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Priority NME,
12

Standard
NME, 20

Priority non-
NME, 8

Standard
non-NME, 60

Fig. Proportion of 1,264 NDAs Submitted by Innovative Potential, 1993-2004

NDA

12% 93

15

NDA 68

NME

6%

21%

Overington,J.P. et al.(2006) How many drug targets are there?, Nat. Rev. Drug Discov., 5, 993
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2000 Propulsid (Cisapride )
1993 QT

2000 Rezulin (Troglitazone)
1997

2001 Baycol (Cerivastatin)
Bayer 1997 10

2004 Vioxx (Rofecoxib)
1999 Merck 25

Ҝ NCEs(New Chemical Entities) 10%

Ҝ

Schuster D, et al.(2005) Why drugs fail--a study on side effects in new chemical entities.Curr Pharm Des. 11:3545-59.

QT
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17% 56% 65% 43% 73% 91%

2005 10 18 Bristol-Myers Squibb T.Herpin

1. 15 0.17*0.56*0.65*0.43*0.73*0.91=1.8%

2.

3.

4. Ҝ RNA
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0.2

0.4

0.6

0.8

1

10.4%
1.8%

18.9%
28.6%

66.4%
91.0%
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Drews Goodman & Gilman (1996 ) 483

Drews, J (2000) Drug Discovery: A Historical perspective, Science, 287, pp1960-196

Hopkins, A.L. et al.(2002) The druggable genome, Nat Rev Drug Discovery 1, 727

Overington,J.P. et al.(2006) How many drug targets are there?, Nat. Rev. Drug Discov., 5, 993

Russ, A.P. et al.(2005) The druggable genome: am update, DDT, 10, 1607

Overington FDA 1,357 unique drugs

324

Drews 5,000~10,000

Hopkins 3,051

Russ 2,261~3,051

26.8

13.4

13
4.13

7

45

28

11

2

5
2

D.Hanahan, et al.(2000) Cell, 100, 57
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(TNF, TRAIL, FASL,...)

tBid Bid

Bax

p53

IAP

cyt cm
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Apaf-1 casp9
pro9

apoptosome

pro3

Bcl-2

Apaf-1

cyt c

casp3

casp9

casp9
apoptosome

casp8pro8

F
A

D
D

CARP

CARP

casp8

FLIP

Fischer, U. et al.(2005) New approaches and therapeutics targeting apoptosis in disease, Pharmacol. Rev., 57, 187
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Chen, F.L. et al. (2008) 12-lipoxygenase induces apoptosis of human gastric cancer AGS cells via the ERK1/2 signal pathway, Dig.Dis. Sci., 53, 181

5-HPETE5-HETE

LTA4

LTB4

15-HPETE15-HETE PGH2 PGD2

TXA2

TXB2

12-HPETE12-HETE

5-LOX
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12-LOX

5-LOX

PLA2 PGES

TXAS

PHGPx

LTA4H

PHGPx

PHGPx

5-LOX

COX

15/12-LOX

PGE2

PGIS

COX

LTC4

LTC4S

LTD4

LTD4

GGT

CysLT

CysLT1

zafirlukast, montelukast

zileuton

aspirin, 

rofecoxib 
mPGES-1

Licofelone

cPLA2

LXA4, LXB4 PGI2

PGF2ǟ

PGDS

PGFS

masoprocol

COX: cyclooxygenase, CysLT: cysteinyl LT, HPETE: hydroperoxyeicosatetraenoic acid, LOX: lipoxygenase, LT: leukotriene, LX: lipoxin, PG: prostaglandin, PLA2: phospholipase A2
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You could almost write a dictionary of  the different uses of  ósystems biologyô.
A.Henny, Director of Global Discovery Enabling Capabilities & Sciences at AstraZeneca

Jones,D.(2008) All systems go, Nat.Rev.Drug Discov., 7, 278

x v

w

yz
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M
dx/dt=m x(x,y)

dy/dt=my(x,y)

f=f(x,y)
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1943 Schrödinger

1953 DNA

1958

1961 Wiener

1977 DNA Sanger

1988 MALDI - Really big proteins fly!(Tanaka & Karas)

1991 DNA

2003 Ҝ
ó-OMEó

1850 L.F.Willhelmy

1913 Michaelis-Menten

1965

1970

Rosen,R. (1974)

Segel,I.H.(1975) Enzyme Kinetics, John Willy & Sons

(1981)

1980

1989

1990
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R1      R2    r1
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1850 L.F.Wilhelmy

k

◦ꜛ Ƃ ◓ꜟ◖כ☻ + ⱨꜟ◒♩כ☻
≢◦ꜛ ─⸗ꜟ [A]─ ⅜

1913 L.Michaelis M.L.Menten
Michaelis-Menten

S+E       ES Ƃ E + P

1965 Monod-Wyman-Changeux

1975 I.H.Segel òEnzyme Kineticsó
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][

Ak
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MAPKK(Mek1)

PDB:1CDK

>1CDK:A 
GNAAAAKKGSEQESVKEFLAKAKEDFLKKWENPAQNTAHLDQFERIKTLGTGSFGRVMLV
KHKETGNHFAMKILDKQKVVKLKQIEHTLNEKRILQAVNFPFLVKLEYSFKDNSNLYMVM
EYVPGGEMFSHLRRIGRFSEPHARFYAAQIVLTFEYLHSLDLIYRDLKPENLLIDQQGYI
QVTDFGFAKRVKGRTWTLCGTPEYLAPEIILSKGYNKAVDWWALGVLIYEMAAGYPPFFA
DQPIQIYEKIVSGKVRFPSHFSSDLKDLLRNLLQVDLTKRFGNLKDGVNDIKNHKWFATT
DWIAIYQRKVEAPFIPKFKGPGDTSNFDDYEEEEIRVSINEKCGKEFSEF

>1CDK:B 
GNAAAAKKGSEQESVKEFLAKAKEDFLKKWENPAQNTAHLDQFERIKTLGTGSFGRVMLV
KHKETGNHFAMKILDKQKVVKLKQIEHTLNEKRILQAVNFPFLVKLEYSFKDNSNLYMVM
EYVPGGEMFSHLRRIGRFSEPHARFYAAQIVLTFEYLHSLDLIYRDLKPENLLIDQQGYI
QVTDFGFAKRVKGRTWTLCGTPEYLAPEIILSKGYNKAVDWWALGVLIYEMAAGYPPFFA
DQPIQIYEKIVSGKVRFPSHFSSDLKDLLRNLLQVDLTKRFGNLKDGVNDIKNHKWFATT
DWIAIYQRKVEAPFIPKFKGPGDTSNFDDYEEEEIRVSINEKCGKEFSEF

cAMP-dependent Protein Kinase Catalytic Subunit (E.C. 2.7.1.37) (Protein Kinase A)

MEK1 is a tyrosine/threonine protein kinase

found in the Ras/Raf/MEK/ERK

MAPK signaling pathway.

MAPKKK MAPKK MAPK
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MEK1 is a tyrosine/threonine protein kinase

found in the Ras/Raf/MEK/ERK

MAPK signaling pathway.

MAPKKK MAPKK MAPK

INPUT 

Ź

MAPKKKҞMAPKKK *

ŷ               Ź Ź

MAPKK ҞMAPKK -PҞMAPKK -PP

ŷ ŷ Ź Ź

MAPKK Pôase      MAPKҞMAPK-PҞMAPK-PPŸOUTPUT 

ŷ ŷ

MAPK Pôase

Ҝ

O
U

T
P

U
T

INPUT 

ultrasensitivity/

bistable(all-or-

none) switch

SOS

Ź

RAS MOS Jun

Ź Ź ŷ

MAPKKKŸMAPKKŸMAPK

ŷ Ź

PKC MEKK

ŷ

PLC Ҝ
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D.Hanahan & R.A.Weinberg (2000) The hallmarks of cancer,Cell, 100, 57
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Lotka-Volterra
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Hodgkin -Huxley
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1 1 ~1014

~10-15L ~10-12L ~10-11L

1 ~1nM ~1pM ~0.1pM

~4,500 ~6,600 ~25,000

mRNA 3~8 3~45 2~20

5 20 10

- 16~128 -

- 43 -

~20 ~90 ~24

10- 15 10- 11
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D.Hanahan & R.A.Weinberg (2000) The hallmarks of cancer,Cell, 100, 57
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2,322 2,823

2,671 (EHMN)

http://www.genome.ad.jp/kegg/pathway/map/

Ma,H. et al.(2008) Human metabolic network reconstruction and its impact on drug discovery and development, Drug Discov.Today, 13, 402
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292929Wagner,A., Fell,D.A.(2001)The small world inside large metabolic networks, Proc.R.Soc.Lond.B, 268, 1803

(2005) vol.50 No16 p2288 

E1

G6P + NADP+Ҟ 6PGL + NADPH
E2

6PGL + H2O Ҟ 6PG
E3

6PG + NADP+Ҟ R5P + NADPH
E4

R5P Ҟ X5P

1

2

G6P

6PG

H2ONADP+ 6PGL

NADPH

X5P

R5P

E1

E4 E3

E2

glucose-6-phosphate dehydrogenase

EC1.1.1.49

glucose 6-phosphate

6-phosphogluconolactonase

EC3.1.1.31

6-phosphogluconate dehydrogenase

EC1.1.1.43

ribulose-phosphate 3-epimerase 

EC5.1.3.1

NADP+ 

NADPH

6-phosphoglucono ŭ-lactone

H2O

6-phosphogluconate

NADP+ 

NADPH

ribulose 5-phosphate

xylulose 5-phosphate

2

k(G6P)=3

k(NADP+)=5

k(6PGL)=5

k(NADPH)=5

k(H2O)=2

k(6PG)=5

k(R5P)=4

k(X5P)=1



303030
Jeong,H. et al.(2000)The large-scale organization of metabolic network, Nature, 407, 651 

Barabasi,A.-L., Oltvai,Z.N.(2004)Network Biology: Understanding the Cellôs Functional Organization, Nature Rev.Genet., 5, 101 

Arita,M.(2004)The metabolic world of Escherichia coli in not small, Proc.Natl.Acad.Sci.,101, 1543

random network P(k)=e-rr k/k!

scale-free network P(k)=Ck-r

r=2.2

1)

2)
L-

3)
3.2

4)

1)

2)

k

P
(k

)

0.00001

0.0001

0.001

0.01

0.1

1

1 10 100

k

P
(k

)

P(k)=Ck-r

P(k)=e-rr k/k!
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Calvano, S.E. et al.(2005) A network-based analysis of systemic inflammation in humans, Nature, 437, 1032

Chen, B. S. et al.(2008) A systems biology approach to construct the gene regulatory network of systemic inflammation via microarray and databases mining, 

BMC Med. Genomics, 1:46.

Calvano,S.E. et al. (2005)
0

2 4 6 9 24

Chen,B.S. et al. (2008)

70

FOXL1 23

TFAP2A/AP-2ǟ19

SOX9 16 SOX9

GATA2 12 AP-1

IL-13

AML1 11

1 MIP-1

NR3C1 8

TFAP2A

SOX9

AML1

FOXL1

NR3C1

GATA2
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CoA

CoA

HMG -CoA

HMG-CoA

HMG -CoA

MVA

MVA

PMVA

DPMVA

DPMVA

1

IPP DMAPP

D- 3-

DXP

DXP

DXP dxr

MEP

MEP mect

CDP-ME

CDP-ME cmek

CDP-ME2P

MECDP mecs

MECDP

X

2

H.pylori

(2002) 47 pp58-65

IPP: isopentenyl pyrophosphate, DMAPP: dimethylallyl pyrophosphate
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Malonyl -CoA

Acyl-ACP Enoyl-ACP

ɓ-hydroxy-acyl-ACPɓ-ketoacyl-ACPMalonyl -ACP

ACP

Acetyl-CoA

FabD

FabH FabG

FabA

FabZ
FabI

FabB

FabF

triclosan 1972

triclosan broad-spectrum

triclosan enoyl-ACP reductase (FabI) 
L.M.McMurry, et al.(1998) Triclosan targets lipid synthesis, Nature, 394, 531-532

FabI essential enzyme

FabK

FabL
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Enoyl-ACP reductase isoform

FabI -

FabK - - -

FabL - - - -

Escherichia  Staphylococcus   Bacillus   Enterococcus   Streptococcus

coli                aureus                 subtilis     faecalis             pneumoniae

51%

25%

B.subtilis triclosan

GSK FabI

FabK compound4

Compound4 E.faecalis S.pneumoniae

R.J.Heath, et al.(2000) The Enoyl-[acyl-carrier-proein] reductases FabI and FabL from Bacillus subtilis, J.Biol.Chem. 275,40128-40133

D.J.Payne, et al.(2002) Discovery of a Novel and Potent Class of FabI-Directed Antibacterial Agents, Antimicrob.Agents Chenother. 43, 35-40



36363636

- -

BC400

1763

1899 Bayer

1971

COX-2 COX-1

COX-2
1990 COX-1 COX-2

ŸCOX-2

1999 FDA Merck Vioxx(rofecoxib)

COX-2
2004.9.30 FDA Merck Vioxx 2000

Grosser T, Fries S, FitzGerald GA.(2006)   Biological basis for the cardiovascular consequences of COX-2 inhibition: therapeuticchallenges and opportunities.,J Clin Invest. 116,  4

ibuprofen
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Membrane phospholipids

Arachidonic acid

Phospholipase A2

Prostagrandin G2
Prostagrandin G2

Prostagrandin H2
Prostagrandin H2

Prostanoid synthase (tissue specific)

COX-1

Diverse physical, 

chemical, 

inflammatory and 

mitogenic stimuli

COX-2

Prostanoids   ProstacyclinThromboxane A2 Prostagrandin D2 Prostagrandin E2 Prostagrandin F2Ŭ

FitzGerald,G.A.(2003) COX-2 AND BEYOND: APPROACHES TO PROSTAGRANDIN INHIBITION IN HUMAN DISEASE, Nat.Rev.Drug Med., 2, 879

COX-2 Rofecoxib PGE2 COX-1

A2 COX-2 PGI2
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5-HPETE5-HETE

LTA4

LTB4

15-HPETE15-HETE PGH2 PGD2

TXA2

TXB2

12-HPETE12-HETE

5-LOX

15-LOX

12-LOX

5-LOX

PLA2 PGES

TXAS

PHGPx

LTA4H

PHGPx

PHGPx

5-LOX

COX

15/12-LOX

38

PGE2

PGIS

COX-1/2

LTC4

LTC4S

LTD4

LTD4

GGT

CysLT

CysLT1

aspirin

rofecoxib

COX-2

mPGES-1

Licofelone

cPLA2

LXA4, LXB4
PGI2

PGF2ǟ

PGDS

PGFS

Scholich, K. et al. (2006) Is mPGES -1 a promising target for pain therapy?,, Trends. Pharmacol. Sci., 27, 399
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Yang,K. et al.(2007) Dynamic simulations on the arachidonic acid metabolic network, PLoS Comput. Biol., 3, 3

LTB4

Ƿ-LTB4

20-OH -LTB4+

20-COOH-LTB4

10uM A23187( clcium ionophore) 10uM A23187 + 30uM AA

Ƿ-LTB4

LTB4
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kR kP ɔP

DNA Ÿ mRNA (x) Ÿ protein (y) Ÿ Ø
ŹɔR

Ø
dP(x,y,t)/dt=kRP(x-1,y,t) - kRP(x,y,t) + kPxP(x,y-1,t) - kPxP(x,y,t)

+ɔR(x+1)P(x+1,y,t) - ɔRx(P(x,y,t) + ɔP(y+1)P(x,y+1,t) - ɔPP(x,y,t)

Ozbudak,E.M. et al.(2002) Regulation of noise in the expression of a single gene, Nature Genet., 31, 69

Elowitz,M.B. et al.(2002) Stochastic 

Gene Expression in a Single Cell, 

Science, 297, 1183

A: lacI CFP YFP

B: IPTG

C: ȹrecA

E.Coli  4.6 Mb

1.51 Mb       1.46 Mb

galK<>                                        intC<>

CFP                                             YFP

oriC
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0 50 100 150 200

DNAɸmRNAɸProtein

kR kP ǡP
DNA ɸ mRNA ɸ protein ɸØ

ɹǡR
Ø

kR=0.001s-1, kP=1.0s-1, ǡR=0.1s-1, ǡP=0.002s-1
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kR kP ǡP
DNA ɸ mRNA ɸ proteinɸØ

ɹǡR
Ø

kR kP ǡP
DNA ɸ mRNA ɸ proteinɸØ

ɹǡR
Ø

Elowitz,M.B. et al.(2002) Stochastic Gene Expression in a Single Cell, Science, 297, 1183
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dx/dt=v=f( x)

Michaelis-Menten

Hill

44
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k1

X Y
k2

dX/dt = -2X + Y

dY/dt =   2X - Y

k1=2s-1, k2=1s-1

Keq=Yeq/X eq=k1/k 2=2

dX/dt = -2X + (T-X) = -3X + T

X(t) = Ce-3t + T/3

Y(t) = -Ce-3t + 2T/3

X+Y=T(const.)

X(0)=3, Y(0)=0

T=3

X(t) =  2e-3t + 1

Y(t) = -2e-3t + 2

X(t) = 1, Y(t) = 2

Keq=Yeq/X eq=2

TɸÐ

0

1

2

3

0 0.5 1 1.5 2
sec.

mM X

Y
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Michaelis-Menten
k1 k3

E S ES E P
k2

dS/dt   = -k1E S + k2ES

dE/dt   = -k1E S + k2ES + k3ES

dES/dt = k 1E S - k2ES - k3ES

dP/dt   = k 3ES

(dES/dt =0) 
dP/dt = v = VmaxS/(Km + S) Vmax= k3E, Km= (k2+k3)/k 1

SɸP
dP/dt= S

k1=1,050mM-1min-1, k2=300min-1, k3=15min-1

Km=0.3mM, S0=10mM, E0=0.01mM

(1981)

Michaelis- Menten

S

P

ES

E

S
P

.01

.005

E
E

S
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Hill
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Glc_out (50mM)

Trio BPG

Glc_in

G6P

F6P

F16bP

3PGA 2PGA EthanolPYR AcePEP

NAD NADH

ADP ATP

ATP

ADP

ATP

ADP

ADP ATP NADH NAD

3NAD

3NADH

4ATP

4ADP

Succinate

ADH

HXT

HK

PGI

PFK

Glycogen Trehalose

ADP ATP ATP ADP

ALD
GAPDH

PGK PGM ENO PYK

ATPase

PDC

F16bP Trio:

F16bP         DHPA + G3P,  DHPA          G3P
ALD TPI

2ADP          ATP + AMP
AK

a)

b)

Glycerol
G3PDH

NAD NADH

c)

[ATP] + [ADP] + [AMP] = const. =4.1 mM,    [NAD] + [NADH] = const. = 1.6 mM

vTre=

4.8mM/min

vGlyco=

6.0mM/min

Teusink,B. et al.(2000) Can yeast glycolysis be understood in terms of in vitrokinetics of the constituent enzymes? Testing biochemistry, Eur.J.Biochem., 267, 5313 
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d[Glc_in]/dt = v HXT -vHK (  1)

d[G6P]/dt = v HK -vPGI -2vtrehalose -vglycogen (  2)

d[F6P]/dt = vPGI -vPFK (  3)

d[F16bP]/dt = v PFK -vALD (  4)

d[Trio -P]/dt = 2v ALD -vGAPDH -vG3PDH (  5)

d[BPG]/dt = v GAPDH -vPGK (  6)

d[3PGA]/dt = v PGK -vPGM (  7)

d[2PGA]/dt = v PGM -vENO (  8)

d[PEP]/dt = v ENO ðvPYK (  9)

d[PYR]/dt = v PYK ðvPDC (10)

d[AcAld]/dt = v PDC -vADH -2vsuccinate (11)

d[P]/dt = -vHK -vPFK +vPGK +vPYK -vATPase -vtrehalose -vglycogen -4vsuccinate (12)

d[NADH]/dt = v GAPDH -vADH -vG3PDH +3vsuccinate (13)

d[NAD]/dt = -d[NADH]/dt (14)

[Trio -P] = [DHAP] + [GAP] (15)

[P] = 2[ATP] + [ADP] (16)

Keq,TPI = [GAP]/[DHAP] (17)

Keq,AK = [AMP][ATP]/[ADP] 2 (18)

[ATP] + [ADP] + [AMP] = const. (19)
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Teusink

Glc_out

Glc_in

G6P

F6P

F16bP

HXT

HK (88)

PGI (77.2)

PFK (77.2)

Glycogen Trehalose

ALD (77.2)

BPG 3PGA 2PGA EthanolPYR AcAldPEP

Succinate

ADH (129)GAPDH (136.2) PGK (136.2) PGM (136.2) ENO (136.2) PYK (136.2) PDC (136.2)TPI

Glycerol

G3PDH (18.2)

DHPA         GAP

(2.4)

(6.0)

(3.6)

1.27

0.11

0.61

0.74
0.03 0.36 0.04 0.07 8.37 0.17

(mM/min) 

mM 

Pritchard L. and Kell D.B. (2002) Schemes of flux control in a model of Saccharomyces cerevisiaeglycolysis, Eur. J. Biochem., 269, 3894

Pritchard
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Schoeberl,B. et al.(2002) Computational modeling of the dynamics of the MAP kinase cascade activated by surface and internalizedEGF receptors, Nat.Biotechnol., 20, 370 
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dNF/dt=-a1NF I+d1NF:I+r 1NF:I:IKK+dg 2NF:I -iNFNF+eNFNFn

dI/dt= -a1NF I+d1NF:I -a3I IKK+d 3I:IKK+ sNFn(t-Ű)-dg1I -iII+eIIn

dNF:I/dt=a 1NF I-d1NF:I -a2(NF:I) IKK+d 2NF:I:IKK -dg2NF:I+eNF:I NFn:I n

dNFn/dt=-a1NFn In+d1NFn:I n+iNFNF-eNFNFn

dIn/dt= -a1NFn In+d1NFn:I n+iII -eIIn

dNFn:I n/dt=a1NFn In-d1NFn:I n-eNF:I NFn:I n

dIKK/dt= k(t) -a2(NF:I) IKK+(d 2+r1)NF:I:IKK -a3I IKK+(d 3+r2)I:IKK

dI:IKK/dt=a 3I IKK -(d3+r2)I:IKK

dNF:I:IKK/dt=a 2(NF:I) IKK -(d2+r1)NF:I:IKK

Sung MH, Simon R.(2004) In silico simulation of inhibitor drug effects on nuclear factor -kappaB pathway dynamics, Mol Pharmacol. 66, 70

A: IKK A+IKKҞA:IKK

B: NF-əB B+NF-əBҞB:NF-əB

Bortezomib: IəB

NF-əB

A Bortezomib

NF-əB A B
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EGFR

Kholodenko,B.N. et al.(1999) Quantification of short term signaling by the epidermal growth factor receptor, J. Biol. Chem., 274, 30169
Araujo,R.P. et al.(2005) A mathematical model of combination therapy using the EGFR signaling network, BioSystems, 80, 57

Kinetic scheme of EGFR signaling

Araujo Kholodenko 23

25 50

3 tyrosine kinase

v3=Ŭk3[R2]-k-3[RP]

6 tyrosine kinase

v6=ɓk6[R-PL]-k-6[R-PLP]

14 tyrosine kinase

v14=ɔk14[R-Sh]-k-14[R-ShP]

multi -target drug)
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Chassagnole,C. et al.(2006) Using mammalian cell cycle simulation to interpret differential kinase inhibition in anti-tumour pharmaceutical development, BuiSystems, 83, 91
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Glucose(G) Ÿ 3 ATP(T) Ÿ 2ADP

ATP  

Vin VdVp

A
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D

TK

Tk
GTk

dt

dT

GTkV
dt

dG

m

p

in

+
-=

-=

1

1

2

Bier,M. et al.(1996) Control analysis of glycolytic oscillations, Biophys. Chem., 62, 15

Bier,M. et al.(2000) How yeast cells synchronize their glycolytic oscillations: A perturbation analytic treatment, Biophys.J., 78, 1087 
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ATP Michaelis-Menten
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Mulquiney,P.J. et al.(1999) Model of 2,3-bisphosphoglycerate metabolosm in the human erythrocyte based on detailed enzyme kinetic equatiuons, Biochem.J., 342, 597 

de Atauri,P. et al.(2006) Metabolic homeostasis in the human erythrocyte: In silicoanalysis, Biosystems, 83, 118 

=(ATP+0.5ADP)/(ATP+ADP+AMP)
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Araujo,R.P. et al.(2007) Proteins, drug targets and the mechanisms they control: the simple truth about complex networks, Nat.Rev.Drug Disc., 6, 871
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Araujo,R.P. et al.(2007) Proteins, drug targets and the mechanisms they control: the simple truth about complex networks, Nat.Rev.Drug Disc., 6, 871
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216 183
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GABA

TCA

0.092

KIC ǟ-ketoisocapriate

KIV ǟ-ketoisovalerate

KMV ǟ-keto-Ǡ-methylvalerate

OX-PHOS Oxidative Phosphorylation

Cakir, T. et al. (2007) Reconstruction and flux analysis of coupling between metabolic pathways of astrocytes and neurons: application to cerebral hypoxia, 

Theor. Biol. Med. Modelling, 4: 48

Fig. Major metabolic fluxes (Ǫmol/g tissue/min) in neuron-astrocyte coupling for resting condition
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Raman K, Rajagopalan P, Chandra N.(2005) Flux balance analysis of mycolic Acid pathway: targets for anti-tubercular drugs., PLoSComput Biol., 1, e46  
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Munger,J. et al.(2006) Dynamics of the cellular metabolome during human cytomegalovirus infection, PLoS Pathogen, 2, e132

Munger,J. et al.(2008) Systems-level metabolic flux profiling identifies fatty acid synthesis as a target for antiviral therapy,Nature Biotech., 26, 1179

HCMV-infected / uninfected cells

Unit: nmol/min/1.5*106 cells
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BPG       3PG       2PG       PEP       PYR
PGK           PGM         ENO           PYK

G1P       Glycogen

GlcO       GlcI       G6P

F6P

Glut4          HK
PGI

PGM Plase

b) J = vGlut4= vHK, Ja= vPlase= vPGM, Jb= vPGI

a) J = vPGK= vPGM= vENO= vPYK
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Kashiwaya,Y. et al.(1994) Control of glucose utilization in working perfused rat heart, J.Biol.Chem., 269, 25502 
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Bakker

19

J Ci={ÖJ/J}/{ÖEi/Ei}

Ci= ᴅJ/J / ᴅVmaxi/Vmaxi

Vtr=106 Vtr=143.4

1. 0.90 0.08

2. 0.02 0.05

5. 0.02 0.28

7. -3- 0.02 0.23

8. 0.02 0.15

12. -3- 0.02 0.17

Vtr nmol/min/(mg cell protein)

Bakker, B. M. et al. (1999) What controls glycolysis in bloodstream form Trypanosoma brucei?, J. Biol. Chem., 274, 14551
Bakker, B. M. et al. (2000) Metabolic control analysis of glycolysis in trypanosomes as an approach to improve selectivity and effectiveness of 
drugs, Mol.Biochem.Parasitol., 106, 1
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Yamada,S. et al.(2003) Control mechanism of JAK/STAT signal transduction pathway, FEBS L., 534, 190

Zi,Z. et al.(2005) In silico identification of the key components and steps in IFN-ǡ induced JAK-STAT signaling pathway, FEBS L., 579, 1101

Soebiyanto,R.P. et al.(2007) Complex systems biology approach to understanding coordination of JAK-STAT signaling, Biosystems,90, 830

Yamada,S. et al.(2003)
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