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ALUMNI SPOTLIGHT 

Alumnus Prakash Chitre is Currently Vice President of Comsat Laboratories 

Prakash Chitre obtained his Ph.D, in Physics, from the University of Maryland in 1972 after receiving his
bachelor and master’s degree in Mathematics from Cambridge University. In addition to an education,
Chitre credits the department for an enjoyable social experience.

“I wanted to do my Ph.D. in General Theory or Relativity,” said Chitre. “Professor Denis Sciamma
recommended that I do my Ph.D. with Professor Charles Misner at the University of Maryland. I had a great
time at UMD, both academically and socially. I made many friends and I met my wife, who was also doing
her Ph.D. in the Physics Department.”

After graduation, Chitre worked as a post-doc in the U.S. with a stint in India for a year. Currently, he is the
Vice President and General Manager of Laboratories, where he’s involved in research and development
activities in ATM, ISDN, VSAT networks, data communications and network systems and architectures. He
has been a major participant in Comsat's efforts in achieving seamless integration of terrestrial and satellite
networks.  

Chitre has had a successful career and the advice he received as a student in Maryland remains with him
to this day. In fact, so much so he passes the recommendation on.

“I really got great training in the Physics Department at Maryland,” said Chitre. “Students should make the
best use of the outstanding faculty, great courses and seminars. As Professor Misner told me, when I was
visiting there to give a seminar and I was seriously considering a career move from Physics…I can do
anything successfully if I set my mind to it.  I took that advice to my heart and I would strongly recommend



The Photon - UMD Physics Online Newsletter http://www.physics.umd.edu/news/photon/iss55/research_spotlight.html

1 of 3 8/18/2008 11:10 AM

Home  | Research Spotlight | Alumni Spotlight | News  | Recent Events | Up Next | Chair's Letter | Editor's No

April 01, 2007 / Issue 55

RESEARCH SPOTLIGHT 

Biophysics of Cell Movements 
By: Arpita Upadhyaya

Cells are the basic units of life and all our genetic material is housed inside them. Cells are bursting with
biochemical activity as proteins assemble and go about their life-giving work. They also find time to divide
and multiply as well as move from one place to another. The motivation to study movements of and within
living cells may be as simple as that which led Leeuwenhoek to peer down the first microscope several
hundred years ago and exclaim in wonder at the various different types of moving things he saw. In spite of
their genetic and biochemical complexity we can think of cells as physical systems that are bound by
physical laws. Nature has engineered many molecular and cellular machines that induce motion at different
scales – from the level of a single molecule to that of multi-cellular tissues. One challenge for physicists is
to understand how biology exploits physical principles to cause movement.

Motion in microscopic living organisms assumes diverse forms – such as swimming of bacteria using a
rotary motor, the spring-like contraction of Vorticella, the rapid beating of tiny hairs (cilia) in Paramecium to 
name a few. The common theme in all cell movement is that chemical energy is converted to mechanical
work and motion. There are a number of ways in which this can be achieved. Just as in our everyday world,
propellers, motors, springs and pistons store or release energy to power motion, their analogs inside cells
can perform similar functions in biological systems. However, unlike the familiar springs and motors which
are macroscopic, their cellular counterparts are typically nanometers (10 -9m) to microns (10-6 m) in size. 
Such objects are constantly buffeted by collisions with water molecules due to thermal fluctuations. Another
point to consider is that the typical velocity scales of these objects is at best 10-6 m/sec, implying that
inertia is negligible and viscous effects dominate. At physiological temperatures, thermal motion is
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Figure 1: The top panel shows a
keratocyte cell as it crawls on a
substrate. The cell is about 10 microns in
diameter. The bottom panel shows an
electron microscope image of a small
portion of the cell “leading edge”

significant and therefore the viscous and fluctuating cellular environment constrains the modes of motion
generated and the kinds of forces that are required. 

Much research is aimed at understanding one of the most common kinds of movement - the crawling
motion of cells which is essential for organism development and
survival. For example, cells of our immune system move towards
the site of infection, and groups of cells change shape and
coordinate their movement to repair wounds or construct organs
during development. Improper regulation of the mechanical 
behavior of cells has been linked to a number of diseases,
including asthma, cardiac arrhythmia and cancer metastasis. If
we look at individual crawling cells through a microscope, we are
struck by the dynamic changes in cell shape and location. These
are mediated by the cytoskeleton, a complex array of proteins

that act as the scaffold of cells. The most abundant protein of the cytoskeleton is actin which tends to form
long filaments that are organized near the cell membrane and provides much of the force required for cell
movement. While the mechanical properties of the cytoskeleton gives cells their rigidity, its assembly and
disassembly plays a crucial role in helping cells to move. Cytoskeletal filaments such as actin are polymers
that can spontaneously elongate by addition of monomers in a process called polymerization. How can the
growth of protein filaments by addition of monomers cause motion? 

Terence Hill and subsequently, George Oster and Charlie Peskin realized that this process of
polymerization can be used to generate mechanical forces that can propel objects. Suppose we consider a
filament growing at one end by addition of subunits or monomers. If it encounters a load in front of it, it may
not be able to directly ‘push’ it as there is not enough room for the addition of the next subunit. However,
because of thermal motion, the load and the filament can both fluctuate. If the load is fluctuating, (the size
of the fluctuations being typically larger than each monomer), the diffusing monomer finds some space to
attach at the end of the filament. Thus, the filament has grown longer and the load can no longer move
back to its original position. Thus, the addition of a monomer has effectively “ratcheted” the load forward in
one direction – in other words it acts as a “Brownian ratchet”. However, we have not gained something for
nothing, since energy from ATP hydrolysis must be expended in order to keep a supply of monomers
available. We see that polymerization can act as a “motor” to propel micron sized objects against load
forces of several piconewtons (10-12 N).
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Figure 2: Bio-mimetic system of actin (stained with a red fluorescent
dye) and phospho-lipid bilayer vesicles (green). Actin filaments form
a “comet” tail as they polymerizing against the vesicle and propel it
forward. The forces generated by actin polymerization (as shown by
the arrows) can be deduced by quantifying the deformations of
vesicles with known mechanical properties. The vesicle shown is
about 4 micron in diameter

 

Long single filaments (micron sized) are
quite flexible and can buckle easily
under the effect of piconewton forces.
But cells do not have single actin
filaments in isolation. From electron
microscopy images we can see that the
cell has a dense meshwork of filaments
(Figure 1). There are many proteins in
the cell that bind actin to cross-link
individual filaments into large networks.
The unsupported ends of these
filaments are only a few hundred
nanometers in length, and therefore can
sustain much larger forces. The
structural and mechanical properties of
these gel-like networks depend on the
type and concentration of the
actin-binding proteins. Further, actin
networks, unlike many other cell
components, alter their growth in

response to forces, not just chemical signals. Such cytoskeletal material provides quite a number of
interesting problems in “soft” condensed matter physics. In contrast to traditional rubber-like networks,
these polymers are semi-flexible and the energy required to bend the filament on micron length scales is
comparable to thermal energy. The competition between enthalpic and entropic effects in the dynamics and
deformation of semi-flexible networks lead to extremely rich and varied mechanical response of both
entangled solutions and networks cross-linked by actin-binding proteins.

How does this labile, self-organizing system of filaments, membranes and associated proteins conspire to
drive directed motion of cells in response to a diverse array of environmental cues and internal signals?
How do cells generate forces, respond to forces and sense their physical environment? We develop tools
to push, pull, squeeze, tug and observe the dynamic structure and biophysical behavior of cytoskeletal
filament assemblies at sub-micron length scales to study how cells generate and transmit mechanical
forces. These small structures require tools such as optical and magnetic traps to manipulate them and
powerful microscopes to observe them. Another way to understand the workings of the actin cytoskeleton
is to build artificial “cells”, or bio-mimetic systems, from the parts list of membranes, action and associated
proteins as shown Figure 2. This way we can examine the function of different parts and how it fits into the
full “polymerization motor”.  Ultimately, we would like to be able to relate the forces generated by actin
networks under artificial conditions to those inside living cells. To this end, we use high resolution
fluorescence microscopy to observe cytoskeletal protein dynamics in living cells and, simultaneously,
measure their biophysical properties at micron length scales. Future work in our biophysics lab at the
University of Maryland will involve using various imaging, genetic and micro-manipulation techniques to
uncover the physical basis of biological motion.

 

-------------------------------------------------------------------------------------------------------------------------------------------------------
Dr. Upadhyaya
is an Assistant Professor at the University of Maryland Department of Physics. She is a member of the 
Biophysics Group. For any questions or comments, please contact her at arpitau@umd.edu.
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it to the current students.”

 

 


