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Abstract

TheponAgene of cosmid L222 of thdycobacterium lepragenome library encodes a multimodular class A
penicillin-binding protein (PBP), PBP1*. The PBRbélled with a polyhistidine sequence, has beedymed in
Escherichia coli extracted from the membranes with 3-[(3-cholarprdpyl)-dimethylammonio]-1-propane-
sulfonate (CHAPS) and purified by Niinitrilotriacetic acid-agarose chromatographycémtrast to th@on-
encoded class A PBP1, PBP1* undergoes denaturatimmperatures higher than 25°C, it catalyzes acyl
transfer reactions on properly structured thiolsstand it binds penicillin with high affinity.

A set of membrane-bound proteins, known as peimdiinding proteins (PBPs), are involved in theafin
assembly of the bacterial cell wall peptidoglycaacherichia colpossesses four multimodular PBPs. PBP1la
and PBP1b of class A are bienzymatic polypeptigafopming, in vitro, transglycosylase (the non-mdlin-
binding [n-PB] module) and transpeptidase (the glin-binding [PB] module) activities on the disdwaride
peptide lipid Il precursor. PBP2 and PBP3 of cBsze essential members of the morphogenetic nksvor
involved in wall expansion and septum formatiospectively (8).

Until recently, the peptidoglycan-synthesizing nmiaehy of Mycobacterium lepragvas inaccessible to direct
biochemical investigation. As an ordered cosmidhlifp covering the mycobacterial 2.8-Mb chromosomag h
been established (4), important genes are beimgifidel, allowing the encoded proteins to be praaiim
heterologous systems and characteripedlof cosmid B577 encodes a class A PBP1. Expresdiponlin E.
coli results in the production &f. lepraePBP1 bound to the plasma membrane of the hostl PB®the
expected membrane topology, it is thermostable itandds penicillin with a low affinity (1).

As shown belowM. lepraecontains another class A PBP, PBP1*, the biochalnaied enzymatic properties of
which differ markedly from those of PBPL1.

Modular design of M. leprae PBP1*.

ponAof cosmid L222 (nucleotides 7365 to 5305) encdbde$86-amino-acid residue PBP1* (7). This PBP
bears the signature amino acid sequence of thémaalular class A PBPs. The nine motifs shown in Eigre

the consensus derived from the alignment of 11scdaBBPs. PBP1* consists of a V1-to-L225 n-PB medul
fused to an R302-to-P686 PB module via a G226-t6iQ®nnecting module. The n-PB module has a pseudo-
signal peptide (the membrane anchor) at the amidméthe polypeptide chain, and the PB module gsssss,
downstream from motif 9, a 130-amino-acid residaoxy-terminal extension. In comparison with PBR*
lepraePBP1 has a much longer tdil, coliPBP1a has an ~100-amino-acid residue insert batwedifs 6 and

7, andE. coliPBP1b has an ~150-amino-acid residue insert wgatfeom motif 1.

In spite of the highly conserved molecular orgatiiraadopted by th#l. lepraeandE. coliclass A PBPs,
similarity in the amino acid sequences (after aliaion of the inserts and extensions) is low omnestatistically
insignificant. At the level of the n-PB modulese thembers of the pail8. lepraePBP1*M. lepraePBP1,M.
lepraePBP1*E. coliPBP1la, andl. lepraePBP1*E. coliPBP1b have 25 to 30% identities. At the levelhaf t



Published in : Journal of Bacteriology (1997), vbr.9, iss. 14, pp. 4627-4630.
Status: Postprint (Author’s version)

PB modules, the members of the pdirlepraePBP1*M. lepraePBP1 have 25% identity, and the members of
the pairdM. lepraePBP1*E. coliPBP1la and/. lepraePBP1*E. coliPBP1b have only 17% identity. For
comparative purposes, the n-PB moduleg.afoli PBP1a andt. coliPBP1b have 31% identity, and the
corresponding PB modules have 28% identity.

FIG. 1. Modular design of the multimodular class A PBPhd #BP1b of E. coli and PBP1 and PBP1* of M.

leprae and occurrence of the conserved motifs athegamino acid sequenceservals f) between conserved motifs
are expressed in numbers of amino acid residuesle@inumbers indicate the presence of insEttsoli possesses a 34,000-M
monofunctional transglycosylase (10), and the gartexsse products have the signature amino acid segqu# the class A PBPs are present
in several bacterial species (15). The transglyjlessy(Tgase) motifs shown are those derived franEthcoli gene sequence. The
transpeptidase (Tpase) motifs shown are thosee@ttleptomycestrain K15 PBP (13), which has been biochemiaailgracterized as a
DD-transpeptidase (9, 12). The sequencds. abliPBP1a and PBP1b (Ecola and Ecolb, respectivelyf)an reference 2, and the
sequences d¥fl. lepraePBP1 and PBP1* (Mlel and Mt1*, respectively) amaf references 1 and 7.

n-PB module

PBPs 1 VAN 2 A3 JAN A A 5

86 17 w 139 156 220
Ecola EDxRFxEHxG {21 |[GASTITQQ!14|RKx2E|12[KxELLExYxN{S55 RRx2VL

264 286 303 372

Eco 1b EDxHFxEHxG 21 |GASTLTQQ |14| RKx2E |12 {Kx RILExYXxN|B9[RRx2VL

101 132 166 183 248
Mte 1 EDXxRFxDHxG |21 [GGSTIEQQ |26 RKx2E |12 |KxEILTxYxN|S55[RRx2VL

81 12 138 155 220
Mlet* EDRxFxSNxG |21 |[GGSTITQ Q|18 RKx2E [12|KxDVLQxYx N[55|RWx2VL

84 1S 137 154 219 242
Tgase EDxKFxEHxG |21 {GASTISQQ |14 RKx2E [12{KxRILTx YxN{55|RQx21L |COOH

Connecting

module PB module
PBPs 6 A 1T A 8 A g A
284 465 524 76 850
Ecola 57 |Gx4TTx5Q S*x2K |55 |5 x N| 189 |KT G |131 | COOH
L35 510 572 698 84l
Ecolb  57|Gx4TTx5Q | 60 [S*x2K |58 |Sx N|123 |KT G {143 | COOH
319 398 464 613 821
Mte 1 65 |Gx4T TxSQ | 66|S*x2K |62 |Sx N | 146 | KT G [205 | COOH
289 356 409 550 686
Mle1®  63[GxtTTx5Q| 54 [S%2K |49 |SxN|138|KTG [133 | cooH
35 96 23 262
Tpase HaN =34 | S*2K |57 [SxC | 114 | KTG | 46 | COOH

Production of M. leprae (His tag)(R2-P686) PBP1* irE. coli.

M. lepraePBP1* with its membrane anchor (lacking residué Was produced ik. coliand labelled with a
polyhistidine sequence fused to residue R2. PlapidL909, which encodes PBP1* with a polyhistidiag
fused to R2 residue P686 [(His tag)(R2-P686) PBPA&k constructed (Fig. 2) as follows. (Step 1) $tmse
and antisense primers were used to synthesize ByaP157-bp DNA segment encoding the R2-to-L49 sacgie
of PBP1*, flanked by akcoRlI site fused to aNdd site at the 5' end and by Xieni site fused to adpd site at
the 3' end. (Step 2) ThmnAcontainingXba-EcoRV 3,800-bp segment of cosmid L222 was inserteal int
pUCBM20, the resulting plasmid was digested vi@tioRI andXcm (partially), and the excised 1,159-bp
fragment was replaced by tBeoRI-Xcm PCR product. (Step 3) The latter plasmid was stigge withNdd and
Hindlll, and the excised 2,832-bp fragment carryingR2-P686 PBP1*-encoding sequence was cloned into
pET28a(+) betweeNdd andHindlll, yielding pDML909.

The expression of the modifigmbnAin E. coliBL21(DE3)/ pDML909 was IPTG (isopropHD-
thiogalactopyranoside) inducible and under the rabiof the T7 promoter anidc operator. Transformants were
grown at 37°C in Luria-Bertani medium containing|b@ of kanamycin per ml. When an optical densit§Ga
nm of 0.6 was reached, various concentrations BGlFrom 1 uM to 2 mM, were added and the cultwese
allowed to grow at various temperatures, from 287#eC, for 1 to 20 h. The plasma membranes oEtheoli
transformants were prepared by transforming this &b spheroplasts at 4°C in the presence ofzlyse and
EDTA as described previously (5). The membranepesuged in 40 mM sodium phosphate, pH 7.0, were
labelled with 10* M [*H]benzylpenicillin (5 pCi/mmol) for 15 min at 37°&hd analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SBXS5E) and Coomassie blue staining and fluorogragitiie
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gels.

The result of these analyses was that the produesdin lacked PB activity whgmonAwas expressed at 37°C.
The optimal conditions for the production of anax{His tag)(R2-P686) PBP1* were to grow thecoli
transformant at 20°C for 7 h after induction withDlJuM IPTG. Under these conditions, the only PB&scted
in membrane samples of tke coli transformant (containing 80 pg of total protemwsyeM. leprae(His
tag)(R2-P686) PBP1* and low levels©f coliPBPs 5 and 6 (lane 1 in Fig. 3).

FIG. 2. Construction of pDML909, which encodes M. leptdis ag)(R2-P686) PBP1RCR using the sense and
antisense primers was carried out in 100 pl of M Tnis-HCI, pH 9.0, containing 50 mM KCI, 0.1% Tait, 10% dimethyl sulfoxide, 1.5
mM MgCl,, 0.2 mM deoxynucleoside triphosphate, and 2 Uazfpolymerase (Promega Corporation Benelux, Leidée, Netherlands).
The mixture was incubated successively at 94°Q fmin, 35°C for 30 s, and 72°C for 30 s. The cyes repeated six times. TeeoRI-
Apal PCR product was cloned into puCBM20 and sequenced

. Sense primer: Antisense primec:
Ndel Xeml
5’ GG GAA TIC CAT ATG CGC TAT TCA TTG TAT € 3° 3’ GG TTG TTA CCG AAC CCC GGG AGA G 5°
EcoRIl RZ Y S L Y NLB N47 G48 149  Apal
EcoRV
2 |
T EcoRI Xbal Xeml Xemi  Xeml Hind HI EcoRl
pUCBM20/ponA
pon A (2058 bp) Amp 6503 bp
EcoRl Ndel Hind 111
Xcml  Xem! Xcml EcoRI
pUCBM 20 /R2-P686} pon A
{R2-P686) pon A Amp (5488bp)
& Ndel Hind 11
Xeml  Xeml Xeml
= , pDMLI09
— —
[R2-P686) pon A kan lacl (8161 bp)

= T7promoter, lac operator, His tag, thrombin cleavage site.

FIG. 3. SDS-PAGE (10% polyacrylamide) of the membran#8T6-induced E. coli BL21(DE3)/pDML909

(lane 1) and the Ni -nitrilotriacetic acid-agarose-purified (His tagi2-P686) PBP1* (lanes 2 and 3amples
were labelled with3H]benzylpenicillin before analysis. For lanes 1 @xdluorography was performed; for lane 3, Cooriealskie staining
was performed. Amounts of proteins were as folld®@spg (lanel), 150 ng (lane 2), and 2.5 pg (IandBe radioactive, ~40-kDa band in
lane 1 is due t&. coliPBPs 5 and 6.

1 2 3

Properties of membrane-boundM. leprae (His tag)(R2-P686) PBP1*.

A study of the membranes of tke coli transformant led to the conclusion thatleprae(His tag)(R2-P686)
PBP1* differs fromM. leprae(His tag) PBP1E. coliPBP1a, andt. coliPBP1b in several respects.

PBP1* is thermolabile, having half-lives in 10 mMERES, pH 7.0, of 60 min at 25°C and less than 5anin
37°C.M. lepraePBP1,E. coliPBP1a, and. coliPBP1b have half-lives of 10 min at 60, 45, and®0°
respectively.
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PBP1* is very sensitive to inactivation Pylactam antibiotics. The values of the rate of eneyacylation and
enzyme deacylation were determined as describedopsdy (6). At 25°C and in 10 mM HEPES, pH 7.0,
containing 0.5 M NacCl (half-life, 120 min), the uak of the second-order rate constant of acyldtjon
benzylpenicillin, ampicillin, cefotaxime, and cefime are >50,000, 8,800, 8,700, and 1,200V
respectively, and the corresponding acyl-PBP1*adepontaneously with first-order rate constantealof 1.7
x 10*s for cefotaxime and <1 x 10s® for benzylpenicillin, ampicillin, and cefuroximeoFcomparative
purposes, the values of the rate of acylatiomofepraePBP1,E. coliPBP1la, ané. coliPBP1b by
benzylpenicillin are ~5 to 10, 800, and 150" &t respectively.

PBP1* can be solubilized by incubatikg colimembrane suspensions containing 1.25 mg of totédins per
ml in 50 mM sodium phosphate, pH 7.0, supplemeniigid 1 M NaCl and 1% 3-[(3-cholamidopropyl)-
dimethylammonio]-1-propanesulfonate (CHAPS) fordid at 4°C. The yield, 50%, is independent of the
temperature, from 4 to 25°C, and the incubatioretiop to 1 h. In contradt). lepraePBP1 defies attempts at
solubilization with all the detergents tested examtyltrimethylammonium bromide (1), aid coliPBP1b is
stable and active in Sarkosyl, a denaturing detergkE. coliPBP1a.

Properties of solubilizedM. leprae (His tag) (R2-P686) PBP1*.

The CHAPS-NaCl-solubilized PBP1* was adsorbed ol nitrilotriacetic acid-agarose column, and the
column was washed stepwise with 50 to 250 mM inotaim 50 mM sodium phosphate (pH 7.4)-1% CHAPS-
0.5 M NaCl. PBP1*, eluted at 250 mM imidazole, wieyzed against the phosphate-CHAPS-NaCl buffer,
concentrated on polyethylene glycol 4000 and dedyagainst the same phosphate-CHAPS-NaCl soluibn.
the steps were carried out at 4°C. SDS-PAGE reddake presence of a single protein which boundgiéni

and had the correct molecular mass (lanes 2 arfidrig).o3).

The purified soluble PBP1* has a half-life of 10nnait 25°C in 50 mM sodium phosphate, pH 7.4, cairtgi
0.5 M NaCl, 5% glycerol, 5% ethylene glycol, an#ICHAPS. It is acylated by benzylpenicillin and
cefuroxime with the same second-order rate constlnes as the membrane-bound form. It catalyzgs ac
transfer reactions ongls-CONH-CHR-COS-CHR-COOH thiolesters (the asymmetric carbon atomshativ
have thep configuration). Hydrolysis with release of the HEHR;-COOH leaving group proceeds until
completion, with catalytic rate constaf/ratios of 4,500 M s* when R is CH; and R is H and 3,300 M s*
when R is H and Ris CH;. These values were determined from initial rateasneements as described
previously (11). PBP1* lacks detectable hydrolytitivity when B and R are both H. In contrast to PBPM,
lepraePBP1 is inert on the three thiolesters tested. i@ag note that the catalytic rate constidpt/atio is
equivalent to the second-order rate constant datow of the protein by the thiolester.

Concluding remarks.

The nine motifs characteristic of the class A PBRspresent iM. lepraePBP1,M. lepraePBP1*,E. coli
PBP1a, andt. coli PBP1b protein sequences in the same order andheittame spacing. In spite of this close
similarity in modular design and molecular orgatiaa M. lepraePBP1 andM. lepraePBP1* differ markedly
from each other and frofa. coliPBP1la and. coliPBP1b with respect to penicillin sensitivity, therstability,
and reactions to detergents. These differencebeaelated to the low levels of similarity in theresponding
amino acid sequences. The question of whether jloelbacterial PBPs are bienzymatic (transglycosylase
transpeptidase) polypeptides is left open. To westhle issue, the peptidoglycan-synthesizing agtifi the
PBPs should be probed on the mycobacterial lipidtérmediate (or analog).

The lack of efficacy of classicfHactam antibiotics againstycobacterianay be due to a combination fif
lactamase production and poor access to PBPst(@¥than the inertness of the drugs towards the
peptidoglycan cross-linking machinery. M. lepraePRBis a high-affinity PBP and is unstable at terapgres
above 25°C, and the latter property may be relatehe fact thaM. lepraecharacteristically multiplies in the
cooler tissues in humans (its optimum in vivo terapg&re has been shown to be 27 to 30°C in mice) Ik
guestion of whether the class A PBP1 and PBP1fuaretionally redundant is also left opeM. leprae
counterparts of the. colilife cycle PBP2 and PBP3 are other potential targeat deserve to be investigated.
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