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Abstract—Amidase (EC 3.5.1.4) was purified to homogeneity from Rhodococcus rhodochrous M8 using iso-
propanol fractionation and exchange chromatography on Mono Q. The isolated amidase consists of four
identical subunits with molecular weight 42 £ 2 kD. The activity of the enzyme is maximal at 55-60°C and
within the pH range 5-8. The amidase from R. rhodochrous MS is highly sensitive to such sulfhydryl reagents
as Hg?* and Cu?*. Chelators (EDTA and o-phenanthroline) and serine proteinase inhibitors (PMSF and DIFP)
did not inhibit the activity of the enzyme. The enzyme exhibits hydrolytic and acyl transferase activity and
does not possess urease activity. Aliphatic amides (acetamide and propionamide) were the best substrates for
the amidase from R. rhodochrous M8, whereas bulky aromatic amides were poor substrates of this enzyme.
The properties of the isolated enzyme are similar to those found in the corresponding amidase from Arthro-
bacter sp. J-1 and an amidase with wide substrate specificity from Brevibacterium sp. R312.
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Acylamide amidohydrolases (amidases, EC 3.5.1.4)
catalyze hydrolysis of carboxylic acid amides to free
carboxylic acids and free ammonium [1]. These enzymes
are involved in nitrogen metabolism in cells and are
widely distributed in nature: they have been found in
procaryotic and eucaryotic cells. These enzymes are
often found in bacteria related to the group of nocar-
dia-like actinomycetes (nocardia, rhodococci,
arthrobacteria). Amidases isolated from various sources
[2-5] are characterized by distinct substrate specificities.
Some of them catalyze hydrolysis of amides of aliphatic
acids [2, 6], others cleave amides of aromatic acids [4,
7], and still others hydrolyze amides of a- or w-amino
acids [5, 8]; some amidases are stercoselective [4, 7]. In
spite of significant progress in expanding our knowl-
edge of amidases, the spatial organization of these
proteins remains unknown and systematic comparative
analysis of structural-functional organization of
amidases is far from complete.

Among bacterial enzymes, amidases from
Brevibacterium sp. R312, Rhodococcus rhodochrous J1,
and Pseudomonas aeruginosa are the best studied en-
zymes of this type. Native enzymes consist of a few

Abbreviations: DIFP) diisopropyl fluorophosphate; DTT)
dithiothreitol; PMSF) phenylmethylsulfonyl fluoride.
* To whom correspondence should be addressed.

identical subunits and are obviously related to the class
of sulfhydryl enzymes [2, 5]. They exhibit two types of
activity—amidohydrolase (1) and amidotransferase (2)
[6, 91

R-CONH, + H,0 — R-COOH + NH,, (1)

amide acid

R-CONH, + NH,OH - R-CONHOH + NH;. (2)
amide hydroxylamine hydroxamic
acid

Based on data on sulfhydryl-group inhibition and
kinetic analysis, amidase was suggested to catalyze by
the “ping-pong” mechanism [10]. However, this mecha-
nism is now strongly criticized [11].

The amidase of R. rhodochrous which we are study-
ing is involved in nitrile metabolism in strain R.
rhodochrous M8, which is employed as a biocatalyst in
the industrial production of acrylamide. This microor-
ganism was isolated from soil by scientists of our
institute. It grows utilizing nitrile via the coupled action
of nitrile hydratase (EC 4.2.1.84), which converts nitriles
into corresponding amides, and the amidase hydrolyzing
amides to free acids. In contrast to the well-studied
nitrile hydratase from this strain, the spatial organiza-
tion and properties of the amidase remain unknown.
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In the present report we describe a method for
isolation and purification of amidase from a mutant
of R. rhodochrous M8, and we also compare some
physicochemical properties of amidases from various
sources.

MATERIALS AND METHODS

PMSF, DTT, and DIFP were purchased from Sigma
(USA).

Isolation of amidase from R. rhodochrous. Biomass
of the mutant strain R. rhodochrous M50 obtained from
the wild strain R. rhodochrous M8 [12] was used as a
starting material for the purification of the enzyme.
The biomass was grown on MB medium containing
(g/liter): KH,PO,, 0.5; K,HPO,, 0.5; MgSO,[1H,0, 0.5;
FeSO,[TH,0, 0.005; pH 7.2. Glucose (20 g/liter) and
urea (5 g/liter) were used as the sources of carbon and
nitrogen, respectively. The cultivation was carried out
in flasks (medium volume 150 ml) for 72 h at 30°C
with constant shaking. The biomass was collected by
centrifugation.

All stages of purification were carried out at 4°C.

Biomass (80 g) was suspended in 360 ml of 50 mM
sodium phosphate buffer containing 1 mM MgCl,, 0.5 mM
EDTA, and 1 mM DTT; cells were separated by cen-
trifugation at 2,500 rpm for 30 min. The pellet was
resuspended in 360 ml of the same buffer and disin-
tegrated using an extrusion cell disintegrator (KB
AIKhF, Russia) at 1,500 atm. The suspension was then
centrifuged at 5,000 rpm for 30 min and the clear
supernatant was used in the next stage.

For removal of contaminating proteins, 340 ml of
the supernatant was mixed with 146 ml of isopropanol
(final concentration 30%), stirred for 1 h using a
magnetic stirrer, and left for 10-16 h for precipitate
formation; the precipitate was separated by centrifuga-
tion as described above. The procedure was repeated
at 40% and then at 50% isopropanol concentration.
The precipitate obtained with 50% isopropanol con-
tained the amidase; it was dissolved in 30 mM Tris-
HCI buffer, pH 7.4.

Ton-exchange chromatography was carried out using
a chromatograph for fast protein chromatography
(Pharmacia, Sweden). An aliquot of the resulting solu-
tion (11 ml) was filtered through a lavsan filter
(0.22 pm), and the filtrate was then applied onto an
anion-exchange Mono Q HR 5/5 column equilibrated
with 30 mM Tris-HCI buffer, pH 7.4. Chromatography
was carried out using a gradient of NaCl concentra-
tions (from 0 to 1 M during 30 min) at the flow rate
0.4 ml/min. Fractions containing amidase activity were
collected and analyzed by PAGE.

The electrophoresis was carried out in a 10%
polyacrylamide gel in the presence of 0.1% SDS at 50 mA

BIOCHEMISTRY (Moscow) Vol. 64 No.4 1999

385

and 150 V using the Laemmli method [13]. The sample
(10-50 pl, 1 mg/ml) obtained by dissolution of the
protein in 8 M urea containing 10 mM sodium phos-
phate buffer, pH 7.5, 1% SDS, and 1% mercap-
toethanol was placed on the gel. Protein bands were
stained with 0.25% solution of Coomassie Blue R-250,
and the excess dye was washed out using 7% acetic
acid at 100°C.

Transferase activity of the amidase was determined
by formation of acetylhydroxamic acid from hydroxyl-
amine and acetamide with subsequent photometric
measurement of the colored complex of acetyl-
hydroxamic acid with FeCl; [14]. One unit of activity
corresponds to the amount of the enzyme that converts
I pmole of substrate at 37°C during 1 min.

Hydrolytic activity was determined by measuring
ammonia liberation by Nessler’s method [15] or using
indophenol [16].

Homogeneity and molecular mass of amidase
subunits were determined by electrophoresis in 10%
polyacrylamide gels in the presence of 0.1% SDS [13].
Bovine serum albumin (BSA, 66 kD), ovalbumin
(45 kD), glyceraldehyde-3-phosphate dehydrogenase
(36 kD), carbonic anhydrase (29 kD), trypsinogen
(24 kD), and soybean trypsin inhibitor (20.1 kD) were
used as molecular mass markers.

The subunit composition of native amidase was
evaluated by gel-filtration on a Superose 12 column
using a moderate pressure chromatograph (Pharmacia).
The flow rate was 0.4 ml/min. BSA (66 kD), ferritin
(480 kD), catalase (240 kD), and aldolase (147 kD)
were used as the standards.

The amino acid composition was determined using
a Biotronik LC 5001 amino acid analyzer (Germany).

For investigation of enzymatic properties, the
amidase (I mg/ml) was dissolved in 0.05 M Tris-HCI
buffer, pH 7.4.

The influence of metal ions and inhibitors on trans-
ferase and/or hydrolytic activities was investigated after
preincubation of the enzyme with 5 mM reagent solu-
tions at 22°C for 10 min. The amidase was preincubated
with DIFP, PMSF, or o-phenanthroline (I mM in each
case) at 22°C for 1 h. For determination of the enzyme
activity, an aliquot of preincubated enzyme solution
was diluted 5-fold with reaction mixture so that the
final concentration of the tested reagent was 1 mM (in
the case of o-phenanthroline, it was added to the re-
action mixture to final concentration of 1 mM). Aque-
ous 0.01 M solution of o-phenanthroline containing 10%
DMFA, 0.5 M PMSF in absolute dioxane, and 3%
DIFP in isopropanol were the stock solutions.

The dependence of amidase hydrolytic activity on
pH was determined using the indophenol method after
preincubation with the required pH for 1 h. Phosphate—
citrate (pH 2.2-8.0) and Tris-HCI buffers (pH 7.6-8.8)
were used in the studies of pH dependence.
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The temperature dependence of the hydrolytic
activity of the amidase was determined at pH 7.4 using
the indophenol method after preincubation at the re-
quired temperature for 20 min.

RESULTS AND DISCUSSION

Many microorganisms utilize organic nitriles as
sources of nitrogen and carbon. Microbial enzymes
metabolizing nitrile-containing compounds are now used
for industrial production of acrylamide and nicotina-
mide [17, 18]. The use of stereoselective amidases for
a large-scale production of optically pure organic acids
from their racemic derivatives seems very promising.

Strain R. rhodochrous M8, widely used in the in-
dustrial production of acrylamide, produces nitrile
hydratase and amidase. In earlier studies [12, 19], we
characterized some properties of the nitrile hydratase.
In the present study we isolated and purified the cou-
pled enzyme, amidase, and investigated its properties.

Isolation and purification of the amidase. Biomass
of the mutant R. rhodochrous M8 (named M50) was
used as the starting material for amidase isolation. In
contrast to the wild strain, this mutant constitutively
synthesizes amidase and does not synthesize nitrile
hydratase. The purification procedure was monitored
by measuring transferase activity as it is less sensitive
to the composition of the reaction mixture and, in
particular, to the presence of metal ions that influence
the colorimetric determination of ammonium ions.
Table 1 lists the purification stages and Fig. 1 shows
the electrophoregram illustrating purification of the ami-
dase. Fractionation of the cell homogenate with iso-
propanol resulted in ~20-fold purification and high yield
of the amidase (Fig. la).

Using fast protein chromatography on Mono Q
(Fig. 2), the preparation containing homogenous ami-

Table 1. Amidase isolation from 80 g of R. rhodochrous
M8 cells

Total Specific
Stage activity, activity, Yield, %
U* U/ A
Homogenization and | 281000 24.5 100
centrifugation
Fractionation with [ 273000 492 97
PrOH
Chromatography on 7200 2160 57
Mono Q (12,600 units
were applied)

* Activity was determined by the transferase reaction. One unit
corresponds to the amount of enzyme which converts 1 pmole of
substrate per min at 37°C.
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Fig. 1. SDS-PAGE in 10% polyacrylamide gel demonstrat-
ing amidase purification: a) amidase enriched preparation
after isopropanol fractionation; b) enzyme preparation after
chromatography on a Mono Q column; c¢) standard pro-
teins. BSA (66 kD), ovalbumin (45 kD), glyceraldehyde-3-
phosphate dehydrogenase (36 kD), carbonic anhydrase
(29 kD), trypsinogen (24 kD), and soybean trypsin inhibitor
(20.1 kD) were used as standards.
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Fig. 2. Chromatography of the amidase-enriched prepara-
tion on a Mono Q column. The amidase-containing peak
is designated by number /.

BIOCHEMISTRY (Moscow) Vol. 64 No.4 1999



ISOLATION OF AMIDASE FROM R. rhodochrous

dase was isolated from the amidase-enriched fraction
(Fig. 1b). Specific transferase activity of the resulting
enzyme was 2160 pmoles/A4,g, per min; this corresponds
to 88-fold purification.

Subunit composition. Almost all amidases studied
have quaternary structure and consist of an even
number of identical subunits. However, the size of
subunits and their number vary over a wide range. For
example, an enanthioselective 2-aryl-propionamide-
specific amidase from Brevibacterium sp. R312 is a
homodimer (2 % 54.671 kD) [4], whereas the amidase
from R. erythropolis MP50 with similar specificity
consists of ecight subunits with molecular mass of
61 kD [7].

Polyacrylamide gel electrophoresis revealed that the
amidase from R. rhodochrous M8 consists of identical
subunits with molecular mass of 42 + 2 kD. Gel-fil-
tration on a Superose 12 column revealed that the
molecular mass of the native protein is 150 £ 20 kD;
this corresponds to four subunits in the native enzyme
molecule. A heteromeric molecule (4 x 43 kD) of an
amidase with wide specificity from Brevibacterium sp.
R312 [6] has similar sizes. Similar subunit sizes were
previously reported for aliphatic amidases from
Arthrobacter sp. J1 (8 x 39.0 kD) [2] and P. aeruginosa
(6 x 38.4 kD) [5, 20]. The amidase from R. rhodochrous
MS is shorter by 150 amino acid residues than the
amidase from another studied strain, R. rhodochrous J1
[3]. Both strains can utilize nitriles using nitrile hydratases
and amidases. In contrast to the amidases, the nitrile
hydratases are almost identical in the two strains [21].

Optimal pH for enzyme activity. The optimal pH
was determined by assaying hydrolytic activity in the
pH range 2.2-8.8. The amidase was highly active within
a rather wide pH range, from 5 to 8 (Fig. 3). Beyond
these pH limits the enzyme activity is sharply decreased.
For example, at pH 3.7 and 8.5 the enzyme exhibits
50% of its activity. The behavior of pH-dependence
curve and the pH optimum are the same as for the
amidase from Arthrobacter sp. J-1 [2].

Temperature optimum. The temperature optimum
for the amidase activity lies within the range 55-60°C
(Fig. 4). At 37°C the enzyme exhibits only 34% of its
maximal activity. In spite of various subunit compo-
sition and specificity, studied amidases are most active
at relatively high temperatures, about 55°C [2, 5-7, 22].
The only exception is a peptide amidase from
Stenotrophomonas maltophilia [8] possessing maximal
activity at 39-45°C. However, this enzyme also differs
from the group of considered hydrolases in other
characteristics.

Amino acid composition. The amino acid composi-
tion of the amidase is characterized by a predominance
of acidic residues over basic residues (Table 2). A similar
ratio was found for the amidase from P. aeruginosa
[20], which contains about 1.5-fold more acidic residues.
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Fig. 3. Dependence of the hydrolytic activity of the amidase
on pH. Citrate—phosphate (pH 2.2-8.0) and Tris-HCI buff-
ers (pH 7.6-8.8) were used in these experiments. The ami-
dase activity is expressed in relative units that correspond
to optical density of the solution at A = 590 nm.

Amidase activity, relative units

Temperature, °C

Fig. 4. Temperature dependence of the hydrolytic activity
of the amidase at pH 7.4. Amidase activity is expressed in
relative units that correspond to optical density of thee so-
lution at A = 590 nm.

The content of hydrophobic amino acid residues form-
ing the protein core was also similar.

Substrate specificity. The substrate specificity of the
amidase from R. rhodochrous M8 was determined by
hydrolysis of amides of organic acids. The ability of
the enzyme to hydrolyze amides and w-amides of a-
amino acids was also tested. Table 3 shows that amides
of aliphatic organic acids (acetamide and propionamide)
were the best substrates for the amidase from R.
rhodochrous M8. The presence of a double bond near
the hydrolyzing group markedly decreased enzyme
activity (the rate of acrylamide hydrolysis was 75%),
whereas the presence of a methyl radical at the a-car-
bon atom in the case of metacrylamide decreased
hydrolysis of the amide bond by one order of magni-
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Table 2. Amino acid composition of amidases from R.
rhodochrous M8 and P. aeruginosa [20]

KOTLOVA et al.

Table 3. Substrate specificity of the amidase from R.
rhodochrous MS. The activity was determined by the
indophenol reaction

Ami J R. rhodochrous, P. aeruginosa,
mino act number of residues |number of residues Substrate Structural formula | Activity, %
Cys 8 9 Urea NH,CONH, 0
Met 14 15 Acetamide CH,-CONH, 100.0
Asp 32 34
Thr 1 13 Acrylamide CH,=CH-CONH, 75.0
Ser 15 16 Metacrylamide CH2=|C'CONH2 6.7
Glu 26 41 CH,
Pro 20 17 Propionamide CH;-CH,-CONH, 92.0
Gly 31 34 -
Chloroacetamide Cl-CH,-CONH, 12.1
Ala 34 32
Val 22 23 Nicotinamide NC;H;CONH, 2.5%
lle 21 21 Benzamide C¢H;CONH, 4.5
Leu 22 20
H-Cly-NH,,
Tyr 15 17 H-L-Ala-NH,,
Phe 12 H-D-Ala-NH,, NH,-CHR-CONH, 0**
Tr 10 H-L-Leu-NH,,
P H-L-Phe-NH,
His U NH,-CH-COOH
Lys L E HLGinOH g "
Arg 7 T (CH,),CONH,
s 349 346 * Activity was determined by the reaction with Nessler’s reagent.
** Determined using an amino acid analyzer.

tude (to 6.7%). The enzyme hydrolyzes bulky aromatic
amides (at low rates), and it does not possess urease
activity. The amidase from R. rhodochrous M8 does
not cleave amides of a-amino acids of either L- and
D-configuration. w-Amides of a-amino acids are not
amidase substrates as well. Even the relatively small
amide of aminoacetic acid is not a substrate for this
enzyme, in contrast to acetamide. Apparently the pres-
ence of a protonated NH, group (in the working pH range,
~7.5) at the C%carbon atom prevents substrate binding
to enzyme and/or the proceeding of the catalytic cycle.

Comparison of the present results with data from
the literature places the amidase from R. rhodochrous
MBS in the group of aliphatic amidases. Amidases with
similar specificities were isolated from Arthrobacter sp.
J-1 [2], Aspergillus nidulans [5], Pseudomonas sp. [22],
and Brevibacterium sp. R312 [5, 23]. For example, an
amidase with “wide substrate specificity” from
Brevibacterium sp. R312, like the enzyme described here,
hydrolyzes benzamide one order of magnitude slower
than acetamide. However, for the enzyme from
Brevibacterium sp. R312 propionamide is the best
substrate. In contrast to the amidase from R.
rhodochrous M8, the amidase with “wide substrate
specificity” hydrolyzes D-a-aminopropionamide (D-
Ala-NH,) and B-aminopropionamide. However,

Table 4. Influence of metal ions and inhibitors on the
activity of the amidase

Reagent R.es.iduzti)l Reagent Re§idua1

activity, %* activity, %*
FeCl, 0 AgNO; 0
MgCl, 95.9 BaCl, 43.9
Mn(Cl, 64.3 DTT 145.0
ZnSO, 27.5 EDTA 126.3
CoCl, 56.1 Phenanthroline 119.5
NiSO, 36.3 PMSF 101.0/97**
CuSO, 0 DIFP —[94%*
Hg(CH,COO0), 0 — 100
NaCl 112.9

* Activity was determined by the transferase reaction.
**Numbers in the denominator indicate the residual hydrolase
activity determined by the indophenol method.
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Maestracci et al. [5] suggest that the latter may be due
to the presence of traces of membrane bound L-a-
aminoamidase in the enzyme preparation.

Influence of metal ions and inhibitors on the activ-
ity of the amidase (Table 4). Heavy metal ions (char-
acteristic sulfhydryl reagents) and Fe’ inhibit the
enzyme completely. Chelators (EDTA and o-
phenanthroline) do not influence the enzyme activity.
The latter fact obviously suggests that this is not a
metal-dependent enzyme. Serine proteinase inhibitors
(PMSF and DIFP) also do not inhibit the enzyme.
The presence of DTT causes a ~1.5-fold increase in
the amidase activity. These data suggest an impor-
tant role of a sulfhydryl group in the mechanism of
action of the enzyme. The presence of a sulfhydryl
group essential for catalysis was noted in most stud-
ies, irrespectively of enzyme source (amidases from
Corynebacterium sp. C5 [20] and S. maltophilia [8]
were exceptions). The amidases are generally thought
to be sulfhydryl-containing enzymes. However, re-
cent data [11] on the active site of an amidase from
R. rhodochrous J1 questions this viewpoint.
Kobayashi et al. [11] studied the influence of sub-
stitutions Cys203 - Ala, Aspl91 - Glu, Aspl91 -
Asn, and Ser195 - Ala on the enzyme activity; they
also revealed some homology of primary structures of
amidases and aspartyl proteinases. These data suggest
that amidases might belong to a class of aspartyl
enzymes; however, this suggestion requires further
confirmation.

Our study provides a good basis for further de-
tailed study of the amidase from R. rhodochrous MS.
We have obtained enough of the enzyme for crystal-
lization and analysis of its spatial structure.

We thank L. P. Revina and 1. A. Zalunin for their
advice and skillful help.
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