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Arakawa, K., Suzuki, H. and Tomita, M. (2009) Quantitative analysis of replication-related mutation and selection pressures in bac-
terial chromosomes and plasmids using generalised GC skew index. BMC Genomics, 10, 640.
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Okada, Y., Tashiro, C., Numata, K., Watanabe, K., Nakaoka, H., Yamamoto, N., Okubo, K., Ikeda, R., Saito, R., Kanai, A., Abe, K., Tomita,
M. and Kiyosawa, H. Comparative expression analysis uncovers novel features of endogenous antisense transcription. Hum. Mol.

Genet., 17(11) , 1631-1640
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Kyono, Y., Sugiyama, N., Tomita, M. and Ishihama, Y. (2010) Chemical dephosphorylation for identification of multiply

phosphorylated peptides and phosphorylation site determination. Rapid Commun. Mass Spectrom., 24, 2277-2282.
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Ogawa, Y., Koike, N., Kurosawa, G., Soga, T., Tomita, M. and Tei, H. (2011) Positive Autoregulation Delays the Expression Phase of
Mammalian Clock Gene Per2. PLoS ONE, 6(4), e18663.
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lino, K., Sugimoto, M., Soga, T. and Tomita, M. (2011) Profiling of the Charged Metabolites of Traditional Herbal Medicines Using
Capillary Electrophoresis Time-of-Flight Mass Spectrometry. Metabolomics (in press).

BEARIT IVTEERLNMCETEME
FRHIN TS, BRBEZICEDEM
HMFETH D, SEETIHAERBICH W
THZDERNENDHRITEESNT
W53, HSNZERFEIEROEES
HArEbETEShTEDH, BATHHA
SNTWBEERIFTH 100 EEM £

BHRIN TV AEITIE EE, §i1.
B ENEENZN. INSOEME
PEICE > TENER OEAREDA N
ZALICEEL TiE. BB OO EEL
W ERENS, FERABEANEZ W,

FEROABWLEEDOAERTIE, 17
FlolEHEOHDEEFEYEDRE &
HEEERITICOAERNBEINTET, L
MU, ZRITEDRAMIEEFNTWDS
Y EEZOLSBBRENT 7O—F TFF
g2 &FERT2THB, T5IC
&kﬁnﬁ%tén%%gﬁ77m/4

RP 2704 RiREDFMEDFTH
D, BICKBHMENERTH ZEHDH
TICEWTIFHRKETHZBEDFICH
EBI2RENH D,

ZIT. RFEKSIEERDIX—H—D
SHEANTCEROEEDLR, BEHELE
FNEBRT ZEROLRY. T U TH
FTHENTWDERERA A VIEEDTFO
WENSAEREZ, FvETY -BX
KERITHEENHEEBE (CE-TOFMS)
ZERWXYRO—LBTICEDT-
feco ZORER 100 EULOYMEDRE
ICRIh UTce 25 DYEZEEEEICH
MllEld, YRUEHEZEHRT S 6
BOEEZNZNIFEOYER 1D
ZEDREN, TNSOYEEAEEDE
BEARICIKEE DD ENREBI N
feo BIZIE. FIRERAZRFDERIF. M
DEZREITER, FHVF Y (FIRER%

RD) AR LEOYMENEEENT
\/\fl:o
Eﬁﬁ@ﬁni Eﬂ@%%%?ﬁﬁ

FEEEMNRL, bb\b\ ZDXSBEE
DOEBFEEMEICEAT 2MHERDHTIE.
EEOMBEFMOEAEEDIREKICH D
CEBEDEBORFEEZD (INTVR
ZED) EWD THEBEDBEIANEEL U,
— AT, AFEDEL S ICXFRO— LR
TIC & BDMWENCYEDOREZED T W
ZET, ZDESBEMRLBEDERE
NG ZENTEDNE LBV S,
& D ZIEEDEE A RO — LERIT.
EPPrREREESHIBIfFETDE
L&D, EHDEENEMNDFEREOESRE
DBEOTHEZAREIC L TWE W, &
NhoDESIAHZEBDIHREFRICHFL
fcWe (H:11E9B7H REEXHE)

o

1 -5 0 s @ lo -5 ( 5 lo -5 ) s @ lo 5 0 5 @1

+ 1 Takusha 2 Takusha 3 Takusha 4 Takusha

Bukuryo Bukuryo Bukuryo Bukuryo
/ Sojutsu Sojutsu / Sojutsu / Sojutsu
ciﬁ ! LP
Senkyu ® Senkyu hnkyu Senkyu
Shakuyaku Shakuyaku Shakuyaku Shakuyaku

o
N < Toki1 Toki1 Toki Toki1
O
O oOp5 s \ 106 5 0 _ 5 '107-5 ) 5 O

‘-I_- Takusha Takusha Takusha

Bukuryo Bukuryo Bukuryo
/ Sojutsu b/ Sojutsu b/ Sojutsu
ol 4o
hnkyu Senkyu Senkyu
Shakuyaku Shakuyaku Shakuyaku
o
~ Toki Toki1 Toki
-10 0 +10 -10 0 +10 10 0 +10
PC1
D6 HDEEN SRS NI =T D) b FES N 119 WEIC X 5 BRI 21T 72, KISH 1, 2 ERgpORAa7 7wy L&KL, 1-7T

ZNZENDOFEN 2RO LA SN TSR E R TR,

6: FIRIEM. 7: & % Wdeh,

65.9%.

83.8% TH o1z,

(1: Rl R ., 2: Bih, HtlesEdet, 3: BB, s, Zomdes, 4: IRIfER. 50 PR,
BN EK) S 1, 52, 83 Tl £ TORBTFGRITZNE N 43.0%.

6 | Volume 5



2011 Autumn Research Highlight

/N1 24~ FEFE@EN

HERT—7 : —hiz{t GC IEMERRICL B
BREEDOER - BEREDEE(

il HIEE

L . BERDKE SLHEDRIEMIRPT FEHAL

K . RS0 7, B, J1Y

2 TEmEiEEh EWSHEWS, BEINDIDREEDVWLEEZZR DT,

—= HAWZE, POV EICEF TERBHICEIWTWVWERL £ S,
BEZH > THEHONE, flEHENSDVWTEFT,

WRIIN—TDAVIIN—&,

RRT—V  BENGEV X - 7O FEY RAEEEY ORIRER
FHE thig

R BAAS MRS PYYIA NTIZAIYR— IV IZF

HRER - B, EARIT. BIRR

Z  HALHREFELIZAEET DI L,

—E HA—ADATRIEZEZ LIFSN2HBITIERL. HEEEZELCHET D
RUDELZDEIADENF T, BRREBRETZZENTEL U, Si&
FHAFIVIORBENSENTWEITH, HOEE /ISR L—> 37,
BTN, BEBHIFSOBHZ THERI>TWET, TYUTRCT,

HRT—V : BREI OBWRG) VBRIV INVE
EEEDRFE

=¥ 5T

R EERIKRT SmEMRIZMER FHEEH

B bl ¥9—. RO#ES

CHEEMIENR—RIC, INETRATWEAL >TEBEREZRPBEIT I &,
CERRART, FB3ZFB35FEBELSELTVET, EBESLVLWEEDHET
ARFEICEETE L &IF. BOIKE > THNIDNZDRBRWEHEEEZD £ U T, "
INETHREDER A TTS > LBERIORBHBUL T, Bh AF, b

HRT—V 1 XA¥IRO—LREI & ZIEHRNGEERS DS

BRE =T

RE BREEBARZE BR - AT« 7PHREBDELRE &

B EBZE. Ty bTIL. BEREE

£ I HRPICKEZES T BEVWOEDREEZ —EICEBNTL,
—5  SROEBELEXT,

|

[l

USJIC T, FAREREID A VIN—&,
HET—7 | BEHECFORBRMBENZEHTET
RIT 1T 7 1—RINy JHIHOERR

NI BT

R . BERIAY ERIHEIERE HTEK

Bk B, PAARYT—

Z R, SEDIEFADDLTHEELDN\YE—2DH5T &,
SEWDOBEREBIS LS. BAEULCERIC, BA., B idBREBEZ
BDIEL, EAAREEHICBES UTWET, £YiciED > TOWSEREETOARA
ZHD, ARDEDEBEOEWERZXDCOHDENTICHRDZ I EZBIELTWET, FARRYIT—7IL—70MEE,

[l

Volume 5 | 7

©2011 Institute for Advanced Bioscniences, Keio University



RESEARCHER

L

Assistant professor

Kumar Selvarajoo

INTERVIEW o 9
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T e 1-’ BP9 . Systems Immunology

| o

Towards the understanding of system-level properties of immune response

— Tell us about your current research.

Since joining IAB in April 2006, | have been a
co-leader of the Systems Immunology initiative
(together with Dr Masa Tsuchiya).

Since molecular interactions within
immune cells are inter-connected forming
large-scale networks, the study of individual
immunological molecule, one at a time, is
not sufficient to infer system-level properties
of immune response. On the other hand,
despite the presence of thousands of different
molecules within a cell, it is intriguing to observe
deterministic cellular processes such as host-
pathogen recognition or the differentiation of
hematopoietic stem cells to immune cells. How
such networks and processes occur? What guides
them? To understand such elementary questions,
our projects have been designed to recognize
the existence of the law of nature in biology, and
to tap them for the elucidation of fundamental
behavior of the complex mammalian immune
system. Our current results on Toll-like-Receptor
(TLR), Tumour Necrosis Factor (TNF)- alpha,
TNF-related apoptosis-inducing ligand (TRAIL)
signal transduction, from receptor stimulation to
the temporal expression of genes, have shown
that the law of signaling flux conservation exists.
Using this, we have identified novel properties of
complex signaling networks, such as the reason
for time delayed activation or enhanced activation
of alternative pathways in mutant cells, and these
results have been experimentally validated by
colleagues from the Keio Medical School. So,
unlike the popular believe that signal transduction
is highly non-linear and complex, we have shown
that their average response follow simple linear
rules.

More recently, our large-scale gene
expression studies have identified roles for

ubiquitous lowly expressed genes, which are
often discarded on the assumption that their
expression readout is noisy and unreliable.
We achieved our “unexpected” result by the
observing that forming genes into groups, before
analyzing them, eliminates noise following the
inverse square root law (as often used in statistical
physics). This led us to show biphasic behavior
of whole genome in lipopolysaccaride-stimulate
macrophages, i) a local proinflammatory response
and ii) a global response consisting of diverse
processes. A similar technique, when applied to
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immune cell differentiation (HL-60 to neutrophil)
process, uncovered the fractal-like behavior
of gene ensembles. The collective response
of these specific ensembles guides neutrophil
differentiation, revealing the presence of “genome
vehicle” for cell differentiation. Overall, our
pioneering effort in Systems Immunology is
shedding light into the existence of governing
principles in biology and we hope to continue this
exciting research as an integrated team into the
future.

— How did you come to the immunology
field?

| obtained a direct 4-year Master of Engineering
degree in Aerospace from the Imperial College
of Science, Technology and Medicine, London
(1997). This basically built my fundamental
understanding of numerous universal theories,
concepts, computations and experimentations
related to the aerospace sector.

After spending 3 years in engineering
industries, | decided to embark on a PhD degree
at the Nanyang Technological University in my
home town Singapore. At that time in 2000, | was
introduced to research activities at the National
Cancer Centre, Singapore, for any joint research
projects. After meeting several investigators,
| felt that the systemic approaches used in
physics and engineering fields can aid in the
better understanding of complex biological and
cancer processes. As first, decided on a project
to understand the regulation of glycolysis in
muscle cells and Trypanosoma brucei. | found
the simplification into formation and depletion
terms could be applied successfully to model the
dynamic turnover of molecular concentrations of
glycolytic metabolites to glucose perturbation.
The novel methodology suggested that complex
glycolysis regulation could be understood without
the requirement of multitude of biochemical
parameters which are difficult to obtain in vivo.

Part of my PhD methodology was
published as a US patent application which
resulted in the formation of a spin-off company,
Systome Therapeutics in 2002. | was appointed
as the Director of Technology of Systome
Therapeutics and was involved in designing and
managing the company to use computational
methods to identify novel therapeutic targets by
systemic interference with biological pathways.
Basically, our business plan involved me to direct
scientific staff to develop and use systems biology
approaches for metabolic disease intervention.

In 2004, upon completion of my PhD, |
was invited to join the Bioinformatics Institute (BII),
Singapore as a project leader. At Bll, my interest

of understanding the regulation of molecular
interaction spread towards practical application.
| led a small team that modeled the dynamics
of i) lipid metabolic pathways in control (normal)
and insulin resistance state and ii) the immune
signaling response in wildtype and genetic
knockouts, using computational approaches.
Notably, using linear response approach, without
the requirement to determine detailed in vivo
parameters, | simulated the signal transduction
pathway leading to gene expression of the Toll-
like receptor (TLR) 4 stimulation and predicted
the existence of novel intermediary steps along
one branch of the TLR4 pathways. This prediction
was subsequently substantiated to be true by
the characterization of biological processes from
experimental work (e.g. endocytosis of TLR4
before TRIF activation) from other renowned
immunology groups. This result encouraged me to
stay focus in immunology.

In 2005, | met Dr Masa Tsuchiya at Bll,
just as he moved in from the US, and we started
to collaborate due to our common interest.
We worked on the fundamental reasoning of
why simple rules can operate in biology and
developed the Non-Integral Connectivity Method,
which is a more formalized approach to address
the connectivity of biological networks and their
response using the law of mass conservation.
Our formulation was selected by the Agency for
Science, Technology and Research (A*STAR),
a lead government agency of Singapore
dedicated to fostering world-class scientific
research for a US patent application. This work
also subsequently became available as a peer
reviewed Imperial College journal publication and
a book chapter for Humana Press on Systems
Biology.
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In 2006, | moved here to IAB with Dr
Tsuchiya. Although we work in immunology,
we are actually investigating the fundamental
behaviors of biology.

— What is the impression of IAB?

Several good things are surely apparent here,
including excellent group of scientists, students,
facilities, and Tomita-san’s directorship.
Sometimes directors tend to have control over the
research projects or focus, but here we have much
freedom with no major issue for research funding.
On the other hand, | think the communication
between faculty members and students can be a
problem. | feel that generally students and staffs
are too shy or are reluctant to communicate
in English, restricting the circle within the
Japanese speaking community. People like us
who cannot speak fluent Japanese can become
isolated because of this reluctance for English-
based communication, and we are not able to
feel the full pleasure of being a faculty member
surrounded with students and staff collaborators.
| think this situation needs to change. My mother
tongue is not English, and | do not promote my
own language. However, | love English language
simply because it is a recognized international
language. Since, we have foreign students and
faculty members here, | wish some changes do
happen, and more effort should go in making here
a more international institute. The change may not
be immediate, but frankly speaking, | wish to see
it happen in a few years time.

LTS

Rohact ¥ By

— Do you have something that you do
everyday outside of work?

I like traveling, including driving, going to the
mountains, lakes and exploring the nature. | love
the four seasons and so photography has also
become my major hobby. Others include watching
movies, reading news on the Internet especially
on politics is also my hobby and passion. | am
interested to know how the Japanese government
can influence the political and economical
situation internationally, for example, the
regulation of the rising yen.

— Did you come to Japan with your
family?

Yes. | have my wife, Krisvene Kumar and two
children, Lucas Kumar and Davisha Kumar. Both
my children attend local schools and are very
fluent Japanese speakers.

— What would you like to achieve in your
future?

| am an ambitious person, and through research,
| want to produce tangible things to the society.
Since traditional biological approaches are
unable to provide comprehensive understanding
of dynamic living systems, | believe systems
biology approaches are necessary to obtain a
fuller picture. Deciphering the fundamental laws
in biological systems, for example, will surely
help us to identify key molecules, processes
and unexpected behaviours, such as, Signaling
Flux Redistribution, in proinflammatory disease
and cancer. Uncovering these can produce a
better shot for controlling diseases processes.
Also, a more descriptive role for the lowly
expressed genes and insight into the “genome
vehicles” during cell differentiation will advance
our knowledge especially for the differentiation
and proliferation of malignant tissues. Gaining
knowledge here, | hope to contribute towards
holistic medicine to treat complex diseases.Apart
from science and medicine, | also have interest in
politics, not so becoming a politician myself, but
to become an adviser for some political decisions
made in my country. Scientists are trained to
think deeply, and | would like to use the resultant
knowledge to change the decision making
process of politicians, for the sake of the citizens
to enjoy a better meaningful life. These are my
dreams. Let’s make it a reality!!

(Nov. 8th, 2007. Interviewer : Yukino Ogawa
Editor : Taiko Nishino
Photograph : Takeshi Masuda)
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Here we introduce our new faces.

B B8 | xshn-ue

4B&OREFICBRDEITHALHLETD,
B, BN SEIA>TVWET, I2FIC
FNEIEHREN 1 BE® BN
L, BHEIERBZEZILSELTVWEED
IERDWEZDETY, E52LBULLE
FEBWLET,

PFrIER &k / xsmio—s

COE, BRifE8ELTHES BTV LEL
&N F UTco ZERMUO S ERIEN -
feBMEILEE(E U, RADIHE DB H#
PBEIENTE, REEULCRBWVWET, &
SZ2LBULLBEVERL EFET,

PBRIER BA /x5 mn— s

ZOFBEBEBD T, IBOBEEEZESLE
T >TESDIEFTTHT. EEFbh S
BWIZENELKRETIA, BiRk> TWLE
TEWEBWETDTELBE UL BEWLET,

A+HE IME o=

SAFEERTHS &3, TAIEIX)
DN HDZ>TT, BIFEZDEENZF
FRICRILTTVWEZWEBWET DT,
ESZLBULLBENLET,

W EE s

INERTHIH TRE L cBRMRE 93
EANDEDWN] T HRODDFEMSIC
BEISHERZEERSNKLLD, BAL
MIZEFTRELBNE U, R~
TA - Va3V ABEDLSBHREICK
DEWTT, FRETIHINDSHLS
U<SBREWLET,

REk 52 / «oro—sm

BEAIFBRERTLOLLBHEEIET
WEEWTWE T, RIEFRLERAG—F4E
TIH. WOL—ABIOEAMTEICBENSH
MNLBEFEL. BROTWTISEBWET
DTHBRSEFOLOL SIRERDWET |

Ik =88 ) xsmn—vs
TEXFERTEICHKBLEN | EBVEE
tho—8 BEERAZTEHNTEDE
T, EREREEES LI SABDE
T BIFEETELCTELTVET,
FHAKFEROT, KEDRERERT
SHrELDET (%) chhBbE5L<
BEWWZUET,

e B/ xsmn—vs
XEFELEBSBWELESITTIN,
EEDFEFT ! b sELBULLEEVL
ijc

= =
=1 REJ W CLI=EIR
4 BlccssTENMETWEK 2 EICES
HIIZ 7 FREEEHRZLTRD. (LFPE
BiRE s FBEVWERETLI, 40 B>
cSEHEERTAPDAYPLTREDETAH,
HUWAREIFT—D—DEZITLGAENE
THELWTY, B £52L20L<H
BEWLWWLET,

Eik BF rore

DSIEETHIRDE S ADIHICHAIICD
WTOBREFDICHKELLD, BXES
BREZT>TWET, BREEEBRRT YT
DARICEZZ SN, SIFEL—ARICER
2£5ICERPTI, BELKHEVWLET,

Cheng Kian Kai /s

| joined IAB family in June, currently working
on E. coli metabolomics. It is hoped that | could
contribute to the continuous success of IAB.
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