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NADPH-Dependent L-sorbose reductase (SORD, synoni-
mously NADP-dependent p-sorbitol dehydrogenase) was
purified and crystallized for the first time from the cytosolic
fraction of Gluconobacter melanogenus IFO 3294. The en-
zyme catalyzed oxidoreduction between p-sorbitol and L-
sorbose in the presence of NADP or NADPH. Affinity
chromatography by a Blue-dextran Sepharose 4B column
was effective for purifying the enzyme giving about 770-
fold purification with an overall yield of more than 50%.
The crystalline enzyme showed a single sedimentation peak
in analytical ultracentrifugation, giving an apparent
sedimentation constant of 3.8 5. Gel filtration on a Sepha-
dex G-75 column gave the molecular mass of 60 kDa to the
enzyme, which dissociated into 30 kDa subunit on SDS-
PAGE, indicating that the enzyme is composed of 2 identi-
cal subunits. Reduction of L-sorbose to p-sorbitol predomi-
nated in the presence of NADPH with the optimum pH of
5.0-7.0. Oxidation of p-sorbitol to L-sorbose was observed
in the presence of NADP at the optimum pH of 7.0-9.0.
The relative rate of L-sorbose reduction was more than
seven times higher to that of p-sorbitol oxidation. NAD
and NADH were inert for both reactions. p-Fructose reduc-
tion in the presence of NADPH did not occur with SORD.
Since the reaction rate in L-sorbose reduction highly
predominated over D-sorbitol oxidation over a wide pH
range, the enzyme could be available for direct enzymatic
measurement of L-sorbose. Even in the presence of a large
excess of D-glucose and other substances, oxidation of
NADPH to NADP was highly specific and stoichiometric
to the L-sorbose reduced. Judging from the enzymatic prop-
erties, SORD would contribute to the intracellular assimila-
tion of L-sorbose incorporated from outside the cells where
L-sorbose is accumulated in huge amounts in the culture
medium.
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Several different kinds of NAD(P)-dependent de-
hydrogenases in carbohydrate metabolism have been
purified from the cytosolic fraction of acetic acid bacter-
ia to characterize the membrane-bound dehydrogenases
that catalyze the same reaction.!”® In oxidative fermenta-
tion, as we have proposed,” membrane-bound de-
hydrogenases have a practical importance to produce
various oxidation products and most of the enzymes are
localized on the outersurface of the cytoplasmic mem-
brane facing to the periplasmic space. The enzyme reac-
tions are coupled to the respiratory chain of the organ-
ism without exception and the electrons generated in
substrate oxidation are transferred to the terminal oxi-
dase in the cytoplasmic membranes yielding bioenergy.
In the cytosolic fraction, on the other hand, various
kinds of NAD(P)-dependent dehydrogenases predo-
minate, most of which show the same reaction as the de-
hydrogenases in the cytoplasmic membranes under
different reaction conditions. Oxidation of alcohol, alde-
hyde, p-glucose, D-fructose, D-mannitol, D-sorbitol, D-
gluconate, 2-keto-D-gluconate, glycerol, and so on has
been exemplified with individual enzymes from the
cytoplasmic membranes as well as from the cytosolic
fraction of acetic acid bacteria.” As has been advertised
in the purification of NAD-dependent D-sorbitol de-
hydrogenase (NAD-SLDH) in the previous paper,?
NADP-dependent D-sorbitol dehydrogenase (synony-
mously NADPH-dependent L-sorbose reductase, ab-
breviated as SORD in this study) has worth to compare
with NAD-SLDH in many respects. NAD-SLDH cata-
lyzes a shuttle reaction between D-sorbitol and D-fruc-
tose and does not obey the Bertrand-Hudson rule in
sugar alcohol oxidation. On the other hand, SORD cata-
lyzes a shuttle reaction between D-sorbitol and L-sorbose
and fits the Bertrand-Hudson rule similar to NAD(P)-de-
pendent D-mannitol dehydrogenases.” Two membrane-
bound D-sorbitol dehydrogenases yielding L-sorbose
catalyze irreversible one way oxidation reaction
coupling to the respiratory chain of the organism.!*!V It
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is interesting to see that one of the two membrane-
bound D-sorbitol dehydrogenase contains a covalently
bound FAD as the primary coenzyme,'? while the other
uses pyrroloquinoline quinone (PQQ).!Y The memb-
rane-bound L-sorbose yielding D-sorbitol dehydro-
genases obey the Bertrand-Hudson rule and is im-
portant in vitamin C manufacturing by the Reichstein
method. Provided the enzyme occurs outside the organ-
ism, in the periplasmic space, the physiological roles of
SORD occurring in the cytosolic fraction of the organ-
ism remain to be examined. In this study, purification of
SORD was tried from the cytosolic fraction of
Gluconobacter melanogenus IFO 3294. In spite of its
wide distribution through the genus Gluconobacter, no
reasonable purification of SORD has been done so far.
Thus, the enzyme is purified and crystallized for the first
time in this study. Physicochemical and catalytic proper-
ties of SORD are discussed with the crystalline enzyme.
Avalilability of SORD for routine use to screen L-SOr-
bose producing strain is also proposed.

Materials and Methods

Chemicals. NAD, NADP, NADH, NADPH, yeast ex-
tract, yeast NAD-dependent alcohol dehydrogenase
(151 kDa), and p-glucose-6-phosphate dehydrogenase
from Leuconostoc mesenteroides (105 kDa) were kind
gifts from Oriental Yeast Co., Tokyo. Blue-dextran
Sepharose 4B was prepared by the method of Ryan and
Vestling.'? Other chemicals used were from commercial
sources of guaranteed grade unless otherwise stated.

Microorganisms and culture conditions. G. melanoge-
nus TFO 3294 was used throughout this study. The cul-
ture medium consisted of 10g of D-sorbitol, 2g of
glycerol, 1 g of yeast extract, and 1 g of Polypepton in 1
liter of tap water. The pH of the medium spontaneously
settled to 6.5 when all these ingredients were mixed. A
seed culture in 100 ml of the medium in a 500-ml Erlen-
meyer flask was made overnight and transferred to 5
liters of a fresh medium in a 10-L table top fermentor
and cultivated for another 12 hr. Then, it was trans-
ferred 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 this kind of culture.

Assay of enzyme activity. The enzyme activity of
SORD was measured by a routine method used for com-
mon NAD(P) enzymes by recording the rate of decrease
of NADPH at 340 nm with L-sorbose as the substrate at
25°C. The reaction mixture (1 ml) contained 100 ymol
of L-sorbose, 50 umol of potassium phosphate (KPB),
pH 6.0, 0.1 umol of NADPH, and an appropriate
amount of enzyme. D-Sorbitol oxidation was measured
in a reaction mixture (1 ml) containing 100 umol D-sor-
bitol, 50 umol of Tris-HCI, pH 8.0, 0.1 umol of NADP,
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 NADPH oxidation in L-sorbose reduction or
1.0 umol of NADPH formation in D-sorbitol oxidation
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per min under these conditions. A spectrophotometric
absorption coefficient of E 1% 250 .n=10.0 was tentatively
used for protein concentration measurement. The
specific activity was defined as units of enzyme activity
per milligram of protein.

Preparation crude extract. A buffer solution (Buffer
A) of KPB, pH 6.0, containing 50 mM D-sorbitol and 5
mM f-mercaptoethanol was used throughout this work.
Cell suspensions were made by suspending about 10 g of
wet cells per 10 ml of Buffer A containing 10 mm KPB
and passed through a Rannie high pressure laboratory
homogenizer (Rannie model Mini-Lab, type 8.30H, Wil-
mington, MA, USA) at 10,000 psi. After removal of in-
tact cells by a conventional low speed centrifuge, the
crude extract was further centrifuged at 68,000 % g for
90 min and the resulting supernatant was designated as
the cell-free extract.

Polyacrylamide gel electrophoresis (PAGE). PAGE
by a disc gel in the absence of sodium dodecyl sulfate
(native PAGE) was done on a 7.5% polyacrylamide and
Tris-glycine buffer, pH 8.3, essentially by the method de-
scribed by Davis.!® Protein 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 applica-
tion, samples were treated with 6% (w/v) SDS and
0.1 mm dithiothreitol at 60°C for 30 min. The following
calibration proteins (Bio-Rad, Hercules, CA, U.S.A.)
with the indicated molecular masses were used as refer-
ences: phosphorylase 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 molecular mass. Molecular mass of
the native enzyme was measured by gel filtration by the
method of Andrews'® on a Sephadex G-75 column
(1 x 120 cm) that had been equilibrated with 2 mm KPB.
The following marker proteins were used as references:
yeast NAD-dependent alcohol dehydrogenase (150 kDa),
NADP-dependent  D-glucose-6-phosphate  dehydro-
genase from Leuconostoc mesenteroides (105 kDa), bo-
vine serum albumin (68 kDa), ovalbumin (43 kDa), and
cytochrome ¢ (12.4 kDa). Elution was done at a flow
rate of 0.5 ml/min with 2 mM KPB, and 35-drop frac-
tions were collected and analyzed. Under these condi-
tions, the peak fraction of the individual marker pro-
teins used came out with the following fraction
numbers: NADP-dependent D-glucose-6-phosphate de-
hydrogenase, 21; bovine serum albumin, 25; ovalbu-
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min, 35; cytochrome c, 39.

Heat stability and pH stability. For examination of
heat stability, a diluted enzyme solution (80 ug protein/
ml in 2mM KPB) was used. The enzyme solution
(0.1 ml) in a thin glass tube was directly incubated in the
presence or absence of 50 mMm L-sorbose under different
temperatures for 5 min, and chilled in ice water. The
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 mK
KPB) 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 mMm KPB, pH 6.0, contain-
ing 300 umol of L-sorbose and 0.1 umol of NADPH,
were added and mixed by a flash mixer. The solution
was immediately transferred into a glass cuvette to meas-
ure the enzyme activity in a photometer at 25°C.

Results and Discussion

Purification of NADPH-dependent L-sorbose reduc-
tase

Two hundreds grams of wet cell paste of G. melanoge-
nus IFO 3294 harvested from 30 liters of the culture
medium was used for the starting material. The crude ex-
tract was put to a DEAE-cellulose column (2.5 x 30 cm),
which had been equilibrated with 2 mm Buffer A. After
the column was washed with the same buffer, elution of
SORD was done stepwise with Buffer A containing 0.1
M KCl, 0.3 M KCl, and 0.5 M KCI. More than 75% of the
total enzyme activity was eluted with the buffer contain-
ing 0.3 M KCIl. The enzyme fractions were combined
(330 ml) and fractionated with ammonium sulfate. The
ammonium sulfate was added to 0.4 saturation (22.6 g/
100 ml of enzyme solution) and the pH was adjusted to
6.5 with ammonia water before centrifugation at
15,000 X g for 20 min. To the supernatant, ammonium
sulfate was further added to 0.6 saturation (12.0 g/ 100
ml of enzyme solution) and the precipitate emerged was
collected by centrifugation at 15,000 X g for 20 min.
About 85% of the total enzyme activity was recovered in
the precipitate. The precipitate was dialyzed overnight
against 2 mM Buffer A. The dialyzed enzyme was put on
a DEAE-Sephadex A-50 column (1.5x 25 cm), which
had been equilibrated with 2 mm Buffer A. After the
column was washed with the same buffer containing
0.075 M KCl, a linear gradient chromatography of KCl
was done between KCI concentrations of 0.075 M and
0.35M (500 ml each). The enzyme activity appeared at
the KCI concentration around 0.18 M. SORD proteins
were collected by ammonium sulfate precipitation at
0.75 saturation (46.5 g/100 ml) and dialyzed against 2
mM KPB containing S mm S-mercaptoethanol. The dia-
lyzed enzyme solution was put on a Blue-dextran
Sepharose 4B column (2.5 %30 cm), which had been
equilibrated with the same buffer used for dialysis. The
enzyme activity was eluted with the buffer containing 50
mM D-sorbitol and 0.25 m KCI. By this step, contaminat-
ing similar enzymes such as NAD-dependent and
NADP-dependent D-mannitol dehydrogenases,” which
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Fig. 1. Crystals of NADPH-Dependent L-Sorbose Reductase from
Gluconobacter melanogenus IFO 3294.
The photomirograph was taken under 148-fold of magnification.

are not adsorbed by the Blue-dextran Sepharose 4B
column, must be removed from SORD, though exact
checking was not done. The enzyme proteins were col-
lected by ammonium sulfate precipitation as above. The
precipitate was dissolved in a small amount of the buffer
and put on a Sephadex G-200 column (1 X 180 cm),
which had been equilibrated with 0.1 M Tris-HCIl, pH
7.4, containing S5mM S-mercaptoethanol, 10 mm
MgSO,, and 10% glycerol. After a highly concentrated
enzyme solution was prepared at room temperature in
the presence of ammonium sulfate of 0.4 saturation, the
enzyme solution was put in a refrigerator overnight.
Fine needles of the enzyme crystals appeared. For the
growth of enzyme crystals, saturated ammonium sulfate
solution was added dropwise after several hours until
the top meniscus became clear. The first crystals (crystal-
line fraction) were collected by a table top centrifuge
and the precipitate was dissolved in a small volume of
30mMm KPB, pH 6.0, containing S-mercaptoethanol.
Crystallization was repeated to give fine needles as
shown in Fig. 1. SORD was purified about 770-fold
from the cell-free extract with an overall yield of 55%.
The summary of enzyme purification is shown in
Table 1.

Physicochemical properties of crystalline enzyme

When analyzed in analytical ultracentrifugation,
SORD showed a single sedimentation peak with an ap-
parent sedimentation coefficient of 3.8 s (Fig. 2). The
photograph was taken every 25 min due to its small
molecular mass giving a diffused meniscus when cen-
trifuged over 80 min. Molecular mass measurement by
SDS-PAGE gave an apparent molecular mass of 30
kDa, which was almost the same position to that of car-
bonic anhydrase (Fig. 3-A). The crystalline enzyme was
homogeneous in disc gel electrophoresis, showing a sin-
gle protein band (Fig. 3-B). When a mixture of SORD
and standard marker proteins was put on a Sephadex G-
75 column, SORD appeared at the fraction number of
28, which corresponded to an apparent molecular mass
of 60 kDa. In an alternative molecular mass measure-
ment by the same method, SORD was mixed with
NADP-dependent D-mannitol dehydrogenase of which
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Table 1. Purification of NADPH-Dependent L-Sorbose Reductase from Gluconobacter melanogenus IFO 3294
St Total protein Total activity* Specific activity Yield Purification
ep (mg) (units) (units/ mg) (%) (fold)

Crude extract 35350 3248 0.1 100 1
DEAE-cellulose 4050 2460 0.6 76
DEAE-Sephadex A-50 2205 2438 1.1 75 11
Bluedextran Sepharose 320 2825 8.8 87 88
Sephadex G-200 143 2550 17.8 78 178
DEAE-Sephadex A-50 55 2390 43.4 73 434
Crystalline fraction 24 1860 77.0 57 770

* Enzyme activity was assayed in 50 mM KPB, pH 6.0, by measuring the decrease of absorbance of NADPH using L-sorbose as the substrate.

Fig. 2. Sedimentation Patterns of Crystalline NADPH-Dependent
L-Sorbose Reductase from Gluconobacter melanogenus IFO 3294.
Photographs were taken every 25 min as indicated after reaching
60,000 rpm. The enzyme solution containing 11.8 mg protein/ml in

2 mM KPB, pH 6.0, was used.

the molecular mass had been measured to be 50 kDa”
and analyzed under the same conditions as above. When
compared the elution profiles of SORD with those of
NADP-dependent b-mannitol dehydrogenase, SORD al-
ways came out immediately before NADP-dependent D-
mannitol dehydrogenase. Thus, the apparent molecular
mass of 60 kDa must be probable to SORD. It is also ac-
ceptable to conclude that SORD is composed of two
identical subunits of 30 kDa.

Catalytic properties of crystalline enzyme

L-Sorbose was most rapidly reduced to D-sorbitol at
pH 5.0-7.0 in the presence of NADPH, but NADH was
inert as the electron donor. Potassium phosphate
seemed to be a favorable buffer. Mcllvaine buffer also
showed the highest enzyme rate at a similar level as
shown by potassium phosphate buffer. However, the en-

Fig. 3. Gel Electrophoresis of Crystalline NADPH-Dependent L-Sor-
bose Reductase from Gluconobacter melanogenus IFO 3294.
A diluted crystalline enzyme was used. (A) SDS-PAGE. Lane 1,
marker proteins; lane 2, SLDH (10 ug protein). (B) Native gel elec-
trophoresis. Protein (25 ug) was loaded.

zyme activity was repressed at about 60% with acetate
buffer compared to those observed with potassium phos-
phate buffer. pD-Sorbitol was oxidized by the enzyme but
the relative rate of D-sorbitol oxidation was less than
15% of that of L-sorbose reduction, when assayed with
Tris-HCI buffer. It is very much like the case of 5-keto-
D-fructose reductase,® by which D-fructose is oxidized at
lower levels, though keto-D-gluconate reductases>®
show a reasonable oxidation for D-gluconate. The
effects of buffer species on the enzyme activity of SORD
are shown in Fig. 4. Other substrates including various
sugars and sugar alcohols were used as substrates for
SORD. The enzyme was concluded to be highly specific
to L-sorbose reduction, thus the terminology as
NADPH-dependent L-sorbose reductase would be bet-
ter than NADP-dependent D-sorbitol dehydrogenase, as
judged from its substrate specificity as shown in Table 2.
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Fig. 4. Effects of pH on Crystalline NADPH-Dependent L-Sorbose
Reductase from Gluconobacter melanogenus IFO 3294.

Enzyme activity (0.4 ug of protein for one assay) was measured
with different pHs of buffer solution as indicated. (A), Mcllvaine
buffer; (®), acetate buffer; (O), potassium phosphate buffer; (A),
Tris-HCI buffer. p-Sorbitol oxidation was done with Tris-HCl
buffer.

Table 2. Substrate Specificity of NADPH-Dependent L-Sorbose
Reductase

Polyol
dehydrogenase
(units/ mg protein)

Ketose reductase

Substrate (units/mg protein)

Substrate

D-Fructose

L-Sorbose 7
D-Xylulose*

D-Ribulose®
Dihydroxyacetone

D-Glucose 0
D-Mannose
D-Galactose
D-Tagatose

D-Sorbitol 1
D-Mannitol

L-Iditol

Dulcitol

D-Xylose

D-Arabinose
D-Arabitol

L-Arabitol

Xylitol

Ribitol

Erythritol
D-Erythrose

Glycerol

[«
SO OO

SO0 OO OO ~OO0O

Enzyme activity was measured with the crystalline preparation of SORD un-
der the standard assay conditions as described in the Materials and Methods.
* The final substrate concentration was adjusted to 0.1 M in the reaction mix-
ture (total volume 1 mi), except that D-xylulose and D-ribulose were done
with the final concentration of 0.01 M.

There were no data about reduction of L-ribulose and L-
erythrulose with SORD, due to unavailability of the sub-
strates from commercial sources. Apparent Km values
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for L-sorbose and NADPH were measured to be 35 mm
and 32 uM, respectively. As judged from the lower reac-
tion rates for p-sorbitol oxidation by SORD as above,
measurements of Km for p-sorbitol and NADP were not
done, because there would have no significance. SORD
was stable to heating at 45°C for 5 min, however en-
zyme activity was completely lost when the enzyme was
heated for 5 min over 55°C. The thermal stability was
not improved in the presence of L-sorbose. The enzyme
activity of SORD was stable in solution of pH 5-7.5 for
several days when a diluted enzyme solution was stored
in a refrigerator (data not shown).

As judged from the catalytic properties examined
with SORD, the role of the physiological function of
SORD can be assigned to L-sorbose reduction yielding
D-sorbitol in the cytoplasm. The following discussion
would be accepted reasonably. Acetic acid bacteria
produce a huge amount of various oxidation products in
the culture medium, as 2-keto-D-gluconate and/or 5-
keto-D-gluconate when grown on D-glucose, and as 5-
keto-D-fructose when grown on D-fructose.” Such novel
oxidation products can be thought to be a temporary
stock substance which can be used thereafter only by
acetic acid bacteria, because acetic acid bacteria have a
novel enzyme, 2-keto-D-gluconate reductase!® and/or
5-keto-D-gluconate reductase® catalyzing D-gluconate
formation which can be used via pentose phosphate
pathway of the organisms after incorporated and phos-
phorylated. 5-Keto-D-fructose is reduced to D-fructose
by S5-keto-D-fructose reductase® and then further
metabolized by the organisms. The enzyme reaction of
S-keto-D-fructose reductase is much intense in the reduc-
tion of 5-keto-D-fructose yielding D-fructose, and p-fruc-
tose oxidation occurs at very low level even though the
assay is made under optimum condition. Likewise, L-sor-
bose accumulated outside the cells is incorporated into
the cells when other usable carbon and energy sources
come to be exhausted. L-Sorbose would be converted to
D-sorbitol by SORD which can be used as carbon and
energy sources.

The effects of other hexoses or pentoses on the reac-
tion rate of L-sorbose reduction were examined with the
crystalline enzyme to see whether any disturbance in L-
sorbose reduction by such the compounds occurs. When
D-glucose, D-fructose, D-mannitol, and D-xylose were
present more than 10 times higher than the concentra-
tion of L-sorbose in the reaction mixture, no inhibition
on L-sorbose reduction was observed (data not shown).
This strongly supports an idea that SORD prepared in
this study is available for the measurement of L-sorbose
in the presence of other sugars or sugar alcohols. Due to
lack of good enzymes for enzymatic L-sorbose measure-
ment, HPLC is the only technique at this moment. The
only example is the membrane-bound L-sorbose de-
hydrogenase from G. melanogenus UV10 characterized
by Sugisawa et al.'” and SORD in this study. If the mem-
brane-bound enzyme were available for the purpose, the
enzyme would be useful for the end point measurement,
by which a trace of L-sorbose could be assayed with high
accuracy. Membrane-bound dehydrogenases can be
available for the measurement of individual substrates
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Table 3. Comparison of Properties among NAD(P)-Dependent Sugar Alcohol Dehydrogenases from Gluconobacter strains

NADP-MDH? NAD-MDH" NAD-SLDH? NADP-SLDH?

Molecular mass 50 kDa 130 kDa 98 kDa 60 kDa
Subunit 50 kDa ND* 26 kDa 30 kDa
Numbers of subunits 1 ND 4 2
Svedverg unit 3.6s ND S.1s 3.8s
Substrate

D-mannitol D-mannitol D-sorbitol p-sorbitol

D-fructose p-fructose p-fructose L-sorbose
Km for
D-Mannitol 10 mMm 20 mM — —
D-Sorbitol — — S mMm ND
D-Fructose 12 mMm 33 mMm 20 mM —
L-Sorbose — — — 35 mm
NAD — 2.5%107" M 2.1%107*m —_
NADH — 1.0x 1075 M 2.8%107*M —
NADP 2.5x107° M _ —_ ND
NADPH 1.9%107° M — — 3.2x107°M
Vmax for
Dp-Mannitol 221 umol/mg 150 umol/mg — —
p-Sorbitol — — 136 umol/mg 11 gmol/mg
p-Fructose 235 umol/mg 188 umol/mg 34 umol/mg —
L-Sorbose — — - 77 umol/mg
Optimum pH
p-Mannitol 9.0 9.0 — —
p-Sorbitol — — 9.0-11.0 7.0-9.0
D-Fructose 6.5-7.5 6.0 5.0-6.0 —
L-Sorbose — — — 5.0-7.0

# NADP-Dependent D-mannitol dehydrogenase from G. suboxydans IFO 12528.7
® NAD-Dependent D-mannitol dehydrogenase from G. suboxydans IFO 12528.7

9 NAD-Dependent D-sorbitol dehydrogenase from G. suboxydans IFQ 3257.9

9 NADP-Dependent D-sorbitol dehydrogenase(=NADPH-dependent L-sorbose reductase, SORD) from G. melanogenus IFO 3294 (this study)

ND: not determined.

by the end point measurement.'® These enzymes can
measure traces of the substrates by which an absolute
measurement of the substrate becomes possible, because
the membrane-bound enzymes catalyze a one way oxida-
tion reaction. On the other hand, the rate assay system
using NAD(P)-dependent enzymes has still a merit by its
simplicity for handling the enzyme in the routine assays.
Though they are unable to make an absolute measure-
ment of the substrate, unlike membrane-bound de-
hydrogenases, they can outdo HPLC by their simplicity
and rather higher performance. It has become urgently
important to establish an enzymatic measurement for D-
fructose, D-sorbitol, D-mannitol, and L-sorbose. The
NADP-dependent p-mannitol dehydrogenase was dis-
cussed as useful enzyme for D-fructose measurement in
our previous paper.” It is important for microbial
screening to search for a useful strain producing p-fruc-
tose. Similarly, SORD must be useful for the screening
of L-sorbose producing microorganisms.

Development and application of thermotolerant acet-
ic acid bacteria for oxidative fermentation has attracted
strong interest in many respects when compared with
nonthermotolerant strains.'” Screening of thermotoler-
ant acetic acid bacteria that produce L-sorbose and D-
fructose has been done successfully using SORD and
NADP-dependent p-mannitol dehydrogenase (D.
Moonmangmee ef al., manuscript in preparation). Oc-
currence of many different novel dehydrogenases in car-
bohydrate metabolism is known, as has been rev-

iewed.>® Though Kersters ef al. have reviewed a wide
variety of NAD(P)-linked dehydrogenases in acetic acid
bacteria,? purification of an enzyme corresponding to
SORD has not been done. Hoshino et al. reported a
novel enzyme, NAD(P)-dependent L-sorbosone de-
hydrogenase from G. melanogenus UV10,® however
the enzyme is absolutely different from the SORD report-
ed in this paper. Thus, SORD in this paper would be the
first successful example in which an enzyme catalyzing
L-sorbose reduction to D-sorbitol with high specificity is
crystallized. The physicochemical and catalytic proper-
ties of SORD were compared with other similar enzymes
from Gluconobacter strains, since they are useful in en-
zymatic measurement for p-fructose, p-sorbitol, D-man-
nitol, and L-sorbose (Table 3). All of these enzymes
must be useful for monitoring ketohexoses, ketopen-
toses, and other related substances.
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