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It is once again time for the Spring edition of the 
CEM Communiqué.  The year 2004, although 
only a few months old, has already brought much 
excitement to the CEM.  First and foremost, this 
edition of the Communiqué announces a new 
NIH Research Award (P41) to the CEM’s Mi-
crofabrication Core Facility. In addition, we offer 
a feature article on one of the newest research 
thrusts at the CEM, “Bionanorobotics”.  Finally, 
we have our spring seminar schedule, a husband 
and wife team for our new member(s) profi le, and 
news from our outdoor club, the other CEM.

As the editor of the CEM Communiqué, I have 
the opportunity to utilize this space in the pub-
lication to disseminate some of my thoughts and 
opinions, which will hopefully serve to inspire 
further thought, debate, and maybe even some 
feedback (of any kind).  

It was recently reported that a South Korean 
group has succeeded in cloning human cells, 
and using the resulting blastocysts to derive em-
bryonic stem cells.  This advance obviously has 
the potential to signifi cantly impact both medical 
therapeutics and basic science research.  Howev-
er, this breakthrough will also further exacerbate 
the existing controversy over the ethical and legal 
ramifi cations of this line of research.  Therefore, 
it is more important than ever for informed sci-
entists to make their voices and opinions heard.  
Whether you fully support this type of work, and 
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have little ethical concern with it (such as my-
self), or you are strongly opposed to it, it is very 
important for well-informed and well-intentioned 
voices to be heard on both sides of the fence.  

Scientists have frequently been demonized or 
parodied in movies and popular culture, causing 
some of us to shrink away from public contro-
versy.  But with stakes as large as these, it is cru-
cial to have accurate and credible debates, so that 
decisions on such important matters are not made 
without thorough consideration.  So, the next 
time you are at a cocktail party, and issues that 
are of importance to the scientifi c and medical 
communities are raised, don’t be afraid to speak 
out, and share your thoughts and ideas.  Scientists 
can be activists too!

New Member Profi les
Lale Karakoc 
Sokmensuer
Lale Karakoc Sokmensuer 
joined the Biopreservation and 
Microfabrication groups at the 
CEM in October 2003.  She 
received her medical degree 

and postgraduate training in Histology and Em-
bryology from Hacettepe University, School of 
Medicine in Turkey. She is currently a faculty 
member in the In Vitro Fertilization Unit (IVF) at 
the same Center. Her research here at the CEM is 
focused on the microfl uidic separation of sperm, 
embryonic stem cell biopreservation, and oocyte 
cryopreservation. When not hard at work, Lale 
enjoys hiking and photography.

Cenk Sokmensuer
Cenk Sokmensuer joined the 
Liver and Stem Cell group at 
the CEM in October 2003. He 
also received his medical degree 
and his Pathology training from 
Hacettepe University, School of 

Medicine in Turkey, and currently hold the rank 
of Associate Professor of Pathology at Hacettepe 
University. His work here at the CEM is focused 
on the isolation of fetal hepatocytes and liver 
progenitor cells. Cenk’s hobbies include scuba 
diving and photography.

Science magazine 
cover March 12, 2004.   
A colony of human 
stem cells shown 
in a phase-contrast 
micrograph. These 
cells were derived from 
a cloned blastocyst 
that had developed 
from a human oocyte 
in which an adult cell 
nucleus replaced the 
original.



DATE TRIP SUMMARY CONTACT

May 14 
–16

Camping – Catskills, NY. Easy day hikes while staying at a modern (hot showers) 
campground. This is for beginners…

Fberthia@sbi.org or 
Vitolo@rci.rutgers.edu

May 29 -
June 2

Backpacking – Adirondack State Park, NY. Strenuous backpacking and a 
complete wilderness experience.

Vitolo@rci.rutgers.edu

July/
August

Day hikes to be announced throughout the summer!
Leave from Boston and come back on the same day.

July 1-5 Camping - Everglades National Park & Florida Keys, FL
Enjoy the South Florida wildlife!

Atilles@pol.net

July 15 
- 20

Backpacking – Saddleback Range, ME.
Multi-day through hike along the Appalachian Trail.

Fberthia@sbi.org

Aug. 15 
- 21

Backpacking – Mount Whitney, CA. Climb the highest summit (14,488 ft) in the 
“lower 48” states.

Baskaran@cwru.edu

Sept. 3 - 6 Beach weekend – False Cape, VA. Hike or canoe to a secluded beach in southern 
VA, camp on the beach itself.

Fberthia@sbi.org

1 week in 
late Sept.

Sea kayaking and more – Corsica, France. Blue sky, clear water, and snow-
capped mountains

Fberthia@sbi.org

Oct. 8-11 Annual Crag Camp Reunion – White Mountains, NH. Day hikes in the Presidential 
Range. Stay in cabin near treeline.

Fberthia@sbi.org or 
Vitolo@rci.rutgers.edu

Daniel
My work is focused on developing new approaches 
towards the precise handling of small numbers of 
cells, with the ultimate goal of developing new 
microfabricated tools for research in biology.  My 
contribution to this is the development of new de-
vices for proteomic and genomic analyses of samples 

containing just a few cells (less than 100).  I have recently devel-
oped a microdevice that can lyse and perform biochemical assays 
on a single cell, in a closed volume.  Now we are working towards 
developing the tools for comprehensive genome analysis on the 
single cell. 

Jaesung 
Bioartifi cial Livers must have minimal dead vol-
ume to be effi cient, and easily scaled up for clini-
cal use.  To satisfy these criteria, I am developing 
microfabricated shear shields to protect hepatocytes 
from high shear stresses which accompany fl uid fl ow 

in microfabricated channels.

Taro
My general research goal is to gather information 
from a single cell; and I am focusing on the isola-
tion of mitochondria.  As we get better at isolating 
rare cells (e.g. stem cells) that can only be harvested 
in very small quantities from patient biopsies, there 
will be a growing need for microbiopsy diagnosis.

Kazuhiko
I am engaged in the comparative analysis in 
the leukocyte population on many kinds of 
plates, including amino-acid coated glass, spe-
cifi c antibody coated glass, and microfabricated 
grids, using a cellular staining technique.

Alex
In my work, surface engineering and microfabri-
cation principles are combined to defi ne physico-
chemical surface properties and enable controlled 
interactions of cells with surfaces.  Based on these 
principles, I am developing a cell screening platform 

where cells are organized into high-density arrays.  This technology 
is proposed as a diagnostic tool for rapid identifi cation of leukocyte 
subsets.

PROTEIN BASED NANOROBOTIC 
ELEMENTS AND MACHINES
Constantinos Mavroidis mavro@coe.neu.edu
Scott Banta  sbanta@hms.harvard.edu

Recent advances in the fi eld of nanotechnology have enabled wide-
spread opportunities to investigate and manipulate matter on the na-
noscale.  This exciting young fi eld is bound to shed new light on the 
world around us, as well as provide new opportunities for the design 
and development of devices exhibiting unprecedented capabilities.  
Eventually, these devices will be evolved into robotic machines that 
are able to autonomously perform complex tasks on the nanoscale.  
These nanorobotic devices would be a boon to the biomedical arena, 
as they would offer the ability to manipulate single cells, to deliver 
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CEM is awarded an NIH P41 Grant
The Center for Engineering in Medicine has recently been awarded 
a P41 grant from the NIH, which will be used to establish a Bio-
ElectroMechanical Systems (BioMEMS) Resource Center, located 
at the MGH East, at the Charlestown Navy Yard. The P41 investiga-
tive team is led by Professor Mehmet Toner and includes Profes-
sors Martin Yarmush, Mark Poznansky, Martha Gray and Martin 
Schmidt.  The mission of the new CEM BioMEMS Recourse Center 
is to provide unique capabilities for biomedical investigators in or-
der to effi ciently use microsystems technologies to probe, perturb, 
engineer, and analyze biological cells and tissues for basic biologi-
cal discovery, diagnostic, prognostic, and therapeutic purposes.  The 
Center will have 3 core technology research and development proj-
ects.  The fi rst project is aimed at developing microfl uidic systems 
to manipulate and sort blood cells without altering their phenotypes.  
The second project will advance microfabrication tools to create 
engineered complex tissue units for dynamic studies of physiologi-
cal processes.  The fi nal core project will probe the molecular and 
cellular mechanisms of leukocyte bi-directional motility in the im-
mune response.  In addition to the 3 core projects, the Center will 
also facilitate advances in 9 collaborative projects that are directed 
by other principle investigators.  Clearly, the creation and funding 
of the BioMEMS Resource Center is an exciting addition to the 
CEM, and we look forward to the scientifi c breakthroughs that will 
undoubtedly be advanced by these researchers.  

The following pictures and statements are from many of the people 
that will be directly involved in the new BioMEMS Center.

Shashi
The isolation of phenotypically-pure subpopulations 
of human lymphocytes is important in both clinical 
diagnostics and basic research.  My role in this effort 
is to design antibody coated surfaces in a manner 
that ensures minimization of nonspecifi c interactions 
while allowing effi cient capture of high-purity leu-

kocyte subpopulations.  

Aaron
I’m working on separating leukocyte subpopu-
lations using antibody coated microfl uidic de-
vices. The ultimate goal is to obtain phenotypi-
cally pure fractions with minimum activation.

Kevin
By using microfl uidics, micropatterning, and fl uores-
cent protein reporters we are constructing a platform 
to continuously monitor gene expression in living 
cells at the single cell level and within complex tis-
sues.  To demonstrate the power of this technology, 
I am examining heterogeneities in the dynamic re-

sponse to TNF-alpha stimulation.

Sethu
I work on isolation of pure leukocyte populations 
with minimal activation due to processing by deple-
tion of erythrocytes by lysis, reticulocytes and plate-
lets by positive selection.
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small amounts of material at precise locations, 
and, in general, to do useful physical work on the 
atomic scale (Figure 1).  

The assembly of these nanorobotic machines 
will require a sophisticated toolbox of well-char-
acterized nanorobotic elements.  Ideally these 
elements will be highly modular, stable, and ca-
pable of a variety of specifi c functions including 
propulsion, actuation, sensation, etc.  Fortunate-
ly, nature has already provided us with a head 
start in the evolution of potential nanorobotic 
elements, as many organisms already have mo-
lecular components that possess these desired 
functionalities (Figure 2).  For example, a large 
body of work already exists that is focused on 
the study and characterization of several natural 
nanodevices, such as the well-known “ATPase 
Motor”.  The majority of these elements have 
been chosen for investigation due to their exist-
ing roles in either cellular locomotion or cellular 
membrane transport.  These devices are gener-
ally protected inside of the cell wall, where there 
is ample access to high-energy fuel molecules, 
such as ATP.  Although extremely relevant in the 
context of cellular activities, the requirement for 
a continual supply of high-energy fuel molecules 
can be a signifi cant limitation in the use of au-
tonomous nanorobotic devices.

Our current research goal at the CEM is to begin 
the engineering of individual nanorobotic ele-
ments that are inspired by nature and are able to 
perform specifi c functions without the require-
ment for high-energy fuel molecules.  In order 
to accomplish this, we have identifi ed several 
candidate peptide motifs as starting points.  We 
have assembled a team of researchers who have 
expertise in the areas of: a) Robotics, Design and 
Mechanical Engineering; b) Protein Engineering 

FIGURE 1. A “nanorobot” fl owing inside a blood vessel, fi nds an infected cell. The nanoro-
bot attaches to the cell and projects a drug to repair or destroy the infected cell.

FIGURE 2: Examples of basic biological components that could functions as robotic 
components. From left we have: DNA strands which could be used as structural elements, the 
hemagglutinin virus protein which could serve as a linear actuator, and bacteriorhodopsin which 
could be a sensor or a power source.

and Biophysical Chemistry, and c) Nanoscale 
Analysis.  And, through preliminary small-
grant support from NSF and NASA, we have 
initiated investigations on one of the peptide 
elements. 

So far, our work has focused on an α-helical 
segment that is found in a protein that was iso-
lated from the infl uenza virus.  In order to in-
fect new cells, several viruses employ proteins 
on their surface that undergo changes in their 
structural conformation in order to promote 
the fusion of the viral membrane with the cel-
lular membrane.  In the case of the infl uenza 
virus, the hemagglutinin protein is used for 
this purpose.  Upon binding to the surface of a 
new cell, the infl uenza virus is phagocytosed.  
As the pH of the newly formed viral-contain-
ing vesicle drops, the hemagglutinin protein 
undergoes a dramatic conformational change, 
which promotes the placement of fusion pep-
tides into the cellular membrane, and this is 
the fi rst step in the process of membrane fu-
sion.  It has been shown that this conforma-
tional change can be described as a spring-like 
mechanism, where the hemagglutinin protein 
is originally folded into a meso-stable state, 

FIGURE 7. The biological elements will be used to fabricate robotic systems. A vision of a nano-organism: carbon nanotubes form the main body; 
peptide limbs can be used for locomotion and object manipulation, a biomolecular motor located at the head can propel the device in various 
environments.

François Berthiaume 
fberthia@sbi.org

A few members of the Center for the Exploration of Mountains 
(François, Laurent, Arno, Annette, Keishi and his family) just came 
back from an extended long weekend and very successful ski trip.  
We spent three days downhill skiing at “Le Massif”, a ski area about 
1 hour northeast of Québec City while enjoying excellent snow con-
ditions.  A unique feature of this ski resort is that while meandering 
down the hills, one can admire the breathtaking and ever chang-
ing view of the estuary of the Saint-Lawrence River just below us.  
Thanks to temperatures dropping well below anything what one will 
ever see in the Boston area, the water would freeze up overnight and 
in the mornings, the river appeared almost completely white.  With 
the brown rolling hills around, it looked like a moonscape.  In the 
course of the day, the ice broke up, revealing a deep blue color and 
large sheets of drifting ice.  Occasionally, one could observe a large 
vessel going by.  After skiing, we enjoyed the indoor pool at the 
hotel and gathered for a fi ve-course dinner served over three hours, 
which turned out to be almost more strenuous than the skiing itself!

Again this year we are planning various activities that will suit the 
novice and the experienced alike.  Bring your friends and family 
along!  In the past we’ve had participants as young as 3 years old 
and groups ranging from 3 to 20 people!  For those who have no out-
door experience at all, we especially recommend the Catskills trip in 
May, which is an initiation to car camping.  Below is a tentative trip 
schedule for the remainder of the year.  As usual, a sign-up sheet will 
be posted, and you may always e-mail the contact person.

Center for the Exploration of Mountains
(The other CEM)
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with a hinge-like motif.  Upon a change in the pH, the hinge-like 
region irreversibly extends into a α-helical fold, which puts the 
hemagglutinin protein into a more stable low-energy conformation 
(Figure 3).  The hinge-like region has previously been isolated and 
studied, and it has been shown that it is able to undergo a reversible 
transition from a disordered peptide at a pH of 7.0 to a stable α-helix 
upon a change in pH to 4.8 at low temperatures.  The sequence for 
the hinge-like region has been identifi ed as a 36 amino acid peptide.  
This peptide (Loop-36) has been produced synthetically, and its 
properties at different pH values have been partially characterized.

FIGURE 3: The conformational change that occurs in the infl uenza virus 
hemagglutinin protein upon a decrease in pH.  Loop-36 (plus some 
fl anking amino acids) is highlighted in red and yellow.  At neutral pH, 
Loop-36 is an unfolded loop region (left), but at the lower pH (right), 
Loop-36 becomes an α-helix. Image from: Shangguan et al., 1998 
Biophys J. 74:54-62.

We are currently investigating the Loop-36 peptide element using 
a 3-pronged approach.  First, we are employing protein engineer-
ing, in order to produce the Loop-36 peptide, along with a series of 
mutated peptides, so that we can try to understand the biochemical 
underpinnings of its unique functionality.  Next, we are using and 
developing several analytical tools in order to measure the physi-
cal properties of the peptide, in order to characterize its potential 
for the construction of nanorobotic parts.  And fi nally, we are using 
sophisticated modeling techniques in order to model and predict its 
behavior, so that we can eventually begin the design of nanorobotic 
machines in silico.

Preliminary Protein Engineering Results
To begin our experimental work, we have chosen to express the 
Loop-36 α-helix using E. coli as an expression host.  This approach 
will give us the ability to easily mutate the amino acid sequence 
(through site-directed mutagenesis), as well as the ability to label 
the peptide with NMR-sensitive atoms for further structural inves-
tigations.  The amino acid sequence for Loop-36, using single letter 
abbreviations is:

R V I E K T N E K F H Q I E K E F S E V E G R I Q D L E K Y V E D T K I

To simplify the production of the peptide, we have chosen a com-
mercially available expression and purifi cation platform (IMPACT-
CN, New England Biolabs).  This system results in the expression of 
the recombinant peptide as an N-terminal fusion to a chitin-binding 
domain.  This is benefi cial for purifi cation purposes, as the complete 
fusion protein can be easily purifi ed from the crude bacterial cell 
lysate using a single chitin-based chromatography step. 

Another useful feature of the IMPACT system is the presence of an 
intein segment between the chitin-binding domain and the Loop-36 
peptide.  Inteins have the unique ability to cleave themselves when 
placed in a reducing environment.  Therefore, once the fusion pro-
tein is purifi ed away from other proteins in E. coli, dithiothreitol 
(DTT) is added to the chitin column, which allows the intein to self-
splice and liberate the target peptide (Loop-36).  A fi nal purifi cation 
step can then be used to remove the residual DTT.
We have also started site-directed mutagenesis work on the Loop-36 
peptide.  This technique allows for the replacement of individual 
amino acids by making targeted alterations in the associated DNA 
sequence.  We have chosen several amino acids in the Loop-36 se-
quence for alterations (Table 1).  The fi rst (No. 1) and fi nal (No. 36) 
amino acids in the peptide have been mutated to be cysteine side 
chains in order to utilize this chemistry for the attachment of dyes or 
other probes to during the characterization of the Loop-36 α-helix.  
A glycine at the No. 22 position is generally regarded as an α-helix 
destabilizing side chain, and thus an alanine mutation was placed 
at this position to explore the importance of the glycine side chain.  
The Loop-36 α-helix undergoes a conformational change upon a 
change in pH, which suggests that amino acid protonation is likely 
to be involved.  The only amino acid with a pKa that falls in this 
pH range is the histidine side chain (No. 11), and thus it has been 
mutated to glutamine, which cannot be protonated.  The next closest 
pKa value is found with the glutamate side chain, and so all of the 
naturally occurring glutamate side chains have been mutated one by 
one to glutamines.  As these mutant peptides are created, they will 
be assessed for functional alterations.

TABLE 1.  Site-directed mutations that have been made in Loop-36
Position in Loop-36 Native Amino Acid Mutation

1  Arginine  Cysteine
4  Glutamate  Glutamine
8  Glutamate  Glutamine
11  Histidine  Glutamine
14  Glutamate  Glutamine
16  Glutamate  Glutamine
21  Glutamate  Glutamine
22  Glycine  Alanine
28  Glutamate  Glutamine
32  Glutamate  Glutamine
36  Isoleucine  Cysteine

Preliminary Characterization Results
As our library of nanorobotic elements grows, we begin to charac-
terize them in order to assess the range and properties of their func-
tional behavior.  There are several techniques available for gathering 
structural information about the peptides, including circular dichro-
ism spectroscopy (CD), Förster resonance energy transfer (FRET), 
and nuclear magnetic resonance spectroscopy (NMR).  Particularly 
important for our future work is the determination of the amount of 
force that can be generated by the peptides as they fold and unfold.  
This determination can be accomplished through the use of laser 
based optical tweezers (LBOT).  

LBOTs are a powerful tool for mechanically probing biomol-
ecules. They are capable of applying forces ranging from sub-pN 
to ~400pN with position resolution on the order of a nanometer. 
Optical trapping has also been combined with the ability to simulta-
neously observe single molecule fl uorescence enabling mechanical 
manipulation using the trap while reporting on the structure using 
fl uorescence.  An example demonstrating these concepts and tech-
niques is the unzipping of DNA duplex molecules (Figure 4).  

FIGURE 4. A optical trapping experiment to unzip DNA. A bead was 
tethered by a digoxygenin-based linkage (blue and yellow) to the 
coverglass surface through a DNA molecule, consisting of a long 
segment (black) joined to a shorter 15 base-pair strand that forms a 
duplex region (red). The bead (blue) was captured by the optical trap 
and force was applied to unzip the short duplex. Tetramethylrhodamine 
(TAMRA) dyes attached at the ends of the DNA strands provide a 
fl uorescence signal (red dots). Image from: Lang et al., 2003, J. Biol. 
2:6. 

Preliminary Computational Results
Finally, computational work has been performed to complement 
our experimental results.  To begin predictions of the dynamic 
performance of the peptide (i.e. energy and force calculation) we 
are performing Molecular Dynamics (MD) Simulations that are 
based on the calculation of the free energy that is released during 
the transition from unfolded to α-helical state, using the MD soft-
ware CHARMM (Chemistry at Harvard Molecular Mechanics). In 
MD, the feasibility of a particular conformation of the biomolecule 
is dictated by energy constraints. Hence, a transition from one given 
state to another must be energetically favorable, unless there is an 
external impetus that helps the molecule overcome the energy bar-
rier. When a macromolecule changes conformation, the interactions 
of its individual atoms with each other - as well as with the solvent 
- constitute a very complex force system. With one aspect of

FIGURE 5. Energy variation for LOOP-36 peptide with salvation model 
EEF1.

CHARMM, it is possible to model a peptide based on its amino acid 
sequence and allow a transition between two known states of the 
protein using Targeted Molecular Dynamics (TMD). 
In a representative simulation, the unfolded structure of Loop-36 
was generated arbitrarily by forcing the structure away from the 
native conformation with constrained high-temperature molecular 
dynamics. After a short equilibration, the known folded and un-
folded structures are used as reference end-point states to study the 
transformation between the folded and unfolded conformations. The 
energy plot using solvation function EEF1 is shown in Figure 5 and 
the simulation snapshots for the initial and fi nal states are shown in 
Figure 6.

FIGURE 6. Ribbon drawing of the unfolded conformation of 36-residue 
peptide as obtained from PDB entry 1HGF (Left), and a ribbon draw-
ing of the folded conformation (Right) as obtained by TMD simulations. 
There is a noticeable increase in alpha-helical content and the peptide 
straightens out.

Conclusions
The development of robotic components composed of simple bio-
logical molecules is only the fi rst step in the development of future 
biomedical nanodevices. Since the planned complex systems and 
devices will be driven by these components, we will need to develop 
a detailed understanding of their operation isolation, so that we can 
begin to predict their behavior as they are combined together.  From 
the simple elements such as structural links to more advanced con-
cepts as motors, each part must be carefully studied and manipulated 
to understand its functions and limits. Beyond the initial component 
characterization, is the eventual assembly of the components into 
robotic systems.  Figure 7 shows one such concept of a nano-organ-
ism, with its ‘feet’ made of helical peptides and its body using carbon 
nanotubes while the power unit is a biomolecular motor.  In order to 
accomplish this, a library of biological elements of every category 
must be available.  At that point, conventional robotics techniques 
can be used as a guide for fabrication of bionanorobots that function 
in an analogous manner. There will be systems that have mobile 
characteristics to transport themselves, as well as other objects, to 
desired locations. It may be possible to design bionanorobots that 
are able to manufacture additional nanorobotic elements and struc-
tures. There may also be robots that not only perform physical labor, 
but also sense the environment and react accordingly.  There is no 
doubt that biomedical applications will be both a driving force and 
a benefi ciary of these future developments. 
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