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Research Plan
Mohammad Reza Ejtehadi

Personally as a physicist I am interested to study complex systems. The
complexity inside these problems makes them interesting for me as like as a
puzzle. During my PhD study and the years after I have worked on physics
of soft condensed matter, and most of my works have been focused on physics
of biological macromolecules. In these theoretical and mostly computer based
studies we have looked on statistical, statical and dynamical properties of pro-
teins and DNA molecule. By the way, I would like to be in contact with other
researchers in other interdisciplinary fields, and possibly collaborate with them,
both theorists and experimentalists.

When I was working in my country, Iran, as an assistance professor (I leave
there to join Max-Plank institute for polymer research in Germany as a post
doctoral fellow, see CV), I had organized a small research group of undergradu-
ate students. Most of the papers in my publication list which Iran is mentioned
in their address are output of this group. Between five students working in my
group, three of them have won the national prize for the best undergraduate
study of the years in three years. Now all of them are nearly finishing their PhD
programs in different universities around the world. One in MIT (USA), one in
USC (USA), one in SFU (Canada), one in SISSA (Italy) and one in SUT (Iran).
I hope in my new position I use my experience in working with undergrads and
involving them to research projects in high standard level.

In the following I will explain some possible projects which I am interested
to deal with them and I believe I have proper tools and enough experience to
do them.

Possible research projects

Design and statical properties of proteins

1. After introducing the designability as a parameter which shows the at-
titude of the proteins to fold in a given structure [1], there are some
evidences suggesting the solvation potential (equivalently additive poten-
tial [2, 3]) has most dominant effect on designability of lattice model pro-
teins [4]. Some thing one can look is the importance of additive potential
(solvation) in design of real proteins. A work in this direction is under
progress. Further studies are possible.

2. In the pair contact models the structural information can be coded in a
pair contact matrix. The compactness of native states of proteins which
is a consequence of hydrophobicity forces, suggests that only a subset of
these contact matrices can represent a designable structure [5]. In the case
of additive potential the relevant structural information can be reduced
more and it can be coded in a vector, named contact vector [6, 7]. The sta-
tistical properties of reduced space of contact matrices and contact vectors



as well as the structural properties of potentially independent designable
proteins [8] can clarify some features of the design process.

3. Some recent experiments have shown a circular permutation stability in
some proteins [9, 10, 11]. In the best of my knowledge nobody has studied
the correlation between permutation symmetry and designability.

Mechanical properties of single molecules (DNA, RNA and
proteins)

1. Advances in manipulation techniques of biopolymers allow the experi-
mentalist to study and visualize the motion of individual single molecules
such as DNA, RNA, actin and microtubules under the influence of ther-
mal noise, solvent flows and external forces. In a recent work we have
tried to understand the response of DNA molecules to external forces on
different time and length scales at different temperatures [12]. This work
is a Mote-Carlo based simulation study. The model is a generic model and
can be applied to different macromolecules and even membranes [13]. The
code which I have prepared to simulate the molecules is a C++ object
oriented code with the flexibility to use for different molecules with dif-
ferent geometries. I hope to use this code to study dynamical properties
of different types of macromolecules like RNA and proteins under influ-
ence of thermal noise and external force. Moreover, I hope to do some
simulation on DNA with considering more details in molecule geometry.
I believe there are lots of questions which we are able to investigate then
using the model.

2. In DNA work mentioned above, we have introduced a new potential be-
tween ellipsoidal coarse grained objects [14]. However we have shown that
our new potential is more accurate in estimating the Leonard-Jones poten-
tial between these extended objects than putative Gay-Berne potential, I
think some works are necessary to popularize the new potential. In this
direction, I would like ,

e to parametrize the new potential for biological molecules,

e to calculate forces and torques corresponding to this potential to
prepare a molecular dynamics simulation code using the potential,

¢ and to apply the new potential in a completely different problem, for
example a liquid crystal simulation.

I am pretty sure some people working in “Max-Plank institute for polymer
research” in Mainz, Germany, and “Max-Planck Institute for the physics of
complex systems” in Dresden, Germany, would be interested to collaborate
in these projects



Protein folding

Moreover, just now I am working on some problems to study mechanism of
protein folding. I hope to continue to work in such problems in future.
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Statement of teaching
Mohammad Reza Ejtehadi

In very simple words I love teaching. From the time I have started my aca-
demic education I have taught in parallel. I have years of experience of teaching
both in undergraduate and Physics Olympiad courses. I had this opportunity
to teach in some classes filled by highly talent students. I believe teaching helps
me to learn twice. Making a good communication with students is my goal in
my classes. Nothing is more enjoyable for a teacher to see most of the students
are following him. I believe as a researcher I should spend some time in teach-
ing. It is an exercise for researcher’s brain as like as the physical exercises for
his body.

I think I would enjoy teaching both graduate and undergraduate courses.
Both conceptual courses as like as Quantum Mechanics and Thermodynamics
and advance courses like critical phenomena. I would like to incorporate ac-
tivities into my classes which would prepare my students for research, such as
computer programming.



