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List of symbols. 

Symbol Unit Description 

Θ   - 
 

unit step function 
 

ε  - unit step function 

1,..,3Φ  - exponential step function 

1,...,3ρ  - constant to adjust the exponential step function 

ω   - constant to adjust ammonium release from amino acid degradation 

maxμ   
1/min maximum cell-specific growth rate 

μ   1/min cell-specific growth rate 

α   - constant adjusting inhibition factor 

β   1/min switch constant for cell death rate  

d   µm mean cell diameter 

NADb   
- adjustable parameter for influence of NAD/NADH 

cd   µm critical cell diameter 

md   µm minimum cell diameter 

f   - growth inhibition factor 
 

cN  - 
 

number of cell classes 
 

max
ev  

L/cell/min cell number-specific activity of enzyme e 
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List of symbols (continued). 

Symbol Unit Description 

x
transGlu

v  mmol/L/µL/min  
 

cell volume-specific transport rate of Glu  

max
HKv   

mmol/cell/min  
 

cell number-specific maximum activity of HK 
 

max
GPIv   

mmol/cell/min  
 

cell number-specific maximum activity of GPI 
 

max
6G PDHv   

mmol/cell/min  
 

cell number-specific maximum activity of G6PDH 
 

x
transLac

v  mmol/L/µL/min cell volume-specific transport rate of Lac 

lnxtransG
v  mmol/L/µL/min cell volume-specific transport rate of Gln 

H4xtransN
v  mmol/L/µL/min cell volume-specific transport rate of NH4 

max
5dR Pv   

mmol/cell/min  
 

cell number-specific maximum activity of R5P  

 
max
UTv   

mmol/cell/min  cell number-specific maximum activity of UT 

 
max
GLYSv   

mmol/cell/min  cell number-specific maximum activity of GLYS 

 
max
PFKv   

mmol/cell/min  cell number-specific maximum activity of PFK 

 
max

6TATKF Pv   
mmol/cell/min  cell number-specific maximum activity of TATKF6P 

max
3TATK PGv   

mmol/cell/min  cell number-specific maximum activity of TATK3GP 

max
ALDv   

mmol/cell/min  cell number-specific maximum activity of ALD 

x
transPyr

v   mmol/L/µL/min 
 

cell volume-specific transport rate of Pyr 
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List of symbols (continued). 

Symbol Unit Description 

max
ENOv   mmol/cell/min     cell number-specific maximum activity of ENO 

max
PKv   mmol/cell/min     cell number-specific maximum activity of PK 

max
LDHv   mmol/cell/min     cell number-specific maximum activity of LDH 

max
ACOv   mmol/cell/min     cell number-specific maximum activity of PDH 

max
CLv   mmol/cell/min     cell number-specific maximum activity of ACO 

max
ICDHv   mmol/cell/min     cell number-specific maximum activity of CL 

max
GSv   mmol/cell/min     cell number-specific maximum activity of ICDH 

max
KDHv   mmol/cell/min     cell number-specific maximum activity of GS 

max
SDHv  mmol/cell/min     cell number-specific maximum activity of SDH 

max
FMAv   mmol/cell/min  cell number-specific maximum activity of FMA 

max
MDHv   mmol/cell/min  cell number-specific maximum activity of MDH 

max
ATPasev   mmol/cell/min  cell number-specific maximum activity of ATPase 

max
AAexv   mmol/cell/min  cell number-specific maximum activity of AAex 

max
cUGLCv   mmol/cell/min  cell number-specific maximum activity of UGLC 

max
CSv   mmol/cell/min  cell number-specific maximum activity of CS 

max
MEv   mmol/cell/min  cell number-specific maximum activity of ME 
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List of symbols (continued). 

Symbol Unit Description 

max
PEPCKv   mmol/cell/min  cell number-specific maximum activity of PPECK 

max
PCv   mmol/cell/min  cell number-specific maximum activity of PC 

max
AlaTAv   mmol/cell/min  cell number-specific maximum activity of AlaTA 

max
AspTAv   mmol/cell/min  cell number-specific maximum activity of AspTA 

max
GLDHv   mmol/cell/min  cell number-specific maximum activity of GLDH 

max
GLNasev   mmol/cell/min  cell number-specific maximum activity of GLNase 

H4dNv  mmol/cell/min  cell number-specific maximum activity of NH4 degradation 

m
HKk  mmol/L affinity constant of HK 

m
GPIk  mmol/L affinity constant of GPI 

eq
GPIk  - equilibrium constant of GPI 

6
m
G PDHk  mmol/L affinity constant of G6PDH 

m
UTk  mmol/L affinity constant of UT 

6
eq
TATKF Pk  - equilibrium constant of TATKF6P 

3
eq
TATK PGk  - equilibrium constant of TATK3PG 
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List of symbols (continued). 

Symbol Unit Description 

m
PFKk  mmol/L affinity constant of PFK 

16F Pk  mmol/L affinity constant of ALD for F16P 

eq
ENOk  - equilibrium constant of ENO 

PKPEPk  mmol/L affinity constant of PK for PEP 

PKPyrk  mmol/L affinity constant of PK for Pyr 

PDHPyrk  mmol/L affinity constant of PDH for Pyr 

eq
ACOk  - equilibrium constant of ACO 

2
eq
ACOk  - equilibrium constant of ACO 

m
Citk  mmol/L affinity constant of CL for Cit 

eq
ICDHk  - equilibrium constant of ICDH 

eq
AAexk  - equilibrium constant of AAex 

eq
FMAk  - equilibrium constant of FMA 

m
FMAk  mmol/L affinity constant of FMA 

m
MDHk  mmol/L affinity constant of MDH 

xATPk  cell/L/min specific ATP consumption related to growth 
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List of symbols (continued). 

Symbol Unit Description 

mATPk  cell/L/min specific ATP consumption related to maintenance 

basalNAD  mmol/L adjustable parameter for influence of NAD/NADH 

m
cUGLCk  mmol/L affinity constant of a general enzyme to UDPGlc 

m
MEk  mmol/L affinity constant of ME 

ME

i
ATPk  mmol2/L2 inhibition constant of ME from ATP 

ikμ  mmol/L growth related inhibition constant of ALD 

GS

m
Gluk  mmol/L affinity constant of GS for Glu 

m
ICDHk  mmol/L affinity constant of ICDH 

m
OAAk  mmol/L affinity constant of CS for OAA 

m
AcCoAk  mmol/L affinity constant of CS for AcCoA 

m
SDHk  mmol/L affinity constant of SDH 

5
m
dR Pk  mmol/L affinity constant of a general enzyme to R5P 

m
PEPCKk  mmol/L affinity constant of PEPCK 

PC

m
Pyrk  mmol/L affinity constant of PC for Pyr 
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List of symbols (continued). 

Symbol Unit Description 

eq
MEk  - equilibrium constant of ME 

m
KDHk  mmol/L affinity constant of KDH 

AspTAOAAk  mmol/L affinity constant of AspTA for OAA 

AspTAGluk  mmol/L affinity constant of AspTA for Glu 

AspTAKetok  mmol/L affinity constant of AspTA for Keto 

GLDHGluk  mmol/L affinity constant of LDH for Glu 

ln
m
G asek  mmol/L affinity constant of GLNase 

eq
GLDHk  - equilibrium constant of GLDH 

eq
ALDk  - equilibrium constant of ALD 

a
PFKk  mmol/L activation constant of PFK 

m
ATPasek  mmol/L affinity constant of ATPase 

3PGk  mmol/L affinity constant of ENO for 3PG 

ENOPEPk  mmol/L affinity constant of ENO for PEP 

3
m
TATK PGk  mmol/L affinity constant of TATK3PG 

6
m
TATKF Pk  mmol/L affinity constant of TATKF6P 
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List of symbols (continued). 

Symbol Unit Description 

m
GLDHk  mmol/L affinity constant of GLDH 

HK

m
ATPk  mmol/L affinity constant of HK for ATP 

ALD

m
ATPk  mmol/L affinity constant of ALD for ATP 

3 ALD

m
PGk  mmol/L affinity constant of ALD for 3PG 

PC

m
ATPk  mmol/L affinity constant of PC for ATP 

PDH

m
ATPk  mmol/L affinity constant of PDH for ATP 

xGlu
k  mmol/L direct binding affinity constant for extracellular Glu 

Gluk  mmol/L direct binding affinity constant for Glu transporter 

x
trans

eq
Glu
k  - direct biding equilibrium constant for Glu transporter 

lnxG
k  mmol/L Direct binding (simplified) affinity constant for extracellular Gln  

x
trans

m
Pyr
k  mmol/L affinity constant of extracellular Pyr transporter 

m
AspTAk  mmol/L affinity constant of AspTA 

GS

m
ATPk  mmol/L affinity constant of GS for ATP 

lnG ase

i
ATPk  mmol2/L2 inhibition constant of GLNase from ATP 
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List of symbols (continued). 

Symbol Unit Description 

SDH

i
OAAk  mmol2/L2 inhibition constant of SDH from ATP 

m
GLYSk  mmol/L affinity constant of GLYS 

CL

m
ATPk  mmol/L affinity constant of CL for ATP 

x
trans

eq
Lac
k  - equilibrium constant of transporter for Lac 

transLack  mmol/L affinity constant of transporter for Lac 

x
transLac

k  mmol/L affinity constant of transporter for extracellular Lac 

LDHPyrk  mmol/L affinity constant of LDH for Pyr 

LDHLack  mmol/L affinity constant of LDH for Lac 

cPyrk  mmol2/L2 activation constant of LDH from Pyr 

PyrLDH

ak  - activation constant of LDH from Pyr 

LDHGluk  mmol2/L2 inhibition constant of LDH from Glu 

LDH

i
Gluk  - inhibition constant of LDH from Glu 

eq
LDHk  - equilibrium constant of LDH 

H4
m
dNk  mmol/L affinity constant of general enzyme for NH4 

H4dN

a
ATPk  mmol/L activation constant of NH4 degradation from ATP 
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List of symbols (continued). 

Symbol Unit Description 

H4xN
k  mmol/L direct binding affinity constant for NH4 transporter 

H4xtrans

eq
N
k  - direct biding equilibrium constant of NH4 transporter 

H4Nk  mmol/L direct binding affinity constant for NH4 transporter 

m
AlaTAk  mmol/L affinity constant of AlaTA 

AlaTA

i
Gluk  mmol2/L2 inhibition constant of AlaTA from Glu 

x
m
Glc
k  mmol/L Monod constant for extracellular Glc 

min
dk  1/min basal cell death rate 

max
dk  1/min maximum cell death rate 

mininf
dk  1/min basal cell death rate of infected cells 

maxinf
dk  1/min maximum cell death rate of infected cells 

lnxdG
k  1/min spontaneous glutamine degradation rate 

xGlc
m  mmol/L/µL/min maintenance related glucose consumption rate 

max
eK   mmol/L/min cell volume-specific reaction rate of enzyme e 

max
HKK   mmol/L/min cell volume-specific reaction rate of enzyme HK 

max
GPIK   mmol/L/min cell volume-specific reaction rate of enzyme GPI 
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List of symbols (continued). 

Symbol Unit Description 

max
6G PDHK   mmol/L/min cell volume-specific reaction rate of enzyme G6PDH 

max
5dR PK   mmol/L/min cell volume-specific reaction rate of general enzyme of R5P 

degradation 

max
UTK   mmol/L/min cell volume-specific reaction rate of enzyme UT 

max
GLYSK   mmol/L/min cell volume-specific reaction rate of enzyme GLYS 

max
PFKK   mmol/L/min cell volume-specific reaction rate of enzyme PFK 

max
6TATKF PK  mmol/L/min cell volume-specific reaction rate of transaldolase and transketolase 

for F6P 
max

3TATK PGK  mmol/L/min cell volume-specific reaction rate of transaldolase and transketolase 

for 3PG 
max
ALDK   mmol/L/min cell volume-specific reaction rate of enzyme ALD 

max
ENOK   mmol/L/min cell volume-specific reaction rate of enzyme ENO 

max
PKK   mmol/L/min cell volume-specific reaction rate of enzyme PK 

max
LDHK   mmol/L/min cell volume-specific reaction rate of enzyme LDH 

max
PDHK   mmol/L/min cell volume-specific reaction rate of enzyme PDH 

max
H4dNK  mmol/L/min cell volume-specific reaction rate of general enzyme for NH4 

degradation 
max
ACOK  mmol/L/min cell volume-specific reaction rate of enzyme ACO 

max
CLK  mmol/L/min cell volume-specific reaction rate of enzyme CL 
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List of symbols (continued). 

Symbol Unit Description 

max
ICDHK   mmol/L/min cell volume-specific reaction rate of enzyme ICDH 

max
GSK   mmol/L/min cell volume-specific reaction rate of enzyme GS 

max
KDHK   mmol/L/min cell volume-specific reaction rate of enzyme KDH 

max
SDHK   mmol/L/min cell volume-specific reaction rate of enzyme SDH 

max
FMAK   mmol/L/min cell volume-specific reaction rate of enzyme FMA 

max
MDHK   mmol/L/min cell volume-specific reaction rate of enzyme MDH 

max
ATPaseK   mmol/L/min cell volume-specific reaction rate of enzyme ATPase 

max
AAexK   mmol/L/min cell volume-specific reaction rate of enzyme AAex 

max
cUGLCK   mmol/L/min cell volume-specific reaction rate of enzyme UGLC 

max
CSK   mmol/L/min cell volume-specific reaction rate of enzyme CS 

max
MEK   mmol/L/min cell volume-specific reaction rate of enzyme ME 

max
PEPCKK   mmol/L/min cell volume-specific reaction rate of enzyme PEPCK 

max
PCK   mmol/L/min cell volume-specific reaction rate of enzyme PC 

max
AlaTAK   mmol/L/min cell volume-specific reaction rate of enzyme AlaTA 

max
AspTAK  mmol/L/min cell volume-specific reaction rate of enzyme AspTA 
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List of symbols (continued). 

Symbol Unit Description 

max
GLDHK  mmol/L/min cell volume-specific reaction rate of enzyme GLDH 

max
GLNaseK  mmol/L/min cell volume-specific reaction rate of enzyme GLNase 

basalNAD  - adjustable parameter for influence of NAD/NADH 

ir  mmol/L/min cell-number-specific activity of enzyme i 

macror  - formula for conversion of macroscopic scale rates to microscopic scale 

HKr   mmol/L/min cell volume-specific reaction rate of HK 

GPIr   mmol/L/min cell volume-specific reaction rate of GPI 

6G PDHr   mmol/L/min cell volume-specific reaction rate of G6PDH 

5dR Pr   mmol/L/min cell volume-specific reaction rate of R5P degradation 

H4dNr  mmol/L/min cell volume-specific reaction rate of NH4 degradation 

UTr   mmol/L/min cell volume-specific reaction rate of UT 

GLYSr   mmol/L/min cell volume-specific reaction rate of GLYS 

PFKr   mmol/L/min cell volume-specific reaction rate of PFK 

6TATKF Pr   mmol/L/min cell volume-specific reaction rate of TATKF6P 

3TATK PGr   mmol/L/min cell volume-specific reaction rate of TATK3PG 
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List of symbols (continued). 

Symbol Unit Description 

ALDr   mmol/L/min cell volume-specific reaction rate of ALD 

ENOr   mmol/L/min cell volume-specific reaction rate of ENO 

PKr   mmol/L/min cell volume-specific reaction rate of PK 

LDHr   mmol/L/min cell volume-specific reaction rate of LDH 

PDHr   mmol/L/min cell volume-specific reaction rate of PDH 

ACOr   mmol/L/min cell volume-specific reaction rate of ACO 

CLr   mmol/L/min cell volume-specific reaction rate of CL 

ICDHr   mmol/L/min cell volume-specific reaction rate of ICDH 

GSr   mmol/L/min cell volume-specific reaction rate of GS 

KDHr   mmol/L/min cell volume-specific reaction rate of KDH 

SDHr   mmol/L/min cell volume-specific reaction rate of SDH 

FMAr   mmol/L/min cell volume-specific reaction rate of FMA 

MDHr  mmol/L/min cell volume-specific reaction rate of MDH 

ATPaser   mmol/L/min cell volume-specific reaction rate of ATPase 

AAexr   mmol/L/min cell volume-specific reaction rate of AAex 
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List of symbols (continued). 

Symbol Unit Description 

cUGLCr   mmol/L/min cell volume-specific reaction rate of UGLC 

CSr   mmol/L/min cell volume-specific reaction rate of CS 

MEr   mmol/L/min cell volume-specific reaction rate of ME 

PEPCKr   mmol/L/min cell volume-specific reaction rate of PEPCK 

PCr   mmol/L/min cell volume-specific reaction rate of PC 

AlaTAr   mmol/L/min cell volume-specific reaction rate of AlaTA 

AspTAr   mmol/L/min cell volume-specific reaction rate of AspTA 

GLDHr   mmol/L/min cell volume-specific reaction rate of GLDH 

GLNaser   mmol/L/min cell volume-specific reaction rate of GLNase 

x
transLac

r  mmol/L/min medium volume-specific transport rate of Lac 

H4xtransN
r  mmol/L/min medium volume-specific transport rate of NH4 

lnxtransG
r  mmol/L/min medium volume-specific transport rate of Gln 

x
transGlu

r  mmol/L/min medium volume-specific transport rate of Glu 

x
transPyr

r  mmol/L/min medium volume-specific transport rate of Pyr 

transr  1/min specific transition rate 
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List of symbols (continued). 

Symbol Unit Description 

/ xm Glc
r   mmol/L/min medium volume-specific uptake rate of Glc for maintenance 

/ xx Glc
r   mmol/L/min medium volume-specific uptake rate of Glc for growth 

GLUTr   mmol/L/min cell volume-specific transport rate of Glc 

xATPr   mmol/L/min cell volume-specific ATP consumption rate of cell growth 

mATPr   mmol/L/min cell volume-specific ATP consumption rate of cell maintenance 

ATPaser   mmol/L/min cell volume-specific rate of ATPase 

dATPr   mmol/L/min net ATP consumption rate 

CCMr   mmol/L/min net ATP production rate 

NADHr   mmol/L/min net ATP production from NADH 

FADHr   mmol/L/min net ATP production from FADH 

TCAr   mmol/L/min net ATP production from TCA  

glycolysisr   mmol/L/min net ATP production from glycolysis 

2Or  fmol/cell/min theoretical O2 consumption rate 

cV  µL/mL viable cell volume 

c
sV  L/cell cell-specific volume 
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List of symbols (continued). 

Symbol Unit Description 

wV  - working volume 

iX  cells/mL number of viable cells of class i 

vX   cells/mL viable cell concentration 

/ lcxx G
Y   mmol/L/cell cell growth-specific yield coefficient of Glc 

level
E  - relative enzyme level 

IAV - influenza A virus 

   

 


