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Table 1. Two systematic ways to learn about pathways?

(1) Directly observe the interactions

{2) Observe states induced by interactions

Methods

Databases

Methods

Databases

Methods

Databases

Protein-DMNA interactions

Chromatin immunoprecipitation followed by microarray
analysis

TRAMNSFAC (http:/ftransfac.gbf.de/TRANSFAC/)

BIND (http:/vwww.bind.ca/)

Protein-protein interactions
Two hybrid system
Co-immunoprecipitation followed by mass spectrometry

BIND (http:/www . bind.ca/)

DIP {http://dip.doe-mbi.ucla.edu/)
BRITE {http://www.genome.ad.jp/brite/)
MIPS (http:/mips.gsf.de/)

Metabolic interactions and reactions
Mo truly systematic measurements, although protein arrays
show promise

MetaCyc (http:/biocyc.org/metacyc/)
KEGG (http://www.genome.ad.jp/kegg/}
Klotho {(http://www.biocheminfo.org/klotho/)

Gene expression
DNA microarrays; SAGE

GEO (http:/fwww.nchi.nlm.nih.gov/geo/)
ArrayExpress (http://www.ebi.ac.uk/microarray/
ArrayExpress/)

Protein levels, locations, modifications

Mass spectrometry; 2D PAGE

Protein tagging followed by fluorescence microsco py; Protein
arrays

SWISS-2DPAGE (http:/fus.expasy.org/ch2d/)

TRIPLES (http://ygac.med.yale.edu/triples/)

Scansite (http://scansite.mit.edu/)

Metabolite and drug levels

Mass spectrometry; two-dimensional NMR

Current challenge is to determine the molecular identities of
all distinct compounds detected

Fublic repositories of metabolic profiles not widely available,
although data exchange standards for expression profiles
{e.g. MAGE-ML) might support metabolic data in future.

*This table is provided as a representative sample of methods and databases, not as a comprehensive listing. We apologize in advance to those whose work was omitted
because of space considerations.

T. Ideker & D. Lauffenburger Trends Biotechnol. 21(6), 2003.



1%
N gene
89 genes
B cDNA 49 genes
N RT-PCR, ELISA 100 97 genes

Miklos, GLG & Maleszka, R
Nat Biotechnol, 22(5) 615-621, 2004




3
Spotted
= 0 49
1 PRKCB1
8
H 3 :
Combined
2 GAD1, MDH1 arrays

138




Table 2. Estimation of False Paositives in Whole-Genome Scans

UETZ plus
UETL ITO-core ITO-core [TO-full
CiC 50.1% (5.3%) 45.1% (5.8%) 48 4% (5.5%) 1.8% (0.996)
PHE 41.8% (7.9%) 39.2% (B.2%) 40.9% (8.0%) B9.0% (1.5%%0)
SPO 50.1% (6.4%) 48.2% (6.6%) 49 5% (6. 5%) Q2.1% (1.0096)
average 47.3% 44 2% 46.3% 91.0%

Estimation of false positives in the whole-genome scars, assuming there is no other source for the difference to the

MIPS database. Data is given as the mean and standard deviation resulting from the bootstrapping procedure.
Abbrewviations are the same as in Table 1.

Mrowka et al. Genome Res. 11(12)1971-1973, 2001.

2-hybrid false positive
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Relationship between the four studied databases (a) at
the protein and at (b) the interaction level.

Yook et al. Proteomics 4, 928-942, 2004.
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Ref: Schuster et al. Nat. Biotechnol. 18:326-332, 2000
“Metabolic Engineering”’, Stephanopoulos et al.,
Academic Press(1998)




Table 2, Elemantary modes of the combined glycolysis and PPP systen?®

Mode  Owerall conversion Participating stops

(1} GEP « ZADP & 2 Pi s 2 NAD — 3 ATP 4 2 NADH & 2 Pyr {Pgi Pk Foa Tpih 2Gap 2Pgk 2Gpm 2Ena 2Pyk)

&} GEP + 2 ADP + P+ NAD + 6 NADP — 2 ATP + MADH +
& MADFH + 3 CO2 + Py {-2Pgi Gap 32wl 3Pgl 3Gnd Api ZApa Tk Tal Tkl Pgk Gpm Enoe Pyk)

(3} JGEEP + BADP & 5 Pi+ 5 MAD + B NADE =« BATP « 5 NADH (2P 2Fba 2Tein SGap 38T SPg| 3Gnd Api 2Rpe Thel Tal Thell SPgk
+ 6 NADPH + 3 GO + 5 Pyr SGpm SEn SPyk}

] GEP + 2 NADF — 2 NADOPH + CO02 + RSPax fEwd Pl Gind Api Pra_Dosai}

=] SGEEP « ATP = ADP & & BS5Pax (5P P Fha Tpih ARpi -d8pe -2 Tt -2Tal -2Tkl 6Fis_DeoB)

() GEP & 12 NADP — 12 NADPH + Pl + § CO2 {-5Pgi -Fha -Tpih 62wl GPgl 6Gnd 2Pp 4Rpe 2Tk 2Tal 2Tk Fog)

[} ATF — A0F & F [FT® Fiop]

[} 2 ADP & Fi 4 NAD + 3 BSPax — 2 ATP « NADH + 2 GEP « Pyt (-2Pgi Gap -2Fpi 2Rpe T Tal Tkt Pgk Gpm Ena Pyl -3Prs_DeaB]

@) 2 ADP & Pi s NAD + & NADP + R5Pex — 2 COZ + 2 ATP & {-#Pgi Gap 2Zwf 2Pgl 2Gnd 2Apa Tkl Tal Tkl Pgic Gpm Ena Pyk -
NADH + 4 MADPH + Pyr Prs_Dood]}

(10 BADP + SFi+ 3 MAD + 3 ASPex — EATP + S HADH + 5 Pyr [2P1k 2Fba 2Tpid 5Gap -2Api 2Rpa Tkl Tal Tk SPgk SGpen SEns SPyk -

IPrs_Dool ]

(R BADP & 5P+ 5 MAD + 3 MADP + 2 G6P + ASPax — 2 002 + [k 2Fba TR SGap 20T 2Pgl HGnd 2Rpa Teil Tal Teill S SGom
BATF + SMNADH + 4 MADFH + 5 Pyr HEno SPyk -Prs_DeoB)

RE § A5Pex = 5 GEP « Pi {-5Pgi Fbp -Fhba -Tpi -4RApi 4Ape 2Tktl 2Ta 2Tkell -6Prs_Deol)

RE BMADP & 2 ASPex —» 4 COP +8 NADPH + GEP + PI {-EPgi Fop -Fba «Tpit 42w 4Pgl 4Gnd 4Rpe 2Tkt 2Tal 2Tkt - Prs_DeoB)

"Thed ez Ewobved in 1 abimontary rodes: Snd G in Draoos, woiiviod with (hod fractional Mo Begstive vikoed ncecate s reaction S usod i T e
S00csa, Wi tha neaciion Prs_Deod i3 considend imesarsita, only the gppar sevon modos ang obdakned,

Schuster et al. Nat. Biotechnol. 18:326-332, 2000
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Ref: Edwards JS et al. Nat. Biotechnol. 19:125-130, 2001
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Arita, M. Genome Research 13(11),

2455-2466, 2003.
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p=Cx"*

log p=1logC - Alog X

logp=IlogC-AlogK — Alogx
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TABLE I. The general characteristics of several real networks, For each network we have indicaled the number of nodes, the
average degree (&), the average path length /. and the clustering coefficient €. For a comparison we have included the average
path length _,,, and clustering coefficient T, ; of a random graph of the same size and average degree. The numbers in the last
column are keyed to the symbols in Figs. 8 and 9.

Network Size tky #  ramd C ot Reference Mr.
WWW, sile level, undir. 53127 3521 al 335 01078 000023 Adamie, 199 l
Internet, domain level  3015-6200 352-4.11 37-376 636-618 018-03  0.001 Yook el all, 20012, 2

Pastor-Satorras ef al., 2001
Movie actors 252124 il A65 2499 (.79 0.00027 Wialts and Strogatz, 1998 K]
LANL co-authorship 52009 0.7 5.9 4.79 043 LEx10* Newman, 2001a, 2001b, 2001c 4

MEDLINE co-authorship 1 520 251 18.1 46 441 0066 LIx10°  Newman, 2001a, 2001b, 2001c 5
SPIRES co-authorship 56627 173 4.0 212 (.726 0.003 Mewman, 2000a, 20010, 2001c A
NUSTRL co-authorship 11994 358 07 T34 0496 3x10°7  Newman, 2001a, 2001b, 2000c 7

Math. co-authorship TOO75 39 0.5 5.2 059  S4=10°° Barabasi et al.. 2001 &
Neurcsci. co-authorship 209293 11.5 6 501 0.7 s5x10°° Barabasi ef al., 2001 9
E. coli, substrate graph 252 T.35 29 3 (.32 026 Wagner and Fell, 2001 L0
E. coli, reaction graph 315 283 262 198 .59 (.09 Wagner and Fell, 2001 11
Yihan estuary food web 134 a7 243 226 022 (.06 Montoya and Sole, 2000 12
Silwood Park food web 154 475 340 323 .15 0.03 Montoya and Sele, 2000 L3

Words, co-oceurrence 40,902 3 267 303 0.437 00001 Ferrer i Cancho and Sole, 2000 14

Words, synonyms 22311 1348 4.5 3 07 0L0006 Yook e al, 2001h L5
Pewer prid 4041 267 187 124 (.08 (L005 Watls and Strogatz, 1998 L6
C. Klegans 282 14 265 225 028 .05 Watls and Strogatz, 1998 L7

Albert, R, Barabasi AL, Reviews of Modern Physics 74, 47 (2002)



] small world

Watts DJ, Strogatz SH “Collective dynamics of ‘small-world'
networks”, Nature 393(6684):440-442, 1998




Small world

1. Jeong, H., Tombor, B., Albert, R., Oltvai, Z.N., and Barabasi, A.-L.
“The large-scale organization of metabolic networks” Nature 407:
651-654, 2000.

2. Ravasz, E., Somera, A. L., Mongru, D. A., Oltvai, Z. N. and Barabasi,
A.-L. “Hierarchical Organization of Modularity in Metabolic Networks”
Science 297: 1551-1555, 2002.

3. Fell, A.D. and Wagner, A. “The small world of metabolism” Nat
Biotechnol 18: 1121-1122, 2000.

4. Ma, H. and Zeng, A-P. “Reconstruction of metabolic networks from
genome data and analysis of their global structure for various
organisms” Bioinformatics 19(2):270-277, 2003.
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Jeong et al.
(Nature 407: 651 )

Wagner and Fell
(Nat Biotech 18: 1121)

Ma and Zeng
(Bioinform 19 :270)
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Graph directed undirected directed

Top 10 |[H,0 L-glutamate glycerate 3P

Hubs ADP pyruvate D-ribose 5P

orthophosphate coenzyme A acetyl CoA
ATP 2-oxo-glutarate pyruvate
L-glutamate L-glutamine D-Xylulose 5P
NADP+ L-aspartate D-Fructose 6P
PP acetyl CoA 5P-D-ribose 1PP
NAD* phosphoribosyl PP L-glutamate
NADPH* tetrahydrofolate propanoyl CoA
NADH succinate

AL 3.2 3.8 8.2

E_coli




60000 n

50000 8
40000
30000 n Nature 3.3
20000
10000 ﬂ ‘m
0 mi] fini I.IIII.||1I-|-.\_\_\ N T B D
1 3 5 7 9 11 13 15 17 19 21 23 25 27
o CO2, Pyruvate, Acetyl CoA,
ath length
ATP, D-Glucose, L-
400 o Glutamate, D-Galactose ...
c 300 |
S
S 200 [*
£ 100 | ¢
W—
0
0 10 20 30 40 50

Degree






	代謝ネットワークのシステムバイオロジー
	時の流行：システムバイオロジー
	「システムとして」の意味
	部品を研究する時代は終わったシステムバイオロジー vs ラジオ
	オーム研究は仮説生成の手段である
	オーム： 網羅的解析に基づく仮説の生成
	仮説の正しさ：トランスクリプトームの場合
	一致度
	仮説の正しさ：プロテオームの場合
	一致度
	「使えない」データを「使う」には順序がある
	ここまでのまとめ
	代謝のネットワークモデル
	代謝で実現したいこと
	おさらい：　解糖系とペントースリン酸経路
	ストイキオメトリー行列
	行列計算による代謝経路の計算
	行列計算による解法
	線形計画法への発展
	制約に基づく流量の解析
	線形モデルの特徴
	Phenotype Phase Plane analysisExtreme Pathway analysis
	ここまでのまとめ
	代謝と電車の違い
	各反応を「部分構造の対応」に分解する必要
	ペントース・リン酸経路　原子レベルのマッピング
	代謝の表現
	ネットワークのスケールフリー性
	べき分布とは？
	自然界のネットワーク
	
	スモールワールド
	代謝ネットワークに関する従来の成果
	ネットワークのグラフ変換
	グラフ変換のまとめ
	代謝はスモールワールドではない
	まとめ

