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Omes?

• One June 26, 2000 President Clinton, with J. Craig Venter, left, and 
Francis Collins, announces completion of "the first survey of the 
entire human genome." 

http://www.ornl.gov/TechResources/Human_Genome/home.html



Proteomics

Networks in the cell appear at many levels. They include protein-protein interaction 
networks (red-lines), protein-gene intereactions (green-lines) and metabolic networks 
(bottom). They together form what is often called the "cellular network."



Metabolomics
• Genomics and proteomics tell you what might happen, but 

metabolomics tells you what actually did happen.
- Bill Lasley-
University of California, Davis

The topology of the metabolic network of the yeast cell The Rosetta Stone



Metabolomics

• The fraction of open reading frames (ORFs) in 
a given genome directly involved in cellular 
metabolism is relatively low

Guest commentary  2003 Journal of Bacteriology Vol.185,No.24

Jens Nielsen
Professor, dr. techn., Ph.D. 



Metabolomics

• The reconstructed networks clearly illustrate how the different parts of the cellular 
metabolism are interconnected, particularly due to usage of common factors like 
ATP, ADP, NADH, and NADPH .it is not only these factors that ensure a tight 
connection among the different branches of the metabolic network.

Changes in fluxes in one 
part of the metabolism 
disseminate to many other 
parts of the metabolism, 
resulting in a global 
response

Guest commentary  2003 Journal of Bacteriology Vol.185,No.24



The Analyzing tools

• Not only need to accommodate the high diversity of biomolecules but also 
need to cover the vast dynamic range

• Extreme care and fast inactivation of all biochemical reactions during 
sampling  vs. Proteome &. Transcriptome

• Dynamic Range: The range of concentrations, between detection limit and 
maximum amount of a substance to be quantified by one analytical
technology

• Spectroscopy fingerprint at infrared (IR) , near infared (NIR), or UV , GC-
MS, LC-ESI-MS, CE-MS, LC-NMR--------No single analytical platform 
for the complete metabolome

(Metabolome analysis , trends in biotechnology, vol.23 No.1 Jan 2005)



The Analyzing Tools



Quatitative metabolite profiling by mass 
isotopomer ratios

A: a yeast parent strain is grown 
on pure U-C13-glucose in 
synthetic defined media (red)

B: an identical culture is 
prepared with unlabeled glucose 
(blue)

C: experiments on different 
strains or treatments are 
performed with unlabeled 
carbon sources (blue). Equal 
amounts of culture A are 
combined with samples of B or 
C. Labeled samples serve as 
analytical internal standards and 
are typically monitored by “non-
sample” controls. The labeling 
control B checks for inherent 
changes owing to C13-
labeling.Relative changes in 
metabolite pool size are 
determined by mass isotopomer 
ratio, as exemplified in Box 3



Comparison of gas chromatography-mass spectrometry 
(GC-MS) spectra from separate 13C-labeled and 12C-

metabolite preparations



Quantification by gas chromatography- mass spectrometry 
mass isotopomer ratio profiling



Where for labeling analysis?

• Target 1----Cellular constituents formed during growth of 
the examined cells. Like amino acids from the cell 
protein, nucleotides from DNA, or monomers from 
glycogen

• Non-growing cells, eg. In production processes of 
primary or secondary metabolites

• Target 2---Secreted products
• This requires sufficient amounts of the products to be 

analyzed, no interference with medium components and 
case-specific development of analytical protocols for the 
analytes of interest



Labeling analysis of CO2

The use of membrane serving as a gas inlet 
for a mass spectrometer

The sample passes continuously along a 
microporous PTEE-membrane separating the 
liquid from the gaseous phase

Volatile substances (CO2) contained in the 
solution evaporate through the membrane 
pores in the vacuum system of the analyser

Membrane inlet mass spectrometry

Capillary inlet mass spectrometry

Tae Hoon Yang et.al Computational biology and chemistry 29 (2005) 121-123



• Metabolic network model 
of C. glutamicum

• Definitions for the flux 
parameters (Φi, ζi) are 
given in Table 2. ν, 
fluxes; νb, anabolic 
fluxes

• The subscript ‘ex’
indicates extracellular
pools of substrates and 
products.

Tae Hoon Yang et al. 
Computational Biology and 
chemistry 29 2005 121-133



Modeling of respirometric C13 
metabolic flux analysis

Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



The Key Model Paraters

• Measurable extracellular
fluxes

• Anabolic fluxes 

• Intracellular fluxes

• Flux partitioning ratio  Φi
with respect to net flux 

distributions around the key 
branch points of metabolism

• Reaction reversibilities ζi
with respect to the 
reversibilities of reactions of 
interest without varying their 
net fluxes 

Tae Hoon Yang et al. 
Computational Biology and 
chemistry 29 2005 121-133

extv

bv

varv



Definitions and literature values of key flulx parameters of the wild type 
C.glutamicum ATCC 12032 and the lysine-producing mutant 

C.glutamicum ATCC 21526.

Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Isotopomer network

• Each compound with n carbons exhibits     possible 
labeling states, so these models are inherently complex

• IDV   --- isotopomer distribution vectors
• IMM  --- isotopomer mapping matrices
• AMM --- atom mapping matrices

n2



Atom Mapping Matrices

DCBA E +⎯→⎯+

Zupke,C.& Stephanopoulous Biotechnol. Prog.1994,10,489-498



Atom Mapping Matrices

Zupke,C.& Stephanopoulous Biotechnol. Prog.1994,10,489-498



Atom Mapping Matrices

Decouple the generation of the steady state quations from the details 
of the transfer of carbon atoms from reactants to products

Zupke,C.& Stephanopoulous Biotechnol. Prog.1994,10,489-498



C13 vs C14
(eg. Acetate molecule)

Schmidt., K, Carsen.M, Nielsen.,J.Villadsen. Biotechnol.Bioeng 55:831-840,1997



Isotopomer distribution vectors



Isotopomer mapping matrices

• The number of rows in IMM 
equals the number of vector 
elements in the product IDV. 
The number of columns of an 
IMM equals the number of 
vector elements of the reactant 
IDV.

• In the following, IMM names 
will be specified by subscripts 
containing two acronyms
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Isotopomer network

• The distribution of the 
C13 label within the 
metabolic network can be 
computed by solving a 
system of stationary 
isotopomer balance 
equations

Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Respirometric network

Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Experiment design

• Single output sensitivity
[m+1] mass isotopomer fraction of CO2 (               ) towards change
Of different key flux parameters in the central metabolism, i.e. partial
Derivatives of 

• D- optimality criterion

2
1 fcom+

2
1 fcom+

Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Primary identification of sensitive flux parameters by means of CO2 
mass isotopomer analysis in the wild type C.glutamicum ATCC 

13032(A-1,2,3), and the lysine-producing mutant C.glutamicum ATCC 
21526 (B-1,2,3)

Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Optimal experimental design 
and relative information



Optimal experimental design 
and relative information

Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Optimal experimental design 
and relative information

Tae Hoon Yang et al. Computational Biology and chemistry 29 2005 121-133



Summarize
• The respirometric approach complements 

existing methods for metabolic flux analysis. It is 
especially attractive for studies of non-growing 
cells. et.al.

• The accurate acquistion of production rates for 
single mass isotopomers of CO2 can be done by 
membrane inlet MS within a few minutes

• Applying miniaturized membrane probes, it 
seems even possible to apply this type of 
measurement to local determination of fluxes in 
tissues, sediments or immobilized cell systems.



Question?


