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Motility with actin polymerization
Intracellular pathogen motion

Listeria monocytogenes F-actin labeled with phalloidin Shigella flexneri



Motility with actin polymerization
In vitro experiments
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Microbead asymmetrically coated Microbead symmetrically coated

In Listeria Xenopus extract . :
with ActA in Xenopus extract with ActA in Xenopus extract

ActA:A protein expressed by the bacterium Listeria monocytogenes that is responsible for the "rocketing" motility of
the bacterium throughout the eukaryotic host cell. In addition to other host proteins, ActA binds actin directly.



A special case of diffusion:
the Brownian ratchet

ratchet patential

kin /
s
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6 Listeria
monocytogenes
intracellular
motion with
< » Diffusion actin
polymerization
K(F) = dissociation constant in the presence of force - monomer concentration at
Fo | P
a net filament growth of 0.
K (F) =K ekBT Kc = critical concentration (at 0 force); F = force; © = discrete growth upon the
C

binding of one monomer. ksT = thermal energy.

N.B.: F may be + or -. The process may be reaction driven (too fast diffision for
kin) or diffusion driven (too slow diffusion for kin).



Force generation with
polymerization

(A) bead in optical trap
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Force generation with
depolymerization

Vesicle transport with
MT depolymerization

Chromosome
(kinetochore) movement
with MT depolymerization



MCAK: MT-depolymerizing
Kinesin

MCAK:

“Kinesin-13”

Binds to the plus (+) end of MT

Finds the + end with a diffusional search

Hydrolyses ATP

Controls MT depolymerization (“catastrophy factor”)

MCAK-induced MT depolymerization

Diffusional search along MT (GFP-MCAK)



Self-assembly, catalyzed polymerization

Amyloid B-fibrils: components of Alzheimer plaques

L/~ ABI-40
protofilament

Y10 H14 K16 F20

Amyloid B1-40 peptide

Fibrils grown from ABB1-40 peptide in vitro (AFM)



Epitaxial growth of amyloid fibrils
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Nanoscale mechanism
of catalyzed fibril

growth:
scanning probe kymography

AFM

cantilever

Oriented fibril

~ scanning

time

}

Spatial
resolution:
1 nm

Temporal
resolution:
300 ms
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Motor proteins
(introduced last semester)

|. Bind to specific filaments
(cytoskeleton, DNA, RNA)

2. Generate force and displacement (or
torque)

3. Convert chemical energy to
mechanical (directly, not through heat
conversion)



Types of motor proteins

1. Actin based
Myosins: Conventional (myosin Il) and non-conventional
Myosin superfamily (I-XXIV classes). Move towards plus end.

2. Microtubule based
a. Dyneins: Ciliary (flagellar) and cytoplasmic dyneins.
Move towards the minus end along the microtubule.
b. Kinesins: Kinesin superfamily: conventional and non-conventional.
Move towards the plus end along the microtubule.
c. Dynamins: MT-dependent GTPase activity
Biological role: vacuolar protein sorting (pinchase enzymes)?

3. DNA based motors
DNA and RNA polymerases, virus capsid packaging motor, condensins
Produce force and displacement along the DNA strand

4. Rotary motors
F1FO-ATP synthase
Bacterial flagellar motor

5. Mechanoenzyme complexes
Ribosome
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Cyclic mechanism - “duty cycle”
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In vitro motility of rhodamine-phallodin-labeled actin filaments

Myofibril
~
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The myosin
Supel‘fam”y
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Functions of the myosin superfamily

Myosin structure and motility Cargo interactions Actin-based projections
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Myosin ||

-terminus

coiled-coil of two o helices light chains
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Myosin |l assembles into thick
filaments

Two-photon microscopic image of a muscle fiber

Signal Unlabeled myofibrils.
source: 2P microsopic image
helical
structure of
myosin
filaments
Excitation:
1000 nm
Second
harmonic
generation Myosin
(SHG): molecules
>00 nm and thick
filament.

AFM image




Dyneins

Types: axonemal and cytoplasmic. Numerous subunits (M~500 kDa). Move towards the
MT minus end. Their coordinated action bends the cilium.

i g Biomolecular functional model:
Structure e, “In vitro motility assay”
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microtubule



Kinesin superfamily
Processive motors, move mostly towards the plus end of MT

MOTOR TOOLBOX
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Dynamins

* GTPases

* Important in
vacuolar protein
sorting
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Viral portal motor
Unique DNA motor

Mean packagingrate (bps-')
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$29 bacteriophage portal motor




Viral capsid mechanical rupture - irreversible process

capsid rupture
g - (“trepanation”)
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SARS-CoV-2 is highly resilient

nanoindentation
site
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Force-induced DNA ejection from T7 phage

Rate (1/s)

15 20 25 30
Force (pN)




17 DNA release may be
under mechanical control

photothermallysinduced T7 DNA ejection
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Rotary motors |:
FIFO-ATP Synthase

A Proton '
Outside y
B v

Mitochendrial F
inner membrane 9 20 A MATP 200 nMATP

inside | Discrete 120" rotational steps
ADP+PI ’ F, 12

v b

ATP g 3 10

[4ed

Actin filament

Revolutions
o
i

<N

Streptavidin

- W

0 50 100 150
Time (s) Kinosita

22 nm



Rotary motors ll:
Bacterial flagellar motor
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Force-driven protein folding
Nanomanipulation of titin

Cardiac myocyte

| Sarcomere

Muscle
sacromere

AFM structure of a
single straightened
titin molecule

Kinase domain

7 anti-
parallel /5-
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”~  Fibronectin

Immunoglobulin PEVK domain (FN) domain |. muscle elasticity
(Ig) domain 2. structural template

3. force sensing




Upon stretching with force, titin unfolds
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How does titin contract!?
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Force is generated during refolding
Position clamp experiment
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Free Energy

Fluctuations are explained
by molten-globule
dynamics

Three-state folding model
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Molten-globule structure
explored with sMDS
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