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o Goal #1 (@UCSD) — Automate the generation of
metabolic genotypesin silico

o Goal #2 (@UCSD) — Develop algorithms and computer
software to study properties and capabilities of genotype

o Goal #3 (@Harvard) — Experimental testing of computed
metabolic functions

Time Period: October 1, 1998 — October 1, 2001
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Goal #1;

Reconstructing Metabolic Networks

Organism E.coli K-12 ©= H.influenzae Rd H. Pylori 26695

Genome Characteristics
Genome Size (Mb) : 1.83 1.66
Total Genes 1743 1590
Completion Date 1995 1997
In Silico Strain Properties
Total Metabolic Genes 400 290
Metabolic Reactions 412 272
Metabolites 367 332
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In Silico M etabolic Reconstruction

Genome Metabolic Cell
Annotation Biochemistry Physiology
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L essons L ear ned

*Reconstruction cannot be automated — it needs significant human evaluatio
and judgment

Diverse skills set needed: bioinformatics (relatively easy); know-how of
biochemistry and organism physiology. Team effort may be needed

L_eft with some ambiqguity; but a small % of total ORFs and metabolic map
*Hard for a single person — need independent audits

*Can help with ORF assignments (e.g. HP1017, putative amino acid
permease)

*Glves agood basis for integrative analysis

For integrative analysis, modeling experience and math skills are required
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Goal #2:
Flux Balance Analysis (FBA) Program

|nputs FBA Outputs
Algorithm Flux Distribution and Flux Map

Stoichiometric
Matrix, [S]

+ Robustness Analysis

Capacity

CO”SE[a' 2 Phenotypic Phase Plane (PhPP)

Linear
Programming Optimal Value of Objective Functio

Gene Deletions
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FBA — Choosing an Objective Function
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+ Growth Yield
" ATP Synthesis
" MADH Synthesis
™ MADPH Synthesis
™ Other
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FBA — The Flux Map Display With Fluxes
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FBA — Shadow Prices and Reduced Costs

Analysis  Comparison  Deletion  Robustness Phase Plane  Isoclines Connectivity  View Help

=10l x|

— Fip T _‘..‘.j
Gl 7440 o
Blomars _—
GLCxt
¥EP p EiR
. G TKTAIR
. GLCATS 17.123
MOom  ZWFR PGL GND
GER 57 573 p6pG L— T yneppp— T I wpcp
— PGHR
— i) RALR
F&P A
Rs TRt FER
FOP
FBAR RIB |
TaEm
Tipze TEER T3
St —
GAPAR SUCCHN
16351
13r0G
FUBAR  pum———succ
PR A FRDA SUCCR
1351 omo 17
G
AL slccoa
GANA
15054
2P nCH
TED
ENOR
Lsusu ;rggs
PEP % 500 GLx AKG
GLCPTS K
pyrzl MO0 ACEE AT HAR CDAR
Rl T3 5 2262 2%z
mY R Sccoa LT T
PFLA - 822
M FTAR
2479
Lo acTR ETH
el PTRAR ETHzll
12479 G = .
o reen metabolites
Lecxt
103 o e 5
¥ uj L]
g"""“ 6141 —
are —ZEEE T, aH —
COTTHR
MADRH 5205

<

Ed Fngincéring

o

Genetic Circuits
Research Group



FBA — “Robusthess’ for RPI Enzyme
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Phenotype Phase Plane

2-dimensional region I

— Spanned by 2 metabolic fluxes
o Typically uptake rates
— Shadow prices (metabolite
value) are calculated

— lines to demarcate regions of
constant shadow price

— By definition, metabolic pathway |
utilization is different in each Infeasible Steady State
region of the phase pl ane M etabolic Flux A
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FBA — Phenotypic Phase Plane (PhPP)
R
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Subseqguent Interpretation of E. coli PhPP
Using Shadow Prices and the Flux Map
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Succinate Phenotype Phase Plane
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Succinate 3-D Phenotype Phase Plane

Growth Rate (1/hr)
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RPI Enzyme Deletion
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Summary

*Pathway reconstruction is semi-automated, and it will be
some time before it can be fully automatic

A prototype “research grade” FBA program has been
constructed and Is operational

Full in silico and experimental evaluation of knock-outs
can now commence




