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Stretching of 3T3 cells

Summary

• Contact-free measurement, where the wavelength of 800 nm reduces

photodamage and avoids excessive heating [4].

• High resolution phase measurement enables the clear distinction of

untreated and Cytochalasin B treated cells, even on a short timescale

• Challenges: Quantitative measurement of the stiffness of stiff, untreated,

adherent cells (e.g. 3T3); Uniform phase shift across the beam

We have demonstrated a method to stretch adherent cells with a parallel

laser beam to characterize their viscoelastic properties [1].

In the recent work presented here, a new method for the detection of the

membrane displacement was developed. It relies on off-axis interferometry,

which allows for high precision as well as arbitrary positioning of the probed

spot and makes the method completely contact-free.

Interferometric measurement of the strain

800 nm stretch beam 

𝑃 ≈ 1.16 W, ∅beam ≈ 2.43 µm

633 nm probe beam 

and reference beam

Signal and Resolution

• A membrane displacement leads 

to a relative phase shift between 

probe beam and reference beam

• Fitting the interference pattern 

yields Δ𝑧 =
Δ𝜙

2𝜋
⋅ 𝜆0/Δ𝑛

• Photons passing an interface to a lower refractive 

index medium transfer part of their momentum 

to the boundary: 

𝐅 ≈ photon rate ⋅ Δ𝐩ph

• 𝑛𝑐𝑦𝑡𝑜𝑝𝑙𝑎𝑠𝑚 ≈ 1.365, 𝑛𝑚𝑒𝑑𝑖𝑢𝑚 ≈ 1.335 , therefore 

the cell membrane gets pulled upwards

Does the phase shift agree with direct height measurements?

• Δ𝑛𝑚𝑒𝑎𝑛,3𝑇3 = 0.0305 ± 0.020

• Comparison of phase shift and fluorescence cross section yields a consistent 

and plausible [2] 𝑛, confirming the validity of the height measurement

• Cells treated with 10µM 

Cytochalasin B show 

significant softening

• Instantaneous deformation

as well as creep behavior

𝑺𝑻𝑫 𝚫𝒛 (n ≥ 50):

• 𝑙𝑎𝑠𝑒𝑟 𝑜𝑛: 8.8 ± 5.5 nm

• 𝑡1: 6.5 ± 4.5 nm

• 𝑡 = 1.3 s, 𝑠𝑒𝑡𝑢𝑝 𝑖𝑑𝑙𝑒: 2.6 nm

Confocal fluorescence imaging

of the cell membrane while

recording the phase shift:

Force generation

Noise: 𝐴𝑟𝑡𝑖𝑓𝑎𝑐𝑡 − 𝑚𝑒𝑎𝑛 𝑎𝑟𝑡𝑖𝑓𝑎𝑐𝑡:

Stretching of a 3T3 cell treated with

Cytochalasin B, artifact subtracted

Artifact: Heating of a 0.5mm

water column w/o a cell

• 𝐹 = Δ𝑛 ⋅
𝑃

𝑐
= 118 pN;   𝜎 ≈ 25.4 N/m2;  

• |𝐺 ∗ | 1.2𝑠, CytoB ≈ ൗ
𝜎

Δ𝑧

𝑧

≈ 370 Pa

• AFM-indentation, untreated 3T3 cells: ∅ 1.8µm, 0.2 nN: 𝐸𝑒𝑓𝑓 = 468 Pa [3]

Guck stretcher: Signal from softer HeLa cells buried in noise at 𝜆 = 780 nm [4]
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