Supporting Information (Nishino et al.)
Text S1.

1. Detailed description of PAGGGM-stored RBC model.

The main body of the model is based on the published human erythrocyte metabolic

model [1]. All reactions expressed in the model are shown below:
1-1. Kinetic equation and parameters used in the model

Abbreviation of all reactions and reactants are corresponding to those shown in Table 1

in the main text. e; denotes enzyme concentration.

HK
e (theKcalj‘AB _ theKcatrPQ
| K. ,K K, K
Y= B m,A Q" m,P (Sl)
A B AB P Q PQ L IB
1+ +—+ +—+ + +Y
i,A Ki,B Ki,BKm,A Ki,P Ki,Q Ki,QKm,Q j=1 Ki,lei,B
1.662k,,,,
theK ., = (S2)
| 107 107
1+ 10—7402 + lo—pH
1.662k
theK = (S3)
107"

catr 1 10_9'55
+ 10—7402 + lo—pH

Symbols: A, MgATP; B, GLC; P, G6P; Q, MgADP; I, Pi, 2,3-BPG and GDP

Parameter Value

e, (M) 2.50E-08
Ko meapp, Kimeapr (M) 1.00E-03
Ko menrp, Kimearr (M) 1.00E-03
K'i238p6 (M) 2.70E-03
K’ gsu (M) 3.00E-03
K’:gpp (M) 1.00E-05
K’iGer (M) 1.00E-05
KigrLc (M) 4.70E-05
Koncep, Kiger (M) 4.70E-05
Kearr (57 180

ko (87 1.16

Parameter values were taken from [2] or adjusted by reference to observed data

corrected by the literature.
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PGI, TPI, PGM

e (kca’fA _ kcatrP]
t
Km,A Km,P
A P (S4)
l+—+—

m,A m,P

v =

Symbols: (PGI) A,G6P; P, F6P (TPI) A, DHAP; P, GA3P (PGM) A, 3PG; P, 2PG

Parameter Value
PGI

e, (M) 2.18E-07
K, cep (M) 1.81E-04
K, rep (M) 7.10E-05
Kearr (s™) 1470

Kearr (5 1760
PGM

e, (M) 4.10E-07
K206 (M) 4.60E-05
K, 306 (M) 1.68E—04
Kearr (s™) 795

kearr (s 714

TPI

e, (M) 1.14E-06
K,y piapr (M) 1.62E-04
Ko Gazp (M) 4.46E-04
Kearr (s™) 1280

ko (5 14560

Parameter values were taken from [2] or adjusted by reference to observed data
corrected by the literature.
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PFK

mR,AKmR,B KmR,PKmR,Q Xp (SS)
1+ A + B + AB + P + Q + PQ
KmR,AKmR,B K KmR,Q KmR,PKmR,Q

mR.P

kcatf AB kcatrP Q
e, K —

n 4 4 4
10 ATP Mg** 2,3BPG
1+ 1+ 1+
Ka KT,ATP KT,Mg2+ KT,2,3BPG
LPFK = 4 4 4 4 (87)

F6P F16BP AMP Pi GDP

1+ + 1+ 1+ 1+
KmR,FGP KmR,FlGBP KR,AMP KR,Pi KR,GDP

Symbols: A, MgATP; B, F6P; P, F1,6BP; Q, MgADP

Parameter Value

e; (M) 1.10E-07
Kravpe (M) 3.50E-05
Krcpr (M) 1.51E-05
Krpi (M) 4.31E-04
Krare (M) 9.80E-06
Kr238p6 (M) 1.44E-03
Krve'" (M) 4.40E-04
Koz riresp (M) 4.20E-04
Koz rer (M) 2.70E-04
Kormeapp (M) 5.40E-04
Konrmearp (M) 6.80E-05
n 2

K, 8.91E-08
Kearr (57 822

ke (5 36

Parameter values were taken from [2] or adjusted by reference to observed data

corrected by the literature.
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ALD
e (kc‘”fA _ kcatrPQ ]
1 K K, K
v m,A i,Q " m,P (88)

K P K _AP
1 I A yomA +(1+ I ]+ Q + mQ + PQ
1

+—+
K., K,. K,.K K. K K, K, ;Ko KoK

i, iQ L,Q" m,P

Symbols: A, F1,6BP; P, GA3P; Q, DHAP;I, 2,3BPG

Parameter Value

e; (M) 3.70E-07
Ko rrese (M) 1.65E-05
Kir1esp (M) 1.98E-05
Kopnar (M) 3.50E-05
Kipuar (M) 1.10E-05
Koncasp (M) 1.90E—-04
Ki238p6 (M) 1.50E-03
kear(s™) 68

ke (5 234

Parameter values were taken from [2] or adjusted by reference to observed data

corrected by the literature.

GAPDH

e kca?fABC _ IO*PH kcatrPQH
t Km,AKi,BKi,C 1077.2 Ki,PKm,Q (89)
GAPDH,,

10™MK
GAPDH,,d=KC (l+ ¢ ]+ P (l+ C] nrQ
i,C

Vv =

i i + -72
Ki,C Ki,P Ki,C 10 Ki,PKm,Q
K, cAB AC BC C AP 10™K, ,BQ
: + + l+— 1+ +—— :
Km,AKi,BKi,C Ki,AKi,C Ki,BKi,C Ki,C Ki,AKi,P 10 Ki,BKi,PKm,Q
107" CQ N 107" PQ . ABC K, -ABP .
10_7.21(i,CI<i,Q 10_7.2]<i,PI(m,Q Km,AKi,BKi,C Ki,CKm,AKi,BKi’,P
10""BCQ 10" K, ,BPQ
N :
10 7.zl(i,BKvi,CKvi,Q 10 7'2I(i,PKvm,QKvi,B[(i,P
(S10)

Symbols: A, NAD"; B, Pi; C, GA3P; P, 1,3BPG; Q, NADH
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Parameter Value
e, (M) 7.66E—06
K,nap' (M) 4.50E-05
Kinap (M) 4.50E-05
Kon.138p6 (M) 3.30E-06
Kigase (M) 6.50E-02
Ki138p6 (M) 1.00E—-02
Kpi (M) 3.16E-03
Kipi (M) 3.16E-03
Koncasp (M) 9.50E-05
K'igase (M) 3.10E-05
Kinapu (M) 1.00E-05
K’i138p6 (M) 1.00E-06
KnNapu (M) 3.30E-06
Kearr (57 232
ke (5 2765

Parameter values were taken from [2] or adjusted by reference to observed data

corrected by the literature.

PGK
e [ kca?fAB _ kcatrPQ
"K K. K. K
V=TTA B m’?«Bl’B "5 m’PQ PQ (S11)
1+ + +

+ + +
Ki,A Ki,B Ki,BKm,A Ki,P Ki,Q Ki,QKm,P

Symbols: A, 1,3BPG; B, MgADP; P, 3PG; Q, MgATP

Parameter Value

e, (M) 2.74E-06
Ki138p6 (M) 1.60E-06
Kimeapr (M) 8.00E-05
Kiveare (M) 1.30E-04
Kispg (M) 2.05E-04
Kon138p6 (M) 2.00E-06
Konzpg (M) 1.1E-03
s (8 2290

keasr (57 917

Parameter values were taken from [2] or adjusted by reference to observed data
corrected by the literature.
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EN
[ kCaZfAB kcatrPQ ]
t
K K. K. K
VE A B AR Qm’P PQ (512)
1+ + + + +
Ki,A Ki,B Ki,BKm,A Ki,Q Ki,QKm,P
Symbols: A, 2PG; B, Mg2+; P, Mg2+; Q, PEP
Parameter Value
e, (M) 2.20E-07
Kive (M) 4.60E—04
K;pgp (M) 3.10E-04
K;2pg (M) 1.40E-04
I(m.MgZJr (M) 460E—05
K ovg (M) 1.40E-04
kcat/'(s_l) 190
ke (51 50

Parameter values were taken from [2] or adjusted by reference to observed data
corrected by the literature.

PK
e ( kca(f AB kcatrP Q
VKo nKons KpoK
V= mR, A" mR,B mR,P"*mR,Q % p (813)
A B AB P Q PQ
1+ + + + + +
KmRA KmRB KmR,AKmR,B KmRP KmRQ KmR,PKmR,Q
-1 (S14)
P 1+ L,
4
107%* ATP
10 I K
T,ATP
= 2 (S15)

mR,PEP KmR,PYR KR,FI,GBP KR,GDP

PK 4
PEP PYR F1,6BP  GDP
1+ + 1+ +

Symbols: A, MgADP; B, PEP; P, PYR; Q, MgATP.
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Parameter Value

e; (M) 8.70E-08
Krriesp (M) 5.00E-06
Krcpr (M) 1.00E-04
Krmeapr (M) 4.74E-04
KrMeate (M) 3.00E-03
Konrpep (M) 2.25E-04
Kurpyr (M) 2.00E-03
Krare (M) 3.39E-03
kearr (s 1386

ke (5 3.26

Parameter values were taken from [2] or adjusted by reference to observed data

corrected by the literature.

LDH

6[ kca{/.AB _ kcatrPQ

K . K,s KK

V= i,A"*m,B i,Q " m,P (816)
LDH

K B K P
LDH,, =|1+—"A" 4 "0 [l+ I? J+ A Q, AB
Ki,AKm,B KmPKiQ K Ki,A KiQ Ki,AKm,B (S17)

iB
Km’QAP N Km’ABQ N PQ N ABP 4 BPQ
Ki,AKm,PKi,Q Ki,AKm,BKi,Q Ki,QKm,P Ki,AKm,BKi,P Ki,BKm,PKi,Q

Symbols: A, NADH; B, PYR; P, NAD"; Q, LAC
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Parameter Value

e, (M) 3.43E-06
Kounapn (M) 8.44E-06
Kinapu (M) 2.45E-06
Kunap (M) 1.07E-04
Kixap' (M) 5.03E-04
Knpyr (M) 1.37E-04
Kipyr (M) 2.28E-04
K’ipyr (M) 1.01E-04
Kniac M) 1.07E-03
Kiiac M) 7.33E-03
kearr (s 458

kear (57 115

Parameter values were taken from [2] or adjusted by reference to observed data
corrected by the literature.

LDHP (NADPH dependent)

[ kuyAB k., PQ
e p - —

Symbols: A, NADPH; B, PYR; P, NADP"; Q, LAC
ym

Parameter Value
& et/ Ky xavwn (s 3.46E-03
e kear / Knapp (s 5.43E-07
Konpyr (M) 4.14E-04
Kniac M) 4.14E-04
Parameter values were taken from [2] or adjusted by reference to observed data

corrected by the literature.
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DPGM, DPGase ( 2,3-BPG shunt)

DPGM:
e,(N,AB+ N,AC+ N,AH) (S19)

V:

DA+D,B+D,C+D,D+DH+DAB+ D,AC+ D;AH+ D,BD+D,,CD+ D, DH
DPGase:
e e,(N;AH+ N,DH + N,,DH)

DA+D,B+D,C+D,D+DH+ DAB+D,AC+ D,AH + D,BD + D,,CD + D,,DH
(S20)

Ny = kkyy (kys + kg )ksk,y (kg + ks kg

N, = kkyokyy (ks + kg kskg (ks + k)

Ny = kikykghs (ki (kyy (ks + ko) + ksky) + ks (kyy (ks + k) +

kyy (ks + kg) + ksky))

Ny = kyskygkig (ky + ky )(ky ks (ks + kg) + ks (g + k;)ky )

Ny = kky, (ks + ko) lsk ko g

N = kikyg(kys + kg kske (ki (ks + k) + ksky )

N, = kykyskgkig (ky + ky)k; (ks + kg )

Ny =k ks (ks + kg )y + k)l ks kg

Ny = kyokyy (ks + kg )k, + k) kskgky

Ny = kiskyykg (ky + ky ks (ki + k5 )k

D, =k (kys + ko ey (ki (kyy (ks + k) + ksky) +

ky(ky (ks + k) + Ky (kg + k) + ksky))

D, =k, (kis + kg )k, + ks )k (ks )

Dy = kyokiy (ks + ko )heyks Yo (ks + k)

Dy = kyy (kys + kyg )k + kg )y ey (s + k) + ks (g + k2 )k )

Dy = kyykig(ky + ks )(kyo (kyy (ks + k) + ksko) + k; (kyy (ks + kg ) +

ky (ks + kg) + ksky))

Dy =k (kys + ko )k, (ky ks (o) + ke (kyy (s + k) + ks (g + k) +

K (ks (K, + )+ Ky ) (521-842)
Dy = ky(kys + kyg kg (ks (kpoks + kipkg + ky (ks + kg) + ksky) +

ko (kyy (ks + k) + ks (ks + kg + ky)))

Dy = ki (kg + k) (kg Cryy (s + k) + Kok ) + ey (K, (ks + K ) +

ki, (ks + ky) + kiky))

Dy = k3 (ks + ki ) ky + )k, (b Ky (k) + (ky + Ky ) (kg + k)

Dy =k (ks + ko )y + K)o (Ry (ks + k) + ksky + ko (ks + kg + ky))
D, = kk, (ky + Ik (kg + k) )k + k) + ko (kesky + kg (s + kg + k) +
ky(ksky + kyg (ks + kg + &y )))

Symbols: A, 1,3-BPG; B, 3PG; C, 2PG; D,2,3-BPG; H, 2PG or Pi
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Parameter Value

e; (M) 4.1E-07
k(s 400

ks (s™) 9.9

ky (M's™) 1.85E+08
ks M's™ 1.00E+08
ke (s™) 1000
k(s 1000

ks (s™) 10000
ko (s™) 0.55
kio(s™) 1979

ki (s™) 0.01

ki (s 1000

ks M's™h) 1800000
ke (M's™) 1.00E+09
kis(s™) 610000
ks (s 0.19

Parameter values were taken from [3].

PRPPsyn
V.| AB - &
K.,
V= KK, P KK,,Q
Km,AB+Km,BA+ K, + : +AB+K P

eq eq

Symbols: A, R5P; B, MgATP; P, PRPP; Q, AMP

(S43)

Parameter Value

Ko amp (M) 2.75E-04
Ko, arp (M) 1.70E-04
Kea 28.6

K, prpp (M) 9.00E-05
Konrsp (M) 6.50E-04
K, (M) 7.50E-04
A 5.54E—04

Parameter values were taken from [4].
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AK
V AB
y= '" (S44)
Ki’AKm’B + Km’A B+ Km’B A+ AB

Symbols: A, ADO; B, MgATP
Parameter Value
K; ano (M) 5.40E-07
K, apo (M) 1.75E-06
Ko Moatr (M) 2.70E-05
V, Ms™h 5.50E-07

Parameter values were taken from [5] and [6].

APK
AB PQ
“ ("wf KopKpy e KK]
m,A"™>m,B m,P"m,Q
YTTTA B AB P Q P (545)
1+ + + + + + Q
Km,A Km,B Km,AKm,B Km,P Km,Q Km,PKm,Q

Symbols: A, ADP; B, MgADP; P, AMP; Q, MgATP

Parameter Value

e, (M) 9.70E-07
Ko.app (M) 1.00E-05
Ky meapr (M) 1.00E-04
Komeatr (M) 1.10E-04
Kon.amp (M) 6.70E-05
Kearr (57 2080

koan (s 3800

Parameter values were taken from [2].

11
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ATPase, AMPase, IMPase, GSHox, non-glycolytic NADH consumption

v=kS  (S46)

S: substrate of the reaction

Parameter Value
AMPase ?

k™) 1.58
ATPase °

k(™ 7.12E-01
IMPase ?

k(™) 9.00E—-02
GSHox ©

k(s 2.38E-05
NADHox "

k(s 1.63E-02

Parameter values were taken from °[7], b[2] or ‘adjusted to achieve the appropriate

steady-state concentration of metabolites.

ADPRT, HGPRT

v=p, | A B (s47)
I1+K,, \1+K, 5

Symbols: (ADPRT) A, ADE; B, PRPP (HGPRT) A, PRPP; B, HX

Parameter Value
ADPRT

Ko.ape (M) 2.30E-06
K..orep (M) 1.95E-05
Vo (Mh™) 7.80E—05
HGPRT

K,.orep (M) 5.00E-06
Konux (M) 2.20E-04
Vu(Mh™) 2.01E-04

Parameter values were taken from [7].

12
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PRM, PNPase
v=ka A—kdP (S48)
Symbols: (PNPase) A, INO; P, HX. (PRM) A, R1P; P, R5P.

Parameter Value
PNPase

ka (s™) 1.11E+03
kd (s™) 1.00E+02
PRM

ka (s 7.25

kd (s 1.00E+02

Parameter values were taken from [8].

PNPase2 (guanosine phosphorylation process)
v= kAB (S49)
Symbols: A, GUO; B, Pi

Parameter Value
k(s'sM?) 1.0E+08
Parameter value was determined by fitting the GUO depletion curve as measured by

CE-TOFMS experiments (Figure S1).

6PGLase, ADA, AMPDA
= VS (S50)
K +S

m

S: substrate of the reaction

Parameter Value
6PGLase *

K, (M) 7.99E-05
V,, Mh™ 2.2518
ADA®

K, (M) 5.20E-05
V,,(Mh™ 2.00E-02
AMPDA®

K, (M) 8.00E-04
Vu (Mh™ 1.00E—05

Parameter values were taken from “[4], b[7].

13
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Text S1.
G6PDH
e
v = m,A"*m,B (SS 1)

B A P ATP 2,3-BPG
1+ 1+ + + +
K Km P KATP K2,3—BPG

m,B m,A

Symbols: A, G6P; B, NADP; P, NAPDH

Parameter Value

Kare (M) 7.49E-04
K5 38p6 (M) 2.29E-03
Koncer (M) 6.67E-05
Ko napp (M) 3.67E-06
Knnappr (M) 3.12E-06
VyMs™h 6.40E-05

Parameter values were taken from [9].

6PGODH
e,(N,AB- N,PQ)

D, + D,A+D,B+D,P+D,Q+ D,AB+ D,AP+ D,BQ+ D,PQ + D,,ABP+ D, BPQ

N, =kl kkok,

N, = kykykgkskyg

D, = k,ky (kg + kg + kk,)

D, = kky (kg + bk + koK)

D, = kk k. k,

D, =k,k kk, (S53-S65)
D, = k,k,,(kk, + ksk, + kk,)

Dy = kil (kiky + ksky + kky + koky)
D, = kk kk,

Dy = kykskk,

Dy = kik, (ko ky + ko ks + koo + kykg)
D,y = kkky (ks + k)

Dy = kskghy (ks + k)

Symbols: A, NADP; B, GO6P; P, RU5P; Q, NADPH

14
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Parameter Value

e; (M) 2.10E-06
ki (M!s™ 2.40E+06
k(s 4.10E+02
ks M™!s™) 2.00E+09
ks(M's™h 2.60E+04
ks(s™) 48.0

ke (s 30.0
k(s 6.30E+02
ks(M™s™) 3.60E+04
ko (s™) 8.00E+02
kioM™'s™) 2.25E+05
ki (s™) 3.00E+02
koM s™ 4.95E+06

Parameter values were taken from [4].

15
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GSSGR

, - &(NAB-N,P*Q)
GSSGRrd

GSSGR , = D, + D,A+ D,B+D,P+ D,Q+ D,AB+ D,AP

+D,BQ+ D,P* +(D,, + D, )PQ+(D,, + D;;) ABP+ D, ,AP’

+ D, ,BPQ+ D,,P’Q + D,,ABP* + D, ,BP*Q

(S66)

Ny = kksksks kok,

N, = ko keksk ok,

D, = kykok,, (kykeg + kb, + ksk,)

D, = kikoky, (kykg + ky; + ksks)

Dy = kskskkok,

Dy, = kyk kgksk,

Dy = kykok, (kyks + kyk; + ksk;)

D, = k ke, (kikyk,, + ko, + ko kok,, + kik kg + kko k)
D; = kk keksky,

Dy = kyksk; Kok,

Dy = kyk,kgkskg

Dy = kyk kkski,

Dy, = kykiokyy (kykg + kyk; + ksks )

Dy, = kikskgk, (ks + k)

Dy; = kikyksk; ok

Dy, = kik kghskyg

Dy = kyksk,k ok (S68-S87)
Dyg = kgkiokyy (kykey + koks + kykg + ko)

Dy; = kikskgk,o (ks + k)

Dyg = kykgkyoky, (ks + k)

Symbols: A, NADPH; B, GSSG;P, GSH; Q, NADP

16
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Parameter Value

e; (M) 1.25E-07
ki (M!s™ 8.50E+07
k(s 5.10E+02
ks M™!s™) 1.00E+08
ks(M's™h 5.60E+05
ks(s™) 8.10E+02
ke (s 1.00E+03
k(s 1.00E+06
ks(M™s™) 5.00E+07
ko (s™) 1.00E+06
kioM™'s™) 5.00E+07
ki (s™) 7.00E+03
koM 's™h 1.00E+08

Parameter values were taken from [4].

R5PI, X5P1
[ kA kP J
e| ————
Km,A Km,P
v= N 5 (S88)
I+ —4—
Km,A Km,P
KmA=k2+k3aKmp=k2+k3 (S89)
: k, : k,
Symbols: (R5PI) A, RU5P; P, R5P. (X5PI) A, RUSP; P, X5P.
Parameter Value
R5PI
e, (M) 1.42E-05
k(M 's™h 6.09E+04
k(s 33.3
ks (s™) 14.2
ka(M's™h 2.16E+04
X5PI
e, (M) 4.22E-06
k(M 's™h 3.91E+06
k(s 438E+02
ks (s™) 3.05E+02
ke (M!'s™h 1.49E+06

Parameter values were taken from [4].
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TA, TK1, TK2
e,(N,AB-N,PQ)

y= S90
D,A+D,B+D,P+D,Q+D,AB+D,PQ+D,BQ+D,AP (550)

N, = kkkk,

N, = k,k kgk,

D, = kky(kg + k)

Dy =k (ks vk (S91-8100)
Dy = kyk, (ks + k;)

D, = keks(ky + k3)

Dy = kiks (ks + k;)

Dy = kyk (ky + k)

D, =kky(k, + k3)

D =kk,(ks + k)

Symbols: (TA) A, S7P; B, GA3P; P, E4P; Q, F6P (TK1) A, X5P; B, R5P; P, GA3P; Q,
S7P (TK2) A, X5P; B, E4P; P, GA3P; Q, F6P

18
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Parameter Value

TA

e, (M) 6.90E-07
k(M's™h 2.16E+04
k(s 45.3
ky(s™) 16.3
ks(M's™h 3.00E+04
ks(M's™h) 4.90E+05
ke (s™) 60.0
k(s 17.0
ks(M™s™) 7.90E+04
TK1

e, (M) 3.30E-07
kL M's™h 2.16E+05
k(s 38.0

ks (s™) 34.0
ky(M!'s™ 1.56E+05
ks(M's™h 3.29E+05
ke (s™) 1.75E+02
k(s 40.0
ks(M's™h 4 A8E+04
TK2

e, (M) 3.30E-07
k(M's™h 2.16E+05
k(s 38.0
k(s 34.0
ky(M!'s™ 1.56 E+05
ks(M™!s™) 2.24E+06
ke (s™) 1.75E+02
ki (s™) 40.0
ksM's™h 2.13E+04

Parameter values were taken from [4].
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L_GCS
V., ABC
oK, K7 K, -
— m, m,Glu”* m, 1 1
Y B BC AB ABC (S101)
1+ + + +
K:fglu K:fgluKm,C Km,AKt:I,]glu aKm,AK:fgluKm,C
K 1+ GSH
Ko = o ) (S102)
’ K
i,GSH
Symbols: A, MgATP; B, glutamate; C, cysteine
Parameter Value
K asn (M) 3.40E-03
K meatp (M) 4.00E—-04
KmAGlu (M) 1.80E-03
K.c (M) 1.00E-04
V(M b 5.00E-02
o 0.20
Parameter values were taken from [10].
GSH_S
v, ABC
aKm,AKm,BKm,C
V= LA AB AC ABC (5103)

+ + +
Km,A Km,AKm,B Km,AKm,C aKm,AKm,BKm,C
Symbols: A, L _GC; B, glycine; C, MgATP

Parameter Value
Kot ac (M) 9.90E-03
Ko atveine (M) 1.37E-03
Ko Mearp (M) 2.30E-03
Vu(Mh) 8.84E—02
o 2.60

Parameter values were taken from [4].
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GSSGtransport
v=V GSSG MgATP (S104)
GSSG + Km,GSSG MgATP + Km’MgATP
Parameter Value
K, cssa (M) 1.00E-04
Koy moarp (M) 6.30E-04
V,Mh"h 1.90E-04

Parameter values were taken from [4].

HXtr

V= Pm HXin + HI)/;ﬂHXl]n( — V"’ll'n HXex (SIOS)
-+
" " Kmin[ + A]1)<Eex J + HXex

i

Parameter Value
K;(M)* 1.20E-05
K,, (M) 4.00E-04
Koin (M) 1.80E—04
P, (h™h 37.8
V,,(Mh™) 0.1516
Vyn M B 0.1008

Parameter values were taken from [7] and [11].

LACtr, PYRtr, Pitr
v=k,X, —kX, where k,=k/K,  (S106)

l OpHi—pKa

eq =1+ 1+10pHi—pKar—l (8107)

Calculated using Donnan ratio (r) = 0.69, pKa (PYR) = 2.39, pKa (LAC) = 0.00506,
pKa (Pi) = 6.75 where Hct = 0.5.
X: LAC, PYR, Pi
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Parameter Value
LACtr
ko (s 7.33E-03
ki (s 5.06E-03
PYRtr
ko (s™) 2.61E-02
ki (s 1.80E-02
Pitr
ko (s 6.06E-04
ki (s 5.60E—04

Parameter values were taken from [2].

INOtr, ADOtr, ADE tr

v:Vm( Xiy — Ko j (S108)

K, +X, K,+X,

X: INO, ADO, ADE
Parameter Value
ADEtr
K, (M) 2.60E-03
V,,(Mh™ 90.0E—02
ADOtr
K,, (M) 1.20E-04
V,, Mh™) 6.12E-02
INOtr
K, (M) 1.20E-04
V,Mhh 6.12E-02

Parameter values were taken from [7].
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Na"/K' pump

ATP VY oy g B Kz
ATP+K, )\ 2 2
V=

Pump,,,

(S109)

3
B
Pump,, = BB, + 2B, K ox + (K "wx)’ +( 3 +1j (B,B,kyk, +kk, (K*o) + ByK*wz)  (S110)

Na ™

Parameter Value

B (M) 6.17E-05
B, (M) 1.33E-04
By (M) 6.27E-03
K, (M) 7.64E-04
Vu(Mh™) 2.32E-03
ky ky 8.20E-03
ks ky 5.01E-02
z 0.711

Parameter values were taken from [7].

Na', K" leak
V= KxZIOg(r)(Xex_rXin)+ VmXex (Slll)
r—1 ( K +X )_ ,,L
el (K, +rX,)
X:Na", K
Parameter Value
K'Leak
K, (M) 4.00E-03
K. (M) 6.35E-06
V,, (Mh™) 3.12E-03
r 0.620
z 1.00
Na'Leak
K, (M) 2.10E-02
K, (M) 7.06E-06
V,, (Mh™) 2.82E-03
r 0.620
z 1.00

Parameter values were taken from [7].
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1-2. Intracellular pH degradation profile of PAGGGM-stored RBCs

The intracellular pH decline in PAGGGM-stored RBC was approximated as eq.(S112)
from the estimated pH time-series under 4°C (Figure 2A).

pH() = 879X 10" 14¢t2 — 6.01 x 1077t + 7.62  (S112)

1-3. Descriptions of binding processes of metabolites to Mg**, oxyHb and deoxyHb.
The binding processes between metabolites to Mg”" and hemoglobin are also considered
in the model. Kinetics and association constants for calculation of these bindings were

shown below:

Binding of metabolites to hemoglobin

Binding substrates Complex
deoxyHb + <« deoxyHb1,3-BPG
deoxyHDb + <« deoxyHb2,3-BPG
deoxyHb + fADP <«  deoxyHbADP
deoxyHb + fATP < deoxyHbATP
deoxyHb + o deoxyHbF-1,6BP
deoxyHb + GDP <~ deoxyHbGDP
deoxyHb + ¢« deoxyHbMgATP
oxyHb + 1,3-BPG <«  oxyHbl,3-BPG
oxyHb +2,3-BPG <«  oxyHb2,3-BPG
oxyHb + ADP < oxyHbADP
oxyHb + ATP <~ oxyHbATP
oxyHb + MgATP <~ oxyHbMgATP

v=K'AB-K,P  (S113)

1+ 2n +( " jz
=72 =72
K' = 10 10 “ K

‘ | 2n n ? ‘
+10-pH i 10

Symbols: A and B, binding substrates; P, complex

(S114)
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Parameter Value
deoxyHb1,3-BPG

K, 1860000
K, 1200

N 1.00E-06
deoxyHb1,3-BPG

K, 6000000
K, 1200

N 1.00E-06
deoxyHbADP

K, 1440000
K, 1200

N 1.00E-06
deoxyHbATP

K, 3120000
K, 1200

N 1.00E-06
deoxyHbF-1,6BP

K, 1212000
K, 1200

N 1.00E-06
deoxyHbGDP

K, 1212000
K, 1200

N 1.00E-06
deoxyHbMgATP

K, 168000
K, 1200

N 1.00E-06
oxyHb1,3-BPG

K, 380000
K, 1200

N 1.00E-06
oxyHb2,3-BPG

K, 300000
K, 1200

N 1.00E-06
oxyHbADP

K, 300000
K, 1200

N 1.00E-06
oxyHbATP

K, 432000
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Ky

N
oxyHbMgATP
K,

Ky

N

1200
1.00E-06

46800
1200
1.00E-06

Parameter values were taken from [12].
Binding of metabolites to Mg**

Mgl1,3-BPG, Mg2,3-BPG

Binding substrates Complex
Mg* + 1,3-BPG o Mgl,3-BPG
Mg +2,3-BPG o Mg2,3-BPG
V:K;AB—KdP (S115)

0.0032K, (ngbpg+ 107" x Khbpgx nghbpg)

(S116)

Ke=13 (10" x Khbpg)+ (10" x Khbpgx Kh2bpg)+(K* x Khbpg)+(K* x10™" x Khbpgx Kkhbpg)

Symbols: A and B, binding substrates; P, complex

Parameter Value
Mgl1,3-BPG

K, 228000

K, 1200
Kh2bpg 4270000
Khbpg 162000000
Kkbpg 85.1
Kkhbpg 8.9
Kmgbpg 7410
Kmghbpg 513
Mg2,3-BPG

K, 804000

K, 1200
Kh2bpg 4270000
Khbpg 162000000
Kkbpg 85.1
Kkhbpg 8.9
Kmgbpg 7410
Kmghbpg 513

Parameter values were taken from [12].
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MgAMP
Binding substrates Complex
Mg*" + AMP © MgAMP

v=K AB-K,P  (SI17)
Symbols: A and B, binding substrates; P, complex

Parameter Value
K, 54054
Ky 1200

Parameter values were taken from [12].

MgADP
Binding substrates Complex
Mg*" + ADP © MgADP

v=K!AB-K,P  (S118)
, _ Kmgadp + (10"‘”H x Khadp x ngadp)

“ 1+(10™ x Khadp )+ (K* x Kkadp ) Koo GHD)

Symbols: A and B, binding substrates; P, complex

Parameter Value
K, 1711.2
K, 1200
Khadp 5420000
Kkadp 4.8
Kmgadp 3290
Kmghadp 107

Parameter values were taken from [12].
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MgATP

Binding substrates Complex
Mg*" + ATP © MgATP

v=K AB-K,P  (S120)
, _ Kmgadp + (10"pH x Khadp megadp)

“ 1410 x Khadp )+ (K x Kkadp) KGR

Symbols: A and B, binding substrates; P, complex

Parameter Value
K. 2620.8
K. 1200
Khatp 9070000
Kkatp 14.0
Kmgatp 43200
Kmghatp 748.0

Parameter values were taken from [12].

MgF-1,6BP, MgGDP

Binding substrates Complex
Mg* +F-1,6-BPG < MgF-1,6BP
Mg + GDP o MgGDP

v=K, AB-K, P (8122
P 0.0083K, ,(Kmg, 4+107™ x Kh, Ax Kmgh, A)
AT (1077 x Kh, A)+ (1077 x Kh, Ax Kh2, A)+ (K x Kh, 4)+ (K* x 107" x Kh, Ax Kkh, A)

(S123)
A, B, binding substrates; P, complex, 4, f16bpg or gdp.

’
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Parameter Value
MgF-1,6-BP

K. 116600 480000
Ka 16600 1200
Kh2,f16bpg 1120000
Kh,fl16bpg 7560000
Kk,f16bpg 10.7
Kkh,f16bpg 33
Kmg,f16bpg 363.0
Kmgh,f16bpg 89.0
MgGDP

K, oan 480000
Ky oan 1200
Kh2,gdp 1120000
Kh,gdp 7560000
Kk,gdp 10.7
Kkh,gdp 33
Kmg,gdp 363.0
Kmgh,dgp 89.0

Parameter values were taken from [12].

MgPi
Binding substrates Complex
Mg?*" + Pi o MgPi

v=K'AB-K,P  (S124)
, 1072 x Khpi +0.15Khkpi

= X S125
“ 1+ (107 x Khpi )+ (K x Khkpil ) (3125)
A, B, binding substrates; P, complex

Parameter Value
K, 40800
Ky 1200
Khpi 5680000
Kkpi 3.0

Parameter values were taken from [12].
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1-4. Descriptions of Band3 protein mediated interactions between hemoglobin and

glycolytic enzymes.

Reversible binding of some glycolytic enzymes and two allosteric form of hemoglobin
to Band3 protein, Kinetics and association constants for calculation of these bindings

were shown below:

Binding proteins Complex

Band3 + ALD < Band3-ALD
Band3 + GAPDH <«  Band3-GAPDH
Band3 + PFK < Band3-PFK
Band3 + deoxyHb «»  Band3-deoxyHb
Band3 + oxyHb <~ Band3-oxyHb

y=K AB-K,P  (SI26)
Symbols: A,B, binding proteins; P, complex

Parameter Value
Band3-ALD?

K, 1200000000
K, 1200
Band3-GAPDH*

K, 2400000000
K, 1200
Band3-PFK®

K, 6000000000
K, 1200
Band3-deoxyHb®

K, 12000000
K, 1200
Band3-oxyHb°®

K, 120000

K, 1200

Parameter values were taken from *[13], °[14], [15].
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1-5. Initial and steady-state concentrations of all substrates in the model

Abbreviation of metabolites and enzymes are corresponding to those shown in Table 1

in the main text.

Substrate Concentration(M)
ADE 1.53E-05
ADO 4.62E-08
DHAP 1.51E-05
E4P 4.57E-07
F6P 1.94E-05
F1,6-BP 5.35E-06
G6P 5.96E-05
GA3P 3.69E-06
GDP 8.77E-05
GL6P 5.33E-09
GLC 4.75E-02
GO6P 4.47E-05
GSH 3.27E-03
GSSG 4.65E-06
HX 1.61E-06
IMP 8.06E-06
INO 1.45E-07
LAC 1.33E-03
L GC 4.22E-07
NAD 6.51E-05
NADH 2.40E-07
NADP 6.47E-08
NADPH 6.53E-05
Na" 3.39E-02
K" 1.33E-01
PEP 8.19E-06
PRPP 1.41E-06
PYR 5.16E-05
Pi 1.01E-03
RI1P 8.08E-05
R5P 5.86E-06
RUS5P 4.93E-06
S7P 2.10E-05
X5P 8.99E-06
1,3-BPG 2.15E-07
2PG 1.45E-05
3PG 4.77E-05
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Continued from the preceding page

2,3-BPG (free)

2,3-BPG (total)

AMP

ADP

ATP (free)

ATP (total)

glutamate

glycine

cycteine

ADE (extracellular)

GUO (extracellular)

ADO (extracellular)

HX (extracellular)

INO (extracellular)

K" (extracellular)

Na" (extracellular)

LAC (extracellular)

PYR (extracellular)

Pi (extracellular)

Band3 binding region (free)

Band3-ALD complex

Band3-GAPDH complex

Band3-PFK complex

ALD (free)

GAPDH (free)

PFK (free)

Band3-deoxyHb complex

Band3-deoxyHb1,3-BPG complex

Band3-deoxyHb2,3-BPG complex

Band3-deoxyHbADP complex

Band3-deoxyHbATP complex

Band3-deoxyHbF1,6-BP complex

Band3-deoxyHbGDP complex

Band3-deoxyHbMgATP complex
Band3-oxyHb

Band3-oxyHb1,3-BPG complex

Band3-oxyHb2,3-BPG complex

Band3-oxyHbADP complex

Band3-oxyHbATP complex

Band3-oxyHbF1,6-BP complex

Band3-oxyHbGDP complex

Band3-oxyHbMgATP complex

deoxyHb (free)
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8.09E-04
3.68E-03
2.48E-05
6.28E-05
5.51E-05
1.91E-03
2.00E-04
1.80E-04
2.00E-07
1.44E-03
1.44E-03
0.00

0.00

0.00

0.00

6.40E-02
0.00

0.00

1.60E-02
2.71E-06
2.70E-07
6.47E-06
1.02E-07
9.95E-05
1.19E-03
7.54E-06
1.05E-06
3.83E-10
6.81E-06
1.13E-07
2.30E-07
6.07E-09
9.95E-08
2.07E-07
1.30E-06
9.67E-11
4.21E-07
2.93E-08
3.94E-08
0.00

0.00

7.15E-08
3.86E-05
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Continued from the preceding page

deoxyHb-1,3-BPG complex
deoxyHb-2,3-BPG complex
deoxyHb-ADP complex
deoxyHb-ATP complex
deoxyHb-F1,6-BP complex
deoxyHb-GDP complex
deoxyHb-MgATP complex
oxyHb (free)
oxyHb-1,3-BPG complex
oxyHb-1,3-BPG complex
oxyHb-ADP complex
oxyHb-ATP complex
oxyHb-MgATP complex
Mg®" (free)

Mg**-1,3-BPG complex
Mg**-2,3-BPG complex
Mg%—ADP complex
Mg2+—AMP complex
Mg®"-ATP complex
Mg*"-F1,6-BP complex
Mg*"-GDP complex
Mg*"-Pi complex

1.41E-08
2.51E-04
4.18E-06
8.48E-06
2.24E-06
3.67E-07
7.65E-06
4.78E-03
3.57E-07
1.55E-03
1.08E-04
1.45E-04
2.64E-04
6.03E-04
2.92E-08
5.69E-04
1.30E-04
9.11E-07
1.41E-03
1.48E-06
2.43E-05
2.14E-05
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2. Parameter settings

In terms of the reaction activities of 3 groups (Na' /K" pump activity, purine
salvage activities, and all other reaction activities), we used the same parameter values
which were estimated by using real-number genetic algorithm in our published paper
[16], because those parameters are assumed to be altered only by cold temperature.

In GA analysis, predicted ATP and 2,3-BPG were fit to 8 points time-series (every 7days
from 0 to 49 days of storage) of ATP and 2,3-BPG in cold-stored RBCs preserved in
commercially available Mannitol-Adenine-Phosphate (MAP) solution [17]. The upper
and lower bounds of the three adjustable enzymatic activities were 100% and 0.1% of
the original activities, respectively. The population size of each generation was 300 and
parameter selection was terminated at 4,000 generations. The evaluation function by

using GA analysis as follows;

N | .([ATP, ], —[ATP._] P [2,3-BPG,,, ], -[2,3-BPG ], 2 (S127)
_1 +
[ATP,, ] [2:3-BPGyeal,

n i=1 n i=1

where EV is the error rate between the predicted and the training data, » is the number
of data points (n = 8), ATP., and 2,3-BPG,,, represent the reference data [17], and
ATPpeq and 2,3-BPGyeq are the predicted values by the model. Each parameter was
normalized by its initial concentration at day 0. The reaction activities of 3 groups were
estimated as 0.1%, 25.0%, and 3.0% of the values in the basal model (37°C),
respectively. These parameters were searched within their feasible ranges which we

provided in previous study in [16].

Rate constant of guanosine phosphorylation (k = 1.0e+8 s'-M™?) was obtained
from the manually fitting to the time-series of guanosine measured by CE-TOFMS. The
guanosine consumption curve calculated by the model showed good fits to the
CE-TOFMS data (Figure S1). Moreover, we performed a simulation analysis to observe
an influence of the rate constant of guanosine phosphorylation (k) on the dynamic
behaviors of metabolic intermediates (Figure S4). In the analysis, £ was varied from
let+6 to le+9 and other conditions were same as PAGGGM-stored RBC model. The
dynamic behaviors of some metabolic indicators, ATP and HX, were not sensitive to the
guanosine phosphorylation rate. The temporal accumulation of 2,3-BPG and other
metabolic intermediates were altered when the rate constant was set in lower value, but

not sensitive around the value of le+8. Therefore, we consider that the rate constant
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used in our model can be used to predict the effect of guanosine supply, as well as the

effect of the ratio of adenine and guanosine on the metabolic dynamics of cold-stored

RBC.
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