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ABSTRACT

The growth and fermentation profiles of Clostridium acetobutylicum KCTC 1037 were examined in batch

and continuous modes with pH variation and phosphate limitation. Closiridium acetobutylicum KCTC 10

37 grew better at pH 4.5 than at pH 5.5 or 6.5. Acetate and butyrate were produced at pH 5.5, whereas

culture at pH 4.5 produced acetone and butanol. Solvent production was increased by the phosphate

limitation in a batch culture, but in a phosphate-limited continuous culture for 400 hours steady-state

solventogenesis was not observed., The induction and maintenance of solventogenesis presumably require

not only acidic condition or phosphate limitation but also favourable bicenergetic condition,
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EXCUEL
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WEE Clostridium acetobutylicum KCTC (Kotean
Collection for Type Cutures) 10373} o] 2] LA}
ol A fuf AlAso] A E 52 C. acelobuty-
licum KCTC 1724(15) % AMg-shq el wh=j3= g 7=
2M X458 /L] T HFMA(CAB) & AFE 3}
Fo 11 ZAL 119 FR4o] tfEba] veast extract
48, tuptone 1 8, K,HPO, 0.7 &, KHPO, 0.78 MgSO,

7TH,O 0.18, MaSO, 0.1 8, FeSO, 7H,0 0.015 &, NaCl
0.18, 0.02% resazulin 1ml. ©] o}, pH<= autoclave (1
21T 2035) el 5482 Wik wjAe] Qlate] dko
g zye) web zHsA & A5 Y A8¥
w4 CAB Wix| 9] K,HPO, 0.78 3 KHPO, 07 &
A KHPO, 018 & ARE3 1Ak gt wiA ek, wh =]
A 73z KimE(5) 8] Whioll sk 7, al=] AH5S

Firrel el T, Bol SEUE A/ et
G g kel 948 @214 2dow 9,
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C. acetobutylicum KCTC 1037°- Walton¥} Martin 2]
Wb (16)9 et soil stock &3 W@Aatel] WatEle] A Qg
& o oo AE s Wee a7 95 o si
obthak-g 10ml8 CAB sljAo] #7[xor HFald
80°C water batholl 2571 7} (heat shock ) 3t th o] A&
35T water batholl 24A)7F wjekat & 35ml& Fato
T0ml. CAB whAlof Hgsked A&5 Aabteh g azx
ol AEAon Agsd C a('t’tobutvlu*um KCTC
1724 = 924 #7126 ampule S HFol WA Sl
Wakske] ARgsth o] At HEE F ohear shock
AR AR WSl

U I o] -8k S3tul kol A= 700ml. o] Bioflow
C 30 fermentor {New Brunswick Scwnnflc, Co. Inc.
Fdison, NJ)ol 4( ml.o] Wi 29 g o] 83819
th wjekd- 350 Al furnacedd -5‘1’%?} HAr 7haE
& #H o5 B3t /“ S A 35Col A 200 RPM Q] alwt;
FASFACH pHiz pH AHg A 7]k pH A0S AFS-3od
)\ NaOH®} 25 N H,80,i2 A4 sbo gls)i= pl= Z3

K }-

‘?1-5?HH k- 27 9] WA 24 A S two-stage chemostat

HA S Fig 1), vhA] & 4aris 131400] & {8
Y (carbov )it Al 1210 w4 grol ALE-slgivh AR

o A3z 1Ak ¢ ) AR AY stage 103z 750ml.{io]
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Fig. 1. Schematic representation of the
equipment used for continuous pro-

duct with two stage chomostat.
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A E : Spectrophotometer (J/\S(]() SSE-343, Tokvo,
Japan) & o] &3] 660nm oA ZA &} wHE A
uj ekl Iml& # 8l 10M phmph()ric acid 100al.32 2H4
o} &k & 91t st 4Gl 1pit pas chromatography

' A} FML} ]'H I"—ﬂ\_}. JII‘E]~{}\\}. ’111’&'3'1: Chromo
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0/100 mesh, Supelco, Bellefonte, PA) glass column$
120CoNA o] & st oW injector 9} detector?] &1
= 210k eI JHEL Porapak Q (10/10
0 mesh, 2 m x 2mm, Supelco, Inc.) glass columng 18
0CAA o] &3tA ), Injector 9 detector? L& 210
THY. 4Fo AL B detector= flame inoization
(30mL / min) ©]91 11, gas
Varian 3300(Varian Associates, Inc,
Sunnyvale, CA), integratori= Varian 42900] ¢t} #2] g %)
e SELEAS] : uhakole] pHs) HE] 2 4] pia,
4.82& o] &-3ted, pH = pKa + log ( [Bu]/ [HBu] )¢
Aellx] Akatd .

detector, carrier gast= N,

chromatograph&
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& A FAHA ASEEE B9 1 dn
pH 452 #3204 7H4 & Ager] 1 ohee
55, 659 =AMAG(Fig. 2). A YWEAEE (gmax)
© 0658, 0.495, 0433 o]Uth. ol g A= C. aceto-
butylicum KCTC 10370] F4 2= A4 A o ZAe}
= A% ki,
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9otod HEZ U pHE 459 558 FAste] g AHg
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ORI EA I FE] 2 4F 5o f7] 4k ko] WA E QT (AHAY
4719 fA)), ¥bH pH 452 FA 3 ZddAE HES
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Fig. 2. Growth of C. acetobutylicum KCTC
1037 at different pH. The pHs of
culture were controlled by automatic
addition of 5N NaOH and 2.5N H,SO,.
The working volume was 375 mL
in 750mL in vessel. An 18 hr old
inoculum(5%) was used.
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Fig. 3. Time course of C. acetobutylicum KCTC 1037 at constant pH 45 and pH 55 in
batch fermentation. The experiments were performed in 750 mL fermentors that
contained 400mL of CAB medium with 45& glucose. pH was regulated by automatic
pH controller.
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Fig. 4. Changes in specific growth rate and butanol formation of C. acetobutylicum KCTC

1037 under phosphate limitation. Modified CAB media with 45&g /L glucose
containing 0.01-148 /L of K,HPO, and KH,PO, were used in the experiment,
Inoculum size: 5%, pH: 54, cultare time 72hr.
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olAH|3 two-stage HUSH YA C. acetobuty- h') olde WE R ofEA]l ok 100mM
licum 2| W ol A At ol Hefs A oS- FEI Y] T
o] A8 oM C. acetobutylicum®] &Y AL 85mM olom Hjoke] ALH LS F F713be] wRi:
pH 459 Az Aol Ei= v Ao 14k A #eE 75- Z bt th(Fig. 5). Stage 2(pH4.5, 314§ 0.067h™) ol A
FEHAY F78 = Aog YehthFig, 3, 4). 18] E = R 2711204 AR el a8} ofdE o] of
2 pH 459 2413 2dolAM A& wFE A sk 100mM A = 21} v g A tto] 7 3hel] mhel(1504] 74
B8 ok AEE 5 A 2908 AA FelA o]F) 1#ke ME AT Al o E M RE|E 4
g AAS wakalgih Ad WS O acetobutylicum o] A4 27} = Auh(Fig. 5). Stage 2014 20047t o] %
dgol Qo] oAl 7hx] vl A AFHQ) A& wjdEge of B3tastA &7k AdEH= Heol #A HAoY
2 A|HE two-stage chemostat(5,6) 2 3o}, aFe z7)d v d@#-3s HAc
C. acetobutylicum 10372 two-stage chemostat® 400 the-2 C. acetobutylicum KCTC 10372 F-3E =} o] 3
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Fig. 5. Fermentation profiles of C. acetobutylicum KCTC 1037 grown in a phosphate limit-

ed-two-stage chemostat. The initial glucose concentration 45g /L. The first stage
(F. 1.)* was controlled at pH5.5 and dilution rate at 0.2h™, while the second stage
(F. 2.)* was maintained at pH 4.5 and dilution rate at 0.067 h™. The culture was
started-up in a batchtype, and the continuous substrate feeding was started
when the cells were at the end of growth phase indicated by arrow.
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Fig. 6. Fermentation profiles of C. acetobutylicum KCTC 1724 growth in a phosphate limi-
ted-two-stage chemostat. The initial glucose concentration 45& /L. The first stage
(F.1)* was controlled at pH 55 and dilution rate at 0.2 h™, while the second stage
(F.2)™ was maintained at pH 4.5 and dilution rate at 0.067 h”’. The culture was
started-up in a batch type, and the continuous substrate feeding was started when
the cells were at the end of growth phase indicated by arrow.
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71 ojFo] EpH Ao g Ly} AU HAHN 2 4k3} ofHE4bo] oF 180mM Al E = Ak Al o] -4 8
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Fig. 7 Fermentation profiles of C. acetobutylicum KCTC 1037 growth in a phosphate lim-
ited-two-stage chemostat. Tﬁhe initial glucose concentration 45g /L. The first
stage(F. 1)* was controlled at pH 6.5 and dilution rate at 0.15 h™, while the
second stage(F. 2)* was maintained at pH 5.0 and dilution rate at 0.05 h”, The
culture was started-up in a batchtype, and the continuous substrate feeding was
started when the cells were at the end of growth phase indicated by arrow.
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AU ph Eo] Aok ATH38). “Lelv C. befjeri- g Aol AAS ybae At Cooacetobutylicum:

nckii @ 79 pil 680141 HEkS-o] A F QL0 (18), A (pH 65) Wk A (pH 45)0 A vl 3wt Fak

Holt% (4)& C. acetobutylicum| A %= 7} 100mM €] ofAl A B B Rolon(Fig 2), pH A5 AE Suf

e abs) JLEjE ko] Qs plt 72 $HeltA] Bl Ao EX P —“] At} (Fig. 3). €. acetobutylicum®] vl
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