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ABSTRACT

Two strains were isolated from the vinegar of Korean traditional fermented rice wine and the vine-
gar of fermented persimmon, respectively. These strains, designated as KM and BPV, were identified
as the genus Acetobacter with respect to morphological, physiological, and biochemical characteristics.
The isolates oxidized ethanol to acetate and over—oxidized acetate or lactate to CO, and H;0. They were
positive in catalase test, while being negative in oxidase, gelatin liquefaction, VP test, H,S production
and indole formation tests. No y—pyrones were produced from glucose and fructose. KM was tolerant of
11% ethanol while BPV was relatively sensitive to ethanol at a higher concentration than 5%. The
guanine-plus—cytosine contents of the DNA of KM and BPV strains were 53.8 and 56.6 mol%,
respectively. The cellular fatty acid compositions contained in these isolates were saturated straight-
chain Cy.o and Cis.o, and unsaturated straight—chain Cys.;. Major ubiquinone system of KM was Q-9, but
that of BPV was Q-10. In morphophysiological and biochemical aspects, KM strain was similar to
Acetobacter pasteurianus. However, BPV strain was different from other Acetobacter type strains.
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& Gluconobacter= ¢37-&8r} B& v A53q

A A gle FEol gl whd o
9] Acetobacter+ A4} ZARE AAEIAAL
die YL M2 AUtH(2). A4k} (overoxida-
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9o} Acetobactere o] AMMAHE HAR Stk
Aol AE ME FEEAACL(3). Acetobacter+
Z2 alcoholic juice7} ZA3l= Lol 4] Wo| H7AF
v, o]9} 7+& Acetobacterd] tg A7+ Persoon
(4)¢] sour wines} beersollA] Hx 2 HFo2H
At 1 F ookgt waAF o 2HE Aceto-
bacter?] Helo| #g AF7} HauEo] ow(5-
8), AZ7A 43R hEAQ species= A. aceli,
A. pasteurianus, A. liquefaciens 18] A. hansenii
So] glth(21). HTole A 4% pHrl 4.001H
methane, methanol, methylamine -] 1% C—
FFENME AR o] 7157 A. methanolicus7} ¥
259 7(9) pH 2.5¢14% =& nitrogenase acti-
vityE vehlin] 32559 FeMz A glu-
coseZR-E gluconic acidE AT & d= A
diazotrophicusel] A AE B7} ojgke}(10).

Acetobacter&-& Az AAE ¢4 AgH o=
- 9317 gFe] AZE FFo Feieh ¢4
2419 ke 94 recombinant DNA tech-
niques(11)3} spheroplast fusion?] ¥H& o] 43t
Eoddo)d] HEd disidE d7E odck(12). 2
2iu oA 3 w49 AFAQ We s
i AZ% Alzd| 4A18k= acetic acid bacteriadl]
3 253, A A7) Bl AR Q)
Lol B Q7odEs 2 249 AF5A waw
Wo g Az Azl 7HAZelA  Acelobac-
ter 755 ¥elste AeAsetAq E4E A7
I Aste) 4% & dE ARE FF9 Wi
22% 71248 & duA 3t

AE 2 3

ABZE U %]

2 g AT THE A 7 Az
A% Bk FAzE Bl 27 KM
3} BPVe} Hdsiglen dx 3524w Acetobac-
ter aceti(ATCC 23746), A. pasteurianus(ATCC
9428), A. methanolicus(ATCC 43581)& AH&-3}41
t}. 2g] A EE= modified Carr medium(2%
yeast extract, 0.5% peptone, 3% ethanol, 0.0022
% bromocresol—purple, pH 6.8)& A&3lgow
(13), modified Carr mediad] agar® 2.0~2.5%
9o 1A FRAAZ Agstech. 2o R4
A= GYC w21 (5% glucose, 1% yeast extract,
39% CaC0,, 2.5% agar)?} YCE ##](1% yeast
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extract, 2% CaCO,, 2% ethanol, 2% agar)Z A}
2315} (14).

oFo 2o

A 78 P AR BekApel Ay 247} 24744 o]
A} kg 2AA7) A Az, FA2EYE acetic
acid bacteria® 2e)s}gdc). Feubye wtdzg}
73X 22 77t Carr ¥l#] 50mlell AHEste] 28C
A 3~49 E<t 150rpm o 2 Ziehujekdt F Fgx
7b 21 MAE oA YA ARE wiAd
AZse AAL $3b ek 2 F AAge
24] bromocresol-purple ©] 7}l ZAu|=]d]
streaking3}e] 28°CellA] 3~4 U7} uokst A4
A x@ge 18| oAl ANoE FAHEAE
A o o37]4 vehd colonyE FEEAY 3
Auh o] oj2] W streakings}= o2 Tl col-
onyE &% Helste GYC agar slantol] HFs}e]
vt olse) 25 WeFe Sl 498 A
sjstns 2F 28°ColA sk

HExEA

72 Aae UVICON 930 spectrophotometer(d
=lem) & o]43ld 660nmoly FEEE FATC
24 st FA9 AR njxe pHe| 4%
& doluy| ¢ pHE 3.0~8.002 2AHF Carr
brothe] &3 % 547 wjeksidA] ZALshgc).
Lo 3 AAHRE Hsty] A Carr
brothol] F& AHZso] 22°C~40C HeoA 54
7t wjokdt ¥ AR5 FES

Me|MsEty EY

24 AGA AL 2AFEE 1~T%E 24T
GYP ®)# (3% glucose, 0.5% yeast extract, 0.2%
peptone, 1.5% agar) 50mlo] #& AEste 547t
wjekgt & Z2ARldch. NaClel gk WA Adde
SMwl A} (0.5% yeast extract, 5% glucose)l] NaCl
F5E 0~3%2 24T wjAE AL deE
of o2 WAL AR A FEE 3~12% %
Z2A% WA Fel F& HFT 5AU7 wikd
% #23}9dc). Bromocresol-purplee] #71E]#] ¢
& Carr Faulz)el 844 disc(BBL Sensi-Disc)
£ 238 & oS 5U47F viste] FAA WA A
e stgoem, A% 2 bromocresol-pur-
pleo]t} bromocresolgreeng A48t Basal medi-
um(1% yeast extract, 0.5% NaCl, 1% test sub-
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strate) & AH&5ho] A A oI¥-g Pssc). Gly-
cerol 25-E] ketogenesis7} Yojup=x]E <to}u 7]
A8 3% glycerolo] 718 YEP ®i%|(1% yeast
extract, 0.5% peptone)o] #& AEF F 547}
e}t o} Fehling 8018 ujjoodo) 1~2ubg &
o= F e#AMoRo] HYFHEE glycerolo]
dihydroxyacetone ¢ 2 g e=718 BA3stgs, 5
% glucose & 5% fructoser} #71El YPC ujj|
(0.5% yeast extrast, 0.5% peptone, 0.5% CaCO;)
of 55 HFHL 7Y vk F wlokAel] 5%
FeCl; 898 3~44}-8 "ol reddish violet A
o2 W3l=3] ofB2 Ferric chloride A< 33}
%l Gluconate peptone broth(0.15% peptone,
0.1% yeast extract, 0.1% dipotassium phosphate,
4% potassium gluconate, pH 7.0)2 o]&&}o] 2-
ketogluconic acid A €85 Hsiglon AF
2 MacFaddin®] ¥ (15)-& Fus}gdo).

TH v o] AR5 Yolr7] Yax] KM
@5 growth factor24] 0.05% yeast extract
brothE AMg-3tgen BPV #FE 0.07% yeast
extract brothZ AMg-stadct. Ago] A3t ebagd
2 2 ethanol, methanol, propanal, butariol, for-
maldehyde, iso—amylalcohol % ¢] alcohol £ &
(0.3%, v/v)2} mannitol, sorbitol, inositol, dulei-
tol, arabitol, glucose, fructose, cellobiose, sorhose,
raffinose, arabinose 59 94 = d78(1%,
v/v)& M-S Vel Aejstdel Ade API
20E, API 50CH Kit(Bio—Merieux, France)& o4
3}e] catalase, oxidase, citrate utilization, hydroly-
sis of urea and lactose, arginine dehydrolase, H,S
¢} indole®] ¥4}, sodium lactates]| 4] acetyl-me-
thyl carbinol®] 34, nitrate &, gelatin lique-
faction -8 A§sgc).

Ubiquinone system

Ubiquinone system® Yamada 5(16)2] |yo
we} TLC plate(HPTLC-Fertigplatten Merck,
Art No. 13724, RP-18, F254S, 10X 10cn )] 74|
9] 3% 3288 AHAsL acetonitrile-acetone
(20:80) &3 &dell ol NG F AJie =
AF3le] chromatogram& $as}4ic}.

DNA 247|=AM
DNA+= Marmur(17) 9] uhio) ujz} $23}9c}.
%% DNA®) guanined} cytosine ¥2-¢ Tama-
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oka 5(18)¢] Wyel| w}e} high-performance lig-
uid chromatography(HPLC)#o 24 =43}9c}.
HPLCE L-3000 detector(Hitachi)$} D-2000 in-
tegrator(Hitachi) & AH8-3tge™ Cosmosil pac-
ked column RP-18(4.6 X 150mm)(Nacalai tesque)
£ AMEte AAskgcl. ¥F DNAE YamasaAl
(Japan) A|F (Code No. 7160)& Al&-3}<c}.

MZ W XA =N

Ee¢ @5 KMz} BPVY AZ o 2t =4
< lkemoto 5(19)°] wyg olgslgrt. =kt
ZAL coated fused silica capillary column(Dura
bond-1, 0.25mmx30m)e] A#% gas chromato-
graph(Shimadzu GC 14A)2 ¥ A893 column,
injector, detectord] %= zHz 1807, 2507,
250C e gict.

Ax g 3%

o3 B2l ¥ 53

AEAQ We R g HAA7 tAeAlxe}
ZAZ2HE ethanlog MASHA7)E 255 &
3to] o]% KM3} BPVE =Hwslact. o] #5358
£elde] 553l 3= Zf9 24 QA FFE
AEE olFd did o7 71x] EA4E 2AEIY
o #2 5= BF Gram 4702 $FAL
Ao 4xE YPSFAE 9sta, Carr wi=]o) 4
dark-orange coloniesZ 3433}, KME rod 8

Fig. 1. Electron micrograph of a Acefobacter sp.
KM. Negative staining was done with 2.0%
phosphotungstic acid. The bar equals to
14m,
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HZ A7)= 05X 1.8~2.0mo])x2(Fig. 1), BPV&
short-rod Yel2 Z7)= 1.0x1.2mo|¢c}. Etha-
nole] #A7}¥ #x]o)| indicator® bromocresol pur-
pleg 7Rl &g wFAAE o Ate] AAEHH
pHe] W32 purpleo] yellowZ WH3}A 3 Alo]
t}A] CO2 Ak} == 7§ yellows} ©hA] pur-
ple2 == o2 deiA Qo (13). &8 5
KM=} BPV7L o]2jdt Azte] wists viehi= 7o
2 Hol o]5o] A A FF9US T 4 A
t}.

Me|yatets 84

e #79 s 54& Table 1o
el lct. Catalase WHg-of &l 4)= oFAdQld] whsl
oxidase, Voges—Proskauer test, indol production,
H,S production, gelatin liquefaction, urea test2]
e S4e2 et F 5 B 37 4%
2EE 28C~30C 9w, A pHE 55~6.5 Alo]
HAet KM9] 49+ 40°C Y T2aAx & A3}
geon, KM, BPV & #5 25 pH 8.094x A
st et

etE 557} 2~3% Y W 7 75 BF F2 4
A& HFRgony EYC iAo AhA)7ke
KMo] 1.72X)7} 28]z BPV7} 1.87A)7k0]gict. A
Aol 433 34 87 ARAEAH KM2 0.05% yeast
extractE, BPVE 0.07% yeast extract® Hg =
34}

g o)go didjM £ FF ZF glucose,
mannitol, saccharose, fructose, arabinose, n—pro-
panol 5 o]43}l9 At formaldehyde, iso-amy-
lalcohol, phenol 5-2 ©]-88 %) E3}¢lt}.

KM glucose?} mannosedl|+], BPVi= ribose,
glycerol, glucose, maltose SollA] AR A5} A
g}t sucrose, fructose, cellulose, starch2HH= T+
2% B} AL AR Zasch 24l g
WAL F F57F BF 6%7HA] WS Bef F4le
o ojske WA KM A% 11%7H4, BPVE
5%717] WA elsic

Arfe2 Lopuleale olgmeldE F 7
ZF R%F alanine, glutamic acid, proline, valine %
& ol4¥ 4 eyt KM9 7S arginine, as-
partic acid, cysteine, glycine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, serine,
tryptophane, threoninedljxl= AJAb3}#] £33 on
BPV 9] 7$+& cysteine, tryptophane, tyrosinedl] 4]
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A X3t

g3 FAA) WAL KM 7% ampicillin, strep-
tomycin, ripampicin, nalidixic acid, erythromycin
o) s} wizksiglow BPVe A9+ tetracycline,
ampicillin, streptomycin, rifampicin, nalidixic acid
d ulztslgic}t. 2y F dF EF chlorampheni-
col, cephalothin, gentamycin Sof] tj3j 4+ WAL
cehysich.

2] F5¢ Gluconobacter, Acetobacter®] A2
Blwdte] Table 20 vyeligicl. KM3} BPV 2%
oflebg 2 xAs} A4S CO9F H,0 Ak} 8hgd
o glycerol2¥-F dihydroxyacetones] A4 of
B2 vy KM negative ¥h3-2, BPV2 7%
+ positive ¥H-g B9 ow glucoses} fructose®
HEl ypyrone] A, GYC wjx]o|4] water—solu-
ble brown pigment?] A e F FF 2
% negative Hhg-S H.ojFglr}. 3 DNA 7=
Aol #A49= KMo| 53.8mol%, BPVE 56.6mol%
o] G+C 3tefg Bof oubrlQl Acetobactere) -4
B Ao, AE W Zubake] el 9lojA
KM& major component® Ci,; straight—chain
monounsaturated fatty acid(67.5% )¢} minor com-
ponent® Cyy, straight—chain saturated fatty acid
(9.6%)9] AWAHE 7HA3 Sl BPV 45 94]
major component® Cy., straight—chain monoun-
saturated fatty acid(41.0% )¢} minor componet 2
Cu.o straight—chain saturated fatty acid(19.3%)
o] AukAE 7HAZ 9lgdch. ol% Gluconobacter}
Acetobacter’= branched chain fatty acid& 7}#|i
9 %3 major component24 Cy., straight-
chain monounsaturated fatty acid& 7}xjz ¢lo
] Gluconobacter$} Acetobacter®) F4.3+ #o]A L
Cu.o straight—chain saturated fatty acid®] 5ol
e} FEEch= Yamada 5(3)¢ Rite] wie}
KM3} BPVE Acetobacter £0.2 FA34ct. A
S7+A A Qe Acetobacter 30| 4] ubiquinone
systeme 2 Q-9 system$ 7IR 1 Y FFEL
A. aceti®} A. pasteurianuso|™ A. xylinum, A.
liquefaciens, A. methanolicus, A. polyoxogene, A.
diazotrophicus= Q-10& 7} e Ao = 4
A 9lc}(10). ¥ #5 KM2 major ubiquinone
systemo 24 Q-9¢ 7FAx2 9%ler} BPVE Q-
10& 7HA1 2 et

ol s} e ANE wlud By R dFFA
KM-& A. aceti, A. methanolicus, A. diazotrophicus
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Table 1. Physiological and biochemical characteristics of the isolates.
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Characteristics KM BPV Characteristics KM BPV
Gram stain - - Urea test - -
Motility - - Trytophane deaminase = -
Fragellation - - Indol production -
Pigmentation - - Growth on single

Growth at L-amino acid as sole

30C + + source of nitrogen

37C + - Proline + +

40C + - Valine W +

pH 4.0 + + Asparagine w +

PH 8.0 + + Glutamine w +

Growth on Glycine +
SM medium Leucin + -
+ 0.5% NaCl + + Threonine +
+ 1.0% NaCl + + Tryptophane -

+ 2.0% NaCl - - Substrate utilization
+ 5.0% Ethanol + + Methanol + -
+ 10.0% Ethanol + - n—propanol + +

0.5% yeast extract n—butanol + w
+ 20% D—glucose + - Dmannitol + +
+ 25% Dglucose + + Sorbitol + +
+ 30% D—glucose w - Inositol w -

Growth on Dulcirol w -
acetic acid(6%) + + L—xylose + +

VP test - - L-arabitol + +

Gelatin liquefaction - - Cellobiose w +

Gatalase + + Sorbose + -

Oxidase test - - Raffinose v -

Arginine dehydrolase - + Arabinose + +

Lysine decarboxylase - - Resistance to antibiotics

Sodium citrate 30 g Kanamycin I I
utilization - — 30 tig Tetracyclin I S

H:S production - - 10 ug Ampicillin S S

Acid produced from 10 g Streptomycin S S

Glucose + + 5 g Rifampicin S S

Mannose + + 30 ug Nalidixic acid S S

Ribose - + 15 tg Erythromycin S R

Glycerol - + 30 ug Chloramphenicol R R

Maltose - + 30 tig Cephalothin R R

10 ug Gentamycin R R

Symbols: — ; negative, + ; positive, W ; weakly positive, I; intermediate, S ; sensitive, R ; resistance

SM contains 0.5% yeast extract and 5% glucose.
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Table 2. Comparison of characteristics of the isolates with those of Gluconobacter and Acetobacter.

Characteristics Gluconobacter Acetobacter KM BPV
Fragellation polar{or none) peritrichous(or none) none none
Overoxidation of ethanol -~ + + +

Oxidation of acetate and
DLacrate to CO, & H:O - + + +
Formation of brown

water soluble pigments on GYC agar - D - ) -
DHA from glycerol + D - +
FeCl; reaction in

Glucose D D - -

Fructose + - - -
Type of ubiquinone '

Q - D + -

Qm ‘ + D - +
Cellular farty acid type 18:1 18:1,14:0 18:1, 14:0 18:1,14:0
Carbon sources for growth

Acetate - D + +

Lactate - D + +
Guanine—plus—cytosine content

of DNA(mol %) 5764 5165 53.8 56.6

* data for Gluwmobacter and Acetobacter from De Ley & al(20)
D different reactions in different taxa, + ; positive, — ; negative, DHA ; Dihydroxyacetone.

Table 3. Characteristics that differentiate the species of the genus Acetobacter and the isolates.

A ligue- A pasten- A. methan- A diazotro-

Characteristics A. acai® e C . A banseni® . b . e KM BPV
faciens rianus dlicus Dhicus
Formation of
water—soluble brown pigments - + - - - + - -
on GYC medium
7—pyrones from
Dglucose - d - - - + - +
Dfructose - + - - - + - -
2—ketogluconic
acid from glucose + + d + - + - +
Ketogenesis from glycerol + + - + w d - +
Growth on the following
Carbon source
Ethanol + + d - w + + +
Methanol - - - - + - + -
Duilcitol - - - - - - w -
Acid produced from
Mannitol - - - - d + - -

Fructose - — - = - ND - -
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Characteristics A adi® 4 Iqu' 4 ‘b 45U 4. bansenii® 4 Mb:”. 4 dzfzzotro- KM BPV
faciens® rianus® olicus Dhicus®
Growth in the - - - - - + w -
prescence of 30% Dglucose
Growth in the prescence of - - d - - - + -
10% ethanol
Ubiquinone type Qs Qu Q ND Qu Qu Qs Qu
Guanine-plus—cytosine '
of DNA(mol %) 5660 62-65 5363 5863 62 61-63 53.8 56.6

* Data from De Ley & al.(21), and this study ; * Data from Uhlig & 2(9), and this study ; © Data from Gillis & &/.(22)
+ ; positive, = ; negative, d; 11 to 90% of the strains are positive, W ; weakly positive, ND; not determined

e o EAWAA dHF Ao)He] STt
pigment 34, y-pyrone2] XA, ketogenesis g
I mannitol#} fructoseol| 48] A+AJ4d, ubiquinone
typed} DNA 7] A 54 A. pasteurianus}
TARE EAS 7HAE gl Zle® Jehdrh(Table
3). e wadl o]4-& AR AR A pasteu-
rianust methanol, dulcitol, sorbose, cellobiose S
£ 74 o]&3tx] Zg whd KM 0|58 ehadl
02 olgslglon] Voges—Proskauer BH-ol 4 KM
& A. pasteurianus®}+= tHRA 0 2 negative HFS
S Hgen] D-glucoseZHE= 2-ketogluconic
acid® A E3H Aol Aolo R vehiet.
£3| Uhlig £(9)-& A. pasteurianuss methanol
£ YT BadoR o83t AAsx Eihu
Basiglch, 22y KM #5F9 %$= methanol
o] Fi-8 wjRlelA & A}gtom £3} ethanol )4l
methanole] §-8&% Frateur’s modified Hoyer vita-
mine ®jANME AL FAIHon A pas
teurianus’} asparagine, glutamine, proline, valine
9 L-oju]ieAks Ao B o]&stx] 23 uid
KM #5& vjad & A4e 139}

¥ BPV #5E Table 3o vjehd nje} zbo)
2 F52 EA3 v]2§S o ubiquinone sys-
temo 8 Q& 7HAT Y HoZ Mo}l A lique
faciens, A. methanolicus 18]3 A. diezotrophicus
59 o2 $79 5 sler) DNA §7) 24
o oz 74A] AejAsiet 4L wnPe o o)
9= o8 Ao B el &3] A. methanolicus
9} methanold B4Yo 2 o]43 4 gk A
A4, A. diazotrophicus$}= AL 1AL & 4 ¢
the AdA 7 F23 Ao)HE Bt} A lique-
faciens9}= WA 1 EAJo] fARE 7o g Hol
DNA 2 «47] zAuldlA & zol& Holw GYC

sl Aol 4] brown pigment® ¥¥AlsHz] ¢reri= A
3 D-fructoseol| ] y-pyroned AAJata F3hrh=
Hol 4] 2ol vz slck. ol e AsE
2 Acetobacter <ol )3t 7)29) oje] M S n
w3 Eghs o e F KMLE A, pesteurianus
ot M AR BAS Mo} BPV 9o
o2 g2 359} ofe) 54 wolA Bl Ajolde
v G7] il H2E U FbeAel & Ao
2 AR, o o4 54¢ wlwslr] ¢sia
7L 2] Acetobacter & thgt EFAA7} vlF
32 72{& o DNA-DNA hybridization A% <
o) ¥4 08 477} 27k
2 o

- 159 w2 g Agl wtAe Azl 7}
Hz2HE 2AHES Beisted 22t KM, BPV
o wusin. Beltr F oW $47oR
540 sizles] ZAS YAHA Qo T 7
Fio oebEENE 242 YAslgony xAkat &
Abs COot H0R A4siA| 7}, B2 45 2%
catalase testollAl& ofAMME2-S oxidase, gelatin
liquefaction, VP test, H,S¢} indole formation test
ol A -SAuHS-& vehislet. =3 glucosed} Fruc-
tose2H-EH y-pyrond AR E3lgdch. BPV
9] % glucose2H-E] 2-ketogluconic acid& A4
sl Awt KM2] 7% 2-ketogluconic acidE AJ4
812 23t KM2] 739 ethanol 11% 725 A&
o] 7}e&tdAat BPVE 5% olatelAnt Ajabalgd
t}. KM3} BPV 2] zjubibe]l Ao A= Chy 3
Ciu AAHEe] SAHo2 EAsden ubiqui-
none system2 KMo] Q,0]3 BPV: Qolicth.
DNA 9] Guanine—plus—cytosine content= KMeo]
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52

8, BPVE 56.6mol% o|3ich. 2] W23}

EANS vz 2 o KM 73 Acetobacter pas-
teurianus®} 1 EAlo] §AlsI BPV #F+= 7)E

94

Acetobacter T2 FF¢ 2 EAJo] O & Ao

Az =,

7z A

B A= w4Y 7)adstdTa 248 (BSRI-

91

202 SdEslen A7l A e =

e}
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ey

M

. T. Asai, H. lizuka and K. Komagata(1964),
J. Gen. Appl. Microbiol., 10, 95.

. T. Asai(1968), Acetic acid bacteria, Universi-
ty of Tokyo Press, Tokyo.

. Y. Yamada, M. Nunoda, T. Ishikawa and Y.
Tahara(1981), J. Gen. Appl. Microbiol., 27,
405.

. C. H. Person(1822), Mycologia FEuropaea, 1,
96.

. T. Takahashi(1907), Bulletin of the College
of Agriculture of the University of Tokyo, 7,
531.

. J. L. Shimwell(1984), Wallerstein Laborato-
ries Communications, 11, 27.

. P. Dupuy(1957), Annales de Technologie, 2,
217.

. G. C. Turtura, F. Casaliccio and B. Biavati
(1973), Annali di Microbiologia ed Enzimologia,
23, 157.

. H. Uhlig, K. Karbaum and A. Steudel(1986),
Int. J. System. Bacteriol., 36, 317.

. M. M. Attwood, J. P. van Dijken and J. T.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Korean J. Biotechnol. Bioeng.

Pronk(1991), J. Fermen, Biceng., 72, 101.

T. Okumura, T. Uozumi and T. Beppu(1985),
Agric. Biol. Chem., 49, 1011.

M. Fukaya, H. Tagami, K. Tayama H. Oku-
mura, Y. Kawamura and T. Beppu(1989),
Agric. Biol. Chem., 53, 2435.

J. G. Carr(1968), Identification methods for
microbiologists(B. M. Gibbs and D. A. Shap-
ton ed), part B, P. 1, Academic press, Lon-
don.

J. Frateur(1950), Cellule Rec. Cytol. Histol.,
53, 285.

J. F. Macfaddin(1980), Biochemical tests for
identification of medical bacteria, 2nd ed., p.
137. The Williams and Wilkins Co., Balti-
more.

Y. Yamada, G. Inouye, Y. Tahara and K.
Kondo(1976), J. Gen, Appl. Microbiol., 22,
285.

J. Marmur(1961), J. Mol. Biol., 3, 208.

J. Tamaoka and K. Komagata(1984), FEMS
Microbiol. Lett., 25, 125.

S. Ikemoto, K. Katoh and K. Komagata
(1978), J. Gen. Appl. Microbiol., 24, 41.

J. De Ley and F. Gossele(1984), Bergy’s
Mannual of Systematic Bacteriology, 9th ed,,
p. 268, The Willilams & Wilkins Co., Balti-
more.

J. De Ley, M. Gillis and J. Swings(1984),
Bergy’s Mannual of Systematic Bacteriology
(N. R. Krieg and J. G. Holt ed.), Vol. 1, p.
267, The Williams & Wilkins Co., Baltimore.

M. Gills, K. Kersters. B. Hoste, D. Janssens,
R. M. Kroppenstedt, M. P. Stephan, K. R. S.
Teixeira, J. Bobereiner and J. De Ley(1989),
Int. J. System. Bacteriol., 39, 361.



