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An intracellular arginine — specific aminopeptidase synthesized by Bacillus mycoides was purified and characterized.
The purification procedure for studied aminopeptidase consisted of ammonium sulphate precipitation and three
chromatographic steps: anion exchange chromatography and gel permeation chromatography. A molecular weight
of ~50 kDa was estimated for the aminopeptidase by gel permeation chromatography and SDS-PAGE. The optimal
activity of the enzyme on arginyl-3-naphthylamide as a substrate was at 37°C and pH 9.0. The enzyme showed max-
imum specificity for basic amino acids: such as Arg and Lys but was also able to hydrolyze aromatic amino acids: Tip,
Tyr, and Phe. Co?* ions activated the enzyme, while Zn?*, Cu®**, Hg>* and Mn*" inhibited it. The enzyme is a met-
alloaminopeptidase whose activity is inhibited by typical metalloaminopeptidase inhibitors: EDTA and 1,10-phen-
anthroline. Analysis of fragments of the amino acid sequence of the purified enzyme demonstrated high similarity

to AmpS of Bacillus cereus and AP 11 of B. thuringensis.

Aminopeptidases (EC 3.4.11) belong to exopeptidases
that are ubiquitous in the living world. They catalyze the
hydrolysis of peptide bonds in peptide and protein sub-
strates with the release of N-terminal amino acids. Bacte-
rial aminopeptidases can be intracellular or extracellular
enzymes. Intracellular aminopeptidases, which are the
predominant type, about 90% of all aminopeptidases
studied so far, carry out important functions in many
physiological processes, including post-translational mat-
uration of proteins and final stages of degradation of intra-
cellular proteins. Their role in the regulation of gene tran-
scription has also been proven [1]. Secreted exopeptidas-
es, including aminopeptidases, are complemented by
endopeptidases to provide the cell with nutrients that en-
able their growth and multiplication. In the case of patho-
genic bacteria the enzymes enhance their virulence when
colonizing the host organism [2, 3]. Bacterial aminopep-
tidases are ordered into two main groups that differ in nar-
row or broad substrate specificity. Enzymes with broad
substrate specificity are able to cleave several different
amino acid residues or groups of amino acids from the
N-terminus or P1 position of a protein. On the other
hand, enzymes with narrow substrate specificity are able
to release one type of amino acid residues from position
P1 of the peptide or protein substrate [4]. Both groups of
aminopeptidases belong to stereospecific enzymes that in
their majority release L-forms of amino acids. However,
there are some exceptions such as aminopeptidase DmpB
from Ochrobactrum anthropi which shows a decided pref-
erence for D-alanine as a substrate [5]. Bacterial ami-
nopeptidases with high activity against protein substrates
with N-terminal arginine are usually characterized by
narrow specificity and are not a very numerous group of
enzymes. So far the properties of only a few such enzymes
have been described, including the aminopeptidases syn-

thesized by Streptococcus gordoni and Lactobacillus sakei
[6, 7]. Some aminopeptidases with broad specificity may
also show some activity against substrates with N-termi-
nal arginine, e.g. the alanyl aminopeptidase synthesized
by Pseudomonas sp., or leucyl aminopeptidase of Bacillus
sp. [8, 9].

Interest in aminopeptidases with this specificity stems
from their potential participation in the intracellular me-
tabolism of arginine. This amino acid released as a result
of the direct action of aminopeptidases can not only be a
product for the synthesis of new proteins but also a precur-
sor in the synthesis of polyamines and other intermediates
for many important cellular transformations. The amino
acid may also be shunted into one of the catabolic arginine
pathways in bacteria. Transformations of arginine in the
arginine deiminase pathway (ADI) can be both a source of
energy in the form of ATP or of numerous valuable me-
tabolites. Interest in arginine metabolism is also stimulat-
ed by the demands of the biotechnology industry, mainly
its pharmaceutical and food branches [7, 10].

The studies described herein focused on the intracel-
lular aminopeptidase synthesized by a rhizosphere strain
of the bacterium Bacillus mycoides. These bacteria belong
to ubiquitous microorganisms occurring in the soil, waters
and phyllosphere. The species, together with several other
genetically closely related Bacillus species, forms the Ba-
cillus cereus group [11]. B. mycoides strains are currently
being characterized mainly from the viewpoint of their
use in bioremediation and biological plant protection [12,
13]. There is no available information in the literature re-
garding aminopeptidases produced by B. mycoides. By
analogy to other species from the B. cereus group it can be
said that the best characterized aminopeptidases in this
group are the leucine aminopeptidases [14, 15]. As yet
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among these bacteria no aminopeptidase with high sub-
strate preference for N-terminal arginine has been char-
acterized.

In the current study we focused on the purification and
biochemical characterization of a new arginine-specific
aminopeptidase synthesized by a soil strain of B. mycoides.
We also carried out the identification of the purified pro-
tein using MS analysis and cloned part of the gene coding
for the aminopeptidase.

METHODS

Biological material and culture conditions. The source
of the aminopeptidase was a soil strain of bacteria isolated
from wheat rhizosphere. Based on biochemical and mor-
phological characteristics it was classified as Bacillus my-
coides. The bacteria were grown in liquid trtyptic soy broth
(TSB) medium, pH 7.5 for 48 h with shaking (120 rpm) at
30°C. The growth of the bacteria was monitored by mea-
suring optical density (ODyy ,,) Bacterial cells were spun
down (1000 g, 20 min), the supernatant was decanted and
the cell pellet was washed twice with Tris-HCI, pH 8.8 and
sonicated. The obtained intracellular protein extract was
taken for aminopeptidase purification.

Enzymatic activity. Aminopeptidase activity was as-
sayed using synthetic amino acid derivatives of f-naphthyl-
amine (Sigma, USA) [16]. The absorbance of the colour
product was determined photometrically at 525 nm. The
enzyme to the control samples was added after termina-
tion of the reaction. The results of absorbance measure-
ments were converted to pmoles product formed, using a
standard curve prepared for 5 different concentrations of
[B-naphthylamine.

A unit of activity was taken as one pumole naphthyl-
amine formed in one minute in the presence of 100 pl of
enzyme.

Purification of enzyme. Fractionation of the enzyme
preparation with ammonium sulphate was carried out by
using 35% in the first stage, followed by 85% saturation in
the second stage. The pellet was dissolved in 50 mM Tris-
HCI buffer, pH 8.8, and dialyzed overnight against the
same buffer.

Gel filtration chromatography. Prior to loading on the
column the dialyzed enzyme preparation was concentrat-
ed in Amicon ultrafiltration chamber (membrane PM 10,
Millipore, USA). The sample containing 1% sucrose was
applied to a Sephadex G-150 column equilibrated with
50 mM Tris-HCI buffer, pH 8.8, containing 15 mM KCI.
Fractions showing the studied activity in the presence of
Arg-[-naphtylamid (Arg--NA) were pooled and taken
for further purification.

lon-exchange chromatography. Fractions with enzy-
matic activity were applied to a Protein-Pak Q SHR
HPLC (Waters, USA) anionite column, which was first
equilibrated with 15 mM Tris-HCl buffer, pH 8.8. The en-
zymatic protein bound to the anionite bed was eluted with
a linear gradient of KCl from 0 to 0.5 M. Collected 2.5 ml
fractions showing activity were pooled and then dialyzed
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overnight against 15 mM Tris-HCI buffer, pH 8.8. The
next step involved HPLC re-chromatography using a nar-
rower KCl gradient, from 0.2 to 0.4 M and the same col-
umn as above equilibrated with 15 mM Tris-HCI buffer,
pH 8.8.

The highly purified enzyme preparation was used as
material for determining the biochemical and kinetic
properties of the enzyme.

Determination of protein content. Protein concentra-
tion at all stages on the study was determined as described
by Bradford [17].

Electrophoretic separations. Electrophoretic separa-
tions under native, semi-denaturing and denaturing con-
ditions were according to the procedure described by Lae-
mmli [18]. Protein in the gels was visualized by staining
with coomassie brilliant blue R-250. After carrying out the
full purification procedure, protein was staining using
modified silver stain method, compatible with mass spec-
trometry analysis [ 19]. To stain polyacrylamide gels for the
presence of active enzyme following native and semi-de-
naturing (without thermal denaturation of the enzyme so-
lution) electrophoresis they were incubated in buffered
solution of the substrate at 37°C and then stained in Fast
Garnet GBC (Sigma-Aldrich, USA) solution. The loca-
tion of active enzyme was indicated by red bands against a
bright background.

Determination of molecular weight of the enzyme: The
molecular weight of the analyzed enzyme was determined
by SDS-PAGE and in the course of gel filtration on a
Sephadex G-200 column. The column was calibrated us-
ing the following standard proteins: bovine albumin
(67 kDa), ovalbumin (44 kDa), carbonic anhydrase
(29 kDa) and cytochrome C (12.4 kDa). The void volume
of the column (V) was determined using dextran blue.

Characterization of the enzyme. Determination of
thermal stability: the buffered enzyme preparation was
subjected to 30 min incubation at four different tempera-
tures: 30, 37, 40 and 45°C. Following the pre-incubation,
the activity of the enzyme in optimal reaction tempera-
ture was assayed. The activity in a sample that was not sub-
jected to 30 min pre-incubation was taken as 100%.

Effect of inhibitors and metal ions. In these experi-
ments the following inhibitors were used: for metalloami-
nopeptidases — EDTA, 1,10-phenanthroline, for cysteine
aminopeptidases — iodoacetamide, E-64, and for serine
aminopeptidases — diisopropyl fluorophosphate (DFP)
and for aspartyl peptidases — pepstatin A.

The enzyme was pre-incubated for 30 min in the pres-
ence of the inhibitors or metal ions at 4°C, after which
substrate was added and the reaction carried out at 37°C.

Reactivation of enzymatic activity after inhibition with
EDTA. After incubation with 10 mM EDTA the reaction
mixture was dialyzed and the enzymatic activity was reac-
tivated by overnight incubation with 1 mM of the metal
ions Co**, Mg?* or Ca?*.

Determination of Michaelis—Menten constants. K,
was determined for the amino acid derivatives of 3-naph-
Ne 2 2011
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Table 1. B. mycoides aminopeptidase purification procedure

Purification step Total activity, U* | Total protein, mg lsjgeggf la;;g;giyr’l Yield, % Purification, fold
Cell extract 407 1547 0.26 100 1
Ammonium sulfate 305 630 0.48 74.9 1.84
precipitation (40—85%)

Sephadex G-150 282 206 1.36 69.3 5.18
Ist Q 8SHR HPLC 53.2 1.1 48.18 13.02 189.9
2nd Q 8HR HPLC 32.1 0.3 106.6 7.86 405.5

* U — pm naphtyloamine/min /100 ul of enzyme.

thylamide (3-Na) against which the enzyme was active;
the final concentration of the substrates in the reaction
mix was from 0.015 to 1.5 mM. The K, value was deter-
mined using the graphical Lineweaver-Burk method.

Analysis of fragment of the amino acid sequence of the
purified enzymatic protein. Both the highly purified en-
zyme preparation and the protein band cut out from poly-
acrylamide gel, corresponding with the electrophoretic
mobility of a band with aminopeptidase activity, were sent
to the Mass Spectrometry Laboratory at IBB PAN (Po-
land).

~50 kDa

14.0kDa—

P1 P2 P3

Fig. 1. SDS-PAGE of the purified aminopeptidase of
B. mycoides.

Pl—markers of molecular weight, P2 — enzyme prepara-
tion after second HPLC chromatography, silver-stained
gel, P3 — enzyme activity after second HPLC chromatog-
raphy; gel stained with Fast Garnet GBC (semidenaturing
pattern).

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOT A

Cloning of part of the aminopeptidase gene sequence.
Isolation of genomic B. mycoides DNA was carried out
with the use of Genomic DNA Purification Kit (Fermen-
tas, Lithuania). Based on the results of MS analysis, prim-
ers for the amplification reaction (PCR) compatible with
the sequence of B. cereus AH187 gene [Gene Bank
NC_011658.1] were designed with the sequence forward:
TCCCTTGCAGTCAATGTTGTTGT and rewers
GACCATTGTTTTTCCGCCAACTAA. The PCR
product was ligated into vector pPGEM®-T (Promega,
USA) and propagated in E. coli IM109 cells. Plasmids
were isolated from white bacterial colonies in which the
presence of the gene coding for aminopeptidase in the
plasmid was additionally verified by PCR with the use of
the above-mentioned primers. Plasmids containing a
DNA insert in the form of B. mycoides aminopeptidase
gene were sent for sequencing to the Laboratory of DNA
Sequencing and Oligonucleotide Synthesis (IBB PAN,
Poland).

RESULTS

Purification of the enzyme: Intracellular B. mycoides
aminopeptidase was purified using ammonium sulphate
fractionation and a combination of low and high pressure
chromatographic techniques: gel filtration and ion-ex-
change chromatography.

The consecutive stages of enzyme purification and the
characterization of the enzyme are presented in Table 1.
The procedure used resulted in over 400-fold purification
of the enzymatic protein, with yield 7.9%. The most ef-
fective step was ion-exchange chromatography (HPLC)
in which the enzyme was purified over 35-fold (Fig. 1, 2).
In this step the studied enzymatic protein was separated
from an aminopeptidase showing a substrate preference
for Leu-B-NA. Activity against Leu-B-NA was demon-
strated in the crude preparation and in the fraction active
against Arg--NA after the first two purification steps.
The purified enzyme preparation was taken for further
studies in which the properties of the enzyme were deter-
mined.

Determination of molecular weight. The molecular
weight of arginyl aminopeptidase determined by SDS-
PAGE was approximately 50 kDa (Fig. 1). This result was
Ne 2
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Fig. 2. Elution profile for aminopeptidase with activity
against Arg-f3-NA following ion exchange chromatogra-
phy on Q 8HR (HPLC) column using 0 to 0.5 M KCl gra-
dient. Fractions with highest activity were collected at
0.3 M KCI.

confirmed by gel filtration studies in which a molecular
weight for the enzyme of about 52 kDA was obtained
(Fig. 3). Together these results indicate that the studied
enzymatic protein does not have a subunit structure and is
a monomer.

Optimal conditions for enzyme activity. The enzyme
retained high activity against Arg-B-NA as a substrate
only within a narrow pH and temperature range (Fig. 4).
The optimal temperature for the reaction catalyzed by the
studied aminopeptidase was 37°C. Small deviations from
the optimal temperature resulted in a strong decrease in
enzyme activity. During incubation of the reaction mix at
either 30 or 39°C only 40% of the activity at the optimal
temperature was determined. The pH optimum for the
hydrolysis reaction catalyzed by the B. mycoides ami-
nopeptidase was 9.0. The enzyme was active in a narrow
pH range, from 7.0 to 9.5. Small deviations from the opti-
mal pH value resulted in strong loss of activity by the stud-
ied enzyme. At pH 8.0 only 60% of maximal enzyme ac-
tivity was observed.

Thermal stability. The thermostability of the studied
enzyme was determined in the 30—45°C range, as illus-
trated by Fig. 5. After 30-min pre-incubation at 37°C the
activity of the enzyme decreased by only 5%. However, af-
ter pre-incubation for the same time at 40°C the activity
of the enzyme dropped by about 40%. After 30-min pre-
incubation at 45°C the aminopeptidase B. mycoides re-
tained only 12% of its activity compared to the control,
not pre-incubated, sample.

Effect of specific inhibitors and metal ions. The effect of
inhibitors specific for the individual catalytic groups of
bacterial proteases on the activity of the purified ami-
nopeptidase was also determined. The results of these ex-
periments are summarized in Table 2. The activity of the
studied enzyme was strongly inhibited in the presence of
inhibitors specific for metallopeptidases: EDTA and 1,10-
phenanthroline. The stronger inhibition was demonstrat-
ed by EDTA, which in concentration ImM inhibited the
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Fig. 3. Calibration curve for the V,/V, dependence of the
standards used depending on the logarithms of their mo-
lecular weights. The black square represents the log value
from which the molecular weight of the studied aminopep-
tidase was calculated.

activity of the studied aminopeptidase by 85%. Use of the
other inhibitor, 1,10-phenanthroline, in the same con-
centration resulted in loss of about 60% activity. Inhibitors
specific for serine, cysteine and aspartyl peptidases did not
significantly affect the activity of purified B. mycoides
aminopeptidase. Of all the metal ions used in the study the
enzyme was activated the strongest by Co?* ions which in
concentration 1mM increased the activity of the ami-

U
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35
°C

Fig. 4. Effect of pH and temperature on B. mycoides ami-
nopeptidase activity.
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Fig. 5. Thermostability of B. mycoides aminopeptidase af-
ter 30 min preincubation at temperatures ranging from 30
to 45°C.

nopeptidase by 90% (Table 3). The enzyme was also acti-
vated by Ca?* and Mg?* ions. On the other hand, the ac-
tivity of the enzyme was inhibited by Zn?**, Cu?**, Hg?*
and Mn”* ions. The strongest inhibitor was the Zn?* ion
which caused a loss of over 90% of aminopeptidase activ-
ity already at concentration 0.1 mM. Attempts were also
made to reactivate the activity of the enzyme Co?*, Ca?*
and Mg?* ions after prior inhibition of its activity in the
presence of 10 mM EDTA and dialysis of the incubation
mixture. The activity of the enzyme was restored only af-
ter the addition of Co?* to the incubation mix. Ions Ca**
and Mg?* did not affect the recovery of aminopeptidase
activity.

Substrate specificity and substrate affinity. The studied
enzyme showed highest activity against the substrate Arg-
[B-NA (Table 4). The activity of the enzyme against this
particular substrate was taken as 100%. The analyzed ami-
nopeptidase was also visibly active against naphthylamide
derivatives of such amino acids Lys and of the aromatic
amino acids Trp, Tyr and Phe. The purified enzyme was
not active against any of the other tested substrates: Leu-,

Table 2. Effect of inhibitors on activity of B. mycoides ami-
nopeptidase

Inhibitor Concentration, mM | Relative activity, %
None — 100
EDTA 1 15

10 0

1,10-Phenantroline 1 44
3 13

Todoacetamide 1 99
3 98

E-64 0.01 100
0.1 99

PMSF 1 98
3 94

Pepstatin A 3 100

IMPUKIIAAHAA BUOXUMUA U MUKPOBUOJIOTUA

Ala-, Pro-, Gly-, His-, and Val-B-NA. The substrate af-
finities were determined in the presence of those sub-
strates with which enzymatic activity was observed
(Table 4). The lowest value of the constant K, that is the
highest affinity, was obtained with Arg-3-NA. The affinity
of the aminopeptidase for naphthylamide derivatives of
the aromatic amino acids: Trp-3-NA and Tyr-B-NA was
lower and did not show any differences between them,
whereas the value of the Michaelis-Menten constant for
Phe-[3-NA varied from that of the others.

Identification of purified enzymatic protein. The puri-
fied protein was subjected to identification using the mass
spectrometry (MS) technique. The peptide sequences
identified using mass spectrometry showed high similarity
to the sequences of aminopeptidase S (Amp S) from
B. cereus and aminopeptidase II from Bacillus thuringien-
sis. The fragments of the amino acid sequences of the
studied enzyme identified by MS demonstrated high sim-
ilarity to the sequence of B. cereus Amp S (Fig. 6). How-
ever, only 30% overlap with the two mentioned ami-
nopeptidases was obtained. Consequently, the additional
cloning of part of the gene coding for using genomic DNA
of the studied strain as PCR template, was carried out.
The obtained nucleotide sequence (1065 bp) after being
translated to the amino acid sequence showed full identity
with the sequence of B. cereus AmpS (Fig. 6 line A and B).

A 354 amino acids fragment was obtained, which con-
sists 76% of the B. cereus aminopeptidase sequence. The
studied enzymatic protein from B. mycoides is built from a
large amount of alanine (11.6%), glutamic acid (9.9%)
and leucine (8.5%). The amino acid composition also in-
cludes a small amount of arginine (2.2%), glutamine and
methionine (1.4%) as well as cysteine (0.8%). The total
number of amino acids carrying a positive charge (argin-
ine and lysine) was 34, whereas such amino acids as aspar-
tic acid and glutamic acid were found to occur in 53 posi-
tions. The theoretical pl, calculated on the basis of the ob-
tained sequence, was 5.12.

DISCUSSION

This study describes the complete purification proce-
dure of an intracellular aminopeptidase synthesized by a
soil strain of B. mycoides and the catalytic, kinetic and
partly molecular characteristics of the enzyme. The puri-
fied enzymatic protein, in the form of both a solution and
a band excised from polyacrylamide gel was subjected to
MS analysis. Both samples yielded compatible identifica-
tion of an enzymatic protein with no other protein with
proteolytic activity being present.

The obtained results pointed to the similarity of the
amino acid sequence of the protein to the sequence of
Amp S of B. cereus and aminopeptidase II of B. thuring-
iensis. In spite of repeated MS analyses we were not able to
achieve a larger degree of overlap with the B. cereus pro-
tein sequence. This can be explained in one of two ways.
The first explanation could be that there were problems
with the appropriate length of the analyzed peptides ob-
Ne 2
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Table 3. Effect of metal ions on activity of B. mycoides ami-
nopeptidase

Metal ion | Concentration, mM | Relative activity, %

None — 100
Co** 1 190

0.1 135
Ca’* 1 121

0.1 106
Mg+ 1 113

0.1 112
Zn* 1 6

0.1 8
Hg?* 1 12

0.1 16
cu?t 1 13

0.1 38
Mn?* 1 43

0.1 55
Table 4. Substrate preferences and affinity of purified
B. mycoides aminopeptidase

Substrate Activity, % K., M

Arg-B-NA 100 43x107
Lys-B-NA 70 1.5x 107
Trp-B-NA 55 4.4x107%
Tyr-B-NA 45 5.6x107%
Phe-B-NA 30 1.1x1073

tained after trypsin digestion, stemming from the unfortu-
nate distribution of Arg and Lys residues in some parts of
the amino acid sequence of the analyzed protein. The sec-
ond possibility is that the sequence of the aminopeptidase
studied by us could be similar to the B. cereus enzyme only
to the extent observed. In order to verify the latter hypoth-
esis cloning of part of the B. mycoides gene coding for the
aminopeptidase was undertaken. Primers were designed
for the B. cereus gene sequence, but in their design the re-
sults of M'S analysis were also taken into account. This re-
sult allows stating that the characterized enzyme is Amp S
synthesized by a soil strain of B. mycoides.

Asyet there have been only very scant reports in the lit-
erature regarding the biochemical properties of Amp S.
A problem in studies on Amp S of Staphylococcus was ob-
taining and analysis of the crystalline structure of the pro-
tein by Odintsov et al. [20]. The experience of the study
group resulted in the creation in the MEROPS base of a
new MQ clan of metallopeptidases within the metal-
lopeptidase M29 family, which includes Amp S and ami-
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nopeptidase T [20, 21]. Lin et al. [ 15] performed studies in
which they demonstrated the similarity in the structure of
the active centre of S. aureus Amp S and aminopeptidase 11
from B. sterothermophilus. However, a comparative analy-
sis of the complete amino acid sequences of both these
aminopeptidases carried out by the mentioned authors re-
vealed only 40% convergence.

The activity of the B. mycoides aminopeptidase char-
acterized in the current study is strongly inhibited in the
presence of EDTA and 1,10 phenanthroline. The active
centre of the enzyme most likely contains cobalt ions, this
being indicated not only by the activation of the enzyme
after addition of these ions but also by reactivation of the
enzyme previously treated with EDTA. The activation of
bacterial metalloaminopeptidases by cobalt ions has been
described in the literature many times, examples being the
methionine aminopeptidase of B. subfilis [22], the leucine
aminopeptidase of B. kaustophilus CCRC [23], as well as
Thermus aquaticus aminopeptidase T [21].

The substrate preferences of the B. mycoides ami-
nopeptidase studied by us differ from those described for
the Amp S homologue aminopeptidase T [24]. Purified
B. mycoides aminopeptidase demonstrated hight activity
against the synthetic substrate Arg-B-NA and was not ac-
tive against substrate with N-terminal leucine. This prop-
erty distinguishes the studied enzyme from aminopepti-
dase II found in bacteria belonging to the genus Bacillus,
which are classified as leucine aminopeptidases. There are
no direct data in the literature regarding the substrate pref-
erences of Amp S. It has only been shown that Staphylo-
coccus aureus Amp S was also active against a substrate
with N-terminal tyrosine [20]. The absence of activity
with regard to Leu-[3-NA allows to distinguish the studied
aminopeptidase also from the arginyl aminopeptidase
synthesized by the yeast Debaromyces hansenii, which was
active against Arg-B-NA, Lys-B-NA, Tyr-B-NA, Phe-[3-
NA and Leu--NA [25].

The molecular weight of the B. mycoides aminopepti-
dase was determined to be about 50 kDa. Our results indi-
cate that the enzyme is a monomer. This is shown by the
results of gel filtration chromatography and by the fact
that the enzyme did not lose activity after electrophoretic
separation under semi-denaturing conditions. In-depth
studies on the subunit structure of .S. aureus Amp S were
carried out by the above-mentioned authors [20]. The ob-
tained crystalline form of the enzyme suggests that it is a
subunit protein with homodimer structure. However, in
view of the doubts stemming from the location of the ac-
tive centre in a dimeric molecule the authors suggest that
it may function in solution as an active monomer. Ami-
nopeptidases T [27] and aminopeptidases II [14] are also
dimers with similar molecular weight of the monomer.
Aminopeptidases composed of a larger number of sub-
units are also known, an example of which is the trimeric
arginyl aminopeptidase of Lactobacillus sakei [7]. A mo-
lecular weight similar to that determined in our study has
been described for several monomers, including the leucyl
aminopeptidase from B. kaustophilus, [23] and ami-
Ne 2
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Fig. 6. Multiple-sequence alignment of aminopeptidase from B. mycoides:

Line 1 Amino acid sequence of aminopetidase B. cereus (GeneBank ZP_04298756); Line A — MS analysis of amino acids se-
quence of aminopeptidase from B. mycoides; Line B — amino acid sequence translated from nucleotide sequence from obtained

aminopeptidase clone.

nopeptidase PepS [26]. A higher molecular weight of
about 70 kDa was reported for the arginyl aminopeptidase
from Streptococcus gordonii [6].

Since the pH optimum of the studied aminopeptidase
is 9.0, the enzyme can be classified along with alkaline
aminopeptidases that have been described in the litera-
ture. Examples of these are the leucyl aminopeptidase
from Streptomyces hygroscopicus, with pH optimum 8.0
[28] the extracellular aminopeptidase from B. subtilis iso-
lates, which has optimal activity in the pH 8—9 range [29]
or the B. thuringiensis leucyl aminopeptidase with pH op-
timum of 10.0 [30].

It has been determined that the amino acid sequence
of studied enzyme is similar to a large degree to the se-
quence of Amp S and aminopeptidase II of bacteria be-
longing to the genus Bacillus, grouped in clan M29 (http://
merops. sanger.ac.uk) embracing thermophilic peptidases
[15, 24]. However, our studies show that the B. mycoides
aminopeptidase differs from the mentioned aminopepti-
dases in the lack of this characteristic thermal stability.
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