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SUPPLEMENTAL METHODS AND RESULTS

Supplement S1: Information to Kinetic rate laws

Important note: Due to reference restrictions, we do not cite the references for the kinetic parameters in
this version of the Supplemental Material. You can find a version of this document with complete

references on our homepage at:

https://icm.charite.de/en/research/metabolic and biophysical simulations in systems medicine/publ

ications/cardiokin1/

Fatty acid uptake

Carrier mediated FATP

— VCD36 . (ffaext - Cl6cyt)

1%
CD36 max 1+ ffaext Cl6cyt
ffaext Clécyr
K, K

m

V,¢P36 for numerical value see Supplemental Table II

K/ %ext — 0,000085

C16cyt
K%l

= 0.004

(Long-chain) acyl-coa synthetase

’ _ pAcst €16,y atpeye CoQcyt
ACS1 = Ymax Cl6cyt atpeyt coacyt
c16¢y: + K, atpeye + K, coacys + K,
V,ACST for numerical value see Supplemental Table |
clé6 t
K, " =0.033

KPPt — 0,320

m

coacyt

K, < =0.0064
v _ VFATPl . clecyt . atpcyt . coacyt
FATP1 — Ymax Clécyt atpcyt coacyt
Clécyt+Ky, >0 atpeyetKy, O C0Gcyt+Ky,

ACS1
VFATP1 _ Vindx_
max 27


https://icm.charite.de/en/research/metabolic_and_biophysical_simulations_in_systems_medicine/publications/cardiokin1/
https://icm.charite.de/en/research/metabolic_and_biophysical_simulations_in_systems_medicine/publications/cardiokin1/
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Kt —0.021

m

atpcyt

K, <*=0.850

Ko %" =0.0083

UraTP4 = Vrrlig;P4 ' Cl6cy{:t165yt. atpcyattpc ' Coac)foa rs

c16cyt+Ky, atpeyetKy, ' coacyr+Ky,

Vinax F =13 Viagz "

Ko =0.013

KoPert —14

K. %" =0.047

Beta-oxidation

Carnitine palmitoyltransferase | (muscle isoform)

Deprs = VEPTL. lefeigsyt T CATeyt _
(c16coacyt +K,, Cyt) “(careye + K, ")

V,CPT1 for numerical value see Supplemental Table I

K

clécoacyr Kcl6coacyt 1 malcoaZimm
m =

0 malcoa2iymm
Ki

cl6coacyt
K y

) =0.073

Kmalcoazimm
i

= 0.0001

Carcyt
Km

=0.19

Carnitine acylcarnitine translocase

VCACT . |

VUcacrt =
i CaTmito Cl6CClT‘Cyt Careyt Cl6carmito
1+ Kcarmito 1+ Kcl6coacyt +{1+ Kcarcyt 1+ Kcl6carmito -1

m m m m

. 1 . .
CaTmito * €l6Catcy: — KCACT " CaTcyt clécaryito
eq

VSACT for numerical value see Supplemental Table |l
KEACT = 1.6

Ky ™t =58

m
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Kot —0, 001
carcyr
Kot =13

KErecarmito — g 0p51

m

Carnitine palmitoyltransferase 2

clécarpito * COAmito — 1/KCPTZ * ¢16coamito * CaTmito \
v = | CPT2 , | eq |
CPT2 max
14 clécarpyito 1+ COmito +(1+ clécoanito 1+ CaTmito | _ 4
Kclécarmito KCoamito Kc16coamito Kcarmito

m m m m

V,.CPT2 for numerical value see Supplemental Table II

K™ =2

K;;lmcarmiw :012

KE0%mito — g 0055

m

Kc16coamito 20191

m

K,."mite =0.46

Short chain acyl-coa dehydrogenase (c4) (identical to liver enzyme)

Vc4.cga—dh . ( C4C0amito > . ( etffadmito )

VUcacoa—scdh = VYmax c4coami etffadmi
cdcoamio + K, etffadmito + K, JTadmito

ygacoa=dh for numerical value see Supplemental Table |1

gereoamito — g 9107

m

Ky /T e%mito = 0.0038

m

Short chain acyl-coa dehydrogenase (c5) (identical to liver enzyme)

_ y¢scoa—dh ( €5C0amito > : ( etffadmito )

VUcscoa—scdh max c5c0Q,; etffad,;
c5c0amiro + K, etffadmito + Ky fradmito

ys5coa=dh for numerical value see Supplemental Table |1

KcSco Amito _ 0.01

m
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geYTadmico — () 0038

m

Medium chain acyl-coa dehydrogenase (c6) (identical to liver enzyme)

— yc6ecoa—dh . ( c6coamito > ) < etffadmito >

Vc6coa—mcedh max c6Cco0am; etffadmi
c6Ccoamiro + K, etffadmito + K, JTadmito

ycocoa=ah for numerical value see Supplemental Table I

Cbcoa,,;
K mto = 0,0094

m

gt admito — 00045

Medium chain acyl-coa dehydrogenase (c8) (identical to liver enzyme)

— | c8coa—dh . ( €¢8c0amito > . ( etffadmito )

Ucgcoa-medh max c8C0ami etffad,i
c8coanmiro + K, T etffadmito + K, JTadmito

c8coa=dh for numerical value see Supplemental Table |1

KEBeo%mito — g 004

m

g admito _ 0045

m

Medium chain acyl-coa dehydrogenase (c10) (identical to liver enzyme)

— |y c10coa—dh < c10coamito ) . < etffadmito )

VUc10coa—medh max c10coam; etffadmi
c10coant, + K, mito etffadmiro + K,y ST admico

yclocoa=dh £or nymerical value see Supplemental Table |1
c1l0coam;
KErocoamito — g gos4

getradmico _ 0045

m

Medium chain acyl-coa dehydrogenase (c12) (identical to liver enzyme)

yc12coa-dh ( cl2coamio ) . < etffadmito )

VUc12coa—medh = Ymax cl2coam; etffadmi
cl12coanmito + Ky, mito etffadmito + K, JTadmito

ycl2coa=dh for nymerical value see Supplemental Table II

KEtcoamito —q 0057

m

getradmico — 0045

m
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Long chain acyl-coa dehydrogenase (c10) (identical to liver enzyme)

c10coa iz, > _ ( etffadmito )

c10coanmito + K;llocoam“" etffadmito + K;ltffadmi“’

_ 1 cl0coa—dh ,
VUc10coa—lcdh = Vmax <

yclocoa=dh for nymerical value see Supplemental Table II

m + kcl6coamito
Ki

c1l0coamito c10coamito kC16C0amito
K, =K, (1

gkerecoamico _ g 00047

l

K¢ 10co%mito = 0.0243

g Tadmico _ 0083

m

Long chain acyl-coa dehydrogenase (c12) (identical to liver enzyme)

Y cl2coa—dh . < c12coamiro > . ( etffadmito )

Uc12coa—lcdh = Ymax c12¢0am; etffadm;
c12¢0amie, + KS2OMMit0 | \otf fad,y, + Ko *mito

ycl2coa=dh for numerical value see Supplemental Table II

m + kcl6coamito
Ki

cl2coamito cl2coanmito kC16C0amito
K =K, |1

gkerecoamico _ g 00047

i

K¢ H2¢0%mito —0,009

Ky TTe%mito = 0.0083

m

Long chain acyl-coa dehydrogenase (c14) (identical to liver enzyme)

— | Cl4coa—dh < cldcoamito > . ( etffadmito )

VUctl4coa—lcdh max cl4coa,; etffadmi
c14c0amiz, + KoM | \etffady, + Ko/ *dmito

yclicoa=dh £or nymerical value see Supplemental Table |1

m 0 kcl6coamito
Ki

cl4coamito cl4coanmito kC16coamito
K =K 1+

gkerecoamico _ g 00047

i

K Heotmivo =0,0074

KT admito — 0083
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Long chain acyl-coa dehydrogenase (c16) (identical to liver enzyme)

cl16coan;t, > _ ( etffadmito )

16 i .
K ©0 i | \etffadmio + Ky “4mite

v _ Vclécoa—dh .
cl6écoa—lcdh — Ymax
clécoapyit, +

yclecoa=dh for nymerical value see Supplemental Table II

Kchcoamiw — Kc16coamito A1+ kC16C0amito
m 0 ch16coamiw
i

gkerecoamico _ g 00047

l

KglGCoamito = 0.0025 %2

Ketffadmito = 0.0083 62

m

Enoyl-coa hydratase (Crontonase) (ec4)

1 .
ec4cotmiro — /Kehyd—ec4 lC4‘C0amito
v _ Vehyd—ec4 . eq

ehyd—ec4 — Ymax ec4copm;
ecdcoamiro + K,y

Vehyd—ec4

Tnax for numerical value see Supplemental Table Il

Kehyd—ec4 =025

eq
Kec4coamito — K.ec4coa,m-to 1 kC4’C0amito
m 0 ch4coamito

i

Kgcteotmito = 0,013

K ercoamito —q 075

i

Enoyl-coa hydratase (Crontonase) (ec6)

1 .
eC6C0amito - /Kehyd—ec6 lC6coamito
eq

ehyd—ec6
Vehyd—ec6 = Vinax ) ec6coanm;
ec6comit, + K, mito

Vehyd—ec6 _ Vehyd—ec4 . 1280
max - Ymax 1670

ehyd—ec6
KoY =2

eq
K EC6C0amito _ 1 ®Ocoamiro [ 4 4 kc4coapmiro
m 0 ch4coamito

i
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ec6colm;
K, UMMt =0.029

kc4coamito
Ki

=0.025

Enoyl-coa hydratase (Crontonase) (ec8)

1 .
ec8cotmiro — /Kehyd—ecs lC8C0amito
_ Vehyd—ec8 . eq
vehyd—ecs — Ymax

ec8conmito
ec8coamiro + K,

Vehyd—ecS _ Vehyd—ec4— . 910

max - 'max 1670
ehyd—ec8 __

Ko =2

Kecscoami,g0 _ KecScoamito_ 1+ kC4coamito
m - o ch4coamiw

i

Kgeoeo%mito = 0,029

gketeoamito _q 935

l

Enoyl-coa hydratase (Crontonase) (ec10)

1 .
ec10coamito — /Kehyd—eclo le10coamito
_ Vehyd—eclo . eq
vehyd—eclo - "max

ec10coamito
ec10coapit, + K,

Vehyd—eclo _ Vehyd—ec4 . 540

max max 1670
ehyd—ecl10 __
Keq =2

KeclOcoamito — KeclOcoamito 1 kC4C0amito
m 0 chz}coamito
i

KeclOcoamiw

0 = 0.029

gketeoamito _q 935

4

Enoyl-coa hydratase (Crontonase) (ec12)

1 .
ecl2coamito — /Kehyd—eclz le12coamito
eq

_ ysehyd—ec12
17ehyd—eclz - Vmax )

ecl2coapito
ecl2coapmit, + K,
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ehyd—ec12 ehyd—ec4 160

/A =V P—

max max 1670
ehyd—ec12 __

Ko =2

Kechcoamim — Kechcoamim . + kC4C0amito
m 0 ch4coamito

i

ecl2coami

K, mite = 0,030

K etcoamito _q 05

2

Enoyl-coa hydratase (Crontonase) (ec14)

1 .
ecldcoamito — /Kehyd—ecl4 lel4coamito
_ Vehyd—ec14 . eq
vehyd—eclz} — Ymax

ecl4coamito
ecl4coapir, + K,

ehyd—ecl4
Vv 4

ehyd—ecl6 5
max |4 o2

max 23

ehyd—ecl4 __
Ko, =2

Kecl4coamim _ Kecl4coamito 1 kC4coamito

4+ —
m 0 kc4coamit
Kl mito
KgeH#eoamito =0 025
ch4coamito =0.025

i

Enoyl-coa hydratase (Crontonase) (ec16)

1 .
ecl6coanmito /Kehyd—ec16 l616coamito
eq

eclécoapmit, +

_ (sehyd—ecl6
Vehyd—ec16 = Vinax )

Kechcoamito
m

ehyd—ecl6 ehyd—ec4 40
Vv Yy =V Yy .
max - Ymax 1670

ehyd—ecl6 __
Keq =2

Kec16coamito — Kec16coamito 1 kC4C0amito
m 0 chz}coamim
i

Kgcl6coamito — 0030

ch4co Amito _ 0.025

4

10
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3-hydroxyacyl-coa dehydrogenase (Ic4) (identic with liver enzyme)

Vsnan-ica = Vimag 1t
|/ lcdcoamiro - Nad iz — 1/1(63(5“”1—154 - kc4coamiro - NAdRmiro \i
\(1+ et (1 e ) (1 i) (1 + ite) 1
m m m m
3hdh=lc4 for numerical value see Supplemental Table II
Kgc;zdh—lcz; — ﬁ
Klereoamito — 00072
Kdmito — 0 0154
Keeteoamito — 0 0169
Kpadhmito — 00118
3-hydroxyacyl-coa dehydrogenase (Ic6) (identic with liver enzyme)
Vsnan-ice = Vimnas" "¢
l/ lc6coanito - nadmito — 1/Ke3£?dh_lcﬁ ~kc6coamito - nadhpyt, \i
\(1+ ket ) - (1+ ) (1 et )1+ Fiinte) 1)
m m m m
V3hdh=1c6 for numerical value see Supplemental Table II
Ke?»‘;ldh—lce — ﬁ

Kleécoamito — () 0286

m

KM@dmito — 015

m

Keeeoamito — 0057

m

g™ dhmito _ 011

m

11



Berndt et al.; CARDIOKIN1

3-hydroxyacyl-coa dehydrogenase (Ic8) (identic with liver enzyme)

Vsnan-ics = Vs '8
/ le8Bcoanmito - Nadmiro — 1/K3hdh—168 " kc8coamiro - nadhpi, \|
- = I
lc8coa,;t nad,; kc8coa nadh,;;
\(”W—“%)(HW)J’(HW—“% 1 e —1/
m m m m
V3hdh=1e8 for numerical value see Supplemental Table II
K 3hdh-lc8 _ 1
eq 10-3
le8coamito
K =0.0163
nadmito
K» =0.015
Klec8eotmito — 0 0031
Khadhimito — 0 011
3-hydroxyacyl-coa dehydrogenase (Ic10) (identic with liver enzyme)
V3hdh—-Ic10
lc10coanmito - nadmito — 1/K3hdh—lc10 “kc10coamito - nadhupico \
= 3hdh-lc10 . eq |
lc10coa,;; nadmpit kc10coa,;; nadh,;;
1+ lclOcoaT:llitg 11+ nacZL,:iz, +(1+ kclOcanEts 11+ nadﬂi; -1
K K K K
m m m m

3hdh=1c10 for numerical value see Supplemental Table II

1
K3hdh-lc10 — e

chlOcoamit0 = 0.0029

m
Kp4mite = 0,0104

kcu)coamito
m

= 0.0018

g™ @hmito _ 0 0011

m

12
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3-hydroxyacyl-coa dehydrogenase (Ic12) (identic with liver enzyme)

V3hdh-Ic12
lClZCOdmito . nadmito - 1/K3hdh—l(:12 ' kClzcoamito ' nadhmito \
— Vrgggh—mz . eq
lc12coamn;to nadmito kcl2coanmito nadhnyito
\(1 + chlZcoamito 11+ Knadmito +(1+ chlZcoamim |1+ Knadhmito -1
m m m m

Y 3hdh=lc12 for numerical value see Supplemental Table 1|

3hdh—-1c12 _
KECI - 10-3

chlZcoamito =0.0018

m

gMdmito — (9015

m

chlZcoamL-to = 0.0018

m

gradhmito — 011

m

3-hydroxyacyl-coa dehydrogenase (Ic14) (identic with liver enzyme)

V3hdh-lc14
lc14coan,;to " nadpmito — 1/1(3hdh_lc14 - kcl4coa,iro - nadhpyite \
= 3hdh-lc14 eq |
lc14coa,;; nad,; kcl4coa,;; nadh,;;
\(”,m—aﬁt)(lﬂ(m%%(”,m—% 1 i —1/
m m m m

V3hdh=1c14 for numerical value see Supplemental Table II

1
1073

3hdh—lc14 _
Kzq

lc14coamito
Km

=0.0015
K4mito — 0 015

m .
ch14coamito = 0.0013

m

gredhmico — 011

m

13



Berndt et al.; CARDIOKIN1

3-hydroxyacyl-coa dehydrogenase (Ic16) (identic with liver enzyme)

V3hdh-Ic16
le16coanmito - nad it — 1/K3hdh—lc16 " kc16coamito - nadhpito \
— V,f{g,‘?h_l”é . eq |
lc16coa,;; nadpiz kcl6coa,;; nadh,;;
\(1 + ch16coa7:qlitg> ) (1 + Knacy:,:i::]> + <1 + chlécoaﬁztg |1+ Knadizlnlit?, - 1/
m m m m

3hdh=Ic16 for numerical value see Supplemental Table II

1

3hdh-lcl16 _—_
Keq - 10-3

lC16C°amito
m

= 0.003

K™@mito — () 0145

m

kC16C0amito
m

= 0.0013

gradhmico — 9 011

m

3-ketoacyl-coa thiolase | (kc4)

. 1 . 2
€0Qnito kC4‘C0amito - K3kt acolp;to
kcacoa 3kt—kc4coa | | eq I
U3kt = Vinax ’ | |
COQmito kc4dcoapito acoQmito
\(1 + K C0%mito 11+ kc4dcoamito +{1+ K F€0amito -1
m Km m

V3kt=kek for numerical value see Supplemental Table |l

K3Kt = 2500

KE0%mito = (0.0087

m

ch4coamito _ ch4coamito (1 acolmito
m - 20 Kacaomito
i

Ke0Gmito — () 125

i

Kécctlco Amito _ 0.017

Kacoamim — Kacoamito . (1 n kC4C0amito>

m 0 kcdcoanmito
Ki

acoami
Kgeomito = 0.3

K[ eteomito = 0,0022
14
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3-ketoacyl-coa thiolase Il (kc4)

. 1 . 2
CO0AQmito kc4co Amito — K3kt acopmieo
eq

kc4coa _ yy3ktll—kc4coq | |
3ktIl — Ymax kch 2
CO0qmito CACo0Aanijto acoamito
\(1 + Kcoamito 1+ kc4coanmito +{1+ Kacoamito -1
m Km m
Y 3ktI=ked for numerical value see Supplemental Table II

K3kt = 2500

KEo4mito — (00513

m

ch4coamiw _ ch4coamito (1 acomito
m 0 Kacaomito

i

Ke0%mito — () 125

2

K c4e0%mito = 0,0135

Kacoamito — Kacoamito A1+ kC4C0amito
m 0 ch4coamito

i

acoami
Ko mito — 03

g ketcoamico _ 0022

l

3-ketoacyl-coa thiolase | (kc6)

. 1 . .
kc6coanmito * COmito — 3kt - ACOAmite * CACOAmit,
kc6coa _ yy3kt—Cbeoq eq

v3kt - Vmax COQmi k .
mito c6coamito
(coamim + K, ) : (kc6coamim + K, )

V,f{'jfc'k“ =24- Vn'a;g;—kczt
K3t = 2500
K, “mitc = 0.0087

KkCGCO Amito _ 0.0083

m

3-ketoacyl-coa thiolase | (kc8)

. 1 . .
kc8coanito - COAmito — K3kt " AC0mito c6coanmito
eq

kc8coa __ V3kt—k08 .
coQmi kc8coami
(cotmico + K,y ™) - (kcBcoamiro + Ky mito’)

U3kt — Ymax

15
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Vn3ll(§§c—k68 =272- Vnis;g;—kcél-

K3kt = 2500
K, “™mite = 0.0024

ch8co Amito _ 0.025

m

3-ketoacyl-coa thiolase I (kc10)

kcl10coanito - COAmito — 1 3kt - ACOAmite * C8COAm;t,
10coa _ V3kt—k010 . eq

kc
U3kt max COam: k -
mito . c10coamito
(coamito + K, ) (kclOcoamiw + K, )

3kt—kcl10 _ . 7 3kt—kc4
Vmax =23 Vmax

K3kt = 2500
Ky ™t = 0.0087

chlOco Amito =0.0018

m

3-ketoacyl-coa thiolase I (kc12)

kcl2coanmito - COQmito — 1/K3’“ 1 ACO0Qmito * €10coanm;ito
eq

kcl2coa __ y/3kt—kc12 ,
U3kt - Vmax

coami kcl2coam;
(coamiro + Ky, ™) - (kc12c0amiro + Kpp, mito’)

3kt—kc12 _ . 173kt—kc4
Vmax =21 Vmax

K3kt = 2500
K, “mite = 0,0087

chlZcoamito = 0.006

m

3-ketoacyl-coa thiolase I (kc14)

kcl4coanmito - COAmito — 1 3kt - AC0Amito * C12c0amito
kclacoa _ 173kt—kel4 eq

Uskt max CO i K -
mito cl4coanito
(coamito + Ky ) - (kcl4coamieo + Ky, )

3kt—kcl14 _ . 173kt—kc4
Vmax =17 Vmax

K3kt = 2500

KE04mito — (. 0087

m

16
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Ketteoamito — 00065

3-ketoacyl-coa thiolase I (kc16)

kcl6coanito - COAmito — 1/1{3’“ 1 ACO0Qmito * Cl4coanmito
kclécoa _ V3kt—kc16 . eq

v
3t ax coam; kclécoam
(coamito + K, ‘“’) . (kc16coamim + K, mlfo)

Vj3kt=ke16 for numerical value see Supplemental Table II

K3t = 2500
Ky “™ = 0.0087

Kcerecomito — 00011

ETF-FAD

Verr-rap = Viax 4P - (etffadhzmito “etf qmito — 1/KETF—FAD -etfqh2pto - etffadmito>
eq

V,ETE=FAD for numerical value see Supplemental Table II

(—Tl . Egtffadmito/etffadhzmito -n- Egtfqhzmito/ethmito) -F
KETF—FAD —
eq -

exp R-T

Egtfqhzmito/ethmito = _25mV

Egtffadmito/etffadhzmito =—-23mV

n=2

ETF-QO

-Qo
VETF-Q0 = Vimar 20 (etfqhzmito “Gmm — 1/KETF—Q0 “etf qmito - qhzmm>
eq

ETF-QO ,
Vinax 9 for numerical value see Supplemental Table I

(Tl . Egmm/qhzmm +n- Egtfqhzmito/ethmito) -F

KquF_QO = exp

R-T

Egmm/qhzmm =87 mV

Egtfqhzmito/ethmito = _—25mV
17
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Citric acid cycle

Pyruvate dehydrogenase complex

Updahce = VYpdhce " Vpdhc—np

v _ Vpdhc—np ( PYTmito nadmito Co0Amito
pdhc—np — Ymax ) pdhc—np pdhc—np | pdhc—np
PYTmito + Km—pyr nadmito + Km_nad COQnito + Km—coa
k CAmito
\1+keq —Kca
CAmito + a
ypahe=np ¢ ical val Supplemental Table II
max or numerical value see supplemental lable

KPP = 0.077

Kpdhc—np — Kgad . (1 + nadhmito>

m-nad K_nadhmito
2

KR4 = 0.07

nadhy;
K¢t mite = 0.3

Kpdhc—np — Kocoa . <1 + acoamito>

m-—coa K 3%%mito
i

K& = 0.0122

K e0%mito — (9 029

l
keg = 1.7
K¢ = 0.001

_ .,acoa , , nadh
Ypdhc = Ypdhc * Vpdhe

acoamito
acoa _ 1 __ . Coanito
ypdhc =1 fl (acoamito)
acoamito | g\ €0%mito
€oamito
(acoamito)
€0amito / __
K, =04
nadhpito
nadh _ 1— f . nadmito
Ypdhce 2 (nadhmito)
nadhmita +K nadmito
nadmito i

18
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(nadhmito>
K nadmito

i

=0.5

Citrate synthase

v = VS _ . 0Q0mito . acoanito
cs — Ymax o0aam;i acoami
0aamito + K,, ™ acoamiro + K,
Vs

cl6coanmito AtPmito
<1 + K01600amito |1+ K_atpmito

i i

[ —
Vmax -

Vs® for numerical value see Supplemental Table I

K EL6cotmito _ 9 0042

l

K.atpmito =07

1

. . Clitm;
oaa oaa mito
Km mito — KO mito , 1 + _ '
Katmlto
i

K_Citmito =1.6

i

K, ““™it =0.0036

Kacoamito _ Kacoamito . <1 Succoamito>
m — o SUCCOAmito
i

KO%mito — .067

2

Kfltpmito = 0.95

i

K:SUCCO Amito — 0- 1 3

l

K, °*mite =0.006

Aconitase

/citmito — 1/1(3; . isocitml-to\

14+ Cl?mito lSQCl ‘?mito
KCltmito K"SOCltmitO
m m

_ yac .
Vac = Vmax

Vs, for numerical value see Supplemental Table Il
K& = 0.1

19
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K mite = 0,62

Kisocitmim =02

m

NAD-dependent isocitrate dehydrogenase

] .on
v _ Vidhnad lsoatmito nadmito
idhpgg — Ymax R ) nadm;
. n lsocCitito i K mito
isocit]h;.. + (Km ) nadmico + Ky,
1 "4Mnad £51 numerical value see Suppl tal Table Il
I pplemental Table
isoCitmito isoCitmito adpmito Cltmito
Km = KO \1- nadpmito d Kadpmito 1= nCitmito . Citmito
adpmito + a Lnito + Ka
isocitmi
Koctmite = 021
n=3

nadpmito =0.67

Kgdpmito =0.1
nCitmito = 0.85

KStmito — 0,033

Knadmiw — Knadmito A1+ nadhmito
m 0 Knadhmim

L

Kg@tmito = 0.06

gMdhmito — ( 0043

4

NADP-dependent isocitrate dehydrogenase

b _ ihnaap ISOCitmito _ nadpmito
idhnadapn — Ymax Kisocitmito Knadmito
m m

isocity,ito + nadpmito +

idhnadp
Vmax

K,ir‘:omm”" _ Késocitmito ) <1 + Citmito > ] (1 + akgmiw)

for numerical value see Supplemental Table I

Citmito akgmito
Ki Ki

KO mite = 0,045

20
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Knadpmito _ Knadpmito A1+ nadphmito
m -7 Knadphmito
i

KgaPmito = 0,046

K.nadphmito =0.125

2

KCttmito — 0 159

i

Kflkgmito =0.08

2

a-ketogluterate dehydrogenase

nadmito

v — ngdhc . |/ akgmito \l /
kodne ™ akgmito nadhmlto nad nadhmlto
akgmito + K, 1+ nadpito + K¢ | 1 + —5——
|

|
)

nadhmwo nadhmzto
/ COQnito

coamit SUCCOAmito
\coamwo + K, mito . (1 + succoamlm

kgdhc .
V9% for numerical value see Supplemental Table I

K 4mit = 0.0127

K Imito =0.6
Kpitmivo = 0,021

K] etmite = 0,0045
Ky “™ = 0.0027
K;ee0%mite = 0.0069

i

Succinyl-Coa synthetase

__ (,Scs—atp

Vscs—atp = Vmax

( SUCCOAmito * AdDmito * Pmito — / scs—atp " SUCmito * COQmito * AtPmito \
SUCCOAnjto adPmito Pmito SUCnito C0Amito atPmito

\ (1 o) (14 o) (1 ot ) + (1 i) (1 i) - (1 i)
m K., m m m m

n
Vscs—atp _ Vscs—atp . Pmito
max ] n Kpn
PmitotXa

21
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Voscs_atp for numerical value see Supplemental Table Il
KP" =23
n=24

Koo' ™P =1/0.27

Ksuccoamito — 0-041

m

Ky Pmito = 0.25

KPmite = 0,72
K, ‘mite = 5.1

Ky “™i = 0.032

K3Pmito — () 055

m
__ {,SCS—gtp
vscs—gtp - Vmax
/ SUCCOQmito * 9APmito * Pmito — 1/Kscs—atp * SUChito " COQmito * 9tPmito \
N €4 |
SUCCOAmit 9AdPmit Domit SUCmit COQpmt GtPmit
\ (e ) (1 oo ) (1 Dot )+ (1 St ) (1 2t ) (14 S0 ) |

n

Vscs—gtp _ Vscs—gtp . Pmito

max — Y n —Kpn
PmitotKa

Vscs—gtp —011- Vscs—atp

0 0
Kgmt =23
n=24

Koo' 9% =1/0.27

K, “°“mite = 0,086
K2%mito — 0,007
Kpmite = 2.26

Ky Mt = 0.49

Ky “mite = 0.036

K2tPmito = 0,036

22
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Succinate dehydrogenase

SUCmito " Qmm — /succdh fummlto thmm

succdh
Usuccdh = Vmax

(sucmito + Krflucm“") . (qmm + K,‘jlmm)

ysuccdh £or numerical value see Supplemental Table |1

Efummito/sucmito _ EQmm/qhzmm
succdh — 0 0
Keq = exp RT -F

E({ummito/sucmito _ Egmm/qhzmm =25mV

Ky mite =1.3

Ksucmito — Ksucmito A1+ malmito
m 0 Kmalmito
i

K[t = 2.2

1

K,Imm = 0.0005

Fumarase
/fummtto - /Kfum ma mito\
fum
vfum - Vmax | |

] un lmltO n lCllmitO
fummi malm;i
\ ’{ mito l{ mito /

V,,{ax for numerical value see Supplemental Table II
K™ =42
g [immito — 333

K:nnalmito — 059

Malate dehydrogenase (mitochondrial)

( malmlto nadmlto / mdhmito *0A0mito * nadhmlto \
Umdhmito = nrzrclz(ihmm ’
" 1+M . 1+% + 1+% . 1+M -1
\ Kmalmlto Knadmito Koaamito Knadhmito /
m m m m
V,,ﬁ'ihmi“’ for numerical value see Supplemental Table Il

23
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Kppilmio = 11075 - (224)

eq hmito
Kmalmito =04

m

Knimite = 0.06

Kptomite = 0,017

KMedhmito — (. 044

m

Transdehydrogenase

Vtdn = Vntlg?c ) (nadhmito *nadpmito — 1/ Ktdh *Nadmito 'nadphmito>
eq

tdhum; .
Voot for numerical value see Supplemental Table I

tdhmito — tdh , _ Vmm F) . hcyt
Keq K; exp( R-T (hmito

Kt =15

Mitochondrial electrophysiology and ATP synthesis

Chloride

Clcyt — Clmito * exp(_U)>

Ig,, =Py Ap-U-F-
cled cl m ( 1— exp(—U)

U= UVmm'F
R'T

P, =5-10"1%m/s

Sodium

jpump _  Na—pump Nacyt * hmito — Nmito * Reye
na

max 1+ NAcyt + Nanito
na na
K K
Na—-pum .
Voo P for numerical value see Supplemental Table II
na —
m =324

NAcyt — NAnito * exp(U)
exp(U) —1

InaedZPna'Am'U'F'<

24
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U= Umm'F
R'T

P =1-10"1%m/s
Ing = I;J;me + 1

Aed

Potassium

pump _ ,K—pump . .
[K - Vmax (kcyt hmito - kmito hcyt)

K—-pum .
V- PYP for numerical value see Supplemental Table I

kcyt — Kmito * exp(U))

e, =PpAp - U-F-
Kea = Tk Him < exp(U) — 1

U= Vimm'F
RT

Py =5-10"1%m/s

L =15 + 1,

FOF1 synthetase

adPmito * Pmito — 1/KF0F1 * atPmito
eq

— VFOFI . a - i
(K;:—l Pmito + Cldpmito) . (K::lmlto + pmitO)

VFroF1 max

n
VEOEL = Viopy - 0.114 + 0.886 WormDZ__
(|me|)n+(Kmmm)

Veor1 for numerical value see Supplemental Table Il
n=10

K/mm = 140 mV

_EATP V.o - F Hepe \™
KFOF1 — 0 _ . ( mm ) . ( cy ) M1
eq = X (( R-T ) ™ \RT Howo

nH:3

E4TP = 30500 J/mol
K;:-ldpmito — 0.025

Kpmite = 6.1

25
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ATP-ADP nucleotide exchanger

1

_ atpcyt * adpmito Cex (Umm . F)
— pnex . adpcyt " AlPmito R-T

Unex = Ymax atp, ; -
yt . . Vmm F . adpmlto)
1+ adpcyt ex (f R-T ) (1 + atPmito

Vex for numerical value see Supplemental Table I

f=0.2

Phosphate exchanger

p_ex [Peyt” hcyt — Pmito * Rmito
Vp—ex = Vimax" - Devi
Yy
(Peye + Kny ")

V,P—€X for numerical value see Supplemental Table Il

KP¥" = 1.89
Complex |

nadhmito * Gmm — 1/Kecécl ‘nadmito * qhzmm

— yexl o,
Vexr = Vmax

(nadhpio + K22 M80Y (g + Kmm)

V,¢xI for numerical value see Supplemental Table II

e (n . E(;ladh/nad +7 - EOQ/QHz +ny - me) ‘F Roito ny
eq = OXP R-T Myt

n=2

Eg2@h/me4 = 320 mv

EQ/OHz = g7my
Ny = 4
gMedhmico — 0017

m

Kmm = 0.013

26
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Complex Il

see succinate dehydrogenase

Complex Il

qh2mm - CYLCoxpym — 1/ch111 "Gmm " CYtCred,
eq

— yyexIil o,
Vexrnl = Vmax

(thmm + Kf,llhzmm) . (cytcoxmm + K;lytc"x)z

V,¢XHT for numerical value see Supplemental Table II

(—n CEY/QMz g pOYECox/YECred 4 4y Ly, ) -F R\ mito ha \ eyt
cxIll 0 0 mm < mLto) < ) )
Keq' = exp . .

R-T hg heye

n=2

Egytcox/‘:ytcred =255 mV/

EJ/?" = 87 my
Nhpire = 2

Nhgye = 4

hg = 10~*mM & pH 7

g2emm — 0,013

Ktx = 0,014

Complex IV
v — VCXIV . < CthTed > . ( 02 >
VT yteyeq + KSYterea ) \0, + K22
dGp - F
VRl = Vg - exp (- P )
R " T hCyt

dGp = — +—-1 —

p Umm F Og (hmito

VEXY for numerical value see Supplemental Table Il
Ktered = 0,007
m "
)
K, =2mmHg
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Adenylate kinase

akcyt . |

/ atpcyt ampcyt /Kak adpcyt adpcyt

Vakcyy max
atPeyt AMPeyt adpeyt
(o222 (e o2

m

akcyt
1% y

Tmax. TOr numerical value see Supplemental Table II

K& =1

KPPt — 0,039

m

adpcyt
Km

= 0.112

K2MPert — 0.026

m

Pyrophosphatase

PDcyt
v _ Vppase . < )
ppase — Ymax pp
PPeyt + Ky

ase .
VEPES for numerical value see Supplemental Table I

K P9 = 0.016

ATP usage

atp
_ yatp-usage cyt .
17atp—usage - Vmax ( atp yt) (1 + kload)

atpeyt + K,
tp— .
Vo b H49€ for numerical value see Supplemental Table II
Katpcyt =2
o =
0, diffusion

— —diff |
Vorqipr = Vmax (Ozext Ozcyt)

Vmax 4T for numerical value see Supplemental Table Il

28
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Proton fluxes

pump _ ., . .
IH =4 Vexi +2 Vexinl + 4 Vexrv

Hcyt — Hpito * exp(U))

I =P A -U-F-
Hea = Pri " Am " U < exp(U) — 1

Py =3-10"*m/s

Mitochondrial membrane potential

1071

Wom = 54 (“epy + Ikog + oy + Inagg + 17+ Vnex + 3 Usyn + F = 10+ Upgpr * Voleyy )

Glycolysis

Glutl glucose transporter (Glutl)

— 9T glcext — glecye

Vgiur1
g max 1 + glcext + glCCyt
Kglcext Kglccyt
m m

VgluTl _ VgluTl . (1 _ Cl62xt )
max — 0 cle6
cl6g, + K, ¢

gluT1

A for numerical value see Supplemental Table Il
n=>2

Kflée’“ —02

Kilccyt _5

Krsr]LlCext -5

Glut4 glucose transporter (Glut4)

Vopura = VgluT4 ) glcext — glccyt
glu max 1+ glcext glccyt

glcext gleeyt
K, K,

luT4 gluT4 €160, epiext ampcyt
VI =V -(1_—- 1—-y-(1—-— ). (1 - ——
max 0 Cléext . epi, ampcyt
C16gxt+Ki e eplext"'Kap ext ampcyt+K, 4

gluT4
Yo

for numerical value see Supplemental Table Il
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n=2

K_C16ext =02

i

KSP'et = 200 pM

am
K, P = 0.2
glceytr
KIert = 5
Krgllcext =5

Hexokinase A

” _ thA . ( glCCyt ) . ( atpcyt >
hkA — Ymax 1 t
gleeye + K2 ) \atpeye + Ky 0"

yhka- __Vora
max ~ 1+glc6pcyt
Khk
i

V¥4 for numerical value see Supplemental Table Il
l
K = 0.05

K2t = 0.25

Katpcyt — Katpcyt . (1 + glC6pcyt> . (1 + adpcyt)

m 0 lcép adp
K;Q cyt Ki cyt

Kyt = 0.75
Kt = 0.22

K9Pyt _ 9021

l

Hexokinase 1

v _ Vh.kB . < glccyt ) . ( atpcyt >
hkB — Ymax 1 t
gleeye + K2 ) \atpeye + Ky 0"

yhkB - __Vor®
max ~ 1+glc6pcyt
Kk
L

VgB = 10 - Vg4
K =0.05
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gleeyt
Km

= 0.02

m glcépcyt adpcyt
K;

Katpcyt — Katpcyt . (1 + glC6pcyt> (1 + adpcyt

N——

KTt = 0.44

K9P = 0.62

KglC6pcyt

l

= 0.02

D-Glucose-6-phosphate isomerase (Gpi)

glcbpeye — %
Voni = i | 9Py Frutpa:
K Tilcapcyt X T{:qucyt
V,,‘?fx for numerical value see Supplemental Table I
Kel' =03
K2OP = 0,55
KITPet — 0,12

Phosphofructokinase 2 (Pfk2)

pfk2 i pka
Vprk2 = Vinax native (1 - ypsz) ) vrr)lqutleve + Vg p(ypsz 5sz)
yPIi2 =y - (1 —yemp)
Pfk2native :
Vinax for numerical value see Supplemental Table Il
pfk2y pfk2
Vma 2 3 Vmax native
pnative _ fT'u6prt atpcyt (1 Citcyt )
pfk2 6 at - t
frubpeye + K,}:lm Peve atpeye + Koy 1" Citeye + K; Clteyt
6
KTt — 0121

KXPrt — 0,63

m

K = 0,029
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P _ frubpcy; atpeyt ( Citeye )
k2 — at - t

Pf frubpeye + Kf Pyt atpeye + K, eyt Citeye + Ka vt
fruépeye _

K, = 0.061

KPPt — 063

m

K = 0.061

Fructose-2,6-bisphosphatase (FBP2)

fbp2phospho fb
— . p2 . .,P
Vrbp2 = Vmax 14 Vepp2

Y2 = y - (1 —y9mP)

Vfbpzphospho — Vfbpznatwe

max max
P fru26bp.y;
b
Tbpz fru26bpcyt + Kfm%bpcyt
K2Rt = 0,026

Phosphofructokinase 1 (Pfk1):
k1
Vpsir = Vo ((1 yPIr) - vp e + yPIR v fkl)

ypfkl = y-(1—yamp)

Vrﬁgf for numerical value see Supplemental Table Il
atp
native _ fru26?yt atpcyt 1 f atpcyt
pfk1 ™ fru2é, atpeyr ~ Jatp at at
yt y atp Dcyt 4
fru26ly, + (K, ) atpey. + K atpre + (k)"
- Ncit N frusp
1—f Cl,yy (f ru6pcyt) vt
— Jcit it | T
Neit Citcyt Ncit Nfruepeyt fruépcye) " fruepcyt
cit it + (K ) (fruépcy) + (K,
n =2
Nfruze
KfruZGCyt _ Kfru26cyt at cyt
a - 7o | Nfruze |
| fru26 Katpcyt A1+ Citcyt |
cyt i . cit,
\ y fruze Cltcyt + Kl t:yt /
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fru2écyt

K, = 0.010
Citcyt
Neruze = Mo~ Trge
CI‘tCyf+KCi{
nO = 5

K2 = 0,05

cit

at
KPPt =34
lfruze

K = 0.065

latp

atpcyt
KTt = 0.2
fatp = 095
Tlatp = 6
Kt =13
Neje = 4
fCit == 04‘85

K = 0192

T fru26 |1 Peyt

m = o - fru2écy: - Pcyt

fru26eye + Ko Peye + Kapy o
atp?;fp Citgyy
1+ fatp Matp Fruzeé Natp 1+ kcit . Teit citeyt Ncit
atpcyt + (Kiatp ) Cltcyt + (Ki )

Ko = 7

JruZbert — 0.00015

fruép

Deyt
Koo' =015
Nagtp = 2

fru26 __
K[ = 0.2
fatp =2
keie =8
Nejr = 4

K =013
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fru2égy,

nfru6pcyt =np-|1-

fru2écyt
fru2ée,, + anrusp
at Tub
1+ fap pcytfatp 1= ! pcytfrus ' (1 - %)
atpeye + Ky Frusp frubpcy: + Ky Frusp Dyt N fruep

Ng = 1
f =0.66
fatp = 2.75

fru2écy:r

nprusp | 0.0001

atp  _
K, fruep = 0.1

frue __
K, Frusp 0.4

p _
K, rusp 0.5

Natp

P fru2eg,, atPcyt 1-f atp .y,

prk1l = fruze atbeyr atp atpeye\"atp

fru2e6g,, + (Ka Cyt) atpcyt + K, atpcy “P (K Cyt)
) Citz‘l;é't . (fru6pcyt)nfruépcyt
- fClt Neit Citcyt Neit Nfruep fruépcyt Tfruepcyt
citoit + (K ) (fruépey) vt 4 (Km )

t Nfruze
fru2écy: fruZécyt a pc

|
Ka = O | Nfruze
|

nfru26 atpcyt 1 cl tcyt
atprt ifruze + Cltcyt
Citeyr + K

N~

g/t — 001

0
Citcyt
Nfruze = Mo~ Arruze
CLtCyf+Ka{
nO = 5

Nfruze __

K = 0.05
at

KPPt =34
lfruze

K = 0.065

latp
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Katpcyt -02

m

fatp = 0.95

Tlatp = 5

K‘atpcyt - 09

i
Nejg = 2
feie = 0.55

Kt — 0,18

1

Tu2b
KTJ:"UGPcyt =Ko |1- ! C}}tru% ;| 1- pcytpcyt
fru26ey, + K, Y Peyt T K, e

Afruep
Natp
ey 1+ ke
cit

Natp fruz26 Natp . Neit Citeyg Ncit
atpcyt +(Kiatp ) Cltcytlt + Ki

Ncit

Cltcyt

1+ fatp

K0=5

KTt~ 0.00015

Afruep

KP* =015

Afruep
Tlatp == 2

Kfru26 =02

latp
f&q;= 2
keie =8
Neie = 4

Kt — 013

4

fru2égy,
Fru26,,, + K)o

Nfruep

nfru6pcyt =np-|1-

atpcyt |1 frubpey: _ ( 1— Pyt )

+ fatp + frué

B P
atpcyt anrusp fru6pcyt anTqu Pcyt + anr%p
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fru2écyt

TR = 0.0001
Ki? =01
Nfruep '
frue _
anrqu =04
14 —
anmﬁp =0.5

Fructose-1,6-bisphosphatase (Fbp1)
bp1 ;
Vfpp1 = Vrrl;aalcJ ) ((1 - yfbpl) ' v}lbalﬁve + yfbpl ' v)?bpl)

yfbpl =vy- (1 _ yamp)

Vfbpl

Tnax Tor numerical value see Supplemental Table I

native _ frulébp,y: / fT'u26pr.1yt
fbpl — —_
P f"u16bpcyt + KTI;Tulﬁchyt (KifruZGchyt)
KT — 0 0029

kTPt _ 9.00113

i

n =126

v]?bpl = fru16bpjfyrtu16bp t/ M
frul6bpeye + Ky, S (] 72PPer)

KPPt — 00019

KPPt — 0.00113

n =126

Aldolase (Ald)

1
fru16bpcyt - Fqldgrapcyt ) dhapcyt

Vala = Ur(rlllc‘lix ’
1 4 JTu16bpeye) (L 9TPeye ) (o dhaDeye )
Kr]r‘lru16bpcyt Kflrapcyt K:lhapcyt

24 for numerical value see Supplemental Table Il
ald —_
Kgg® = 0.099
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frulébpcyt
Km

= 0.004

K Pt = 0.48

m

dhapcyt
Km

= 0.38

Triosephosphate isomerase (Tpi)

ra
dhapcy: — graPeyt zfiy t
Vipi = Utpi . Keq
pt - Tmax dhapcy: | 9rapeye
1+ thapcyt g Tyt
m m

tpi .
Vmax TOr numerical value see Supplemental Table Il

K = 0.04545
k2Pt — 0 58

Kgrapcyt =04

m

D-Glyceraldehyde-3-phosphate:NAD* oxidoreductase (Gapdh)

vgapdh
1
nadcyt *graPeyt * Peyt — —gapdh bpngcyt ' nadhcyt
— vGapdh " Keq
max
nadcy; < grapcyt) < Deyt ) nadhcyt bP913cyt
1+ 1+ L2 ) (1 + 14— 1+ ) -1
( K:ladcyt> Kirapcyt Krl:lcyt K:,lladhcyt K:lpgmcyt
Gapdh

Vmax Tor numerical value see Supplemental Table I
dh - -
KoPe = 10"*mM~?

nadcyt
K, Y

= 0.09

KITPt — 0,044

m

K)o =3.8

m

dh,
KM = 0.006
K:lp913cyt

= 0.01
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Phosphoglycerate kinase (Pgk)

1
adpcyt ’ bpglgcyt - W ) atpcyt ' pg3cyt
pgk €q

Upgk = Vmax
14 adpeye \ 1+bp9136yt t(q 4 HPeye ) (1L PIBeye ) _
Kr‘:ldpcyt K::lpg 13cyt Kr?ltpcyt Krl:lg3cyt

pgk .
Vmax TOr numerical value see Supplemental Table I

kP9 = 1830

K24Pert = 0,35
bpg13cye
KoPI3ere — 0,0022

KPPt — 0151

m

kP93t — 1397

m

2-Phospho-D-glycerate 2,3 phosphomutase (Pgm)

1
pggcyt - W pgzcyt

_ ..pgm eq
Upgm = VUmax g3 pgz .
cyt cy
pg3cyt + K,y : (1 +—42 )
Km
vPI™ for numerical value see Supplemental Table I
max pp

Ko™ =0.1725
KPP = 0,52

m

KP9% = 0.24

2-Phospho-D-glycerate hydrolase (Eno)

1
pgzcyt - Fgo "PePcyt

eno

Vopnp = U

eno - Tmax 1 P92cyt | PePcyt
+ PI2cyt erpcyt
Km m

vEo for numerical value see Supplemental Table Il

K& = 1.7

KP9*rt — 0,12

m
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Ky Pt =0.37

m

Pyruvate kinase (Pk)

b = Pk PeDcyt adpcye
pk = Vmax PePcyt adpoyt
pepcy: + K, ©adpey: + K, Y

vPk  for numerical value see Supplemental Table Il

erpcyt = 0.08

m

Koot = 0.3

m

Pyruvate carboxylase

AtPmito * PYTmito
atpmi PYTmi
(atpmito + km mlto) ' (pyrmito + km mlto)

— ,,Pc
Upc = Umax

vP¢ . for numerical value see Supplemental Table Il
atPmito _
ko, =0.14

kyy ™t = 0.33

Lactate dehydrogenase (Ldh):

1
PYTeye " nadhey; — Kian’ laccy: “nad y;
eq

ldh
Vidh = Vmax *
nadhy; PYTeyt lacey: nadcy;
<1 + Knadhcyt 11+ KPYrcyt +{1+ Klaccyt 11+ Knadcyt -1

m m m m

v}l for numerical value see Supplemental Table II

K" =9000

nadhcye

Kot — 0.0121
K2t = 0.1
K4 = 4.4
KAt = 0.
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Lactate transport (LacT):

_ _laer. laceys — laccy:
ViacT = Vmax

lacC}’f lacext

1+ laccyt Klacext
m m
v} for numerical value see Supplemental Table Il
laccyt
K, =25

Kl3%ext — 25

Pyruvate transport (PyrT):

Viger = VP PYText — PYTcyt
lacT max 1+ PYTeyt n PYText
prrcyt prrext
m m

pyrT .
Vpax TOr numerical value see Supplemental Table I

Kfr’lyrext =0.1

KT = 0.1

m

Mitochondrial pyruvate transport:

_ pYrTmite PYTcyt” hcyt — PYTmito * Mmito

v L=
Py Tmito max 1+ PYTeyt + PYTmito
prrcyt prrmito
m m
S mico f ical val Suppl | Tabl
Vpiax or numerical value see Supplemental Table Il

K" =0.15

m

Ky Mt =0.15

Mitochondrial malate-phosphate transport

U ator = UmalpT ) i malmito "Dyt — malcyt * Pmito i
e - 1+% . 1+pcyt + 1+Llcyt . 1+M -1
K:nnalmito K:lcyt K:nnalcyt Krlr’lmito

malpT .
Vmax TOr numerical value see Supplemental Table Il

KP?' = 1.41
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K omico = 0.4
Khmite = 1,41
Kt = 0.4

Malate-pyruvate antiport (MalPyrT)

v _ __mal-pyrT i malmito "PYTeyt — malcyt " PYTmito i
mal-pyrT — Ymax
maly,; PYTeyt malcy PYTmit
1+—m@>_<1+_>+ 1+ 1 4 Egpmito ) g
\( K::almlto KTI:lchyt K:nnalcyt Kﬁlyrmlto
MalPyrT .
max for numerical value see Supplemental Table I

K27t = 0.84

m

malg
yt _
K, =

0.7
KMt = 0.84

malg
yt _
K, =

0.7

Cytosolic malate dehydrogenase (Mdh)

1
maley; - nadey — —mdhey: | 0%%cyt nadh y;
Umdn = Vmax * =
maley; nadcy; 0a0cy; nadhcy;
(1 + maleye | 1+ nadcyt +{1+ Koaacyt 11+ nadhcye | 1
Km Km m Km

vMal £or numerical value see Supplemental Table Il

md hcyt

Keq =10"°
Koot = 0.47
Kot = 0,099
Ko % = 0.042
ket — 0,027
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NADP-dependent malic enzyme (cytosol)

vme
./ maley; - nadpey: — 1/K,§’}f " DYTeye nadphey; - hco3ye \
= Vnax " | I
max
1 maley; (1 nadpcyt 1 PYTeye 1 nadphey; _ hco3cyt
+ Kmalcyt + Knadpcyt + + prrcyt + Knadphcyt hcoScyt
m m m m

Vme. for numerical value see Supplemental Table Il
Ki3® =344

malcyt
Km

=0.12
nadpcyt _
K, = 0.0092

DYTeyt _
KDYt — g

nadphcyt
Km

= 0.0053

hco3cyt
Km

=13

Nucleoside diphosphokinase (cytosolic)

atpcyt ! gdpcyt - 1/Kndk ' adpcyt ' gtpcyt \
Ve = " keyt i eq i
ndrc
e \<1+ atpcyt>_<1+ gdpcyt>+<1+ adpcyt)_<1+ gtpcyt)_1/
atpeyt gdpc adpc gtocyt
K., e K, vt K, vt K., 4
V,:s ’* for numerical value see Supplemental Table II
Ktk =1
KaPo =18
KIPere — 0,049
K2Pert = 0,066

kIt — 15

m
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Nucleoside diphosphokinase (mito)

ik AtPmito * gdpmito -1 K ndk ' adpmito * 9tPmito \
NadKmito eq
v dkmito = V ) | |
" ‘ e 1+ atPmito A1+ gdpmito +1+ adpmito A1+ ItPmito -1
Krcrlltpmito Kidpmito KT‘)lqdpmito Kritpmito

ndkmi .
Voax ¢ for numerical value see Supplemental Table II

Kidk =1

Ky Pt = 1,66

K3Pmico =0,036
K Pt =0.073

Krgltpmito =0.15

Glycogen metabolism

Alpha-D-Glucose 1-phosphate 1,6-phosphomutase:

1
glC1pcyt - ng ' glC6pcyt
_ ., gpm eq

Vgpm = U
memen L gelpeye | gletpey
glclpeyt glcépcye
Km Km
gpmf .
VUmax TOr numerical value see Supplemental Table Il
KoP™ = 16.2
lc1
K, P = 0.045
lc6
K2 Pt = 0.67

UTP:Glucose-1-phosphate uridylyltransferase (UPGase):

1
utpcyt ’ 9101pcyt — _upgase " udpglccyt "PDcyt

v _ vupgase . Keq
upgase —
max 1+ UtPeyt 1+ M w14 udpglccyt {1+ DPPeyt .
K::ltpcyt K-,fllC1pcyt K;idpglccyt K—Tz:lpcyt

vYPGase for numerical value see Supplemental Table |

Koq 7**¢ = 0.3122
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KYPert — 02

m

K€t _ g 055

m

udpglccyt
K, =

0.06

K2P9" = 0.084

Glycogen synthase (GS):

vy = Ul (L= y9) - watee 05 )

epi
ygszl_y- 1_%
epiext+Kl.p

epi __
K7 =200 pM

s _ e (store — glyglc)
max 70 (store — glyglc) + 10mM

V;)gs for numerical value see Supplemental Table Il

store = 5mM

17‘;lsc1151've — ( udpglccytd 1 ) . ( glC6pcytl )
udpglcey: + HEPgTCeyt glcbpey, + g IteoPeyt

m-native a

Kudpglccyt _udpglecye 1= glC6pcyt udpglceye

m-native ~  0—-native glcébpcyt b—native

glcbpey: + K,

udpglec,

Ky iyt =09
—native

glcép
K, 7" =0.004

glcbpeyt
K, = 0.004

udpglceyr

b-native ~ 0.2
P = udpglcey glcbpey:

gs udpglceyt glcbpeyt

udpglcey: + Km_p glcbpey: + K,

Kudpglccyt _ udpglceye

m-—p - 2o-p

udpglceyr
Ky_, =09
KglC6pcyt -9

a
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Glycogen phosphorylase (GP):

Vgp = ((1 —y9p) - vé%ztive +y9P - U;p)

]/gp = ygs
1
glygle - Peye = 1ogp " 9lc1peye
native _ yygp—native eq
Yop = Imax . lygl p glclp
gyglc cyt cyt
(1 + Kglycogen) ’ <1 + Kpcyt ) + <1 + glcipeye ) -1
m-—native m—native Km—native

Lo ~ Vogp . ampcye _ ( glyglc )
max—native Kpcyt . KglyglC amp .y + ampcyt glyglc + 0.1 - store

m-native m-native a—native

I/;)‘gp for numerical value see Supplemental Table Il
store = 5mM

K&mP =0.0022

a—native

Ko7 = 0.21(mM)~*

glygle  _
Km—native =25
14
K2 =500
m-native
glelpeyr . glclp ampcyt
K =K | 1-
m—native 0 Kampcyt
AMmPpcyt + a—-glclp

KJ*P = 250

ampcyt
Ka—glc}ip = 0.5
1
glygle - peye — 7-gp - glc1pey:
p gp Keq
Yop = tmax—p lygl p glclp
glyglc eyt oyt
BTN S N T
( Kr"gl_y;ogen ch_y; Krflfppcyt
V9P _ ngp ) (k1 + ampcyt ) _ ( glyglc )
max—-p ~ lygl ampe -
K,’;_p -K,‘pr‘g ¢ ampeye + K, vt ] \glyglc + 0.1 store
kl = 05
amp _
Ka—native =0.22

K329 = 0.27

kPt — 38

m-p
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glelpeyt
Km—p

= 0.7

Nucleoside diphosphokinase (cytosolic) (udp)

atPeyt - udpcyt -1 ndk adpcyt “UtPeye \
_ ndkcyt i Keq 1
Vndkeye = Vax " | < atp udp adp utp |
t cyt cyt cyt
1+ atlgglt>.<1+ udpc t>+<1+ adpc t>.(1+ utpc t>_1/
\ Km y Km y Km y Km y
Tldkcyt .
Voax ~ for numerical value see Supplemental Table Il
Kidk =1
atpeyt
K, = 0.5
KAt = 0,05
Kot — 0,07
KiPert — 015
Malate-Aspartate shuttle
Aspartate—amino transferase (mitochondrial)
aSPmito * Ak Gmito — 1/Kasat 1 0AAmito * 9lUmito \
— Vasat . | eq |
Vasatmito max

aSPmito . akgmito 0aamnmito . glumito
\(1 + _K‘r('rllspmito> (1 + Krcrllkgmito> + <1 + K;‘aamito> <1 + Krﬁlumit°> - 1/

13354t for numerical value see Supplemental Table Il
K&t = 0.147

Ky P = 0.35

Kr‘:lkgmito =1.1

Kptmito=1 g4

m

KZHmito=0.48
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Aspartate—amino transferase (cytosolic)

. 1 . .
aSPcyt akgcyt - K asat 0adcyt glucyt
eq

—_—

Vasat = Vo' | asp akg oaa glu
1+chyt>-<1+ Cyt>+<1+—cyt>-<1+ Cyt)—l/
yt akg oddcyt glu
\( Ko Ky " K K,
13354t for numerical value see Supplemental Table Il

Kgsat = 0.147

K. ' = 3.9
akgcyt

K, 9 = 0.57
oaacyt

Ky “=2.05

gIMert_g 33

m

Aspartate—glutamate carrier

aSPmito * glucyt - 1/Ka90 T ASPeyt * IlUmito \

Uagc = Vnc:g; ’ | glu - asp I |
ASPmito \ . cyt cyt \ | 9lUmito | _

\(1 + Kglspmit()) (1 + Kilucyt> + <1 + K;:Lspcyt> <1 + Kr!r]llumito> 1/

13354t for numerical value see Supplemental Table Il

_V - F H t
Kasat — ( mm ) ) ( cy )
@ TOPURT ) \Hpieo

Krfrl‘LSPmito — K(;lSpmito . <1 + glumito)

xIWmito
i

Ky Pmite = 0,05

KZMmite = 0.5

l

asp, asp glu
K cyt — K cyt | <1 + cyt)

m 0 lu
K;‘] cyt

Ky "9 = 0.043

g9t — o5

2

lumi
Kri mito _ 3

gt — 37

m
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Malate — a-ketogluterate carrier

/ malcyt “akGmito — 1/Ken(1]ac “Malmito * akgcyt

\

1
— ymac .
Vmac = Vmax |

m m

VA< for numerical value see Supplemental Table I
Kt =1

malcyt
K, =

0.7

K 9mito = 0.17

K:nnalmito =1.4
Koot — 0.3

Glycerol-3-phosphate dehydrogenase (cytosolic)

dhapcyt ' nadhcyt - 1/Kg3pdh ’ g3pcyt 'nadcyt

g3pdhcyr | eq

malcyt akgmito malmito akgc}’t
\(”Kmazcyt)'(”W + HW ' 1+Kakgcyt -

Y

Vg3pdh = Vmax

g3pdhcyt .
Vax " for numerical value see Supplemental Table Il
Kg3pdhcyt _ 1

eq T 31074

dhap
K, =02

nadh
K, =01

93Dcyt
K. = 0.17

nad
K, " =0.063

Glycerol-3-phosphate dehydrogenase (mitochondrial)

/dhapcyt “qh2ym — 1/Kg3pdh ' g3pcyt ’ Qmm\
= p93pahmito , | eq

17g3pdh i max | i
e | 4 dhapey 93Pyt

\ e g

48

|
dh'aprt nadhcyt g3pcyt nadcyt
\(1 + K:lhapcw I+ K::ladhcyt H1+ Kgfpcyt |1+ K:;ldcyt -1

|
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3pdh .
y 9-P&Amito £or numerical value see Supplemental Table |1

. pnad/nadh . QHz/Q) .
Kg3pdhmito _ Kg3pdhcyt . (n E kg F
eq — Teq exp R-T

dhapcyt

KoPert = 0.23
kIt = 18

Eged/madh = _320my

EQH2/C — _g7my

n=2

Pentose phosphate shunt

Glucose-6-phosphate dehydrogenase

/ glcbpeyt

] 1

I I
glc6pg clécoa,y;

\glc6pcyt + K, . < c16coacc);t>)

_ 796pdh
vg6pdh - Vmax

———

nadpcy;

nadpheyt

e

\\‘
]

| |
nadpey; + Knadpcyt <1 + nadPhCﬂ)//l

6pdh .
V9P for numerical value see Supplemental Table Il

glcébpeyt
Km

=0.013

clécoacyt

K.

i

= 0.029

nadpcyt
Km

=0.013

K.nadphcyt

i

=0.01
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6-Phosphogluconolactase

v _ Vpgls ( pgl6cyt )
s = .
PO\ pglbeye + KEI

ls .
VP9S for numerical value see Supplemental Table I
pglécyt
K, =07

6-Phosphogluconate dehydrogenase

17pgdh

_ yybgdh
- Vmax

nadpcyt ' pg6cyt - 1/Kpgdh ' Tuspcyt ' nadphcyt

eq
./ nad \. 6 ru5 co?2 nadph
| 14 Deyt | 14+ PGOcyt i1+ Peyt | 14+ vt ). (¢ n Pleye | 1
nadph Kpg6cyt Kru5pcyt Kcozcyt Knadphcyt
\ Krrrlladpcyt . (1 +#)/ m m m m
K. vt
L

Vpgdh

‘max Tor numerical value see Supplemental Table Il

kP9 =74

nadpcyt
Km

=0.028

K™9Ph — .02

1

KP9%rt —0.071

m

COcht
Km

=5

nadphcyt
Km

= 0.001

KPet — 123

m

Ribulose-phosphate-3-epimerase

/TILSprt - 1/Krpe ' xSprt\
Vrpe = Vrpe ' | =

P max 1 Tu5pcyt xspcyt

\ + Kru5pcyt + KXSpcyt /

m m

50




Berndt et al.; CARDIOKIN1

rpe .
Vinax for numerical value see Supplemental Table Il

Keg® =15

ruSprt
Km

=0.2

KXPt — 05

m

Ribose-phosphate-isomerase

/rSpcyt - 1/Krpi 'ruspcyt\

Vi = VP | =

Pt max 1 r5pcyt TUSPcyt

+ KTSPL‘yt + KTuSP(:yt
m m

V,;Z; for numerical value see Supplemental Table Il
Kbt =032
KoPt =91
K Pet = .78

Transladolase

/ S7Pcyt * graPcyt — 1/Ktaldo " edPeyt 'fru6pcyt \

Vtaldo = Vrr%lxdo ’ i - i
S7Dcyt < grapcyt ) e4Peyt fru6pcy

1+ N\1+—Fm—= ]+ 1+ \1+—F=—]—-1

\( K::pcyt K:;Tapcyt K;l‘l'pcyt KTI;TU6pcyt /

1,240 for numerical value see Supplemental Table II
Ktalde =0.95

KPrt —0.17

m

grapcyt

KT —0.038
KoPrt = 0,13
KITHOPert — 3
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Transketolase 1

S7Pcyt " grapeyt — 1/Ktketo1 ) Tspcyt ) xspcyt
eq

— 17tketol .
Vtketo1l = Vmax |

m

V;tketol for numerical value see Supplemental Table I

Ktketol = 0.845

k7Pt — 0.285

m

KI%Pevt — .38

m

KPPt — 0.066

m

KPPt — .15

m

Transketolase 2

— Vtketol .

S7Dcyt grapcyt 5
\<1+K57pcyt : 1+W + 1+K—

/ fru6pcyt *grapeyt — 1/K£‘I]cet02 ’ e4pcyt ' xspcyt

K

m

Utketo2 max | 6
1 +fru Pyt | (1 4 97 %Peyt
fruépcyt Kgrapcyt

m

V;tketo2 for numerical value see Supplemental Table I

Ktketoz = 0,084

KITPert — 0,34

m

KITPevt — .38

m

KoPrt = 0,044

m

KXt — 016

m

Fatty acid synthesis

Citrate-malate exchanger

cit—mal
Vmax

Veit— = -
cit—mal Klemito _Kmalcyt
m m

52
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/ Citmito " Malcyr — /K”t mal " Citeyt *Malipito

| cit mal cit mal,,;
\( Cl?ﬁ?o) <1 + K’"“%i) + (1 + KCl'g;t) ’ <1 + Kma?;:itz,
m

m m

(cl6coacyt)n

Vctt -mal _ Vocit—mal 1= S
(cl6coacyt) +( Cyt)

max

V§t-mal for numerical value see Supplemental Table I

clécoacyt

= 0.033

L
n=3

Ké:ét—mal =1

i i SUCp; isocit,,; ePmi
K;lltmlw — Kgltmm, . <1 + ml.t0> . <1 + = .mlto) . (1 + p pml‘to

Ksucmlto

KlSOCltmito
i

i
Kgitmiw =0.14

Klsucmito =25

1

K;*octtmite = 0,08

4

KPPmite = 0.18

Kt = 0,76
citeyt _ o Citeyt PePcyt
Km - KO (1 + PePcyt
i

KS' = 0,039
KPPt = 0.18

Kmtmito — 076

ATP dependent citrate lyase

)._

_ ycit-lys cit-lysY . .,native cit-lys . ,,phospho
Ucit—lys = Vmax ((1 -Y Y ) v +y YSev

cit—lys cit—lys
cit—lys —
e =y
cit—lys .
Voor > for numerical value see Supplemental Table |1
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n

pnative _ Cllcyt COQcy¢ atpcyt
cit-lys — cit n coacyt atpcyt

cityye + (Km Cyt) coacyr + Ky atpeye + Ky,

Citcyt _

Km = 0.154

n = 0.65
coa,

K, “'=0.0026
atpeyt

Km = 0.041

citl coa at
phospho __ cyt . cyt . pcyt
cit-lys — cit n coacyt atpcyt
Clt?yt + (Km Cyt) CoAcy: + K., atpeyt + K.,

Kt — 0,103

m
n =091

coacyt
Km

= 0.002

KPPt — 0,041

m

Acetyl-CoA carboxylase 1

Vacct =V " Vacci-p T 1-y)- Vacc1-up

v _ Vaccl—p atpcyt acodcyt hCO3Cyt
accl-p — Ymax ’ atpeye | acodcy: | hco3
atpeye + K, < acoacy: + K, hco3.y; + K, vt

m
acel-p _ _ Citeyt 11— malcoacy;
max — Yaccl—-p . Citcyt malcoacyt
Citeye + K, malcoacy; + KL.

1 clécoacy;
clécoacy: + K;léwacyt

Vace1—p for numerical value see Supplemental Table Il

clécoacyt

K] = 0.002
Kot =23
K" = 0.0106
KoPevt = 0,057

K 2% = 0.18
K%t = 925
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v _ Vaccl—up . ( atpcyt ) acodcy _ hCO3Cyt
accl-up = "max atpcye acoacyt RCO3 oyt
atpeye + K, acodcy: + K, hco3.ye + K Y

m

pacci-up _ {140 Citeyt 1 malcoay;
max — Yaccl-up up | Citcye malcoacyt
Citeyr + K, malcoacy; + K,

a
Vaccl—up =25 Vaccl—p

Ny, =14

Kt — 0.8

a

KPPt — 0,057

m

acoacyt

=0.18

Malonyl-CoA decarboxylase

_ ymede. malcoa,y;
Umedec = Vmax malcoacy;
malcoacy: + K,,
malcoacyt
K, = 0.04

Acetyl-CoA hydrolase

acoah acolcyt
Vacoah = Vmax ° aCO0cyt
acoacy: + K,
K, %" = 0.153
TAG synthesis

Glycerol-uptake

/ glycext_glyccyt \

IlyCext glyCCyt
\1 + Kn‘zlycext + Kglyccyt/

m

_ y9lycT |
vglyCT - Vmax

lycT .
V97" for numerical value see Supplemental Table II
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K9P Cext — 0,012

IVeert — 0,012

Glycerol kinase

—

_ y9lyck | glyccyt i atPeyt
Vgiyck = Vimax | | atpcyt
glyceyt g 93Pyt atpey: + K,
glyCCyt + K g3pcyt
V,;?gfl( for numerical value see Supplemental Table Il
l
K" = 0.003

KZPe = 0.58

ATPgyt
Km

= 0.058

Glycerophosphate acyltransferase

v _ Vgpat g3pcyt . Cl6coacyt
t —
gpa max g3pcyt + KgSPcyt C16C0acyt n Kclecoacyt

at .
VIPE for numerical value see Supplemental Table Il

K9Pt — 067

m

clécoacyt
Km

= 0.02

Acetyl glycerol-3-phosphate acyltransferase

, _ yagvat ( lpae, > . cl6coacy,
agpat — Ymax 1 16
Ipag, + K, e cl6coacy, + KC c0feyt

agpat .
Vimax  for numerical value see Supplemental Table Il

KP%r = 0.0065

clécoacyt
Km

=0.004
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Phosphatidic acid phosphatase

v _ Vpap . pa?r
pap — "max pagr N (Krl;,laer)n

Vpap

max TOr numerical value see Supplemental Table Il

KP%r = 0.35

Diacylglycerol acyltransferase

v _ Vdgat < dager ) C16coacyf
dgat = ' '
99\ dag,, + K 2*9er cl6coacy, + gErocoaert

m
dgat .
Vimax for numerical value see Supplemental Table Il
d
K 9" = 0.03
Krcnlecoacyt 01
ATGL
tag
tag ATGL ld
v = Z -Surld-y-<—>
ATGL max—tag tagu + Krtnagld
ATGL :
Vinax-tag for numerical value see Supplemental Table II
K9 =10
2
2 1 2 3
Suryy = (tagld + 3 dags + 3 mag,q + gceld)

Hormone sensitive lipase (HSL) (dag)

dag
tag _ {7HSL . . ld
Vnsy = Vmax—tag " SUTia " ¥ (da.gld N K:lagld>
Vimax—tag for numerical value see Supplemental Table II
Kptd =10
2

2 1 2 3

Sung = (tagld + 3 dag,q + 3 MaGu + §celd)
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Monoaclyglycerol lipase

mag

_ yymagl . ld

17magl - Vmax Surld <mag + Kmagld
ld m

Vmagl

‘max Tor numerical value see Supplemental Table Il

K49 — 051

m

2
3

2 1 2
Surg = (tagld + 3 dagq + 3 MaJua + §Celd)

Cholesterol ester esterase

cee €€
Veee = Vimax "Sunq " V- cer. + Kced
ld m

I75e¢ for numerical value see Supplemental Table Il

Kceld — 5

m

2
3

2 1 2
Suryy = (tagld + 3 ~dagyq + 3 ‘mag,q + §celd)

Ketone body utilization

B-Hydroxy butyrate dehydrogenase

/ acacmito * NAdhmio — 1/Kﬁhdh “ bhbutyito * nadmito \
Vanan = yhhran | eq |
P max acacpmito nadhpito bhbut,ito nadpito
1+ K, %4 |1 +Knadhmito +{1 +Kbhbutmito (14 Knadmito -1
Mmito m m m

V,fgfh for numerical value see Supplemental Table Il

Bhdh — . Rmito
Keq =203 eyt

Ky tmite = 0.204

m Knadmito
i

Knadhmiw _ Knadhmito . (1 + nadmito)
-0

Kg *4tmito = 0,017

gMdmito — 9 121

i

Khbutmito = 1.604

m
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Knadmiw — Knadmito 1 nadhmito
m 0 Knadhmito
i

Kgmivo = 0.067

gM@dhmico — (066

2

Succinyl-CoA-oxaloacid CoA transferase

. 1 . .
ACACmito * SUCCOApito — K scot kC4‘C0amito SUCCnito
eq

\

_ y/scot ,
Uscot = Vmax |

Mmito m

V3ot for numerical value see Supplemental Table |

K 2% = 0.44

Mmito

m 0 KSuCCmito

Ksuccoamito _ Ksuccoamito . <1 Succmito>
i

K, Cmite = 0.28

KHeemito — .72

i

m 0 Kacacmito

kc4coam- kc4coam- acacmito
K ito - K io . <]
L

Kécczlcoamito = 0.04

Keeemite = 3.7

i

Ksuccmim — 34

m

Acetoacetate transport (mitochondrial)

v = pacacT . acactmito
acacT — Ymax KaCaCmito
acacmite + K,

acacCmito SUCCOAmto
\(1 + K__acac 1+ Ksuccoamito

1,2¢acT for numerical value see Supplemental Table Il

gacacmito —  5g

m
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B-Hydroxy butyrate transport (mitochondrial)

— VBhbT . < bhbutto )

UBnhbT max bhbutp;
bhbutto + K, mito

hbT .
V,fax for numerical value see Supplemental Table Il

bhbutp;
Kt?tomite = 0.8

Acetoacetate export (MCT1/MCT2)

v = |acac—ex , | ACACeyxt — ACACcyt |
acac—ex max acaceyt ACACqyt
\1 + Kacaccyt + Kacacext/

m m

[ acac—ex for numerical value see Supplemental Table I

acaccyt
Km

=12

Kacacext — 1-2

m

B-Hydroxy butyrate export (MCT1/MCT2)

ﬂhb—ex / bhbutext - bhbutcyt \
vﬁhb—ex = Vmax ) |

\1 bhbutcyt bhbutext/

bhbutcyt Kbhbutext
m m

hb—ex .
V,fax for numerical value see Supplemental Table Il
bhbutcy;
K, “ =08

bhbut
Kp'Ptet = 0.8

Branched chain amino acid metabolism

Valine transport

Valeys — valcy: \

. valext valcyt
1+ valext + valcyt
K, K

m

V24T for numerical value see Supplemental Table II
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KoMext — 0124

valcyt
Km

= 0.124

Leucine transport

_ / leweyr — leucy, \|

leu t leucyt
1+ leue:Cxt + leucyt
K, K

m

VLeUT for numerical value see Supplemental Table I

Kletext — 0,119

leuc
yt
Km

= 0.119

Isoleucine transport

isoleUgyr — isoleucy, \

VisoleuT = Vrﬁ%)xleuT ’ :
14 isoleu,yyt n isoleuy,
Kisoleuext Kisoleu,:yt
m m
ViSoleuT for numerical value see Supplemental Table |l

KSotetext = 00967

isoleucyt
Km

= 0.0967

Branched chain amino acid aminotransferase valine

[ valcyt ’ akgcyt - 1/K£qCAAT—val ) aKIVAcyt 'glucyt
VBCAAT—val .

v _ =
BeAdT—val max val ak aKIVA lu
\1+ ot ) (g4 Do )y (g Tttt (g T )y
valegyt akgcyt aKIVAcyt glucyt
Km y Km y Km y Km Y
VBCAAT—val

s for numerical value see Supplemental Table II

Kéi’qCAAT—val =1

vale
yt
Km

= 0.62

K9t _ 0,63

m
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KaKIVA,:yt _ KaKIVACyt _ (1 aKICACyt> _ < KMeVACyt>

m 0 KTyt VT Ay
i A
Ky At = 0.11
KiaKICAcyt —21
KM 2 157
KONt = 36

Branched chain amino acid aminotransferase leucine

/ leucye - akgeye — 1/KBCAAT—leu “aKICAcye - glucy: \
v — |/ BCAAT-leu | eq |
BCAAT —leu max lew akg aKICA glu
cyt | . cyt cyt | eyt |
(v ) (o) (1o ) (1 ) -

VBCAAT—leu £or numerical value see Supplemental Table II

KquAAT_leu = 1.75

leucyt
Km

= 3.8

K9yt _ 0 63

m

= g (10 k) (1 S
K cyt K! cyt

Kyt = 0.14

KiaKIVACyt — 419

g M dert 1 57

l

KMt = 665

Branched chain amino acid aminotransferase isoleucine

v i VBCAAT isoleu
BCAAT —isoleu — Ymax

| |
lsoleucyt akgcyt KMeV Ayt glucye
\( LSOleucyt) (1 + eyt +{1+ —RMeVacy: | 1+ Glicy: | ~ 1/
K, K, K,

62
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VBCAAT —isoleu for nymerical value see Supplemental Table II

KquAAT— isoleu — 1

isoleucyt
Km

= 3.8

K9yt _ 0 63

m

aKICA aKIVA
KTI:'lMeVACyt _ Ké(MeVAcyt 14 WA”“ A1+ chyt
Ki cyt K cyt

4

KMEVACyt

K, =0.07
KiaKIVAcyt — 419
KiaKICACyt —21

KMt = 245

A-ketoisovalerate transport (mitochondrial)

_ yaKIVAT o (aKI VAcye — aKl VAmito)

VaKIVAT mito — Ymax aKIVA
t
aKIVAey: + K, i

aKIVAT m; .
Vinaxe ™ for numerical value see Supplemental Table Il

aKIVAcyt
Km

= 0.025

A-ketoisocaproate transport (mitochondrial)

v — y*KICATmito (aKICAcyt — aKICApto

aKICAT mito — "max aKICA,
yt
aKICAcy: + K,

aKICAT mito .

Vinax for numerical value see Supplemental Table II
aKICAcyt _

K, =0.01

A-ketomethylvalerate transport (mitochondrial)

UKMeVAT mito — Ymax

_ yKMeVATmiro | <KM€VAcyt - KMeVAmito)

KMeVAgy,
KMeV Ay + K,
KMeVAT ;i .
Viax ¢ for numerical value see Supplemental Table ||
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I(MeVAcyt

=0.01

Branched chain keto-amino acid dehydrogenase (aKIVA)

Vhckadh—aKIVA = Vﬂl;gccadh—aKIVA . < aKIVAnito ) ) < nadmito >
B aKIV Ami nadmi
aKIVAmitO + Km mito nadmito + Km mito

. ( Co0Qmito )
COQmito
Comito + K,

V;bekadh=akKIVA £or numerical value see Supplemental Table Il

akK1VAmito

K = 0.05
Knadmito = 0.04

m

K, ‘™t = 0.01

Branched chain keto-amino acid dehydrogenase (aKIVA)

aKICAmitO ) < nadmito >
AKICAmizo + K M0 ) \nad pigo + Ko omite

m
. COQnito
CoOQmi
Coamiro + K, T

v _ Vbckadh—aKICA .
bckadh—aKICA — Ymax

Vbckadh=aKICA for nymerical value see Supplemental Table II
aKICAmi
K., mite = (0,038

Kptmito = 0.04

m

KEo%mito — 01

m

Branched chain keto-amino acid dehydrogenase (aKIVA)

v — | bckadh—KMeVA ( KMeV Apito nadmito
bckadh—KMeVA = Vmax ' aKICAm; ) nadm;
aKICAmito + K, e nadmito + Km mito

m
. COQmito
CcoAmi
COUmito + K, T

bckadh=KMeVA for numerical value see Supplemental Table |1
KMeV Ap;
KKMeVamico — 0,035

KMt = 0.04
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K, “mite = 0,01

2-methylacyl-CoA dehydrogenase (isobutyryl-CoA)

_ MBCOADH , ( IsoButCoA mito ) ' < etffad o >

VMBCoADH-IsoButCoA max IsOBUtCOA 1 etffadm;
IsoButCoApito + K,y mito etffadmiro + K, 000

VMBCoADH £or numerical value see Supplemental Table |

K,IrfOButCOAmito =0.013

KT admico _ 0083

m

2-methylacyl-CoA dehydrogenase (methylbutyryl-CoA)

VMBCOADH . < MeButCoA pito > ' ( etffad o )

VMBCoADH—-MeButCoA = Vmax

MeButCoA i tffad i
MeButCoA pito + Kpy mite -\ etffad o + Koy o it
Y MBCoADH £or numerical value see Supplemental Table I
KMeButCoAmito =0.027

m

g Tadmico _ 0083

m

Enoyl-CoA hydratase (methyl acrylyl CoA)

VECOAH-MeAcrCon = VECOAH-MeACrCoA . < MeAcrCoA yito )
- MeAcrCoApnj
MeAcrCoA it + Ky mito

V,ECOAH=MeACTCOA for nymerical value see Supplemental Table II

KTI\rflIeAchoAmiw = 0.001

Enoyl-CoA hydratase (Tiglyl CoA)

v _ yECoAH-TigCoA < TigCoAmito
ECoAH-TigCoA = Vmax o TigCoAmito
TigCoAnito + K

ECoAH-TigCoA .
Vinax 9%%% for numerical value see Supplemental Table II

gIt9coAmico _ 0047

m

3-hydroxyisobutyryl-CoA hydrolase
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v _ VHibCoAhyd ( HibCOAmito
HibCoAhyd = Vmax ’ ; HibCoA it
HibCoApjto + K,y mito
HibCoahyd .
Vm;x 04YE £or numerical value see Supplemental Table Il
HibCoAmp;
Kml OAmito _ 0.006

3-hydroxyisobutyrate dehydrogenase

o HibDh Hibmito nadp;to
VHibDh = VmaX ) . Hibmito ) nadmito
Hibpjto + K, nadpite + K

m

VHbDR £or numerical value see Supplemental Table II

Ktbmito — 0,061

Knadmiw — Knadmim A1+ nadhmito
m 0 Knadhmim

i

Kgmito = 0.023

gM*@hmito — () 0057

i

Methylmalonate-semialdehyde dehydrogenase

_ ymmsd. mmsald g, _ nadmito _ COQmito
Vmmsdh = Vmax mmsaldmito K £0@mito
K, m

nadmi
mmsaldp;to + nadmico + K, 7/ \COQmito +

ymmsd for numerical value see Supplemental Table II

gmmsaldmito — () 0053

m

K mito — 0 15

m

K, “mite = 0.03

3-hydroxy-2-methylbutyryl-CoA dehydrogenase
[/HMBCDH . < MeHButCoAito ) _ ( nadmito )

VumBcDH = Vmax

MeHButCoAm; nadm;
MeHButCoApto + K, mite ) \nadmiro + K, 0
V,HMBCDH for numerical value see Supplemental Table II
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KMeHButCoAmito
m

= 0.005

Kpitmito = 0.01

acetyl-CoA C-acyltransferase

’ _ yMAACT | MeAACOoAito _ COQmito
MAACT — Ymax : COQmj
MeAACOA o + K e44C04mite | \ coapieo + Ky ™

VMAACT for numerical value see Supplemental Table II
MeAACO Ay
gMeadcodmito —  0og

KE0%mito — ()02

m

isovaleryl-CoA dehydrogenase

VIVCoADh = Vrlr}{ag(OADh . IsovalCOAmito ) etffadmito
IsoValCoA o + KﬁovalCOAmitO etffad iro + Kﬁ;cffadmito

V;IVCoADR for numerical value see Supplemental Table ||

Ky]:oValCoAmim = 0014

g Tadmico _ (3 0083

m

Methylcrotonoyl-CoA carboxylase

VMECCC . < MeCroCoA pito ) _ < atPmito )

VMECCC = Vmax MeCroCoA p; atpmi
MeCroCoAp;to + K mito atpmito + Koy ™

VMECCC £or numerical value see Supplemental Table |

KMeCTOCOAmito = 0.0747

m

KatPmito — (045

Methylglutaconyl-CoA hydratase
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VMEGCCH | < MeGCCoAito )

VMEGCCH = Vmax MeGCCOAp;
MeGCCoA it + Ky mito

VMEGCCH for numerical value see Supplemental Table II
MeGCCoAp;
KMeGcCoAmito — 0 0083

Hydroxymethylglutaryl-CoA lyase

VHMGCL | < HMeGCoA it )

VHMGCL = Vmax HMeGCoA -
HMeGCoAp o + K mito

VHMGCL for numerical value see Supplemental Table |1

HMeGCoAmnito
Km

= 0.0448

Propionyl-CoA carboxylase

peC ProCoA pito atPmito
vpce = Vmax ProCoAmito | | atpmito
ProCoApto + Ky mite atpmito + Ky

VPCC for numerical value see Supplemental Table Il

ProCoAm;
Ky O7°7me = 0.2

Ky 7™Mt = 0.08

Methylmalonyl-CoA mutase

Vamiey = VMMM . MeMalCoA it
MeMalCoA o + KheMaICoAmito

VMMCM £or numerical value see Supplemental Table II

MeMalCoAnito
Km

=0.133
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Glutamate transport

glucyt ' hcyt = Jlumito * hmito\

Varur _ 7 9WuTmito |

u i -

glul'mito max 1+ glucyt N glumito
glucyt Kglumito

K, m
luTm; .
V,;fax ™t for numerical value see Supplemental Table I
glucyt
K, =5

K3lmito = 0.25

Glutamate dehydrogenase (nad-dependent)

Vgdn
/ glumito ‘nadmio — 1/Kgdh ’ akgmito ‘nadhpito - Nh3mito \
_ y79dh eq
= Ymax | glu nad akg nadh nh3 |
\ (1 e ) (1-+ R ) o (1 it ) (1 Rotie ). (1 + L) |
m m m m m
gdh _ (,gdh Cl6coamito malmito
Vax =Vo | 1- c16C0amito | Ag+ (1 =4y | 1~ malmito
c16coay;r, + K; malyito + K;

dh .
ng for numerical value see Supplemental Table Il

g Erécoamito — 0 0001

l
Ay = 0.7

malm;
Kl mito — 2

KZ™ = 0.00387mM

l i lumi akgmi nh3mi
Krgl Umito _ Kéq Umito (1 + gmlto) . <1 + mtto)
K

Kiakgmito

KZtmito =461
K omito =1.49

i

K'71h3mito =31

i

m 0 Knadhmito
i

Knadmito — Knadmito . <1 + nadhmito)

Kg@%*mito =0,364
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K[**4"mito =0,0086
K 9mito =0.18

gadhmito —q 03

Knh3mit0 =20

m

Stoichiometric matrix

d _ VOlmim
7 AcaCeyr = + *VacacT t Vacac—ex
dt Voley:
Eacacext =0
d —
Eacacmito = —VUscot — VBhdh — Vacacr + VymecL
d
%acetatecyt = +V4coan + Vacer
d
Eacoacyt = +vcit—lys — Vacet T Vmede T Vacoan T Vameer + Vmaacr
iac Qi = 42 _vkc4coa +2- vkc4coa + 17kc6c‘oa + vchcoa + vkclOcoa + vkchcoa + vkcl4coa
dt 0Qnmito = 3kt 3ktIl 3kt 3kt 3kt 3kt 3kt
kcl6coa
+ U3kt + vpdhc — VUcs
d VUnex

— . udp
aadpcyt - = IOF—VOlet + vndkcyt + 2 Uakcyt + Vatp-usage + Vhka t+ Vhkp + Undkcyt + Uprk2

— Upfk1 — Vpgk — Upk + VUcit—lys t Vgeer T Vglyck

d _ VFroF1 Unex
%a Pmito = —Vscs—atp — 10 - F - VOlmito 10 - F - VOlmito + Undkmito + Upc + Vpcc + VmECcc
d
Eakgcyt = —Vgsat T Vmac — VBCAAT-val — VBCAAT-leu — VBCAAT—isoleu
Volcy
Eakgmito = +vidhnad + 17idhnadp — Vkgdhe — Vasatmito — Vol *VUmac T Vydn
Olnmito

aala CAcyt = +Vgcaar-val — Vakicar

_ VOlmito
—aKICAnito = +Vakicar * 57— — Vbckadh—aKICA
dt VOlcyt

i aKIVAcyt = +Vpcaar-ieu — Vakivar
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A _ Vo lmito
—aKIVAnito = +Vakvar - 7 — Vbckadh—aKIVA
dt VO lcyt

d
g YWyt = +Vacs1 + Vrap1 + VraBa — Vak,y,
d
aaspcyt = —Vgsat T Vage
d Voley:
— aSPmito = —V =
dt Pmito asatmito VOleT agc
d _ Unex
Eatpcyt = —Vacs1 — VFaB1 — Vraps T 10-F Vol Vol ~ Undkcye — Vatp-usage — Vhka — VhkB — VUpfk2
udp
~ Uprk1 + Upgk + Upk — vndkcyt — Vcit—1ys — Vacc1 — Vglyck — 17akcyt
d UroF1 Unex

—< AtPmito = TVscs—atp +

dt 10 - F - Volpiroe 10-F - Volpire Yndkmito — Ype — VPcc — VMECCC

O0lmit
&bhbutcyt = +—V0;nl 2. vﬁhbT + Vﬂhb—ex
cyt

d
— bhbut sy = 0

dt
Ebhbutmito = +vBhdh — UBhbT
Ebpglgcyt = +Vgapan — Vpgk

_ kcl2coa
aczlocoamito = —Vc10coa-medh ~ Vciocoa—icah T V3kt

_ kcl4coa
EClzcoamitO = —Vc12coa—medh — Vcizcoa—lcah T V3kt

_ kclécoa
EC14‘C0amito = —Vc1acoa-lcdn T V3kt
d
EC16carcyt = +Vcpr1 — Vcacr
d VOlet
E516carmito = +—V I “Vcacr — Vcpr2

Olnito

at clécoacy: = +vacs1 + Vrarp1 + Vrarpa — Vepr1 — Vgpat — Vagpat — Vdgat

dt clécoamito = +Vcpr2 — Veiecoa—icdn

16 = Volig  gqag , Volia  tag | Volg
EC cyt = 1T Vcp3e — Vacs1t — Vrarp1 — Vrarps T Vol Vysl Vol VyrGL Vol VUmagl
Olcyt Olcyt Olcyt

71



Berndt et al.; CARDIOKIN1

d
EC163xt =0

_ kcé6coa
EC4C0amito = —Vcacoa-scah t V3kt

_ kc8coa
%C6C0amito = —Vcecoa-mecdh T V3ke

_ kcl0coa
ECBCOQmito = —Vcgcoa—mcdh T V3ki
d
T CWeye = ~Vepr + Vcacr
d Vol
qg (@ mito = ~ 77— Veacr + Vepr2

Olnmito

L it = Volmito v —v
dt cyt _VO lcyt cit—-mal cit—lys
a .
ECltmitO = +V¢s — Vac — Veit—-mal
EClet =0

Icl
—cl, i = +—ed
dat Smite = Y10 F Vol

d
acoacyt = —Vpapp1 — VFaBp4 — Vacs1 T VcpT1 — Ucit—lys + Vacoan + Vgpat + Vagpat + Vagat
icoa = _—p _ vkc4coa _ vkc4coa _ vkchoa _ vchcoa _ vkclOcoa _ Ukchcoa _ vkcl4coa
dt mito — CPT2 3kt 3ktil 3kt 3kt 3kt 3kt 3kt
kclécoa
— U3kt — Updhc + Ves — Vkgdhc + Uscs—atp + Uscs—gtp — Vbckadh—aKICA
~ Ubckadh—-akivA — Vbckadh—-KMevVA — VHibDh — Vmmsdh — VMAACT
Ecozcyt =0
acoZmito =0
i eyte _ 2 Veypn Vexiv
oXmm — . F. -F -
dat 10-F-Vo lmembrane 10-F-Vo lmembrane
d 2 Vexqnr Ucexiv

—cyt = 4 -
dt Y redmn = 10 F Volpemprane . 10+ F - Volmemprane

Voley: o Voly .
Vol,, P*®  vol, 299

_ tag dag
%dag,d = +VurcL ~ Vhst
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Edhapcyt = +Vaa — Vtpi — Vg3pdh — Yg3pdhmito

Eecj-ocoamito = +Vc10coa—mecdh T Vc10coa—icdh —Vehyd—ec10

dt eClzcoamito = +Vc12coa—mcdh + Vc12coa—lcdh — vehyd—eclz

dt ecl4coamito = +Vc14coa—tcan — Vehyd—ec14

dt eclécoamito = +Vc16coa—tcah — Vehyd—ec16
Eeczl‘coamito = *Vcacoa-scdh — Vehyd—ec4

Eec6coamito = +Vc6coa-mcdh ~ Vehyd—ecé

d

dt ec8coamito = +Vcgcoa—medh — Vehyd—ecs
Eezl‘pcyt = +Vtaido T Vtketo2

aetffadmito = —Vcacoa—scdh — Veocoa-medh — Vescoa—medh — Ve1ocoa-medh — Vel2coa—medh

— Vc1ocoa—tcdh — Vce12coa—lcdh — Velacoa—lcdh — Velécoa—lcdh + VeETF-FAD

— VMBCoADH-IsoButCoA — VMBCoADH—-MeButCoA — VIVCoADR

d
&etffadhzmim

= +Vc4coa—scdh + Vc6coa-mcedh + VUcgcoa-mcedh + VUc10coa-medh + Vc12coa—-medh
+ VUc10coa—-lcdh + VUc12coa—-lcdh + Vct14acoa—-lcdh + Vc16coa—ilcdh — VETF-FAD

+ VMBCoADH-IsoButCoA T VMBCoADH-MeButcoA T VIVCoADR

Eetfqmito = —VgrFr-FaDp T VETF-QO

aetfqhzmito = +Vgrr-rap — VETF-QO

d

afru]ﬁbpcyt = +vpfk1 — Vrbp1 — Vaid

d

EfrUZ6bpcyt = tVprk2 — Vrbp2

Efru6pcyt = +Vgpi — Vpfr2 + Vrpp2 — Vpfr1 T Vrbp1t T+ Vtaldo — Vtketo2
d

afummito = +Vsuccah — Vfum
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E‘g:‘}pcyt = +Vg3pan t Vg3pdhmiro T Valyck — Vgpat

d
Egdpcyt = “Vndkeye t VUpepck
agdpmito = ~VUscs—gtp — Vndkmnito

Eglccyt = +vgluT1 + Vgiur4 — VhkA — VhkB

d

Eglcext =0

Eglcqpcyt = ~Vypm — Vupgase + Ugp

Egkﬁpcyt = +Vpga + Vnkp — Vgpi + Ugpm — Vgépdh

Eglucyt = +Vgsat — vagc - vgluTmito + UBCAAT —val + UBCAAT -leu + UBCAAT—isoleu
d

< gluext =0

dt

d Voley: Volcy

E‘glumito = tVasatpmiro T *Vage — Vgan T " VgluTmito

Volmito Volnito

VOlld

aglyccyt = +Vg1ycr — Vgiyek + cht * Umagl

d

%glycext =0

d
aglyglc = + Vgs — Vgp

Egraext =0

d
agrapcyt = +tVqq t+ Utpi — Vgapdh — Vtaldo — Vtketo1 — Vtketo2

agtpcyt = +vndkcyt — Upepck

d

Egtpmito = TVscs—gtp T Vndkmiro

d

Ehcyt =0

—hpito = + _Ilgump 1y, + Vp_ex — Ilfump - Iﬁgmp + 3 Vpor1
de ™ 10 - F - Volpuo

74



Berndt et al.; CARDIOKIN1
d
E hCOgcyt =0

d
EhC03mito =0

ahibmito = +VHibcoahyd — VHibDh

T HibCoAmito = +VEcoaH-Meacrcoa — VHibCoAhyd

T HMeGCoAnito = +VmEGccH — VHMGCL

dt

IsoButCoAmito = +Vpckadh—akiva — VMBCoADH~-IsoButCoA
d

d lSOleucyt = +Visoteur — VBCAAT—isoleu

T isoleuyy =0

d

dt iSOCitmito = +Vac - vidhnad - vidhnadp

dt IsoValCoApito = +Vbckadh-akica — VivcoaDh

_ kcl0coa
Ekcu)coamito = +V3pdn-1c10 — V3kt
_ kcl2coa
EkClzwamito = +V3ngh-1c12 ~ V3ki

_ kclacoa
T kcl4coamito = +V3nan—ic1a — V3kt

_ kcl6coa
T kcl6coamito = +V3nan-ici6 — V3ke

dt kc4comiro = +V3nan—ica — Vg0t — vieicoa

3kt 3ktll T Vscot
kc6 codir. = +v _ vkcécoa
dt mito — 3hdh-1c6 3kt
_ kc8coa
I kc8coamito = +V3nan-ics — Vake
d
akcyt =0

| ey
—kmito =+ K e
dt 10 - F - Volpito
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dt KMeVAcyt = +VBcaAT-isoleu — VKMeVAT

A _ VOlmito
—KMeV Apito = +Vkmevar * T — Vbckadh—-KMeVA
dt Volgy:

dt lc10coamto = tVehyd—ec10 — V3hdh—ic10

dt lc12coamito = +vehyd—ec12 — V3hdh-lc12

El(ﬂ‘l‘coamito = +vehyd—ecl4» — V3hdh-Ic14

dt lc16coamito = tVehyd—ec16 — V3hdh—Ic16

dt lcdcoamito = tVehyd—eca — V3hdh—-Ic4

dt lc6coamito, = +vehyd—ec6 — V3hdh-Ic6

dt leBcoapro = tVenyd-ec8 — V3hdh-1c8

d
Elacc‘yt = +Vign t+ Viger
%lacext =0

Eleucyt = +Vieur — VBCAAT-leu

Eleuext =0

d Voley: Voley:

—lpag, = +———-v, -—— v

dt paer Vol,, gpat Vol,, agpat
d d

ama.gld = —Vmagt + UH;lf

I _ Volmito
d_ma cyt — +vmalpT + Umal-pyrT — Umdh — Vmac — Vol " VUcit-mal — Vme
t Olcyt

Volcy: Volcy

" UmalpT — v

—malpyito = +V — Umdho:
dt mito fum mdhmito Olmito

- " Umal-pyrT
Vo lmito

+ Ucit—mal

Emalcoacyt = tVacc1 — Vmede
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aMeAACOAmito = +VumBcpH — VMaacT

dt MeAcrCoAmito = +VMBcoaDH-IsoButCoA — VECoAH-MeAcrCoA

i MeButCoAmito = +Vpckadh—KkMeva — VMBCoADH-MeButCoA

EM eCroCoAmito = +Vivcoaph — VMECce

EMeGCCOAmitO = +VyEccc — VMEGCCH

MeHButCoAmito = +VEcoaH-Tigcoa — VHMBCDH

dt
EMeMalCoAmim = +Vpcc — VMmmcM
Emmsaldmito = +Vyipbph — Vmmsdh
Enacyt =0

pump
d Ina + Inaed

— L= ed
e mito = Y10 Vol

—nadcys = —Vgapan + Vian — Vmdn + Vg3pan
dt

Enadmito = —VU3ndh-Ic4 — V3hdh-ic6 — V3hdh-ic8 — V3hdh—-1c10 — V3hdh-ic12 — V3hdh-Ic14

Vexl

— V3nhdh-ic16 — Vpdhe — Vidhpgg — Vkgdhc — Vmdhmiro T Vtdan T 10-F Vol

mito

+ Vghdh — Vbckadh—akICA — Vbckadh—aKIVA — Vbckadh—KMeva — VHibDh — Vmmsdh

— VumBcpH — Vgdh

Enadhcyt = tVgapan — Vian T Vmdn

ai nadhmito = +V3nan-ic4 + Vandh-ice T Vanah-ics + Vandh—ic10 + Vanan-ic12 + V3ndh-ic14

Vexr

+ V3nan-ic16 T Vpdhe T Vidhygg T Vkgdhe T Vmdhyio — Vtdh — 10 F Vol "
mito

— Vghdh T Vbckadh—akica T Vbckadh-akiva T Vbckadh—-kMeva t VHibDh — Vmmsdh

+ VumBcpH + Vgan

dt nadpcyt = —Vgepdh — Upgdh — Vme + Vnadph-use
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Enadpmito = ~Vtah = Vidhpaap
anadphcyt = tVgepan T Vpgdh T Vme — Vnadph-use

——nadphpito = +Vean + Vidh,aq,

dt
1 Vexrv
—02 = —— — 4V,
qp Ccort 4 10-F - Vol = C2aiff
E 020yt =
d
anacyt = VUmdan + Vasat + Vcit-1ys
d
&Oaamito = +vmdhmito + Vpe + Vasatmiro ~ Ves
d _ Up—ex
Epcyt = - W +2- Vppase + Vatp—usage + Vfbp2 + Vrbp1 — Vgapdh — VmalpT ~ Vgp
cyt

+ 17cit—lys + Vacc1 + Upap

i i = —p —v _ Vror1 VUp_ex Volce”
dt Pmito scs—atp scs—gtp ~ 10 . F - Volra T 10-F Vol

+ Vpcc + VmEcce

d Volgy; Voley:

—na = + RV _— .
dtPer Vol,, pat™ Ty~ ~Pap

d
apepcyt = tVeno — Vpk

Epgzcyt = +vpgm — Veno

d

Epg?’cyt = +vpgk — Vpgm

Epg6cyt = +Vpgis — Vpgdn

apgl@:yt = +Vgepdh — Vpgis

d
Eppcyt = +Vacs1 + Vrap1 T Vrapa — Uppase + vupgase

d
Epropcoamito = +Vmmsdn T Vmaact — Vpcc

d
Epyrcyt = +77pk — Vidh — Ymal-pyrT + Vpyrr — prrTmito + Vme
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d
Epyrext =0

d pyr = v I/'Olcell v VOlcell v
4 mito — ~ Ypdhc — VYpc *VpyrT *Vmal-pyrT
dt VOlmito VOlmito
d q _ Volmito v Volmito v Vexl
7 UYmm — T *VETF-Qo — * Vsuccdh —
dt VOlmembrane VOlmembrane 10-F - VOlmembrane
Vexlll Volcy
10 F Vol T Vol Vg3pdhmito
* - VOlmembrane Olmembrane
VOlmito VOlmito VUexr
—qh2mm = + " VETF-Qo + * Usuccan +
dt VOlmembrane VOlmembrane 10-F - VOlmembrane
Vexlnl VOlcyt v
- - g3pdhnmit
10-F - VOlmembrane VOlmembrane mito

d
arspcyt = —VUrpi T Vtketo1
aruspcyt = +Vpgan — Vrpe t Urpi
%S7pcyt = —Vtaldo — Vtketo1
d
Esucmito = +vscs—atp + Uscs—gtp — Vsuccdh t Vscot
d
Esuccoamito = +vkgdhc — Uscs—atp — Vscs—gtp — Uscot + Vmmcm
d tager = L Yoleye v
a4 er — *Vdgat — YLD-syn-tag
dt Vol,,
d VOler tag

—ta =4+—— " Vip_syn— -V
dt did Vol LD-syn—tag ATGL

at TigCoAmito = +VMBcoaDH-MeButcoa — VECoAH-TigCoA

d udp

——udpcye = “Vndkey,

dc + Vgs

d
Eudpglccyt = +Vyupgase — Vgs

4 udp

dt UtPeyt = +vndkcyt ~ Vupgase

d
Evalcyt = +Vpair — VBcAAT-val

I vale =0
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d 1071
pump
Evmm = m (_Iced + g, + I,y + Ina,y + 1y + Vpy + 3+ Usyn)

d
axspcyt = FVrpe T Vtketo1 T Viketo2

Supplement S2: Information to external conditions and transfer
functions

Glucose-Insulin

The plasma concentrations of the hormone insulin determines the phosphorylation state of the inter-
convertible enzymes. Insulin is secreted by the pancreas into the portal vein and the secretion rate is
mainly controlled by the glucose concentration of the blood. Therefore, we used the empirical glucose
hormone transfer function (GHT), which describes the relationship between the plasma level of glucose
and the plasma levels of insulin established in Bulik et al., 2016°° (Supplemental Figure 1):

(Glcext)5'7

Ins = 1.55 nM
ns T (Glea)s + (7.7 mM)57

Enzyme phosphorylation state

The concentration of insulin determines the phosphorylation state of the interconvertible enzymes.® The
phosphorylation state y of interconvertible enzymes (Supplemental Figure Il) is given by:

Ins0-65

" Ins%65 1 (0.4 nM)05

y=1

AMP-dependent phosphorylation

In addition to hormone dependent phosphorylation, phosphorylation in dependence of the energetic
state of the cell is achieved by the AMP-dependent kinase. Therefore, we introduced AMP-dependent
phosphorylation by

_ AmP
YaMP = 40P + 0.04

Glucose-fatty acids

The plasma concentration of fatty acids (FA) is largely determined by the rate of triglyceride lipolysis in
the adipose tissue, which is mainly controlled by insulin and glucagon through the activity of the hormone
sensitive lipases (HSL). Based on measured relations between the plasma levels of plasma and FA, we
constructed an empirical glucose-FA transfer function (GFT) (Supplemental Figure Il1):
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Glck,,

tfa =1.2mM — 1.1mM
f@piasma Glct,, + (6.5mM)*

Conversion of total plasma fatty acids to free plasma fatty acids

Plasma fatty acids are largely bound to plasma albumin or lipoproteins, but only free fatty acids are taken
up by the heart. We calculated the free fatty acid concentration (f f ayiqsmq) from total plasma fatty acid
concentration (tfapiqsma) assuming a linear relationship between the two. In this way, we can
recapitulate hyperbolic saturation kinetics in the cardiac fatty acid uptake rates when depicted against
total plasma fatty acid concentration or against free fatty acid plasma concentration:

ffaplasma =3.125-107*- tfaplasma

Epinephrine

The plasma concentrations of the hormone epinephrine is an important determinant for the activity of
glucose transport capacity in cardiomyocytes. As epinephrine increases cardiac pacing,®® we describe
epinephrine levels in dependence of cardia pacing (load) by a transfer function (Supplemental Figure IV).

Supplement S3: Model calibration and validation

All model parameters except Vmax-values (e.g. kinetic rate constants, substrate affinities, affinities to
allosteric regulators) were taken from reported kinetic studies of the isolated enzyme obtained from
mammalian cardiac tissue. The Vmax values, which give the maximal activity of each enzyme and that may
vary due to variable protein expression, were estimated by fitting the model to measurements of
exchange fluxes and internal metabolites obtained in different experimental setups. The validity of the
model was checked by comparing simulated exchange fluxes and metabolite concentrations with
experimental data. As the heart switches its substrate uptake rates in dependence of substrate
availability, we performed different simulations with variable substrate availability.

Glucose uptake

First, we simulated the glucose uptake of cardiac muscle in dependence of glucose availability. To match
experimental conditions, we assumed that glucose and oxygen are the only available substrates, assumed
that there are no hormones present and that the ATP demand is constant with a moderate demand. All
external conditions are given in Supplemental Table IlI.

Supplemental Figure V shows the cardiac glucose uptake rate in dependence of plasma glucose
concentrations obtained by systematically varying the external glucose concentration. The heart takes up
glucose until saturation is reached at around 20 mM. This is much higher than the typical blood plasma
concentration. At physiological glucose concentrations (<10 mM), glucose uptake increases with
increasing plasma glucose levels.
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Lactate uptake

The next most abundant carbohydrate available to the heart is lactate. Therefore, we used the model to
investigate the utilization of this important fuel, when the supply with alternative substrate is limited. We
varied the external availability of lactate between 0 mM and 12 mM, keeping the glucose concentration
at a low value of 2 mM and putting the fatty acid concentration to 0.1 mM (Supplemental Table IV).
Supplemental Figure VI shows the ratio of lactate to oxygen consumption rate (OCR). Lactate to OCR ratio
increases up to 4 mM plasma lactate concentration when saturation is reached. This means that in the
physiological range (<2 mM) lactate uptake is limited by substrate availability.

Fatty acid uptake

Next, we checked the ability of the model to recapitulate fatty acid uptake. We monitored the fatty acid
uptake when systematically varying the plasma fatty acid concentrations between 0 and 2 mM while
assuming a moderate ATP demand (Supplemental Table V). As the majority of fatty acids in the plasma
are bound to albumin, but only free fatty acids are taken up by the heart, we used the transfer function
depicted in Supplement S2 to calculate the free fatty acid concentration from the plasma fatty acid
concentration.

Supplemental Figure VIl shows the cardiac fatty acid uptake rate in dependence of total plasma fatty
acid concentration and unbound free fatty acid concentration (insert). Fatty acid uptake reaches
saturation at around 1 mM total plasma fatty acids.

Suppression of glucose uptake by plasma fatty acids

After checking that the model correctly recapitulates the substrate utilization for glucose and fatty acids
in the absence of the other substrate, the next step was to investigate the interplay of the different
substrates. Therefore, we simulated the uptake of glucose in the presence of varying fatty acid
concentrations in the plasma (Supplemental Table VI).

Supplemental Figure VIII shows the suppression of glucose utilization by fatty acid concentrations in the
plasma. With increasing fatty acid availability, the model correctly recapitulates the replacement of
glucose with fatty acids. This strongly supports the view that fatty acids are the preferred substrate for
the heart, and that glucose is used only when fatty acid availability is limited.

Ketone body utilization

Ketone bodies represent an important substrate for the heart especially during fasting conditions when
glucose and lactate are not available or need to be saved for the utilization by other organs (i.e.
gluconeogenesis form lactate in the liver or glycolysis in the brain).

Assuming moderate glucose levels and moderate load, we systematically varied the plasma ketone body
concentration (B-hydroxybuterate) from 0 to 5.5 mM and monitored the ketone body uptake rates
(Supplemental Table VII). Supplemental Figure IX shows that ketone body uptake increases with
increasing ketone body availability, not reaching saturation at physiological plasma ketone body
concentrations.
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Substrate utilization in the human heart

Next, we tested whether the model correctly recapitulates substrate uptake of the human heart under
physiological conditions when all substrates (glucose, lactate, fatty acids, ketone bodies and branched
chain amino acids) are present at the same time (Supplemental Table VIII).

We simulated the substrate utilization rates of the human heart at rest and moderate pacing in an
overnight fasted state and compared the simulated rates to experimental data for the human heart.
Supplemental Figure X shows that the model calculations recapitulate the substrate uptake profile of the
normal human heart as reported in several in vivo studies®” 38 4043 45 (Sypplemental Figure XA). At rest,
lactate is utilized with the highest rate, followed by fatty acids and ketone bodies. Increased energy
demand during pacing is predominantly fueled by increased uptake by carbohydrates (glucose, lactate,
pyruvate), while fatty acid utilization remains almost constant. Branched chain amino acids do not
contribute significantly to the energy expenditure of the heart (<1%).
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Supplemental Table |: Metabolite concentrations

. . Mammalian Modeled
Metabolite Location — - References
min [mM] | max [mM] min [mM] max [mM]
ACoA Acetyl coenzyme A cell <0.01 0.11 0.0061 0.0673 5 6772
Acyl-CoA Acyl coenzyme A cell <0.01 0.11 0.02 0.05 > 69,72
CoAmito Coenzyme A mito 0.05 2.26 0.0213 1.1477 3,74
NAD+ Nicotinamide adenine dinucleotide cell 0.59 1.45 1.13 1.14 67,75
NAD+¢,t Nicotinamide adenine dinucleotide cyt 0.51 1.39 1.13 1.13 76
NAD+mito Nicotinamide adenine dinucleotide mito 0.19 0.87 0.026 0.05 74,76
NADH Reduced nicotinamide adenine dinucleotide | cell 0.02 0.36 <0.01 0.0042 67,77
NADHyt Reduced nicotinamide adenine dinucleotide |cyt <0.01 0.01 <0.01 <0.01 76
NADHmito Reduced nicotinamide adenine dinucleotide | mito 0.05 0.20 <0.01 0.024 76
P Phosphate cell 2.25 20.50 11.37 21.7 5 78-80
Peyt Phosphate oyt 2.18 7.81 5.45 15.25 80, 81
AMP Adenosine monophosphate cell 0.07 2.62 0.02 3.89 5,75, 82,83
ADP Adenosine diphosphate cell 0.69 4.49 0.34 2.67 > 67,75, 82:84
ADP.: Adenosine diphosphate cyt 0.32 0.93 0.34 2.66 80
ATP Adenosine triphosphate cell 4.05 28.29 3.28 9.32 > 67,71,77,78, 82, 84-50
GDP Guanosine diphosphate cell 0.11 0.21 0.04 0.61 s
GTP Guanosine triphosphate cell 0.31 0.59 0.47 1.04 s
Glc6P Glucose 6-phosphate cell 0.10 0.93 0.05 0.34 > 91
Fru6P Fructose-6-phosphate cell 0.03 0.23 <0.01 0.08 > 82,91
Fru26P2 Fructose-2,6-bisphosphate cell <0.01 0.01 <0.01 0.01 82
Frul6P2 Fructose-1,6-bisphosphate cell 0.01 0.13 <0.01 <0.01 > 82,91, 92
DHAP Dihydroxyacetone phosphate cell 0.01 0.14 0.01 0.037 > 82
GAP Glyceraldehyde 3-phosphate cell 0.02 0.09 <0.01 0.02 59
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13BPG 1,3-Bisphosphoglycerate cell <0.01 <0.01 <0.01 <0.01 92
3PG 3-Phosphoglycerate cell 0.03 0.57 0.06 0.21 591,92
2PG 2-Phosphoglycerate cell <0.01 0.03 <0.01 0.036 591
PEP Phosphoenolpyruvate cell 0.01 0.04 0.01 0.01 591,92
Pyr Pyruvate cell 0.01 6.00 0.02 1.5 5 67,71,91,92
Gly3p Glycerol 3-phosphate cell <0.01 0.25 <0.01 0.09 > 91,92
Glc1p Glucose 1-phosphate cell 0.01 0.16 <0.01 0.02 592
UDP-Glc Uridine diphosphate glucose cell 0.26 0.72 <0.01 2.1 > 81
Cit Citrate cell 0.19 1.42 0.04 0.1 567,93
IsoCit Isocitrate cell 0.02 0.07 <0.01 <0.01 > 93
akG Alpha-ketoglutarate cell 0.05 0.29 <0.01 0.05 > 67,93
aKGmito Alpha-ketoglutarate mito 0.13 0.21 0.02 0.15 74
Suc Succinate cell 0.26 4.42 <0.01 0.06 > 67,71
Fum Fumarate cell 0.11 0.72 0.5 0.66 > 67
Mal Malate cell 0.13 0.49 0.11 0.99 567,93
OA Oxaloacetate cell 0.02 0.05 <0.01 0.04 >

Asp Aspartate cell 3.01 10.78 <0.01 4.74 593,94
Gln Glutamine cell 10.38 26.24 10.33 10.33 95,96
Glu Glutamate cell 4.63 18.72 <0.01 1.09 > 93,94, 96
IsoLeu Isoleucine cell <0.01 0.23 0.18 0.2 94-96
Leu Leucine cell 0.07 0.37 0.33 0.39 94,95
Val Valine cell 0.23 0.36 0.35 0.4 94
Acyl-Carn Acylcarnitine cell 0.01 0.94 0.03 0.14 74,97
Acyl-Carng: | Acylcarnitine cyt 0.03 0.38 0.01 0.08 &
Acyl-Carnmito | Acylcarnitine mito 0.00 0.22 0.08 0.44 &
Carn Carnitine cell 0.74 4.24 0.78 0.89 579,98
Carney Carnitine cyt 2.56 2.65 0.32 0.39 73
Carnmito Carnitine mito 1.84 2.03 2.66 3.02 &
TAG Triacylglycerol cell 3.34 9.78 1.4 2.77 599
DAG Diacyl-glycerol cell 0.03 0.43 0.51 0.51 599
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MalCoA Malonyl coenzyme A cell <0.01 0.02 <0.01 0.01 68,70, 72, 100-102
C4CoA Butyryl coenzyme A cell <0.01 0.01 <0.01 <0.01 103
C6CoA Hexanoyl coenzyme A cell <0.01 0.01 <0.01 <0.01 104
C8CoA Octanoyl coenzyme A cell <0.01 0.01 <0.01 <0.01 104
C10CoA Decanoyl coenzyme A cell 0.01 0.02 <0.01 <0.01 104
C14CoA Myristoyl coenzyme A cell <0.01 <0.01 <0.01 <0.01 &9
C16CoA Palmitoyl coenzyme A cell <0.01 0.01 <0.01 <0.01 69
Supplemental Table Il: V. values

Estimated vmax

Short Name Long Name EC/TCDB Number value
[umol/g/h]

v_CD36 fatty acid translocase TCDB4.C.1.1 4.20E+01
v_acsl (Long-chain) acyl-coa synthetase 1 EC6.2.1.3 2.80E+00
v_fatpl fatty acid transport protein 1 TCDB 4.C.1.1 1.04E-01
v_fatp4 fatty acid transport protein 4 TCDB4.C.1.1 1.35E-01
v_CPT1 Carnitine O-palmitoyltransferase 1, liver isoform EC2.3.1.21 7.50E-02
v_CACT Carnitin-Acylcarnitin translocase TCDB 2.A.29.8 5.00E+00
v_CPT2 Carnitine O-palmitoyltransferase 2, mitochondrial EC2.3.1.21 5.00E+01
v_c4coa_scdh Short chain acyl-coa dehydrogenase (c4) EC1.3.8.1 5.00E+00
v_cbcoa_mcdh medium chain acyl-coa dehydrogenase (c6) EC1.3.8.7 5.25E+01
v_c8coa_mcdh medium chain acyl-coa dehydrogenase (c8) EC1.3.8.7 6.25E+01
v_c1l0coa_mcdh medium chain acyl-coa dehydrogenase (c10) EC1.3.8.7 1.20E+01
v_cl2coa_mcdh medium chain acyl-coa dehydrogenase (c12) EC1.3.8.7 9.75E+00
v_c10coa_lcdh long chain acyl-coa dehydrogenase (c10) EC1.3.8.8 1.20E+00
v_cl2coa_lcdh long chain acyl-coa dehydrogenase (c12) EC1.3.8.8 9.75E-01
v_cl4coa_lcdh long chain acyl-coa dehydrogenase (c14) EC1.3.8.8 5.25E-01
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v_cl6coa_lcdh long chain acyl-coa dehydrogenase (c16) EC1.3.8.8 1.20E-01
v_etf ETF-FAD - 2.50E+02
v_etfq ETF-QO - 1.25E+03
v_E _hyd C4 CoA_MC Enoyl-coa hydratase (Crontonase) (ec4) EC4.2.1.17 2.50E+03
v_E_hyd_C6_CoA_MC Enoyl-coa hydratase (Crontonase) (ec6) EC4.2.1.17 3.20E+04
v_E_hyd_C8 CoA_MC Enoyl-coa hydratase (Crontonase) (ec8) EC4.2.1.17 2.28E+04
v_E_hyd_C10 _CoA_MC |Enoyl-coa hydratase (Crontonase) (ec10) EC4.2.1.17 1.35E+04
v_E hyd C12 CoA_MC |Enoyl-coa hydratase (Crontonase) (ec12) EC4.2.1.17 4.00E+03
v_E hyd C14 CoA_MC |Enoyl-coa hydratase (Crontonase) (ec14) EC4.2.1.17 2.17E+03
v_E_hyd_C16_CoA_MC | Enoyl-coa hydratase (Crontonase) (ec16) EC4.2.1.17 1.00E+03
v_3HdH_C4 CoA 3-hydroxyacyl-coa dehydrogenase (Ic4) EC1.1.1.35 5.75E+10
v_3HdH _C6 _CoA 3-hydroxyacyl-coa dehydrogenase (lc6) EC1.1.1.35 5.75E+10
v_3HdH_C8 CoA 3-hydroxyacyl-coa dehydrogenase (Ic8) EC1.1.1.35 5.75E+10
v_3HdH_C10_CoA 3-hydroxyacyl-coa dehydrogenase (Ic10) EC1.1.1.35 5.75E+10
v_3HdH_C12_CoA 3-hydroxyacyl-coa dehydrogenase (Ic12) EC1.1.1.35 5.75E+10
v_3HdH_C14_CoA 3-hydroxyacyl-coa dehydrogenase (Ic14) EC1.1.1.35 5.75E+10
v_3HdH_C16_CoA 3-hydroxyacyl-coa dehydrogenase (Ic16) EC1.1.1.35 5.75E+10
v_3KT_C4_| 3-ketoacyl-coa thiolase (kc4) EC2.3.1.16 2.50E+00
v_3KT _C4 1l 3-ketoacyl-coa thiolase (kc4) EC2.3.1.16 2.50E+01
v_3KT_C6 3-ketoacyl-coa thiolase (kc4) EC2.3.1.16 6.00E+00
v_3KT_C8 3-ketoacyl-coa thiolase (kc4) EC2.3.1.16 5.50E+00
v_3KT_C10 3-ketoacyl-coa thiolase (kc4) EC2.3.1.16 5.75E+00
v_3KT_C12 3-ketoacyl-coa thiolase (kc4) EC2.3.1.16 5.25E+00
v_3KT_Ci4 3-ketoacyl-coa thiolase (kc4) EC2.3.1.16 4.25E+00
v_3KT_C16 3-ketoacyl-coa thiolase (kc4) EC2.3.1.16 2.50E+00
v_pdhc Pyruvate dehydrogenase complex EC1.2.4.1;EC1.8.1.4; EC2.3.1.12 1.00E-01
V_Cs Citrate synthase, mitochondrial EC2.3.3.1 8.00E+01
v_ac Aconitase EC4.2.13 9.00E+04
v_icdh_nad NAD-dependent isocitrate dehydrogenase EC1.1.1.41 2.70E+01
v_icdh_nadp NADP-dependent isocitrate dehydrogenase EC1.1.1.42 4.50E+00
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v_akdhc a-ketogluterate dehydrogenase EC1.2.4.2; EC1.8.1.4;EC2.3.1.61 4.50E+02
v_succoas_atp Succinyl-Coa Synthetase (ATP) EC6.2.1.4;EC6.2.1.5; EC6.2.1.5 2.25E+04
v_succoas_gtp Succinyl-Coa Synthetase (GTP) EC6.2.1.4;EC6.2.1.4; EC6.2.1.5 2.48E+03
v_succdh Succinate dehydrogenase EC1.35.1 9.00E+03
v_fum Fumerase EC4.2.1.2 1.80E+05
v_mdh Malate dehydrogenase, mitochondrial EC1.1.1.37 9.00E+04
v_tdh NAD(P) transhydrogenase, mitochondrial EC1.6.1.2 3.60E+03
v_ATP_use ATP usage - 1.20E-01
v_Phos Phosphate carrier protein, mitochondrial TCDB 2.A.29.4.2 7.72E+10
v_syn FOF1 synthetase EC3.6.3.14 6.40E-06
v_ex ATP-ADP nucleotide exchanger TCDB 2.A.29 7.20E-07
vl Complex | EC1.6.5.3 6.72E-07
v3 Complex llI EC 1.10.2.2 2.40E-06
vl Complex IV EC1.9.3.1 9.60E-04
v_ak_cyt Adenylate kinase EC2.7.4.3 8.00E+03
v_o2_diff 02 diffusion - 8.00E+01
V_ppase Pyrophosphatase EC3.6.1.1 8.00E-02
|_C_ED Chloride electro diffusion - 8.00E-01
| K P Sodium pump - 2.40E-05
|_K_ED Sodium electro diffusion - 8.00E-01
|_Na_P Potassium pump - 1.60E-04
|_Na_ED Sodium electro diffusion - 8.00E-01
. . . . TC2.A.29.24.1; TC2.A.29.24.3; TC 2.A.29.3.2; TC
|_H_ED Mitochondrial uncoupling protein 2.A.29.3.4: TC 2.A.29.3.5 8.00E-01
v_gpi Glucose-6-phosphate isomerase EC5.3.1.9 3.51E+03
v_ald Fructose-bisphosphate aldolase B EC4.1.2.13 1.17E+03
v_tpi Triosephosphate isomerase 1 EC5.3.1.1 1.17E+03
v_gapdh Glyceraldehydephosphate dehydrogenase EC1.2.1.12 1.76E+05
v_pgk Phosphyglyceratekinase (Pgk) EC2.7.2.3 5.85E+02
v_pgm 2-Phospho-D-glycerate 2,3 phosphomutase (Pgm) EC5.4.2.1 5.85E+05
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v_eno 2-Phospho-D-glycerate hydrolase (Eno) EC4.2.1.11 1.17E+03
v_glcTl Glucose transporter type 1 TC2.A1.1 4.15E-04
v_glcT4 Glucose transporter type 4 TC2.A1.1 6.31E-03
v_hk1 Hexokinase EC2.7.1.1 4.68E-02
v_hk2 Hexokinase EC2.7.1.1 4.68E-03
v_fbp2 Phosphofructokinase 2 (FBP2) EC2.7.1.105; EC3.1.3.46; EC3.1.3.46 4.68E-03
v_pfk2 Phosphofructokinase 2 (Pfk2) EC2.7.1.105; EC3.1.3.46; EC3.1.3.46 1.17E-02
v_fbpl Fructose-1,6-bisphosphatase (Fbp1) EC3.1.3.11 1.17E+00
v_pfkl Phosphofructokinase 1 (Pfk1) EC2.7.1.11 5.85E-01
v_pk Pyruvate kinase (Pk) EC2.7.1.40 5.85E-02
vV_pc Pyruvate carboxylase; mitochondrial EC6.4.1.1 1.17E-02
v_mal_pyrT Malate-pyruvate antiport (MalPyrT) - 4.68E-01
v_me_nadp Identifier nicht gefunden - 1.17E+01
v_ldh Lactate dehydrogenase EC1.1.1.27 1.17E+05
v_mdh_cyt Malate dehydrogenase, cytoplasmic EC1.1.1.37 1.17E+03
TCDB 2.A.1.13.1; TCDB 2.A.1.13.5; TCDB 2.A.1.13.6;
v_lacT Lactate transport (LacT) TCDB 2.A.1.13.7; TCDB 2.A.1.13.9 1.17E-02
v_pyrT pyruvate transport (pyrT) TCDB 2.A.1.13.1 1.17E-02
v_pyrT_mito Mitochondrial pyruvate transport TCDB 2.A.1.13.1 1.17E+05
v_ndk_cyt Nudiki (cytosolic) EC2.7.4.6 1.17E+04
v_ndk_mito Nudiki (mitochondrial) EC2.7.4.6 1.17E+06
v_ASAT mito Aspartate aminotransferase, mitochondrial EC2.6.1.1 1.50E+02
Vv_ASAT _in Aspartate aminotransferase, cytoplasmic EC2.6.1.1 1.50E+02
v_asp glu T aspartate —glutamate carrier TCDB 2.A.29.14.1 2.25E-01
v_mal _akg T Malate — a-ketogluterate carrier TCDB 2.A.29.2.13 1.50E+06
v_g3pdh_cyt Glycerol-3-phosphate dehydrogenase (cytosolic) EC1.1.1.8 1.50E+06
v_g3pdh_mito Glycerol-3-phosphate dehydrogenase (mitochondrial) |EC1.1.5.3 3.00E-10
v_g6pd Glucose-6-phosphate 1-dehydrogenase EC1.1.1.49 5.00E-06
v_pglase 6-phosphogluconolactonase EC3.1.1.31 3.00E-05
v_pgdh 6-phosphogluconate dehydrogenase; decarboxylating |EC1.1.1.44 1.00E-01

89




Berndt et al.; CARDIOKIN1

v_rpe Ribulose-phosphate 3-epimerase EC5.1.3.1 5.00E-03
v_rpi Ribose-5-phosphate isomerase EC5.3.1.6 1.00E-02
v_taldo Transaldolase EC2.2.1.2 1.00E-02
v_tkll Transketolase 1 EC2.2.1.1 1.00E+02
v_tkl2 Transketolase 2 EC2.2.1.1 1.00E+00
v_Cit_Mal Citrate-malate exchanger TCDB 2.A.29.7.2 3.00E-03
v_Cit_Lys ATP dependent citrate lyase EC2.3.3.8 1.00E-05
v_ACC1 Acetyl-CoA carboxylase 1 EC6.4.1.2 1.40E-05
v_Mal_CoA _dc Malonyl-CoA decarboxylase EC4.1.1.9 1.00E-06
v_glycerol_uptake Glycerol-uptake 7.50E-03
v_glycerol_kinase Glycerol kinase EC2.7.1.30 3.60E-03
v_gpat Glycerol-3-phosphate acyltransferase EC2.3.1.15 3.00E-03
v_agpat Acetyl glycerol-3-phosphate acyltransferase EC2.3.1.51 4.50E-03
v_PAP Phosphatidic acid phosphatase EC3.1.34 9.00E-03
v_dgat Diacylglycerol acyltransferase EC2.3.1.20 1.05E-02
v_Ild_syn LD synthesis (tag) - 3.00E-03
v_atgl ATGL EC3.1.1.3 3.00E-04
v_hsl Hormone-sensitive lipase EC3.1.1.79 3.00E-04
v_magl Monoacylglycerol lipase EC3.1.1.23 3.00E-04
v_gl6pi alpha-D-Glucose 1-phosphate 1,6-phosphomutase EC5.4.2.2 1.20E+04
V_upgase UTP:Glucose-1-phosphate uridylyltransferase (UPGase) | EC 2.7.7.9 9.00E+00
v_ndkutp Nudiki (cytosolic) (udp) EC2.7.4.6 6.00E+01
v_gs Glycogen synthase (GS) EC2.4.1.11 3.00E-04
v_gp Glycogen-phosphorylase (GP) EC2.4.1.1 1.80E-02
TCDB 2.A.1.13.1; TCDB 2.A.1.13.5; TCDB 2.A.1.13.6;
v_acac_cytT Acetoacetate export (MCT1/MCT2) TCDB 2.A.1.13.7; TCDB 2.A.1.13.9 2.85E-02
v_bhbut_cytT B-Hydroxy butyrate export (MCT1/MCT2) TCDB 2.A.13.1 2.85E-02
v_acac_mito_ex Acetoacetate transport (mitochondrial) TCDB 2.A.13.1 8.55E-02
v_bhbut_mito_ex B-Hydroxy butyrate transport (mitochondrial) TCDB 2.A.13.1 8.55E-02
v_bHBDH D-beta-hydroxybutyrate dehydrogenase, mitochondrial | EC 1.1.1.30 5.70E+03
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Succinyl-CoA:3-ketoacid coenzyme A transferase 1,

v_scot . . EC2.8.3.5 5.70E+01
- mitochondrial
v_valT valine transporter - 1.00E-01
v_leuT leucine transporter - 1.00E-01
v_isoleuT isoleucine transporter 1.00E-01
v_BCAAT _val Branched-chain-amino-acid aminotransferase EC2.6.1.42 1.00E-01
v_BCAAT_leu Branched-chain-amino-acid aminotransferase EC2.6.1.42 1.00E-01
v_BCAAT _isoleu Branched-chain-amino-acid aminotransferase EC2.6.1.42 1.00E-01
v_BCKADH_aKIVA Branched-chain alpha-keto acid dehydrogenase EC1.2.4.4 1.00E-01
v_BCKADH_aKICA Branched-chain alpha-keto acid dehydrogenase EC1.2.4.4 1.00E-01
v_BCKADH_KMeVA Branched-chain alpha-keto acid dehydrogenase EC1.2.4.4 1.00E-01
v_MBCoADH_lIsoButCoA | 2-methylacyl-CoA dehydrogenase EC1.3.99.12 1.00E+01
v_MBCoADH_MeButCoA | 2-methylacyl-CoA dehydrogenase EC1.3.99.12 1.00E+01
v_ECoAH_MeAcrCoA Enoyl-CoA hydratase, mitochondrial EC4.2.1.17 1.00E+03
v_ECoAH_TigCoA Enoyl-CoA hydratase, mitochondrial EC4.2.1.17 1.00E+01
v_HibCDA_HibCoA 3-hydroxyisobutyryl-CoA hydrolase, mitochondrial EC3.1.2.4 1.00E+01
v_HibCDH_HBA 3-hydroxyisobutyryl-CoA hydrolase, mitochondrial EC3.1.24 1.00E+01
v_MMSDH_MMSALD Methylmalqnate-semialdehyde dehydrogenase, EC12.1.27 1.00E+01
mitochondrial
v_HMBCDH_MeHButCoa | Methylmalonate-semialdehyde dehydrogenase, EC1.2.1.27 1.00E401
mitochondria
v_MAACT_MeAACoA 3-ketoacyl-CoA thiolase, mitochondrial EC2.3.1.16 1.00E+01
v_IVCoADH_isoValCoA Isovaleryl-CoA dehydrogenase, mitochondrial EC1.3.84 1.00E+01
v_MECCC_MeCroCoA Methylcrotonoyl-CoA carboxylase, mitochondrial EC6.4.1.4 1.00E+01
v_MEGCCH_MeGCCoA Methylglutaconyl-CoA hydratase, mitochondrial EC4.2.1.18 1.00E+01
v_HMGCL_HMeGCoA Hydroxymethylglutaryl-CoA lyase, mitochondrial EC4.1.3.4 1.00E+01
v_PCC_PropCoa Propionyl-CoA carboxylase, mitochondrial EC6.1.4.3 1.00E+01
v_MMCM_MeMalCoa Methylmalonyl-CoA mutase, mitochondrial EC5.4.99.2 1.00E+01
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Supplemental Table IlI: External conditions for simulation of

cardiac glucose uptake

Glucose [mM] 0.5-25 Valine [mM] 0

Lactate[mM] 0 Leucine [mM] 0

Fatty acids [mM] 0.1 Isoleucine [mM] 0
B-hydroxybuterate 0 Insulin [nM] 0-1500

[mM] TF (Supplement S2)
Acetoacetate [ mM] | O k-load 5

Supplemental Table IV: External conditions for simulation of

cardiac lactate uptake

Glucose [mM] 2 Valine [mM] 0
Lactate[mM] 0.2-12 Leucine [mM] 0
Fatty acids [mM] 0.1 Isoleucine [mM] 0
B-hydroxybuterate 0 Insulin [nM] 1
[mM] TF (Supplement S2)
Acetoacetate [ mM] | O k-load 0

Supplemental Table V: External conditions for simulation of
cardiac fatty acid uptake

Glucose [mM] 7.63 Valine [mM] 0
Lactate[mM] 1 Leucine [mM] 0
Fatty acids [mM] 0-2 Isoleucine [mM] 0
B-hydroxybuterate [mM] | O Insulin [nM] 757

TF (Supplement S2)

Acetoacetate [mM]

k-load

5

Supplemental Table VI: External conditions for simulation of

the uptake of glucose in the presence of varying fatty acid
concentrations in the plasma.

Glucose [mMM]

5.8

Valine [mM]

Lactate[mM]

0.8

Leucine [mM]
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Fatty acids [mM] 0-1.2 Isoleucine [mM] 0
B-hydroxybuterate 0 Insulin [nM] 257

[mM] TF (Supplement S2)
Acetoacetate [mM] | O k-load 2

Supplemental Table VII: External conditions for simulation of
the ketone body uptake

Glucose [mM] 4 Valine [mM] 0

Lactate[mM] 0 Leucine [mM]

Fatty acids [mM] 0 Isoleucine [mMM] 0
B-hydroxybuterate 0-5 Insulin [nM] 36

[mM] TF (Supplement S2)
Acetoacetate [ MM] | O k-load 3

Supplemental Table VIII: External conditions for simulation of
the substrate utilization rates of the human heart.

Glucose [mM] 5.8 Valine [mM] 0.2

Lactate[mM] 0.8 Leucine [mM] 0.15

Fatty acids [mM] 0.5 Isoleucine [mMM] 0.06
B-hydroxybuterate 0.08 Insulin [nM] 100

[mM] TF (Supplement S2)
Acetoacetate [mM] | 004 k-load 0.5/3

Supplemental Table IX: Univariate rank correlation analysis

Spearman correlation rho p-value rho p-value
NYHA stage NYHA stage |delta NYHA |delta NYHA

max glucose uptake [umol/g/h] 0,06042146 | 0,68662206 | 0,04819485| 0,80392941
max lactate uptake [umol/g/h] 0,01120792 | 0,93527217 | -0,42659854 | 0,01060146
max fa uptake [umol/g/h] -0,01506064 | 0,91309669 | -0,06126284 | 0,72663757
max val uptake [umol/g/h] 0,12001814 0,3827748 | 0,17392669 | 0,31767967
max leu uptake [umol/g/h] 0,12176937 0,3758194 | 0,17392669 | 0,31767967
max isoleu uptake [umol/g/h] 0,12001814 0,3827748 | 0,17392669 | 0,31767967
max bhbut uptake [umol/g/h] 0,09067518 | 0,51029546 | -0,23802854 | 0,16853131
max acac uptake [umol/g/h] 0,06137114 0,6562428 | -0,11191674 | 0,52212178
glucose uptake at max load [umol/g/h] 0,21979975 0,1068696 | 0,21292572 | 0,21941718
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lactate uptake at max load [umol/g/h] 0,05658443 | 0,68156265| -0,3729562 | 0,02734142
fa uptake at max load [umol/g/h] 0,04599917 | 0,73877199 | -0,22144274| 0,20109571
val uptake at max load [pmol/g/h] -0,10635848 | 0,43960862 | 0,27149896 | 0,11464054
leu uptake at max load [umol/g/h] -0,09627914 | 0,48439462 | 0,24340771| 0,15883029
isoleu uptake at max load [umol/g/h] -0,10931613 | 0,42691944 | 0,28673996 | 0,09491045
ketone body uptake at max load [pmol/g/h] 0,17905429 | 0,19087286 | -0,33948577 | 0,04602315
02 consumption at max load [umol/g/h] 0,05413269 | 0,69466976 | -0,38356513 | 0,02293154
ATP consumption at max load [umol/g/h] -0,03673707 | 0,79002249 | -0,39148447 | 0,02003839
Supplemental Figure |
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Supplemental Figure Ill
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Supplemental Figure V
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Supplemental Figure VII
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Supplemental Figure IX
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FIGURE LEGENDS

Supplemental Figure |

The GHT functions describe the dependence of plasma insulin on plasma glucose levels.
Experimentally determined plasma concentrations of glucose and hormone (grey dots) from various
sources (insulin)1%>1%7 were pooled (black lines — mean values, light grey boxes — standard
deviations). A Hill-type function was used to fit the data by least-square minimization yielding the
GHT function.

Supplemental Figure Il

Hormone phosphorylation function y. Bold lines depict the function y used to relate the level of
insulin to the phosphorylated form of enzymes regulated by eversible phosphorylation. Data taken
from Stuenaes et al., 2010 and Ramachandran et al., 1982108 10°

Supplemental Figure Ill

Glucose to fatty acids transfer (GFT) functions for the dependence of total plasma (tfa) levels from
plasma glucose level (glc_plasma). Experimentally determined plasma concentration values of glucose
and fatty acids from various sources.'1112 Hjll-type transfer functions were fitted to the data by least-
square minimization yielding the GFT.

Supplemental Figure IV

(A) Relation between epinephrine and load parameter. (B) Effect of epinephrine on cardiac glucose
transport. Data taken from Clark and Patten, 1984.113

Supplemental Figure V

Cardiac glucose utilization rate in dependence of external glucose concentration. Data taken from
Henderson et al., 1961 and Morgan et al., 1961."4 11>

Supplemental Figure VI

Lactate-oxygen ratio in dependence of lactate availability. Lactate uptake increases with lactate
availability until saturation is reached at ~ 2.5 mM plasma lactate concentration. Experimental data
taken from Drake and al., 1980.1%¢
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Supplemental Figure VII

Fatty acid utilization in dependence of plasma free (not bound to albumin) fatty acid concentration.
Insert: Fatty acid utilization in dependence of plasma total fatty acid concentration. Data taken from
Vyska et al., 1991 and Stremmel, 1988.117-118

Supplemental Figure VIII

Suppression of glucose utilization by fatty acids. Increasing availability of fatty acids in the plasma lead
to a progressive replacement of glucose with fatty acids as energy delivering substrate. Data taken
from Nuutila et al., 1994.%*

Supplemental Figure IX

Ketone body uptake in dependence of plasma ketone body concentration. Data taken from Sultan,
1992.119

Supplemental Figure X

Substrate utilization rates of the human heart under overnight fasted conditions at rest and moderate
pacing. (A) Simulated and experimentally determined uptake rates for glucose (glc), lactate (lac), fatty
acids (ffa), ketone bodies (kb), branched chain amino acids (bcaa) and pyruvate (pyr) at rest and during
moderate pacing. Ketone body uptake utilization in dependence of plasma ketone body concentration.

Experimental data represent averaged values taken from Data taken from literature.3”- 38 4043, 45
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