

TACGTGCAGA

kk hkk kkk Ak

GGCTCATGAC
GGCTCATGAC
GGCTCATGAC

hkhhkk kkk kk

GIGTGCTGGA TGTTGGGCAA CTTAGITGTT
GIGTGCTGGA TGTTGGGCAA CTTAGTIGIT

GTGTGCTGGA TGTTGGGCAA

hkk khkhk Rhkx Kk hAkhkxhkAhkik

TGACGGGGGC COGCACAAGE
TGACGGGGGC CCGCACAAGC

TGACGGGGGC CCGCACAAGC

whkhkkhkdkk khhkhkhkx hkhkx

CATTTCCCGC AAGGGACCTA
CATTTCCCGC AAGGGACCTA
CATTTCCCGC AAGGGACCTA

*hkxwkkdkhkhkhkk HEhkhkkhkhhkAxk

TTTAGTTGCC AGCATGTTTG
TTTAGTTGCC AGCATGTTTG

hhkx khkhxkhk Kk Fhkdkokdok kK

CTTAGTTGTT

*kkkFk kkd kk

GGTGGAGCAT
GGTGGAGCAT

GGTGGAGCAT

H*hk kkx kkKk kK

CAGCACAGGT
CAGCACAGGT
CAGCACAGGT

XKk Thkk ki kk

GGTGGGCACT
GGTGGGCACT

*h kkkhkkkk

TGGGCTACAC ACGTGCTACA ATGGCGGTGA
TGGGCTACAC ACGTGCTACA ATGGCGGTGA

TGGGCTACAC ACGTGCTACA ATGGCGGTGA

Frkdkkkkdkd khdkkkkhk kkk

kk HKRK ARK KK

CTCGAGTGCA TGAAAAGTGG AATCGCTAGT
CTCGAGTGCA TGAAG-GTGG AATCGCTAGT AATCGCGGAT CAGCATGCCG
CTCGAGTGCA TGAAG-GTGG AATCGCTAGT AATCGCGGAT CAGCATGCCG

*kk Fdkk kkk kK kxk e

AGATTGGTTG
GAGTTGGTT-
AGTTGGTTTG

* ok k%

hhkkhkxhhAhhk

TTGCTCGGAA TGACTGGGCG

hhkk khkk khkdkhk khhkhhkhkakk

CTAGAGTGTG AGAGAGGGT T
CTAGAGTGTG AGAGAGGGTT

CTAGAGTGTG AGAGAGGGTT

hhk kkkhk hkhkkh whkhkhkhhkhkxixkx

TGACGCTGAG GCGCGAAAGC
TGACGCTGAG GCGCGAAAGC
TGACGCTGAG GCGCGAAAGC

hEkk kkk kEkkk whkkkhkk kkw

CAGTGTCGTA GCTAACGCGA
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Fig. 2. Analysis of 16S rDNA sequences of the isolats KMBL 5777 and KMBL 5778 degrading malic acid.

DNA fragments containing 16S rDNA were amplified by PCR from the chromosomal DNAs of the isolates KMBL 5777 and KMBL 5778. The 16S rDNA DNA sequences
were determined and aligned with those of A. tropicalis LMG 1663 obtained from the NCIB web site (http://www.ncbi.nlm.nih.gov)).
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Fig. 3. Effects of culture temperature on the cell growth an
tartaric acid degradation by A. tropicals KMBL 5777 and KMBL
5778.

The bacteria were grown at various tempetature for 12 days in AE-TA media whose
pH was adjusted to 3.0. During the culture at 20 (@), 25 (L), 30 (A) and 37°C
(<), changes in the cell density at 600 nm (A) and residual tartaric acid content
(B} were monitored.
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Table 3. Physiological characteristics the isolates KMBL 5777 and
KMBL 5778

Characteristics KMBL 5777 KMBL 5778

Catalase + +

Urease
Cytochrome oxidase
Methyl ted test
ONPG([3-galactosidase)
VP test + +
MR test
Gelatin liquefaction
Arginine dehydrolase
Lysine decarboxylase
Ormnithine decarboxylase
Tryptophane deaminase
H,S production
Indole production
Cycloheximide resistance
100 ppm
1000 ppm
Acid produced from
Glucose + t
Saccharose
Melibiose + +
Rhamnose + +
Arabinose
Inositol
Mannitol
Sorbitol

KMBL 5777

KMBL 5778

ity (0

ell den

0 2 4 6 8 0 2 4 6 8
Culture time (days)

0.00

0 2 a 6 8|

i |
o VCulture time (days) |

Fig. 4. Effects of initial pH of the media on the cell growth and tartaric
acid degradation by A. tropicals KMBL 5777 and KMBL 5778.

0 2 4 6 8
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The bacteria were grown at 25°C for 8 days in AE-TA media. During the culture
in the AE-TA media whose pH was adjusted to 2.0 (O), 3.0 (@), 40 (), 5.0
(A), 6.0 (O) and 7.0 (%), changes in the cell density at 600 nm (A) and residual
tartaric acid content (B} were monitored.
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