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NAD-dependent p-sorbitol dehydrogenase (EC 1.1.1.14)

was crystallized from the cytosolic fraction of Gluconobac-
ter suboxydans IFO 3257. This is the first example of the en-
zyme crystallized from acetic acid bacteria. The enzyme
catalyzed oxidoreduction between p-sorbitol and p-fruc-
tose in the presence of NAD or NADH. The crystalline en-
zyme showed a single sedimentation peak in analytical
ultracentrifugation, giving an apparent sedimentation con-
stant of 5.1s. Gel filtration on a Sephadex G-200 column
gave the molecular mass of 98 kDa for the enzyme, which
dissociated into 26-kDa subunits on SDS-PAGE, indicat-
ing that the enzyme is composed of four identical subunits.
Oxidation of p-sorbitol to p-fructose and xylitol to p-xylu-
lose predominated in the presence of NAD at the optimum
pH of 9.5-10.0. Reductions of p-fructose to p-sorbitol and
D-xylulose to xylitol were also observed in the presence of
NADH with the optimum pH around 6.0. The relative rate
of p-fructose reduction was about one-fourth of that of p-
sorbitol oxidation. NADP and NADPH were inert for the
both reactions. Since the reation rate in p-sorbitol oxida-
tion predominated over D-fructose reduction at some alka-
line pH, the enzyme could be available for direct enzymatic
measurement of D-sorbitol. Even in the presence of a large
excess of D-glucose and other substances, reduction of
NAD to NADH was highly specific and stoichiometric to
the p-sorbitol oxidized.
Key words: acetic acid bacteria; NAD-dependent D-sor-
bitol dehydrogenase; fructose reductase;
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hydrogenase

In relation to sugar and sugar alcohol metabolism in
acetic acid bacteria, we have found many membrane-
bound dehydrogenases in the cytoplasmic membranes.”
At the same time, different kinds of NAD(P)-dependent
dehydrogenases have been indicated in the cytosolic solu-
ble fractions of the organisms.? Alcohol dehydrogenase
is found in the cytoplasmic membranes as well as in the
cytosolic fraction and the metabolic functions of individ-
ual enzymes are distinct. Quinohemoprotein alcohol de-
hydrogenase (EC 1.1.99.8) is localized in the cytoplas-

mic membranes and the enzyme activity is directly
coupled to the respiratory chain of the organisms, yield-
ing bioenergy during alcohol oxidation. On the other
hand, the cytosolic alcohol dehydrogenase (EC 1.1.1.1
or EC 1.1.1.2) is common in alcohol and aldehyde
metabolism in cytoplasmic functions. Aldehyde de-
hydrogenases,” D-glucose dehydrogenases,>® D-fruc-
tose dehydrogenases’® and many other enzymes® have
been similarly characterized from two different loca-
tions in acetic acid bacteria. In our recent report,
NADP-dependent D-mannitol dehydrogenase (EC
1.1.1.138) and NAD-dependent D-mannitol de-
hydrogenase (EC 1.1.1.67) have been identified in the
cytosolic fraction of D-glucose grown cells of
Gluconobacter suboxydans IFO 12528, both of which
catalyze reversible oxidoreduction between D-mannitol
and D-fructose. They were separated from each other
and the NADP-dependent enzyme was finally crystal-
lized for the first time.” In acetic acid bacteria, quino-
hemoprotein D-mannitol dehydrogenase (EC 1.1.2.2)
has been purified and characterized from the membrane
fraction,'®!V of which localization is restricted to the
cytoplasmic membrane and the enzyme activity is
NAD(P)-independent. As has been proved,” only the
membrane-bound dehydrogenase is responsible for ox-
idative fermentation to accumulate useful oxidation
products in the culture medium.

In two strains of genus Gluconobacter, G. subox-
ydans subsp. var. « IFO 3254 and G. suboxydans ATCC
621, the occurrence of two different D-sorbitol de-
hydrogenases (SLDH) (EC 1.1.99.21) in the membrane
fraction has been indicated, one of which is a covalently
bound FAD-dependent flavohemoprotein'? and the
other is a PQQ-dependent quinohemoprotein.'® L-Sor-
bose fermentation is done with these membrane-bound
dehydrogenases. Regarding the papers dealing with cyto-
solic SLDH, the enzyme sources have come from plant
cells'” and mammalian tissues,'”'” and microorgan-
isms.'®? Recently, NAD-dependent SLDH has been
crystallized from Bacillus fructosus.” Since Gram-posi-
tive bacteria like bacilli would have no membrane-
bound dehydrogenases as highly developed in acetic
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acid bacteria, it is interesting to check the role of SLDH
in comparison with acetic acid bacteria. With respect to
cytosolic NAD(P)-dependent SLDH in acetic acid bac-
teria, the occurrence of NAD-dependent SLDH (EC
1.1.1.14) was indicated many years ago.”?* However,
enough purification of the enzyme remained to be done,
inspite of its wide distribution through the genus
Gluconobacter. In pseudomonads, since they would
have no membrane-bound SLDH, only cytosolic SLDH
is responsible for D-sorbitol metabolism. In this paper,
crystallization and characterization of cytosolic NAD-
dependent SLDH from G. suboxydans 1IFO 3257 were
done to check the metabolic role of the enzyme in acetic
acid bacteria. Comparison of catalytic and enzymatic
properties of the cytosolic SLDH from acetic acid bacter-
ia is made with those so far reported from other organ-
isms.

Materials and Methods

Chemicals. NAD, NADP, NADH, NADPH, yeast ex-
tract, yeast NAD-dependent alcohol dehydrogenase
(151 kDa), and D-glucose-6-phosphate dehydrogenase
from Leuconostoc mesenteroides (105 kDa) were kind
gifts from Oriental Yeast Co., Tokyo. Other chemicals
used were from commercial sources of guaranteed grade
unless otherwise stated.

Microorganisms and culture conditions. G. subox-
ydans IFO 3257 was used throughout this study. The cul-
ture medium consisted of 5 g of D-glucose, 20 g of sodi-
um D-gluconate, 3 g of glycerol, 3 g of yeast extract, and
2 g of Polypepton in 1 liter of tap water. The pH of the
medium spontaneously settled to 6.5 when all these in-
gredients were mixed. A seed culture in 100 ml of the
medium in a 500-ml Erlenmeyer flask was made over-
night and transferred to 5 liters of fresh medium in a 10-
L table top fermentor and cultivated for another 12 hr.
Then, it was transferred to 30 liters of the medium in a
50-L fermentor and cultured overnight. All cultivation
was set at 30°C under shaking or vigorous aeration.
About 200 g of wet cells were usually harvested from the
culture described above.

Assay of enzyme activity. The enzyme activity of
SLDH was measured by a routine method used for com-
mon NAD(P) enzymes by recording the rate of increase
of NADH at 340 nm with D-sorbitol as the substrate in a
reaction mixture at 25°C. The reaction mixture (1 ml)
contained 100 umol of D-sorbitol, 50 umol of glycine-
NaOH, pH 9.5, 0.2 umol of NAD, and an appropriate
amount of enzyme. D-Fructose reduction was measured
in a reaction mixture (1 ml) containing 100 umol D-fruc-
tose, 100 umol of potassium phosphate, pH 6.0, 0.2
pmol of NADH, and the enzyme. The rate of increase
in absorbance at 340 nm was recorded. One unit of the
enzyme activity was defined as the amount of enzyme
catalyzing 1.0 umol of NADH formation in D-sorbitol
oxidation or 1.0 umol of NADH oxidation in b-fructose
reduction per min under the above conditions. An opti-
cal absorption coefficient of EL7 »0.m=10.0 was tenta-
tively used for the protein concentration measurement.
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The specific activity was defined as units of enzyme activ-
ity per milligram of protein.

Preparation of cell-free extract. A buffer solution
(Buffer A) of potassium phosphate, pH 6.0, containing
50 mMm D-fructose and 5 mMm S-mercaptoethanol was
used throughout in this work. A cell suspension was
made by suspending about 10 g of wet cells per 10 ml of
10 mMm KPB, and passed through a Rannie high pressure
laboratory homogenizer (Rannie model Mini-Lab, type
8.30H, Wilmington, MA, USA) at 1,000 psi. After
removal of intact cells by a conventional low speed cen-
trifuge, the cell-free extract was further centrifuged at
68,000 X g for 90 min and the resulting supernatant was
designated as the cell-free extract.

Polyacrylamide gel electrophoresis (PAGE). PAGE
in the absence of sodium dodecylsulfate (native PAGE)
was done on a 7.5% polyacrylamide disc gel and Tris-
glycine buffer, pH 8.3, essentially by the same method
described by Davis,? and the protein band was stained
by Coomassie brilliant blue (CBB R-250).

SDS-polyacrylamide gel electrophoresis (SDS-PAGE).
SDS-PAGE was done on 12.5% (w/v) slab gel by the
methods described by Laemmli.?® Before application,
samples were treated with 6% (w/v) SDS and 0.1 mm
dithiothreitol at 60°C for 30 min. The following calibra-
tion proteins (Bio-Rad, Hercules, CA, U.S.A.) with the
indicated molecular mass were used as references: phos-
phorylase b (94 kDa), bovine serum albumin (68 kDa),
ovalbumin (43 kDa), carbonic anhydrase (31 kDa), and
lysozyme (14.4 kDa).

Analytical ultracentrifugation. Analytical ultracen-
trifugation was done by a Hitachi model SCP85H
ultracentrifuge at 20°C throughout measurements. Esti-
mations of the sedimentation coefficient was done by the
methods of sedimentation velocity,?” which was operat-
ed by a combination of a Hitachi UV scanner (ABS-7),
an absorption scanner, and a UC processor (DA-7).

Measurement of the molecular mass. The molecular
mass of the native enzyme was measured by gel filtration
by the method of Andrews® on a Sephadex G-200
column (1 X 150 cm) which had been equilibrated with 2
mM KPB, pH 6.0, containing 5 mM S-mercaptoethanol.
The following marker proteins were used as references:
yeast NAD-dependent alcohol dehydrogenase (ADH)
(151 kDa), p-glucose-6-phosphate dehydrogenase from
Leuconostoc mesenteroides (G6PDH) (105 kDa), 5-
keto-D-fructose reductase (KFR) (100 kDa), and bo-
vine serum albumin (BSA) (68 kDa). Elution was done
at a flow rate of 0.5 ml/min.

Heat stability and pH stability. For examination of
heat stability, a diluted crystalline enzyme (80 ug pro-
tein/ml in 2 mM KPB, pH 6.0, containing 5 mM §-mer-
captoethanol) was used. The enzyme solution (0.1 ml) in
a thin glass tube was directly incubated under different
temperatures for 5 min and chilled in ice water. The
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remaining enzyme activity was measured with 10 ul of
the heat-treated enzyme solution under the standard as-
say conditions. For measurement of pH stability, 10 ul
of the enzyme solution (800 ug protein/ml in 2 mm KPB
as above) was incubated with 90 ul of various buffer solu-
tions of different pHs for 5 days in a refrigerator. After
the incubation, 2.9 ml of 50 mm glycine-NaOH, pH 9.5,
containing 300 umol of D-sorbitol and 0.2 umol of
NAD, were added and mixed by a flash mixer. The solu-
tion was immediately transferred into a glass cuvette to
measure the enzyme activity in a photometer at 25°C.

Results and Discussion

Purification of D-sorbitol dehydrogenase

Cell-free extract prepared from 300 g of wet cells were
put on a DEAE-cellulose column (5 X 35 cm) that had
been equilibrated with 2mMm potassium phosphate
buffer (KPB), pH 6.0, containing 5mM p-mercap-
toethanol and 50 mM D-sorbitol. After the non-ad-
sorbed fraction was completely removed by washing the
column with the same buffer, elution of the enzyme was
done stepwise with 2 mM KPB containing 0.2 M KCI by
which the majority of SLDH came out. NAD-Depen-
dent D-mannitol dehydrogenase was eluted by increasing
the KCI concentration in KPB to 0.3 M. Ammonium sul-
fate was added to 0.8 saturation (51.6 g/ 100 ml) and the
precipitate was collected by conventional centrifuga-
tion. The precipitate was dialyzed against 2 mm KPB
overnight. SLDH was fractionated with ammonium sul-
fate and SLDH precipitated between 0.4-0.6 saturation
(22.6 g/100 ml to 36.1 g/100 ml) was collected and dia-
lyzed against 2 mm KPB thoroughly. The enzyme solu-
tion containing SLDH was passed through a blue-
dextran Sepharose column (3 X 20 cm), which had been
equilibrated with 2 mm KPB. SLDH was not adsorbed
on the column but some NAD(P)-dependent
dehydrogenases such as  6-phospho-D-gluconate
dehydrogenase,’® p-glucose dehydrogenase,® 2-keto-D-
gluconate reductase,®” and 5-keto-D-gluconate reduc-
tase®? were adsorbed as reported previously. Thus, SLDH
was clearly separated from these contaminating proteins
by this step. SLDH was further purified by DEAE-
Sephadex A-50 column chromatography using a small
column (2x10cm), by which elution of SLDH was
done under a linear gradient made by 300 ml each of
KPB containing 0.125 M KCI and 0.25 M KCI. The en-
zyme activity appeared at the position corresponding to
0.18 M KCl. SLDH activity was concentrated by the addi-
tion of double volumes of saturation ammonium sulfate
solution and the resulting precipitate was collected by a
conventional centrifuge into a 2-ml Eppendorf cen-
trifuge tube. The precipitate was dissolved in a small
amount of 2 mM KPB and insoluble materials were re-
moved by a table top flash centrigfuge. The enzyme solu-
tion was passed through a Sephadex G-200 column
(1 X 150 cm) which had been equilibrated with the same
KPB. SLDH fractions were collected and mixed with
double volumes of saturated ammonium sulfate to
precipitate the enzyme. To the concentrated SLDH solu-
tion, saturated ammonium sulfate solution was added
dropwise until a faint turbidity appeared. After stand-
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Fig. 1. D-Sorbitol

Cryatalline NAD-Dependent
from G. suboxydans IFO 3257.

Dehydrogenase

ing overnight in a refrigerator at 4°C, hexagonal rod of
enzyme crystals appeared (Fig. 1).

When the first enzyme crystallization appeared to
have finished, the crystals were collected by a conven-
tional centrifuge to separate the enzyme crystals from
the mother liquor. The precipitate was dissolved in a
small amount of KPB designated as the crystalline frac-
tion. The overall purification of SLDH is summarized in
Table 1. Crystalline SLDH was obtained with an overall
yield of 40% with 500-fold purification from the cell-
free extract. It can be roughly estimated that about
0.2% of soluble protein is SLDH in the cell-free extract.
The occurrence of SLDH was comparable to that in
Pseudomonas sp.? and more abundant than that in B.
Sfructosus.?

Physicochemical properties of crystalline enzyme

When analyzed in an analytical ultracentrifugation,
the enzyme showed a single sedimentation peak as
shown in Fig. 2. An apparent sedimentation coefficient
was measured to be 5.1s. Judging from the data ob-
tained with the enzyme from sheep liver,'” the sedimen-
tation coefficient of SLDH largely depends on the
protein concentrations examined. The %, of sheep en-
zyme has been estimated to be 7.7s, while it gave an ob-
served value of 6.9 when measured at about 20 mg/
ml.’» The crystalline SLDH from G. suboxydans was
homogeneous in disc gel electrophoresis, showing a sin-
gle protein band (Fig. 3). Molecular mass measurement
by SDS-PAGE gave an apparent molecular mass of 26
kDa (Fig. 3). A mixture of SLDH and standard marker
proteins was analyzed by gel filtration on a Sephadex G-
200 column (1 x 150 cm) and 15-drop fractions (about
0.5 ml) were collected. SLDH was eluted from the
column at the position far less than yeast ADH (151
kDa) and clearly bigger than BSA (68 kDa). The molecu-
lar mass of SLDH was a little smaller than G6PDH (105
kDa) and almost the same as KFR (100 kDa). When
compared the elution profiles of SLDH with those of
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Table 1. Summary of Enzyme Purification of NAD-Dependent D-Sorbitol Dehydrogenase
Ste Total protein Total activity™ Specific activity Yield Purification
P (mg) (units) (units/ mg) (%) (fold)
Crude extract 28,214 8,150 0.3 100 1
DEAE-Sephadex A-50 3,780 8,870 2.4 108 8
AmSO, fraction 2,138 7,270 3.4 90 12
Sephadex A-50 180 6,100 34.0 75 121
Sephadex G-200 43 4,400 102.7 55 366
Crystalline fraction 24 3,276 136.5 40 488

* Enzyme activity was assayed in 50 mM glycine-NaOH, pH 9.5, by measuring the increase of absorbance of NADH using D-sorbitol as the substrate.

25 min

40 min

55 min

70 min

Fig. 2. Sedimentation Patterns of Cryatalline SLDH from G. subox-
ydans IFO 3257.
Photographs were taken every 15 min as indicated after reaching
60,000 rpm. The enzyme solution containing 8.5 mg protein/ml was
used.

KFR, KFR always came faster than SLDH. In one ex-
periment, peak fractions of the two enzyme activities ap-
peared in the same fraction and only one fraction was
different in another experiment between the two en-
zymes. Measurement of the molecular mass of SLDH
based on the specific elution volume allowed us to guess
it to be 98 kDa as the most probable one, which is com-
parable to SLDHs from rat liver (96 kDa)'® and B. fruc-
tosus (102-110 kDa).?*® The molecular weight of sheep
SLDH, 115,000, was reported with an observed
sedimentation constant, diffusion constant (6.1 %1077
cm?/sec), and an assumed partial specific volume
(0.745). SLDH from G. suboxydans differs from two
SLDHs from Pseudomonas sp. in molecular size as well
as subunit composition.??¥ The two Pseudomonas
SLDHs have a molecular mass of 65 kDa composed of
two identical subunits. The isoelectric point of SLDH
was measured to be 4.9, which is comparable to SLDH
from Bacillus enzyme.?

94k >
68k >
31k >

Fig. 3. Gel Electrophoresis of SLDH from G. suboxydans IFO 3257.

A diluted crystalline fraction was used. (A) SDS-PAGE. Lane 1,

marker proteins; lane 2, SLDH (10 ug protein). (A) Native gel elec-
trophoresis. Protein (25 ug) was loaded.

Catalytic properties of crystalline enzyme

As shown in Fig. 4, D-sorbitol was rapidly oxidized to
D-fructose under alkaline pHs such as 9.0-10.5 in the
presence of NAD, but NADP was inert as the coen-
zyme. The oxidation product of D-sorbitol, D-fructose,
was identified and measured stoichiometrically by
NADP-dependent D-mannitol dehydrogenase.” Xylitol
was oxidized by the enzyme at 68% of the relative rate
to D-sorbitol oxidation. Oxidation of D-mannitol was
less than 1% of that of D-sorbitol. Other polyols, such
as dulcitol, ribitol, and p-arabitol, did not act as sub-
strates. On the other hand, p-fructose was reduced to D-
sorbitol in the presence of NADH with a pH optimum
around 6.0 (Fig. 4). The relative rate of D-fructose reduc-
tion was about one fourth of that of D-sorbitol oxida-
tion. D-Xylulose was reduced to xylitol by SLDH and
the relative reaction rate was more than two times of
that of p-fructose reduction. L-Sorbose was also availa-
ble as the substrate but the reaction rate was less than
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Fig. 4. Effects of pH on SLDH from G. suboxydans IFO 3257.
Enzyme activity (0.4 ug of protein for one assay) was measured
with different pHs of buffer solution as indicated. McB, Mcllvaine
buffer; AcB, acetate buffer; KPB, potassium phosphate buffer; Gly,
glycine-NaOH buffer; Tris, Tris-HCl buffer. The enzyme reaction in
p-sorbitol oxidation is expressed by dotted lines and D-fructose
reduction is by solid lines.

3% of that of D-fructose. A strong L-sorbose reductase
that catalyzes D-sorbitol formation in the presence of
NADPH occurs in the same cytosolic fraction and it is
now under purification (O. Adachi et al., unpublished
observations). Since L-sorbose reduction to D-sorbitol
by L-sorbose reductase is highly specific to L-sorbose
reductase, reduction of L-sorbose to D-sorbitol by
SLDH observed here may be observed only in vitro. No
ketohexose, aldohexose, ketopentose, or aldopentose
was found to be the substrate when checked with vari-
ous substances such as D-psicose, D-tagatose, D-galac-
tose, D-mannose, D-ribulose, D-ribose, and D-xylose. Ap-
parent K, values for p-sorbitol, NAD, D-fructose, and
NADH were 5mMm, 2.1x107*M, 20mM, and 2.8 %
10™* M, respectively. The effects of other hexoses or pen-
toses on the reaction rate of D-sorbitol oxidation were ex-
amined with the crystalline enzyme to see whether any
disturbance in D-sorbitol oxidation by such the com-
pounds occurs. When D-glucose, D-fructose, D-man-
nitol, and D-xylose were present more than 100 times
higher than the concentration of D-sorbitol in the reac-
tion mixture, no great disturbance in D-sorbitol oxida-
tion was observed. These data strongly support the idea
that SLDH prepared in this study can be available for
the enzymatic measurement of D-sorbitol even in the
presence of other sugars or sugar alcohols. In fact, D-sor-
bitol in commercial apple juices and apple vinegars was
measured satisfactorily by SLDH. However, the accura-
cy by SLDH assay was unclear, because an absolute con-
tent of D-sorbitol in most samples is usually not dis-
closed. Microbial preparation of DbD-fructose from
D-sorbitol would be closed up to be a new topic in
biotechnology in the future to produce a high fructose
syrup by a one-step enzymatic method as reported by

1593

100
< 754
z
2z
3 50 -
L
g
g
=
m

25—

0 T T T T
0 5 10 15 20 25
Incubation period at 45°C ( min )
Fig. 5. Thermal Denaturation of SLDH from G. suboxydans IFO

3257.

A diluted SLDH (0.8 ug protein in 10 ul) was heated at 45°C for
different periods as indicated. The remaining enzyme activity was
measured under the standar assay conditions.

Ueda et al.,*® which cannot be done by the glucose
isomerase method already established. SLDH prepared
in this study would be the most suitable enzyme to assay
both the product, D-fructose, and the substrate, D-sor-
bitol, remaining in the reaction mixture, because the en-
zyme activity of SLDH crystallized in this study was
more active than that crystallized from B. fructosus.”

SLDH from G. suboxydans was stable for standing at
40°C for 30 min, as used for a criterion of thermal stabil-
ity of SLDH from Pseudomonas sp.?® The enzyme
became labile when heated at 45°C for more than 10
min as shown in Fig. 5 and completely denatured after
20 min. No protective effect on SLDH by substrates or
substrate analogs against heat denaturation was ob-
served and heating SLDH for 5 min at 50°C denatured
it. It is quite interesting to compare the thermal stability
with a similar enzyme from G. suboxydans. As reported
previously,” the NADP-dependent D-mannitol de-
hydrogenase from G. suboxydans, that is common as D-
fructose reductase to SLDH, was stable against heating
at 50°C for 30 min. SLDH was stable for several days in
a refrigerator on standing in buffer solutions of pH 4.5-
11. When D-sorbitol oxidation was compared in 50 mMm
solution of different buffers at pH 8.0, the reaction rate
declined by the order of Tris-HCI, glycine-NaOH, and
potassium phosphate. Potassium phosphate was three
times as repressive in D-sorbitol oxidation than Tris-HCl
(Fig. 4).

It is interesting to see that the substrate specificity of
SLDH differs enzyme by enzyme from different sources.
SLDH from human brain shows an almost equal reac-
tion rate in D-sorbitol oxidation and D-fructose reduc-
tion.'” Dp-Sorbitol reduction around pH 6.0 is much
higher than p-sorbitol oxidation around pH 9.0 with the
enzyme from rat liver.'® Judging from the kinetic con-
stants, the enzyme from apple callus contributes to D-
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Table 2. Comparison of Properties among Sugar Alcohol Dehydrogenases from Gluconobacter suboxydans

NADP-MDH? NAD-MDH" SLDH?

Molecular mass 50 kDa 130 kDa 98 kDa
Subunit 50 kDa nd* 26 kDa
Numbers of subunits 1 nd 4
Svedverg units 3.6s nd S.1s
Substrate

D-mannitol D-mannitol p-sorbitol

D-fructose D-fructose D-fructose
K, for
D-Mannitol 10 mM 20 mMm —
D-Sorbitol — — 5 mMm
D-Fructose 12 mm 33 mMm 20 mm
NAD — 2.5%x107*m 2.1x107*m
NADH —_ 1.0x107°m 2.8x107* M
NADP 2.5%x107°M — —
NADPH 1.9%107°m — —
Vinax fOr
D-Mannitol 221 umol/mg 150 umol/mg —
p-Sorbitol — —_ 136 umol/mg
p-Fructose 235 ymol/mg 188 ymol/mg 34 ymol/mg
Optimum pH
D-Mannitol 9.0 9.0 —
D-Sorbitol — — 9.0-11.0
D-Fructose 6.5-7.5 6.0 5.0-6.0

3 NADP-Dependent D-mannitol dehydrogenase from G. suboxydans.?

% NAD-Dependent D-mannitol dehydrogenase from G. suboxydans.”

9 NAD-Dependent D-sorbitol dehydrogenase from G. suboxydans (this study).
nd*: not determined.

sorbitol oxidation to yield D-fructose.'¥ The enzymes
from Pseudomonas sp.?” and B. fructosus™ oxidize b-
sorbitol to D-fructose. Different from the cases of
NAD(P)-dependent D-mannitol dehydrogenase,” it is
easier to deduce the physiological role for SLDH from
G. suboxydans in this study as an oxidant of p-sorbitol
to D-fructose in the cytoplasmic fraction. On the other
hand, the organism produces L-sorbose from D-sorbitol
outside the cell. A metabolic route, in which L-sorbose
can be reduced to D-sorbitol by NADP-dependent L-sor-
bose reductase and then to D-fructose by SLDH can be
assumed in the organism. It is said that TCA cycle is in-
complete or lacking in the genus Gluconobacter, espe-
cially in the Suboxydans group, while the genus
Acetobacter has a complete TCA cycle.?® Therefore, a
strong ketogenic activity must support the growth of the
genus Gluconobacter, in which the enzymes in the pen-
tose phosphate pathway predominate in the cytoplasmic
carbohydrate metabolism.

Finally, the physicochemical and catalytic properties
of SLDH were compared with other similar enzymes
from G. suboxydans, in which D-fructose reductase ac-
tivity assayed in vitro is common to all of them (Table 2).
The two crystalline enzymes in Table 2 must be a strong
clue to disclose the enzymatic basis by X-ray crystallo-
graphic criteria of the Bertrand-Hudson rule in sugar al-
cohol oxidation. NADP-Dependent D-mannitol de-
hydrogenase fits the rule, while SLDH does not.
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