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Giants under force: titin, pilin and 
talin



How does stretching 
work?



Do we understand how a man can throw a ball at >100 
mph?

> 100 mph



Does titin contribute to pitching a ball at >100 
mph?

> 100 mph



Signal transduction by the mechanical 
force sensor talin a crucial member of focal 

adhesions



Gram-positive pili are the largest single polypeptide proteins 
known.

They have specialized features to resist large mechanical 
shocks!

Alegre-Cebollada et al., 2010, JBC, 285:11235-11242 

Echelman et al., 2016, PNAS, 113:2490-2495 



Streptococcus mutans

 FimA Actinomyces oris

F



A new type of 
toothpaste

A new type of 
peptide 

antibiotic

Rational design of antiadhesive peptide 
antibiotics 

A vaccine against dental caries?
Understand to design of coughing



computer

Force spectroscopy measures force, 
work and power in folding proteins
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The multiple roles of mechanical unfolding

Cryptic 
Biochemistry

Elasticity

Wiita et al, 2007, Nature, 450: 124-127

Del Rio et al, 2009, Science, 323: 638-641 



The amazing mechanical power of protein 
folding



Engineering proteins for force spectroscopy

Cys

Carmelu Badilla



cantilever tip

polyprotein

exposed 
disulfide

bond

gold substrate
10 nm

Trx

Mechanical 
biochemistry

New
Perspective in 
Biology !

Useful ?
Real ?



HaloTag anchored polyproteins



HaloTag and 
magnetic tweezers



Moving coil and control of magnet 
position/force



20 nm



Collapse and folding dynamics of protein L8



Stable recordings of a single protein 



Weeks long recording of the same protein! 



MT_3

tape head



Current feedback electronics

LED

xiQ

100x

tape headMT_3

100x

LED

CC
D



magnetic 
card-reader 

design

FUSION360 CNC
tape head

holding fork

Bow tie
fluid cell 



> 10 kHz bandwith with sub-pN 
resolution

Battery 
powered  



C++ code 
implementing 

“kick-ass” modules



5 hour long recording of talin at 1400 fps with a total drift 
of 7 nm 

MT_3 has the resolution of an 
electron microscope at >1400 

fps!2.6nm
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USB electronic 
controller

Flip force-spectrometer

computer

Single molecule Force-clamp spectrometer
AFM single molecule force spectrometer



USB electronic 
controller

computer

Force sensor and piezoelectric actuator

Piezo actuator

Set Point         

Cantilever

Laser 
focusing 
optics

Split photodiode

Engineered 
polyprotein

Force signal



Photodiode (Force)

mirrors laser

cantilever

protein
linear actuator (extension)

We can stretch a single protein and measure how does
the restoring force changes with the extension.

.









Force clamp mode

set extension
Constant velocity mode



 Force-clamp spectroscopy apparatus



AFS Software (Igor)
Single Molecule Atomic Force Spectrometer

Force-clamp and force-extension
Sub-nanometer resolution
Sub-millisecond time resolution
Protein folding and unfolding
Bond cleavage and formation
Fully automated operation
Powerful analysis software
Simple user interface



AFS: Feedback electronics

Force setpoint

Force measurement
Z positionPID

Force signal

Force setpoint

PID

Manual Z control

Z output

X output

Y output

X control

Y control



AFS: Circuit boards

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



Pallav Kosuri (PhD;2012) 
applying the final touches to the AFM prototype



pr
ot

ei
n 

le
ng

th
 (n

m
)

time (s) time (s)

Fc=140 pN

Unfolding polyproteins at constant 
force



Force-quench; molten globules and 
folding 



Disulfide bonds restrict the elongation of an 
unfolding protein, and accelerate refolding 

20-50 fold making the protein stiffer
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11 nm

14 nm

Detecting cryptic disulfide bonds in I27



Popa I., et al, Nat. Prot. (2013)

Force dependent reactions



Unfolding and refolding dynamics (Titin I27)
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