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Delftia acidovorans was D-amino acid amidase producing bacteria isolated from
soil samples using acclimation culture technique in medium broth containing D-
phenylalanine amide as a sole source of nitrogen. This strain produced intracellular, D-
amino acid amidase constitutively. The enzyme was purified about 380-fold to
homogeneity using ammonium sulfate fractionation, anion exchange chromatography on
DEAE Toyopearl 650M, hydrophobic column chromatography on Ether Toyopearl, Butyl
Toyopearl and Phenyl Superpose column, MonoQ HR 10/10 and Superdex 200 HR
10/35. The molecular mass of the purified enzyme was estimated to be about 54 kDa
on sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The enzyme was active
preferentially toward D-amino acid amides to their L-counterparts. It exhibited the
strong amino acid amidase activity toward aromatic amino acid amide including D-
phenylalanine amide, D-tryptophan amide and D-tyrosine amide, yet it was not
specifically active toward low molecular weight D-amino acid amide such as D-, L-
alanine amide and L-serine amide. Moreover, it was not specifically active toward
oligopeptides. The enzyme showed maximum activity at 40°C and pH 8.5, and
appeared to be very stable with the remaining activity of 92.5% in the reaction
performed at 45°C for 30 min.

Therefore the industrial application of the enzyme from Delftia acidovorans still
need further structural development regarding substrate specificity of the enzyme to be
strictly acting towards either D- or L-amino acids amides

Keywords : D-Amidase, D-Amino acids, enantioselective amidase, Amino acid amides, Delftia

acidovorans.
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1.

DEAE-Toyopearl 650M

Butyl-Toyopearl 650M

Cosmosil C18 (5C18-MS) 4.6x150 Va3 Nakarai

Sumichiral OA-500 (4.6x150 mm) 283 Sumika Analysis Service

Marker Proteins

Coomassie Brilliant Blue R-250

Amino acid amides: D-phenylalanine amide, D-norvaline amide, D-methionine

amide, D-tryptophan amide, D-leucine amide, D-n-leucine amide, D-tyrosine

amide, D-serine amide, D-threonine amide, D-allo-threonine amide, D-proline

amide, D-isoleucine amide, D-histidine amide, D-lysine amide, D-tert-leucine

amide, D-aspartic acid amide, D-alanine amide, D-glutamic acid amide, D-

glutamine amide, D-glycine amide, D-valine amide, L-leucine amide L-

phenylalanine amide, L-tyrosine amide, L-norvaline amide, L-alanine amide, L-

asparagine amide, L-glutamic acid amide, L-lysine amide, L-proline amide, L-

serine amide; amino acids such as D-phenylalanine, D-tert-leucine; and

oligopeptides; including (D-phenylalanine),, (D-phenylalanine)s, (D-

phenylalanine),, D-phenylalanine-L-phenylalanine, L-phenylalanine-D-

phenylalanine, (L-phenylalanine),

Chemicals: KCI, NaCl, MgSO,, CaCl,, CrCls, MnCl,, ZnCl,, PbCl,, CoCl,, NiCl,,

CuSO,, ZnSO,, Na,MoO,, AgNO,, CdCl,, HgCl,, BaCl,, LiCl,, PbCl,, H,BOs,
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AICl;, CuCl,, K,FeCNg, MgCl,, Fe(NH,),(SO,),, FeC¢H,0,.nHO2, KIl, FeCI3,
(NH4)6Mo07024, RbCI, Co(NH3)6CI3, CsCl, MnSO4, SnCI2, LiBr, MnSO4 K3Fe
(CN)B, As203, TI2S04, CuCl, EDTA, NaF, Tiron, ethylene glycol, bis (2-amino-
ethyl ether)-N,N,N,N-tetraacetic acid (EGTA), 8-quinolinol, Bipyridyl, O-
phenthroline 5, 5-dithiobis 2-nitrobenzoic acid (DTNB), lodoacetic acid, p-
chloromercuribenzoic acid (PCMB), N-ethylmaleimide (NEM), phenyl methane
sulfonyl fluoride (PMSF), hydroxylamine, NaN3, KCN, Mercaptoethanol,
dithiothreitol (DTT), DL-penicillamine, D-cycloserine, phenzine methosulfate
(PMS), potassium ferricyanide, potassium ferrocyanide, thiamine,
phenylhydrazine, hydrazine, diphenylhydantoin, sodium barbital, leupeptine,

T9777, TO003, T9378, avidine pepstatin A, and miconazole

A5nIneaad
Enzyme assay

Activity of D-amidase was routinely assayed at 30°C by measuring the
production of D-phenylalanine from D-phenylalanine amide, otherwise specified. The
reaction mixture contained 195 LUl of 100 mM Tris-HCI, pH 8.0, 200 LLI of 100 mM D-
phenylalanine amide dissolved in 100 mM Tris-HCI (pH 8.0) and 5 LI of enzyme
solution. The reaction was performed at 30°C for 10 min and then was terminated by
adding 200 Ul of reaction mixture to 40 LLI of 2 N HCIO,. D-Phenylalanine was
determined by high performance liquid chromatography through Cosmosil C18 column
equipped with Sugai U620 column heater (30°C), a pump (Shimazu LC-10AVP model)

and Waters 717 plus Autosampler system controller. The substrate and product were
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eluted isocratically by a mobile phase containing 500 ml of methanol, 2 | of milliQ water

and 684 LU of phosphoric acid. Both phenylalanine and phenylalanine amide were
detected by UV-VIS detector setting at 254 nm wavelength and the chromatogram was

recorded on the Shimadzu C-R6A Chromatopac recorder. One unit of enzyme activity

was defined as the amount of enzyme catalyzing the hydrolysis reaction to form 1 lmol

of D-phenylalanine/min.

Analytical methods

Protein content was determined by BioRad assay using BSA as standard or by
measuring absorbance at 280 nm. Polyacrylamide gel electrophoresis was carried out
in 12% polyacrylamide gel with running buffer (containing 0.25 M Tris-HCI, 2 M glycine
and 1% SDS) at 30 mA/gel. Protein bands were stained with Coomassie Brilliant Blue
R-250 and destained in methanol/acetic acid/water (3 : 1 : 6 by vol) before drying by
ATTO-Rapidry-Mini-System at 65°C for 3 h. Native gel electrophoresis was performed
with Native Page AE-6000 supplied by Atto (Tokyo, Japan) in running buffer containing
0.25 M Tris-HCI and 2 M glycine. The gel was stained and destained with dye and

solution previously mentioned. The destained gel was then dried at 40°C for 3 h.

Purification of D-amino acid amidase from bacterial culture

D. acidovorans strain 16 was cultivated aerobically at 30°C for 24 h in 10 liters
of TGY broth. All purification steps were performed at temperature lower than 5°C, and
10 mM Tris-HCI (pH 8.0) was used throughout the process.

Bacterial cells cultivated in 10 liters of culture broth were separated and washed

twice with 0.9 % saline solution. Washed cells were then suspended in 10 mM Tris-HCI
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and were disrupted by sonication for 10 min (19 kHz; Insonator model 201M, Kobuta,

Tokyo, Japan). Cell debris was removed by centrifugation at 15,000xg for 20 min at

4°C. Protamine sulfate (5% in water) was added in the concentration of 20 LLI/ml of
cell-free-extract (CFE) and stirred for 30 min before removal of the precipitant by
centrifugation at 15,000xg for 20 min. The obtained supernatant was then fractionated
with ammonium sulfate powder. The precipitate obtained at 20 to 40% saturation was
separated by centrifugation at 8,000xg for 20 min, and was dissolved in 0.1 M Tris-HCI,
pH 8.0 and dialyzed against 5 | of 10 mM Tris-HCI for 24 h. The dialyzed solution was
further applied to a DEAE-Toyopearl 650M column (2.5x10.5 cm) equilibrated with 10
mM Tris-HCI. After sample application, the column was washed thoroughly with 10 mM
Tris-HCI, and then followed by elution step with the linear gradient of 250 ml of 500 mM
NaCl in 10 mM Tris-HCI and 250 ml of 10 mM Tris-HCI buffer. The active fraction,
collected and pooled, was further saturated to 5 M NaCl, and was subjected to Ether
Toyopearl column, and subsequently to Butyl Toyopearl column. The active fractions
which were pooled and concentrated using Microcon® was passed through Phenyl
Superose equipped with FPLC system. The elution was achieved by linear gradient
beginning with 5 M NaCl in 10 mM Tris-HCI buffer. The active fractions were collected
and determined for the enzyme activity, combined, concentrated and washed to remove
excessive salt before being applied to MonoQ HRS5/5 column equipped with FPLC
system. The column was equilibrated with 10 mM Tris-HCI before sample application
and the elution length was carried on with linear gradient of 500 mM NaCl in 10 mM
Tris-HCI buffer for 1 h at the flow rate of 1 ml/min. Fractions containing protein was

detected by UV-Vis detector at 280 nm. The active fractions were pooled and
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concentrated using Microcon® spinning at 15,000 rpm. The concentrated sample was
passed through Superdex 200HR10/35 column equilibrated with 150 mM NaCl in 10
mM Tris-HCI. Isocratic elution with the same buffer was achieved by FPLC system at

the flow rate of 0.5 ml/min.

Substrate specificity

Enzyme activity toward various amino acid amides and oligopeptides was
determined by either by the production of amino acids or the formation of ammonia.
Quantitative analysis of D- and L-phenylalanine was estimated by HPLC as mentioned
above. D-tert-leucine was evaluated by HPLC on Sumichiral OA-5000 with UV-VIS
detector at 254 nm. The amino acids were eluted with 2 mM CuSO,/isopropanol (95:5
by vol) at the flow rate of 1 ml/min. Other amino acids were quantitatively assayed for
the ammonia content by the phenol/hypochlorite method using Conway microdiffusion

apparatus [6].

Determination of pH and temperature optima

The enzyme reaction was performed in various buffers as follows: 0.1 M acetate
buffer (pH 4.0, 4.5, 5.0, 5.5 and 6.0), 0.1 M potassium-phosphate buffer (pH 6.0, 6.5,
7.0, 7.5, 7.8 and 8.5), 0.1 M Tris-HCI buffer (pH 7.5, 8.0, 8.5, 9.0 and 9.5), and 0.1 M
sodium bicarbonate buffer (pH 8.7, 10.2, 10.7 and 11.3). D-Phenylalanine amide

dissolved in water was used as substrate for the enzyme reaction assay.

The reaction mixture was conducted in 0.1 M Tris-HCI, pH 8.0 at various

temperatures in the presence of D-phenylalanine amide as a substrate.
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Effects of Metal lons and Inhibitors

The enzyme activity was determined after the enzyme was pre-incubated at

30°C for 10 min with various compounds at the concentration of 1mM unless specified.

Wan1Inaaad
Purification of A-amino acid amidase from Delftia acidovorans

D-amino acid amidase was purified from 10 liter of cultured broth of D.
acidovorans with a recovery of 0.22% by ammonium sulfate fractionation, DEAE-
Toyopearl, Ether-Toyopearl, Butyl-Toyopearl, FPLC Phenyl Superose, FPLC MonoQ
and FPLC Superdex 200 column chromatography (Table 1). The final step with FPLC
Superdex 200 chromatography provided a single band on SDS/PAGE (Figure 1)
corresponding to the only peak on the chromatogram, which exhibited the activity
toward D-phenylalanine amide. The molecular mass was estimated to be about 50 kDa
by SDS/PAGE. The native molecular mass of the enzyme was then calculated from the
relative mobility compared with those of the standard proteins: glutamate
dehydrogenase (290 kDa), lactate dehydrogenase (142 kDa), enolase (67 kDa),
adenylate kinase (32 kDa), and cytochrome C (12.4 kDa) (products of Oriental Yeast
Co.). However, the molecular mass of the native enzyme cannot be drawn by high-
pressure liquid chromatography performed on Toso G-3000 SW column due to its high
hydrophobicity. This highly hydrophobic property could explain the significant loss of
enzyme activity in the process of enzyme concentration using ultrafiliration membrane
when the enzyme was highly homogeneous in the presence of high salt concentration.

The strong activity was eventually found when a piece of the membrane filter was
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added into the reaction mixture. Moreover, the enzyme was eluted in the washing step
with water after the elution gradient was over, when hydrophobic chromatography such
as Butyl Toyopearl and Superose was applied. The phenomenon indicated the highly-
hydrophobic property of the enzyme.

Table 1 Summary of purification processes for D-amino acid amidase from D.

acidovorans

Purification procedures | Total protein | Total activity | Specific activity | Yield (%)

(mg) (units) (units/mg)

Cell-free extract 6290 947 0.15 100

Protamine sulfate and
ammonium sulfate (20- 3851 851 0.22 89.9

40% saturation)

DEAE-Toyopearl 469 781 1.67 82.5
Ether-Toyopearl 11 165 15.6 17.4
Butyl-Toyopearl 413 70.0 17 7.39
Phenyl superose 0.17 39.3 234 4.15
MonoQ HR10/10 0.04 9.81 257 1.04
Superdex 200 HR10/35 0.01 2.09 380 0.22

Effects of pH and Temperature

The optimum pH for the activity of the enzyme was measured in the buffers
described above. The enzyme showed maximum activity at pH 8.5 as shown in Figure
2A. The enzyme reaction was carried out at various temperatures in 0.1 M Tris-HCI
buffer, pH 8.0, and the maximum activity was exhibited at the temperature of 40°C
(Figure 2B). About 100 and 93% activity remained after incubation at 40 and 45°C,

respectively in 0.1 M Tris-HCI, pH 8.0, for 30 min (Figure 3).
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Figure 1 SDS/polyacrylamide slab gel electrophoresis of D-amino acid amidase enzyme
from Delftia acidovorans. Lane 1, molecular-mass standards [phosphorylase b (94

kDa), BSA (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), soybean trypsin
inhibitor (20.1kDa), and Ol-lactalbumin (14.4 kDa)]; lanes 2 and 3, purified D-amino acid

amidase from Delftia acidovorans strain 16.

Effects of Metal lons and Inhibitors

The enzyme activity was measured after the enzyme was pre-incubated at 30°C
for 10 min with various compounds at final concentration of 1 mM unless otherwise
noted. Only 3-26% inhibition was observed when the enzyme was incubated with K,Fe
(CN)g, CsCl, TI,S0O,4, Co(NH53)eCls, LiBr, MNSO,4, KsFe(CN)g, and CuCl. Other inorganic
compounds such as H,BO3;, MnCl,, Na,MoO,, LiCl, CaCl,, BaCl,, MgSO,, KCI, PbCl,,
CoCl,, FeCgH507.nH,0, KI, CrCl;, RbClI, NaCl, (NH4)sMo,;0,4, MgC,, did not influence

the enzyme activity (Table 2). The enzyme activity was inhibited 42-55% by Fe’", Sn”,
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cu” A” and Ni": and 91-97% by As>, Zn"", Hg' and Ag". The activity was

completely lost in the presence of Cd2+ as shown in Table 2.

12

—A— Acetate
10 + —LTFKPB
—@— Tris-HC1

8 —@— B tarbonate

Enzym e Activity Units/m )

pH

16
—@— activity

12 +

10 +

Enzym e Activity Gnits/m )

Temperature (OC)

Figure 2 Effects of pH (A) and temperature (B) on the activity of D-amino acid amidase
from D. acidovorans.

Among all inhibitors, phenylmethanesulfonyl showed strongly inhibitory effect on
the enzyme activity (Table 3), indicating that amino acid serine may involve in enzyme

active site. Carbonyl reagents such as hydroxylamine, phenylhydrazine, D,L-
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penicillamine and D-cycloserine did not inactivate the enzyme activity, neither did the
chelating agents like EDTA, 8-quinolinol and bipyridyl. This phenomenon indicated that
D. acidovorans amidase had no requirement of metal ions since no inhibition was
observed in the presence of EDTA and O-phenanthroline. The amidase was strongly
inhibited by sulfhydryl reagents, particularly p-chloromercuribenzoic acid and the metal
ions As3+, Zn2+, ng+, Ag+ and Cd2+, indicating that cysteine residue is required for
activity. The amidase activity was also protected and not inhibited by dithiothreitol

(DTT), indicating that disulfide bonds are not critical for the enzyme activity.

12
€ 104
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Figure 3 Thermal stability of D-amino acid amidase produced by D. acidovorans



Table 2 Effect of various metals on enzyme activity.
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Metals Enzyme activity | Relative activity

(units/ml) (%)
None 8.96 100
H,BO; 16.9 189
MnCl, 14.9 167
Na,MoQO, 14.3 160
LiCl 13.6 152
CaCl, 13.0 145
BaCl, 12.9 144
MgSO, 12.8 142
KCI 12.6 140
PbCl, 12.5 140
PbCl, (0.1 mM) 12.4 138
CoCl, 12.3 138
FeCgHs07.nH,0O 1.7 126
KI 10.8 120
CrCl, 10.4 116
RbCI 9.7 108
NaCl 9.7 108
(NH4)6Mo70,4 9.5 106
MgCl, 9.4 105
K4Fe(CN)g 8.7 97
CsCl 8.4 94
T1,SO, 7.9 88
Co(NH;)sCl3 7.5 84
LiBr 7.2 80
MnSO, 6.9 77
K3Fe(CN)g(0.1 mM) 6.8 76
CuCl 6.6 74
FeCls 5.2 58
SnCl, 5.2 58
CuCl, 5.1 56
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AICI; 4.2 47
NiCl, 4.0 45
As,0, 0.8 9
Znso, 0.4 4
HgCl, 0.4 4
ZnCl, 0.4 4
AgNO; 0.2 3
CdCl, 0.01 0.1

Table 3 Effect of various inhibitors on enzyme activity.

Inhibitors Enzyme activity Relative
(units/ml) activity (%)
None 7.48 100
EDTA 7.86 105
NaF 2.46 32.8
Tiron 9.63 129
EGTA 7.44 99.4
8-quinolinol 10.7 144
Bipyridyl 1.4 153
DTNB 6.42 85.8
lodoacetic acid 6.82 91.2
PCMB (0.5 mM) 0.78 10.4
NEM 7.16 95.7
PMSF 0.35 4.7
Hydroxylamine 9.24 124
NaN3 8.71 117
KCN 8.87 119
Mercaptoethanol 8.46 113
DTT 8.75 117
D, L-Penicillamine 8.83 118
D-Cycloserine 10.7 144
PMS (0.1 mM) 7.93 106
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Potassium ferricyanide
Potassium ferrocyanide
Thiamine (0.002%)
Phenylhydrazine
Hydrazine

PCMB
Diphenylhydantoin
Sodium barbital
Leupeptine (0.2 mM)
T9777 (0.1%)

T9003 (0.1%)

T9378 (0.1%)

Avidine (0.1%)
Pepstatin A (0.1 mM)
EGTA (0.1 mM)
Miconazol (0.1 mM)
NEM (0.1 mM)

PMSF

PCMB (0.5 mM)

7.33
7.49
7.75
7.14
7.78
5.00
6.17
7.68
6.65
5.82
5.94
7.94
7.23
7.48
7.61
4.80
8.15
0.36
1.58

106.1

100.1
101.8

109.0

98
100
104
95.4
95.4
66.8
82.5
103
88.8
77.8
79.4

96.7

64.2

4.8
211

Substrate Specificity

The enzyme showed the preference in the catalysis D-enantiomeric substrate

to the L-amino acid amide (Table 4 and 5). It also exhibited the ability to catalyze

broad range of D-amino acid amides although its stereospecificity was not high toward

many amino acid amides such as phenylalanine amide, norvaline amide, methionine

amide, leucine amide, tyrosine amide, and isoleucine amide. However, the enzyme

showed the preference toward D- to L-enantiomers, and it showed strict

stereospecificities toward D-tryptophan amide, D-Serine amide, D-proline amide and D-

lysine amide. The enzyme preferably catalyzed bulky and aromatic D-amino acid
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amides, for example D-phenylalanine amide, D-tyrosine amide and D-tryptophan amide;
but was not capable of catalysis of small molecules of aliphatic amino acid amides such
as D-alanine amide and D-glycine amide. Moreover, the enzyme was not active on
either D- or L-oligopeptides tested (Table 6).

Table 4 Substrate specificity toward D-amino acid derivatives.

Substrates Enzyme activity Relative activity (%)
(units/ml)
D-Phenylalanine amide 10.8 100
D-Norvaline amide 7.7 70.6
D-Methionine amide 5.9 54.2
D-Tryptophan amide 5.2 47.6
D-Leucine amide 3.1 45.6
D-n-Leucine amide 4.8 44 .4
D-Tyrosine amide 4.5 41.6
D-Serine amide 0.5 41.0
D-Threonine amide 25 23.0
D-allo-Threonine amide 1.9 171
D-Proline amide 0.7 6.2
D-Isoleucine amide 0.5 4.5
D-Histidine amide 0.4 3.4
D-Lysine amide 0.3 2.5
D-tert-Leucine amide 0.2 1.4
D-Aspartic acid amide 0.1 04

Table 5 Substrate specificity toward L-amino acid derivatives.

Substrates Enzyme activity Relative activity (%)
(units/ml)
L-Leucine amide 3.1 28.7

L-Phenylalanine amide 1.5 12.8
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L-Tyrosine amide 0.8 7.2
L-Norvaline amide 0.6 5.2
L-Methionine amide 0.3 5.0
L-Threonine amide 0.3 2.4
L-Valine amide 0.2 1.5
L-Glycine amide 0.1 0.8
L-Isoleucine amide 0.1 0.8
Table 6 Amino acid derivatives as inactive substrate for the enzyme.
D-Amino acid derivatives | L-amino acid derivatives Peptides

D-Alanine amide
D-Glutamic acid amide
D-Glutamine amide

D-Valine amide

L-Alanine amide
L-Asparagine amide
L-Glutamic acid amide
L-Lysine amide
L-Proline amide
L-Serine amide

L-Tryptophan amide

(D-Phenylalanine),
(D-Phenylalanine);
(D-Phenylalanine),
D-Phenylalanyl-L-
Phenylalanine
L-Phenylalanyl-D-
Phenylalanine

(L-Phenylalanine),

Discussion

A D-amino acid amidase producer was isolated from soil obtained from southern

Thailand, and was taxonomically identified as D. acidovorans. The enzyme was formed

intracellularly, which was similar to most D-amidases reported so far including those

from V. paradoxus [10], O. anthropi SV3 [8], Rhodococcus sp. [5]. D. acidovorans strain

16 secreted the D-amidase constitutively whereas most amidase producers; such as V.

paradoxus [10], Arthrobacter sp. NJ-26 [12] Rhodococcus rhodochrous M8 [14] and

Brevibacterium sp. [11]; required inducers for their amidase production. Its

chromatographic behavior with hydrophobic resin and loss of activity during ultrafiltration
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using Amicon product suggested its high hydrophobic property. This similar
phenomenon was also observed in the purification process of amidase produced by V.
paradoxus [10].

D-Amino acid amidase from D. acidovorans hydrolyzed a broad range of
aliphatic and aromatic amide, preferentially to D-enantiomers. It showed high activity
for D-phenylalnine amide, similar to the D-amino acid amidase from O. anthropi [8] and
the (R)-ketoprofen-amidase from C. acidovorans KPO-2771-4 [7]. The purified amidase
from D. acidovorans strain 16 is strictly D-enantioselective for certain amino acid amides
such as D-tryptophan amide, D-proline amide, D-serine amide and D-lysine amide; but
not strictly toward D-phenyalanine amide whereas D-amino acid amidase from O.
anthropi was strictly active toward all D-amino acid amides tested [8]. It also exhibited
slight activity to D-tert-leucine amide, similar to D-amidase from V. paradoxus [10].

D. acidovorans strain 16 amidase has maximal activity at pH of 8.5, similar to D-
stereospecific amino acid amidase from O. anthropi SV3 [8], V. paradoxus [10] and
enantioselective amidase from C. acidovorans [7], which have maximal activity at
alkaline pH of 9, 7-8.6 and 8.5-10, respectively. The optimal temperature for D.
acidovorans amidase is 40°C, whereas those of the three above are 45, 47-49 and
35°C, respectively. Compared to the pH 5-8, 55-60°C of R. rhodochrous [9] and the pH
7-8.6, 50°C of P. chlororaphis B23 [5], its optimal pH is more alkaline and its optimal
temperature slightly lower. The amidase was completely inhibited by
phenylmethanesulfonyl fluoride suggesting the involvement of a serine residue at the
active site of the enzyme, the same as D-stereospecific amino acid amidases from O.

anthropi SV3 [8] and V. paradoxus [10]. Cysteine appears to play an important role for
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activity and structural integrity of the enzyme. This referred from the strong inhibition by
the sulfhydryl reagents p-chloromercuribenzoate and metal ions As3+, Zn2+, ng+, Ag+
and Cd2+. The enzyme has similar behavior with metal ions and inhibitors to that from
V. paradoxus, which also shows highly significant homology in nucleotide and amino
acid sequences. On the other hand, some amidases reported to date [4, 5, 9] have

been shown the involvement of a thiol group at the active center of the enzyme.
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