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BioProcess Engineering Research Center, KAIST, Taejon 305-701, Korea

ABSTRACT

The acetone-butanol fermentation by C. acetobutylicum has gained increasing attention for the follow-
ing reasons. First, the finite supply of petrochemical resources, combined with increasing concern over
global environmental effects and the unstable nature of the price of petroleum has renewed interest in
the development of fermentation technology that allows utilzation of biomass wastes for the production
of aleohols. Second, it serves as excellent model system for understading the regulation and molecular
biology of tightly regulated complex primary metabolism, and for applications of metabolic engineering.
In this review various aspects of acetone-butanol fermentation by C. acetobutylicm including strain and
fermentation characteristics, enzyme regulation, and solvent formation mechanism, and product recov-

ery and summarized.
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Table 1. Substrate for C. acetobutylicum fermentation.

Sugar/Molasses
Hexose, Pentose
Starch
Maize, Wheat, Millet, Rye
Noncellulosic
Jerusalem artichokes, Cheese whey, Apple pomace
Lignocellulose
Sulfite waste liquor, cellulosic hydrolysate

Table 2. Typical C. acetobutylicum fermentation balance.

Product mol/mol of glucose fermented
Acetate 0.14
Butyrate 0.04
Ethanol 0.06
Butanol 0.56
Acetone 0.22
Hydrogen 1.35
Carbon dioxide 2.21
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Fig 1. Metaboic pathways in C. acetobutylicum. Enzymes
are indicated by numbers as follow: (1) Embden-
Meyerhof pathway enzymes; (2) pyruvatefer-
redoxin oxidoreductase; (3) hydrogenase; (4)
NADH-ferredoxin oxidoreductase; (5) phosphot-
ransacetylase; (6) acetate kinase; (7) acetalde-
hyde dehydrogenase; (8) ethanol dehydrogen-
ase; (9) thiolase; (10) acetoacetyl-CoA:cetate/bu-
tyratexCoA transferase(CoA transferase); (11)
acetoacetate decarboxylase; (12) Fhydroxybu-
tyry-CoA dehydrogenase; (13) crotonase; (14)
buty-CoA dehydrogenase; (15) phosphotran-
sbutyrylase; (16) buturate kinase; (17) butyralde-
hyde dehygenase; (18) butanol dehydrogenase.
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Fig 2. The results from uncontrolied pH fermentation of
C. acetobutylicum ATCC 824 (1). The growth medi-
um was slouble glucose medium which contained
the following(per liter): KH.PO, 0.75g; K.HP,, 0.
75g, MgSOH.0, 04g; MnSO.H.O, 001g; FeSO,~
7H.0, 001g; NaCl, 1.0g; yeast extract, 5.0g; (NH.):
SO, 20g; and glucose, 50g, Ethanol concentration
profile is not given to avoid complexity.

o] acidnhe AAFFo2N EAE AR E FFE
t}. Phosphate, nitrogen, 28] iron limitation$]
A7% o] " biosynthetic energy(ATP)2] avail
ability 2 )43 4 glct. o]ejdt A= AAA R
$-2] groupol|#] 83 direct intracellular ATP &
A (14)ll ofs) =) ghafle] 323 A A
&) e} wlwsled 100~800%<2 ATPoke) F7irt
Uehgos] B4 solvent A4el Husleh £
biomass-Tecycle bioreactorel}4]¢] 3FAFE solvent
AL & ATPYo oiE slolzhe 7S ¥
(14, 15). 3HA 3-& o4 WA B pHe
ol EAL Fo HEe|Zike] Hrle BE solvent
yield®} solvent BA $&F w27 3= 7lo] Bk
H9lri(7, 9, 16, 17, 18, 19). Propionic, valeric,

Korean J. Biotechnol. Bioeng.
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Table 3. Morphological changes of C. acetobutylicum dur-

ing fermentation.
Time(hr) Characteristics Dimensions(em)
granulose negative
3 highly motile 47X0.72
actively dividing

granulose positive
27 swolled phasebright 47X16
clostridial form

endospore formation
26X06

75 smaller vegetative rods
24X1.2

some free spores
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mentation equation”(59,60)# “on-line chromato-
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scaleoll 9] A&z} membrane®] 741, 28] re-
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g} in situ extractiong %3 Hebg QAL o 2.6
ul Ax sk = glgdrh Entractants 69 R
& AR 5 oladov Aol ohE AR
Aol g Aefztgo tast As” £ ¢4l
t}. Solventd AM-& Hel= 32 s 09 FA|S
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21gt WA Bu 232 two-phase aqueous ex-
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XAD polymeric resing o] 8-3}41 3, Nielson 5-&
(68) Amberlite XAD-42} Bonopore& o]£3}o]
@491 g adsorbentd <F 80mg9] H-eh2-& FAA|Z
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uh-3-7] a9} gas strippingel] 28 3] & o2
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Table 4. Comparison of ethanol production cost by
chemical method vs. fermentation.

Cost factor . Percentage(%) .
Chemical route  Fermentation
Rew marterials 62 50
Capital depreciation and overhead 13 25
Urtilities 18 15
Labor and maintenance 7 10

Table 5. The characteristics of product recovery systems
for the ABE fermentation.

Energy . Insitu  Current
System o Capital cost

riquired usage  state
Distillation ~ Medium  Medium— No  Production

high scale

Liquid-Liquid Low to High Yes Lab scale
Extraction Medium
Pervaporation Low to Medium Yes  Semi-

Medium commercial
Reverse Low High Yes  Pilot scale
Osmosis
Adsorption  Low Medium Yes  Pilot scale
Vacuum Medium  Medium Yes Pilot scale
Fermentation
Flash High Unkown Yes Pilot scale

Evaporation

7k Table 40 Rojz) o] ofehg FA 9] n|-& 9
AR AR o]y zto] & Ze]t}(44).
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DNA technique-g ©]§3 metabolic engineeringol]
°}g C. acetobutylicum F52 N2F A xs o)2)3h
A5g B2 s Aolch(48, 49). WAzl o
8l C. acetobutylicum®] primary metabolism2- $-2)
+ ks WEEe 2 npfo] AAEE solventd] x

& ¥ol= A o]9el® solvent 53] Hrhg9|
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