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Shon and Cohen, JACS (2012)

Trapping in nano-chamber
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Trapping in dimples

Atomic force microscope images

(a) 150 nm

(b) 250 nm

(c) 350 nm
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Counting single molecules

00:02 Poisson statistics of occupancy
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Interaction in
nano-confinement
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Single-molecule techniques

" Fluorescence imaging * Force spectroscopy
* Sensitive detection » Mechanical manipulation
* Quantitative analysis e Structural information
10 pm 1s

laser beam % template DNA

nascent RNA transcript RNAP roadblock



Mechanical Force in Biology

= Molecular interaction

two

* Kinesin: ~5 pN necks
* DNA unzipping: ~12 pN =
» DNA shearing: ~60 pN —
* Avidin-biotin: ~200 pN —
* Covalent bond:~2 nN shearing

microtubule

AFM tip

—+ Biotin-PEG-NH5

¥ Avidin unzipping
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Mechanical Force in Biology - Tssuelevel mechanics
° N ant on SKinN. ~ 9

Cardiac muscle:  ~1T mN
1-kg dumbbell: ~T10 N
Achilles heel: ~9 kN
Crocodile bites: ~30 kN

= Cell-to-cell interaction
* Cell junctions: 0.05-100 nN

A Focal adhesion |\ C Actin-myosin

% ; network
F-acti?

o e F-actin
-' : _ B Adherens junction
: | p-catenin _
Integrin | | — [ ( - _ S0

p120-cate nin ' W a-catenin
Type | cadherin Myosin Il

Extracellular matrix

Mui et al. J Cell Sci (2016)
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Substrate . .
“RNA and DNA Diagnostics” (2015)
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Example: Stretching DNA
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Park et al.
JoOVE (2023)
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Studying
protein structure?
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Electrostatic repulsion vs. SNAREs

! Vesicle

Vesicle diameter
me= 20 NM
meesm 40 NM

Cell membrane
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Q: How do external forces
(i.e. tension in SNAREs)
influence SNARE zippering?

Membrane separation (nm)

Shon et al.,, Nat. Commun. (2018)
Calculation based on: Bykhovskaia et al., Biophys. J. (2013)



Force-induced unzipping
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Shon et al. Nat. Commun. (2018)
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Technical breakthrough: High-speed tracking

1,200 Hz

20
Extension (nm)
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Half-zippered

Linker open
Fully zippered

Extension

Shon et al.
Nat. Commun.
(2018)
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New look: Mechanical decision-making system

Vesicle ‘ Lipid membranes ‘
docking

2+
_ 2 f ? Yesl< ? Ca
‘Complexm Synaptota gmin‘ Membraive fusion

[Vesicle release]
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Tissue Macroscopic

Cell Mesoscopic

Molecule Microscopic




=29\ synaptic
£%Y vesicles

Kilinc, Front. Cell. Neurosci. (2018)

Forebrain
Midbrain

Brain stem
and cerebellum

Spinal cord

BrainKart.com
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Vesicle—-Protein Interactions
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