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The “OMICS” era...

The post-genomic era i1s signed by the efforts to identify and
functionally characterize the products of the genes screened by
the human genome sequencing (genomics).

The goal 1s to design a map of the biochemical network
regulating cell physiology and to understand how gene
mutations can alter this equilibrium in disease

Technological development favored the birth of “proteomics”
(large scale study of protein structure and function) and
“cytomics” (study of the protein expression pattern in (living)
cells and tissues) together with the evolution of system for
high throughput and high content screening




The key question: what

does a gene (protein) do?




Whyv flu

WHERE: subcellular localization of structures and bio-
molecules.

Spatial compartmentilazion is a fundamental tool in regulation
of cellular activities.

3D: Non invasive 200 nm Resolution, 3D, high sensitivity
WHEN: temporal*definition of biologically relevant events.

4D: Extremely high temporal resolution with 2D-3D 1maging
>video frame rate

WHY': investigation of molecular function for design of
biochemical networks.

Dissection of molecular interactions allows modeling of basic
cellular mechanisms

5D: functional microscopy. “F” Techniques
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transient
binding

Functional regulation requires
continuous local recruitment of
factors

Protein diffusion coefficients were
measured 1n the cell nucleus:
roaming of the whole space by
small molecules requires few
seconds

No energy requirements

Diffusion coefficients are
determined by size (aggregation),
viscosity and charge
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Local interactions determines a mean trapping (residence) time in
each “compartment” (Continubs_Time Random Walk)

Function regulation accomplished by modification of molecular
interactions: affinity modifications to create protein domains

Binding of partner

within residence time
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Aborted assembly




Self organization allows for
highly dynamic control of

structures

“* Self Organization
.. e ..

Self Assembly




eQuantification of Molecular Diffusion in
Living Cells
eDifferent methodologies (FRAP, FLIP)




2. Illumination of
the ROI with high
laser power to
permanently
inactivate (bleach)
fluorescence

3. Observing Recovery of Fluorescence in
The ROI




e )

Mobile fraction

Intensity

Recovery of fluorescence 1s only due to the replacement of
bleached molecules with fluorescent ones

Recovery speed is proportional to diffusion coefficient of the
tagged molecular species

Recovery curve:
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paGFP (GFP point mutant) changes
photophysical properties according to
1llumination Waveléngth

hexe=405 nm  Aexe=488 nm Aexe=405 1M Aex=488 nm
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Low Medium Intensity _ High Intensity
near UV excitation near UV excitation

Up to 100 fold increase in fluorescence excited by Acxc=488 nm




Diffusion Rate Measurement

Photolabelling for tracking




Tracking of specific cell during

differentiation (development of the neural
crest 1n nematods)

Mobility of transcription factors

Tracking of mitochondria in living mammal
cells




LSCM allows for precise xy*control of

bleached regions but suffers of:

* Low temporal resolution (except for resonant
scanning systems)

* Reduced sensitivity of PMTs and of the
collection scheme with respect to CCD based
detection systems




Widetield + Fixed Laser Source
Widetield + FRAP scanning units
Spinning* Disk + FRAP scanning units







Overexpression of specific endocytic messengers induces
enhanced vescicle formation accompained by actin
remodelling activity (ruffling) upon stimulation

Vescicles accumulates both endocytic markers and actin
remodelling complexes
vy IR TR 6
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In collaboration with Dr A. Palamidessi, Dr G. Scita and Prof. P Di Fiore




























Fluorescence excitation
within a very thin layer

High signal to noise ratio

Single molecule detection

Total Internal Reflection Fluorescence
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TIRF Pre-Activation

TIRF Post-Activation A =488 nm Wideftield Post-Activation
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Heterochromatin PcG body
Cleavage body

Nuclear pore
complex

Cajal body (red)
& Gem (green)

OPT domain i . ' b Tiha, o | Chromosome
s . territory

RNA polymerase Il : - ' c&f ST PML body
transcription ; ') : : ;
factor

Nugcleoli (red)
Peripheral nuclear
lamina (green)

Nuclear speckles

Immuncliucrescent images: Mark Frey and Greg Perinucleolar

Matera (Cajal body and Gem); Paul Miniz (RNA compartment SAME8 nuclear
polymerase || transcription factor, nucleoli, peripheral body
nuglear lamina, perinuclesiar compartment, PML body

and nuclear spackles); Ana Pombo (OPT domain)

Stéphane Richard (SAMGS nuclear body); Thomas

Ried and Evelin Schréck (chromosome territory)

Design: Jim Duffy

hournad of Cell Science 2001 (Valume 1149




Pro-Myelocytic Leukemia protein
(PML)

Protein structure involves strong homo-aggregation

*PML localizes in nuclear bodies:
variable size (0.5 - 2 um) and number
according to cell type and state

*More than 80 proteins involved 1n
different cell functions (DNA
transcription, replication and repair,
RNA splicing, ubiquitination,
sumoylation...)
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Flow cytometry 1s generally employed for
cell cycle analysis and correlated protein
expression measurement

Low protein amounts, as 1n the case of
PML, are not detectable,by flow cytometers




PML cell cycle
regulation of
expression,
localization and
interaction
requires high
resolution

analysis of
“morphological
expression
patterns”




IMAGE CYTOMETRY

Multiparametet analysis on large cell
populations with*“‘morphological features™
evaluation

Quantitative, high resolution
Protein content and spatial distribution

No population averaging




Robotized microscopes for image acquisiton

Development of analysis procedures and
softwares

Evaluation of- 1000 1mages (10000 cells)

Multiparameter (1000x4x2MD)

Time consuming
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Image Cytometry (collaborative agreement for the development of the systems)
» Dr K Joanidopoulos, Dr P Zehetmayer, and Dr D Krueger (Scan”R)

* Dr P Messler (TIRF Cell*R)

Support from Olympus ltaly

Confocal Image cytometry _
-

the IFOM-IEO Campus
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Academy of Sciences European Ingtitute_of Oncology, Masaryk University, Brno
of Czech Republic Milan, ltaly Czech Republic
Pelicci P.G.

Kozubek S. Faretta M. Kozubek M
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Overview
People
Publications
Popular readings
Research
Collaborations
Awards
Funding
Events
Lectures

Links

laboratory ddvanced Microscopy bioimaging Spectroscopy

We are a RESEARCH group of BIOPHYSICISTS
merging different backgrounds
physics, : '
materials science, chemistry, biology, ;
computer science

conceiving, desianing, realizing, utilizing

methods and techniques

: * to study biological systems to advance life sciences

.. [...] Dance with wolves and count the stars, including the
) " unseen... [L.Ferlinghetti, Challenges to young poet, 2001)

NANODO

Marotechnology for bloMedicing




== The Imaging Center of the IEO-IFOM Campus

Flow Confocal Fluorescence Live-Cell Videm R T Image Presentations
S Cytometry Microscopy Microscopy Microscopy Micralnjection Analysis Open Projecis
Personnel
Mario Faretta Search:
Facility coordinator and Scientist.
Wide Field and Confocal Fluosrescence Microscopy, Time-lapse Microscopy, Flow |I: | ST
nLer scarcrn Cerr

Cytometry, Image Analysis, and SPR molecular interaction Analysis.

(F'Imne:EIES?ﬂlBEJBBDJ

IED:
Simona Ronzoni pean - .
Flow Cytormetry and Cell Sorting Emanuela Frittoli

Fluorescence Microscopy and Cell Microinjection

:
E(Phone: 0257489880
\ J (Phore:02574303324)

Ivan Muradore e - " -
e et Massimiliano "Brutus" Garré

Fluocrescence wide field, Confocal and Time-lapse
Microscopy

= ;
Sara Barozzi (F‘Imne.DES?dBDEZESJ

(F"I'u:unE:EIES?dEiEIBBEIJ

Fluorescence Microscopy and Cell Microinjection

Pietro Transidico
=d{Phone: 0257489880)

Fluorescence Confocal Microscopy and Image
Analysis

Francesca Refaldi
[F‘Imne:DES?dBDEEE 5/258)

Flow Cytometry and Cell Sorting
[F'ImnE:IIIES?ﬂIEiEBBEIJ

Dario Parazzoli
Fluorescence Confocal Microscopy and Image Analysis

[F'hl:uner 02574B0880)



