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Abstract: In a cell, life molecules are organised in a variety of complex networks, from metabolic pathways
to protein-protein interaction and gene regulatory networks, to perform biological functions. However, none
of these networks are independent, instead the cellular networks are coupled to each other, and define a com-
plex interaction web of macromolecules that jointly participate in functional tasks. Here, we first integrate
experimental data for F. coli organism corresponding to metabolic pathways and gene regulatory network,
where links between genes and enzymes are determined on whether a gene expresses a given enzyme. Then,
the bipartite enzymatic-chemical compound network is projected onto the chemical space, which allows us
to define relationships between regulatory genes and chemical compounds. The integrated structure of the
real metabolic-gene regulatory network of E. coli is then statistically analysed using network science tools.
In particular, by using a diffusion-based algorithm that navigate on the integrated network, we predict genes
associated to a particular biological process. Finally, a theoretical framework supporting the experimental
data analysis is also presented.

Keywords: Complex Network, Bioinformatics, Multiplex Networks, Mathematical Model, Gene function
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£1 AUCH—%
Table 1 The table of AUC values
AUC

GO term #Gene Single  Multi
G0:0008152 955 0.558 0.614
G0O:0005975 135 0.673 0.691
GO:0006807 544 0.553 0.626
G0O:0006082 176 0.640 0.681
GO:0006725 430 0.529 0.596
GO:0006793 223 0.597 0.656
G0:0018130 198 0.536 0.550
G0:0034641 441 0.519 0.571
G0:0044248 183 0.607 0.603
G0:0090304 253 0.529 0.520
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Fig. 4 Degree distributions using EcoCyc dataset
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(b)

jc‘- ix 3

St * N=10

Y 2 + N=10*

. ° N=10°
<9 <

1o ° — o (F)
E E
“?C,_ il

1 10 100 , 10° 10t T 10 100 o 10° 10*

Degree k' Degree /

7 REETVNSF/ONZY T ARBENMA
Fig. 7 Clustering coefficient distributions obtained from theo-

retical model

7.2 USRAYFRELT

7T ARBREAAADOFERIEK 7T IR LB TH B, S
TRA=RIIRBAOMOHALFAUTH L. 77 AXEHD
HZBVWTHEHETILED DIRZ|NERT 2 & HHER
.

U EOMBETILOYIalb—ra VERLS, LD
REU T TIOVIENINKBD X 7 5 A R AT
E. coli DFER L FRDOREE RTET VPR RTELEE
RTE 5.

8. FELHESERDRE

PERDMFE T, BETHIBIR Y T — 72/ v
MY —=ZEENENHNL R Ry hU—=2 2 LTHbATY
7. ULHL, EBOEEKRXY NT—=213& 32y b7 =0
HHIZZELEWEREZ R L TWS., 2ITHEXEIO
HEEBLT, HHEAY N -2 UTHS THEZER
U7z, RIFETIXE. coli ZE=TIVEYE L, BETHIE
2y M7= Ry b= FnETNEE LT
Z, 2EF*y b7 =2 UTHBETHOMREE 2 v N7 —
72 U T O 247 - 7=,

%3, E. coli DET— X058 bR VEHWTERE
T-EEAE T IO MEREIT 2 17 - 72, RERDBEEFHIE AR v b
=2 DREEIITIHEGTILD, BEERY VT2
FmnTHleE RT L RfER L.

WIZ, FERDZ Y P —ZHBmTERERINTVWARY, &
MExEZ@BLUEZ/  — Ry VZFUTIRER Y 7 A XK
EDEHZT, Fv MU — 27 OBERMERGERRLL
2. ZOHERUIREY 2 5 A Z D&% E. coli D3y
FT— I ~NEHAL, SMREAIZE L TIENFRRDIEE—
KHGEDIRZFHVWERT I ENHO LR 7. 7T AKX

© 2014 Information Processing Society of Japan

BEAADOFE T 2R, WHEBE LD I AR EHEEK
DB VWTHEREZ2RT I HBERTE 2.

BB, INOETF—XroBonzEREHHAL S 5
MEMESTILRZEAL, YIalb—Yarva{rolk. BT
DIRZEENE E. coli DAINDIRE DG & T T A XRE S
8B obRHAL S 2RV 2 RT Z EHHERT
7.

KIFFETIE, E. coli ZIREBAAEL 7T A RREAEIZH
WT, B A2BHEETLVNEATEZ. LAL, &
FEAxy b7 =T R EMHIZGERTEZETIVOEADTRET
ERWHEZBZBERDH S, RIZ, BIE, oA AD D
327 b —LEERPEEINT WS, AFEEZEAL,
HEHNC RN R 2 S\ 2 T 2 D I5e R T2 BN H 5.

BT, RIFETIRREE 75 A XBRBUZB L CTEED
IR & Z2 1T o 7208, LDEHERY VT -2 1285
FFEOINAIETE R o7, Fizxy v =228l
L L) 7 v A, RS AT LOHIERH
AP BEETHREE W S E Wo R RIZITE M
ThHb. [>T, ThoDIV—LT—2%EREAY b
J—27 LTCIGHTESL LOMEZITOMLELD S.

SE X

[1]  Albert, R. and Barabési, A.-L.: Statistical mechanics of
complex networks, Reviews of Modern Physics, Vol. 74,
No. 1, pp. 47-97 (2002).

[2] Krauss, M., Schaller, S., Borchers, S., Findeisen, R.,
Lippert, J. and Kuepfer, L.: Integrating Cellular
Metabolism into a Multiscale Whole-Body Model, PLoS
computational biology, Vol. 8, No. 10, p. 1002750
(2012).

[3] Bellouquid, A. and Delitala, M.: Mathematical model-
ing of complex biological systems, Modeling and Simula-
tion in Science, Engineering and Technology, Birkhauser
Boston Inc., Boston, MA (2006).

[4] Deutsch, A., Brusch, L., Byrne, H., de Vries, G. and
Herzel, H.: Mathematical Modeling of Biological Sys-
tems, Volume I, Cellular Biophysics, Regulatory Net-
works, Development, Biomedicine, and Data Analysis,
Vol. I, Springer (2007).

[5]) Barabdsi, A.-L. and Oltvai, Z. N.: Network biology: un-
derstanding the cell’s functional organization., Nature
reviews. Genetics, Vol. 5, No. 2, pp. 101-113 (2004).

[6) Goh, K.-I., Cusick, M. E., Valle, D., Childs, B., Vidal,
M. and Barabési, A.-L.: The human disease network.,
PNAS, Vol. 104, No. 21, pp. 8685-8690 (2007).



BERLEBF S RIRE Vol.2014-MPS-97 No.2
2014/3/3
IPSJ SIG Technical Report

[71  Yldrm, M. A., Goh, K.-I., Cusick, M. E., Barabdsi, A.-L.
and Vidal, M.: Drug—target network, Nature biotech-
nology, Vol. 25, No. 10, pp. 1119-1126 (2007).

[8] Barabdsi, A.-L., Gulbahce, N. and Loscalzo, J.: Net-
work medicine: a network-based approach to human dis-
ease., Nature reviews. Genetics, Vol. 12, No. 1, pp. 56-68
(2011).

[9] Pastor-Satorras, R. and Vespignani, A.: Epidemic
Spreading in Scale-Free Networks, Physical review let-
ters, Vol. 86, No. 14, pp. 3200-3203 (2001).

[10] Cohen, R., Erez, K., ben Avraham, D. and Havlin, S.:
Resilience of the internet to random breakdowns, Physi-
cal review letters, Vol. 85, No. 21, pp. 4626-4628 (2000).

[11] Barabdsi, A.-L. and Albert, R.: Emergence of scaling in
random networks, Science (New York, N.Y.), Vol. 286,
No. 5439, pp. 509-512 (1999).

[12] Toivonen, R., Onnela, J.-p., Saraméaki, J., Hyvonen, J.
and Kaski, K.: A model for social networks, Physica
A: Statistical Mechanics and its Applications, Vol. 371,
No. 2, pp. 851-860 (2006).

[13] Barzel, B. and Barabdsi, A.-L.: Network link predic-
tion by global silencing of indirect correlations., Nature
biotechnology, Vol. 31, No. 8, pp. 720-725 (2013).

[14] Keseler, I. M., Collado-Vides, J., Santos-Zavaleta, A.,
Peralta-Gil, M., Gama-Castro, S., Muniz-Rascado, L.,
Bonavides-Martinez, C., Paley, S., Krummenacker, M.,
Altman, T., Kaipa, P., Spaulding, A., Pacheco, J., La-
tendresse, M., Fulcher, C., Sarker, M., Shearer, A. G.,
Mackie, A., Paulsen, I., Gunsalus, R. P. and Karp, P. D.:
EcoCyc: a comprehensive database of Escherichia coli
biology., Nucleic acids research, Vol. 39, No. Database
issue, pp. D583-90 (2011).

[15] Ashburner, M., Ball, C. A., Blake, J. A., Botstein, D.,
Butler, H., Cherry, J. M., Davis, A. P., Dolinski, K.,
Dwight, S. S., Eppig, J. T., Harris, M. A., Hill, D. P.,
Issel-Tarver, L., Kasarskis, A., Lewis, S., Matese, J. C.,
Richardson, J. E., Ringwald, M., Rubin, G. M. and Sher-
lock, G.: Gene ontology: tool for the unification of biol-
ogy. The Gene Ontology Consortium., Nature genetics,
Vol. 25, No. 1, pp. 2529 (2000).

[16] Kohler, S., Bauer, S., Horn, D. and Robinson, P. N.:
Walking the interactome for prioritization of candidate
disease genes., American journal of human genetics,
Vol. 82, No. 4, pp. 949-958 (2008).

[17] Li, Y. and Li, J.: Disease gene identification by random
walk on multigraphs merging heterogeneous genomic and
phenotype data., BMC genomics, Vol. 13 Suppl 7, p. S27
(2012).

[18] Burt, R.S.: STRUCTURAL HOLES: The Social Struc-
ture of Competition , Harvard University Press (1995).

[19] Clauset, A., Shalizi, C. R. and Newman, M. E. J.: Power-
Law Distributions in Empirical Data, SIAM Review,
Vol. 51, No. 4, pp. 661-703 (2009).

© 2014 Information Processing Society of Japan 7



