Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols.

Symbol Unit Description

o) - unit step function

e - unit step function

q)l . - exponential step function

P, - constant to adjust the exponential step function

W - constant to adjust ammonium release from amino acid degradation
1/min maximum cell-specific growth rate

Hinx

u 1/min cell-specific growth rate

o - constant adjusting inhibition factor

Y 1/min switch constant for cell death rate

- um mean cell diameter

bMD - adjustable parameter for influence of NAD/NADH

d. pm critical cell diameter

d pm minimum cell diameter

r - growth inhibition factor

N - number of cell classes

S L/cell/min cell number-specific activity of enzyme e
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol

V.
Gty

max
Vik

max
VGPI

max
VG6PDH

X
Laclram

Vs

trans

vNH4X

trans

max
Varsp

max
Vur

Vars

EF

TATKF6P

max
VTATKSPG

Vi

v X
Py Tirans

Unit

mmol/L/puL/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/L/puL/min

mmol/L/puL/min

mmol/L/puL/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/L/puL/min

Description

cell volume-specific transport rate of Glu

cell number-specific maximum activity of HK

cell number-specific maximum activity of GPI

cell number-specific maximum activity of G6PDH

cell volume-specific transport rate of Lac

cell volume-specific transport rate of Gln

cell volume-specific transport rate of NH4

cell number-specific maximum activity of RSP

cell number-specific maximum activity of UT

cell number-specific maximum activity of GLYS

cell number-specific maximum activity of PFK

cell number-specific maximum activity of TATKF6P

cell number-specific maximum activity of TATK3GP

cell number-specific maximum activity of ALD

cell volume-specific transport rate of Pyr

Page 2 of 17



Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol

Unit

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

mmol/cell/min

Description

cell number-specific maximum activity of ENO

cell number-specific maximum activity of PK

cell number-specific maximum activity of LDH

cell number-specific maximum activity of PDH

cell number-specific maximum activity of ACO

cell number-specific maximum activity of CL

cell number-specific maximum activity of ICDH

cell number-specific maximum activity of GS

cell number-specific maximum activity of SDH

cell number-specific maximum activity of FMA

cell number-specific maximum activity of MDH

cell number-specific maximum activity of ATPase

cell number-specific maximum activity of AAex

cell number-specific maximum activity of UGLC

cell number-specific maximum activity of CS

cell number-specific maximum activity of ME
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol  Unit Description

Y mmol/cell/min  cell number-specific maximum activity of PPECK
PEPCK

s mmol/cell/min  cell number-specific maximum activity of PC
PC

pmx mmol/cell/min  cell number-specific maximum activity of AlaTA
AlaTA

S mmol/cell/min  cell number-specific maximum activity of AspTA
AspTA

P mmol/cell/min  cell number-specific maximum activity of GLDH
GLDH

e mmol/cell/min  cell number-specific maximum activity of GLNase
GLNase
v, mmol/cell/min  cell number-specific maximum activity of NH4 degradation
INH4
k" mmol/L affinity constant of HK
HK
k" mmol/L affinity constant of GPI
GPI
ke - equilibrium constant of GPI
GPI
k" mmol/L affinity constant of G6PDH
G6PDH
k" mmol/L affinity constant of UT
ur
ke - equilibrium constant of TATKF6P
TATKF 6P
ke - equilibrium constant of TATK3PG
TATK 3PG
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol Unit Description
k" mmol/L affinity constant of PFK
PFK
k mmol/L affinity constant of ALD for F16P
F16P
kZYqvo - equilibrium constant of ENO
kPEP mmol/L affinity constant of PK for PEP
PK
ku mmol/L affinity constant of PK for Pyr
TPk
mmol/L affinity constant of PDH for Pyr
kp, ty y
POH
ke - equilibrium constant of ACO
ACO
k< - equilibrium constant of ACO
AC0O2
k" mmol/L affinity constant of CL for Cit
Cit
kIegDH - equilibrium constant of ICDH
ke - equilibrium constant of AAex
Adex
k;‘]\q/ﬂ - equilibrium constant of FMA
k" mmol/L affinity constant of FMA
VA
k" mmol/L affinity constant of MDH
MDH
kXA]P cell/L/min specific ATP consumption related to growth
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol  Unit Description
k cell/L/min specific ATP consumption related to maintenance
mATP
mmol/L adjustable parameter for influence of NAD/NADH
NAD, , J p
k" mmol/L affinity constant of a general enzyme to UDPGlc
cUGLC
k" mmol/L affinity constant of ME
ME
A mmol*/L? inhibition constant of ME from ATP
ATP,;
ki mmol/L growth related inhibition constant of ALD
u
k2, mmol/L affinity constant of GS for Glu
UGs
k" mmol/L affinity constant of ICDH
ICDH
kK" mmol/L affinity constant of CS for OAA
o
k" mmol/L affinity constant of CS for AcCoA
AcCod
k" mmol/L affinity constant of SDH
SDH
k" mmol/L affinity constant of a general enzyme to R5P
dR5P
k" mmol/L affinity constant of PEPCK
PEPCK
m mmol/L affinity constant of PC for Pyr
Pyrpc
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol  Unit Description
ke - equilibrium constant of ME
ME
k" mmol/L affinity constant of KDH
KDH
mmol/L affinity constant of AspTA for OAA
OAAAS/)TA
- mmol/L affinity constant of AspTA for Glu
uAspTA
mmol/L affinity constant of AspTA for Keto
Keto 4074
mmol/L affinity constant of LDH for Glu
Glugypy
k" mmol/L affinity constant of GLNase
Glnase
k< - equilibrium constant of GLDH
GLDH
ke - equilibrium constant of ALD
ALD
k- mmol/L activation constant of PFK
PFK
k" mmol/L affinity constant of ATPase
"ATPase
k}PG mmol/L affinity constant of ENO for 3PG
k mmol/L affinity constant of ENO for PEP
PEPoo
k" mmol/L affinity constant of TATK3PG
TATK3PG
k" mmol/L affinity constant of TATKF6P
TATKF 6P
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol Unit Description
kgLDH mmol/L affinity constant of GLDH
kAmTPM( mmol/L affinity constant of HK for ATP
szjp - mmol/L affinity constant of ALD for ATP
317; 6o mmol/L affinity constant of ALD for 3PG
kZTPPC mmol/L affinity constant of PC for ATP
;nTP mmol/L affinity constant of PDH for ATP
PDH
kGZuX mmol/L direct binding affinity constant for extracellular Glu
kGlu mmol/L direct binding affinity constant for Glu transporter
glzﬁ \ - direct biding equilibrium constant for Glu transporter
kG]nX mmol/L Direct binding (simplified) affinity constant for extracellular Gln
;"yrx mmol/L affinity constant of extracellular Pyr transporter
klepTA mmol/L affinity constant of AspTA
,TTPGS mmol/L affinity constant of GS for ATP
kiITPaW mmol*/L? inhibition constant of GLNase from ATP
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol Unit Description
éA mmol?/L? inhibition constant of SDH from ATP
ASDH
k" mmol/L affinity constant of GLY'S
GLYS
k;nTP mmol/L affinity constant of CL for ATP
CL
eq - equilibrium constant of transporter for Lac
Lacygns
klac mmol/L affinity constant of transporter for Lac
» mmol/L affinity constant of transporter for extracellular Lac
ku mmol/L affinity constant of LDH for Pyr
unt
klac mmol/L affinity constant of LDH for Lac
‘LDH
kcm mmol*/L? activation constant of LDH from Pyr
i - activation constant of LDH from Pyr
mmo 1nhibition constant o rom Glu
- 12/1L2 inhibiti f LDH from Gl
Uy pry
kgz - inhibition constant of LDH from Glu
Urpr
e - equilibrium constant o
K ilibri f LDH
1DH
k" mmol/L affinity constant of general enzyme for NH4
dNH4
g mmol/L activation constant of NH4 degradation from ATP
dNH4
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol Unit Description
ka mmol/L direct binding affinity constant for NHy4 transporter
k ;;I o direct biding equilibrium constant of NH4 transporter
19\}14 mmol/L direct binding affinity constant for NH4 transporter
kleaTA mmol/L affinity constant of AlaTA

élu,ﬂm mmol*/L? inhibition constant of AlaTA from Glu
kgcx mmol/L Monod constant for extracellular Glc
k:;win 1/min basal cell death rate
k;rax 1/min maximum cell death rate
karlrininf 1/min basal cell death rate of infected cells
kaIszM 1/min maximum cell death rate of infected cells
de]nx 1/min spontaneous glutamine degradation rate
9 mmol/L/pL/min maintenance related glucose consumption rate
K;nax mmol/L/min cell volume-specific reaction rate of enzyme e
K:;;x mmol/L/min cell volume-specific reaction rate of enzyme HK
Kgﬂ;;c mmol/L/min cell volume-specific reaction rate of enzyme GPI
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol

KGoron

KH’HX

dRSP

max
KUT
Kmax

GLYS

Kmax

PFK

KH’BX

TATKF 6P

KITHX

TATK3PG
max
KALD
max
KENO
max
K PK
Kmax

LDH

KII]aX

PDH
Kiwu

KIT]HX

ACO

Kmax

CL

Unit

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

Description

cell volume-specific reaction rate of enzyme G6PDH

cell volume-specific reaction rate of general enzyme of R5P
degradation

cell volume-specific reaction rate of enzyme UT

cell volume-specific reaction rate of enzyme GLY'S

cell volume-specific reaction rate of enzyme PFK

cell volume-specific reaction rate of transaldolase and transketolase

for F6P

cell volume-specific reaction rate of transaldolase and transketolase
for 3PG

cell volume-specific reaction rate of enzyme ALD

cell volume-specific reaction rate of enzyme ENO

cell volume-specific reaction rate of enzyme PK

cell volume-specific reaction rate of enzyme LDH

cell volume-specific reaction rate of enzyme PDH

cell volume-specific reaction rate of general enzyme for NH4
degradation

cell volume-specific reaction rate of enzyme ACO

cell volume-specific reaction rate of enzyme CL
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol

KKIBX

ICDH

K max

GS

Kmax

KDH

Kmax

SDH

Kmax

FMA

KI‘IHX

MDH

Kmax

ATPase
max
KAA@C
max
Kc UGLC
max
KCS
max
KME
max
KPEPCK

Kmax

PC

KITBX

AlaTA

Ktmx

AspTA

Unit

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

Description

cell volume-specific reaction rate of enzyme ICDH

cell volume-specific reaction rate of enzyme GS

cell volume-specific reaction rate of enzyme KDH

cell volume-specific reaction rate of enzyme SDH

cell volume-specific reaction rate of enzyme FMA

cell volume-specific reaction rate of enzyme MDH

cell volume-specific reaction rate of enzyme ATPase

cell volume-specific reaction rate of enzyme AAex

cell volume-specific reaction rate of enzyme UGLC

cell volume-specific reaction rate of enzyme CS

cell volume-specific reaction rate of enzyme ME

cell volume-specific reaction rate of enzyme PEPCK

cell volume-specific reaction rate of enzyme PC

cell volume-specific reaction rate of enzyme AlaTA

cell volume-specific reaction rate of enzyme AspTA
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol

Kmax

GLDH

KH’EX

GLNase

NAD,

HK

Tepr

Unit

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

Description

cell volume-specific reaction rate of enzyme GLDH

cell volume-specific reaction rate of enzyme GLNase

adjustable parameter for influence of NAD/NADH

cell-number-specific activity of enzyme i

formula for conversion of macroscopic scale rates to microscopic scale

cell volume-specific reaction rate of HK

cell volume-specific reaction rate of GPI

cell volume-specific reaction rate of GGPDH

cell volume-specific reaction rate of RSP degradation

cell volume-specific reaction rate of NH4 degradation

cell volume-specific reaction rate of UT

cell volume-specific reaction rate of GLYS

cell volume-specific reaction rate of PFK

cell volume-specific reaction rate of TATKF6P

cell volume-specific reaction rate of TATK3PG
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol

Fatp

Unit

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

Description

cell volume-specific reaction rate of ALD

cell volume-specific reaction rate of ENO

cell volume-specific reaction rate of PK

cell volume-specific reaction rate of LDH

cell volume-specific reaction rate of PDH

cell volume-specific reaction rate of ACO

cell volume-specific reaction rate of CL

cell volume-specific reaction rate of ICDH

cell volume-specific reaction rate of GS

cell volume-specific reaction rate of KDH

cell volume-specific reaction rate of SDH

cell volume-specific reaction rate of FMA

cell volume-specific reaction rate of MDH

cell volume-specific reaction rate of ATPase

cell volume-specific reaction rate of AAex
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol

cUGLC

AlaTA
AspTA
Uen
r(l]\bse

Lacy,

NH4;,

trans

X
Glnmms

7

Glll;;an:
7
Pyr

trans

trans

Unit

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

1/min

Description

cell volume-specific reaction rate of UGLC

cell volume-specific reaction rate of CS

cell volume-specific reaction rate of ME

cell volume-specific reaction rate of PEPCK

cell volume-specific reaction rate of PC

cell volume-specific reaction rate of AlaTA

cell volume-specific reaction rate of AspTA

cell volume-specific reaction rate of GLDH

cell volume-specific reaction rate of GLNase

medium volume-specific transport rate of Lac

medium volume-specific transport rate of NH4

medium volume-specific transport rate of Gln

medium volume-specific transport rate of Glu

medium volume-specific transport rate of Pyr

specific transition rate
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol Unit

rm/ Glc*

’:c/ Glc*

rGL ur

Peapr

rT CA

. glycolysis

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

mmol/L/min

fmol/cell/min

pL/mL

L/cell

Description

medium volume-specific uptake rate of Glc for maintenance

medium volume-specific uptake rate of Glc for growth

cell volume-specific transport rate of Glc

cell volume-specific ATP consumption rate of cell growth

cell volume-specific ATP consumption rate of cell maintenance

cell volume-specific rate of ATPase

net ATP consumption rate

net ATP production rate

net ATP production from NADH

net ATP production from FADH

net ATP production from TCA

net ATP production from glycolysis

theoretical O2 consumption rate

viable cell volume

cell-specific volume
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Jodo R. C. Ramos, Thomas Bissinger, Yvonne Genzel, Udo Reichl, Impact of influenza A virus
infection on growth and metabolism of suspension MDCK cells using a dynamic model

List of symbols (continued).

Symbol Unit Description

V;v - working volume

‘X; cells/mL number of viable cells of class 1
‘X; cells/mL viable cell concentration

o mmol/L/cell cell growth-specific yield coefficient of Glc
Xi C

- relative enzyme level
level

IAV . influenza A virus
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