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Biochemical reactions

Reactions indexed with an asterisk (*) are omitted in the

applied metabolic networks.

Glveolvsis and citric acid cvele

I GLUC + | ATP — 1 GLUC6F + | ADP + | H
I GLUCHP — | FRUCEP

0.5 FRUCHP + (0.5 ATP — | GAP + 0.5 ADP +
0.5 H

GAP + 0.5 H,0 — 0.5 FRUC6P + 0.5 Pi
GAF + I NADH + 1 H,O + | H=— | GOH + 1
NAD + 1 Pi

GAP + I NAD + | Pi + | ADP— 1 G3P + |
ATP + I NADH + | H

G3IP — 1 PEP + 1 H,0

PEP + 1 ADP + 1 H— 1 PYR + 1 ATP

PYR + 2ATP + 1 H;O— 1 PEP + 2 ADP + |
Pi+ 2H

PYR + | NAD + | COA — 1 ACCOA + 1
NADH + | CO,

PYR + | H— | ACET + 1 CO,

PYR + 1 ATP + 1 HyO + 1 CO, — [ OAC + 1
ADP + 1 Pi + 2H

ACET + 1 NAD + 1 H,O— 1 AC + | NADH
+ 2H

ACET + | NADP + 1 H,O— 1 AC + 1
NADPH + 2 H

OAC + 1T ACCOA + 1 HyO — 1 ISOCIT + 1
COA + 1 H

OAC + 1 ATP— 1 PEP + | CO, + 1 ADP
ISOCIT + | NAD — 1 AKG + | NADH + 1
CO,

ISOCIT + | NADP — 1 AKG + | NADPH + 1
CO,

AKG + [ COA + | NAD + | H— | SUCCOA
+ 1 NADH + 1 CO, + 1H

SUCCOA + 1 ADP + 1 Pi— 15UC + 1 ATP
+ 1 COA

SUC + I FAD — 1 FUM + 1 FADH,

FUM + | H,O — 1 MAL

I MAL + | NAD — 1 OAC + 1 NADH + 1 H

1 FADH2 + 1 NAD — 1 NADH + 1 H + | FAD

PEP phosphotransferase

1 GLUC(E) + 1 PEP — | GLUC6P + 1 PYR

Pentose phosphate pathway

1 GLUCHFP + 2 NADP + 1 H,O-» 1 RIBUSP + 2
NADPH + 1 CO, + 2H

| RIBUSP — | RIBSP

1 RIBUSP — | XYL5P

1 RIBSP + | XYLSP — | SEDSP + | GAP

| SEDSP + | GAP — | FRUCGP + | E4P

1 XYL5P + | E4P — | FRUCGP + | GAP

Glyoxylate shunt

1 [SOCIT = | GLYO + | SUC

1 GLYO + 1 ACCOA + | H,O0— 1 MAL + |
COA + 1 H

Oxidative phosphorvlation

I NADH + 0.50, + 8,ADP + &, Pi + (1 + &)
H— (1 + 8,) HO + | NAD + &, ATP

I NADH + 050, + TH— 1 H, 0 + | NAD

I FADH, + 0L 05 + 8, ADP + &, Pi + &, H—
(1 + &) H;O + | FAD + &, ATP

| FADH, + 0.50, + 3/55, ADP + 355, Pi +
M58 H—(1 + 3/558,)H,0 + 1 FAD + 3/5 8§,
ATP
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I NADPH + 0.50, + 5, ADP + &, Pi + (1 +
8)H— (1 + 5,) H,0 + | NADP + 5, ATP

Carbon substrates other than glucose

1 CIT — 1 ISOCIT

1 LAC + 1 FAD— 1 PYR + 1 FADH,

1 GOH + | ATP + | FAD — | GAP + | FADH2
+ 1 ADP + | H

I GLUCON + | ATP — | PYR + | GAP + |
ADP + 1 H,O + | H

| ETOH + | NAD — | ACET + 1 NADH + 1 H

1 AC + 1 COA + 2 ATP + 1 H,O— | ACCOA
+ 2ADP + 2P+ | H

Transfer of I-carbon compounds

I THFE + 1| ATP + | NADH + 1 CO, — | FTHF
+ 1 ADP + | Pi + 1 NAD

| THF + 1 CO, + 3 NADH + 3 H— | MYTHF
+ 3 NAD + 2 H,0

1 THF + 1 CO, + 2 NADH + 2 H— | MYTHF
+ 2NAD + 2 H,O

Transport

I PilE) + 2HE)— 1 Pi + 2H

I NHE) + | HIE) — | NH, + 1 H

1 GLUC(E) + 1 H(E) = 1 GLUC + 1 H

1 804E) + 3HIE) - 1504 + 3H

| ACCE) + THE)—= 1 AC + | H

I LAC(E) + 1 H(E) = | LAC + | H

| PYR(E) + T HIE)— 1 PYR + | H

1 GLUCON(E} + | H{E} — | GLUCON + 1 H

1 SUCE) + 2H(E) — 1 SUC + 2 H

1 CITE) + 3HIE)— 1CIT + 3 H

H* ATPase

1 ATP + | H,O— 1 ADP + 1 H(E) + 1 Pi

Aming acid synthesix

I AKG + 1 NHy; + 1 NADPH + 1 H— | GLUT
+ 1 NADP + | H,O

I GLUT + | NH; + 1 ATP — | GLUM + 1 ADP
+ 1Pi+ 1H

1 GLUT + 1 ATP + 2 NADPH + 2H— 1 PRO +
1 ADP + 1 Pi + 1 H,O0 + 2 NADP

I ATP + | NH, + | CO,— 1 CARP + | ADP +
2H

2GLUT + 1 ACCOA + 4 ATP + 1 NADPH + |
CARP + 1 ASP + 3 H,O —= | ARG + 1 COA
1 AKG + 1 AC + 4 ADP + 1 FUM + 5P
+ 1| NADP + 4 H

2GLUT + 1 ACCOA + 3 ATP + 2 NADPH + 2
NAD + 3 H,O— I LYS + 1| COA + | AKG +
1CO, + 3ADP + 3P + 2NADP + 2H + 2
NADH

I ASP + 1 PYR + 2 NADPH + [ SUCCDA + 1
GLUT + 1 ATP + 2H > 1 LYS + | SUCC +
1 AKG + 1 CO, + 2 NADP + 1 COA + 1 ADP
+ 1 Pi

1 G3P + 1 GLUT + 1 NAD + 1 H,O— | SER +
1 AKG + 1Pi+ 1H + 1 NADH

1 SER + | THF — 1 GLY + 1 METHF + 1 H,O

I SER + 1 ACCOA + 1 SO, + 4 NADPH + 4H
+ | ATP— 1 CYS + 1 AC + 1 COA + 4
NADP + 1 ADP + 3 H,O + 1 Pi
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1 OAC + 1 GLUT - | ASP + | AKG

1ASP + | NH, + 2ATP + 1 H,0 — 1 ASN + 2
H + 2 ADP + 2 Pi

ASP + 1 ATP + 2 NADPH + 2 H — | HOM +
1 ADP + 1 Pi + 2 NADP

HOM + 1 ATP + 1 H,0 — | THR + 1 ADP +
1Pi+ 1H

HOM + 1 SUCCOA + 1 CYS + 1 MYTHF + 2
H,O + 1 ATP — 1 MET + 1 COA + | SUC +
IPYR + INH, + 2H + | ADP + 1 Pi + 1
THF

THR + 1 PYR + 1 NADPH + 1 GLUT + 2 H
— |ILEU + NH, + 1 NADP + 1 H,0 + 1
CO, + 1 AKG

PRY + 1 GLUT — 1 ALA + | AKG

PYR + 1 NADPH + 2H— 1 AKI + 1 CO, + |
NADP + 1 H,0

AKI + 1 GLUT — 1 VAL + 1 AKG

AKI + 1 ACCOA + 1 GLUT + 1| NAD + 2
H,0 + 1 ATP — 1 LEU + | AKG + | COA +
1CO, + 2H + 1 Pi + 1| NADH + 1 ADP
PEP + | E4P + 1 NADPH + 1 ATP — | CHO
+ 1 ADP + 4 Pi + | NADP

1 CHO + 1 GLUT + | H— | PHEN + 1 AKG +
1 CO, + 1 HyO

CHO + | GLUT + 1| NAD — 1 TYR + | AKG
+ 100, + 1 NADH

CHO + 1 GLUM + 1| PRPP + | SER — | TRYP
+ 2P+ 1C0O, + | GAP + 1GLUT + 1 H +
1 PYR + | H,0

RIBUSP + 2 ATP — 1 PRPP + 2 ADP + | H
PRPP + 3 ATP + 3 H,0 + 1 NH4 + 1 GLUM
+ 2NAD + | NADPH + 1CO,— 1 HIS + 6
Pi + 2 NADH + 1 NADP + 3 ADP + 1 AKG
+ &H
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Amine actd polymerization

0.0820 GLUT + 0.0285 GLUM + 0.0448 PRO +
0.0437 ARG + 0.0776 LYS + 0.0502 SER +
0.0787 GLY + 0.0019 CYS + 0.0806 ASP +
0.0277 ASN + 0.0518 THR + 0.0138 MET +
0.0524 ILEU + 0.1246 ALA + 0.0719 VAL +
0.0803 LEU + 0.0364 FHEN + 0.0277 TYR +
0.0076 TRYP + 0.0179 HIS — | AM

I AM + 4 ATP + 3 H,O — 4.8248 PROT + 4
ADP + 4H + 4P

Nucleatide synthesis

I PRPP + 2 GLUM + 1 GLY + 4 ATP + 1 ASP
+ 2H,0 + 2FTHF + 1 CO, — 1 IMP + 4
ADP + 6 Pi + 2 GLUT + 2 THF + | FUM +
8 H

1IMP + 1 ASP + | ATP— 1 AMP + 1 ADP + |
Pi+ 1FUM + 2H

IIMP + 1| NAD + 2 ATP + 1 GLUM + 3 H,0
» 1 GMP + 2 ADP + 2Pi + I GLUT + 1
NADH + 4 H

1GLUM + 1 PRPP + 2 ATP + 1 ASP + 2H,0
+ | NAD — 1 UMP + 2 ADP + 4 P1 + 1
GLUT + | NADH + 4 H

1 UMP + 2 ATP — 1 UTP + 2 ADP

(92) I UTP + 1 GLUM + | ATP + | HO— | CTP +
FTADP + 1Pi + 2H + 1 GLUT
(93 1 CTP + 2 ADP — 1 CMF + 2 ATP
RNA synthesis
(94) 0.2330 AMP + 0.2330 GMP + 0.3060 UMP +
0.2280 CMP + 3.2279 ATP + 2.2279 H,O —
9.466 RNA + 322791 ADP + 322791 P +
322791 H
ATP consumption for maintengnce
(93) I ATP + TH,O0—1ADP + I Pi+ L H
Svnrhesis of fany acids
(96) 8 ACCOA + 15 ATP + IS5 NADPH + 10, + 7
H,O-—= 1 PAL + 8 COA + 15 ADP + 15 NADP
+ 1H+I15P
{97 9 ACCOA + 1T ATP + ITNADPH + 10, + 8
H -+ 10L + 9C0OA + 17 ADP + 17 NADF
+ LH+ 17 R
Svnthests of glvcogen and polvsaccharides
98) 016667 GLUCGP + 0.16667 ATP + (.16667 H,O
= | PSACH + 0.16667 ADP + (.33333 Pi +
0.166667 H
Biomasy formaticon
99) (147003 PROT + 0.35376 PSACH + 0.05234 RNA
+ 0.00344 PAL + 000344 OL + 0.00266 GOH
— | BIOM
NOMENCLATURE
C, concentration of compound i [{Chmel - L'
D dilution rate (h ™'y
i degree of freedom (—)
f ethanol fraction of the feed (C-mal - C-mol ™" twial carbon)
K growth-associated maintenance coetficient (mel ATP - C-
mol " biomass)
K growth-associated muintenance coefficient (mol ATP - C-
mol ! protein)
Mayp  Non-growth-associaled maintenance cocfficient (mol ATP - C-
maol ! biomass b ")
My NON-growth-associated maintenance coefficient (mol ATP - C
maol ~! protein h '}
m total number of compounds (-
[ number of reactions { —)
I number of compounds exchanged between the system and the
envirenment { — )
q, specific conversion rate of compound @ [(Cimol - C
mol ' nT')
Fa, net conversion rate of compound { [{(C)mol -+ L L |
£ volumetric rate of biochemical reaction j [(Cymol - L' - h™ ']
v volume (L)
Xe protein content of the biomass (C-mol - C-mol 1)
Yo  apparent yield of preduct on carbon substrate (C-mol - C-
mal ')
YU limit o product yield on carbon substrate due to biochemical
constraint (C-mol - C-mol '
Y5~ product yield parameter in linear equation for consumption of
carbon substrate (C-mal -+ C-mol ™)
Yoy apparent yield of biomass on carbon substrate (C-mol - C-
mal =)
Y5 biomass yield parameter in linear equation for consumption of

carbon substrate (C-mol - C-mol ')



