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Metabolic modelling

The metabolism of an organism consists of a complex
network of biochemical reactions transforming small
molecules (i.e., metabolites) into others
Metabolic modelling is a study of metabolism
the discovery of the topology of the metabolic network
the estimation of the pathway velocities
the modelling of regulation of metabolism
Computational metabolic modelling is

about automating above examples

a relatively new and strongly progressing discipline
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Pathway Assistant: a web portal for metabolic
modelling

Pathway Assistant portal is a collection of related
metabolic modelling tools supporting multiple workflows.
The design of Pathway Assistant is based on two main
principles:
We want to deploy and update tools rapidly and iteratively
based on the feedback given by the domain experts.
We want to present all modelling tools as an integrated
user interface for end users.
We aim to attain these goals with using SaaS software
delivery model and a portal environment.
We use web techniques like Java portlets and AJAX.
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Metabolic Engineering
Phase 1 importing network with ReMatch
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Welcome Pekko Parikka
Edit account: Nettab

Pathway Assistant Portal - Version 0.2
& University of Helsinki 2004

Department of Compluter Stince Logsut
Topology Generator m Flux Estimator
ReMatcl ‘2’0
- |
vginine = Aogbi |
Name: ‘Nenab Network | Search from: larm FlkEGG Ligand [ user-added (w/fo mappings) [Fluser-added (wif
mappings)
Description: ‘Imponed from Nettab_network.ba |
1s network public? Oves @No
2 reactions
Change
(change ] T
[cyt] : L-Arginine => D-Arginine
; 4 5 dit
Show identifications - R &
Add reaction 25
:rf_] D-Xylulose 5-phosphate =» D-Ribulose 5-phosphate [cyt] : D-Arginine => L-Arginine Akt
B 500 < ) T 5.1.1.9;
1] 1socitric acid => Succinic acid + Glyoxylic aci
;rf_'] Succinic acid + Glyoxylic acid == Isocitric acid Add new reaction...
- CO2 + Oxaloacetic acid => L-Methionine |
il D-Glycerate 3-phosphate =» D-Glycerate 2-phosphate
- FAD + Succinic acid => Fumaric acid + FADH2 . ~
L-Arginine
il ADP + Phosphoenol-pyruvic acid == ATP + Pyruvic acid
il D-Glyceraldehyde 3-phosphate =3 Dihydroxy-acetone phosphate Picture of molecule
_E_I ATP + D-Glycerate 3-phosphate => ADP + 1,3-Bisphospho-D-glyceric acid Known synonyms:
il L-Aspartic acid + ? => Oxaloacetic acid + ? 3 = 2 s
(S)-2-Amino-3-guanidinovaleric acid
I8l Oxaloacetic acid = L-Aspartic acid 2-Amino-5-guanidinovaleric acid
. 2-amino- 5 -guanidinovaleric acid
_1] D-Ribose 5-phosphate + D-Xylulose 5-phosphate == D-Glyceraldehyde 3-phosphate + ARG
8l coz + Glycine => Pyruvic acid Arginine
D-2-Amino-5-guanidinovaleric acid
\ - Oxaloacetic acid =» CO2 + Phosphoenol-pyruvic acid D-Arginine
il L-Arginine = ArgBM L'A@l‘ ol
L-arginine
ll D-Glyceraldehyde 3-phosphate + D-Sedoheptulose 7-phosphate == D-Fructose 6-phos R
ar
. CO2 + 2-Oxo-glutaric acid == L-Arginine @ ar:i_
4 & arginine ]
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Set Search Task
Search tasks

>Yield maximisation ta Current task

[ setsearchtask name ”Yisld maximisati task‘

delete current search task
create new search task

Search algorithm
IDDFS (allow infeasibles)
IDDFS (check feasibili

Feasible pathways ™|

Allowed operations Search start depth
Search max depth
min 1|6 max 7

open selected search task

Initial network of current task (Yield maximisation task).
‘Generic central metabolism (Stryer) (id=6)

No description

Owner: epitkane

Creation date: 2002-08-28 00:00:00.0

(Stryer) (id=6)

Network network: Generic central m

-

View larger image

[D-Xylulose & =» D-Ribulose 5
socitric acid == Succinic acid + Glyoxylic acid
|Succinic acid + Glyoxylic acid == Isacitric acid
[CO2 + Oxaloacetic acid == L-Methionine

O Yeastfull (KEGG) 317 reactions Owner: Public network

+D 7-phosphate

| v

change initial network -> -Arnining == AroRM

5 D-Glycerate 3 D-Glycerate 2
E coliull (KEGG) 457 reactions Owner: Public network IFAD » Succini acid == Fuméric atid ~FADH2
© B sublils full (KEGG) 369 reacions Owner: Public JADP + Phosphoenol-pymunic acid =» AT + Pyruvic acid
network Iy 3-phosphate == Dihydroxy-acet
® IATP + D-Glycerate 3-phosphate == ADP + 1,3-Bisphospho-D-glyceric acid
LL-Asparti acid => Oxaloaceic acid
O Yeast cental carbon metabollsm (Waahelmo, 2001) 50 B e o
reactions Owner: Public network |02 + Glycing == Pyric acid
acld =» CO2 +F I-pyruvic acid
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Type of task

Mo evaluaton || Yield maximisation

"Set Search Task Parameters o'n

No parameters for evahation method.
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Phase 3 set up basic parameters for Yield
maximisation

Assistant Portal -
U fic Edt View Go Bookmarks Tools Hep

M [ @ |@ hittp: firl-137.cs. helsinki. i: 8080 fetspeed /por tal SetSear cHTask. jsp?algorithm =FP-IDDFS + % 28check +feasibility %298operations =%3€ +Insertions Soperations =% 3E +Deletio V| @ co ||§|,

Set Search Task Parame: =

Type of task

[ Random scoring ][ Mo evaluation Yis

Netabolites in database
1-1000 1001-2000 2001-2836

Targets Coeff
[ L-Histidine 1.0 L__

O s 4l
[J co1319 Ha () H2Hg Show =
[ coo209 Oxalic acid { } C2H204 Show

[ co7083 Styrene () C8HE Show

[ coose7 N2 () N2 Show

[ coo188 L Threonine () C4HINO3 Show S ||
[ cooo24 Acetyl-CoA () C23H3BN7017P35 Show Save | @ Linear function
[ cooo40 CoA () G21H26NTO16P3S Show v Remove | O tagreqate function

add to targets and externals ] add to externals ]

Externals

Min Max
Reactions in database MNumber of reactions in view Show reactions containin:
11000 1001-2000 2001-3000 30014000 o | ] 0o -Glucose
e

4001-5000 5001-6000 6001-7000 7001-8000 [ i tistidine
§001-9000 9001-10000 10001-10764
O an
| Naringenin + 2-Oxo-glutaric acid + 02 = Dihydro-kaempferol + Succinic acid + C02
[ p-Glutamine + H20 == D-Glutamic acid + NH3 < 0 |
[ Heo + H20 + C00125 + C00125 + CO0125 + C00126 == 02 + CO0126 + C00126 + CO0126 + C00126 - -
S R
(] H20 + MAD= + Chloride + -Chloro-benzene-1,2 4-riol == NADH + 02 + 2,6-Dichlora-hydraquinone ugave] | Faion ]
[ (68)-6-Hydroxy-hyoscyamine + 2-Oxo-glutaric acid + H20 = Scopelamine + Sucinic acid + CO2
(] NADP+ + L-Maliz acld = NADPH + 02+ Pyruvic acid Lmataled eociens il ]
[ Protoporphyrin X + Magnesium = Magnesium protoparphyrin 1% + 2 Hs v
add selected reactions to Constrained reactions |
<l | >
Save || _Remove
L .,
1-1000 1001-2000 2001-2836 Nr. of molecules in view Show metabolites by name Cofactor lists: The usual set of cofactors | Minimal set of energy and redox cofactors | Mo cofactors
|1(}OD |[ Refresh ] ‘ [ Search ]
[ Show only constrained metabolites ] Meabojibas In coiaqor st Default cofactor constraints
| CO0001 H20 () H20 1 %)

hittp: /wrl-137.cs.helsink. f:8080 je tspeed;resul tNetwork. jsp?nid =1




Phase 4 start the search of alternative
metabolic networks
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CO0B97 N2 () N2
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20005 TreBM () C6
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C05623 Quercetin 3-0-glucoside () C21H20012
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CO0008 ADP () C10H15M5010P2
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C00010 CoA () C2AHIBNTO16P3S
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Welcome Pekko Parikka
Edit account: Nettabh

Creation Date 2005-08-19 16:31:30.529
Search |ast started 2006-06-19
16:37:36.739

Search stopped 2006-06-19 16:51:45.347 Refresh search results

Search status: Finished

Dey oy nié:rﬂa"! Islnl.fla Logout
| "Search Results =N
Start search
Current Task Yield imisation task

Results 50 Result Network
[Original - Score: 0.000, Reactions: 81 Date: 2006-06-19 16:37:37.27 A s 2
L Y- Score 1,000, Reactions. 63 Date, 2006-06-19 15.43:51,201 Q.o 10, Raacions. a3 Daws cDOR 00 10 b a8 21 31

View image | View only removed reactions | View only inserted reactions | View only original reactions
Removed reactions View removed reactions
Inserted reactions View inserted reactions

-5core: 1.000, Reactions: 83 Date: 2006-06-19 16:48:51.053
|3 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16.48:48.193
TRl - T e z =
i—'_ ‘égg:: 1383 Es:g:ggi gg ggig Zgg;_gg_:}g ::g 12245'235 1. NADH + C02 + Pyruvic acid == NAD+ + L-Malic acid Show
E-Score: 1'000‘ Reactions. 83 Date: 2006-06-19 16 45247'639 2. D-Fructose 6-phosphate + Orthophosphate = D-Fructose 1,6-bisphosphate + H20 Show
7 - Score: 1.000, Reactions: 83 Date: 2006-05-19 16.46:46.711 il Ieaca elionpnaliacints ’eaﬁ“".”s

8 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16.46:43.82
9 - Score: 1.000, Reactions. 83 Date: 2006-06-19 16.46:42.57
[10 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:46:41.164
[11 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:41.055
[12 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:37.493
[13 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:37.149
14 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:34 29
[15 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:33.055
[16 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:31 602
[17 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:11.399
[18 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:11.118
[19 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:08 212
20 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:07.009
21 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:45:05.587
22 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:40:54 734
[23 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:40:50 64
24 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:40:37.14
-Score: 1.000, Reactions: 83 Date: 2006-06-19 16:40:35 937
26 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:40:34 547
27 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:40:00.751
28 - Score. 1.000, Reactions: 82 Date: 2006-06-19 16:39:59.298
29 - Score. 1.000, Reactions: 82 Date: 2006-06-19 16:39:59.079
20 - Score: 1.000, Reactions: 82 Date: 2006-06-19 16:39:57.923
21 - Score: 1.000, Reactions: 82 Date: 2006-06-19 16:39:57.378
32 - Score: 1.000, Reactions: 83 Date: 2006-06-19 16:39:57.095 v
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Last phase: visualization of modifications in a
candidate network

Fle Edit Vew Go Bookmarks Tooks Help %
Q&I - IZ> - @ ) @ L@ http: /fwrl-137. cs. helsinki. fi:8080/jetspeed/GraphTool jsp?typeOfhiw =reshetworkanid = 18uid=Nettab&depth = 18EVENT =z00m&rid =4358mid=ni V| ® o “Q,
~
0 . o 0 o . 0 /u —
o o
\c = c/ . \P"/ | \: —
o—r—0 Y b i o—r—0 o
+ R c o + N el
eI \5/07|P|70 = [ . /\ il
2 v
- . . . »
Number of reactions in view: 10, depth: 1 =
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Whole network gl
Selected Reaction: No name
Id 435
EC2.7.1.90
Description: D-Fructose
6—thSphﬂ.[E + coont CODO0BS Coooog
Orthophosphate = Dihydroxy-acetone phosphate D-Fructose B-phosphate Orthophosphate
D-Fructose 1.6-bisphosphate
+H20
Show neighbourhood of
selection at depth Local 1 23
o023t
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D Erythrose 4-phosphate
v
Done




PATHWAY ASS JANT

porfta

Preliminary results of Pathway Assistant
project

SaaS model suits well for productisation of bioinformatics
methods

Portal environment and portlets offers certain benefits:
Rapid distribution of new tools for portal users
Eases expandability of the system
Eases integration of the tools inside the portal

AJAX is a good way to improve usability of user interface

Combining of portlet and AJAX techniques has challenges
Pathway Assistant is available in Internet:

http://www.cs.helsinki.fi/group/sysfys/software/pa/
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