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Figure 16.2 Physical Biology of the Cell, 2ed. (© Garland Science 2013)
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Biophysical properties of motors
step size
stall force

processivity: how many steps can motor take without detaching
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measuring by trapping a bead attached to a motor

(a) Near zero load (b) Approaching stall force

(c) Trap and protein stiffnesses (d) Zoomed view

Proteins

(e) Steps and dwells

Bead position
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Measuring step sizes and dwell times by single molecule fluorescence
(hand over hand mechanism)
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mechanisms of processivity
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Dimerization is necessary for dynein processivity

FRB-Dyn1.,.0 B FRB-Dyn1,,,,, + Rapamycin + FKBP-Dyn1,, .

+ Rapamycin Rapamycin

FRB
FKBP12
HaloTag

®
c
-
-
-
©
-
@
£
£
S
c

+ Axoneme - 012 34567 8 910
run length (um)

Reck-Peterson et al., Cell, 2006
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Now: Motor ATPase cycles:

myosin cycle

tightly bound without ATP (rigor mortis)
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similar cycles of different myosins

Myosin |l Myosin V

~ \"\Conformational
d ATP .’ Change
ate —7 \
A *
| : 833°038385:068
| 4 Initial State | @O
Lo Actomyosin | /
h _
A\ N
ADP =<— ‘\\ / Pi

B # Conformational
Change
ADF'

Kinbara and Aida, 2005
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B Kinesin cycle: unlike myosin, ATP-form

ra R is Tightly bound to microtubule

e " (method to isolate kinesin by cycling
with non-hydrolysable ATP analog)
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what microtubule-dependent motors do in the cells
(transport, mitosis)

what if there are many motors on the same cargo?
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Cilia and flagella beating

Chlamidomonas cilia
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axonemal structure

. microtubule A
" microtubule B
central pair

central sheath
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Figure 16.4a Physical Biology of the Cell, 2ed. (© Garland Science 2013)
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mechanism of cilia/flagella bending

A A

isolated
doublet
microtubules

(A)  DYNEIN PRODUCES
MICROTUBULE SLIDING

Figure 16.5 Physical Biology of the Cell, 2ed. (© Garland Science 2013)

linking
proteins

normal
flagellum

DYNEIN CAUSES
MICROTUBULE TO BEND

right picture is wrong
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axonemal chirality results in twirling beat patterns

correct explanation

Camalet and Julicher, 2000

Hilfinger and Julicher, 2008
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cilia in human body
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Kartagener syndrome (cilia dynein mutation): infertility,
respiratory problems and left-right randomization
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randomization of left-right asymmetry with loss of embryonal nodal flow
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Transport and positioning of the organelles
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pigment granule transport and self-centering in fish melanophores

normal dispersion without actin

cell
fragments

Rodionov and Borisy



Bi-directionality of motor-mediated movements
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Gross, 2004
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Tug of war (TOW) during change of direction

:
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1 kinesin Plus = Minus Minus = Plus
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competition between many weak dyneins and a few strong kinesins
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Intraflagellar transport drives surface gliding of flagellated cells
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Shih et al., 2013
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Transport events in flagellar surface transport do not overlap — no TOW
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next time: cell division

Video Enhanced DIC Microscopy
of Mitosis in Newt Lung Celis
(Taricha granulosa)

Victoria Skeen,
Robert Skibbens, and
E. D. Salmon

Umiversity of Morth Carclna at Chapel Hill
{see Slubbens et al., 1993, J. Cell biol.
122:850-875)

Frame Time = HR:MIN:SEC

Salmon lab. web site
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