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Abstract

An arginine aminopeptidase (EC 3.4.11.6) called aminopeptidase B was purified to apparent homogeneity from membrane
extract of a potential probiotic Pediococcus acidilactici NCDC 252 using successive chromatographies on sephadex G-100
and phenylsepharose CL-4B. Purified enzyme was a heterotrimer with molecular mass of ~ 101.36 kDa. Predicted molecular
weight of the enzyme from its gene (93.9 kDa) was close to the calculated molecular weight. The enzyme was optimally
active at pH 7.5 and 40 °C. It was strongly inhibited by metal chelating agent and thiol protease inhibitors suggesting that
enzyme is a metalloprotease with involvement of thiol. The K, and V_,, of enzyme for Arg-4mpNA were calculated to be
26 pM and 19.9 nmol/ml/min respectively. Its 3-D structure was modeled and validated using in-silico approach. In-silico
analysis revealed Ser, His, Phe, Tyr and Thr to be present at active site of aminopeptidase B. Docking studies revealed that
Arg-4mpBNA binds with high affinity to the enzyme followed by Lys-4mpNA. The enzyme also hydrolyzed dipeptide-4mpNA
derivatives containing hydrophobic amino acids and diaminocarboxylic acids (Arg, Lys and Asp) at the N-termini but not trip-
eptides, endopeptidase substrates and -BNA derivatives or peptides with proline and phenyl at their N-termini or C-termini.
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Introduction

Various Pediococcus species are commonly used as ben-
eficial microbes (starter culture) in producing cheese and
yoghurts (Casquete et al. 2012; Bintsis 2018). The starter
cultures are bacterial strains that are rich in enzymes
that breakdown proteins into assimiable amino acids and
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peptides that provide flavor and taste to food products and
also help in food ripening more quickly. Enzyme action also
improves taste and flavour. This degradation and utilization
require the concerted action of proteinases, peptidases, ami-
nopeptidases, amino acid and peptide uptake systems. This
whole set of enzymes constitute proteolytic system.

Pediococcus acidilactici NCDC 252 is an acidophilic
facultative anaerobe possessing all in vitro probiotic attrib-
utes (Attri et al. 2015). Its genome sequence was found to
be novel (Bansal et al. 2019). Several enzymes i.e. endo-
peptidases and exopeptidases were screened and charac-
terized (Attri et al. 2012, 2015, 2018; Gandhi et al. 2016,
2020; Chanalia et al. 2018) while many are yet unidentified.
Enzymes of proteolytic system hydrolyze milk proteins and
release free amino acids required for bacterial cell growth.
Exopeptidases catalyse the selective removal of amino acid
residues from N-terminus of oligopeptides, polypeptides and
proteins. Aminopeptidases are ubiquitously distributed in
animals, plants and bacteria.

Aminopeptidases are important for specific as well as
general bacterial physiological processes viz. catabolising
the exogenous peptides, final stages of protein turnover and
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protein maturation. Aminopeptidases may be cytoplasmic,
membrane associated or secreted in extracellular fluid. Ami-
nopeptidases are also very important from a biotechnologi-
cal point. These enzymes cleave simple amino acids from
specific proteins. Arginine aminopeptidases are expected
to be involved in removing bitterness causing peptides as
Arg and Pro containing peptides cause bitterness. It also
removes Arg/Lys from N- terminus of several peptides
including Leu-enkephalin. Occurrence of aminopeptidase
B is demonstrated in different bacteria (Goldstein et al.
2002; Ohishi et al. 2005) but it is yet to be characterized in
detail. This enzyme is also reported in closely related genus
i.e. Streptococcus mitis and Lactobacilluc sakei (Sanz and
Toldra 2002).

In this paper we report the purification and biochemical
characterization of the membrane bound aminopeptidase B
from a probiotic P. acidilactici NCDC 252. Being of probi-
otic origin, it may have dual advantage of (i) contribution of
bioactive peptides and (ii) it is expected to be safe for food
and dairy industry.

Materials and Methods
Reagents

NCDC 252 was initially purchased from National Dairy
Research Institute (NDRI), Karnal (India) and now being
maintained in our lab. Arg-4-methoxy-f-naphthylamide
(Arg-4mpNA), Sephadex G-100, Phenysepharose CL-4B,
Fast Garnet GBC (o-aminoazotoluenediazonium salt)
were from Sigma. Tris, TritonX-100 (TX-100), lysozyme,
B-mercapatoethanol (B-ME), Man Rogosa Sharpe (MRS),
ammonium sulphate, disodium hydrogen phosphate and
sodium phosphate monobasic were from Himedia, India.
NaCl, DMSO and HC1 were obtained from Rankem, India.
Protein samples were concentrated using Amicon stirred cell
with YM 10 membrane. Protein markers (14.3-97.4 kDa) for
were from Bangalore Genei, India.

Bacterial Growth

Autoclaved MRS medium was inoculated with NCDC 252
cells and grown at 32 °C on shaker at 250 rpm. The culture
was centrifuged at 10,000 rpm for 10 min for collection of
biomass. Cells were harvested in log phase after 36 h.

In Silico Characterization of Aminopeptidase
Aminopeptidase N gene was searched in NCDC 252 genome
(Accession No. PTXW00000000) using DIAMOND

BLASTX mode which is a BLAST-compatible local aligner
for mapping translated DNA query sequences against a
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protein reference database (Buchfink et al. 2015). In silico
analysis of gene encoding for aminopeptidase N was done by
using BLAST2GO platform. The gene sequence was trans-
lated by Gene translator (http://www.scfbioiitd.res.in/chemg
enome/genetranslator.jsp).

Homology Modeling

Homology modeling of translated sequence was done by
MODELLER, used for comparative and homology modeling
of protein’s three-dimensional structure. The modeled pro-
tein was validated by Protein Structure Validation Software
Suite (PSVS) (https://mybiosoftware.com/psvs-1-5-protein-
structure-validation-software-suite.html).

Active Site Residues

Ligand binding site of modelled protein structure were
predicted by 3D Ligand Site (http://www.sbg.bio.ic.ac.uk/
3dligandsite/index.cgi). It is ligand binding site server and is
based upon successful manual methods used in eighth round
of Critical Assessment of techniques for protein Structure
Prediction (CASP8) (Wass et al. 2010).

Docking Studies

Binding interactions were studied by Autodock vina using
exhaustiveness value of 8. All other parameters of software
were kept as default and all bonds contained in ligand were
allowed to rotate freely, considering receptor as rigid. The
final visualization of the ligated enzyme structure was per-
formed using Pymol2.3 and Discovery Studio 4.0.

Aminopeptidase B Assay

Aminopeptidase B was assayed spectrophotometrically
(Bogra et al. 2009) with slight modifications. To 0.880 ml
of assay buffer (50 mM Tris—HCI, pH 7.5 having 0.1% Tri-
ton X-100 and 50 mM NaCl), 0.1 ml enzyme was added and
pre-incubated for 10 min at 37 °C. The reaction was started
by adding 20 pl of the substrate (Arg-4mpNA, 4 mg/ml
DMSO) and incubated at 37 °C for 20 min. The reaction was
stopped by adding 1 ml of stopping reagent (1.0 M sodium
acetate buffer, pH 4.2). The 4mpNA liberated was coupled
using 0.5 ml of Fast Garnet GBC (1 mg/ml in water). The
colour was extracted with 2 ml of n-butanol and estimated
at 520 nm. The As,, was converted into activity units. One
unit of enzyme activity was expressed as amount of enzyme
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which released one nanomole of 4-methoxy-fNA per minute
from substrate under assay conditions.

Protein Quantification

Protein content at each step of purification was quantified
by Lowry’s method using bovine serum albumin (BSA) as
standard.

Concentration of Protein Sample

The fractions positive for aminopeptidase B from different
chromatographic columns were concentrated using ultrafil-
tration cell using YM10 membrane.

Enzyme Purification

Aminopeptidase B was purified using different chromatog-
raphies. All steps were carried out at 4 °C and 1% Triton
X-100 was added at each step to maintain the enzyme in
active form.

1. Crude enzyme preparation: Cells were harvested by cen-
trifugation at 10,000 rpm for 10 min and washed thrice
with distilled water. The enzyme was extracted from
the membrane as described by Attri et al. (2012) using
Sodium phosphate buffer (50 mM pH 8.0 with 300 mM
NaCl and 1.0% TritonX-100) as extraction buffer. This
resulted in 90% extraction of aminopeptidase B from
bacterial membranes.

2. Gel filtration chromatography: Sephadex G-100 column
(30 1.0 cm) was pre equilibrated with 50 mMTris-HCI
buffer having 0.1% TritonX-100, pH 7.4. Crude enzyme
extract (of above srep) was loaded and eluted with the
same buffer at a flow rate of 0.5 ml/min. Fractions of
2 ml each were collected. All fractions were screened for
protein(s) at 280 nm and aminopeptidase B (using Arg-
4mPNA) and also for DPP-IIT using Arg-Arg- 4mpNA as
described by Dhanda et al. (2007). The active fractions
of aminopeptidase B from gel filtration were pooled,
concentrated and subjected to heat inactivation of DPP-
III at 40 °C for 1 h. It was kept overnight at 4 °C. The
sample was centrifuged at 10,000 rpm for 30 min and
supernatant was dialyzed against 50 mM sodium phos-
phate buffer, pH 6.8 and concentrated.

3. Hydrophobic interaction chromatography on phenyl
sepharose CL-4B: One molar (NH,),SO, was added to
above enzyme preparation and loaded on phenyl sepha-
rose column (15 X 1.0 cm) pre-equilibrated with 50 mM
sodium phosphate buffer [containing 1.0 M (NH,),SO,,
pH 6.8]. Fractions of 1.0 ml each were collected.
Unbound proteins were eluted with same buffer and
bound proteins were eluted with decreasing (NH,),SO,

gradient. For eluting aminopeptidase B, two gradients
were run. First gradient with 40 ml of 50 mM sodium-
phosphate buffer pH 6.8 containing 0.2 M (NH,),SO,
and 1% TritonX-100, in non-stirred column and 40 ml
of 50 mM sodium phosphate buffer pH 6.8, contain-
ing 1.0 M (NH,),SO, and 1% TritonX-100, pH 6.8
buffer in stirred column. Second gradient [after 0.2 M
(NH,),S0,] was run with NaCl and slight rise in pH by
taking 40 ml of 50 mM sodium phosphate buffer, pH 8.0
containing 1.0 M NaCl and 1% TX-100 in non-stirred
vessel and equal volume of 50 mM sodium phosphate
buffer containing 0.2 M (NH,),SO,, 1.0 M NaCl and
1% TritonX-100, pH 8.0 in stirred vessel. The fractions
were analyzed for protein at A,q, and aminopeptidase B
activity. Fractions positive for aminopeptidase B were
pooled, concentrated and dialyzed against 50 mM Tris—
HCI buffer pH 7.4. This dialyzed protein was stored at
4 °C for further studies.

Polyacrylamide Gel Electrophoresis (PAGE)
and In-Situ Gel Assays

Apparent homogeneity, purity and in-situ gel assay of amin-
opeptidase B was assessed by 10% Davis gel electrophoresis.
For activity staining, polymerized gel was pre-run for 2 h
before loading the sample. After sample loading, the gel was
run at 4 °C. After completion of gel run, it was cut into two
equal halves. One half was subjected to Coomassie Brilliant
Blue staining and another half was assyed for aminopepti-
dase B with assay buffer and Arg-4mpNA at 37 °C. Colour
was developed using Fast garnet GBC as described by Attri
etal. (2011).

Biochemical Characterization of Purified
Aminopeptidase B

Determination of Molecular Weight by SDS-PAGE

Molecular weight and subunit composition of puri-
fied enzyme was determined by SDS-PAGE (10%) using
medium range molecular weight markers (phosphory-
lase B (97.2 kDa), serum albumin (66.4 kDa), ovalbu-
min (44.287 kDa), and carbonic anhydrase (29 kDa),
B-lactoglobulin (20 kDa), lysozyme (14 kDa) as standard.

pH Optima and Stability

pH optima of purified aminopeptidase B was determined
by assaying it in 50 mM sodium acetate (pH 4.0-5.0),
sodium-phosphate (pH 6.0-7.5), Tris—HCI (pH 8.0-9.0),
Glycine—-NaOH (pH 9.5-10.0) buffers. To assess the pH sta-
bility, the enzyme was pre-incubated in buffers of different
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pH (4.0-10.0) at 37 °C for 10 min and then assayed at opti-
mum pH (7.5). Enzyme activity was expressed as percent of
maximum activity.

Temperature Optima and Stability

Temperature optima was determined by assaying amin-
opeptidase B at different temperatures (0-70 °C). Ther-
mal stability of the purified enzyme was assessed by pre-
incubating the enzyme for 10 min at different temperatures
(0=70 °C) and then by assaying the residual enzyme activ-
ity at 40 °C using the standard assay. Enzyme activity was
expressed as percent of maximum activity.

Kinetic Characterization

Kinetic parameters viz K, and V., of the purified
enzyme were determined from Michaelis— Menton,
Lineweaver—Burk plot and Hanes plot using Arg-4mpNA
as substrate in the concentration range of 0 to 150 uM. The
assay was carried out at pH 7.5 and 40 °C.

Substrate Specificity

The enzyme was incubated at 40 °C in the standard
reaction mixture with different mono, di and tripeptide
B-naphthylamide as well as some endopeptidase substrates.
Relative enzyme activity was calculated with respect to
Arg-4mfBNA (control).

Effect of Different Inhibitors

Purified enzyme was pre-incubated for 10 min at 40 °C
with effective concentration of different inhibitors. Resid-
ual enzyme activity was calculated by standard assay.

Investigation of Active Site by Varying pH

To investigate catalytic residues of active site log V., was
plotted against pH. The curve was extrapolated to find pK,
of amino acids involved in enzyme catalysis.

Effect of DMSO and Ethanol

Effect of DMSO and ethanol on enzyme activity was
studied by incubating the purified enzyme (100 pl) sepa-
rately with different concentrations of ethanol and DMSO
[1-15% (v/v)] at 40 °C for 10 min. Appropriate volume
of assay buffer was added and enzyme was assayed. The
residual aminopeptidase B activity was expressed as per-
centage of maximum activity.
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Effect of Urea and NaCl

The enzyme was incubated with different concentration
of urea (0.1-2.5 M) and NaCl (50-1000 mM) at 40 °C for
10 min and residual activity was calculated as percentage
of maximum activity.

Effect of Metal lons

The effect of different metal ions on enzyme activity was
studied by adding chloride salts of different metal ions
(K+, Fe2+, Fe3+, Mn2+, C02+, Zn2+, Ca2+, Hg2+, Cu2+,
Ba?*, and Mg?") to assay buffer and pre-incubating the
enzyme at 40 °C for 10 min. The reaction was initiated
by adding 20 pl of substrate and enzyme activity was
expressed as percent activity as compared to control.

Reversal of O-Phenanthroline Inhibition by Metal
lons

Reversibility of purified aminopeptidase B was studied
with respect to o-phenanthroline inhibition. About 5 ml
enzyme was treated with 1.0 mM o-phenanthroline for
10 min. This pretreated enzyme was extensively dialyzed
at 4 °C for 24 h against 50 mM Tris—HCI buffer, pH 7.0.
The dialyzed enzyme (100 pl) was mixed with assay buffer
and assayed using standard assay procedure. Residual
enzyme activity was calculated and expressed as percent
activity in comparison to control. Reversibility of inhibi-
tion was measured in the presence of different metal ions
at different concentration using standard enzyme assay.

Effect of Thiol Compounds

Effect of thiol compounds (DTE, DTT, cysteine, reduced
glutathione, thioglycolic acid and - ME) was studied on
aminopeptidase B by preincubating with each thiol com-
pound in assay buffer at 40 °C for 10 min. The reaction
was initiated by adding substrate and enzyme activity was
expressed as percent activity in comparison to control.

Reversal of PCMB Inhibition by Thiol Compounds

Reversibility of purified aminopeptidase B was stud-
ied with respect to PCMB inhibition. The enzyme was
treated with 0.5 mM PCMB for 10 min. PCMB pretreated
enzyme was dialyzed at 4 °C for 24 h against 50 mM
Tris—HCI buffer, pH 7.0. The dialyzed aminopeptidase
B was assayed as per standard assay. Residual enzyme
activity was calculated and expressed as percent activity in
comparison to control. The reversibility of inhibition was
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measured in the presence of different thiol compounds at
different concentration.

Results and Discussion

PepN is a broad-specificity metallo-exopeptidase capable
of hydrolysing a broad range of peptides containing Lys,
Arg and Leu at N-terminus. PepN from Streptococcus liv-
idans hydrolysed Arg-pNA (Butler et al. 1994) and PepN
from Lactococcus lactis subsp. cremoris Wg2 hydrolysed
susbstrates containing Arg as N terminus residue (Niven
et al. 1995). Therefore NCDC 252 genome (Bansal et al.
2019) was searched for aminopeptidase B/pepN and
translated into its protein sequence. Homology modeling
of aminopeptidase B was done by comparing the query
sequence with available protein structures and template
sequence was selected. Crystal structure of porcine ami-
nopeptidase N ectodomain in functional form (PDB ID:
5765) was used as template for homology modeling. The
3-D structure of aminopeptidase B was depicted graphi-
cally by the PyMOL visualization tool (Fig. 1). The mod-
eled structure was further validated. Ramachandran plot
drawn using PROCHECK revealed 92.9% residues to
be present in most favoured regions, 6.5% in addition-
ally allowed regions, 0.2% residues in generally allowed
and 0.4% disallowed regions. The overall G-factor score
of —0.10 suggested that the model was accepted as it was
equal to recommended value (—0.5). Verification of 3D
structure showed overall model average positive scores
(cut-off score > 0.2), indicating the reliability of the pro-
posed model. The 3-D model was also verified by PROVE
to measure the average magnitude of volume irregularities
in terms of Z-score root mean square deviation (Z-score
RMS). All these studies indicated 3-D structure of amin-
opeptidase B to be valid and comprised of three different
polypeptide chains (Fig. 1).

Fig. 1 Modeled 3-D structure of aminopeptidase

Purification of Enzyme

Aminopeptidase B was extracted as explained by Attri et al.
(2012) that resulted in more than 90% extraction. Addition
of 1% Triton X-100 was essential to maintain the enzyme in
soluble form. The enzyme was purified to apparent homo-
geneity by successive chromatographies on gel filtration
and hydrophobic chromatographic column. DPP-III was the
major contaminant of aminopeptidase B therefore it was also
assayed on gel filtration column fractions (Fig. 2a).

Both enzymes were eluted in overlapping fractions. But
DPP-II1 is thermolabile (Bogra et al. 2009) and it was sepa-
rated from aminopeptidase B by subjecting concentrated
active fractions of aminopeptidase B to 40 °C for 1 h. The
co-eluted DPP-III was heat inactivated and supernatant was
chromatographed further on phenyl sepharose chromato-
graphic column. Aminopeptidase B was eluted using two
gradients. In first gradient, concentration of ammonium
sulphate was gradually lowered from 1.0 to 0.2 M. Lower-
ing upto 0 M of ammonium sulphate did not elute amin-
opeptidase B. As NaCl and raised pH are known to disturb
hydrophobic interaction, therefore second gradient was run
with increase in NaCl (upto 1 M) and increase in pH (upto
8) (Fig. 2b).

The results of purification are summarized in Table 1.

The enzyme was purified 63.98 fold with a yield of
33.26%. Arginyl aminopeptidases have also been previously
purified from bacteria. Fold purification of 63.98 is compa-
rable to that of 80.9 from Toxoplasma gondii (Berthonneau
et al. 2000) though it is much less than of goat brain i.e. 280
(Bogra et al. 2009), 158,433 fold and 12.0% yield in Cap-
nocytophaga granulosa ATCC 51,502 (Ohishi et al. 2005),
3506 fold with a 2.8% yield in Streptococcus gordonii FSS2
(Goldstein et al. 2002) and 500-fold with yield of 4.2% from
Lactobacillus sakei (Sanz and Toldra 2002). The difference
in yield and purification fold of aminopeptidase B from dif-
ferent sources may be because of differential expression of
enzyme and different methods employed for purification.

Native PAGE and In- Situ Gel Assay

The apparent homogeneity and purity of enzyme was con-
firmed by single band on native PAGE (Fig. 3a) that cor-
responded to the activity band of in- situ gel assay (Fig. 3b).

Molecular Weight

Three bands of ~ 14.79 kDa, 31.62 kDa and 54.95 kDa (total
mol. wt. ~101.36 kDa) were obtained on SDS-PAGE (under
denaturing and reducing conditions) confirming the hetero-
trimeric nature of aminopeptidase B (Fig. 4a and b). Molec-
ular weight of aminopeptidase B predicted from pepN gene
identified in NCDC 252 genome was found to be 93.9 kDa.
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Table 1 Purification table of aminopeptidase B from P. acidilactici
Purification steps Total protein (mg) Total activity (U) Specific activity (U/mg) Purification (fold) Yield (%)
Membranes 5522+0.28 11,500+0.19 2.083+0.06 1+0.08 100+0.12
Crude extract 5308.35+0.34 10,446.83 +0.21 1.968 +£0.3 1.968 +0.10 90.84 +£0.39
Sephadex G-100 1258 +£0.05 8763.12+0.11 6.966+0.17 3.344+0.09 76.2+0.37
Heat inactivation 168 +£0.22 6593.07+0.08 39.244+0.24 18.84+0.3 57.33+£0.06
Phenyl sepharose CL-4B 28.7+0.17 3825.56 +£0.04 133.27 £ 0.14 63.98 +0.21 33.26 +0.02

Values are mean + SD of three different experiments

Bold values indicate purification of enzyme

Predicted (93.9 kDa) and calculated (101.3 kDa) molecu-
lar weight are close to each other, the difference might be
because of amino acid composition of aminopeptidase B and
post translational modifications.

Moreover, SDS-PAGE gives approximate molecu-
lar weight of protein (Windhorst et al. 2002). Modeled
structure of this protein was also formed of three different

@ Springer

chains (Fig. 1). Aminopeptidase B reportedly had different
molecular weight in the range of 52-360 kDa with differ-
ent subunit composition (Goldstein et al. 2002). Trimeric
aminopeptidase B was also reported in L. sakei (Sanz and
Toldra 2002). However it was reported to be monomeric
in Streptococcus sp. (Goldstein et al. 2002) and cloned
arginyl aminopeptidase from Bos taurus, Mus musculus
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Fig.3 Analysis of purified aminopeptidase B on 10% PAGE stained
with Coomassie Brilliant Blue (a) and in-situ gel assay (b)
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Fig.4 a SDS-PAGE (10%) of purified aminopeptidase B with f-ME
(Lane 1) and Lane 2 shows molecular weight markers in the range of
14.3-97.4 KDa. b Relative mobility Vs. Molecular weight graph
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Fig. 5 pH optima and stability of aminopeptidase B. The enzyme was
optimally active at 7.5 with stability in narrow pH range of 5.8-7.8

and Rattus norvegicus were also monomeric (Cadel et al.
1995).

pH Optima and Stability

Aminopeptidase B worked optimally at pH 7.5 with only
50% activity at pH 6.0 and pH 9.0 (Fig. 5).

pH optima of 7.5 was also reported for aminopeptidase
B of porcine liver, human and rat erythrocytes (Hirose et al.
2006). pH optima of 7.4 was observed for goat brain (Bogra
et al. 2009) and rat liver recombinant enzyme (Fukasawa
et al. 1996). The general aminopeptidases (PepN and PepC)
from dairy lactic acid bacteria, which removes Arg from the
N-termini of oligopeptides exhibited optimal activity around
pH 7.0 (Kunji et al. 1996).

Aminopeptidase B was most stable in pH range 5.8-7.8
and retained 50% activity at pH 5.0 and 8.0. Similar observa-
tions were made for enzyme of rat and Bos Taurus (Hwang
et al. 2007) and by other workers (Berthonneau et al. 2000).

Temperature Optima and Stability

Temperature optima of aminopeptidase B was 40 °C and
it was stable up to 40 °C, then activity declined abruptly
(Fig. 6a).

Purified enzyme retained ~80% activity at 45 °C
and~40% at 50 °C. It was completely inactivated at 70 °C.
The temperature optima of aminopeptidase B from NCDC
252 is close to 37 °C as reported in Microsporidia (Mil-
lership et al. 2002), pea seedlings (Cook and Adam 1997),
endothelial cells (Fukasawa et al. 2006), rat retina (Piesse
et al. 2004) L. sakei (Sanz and Toldra 2002), C. granulosa
ATCC 51,502 (Ohishi et al. 2005). The energy of activation
for aminopeptidase B was calculated to be 13.51 Kcal/mol
from Arrhenius plot (Fig. 6b) for the first time and thus can-
not be compared.

Aminopeptidase B was stable up to 40 °C. With fur-
ther increase in temperature, activity declined. About 80%
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opeptidase B was 13.51 kcal/mol

activity was retained at 45 °C, 50% at 50 °C but only 10%
was left at 60 °C (Fig. 6a). Similar temperature limit was
also observed for L. sakei (Sanz and Toldra 2002). The
enzyme loses activity at high temperature due to denatura-
tion and loss of tertiary/quaternary structure.

Kinetic Characterization

K, and V_, for aminopeptidase B were 26 pM and
19.9 nmol/ml/min respectively as reported by Michae-
lis—Menten, Lineweaver Burk and Hanes plot (Fig. 7a—c).
Though the enzyme exhibited micromolar affinity for
its substrate but K, for purified aminopeptidase B from
NCDC 252 is higher than the K, of 15.9 pM from L. sakei
(Sanz and Toldra 2002). K., of 26 uM in this study is much
lower than K, of 51 uM for extracellular arginine amin-
opeptidase from Streptococcus sp. (Goldstein et al. 2002).
The catalytic constant K, and catalytic efficiency, K,/
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K., of aminopeptidase B for Arg-4mpNA were found to be
0.0298 s™! and 1.2 x 10-3 s~! uM~! respectively. The val-
ues are very low as compared to that of 2.3 57!, 34 s=! and
20 s~! in human leukocyte, Bacillus subtilis and rat testes
respectively (Tanioka et al. 2003; Fundoiano-Hershcovitz
et al. 2005; Pham et al. 2007). Mostly studied aminopepti-
dases reportedly follow Michaelis—Menten kinetics and so
is aminopeptidase B of NCDC 252.

Substrate Specificity

Aminopeptidases either exhibit broad or narrow substrate
specificity. The preference of bacterial enzymes for Arg over
other amino acids at N-terminus of different substrates was
remarkably higher than mammalian enzymes. Aminopepti-
dase B of NCDC 252 exhibited narrow substrate specific-
ity and Arg-4mPNA was most preferred substrate. Similar
results were reported in previous studies (Sanz and Toldra
2002; Bogra et al. 2009). So enzyme activity with Arg-
4mPNA was considered as 100%.

Aminopeptidase B of NCDC 252 preferred Arg at N-ter-
minus of different substrates (Table 2). It also hydrolyzed
dipeptide-4mPNA derivatives containing basic and acidic
residues at N-terminus (Arg-Arg-4pmNA 11%, Lys-Ala-
4BmNA 4%, Asp-Ala-BNA 6%) but not -pNA derivatives or
peptides with Pro and Phe at their N-termini or C-termini,
such as Pro-pNA, Pro—Leu-pNA, Phe-Arg-fNA, Phe-pNA,
Gly-Phe-PNA. Among tested substrates, Leu- BNA and Ile-
BNA were hydrolyzed up to 3.0% only.

Similar specificities were also reported for aminopepti-
dases from L. helveticus sp. (Degraeve and Martial-Gros
2003). In Lactobacillus plantarum CRL 775 and Pediococ-
cus pentosaceus CR2142L 792, highest activity of tri- and
dipeptidases were reported (Gerez et al. 2008). Trp-Met-
4mpNA, His-Ser- fNA, Ala-Ala- BNA, Ser-Tyr- fNA, Leu-
Ala-BNA, Ser-Met-BNA, Ser-BNA, Asp-Arg-NA, Val-fNA,
Asp-pNA, Leu-Trp-pNA, Tyr-pNA, Trp-pNA, Gly-pNA and
Gly-Arg-BNA were also not acted upon by purified enzyme.
None of the tested tripeptides and endopeptidase substrates
viz Gly- Pro-Leu-pNA, N-Benzoyl DL-Arg-fNA, Z-Phe-
Arg-4mbNA were hydrolyzed by the enzyme under study.

Active Site Residues and Docking Studies
of Aminopeptidase B

Active site residues of aminopeptidase B in modeled
structure were identified as Ser, His, Phe, Tyr and Thr.
These might act as binding or catalytic residues. Dock-
ing studies indicated strong interaction of aminopepti-
dase B with Arg-4mpNA and Lys-4mpNA. After suc-
cessful binding of these substrates with aminopeptidase
B, various modes of protein—ligand interactions gener-
ated with particular binding energy were obtained. The
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Table 2 Substrate specificity of

. . , Substrates % Activity
purified aminopeptidase B
Arg-4mpNA 100+0.35
Arg-Arg-4fmNA 11+0.23
Lys-Ala-4pmNA 4+0.09
Asp-Ala-pNA 6+0.39
Leu- pNA 3+0.16
Tle-BNA 3+0.24

Values are mean+SD of three
different experiments

binding mode with least binding energy indicated best
mode of binding. Binding energy for Arg-4mpNA and
Lys-4mpNA was — 8.6 kcal/mol and 7.5 kcal/mol respec-
tively that indicated higher affinity of aminopeptidase B
for Arg-4mpNA than Lys-4mBNA. Arg-4mpNA interacted
through two H-bonds with Pro369, Ser635 residue and
two n—m interactions through Trp884 and Tyr638 residues.
It also formed =-alkyl interaction (Fig. 8a). Lys-4mpBNA
formed two H-bond with Thr604 and two n—mr interaction

Fig.8 a Arg-4mpNA bind with
aminopeptidase. Best binding
mode in the pocket of amin-
opeptidase (a) and Binding
interactions of Arg-4mpNA
with amino acid (b). b Lys-
4mpPNA bind with aminopepti-
dase. Best binding mode in the
pocket of aminopeptidase (a)
and Binding interactions of Lys-
4mPNA with amino acid (b)

@ Springer

through Tyr638 residue. It also formed n-alkyl interaction
(Fig. 8b).

Effect of Organic Solvents

Ethanol and DMSO are used as solvent for dissolution of
substrates and inhibitors therefore these were tested for
their effect on enzyme’s activity. Aminopeptidase B activ-
ity increased slightly at 1% (v/v) ethanol but declined with
further increase in ethanol concentration and retained about
65% activity at 5% (v/v) of ethanol (Fig. 9). This might be
due to altered active site structure of enzyme. The results
of NCDC 252 enzyme are in agreement to earlier reports
(Bogra et al. 2009). DMSO initially activated the amin-
opeptidase B upto 4% (v/v) (Fig. 9) and thus substrate was
prepared so as that its addition resulted in 4% (v/v) DMSO
in assay mixture.

Decline in enzyme activity was gradual beyond 4% (v/v)
DMSO. Initial increase in enzyme activity at low DMSO
concentration might be due to increased substrate solubility.
Goat brain DPP-III was also activated by DMSO (Dhanda
et al. 2008a). DMSO probably facilitates the movement
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Fig. 10 Effect of urea and NaCl on aminopeptidase B

of enzyme subunits in solution. DMSO may also alter the
hydrophobic sites on enzyme and thus induce more favora-
ble conformation for its active site (Barberis et al. 2006).
Decreased enzyme activity at high DMSO concentration
might be due to disturbance of structure of water around
hydrophobic sites of enzyme thereby resulting in confor-
mational change and subsequent decreased enzyme activity
(Dhanda et al. 2008a and Bogra et al. 2009).

Effect of Urea and NaCl

The enzyme under study was sensitive to even very low
concentration of NaCl. It retained maximum activity up to
50 mM NacCl, but further increase was accompanied with
decreased enzyme activity (Fig. 10). Similar results were
also reported by other workers (Bogra et al. 2009).

Urea is a denaturant that interacts differently with hydro-
phobic/hydrophilic groups and protein backbone. These

interactions are dominated by formation of hydrogen bonds
and other polar interactions (Zangi et al. 2009). Low urea
concentration enhanced aminopeptidase B activity (Fig. 10).

Enzyme retained about 40% activity at 2.5 M urea.
Increased activity at low urea concentration is probably
because active site of the membrane enzyme (hydropho-
bic nature) is more easily altered by denaturants and acti-
vated enzyme appears more open and flexible at active
site (Hongjie et al. 1998). Addition of urea to aqueous
protein solution breaks the water structure and makes it a
better solvent for hydrophobic groups (Idrissi 2005; Zangi
et al. 2009). This can trigger a folded protein to unfold by
exposing hydrophobic side chains to more accommodat-
ing solvent.

Effect of Different Inhibitors

Interaction of aminopeptidase B with different inhibitors
revealed its strong inhibition by bestatin (65.89% inhibi-
tion at 100 pM), NEM (74.75% at 1 mM), DTNB (94%
inhibition at 1 mM) and 4-nitrophenyl iodoacetate (79.76%
at 0.5 mM) and p-chloro mercuricbenzoic acid (83.58%
inhibition at 0.5 mM). Iodoacetamide and o-phenanthro-
line both showed 85% inhibition at 1.0 mM concentration
(Table 3).

Inhibition with thiol protease inhibitors was also
reported previously (Bogra et al. 2009). EDTA caused 60%
inhibition and o-phenanthroline caused 87% inhibition at
5 mM and 1 mM respectively. These studies suggested this
enzyme to be a metalloprotease with involvement of thiol
in catalysis and/or regulation. Our results are in agree-
ment to previous findings (Bogra et al. 2009). A number of
peptidases have been reported which are metalloenzymes
and have sulphydryl group at the active site of enzyme.
Aminopeptidase B like placental, rat liver and goat brain
DPP-III seem to require both metal ion and cysteine for
catalytic process (Dhanda et al. 2007). Most bacterial ami-
nopeptidases are cysteine and metalloproteases (Gonza-
les and Robert-Baudouy 1996). Though sulphydryl group
did not directly participate in catalytic process yet it was
essential for full manifestation of enzyme’s activity.

Investigation of Active Site Residues

Catalytic residues at active site were also identified
by plotting log V.. vs pH. pK, values of amino acids
involved in catalysis were found to be 6.1 and 8.3 which
correspond to pK, of His and Cys respectively (Fig. 11).
His is reported to co-ordinate metal ion in aminopeptidase
B. His was also identified at active site by in-silico analy-
sis. These results are in agreement with inhibition studies
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Table 3 Effect of inhibitors on purified aminopeptidase B

Inhibitor Concentration %Inhibition
(in mM)
Control - Nil
4-nitrophenyl iodoacetate 0.1 51.55+0.37
0.5 79.76 +£0.21
Leupeptin 0.1 29.69+0.55
0.5 82.68+0.41
Aminoethylbenzoylsulfonyl fluo- 0.5 17.4+0.11
ride (AEBSF) 0.1 25.99+0.03
1.0 32.3+0.41
Todoacetamide 0.1 78.76 +£0.05
0.5 80.62+0.3
1.0 85.56+0.22
1,10-Phenanthroline 0.1 60.42+0.53
0.5 72.31+0.32
1.0 87.22+0.26
EDTA 0.5 25.36+0.05
1.0 34.64+0.51
2.5 44.4+043
5.0 60.02+0.46
Pepstatin-A 0.5 Nil
p-chloromercuric benzoic acid 0.1 10.31+0.01
0.5 83.58+0.46
Bestatin 1 (uM) 16.71+0.26
5 45.77+0.17
10 54.23+0.01
100 65.89+0.08
DTNB 0.1 35.67+04
0.5 47.91+0.25
1.0 94.23+0.19
PMSF 0.5 28.25+0.07
NEM 0.1 15.05+0.1
0.5 51.96+0.07
1.0 74.75+0.03

Values are mean + SD of three different experiments

but microenvironment in which catalytic residues exist in
enzyme may also affect the pK, of side chain.

Effect of Different Metal lons

Amongst all studied metals, Cu>* strongly inhibited ami-
nopeptidase B. Enzyme retained 54% and 94% activity at
1 mM Fe** and Co**respectively. All other metals had inhib-
itory effect to different extent (95% inhibition by Cu>*, 88%
by Fe?*, 75% inhibition by Zn>*, Mn>* and 50% inhibition
was observed by Fe’™). The enzyme inhibition increased
with increase in metal ion concentration (Fig. 12).
Inhibition of aminopeptidase B by Cu**, Fe?*, Hg?*,
Mn?* and Zn?* ions was also reported earlier (Sanz and
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Fig. 12 Effect of different metal ions on aminopeptidase B

Toldra 2002). However Zn** was an activator of amin-
opeptidase B of goat brain (Bogra et al. 2009) and secre-
tory vesicle from rat (Hwang et al. 2007). Though reason
for activation of metalloenzyme by Co”" is not clear but
like aminopeptidase B of NCDC 252, Co?* also activated
goat brain DPP-III, leucine aminopeptidase of bovine
lens, human and porcine liver aminopeptidase, metal-
loendopeptidase, enkephalinase B and some microbial
peptidases and leukocytes and erytherocytes aminopepti-
dases (Dhanda et al. 2008a, b). Activation by metal ions
is common in aminopeptidases and studies of inhibitors
and metal ions suggest aminopeptidase B to be metallo-
enzyme. Effect of metal ions was also studied in combi-
nation with other metals and EDTA. Results are shown
in Table 4. Hg*" caused 96% inhibition of the enzyme
activity. Hg** form mercaptide bonds with thiol at active
site and cause enzyme inactivation. Other metals viz. Na®,
K*, Ca?*, NH*", Mg?* and Ba®* had no effect at 1 mM
concentration. Modified enzyme activity (in the presence
of Co**) by subsequent addition of metal ions indicate the



International Journal of Peptide Research and Therapeutics (2021) 27:1641-1655 1653

Table 4 Effect of metal ions in combination with other metal ions
and EDTA on the activity of aminopeptidase B

Inhibitor % Activity
Control 100+0.34
NaCl 1 mM 100+0.81
KCl1 96.92+0.46
CaCl, 95.23+£0.28
NH,Cl1 94.54+£0.19
MgCl, 96.25+0.87
BaCl, 93.86+0.51
HgCl, 4.09+0.39
0.1 mM KCl 98.59+£0.75
0.01 mM ZnCl, 93.31+0.69
1 mM EDTA 64.3+0.58
1 mM EDTA +0.1 mM ZnCl, 24.66+0.27
0.1 mM CoCl,+0.01 mM ZnCl, 90.84+0.48
0.1 mM CoCl,+0.1 mM ZnCl, 88.74+0.53
Values are mean + SD of three different experiments
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Fig. 13 Effect of different metal ions on o-phenanthroline pretreated
aminopeptidase B

metal competition for same binding site i.e. catalytic and
regulatory as reported for other aminopeptidases (Dhanda
et al. 2008a).

Reversal of O-Phenanthroline Inhibition by Different
Metal lons

Reversal of o-phenanthroline pretreated enzyme (caused
87% inhibition at 1.0 mM concentration) was studied and
results revealed that Zn%*, Co?* and Fe’* reversed the
inhibition (Fig. 13). Zn>* restored the enzyme activity up
to 60% at 0.15 mM, Co>* and Fe** up to 30% at 0.1 and

% Activity aminopeptidase B
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Fig. 15 Effect of thiol compounds on PCMB pretreated aminopepti-
dase B

0.15 mM concentrations respectively. Similar findings
were also reported by other workers (Cadel et al. 1995).
These studies confirmed the metalloenzyme nature of ami-
nopeptidase B from P. acidilactici.

Effect of Different Thiol Compounds

In addition to inhibition of NCDC 252 aminopeptidase B by
sulfhydryl reagents, further evidence of involvement of thiol
group(s) in catalysis was supported by the use of thiol com-
pounds. All tested thiol compounds were inhibitory for amin-
opeptidase B and degree of inhibition increased with increase
in concentration of thiol compounds (Fig. 14). Inhibition by
DTT was also reported by Bogra et al. (2009). Complete ami-
nopeptidase B inhibition by 10 mM DTT was also reported by
Huston et al. (2004). Sulfhydryl compounds partially inhibited
arginine aminopeptidases from Streptococcus sp. (Goldstein
et al. 2002). Based on these studies it can be concluded that
aminopeptidase B from NCDC 252 is a metalloprotease with
direct or indirect involvement of thiol group(s). Further studies
are required to explain the role of cysteine residue(s) and metal
ion(s) in the catalytic action of enzyme under study.

@ Springer



1654 International Journal of Peptide Research and Therapeutics (2021) 27:1641-1655

Reversal of PCMB Inhibition by Different Thiol
Compounds

PCMB at 0.5 mM concentration resulted in 83% inhibition
of aminopeptidase B and the ability of different thiol com-
pounds to restore the activity of PCMB pretreated enzyme
was investigated and results are shown in Fig. 15. Studies
revealed that PCMB inhibition was partially reversed by
addition of thiol compounds such as p-ME, reduced glu-
tathione and thioglycolic acid at 0.1 mM whereas reduc-
ing agents alone inhibited the enzyme. It was observed that
only 50% enzyme activity could be restored and none of
them could restore full activity. The results confirmed the
involvement of —SH group(s) in the enzyme catalysis. Such
studies were not conducted specifically for aminopeptiadse
B so results cannot be compared.

Conclusion

Aminopeptidase B was purified to apparent homogeneity
from P. acidilactici. It is a membrane bound, high molecular
weight heterotrimeric enzyme. The enzyme works optimally
at physiological pH and 40 °C with Arg-4mpNA substrate.
Substrate specificity suggests its capability to hydrolyze bio-
active peptides. Docking of modeled protein also suggested
high binding affinity for Arg-4mpNA. It is a metalloprotease
having thiol residues at active site. Its membrane location
suggests its role in catabolism of exogenous peptides and
peptides generated from endogenous proteins. But exact
role needs to be determined. Supply of enzymes is one of
the mechanism of probiotic action because enzymes alter
metabolic activities of intestinal microflora, physicochemi-
cal conditions in the colon and production of different bioac-
tive compounds etc.

Acknowledgement Pooja Attri is thankful to Kurukshetra University,
Kurukshetra for financial help in the form of University Research
Scholarship.

Declarations

Conflict of interest Authors declare no conflict of interest among
themselves.

Informed Consent All the data are available in the manuscript and all
the authors agree to publish it.

Ethical Approval The present study does not involve human and animal
samples.

@ Springer

References

Attri P, Singh J, Dhanda S, Singh H (2011) Activity staining and inhibi-
tion characterization of dipeptidylpeptidase-III enzyme from goat
brain. Enzyme Res. https://doi.org/10.4061/2011/897028

Attri P, Jodha D, Singh J, Dhanda S (2012) An improved protocol
for rapid extraction of membrane enzymes from Gram positive
bacteria. Anal Methods 4:2574-2577

Attri P, Jodha D, Gandhi D, Chanalia P, Dhanda S (2015) In vitro
evaluation of Pediococcus acidilactici NCDC 252 for its probi-
otic attributes. Int J Dairy Technol 67(4):533-542

Attri P, Jodha D, Singh J, Dhanda S (2018) Purification, kinetic
and functional characterization of membrane bound dipeptidyl
peptidase-III from NCDC 252: a probiotic lactic acid bacteria.
Mol Biol Rep 45(5):973-998

Bansal P, Kumar R, Sigh J, Dhanda S (2019) Next generation
sequencing, biochemical characterization, metabolic pathway
analysis of novel probiotic Pediococcus acidilactici NCDC 252
and it’s evolutionary relationship with other lactic acid bacteria.
Mol Biol Rep 46:5883-5895

Barberis S, Quiroga E, Morcelle S, Priolo N, Luco JM (2006) Study
of phytoproteases stability in aqueous-organic biphasic systems
using linear free energy relationships. J Mol Catal B 38:95-103

Berthonneau J, Rodier MH, El MB, Jacquemin JL (2000) Toxo-
plasma gondii: purification and characterization of an immu-
nogenic metallopeptidase. Exp Parasitol 95(2):158-162

Bintsis T (2018) Lactic acid bacteria as starter cultures: an update in
their metabolism and genetics. AIMS Microbiol 4(4):665-684

Bogra P, Singh J, Singh H (2009) Purification and characteriza-
tion of aminopeptidase B from goat brain. Process Biochem
44(7):776-780

Buchfink B, Xie C, Huson DH (2015) Fast and sensitive protein
alignment using DIAMOND. Nat Methods 12:59

Butler MJ, Aphale JS, Binnie C, DiZonno MA, Krygsman P, Sol-
tes GA, Walczyk E, Malek LT (1994) The aminopeptidase
N-encoding pepN gene of streptomyces lividans 66. Gene
141:115-119

Cadel S, Pierotti AR, Foulon T (1995) Aminopeptidase-B in the rat
testes: isolation, functional properites and cellular localization
in the seminiferous tubules. Mol Cell Endocrinol 110:149-160

Casquete R, Benito MJ, Martin A (2012) Use of autochthonous Pedio-
coccus acidilactici and Staphylococcus vitulus starter cultures in
the production of “Chorizo” in 2 different traditional industries.
J Food Sci 77:70-79

Chanalia P, Gandhi D, Attri P, Dhanda S (2018) Purification and char-
acterization of - galactosidase from probiotic Pediococcus acidi-
lactici and its use in milk lactose hydrolysis and galacto oligosac-
charide synthesis. Bioorg Chem 77:176-189

Cook M, Adam Z (1997) Purification and characterization of an argi-
nyl peptidase from the chloroplast stroma of pea seedlings. Plant
Physiol Biochem 35:163-168

Degraeve P, Martial-Gros A (2003) Purification and partial charac-
terization of X-prolyl dipeptidyl aminopeptidase of Lactobacillus
helveticusITG LH1. Int Dairy J 13:497-507

Dhanda S, Singh H, Singh J, Singh TP (2007) Isolation, purification
and characterization of a DPP-III homologue from goat brain.
Protein Expr Purif 52:297-305

Dhanda S, Singh H, Singh J, Singh TP (2008a) Functional charac-
terization and specific effects of various peptides on enzymatic
activity of DPP-III homologue from goat brain. J] Enzyme Inhib
Med Chem 26:174-181

Dhanda S, Singh J, Singh H (2008b) Hydrolysis of various bioactive
peptides by goat brain dipeptidylpeptidase-III homologue. Cell
Biochem Funct 26(3):339-345


https://doi.org/10.4061/2011/897028

International Journal of Peptide Research and Therapeutics (2021) 27:1641-1655

1655

Fukasawa KM, Fukasawa K, Kanai M, Fujii S, Harada M (1996)
Molecular cloning and expression of rat liver aminopeptidase B.
J Biol Chem 271:30731-30735

Fukasawa KM, Hirose J, Hata T, Ono Y (2006) Aspartic acid 405
contributes to the substrate specificity of aminopeptidase B. Bio-
chemistry 45:11425-11431

Fundoiano-Hershcovitz Y, Rabinovitcha L, Shulami S, Reiland V,
Shoham G, Shoham Y (2005) The ywad gene from Bacillus sub-
tilisencodes a double-zinc aminopeptidase. FEMS Microbiol Lett
243:157-163

Gandhi D, Chanalia P, Attri P, Dhanda S (2016) Dipeptidyl peptidase-1I
from probiotic Pediococcus acidilactici: purification and func-
tional characterization. Int J Biol Macromol 93:919-932

Gandhi D, Chanalia P, Bansal P, Dhanda S (2020) Peptidoglycan
hydrolases of probiotic Pediococcus acidilactici NCDC 252: iso-
lation, physicochemical and in silico characterization. Int J Pept
Res Ther. https://doi.org/10.1007/s10989-019-10008-3

Gerez CL, de Font VG, Rollan GC (2008) Functionality of lactic acid
bacteria peptidase activities in the hydrolysis of gliadin-like frag-
ments. Lett Appl Microbiol 47:427-432

Goldstein JM, Nelson D, Kordula T, Mayo JA, Travis J (2002) Extra-
cellular arginine aminopeptidase from Streptococcus gordonii
FSS2. Infect Immunol 70:836-843

Gonzales T, Robert-Baudouy J (1996) Bacterial aminopeptidases:
properties and functions. FEMS Microbiol Rev 18:319-344

Hirose J, Ohsaki T, Nishimoto N, Matuoka S, Hiromoto T, Yoshida T,
Minoura T, Iwamoto H, Fukasawa KM (2006) Characterization
of the metal-binding site in aminopeptidase B. Biol Pharm Bull
29:2378-2382

Hongjie Z, Xianrning P, Junmei Z, Kihara H (1998) Activation and
conformational changes of adenylate kinase in urea solution. Sci
China C 41:245-250

Huston L, Barbara M, Jody WD (2004) Purification, characterization,
and sequencing of an extracellular cold-active aminopeptidase
produced by marine psychrophile Colwellia psychrerythraeastrain
34H. Appl Environ Microbiol 70:3321-3328

Hwang SR, O’Neill A, Bark S, Foulon T, Hook V (2007) Secretory
vesicle aminopeptidase B related to neuropeptide processing:
molecular identification and subcellular localization to enkepha-
lin- and NPY-containing chromaffin granules. J Neurochem
100:1340-1350

Idrissi A (2005) Molecular structure and dynamics of liquids: aqueous
urea solutions. Spectrochim Acta 61:1-17

Kunji ERS, Mierau I, Hagting A, Poolman B, Konings WN (1996)
The proteolytic systems of lactic acid bacteria. Anton Leeuw Int
JG70:187-221

Millership JJ, Chappell C, Okhuysen PC, Snowden KF (2002) Charac-
terization of aminopeptidase activity from three species of micro-
sporidia: Encephalitozoon cuniculi, Encephalitozoon hellem, and
Vittaforma corneae. ] Parasitol 88:843—-848

Niven GW, Holder SA, Stroman P (1995) A study of the substrate
specificity of aminopeptidase N from Lactococcus lactis subsp.
cremoris Wg2. Appl Microbiol Biotechnol 44:100-105

Ohishi K, Yamamoto T, Tomofuji T, Tamaki N, Watanabe T (2005)
Isolation and characterization of aminopeptidase from Capno-
cytophaga granulosaATCC 51502. Oral Microbial Immunol
20:67-72

Pham VL, Cadel MS, Gouzy-Darmon C, Hanquez C, Beinfeld MC,
Nicolas P, Etchebest C, Foulon T (2007) Aminopeptidase B, a
glucagon-processing enzyme: site directed mutagenesis of the
Zn”*-binding motif and molecular modelling. BMC Biochem
31:8-21

Piesse C, Cadel S, Gouzy-Darmon C, Jeanny JC, Carriere V, Goidin
D, Jonet L, Gourdji D, Cohen P, Foulon T (2004) Expression of
aminopeptidase B in the developing and adult rat retina. Exp Eye
Res 79:639-648

Sanz Y, Toldra F (2002) Purification and characterization of an arginine
aminopeptidase from Lactobacillus sakei. Appl Environ Microbiol
68:1980-1987

Tanioka T, Hattori A, Masuda S, Nomura Y, Nakayama H, Mizutani
S, Tsujimoto M (2003) Human Leukocyte-derived arginine ami-
nopeptidase the third member of the oxytocinase subfamily of
aminopeptidases. J Biol 278:32275-32283

Wass MN, Kelley LA, Sternberg MJ (2010) 3DLigandSite: predicting
ligand-binding sites using similar structures. Nucleic Acids Res
38:W469-W473

Windhorst S, Frank E, Georgieva DN, Genov N, Buck F, Borowski
P, Weber W (2002) The major extracellular protease of the
nosocomial pathogenstenotrophomonas maltophilia characteri-
zation of the protein and molecular cloning of the gene. J Biol
277:11042-11049

Zangi R, Zhou R, Berne BJ (2009) Urea’s action on hydrophobic inter-
actions. J Am Chem Soc 131:1535-2154

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s10989-019-10008-3

	Membrane Bound Aminopeptidase B of a Potential Probiotic Pediococcus acidilactici NCDC 252: Purification, Physicochemical and Kinetic Characterization
	Abstract
	Introduction
	Materials and Methods
	Reagents
	Bacterial Growth
	In Silico Characterization of Aminopeptidase
	Homology Modeling
	Active Site Residues
	Docking Studies
	Aminopeptidase B Assay
	Protein Quantification
	Concentration of Protein Sample
	Enzyme Purification
	Polyacrylamide Gel Electrophoresis (PAGE) and In-Situ Gel Assays
	Biochemical Characterization of Purified Aminopeptidase B
	Determination of Molecular Weight by SDS-PAGE
	pH Optima and Stability
	Temperature Optima and Stability
	Kinetic Characterization
	Substrate Specificity
	Effect of Different Inhibitors
	Investigation of Active Site by Varying pH

	Effect of DMSO and Ethanol
	Effect of Urea and NaCl
	Effect of Metal Ions
	Reversal of O-Phenanthroline Inhibition by Metal Ions
	Effect of Thiol Compounds
	Reversal of PCMB Inhibition by Thiol Compounds

	Results and Discussion
	Purification of Enzyme
	Native PAGE and In- Situ Gel Assay
	Molecular Weight
	pH Optima and Stability
	Temperature Optima and Stability
	Kinetic Characterization
	Substrate Specificity
	Active Site Residues and Docking Studies of Aminopeptidase B
	Effect of Organic Solvents
	Effect of Urea and NaCl
	Effect of Different Inhibitors
	Investigation of Active Site Residues
	Effect of Different Metal Ions
	Reversal of O-Phenanthroline Inhibition by Different Metal Ions
	Effect of Different Thiol Compounds
	Reversal of PCMB Inhibition by Different Thiol Compounds

	Conclusion
	Acknowledgement 
	References




