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Summary

The overexpression systems of Cytophaga alcohol dehydrogenase and aldehyde dehydrogenase in Escherichia
coli were constructed, and both enzymes were purified to homogeneity. The alcohol dehydrogenase contained 2 g-
atoms of zinc per subunit, but the aldehyde dehydrogenase was independent of any metals. Both enzymes showed
low substrate specificities. They showed thermostability, although were produced by a psychrophilic bacterium: the
half-life times of Cytophaga alcohol dehydrogenase and aldehyde dehydrogenase were over 200 and 65 min at 50 C,
respectively. The Kn value of Cytophaga alcohol dehydrogenase is 40-50 times lower than that of the
Saccharomyces enzyme, and the kcat/ Km value of the Cytophaga enzyme is much higher than that of the
Saccharomyces enzyme. Ethanol was determined with about 175 times less Cytophaga alcohol dehydrogenase than

the Saccharomyces enzyme. The addition of Cytophaga aldehyde dehydrogenase led to an increase in sensibility.
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AlcDH D45 B—HIBFE M % 50 C T3040 MH L, F U7 MHEO EiFEE 10 mM Y YEY ) 7 A %E#H (KPB) (pH7.0)
THEN L7 BEE % DEAE Toyopearl # 7 212 L, AlDHIEW # &G EWREH S % BN L7z, BEHERICIS M&
LA XHIHEET v E= Y AL TIN%, Phenyl Toyopearl # 5 AL, 135 MOWEE7 ¥ E=v 4% &1 10 mM
KPB (pH7.0) T¥H##, 115 MOWET v E=7 A% &8 10 mM KPB (pH70) TERZHEH L7z, BEHEL 015 M
NaCl %%t 10 mM KPB (pH7.0) TEWN#, 5-AMP Sepharose # 5 AZ@EL, W& L7-B#F%1 mMONAD &
10 mM KPB (pH7.0) T&EH L7z,

Saccharomyces cerevisiae i3 AlcDHIZA ) = ¥ & VEER P OHEA L, BEEE% 015 M NaCl% & ¢ 10 mM KPB
(pH70) T&EH %, 5-AMP Sepharose # T AL, BEL-BHEL1 mMONAD % &% 10 mM KPB (pH7.0) T
BEH L7,

AldDH O} 8—MBEE W % 50 C T3040 20 L, @0 oHEi% o RiE% 10 mM KPB (pH7.0) TEHM L7z, BRI
# DEAE Toyopearl# 5 A 2@ L, B#FE% 10- 150 mM KPB@?)%)E?“? Iy THEBEE, EEESZBINL 2.
BEEWRIC 1 MBRER 7 £ =7 A %K%, Butyl ToyopearliZ# L, W& L-BEE%1-05 MOKEET7 v E= 7 ADE
B9 YLy bCTHEBSEERES 2N 72, BRBE 1 MOKKRT €27 2% &0 10 mM KPB (pH7.0) T&
¥7#%, Phenyl ToyopearliZ@L, 08 MOBEE7 v E=v A% &E 10 mM KPB (pH7.0) THki&E#£065 MOBET ~
T A%ETL10mM KPB (pH70) TEEEZEH 872, HEESZEINL, 10 mM KPB (pH65) TEHM#&, Red
Sepharose IZ&L, 0-0.1 mM NADP Oy S Vv N TRELER L, ‘

£ B E B/ —Polarized Zeeman Atomic Absorption Spectrophotometer Z-8200 (B#) %M\, Ni, Mn, Fe,
Cu, BEUZnoO&HHiaitorz,

TIVI—VOEE—400 1098 mM CHES (pH9.0), 2 mM NAD" % & &M 100 #1D 17 U/ ml Cytophaga
AlcDH & % 3300 U/ ml Saccharomyces AlcDH %@L, 30C T545MRiR#%, FS%RIZ0-25 mMODLY J —ViF
W10 p1 % MAT30CTI04BULHAER L7z NADHICHE T 5 340 nm BT 2RLELHE L7z, 1o Z D FUSRIC
0.5 U ® Cytophaga AldDH Z 7N L THRIGE 2 HE L 720

BREEE

Cytophaga AlcDH K UFAldDH I E. coli BL21 (DE3) OWHEMS ¥ X7 BEOEhEN20, BLURB%E HDHET
BB EN/o AlcDH & AlADH O RBEFRR O LIEMIXZ 121430, 141 U/mgTdh Y, AlDHELAEEL LT
T2y bHRV2ETOEMREEREL TV, 50CICBIT 2 EELRFE 2 E T 5 & AleDHIZ 200421 L,
AldDHIX 655 L TEEHR L B IRIRHHROBETH LI 0b O THVWARER LR L7z, AlcDH O RS # B fR I E
BOBEREREETARDS L KnfliZ15°-20C TROEVEEZRLE (BD., ThRIABORBEEFRE (15C) 2k
WIRERTH B0 T 72 keat/ Kn % 4 THIE L7z Saccharomyces AlcDHOfE & BT 5 L h R ) HWEEZR L7
(Do XEKEMZHAL L ADHIZEH» SRS B 1% - 2T Vva—N, FEHEETNVI-NG EIRWEE
FRMUEZRL7ZZ. AMDHI RSO L ) QEHOT VT FIZHWEEREZRL, 2EHEOT VTR FiCaH L TR BV
EHERLZ (R2). TVaA—VEROE, BEEOKRNEERTADE L7 U/ mld Cytophaga AlcDH & 300
U/ ml® Saccharomyces AlcDHTIZIZRBOHEB Z R LA (K1 Z ik Cytophaga AlcDH O fil i %) 3 23
Saccharomyces AlcDHDZN L D b2 VB0l eE 2 b5, /2 AlcDH & AIADHDREZRE AL Z &I
ED0-25 mMOT A a— Vi EEN, »POoBKEICHET LI LA TEL (K2), AlcDH XU AIADH 31, #E
BEUPEVCHARERTHIZ Y ) —VIADSEFEEI LTV A— VOEENDISHDPTETS 5o

BE
1) Branden, C. I, Jornvall H, Eklund H, and Furugren B. (1975) Enzymes, 3rd Ed. 11, Academic press, New York: pp

104 - 190.


saito
長方形


(MEFRERME F19%E 2002]

Table 1 Effect of temperature on kinetic parameters

Cytophaga AlcDH Saccharomyces AlcDH 1
Temperature (C) Km (mM, EtOH) keat/Km (min 'mM ™) Km (mM, EtOH) kcat/Km (min *mM ™)

10 0.190 12600 9.03 1670
20 0.147 25500 5.70 4550
30 0.168 39100 8.56 5510
40 0.248 ) 38900 12.1 4440
50 0430 36600

60 1.04 27400

Kinetic constants were determined by measurement of initial velocities at various concentrations of one substrate
at several fixed levels of the other substrate. Apparent maximum velocities (V‘imax) and apparent Michaelis
constants (K'n) were determined by Lineweaver-Burk double reciprocal plots. The maximum velocity (Vmax) and
the Michaelis constant (Km) were determined with the plots of 1/V'inax against the reciprocal of cosubstrate
concentrations. The substrate concentrations used were as follows;

ethanol: 0.05-5 mM, and NAD* : 0.05-1 mM.

Table 2 Substrate specificity of Cytophaga AlcDH and AldDH
(A) (B) ©)

Specific activity Specific activity Specific activity

Substrate (U/mg) Substrate (U/mg) Substrate (U/mg)
Methanol 0 Formaldehyde 9.53 Formaldehyde 7.30
Ethanol 30.9 Acetaldehyde 327 Acetaldehyde 722
1-Propanol 309 Propionaldehyde 171 Propionaldehyde 105
1-Butanol 28.7 Butanal 168 Butylaldehyde 3.26
1-Pentanol 22.8 Pentanal 147 Isobutylaldehyde 265
1-Hexanol 30.8 Hexanal 104 Valeraldehyde 2.30
1-Heptanol 35.6 1-Heptanal 95.3 Isovaleraldehyde 117
1-Octanol 384 1-Octanal 104 Hexylaldehyde 303
1-Nonanol 40.3 1-Nonanal 120 Heptylaldehyde 1.66
1-Decanol 70.2 1-Decanal 161 Octylaldehyde 1.34
2-Propanol 3.01 Acetone 0.500 Benzaldehyde 14.1
2-Butanol 258 2-Butanone 0.472 p-Isopropylbenzaldehyde 217
2-Pentanol 1.64 2-Pentanone 0.589 p-Chlorobenzaldehyde 499
2-Hexanol 122 2-Hexanone 0.258 m-Chlorobenzaldehyde 498
2-Heptanol 3.25 2-Heptanone 0.430 o-Chlorobenzaldehyde 0
2-Octanol 7.14 2-Octanone 0.705 p-Fluorobenzaldehyde 105
2-Nonanol 753 2-Nonanone 0.763 m-Fluorobenzaldehyde 572
(S)-(+)-2-Nonanol 152 2-Decanone 1.04 o-Fluorobenzaldehyde 14.1
(R)-(-)-2-Nonanol 0.01 Benzylaldehyde 51.2 p-Bromobenzaldehyde 1.90
2-Decanol 9.90 m-Bromobenzaldehyde 338
3-Decanol 2.30 o-Bromobenzaldehyde 0
t-Butanol 0.152 o-Methoxybenzaldehyde 254
Benzylalcohol 201 Glycelaldehyde 1.95
Allylalcohol 395

(A): Substrate specificity of Cytophaga AlcDH for oxidative reaction of alcohols. The enzyme was spectrophotometrically
examined by monitoring NADH formed at 340 nm with a reaction mixture (3 ml) consisting of 1 mM substrate, 1 mM
NAD* and 05% Triton X-100 in a 100 mM CHES, pH9.0 and enzyme at 30C. 0.5% Triton X-100 was added to sulublize the
substrate, and it showed no effect on enzyme activity. (B: Substrate specificity of Cytophaga AlcDH for reductive
reactions of aldehydes and ketones. The enzyme was spectrophotometrically assayed by monitoring NADH reduced at
340 nm with a reaction mixture (3 ml) consisting of 1 mM acetaldehyde, 0.2 mM NADH in 100 mM HEPES, pH 7.0 and
enzyme at 30C. (C): Substrate specificity os Cytophaga AldDH. The enzyme activity was determined by monitoring
spectrophotometrically the rate of reduction of NAD" at 340 nm at 30°C. The reaction mixture (3 ml) contained 1 mM
substrate, 1 mM NAD*, 0.1 M glycine-NaOH buffer (pH 10.0) anb enzyme.
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Fig. 1 Time dependence curves of absorbance at 340 nm during ethanol
determination.
The reaction mixture was contained 400 1 of 98 mM CHES (pH9.0)
and 2 mM NAD", 100 w1 of 1.7 U/ ml Cytophaga AlcDH or 300 U/ ml
Saccharomyces AlcDH and 10 ul of 25 mM ethanol. @; Cytophaga
AlcDH, &; Saccharomyces AlcDH L
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Fig. 2 Calibration curves of ethanol
(A) The calibration curves for ethanol with Cytophaga AlcDH (O) and Cytophaga AlcDH +
AldDH (@). (B) The calibration curve for ethanol with Saccharomyces AlcDH 1 + Cytophaga
AldDH ().
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