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Fig. 1. Dendrograms showing the relationships of L2 and AmpR proteins of S. maltophilia KH to
the related B-lactamases and AmpR proteins. The dendrogram is constructed by using the amino
acid sequences from the assayed proteins. The bootstrap numbers at the branch points refer to 1000
replications. The species with a class A B-lactamase are underlined and the other are the type of
AmpC B-lactamases. (A) Dendrogram of chromosomally encoded class C and class A -lactamases.
The number in each bracket denotes the identity between the indicated B-lactamase and L2 of S.
maltophilia KH. (B) Dendrogram of chromosomally encoded AmpR proteins. The number in each
bracket denotes the identity between the indicated AmpR and AmpR of S. maltophilia KH.



- N8~ TTAGAAMAMCTTA -N12- BATTTAMOGTTTGTCAMCAO[TGCASTCAMCACACT  -M55-  ate
NI TTAGAAAANTTAA -N12- BATTTANOCGTTTGTCAGOCACRGTCAATOCAACAGACT  -Ns6-  atg
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Fig. 2. Alignment of the ampR-f-lactamase 1Gs with that of S. maltophilia KH. The start codon and
promoters (-10 and -35 regions) for ampR genes are boxed, and those for L2 genes are shaded. The
putative LysR binding motif for AmpR binding is underlined. The strains marked with asterisks
indicate the type of ampR-class A [-lactamase module and the other strains are the type of

ampR-ampC system.
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Table 1. The B-lactamase activity and C230 activity of E. coli and S. maltophilia harboring

different recombinant plasmids

Genotype B-lactamase activity (Un"/mg) C230 activity (L'rh/mg)
Strain(plasmid) Strain/plasmid Uninduced Induced Uninduced Induced
E. coli
DHSo(pKHR174L2) Wild type / ampR", L2 0 0 - -
DHS5o(pKHR174L2g) Wild type / ampR", L2::xylE - - 0 0
S. maltophilia
KH(pKHR174L2,yf) Wild type / ampR", L2::xplE - - 2 52
| KHAL2 ampR,LI", LY 2 136 - -
KHARL2 ampR’ LI L> 0 0 - -
KHAR ampR,L1",L2" 12 12 - -
KHAL1 ampR*, LT, L2" 4 382 - -
KH(pKHR,;z174L2) Wild type / ampR::xyIE, L2" - - 4.1 4.0
KHARL2(pKHRﬂ£174L2) ampR, LI", L2/ ampR::xylE, [ 2" - - 4.0 4.2

#rr4, AmpR ¥ LI B-lactamase & F|& ATt d: 2 H G &

AmpR ¥ L1 A Feh& 5L T34 o

il

(C) AmpR # L2 B-lactamase # F]& o7 iFed ¢
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inducer R T

Table 1. The B-lactamase activity and C230 activity of E. coli and S. maltophilia harboring

different recombinant plasmids

Genotype B-lactamase activity (Un"/mg) C230 activity (L'r"/mg)
Strain(plasmid) Strain/plasmid Uninduced Induced Uninduced Induced
E. coli
DH5o(pKHR174L2) Wild type / ampR", L2 0 0 - -
DHSo(pKHR174L2yg) Wild type / ampR™, L2::xylE - - 0 0
8. maltophilia
KH(pKHR174L2 ) Wild type / ampR", L2::xylE - - 2 52
KHAL2 ampR ,LI", L2 2 136 - -
KHARL2 ampR,LI", L2 0 0 - -
KHAR ampR,L1", L2" 12 12 - -
KHAL1 ampR*, L1, L2 4 382 - -
KH(pKHR,r174L2) Wild type / ampR::xyIE, L2* - - 4.1 4.0
KHARLZ(pKHRﬂLIMLZ) ampR, L1", L2/ ampR::xyIE, L2* - - 4.0 4.2

=

/45 KHAL2 2 KHARL2 %3 inducer %2 & inducer {i-2)7 #7# 7 B-lactamase 7



#712, AmpR ¥+ L2 B-lactamase z8 F|& T4 i@k ¢ ¢ 7 % & inducer R
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Ty

(D) AmpR autoregulation 3z
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ek Ieh C230 Edz v at (- )

Table 1. The B-lactamase activity and C230 activity of E. coli and S. maltophilia harboring
different recombinant plasmids

Genotype B-lactamase activity (Un"/mg) C230 activity (L'cb/lng)
Strain(plasmid) Strain/plasmid Uninduced Induced Uninduced Induced
E. coli
DHS5c(pKHR174L2) Wild type / ampR", L2* 0 0 - -
DHSc(pKHR174L2yr) Wild type / ampR", L2::xyiE - - 0 0
S. maltophilia
KH(pKHR174L2,£) Wild type / ampR®, L2::xylE - - 2 52
KHAL?2 ampR™, L1, LY 2 136 - -
KHARL2 ampR ,LI", L2 0 0 - -
KHAR ampR, LI",L2" 12 12 - -
KHAL1 “"LLF L1 I_Z* 4 382 -
I&H(pKHRMu—_U-'lLZ) Wild h pe / ampR \}IE L2 - - 4.1 4.0
- - - 4.0 20

#r3, AmpR 23 autoregulation IR % o
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The role of AmpR in regulation of L1 and L2 [-lactamases
in Stenotrophomonas maltophilia

Cheng-Wen Lin ®, ¥i-Wei Huang *, Rouh-Mei Hu ®, Kai-Hung Chiang *, Tsuey-Ching Yang **
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Alstract

Sernodrophomona s maBophifaa 15 mown o rodoce at least two chromosomal medided mduchle Blaciamases, L] and 1.2, Gene L2, which
encodes a class A felactumase, and the adjacent ampR gene form an ampRe-class A flacthmase module. L1 belongs 1o the class B f-lcoiamase
and has mo neighbar ampR-like regulbiory gene. In this siudy, te ampR-L2 module fram 8 malophiba K was compared with ampR
lactamase madules from severa] microorgamsms with respect fo the AmpR and fholamase protems and the imlergemc (1) region. 5. mal
raphila and Yanrthomonar campestris showed the most closely phy logenetic rel ionship among the microorganisms considened. The regulaiory
role af AmpR towards L1 and 1.2 was further analyzed. In the absence of an inducer, AmpR acted as an activator for LI expression and as
2 repressar for L2 expression, whereas AmpR was an actvator for bath genes i an mduced stte. In addftion, inducibility of LF and L2 gemes

depended on the mesence of AmpR. The ampR mnsonpl wes weakly and comsifn@vely expressed, bul was nol sntoregolbied.

B 2008 Elevier Masson SA5. All rights reserved.

|

Keywords: S boplelll @, i-lacramase; AmpH

1. Introadue tion

f-lactamsase producton is & major mechanizm causing
bacterial resistance to fi-lactam antibiotics [1]. The genomic
module of argeR and an inducible [-lactamase gene has been
commonly seen in many gram-negative bacteria, in which bodh
genes are divergently transcribed and the intergenic negion
{IG) between them contains the promoters and the regulatony
domains [12]. Twodifferent classes of i-lactamases have been
identfied in such an ampR-f-lactamase module, e, AmpC
and class A [-lactamase.

Cheomosomally encoded ampR-aegp” systems have been
found in Cirrobacier frewndd [18], Enterobacter clwaeae [ 13],
Versing enterocolidea [A0), Morgane Ba maorgandi [33), Hafnea
alved [11], Qekrolacrrum anfeopd [25], Bitrenoeslly agresis

= Comespondieg awtor Depamrent of Madcal Lawomory Science and
Buweedhmodogy, Chima Medioal Unwemay, 91 HssebShd Hoad, Tachmg
T, Taream el 48885 4 P00 DS THIY faxs + 5856 4 FHIE 7404,
E.mald addrens: tovang @mad e ade e (TA0 Yang)

[5), Serrara marcescens [22] and Prewdomonas aeruginogs
[21]. The regulation of chromosomal arpl-amgl systens is
well documented [15,19,2944). In C. femdd, induction of
agplt- g B intimately linked to peptidoglycan recyeling.
There ane at least three gene producs known o be involved in
the induction mechanian: Ampl, AmpD and AmpR. Anpl
enondes & transame mbrane prowe inthat functions a5 pemease o
tranapot the cell wall degradation products such s anhbdur-
NAc-ripeptide from the periplam in the cytoplasm. AmpD»
enordes  a  cytosplic  M-acetyl-anhydromuramyl-L-alanine
amidaze, which hydmolyzes the anhMurMNActripeptide for
further pecyeling. The ampR gene encodes an LysR-type tran-
scriptional regulaior (LTTR), which contrels ampd gene tran-
scription. The ampR-ampC 16 region of O, frewndis has been
characterized. The promuoters for ol and aogeC e locsted in
the IG region in opposite orientation and pantially overlap. A
consensus T- M1 1-A LysR-motf is conserved and locaied in the
arrgp promoter region, resulting inthe negative awtone gu lation
of awgelt [200. Similar G srchitecmre iz observed in many other
aogpl- arrgpel” mosdul es. Funthermor e, AmpR actsas arepresson in

O A0S - pee frooe mamer @ H00E Hamoer Masson S48 Al right s reserved.

o 20000000 e o 30NCEE 1 0CA00
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the absence and as an activator in the presence of the f-lactams
[15,18,19]. In addition i the chromosomally encoded ampR-
gl systems, many plamid-born AmpC - lactameses have
been discoversd in bacteria [46, 10,26,31.32], including some
clinical isolates [3,9,27,3542).

Another similar regulamey module, aepl-class A [-lacia-
mase, has been identfied in Rhodopseudormonas capadare
apl0d [7], E. clacas WOR-1 [23), Provess vidgaris B317 [8],
Serrania marcescens 56 [24), Burbholderia cepacia 249 [41],
Citrolacrer sedlalal 2596 [37), Xanhomonas campestris [43)
and Stenorrophormonas malophilia [14). The ampf-class A fi-
lactamase modules described a0 far are all chromosomal.
Compared o the ampR-ampdl module, the IG region archi-
tociunes of ampR-clas A fi-lactamase modules are more
diverse., For example, in 5. sorcescens 56, the promoers of
the gt and class A [Flactamasze penes exhibit a face-to-face
architecture [34]. In addition, the regulatwy role of AmpR
proteins is different in the different ampl-class A - lactamase
modules. AmpR acts & an sctivator megardless of the presence
of an inducer in E. coacge NOR-1 [23] and 5. marcescens 56
[24], but it acts as a repressor in B, cepacia 249 [41].

5. mulophulin, a non-fermenting gram-negative bacillus, &
known 0 produce &t least two chromosomally  encoded
inducible [-lactamases, L1 and L2 [2,3637). The come-
aponding genes L7 and L2 and their Aanking DNA sequences
have boen separstely cloned and analyzed in our peevious
atdy [14]. Recemly, AmpR was shown to be a key regulaior
for inducible expression of LI and L2 [30]. This work aims at
identifying the regulsory role of AmpR oowands basal L1 and
L2 gene expression and &t testing the sutoregulation of AmpR
expresion. Moreover, the ampR-ampd and ampi-class A §-
lactamase systems are compared and discussed in detail.

2, Materials and methods

2.1, Bacwerunl siraing, plasmids and medi

Table | shows the bacierial arains and plasmids used in this
study. 5. mafespfulen KH is a clinical solate. The active [i-
lactamases present in 5. malispdulin KH are encoded by the LI
and L2 genes, @ verified by isoelectric focusing eloctropho-
resis after nitrocefin staining {our unpublizhed data). Esher-
fehda codil DHS2 and E. coll 817-1 wene uwsed for general
cloning and conjugation experiments, mespectively. For the
induction experiment, 10 pgim] of cefuroxime was added.

2.2 Construciion of recombinan plasmids
PRHRIFILE, g, pKHARLZ, pRH AL2, pRH AR,
PR el TALL, and pRAEA LT

Fig. 1A shows the restrictonenzyme mapof the 5. madrophilia
EH amgpei-I2 module (accesion Mo, EUDE25340. A& 1.3 -bp ovlE
casaete derived from pTXyYIE [14] was inseried into the Smal
sife in the argpeR gene and in the Sphi siee of L2 in pKHR1 7412,
The resultant recombinant plasmids, pEKHRpel 7412 and
PEHR 1 T4l 2 e, were sequenced to confirm the comect orien-
tation of viE gene. The recombinan plamids pKHARL?2 and
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FecAd andAd bsdBIT (L mt ) plod supEddy o
AR reld

5171 A pir + mating stam

Plasalds

pEX 15T s ® ord T, T

pRHRIT4LZ PEX1ETe veceor warth a 28 b PCR amplhcon
contamng the pamial 3 eomimes of ABC oamsport
proem gene, anipd gene, 174-bo 10 regon,
amd L2 gene; To"

pEHRITHLLm  Deoved fom pKHRITILL msemng an xldE
cassete of te same ooetton asll gene mo
Sptl ste of ampl gene; To"

pRHALL PEXIET: veroor wath o 29 bp Xbal-Sphl DHA
fragment of ¥ eomoes of L) gene and a 3é6bp
Pl Hmd111 DA fragmane of 37 oemm s of L) geme,
delenng the imermal H00-kbp DA fmgmens of L) geme

pRHALZ Depved fom pEHRITALL, delmeg the 10700
SmalSpal DaAa fmgmens; Td

pEHAR Demved fom pEHRITALL delenng the 46850
Pal-Pal DHA fmgmens, T

pRHARLE Demved fom pEHRITALL delenng the 7970
Seal-Seal DNA fagmens; Tc"

pRHR, 17412 Desved fom pEHRITILY msemng an ol cameme

of e sme GrentE e as el geme =0 the Smal
aite of ampll geme; Te”

pEHAR were derived from pECHR 1712 by deleting a 797-bp
Sl and a 468-bp Pad fragment, respectively. The S08-bp Smal-
Sl fragment from pEHRITAL2 was ligated into the Smal-
digested pEX18Te, and the resuliant plasmid was further ligated
with the B54-bp Sphl-HindIIl fragment from pRHERITILL,
producing pKHALZ. The comecmess of bah insenad DNA
fragments in pEHALZ? was checked by DMNA sequencing. The
intact L3 gene of 5. maliphila KH was amplified by PCR using
the paired primers 5- AAGGAG GOC CAT GCT AGT TT-3 and
5-TTC TGA COCG GCA OCC TTC-3, and cloned into the
T-wector {pTKHLIL The recombinan plasmid pKHALL was
canstructed by a two-aep cw-ligation of HindIT-Ps1] and Xbal-
Sphl from pTEHL to pEX 18T treated with the same resiric tion
emeymes. Again, DMA sequencing was performed o check the
cormecmess of both insertions,

2.3 Congrructeon of woge ne mutans KH AL, KHARL2,
KHAR, and KHALJ

Recombinant plasmids pKHAL2, pEHARL2, pEKHAR, and
pEHALL were introduced into 5. saliophilia KH via conju-
gation to generate isogenic muotnts KHAL2, KHARL2,
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KHaed s mogenw mumans KHALZ KHARL? and KHAR

KHAR, and KHALI by homologous recombination as
described previously [14,39]). The cormectness of the mutants
wias checked by PCR and sequencing (Fig 1B

2.4, fHlaciamase Goriily assay

Bacterial cultures wene prepared a5 describod [14], e xcept that
10 pefm] of cefiroime were sdded & the inducer. [Hlactamae
activity was determined spectrophotome tieal |y using hydnel ysis of
mitrocefing Omndd, UTED in L0 mb sodinm phosphae buffer, pH 7.0,
containing 0.1 mhd ZnCl,. The specific activiy (Wdmg) was
expressed & nanomoles of nitrocefin ydrolyzed per minute per
milligram of protein, using a Ae of 20,5060 M~ " cm " for nitrooefin
at 486 nmn & sugpested by the manofacturer { Coid, TTE). Protein
concenration was determined wing the Bio-Rad protein asay
reagent, with bovine semm albumin a5 2 standard

25, Cavechol 2 3-dioxygenase (C230) acoviry assay

C230 setivity was measured in intsct cells [16). Activigy
assays were performed in a boffer with 50 mM sodium phos-
phate buffer, 10% scetone, and (0.1 M catachol a5 the substrate.
Hydrolysis of catechol was examined by spectrophotome tric
analysis at awavelengih of 375 nm. The rate of hydrolysis was
calculated by using 44,000 M~ em™" as the extinction coeffi-
cient. One unit of enzyme activity {(Uc) was defined as the
amountof enzyme that comens | nmole substrate per min. The
apecific actvity {UeODys0em) of the enzyme was defined in
terms of units per 3.6 = i cells {msuming that an Agsoe= of |
comesponds o 3.6 i o llaml.

2.6, Bounformatc s analysis

The homologues of AmpR and L2 proteins wene seanched
by the BLASTP program available over the Internet at the

14

MNational Center for Biotechnology Information  website
{htpdfwwwnchinlmnihgov), osing te AmpR and L2
prowin saquences of 8. maliophfia KH as the query. The IG
region DMNA sequences of the different modules were then
obtained from the indicated PubMed references. Muliple
sequence alignments among the ssayed DNA and proteins
were performed wsing the ClustalX program. Phylegemetic
trees wene constrocted using the neighbor- joining  methods.
The bootstrap number was obtained in [ replications.

2.7 Nucleonde sequence aecession number

The nuclestide soquences of 5. malfophila KH ampi-12
madule and L7 gene have been deposited in GenBank under
accession no. ELNE2534 and EU441218.

X Results

A0 Molecular phylogeneie analysis of te ampR-8-
lacramage modiides

Characeristic elements of Amber clas A [Flactamase have
been identified in the L2 prodein of 5. maliophdlis KH, show ing
that the argeR-1.2 module is the member of the ampR-clas A -
lactamasze family [36]. The ampf-I2 module was companed
with nine aqepR-ampl modules and seven ampl-class A -
lactamase modules from differemt species. The similariny
dendrograms of fi-lactamase and AmpR are shown in Fig. 2.

Two obvious clusters of aegpe and clas A [-lactamaes
werne found in the dendrogram. The L2 f[iFlactamaze of 5.
mutltophulla KH was 39=508 identical to those of anpit -clas
A fi-lectamase modules, but showed imsignificant similarioy
with ampR-amgel sysiems (Fig. 2A).

5. maltophdia KH AmpR displayed 46—67% identity to the
known AmpR proeins (Fig. 2By Conserved amino acids
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among the AmpR proteins aligned were randomly distributed
without obvious clusters {data not shown) Furthermorne,
a helis-mrn-helixs motf was found atthe N-terminal end of all
asmayed AmpR proteins.

The highest levels of dentity o 5. mafophila KH AmpR
and L2 were found with those of X, campesiets (identity of 67
and 50%, mespactively)l Moteworthy among the microorgan-
iams considered, the dendrogram of AmpR was not always
parallel to that of f-lactamases. The AmpR of 5. mabophila
KEH was mone closely related to AmpR prodeins within some
arrgpl- el aysbems (eg. P aeruginosa and O, anckegpd) than
to these in ampl-class A Hlactamase modules (P vl gars
B317T and E. clodege NOR-1). On the contrary, 5. smalophila
KEH L2 shared higher similarity with amgeR-class A [-laca-
mazies (Fig. 2B).

Fig. 3 shows the alignment of awpR-fi-lactamase G
regions from 5. malophila KH and 15 other ampR-fi-lacta-
maie systems. The length of 106G region ranged from 86t 212
nucleotides. Strucural feamres typical of the ampR-f-laca-
mae 10 were more consenved in the ampR-arged systems
than in the @mpR-clas A -lactamaes, The 174 IG of 5.
muiltophdia KH  exhibited specific organizaton with no
significant similarity with the other sequences. Potential —10
and —35 consensus sequences of the gmpR and L2 gene
promnoters were predictad (hapSSwww fruitfivore’) as shown
in Fig. 3, with a back to back amangement separated by 50
e leatides. The LysR binding motif T-M1 1-A is underlined in
Fig. 3. A putative AmpR binding region, TTTTTGCGCTGGT,
was found o overlap the predicted —35 region of the 5.
mtlfophdia KH L2 gene promaoter.

15

3.2, Expression of the ampR-12 medule of 8. maliophilia
EH inan E. coli svsrem

Mot assays of wnpR-ampC or ampi-class A [Flactamase
mdules use E. coli &5 a host for expression. Unfostunately,
when transformed in E. coll, the amgpR-L2-contining plasmid
pEHREITALY did not express detectable [Flactamase activity
{data not shown) Consisent with this result, pasmid
PEHR 17412, e in which the [2 gene was replaced by an oilE
gene expressed C230 sctivity in the presence of an inducer in
S, maltophilia KH but not in E. coli (data not shown).

3.3 The role of Ampl an L1 sxpression

Since E. coll was not a sitable system for the assay of
argpl-02, 3 series of Bogenic mutans of 5. malfophdia KH,
KHAL?, KHARL?2, KHAR, and KHAL | were constructed. To
elcidate the mole of AmpR in the expression of LI, [i-lacta-
mae activity was megused in strains KHAL? and KHARL2.
As illustrated in Table 2, induced KHALZ displayed higher [i-
lactamase activity {136 Uing) than the uninduced oounter pant
(2 1Wmg)y, KHARLY, however, had lost [f-lactamase activity
{0 mg) in both basal and induced conditions. AmpR is thus
requined for both the basal level and the induced expression of
L1 [Flactamase.

FA. The role of AmpR in L2 sxpression

T further elucidate the role of AmpR in expression of L2,
[-lactamase activity was measured in KHAR and KHALI
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(Table 2. In the induced KHARLZ, the absence of AmpR
resulted in a comples loss of L1 activity, such thae KHAR
appeared suitable for evaluating 1.2 activity in ampR™ condi-
tions. [i-lactamase sctivity in KHAR and KHALL was 12 and
4 Unfmg in the absence of an inducer and 12 and 382 Timeg
after induction. AmpR thus acts &5 8 weak mepressor of [2
expression in the absence of an inducer and &5 an activator in
the induced state. Basal constimtive [Flactamase activigg
{12 Undmg) was detacted in extract of KHAR, indicating that
L2 baszal expression is AmpR-independent and that induction
of LI and [2 genes & AmpR-de pendent.

A5, Evalwaton of AmpR awloregilanon

LysR-type regulators are notably awtoregulated [38]
Henoe, autoregulation of aepl in 5. salophilia was esied.
Recombinant plasmid pEHE, 217402 waz introduced in
strains KH and KHARL?2, which provide conditions with and
without AmpR proteins, respectively. Table 2 shows that the

Tabde 2

C230  activity in KHpKHR el TAL? and KHARLY
PEHB el TAL2 was melatively low and did not change
significantly upon addition of an inducer or the presence of
AmpR. The expression of ampR was thus weak and consti-
tutive as well as was inducer- and AmpR-independent.

4. Discussion

AmpR i a regulator that sinultanecusly controls induction
of L1 and 12 [f-lactamease genes [30]. Nevertheless, LT and 12
genes seem o be differently regulated (1) AmpR. is essental
and acts as an sctivator for basal level expression of the LI
enzyme. In contrast, basal level expression of L2 is AmpR-
independent and negatively regulated by AmpR { Table 2). {2)
A conserved LysR binding motif sequence [38] could be
predicted in the L2 but not in the L] upstream region, These
results ane consistent with 5. saafiopfils KH L2 being regu-
laed by AmpR =5 in the gogpl-ampd syaem [17,29,44), e as
a wesk mepressor without an inducer, but a5 an activator with

The fidactamase acoviey and CE0 aany of £ coll and § meboplilie barbon ng dfferent necombozans plasmods

Sraim i pla o) Gremonpe fHlacmamase acary (Ue¥mg) CEN acevany (U Wi e ol
Wen/penld Ubindieced [ Unisducad Eadaced
§. maboplkilie
KHpKHRI T4 2,050 Wild nopefamplt, L2oaplE - - 2 %2
KHALZ amplt, LIt 13 2 136 - -
KHARLZ ampl ™, LY, 12 0 0 - -
KHAR ampl™, LY, [t 12 12 - -
KHALI amplt, L™, [t 4 kL - -
FHpEHHR ] T2} Wilkd el andi, L2 - - 4.1 40
FHAR L pEHHR, e 1 7412} amplt ™, LY, 12 bamplt ol B 12T - - 410 41

* e uo of frlimamase is defined as 1| papomeds of nerocefin bydmhzed per mowe per mg proein. Resdks oe geomesic means of thee | ndependens
e re o i womsn. S mndard de i pons were widie 109 of the geomane meass = all cames.

Y (ee s of caechal L deonygenee 18 defimed as | mmommole of camechol Bydnolveed per mioue par 36« 10° cells Resales are Feme ) means of thee
imdependent dermmaons. Simdand depvanons were witm 109 of the geome e = all ases
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an inducer [13,17,18,33). In the case of LI, AmpR always acts
as a positive regulator, which is similar to the situation fior
some amgplR-class A f-lactamase systems [23,24,43).

argpl- o pegulation is usually analyzed using E. cadl &5
a heterolopous experimental system [13,18,19). Such studies
lead to the conclusion that E. coli AmpG and AmpD may act
in trans for inducible expression of cloned ampC in the pres-
enoe of ampl. Similar experimental swategies also work for
mmgpl-class A [-lactamase modules [8,23,24,28 34, 41, except
for that of X. campestris [43]). Here we show that the 5. mal-
rophdio KH ampR-L2 module cannot be expressed in E. ool
This is consistent with the cloie melationship we observed
beoween 5. madrophila KH ampR-L2 and that of X. campestris
[43].

Antoregulation of AmpR has been observed in O, fresndil
[20] and §. marcescens S6 [24) & a threefold decresse in
gl expression in the presence of the AmpR protein. On the
conirary, in P. geruginosa, ampR is not avioregulated [17). In
this study, we show that this is also the case for 5. mabophulla
gt

Many chromosomally encoded [i-lactamae genss can co-
exist in a given micooorganiam [14,17,23,24.28,34]. In some,
each [Flactamase is within an independent argpR- - lactamase
miedule [23,24,2834] and individual [-lactamases are regu-
lated by their copnate argeRl gene. However, in P, aeruginosa,
the aegeit gene regulates the contiguous ampd gene & well &
the unlinked poB gene [17). The case of 5. maltaphdia would
thus resemble that of P. aerugiosa, since the L7 and L2 genes
ame both regulated by the AmpR protein [30]. While in P.
aeruginoesa, AmpR acts on &5 an sctivator for the ampd gene
but as a repressor on pod [17], in S, saliophdla AmpR acts &
a pocitive regulator of LI and £2 in the presence of inducers.
Therefore, AmpR appears 5 a potential target for antimico-
bials that would block expression of the ampR gene or the
function of the AmpR protein o overcome the [Flactam
resisance of 5. malophilia.
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