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Abstract

Replacement of the 36 and 56 N-terminal amino eestues of the 588-amino-acid-residue membranadou
penicillin-binding protein 3 (PBP3) @&scherichia colby the OmpA signal peptide allows export of F37-V57
PBP3 and G57-V577 PBP3 respectively into the pasipl The modifiedtsl genes were placed under the
control of the fusetpp promoter andac promoter/operator; expression of the truncated BBR& optimized
by varying the copy number of the recombinant pidsrand the amount of Lacl repressor, and expost wa
facilitated by increasing the SecB content of thedpcing strain.

The periplasmic PBP3s (yield 8 mg/l of culture) vpurified to 70 % protein homogeneity. They regire
presence of 0.25 M NaCl to remain soluble. Likerttembrane-bound PBP3, they undergo processing by
elimination of the C-terminal decapeptide 1578-S588y bind penicillin in a 1:1 molar ratio and yheatalyse
hydrolysis and aminolysis of acyclic thioesterd ti@ analogues of penicillin. The membrane-andies-
PBP3s have ragged N-termini. The G57-V577 PBP3glvew is less prone to proteolytic degradation then
F37-V577 PBP3.

Abbreviationsused: IPTG, isopropyjs-D-thiogalactopyranoside ; PBP3, penicillin-bindimgptein 3.

INTRODUCTION

The membrane-bound penicillin-binding protein 3 E3BofEscherichia colitheftsl gene product, occurs at
about 50 copies per cell, and is involved in cefitation. Processing of the precursor by remov#®iC-
terminal peptide 1578-S588 under the action offtfiegene product (Nagasawa et al., 1989) gives rifieeto
mature 577-amino-acid-residue (M1-V577) PBP3. A taeane anchor M1-A36 (Bowler and Spratt, 1989)
attaches to the outer face of the membrane, trermital module F37-S259 itself being fused to thiei@ninal
penicillin-binding module G260-V577 (Englebert & 4993). This latter module possesses, at thectrd
places, the three motifs S307TVK (where S307 isssgsential serine), S359SN and K494TGT of the [ikmit
serine transferases (Ghuysen, 1991). PBP3, Ft3Q, RtsA and FtsZ form a large protein complex, the
divisome (Nanninga, 1991) or septator (Vicentel etl891), which encompasses the cytosol, the maensband
the cytoplasm. Penicilloylation of S307 of PBP3smaudysfunctioning of the protein complex, cell
filamentation and cell death (Houba-Herin et 883; Broome-Smith et al., 1985).

Obtaining PBP3 in the form of a catalytically aetiwater-soluble derivative suitable for X-ray asadyis an
important aim of the research (Bartholomé-De Betdal., 1988; Bowler and Spratt, 1989). In thespra work,
we have exploitedmpAfusion vectors to overproduce the truncated F37A&Td G57-V577 forms of PBP3 in
the periplasm oE. coli. The gene fusions were inserted into plasmids dowast of the stronfpp promoter

and thdac promoter/operator, and the production was optimtaggarying the copy number of the OmpA-
signal-peptide-truncated PBP3-encoding gene anddpg number of the Lac-repressor-encoding géaesind
lacl®. Biogenesis and export were aided by increasingntinacellular level of the chaperone SecB (Wickner,
1990; Wickner et al., 1991).
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MATERIALSAND METHODS
Bacterial strainsand plasmids

E. coliK12 HB101, RR1 (aecA" derivative of HB101), D1210 (HB101 derivative in ish thelacl®is
chromosome borne) and TGI (see the oligonucledtitkstedin vitro mutagenesis system version 2-1,
Amersham) were used as hosts of the recombinasinpda (Boyer and Roulland-Dussoix, 1969; De Boeail et
1983).E. coliK12 SF100 and SF103 were deficient in OmpT protaaskin metalloprotease Il respectively
(Baneyx and Georgiou, 199B. coliJE7929 (ecAlderivative of JE7925) was deficientpinc gene E. coli
JE7928 (ecAlderivative of JE7924) was the corresponding wilgetyHara et al., 1991).

pWKB80 was the source of tffiisl gene (Nakamura et al., 1983). pINdimpAHind (a derivative of pBR322) and
pIMIIA3 (a runaway replication plasmid derived frdR1) served as vectors (Masui et al., 1983 ; ReDt@rue
et al., 1988). pINIIIA2 and pMJR1560 (derivativdp@R322) were the sources of tlael andlacl genes
respectively (Masui et al., 1983 ; Stark, 1987)Q@0a gift from Dr. P. J. Bassford, University obth

Carolina) and pDNAK325 (a gift from Dr. G. J. Pp#i Princeton University, NJ, U.S.A.) were the sesrof
thesecBgene and thdnaKgene respectively. pGroESL carri€doEL andGroES(Goloubinoff et al., 1989).

Recombinant plasmids
PDML214 (lacl’) pDML215 (acl), pDML218 (acl®) pDML219 (acl™) and pDML232 kacl™)

Figure 1(a) shows the region of the low-copy-nundearetion vector pINlIIbmpAHind in which the truncated
ftsl genes were inserted. Figure 1(b) shows the envieohof the F37-S588 PBP3-encoding gene in the low-
copy-number pDML214I&cl") and in the high-copy-number pDML21a¢I"), pDML218 (acl?) and pDML219
(lacl®). Figure 1(c) shows the environment of the G57-S588ding gene in the high-copy-number pDML232
(lacl™). The plasmids were constructed as described in &guAll recombinant DNA techniques were as
described (Sambrook et al., 1989).

PDML230 &ecB and pDML233 nak)

ThePvull DNA segment carryingecBwas excised from pDC2 and inserted into pSW1 (avatve of
pPACYC184; Verschoor et al., 1989), giving rise @NIL230. TheHindIll DNA segment containingnaKwas
isolated from pDNAK325 and introduced into pACYC18#ving rise to pDML233dnakK). pDML230 (secB
and pDML233 ¢nak) were compatible with pDML2194cl") and pDML232 facl™).
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Figurel Organization and DNA sequences of the modifeEdyiines
(a) pINllI-ompA-Hind; (b) modified F37-S588 PBP3-encodiftgl gene in pDML214l4cl*), 215 {acl’), 218 (acl?, 219 (acl*); (c)
modified G57-S588 PBP3-encodiftgl gene in pDML232l4cl*). Polypeptide segments are translated. RBS, ribedainding site.

Polylinker
UL UL Pstl BamHI  EcoRl
Xbal Hlindlll SIaII Smal | BamHI
Ipp® lac®™® RBS Jac |RBS 51nt GTA GCG CAA GCT T-——— — — — —— — - _lpp™ Kpnl
b2 A OB UL ) 0 _PP_ e
30nt 17 cx Val Ala Gln Ala Terminator
OmpA signal peptide
(b) pDML-214, -215, -218, -219
Hindlll Miul s?cll Il(pnl Stop  EcoRl
|
51nt GTA GCG CAA GCT TTT CTG CTC GGA |CGC GT——//—C GCG—//— 7’/—'1‘CG - -
[ —— —
1700 Val Ala Gln AlaTl;l_;e- Leu Leu Gly Arg-41 Arg-71 Ser-588
L J
OmpA signal peptide F37-S588 PBP3
Cleavage site
(c) pDML232
Sz|acl| Il(pnl Stop  EcoRl
51nt GTA GCG CAA GCT GGC GCA ATG—————-//—-—-— —--C G_CIG-—-//———//—TCG— - -
17aa Val Ala Gln AlaTg%y-Asp Met Arg-71 Ser-588
| |
OmpA signal peptide G57-S588 PBP3

Cleavage site

Figure2 Construction of plasmids pDML214 (1&3) pDML215 (lacf), pDML218 (lacl), pDML219 (lacl)
and pDML232 (lac))

O , Fusedpp promoterJac promoter/operator and OmpA signal peptEl.Fusedpp promoter andac promoter/operator (without the
OmpaA signal peptide). pDML214acl*): the 1.9 kb Mlul-Pvull DNA segment encoding th¢1RS588 PBP3 was excised from pWK80 and
inserted into pINIIl-ompA-Hind (downstream from tRempA-signal-peptide-encoding gene) by using aerugning DNA duplex that
encoded the tetrapeptide F37LLG40 of PBP3. pDML@AA"): the 2kbXbal-EcoRl DNA segment of PDML214 (encoding the fused
OmpA signal peptide F37-S588 PBP3) was insertedpi¥IIA3. pDML218 (acl): pDML215 was cleaved witkpnl andSal and the
Sal ends were filled with the Klenow polymerase. Th25 kbKpnl-Hindlll DNA segment containing¢acl® was excised from pMJR1560
and theHindlll ends were also filled up. Ligation yielded pDIiIL7 which had acquirddcl® at the expense of the 1.5 Kpnl DNA
segment containing the 3' endfisil. The 2.4 kbXbalKpnl (partial digestion) DNA segment from pDML215 waseérted into DML217.
pDML219 (acl®): the 1.45 kilBamH-Hpal DNA segment (carryingacl?) of pDML218 was replaced by the corresponding BabH|I-
Hpal DNA segment (containintacl) of pINIIIA2. pDML232 (lacl®) (not shown): thédindlll-Sadl DNA segment encoding the F37-R71
peptide of PBP3 of pDML214 was replaced by a DNAldy encoding the G57-R71 peptide of PBP3. The Xtid-EcoRl DNA segment
of the resulting plasmid (encoding the fused Omphal peptide G57-S588 PBP3) was inserted into pRML pDML232 had the same
restriction map as pDML219, except that it lackeelHindlll site.
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Céll spheroplasting

The spheroplasting conditions were derived fromdktndm et al. (1970). Cell suspensions (from 25@fml
cultures) made in 20 ml of 30 mM Tris/HCI, pH 8c@ntaining 27 % (w/v) sucrose were supplementel it
mM EDTA (pH 8.0) and 2 mg of lysozyme. Dependingtio@ strains and the growth conditions, conversion
the cells into spheroplasts was maximal after 8@20rin incubation carried out at 20 or 4 °C. Theespplasts,
stabilized with 15 mM CagGland supplemented with 0.5 M NaCl, were collectgddntrifugation at 30009
for 15 min. The supernatant (periplasmic) fractieas supplemented with 0.1 mM phenylmethanesulphonyl
fluoride. The pellet was suspended in 10 ml of 2@ Wris/HCI, pH 8.0, containing 0.5 M NaCl, 10 mM I3
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and 200ug of DNAase, and the suspension was submitted taifrgend thawing. Centrifugation at 30096or
45 min at 4 °C yielded a supernatant (cytoplasifinégition and a pellet (membrane) fraction. Afteinige
washed, the pellet was suspended in 2 ml of 10 msIHCI, pH 8.0, containing 10% (w/v) glycerol, Qvb
NaCl and 0.5 mM EDTA.

Dyes

Dyes (Ciba Geigy, Basel, Switzerland) coupled tackygel TSK HW65F were screened with respect tio the
ability to bind the water-soluble forms of PBP3 (ftland Keck, 1991, 1992; van der Linden et al92)9 Of
the 40 dyes tested, Procion Blue MW4GD (mix 159ekogel equilibrated against 10 mM Tris/HCI, pi9,8.
containing 10% glycerol and 150 mM NaCl bound PB##] the bound PBP3 was eluted with 1 M NacCl.

Purification of periplasmic PBP3
Step 1

The periplasmic fraction was dialysed against 10 mid/HCI, pH 8.0, containing 10% (w/v) glycerolh&
precipitated PBP3 was collected by centrifugatind solubilized in buffer/ glycerol/0.5 M NaCl. Theld was
70% and the PBP3 was 20 % pure. The soluble prépansas dialysed stepwise against a series of
buffer/glycerol solutions containing decreasingeantrations of NaCl from 0.5 M to 150 mM. After lsis,
70-80% of the PBP3 remained soluble.

Step 2

The dialysed solution was applied to a 20 ml colwhRrocion Blue MX4GD (mix 1591)-Fractogel, prewsty
equilibrated against buffer/glycerol/150mM NaCl. @@atment with a linear NaCl gradient, from 150 roviL
M, PBP3 was eluted at 0.7 M NaCl (final yield 308arity 70%).

Acyl transfer activities on thioestersand penicillin (PBP analysis)

Hydrolysis and aminolysis of thioesters were perfed as described (Adam et al., 1990, 1991). For PBP
analysis, samples were incubated with 0.1 mii@]penzylpenicillin (0.54Ci/nmol ; New England Nuclear-
Dupont de Nemours) or 0.1 mNH]benzylpenicillin (5puCi/nmol; The Radiochemical Centre, Amersham,
Bucks., U.K.) for 10 min at 37 °C. SDS/PAGE, CoosiasBlue staining and fluorography of the gels were
carried out as described (Laemmli and Favre, 1313amberlain, 1979; Bartholomé-De Belder et alg&)9
Enzyme samples exhibitingjlactamase activity were incubated with| 8@ g-iodopenicillanate (a gift from Dr.
J. Kemp, Pfizer Research Centre, Sandwich, Keig,)Jor 20 min at 37 °C before labelling with radiive
penicillin.

Immunological detection of PBP3

Immunoblotting was carried out by using an anti4fmtbeane-bound PBP3) monoclonal antibody (a gift fidm
U. Schwarz, Max-Planck Institut, Tubingen, Germapwified on a Protein A-Sepharose column. Theganti
antibody complexes were detected with alkaline phatase coupled to goat anti-mouse serum (Bio-Rad
Immunoblot alkaline phosphatase assay system)astiees were prepared in the laboratory of Dr. &ntier
(University of Liége, Liége, Belgium).

Protein estimation and amino acid sequencing

The proteins were estimated as described (Loway.£1951; Bradford, 1976). Proteins were submitted
SDS/PAGE and electroblotted on Immobilon membrghgHlipore Corp.). Automated microsequencing was
performed on a 477A pulsed liquid sequenator bggiai 120A Applied Biosystems analyser (Foster @,
U.S.A).
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Table1l Production of periplasmic forms of PBP3 in E. datists harbouring various recombinant plasmids
For growth conditions, see the text. Note thatshme yields were obtained when E. coli HB101 (de@As
used as host instead of E. coli RR1 (fecA

E. coli hosts Plasmids PBP3 Yield
forms  (mg/l of culture)

D1210 (acl? PDML214 (acl®) F37-S588 0.5-1

D1210 (acl? PDML215 (acl’) F37-S588 (Granules)

RR1 PDML218 (acl?) F37-S588 <1

RR1 PDML219 (acl®) F37-S588 3

RR1 PDML232 (acl®) G57-S588 3

RR1 PDML219 (acl’) + pDML2306ecB  F37-S588 8

RR1 pDML232 (acl®) + pDML2306ecB G57-S588 8

RESULTS

Optimized production of periplasmic F37-V577 PBP3 and G57-V577 PBP3

TheE. colistrains used as hosts and the recombinant plasaidsng the modifiedtsl genes are shown in
Table 1. Growth oE. coliD1210 (acl% harbouring the low-copy-number pDML214¢l") was carried out at

37 °C in Luria-Bertani medium containing 5@ of ampicillin/ml until an absorbance (600 nm) o8 @vas
reached. The culture was supplemented with 2 migrigayl 5-D-thiogalactopyranoside (IPTG) and incubated
for another 3 h period. The cells contained a napgirox. 60 kDa PBP in the periplasm, presumalayGh
terminal processed F37-V577 PBP3. The level of petidn, 0.5-1 mg of protein/litre of culture, waspaox.
100-fold amplified compared with the membrane-boBBi#P3 ofE. coliD1210. Regulation of the synthesis was
at the transcriptional level and IPTG-dependentntdinced cultures produced only trace amounts aplaesmic
PBP3.

Growth of theE. coli harbouring the high-copy-number pDML21&d]"), pDML218 (acl?) and pDML219
(lacl®) was carried out at 30 °C in LB medium containgug of kanamycin/ml until an absorbance of 0.05
was reached, at which time the temperature watedhid 37 °C. After 2 h at this temperature, IPT&wadded
and growth continued. The cellsBf coliD1210 {acl%/pDML215 (acl’) became blistered and lysed, and
insoluble granules accumulated and were releasedhia medium, suggesting that the amount of repres
expressed by the chromosome-bdaw® was too low to maintain the production of the tratecd PBP3 at a
level compatible with cell growth. The cellsBf coliRR1/pDML218 (acl) andE. coliRRI/pDML219 (acl®)
did not produce inclusion bodies and had a nornmpimology. WithE. coliRR1/pDML218 (acl®), the amount
of periplasmic PBP3 (produced 3 h after inductiway 1 mg/l of culture or less. Addition of IPTG tgpl0 mM
had no effect. WitHE. coliRR1/pDML219 [acl®), the amount of periplasmic PBP3 was at least 34faitier (3
mg/l of culture).

Cell fractionation of thé&. coliRR1/pDML219 (acl*) showed that the periplasmic PBP3 represented Gty
of the total amount of PBP3 produced. Equivalenbambs, about 20 % each, remained cytoplasmic and
membrane-bound. Moreover, the synthesized PBP ki the form of two immunochemically related
species, presumably the unprocessed OmpA-signdidpepuncated PBP3 and the processed (i.e. psripty
truncated PBP3 (see below). Attempts to aid biogisrend export were made by increasing the SecB,
GroEL/ES or DnaK content of the host cells. Whempared with the control, i.&. coliRR1 harbouring
pDML219 (acl®) and pSW1 (see the Materials and methods secomypli harbouring pDML219lécl”) and
pDML230 (secB had a 2.6-fold increased capacity of producingptiéplasmic PBP3 (yield 8 mg/l of culture).
Moreover, the amount of the processed truncated3RiBPeased at the expense of the unprocessed OmpA-
signal-peptide-truncated PBP3 precursor (Figure Siajilar effects were not observed when the PBP3-
producing host cells contained pGroESL or pDML288aK) instead opDML230 (secB.

pDML232 (acl®) contained the G57-V577 PBP3-encoding gene (sell#terials and methods section).
pDML232 (acl®) gave results comparable with those obtained pliML219 (acl®) with regard to the level of
production of truncated PBP3 and the enhancingsfief SecB.
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Figure3 Low-resolution (7 cm; a and b) and high-resolut{@ cm; ¢ and d) SDS/PAGE of the truncated
PBP3s

Detection was as indicated. (a) Total extractg.afoli cells overproducing F37-V577 PBP3 in the presémfer absence (-) of increased
amounts of SecB. Samples were collected afterfichlture at 37 °C without induction (1) and aféeh of IPTG (2 mM) induction (3).

They were suspended in dissolving buffer and boilée volumes of the analysed samples were adjsstéitht each sample corresponded
to 25ul of a culture at an absorbance of 1.0. P, paytjallrified periplasmic F37-V577 PBP3 (541 amindaesidues; 0.5 pmol) used as
standard of reference. (b) Periplasmic F37-V577 38fer step 1 (1Qg of total protein; 33 pmol of PBP3) and step 21§2of total

protein; 23 pmol of PBP3) of purification. (c) Anésprepared periplasmic fractions of F37-V577 PBIR8 G57-V577 PBP3 produced in E.
coli T61, SF100 (OmpT protease-deficient) and SHbd&alloprotease-deficient) respectively. (d) Rhgprepared membrane (M) and
periplasmic (P) fractions of G57-V577 PBP3 produitefl coli JE7928{rc”) and JE7929p(c) respectively. In (c) and (d), the cells were
grown at 37 °C in Luria-Bertani medium to an absode of 0.5. IPTG (1 mM) was added and the cuttarginued for 50 min. All the
analysed samples corresponded to 15 pl of culatras absorbance of 0.5. For an explanation o{Z})and (3), see the text.

Total extract Periplasm (P)
Coomassie
Immunoblotting staining Fluorography
(a) L2 (b)
T 50— - e
37 .
& ————
SecB SecB P
- + - +
Hrs 1 1 3 3 m
Steps 1 2 1 2
Periplasm (P)
Immunoblotting M P M d
F37-V577 G57-V577 Fluorography
Residue ,
() no £ (d)
53— (1) “ ——

. 52—  (2) |
O - <521—> i

TG1 SF100 SF103 TG1 SF100 SF103

prc prc”

Properties of periplasmic F37-V577 PBP3 and G57-V577 PBP3

The periplasmic PBP3s were patrtially purified asalided in the Materials and methods section. Tdand
penicillin in a 1:1 molar ratio as determined bycrodensity measurements of fluorograms and Coom&dse-
stained gels (Bartholomé-De Belder et al., 1988)1lis basis, the periplasmic PBP3s were 70 % fAurey
required the presence of at least 150 mM NaClrware soluble. They were stored in 250 mM NacCl.

The truncated PBP3s showed the same thermostadslitiye membrane-bound enzyme (Bartholomé-De Belder
et al., 1988).

They reacted with benzylpenicillin with a secondarrate constant of penicilloylation of 4000"¢" at 37 °C,
and catalysed hydrolysis and aminolysis (with Daada as acceptor) of thioesters such g8;€CONH-CHCH;-
CO-S-CH-COO(Adam et al., 1991). In the absence of D-alaniydydlysis of the thioester (reaction product
CsHs-CONH-CHCH;-COO) proceeded with B.../Kn, value of 80 M-s™. In the presence of 5 mM D-alanine,
the rate of aminolysis (reaction produgHs-CONH-CHCH;-CONH(D-Ala)-COOQO) was five times that of
hydrolysis. On filtration on Superdex 200 (Pharraaan 10 mM Tris/HCI, pH 8.0, containing 10% glyokeand
0.5 M NaCl, the truncated PBPs each behaved amjke $0 kDa protein. However, SDS/PAGE revealed the
presence of small amounts of a 37 kDa radioactBfe fFigure 3b). As derived from amino acid sequeggi
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this low-molecular-mass PBP was a degradation mtoefuPBP3 resulting from cleavage of the R210-K211
peptide bond.

High-resolution (25 cm) SDS/PAGE of freshly premhperiplasmic fractions of the F37-V577 PBP3 resdal
the presence of three forms of PBP3 (Figure 3cjo@atography of the periplasmic fraction on thecsat
exchanger Mono S in 150 mM cacodylate, pH 6.5,aairtg 10% glycerol and 150 mM NaCl and elutionhwit
increasing NaCl concentrations yielded two fradidBoth fractions bound penicillin and catalysed &@nsfer
reactions from thioester substrates. Fractiorukeel at 470 mM NacCl, contained at least three farfihe
approx. 60 kDa PBP, two of which had 148 and D5MN-#srminal amino acid residues. Fraction I, etué

540 mM NacCl, contained a single PBP with D58 asNkerminal amino acid residue. The presumed pipsen
still occurred inE. colistrains deficient in OmpT protease and metalloasedll (Figure 3c). Freshly prepared
periplasmic fractions of the G57-V577 PBP3 contdioaly a single PBP (Figure 3c). After purificatjon
however, the PBP also had several Gly-57, Arg-G8;64 and X(?) ragged N-termini (not shown).

Maturation of the truncated PBP3s involved remmfahe C-terminal 11 amino acid residues. As shown
Figure 3(d), experiments with freshly prepared memb and periplasmic fractions Bf coli pr¢” andE. coli

prc harbouring pDML23216cl?) led to the conclusion that the fused OmpA signatide G57-S588 PBP3
(preproprotein 1 ; 553 amino acid residues) waserein the membranes of bd&hcoli pr¢” andprc ; the
OmpA-signal-peptide-free G57-S588 PBP3 (proproeif32 amino acid residues) accumulated in the
periplasm ofE. coli prc; and the OmpA-signal-peptide-free G57-V577 PBP3 @neaprotein 3; 521 amino acid
residues) accumulated in the periplasr&otoli prc'.

DISCUSSION

The secretion vectors described above allow thecated F37-V577 PBP3 and G57-V577 PBP3 to be exghort
in the periplasm of. coli. F37 occurs near the end of the hydrophobic segh@@40 seven amino acid
residues downstream from C30, the putative sitgomf modification of the membrane-bound PBP3. G&7
located at the amino end of the proposed N-ternm@dule of the protein (Englebert et al., 1993).aAs
consequence of the removal of the membrane anttteotruncated PBPs have ragged N-termini. The G574/
PBP3, however, is less susceptible to proteolyggradation than the F37-V577 PBP3.

The truncated PBPs catalyse concomitant hydroirsisaminolysis of thioester carbonyl donors andl bin
penicillin in a 1:1 ratio. The value of the secardier rate constant of penicilloylation (4000™!* at 37 °C) is
about 10-fold larger than that observed with thentmane-bound PBP3 (300M™). This difference may be
due to variations in the enzyme environment (a@lledope versus aqueous medium) and to the facbthding

to membranes is a competition between all the RB&sent. A small number of copies of the trunc&Bés
undergo proteolysis by cleavage of the R210-K2dtige bond (as observed with the membrane-boundB3RBP
On chromatography under non-denaturing condititirestwo fragments remain associated with each @her
behave like the uncleaved protein, suggestingxistamce of a nick between the N-terminal modulstigam
from R210 and the C-terminal module downstream fkat1.

SecB facilitates biogenesis and export of the @ted PBPs in agreement with a previous report sigpttiat
SecA and SecY are probably involved in the synthesthe membrane-bound PBP3 (Gomez et al., 1993).
contrast, increased concentrations of the chapsmnaK (Kumamoto and Beckwith, 1985) and GroEL/ES
(Goloubinoff et al., 1989) have no effects, altho@yoEL/ES facilitateg-lactamase export (Kusakawa et al.,
1989 ; Kumamoto, 1991). Using the secretion veftost cells described above, regulation of thetmsis of
the truncated PBPs is at the transcriptional lawel IPTG-dependent. Unexpectedly, howekegoli
RR1/pDML219 (acl*)/pDML230 (secB andE. coliRR1/pDML232 [acl*)/pDML230 (secB produce the
truncated PBPs in the periplasm without IPTG iniurctvhen grown in kanamycin-containing 'terrifiotr'
(Tartof and Hobbs, 1987) (results not shown). TB®$appear at the beginning of the stationary paade
after 10 h of culture, they accumulate to aboutitfll of culture. The underlying mechanism is nodenstood.
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