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Abstract: The alcohol dehydrogenase (ADH) gene from Bacillus stearothermopilus was amplified by the
polymerase chain reaction. The amplified DNA was inserted into the expression vector pGEX-K(G, and expressed
it as a fusion protein with glutathione S-transferase (GST) in E. coli. The recombinant ADH was preduced by
induction with 1 mM isopropyl-B-D-thiogalactopyranoside at 37°C and purified by glutathione affinity
chromatography. The recombinant ADH exhibited high substrate specificity for ethanol. The activity of the
recombinant ADH proceeded optimally at pH 9.0 and 70°C. The recombinant ADH was highly stable against
high temperature. This thermostable alcohol dehydrogenase can be used for the enzymatic determination of
alcohol and for the industrial production of alcohol.
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Alcohol dehydrogenase (ADH, alcohol : NAD ) ¢4ZE-8 AREI: primary-ADH (p-ADH)E} <]}

oxidoreductase, EC 1.1.1.1J= AalviellAl ek2g wiab 32885 AFSHSh= secondary-ADH (s-ADH)E wHdt}.
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Bacillus stearothermopilus'= 23437 2571 55°C
ol A TR Axa gzl 1~ AFxz
ADHE AJAbslz glem, Al ADH: Y94 <HAlT
ek ehzt BES] WA Al E ERE Bars]
2 kgt B84 254 Felgh ADHE HRE
s-ADHel| 431249}, Bacillus stearothermopilus®] ADH

E i gl 22 AMAL Rol: pADH) &
L=
ot Mde] $=r=3l ADH:= 25 49 34, 288

of, THFH H AEAZE T3 SelA &l ¥z
£ 225 93} ule]eAlAel chiral U4F2-S v TS}
ZHg 2] AFIA QAL Sl olEH 2 Qlohs?
¥ A7l ME A B4 dFeE Aakslr] ¢s),
Bacillus stearothermopilus NCA15032] $-14 DNAS
#3902 polymerase chain reaction S o] -3t
ADH 72 328 £5% o5 °|& GST¢ &%
thal 2 shgalgle}, =3t 2y A2 e 54
£ AME] AL o2 Fe] Ede) u]E - BAslgo)

2. dENE ¥ WY

2.1 M ZuiekRt 4 DNAS| 22

T AL e g Re] BoF whE Bacillus stearo-
thermophilus NCA 1053 (ATCC 29609)% LB uj=A)
(1% tryptone, 0.5% yeast extract, 0.5% sodium
chloride ; pH 7pl4 12-1447F §<F 55°C2 wioys}
sich g L 1000012 108 St WpeI
of ZATsldet. ADH -3zt 255 $lebed skt
Bacillus stearothermophiluss 478 ¥, B B9 5
#7b A=l8kd crude Al 7704 DNAS @ait}.

2.2. Polymerase Chain Reaction (PCR)

Bacillus stearothermophilus®] 444 DNAS 32
2 83, €A primer (primer N: 5-GCTGCAG-
AATTCTCATGAAGGCTGCTGTTGTGGAACAATTT-
3, primer C:5-GCGCGCAAGCTTATTAATCTATTTT-
AACACGACGCGGCC-3%% DNA  thermal cycler
(Bio-Rad, USA, Gene ¢ycler)s -85, ADH 37}
£ 53150t PCRe] whg- £45-2- 73 DNA 2 umol,
dNTP mixture (Takara Shuzo Co, Japan) 2.5 mM&
8uL, primer N3 C 2z} 5pumol, Taq polymerase
(Takara Shuzo Co, Japan) 1pl, 10X Reaction Buffer

o
A A

- Ao

_:f-_/\alﬁl o }d <

(100mM Td-HCl (@H 83), 500mM KCl, 15mM
MgClL) 10uL, 358 7l5led 2F whsaF 100 uLE.
gjo], ¥WhE- =42 94°C-1%, 55°C-2%., 72.C-3%-5 1
cycle® 3lo] 35 cycles?|A] HHg-A| oL, whiof %“;ﬂr F
1.0% agarose gel A17]ed5<l 2|4 #elsln Eelatsd
o} Gelell M #2]3 #3 A ULTRAFREE*-MC

(Millpore)= A= s}sicl.

23. HedE{e Tyt WEEH o0 WH

A% ADH f-4#Fepdd e pGEX-KGE AL
4 EcoR 1 (Takara Shuzo Co, Japan)®} Hind I
(Takara Shuzo Co, Japan)2 37°CellA 147+ A= wl
SAAH Atgl S, ligase (Takara Shuzo Co,
Jopan)& o)l Af2F ADH plasmids- 2H33ls]
o} 2 A 49 pKG-ADHE WAt BL21¢ 33
AgAzich pKG-ADHZ HARARA7] AT E
ampicillin (Sigma Co, USA) 50 pg/mLeo] =3sl
LB wizlel& 37°C2 ¢F 2-3317F Ax wjekslsich
ODuel 0.60] S-S = LF=4¢! isopropyl-B-D-
thiogalactopyranoside (Promega Co, USA)E- T3}
o] 84|17k ] wiokEl F, 10,000xgs 1027t Y48
slof Fetedvh

24. M= 549 HE

pKG-ADHZ. s}AA8AZ) A5 o 3gafokeled 4
2 #AE 1% Triton, 0.1% [-mercaptoethanol,
0.2mM PMSE 1mM ZnCLE Ef}Fsl= potassium
phosphate buffer (pH 7.502 F+) W ~& I =&
7] (Sonics & Materials INC)E o] -3l T4
£ AT oF, 20000x g2 1087 YAdElstaH.
o] AZHE 60°CollA] 1037 Aejdt F 4] 20,000
Xg2 1083 ARt g7A g ASade
1mM ZnClLE *FFel= 20mM potassium phosphate
buffer (pH 7.0)2 847+ 34 FA4 L el 43
£e& 20mM potassium phosphate buffer (pH
7.0)2 %3 A7) glutathione affinity column (Sigma
Co, USAM| F3A7C) 3o East iz s
A7) el 200mM KCH ZJHls 9l: 20 mM
potassium phosphate buffer (pH 7.0)2. 383 13
& o}&, 10mM glutathione® Zgsl2 9l: 50
mM Tris-HCl buffer (pH 8.0)% -4-2A/7lc} 423
8% ADH $47} GST #4& k= 235k =o}
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A 1mM ZnCLE 2%sl= 20mM potassium
phosphate buffer (pH 7.02 FM3slact. <12A A
g EAE £5F SDS-PAGEe] 2l# 2ls}slch.

25§49 HYE XY chE T

ADHe} 3 =3 Sakoda?} Imanaka®] wby3E ARS
3o, 60°CollM 340nme] FF=E FAsNS XF
AutS-E3HE2 100mM  potassium  phosphate
buffer (H 7.8), 1mM NAD', 100mM ol|&b&-8 &
#td 1ml7k = =% sigich. NADH®| molar
absorbance coefficient= 6,220 M! - cm'¢]¥, ADH
A 2] 1unitE ¥F g4 w3 274 A NADH
1mold] A& 203k fhe) ofe A2sjgie}. 0

chilzl =% Bradford 3Pt o1& &3)sle]erd,
AeF Aok Bio-Rad AEE AH-313it, v-Globulind:
FEHAR AMgsle] 505 mell X FREE £
o EFEFAE 2Mslgd

2.6. SDS-polyacrylamide gel electrophoresis (SDS
-PAGE)

12.5% SDS-polyacrylamide gets AM23le] Laemmli
o uhy%| ofel WriedEsiden, 8] B AL
coomassie brilliant blue R-250 (Sigma Co, USAX =
aldct, o] o BAlek FF HIAZ phosphorylase
B (925kDa), bovin serum albumine (66,2 kDa),
ovalbumin (45.0 kIDa), soybean trypsin inhibitor (21.5

kDa), lysozyme (14.4kDary:r XE&sta gle SDS
molecular weight standard markers (Bio-Rad, USA)

£ Agelse.

27 G40 SEEY HF

ADH 3ol diat 7125z Hxh= 55°CellA 24
Helo}, 714 olekge] FEx 10~ 100 mMe] HSelM
Haizion], 87 34 24 2AA o8 e o
g2 20ulE HRA)ZE B4e] Michaelis-Menten
constant (K.)ot8d] £% (V.= Lineweaver Burk
plotell o8l AA=gch, B4 el gk pHe} Ea=
ohie) 895 Q0mMyE ARt AR I:
sodium acetate buffer pH 4.0-6.0; sodium
phosphate buffer and potassium phosphate buffer,
pH 6.0-8.0; Tris-HCl buffer, pH 8.0-10.0; glycine-
NaOH buffer, pH 8.0-10.0. Ztz2] pHeld EF 34
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24 2702 FAL A 549 FHHere
EE 8 &8 27 &5 25°CAA 85°CH1A
WA 7 A A2 2 sl

2.8 Y

EAe] b H4-F 2 mM B-mercaptoethanol
£ I&slT ¢l 20mM potassium  phosphate
buffer (pH 7.8pM 2+ AlZH82 50°C, 60°C, 70°Cell
A WAAIR B, A8l EEE U F S
+ A5kl =5 25°CelM 85°CriR|e] & el M
30234t WA F, ASelN _EE e F AT
245 HAso A7|7 Bkl up2 A Add
Mi= 20% glycerolt REA9] 1mM NAD*7} %5
¥ 20mM potassium phosphate buffer (pH 7.8)%
ARg8}e] e

3.3 5% g

3.1. Polymerase chain reaction (PCR)Z} &3 4|E]
o =y

ADH 472 PCRZ 5414 1.0% agarose gel
7123 %< &3l 1,041 bp2] PCR A2 F<lzieict
AR pKG-ADHS] 134 #el-2 widkgt a5
2¥EH $AHE H3le] 1.0% agarose gel A7)
o2 olak Ax pGEX-KGY -zt =Z7)= 2+t
5,000 bpellM B 418 ADH f3Ak= 1,041
bpell Al Eel=lde

3.2 =gl ApHE| CHEEH ¥ X

A3 ADH Ja3pdde fREHA A =4
isopropyl-B-D-thiogalactopyranosideS 1 mM “Fof 8]
& v A ghAe] 0% ER SEgnale] 7Ht
Wol f=sglel. =3t isopropylB-D-thiogalactopyra-
nosideZ FoJ3 F, A7 AE wieksld & wrp 53
chale) wigioke] 71 FAse). o] FAE lysis
bufferZ 5 A W A& ¥, 30 wattsell A 15-20%-5%}
Z59) SR71Z xS sl o] FE d5S]
oA ajeic}, wEie] pKG-ADHe 2)&) ojgias
GST-ADH -§§ 2wae] Xa4-2 SDS-PAGES|A
61kDa22 2RI} Fig 19 lane 1). wiekEsy
Az3 EA glutathione affinity columnd: ©]-8-8}e]
AAE sedch. ¢ YA HA L= SDS-
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Fig. 1. SDS-PAGE analysis of the recombinant ADH produced
by E. coli. Lane M, molecular weight standard markers (Bio-
Rad); lane 1, total protein from £. coli cell lysates of pKG-
ADH vector transformants; lane 2 and 3, the purified protein.

Tuble 1. Substrate specificity of the recombinant ADH

- 2L - FAE .

Specific activity Relative activity

Substrate

(U/mg) (%)
Methanol 1.6 4
Ethanol 369 100
Isoamyl alcohol 73 20
n-Buthanol 10.4 28

PAGEAPI A SAMES ehiiglon, $A3e
61 kDa% =2 Fel=gld). (Fig. 12] lane 2, 3).

34. M=g ADHO| E£23H Sy

o] Fgof digt A= ADHE] 713 HeldE&
Table 101 JEbgie). S22 olskge] djsl] u]2Ae|
=7 viepste). vbdel] vlgke., kL. isoamyl alcohol
ol disir= ul@Ae] 20%e0]3}2 WA eyt olF
g ZZ3F ADH2| 7|A5elAE AEx HE vE
HAES) fABISEE S Green 52 shAAkEo] 41 &
S&ol| wigl ADHO| @& ZA 71d ZAdaie]e]

pockete] 2b7] wjFolelil AlApsielchl dlel A=
ADHe] oflebgo] g} v 36.9 Umge = eyt

o}. Sakoda®} Imanaka @7-~lA Bacillus stearother-
mopilus NCA1503 fr2l ADHe] ol|ek-gol| whsh v)2hA
2 Zr2 z7eA o 30 Umgelela Bu=gint? o)
g Ad=25E A= ADH: R £240] eghdel
A3t HjEEG ofzE e AME o 5 QUi
ADH #Ae] dfjgl 7|As=e] Eal= 60°CellA] AL
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Fig. 2. Lineweaver-Burk plot of ethanol oxidation by the
recombinant ADH. The concentration of ethanol was varied in
the range of 10~ 100 mM. Michaelis-Menten constant ( Ky)
and the maximum velocity (Vi) of the recombinant ADH
were determined Lineweaver-Burk plot.
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Fig. 3. Effect of pH on the recombinant ADH. Optimum pH
of the enzyme was determined by using the following buffers
(200 mM) at the indicated pH: sodium acetate buffer ( H ),
from 4.0 to 6.0; sodium phosphate buffer ( &) and potassium
phosphate buffer (), from 6.0 to 8.0; Tris-HCl buffer ( @),
from 8.0 to 10.0; glycine-NaOH buffer (O), from 8.0 to 10.0.
The maximum activity was considered as 100%.

H ek oleb-gel o3 A=F ADH| Michaelis-
Menten constant?} Z o] £ X% Lineweaver-Burk
plotel] 2J3ll BA=HAAFg. 2). vkl Hat Az
ADH®] K, 3t 6.77 mMel™, Vi 3h2 45.05 U/mg
ol it ofetgel g o F ADHO| K, 32>
7.0mM, human isozyme mixture’®; 5~10mM,
vellow yam tubers'’; 21 mM, E% 52 ¥ 3557 ¢jc},
AZEF ADHE K, %kl v]avd vk e &in]; o]
AL 71ATe] #2 AYHE vEE Aelnh

A2 ofgkE AbEMIEe]| dist pHe| &3 Fig. 3
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o Jeblgich Az ADHe| A 342 pH 9.00]
A oveldde o] 9} 2 pHe EfEEe T
(pPH 10~11)% ei2jels} 2 (pH 8.5~10.0)%1%9
EAEE RIS el AR ADHEE 3 A
pHE Bolvla B itgjgie} 1172
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Fig. 4. Effect of temperature on the recombinant ADH.
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Fig. 5. Thermostability on the recombinant ADH. A)
Remaining ADH activity after incubation at 50°C (&), 60°C
(H ) and 70°C (@) for each period of time. B) Remaining
ADH activity after incubation for 30 min at each temperature.
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EAAel i3 2x0] HIAE ole} 7] g3,
HAHAE 25°Ce M 85°C7HA] ZAFelle}. A=yt
ADH®| #Hgx:= 70°Celd, 80°CAME ¢k 70%2)
B B Fg 4). ol#igt A2 N, o F3e]
ejzjoh} R90] HALL 40rCue} e HHeEs
Heo|z whads z§; ADIR= o} Fo] 4w &
< Y £55 ¥k AL o 4 9l

35 X =g ADHe LotdA

A Z3 ADHe| 44 AgA=aE Fig 5 st
ek, Aol dgt 540 A FAsP] e,
RS 50°C, 60°C, 70°CollM AR Zdsiele
o, A& HellA 187 Pzt F =B S Al
o} 2 A% (Fg 5[A]) EA= 50CelME 6177t
A% Z4E TR fR[Eled, 60°ColME 5417
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Fig. 6. Stability on the recombinant ADH. The activity was
assayed afer incubation for each period. The condition of
incubation was varied in temperatures and in contents of
buffer, respectively. The temperatures of incubation were A)
25°C and B) 4°C. The buffer contains 20% glycerol (& ),
cofactor NAD* (), and none (@).
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7] 50%2] AL FAElH. 70rCel My 50% 4
£ ded 308l Aasn) A4AE 308 St %
S W37 g F AR S S AgE
= Fig. 5Bl Jebigsh 2 da B 60°Ce
2] 30% 7Hdste = AEE Bt 65°Ca) Aol A
2571 71l uiet BAgA 549 asle
1}, 85°CellM ZAw gh413] P45 oA dstet o4
o] AzERE, A2 ADH= ool =i$ egsich=
AE oF 4= alsleh

=gt HAE A7)l XA EasimA 2 3y
233 A3E Fig 6l Jepisich 25°Ce) 4°Cel|
ouzE Hgsluia BAE S A, 25°CollA &
g adE s A, L 34 9A dute
=, glycerol 20%% ¥4 A7t Aol = g aido.
aeul, ZEA] NAD 'S} §hl Rl H5-lle 49
7hA] b Ed e, TR 73Sl wlahe] A e] o
Holzlch g 4°CellM e TAleE AYst A
25°Cel| wlste] obdAd o] epar Helzlan, of Fgelle
ks B 3ot 7H g sl

B X o

4. @ B

ol Az AE B QoM Bucillus stearo-
thermopilus2€] polymerase chain reaction "} ©|
45l ADH® F2AxE $5A19 F, 43 9
pGEX-KGell AF3lA)# glutathione S-transferases} &
¥ AR dadel Zspbd oz LA en, GSH
affinity chromatographyd ¢]8-5led gtA|2] zidat
AApdE 831sielc}. Aad A ADH: o] &
Ao} frAR3E A el B3-S vehligl o, o) Azt
ADHE= Pefle] E4Wct bl o] st ADH
= d=2E F4YS A% st W d2se] 3y
A AJakel o8 o).

#HA2l 2

B ERE 10084% F71% A7lel A8 ofafel
Sapsigizlel ool 2AKE ERuich.
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