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Focal adhesion kinase (FAK) is known to regulate cell adhesion, migration, and mechanotransduction
in focal adhesions (FAs). However, studies on how FAK activity is regulated in the plasma membrane
microdomains according to the composition of extracellular matrix (ECM) proteins are still lacking.
A genetically encoded fluorescence resonance energy transfer (FRET)-based biosensor can provide use-
ful information on the activity of intracellular signals with high spatiotemporal resolution. In this
study, we analyzed the FAK activities in lipid raft (detergent-resistant membrane) and non-lipid raft
(non-detergent-resistant membrane) microdomains using FRET-based membrane targeting FAK bio-
sensors (FAK-Lyn and FAK-KRas biosensors) under four different ECM protein compositions: glass,
type 1 collagen, fibronectin, and laminin. Interestingly, FAK activity in response to laminin in a lipid
raft microdomain was lower than that in other ECM conditions. Cells subjected to fibronectin showed
higher FAK activity in a lipid raft microdomain than that in a non-lipid raft microdomain. Therefore,
this study demonstrates that the FAK activity can be distinctively regulated according to the ECM
type and the environment of the plasma membrane microdomains.
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(Korea Institute of Science and Technology, Republic of
Korea) 0. 2 #H A F 3t} Hela Al 2+ Dulbecco’s modi-
fied Eagle’s medium (DMEM, GenDepot, Katy, TX, USA)
A ¥ AL, WA= 10% fetal bovine serum (FBS, Hy
Clone, Logan, UT, USA), 1 unit/ml penicillin® 100 ug/ml
streptomycin (P/S, GenDepot, Katy, TX, USA)E =33}l
ATk AMEE Ao E(BB 150 CO, Incubator, Thermo
Scientific, Waltham, MA, USA)o M 37C9] 7hs5 37 o A
5% COZ FAHAT. A Z= AZ 9 7|2 o] A7t HUAA
U =4 ¢ fre ute Fx23 3 A (Glass bottom confocal
dish, SPL, Pocheon, Republic of Korea)ol| A H] = {tt. A
o] 714 A A A1¥ Ze(Typel collagen, Corning, Corn-
ing, NY, USA), ¥ B 24 &l (Fibronectin, Gibco, Waltham,
MA, USA), 27 (Laminin, Gibco, Waltham, MA, USA)<
Molecular water (Sigma-Aldrich, St. Louis, MO, USA)el 2
7 200 pg/ml, 10 pg/ml, 10 pg/ml2 348t #2 w5
F2A A 22 200 plA 3L 37 Col A 2417 A 2
z Phosphate buffered saline (PBS, Welgene, Seoul, Republic
of Korea)Z #-& § AZE wjstgith. DNA Ea2m|E
transfection?| Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA)S Az A 9| Aol wet A8 5T, Transfections
g AZE O 60A AR WY F oA S APsAt.
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Fig. 1. The design, characterization, and localization of the FRET-based FAK biosensor. A) Schematic diagram of the FAK biosensor.
The FAK biosensor comprises an ECFP donor, SH2 domain, substrate, YPet acceptor. The substrate peptide is derived from

FAK containing Tyr397 (indicated as red Y).

B) The FAK biosensor shows the conformational change by phosphorylation

at Tyr397 in the substrate domain, leading to a decrease in the FRET emission intensity. C) Localization of FAK-Lyn and
FAK-KRas biosensor. Integrin will be expected to interact with four different ECM conditions. These diagrams were illustrated

using Biorender (http://biorender.com/).
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Fig. 2. The FRET ratio images of the FAK-Lyn and FAK-KRas in HeLa cells respond to different ECM proteins. A) FRET ratio
images of the FAK-Lyn and FAK-KRas in HeLa cells. The color scale bars represent the range of the ECFP/FRET emission
ratio detected by the biosensor. Hot and cold colors indicate a high and low ECFP/FRET ratio, respectively.
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Fig. 3. The dot graphs for ECFP/FRET Ratios of the FAK biosensors in HeLa cells. A-C) ECFP/FRET Ratios of the FAK-Lyn or
FAK-KRas biosensor-transfected cells in response to different types of ECM proteins. The dot graphs describe mean values
of ECFP/FRET Ratio with error bars indicating the standard error of the mean (S.EM) (n.s p>0.05, *p<0.05, **p<0.01, ***p
<0.001, ****p<0.0001, one-way ANOVA for A,B and student t-test for C). Each dot on the graph represents the average of
3 ROIs in a single cell.
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