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The pLF1311 natural plasmid frorhactobacillus fermentunmi311l was used to construct a
single-replicon vector suitable for rapid cloning in a wide range of gram-positive hostssamk-
richia coli. The new vector is capable of conjugative mobilization frBmcoli to various hosts by
conjugal transfer. The final vector (3.4 kb) showed a high segregational and structural stability and
a high copy number. Glutamyl endopeptidase genes fBawillus licheniformis(gseBL) and B.
intermedius(gseBl) were cloned in both pLF9 and pLF14 vectors and introducel. tsubtilis. The
yield of enzymes in the pLF-derived producers was 6- to 30-fold more than in the natural producers
and reached 100—-150 mg/L of mature proteas®2000 Academic Press
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1. INTRODUCTION dases. Other glutamyl endopeptidases are n

] ) broadly applied regardless of their higher sub

Bacterial glutamyl endopeptidases represegfrate specificity perhaps due to the poor yield

a recently discovered group of enzymes disst these enzymes which never exceed 30 mg/
tantly related to animal chymotrypsin. Theirin the natural producers (Kakud al., 1992b).

g(tanes Iwere de\s{crik;ﬁ? for fevlerzlilggzengra mﬁ goal of the present work was to improve the
aphylococcugyoshikawaet al., ), Ba- production of glutamyl endopeptidase fraen

'(I:'I::errhoigzﬁ?r:wniceeisl(feat:rti)l?ss (:c ZII" ngg licheniformisand B. intermediusby increasing
Y N " the dosage of cloned genesBn subtilison the
Mycoplasma(Fraseret al., 1995), andHae- basis of a high copy number plasmid
mophilus(Fleischmanret al., 1995). Neverthe- A number of plasmid vectors have.been on
less, the biclogical role of glutamyl endopepti’ ineered for ex:))ression in gram-positive host

dases is still unclear. In contrast with digestiv h i< of wi ll-ch
extracellular proteases Bacillus, glutamylen- on the b.a5|s 0 W|despread and well-c araptm
d rolling-cycle replicons (RCR)of bacilli

dopeptidases are characterized with a low elZe oy X .
pression independent of sporulation. Glutamy#"d cocci (Alikhanianet al., 1981; Gryczan,

endopeptidases are acknowledged as a tool fbf82; Radford and Hodgson, 1991; del Saar

peptide mapping and other uses (Barbesal., al-» 1993). In contrast to most known replicons
1996). V8 proteinase oB. aureusYoshikawa from gram-negative bacteria, RCR are sensitiv
et al., 1992) is the most known commerciallyto insertions and revealed structural instability
available representative of glutamyl endopeptincreasing proportionally to the size of the con-
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1, Moscow 113545, Russia. Fax: 7 (095) 315 05 01. E-maibmide gel electorphoresis; RCR, rolling cycle replicon;
shevel_a@hotmail.com. Z-Glu-pNA, carbobenzoxy-glutamylparanitroanilide.
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struct (Ballestert al., 1989). This observation cheniformis;B-6839 is a natural isolate (Tra-
encouraged works directed toward developinghuk et al., 1996); B. subtilis AJ73: amyE4,
bacillar vectors of greater capacity on the basispr512, apr73 was kindly supplied by Dr. J.
of naturally large 6-replicons: pAM31 from Jomantas.
StreptococcufBruandet al.,1993; Rabinovitch ~ Plasmids. pUK21 plasmid was generously
et al., 1985) andcry-gene containing plasmids supplied by Dr. J. Messing (Vieira and Messing
from B. thuringiensis (Baum et al., 1990). 1991). E. colibacilli shuttle vector with Em
These vectors demonstrated a good segregati@sistance pCB22 (Sorokiat al., 1986) was
stability and a practically unlimited capacity toprovided by Dr. S. Kostrov. pLF31311 and its
admit foreign DNA (Ceglowskiet al., 1993). derivative pLFmob76 were described previ-
But 0-replicons failed to provide the desirableously (Livshits et al., 1989). Sequences of
multiplication of expressed genes (Bruaetl GseBl (Kakudoet al., 1992a) and GseBl gene
al., 1993). There are several reports about veend source constructs with it (Rebriket al.,
tors combining high copy number with high1999) were published previously.
stability, but this feature was strictly allocated
to the natural host of the replicon (Gamel an@.2. Primers for Site-Directed Mutagenesis
Piot, 1992; Wang and Lee, 1997). of pLF

We intended to develop a simple and univer- ) ) )
sal cloning system designed for fast generation Primers fo'r site-directed mutagenesis of PLF
of a large series of recombinants, e.g., for sitéf the following structure were used.
directed mutagenesis experiments. We tried tpo

_ : ) imer CK TGA TTG GAC AGT ACC TCG T
combine the advantages of a high copy number ; .. =5 CCC TTA AAG CCT AGC AAT TTG G
of RCR with a high stability. o

A pLF1311 natural plasmid frorhactobacil- ~ PCR amplification of thegseBL gene was

lus fermentuni311 revealed a useful feature tP€rformed by primers of the following struc-
be supported in both gram-positive and granf{'e

negative hosts (Livshitet al., 1989)_. The se- primer gap H TTC COG TGC GGG TG GGG

quence of pLF1311 was not published previ; ;... ;.1 cce car cor Tca AAT TTC AcC AT
ously and there were no data about its use for

expression of any genes. Hefeby th? m|n|ma5_3_ Transformation of B. subtilis and E. coli
size version of pLF replicon with a univerdal

coli-Bacillusdeterminant of Cm resistance was The cells ofE. coli were transformed follow-
constructed. Expression of tlysegene encod- ing a standard Ca-mediated procedure (San
ing for glutamyl endopeptidase froB licheni- brook et al., 1989). The transformants were
formis(GseBL) and. intermediugGseBl) was selected and further maintained at LB mediun
performed on pLF-based vectors. The expresupplemented with 30 mg/L Cm or 100 mg/L
sion of gse genes was simultaneously perampicillin. The cells ofB. subtiliswere trans-
formed at the pCEE. coli’bacillar shuttle vector formed using a modified Spizeisen protocol
on the basis of pSM19035 equipped with eithefCanosiet al., 1978) and selected on Lennox
the Em or the Cm resistance marker. Segregagar (Difco) supplemented with 10 mg/L Cm
tional stability, yield of the recombinant pro-or Em.

tein, and its dependence on antibiotic selection Assembling of pLF- and pCB-based plasmids

were assessed. with gseBL gene was performed iB. coli TG1
and then they were introduced B subtilisby
2. MATERIALS AND METHODS either conjugative mobilization or transforma-

tion. Assembling ofgseBl-containing plasmids
was carried out directly irB. subtilis AJ73

The following strains were use#: coli: TG1 under selection of the clones on antibiotic/skin
(Sambrooket al., 1989), C600 (RP4)hi-1, milk agar plates by formation of a halo as de-
thr-1, leuB6, lacY1, ton21, hsdM, hsdR; B. liscribed previously (Rebrikoet al., 1999).

2.1. Strains and Plasmids Used
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TABLE 1 aniline for 1 min. Subtilisin activity was as-
Measurement of the Copy Number in pLF Derivatives S€SSed toward synthetic Z-Ala-Ala-Leu-pNA as
described by Gololoboet al. (1991).

puC19 pLF9 pLF14 pCB20

E. coli 4501200 180/80  240/105  330/145 2.7. Punﬂcgﬂon of the Mature Glutamyl
B. subtilis ~ — 120/32  154/41 15/4 Endopeptidases

Note. The yield of plasmid £g/100-ml culture) and cal- The C_e”S W_ere displaced from CUI_turaI liquid
culated copy number per cell are shown in each well (yield?Y Centrifugation and the total protein was pre
copy number). cipitated with isopropanol at a final concentra-

tion of 70%. The pellet was solubilized in a
minimal volume of 0.05 M Tris—HCI, pH 8.0,
2.4. Measurement of Plasmid Copy Number containing 1 mM CaGl dialyzed against the

The copy number of pLF and other plasmid§ame buffer and applied to a 20-ml bacitracin-

was estimated on the basis of their yield relative€Pharose column. The column was washe
to control plasmid pUC19 if. coli (Sambrook with the application buffer. Elution of Gse was

et al., 1989) and pCB20 ifB. subtilis(Sorokin carried out by the same buffer supplemente

et al, 1986). These experiments were perith 1 M NaCl.

formed with both hosts on the basis of large-

scale plasmid purification in a CsCl gradient as 3. RESULTS
described previously (Sambroak al., 1989).

) _ 3.1. Construction of pLF9 Expression Vector
The yield (wg) from 100 ml of culture is shown

in Table 1. Plasmid pLFmob76 (Fig. 1) was used as «
source of replicon for the present work (Livshits
2.5. Cultivation of B. subtilis Strains et al., 1989). It contains the replication origins

) _ _ (ori+ and ori—?), genesrepA and repB (in-
Both natural and recombinant bacillar Stra'n%lved in replication and its control), the

were cultivated on LB Lennox agarized or qu'pCl94eatgene (Ballesteet al., 1990), and the

uid medium (Difco) when used for transforma-oriT mobilization origin of plasmid RP4 (Si-

tion, storage, and plasmid. Fermentation for'hon 1984). TherepA and repB genes were

g_eneraporr]] Off ﬁ;se_ was perfor_njned. 'nODPS_m%Fanscribed from the same promoter located ug
lum of the following composition: 2% MaiZe gyoam ofrepA. Between theori— region and

meal, 3% dry yeast BVK (Factory of EnzymaliCy it there was a nonfunctional fragment of the

Preparations, Vyshny Volochek, Russia), 0.3%,, gene derived from Tn903 containing the
CaCQ, pH 7.4. promoter, the translation initiation site, and 12

. triplets of the coding region (Vieira and Mess-
2.6. Measurement of Protease Activity ing, 1991).

Gse activity was measured toward a synthetic A residual fragment of thekan gene was
chromogenous substrate Z-Glu-pNA dissolvetised to create a cloning-expression unit ir
in a concentration of 0.5 mg/ml in 0.05 MpPLFmMob76. To this end we inserted a strong
Tris—HCI, pH 8.2, supplemented with 1 mMsporulation-dependent BT1-BT2-type promote
CaCl. The enzyme in 10-10Ql was placed of crylAag-endotoxin gene frorB. thuringien-
into 1 ml of the final volume of the reaction Sissspkurstakito the uniquePst of pLFmob76.
mixture and the reaction was performed foffhe promoter is included within a 220-bsil—
30-250 min at 37°C and stopped by the addNsil fragment from pOK2 plasmid (Osterman
tion of 500l of 1 M Na-citrate buffer contain- al., 1989) containing the full-lengtterylAa
ing 20% dimethylformamide, pH 3.0. Measuregene (Brown and Whiteley, 1988). The BT pro-
ment was perfomed at the wavelength of 410
nm. One unit of activity was calculated as the :qri+ designation is applied to the double-strand repli
amount of enzyme producing 1 mmol of nitro-cation origin and or- means a single-strand origin in RCR.
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FIG. 1. Scheme of the generation of pLF family vectors. See detailed description in the text.

moter had the same orientation as the promoter The fragment of pUK21 polylinker (Vieira
of thekangene. The resulting plasmid with theand Messing, 1991) flanked witBglll and
double promoter was named pLF8. BanH]I sites was inserted to the uniqianHl|
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SD kan Clal NsiISphIPstISall
CAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGARAACGTCTTGCTCGACGGATCTATCGATGCATGCCTGCAGGT
M § HI Q R ETT S C S T DL S M H A C R

Xbal BamHI SmaIKpnI Sacl EcoRI forward pUC/M13primer lacZ a-peptide
CGACTCTAGAGGATCCCCGGGTACCGAGCTCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGARARACCCTGGC
s T L E b P RV P S S N S L AV V L Q R R DWENUP G

669 679 689 699 709 719 729 739
GTTACCCAACTTAATCGCCTTGCAGCACATCCCCCCTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCC
vV T Q L N R L ABAHUPUPVF¥ A S WRNSEEWA AT RTTDR P

FIG. 2. Cloning/expression unit in pLF14. Translation initiation site derived from khe gene (SD,
Shine-Delgarno sequence, and ATG start codon are in bold and underlined), hybrié&Rielflinkerdacz),
multiple cloning site, and the pUC/M13 17-bp standard primer annealing site are depicted.

site of pLF8. It contained 13 restriction sites; Soth BT andkan promoters, the translation ini-
of them (Nsil, Pst, EcoRl, Mlul, and BanHI) tiation point of kan, partially modified
were single. This plasmid was named pLF9. polylinker pUC119, andacZ.

The structure of pLF9 allowed expression
(under the control of thkanor BT promoter) of 3.3. Construction of pLF14
the inserted DNA in a translational fusion with Cloning—Expression Vector
the kanamycin phosphotransferase due to the : :
absence ofystop F(ZOdoas between SD-ATG of the The unique sitead, Bglll, Kpnl, and Clal

kan gene and the sites of the polylinker. Ney '€ located in pLFmMob76 in the coding region of

ertheless the application of pLF9 for clonin fhe repB gene. PCR mutagenesis was used

was complicated by the duplication of thgmodlfy the sequence of the sites. Two oligonu

. : cleotides (CK and BS), overlapping the sites
polylinker sitesSmad, Sal, Ncd, Sad, Kpnl, .
Clal, Hindlll, and SpH in the plasmid. The Sad, Bgll, Kpnl, and Clal, were used to am

choice of sites available was limited,; besidegIIfy afragmept of theepBgene. The changes
. ) n the nucleotide sequence did not lead to an
there were some nonessential regions which . : : .
. o amino acid change in the encoded protein. Th
could be deleted to increase the replicative ca- . : )
. : source plasmid was cut with the restrictase
pacity. Thus we undertook further manipula- :
. : . Clal and Ecl136.1I and treated with mung bean
tions to displace these disadvantages. o
nuclease. Then the amplified fragment wa
cloned instead of the removed fragment. Afte
ligation and transformation, clones without
Sad, Clal, Bglll, and Kpnl were selected. The
resulting plasmid was designated pLF10.

The elements of pLF9 contained the BT- After PCR mutagenesis we subsequently cal
promoter, thekanpromoter, thekantranslation ried outHaell deletion of pLF10 and filling in
initiation point, and the polylinker pUK21 (Fig. of the Hindlll site between theepA and repB
1). We isolated these elements from pLF9 in thgenes. An 800-bp fragment removed with the
SphH-SpH fragment and cloned them into theHael deletion contained a nonessential part o
SpH site of pUC119. The translational fusion oforiT, the rest of the&kan gene, andri—. Dele-
thekangene withlacZ restored activity of3-ga- tion of the last fragment presumably would not
lactosidase in cells containing the recombinaninpair stability of the replication iB. subtilis
pCS9 plasmid. We used this construct as lecause of the high specificity of erito the
source of the expression-cloning unit for thénomologous species only (Meijet al., 1995;
final variant of pLF. The unit was isolated fromWang and Lee, 1997), whereas the natral host ¢
pCS9 in theHpa—-Ehd fragment.Hpal is lo- pLF1311 wad.. fermentum.
cated 40 bp upstream of the BT promoter and The Hpal-Ehd fragment from pCS9 was in-
the Ehd site (Narl) limited the lacZ coding serted into the unigu&ma site of pLF12, re-

region of pUC119 at the '&end. It contained sulting in construct pLF14 (Fig. 2). As pre-

3.2. Construction of a Universal Expression-
Cloning Unit for E. coli—bacilli Shuttle
Vectors
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dicted, E. coli TG1 (pLF14) formed blue tilis andB. licheniformis.Overnight cultures of
colonies on X-gal/IPTG-containing medium. ItsE. coli TG1 harboring pLFgap9 and pLFgap14
nucleotide sequence of 3471 bp was depositednstructs (19 cells), E. coli C600 harboring
in the EMBL Gene Bank under AccessionRP4 natural plasmid (fQcells), andB. subtilis
Number X85430. AJ73 or B. licheniformis B-6839 (10 cells)
were mixed and inoculated onto M9 minimal
3.4. Cloning of gseBL-gene in pCB22, pLF9, salt agar plates containing 0.04% glucose witl
and pLF14 Shuttle Vectors no antibiotic and were incubated overnight a
A natural isolate oB. licheniformisB-6839 30°C- Then bacteria were washed from the plat

was previously shown to produce chitinaseWith fresh LB broth and inoculated to select_ive
(Trachuket al., 1996). Glutamyl endopeptidaseP!ates with 10 mg/L of Cm and polymyxin.
activity was found in its growth medium by Transconjugative colonies appeared after 40
hydrolysis of the specific synthetic substrat@f growth at 37°C. The effectivity reacr;ed 10
Z-Glu-pNA. The determined N-terminal amino€olonies per donor cell and 16-107" per
acid sequence of the discovered enzyme wégcipient cell when tested on both pLFgar
similar to one described earlier (Svendsen arfgPnstructs.
Breddam, 1992; Nienabet al.,1993). We used The presence of the plasmid constructs in th
the pub“shed DNA sequence to order O|igonuce||3 was tested by PCR amplification with the
cleotide primers specific togseBL gene Primer pairs annealing to thgseBL gene and by
(Kakudoet al., 1992a). The primers were useddurification of plasmid DNA.
for PCR amplification of the gene directly from The frequency of pLFgap9 and pLFgapl4
the genome oB. licheniformis(see Materials l0ss was tested after 100 generations (10 days
and Methods). The primers were chosen in rubsequent passages in liquid LB medium with
spect to covering a complete coding and produt antibiotic; the culture was inoculated by
moter region ofyseBL. The amplified fragment 1/1000 of the final volume of 3 ml twice a day).
(1100 bp) was digested withifel and BanHl  One colony of 960 tested turned out to be Cn
and cloned intoEcoRI/BanHI sites of vector sensitive when assessed with pLFgapl4. N
pUK21. The inserted DNA in the resulting plasHoss of resistance was observed in the sar
mid pGAP1 was completely sequenced anexperiment with pLFgap9. Thus instability of
found to be identical with the reported sequenceLF derivatives did not exceeded TOper
(Kakudoet al., 1992a). generation. Instability tests orB. subtilis
The Nsi—-BanH| fragment from pGAP1 was (pCBgapl) demonstrated a % 10° loss of
transferred toPst—BanH| sites of the poly- plasmid per generation.
linker pLF9. pLF9-derived plasmids with the
clonedgseBL gene were designated pLFgap9
The SpH-BanHI fragment from pGAP1 was
cloned into the same sites of pLF14. The re-
combinant clone was named pLFgapl4. The a gingle colony of B. subtilis harboring
Bglll-BanHlI _fragment of pGAP1 was cloned pLFgap9 or pLFgap14 or plasmidieBs licheni-
to the Bglll site of the pCB22 vector and the {5 86839 was inoculated to 3 ml LB agar
resulting plasmid, pCB22-gapl, was tranSgjant containing 10 mg/L Cm and cultivated for
formed to theB. subtilisAJ73 protease-deficient ,, _ 4o 1 4t 37°CB. subtilis AJ73 (pCBgapl)
strain. was cultivated under the same conditions in th
presence of 10 mg/L Em. The cells were
washed from the agar slant with liquid LB me-
dium and used to inoculate 1-3 flasks with 7t
ml of LB medium (either with no antibiotic or
Triparental matings were used to transfer thEm) and cultivated for 48 h at 37°C with a
recombinant constructs frof. coli to B. sub- vigorous agitation. Aliquots of the cultural lig-

3.6. Assay of Production of gseBL-Containing
Clones

3.5. Conjugative Mobilization of pLF
Derivatives into B. subtilis Cells
and Stability Tests
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TABLE 2 zyme was estimated by SDS-PAGE (Fig. 3
Production of Secreted GseBL by the Natural StraiBof and the concentration measur_ed Dys,- The
licheniformisB-6839 and Recombinant Strains Bf total amount of pure enzyme yielded from 80C
subtilis AJ73 Transformed by Recombinant pLF- and ml was 120 mg. We estimate the protein pro
pCB22-Based Constructs in the Presence and Absenceduction to be no less than 150 mg/L of cultural
of either Cm or Em in Medium liquid in both strains constructed.

Strain 24 h 48 h
— 3.8. Cloning and Expression of the Glutamyl
ijyghé’lg;;;?'gﬁg g'ggg 8'83(1) Endopeptidase Gene of B. intermedius
AJ73 (pLFgap9): Cm 0.150 0170 (GseBl) in pLF and pCB22 Vector
ﬁ”?’ (PLFgap14), Cri 0.000 0.001 " ~oning and sequencing of thgseBI gene in
J73 (pLFgap14), Cm 0.200 0.210 " i
AJ73 (pCB-gapl), Em 0.003 0.003 the composition of p58.21 plasmid based on th
AJ73 (pCB-gapl), Em 0.003 0.003 pCB22-type replicon with resistance to Cm was

described previously (Rebrikoet al., 1999). A
Note. Activity toward Z-Glu-pNA is given in U/ml of Psi—EcoRl fragment of p58.21 was cloned in
cultural medium. o . the pLF14 vector and introduced to the BG203
Data presented were obtained in a single experiment, ~ . f bili .
The GseBL productivity of the natural strain may vary inStrain O B. subtl 'Sj Fermematlo_n was per-
the range of 0.006—0.035 U/ml. formed in DPS medium with or without Cm at
a concentration of 10 mg/L at 30°C. Results o

) ) fermentation are shown in Table 3. A 1.5-fold
uid were picked up after 24 and 48 h of growth,

and specific proteinase activity was measured.
Production of the Gse was quantified toward
Z-Glu-pNA synthetic substrate. Results of the
tests are shown in Table 2. They show essen-
tially better yield of GseBL in strains on the
basis of pLF in comparison with pCB22-based
strains and the natural producer. A complete
repression of GseBL synthesis was observed in
both pLFgap9 and pLFgapl14 producers in the
presence of Cm in medium, whereas there was
no difference in production of the enzyme by
the pCB-based strain in the presence and in the

absence of Em. e —

3.7. Preparative Purification of GseBL from
pLFgap9 and pLFgap14 Cultures

B. subtilis AJ73 (pLFgap 9) and AJ73
(pLFgap14) inoculum were generated by 24-h
growth of the cultures on LB slant agar contain-
ing 10 mg/L Cm. The cells were washed and put FIG. 3. Electrophoretic assay of the purity of GseBL and

. . . ... GseBl preparations obtained from recombinant strairi. of
into flasks containing 75 ml DPS medium with- prep

e ) subtilis based on pLF vectors. SDS—-PAGE was performe
out ant'bmt'C-_Fermentat_mn_ was performed an a denaturing 12.5% gel. The slab is stained with Coo
37°C under vigorous agitation for 32 h. Cellanassie R250. The following samples were loaded into th
were removed by centrifugation and glutamy$|0tsi 1. Positive control—GseBL purified from wild-type
endopeptidase activity was measured. It reach&'icheniformisB-6839, 10ug; 2. Molecular mass stan-

. ard—14, 22, 31, 40, 43, 55, 66, and 97 kDa; 3. GseB
280 U/L. The clear cultural medium was use urified from cultural liquid of AJ73(pLFbip14), 2@.g;

for further protein purification as described unz, GsebL purified from cultural liquid of AJ73(pLFgap14),
der Materials and Methods. Purity of the enis ug.

—
il
—

(T
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TABLE 3 formed. The efficiency and recovery of conju-

Kinetics of Accumulation of Secreted GseBl in  dative mobilization are high. The use of three

Recombinant Strains d&. subtilisBG2036 Transformed Strain mating allows us to resolve the problen

by Recombinant pLF- and pCB22-Based Constructs of interference between pLF and RP4 helpe

in the Presence and Absence of Cm in Medium  5a5mjds and to avoid the donor strain construc
tion step.

A noteworthy but not quite clear phenome-
pLFbip2, Cm+  0.000  0.000  0.000  0.002 non found on the model ajsegene expression
pLFbip2, Cm-  0.005  0.010  0.040  0.060 jn hoth the pLF and the pCB vector is its sen-
p58.21, C- 0.000 0000 0.000 0000 gitjyjity to the presence of Cm but not Em. This
p58.21, Cm- 0.002  0.004  0.020  0.040 .

phenomenon does not depend on the replicc

Note. Activity toward Z-Glu-pNA is given in U/ml of tyP€ used and may be restricted ggegenes
cultural medium. only. This effect could essentially decrease thi

yield of Gse when pSM19035 derivatives are

used in combination with Cm resistance due t
increase of the yield was observed with théapid loss of the plasmid under no selection
pLF-based replicon in comparison with theSince the pLF vector is quite stable in the ab
pCB-type. The recombinant strain Bf subtilis sence of antibiotic selection, it seems to be
on the basis of pLF14 rendered 6-fold mor¢referable over other types of vectors fgse
yield than natural producers of GseBl (Leshgene expression in combination with the Crr
chinskayaet al., 1997). The performed experi- resistance determinant.

18 h 30 h 48 h 52 h

ment shows complete repression gieBl ex- The vyield of glutamyl endopeptidases

pression in the presence of Cm regardless é#ached in the present work is better than he

replicon type. been reported earlier for this group of enzyme
(Kakudoet al., 1992a,b; Nienabegt al., 1993)

4. DISCUSSION and shows a certain advantage to the cloning

expression system used.
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