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Polyphenols

*Several natural sources

_ Cranberries - Blackberries

- Apples - Grapes
- Strawberries - Tomatoes
Etc.

 Multiple properties

- Anthocyanins - - O or - Plants/environment relations
- Stilbenes O R - Antioxidant
\ Y

- Flavonols L e e - Health-promoting
- Phenolic acids %“QQ vt - Colours

- Coumarines 7 c&\vﬁe% Etc.

Etc. s\‘\‘
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Polyphenols

BacHBerrY Project: BACterial Host for production of Bioactive
phenolics from bERRY fruits

Chemistry of berries Valorization

(http://www.bachberry.eu/)

GOP’\)

C Improve and optimize the production of metabolites
of interest using bacteria
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Polyphenols

Compounds of interest:
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GQP’\) C Improve and optimize the production of metabolites
of interest using bacteria

Metabolic engineering: (\\

&/

@ @ But it’s not easy ...

Rl:a+b— cA - 600 metabolites and 573 reactions (S. cerevisige
R2:c+e—d - 1667 metabolites and 2380 reactions (E. col

o © @

R2

©

Hypergraphs are used for modelling
metabolic networks
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oY s | |
G electing the optimal genes to introduce for the

production of a target compound

Origin of the genes:

* The engineered species
- Lactococcus lactis
- Coryneobacterium glutamicum

—

* The organism of origin
« Other organisms Exogenous genes

Q Nodes = metabolites

——> arcs = enzymatic reactions
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- Introduction & heterologous expression of an exogenous ligmhacost

- Expression of an endogenous genfeas

- If thereare severalorganismsgoing from oneto anotherin the metabolic
networkhasa cost(useof transporters)

Bacteria 1 % ©,©,© @ Bacteria 2

Transpoﬂe‘s



Production T (Target) from S (Substrat)

O—©

Conditions:

i

: : i :A”

- All possible ways to produce T from S $
-A succession ofircs of a same colodr costless  \

&

- Minimize the number of uncoloured arc (insertions)

b4

C costsy,
- Minimize the number of colour transitiéh costsy,,. .

Q Nodes = metabolites
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Rainbows Steiner
Problem

i ' @ 3 possible pathways to produce T
2 transitions i ‘
M ' 2 insertions

\ 1 transition O
@ 2 insertions
2 transitions
1 insertion

(a) Cost : (b) Cost : (c) Cost :

2 * Wy + Werans 2 Wenx 2% Wtrans

Wy + 2 * Werans

Q Nodes = metabolites S

: : Most « expensive » option
——> arcs = enzymatic reactions
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Obtain an algorithm that allows to select the optimal genes to introduce
for the production of a target compound

sSources Origin of the genes:
- Exogenous genes
/ \ - Endogenous genes
, Criteria ?
X‘f / \ - Enzymatic activities

/
N

- Thermodynamic limits
\ / - Stoechiometry
o - Toxicity
HO O 0| N
Compound of interest CBut .. still thi
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DINGHY : Dynamic Interactive Navigator for General Hypergraphs in biolog’

GOP&

-Rapiddisplayof smallmetabolicnetworks

- Takesinto accounimetadata

A Metabolic pathways,compartmentscofactors,reaction
nv aletce o0,

-Dynamicplacementthe usercaninteractwith thelayout
A responsé&o nodedraganddrop

A gravity, magnetismsprings "'&\

K

-Smartdrawingof hyperarcs S

—
Contributors:
Laurent BULTEAU
Alice JULIEN-LAFERRIERE
Delphine PARROT



Pipeline

Whole network (.SBML)

Reactions of interest (.txt)

1 <?xml version="1.0" encoding="UTF-8"7>

<model id="Ec iAF1260 flux2? xml">

2 <zbml level="2" verzion="1">
<listCfUnitDefinitions>

R_23CAMPTex -2.03371-
R_23CUMPTex -1.54514%
R_23PDE2pp 1.54514%
R_23PDE7pp 2.03371%

Cofactors (.txt) \ / Nodes of interest (.bn)

M_atp_cC

M_adE_c P . Pvth Pyruvate
ngggﬁzc re-processing (Python) Fumarate
M_h i
M_hoe Cytosine
M_ﬂadﬂh_c e
M_nadh_c

M_hZo_c

Summary (.json)

Display (html + javascript)
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% DINGHY: Dynamic Interactive Navigator for General Hypergraphs in

. Biology
Setings
6 Arc Unit Thickness ©
1 Arc Min Thickness €
. . 20 Arc Max Thickness €
Two input formats are possible: Q@
1 Arc Curve Scale
Biological data 14 Node Scale €
Two data loading modes are available: either by loading a file or writing directly - 1 Separate Components @
be download here Extract]SON script Text informations
2 files are required in addition to the extract]ISON script. and 2 more are optional: 0 Trim Id Right @
2 Trim Id Left €
e System SBML (_xml) . :
e List of reactions of interest (_txt) <— } FI IeS req ul red Nodes not Overlaps @
# List of highlighted nodes (_bn) [ ] Edges not overlaps @
e List of cofactors {_txt)
Positioning
Generic hypergraph 1 Rounds €
Example: 0.7 Coeff Gravity @
2a+b->c 1 Coeff Charge ©
b +c->d+ .
° = 5 Coeff Arc Distance €
1 Coeff Feeaction Repulsion @
Submit
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http://dinghy.gforge.inria.fr/



Tools

Visualization window (<Y riayey=y=>

3 — - - 17 Node dynamics
- iy S J 37 Research:
—_—— E X ' - Node
B — w o 2 @ - Paths
v@ ~ w = = 471 Snapshots
= \\ e 57 Compartment separation
¢ HCO = ;\W y 61 Metabolic pathways
0./ /- T >

http://dinghy.gforge.inria.fr/ Delphine PARROT - AFERP/STOLON - 16th July 2015 14



Rainbowsteiner
problemé

Underwork

4

Conclusion

BacHBerrY Project

Perspectives

Always in improvemer
but already available

http://dinghy.gforge.inria.fr

C Propose an algorithm to facilite and increase the production of
molecules of interest using bacteria
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