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Abstract

Cosmid B577, a member of the collection of orderledes corresponding to the genoméJgttobacterium

leprag contains a gene, provisionally called ponl, thatogles an 821-amino-acid-residue high-molecular-mass
class A penicillin-binding protein, provisionallaited PBP1. With similar amino acid sequences aadutar
designsM. lepraePBPL1 is related t&scherichia colPBPla and PBP1b, bienzymatic proteins with
transglycosylase and transpeptidase activities.nNineduced irk. coli His tag-labelled derivatives ®4.
lepraePBP1 adopt the correct membrane topology, wittbtlik of the polypeptide chain on the surface of the
plasma membrane. They defy attempts at solubitinatiith all the detergents tested except
cetyltrimethylammonium bromide. The solubilized PBdrivatives can be purified by affinity chromataghy

on N¥*-nitrilotriacetic acid agarose. They have low dffes for the usual penicillins and cephalosporins.

Synthesis of the bacterial wall peptidoglycan iwvesl a set of membrane-bound monofunctional (low-
molecular-mass) and multimodular (high-moleculaisg)@enicillin-binding proteins (PBPs) and an assent
of cell cycle proteins that do not bind penicil{if). The PBP patterns Mycobacterium smegmai($) and
Mycobacterium fortuitunis) have been described elsewhere, and a low-malemass PBP dfl. smegmatis
has been studied.

Mycobacterium lepraghe causative agent of leprosy, is an obligatoimagellular gram-positive bacillus. It is
not cultivable, and it has an extremely long geti@naime of 2 weeks or more in experimentally otés
animals. AnM. lepraegene project has been launched, the aim of whitthadtain an ordered cosmid library
that covers the entire chromosome and, ultimatelgbtain the complete nucleotide sequence (30,618).

As shown below, cosmid B577 (3), after correctiond frameshift, contains a gene, provisionallyechbonl,
that encodes a class A multimodular PBP lepraePBP1 has been producedErcherichia coliand its
properties were studied.

MATERIALS AND METHODS

Strains, oligonucleotides, and plasmidsThe transformations were carried outncoliDH5a. The expression
of the modifiedponl genes was carried outih coliBL21 (DE3). Oligonucleotides A, B, and C (Fig. 1¢n
from Pharmacia, Biotech Benelux, Roosendaal, Thaélkands.

The plasmids (Fig. 2) were constructed as follows.

(i) pDML901. Cosmid B577 was amplified i. coliDH50 and digested witBarmHI andEcadRl, and the

excised 6,078-bp fragment was cloned into the bighy-number pUC18. pDML901 served as the sourt¢heof
M. lepraePBP1-encodingonl.
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(i) pDML904. pET-28a( + ) (Novagen, Madison, Wis.) was digestét Ndd andNotl, and the excised 72-bp
fragment was replaced by oligonucleotide A.

(iil) pDML905. pDML901 was digested witBanH| andScd, and the excised 3,232-bp fragment (purified with
the Gibco BRL Life Technologies Glassmax kit) wagedted partially wittHindlll. The 2,698-bgHindlIll-Scd
fragment (encoding the truncated PBP1 devoid oflthammo-terminal amino acid residues) was inserted
betweerHindlll andScd into pDML904.

(iv) pDML906. TheDralll- AlwNI segment of pET-22b(+) (Novagen) containing the a&itlipi resistance
determinant was replaced by thealll- AlwNI segment of pET-28a(+) containing the kanamyesistance
determinant, yielding pET22b/kan. The 67Mpd-Xhd segment of pET22b/kan was replaced by
oligonucleotide B.

(v) pDML907. pDML905 was digested witkcoRV (with elimination of the segment encoding the 39raom
terminal amino acid residues of PBP1) &will (with elimination of the sequence encoding theadboxy-
terminal amino acid residues of PBP1). The exc5888-bpEcdRV-Rsill fragment was inserted betweBod
andRsil into pDML906.

(vi) pDML908. pDML907 was digested witAsd andRsil, and the excised 314-bp segment was replaced by
oligonucleotide C.

Preparation and protease treatment of spheroplastsf E. coli transformants. E. colicells were pelleted and
resuspended in 15 mM Tris-HQ (pH 8.0) containings%& (wt/vol) sucrose at a concentration of 2 X 1ells
per ml. The cell suspensions were then treatedIystizyme (2 mg/ml)-EDTA (5 mM) in the same buffer

25 min at 30°C. Under these conditions, all thésagkre converted to spheroplasts.

Spheroplasts were incubated at 30°C for 25 min piithtieinase K at final concentrations ranging fl@@i6 to
2 mg/ml. Digestion was stopped by adding 100 mMnghmethylsulfonyl fluoride. Lysis was not observed
during this treatment. Samples were then denatmddractionated on 10% sodium dodecyl sulfate (Sie$s.
The proteins were electrophoretically transfered titrocellulose membrane.

FIG. 1. Oligonucleotides used in the construction of platenirhe peptides (A, B, and C) and amino acid
numbering refer to the sequence shown in Fig. 3.
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Ndel HindTII Scal

NotT
T ATG TCA GAG CGC CTC CCA GCC GTC CTC GCA GTT CTC JAG CTT CTG CAG TAC TGC|
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CCGG AGT ACT CGA TCG|GTC CGA GAC C‘__ CG CGC CAG CGC CTG AAG GGG GCA
GGCC TCA TGA GCT AGC CAG GCT CTG G AGCT G GTC GCG GAC TTC CCC CGT CAG

819Y R D82 IR Q@ R L K G A7ZY



Published in: Journal of Bacteriology (1996), vo¥8, iss. 6, pp. 1707-1711.
Status: Postprint (Author’s version)

FIG. 2. Plasmids used for the production of M. leprae PBPE. coli. Oligonucleotides (Oligo) A and B are
shown in Fig. 1. Oligonucleotide C was used to troics pDML908 (not shown; see text).
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Preparation of plasma membranes oE. coli transformants. E. colicells collected from 250-ml isopropgh
D-thiogalactopyranoside (IPTG)-induced cultureti@@ density at 600 nm of about 1.0) were resudpédrn

10 ml of 20 mM Tris-HCI (pH 7.4)-1 mM Mg&l The suspensions were supplemented with 1 ug @sever

ml and sonicated at 200 W for 2 min. After cenfgition at 10,000 g for 15 min to remove the unbroken cells
and debris, the membranes were isolated by cegéatifon at 100,000 g for 30 min. They were washed twice
and stored at -20°C in the above buffer at a canaton of 20 mg of total proteins per ml.

Purification of membrane-bound His tag-labelled PBR derivatives.Membranes (20 mg of total proteins)
were suspended in 20 ml of 30 mM potassium phosppét 7.6)-0.5 M NaCl-2% cetyltrimethylammonium
bromide (CTAB) and maintained for 30 min at 37°Ghadccasional shaking. After centrifugation at DOO, x
g for 30 min, the supernatant was loaded on a 2-filNirilotriacetic acid (NTA) agarose column (Affild,
Liége, Belgium) equilibrated with the above phospHaTAB-NaCIl buffer. The column was washed with 50
mM imidazole, pH 7.4. Elution was carried out with0 mM imidazole buffer (pH 7.4) containing 2% CTAB

Anti- M. leprae PBP1 antibodies and Western blotting (immunoblottim). Purified PBP1 (100 ug) was
injected subcutaneously with incomplete Freundsvaaht into one male rabbit. Successive injectioiné0 g
each with incomplete Freund's adjuvant were repeat¢he end of the second, third, and fourth welelegding
was done at the end of the fifth week. Westerntiniptusing anti-PBP1 antibodies at a dilution &&,000 was
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performed according to the Bio-Rad protocol, ugingseradish peroxidase-linked anti-rabbit immunbglm G
as the second antibody and 4-chloro-1-naphthdi@salor development reagent.

Penicillin binding. Isolated membranes and purified PBP1 derivativa® analyzed by SDS-polyacrylamide
gel electrophoresis (PAGE), Coomassie blue stajrang fluorography of the gels. In this latter ¢dke protein
preparations were previously labelled with 1 miM]penzylpenicillin (5 Ci/mmol; The Radiochemical i@er,
Amersham, Buckinghamshire, United Kingdom) for 3@ at 37°C. The values of the second-order rate
constant of enzyme penicilloylation and the fireter rate constant of acyl enzyme breakdown weimated
by previously described methods (8, 9).

Similarity searches and amino acid sequencind.he algorithms (Pile Up, Distances, and Plot siritifawere
from the Genetics Computer Group package (2). Aatethmicrosequencing was performed on a 477A pulsed
liquid sequenator with a one-line 120A PTH-analyZgwplied Biosystems, Foster City, Calif.).

FIG. 3. Nucleotide sequence of the M. leprae ponl geneardo acid sequence of PBP1. Vertical lines define
the membrane anchor, the n-PB module, and the RBile@nd carboxy-terminal extension of PBP1,
respectively. Conserved motifs 1 to 4 (n-PB modane€l)5 to 7 (PB module, with some ambiguity foriih@jt

are underlined.

3054 nccmw.:nacxmcxccccmcuccmccmucmccmcGoss—t.mccnmcccccccmmcuccowmmmcmcmmﬂ 3117
M S £E R L P AXVLAVLZXLAGYC A GV VTTAMNMEPFZPLAGG GL 36

3174 GGGGGT CAACCGTGCTTIC PAGCCAACGEATCGGCCCAMCTTCT CCGCGSTATCGACAATGCTCGACGCGAAGGGAAMCACGATCGCGTGGCT 3293
37GVI'SHRAS!VVAN‘GSAQLLEGEVPAVSTIIVDAXGNTXAHL 76

3294 GTACTOGCAACGCCGATTCGAGS TACCCACCGACAAGATCGCCAMCACCATGAAGC TGGCCATCGTTTCCATCGAGGATAMACGCTTTACCGACCACAACGGTGTGGACTGGCCGGGCAC 3413
77 Y S ORRPFPEVYVY PTDXKIANTMNI XLATIYSTIZE DI KRTPTDHNGV YDWTZP?PG T 116

3414 CCTGACCGGACTGGCCGGCTACGCATCCGGCEACETERACACTOGCGUCEETTCGACGATCGAGCAGCAGTACGTGARAMMACTATCAGTTACTGG TAACCGCTCARACCGACGCCGAARA 3533

117 L TG LAGY A S GDVDPTRGGSTIEQQYVKNYUQ QLLVYVTAMGQTDAEK 156
. 2
3534 ACGTGOGGCCGTCGAAACCACCCCGGCACCCAAGCTGCECOAGATCCGGATAGCGCTCACCCTEGACAAGACGTTCACCARA CTTGAACCTGSTGTCGTT 36852
157 R A AV ETTUPARIXTLTZPERTETILIRTIANLMLTTLDIEKTT?YTTIXUPETIILTHRTYIULNLVYVST 196
3654 CGGCAACAACTCTTTCOGGCGTGCAAGATGCAGCGCAGACCTACTTCGGOCTCAACGCETCCGACCTAAATTGGCAACAAGCAGCACTAC CAGCACGCT 3773
17 6 ¥ K S P 8 V & D A A QT Y ¥ G VNASODLUNMWOOQAAMLILMAMZMGMMT YOQSTSTHL 236
31778 CAM ACCOTGA. ACTTGETES A CGAGGC J3Y 893
227 N P Y TN P EG AL ARZXDNLVYLDTHIENTLTPOQDAMEALZRAAMLIKTTESTF?P L G 276
3854 GATATTGCCACGGCCCAACGAGCTGCCTCGGGGCTGCATCGCGGLAGGCGACCGAGCATTCTTCTGCEACTATGTCCAGGAGTATTTG TCCCACGCCGEGATCAGCANMAGATCGGCTAGS 4013
277 I L PRPNELUPRGC CTIAANMGDERATP?TCDYVOQETYTLSHAIGTI S KDRTLA 316
4014 CANX ACTCTTGACCCTAACGTCCAGCCCCGETCAAAGCGGCCATCGACAAGT AGCCCRAMACCTGGCGEGCATCTCC GTAAT 4133
37T K G 6 ‘l L I RTTULUDPNVYVGQAPV KA ' A I DK PFASPELAMGIS S VK SVI 3s6
4134 A ACCGCAGATA \CACCGA CCh TITCCC "GACGGGGC 4253
357 T P G K D A HR V I A MG S NRRYGLDTEMALGETMNRTPGQTTEF SLVG DG A 396
4254  TGGGTOGGTCTTCAAGATCTTCACCACGGCCGCOGCACTGGAL ACGCCAMCTCGAGSTICOGAGL 'CAR 4373
397 G § V?Y X I 7 TTAAMMAMLDMNGMNGTINI MANZMKTLTEVYVT®PSRT QAKGHMHESGSG G AKX 436
4374 AGGARN ACGTCACOGA TCAC ACALCGL 'CAGCAMGT 4493
43 ¢ ¢ F X E T W C VI N A G N Y RG S M N VY TDALAT S PNTAMPAKTLTIGQO OV 476
€494 CGGGGTGGCGCGCACGETAGACATGGCGATCAAACTCGGE TTGCGS TCCTATACAACCCCCCECACAGC COGCRACTATAATCCGEACAGCAACGARAAGCTTAGCCGACTICCTAMACG 4612
477 6 V A R T V D ¥ A I KL GZLRSYTTUZPGTARDYNTZP?PDSNETSTLADT PV YTZEKR 516

4614 GCAGAACATCGGTTCGTTCACCCTGGGCCOGATCANGG TCAACGCGCTGGAG TTATCGAA TG TCGCOGCGACGCTGGCATCGGG TGGGATG TGGTGCCCGCCGAACCCAATTIGACAAACT 4733
527 ¢ NI ¢ S F T LG P I XKV NALETLSNVYAALATLASGS GMNMWTCP P NPTIUDTEKHNL 556

4734  GTTCGACCGTAACGGCAMCGAS TGCCGT TGCGAT A TTGGCCAM GCAA AAGGGC, & 4853
557'DRNGN!VAVTVZTCDRVVPEGLANTLANAHSRDTKGSGT 596
4854 CGCGGCCGSTTCTGCCOETGCAGE. TGGGATC AREACTGH ChGA TCCGGCTTC TTCACCAACCA 'GGCCAM 4973
587 A A G S A G A MG WDLPMS G X TGETTEAMALHR RS SGTPFVGTPF TNUHTYAMNAMAMAN €36
-7
4974 CTATATCTACGACGATTCCACCTCOCCAACGAATC TS TG CTCCCA TCCAC TG COGCAC TGLAGCAAS TGACT TRAACGAGCCAGCCCGAACCTGGTTCACCGCGATGAR 50983
637Y!YDDSTSPTNLCSGPLRHCchDLYGGN:PA!THPTAlHK 676
5084  GCCGATCGCCACCAAATTCGGTGRAG TCCGCTIGCCACCGACCCATC COCGCTACGTCGACGE TICTCCCGETTCACAGE TG CCAAGCE TOACCEEACTEGACCTCEACGCGECEEGEEA $213
€77 P I A T XK F G EYVY R L P PTDPRYUVDGS PGS OQV?PSVTGLDTLTUDAMNARG 716
5214 GCGCC AGCCCACCTTGATCAACAGCACCGCCRAAGCTCGGCGCAGTGG TCGGCACCACACCCAGCGGCCARACARTTCCGGGTTCGATCAT 5333
717Rl.KGAGFQVADQPTLZNS‘I‘AKLGA\'VGTTPSGQTIPGSXI 756
5334 TACAA‘ITCAMCCAGCAGCGGC&TACCGCCGGCTCCGCCCGCCGCCGGM GGCCCGC TGCC TCGGTT GGTCATCOAMTTCCCGGCTTGCOGCCARTCACCA 5453
77 T I @ T PAAGKRPADATLGHIAGHRNSRI-RANHH 796
5454  TICCGCTACTAGCGCCTCCGTAN A CGCTTIGCCAACGGACTTGCG TTCTCTTGT GACTAAC S 53 l

7%7 S§ A T S A S VNVPFQRALCOQRTU CVVLSVYVYRTD-®*
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RESULTS

Amino acid sequence and molecular organization dfl. leprae PBP1.The sequence of cosmid B577 (4a) was
corrected for a frameshift at nucleotide 3437 ldedixy sequencing reactions using the 21-mer T3@5T3
oligonucleotide, an automated laser fluorescent €duencer, and internal labelling with fluoro-dATRe
corrected nucleotide sequence contained an opdmgefiame, calleghonl, that encoded the 821-amino-acid-
residue multimodular class A PBP1 (Fig. 3).

PBP1 consisted of an M1-139 pseudo-signal peptite fhembrane anchor), fused to an S40-A336 non-
penicillin-binding (n-PB) module; the n-PB modulasvused to an A337-A674 penicillin-binding (PB) dnée,
and the PB module was fused to an M675-D821 carbenxginal extension. The n-PB module contained fsioti
1 to 4 common to the multimodular class A PBPs,thed®B module contained motifs 5 to 7 characierist

the penicilloyl serine transferase superfamily.98-8f motif 5 was assumed to be the active-sitmseMotif 6
was ambiguous, being either S454MN or S464PN. Byogy with the monofunctional penicilloyl serine
transferases, the PB module was assumed to start @0 residues upstream from S-398 of motif 5tand
terminate about 60 residues downstream from G-&h3otif 7.

E. coliPBP1la and PBP1b contain 850 and 844 amino aciduesi respectively. They are regarded as
prototypes of the multimodular class A PBPs bec#usg are the only PBPs which have been identdied
bienzymatic polypeptides performing, in vitro, tsgtycosylase (the n-PB module) and transpeptidhseRB
module) activities on isolated disaccharide-peplijoid 1| precursors. In contrast td. lepraePBP1,E. coli
PBP1la contains large inserts occurring at the jonstbetween the n-PB and PB modules and betweéfsréo
and 7 of the PB module. Similarli, coliPBP1b contains large inserts immediately upstreaardawnstream
from the membrane anchor (7).

For comparison purposes, the inserts and carboryifial extensions were eliminated from the aminid ac
sequences. As a result, the n-PB moduléd.dépraePBP1,E. coliPBP1a, andt. coli PBP1b contained 296
(S-40 to A-336), 277 (V-42 to P-319), and 273 (M618 P-459) amino acid residues, respectively,thad
corresponding PB modules contained 322 (A-337 t699), 309 (Q-412 to P-775 minus the insert from@3-2
to T-677), and 299 (L-461 to P-760) amino aciddess, respectively. Multisequence amino acid aligminof
the n-PB modules revealed identities of 30% forRB&1-PBP1a pair and 27% for the PBP1-PBP1b pair in
comparison with 37% for the PBP1a-PBP1b pair. Atigmt of the PB modules revealed 19 to 20% idefdity
the PBP1-PBP1a and PBP1-PBP1b pairs in comparigbr2@% identity for the PBP1a-PBP1b pair. In
addition, the triad S464PN, not the triad S454MNnotif 6 of PBP1 aligned with the triad S524KNRBP1a
and the triad S571MN of PBP1b.

Expression ofponlin E. coli and properties of PBP1As M. lepraeis not cultivable, PBP1 is inaccessible to
direct investigation. PBP1, with its genuine memieranchor, was producedtn coli, the peptidoglycan of
which is of the sammesadiaminopimelic acid type as that bfycobacteriunsp. To facilitate the purification,
PBP1 was labelled with a polyhistidine [His tagjjsence fused to the amino end of the protein (ghsm
pDML905 encoding [His tag]PBP1).

Expression of the modifiegonl in E. coliBL21 (DE3)/ pDML905 was IPTG inducible and undee ttontrol of
the T7 promoter anldc operator. Transformants were grown at 37°C in Lbr@h containing 50 pg of
kanamycin per ml. When an optical density at 600afi®.5 to 0.6 was reached, 1 mM IPTG was addedtand
culture was allowed to grow for 1 more h. Cell $ydid not occur. The overproduced membrane-boursl [H
tag]PBP1 represented about 20% of the total merelparteins.

The membrane-bound [His tag]PBP1 had a low affifafy-lactam antibiotics. The antibiotic concentrations
required to achieve half-saturation at 37°C werel®° M for ceftriaxone, 5 x 1M for ampicillin,
amoxycillin, and cefoxitin, and >T0M for ticarcillin, temocillin, and cephaloridin@he value of the second-
order rate constant of acylation by benzylpenitillias 5 to 10 M s* in comparison with values of 800 \*
for E. coliPBP1a and 150 Ms® for PBP1b. The penicilloyl-PBP1 intermediate demhgpontaneously with a
first-order rate constant of about 1.7 X*i} and therefore had a relatively short half-lifeabbut 90 min. The
penicillin-binding activity of PBP1 had a high thawstability comparable to that of tke coliPBP1b, with no
loss after 10 min at 60°C.
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FIG. 4. Protease digestion of PBP1 in spheroplasts. Spdasts of E. coli BL21 (DE3) harboring pDML905
were incubated with proteinase K as described iridvials and Methods at concentrations of 0, 16,8M,200,

400, and 2,000 pg/mbamples were fractionated by SDS-PAGE, transfeoeitrocellulose membranes, and probed with aBRP
antibodies. The arrow indicates the position of PBFhe relative mobilities of molecular mass maskane indicated to the right of the gel.
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To establish that the bulk of the polypeptide clafithe membrane-bound [His tag]PBP1 was exposd#ukin
periplasmE. colitransformants grown and induced at 37°C were caegdo spheroplasts and the spheroplasts
were treated with increasing concentrations ofgnaise K for 25 min at 30°C. The amount of PBPtlifeact

in the protease-treated spheroplasts was estirbgt&DS-PAGE and Western blotting using anti-PBP1
antibodies (Fig. 4). The result was that at a aeancentration of proteinase K, PBP1 could ballptegraded

in intact spheroplasts, showing that the overpredd2BP1 adopted the expected membrane topology.

To check the effects of various levelspafiil expression on the folding of PBFE,, colitransformants were
grown under the same conditions as described aleaept that the induction with IPTG was carriet au
20°C, causing a 50% decreased production of PBEteimembrane from that obtained at 37°C. The resas
that the membrane topology and the low penicilffimay of PBP1 were independent of the level ohge
expression.

[His tag]PBP1 could not be extracted from the menbs by treatment with 2% Triton X-100, 1% Genagol
100, 1% Nonidet P-40, 1% octylglucoside, 1% deorjate, or 1% Sarkosyl. It was solubilized by 2% @BFA
0.5 M NaCl in 10 mM Tris-HCI, pH 7.4. The CTAB-stilized PBP1 had the same penicillin affinity as th
membrane-bound PBP1. It was adsorbed orfaNIfA agarose column (Fig. 5). After elution withGLeM
imidazole in Tris-HCI (pH 7.4)-2% CTAB and acetgmecipitation (7 volumes), SDS-PAGE revealed the
presence of a single protein with the expected cutde mass. The purified protein bound penicillithwthe
same low affinity as the membrane-bound [His tagiPBUpon storage, degradation products were obderve

Attempts at obtaining water-soluble, truncated ®ohPBP1 in the periplasm Ef coliwere made. The
pseudo-signal peptide M1-139 was replaced by thB Rader peptide, and the His tag label was fusdtie
carboxy end of the protein (plasmid pDML907 encgdielBAM1-139]PBP1[His tag]). In addition, the pseudo-
signal peptide was replaced by the PelB leadeiigeghe last 100 amino acid residues of the carttexminal
extension were eliminated, and the His tag labal fuaed at the carboxy end of the truncated pr¢pasmid
pDML908 encoding PelBiM1-139]PBP1AG722-D821][His tag]). Upon induction at 37°C, thecoli
transformants produced large amounts of PBPs,dnitary to the expectations, the truncated formrBRP1

each remained bound or associated with the plasemabmane. Amino acid sequencing of the doubly trtetta
[AM1-139]PBP1G722-D821][His tag], purified by chromatographyMit’-NTA agarose, showed that the
PelB leader sequence was not processed.
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FIG. 5. Overproduction of the M. leprae membrane-bound[tdg]PBP1 in E. coli BL21 (DE3)/pDML905 and

purification of the CTAB-solubilized PBP1he membranes and proteins were analyzed by SDSEPAghes 1 to 4 contain
membranes (2 pg of proteins) isolated from noniedutanes 1 and 3) and IPTG-induced (lanes 2 acédl) Lanes 1 and 2 show PBP
patterns after fluorography. The membranes werledbwith 1 mM fH]benzylpenicillin for 30 min at 37°C before elamhoresis; the
gels were exposed for 2 days. Lanes 3 and 4 shoteipmpatterns after Coomassie blue staining. [5acentains the soluble fraction
obtained after 2% CTAB-0.5 M NaCl treatment of meames isolated from IPTG-induced cells and aftesr@assie blue staining. Lanes 6
and 7 contain Ni-NTA agarose-purified PBP1 after Coomassie bluiaisig (lane 6) and fluorography (lane 7). Lane Mizins molecular
mass markers.
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DISCUSSION

It is known that proteins having 25% or more ofitisequences in common adopt the same folded stasctAt
the same time, an increasing number of proteirshidnee similar folds but statistically insignifidasequence
similarity are being revealed. In consequenceassification which extends the sequence-based fampiées to
include proteins with similar three-dimensionalistures but no sequence similarity has been prapds).

On the basis of the percentages of identitiesttiggt contain, one can be confident that the n-PBul@ofM.
lepraePBP1 and the n-PB (transglycosylase) modulg.afoliPBPla and PBP1b adopt a similar fold. The
percentages of identities between the PB modukebealow the cutoff borderline of statistically sitgrant
similarity, but the motifs characteristic of thengslloyl serine transferases are conserved albegequences.
In all likelihood, the PB module of thd. lepraePBP1 also has a folded structure similar to thahefPB
(transpeptidase) module &f coliPBPla and PBP1b.

E. coliPBP1la and PBP1b possess inserts that are not piesériepraePBP1, the three PBPs each have
different carboxy-terminal extensions, the insartd extensions are large enough to form additiowalules
having their own folds, and there is no cross-ieadbetweerkE. coliPBP1a or PBP1b and ai-lepraePBP1
antibodies or betweed. lepraePBP1 and antk. coli PBP1b antibodies. Possibly the inserts and extaasioe
exposed at the surface of the proteins. They nfagtabne way or another, the transglycosylase and
transpeptidase activities of the PBPs. As a canglthe functioning of PBP1 in cell wall peptidoggn
synthesis irV. lepraemay be different from that of PBP1a and PBP1B.igoli

It is not possible to measure the penicillin affirof the wild-type PBP1 iM. leprae Consequently, PBP1 has
been (over)produced B&. coli, with the bulk of the polypeptide chain exposedlonauter face of the
membrane, i.e., with the correct membrane topolbipwever, solubilization of the membrane-bound PBP1
requires CTAB, a denaturing agent of many PBPwises the possibility that the overexpressiopafl may
result in the formation of some inclusion bodies.discussed below, the bulk of observations anérxgntal
data support the view that the low penicillin atijrof PBP1 is not due to the misfolding of the ymdptide
chain but, rather, is a property of the wild-tyd@FR.

During membrane preparation of tBecolitransformants, the cell lysates are first centefiigt 10,000 g, and
therefore, the membrane preparations (used to me#tzaipenicillin affinity of PBP1) must be devaitlany
inclusion bodies. The penicillin affinity of PBP4 independent of the level of gene expressios;ékactly the
same when expression is carried out at 37 and ZINE€low penicillin affinity of PBP1 is comparahtethat of
PBP5 inEnterococcus hiraand PBP2" irStaphylococcus aureid). Overexpression of the gene encoding the
enterococcal low-affinity PBP5 in laboratory mutaand inE. coli (using expression vectors identical to those
used fomponl) does not alter the penicillin-binding fold topgy of the overproduced PBP; its penicillin affinit
is the same as that of the wild-type PBP (13a).

The mode of binding of the PBPs to the membraraybil and the effects of the detergents are spspasfic.
CTAB solubilizes the low-molecular-mass PBP (witBranspeptidase activity) &treptomycesp. strain K15
with preservation of the penicillin-binding foldgology; the value of the first-order rate constafraicylation by
penicillin is exactly the same (150 ™™ for the wild-type membrane-bound enzyme and thaBextracted
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enzyme (11). X-ray crystallography studies sugfestta secondary structure at the surface of thjor might
function as a membrane association site @agoliPBP1b also possesses at least one membrane associat
site in addition to the amino-terminal transmembranchor (12). PBP1b is stable and active in Sgtkas
denaturing detergent for the other PBPs.

ClassicaB-lactam antibiotics are not effective agents far tteatment of leprosy. Yet, in the mouse footpad
model, cefoxitin has low 90% inhibitory dose val(#5), and ampicillin in combination withfalactamase
inhibitor prevents growth d¥1. lepraestrains, including strains resistant to dapsonégampin (14). The fact
that PBP1 has a low penicillin affinity does notesgsarily contradict these observations, sMcéepraemay
possess other essential PBPs that may be susedptibénicillin action. A gene that is provisioyathalledpor?
and encodes a second high-molecular-mass classPAidesent in cosmid L222 of the lepraelibrary
(unpublished data). This situation is reminiscdmanA(encoding PBP1a) ambnB(encoding PBP1b) i&.
coli. Deletion ofponAandponBis fatal, but deletion of eithgronAor ponBis tolerated, suggesting that one
PBP can compensate for the other (17). Counterpatte multimodular class B PBP2 and PBPEo€oli may
also be present M. leprae These PBPs are key components of morphogenetionetwvolved in cell
septation and cell shape maintenance (7[.looli, PBPs are major killing targets pflactam antibiotics.
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