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8.1 Cell culture protocol

The cell lines (National Centre for Cell Sciences, Pune, India) kept at -80 °C were revived, cultured into T-25
flask in Dulbecco’s Modified Eagle Medium (DMEM) (Himedia, India), which contained 20% fetal bovine
serum and antibiotic mix (50 mg gentamicin, 100 mg streptomycin, and 62.77 mg penicillin), and the cells were

incubated in COZincubator. When the cells were grown to confluence, the media was removed and the cells
were washed thrice with Phosphate Buffered Saline. Then, PBS was removed completely and trypsinized with

1X trypsin and incubated for 2-3 min in 0, incubator. The trypsinized cells were added with 1.0 mL DMEM
and then transferred into 15 mL Falcon tube and centrifuged for 5 min at 1800 rpm. The supernatant was
removed and 1.0 mL of fresh media was added to the pellet and the cells were gently re-suspended. Then, the
cells were sorted out to a size of 25 #™M using Fluorescence Activated Cell Sorting (FACS ARIA III). Cells of
this size were sorted out using polystyrene beads of same size as the standard. For tagging, cells were
transferred into falcon tube, centrifuged and pellet was taken. 1-2 mL of Rhodamine was added to this pellet and
centrifuged again after 5 min. Supernatant was discarded and pellets are washed with fresh media. The process
was continued until the cells were tagged up to the required level (distinguishable from non-tagged cells).

8.2 Cell Immobilization protocol

First, Poly-D-Lysine solution was mixed with autoclaved PBS to achieve the desired pH of 7.4. Then, the
mixture was placed on a glass slide and allowed to dry for 90 min. Cultured cells are then seeded on to the glass
slide, coated with Poly-D-Lysine. During the drying process, most of the cells are immobilized onto the glass
slide. Next, the glass slide was rinsed with sterile DI water thrice to remove the remaining cells, which were not
immobilized properly and remove the cell medium in which the cells were cultured. Further, the glass slide was
dried in the sterile hood for 40 min. Cell sample is required to be immobilized in this way for loading the cells
on the AFM stage for the nanoindentation experiments. An image of the immobilized cell sample captured by
the inverted optical stage of AFM is shown in Fig. S1(a).

8.3 Selection of the cantilever probe

If the cantilever probe is too stiff, smaller deflection of the probe can damage the cell during the indentation
experiments, whereas, if the cantilever is too soft, probe would not make proper indentation on the cells to

obtain the correct Young’s modulus EC. Moderate range of indentations on cells are possible with colloidal AFM
probes (cantilever probe with spherical bead at the tip) without any puncturing and local straining of cells! to
obtain average value of Young’s modulus.
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Fig. S1 (a) Image of the immobilized cell (HL 60 cell) on glass slide using Poly-L-Lysine (b) SEM image of the
AFM colloidal probe used in our studies.

S.4 AFM data analysis

From the AFM measurement data, clean deflection versus indentation curves with flat pre-contact region and a
post contact region were considered for the data analysis by fitting with the Hertzian elastic model (Hertz 1882).
Additional interaction between cell sample and probe including the Van der Waals interaction and adhesive
forces cannot not be accounted by the Hertz model®>. Thus from the nanoindentation experiments, only the
loading data which is free from these additional interactions are used for fitting the model. None of the
unloading data was used for our analysis. Hertz model assumes that the indentation on the cell line is negligible
in comparison to the thickness of the sample’. So we used a maximum indentation which is 10% of the cell size.
A maximum indentation depth of 1000 nm was set in our experiments. We have assumed the cell-probe
interaction as linear elastic, which is valid since the hysteresis between the loading and unloading curves is
relatively small 2. The smaller hysteresis is due to the lower viscous dissipation which occurs because of lower
indentation range, smaller loading rate (400 nm/s) and absence of any liquid medium around the cell
(indentation experiment is performed with air as medium)*. Hertz model is appropriate if the indentation is
performed with a colloidal probe having a spherical bead at the tip3, which prevents the variation in Young’s
modulus. Moreover Hertz model is widely used in literature for fitting data in case of nanoindentation
experiments (using AFM) with cells.

First, the deflection (dC) versus piezo position (%) data, for the data points Z within the maximum specified
indentation, was smoothed using a cubic spline fit. Next, the precise contact point was determined with the help
of a custom made MATLAB code (as described in the next section). A trial contact point (ZOi) was selected
randomly; a linear fit was performed on the data to the left side and a Hertzian fit was performed on the data to
the right of the initial selected contact point. Then, different trial contact points were selected and at each trial
contact point, the aggregate mean square error (MSE) for both the fits were calculated. Out of all the selected
trial contact points (Zo) , the trial point which provides minimum aggregate MSE was selected as the accurate

contact point 20 . The deflection of the cantilever at this contact point 20 is denoted by do . So, the indentation

=2z-29 = (dc = do): The force acting on the cantilever is calculated as the

on the cell is calculated using Iq
product of the relative deflection O = (dc_ dO) and the spring constant k of the cantilever. Finally, elastic

modulus of cell line E. is found out by fitting Fversusl, curve with the Hertz model (Hertz1882) (as shown in
the Eqn. below) in lower indentation range to avoid the nonlinear elastic effects of the cells,

31 -2 (S1)

where R, is the radius of the spherical tip of colloidal probe and V is the Poisson’s ratio of the cell. A Poisson
ratio of 0.5 is usually considered for lipid bilayers, cells and vesicles (Radmacher 2007, Liang 2004). Since the
size of the cells is more than 10 H™M, the ratio of the bending force to elastic force on the cell is less than 0.05.



74 Thus, the small bending deformation of cell line can be ignored (Lulevich 2006) during the indentation
75 experiments.
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77 Fig. S2 Output window of the GUI “AFMTOOL”, piezo position vs. deflection curve obtained from the
78 indentation experiment (left), identified contact point is shown by red circle, analysed indentation Iq vs. relative

79 deflection 8 profile for HL60 cell line (right). Experimental data obtained from the AFM data analysis is shown
80 as points and the Hertzian fit on the data is shown by solid curve.

81 S.5 Design of the device
82  8.5.1 Focusing and spacing control module.

83 We have checked the number density of cells in a sample in—situ during the experiments. Initial spacing
84 between the cells can be controlled by adjusting the cell concentration to ensure that the objects are well isolated
85 (minimum gap maintained) prior to entering the sensing channel of the sorting module. After capturing the
86 trajectory of objects in the sensing channel, if the required spacing between objects is not attained, it is possible

87 to achieve this by increasing the sheath fluid flow rate (increasing the spacing control flow rate ratio f sC).

88

89 If we adjust the sheath-to-sample flow rate ratio f p such that the dividing streamline that separates the sheath
90 fluid from the sample fluid is located at a distance equal to the size of cells D, in the sample, then all the cells

91 will be well focused to that side wall. The flow rate ratio fp= % required for focusing all cells in the sample to

92  one of the side walls can be found out from the following correlation (detailed derivation is shown elsewhere ),

©  96af © 96a
93 pQ+fp}1+ Y —+Fle®-1-4]- ¥ ——<l-c@+B)]=0 (S2)
n=odd 7w°n n=odd 7w~ n
_H . (nmp
a= W A = sinh (—)
94  where 0 is the aspect ratio of the channel, P is the size ratio of the cells in the sample, a /,
nmp ni
B = cosh (—) C = tanh (—)
95 @ J and 2a)  The eqn. (2) is solved numerically (using MATLAB) to find out the

96 required flow rate ratio f,, .

97 S8.5.2 Sorting module.

98 The schematic diagram of the sorting module is shown in Fig. S3(a). Main channel flow rate in the sorting

99 module is divided into straight branch channel flow rate Qe and side branch channel flow rate Qsi. Fluid
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streams entering these channels from the main channel separated by a “dividing streamline”. The distance
between the dividing streamline from one of the side wall is called the “critical stream width W”. Initial critical

stream width 0 is determined by the initial flow rate ratio Ti (ratio of flow rates in the straight branch Qe to the

side branch QSL') in the absence of object in the sensing channel. This initial flow rate ratio and thus the critical
stream width W changes depending on the resistance offered by the objects reaches at the sensing channel.

An equivalent electrical circuit of sorting module is shown in Fig. S3(b). Usage of Kirchhoff’s law to find out
the equivalent resistance network and circuit analogy to derive the expressions for the flow rates at the branch
channel and the side branch which is separated from the sensing channel is explained elsewhere 3. Finally the
both flow rates are combined to find out the expression for the critical stream width W in the sensing channel as
follows,

Won(+r)e S 96HF[G(F I)-E]+ E [E G(+F)]=0 (S3)

od =od.

where r = Q,, /Q,; is the ratio of the flow rate in the straight branch channel to the side branch channel, W is the

width of the sensing channel, H is the height of the channel, E:sinh(%j, F=cosh[%j and

G = tanh % .
2H

Qm Qsen Qs I Rm
w, (R =
l er'
Q,
QSO
(a) ! (b)

Fig. S3 (a) Schematic diagram of the sorting module depicting the relative flow rates in different channel

sections (b) Equivalent resistance network of the sorting module, resistance in the sensing channel is variable

resistance Rgen + AR,

Sheath flow

Sample flow

Fig. S4 Experimental images showing shifting of interface in the sensing channel (a) no cell present inside the
sensing section (b) cell is present in the sensing section (c) cell leaving the sensing section.
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