SynComSim — A MATLAB Application for Simulation of Synthetic Bacterial Communities

SynComSim - Synthetic Bacterial Community Simulation using Genome-Scale Metabolic Models

4 MATLAB App
1 - Select Strains
Model Folder | C:fUsersimicha/OneDrive/Documents/Consulting/| SF/Matlab/GSMAGOR ‘
Strain Model List | Clostridium_difficile_CD196 v
Filter Strains | o ‘
Add Strain Remove Strain | Clear Strains. |
Strain Model Number Genes Metabolites
Clostridium_difficile_CD196 1 899 1170
Enterobacter_cloacae ECWSU1 2 1325 1414
Escherichia_coll_str_K_12_substr_MG1655 3 1190 1348
Kiebsiella_pneumoniae_pneumoniae MGH78578 |4 1393 1379
4 »

Panel 1 Status ‘Community Model Build Complete

2 - Define Community Medium

File Folder | CriUsersimicha\OneDrive\Documents\Consultingl| SFlMatian\SteadyCo w.‘
Medium File List | Empty v
NutrientList | (R}-Paniothenate v |

Filter Nutrients | ‘

3 - Simulate Strain Monocultures

LP Solver Igurob\ v ‘ Simulate Monocultures

Monoculture Strains IC\GSII‘\GIUITLU\ﬁCIIeﬁCDWQG v ‘

- X

In Silico Fermentation

5 - Simulate Community

Add Strain Result I Remove Strain Result J I Clear Strain Results ‘

Nutrient or Product | Strain 1 Strain 2 Strain 3 Strain 4

Biomass 0.2629 0.2600 02505 0.3008 -

(R)-Pantothenate -0.0042 -0.0016 -0.0039 -0.0047

Ammanium -0.8647 -1.9904 -2.0109 -2.9981

Chloride -0.0021 -0.0008 -0.0020 -0.0023

Co2+ -0.0021 -0.0008 -0.0020 -0.0023

Cu2+ -0.0021 -0.0008 -0.0020 -0.0023

D-glucose -5.0000 -5.0000 -5.0000 -5.0000

Diphosphate 0 0 1.8314 0

Fe2+ -0.0063 0 -0.0020 -0.0023 -
Panel 3 Status Strain Monoculture Results Accepted

4 - Define Crossfed Metabolites

Crossfed File List I Crossfeed_amimo_acids_agora v ‘

Metabolite List I(R)-\adate v

Filter Metabolites | ‘

Add Nutrient { Remove Nutrient I I Clear Nutrients J
Add Metabolite | RemoveMetabolite | | ClearMetabolites |
Medium Nutrient | Uptake Bound Transport Strains | Strain 1 Strain 2
(R)-Pantothenate -1000 1234 1000 -1000 . Crossfed Metabolite  Transport Strains  Strain 1 Strain 2 Strain 3
Ammonium -1000 1234 -1000 -1000 (R)-lactate 1234 -1 -1 -1 -
Chloride -1000 1234 -1000 -1000 (SHactate 1234 l -1 -1
Co2+ -1000 1234 -1000 -1000 Formate 1234 -1 -1 -1
cuz+ -1000 1234 -1000 -1000 Glycine 1234 il -1 -1
D-glucose 5 1234 5 5 L-alanine 1234 -1 -1 -1
Fe2+ -1000 1234 -1000 -1000 L-argininium(1+) 1234 -1 -1 -1
Fe3+ -1000 1234 -1000 -1000 L-aspartate(1-) 1234 -1 -1 -1
L-leucine -0.5000 1234 -0.5000 -0.5000 L-cysteine 1234 = -1 -1
L-iryptophan -0.5000 1234 -0.5000 -05000 L-glutamate(1-) 1234 -1 -1 -1 o
P » 4 »
Save Medium Medium File ‘ Save Crossfed Crossfed File ‘
Panel 2 Status Media File List Updated Panel 4 Status Crossfed Metabolite Uptake Bounds Set

Click Strains to Exclude Clostridium_difficile_CD196
Enterobacter_cloacae_EcWsU1
FVA Percentage Escherichia_coli_str_K_12_substr_MG1655
Kiebsiella_pneumoniae_pneumoniae_MGH78578
I Simulate Community J
Growth & Abundances |Growth Rate | Strain 1 Strain 2 Strain 3 §
FBA Solution 0.2937 0.4930 0.5070 0
FVA Minimum 0.2907 0.4064 0.3183 0
FVA Maximum 0.2907 0.6817 0.5872 0.1332
1 »
FBA Solution  Community  Strain 1 Strain 2 Strain 3 Strain 4
Growth rate 0.2937 0.2937 02937 4] 0 -
Abundance 1.0000 0.4930 0.5070 [} 0
(R)-Pantothenate | -0.0032 -0.0023 -0.0009 0 0
(R)-lactate (o} 0.5070 -0.5070 0 0
(S)-lactate 0 0.5070 -0.5070 0 0
Ammaonium -16738 0.2904 -1.9642 0 0
Chloride -0.0016 -0.0011 -0.0005 ] 0
Co2+ -0.0016 -0.0011 -0.0005 0 0
Cuz+ -0.0016 -0.0011 -0.0005 0 0
D-glucose -4.9998 -2.4649 -2.5349 0 0
Fe2+ -0.0034 -0.0034 0 0 0
Fed+ -0.0030 -0.0011 -0.0018 ] 0
Formate 20187 -0.0556 20743 0 0
Glycine 0 -0.4930 0.4930 0 0
Hvdronen 20373 n 2?0373 0 0 , v
Result Name ‘ strains-minus-Kpn_crossfeed-partia |
Discard Result Add Result Remove Result | |  Clear Results |
Result List {strains—minu9Kpn_crussfeed—parlial v I
| Visualize Resuits | PanelStatus | Simulation Resuit Added

[
[

6 - Manage Case

Case Folder ‘ ChUsersimichaiOneDrive\Documents\ConsultingSFilMatiabiSteadyCom! |
Save Case ] Case File Slate_ag Clostridium_difficile_CD196-Three_Er |
Load Case | Panel 6 Status  Case File Loaded

Example — Investigate metabolite crossfeeding strategies for a 4-species community consisting of
the gut pathogen Clostridioides difficile and three Enterobacteriaceae species



1. Select metabolic models for
the strains of interest. Strains
can be removed from selected
simulations later in the
workflow.

2. Define nutrients contained in
the culture medium. Nutrients
and their uptake bounds can be
added individually or loaded
from a medium file created
with our App MediumFBA.

4 MATLAB App

SynComSim - Synthetic Bacterial Community Simulation using Genome-Scale Metabolic Models

1 - Select Strains

@I Folder

| C:/Users/imicha/OneDrive/Documents/Consulting/|SF/Aatizb/ GS

Strain Model List [Clostl'idium_dilﬁcile_CD196

v

Filter Strains | dif

LP Solver

3 - Simulate Strain Monocultures

Add Strain [ Remove Strain ] [ Clear Strains ]
Strain Model Number Genes Metabolites
Clostridium_difficile_CD196 1 899 1170
Enterobacter_cloacae_EcWSU1 2 1325 1414
Escherichia_coli_str_K_12_substr_MG1655 3 1190 1348
Klebsiella_pneumoniae_pneumoniae_MGH78578 4 1393 1379

Panel 1 Status

\_

4
Community Model Build Com plete/

2 - Define Community Medium

File Folder

| C:'\Users*.micha'\.OneDrive'\Documents\Con5uIting'\.\SF‘J-JIaHab\SteadyCom\

Nutrient List

Medium File List [Gromn_mdium_aQOIa_Cbstridium_diﬁicile_CD‘l96—Thlee_EnIet. . ]\

[ (R)-Pantothenate

v

Filter Nutrients |

Add Nutrient [ Remove Nutrient ] [ Clear Mutrients ]
Medium Nutrient | Uptake Bound |Transport Strains | Strain 1 Strain 2
(R)-Pantothenate -1000 1234 -1000 -1000 -
Ammonium -1000 1234 -1000 -1000
Chloride -1000 1234 -1000 -1000
Co2+ -1000 1234 -1000 -1000
Cu2+ -1000 1234 -1000 -1000
D-glucose -2 1234 -5 -5
Fe2+ -1000 1234 -1000 -1000
Fe3+ -1000 1234 -1000 -1000
L-leucine -0.5000 1234 -0.5000 -0.5000
L-tryptophan -0.5000 1234 -0.5000 -0.5000 o

L] »
Medium File y

=T

Panel 2 status

Loaded MediumFBA Growth Medium File/

gurobi v

Monoculture Strains

Panel 3 Status

4 - Define Crossfed Metabolites

Crossfed File List

Metabolite List

Filter Metabolites

Crossfed File

Panel 4 Status




3. Perform monoculture
simulations to examine strain
growth behavior. Fluxes of
consumed nutrients and secreted
products are predicted for each
strain.

4. Define metabolites allowed to
be crossfed between community
strains. Options include all possible
metabolites, individually added
metabolites, or metabolites loaded
from a previously saved file.

4 MATLAB App

SynComSim - Synthetic Bacterial Community Simulation using Genome-Scale Metabolic Models

1 - Select Strains

Model Folder | C:/Users/micha/Onelrive/Documents/Consuliing/ISF/Matlab/GSMAGOR |
Strain Model List [Clostndium_diﬁcile_cm% v |
Filter Strains | o7 |
Add Strain [ Remove Strain ] [ Clear Strains ]
Strain Model Number Genes Metabolites|
Clostridium_difficile_CD196 1 899 1170
Enterobacter_cloacae_EcWSU1 2 1325 1414
Escherichia_coli_str_K_12_substr_MG1655 3 1190 1348
Klebsiella_pneumoniae_pneumoniae_MGHT8578 4 1393 1379
1 »

Panel 1 Status Community Model Build Complete

2 - Define Community Medium

File Folder | Chilsersimicha\Onelrive\Documents\Consuliing I SFMatlab\SteadyCom' |
Medium File List | v |
Nutrient List [(R)—Pantotnenate v |
Filter Nutrients | |
Add Nutrient [ Remove Nutrient ] [ Clear Nutrients ]
Medium Nutrient | Uptake Bound |Transport Strains  Strain 1 Strain 2
(R)-Pantothenate -1000 1234 -1000 -1000 -
Ammonium -1000 1234 -1000 -1000
Chloride -1000 1234 -1000 -1000
Co2+ -1000 1234 -1000 -1000
Cu2+ -1000 1234 -1000 -1000
D-glucose -3 1234 -5 -3
Fe2+ -1000 1234 -1000 -1000
Fe3+ -1000 1234 -1000 -1000
L-leucine -0.5000 1234 -0.5000 -0.5000
L-tryptophan -0.5000 1234 -0.5000 -0.5000 «
L] »
waum e |

ﬂower [ gurobi

3 - Simulate Strain Monocultures

v |

Monoculture Strains

Add Strain Result

Simulate M :-1-::4&

[ Clostridium_difficile_CD196

v

[ Remove Strain Result ] [ Clear Strain Results ]

Nutrient or Product | Strain 1 Strain 2 Strain 3 Strain 4
Biomass 0.2629 0.2600 0.2505 0.3008 -
(R)-Pantothenate -0.0042 -0.0016 -0.0039 -0.0047
Ammonium -0.8647 -1.9904 -2.0109 -2.9981
Chiloride -0.0021 -0.0008 -0.0020 -0.0023
Co2+ -0.0021 -0.0008 -0.0020 -0.0023
Cu2+ -0.0021 -0.0008 -0.0020 -0.0023
D-glucose -5.0000 -5.0000 -5.0000 -5.0000
Diphosphate ] 0 1.8314 0 -
B o . o T
K Panel 3 Status Strain Monoculture Results Accepted

Crossfed File List

Metabolite List

Filter Metabolites

Add Metabolite

4 - Define Crossfed Metabolites

<

[

i

(3,4-dihydroxyphenyljacetate

v

[
|
[

Remove Metabolite

J {

Clear Metabolites

— =~

Crossfed Metabolite

3. 4-dihydroxyphenyljacetate
4-hydroxyphenyljacetaldehyde

(

(
(R)-3-hydroxybutyrate
(R)-Acetain
(R)-lactate

(S)-lactate
(S)-malate(2-)
(S)-propane-1,2-diol
1,5-Diaminopentane
4

Transport Strains
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Save Crossfed

] Crossfed File

Panel 2 Status IMedia File List Updated

\

—

] Panel 4 Status

\ Set Crossfed
N—

/

All Crossfed Metabolites Addy




imulation using Genome-Scale Metabolic Models

3 - Simulate Strain Monocultures

LP Solver | gurobi v

In Silico Fermentation

5-

Simulate Monocultures Click Strains to Exclude

Monoculture Strains I Clostridium_difficile_CD196

v | FVA Percentage 99

Simulate Community

Clostridium_difficile_CD196
Enterobacter_cloacae_Ec\WSU1
Escherichia_coli_str_K_12_substr_MG1655
Klebsiella_pneumoniae_pneumoniae_lMGHT8578

\

Add Strain Result

[ Remove Strain Result

J |

Clear Strain Results ]

[ Simulate Community

I

Crossfed File List

Metabolite List

Filter Metabolites

Add Metabolite

4 - Define Crossfed Metabolites

Nutrient or Product | Strain 1 Strain 2 Strain 3 Strain 4
Biomass 0.2629 0.2600 0.2505 0.3008 -
(R)-Pantothenate -0.0042 -0.0016 -0.0039 -0.0047
Ammonium -0.8647 -1.9904 -2.0109 -2.9981
Chiloride -0.0021 -0.0008 -0.0020 -0.0023
Co2+ -0.0021 -0.0008 -0.0020 -0.0023
Cu2+ -0.0021 -0.0008 -0.0020 -0.0023
D-glucose -5.0000 -5.0000 -5.0000 -5.0000
Diphosphate 0 0 18314 0
Fel+ -0.0063 0 -0.0020 -0.0023

Panel 3 Status Strain Monoculture Results Accepted

l Crossfeed_amimo_acids_agora

| (Riactate

I

Remove Metabolite

J {

Clear Metabolites

Crossfed Metabolite  Transport Strains | Strain 1 Strain 2 Strain 3

(R)actate 1234 -1 1 -1 -

(S)-actate 1234 =i 1 -1

Formate 1234 -1 -1 -1

Glycine 1234 -1 -1 -1

L-alanine 1234 -1 -1 -1

L-argininium(1+) 1234 -1 -1 -1

L-aspartate(1-) 1234 -1 A1 -1

L-cysteine 1234 -1 -1 -1

L-glutamate(1-) 1234 -1 1 -1 <

4 3

Save Crossfed Crossfed File |

Panel 4 Status Crossfed Metabolite Uptake Bounds Set

Growth & Abundances | Growth Rate | Strain 1 Strain 2 Strain 3 5

FBA Solution 0.2937 0.4930 0.5070 0

FVA Minimum 0.2907 0.4064 0.3183 0

FVA Maximum 0.2907 0.6817 0.5872 0.1332

1 »

FBA Solution | Community | Strain 1 Strain 2 Strain 3 Strain 4

Growth rate 0.2937 0.2937 0.2937 0 0 -

Abundance 1.0000 0.4930 0.5070 0 0

(R)-Pantothenate | -0.0032 -0.0023 -0.0009 0 0

(R)-actate 0 0.5070 -0.5070 0 0

(S)-actate 0 0.5070 -0.5070 0 0

Ammonium -1.6738 0.2904 -1.9642 0 0

Chloride -0.0016 -0.0011 -0.0005 0 0

Co2+ -0.0016 -0.001 -0.0005 0 0

Cuz+ -0.0016 -0.001 -0.0005 0 0

D-glucose -4.9998 -2.4649 -2.5349 0 0

Fe2+ -0.0034 -0.0034 0 0 0

Fed+ -0.0030 -0.001 -0.0018 0 0

Formate 2.0187 -0.0556 20743 0 0

Glycine 0 -0.4930 0.4930 0 0

Hudroaen 2 0323 0 7 0323 0 n v

4 »
Result Name | strains-minus-Kpn_crossfeed-partia

Discard Result

Result List

Add Result Remove Result ] [

Clear Results

[ strains-minus-Kpn_crossfeed-partial

hd

Gualize Results ] Panel 5 Status Simulation Result Added /

Case Folder

| savecase

[ Load Case

)
)

6 - Manage Case

| CiUsersimicha\OneDrive'DocumentsiConsulting\| SFiMatlab\SteadyCom? |

Case File

State_agora_Clostridium_difficile_CD196-Three_Er |

Panel 6 Status Case File Loaded

5. Perform community simulation
for the specified uptake bounds on
medium nutrients and crossfed
metabolites. Specific strains can be
excluded from any simulation.
Different simulations can be stored
to allow comparison through a
companion visualization App.

6. Save current case to
completely capture the current
App state for subsequent loading.



SynComSim — Companion App for Result Visualization and Comparison

4 MATLAB App

08

Growth Rate (W) or Abundance

SynComSim - Visualization of Synthetic Bacterial Community Simulation Results

Growth for Result Set: strains-all_xfeed-all

Growth Rate (0" or Abundance

-

=
=]

=]
@

=
Y

=]
)

X
In Silico Fermentation

Growth for Result Set: strains-all_crossfeed-partial
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Plot Settings Generate Plot Figures
Plot Panel | Lower Left ¥ || PletPanel | Strains ~ || Variables - I Generate Figures | | Clear Figures || Close Window |
_ Communi 3,4-dihydroxyphenyljacetate ,
Variable Type | CrossfedM... ¥ | | Clear Panel | ty g ( ydroxyphenyly Figure Folder | CiUsersimichaiCneDrive\DocumantsiConsulting\ISFMatlab\s
Clostridium_difficile_CD186 (4-hydroxyphenyljacetaldehyde
Result | strains-all_xfeed-all v | Enterobacter_cloacae_ECWSUH (R)-3-hydroxybutyrate Figure File Name | C_difficile-Three_Enterobacteriaceas-Xfeed_Compare |
FVA Strain (None v | Escherichia_coli_str_K_12_substr_MG1655 [ (R)-Acetoin save Fi Figure Format \—png v
Klebsiella_pneumoeniaz_pneumoniae_MGH73578 (R)-lactate
Plot Status Plot Panel Changed 7] (S1adtate - Figure Status Files Saved For All Visible Figures
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