7%
university of 59/,
groningen L

i

University Medical Center Groningen

University of Groningen

Characterization of the Lactococcus lactis pepN gene encoding an aminopeptidase
homologous to mammalian aminopeptidase N

TAN, PST; VANALENBOERRIGTER, |J; Poolman, Berend; SIEZEN, RJ; DEVOS, WM;
KONINGS, WN

Published in:
FEBS Letters

DOI:
10.1016/0014-5793(92)80827-4

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1992

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):

TAN, P. S. T., VANALENBOERRIGTER, I. J., POOLMAN, B., SIEZEN, R. J., DEVOS, W. M., & KONINGS,
W. N. (1992). Characterization of the Lactococcus lactis pepN gene encoding an aminopeptidase
homologous to mammalian aminopeptidase N. FEBS Letters, 306(1), 9-16. DOI: 10.1016/0014-
5793(92)80827-4

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 10-02-2018


http://dx.doi.org/10.1016/0014-5793(92)80827-4
https://www.rug.nl/research/portal/en/publications/characterization-of-the-lactococcus-lactis-pepn-gene-encoding-an-aminopeptidase-homologous-to-mammalian-aminopeptidase-n(681ac9aa-e3ba-4e26-8ef9-0e76243600c4).html

Volume 306, number I, 9-16 FEBS 11283

July 1992
€ 1992 Federation of European Biochemical Societies 00145793/92/85.00

Characterization of the Lactococcus lactis pepN gene encoding an
aminopeptidase homologous to mammalian aminopeptidase N

Paris S.T. Tan®, Ingrid J. van Alen-Boerrigter®, Bert Poolman®, Roland J. Siezen®, Willem M. de Vos® and
W.N. Konings"

“Department of Micrabiology, University af Groningen, Kerklaan 30, 9751 NN Haren, The Netherlands and ®Department of
Biophysical Chemisrvy, Netherfands fstitete for Dairy Research (NIZQ), PO Box 20, 6710 BA Ede, The Netherlands

Received 23 April 1992; revised version received 27 May 1992

The nucleotide sequence of the pepN gene from Lactococcus factis encoding a zine-metallo aminopeptidase has been determined, The open reading

frame of 2,538 base pairs encodes a protein with a calculated M, of 95,368, which agrees with the apparent M, of 95,000 of the gene produet which

was identified by polyclonal antibodies raised against the purified aminopeplidase. The amino acid sequence of the aminopeptidase of L. luctis

wis found to be similar to the corresponding enzymes of human, ral and mouse, with almost 30% of the residues identical. Also, a highly conserved

area was identified which has similarity with the uctive site of thermolysin, A zinc-binding site, as well as the catalytie site for PepN, is predicted
to lie within this conserved streich, Putative promoter regions upstream of PepN were confirmed by primer exiension analysis.

Aminopeptidase N; Lacracoccus lactis; Mammalian

1. INTRODUCTION

Lactococci that are used in dairy fermentation are
extremely fastidious and need an external source of
amino acids. In order to grow on milk lactocoecsi con-
tain an efficient and specific proteolytic system which is
composed of a cell envelope-associated proteinase and
a number of peptidases [1]. The joint action of prote-
olytic and peptidolytic activities results in the degrada-
tion of casein into peptides and amino acids, which can
then be taken up by the organism [2]. The purification
and characterization of a dipeptidase [3], a tripeptidase
(41, a prolidase [5], an X-prolyl-dipeptidyl-aminopepti-
dase [6], a glutamylaminopeptidase {7], an endopepii-
dase [8] and a general aminopeptidase (PepC) [9] have
been reported, Recently, a 95-kDa aminopeptidase with
a broad substrate specificity and a high activity has been
purified from L. lactis subsp. cremoris Wg2 [10]. This
aminopeptidase, which is found in all L, /actis strains
studied [11], can hydrolyse several peptides derived
from f-casein [12]. These observations indicate that the
enzyme is an important component of the proteolytic
system.

Until now, only the gene encoding the X-prolyl-
dipeptidyl-aminopeptidase [13] from lactococci has
been cloned and sequenced. This enzyme, which belongs

Correspondce address: W.N, Konings, Depariment of Microbiology,
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to the class of serine peptidases, shows no significant
amino acid sequence similarity with other proteins.
Also, no signal sequence was found for this enzyme.

Recently, the cloning, characterization and over-ex-
pression in Escherichia coli of the L. lactis gene for the
95-kDa general aminopeptidase has been reported [14).
The gene has been designated pepN since it comple-
ments an £. coli pepN mutation.

Further investigations reporied in the present paper
resulted in the complete DNA sequence of the L. lactis
aminopeptidase N (3.4.11.2) and revealed extensive
amino acid sequence homology with other peptidases.

2. MATERIALS AND METHODS.

2.1. Bacterial strains, plasmids and media

The baclerial strains and plasmids are listed in Table 1. L. factis was
grown in M17 medium (Difco, East Molesey, UK) containing 1%
luctose at 30°C. Escherichia cofi was grown in TY broih (Difeo, De-
troit, M1) at 37°C with shaking. Chloramphenicol (10 ug/ml), ampi-
cillin (50 ug/ml) or carbenicillin {50 gg/ml) was added to the media
when needed. When the pBluescript 1IKS” plasmid was used 5-bromo-
4-chloro-3-indolyl-g-v-galactopyranoside (0.01% (wl./vol.); Sigma
Chemical Co., St. Louis, MO} and isopropyl-g-p-thiogalactopyra-
noside (0.004% (wi1./vol.) {Sigma) was added to the agar medium. The
polyclonal antiserum raised against the purified aminopeptidase from
L. lactis subsp. cremoris Wg2, as well as the immunoblotting of the
cell extracts, have been described by Tan et al. [11)

2.2, Transformation and DNA manipulations

E. colf strains were transformed by the calcium chloride-rubidium
chloride method, and general procedures for cloningand DNA manip-
ulations were essentially performed as described {17]. PMA transfer
to Genescreen Plus filters (NEN) followed by hybridization was per-
formed according to specifications of the manufacturer. L. luctis
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MG1363 was transformed by electroporation using a high frequency
transformation protocol. Restriction enzymes, All-For-One bulfer
and T4 DNA ligase were used as recommended by the munufacturer
(Pharmacia LK B Biotechnology, Sweden),

2.3, DNA subcloning and sequencing

pNZ1101 is a plasmid derived from pACYC184 and containsan 8.2
kb Pstl fragment on which the pepN gene is located [14]. A 6.2 kb
BantHI-Pst[ [ragment was isolated from pNZ1101 [14] and subcloned
into a pBluescript II KS* (pKS*) vector (Stratagene, La Jolla, CA,
USA) vielding pTTO1 (Fig. 1). E. coli IMI0] was transformed with
pTTO] and the expression of pepN was observed by immunoblot
detection with polyclonal antibodies raised against the purified 95 kDa
aminopeptidase from L. lactis subsp. cremoris Wg2 [10,11]. Unidirec-
tional deletions into the DNA insert of pTTO! were made by Exolll/
Mung Bean treatment (Exolll/Mung Bean Nuclease kit from Strat-
agene, La Jolla, CA, USA)). pTTO! was tirst digested with B8amH1and
Sacl in order to create appropriate deletions for sequencing the region
downstream of the open reading frame (ORF). Four sequencing the
region upstream of the ORF, pTTO01 was digested with Clal and Apel.
Subsequently, the deleted pTTO1 derivatives were transformed into
competent JM101. After the transformants were grown on TY ugar
containing 50 #g/ml carbenicillin, plasmid DINA was isolated from the
cells by the alkaline lysis procedure [18]. Clones containing appropri-
ale overlapping inserts were identified by restriction analysis with
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EcoRI and Hindlll, and subsequently, prepared for DNA sequence
analysis, Double-strand DNA sequencing was carried out for both
strands by using [“S]dA.TP, the T7 primer (3 GATATCACTCAG-
CATAA 5’ and the reverse primer (5’ AACAGCTATGACCATG 3),
and employing the didexy-chain termination procedure [19]. Some
parts of the DNA were sequenced with the use of site-specific oligonu-
cleotide primers, Qligonucleotides were synthesized with an automatic
DNA synthesizer (Applied Biosystems model 381 A). Computer align-
ment of the sequenced DNA fragment of both strands were carried
out with the PC-gene software programme,

2.4, Encyme activity fn crude ceff extracts

Cell-free extracts of L. /lactis and E. coli were prepared and amin-
opeptidase N uclivity was delermined as described previously (10
Protein concentrations were measured by the method of Lowry el
al.[20].

2.5, Primer extension experiments

Total RNA was isolated from cells of £. lactis MG1363 that had
been converted into protoplasts as described previously [21]. Primer
extension was performed by annealing 0.25 pmol of oligonucleotide
(5" TATAATTTTCCGGAAC-3', complementary to the pepN gene,
position 354-369, Fig. 3) to 15 ug of RNA followed by ¢cDNA synthe-
sis using reverse transcriptase as described [21], Primer-extended prod-
ucts were separated on a 6% polyacrylamide/8 M urea sequencing gel
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Fig. 1. Restriction endonuclease maps of two different pepN*-containing plasmids, pNZ1101 and pTTOl and the sequence strategy for pTT0l. The

black boxes indicate the pepN gene-containing {ragments. Vertical lines indicate the cleavage sites of the following endonucleases, B, BamHlI; BE,

BstElL E, EcoRI; H3, HindIIL; P, PstI. Vertical arrows indicate the beginning of the ORF (2,534 tp) starting with ATG and the end of the ORF
with the stop codon, TAA. Horizontal arrows indicate the regions of both sirands which were sequenced (see Malerials and Methods).
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Table 1
Bucterial strains and plasmids

Strains and Relevant characteristics Reference
plasmid or source
Strains

E. colt IM101 4 (lac-proAB), [F’, Yanish et al. [16]

Iacl® ZaM|5]
L. faciis subsp, Plasmid-free pepN*
lactis Mg 1363
L. lactis subsp. pepN* strain
crenioris Wg2

Gasson [15)

NIZO collection

Plasmids
pNZ84 Cm", pACYC184 derivative VYan Alen et al.
(14]
pPNZI1101 pepN*, pNZ84 derivative Van Alen et al.
containing a 8.2 kb Psl [14]
fragment
pBluescript Amp', lacZa Stratagene, La
HKS" Jolla USA
pTTOl pepN*, pK8* derivative This paper
containing a 6.2 kb BamHl/Ps:]
fragment

pepN*, aminopeptidase N positive; Cm"and Amp', resistance to chlor-
amphenicol and ampicillin, respectively.

together with the products of a double-siranded sequence reaction
obtained with the sume primer and pNZ1104 DNMA [14].

2.6, Amino acid sequence comparison

A search of the NBRF/PIR (release 27.0) and SwissProt (release
17.0) databases was carried out in order 1o determine whether the
pepN gene product shared sequence similarity with other proteins,
through the facilitics of the CACS/CAMM Center, Nijmegen, The
Netherlands. Multiple seausice alignment was performed using the
program CLUSTAL [22].

3. RESULTS

3.1. Subcloning and sequence analysis of the L. lactis
pepN gene
A 6-kb BamH1-Pst1 fragment containing the L. lactis
MG1363 pepN gene [14] was subeloned in the bluescript
vector pKS+ resulting in pTT0! (Fig. 1). The integrity
of the cloned pepN gene was verified by analyzing PepN
activity in E. coli JM101 harboriag pTTOl. The high
lysylaminopeptidase activity (210 nmol/min/mg pro-
tein) obtained with the insert confirmed the previous
conclusion [14] that expression is initiated within the
cloned fragment. In addition, immunoblotting using
polyclonal antibodies raised against purified aminopep-
tidase N [11] showed the presence of a single 95 kDa
protein band in cell-free extracts of JM101 harboring
pTTOI (Fig. 2).
The complete nucleotide sequence of the pepN gene
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Fig. 2. Immunoblois of gels obtained by SDS-PAGE of cell-free ex-

tract from (A) E. coli JM101 harboring pTTOI (20 ug of proiein) (B)

E. coli YM101 (20 ug of protein) and (C) L. lactis subsp. lactis MG1363
(15 g of protein).

was determined (Fig. 3). A single open reading frame of
2,538 bp was found that starts with an ATG codon at
position 324 and stops at the ochre termination codon
(TAA) at position 2,862. The deduced protein has a size
of 846 amino acids with a calculated M, of 95,368,
which corresponds well with that of the purified amin-
opeptidase N [10]. The N-terminal amino acids are iden-
tical to those reported for the purified aminopeptidase
N from L. lactis Wg2 [10]. These amino acids are under-
lined in Fig. 3.

3.2. Transcription initiation of the pepN gene

Primer extension experiments using RNA isolated
from L. factis M(G1363 (Fig. 4) indicated that the major
transcription initiation site of the pepN gene is located
at the A residue at position 300, This site is preceded by
canonical hexanucleotide sequences, TCGAAA and
TATAAT, separated by 17 nucleotides that resemble
the consensus sequences of lactococcal promoter ele-
ments [23]. Furthermore, the pepN gene promoter re-
gion contains a TG dinucleotide upstream from the ~10
sequence that is conserved in various promoters from
lactococei [23] and other Gram-positive bacteria [24].
The pepN gene is followed by an inverted repeat of 17
nucleotides that includes the termination codon (Fig. 3).
If transcribed, this sequence may form a stem-loop
structure with a 4G° of —15.4 kcal/mol that may be
involved in transcription termination [25]. If so, the
pepN gene is a monocistronic transcriptional unit,
which is in line with the observation that no open read-
ing frames with a size greater than 50 bp are flanking
the pepN gene (Fig. 3).
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Hindl1l
AAGCTTATGOTCTTCTTTTAATCATGCACCACTCAAGGGCCGTCTICCTCGTAGCCTTTTTCTTCTAAMMACAGCGGGCANMTCGTCTATAGTGAAATATTAGCGGACCTTTCGCATCAGE ~ 120

CTAATTACCAAAMAGCCTTAGAAGCAACAAATAATTAATCACAAAAAATTCAGCATATTGATAAGACTCAATATCCTCTGTAAAAGCTGTCAGTAGACAGTTTTTTTAATAAGTTAAAG = 240

- 35 -~ 10 +1 _Sb__
MMGA’I‘GTM‘I"I‘I‘I‘I‘C‘I‘I'I‘G‘I‘ACTCGAM‘I'L‘I‘I‘CTA'I'I‘CMTI‘I‘GATATM‘I‘I‘ATA‘I‘E?ATACTGMTA‘I‘ITAGGAGMGATATGGCTGTAAMCG’I‘I'I‘M‘I'I‘GAMC’I'I'I'I‘G'I‘I‘CCGG - 360
............ M AYRRTLIETTERYV P E 13

AAAATTATAAAATTTTCCTTGATATTGACCCTAAAACTAAGAAAATAAAAGG TCAAGTCGCAATTACTGOGCAAGCANAAGATACTCTTGTTTCCTTTCATACCAAAGGATTACACTTCA ~ 480
N ¥ X 1 B LD I D REK TRIKTIURKGAQYATITGEA A ARDTVY S PFHTRGLUHTFN 53

ACAAMGTTCGCGCTTTTAGTCTTCATACAAACTTCATTGAAAATCAAGAAGATGAAGAAATTGTTC TTAAMATIGGTCAAACAGGGCGCGTGACTGTTTCATTTCAATATCAAGCCGAAT - 600
R YRAPF SV DTNTPEFI1IENTETEDTETETIVYVYYLRTIGETG GRVYTTV S FEYT EATETL 93
Hind111
TGACTGACAACATCATCOGAATCTATCCTTCATATTATCAACTAAATGCTCAAAACAAAATGCTAATTGGCACACAGTTTGAAAGCCATTTTCCTCGCCAAGCTTTCCCATCTATTCATG - 720
T D NMHMOGITY PS Y Y EYNGERRMULTIGT QT PRPESHT®?ARAG QA ATFTZ®PS STIODE 133
Eco R1
AACCACAAGCCAAAGCAACTTTCGATTTCTCAGTAAAATTTCATGAAGAACAAGCCCACATCATTGTITCAAATATGCCAGAACTCTTGAATATTAATGCAATTCACGTTTTTIGAACGTA ~ 840
PEARXRATTFEFDTLSVYREPDEEEGDTITIUVSHNDMPETLTLAI NTING GTIMHYTFET RT3

CTGTTAAAATGAGTTCTTACCTTITGGCTTTTGTATTCCU TN AACTTCAATATAANMAAAGGAAAMCANAATCTGOTGTTGAAGTAGCTGCCTTTGCAACCGANAGCTCATAGTCAACCAG - 960
¥y R M8 s ¥YLULATPFVY PFGCELOQTYRIEKG GEKTT XSGV EVYGATATTZ KA AHRSQA A 213

CACTTGATTTCCCACTTGATATTGCTATTCOTTCAATCGAATTTTACCAAGATTATTATCAAACACCCTATCCACTTCCACACAGCTCCCATATTCCCTTOCCTCACTTCTCAGCAGEAC ~ 1080
LDPFPLDTIAIRSTIETFTYYEDYYQTU?P?YOPULPHSWHIALPUDTESAG G A 25

& C K4
CAATGCAAAACTGGGCATGTATCACTTATCCTCAACTTTCCATGTTCCTTCACCCTCAAAATC CAACCATTCAAACTAAACAATATGTGGCAACAGTTATTGCCCATCAATTGGCTCACC =~ 1200
M ENHGCITTYREUYCHNLVYVDEPEHNATTIOQSI EKQ®TYVATY I AHETULATUBHBOQ 293
BstE 11 2
AATGGTTCGGTGACCTTCTAACTATGCAATCGTGGCATGATTTCTGG CTCAACGAATCATTCG CTAACAACATGGAATATGTTTGTATGCATGCTTTCBAACCAAGTTGCAACCTTIGEG - 1320
# P 6DLVYTHNOQ®YHWDDILUWLNESTFTANNMETYTVY CMDALTEU®PST WDNUYH®E 33

AATCATTCTCAATCTCAGAAGCCAATATGGCATTGAATCGTCATGCAACTGACCUAGTTCAATCTCTCCACCTTCAAGTAACTCACCCAGATCAAATTGGAACACTTITTTUATCCAGCAA - 1440
S F 8 I SEANMALUNRDATDGUVY QS VY HYVY EY T HPDETILIGTTELTEDUZPATI 373

TCGTCTATGCTAAAGCTTCACCCTTAATGGTTATGCTTCGTAAATGOCTCGCACATCAACACTTTGCTCCTOGCTTAGCCCTTTATTTCAAACGCCATCAATATGCAAATACAGTTGEAS -~ 1560
¥ Y ARKGSRLMVYVMILRIRK®S®LGDE EDTFAAGLALT?YTIEKRHBQYGGNTWYGC D 413
DBstE 11
ACAATCTTTGGGATGCCTTGGCTCAAGTITCTGGAAAAGATGTGCCAGCCTTCATGCACTCATRGGTTAATCAACCGOCTTACCCTGTCATTACAGCAGAAGTCGTTCATCATACTTTCA ~ 1680
HN L WDALAEVY¥S CKDVY AAPNMUHESUHYNQPGY P Y¥YYTAEVYYDDTTULTI 45

TTTTGAGTCAAAAACAATTCTTTCTTGGTGAAGCTCTTGACAAACGCACCTITCTCCAATC TTCCATTCAATACCAATTCGACAGGGCTACCAGACTTGCTTTCTTCTCAAAAAGTTGAAA = 1800
LSE§QRQPFPF Y GCGECVY DI KGRULUS®ENYPLHNTHNUWTGL®PUDILTILSSERVYETI 493

TTCCAGGGTTTCCTC CTTTCAAAMACTAAAAACAATGGTAAAGCTCTCTTTTTGAATCATGCAAATATGOCTCATTACATCATTGATTATAAGCGTGCTTTACTGACAGACCTTCTTTCAG - 1920
PG ¥ A ALRTI RHRDNGCEKALTPLDNDANMAHBR?YIILD?YRKGALTLTUDULTILSE 53

AAGTTGAATCTTTCGAGAATOTCACAAMTTCCAAATCTTGCAAGACCCTANTTGTTOC CTAAGCAGC TG TGATTITCTTATGCTGACCTTCTAAATATCTTGCCATCATTCACTAATG ~ 2040
VESLEUHWNVTIZ RKPFPFQIULQDRIEKLTLARAGVYTIS?YT ADYYNTILTPSTFTHNTE 51
BindI1l
AAGAATCTTACCTTGTTAATACTGGTTICAGTCAACTCATTAGTGAGTTCGAACTTTTIGTTCATCAACATTCACAAACTCAAAAAGCCTTCCAAAGCTTCCTAGCAAAACTTTTTOCTA - 2160
ES YLV NTGLS QLIS ELELTEFVYDETDSETEZ RAMPFQSTLVYGKLTFATR 613

AAAATTATGCTCCTTTGCGTTCCCATAAACTTGCTCOTGAATCTOCTCGECATCACACCCTTCCTCCAATTOTCTTCACTAAMACTTTCTATTCTCAAAATGCACATGCCAAAACAAAAG - 2280
N ¥ ARULGCHWDIKVY AGES S ACGDESILR®RCGCGTI VLS KTTL?®Y®S&ENADA ARTTZ KA 653

CTAGCCAAATTTTTGCAGCACATAAAGAAA TTTAGCAAGTATTCCAGCTCATATTCCTCCAATTCTI'I TCAACAATGAAAT CAAMMACANCTAACTCGGCTCGAATTCGTTANMAACTTATC - 2400
$ Q I F A AHRKENTLAWASTIUPADTIRZPTIVLINUINTETLIZ KTTNSAETLTVYZRTTYTR 693
Eso R1 HindII1l
GTCAAACTTATATCAAAACAAGCCTCCAAGAATTCAAACGTCAACTTCAAGGAGCAGTTGCTTTCATTALACATCAAANAGTTATTCCTGAATTACTTGANAGCTTCAAAAATGCACATA - 2520
ET®YI1I KT S LQETF®URRETLETGAYALTIZKTDEIZRKWYTIAETLULEST STETIRNADTI 733

TIGTTAAACCACAAGATATTGCTTTCTCTTGGTTCTACCTCTTACGAAATGATTTTTCACAAGATCCAGCATGGCCTTCGCAAAAAGCAAATTCGOCTTTCCTTCAAGAAAAATTOOGTC - 2640
YXPQDIAPYSSHTYLULRNDTFEFS QD AAZUWAWETRA AGDNSGSWATPLTEETEKTLTEGCGSG 73
HindII1
GTGATATGAGTTATGACAAATTTCTCATCTATCCAGGCAATACTTTCAAAACTCCTGATAAATTACCGOAATATAAAGCTTTCTTTCAACCAAAATTAGAAAACCAAGGCTTGAAACCTT - 2760
D MS8YDRPFVYIYPCGCNT FRTADRKILAET YT RXATPTTETTELEPEKLENQ QGLZ ERRS 83

R ————
CAATTGAAATGGCAATTAAACAAMTTACACCACCTGTTCCTTTCATTCATAGCCAAAAAGCAG CACTTOATAAAGCAATTACTGATATTGCTCAAAAATTGTAATTTATAAATAAAAATC - 2880
IEMAIKQITARVALIDSQRAAVDKAITDIAERLs-t;; 846

AT ——— T —————
ACCTTTTAGAGCTCCTITTTTTATTTATAAATTATTCCTTTCATTTCGCTTTCOATAGAACAATCANAGCCACAATAACGAAGATAAATCCCATAAGGGCGGCAGCAGAATGTCCGAGAC ~ 3000

TAATCTAAATTTGTCCACCAATTAAAGGACCCATAACCCGTCTAAGTGCTTCAAGAGCTTGACTTCCGCCTTGAAGTTTACCTTGTTCAGAAGAAGTCOCTCATTITCAAACTTTGCCCA - 3120

TTGAAGGCAGTTCCGAAAATACTATCTCCAAAAGCAAAGATAAACATTGCCAGAATCANGAGGCCCACATTTTAGANAAG - 3200

Fig. 3.
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Fig. 4. Primer extension of RNA isolated from L. luctis MG1363, The
relevant part of an autoradiographed standard sequencing gel is
shown. Lanes 1-4 are A,G,C and T lanes, respectively, of a dideoxy
sequencing reaclion obtained with [x-*PJJATP and un-
phosphorylated primer. Lanes 5 and 6 are extension products ob-
lained with RNA and [a-?P]dATP, with and without the addition of
unphosphorylated primer, respectively. Lane 7 is an extension product
obtained with RNA and [y-**P]ATP end-labeled primer. The slightly
higher mobility of the product in lane 7 may be explained by the
additional, negatively charged 5’ phosphate group. The major tran-
scription initiation site is indicated; the sequence shown is complemen-
tary to that presented in Fig. 3.
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3.3. Amino acid sequence comparison

A protein database search revealed amino scid se-
quence similarity of the L. lactic aminopeptidase with
the aminopeptidase N family (EC 3.4.11.2), including
the zinc metalloenzymes from rat (965 residues) [26],
human (967 residues) [27], rabbit (partial sequence, 791
residues) {28], pig (partial sequence, 294 residues) [29],
mouse (945 residues) [30] and E. coli (870 residues)
[31,32]. In addition, similarity was found with human
leukotriene A4 hydrolase (LTA4H) (611 residues) [33],
a zinc metalloenzyme with both epoxide hydrolase and
peptidase activity [34]). A multiple sequence alignment
of these enzymes is shown in Fig. 5. The highest overall
similarity of the L. lactis aminopeptidase is found with
mammalian aminopeptidases N (about 27% identical
residues in the C-terminal 750 residues), while the over-
all similarity is considerably lower with aminopeptidase
N from E. celi and human leukotriene A4 hydrolase. Six
regions with highest amino acid identity are sutlined in
the multiple sequence alignment (Fig. 5). There is no
significant similarity to any of the other enzymes N-
terminal to the first boxed region, while C-terminal to
the last boxed region there is significant similarity only
to the mammalian aminopeptidases N. The hydropathy
profile [35) of the aminopeptidase N from L. lactis did
not reveal any hydrophobic stretches that could form a

signal peptide or a transmembrane segment (not
shown).

4. DISCUSSION

E. coli IM101 harboring pTTO01 contained a 95-kDa
protein, which could be detected with polyclonal anti-
bodies raised against the purified aminopeptidase N
from L. lactis subsp. cremoris Wg2 [11].

L. lactis aminopeptidase is found to belong to the
aminopeptidase N family (EC 3.4.11.2). A multiple se-
quence alignment of the known members of this family
shows that the best conserved segment, in which about
80% of the residues are identical, lies between residues
380 and 420 (this numbering is for rat aminopeptidase
N; 281-301 are the equivalent residues in L. lactis (Fig.
5)). This highly conserved segment is also found in the
thermolysin family of Zn-dependent neutral proteases
[36] (not shown). From the three-dimensional structure

“—

Fig. 3. Nucleotide and deduced amino acid sequence of pepN. Nucleotide residues are numbered in the 5’-10-3’ direction, with the first A of

AAGCTT of the HindlII restriction site numbered 1. The restriction sites as shown in Fig. 1 are indicated. The underiined amino acid sequence

was also determined by protein sequence analysis of the purified enzyme. A putative ribosome-binding site is indicated by SD (Shine-Dalgarno)

and by overlining. The putative ~10 and -35 promoter regions are discontinuously underlined, The transcriptional starting point (+1), as determined

by primer extension, is indicated by a vertical arrow. The TAA stop codon is indicated with stop. The shaded boxes indicate un inveried repeat
with a 4G° of -15.4 keal/mol.
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of thermolysin from PBuciflus [37] and elastase from
Pseudomonas [38] it is known that this segment is part
of the active site and contains an essential Zn ion bind-
ing site. The sequence identity in the highly conserved
segment suggests that in L. /actis aminopeptidase N the
residues His-288, His-292 and Glu-311 are Zn ion li-
gands and that Glu-289 is involved in catalysis,

The multiple sequence alignment shows that the se-
quence of the first 40 residues of the aminopeplidase N
from human, rat, pig and mouse contain the typical
characteristics of a signal sequence [39]. These se-
quences include a hydrophobic stretch of over 20 resi-
dues which presumably functions as a membrane an-
chor. The mammalian aminopeptidase N’s are known
to be cell surface ectoenzymes [26,29]. In contrast, the
aminopeptidase N’s from L. lactis and E. coli and the
LTA4 hydrolase are considerably shorter at the N-ter-
minus and lack such a hydrophobic stretch. While the
L. lactis and E. coli enzymes are approximately of the
same size (namely 846 and 870 residues, respectively),
they seem to have diverged in evolution to the extent
that sequence homology is significant in less than half
of the molecule, i.e. only in the domain between residues
200 and 560 (using AMNPRAT. numbering (Fig. 5)).

Most oligopeptides generated from f-casein by the
proteinase are probably not transported across the cy-
toplasmic membrane. The presence of a di/tri-peptide
uptake system which has a high affinity for Leu-Pro
[40], as well as the presence of amino acid transport
systems [41]in L. lactis, implies that at least 3 extracel-
lular proteolytic enzymes are needed: a general amin-
opeptidase [10], an X-prolyldipeptidyl-aminopeptidase
[6] and a glutamylaminopeptidase [7}. However, locali-
sation studies [11] showed that aminopeptidase N [10],
as well as aminopeptidase C [9], are present intracellu-
larly but that the X-prolyl-dipeptidyl-aminopeptidase
[6] is found in the cell envelope. The intracellular loca-
tion of the aminopeptidase N from L. factis subsp.
cremoris Wg2 and aminopeptidase C from L. factis
subsp.cremoris AM2 ([9,10], Chapot-Chartier, pers.
commun.) are consistent with the lack of hydrophobic
stretches likely to be a signal sequences in these en-
Zymes,
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