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Pyrralidone carboxy! peptiduse (EC 3.4.11.8) (Pep). an enzyme which selectively removes pyrrolidone earboxylie acid (PCA) from some PCA.-
peptides and -proteins, wis demonstrited In bacterin and in plant, animal and human tissues. In this paper we describe the purification to
homogeneity of the enzyme of Sweptucoccus pyugencs, over-expressed in Escherichia coli, This wax uchieved, (or the first time in one step, by
hydrophobic interaction chromitography. Anabysis under non-denaturing conditions revealed 4 molecular mass of 85 kDa and in the presence of
sodium dodecyl sulfate gave u molecular mass of 23.5 hDa. Investigations on enzymatic propertics showed that the Pep over-expressed in £ coli
disclosed properties similar to those found for the enzyime extiucted from S, pyagenes or for some other Peps studicd previously, Thux the
over-expressed enzyme should serve a8 o suitable source for N-terminul unblacking prior to some PCA protein sequenting.

Peptidase; Pep protein: Qver-expression: Puritication: Sireptacaccus pyogenes

[. INTRODUCTION

Pyrrolidone carboxyl peptidase (EC 3.4.11.8) (Pep)
activity has been demonstrated in a variety of bacteria,
in plant. animal and human tissues {1-]. This oligomeric
enzyme [7] is able to catalyze the hydrolysis of N-termi-
nal pyrrolidone carboxylic acid (PCA) from PCA pre-
teins or -peptides. This property has been used in pro-
tein sequencing to unblock such polypeptides [8] before
undertaking Edman [9] sequential degradation.

Since Pep was discovered in Bacillus subtilis 1}, at-
tempts have been made to purify the enzyme from dif-
ferent organisms [4,5,7.10). In many cases, the purifica.
tion was partial and needed numerous steps. Moreover
the yiclds were relatively low because of the low abun-
dance and the instability of this enzyme.

Recently, the molecular charaeterization of the strue-
tural gene encoding Pep from Streprococcus pyogenes
has been achieved [11]. In this paper, we describe the
one-step purification to homogeueity of Pep of §. pya-
genes over-expressed in E. coli, using a hydrophobic
interaction column. This work also explores the N-ter-
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minal sequence and the biochemical and enzymatic
characteristics of this enzyme.

2. MATERIALS AND METHODS
2

1o Materiats anet chenicals

The optical densities (OD) were reasured on a UVIKON spectro-
photometer (KONTROR). A Progel-TSK Phenyl-5PW column (2.5
em x 7.5 mm) was bought {rom Supelco.

Ammonium sulfate was purchused fram Pralabo (Rhdne-Poulenc).
L-pyroglutamyl-g-nuphthylamide (L-pyr-f-NA). L-pyroglutamyl-para-
nitrounilide (Lopyr-p-Ni), Fust red B salt. iodoacetamide and iodoace-
tate were obtained from Sigma. All ather chemicals were analytical
grade -cagents.

22, Over-expression of the Pep

Plasuicd pPCI9 (Fig. 1), which is u derivative of pT7-5[12] including
tae S pvogenes [13] pop gene, was intraduced in £ cofi K38 {14]
harboring plasmid pGP1-2 which includes the DNA enceding
basteriophage T? RNA polymerise [12), Cells were grown at 30°C in
L8 medium [15] contnining ampicillin and kusismyzin (50 gg/m!i) until
the QD at 595 nm reached 1.5, At this stage, Lne synthesis of bucterio
phage T? RNA polymerase from pGP1-2 was induced by shifting the
culture temperature to 42°C, After 25 min growth, rifampicin (200
u/mi) was added to the medium to shut off transcription by £. coli
RNA polymerase and sells were eultured for 2 h at 37°C,

2.3, Buzyme assays

Qualitative detection of Fep activity was based on the method pre-
viously described by Mulczyk and Szewczuk {16}, For 250 ul assays,
an gliquot of the enzyme sample was mixed 1o a final volume of 225
b with 0.05 M potassium phosphate buller, pH 7, including 0.01 M
EDTA. After 3 min incubation at 37°C, 25 ul of 10 mM L-pyr-4-NA
in methuno! was added to the reavtion mixture. This mizture was then
incubated for 30 min ut 37°C and 4 drop of Fast red B salt solution
(3 mg/m) in ethylene glycol monomethyl ether) was added to the
assays, Sumples containing Pep activily showed a red-coloured coms
plex of Fust red B and f-naphihylumine.

Published by Elsevier Seience Pubtishers B.V,
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Quantitative analysis of Pep uctivity was performed by two meth-
ods, ane with L-pyr-8-NA and the other with L-pyr-p-N{ us substrates,
Both methods ure bused on precedures previously described by Lee
et al. [17) and Fujiwaru and Tsuru [18). An aliquot of the enzyme was
mixed to a {inal volume of 0.9 m! with 0.05 M potassium phosphate
buffer, pH 7, contuining 0.01 M EDTA. After 3 min incubution ut
30°C. the reaction was initiated by adding 0.1 ml of u 10 mM solution
of 1-pyr-8-NA in methunol or L-pyr-p-Nl in N.N-dimethylforma.-
mide. Pcp activily was then directly followed for 1.5 min by absorb-
ance of the released B-naphthylamine at 340 nm or p-nitroaniline at
410 nm. The enzyme activity was expressed in units 43 the number of
micromoles of product liberated per inin.

2.4. Aunalyrical methods

Protein concentration was determined using the Bio-Rad protein
assay, with bovine gamma globin as u standard.

SDS-PAGE was performed on slab gels according to the method
af Laemmli [19] using o 15% cesolving gel (1 % 100 mm) and 5%
stacking ge! (1 x 20 mm). A protein marker kit from BRL was used
for molecular weight calibration,

Moleculur masses in native conditions were determined on non-
denaturing polyacrylamide gels uccording to Hedriek and Smith [20)
using, as standard proteins from Sigmu, a-luctalbumin (14.2 kDa).
trypsin inhibitor (20.1 kDa), curbonic anhydrase (29 kDa). cgg albu-
min (45 kDa). bovine albumin (66 kDa) and g-gulactosidase (116
kDa). Protein bunds on polyuerylamide gels were revealed by
Caomussie blue staining.

2.5, N-Terminal sequence determination

The N-terminal sequence of Pep was determined by sutomated
Edman degradution {9] of the purified protein on u gus-phase protein
sequencer including on line identificution of the phenylthishydantoin
derivatives,

3. RESULTS AND DISCUSSION

3.1. Purification of the enzyme

The purification steps of the over-expressed Pep of S.
pyogenes are summarized in Table 1. Cells were grown
for over-eapression in 250 ml medium as described
above. All the steps of the purification were performed
between 0 and 4°C. Afler 15 min centrifugation at 5,000
x g, the cell pellet was washed with the extraction buffer
(potassium phosphate 0.05 M, pH 7, containing 0.01 M
EDTA and 001 M B-mercaptoethunol), and resus-
pended in 10 ml of the same buffer. Bacteria were lysed
by passage through a French pressure cell (AMINCQ)
at 7 MPa. After centrifugation of the lysate at 15,000
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Fig. 1. Physical map of plasmid pPC39. The plasmid was constructed

by insertion of 4 1.6 kb BamHI-Hpal fragment containing the pep

gene of Streplacaccus pyogenes (shaded arca) into the Bg/11-Smal sites

of the expression vector pT7-5 (1 1]. In this plasmid the gene enceding

pyrrolidone carboxyl peptidase (blackened arrow) is placed under the

control of the T? bacteriophage promoier (pn) for selective expres-
slon. The main restriction sites are indicated.

x g for 15 min, the supernatant was recovered and nu-
cleic acids were precipitated by adding 1 vol. of 1%
sulfate protamine to 6 vols. of supernatant. This step
reduces the viscosity of the sample and therefore facili-
tates further chromatography. After 20 min centrifuga-
tion at 10,000 x g, the pellet was discarded and the
supernatant was subjected to ammonium sulfate frac-
tionation (40 and 55% ammonium sulfate saturation);
precipitated proteins were recovered by centrifugation
at 18,000 x g for 15 min. The 55% fraclion containing
the bulk of the Pcp protein was suspended in 1 ml
extraction buflfer containing 1 M ammonium sulfate.
An aliquot of this preparation, generally 200-300 ul was
applied to a Progel-TSK Phenyl-5PW column previ-
ously equilibrated with the extraction buffer containing
1.2 M ammonium sulfate. After thoroughly washing the
column (20 min) with the same buffer, proteins were
eluted with a decreasing gradient (extraction buffer con-
taining 1.2 to 0 M ammonium sulfate) in an HPLC
system lasting 45 min. 400 u1 fractions were collected at
a flow rate of 0.8 ml/min.

Table |
Purificution of S. pyagenes Pep fram an over-expression source
Purificution step Total Total Specific Yield Puriflcalion
protein activity activity (%) (- fold)
(mg) W) (Urmg)

Cellsfrec extract 137 845 6.2 100 1
Ammonium sulfute ($5%) 58.6 556 9.5 65.7 1.5
TSK Phenyl-SPW 109 227 208 268 34

As described in section 2, after fractionated presipitation of proteins extracted from E. coli with

ammonium sulfate, purification to homogeneity was curried out by TSK Phenyl-5PW chromatogs

raphy. The Pcp activity was quantitatively tested using L-pyr-G-NA as subsirate. One unit corre-
sponds to the number of micromoles of S-naphihylamine released per min,
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As shown in Fig. 2, two peaks (1 und 2) containing
Pcp activity were cluted from the Progel-TSK Phenyl-
SPW column. An identical protein band was present in
the two peaks as shown by SDS-PAGE analysis (Fig.
3. lanes 3 and 4) and by non-denaturing PAGE (data
not shown). The recovery of the enzyme wus estimated
to be approximately 30%.

In spite of the variety of Pcp enzymes which huve
been purified, no purification scheme capable of yield-
ing a homogenous enzyme in one step hus been devel-
oped to date. This is the first report of u single-step
procedure involving hydrophobic interaction chroma-
tography which leads to homogencous Pep by stasling
with an overproducing bactcriul source. This chroma-
tography has already been used to purify Pep from
guinea-pig brain which may exhibit hydrophobic char-
acter, but it was uassociated with other chromutogra-
phies such as gel filtration on Sephadex and calcium
phosphate-cellulose [21]. The use of an hydrophobic
interaction column to separate soluble Pep from en-
dogenecous proteins indicates that this protein has a rel-
atively high degree of hydrophobicity, even if it is not
a membrane-bound form such as thut of Klehsiella clo-
acae [4].

One interest in our work lies in the fuct that the
enzyme from S. pyogenes hus never been purified and
characterized. Another important point is the speed of
the purification (less than one day) and the relatively
high yields, since the ower-expressed enzyme repre-
sented approximately 30% of the total proteins in bucte-
ria. Indeed the production of enzyme from a 250 ml
culture medium was at least 10 mg whereus for Pep's
extracted from the originul organisms the sroduction
was lower. For instance only 2.2 mg of Pep was purified
from K. cloacae cell-frec extracts containing 2.2 g of
total protein [4). whereas in our study we have purified
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Fig. 2. HPLC purificition of S. pragency Pep from the §5% ummo-
nium sulfate fruction of profeiny extriuctad from £ cofi containing the
aver-expressed enzyme, Chromutogriaphy wis performed on a Progels
TSK Phenyl-50W column, The absorbanee at 280 nm was detected
and friuctions were quitlittively assiyed for Pep activity ax described
in seetion 2, Twa peaks contained Pep activity: (1) fractions 88 62and
{2) frictions 63 0K,
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the different steps of the purification procedure. Lane 1, 30 ug of

soluble eell free protein fruction: lane 2. proteins precipituted ut $5%

ammonium sulfate suturation; lanes 3 and 4, Yand 10ug. respectively.

of prateinx contained in any of the two peuks displaying Pep activity

after chromatagraphy on Progel-TSK Phenyl-SPW., Lane M. molecu-

tar muss stundards: from hottom to top (kDa); 15.1, 17.8, 29, 41 .8, 66,
97.4 and 204.9,

approximately i1 mg protein from a cell-free extract
containing 137 mg of protein.

3.2, Biochensical properties and N-terminal sequence
analysiv of the 8. pyogenes Pep

The isaclectric point of the Pep of S. pyogenes was
estimated by isoelectric focusing to be 5.3: this allowed
the use of non-danaturing polyacrylamide gels at pH 8.8
to determine the native protein molecular mass. Purified
Pep protein wiasrun in 7.5, 9, 11, and 13% non-danatur-
ing polyacrylamide gels. The relative migration of each
protein was determined in three reprat expzriments and
the molecular mase of the Pep protein was determined
to be 85 kDa., according to Hedrick and Smith [20]. The
molecular weight of the protein as estimated by gel
filtration was approximately 80 kDa {11]. The molecu-
lar weight of the purified protein was also determined
by 15% SDS-PAGE and the mean molecular mass from
three experiments was 23.5 kDa. These results ind cated
that this enzyme should be a tetramer. These propeties
are similar to those found for the B. subtilis Pep [22], It
is interesting to mention that in another species of Strep-
tococens, S. faeciuny, the molecular mass of Pep was
estimated to 42 kDa by SDS-PAGE (5]; thus twice the
molecular mass determined by the same method for the
enzyme of 8. pysgenes. This divergence in the same
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genus shows the structural complexity of this class of
enzyme. Moreover, it has been shown that the enzyme
extracted from human skeletal muscle [10] has a molec-
ular weight of 22 kDa determined by gel filtration; is
this enzyme a monomer? _

The N-terminal amino acid sequence obtained by se-
quential degradation of the protein: MKILVTGFD-
PFGGEAINP corresponds to that deduced from the
nucleotide sequence of the pep gene [11]. This is evi-
dence thut we have in fact over-expressed the cloned pep
and that this protein does not need any post-transla.
tional signal sequence cleavage to be functional [23).
This means that the enzyme has a cytoplasmic location,
as is the case for Pep's from B, amyloliquefuciens and
different B. subtilis strains [7.22]. Although the role of
this class of peptidases has not been investigated thor-
oughly enough in microorganisms, one might think that
Pep should be inveolved in intracellular protein metabo-
lism. Pep has been chuaracterized as one of the enzymes
catabolizing thyrotropin-releasing hormone in rat brain
{24]. thus this enzyme should be invelved in hormonal
metabolism in animals.

3.3, Enzymatic propereies of Pep of S. pyogenes

Enzymatic properties were studied by using L-pyr-f-
NA and t-pyr-p-NI as substrates. No spontiancous hy-
drolysis was observed during our experiments. For all
the investigations, controls without enzyme were car-
ried out,

The K,, values were determined at pH 7. The concen-
trations used ranged from 0.1 to 2 mM for L-pyr-G-NA
and from | to 15 mM for L-pyr-p-NI. Substrates were
dissolved in 0.1 ml of methanol or N.N’-dimethylforma-
mide, respectively. so that the final concentration of
these solvents in the reaction mixture was always 10%.
The K, values oi the enzyme were determined. accord-
ing to Lineweaver-Burk plots, to be approximately 1.79
mM for L-pyr--NA and 20 mM for L-pyr-p-NI, The
purified enzyme contained in the two peaks (see section
3.1.) presented almost the same catalytic propertics.
Similar values were also obtained for the enzyme ex-
tracted from S. pyagenes. The K, value of S. progenes
Pep for L-Pyr-8-NA is also similar to that of the Pep of
B. subtilis for the same substrate {1]. Even if the K,
values seem to be high, that of the S, pyogenes enzyme
for L-pyr-B-NA is consistent with those found for Pcp's
from other bacteria [4.5,7].

The pH dependence of Pep activity was studied in
0.05 M sodium citrate buffers (pH 5.0-7.0), 0.05 M
potassium phosphate buffers (pH 5.5-8) and 0.05 M
Tris-HCl buffers (pH 7-9.3) containing 0.01 M EDTA.
with 1 mM L-pyr-8-NA as substrate, The absorbance of
B-naphthyl~mine at 340 nm is maximal and constant in
the pH ranges used [17). The enzyme exhibited an opti-
mal aclivity at pH 7. This optimum pH is similar to that
of Pep of B, subtilis.

The influence of some metal ions was investigated
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using | mM L-pyr-G6-INA as sutzirate (data not shown).
These ions were used as chloride salts and the activities
were determined in a 0.05 M Tris-HCl buffer, pH 7.
after 3 min incubation at 30°C. The enzyme was inhib-
ited by Hg™ and, to a lesser magnitude, by Zn** and
Co*. Other ions such as Mg*", Ca* and Mn* had
almost no effect on the enzyme activity. The effects of
divalent ions were similar on 8. subtilis and S. pyagenes
Pep activity. The enzyme was also inhibited by sulphy-
dryl-blocking reagents such as iodoacetamide and io-
doacetate {data not shown), suggesting that Pep from
S. pyegeues should be an SH enzyme. The amino acid
sequence of the S. pyagenes Pep, deduced from the nu.
cleatide sequence of the the gene, showed that this pro-
tein contains four cysteine residues [11]; a eysteine resi-
due should form a part of the catalytic site of S. pyo-
genes Pep. This enzyme is also inhibited by 2-pyrro-
lidone. which was shown to be a competitive inhibitor
of Pep of 8. faeciun (8],

Regarding enzymatic properties. Pep's from 8. pyo-
genes and B, swbrifés [1] are very similar, This is in
agreement with the relatively high sequence homology
between these two proteins {11].

3.4, Stubitity of the purifiec Pep

The effects of subsequent freezing and thawing were
studied by freszing the purified enzyme sample in 0.05
M phosphate potassium buffer containing 0.01 M
EDTA and 0.01 M f-mercaptocthanol. Sumples were
frozen for 1 h at —20°C and slowly heuated onice. These
studies revealed that only 67% of the activity is recov-
ered after one cycle: after 5 series of {reezing-thawing.
the remaining activily represented 30% of the initial
activity.

The study of the enzyme stubility (in the same bufTer)
for a refatively long period at ~20°C, 4°C and 24°C
revealed that almost 60% of the iniiiul activity was re-
covered after | month storage at 4°C, but only 43% of
the initial activity was recovered after the same time at
room temperature. Approximately 75% of the activity
was recovered aftar 18 days at 4°C and 60% after the
same time at room temperature. At =20°C, besides the
effect described previously (67% recovery following one
freczing-thawing cycle) the initial activity was almost
unaltered after two months storage.

3.5, Canclusion

The pyrrolidone carboxyl peptidase produced by
over-expression of S. pyrogenes pcp gene possesses bio-
chemically and enzymatically similar properties to those
known for Pcp puritied from different organisms, Thus
this enzyme purified to high quantities should serve as
a suitable source for N-terminal unblocking prior to
protein sequencing. Site-directed mutagenesis on the
gene, especially in tie area highly conserved between §.
pyogenes and B. subtilis pep genes, and expression of the
resulting proteins should allow the determination of the
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role of some amino acids in the catalytic activity and in
the enzyme stability, Moreover, since high quantities of
the purified protein could be produced, cristallization of
the enzyme should be undertaken to study its structure,
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