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Applications of FRET technology in the study of
mechanotransduction

LIU Bo, QIN Kai-rong
(Department of Biomedical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Mechanical force has essential effects on cellular behaviors such as proliferation, migration
and differentiation, and the mechanism of mechanotransduction is still one of the hot spots in
mechanobiology study. Traditional methods could not provide accurate evaluation of the signal protein
activation upon mechanical stress application. The development of fluorescence protein technology
greatly promoted the understanding of mechanotransduction. In particular, genetically-encoded
biosensors based on fluorescence resonance energy transfer (FRET) technique has achieved a real-time
dynamic observation of living cell signal protein activity, which provides a powerful tool for the
in-depth study of biomechanics. In this paper, we will provide an overview on the recent progress of
FRET application in biomechanics. The FRET technology will be introduced first, and then we
summarized three methods to integrate the mechanical stimulation with the FRET imaging system on
cell experiments. After that, the important progress of biomechanical research on signal pathway made
by FRET technology, such as cytoskeleton, Rho family, calcium and cellular physical stress
visualization, will be also discussed. Finally, we will point out the bottleneck of the future development
in FRET technology, and also make the prospect of the application of FRET in mechanotransduction. In
summary, FRET technology provides a powerful tool for the studies of mechanotransduction, which will
advance our systematic understanding on the molecular mechanisms about how cells respond to
mechanical stimulation.

Key words: Mechanotransduction; Mechanobiology; FRET
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AESEIR R —ANEA LN I AT EL . 98 R AR PR AR OR () B e e RS FH kb 17 AAE R
RITERIA R Z AL . T A2 8 B AL K G A ) AR DR BT R N I 2t iR e B e A 4
A (Fluorescence Resonance Energy Transfer, FRET) $iA, vl LLSEELAE TG 40 o Y iELE5h &
M55 B S AR I 22 A B 5 I RN, Ay I A 7% 4 R P B 0 e 3 R0 ) 22 A 2 I
Rt 7R

1 RABBRRAHIREEEBHRAK

HMWSGEREEA (GFP) #AME, g ZHATEMAEMEERHFRS. FAER
HEILCHBIE FIAAE, ST URJLT A K BARa AL S LR RIRA, Eink
IR B SE W) H (). GFP @it Ut fa, K1 T — RAMATAERE, miktastEH (BFP),
HEFHEH (CFP). HESOLEA (YFP) %Y, FR&MIOLEALTESOESE, 7
PO FNCFEE . HeBURPE . BRGERE . ST RS RUR /520 (i PH (. R, &
TRESS), RERSES T AR TARRERI, FE018E T HEGERRERRD
5 F, B ZHTRNEREAEH RN m SR

e EAE EE PR R Z BT EAREBEAR, EFEYEAINIESHS
W, Harss N Z FRET. #Ch FRET k5% 8 B 8 A& S K 38078 56 MOk 5246 75¢
FHEAMBEB KR, YA SZAESEHT ML (Qonm) B, $ARER KK
AT LA A B SRR . 3 2 1) (R BE B AT ) AT LUK FRET AORR ™. Atk 198t
F AW LILEERA R ) B AR 7 — AN KRG 2 FRIEER, R H bR Bis v i
W 1 5 G B R 22 1) F BE B RN 5 1), R DA S A %% FRET 280 (1) 8048 [l B il H bR (1 176
Mo CERTE 40 MK P MR S oo i A M s e, LA RSR A B SR . JE T UL
RS, DRI T VR I T FRET E44R% . il Rho KK AL 5% RhoA™ Racl™ Cded2™
cAMP"', MT1-MMP "™ %525,
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A 2 AT LASEBRAE V6 40 M 3h A5 IS8 4l RS R ) FRET £0R, 748 A b B4 LA T JLAN
¢+ FRET AE#REE . FRET 2Ot BMAUR RGLLL RSO ERB T 7575 X ERAE LRI AR
RS RIS ER . RN EEDF SR, BT AR A I,
LPOEMBHRT €M, HET DI E SRS RE R E N ERRA L
YW IRLE

21 EFWEE

R A 55 R 40 M (X B BB B (substrate stiffness) £ 5% Wi 40 o (¥ . ) -4, Bir LAk Jor e A8
L0 4 i P AT 40 A S AR B D BE TR T F G E B SR F KB B R A0 M ) B T,
I B kB 2 A 2 16 (1) PBE 7R L AR AT 3 FLATLAM I B, e ok 00 v 2 ) s 4 o M R b AT AR
W, IR I ELAE S T 425 1 K B I FRETH RSR AL T ARG 3 BARE ™ o FF L by T S Al 3
20 M A R — AN A RSB RE, v DUPRIEAE 28 6 0B T R 1548 52 1 Wi (Y FRET &
B IBFHXF T, A4 G FRETH A BE 5T A5 X140 M Th B () S b AT T IRAESE, KR
A EIRERE R E T AR ER R ERY . HAESEE, mEE RS, RERER
HRE"E, MAESERXH . HATXE R AR 2 S 0F I AT FRETAS I 55 (81 (5 4 2%
177 e
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HERBAS I BT R« T I 2 06 B0 B W 52 2135 40 U FRETAE IR 60 221k, 41 BRZFHAE(E B
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EFRET X 73 F BREF A BARK I T AR B N I VERT T N E— AL E 588 (endothelial nitric
oxide synthase, eNOS) [{ImRNA 3" (11 2 M AKFE" . FREELRZE T, LinZSFH
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B B AE B LA R k35 . b4k, Deepika VermafilJason Rahimzadeh® i fE /N4, i&
FR AR A F BRI BPDMS SR AT PR s s R 48, SR FRETW 22 S48y N 0 4E Al F
21 B S0 6 3R F actinin G O H AR . IXEERF AT B RFRETH R B2 58U ) RS Th 45
A BB RS A2 S S A T A

23 F¥kAH

BRI A B AR SR A ) e, X v A A RE AT R B 2 B[R] B A 5 B AR R A
SR LE FA A A A (] B, BT AT B P SR8 A 5 R - Goldyn S 7E 2K — RT3 P 1 35
FENIH3TI0 ML, 7EJ8 Ak 2 hr 58 1 ) [B] B A U 2 T Rae, RhoAFICde42 4= M)¥R4H IIFRETAR
W™ TR AR AA KM /7, Andrea Maria PereiraZs M52 T # 444 dJun-FRETAE W15
EFHS2R+AH M 7E A2 7K D /EFR T ROINKIEHEZSAL™ . esh, XM E AR (1 min), A
J P EE 40 I A FRETAE M HRET 0484k, thAERE 2 SCEIFRETH R 5 A= hr mF s 45 & . H
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N W, ] 7E fR FEFRET B 4% £8 5 ¥ Wb (1 0462 7 b 40 4@ it J= 0 A2 5K ) . i@ e 7%, Nicolas
Borghi %5 % 4 B it in = A5k 77, f# FHFRETHREH A Dh WL %2 2 T Cadherin/catenin & & 1A (1) W 11 %
i# ", Klotzsch® X fibronectin£F 4 i A=K, KRBT LAGEMISME K™ . XELHFFTRM, 4
A FRETHIAZ7K 1%+ 4i a Th g e ma (I SR BR © 48 H 28 i

3 FRET ENWFEMFHARPIEZA
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M AL CRIFERGE . MU PR oanMude it TGO RE, 4ERE T RS, R
Bt 2 5 40 M K SZ AR S 0 A FH A 2 M PN (A 5 e S R . 290 M R R AE B . ) 2 T
AT S BN R A RRBEE AL IR R AT A B 5, X R R E R
UG ST, EAFRETHARIRMEHSE T it 5t. i, PECAM-1HIVE-cadherini 7]
VEGF3Z & BE 0% 75 89 N 1 1 Tl F RISRE AR BUULEE3 BOAE™, Smses IRt & & B 1B 2
0 i LSRR . TEM RSN R, Racl BOMGE LMEHESCIR th 2 B . 40
A LA £ 3 Rho A TS T HT BT PEAIK, TR, B Rho ARFATESGE, Wishym LN 44 ®E
BB, U2 BIMUM AR TR VRTINS P 40 R SRR 56 0 1 K 3 AR Ak th TR A FRET
FARKMEE . FIFHFRETH A, Na%Fub#, Jaiazsk Jydus i & 7 40 Mz i Srcf)idi i, iX—
AF AR T 40 M B AR G Ny, F B O SR . IX LB 96O R 1 S FRETHE AR
T, A I M FET A0 R ALE A AT UBRAE 5K O 4 B D e ) S e B R 4 AR .

32 NFESHBRMEREZIEMBEXHTHESS T
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A, BEEDS| R R RN, T3 E B DhRE AR FRIA R S . i, ECFPHIEYFP
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