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Characterization of Acetobacter sp. Strain CV1 Isolated from a Fermented Vinegar
Chang-ho Baek, Seong-yeol Baek, Se Hee Lee, Ji-Eun Kang, Han-Seok Choi, Jae-Hyun Kim, and Soo-Hwan Yeo*
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Ten types of farm-made brewing vinegars were collected and four high acetic acid-producing strains (CV1, CV3, CV5, and
CV6) were isolated. Among them strain CV1, exhibiting highly alcohol-resistant and acetic acid-producing properties, was
selected and its taxonomic properties were investigated by phenotypic (particularly chemotaxonomic) characterization and phy-
logenetic inference based on 16S rRNA gene sequence analysis. On SM broth agar, cells of strain CV1 were gram-staining-
negative and formed pale white colonies with smooth to rough surfaces. Strain CV1 produced acetate from ethanol and was
resistant to up to 8% (v/v) ethanol in LM broth. Strain CV1 had a G+C content of 61.0 mol%, contained meso-DAP as the cell
wall amino acid, and possessed Q-10 as the major ubiquinone. A comparison of 16S rRNA gene sequences showed that strain
CV1 was most closely related to Gluconacetobacter saccharivorans (299.0% identity). In liquid media, the optimum growth
conditions for acetic acid production were 30°C and pH >3.0 and strain CV1 produced 9.3% and 8.4% acetic acids from 10%

and 9% alcohol concentrations, respectively.
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Acetobacter aceti, A. pasteurianus, A. xylinum [1], A.
methanolicus [33], Gluconacetobacter entanit [27], Glu. xylinus
[3], Glu. oboediens [35
cerevisiae [30] ¥ Glu. nephelii [14] 5] 9t}
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], Glu. hansenii [21], Gluconobacter
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2.0%, ethanol 5.0%, w/iv) [18]5 AME3I o1, Z A HYoF
£ AR = LM HiR] (yeast extract 0.5%, glucose 0.5%,
glycerol 1.0%, MgSO,-7H20 0.02%, ethanol 5.0%, acetic
acid 1.0%, wiv) [12]5 AF&3}%th.
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HjFst FAIE 60, 70, 80, 90, 95 E 100% EHEE WA H

oz #ES AAT F, R @07 (Axio Imager A2,
Carl Zeiss Microimaging GmbH, Gottingen, Germany)2
2 &S 2F A& Kit (Becton, Dickinson and
Co., Maryland, USAE AF31E Y, 75 58S st &
2] < API 20NE Kit (BioMerieux, France)o] 100 ul &
FHAL 30°Col A 24X 7 WA Z T FEjehE] 9 AgetetA
E4 295 EYE 24+S S84

MIZ XA 2

H3Y AlZ A A4S 9J8, SM iAol A 72417 5
oF wiokd FAZHY AWAS FE3 F[25] fatty acid
methyl esters (FAMEs)E 24319t FAMEs= capillary
column (HP-19091B-102, Ultra 2, 25 m X 0.20 mm, 0.33 pum)
I} MIDI Hewlett-packard microbial identification system
(MIDI; Microbial ID, Inc., Newark, Delaware, USA) software
7} A& E gas chromatograph (HP6890, Palo alto, USA)

2 BA39th 28 2= 170°Col A 260°C7HA] 5°C/mim
—4 27 £2319 11, o|F 310°C7HA] 40°C/min®] &&= 2
52 F 197 9SO, ol SAL Hy (05 mlmin/E A
&3t3it.

TAMH DNA GC B ¥ = 312 2M

ZAHES] GAA DNAE Saito?} Miura [23] HHoZE
£ 9 AR5t AR5 GC 3RS Tamaoka®?} Komagata
(32] = A&t S5t 1’435 3}4HE-2 Komagata
9 Suzuki [12]¢] ¥PH 0 2 Ha] 9 2Z3lo] HPLOR B4
st 24 ZLcosmosil-pack 5Ci5.AR (4.6 X 150 mm,
Nacalai tesque Co., Japan)& A&l on o|FAto 2
methanol/isopropyl ether (3:1)Z 1.0 ml/min®] §&0 2
AHEELE L, HE7]E UV detector (Waters Co, Milford,
Connecticut, USA)S A}&3}e] 270 nmol| A EA5FTh.

AE EM

2 24 ATEE ZA5H7] fiste] 16S rDNA 4
ANES E43t9 . A DNA (chromosomal DNA)
£ FY(template)>Z universal primer?l 27F (5'-
AGAGTTTGATCCTGGCTCAG-3)2} 1492R (5-GGTTACCTT
GTTACGACTT-3" [10, 16]& ©]-&3}4] polymerase chain
reaction (PCR)& 33l o, vl-3 WAEL G7|AE &
A& (F)A) = (Genocell Co., Ltd, Yongin, Korea)e] 25
3} 2™, DNAstar Lasergene 7 (DNAstar Inc, Madison,
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WI, USA) Z223HL o838t £43t%ch 23 H H71A
&9 A5 A AAl= National Center for Biotechnology
Information (NCBI; www.ncib.nlm.nih/gov/)o| Al A|&3l=
BLAST search® %3to] 35191, G7|AE 7o 454
2 Clustal W Z2 13[30]& AHE-3te] SRE A7 EE
7He] o354 €A E (Multiple sequence alignment) 74
3t oM (2], AFEE Molecular Evolutionary Genetics
Analysis MEGA 4) T2 13[15]& AME3}9 neighbor-
joining [25]H 1} Kimura-nei HO 2 ZA31H T AEE9
848 AAHE S8l 1,0008 9] bootstrapping [5]& 4> 3}
of ABEe] ATHS Helskch 4 7] 168 DNA
&7 9L GenBankdl] 52314 THAB759966).

Ha| @50l 42 S

BFo gAY o] 858 7+ 2% ethanold} acetic acid
£ A7 LM HjA o glucose thAlol TheFdh ©agd
(fructose, maltose, sucrose, mannitol, sorbitol, glycerol,
lactate) 7Fsto] 30°Coll Al 14% B vislHA e+t
O A& B AL 250 & A% 542 15, 20,
25, 30, 35 2 37°Co| A 20297+ wjekstgtt. E3, 27] pH
Z7A(2.0, 2.4, 2.7, 3.0, 3.4 2|3} 30°Col A 2027k H)
&g %, 660 nmo| X FFEE S Y= SHSIAL, =
A B SE B5E7] Y3 ethanol ¥=E 5, 6, 7, 8, 9,
10%2 273 LM iz A 209 <t vt AAct.

ML=
g o] oste] AAE A FHF(%, viv)e 23t 2 A
< o]&3sto] AU 9]

Z B=A(UV Spectrophotometer 1601, Shimadzu Co,
Kyoto, Japan)E ©]-&3} 660 nmo|A FF=E 45t 4
skt

= x =
FAF ME 2 Felfetd EY
Ao A 543 HFA 22 HE 244 B2lstuz SM

o] =ste] 5o S FFEE Flstct. 1 At
| B9 24t 435 13 Adst
A, AtE 2AMFE 22 iAo thA] =Tste] A E
Egge 3718 wag AF, CVIZ2 YyEH #F7t
18.710.6 mm=Z 7} 24 Yebytth(Table 1). #3532 EA
Elo] 5EH EEEF(Type strainyg 22 st £ €
ZAbt3 ety EAE vnd 23, CV1 #5E 1%
SAHFOR A7)E 0.2-0.3x4-6 umP o LT A o] Q=
ddd Fe9 o2 A ch(Fig. 1, Table 2).
EEH CV1 #59 A3tsts E4-2 Table 30 YEFH S

Table 1. Comparison of acid production by isolated Acetobacter strains.

Acetobacter sp. CV1 CV3

CV5 CV6

Clear zone size (mm) 18.7 £ 0.6"

172+ 0.7

16.2+0.4 16.8+0.3

"Values are mean + SD (n=2).

Fig. 1. Phase contrast micrograph (x1,000) (A) and gram staining (B) of isolated strain CV1 grown on LM agar plate for 2 days

and 30°C.
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Table 2. Morphological characteristics of strain CV1 and type strain of Acetobacter species.

Characterization Glu. hansenii A. pasteurianus A. pomorum Isolated strain
KCCM 40230 KCTC 12289 KCTC 22319 Ccv1
Gram staining - - - -
Cell shape Long rod Rod Rod Long rod
Cell size (um) 0.6-0.7 x1.4-1.8 0.3-0.4x0.7-0.8 0.2-0.3x0.6 0.2-0.3 x4-6
Motility - - - -
Colony characteristics - - - -
(Solid medium)
Shape Entire, circular convex Entire, circular convex Entire, circular convex Entire, circular convex
to flat to flat to flat to flat

Color Pale white Pale white Pale white Pale white
Surface Smooth to rough Smooth to rough Smooth to rough Smooth to rough
Transparency Opacity Opacity Opacity Opacity

Table 3. Biochemical characteristics of strain CV1 and type strain of Acetobacter species.

Characterization Glu. hansenii A. pasteurianus A. pomorum Isolated strain
KCCM 40230 KCTC 12289 KCTC 22319 CcVv1
Catalase (+) (+) (+) (+)
Nitrate reduction - - - -
Indole production - (+) (+) (+)
Glucose fermentaion - - - -
Arginine dihydrolase - - - -
Urease - - - -
Escullin hydrolysis (+) (+) (+) -

Gelatin hydrolysis - - - -
B-glucosidase - - - -
p-glucose - - - -
p-arabinose - - - -
D-mannose - - - -
p-mannitol - - - -
N-acetyl-p-glucosamine - - - -
Assimilation D-maltolse i i i )
Potassium gluconate - - - -
Capric acid - - - -
Adipic acid - - - -
Malic acid - - - -
Trisodium citrate - - - -
Phenylacetic acid - - - -

(+) : positive, - : negative

oo, Astst 9 B4 Y o] & EAS ZARZ CV1 #3E 22| #F9| chemotaxonomy EM
Gluconacetobacter <(genus) 2T} Acetobacter <9 F-AFSH CV1 #F9] diaminopimelic acid (DAP)+= meso-DAP]
Ao Z mor ot 3 M| EY otu]| = AHLS alanine, glutamic acid, glycine @
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lysine© 2 F4Eo] gl 202 Uehgrh. CV1 #59 A
28 Ak 24L& B XA AN I A AHChs wTchs
w6c)o| tHEA S A uAko 2 oF 65%7F 2RI §lL, Cip.o,
Clg;o, Clg;o 3OH, C16;1 is0 1/014;0 30H & C16;1 W7C/01621

65

w67t H|FF o R EAdt= AR It FH quinone
L2 Qo (55.8%)T Qo (44.2%) 0.2 BQI ¥ ¢l 11, Lisdiyanti
S[21]0] B33t Gluconacetobacter 4] ZH= tEZ 2 Qy
o) 90% o4 72 A tha oIS, GHC B

Glu. europaeus LMG 18890 (JF793984)
Glu. swingsii JCM 17123 NR113400)

Glu. nataicola JCM 25120 (AB645731)

Glu. nataicola LMG 1536 (NR041012)

Glu. europaeus NBRC 3261 (AB680040)

90 GIu. swingsii DSM 16373 (JF79401)

Glu. xylinus LMG 1523 (JF794015)

_Iﬂl. sucrofermentans JCM 9730 (NR113267)
69 Glu. xylinus NCIB 11664 NR036787)
Glu. medellensis LMG 1693 (JX013852
Glu. rhaeticus JCM 17122 (AB645732)
Glu. oboediens DSM 11826 (NR041295)
Glu. intermedius LMG 18909 (JF793990)
Glu. intermedius DSM 11804 (JF793991)
Glu. oboediens NBRC 14822 (AB680676)

100

Glu. maltiaceti NBRC 14815 (AB166744)

95| Glu. hansenii ATCC 23769 (AB166734)

99 4[‘;0114. kombuchae LMG 23726T (AM999342)
92 Glu. hansenii NCIB 8746 (NR026133)

Isolated starin CV1
W‘ Glu. saccharivorans JCM 25121 (AB645734)

Glu. saccharivorans LMG 1584 (AB166741)
00| A. cerevisiae LMG 1625 (NR025512)

1
57 A. malorum LMG 1746 (NR0255130
68 A. indonesiensis LMG 1588 (AJ419841)
68

A. orientalis NBRC 103481 (AB682068)

|_ A. senegalensis LMG 23690T (AM748710)
99" A. tropicalis LMG 1663 (AJ419842)
A estunensis LMG 1572 (AJ419839)
44 —D'.ilrogenijigens NBRC 105050 (AB682235)
86
100 A. aceti NCIB 8621 (NR026121)
A. fabarum LMG 24244 (NR042678)

2
JEA. ghanensis LMG 23848 (AB665083)

A. syzygii NBRC 16604 (AB681084)

A. aceti LMG 1531 (AJ419840)

97

A. peroxydans LMG 1633 (AJ419836)
95| A. pomorum DSM 11825 (JF793971)
A. pomorum LMG 18848 (NR042112)

0.005

101

ops A. pasteurianus subsp. ascendens LMG 1590 (GU205099)

A. pasteurianus subsp. paradoxus LMG 1591 (GU205100)

88| A. pasteurianus DSM 3509 (GQ240636)
51~ A. pasteurianus LMG 1555 (JF793966)

24 A. pasteurianus subsp. pasteurianus LMG (1262 JF793964)

Fig. 2. Phylogenetic tree based on 16S rDNA sequences showing the positions of isolated strain CV1 and the representatives
of other related taxa. The tree was constructed from an alignment of the full-length sequence of 16S rRNA from various species using
the neighbor-joining method. The number on the nodes corresponds to the bootstrap percentages based on 1,000 pseudoreplicates. The
bar denotes the relative branch length. The 16S rRNA sequences are identified by their GenBank accession numbers in parentheses.

http://dx.doi.org/10.4014/mbl.1505.05003



2 61.0 mol%ZA Yamada $[36]0] 2113t Gluconacetobacter
£9] G+C ¥F 55-66 mol%, quinone] FH= Q00 L
quinone®| 3l Qo= ZFro] EA|st, 8 AHAS Cig 2 2
AT A EFE #F CV12 Gluconacetobacter 2] £7
= 7He AL g wdsig

=2 732 3

CV1 w#39] 16S rDNA §-3 49 @71 E& 245 2
T= Fig. 29 Zth. CV1 43+ Gluconacetobacter & w5
£ =2 ABAS yeElgl ey E3], Glu. saccharivorans
LMG 15829} 16S rDNA S-AA}e] g7 A Fo] 99.97% ©]At
YA s GThFig. 2). wEkA Ad"E CVI #5F& Gl
saccharivorans® W& ] Glu. saccharivorans CV12.2
S8 16S rDNA FHA2] H7|4 82 GenBankl 5
2319 tHAB759966). T3 2AHF CV1L Glu. hansenii
ATCC 23769 (98.23%), Glu. intermedius LMG 18909
(98.89%), Glu. xylinus NCIB 11664 (98.97%), Glu.
sucrofermentans JCM 9730 (99.04%) £i}= FAHsH o2
o7} et
EHA% 0|2 S BN

CV1 #59 &ad o] 855 2ARE 23, BE ghago
A Aol AL, o]FF2l sucrose, fructose, TEF
9l mannose, A% 37} &Z-&Ql glycerol € F &F &2l
mannitolo] A CV1 #59] A &o] S8t Ao 2 e
2452 Glu. hansenii= fructose, mannitol, gluconate
£ o] &3} o, A pasteurianus®}t A. pomorum-S mannitol
7} lactate 0] 92 T2 ©H2 A4S AY o] §3tA K= A
o2 Ueth(Table 4). fFE£Y @29 o]&sta
biocelluloseE YA 34 B Glu. europaeus?] B4 o]&5
< B33 Park 5[23]9] Aot HajwtQl CV1Y] ©ay o]
& EA4L FASEAAIRE Acetobacter 49 0|8 EA4 e o

27 Yef it

22| HUAEY & =i dds BN

2+ CV1Z 15°CHH 37°C7HA] ASo] 7Hestg e
(Fig. 3A), 27] pH+= pH 3.07} 3.404 Ao <935 wid
pH 2.00X= & A8t Kottt waba] e+ CV1
o] 7] wjkz7-E 30°C, pH 3.0 o]} ez F4 = Urh(Fig.
3B). oghE s mE A TS 2AE A3 27]
NeE 5% 10%14 B 16U Fofl oF 9.3% 2] HAY4=
£ Ueton, 9% AdEg sEoAE 84% APAEE Y
Effjo] 9% o]4e] 2 ofehE oA HAAE 8% o4
9] 2 A A TS Yetd= A2 BdE Tk (Fig. 30).
o]t At A BraLEY} 30°CY o ALo] 73
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Fig. 3. Effects of temperature (A), initial pH (B), and ethanol
concentration (C) on acetic acid production and growth of
Glu. saccharivorans CV1. Cells were grown at 30°C for 3 days
in LM medium supplemented with 6% ethanol (A and B), or with
the indicated concentration of ethanol (C).
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Table 4. Characteristics of carbon source utilization for strain CV1 and type strain of Acetobacter species.

Carbon sources LM broth Strain Glu. hansenii A. pasteurianus A. pomorum
— Glucose replaced by CV1 KCCM 40230 KCTC 12289 KCTC 22319
Sucrose +++ + + +
Lactose ++ + - -
Mannose +++ - - -
Rhamnose ++ - - -
Galactose ++ - - -
Fructose +++ ++ - -
Maltose ++ - - -
Glycerol +++ + - +
Melibiose ++ - - -
Xylose ++ - - -
Inositol ++ - - -
Mannitol +++ ++ +++ ++
Sorbitol ++ - - -
Arabinose + - - -
Amygdalin ++ - - -
Lactate - +++ ++
Gluconate + ++ - -
+++: very good, ++: good, +: growth, -: no growth
3t 15°Col|l A 34°C7HA] A&o] 7Hsstth= ¥ 5[219  Acknowledgments

EI_J_Q]- FARIEAL, 27] B4 1.0%0A 7HE =2 & 62%

2 2AHS A Shin 5[29]9) Ate} vl wslg S o,
2Tt F CV19] 241 QA #&2 63%2A FARE £2&
UFER 21T
2 o

ATolM e B2 sSH R g 2abg YA
+ ‘zb_ Aeg Yol L3 35 R 5718 o
E*Jiow ZAktre £2  AYSHEL, ol A 3
A S4& AR uE 229 CVI2 08 408 &5

Aol gl& 7t# o2 Yeydth 28749 chemotaxonomyZ
BA3% A3}, meso-DAPO|H, th& FH=L& Q00 2, G+C
mol B2 61.0 mol % LFeFgkom 168 rDNA 88749
Q78S BEA% A3}, Gluconacetobacter saccharivorans
2 EA 5 o] Glu. saccharivorans CV1Z HH3tgt}. CV1
ZAbEO] HA JF2AL 30°C, pH 3.0 o] o2 HHE Q)
I oehE FEo WE A T2 10% oehE FElA
9.3%, 9% et FEollAE 84% FHAEE Uefo] 1L
Tk oHE AN E =2 4 A5 S Ul ST
w2 TEET
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