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ABSTRACT

The metallopeptidases have a very important role in bacteria, being involved in several processes that rely on
protein turnover, such as nutrition, degradation of signal peptides, protein localization and virulence. We
have cloned and characterized the gene of the metalloendopeptidase PepF from the aquatic bacterium
Caulobacter crescentu¥he gene upstream pépF(orfl) encodes a conserved hypothetical protein found

in MycobacteriunandStreptomycepepFis co-transcribed with the gene downstrearf8], which encodes

a protein that belongs to the ABC1 protein kinase family, suggesting that these two proteins may share a
common function in the cell. TH&. crescentuPepF protein possesses the conserved HEXGH motif present

in zinc binding domains of PepF homologs. Disruption opiyg-gene by insertion of a vector sequence did

not produced any growth defect, but the mutant strain possesses only 30% of the specific activity of
endopeptidases present in the wild type strain. Deletions and point mutations in the regulatory region
showed that there are two putative promoter regions, and the operon expression is independent of the
transcription regulator CtrA. The results indicate that PepF is not essential for either growth or development
of this bacterium using peptides as the sole carbon source, suggesting that other peptidases can be sharing
this function.

Key words: endopeptidase, M3 family, gene regulation, bacteria

INTRODUCTION was determined only ihactococcus lactiswhere twopepF
genes were found, one encoded in a plasmid and one in the
Bacterial peptidases are involved in several importaghromosome (16,17). Ih. lactis PepF is involved in the ability
processes in bacterial cells, such as protein localizatiaof,the bacterium to utilize milk casein as a carbon source, where
hydrolysis of imported peptides, protein turnover and virulenci.is responsible for degradation of peptides from 7 to 17 amino
The metallopeptidases comprise a large group of proteiasids in size (16). The loss of the plasmid copyapleads to
and are categorized in several families, according to their75% reduction in total endopeptidase activity, indicating that
sequencesimilarity and function (22). The zinc-dependenthis oligopeptidase is responsible for most of this activity in
metallopeptidases are found in bacteria, protozoa, fungi, platie cell (16).
and animals, and share a common amino acid motif that The aquatic bacteriu@aulobacter crescentysresents an
comprises the zinc-binding site (11). The PepF peptidases aldigatory differentiation step in each cell cycle, generating by
included into family M3, and this class of peptidases is fouratll division a motile swarmer cell and a sessile stalked cell (3,9).
in all organisms except for viruses and the archaebacteria. Its unique developmental program has been extensively studied,
PepF homologs have been found in both Gram negative as®l/eral key regulatory genes have been identified, and
Gram positive bacteria, but the role of this protein in the cairoteolysis plays an important role in regulatihgrescentus
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development (10,25). Despite being a heterotrGplijobacter TAAGACAC-3’). As a negative control for each RT-PCR, the
has a preference for growing in very dilute environments, whichverse transcriptase was ommited from the reactions.

implies having an efficient way of taking organic matter, and

therefore oligopeptidases must have an important role in tiiapping of regulatory regions

bacterium. The recently completed genome sequenci@ of In order to define more precisely the regulatory sequences
crescentug19) showed 48 genes encoding putative peptidasesolved in pep expression, different promoter constructions
that belong to different families, but only one was predicted tgere cloned in front of a reportacZgene (plasmid pRIc2290,

be from the M3 family, a PepF homolog. In this report, we descri@)), and the levels of expression were determined by measuring
the genetic organization of the locus encoding the papF b-galactosidase activity (15). Site-directed mutagenesis was
homolog found in the genome fro@. crescentusand performed using primer tac3 (5'-GCATAAGACCCTGTTA

characterize its regulatory regions. AGCCTAAG-3) or tac7 (5-TCCGAAAGCCGGTGTTTA
CCCGCGACCTG-3) as described (12). pVB04 was obtained by
MATERIALS AND METHODS cloning the 0.37 kblindlll/ Stu fragment containing part of the
orfl gene into vector pRIKcZ290. pVB01 was obtained by
Bacterial strains and media PCR using primers tac5 (5-TCGCGCTCGAGCACCGCTTGA-

CaulobactemNA1000 is the wild type, synchronizable strain3’) and V2 (5-CAGCACGCCGGGATCCAGCACGCGCGC-3).
(7) and the LS2195 strain has a temperature-sensitive allele of
thectrA gene (21)E. coliS17-1 contains the mobilization genesConstruction and analysis of gpepF/orf3mutant

that allow DNA transfer by conjugation @ crescentu§23). To obtain a null mutant of theepFgene, a 0.65 kBad/Stu
Caulobacterstrains were grown at 30°C in PYE complex meditagment corresponding to the central region of the gene was
or M2 minimal media (6), as indicated. cloned into plasmid pNPTS138. The recombinant plasmid was
introduced by electroporation inf& coli S17-1 and the cells
Cloning and characterization of thepepFlocus were plated in LB/Km plates. The plasmid was transferred to

The first half of thepepF gene was identified in a clone Caulobacterstrain NA100O by conjugation (6). To confirm the
previously isolated in our laboratory (14). To obtain the complet®rrect integration of pNPTS138 in tpepFlocus, genomic
region containingpepF gene, two partial libraries were DNA from the transformed clones was purified (5), digested
constructed in vector pUCBM20 (Boehringer Mannheim) bwith Sad and transferred to a nylon membrane. The correct
digestion of the original cosmid clone, one library containingptegration of the plasmid was confirmed by hybridization with
Hindlll/Pst fragments and the other containiBgd/BamHl  radioactive probes corresponding to either the pNPTS138
fragments. The first library was screened with radioactive probglasmid or to the 0.65 KBad/ Stu fragment. The mutant strain
corresponding the beginning pépFE A positiveHindlll/Pst  was designated SP2008.
clone of 2.4 kb was obtained and its DNA sequence was
determined after subcloning into M13mp18 (Gibco BRL). ThBetermination of endopeptidase activity
nucleotide sequence of this clone showed it contained the Endopeptidase activity was assaye@irescentustrains
completepepFcoding region, encompassing 1.6 kb, and part ®A1000 and SP2008 grown to midlog phase. Cells were separated
a third ORF (ORF3). Sad/BanHI clone of 2.3 kb was isolated, from the culture medium by centrifugation for 15 minutes at
by hybridization with a probe corresponding to the beginnings00 x g, and ressuspended in buffer A (50 mM Tris-HCI pH 7.0/
of ORF3. This clone was completely sequenced, showing ti2f mM NacCl). Cells were broken by sonication (four pulses of
ORF3 is 1.2 kb long and no other ORF could be identifiets seconds in a Branson Sonifier 250), and cell debris was
immediately downstream of it, using the GeneMark algorithmemoved by centrifugation for 5 minutes at 12,000 x g. The

(1) (Fig. 1). enzymatic assay of either cell extracts or culture supernatants
was carried out as described (20) in a final volume of 1 ml of
RT-PCR buffer A, containing or not 0.5 mM DTT, and the quenched

In order to determine whether the three genes are organifiedrogenic peptide substrate QF7 (orto-aminobenzoyl (Abz)-
in an operon, RT-PCR reactions using 1 pg of total RNA ariélly-Gly-Phe-Leu-Arg-Arg-Val-(2,4,dinitrophenyl)
primers flanking each intergenic region were performed with trethylenediamine (EDDnp). Protein concentration was determined
SuperScript One-Step RT-PCR kit (Gibco BRL). RT-PCR betweday the Bradford assay (BioRad).
orfl andpepFwas performed using the pair of primers RT-1/RT-

2 (RT-1: 5-GCGATGGCCTGGAGCTATC-3’, RT-2: 5'- RESULTS AND DISCUSSION
ACTAGCAGATAGGCCTCCG-3), and betwegrepFandorf3

was performed using the pair RT-3/RT-4 (RT-3: 5’- Sequencing of th@epF gene region showed that it is
GCCGCTTTATGAGCAACTGC-3, RT-4: 5-GGTTGGCACCG preceded by a small ORF (ORF1) and that downstream there is
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another ORF 1.2 kb long (ORF3) which is separatgeépFby amplification product is obtained betwgmpFand ORF3, only

only one base pair (Fig. 1). Our results were later confirmed lmhen the reverse transcriptase is present, while the negative

the complete genome sequencing, where the genes correspmmdrol without this enzyme did not show any amplified band.

to numbers CC3314(f1), CC3313pepH and CC3312qif3)in  This result shows that these two genes are transcribed in a

the TIGR database (see http://www.tigr.org). single MRNA species. Confirming this result, no promoter
In order to determine whether the three genes are organizadivity was observed when the 1.2 Kbd/Stu restriction

in an operon, RT-PCR reactions using primers flanking eafitagment betweepepFand ORF3 was cloned in front of the

intergenic region were performed. As shown in Figure 2, aeporter genéacZ, indicating that there is no promoter in this

1.0 Kb o - - —)
tacA orf1 pepF orf3

XhoI (tac5h)
CGCGAACCCGTCGCGC TCGAQCACCGCTTGAATCAACCGACGTTGTGTCGGGTCGTCATCGTCATCGACGACAAGGACCG

TacA
TTTTGGTCATTGGACATCCACCAGAACCGGCCATGCCCACGTGGAGCAGGGCTCTTG;THGTTCAGAGTGATACAGGTCG
T K T M
(tac7) AA (tac3)CC Orfl
GO NN NISEEORINS ;G A GAGGT GTCGCGAACCTTAAGACTTAGGC TTAACAGGGTCT TATGCGGGGAGCGGGTGG
M R G A G G

HindIII (Porfl)
TATGGACATGGAAGGCGCGGCHRAGCTTIGCCCTGGCGTTGCCCGAGGTCTTAGGCGGTGTCGGCGAAACCGGTTACGCGA
MDMEGAAKLALALPEVLGGVGETVZGYA
ACTTCGATGTCGGCGGTAAGGCGATGGCCTGGAGCTATCTGGCCAGGCCCGACCCTAAGGCCGCGCGCGTGCTGGTTCCC
N F DV GGG X AMA AMWSYTLAT®RU PTUDU PI KU AA AT RUVYVL V P
GGCGTGCTGGCCGTCCGCTGCGCCAAGGAGACCAAGGCGATGCTGCTGGAGGCCGCGCCGGAGCGGTTCTTCACCGACG
G vL.L AV R C A K E T KA ML L E A A P E R F F T D
ACCACTATCGGACCTATCCGGCGGTGCTGGTTCGGCTGGAGGCGATCGAGGCCGAGGAACTGGACGGCCTGCTGCGCGGE
D HY R T Y PAV L VRULEH ATIZEHA AETETLUDTGTLTULUR G
GCGTGGAAGACCGTCGCGCCCACTGCCGTCAAGARACGCCATCCGCACCTTTGACGCATTGCGCGGGCGGGGGGCGHEAGH
A W K T V A P T AV K K R H P H L *

Stul

[CCTHATCTGCTGATCCATGAACGCGCCC
M N A P
PepF

Figure 1. Structural organization of the region of tBecrescentushromosome containing tipepFgene, and DNA sequence of

the region fromacAto pepF. The boxes represent the open reading frames, and arrows indicate the direction of transcriptic
Restriction sites are indicated as follows: Sag; X, Xhd; H, Hindlll; St, Std; A, Apd; P, Pst, and B,BanHI. Deduced amino

acids of the corresponding genes are shown below the respective codons. Restriction sites are boxed. Small arrows mark inv
repeats. Nucleotides altered by site-directed mutagenesis are indicated above the sequence (tac\aimdlizatél deletion

of bases. Putative ribosomal binding sites are double underlined. Bent @tédviranscription start site. Single arrows,
oligonucleotides used to generate promoter deletions. Consensus sequence for a CtrA-binding site is shaded.
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1 2 3 mMw 4 5 6 tuberculosig32% identity), to a putative ABC transporter from
Methanobacterium thermoautotrophicui29% identity) and
to several eukaryotic ABC1 homologs. The ABC1 family
includes several eukaryotic proteins that are essential for the
efficient functioning of the mitochondriat1complex, as well
as theE. coli ubiB gene, that is required for ubiquinone
biosynthesis (2). ThpepF gene disruption in strain SP2008
Figure 2. Analysis of the transcripts of thepFoperon. RT- (see below) could lead to a polar effect in ®hi® gene, since
PCR reactions were performed using 1 pg of total RNA a® promoter activity was detected between these two genes.
template with the respective primers, and analyzed on a n@waulobacteris an obligatory aerobic prokaryote, therefore any
denaturing 6% polyacrylamide gel. Lanes 1-3, analysis ofutations that impair respiration should be deleterious to the
transcript betweenrfl andpepFE Lane 1, PCR reaction with cell. Strain SP2008 shows no growth defect that could indicate
primers RT-1/RT-2 without reverse transcriptase (negativaeloss of respiratory function, which suggests that the role of
control); lane 2, RT-PCR reaction using primers RT-1/RT-2 @RF3 is probably not related to respiratory chain function.
specific band of 314 bp was produced); lane 3, PCR reaction A pepFnull mutant was constructed by disrupting the gene
with Tag DNA polymerase, primers RT-1/RT-2 and plasmid DNAvith a plasmid encoding a kanamycin resistance marker, the
template (positive control). Lanes 4-6, analysis of transcriptsertion of the plasmid in theepFlocus was confirmed by
betweerpepFandorf3: Lane 4, PCR reaction with primers RT-Southern blotting (not shown). TheepF:pNPTS138 strain
3/RT-4 without reverse transcriptase (negative control); lane(@P2008) showed no growth defects, with a doubling time of 3
RT-PCR reaction using primers RT-3/RT-4 (a specific band bf equivalent to the wild type strain NA100O, and normal
270 bp was produced); lane 6, PCR reaction with Taq DNgwimming behaviour was observed by light microscopy. To
polymerase, primers RT-3/RT-4 and plasmid DNA templat@ssess whetherpepF/orf3mutation would have an effect on
(positive control). survival under stress conditions, a nutritional stress was
induced by allowing the cells to enter stationary phase, and cell
viability was determined. SP2008 showed no reduction in
viability during the stationary phase when compared to strain
region (not shown). RT-PCR between ORF1 pepF(Fig. 2, NA1000, indicating that PepF and ORF3 are not essential for
lane 2) produced a very faint band, although specific, and tlusll viability during prolonged growth. Strain SP2008 is also
result could not be improved after several attempts. Tlable to grow in peptone/yeast extract medium, indicating that
intergenic space betweenfl andpepFis small (41 bp); no PepF activity is not essential for nutrition under these conditions.
putative regulatory sequences could be identified in this region; Since thepepF gene encodes a peptide highly similar to
and there is no intrinsic transcription terminator betwaéh metalloendopeptidases of the M3 family, endopeptidase activity
and pepF. These results altogether indicate thdtl is co-  of strain SP2008 was assayed towards a peptide that is a substrate
transcribed wittpepFandorf3. for the thimet mammalian oligopeptidases (20). In order to have
The deduced amino acid sequences of the three ORFs wamneindication whether PepF localization is cytoplasmatic or
compared to the available databases. ORF1 is similar @rtracellular, endopeptidase activity was determined in the culture
hypothetical proteins frorilycobacterium tuberculosi85% supernatants as well as in total cell extracts. Some mammalian
identity) andStreptomyces coelicol@89% of similarity). PepF metalloendopeptidases that belong to the M3 family are the so-
presents strongest similarity to PepF freielicobacter pilori  called thimet peptidases, whose activity is dependent on thiol
(33% identity) and fronmhactococcus lacti€29% identity) (Fig. (22). Activity was assayed using a quenched peptide substrate
3). Adomain analysis of PepF showed that it presents a comnibat becomes fluorescent when cleaved by an endopeptidase, in
domain to several other metallopeptidases (PRODOM domadire presence and absence of 0.5 mM DTT. As observed in Table
PD005933), sharing with these proteins the zinc-binding regidnthe supernatants of both NA1000 and SP2008 cultures showed
signature (HEXGH) (22), and it also contains a putativa similar specific activity, indicating that a similar set of enzymes
transmembrane domain from amino acids 71 to 91. are secreted in both cases. The absence of PepF activity in the
ORF3 was annotated as a conserved hypothetical proteircell culture medium does not support the hypothesis of the
the genome analysis (19), but a further analysis showed thgteptidase being secreted, and so it is probably localized in the
belongs to the large ABC1 protein kinase family, which includestoplasm or associated with the cell membrane. However,
representatives both in eukaryotes and prokaryotes (13). ORFRlopeptidase activity measured in cell extracts using this
presents strongest similarity to a hypothetical protein ffom substrate, showed a 30% reduction on specific activity of strain
coelicolor (29% identity),to a hypothetical protein fror®. SP2008 when compared to strain NA100O, suggesting that
elegang28% identity), to hypothetical protein Rv3197 frédin  disruption ofpepF caused a loss of a significant cellular

314 =—> = 270
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Ccr MNAPFKPAAPPE] GRDDPRIETDLAAAKAANDELASLEGMFEEARKEPERLGVLLDRGITLYEQA 72
Hpy --MKEQ! E--NKESAEEFLKTLQTEVQEFENAYQNNLKNLDAAKFANTLKH--—-- 58
Bha MAKTLPKRSEIPVDLT, S—--TDEEWEKEFNEVKGLIPSLVQF-KGKISQS-AEILYAALQQ- -~~~ 67
Bli MRNSCFFNWLESKKTRGITMAEEKKANQLPDRSEVKAEDT! P--SDEAWNKEFQAVKELIPNLSKY-KG 91
Llal MVKNRNEIPEALT! S—--TDQKWETELEKVKKELSLVETNDKGH 65
Lla2 MAKNRNEIPEKLT! K--TDKE! LTRIKSELSLVEETDPGH| 65
Cie - MLE! H--DKEALQNFTQDQIQQSLNFKKNYEN 56
Dra -
Ccr TIN SVARDDPAWAKFEGDLRARSSQIAAESL QAHPDAARWAPWER 171
Hpy S LFAKNTKEAK---FYSQCEMACANIQQHLL K---KCKDHAFYLN! 151
Bha T, RYDODTTNSFYQGLNDRAQTLASQVGQAAS NEHEPLTL¥RHMIDE 166
Bli RSDODTGNSFYQGLNDKAGNLYTQAASAT. LEKEELKLYSHATIEE 190
Llal S KNDQDTREAKYQDYQSKATALYVNFGESY. ETLQE. DHMFE 165
Lla2 S KNDODTREAKYQEYQSKATALYVKFGEVY. GELQKLKNYDHMFE 164
Cje LFAKNIONGS---FYAQYEEECKKIEENLL, T---FC DFEIS 149
Dra -—- - MIGSSELVRDHEY FVRRAAEYARH! 40
Ccr ETHAKLTAKAG---DETEFLAEALNRMSDPSVE D 264
Hpy ---EKTLSEEEILALLHNP! KSQKAFSKSLEKSRPLLTYI S 245
Bha NGEEVEVIHGRYLQFLES Y ST P 266
Bli DGNEKQITHGNFINFLESE FDAVYKTYGQYKNT P 290
Llal LGEKIQLTHGNYGSLMESE! YSNYEQCOHTYAKTLOTNVKVHNFNA( P 265
Lla2 SDEMIQLTHGNYSSLMES YSNYEQYQHTYAKTLQTNVKVHNLNA( P 264
Cie YDE KKFSKVLQKNSRLLSFI S 243
Dra FEAELKVWRESDTVTAA D 134
DEAKSMVLESFQDLAPKEADAARVFEDKP) H 364
SQALEEVLKTLKAFSPEFHKIASKAIKE H 342
DEAKELVLKGFAPLGESYIDEIRQGY¥EK S 365
EEAKDYMLKGLAPLGEEYASILKEGLEN S 389
TEGVKKAQEVLAIFGE G 363
EDGVKKAEEVLAIFEG! G 362
KTSKNIWLEAFQAFSP! H 340
EAGSEFVERQFRGYSDKLGDF: CM 232
Cer QTLCQ-PLG3' FD EASPE-DRK! GKEEDGL 462
Hpy QELSK-KQG FFEHLKKGLKSD-ELL GKLEDIFS 440
Bha S KHQPYPYGDYT, DYLVKNTNNEQERIYLINHFLEGFR 464
Bli SYYTRKHQPYPYGNYS GEYLINNLEDE YIENHMEEGFR 488
Llal TETLIKESNDEKERFALLNHWLDS FR( 462
Lla2 TETLIKESKDDKERFALLNHWLDSFR 461
Cie FDFIKDKLKKE-ELLSLYANKIEDIF: 438
Dra ONAAEQTAQGA-! ETQLLGHAQVWVDIHSRF 329
Cer ?IVMGESLGP 556
Hpy EN 533
Bha 558
Bli 582
Llal 556
Lla2 555
Cje 531
Dra YAQYEQARAEGNAADFQRRYDELLSST 426
Ccr 596
Hpy 578
Bha 598
Bli 628
Llal 602
Lla2 601
Cie 573
Dra 467

Figure 3. Amino acid sequence alignments of the product optp-gene. Alignment was done using the ClustalW program
(22), and edited using the GeneDoc program (23). Amino acids are shaded according to degree of conservation. PepF
Caulobacter(Ccr) is compared to putative metallopeptidases tfopylori (Hpy; B71934)B. halodurangBha; BAB06575)B.
licheniformis(Bli; T44581),L. lactischromosomal gene product (LlIal; P94876)landctis plasmid gene product (LIa2; P54124),

C. jejuni(Cje; F81313)D. radiodurangDra; B75322). The conserved zinc-binding motif is indicated above the sequence. Amina
acid numbers are indicated at the right of each sequence.
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Table 1. Assays for endopeptidase activity of the wild typeA Strains B-gal activity
strain NA1000 and the mutant strain SP2008.
Samples? Specific activity?  Relative pMV102 NA1000 471+ 93
(nmol.minl.pg!) activityc Pl orsP2 oo r
O €,
NA1000 extract (+DTT) 548 + 14 1.0 A ] e [ LS2195 30°C 594 + 243
NA1000 extract (-DTT) 949 + 47 1.73 X1 H s Xx2
SP2008 extract (+DTT) 368+ 13 0.67 L.S2195 37°C 907 + 46
SP2008 extract (-DTT) 443 + 17 0.80
NA1000 Sn (+DTT) 192 +31 1.0 B
NA1000 Sn (-DTT) 361+ 13 1.88 Plasmids B-gal activity
SP2008 Sn (+DTT) 262422 1.36

SP2008 Sn (-DTT) 372 +57 1.93 Pl f

tacA 172 pepF
aActivity was measured for cell extracts and for the cultures,uy1o2 \:L—_Elmw— 471+ 93

supernatants (Srf)The numbers represent the average followed x1 Ho s X
by the standard deviatiohActivities are shown relative to the tacA P1orf1"2 pepF
specific activity of NA100O cell extract in the upper part of thepma13 \:L-&Eﬁi[m 694 + 107
Table and to the specific activity of NA100O supernatant in the X1 H s X2
lower part orft R
pVB04 1 [“lacz | 333+ 83
H S
endopeptidase activity in the mutant. This result also indicates tacA PLorf1 H3s 37
that there are other peptidases in the cell that are able to cleawaso1 J-iljj_m -
this substrate, which agrees with the presence of so many genes x1 vz
encoding peptidases in the genome (19). Forty-eight gene tacA Pl ot
products were annotated as putative peptidases, out of whickyggz ﬂﬁilfjm 134+ 73
nine are from the M20/25/40 families, seven from the M23/27 x1 v2
families, four from the M16 family and one representative of each P11
of the M1, M3, M13, M22 and M24 families. oMA03 | S [ 88+ 25
An increase in activity was observed when the assays were X1 v2

carried out in the absence of DTT in all cases, indicating that
even if there is a thiol-dependent endopeptida€aulobacter  Figure 4. Determination of the transcriptional regulatory
its activation is not very pronounced, and some of the enzynregions in thepepF locus. A) Schematic representation of
are in fact inhibited by thiol. Our results show tBatrescentus plasmid pMV102, which contains DNA from the beginning of
PepF hydrolyzes the peptide of 7 residues that is a substratelfi@rtacA gene Khd site) to the middle of th@epF gene
the mammalian thimet oligopeptidase (4). ThiactisPepF is cloned into the reporter vector pRI€Z290. This plasmid was
also capable of hydrolyzing peptides very similar to thisntroduced intoC. crescentustrains NA1000 and LS2195,
containing 7 to 17 amino acids, with a cleavage site prefereraxed transcription levels were determinedhbbgalactosidase
after a Phe residue (16). The substrate specificitf of activity assays. K) Different constructions of thpep
crescentu®epF has not been determined, but since it is similegulatory region were cloned into pRI€Z290 and these
to theL. lactisenzyme, some of its catalytic properties shoulglasmids were introduced int8. crescentutNA1000 by
be conserved. conjugation. The transcriptional activity of each construction
The promoter region of thpep operon shows several was determined bly-galactosidase activity assays. Numbers
notable features (Fig. 1). Upstream of the diverganA are the means of at least three independent measurements,
transcription start site there is a binding site for the glob&dllowed by the respective standard deviation. Restriction sites
transcription regulator CtrA (GAAA-N7-TTTAC; (21)) centeredare indicated as follows:pand X%, Xhd; H, Hindlll; S, Stu.
25 bp upstream of thlacAstart site (14). The region upstreamV2, oligonucleotide used to generate the cloned fragment.
of orfl contains one inverted repeat that could have a regulat@kaded box indicates the CtrA-binding site. Inverted arrows
role, centered at position -18 relativeddl most upstream indicate the inverted repeat. White boxes indicate the open
ATG. Two alternative start codons forfl are located 15 bp reading framesA indicates deletion of two nucleotides in the
downstream, and at least the first of these has a good ribos@®07 mutant. CC indicates substitution of two nucleotides
binding site consensus sequence. in the pMA13 mutant.
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The expression opepin two C. crescentustrains was their help with the endopeptidase assays. This work was
determined through-galactosidase activity assays in cellsupported by Fundagdo de Amparo a Pesquisa do Estado de
containing the pMV102onstruction (Fig. 4A). This plasmid S&o Paulo (FAPESP). During the course of this work, V.S.B. was
was introduced into strain NA100O (wild type) and into straisupported by fellowships from FAPESP and from Conselho
LS2195, in which the CtrA protein is inactive at the temperatubacional de Desenvolvimento Cientifico e Tecnolégico (CNPQ).
of 37°C. In order to investigate whetlpepFtranscription was
somehow affected by CtrA, its expression was determined by RESUMO
b-galactosidase activity assay both at 30°C and at 37°C. Figure
4A shows that the levels bfgalactosidase activity were even Clonagem e caracterizacdo do gene que codifica a
a little higher at 37°C, indicating thpepF expression is not endopeptidase PepF da bactéria aquética
affected by the absence of CtrA. Caulobacter crescentus

The RT-PCR results have indicated that two distinct
promoters could be used to transcribepieFgene, one before  As metalopeptidases tém papel importante em bactérias,
orfl (P1) and another betweerfl andpepF(P2). A two-base estando envolvidas em varios processos que dependem de
alteration in the inverted repeat localized at position —18 (frofgciclagem de proteinas, como nutricdo, degradacao de
orfl first ATG) did not alter the levels of expression, indicatingeptidios-sinal, localizacéo de proteinas e viruléncia. Nos
that this sequence does not have a regulatory role. In ordefl@hamos e caracterizamos o gene da metaloendopeptidase PepF
analyze each promoter separately, deletions were made béibactéria aquati@aulobactecrescentusO gene a montante
upstream and downstream tvél gene (Fig. 4B). A deletion of de pepF (orfl) codifica uma proteina hipotética conservada
the region upstream thdindlll site (pVBO04) caused a little encontrada enMycobacteriume Streptomyces. pepé co-
pronounced reduction in tegalactosidase levels, suggestingranscrito com o gene a juzantefg), que codifica uma proteina
that the promoter P2 betweerfl andpepFis responsible for pertencente a familia ABC1 de proteinas quinases, sugerindo
most the transcription activity. This can be also confirmed e estas duas proteinas podem compartilhar uma funcao
deletion of downstream sequences, indicating that the P@mum na célula. A proteina PepF@ecrescentupossui o
promoter is not very strong; the construction that removes thtivo HEXGH presente nos dominios de ligacdo de zinco de
region downstream the beginningasfl confers less than half homologos de PepF. A interrupgao do geepFpor inser¢ao
the activity ofb-galactosidase (compare pVBO01 and pMVv102)de sequéncia de DNA de um vetor n&o gerou nenhum defeito
A mutation that inactivates the CtrA binding site has no effe€e crescimento, mas a linhagem mutante possui apenas 30% da
in P1 activity (pVBO7), but the two-base alteration in the invertedfividade especifica de endopeptidases presentes na linhagem
repeat causes a reduction in expression (pMAO03). The resifigdvagem. Delecdes e mutagbes pontuais na regido regulatoria
with pVB04 indicate that the region comprised between tHgostraram que ha duas possiveis regides promotoras, e a
HindIll site and theStu site contains promoter activity, which €xpresséo do operon € independente do regulador de transcri¢ao
is probably responsible for transcription of repF/orf3genes, CtrA. Os resultados indicam que PepF nao é essencial para o
explaining the increased amount of MRNA corresponding &€scimento desta bactéria utilizando peptidios como fonte de
pepFandorf3 observed in the RT-PCR. carbono, sugerindo que outras peptidases possam estar

The structure of th@ep operon inC. crescentuss very realizando esta fungao.
interesting, since thpepFgene is co-transcribed with a gene
encoding a putative protein kinase, which could indicate Ralavras-chaveiendopeptidase, familia M3, regulacéo génica,
coordinate role for the two peptides in the cell. The absencelgictéria
cell cycle regulation indicates that this endopeptidase is
probably involved in basal metabolic functions, as described REFERENCES
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