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Build up and make use of
a Molecular Pharmacology Lab
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From genes to function .....

Function

Proteins

Molecular Biology
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What are you interested in ?

* Proteins

Detection of proteins

Change in expression level

Change in localization

Change in activation state; post-traductional modifications
Change in activity

 ADN

Amplification (for cloning, e.g. )
Detection of genes (« yes or no » reply)
Search for mutations

* ARNmM
Expression levels
Post-transcriptional modifications
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1. Build up ...
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IS JUST AS IMPORTANT AS

DEPTH OF
KNOWLEDG

s e iy o B s o e, VR

LOWOILA

@ =

ICAAC meeting; Chicago, IL

april 2011 Hanoi - molecular pharmacology lab



A. Plan what you need as material
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A. Plan what you need as material

* Proteins (activity)

» thermostatized bath, melting ice
 spectrometer, fluorimeter, (microplate reader)
* centrifuge

e ultracentrifuge
* cell culture room / animal house (depending on your model...)
» scintillation counter, HPLC, mass spectrometry, ...
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A. Plan what you need as material

* Proteins (detection)

» western-blot :
- gel preparation, thank, gentle agitator,
- system for detecting signal associated to secundary antibody

(luminescence, absorbance, fluorescence, ...),

- software for analysing band intensity

» cell fractionation: ultracentrifuge

« 2D-gels (proteomic analysis):
- gel preparation, electrofocusing, thanks for running several
gels in parallel
- system for detecting signal (silver coloration, fluorophores)
- protein identifiation (mass spectrometry)
- appropriate sofware for gel analysis and protein identification

april 2011 Hanoi - molecular pharmacology lab



A. Plan what you need as material

- DNA/RNA

* electrophoresis thank

 PCR machine

* transluminator for band visualization + software for band analysis
 thermostatized bath (incubation over wide range of t° [4-90°C]

* real-time PCR
* fluorimeter for quantification of DNA/ARN [Qubit® for example]
* hood to prevent contaminations

april 2011 Hanoi - molecular pharmacology lab 9



B. Organize your lab in a efficient way
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Contaminating is easy with DNA / RNA !

Purified Viral RNA
genomic Lysis & purification mBNA, and
DNA L rRNA

P4
/

’ Reverse Jtranscriptase

[
- e
'! Potential \""
f’ ' PCR '
contamination
=

cDNA

/ Hybndmatmn\ / . ./ \ /

| dot, lot, and Oycle Real-time | | Electrophoresis

NN AN N

FIGURE 1. Outline of sample processing and analysis in a PCR laboratory.

www.biosupplynet.com/pdf/01_PCR_Primer_p.5 14.pdf
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How to prevent contamination ?

1. Organize your lab!

PCR Laboratory Organization

-
Tissue (\“{)
. Benchspace culture Benchspace _ A
..... - incubtrs .
' Sink
A - .
Microbiol. o " Gel
4°C fri P PCw | Imaging
°C frig. : . 00 W, : - . t
_00°C Sll_ght positive network Sllght negative .| | System
frzr. air pressure connection - air pressure —
e Thermal 4°C frig.

. . . upright cyclers X . -20°C
Sink . .- frzr. " . frzr.
Thermal

cyclers
] Gel .
Type | SU\';'Z“;E Cfint:- electrophoresis b PCE?aI-tt ime i
HQO P c g equipment oven instrumen

Pre-PCR Lab —- Post-PCR Lab

Flow of samples
for PCR analysis

FIGURE 2. Organization of a PCR laboratory with separate pre- and post-PCR rooms.

www.biosupplynet.com/pdf/01_PCR_Primer_p.5 14.pdf
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How to prevent contamination

2. Use appropriate material !

Use of Open Pipet Tips Leads to Pipettor Contamination

o

Aspirate
sample hapose
& aerosol - tip. Z1  Pipet 2nd -
into pipet Add new sample
fip, l'. |
- Withdraw /
4 liquid from v
Hrpicons
in asrosal 2nd sample Use of Barrier Pipet Tips Prevents Pipettor Contamination
PCR i S
amplican with 18t PCR
in ﬂ% ' ' amgleon
15t sample 2nd sample Aspirate
sam
ple Dispose
— 4 IIFI - P 2 d -_
acresok & aerosol Ipet<£n
resaiat into pipet || N L] sample |
‘e — ‘ Withdraw
liquid from
2nd sample X

PLN Next PCR

HAT contamenabed

amphcon
" Wﬂ' wih 151 PCH
' amphcon
181 sample 2rd sample

FIGURE 3. Use of barrier tips to prevent amplicon contamination in the PCR laboratory.

www.biosupplynet.com/pdf/01_PCR_Primer_p.5 14.pdf
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How to prevent contamination ,)

3. Perform quality control !

shows that PCR conditions
are appropriate to detect
the gene of interest

shows that your reagents
are not contaminated

£
/
/
;
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A practical example in our lab ...

Absence of DNA in mRNA samples for real time PCR

reverse o Evaluation
o purification transcription Amplication gene
Nucleic acids > mRNA > cDNA > expression
level

positive  negative
control control

positive  negative
control control

samples  cDNA H,O samples cDNA H,O
(mMRNA) + PCR mix + PCR mix + PCR mix + PCR mix
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How to prevent contamination
wear gloves ... and change when needed !

Contamination source could be the skin !

— DNA/RNAase could be present

— proteins could be present
— western blot detect specific proteins only
— may be a problem in global analyses of proteome
(detection of proteins absent from the sample itself)
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A practical example in our lab ....

L2 micro- cell

mol mol
(pathogens) biology culture balances bio3 bio 1
lab storage autoclaves -80°C 14C-3H mol
sterile centrifuges -20°C  biophysics bio 2
General material 4°C
lab
General spectrometer
lab fluorimeter HPLC
plate readers
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A practical example in our lab ....

L2 micro- cell
(pathogens) biology culture

april 2011
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A practical example in our lab ....

Pre-PCR stepsinalab 1

mol mol
bio3 bio 1

mol
bio 2

april 2011
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A practical example in our lab ....

Lab 2 organized with specific benches
* Proteins
- DNA
* RNA

mol mol
bio3 bio 1
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A practical example in our lab ....

PCR and post-PCR in lab 3

mol mol
bio3 bio 1
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A practical example in our lab ....

april 2011
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Don’t forget computers ...

Many machines are now piloted with computers ...

april 2011
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A series of databases on the web ...

Database

Mucleotide Sequence

GenBank

EMBL Muclectide Sequence

Database

DHAa Data Bank of Japan

(DB

URL

www, nchi.nlrm, nik, gow

www, ebi, ac uksSermbl htrl

www,ddbj. nig. ac.jp

DMNA Sequences: Genes, Motifs and Regulatory Sites

TIGR Gene Indices

ExInt
TRAMNSFAC

ROP

Gene Expression
PIR

SWISS-PROT
PROSITE

Pfarm
Carbohydrate
CCED

Protein Structure
PCE

Genomics

G

KEGE

Ecolyc

Emsernbl

www, tigr. orgftdbitgi. shtrl

http:ffzege. ntu.edu. sgfwasterfiskb/

http:ffwww. gene-regulation.com

rdp.crne. msu. adu

pir.geargetown.edu

wuww, expasy, chfsprot

wuww, expasy, chfprosite

www, sanger ac ukfSoftware/Pfam/

bzsull.lancs. acoukfaigfpages
fgagfcarbbank.htrm

wuww, rcsh, orgf pdby

www,geneantalagy.org

www,.genome. ad.jpfkagg

BCOCYC, OFg

wuww,ensermbl arg

Description

All publicly available nuclectide and protein
sequences

All publicly available nuclectide and protein
zaquences

All publicly available nucleotide and protein
faquences

Organism-specific databases of EST and gene
sequences

Exon-intron structure of eukaryotic genes

Transcription factors and binding sites

Ribozormal databaze project: rRMA sequencesz data

A collection of protein sequence databases

Curated protein sequence databases

Biologically-significant protein patterns and profiles

Sequence alignments and profile hidden Markau
rmodels

Camplex carbohydrate structure databazes
[CarbBank)

All available 3D structures of proteinz and nucleic
acids

Gene anthalogy consartium databaze

Databases of genes, proteins, and metabolic
pathwaus

E. coli K-1Z2 genes, metabolic pathways, transporters,
regulation

Annotated information on eukaryotic genomes

april 2011
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C. Have a responsible person with
skills in molecular biology
to conduct projects

april 2011
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C. Have a responsible person with
skills in molecular biology

Why ?

- design of a molecular biology experiment is not easy if you are not an expert

* loss of time
* loss of money

« data interpretation requires appropriate background
« quality of the data critically depends on
* the way the experiment was performed

« the quality of the controls

» many fields are highly competitive; be efficient !
* science is progressing exponentially in that field [databases !!]

» molecular biology is highly expensive !
« competitive grant applications need to be submitted ....
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C. Have a responsible person with
skills in molecular biology

How ?

 Think twice to the best approach to answer your specific question

 Study in depth literature and take examples from high quality papers
to design your experiments

» Make use of existing tools — kits
— strains, cell lines, plasmids, ...

« Combine molecular biology with biochemistry/pharmacology
to link genetic or proteomic changes with phenotype

april 2011 Hanoi - molecular pharmacology lab
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2. Make use ...

« Magic bullets » meeting; Nuremberg, Germany

april 2011
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Some applications in our team

Pharmacokinetics :

>

antibiotics and multidrug transporters eucaryotic cells:

|dentification of transporters and modulation of their expression
[cellular biology, drug analysis, real-time PCR, western blot, proteomics, genomics]

Antibiotic resistance :

|dentification and characterization of resistance by efflux
[microbiology, real time PCR, gene disruption]

Pharmacodynamics :

Modulation of antibiotic activity against intracellular bacteria
[cellular biology, microbiology, cell fractionation, proteomics]

Other examples of integrated pharmacology

>

»|

april 2011 Hanoi - molecular pharmacology lab
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Pharmacological, proteomic and genomic
characterization of fluoroquinolone transporters
In eucaryotic cells

* Pharmacologie cellulaire et moléculaire, UCL, Bruxelles
C. Vallet, N.E. Caceres and B. Marquez
supervision: M.P. Mingeot-Leclercq, P.M. Tulkens, F. Van Bambeke
» Laboratorium voor Eiwitbiochemie en Eiwitengineering, Ugent, Ghent
M. Aerts; supervision: B. Devreese
» Centre de Génétique, cliniques St Luc, UCL, Bruxelles
Genevieve Ameye, Héléne Antoine-Poirel

www.facm.ucl.ac.be

catholique
de Louvain
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Chemical structure of fluoroquinolones

ciprofloxacin moxifloxacin

april 2011
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Ciprofloxacin is substrate for

an MRP-like transporter in J774 macrophages

Transport
... ATP-dependent

O Control A ATP depletion A ATP resynthesis

So 100 ... reduced by inhibitors
-3 75 S - of anion transporters
£2 3 3 - of MRP
o S 50 2 S
25 22 g
S e t26 8 ©
39 & 20+
— c
8 0 T T T T T T T T o -9- :.g_,
0 30 60 9 120 O 5 10 15 i i [ control
. & St T
time (min) § 3 7 T MRP
| = P
- O B gemfibrozil . .
§ S 101 2 MK-571 inhib.
W
§§ B verapamil P-gp &
(] § 54 B GF 120918 BCRP
£ Inhib.
@ 9
ciprofoxacin

Michot et al., AAC (2004) 48:2673-2682 : (2005) 49:2429-2437
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|dentification of ciprofloxacin transporter:
« resistant cells » as a tool

0.1 mM
N\

\ 0.15 mM

Chronic exposure to increasing concentrations of ciprofloxacin

\0.2 mM
/

Michot et al., AAC (2006) 50:1689-1695
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Ciprofloxacin-resistant cells :
phenotypic analysis

A efflux 2 gemfibrozil IC,
100- ty (min)l < O wild-type
i = 10004 g :
g 80- 5 W1 120 E - resistant
o £ 0
O go- m RS 0.16 g 5 7501
S S 2
£ 40- S £ 500-
.E - @)
o sL &
ss 204 2 250~ [ |
T} [ |
0- (&)
T T Y T Y T 0 i — T ¥
0 2 4 6 8 10 0 10 100 1000
Time (min) log gemfibrozil concentration

(HM)

Marquez et al., AAC (2009) 53: 2410-2416
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Ciprofloxacin-resistant cells :
genomic analysis

ARNmM expression levels by Real-Time PCR

72 expression of Mrp2 and Mrp4, BUT Mrp4 from far most abundant

30-
Bl RS
25 EN Rev C—IMrp1 SSSMrp3 EMrp5 [_1Mrp7
S Mrp2 EEE Mrp4 B223
[«
§ 204
el WT-
: o
= 15- ]
ke S \ |
2 * RS\ E
10- = N i
o
| 1 1 1 1
o LIS - - q@i&qﬁ 0 20 40 60 80 100

N 4% ) > 2] © A gene distribution
SRR AERER RN

Marquez et al., AAC (2009) 53: 2410-2416
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Ciprofloxacin-resistant cells :
proteomic analysis

Detection of the corresponding proteins by

Western-Blot of membrane fractions Confocal microscopy

Mrp2

WT RS actin
actin Mrp4 Mrp4
Mg 5 15 30 5 15 30

R WT
~wE0D ...
RS.. ‘:
WT RS
Mg 5 15 30 5 15 30

— Marquez et al., AAC (2009) 53: 2410-2416

Mrp4
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Ciprofloxacin-resistant cells :
which is the ciprofloxacin transporter ?

Silencing of MRP expression in resistant cells by siRNA

- CT 10 25 10 25 - CT 5 10 25 10 25
' & (1 RS T
. “ B -y
150 500
53 £3
2 £ 125 Mrp2 2 8 wo{ | Mrp4
2 8 EX:
o 100- £ O
Q-E T 1 gg 300
D 75 ° 5
o c Eg
o2 50- -
r 4 =
Cw B 100-
Q-2 95 S . 100
Q = o=
0 0

OnM 10nM 25nM 10nM 25nM OnM 5nM 10 nM 25 nM 10 nM 25 nM

siRNA siRNA siRNA siRNA
161716 71770 284556 284555

Marquez et al., AAC (2009) 53: 2410-2416
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Stable Isotope Labeling Aminoacid in Culture

WT CIP-macrophages

= -

13C4-Lys 12C4-Lys
13C4-Arg 12C4-Arg

N

sample mixing 1:1

|

protein digestion

|

identification in mass spectrometry T?
and determination of the relative abundance

april 2011
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SILAC: proteins with mo

dified expression

Light/Heavy ratios in pooled F1 Light/Heavy ratios in pooled F2

120 160
140 -
100 -
120 -
100 -

80

frequency

60 -

frequency

40 -

20

Biological function of proteins with

5%

1%

3% 9%

differential abundance

M Transport k

[ Cell adhesion and localization

[0 Immune response

[ Signal transduction

H Cytoskeleton organization
M Lipid metabolism

H Protein metabolism

@ Carbohydrate metabolism
H Nucleic acid metabolism
B Other

O Unknown
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Mrp4 and Dnajc3 are the most upregulated proteins !

CIP-R

WT CIP-R

25yg 90pg 25ug S0 g

. E®
Dnajc3

35 40t 45t 50 55 H B0t 65t T 75 G0 G5 M a0 H
II|IIII_|IIII|I |IIII|IIII_|IIII|IIII|IIII|IIII|II_II|IIII
N Chromosome 14
"'{Tuuls'
4 -1189800K -118500K -119400 K -118300K -118200K -118,100K  -119M -118300 K -118,800 K
f f f f f 1 f = f
- Seqguence MC_000080.5: Mus musculus strair
| |
- SMP
1 e L L |l 1] 1l i1 aEn ! Ll i 1 i III 1] 1 11 nn
- Genes
1 |
T Hahst 3 | GrdE7a Abccd E - | GrS672|
IM_015820.3 Jeson 1 MM_0010333368.31 = 11 1IN TR
Wrs30T46E52 0 0
INP_0SBE3S 2 MP_001028503.21 = 11 1l [ E

FEST174155
Mt_001 163676.1] | [(RIIRI

MP_D01157145.1] | {IRIINIIE
rs51174155
MA_00T1B3E7S AL | I

1

BF352E65T 50

Wi Mrp4

imB0ST

Dezip |

HM_0255432 I
1
HP_0s0212.2 [

TNM_DE1 366 .4
[MP_DG7361 2

[MM_001 160094 1
[MP_0i1 153571 .1

ra4aTETOa5
Er— MP_00UTS747.10 1 I (| (AR
Uggtz_— rEE11T4155
FbA_0T T3 1232 2 [T W] i
u ] . n10
ME_001074721 2 {1 W B INM_023876 3
noronmo i
LOC1 00505775 | X INF_O7E367 2
W rE30a054 35
XR_105641.10 [ {RM_001 160097 1
1
[ {MF_001 15356491
N rs309054 35
[ TR _001 1800596 1
[
I {MP_001153568 1
W rE3090E4 38
[ TR _001 18005 1
1
[ {MF_0011535700.1
0 F3 309054 35
[
1
I
I
1
[

B Cric

D n aj C3 Bafi {M_noae23 3

1]
I
EE I INF_032955.2

40Uk |
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Gene amplification of part of chromosome 14
In CIP-R cells

Mrp4 and Dnaj3 co-amplified in CIP-resistant cells

april 2011
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Active efflux as a mechanism of resistance
to fluoroquinolones in S. pneumoniae

* Pharmacologie cellulaire et moléculaire, UCL, Bruxelles
L. Avrain, F. El Garch, A. Lismond, S. Delvigne
supervision: P.M. Tulkens, F. Van Bambeke

* Unité des agents antibactériens, Institut Pasteur, Paris, France
P. Courvalin

* School of Immunity & Infection, University of Birmingham, UK

M. Garvey
supervision: L. Piddock

catho..que www.facm.ucl.ac.be

de Louvain
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MIC of fluoroquinones

- or + Reserpine as efflux pump inhibitor

NOR CIP LVX MXF GMF
FQ R|+R| R |+R|R|+R| R | +R | R | +R
strains
49619 4 1 1 0.25 0.125
SP334 | 32 4 2 0.5 0.25
SP335 | 64 32 4 0.5 0.5
SP295 | 16 2 1 0.125 0.063
SP13 64 16 2 0.25 0.25

= NOR and CIP show elevated MICs in the 4 resistant strains
= LVX MIC is close to the EUCAST Bkpt (= 1 dil) in all strains
= MXF and GMF consistantly show low MICs

El Garch et al., JAC (2010) 65: 2076-2082
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MIC of fluoroquinones

- or + Reserpine as efflux pump inhibitor

NOR CIP LVX MXF GMF
FQ R|+R| R |+R|R|+R| R | +R | R | +R
strains
49619 4] 2| 1| 05| 1] 05| 025 0.25|0.125|0.125
SP334 | 32| 4| 4| 1| 2| 1| 05| 05| 025]/0.125
SP335 | 64| 8| 32| 2| 4 2| 05| 025 0.5]0.125
SP295 | 16| 2| 2| 05| 1| 1]0.125|0.125| 0.063| 0.032
SP13 64| 16| 16| 2| 2| 1| 025 025| 0.25|0.125

= reserpine reverses resistance but only partially in 2 strains
= MFX not affected; LVX and GMF poorly affected

« efflux contributes to resistance in the 4 strains
-  other mechanisms also present in 2 strains

El Garch et al., JAC (2010) 65: 2076-2082
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Target mutations ?

NOR CIP LVX MXF GMF

FQ R|+R| R |+R|R|+R| R | +R | R | +R
strains

49619 4 2 1] 0.5 11 0.5| 0.25| 0.25|0.125| 0.125
SP334 32 4 4 1 21 1 05| 05| 0.25|0.125
SP335 64 8| 32 2 4| | ParE (lle460Val) 0.5] 0.125
SP295 16 2 2| 0.5 1 11 0.125| 0.125| 0.063 | 0.032
SP13 64| 16 16 ParE (lle460Val); ParC (Ser79Phe;Lys137Asn)

= reserpine reverses resistance but only partially in 2 strains

—)

 efflux contributes to resistance in the 4 strains

* target mutations evidenced in 2 strains

El Garch et al., JAC (2010) 65: 2076-2082

april 2011
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Basal expression level of efflux systems

ElpmrA

15.0 NpatA
_ EZpatB ~
2125 %
& \ 17
S 10.0 % %é
: N, | N
g 7.5- \/ / \/
: N| N
: n
2.5 \/ / §¢
\\Y// \4 4 &é
I TN TN TN TR

49619 SP334 SP335 SP295 SP13

= all strains overexpress patA/patB to variable level
= SP335 and SP13 show a low level of pmrA overexpression

El Garch et al., JAC (2010) 65: 2076-2082
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Induced expression level

4 h with 72 MIC

patA patB
C-INOR C_NOR
15.04 EZACIP ezacip -15.0
_ E=ILVX E3LVX
3 E MXF 3 MXF 42
£3
c = 1001 -10.0
25
73 o
q, % 7.5- -7'5
P~ )
Qo
X 5
Q5 5.04
=

AN TN NN N NN NN N NN N NN NN NN NN NN N

AN RN NNNNNNN
I

P

49619 SP334 SP335 SP295 SP13 335 SP295 SP13

= induction of patA/patB
* in all strains but to highly variable levels
* by all FQ, whether substrates or not

El Garch et al., JAC (2010) 65: 2076-2082
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Induced expression level ... response to stress

®CP O s
[Pamcmrroopa]

R2=0.879 - - R? = 0.897

E—'—[&'—H
A %il .

e e —————— 0

o 5 10 15 20 0 5 10 15 20
patA or B expression level (induced/non induced)

-
¥ )]
[]
T
-
(4]

-
(=]
(]

L
o

ssbB expression level
(induced/non induced)
b ]
| }
(p@2npul uoujpaanpui)
|2A8] uolissaldxa yoau

(4]
[l

|_
L
T

0

= concommitant overexpression og genes involved
In response to stress

El Garch et al., JAC (2010) 65: 2076-2082
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Efflux by PatA/PatB causes resistance !

Table 1. Susceptibility of S. pneumoniae to fluoroquinolones and substrates of efflux pumps in the absence (—R) or presence (+R) of reserpine (20 mg/L)

MIC (mg/L) of:

norfloxacin ciprofloxacin levofloxacin mexifloxacin gemifloxacin

Strains Relevant characteristics® Mutations in QRDR —-R +R —R +R —R +R —R +R —R +R
ATCC49619 Wild-type None 4 2 05 0.5 0.5 0.5 0.125 0125 0.031 0.031
ATCC49619patA ATCC49619 patAzmagellan2, SPT® None 4 2 0 0.125 0.125 0.031 0.016
ATCC49619patB ATCC49619 patB:imagellan2, SPTR None 2 2 0.125 0.125 0.031 0.031
ATCCASE19pmiA ATCC49619 pmrAzmagellan2, SPTR MNone 4 2 0.5 0.5 0.5 0.125 0.125 0.031 0.031
SP334 ATCC49619 after 13-days exposure to MNone 32 4 4 0.5 2 1 0.25 0.25 0.125 0.031

ciprofloxacin, CIPR

SP334patA SP334 patAzmagellan2, SPTR None 4 4 1 0.5 1 1 0.125 0125 0.063 0.0311
SP334patB SP334 patBzmagellan2, SPT® None 8 4 1 1 1 0.25 0.25 0.063 0.063
SP334pmrA SP334 pmrA:aad9, SPTR None 32 b 4 0.5 1 0.5 0.25 0.25 0.125 0.063

>

Disruption of patA or patB restores susceptibility

to fluoroquinolones in a resistant strain while

disruption of pmrA does not

— efflux of fluoroquinolones mediated by patA/patB
in S. pneumoniae

El Garch et al., JAC (2010) 65: 2076-2082
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Why do beta-lactams regain activity against
intracellular Listeria monocytogenes “?

* Pharmacologie cellulaire et moléculaire, UCL, Bruxelles
S. Van de Velde, S. Carryn
supervision: P.M. Tulkens, F. Van Bambeke
» Laboratorium voor Eiwitbiochemie en Eiwitengineering, Ugent, Ghent
M. Aerts; supervision: B. Devreese
* Unité de recherche en biologie cellulaire,
Facultés Universitaires Notre-Dame de la Paix, Namur, Belgium

Edouard Delaive, Marc Dieu
supervision: M. Raes

Université £ (g :

catholique www.facm.ucl.ac.be
delouvain ™,
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Ampicillin is more active
against intracellular than extracellular Listeria

24 B extracellular

A intracellular

change of CFU in 24 h
(per ml of broth or mg cell protein)

Changes
in intracellular
metabolism ?

extracellular concentration (log4o of multiples of MIC)
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Purifying intracellular Listeria by cell fractionation

—

low speed
centrifugation

nuclei /
unbroken cells

extract

v

high speed
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on sucrose gradient

|
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Van de Velde et al., Proteomics (2009) 9, 5484—-5496
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Separating and quantifying proteins

extracellular

overlay

intracellular

Van de Velde et al., Proteomics (2009) 9, 5484—5496
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Interpreting changes in protein expression ....

Target of
beta-lactams!

>

april 2011

synthesis of dTDP-rhamnose

4 metabolism of sugars/aminosugars/glycerolipids \.
/ UDP-glucose & —— glyceraldehyde-3-P _-‘
- - pentose phosphate pathway
teichoic acid 4
lipoteichoic acid Synthesis of thiamine precursors » W,
P y w
* :
' nucleotide synthesis\
' i
1 o
\ o
L a”
B glutamate s
\ \ ‘H\\x‘
\
5 L. fatty acids + $— citrate
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] o « Oxidative stress response .
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&

=| ABC transporters x I=I hexosea transporters ‘ #

Van de Velde et al., Proteomics (2009) 9, 5484—-5496
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Examples of integrated programs
of molecular pharmacology

Oritavancin :
a new antibiotic with novel mode of action and unusal
cellular pharmacokinetic profile

Beta-lactams :
How do beta-lactams regain activity against MRSA
In the intracellular milieu

Aminoglycosides :

from molecular mechanisms of toxicity to clinical
implications
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Pharmacology of oritavancin

* Pharmacologie cellulaire et moléculaire, UCL, Bruxelles
C. Seral, H.A. Nguyen, S. Lemaire, P. Baudoux, O. Domenech
supervision: M.P. Mingeot-Leclercq, P.M. Tulkens, F. Van Bambeke
- Faculté d'ingénierie biologique, agronomique et environnementale,
Unité de chimie des interfaces, Louvain-La-Neuve
Y. Dufréne

2 e E
Université : g;ﬁ i
catholique % &= ¢

www.facm.ucl.ac.be
de Louvain %':
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Our main research interests...

cellular pharmacokinetics

7z

antibiotic toxicity

novel bacterial targets

Antibiotics: from molecules to man

cellular pharmacodynamics

Oritavancin story

resistance

clinical applications

april 2011
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Our main research interests...

cellular pharmacokinetics”x

// cellular pharmacodynamics

antibiotic toxicity o resistance

novel bacterial targets

§ *-.i_.-i_!fﬁ;_i e e clinical applications

Antibiotics: from molecules to man

Oritavancin story
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Oritavancin, a novel lipoglycopeptide

Cl

HsC
OH
2]
| H
N
N NH
| |
o 0 _= NHCH, NHCH;
CONH, O
vancomvecin oritavancin
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A new mode of action ....

Vancomycin
1000 1000
100-%?4 100-55 @:@
104 104
14 1
011 01- Bacteriostatic effet
—_ 0.014 0.014
S
= 0.0014 0.0014
S
154 0.0001 T T T T T T 0.00014— = T T
g 0 30 60 90 120 150 180 ctrl 0 1 2 3
2 Oritavancin
v 1000 1000
3
qtf 100 1ooﬁ
(o]
° 104 | 10+
o~
14 14 .
E Time- and
p— 0.1 0.1 .
™y : concentration-
(&) 0.014 0.014 -
dependent killing
0.0014 0.0014
0.0001 T T T T T T 0.0001-4= = T T
0 30 60 920 120 150 180 ctrl 0 1 2 3
Time (min.) Log concentration (x MIC) Baud N t af
audoux, Nguyen et al.
ICAAC 2009, Poster C1 1354
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A new mode of action ....

release of entrapped calcein membrane depolarization
120

S 100 0
= £ 2
5 804 —e—\/anco Q -
- —o— Orita § .S 40 —*— Vanco
z ©0 ’ 5§ —o— Orita
g 404 yso & 'S 60- —a— |_ysostaphin
2 S =
£ 20- 2 804
— (]
L. ©

04 100~

| ) | ) | )
| J | J | J | J
0.1 1 10 100 1000 0 100 200 300 400 500
Log1o [x CMI] [Drug] X CMI

Membrane permeabilization and depolarization

Baudoux, Nguyen et al.
ICAAC 2009, Poster C1 1354
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Our main research interests...

cellular pharmacokinetics |  — —C
cellular pharmacodynamics

NN

o resistance

antibiotic toxicity

novel bacterial targets »?:_j_ —+ clinical applications

a0 ‘
pAL e
Igﬂ @}_ﬂ!l‘-‘.‘ =1
P

Antibiotics: from molecules to man

Oritavancin story
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Cellular pharmacokinetics of antibiotics

Subcellular
distribution

Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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Cellular pharmacokinetics of oritavancin

control treated cells
= NABGase = oritavancin )
g 201 —NABGase| 59 | ysosomal tropism
£
[ =
3 10- 10
]
5 v
' .
2 O —r——T—— — 10 Huge cellular accumulation
8 cytochrome c¢- 1.10 1.15 1.20
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@ 50
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@
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40-
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5220
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8 104
n T T T T

time (h)
Van Bambeke et al. AAC (2004) 48:2853-2860
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Our main research interests...

cellular pharmacokinetics”x
cellular pharmacodynamics

NN

R . . AN resistance
antibiotic toxicity S ..:}*

novel bacterial targets »?:_j_ —+ clinical applications

| ‘
(W @ "_.,__——--".‘:\
P e -

P

Antibiotics: from molecules to man

Oritavancin story
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Cellular toxicity of oritavancin

Accumulation of lipids

macrophages fibroblasts
400- 400
350- L350
w
S 300- | F300
g
E 250+ —»— cholesterol 250
c —a— phospholipids
8 2001 L 200
2
1504 k150
1004 1100
H | =1 - -
Mlxed § 125 125
(-]
. 5
c » L
storage disorder g 10 = 100
5%
o8 754 L75
= o
SE
82 so 50
£
2
s 25 25
8
. 0% . » ' ' - # v v ' Lo
0 5 10 15 20 25 0 10 20 30 40

Van Bambeke et al. AAC (2005) 49:1695-1700

oritavancin extracellular concentration (mg/L)
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Our main research interests...

cellular pharmacokinetics

cellular pharmacodynamics

antibiotic toxicity

. e I B Tha— L
novel bacterial targets JI“TI; o

Antibiotics: from molecules to man

Oritavancin story

resistance

clinical applications

april 2011

Hanoi - molecular pharmacology lab

68



Cellular pharmacodynamics of antibiotics

expression of activity

b physico-chemical
& — & ) conditions
cooperation

with host defenses

Carryn et al., Infect Dis Clin North Am. (2003) 17:615-34
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. Normal / phenotype

SCV isolated from a cystic fibrosis patient

Vergison et al. JAC (2007) 59:893-9

Thymidine dependent

e ‘.’
& -

Spontanous -
revertants

;

-

normal

Phenotype
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Comparison of antibiotics at their human Cmax

R SCV
NP

Most effective

ﬂ against NP and SCV
0-
_ BN ﬂ I M

)

'3 L) J L) ] L) ] J ] J J | J )

Contr VAN Q-D OXA CLI FA LNZ DAP GEN TGC MXF RIF| ORI

Alog CFU (24 h -0 h)

Nguyen et al, AAC (2009) 53:1434—1442
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Dose effect relationship

oritavancin

Dual mode of action ?

(VN T P EEETTEES CEEETEE NECEPEPE TR \

i
M
1

A log CFU from time 0
&

A intra
A extra

A

L] o L L] L

2 140 1 2 3 4
log extracellular concentration (x MIC)

Nguyen et al, AAC (2009) 53:1434—1442
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Conclusion of the oritavancin story
and links with the clinics ....

* highly bactericidal and active against resistant strains thanks to a novel mode
of action
- Useful for infection by super bugs

 high accumulation in cells
- Prolonged half life for once a day or once a week administration

» active against intracellular staphylococci
— Interest for persistent infections

 lysosomal storage disorder
— Significance in the clinics ?
- FDA asks for more safety data before registration ....

april 2011 Hanoi - molecular pharmacology lab
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How do beta-lactams regain activity
against MRSA intracellularly ?

* Pharmacologie cellulaire et moléculaire, UCL, Bruxelles

S. Lemaire
supervision: P.M. Tulkens, F. Van Bambeke
- Department of Chemistry and Biochemistry, Université de Notre-Dame
Notre Dame, IN
C. Fuda, S. Mobashery
* Centre d’ingénierie des protéines, Université de Liege
B. Jooris

catho..que www.facm.ucl.ac.be

de Louvain
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Our main research interests...

cellular pharmacokinetics

// cellular pharmacodynamics

antibiotic toxicity — » resistance

novel bacterial targets e f; o sa clinical applications

Antibiotics: from molecules to man

Beta-lactam activity against intracellular MRSA
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Our main research interests...

cellular pharmacokinetics

// cellular pharmacodynamics

antibiotic toxicity s

” resistance

novel bacterial targets

Sag clinical applications
B Y

Antibiotics: from molecules to man

Beta-lactam activity against intracellular MRSA
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MRSA vs. MSSA:
intracellular activity of B-lactams

MRSA are as susceptible as MSSA to B-lactams when intracellular !

meropenem cloxacillin

A log CFU (24h - 0h)

‘"Qé-o- O
Y Y -1

3 2 1 0 1 2 33 -2 414 0 1 2 3
log,_extracellular concentration (mgiL)

Lemaire et al., AAC (2007) 51:1627-32
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MRSA vs. MSSA:
extracellular activity of B-lactams

MRSA are as susceptible as MSSA in broth at acidic pH

(-—-pH74 — pH54 )

meropenem cloxacillin

1
[3,]

A log cfu (24h - Oh)

Ill:ag1 oextracellular concentration (mg/L)

Lemaire et al., AAC (2007) 51:1627-32
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MRSA vs. MSSA:
extracellular activity of p-lactams

Neutralization of lysosomes makes
intracellular MRSA resistant to B-lactams !

MRSA are inside

. trol
[acidic] vacuoles < 21 fnoe:;:enem
. : QI B cloxacillin
=
N 17
-
LL
5 il |
2977
o)
2 LB
-1 : >
0 10

ammonium chloride (mM)

Lemaire et al., AAC (2007) 51:1627-32
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PBP2a conformation is modified by acidic pH

PeElze «—>( OxA PBP2a <«— OXA
10 10
-0 contro! - pH 7.0 : contro! - p|.| 55
- + oxacillin + oxacillin

o
1

-
=
L

--10

--20

[©] x 107 (degree.cm®.dmol ")

304.. o L h L 30

210 220 230 240 250 210 220 230 240 250
wavelength (nm)

FIGURE 4. Circular dichroic spectra of PBP 2a at pH 7. 0 (/eft panel) and pH 5.5 (right panel) in the absence
(open symbols) and in the presence (closed symbols) of oxacillin (30 um) for 30 min at 25 °C. The thin
dotted lines in each graph represent minima of PBP 2a molar ellipticity at 222 nm (vertical arrow on the abscissa)
for each condition. The spectrum of oxacillin has been subtracted from all data points.

Lemaire et al., JBC (2008) 283:12769-76
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Impact of intraphagosomal acid pH on the

expression of methicillin-resistance in S. aureus

meropenem cloxacillin

A log CFU (24h - Oh)

3 2 1 0 1 2 3-3 -2 1 0 1 2 3
log, extracellular concentration (mg/L)

Lemaire et al., Antimicrob. Agents and Chemother, (2007) 51:1627-32; J. Biol. Chem. (2008) 283:12769-76

B-lactam

/

/ B-lactam
PBP2a PBP2a
closed ! open !
10 10
=0~ control pH 7.0 -0 contro! ) pH 5.5
-&— + oxacillin -8 + oxacillin

[©1x 107 (degree.cm.dmol™)

210 220 230 240

250 210 220 230 240
wavelength (nm)

FIGURE 4. Circular dichroic spectra of PBP 2a at pH 7. 0 (left panel) and pH 5.5 (right panel) in the absence
(open symbols) and in the presence (closed symbols) of oxacillin (30 um) for 30 min at 25 °C. The thin
dotted lines in each graph represent minima of PBP 2a molar ellipticity at 222 nm (vertical arrow on the abscissa)
for each condition. The spectrum of oxacillin has been subtracted from all data points.

april 2011 Hanoi - molecular pharmacology lab

81



Our main research interests...

cellular pharmacokinetics”x

// cellular pharmacodynamics

antibiotic toxicity o resistance

novel bacterial targets o

§ *-.i_.-i_!fﬁ;_i e e clinical applications

Antibiotics: from molecules to man
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Rates of hydrolysis

by purified -lactamases

Class A
Compound
Staphylococcus
aureus PC 1

Ro 63-9141
Ceftriaxone 19
Cephalothin 200
Penicillin G 10,000

Affinity for PBPs

ICs, for competition
with fluorescein-labeled
ampicillin (nM)

Compound  Staphylococcus
epidermidis
PBP 2’
Ro 63-9141 DAY
Ceftriaxone 115
Imipenem =500
Methicillin =500

ceftobiprole

B-lactamases

] PBP2a

uEENN
P .

*
*

L 4
N + %
"
"
0. (@] ’Q
.. .
.
"aggpunt®

BAL9141

Model of the active site of SaPBP2' complexed with ceftobiprole.

open
conformation

Covalent bond between
ceftobiprole and PBP2'

]

Lovering et al., ECCMID (2006) P1586
Hebeisen et al., AAC (2001) 45:825-31
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ceftobiprole

THPA1 keratinocytes
1024 3 ¥
512 2]
256 - B
18- —e— CRO MRSA .
64 -<&--CRO MSSA P e
-—
g ?z: —=—BPR MRSA =
E ;. - - BPR MSSA s 3
2 4 =
= 2 =
14 = "
0.5+ a4
0.25- 1
0.125 ol
0.0625 -
0.03125 ' 1
50 55 60 65 7.0 75 .
pH 3
log concentration {mg/L)
Ceftobiprole MIC is Ceftobiprole is as active
not markedly influenced against intracellular
by pH MSSA and MRSA

Lemaire et al. AAC (2009) 53:2289-2297
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Conclusion of the MRSA story
and links with the clinics ....

* Intracellular medium can modulate the expression of
resistance mechanisms

 conformation of PBP2a is critical for activity
* design of new beta-lactams able to « open » PBP2a

« ceftobiprole rejected but ceftaroline accepted
by the FDA in 2010

april 2011 Hanoi - molecular pharmacology lab
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Nephrotoxicity of aminoglycosides:

from molecular mechanisms
to clinical implications

* Pharmacologie cellulaire et moléculaire, UCL, Bruxelles
H. Servais, S. Denamur
supervision: M.P. Mingeot-Leclercq, P.M. Tulkens, F. Van Bambeke
- Unité de biologie cellulaire, UCL
D. Tyteca, P. Vandersmissen
supervision: P. Courtoy

Université ¢ I
catholique J
delouvain *

www.facm.ucl.ac.be
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Our main research interests...

cellular pharmacokinetics”x

cellular pharmacodynamics

NN

antibiotic toxicity e 2 _l*ll
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novel bacterial targets e f; s

Antibiotics: from molecules to man

Nephrotoxicity of aminoglycosides

resistance

clinical applications
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Our main research interests...

cellular pharmacokinetics”x
cellular pharmacodynamics

NN

— = o resistance
antibiotic toxicity Sl S ; e
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Antibiotics: from molecules to man

Nephrotoxicity of aminoglycosides
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nephrotoxicity cascade

AMINOGLYCOSIDE NEPHROTOXICITY CASCADE

r
=

Az P 2
& ~ Accumulation -- \
o in lysosomes

g

Phospholipases [l
mhibition B

—-—‘E‘\

—E_-—"-:'—.'—'—:—L\
lecrosis of- \\
B tubular cells— r

Necrosis>regeneration

Cellular
regeneration l*

and
apoptosis

KIDNEY FAILURE

Tulkens, Am. J. Med. (1986) 80(6B): 105-114
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Aminglycoside-induced apoptosis

= lysosome mitochondria

% Y Ve

/ i\ ubiquitinated

Bax v
i\ caspase 3
Q%
% \\;\ proteasome
degradatio; DNA
fragmentation

Servais et al. Apoptosis (2008) 13:11-32.
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Molecular mechanisms of apoptosis

Gentamicin allows for a partial relocalisation
of acridine orange in the cytosol

control gentamicin MSDH
(positive control)

Servais et al. TAP (2005) 15:321-333.
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Molecular mechanisms of apoptosis

H,DCFDA LysoTracker MitoTracker merge

control

H20,
200uM, 3h

Gentamicin induces
ROS production
In lysosomes
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Denamur et al, FRMB, under revision
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Molecular mechanisms of apoptosis

Gentamicin allows for a partial relocalisation
of cytochrome C from mitochondria to the cytolsol

granules supernatant
control GM control GM

Servais et al. TAP (2005) 15:321-333.
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Our main research interests...

cellular pharmacokinetics |  — —C
cellular pharmacodynamics

NN

AL resistance

antibiotic toxicity
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Antibiotics: from molecules to man

Nephrotoxicity of aminoglycosides
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Relationship between accumulation and

—=—plectroporated = incubated
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Servais et al. AAC (2006) 50:1213-1221
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Introducing gentamicin in the cytosol by electroporation
markedly increases toxicity
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Our main research interests...

cellular pharmacokinetics”x

// cellular pharmacodynamics
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Antibiotics: from molecules to man

Nephrotoxicity of aminoglycosides
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Once a day administration as a way
to reduce toxicity

Accumulation of gentamicin by rat kidney cortex after 6 h infusion at
constent serum concentration
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* Giuliano et al., J. Pharm. Exp. Ther., 1986
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Once a day administration as a way
to reduce toxicity

Serum concentration of creatinine (mean =+ SE) in rats after
administration of 40 mg of gentamicin/kg per day in one, two, or
three doses for two and 10 days.

3.0 () No. of animals (15)

2.6

2.2

1.8 Bl Three doses/day
[ Two doses/day
1.4 1 0ne dose/day

1.0 CISerum Creatinine

(16) (20
i Mean + 2 SE for

0.6 B e m e ey e s e e

2 Days of treatment 10
From Bennett et al, J. Infect. Dis., 1979

Serum Creatinine, mg per 100 ml

77 Control Rats
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Conclusion of the aminoglycoside story
and links with the clinics ....

« aminoglycoside apoptosis is mediated by lysosomal
destabilization
— Lysosomal phospholipidosis as a protecting factor ?

 electroporation as a way to screen toxic potential of new
molecules

* once-a-day administration reduces toxicity and at the
same time improves activity ....
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Happy researchers in
our cellular and molecular pharmacology group ...
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Happy researchers in
our cellular and molecular pharmacology group ...

Another post-doc from Vietnam
o trained in Molecular Biology ]
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Hope it may help you to be as successful as
Hoang Anh was in Europe ...
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