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Abstract

Butanol is an important intermediate in chemical synthesis and also is regarded as a

potential fuel or fuel additive as compared to the traditional additive-alcohol. The

objective of this study is to investigate the possible influences of CH;COO™ and NaN;

added on butanol fermentation by Clostridium acetobutylicum BCRC 10639. Firstly,

the concentrations of carbon source and nitrogen source were tested to determine the

optimal ferment medium, then we further discuss the effects of addition CH;COO"

and NaNj on the solventogenesis stage of butanol production.

The results of CH3;COO™ adding experiments showed 20 mM CH3;COONa could

increase as high as 18% of butanol concentration. Furthermore, in the experiment of

CH;COO™ medium replacement suggested that biomass was improved by 62% and the

butanol productivity was increased by up to 47%.

The addition of NaNj; in the medium had shown that the production of butanol was

enhanced at 2 mg/l NaN; added, which led to the increase of ratio of butanol/solvents.

The butanol concentration was increased from 6.7 to 8.8 g/l under this fermentation

conditions.

Key word: Butanol, biofuel, sodium azide, CH;COO", Clostridium
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>

% 2-1 7 g7 2_ 414 (Ezeji and Blaschek, 2006)

30,

Characteristic Gasoline Diesel Methanol Ethanol Butanol
C4-C12 C14'C2O
Formula CH3OH C2H5OH C4H9OH
hydrocarbons hydrocarbons

Boiling Point (C ) 32-210 204-343 65 78 118
Energy density (MJ/L) 32 38.6 16 19.6 29.2
Air-fuel ratio 14.7 14.6 6.5 9.0 11.2
Specific energy (MJ/kg air) 2.9 - 3.1 3.0 3.2
Lower heating value (MJ/kg) 44.5 43.0 19.6 26.9 33.1




2.2 # 47 B¢ — Butanol
2.2.1 rF 542 A A butanol 2 & B

7 % (n-butanol, ff 4% butanol) %5 & ¢ R B Leko AF £ L 7412

g/mol » ¥R ANAE A B 5 A2 Y 0 X Gk R R et 1 R
Fo B AL CHO o A F B HEAc ] 2-1 #65F o

B igA g g V4 # butanol ¥ A 1861 & ,i* td Louis Pasteur #7% % ; #
f6* 3 Weizmann & 1912 # #74 1} 5 ABE (acetone-butanol-ethanol) % f%iz » {
H_#-butanol >+ fEAE B 2 A7 7w w i€ 7 — H (Ezeji et al., 2006) > e pF 7T AR A
Frp B X gy Fa s NALRpFRLL YR TG4 F

ERPBH R FEHfo e HE > (EB fER 2 1E L F AT
LA R LR g B 1960 & R 0 d Y ATE RS ARG S A ALY
AP Wit o PP AR PE AR E SR DL E LR F BN g A s

35424 Z butanol 2 A7 7 %% > Al WMERFL IR ELE 4 L F

>‘]’:\

W st i R A A 193 ERRAWEL EF N TRP E
Fakag R fR R AR E R SR I TR L TR RIS T R R
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fipiT 150 # i £ AR ¢ 0 kA $ & butanol 2 2 [ER

k’\f&

= b
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butanol k& & i 1% Trdrilimre 4 £ > FBFER4 4 5 ¢ 2 butanol A B ¥11F
BERZAS AT AL BESTE RN AN ERRMAEZ P 23
gas stripping ~ liquid-liquid extraction ~ perstraction {r pervaporation % = /= (Ezeji et
al., 2007) -
B > butanol @ AIDTF T L A T Remag el H AL hEFOL Y
12 ethanol 4p- L & % 2 & B% > #7075 © 5 20 (Du Pont) fr& B £ =
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2.2.2 Butanol “g *

Butanol % £ & ¢hf 51 Al > 2 & % 2 E Gt ~ A Fak o~ F AR

foer i &2 3 & vV B

4

f (DBP)~ M6% = 9 ¥4 iy (BBP) %5 A% BEA i~ 5 T 0
BT AR HE RS BE SRS RS 5§ FALAR?

ho BT AL FRREY o AR S R e R (R 22)

et

SIAZ fig? R AT ad e g {BAT el - @R
TR EERET R BEL R dept - R T SRR R4 R
FOU BT 2 B o & e B R AR Y 60 ethanol ARt 0 H A b anit F g
255 FBR (& 2-3) 2 W& RI{eR R DS & ILRE > P
ReAfER ~ St R+ vt ethanol ()} end s ApRZ T EG (B Rz E G B
EHEETF S 5 o butanol FAIF R B MBE L ATF L A REEX 2 VDR

&0 T W % A_{ &% ethanol 2. & # it /& (Qureshi et al., 2007) °



% 2-2 Butanol 2. & *

Applications Used / Methods™

Solvents for paints, varnishes, resins, gums, camphor, fats and waxes
Plasticizers to improve how a plastic material processes

Coatings as a solvent for a variety of applications, such as curable lacquers
Chemosynthesis for producing other chemicals and plastics, including safety glass
Textiles as a swelling agent and manufacturing garments from fabric
Cosmetics including eye makeup, foundations, lipsticks & shaving products
Medicine Drugs and antibiotics, hormones, and vitamins

Fuel as a direct replacement of gasoline or as a fuel additive

Others Cleaners, flotation agents, floor polishes etc.

*http://www.dow.com/webapps/lit/litorder.asp?filepath=productsafety/pdfs/noreg/233

-00247

# 2-3 Ethanol §r Butanol 2z 4+ (David Ramey, 2007; Smith, 2008)

Ethanol Butanol
Energy content (Btu/gal) 84,000 105,000
Solubility (ml/100 ml H,0) infinite 9.1
Air/fuel ratio 9.0 11.2
Mileage (mpg) 17.6 25
Additive ratio (%) 85 100
Corrosive higher lower
Shipment rail, barge or truck fuel pipelines




2.3 Butanol # & = 3\
2.3.1 Butanol i7 & = ot Ff

%W ARk 4 A butanol ik Ji N HES S AR 2-2 for 0 AR RE A XA
*Ie@ & 5 ARY (acidogenesis) frA i3 A (solventogenesis) & Fyf o 7 L >
g pga #p Clostridium acetobutylicum 41 #* glucose 7.3 glycolysis B/ A 2
acetyl-CoA - acetoacetyl-CoA fr butyryl-CoA » Fr pFf2cd CO,fv Hy > B F £ o
acetyl-CoA -~ butyryl-CoA i&- # 4 =+ £ ch5 $#8p4 (acetate ~ butyrate) » H &
pEdp i pH B L iE T OME 2 B o

PP WROZ EARE- TE > £ H L { butyrate ik R <3t 2 g/L ® pH &
TR M S B i B4l SN iE A5 HP (Bahletal, 1982) 0 ptpEHp e £ 7
= Ak %ﬁ' d acetoacetyl-CoA i % = acetone 2. F Jui2 /T » B¢ # F iz A
acetate ~ butyrate :B /i = acetyl-CoA % butyryl-CoA > £ £ - # 1 * butyraldehyde
dehydrogenase (BYDH) {= butanol dehydrogenase (BDH) 2 it » :E*® F & 4
butyryl-CoA i# jn = i # # —butanol » * *F 7% ¢ % ¥ acetone -~ ethanol % &| 2 4

2 A e



gdlucose

Rd
2NAD* o
® 2 NADH o NAPH
2 ADP NAD*
2 ATP

NAD+ ADH Rdeq
lactate -« (2) pyruvate

Fd gy
CoA
NADH ADP
NADP
(2) CO, NAD* A
rex

acetate <L-4 acetyl-P <L-L (2) acetyl- CoA aceta\dehyde ;®i> ethanol

CoA

CoA

co,
acetone <L acetoacetate

© NADH
NAD*

isopropanol

acetoacetyl-CoA

©) NADH+
NAD

3-hydroxybutyryl-CoA

®}
H,0

crotonyl-CoA

NADH
© NAD*
ATP NAD(P)*
ADP NADH NAD* NAD(P)H
butyrate QA-L butyryl-P 444 butyryl-CoA A@ﬁb butyraldehyde ® butanol
CoA

] 2-2 Fermentation pathways in C. acetobutylicum (Jones and Woods, 1986).
Enzymes are indicated by letters as follows: (A) glyceraldehyde 3-phosphate
dehydrogenase; (B) pyruvate-ferredoxin oxidoreductase; (C) NADH-ferredoxin
oxidoreductase; (D) NADPH-ferredoxin oxidoreductase; (E) NADH rubredoxin
oxidoreductase; (F) hydrogenase; (G) phosphate acetyltransferase; (H) acetate kinase;
(D) thiolase (acetyl-CoA acetyltransferase); (J) 3-hydroxybutyryl-CoA dehydrogenase;
(K) crotonase; (L) butyryl-CoA dehydrogenase; (M) phosphate butyltransferase
(phosphotransbutyrylase); (N) butyrate kinase; (O) acetaldehyde dehydrogenase; (P)
ethanol dehydrogenase; (Q) butyraldehyde dehydrogenase; (R) butanol dehydrogenase;
(S) acetoacetyl-CoA:acetate/butyrate:CoA transferase; (T) acetoacetate decarboxylase;
(U) phosphoglucomutase; (V) ADP-glucose pyrophosphorylase; (W) granulose
(glycogen) synthase; (X) granulose phosphorylase.



2.3.2 2 # butanol 2 Ffd

Butanol# 42 5 2. 821 & % Clostridium/ <08 $HRF Feo @ & R 2 $Hak
FEWRAEIRFART A A Ao - BELFERL Y ¥ L HdeC
acetobutylicum ATCC 8244-C. acetobutylicum DSM 1731 ; ¥ - A& # @ % » 4
C. beijerinckii ~ C. acetobutylicum NCIMB 80524-C. saccharoperbutylacetom N1-4 -
# 7 5 x 12C, acetobutylicumz_ ¥F 34 5 § i o

C. acetobutylicum % % fF = 15 {2 7 (Gram-positive) » ** 1974 & L Smith fr
Hobbs*7#% 1! » F]* HIR¥ A 2 acetonefrbutyl alcohol® & %2 o ¢h gL} & B 45
DEHEM o wre ¥ FG LS 0 B L AR RE o - r AT A e
2P oK S ARG oIS R R &2 KRR 515-69C 0 e
EpHE 5 6.5-72 [ R30-37Cendhit @ 2 EfpP-od i B-F fApa t 845 5%
fi% #& = acetone-butanol-ethanol (ABE) 4rH, ~ CO,® &£ 7 § % il ~ B AR > (v
F] A 4~ butanolif 12-16 g/IpF ¢ ¥ClostridiumA # & it iv% > @& (#0773 ar - 2
EFLFE 2. Y 5 M IR 4 ¢ B I ¥ i iEgas stripping ~ liquid-liquid extraction ~
perstractionfrpervaporation & = ;% > (gd 232 % A ¢ cbutanoliE 2§ A E 2
B % (Ezejietal., 2007) o

v J,?’é«*fﬁ N AEFFEEARF 0 WER 37CE 5 F 0 s ¢t Dbiotin »
p-aminobenzoic (PABA) & & F¥ & %22 72 £77 € BB FMAZL & F2) (Soni

etal., 1987) °

10



#.2-4 Solventogenic clostridia¥d#% /<14 * 35 (Ezeji and Blaschek, 2006)

Organisms Sugar preference™
C. acetobutylicum 260 Glucose > cellobiose > mannose > arabinose > galactose > xylose
C. acetobutylicum 824 Glucose > arabinose, xylose > cellobiose > galactose > mannose

C. saccharobutylicum 262  Glucose > arabinose > galactose > cellobiose > xylose > mannose
C. butylicum NRRL 592  Glucose > cellobiose > mannose > arabinose > galactose > xylose

C. beijerinckii BA 101 Cellobiose > glucose > xylose > arabinose > mannose > galactose

*pd XA SXABEA R Z R A T

11



2.4 3 3 butanol # fE 2 KB Fl+
PR 4 4 butanol s FE % > #3E pH &~ R ~ L F R E 2 —/,J
EREZAFRAFEE VARSI AN Py 4o e fE4Feng L 0 4o acetate

butyrate > 2 ¥_4c » 7 F Jk & fhiron ‘ﬁfiﬁ C. acetobutylicum # Z butanol & 3 48 §

5

PR i h b d ok ivif 2T 0 @ WAFLI B F g NERRS S

AE -

pH & e 54 AR 154 2_butanol # ¥ & % chE & F|F > f52 )’%%ﬁfr butanol

EpAA AT A pH BETHL 453 5.0 2 Bad s o pHERA A
Pk pHRF L& A4 5§ k- Ra ¢ 2 & butanol 2 pH & = B 240§ R i<

o AR BRI AFER T FfEA § AR 0 443 C. acetobutylicum ATCC 824
b pH @5/t 43 1 5.5

M pH A% frf A ER ~ mieBciiie > M2 Hob AR TF % M
od 7 Lo RAYEEAMER Y Mo pH EF € 7% butanol 2 4 > & pH

KB g 2 prds R o

12



242 4 PEEE

FWRDA N AL € LA e R A TR o kR R B 4 B -
TEPF o R e R ch pH $ R @ i3 & NTP/NDP - i & % > 3R ‘wbz 48
PR B PEFE  A ARMGERPF > RO AT 238 7] pH B KA
WA B EF TR e S R e d I % o el Bl ¢ G E i
@ e 4 A butanol E 3 A > d PV oo e iR F pH @ "R KRR T
butanol 2 ¥ 2_ #% = -

~ )§J%i #4o 75 v acetate 2 butyrate *v 32 & A ¢ @ 2 aiF A pHS5.00 ¥ ¥ H
$4c - butanol EF AN Fo e U F LA REFfoHy 2 A F 0T
*# (Gottschal and Morris, 1981) o &35+ i & F] > B 3 FH ¥ %EP § butyrate
ARk R 2 1] 0.5-0.8 g/L #drdlimie 4 £ FRHFH D 15-1.9g/L g 514

butanol ;3 & 4 = (Monot et al., 1984) » pt ¢} 4r » acetoacetate 7= ¥ i F| ¢ & e73%

B oo

13



%

2.4.3 Hydrogenase #* 5

38

Butanol ¥ fi% %l 42 ¢ “,/TT 7 3 acetone ~ ethanol ¥ & A 4~ chA 2 > R g N F
Hyed = » 2 ¢ H,ehA)= 2 & % ] hydrogenase 7% 12978258 > @ hydrogenase
A EEFF AR A pH B2 £ B A ¥ o

d acidogenesis F¥ L eih % /S B8 T 0 % ¥ 1 & ferredoxin (Fdoy) &1 5 iR
F f ferredoxin (Fdreq) P¥ > € i@ NADH § i & NAD'® i3 (H)> @ H
#-*t hydrogenase it * T 4 & H,» T iE- H 3 i ferredoxin ; § © FEL S
acidogenesis #& v solventogenesis ¥ £~ » pH & % i* #-F2 3% hydrogenase /& 1% i¢
= Hy 2 7 " > 5 pF (N 3HEL /T € & NADPH-ferredoxin oxidoreductase g it
% i* ferredoxin ¥ & 4 < ¥ W NADPH-NADH> @ d 3§ /% & 477 -+ NADPH »
NADH 2 & <4t 8 » 3 B4 butanol ~ ethanol 2. # = ; p* ?F Yerushalmi ¥ 7 ;EF
H, 2 ™ *# 5 J1** butanol ~ ethanol & & 2- #¢ 2 (Yerushalmi et al., 1985) > 714 #r
#1 hydrogenase /& > B¢ N BEL T iEm 4 & NADPH ~ NADH v 3 i&

butanol 2 £ -

14



2.5 Acectate mlfl‘ R Ed) >

2 )’% ® 7 v acetate >t 33 AP H ey pHS5.0pF > BEEAHLE
FREAE S T EEFL G LR FE F H i F2 % X (Gottschal and Morris,
1981) - “,/TT pL2_ ¢k > acetate m/,"']‘ fe7n g BAAT L AR % 19 (degeneration) ~ 3 4%
F A AR ERE Ty B % T 0 acetate s 4 JE BT 20 mM PEE iE AR
‘> degeneration fr§ €_butanol # A 2_ i * » @ 7 60 mM acetate FiteT o #C
beijerinckii # = butanol »x% # 4% > butanol )k & % 13.9 g/l » EH#A & H% 2 22
& (Chen and Blaschek, 1999)

¥ - 3 g SN EE S P 3 IR 0 acetate i e ¥R H %= d CoA-transferase =7
T 7T 3  acetyl-CoA » I _i¢ acetoacetyl-CoA -~ butyrate gt ¥ & & 24 =
acetoacetate fr butyryl-CoA » @ #7A) = ¢ butyryl-CoA R| ¢ { & - ¥ **
butyraldehyde dehydrogenase (BYDH) ~ butanol dehydrogenase (BDH) i®* T #& %

> B ¥ AT E 2 & $ —butanol > 77§ 413t butanol A & ik o F|Ut A AT Y P K-

%‘g d acetate Ffs 4e o F T C acetobutylicum 2 A butanol #7 & # 2 2 5% o

15



2.6 NaNs i e 5 Ji
< )I% ip & #7410 hydrogenase F M H#-iE F F 5 N HEBE SR D Bl
NADPH-ferredoxin oxidoreductase #- Fdreq # i = Fdoy 3 4t NADH ~ NADPH #
= » @ . NADH f= NADPH ¢ ¥ 4 22 7 ¥ i8¢ butyryl-CoA # it = % butanol -
em A% butanol AR 2P e B }]?e ® s & Al g0 hydrogenase #r41 #| &

’

NN

CO Py #Mmg COZ Rl MAaR (2-10%) PF v 2 R 55 TR
@ B F ek R CO > 7~ ¥ *% i< hydrogenase /& 123 ¢ > Hyend = » 1 ¥
2% %~ butanol & F 2z sx%;H P > 75 15% CO kA& ¥ i butanol 2 & 105.6

mM & if 0 FHAE 9% 61% (Kimetal., 1984) -

MERFCOEiTr B3 - Tenpgigliz 2 414 4pfta 3 > NaN; 822 CO
f el B2 fEr o b ki AR CO% 235 S 0 ¥ T ot
i< hydrogenase &+ o F|pt *FT 7 RAF o 7 #r NaN3 F#r4| hydrogenase 7% 115 » %

C. acetobutylicum # # butanol 2. # 58 -

16



AR PRREIE AP FORGG R ALY e F R

BCRC 10639 (F % > ATCC 824) = Clostridium acetobutylicum -

32 %E &
‘et # p o
4p A Sodium molybdate dihydrate Pefrit 4R350 ¢4
o i A Sodium sulfate (Na;SOy) B
T i 4 Cupric sulfate (CuSOy) SHOWA
T fa b Manganese sulfate monohydrate Scharlau
T il 4% Magnesium sulfate heptahydrate SHOWA
T e &% Zinc sulfate heptahydrate SHOWA
o Sulfuric acid SHOWA
B d - 40 Dipotassium hydrogenphosphate SHOWA
¥z AAF?pk p-aminobenzoic acid MP Biochemical
Rl Biotin SIGMA
F v 47 Calcium dichloride dihydrate B
F Y45 Cobalt dichloride hexahydrate Hanawa
F 1L 48 Ferric chloride SHOWA

17



P E= L R 9
fig p& Acetic acid SHOWA
fis P4 Sodium acetate SHOWA
fif fa v Potassium acetate SHOWA
fif k4% Magnesium acetate SHOWA
fif ph % Ammonium acetate KANTO
TR Butanoic acid ACROS
R EES Sodium butyrate Alfa
IE 4 Sodium azide KANTO
[ fi Acetone -2t
7 P Butanol Riedel-de Haén
¢ g 95% Ethanol B
+ Glycerol KANTO
L Hydrochloric Acid Scharlau
& F b4 Sodium Hydroxide SHOWA
LR S Tryptone DIFCO BD
pEt 5Pt Yeast Extract DIFCO BD
RCM Reinforced clostridial medium DIFCO BD
L Glucose ROQUETTE

18




£
REXA 35 Rig
e LO-150 2 g
pH meter PH-206 Lutron
AT BJ 100M Precisa
RERIE MS1 minishaker IKA
BEEE SRR MS-3205B ChromTech
BREFFFL EA635 TRIDENT
A TS 3BH-24 A %
bk kR GENESYS 10UV Thermo
F A& 4T R Focus GC Thermo
I 2300STAT YSI
R ARTE 5210 BRANSON
hBE R CR 2200 Weilheim
EREBRITREAH LUS-150 % B
SL % k3 AR BTE-A 5L 4
LA E de MCD-2000 HSIANGTAI
S S (A L Universal-32R Hettich
SRS A HARRIER 18/80 SANYO
GRS EC R Simplicity MILLIPORE
PR ok g 4 WSC044 FISTREEM
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34 237702
3.4.1 Biomass 4 #7

Mgy RARAFERL I 2 kR AR E 620 nm T R
2 # sk § % & (Optical density, O.D.) P~ 1 ml 7% 3. 2 “,/TT B
T o~ 60°C %48 %-4¢ 24 hr> B ® 7% ¢ £ (Dry cell weight, DCW) « iz
LB pr e E P DCW fv OD. & (¥ B » *# £ # DCW £ 0O.D.
G R G R Mo ar A 01 0.D.g20am = 1.433 (g DCW/L) -
342 HRHA SRR AT

A #-fFie 2 7,000 rpm @i T3 S min o B F B (8 7R 2 b
oo Xl X 3 HF RIS B AHFE I §F 4P K 47 & (Thermo model
Focus GC series with FID detector) i%ﬁ d £ Mo ¢ 41 SEG BP20 (25 m x 0.22 mm,
025 um) k&7 &2 AP kR 2Z » 47 o GC ¥ iFif £ 40T : 2 nitrogen
i* 5 carrier gas > injector v detector J§ & ~ % *® 5 200C ~ 2507C >
F AL R R A4 F & 120°C (3 min) ™ 16C/min 2 # F 2§ 1 200C
(5min) ; & A & & & W4c ¥ ér B-F #77 -
3.4.3 Glucose 4 73 ;=

PAR I F P o SSdre s (9,000 rpm, 5 min) A T FEE e FR i o
Bt i 10 B AR £ f1% YSI1500 Sport L-Lactate analyzer & £ ] glucose

kR

20



3.5.1 FifEs &
T b R

#¥-pEp F MY o C.oacetobutylicum 2 4 i 2% ¢ > &% 2 RCM
(Reinforced Clostridial Medium) % & & A & v » ¥ %2 » 37CHE R
mlH 2 B ae #9358 4~ 51 50% COyir 50% Ny 2
RE F R i -20C k4 T o
R R

P~ %73 7 -20°C 04 if #8 i€ 7 heat-shocked (70°C, 2 min) > # #

IR AEA (SM) % r 77 R AF ¢ 2 RKRF 4

“~

T

hr'S
(3
fon
Il

BEEHMITCEFTRE £#4% 30 hro
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3.52 4 i
ST RS L S EE S ICEE P CEE S S ES T E

i R R A 0 @ P s E e dod 3-1 532

% 3-1 532 % & (Seed Medium, SM) 2 =

Compound Concentration (g/L)
‘Lab-lemco’ powder 10
Peptone 10
Soluble starch 1
Glucose 5
Cysteine - HCI 0.5
NaCl 5
CH3;COONa 3
Agar 0.5
Yeast extract 3

i bt bife @l ers & L (% Reinforced clostridial medium, RCM) » 14 0.5

NNaOH # &% pH6.8 > (t5 w32 % ¢ * o

22



% 3-2 g & & (Fermentation Medium, FM) 2 =

Compound Concentration (g/L)
Tryptone 1
Yeast extract 5
Glucose 50
Biotin 0.01

p-aminobenzoic acid 0.01

Na,S04 0.18

K>,HPO4 0.175
Mineral salt solution 1 ml

b pife A A A INHCI A &2 pH48 iT5 g a g ¥ o

H Y &5 %;34 % (Mineral salt solution) ke =1t 5] » ok 3-3 #157 o

% 3-3 Mineral salt solution = =

Compound Concentration (g/L)
NaMoO; - 2H,0 0.24
CoCl, - 6H,0O 0.24
CaCl, - 2H,0O 1.5
FeCls 16.203
CuSO4 0.1598
ZnSOy4 - TH,0O 0.5164
MnSO;4 - H,O 1.7
MgSO, - 7TH,0 24.574
H,SO4 (6M) 28 ml

23



3.6 F B A FE
3.6.1 BURE B BB
G FHE R AP 3 F glucose Jk & ¥t butanol & £ ¢ 5
1. %32 % 50ml SM £ % %
2. 3 25mIFM B & A p & 5] | 7 #e 50 ~ 70 ~ 90 g/l glucose
3.2 10% £ B #SMH#T i FM Y 3230 & § 4 (50% CO,, 50% N»)
FRE BB S 37C 4 120hr
3.62 A BRI bR
B ;ﬁf@ A BB % BLUR AF Bk B 1 e - butanol 2 & 0 $F A BN 7 o
¥+ butanol & € 38 5
1. %3 % 50mlSM £ % %
2. % 25mIFM B & A p & 4 7 e 0.625 ~ 0.875 ~ 1.125 g glucose
3. 11 10% #FAEHR-SM4ELT i FM ¢ > 2 37CRE BB T2 % 120hr
4, ¥t it FM > % 24 hr {6 > % B 4e 0.625 ~ 0.875 ~ 1.125 g glucose » & B %
2% A glucose m,\j]‘ kR A B G 507090g/11s 0 BRFEFR A
3.63 BF kR SRS
S EFEFE A AT 7 R RE AR HE butanol A £ R 5
1. %32 % 50ml SM 1 % i%

2.5 25 ml FM 3 % AP & w74 1526 12 g/l i F R > B4 § e 30 bl

24



% yeast extract : tryptone =5 : 1
3. 72 10% #FEH#R-SM4ELT P FM P > 2 37CRE B T2 % 48hr
3.6.4 s+ CH;COONa e i
gl $FE3H Bk R acetate 7 b ¥t butanol & £ s 58
1. %32 % 50ml SM 3 % i%
2. 25mlFM £ & &P & W) | 4+ 20 ~ 40 ~ 60 ~ 80 mM ¢ CH;COONa
3. 020 10% EFHEMS-SMET i FM ? > 2 37CRF BB T 4 120hr
3.6.5 i te CH;COO eng 58
11 33 CH;COO ¥ 7 I | 8+ % & pF 44 butanol 2 £ 82 %
1. %32 % 50 ml SM 32 % iz
2. % 25mIFM B & A p & 7 4 i kR (20 mM) = CH;COONa ~
CH;COOK -~ (CH3COO),Mg ~ CH3;COONH4
3. 12 10% #FAEHR-SM4ELT i FM ¢ > 2 37CRE BB T2 % 120hr
3.6.6 CH;COO s3: % & B 3 %

B et 1% CH3;COO e ik i ~ solventogenesis F& L » i ftt 2 £ i F #-"F (40

=4
el

|l

TR FE B 0 373 CH;COO % # %1+ butanol &

Il

1. % % 50ml SM 3 % i
2. *+ 25 ml FM % A 4 20 mM CH;COONa

3. 1210% #FAEH#R-SM4ET i FM ¢ 32 & 36 hr

25



4. BT EFM B & L 2 7 4c 50 ~ 70 ~ 90 g/l glucose

5. %3 % 36hr Fptipdpe BT R AMEEI P FM ¢ > 2 37TCRE BB T
2R % 36hr

3.6.7 7 *v acetate {- butyrate 35> 5

P &0 Facetate 4 T H 2 2 B 37 BF 4 ETEd 27 butyrate kR L

RoE-HEFENRE Bfll v acetate ~ butyrate % butanol & & 78 5
1. %3 % 50ml SM 2 % %
2. 11 10% £ EE#SM T FM ¢

3. 4 8 {0~ 24 hr #0p5 [ 8% 40 20 mM acetate {e butyrate ** FM # » & 37C/R

3.6.8 i 4t NaNs e 3
11 33 kA NaNs 7 4c $20 butanol 2 £ ¢ 3

1. %1% 50ml SM £ % %

2. % 25mIFM 2 £ A p & ?‘ﬁ 0 ~5 10 mg/l <57 NaN;

3. 72 10% #HFAEH#R-SM4EL P FM P > 2 37CRE BB T8 % T2hr

4. #-1 i 0 mg/l NaN3 7 4e 2 FM *0 33 % 24 hr & > 2t 40 » 5 mg/l NaN; £ 4 33
%

3.6.9 A H A T %

DER Ry ElAwae ks g 'ﬁ?] £ 11 % butanol & € 58
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1. 3 % 50ml SM 3 % %
2. 1 10% #%FE % SM 43 2000 ml FM ¥ 32 & 120 hr

3. B A FER LR 37C ~ #i# 150 rpm > 4742 pH4.8 (33 % E /427 2 47)

27



>

rr i BEREEG
4.1 =3 FEH
AEFAERLSG CH3COO';;‘]: 412 2 NaN; % bed X BERA Bho 4B 4-1 9

> > e

F TR G RRIEHER G TR

[ﬁuwm ix &]
[5$$mﬁﬁﬁﬁﬁ] [&%@i%%&]
A 4 g \ 4 g \ 4 N
[CH3COONa e ] NaN; i 4 ’s;
— A7
s
'd v N\ 'd \ 4 N\ 'd \ 4 N\ 'd v N\ Ve V N\
E * % z B
[ e & Q i
% Q S = T -
i Sl |e F
SLLEL S|+ | A
ik 8 2E o E P
;4 e} P2 5 B
* ,/9\ % S i 2
G Ll | A |G #
% 8| |
?; H 4]t
. J N\ J . J . J N i

B 4-1 9 5% 4
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42 RER 2B Z

PR P A FEFE A A Y 7 glucose kA #3t C. acetobutylicum # &
12 % butanol & £ R o Wk L % 4oB] 420 S FEE 24 hr ¥ 5 F] & 50 ~ 70 ~ 90
g/l glucose 7 4c ® o002 50 g/l A 4R ek Rk R BB 0 2 PF ¥ butanol (04 A ik
4@%%%@ﬂkﬁ$;ﬁ&lﬂuﬁﬁm’%¥gmmw$ﬁ%§iﬂ’ﬁ@%
RROR R 42 8 3 4e 0 ¢ < butanol 2 & 7 EIFR S Flt 12 70 ~ 90 g/l glucose i
S ¥4t 3 2 butanol & F »x % f i 0 #F % 72 hr ¥ i butanol Jk & 12.1 g/l > 4p iRt
50 g/l i 4 i & 17 9.4 g/l -

Eﬁ£h%%ﬁ%ﬁ%ﬁ’W%WmﬂﬁWﬁ£%4MH@Wﬁ%—iy£j
A 150 g/l 7 e ¥ - glucose i 4= = > 4 %78 d ** butanol 2 £ % 48 hr £ 7] 12 ¢/l
Tt oA ERE B ),%J% ¢ 4% 7| e C. acetobutylicum # £ k& 12-16 g/l 4p
ool g T AR AR FEURER F L T 5 32— 5 8% butanol &

BART T @ o FlY AT R0 50g/ 5 i-@ﬁ-‘}‘d/ﬁli,"]?ﬁi%)i RGN A
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Butanol (g/L)

160

15
Glu. Butanol
- 140
12
- 120
? - 100
6 - 80
- 60
3
- 40
0 - 20
0

Time (hrs)

Bl 4-2 7 I glucose & /& ¥t butanol 2_ 2 5

BAFEE D RR 37C

i 0rpm

30

iodn pH 4.8 > 32 % A2 B

B AT 120 hr

Glucose (g/L)



43 & ﬁi;“i&‘éi/ﬁ;f]: vz B

d PR RESEFaoFpw 24 hr 2 WaEURER T 3 124 butanol 12
A S o L AR ERMIRG ST VO E butanol ehd Sk R 0 F]pt e - ¥
w P’g“*étﬁ]: e R E & AP 0 ¥t C.acetobutylicum # # butanol £ & 2.
-

FEHEES 4B 4-3 2 B 450 A 50 g/l 5 ieﬁ‘\/ba"l/] dvk B3 I 0 glucose 3t FL
U=k 4 T 4 butanol A € ek F S 0 ¥ BEER B4R F R 72 hr
FadrEg it 23 5 > butanol JEA V4 944 g/l A 3 11.84 g/l 0 3 4e 25% ;

)I‘ EUEI st ER 5 70°90g/l A T BEA AP 248 hr B4k € 7 glucose

R AR AL 4 o
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Glucose (g/L)

14
—O— butanol (control) - 120
12 | —&— butanol (two-stage)
-0+ glucose (control)
@ glucose (two-stage) - 100
10
- 80
8
- 60
6
C
A - 40
5 - 20
0 e o g Lo
0 20 40 60 80 100 120
Time (hrs)

Bl 4-3 = £ 3% glucose

BExiEE D BR 37C

#i& 0rpm

*v ¥F butanol 2. F2 5 (SEiRE & 50 g/1)

32

iodnpH 4.8 > 32 % A2 B

BABRF 120 hr

Glucose (g/L)



Butanol (g/L)

14

—O— butanol (control) i
—&— butanol (two-stage)
12 9 .o glucose (control)
@ glucose (two-stage) i
10
8
6 L
4 L
2 ........................................... I
0

Bl 4-4 = £ 3% glucose

wAEE D ER 37C

#i& 0rpm

Time (hrs)

120

100

80 o
C
2

60 S
=
O

40

20

0

*v ¥F butanol 2. F2 5 (SEiRIE & 70 g/1)

33

iodnpH 4.8 > 32 % A2 B

AP 120 hr



Butanol (g/L)

14

12

10

BAIEE

—O— butanol (control) - 120
—®— butanol (two-stage) o
-0+ glucose (control) O
Y Yo glucose (two-stage) - 100
- 80
- 60
- 40
@ e [
........... [
O .................... O P OTTPTTUPRIPPR 8
- 20
: : . T 0
20 40 60 80 100 120
Time (hrs)

B 4-5 & E 3¢ glucose 7 ¢ ¥f butanol 2. B (BsihkE 90 g/l

B AR 37C A4 pH 4.8 5 32 R EAE7 B
i 0rpm 2 &P 120 hr

34
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44 BFx hER2ZBY

PR BAE A B RF RER Y 50 g/l glucose £ & A ¢ 0 ¥ butanol &
2 F8 H P Yeastextract : Tryptone =5:1 5 4% Jhle= o 7 % % % 4o@ 4-6 »
EHFEA8hr ¥ 5 Pl B ¥ AJEA T butanol A 3 4 0 B2 12 g/ % BT aE
#. B butanol Z & 8.85 g/l » 2 ¥ 6 g/l /,91‘ 4v & 914 = butanol 2 & 8.55 g/l 4p £ 7

* o FA6gl A RGE kR ERERTLEEE B ROAAR %

A o
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A-BE (g/L)

12

N Acctone
[ Butanol
10 1 I Ethanol
8 .
6 .
4 .
2 .
O T . T l T i
1.5 6 12

BAIEE

Y.E. & Tryptone (g/L)
(Y.E : Tryptone = 5:1)

Bl 4-6 % I 3% % kR 4 butanol ¥ 2 $ 2. 55

BR 37C

i 0rpm

36

iodn pH 4.8 > 312 % A2 B

AR 48hr




4.5 CHyCOONa i 4t 2§ 3

‘Q}EJ(F“ :}ﬁ dr ”T 4¢ acetate ¥ ¥ 4. 4 % 19 ~ # 4 butanol # & PR T > @
JE BTEL IS8 TR0 A 4 acetate JE & T R B2 JT ¢ i butyrate $# % butanol o F]yt o
B &P A4 kR e CH;COONa » 4533 % C. acetobutylicum # £ w2 %
butanol & & 2 F258 -

P & % 4oB) 4-7~ B 4-8 0 3 ¥ 24 hr ¥ § ¥ biomass ¥] CH;COONa ik A

dem TR > et 72 hr {68 T > biomass 97T "% i B % ¥ CH3;COONa /,9]‘ de kR

& gk #F C. acetobutylicum »> CH3;COONa it % T dpg§ > %182 535 -
M f butanol 2 2 * & - d 3% CH3;COONa "% 4 £ i# 5 313 glucose ij 4% i& & 7

M > @ ¥ butanol A & % B ; 27 CH;COONa 7 Svk B 20 mM B R A
pofedl @ )k R ARV i o butanol 2 £ AR 48 hr i 0 d L T8Il A2
9.33 g/l > @ 7 #r CH;COONa 82 7 >t 748 4 £ > {e 4f butanol 2 =R & 5 -

gl ey o
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Glucose (g/L)

120
Glu. Biomass

. —e— Control @ [

100 - —A— 20mM A
0 20 40 60 80 100 120
Time (hrs)
B 4-7 CH;COONa # biomass % glucose 2. §* ¢

BAEEE D REAR 37C A4 pH 4.8 0 32 % BT B

i 0rpm 2 &P 120 hr

38

DCW (g/L)



A-B-E (g/L)

12

10

HE Acctone
T Butanol
B Ethanol

L L L Ti_i.|jﬁ_

Control 20 40 60 80
Conc. of CH3COONa added (mM)

B 4-8 CH3;COONa # butanol & & 4~ 2_ 2 58 (% p% 48 hr)
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4.6 CH;COO 7 4c 2 2

pai

=

2
i
A
i

74> CH;COONa 7 24* % < butanol 2z 4 & » ZfE% i &

A

% #.% CH;COO ¥ %m 2 Na' > 7} St &7 5 CH3CO0™ 20 mM i e T it

R B % 5% 4o B 4-9 > butanol 2 £ ** CH3;COOK ~ (CH;CO0O),Mg ~ CH;COONH4
oo X KR E e (CH,COONa) 493t » 55 s 48 hr 28 912 8.0 g/l
X %t biomass P AR AR 5 d @07 2 CH;COO 7 s A fod +1 % ~ +2 i 0

£HYT AT B A+ et BT $ & > 3 butanol 2 £ év’vgéfgfi?m 24T

k2o 41 CH3COO 5 24t C. acetobutylicum 2 2 butanol » w2 H % £ 2 i

FE M
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Butanol (g/L)

12 12
I Butanol
[ Biomass
10 - - 10
8 - 8
6 -6
4 1 - 4
2 |_1_‘ -2
O T T T 0
Na* K Mg 2+ NH4"
Various CH,COO" added
®14-9 7 CH;COO 7 4v 2 2 5
BaiEE: BR 37C A4 pH 4.8 5 32 % AL H B 7
i 0rpm AT 48 hr

41
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47 CH3COO s % £ B ik
2 )Ekah%?] acetate ¥ ¥ 24 Clostridium i i& » solventogenesis F¥ F< » 12 4p ¥t

@ % o 47 g ' i Clostridium st 2 £ 3¢ 5 > ¥ 4w 838 9 %% I butanol 4 = &_

anr

LEMA R TAL o R BEETF R %3 20 mM CH;COO'3 % £

1% #F % o J1* CH3;COONa “vi# butanol # = » ¥ 3% ¥ 332 & A {58 2 A%

m&

F B % 4ok 4-1 #7577 >butanol A £ > 50 g/l glucose ¥ 3k B 22 4B 2 (20
mM CH3;COONa) gt > % 3»c% & 7 B2 % > it & biomass = & 47§ — ZALA D
B AMIzEd 1.50g/10 2 3 243 g/l H 4 62%; @ 12 507090 g/l glucose
22 ¥R 2 (0 mM CH3;COONa) 4ptt > butanol # € &2 5 4% 2 e o R ¥
70 ~ 90 g/l /,91‘ e % 0 € Flbutanol EHrFER D R A ¥ REEZ RAI RSBk
Boof B 7 - 4 en B 2k $5 butanol 2 5 (productivity) F 4R E < chd ok

0 HH 4 05-1.8 % > @ - biomass > & 7§ A & Ak o

¥ (productivity) = Z k& (g/N)/2 A 7% FFRE (hr)
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% 4-1 CH;COO$: % & ehd 3

Glucose Max. Butanol =~ Biomass  Productivity
(g/) (g (g (g/L-hr)

Control* 0 mM CH;COO 50 7.89+2.03 1.76+1.11 0.16
70 12.09+0.25 0.72+0.30 0.17

90 12.14+1.10  0.63+0.17 0.17

20 mM CH;COO" 50 9.33£1.43 1.50+0.16 0.19
Replace** 50 9.99+0.03 2.43+1.15 0.28
70 12.24+0.16  2.49+0.62 0.34

90 12.80+0.13 3.13+0.22 0.36

* AR HERAZ ¥R

*k B a3z & 2 50 g/l glucose~20 mM CH3COO > B #1835 & 4ok 17 (K

7 4t CH:COO)

BAIEE

B R 37C

i 0rpm

43

iodnpH 4.8 > 32 % A2 B

BAPER 72hr



4.8 i *v acetate butyrate 2. ¢

ETRUE CH3COO_$,’J§ 4o f B3 TR o butanol A & i 4e @IEH Y IL A o ¥ N B
Bo s A 47 18 50 Ffl* acetate $% ! butanol Jk & F % acetoacetyl-CoA % butyrate
FPFs & 0 4 ¥ {75 butyrate # 3% 3 butyryl-CoA ¥/ 12 8% butanol # & » F]
@ OB 5 ¥ & FA P ehbutyrate Jk R 3 B> i3 & butanol & ;2 i I < tpdk S 2 sk o
Flt o AR EAY B 7 *r 20 mM CH;COONa % butyrate > #% 31 ¥ C.
acetobutylicum 2 £ 12 2 butanol & & 2. 258 o

Bk kAt 42 vt i*uiﬂ%ﬁ (none addition) @ 3 PEB??,’]? v acetate
{v butyrate *t#2 & L P F2F ¥ &2 butanol 2 ¥ » B ¥ F % 24 hr {8 T
T % ¥ o butanol A F 3 B 18% ¢ty R H Jbijs *v acetate 2 7% % & erF
7§ butanol 4 = “,/TT 7t oacetate T T 5 Feveh 5 B & 5 & 43 <0 butyrate

iR ARP A o
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# 4-2 Acetate # butyrate i 4 2 B 5

. Biomass Butanol  Productivity Yield

Addition
(g/) (g/) (g/L-hr)  (g/gglu.)

None 2.77£1.57  8.88+0.54 0.19 0.18
20 mM Acetate 1.50+0.16  9.13+0.80 0.19 0.18
20 mM Acetate + 20 mM butyrate
addition at O hr 5.71£0.03  9.15+0.75 0.19 0.21
addition at 24 hr 3.13+0.22  10.50+0.37 0.22 0.22

BaiE2: BR 37C

i 0rpm

FodepH 4.8 12 % AL B i

BAPFR T2hr
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4.9 NaNs i 4e 2 5

¥ & # LR > hydrogenase i 2474 24t butanol 2 £ 2 %+ > @ NaN; &
¥ AT F GEPeFIA o B 4 £ 3 P4l iE* > ¥ 3 2% 1 hydrogenase
B FM AR A ztU A4 h kR NaN; b #F34 4> C. acetobutylicum # #
butanol z_ 8258 o % & % 4] 4-10 > NaN; 7 sek B 12 2 mg/l 2% #4F > butanol
ARB MBI BB ALY 66711 23 880 g/l G 31%; ¢
*hF B R > ethanol 2 £ 5T F NaNs B AR 4k @ 5 T F248% > 77 1 4 NaN;
¥t ethanol 2 & » § - T M d T A *NaN; 7 #¢ 7 3 p4+t 4% butanol

A

1f“b

¥ # % butanol *t A (solvents) ® et &) > @ H g o
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A-B-E (g/L)

10

i
g -
Jo
4 -
) -
0 - - -

Control 2

N Acctone
[ Butanol
B Fthanol

==

L

5

. i L

L

10 5
(added at 24 hr)

Conc. of NaN; added (mg/L)

&l 4-10 NaNj3

BAFEE D Rk 37C

i 0rpm

ﬁ]‘ 4v ¥F butanol % & $= 2§ 58

47

iodn pH 4.8 > 312 % A2 B

BAEPREE 7T2hr



410 M2 F T 5

PR B AR AEFGRR R D S LSRR, T A A

+

RN B SIS AL B c B R Ao 411 LB D 30 hro
A2 & A fo glucose i £ B Y 5 ¥ 0 ¥ & butanol A2 ; @ %42 hr
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