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Control Coefiicients 0 The flux control coefficient

Control coefficients and enzyme
kinetics

0 Control coefficients and enzyme kinetics

Elasticities

Connectivity theorem

O Flux control coefficients in context
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rockcion MCA has two aspects:
1. It can be used in the planning and interpretation of
Control Coeficents experiments, to determine the degree of influence variations
e of a particular system component have on overall
— behaviours of the whole system.
Connecivy theorem 2. It can be used in the analysis of metabolic models either to
roplems predict / explain experimental results on the degree of

Influence of a component, or it can be used to determine
how sensitive are model behaviours to the specific choices
for parameter values
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e Metabolic Control Analysis

e The flux—enzyme relationship
e The flux—enzyme relationship
e A specimen pathway

e Definition of the flux control

coefficient
e Definition of the flux control

coefficient
e Values of the flux control

coefficient
e Definition of the flux control

coefficient
e Experimental effect of

reduced SBPase.
e The flux summation theorem
e Flux control is a system
property
e The Concentration Control

Coefficent
e Concentration Control

Summation

Control coefficients and enzyme
kinetics

Elasticities

Connectivity theorem

Problems

Control Coefficients
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Introduction originated with:
comocoeticens_____ m Henrik Kacser & Jim Burns (Edinburgh) and

e Metabolic Control Analysis

e The flux—enzyme relationship
e The flux—enzyme relationship

" A specimen pamay = Reinhart Heinrich & Tom Rapoport (Berlin)
Jemmiden Independently in 1973 (based in part on earlier work by Joe

coefficient H | g g | n S) ]

e Values of the flux control

coefficient
e Definition of the flux control

coefficient
e Experimental effect of Kacser, H. and Burns, J. A. (1973) Symp. Soc. Exp. Biol. 27, 65-104. Reprinted in Biochem. Soc. Trans. 23, 341-366,

reduced SBPase.
e The flux summation theorem (1995).
e Flux control is a system

property Heinrich, R. and Rapoport, T. A. (1974) Eur. J. Biochem. 42, 89-95, 97-105.
e The Concentration Control

Coefficent
e Concentration Control

Summation

Control coefficients and enzyme
kinetics

Elasticities

Connectivity theorem

Problems
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Introduction

Control Coefficients
e Metabolic Control Analysis 8 L _

e The flux—enzyme relationship

e The flux—enzyme relationship

e A specimen pathway

e Definition of the flux control
coefficient

e Definition of the flux control
coefficient

e Values of the flux control
coefficient

e Definition of the flux control
coefficient

e Experimental effect of
reduced SBPase.

e The flux summation theorem 2

Tryptophan flux

e Flux control is a system

property
e The Concentration Control
Coefficent O L L L L L

ot 0O 20 40 60 80 100 120

Control coefficients and enzyme

Kinetics Try 2,3-dioxygenase
A typical example: Tryptophan 2,3—dioxygenase was adjusted

by various dietary and hormonal treatments

Results of Salter et al (1986).

Elasticities

Connectivity theorem

Problems
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Control Coefficients
e Metabolic Control Analysis

e The flux—enzyme relationship

e A specimen pathway

e Definition of the flux control
coefficient

e Definition of the flux control
coefficient

e Values of the flux control
coefficient

e Definition of the flux control
coefficient

e Experimental effect of
reduced SBPase.

e The flux summation theorem

&)

o

—

o

e Flux control is a system

.__2 —_—
Photosynthesis (umol-m s 1)

property

e The Concentration Control 0 | f 1 ] 1
Coefficent

e Concentration Control O 2 O 40 6 O 8 O 1 O O 1 2 0
Summation ...2 = 1

Rubisco activity (umol-m s )

Control coefficients and enzyme
kinetics

A typical example: dependence of carbon assimilation flux on
rubisco levels in transgenic tobacco plants.

Results of Laurer et al, Planta 190 332-345 (1993).

Elasticities

Connectivity theorem

Problems
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Introduction

Control Coefficients
e Metabolic Control Analysis

e The flux—enzyme relationship xase yd h Zase

e The flux—enzyme relationship

X, — Y — Z — X

e Definition of the flux control

coefficient
e Definition of the flux control

coefficient
e Values of the flux control

coefficient
e Definition of the flux control

. Broermontal effectof Xy Is termed the source

reduced SBPase.
e The flux summation theorem

° ;::);::t;trm is a system Xl |S the Slnk

e The Concentration Control

Coefficent
e Concentration Control

A Y and Z are the variable metabolites that reach constant levels
conrol coeticens and enyme At Steady state, when their rates of formation equal their rates
kinetics - .

of utilization.

Elasticities

Connectivity theorem

Problems
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Introduction

Control Coeffcients Suppose a small change, ) E ..., IS made in the amount of

e Metabolic Control Analysis

« Thefux-enyme reionsie. —— €NZyme F,. .., and that this produces a small change in the

e The flux—enzyme relationship

B ——— flux through the step catalyzed by ydh.

e Definition of the flux control

coefficient

e Definition of the flux control J dh
Yy

coeffiient The flux control coefficient C,4se IS approximately the %

e Values of the flux control

e e flx contro change in J,4, produced by a 1% change in £, ..

coefficient
e Experimental effect of

reduced SBPase.
e The flux summation theorem
e Flux control is a system
property
e The Concentration Control

Coefficent
e Concentration Control

Summation

Control coefficients and enzyme
kinetics

Elasticities

Connectivity theorem

Problems
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Introduction
0J ydh .
Control Coefficients 5 E xase ~

e Metabolic Control Analysis

e The flux—enzyme relationship
e The flux—enzyme relationship
e A specimen pathway

e Definition of the flux control

coefficient |
e Definition of the flux control |

coefficient
e Values of the flux control

coefficient

e Definition of the flux control
coefficient

e Experimental effect of
reduced SBPase.

e The flux summation theorem |

Flux, Jyan

e Flux control is a system |
property |
e The Concentration Control

Coefficent |
e Concentration Control |

Summation

Control coefficients and enzyme e
kinetics

Concentration of enzyme, Eyzse

Elasticities

Connectivity theorem

Problems
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Introduction

Control Coefficients
e Metabolic Control Analysis
e The flux—enzyme relationship

0.2

R

e The flux—enzyme relationship

e A specimen pathway

e Definition of the flux control
coefficient

e Definition of the flux control
coefficient

e Values of the flux control

%

0.5

coefficient

e Definition of the flux control
coefficient

e Experimental effect of
reduced SBPase.

e The flux summation theorem

Flux, Jydn

e Flux control is a system
property
e The Concentration Control

Coefficent
e Concentration Control

Summation

~ 1.0

Control coefficients and enzyme
kinetics

Concentration of enzyme, Exase

Elasticities

Connectivity theorem

Problems
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itroduction On a logarithmic plot of the curve, the flux control coefficient is
Control Coefiiens the tangent to the curve.

e Metabolic Control Analysis

e The flux—enzyme relationship
e The flux—enzyme relationship
e A specimen pathway

o Definition of the flux control dlnlJ dk Jydh

° (I:D(Zeefr::iiils:tof the flux control Oln Exase . Exasc
coefficient

e Values of the flux control J
coefficient

e Definition of the flux control

coefficient

e Experimental effect of

reduced SBPase. |H(F|UX)
e The flux summation theorem

e Flux control is a system
property
e The Concentration Control

Coefficent
e Concentration Control

Summation

Control coefficients and enzyme
kinetics
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Elasticities o)

e ey e In(Concentration of enzyme, E qs)

Problems
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Introduction

Control Coefficients
e Metabolic Control Analysis

e The flux—enzyme relationship

e The flux—enzyme relationship

e A specimen pathway

e Definition of the flux control
coefficient

e Definition of the flux control
coefficient

e Values of the flux control
coefficient

e Definition of the flux control
coefficient

e Experimental effect of
reduced SBPase.

e The flux summation theorem

In(CO5 Asssimilation)

e Flux control is a system
property
e The Concentration Control

Coefficent
e Concentration Control

Summation

34 | | | | 1
Control coefficients and enzyme 16 18 2 29 24 26

kinetics

In( SBPase )
Elasticities

Photosynthetic rate in N. tabacum (tobacco) with reduced levels of
SBPase. The slope of this line, and hence C§55™ ., is ~ 0.5.

Connectivity theorem

Problems
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Introduction

Contol Cosficent Flux J,q Is potentially affected by all enzymes in the system,

e Metabolic Control Analysis

- meu-enyme reionsip —— DUL the sum of the flux control coefficients of them all on any

e The flux—enzyme relationship

e A specimen pathway ﬂ UX IS 1

e Definition of the flux control

coefficient
e Definition of the flux control J
coefficient E C ydh . 1
e Values of the flux control E —_—
coefficient

e Definition of the flux control

coefficient Al l E

e Experimental effect of
reduced SBPase.

« Flux contolis asysten If a large number of enzymes affect the flux, the average value
roperty .
o‘FI)'hepCOncentration Control Wl” be Sma”

Coefficent
e Concentration Control

Summation

Control coefficients and enzyme
kinetics

Elasticities

Connectivity theorem

Problems
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Control Coefficients
e Metabolic Control Analysis
e The flux—enzyme relationship

0.2

R

e The flux—enzyme relationship

e A specimen pathway

e Definition of the flux control
coefficient

e Definition of the flux control
coefficient

e Values of the flux control
coefficient

e Definition of the flux control
coefficient

e Experimental effect of
reduced SBPase.

e The flux summation theorem

%

0.5

Flux, Jydn

e Flux control is a system
property
e The Concentration Control

Coefficent
e Concentration Control

Summation

~ 1.0
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Concentration of enzyme, Exase

Elasticities

Connectivity theorem

Problems




OXFORD

BROOKES

UNIVERSITY

Introduction

Control Coefficients
e Metabolic Control Analysis

e The flux—enzyme relationship
e The flux—enzyme relationship
e A specimen pathway

e Definition of the flux control

coefficient
e Definition of the flux control

coefficient
e Values of the flux control

coefficient
e Definition of the flux control

coefficient
e Experimental effect of

reduced SBPase.
e The flux summation theorem

e Flux control is a system
property

e The Concentration Control
Coefficent

e Concentration Control
Summation

Control coefficients and enzyme
kinetics

Elasticities

Connectivity theorem

Problems

The Concentration Control Coefficent

Suppose a small change, ) E,.. .., IS made in the amount of
enzyme E,..., and that this produces a small change in the
concentration of the metabolite, Y. The fractional changes are
0 ase/Erase and Y /Y.

As 0E. ... tends to zero, the concentration control coefficient
CY __ is given by the ratio:

oY /oE
CY _ rase
rase Y / E:z:ase

v _ OV Buse __OlY

rase 8ECECLS€ Y B aln ECECLSG

Alternatively:
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Introduction Metabolite Y is potentially affected by all enzymes in the

Control Coefficients

e SYstem, but the sum of the concentration control coefficients of
e The flux—enzyme relationship

e A specimen pathway

e Definition of the flux control them a” On any metabO“te |S O

coefficient
e Definition of the flux control

coefficient
e Values of the flux control Y

coefficient C p— O
e Definition of the flux control E

coefficient

e Experimental effect of Al l E

reduced SBPase.
e The flux summation theorem

® Flux oontolis  system = |t follows that there are necessarily both +ve and -ve control

property

e The Concentration Control COfoIClentS On any metabO“te

Coefficent
e Concentration Control

Summation = Even in a linear pathway, there are no bounds on the value
Control coefficients and enzyme of concentration control coefficients.

kinetics

Elasticities

Connectivity theorem

Problems
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Control Coefficients

Control coefficients and enzyme
kinetics

e Response to a change in
enzyme activity - - - -
eeweaeen — CONErol coefficients and enzyme kinetics
enzyme act
° Res);)oﬁsaectgl Iaflychange in
enzyme activity
e Conclusion:

Elasticities

Connectivity theorem

Problems
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Inroducton Consider the pathway:
Control Coefficients
Control coefficients and enzyme Xxase yd h Zase
kinetics
e Response to a change in XO H Y H Z _> Xl

enzyme activity

e Response to a change in
enzyme activity

e Response to a change in
enzyme activity

« Conclusion: Suppose that an extra amount of ydh is added, to increase the
Elasticiies rate of the second step. What is the effect on the pathway?

Connectivity theorem

Problems
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Introduction
Control Coefficients xase yd h Zase
Control fficient: d enz
kizgtirgs coefficients and enzyme XO Y \ Z \ Xl

e Response to a change in
enzyme activity

e Response to a change in
enzyme activity

e sty The increased amount of ydh tends to lower the concentration

® Conclusion of Y. The lower Y will:

Flstiies = Increase the rate of xase because of reduced product

Connectiy theorem inhibition

Frobems = Decrease the rate of ydh because of lower substrate
concentration
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Control Coefficients xase yd h Zase
Control fficient: d enz
kiggtirgs coefficients and enzyme XO Y \ Z \ Xl

e Response to a change in
enzyme activity
e Response to a change in

enzyme activity

The increased amount of ydh tends to raise the concentration

e Conclusion: Of Z The |ncreased Z WI”
mestties = Decrease the rate of ydh because of increased product
Connectivity theorem I n h I b |t| on

Problems

= Increase the rate of zase because of higher substrate
concentration
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Introduction

Control Coefficients

Control coefficients and enzyme
kinetics

e Response to a change in
enzyme activity

e Response to a change in
enzyme activity

e Response to a change in
enzyme activity

e Conclusion:

Elasticities

Connectivity theorem

Problems

m The effects of the increased amount of ydh involve the
relative sizes of the responses of the enzymes to the
pathway metabolites.

m The effects on the metabolites could tend to counteract the
change in the amount of enzyme

= The effects on the metabolites could tend to change the

rates of neighbouring enzymes to match the change in ydnh
(This linkage was shown mathematically by Heinrich &
Rapoport, 1974.)
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Introduction

Control Coefficients

Control coefficients and enzyme
kinetics

e Definition of the elasticity E I aStI C I tl e S

coefficent
e Definition of the elasticity

e Values of the substrate
elasticity

e Values of the product
elasticity

e Values of the substrate
elasticity

e Values of the elasticity

e Elasticities from enzyme
kinetics

Connectivity theorem

Problems
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Introduction

Control Coefficients

Control coefficients and enzyme

kinetics

Elasticities
e Definition of the elasticity

coefficent
e Definition of the elasticity

e Values of the substrate
elasticity

e Values of the product
elasticity

e Values of the substrate
elasticity

e Values of the elasticity

e Elasticities from enzyme
kinetics

Connectivity theorem

Problems

Suppose a small change, 6.5, is made in the amount of a
metabolite S that affects the rate of the reaction, v, 4, catalysed
by the enzyme ydh, producing a change dv,q,. All other
metabolites affecting ydh are kept constant at the values they
have in the metabolic pathway at steady state. The fractional
changes are §.5/S and dvyqn /vyan,-

As 45 tends to zero, the elasticity coefficient ¢4 is given by
the ratio:

ydh 5vydh /53

85 =
Uydh S
Alternatively,
5ydh _ a’l)ydh S _ O ln Vydh
S 0S .’Uydh dlnS
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Control Coefficients

Control coefficients and enzyme
kinetics

Elasticities

e Definition of the elasticity
coefficent

e Definition of the elasticity

e Values of the substrate
elasticity

e Values of the product
elasticity

e Values of the substrate
elasticity

e Values of the elasticity

e Elasticities from enzyme
kinetics

Connectivity theorem

Problems

Rate, V. gse

Metabolite concentration, S
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Control Coefficients

Control coefficients and enzyme
kinetics

Elasticities

e Definition of the elasticity

coefficent
e Definition of the elasticity

e Values of the substrate
elasticity

e Values of the product
elasticity

e Values of the substrate
elasticity

e Values of the elasticity

e Elasticities from enzyme
kinetics

Connectivity theorem

Problems

Values of the substrate elasticity

1.0p

oafl -

04F / \

V)V OF €%

0.2

O'OO 2 Z 6 38 10

Relative substrate concentration, S/ K,

Elasticity with respect to substrate: dependence on substrate concentration for a single-substrate Michaelis—Menten enzyme.

Line, 6%; dashes, fractional velocity, v/ Vi g 2 -
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Introduction

050

0.25F  © _—

Control coefficients and enzyme | e
kinetics

Control Coefficients

0.00 | | | | |

Elasticities

e Definition of the elasticity

coefficent
e Definition of the elasticity

e Values of the substrate
elasticity
e Values of the product

—0.25})

v/ Vi, OF €%

elasticity
e Values of the substrate - O B 50 B

elasticity
e Values of the elasticity

e Elasticities from enzyme o I S
i 0.75p e

Connectivity theorem

—1.00¢
Relative product concentration, P/Kp

Problems

Elasticity with respect to product: dependence on product concentration for a Michaelis—-Menten enzyme. elasticity, s"l’g;

— — —fractional velocity, v / Vim gz -
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Introduction e

Control Coefficients 7 5 . e

Control coefficients and enzyme 3

sof |
25}

0.0F.

—25F

Elasticities

e Definition of the elasticity

coefficent
e Definition of the elasticity

e Values of the substrate
elasticity

e Values of the product
elasticity

e Values of the substrate

200/ V,, or €Y

elasticity
e Values of the elasticity — 5 . O L
e Elasticities from enzyme
kinetics

—7.5F

Connectivity theorem

Problems _100 | | | | | J
00 05 10 15 20 25 3.0

Relative substrate concentration, S/K,,

Elasticity with respect to substrate: dependence on substrate concentration for a reversible Michaelis—Menten enzyme near

equilibrium. elasticity, sg,; — — fractional velocity, 20 X v/ Vimax-
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Introduction 3 . 0 T T T

Control Coefficients

Control coefficients and enzyme 25
kinetics

Elasticities

e Definition of the elasticity
coefficent

e Definition of the elasticity

e Values of the substrate
elasticity

e Values of the product
elasticity

e Values of the substrate
elasticity

e Values of the elasticity

e Elasticities from enzyme
kinetics

Connectivity theorem

Problems

0.0 el ! ! !
0 5 10 15 20

Elasticity of an aIIostSeric enzyme
The curves show the Hill coefficient, the elasticity and the
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Introduction

Control Coefficients 1 S / K m,S

v
-~ €&s = T —
(k:izgzirgslcoefﬂments and enzyme ]_ —_ p 1 —|— S/Km’s —I— P/Km’P
Elasticities

e Definition of the elasticity
coefficent

e Definition of the elasticity 1
e Values of the substrate /Uf
elasticity — _
e Values of the product -
s oTep 1 P Vin f
elasticity

e Values of the substrate

castcty where p = I'/ K4, and for the reaction:

e Values of the elasticity
e Elasticities from enzyme
kinetics

S=P

Connectivity theorem

Problems I', the mass action ratio, is defined as:

_ P
T
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Introduction

Control Coefficients

Control coefficients and enzyme
kinetics

Elasticities

Connectivity theorem

Connectivity theorem

e The connectivity theorem

e The connectivity theorem

e Summation and connectivity

e Summation and connectivity

e The concentration
connectivity theorem

e The concentration
connectivity theorem

e Concentration summation and
connectivity

e Bibliography

e Read all about it!

Problems
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Introduction ConS|der the pathway

Control Coefficients

Control coefficients and enzyme xase yd h
kinetics
X 0 — Y — X1

Elasticities

Connectivity theorem

e The connectivity theorem

e The connectivity theorem

- sinmaion andcomeciay | N€ cONNectivity theorem (Kacser & Burns, 1973) states the

e Summation and connectivity

B ———— following relationships between the flux control coefficients and
“’Z:: elasticities for this pathway:
.g(i;)l;i%:\\gi o Ci;ija,segf/ase + Cy!]dhgzgfdh — O
« Read all about
problems or
CZEJCLSG gg/dh
Cdeh € v
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Introduction For a larger pathway, where Y affects more than two enzymes
Conirol Coefiicents (in any manner whatsoever), the complete form of the
Conelcocficens andename— connectivity relationship is:

Elasticities
E Cilet =0

Connectivity theorem
e The connectivity theorem AllE

e The connectivity theorem

e Summation and connectivity

e Summation and connectivity Furthermore, there IS a ConneCtIVIty re|at|0nSh|p fOf every
" emertuty theare metabolite in the pathway.

e The concentration
connectivity theorem

e Concentration summation and
connectivity

e Bibliography

e Read all about it!

Problems
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Introduction

Control Coefficients xase yd h

Control coefficients and enzyme

kinetics X 0 H Y —> X 1
Elasticities

Connectivity theorem
e The connectivity theorem

e The connectivity theorem C %70, se _|_ C J dh — 1
; vdh

e Summation and connectivity C 6517 ase C c — O

e The concentration rase~Y —|_ Y dh~Y

connectivity theorem

* The concentration From this it follows that, if the elasticities are known:

connectivity theorem
e Concentration summation and

connectivity gy dh . 6% ase
e Bibliography C J . Y . C J _ Y
« Read all about it rase — _ydh rase | ~Ydh T ydh rase
Problems €Y N 6Y €Y B €Y
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Introduction

Control Coefficients

comalcecicensadenyme —|f the elasticities of all the enzymes in a pathway to all the
metabolites in a pathway are known, it is possible to calculate
the flux control coefficients.

Elasticities

Connectivity theorem
e The connectivity theorem
e The connectivity theorem

e Summation and connectivity
e Summation and connectivity

e The concentration
connectivity theorem

e The concentration
connectivity theorem

e Concentration summation and
connectivity

e Bibliography

e Read all about it!

Problems
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Introduction ConS|der the pathway

Control Coefficients

Control coefficients and enzyme xase yd h
kinetics
X 0 — Y — X1

Elasticities

Connectivity theorem

e The connectivity theorem
e The connectivity theorem

- sinmaion and comeeiviy | N€ CONCeNtration connectivity theorem states the following

e Summation and connectivity

e The concentration
connectivity theorem

relationships between the flux control coefficients and
e The concentration elaStICItIeS fOr thIS pathway

connectivity theorem
e Concentration summation and

connectivi Y rase Y ydh .

-Bibliogrtap:ryy CZECLS€€Y + Cydth = —1

e Read all about it!

iobens HOWEVER for the control coefficients on a different metabolite

Z.
dh
CZ 8?&86 + CZdhE:%J/ — O

rase Y
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Introduction For a larger pathway, where Y affects more than two enzymes
Conirol Coefiicents (in any manner whatsoever), the complete forms of the
Commelcocicens andename— concentration connectivity relationships are:

Elasticities

Connectivity theorem Z CE €Y o

e The connectivity theorem AllE

e The connectivity theorem
e Summation and connectivity
e Summation and connectivity an d
e The concentration z :
connectivity theorem CE 5 Y —
e The concentration

connectivity theorem Al l E

e Concentration summation and
connectivity

e Bibliography

e Read all about it!

Problems
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Control Coefficients

Control coefficients and enzyme
kinetics

Elasticities

Connectivity theorem
e The connectivity theorem
e The connectivity theorem

e Summation and connectivity

e Summation and connectivity

e The concentration
connectivity theorem

e The concentration
connectivity theorem

e Concentration summation and
connectivity

e Bibliography

e Read all about it!

Problems

Concentration summation and connectivity

xase ydh

Xo — Y — Xi

CY

rase

ydh 1

Y _
+ Cuaney =

From this it follows that, if the elasticities are known:
; Cydh —

ydh rase ydh

Y rase
Ca:asng

CY

rase

__ ~xase
&y
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Control Coefficients 27’ 65—104

wees 2. Kacser, H. and Porteous, J. W. (1987) Trends Biochem. Sci.
Elasticities 12, 5_14
Connestivty theorem 3. Kell, D. and Westerhoff, H. (1986) FEMS Microbiol. Rev. 39,

e The connectivity theorem

e The connectivity theorem 305—320

e Summation and connectivity

- siunmation and comectiy. /. \Nesterhoff, H. V. and Kell, D. B. (1987) Biotechnol. Bioeng.

e The concentration

connectivity theorem 30, 10 1_107

e The concentration

e D. Fell, D. A. (1992) Biochem.J 286, 313-330
connectivity

6. Fell, D. (1997) Understanding the control of metabolism.
| Portland Press, London.

Problems
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Control Coefficients

Control coefficients and enzyme
kinetics

Elasticities

Connectivity theorem

e The connectivity theorem

e The connectivity theorem

e Summation and connectivity

e Summation and connectivity

e The concentration
connectivity theorem

e The concentration
connectivity theorem
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1. Suppose an enzyme in a pathway follows Michaelis-Menten kinetics with V7,, = 100 units and K 4, = 0.05mM:

[S1Vm
[S]+ Km

v =

What is the elasticity of the enzyme with respect to its substrate (a) at a substrate concentration of 0.025mM; (b) at a substrate concentration of 0.3mM?
(Hint: a non-mathematical way of doing this is to determine the slope of the Iln v against In[S] curve at the two concentrations Calculate v at 90%, 95%,
100%, 105% and 110% of the required substrate concentration; plot these values as In v against In[.S] and determine the slope at 100%.) (Mathematical
answers, eg via differentiation of the rate law, also accepted.)

2. In the serine biosynthesis pathway:

3-phosphoglycerate —1—> phosphoserine % serine

the elasticity of the first step, 8]19367"' is -1.43 in the liver of rabbits on a normal low protein diet. (The first step is actually catalysed by two enzymes, but
the elasticity is the 'combined’ elasticity for them both, so they can be treated as a single step.) The elasticity of the second step, e2 is 0.041. What

pser’

J J

are the flux control coefficients, Cl and 02 , of the two steps?
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1. The enzyme fumarase catalyzes the reaction:
fumarate = malate
Its rate of reaction is decsribed by the reveresible Michaelis—Menten equation:

Vin (1rum] - gall)
v =
l
Kfum + [fum] + f}?::b[c;r?a ]

where Vi, = 20pmol.min™— 1, Kfum =09mM, K, 51 =1.2mMand K¢q4 = 11. What are the elasticities of the enzyme with respect to fumarate
and malate at [fum] = 0.4mM and [mal] = 0.5mM? (Hint: a non-mathematical way of doing this is to determine the slope of the In v against In[ fum/]
curve at the concentrations specified. Calculate v at 90%, 95%, 100%, 105% and 110% of the fumarate substrate concentration; plot these values as In v

against In[ fumarate] and determine the slope at 100%. Repeat for malate.) (Mathematical answers, eg via differentiation of the rate law, also
accepted.)

2. Consider the glycolytic pathway, particularly the successive enzymes phosphofructokinase and aldolase:

o Fru-6-P TEE Eruct ebise 244 pHAP + GAP - -

The elasticity of phosphofructokinase (PFK) with respect to fru-1,6-bisP, sggfg is -0.01, whilst that of aldolase to the same metabolite s%,lgp, is 2.5

in a particular cell. What is the ratio of the flux control coefficients of these two enzymes on glycolysis? What is the flux control coefficient of aldolase if
ePEK is0?
FBP ’
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