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New Member Profile
Maria-Louisa Izamis 
joined the Metabolic 
Engineering group 
at the CEM in the 
spring of 2003.  Ma-
ria-Louisa received 
her BS in Mechani-
cal Engineering 
from MIT in 2002, 
and is currently a 
graduate student in 
the Harvard-MIT 
Health Sciences 
and Technology program working towards her 
Medical Engineering and Medical Physics PhD 
degree. Her research is currently focused on 
developing new methods for describing the meta-
bolic pathways in the liver, in order to produce a 
predictive dynamic model of liver failure.  Maria-
Louisa is a personal trainer, an avid rock-climber, 
and a surfer.
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It is with a mixture of sadness and pleasure that 
I take the reigns as the new editor of the CEM 
Communiqué.  My friend and Founding Editor, 
Dr. Matthew Rosinski, has moved on from the 
CEM to begin a faculty career as Assistant 
Professor at the University of Wyoming Depart-
ment of Chemical and Petroleum Engineering.  
We all wish Matt, and his family, the best of luck 
in the Wild, Wild West.  Matthew worked dilli-
gently to create this valuable resource, and I hope 
that I can continue the fine tradition that he set.

As the new editor, I think it is important that the 
Communiqué serves as a vehicle for the exchange 
of ideas and information within our greater Har-
vard-MIT and, for that matter, the greater Boston 
and New England research communities, as well.  
If any one would like to contribute material, com-
mentary, opinions, or any other informational 
matter, please feel free to contact me.   

In this issue of the Communiqué, we review 
some of the recent research in the field of Meta-
bolic Engineering at the CEM.  Metabolic En-
gineering provides a powerful set of tools that 
are increasingly being deployed in the medical 
sciences.  Also in this issue, we profile one of our 
new CEM members, provide the schedule for our 
fall seminar series, news from our outdoor club, 
as well as a review of our first annual Minisym-
posium and softball game.  

The year 2003 has been, and will continue to be, 
an exciting and productive year at the CEM.  I 
look forward to preparing future issues of the 
Communiqué 
that share the 
e x c i t e m e n t 
and enthusi-
asm of CEM 
a c t i v i t i e s 
with the rest 
of the Bos-
ton research 
community.

From the Editor

First Annual Minisym-
poisum and Softballium
On Wednesday, August 13, 2003, the first an-
nual CEM Summer Minisymposium was held 
at the Charlestown Navy Yard.  First, Dr. Martin 
Yarmush, Director of the CEM, offered a histori-
cal overview of the many accomplishments and 
achievements of CEM personnel over the past 8 
years.  This was followed by presentations from 
five senior postdoctoral fellows who offered 
extensive descriptions of current CEM research 
in each of five thrust areas.  The entire day was 
extremely uplifting and instructional, providing 
insights, perspectives, and details on the breadth 
of activities at the Center.

Immediately following the Minisympoisium, the 
First Annual CEM Softballium was held.  Al-
though there was a shortage of equipment, there 
was no shortage of players or enthusiasm.  After 
5 innings, the game was called due to weather, 
although the score was tied at 10 apiece.  There 
were no losers on this afternoon in August.

Figure 1.  The first annual CEM Softballium
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Investigators at the CEM have used a drug-induced model of liver 
failure in the rat combined with Metabolic Flux Analysis (MFA) 
in order to obtain a clearer picture of the evolution of FHF.  The 
fluxes of metabolites produced or consumed by the liver are mea-
sured using an isolated perfused liver preparation, operating in a 
recirculating mode (Figure 1).  MFA is a powerful mathematical 
modeling tool that allows for the estimation of unmeasured in-
ternal metabolic pathway fluxes based upon external metabolic 
measurements.  

Using this approach, these investigators have been able to follow 
the temporal changes in individual metabolic pathways in the 
liver, as it fails (Figure 2).  After 1 hour, it appears that hepatic 
lactate production is increased, and the citric acid cycle begins to 
slow.  After 4 hours, the pentose phosphate pathway (PPP) is also 
up-regulated.  More serious changes are evident in the 8th hour, 
as it appears that the urea cycle is down-regulated, and the liver 
starts to take up glucose instead of release it.  After 12 hours, the 
metabolism of the liver is severely altered.  The PPP is down-
regulated, and the liver has switched from gluconeogenesis to 
glycolysis.  The liver also actively releases amino acids instead 
of taking them up.
 

Currently these investigators are using this information and more 
sophisticated modeling approaches in order to derive clinically 
relevant markers that can predict the onset of FHF before an indi-
cation is given by standard protocols.  In addition, they are using 
other modeling approaches to better understand the cause and ef-
fect relationship among pathways as the organ evolves into this 
altered metabolic state.  A better understanding of the metabolic 
sequence of failure will hopefully lead to novel therapies for pa-
tients with FHF.

Liver Hypermetabolism
Following burn injury or other major trauma, the body can be pro-
pelled into an elevated metabolic state that, when it persists, 

Metabolic Engineering
Scott Banta 

A central requirement for life, is the ability to extract energy from 
the environment.  This necessity has led to the evolution of very 
efficient biochemical reaction networks in all cells, which are able 
to produce chemical energy and essential metabolites from basic 
building blocks.  These pathways have been a source of active sci-
entific investigation and inquiry for generations by cell biologists, 
biochemists, nutritionists, and physiologists. Recently, engineers 
have entered this arena bringing an appreciation of complex sys-
tems and a knack for casting problems in mathematical terms. 
This new endeavor has been termed Metabolic Engineering.

The main thrusts in the field of Metabolic Engineering are two 
fold: 1) the quantitative analysis and modeling of metabolic reac-
tion networks, and 2) the creation, alteration, or deletion of meta-
bolic pathways to obtain a desired outcome.  Here at the CEM, we 
are one of a very few labs in which the tools of Metabolic Engi-
neering are being applied to important problems of a biomedical 
and clinical nature. 

Because the liver is the biochemical epicenter of the body, it 
is therefore a natural target for studies employing the tools of 
Metabolic Engineering.  Several recent projects at the CEM have 
focused on the modeling and characterization of hepatic metabo-
lism in different physiological states.  These are described briefly 
below.

Liver Failure
The only effective treatment for fulminant hepatic failure (FHF) 
is orthotopic liver transplantation, which is not an option for 
many patients due to a severe shortage of suitable organs.  It is 
well known that the evolution of FHF results in the altered pro-
cessing of metabolites by the liver.  Several investigators have 
attempted to develop nutritional or other non-surgical therapies to 
slow or abate FHF, but these results have been disappointing, in 
part, because of the lack of understanding as to how the metabo-
lism of the liver changes during failure.
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Figure 1  Schematic diagram of perfused liver apparatus.

Figure 2.  Summary of the metabolic alterations that occur during fulminant 
hepatic failure.  Pathways in blue are down-regulated, pathways in red are up-
regulated, and pathways in green are reversed.
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can be fatal, even when optimal surgical and medicinal therapies 
are employed.  Therefore, there has been a great deal of interest in 
understanding hypermetabolism as well as developing therapies 
to diminish its effect.  A simplified model of systemic hyper-
metabolism is thought to have at least three major players and 
processes (Figure 3), which start with the wound site releasing 
factors that provide signals to skeletal muscle.  The second player, 
the muscle, in turn, degrades myofibrillar proteins in order to re-
lease amino acids.  The amino acids are then taken up by the liver 
for transformation into substrates presumably used for wound 
healing at the site of the injury. Investigators at the CEM have 
also used MFA to examine the consequences of post-burn hyper-
metabolism in the perfused livers of rats, following burn injury.  
The hypermetabolic rat liver was found to have an increased urea 
cycle, increased PPP, and altered amino acid metabolism profile.  
The increase in the PPP maybe a response to generate NADPH, to 
be used in part by glutathione reductase for reduction of oxidized 
glutathione. Glutathione, in turn, is used to protect the liver from 
excess oxygen free radicals that are generated in the hypermeta-
bolic state.

Currently, these investigators, are exploring strategies to control 
the hypermetabolic state.  For example, they are administering the 
potent hormone dehydroepiandrosterone (DHEA) to burned rats 
in order to diminish the flux through the PPP.  By understanding 
the influence of different pathways on the overall hypermetabolic 
state, these investigators hope to develop effective treatments 
which allow better control of hypermetabolism.

Skeletal Muscle 
Hypermetabolism
As discussed above, one of the major players in the hypermeta-
bolic response is skeletal muscle.  Burn and trauma patients lose 
weight dramatically as their lean muscle mass wastes away, even 
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Figure 4 (No Insulin) Effect of burn injury on skeletal muscle metabo-
lism in the absence of insulin. Fluxes in red are up regulated, purple 
are down regulated and fluxes in green were found to reverse direc-
tions. 

Figure 5 (Insulin) Effect of burn injury on skeletal muscle 
metabolism with a high dose of insulin in the perfusate. The color 
scheme is the same as Figure 4. 

Figure 3.  A simplified model of the hypermetabolic response following a 
burn injury or other severe trauma.
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LOCATION: 4th Floor Conference Room
Shriners Burns Hospital, 51 Blossom Street, Boston

TIME: Tuesdays, 8:30 - 9:30 AM

Co-Sponsored by the Center for Engineering in Medicine and the Shriners Burns Hospital.
For more information, please contact Ilana Reis at 617-371-4882 or cemmail@sbi.org

September 23 
Janet Elliott, PhD
Chemical Engineering, University of 
Alberta
Thermodynamics in Biopreservation

October 7 
Todd Thorsen, PhD 
Mechanical Engineering, MIT  
Microfl uidic Devices for High-Throughput 
Screening Applications 

October 21 
David T. Scadden, MD
Medicine, HMS 
Microenvironmental Control of Stem Cells

Friday October 24 8:30 – 9:30 am
Charles Y. Lee, PhD
Mechanical Engineering, UNC Charlotte
Hypothermic Machine Perfusion 
Preservation of Livers for Transplantation

November 18 
Matthew J. Lang, PhD
Mechanical Engineering, MIT 
Force Fluorescence Microscopy of 
Single-Biomolecules

December 2 
Deborah Burstein, PhD
Radiology, HMS 
Molecular MR Imaging of Cartilage 
Glycosaminoglycan: Bench to Bedside

December 16 
Hugh Auchincloss, MD
Surgery, HMS 
Islet Replacement Therapy for Diabetes
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People New to the CEM
Name   From     Research Group
Dana Adams   Cornell University    Biopreservation
John Biggers, PhD  Harvard University    Biopreservation
Monica Casali, PhD  Politecnico di Milano, Italy   Genomics and Proteomics
Maria Louisa Izamis  Massachusetts Institute of Technology  Metabolic Engineering
Bart Kane, MD, PhD  Harvard University    Microfabrication
Z Kelley   Bennington College    Metabolic Engineering
Kevin King   Massachusetts Institute of Technology  Microfabrication
Xiang-Hong Liu, PhD   University of Luton, UK   Biopreservation
Lynda McGinnis  Harvard University    Biopreservation
Dinos Mavroidis, PhD  Rutgers University    BioNanoRobotics
Shashi Murthy, PhD  Massachusetts Institute of Technology  Microfabrication
Taro Muso   Brown University    Microfabrication
Deepak Nagrath, PhD  Rensselaer Polytechnic University  Metabolic Engineering
Henry Niman, PhD  University of Southern California  Applied Immunology
Ahmad Noor   University of Rochester   Liver and Stem Cells
Marlaina Norris, MD  Tufts University    Biopreservation
Sethu Palaniappan, PhD University of Michigan    Microfabrication
Aaron Sin, PhD  Cornell University    Microfabrication
Sihong Wang, PhD  University of Texas at Austin   Genomics and Proteomics
Zhonglin Zhao   University of Massachusetts   Biopreservation
Liben Zhu, MD  Harvard University    Biopreservation
Cindy Zia   Wellesley College    Genomics and Proteomics

Recent Departures from the CEM
Name    Current Position and Institution
Pragati Bhowmick, MD  Research Associate, Boston IVF
Xudong Cao, PhD   Research Associate, Biotechnology, Brown University
Bharath Dwarakanath   Medical Student, University of Massachusetts
Ali Eroglu, DVM   Assistant Professor, Department of Medicine, Medical College of Georgia
Yoon Kang, PhD   Research Associate, Department of Biomedical Engineering, Tufts University
Jennifer Mercury   Teacher, Boston Public Schools
Yasuji Mokuno, MD, PhD  Surgeon, Kasugai City Hospital, Japan
Matthew Rosinski, PhD  Assistant Professor, Chemical Engineering, University of Wyoming
Meindert Sosef, MD   General Surgeon, Academic Medical Center, Amsterdam
Nick Telischak    Medical Student, Dartmouth University
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in the presence of nutritional support.  A considerable amount 
of work, aimed at developing therapies for patients to reduce 
skeletal muscle wasting, has targeted the use of insulin, due to its 
anabolic effects.  Recently, investigators at the CEM have begun 
to study the effect of insulin in an isolated perfused rat hindquar-
ter model, a model previously used extensively to study muscle 
metabolism in diabetes.

In preliminary studies, skeletal muscle was found to release 
extra glutamine, alanine, and proline in response to burn injury.  
The formation of glutamine was not affected by the addition of 
insulin, but alanine was dramatically decreased by the addition 
of insulin.  The increased formation and release of proline was a 
surprising finding, and suggests that the muscle may be more in-
volved in the direct processing of amino acids for the wound site, 
than has previously been appreciated (i.e. proline may be used 
directly for collagen production at the wound site).

Future Work
The modeling of metabolic networks can uncover valuable infor-
mation about the altered physiological states of organs and tissues 
in both healthy and diseased individuals.  Metabolic network 
analysis, when combined with the second area of Metabolic Engi-
neering (which involves the creation of new, and modification of 
existing, metabolic networks) may ultimately lead to whole new 
strategies and treatments of diseases which continue to plague 
modern man. (For a review of Metabolic Engineering in Medicine 
we encourage the reader to see: Yarmush ML and Banta S. “Met-
abolic Engineering: Advances in Modeling and Intervention in 
Health and Disease”, Ann Rev Biomed Eng, 2003: 5:349-381).
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The “other” CEM has just ended another active summer!  As always, we organize low cost outdoor activities geared towards novice camp-
ers as well as advanced mountaineers.  In July, we organized a sea kayaking trip in the Bay of Fundy National Park in New Brunswick, 
Canada, and in August, there was a 2-day backpacking trip through the Pilot Range in northern New Hampshire.  There are several events 
planned for this fall, and everyone is encouraged to participate.  There will be a hiking trip in the Smokey Mountains that will coincide 
with the BMES Annual Meeting.  On Columbus Day weekend, we will hold our Annual CEM Reunion at Crag Camp in the White Moun-
tain National Forest, which will be an 
excellent opportunity to see what the 
CEM is all about, meet CEM alumni, 
and hear some tall tales about the past, 
both in the lab and on the trail.  Next 
February is our annual ski trip at “Le 
Massif”, a big, yet little-known moun-
tain with a unique seaside setting in a 
very picturesque region famous for its 
excellent food, all of which come at 
very affordable prices.  Besides down-
hill skiing, there are many other winter 
activities available around Le Massif, 
such as X-country skiing, dog sledding, 
snowshoeing, etc., 

October 4-6
BMES Hiking Trip
Smokey Mountain National Park, 
North Carolina
Day hikes to explore the park following 
the BMES annual meeting
Sumatis@eden.rutgers.edu

October 10-13
Annual Crag Camp Reunion
White Mountains, New Hampshire
Day hikes in the Presidential Range. 
 Spend nights in a cabin near the treeline.
Vitolo@rci.rutgers.edu

February 2004
Annual Downhill Ski Trip
Le Massif, Quebec, Canada
The best snow, views, 
and smallest crowds in the East. 
Stay in a hotel. 
Fberthia@sbi.org

Center for the Exploration of Mountains
DATE TRIP SUMMARY AND CONTACT E-MAIL

TO SUBSCRIBE OR PUBLISH HERE CONTACT:
Scott Banta 

sbanta@hms.harvard.edu
617-371-4917
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