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What can we learn if we 
can literally grasp a cell?

Grasping cells Mechanodiagnostics

A biological cell is a tiny water 
balloon that is filled with granular 
material. [an engineer’s view]



“If we were 
compelled to 
suggest a model for 
a cell … we would 
propose Mother’s 
Work Basket – a 
jumble of beads 
and buttons of all 
shapes and sizes, 
with pins and 
threads for good 
measure, all jostling 
about and held 
together by 
colloidal forces.” –
Francis Crick







Biomechanical assays

• Less expensive
• No chemicals

• Small sample size

• Quick

• Portable

Biomechanical assays offer a good alternative to biochemical 

assays in diagnosing disease states and in assessing the 

efficacy of drugs.



“…ceiiinosssttuv…”

Robert Hooke (1635-1703)

The cork cells were 
observed with this.

E =
Hooke’s law of linear elasticity.

Cell biology Mechanics of solids

“…ut tensio sic vis…”

The force varies as the stretch.

Indirect 
measurements in 
cell biology, as in 
engineering,…

could lead to 
mechano-
diagnostics…

eventually.

CHEM
MECH



A few questions and problems
• How do we measure mechanical response of 

cells?
• Engineering tools

• What do we make out of mechanical response?
• Computational techniques

• How do we figure out biological implications, if 
any?
• Biological assays







Grasping

Squeezing

Piercing

RollingPeeling

Bending

Probing

Stretching



Bio-micromanipulation setup
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microscope camera

Image from the auxiliary 

camera
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Ensemble of mechanism 
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IEEE Transactions on Robotics, Vol. 26, No. 5, 2010; Reddy et al.



In situ stretching of adherent cells
A micro-mechanical compliant device for individual
cell-stretching, compression, and in-situ force 
measurement

Kollimada et al.
Journal of Micro-Bio Robotics, Vol. 13, 2018, pp. 27-37. 



Cell-stretcher can also measure forces.

• Ability to stretch and 
compress individual cells.

• Scalability- Multiple 
devices on a 22 mm × 22 
mm region.

• Ability to measure forces 
exerted by cells.

• Transparent material to 
allow easy imaging of 
cells.

• Provision for high 
magnification (20X-60X) 
imaging.



Cells in stretching and compression



Real-time force-measurement 



Force plot



How flexible is a biological cell?



How flexible is a spring in a ballpoint pen?

To compress it by 1 cm, 
how much force do you 
apply? 

1 N/cm = 100 N/m

The spring constant of a 
cell is around 0.001 N/m.



Cell-stiffness
1.4 dynes/cm
= 0.0014 N/m
= 1.4 mN/m
= 1.4 µN/mm
= 1.4 pN/nm

Measuring forces



SU-8 micro-gripper

Bhargav, et al., J. ISSS, 3(2), pp. 7-14.

Mechanical amplification

Cell is here.

Measure there.
Int. J. Numer. Meth. Engng 2008; 76:1645–1677; Reddy and 

Ananthasuresh



1st inverse problem



A vision-based force-sensor



Outline of the talk
• How do we measure mechanical response of 

cells?
• Engineering tools

• What do we make out of mechanical response?
• Computational techniques

• How do we figure out biological implications, if 
any?
• Biological assays



Normal healthy cell Abnormal or unhealthy cell

Mechanical responses of these two cells are likely to be 
different.

Stiffness, strength, stability, viscoelastic behavior, resonance 
frequency…



Normal healthy cell Abnormal or unhealthy cell

F

F
F

F

Unhealthy cell is stiffer than the healthy cell.

Bulk stiffness measured in N/m.

Is this enough for diagnostics?



Specificity is important in biology.

•When stiffness is different, how much is it different?

• In what mode is it different?

•What changed the bulk stiffness?
• Which organelle contributed to the change?



These two may show the same bulk stiffness.
How do we tell them apart?
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DtN map: an inverse problem

 ( )


u x

t

0 in = τ

( )tr 2 = +τ ε I ε

( )T1

2
=  +ε u u

* on= t t

* on= u u

,

3

, , 1

:

1
where

2

k l
i j ijkl

j k l l k

M

u u
t n C

x x



=


→

  
= + 

  


u t 

Dirichlet-to-
Neumann map: 



Can we tell which has a stiff inclusion by 
feeling only the boundary?

Undeformed configuration Deformed configuration

Stiffer 

inclusion 
Estimated elastic map



Uniqueness is guaranteed if…
• Multiple datasets of force and displacements are 

considered on the boundary.

• How many datasets?



Outline of the talk
• How do we measure mechanical response of 

cells?
• Engineering tools

• What do we make out of mechanical response?
• Computational techniques

• How do we figure out biological implications, if 
any?
• Biological assays



Sreenath Balakrishnan

G.K. Ananthasuresh

Saumitra Das 

Investigating the changes in 
biomechanics of liver cells 
upon Hepatitis C Virus 
infection



Model system: Huh7 harboring HCV 
replicon

Adapted from Shivaprasad et al. Journal of virology (2015)
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Nuclear morphology

Huh7 HCV replicon

Nucleus

Actin

The nuclei of HCV replicon cells appear to have larger area and height.



Morphological changes

HCV proteins increase area and volume, and 
decrease the eccentricity of the nucleus.

Huh7 (N = 461)

HCV replicon (N = 327)
2a

2b

Eccentricity = 1 − Τ𝑏2 𝑎2



Mechanical modeling

Balakrishnan et al., Biophysical Journal, 116(7), April 2019, pp. 1328-1339



Estimating nuclear modulus

The increase in area and volume of the nucleus can be due to 
reduction in modulus of the nucleus and an increase in pretension 
of cortical actin.

Huh7

Experimental

(mean)
Simulation

Projected area (μm2) 220 224

Volume (μm3) 667 701

P = 450 kPa, R = 5.7 μm, t = 120 nm

E = 26 kPa, F = 85 nN E = 13 kPa, F = 100 nN

HCV replicon

Experimental

(mean)

Simulation

(E = 13 kPa, F=85 nN)

Simulation

(E = 13 kPa, F=100 nN)

312 299 303

1218 1573 1234



Change in nuclear stiffness using AFM

HCV proteins decrease the stiffness of the nucleus and marginally 
increase the stiffness of the cell.

N = 21 N = 23 N = 34 N = 20

Huh7 sans Actin
sans Microtubule

Replicon sans Actin
sans Microtubule
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HuH7 Huh7 + HCV RNA

Nucleus

Lamin A/C

Merged

Lamin A/C and β-actin expression 
levels in HCV replicon cell line
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Lamin A.C is 
down-
regulated;
Beta-actin is 
up-regulated.

Inferred 
mechanically 
first.



Cell heterogeneity and mechanics
Cell heterogeneity might have underlying mechanics reasoning….

because biological cells cannot escape physics!



Nuclei of HuH7 cells

Heterogeneity!

Balakrishnan et al., 116(7), April 2019, pp. 1328-1339



Balakrishnan et al., Biophysical Journal, 116(7), April 2019, pp. 1328-1339



Telltale signs from 
cell nuclei

Biophysical Journal, Vol. 120, 4698–

4709, November 2, 2021, 2021

• Flatness index,
• Size factor,







Heterogeneity falls in line!

Balakrishnan et al., Biophysical Journal, 116(7), April 2019, pp. 1328-1339



Main points

• Mechanical response can be measured with 
miniature tools.

• We aim to establish specificity to develop 
mechano-diagonostics.

• We can try to understand the underlying 
biological mechanisms.

• We can mechanically intervene.

• We can discern some biological processes using 
mechanics-aided insights.

Indirect 
measurements in 
cell biology, as in 
engineering,…

could lead to 
mechano-
diagnostics…

eventually.

CHEM
MECH
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