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In Schuster, Dandekar & Fell, TIBS (1999), we were analysing
gluconeogenesis and the glyoxylate cycle:
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In Schuster, Dandekar & Fell, TIBS (1999), we described the
following:
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« Outine In J Biol Chem in 2003, Fischer and Sauer observed this
Predicting new pathways pathway in E coli cells growing at low glucose levels:
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- itz How relevant are they? e.g. the Gene Ontology Consortium:

e oo~ 9l yoxylate cycle

 etabolisn ety * Accession: GO 0006097

* Aspect: process

*+ Synonynms: gl yoxyl ate bypass

Designing metabolic * Definition:

S o A nodification of the TCA cycle occurring in
e some plants and mi croorgani snms, in which

Sy | socitrate is cleaved to gl yoxylate and

succi nate. dyoxylate can then react wth
acetyl-CoA to form mal at e.
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(Number following each mode is the fractional carbon conversion.)
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» Outine Some of the issues:
Predicting new pathways = Plant wastes (e.g. straw) contain cellulose and hemicellulose
SRS which can be hydrolysed to glucose and pentose sugars.
e m Yeasts convert glucose to ethanol, but don’t readily use the
o e T pentoses.
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* Outine = Friedrich Srienc’s group (Trinh et al, Appl. Env. Microbiol, 74,
Prediting new pathways 3634-3643, 2008)built a medium-sized structural model of E
pesonng metabole coli central carbon metabolism.
e weesmiess - m They computed the elementary modes leading from glucose
o s ot and pentoses to products including ethanol and biomass.
e Ethanol from Plant Waste .
= They searched for reactions that were needed for modes
e The Model . .
« The Analyss leading to other products but which were not needed for
Functional analysis of changing some of the routes to biomass and ethanol.

metabolic flux patterns

= They found a set of eight reactions that between them
disabled all the modes except those leading to either ethanol
alone or biomass and ethanol.

= They made a the deletion mutants and obtained close to the
theoretically-predicted yields of ethanol.

Summary

DelhiWwshop1-2-1: - p. 12




OXFORD

BROOKES The Model

UNIVERSITY

e Outline

Predicting new pathways

Designing metabolic
engineering strategies

e Polyhydroxybutyrate synthesis
in yeast

e Optimal yields of PHB
synthesis

e Ethanol from Plant Waste

e A Demonstration Solution

e The Model

e The Analysis

Functional analysis of changing
metabolic flux patterns

Summary

GLC ext GAL_ext MAMN_ext
XYLO_ext _ _ _
-© GG1 TRAD MAN1 02_ext
e
7 1Y 7
PER] PYR ATP ADP FEP] PYR
PPP2 GAL1 NADH +2 ADP
ATP 6PG # GoP GAL 02_ext
XYLO NADP NAD +2 ATP
XYL l PPP3 :GG?r ADP ATP G2 + ADF OPM2
+
NADPH+CO, FEP < MANZ __ paNGP
XY LU ATP
ATP GG4 Q+ATP
xw.zK PPP4r T&ADP
ADP
TRA10 ATP F16P
P X5P  RIBOSP
ARA_ext ARA R pops GG5r oPMa
~> (\ pLRAT L GG6r )
ADP AP ADP A3P4—PDHAP ATE ADP + ATP_main
S7P GA3P NAD FC2
GEr NADH AMP+ATP —{— 2 ADP
PPPT ﬁ :
r 3PGP NAD + NADPH |
ADP
Lp-F&P ERY4P ECir
EDP1 ATP
NADH + NADP g
EDP2 3RG
L «ors t TRAB
FOR FOR_ext
26 TRA7
: CO, CO, ext
ADP+CO PEP TRA3
+L0; ADP NH. NH,_ext
: NADH NAD 3 38X
ATP = ATP
TRA4
ANAJ A FYRGGH FEM3 LAC LAC_ext
/’ G6P v Q
— NAD+CoASH FEMI FEm co,
F6P o FOR=—CO,+H, FEMS
NADH+CO, NADH+CO2 CO.+ QH2
2 2
RIBOSP e :x co ACOA FEMS5 ACA FEME o tron ETOH_ext
. 2 .
AKG ¥ AnAT TCA1
BIO OAA ANAZ v ADH NAD+CoASH NADH NAD
OAA CIT  CcoASH
BIOMASS4—ff—— ERY4P c TCA2 acP FEM8 > AcE TRAZ ACE
ASH r L .—P ext
L casp TChOr P NADH o -
— CACO ADP ATP
e waL & M0 TCA3
— r
PEP GLB2
PYR TeR8kC oasH GLYOXY IcIT
AC0A oLe NADP
= ACoA
FUM »QH2 TCA4
NH3 A10 NADPH+CO,
QHz Q AKG NADH +Q
TCAT
TRAS succ NAD+CoASH
SUCC_ext Q - SCoA TCAS . OPM4r
h NAD+ QH2
TCABr NADH+CO,

ATP+CoASH app

DelhiWshop1-2-1: - p. 13




OXFORD

BROOKES The Analysis

UNIVERSITY

e Outline

Predicting new pathways

Designing metabolic

engineering strategies

e Polyhydroxybutyrate synthesis
in yeast

e Optimal yields of PHB
synthesis

e Ethanol from Plant Waste

e A Demonstration Solution

e The Model

e The Analysis

Functional analysis of changing
metabolic flux patterns

Summary

Number of elementary modes

Ethanol yield (g/g)

10000

—
o
o
o

100 |

L
o

0.6

0.4

0.2

0.0

. 3 Total EMs A
Eém ETOH producing EMs
uwn
§§_§ EE [X] Biomass producing EMs
?S éb o~ | []Biomass ETOH producing EMs
/ e
ﬁs ;'S 8 s o
N /N T 2 o <<
§§ '4§ 7§ A i NN
N[ N ZN N N b
ANl | A N[ NT| A 7
N | N N | N | NS
N | N N | N N W
N | N N AN AN | N I
AN N AN N[ N N TN
B
: @ @ @ 2 4 @
& & A&
. | -@- Maximal ETOH yield
—— Maximal ETOH yield with biomass constraint|
~_ )~ Minimal ETOH yield
" | =\— Minimal ETOH yield with biomass constraint
(4] < o < <L &
5 g 3 & Pa § 38
= < < S = ® < < “6 Q
% = s = <5 < x
2 3 33 B3 s8
= c 28 Jao &4
S 5% §¢ 4d<
c 23 @ &
S S99 NE E3
= - < N S
£ <
T 53
<1 ‘g g
=3

DelhiWshop1-2-1: - p. 14




OXFORD

BROOKES

UNIVERSITY

e Outline

Predicting new pathways

Designing metabolic
engineering strategies

Functional analysis of changing
metabolic flux patterns

e Relative flux in elementary
modes

e Solutions for the weighting
vector W

e Properties of the solution for
wW

e Flux analysis of lactic acid
metabolism

e Elementary modes analysis

e Mode assignment

Summary

Functional analysis of changing
metabolic flux patterns

DelhiWshop1-2-1: - p. 15




OXFORD

BROOKES

UNIVERSITY

e Outline

Predicting new pathways

Designing metabolic
engineering strategies

Functional analysis of changing

metabolic flux patterns

e Relative flux in elementary
modes

e Solutions for the weighting
vector W

e Properties of the solution for

-~

W
e Flux analysis of lactic acid

metabolism
e Elementary modes analysis

e Mode assignment

Summary

Relative flux in elementary modes

The steady state requirement is:

N.v=0

But each elementary mode vector e; in a matrix of elementary

mode vectors E is also a steady state solution, i.e.:

NE=0

DelhiWshop1-2-1: - p. 16




OXFORD

BROOKES Relative flux in elementary modes

UNIVERSITY

e Outline

Predicting new pathways

Designing metabolic
engineering strategies

Functional analysis of changing
metabolic flux patterns

e Relative flux in elementary
modes

e Solutions for the weighting
vector W

e Properties of the solution for

-~

W
e Flux analysis of lactic acid

metabolism
e Elementary modes analysis

e Mode assignment

Summary

The steady state requirement is:

N.v=0

But each elementary mode vector e; in a matrix of elementary

mode vectors E is also a steady state solution, i.e.:

NE=0

So the actual velocities, v are a weighted combination of the

elementary modes:
v=Ew

where w Is a vector of weighting factors.
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« Outine = This reduced scheme has 191 modes.
Fedene e P = Only 83 modes consumed nutrients and metabolites
cngesing st observed to be used in the experiments.
Furcioal anaysis ofanging Flux was assigned to these 83 at different time points
* Rl ooy through a 48 h fermentation.
Tomomermevesting - w - Modes with equivalent overall stoichiometries were grouped
E’."p.yfhf.ldf and their assigned flux summed to a single figure, giving 23
. — assigned fluxes.
> ERERES et = The time—dependence of these fluxes defined 4 groups.
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Summary

Elementary modes analysis helps to highlight modes of
operation of small to medium scale metabolic networks

Unlike FBA, it provides all routes in one computation.

It has correctly predicted previously unrecognised pathways.

It can be used to analyse and design biotechnological

Processes.
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