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PI Name: Marco E. Cabrera
PI Project Title: Time Course of Metabolic Adaptations During Loading and Unloading
1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?


The award start date was July 1st, 2006.  Over the last six months, we have recruited personnel (1) to develop computational models of skeletal muscle metabolism and (2) to establish the experimental facility to conduct the hindlimb suspension studies in rats, as well as the exercise training studies.  


With respect to modeling, we are close to completing the first version of our model of skeletal muscle energy metabolism under normal conditions (healthy untrained humans).  To enable us to link several scales, we have developed this model taking into account the reversibility of biochemical reactions, cellular compartmentation, and transport processes between adjacent compartments. 


With respect to the experimental studies for parameter estimation and model validation, we have successfully built and tested a hindlimb suspension system for rats and conducted a pilot study in one control animal and one hindlimb suspended animal.  We have also set up a metabolic core facility to measure a wide variety of metabolites isolated from animal blood and tissue. Measurements of resting and maximal oxygen consumption, glucose and lactate concentrations in blood, as well as metabolites and phosphagens in skeletal muscle in the control and unloaded animal have been conducted. 
2. What challenges did you experience?


In the modeling component of the project, we had to deal with estimation of a large (~90) set of parameters from an in vivo sparse data set.  Data in the literature obtained in vivo in contracting muscles during whole body (e.g., cycling) exercise is limited.  The invasiveness of the procedure (needle biopsy) utilized to obtain tissue samples for metabolites analysis limits availability of data, especially during dynamic conditions, such as the onset of exercise and recovery.  As a result, we had to implement optimization techniques to maximize available information from biochemistry and physiology.  Specifically, we obtained values for kinetic parameters from published in vitro studies as initial estimates.  With thermodynamic and physiological constraints, we were able to reduce the dimension of the space of unknown parameters and thus obtain reasonable and physiological meaningful estimates of these parameters.

With respect to the experimental setting for hindlimb suspension, we are currently considering alternative housing for experimental animals to minimize the stress associated with this model. Current housing in main animal facility provides adequate housing conditions, but still contributes to the stress of the suspended animals. We work closely with head veterinarian of the university and do not foresee any difficulties in obtaining housing permits for the laboratory or alternative location.
3. What unexpected outcomes did you encounter?


None at this point.
4. What are the major advances that have occurred in your field this year?


The major advances that are related to our multi-scale modeling goals and field of research can be summarized as:

(1) Improvements in our ability to monitor intracellular events, but limitations to monitor their dynamics; 

(2) Highlight of the problems that exist in creating a working model of cell function, such as uncertainty of using in vitro enzyme kinetics, as well as regulatory data in an intact system, and the unknown chemical activities of relevant molecules in the cell;

(3) Application of the theory providing the physiochemical basis for analyzing large-scale metabolic networks in living organisms.
5. How successful were your proposed tools, and did you adopt new tools?


We have built a reasonably effective hindlimb suspension apparatus. After only 12 days of hindlimb suspension, we observed ~40% decrease in soleus muscle mass similar to what is well established in the literature. In addition, we have built a strong analytical system of metabolite extraction using modern techniques of spectrophotometry and luminescence. We are planning on implementing Gas chromatography-Mass Spectrometry technology available from the Mass Spectrometry Core facility to determine concentrations and labeling pattern of muscle metabolites in future experimental protocols.
6. Please share your individual experiences of collaborating with the broader community.


We have been interacting with established investigators in the area of our research study.  Specifically, we have been promised data for model development and advised in the implementation of our hind limb suspension system.
7. Please highlight your plans for year 2.

Since we started July 1st, 2006, I am highlighting at this point what we are planning to complete from Jan 1, 2007 to Dec 31, 2007.  With respect to computational modeling, we are planning on completing the model of skeletal muscle in the context of the whole body with minimal metabolic detail, but comprehensive enough to have the essential components of the three energetic systems.  The latter will include the creatine kinase reaction, a reduced module for glycogenolysis and fatty acid oxidation, and oxidative phosphorylation.  In addition, it will include a cardiorespiratory controller and a hormonal controller. With respect to the experimental component, we are planning on completing the hind limb suspension (physiological and metabolic) data collection for two, three and four weeks of unloading.
8. What is your primary MSM Working Group?


Cardiac and Skeletal Muscle Physiology
9. Please comment on your MSM Working Group(s), and what needs to be improved?


We are part of two working groups: Cardiac and Skeletal Muscle Physiology (WG-2) and 
Cardiovascular and Pulmonary – Hemodynamics and Fluid Dynamics (WG–3).  So far, we have been interacting via email, phone, and a Wiki website.  Since our focus has been the development of scientific collaborations, our communication has been so far sufficient.  We will discuss interaction strategy at the next meeting and plan accordingly for communication throughout the coming year. 
10. How do you foresee logical linking of models with others in the MSM?


In general, we foresee linking models that are developed at a different scale by other investigators in the MSM, as long as the projects have some common components.
Considering that each modeling group has his own approach to modeling and
develops his own codes, the intent to prepare models that could be portable
to other groups may involve too much work diverting resources that should
be, at this stage of the projects, dedicated to the realization of the
models.  Therefore, the primary connection among different groups in the MSM should be the willingness to share experience and knowledge based on the research
topic of each single group so that expertise gained by each scientist could
be easily available for others to expedite their modeling process.

In addition to the aforementioned, direct linking could still be made
between our group and the groups with the same mechanistic approach to
metabolic modeling. Sharing the principles of the modeling functions of
metabolic networks could be done with the groups of James Bassingthwaighte
with respect to cellular energy metabolism and Daniel Beard with respect
to regulatory mechanisms of metabolic function.
11. Are you writing grants?


Yes
12. Are you finding new collaborations?


Yes
