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Abstract — To produce biobutanol, fermentation processes using clostridia that mainly produce acetone, butanol and
ethanol are used. In this work, a dynamic model describing the metabolic reactions in an acetone-butanol-ethanol
(ABE)-producing clostridium, Clostridium acetobutylicum ATCC824, was proposed. To estimate the 58 kinetic param-
eters of the metabolic network model with experimental data obtained from a batch fermentor, we used an efficient opti-
mization method combining a genetic algorithm and the Levenberg-Marquardt method because of the complexity of the
metabolism of the clostridium. For the verification of the determined parameters, the developed metabolic model was
evaluated by experiments where genetically modified clostridium was used and the initial concentration of glucose was
changed. Consequently, we found that the developed kinetic model for the metabolic network was considered to describe
the dynamic metabolic state of the clostridium sufficiently. Thus, this dynamic model for the metabolic reactions will
contribute to designing the clostridium as well as the fermentor for higher productivity.
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Table 1. Initial concentrations of metabolites and glucose in the experiment
using Clostridium acetobutylicum ATCC824

Initial Concentration (g/L)

Components - -
Experiment 1 Experiment 2

Glucose 81.85 70.97
Acetone 0.030 0.000
Ethanol 0.039 0.060
Butanol 0.799 0.000

Acetic acid 0.867 0.500

Butyric acid 0.013 0.370

Table 2. Initial concentrations of metabolites and glucose in the experiment
using the genetically modified Clostridium acetobutylicum

Components Initial Concentration (g/L)
Glucose 81.92
Acetone 0.017
Ethanol 0.045
Butanol 0.427
Acetic acid 0.548
Butyric acid 0.003

Korean Chem. Eng. Res., Vol. 51, No. 2, April, 2013



228 254 - AES - 9]

of Abdell FHsto] 2dE FFwe} nAE AT 2k A=
oz HE Anrteioint. F858) v s AN ko] A=Al
glof AT Fh 0333 gL STt

3. Doz

3-1. Clostridium acetobutylicum?| CHAIZY
Clostridium acetobutylicum ATCC8242] THAFE-2- 198613 Jones}
Woodsoﬂ 3l HzxZ ARKENIL 71 o] F2 % AAE vl AT
A7} s 3 Qe 1 AQKE tiAFE R Uje] Z47he] EARESo|

3 FRAEES AT 0Pyl 4
2 olgaio] ARk U] EANFEE L] NS4 ASES 7Y

g},

eici)
<
Y
2
2
™
1127
uicil
=
k)

322, EHAI.H |QEI:1I

OARES L Shinto®] ¥R} 2Fo] URFARQI EANEE: K 0]
Sh}el Michaelis-Menten equation S EfZ E & E]SJ}H6]. Fig. 1°]]
R giabgel 28 BE HheE2 o] A0 % vEhdtt. o]

RSS2 £ 30701 58702 W4 g E8skar Qi)

V,1[Glucose][Cell]

O kg4 eo] thet 77} 1 4k ol ol ol sAl 1Al RI = )
- K,,; +[Glucose]
FAELES = wdlels 4 pule| gs A AR
u]-9- A2 0 & o] o) FTH6,7,13-19]. F =FolA3=, Shinto7} AF R2 = V'ﬁ[Pyr‘;V“te][Ce”] @)
B} +
83 Jones?} Woods®] tiAbdel Ag# o= EAe Rl ow 3= 2+ [Pyruvate]
9 7)) WS ARE F713) Fig, 1£ 2389 FEAELFY K1Y R3 = V,;s[Acetyl—CoA][Cell] 3
o AT F71 tAbd = the sk k. Kaa t [Acetyl-CoAl
-ollghg 9l Heks thabd 29 7Heinkg-E: RSy, Rér, Rl4r 2 _ Vi [Acetoacetyl—CoAJ[Cell]
RI5r [17,18] R = TAcetoacetyl—CoA] @)
- Pyruvate®l| 4] acetaldehyde”} "ﬁ”ﬂ% HES-: R11 [19] RA - V ,.u[Acetoacetyl—CoA][Cell] s
- Z7}A91 acetate AAIHFS: R a +[Acetoacetyl—CoA] ®)
o|A}e] 7 Aol AL ES ILEJ] St Clostridium acetobutylicum R4 V,.a-[Butyryl—CoA][Cell]
ATCC8249) A Fig, 17 46432;14 QA Egow w TS K T [Butyryl—CoA] ©
H gi AR 70 E R WEE-S F713F A1 acetyl- CoAZF- RS- V,s[Acetyl—CoA][Cell] ;
E] acetyl-PE 71HA acetate’} ¥ = A= olelel v FE27F K, +[Acetyl-CoA] @
Qe A Q5= AlS A2 A AnN ] 2
Blow gEE AR ANE Agl) whielt. AR ke 'V, [Acetaldehyde][Cell]
o] AWAkES TFIA7)7] flE EEAERFS) AR 28-S F3l Rr= K, + [Acetaldehyde] ®
X . A ulolo. B ulE ol
1}\acetyl CoAtoraceyl l;ﬁ l: a _;:A 5 01 E?OO]-J_’OE;?; R6 = Vmﬁ[Acetaldehyde][Cell] 9
A acetic acid’} 27| = ko= SAHEIY] wiieeltt. ob] A T [Acetaldehyde] ®
st g ol e 17 3714 0 2 a1gsolo} st R9E of
2] ShelA)A] 95 acetate B tRFARES] thES02 7Fg3to] Ror - ~zel EthanolllCell] (10)
K,,s+[Ethanol]
7)) tifgel o2 Z1sisic,
AP BARE §13t Ae2 5 572 Clostridium acetobutylicum R7 = Vig[Acetyl - CoA][Cell] (11)
© ol g3t} 3 B_]RHQ} = im0 /\13401“1_\5 o st G}t = K,,;+[Acetyl-CoA]
G o] FolRA] ke FRAEYFE ARSI T, Al H-]z;]] Ao Rr = V,7.[Acetyl-P][Cell] (12)
= A 2482 53814 acetyl-CoA-to-acetyl-P thAP-S K7, [Acetyl-P]
Glucose
J/ R1
RO Pyruvate R11
R2
o,
Acetate Acetyl-P % Acetyl CoA H Acetaldehyde RﬁG Ethanol

Acetone + CO2

o

Acetoacetate/

Butyrate

T
R3r
R3 Cell growth —Rd Death

etoacetyl -CoA
\ R4r

R15
Butyryl-P % Butyryl-CoA % Butyraldehyde Z=——= Butanol
R17r “Riet R15r

Fig. 1. The proposed metabolic network of Clostridium acetobutylicum ATCC824.
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Fig. 2. Procedure to determine the optimal kinetic parameters of the metabolic reactions using the optimization method combining both the
genetic algorithm and the Levenberg-Marquardt algorithm.
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