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I NTRODUCTION

It has long been recognized that the proteolytic system of Lactococcus lactis is
essential for growth of the organism in milk and for cheese ripening. This is due to
the fact that the extracellular source of essential amino acids in milk is casein and
that casein breakdown is important for flavour development in cheese [1,2, 3]. The
main products of the initial casein breakdown by the cell envelope-associated pro-
teinase PrtP are oligopeptides, which are internalized by the oligopeptide tranport
system. Mutational inactivation of either PrtP or the oligopeptide transport system
showed that both of these are essential for fast growth to high cell densities of
L. lactis in milk [4]. The final step in the acquisition of essential amino acids must
be the degradation of the oligopeptides by peptidases. Furthermore, preliminary
resJ.1lts suggest that peptidases are involved in flavour development during cheese
ripening [2, 5]. To understand the role of the various peptidases in these processes
we set out to clone and inactivate their genes.

PEPTIDASES: WHICH AND WHERE?

To release essential amino acids, peptides are presumably broken down by
several peptidases of different specificities. In an on-going effort, different groups
have isolated and purified at least 14 peptidases with different specificities, capable



of breaking down every possible casein-derived peptide [for review see 4, 6, 7].
The amount and variet y of peptidases identified so far raises the question as to
which of these are most important in the casein breakdown pathway and where
they are located. To provide answers we used a genetic approach by cloning and
determining the nucleotide sequences of the genes of the following peptidases:
pepXP, pepO, pepT, PCP [8,9,10,11]. Furthermore, the genes of the peptidases
pepN, pepC and pepA have been cloned and sequenced elsewhere [4, 12]. A sur-
prising observation from these studies was that none of these peptidases is pre-
ceded by a signal peptide or contains a membrane spanning hydrophobic domain.
In contradiction to earlier speculations [1, 13], this indicates that all these pepti-
dases are located in the cytoplam of L. lactis.

WHICH PEPTIDASES ARE IMPORTANT IN CASEIN BREAKDOWN?

As first approach in assessing the role in casein breakdown of the various pepti-
dases we constructed peptidase-negative mutants by (i) insertion of an erythromy-
cin resistance gene to generate pepO [9]; (ii) by chemical mutagenesis to form
pepN [14], and (iii) by deletion inactivation to generate pepXP and pepT [10, 15].
From two mutant strains, pepO and pepT, we measured growth rate and acid pro-
duction in milk. No difference existed between the strains lacking the peptidases
and the wildtype strain [9, 10]. From all mutants mentioned above the cell densities
after overnight growth in milk were measured. No differences were observed com-
pared to the wildtype strain, whereas a mutant lacking the proteinase PrtP showed
severe reduction in growth yield (Fig. 1 ). Apparently these peptidases are either
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Fig. 1: Growth of peptidase-negative mutants in 10% reconstituted skim milk with 1% glucose,
inoculated at 1% from a washed ovemight pre-culture in GM17 medium. Growth was meas-
ured as absorption at 600 nm by the method of Kanasaki et al [20]. P+: Lactococcus lactis
MG1363 (pLP712; Prt+, Lac+) (positive control). P-: MG1363 (Prr, Lac-) (negative control),
mutations: XP-: pepXP deletion, N-: pepN chemical mutation, T -: pepT deletion, 0-: pepO
disruption by erythromycin resistance gene, and combinations of these mutations. All
mutant strains contain the lactose/proteinase plasmid pLP712.
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not involved in the supply of essential amino acids or their function can be taken
over by other peptidases.

UNRAVELLING OF THE lACTOCOCCAL PEPTIDASE NETWORK

To determine the essential combination of peptidases, multiple peptidase-nega-
tive mutants were constructed. Since the successive inactivation of peptidase genes
by use of antibiotic resistance genes is not feasible, we chose a strategy which
allows the deletion of genomic sequences without leaving behind resistance mark-
ers. With this approach, which makes use of the integration plasmid pORI280
[described elsewhere in this volume by Leenhouts et al pp 523-530], we con-
structed deletions in the following genes: pepO, pepT, pepXP, pepN and pepC. In a
second round of mutagenesis the double mutants pepN-pepO, pepXP-pepO, pepN-
pepXP and pep T -pepXP were constructed.

The peptidases PepN and pepXP are believed to be important in the break-
down of casein-derived peptides [1,5,13]. PepN is a general aminopeptidase with
a high intracellul ar activity and is thought to play a major role in intracellular pep-
tide degradation. Absence of this peptidase leads to a dramatic drop in degrada-
tion of various amino acid p-nitroanilide substrates and of oligopeptides with four
more amino acids. Growth experiments in a chemically defined medium showed a
significant decrease of growth rate when a tripeptide or a tetrapeptide was given as
a source of one essential amino acid [5]. PepXP, which liberates N-terminal X-Pro
dipeptides from oligopeptides, has been assigned a major role in breakdown of
casein-derived peptides and, therefore, cell growth, merely because these peptides
have a high proline content (35 proline residues of 209 residues in 13-casein, i.e.
16.7% ) and the high percentage of peptides in which proline is preceded by an
essential amino acid. Honds involving proline can only be degraded by proline-spe-
cific enzymes [16, 17, 18]. The successful construction of a double mutant in which
both activities, pepN and pepXP, had been inactivated, permitled us to assess the
correctness of these hypotheses. No significant effect on the growth yield in milk of
the pepN-pepXP double mutant was observed (Fig. 1). Moreover, none of the
other double mutants showed a significant difference in growth characteristics in
milk when compared to the wildtype strain. Therefore, these peptidases are either
not involved in the degradation of casein-derived peptides or, more probably other
peptidases can take over their function. A foodgrade double mutant pepXP-pepT
was used to construct the triple mutantpepXP-pepT-pepO which, in turn, was used
to make the quadruple mutant pepXP-pepT -pepO-pepC. The effect ot these multi-
ple mutations on the ability to grow in milk is being investigated.

CONCLUSIONS AND FUTURE PROSPECTS

We have now constructed various single and multiple peptidase-negative
mutants of L. lactis. As a first indication of the importance of a pepcidase or a com-
bination of peptidases, we have measured growth and acid production in milk. In
addition, more specific methods will be applied to detect less general effects than
failure to grow to high cell densities in milk. Chemically defined medium supple-
mented with whole casein, specific caseins (a, J3 or kappa), or specific peptides as



the sole source of essential amino acids can be used to study the effect of a muta-
tion under more defined conditions, as demonstrated by Baankreis [5] and Mierau
et al [10]. Furthermore, the degradation of specific peptides can be studied in cell
extracts using capillary electrophoresis, HPLC, or other methods. These methods
will a1so indicate the presence of other peptidases with overlapping activities [ for
an example see 19]. Possibly unknown peptidases could be identified in this way.

Finally, peptidase mutants constructed in a foodgrade manner can be used in
cheese making to assess the role of the peptidase(s) under study on flavour and
texture development. The construction and analysis of various peptidase mutants
is a powerful way to elucidate the role of individual and combinations of pepti-
dases for growth of L. lactis in milk and the process of cheese ripening.
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