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| Individuals (spatial and temporal
trajectories) may be identified in a crowd

5

Ensemble -
microtubular system

3. Parallel-pathway events may be identified

Single microtubues -

Why one by one?

4

treadmilling

Unfolded state

Conformational
space

Native
state

2. Stochastic processes may be uncovered

Intensity

0 50
Time (s)
Single quantum dot - blinking

Ensemble -
intensity

4. Mechanics of biomolecules may be characterized
von Willebrand factor \ Kinesin

T7 bacteriophage

|
»

100 nm . .
—— Q@ walking on actin



Manipulation with photochemistry

Multiphoton microscopy

Azido-blebbistatin:
* Myosin Il inhibitor =
* Photoreactive

e Photons add up during excitation

e Excitation/emission in focal point

* Excitation with near-IR, fs light pulses

* Large penetration due to long wavelength
* Light-sensitive reactions in fl volumes
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Zebrafish lateral line organ development stops upon 2P exposure
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Manipulation with AFM
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17 phage nanomechanics
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Reversible 6 A buckling steps, followed by rapid relaxation.
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Mechanically triggered T7 DNA ejection
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Kellermayer, M. et al Nanoscale 10, | 1898,2018 receptors (LPS) immobilization switch




Nanomanipulation of cochleates
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Manipulation with light

Optical tweezers
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Mechanical extension of dsDNA

80_ 5 v,,‘:
Optical ..MM |

tweezers

60 ~

Overstretch

Z

— 40 Enthalpic regime
Latex g (Stretch modulus, Ko)
bead o

LL

moveable
micropipette Entropic regime
(Persistence length, Lp)

0 - f'%" L(/L— Contour length (Lc)
| 1

T T
dsDNA stretch 0.C 0.5 _ 1.0 1.5 2.0
Extension (um)

Optical trap

<
Z
Q
(0]
[®)]
c
g
Q
x
e
S,
)]

Optical trap



Do epigenetic modifications alter DNA mechanics!?

Functions of DNA methylation:
|. Transcriptional gene silencing

Prader-Willi syndrome
Deletion on, paternal chrl5

Angelman syndrome
Deletion on maternal chrl5

1:. P
Epigenetic
code:
|. DNA
methylation
2 H iSt O n e Juan Carrefio de Miranda: The Nude Monster (1680) Giovan Francesco Caroto: Boy with a Puppet (1555)
. modification 2. Genomic stability and protection

3. Chromatin compaction
4. Suppression of homologous recombination
5. X-chromosome inactivation (in women)
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Nanomechanics of hypermethylated DNA
explored with optical tweezers
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Hypermethylated dsDNA is more compact, and
structurally and mechanically more stable

Structural contour length of
hypermethylated dsDNA is shorter Helicity is retained in hypermethylated dsDNA
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