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Microbial resistance against �-lactams

•••• Problem:

Reduction of clinical efficiency of

penicillins and cephalosporins

•••• Reason:

Ability of different species of bacteria

to resist �-lactam antibiotics action                   
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Relative prevalence of different ESBL types 

and their combination in Russia

21.4%

RESORT Study (2002-2004), 

Institute of Antimicrobial Chemotherapy, Smolensk

(M.Edelstein, et al. 17th ECCMID, 2007, O.1732_130)

0.1%

13.6%

60.0%

0.1%

3.9%

19.7%

0.5%

1.1%

1%other ESBLs

CTX-M-9-cluster+SHV

CTX-M-2-cluster+SHV

CTX-M-1-cluster+SHV

CTX-M-9-cluster

CTX-M-2-cluster

CTX-M-1-cluster

SHV

TEM

21.3% of strains 

possessed � 2 ESBLs

n = 718 strains expressing ESBL phenotype

!
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ExtendedExtended--spectrum betaspectrum beta--lactamaseslactamases ((ESBLsESBLs))

� Serine �-lactamases

� Typically plasmid-encoded, often associated with
mobile elements

� Active against all �-lactams (penicillins, I-IV 
generations of cephalosporins, aztreonam) except
cephamycins and carbapenems

� Inhibited by active-site directed inhibitors (clavulanic
acid, sulbactam, tazobactam)

�� Main producers are Main producers are E.E.colicoli,, K.K.pneumoniaepneumoniae and and other other 
EnterobacteriaceaeEnterobacteriaceae spp.spp.

� Multiple genetic types: CTX-M, SHV, TEM.
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Why identification ofWhy identification of ESBLsESBLs is so importantis so important??

�� ConferConfer resistanceresistance toto thethe mostmost commonlycommonly usedused
antibioticsantibiotics whichwhich constituteconstitute thethe firstfirst--lineline therapytherapy forfor
nosocomialnosocomial infectionsinfections

�� ComplexComplex epidemiologyepidemiology:: maymay rapidlyrapidly spreadspread byby clonalclonal
transmissiontransmission oror plasmidplasmid transfertransfer

�� FrequentlyFrequently associatedassociated withwith resistanceresistance determinantsdeterminants toto
nonnon--ββββββββ--lactamlactam agentsagents ((fluoroquinolonesfluoroquinolones, , 
aminoglycosidesaminoglycosides, , tetracyclinestetracyclines,, sulfonamidessulfonamides, , etcetc).).
ESBL ESBL producersproducers areare oftenoften multiplymultiply resistantresistant

�� Difficult toDifficult to detectdetect ESBL ESBL producers by routine producers by routine 
susceptibilitysusceptibility teststests -- common causecommon cause ofof treatment treatment 
failuresfailures withwith modernmodern cephalosporinscephalosporins
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Mutational variability Mutational variability of TEM family of bof TEM family of b--lactamaseslactamases

Brown color are regions with very 

high mutation rate.

Green – average rate of mutations.

Blue –marginal rate.
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Structure of TEMStructure of TEM--1 b1 b--lactamase lactamase with with sulbactamsulbactam

β-lactamase TEM-1 is presented as ribbon

(blue), showing folding and elements of 

protein secondary structure.

Active site residues:

Ser 70

Ser 130

Glu 166

Gln 132

Lys 234

Arg 244

Amino acids which mutations cause 

inhibitory resistance:

Gln39

Met69

Arg244

Arg275

Asn276

Residues causing ESBL phenotype:

Glu 104

Arg 164

Gly 238

Glu 240

Residues demonstrated high mutation rate 

in TEM family:

Met 182 

Thr 265
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Mutational variability Mutational variability of SHV family of bof SHV family of b--lactamaseslactamases

Brown color are regions with very 

high mutation rate.

Green – average rate of mutations.

Blue –marginal rate.
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Structure of complex between SHVStructure of complex between SHV--2 b2 b--lactamase lactamase with with 

tazobactamtazobactam

SHV-2 b-lactamase presented 

as ribbon (blue). Active site 

residues are:

Ser 70

Ser 130

Glu 166

Gln 132

Lys 73

Met 69

Amino acids which mutations 

cause ESBL phenotypes are 

shown in yellow

Leu 35

Asp179

Gly238

Glu240
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DNA microarray technology

HybridizationHybridization

Detection of Detection of 

hybridization resultshybridization results

oligonucleotide

microarray
labelled labelled 

DNA fragmentsDNA fragments

plasmid DNA,plasmid DNA,

isolated from isolated from 

clinical sampleclinical sample

a set of a set of 

oligonucleotideoligonucleotide

probesprobes

MicroarrayMicroarray

fabricationfabrication

DNA amplification,DNA amplification,

labellinglabelling andand

fragmentationfragmentation
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Strategy of probe design for SNP detectionStrategy of probe design for SNP detection

CGGTTCAGGCCCGGTTCAGGCCTTCTACGGTACCGCTACGGTACCG

CGGTTCAGGCCCGGTTCAGGCCCCCTACGGTACCGCTACGGTACCG

CGGTTCAGGCCCGGTTCAGGCCGGCTACGGTACCGCTACGGTACCG

CGGTTCAGGCCCGGTTCAGGCCAACTACGGTACCGCTACGGTACCG

TEMTEM--11

TEMTEM--2121

Amino acid sequence

Nucleotide sequence

TEMTEM--11

TEMTEM--2121

151

...GSG...GSGHHYGT...YGT...

...GSG...GSGRRYGT...YGT...

RRequirementequirementss::

�� Mutation at or near the central position Mutation at or near the central position 
within the probe sequencewithin the probe sequence

�� LengthLength of probe of probe -- 1717--24 24 nucleotidesnucleotides

�� Disparity in Tm  for different Disparity in Tm  for different oligonucleotideoligonucleotide
groupsgroups –– no more than no more than 55––1010 00��

�� ((��++GG)) ~~ 35 35 ––70 %70 %

�� Minimal probability of Minimal probability of dimerdimer and cyclic and cyclic 
structures formation for the probestructures formation for the probe

A

G

C

T

19 37 40 49 67 67.2 78

82 90 122 125 143

151 161 163 163.2 182

194 194.2 235 235.2 236.2

237 241

102

162

202

241.2

113

162.2

216

258 261 264

127

180

236

271 272

276

A
G
C
T

A
G
C
T

A
G
C
T

A
G
C
T

A
G
C
T

A
G
C
T

4

Spotting control

Neg. hybridization control

Pos. hybridization control

Process control

Perfect match for TEM-1

Mismatch for TEM-1

Grimm V et al. Rapid resistance genotyping of TEM beta-lactamases using DNA-microarrays, J Clin Microbiol, 2004 Aug;42(8):3766-74.
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Different detection systems Different detection systems 

for DNA microarray technologyfor DNA microarray technology

DNA-microarray with 

fluorescent detection

DNA-microarray with

colorimetric detection

Cy3

SubstrateColored

product

Bt

HRP
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DNA DNA microarrays microarrays developed:developed:
DNA microarray for identification

of ESBL type and importantimportant

mutations in encoding genesmutations in encoding genes

Identification chipIdentification chip

DNA microarrays for ESBL genotyping

(determinationdetermination of all known mutations)of all known mutations)

Genotyping chip

Support: epoxy-coated  glass slides

Size of the array: 8 mm � 12 mm

Spot diameter ~ 100 �m

Spots per one array : 1020

Number of determined mutations: 67

Support: nitrocellulose membrane

Size of the array: 8 mm � 12 mm

Size of the spot: ~ 250 µm

Number of spots per array: 195

Number of determined mutations: 19
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Determination of Determination of subclustersubcluster ������--��--11 ��--lactamaseslactamases

with with Genotyping chipGenotyping chip
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Validation of Validation of Genotyping CTXGenotyping CTX--M chipM chip

24(n=6)Serratia marcescens

1(n=1)Salmonella typhimurium

1(n=1)Salmonella infantis

1(n=1)Providencia stuartii

21(n=3)Providencia rettgeri

1(n=1)Proteus vulgaris

1(n=1)Proteus penneri

274(n=13)Proteus mirabilis

1(n=1)Morganella morganii

11510(n=17)Klebsiella pneumoniae

6147(n=27)Escherichia coli

2(n=2)Enterobacter cloacae

23(n=5)Enterobacter aerogenes

22(n=4)Citrobacter freundii

CTX-M-14

(n=7)

8%

CTX-M-5

(n=4)

5%

CTX-M-15

(n=39)

47%

CTX-M-3

(n=33)

40%

Genotype by DNA-microarrayTotal no of 

isolates

(n=83)

Species



Determination of ESBL types and important SNP Determination of ESBL types and important SNP 

with with Identification chipIdentification chip

Support: nitrocellulose membrane

Size of the array: 8 mm � 12 mm

Size of the spot: ~ 250 µm

Number of spots per array: 195

Type of ESBLs

Clusters of ���-�

���-� mutations

��� mutations

SHV mutation

Controls

Type: ���-�

Subcluster: ���-

�-1
Subtype:

���-�-3-like

Result of testing control 

strain producing 
CTX-M-3 beta-lactamase
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Determination of a mixture of Determination of a mixture of ������--1 1 		 ������--��--15 15 
with Identification chipwith Identification chip
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CREATING CREATING E.E.colicoli STRAIN PRODUCING STRAIN PRODUCING TEMTEM--1 1 bb--LACTAMASELACTAMASE

Expression system for b-lactamase TEM-1 (class A) production in 

E.coli cells permits to obtain homogeneous preparation of 

recombinant enzyme. 

Kinetic parameters obtained with chromogenic substrate CENTA as 

follows:                                                        

KM eff= 22 mM, Vm = 0,39 mM/s, kcat = 31,2 s-1, kcat/KM =1,4 mM-1s-1.

The inhibition constants for recombinant b-lactamase TEM-1: 

KI(sulbactam)=0,43mM, KI(tazobactam)= 0,041mM, KI(clavulanic

a�id)=0,046mM 

4394 bps

NdeI

rec-bla

��� pET- bla

NotI
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Structure of complex ofStructure of complex of TEMTEM--11 bb--lactamase lactamase 

with with sulbactamsulbactam

6

N

O

2

S Me

Me

CO2H

O
O
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Suggested Suggested sulbactamsulbactam modification modification 

of of ��66 carbon substitutescarbon substitutes

Asn 132  is conservative residues for TEM subclass A of β-lactamases which is 

located in enzyme active site facing possible C6 substitutes of sulbactam

derivatives. Binding  could be more strong if it used an ability of Asn132 

terminal amide group to establish hydrogen bonds with  subsrtate .  Obvious 

choice would be to use amide group as terminal one for C6 substitute. Such 

selection would increase chances of  establishing the hydrogen bonds between 

Asn132 and substrate.

6

N

O

2

S Me

Me

CO2H

O O
O

H2N

6

N

O

2

S Me

Me

CO2H

O OO

H2N

Because of sterical limitations 

compound with such substitute 

does not fit in enzyme active site

6

N

O

2

S Me

Me

CO2H

O
O
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Model complex of prospective inhibitor with Model complex of prospective inhibitor with 

TEM bTEM b--lactamase lactamase active siteactive site

∆Ebound = -2.5 Kcal/mol

6

N

O

2

S Me

Me

CO2H

O O
O

H2N
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