Supplementary Material S1

Experimental methods and materials for mechanical probing 

of Panc-1 cells

Here we provide descriptions of the experimental methods and materials used in this paper to probe the elastic properties and viscoelastic responses of Panc-1 cells under load-control and displacement-control. These methods are based on previously developed techniques [S1.1], which were further refined and updated to study cell response under physiological conditions [S1.2]. 
In order to perform measurements of the mechanical response of a living cell under physiological conditions, a cell is placed between two biochemically functionalized walls or “glass microplates”. One of the microplates is more elastic then the other by two orders of magnitude; its force-dependent deflection is used as a spring force sensor, kf. 

S1.1 Cell force and displacement measurement using the microplate stretcher

A low voltage piezoelectric translator (LVPZT) actualizes the position the rigid microplate, pr (t), with 50 nm step resolution. A controller achieves a closed-loop control of the LVPZT and an interface with the computer. The position of the flexible microplate, pf (t), is monitored by detection of laser spot arising from the tip of an optical fiber. The fiber is glued onto the microplate tip with poly(di-methylsiloxane) (PDMS) (Sylgard® 184, Dow Corning, Midland, MI, USA). Etching the optical fiber with 48 % hydrofluoric acid (Sigma-Aldrich, St. Louis, MO, USA) to a diameter of about 8 µm over a length of 20 mm results in a fiber force constant smaller than 10-4 N/m, which is negligible in comparison to force constants of the flexible microplate, kf. The flexible microplate is calibrated against a Si3N4 scanning force cantilever (SFC) with a force constant kSFC of 0.06 N/m ( 5 % (Nanosensors, Neuchatel, Switzerland).

The cell is placed between the microplates and imaged through a 40x water immersion objective (C-Apochromat 40x/1.2 W, Zeiss) coupled with the 2.5 optovar magnifying lens built in the microscope and a CCD camera (1300 pixels x 1030 pixels). In the microscope, a dichroic filter reflects at 685 nm the light coming out of the tip of the optical fibre onto a position sensitive photo diode (PSD) (S1300, Hamamatsu Photonics, Japan). The PSD analog signal is intensified and converted to position. Values are recorded by a computer equipped with a signal acquisition board and LabView software (National Instruments, Austin, TX, USA). Cell force and displacement are calculated using the following method. The cell displacement, D(t), is defined as the difference between the change in the relative displacement of  the microplates with respect to their initial position:  

D(t) = [pr(t) – pr(t=0)]  - [pf(t) - pf(t=0) ].

The force, F(t), applied to the cell adhering between the microplates is given by:

F(t) = kf . ( pf(t) - pf(t=0) )

D(t) and F(t) are recorded simultaneously. Computer control of the LVPZT translation can be chosen to control either D(t) or F(t).

 The setup is placed into a thermal isolation chamber and PID controllers maintain the temperature in the liquid chamber at 37 ( 0.1 °C. In the thermal-isolation chamber, the percentage of CO2 is maintained at a value of between 5 and 10 % (by volume). 

S1.4. Biochemical functionalization of glass microplates.

Process of biochemical functionalization of glass microplates principally followed a protocol given in [S1.1]. In brief, glass microplates were first cleaned in a 1:1 stochiometric ratio of H2SO4 and H2O2 for 30 minutes and rinsed extensively with distilled water. First, microplates were incubated in 94% acidic methanol (1 mM acetic acid in methanol), 5% H2O and 1 % (3-aminopropyl)-triethoxysilane at room temperature for 30 min. Then they were rinsed three times in methanol and finally they were baked in an oven at 100°C for 10 min. [S1.3]. The NH2-functionalized glass microplates (product of the previous step) were immersed in a 2 % glutaraldehyde solution in distilled water for 30 min at room temperature and rinsed in distilled water. Finally, the now CHO-functionalized glass microplates were incubated in a 10 µg.ml-1 fibronectin (FN) solution in phosphate buffer saline (PBS) for 30 min, causing FN to covalently link to them. In this way, cells recognize the microplates as a potential surface of adhesion and spread between the microplates. FN is a cell adhesion ligand from the extracellular matrix (ECM) which binds specifically to integrins, cell transmembrane receptors. All chemicals were purchased by Sigma-Aldrich, St. Louis, MO, USA.

Panc-1 cells and AGS cells are cultured in Dulbecco’s Modified Eagle Medium (DMEM) (Invitrogen, Carlsbad, CA, USA) supplemented with 2 mM L-glutamine and 10 % fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA, USA) at 37°C in a wet atmosphere containing 10% CO2. Further details are given in [S1.2].

S1.5 Positioning of cells between the microplates

The liquid chamber is filled in advance with 30 ml of DMEM warmed at 40°C and supplemented with 2 mM L-glutamin. Immediately after FN-coating, both (rigid and flexible) microplates are mounted in holders and their tips are positioned parallel to each other in the liquid chamber first in the focus plane of the 10x objective. A third CHO-functionalized glass microplate is also positioned near both microplates. In liquid, the optical fiber is glued to the flexible microplate with PDMS. A film of mineral oil is spread on the DMEM liquid surface to prevent undesirable drying of proteins present in the DMEM at the liquid surface. 

After rinsing in PBS, adherent cells are detached from the culture dishes using the common procedure (see [S1.2] for more details) leading to a suspension of cells in DMEM. Approximately 100 µL of this solution is gently injected in proximity to the tips of the microplates in the liquid chamber. Cells sink to the liquid chamber bottom, which is a thin (0,13 – 0,17 mm) cover slip (Menzel-Glaeser, Braunschweig, Germany). The cover slip was coated in a 1% (by weight) Bovine Serum Albumin (BSA) (Sigma-Aldrich, St. Louis, MO, USA) aqueous solution for 10 min in order to restrict adhesion of cells. The tip of the third microplate is placed in contact with a cell seating on the cover slip. In less than one minute a weak adhesion is established allowing the positioning of the cell between the both parallel microplates by the micromanipulation of the third microplate. 

Due to the symmetry of both microplates, the cell senses an identical (potential area of adhesion and FN-coating) surfaces on both sides. After 5 minutes (averaged time from several measurements) the cell adhesion to the rigid and flexible microplates is strong enough to allow a gentle withdraw of the third microplate. After 10 to 15 additional minutes of rest for the cell, LPA and/or SPC could be added in the liquid chamber using a flexible-tube pump with mechanical perturbation of the system. The feedback control allows maintaining of force or displacement to a set value. One can apply increasing displacement or force steps, periodic linear increase to a set value and decrease to the reference level [S1.2].
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