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Correlation between Forced and Brownian motions of a probe particle
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BB

Correlation between Structural and Viscoelastic Proper ties in Type I Collagen Gels
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is followed by
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Viscoelastic properties
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Overlap Coeff icient =1.0

Over lap Coeff icient = 0.9

Overlap Coeff icient = 0.9

Overlap Coefficient = 1.0
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What are the granular structures?

Caveolar Markers:
Caveolin-1
Dynamin-II
Intersectin-1

Some granular structures colocalize with caveolar markers caveolin-1 and 
dynamin-II
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Are these structures involved in transcytosis? 

Fluorescently-labeled albumin co-localizes with GFP-cav1 and granular structures

Tracking Albumin transport through caveolin-1-GFP labeled Structures
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In Vitro Airway Opening Model 

We f ill  o ur  ch am ber  wit h o ccl usio n flu id a nd  th en pu mp so me air  with  a s yr ing e pu m p t o cr ea te b ub ble .  

Hi gh Confluence 
Fast  Bubble 

Slo w Bubble 

Lo w Confluence 
Fast Bub ble 

Slow Bubb le 

Effect of Bubble Speed on Cellular Injury 

It was pr ev iou sly hyp ot he sized  t hat , s low bu bbl es wou ld lea d to mo re  in jur y bec aus e of th e h igh  p re ssu re  gr ad ien t a t 
low  bu bb le s pee ds.  Calc ein AM  an d Et hid iu m h om od im er ar e u sed  as live  (g ree n) and  d ead  (r ed ) st ain s. Thes e 
hyp o the ses ar e co nfi rm ed . 
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L ow Conf luence Cel l Topogr aphy 

High Confluence Cell Topography 

It  was shown  that, cells in high confl uen ce cell layer  have fla t sh apes wher eas  cells in low confluence cell l ayer  have r ou nded shapes.  

 

Fast bubble 

High Confluence 

Low Con flu ence 

Slow  Bubble 

High Confluence 

Low Con flu ence 

Ef fect  of  Cell Topography on Cellular Inj ury 

It  was pr eviously h yp othesi zed t hat, n onplanar  cell top og raph y on walls would increase st resses and str ess gr adients on cells. T hese hypot heses 
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 3µm in depth demonstrated

Individually Raman and the optical tweezers have been achieved with this type of 
design

Resolution of better than 500nm lateral and 3µm in depth demonstrated
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Imaging: spatial distributions and dynamics
Evanescent field excitation: interrogate at substrate/solution interface 
Fluorescence photobleaching recovery: transport and kinetic dynamics
Fluorescence correlation spectroscopy: transport and kinetic dynamics
Resonance energy transfer: molecular interactions
Dynamic holographic optical trapping: molecular manipulation
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Cellular Mechanotransduction:  
from force to intracellular biochemical pathways

ForceForce

MechanotransductionMechanotransduction

Cellular responseCellular response

MechanosensingMechanosensing
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Nucleu 
  Max = 587 dynes/cm2 Max = 711 dynes/cm2

w/o nucleus w/ nucleus



Biophotonics Workshop
May 19, 2005

 Time-depen dent bead displace ment in a T TL-modulated optical trap
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Cytoskeleton

http://www.probes.com/servlets/photo?fileid=g001827

• Actin  Filaments  (red)
• Microtubules (Green)
• Intermediate Fi laments (yellow)

Actin microfilament

Microtubule

Intermediate filament
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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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Dielectric slab near a charged 
capacitor
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The Physics of Optical Tweezers
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Microrheology data for 4% telechelic polyethylene oxide solutions
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Using Optical Tweezers to study cell interiors



Biophotonics Workshop
May 19, 2005

Micromechanical Properties of Vascular Endothelial cells

Endothelial 
Cells

20 50 mm-

From B. Alberts et al., Cells
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Study Viscoelastic Moduli of Cells Interior
by Oscillating Optical Tweezers

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. 

Oscillating Optical 
Tweezers

Nucleus
Organelle

Caveolae

B. Alberts et al., Cells

Caveolae increase under chronic shear, Boyd, et al., 2003
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Temperature: 25°C
Prob Freq:100 Hz
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Cells Treated with Cytochalasin B

• Cytochalasin B molecules 
disrupt actin microfilament

• Promote microtubules E.A. Ricter



Biophotonics Workshop
May 19, 2005

ti me (s)

0 5 0 10 0 1 50 20 0

G
' &

 G
'' 

(d
yn

/c
m

2 )

10 2

t i m e (s)

0 5 0 1 0 0 1 5 0 2 0 0

G
' &

 G
'' 

(d
y

n/
cm

2
)

1 0 0

1 0 1

1 0 2

1 0 3

ti me (s)

0 5 0 10 0 1 50 20 0

G
' &

 G
'' 

(d
yn

/c
m

2 )

10 2

t i m e (s)

0 5 0 1 0 0 1 5 0 2 0 0

G
' &

 G
'' 

(d
y

n/
cm

2
)

1 0 0

1 0 1

1 0 2

1 0 3

Viscoelastic Moduli for Cells Treated with Phalloidin

PHALLOIDIN:  blocks depolymerization of 
actin and stabilizes microfilaments E.A. Ricter
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Viscoelastic Moduli of Cells Treated with Nocodazole

NOCODAZOLE: Disrupts microtubules 
and promotes microf ilament formation

E.A. Ricter
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To v isualize caveolae dynamics after they pinch off of the PM

Figure 5: Co-localization of fluorescently-labeled albumin  
with GFP-caveolin-1 and granular structures

Fluorescently-labeled albumin 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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