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Membrane-bound alcohol dehydrogenase(ADH) was purified to homogeneity from the acefic acid producing bacteria, Acetobacter
sp. CS5. The enzyme was solubilized and extracted with Triton-X and purified using the DEAE-Sephacel chromatography and
Sephacryl S-200 chromatography. The enzyme was purified to 14-fold with a yield of 15%. The molecular weight of the
purified enzyme was to be 332 KDa. SDS-PAGE of the enzyme showed three subunits with molecular weights of 79 KDa,
49 KDa and 46 K Da. It indicated that enzyme consisted of three subunits of the 79 KDa, two subunits of the 49 KDa and.
46 KDa, respectively. The apparent Km value for ethanol was 0.77 mM and the optimum pH and temperature was 4.0-5.0

and 35T, respectively.

Key Words : Acetobacter, alcohol dehydrogenase, SDS-PAGE

I

ESdgiacy

o7 IAE

Jg-Ao1m Wakdel By U1 T Ee T
GAE A G Ao g2 F3 alcohols 24+

ArstA Qth. AL Acetobacter$} gluconobacter %2
£02 Us F U114, 15 o F FY /M & AolH
gluconobacter~ FEFRT & 1 Hudtn 24 A3t AlF
=+ §l= WA Acetobacter= TCA cycle-g ]88l ZAME H0
o} COE ANEAIY RAZAEE 7EXZ YUTHIE). Aceto-
bacter= F2 alcoholic juice”} EAde HollA Bo] dAHY
o|¢} & A thik Q4+ Persoon(1822)¢] sour wined}
beersol 4] HzxE Rugozn AFElon A7 gt
waAFogRE gy el #g d7F Hasn o
HAo)e #Z pH7} 4.00)% methane, methanol, methylamine 5
9] 3% carbon compoundsel|ME AAo] 7}53F A methano-
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licus7} B EA(6) pH 2.5904% ¥ nitrogenase activity S

ey 25x9 ZolMx A28 glucoseE2H-E gluconic
acidZ A 4= Qe A diazotriphicusdl] T3 Ba% QJoK7).
stoll A B3t Acetobacter sp. strain CS5v HEAQ whgo
2 AZE YAsls @59, ethanolE acetic acid®= g3 &
TCA cycleS 53] Aat3lsiy oju alcoholS AH8}A]7]+=
alcohol dehydrogenase:= M| E =t $Jx]3kc}). Alcohol dehydroge-
nased| W3 AF= A aceti(13), A. polyoxogenes(8) Sl B2
AF7F 5o 9tk Adachi 5(13)9) Hiro] o8lH A acetie] 73
S F FF9 ADH/} HAHYEH oF T &3t ADH
T BAFo] 1495 KDa22 Z £24#o] 63 KDa, 44 KDa, 29
KDa, 223 13.5 KDadl 4719] A@9A=2 o]Fo]A U, pH
40014 A9 A4S vy AA AEAME pH 2004%
#4E Hojg ALE HuHYT E tE ADHE AXZd &
Ap= 484 ADHZA o]e NADZ ZiAz ol&3th 17
U AxAd] A3l ADHY| &4o] ofutaie] FAdl Hlg)
13000 EFsithe HolA AA oEg Akgle 71e e i
ADH7} 988 Fd3is 2oE ¥4 Stk Entani $(2)¢]
o5t H2 Az HaFANAN A 2T A polyoxogenese]
A AAZ ADHE Ex}8ko] 320 KDao g 7z} Exjgko] 72 KDa
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3} 44 KDaQl T ATHAY A 2o AELE o)Fn pH
50~6.0rt0l 4 HA F4E HAT 53] Tayama F(8)9 H
2ol 93lH 40CAHE F& B4 HPYOW Aaceri®] ADH
oA B 4 QT aldehyde®} formaldehyded| Mz &AL BT
ADHE Mg 543 71 8% Aaydz E738n
ollA AuE upe} o] Fxbe] B 1 PR ozt
Az Aty B4ol e Aojig Hde o] FuETh
wetr Selugeld BeE At ADHE AAsln 1 %
s e o] @y Fx g §Ao] AR & FH
149 JiwE, AR #AE ARl Teold B of
Yet Axd A8, diabzd s olsidhsd Fa8kH oyt
A zZAte] #47 cloningd] glol BEAL vectord] FHdo]
Az g F8% dde FA 2 SAzte F87
cloningg o]&g FF A, 23 AF 2 23479 & dw
& AP 71RE olsisted Sl Zosith mapd 2 AT
e At Azolr B3t $42ANTU Acetobacter sp.
CS59] ADHE i AAst 159 A8ty §4& A7
3taA} sk
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B A¥d) A3t TFE Acetobacter sp. CS5¢F tiZS)
Acetobacter aceti{l ATCC 23746), A. polyoxogenes(NBI 1028)E A}
L3t ck v dHi A 2= Carr B X|(10 g yeast extract, 30% ethanol,
0.022 g bromocresol-purple, pH 6.8)F W& a}od X234 cH7).

Alcohol Dehydrogenase &4 =X

A 84 AL Ameyamas} Adachi(10)e] ¥PHS W sl
e 2 HPoR Yt £ APoME ferricyanideE
AMgEt] A7 WEE #Qste WHS AMESIATH ethanol
100 M, Mcllvine buffer(pH 4.0) 0.5 mL, Triton X-100 0.1 mL
of AAEHS Wil 37TCoA SEZE AHA wioF oh2- potassium
ferricyanide 10 ;M-S B3 ¥H3-S AJAH3H 158 & ferric sulfate
Dupanol reagent(Fex(SO4); - 7TH20 5 g, SDS 3 g, 85% phosphoric
acid 95/1,000 mL)E 05 mL Yo ¥H&-& EUD SHFE 35
mL Wol @& He F IO 2087 WeAA Yste
prussian blue colorS 660 nmol|A] B4& =AYt a4 &4
1 wnite 18 59 1 ymole ethanol®] AH8lE Zujdle o2

A3kt

CHHEL X2t

thilg A bovine serum albumin(BSA, Sigma)S EFAIE
3} 3}= Bradford(11)9] WS <] 83} 595 nmol|+]9] optical
densityE Z743}5 0k

Aicohol Dehydrogenase®| Z x|

Fao AAHRL e gon RE AHL 4TA Wst
Rt &, ethanol BAA wigs FAE ddeeste] s
3 washing buffer2 238 AlAE oh dARst] 740 g
wiw)E &3 th 20 mLe] 0.01 M potassium phosphate buffer
(PH 6.0)o =S AAE H47]2 24T F Y45)(120,000
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mpm, 1 sl AL AAEL membrane fraction® T ARE-3HY
t}. Membrane fractiong 20 mLe] buffer A(0.01 M potassium
phosphate buffer, pH 0.6, containing 1%(w/v) Triton X-100, 10%
glycerolo] QeSS 2417 B¢t mykek F, AAHE2)(70,000 rpm,
1 hr)3}e] 9& A=dS solubilized fraction®. & A&} Th

DEAE Sephacel(Pharmacia, Co., USA)Z columnd] 73}
buffer AZ HHA3AZ) ZF, solubilized fractiong As}sle 2
bufferell KCI 0.0 MolA 0.5 M7AY] d@AdEE e Y3t
buffer o)§3le] 8247 B4 F¥S AN oA Fe
ZA 2L 1% Trten X-1000] F4¥ 001 M phosphate
buffer(pH 6.0)o]A4] 413 & Sephacryl S-200 gel filtrationS 4~
335} 0.01 M phosphate buffer(pH 6.0)2 H & A7) Sephacryl
$-200 gel filtration(Pharmacia)o] &4 $4% #Had ¥, 9A
2 EEN7 O B4EEE Ao 001 M phosphate buffer(1%
Triton X-100)0l4 T4, FFAA AH-sFAh

Alcohol Dehydrogenase2] E4

Gel filtration chromatographyl] <& ®z}zF AA

AAE 5L BAFE AR st 001 M phosphate
buffer(0.1% Triton X-100)E H&3E Sephacryl S-200 gel
filterationol] FY3 bufferE AHEslY £&5390 EFAREE
ferritin(MW 440), yeast alcohol dehydrogenase(MW 150), BSA
(MW 66)3} carbonic anhydrase (MW 29)Z AL&-3}9 )

CEEERES

SDS-PAGE:= 0.1%(w/v) SDSE &3 10% acrylamide gelS
AHE-3e] Adachi F(1978)9] o] Fate] AAstgth EE Al
E2¥ promegar}le] mid-range marker(phosphorylase B(97), serum
albumin(66), glutamate dehydrogenase(55), ovalbumin(42), aldoslase
(40), carbonic anhydrase(31), soybean trypsin inhibitor(21), lysozyme
(14y& AM83ATt

Capillary electrophoresisell 93 &40 24

Neutral capillary methods development kit(Beckman, co. U.S.A)
E A3l EEg ©de] ¢ E8 dRE Yol BI] K5
o] Capillary electrophorator(Beckman, U.S.A)o] citrate(pH 8.0)2]
FEAe Al 125 kvl 5§ ARE HFR ¥
peake] AHE BASAT

Ao 7)A 5ol 34

249 712 Bol4E 2ARE] A8k sodium acetate, gluconic
acid, glucose, methanol, mannitol, sorbitol, butanol, octanol,
glycerol, fructose, isopropanol, isoamylalcohol, glutaraldehyde,
formaldehyde, acetaldehyde, lactic acidE 100 mM FEZ &4
4 2 8§99 ¥ol a4 YL UL

2844 #H £x9} 34 pH

ADH?| #7 &% & 73}7] Y38 cell homogenate AFef ol A
10T, 15T, 207, 25T, 30T, 35T, 40C, 45T, 50C9 &%
4] Mcllvaine buffer(pH 4.0)E Yo} EF G484 Z3uog
ADHO| E4E FA3Ach 1Ela F3 pHE F3l7] sty
Mcllvaine bufferE A}&3le] pH 2.09)4 pH 9.07}A] W3l #H7}
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Figure 1. DEAE-sephacel column chromatography of ADH from Acetobacter
sp. CSS5. The enzyme solution was applied to a DEAE-sephacel column
(5%20 cm) previously equilibrated with phosphate buffer(0.015 M, 0.1%
Triton X-100). The enzyme was eluted with a linear potassium chloride
gradient(0.015~0.06 M) at a flow rate of 2 mL/min(A, ADH activity;
[, protein conc.; -+ , potassium chloride gradient).

©2 ADHY| B4¢ 2489

Kngk 2%

ADHY T 7]4¢] o|eh&3} potassium ferricyanide?] Kmzhg
Fa7) st BE 54 B4 Y 93 8ddM dEE F
TE 100 mM2 IAA)7)3 potassium ferricyanide 5= W3}l
e e £5& 73kil thA] potassium ferricynided] FEEF
00 mMZ 1A F JEge] F& Wl mE W £k
g 3le] 1 Z#E Lineweaver Burk plotd o83l ztzt9
7180 3 Kmzts 73k
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Alcohol dehydrogenase2| x|
4712 TAES =43le] DEAE-Sephacel ion exchange
chromatography S  33}e] 24 EFE(Figure 1) Sephacryl
S-200 gel filterationol) 22AA &A4F ¥€)dtal(Figure 2) B4
9] £52 <ol y] ¢8le] Capillary electrophoratorZ o] &3}
248 A7 9 peakE HYo2ZAM TY FHUYS ¢ F AN
CHFigure 3). 3 228 992 e 15%9 F&2 1449 A7
52 Jehich Z4ihte ADHE A¥e] g7 Edshe
ErzA dggel 2402 Askde Aol Aoz wold
o 7]A e Tulz 3FART AZFo ey pymolo-
quinotine quinone(PQQ)S 24 EAGo = 7pAi JrKi6). ol
G4t 84S FAScY ammonias BLE 1A Fethe A
oA ek o]& M7 ADHEC 1.1.99.8)s} 2= 9(10),
cytochrome ¢ 2%t 9= quinohaemo proteino| ke el A
T2 quinoprotein ADHEM TR AATH3). Acetobacter sp.
CS59] ADH: Ez|#Ae]A 120,000 go] 2YAEY ¥ LA
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Figure 2. Determination of the molecular weight of ADH from Acetobacter
sp. CS5 by Sephacryl S-200 gel filtration column chromatography(arrow:
ADH of Acetobacter sp. CS5, 1: ferritinMW 440,000) 2: yeast alcohol
dehydrogenase(MW 150,000) 3: BSA(MW 66,000) 4: carbonic anhydrase

(MW 29,000)).
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Figure 3. Capillary electrophoretic separation of ADH protein(Beckman,
co. neutral capillary methods development kit/protein, citrate pH 8.0, 12.5
kv).
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Sephacryl S-200 gel filterationol) ] &+ Rx}aFe] £ A3 332
KDa #%o|(Figure 2) SDS-PAGE gel 7|95 Ztzte] ¥
Ao 79 KDa, 49 KDa, 46 KDa¢l 37]¢] Wi=2 39l @4
Q1% THFigure. 4). Acetobacter sp. CS5 59 ADHE 7]&d]
825l A, aceti, A polyoxogens®] ADHS$} ®lw E4% 7z
(Table 4), CS5 #Z23E] Ea¥ ADHe| 33l e Az
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Figure 4. SDS-polyacrylamide gel(12.5%) electrophoresis of purified ADH
from Acetobacter sp. CS5: lane 1, purifiecd ADH; lane 2, size marker
(promega mid-range).

Table 1. Purification steps of ADH from Acetobacter sp. CSS5.

Purification Total protein Total activity Specific activity Yield
step (mg) (units) (Ujmg) (%)
Crude cell extract 150 2400 16 100
solubilized fraction 70 2815 40 100
DEAE sephacel 9 1600 166 66
Sephacryl S-200 1 360 225 15
AE ojFE 2TGAY TAVAA Al BT o 3
KDaS & A. polyoxogens®] ADH7} Zv7] 78 E-A#S zhe= 3
9] large subunit®} 370¢] small unit® o]Foz whHd), CS5

739 ADHE 3709 large subunit®} EA}gko) e 2719
subunit7} 2.9 pentamer= I T4 ©HA 3}o]7} wom 4,
aceti®] ADHSh= Tz8 9k of)e} &3 2}o]Z Yehfolch

g49| 7| Eo0|d

Gt 47508 e AT ADHS RATE Table 2
of JellSItE CS5d59l ADHE A. aceti®} A. polyoxogenes2}
H]52&}A) aliphatic alcoholse)] 733} #AS B Oy methanol o)
T 848 A Gt (Table 2). 713 Eol49) oAM=
Heeg A3IAFIA Eshe oAl oele] ADHSF Z9iont
aldehydes® AH3}IA171E o] Eolatdct. olfs 713 Eol4
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Table 2. Substrate specificity of ADH from Acetobacter sp. CS5.

Substrate  Relative activity(%) Substrate Relative activity(%)
Ethanol 100 n-Butanol 98
Methanol 0 n-Pentanol 84
Gluconate 0 n-Hexanol 69
Glucose 0 1-Octanol 50
Manitol 0 Formaldehyde 40
Sorbitol 0 Glutaraldehyde 19
Latic acid 0 Acetaldehyde 27
Glycerol 0 Isopropanol 22
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Figure 5. Effect of temperature on ADH activity from Acetobacter sp.
CSs.

A A. polyoxogense] 713 Eo]A} FAIE Ao zZAX ADHO
93t aldehyde] AFsl= o 9#Q] Ao 2 WEE o]&AMTH 2
9 Pseudomonas T5A E2}g methanol dehydrogenase?] 7
< aldehyde?] A¥s}7} Haim|o] SIti(1, 4, 12). olHdt Fo|A
Acetyobacter sp. CS5 159 A. polyoxogens?] ADHe THE ]
RAEAAE £ 5 e N2 714 Sol4dE /A e Re
2 Az®Ech

SAEMY A 259 ZZF pH

FABAY A &x2 3a7] 8 10~50T LxdA =
At A3} 35CAHA 718 =& S48 YA thFigure 5). =
@ o] A% HA pHE T3] 98 pH 20004 pH 9.07}
A el 54 848 AR 23 pH 4.0~5.0004 9
G4 Jehglod pH 3.0 oldldxe &Xc] F438 Fo
FHFigure. 6). £ TiE pH 4.0~50 AtoloA HFJe S
Hed ofA¥ A pHollA A& E4& Hole Zlo] 244
9] ADH2| B4 % shioln] <zalA pHolAY &84S Yet
We wgg o8 AT primary ADHY AR EHF
NAD-linked ADHS}¢] 2 =poldolz} }ACKS, 4).

25029 &t

FHolege] a P40 WAL G 2AH 23} Mglh,
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Figure 6. Effect of pH on ADH from Acetobacter sp. CS5 in mcllvaine
buffer(pH 2.5~9.0).

Table 3. Effect of various compounds on ADH activity from Acetobacter
sp. C85*.
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Table 4. Comparison of ADHs characteristics of the strains of Acetobacter
sp. CSS5.

Compound(i mM) Remaining activity(%)

none 100
NaNj3 87
EDTA 90
CuSO4 60
ZnCl, 74
NiCl, 70
MnCl, 59
MgClh 54
CoCl, 55
CaCl, 42

*The enzyme was incubated with compound for 10 min before measuring
activity.

CoCly, CaChy AL Aty e sodium azide, EDTAE
EAB40] 92 HIAA BE F02 EhgthTable 3).

Km 2t 2%
a9 Km3kg 43 Hddtd 71289 dgEY sxE W
JNA 2 £55 F§ S, 2 Z2HE Lineweaver Burk ploto

2 Yehd A7 olggel o Km3te 0.77 mMo| ik

A2 ADHO EAuwrS mE3chd CS5¥5+ A acetiBthe
A. polyoxogens$} FrATA7} 2 Fo2 AAE £ gloy 2
"“ﬂﬁ«] FAANN F2AH 3 9= ubiquinone systemoi)A]

= Q2 i A aceti®t 1 BAS ZojFH9). ol HAY X4t
i«] A7 ESAsTe AL DIFe Ane A
weha & }3-4 Fol lelq 7189 e, JaEd B4 4
38tz 2 FHPH(chemotaxonomy)¥} 7 ADHY 4% #4823
FH71Ed LA A & Fojrt

2A% AlololA Yehyes oA 32 g E4Q9] o]y
o]X-& ADH7} AcetobacterE EAAE 71} 283 gide
oA wjf ZHEE AMHE ’%’45]‘7’] ZAHte] ADHE #
3 E433ln fAAE cloningFoZH ot ME 2
DNASZ] AgEY vng 53 45AS d8le AL 24+
o] EFAAEZ waled w$ 88 we] € & ol 4
dHoz FHAO EAL ugoRy ma& TaV|Y AU

1.9,
=

e
o

A aceti’ A pol,'yoxogenes2 CS5 strain
320 KDa 332 KDa
160 KDa
MW. and ) hexamer pentamer
. (3 subunits of 72 and (3 subunits of 79
(63, 44, 29, 13) ; )
3 subunits of 44) subunit of 46, 49)
Optimum pH 40 50~60 4.0~60
and Temp. 30T 40T 35T
Km value 1.7 mM 12 mM 0.7 mM

'Data from reference 13, ’Data from reference 8
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$-200 chromatographyoﬂ A w4 BHHAY 2 A 15%
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© 33 KDao® ZAHch T3 SDS-PAGEAO|ME Bxjek
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A4e] 79 KDa 4£©fA[e} Z+zh 124191 49 KDaw, 46 KDagl
ARYAR o] FolAIE RIS dekge] OiF Kmghe
0.77 mMo|len A pHe &xw 247 pH 4.0~50% 35C
o]t

# A

°of =& (19974
A= UL

FRHLAFABY SFEATH0 o5l

ikl
!

= 8

1. Groen, B., J. Frank and J. A. Duine (1987), Quinoprotein
alchol  dehydrogenase from ethano-grown Pseudomonas
aeruginosa., 23, 921-924,

2. Entani, E., S. Ohmori, H. Masai and K. Suzuki (1985),
Acetobactor polyoxogenes sp. nov., a new species of an
acetic bacteria useful for producing vinegar with high
activity. J. Gen. Appl. Microbial., 31, 475-490.

3. Shinagawa, E., K. Matsushita, O. Adachi and M. Ameyama
(1989), Formation of the apo-form of quinoprotein alchol
dehydrogenasefrom  Gluconobacter suboxydans. Agric.  Biol.
Chem., 53, 1823-1828.

4. Sperl, G. T., H. S. Forrest and D. T. Gibson (1974),
Substrate specificity of the purified primary alchol dehydro-
genase from methanol-oxidizing bacteria. J. Bacteriol., 118,
541-550.

5. Sund, H and M. Theorell (1963), Alchol dehydrogenase. In
Boyer, P. D., Lardy, H., and Myrback, K.(ed.) 25-83. The
Enzymes, Vol. 7, Academic Press, New york.



Kim, C.-S., Alcohol Dehydrogenase

10.

11.

. Carr J. G

. Duine, J. A, J. Frank, Jr. and J. A. Jongejan (1987),

Advances in Enzymology, (A. Meister,eds), Vol. 59, 169,
John Wiley and sons New york.

(1968), Method for identifying acetic acid
bacteria, pp. 1-8. In B. M. Gibbs and D. A. Shapton(ed.),
Identification Methods for Microbiologists, part B, Academic
Press Inc., London.

. Tayama, K., M. Fukaya, H. Okumura, Y. Kawamura and T.

Beppu (1989), Purification and characterization of membrane
bound alchol dehydrogenase from Acetobacter polyoxogenes
sp. nov. Appl. Microbiol. Biotechnol., 32, 181-185.

. Lee, Byung Kwon, Hong-Sung, Chun, and Sung-Jun Kim

(1993), Isolation and characterization of Acefobacter sp. CS
Strains from Heanam vinegar. Kor. J. Microbial, Vol. 31(2),
99-104.

Ameyama, M and O. Adachi (1982), Alcohol dehydrogenase
from acrtic acid bacteria membrane-bound. In: Wood Wa(ed),
Methods in Enzymology, 89, 450-457.

Bradford M. M. (1976), A rapid and sensitive method for
the quantation of microgram quantites of protein utilizing the

12.

13.

16.

533

priciple of protein-dye binding. Analitical Biochemistry, 72,
248-254.

Rupp, M and H. Gorisch (1988), Purification crystallization
and chracterization of quino-protein ethanol dehydrogenase
from Pseudomonas aeruginosa. Biol. Chem., 369, 431-439,
Adachi, O., E. Miyagawa, E. Shinagawa, K. Matsushita and
M. Ameyama (1978), Purification and properties of particulate
dehydrogenase from Acetobacter aceti. Agric. Biol. Chem.,
42, 2331-2340.

. Asai, T., H. lizuka and K. Komagata (1964), The flagellation

and taxonomy of genera Acefobacter and Gluconobacter with
reference to the existence of intermediate strains. J. Gen.
Appl. Microbiol., 10, 95.

. Asai, T. (1968), Aceti Acid Bacteria, University of Tokyo

Press, Tokyo.

Inove, T., M. Takagi and K. Yano (1989), Cloning and
sequencing of the gene encoding the 72-kilodalton dehydro-
genase subunit of alcohol dehydrogenase from Acetobacter
aceti. J. Bacteriol.,, 171, 3115.



