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Motivations

= Broad Aim

s To understand the biochemical processes that
sustain metabolic/physiological functions

s Narrow Aim

s To understand the biochemical processes that
sustain neurotransmitter trafficking in brain
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Approach

m Use a variant of metabolic flux analysis to
construct possible metabolic cycles that
sustain a specific physiological function

= Properties of metabolic cycles
m Operate at steady state
m Consume a basic energy substrate

m Execute a metabolic process that corresponds
to a physiological function




Basic ldeas

s Metabolic enzymes and metabolite carrier
proteins represent metabolic processes

s Metabolic processes can be connected by flows
of metabolites

s Some combinations of connected metabolic
processes constitute metabolic cycles that
execute a specific metabolic process
corresponding to a specific physiological function




Mathematical Formulation
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Process Rate Vector (r)

Process Stoichiometry Matrix (P) Metabolite Production Vector (m)




Procedure

Targeted Process




Procedure

Targeted Process




Issues

s There are many possible sets of processes that
Include the targeted process of interest

s Typically, sets of processes contain more
metabolites (rows) than processes (columns) —
existence of a solution Is not guaranteed

s Even if there i1s a mathematical solution, that
solution may not be physiologically meaningful
(e.qg., If it includes irreversible processes
operating in the wrong direction)




Glutamate Trafficking in Synaptic
Neurotransmission

s /n vivo MRS carbon labeling experiments for
estimating neurotransmitter trafficking depend
on a priori specifications of metabolic pathways

s Metabolic pathways for neurotransmitter
trafficking /7 vivo are not known a priori

s Neurotransmitter trafficking /7 vivo may be
accomplished by multiple, functionally redundant
pathways
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Some Possibilities
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Glu-(GIn/0G) Cycle
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Glu—(GIn/Mal) Cycle
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Glu—(GIn/Mal) Cycle
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Glutamate-Aspartate Cycle
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Relative Process Rates
Glu-(Gin/Mal) Cycle
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Relative Production Rates
Glu-(Gin/Mal) Cycle

Molecule PN Net

xGlucose 0 - -1,

do, 3, - 14,

dCo, 1 1Y/,

dH,0 1 A

xLactate -1,

xMalate -1,

xGlutamate 1

xGlutamine -1,

xH* -1,




Intended Applications

m Design and interpretation of carbon
labeling experiments

m /n vivo MRS of brain energy metabolism and
neurotransmitter trafficking

m Further systems-theoretical investigations
of alternative cycles

s Metabolic Control Analysis
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