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Abstract

Background: The actin cytaskeleton plys & crucal role In SUpporting and regulating numenous callular processes.
Mutations or alterations in the expression levels affecting the actin grtoskeleton system or related regulatory
mechanisms are often associated with complex diseases such as cancer. Unders@nding how qualitative or quantitative
«changes in expression of the set of actin cytoskeleton genes are integrated to control actin dynamics and organisation &
currently a challenge and should provide insights in identifying potential targets for drug discovery. Here we report the
development of a dedicated microarray, the Actichip. containing 60-mer oligonudeatide probes for 327 genes selected
for transcriptome analysis of the human actin cytoskeleton.

Results: Genomic dam and sequence analysis features were retrieved from GanBank and stored in an integrative
database called Actitome. From these data, probes were designed using 3 home-made program (CADO4MI) allowing
sequence improved by combining the y information recovered from the
UniGene and RefSeq darabases. Actichip performance was analysed by hybridisation with RNAS extracted from epithelial
MCF.7 cells and human skeleml muscle. Using thoroughly standardised procedures, we obtained micrarray images with
excellent quality resulting in high data rep ty. Actichip displayed a log
with a limit of sensitivity betwesn one and ten copies of transcript per cell. The array allowed accurate detection of small
changes in gene expression and reliable classiication of samples based on the expression profiles of tissue-specific genes.
When compared to twa other oligonuclectide microarray phtforms, Actichip showed similar sensitivity and concordant
expression ratios. Moreover, Actichip was able to discriminate the highly similar actin isoforms whereas the two other
platforms did not.

Conclusion: Our data demonstrate that Actichip is a powerful alternaiive to commercial high dersity microarrays for
cytoskeleton gene profiling in normal or pathological samples. Actichip is available upon request.
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Abstract

Background: Image aralysis of microarrays and, in particubr, spot quantification and spat quality
control, is one of the mest important steps in statistical analysk of micrcaray daa. Recent
methods of spor quiliy concrol are sull in early age of development, often leading to
underestimation of trus positive microarray festures and, consequently, to loss of important
biglogkal information. Therefore, improving and standardzing the statistical approaches of spot
quality control are essential to fcilitate the overall anslysis of microarray data and subsequent
extraction of biological information.

Findings: We evaluated the performarnce of two image analyss packages MAIA and GenePix (GF)
using twae complamentary experimental approaches with a focus on the staristical analysis of spot
quality facrors, First, we developed control microarrays with a priari known fluorescence ratios to
erify the accuracy and precision of the ratio estimation of signal intersities. Next, we developed
advanced sem-automatic protocols of spot quality evaluation in MALA ard GPand compared their
performance with available facilities of spot quantitnive filtering in GP. We evahured these
l!arlthms for standardised spot qmmy analysis in @ whol-genome microarray experiment

aracterised induced by the regulator
SNAIL. Using 3 st of RTPCR or qRT-PCR validaced micrcarray dita, we found th tha sr-
automatic protocol of spot quality control we developed with MAIA sllowed recovering
approximatsly 13% more spots and 38% more differentall expressed genes (at FOR = 5%) than
GP with default spe filtering conditions.

Conclusion: Careful control of spot quality characteristics with advanced spot quality evaluation
an sgniflcantly increase the amount of confident and accurate data resulting in more meaningful
biological eonclusians.
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A time-resolved genome-scale study
using human breast carcinoma cells

Iated at intermediste and Lite stages were annotsted to regulstion
of the cell eycle, cell growth and differentistion terma The most
represented terms lor late upnegulsted genes were cell sdhesion.
and regulstion of transcrpt on

These results suggested that SNAI1 orchestrates the balance
between genss which poditively or negatively regulite processes
such &5 cell sdhesion and matility, cell cyde and cell growth.
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Diagrams of simulated actin-polymerization processes (see
abbreviations below)




Deterministic model

/Ordinary differential equatio@

dX

dtl = (X0 X )
dX

dt2 = fL(X5e s Xy)
dX

dtN = fv (X Xy)

X,(0)=).) X,P(X,,... Xy, 1)

- /

We want to solve the following problem:
To find the time evaluation of N chemical species

) ST XN interacting via M chemical channels in a
fixed volume V.

Stochastic model

/Stochastic master equation \

ar gj’” = STIEDPE D) - S T, EP(LY)
& &
n={X,,.. Xy}
§:{X'1 ..... X'N}

/

Direct calculation Monte Carlo simulation

P'(z, u,t)du

N y
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2. Calculate the concentration-
dependent rates g,
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3. Randomly select the u-th reaction
(probability is proportional to a,)
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4. Generate the reaction time (Eq.3)
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5. Randomly select the f-th filament
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Quantitative Kinetic Study of the Actin-Bundling Protein
L-Plastin and of Its Impact on Actin Turn-Over
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Abstract

and cancer cells from sofid tissues, L Ibelongs to alange
fmwﬂmm‘mmmumﬁmaammhmwammmﬂl—ﬂummms«s
inereases its F-actin binding activity and is required for L-plastin-mediated cell invagion.

MethodologyPrineipal Findings Te study the kineties of Liplastin and the impact of L-plastin Sers phesphorylation on L
plastin dynamics and actin turn-over in live cells, simian Vero cells were trandfected with GFP-coupled WT-L-plastin, Ser5
substitution variams (S5/A, S5/E] or actin and analyzed by il ty after ing (FRAF). FRAP data
mupmmmmmmmmmemmsmyammpmm We demonstrate that in Vers cell
focal adhesions L-plastin undergoes rapid cycles of asocistion/dissocistion following a two-binding-state model

Phosphorylstion of L-platin incrested it suocistion rmbymﬁdﬂ.mmﬁsuﬁm rates were unaffected
Importantly, L-plastin afected actin tum-over by mte by four-fold, i thereby the
amﬂﬂmnmfﬂaﬂmmﬂmd&mbmmmwsﬁ phosphorylation. In MOF-7 breast
earcinoma cels, phorbol 12-myristate 13-acetate (PMA) treatment induced Lplastin translocation to de novo actin
pelymerizmtion sites in ruffling membranes and spike-like sructures and highly increased its Sers phes pherylation. Both
inhibition studies and iRNA knock-down of PKC Marymes pointed to the involvement of the novel PKC-§ Boryme in the

PMA-slicited signaling pathway leading te L-plastin Sers the L-plastin e setin
dynamics ith & pretein £omp i wihich is known te be
invelved in this process.

finings for the first time that L-plastin contributes
mmm«mwu anmmmummwsﬁmmmmmaﬁw
PRC-6 appear to link L-plastin phesphorylation te actin

pmmmmm
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FRAP fitting model for actin polymerization
g

Bleach

Hypothesis:

Dynamics of beach actins in
filaments can be considered as
diffusivity*

Gf_O/D(z
ot ot\ 0Ox

where :

D, D, — are combinations of k,,>®, k,,P€, Ky, KoP® ! L
L — a mean length of filaments in the system '
c; —concentration of filamentous actins
g(x) — distribution of bleaching probability along filament

A
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FRAP(t)=1- KJOL g(x)@(A, X, t)dx

O(4,x,0)=O(L, D, D, x,0) =@ o (L)=D _ -(0)

035
ost  (ky)’ = (k)
085 2 V) >>1
o5 (k)" = (k,,)
07s
Euss
S 06
£ 0ss
> 0
gms - kh 5
Z 04 —
5035 7‘”)2 ( (;ff)z ~
+ oo (k(f:l) _(k(m)
025
02
015
01
0os

’ T T T T T
o 20 40 B0 80 100

(koff o )12 Eur Biophys J 2010, vol. 39, p. 669

_[koﬁ o (kpe k{f”f)]/z

where

L — a mean length of filaments in the system

K — normalized concentration of filamentous actins

g(x) — distribution function of bleaching probability along filament
c,;" - steady-sate concentration of free actins
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A mathematical model of actin filament turnover
for fitting FRAP data
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Abstract A novel mathematical model of the actin {4) our model resulted in mose sccurate parameter esti-
dynamics in living cells under steady-state conditions has ~ mations of actin dynamics as compared with other FRAP
been developed for flucrescence recovery after photoble-  fitting models. Additionally, we provide a computational
aching (FRAP) experiments. As opposed o other FRAP  tool that integrates the model and that can be used for
fitting models, which use the average lifetime of actins in  inierpretation of FRAP data on actin cyinskeleton.
filaments and the actin tumover me fmngparamm

our mode] operates with unbi actin FRAP - Math ical mode] -

cigtion rate constants and accounts for the filament length.  Polymerisation - Actin - Filament

The mathematical formalism is beasad on a system of sin-

chastic differential equations. The derived equations were
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FRAPAnalyser

E : ' = = ; | = e e s FRAPAnalyser is published in
= TS RES the book "Lfe Cell Imaging: 4

Laboratory Manual” (2010)

E R — - A Laboratory Manual

O  FRAP Analyzer is the stand-alone program package that / na g ”/} g

provides:

m  FRAP data input/output. s

m  Multi-cells data analysis

m  Several normalization methods for the FRAP curves.

m  Data averaging and graphical visualization.

|

Modelling - diffusion models, multi-binding states
models, mixed models, actin-polymerization model.

= Fitting — by diffusion models, multi-binding states ot Bl o
models, mixed models, actin-polymerization model. s ikdehe o

Jason R. SwepLow

= Fit quality estimation of fit. N B RS L S7EToR
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