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Abstract

The estimation of intracellular metabolic flux is helpful for understanding cellular metabolism. In
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this paper, a mathematical programming model with the metabolic fluxes as decision variables is
proposed for optimizing the flux distribution of glycerol metabolic pathways in Klebsiella pneu-
moniae, in which mass-balance equations are used as a constraint. In the model, we respectively
use the maximization of biomass and ATP as the performance index. Numerical results show that
for a given dilution and initial glycerol concentration, the substrate is mainly consumed for cell
growth and the production of 1,3-proapanediol if biomass is maximized, and the metabolic flux to
HAc and EtOH are significantly lower than that to the biomass. When the production of ATP is
maximized, the substrate is mainly used for energy generation, while the metabolic fluxes to
2,3-butanediol and for mate, as well as to CO; and H: also differ greatly.
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1,3-4 e — A E SR LA A SRR, f BB @ A2 O O B R R A R S 2R IR
BEAE(PTT)H AR, (R GYIAHABATHAL S B & R RZ N, HEN A RIS Z[1] [2]. AaiiAn
PR 13- SRR OR B A U5, LA, AR R A LA O S 5 A & B B SGEIR
UMM AL 220, AZTEBA AR RAERIR. TS5 Bl SEiE 20, BRAARRT
fid A S AT SE[3] e i — R m] AR A AR A B, P I B AR R P R LA Oy 1,3-8 —RE,
fifi ¢ se EAAAT IR T ERIR B AT . TR S, Ho il 9 o 75 0 2T 31 R v A 7= Ao e
ZWHFE[4]. Kumar A1 Park £33 1 it ¢ v & 1A R i H il AROBwE Fe K ot e, LRI ITZ RRR AR it
PRI A 1,3-T8 R ATE AR5 i 58 O TR AR ST B B H AR 1,3-8 SRR DA AR E
FEMPIOENER, WS, C2f 3 N B riE X Hdt AT 1 R A .

AR 0 28 TT AR FH AN [ SR 2R PR 8 4 5K S 7 20 B i 2 45 A 80 [ A 80 2 R B DA R i A B 484k, it
FZILHER, MU TR 2 7 IRZ 55 75[6]. AR T, BSRH NP5 E BEH A A AR
FARIE R, A0 A A B T SR R AU TR EEE N A o DAk, ARSCERE R 7
AT AR SO R, i AR 2%, IF FAS IR B0AET H Fn ek BOR S IR AHE S0 A, 210 S
IR A A R N ANA: A i SRR

FEG T AR AR X — D7 T, WP AT (FBA)Z — MA KB R TT %, H#ERHE DURELZ 5
KRERVET], I Z N TR AR R A SRS PN &5 SR A T7 I 7T . %75 508
AR e 20 P AP o B A MRS A B B P A . FEURIEA b, ST — MR RLRIBR(LP), R A
AR F BR8240 R DA SGE B B IR AR R SR AR I AN 2 AR T R, T DASRAS R AR G
AG[8] [9]o HH T oRAMPLAEMRIETH 5 _ERRAAR, BRI B AR SEACU 1 25 Fr) iy AR

FESLPRAE R LA 1,3-0 “RE A A2 v, AR SRR M PR A A A I R A 1 L, OB
EESL - ANME IS BN F AR AU . FAT, O SR BEEEAT TR I TE[10]. Rk, ASHT FURRAE ST
BRIELIE, FEHE T A EAR RN ATP XM E AR 7E i 28 58 T 10 0RF 1 pb H b A= 7=
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Figure 1. Main pathways of anaerobic glycerol metabolism in Kleb-
siella pneumoniae
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Table 1. Stoichiometric equations of metabolic fluxes
=1 RFBENKFEITESIE

JH AR ) WL R T TR
Glycerol X fi=v =V, =V -V,
3-HPA X, f,=v, -V,
1,3-PD X fy=v,—v,
DHA X, fo=vs—vs—V,
DHAP X5 fs=Vs +V, =V
PEP Xs fo=—V,+Vg—vy—vy,
Suc X f,=vy —vy
PYR Xg fs =Vy+Vy —Vyp —Vig — 2V15 —Vz = Va5
Lac X fo =V, -V,
Acetoin X0 flo =Vis =V, =V
2,3-PD Xy fio =V = Vg
Formate X1y flo =V —Voy =V
Acetyl-CoA Xi3 fla = Vap + Va5 = Vg = Vg
HAC X4 fia = Vag =V
EtOH X5 fis =Vg —Vy
Coz X6 f16 ==Vt 2V15 - 2V16 FVy =V + Vs
H> X7 fr=vy — Vos + Vg
NADHZ Xig f13 =—V3+ Vs + Vg — 2V9 — Vi3 = Vg = Vg + Vg
FADH, X9 flg = Va5 = Vo =V
ATP Xy0 oo =—Vg + Vg + Vg +Vy, + Vg — 7.5V,

dx

E:f
HL X = (X Xy Koo ) AN AR (mmol-g ), S R/ 20 x 32 Ak TR RE(R AL
ﬁwmﬂﬁwi&&ﬁ&%ﬁ%%ﬂywiﬁi%ﬁ%%%%jﬁ&@#%iﬁﬁ%%w:mwﬁm%f
RARHLE R R (mmol-g Y, f =(fy, f,o-, fpo ) SRR PV BE A A i 1) BB B B A B, Y
fi =0 I, BIREZAWWIER] TIFEES . BETT A0 s AT B ek D7 R4 itk S B e B A
M TEYERGET S, A LB E AR ST E T,

FERASAS RO T, ARCAHM A B b A A T H0Ae RS, BDLIR AR 0 0, XFEH n A
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K=J-n. XFEERESCIM H K AL AR 28 vl 7 g B A I8 B0 . i i AR iR &
LA 2 7 R keditiadk -
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Figure 2. The metabolic fluxes distributions of Model 1 and Model 2 (v,,v,,--,v,;)
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Figure 3. The metabolic fluxes distributions of Model 1 and Model 2 (v,,,V,5,-+*,Vy, )
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Table S1. Abbreviations of metabolites and enzymes/proteins involved in anaerobic

glycerol metabolism by Klebsiella pneumoniae
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