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X-PROLYL-DIPEPTIDYL-AMINOPEPTIDASE FROM LACTOBACILLUS
DELBRUCKII SSP. LACTIS, NUCLEIC ACIDS CODING FOR THE
SAME AND ITS USE IN FERMENTED FOODSTUFF PREPARATION
PROCESSES

The invention relates to X-Prolyl-dipeptidyl-aminopeptidase (PepX) from
Lactobacillus delbriickii ssp. lactis or polypeptides derived thereof, and more
particularly recombinant PepX from said Lactobacillus strain or recombinant
polypeptides derived thereof, which can be used in fermented foodstuff
preparation processes.

The invention also relates to processes for preparing the PepX from said
Lactobacillus strain or said derived polypeptides, which are in a state of
biological purity such that they can be used in processes for the preparation of
fermented foodstuff.

The invention also relates to nucleic acids coding for PepX from said
Lactobacillus strain or said derived polypeptides, and to cellular hosts
containing said nucleic acids and their use in processes for the preparation of
fermented foodstuff.

Furthermore, the invention relates to processes for the preparation of
fermented foodstuff and kits using the PepX from said Lactobacillus strain or
said derived polypeptides, and/or said cellular hosts.

By "recombinant polypeptides" it is to be understood that it relates to any
molecule having a polypeptidic chain liable to be produced by genetic
engineering, through transcription and translation of a corresponding DNA
sequence under the control of appropriate regulation elements within a efficient
cellular host. Consequently the expression "recombinant polypeptides” such as
is used herein does not exclude the possibility for the polypeptides to comprise
other groups, such as glycosylated groups.

The term "recombinant" indeed involves the fact that the polypeptide has
been produced by genetic engineering, particularly because it results from the
expression in a cellular host of the corresponding nucleic acid sequences which
have previously been introduced into the expression vector used in said host.

Nevertheless, it must be understood that this expression does not exclude
the possibility for the polypeptide to be produced by a different process, for
instance by classical chemical synthesis according to methods used in the protein
synthesis or by proteolytic cleavage of larger molecules.

PCT/EP93/03711
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The expression "biologically pure" or "biological purity” or "in a
substantially pure form" means on the one hand a grade of purity such that the
polypeptide or recombinant polypeptide can be used for the preparation of
fermented foodstuff and on the other hand the absence of contaminants, more
particularly of natural contaminants.

Rapid growth of lactobacilli in milk depends of their ability to utilize milk
proteins as an external source for essential amino acids. As the concentrations of
small peptides and free amino acids in milk are rather low, lactobacilli dispose
of various proteolytic and peptidolytic activities which are involved in the
degradation of casein (1, 17, 31).

The PepX is capable of releasing X-Pro dipeptides from the N-terminus of
oligopeptides. The structure of the amino acid proline influences the
conformation of peptides and restricts the cleavage of proline-containing
peptides by common exo- and endopeptidases. As casein has an extraordinarily
high content of proline residues (16,7 % for P-casein) (8), the enzyme is
supposed to be indispensable for efficient casein utilization.

Consequently the presence of the PepX has been demonstrated in a wide
range of lactic acid bacteria (8). The enzyme was purified from Lactobacillus
lactis, Streptococcus thermophilus (22), Lactobacillus delbriickii ssp. bulgaricus
(2, 5, 23), Lactobacillus helveticus (13), Lactobacillus acidophilus (5),
Streptococcus mitis (12), Lactococcus lactis ssp. cremoris (6, 14, 34), and
Lactococcus lactis ssp. lactis (19, 36). The pepX gene of Lactococcus lactis ssp.
lactis (24) and of Lactococcus lactis ssp. cremoris (21) was isolated and
sequenced; these genes were found to be more than 99 % homologous.

An aspect of the invention is to provide a new family of nucleic acids
coding for new proteins and polypeptides which can be used for the preparation
of fermented foodstuff.

Another aspect of the invention is to provide cellular hosts transformed
with said nucleic acids which can be used for the preparation of fermented
foodstuff, and more particularly as starter organisms in the fermentation of
milk.

Another aspect of the invention is to provide nucleic acids coding for the
peptidic chain of biologically pure recombinant polypeptides which enable their
preparation on a large scale.

Another aspect of the invention is to provide new proteins and
polypeptides which can be used for the preparation of fermented foodstuff.

Another aspect of the invention is to provide processes for the preparation
of fermented foodstuff, and more particularly cheese.

PCT/EP93/03711
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The invention relates to a protein in a substantially pure form, as produced
and excreted by Lactobacillus delbriickii ssp. lactis and capable of releasing
proline-containing dipeptides (or X-Pro dipeptides) from the N-terminus of
oligopeptides present in the culture medium of said lactobacilli, or fragments
thereof having said releasing X-Pro dipeptides activity.

The invention relates more particularly to the protein (PepX) as defined
above, such as produced by the strain of Lactobacillus delbriickii ssp. lactis
WS87, deposited at the Deutsche Sammlung von Mikroorganismen (DSM)
under the number 7290 on October 15, 1992, the polypeptidic sequence of said
PepX being represented on figure 5 or figure 6. The amino acid sequence of
PepX is also represented by SEQ ID NO 2 in the sequence listing which
follows.

Said PepX represented by SEQ ID NO 2, is more particularly
characterized in that:

- its isoelectric point calculated from the nucleotide sequence represented
by SEQ ID NO 1, is 4.96, and its isoelectric point determined by preparative
isoelectric focusing after ammonium sulfate fractionation of crude extract of said
protein, is 3.9,

- its molecular weight calculated from the nucleotide sequence represented
by SEQ ID NO 1, is 88.449 kDa, and its molecular weights determined by
SDS-PAGE after purification, by SDS-PAGE after in vitro translation of
plasmid pJK433 (see below), and by gel filtration, are 95 kDa, 89.9 kDa and
84 kDa respectively,

- its hydropathy profile is represented on figure 8,

- specific chromogenic susbstrates of said PepX are chosen among L-Ala-
L-Pro-p-nitroanilide and Gly-L-Pro-B-naphtylamide,

- specific inhibitors of said PepX are the following:

phenylmethylsulfonylfluoride (PMSF), end concentration
1 mM: 73 % relative activity,
3,4-dichloroisocoumarine (3,4-DCI): end concentration
0,1 mM: 55 % relative activity,
4-(2-aminoethyl)-phenylsulfonylfluoride, hydrochloride
(AEBSF), end concentration 0,1 mM: 92 % relative activity.

The percentages of relative activity indicated above, correspond to residual
activities after addition of the inhibitor as compared with the control without
inhibitor. The conditions and methods for determination are taken from
"Proteolytic enzymes, a practical approach, Beynon R.J. and Bond J.S., Oxford

PCT/EP93/03711
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University Press 1989." (Chapter 4, Determination of protease mechanism, Ben
M. Dunn).

The PepX according to the invention is more particularly characterized in
that it is obtained from a cell extract of said Lactobacillus delbriickii ssp. lactis
WS87 by the following fdur-step procedure:

- fractionation of the cell extract by salting out at 4°C with solid
ammonium sulfate from 40 to 60 % saturation,

- hydrophobic interaction chromatography by applying the ammonium
sulfate fraction obtained at the previous step to an appropriate column such as a
column of Octyl-Sepharose 4B (Pharmacia), and pooling the eluted fractions
having the highest specific activity against L-Ala-L-Pro-p-nitroanilide,

- ion exchange chromatography, by applying the pooled fractions obtained
at the previous step to an appropriate column such as a Mono Q HR
(Pharmacia),

- affinity chromatography using L-Ala-L-Pro linked to EAH-Sepharose 4B
(Pharmacia) as ligand.

The degree of purity of the enzyme obtained by applying the process
above-described is approximately of 98%.

The invention also relates to polypeptides derived from the PepX from
said Lactobacillus strain defined above, said derived polypeptides corresponding
to fragments of the polypeptide sequence represented by SEQ ID NO 2, or
muteins (which differ from said protein by addition and/or substitution and/or
suppression of one or several amino acid) thereof, provided that said fragments
and muteins are capable of releasing X-Pro dipeptides.

Proteins or polypeptides derived thereof according to the invention are in
the form of a monomer or a polymer, more particularly a dimer or a trimer.

Preferred proteins or polypeptides derived thereof according to the
invention are in the form of a monomer.

The invention also relates to nucleic acids coding for proteins or
polypeptides such as defined above.

The invention relates more particularly to the nucleic acid sequence
represented by SEQ ID NO 1 coding for PepX, the amino acid sequence of this
latter protein being represented under the nucleotide sequence coding for PepX
in SEQ ID NO 1.

Nucleic acids according to the invention are more particularly
characterized in that:
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- they comprise all or part of the nucleotidic sequence represented on
figure 5 or figure 6, and corresponding to SEQ ID NO 1, coding for the PepX
from said Lactobacillus strain, or its complementary sequence,

- or they hybridize with all or part of said nucleic acid represented by
SEQ ID NO 1, or with its complementary sequence.

By way of illustration, the hybridization above-mentionned can be
performed with membranes like HeybondTM-N (Amersham) or Hybridization
Transfer Membrane (Micron Separations Inc.) under conditions as described by
the supplier.

The invention also relates to recombinant nucleic acid containing at least
one of the nucleic acids according to the invention, inserted in a heterologous
nucleic acid.

The invention relates more particularly to recombinant vectors comprising
a vector sequence, notably of the type plasmid (such as plasmids originating
from lactic acid bacteria), cosmid or phage, and a nucleic acid according to the
invention, in one of the non-essential sites for their replication.

Preferred recombinant vectors according to the invention, are those
containing in one of their non essential sites for their replication, necessary
elements to promote the expression of polypeptides according to the invention in
a cellular host and possibly a promoter recognized by the polymerase of the
cellular host, particularly an inducible promoter and possibly a signal sequence
and/or an anchoring sequence.

Recombinant vectors can contain the elements enabling the expression by
E. coli or lactic acid bacteria including lactococcus and, especially, lactobacilli
of the thermophilic groups, of a nucleic acid according to the invention inserted
in the vectors, to demonstrate product formation.

Particularly preferred recombinant vectors are constructed from replicons
isolated from lactobacilli, especially from thermopilic Lactobacillus species.

The invention also relates to cellular hosts which are transformed by a
recombinant vector such as defined above, and comprising the regulation
elements enabling the expression of the nucleotide sequence coding for a protein
according to the invention in these hosts.

Preferred cellular hosts are chosen from among bacteria such as E. coli, or
from among lactic acid bacteria including lactococcus and, especially,
lactobacilli of the thermophilic group, transformed by a vector according to the
invention.

From the nucleic acids of the invention, probes (i.e. cloned or synthetic
oligonucleotides) can be inferred.

PCT/EP93/03711
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These probes can be from 25 nucleotides up to the total length of the pepX
gene. These oligonucleotides can also be used as amplification primers in the
PCR technique (PCR, Mullis and Faloona, Methods in Enzymology, vol. 155,
p. 335, 1987) to generate specific enzymatically amplified fragments and/or as
probes to detect fragments amplified between bracketing oligonucleotide
primers.

The invention also relates to expression products of nucleic acids
expressed by transformed cellular hosts such as described above.

The invention also relates to a process for preparing a protein such as
defined above comprising the following steps:

- the culture in an appropriate medium of a cellular host as described
above,

- the recovery of the polypeptide produced by the above said cellular host
from the above said culture medium,

- the purification of the polypeptide produced, more particularly according
to the method above described.

The polypeptides of the invention can be prepared according to the
classical techniques in the field of peptide synthesis.

The synthesis can be carried out in homogeneous solution or in solid
phase.

For instance, the synthesis technique in homogeneous solution which can
be used is the one described by Houbenweyl in the book entitled "Methoden der
organischen Chemie" (Method of organic chemistry) edited by E. Wiinsch, vol.
15-I and II, THIEME, Stuttgart 1974.

The polypeptides of the invention can also be prepared in solid phase
according to the methods described by Atherton and Sheppard in their book
entitled "Solid phase peptide synthesis" (IRL Press, Oxford, New York, Tokyo,
1989).

The invention also relates to a process for preparing the nucleic acids
according to the invention.

A suitable method for chemically preparing the single-stranded nucleic
acids (containing at most 100 nucleotides of the invention) can be carried out
according to the automatic P-cyanoethyl phosphoramidite method of DNA
synthesis described in Bioorganic Chemistry 4; 274-325 (1986).

In the case of single-stranded DNA, the material which is obtained at the
end of the DNA synthesis can be used as such.

A suitable method for chemically preparing the double-stranded nucleic
acids (containing at most 100 bp of the invention) comprises the following steps:

PCT/EP93/03711



10

15

20

25

30

35

WO 94/16082

PCT/EP93/03711

-7 -

- DNA synthesis of one sense oligonucleotide using the automatic
B-cyanoethyl phosphoramidite method above cited, and DNA synthesis of one
antisense  oligonucleotide using either the above-mentioned automatic
B-cyanoethyl phosphoramidite method, or enzymatic transcription of the sense-
strand using a specific primer hybridizing to the 3'-end of the sense strand,

- combining the sense and antisense oligonucleotide by hybridization in
order to form a DNA duplex,

- cloning the DNA duplex obtained into a suitable plasmid vector and
recovery of the DNA according to classical methods such as restriction enzyme
digestion and agarose electrophoresis, or by PCR amplification according to the
procedure outlined above.

A method for the chemical preparation of nucleic acids with lengths
greater than 100 nucleotides - or base pairs, in the case of double-stranded
nucleic acids - comprises the following steps:

- assembling the synthesized oligonucleotides, provided at their ends with
different restriction sites, the sequences of which are compatible with the
succession of amino acids in the natural peptide, according to the principle
described by Urdea et al. in Proc. Nat. Acad. Sci. USA 80; 7461-7465 (1983),

- cloning the DNA thereby obtained into a suitable plasmid vector and
recovery of the desired nucleic acid according to classical methods such as
restriction enzyme digestion and agarose gel electrophoresis.

The invention also relates to antibodies themselves formed against the
polypeptides according to the invention, more particularly by immunization of
appropriate animals with said polypeptides and recovery of antibodies thus
formed.

It goes without saying that this production is not limited to polyclonal
antibodies.

It also relates to any monoclonal antibody produced by any hybridoma
liable to be formed according to classical methods from splenic cells of an
animal, particularly of a mouse or a rat, immunized against the purified
polypeptide of the invention on the one hand, and of cells of a myeloma cell line
on the other hand, and to be selected by its ability to produce the monoclonal
antibodies recognizing the polypeptide which has been initially used for the
immunization of the animals.

The invention also relates to any antibody of the invention labeled by an
appropriate label of the enzymatic, fluorescent or radioactive type.

The invention relates more particularly to the use of the polypeptides
described above for the determination of the exact localization of PepX in
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Lactobacillus delbriickii ssp. lactis, rendering possible experiments performed
by immunoblotting after cell fractionation and by electron microscopy of
immunogold labeled peptidases.

The invention also relates to fermentation processes comprising a step of
treatment of material to be fermented with:

- an appropriate amount of at least one of the protein according to the
invention, and/or

- an appropriate amount of at least one of the transformed cellular host
such as described above, and/or

- an appropriate amount of lactobacilli, such as Lactobacillus delbriickii
ssp. lactis.

The invention also relates to a process for the preparation of fermented
foodstuff, and more particularly of cheese, which comprises a step of treatment
of food material to be fermented, such as milk, with:

- an appropriate amount of at least one of the protein according to the
invention, and/or _

- an appropriate amount of at least one of the transformed cellular host
such as described above, and/or

- an appropriate amount of lactobacilli, such as Lactobacillus delbriickii
ssp. lactis.

The process for the preparation of fermented foodstuff described above
can also comprise a step of treatment of food material to be fermented, such as
milk, with other species and strains susceptible to be used as starter organisms
in fermentation processes, and more particularly lactic acid bacteria susceptible
to produce a PepX protein, such as Lactococcus, Streptococcus and
Lactobacillus.

The fermentation processes according to the invention, are more
particularly characterized in that they can be used as fermentation processes for
the obtention of hard cheeses, such as Emmentaler type cheese (South Germany,
Switzerland).

The invention also relates to foodstuff, and more particularly cheeses,
such as obtained by fermentation processes as described above.

Other characteristics and advantages of the invention will appear in the
following examples and the figures illustrating the invention.

I) Figure legends

Figure 1:

Figure 1 represents the purification steps visualized on SDS-Gel. Lane
1: marker proteins; a myosin (205 kDa), b B-galactosidase (116 kDa),
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¢ phosphorylase B (97.5 kDa), d bovine serum albumin (66 kDa), e ovalbumin
(45 kDa); lane 2: crude extract of Lactobacillus delbriickii ssp. lactis WS&7
(DSM 7290); lane 3: ammonium sulfate fractionation; lane 4; HIC-fraction; lane
5: Mono Q-fraction; lane 6: L-Ala-L-Pro-EAH-Sepharose-fraction.

Figure 2:

Figure 2a represents the effect of temperature on the activity of PepX.

The x-axis corresponds to the temperature (°C), and the y-axis
corresponds to the relative activity (%).

Figure 2b represents the effect of pH on the activity of PepX. The
x-axis corresponds to the pH, and the y-axis corresponds to the relative activity
(%).

Figur

Figure 3 represents the localization of pepX on the plasmid pJK433,

and subcloned fragments in pUCIS8.
Figure 4:

Figure 4 represents the overexpression of PepX in E. coli. Lane 1:
crude extract of JM109; lane 2: crude extract of JM109 (pLG339); lane 3: crude
extract of JM109 (pJK433); lane 4: marker proteins, a myosin (205 kkDa),
b B-galactosidase (116 kDa), c phosphorylase B (97.5 kDa), d bovine serum
albumin (66 kDa), e ovalbumin (45 kDa), f carbonic anhydrase (29 kDa).

Figur

Figure 5 represents the nucleotide sequence (corresponding to SEQ ID
NO 1) and deduced amino acid sequence (in the one-letter code) of PepX. the
restriction sites used for subcloning and complementation experiments are
indicated. Putative ribosome binding sites (RBS) and potential promotor regions
are underlined. The convergent arrows above DNA sequence indicate the
putative transcription terminator. Asterisk, stop codon. N-terminal amino acid
sequence determined on the purified protein is overlined.

Figur

Figure 6 represents the nucleotide sequence and deduced amino acid

sequence (in the three-letter code) of PepX (corresponding to SEQ ID NO 2).
Figure 7:

Figure 7 represents a computer alignment of the amino acid sequences
of the PepX from Lactobacillus lactis ssp. lactis WS87 (IbpepX), Lactococcus
lactis ssp. cremoris (llxpdap, 21), and Lactococcus lactis ssp. lactis (llpepxp,
24). Identical amino acids (*) in the sequences are indicated.
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Figure 8:
Figure 8 represents the hydropathy plot of PepX according to Kyte and
Doolittle (15).

IT) Materials and methods

1) Bacterial strains, plasmids. and media

Bacterial strains and plasmids are listed in Table 1. Lactobacillus
delbriickii ssp. lactis was grown in MRS medium (20) at 42°C. Escherichia coli
was grown in LB medium (3) at 37°C with shaking. When needed, kanamycin
(40 pg/ml), ampicilin (200 pg/ml), or tetracycline (12.5 pg/ml) was added to
the culture medium.

5-Bromo-4-chloro-3-indolyl-B-D-galactoside (X-Gal; Biomol, Hamburg)
and isopropyl-p-thiogalactoside (IPTG; Biomol) were used at 0.004 % (wt/vol)
and 0.2 mM, respectively.

2) Preparation of cell extract
Lb. delbriickii was grown at 42°C for 15 - 20 h in 10 1 MRS broth. Cells

were harvested by centrifugation at 11.000 g for 10 min at 4°C, and washed
twice with 50 mM Tris hydrochloride buffer pH 7.2. By grinding with
aluminium oxide at 4°C cells were disrupted and then suspended in 50 mM Tris
hydrochloride buffer pH 7.2 (1.0 - 1.5 ml per g wet cells). Aluminium oxide
was removed from the homogenate by centrifugation at 11,000 g and 4°C for 10
min. Absorbed proteins were extracted from aluminium oxide by washing with
50 mM Tris hydrochloride buffer pH 7.2 (0.5 - 0.75 ml per g wet cells), before
the cell debris was down by ultracentrifugation at 139,000 g and 4°C for
60 min.

E. coli was grown overnight at 37°C with shaking in 100 ml LB medium.

Cells were harvested by centrifugation at 7,000 g for 10 min. The pellet
was washed once with 20 ml 50 mM Tris hydrochloride buffer pH 7.5,
suspended in 50 mM Tris hydrochloride buffer pH 7.5 with an end volume of
the suspension of 1 ml. After disruption by ultrasonication (Bandelin electronic,
type UW 60) cell debris were removed at 52,000 g and 4°C for 1 h.

3) Enzyme assays, protein assay

During purification PepX was routinely tested in microtiter plates with
L-Ala-L-Pro-p-nitroanilide (Bachem, Bubendorf, Switzerland) as substrate. The
reaction mixture contained 0.2 ml Tris hydrochloride pH 7.2. 10 ul substrate
(10 mg/ml in water), and 10 ul enzyme solution. After incubation at 37°C the
amount of p-nitroaniline liberated was determined at 405 nm. One unit of



10

15

20

25

30

35

WO 94/16082

- 11 -

enzymatic activity was defined as the amount of enzyme that liberates 1 pmol
p-nitroaniline per minute at 37°C. The specific activity was defined as units per
milligramm of protein. Protein concentration was measured with the methods of
Bradford (7) and Lowry (18), respectively.

During cloning of the gene, recombinant E. coli clones exhibiting PepX
activity were screened with an enzymatic plate assay. The plates were flooded
with fast garnet GBC (Sigma, St. Louis, Mo.) solution (Img/ml in water)
supplemented with Gly-L-Pro--naphthylamide (0.4 mg/ml; Bachem). The
cleavage of the chromogenic substrate resulted in formation of an azodye which
gives positive colonies a cherry-red appearence.

For determination of the protease type the following inhibitors were used:
3,4-dichloro-isocoumarine (3,4-DCI; Boehringer, Mannheim, Germany),
phenylmethanesulfphonylfluoride (PMSF; Sigma), pepstatin (novobiochem),
1,10-phenanthroline  (Sigma), and L-trans-epoxysuccinyl-leucylamide-(4-
guanidino)-butane (E-64; Sigma).

4) Burification

- Step 1: Ammoniumsulfate fractionation.

The cell extract was fractionated by salting out at 4°C with solid
ammonium sulfate from 40 to 60 % saturation. After gently mixing for 1 h at
4°C the precipitate formed was collected by centrifugation at 21,000 g and 4°C
for 30 min and dissolved in a minium amount of 50 mM Tris hydrochloride
pH 7.2.

- Step 2: Hydrophobic interaction chromatography (HIC)

The undialysed ammonium sulfate fraction was applied at 4°C to a 26 by
1.5 cm column of Octyl-Sepharose 4B (Pharmacia, Uppsala, Sweden)
equilibrated with 50 mM Tris hydrochloride pH 7.2 in 1 M ammonium sulfate.

The enzyme was eluted (28.5 ml/h) with a linear salt gradient between
equilibration buffer and distilled water. The fractions with the highest specific
activity were pooled, dialysed against 20 mM Tris hydrochloride pH 7.2, and
concentrated by passage through a PM30 Diaflo membrane (Amicon, Beverly).

- Step 3: Ion exchange chromatography

The pooled fractions of step 2 were applied to Mono Q HR 5/5
(Pharmacia) equilibrated with 20 mM Tris hydrochloride pH 7.2. Proteins were
eluted at 1 mi/min with a two-step linear NaCl gradient: 0 to 0.25 M NaCl for
6 min, 0.25 to 0.5 M NaCl for 30 min.

- Step 4: Affinity chromatography

Carbodiimide coupling of L-Ala-L-Pro to EAH-Sepharose 4B (Pharmacia)
was based on a procedure recommended by the supplier. After coupling of the

PCT/EP93/03711
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ligand a columm was packed (Bio-Rad, Richmond, Calif.; gel bed 7 by 1 cm)
and equilibrated at 4°C with 20 mM Tris hydrochloride buffer pH 7.2. The
dialysed fraction of step 3 was applied. The columm was washed with
equilibration buffer and eluted (12 mi/h) with a linear salt gradient of 0 to
0.5 M NaCl.

Polvacr ide gel electrophoresi

Crude extracts and enzyme preparations at each purification step were
analysed by SDS-polyacrylamide gel electrophoresis using the system of
Laemmli (16). Gels were stained with Coomassie blue according to Weber and
Osborn (32).

Non-denaturing polycrylamide gel electrophoresis (12 %) was carried out
according to Davis (9). Activity staining was carried out by incubation of
individual gels with 10 ml stainig solution (1.5 % agar, 0.1 mM CoCly,
0.1 mM, MnClp, 0.5 mg/ml L-Ala-L-Pro-p-nitroanilide). The added agar
prevented a too fast diffusion of the p-nitroaniline formed at the enzyme zone.

6) Gel filtration

The molecular weight of the native enzyme was estimated by gel filtration
on Fractogel TSK HW-55(S) (Merck, Darmstadt, Germany ; 2.5 by 74 cm).

Elution with 50 mM Tris hydrochioride pH 7.5 was at 60 ml/h.

L-Alaninedehydrogenase (280 kDa), alkaline phosphatase (100 kDa),
peroxidase (40 kDa), and myoglobine (17 kDa) were used as molecular
markers.

7) Isoelectric focusing

Preparative isoelectric focusing after ammonium sulfate fractionation of
crude extract was carried out in an apparatus of the firm LKB (Bromma,
Sweden; type 8100-1) as described by the supplier. Ampholytes (Serva,
Heidelberg, Germany) in the pH range of 3 to 6 were used. The pH gradient
was stabilized by a sucrose gradient.

8) Sequencing of the N-terminus

For determination of the N-terminus preparative SDS-PAGE of a HIC-
fraction was followed by electrotransfer (0.8 of mA/cm? for 2h) of PepX to a
glass-fiber membrane (Glassybond; Biometra; Gottingen; Germany) as described
by Eckerskorn (11). To prevent amino-terminal blocking of the protein, the time
for polymerisation was prolongated and ammonium persulfate as well as N, N,
N', N'-tetramethyl aminomethane were removed at 100 V for 1 h. N-terminal
microsequencing in gasphase was performed by Appligene (Illkirch, France).
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9) Molecular cloning -

Procedure for the isolation of chromosomal DNA, DNA maﬁipulations,
and cloning were essentially those as proposed by Sambrook-Maniatis-Fritsch
(27). Isolation of plasmid DNA was performed according to Birnboim and Doly
(4). Restriction endonucleases and T4 DNA ligase were obtained from
Boehringer Mannheim, and as recommended by the supplier. Transformation of
E. coli was done by electroporation with the Gene PulserIM (Bio-Rad
Richmond, Calif.) as described by Dower et al. (10).

10) DNA sequence analysis

The determination of the nucleotide sequence was performed according to
Sanger et al. (28) using double-stranded DNA template primed with specially
synthesized oligonucleotides (392 DNA/RNA synthesizer, Applied Biosystems,
Faster City, Calif.). The reported sequence was determined for both strands.

5'- [a-35S] dATP was purchased from Amersham-Buchler
(Buckinghamshire, United Kingdom), the T7 DNA polymerase sequencing kit
was obtained from Pharmacia. DNA and amino acid sequence analysis were
performed using the Microgenie sequence analysis software package (25).

11) Nucleotide sequence accession number

The GenBank and EMBL nucleotide sequence accession number is
Z214230.

IIT) Results

1) Purification and characterisation |

Table 2 summarizes the purification of PepX from Lb. delbriickii ssp.
lactis WS87 to electrophoretic purity by use of a four-step procedure including
ammonium sulfate fractionation, hydrophobic interaction chromatography on
Octyl-Sepharose 4B, ion exchange chromatography on Mono Q HR 5/5, and
affinity chromatography on L-Ala-L-Pro-EAH-Sepharose 4 B. Fig. 1 shows
SDS-PAGE analysis of the enzyme fractions during purification. The final
purification was approximately 200-fold, and recovery was 4.6 %. As estimated
by SDS-PAGE and gelfiltration on HW TSK-55 (S), the enzyme is a monomer
with a molecular mass of 95 kDa (SDS-PAGE) and 84 kDa (gel filtration). By
isoelectric focusing after ammonium sulfate fractionation a pl of 3.9 was
determined. Optimal PepX activity in crude extract was measured at pH of 7.0,
and temperatures of 46-50°C (figures 2a and 2b respectively). Denaturation
occurs at pH values below 4 and at temperatures above 55°C. The enzyme
belongs to the class of serine proteases since it is inhibited by
3,4-dichloroisocoumarine and phenylmethanesulphonyl fluoride, specific
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inhibitors for serine proteases. The N-terminal amino acid sequence detected by
microsequencing in gasphase is overlined in figure 5.

2) Cloning of the pepX gene

Due to the absence of the pepX gene in E. coli cloning was performed in
this organism. Total DNA prepared from Lb. delbriickii ssp. lactis WS87 was
partially digested with SaulllA endonuclease. DNA fragments of 4 - 10 kb
obtained by size fractionation through a sucrose gradient (10 - 40 %) were
ligated into the BamHI restriction site of the E. coli low copy number vector
pLG339. Using the substrate Gly-L-Pro-B-naphthylamide which could not be
cleaved by the E. coli wildtype two recombinant E. coli ER1562 clones (2 out
of 5000) exhibited respective PepX activity: pJK433 (6.3 kb insert) and pJK434
(6.7 kb insert). The restriction map of pJK433 which was further investigated is
shown in figure 3.

3) Overexpression in E. coli

The PepX gene, designated pepX, was very efficiently expressed in the E.
coli host strain from its authentic promotor. Overproduction could be visualized
on SDS-PAGE : PepX constituted more than 50% of the cytoplasmatic proteins
(figure 4). However, the plasmid pJK433 exhibited only limited stability in the
heterologous E. coli system. Even in the presence of kanamycin, which selects
for the presence of the plasmid, PepX activity was completely lost after
approximately 100 generations.

4) Sequence analysis

The location of PepX on the 6.3 kb insert of pJK433 was determined by
cleavage with appropriate restriction enzymes, religation, and subsequent
complementation experiments (figure 3). Deletion of a 0.8 kb Spkl fragment,
and of a 0.5 kb BamHI-BglII fragment, respectively, resulted in loss of Gly-L-
Pro-naphthylamide cleaving activity of the respective E. coli ER1562
transformants. Regions flanking the partial 4.8 kb Spil fragment, on the other
hand, were found to be dispensable to the functional integrity of the pepX gene.

We did not succeed in subcloning of the partial Sphl fragment into the
high copy number vector pUC18, whereas the 0.8 kb Sphl fragment and the
4.0 kb Sphl fragment, respectively, could be ligated in to the Sphl restriction
site of the pUC18 polylinker (figure 3). Constructing was performed and
monitored in E. coli IM109 with X-Gal and IPTG. It seems that overexpression
of PepX in a high copy number plasmid may be lethal to the host strain.

The nucleotide sequence of a 3,215 bp region was determined, and an
open reading frame was found that starts at position 288 (AUG) and stops at the
ochre termination codon (TAA) at position 2,664. Figure 5 shows the complete
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nucleotide sequence, the open reading frame detected encodes a protein of 792
amino acids with a calculated molecular mass of 88,449 Da. Upstream of the
ORF, there are several alternative stretches of A's and T's, the AT-content is
65.5 % (position 1 - 287). It is less clear-cut, however, to assign the expression
signals. A putative ribosome-binding site was found five bp upstream of the
start codon, a potential -10 and -35 region with a spacing of 18 bp is underlined
in figure 5. Downstream of the pepX gene a region of dyad symetry located
between the nucleotides 2,720 and 2,757 is capable of forming a stem loop of
17 bp (containing five GC pairs, AG = -33 kcal/mol), and could act as a
transcription terminator. The GC content of the DNA fragment sequenced is
53.1 % which agrees well with the GC value for Lactobacillus delbriickii
(50 %) described by Weiss et al. (33).

The N-terminal amino acids of the protein specified by the ORF agree
with those determined by amino acid sequencing of the purified enzyme. The
hydrophilicity plot of the deduced amino acid sequence according to Kyte and
Doolittle (15) does not show any appropriate segment at the N-terminus likely to
be a signal peptide sequence, nor a transmembrane o-helical domain, or a
membrane anchor.

Comparison of the pepX nucleotide sequence and of the deduced amino
acid sequence with the EMBL databank shows significant homology with PepX
from Lactococcus lactis (21, 24). Considering the gene, there was found 53 %
identity over a stretch of 1,377 bp (position 516 to bp 1,919).

The gene product revealed 36 % identity over a stretch of 554 amino acids
(position 28 to 682), according to the algorithm of Smith and Waterman (29)
there was found 55 % similarity. Figure 6 shows a computer alignment of the
three sequences. Apart from the lactococcal enzyme there was no significant
homology detected with any protein of the EMBL data bank.



10

15

20

25

30

35

WO 94/16082

- 16 -
REFERENCES

1. ABO-ELNAGA, 1.G., and R. Plapp. 1987. Petidases of Lactobacillus
casei and Lactobacillus plantarum. J. Basic Microbiol. 27: 123-130.

2. ATLAN, D., P. Laloi, R. Portalier. 1970. X-Prolyl-dipeptidyl-
aminopeptidase of Lactobacillus Delbriickii subsp. bulgaricus, characterization
of the enzyme and isolation of deficient mutants. Environ. Microbiol. 56:
2174-2179.

3. BERTANI, G. 1951. Studies of lysogenesis, I. The mode of phage
liberation by lysogenic Escherichia coli.J. Bacteriol.62: 293-300.

4. BIRNBOIM, H.C., and J.Doly.1979. A rapid alkaline extraction
procedure for screening recombinant plasmid DNA. Nucleic Acids Res. 7:
1513-1523.

5. BOCKELMANN, W., M. Fobker, and M. Teuber. 1991. Purification
and characterization of the X-prolyl-dipeptidyl-aminopeptidase  from
Lactobacillus acidophilus. Int. Dairy Journal 1: 51-66.

6. BOOTH, M., Fhaolain, P.V. Jennings, and G. O'Cuinn. 1990.
Purification and characterization of a proline dipeptidyl aminopeptidase
from Streptococcus cremoris AM2. J. Dairy Res. 57: 89-99.

7. BRADFORD, M.M. 1976. A rapid and sensitive method for
quantitation of microgram quantities of protein utilizing the principle of protein-
dye binding. Analytical Biochem. 72: 248-254.

8. CASEY, M.G., and J. Meyer. 1985. Presence of X-prolyl-dipeptidyl-
peptidase in lactic acid bacteria. Journal of Dairy Science 58: 3212-3215.

9. DAVIS, J.B. 1964 Disc electrophoresis II, method and application to
human serum proteins. Ann. N.Y. Acad. Sci. 121: 404.

10. DOWER, J.W., W. Miller, and W. Ragsdale. 1988. High efficiency
transformation of E. coli by high voltage electroporation. Nucl. Acids Res. 16:
6127-6145.

PCT/EP93/03711



10

15

20

25

30

35

WO 94/16082

- 17 -

11. ECKERSKORN, C., W Mewes, H. Goretzki, F. Lottspeich, F 1988.
A new siliconized glass-fiber as support for protein-chemical analysis of
electrobotted proteins. Eur. J. Biochem. 176: 509-519.

12. FUKASAWA K.M., and M. HARADA. 1982. Purification and
properties of dipeptidyl peptidase IV from Streptococcus mitis ATCC 9811.
Arch. Biochem. Biophys. 210: 230-237.

13. KHALID, N.M., E. H. MARTH. 1990. Purification and partial
characterization of a prolyldipeptidyl-aminopepdidase from Lactobacillus
helveticus CNRZ 32. Appl. Environ. Microbiol. 56: 381-388.

14. KIEFFER-PARTSCH, B., W. Bockelmann, A. Geis, M. Teuber.
1989. Purification of an X-prolyl-dipeptidyl-aminopeptidase from the cell wall
proteolytic system of Lactococcus lactis subsp. cremoris. Appl. Microbiol.
Biotechnol. 31: 75-78.

15. KYTE J., and R.F. DOOLITTLE. 1982. A simple method for
displaying the hydropathic character of a protein. J. Mol. Biol. 157: 105-132.

16. LAEMMLI, U.K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nauture 227: 680-685.

17. LAW, B.A., and J. KOLSTADT. 1983. Proteolytic systems in lactic
acid bacteria. Antonie van Leeuwenhoek 49; 225-245,

18. LOWRY, O.H., N.J. Rosebrough, A.L. Farr, R.J. Randall. 1951.
Protein measurement with the folin phenol reagent.J.Biol.Chem.193:
265-275.

19. LLOYD, R.J., and G.G. PRITCHARD. 1991. Characterization of X-
prolyl dipeptidyl aminopeptidase from Lactococcus lactis subsp. lactis. J. Gen.
Microbiol. 137: 49.55.

20. MAN, J1.D. De, Rogosa, M.E. Sharpe. 1960. A medium for
cultivation of Lactobacilli. J. Appl. Bacteriol. 23: 130-135.

PCT/EP93/03711



10

15

20

25

30

35

WO 94/16082

- 18 -
21. MAYO, B., J. Kok, K Venema, W. Bockelmann, M. Teuber, H.
Reinke, G. Venema. 1991. Molecular cloning and sequence analysis of the X-

prolyl-dipeptidyl-aminopeptidase gene from Lactococcus lactis subsp. cremoris.
Appl. Environ. Microbiol. 57: 38-44.

22. MEYER, J., R. Jordi. 1987. Purification and characterization of X-
prolyldipeptidyl-aminopeptidase ~ from  Lactobacillus  lactis and from
Streptococcus thermophilus. J. Dairy Sci. 70: 738-745.

23. MIYAKAWA, K., S. Kobayashi, S. Shimamura, and M. Tomita.
1991. Purification and characterization of an X-prolyl dipeptidy! aminopeptidase
from Lactobacillus delbrueckii ssp. bulgaricus 1.BU-147. J. Dairy Sci. 74:
2375-2381.

24. NARDI, M., M. C. Chopin, A. Chopin, M.M. Cals, J.C. Gripon.
1991. Cloning and DNA-sequence analysis of an X-prolyl-dipeptidyl-amino-
peptidase gene from Lactococcus lactis susp. lactis NCDO 763. Appl. Environ.
Microbiol. 57: 45-50.

25. QUEEN, C., and L. J. KORN. 1984. A comprehensive sequence
analysis programm for the IBM personal computer. Nucl. Acids Res. 12:
581-599.

26. RALEIGH, E. A., N. E. Murray, H. Revel, R. M. Blumenthal, D.
Westaway, A. D. Reith, P. W. J. Rigby, J. Elhai, and D. Hanahan. 1988.
McrA and McrB restriction phenotypes of some E. coli strains and implication
for gene cloning. Nucl. Acids Res. 16: 1563-1575.

27. SAMBROOK, J., E.J FRITSCH, T. MANIATIS. 1989. Molecular
cloning, a laboratory manual. Second edition. Cold Spring Harbor Laboratory
Press.

28. SANGER, F., S. Nicklen, and A.R. Coulsen. 1977. DNA sequencing
with chain-terminating inhibitors. Proc. Natl. Acad. Sci. USA 74: 5463-5467.

29. SMITH, and WATERMAN. 1981. Advances in Appl. Mathematics 2:
482-489.

PCT/EP93/03711



10

15

20

25

30

WO 94/16082

- 19 -

30. STOKER. N. G., N. F. Fairweather, and B. G. Spratt. 1982.
Versatile low-copy-number plamid vectors for cloning in Escherichia coli. Gene
18: 335-341.

31. THOMAS, T.D., and G.G. PRITCHARD. 1987. Proteolytic enzymes
of dairy starter cultures. FEMS Microbiol. Rev. 46: 245-268.

32. WEBER, K., and M. OSBORN. 1969. The reliability of molecular
weight determination by dodecyl-sulfate-polyacrylamide gel electrophoresis. J.
Biol. Chem. 244: 4406-4412.

33. WEISS, N., U. Schillinger, and O. Kandler. 1983. Lactobacillus
lactis, Lactobacillus leichmannii and Lactobacillus bulgaricus, subjective
synonyms of Lactobacillus delbrueckii suspc. lactis comb. nov. and

Lactobacillus delbrueckii subsp. bulgaricus comb. nov. Syst. Appl. Microbiol.
4: 552-557.

34. YAN, T.R., S.C. Ho, and C.L. Hou. 1992. Catalytic properties of X-
prolyl dipeptidyl aminopeptidase from Lactococcus lactis subsp. cremoris nTR.
Biosci. Biotech. Biochem.56: 704-707.

35. YANISCH-PERRON, C., J. Vieira, and J. Messing. 1985. Improved
M13 phage cloning vectors and host strains: nucleotide sequence of the
M13mp18 and pUC19 vectors. Gene 33: 103-119.

36. ZEVACO, C., V. Monnet, and J.C. Gripon, J.C. 1990. Intracellular
X-prolyl dipeptidyl peptidase from Lactocuccus lactis ssp. lactis: purification
and properties. J. Appl. Bacteriol. 68: 357-366.

PCT/EP93/03711



10

15

20

25

30

35

40

WO 94/16082

PCT/EP93/03711
- 20 -
Table 1: Bacterial strains and plasmids
Strain Relevant genotype or phenotype Reference
or plasmid or source
STRAINS
E. coli IM109  recAl, endAl, gyrA96, thi, hsdR17 35
supEA44, relAl, -, A(lac-proAB), Pharmacia
[F’, traD36, proAB, lacld ZAM15] (Uppsala,
Sweden)
E. coli ER1562 \~, endAl, thi-1, supE44, hsdR2, 26
merB1, merAl1272 : : Tnl0, rm ™t New England
Biolabs
GmbH
(Schalbach,
Germany,)
# 401-H
Lb. delbriickii
ssp. lactis WS87 Dr. M. Busse,
Technische
Universitit
Miinchen,
Germany
PLASMIDS
pLG339 TcT, Kmf, 6.2 kb, low copy number 30
pUC18 Apt, 2.68 kb, lacZ,
pBR322 derivative, high copy number 35
pJK433 Km, 12.5 kb, partial SauA fragment this work

low copy, pepX

* Apf, Kmf, TcI, resistance to ampicillin, kanamycin and tetracycline,

respectively.
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Table 2: Purification of PepX from lactobacillus delbriickii ssp. lactis WS87

Specific Total
Purification Activity activity activity Recovery Purification
step [U/ml] [U/mg] [U] [%] [-fold]
Cell free
extract 1.29 0.13 152.3 100 1
Ammonium
sulfate 6.71 0.26 125.5 82.5 2
Octyl-Sepharose
4B 37.3 3.55 44.8 29.4 27.3
Mono Q HR
5/5 1.82 15.17 14.6 9.6 116.7
Ala-Pro-EAH-
Seph. 4 B 0.2 26 7.0 4.6 200
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:

(A)
(B)
(€)
(E)
(F)

NAME: COMMUNAUTE ECONOMIQUE EUROPEENNE

STREET: Batiment Jean Monnet - Plateau du Kirchberg
CITY: LUXEMBOURG

COUNTRY: LUXEMBOURG

POSTAL CODE (ZIP): L-2320

(ii) TITLE OF INVENTION: X-PROLYL-DIPEPTIDYL-AMINOPEPTIDASE FROM
LACTOBACILLUS DELBRUCKII SSP. LACTIS, NUCLEIC ACIDS CODING
FOR THE SAME AND ITS USE IN FERMENTED FOODSTUFF
PREPARATION PROCESSES

(iii) NUMBER OF SEQUENCES: 2

(iv) COMPUTER READABLE FORM:

(A)
(B)
()
(D)

MEDIUM TYPE: Floppy disk

COMPUTER: IBM PC compatible

OPERATING SYSTEM: PC-DOS/MS-DOS

SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(vi) PRIOR APPLICATION DATA:

(a)
(B)

APPLICATION NUMBER: EP 92403582.7
FILING DATE: 30-DEC-1992

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:

(n)
(B)
(c)
(D)

LENGTH: 3215 base pairs
TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:

(n)
(B)

NAME/KEY: CDS
LOCATION: 288..2663

(ix) FEATURE:

(2)
(B)

NAME/KEY: CDS
LOCATION: 288..2663

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GATCTTAAAC TACAAGACTC CAGAAGAGTA CTTTGACACC GAACTTGACC GCATTTACCG 60

GCGTAGATAG TCAAAATCTG CCAGATGTTA TGGTAAGTGT TCAATTTATT CTTGCAATTG 120
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GCGTTTTTTT CTTGGTCATT TTTTTCTTGA TCATTTTTTC

TTGCTTGCAT TAACTTGAGA ACTTGCTTAA AAAACAGCTA

AAGATACAAT ATCCCATAGA TGTAAAGATA TAAAGATGAG

AAT
Asn

CTG
Leu
20

AGT
Ser

ACC
Thx

CaA
Gln

GCC
Ala

Asn
100

GCC
Ala

ACC
Thr

TTG
Leu

GGC
Gly

AGC
Ser
180

CAA
Gln

CTG
Leu

GAG
Glu

CGC
Arg

ACT
Thr

AGC
Ser

TAT
Tyr

GCA
Ala

CTC
Leu

CAG
Gln

GAC
Asp
70

CAG
Gln

85

TAC
Tyr

CTG
Leu

TTC
Phe

GAC
Asp

ARG
Lys
165

CAG
Gln

GAC
Asp

ccG
Pro

TAC
Tyr

GTC
Val
150

TTT
Phe

GTC
Val

GCC
Ala

ATC
Ile

CTG
Leu

GCT
Ala
55

CTG
Leu

TTC
Phe

TAC
Tyr

GCC
Ala

CGC
Arg
135

ATG

Met

ATG
Met

ATC
Ile

TAC
Tyxr

AAC
Asn

GCC
Ala
40

Lys

GCC
Ala

GCT
Ala

AGC
Ser

TTT
Phe
120

CTG

Leu

GCC
Ala

TTC
Phe

cGC
Arg

GTT
vVal

TTC
Phe
25

GTC
vVal

GAC
Asp

GCC
Ala

AAT
Asn

CTG
Leu
105

AAG
Lys

CTC
Leu

GGC
Gly

TTC
Phe

GAG
Glu
185

GAA
Glu
10

TTG
Leu

TTG
Leu

GCa
Ala

TTT
Phe

GTT
Val
90

ACT
Thr

GAC
Asp

AAC
Asn

AAG
Lys

AAC
Asn
170

GTC
val

ACC
Thr

cCG
Pro

ACC
Thr

Lys

CTT
Leu
75

GCC
Ala

GAT
Asp

TTG
Leu

ACC
Thr

GGC
Gly
155

GGC
Gly

GTT
Val

AGT
Ser

GAA
Glu

GGC
Gly

TTG
Leu
60

TTG
Leu

CTG
Leu

ccT
Pro

ACC
Thr

CGG
Arg
140

TAC

Tyr

AAG
Lys

TAC
Tyr

CCG
Pro

AAC
Asn

AAT
Asn
45

GCG
Ala

GAC
Asp

CAG
Gln

TTG
Leu

AGC
Ser
125

AGC

Ser

TTC
Phe

TCC
Ser

GTG
Val

GAA
Glu

TAC
Tyr
30

GTC
Val

GAA
Glu

ACG
Thr

CTT
Leu

ACT
Thr
110

AAG
Lys

Lys

ACC
Thr

CTG
Leu

CaA
Gln
190

CTTGACARAA AGGAAGCGGT

AAAADACTGG ATAAAGCAAA

GTAARAGC ATG

ARG
Lys
15

TCT
Ser

CTG
Leu

TTT
Phe

CCG
Pro

TTA
Leu
95

TGC
Cys

GAA
Glu

AAC
Asn

CAG
Gln

cca
Pro
175

AGC
Ser

GCA
Ala

TCT
Ser

GCG
Ala

GCC
Ala

ACT
Thr
80

GGC
Gly

GGG
Gly

GAA
Glu

GGG
Gly

TTC
Phe
160

GTT

Val

GAC
Asp

Met
1

ACT
Thr

CTT
Leu

GAA
Glu

GTG
Val
65

GCC
Ala

TAC
Tyr

Lys

TTG
Leu

CAG
Gln
145

TGG

Trp

TTT
Phe

CTG
Leu

AAR
Lys

GAA
Glu

TCC
Ser

GCC
Ala
50

GAC
Asp

ATC
Ile

CAC
His

AAG
Lys

ATT
Ile
130

ATC
Ile

GGG
Gly

GAC
Asp

GAC
Asp

PCT/EP93/03711

TAC
Tyr

GAG
Glu

TTC
Phe
35

ACG
Thr

GAC
Asp

ACG
Thr

cca
Pro

CAT
His
115

TTT
Phe

CTC
Leu

GAA
Glu

ACA
Thr

ACG
Thr
195

180

240

296

344

392

440

488

536

584

632

680

728

776

824

872
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GAC
Asp

GTT
val

CCT
Pro

GAC
Asp

GCC
Ala
260

GCC

Ala

CTC
Leu

CGG
Arg

TCC
Ser

ACT
Thr
340

Asn

ATC
Ile

GCT
Ala

GCG
Ala

GGC
Gly

GAA
Glu

TAC
Tyr

GAG
Glu
245

AAG
Lys

ACT
Thr

CTG
Leu

CAC
His

CAA
Gln
325

GAC
Asp

GTC
val

GCG
Ala

ATT
Ile

CCa
Pro
405

GAT
Asp

AGC
Ser

TTT
Phe
230

AAC
Asn

CCT
Pro

GARA
Glu

GCC
Ala

GGG
Gly
310

AAR
Lys

CGG
Arg

GGC
Gly

ACG
Thr

TCC
Ser
330

AGC
Ser

GGC
Gly

CAG
Gln
215

GGC
Gly

CTG
Leu

TTA
Leu

CTG
Leu

CGG
Arg
295

GAC
Asp

GARA
Glu

ACC
Thr

ATG
Met

ACC
Thr
375

TCT

Ser

GRA
Glu

AAG
Lys
200

GAC
Asp

GGG
Gly

ACT
Thr

GTT
Val

GCA
Ala
280

GGC
Gly

GGG
Gly

GTC
Val

CGC
Arg

ACT
Thr
360

GGG

Gly

TGG
Trp

TGC
Cys

GGC
Gly

CAG
Gln

ATC
Ile

GAC
Asp

Lys
265

ACT
Thr

TTT
Phe

ATC
Ile

ATT
Ile

CGC
Arg
345

GGC
Gly

GTC
Val

TAT
Tyr

CAG
Gln

GAC
Asp

CTG
Leu

ATC
Ile

GCG
Ala
250

AGC
Ser

GGG
Gly

GCC
Ala

CGG
Axg

GAA
Glu
330

TTT
Phe

CGC
Arg

AAG
Lys

GAC
Asp

GGC
Gly
410

CTC
Leu

RAG
Lys

GAC
Asp
235

ACC
Thr

CCT
Pro

CAA
Gln

TCT
Ser

ATC
Ile
315

TGG
Trp

GAA
Glu

TCT
Ser

GGC
Gly

TAC
Tyr
395

GAA
Glu

-24 -

TTG
Leu

GTC
val
220

AAT
Asn

ACT
Thr

GCC
Ala

TCT
Ser

GTC
Val
300

ACC
Thr

CTG
Leu

ACC
Thr

TAC
Tyr

TTG
Leu
380

TAC

Tyr

GAC
Asp

CCG
Pro
205

cca
Pro

GTC
Val

TGG
Trp

cce
Pro

TCT
Ser
285

TTC
Phe

GGG
Gly

ACT
Thr

Lys

CTG
Leu
365

ARG

Lys

CGG
Arg

ATG
Met

GTC
val

GCC
Ala

ARG
Lys

ACC
Thr

AGC
Ser
270

TAC
Tyr

TCC
Ser

TCA
Ser

GGG
Gly

GCC
Ala
350

GGG
Gly

ACG
Thr

GAA
Glu

GAC
Asp

ACG
Thr

CTC
Leu

ACT
Thr

AQT
Asn
255

GAC
Asp

GGC
Gly

GGG
Gly

CCG
Pro

GAC
Asp
335

AGC
Ser

ACC
Thr

GTG
Val

CAC
His

ARG
Lys
415

GTC
val

TAC
Tyr

AAC
Asn
240

cccC
Pro

CAG
Gln

TTA
Leu

GCcC
Ala

GAA
Glu
320

CGA
Arg

TGG
Trp

TTG
Leu

GTT
Val

GGC
Gly
400

CTG
Leu

TTC
Phe

ACG
Thr
225

CAC
His

ARG
Lys

GAC
Asp

AAC
Asn

ATC
Ile
305

GAA
Glu

GTG
val

TGC
Cys

CAG
Gln

TCT
Ser
385

CTG

Leu

GCT
Ala

CGG
Arg
210

GCT
Ala

AAT
Asn

TAC
Tyr

GTG
val

GAA
Glu
290

GGC
Gly

ACC
Thr

GCT
Ala

AGC
Ser

ATC
Ile
370

GAA

Glu

GTT
val

GAA
Glu

PCT/EP93/03711
cca 820
Pro
TCA 968
Ser
GTC 1016
Val
GTG 1064
val
CCG 1112
Pro
275
TAC 1160
Tyr
AAC 1208
Asn
ATC 1256
Ile
TAT 1304
Tyr
GGC 1352
Gly
355
GCC 1400
Ala
GCc 1448
Ala
GTC 1496
Val
GTC 1544
Val
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TGC
Cys
420

TAT
Tyr

GGC
Gly

GAT
Asp

Asn

CTG
Leu
500

ATG
Met

TTC
Phe

CCA
Pro

GAA
Glu

ACG
Thr
580

ACC
Thr

GAA
Glu

AAG
Lys

CAG
Gln

GAA
Glu

CAG
Gln

GGC
Gly

GTC
Val
485

CCG
Pro

AAC
Asn

GTC
val

AAG
Lys

AGT
Ser
565

GCT
Ala

TTC
Phe

ACT
Thr

GCC
Ala

TCC
Ser

GCA
Ala

TAC
Tyr

ATC
Ile
470

ARG
Lys

GTG
Val

AAC
Asn

CAC
His

GTC
Val
550

GAC
Asp

GAC
Asp

ACC
Thr

GAC
Asp

AGC
Ser
630

ALC
Asn

GAG
Glu

TCT
Ser
455

AAG
Lys

CCG
Pro

Lys

CTG
Leu

GAG
Glu
535

ATG
Met

TGG
Trp

GGG
Gly

GAC
Asp

TGG
Trp
615

CTC
Leu

CTC
Leu

CAA
Gln
440

GAT
Asp

TGC
Cys

ARG
Lys

TCT
Ser

GTT
val
520

CTT
Leu

ATC
Ile

GCC
Ala

GAC
Asp

TTG
Leu
600

GAA
Glu

CGC
Arg

TGG
Trp
425

GCT
Ala

TTC
Phe

TCC
Ser

AAC
Asn

CAC
His
505

TCC
Ser

TTG
Leu

CAA
Gln

AGC
Ser

CTG
Leu
585

GGC
Gly

TAC
Tyr

TTT
Phe

GAC
Asp

GAA
Glu

TGG
Trp

TGG
Trp

GTC
Val
490

CTC
Leu

ATC
Ile

GAA
Glu

GAC
Asp

GAC
Asp
570

TCA

Ser

GGG
Gly

CAG
Gln

GAA
Glu

GGG
Gly

CTT
Leu

GAG
Glu

ATC
Ile
475

TAC
Tyr

TTC
Phe

GAT
Asp

GTG
val

AAC
Asn
555

CTG
Leu

ACG
Thr

ACA
Thr

TTT
Phe

AGC
Ser
635

- 25 -

GGC
Gly

TTA
Leu

TCC
Ser
460

TCC
Ser

ARG
Lys

CTC
Leu

TTC
Phe

GALA
Glu
540

CTG
Leu

GGC
Gly

GTT
vVal

GAA
Glu

ATC
Ile
620

GAG
Glu

AAT
Asn

GCC
Ala
445

AGA
Arg

GTT
Val

ATC
Ile

CAC
His

ACC
Thr
525

AAC
Asn

GBA
Glu

(07:V:
Gln

GAA
Glu

TTC
Phe
605

AGC

Ser

GAA
Glu

TTC
Phe
430

GCC
Ala

AAC
Asn

CAC
His

TGG
Trp

CAG
Gln
510

GAC
Asp

GGG
Gly

GCT
Ala

GCC
Ala

AAC
Asn
590

ARG
Lys

GGG
Gly

TTC
Phe

ACT
Thr

CAG
Gln

TAC
Tyr

GGC
Gly

CAA
Gln
495

GGT
Gly

CTC
Leu

GCT
Ala

GAC
Asp

AGC
Ser
575

GGG
Gly

ARG
Lys

GAG
Glu

CTC
Leu

GCT
Ala

GAC
Asp

CGC
Arg

TTA
Leu
480

ARG
Lys

CCG
Pro

ATG
Met

TAT
Tyr

GAG
Glu
560

CTC
Leu

ACA
Thr

GCC
Ala

GAA
Glu

CAC
His
640

Lys

CGG
Arg

CAC
His
465

AAC
Asn

GTC
val

CAC
His

AAC
Asn

GAG
Glu
545

TGG

Trp

TAT
Tyr

GGC
Gly

GGC
Gly

Lys
625

cce
Pro

Lys

GCA
Ala
450

CAC
His

GAC
Asp

AAG
Lys

TAC
Tyr

CcTC
Leu
530

Gln

CAC
His

TTA
Leu

CAG
Gln

ATT
Ile
610

TGG

Trp

ACT
Thr

PCT/EP93/03711
GCT 1592
Ala
435
ACC 1640
Thr
ACC 1688
Thr
TGG 1736
Trp
CAG 1784
Gln
AAC 1832
Asn
515
TGG 1880
Trp
TGG 1928
Trp
GCA 1976
Ala
CCA 2024
Pro
CTA 2072
Leu
595
AGT 2120
Ser
GCC 2168
Ala
ACC 2216
Thr
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CTG GTC GGC CGG CCA AAG GTC CGG GTC CGG GTA GCA GCT AAT AAG ACT 2264
Leu Val Gly Arg Pro Lys Val Arg Val Arg Val Ala Ala Asn Lys Thr
645 650 655

GTC GGC CAG CTG TCT GTT GCC CTG GTT GAC CTG GGG ACC CGG CAG CGG 2312
Val Gly Gln Leu Ser Val Ala Leu Val Asp Leu Gly Thr Arg Gln Arg

660 665 670 675

CTG ACG GCT ACG CCG AAG ATT TTT GCC AGA GGA AAC CAG CCC TTT GGC 2360
Leu Thr Ala Thr Pro Lys Ile Phe Ala Arg Gly Asn Gln Pro Phe Gly

680 685 690
TAC CGC TTC GGG GCA GAC TCC TTG CAG GAA TTC GTC CCG GAC AAG GCC 2408
Tyr Arg Phe Gly Ala Asp Ser Leu Gln Glu Phe Val Pro Asp Lys Ala
695 700 705
ACT ARG GCC AAG CTG ATT ACC AAG GCC CAC ATG AAC CTG CAG AAC TAC 2456
Thr Lys Ala Lys Leu Ile Thr Lys Ala His Met Asn Leu Gln Asn Tyr
710 715 720
CAG GAC ATG AAG CAG CCA AGC AAG CTG GAA GCC GGC CAG TTC GTC GAC 2504
Gln Asp Met Lys Gln Pro Ser Lys Leu Glu Ala Gly Gln Phe Val Asp
725 730 735

CTA GAA TTT GAA CTG CAG CCG ACC TAC TAC ACC CTG CCA GCT GGA GCA 2552
Leu Glu Phe Glu Leu Gln Pro Thr Tyr Tyr Thr Leu Pro Ala Gly Ala

740 745 750 755

AAA TTG GGT CTG ATC ATC TAT TCA ACC GAC CAG GGG ATG ACC AAG CGG 2600
Lys Leu Gly Leu Ile Ile Tyr Ser Thr Asp Gln Gly Met Thr Lys Arg

760 765 770
CCG CTG GAG ACC GAA GAC TAC ACA GTT GAC TTA GCC GGA ACT GCT CTT 2648
Pro Leu Glu Thr Glu Asp Tyr Thr Val Asp Leu Ala Gly Thr Ala Leu
775 780 785
TTG CTC TAC CGG AAA TAATGCCTGG GCAAAAATTG GCGGTTTATG CTAAAATAAC 2703
Leu Leu Tyr Arg Lys
790

TTTATCGCAAR ACARAAGTAAA AGGCTGTCGC GGACGTACCG CTGACAGCCT TTTTGTGTTC 2763
TTAGAARAGGT CCTTATGGAA AAATCAAGCA AAGTCAACCT TGCTATTTTC AGTGCGGGCC 2823
TGATGACCTT CATCGGTATT CTGAATGAAA CCTCCATGAA CGTCACCTAC CCGCTTTTAG 2883
TCAAAGAGTT CCACCAGCCC CTGGCAACCG TCCAGGTAGA TCACTACCGC CTATCTCTTG 2943
ACAGTGACCA TCGTCATGGG AACTACCGCC TACCTGCTCA AGCAGGTCCC GGCTCGCTGG 3003
CTGCATTTAG GAGCCACCCT GGCCTTTATT TGCGGTTGCA TCATCTGCGC CTTAACTTCC 3063
AGCTTTCCTT TGATGCTGGC CGGCCGGATC ATTCAGGGGA TCGCCACCGG CTTTTCCACC 3123
CCGATCATGT TCCAGCTGAT CTTTACCCAG GTCCCTAAGC AAAAACTCGG CCTCATGACC 3183
GGTTTTGCCG GGACGATCAT CTCCTTTGCC CC 3215
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(2)

Met
Thr
Leu

Glu
Val
65

Ala
Tyr
Lys
Leu
Gln
145
Trp
Phe
Leu

Phe

Thr
225

INFORMATION FOR SEQ ID NO:

(i) SEQUENCE CHARACTERISTICS:

792 amino acids
TYPE: amino acid
TOPOLOGY: linear

(2)
(B)
(D)

LENGTH:

(ii) MOLECULE TYPE: protein

(x1)

SEQUENCE DESCRIPTION: SEQ ID NO: 2:

- 27 -

2:

Lys Tyr Asn Gln Tyr Ala Tyr Val Glu Thr

Glu

Ser

Ala

50

Asp

Ile

His

Lys

Ile

130

Ile

Gly

Asp

Asp

Arg

210

Ala

Glu

Phe
35

Thr

Asp

Thr

Pro

His

115

Phe

Leu

Glu

Thr

Thr

195

Pro

Ser

Leu
20

Ser

Thr

Gln

Ala

Asn

100

Ala

Thr

Leu

Gly

Ser

180

Asp

val

Pro

5

Leu

Glu

Arg

Thr

Ser

85

Tyr

Leu

Phe

Asp

Lys

165

Gln

Gly

Glu

Tyr

Ala

Leu

Gln
Asp
70

Gln

Asp

Pro

Tyr

Val

150

Phe

val

Asp

Ser

Phe
230

Ile

Leu

Ala
55

Leu

Phe

Tyr

Ala

Arg

135

Met

Met

Ile

Gly

Gln

215

Gly

Asn

Ala
40

Lys

Ala

Ala

Ser

Phe

120

Leu

Ala

Phe

Arg

Lys

200

Asp

Gly

Phe
25

Val

Asp

Ala

Asn

Leu

105

Lys

Leu

Gly

Phe

Glu

185

Gly

Gln

Ile

10

Leu

Leu

Ala

Phe

Val

90

Thr

Asp

Asn

Lys

Asn
170

Val

Asp

Leu

Ile

Pro

Thr

Lys

Leu

75

Ala

Asp

Leu

Thr

Gly

155

Gly

vVal

Leu

Lys

Ep
235

Ser

Glu

Gly

Leu

60

Leu

Leu

Pro

Thr

Arg

140

TyY

Lys

Tyr

Leu

val
220

Asn

Pro

Asn

Asn
45

Ala

Asp

Gln

Leu

Ser

125

Ser

Phe

Ser

val

Pro

205

Pro

Val

Glu Lys
15

Tyr Ser
30

Val Leu

Glu Phe

Thr Pro

Leu Leu
95

Thr Cys
110

Lys Glu

Lys Asn

Thr Gln

Leu Pro

175
Gln Ser
190
Val Thr

Ala Leu

Lys Thr

PCT/EP93/03711

Ala
Ser
Ala
Ala
Thr

80
Gly
Gly
Glu
Gly
Phe
160
val
Asp
Val

Tyr

Asn
240
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His Asn Val

Lys

Asp

Asn

Ile

305

Glu

Val

Cys

Gln

Ser

385

Leu

Ala

Lys

Arg

His

465

Asn

val

His

Asn

Tyr

Val

Glu

290

Gly

Thr

Ala

Ser

Ile

370

Glu

Vval

Glu

Lys

Ala

450

His

Asp

Lys

Tyr

Leu
530

val

Pro

275

Tyxr

Asn

Ile

Tyr

Gly

355

Ala

Ala

Val

val

Ala

435

Thr

Thr

Trp

Gln

Asn

515

Trp

Asp

Ala

260

Ala

Leu

Arg

Ser

Thr

340

Asn

Ile

Ala

Ala

Cys

420

Tyr

Gly

Asp

Asn

Leu

500

Met

Phe

Glu

245

Lys

Thr

Leu

His

Gln

325

Asp

val

Ala

Ile

Pro

405

Gln

Glu

Gln

Gly

val

485

Pro

Asn

val

Asnl

Pro

Glu

Ala

Gly

310

Lys

Arg

Gly

Thr

Ser

390

Ser

Ser

Ala

Tyr

Ile

470

Lys

Val

Asn

His

Leu

Leu

Leu

Arg

295

Asp

Glu

Thr

Met

Thr

375

Ser

Glu

Asn

Glu

Ser

455

Lys

Pro

Lys

Leu

Glu
535

Thr
Val
Ala
280
Gly
Gly
val
Arg
Thr
360
Gly
Trp
Cys
Leu
Gln
440
Asp
Cys
Lys
Ser
val

520

Leu

- 28 -

Asp

Lys

265

Thr

Phe

Ile

Ile

Arg

345

Gly

Val

Tyr

Gln

Trp

425

Ala

Phe

Ser

Asn

His

505

Ser

Leu

Ala
250

Ser

Gly

Ala

Arg

Glu

330

Phe

Arg

Lys

Asp

Gly

410

Asp

Glu

Trp

Trp

Val

490

Leu

Ile

Glu

Thr

Pro

Gln

Ser

Ile

315

Trp

Glu

Ser

Gly

Tyr

395

Glu

Gly

Leu

Glu

Ile

475

Tyr

Phe

Asp

Val

Thr

Ala

Sex

val

300

Thr

Leu

Thr

Tyr

Leu

380

Tyxr

Asp

Gly

Leu

Ser

460

Ser

Lys

Leu

Phe

Glu
540

Trp

Pro

Ser

285

Phe

Gly

Thr

Lys

Leu

365

Lys

Arg

Met

Asn

Ala

445

Arg

Val

Ile

His

Thr

525

Asn

Thr

Ser

270

Tyr

Ser

Sexr

Gly

Ala

350

Gly

Thr

Glu

Asp

Phe

430

Ala

Asn

His

Trp

Gln

510

Asp

Gly

Asn

255

Asp

Gly

Gly

Pro

Asp

335

Ser

Thr

val

His

Lys

415

Thr

Gln

Tyr

Gly

Gln

495

Gly

Leu

Ala

PCT/EP93/03711

Pro

Gln

Leu

Ala

Glu

320

Arg

Trp

Leu

val

Gly

400

Leu

Ala

Asp

Arg

Leu

480

Lys

Pro

Met

Tyr
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Glu

545

Trp

Tyr

Gly

Gly

Lys

625

Pro

Asn

Arg

Pro

Asp

705

Gln

Phe

Ala

Thr

Thr
785

Gln

His

Leu

Gln

Ile

610

Trp

Thr

Lys

Gln

Phe

690

Lys

Asn

Val

Gly

Lys

770

Ala

Trp

Ala

Pro

Leu

595

Ser

Ala

Thr

Thr

Arg

675

Gly

Ala

Tyr

Asp

Ala

755

Arg

Leu

Pro

Glu

Thr

580

Thr

Glu

Lys

Leu

Val

660

Leu

Tyr

Thr

Gln

Leu

740

Lys

Pro

Leu

Lys

Ser

565

Ala

Phe

Thr

Ala

Val

645

Gly

Thr

Arg

Lys

Asp

725

Glu

Leu

Leu

Leu

Vval

550

Asp

Asp

Thr

Asp

Ser

630

Gly

Gln

Ala

Phe

Ala

710

Met

Phe

Gly

Glu

Tyr
790

Met

Trp

Gly

Asp

Trp

615

Leu

Arg

Leu

Thr

Gly

695

Lys

Lys

Glu

Leu

Thr

775

Arg

Ile

Ala

Asp

Leu

600

Glu

Arg

Pro

Ser

Pro

680

Ala

Leu

Gln

Ile
760

Glu

Lys

- 29 -

Gln

Ser

Leu

585

Gly

Tyr

Phe

Lys

val

665

Lys

Asp

Ile

Pro

Gln

745

Ile

Asp

Asp

Asp

570

Ser

Gly

Gln

Glu

val

650

Ala

Ile

Ser

Thr

Ser

730

Pro

Tyr

Tyr

Asn

555

Leu

Thr

Thr

Phe

Ser

635

Arg

Leu

Phe

Leu

Lys

715

Lys

Thr

Ser

Thr

Leu

Gly

Val

Glu

Ile

620

Glu

Val

vVal

Ala

Gln

700

Ala

Leu

Tyr

Thr

Val
780

Glu

Gln

Glu

Phe

605

Ser

Glu

Arg

Asp

Arg

685

Glu

His

Glu

Tyr

Asp

765

Asp

Ala

Ala

Asn

590

Lys

Gly

Phe

Val

Leu

670

Gly

Phe

Met

Ala

Thr

750

Gln

Leu

Asp

Ser

575

Gly

Lys

Glu

Leu

Ala

655

Gly

Asn

vVal

Asn

Gly

735

Leu

Gly

Ala

PCT/EP93/03711

Glu

560

Leu

Thr

Ala

Glu

His

640

Ala

Thr

Gln

Pro

Leu

720

Gln

Pro

Met

Gly
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CLAIMS

1. Protein in a substantially pure form, as produced and excreted by
Lactobacillus delbriickii ssp. lactis and capable of releasing proline-containing
dipeptides (or X-Pro dipeptides) from the N-terminus of oligopeptides present in
the culture medium of said lactobacilli, or fragments thereof having said
releasing X-Pro dipeptides activity.

2. Protein according to claim 1, such as produced by Lactobacillus
delbriickii ssp. lactis 'WS87, deposited at the Deutsche Sammiung von
Mikroorganismen (DSM) under the number 7290 on October 15, 1992.

3. Protein according to claim 1 or claim 2, characterized in that it
corresponds to SEQ ID NO 2 (also represented on figure 5 or figure 6), or
fragments or muteins (which differ from said protein by addition and/or
substitution and/or suppression of one or several amino acid) thereof, provided
that said fragments and muteins are capable of releasing X-Pro dipeptides.

4. Protein according to claim 3, characterized in that:

- its isoelectric point calculated from the nucleotide sequence represented
by SEQ ID NO 2, is 4.96, and its isoelectric point determined by preparative
isoelectric focusing after ammonium sulfate fractionation of crude extract of said
protein, is 3.9,

- its molecular weight calculated from the nucleotide sequence represented
by SEQ ID NO 2, is 88.449 kDa, and its molecular weights determined by
SDS-PAGE after purification, by SDS-PAGE after in vitro translation of
plasmid pJK433, and by gel filtration, are 95 kDa, 89.9 kDa and 84 kDa
respectively,

- its hydropathy profile is represented on figure 8§,

- specific chromogenic susbstrates of said PepX are chosen among
L-Ala-L-Pro-p-nitroanilide and Gly-L-Pro-B-naphtylamide,

- specific inhibitors of said PepX are the following:

phenylmethylsulfonylfluoride (PMSF), end concentration
1 mM: 73 % relative activity,
3.,4-dichloroisocoumarine (3,4-DCI): end concentration
0,1 mM: 55 % relative activity,
4-(2-aminoethyl)-phenylsulfonylfluoride, hydrochloride
(AEBSF), end concentration 0,1 mM: 92 % relative activity.
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S. Protein according to any one of claims 1 to 4, such as obtained from a
cell extract of Lactobacillus delbriickii ssp. lactis, by the following four-step
procedure:

- fractionation of the cell extract by salting out at 4°C with solid
ammonium sulfate from 40 to 60 % saturation,

- hydrophobic interaction chromatography by applying the ammonium
sulfate fraction obtained at the previous step to an appropriate column such as a
column of Octyl-Sepharose 4B (Pharmacia), and pooling the eluted fractions
having the highest specific activity against L-Ala-L-Pro-p-nitroanilide,

- ion exchange chromatography, by applying the pooled fractions obtained
at the previous step to an appropriate column such as a Mono Q HR
(Pharmacia),

- affinity chromatography using L-Ala-L-Pro linked to EAH-Sepharose 4B
(Pharmacia) as ligand.

6. Nucleic acid characterized in that:

- it comprises all or part of the nucleic acid represented by SEQ ID NO 1
(and also on figure 5 or figure 6), coding for a protein according to anyone of
claims 1 to 5, or its complementary sequence,

- or it hybridizes with all or part of said nucleic acid represented by
SEQ ID NO 1, or with its complementary sequence.

7. Recombinant nucleic acid containing at least one of the nucleic acids
according to claim 6, inserted in a heterologous nucleic acid.

8. Recombinant vector comprising a vector sequence, notably of the type
plasmid (such as plasmids originating from lactic acid bacteria), cosmid or
phage, and a nucleic acid according to anyone of claims 6 or 7, in one of the
non-essential sites for its replication. '

9. Recombinant vector according to claim 8, containing in one of its non
essential sites for its replication necessary elements to promote the expression of
polypeptides according to anyone of claims 1 to 5 in a cellular host and possibly
a promoter recognized by the polymerase of the cellular host, particularly an
inducible promoter and possibly a signal sequence and/or an anchoring
sequence.

PCT/EP93/03711
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10. Recombinant vector according to claim 9, containing the elements
enabling the expression by E. coli or lactic acid bacteria including lactococcus
and, especially, lactobacilli of the thermophilic group, of a nucleic acid
according to anyone of claims 6 or 7, inserted in the vectors.

11. Recombinant vector according to claim 10 or 11, constructed from
replicons isolated from lactobacilli, especially from thermopilic Lactobacillus
species.

12. Cellular host which is transformed by a recombinant vector according
to anyone of claims 8 to 11, and comprising the regulation elements enabling the
expression of the nucleotide sequence coding for a protein according to anyone
of claims 1 to 5 in this host.

13. Cellular host according to claim 12, chosen from among bacteria such
as E.coli, or lactic acid bacteria including lactococcus and, especially,
lactobacilli of the thermophilic group, transformed by a vector according to
anyone of claims 8 to 11.

14. Expression product of a nucleic acid expressed by a transformed
cellular host according to anyone of claims 12 or 13.

15. Process for preparing a protein according to anyone of claims 1 to 5
comprising the following steps:

- the culture in an appropriate medium of a cellular host according to
anyone of claims 12 or 13,

- the recovery of the polypeptide produced by the above said cellular host
from the above said culture medium,

- the purification of the protein thus obtained, more particularly according
to the method described in claim 5.

16. Fermentation process characterized in that it comprises a step of
treatment of material to be fermented with:

- an appropriate amount of at least one of the protein according to claims 1
to 5, and/or

- an appropriate amount of at least one of the transformed cellular host
according to anyone of claims 12 or 13, and/or
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- an appropriate amount of lactobacilli, such as Lactobacillus delbriickii
ssp. lactis.
17. Process for the preparation of fermented foodstuff, and more
particularly of cheese, which comprises a step of treatment of food material to
5 be fermented, such as milk, with:
- an appropriate amount of at least one of the protein according to claims 1
to 5, and/or
- an appropriate amount of at least one of the transformed cellular host
according to anyone of claims 12 or 13, and/or
10 - an appropriate amount of lactobacilli, such as Lactobacillus delbriickii
ssp. lactis.

18. Process according to claim 17, characterized in that it also comprises a
step of treatment of food material to be fermented, such as milk, with other
15 species and strains susceptible to be used as starter organisms in fermentation
processes, and more particularly lactic acid bacteria susceptible to produce a
PepX protein, such as Lactococcus, Streptococcus and Lactobacillus.

19. Process according to claim 17 or claim 18, characterized in that it can
20 be used as fermentation processes for the obtention of hard cheeses, such as
Emmentaler type cheese.

20. Foodstuff, and more particularly cheese, such as obtained by the
method according to any one of claims 17 to 19.
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GATCTTAAACTACAAGACTCCAGAAGAGTACTTTGACACCGAACTTGACCGCATTTACCG

GCGTAGATAGTCAAAATCTGCCAGATGTTATGGTAAGTGTTCAATTTATTCTTGCAATTG

GCGTTTTTTTCTTGGTCATTTTTTTCTTGATCATTTTTTCCTTGACAAAAAGGAAGCGGT

TTGCTTGCATTAACTTGAGAACTTGCTTAAAAAACAGCTAAAAAAACTGGATAAAGCAAA

AAGATACAATATCCCATAGATGTAAAGATATAAAGATGAGGTAAAGCATGAAATACAATC
MetLysTyrAsnG

ARTATGCCTACGTTGAAACCAGTCCGGAAAAGGCAACTGAAGAGCTGCTGGCAATCAACT
lnTyrAlaTera1G1uThrSerProGluLysAlaThrGluGluLeuLeuAlaIleAsnP

TCTTGCCGGAAAACTACTCTTCTCTTTCCTTCAGTGAGCTCCTGGCCGTCTTGACCGGCA
heLeuProGluAsnTyrSerSerLeuSerPheSerGluLeuLeuAlaValLeuThrGlyA

ATGTCCTGGCGGAAGCCACGACCCGCCAGGCTAAAGACGCAAAATTGGCGGAATTTGCCG
analLeuAlaGluAlaThrThrArgGlnAlaLysAspAlaLysLeuAlaGluPheAlaV

TGGACGACCAAACTGACCTGGCCGCCTTTCTTTTGGACACGCCGACTGCCATCACGGCCA
a1AspAspGlnThrAspLeuAlaAlaPheLeuLeuAspThrProThrAlaIleThrAlaS

GCCAGTTCGCTAATGTTGCCCTGCAGCTTTTAGGCTACCACCCAAACTACGACTACAGCC
erGlnPheAlaAanalAlaLeuGlnLeuLeuGlyTyrHisProAsnTyrAspTyrserL

TGAcTGATCCTTTGACTTGCGGGAAAAAGCATGCCCTGCCGGCCTTTAAGGACTTGACCA
euThrAspProLeuThrchGlyLysLysHisA1aLeuProAlaPheLysAspLeuThrS

GCAAGGAAGAATTGATTTTTACCTTCTACCGCCTGCTCAACACCCGGAGCAAAAACGGGC
erLysGluGluLeuIlePheThrPheTyrArgLeuLeuAsnThrArgSerLysAsnGlyG

AGATCCTCTTGGACGTCATGGCCGGCAAGGGCTACTTCACCCAGTTCTGGGGGGAACGCA
lnI1eLeuLeuAspValMetAlaGlyLysG1yTerheThrGlnPheTrpGlyGluGlyL

AGTTTATGTTCTTCAACGGCAAGTCCCTGCCAGTTTTTGACACAAGCCAGGTCATCCGCE
ysPheMetPhePheAsnGlyLysSerLeuProValPheAspThrSerGanalIleArgG

AGGTCGTTTACGTGCAAAGCGACCTGGACACGGACGGCGATGGCAAGGGCGACCTCTTGC
luValValTeralGlnSerAspLeuAspThrAspGlyAspGlyLysGlyAspLeuLeuP

CGGTCACGGTCTTCCGGCCAGTTGAAAGCCAGGACCAGCTGAAGGTCCCAGCCCTCTACA
roValThrValPheArgProValGluSerGlnAspGlnLeuLysValProAlaLeuTer

CGGCTTCACCTTACTTTGGCGGGATCATCGACAATGTCAAGACTAACCACAATGTCGACG
hrAlaSerProTerheGlyGlyIleI1eAspAanalLysThrAanisAanalAspG

AGAACCTGACTGACGCGACCACTTGGACCAATCCCAAGTACGTGGCCAAGCCTTTAGTTA
luAsnLeuThrAspAlaThrThrTrpThrAsnProLysTera1A1aLysProLeuValL

AAAGCCCTGCCCCCAGCGACCAGGACGTGCCGGCCACTGAACTGGCAACTGGGCAATCTT
ysSerProAlaProSerAspGlnAspVa1ProAlaThrGluLeuAlaThrGlyGlnSerS

Figure 6
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CTTACGGCTTAAACGAATACCTCCTGGCCCGGGGCTTTGCCTCTGTCTTCTCCGGGGCCA
erTyrGlyLeuAsnGluTereuLeuAlaArgGlyPheAlaSerValPheSerGlyAlaI

TCGGCAACCGGCACGGGGACGGGATCCGGATCACCGGETCACCGGAAGAAACCATCTCCC
leGlyAsnArgHisGlyAspGlyIleArgIlleThrGlySerProGluGluThrIleSerG

AAAAAGAAGTCATTGAATGGCTGACTGGGGACCGAGTGGCTTATACTGACCGGACCCGLC
lnLysGluValIleGluTrpLeuThrGlyAspArgVa1A1aTerhrAspArgThrArgA

GCTTTGAAACCAAAGCCAGCTGGTGCAGCGGCAATGTCGGCATGACTGGCCGCTCTTACC
rgPheGluThrLysAlaSerTrprsSerGlyAanalGlyMetThrGlyArgSerTer

TGGGGACCTTGCAGATCGCCATCGCGACGACCGGGGTCAAGGGCTTGAAGACGGTGGTTT
euGlyThrLeuGlnIleAlaIleAlaThrThrGlyValLysGlyLeuLysThrValValS

CTGAAGCCGCTATTTCCTCTTGGTATGACTACTACCGGGAACACGGCCTGGTTGTCGCGC
erGluAlaAlaIleSerSerTrpTyrAspTeryrArgGluHisGlyLeuValValAlaP

CAAGCGAATGCCAGGGCGAAGACATGGACAAGCTGGCTGAAGTCTGCCAGTCCAACCTCT
roSerGluCysGlnGlyGluAspMetAspLysLeuAlaGluValesGlnSerAsnLeuT

GGGACGGGGGCAATTTCACTGCTAAAAAGGCTTATGAAGCAGAGCAAGCTGAACTTTTAG
rpAspGlyGlyAsnPheThrAlaLysLysAlaTyrGluAlaGluGlnAlaGluLeuLeuA

CCGCCCAGGACCGGGCAACCGGCCAGTACTCTGATTTCTGGGAGTCCAGAAACTACCGCC
laAlaGlnAspArgAlaThrGlyGlnTyrSerAspPheTrpGluSerArgAsnTyrArgH

ACCACACCGATGGCATCAAGTGCTCCTGGATCTCCGTTCACGGCTTAAACGACTGGAATG
isHisThrAspGlyIleLysCysSerTrpIleSerValHisG1yLeuAsnAspTrpAan

TCAAGCCGAAGAACGTCTACAAGATCTGGCAAAAGGTCAAGCAGCTGCCGGTGAAATCTC
alLysProLysAanalTerysIleTrpGlnLysValLysGlnLeuProValLysSerH

ACCTCTTCCTCCACCAGGGTCCGCACTACAACATGAACAACCTGGTTTCCATCGATTTCA
isLeuPheLeuHisGlnGlyProHisTyrAsnMetAsnAsnLeuValSerIleAspPheT

CCGACCTCATGAACCTCTGGTTCGTCCACGAGCTTTTGGAAGTGGAMAACGGGGCTTATG
hrAspLeuMetAsnLeuTerheVa1HisGluLeuLeuGluValGluAsnGlyAlaTyrG

AGCAATGGCCAAAGGTCATGATCCAAGACAACCTGGAAGCTGACGAGTGGCACGCAGAAA
luGlnTerroLysValMetIleGlnAspAsnLeuGluAlaAspGluTrpHisAlaGlus

GTGACTGGGCCAGCGACCTGGGCCAAGCCAGCCTCTATTTACCAACGGCTGACGGGGACC
erAspTrpAlaSerAspLeuGlyGlnAlaSerLeuTereuProThrAlaAspGlyAspL

TGTCAACGGTTGAAAACGGGACAGGCCAGCTAACCTTCACCGACTTGGGCGGGACAGAAT
euSerThrVa1GluAsnGlyThrGlyGlnLeuThrPheThrAspLeuGlyGlyThrGluP

TCAAGAAGGCCGGCATTAGTGAAACTGACTGGGAATACCAGTTTATCAGCGGGGAGGAAA
heLysLysAlaGlyIleSerGluThrAspTrpGluTyrGlnPheI1eSerGlyGluGluL

ARTGGGCCAAGGCCAGCCTCCGCTTTGAAAGCGAGGAATTCCTCCACCCGACTACCCTGG
ysTrpAlaLysAlaSerLeuArgPheGluSerGluGluPheLeuHisProThrThrLeuV

TCGGCCGGCCAAAGGTCCGGGTCCGGGTAGCAGCTAATAAGACTGTCGGCCAGCTGTCTG
alGlyArgProLysValArgValArgValAlaAlaAsnLysThrValGlyGlnLeuSerV

Figure 6 (cont. 1)
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TTGCCCTGGTTGACCTGGGGACCCGGCAGCGGCTGACGGCTACGCCGAAGATTTTTGCCA
alAlaLeuValAspLeuGlyThrArgGlnArgLeuThrAlaThrProLysIlePheAlaA

GAGGAAACCAGCCCTTTGGCTACCGCTTCGGGGCAGACTCCTTGCAGGAATTCGTCCCGE
rgGlyAsnGlnProPheGlyTyrArgPheGlyAlaAspSerLeuGlnGluPheValProl

ACAAGGCCACTAAGGCCAAGCTGATTACCAAGGCCCACATGAACCTGCAGAACTACCAGG
spLysAlaThrLysAlaLysLeuIleThrLysAlaHisMetAsnLeuGlnAsnTyrGlnA

ACATGAAGCAGCCAAGCAAGCTGGAAGCCGGCCAGTTCGTCGACCTAGAATTTGAACTGC
spMetLysGlnProSerLysLeuGluAlaGlyGlnPheValAspLeuGluPheGluLeuG

AGCCGACCTACTACACCCTGCCAGCTGGAGCAAAATTGGGTCTGATCATCTATTCAACCG
lnProThrTererhrLeuProAlaGlyAlaLysLeuGlyLeuIleIleTyrSerThrA

ACCAGGGGATGACCAAGCGGCCGCTGGAGACCGAAGACTACACAGTTGACTTAGCCGGAA
spGlnGlyMetThrLysArgProLeuGluThrGluAspTerhrValAspLeuAlaGlyT

CTGCTCTTTTGCTCTACCGGAAATAATGCCTGGGCAAAAATTGGCGGTTTATGCTAAAAT
hrAlaLeuLeuLeuTyrArgLysEnd

AACTTTATCGCAAACAAAGTAAAAGGCTGTCGCGGACGTACCGCTGACAGCCTTTTTGTC
TTCTTAGAAAGGTCCTTATGGAAAAATCAAGCAAAGTCAACCTTGCTATTTTCACTGCGG
GCCTGATGACCTTCATCGGTATTCTGAATGAAACCTCCATGAACGTCACCTACCCGCTTT
TAGTCAAAGAGTTCCACCAGCCCCTGGCAACCGTCCAGGTAGATCACTACCGCCTATCTC
TTGACAGTGACCATCGTCATGGGAACTACCGCCTACCTGCTCAAGCAGGTCCCGECTCGC
TGGCTGCATTTAGGAGCCACCCTGGCCTTTATTTGCGGTTGCATCATCTGCGCCTTAACT
TCCAGCTTTCCTTTGATGCTGGCCGGCCGGATCATTCAGGGGATCGCCACCGGCTTTTCC

ACCCCGATCATGTTCCAGCTGATCTTTACCCAGGTCCCTAAGCAAAAACTCGGCCTCATG

ACCGGTTTTGCCGGGACGATCATCTCCTTTGCCCC

Figure 6 (cont. 2)
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BUDAPEST TREATY ON 'L‘iI-E‘ INTERNATIONAG
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

Prof. Dr. R. Plapp
Abt. Mikrobiologie
der Universitat

Kailserslautern
Erwin-Schrodinger-Str. 23 VIABILITY STATEMENT
Postfach 3049 issued pursuant to Rule 10.2 by the
6750 Kaiserslautern INTERNATIONAL DEPOSITARY AUTHORITY
identified at the bottom of this page
I. DEPOSITOR 11. IDENTIFICATION OF THE MICROORGANISM
Name: .Prof. Dr. R. Plapp Accession number given by the
Abt. Mikrobiologie INTERNATIONAL DEPOSITARY AUTHORITY:
dress: i 1ta
1 Address de; Universitat DSM 7290
Kaiserslautern
Erwin-Schrodinger-Str. 23 Date of the deposit or of the transfer’:
Postfach 3049
. 1992-10-13
6750 Kaiserslautern

III. VIABILITY STATEMENT

The viability of the microorganism identified under I above was tested on 1992-10-13 2
On that date, the said microorganism was

( X )3 viable

( )3 no longer viable

IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED*

IV. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSM DEUTSCHE SAMMLUNG VON Signature(s) of person(s) having the power
MIKROORGANISMEN UND ZELLKULTUREN GmbH to represent the International Depositary Authority

of authorized official(s):
Address: Mascheroder Weg 1 B or orive (¢)

D-3300 Braunschweig : U é\j.[%' AA
<

Date: 1992-10-16

Indicate the date of original deposit or, where a new deposit or a tranafer has been made, the most recent relevant date (date of the new
deposit or date of the transfer).

In the cases referred to in Rule 10.2(a) (ii) and (iii), refer to the most recent viability test.

Mark with a cross the applicable box.

E o 2 I

Fill in if the information has been requested and if the results of the test were negative.

Form DSM-BP/9 (sole page) 0787
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