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Databanks

Peptidase classification: clan MA, family M13, MEROPS 1D: M13.004
NC-IUBMB enzyme classification: none
Databank codes:

Species SwissProt pm EMBL
(cDNA)

EMBL (genomic)

Lactococcus lactis lactis
Lactococcus lactis cremoris

QO7744
QO9145

L18760
L04938

UO9553
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Name and Bistory

In the search for peptidases in the dairy lactic acid bacterium
Laclococcus laclis which could participate in the degradation
of casein-derived peptides, a necessary process for growth of
the organism in milk and for cheese ripening, several authors
isolated an endopeptidase. This enzyme was either given no
specific name (Tan el al., 1991) or was named NOP (neu-
tral thermolysin-like oligoendopeptidase; Baankreis er al.,
1995). The present, generally used name is PepO (oligo-
endopeptidase; Mierau er al., 1993) following the recommen-
dation of Tan er al. (1993). [The present editors suggest that
oligopeptidase O js a suitable name for general use.]

Stepaniak & Fox, 1995; Baankreis etal., 1995; Lian etal.,1996). .

PepO activity cán be determined with various peptide sub-
strates and by thin-Iayer chromatography (Tan et al., 1991),
HPLC (Pritchard et al., 1994; Baankreis et al., 1995) or
capillary electrophoresis (Bocke]mann et al., 1995). A1so,
fluorescent substrates (Glt(or Suc)-A]a-Ala+Phe-4-methoxy-
NHNap (or -NHMec) and Suc-Arg-Pro-Phe-His-Leu+Leu.
Val-Tyr-NHMec) (Lian et al., 1996) (peptides avai]able from
Sigma) (see Appendix 2 for full names and addresses of sup-
pliers) and various chromogenic substrates (Stepaniak & Fox,
1995) have been used to determine PepO activity.

Structural Chemistry

PepO is a monomeric enzyme of 71.5 kDa (Mierau et al.,
1993) with a plof 4.3 (Tan et al., )991; Stepaniak &
Fox, 1995). A plof 4.62 was calculated from the derived
amino acid sequence of PepO (Mierau et al., 1993). PepO
has a zinc-binding motif HEISH (Mierau et al., ) 993). Fur-
thermore, homology comparison with the well-characterized
neprilysin (Chapter 362) revealed other residues which are
also involved in zinc binding (Glu535) or the formation of
the active site: Arg28, Asn434, Ala435, Va1472, His 587 and
Lys625. The functional relevance in the lactococcal enzyme
of Arg28 was shown by studies with modified substrates and
that of Glu535 and His587, by site-directed mutagenesis (Lian
et al., 1996).

Activity and Spec4ficity

PepO cleaves various neuropeptides, which have been used
as model substrates, and several peptides derived from .B- and
K-casein. The substrate size ranges between five amino acid
residues ([Met]enkephalin) to at least 30 residues (oxidized
insulin B chain). PepO does not hydrolyze di-, tri- and
tetrapeptides or intact a-, .B- or K-casein (Tan et al., 1991 ;
Pritchard el al., 1994; Baankreis et al., 1995; Stepaniak &
Fox, 1995). Analysis of peptide cleavage patterns shows that
PepO has a preference for peptide bonds with a hydrophobic
amino acid in the PI' position, Frequently either Phe or Leu
is found in this position and, less frequent1y, Ile, Val or Tyr
(Pritchard et al., 1994; Baankreis et al., 1995; Stepaniak &
Fox, 1995). Kinetic measurements with peptides of increasing
size showed that PepO has higher affinity for larger peptides.
(Lian et al., 1996).

The temperature optimum of the enzyme was reported
.to be 50°C (at pH5.5) according to one study (Baankreis
et al., 1995), which used asl-CN(fl-23) as a substrate, and
between 30 and 38°C according to others (Tan et al., 1991 ;
Stepaniak & Fox, 1995 using substrates [Met]-enkephalin
and asl-CN(f1-23), respectively). The pH optimum is 6.0
and 6.5 for [Met]-enkephalin and asl-CN(f1-23), respec-
tively (Tan et al., 1991; Stepaniak & Fox, 1995). The
enzyme is inhibited by phosphoramidon (Ki "' 4 nM), 1,10-

phenanthro1ine (1 mM) and thiorphan (Ki "'6000nM) (Tan
et al., 1991; Pritchard et al., 1994; Baankreis et al., 1995;
Stepaniak & Fox, 1995; Lian et al., 1996). EDTA was also
found to inhibit PepO but had to be added at high con-
centrations (10mM and 50mM, in Baankreis et al., 1995,
Lian et al., 1996, respective1y) otherwise the inhibition was
only partial (Pritchard et al., 1994). After EDTA inactiva-
tion, activity could be restored by 50-300 l1M CO2+ (Tan
et al., 1991) or by 50~ Zn2+ or 50~ Co2+ (Baankreis
el al., 1995). Mn2+ was found to restore 50% of the enzyme
activity after inhibition with 10 mM EDTA (Baankreis et al.,
1995). PepO activity was complete1y inhibited by 1 mM
CU2+ and 1 mM Zn2+ .No effect on enzyme activity was
found after addition of 1 mM Ca2+ , Mg2+ , Fe2+ , Co2+
or Mn2+ (Tan et al., 1991 ). Furthermore, inhibitory effects
of PMSF (I mM), 2-ME (1%) and diethylpyrocarbonate
have also been observed (Tan et al., 1991; Stepaniak &
Fox, 1995; Lian et al., 1996). The substrate specificity
and the effect of the various inhibitors suggest a func-
tional similarity of PepO with thermolysin (Chapter 351)
and with neprilysin (Chapter 362) (Pritchard et al., 1994;

Preparation

PepO bas been purified from different Lactococcus strains
with purification factors ranging from 147-fold (Pritchard
et al., 1994) to 678-fold (Tan et al., 1991). In Lactobacillus
delbrueckii subsp. bulgaricus and in Streptococcus salivarius
subsp. thermophilus 70 kDa proteins have been found wbich
reacted with PepO-specific antibodies, indicating tbat PepO
is also present in species otber than Lactococcu.\" (Tan et al.,
1991 ). Tbe pepO gene bas been expressed in Escherichia coli
witb and without an N-terminal hexabistidine tag. Expres-
sion of His-tagged PepO reacbed 10 mg liter-} culture and
the active PepO fusion-protein could be isolated and purified
in a two-step process with an Ni-NTA-agarose column fol-
lowed by a Mono-Q column. With this metbod a purification
factor of 127-fold and a yield of 47% was reached (, 4mg
enzyme liter-J culture) (Lian et al., 1996).

Biological Aspects
\

The gene of PepO, pepO, bas been cloned and its nucleotide
sequence bas been determined (Mierau et al., 1993). pepO
is tbe last gene of an operon that encodes an oligopeptide
transport system (opp). Expression of pepO is either directed
by a promoter at the beginning of the operon and/or by
a putative promoter upstream of tbe preceding oppA gene.
lnsertional inactivation of oppA leads to inactivation of pepO
expression (Miemu et al., 1993; Tynkkynen er al., 1993). The
physiological function of PepO is only partially understood.
Both genetic and biochemica! studies indicate tbat PepO is
1ocated in the cytoplasm (Tan et al., 1992; Mierau et al.,



1993; Pritchard el al., 1994). Inactivatjon of PepO djd not
influence growth rate or acjd productjon jn milk or jn complex
medium (Mierau el al., 1993). lnactivation of PepO in a strajn
in whjch the amjnopeptidase N (Chapter 345) had already
been deleted caused an jncrease in the doubling tjme in
milk from 60 min to 120 min, indjcating that PepO, at least
under these circumstances, has a role jn the degradation of
casejn-derived peptides for the deljvery of essential amino
acjds (Mjerau el al .,1996). The physiological meaning of the
coupling of pepO to the opp operon is not yet understood.

Apart from growth of lactococci in milk, peptidases also
play a role in cheese ripening. Milk protein degradation is one
major aspect in this process. At the end of growth, lactococcal
cells lyse easily in the cheese matrix and release their enzyme
contents. In young Gouda cheese, casein-derived peptides
have been found that are indicative of PepO activity in cheese.
Thus, a function of this endopeptidase jn cheese fermentation
has been proposed (Baankreis el al., 1995).

PepO is structurally and functionally highly similar to
mammaljan neprilysjn (NEP) (Chapter 362), a glycoprotein
which plays a pivotal role in regulatjng the physjologjcal
action of a large nuffiber of neuro- and hormoDe peptides
(Mierau el al., 1993). Currently, the possjbjljty of usjng
PepO as a model for NEP js bejng assessed. PepO can
easjly be jsolated and manjpulated and provide valuable
informatjon complementing that obtained from thermolysjn
(Chapter 351), the curreDt NEP model (Lian el al., 1996).

Distinguishing Features

Thus far, PepO bas been tbe only representative of its group
in the bacterial kingdom (Mierau et al., 1993). Recent I y how-
ever, a gene was identified in one Lactococcus lacris subsp.
cremoris strain which encodes a protein (PepO2) with 88%
amino acid sequence identity to PepO. The gene of PepO2
has an entirely different genetic context and did not evolve
by a simple duplication of the pepO region (I. Mierau &
M.A. Hellendoom, unpublished results). Furthermore, from
Streptococcus gordon ii PK488 a gene has been partially char-
acterized that could encode a truncated protein with 58%
amino acid sequence identity over a stretch of 219 amino
acids surrounding the Zn2+ -binding site of PepO (Kolenbran-
der er al., 1994).
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Further Reading

For a review, see Monnet (1995).
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