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Supplementary information 

Cell adhesion evaluation from AFM force curve  

 

Figure S1.  Representative AFM force curve showing the approaching curve (blue), and 

adhesion ruptures and associated forces occurring in the retraction curve (red). The ruptures 

represented the dissociation between the ECM coated AFM tip and the transmembrane integrins, 

and were calculated by multiplying the height of the rupture by the cantilever spring constant 

(Hooke’s law). Adhesion probability was defined as the number of the rupture per curve. Total 

adhesion force was calculated by taking the sum of all detected rupture values. Rupture length dT 

was defined as the distance between the point where the AFM tip and cell surface establish a 

contact and the point where the rupture occurred. 

 

Total adhesion force: 40+35+20+21+34+22 =172 pN 

Adhesion probability (Adhesion number per curve): 6 

Average adhesion force: 172/6 = 28.7 pN 

Rupture length dT: the distance between the point where the AFM tip and 

cell surface establish a contact and the point where the rupture occurred. 
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The real-time distribution of the E-Modulus of a representative live cell around different 

time points. 

 

Figure S2. (a) A representative real-time live VSMC E-Modulus for 1800 sec. (b) Histograms of a live 

VSMC E-Modulus distribution at different time points. VSMC E-Modulus distribution histograms were 

plotted at each time point (in the range of ±50 sec around the time point) as indicated by the pink area in 

panel (a) and were fitted with a first order Gaussian curve (black curve in panel (b)). 

How to average the oscillation components with similar frequency for a group of cells? 

Figure S3 displays (panel (a)) an example of the normalized individual real-time E-Modulus, 

(panel (b)) major oscillation component isolated from corresponding real-time E-Modulus, and 

(panel (c)) summarization of oscillation components with similar frequency. As shown in the 

Figure S3(b), the four oscillation components have almost identical oscillation frequency with 

different amplitude that may linked to the cell stiffness and activity. The oscillation phase of 

these four components are 2.06, 4.54, 1.37, and 5.26, respectively. The shift in oscillation phase 

might result from differences the cell cycle or metabolism of each individual cell. For 

summarizing the individual experiments, we must consider the shift in the oscillation phase of 

individual cells. If we take the average of these oscillation without the phase adjustment and the 
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N (number of individual experiment) is big enough, the summarized oscillation amplitude will be 

diminished since these oscillation components offset each other (blue line in panel (c)). 

However, if we take the average of these oscillation components after adjusting the oscillation 

phase of each component, the summarized oscillation amplitude will be the correct average 

amplitude of these four oscillations amplitude (red line in panel (c)). 

 

Figure S3. (a) Example of the normalized real-time cell E-Modulus for four individual cells. (b) 

Sinusoidal-reconstructed oscillation component isolated using SSA-FFT from the corresponding 

experimental data shown in panel (a). The four isolated components from corresponding raw data have 

similar oscillation frequency but have very difference oscillation phase. (c) The blue line is the 

summarized oscillation by taking average of the four oscillation components without phase adjustment. 

The red line is the summarized oscillation by taking average of the four oscillation components after 

phase adjustment.  
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