Tension probes: reporting cellular traction forces

Cell adhesion is the critical interaction between
cells and the ECM.
- Focal adhesions occur by the clustering of
integrins &
- Contraction of the corresponding actin
cytoskeleton
- Cells probe the mechano-chemical environment
- ~mechano-chemical sensors
- Adhesions influence signaling in e.g.
proliferation-differentiation e ——
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Cells lying on a bed of microneedles: An approach
to isolate mechanical force

John L. Tan*, Joe Tien*, Dana M. Pirone*, Darren S. Gray*, Kiran Bhadriraju*, and Christopher S. Chen*™*
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Measurement of
mechanical tractions
exerted by cells in

three-dimensional matrices

Wesley R I_ega.nl], Jordan S Miller!, Brandon L Blakel}",
Daniel M Cohen!, Guy M Genin? & Christopher$ Chen!

Mix:
- EGFP fibroblasts
- fluorescent microbeads

- PEG hydrogel with degradable
protein domains
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Summary: One can argue:
- strongest forces on the - N0 environmental patterns

"tips" - no handles (matrix proteins)
- traction is aligned to the

center of mass




A DNA-based molecular
probe for optically
reporting cellular traction
forces

Brandon L Blakely'', Christoph E Dumelin®1¢,

Britta Trappmann®*1%, Lynn M McGregor®#,

Colin K Choi*#, Peter C Anthony”, Van K Duesterberg”,
Brendon M Baker**, Steven M Block®?, David R Liu>® &
Christopher 5§ Chen'*4

applications&
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Results:

- pharmacological effects detectable
- 3 patterns of adhesion-cytoskeleton motility
- # of TP adhesions have linear&non-linear

effects
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Summary:
+ 200 nm versus previous several pm resolution
» single adhesions visible
- adjustable to diff. adhesion forces
+ no tough biocinformatics
+ no directionality

i o s D

TP concentration effects




applicationsé&

Cell
force

e T Im p’ ications

Adhesive
paptida ﬁ

unfolding
Substrate
Quencher linker

Substrate I

The probe

Suceinimide-PEG-maleimid

1 ’ -
g _J\ ¥ DNA-Hairpin
Ll reo,
: pe " >
=
'E —_— Jé .
Z Amin group"3_ e s e /
L]
Substrate Thiol

Properties of the probe

b E ) d x10° PBS x10°  1/5PBS, 6.4 M Urea
DNA\:airpin Zs 107 5 /\
o kb S 1 kb . LL?.'_ 3 ) /\ -
AT bR o i}
b 50mM  Medium, Medium, g m/ E 4 / 7\
dsDNA handles PRIFR meilyy S g“ 3 / /
quencher <
g 2 [/ ]
i 4 ('8
P17 3 —\--_/
2
20 40 60 BO 100 20 40 60 80 100
Temperature (*C) Temperature ("C|
Temp.
Force | Sequence Fi/2 coIm. F.ljz

(PN;21°C) | factor | (pN; 37 °C)
g AAGTTAACATCTAGATICTATITITAGAATCTAGAT e v =




v

Properties of the probe

b E e < . 9 a0 P8BS x10°  1/5P8S, 6.4 M Urea
Laser baam DA hadrpin m Z e 107 S
2 kb \5 1kb i s e
OE3UM v onsByirnirna O-OFHIES i 8 8 @ -
bead t mdj 50mM - Medium, Medlum, & TPe £ .l a
dsDNA handles MOPS nodye dye plus g e @
quencher il @
g g
. . i s [
Dual beam optical trapping P17 3t
2 I
L s Bkt Microscope 20 40 80 B0 100 20 40 80 @ 100
Lot Termperature ['C) Termoeraturs (°C
Poly:lyrenf_ﬂ_,__,
bead — Temp. -
Force probe | o e Fi/2 cor. | Fip
Laser beam name (PN; 21 °C) | factor | (pM; 37 °C)
| AAGTTAACATCTAGATTCTATTTTTAGAATCTAGAT
|| DNAmolecule TE3 GTTAACTT (20R25/T4} b azr iz
TP6 CTAGATTCTATTTTTAGAATCGTAG 8.1 0.70 5T
o w—— CGCCGOGGGCCGGCGCECGGTTTTCCGCGCGC0 poup —— p—
GGCCCGCGGOG (20R100M4) - ) 3
CGGAAGGAATGTAGAATGAGTGAGTGGATCGTGA -
g TGAGTGTACAAGTAT not applicable | — -

*measured in this
"data from (ref. 16)

"Controls" of the probe

1 TP9 Peak TP9
al at signal at
sion” Adhesion”
| (11000) [ 27600 (12000) —— Thest-Serm estimator
500:1 7001 .
¢ = ™ p.::.1q7\:|f.ur.wn.l-“.':,..- = “
0
ackground (from folded TP3)

TP17 Flucrsscen
[ re————

e TS @6 limE0T

TPl Alena 847 pared wih TRU Fluorsecen o 20 0 L] L3 100 12 0

TS Alena 047 total acenion sgras

Total Internal Reflection Fluorescence

Laser beam

ECM

cells




Unstructured, | Folded, Folded, Maan TP9 Poak TP9
i quenched | quenched signal at slonal ot
IDNA contral L e Adhesion® Adhesion®
14400 (400) 1640 (50) 4160 (40) | 19900 (11000} | F7600 (12000)
i 300:1 nia nfa S00:1 T00:1
100 msec expasure
pSLIe

“calculated as mean of signal {from correspondng colurmn) to sid. dev. of background (from folded TPY)

Different substrates and cells

3T3 fibroblasts; PDMS substrate

% of o

b
Lazerbzer on harsin

5 £
24 1k
£ 100 Jeanum

G, o
ol T
- AT hendks

Dual beam optical trapping

Laser beam Merascope
abjectives

Lastir besaen

DNA molecule

Class micrapipetts

[

Properties of the probe

d

8 £
q M 3 -'I %
Mtk 4 e
MOPS  naeps  dye pus R
’ 1’u..—uu- g‘ | g
3, / &
i 4 o 7
I.k' a0 L ] 100
Tamparshurs [T}
——— Tem.
" Sequence F 12 :‘: rl /2
name (PN. 21 °G) | factor | (pN. 37 *C)
= AAGTIARCA rcr_ﬁe].:;_rcmnnuwrcmmr — = ==
™6 CTAGATTCTATTTTTAGAATCTAG a1 o7 57
— [£Ees TV L a0t Py — —
COGAAGGAATGTAGAATGAGTOAGTGOATCGTGA
us. TGACTGTACAACTAT o mpiea
e

Tmeasured n his study
“data bom (rel. 16)

"Controls" of the probe

E

TP Ao 17 pred TP Fumsan

Total Internal Reflection Fluorescence
Laser beam
—

n+:high refractive index

i Evanescent ngclow refractive mdex
fluorophare T'_ Heye
o d~100nm
z




applicationsé&

Cell
force

e T Im p’ ications

Adhesive
paptida ﬁ

unfolding
Substrate
Quencher linker

Substrate I

The probe

Suceinimide-PEG-maleimid

1 ’ -
g _J\ ¥ DNA-Hairpin
Ll reo,
: pe " >
=
'E —_— Jé .
Z Amin group"3_ e s e /
L]
Substrate Thiol

Properties of the probe

b E ) d x10° PBS x10°  1/5PBS, 6.4 M Urea
DNA\:airpin Zs 107 5 /\
o kb S 1 kb . LL?.'_ 3 ) /\ -
AT bR o i}
b 50mM  Medium, Medium, g m/ E 4 / 7\
dsDNA handles PRIFR meilyy S g“ 3 / /
quencher <
g 2 [/ ]
i 4 ('8
P17 3 —\--_/
2
20 40 60 BO 100 20 40 60 80 100
Temperature (*C) Temperature ("C|
Temp.
Force | Sequence Fi/2 coIm. F.ljz

(PN;21°C) | factor | (pN; 37 °C)
g AAGTTAACATCTAGATICTATITITAGAATCTAGAT e v =




8 Stress

6

4

2

0

70 11,000
z ||
5 m
= [0 3
S o
g |, E
= |
Tastyf 1500 S
. R by 8
o ' =
o AUA =)
g X :
o -
L e
0 QogprannsaesaRRRRS Ans 0
10 o 30
kPa Time (min)

(4]

Stress 20

140

"o 211,000
d

Summ.

ce per adhesion (nN)
(Nu) 1180 Jed a2i04

- 200
Sing
adjl
No 1
no ¢

Results:
- pharmacological effects detectable
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Tension probes: reporting cellular traction forces

Cell adhesion is the critical interaction between
cells and the ECM.
- Focal adhesions occur by the clustering of
integrins &
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DNA-based digital tension probes reveal integrin
forces during early cell adhesion
Yun Zhang', Chenghao Ge?, Cheng Zhu?3# & Khalid Salaita'2
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