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Supplementary Material
Supplementary Data
Supplementary Dataset S1. Python scripts used for iMS837 reconstruction.
Supplementary Dataset S2. MEMOTE reports for iMS837 before and after the manual annotation.
Supplementary Dataset S3. Files for iMS837 and iMS837_ALA in JSON format.
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Supplementary Figure S1. Production envelope results for optimization of ALA production and biomass formation in iMS837.
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Supplementary Figure S2. Venn diagram showing the overlapping reactions to be potentially knocked out to increase ALA production obtained with OptKnock and GDLS algorithms.
Supplementary Figure S4.
Supplementary Figure S5.
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Description automatically generated] Supplementary Figure S3. Predicted distribution of metabolic fluxes in reactions involved in ALA synthesis under photoautotrophic conditions with upregulation of DES::12 (Δ12-desaturase). The circles refer to metabolites, the connecting lines refer to metabolic reactions, and numbers refer to flux values in mmol gDCW−1 h−1. Metabolite names are indicated in black, while reaction names are in indicated in blue and red for non-essential and essential reactions in ALA synthesis, respectively. Reaction directionality is represented by arrows. The color of the connecting lines represents the different flux ranges as shown in the legend. Flux values are shown below the reaction abbreviations. 
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Supplementary Figure S4. Predicted distribution of metabolic fluxes in reactions involved in ALA synthesis under photomixotrophic conditions with acetate as a carbon source and with upregulation of DES::12 (Δ12-desaturase). The circles refer to metabolites, the connecting lines refer to metabolic reactions, and numbers refer to flux values in mmol gDCW−1 h−1. Metabolite names are indicated in black, while reaction names are in indicated in blue and red for non-essential and essential reactions in ALA synthesis, respectively. Reaction directionality is represented by arrows. The color of the connecting lines represents the different flux ranges as shown in the legend. Flux values are shown below the reaction abbreviations.
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Supplementary Figure S5. Predicted distribution of metabolic fluxes in reactions involved in ALA synthesis under photomixotrophic conditions with glucose as a carbon source and with upregulation of DES::12 (Δ12-desaturase). The circles refer to metabolites, the connecting lines refer to metabolic reactions, and numbers refer to flux values in mmol gDCW−1 h−1. Metabolite names are indicated in black, while reaction names are in indicated in blue and red for non-essential and essential reactions in ALA synthesis, respectively. Reaction directionality is represented by arrows. The color of the connecting lines represents the different flux ranges as shown in the legend. Flux values are shown below the reaction abbreviations.




Supplementary Tables
Supplementary Table S1. List of genes, reactions, and metabolites added and removed to iJB792 to generate iMS837.
Supplementary Table S2. Essential genes predicted using iMS837 in comparison with in vivo data.
Supplementary Table S3. List of reactions and metabolites added to iMS837 to produce ALA.
Supplementary Table S4. List of key reactions and genes identified based on the FSEOF simulation.
Supplementary Table S5. OptKnock and GDLS determined target reactions with their associated genes.

2

3

image3.png
Acetate
30A5160 0.0713
L]

30451400.0718

MCOATA 0573

30A580 0.0718

acee 3045180 0.0705
3045120 0.0718

304R1800.0705

®
e

AGtex 0.00 Glucose H
e @ ® ® @t
oo wos @
ons GLCtex 0.00 GLCtpp 0.00 HEX1 0.00
) o
s
o Qoo
ACtpp 0.00 e o PG -0.000854
ACKr -0.654 PRETX0.00 a0 e
@
e TKT2-0.0525 o
o o ° .
Acsoess el - 7A4LA-0.705
)
RPE-0.757 s @ens
P
TKT1-0.705

.
-t
To TCA o

RP10.702

ME2-0.0105 . RBISBPICX 1.46
wie ntpcr

@ o0

Ll P
PRUK 1.46

° ®
o ne
PYK0.0210

FeRc 000
8 e ®
o o

o
aere - 3HAD180 0.0705
sonsto0007ts wiers y ne o,
. I HCO3E_1_ox 145
toctazeace_c o ® g,
xasrsearso @ @ Fomavm e S
ol o
P @ g RapCox 145
A
earraoy 00705 aroior 201
. PAPA_OLE PAL 0000152
s
To Fatty Acids pom— e o
VAR S
e o~
@s
AGPATACP.OLE.PALM 0.000345 {
) GIPATIS19Z 0.000432 o e
2 @ sor oot
o To BOF
e o hieacs
FA181ACPH 2.11e-31 aeee
AGPATACP_OLE_HDE 0.0000082 @
p PAPA_OLE_HOE 0.0000852
o | Lome Y .
e A
oes 1500700
o o 3
e ALA
o o
2, - ALAtex1 0.0700 ALAtex2 0.0760 EX_ALA_e 0.0700

FA183ACPH; 0.0700

wae Carbon Dioxide




image4.png
Acetate Gl ki
lucose 'y
30A8160 0.0140 ACtex 0.257 ®
e . 0 o,
P GLCtex 0.00 GLcwpp 0.00 HEXT 0.00
30a5140 00140 g
o
‘e Q...
acipp 0257 ° - rec | por-oon0
ACKr .00 PRETXO0.00 s, 00 p
s @ o @e
e o
- Sl ] e o . e
e e e o
MCoATA 0.109 ACCOACD105 Acs 0.26% TALa 0602
- ] '3 ® oo % e
> AN/ < csooreo
soas0 00740 p— o @
® s ”? / o KT+ 0603
o . ”
e e e |0 o
anescs . @
o o ¢ » To TCA
3045180 00108 P
10a3120 00140 "
L i o RPI0.577
P MEz-0.143 . RB158PLox 1.00
" e e e e
samrkcrc, o0 @ @ m— @
P H 3.
soasa 0¥y soaRit0a0s e 2. ks
PYko3TI g
o PEPC 0.00
’ ° o @ Q?—‘\
pe - ® w = v
s i oote oanex mae Carbon Dioxide
30a5100 00140 . ), s
. — om0 N0 0.407 HOOSE_1_ex .78
Kasts 0010 pp— 1 °
T oo P @
o ° —o (—
b4
EaRto0y 00108 P 250
o PAPA_OLE_PALI 0000285
.

To Fatty Acids [}

sz c

o A

AGPATACP_OLE_PALM 0.000286

® GSPATIB19Z 0000423 ommre
@ o ¢
e

DES_12 0.00858 AGPATACP_OLE_HDE 0.000137

PAPA_OLE_HDE 0000137

sz ¢

DES_150.00858

@

To BOE BOF_acetate_mixotrophy 0.0616

FA183ACPHi 0.00858

ALAtoxt 0.00858 ALAtex2 0.00858

ALA

EX_ALA_o 0.00858




image5.png
3045160 0.122

peace.e
()

30451400122

304580 0.122

30451200122

o
30A5600.122

3051000.122

e
Kas150.122

To Fatty Acids

FAB1ACPH 0.00

Acetate 4
ACtex 0.00 Glucose e
L4 = @ P \_7 @ws
wos e
o SLCtex 0175 GLotpp 0175 HEX10.175
o ore
e
o @
ACtpp 0.00 e ‘7" © PGI0.174
ACKr-1.13 PKETX1.13 g o, R *
N ox
7S 9 € L @
oo N TKT2-0.959
CEa o e
MCOATA 0.971 ACS 1, 13""‘ il e TALA 0.790
o
RPE 0783 e
o niy
TiT1 0954
b o Se
e S
30AS180 0.121 e ¢ To TCA
o RP10.947
@ener wE2-0.0401 - RB1BPICK 1.73
e o8 e e e
o P e
tasp_ .
30aR1800.121 ) - L. eaukirs
/ - PYK0.10¢ . "
o PEPC0.00
4
@ oomcns X~o- ) ®
3HAD180 0.121 e - Py » o
e © oo wae Carbon Dioxide
| Yevonne oo 1 ox 71
@ e @ _Femoms e °"
e
a N — @ / * RBPCex 1.73
e
Eanisoy 0121 Patex 344
./ PAPA_OLE_PALM 0.0000810
-
Gne
oo oo
AGPATAGP_OLE_PALM 0.0000810 e offers
grace ¢
GIPATIS192 0.000120
@ romesc BOF_glucose_mixotrophy 0.0174
To BOF
] s
AGPATACP_OLE_HDE 0.0000387 @
u "PAPA_OLE_HDE 00000367
o oo d Y,
o e
DES_150.120
K o c 3
e o Linoleic Acid
o ®

FA183ACPH; 0.120

ALAtex7 0.120

ALAtex20.120 EX_ALA_e 0.120




image1.png
ALA (mmol gDW? h?)

0.15F

0.1

0.05F

] ] 1 ] ] L L ] L ]
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

growth rate (h?)





image2.png
OptKnock




image6.jpeg
’ frontiers




