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From the Editor
Zak Megeed
ireis@sbi.org

Spring in Boston provides the 
perfect opportunity to witness 
the wonders of Nature’s biological preservation 
techniques first-hand. With an average January 
low of 22 oF, the species that populate the region 
use a variety of methods to survive the winter. 
For example, many fish produce an anti-freeze 
glycoprotein that protects their tissues from 
freezing in cold weather. In regions where drought 
is an issue, organisms such as brine shrimp and 
tartigrades are able to survive extended periods 
in a highly desiccated state. The mechanisms 
underlying these natural biopreservation methods 
have long intrigued scientists and engineers 
because of their effectiveness and potential 
application to the preservation of cells, tissues, 
and organs for biomedical applications.

In this issue, we present a feature article on 
Molecular Mobility in Biopreservation, by 
Alptekin Aksan, a CEM Research Associate who 
will soon join the faculty of the Department of 
Mechanical Engineering at the University of 
Minnesota. In a world where modern science, 
engineering, and medicine have enabled the 
implantation and transplantation of a variety of 
cells, tissues, and organs, effective biopreservation 
becomes rate-limiting not only in advancing basic 
research, but also in the clinic.

We have also included the schedule for the 
remaining talks in the Biomedical Science & 
Engineering Seminar Series. Finally, we have 
an update on the activities of the past six months 
for the other CEM: The Center for Exploration 
of Mountains, including hiking in the White 
Mountains and skiing at Le Massif. The spring 
and summer schedule of activities is also on page 6.

If you would like to make a contribution to 
the CEM Communiqué, please contact me at 
ireis@sbi.org.

New Member Profiles
Olivier Guenat joined the Liver 
& Stem Cells research group at 
the CEM in January 2005. He 
received his M.S. and Ph.D. in 
Electronics and Physics from the 

University of Neuchâtel in Switzerland, where he 
studied silicon-based micro- and nanofabrication 
technologies related to the development of 
microsystems for chemical analysis. His research 
at the CEM currently focuses on the development 
of a microfabricated platform aimed at monitoring 
stem cell differentiation. In his free time, Olivier 
particularly enjoys outdoor activities such as 
mountaineering, hiking and skiing.

Xiaoming He joined the 
Biopreservation research group 
at the CEM in July 2004.  
Xiaoming received his Ph.D. in 
Mechanical Engineering from 

the University of Minnesota, Twin Cities. His 
doctoral research was focused on quantification 
of thermal injury behavior in minimally invasive 
surgery (i.e., thermal therapy and cryosurgery) 
at three different levels: macromolecule (protein 
denaturation), cell, and tissue. His current research 
involves the use of low molecular weight sugars 
(mono- or disaccharides) as (lyo-/cryo-) protective 
agents to achieve better long-term preservation of 
biological systems (cells, tissue and eventually 
human organs) for clinical transplantation.  In his 
free time, Xiaoming enjoys sports and music.

Eric Park joined the Liver & 
Stem Cells research group at 
the CEM in January 2005. Eric 
received his Ph.D. in Biomedical 
Engineering from the University 

of Virginia where he studied leukocyte adhesive 
interactions with platelets and endothelial cells in 
shear flow. His research at the CEM is currently 
focused on modulating heterotypic cell contact 
to induce stem cell lineage commitment. In his 
free time, Eric enjoys playing golf, basketball, 
and watching Duke basketball dominate the 
NCAA’s.



Molecular Mobility in 
Biopreservation
Alptekin Aksan
aaksan@hms.harvard.edu

Introduction
With advances in medical science and technology, preservation of 
proteins, cells, blood, and tissues are becoming more important. 
Extensive research is being conducted to ensure that these preserved 
products are available, safe, and affordable for the masses.

In a very broad sense, preservation can be defined as the process 
of reversibly arresting the biochemical reactions and therefore the 
metabolism of an organism (in a state of suspended animation 
[1]) in order to sustain function after a “prolonged” exposure to 
otherwise lethal conditions. The lethal conditions are created by 
the inadequacy of the surrounding medium in supplying nutrients 
and removing byproducts, exposure to drought or the extremes of 
temperature that can disturb the biochemical processes vital to the 
organism. 

The rates of biochemical reactions are dependent on the proximity 
and mobility of the reactants. Mobility is determined by the mutual 
interactions of the solvent with the solutes. The state of water 
(the solvent) determines the mobility of the solutes and in return, 
the solutes change the structural organization of nearby water 
molecules through hydrophilic and hydrophobic interactions. In the 
cytoplasm, the thermodynamic state of the medium (and therefore 
the molecular mobility) determines the rate of metabolic activity. 

Time Scales for Preservation Processes
The time-scales of the biochemical reactions and the preservation 
processes applied to the organism play crucial roles in determining 
the success of preservation. For example, the ratio of the time-
scale of water diffusion, τD, across the cell membrane is given by 
(where r, Lp and ∆Π are the cell radius, membrane permeability 
and osmotic pressure differential, respectively):

to the time scale of the cooling the cell experiences, τc, given by 
(where cp, ρ, q” and ∆T are the specific heat, mass density, heat flux 
and temperature differential, respectively): 

determines the fate of a cell during freezing such that (Figure 1):

Figure 1: Effect of Time Scales on Cell Response 

ττ causes excessive dehydration of the cell, ττ establishes 
an intra/extracellular equilibrium such that the intracellular water 
transported across the membrane balances the extracellular osmotic 
increase induced by freezing (the solute-concentration effect [2]) 
minimizing the amount of intracellular free water, ττ results 
in rapid cooling (faster than the cell can reach equilibrium with its 
surroundings) inducing Intracellular Ice Formation (IIF) known to 
be lethal to most cells (See Toner [3], Figure 2 for the correlation 
between IIF and post-thaw viability of mammalian cells), and 
ττ theoretically, yields to ultra-fast cooling without ice 
crystallization (if as an additional constraint τατ where, τα is 
the time-scale of structural relaxations) enabling vitrification of the 
extracellular medium, and more importantly the cytosol.

Intracellular Water and Molecular Mobility
In isotonic conditions, approximately 70% of the cell’s volume is 
water. However, it would be wrong to think that the intracellular 
solutes and macromolecules bathe in a dilute solution. It has 
long been known that most, if not all, of the intracellular water 
exhibits physical properties unlike those in the bulk. This is 
attributed to the presence of high concentrations of proteins (200-
300 g/l), ions, amino acids, fatty acids, sugars and other small 
solutes in the cytoplasm enmeshed in a network of cytoskeletal 
macromolecules (actin filaments, microtubules and intermediate 
filaments). In individual organelles (such as mitochondria) the 
protein concentration may be even higher. Within the cytoplasm, at 
any given time, water molecules are either a part of a tight cluster 
(bulk water) or in the close vicinity (vicinal water) of a surface 
(cell or organelle membrane) or a solute (a macromolecule, ion 
or amino acid). There is not a consensus in the literature on the 
relative populations of vicinal and bulk water within the cytosol. 
The estimates vary in a range of 0-100% of the total intracellular 
water (for details, see Clegg [4] and the references therein).

 



p

D L
r

3
�

 

"3
2

q
Trc p

C



�

�

 

Jw q”
 

�D/�C>1 

D: mass transfer time scale 
C: heat transfer time 
scale Jw: trans-membrane water flux 
q”: heat flux 

ice 

glass 

cell 



pL
r

D 3
�

�D/�C<<1 q”
 

Jw �D/�C<1 q”
 

Jw �D/�C~1 q”
 

"3
2

q
Trc p

C




�
�

T 

V 

Jw=0 

T 

V 

T 

V 

T 

V 

T: temperature 
V: cell volume 

April 2005

2

mailto:aaksan@hms.harvard.edu


Molecular Mobility in Preservation
In a concentrated and crowded environment, such as in the 
cytosol, the motion of a small solute can be divided into two main 
components (Figure 2A): 1) The translational diffusive motion 
(governed by the α-relaxation time-scale of the system), which 
results in a net displacement of the molecule down its osmotic 
gradient and, 2) The random motion, which does not result in a net 
displacement. The random motion is governed by the physical and 
chemical interactions with the solvent and the surrounding solutes 
and is characterized by the β-relaxation time-scale of the system, 
which includes rotation and Brownian motion. When the solvent is 
frozen, as a function of the storage temperature and the perfectness 
of the crystal structure formed, the α-relaxation time-scale increases. 
Depending on the relative magnitudes of the solvent and the solute 
molecules (and the size of the pores formed) β-relaxation may still 
continue (Figure 2B). Note the unfrozen bound water molecules in 
close proximity to the protein surface with lower mobility. If the 
system is desiccated (to a point where  some of the water molecules 
in the hydration layer are also removed), both α and β relaxations 
of the system may be stopped completely; however, due to removal 
of the hydration layer, the protein may denature and its active site 
may not be available for the binding of the ligand (Figure 2C). If 
denaturation of the protein is irreversible, even after re-hydration 
(when molecular mobility is restored) the ligand can still not bind to 
the protein. Carbohydates may be administered in order to prevent 
the denaturation of the protein while water is removed from the 
system lowering the mobility within the medium forming a glass 
(Figure 2D,E). 

Figure 2: Molecular Mobility in Biopreservation

Molecular Mobility in Supercooling and 
Phase Change
At temperatures below the freezing temperature (0 oC, 1 Atm) 
water may exist as a super-cooled liquid or ice. The theoretical 
limit for the presence of free water in the liquid form is -40oC, 
where homogeneous crystallization is initiated. For freezing 
to occur at any given temperature, a certain number of water 
clusters should form at the same time and reach a critical size 
(known as the formation of a nucleation embryo). With decreasing 
temperature, the critical number of water molecules required to 
form a nucleation embryo for the initiation of freezing decreases 
(from approximately 16,000 at -10oC to 120 at -40oC) and at -40oC, 
it becomes statistically impossible for free water to remain in the 
liquid phase. In biological systems, due to the presence of small 
hydrophobic solutes with low surface energy (such as ice nucleating 
proteins in certain plants and bacteria that survive freeze-injury), 
ice nucleation in the supercooled state is initiated well-before the 
theoretical limit is reached. This is believed to help protect against  
freeze-induced damage by minimizing compartmentalization and 
creating a more uniform ice structure. 

With decreasing temperature, the diffusivity of liquid water 
decreases, due to a change in the mechanism of diffusion from 
unrestricted to cooperative. Upon freezing, the drop in water 
diffusivity becomes even more significant.  The reduction in water 
mobility with supercooling and liquid-to-solid phase change in 
addition to the decrease in most chemical reaction rates at low 
temperatures, makes cryopreservation feasible.

[1]  Crowe, J.H.,Cooper, A.F., 1971, “Cryptobiosis,”   
 Scientific American, 225, pp. 30-36.
[2] Mazur, P., Leibo, S.,Chu, E.H.Y., 1972, “A Two-Factor  
 Hypothesis of Freezing Injury,” Experimental Cell   
 Research, 71, pp. 345-355.
[3] Toner, M., 1993.”Nucleation of Ice Crystals Inside   
 Biological Cells.” In: Advances In Low-Temperature  
 Biology, ed., JAI Press LTD, Greenwich CN,pp. 1- 53.
[4] Clegg, J.S., 1984, “Intracellular Water and the   
 Cytomatrix: Some Methods of Study and Current   
 Views,” Journal of Cell Biology, 99, 1, pp. 167S-171S.

NIH BioMEMS P41 Summit
Investigators, postdoctoral fellows, graduate students, and technical 
staff involved in the NIH BioMEMS Resource Center recently 
participated in joint meetings with the members of two other 
Boston-area NIH centers. On February 10 and March 3, participants 
met at the BioMEMS Resource Center at Charlestown and Tufts 
University, respectively. Postdoctoral fellows and graduate students 
presented summaries of their research on topics such as blood cell 
separation and analysis, stem cell research, dynamic tissue arrays, 
and tissue engineering. Following the talks, visitors participated in 
tours of the respective facilities. The next inter-Center meeting will 
occur in April, at MIT.
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New to the CEM 
Students
Emmanouela Filippidi  BME, Harvard  Biopreservation
Jonathan (Yoni) Goldwasser ChemE, MIT  Genomics & Proteomics
Suraj Patel   Aero/Astro, MIT  Genomics & Proteomics
Anandi Schiphorst  U Groningen  Liver & Stem Cells
Postdoctoral Fellows
Xuanhong Cheng   U Washington  Microfabrication
Utkan Demirci   Stanford U  Microfabrication
Olivier Guenat   U Neuchatel  Liver & Stem Cells
Jaegwan Lee   Chung-Ang U  Biopreservation & Microfab
Anne O’Neill   MGH   Wound Healing
Eric Park   U Virginia  Liver & Stem Cells
Technicians
Gloria Lee   Tufts U   Biopreservation
Investigators
Mark Latina   Mass. Eye/Ear  Opthamology
John Levine   McLean/HMS  Neuroscience

Recent Departures
Xunbao Duan   Research Associate BWH
Taro Muso   Graduate Student  MIT
Padma Rajagopalan  Assistant Professor Lehigh U
Ramon Risco   Assistant Professor U Seville
Cenk Sokmensuer  Professor  Hacettepe U
Rada Vukmirovic   Graduate Student  ETH Zurich

Recent Papers
Following are papers that CEM researchers have participated in over the past six months.

Yokoyama T, Banta S, Berthiaume F, Nagrath D, Tompkins RG, Yarmush ML. Evolution of intrahepatic carbon, nitrogen, and energy 
metabolism in a D-galactosamine-induced rat liver failure model. Metab Eng. 2005; 7(2):88-103. 
Jayaraman A, Yarmush ML, Roth CM. Evaluation of an in vitro model of hepatic inflammatory response by gene expression profiling. 
Tissue Eng. 2005; 11(1-2):50-63. 
Li Z, Yarmush ML, Chan C. Insulin concentration during preconditioning mediates the regulation of urea synthesis during exposure 
to amino acid-supplemented plasma. Tissue Eng. 2004; 10(11-12):1737-46. 
Chan C, Berthiaume F, Nath BD, Tilles AW, Toner M, Yarmush ML. Hepatic tissue engineering for adjunct and temporary liver 
support: critical technologies. Liver Transpl. 2004; 10(11):1331-42. 
Banta S, Yokoyama T, Berthiaume F, Yarmush ML. Quantitative effects of thermal injury and insulin on the metabolism of the skeletal 
muscle using the perfused rat hindquarter preparation. Biotechnol Bioeng. 2004; 88(5):613-29. 
Cobb JP, et al. Application of genome-wide expression analysis to human health and disease. Proc Natl Acad Sci U S A. 2005; [Epub 
ahead of print] .
Aksan A, Morris SC, Toner M. Analysis of desiccation and vitrification characteristics of carbohydrate films by shear-wave resonators. 
Langmuir. 2005; 21(7):2847-2854. 
Hamaratoglu F, Eroglu A, Toner M, Sadler KC. Cryopreservation of starfish oocytes. Cryobiology. 2005; 50(1):38-47.
Sosef MN, Baust JM, Sugimachi K, Fowler A, Tompkins RG, Toner M. Cryopreservation of isolated primary rat hepatocytes: enhanced 
survival and long-term hepatospecific function. Ann Surg. 2005; 241(1):125-33. 
Revzin A, Sekine K, Sin A, Tompkins RG, Toner M. Development of a microfabricated cytometry platform for characterization and 
sorting of individual leukocytes. Lab Chip. 2005; 5(1):30-7.
Murthy SK, Sin A, Tompkins RG, Toner M. Effect of flow and surface conditions on human lymphocyte isolation using microfluidic 
chambers. Langmuir. 2004; 20(26):11649-55.  
Downing BR, Cornwell K, Toner M, Pins GD. The influence of microtextured basal lamina analog topography on keratinocyte 
function and epidermal organization. J Biomed Mater Res A. 2005; 72A(1):47-56. 
Sethu P, Anahtar M, Moldawer LL, Tompkins RG, Toner M. Continuous flow microfluidic device for rapid erythrocyte lysis. Anal 
Chem. 2004; 76(21):6247-53. 
Irimia D, Tompkins RG, Toner M. Single-cell chemical lysis in picoliter-scale closed volumes using a microfabricated device. Anal 
Chem. 2004;76(20):6137-43.
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Seminars
April 19 

Mark Latina, MD Opthamology, HMS
Selective Targeting of Pigmented Ocular Cells: 

Basic Science and Clinical Applications

May 6
Andrew Dunn, PhD Radiology, MGH

Optical Imaging of Functional Activation in the 
Somatosensory Cortex

May 13
Jeffrey D. Macklis, MD Surgery, MGH

Cellular Repair of Complex Cerebral Cortex 
Circuitry by Molecular

Control of Neural Precursors

May 20
Charles N. Serhan Anaesthesia, BWH

 Role of Novel Lipid Mediators in Resolution 
of Acute Inflammation

LOCATION: 4th Floor Conference Room, 
Shriners Burns Hospital, 
51 Blossom St, Boston

TIME: 8:30-9:30 am



Center for Exploration of Mountains
François Berthiaume - fberthiaume@hms.harvard.edu

The “other” CEM recently organized a weekend winter camping trip in the White Mountain National Forest in New Hampshire.  We had 
originally planned to hike a loop of about 20 miles over 3 days, moving our campsite each day.  Although this should have been a very 
reasonable pace, soon after starting out we encountered deep snow powder which made our progression much slower than anticipated.  We 
therefore decided to set up a base camp from where we hiked up with a much lighter load to some of the nearby summits.  Thankfully, we 
had two beautiful days of clear weather that gave us wonderful views of the mountains surrounding us.

More recently, a few of us (François, Olivier, Arno, and Annette) just 
came back from an extended long weekend encompassing 4 days of 
downhill skiing in a row, in other words, a very intensive ski experience.  
We skied 3 days at “Le Massif”, a ski area near Baie-Saint-Paul, a 
small town about 1 hour northeast of Québec City, Canada, and one 
day at Jay Peak in northern Vermont on the way to Canada.  For no 
extra charge, an earthquake which registered 5.4 on the Richter scale, 
just enough to get startled in the middle of the night, was thrown into 
the mix!
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Getting ready: snowshoes, snow shovel, ice axe, anything missing? Steep section on Mount Webster

Our campsite Approaching the summit of Mount Webster

Summit photo, Mount Washington is in the background 



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 outdoor 
experience at all, we especially recommend the Catskills trip in May, which is an initiation to car camping.

Below is a trip schedule for the remainder of the year.  As usual, a sign-up sheet will be posted, and the announcement will be sent to the 
“other CEM” e-mail list (if you would like to be added to this list, let me know). You can also check our new web site 
cem-outdoors.home.comcast.net!

DATE   TRIP SUMMARY
May 14 –15  Initiation to Camping and Hiking – Catskills, NY. Easy day hikes while staying at a  
   modern (hot showers) campground. This is for beginners…
May 27 – 31  Backpacking – Adirondack State Park, NY. Strenuous backpacking and wilderness  
   camping including off-trail and bushwhacking routes.
July/Aug./Sept. Day hikes (mostly NH) to be announced throughout the summer!
   Leave from Boston and come back on the same day.
July 9 – 12  Camping and Hiking – Baxter State Park, ME.  Day hikes from a base camp near  
   Mt. Katahdin, the northern terminus of the Appalachian Trail.
Aug. 8 – 20  Backpacking – Wrangell- St. Elias National Park, AK. A complete wilderness   
   experience: after a bush plane ride, manage river crossings, remote route  
   finding, glacier travel, did I miss anything?
Oct. 8 – 11  Annual Reunion – Green Mountains, VT. Stay in cabin near treeline and do day hikes   
   along the Monroe Skyline, the best part of the Long Trail. 

Can’t beat the views at “Le Massif”

Lots of snow in Québec City! Québec City postcard

Skiing at Le Massif
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