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Overview

1
w

= Problem: Cellular Adhesion & Migration
Quantitative Measurement in Cells

= |Image Correlation Spectroscopy

« Live Cell Measurements of Adhesion Receptors

= Some New Things...Quantum Dots & kICS

« Some New Things...Multimodal Nonlinear

Microscopy
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Cells are Very Complex & Dynamic
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Cells are Very Complex & Dynamic

Chick Fibroblasts
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Cells are Very Complex & Dynamic
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Chick Fibroblasts

Pulmonary Endothelial Cells G

an we Understand the molecular choreography in Cells

Jfe is Dynamic...Non equilibrium Process
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Chick Fibroblasts

Pulmonary Endothelial Cells S

_an we Understand the molecular choreography in Cells?

Life is Dynamic...Non equilibrium Process
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Chick Fibroblasts

Pulmonary Endothelial Cells Molecular Frobes Web Site

Can we Understand the molecular choreography in Cells?

Life is Dynamic...Non equilibrium Process
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Dynamic Macromolecular Choreography ;EP

=

Traditional Approach: Static Microscopic Snap Shots
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Dynamic Macromolecular Choreography @

=

Traditional Approach: Static Microscopic Snap Shots
Try to Understand the Story...The Rules of the Game
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Dynamic Macromolecular Choreography EP

=

Traditional Approach: Static Microscopic Snap Shots
Try to Understand the Story...The Rules of the Game

Could you Fully Understand Hockey from Pictures?
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Snap Shots of the “Game”

What is the meaning...the sequence?
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Snap Shots of the “Game”

What is the meaning...the sequence?
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Snap Shots of the “Game”

What is the meaning...the sequence?
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Snap Shots of the “Game”

What are the Key Events in the Game?
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Snap Shots of the “Game”

What are the Key Events in the Game?
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Snap Shots of the “Game”

What about capturing Rare or Significant Events?
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Snap Shots of the “Game” MM

What about capturing Rare or Significant Events?
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Snap Shots of the “Game” MM

What about capturing Rare or Significant Events?
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Snap Shots of the “Game”

Some Events Defy Explanation!
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Snap Shots of the “Game”

Some Events Defy Explanation!
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Goal: Measure the Biomolecular Dance oy

Easier to Figure Out 170 um
If We Can Watch it Unfold...

Paxillin-dsRed (red) &

a-actinin GFP (green)
Unravel the Rules of a Dynamic  jn CHO Cell
Game...Space & Time Scales TIRF Microscopy

Sp— Total time = 50 min ot=%45 s




Goal: Measure the Biomolecular Dance .

Easier to Figure Out 170 um
If We Can Watch it Unfold...

31

Paxillin-dsRed (red) &

a~actinin GFP (green)
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Goal: Measure the Biomolecular Dance .

Easier to Figure Out 170 um
if We Can Watch it Unfold...

Paxillin-dsRed (red) &
M, a-actinin GFP (green)
Unravel the Rules of a Dynamic  jn CHO Cell
Game...Space & Time Scales TIRF Microscopy

m?— Total time = 50 min ot=%5 s
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The Challenging Arena of the Cell
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The Challenging Arena of the Cell

Pirsa:

Cells are Small...Biomolecules are Smaller!

Light Microscopy has Resolution limits ~ 200 nm
Cells & Tissues are Highly Scattering for Photons

Like Seeing Through Milk

00000000




Goal: Measure the Biomolecular Dance o

Image Fluorescence 170 um
Emission in space and time

IOur molecular marker. ..
A fluorescent protein

Fluorescent Label on Protein... Genetically encoded
Green Fluorescent Protein (from Jellyfish Aequorea victonal)
(or other colours like Red)

GFP ~4x 3 nm _
< Shine Laser on it... It Glows!




Goal: Measure the Biomolecular Dance .

Image Fluorescence 170 um
Emission in space and time

IOur molecular marker...
A fluorescent protein

Fluorescent Label on Protein... Genetically encoded
Green Fluorescent Protein (from Jellyfish Aequorea victonal)
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Fluctuation Magnitudes & Fluctuation Times
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Fluorescence Correlation Spectroscopy (FCS)

Elson and Magde ; Magde, et al. Biopolymers (1974) 13, 1-27 ; 29-61




Fluctuation Magnitudes & Fluctuation Times E;

Fluorescence Correlation Spectroscopy (FCS)

Elson and Magde ; Magde, et al. Biopolymers (1974) 13, 1-27 ; 29-61

| Molecular Dynamics
Intensity Fluctuations |

| Numberinthe |Si(t)=i(t) —<i> :
" Focus fluctuates t




Two photon Laser-Scanning Microscopy

e

= e
=

Pi

100fs, 780-920nm pulse 82MHz rep-rate

M1 _
: TiSapph. laser

PMT3 PMT2 PMT1

Sample

Em.
Filters
= Filter - =
tu;;.- e S 'ﬂ’ = 'y
S Dichroic M4
chhrom mlrrors mirror
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M2 +L1 pinhole+L2 M3
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Two photon Laser-Scanning Microscopy
100fs, 780-920nm pulse 82MHz rep-rate

M1 Zo
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Two photon Laser-Scanning Microscopy F‘Eq
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100fs, 780-920nm pulse 82MHz rep-rate

M1 Sl
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TIRF Microscopy ~ 100 nm z depth of field '«

"=

TIRFM Specimen lllumination Configurations
Total Internal Reflection Fluorescence

Laser Speci .
} = .i._..,m . Figure 2
Evanescent Wavefront
Reflected
\\_.A gt mescent Wavetront Aquecus

NA 1.45
Obj. Lens & -l aS€r Beam
Dichroic & Fluorescence
Em. Filter

CIccCD Camera

I ND Filters
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Image Correlation Spectroscopy (ICS)
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Image Correlation Spectroscopy (ICS) ‘ga

Spatial Autocorrelation
of si(x.y.t) = I{x y.t) - <i>
For Each Image in x, y
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Image Correlation Spectroscopy (ICS)

Spatial Autocorrelation
of 3i(x.y.t) = I(x.y.t) - <i>
For Each Image in x, y r 1(030)]_ _

{51(K+§ y+m)i(x, y))
11(§ ) == {
i)
Petersen et al. Biophys. J. 65, 1135-1146 (199315
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Temporal Image Correlation Spectroscopy (TICS) @
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Temporal Image Correlation Spectroscopy (TICS) "«
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2P-Image Cross-Correlation Spectroscopy (ICCS) ==

Wiseman et al., J. Microscopy 200, 14-25 (2000)
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2P-Image Cross-Correlation Spectroscopy (ICCS) E‘;

Wiseman et al., J. Microscopy 200, 14-25 (2000)
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2P-Image Cross-Correlation Spectroscopy (ICCS) EP

Wiseman et al., J. Microscopy 200, 14-25 (2000)
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Temporal ICS on Living Cells MM

CHO Cell: a Actinin/EGFP Plated on Fibronectin

Quantify
Dynamics &
Clustering...

10 um

Pirsa: 0704

Two-photon fluorescence microscopy 7.5 min 37 °C ot =35




Temporal ICS on Living Cells MM

5b ﬂﬁu 150
Diffusion & Flow & Immobile = (s}
3 Populations
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Temporal ICS on Living Cells

Diffusion & Flow & Immobile
3 Populations i
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Temporal ICS on Living Cells
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Transport Map for a-actinin in a Living Cell E;P




Transport Map for a-actinin in a Living Cell Ef

I Fraction Immobile
3 Fraction Diffusing
T Fraction Flowing

O‘lO min Diffusion Dist.

/" 10 min Flow Dist

rifgmedman et al. Journal of Cell Science 117, 5521-5534, 2004
Hianhhaohtad im Natiire RPaviewe Mnl Call Binol Vol 5 G2 20004




Goal: Measure the Biomolecular Dance oy

170 um

What are rules of the game within
the Living Cell?

Physico-chemical Understanding

New Techniques are needed...

Paxillin-dsRed (red) &
a-actinin GFP (green)
in CHO Cell

TIRF Microscopy
Sp— Total time = 50 min ot=15 s
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Cellular Migration 44
e amwres = Cell migration paradigm. ..
o T = protrusion

- contraction

- rear detachment

actin actin-binding proteins
integrins myosin |, I

...a need for physico-
chemical characterization
to really understand this
ISvstem .
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Cellular Migration 44
=y mmme mme Cell migration paradigm...
corirachios confrachon pobymenTSton
{myosin ) m and struchual -

(eI eamse - protrusion
e - contraction
S

- rear detachment

actin actin-binding proteins
integrins  myosin |, I

...a need for physico-
chemical characterization
to really understand this
ISvstem .
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o

myosin |, |l

integrins

...a need for physico-
chemical characterization
to really understand this
ISvstem .

actin-binding proteins

Cellular Migration 44
o cmmes  —wmeee  Cell migration paradigm...
L s protrusion
=2 - contraction

- rear detachment

mature adhesion
lamellg lamellipodium
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Focal Adhesions

Cell o
Membrane "-’*“-:J
5 nm thick

SRR N e ] e

Focal adhesion
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Nascent adhesion,_ ..,
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Focal Adhesions

/

Cell

Membrane
5 nm thick

Turnover

Nascent adhesion,_ ..,

Focal adhesion
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Spatio-Temporal Image Correlation Spectroscopy "«
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Spatial Correlation o =y |
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as a function =l e

Of Time e
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Full Space Time Correlation on Living Cells "««

=
Directed Flow of a-actinin at the basal membrane
AR At=15s I455 79s 1058s 139s
Raw Data |
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risa ool MiCcroscopy Time 100 s with Images sampled at 0.1 Hz page 62194
D Claire Brown and Ben Hebert




Vector Maps of a-acftinin

R

LS
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RN
r(Z.n.1t) al
Immobile
Filtered

3.4 um ﬁ
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a-actinin/EGFP in MEF Cell

TIRF Microscopy

Accelerated

than
Real-time

1 40 times faster

Page 63/94
t=0s=» 200s




Vector Maps of a-acftinin MM

Inverse relationship b/w
08, retrograde flow &

sl 1 protrusion speed
Zos] |1~ (similar to actin)
et S '
S 03] Pt
S 0.2 |

! f,% ﬂ.’l_!f
e ﬂ‘n-_% Page 64/94

00 02 04 05 0F 10 12
Frotrusion raie amimimn

% =
Pirsa: 070
[ ) -3 s




We co-transfected protein pairs:
- actin-mRFP/a5-integrin-GFP

- actin-mRFPAalin-GFP

- actin-mRFP/FAK-GFP

- actin-mRFP/paxillin-GFP

- actin-mRFP/a-actinin-GFP TIRF image of a-actinin-GFP and
actin-mRFP in a CHO cell

Pirsa: 07040002 Page 65/94




Co-Transport of Adhesion Molecules MM

We co-transfected protein pairs:
- actin-mRFP/a5-integrin-GFP

- actin-mRFPAalin-GFP

- actin-mRFP/FAK-GFP

- actin-mRFP/paxillin-GFP

- actin-mRFP/a-actinin-GFP TIRF image of a-actinin-GFP and

s actin-mRFP in a CHO caell
— Score flow field similitude two ways:

O Magnitude correlation (0 =2 1) ~ [V, /| V

act |

QO Directional correlation

Pirsa: 0704000

| with actin flow: (-1 =2 1) ~ median(cos(8))




Vector Maps of Adhesion Proteins & Acfin "«

L

paxillin

1 um/min

— 5 um




Correlated Transport Properties 4
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1.{}_| L ldiHeciiohal correiaton ‘
- 084 : * S
= - | | g |
; 0.6 -
78

integrin paxillin  FAK talin  vinculin a-actinin
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Correlated Transport Properties MM

| | directional correlation

1_2__ !reiaﬁvemagnimde 3T3 FibrODI%StS
'|

1.0 5

T

= 0.8 | T 1

integrin paxillin  FAK talin  vinculin a-actinin
\ ¥ ., N J
v ¥

very low magnitude &

low directional correlation
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Correlated Transport Properties MM

1.2
| B r=iative magnitude

| | ldirectional correlation

gntegrlnj E__E)(lll[ﬂ

FAK

ola Fibroblasts

T

talin  vinculin a-actinin

very low magnitude &

low directional correlation
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high magnhitude &
directional correlation

Page 70/94




Correlated Transport Properties 4

e _' !1 :_-Iati‘{e m?gnifu?E_ 35 FibrOblaStS
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o 0.8 1 _ '; T

= 4 T —— | '

; 0.6 -

- |
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gntegrinjfhaxmiﬂ FAK talin  vinculin a-actinin

very low magnitude & Intermediate  high magnitude &

low directional correlation ~ 70% level directional correlation
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Pharmacological Perturbations

a-actinin

Before CytoD

il

1 um/min
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Two-level Clutch Model

e

= m
=

Pi

multiple levels of regulation between cytoskeleton and ECM
(a) Proximal to the a-actinin (interaction with an adhesion

component?)

Myosin contraction
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Two-level Clutch Model PR

L

multiple levels of regulation between cytoskeleton and ECM

(a) Proximal to the a-actinin (interaction with an adhesion
component?)

(b) Proximal to the integrins (talin-integrin linkage?)

(c) Protrusion can occur when the clutch is fully engaged

Brown et al. JCS (2006) 119: 5204 5214

i _ Faculty of 1000 Selection
Myosin contraction

j X G
aﬂ @1“€5<1>

<<{<<§€i§<<<
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Overview M

= Some New Things...Quantum Dots & kICS
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Quantum Dots...Nanoparticles

= Photostable...Different sizes...Different Colours

Mighty
Small
Dots

. . . nanoscience and nanotechnology
will change the nature of almest every
human-made object in the next century.

—The Interagency Working E'}mupm -
on Nanotechnology, January 1989

Silicon &Germanium.-- - - —
Based Quantum Dois -~ =t s
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Quantum Dots...Nanoparticles

= Photostable...Different sizes...Different Colours
:é} Quantum Dot: Semlconductor Materials

I T T

Dots

. . . nanoscience and nanotechnology
will change the nature of almaest every
human-made object in the next ce entury.

—The Interagency Working frﬂup- .
on Nanotechnology, January 1999

Silicon &Germanium__'_-_ s coleagues na
Based Quantum Dotis- -
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Neuroscience Applications M

Rat Purkinje Neuron

o Injected with Alexa-488
Imaging by TPLSM
Rat Purkinje neuron

Wiseman, et al. J. Microscopy 205:177-186 (2002)
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