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  Math: New ODE formulation of the law of mass action based on 
statistical thermodynamics 
  Formulate an ODE that uses chemical potentials instead of rate constants. 
  Expand and collapse time scales as needed by making steady state the 
reference state, enabling the use of operator splitting to model different 
timescales. 

  Intended Use: 
  Modeling of cellular metabolism 
  Modeling of metabolism and non-metabolic process such as regulation and 
protein expression. 
  Two Use Case scenarios 

1.  Experimental data on metabolite concentrations are available. 
2.  No data available – uses a maximum entropy production rate assumption   

  In principle, (1) can be used for any sets of coupled reactions, but not (2). 

Purpose and Intended Use of Models 



  Mathematical Model 
  Uncertainties in chemical potentials (parameters) 

  Dependent on cytoplasm solvent properties 
  General impact of uncertainties of chemical potentials on reaction rates. 

  Biological Model 
  Impact of parameters on cell dynamics, specifically the time dependence of  

  the metabolic reactions,  
  regulation and  
  clock time. 

  Use case scenario 2: Characterize impact of maximum entropy production 
rate assumption on replication energetics and natural selection. 

Key Components of the Model Credibility 
Plan  



  Will test in final year. Could test mathematical model sooner. 
  Two evaluations 

  Matlab script for simple mathematical model to test general concept 
  Python motebook and/or C library for biological model using same math. 

  3 weeks of funding for credibility testing for a third party 
  We expect that the testing actually take less time.  

  Flexibility to barter within the MSM consortium such that we could fund 
ourselves to evaluate the credibility of others models in exchange for 
others funding themselves to test ours.  

Timeline and milestones of the Model 
Credibility Plan  



  Evaluated parameter space for a simple 
coupled reaction. 

 

Year 1 progress of the Model Credibility 
Plan  
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  Scaling up to full model: 
  Discussed Uncertainty Quantification with DOE Center on Uncertainty 
Quantification 
  Ensemble modeling using a Monte Carlo choice of parameters still seems 
like good way to go.  
  Others: 

  Bayesian modeling 
  Computational Singular Perturbation Analysis 
  Circadian Response Analysis 



Opportunities: Proteomic state 
  Proteomic state: key clock proteins can be measured.  

  Are simulations and experiments congruent? 
  

Challenges: Metabolic state 
  Getting experimental data: C13 Metabolic fluxes from a filamentous fungi 

Chemostat with filamentous fungi is problematic. 
  Alternate validation: 

  Comparing simulations with experimental clock protein data. 
  E. coli MFA 

  Working with Wayne Curtis (Dept. of Chemical Engineering, PSU) on 
metabolic flux analysis. 

Challenges and opportunities:  
Biological Validation  

aerial hyphae leading to conidial production. As time and
growth proceed, mycelia laid down later in the subjective
day and early evening are determined never to differentiate.
This growth pattern is determined by the circadian time of
day when the mycelia at the growth front are laid down and
is fixed once the growth front has passed. Because distance
along the tube correlates with time since the light to dark
transition, this time history of asexual differentiation poten-
tial easily allows the conversion of spatial information into
temporal information for the calculation of period and

phase (Fig. 2a). This self-reporting assay has facilitated
mutant screens that identified many central circadian clock
components and thereby contributed to our understanding
of the basic mechanism behind all circadian rhythms. More
recently, other molecular reporter systems have been devel-
oped to visualize and automate the high-throughput record-
ing of rhythms, and even individual molecules, within the
clock (Fig. 2b, Morgan et al., 2003; Gooch et al., 2008;
Schafmeier et al., 2008; Castro-Longoria et al., 2010; Chen
et al., 2010a, b).
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Fig. 2. Recording and analysis of rhythms.

(a) Race tube assay – glass tubes containing

growth media are inoculated at one end and

placed in constant light (LL) for 1 day before

shifting to constant darkness (DD), which

synchronizes the clocks in the culture by setting

them all to subjective dusk. Mycelia then ‘race’

down the tube growing at a semi-constant rate

such that distance grown approximates time

since the light to dark transfer. The production

of the asexual conidia is gated in a daily, phase-

specific manner by the circadian clock. These

bands of conidia provide a self-reporting time

history of development. This information can

be digitized and densitometric analysis of the

images results in raw numerical data. Peak of

conidial production is often defined as the phase

reference point allowing the calculation of

the period with high precision (t, mean period

calculation; n, number of tubes for which period

was determined). (b) Synthetic engineering of

the firefly luciferase enzyme connected to the

frq promoter provides a highly quantitative,

automated measurement of rhythmic gene

expression readily adaptable to high-throughput

methods. Recording of rhythms of the central

FRQ oscillator via luciferase activity also allows

investigators to make a distinction between

circadian regulation within the core clock and

circadian or other regulation of growth wherein

different metabolic rhythms might control

conidiation and mask circadian output. This

system can be adopted to follow the regulation

of any ccg.



  (Hypothesis) Evaluation of maximum entropy assumption also provides 
insight into natural selection. 

  Hope to team with DOE SciDAC Institute for uncertainty quantification. 

Uniqueness of the Model Credibility Plan  



Crossover with Credible Practice of 
Modeling & Simulation in Healthcare 


