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* Fluorescence Imaging at 1 — 2 nm
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Cryo-EM of Cell Artist’'s Imagination

Medalia et al. 2002 Science. David C. Goodsell
298:1209-13.



A FROM MUSCLE TO MYOFILAMENTS
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Sarcomere Structure
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The Actin-Myosin Cycle
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Force-Velocity, Power and
Energy Utilization
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Force-Velocity, Power and
Energy Utilization
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Isometric Three-Bead Assay

Actin Filament

Barbed-End Pointed-End

l

[ ]

Motor Trap Force = ~10 picoNewtons

and Bead Displacement
= ~10 nanometers

W=%F-D
= ~50 x 1021 Joules
= ~50 zepto Joules

Transducer Trap

and Bead Myosin
Pedestal

AGprp
= ~100 zepto Joules
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Vesicle Movement in Cell Extract Melanosome Movement

Nira Pollack & Ron D. Vale, UCSF John A. Hammer, Ill, NIH
From: Molecular Biology of the Cell, 41" ed.




Myosin Family Tree
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Myosin V Processivity

20,000 nm

10x speed



. . 37 nanometers
Actin Filament
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Hand-Over-Hand Model of Processive Transport




Bifunctionally Labeled
Calmodulin on Myosin V

Calmodulin Motor Domain

Calmodulins

Cargo Binding
Domain

Stoichoimetry, Specificity and Cross-linking:
* HPLC
* Mass spectrometry
* Tryptic digestion



Bifunctional Rhodamine on Myosin
Regulatory Light Chain
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Polarized Intensity
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Overall Photoselected
orientation orientation
distribution distributions
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Observed through
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Observed through

Single static Photoexcited emission polarizers
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| _ Observed through
Single rapidly  photoselected emission polarizers
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Expressions for Data Analysis

General Expression
Ly = K/ // p(( 0o, o D(1/1)eWIP(0,. b,. E)P(0c. b,. ) dQ,dQ.d?
Fast Wobble t, << 1;
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polarized intensities Data Analysis
S1x

1Z

lab frame

2) Verification of method
« Single and multi-molecule
polarization of labeled actin
« Single and multi-molecule
polarization of RLC-labeled
myosin |l

1) Maximum likelihood fitting routine to convert Y
measured intensities to 3-D orientation: 6,¢,0
Considerations include:

* colinear absorption and emission dipoles
» evanescent wave polarization

 high numerical aperture objective lens

» fast and slow motion



polarized intensities Data Analysis
S1x
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lab frame

3) Euler angle transformation

-----
.
. ;

.
.
Py
------

-
*
.
3
*
*
‘e
-

1) Maximum likelihood fitting routine to convert
measured intensities to 3-D orientation: 6,¢,0
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# Events

NMMMyosin V Beta Distribution!!!!i! 86 molecules
443 events

Beta



Event Time Histograms
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Evanescent Wave (TIRF) Microscopy
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Diffraction limited spot
Width of A/2 =~ 250 nm

280 -

240 A

200 -

160 1

Photons

120

80

40

With enough photons (signal to noise) ...
Center can be determined to~ 1 nm.

Center represents (under appropriate conditions) position of dye.



Myosin V Processivity

20,000 nm

10x speed



I{ N A The Movie

Fluorescence Im Nanometer Accuracy
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Myosin V Labeling on Light Chain: Expected Step Sizes
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Models for Myosin V Processivity

A. Hand Over Hand B. Inch Worm C. Hot Spot
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Hand over Hand Model for Myosin V Processivity

Expected
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Myosin V Processivity 1




Myosin V Processivity 2




Myosin V Processivity 3




Myosin V Processivity 4













Deterministic Working Stroke




Thermal Motions
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Thermal Motions




Completion of Step







Number of observations

Lifetime of Myo V S1 Attachments
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70 nm pixels; 2 frames/s



displacement(nm)
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Myosin Family Tree
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Myosin VI is a processive motor with a large step size

Pointed End
Ronald S. Rock*, Sarah E. Rice*, Amber L. Wells®, Thomas J. Purcell*, James A. Spudich**, and H. Lee Sweeney®

PNAS | Nowember 20, 2001 | wol. 98 | no.24 | 1365513650

I
« Myosin-Vl is a processive motor that takes __1_ ¢
frequent backward steps. st

» The step size of myosin-VI is much larger 0
than expected, based on the length of the -
putative lever arm.

MyosinV

Barbed End
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MORE Complicated SMFP Experimental Setup:

-
John
Beausang

Hakry Trey
Schroeder

6 different polarizations for excitation

Fluoroescent Emission
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sampl (;\ y
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Molecular Motor Toolbox

Carboxy
terminus

Microtubule
Stalk binding
AAAL
AAAZ
AAAZ
AAAT

Stem

bindi
Stem (cargo binding)

Amino D

terminus

Roadblock



Dynein and Dynactin Complex for Cargo Binding

L}' Vesicular Membrane
¥ Sl L] W= ) L E W = W K N O - w K 1

« Dynactin
Complex

Flus-End
Minus-End

Microtubule

Single Molecule Symposium
April 21, 2005



Single Molecules of GFP-Dynactin/Dynein Walk Along
Microtubules Bi-directionally

Region of

MT Interest Sum

Rhodamine Microtubules in
epi-fluorescence

Processive GFP-dynactin/dynein visualized by total internal
reflection fluorescence (TIRF) microscopy.

At =100 ms



Analysis using Kymographs of Single Microtubules

Distance (pixels)

Rl -lcanilclie

Time (pixels)

AX(pixels)

Angle, 0, relates to velocity in pixels/frame by: tan(d) =
J yinp y At( frames)



Is the dynein motor a winch?  Dynein structure and power stroke
Stan A BL"'QEEE and Peter J Knlght* Stan A. Burgess', Matt L. Walker", Hitoshi Sakakibarat, Peter J. Knight" & Kazuhiro Oiwa/

= Astbury Centre for Structural Molecular Biology & School of Biomedical Sciences, University of Leeds, Leads, LS2 9T, UK

Asthury Centre for Structursl Maleculsr Biology & School of Biomedical 2004, 14:138-148 + Kansai Advanced Research Centre, Communications Research Laboratory, Kobe, 651-2492, Japan
Sciences, Unversty of Leads, Lesds LS29JT. UK Gumrent Opinion in Structural Biology NATURE | VOL 421| 13 FEBRUARY 2003 | www.nature.com/nature
a-mail p. ) knight@leeds. ac.uk
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Conclusion: Dynein Bi-Directionality Caused by Flexible
Structure

First direct observation of dynein maotility via fluorescence
Dynein AAA motor head could function as a gear

Dynein appear bi-directional: How?

Over-rotation of coiled-coil flexible linkers?

Continues to powerstroke  Twisted: Plus-End




Cryo-EM of Cell Artist’'s Imagination

Medalia et al. 2002 Science. David C. Goodsell
298:1209-13.
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Vesicle Movement in Cell Extract Melanosome Movement

Nira Pollack & Ron D. Vale, UCSF John A. Hammer, Ill, NIH
From: Molecular Biology of the Cell, 41" ed.




ol Challenges and

of

Pennsylvania "€ Opp OI'tU n Itl e S
* Improvement of experimental technology
* Functional modulation the rate constants

 Controlled assembly of secondary structure?

 Mechanisms of the other motors

» Specificity of cargo binding

 Targeting of cargo destination

L Integration with other events (cell division,
8l signal transduction, etc)
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» Single-Molecule Fluorescence Polarization
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The image below is a panoramic view of the interior of a eukaryotic cell, such as a cell from your own body. The area
covered is shown in the schematic map to the right. The panorama starts at the cell surface, passes through an area of
cytoplasm, then follows the synthesis of proteins from the endoplasmic reticulum, through the Golgi, and into a coated
vesicle. At the center of the panorama is a mitochondrion, generating energy for the cell. The final region passes into
nucleus. All macromolecules are shown, with proteins in blue, DNA and RNA in red and orange, lipids in yellow, and
carbohydrates in green. Ribosomes, composed of RNA and protein, are colored magenta. In a real cell, the spaces
between each macromolecule are filled with small molecules, ions and water.
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Rate and Equilibrium Constants
Depend on Mechanical Strain
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