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Summary

- A.bacterial strain No. 1001 which has a high growth rate on a medium containing furfuryl
alcohol as the carbon source was selected. The alcohol dehydrogenase of the strain was studied
and the following results were obtained.

(1) Alcohol dehydrogenase of the sirain was purified using cell extract of furfuryl alcohol gro-
wn czlls as starving material. The enzyme was purified 660 times inspecific activity at a yield of
9% by chromatographies on DEAE-s2 phadex, Sephadex G-200, Blue Sepharose CL-6B and rechro-
matography on DEAE—Sephadex The purified sample was homogeneous by electrophoresis.

(2) Alcohol dehydrogenas= of sirain 1001 had an optimum pH at 8.8-9.0 for furfuryl alcohol
oxidation and an optimum temperaiure at 45°C.

(3) Kinetics of alcohol dehydrogenase of strain 1001 was studied for furfuryl alcohol and ethanol
oxidation and their reverse reactions as an ordered Bi Bi reaction. V, value for furfuryl alcohol
oxidaiion was 38% of that of ethenol oxidaiicn, but both substrates had almest same affinity to
the enzyme. V, values of reverse reaciions, furfural and ethanol reductions, were almost same
and furfural had rather higher affinity to the enzyme than acetaldehyde.

(4) The substrate specificity range of alcohol dehydrogenase of strain No. 1001 was comrpared
to ¢hose of yeast and horse liver enzymes. Yeast alcohol dehydrogenase is characteristic to have
a narrow substrate specificity and high activity and not active on furfuryl alcohol.

“Horsz liver enzyme which is aciive on furfuryl alcohol has a wide subsirate specificity range
and low catalytic activity. The alcohol dehydrogenase of strain No. 1001 had a wide subsirate
spetificivy including furfuryl alcohol and higher catalytic activity.

From these resulis, an evolution of subsirate specificity range among alcohol dehydrogenaees
of various origin are discussed. :
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_Intzoduection

In the previous reports, it was concluded
that alcohol dzhydrogenase is inducad by fut-
furyl alcohol in Cephalosporium sp, the first
step of furfuryl alcoholrmetabolis_m is cataly-
zed by alcohol dehydr
icity is active on furfuryl alcohol as well as
primary alcohols and that no specific eszyme
accive on on]y furfuryl alcohol can datected.
Alcohol dshydrogenases of various substrate
specificity ranges have been studied, (29-31,
33,34) and many of them are activa on ethanol
and other aliphatic alcohols with or without
unsaturated aliphatic chain. Few enzymes are
known to be active on furfuryl alcohol(28) or
few informations ars available on aleohol deh-
ydrogsnasz action on furfuryl aleohol.

Thas2 obervations suggest that there might
b2 wide variztizs of alcohol dehydrogenases of
which substrate spacificities differ from species
£0 speciss to specizs of microorganisms as a
result of molecular evolutien. In the case of
other enzyms=s having absoluie subsirace spec
ificity, the evolution of enzyms molecule can-
be followed by & change of amino acid sequ-
enc* and causes alteration of catalytic activi-
ty and subsiratz specificity. But in case of
alcohol dehydrogenasz substrate specificity ra-
ngs would be altersd, and such expandzd sub-
strats specificity might includa; furfuryl ale-
ohol which ma%ke ths microorganism capable
to mstabolize furfuryl alcohol as ths carbon
sourca.

In this report anothar baciaria capable to
grow on furfuryl alcohol medium was studied
its alcohol dzhydrogenas: and comparsd the
substratz specificity to that of Cephalosporium
sp. yzast and horse liver.

Experimental Methods

Microorganism and Culture.
Bacteria No. 1001 sirain which have been

» of wits epeetf

isolated from nature as a rapidly growing str-
atn -im furfuryl alcohel mediumn was used
throughout this study.

For the bacterial growth, the basal medium
contained 0.49 of NH,NO,, 2% of KH,PO,, 3%
of K;HPO,, 0.29 of yeast extract, 0.19 of

% M,S0.. TR0, 104 of polypeptone and 39 of

furfuryl alcohol in 1¢. Seed culture was inc-
ubated in 500=¢ of Ehlen-Meyer flask conta-
ining 100a¢ of the basal medium at 30°C for 24
hours on a rotary shaker after inoculation
from agar slant. Growth culture was carried
out in a 3¢ Sakaguchi flask contaming 1,000x¢
of the basal meditmr, -mceulated with 1% vol-
ume of the seed cubture amd incubated at 30°C
in a water bath with reciprocal shaking for 30
to 35 hours. During the incubation period more
than 90% of furfuryl alcohol was consumed
and the czll concaniracion reached to more
than OD 9.

Cells were harvested by centrifugation in a
refregirated cenmtrifuge (KUBOTA Model KR~
200A) and washed twica with buffer colution
A. The buffer solution A was 0.02M potassium
phosphate buffer pH 7 containing 10% glycerol
and 10mM mercaptoethanol.

Protein assay

Protein assays were carried out by measuring
the absorbance at 280nm using HITACHI spe-
ctrophotometer Mcdz1 200-20

Conductivity measurement

NaCl conczntration was escimated by a
conductivity meter of M & S Instrument Inc.
Model CD-35MILI.

Enzyme assay

The assay system contained in a final volume
of 3.2x¢: 50mM of Tris-HCl buffer pH 8.5,
0.1mM NAD* 1% furfuryl alcohol and 0. 2a¢ of
enzyme solution unless otherwise specified.
The reaction was followed by measuring the
increase in absorbance & 340nm by a HITAC
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HI specirophotometer Modzl 124 with a reco-
rder.

Disc polyacrylamide gel electrophoresis

Disc polyacrylamide gel elecirop horesis is
carried our aéedrding to the “method discribed
by Davis (363 at pH 9.5. Separation gel con-
tained 7% acrylmide in Tris-HCI buffer (pH
9) and the doncentration gel centained 2.5%
acrylamide #n Tris-HCl buffer (pH 6.7). The
pH of Tris-glyéinie buffer was pH 8.3, Electr-
ophoresis was carried ous at 4mA per: tube. As
a tracking dye bromephenol blue was used.
After electrophoresis the gel was stained by
amidoblack for éne hour followed by destaining
in 7% acstic acid at a constant current of 10
mA per tube.

SDS polyacrylasiide gel electrophoresis

SDS polyacrylamide gel electrophoresis was
addpted from Weber and Osborn(37). The gel
contained 10% aerylamids monomer and 0.1%
sodium dodzcyl sulfate (SDS) in sodium phos-
phate buffer containing 0.1% SD3. Elzctroph-
oresis was carried out at 8mA per tube for 5
hours. The protein band was stained by ami-
doblack as stated abovz and dzstained under
consiant current (10mA par tubz) in a solut-
ion containing 7% dcetic acid and 5% methanol.

Reagents

DEAE-szphadex A-50, Sephadex G-200 and
Blue Sepharose CL-6B wers purchased from
Pharmacia Fine Chemicals. Furfuryl alcohol
was obtained from Nakarai Chemicals Co. and
purified by fraétional das:illation and stored in
N; atomosphere before use. Ocher alcahols and
aldehydes were analytical grade of commercial
products. Aleohol dohydrogenases of yeast and
horse liver wera producis of Otiental Yeast
Co. Lid. and Sigma Chemical Co.

Coenzymss, NAD* and NADH werz obtained
from Orizntal Yeast Co. and Kohjin Co. Ltd.
NAD*-N®~(N~(N- acrylov/- 1-methoxycarb-

onyl-5- aminopentyl)— propicamide] (M-NA
D*) and its acrylamide copofymer (P-NAD*)
were prepared by Muramatsu, Urate, Yamada
and Okada in Osaka University. Other chemi-~
cals were obtained commercially. -
Results

Purification of Enzyme

Crude enzyme

Cells (79) were suspended in sz of 0.02M
potassium phosphate buffer containing 10%
glycerol and 10mM mercaptoethanol (buffer
A). The cells were disintegrated bty French
press(OTAKE WORKS Co.) at<00%/ad pres-
sure and centrifuged at 12,1009 fcr 10 minutes.
The resulting pellet was again suspended and
subjected to sonic treatmant at 20%c for 5
minuces to extract the enzyme. The raculting
suspension was combined with the supernatant
solution of the pressed juice and centrifuged
in a ultracentrifuge apparatus of HITACHI 80P
with a rotor RP50—2 at 50,000 rpm fof 45
minutes. The supernatant obtzinzd was used
as crude enzyme.

DEAE-Sephadex A-50 Column Chiomato—
graphy

The crude enzyme solution obizined above
was subjected to a column chromatography on.
DEAE-Sephadex A-50 which had been equilib-
riated with buffer A. Th2 column size used
was 3.0em in diameter and 48cx long. After
charge of the crude enzyme solution, enzyme
was eluted by buffer A containing stepwisely
increasing NaCl concentration; 0, 0.05, 0.1
and 0.15M NaCl at the elution rate 200z per
hour. Each 20s¢ fractions were collected. The
result is shown in Fig. 1. The active énzyme
fractions were collected (Fraction number 71
through 92) and concentrated in an Amicon
filter UK 50 to 15a¢. The active enzyme eluted
at NaCl concentration of 0. IM.
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Fig.1. Column chromatography of alcohol dehydrogenase of strain No. 1001 on DEAE Sephadex-~
A 50. Column size 3.0cm in diameter and 48¢m long, and each fractions of 20s¢ was
collected. Alcohol dehydrogenase Activity (O), Protein concentration (@). '

Sephadex G-200 Column Chromatography

The enzyme concentrate obtained above was
further puirfied on a column of Sephadex G- 2 L :
200 which had been equilibriated with buffer A. PooC ' IR
The column size used was 2.8em indiameter ' ' , RS
and 52 long. The enzyme was eluted by

10 Sxe.

buffer A at an elution rate of 18a¢ per hour. 3 13 g ;
and each 3¢ fractions were collected. The < =
chromatogram is shown in Fig.2. The active E 1 g
fractions (Tube number 25 through 35) were £ ;&J 12 5
collected and concentrated on an Amicon filter ' ‘; ‘5=' %
o i ]
\

Affinity Chromatography on Blue-Sepha-
rose CL-6B

5
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The enzyme conc:sniratz obtained by the 0
molecular s hieve chromatography was subject-
ed to an affinity chromatography on a column . )
containing Blue-Sepharosz CL-6B. The column an.f . ig;gn;?toif;g:qugf a}%giménd%?;f:gf;
(2cmx13cm) was equilibriaved with buffer A, : G-200. Alcohol dehydrogenadse activity-
and after application of enzyme sample, the - - - (©), protein concentration (@). :
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Fig.3. Affinity chromatography of alcohol de-
hydrogznasz of strain No.1001 on Blue

epharose CL-6B. The column size
was 2cm in diamzier and 13e= long. The
eluting solution was buffer A contain-
ing specified reagents in the figure at
the time indicated by arrows. Alcohol
dehydrogenasz activity (Q), protein
concantration (@). .

column was eluted first with buffer A, then
buffer A containing 0.1mM NAD* and then
with buffer A containing 2M KC1. The elution
rate was 15s¢ per hour and each 3s¢ fractions
were collecied. The results is shown in Fig.
3. The active fractions of tube number 33
through 3;1, were collected and again concen-
trated in an Amicon Filter. ' -

Rechromatography on DEAE-Sephadex A-
50 Column. ‘

The enzyms sample obtained above was rec-
hromatography on a column (1. 5x¢x15e=) con-
taining DEAE-Sehadex which had been equili-
ated by buffer A. The column was eluted at a
elution rate of 13s¢ per hour with buffer A.
containing stepwisely ' increasing NaCl; ' 0.06,
0.08, 0.1, 0,12 and 0.15 M NaCl. The results

-

- is: shown in Fig. 4. The active .fractions

(Tube ndmber 51 throngh ™ 80) were . gollested ~

and concentrated vntil 3ml by an Amicon filter.

The enzyme sample of this purity was used
throughout this experiment. . . o

" The purification resulis are summarized . i
Tati 1, which shows the alcohol dehydroge-
nase was purified about 660 times in specific
activity yield 9%.

Purity of ”the Enzyme Sample.

As shown in Fig. 4, the activity peak
fractions appeared in rechromatography on
DEAE-Sephadex column had a constant specific
activity. The purified enzyme sample showed
a single band when analyzed either by disc
acrylamide gel electrophoresis or by SDS get
electrophoresis as shown in Fig.5.

Enzyme Characteristics.

Stability of enzyme

The purified enzyme is not stable at 4°C. It
lose 50% activity in 24 hours in 0.02M phosp-
hate buffer at pH 7.3 containing 10% glycerol.
Addition of 10mM NaHSO;, 30mM ditchiothr-
eitol or béth did not improved the enzyme
stability. The addition of 30mM 2-mercaptoe-
thano! or 30mM mercaptoethancl and 30mM
NaHSOs preven‘ced the enzyme inactivation. At
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Fig.4. Rechromatography of alcohol dehydro-

genase on DEAE-Sephadex A50. Colu-

. mn size was 1.5em in diameter and

15¢n fong. Each fraction of 2a¢" was

" collected. Alcohol dehydrogenase acti-
vity(Q), protein concentration(@).
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Table 1. Summary of purification Procedure
Purification step Protein Total enzyme Specific -~ Yield
(=5) activity (U) (U/»g) (%)
Crude enzyme 3,400 102 0.03 100
DEAE-Sephadex A-50 121 37 0.31 36
Sephadex G-200 39 3% 0.92 35
Blue 8epharose CL-6B 1.2 14.8 12.55 15
DEAE-Sephadex A-50 rechromato~ 0.48 9.2 20.0 9
graphy

Fig.5. Analytical disc gel and SDS gel electr-
ophoragrams of alcohol dehydrogenase
of strain No. 1001. Both gels were
stain=d for protein using amidoblack.
solution.

these conditions no detectable loss in 2 days
and 10 to 20% loss in a week was observad.

Optimum pH
Optimum pH was determined to bz 8.8 to

9.0 by using furfuryl alcohol as substrate. The
‘buffer system used were each 0. 13M potassium

100p
8
g
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£
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Fig.6. Dependence of alcohol debydrogenase
activity of strain No. 1001 on pH. (@)
Potassium phosphate buffer, (O) glyc-
ine-NaOH buffer, and (&) Tris-HCI
buffer. The reaction mixture contained
133mM buffer solution, 10mM mercap
toethanol, 100mM furfury] sleohol and
0.1mM NAD* in a constant tempera-
ture(30°C) czll.

phosphate buffer for pH range of 6.7 to 7.9,
Tris-HCI buffer for pH range of 7.2t0 8.9 and
glycine-NaOH buffer for pH range of 8.6 to
10.6. The pH activity curva is shown in Fig.
6.

Optimam temperature

Optimum temperature of the dehydrogenase
was determined to be 45°C as shown In Fig.7.
The reaction rate was detammnined by NAD*
reduction rate in the pressnce of furfuryl
alcohol.
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Fig.7. Temperaturz-activity relationship. The
reaction mixture was the same as leg-
end of Fig. 6. except for 100mM Tris-
HCI buffer of pH 8.5 was used through
out.
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Fig.8. Lineweaver-Burk plots for the oxida-
tion of furfuryl alcohol with alcohol
dehydrogenase of sirain No. 1001. The
coenzyme concentration was Q.20,0.25,
0.33, 0.50 and 1.00 x10“M as specified
in the figure. Other reaction conditions
were same as in legend of Fig.7.

WV e/l ) x1071

1.0

o
w

o L. ] 1 (1 d

0 150 2l0 310 ll.o 5-0

.00t x 104 il
Fig.9. Replots of the slepe and. intercepts of

the Lineweaver-Burk plots shown- in
Fig.8. against the reciprocal of NAD*

concentration.

Kinetic properties.

Reaction sequence of alcohol dehydrogenase
obeys mainly ordered Bi Bi reaction (38) where
enzyme reacts first with NAD* molecule then
react with alcohol to form tertial com plex, and
among the reaction products, aldehyde releases
from the enzyme molecule first then NADH.

Kinetic studies were carried out with reaction
systems as described in "Materials and Meth-
ods”. Kinetic constants in the initiai rate eq-
vation for forward reaction.

Ku Kb

’

Vg 14— .
_;L_1+m“‘ﬁﬁ;aj +TRAD") Calcohol]

are obtained from Lineweaver-Burk plots and
slope and intercept replots 8s deagribed by
Cleland (39). In the equation Vs is the max-
imum velocity for forward reactiom, K., the
dissociation constant of the enzyme-NAD+*co-
mplex; K, and K, are the limiting Michaelis
constants for NAD* and alcobol respactively.
The results of initial rate studies with NAD*
and furfuryl alcohol, and NAD* apd ethanol
are shown in the Linewsaver-Burk plots of
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Fig.10. Lineweaver-Burk plots for the oxidation of ethanol with alcohol dehydrogenase of
strain No. 1001. The NAD* concentrations were 0.20, 0.25, 0.33, 0.50 and 1.00 x10-‘M.
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Fig.11. Replots of the slopes and intercepts of

: the Lineweaver-Burk plots shown in
Figl0. against the reciprocal of NAD*
concentration.

Fig- 8. and 10 respectively. The slopes and
intercepts replots of the results obtained in
these figures are shown 'in Fig. 9 and 11
respectively. T R
The kinetic constants for the evrerse react-

ions are also studied by using furfural or
acetaldehyde and NADH as substrate and coe-
nzyme. The initial race equation is as follows;

K, K,

Vnr — 4 . .. K‘ __I(ﬁ
=1+ iqenydel T(NADH) | fadehyde)(NADH]

were Vi, is the maximum velocity of the
reverse reaction, Ki, is_ the dissociation cons-
tant of enzyme-NADH comiplex; and K, and
K, are also limiting Michaelis constants. for
aldehyde and NADH respectively. The results
of initial rate studies plotted according to
Lineweaver-Burk plot are shown in Fig. 12
for furfural and NADH and in Fig. 14. for
acetaldehyde and NADH. The slopes and inte-
reepts obtained in these plots are replotied and
shown in Figs. 13 and 15 respectively. The
estimated kinetic constants of V..;. Vers Ko
Ks Ky K, Ki, and ‘K;, are summarized in
Table 2. o
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Fig.12. Lineweaver-Burk plots for the reduction of furfural with alcohol dehydrogenase of
strain No. 1001. The reaction was carried out at 30°C in 10mM potassium phosphate
buffer (pH7.4) and NADH and furfural as specified. The NADH concentration was
0.20, 0.33, 0.50 and 1.00 x10-4M as specified in the figure® .
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Fig.14. Lineweaver-Burk plots for the reduc-

0 ! L 1 L 2 tion of acetaldehyde with alcohol deh-

0 1.0 2.0 3.0 4.0 5.0 ydrogenase of strain No. 1001. The

V MDY ol ' reaction conditions were essentially

: same as in Fig.12 except acetaldehyde

Fig.13. Replots of the slopes and intercepts ' was used instead of furfural. NADH.
is the Lineweaver-Burk plots shown in NADH concentrations used were 0.20,

Fig. 12. against the reciplocal of NAD 0.25, 0.33, 0.50 and 1.00 x10*M as sp-

H concentrations. : ecified in the figure. - .
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Table 2. Kinetic constants ot alcohol dehydregenase of strain No. 1001,
Reaction ’ Vs (U/28) K, (aM) Ky(uM) Kie(uM)
NAD*-Ethanol 71 28 680 56
NAB*-Eurfuryl alcohol 27 1Y) 560 85
ViurCU/79) Ky(Cu) K (uM) K ((uM)
NADH-Acetaldehyde 330 17 28 26
NAD#-Furfural 310 48 30 39
Tho notatians of the reactants and producss are as follows
A(NAD% Bc(alcohol) Pcaldehyde) Q(NADH)
£ 1 Substrate specificity
E & To compare the substrate specificity range
- 0.8 - of the alcohol dehydrogenase of strain No.
3 * 1001 to that of other origin, NAD* reduction
; 0 § in the presence of various alphatic and arom-
‘f, . > atic alcohols was studied and listed in Table 3.
= - As comparisons substrate specificities of yeast
0

2.0 3.0 5.0

1/ HADH  x10% 171

1.0 4.0

Fig.15. Replots of the slope and intercepts of
Lineweaver-Burk plots shown in Fig
14. against the reciprocal of NADH
concantrations.

_Table 3.

and horse liver alcohol dehydrogenases were
studied at the same reaction conditions. From
the table it is evident that yeast alcohol deh-
ydragemase is not active on furfuryl alcohol
and that of horse liver alcohol dehydrogenase
has only 1/40 activity toward furfuryl alcohol

The substrate specificities of alcohol dehydrogenases of straim

No. 1001, yeast and horse liver: activity toward alcohols.

Strain No. 1001

Yeast Horse liver

Activity Relative Activity Relative

Activity Relative

Alcohols U/m) acté%vity (U/=g) z‘i,/c‘civity U/ngg) aci'i\:/ity
Ethanol 54 1.0 M3 1.0 0.56 1.0
n-Propanol 49 0.9 25 0.17 1.00 1.79
n-Butanol ’ 45 0.8 8 0.05 1.4 1.86
n-Pentanot 33 0.7 5 0.03 0.40 0.71
n-Rexanol 3 0.6 3 0.02 0.40 0.68
n-Octanol 29 0.5 7 0.05 0.40 0.68
iso~Propenol 0 0 0 0 0 0
iso-Butanol 6 0.1 0 0 1.06 1.89
iso-Pentano} 4 0.1 0 0 0.4 0.79
sec-Butanol 5 0.1 0 0 0.8 0.50
S-Mathyl hexanol 0 0 0 0 1.96 3.5
ANyt alcohol 86 1.6 124 0.8 1123 2.00
Beazyl alcohol 4 0.1 0 0 0
Furfuryl alcohol 20 0.4 0 0 0.28 0.50

Reaction mixture contained 50mM Tris-HC] buffer pH 8.5, 100 xM NAD* and 10mM substrate.
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Tabje ¢ The substrate specificities of alcoho] dehydrogenase of strain
No. 1001 Xeast and horse liver: Activity toward aldehyde.
Yeast Horse liver
Adehyce o R Ry LAY oW My
% %
Formaldehyde 70 0.28 0 0 3.5 0.14
Acezaldehyde 250 1.00 896 1.C0 4.9 1.00
Propionaldehyde : 183 0.73 .32 0.3 2.7 1.07
n-Butylaldehyde 116 0.46 24 0.03 10.6 0.43
iso-Butylaldehyde 4 0.02 0 0 0.6 0.02
Glyoxal 7 0.03 0 0 0.5 0.02
Glutalaldehyde 93 0.37 10.3 0.01 3.2 0.93
Chroral hydrate 3 0.01 0 0 0.2 0
Benzaldehyde 98 0.31 0 0 13.1 0.53
PFurfural 210 0.9 9 0.01 13.3 0.53

The. reaciion mix‘turé containedv l(I)mM Pb‘cassium phosphate buffer pH 7.4 100uM NADH

and 5mM substrate.

in mg protzin base even though relative activity
toward ethanol is enough high.

In Table 4. substrate specificities of the
reverss rzaction of alcohol dehydrogenase of
strain No. 1001, yeast and horse liver are
listed. Furfural is one of the best substrate
for the enzyme of sirain No. 1001, but yeast
alcohol dzhydrogsnase is inactive and horss
liver enzyme again had little activity to all
aldehyd= taated in specific activity in mg
protein basa.

Discussion

There are good reasons to believe that
alcohol dzhydrogenases of al lorganisms evolved
from the same origin. Yeast and horse liver
alcohol dehydrogenases have been most exten-
sively studied and their amino acid sequ-
ences have been d=cided recently (6-8, 13, 40).

In a comparative study of these two enzymes
(41), it was concludzd that the overall positi-
onal id>ntity is 25% and that the longest app-
arent corrrespond is 21 residues. So, alcohol
dehydrogenases studied in this thesis may

also be on the same line of the correlation
between alcohol dehydrogenases of yeast and-

horse liver. Horsz liver alcohol dehydrogenase
is a dimer enzyme of molecular weight of 83,
000(46) and it is most active on n-butanol
amonng n-alcohols. It has a wide substrate
specificity range and very low specific activity
compared to yeast alcohol dehydrogenase. These
characteristics could be reasonable to consider
its role in mammalian liver to detoxificate
highsar alcohols produced by anaerobic bacteria
in the digestive organs. Yeast alcohol dehyd-
rogenass is characterisiic to have very high
specific activity to ethanol and relatively
narrow suabsirate specificity range. This might
be a result of that yeast alcohol dehydrogenase
have been sclected as a catalyst of alcohol
fermentation during evolution of the fenzyme

molecule. Yeast alcohol dehydrogenase has 5%
activity on n-butanol as that of ethanol.

In this thesis two alcohol dehydrogenaseé of
different origin which are active cn furfuryl
alcohol were purified and studied. These two
enzymes had very similar substrate specificity
ranges. Both enzymes had almost same acti-
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vities on ethanol, n-propanol, n-butanotand on -
n-pentanol, and had 35-40% activity on “furf -

uryl alcohol as that on ethanol.” These facts
may. feflect the selection standard during
molecular evolution _that is active on furfuryl
alcohol essentially lead to this substrate range.

In comparison of the primary structures on
yeast and horse liver alcohol dehydrogenases,
both molecules have its own deletion and
insertion segments, but high similarity was
found in active site region and dissimilar
region in loop segements. The role of such loop
region is not known yet but may reflect the
substrate specificity which might be decided
by its stereochemical structures.

In Table 4 substrate specificity of known
alcohol dehydrogenases are listed. Only horse
liver enzyme is known to be active on furfury
alcohol, and other enzymes are negative or no
information is available. So, in thesz experi-
ments the existence of alcohol dehydrogenasz
active on furfuryl alcohol has been established.

Some examples are known that dehydrogen-
asz having more specific subsirate ranges
including common substrates as alcohol dehy-
drogenases (43-45). Harada st al (43) have
reportad 2-alkyne-1-ol dehydrogenass having
molecular weight of more than 503,000.- This
enzyme is not active on ethanol but very
active on 2-butyne-1-ol and named as 2-alkyne-
1-ol dehydrogenases. The enzyme siill has ac-
tivity on n-propanol as a common Substrate
with aleohol dehydrogenase. 1, 2-propandiol
dehydrogenas: studied by Fukui et al (44) has
an intermediate substrate specificity range
between alcohol dehydrogenass of horse liver
and 2-alkyne-1-ol dehydrogenase. It has 5%
activity on ethanol of. that of on n-propanol
and is very active on 1,2-propandiol which is
a common substrate with -2-alkyne-1-ol dehy-
drdgenase. So taking the substrate specificity

 ‘range of alcohol dehydrogenase of horse ‘liver

48 a prototype, the yeast enzyme is enhanced
its action-on ethanol and lost its activity on
various higher alcohols. 1,2-propandiol dehyd-

rogenase have evolved to obtain acticn on the

diol and lost most of its action on ethanol.
This tendency is more remarkable in 2-alkyna-
1-ol dehydrogenase wkich activity on ethahot
is completely lost. From the. standpoint of
alcohol dehydrogenase evolution the enzyme
tudied in this thesis, it is concluded that the
activity on furfuryl alcohol does not requira
such drastic molecular evolutional changes.
Their substrate specificity range is the same
degree as horse liver enzyme, though their

activities are 100 times higher than that of -

horse liver enzymes. .

Enzymes are classified by their substrate
specificity differences,and not by the primary
structural differences. The problem is extream
evolution of enzme molecule results in lack of
activity on standard substrate such as ethanol
in case of alcohol dehydrogenase 2-Alkyne-1-ol
dehydrogenase may be one of the cases.

Classification of such enzyme should be
alcohol dehydrogenase in systematic evolutic-
nal nomenclature but could be quite a new
enzyme by a trivial subs?mte specificify nom-
enclature. The disadvantage of the systematic
evolutional nomenclature is that the name of
the enzyme can not be made before its prim-
ary structure decision. So, these two nomen-
clature systems should be interact to made
suitable nomenclature system:
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