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Abstract

NAD(P)-dependent glucose-1-dehydrogenase (GDH) has been used for glucose determination and NAD(P)H production in
bioreactors. Thermostable glucose dehydrogenase exhibits potential advantage for its application in biological processes. The
function of the putative GDH gene (ST1704, 360-encoding amino acids) annotated from the total genome analysis of a ther-
moacidophilic archeaoBulfolobus tokodastrain 7 was investigated to develop more effective application of GDH. The gene
encodings. tokodaiGDH was cloned and the activity was expressdgedoherichia coliwhich did not originally possess GDH.

This shows that the gene (ST1704) codes the sequence of GDH. The enzyme was effectively purified from the red&mbinant
coli with three steps containing a heat treatment and two successive chromatographies. The native enzyme (molecular mass:
160 kDa) is composed of a tetrameric structure with a type of subunit (41 kDa). The enzyme utilized both NAD and NADP as
the coenzyme. The maximum activity for glucose oxidation in the presence of NAD was observed around pH€Candé
presence of 20 mM Mg . The enzyme showed broad substrate specificity: several monosaccarides such asi-glaosge,
2-amino-2-deoxyp-glucose ana-xylose were oxidized as well asglucose as the electron donofMannosep-ribose and
glucose-6-phosphate were inert as the donor. The enzyme showed high thermostability: remarkable loss of activity was not
observed up to 80C by incubation for 15 min at pH 8.0. In addition, the enzyme was stable in a wide pH range of 5.0-10.5
by incubation at 37C. From the steady-state kinetic analysis, the enzyme reactiorghfcose oxidation proceeds via a
sequential ordered Bi—-Bi mechanism: NAD andlucose bind to the enzyme in this order and theglucono-1,5-lactone and

NADH are released from the enzyme in this order. The amino acid sequence alignment sho®etbiuataiGDH exhibited

high homology with theSulfolobus solfataricubypothetical glucose dehydrogenase afftharmoplasma acidophiluome.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Glucose dehydrogenaseB-p-glucose: NAD(P)
"+ Corresponding author. Tek:81-88-656-7518: 1-C_JX|d_oreductase EC 1.1._1.47), which catalyses the
fax: +81-88-656-9071. oxidation of p-glucose using NAD or NADP as a
E-mail address:ohshima@bio.tokushima-u.ac.jp (T. Ohshima). coenzyme.
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GDH has been well used to supply NAD(P)H
for the enzymatic production of useful chiral com-
pounds with dehydrogenases and reductd4e?).

The enzyme is also applicable to biochip and biosen-

sor for the enzymatic determination of-glucose
[3,4]. Thus, a stable GDH may be more useful

for applications. On the other hand, the presence
of unique glucose metabolic pathways has been

reported in thermophilic archaefp]. Thermoaci-
dophilic archaea such &ulfolobus solfataricusnd
Thermoplasma acidophilumare known to metab-
olize p-glucose via a modified Entner—Doudoroff
pathway involving non-phosphorylated intermedi-
ates [6], and hyperthermophilic and neutrophilic
arechaea such aPyrococcus furiosusand Ther-
mococcus litoralisto metabolize it via a modified
Embden—Meyerhof pathwalr]. In the former path-
way, GDH is a key enzyme which functions in
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O + NADPPH + Ht

2.2. Cloning and expression of S. tokodaii ST1704
gene in E. coli

The plasmid DNA containing ST1704 (pUC118-
GDH, position 1,705,395-1,707,815 in the entire
genome ofS. tokodaiistrain 7, has been inserted into
the Hincll site of pUC118) was obtained from the
shotgun clone STLBAO01109 prepared for genome
analysis ofS. tokodaiistrain 7 (8). The following set
of two oligonucleotide primers were used for amplifi-
cation of ST1704 gene by PCR. The forward primer of
5-GAGGCATATGAAAGCAATAGTTGTTACACC-
TAAAAA-3’ was designed on the basis of the
N-terminal amino acid sequence 8f tokodaiiGDH,
and a uniqueNdd restriction site was introduced. The
reverse primer of 5GGAAAGGATCCTTAATCCCA-
CACAATAACTGTTTTTATTTCTCC-3 was design-
ed on the basis of the C-terminal amino acid se-

the first step. We have recently found two putative quence and a uniquanH| restriction site was
glucose-1-dehydrogenase (GDH) genes (ST1704 andintroduced. The plasmid DNA pUC118-GDH was
2556) annotated from the total genome analysis of a used as the template. The PCR products were
thermoacidophilic archaedulfolobus tokodaitrain ~ Size-fractionated by agarose gel electrophoresis. The
718]. 1.1kb fragments were extracted from the gel and
In this study, we have begun the functional analysis ligated with T vector using the Original TA cloning
of gene ST1704 for clearer elucidation of the physio- Kit (Invitrogen, USA). CompetenE. coli cells were
logical role of GDH in the glucose metabolism of the transformed with the resulting hybrid plasmid (T
thermoacidphilic crenarchaeon and for more abundant vector-GDH). PositiveE. coli cells were isolated
applications of the enzyme. and the DNA was purified by a DNA prepara-
tion kit (Qiagen, Japan). The nucleotide sequence
was confirmed by the method of Sanger using a
DSQ-600L(S)/-2000L DNA sequencer (Shimadzu,
Japan). The DNA was digested withidd and
BanHI, and ligated into the expression vector of
pET1la linearized withNdd and BanHI to gen-
erate pET11la-GDH. Thé&. coli BL21(DE3)pLysS
was transformed with pET1la-GDH and. coli
pET11a-GDH was cultivated (up to Qg = 0.6)
at 37°C in Luria—Bertani medium (11) containing
50 wg/ml of ampicillin and 34.g/ml of chlorampheni-
col. The induction was carried out by the addition of
1 mM isopropylg-p-thiogalactopyranoside, and the

2. Materials and methods
2.1. Materials

S. tokodaiistrain 7 (JCM 10545) ané&scherichia
coli strain JM109 were obtained from Wako
(Japan) and Toyobo (Japan), respectivedy. coli
BL21(DE3)pLysS and plasmid DNA pET1la were
purchased from Novagen (USA). All other reagents
were of analytical grade.
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cultivation was continued for 3h and harvested by
centrifugation (12,006 g for 10 min).

2.3. Purification of GDH from E. coli

WashedE. coli cells (wet weight: 4.9 g) were sus-
pended in 10 mM Tris—HCI buffer (pH 8.0) containing
1 mM EDTA and incubated with 1 mg/ml lysozyme at
room temperature for 1 h. The cells were disrupted by
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mixture was incubated at 5€, and the change
in absorbance of NADH was monitored at 340 nm
(¢ = 6.2mM~1cm™1). One unit of enzyme was de-
fied as the amount catalyzing the formation qfrhol
NADH/min at 50°C in the p-glucose oxidation. Pro-
tein concentration was determined by the method of
Bradford using the Bio-Rad Protein Assay kit. Bovine
serum albumin was used as the standard.

ultrasonication and centrifuged. The supernatant was 2.5. Gel electrophoresis and molecular mass
obtained as the crude extract. The crude extract wasdetermination

heated at 70C for 10 min and denatured protein was
removed by centrifugation. The supernatant was dia-
lyzed against 10 mM potassium phosphate buffer (pH
7.0) containing 10% glycerol without EDTA. Solid
ammonium sulfate was added to the solution until a
final concentration of 20% saturation and the solu-
tion was loaded on a Butyl-Toyopearl column previ-
ously equilibrated with 10 mM potassium phosphate
buffer (pH 7.0) containing 20% ammonium sulfate
and 10% glycerol. After washing with the same buffer,

Native gel electrophoresis and sodium dodecylsul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE)
were carried out by the procedures of Daj#$ and
Laemmli [10], respectively. The protein band was
stained with Coomassie brilliant blue R-250. The
molecular mass of the GDH subunit was determined
by SDS-PAGE using commercially available molec-
ular marker proteins (NEW ENGLAND BiolLabs,
USA) as standard proteins. The molecular mass of na-

the enzyme was eluted with a linear reverse gradient tive GDH was determined by gel filtration chromatog-
of 20—0% ammonium sulfate (400 ml buffer). The ac- raphy using a Supero8% 6 column (Amersham
tive fractions were pooled and dialyzed against 10 mM Bioscience Corp., USA) equilibrated with potassium
Tris—HCI (pH 9.0) to remove ammonium sulfate and phosphate buffer (pH 7.0) containing 0.2M NacCl.
then concentrated by ultrafiltration (UP-20 membrane, Filtration Calibration Kits (Amersham Biosciences
ADVANTEC, Japan). The solution (30 ml) was loaded Corp., USA) was used as molecular mass standards.

on an Uno-Q column (bcm x 6.8cm) (Bio-Rad,
Japan) equilibrated with 10 mM Tris—HCI (pH 9.0)
containing 10% glycerol. Tris—HCI buffer (pH 9.0)

2.6. N-terminal amino acid sequencing

was used in this procedure because the isoelectric point  After SDS-PAGE of the purified GDH, the protein

of the enzyme is relatively high {p= 7.1) (Database

of Genomes Analyzed in National Institute of Tech-
nology and Evaluation (NITE)). After the column was
washed with the equilibration buffer (30 ml), the en-
zyme was eluted with a linear salt gradient of buffer
containing 0-0.5M NaCl (100 ml). The active frac-
tions were pooled, dialyzed against Tris—HCI (pH 8.0),

was electrophoretically transferred onto a PVDF mem-
brane (Bio-Rad, Japan) and stained with Ponceau S
(Aldrich, USA). The stained protein band was cut out

and its N-terminal amino acid sequence was deter-
mined using protein sequencer PPSQ-10 (Shimadzu,
Japan).

and used as the purified enzyme. The purified enzyme 2.7. Effect of pH and temperature on enzyme

was stored at 4C.
2.4. Enzyme assay and protein determination

GDH activity was assayed spectrophotometri-
cally. The standard reaction mixture was composed
of 200mM glycine—-NaOH buffer (pH 9.0), 10mM
glucose, 20mM MgG-6H,0, 1.25mM NAD and
enzyme in a final volume of 1.0ml. The reaction

activity and stability

The effect of pH on GDH activity was examined
using 200mM sodium acetate buffer (pH 3.0-5.5),
bis-Tris—HCI (5.5-7.0), HEPES-NaOH (7.0-8.0),
Tris—HCI (8.0-9.0) and sodium carbonate (9.0-11.0)
buffers. The effect of pH on GDH stability was stud-
ied by incubating the enzyme in the buffers similar to
those used for testing the effect of pH on the activity.
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After incubation at 37C for 30 min, the activity of

an aliquot obtained from each mixture was assayed.

The effect of temperature on the enzyme stability was
examined by incubating the enzyme at various tem-
peratures. After incubation, the residual activity of an
aliquot was assayed.

2.8. Effect of compounds on the activity and kinetic
mechanism

The effect of a compound on GDH activity was eval-
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weight.). The purified enzyme showed a single pro-
tein band by SDS-PAGEHg. 1A). The N-terminal
sequence of the purified enzyme was determined to be
M-K-A-I-V-V-T-P-K-K-S-G-V-E-V-K-D-I-P-M. The
N-terminal amino acid sequence corresponded to that
predicted from the ST1704 gene sequence. This shows
that the ST1704 gene cod8s tokodaiiGDH.

3.2. Molecular and catalytic properties of GDH

The molecular mass of GDH in the native form

uated by the measurement of the residual activity after was estimated to be about 160kDa by gel filtration

addition of various compounds to the reaction mixture.

(Fig. 1B). The molecular mass of a subunit was deter-

The steady-state kinetic mechanism study was carriedmined to be about 41kDa by SDS-PAGE]. 1A).

out by initial velocity and product inhibition analyses
[11,12]

3. Results and discussion

3.1. Expression and purification of S. tokodaii
GDH

We have found a gene ST1704 (1083 bp, a position
of 1,705,465-1,706,547 on the entire genome) which
may encode a putative GDH (a protein of 360 amino
acids with a molecular weight of 40,282) in the com-
plete sequence of tH&. tokodaiigene. We performed
cloning and expression of the ST1704 gené&ircoli
BL21(DE3)pLysS and detected the activity on a trans-
formantE. coli. E. coli has inherently no GDH activ-
ity. The transformankE. coli produced a high level of
GDH activity and the enzyme was rapidly and simply
purified by only three steps containing a heat treat-
ment and two conventional chromatographies from the
crude extract of transformantgble 7). About 5.7 mg
of the purified enzyme was effectively obtained with
a 24% vyield from the cells of 11 culture (4.9g wet

Table 1
Purification of GDH from recombinart. coli cells

Steps Total Total Specific  Yield
protein activity activity (%)
(mg) O) (U/mg)

Crude extract 310 750 2.4 100

Heat treatment 54 670 12 89

Butyl-Toyopearl 18 300 17 40

Uno-Q 5.7 180 32 24

This value is in fair agreement with the molecular
weight (40,282) deduced from the gene sequence. This
indicates that the native GDH is a homotetrameric pro-
tein. Two different kinds of subunit structure for bac-
terial glucose dehydrogenases have been reported: one
is a homotetrameric structure for the enzymes from
many microorganisms containifacillus megaterium
[13,14], S. solfataricug15] and T. acidophilum[16]
and the other is the homodimeric one for the enzymes
from Haloferax mediterran€fil7] andThermoproteus
tenax[18]. The S. tokodaiiGDH belongs to former
group in the subunit structure.

The effect of pH on activity was examined and the
highest activity was observed around pH Fy( 2A).

In addition, the enzyme exhibited maximal activity at
75°C from the temperature profil€&ig. 2B). The en-
zyme was highly thermostable: it retains more than
90% activity up to 80C (Fig. 3 by incubation for
15min at pH 8.0. At the optimum pH (pH 9.0) for ac-
tivity, the thermostability was slightly low compared
with that at pH 8.0: the activity was gradually lost
above 60C and significantly lost above 8C by in-
cubation for 15 min. The enzyme was stable in a wide
range of pH (5.0-10.5) with incubation at 32 for

30 min, and half of the activity remained at pH 4.5 and
11.0.

In the case of GDHSs fron®. solfataricusand H.
mediterranej several divalent cations such as #fg
and Mrtt have been reported to affect the activity
[15,17] The effect of various compounds on the ac-
tivity was examined. The enzyme was activated by
1mM MgCly (the relative activity was 122% com-
pared with that without the additive), but was inhib-
ited by many other metal salts: 1 mM ZnQfelative
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Fig. 1. SDS-PAGE of the purified enzyme (A) and a calibration curve for the determination of native molecular mass (B). The marker proteins
used for SDS-PAGE are fusion of d& coli maltose-binding protein anfl-galactosidase (175kDa), fusion & coli maltose-binding

protein and paramysin (83 kDa), bovine glutamate dehydrogenase (62 kDa), rabbit muscle aldolase (47.5 kDa), rabbit muscle triosephosphate
isomerase (32.5kDa), bovine mifklactoglobulin A (25kDa) and chicken eggwhite lysozyme (16.5kDa), and used for gel filtration are
horse spleen ferritin (440kDa), rabbit muscle aldolase (158 kDa), bovine serum albumin (67 kDa), hen egg ovalbumin (43 kDa), bovine
pancreas chymotrypsinogen (25kDa) and bovine pancreas ribonuclease (13.7 kDa).
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Fig. 2. Effect of pH (A) and temperature (B) on the enzyme activity.
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Fig. 3. Effect of temperature on enzyme stability. The enzyme was treated at various temperatures fo@% amidl (L5 min &) at pH
8.0 and for 5min ©) and 15min () at pH 9.0.

activity: 75%), CaCl (67%), MnCh (59%), CoCh The steady-state kinetic mechanism for thglu-
(56%), CuC} (17%), NiCh (15%), HgC} (15%) and cose dehydrogenase reaction was investigated to iden-
p-chloromercuribenzoate (7%). EDTA (1 mM) alsoin- tify the reaction mechanism. From initial velocity
hibited the activity (68%), and the addition of 20mM analyses, the double reciprocal plots of initial velocity
MgCl; restored the full activity. (v) againstp-glucose concentrations in the presence
Specificity of the electron donor of GDH was ex- of several fixed concentrations of NAD gave inter-
amined. With NAD as the electron acceptoglucose secting straight linesHig. 4). This pattern shows that
was the most preferable substrate: other monosacchathe reaction proceeds via the formation of a ternary
rides, such ap-allose,p-gulose, 2-deoxy-glucose complex of the enzyme with NAD anpo-glucose in
and 2-amino-2-deoxp-glucose, were oxidized by
the enzyme Table 3. pn-Mannose, n-ribose and
glucose-6-phosphate were inert as the donor. This sug-
gests that thé&. tokodaiiGDH enzyme can bind and
oxidize substrate sugars which possess equatorial hy-Electron donor (10mM) Electron acceptor
droxy groups at C-2, C-3 and C-4 in the pyranose-ring NAD NADP
as reported in the case of tl$e solfataricusenzyme

Table 2
Substrate specificity for electron donor

L. -Glucose 100 35
[15]. The electron acceptor activity of NADP was E_M:nnose 0 0
35% compared with that of NAD. This shows that the p-Allose 9 8
S. tokodaiiGDH exhibits similar substrate specificity —p-Galactose 0 6
to that shown byS. solfataricusGDH. The reaction  D-Altorose 0 8
catalyzed byS. tokodaiiGDH was irreversible: the g’g”'ose 6 !
. . . -Deoxyp-glucose 7 6
enzymatic reduction of glucose-1,5-lactone in the ; Amino-2-deoxys-glucose 19 5
presence of NADH and NADPH was not observed 6-Deoxyn-glucose 53 13
for the reverse reaction. On this point, tBetokodaii p-Xylose 1 10
GDH is different from theH. salinarumGDH, which p-Ribose 0 5
p-Glucose-6-phosphate 0 0

catalyzes the reverse reactifi®].
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Fig. 4. Double reciprocal plots of initial velocity against NAD
concentration at a series of fixed concentrations-gfucose. The
concentration ofb-glucose used were 1: 0.625mM; 2: 1.25mM;

3: 2.5mM; 4: 5mM and 5: 10 mM.
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the same manner as th& salinarumenzyme[19].

Km values for NAD andb-glucose were determined
to be 0.46 and 4.2mM, respectively, from replots
of the reciprocal fixed substrate concentrations and
vertical intersects. With NADP as the coenzyriig,
values for NADP and-glucose were calculated to
be 0.015 and 0.17 mM, respectively. This shows that
the affinity for NADP andp-glucose to the enzyme
is much higher than that for NAD anolglucose al-
though the reaction rate in the case of NADP is rather
low (one-third) compared with that in the case of
NAD as the coenzyme.

Product inhibition patterns af-glucose oxidation
were performed to determine the order of substrate
addition and product release. With NADH as an in-
hibitor, the double reciprocal plots of velocity)(
versus NAD concentrations at a constant concen-
tration of p-glucose showed a typical competitive
inhibition pattern Fig. 5A). This indicates that NAD
and NADH can bind to the free form of the enzyme.
On the other hand, NADH showed non-competitive
inhibition againstp-glucose Fig. 5B). This inhibi-
tion pattern by NADH againsb-glucose indicates
that p-glucose binds to the enzyme—NAD complex
as the second substrate. In addition, another product,

=)
o
E
2
i
0] ] ]
-0.15 0.05 0.25 045 0.65
(B) 1/[Glucose] (1/mM)

Fig. 5. Product inhibition patterns of NADH with the varied substrate concentrations of NAD (Apagidcose (B). The concentration
of NADH used were 1: 0mM; 2: 0.025mM; 3: 0.05mM and 4: 0.1 mM.
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p-glucono-1,5-lactone, showed no inhibition against tial ordered Bi—Bi mechanisif19,20] In addition, in
both p-glucose and NAD. Taking into consideration the case of. salinarumenzyme the ternary abortive
that the enzymatic reaction is irreversible, the reaction complexes of enzyme—NADP—glucono-1,5-lactone
may proceed by a sequential ordered Bi—Bi mecha- and enzyme—-NADH-glucose are involved in the
nism in which NAD and-glucose bind to the enzyme  reaction scheme. Such ternary abortive complexes
in this order, andb-glucono-1,5-lactone and NADH  were not recognized for thé&. tokodaii enzyme
release from the enzyme in this order. The reaction of and that may be favorable for its application to
H. salinarumandSchizosaccharomyces ponBBHs p-glucose determination and a NAD(P)H production
has been reported to proceed with a similar sequen-system.

StDH [APMRE-SLGKGKVLVKTL v 56
ssDH INCIHRSLTADE IA 57
taDH "TDMPEPEHYDAKLSP-VY T 58
hmDH JEKPRPEPESGEALVRTLR 53
StDH 57: EEvddevkyLkeOHvvERRG R 113
ssDH 58: I0KGPEVHGLAKGOWMS VRRG 114
taDH 59: GYI-KKGOIVVHI[VRRP T 116
hmDH 54: ELEE--GOIVVHIVRRPPASGTNE YFHRCOPDMA—-PD 109
stDH 114 :KFvEaGT GFMR DEL—F‘M NEIKDIAVIIEPLSNMKATDELLHOoR 170
ssDH 115:EFV-EAGIRALIGFMREFYIONASfyLvHIiPOE IVDI AVIIEPLSNVMKAYSE R 171
taDH 117:KH-—EAGI] GFMRCVIYODIE-{YLVvKVANPELGRI AVIITER FEVEDVMSK 173
hmDH 110 :cMYHARG] SHr-FTsPERYLVR [BRS 0AEL-GRYEHTYTTHRALEHAYASRS 167

GxGxxG

stDH 171 :RMIWTCHOS--TFECRNAHI|UGSEPIETFEILIL-TTL --YMINKROPSPMED 224
ssDH 172: WWCKOG—-SYNCRNVAT] JPIGQLMEJLMF-SIQ A-—-FVINKROPFPIEA 225
taDH 174 :RSIFFGO]S--TLIGKR GSEAFLY|JFAG-VLCR DV--T RHOETENKL 227
hmDH 168 :AFD-W--OPSSAFV—————— eSﬂ@LLTLAMLKVDD YENLYCLGRR-ERPDPTI 217
stDH 225 :SKRLGVTEI----NS —KIJHEA 1vpTsdvEsaHipiMskvRHNs A JLE 278
ssDH 226 :VEKSNAKFI-—--NTNK--0-R TIODHLIDTSHYHSAFIPLMSRLNKNSAT G 278
taDH 228 :MCEFGV. —-——-INYLK--0-- KIDYLVDTSEQHT TT FKELRKVNNNG NG 279
hmDH 218:IEELDATYVDSRQTPVEDVPLVYEC-MOFIYEA |5 HdﬂQSVQALA GVGALIIGVPS 276

stDH 279:GEKYEITSOQLVTF--M R IV]] EQq@LN———— S YYDVLQ 329
ssDH 279 :GEKFEVN. ITY--L LLE] INGVN—-——-—YLTIWKYRYPSVLN 329
taDH 280:KAP-GYPVOGEDI--DYIVHR TIA IH§V LQ——-—-3LS PDAMK 331
hmDH 277 :DWA--FE GAFHREMQLHNKAL—Vj SHVEdﬂ— TVTEFTHHPKWFLEDLVTGV 331
stDH 330:RMIT-SKVSVEQAPEVIM S 360
ssDH 330:RMIT~RVIKPEQAPEVLY 360
taDH 332:SIIT-YEAKPSETNIFFQ 361
hmDH 332 :HPLSEFEAAFDDD———————— DTTIK 357

Fig. 6. Alignment of the amino acid sequences of GDHs fi®ntokodaii(stDH), S. solfataricugssDH, putative enzyme],. acidophilum
(taDH) andH. mediterranei(hmDH). The conserved residues are boxed and GxGxxG above the sequence represents the motif recognized
in the NAD(P)-binding domains of dehydrogenases and reductases.
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3.3. Amino acid sequence analysis

The amino acid sequence 8f tokodaiiGDH was
aligned with those of the enzymes from other sources
based on a databaskig. 6). The S. tokodaiiGDH
exhibited high sequence homology with archaeal pro-
teins from archaea such as tBe solfataricushypo-
thetical proteins (SS03204: 57%, SS0O3042: 42% and
SS03003: 39%)T. acidophilumenzyme (42%) and
H. mediterraneienzyme (29%), but rather low homol-
ogy with bacterial GDH fromB. megateriumand B.
subtilis However, the value (about 57%) of the highest
sequence homology of tf& tokodaienzyme with the
enzyme from the same gen8s solfataricuss fairly
low compared with the values (more than 80%) ob-
served amondacillus species GDH$21]. From the
alignment, we identified some functionally important
amino acid residues that are well conserved in the en-
zymes. In general, the GXGxxG or GXGXxxXA sequence
motif has been recognized in the NAD(P)-binding do-
mains of dehydrogenases and reductd82s23] In
the case 08. tokodailGDH, the similar sequence mo-
tif was recognized in the position from G190 to G195.

4. Concluding remarks

In this study, the function ofS. tokodaii gene
ST1704 was found to be GDH and the first primary
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Biotechnology” promoted by the Ministry of Agricul-
ture, Forestry and Fisheries of Japan.
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