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Abstract Diaphorases are flavin-containing enzymes with
potential applications in biotransfomation reactions,
biosensor design and in vitro diagnostic tests. In this
communication, we describe recombinant expression,
characterization and application of a lipoamide dehydro-
genase (DLD) with diaphorase activity from a strain of
Bacillus sphaericus. The DLD gene consisting of 1413 bp
encoding a protein of 470 amino acids was expressed in
Escherichia coli BL21 (DE3) and the recombinant enzyme
was characterized. B. sphaericus DLD catalyzed the
reduction of NAD™ by dihydrolipoamide and exhibited
NADH-dependent diaphorase activity. The molecular
weight of purified enzyme was about 50 kDa, and deter-
mined to be a monomeric protein. Diaphorase was active
and stable from pH 7.0 to 9.0 with an optimal activity at pH
8.5. It showed its maximal activity at temperature of 30 °C
and was almost stable at temperatures between 25 and
30 °C. Different metal ions and inhibitors showed no
influence on the activity of target enzyme. The K, and
Vmax Values for NADH were estimated to be 0.33 mM and
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200.0 U/ml, respectively. Moreover, recombinant B.
sphaericus diaphorase exhibited considerable potential to
be used as a component of diagnostic tests for the quan-
tification of metabolites. In conclusion, considering the
properties of diaphorase from B. sphaericus PAD-91, it can
have potential application as a diagnostic enzyme.

Keywords Bacillus sphaericus - Characterization -
Lipoamide dehydrogenase (DLD) - Diaphorase

Introduction

Dihydrolipohyl dehydrogenase (DLD; EC: 1.8.1.4), also
known as lipoamide dehydrogenase, is a FAD-dependent
enzyme that catalyses the reversible oxidation of dihy-
drolipoamide to lipoamide (Vaubel et al. 2011). DLD is a
flavoenzyme oxidoreductase that contains a reactive
disulfide bridge and a FAD cofactor per subunit. It has been
extensively isolated from a variety of organisms belonging
to prokaryotes, eukaryotes and archaeobacteria (Serrano
1992; Benen et al. 1989). Some of DLD enzymes are also
termed diaphorase for their NAD(P)H dehydrogenase
activities (Madiagan and Mayhew 1993). Diaphorase
activity may have an antioxidant role through its ability to
scavenge nitric oxide and to reduce ubiquinone to ubiqui-
nol (Xia et al. 2001). The first such enzyme has been
purified from pig heart muscle (Rlyachko et al. 2006).
Other enzymes have been identified from various sources
such as Clostridium kluyveri, Bacillus stearothermophilus,
Thermus aquaticus and Thermus thermophlius (Cakraborty
et al. 2008; Antiochia et al. 1997). Diaphorases are a group
of flavin-bound enzymes that catalyse the pyridine
nucleotide-dependent reduction of electron-accepting
molecules such as O,, nitric oxide and ubiquinone
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(Tedeschi et al. 1995; Adams and Jia 2006; Yan et al.
2013). These enzymes have potential application to be used
as a component of assay systems for the determination of
different substances such as leucine, phenylalanine and
ethanol. They have been used in biotransfomation reactions
(Bhushan et al. 2002), biosensor design (Antiochia et al.
1997) and in vitro diagnostic tests such as phenylketonuria
(PKU) (Dilipkumar et al. 2013; Shahbazmohammadi and
Omidinia 2011), maple syrup urine diseases (MSUD) and
galactosemia as well (Kianmehr et al. 2016). Due to
industrial applications of diaphorases, these enzymes have
attracted researcher’s attentions for screening of novel
sources and cost-benefit production. In this literature, we
report a strain of B. sphaericus which produced a DLD
with NADH-dependent diaphorase activity and examined
its potential application as a diagnostic enzyme.

Materials and methods
Chemicals

NAD™ was obtained from Sigma (St. Louis, MO, USA)
and NADH was from Roche (Germany). Galactose and
galactose-1-phosphate were obtained from Merck (Darm-
stadt, Germany). INT (2-(p-iodophenyl)-3-(p-nitrophenyl)-
5-phenyltetrazolium chloride) was purchased from Sigma-
Aldrich Corp (St. Louis, MO, USA). Escherichia coli
BL21 (DE3) and pET-28b (4) were purchased from
Novagen (Philadelphia, PA).

Screening of strains producing enzyme

One gram of each soil sample was suspended in selective
liquid medium that contained (per liter) 0.5% lipoamide,
1 g NaCl, 2 g K,HPO,, 0.5 g MgSO4-7TH,0, 5 g yeast
extract, 5 g polypeptone in 11 of tap water, pH 7.0 and
then incubated with shaking at 37 °C at 180 rpm for 24 h
(Shahbazmohammadi et al. 2007). From each -culture,
0.05 ml was taken and placed on agar plates and incubated
at 37 °C for 24 h. The strains that grew under such con-
ditions were selected for enzyme production analysis.
Production of enzyme was done in the above mentioned
medium at 37 °C at 180 rpm for 24 h. After the completion
of growth, the fermentation broth was centrifuged at
8000 rpm for 15 min at 4 °C. The harvested cells were
washed twice with 0.9% NaCl solution, suspended in
buffer A (50 mM NaH,PO,, 300 mM NaCl, pH 7.4) and
disrupted by ultrasonic oscillator for 10 min. Cells and
insoluble materials were removed by centrifugation at
10,000 rpm for 20 min at 4 °C. The supernatant solution
was used as crude extract for DLD activity assay
(Mashayekhi Mazar et al. 2012). DLD activity was
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determined by the oxidation of dihydrolipoamide in the
presence of NAD"' (Argyrou et al. 2003). The reaction
mixture (1 ml) contained 100 mM potassium phosphate
buffer (pH 7.8), 1.0 mM EDTA, 0.4 mM dihydrolipoamide
and 0.3 mM NAD™. A solution containing all assay com-
ponents except dihydrolipoamide was used as the blank.
The assay was monitored by the increase in absorbance at
340 nm for 3 min. The isolates that showed DLD activity
were selected for diaphorase assay. Diaphorase activity
was measured using thiazolyl blue tetrazolium bromide
(MTT) assay as a terminal electron acceptor. The standard
reaction mixture was composed of 0.1 M potassium
phosphate buffer (pH 7.6), 0.3 mM NADH, 0.4 mM MTT
and the enzyme in a total volume of 0.7 ml. The increase in
absorbance at 560 nm for 1 min was estimated and cor-
rected for blank values lacking enzyme. One unit (U) of
diaphorase activity was defined as the quantity of enzyme,
which transfers electrons from 1 pmol of NADH to MTT
per minute at 25 °C. All assay experiments were done in
triplicate and the average results were used for data anal-
ysis (Boething and Weaver 1979).

Isolate identification

Identification of bacterium was done by 16S rRNA
sequencing. Polymerase chain reaction (PCR) of 16S
rRNA gene was performed with universal primer pair 27F
(AGAGTTTGATCCTGGCTCAG) and 1492R (AAG-
GAGGTGATCCAGCCGCA) (Ki et al. 2009). The PCR
program was as follows: 95 °C for 5 min, 30 cycles of
95 °C for 1 min, 45 °C for 1 min, and 72 °C for 2 min and
final extension at 72 °C for 10 min. DNA sequencing was
performed by the commercial services of MacroGen Co.
Ltd. (Seoul, Korea). The 16S rRNA genes of the isolate and
Bacillus type strains were aligned using the Molecular
Evolution Genetic Analysis (MEGA) program, version 5.0
(Tamura et al. 2011). Phylogenic tree was constructed
using the neighbor-joining algorithm using the MEGA
version 5.0.

Expression and purification

To amplify the DLD gene, forward and reverse primers
were designed based on the consensus sequences among
the Bacillus species using DNASIS MAX software
(DNASIS version 3.0, Hitachi Software Engineering Co.,
Ltd., Tokyo, Japan). The primers used were DLDFw (5'-
CCCGGATCCATGGTAGTAGGAGA-3') and DLDRev
(5~ CCCGTCGACTTATTTTACAATGTG-3'), which
contained the restriction sites for BamHI and Sall,
respectively (underlined). PCR conditions were as follows:
initial denaturation at 95 °C for 5 min, 30 cycles at 95 °C
for 1 min, 60 °C for 1 min, 72 °C for 2 min and a final
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Fig. 1 Schematic representation of diaphorase role in galactose
determination test

extension step at 72 °C for 7 min. The construct bearing
the desired gene (pET28aDLD) was transformed into
E. coli strain BL-21 (DE3) competent cells for expression.
E. coli strain BL21 (DE3) cells bearing pET28aDLD were
cultivated overnight in 100 ml of Luria-Bertani (LB)
medium containing 40 pg/ml of kanamycin at 37 °C and
180 rpm. 100 ml of precultured medium was transferred
into 11 of LB medium in culture flasks and incubated at
37 °C and 250 rpm. When cell density reached an ODg of
0.6-0.8, DLD enzyme was expressed by the addition of
1 mM sterile isopropyl-B-p-thiogalactopyranoside (IPTG).
After 5 h of induction at 37 °C, cells were harvested, dis-
solved in lysis buffer and disrupted by sonication. To
purify the recombinant protein, supernatant of cell lysis
was applied to a Ni-NTA affinity column (Qiagen, Ger-
many) according to the manufacture’s instruction. The
column was washed with 3 column volumes of the 50 mM
Tris—HCI buffer (pH 7.0) containing 50 mM imidazole,
and then recombinant enzyme was eluted with an elution
buffer (50 mM Tris—HCI, 50 mM NaCl, 10 mM EDTA,
300 mM imidazole, pH 7.0). Purity of enzyme sample was
studied by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). SDS-PAGE was performed

Fig. 2 Phylogenetic tree of the
16S rDNA sequences of strain
PAD-91 associated with the
other members of Bacillus

using discontinuous gels (10 x 10 cm) with a 12% sepa-
rating gel and a 6% stacking gel (Sambrook et al. 1994).
Protein bands were visualized by staining with 0.25%
Coomassie brilliant Blue R-250 in the mixture of 50%
methanol and 10% acetate.

Biochemical characterization
Determination of molecular mass

The molecular mass of purified enzyme was determined by
gel filtration on a Sephadex G-200 column gel filtration
(1.6 x 60 cm), which had been equilibrated with buffer A.
The column was equipped with a high-performance liquid
chromatography (HPLC) system. The flow rate was
maintained at 1 ml/min. Fractions of 2 ml each were col-
lected and absorbance at 280 nm was recorded.

Effect of pH on the activity and stability

The effect of pH was examined by measuring the activity
in the following buffers: 0.1 M sodium acetate (pH
3.0-5.0), 0.1 M potassium phosphate (pH 6.0-7.5) 0.1 M
TrissHCI (pH 8.0-9.0), 0.1 M glycine-NaOH (pH
9.0-11.0) and 0.1 M sodium carbonate (pH 11.5-12.0).
The pH stability was studied by incubating the enzyme in
the above mentioned buffers at a ratio of 1:1 at 4 °C for
24 h. Aliquots were withdrawn at time intervals of 4 h and
the residual activity was determined. All experiments were
done in triplicate and repeated at least twice.

Effect of temperature on the activity and stability

The effect of temperature on the enzymatic activity was
analyzed by performing the enzyme assay for 20 min at
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Fig. 3 PCR amplification of DLD gene and restriction analysis of
pET28aDLD recombinant plasmid. Lane M DNA molecular weight
marker, lane 1 PCR product, lane 2 undigested pET28aDLD, lane 3
digested pET28aDLD with BamHI and Sall

different temperatures ranging from 30 to 70 °C. The
thermal stability was examined by incubating the enzyme
at different temperatures ranging from 30 to 50 °C for
60 min and then cooling on ice-cold water. Residual
activity was measured at every 10-min interval under
standard assay conditions. The non-heated enzyme was
used as control.

Effect of metal ions and inhibitors

The effect of various metal ions at concentration of 5 mM
was studied by incubating the enzyme at 4 °C for 20 min.
The influence of enzyme inhibitors such as ethylene-di-
aminetetraacetic acd (EDTA) and phenylmethylsulfonyl
fluoride (PMSF) on diaphorase activity was examined in a
final concentration of 5 mM. Enzyme was pre-incubated
with inhibitors at 37 °C for 30 min in 0.1 M potassium
phosphate (pH 7.6) and afterwards the residual activity was
determined. The activity of the enzyme (without any
additives) was taken as 100%.

Kinetic parameters
The kinetic constants (K,,, and V,,,x) were determined using

GraphPad Prism version 7.00, (GraphPad Software, La
Jolla California USA) with varying concentrations of
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NADH as a substrate. For the determination of K., and
Ko/ Ky, the value of Vi, was expressed in terms of U/ml.

Evaluation of enzyme application

To illustrate the effectiveness of target diaphorase as a
diagnostic reagent, its application in a diagnostic assay,
e.g., galactose quantification test was investigated. In this
assay, galactose-1-phosphate is dephosphorylated to
galactose by alkaline phosphates (AP), which activates a
coupled redox cycle involving a galactose dehydrogenase
(GalDH) and diaphorase for the production of formazan
product (Shahbazmohammadi et al. 2015) (Fig. 1). In the
assay procedure, 5-mm (diameter) dried blood spot (DBS)
from calibrator specimens were punched into a 96-well
microlplate and left for 15 min at 95 °C in a bain-marie.
Afterwards, 150 pl of 0.1 M phosphate buffer saline (PBS)
(pH 7.4) was added to each well and the plate was shaken
for 60 min at 25 °C. The extracts were transferred to a
microplate and the mixture of enzymes, coenzyme and INT
reagent, was then added. To evaluate the role of B.
sphaericus enzyme in improving of test performance, it
was used in the second step in concentration of 4 U/ml.
After 30 min of shaking, the absorbance was read bichro-
matically at 490/630 nm. The absorbance of a control
sample (without diaphorase) was also read.

Results and discussion
Phylogenetic analysis of isolate PAD-91

To identify the enzyme producing microorganism, bacterial
isolates were analyzed for DLD activity and NADH
dehydrogenase ability. From these bacteria, only strain
PAD-91 was found to have diaphorase activity. Strain
identification was conducted by comparative sequence
analysis of the 16S rDNA of isolate and other bacteria in
the Genbank database. The 16S rRNA nucleotide was
analyzed with the BLAST program and showed 97%
homology with B. sphaericus. According to the created
phylogenetic tree (Fig. 2), it was inferred that the PAD-91
strain was closely related to B. sphaericus.

Recombinant expression

The DNA fragment containing DLD gene was obtained by
PCR with primers designed on the basis of conserved
sequences from other Bacillus strains (Fig. 3). The 1413-bp
open reading frame (ORF) had a coding capacity of 470
amino acids (Fig. 4). The DNA sequence showed 90.37
and 88.24% similarity to the gene encoding from B.
anthracis and B. subtitlis, respectively. Also, the deduced
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a

1 ATGCTAGTTGGAGACTTTCCGATTGCATGGGGT ACAGTCGTIGTTGATCCAGGTCGTGGT
61 GGATTCGTTGCCGGAATTCTTGCAGAACAACAACGTCTAAACGTAGTAATTACTGTAAAA
121 GGTATCCTTGCTGGCGAATGCTCAAACGATGGATGTATTCTITCAATACCGAGAATCATT
181 GCACCTCATCGTTTTGAGAATGAAATCCATTATCATGACAGCGGTATCACTACAGACTAC
241 GTAATAGTTGACTTTACAAGAGTTCTAGAATGGAAAACCGGCGTAGGTAAGATATTAATT
301 GGCCGTGCTGAAGGCCATCTTATAGGTAACACACTTGTAATCACTCGCCCTGAAGTTTAC
361 TTCCCAGATGTTAATATATTACCCGTTACGACTCAAGTGGCAGCTCTAACTTATATCTTT
421 AAAATTGCTGTTCCTGCAACTGTTTCTATACCAATCGAAATTCTAGGATTCATATACTCT
481 AAACGTGTTATCAACTCTACAGGCGCTTTAATCTTACCTGAAAGTCCTATAAAACTIGTT
541 GTAATCGGCGGCGCTTACATCGATATCGAATCACGTACTGCATTTGCTAACTTCGTTACA
601 GAACTTATTGTAGTAGTACCTGGCGTCGAAATCTCAGCTGGTTTCGAAATAGCTATCACC
661 TCTCTTGTTATACGTGCTCCACAGAAAACAGGTAACGTAACTATCCATATAAAAGCTACG
721 GCTAAAGGCGTTGAAGGAACAGAAACTGTCGTAAAAGATAGCTTTGAACTTACAGGTGAA
781 ATCCAAACTGTAGAAGTACATTACGTAGAAGTAACTGTAGGTCGTCGTCCAAACATTCAA
841 GAAATCGGTCTTIGAGCAACTTGGAGGTAAAATGACTGACCGCGGCCTCATCGAATTCGAT
901 GAGCAATGTGGTACAAACCTATCAAACATCAATCCAATCGCTGATATCTTTCCTGCACCA
961 CCATTAGCTCACAAAGCTACTTACGAAGGTTCACTAGCTCTAGAAGCACTTAGTGTCCAT
1,021 GCATCAGCTATCGATGACATCGGATTICCTGCACTAAGCTTCACTCATCCAGAATTATCA
1031TCTCTTGGTTACAGTAﬂGHAﬁCAAGCTTCAGAﬁCCTGGACTCHCTGTHACTTTATCT&AG
1141TTCCCATTCGCTGCTAﬂCCGTAGTGCHTTATC&TTATAC&GCACTTACCGTTTCTTHGG&
1201CTTGTAACACATAAAGAAGATGGTCATCTTGTAGGTGCTCTAGTTGCAGGTGTAGGCGCT
1,261 TCTCATATTAATTCTGAGATTGCTTTAGCTATCCTAGCTGGAATGAGACCAGAAGTTATC
1321GCTCAAACHHTCCHCG&TCHCCCAACHCAAGGTCﬁAATCﬁGHATGGAhCCﬁGCTGTHGTT
1331GCTCTTCGA&TCCC&ATTTACATTGTH&AHTA&

b
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Fig. 4 Nucleotide (a) and protein (b) sequences of diaphorase from B. sphaericus. The numbers on the left and right are nucleotide accounts

amino acid sequence of DLD gene had 68.30 and 54.89%
similarity with B. anthracis and B. subtitlis, respectively.
The restriction pattern of expression plasmid with BamHI
and Sall confirmed gene cloning. An insert of 1413 bp
along with a 3.6-kb vector band was observed after
digestion (Fig. 3).

Enzymatic characterization

The native molecular mass of diaphorase enzyme was
estimated to be about 50 kDa by gel filtration chromatog-
raphy. The subunit structure was examined by SDS-PAGE.
SDS-PAGE gel analysis showed a single band indicating
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Fig. 5 SDS-PAGE analysis of the purified B. sphaericus recombinant
enzyme. Lane M protein molecular weight marker, lane 1 purified
enzyme, lane 2 whole cell lysate
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Fig. 6 Influence of pH on the activity (a) and stability (b) of
diaphorase reaction. Each value represents mean £ SD (n = 3)

that the enzyme was a monomeric protein (Fig. 5). This
finding was in agreement with the previous reports in
which many diaphorases have been shown to be monomers
with MW values ranging from 50 to 55 kDa (Kaplan et al.
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Fig. 7 a Influence of temperature and b time on the activity of
diaphorase reaction. Each value represents mean £+ SD (n = 3)

1969). The effect of various pH values on the enzymatic
reaction of diaphorase was evaluated in the pH range from
3.0 to 12.0 at 30 °C. The optimum pH of the diaphorase
reaction was approximately 8.5 and showed high activity in
a pH range of 8.0-9.0 (Fig. 6a). The pH stability was also
tested by measuring residual activity after incubation at
different pH values for 24 h. The enzyme was stable be-
tween pH 7.0 and pH 9.0, while at pH 10 it only retained
55% of its original activity during the same period incu-
bation (Fig. 6b). The diaphorase reaction exhibited its
maximal activity at 30 °C (Fig. 7a). As seen, a sharp
decrease in enzyme activity was observed above 30 °C and
was completely inactivated at 70 °C. For examination of
the temperature effect on enzyme stability, the residual
activity of diaphorase incubated at different temperatures
(25-50 °C) for a period of 1 h was measured (Fig. 7b). The
enzyme was almost stable at temperatures between 25 and
30 °C for 1 h, but lost 15, 36 and 58% of its initial activity
after incubation for 1 h at 35, 40 and 45 °C, respectively.
At 50 °C, target enzyme was completely inactivated after
50 min. The pH and temperature profiles of B. sphaericus
diaphorase correlated with reports of other diaphorases
from C. kluyveri (Cakraborty et al. 2008) and B. subtitlis
(Bhushan et al. 2002). The effect of metal ions and inhi-
bitors was studied to determine which metal ions or inhi-
bitors could enhance or reduce diaphorase activity. As seen
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Table 1 Effect of metal ions and inhibitors on the activity of B.

sphaericus diaphorase

Reagents Relative activity (%)
None 100.0

Zn*t 98.5 + 3.7
Cu*t 993+ 15
Mg>* 97.6 + 1.8
Ca** 99.2 + 2.1
Fe** 98.4 + 3.2
Mn>* 97.1+ 27
Co**+ 99.6 £ 1.9
Ba®" 100.2 £ 1.3
Hg*" 97.7 £ 32
EDTA 96.7 + 2.2
PMSF 974 +12

The enzyme activity without any reagents was taken as 100%. All
metal ions and inhibitors were used at 5 mM. Data are given as
mean &+ SD, n =3

Table 2 Kinetic parameters of B. sphaericus diaphorase

Substrate Specific Ky Viax Ul Kot KoKy (MM}

activity (mM) ml) s sThH
(U/mg)
NADH 250.72 0.33 200.0 108.9  330.0

in Table 1, none of them enhanced or inhibited the enzyme
activity. This was similar to the results achieved by other
diaphorases (Dietrichs et al. 1990; Argyrou et al. 2003).
Kinetic constants of the recombinant purified enzyme for

Fig. 8 Lineweaver—Burk plot
for recombinant B. sphaericus
diaphorase

2.5 1

1[V]

1.5 =

0.5

NADH substrate were determined. The results of kinetic
parameters are depicted in Table 2. K;,, and V.« values for
NADH were estimated to be 0.33 mM and 200.0 U/ml,
respectively (Fig. 8). The K, value for NADH (0.33 mM)
was lower than the other previously reported diaphorases
such as B. stearothermophilus (0.7 mM) and C. kluyveri
(0.38 mM) (Cakraborty et al. 2008). The calculated K, of
the recombinant enzyme indicated high affinity for the
NADH substrate. Moreover, the turnover number of the
enzyme (108.9 s™') was also higher than the other previ-
ously purified diaphorases. These kinetic features are very
useful for the enzymological applications of B. sphaericus
diaphorase.

The potential of B. sphaericus diaphorase
as a diagnostic tool

Diaphorase enzymes are important analytical tools in
clinical chemistry. They have the potential to be used as a
component of in vitro diagnostic tests, e.g., diagnostic
assays for PKU (Dilipkumar et al. 2013), MSUD and
galactosemia (Shahbazmohammadi and Omidinia 2011). A
diagnostic test in which the potential of desired enzyme
was examined can be exemplified in the determination of
galactose. As seen in Fig. 9, the regression equation for the
two distinct reactions in the presence and without dia-
phorase enzyme was achieved as Y = 0.0126x + 0.0296
and, Y = 0.0089x + 0.0331, respectively. The correlation
of coefficient (R%) for the reaction with diaphorase was
0.997 in comparison with without diaphorase (0.912). The
short analysis time was another advantage of using

y=0.1538x + 0.4954
R*=0.8554

-7

6 -5.44 -3 -2 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1/[S]
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Fig. 9 Calibration curve for comparison of galactose concentration
measurement with and without diaphorase. Experiments for each
concentration were performed in triplicate run

diaphorase enzyme. Time required for assay in the pres-
ence diaphorase was 20 min which was favorably compa-
rable than independent-diaphorase method (40 min).
Resuming, the obtained results by diaphorase was that
regression parameters of test was improved and assay time
was decreased. These effects seemed to be related to the
ability of target enzyme in electron transfer from NADH to
electron acceptor (INT) as well as regeneration of NADH
(Fig. 1) which leads to enhance of reaction velocity and
better linearity (Gunther and Simon 1987). Similar results
have also been found by C. kluyveri diaphorase (Cakra-
borty et al. 2008). Further examples where diaphorase can
be applied in the measurement of metabolites are in the
determination of phenylalanine and leucine (Kianmehr
et al. 2016). Hence, given the above results, it can be
concluded that B. sphaericus enzyme had potential to be a
candidate for application in medicine as a diagnostic
enzyme.

Conclusion

This paper presents recombinant expression, characteriza-
tion and application of a DLD enzyme with diaphorase
activity from a strain of B. sphaericus PAD-91. The DLD
gene consisted of 1413 bp encoding a protein with MW of
50 kDa. Diaphorase exhibited its optimal activity at tem-
perature of 30 °C and pH 8.5. The enzyme was compatible
with different metal ions and inhibitors. K, and V,,,, val-
ues of B. sphaericus enzyme with NADH were determined
to be 0. 33 mM and 200.0 U/ml, respectively. Collectively,
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the suitable kinetic features of B. sphaericus diaphorase
can make this biocatalyst useful for application as a diag-
nostic enzyme.
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