“YYXTHMIKH & XYNOETIKH
BIOAOI'TA: X0y povec TpoceyYIGELS 6T

BroAoyik), Biototpikn Ko
Bioteyvoroyrkn Epeuva

Ivetitovto Broloyikadv Epegovav & Broteyvoiroyiog (IBEB)
Ebviko Topvuo Epevvav (EIE)
Aewe. Boo. Kovotavtivoo 48, AOnvo

D paykiokog N. Koriong

A/NTHZ INXTITOYTOY BIOAOTI'IKON
EPEYNQON & BIOTEXNOAOI'IAY, EIE

EPI'AXTHPIO BIOTEXNOAOI'TAX
2XOAH XHMIKOQN MHXANIKQN, EMIT

EBviko Metoopero Iolvteyveio @12 Wh
Hpowv Iolvteyveion 5, [ il
Holvteyverosmoln, Zoypdpov, AOiva  KEJa N




EIZANQIrH: BIOAOI'TA
2Y2THMATQN



Genome
enced 1995

HHIHM-E

ol
d sequences D N\ Ve ¥ §

|

ISe comparisons

J. Craig Venter”
I M 5 TI1I T WUTE



1

23 AUGUST 1996
VoL, 273 « PAGES 1017-1140

The Dog Genome; Survey

Seqtionei
équencing and Comparatiye
Analysis

. Kirkness v
Samuel Levy? 55, Vineat Bafng,

" ) 2% 11 aron
Arthur L. Delcher Karin Remingtan, L Halpern

24
Douglas B, Rusch 2

1
.+ Mihai Pop," Wi
P, Wei Wang," Claira M, frase

}-Craig Venter?

A Srvey
vey of the 4
G

COverase] deroaa B EENOME sequepes

-

rﬂ..-f i i

e 1522 millizn 58 el W
al of science it o S P
PlE 2qUenci ’ e et oo 5 st gt Y IR

5 e e TRt et
ety ; e et T e
e i < A &

e el b o

{reration of | : e
' Pty Ty gwam"“

25%) 0 -

3 | of Gae Seree 250 e .
i1 " ey 2w .omt“"“" o

et . \ Lo o
s Dfr - : i o S L
5 . ~ ot imax\c;:g‘g,,gv::;;
Eari! y e e
I W e

fionratt & ' : —
S f ¢ 3 . or 3% e O
7 iy : // ) et e

[nternational weekly jour®

ww.naturejpn-cor™

hicsand proteomics pave
y for controlling malaria

aydrogen
J delivers

itarc
oW reversals

Antigen
presentaﬁon

,—\‘cusmm\zmg'
p\‘mc;\.\'c




T1 givou To Human Genome Project?

To avBpomvo yovidiope nepréyer mepimov 3 d1g Cevydpra Pacemy (AT, C, G)
OV Bprovrm oto 23 ?;svyapw xpmuaroomuarmv GTO TVPN VA TOV KVTTAPOV.
Ka0Oe xpcoua'roocoua TEPLEYEL EKUTOVTAOES £C xlhaﬁsg YOVIOL®MV TTOV
HETAPEPOLY TIS 001 YiES YL TN) 6VVOEOo TOV TPpOTEIVOVY. To avlpOmTIVO

YOVIOLMNO VTOAOYICETAL OTL £XEL 30 OOOYOVlﬁl(l.

Ka0Oopropog ariniovyiog €ivar 0 Ipocotopiopog tns akppois oerpds Tmv
pacewv.

XapTtoypaoenon sivar 0 akpiPnis Tpocsdopionog ¢ 0€onc Tov KaBg yovidiov 610
YPORATOCONA.

Agv givar YvooToi o1 e0ehovtic mov édmaay Ta dsiypata DNA 1o v
orinrovynon. Edowcav 5-10 popéc meprocoTepol ano Ta deiypate Tov TEMKA
EMELEYNGAV KOL OLES OL ETIKETES AMONOKPVVONKOAY TPLY 0TO TNV ETLAOYY.

LTig 23 Amprhiov Tov 2003avakovadnke 1 Tehkn £kdoon 1) onoio givar
gLe0OEPT Y10 TO KOLVO KoL TAPEYEL TANPOPOPIES OAPAITNTES Y10 TNV EPEVVL
(karlvmTeTon To 99% Tov YEVORATOS, VITAPYOLY ArydTepa 0md 400Kkeva Ko £yl
axpipeia 1 AaBog ava 10 000Bacsig)
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BloAoylo TOV XvoTnNUATOV

Eivor n pelétn twv {oviovaov opyoviouwv, vmo T0 TPIOUG TV
DIOKELUEVWYV  OIKTDMOEMY TOV OCLVIGTODV TH OOUN TOVG, OVIL THG
ECOTOUIKEDUEVNC UEAETNG TWV UOPLOKWV TOVS UEPDV. KLDOTNUOD UTOPEL
vo. Oewpnbel otionmote and evo Yovioloxko poOUIGTIKO OIKTDO UEYPL EVO
KOTTOPO, 10TO 1 Kl EVOV 0AOKANPO opyovioud. Ymoloyiotikég uefoool
QTTOITODVTOL Y10, TH OLOYEIPLON KOL EPUNVELD TV ATOPOITHTOV OEOOUEVWIV,
VIO, THV KOTOVONGH TV TOADTAOK®V PLOAOYIKWOV COOTHUATWV.

H. Kitano -2002-a Science 295,1662-1664, b Nature 420,206-210

study of living organisms in terms of their underlymegfwork structure rather
than simply their individual molecular components'sistem™ can be anything
from a gene regulatory network to a cell, a tissuen entire organism.
Computational approaches are required to handlendegbret the data
necessary to understand complex biological systems.



The Combinatorial Advantage

Not only the parts are important, but also the way they
are connected




Systems Biology

Not only the parts are important, but also the way they
are connected




Looking at the whole system

Elephant and blind men- Old Indian story

it .
Systems Biology

* Analyzing the biological systems as a whole

*Computer models are used to integrate information at
different levels

*Connectivity in the network plays a central role in Systems
Biology, but quantitative description of the connections 1s
equally important
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Transcription to rRNA
Transcription to tRNA
Transcription to mRNA

Ribosome
Assembling

Protein (One Chain - Many Chains)




GENOMICS
Gene Expression

A Muscle Cell

¢

* The differential in eac
cell type comes from
genes that ar@N or
OFF.

Erythroblasts

Pancrealic Islet Cel's (futura rac| bioad cale)
{producs insuiin} Melanocytes
J DN plormant calls)
1




o A few years ago SCientiSt e Tar,
applied to genes studies |i GENETICS
mapping, mutations,

cloning, sequencing on on
or few genes at a time.

 Wouldn’t be great if we
could study many or all
genes IMNE SINGLE
EXPERIMENT ?

Microarray
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 RNA isolation: RNA extracts from tissues samples by
dissolving to them a mixture of organic solvents.

Solvent — '

<eRRPe-s RNA

Micro-

Centrifuge PI‘OtEiﬂ, DNA,
e and other stuff

Healthy tissue Cancer tissue



« mMRNA isolation: Only mRNA reflects gene expression. mRna moleculsays
end in a sequence of adenines known, as a “poly-A tall

Buffer —
Hx‘:i_ - HQ INRNA mRNA
| e |
| il W=oh, L
TN - | \~~:-: 1 T
P -

Healthy Cancer tRNA tRNA -



Green Label () Healthy mRNA Cancer mRNA Red Label (Cy5)




o

Fall
ferrpe

N o

Pinhole

Beam-splitter

N N
y Eiiiﬂ
Glass Slide




D e

Scanner Process

Laser
— — — —» Photons
excitation

————— + Electrons

amplification

A/D
Convertor

Filtering
Time-space
averaging



RED L CAMCER » IMAGE




o

I — I

*| . |

| | _

4y : |

L+ _

+ —fﬂru ” !

I - —+ _

o _

| i Y _
. -

04 _ - |... Qh fﬂ.f _

ffﬂ 4+ ”i..ff‘” |

a¥. ﬂ—'tﬁv: _

.00. .f_!*.'..r. - “ff Qfﬂ

- . .rn..f“d _ ¢+.W¢_"¢

*

—_,— —— — —— — —

. #
al
53
4,
e 23
o,
A

*

P

+

(

-—

/pay)“Boj=oney

_"| —_———

-Red)

Intensity=0,5-log,(

—_——— e ——_—— ——

(

—

L]

L]

/pay)“Boj=oney

—

-Red)

Intensity=0,5-log,(



GENE-EXPRESSION SIGNATURE AS A PREDICTOR OF SURVIVAL IN BREAST CANCER

Tumors with Good-Prognosis Signature

Tumors with Poor-Prognosis Signature

Ratio (log scale)

30 40

Reporter Genes

+ Metastasis

* Total follow-up

[T T TET 1 Lymph-Node Status

Metastasis
Death

[T T 10T

11|

Yrodetypo g EKPpoong TV YOVISimV oL (pNotonominkay yio
ToV TPoGdloptopd g dvvarodtntag g [pdyvaong o oyéon e
To KAMVIKG yopoktnplotikd 295 acbevav pe Kapkivo tov 6thoug.
A. EpgaviCetat o Babuog éxepacng 70 yovidiov (d€ovag ) mov
ypNnoporolodvTal g deikteg o€ 295 acbeveic (Govag x) - To
KOKKIVO Yp@dLLa OgiyVEL TO, YOVIOLH TOV EYXOVV VITEP-EKPPACOET KoL
70 TPAGIVO TO. YoVidia Tov €xovv vro-ekepacheil. H otk
YPOUUY OEIYVEL TO EMIMEDO KAT® 0O TO OTOI0 £XOVUE KOAN
GLOYETION YOVISLOKNG VITEP-EKPPACTG LE LETAOTOOT KOl TAV® OO
TO 07010 £YOVILE KOAT) OCLCYETION LETOOTACEDY LLE YOVISLOKT VTTO-
£KQPOo.

B. ApBuog petactdcewmv pe t mdpodo Tov ¥povov Ge £T1. XTo
mpoTa 5 £ €yovpe adENOT TOV LETAGTAGE®V TOL GXETICOVTOL e
T VIEP-EKPPACHEVO YOVIOLOL.

C. Zuoy£T10M TOV LETACTAGEMV LUE TNV ERLPAVICT] TOV KOPKIVOL
TOV AEPPAdEVOV Kat TOVg Bavdtovg Tov Tapovcialovtot
avénpévol ta Tpota 5 .

Eivar mpogavéc 0T o€ Kapio Tepint®on ogv
UTOPOVUE VU GUGYETIGOVUE TNV TOPOVGLL KOL POVO
KAamolov (1] aKON Kol KATOL®Y) YOVISiov pHe TNV
En@avion Tov Kopkivov a@ov kot ta 70 vrapyovy o
OLES TIC TEPUTTMGELS, GVTAOV 01A0d1] ToV Oa
ENQOvicovv peTdotac Kot 0avato aAla Kol GVTOV
7ov dgv 0a Tapovoldoovy petdotacn. Avrideta Yo
™V npéyveon 0o npéner va M@0l v’ oyiy o
BaOpog éxkppaong kot n cveyétion Kot TV 70
yovidiov

Van De Vijver et al. ,N Engl J Med, Vol.
347, No. 25,2002
WWW.nejm.org
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B. l MS Scan
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Ehoptry-associated Protein 2

BGLEMVLE LI L BN VEGDNCI TR RS KLY PES
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AFBTARLFHET Y5 TFNLEGFR LML FORERL TS Y
YEHHYETE IHFLAE DEVELFIATHDC Y R0YEN




The Cell Factory

Raw material — —— Product
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A. Mitochondria
) Cytosol | | Pentose Phosphate Pathway
cose
H f PDH
Palline (Proline dehydrogenase) F
Proline Glueqse-6-P

NADP* G6PDF
@ (glucose-6-phosphate
NADPH, Y dehydrogenase)

6-Phosp 1o-glucose\|actone

P-5-C
ﬁ@ NADP* ? 6-phosphogluconate|
NADPH dehydrogenase
Glutamate < V yeres
Glutamate S .
/ Ribulose-5-P
Antioxidant ﬂ
Enzyme Response Ribose-5-P
. acids -SOD/Catalase/Peroxidase a )
(Free Radical -GST-linked pathways prpp ("hosphoribosyl
Scavenging) pyrophosphate)

Phenolic antioxidants = IS
H" induced S

a
Phenolics Phytochemicals proline-linked @
Amino acids (Hydroxyproline, pentose

Arg,Glu,Pro) phosphate /
[ FROM NUTRITION/DIET ] pathway
Adenine Guanine
B Alternative oxidative phosphorylaticunder (DNA/RNA, ATP)

oxidation stress with phenolic antioxidant:

Inner membran Inner membrar Mitochondrial Proton/hyd_r!de _|ons
space matrix (hyperacidification)

Y Electron - Proline [ | + +
o ™ H* H
carriel (Replacing NADH)
- . H '
D o) Reactive

. — >
2H < n oxygen
> o HY

A T~ ) Mitochodrial,
€ me==>> 1,0, ( 0@ Nuclear,
2

Hphilgradien oM Vacuole and
HY e'r‘:‘girg;hem'c%r Cytosolic
g reactions ' H"H*
2 S , 3ATP ‘ H

2H"

2H
1
o

7
Phgnolic %
radical

Reactions of Phenolic Radical on the memk Phenolic
-Signaling -Transport mobilization .
-Co-transport stimulation -Transport inhibitietc. j coo Phytochemical
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D:C-NH2 Cod+ MAD PYRUYATE OEHYDE e LGLWAMINE
ASPARAGINE G0, +MADH < DEHYOROGERASE COMPLEX CITRATE LYASE GLUTAMATE + AICAR
AP PYRUYATE CHy CITRATE FO0H HoGe0-F HoC-0-F b
ol | gRARTATE CARBORYLASE a0 o SYNTHASE g ACONITASE H-C-OH WG eeroturaRaTe |
B RAGINASE ARG - HO-C-CO0H HED H-| C UH HEC N GLUTAMSTE J
LYASE 54N EHy COOH N
M| p-aTR cKET EooH £Hy > IMIDAZDLE- | > HISTIDINOL-F
% MET HHy GLUTARATE, CITRATE c CDDH L-F N TRAMSAMIMNASE
2ATP . coon SUBCIMATE |5 i HE ,.'| DEFN DR ATARE u
SRTATE H-C-NHp o KETOGLUTARATE _ GLUTAMATE Erom £00H ERYTHRO- IMIDAZOLE Hi
FASE Chy  ASPARTATE TRAMSAMINASE o) foferare SRN— cis-ACOMTATE IMDAZOLE- ACETOLFHOSPHATE PH
EooH MAOH Hal PHOSFHATE
ASFARTATE MALATE
CITRATE —s CERTERD ACONITASE
ol GEMASE (ALATE
Han PHDSPHDENDL- CI§DCIH
FHOIPHOENOL- FYRUWATE FOBH H-C-HHg
COOH MBLATE FrRUYVATE le ISOCITRATE GHa CH
Ho--H SYNTHASE ! LS LYASE H-C-CO0H oHe
K 1 el T
ggDH chs ACETTL-Cok COOH THTHESE He EDHDH 0=C-tiHg
MALATE *Hel  GLYDRYLATE senererion] 1S0CITRATE 'SEE;T”"':NE
GLT O TLATE CYCLE & FHan’ autamate| [ 2
ATR = IS?E(IBE%'_I’E AMITG?Q%E GLUTAMIMASE
FUMARASE GEMASE NiHge Mp NHS
Hatt GOOH coon | HADH +005 COOH  GLUTARATE
cooH G EHa MADPH FADE* H- C NH BLUTAMATE . C NH SEMIALDEHYC
Ia EooH EHy | MMs RADH MAD te0, "y 2 "THINASE 2 DEHYDROGERE
Py —— A PAALOMATE 20 GLUTAMATE
ASPARTATE NHg HE L FUCCINTL-Cod T BH:  ATP ADF ?“2 MADOFH MADE
AMMOMA-LTASE & GO0 anprene . NAOH  COOH DEHYDROGENASE  Logw geb0p
FUMARATE o Boscon | FRETOGLUTARATE GLUTAMATE GLUTAMYL-P S[
FADH2 T . i han® ACETYL-Cok
MATE s tHe  TagRMILERA g o KETOBLUTARATE AMINOACID
DEHYDROBENASE | CH aTPog . e DEHYDROGEMNASE ACETYL:
Falh CooH i COOH COMPLE TRAMSFERASE
PORPHYRING ¢—————— SUCCINATE GTp mopSUCCINYL-Cod MADH+co, Cods
R-CO0H CDDH P-AICYL- CDDH -8,
[=alely] i H- C MH-CO-CH; GLUTAMATE H. c: MH-CO-CH; GLUT
G co ATP aDP | G2 FATTY ACID Gy KIMA, Gy EDL
=0 2 t=0 ot LATE I ACYL.Con o MF.T@ P CH NED
Acas Cﬁ%%gé‘}ﬁglz Erea PR AMF . SYMTHETASE 6020'1 e 02p o
ACETYL-CoA MALONYL-Coh q : N-ACETYL-GLUTAMATE M-ACETYL-GLUTARMYL-P
ACRTACETYL ACPT MALONYL FeiCHg-EHp-CH-C-3-Cad
TRAMSACYLASE Ceas], TRANSACTLASE ACYL-CoA
Fed COOH FADH ACYL-CoA
o YNTHESIS i FADOH;- DEHYDROGEMASE
3 T2
C n] E.:=D I‘Ii 'H
S ACP E-ACP R-CHa-q::C-C-S-CoA.
ACYL-ACF RABLONKYL-ACF H
[ ) EMOYL-Cod
C0oH ACHL-MALONYL-ACF
H-C-itl ACP + C0a EEMDERSIG ENEVRME EMOYL-Cod, HYORATASE
[CROTORASE)
[CH2]3 9 9
HaC-hHg HyC-C-CHy-C-5-ACP HQ g
LYSINE nanph ACETOACETYL-ACP P ke -oed
CD?EMINDF'IMELATE DR RHETOACYL-ACP REDUCTASE HY DR ACTL-Cot
H +
g MaDt Y 3HYOROHYACYL-Cod
DECAREDRYLASE HyC-f-CHg-E-5-ACP MADHA, DEHYDROGEMASE
COOH OH o] o

I LVOE YD TR ATD







(3)

——  Opszovivp —— Opocepivy

Ioolievkivy

MeOwovivy




MeTaBoAIkn Mnyxavikn

Metaforkn Mnyovikn: H katevbovouevn Beltiomon tov Kuttdpov o¢ Tpog To
CYNUOTIGUO TPOIOVTOC M TIC 1WWOTNTEC TOUG, MEC® TNG TPOTOTOINOTG
CUYKEKPILEVOV PLOYNUK®OV OVTIOPACE®Y N TNV EGOYMOYY] VEOV UE TN ¥PNON TNG
TEYVOAOYiaC avacvvovacuevor DNA .

[Tapdyovieg TOV GLVEIGPEPOVY GTNV TOAVTAOKOTITO TV UETAROAMKOV OIKTV®V:

*Toavtodypovn aAnAeniopacn HETAPOMTOV LE TEPIGCOTEPH TOV EVOC
VTTOGTPOLLOTO

*JLOUEPICUATMOON
>0 evyUEVT] OPACT] GLUTAPOAYOVTIWMV
* AAMALOGTEPIKES OPACELS

*Evookuttdpilo pLetapopi



EpyvaAeia Tng MeTtaBoAikng Mnxavikng

Avo nebodoroyieg ouviotovv ta facikd pabnuatikd epyoreia g Metaforkng
Mnyoavikng :

* Avaivon Metapoiikov Poov (AMP)

H AMP cotidlel otov axpiffr] kabopiopd tov podv Tov petafoAitkov povomatiov. o to

OKOTO OVTO, YPNOCIUOTOLEL ULt OUAO0  HETPOVUEV®Y PO®Y KAONDC KOl TO GTOUYELOUETPIKO
LOVTEAO TMV ONUOVTIKOV EVOLAUECOV OVTIIOPACE®Y, TPOKEWEVOL Vo emtevyfel o
VITOAOYIGUOC TV VITOAOITMV PODV.

*Avaivon Metafoiikov EAsyyov (AME)

H AME mocotikonolel t0 mT®MC 01 PoEC KOl GLYKEVIPMGELS OTAOEPNC KATACTACNG TV
uetafoAirtadv mov amoptiCovv 10 peTAPOAMKO diKTLO, UETAPAAAOVTIOL OTOKPIVOUEVEC GE
o1dpopeg datapayéc (m.y. netafoin g ocvykévipmong evioumv k.a.). Eniong, cuvdéet tig
KOOOMKES AVTEC 1010TNTEG TOV GLVOAIKOD GUGTNUATOC UE TIC OIOTNTEC TV GCLOTATIKMV TOV
uep®v (ev mPOKEWEV® TOV HEHOVOUEVOV evidumv), Aoufdavovtoc v’ oyn Tto OOuUKA
YOPOKTNPIOTIKA TOV peTafoAlkov Otktvov, pe T Ponbeia tov Bewpnuiatoc ABpoiong
Yvvt/otov EAEyyov Pong kot tov Bewpniuatoc Elaotikdtntog.




Avaivon Metapoirkov Poov-AMP

Bdon g AMP amotelodv ot e€ilomaoelc wooluyimv pdlac yio ke &vav amd Tovg
evolduecovg petaforiteg evog Proynuikod povomatiov, €POGOV TO GCUCTNUR E£YEL
TPOGEYYICEL TNV KOTAGTAGT 1GOPPOTLAC.




Otav 1 otoyclopeTpio TOV avIdpAGEMY TOV HovoTaTiov Bewpeitar yvmortr, ot K eEicmoelg
1eolvylmv nalog, umopovv va omodofodv vtd popen mvekov. G stvor évac (K X J) nivaxoc
omov ot K ypoupés avtiotoryovv otoug K evdokvttdprovg petaforitec kot ot J otnieg
TEPLEXOVV TOVG OLVTIGTOLYOVS CTOLYEIOUETPIKOVS GUVTEAECTEG Yo KAOe evdldueco petafoiitn
otig J avtwopdoels. To v givan 1o (J X 1) dvocua mov mepigyel tic J to mAN00C poéc

AVTIOPACEWDV.

/ \ 7 A




National HeIIenlc Research Foundatlon

Instituta.s Roca
NETWORK MAPPING

CORRELATION MODELS

LOGICAL MODELS

*Network Mappil KINETIC MODELING

Large scale computational quantitative
pathway modeling

eCorrelation Moc

sImpossible to elucidate intuitively complex
«Logical Models Plochemical pathways

sUtilization of mathematic formalism and
«Kinetic Modelin large scale kinetic data to reveal systemic
properties of biochemical networks

(sn {_F-')f.j'(} () Y {) z‘a (;:)3
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100.00 | (0.0333 cmoles/g/h) @ Other measured rates:
1.06 .
G.ulmp — l,,,,,()_59®-DNA synthesis
: ' ' *RNA synthesis
1

*Protein synthesis
Lipid synthesis
i > Glyceraldehyde-3-P «Carbohydrates synthesis
8.56 85.87

Glycerol-3-P ‘ 3-P-Glycerate —23L 3 Serine =232

A}
L}
]
L]
]
]
]
1
]
1
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The Approach

Fructose 6P
NH3
Glucose 6P
GABAXxt
NH3xt
GABAXxt

Metabolic pathways

Reporter metabolites

Transcription data {/:
®
N~
TCA Cycle} 7> 0=~ @
"\,
K
My

Interaction graph Subnetwork structures

—

>

PNAS (2005) 102:2685-2689



The Experimental Component

Transcriptome
analysis
| Disc. Bxpression, GOT |
Interactome
: B, T Proteome
" analysis
Metabolome Fluxome

analysis

Locasome



Top-Down vs. Bottom-Up SB

Global analysis (omics)
Top Down ¥

Data analysis (bioinformatics)

\
Reduction of dimensionality

System description

Reaction/process kinetics

4
Metabolic model
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High-Performance Computing is Central
to Systems Biology

Current U.S

Computing for .

Open Science

1000 TF

Protein machine
Interactions

Molecule-based
cell simulation

= Molecular machine
classical simulation

Cell, pathway, and
network s

simulation [ SEE

Constrained ’
rigid \
docking

100 TF

Communlty metabollc
regulatory, signaling simulations

Constraint-Based
Flexible Docking

10 TF

1 TF*

*Teraflops Biological Complexity



T. Ideker, et al. 4 MAY 2001, SCIENCE 292.

Integrated Genomic and Proteomic Analyses of a Systematica lly Perturbed Metabolic Network
GHCoEy
GAL1OD i £
ALACTOSE METABOLIC FLOW PCL10
GALACTOSE META CFLOY mup. A
HXTs G LIGD&EI Galactose = GLYCOLYSIS
_E:.. ||
GaJac:t?sa - Galﬁcg‘jm"—‘ﬁalacmsﬂ-‘l P% Glucose-1-P 7— Glucose-6-P
GAL? GAL1T GAL7 = GALS
' ‘) ‘" : PROTEIN

METABOLINM
el RPA4S

GAL4 AI l

;
: ¥PS3
7 8
- GALG B CIVENOWN
G‘qLED =3 iy L ] EI'I'I:'TTI'IET'-G reaction ; .Irrlu."l.-[-.lln.illf.:lu.'"l'.‘l
GAL3 = —= Membrane franspon s MLF3
3

— Transeripl, activation =i YMB3I18C

CORE REGULATORY q_?_______ oot —= Protein activation YELOS7C
MECHANISM —{ Protedn inhibition -

> An integrated approach to build, test, and refine a mode | of a cellular pathway.
Perturbations to critical pathway components are analyzed using DNA microarrays, quantitative
proteomics, and databases of known physical interactions
> 997 messenger RNAs responding to 20 systematic perturbat ions of the yeast galactose-
utilization pathway, provide evidence that approximatel y 15 of 289 detected proteins are regulated
posttranscriptionally, and identify explicit physical i nteractions governing the cellular response to
each perturbation.
> The model was refined through further iterations of pert urbation and global measurements,
suggesting hypotheses about the regulation of galactose ut ilization and physical interactions between

this and a variety of other metabolic pathways



METABOLIC ENGINEERING: Advances in
Modeling and Intervention in Health and Disease.

Martin L. Yarmush and Scott Banta.

Center for Engineering in Medicine/Surgical Services,
Massachusetts General Hospital,

Shriners Burns Hospital and Harvard Medical School, Boston;
Massachusetts.

Annu. Rev. Biomed. Eng. 2003. 5:349-81

Rl e

»"Su" o

Brain

Novel pathways have been
L engineered o produce
dopamine for Parkinson's
disease patients

Heart
By modeling the heart's
response o ischemia, new
treatments may be found
for heart attack patients

Liver dl‘ﬁﬁ i
Exdensive modeling (i
has been performed /

to understand the J

liver's response lo
various disease states

Adipose
MFA and MCA have
been applied to bather
understand adipose
cell metabolism

Non-§ calls have been
produced that can release
inzulin in respanse to
glucose stimulation as a
treatment for diabetics

Skeletal Muscile Parasitic Disease
Energy use has been MCA has been applied
modeled in the skeletal ! to the metabolism of
muscle, as well as Trypancsoma brucei,
the modeling of which is responsible for
mitochondrial disorders "sleeping sickness”



National Systems Biology Programmes

INSTITUTE OF BIOLOGICAL RESEARCH & BIOTECHNOLOGY
NATIONAL HELLENIC RESEARCH FOUNDATION

Research training at post graduate level, orgénizaf workshops, seminars, invited
lectures, graduate lectures at the School of Clkamgin.NTUA, etc.

Start and duration: 2005 - 2010
Budget : 3.0 M€

In the Medical and biotechnological area.Med: @ar{colorectal and breast) ageing and
Metabolic diseases (atherosclerosis, diabetesja@ammiental carcinogenesis, Biotech:
biofuels, natural products (SysBiokh coli, algae to mention some of the systems).

Infrastructure funding : 0.7 M€ (LC MS/MS, Confoaaicroscopy, Grid)

There is an interest of several big Hospitalshefpublic and private sector from the area of
Athens personalised med).



e_

Laboratory for Interdisciplinary Collaborative $&arch
In Data Mining and Data-Intensive Sciences
(e-LICO)

Small/Medium-Scale Focused Research Project (SYREP
Work programme topics:
Objective ICT-2007.4.4: Intelligent Content and S@tics

Ipot Aotk Tpoonadera 6 Evpomaikny KApoko perAéTng ac0eveL@V TOV <OVPOTOINTIKOV
GLGTILOTOS?, OTTMS KAPKIVO TOV TPOGTATI], OVPOSOYOV KVGTNG, VEPPOV, K.4 nEca amd TNV
avaTTUEN KOTAAMNA®Y VTOLOYIGTIKAOV NEOOOOAOYLAOV KOl EPYAAEL®V TOV EQUPUOLOVY TIC UPYES
™ Broloylog Tov Zvotnudtov.

O oVVoAKOG TPODTOALOYIGOC TOV £pyov, Tov Ba dtapkéaet 3 ypovia (2009-2012mvépyeton o
3 000 000 Euro

List of participants:

1.
2.
3.

\l

University of Geneva UNIGE (CH)
Institut National de la santé et de la recherobdicale INSERM (FR)
Medicel Oy Medicel (FIN)

5. Rapid-1 GmbH Rapid-I (DE)
6.
. University of Zurich UNIZH (CH)

University of Manchester UNIMAN (UK)



H ocvpupoin Tov IBEB a@opd 610 oyedocuo g pedoodoroyiog cvoyiTions tov
OLLPOPOV TOTOV HOPLIKAOV OLAYVAOGTIKAOV OE00UEVOV (YOVIOIONATIKG,
TPOTEOUIKA, HETUPOLOUIKE OEOOUEVE), LE TNV EKONADGT TOV TAO0LOYIKOV
KOTUOTAGEMY TOV OVPOTON|TIKOV GUOTI|NATOS TOGO GTO EMITENO TOV KVTTAPOL 0G0
KOl 6TO EMimEd0 TOV 060EVOG.

Me tov TpOTO VTO ETOIMKETAL:

1. H e€ayoyn a&ldmotomv PlodEkT®dV TPOYVOSTIKOD Kl 010 yVOCTIKOV
yopoxTpa. Ot deikTeS aTOl AVAPEPOVTAL KO (G KUTTOPIKEC
(YOVIOLOUOTIKES, TPOTEOMKES, LETOPOLOUIKES) VITOYPAPEC.

2. 0O evTOMIOUOG KOl 1] TEPALTEP® OLOGAPTVIGT] TOV AEITOVPYIKOD YOUPUKTIPO
KPICIUOV KUTTOPIKOV OLEPYACIDV, OTOS 1| GAEYHOVI}, 1| Oy YEIOYEVEST KAT,
OV EUTAEKOVTOL GTO UNYAVIGHO YEVESTG KOl ECEACNG TMV 0GHEVEIDY TOV
OVLPOTTOTIKOV GUGTILOTOG,



IBRB

Our Institute is conducting global experiments in he fields of medical and biotech applications andideveloping tools and
mathematical methodologies in the fields of bioinfanatics and computational biology, for the scope a$imulation tasks:

() in metabolic engineering(metabolic flux & control analysis, use of enzymeiketics data at the system’s level)

(ii) in functional genomics(interpretation of microarray experiments, ChlP-Seq in collaboration with the University of Nijmegen
, derivation of pathways exploiting GO terminology,promoter analysis)

(i) in pathway analysis and derivation(automated construction of metabolic and signalingathways and superpathways) and
(iv) in the development of biomedical ontologies

 Technology Development for Systems Biolo@RID in Biological applications

as a part of the Enabling Grids for E-sciencE (EGEE)nfrastructure which is the largest
multi-disciplinary grid infrastructure in the world , bringing together more than 120
organisations to produce a reliable and scalable cgmiting resource available to the
European and global research community. At presentit consists of 250 sites in 48
countries and more than 68,000 CPUs available tos® 8,000 users 24 hours a day, 7
days a week.
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Edit View Favortes Tools Help

GRISSOM

ids for 'n ilico ystems bi logy & edicine

Personal Information™ Experimental Repository™ MicroArray Experiment™ Gene Ontology Analysis™ Log Out
Home

General

Publications

Deliverables Experiment Name | | @

News

i

GRISSOM
Application Upload Experiment Data Manually @

GRISSOM Manual Image Coe
Number of Experimental Conditions (22

Select Experiment Data from Repository
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Transcnptomlc

Data (Genomicssignatures
from blood, serum, tissue
samples)

~

Proteomic Data (Protein
Biomarkers from blood,
serum, tissue samples)

f

Metabolomic Data

. (Metabolomic signatures
from blood, serum, tissue

samples)

OD&

Genome Wlde SNP Data
(SNP mgnatures)
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multi-scale in-silico models of human § bieno “ Data 4
o / Di R o (Genome wide ChIP

P (T (,)gy B ! GROS anies . assays from blood,

Data mining, knowledoe discovery taol, semantic .

: . : i : serum, tissue samples)

integration, databank, biomcdical imaging, . T

modelling, simulation andvisualisation techniques | i i

= il Patient Data

HealthGrid
(clinical records)
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Cell /Histological
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| Fluxomic Data (characteristic | quantitative

flux pattern changes) ~ Imaging (biopsic samples)




SCHIZOPHRENIA

RESEARCH FORUM
A CATALYST FOR CREATIVE THINKING

http://www.schizophreniaforum.org/res/sczgene/défzsp

Schizophrenia Gene Statistics

Studies: 1575
Genes: 925
Polymorphisms: 8034

AL ZHE MR Alzheimer Gene
A nESEARSn Statistics

F o H U ™M

Studies: 1355
http://www.alzgene.org/ Genes: 660
Polymorphisms: 2822



Tithoc IIpotaonc: «kE@apuoyn tov apyav tns froloyiog cvotnudtov
OTI|V HEAETT] TOV HEWLOVOV YUKV otaTapayov: Pneroxn
KOTAYPOP] KUl LOVTEAOTTOIN G NE GTOYO TNV AVATTLEN
ECUTOUIKEVUEVMV OEPUTEVTIKOV GTPATNYIKOV

2uvePYaLOUEVES OUAOEC:

* Epyaompro Broteyvoloyiag EIE kol XyoAn Xnu/kov Mny/xadv EMIIT

e Ewwn Movaoa Anokatdotaong kot ErayyeApatiknc Eroavéviaéng
(EMAEE) tov Epgvvntikov Iavemiotnuiokod Ivetitovtov Poyiknc
Yyeiewng (EITIVYY) EOviko ko Kamodiotprokod [Havemiotipio Adnvov

e Tunua ITAnpopopiknc pe epapuroyéc otnv Broiatpukn, Iavemiotuio
X1epedc EALGOOC

« Etotepucoi vvepydreg, [Havemotiuo OrebroZovnsdioc & King's
College, London, Center for Bioinformatics



To cvykekpiuévo Tpoypoppa aroPfArémer otn onuovpyio
OALOKANPOUEVOV TPOYPEUUOTOS VN PESLAOV VYELRS TOV Oa allomorel
TNV avarTTUEN Kol TPo®mONon evog QAGNATOS KULVOTOUMY
TPOGEYYIGEMY GTIV HEAET] TOV HEWLOVAV YOYLKOV OLUTAPAYOV.

Méoa amd TV TOAVETITEON YNELOKN KATAYPOPT] Ko LovteAomoinom Oa,
emryeypnOet.

o (o) n avamtuén e€aToUIKELUEVOV BEPATEVTIKMY GTPATNYIK®V, KO

o (B) n avamtuén eEatoutkevUEVOV doyVOOTIKGOV UeBOd®V TPpoPAleyng
¢ €EEMENG TG VOGOV,

LLE Bacm TO EMION utokoyu(o TPOPiA evOC TANBLGLOV aGOEVOV LE O1AUPOPOVC
TOTOVG YUYIKOV VOGSV (oy1loppévela, OUTOAIKN dlotopayn, Ka).

H Bro-watpikn enelepyacio Oa otnprydetl otnv avaivon:

1. popraxmv dedopévav (Broynuikol, petaforikol deikteg),

2. VEVETIKOV 0£001EVOV (YEVETIKOT TOAVUOPPIGHOT, YOVIOIOLATIKT
EKQPOOT))

3. amEIKOVIGTIKOV dedopEvey (MAektpo eyyeparoypapniuata (EEGS),

4. Aertovpyikn Mayvntikn Topoypagio fMRIS),

2. (pocwougvokoymoov L0 TPIKMOV OEOOUEVOV YUYOLETPIKEG usfcpncsmg

YVOGLIKOV deglotrov, Kaewg KoL KALHOKES EPYACIOKMY OECLOTHTAMY,
a&10A0YNONG ALTOCTIYUATIGUOV 0cevav kot wotdtnTac (mNg ToVC).



Mg TEMKO 6TOY0 TNV EVPLI OLXYELPLOT,
GULGYETION KOl EPUNVELN TOV TOAVETITEOMV KL
ETEPOYEVAV OYKOV OEOOUEVOV TTOV GYETICOVTAL UE
TIS YUYIKES VOG0VS TOL B0 epeuvnBovv yia tnv
KOVATTUEN OTPUTNYIKOV ECUTOUIKEVUEVIS
owdyvomonc/0epomeiog.

270, TAOUG10, TOV GLYKEKPIUEVOL TTPOYPAupatos Ba astomoinovv:

e O17mAEOV GUYYPOVEC TEXVOAOYIEC OLOOIKTVOKNG EXKOVOVIOGS KO
AVTUAAQYNC TANPOQOPLOV/EdOUEVOV 0o0EVDVY, (OAOKATpOUEVN
otoyeipton Hiextp. DaxéAlwv AcBevav- Hiextp. Kaptec)

e MeBoooroyieg avaALONG Ko OO EIPIOTG, TELPAUATIKOV
Brotatpik®v 0£00UEV®Y,

 Elaymync kol mopakoAovdnong TpoyvemeTIK®V Kol
OLAYVOGTIKOV BLOdEIKTOV,

e Kamnyopromoinong eovotonwy,
e A&loAdynomng BepamevTIK®V TPOGEYYIGEMV.



The Gene Ontology (GO) database
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Special Issue

We are approaching a time in
¥ which we can begin to look at
§ cells and organisms holistically.

Edited by
Robert Russell
N

and P
Giulio d
Superti-Furgd -

ah L

Biology will require a
transition from a
Deterministic to a
Stochastic approach.
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Chemical composition of mastic oll

Component

a-Pinene
B-Myrcene
B-Pinene
Camphene
Caryophyllene
Limonene

Perillyl alcohol
6-Methyl-5-hepten-2
trans-Carveol
y-Terpinene
10-hydros-Cymene
0-Cadinene
a-Copaene
Anthole

30/3/2010

Concentration (%)

/7.1
12.27
2,46

1,04
1,47

0,95

0,84

0,01
0,04
0,08
0,01
0,01
0,01
0,23

65

Component

2-Nonanone
a-Terpineole
Methyl-eugenol
Methyl-iso-eugenol
Myrtenal

Myrtenol
o-Crezol-methyl-ether
Bornyl Acetate
Perillen

Linalool

n-Cymene
Terpinolene

Not Identified

Concentration (%)

0,03
0,35
0,02
0,25
0,13
0,09
0,44
0,18
0,34
0,48
0,13
0,05
0,99



Mastic oil inhibits tumor cell proliferation and survival

K562 human lymphoblastomas

cell number (% of control)
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B16 mouse melanomas LLC mouse adenocarcnomas
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Effects of mastic oil on angiogenesis

1. Mastic oil down-regulates VEGF release from tumiocells

150
125

100

K562 human
lymphoblastomas

75T

50 [

VEGF (% of control)

25 1

vehicle 0.01% 0.02% 0.1% POH
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125 | W o0

100 [

B16 mouse
melanomas
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251
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LLC mouse
adenocarcinomas
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Effects of mastic oil on angiogenesis

2. Mastic oil attenuatesEC proliferation and EC
organization into vessel-like structures

Control Mastic oil
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100

80

vehicle 0.01% 0.02%  POH 60 -

40 -

network length (% of control)

20

vehicle 0.04% 0.01%



AIM: To analyze the globamorcell response to mastic oll
treatment at the gene expression level and idepatgntial
molecular mechanisms underlying chemopreventiomastic oll
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Data generation and analysis workflow

List of significantly

‘modulated
functions

/" Final gene
list




Cluster 1 (115 genes)

Cluster 2 (86 genes)

12h

6h 12h

Cluster 4 (220 genes)

Cluster 5 (84 genes)

Cluster 6 (108 genes)

= Cluster centroid




GO Annotation HT p-value | Enrichment
kinase binding 0.00000134 4/11
Negative regulation of cell proliferation
3h 6h 12h 24h 48h
phosphatase and tensin homolog (PTEN) -0,46838 | 0,19844 | 0,47491 | 2,0455 -3,624
E2F transcription factor 7 0,083546 | 0,27744 | -0,38691| 1,1698 | 1,5126
oo v P
3h 6h 12h 24h 48h
E2f7 0084 0277 -0387 1170  1.513|zgn
Pten 0488 0198 0475 2046 -3.624| 1 57126
Pax® 0278 -0.335 0303 -0.395 -1.148| 2 6903
Pppich| -1921 -08868 0770 -3.752 0.399]| 1,201¢
Stradb | -1.883 0055 -0089 0137 0.890(0,3992:
Ckstb | -1.019 -0565 0281 0049 2690
Pint 0483 0841 0341 1125  0.251
-'ﬁg:: of cell Hrasls3| 1013 0021 2604 0417 -0.233]|0:88997
T Rnfé 0420 0248 -0165 -0.390 1.202 20,2529
[ Cdcasl | -0371 0763 0454 1606 -1667| |
( positive regulation of 1-xB ) X o [Hmox1 1004 0308 0091 0150 0.128 E
nucle\ kinase/NF-kB cascade 3 Nod1 -0.542 -1.356 -0.807 -0.275 -0.038
| (NOL = Casp4 0967 -2005 0000 -0433 0019|3378
heme .., geiioce \wooycnnny, o o= e =2/ /1
protein phosphatase 5, catalytic subunit PPP5C -0,107 | -0,37493| 0,03484 | 0,19733| 0,56046
Induction of apoptosis
3h 6h 12h 24h 48h
caspase 4, apoptosis-related cysteine peptidase 0,96721] -2,0045 0| -0,4330] 0,01881
nucleotide-binding oligomerization domain contagih
(NOD1) -0,5418] -1,3564| -0,80695 -0,2754] -0,0379|
phosphatase and tensin homolog (PTEN) -0,46838 0,19844 0,47491 2,0455 -3,624




Discussion

Pten may be considered essential upstream effect accounting for anti-proliferative, pro-
apoptotic and anti-inflammatory actions of mastic oil through blockade of AKT and NF-
kB transcriptional activity

— Inhibitory role in cancer expansion and metastasis (Baker, 2007, Salmena et al., 2008)

— Blockade of PI3BK/AKT signaling preventing AKT from phosphorylating a plethora of targets to activate cell
cycle, prevent apoptosis and trigger NF-«kB signaling (Song et al., 2005, Simpson et al., 2001, Manning et al., 2007)

E2f7 is a transcription factor that has been shown to act as a repressor of several
genes known to promote tumor cell proliferation (de Bruin et al., 2003)

Up-regulation of Hmox1 along with modification of glutathione transferase activity (GO
analysis) support that activation of detoxifying enzymes might also contribute to cancer

chemoprevention by mastic oil (de Bruin et al., 2003)

— Has been shown to exert anti-oxidative and anti-inflammatory activities attributed to inhibition of pro-
inflammatory mediators and negative regulation of NF-kB signaling (Prawan et al., 2005, Oh et al, 2006)

— Known to be involved in the process of xenobiotic metabolism (Giudice et al., 2006)



RT-PCR validation

» 4 genes (Pten, Hmox1, Nodl, E2f7)
belonging to multiple GO categories of
interest chosen for RT-PCR validation

Using LLC cells, presenting good correlation
with microarray data

In 3 human cancer cell lines, namely lung
adenocarcinoma (A549), colon carcinoma
(HCT116) and erythromyeloblastoid leukaemia
(K562), in order to investigate whether
alterations are specific for mouse LLC cells or
imply a more general cancer cell response to
mastic oil treatment
» Ptenlate induced in K562 and HCT116 cells
in agreement with LLC cells but no response
in A549 cells
* Hmoxl early induced in all 3 cell lines in
agreement with 3h induction in LLC cells
* Nodl elevated in contrast with LLC cells and
no significant response in A549 cells
o EZ2f7 late induced in K562 and HCT116 cells
in line LLC cells but it is not significantly
modified in A549 cells

B

Relative expression

‘ == Microarray =—@-— RT—PCR‘

Pten

Time (hours)

Relative expression

[ on [ on I 2¢n I o1 |

Pten

A549 HCT116 K562

Hmox1

A549 HCT116

Nod1

K562

HCT116
E2f7

A549 K562

A549 K562

HCT116

Cell line



PTEN mediates tumor cell growth inhibition by megil

« PTEN has a reported role of as a key negative regulator of the PI3K-
AKT survival pathway (song et al., 2005)

« Pten mastic oil observed induction in LLC and 2 different human
tumor cell lines - investigate whether inhibitory effects of mastic oil
on tumor cell growth are mediated by PTEN

140 : : _ :
e s s R — e o
Z ool T A . -
. _ o | 1l | | ;
e Dividing K562 cells treated with S gol| T |-
mastic oil in the presence/absence 5—}
of bpV(phen) (specific PTEN é 60—
|nh|b|t0r) S 40!
« Mastic oil induced decrease in cell D o5l | L
number, partially reversed in the

o

presence of inhibitor in a 5
concentration-dependent manner > AR







MNF- i

Cell Survival




Conclusions

Bioinformatic Analysis through the use of novel to@sene ARMADA
and RankGQO) enables the identification of key patfsxassociated with
regulation of important cellular functions:

Genes and pathways derived through exhaustive soninahalysis
exhibited a significant relationship with experintadrevidence supporting
that mastic oil inhibits tumor cell growthy negative regulation of cell
cycle and induction of apoptosis (E2Ff , PTEN ,AP5] ,NODY )

Potential molecular mechanisms through which mastic oil may exer
its effects were associated:

iIn EC with a reduction in the levels of the active fom of RhoA
In K562 leukemic cells with an inhibition of Erk1/2 actvation
in LLC cells with prevention of NF-kB activation
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Microarray analysis in 3 human cancer cell lines

 RNA from the 3 human cancer cell lines (A549, HCT116, K562) in two time
points of mastic oil and vehicle treatment was subjected to microarray
hybridization

* Preliminary analysis shows little overlap with LLC cells at the gene level but
c overlmgat functional Ievel‘_ngGO al-rllcaTIY1S6IS) LLC K562

25% overlap 66% overlap 57% overlap

oxidoreductase activity |DNA replication

LL

DNA replication

electron transport %
nucleotide catabolic process
* transcription coactivator activity
activity oxidoreductase activity ele'ctrg.n transpor'g _
kinase activity ubiquitin cycle ubiquitin-protein ligase activity
protein catabolic process magnesium ion binding
magnesium ion binding negative regulation of transcription
cell division NADH dehydrogenase activity
regulation of transcription from RNA polymerase Il promoter kinase activity
tranativietiendktion kihtmgscription from RNA polymerase Il transcription from RNA polymerase |l promoter
promoter regulation of transcription from RNA polymerase II
T T
transcription from RNA polymerase |l promoter
ubiquitin-protein ligase activity acyltransferase activity
negative regulation of transcription antl-apoptosis
G2/M transition of mitotic cell cycle
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Cell division common target in human cell lines

Cell line | A549 | HCT1| K562
16

Time (h) | 12| 2 |12] 2| 12| 2

4 4 4

Deregulation

Mitotic related functions down-regulated in A549Ise

GO term 12 | 24
h |h

mitosis

mitotic spindle organization

microtubule based movement

microtubule motor activity

mitotic cell cycle spindle assembly checkpoint

spindle organization

mitotic chromosome condensatia
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Experimental Procedure

Confluent Lewis lung carcinoma cells

l

Vehicle or Mastic oil (0.01% v/v)
treatment for 3,6,12,24,48h

l

Collection, total RNA extraction (Trizol plus)

|

Microarray (ILLUMINA)

l

Normalization, statistical and
functional analysis
30/3/2010
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A genomicmicroarray analysis to study theanticancerouseffect of natural
compounds : the case of mastic oil

e Statistical selection

— Individual time points: t-test on lg¢ransformed intensities between each
time point and the respective control with p-valueshold set to 0.05.

— Paired Analysis for each time point with its coh{tdaest) yielded a total
of 320 DE genes (106 over-expressed , 214 under- erpiless

Mastic oil treatment (h)

e[ [+ o e o

T e N N RN
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Hypothesis: Mastic oil is a modulator of critical sgnaling
pathways in tumor cells

Experimental evidence:
Mastic oil attenuates
*RhOA expression and activationif vitro and in vivo)

*Erk1/2 MAPK/kinase phosphorylation (in vitro)
*NF-kB activation (in vitro and in vivo)
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Conclusions

Bioinformatic Analysis through the use of novel to@Ene ARMADA
and RankGQ) enables the identification of key patsaassociated with
regulation of important cellular functions:

Genes and pathways derived through exhaustive soofnanalysis
exhibited a significant relationship with experinarevidence supporting
that mastic oil inhibits tumor cell growthy negative regulation of cell
cycle and induction of apoptosis (E2Ff : PTE]\I ,FFPSCI,NOD]l )
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BA2ZEIX AEAOMENQN

e http://www.genome.jp/kegg/pathway.html

e http://www.ncbi.nlm.nih.gov/




BIOTEXNOAOI'TA

2votnuikn Biodoyio
2vvOetikn BiroAoyia

2votnkn Blroteyvoloyia



The Bio-Economy

The term “bio-economy” includes all industries andrexuic sectors that produce,
manage and otherwise exploit biological resources égriculture, food, forestry,
fisheries and other bio-based industries);

The European bio-economy has an approximate msidesbf over
€1.5 trillion, employing more than 22 million peepl

Sector Annual turn-over | Employment Data source
(billion €) (million)
Food 800 4.1 CIAA
Agriculture 210 15 COPA-COGECA
Paper/Pulp 400 0.3 direct (4 CEPI
ind.)
Forestry/Wood ind. 150 2.7 CEI-BOIS
Industrial Biotech. 50 (est.) McKinsey*
Total 1610 22.1

* estimated to be around €100-160 million by 2010

RTD/E.z




Bio-ethanol :

Acrylamide :

Antibiotics :

RTD/E.z

Large scale products of
Industrial Biotechnology :

30 million t/year
15 million t/year
1.5 million t/year
1 million t/year
250.000 t/year
200.000 t/year
30.000 t/year



Projected Biotechnology Sector Development
- A Comparative View

Market
penetration

B Health Bio B AgBio B Industrial Bio

(adapted from presentation given by Dr Rolf Bachman, McKinsey & Co at
Bio2003)




Impact of industrial biotechnology (in billion EUR)

45

40
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30

25

20 +—

15 +—

biofuels plant extracts pharma bulk chemicals food/feed oleochemicals enzymes others
ingredients and polymers ingredients

02005 m2010

2005: 77 billion EUR IB related sales in chemicals (7% sales of the chemical industry)
2010: 125 billion EUR IB related sales in chemicals (10% sales of the chemical industry)

McKinsey - 2006



2YXTHMIKH BIOTEXNOAOI'TA

e AvAmTuEn TnC YVOONG Kol TOV KATAAANA®V EPYOUAEIDV
LEAETNC TOV OOl GLVEIGPEPOLY GTT KATOVONOT TNG
AAANAECAPTNONC TOV OLOPOPWOV ETUEPOVS GTOLYELMV Ko
TNG GLVEPYOGTOG TOVS GTO

: And)rapog GTOYO O GYEOLOGLUO TMV
AELTOVPYLOV TOV KLTTAPOL, TOL KLTTOPIKOV GUGTNUATOG,
TOV OPYOVICUOD Y10 TNV TEYVOAOYIKT TOV aSl0TOINoM
(kuTTOPIKE EpYOOTAGLOY)



BIOMHXANIKH BIOTEXNOAOI'TA

e H Biounxavikn Biotexvoloyia / BiokataAuon (BB)
anoTeAEl Eva nedio nou nepiAappavel
no)\)\éq €I0IKOTNTEC EMICTNUOVWV Kal |JI’])(CIVIKd)V Kal
apopa TN TeEXVOAoyIkn a&onoinon Twv KUTTCIp(.l)V
(HIkpoBIakwV, (WikwV, (|)UTIK(1)V) N OUCTATIKWV TOUC
n/Kai o)\OK)\npoov opyawopoov N ouo-rnpaToov oTnv
napaywyn I'IpOIOVT(DV N npoc@opa unnpeciwv. H BB
KaAUNTEl TOWPEIC ano Tmv Kar Tn

, EWC TNV , kal 1O
Kal €ival yia



YuvOeTikn Blroloyio

Opwopoc 1. «<H XovOetiki) Broloyia £xel ¢ 6T0)0 TO GYEO10GHO KUl TNV
Kotaokevn Tunudartov, Avotdéeov kKot oot naTov Bwkoytm']g Baong,
KaO®OS Kol TOV ETAVUGYEOLAGHO 1101 VOLGTAUEVOV QUGIKOV BroAoyik®V
cvoTnuatov» (Ex0son g Basuuknig Akaonuiog Mnyyoavikov, 2009,

/news/publicationg/list/reports
/Synthetic_biology.pdf)

Opwu()g 2. «<H XvvOeTikn Bwkoyw OTOYEVEL oT1| uaké'm KOl 6TV
‘cpononomcn Blo)»oyuc(ov m)cmpm:(ov TO, OTTOL0 OEV VPIGTAVTUL OGS TETOLO
6T1] PV01), KOL 1) TPOGEYYIGN AVTI] Y PYGULOTOLEITON YU (1) Tqv emiTeEVEn
BaBvutepnc KaTavonong Tov waoymmv oladIkaclOV, (2) TNy Tapoyoyn
KOl GUVAPHOLOYNCT AELTOVPYIKAV ETPEPOVS GTOLYEIY, (3) v avarTody

VEQV EQUPUOYOV 1] O1EPYUSLOV ( ExOson Tessy, 2008 http://mww.tessy-
europe.eu/public_docs/TESSY-Final-Report_D5-3.pdf)



Synthetic biology is the rational (re-)design of
biological systems with useful properties

i

e B J—

- Biotechnology
Biology Oraanic chemistry

Origin of life /7
Artificial life #T
Orthogonal life -



H oOvOeon «amd kdtm wpoc to mavw» (bottomup approach)

ZHvBeom £vog Ploroykod GLOTNHATOS HEGEM TIG GLVAPUOAGYNOTIG TV UEUOVOUEVOV ETUEPOVS
otolyeiov. Mia epyacio-ctabuog oto Science (Cralg Venter, 200&)mv gpyocio ovtn
aAAnAovynOnke Kot avacvuvtédnke amd to yovidioud tov (Tov amoteleitan and 583
yIMadeg Cevyn Bacewv) Eva amhd Paktiplo (M. genitalium):

. H avaciyvOeon tov Baktnpiov mpayuatomodnke amod tpelc staipeic (000 otic HITA kot
wa otnv Evponn, Blue Heron, DNA2.Gon GeneArt).

. O TpoGO10pIGUOG TG AAANAOVYI0G TOV YOVIOUOUOTOG TTPpOocEYYioTnKe He T nEBooo TV
«KaoeT@V DNA». AAMNAOETIKOAVTTOUEVES "KAGETES TOV O £0G 7 YIAMAO®V PAdcemv
cuvappoAoyONKay amd ynuKa cuvtedipuEvo 0ALyOVOUKAEOTIOL.

. O1 KaGETEC aVTEG EVOONKAY 6TN GLVEYELD, IN VILrO Y100 TNV TOpUy®mYT EVOIAUECDV
tunuatev DNA, to omoio khovorombnkav o€ texvntd BakTnplokd xpmUocOUOTO,
(BACs) tov Baktmpiov E. coli.

. AvaxaAvednke 0T1 To TANPEC cLVOETIKO YovVidimua 6ev UTOPOVCE VoL GUVOPLOAOYNOel
oto E. Colikot 6t avtd Oa rav telkd epiktod pe ) ypnoponoinon pag dAANng uebosov
KAwvomoinong ue faon m Zoun (Transformation Associated Recombination, TAR).

. H epyacio avt amotelel £va KOAO TOPASELYLA Y10l TO TAOS POKTPLO LTOPOVV VAL
avacLvvtiBevton and v aAAnAovyio ToL YOVIOLOUATOS TOVG.

Science. 2008 Feb 29;319(5867):1215-20



Metaforucny Mnyovikn

Mopayoyn g aptepiovivig amd tovg Keasling et al. 2007tov perétnoay Ta peTafoitkd povomartio,
Tov Artemisia annua kai (p1GLHLoToiNcay TO HOPLO TOV UPTERIVIGLOKOV 05E0G (G TPOIPONO
OVTIEAOVOGLOKOU (PUPUAKOV, TO 0TTOL0 KOl AP YO YOV (P OILUOTOLAVTAS T1] ZVUN O¢ KUTTUPIKO
£PY06Tao10 (YvOo1é amd Tovg Kivé{ovg €0 ko ardveg To uto Artemisia annua ywa tnv

avTInETOTIoN TG Aovooiag. To 1972neletOnke and tov Kivélo emotiipova, Tu Youyou). (Metab
Eng. 2007 Mar;9(2):160-8

Yool

H évvowa mepriapPaver tn ypnopomoinon £vog KVTTAPov-EEVIGTI GTOV 0TTOL0 EIGAYETAL
tpomomouuévo DNA. O suvn0&eTtepor opyaviepol mov YpnoIpomoovvTol Mg EEVIGTES gival Ta
Baxtiprwa E. coli, B. subtilis, Mycoplasmake P. putida kot n eokapvotikiy Zopun. O EevieTiig
POSPEPEL TO PaoIKO KVTTUPIKO TEPPAILOV TO 0010 EPTAOVTILETAL HE VEES 1OLOTNTES TTOV
g16ayovtol péom® 1ov Tpomomotuévov DNA. H kdpra dvekorio THG TPOGEYYIGNS GUTHG EIvaL O
£LeYY0G TG CVUTEPLPOPAS TOV EEVIGT], 0 0TTO10G £ivar £vaS LOVTAVOS PUGLOAOYIKOG OPYUVIGHOG.
Otav e1oay0ei 1o véo DNA, 10 60T EVOEYETOL VO U1V COUTEPLPEPOEL HE TOV AVOUEVOUEVO KO
emOounTo Tpomo. I'ia Tov L0Yo avToV, £vag aplOpog EPEVVITIKOV OPAd®V EPYALETAL TAVOD GTO
OTTOKOAOVUEVO KEAAYLOTA KOTTAPO», ONA0OT] KUTTUPA-EEVIGTES TO 0700 HLATNPOVV HOVO TIS
ehdyroteg amapaitnTes froroyikég Aertovpyieg Yo TV emiPficnet) Tovs. 'Eva mapddsrypa tétorog
gpyociog onuoocievdnke oty embedpron Moﬁecular Systems Biologyem6 Tovg Forster ka1 Church,
ne titho «Ia T 60vBeon ehayieTov KuTTdpov» (Mol Syst Biol. 2006;2:45). O 616)0¢ £ivar va
a@a1pgdovy 0Aa Ta PN ATEPALITTO GTOLYELD TOV KUTTAPOL AOGTE VO AvOKTI 0l 0 peyarvTepog
ovvaTog £Aeyyog o€ o diepyacio Xovoetikng Broloyiog.



Tuqpoto, Aloetacelg Ko XveTnnaTo,

O 610Y0G NG TPOCEYYIONG QLTI IVl 0 GYEOAGUOG Kot 01 avATTLEN BroAoyik®v
LUNYOVIC UMV KO, 100VIKA, GUGTNUATOV a0 TPOTLTO ETUEPOVS GTOLYELN
(LEBOSOC TOV YPNGILOTOLEITOL GTOVE TEPLOTOTEPOVE KAAIOVG TNG
Mnyovikng).

e Ta Tunuato propovv va 0ptoTolV MG KMIKOTOMUEVES BloloyikéC Aettovpyieg
(dnAadn tpomomomuévo DNA)

* O1 AotdEelc kataokevLalovtol omo Ho GLAAOYTN daPOPETIKOV Tunuatmy Kot
K®O1KOTo100V Kabopiouéveg amd tov avlpmmo Aettovpyieg (m.y.
BroasOnipeg Kot Aoyikég TOAEG)

* Ta Zvotiuota ekteAohV oOLoKANpOUEVL KaOKovTa (TT.). LETPNOELS KO
Aettovpyiec EAEYYOV)



O kOKAOG TS MNYaVIKNG OmoTEAELTOL QIO TEVTE GTAOLOL TNV TPOOLOYPOPT], TOV GYEOOGLO,
TNVUOVTELOTOIN G, TNV VAOTOINo™ Kot Tov EAeyyo/emkvpwon. (Eva aepookdpog Airbus éxet
ypPNoomom el eokeppuEva GTNV KOV Yot Vo OEIEEL OTL TN €lvort Lo 010 0E00UEVT] TPOGEYYION

ot MnyavoAoyia.)

Specifications

Testing/Validation

Implementation Modelling




E@appoyés tng Xovletikng Broloylog

Yyeia: (o) Evag peydrog apOpog popudrov avapévetat va £Xovv oxedoctel og epappoyés Tuvhetikng Bioloyiog (M
aptepowivn). H EB propet va ypnowonombet eite yo v mapaywyn covbetikav Hopedv Tmv QUGIKOV 0VeLdV gite
yio Ty BerTioTonoinom Tovg, petdvovtog Tig apevepyetes. (B) Avamtodn froioywmy vavounyxavey pe embopntég
Wt reg (1., Prooncbntrpeg, Tov PTopovV va avivebovy ovsieg 1| TaPEyOVTEG LOALVOTS KAl VOL XPTGILOTOL00VTAL O
JOYVOGOTIKA 1) Oepamentikd péoa peydAne akpipeiog).

Evépyera: (o) avopévetar va maiel onpavtikd poAo otnv Katacokevn POAOYIKOV UNYOVIGUMY TOV ETLTEAOVY TNV
Topoy®yn Plokavcipmy pe ) PEATIOTN amdd0ooT aALd Kol E10TKOTEPO LE T1) XPNCLOTOINGT TPATOV VADV Un
OEIOIMOMGLU®Y LLE TT) CNUEPIVT] TEYXVOAOYiL.

Iep1pariov: BloousOntipeg xovv 101 EQOPUOGTEL GTNV AVIYVELGST] LOAVGUOTIKAOV TOPAYOVIMV KOl GUYKEKPIUEVQL
OTNV AVIYVELOT APGEVIKOD GTO TOGIUO VEPD, GAAL KO GTNV OVIXVELOT] EMKIVOLVOV YNUK®OV OVCIOV 1| EKPNKTIKMV.

I'eopyio: avopévetal va amoTteAEGEL TO KUPLOTEPO TANUGIO AVATTLENG EQAPLOYDV LE BAOT) TN YEVETIKY) TPOTOTTOINGT
TOV KOAMEPYEIDV ®C BroAoyikd GLGTHHOTO/KVTTOPIKA EpY0cTdoo. Ot TPOEKTAGELS Elval TOALES Kot ayyilovv OOV
TOVG TOUELS TOVL avapEPONKaY Taparave. ['a Tapdderypa, Tov Topéa TG dSTpoPng (Tapaymyn Tpoe®V e PEATIOTES
1O10TNTEC), TNE VYELOC gcocpowcoyﬁ QopUAK®V omd ELTA), TNG evépyelag (Prokadoio eTOUEVNC YEVIAG) KoL TNG
Brounyaviog (mapoywyn ¥nUK®V VYnAng Tpoctidéuevng asiag).

Allor Topeic: (o) Avantoén frovikav. 'Eva XOPUKTNPLOTIKO TOPAdELYpaL EfvaL 1) TOPAY®YT) GLVOETIKOD LETAEIOD Ao
apbyvn (golden orb spider)lo peta& tng apdyxvng avtig firav fon YveoTo yio my akpoio avhekTikdTTd TOV GE
GLVOLOGUO Ue TO TOAD YoUMAS Papog Tov. H cuvBetikn mapaywyn tov emtedyfnke uéow me avantuéng oAokinpov
Broymukod povoratiov og epyoctnplokd eminedo (in Vvitro). Iapopoeg teyvikég Ppickoviar vid avamTvén yio TV
TOPOYOYT YNUIKOV VYNANG aElog 0TS U1 PLGIKOT LOVOGOKYOPITEG KO VEQ TOAVLLEPT).
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Figure 1 | Schematic representation of the engineered artemisinic acid
biosynthetic pathwayin & cerevisioe strain EPY224 expressing CYPT1AVT
and CPR. Gienes from the mevalonate pathway in & cerevisior that are
directly upregu lated are shovm in blues those that are indirect]y upregulated
by wpcd-1 expression arein purple; and the red line denates repression of
ERGY in strain EFY224. The intermediates [PP, DM APP and GPP
uﬂuwmwﬂﬂWuuﬂ
geranyl pyroph msphate, respectively. Green armws indicate the hiochemical
piﬂnurlﬂitﬁnmﬁmﬂ te (FPF) to artemisinic acid,
which was intmduced into & oerevisine A. annua. The three axidation
wmw;-mph&mtm-mﬂﬂt acid by CYFTIAVT and CPR
are shown.




Fatty acid-
derived products

Fatty acid \

degradation !

Xylose
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acids
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Engineered pathways for production of fatty acid-deved molecules from hemicelluloses or glucose artgpiction of the
synthetic operons used in this study. Flux throughtte E. coli fatty acid pathway (black lines) was inaased to improve
production of free fatty acids and acyl-CoAs by elinmating b-oxidation (knockouts are fadE), by overegpressing
thioesterases (TES) and acyl-CoA ligases (ACL). Variaiproducts were produced from non-native pathwaysofange lines)
including biodiesel, alcohols and wax esters. Alcols were produced directly from fatty acyl-CoAs by @erexpressing fatty
acyl-CoA reductases éFAR) the esters were producedytexpressing an acyltransferase (AT) in conjunctiomvith an alcohol-
forming pathway; biodiesel was produced by introducion of an ethanol pathway (pdc and adhB) and wax ests were
produced from the fatty alcohol pathway (FAR). Findly, expressing an secretlng xylanases (xyn10B amda) allowed for
the utilization of hemicellulose. Overexpressed gea@r operons are indicated; green triangles represeémhe lacUV5

promoter. AcAld, acetaldehyde; EtOH, ethanol; pyr,pyruvate.
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IN SILICO MODEL OF LIPID
BIOSYNTHESIS IN RAPESEED
EMBRYOS

Eleftherios Pilalis, Abdelghani Idris$i Aristotelis
Chatziioannoly Brigitte Thomassét Fragiskos Kolisis

1. Metabolic Engineering and Bioinformatics Groupstltute of Biological

Research and Biotechnology, National Hellenic ReseBoundation, Athens,
Greece

2. Génie enzymatique et Cellulaire, UMR CNRS 6022 Mdrsité de Technologie
de Compiegne, Compiegne, France



PLATON Research Collaboration

Target: Metabolic engineering to obtain modified (branched)
lipids with novel properties

* Enzymatic and Cellular Engineering, UMR CNRS 6022, Université de Technologie
de Compiegne, Compiegne, France

» Metabolic Engineering and Bioinformatics Group, Institute of Biological
Research and Biotechnology, National Hellenic Research Foundation, Athens,
Greece

Genetic engineering and acquisition of Computational pathway modeling
experimental data (NMR, LC/GC-MS)
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Elucidation of the regulation of lipid
biosynthesis - Predictions/design of
genetic engineering strategies




Failure of branched fatty acid synthesis

Introduction of three bacterial enzymes

AN
»  Threonine Deaminase (TD) P ™ EW
. o e VA
>  Propionyl-coA Carboxylase (Pccase) | (ar)
>  Fatty-acyl ACP Synthase (KAS) @l@l@-
l \ $
Jéthy Pool Agl
@ -: . ‘
24:1-Cod
/\ // 1 ! 18:3
1E [Acy % gu:].lz iPC)
18:1-Cod 4 » 15:2(FC)

Significant metabolic perturbations
— increase of amino acids (Isoleucine, Leucine, Valine)
— increase of cetoacids (pyruvate, ketobutyrate)

Branched fatty acids detectable but extremely low

Relevant enzymatic machinery present and functional but the
metabolism is not redistributed to the modified pathway

Need of modeling in order to elucidate the regulation of lipid
synthesis




In silico reconstruction of a large-scale network of
central metabolism

Simple schema of central carbon e More realistic metabolic
metabolism network
gucose  saccharose e Gy e
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In silico reconstruction of a large-scale network of
central metabolism

Acquisition of all known biochemical reactions

Selection of reactions relevant to the pathwaystefest
(can be numerous)

Definition of “systemic” reactions and metabolites

Integration of experimental data



Acquisition of known biochemical reactions

 Pathway Tools 11.5 ( P. Karp et dipinformatics

18:5225-32 2002.
e Aracycl.1

database

Pathway Tools version 11.5
Fle Ovdrviews Pathway Reaction Proten RNA Geme Compound Chromosome Tools Heb
Arabidopsis thaliana ~

Save DB

Lacations of Mapped Genes

oo

<

AraCye Pathway: TCA cycle

(oo |

[ Eosolar | [ oo Sooies Comparion

glycolate and glyonylate degradation

€O, fixation into oxaloacetate  rumorae

b

\\
;

glyoxylate cycle

acetyl-CoA biosynthesis (from pyruvate)

oxalogpetate

5

cis-aconitate
givegpeogenesis
aspartate biosynthesis

isocitrate

suceinyl.CoA aketoglitarate

Synonyms: TCA, TCA eycle — aerobic respiration, tricarbosylic acid cycle, citri acid cyele

\__/

Amino acids Biosynthesis

.
w

. Curated Arabidopsis thaliana pathway

Pathway Tools version 11

erviews Path,

Fie Reacton Proten RNA Gene Compound Chromosome Tools Help

Arabidopsis thaliana ~ \ Save DB

_AraCyc Compound: o-ketoglutarate ¢
A KA R . L S A S 2xstogt
2 oxopentancdionate
Epiical Formuta: C3He0;
Ho oH
Molecutar Weight 1461 daftons

Smiles: C(O)(=0)C(=0)CCC(=0)0
Unification Links: GAS:325-50-7, LIGAND:C00026

In Pathway Reactions as a Reactant

a-ketoglutarate dehydrogenase complex:

tarate + enzyme N (lipoyDlysine
+aminobutyrate degradation L

Ketog]

nzyme N°-(S-succinyldihydrolipoyDlysine + CO,

o = Loglutamate +
alanine biosynthesis I
a-ketoglutarate + L-alanine = L-glutamate + pyruvate

ne degradation:
o-ketoglutarate + L-alanine = L-glutamate + pyruvate

anthocyanin biosynthesis (pelargonidin 0-glucoside).

leucocyanidin + o ketoglutarate +O; = cyanidin + succinate + CO; +2 H;0,

leueapelargonidin + = pelargonidin + suecinate + CO, + 2 H;0
arginine biosynthesis I

N-acetyl-L-ornithine + o.ketoglutarate =
arginine biosynthesis I acetyl cycle)

O-glucoside, cyanidin

ketoglutarate

acetylL-glutamate 5-semialdehyde + L-glutamate

N-acetyl-L-ornithine + o ketoglutarate = N-acetyl-L-glutamate 5-semialdehyde + L-glutamate
arginine biosynthesis II:

Leorithine + g ketoglutarate = L-glutamate + L-glutamate ;-semialdehyde
arginine degradation I

wketogl + = L-glutamate +
arginine degradation I
Leornithine + g ketoglutarate = L-glutamate + L-glutamate 7-semialdehyde
asparagine biosynthesis II
Leaspartate + o-ketoglutarate = oxaloacetate + L-glutamate
aspartate biosynthesis:

Leaspartate + o ketoglutarate = oxaloacetate + L-glutamate

citrulline biosynthesis



Full network of Arabidopsis th. central metabolism

 Glycolysis

e Calvin cycle
 Pentoses-phosphate pathway
» Citric acid cycle e .
e Lipid biosynthesis L g T A T
« Aminoacids metabolism BN e

141 metabolites

151 reactions




Reduced network of Arabidopsis th. central metabolism

 Glycolysis

e Calvin cycle

» Pentoses-phosphate pathway
» Citric acid cycle

e Lipid biosynthesis

* Aminoacids metabolism

77 metabolites
110 reactions

Degrees of freedom: 110 — 77
=33

For a fully determined system we should measure
33 steady state fluxes to calculate the rest 77 -




Metabolic Flux Analysis on an under-
determined system

e 15 fluxes currently measured
- Multiple solutions

« Use of constraints and linear optimization in orae
minimize the solution space
— Thermodynamic feasibility
— Range of possible flux values
— Hypotheses based on biochemical knowledge
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Glucose 6P

S

Fructose 6P

l

DHAP/GAP

Measured Fluxes (wild
type)
*This study
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FAS
AcetylCoa — FattyAcids

60 nmol/h

65 Tmelih

Citrate

Results

Oxaloacetate

P

Succinate

Krebs GFcle

SuccinylCoa

Ketoglutarate

Isoleucine

0.4 nmol/h

57 Amelh_

methylFattyAcids h methylMalpfylCoa

( KetoMethylValerate

—

Pyruvate

PCCAS

PropionylCoa AcetoHydroxyButyrate

oxobutanoate

PDC \
Pyruvate Dehydrogenase Complex D

Threonine



AcetylCoa FattyAcids

Oxaloacetate

‘ Ketoglutarate ‘

r
‘ Pyruvate ‘

methylFattyAcids ‘ methylMalonylCoa ‘

A

SE | | 7

‘ PropionylCoa ‘ AcetoHydroxyButyrate ‘

‘ KetoMethylValerate

oxobutanoate
Threonine




Conclusion: Proposed strategies

Introduction of enzyme specific for the reactioen 2

oxobutanoate> propionyl-coa
. 2-oxobutanoate dehydrogenase (1.2.4.4) el
. 2- oxobutyrate synthase (2.2.7.2) ™™

Introduction of Methylmalonyl-coa mutase (574.99. (ol

)

. Succinyl-coa> methylmalonyl-coa

uuuuuuuuuuuu



The Potential of Biodiesel Production from Fatty Acd Methyl
Esters of Some European/Mediterranean and
Cosmopolitan Halophyte Seed Oils

Vassilios T. Sotiroudis, Theodore G. Sotiroudis, and Fragiskos N. Kolisis

ABSTRACT: Biodiesel fuel, mainly produced from edible vegegabils, has been proposed as a renewable
substitute for petroleum diesel. However, thergréaving concern about its role in rising food pgce
accelerating deforestation, and displacing existiggcultural production. Moreover, given the pragige
shortages of freshwater resources and arable gam@jor target of investigations is to evaluate the

potential utilization of promising salt-tolerantlbghytic non-food crops for the sustainable proaurcof

oil-rich biomass, which will be converted to full.this paper, an attempt has been made to looklieto
potential of the exploitation of native halophypi@nts in European and Mediterranean arid or seiti-a

lands that can prosper in seawater or brackishrevéte diesel production in Europe. Fatty acid FA

profiles of seed oils of 37 European and Meditezeanhalophytic plant species including some of aptitan
distribution were examined. The saponification numbeline value IV, cetane index ClI, and

gross heat of combustion of FA methyl esters FAMEsils were calculated from reported FAMESs
compositions, and they varied from 165.3 to 198@n 71.8 to 173.7, from 35.9 to 60.0, and fron8809.

to 40.41 MJ/kg, respectively. FA seed oil conterd aomposition, 1V, Cl, linolenic acid ME, and pohaaturated
ME with >4 double bonds contents were used to predict thétgof FAME of oil for use as

biodiesel, according to EN 14214 European standznithmum maritimum and Crambe maritima, having

more than 30 % fixed oil in their seeds, were foorabt suitable as alternative vegetable oil souimethe
production of biodiesel.

KEYWORDS: biodiesel, fatty acid methyl esters, halophyte seikxd
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Renewable Fuels and Chemicals

Plant of the Future




New York Times, July 14, 2009

Exxon to Invest Millions to Make
Fuel From Algae

By JAD MOUAWAD

On Tuesday, Exxon plans to announce an investment of
$600 million in producing liquid transportation fuels from
algae — organisms in water that range from pond scum
to seaweed. The biofuel effort involves a partnership
with Synthetic Genomics, a biotechnology company
founded by the genomics pioneer J. Craig Venter.



Publicly available genome databases

Microbial genomes and annotation

DDBJ http://www.ddbj.nig.ac.jp/

EBI http://www.ebi.ac.uk/

EMBL http://www.ebi.ac.uk/embl/

GenBank (NCBI) http://www.ncbi.nlm.nih.gov/Genbank/
TIGR annotation software http://www.tigr.org/soée/
Comparative genomics

ERGO http://ergo.integratedgenomics.com/ERGO/

The SEED http://theseed.uchicago.edu/FIG/index.cgi
GenDB http://www.cebitec.uni-bielefeld.de/groups/
brf/software/gendb info/index.html

GeneQuiz http://jura.ebi.ac.uk:8765/ext-genequiz/
MBGD http://mbgd.genome.ad.jp/

Pedant http://pedant.gsf.de/

Prolinks http://128.97.39.94/cgi-bin/functionafmdnav
String http://string.embl.de/

PUMAZ2 http://compbio.mcs.anl.gov/puma2/cgi-binkxdcgi
Pathway/ Reconstruction tools

INSILICO discovery http://www.insilico-biotechnayy.com/f
products

.html MetaFluxNet http://mbel.kaist.ac.kr/mfn

MFAML (Metabolic Flux http://mbel.kaist.ac.kr/mfdm
Analysis Markup Language)

SimPheny http://www.genomatica.com/solutions sinmytehtml
Pathfinder http://bibiserv.techfak.uni-bielefeld/dathfinder/
PATIKA http://www.patika.org/

Pathway databases

BioSilico http://biosilico.kaist.ac.kr or http:itsilico.org
KEGG http://kegg.com/

MetaCyc http://metacyc.org/

MRAD http://capb.dbi.udel.edu/whisler/

Phylosopher http://www.genedata.com/phylosopher.ph
PUMAZ2 http://compbio.mcs.anl.gov/puma2/cgi-binkxdcgi
EMP http://www.empproject.com/

Enzymes

Brenda http://www.brenda.uni-koeln.de/
KEGG http://www.kegg.com/

IntEnz http://www.ebi.ac.uk/intenz/
Proteins

HAMAP project http://www.expasy.org/sprot/hamap/
InterPro

E. coli-specific Databases

EcoCyc http://ecocyc.org/

Colibri http://genolist.pasteur.fr/Colibri/
GenProtEC http://genprotec.mbl.edu/

CyberCell
http://redpoll.pharmacy.ualberta.ca/CCDB/index.html

EchoBase http://www.ecoli-york.org/

Yeast-specific Databases

CYGD http://mips.gsf.de/genre/projlyeast/
Saccharomyces Genome http://www.yeastgenome.org/
Database

H. pylori-specific Databases

PyloriGene http://genolist.pasteur.fr/PyloriGene/
hp-DPI http://dpi.nhri.org.tw/protein/hp/ORF/indpkp



I'evouikn kot Bron0wn

O tAnpoopiec mov mpokvITOLY Ao 10 IIpodYpaupa Tov AvOpdmivov
[Novidiopotog divovv eAmideg e aGOEVEIC GYETIKA LLE TNV AVTILETOTION
TV acbevelnv Tovg (aAAd BEPato Kot 6TIC ETOUPIES YL TV AENCT TOV
KEPOMV TOVC).

EEATOMIKEYMENH OEPAIIETIA
GOAPMAKOI'ENOQOMIKH

ITPOBAEYH: Ta Xbyypova Atoyvaotikd Epyaieio oonyodv ot
OLVATOTNTO TPO-GUUTTOUATIKAV EAEYYOV LLE TTPOPAVT) EVEPYETHLLOTA AOYCD
NG TPOIUNG O yvmon g Ocov apopd Tov acOevn.

To Bron0wko npoB?m Lo opopA TOVG avOp®TOVES OV deV €lval pev acOevng
OAAG OLOTPEYOVV KATTOLO Kivovvo. Kivovvevouv amo pio mibavi) LeAlovTkn
acHEveLa, KIVOLVEDOLY OLMG KOL OO TOV YOPAKTNPIGHUO TOVG (G Thavoi
acOeveic. Akoun n okéyn KatevbHVETUL GTO ATMOTEPO UEALOV KO OTN
Aota pe ta Pondika BEpata pootiBevon TodondTEPa Kot SEXAGHEVA OO
TN KOWmvia Otm¢ 1 EVYOVIKN, 1] KA®VOTOINGT), 1 KKOTOGKEVT» TALOLWDV.



.y ... the patenting of a single human gene has nothing to
do with the patenting of human life. Even if everygene in
the human genome were cloned (and possibly patenied

It would be impossible to reconstitute a human bem

from the sum of its genes".

« ... TO MOTEVTAPLONQ EVOS AVOPOTIVOV YOVIOLOVD OEV E£YEL
TUTOTO VO, KAVEL NE TO TUTEVTAPLONA TS avOpOTIVIS
Conc. AKopn Kot av Ka0g yovioro Tov avlp@mivov
YOVIOLONOTOS KA@vorom0si (ko mOavd matevropioOsi)
glval a0VVeTOo Vo EavoKaTaoKEVaoOel pia avlpomivn
VTapsn amo To GOpolGHa TOV YOVIOL®MV TNS»



IHoMa EpOTNNOTO TOV TPETEL VO
SovVaio®MOoVV 6TO PMS TOV GNUEPLVOV
eCEMIEEMV

H ovvatotnta I'evetikod EAEYyov pEpvel 6TO TPOGKNVIO TO
EVOEYOUEVO YEVETIKMV OLUKPICEMV a0 KLPEPVICELGS,
AGPUAMGTIKEC ETALPIEC, EPYOOOTES, GYOAELN, TpAmeECES, K.4..
e o VTAPEEL YEVETIKN OLAKPIOT AT TIC AGPAAIGTIKEC ETALPELEC
KOl TOVG EPYOOOTEC GYETIKA LLE T1] TOPOYN AGPAAELNS T
epyacloc.
e [loiéc Oa elval o1 EMTTOGEIC GTN YUYOAOYIKT] KATAGTAGT) TOV

avOp®OTOL Kol 6TO TOAVO GTIYUATIGUO TOV Otd TNV OVAALOT
TOV YOVIOI®UATOC TOV

e [loiéc Ba eival o1 KOWVOVIKES ETMTOGELS OO T1 OLVATOTNTO!
YEVETIKNC O YVOGONC TNS EQLIOG, TNG EYKANUATIKOTNTOC, TNG
OLLOPLAOPIAOG K.(.



..... N avalnTnon evOog avolyTov Kol EIAIKPIV
OLOAOYOL UE TNV KOV®Via, EVOC 01AdYOL TOL O€V Oa
ow(xyvoapigal “opEVTIKA Ko 601’)7»01)@ “, aAAG looug
GUVETOLPOVG [LLoig GVVHETNG Kot GUYYPOVIG KOWVOVIOG
TOV omoéisxewt TOL EVOLLPEPOVTH TOV KADE EVOC Kot
avayvopiCel 0Tt 0 KaBévag eCaptatal amd Tov AAAO.
Evog t€t010¢ 010A0Y0C Umopel val £EL EmITUYIOL LOVO
oV 16YVCOVV TO, EENG 0VO TPOUTALTOVUEVA

1) éva Ko1vO eAQYIOTO EMITEDO YVOONEC OTN Uid
TAELPA KOl

2) o 0€00 LLEVT] euoucs@ncnoc GTOVG TPOPAn HOTIGHOVG
MG KOWOVIOG, £VOL EVNKOOV 0VG GTOVG EVPVTEPOVS
TPOGOVATOAIGUOVS TMV ETIGTNUOVIKOV TPOYUATOV
oo TNV AAA.

George Cohen, T'dAlog Axadnuoikog, amd Thv opdio Tov Katd TV
avayOpeLvo) Tov € enitipo dwaktopa tov EMII, AvoiEn 2005



