Supplementary Material S1

Bleed-through estimation
Here we estimate the effect of fluorescence bleed-through on FRET ratio measurements. Let us assume that fluorescence bleed-through from the donor fluorophore (EGFP) affects fluorescence detection of the acceptor fluorophore (mCherry) by summation of the true fluorescence intensity of the acceptor and the bleed-through from the donor, and vice versa, as follows:




where Id* and Id are the apparent and true fluorescence intensity of the donor, respectively, and Ia* and Ia are the apparent and true fluorescence intensity of the acceptor, respectively, and g and d are factors between 0 and 1 corresponding the amount of fluorescence bleed-through from the acceptor to the donor and from the donor to the acceptor, respectively. 

By assuming that  is much smaller than , the apparent FRET ratio r* is expressed as



If we look at data from the acceptor photobleaching experiment (Figure 4c), the normalized FRET ratios before and after photobleaching were 0.58 and 0.18; thus,
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The true FRET ratio rtrue before photobleaching is estimated as


If the FRET ratio is changed from r* to k*r* (k* < 1) by application of tensile stretching, the ratio in the stretched state is given as


where k and m is a factor of the change in fluorescence of the acceptor and the donor by application of mechanical stretch to the FRET sensor, respectively. Because true fluorescence intensity of the acceptor decreases and that of the donor increases during stretching, k and m decrease and increase, respectively, from the initial value, 1. This reciprocal relationship is assumed to be k + m = 2. Thus, with eq. S3 we get




Using the result from the photobleaching experiment, d = 0.18 (from eq. S6) and Ia = 0.4Id (from eq. S7), 





and finally we obtain



Based on this relationship, FRET ratio changes with and without considering fluorescence bleed-through are estimated as in Table S1. Because the lowest normalized FRET ratio was approximately 80% in our stretching experiments with isolated tissues and cells (Fig. 6), it is sufficient to examine whether the fluorescence bleed-through can be neglected when the normalized FRET ratio decreases to 80% from an unstretched state. When the normalized FRET ratio (including fluorescence bleed-through), corresponding to a change in r* is 0.80 (Table S1), the estimated normalized FRET ratio (excluding fluorescence bleed-through), shown as rtrue change in Table S1, was 0.71, resulting less than 10% underestimation of FRET change. Accordingly, the effect of fluorescence bleed-through on the FRET ratio was not significant in this experimental setting.

	

	Table S1. Estimated FRET ratio changes with and without considering fluorescence bleed-through.

	k*
	k
	k*r*
	r* change
	rtrue
	rtrue change

	(1)
	(1)
	(0.580)
	(-)
	(0.4)
	(-)

	0.95
	0.962
	0.551
	0.95
	0.371
	0.927

	0.90
	0.921
	0.522
	0.90
	0.342
	0.855

	0.85
	0.877
	0.493
	0.85
	0.313
	0.782

	0.80
	0.830
	0.464
	0.80
	0.284
	0.71





Values in parentheses in the top row represent the unstretched state, where k*r* and rtrue are taken from the acceptor photobleaching experiment (Figure 4). When k* is arbitrarily given, k and m are calculated using eq. S11 and k + m = 2, k*r* is calculated with k, m, and d using eqs. S6-8. An r* change (equal to k* as expected) is calculated with k*r* at the given k* divided by k*r* in an unstretched state (= 0.58). rtrue is given with k, m, and eqs. S7-8 where d = 0, estimating no bleed-through, and rtrue is obtained from rtrue at the given k* divided by rtrue in an unstretched state (= 0.4).
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