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A ~ 4 o
11031 12 WenfSsunouLOUYUIAYES PCR product 11 Lane 1 2 uaz 3 11 DNA marker 1u
Lane # 1 WU31 PCR product Turgui 2 uaz3 fvuialndifesiuvuiaves DNA dszuiw 1 Kb wila
i df ar Y] =t
wa'ld PCR product 91NLYB B, pseudomallei muwuﬁ 1902a (Lane 2) 1ag muwm{ E15 (Lane 3) U

v lndifvaiy class B B-lactamase-like gene

o o &
13, MIK DAL TV class B f-lactamase-like gene D1N%¥0 B. pseudomallei
P = g w o P =
11189910 PCR product 18900 B. pseudomatlei auing 1902a uaz E15 Snnalndifios
) ¥ )
fit) PCR product fIfBams auiuoilumsasvaosviuiy class B B-lactamase-like gene 99103
WIMAULIAYDS PCR product 1AN1571 PCR product 1duTgniudds ldmdrdumaiinisuuinig
= . ) . Yy v
§90 W (BioService Unit) wafl lAuanalugy 13
.ﬁyd ng = sld'l 4 =y
Open reading frame HIUAMINB1IVIVUA 924 bp (307 AsADT 1) uaz1¥edl spsir Usuim
GC content YIRNDATIWY 1l predicted pl = 5.8 Lla% estimated molecular weight = 33.5 KDa
>
oF o . “ . ar r- | l:; o ar -
9101 predicted amino acids 31ANY1 homology fulisAunidwuniaeziilundalu
EMBL database WUINUANAA1UATANY glyoxalasell 90 Arabidopsis thaliana (32 % identity) *° ua
metallo B-lactamases (class B B-lactamases ) subgroup B3 (%1 THIN-B”, FEZ-17, LI” uag GOB-1”

(30%, 27%, 26% LD 24% identity RIUAA)
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10 20 30 40 50 60
ATGGGCTCCAGGAGAAACCTCGTGACAACAGCGTCCACGATGACGGTCGARGGCTTTTTC
M 6 §$S R R N L V T T A S T M T V E G F F

70 80 90 100 110 120

GACCCGGCGACATGCACGATCAGCTATTTGCTGTTCGATTCCGGCAGCGGCGAATGCGCG
o p A T C T I 5 ¥ L L ¥ D S G 8§ G E C A
130 140 150 160 170 180
CTGATCGACAGCGTGCTCGACTACGRCCCGAAATCCGGCCGCACGCGCACCGCGAGCGLG
L I b 8§ v L. b Y b P K S G R T R T A S5 A
130 200 210 220 230 240
GACCAGTTGATCGCGCGCGTCGCGECGCTCGGCGCGCECGTGCECTGGCTGCTCGAGALG
b ¢ L I A RV A A L G A RV R W L L E T
250 260 270 280 290 300
CACGTGCACGCCGACCATCTGTCGGCCGCEGCCGTACCTGAAAACGCGGETCGGCGGCGAG
H v H A D H L 5 A& A P Y L K T R V G G E
310 320 330 340 350 360
ATCGCGATCGGCCGCCACGTGACGCGCGTGCAGGACGTGTTCGGCAAGCTGTTCAACGCA
I A 1 6 R H V TR V Q D V F G K L F N A
370 380 390 400 410 420
GGCCCCGCGTTCGCGCACGACGGCAGCCAGTTCGACCGCCTGL T CGACGACGGCGACACG
G p A F A H D G5 @ F DR L L. DD G D T
430 440 450 460 470 480
CTCGCGCTCGGECGCGCTCTCGATCCGCGCGATGCATACGCCGGGCCACACGCCGGCGTGC
L A L G A L 8 I R A M H T P G H T P A C
490 500 510 520 530 540
ATGACCTACGTCGTCACCGAAGCGCATGCGGCGCACGACGCGCGCGACGCGGGCGCETTC
M T Y V VvV T E A H A A H D A R D A G A F
550 560 570 580 590 660
GTCGGCGATACGCTGTTCATGCCCGACTACGGCACCGCGCGCTGCGACTTCCCCGGCGEL
v ¢ p T . FM P D Y G T A RCDF P G G
610 620 630 640 650 660
GACGCGCGCTCGCTGTACCGGTCGATCCGCAAGGTGCTGAGCCTGCCGCCCGCGACGCGL
pb A R 85 L ¥ R 8 I R K V L 5 L P P A T R
670 680 690 700 710 720
CTGTACATGTGCCACGACTATCAGCLCGAACGGECCGCGCGATCCAGTACGCGAGCACCGTC
L Yy M ¢ H D Y ¢ P N G R A I @ Y A 5 T V
730 740 750 760 770 780
GCCGACGAGTTGCGCGAGARCGTGCACATCCGCGAAGGCGTCACCGAGGACGATTTCGTC
A D E L R E N V H I R E G V T E D D F V
790 800 810 820 830 840
GCGATGCGCACCGCGCGCGACGCGACGCTCGACATGCCGGTGCTGATGCTGCCCTLGGTG
A° M R T A R D AT L DMUP V L ML P § V
850 B60 870 B8O 890 900
CAGGTCAACATGCGCGCGGGCCGCCTGCCCGAGCCCGAGGACAACGGCGTGCGCTACCTG
Q vV N M R A G R L P E P E D N G V R Y L
910 820 930
AAGATCCCGCTCGACGCGATCTGA
K 1 P L D A I *

31’ 13. Nucleotide and deduced amino acid sequences of class B-like [B-lactamase from B. pseudomallei

strain 1902a.
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aa ®
14. M3laau class B-like P-lactamase 910 B. pseudomallei 1a89% TOPO Cloning

] [) v
(194977 PCR product i 1A9 1710 B. pseudomallei ®16WUT 1902a uag ElS Hunalndifies
G ) o ﬂ; d. -3 & : 1
1) class B-like B-lactamase gene unzidu ndananénit 18 1aehi 1aidi DNA dulu Tuneudelifens

- d
a =

11FudIu DNA 1 llsefdunmmes pcR® T7/CT-TOPO® uag transform 1411 E. coli TOP10F

diol&Talallvos £ coti TOP10F" #iil recombinant plasmid egudandsdimsmsaslnany
o N o W o 1 o - o ¥
NANIIVUBI insert mm"lﬂi'anﬂunﬂmmwummnumﬂﬂau class D PB-lactamase gene AYUUTIADIL
- e o e ¢ 1 P A " 24
msasdneo Inaui 1da1nilins :aA2iues PCR product Uaziimmaiodagnitanianielsi ¥
¥ ¥ ]
5ot 1A 1aeldis PCR (do 8) Tunsdidl template 7148 recombinant plasmid AigfaoenuIn
v . Ha wa
E. coli TOP10F” 82U primers N 149A0

[ 4
o = oA

. o a ] o ] o &
forward primer: 1% primer NufUwaludmvosinmos 1unilfAs T7 forward Felid@uwe

s

A9 5-TAATACGACTCACTATAGGG-3

ar

] ¥
reverse primer: 19 primer NTUS VU lug 1810989 PCR product Tuniifie BR3

ol o 4 1 % A <t
Tavoronanmsniuileld T7 forward 14ag BR3 1304 primer 3219 PCR product &ii

¥ by o @ = [ 1o
¥u1AlszINm 1 kb 81 insert (W5 amiuameiogagniimmie (31l 14a) udvz liifia PCR product &1

insert (915 WA UAROTRATINIA (31 14b)

A Sa 3 .
Fafvz 1TAau E. coli TOPIOF' i class B B-lactamase-like gene IO B. pseudomallei

MWRUY 1902a L1DL E15 A0Bg1Inmes IUANYNE comect orientation Yauvell Inssndedsgyl 15
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< PCR product, ~ 1 kb —

T7 Forward
Vector Vector
’ PCR product
T? Forward-BR3
Reverse primer,
BR3
(a).
T7 Forward
Vector Vector
PCR product
T7 Forward-BR3
Reverse primer,
BR3
(b).

71l 14 uanInIRs NFOURANIINTIETWAUTEWIN PCR product fiunames pCR® T7/CT-TOPO®
TulgAsmgnle Indwesiselaald Forward primer #18 T7 forward 1taz Reverse primer 7D BR3
p
(a). MSTAWFINGANANIIILANA PCR product

(b). M3TIudARATIAN 1 Taee: lifia PCR product

T7
AmpR promoter Class B-encoding gene
pucC
Zeocin® origin RBS
4_ VECLOT el ‘— vector —>

71 15 uaraslnsserdreves pCR® T7/CT-TOPO® -bpsir

ZeocinR=Zeocin-resistant gene, AmpR=Ampicillin-resistant gene, RBS= Ribosome Binding Site
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15. A1511 PB-lactam susceptibilities DT B-lactamase activity Y94 E. coli 113 class B B-lactamase-

like gene
WuReNUAUAITH B-lactamase activity V04 E. coli i) B-lactamase- class D gene ({8 9) Tay
3 =] o o . “ ¥
1uvuusnA9EMINIsana recombinant plasmid (187 transform Wl £ coti BI.21(DE3) pLysS
) ' 4 o = - 4 & o
(Invitrogen)  Aewiedfiee ldlinsuaaseanvoduainndn  vinwwhumimsmy B-lactam
susceptibilities {(MIC) A8 Agar dilution method 1az#1 B-lactamase activity wiivudouny . coli
nlifiduiney
3 - o . 4
Tagvia Tl uenland B-lactamase TunuafiFounsuaudailu periplasmic enzyme ¥3luse
» ] [
Tndnd IndTuezfoadl Tnssad197i5unn signal sequence 8AUSIIM N-terminal (31 16) Tau signal
c‘lv ¥ . . . a T A a <&
sequence H9zUsenou1URy hydrophobic amino acid valsa@nnaniulszina 22-24 #1 dalnTe
td W »
afaduiiveiifioulay B-lactamase tmnsoumsnd T uveea IWaTlafitranmius ueen
TguSinn periplasm 18 uaidie ldvnsTinseddduvesnsaeziiluuel class B B-lactamase-like

X O r =
9MY¥® B pseudomallei  ®wWWUR  1902a  eereaziBenleoldldsunsy  Signalp

4 »
(htp://www.cbs.diu.dk/services/SignalP/) B&INUF11T] signal sequence @ariweulmidisionsainiu

cytoplasmic enzyme

Signal
sequence

N-terminal C-terminal

g4l 16 uansInssadrevoaoule B-lactamase



38

¥ o
iUt inIAs 180U class B [-lactamase carbapenemase activity Tuguung periplasm LN
»
10l Tawaiadu Tasitinisuen periplasm aw3tn15lugyl 17 omfuhansadann periplasm iay

T Tana oS unins 1241 activity vouou TS ouMouiiu namiveassuaadluaisied 6

bacterial culture

+20%(w/v) sucrose 14 30mM Tris-HC1 pH 7.0

+lysozyme

B

pellet periplasm

!

resuspend in 10 mM PO,

l eNzyme assay

sonicate

!

centrifuge 4°C , 15,000 rpm

T

pellet supernatant Cytoplasm ——p  enzyme assay

¥
71 17 nanslaszunsunisaiamu sl B-lactamase TusFuves periplasm wag lo Tanarady
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»
1914 6 LAY Specific Activity Y84 £. coli BL21 (DE3) pLysS (bpsil-1902a) PER (bpsII-E15) Tusu

. =
V04 periplasm tiaz T Tawaadu

strains Meropenem Imipenem Ampicillin
Cyto Peri Cyto Peri Cyto Pens
plasm plasm plasm plasm plasm plasm
BL21(DE3)pLysS 24%0 0 08%o4 | O 159435 |0
‘ BL21{DE3)pLysS(bpsli-1902a) | 9.5+ 1.4 0 26%0 0 ND 5652 % 247
BLN(DEZ&)F!LYSS (bpsiI-E15) | B8t 0.7 0 31F01 |0 ND 904 + 255

NN ND=No Detectable activity

+ imiaesily {4 mole substrate hydrolysed min’ mg protein -

bpsli-1902a=classB [3-lactamase-like gene 910 B. pseudomallei muﬁ'mi’ 1902a

bpsi-E15=classB [-lactamase-like gene 9 B. psewdomallei tnuﬁm{ El5

1A 6 wuhesadalolawaraduain £ coli BL21(DE3) pLysS (bpsll-1902a) v58

) 4
(bpsI-E15) A11150606001Y carbapenem MAtiionfSouiisudungquaiunguie 158 E. coli BL21(DE3)

1 ¥
pLysS 9 131l recombinant plasmid 8¢ 9mMKansnaaosasaagil 188

1. activity A® imipenem 1A% meropenem Y03 E. coli BL21(DE3) pLysS (bps/I-1902a) t1az

¥
(bpsIFE15) 9z 08 lusuve e Tawaradu usvz luwuly perplasm

2. activity A9 ampicillin Y83 E. coli BL21(DE3) pLysS (bpsil-1902a) uns (bpslI-E15) 137

1
Y 4 P .
wuunluduaes periplasm aeuilumainnn ampicillin-hydrolysing enzyme NNANBT

ludmvetlasTanao@uiny  activiy Ao ampicillin 1huyudy  avzdosniitu

periplasm 470)

4 y
#9914 carbapenemase 1Az ampicillinase activity H1U192HUHANIVINEY bpslT 910 recombinant

plasmid



40

3. MIanNAIN periplasm it activity 19 carbapenem

: a  w o ' . 4
iioanin wu'lal carbapenemase TunusfiGenfuauiinezegludiuves periplasm %9110

¥ 9
L

Actg W oa ] u‘: ] ] & = 3 o t
mswansnaasaiidIfituidumiaves Bpsil itinzeyluguves lalanarady uaadldidiudi

¥ o4 o o

H e ' o 1o &
Bpsil 1019151 true carbapenemase useatiminfiduwuimihintu glyoxalase I #sfvedpall

msAnuae 1y
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Abstract 87

CEFTAZIDIME- AND IMIPENEM- HYDROLYZING
BETA-LACTAMASE FROM BURKHOIDERIA
PSEUDOMALILEI

Niumsup P¥ & Wuthigkanun 17

'Department of Microbiology, Faculty of Medicine, Naresuan
University, Phitsanuloke 65000, Thailand

ZWellcome Trust Unit, Faculty of Tropical Medicine, Mahidol
University, Bangkok, Thailand

The anobiotic of choice for the treatment of melioidosis is
ceftazidime. Ceftazidime-resistant Burkholderia pseudomallei has
been identified and B-lactamases implicated in resistance. In
this study, 20 strains of B. psexdomallei (12 clinical and 8
environmental strains) were examined for their ability to yield
mutants derepressed for B-lactamase expression. Ceftazidime-
resistant mutants were readily selected, by plating organisms
on cefrazidime-containing media, at high frequencies and
displayed a 4-8 fold increase in MICs against ceftazidime, as
determined by the agar didution method. [B-Lactamase
activities in both parent and mutant B. psewdomallei strains were
determined by a spectrophotometric method. All strains
tested possess B-lacramase dcavity against ampicllin, 12
mutaats (7 clinical and 5 environmental strains) had
approximately 2-10 fold higher ceftazidimase actvity
compared with cheir parent strains. Furthermore, 12 of these
mutants (60%) dernonstrated a significant increase in
unipenernase activity, usually indicauve of a metallo B-
lactamase. B-Lactamase induction in B, psewdomallet was also
investigated using ceftazidime as an inducer. Preliminary
results show that moderate level B-lactamase expression
(against ampicillin, ceftazidime and imipenem) could be
induced with sub-MIC levels of cefrazidime. The fact that a
single inducer can cause an increase in expression of multple
B-lactamase activities, suggests that the expression of these
enzymes are linked. More strains are currently being
investigated tor (3-lactamase inducton to obtain a further
understanding of how these clinically important enzymes ate
controlied.
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TITLE: | CEFTAZIDIME- AND [IMIPENEM- HYDROLYZING
BETA-LACTAMASE FROM Burkhotieria pseudomallei

AUTHOR (8): Pannika Niumsupl and Vannaporn Wutl:2kanun?

ADDRESS: 'Department of Microbiology, Faculty of Medicine, Naresuan
University, Phitsanuloke 65000, Thailan:. *Wellcome Trust Unit,
Faculty of Tropical Medicine, Mahidol Uiversity, Bangkok,
Thailand

Objective: To investigate the B-lactam resistance in B. pseudor-aile;.

Methods: Ceftazidime-resistant B. pseudomalle: strains weme selected, by plating
organisms on ceftazidime-containing agar. MICs and B-lactzmase activities of both
parent and mutant strains were examined by agar dilution meth:d, according to NCCLS
guidelines, and spectrophotometric method, respectively.

Results: 20 strains of B. psewdomallei (12 clinical and 8 environmental strains) were
examined for their ability to yield mutants derepressed for j-lactamase expression.
Ceftazidime-resistant mutants were readily selected at high frequencies and displayed a
4-8 fold increase in MICs against ceftazidime. All strains :ested possess activities
against ampicillin. 12 mutants (7 clinical and 5 environmental strains) had
approximately 2-10 fold higher ceftazidimase activity compared with their parent
~ strains. Furthermore, 12 of these mutants (60%) demonstrated a significant increase in
imipenemase activity, usually indicative of a metallo B-lactamase. (-Lactamase
induction in B. pseudomallei was also investigated using ceftazidime as an inducer.
Preliminary results show that moderate level B-lactamase expression (against ampicillin,
ceftazidime and imipenem) could be induced with sub-MIC levels of ceftazidime.

Counclusion: The presence of PB-lactamases in B. psenudomallei strains suggested the
involvement of these enzymes in B-lactam resistance. The fact that a single inducer can
cause an increase in expression of multiple B-lactamase activities, suggest that the
expression of these enzymes may be co-ordinately controlled.

Selected references:

I. Livermore D.M., Chau P.Y., Wong C.I. and Leung Y.K. (1987). B-Lactamases of
Pseudomonas pseudomallei and its contribution to antibiotic resistance. J Antimicrob
Chemother 20,313-321.

2. Sookpranee T., Sookpranee M., Mellencamp M.A. and Preheim L.C. (1991).
Pseudomonas pseudomallei, a common pathogen in Thailand that is resistant to the
bactericidal effects of many antibiotics. Antimicrob Agents Chemother 35: 484-489.

Keywords: Burkholderia pseudomallei, ﬁ-lacfamases, ceftazidime
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Characterization of beta-Jactamases

in B. pseudomallei

Pannika Niumsup* and Vanaporn
Wuthiekanun**

*Department of Microbiology and Parasitology, Faculty of Medical
Sdencas, Naresuat University, Phitsanuloke, 65000.

**Wellcome Trust Unit, Faculty of Tropical Medicine, Mahidol
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~first isolated in 1912, motile G- bacillus

-formerly knowan as Pseudomonas aeruginosa
-environmental saprophyte
-abscess-forming infections

{Melioidosis)

Wellcome Trust Unit

BMNMelioidosis

-A rainy season disease (June-November)

-Affects all ages (40-59)

-Male more than female (3:2)

-AfTects predominantly rice farmers and their families
-Risk factors: diabetic, chronic renal failure, smoking,

alcoholism

-Endemic area: N/E Thailand& NT. Australia

-Systemic Infection: abscesses in lungs, spleen, liver, kidney,
muscle ete.

-Septicaemia

-Maortality rate 40%

~beta-dactams: Celtazidime & imipenem

elioidosis

UBON RATCHATANI
1986-1997

1504 patients(233 children)
(Wellcame Trust Unit)

* Mortality 51%

* Male 58%

* Known underlying
disease 55%

= Septicaemic 62%
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Table 1. Beta-lactam MICs of B. pseudomallei

Strafns ceftazidime _imipenem
{ug/ml) (ug/ml)
Parent 1 1
Mutants 4-8 1-4
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Class A, C, D : serine beta-lactamases

Class B; metallo beta-lactamses

%‘%eta-lactamase gene Iin B. pseudomaliei

Q'/é‘mpliﬁcation of the classD beta-lactamase gene

* class A beta-lactamase gene

* class D beta-lactamase gene

(Sanger Institute, Cambridge, UK)

Forward primer

T80 ATG e NN

- 950 bp »




%%ﬂoning of the classD beta-lactamase gene

%/@revalence of classD beta-lactamase gene

TOPO Cloning

classD gene

i vector 1Tl 7 -vector T

1 2 3 4 5 & 7Y 2 % 14 11 12 13 14

1000 bp
850 bp

%—Expression of classD beta-lactamase gene

-y
%f\é—l‘:xpression of classD beta-lactamase gene

8. psewdomallei Parent & Mutant

RNA isolation
Reverse transcriptase
cDNA synthesis

PCR

Agarase gel electrophoresis

1 2 3

RT-PCR

650 bp

500 bp
400 by

3¢ AciuonilstigameEs

1. Beta-lactam-resistant B. pseudomallei
possess activity against ceftazidime, imipenem

2. Class D beta-lactamase gene is involved in
the beta-lactam resistant B, pseudomallei

1. Thailand Research Fund

2. British Society for Antimicrobial
Chemotherapy (BSAC)
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Cloning of the class D }-lactamase gene from Burkholderia pseudomaliei
and studies on its expression in ceftazidime-susceptible and
-resistant strains
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Ceftazidime is the antibiotic of choice for the treatment of melicidasis. Ceftazidime-resistant
Burkholderia pseudemailei have been identified and f-lactamase production implicated in
resistance. In this study, 25 strains of B. pseudomaliei (15 clinical and 10 environmental strains)
were examined for their ability to yield mutants that overexpress f-lactamase. Ceftazidime-
resistant mutants were selected readily at high frequency and displayed four- to eight-fold
increases in the MICs of ceftazidime. §-Lactamase activities in both parent and mutant B. pseudo-
mallel strains were examined by a spectrophotometric method. Twelve mutants (48%) showed
approximately two- to 31-fold higher ceftazidimase activity compared with their parent strains
and 10 (40%) demanstrated more than two-fold increases In Imipenemase activity. A class D
B-lactamase gene from B. pseudomallei was cloned and sequenced. The encoded enzyme is
an oxacillinase and is homologous to oxacillinases from Ralstonia pickettii and members of
the genus Aeromonas. Reverse transcriptase PCR showed that transcription of the class D
p-lactamase gene is increased in ceftazidime-resistant mutants.

Introduction inducible cephalosporinase that is active against carbenicil-
lin, cefotaxime and cefuroxime. Later, Dance ef al?® noted
the presence of a clavulanic acid-susceptible ceftazidimase.
Godfrey e al.'° reported that B-lactam resistance in B. pseudo-
mallei resulted from overexpression of chromosomal B-lactam-
ases, and this has also been shown to result in high-level
resistance to B-lactams in Burkholderia cepacia.!’ In contrast,
194 strains of B. pseudomallei were examined for B-lactam-
ase expression by Sookpranee et al.,? who concluded that the
B-lactammases found were non-inducible.

Carbapenemases have recently become more prominent
among f-lactam-hydrolysing enzymes, and have also been
described in carbapenem-resistant B. cepacia.!” This organ-

Meliocidosis, a fatal disease caused by Burkholderia pseudo-
mallei, is endemic in Thailand, especially in the north-east.
Patients with systemic B. pseudomallel infection require
prompt antimicrobial therapy, as the mortality rate is excep-
tionally high.} Currentdy, the antibiotic of choice for the
treatment of acute melioidosis is ceftazidime.? Resistance 10
ceftazidime was recognized soon after this antibiotic became
the treatment of choice for severe melicidosis. Resistance was
shown to be the result of B-lactamase production. The
carbapenems were therefore evaluated as an alternative
treatment, although their use is still limited.’ Furthermore, in
some other Gram-negative pathogens such as Enferobacier

cloacae® and Acinetobacter baumannii,’® carbapenem resist-
ance has emerged, particularly because of the production of
specific f-lactamases. '

Todate, there isrelatively little information on B-lactamase
expression in B. pseudomaliei. In 1987, Livermore et al.’?
reported that nine strains of B. pseudomallei possess a weakly

ism produces an inducible metallo-B-lactamase, designated
PCM-1. that hydrolyses imipenem, meropenem and, to a
lesser extent, ceftazidime. Therefore, it is not unreasonable to
speculate that carbapenem-hydrolysing enzymes may also be
present in B. pseudomallei. However, sequencing of the
genome of B. pseudomatlei strain K96243 has revealed the

*Corresponding author, Tel: +66-55-261000-4 ext. 4505, Fax: 466-55-26 1 198; E-mail: pannikan @nu.ac.th
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P. Niumsup and V. Wathiekanun

presence of class A, C and D f-lactamase genes, but not a
class B (metallo-)B-lactamase gene {Sanger [nstitute, Cam-
bridge, UK). The phenotypic significance of the -lactamase
genes located has not yet been elucidated.

When bacteria carrying a B-lactamase gene(s) are exposed
to P-lactams, they come under strong selective pressure 10
develop resistance. Many Gram-negative bacteria, including
B. cepacia, have been reported 10 produce, at high frequen-
cies, muanis that overexpress B-lactamase.'! In this study,
environmental and clinical strains of B. pseudomallei were
examined for their abilities to yield mutants that overexpress
B-lactamase expression. The frequency of mutation te cef-
tazidime resistance, and the [-lactam resistance profiles and
levels of B-lactamase production of the resultant mutants,
were investigated. The genes encoding class D B-lactamases
were cloned and sequenced from two B. pseudomallei strains.
Expression of this gene in one ceftazidime-resistant mutant
compared with its parent was also measured.

Materials and methods

Bacterial strains

The clinical B. pseudomaliei strains (19012-1928a) used in
this study were isolated from patients in Ubon Ratchatani,
north-east Thailand. Environmental strains (E10-E188)
were isolated from rice fields in the north-east of Thailand
{Table 1).

Selection of ceftazidime-resistant mutants

Ceftazidime-resistant mutants were selected by plating an
overnight culture of B. pseudomallei onto ceftazidime-
containing Mueller—Hinton agarat 4 x MIC. The same culture

was also diluted, plated on agar without antibiotic and incub-
ated at 37°C to determine the viable cell count. The mutation
frequency was calculated as the number of resistant colonies
compared with the number of cells in the original culture.

Susceptibility testing

MICs were determined by a standard agar dilution method.
Inocula were prepared by diluting an overnight culture of
each strain. Using a multipoint inoculator, ~10% cells were
spotted onto dried Mueller—Hinton agar containing serial
dilutions of the appropriate antibiotic. Antibiotic concentra-
tions ranging from 0.125 to 512 mg/L. with doubling incre-
ments were used, After 18 h incubation at 37°C, the MIC was
recorded as the lowest concentration of antibiotic that
inhibited visible growth.

Preparation of crude cell extracts containing B-lactamase

The B. pseudomallei cultures were grown until mid-log
phase. Then, toluene was added to the cultures in order to kill
bactena, as described by Livermore ef al.% The cells were
harvested and washed once with 10 mM phosphate buffer
{pH 7.0). The cultures were then disrupted on ice by four
cycles of 20 s sonications with 15 s rest intervals between
cycles (Vibra Cell; Sonics & Materials Inc., Newtown, CT,
USA), and centrifuged at 13 000 rpm at4°C for 10 min (Beck-
man J2-MC; Beckman, CA, USA). The supernatant was used
in f-lactamase assays.

Crude cell extracts from Escherichia celi carrying the
oxacillinase gene were prepared by periplasmic extraction as
described by Lindstrém ef al '

Table 1. Time and area of isolation of B. pseudomallei strains used in this study

Strains

Year of isolation Area ofisolation

1901 a, 19024, 19042, 19074, [911a,
1912a, 1914b, 1916a, 1918a, 19214,
1922a, 1923a, 1924a, 1926a, 1928a

EI0,E14,ELS5,E19,E23,
E25,E26,E37,EI87,E188

60.66

59.6
55.135,56.91
53.238,52.239
52.237

A202, A203

1998 north-east Thailand
1990 north-east Thailand
1960 Australia

1959 -

1955 Victnam

1952 Vietnam

1950 Vietnamt

1947 Vietnam

—, no information availabie,
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B-Lactamase assays

B-Lactamase activities were measured by monitoring hydro-
lysis of B-lactams by spectrophotometric assay (Spectronic
Genesys™ 5; Milton Roy Company, Rochester, NY, USA) at
a wavelength of optimal absorbance for the B-factam ring of
each drug® Antibiotic solutions were prepared freshly in
10 mM phosphate buffer (pH 7.0). Ceftazidime, imipenem
(Merck & Co., Inc., West Point, PA, USA}, ampicillin and
cefalothin (Sigma, St Louis, MO, USA) were assayed at con-
centrations of 100, 300, 500 and 100 pM, respectively. Prior
to each assay, a background reading of each antibiotic was
performed to ensure that any decrease in substrate was solely
the result of adding the enzyme extracts. All assays were run
in triplicate. The protein concentration was measured using a
Bio-Rad protein assay based on the Lowry method (Bio-Rad,
Hercules, CA, USA). Specific activities were calculated as
nanomoles of B-lactam hydrolysed per minute per milligram
of protein.

Amplification and cloning of class D B-lactamase genes
Jrom B. pseudomallei

Chromosomal DNA was isolated from B. pseudomallei
parent strains [902a and E| 5 using an Easy-DNA kit {Invitro-
gen, Groningen, The Netherlands), and was used directly as a
template in PCR. The primers used were based on the genome
sequence of B. pseudomallei K96243, which is available on-
line (at http://www.sanger.ac.uk/Projects/B_pseudomalieif).
PCR primers were purchased from Sigma-Genosys Ltd
(Pampisford, UK). The class D gene primers were: (forward)
5-ATGAGCCATTCCCCACTCTT-3" and (reverse) 5-TT-
TTGCCGTTCACGAAGAC-3", which are 32 bp upstream
from the start codon and 83 bp downstream from the stop
codon, respectively. The predicted PCR product was ~500bp.
Reactions were performed with 50 pL of mixture containing
100 ng of template, 0.25 uM each oligonucleotide primer,
200 UM dNTPs and I U of SuperTaq (HT Biotechnology Ltd,
Cambridge, UK) together with its reaction buffer. The con-
ditions comprised one cycle at 94°C for 5 min, foliowed by
50 cycles at 94°C for 1 min, 55°C for 1.3 min and 72°C for
2.3 min, and a final elongation at 72°C for 10 min.

The amplified class D gene products generated by PCR
were cloned inco the pCR T7/CT-TCPO vector (Invitrogen),
according to the manufacturer’s instructions. The recombin-
ant plasmids were transformed into chemically competent
E. coli TOP10F cells by heat shock, as described by the
supplier. Transformants were plated on nutrient agar contain-
ing ampicillin (190 mg/L) and zeocin (50 mg/L}, and incub-
ated at 37°C overnight. Ten colonies were picked randomly
and recombinant plasmids were isolated using the Hybaid
Recovery Plasmid Prep Kit (Hybaid, Teddington, UK). The
orientation of the inserts was verified by PCR.

Measuring expression of class D f-lactamase genes in
B. pseudomallei using reverse transcriptase—PCR
{(RT-PCR)

Total RNA from B. pseudomallei, both parent and mutant
strains, was isolated by Hybaid RiboLyser Kit RLUE using a
HYBAID RiboLyser Instrument. The RNA was quantified
and ¢cDNAs were synthesized using RevertAid H Minus
M-MulLV Reverse Transcriptase (MBI Fermentas, Vilnius,
Lithuania}, according to the supplier’s instructions. RNAs
(5 ng) were mixed with specific primers, incubated at 70°C
for 5 min and chilled on ice. Then, reaction buffer was added,
foflowed by dNTPs to a final concentration of 1 mM. This
reaction was incubated at 70°C for 5 min. Two hundred units
of RevertAid H Minus M-MuLV Reverse Transcriptase were
added and incubated at 42°C for 60 min, Finally, the reaction
was terminated by heating at 70°C for 10 min and chilled on
ice. The synthesized cDNA was used directly as template in
RT-PCR without further purification. The oligonucleotide
primers were designed within the gene: (forward) 5-GCT-
GCTGGTGCAGGACGGCG-3 and (reverse) 5-CGTCAT-
GTCGACGGCTGTG-3'. The predicted PCR product was
435 bp. Amplification reactions were performed as described
earlier and the PCR conditions were as followed: one cycle at
94°C for 5 min, followed by 50 cycles at 94°C for | min, 58°C
for 1 min and 72°C for 2 min, with a final elongation at 72°C
for 10 min. The amplified products were analysed on 1%
agarose gel electrophoresis.

Table 2. Frequencies of mutation and B-lactam susceplibilities of B. pseudomallei strains used in this study

Range of ceftazidime MIC (mg/L}

Frequencies of

Range of imipenem MIC (mg/L)

Strains mutation parent mutant parent mutant
Clinicat 10e-107 -2 4-8 1 14
(1901a-1928a)

Environmental 1G-5-1¢-1® 1 4-8 1 1-2

(E10-E188)
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Results

Isolation of ceftazidime-resistant B, pseudomallei mutants

Ceftazidime-resistant mutants of 25 B. pseudomallei strains
(15 clinical and 10 environmental strains) were selected by
plating overnight cultures of B. pseudomatiei onto ceftazidime-
containing agar. It should be noted that the ‘ceftazidime-
resistant mutant’ in this article refers to strains having four-to
eight-fold increases in the MIC of ceftazidime compared with
the parent strain. The mutation frequencies determined are
shownin Table 2,

Ceftazidime-resistant mutants from clinical isolates
were selected at frequencies of 10—10-% (mostly 10-%). For
environmental isolates, the mutation frequencies (for se-

lecting ceftazidime-resistant mutants) were slightly lower
(109-10719). The frequencies of mutant isolation suggested
that point mutations leading to gene disruption were most
likely to be responsible for the resistant phenotype, as seen in
B. cepacia,'! Aeromonas spp.}® and Stenotrophomanas malto-
philia'7 One mutant of each strain was chesen randomly for
further investigation,

B-Lactam susceptibilities and f-{actamase production of
B. pseudomallei, parent and mutant strains

The MICs of ceftazidime and imipenem against 25 parent and
ceftazidime-resistant B. pseudomallei mutants were deter-
mined. The ranges of MICs against all strains are shown in
Table 2. The parent strains were susceptible to both ceftazid-

Table 3, B—Lactamase activities of B. pseudomallei parent strains and mutant progeny

Specific activity againstceftazidime®

Specific activity against imipenem?

Strains  parent mutant approximate fold increase? parenl mutant approximate fold increase®
1901a 6.1%15 1709+ 11.9 280 324+18 13781402 43
1902a 107+ 1.6 339.1+£ 1109 31.7 734£24 38364332 525
i904a 89+1.6 45%1.1 - 90%1.8 4.6x07 -
1907a 13.0+2.5 20.6+1.5 - 16.6£6.9 424x11.0 2.6
1911a 199+0 26610 - 158453 B5+1.7 -
1912a 49126 26.4+62 5.4 19.1£3.0 203149 -
1914b 19.3£5.0 11.8+52 - 108+1.7 9.5+0.6 -
1916a 35+1.2 64+ 1.8 - 5.1£23 58425 -
1918a 6019 32+04 - 74209 4540 -
1921a 24610 107.7+£254 32 27863 110.1x11.2 40
1922a 5.8+3.3 31.3+64 54 22+04 49116 23
1923a 6019 38x1.1 - BS+28 48x1.2 -
1924a 56%2l 2500 45 15417 57.6%15.6 37
1926a 33113 16.5+7.0 5.0 34x1.2 59x0 -
1928a 1.2+0.7 11.3£35 9.6 6.1x1.1 26.818.1 44
El0 158+2.8 13.7+1.3 - 77208 105+ 1.4 -
El4 64114 43+1.0 - 9.1+08 6.8+0.6 -
Ei5 1.7+0 166454 938 87126 11.4+£2.0 -
EL9 44109 22+1.3 - 6.6+09 5.2%05 -
E23 61122 19.1£7.9 32 55+21 6.9+2.9 -
E25 44+1.5 83+10 - 43116 9.612.1 2.2
E26 11.8+4.0 72127 - 62116 39+1.2 -
E37 2,104 9.7+36 4.6 39109 144109 3.7
Ei87 15726 150.6£0 96 150+£25 195.7%43.1 13.0
E188 153+28 124%1.9 - 108+1.2 10.8+1.3 -

The values given are the average number from three separate experiments. 190{a~1928a and E10-E 188 arc clinical and environmental strains, respectively.

#(ne unit: nanomales of substrate hydrolysed per minute per milligram of protein.

bR inerease in activity greater than two-fold is considered significant.

Page 4 of 11



Burkholderia pseudomallei class D B-lactamase gene

ime and imipenem. The mutasits displayed up to eight- and
four-fold increases in MICs of ceftazidime and imipenem,
respectively.

To investigate whether the increase in MICs of ceftazidime
and imipenem was the result of B-lactamase production,
P-lactamase activities were determined, specifically against
imipenem and ceftazidime. The imipenemase and ceftazidim-
ase activities of 25 B. pseudomallei strains {both parent and
mutant strains) are shown in Table 3. Twelve ceftazidime-
resistant mutants (48%) (1901 a, 1902a, 1912a, 19214, 19224,
1924a, 1926a, 1928a, E15, E23, E37, E187) showed two- to
31-fold increases in activities against ceftazidime. Increased
imipenemase activity was found in 10 ceftazidime-resistant
mutants (40%), which displayed two- to 52-fold higher activ-
ities compared with their parent strains (19013, 19023, 1907a,
1921a, 1922a, 1924a, 1928a, E25, E37, E187). Ceftazidime-
resistant mutants of strains 1901a, 1902a, 1921a, 1922a,
1924a,1928a, E37 and E187 (31% of all mutants) displayed a
more than two-fold increase in activity against both imipenem
and ceftazidime. Ceftazidime-resistant mutants of strains
1904a, 1911a, 1914b, 1916a, 19182, 1523a, E10, E14, E19,
E26 and E188, despite increases in MICs, displayed
P-lactamase activities similar to their parents. Ceftazidime re-
sistance in these mutants may have resulted from other mech-
anisms, e.g. alteration in outer membrane proteins or drug
efflux.

Amplification, sequencing and cloning of class D
B-lactamase genes from B. pseudomallei

The genome sequence of B. pseudomallel has revealed the
presence of class A (contig 93}, class C (contig 421) and
class D (contig 14) B-lactamase genes. B. pseudomallei straing
1902a and E15 were randomly chosen as representatives of
clinical and environmental strains, respectively, for cloning
of the class D P-lactamase genes. Genomic DNAs were
extracted and amplification of class D B-lactamase genes
from B. pseudomallei, strains 1902a and El5, were per-
formed. A single, discrete band of ~900 bp was obtained for
each strain, which was consistent with the predicted PCR
praduct for a class D B-lactamase gene.

Sequencing of the PCR product from strain 1902a revealed
an open reading frame of §10 nucleotides, encoding a product
of 269 amino acids. The nucleotide sequence of this open
reading frame and its deduced amino acids are shown in
Figure | (EMBL accession number AJ488302), The GC
content is high throughout the open reading frame (65.9%),
which corresponds to the overall GC content of the B. pseudo-
mallei chromosome. This new class D B-lactamase, desig-
nated OXA-42, has a predicted pl of 9.4 and an estimated
molecular weight of 29.5 kDa. Like other B-lactamases, the
primary translation product has a strong hydrophobic

N-terminus, typical of periplasmic proteins. The predicted
cleavage site is likely to be between alanine and lysine at
positicn 23—24. Within the enzyme, the conserved Ser-Thr-
Phe-Lys active site was found at position 53-56. Four other
conserved regions for class D B-lactamases were also identi-
fied (Figure 1): Tyr-Gly-Asn (position 130-132); Trp-Xaa-
Gly-Xaa-Xaa-Leu-Xaa-Ile-Ser (position 149-~157), Gln-Xaa-
Xaa-Xaa-Leu (position 161-165); and Lys-Thr-Gly {position
201-203).

The predicted amino acid sequence of OXA-42 (from strain
1502a) is almost identical to the gene sequenced by the Sanger
Institute (from strain K96243) with one amino acid differ-
ence. When OXA-42 was compared with other B-lactamases
in the EMBL database, this protein displayed high homology
with several oxacillin-hydrolysing [B-lactamases such as
OXA-22 from Ralstonia pickettii'® (51% identity), AsbB1,
AmpS and AmpH, the class D enzymes from Aeromonas
Jandaei," Aeromonas veronii®® and Aeromonas hydrophila,'
respectively (45% identities); OXA-18 from Pseudomonas
aeruginosa® (43% identity); and OXA-9 from Klebsielln
preurnoniae encoded on multiresistant ransposon Tn/.3/ 1%
(41% identity).

The nucleotide sequence of the amplified class D B-lactam-
ase gene from B. pseudomallei strain E15 was also deter-
mined (EMBL accession number AJ488303). The deduced
amino acid sequence, designated OXA-43, is virtually ident-
ical to that of OXA-42, differing by two amino acids. Figure 2
presents the alignment of OXA-42 and OXA-43 with the
deduced amino acid sequence of the class D B-lactamase gene
from B. pseudomalie strain K96243, OXA-22, AsbBl,
AmpH, OXA-18 and OXA-9.

Prevalence of class D B-lactamase genes in
B. pseudomallei

Eleven B. pseudomallei strains were investigated for the
presence of class D B-lactamase genes. These strains were iso-
lated from Thailand (1901a, 1921a), Vietnam {52.239, 56.91,
A203, 52.238, 539.6, A202, 52.237, 55.135) and Australia
(60.66) (Table 1). Chromosomal DNAs were isolated and
used as templates in PCR amplification. The oligonucieotide
primers and PCR conditions were exactly the same as those
for strains E15 and 1902a. Strains 1902a and E15 were also
included in this amplification as positive controls. The PCR
products obtained from eight strains (except 60.66, 52.238
and 52,237) were ~800 bp in length, which corresponded to
the predicted PCR product size, regardless of the geograph-
ical origin and isolation time (Figure 3 and Table 1). The PCR
products were sequenced at both ends to verify that these PCR
products were the class D P-lactamase genes (data not
shown).
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10 20 30 40 50 60
CCCACTCTTTGCGGAACAACAATGARATTCCGACACGCGCTATCGAGCGCATTCGTTTTG
M K F R HA LS S AV F VL
70 80 90 1090 110 120
CTGGGTTACATCGCCGCGTCEACGCATACGAAGACGATCTGCACGGCGATCGCCGATGCS
L 8 ¢ I A A 8 A HA K TTIOCTATI AAKMTDRA
130 140 150 160 170 180
GGCACGGACAAGCTACTGGTGCAGGACGGCEGATTGCOGCCGCCEGCGCATCGCCCGLETCG
G T G K L L vV 0D D C G RUERAS P A 8
190 200 210 220 230 240
ACGTTCAAGATCGCGATCAGCCTAATGGGCTACGACGCAGGCTTCCTGCGCARCGAGCAT
T ¥ X I A I 8 L M 6 Y DD A G F L R N E H
250 260 270 280 230 300
GACCCGGTGCTGCCETATCGCGACAGTTACATCGUGTGGGOTGGCCARGCATGGAAGCAG
pP P VL P Y R D S Y I A W G G E A W K O
310 320 330 344 380 360
CCOACCGATCOGACGCGCTEGGCTCARGTATTCAGTCGTATGGTATTCGCAGCAGETECCG
P T D P T R W L K Y 8 V V W Y 8 Q Q@ V A
370 3sac 390 400 410 420
CACCATCTCGGCGCACAGCGECTTCOCGCAGTATGCGAAGGCGTTCGECTACGGCAATGCS
H H L @6 A Q R F A QY A KA VF G ¥ @ N A
430 440 450 460 470 480
GACGTGTCCGGCGATCCCGOCCAGARCAACGECCTCGATCGCECGTEGGATCGACTCATCG
D VvV 8§ G D P G @Q N NGILUDU RAMWTIG B8 B8
420 500 510 520 S30 540
CTGCAGATCTCGCCGCTCGAACAATTGEAATTCCTCGGCAAGATGCTCAATCGCAAGCTG
L. @9 I 8 P L E Q L BE ¥ L G X M L N R K L
550 560 570 580 590 600
CCCGTGTCECCCACAGCCETCGACATGACGRAGCGCATCGTCGAATCGACGACGCTTGCC
P Vv &8 P T A VD M TE R I V E S T T L A
€140 620 630 640 650 660
GACGGARCGETGGTCCACGGCAAGACCGECGTEGTCCTATCCGCTGCTGGCCGACGGCACA
D 6 T VvV V H G KT GGV § Y¥Y P L L A DG T
670 €80 630 700 710 720
CGCGACTGEGCGCATEGATCCAICTEGETTCGTCGGCTAGATCGTGCGTGGCAATCAGACG
R D W A R G 8§ G W F V G W I V RGN Q@ T
730 740 750 760 770 780
CTGGTETTCGCGOGUCTCACGCAGGACGAGCGCAAGCAGCCCETTTCAGCCGGCATACGH
L ¥ F A R L T ¢ b E R K Q P V 8 A G I R
790 800 810 820 830 840
ACGCGCGAGGCCTTCCTOCGCGACTTGCCCCGGCTTCTCGCOGOGRCGCTGARGCTACTGCC

T R E A F L R P L P R L L A A R *

850 860 870

880

GUCGTCCGCGCAGCCECGCGACAGGGCGACGTA

Figure 1, Nucleotide and deduced amino acid sequences of class D f-lactamase from B. pseudomallei strain 1902a, Bold letters represent the
conserved region of class D B-lactamase. The putative ribosome binding site is underlined.

B-Lactam susceptibilities and B-lactamase activities of
the E. coli BL2 I{DE3) pLysS carrying either blagy, ¢
or b!aom#

The 900 bp blagy, 4 and blagy, 43 products from B. pseudo-
mallei 19022 and E15 parent strains were ligated directly into
pCR T7/CT-TOPO and transformed into £. coli TOP10F’ as
described in Materials and methods. One clone for each strain
was selected for further study, The recombinant plasmids
were extracted and transformed into £. coli BL21{DE3)}
pLysS.

f-Lactam susceptibilities and P-lactamase (prepared by
periplasmic extraction) activities of the E. coli BL2I{(DE3)
pLysS camrying the B. pseudomallei class D f-lactamase
genes were determined. The resuits are shown in Table 4.
Extracts of E. coli BL21I{DE3) pLysS carrying blagy, 4 of
blagy 43 displayed oxaciilinase activity, which was not found
in extracts of E. celi without plasmid or £, coli (pUCI18). In
contrast, E. coli BL21(DE3) pLysS carrying &lagy, 4 O
blagy, 4y did not show any resistance o ceftazidime or
imipenem, and ceftazidime or imipenem hydrolytic activity
was not detected in cell extracts.
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OXA-42 MKFRHALSSAFVLIGCIAASAH~ -~ -~ - == -~ = AKT- ICTAIADAGTGKLLVQDGDCGRR 48
OXA-43 MKFRHALSSAFVLLGCIAARSAH -~~~ === r—= - AKT- ICTAIADAGTGELLVQDGDOGRR 48
K96423 MKPRHALSSAFVLLGCIAASAH- -~ -~ 2=~ - AKT - ICTALADAGTGKLLVQDGDCOGRR 48
QXA-22 MIKRRHAAIG- - ALLAALATFAH--~---~~~ -~ ABHPICTIVADAATGKAVLHEGKCDER 47
OXA-18 MORSLSHMSGKRHF IFAVSFVISTVCLTFS PANAAQKLECTLVIDRASGDLLHREGSCDKA 60
OXA-5 MKDTLME - - KILLLHMLVFVESATLPISSVASDEVETLKCTIIADAITGNTLYETGECARR 58
AgbELl MSRLLLSG- - - LLATGLLCAVP - -~ « =~ - - = = ASAASGCFLYADG-NGQTLSSEGDCSSD 46
AmpH HSRLI;LSG ~~ - LLGAGLLFSLP- -+~ =~ - - - -~ -ASAATOCFLYADG -HGQALSSEGDCSSQ 46
sz . 1y g H . v I3
4
OXA-42 ASPASTFKIALSLMGYDAGFLENEHDRVLPYRDSY IARGGEAWKQPTDPTRWLKYSVVWY 108
OXA-43 ASPASTFKIAI SLMGYDAGFLRNEKDPVLPYRDSYIAWGGEANKQPTDPTRWLKYPVVWY 108
K96423 ASPASTFKIAI SLMGYDAGFLRNEHDPVLPYRDSYIAWGGEAWKQPTDPTRWLKYSVVWY 108
OXA-22 VTPASTFKLALAVMGFDHGFLKDEHT FVEHFREGD PDWGGEAWHQPI DPALWLKYSVVWY 107
CXA-18 FAPMSTFHLPLAIMGYDADILLDATTPRWDYKPEFNGYKSQQ - -KPTDPTINLEDSIVWY 118
QXA-9 VSPCSSFKLPLAIMGFDSGILOSPKSPTWELKPEYNPSPRDRTYKQVYPALWOSDSVVWE 118
AgbBl LPPASTFKIPLALMGYDSGFLVNEEHPALPYEPSYDGW-LPAWRETTTPRRWETYSVVWE 105
AmpH LPPASTPKIPLALMGYDSCGFLVDEEHPALPFRKPGYDDW - LPAWRETTTPRRWETYSVVWF 105
Wakphw g ek o4 o g : 1 ] Tiz% (WMo szyhe.
OKA-42 SOQVAHHLGAQRPAQYAKAFGYGNADVSADPGONNGLORAWIGSSIQISPLEQLEFLGKM 168
OXA-43 SOQVAHHLGAORFAQYAKAFGYGNADVSGDPGANGLDRAWIGSSLOISPLEQLEFLGKM 168
K96423 SQOVAHHIGAQRFAQYAKAFGYGNADVSGDPGONNGLDRANWIGSSIQISPLEQLEFLGKM 1468
OXA-22 SORITHAMGAQTFIAYVRELGYGNMDVSGDPGENNGMDRSWITSSLKISPEREQVGLMRRI 167
OXA-18 SQELTRRLGESRFSDYVORFDYGNKDVSGDPGKHNGLTHAWLASSLKISPEEQVRFLRRF 178
OXA-9 SQQLTSRIGVDAFTEYVEKKFEYGNQDVSGDSGKHNGLTQSWLMSSLTISPEKEQIQFLLRF 178
AsbBl SQOITENLGMERFQQYVDRFDYGNRDLSGNPGKHDGLTOAWLSSSLAISPERQARFLGKM 165
AmpH SQQITmRFQQWDmYGNmsGNPGmTQAMSSHI EPQEQARFLGKM 165
Why ; aF 4B Wy ; AWK MWk é; % ¥ ks REE ®R oy
OXR~-42 LNRKLEVSPTAVOMTERIVES TTLADGTVVHGKTGVSYPLLA - - - ~DGTRDWARGSGWEV 224
OXA-43 INRELPYSPTAVDMTERIVESTTLADGTVVHGKTGVSYPLLA - - - -DGTRUWARGSGHEV 224
K96423 LNRKLPVS PTAVDMTER IVESTTLADGTVVHGKTGVSYPLLA ~ - - -DGTRDWARGSGWFV 224
QXA-22 VHERQLPVSAHTYEMLDRTVLTHOVEGGHAVQGKTGTAGPAPGH TS PDGTHWDORAHAYGHFY 227
OXR-18 LRGELPVSEDALEMTKAVVPHFEAGD -WDVQGKTGTGSLSDA - -~ -KG- - -GKAFPIGWFI 230
OXA-§ VAHELPVSEAAYDMAYATI PQYQAAEGWAVHGKSGSGWLRDH - - - -NGKINESRPQGWFV 234
AsbB1l VIGKLPVSAQTLOYTANILK ~ VSEVEGWQ IHGKTGMGY PKKL - - - ~-DGSLNRDQQIGWEV 220
AmpH VSGKLPVSWYTAN ILK VSESDGWQIHGKTGHGYPKKL ~=---DGSLNREQQIGWEFV 220
T T T A 1 . W “rw,
¥
OXA-~42 GWIVAGNQTLVFARLTQDERKQPVEAGIRTREAFLRDLPRLLAAR-~ 263
QXA-43 GwIVRGEQTLVFARLTQDBRKQPVSHGIRTREAFLRDLPRLIMR— - 269
K96423 GWIVRGKQTLVFARLTQDERKQPVSAGIRTREAFLRDLERLLAAR- - 269
OXA-22 GWARKGDKTYVPANLIQDDKVEPTSGGIRSRDALFARLEEVLAFAGH 274
OXA-18 GWATRDDRRVVFARLTVGARKGEQPAGPAARDEFINTLPALSENF-- 275
QXA-9 GWARKNGRQVVFARLEIGKEKSDIPGGSKAREDILVELPVLMGNK- - 279
AsbBl GWASKPGKQLIFVHTVV]~KPGKOFAS IKAKEEVLAALPAQLKKL- - 264
AmpH

GWASKPGKQLIFVH'IWQ KPGKQFASLKAKEEVIMLPAKLKTL -- 264

Wy P 3 ] *

Figure2. Alignmentof class D §-Jactamase from B. pseudomallei 1902aand E13, OXA-42 and OXA-43, respectively, with the deduced amino acid
sequence of the class I gene from B. pseudomallei strain K96243 and other related oxacillinases, such as OXA-22,' 70X A- 18,2 OXA-9,2 AsbB11¥
and AmpH."¥ The two amino acid differences between OXA-42 and OXA-43 are underlined and indicated by *1*. Amino acid sequences that are
found in all eight class D B-lactamases are indicated by an asterigk. *." indicates an amino acid that is found in at least five proteins,

Expression of class D B-lactamase in B. pseudomallei
ElS, parent and ceftazidime-resistant mutant strains

Toexamine whether the class D B-lactamase is overexpressed
in ceftazidime-resistant mutants, RT-PCR was performed on
one parent strain and its resistant mutant progeay. 8. pseudo-
mallei strain E15 was chosen for this study because it was iso-
lated from soil and hence is unlikely to have been exposed to

B-lactams at growth inhibitory concentrations. Total RNAs
were isolated and quantified. Primers used incDNA synthesis
and RT-PCR are described in Materials and methods. The
RNA from both the parent and the cefiazidime-resistant
mutant strains was used to synthesize ¢cDNAs, which were
further used as templates in amplification. The predicted PCR
product is 435 bp. The results showed clearly that the expres-
sion of the class D 3-lactamase gene is increased significantly
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1000bp ——p
850bp _—

Figure 3. One percent agarose gel electrophoresis of amplification of class D B-lactamase from B. pseudomallei. Lane 1, 1 kb plus DNA ladder;
lanes 214, class D PCR products from B. pseudomallei strains 52.239, 56.91, 60.66, A203, 52.238, 59.6, A202, 52.237, 55.135, 19014, 1902a,

1921aand E15, respectively.

Table 4. B-Lactam susceptibilities and fi-lactamase activities of E. coli BL21{DE3) pLysS carrying either the

blagy . 43 Of blagy s gene from B. pseudomallei

MICs (mg/L} Specific activities®
Strains CAZ IPM OXA CAZ IPM OXA
BL21{DE3) pLysS <0.125 0.5 256 ND ND ND
BL21(DE3) pLysS (pUCI18) <0.125 0.5 512 ND ND 3710
BL21{DE3) pLysS (blagy .q2)’ <0.123 0.5 512 ND ND 18707+ 1062
BL21(DE3) pLysS (blagy 1) <0.125 0.5 512 ND ND 14324£130

CAZ, ceftazidime; IPM, imipenem; OXA, oxacillin; ND, no detectable activity.
“Nanomeoles of sabstrate hydrolysed per minute per mitligram of protein.
*BL21{DE3) pLysS (blayy, ;) and BL21(DE3) pLysS (blagya ss) are £. coli cammying the oxacillinase genes from B. psewdomutiei strains

19022 and E15, respectively.

in the ceftazidime-resistant mutant compared with the parent
strain (Figure 4). This experiment was repeated three times
and the results were consistent.

Discussion

s

B-Lactam resistance poses a potential problem in the treat-
ment of B. pseudomallei infection. B-Lactam resistance can
emerge in several ways, but the most important mechanism is
the production of chromosomally mediated B-lactamase(s).
However, mutants in which #-lactamase(s) are produced
constitutively at high levels can occur naturally. In this
study, ceftazidime-resistant mutants of B. pseudomatiei were
sefected at high frequencies. This indicates that if B. pseudo-
mallei is exposed repeatedly to ceftazidime, there exists the
possibility that resistance will emerge rapidly.

Many ceftazidimases are plasmid encoded, arising as a
result of mutations in TEM-, SHV- or the OXA-type
B-lactamases, leading to the extended-spectrum f3-lactamases
(ESBL3). Livermore er al? reported B-lactamases from

B. pseudomallei that were strongly active against many
cephalosporins, but not ceftazidime. However, specific cef-
tazidimase activity in B. pseudomallei was reported by
Godfrey et al.'"® The 25 B. pseudomallei tested in this study
displayed P-lactamase activities against different B-lactams.
The ability to hydrolyse ampicillin or cefalothin was not
surprising, but the finding that 48% of 8. pseudomallei strains
tested possess the ability to produce ceftazidimase activity is
worrying, as ceftazidime is the antibiotic of choice for the
treatment of melioidosis.

The ability of bacteria to hydrolyse imipenem is often
mediated by a metallo-B-lactamase, aithough some serine
enzymes have been reported to be able to hydrolyse carba-
penems.52 Increased imipenemase activity (more than two-
fold) in the B. pseudomallei mutant strains was found in 40%
of those tested in this study. There is no direct evidence of a
metallo-B-lactamase gene in the B. pseudomallei genome
currently being sequenced, but genome sequencing has
revealed the presence of class A, C and D fi-lactamase genes.
In P. aeruginosa, variants of class D B-lactamases are recog-
nized increasingly as being significant in resistance to cef-

Page 8of 11



Burkholderia pseudomallei class D B-lactamase gene

650 bp

S00 bp

400 bp

Figure 4. Expression of ciass D f-lactamases of B. psewdomatlei E15,
parent and mutant strains, by RT-PCR. Lane 1, 1 kb plus DNA ladder;
lane 2, ampiified product from E1S parent strain; lane 3, amplified pro-
duct from EI5 ceftazidime-resistant mutant (see Materials and methods
for more detaiis).

tazidime, i.e. OXA-152* OXA-18% and OXA-28.2 Some
OXA-type enzymes have also been reported to hydrolyse
carbapenems, e.g. OXA-23,2% OXA-24,7 OXA-25, OXA-26
and OXA-27 81t was therefore decided to clone and sequence
the class D P-lactamase genes from B. pseudomallei strains
1902a and E15 and measure their substrate profiles to estim-
ate the rote of these enzymes in resistance to imipenem and
ceftazidime.

The amino acid sequences of the two B. pseudomallei class
D B-lactamases, OXA-42 and OXA-43, are aimost identical
and show significant homology to chromosomally encoded
oxacillinases from R. pickestii and Aeromonas spp. The pre-
sence of class D B-lactamase seems to be ubiquitous among
B. pseudomallei strains, as the geographical origins of these
strains were diverse, and the organisms were isolated at dif-
ferent times (one was isolated 55 years ago). Of considerable
interest, strain E15 possesses the class D §-lactamase gene but
was isolated from a rice field and has never been exposed to
{3-lactams at therapeutic concentsations. These results sup-
port the possibility that the function of [-lactamases is not
only o inactivate B-lactams but may also play some otherrole
in cell physiology. If the B-lactamases are involved in crucial
cellular functions, then the genes will be maintained in these
organisms.

The expression of blagy, 41 1s increased in the ceftazidime-
resistant B, pseudomallei E15 mutant compared with its
parent strain, as shown by RT-PCR. However, the results of
P-lactamase assays of extracts of E. coli carrying either
blagy .43 OF blagy, 45 showed no detectable activities against
ceftazidime orimipenem, so it is unlikely that overexpression
of the class D enzyme is the reason for ceftazidime hydrolytic

activity seen in some ceftazidime-resistant B. pseudomallei
mutants. [t should be noted, however, that there have been
reports of oxacillinases associated with increases in MIC of
ceftazidime up to 128 mg/L, even though they possess no
detectable ceftazidimase activity, e.g OXA-16 from P. aeru-
ginosa strains 906 and 961,77 and OXA-17 from P, aerugin-
osa strains 871 and 873.2% More commonly, however,
resistance to third-generation cephalosporins is caused by the
production of class A ESBLs®¥ or the overexpression of
class C P-lactamases.’’ Class A and C (-lactamases have
already been shown to be involved in B-lactam resistance in
B. pseudomaliei 3233 s ceftazidime resistance may he caused
by multiple B-lactamases. Their relative roles now need to be
elucidated.

The production of multiple B-lactamases has been reported
from many bacterial species. For example, expression of three
B-lactamases in Aeromonas spp. is co-ordinated despite the
genes being unlinked.!316.191n the case of B. pseudomallei, the
observed activities against different -lactam substrates as
well as the results from genome sequencing suggest the pre-
sence of multiple B-lactamases. Whether the expression of
these enzymes is co-ordinated or not has yet to be determined,
but the finding that the class D B-lactamase is overexpressed
in mutants selected for resistance to a f-lactam most likely to
be hydrolysed by one of the host’s other two B-lactamases
does suggest some co-ordination of f-lactamase expression.
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