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Optical Tweezer Setups

Lock in Amplifier

Polarizer l‘% ‘\ L) PD2 -
Ref

Lockin Amplifier

Split Photodetector
‘_I Halogen Lamp CIE:E”J'M
) ~ laser
Lock-in Objective <J Q—
Amplifier CCD %
a -
Z wo. , -
PBS1 \ Ve PMT
PC exg;adrgr
Telescope [P ]
C——
N
Function M2
Generator S
PS2
PBS2
[ ]
p ND2 ND1 HW
/ N 1T
{ 1
\ UL
PBS1 Beam
Expanders

Biophotonics Workshop
May 19, 2005



Structural and Micromechanical Properties of Collagen Matrixs

INTENSITY VS PIXELS
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Observed Biorhythm Using Intracellular Structures as Probes
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Caveolar Markers:

Caveolin-1 Qe Overlap Coefficient =1.0
Dynamin-Il

Intersectin-1
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Some granular structures colocalize with caveolar markers caveolin-1 and
dvnamin-|I
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luorescently-labeled alboumin co-localizes with GFP-cavl and granular structures
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In Vitro Airway Opening Model

H I

Wefill our chamber withocel usion fluidand then pump some air with asyringe pumptocreate bubble.

Effect of Bubble Speed on Cellular Injury

High Confluence
Fast Bubble

Slow Bubble

Low Confluence
Fast Bubble

Slow Bubble

It was previously hypothesized that,slow bubbles would lead to more injury because of thehigh pressure gradientat
low bubble speeds. Calcein AM and Bhidium homodimer are used as live (green) and dead (red) stains. These
hypothe ses are confimed
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Effect of Cell Topography on Cdlular Injury

Fast bubble
High Confluence

Low Confluence

Slow Bubble

High Confluence

Low Confluence

L ow ConfluenceCd | Topogr ahy

High Confluence Cell Topography

It was praviously hyp othes 2d t hat, n onplanar cell top @ raphy on walls would increase & resses and str es gr adients on @lis. T hese hypot hes It s shown that, cells in high confl ue e cell laye have flat  apes wher@s lis in low confluence cdi | ayer have r ai nded shapes

are confir med.
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Individually Raman and the optical tweezers have been achieved with this type of
design

Resolution of better than 500nm lateral and 3um in depth demonstrated
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. spatial distributions and dynamics
. Interrogate at substrate/solution interface
. transport and kinetic dynamics
: transport and kinetic dynamics
: molecular interactions
. molecular manipulation
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Cellular Mechanotransduction:
from force to intracellular biochemical pathways
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Time-dependent bead displace ment in a TTL-modulated optical trap

200

150 1

100 1

50 1

.50 4

1 2 3

Time (sec)

— bead displacement vs time
— trap strength vs time

Is the level of force sufficient to detect?
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60 second shear pulse
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Cytoskeleton

» Actin Filaments (red)

* Microtubules (Green) Actin microfilament
* Intermediate Filaments (yellow)

Microtubule

Intermediate filampent

http://www.probes.com/servlets/photo?fileid=g001827
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Self-assembly of cytoskeletal
filaments

From B. Alberts et al., Cells
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Outline

How does optical tweezers work?
Optical tweezers as microrheometer

A new method for study intracellular
mechanical properties

Biological significance?
Challenges and future directions
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The Physics of Optical Tweezers
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Stokes Drag
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Trap Force
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ENM Theory

Experimental Setup
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G (dyn/cm 2)

Microrheology data for 4% telechelic polyethylene oxide solutions
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Using Optical Tweezers to study cell interiors
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Micromechanical Properties of Vascular Endothelial cells
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From B. Alberts et al., Cells
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Study Viscoelastic Moduli of Cells Interior Caveolae

. . . /
by Oscillating Optical Tweezers /)
a
¥
\
\
Oscillating Optical \
Tweezers
(@) B. Alberts et al., Cells

Caveolae increase under chronic shear, Boyd, et al., 2003

Schematic diagram of the cross section of the cell. Optical tweezers are aligned with
a granular object (about 0.7 micron) and set the granule in oscillatory motion.
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Frequency Dependent Viscoelastic Moduli: Live Cells
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Frequency Dependant Viscoelastic Moduli
Cells Depleted of Nutrient

G W) and G (w) (dyn/cm?)
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Time Dependent Elastic Modulus at a Constant Frequency

Live Cell
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Cells Treated with Cytochalasin B

ot Wk

» Cytochalasin B molecules
disrupt actin microfilament

 Promote microtubules E.A. Ricter
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Viscoelastic Moduli for Cells Treated with Phalloidin

G'& G" (dyn'cm?)

=
o
N

150 200

PHALLOIDIN: blocks depolymerization of
actin and stabilizes microfilaments E A Ricter
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Viscoelastic Moduli of Cells Treated with Nocodazole
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NOCODAZOLE: Disrupts microtubules
and promotes microfilament formation

E.A. Ricter
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Hydr odynamic coupling between spheres
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To visualize caveolae dynamics after they pinch off of the PM

Fluorescently-labeled alboumin co-localizes with GFP-cav1 and
granular structures
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Challenges and Future Directions

Simultaneous measurements of cytoskeleton structure,
mechanical properties and regulating biological
molecules

Develop models for cellular mechanical fluctuations and
In particular, the rhythmic behaviors

Understand the roles of cytoskeleton in the dynamics of
transcytosis and how molecular transport by this process
IS regulated

Identify other cellular structures and functions that can
be studied with this methodology
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