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Signal transduction by the mechanical
force sensor talin
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Listening to heavy talin :
Dr. Rafael Tapia Rojo

Tapia-Rojo et al., 2019 PNAS, 116 (16) 7873-7878
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> 10 kHz bandwith with sub-pN
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5 hour long recording of talin at 1400 fps with a total drift

of 7 nm
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Measuring Talin R3 (IVVI) dynamics with MT3
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Vinculin binding to talin does mechanical work
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Vinculin binding/unbinding can be cycled
repeatedly
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Two vinculin molecules bind simultaneously,
they unbind separately, one very fast, the second more slowly.
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Measuring the rate of reaching the bound-state, k., at 9 pN
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Measure the bound-state probability, P,, as a function of force
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Talin-vinculin mechanical control

system
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Monte-Carlo simulation of the talin-vinculin control system
predicts a negative-feedback equilibrium at 23 pN
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I(mA)

MT 3: the next level.

Magnetic
Head

Mechanical signhals
iIn biology are noisy
and contain
periodic signals
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Talin rejects mechanical
noise
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Entrainment is frequency dependent

P(troia)

Resonant Fraction
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Stochastic resonance identifies periodic signals in
noisy mechanical environments
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Gram-positive pili are the largest single polypeptide proteins
known.
ey have specialized features to resist large mechanical
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Echelman et al., 2016, PNAS, 113:2490-2495
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The FImA IDL’s require a large force to unfold
(~700 pN)
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FImA refolding requires that the force drops <10
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Double-covalent and split-protein technique
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FimA IDL’s, Not-folding, Not-unfolding (P425)
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Folding probability

FImA
IDL Folding contraction probability IDL extension as a function of force
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IDL’s are very effective shock dissipaters
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Blocking isopeptide bond formation in pili
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Rivas-Pardo et al., 2018, PNAS, 115:9222-9227



Andrés Rivas

Carmelu Badilla

design of a blocking
Isopeptide
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A blocking isopeptide is

knocking out the
mechanical stability of
pili than an isopeptide
mutation
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FimA Actinomyces oris
IDL




Rational design of antiadhesive peptide

antibiotics

A new type of

toothpaste

W
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A new type of

A vaccine against dental caries?
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Instrumentation
1.- AFM

2.- Magnetic Tweezers




Biochemistry

~#  Elasticity
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Wiita et al, 2007, Nature, 450: 124-127
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Polyprotein engineering for force spectroscopy
I: DNA engineering
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Protein engineering II;

expression

and purification
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Polyprotein engineering III; anchoring

Cantilever

HaloTag 7

HaloTag Ligand

aminosilane

glass
Taniguchi and Kawakami Langmuir 2010, 26(13), 10433-10436



HaloTag and chloroalkane chemistry
for the covalent anchoring of polyproteins
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lonel Popa

Nanomechanics of HaloTag Tethers JACS 2013

Ionel Popa,* T Ronen Berkowch ¥ Jorge Alegre- CeboHada Carmen L Badilla,
Jaime Andrés Rivas- Pardo,” Yukinori Tamguchl Masaru Kawakami,* and Julio M. Fernandez* 4



Mechanical
biochemistry

New
Perspective in

Biology !
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Force sensor andfi‘gzoelectric actuator
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We can stretch a single protein and measure how does
the restoring force changes with the extension.

mirrors laser
Photodiode (Force) < - —
cantilever
L

protein—

linear actuator (extension)

{
v
1







1111)

211810,

(Nd) 2010



(c)

L. (nmj

528 /803 ;1081

136.2

184 .4

1924

22007 248.7

100 pN



b Constant velocity mode

\
/

wu oz
force (pN)

. extension '(nm)
&

Cantilever

Split photodiode

Laser | I
focusing

optics Force signal



Force-clamp spectroscopy apparatus
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Luigs & Neumann
Feinmechanik und

Elektrotechnik GmbH

Introducing the AFS

Single Molecule Atomic Force Spectrometer
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"Powerful analysis software
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AFS: Feedback electronics
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AFS: Circuit boards

*"AFS controller allows complete hands-off operation
*Standard DAQ
*Connects to any computer via USB

| |
- ]
o, u?=d¢ cie . g
ov o) 0 !
00 C o — e o &pis )
00 0o &
00 oo I =T O=
Qg oo 0% of=o
ooLil| co oo R13
00 oo oo L i ogoolgoo
=0 G co gg
O O co
00 oo gg ee L iy 0 0 Of0 0 O
gg gg oo ° 5% Gain o R6 bpa | |qugiqoql,\él Egﬂ_
oo 00 oo oo ! R1E
o| 00 oo | | @9 oo ifferential Amg O d 's)
8 & | oo oo go| ko
oo oo :
00 oo 00 00 Summing Amp ) o 9
[o] o o{For12 So ]
S e [ |
U U |
00 | /100 =
o [+Xe f 4 Fe
P ey oc/é [eXe] & ELI O 18 A o !
[oX«
g ogﬁ 00 —1 4 B AN
o2 2 P I 7 o]
O« = T = | |
O [ > O
o b 0PTO3 —Rat;-I:l- 3
[0 = o7 ) = ° E =0
O REBD
1?_ [ 99900 0| e 00090000 0|e; O
i | = 1
F3




Pallav Kosuri (PhD;2012)
applying the final touches to the L&N prototype
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protein length (nm)
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Unfolding polyproteins at constant

force
(Hongbin Li)
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Force-quench; molten globules and folding
(Sergi Garcia-Manyes)
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Force dependent reactions
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Unfolding and refolding dynamics (Titin 127)
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The Mechano-Biology Institute in Singapore




Refolding of titin polyproteins using Magnetic Tweezers
at the MBI in Singapore

Chen Hu Yan Jie
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HaloTag anchored polyproteins
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Moving coil and control of magnet
position/force
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Collapse and folding dynamics of protein L,
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Stable recordings of a single protein
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100 nm

Weeks long recording of the same protein!
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Both, the step sizes and rates are force

dependent.
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Force-dependent step sizes:
a universal property of proteins.
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Step size (nm)

Calibration
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Calibration
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Step size (nm)
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MT 3: the next level.
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