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Starting point: A simple
mechanistic model of
insulin regulated adipose
lipolysis
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Adipose lipolysis is
mediated by 3

enzymes
HSL is well known to be inhibited
by insulin.

ATGL is probably also insulin I -
sensitive.

TG palmitate




A simple rate law
for lipolysis

Vlipolysis
P | K—TG _ [TGpalmitate], ...
ipolysis [TGpalmitate], .  [Insulin: INSR] p
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NSSTK! models
require two (or more)
linked ODE systems

Chemical System Model

Generalized Tracer Kinetic Model

INSSTK = Non-Steady State Tracer Kinetic



Chemical
System Model

IS nonlinear because
It iIncludes molecular
cell biology &
physiology

IS mechanistic

IS dynamic

Its state variables are
the sums of the tracer

and traced molecules
In a given state
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Generalized
Tracer Kinetic
Models

have same structure as
Chemical System Model,
but...

user can (and must)
specify which states and
processes are traced by
each tracer
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Tracer models are
closely related to the
chemical system
model

Chemical System Model

- molecular, physiological
- nonlinear, mechanistic

- dynamic

- state variables are sums
of traced and tracers

Generalized Tracer Kinetic Model

- same form as Chemical System
Model, but not all states and
processes are traced

flux equations



P = process or flux
How to calculate a

tracer flux: e S = state or species
Start with the flux of the native m aS S

molecules and apply the

indistinguishability principle.
S tracer

: o tracer ChemicalSystem
If the biology does not distinguish P = P

between tracer and traced molecule
then the tracer fraction of the total

flux leaving a given compartmentis  T'hen the tracer differential equations

the same as the probability that a

molecule in the compartment is a are Written by apply”']g Conserva'[i()n

tracer.

S ChemicalSystem

of mass to the P,

dS tracer

J _ C tracer _ tracer
dt Z I:)J' Z P

1=1,i# ] 1=1,1# ]
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The NSSTK
method has
several advantages

It permits an exact analysis of
non-steady state experiments,
even those involving tracers

In steady state systems it
reduces to the familiar linear
ODEs

Multiple tracer experiments can
be analyzed simultaneously

Enrichments are easily
calculated

Fluorescent protein tracers are
handled in a straightforward
way
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Summary of the
NSSTK method

Chemical System Model Generalized Tracer Kinetic Model —
- molecular, physiological - same form as Chemical System
- nonlinear Model, but not all states and
- dynamic processes are traced
- state variables are sums -linked to Chemical System Model
of traced and tracers by process equations
|

Experimental :
Protocols »| Solve simultaneously

1 l

DATA ¥ Fit to test against data
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Contact information

Our company, Integrative
Bioinformatics Inc, is an
independent consulting firm with
strong academic roots.

We have an outstanding track
record supporting high-profile
research projects.

We are expensive, but our time is
generally supported by jointly
written NIH grant applications. Our
success rate on such submissions
Is more than 40%.

We do not charge for our time in
the grant-writing phase unless a full
modeling project is required for
preliminary results.

Robert D. Phair, PhD

Chief Science Officer
Integrative Bioinformatics Inc.

Los Altos, CA 94024
650.938.6123

301.437.0601 (cell)
www.integrativebioinformatics.com
rphair@integrativebioinformatics.com

If you might like to add a professional
modeling and software development
team to your project without the usual
difficulties of academic collaboration,
please contact us to explore the
possibilities.
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