DESCRI PTI ON A METHOD FOR CONTI NUOUS CULTURE OF THE ANAEROBI C M CROORGANI SMS
5 Technical Field The present invention relates to a nethod for continuous
culture of the anaerobic mcroorganisns. 10 Background Art Anbng anaerobic
m croorgani sns, there are many industrial inportant bacteria such as
Acet on- But anol produci ng nicroor%$nis | actic acid producers, and et hanol
produci ng bacteria. However, it B wn the process to culture these
m croorgani snms for the nobdern industrial application except the
conventional batch culture. Aceton-Butanol 15 fermentation was the first of
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bacteria. However, it is not known the process to culture these microorganisms for the
modern industrial application except the conventional batch culture. Aceton-Butanol
15  fermentation was the first of the most popular modern fermentation industry until the
World War II, however, acetone and butanol are producing by the petrochemical process
and no country is using this process. It is well known that lactic acid bacteria are useful
microorganism for food industry not only dairy products but also conventional pickles
fermentation. Lactic acid production process as organic acid production process is still
20  under development stage unlike glutamic acid fermentation which is the most modern
aerobic industrial fermentation among the amino acid and nucleic acid fermentations. Itis
known that ethanol fermentation by bacteria has some advantages than yeast process, but
no satisfactory process has been introduced to ethanol industry nevertheless many studies
involving continuous reactor using immobilized cell process. From current issue about the
25  global tasks such as alternative energy to fossil fuel, reduction of carbon dioxide emission,
and environmental hazards by plastic waste, technical attention on the efficient colture
methods of anaerobic microorganism. Lactic acid fermentation as a large scale mass
production of chemical industry to supply raw material for biodegradable polylactic acid

synthesis, and efficient ethanol fermentation process to supply economical sufficient ethanol



for gasohol is being paid great attention for an urgent task. However,
continuous fernentation process for lactic acid fernmentation using

Lact ococcus and Lactobacillus and ethanol fernentation using Zynononas
that they are possible to apply industry are not devel oped. There are many
scientific papers_describing continuous fernmentation for 5 anaerobic
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limit), cell activity decelerates to raise dissolved oxygen level due to decrease of oxygen

uptake rate of the cells. Substrate is then fed and fermentation activity will be recovered
promptly to last the process.
Anaercbic microorganisms do not require oxygen for their metabolism and DO-stat is
20  not possible to use for substrate feed. In another aerobic fermentation, pH-auxostat which is
the method for substrate feed using pH up when substrate is used up is used.. Likely in
anaerobic fermentation, pH turning to up from down is often observed in ethanol
formation as well as lactic acid formation, pH-auxostat may be introduced for anaerobic
continuzous fermentation. In practice, pH-auxostat in aerobic fermentation was failed. In
25  anaerobic microorganism, cells loss their activities irreversible when pH change turns to
rise. As shown in Fig. 1, anaerobic fermentation is possible to last by pH change caused by
alternative addition of substrate and alkaline (A) and substrate is fed before residual
substrate concentration approached to the critical value (fow limit) (B). On the contrary, as

shown in Fig, 2, fermentation ceases if substrate is not fed when pH turns to up (A) and
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shown in Fig. 2, fernentation ceases if substrate is not fed when pH turns
to up (A) and 2 residual substrate concentration becane | ower than the
critical value (B). This is special characteristics of anaerobic

m croorgani snms unli ke characteristics of aerobic mcroorganism Therefore
on net hod has _been found for substrate feeding for anaerobic contlnuous
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efficiency to save m ni mum production costs. Disclosure of Invention 20 To
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The present invention is aimed to develop new control method for anaerobic contimious
15  fermentation that is available for industry such as high purity L-lactic acid production and
biofuel ethanol production. These processes require very high economical efficiency to save

minimum production costs.

Disclosure of Invention
20 'To overcome technical problems mentioned above, the present invention provides
following solutions:
1. A method for continuous culture of the anaerobic microorganisms that is active cell
population is maintained constant, when the fermentation is operating continuously by
feeding substrate and alkaline alternatively, residual glucose concentration of the culture
25  liquid can be controlled by feeding the substrate that rate is equal to alkaline consumption
rate.
2. The method for continuous cultitre of the anaerobic microorganisms according to an
above-mentioned invention, wherein the residual glucose concentration is maintained

constantly by feeding substrate of molarity that is equal to comulative consumption
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above-nentioned invention, wherein the residual glucose concentration is
mai ntai ned constantly by feeding substrate of nolarity that is equal to
curul ative consunption 3 nolarity of al kaline added in order to control pH
of the culture liquid. 3. The nethod for continuous culture of the

anaerobi c m croqrgani s according to either of above-nentioned
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consunmed asThapraént itwhtiéh Bathievh wm{:léteﬂwynﬁ@'fon@dmg Isthdielli OndMSdaBY theesi dual
gl ucose concentration can be controlled at the pre-set level. I'n this

f er ment atineantayst em high cell density culture gives high volunetric
productivity; however, such culture condition nakes hi gh product
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I ntroducing turbidity control to this fernentation system cell popul ation
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fermentation dynamics. Control of residual glucose concentration of such fermentation is
difficult. Introducing turbidity control to this fermentation system, cell population becomes
under conirol. This fermentation system makes high product concentration by high cell
density but high productivity is still obtained by using diluted alkaline to make large
20  dilution effect. By this manner, end product inhibition in high cell density culture smaller
and such fermentation becomes stable with fairly good residual glucose concentration.
Thus the present invention has been completed.
Using the present invention, continuous culture of anaerobic microorganism has been
succeeded with fairly good low glucose concentration in the harvest. This process can be
25  applied for industrial production of L-lactic acid. The products from this process are save
costs and very high quality with low remained glucose in the final products.

Brief Description of Drawings

Fig. 1 shows that in the culture of anaerobic microorganism, pH of the culture liquid
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costs and very high quality with | ow remai ned glucose in the fina
products. Brief Description of Drawings |g. 1 shows that in the culture of
anaerobi ¢ m croorganism pH of the culture liquid 4 approaches to | ower
preset limt (A), at that tinme residual glucose concentration decreases to

the critical value, Fernenfation goes, on with healthy, when residual
gl ucose CBREWShEs 19 Joygr preset @wﬁ@ﬁ)s ?&%%@Méﬂﬂf@%ﬁqmp degreases top) - Fig.
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using the ®pRthows mmm@am@ﬁa@uidfgmrbnsﬂ%@mmhms@gmMﬂi@ﬁﬁm@s@hucose
consunption rate and correction factor. By this control system raw

mat er i al fboihs presertt bevestiont nmedi um decreased 15 so that the process can
produce high quality product with the m nimum cost performance. Also in
the present invention, active cell population is increased by recycling the
cell to increase the product concentration resulting strong product

i nhi bi t i déestMinde for Gauymeut thednventipe process can be recovered to high |eve
by high dilution effect performance for the culture system enpl oying

di | utlad al kip theepresant; inveptiqny celk density, gf aww%gacma@,smgﬁeenwr@d 2dactivity
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15  sothat the process can produce high quality product with the minimum cost performance.

Also in the present invention, active cell population is increased by recycling the cell to
increase the product concentration resulting strong product inhibition. The productivity of
the process can be recovered to high level by high dilution effect performance for the
culture system employing diluted alkaline solution for feeding. By these means, specific

| 20  activity of the fermentation can be maintained high and anaerobic continuous fermentation
become stable for long time operation.

The operation of the system is explaining using the schematic diagram. In Fig, 3., the
principle structure of this fermentation system is demonstrated a SFD (Schematic Flow
Diagramy). In this figure, A: fermentor, B: cross flow filtration for cell separation, C: pH

25  indicator and controller, D: computer for calculation of feed rates of the substrate based on
alkaline consumption rate, E: turbidity controller, using laser probe, P1, P2, and P3:
peristaltic pumps are indicated. And F1: rate of alkaline flow-in to operate pH-stat culture,
F2: rate of substrate flow-in determined from alkaline consumption rate, F3: rate of the

medium that does not contain the glucose added for turbidity control flow-in, F4 and F5:
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al kal i ne consunption rate, E: turbidity controller, using | aser probe, P,
P2, and P3: peristaltic punps are indicated. And Fl: rate of alkaline flow
in to operate pHstat culture, F2: rate of substrate flow in determ ned
from al kal i ne consunption rate, F3: rate of the nediumthat does not

contain th | ucose for turbidity control flowin, F4 and F5: 5 cell
free br OtCﬁEQ%? #“’F'b?’“?'gég"eﬂ%‘ﬂ‘ el o Fland2 respectively to cpatxel |f‘?}’éle§"ﬂ“8“cont rol

cont ol - oroHmet Bl Do FE R B ribartEeophLE o cofol P e

expresseq,oi eamgg nsion of mM/mn. To maintain constant working volume 5

(V) of the ternmentor A the rel ationship of F1 F4 and F2 F5 shoul d be

remai ned a“ﬁg%m&#@% ifn'a%m[e ‘iﬁn %ﬁﬁﬁﬂt%rﬁﬂg%lﬁﬂ& under
at| ons [ p 0

const ant wor ki ng vol mat e re rrust be preserved. In
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F1+F2+F3 and sum of bl eeding out fromthe fernentor is F4+F5+F6.

Mai nt ai n,th€ eiihd difte twahdintats o6l papalatiod Cons@he ivh @R hnsan® fwdrking 2 dindie ﬁé+F5+F6
shoul d 10 be established. Thus unlike the conventional reasoning for
cont i nuouslatiatshiprof F3elFé minsidye preseeved.dh thik beltueosysichil) aun of de paed dstredin | S
expressed by the follow ng equation (1). D_ F1 + F2 + F3 = F4 + F5 -+- F6
(1) V Vi thotegoendorsin 1 ti2-HF3paogd simtof bleeding ddtﬁnhﬂhaﬁﬁnentprisdﬁaﬁgﬂ?@vw h of
the cell in unit tinme, pXV should be equal to cell bleeding out, XF6, so
that s peéfc*fm@ngmbmrﬁtanbwerl@ug yohimge, fthe relationship of FEvRHERrEaFSE6shodssed by
the relationship XE6-p u=F6 (2) 20 In the conventional reasoning
for é8nt i%&étakhsgﬂwb%uﬂ%%@m@%m 3’%489!5!13)9* ceiingouscylture; dilntignre def i nes
t hat conti.nquous .cult attain the s st ate operatlon
COﬂdItIOF?fg?s B‘“Wﬁé%’é‘?’é?ﬂ“?’ﬂ\?@ﬁﬂhyﬂh %’ﬁ% %F‘l‘ﬁ‘&%a ‘this theory so that
this is a new type continuous fernentation that controlled by new | ogic.
In this new control ste substrate 25 feed rate is given by the function
of al kaline fgegﬁlafé:yq:flr f Bl dndds gyl uted to Iow

vV

15 To constant cell population in the fermentor, total growth of the cell in unit time, pX¥’
should be equal to cell bleeding out, XF6, so that specific growth rate of this fermentation
system can be expressed by the relationship XF6=pXV;.

Fo6
p= 2)
20
In the conventional reasoning for continuous culture has been expressing by Monod
equation which defines that continuous culture will attain the steady state at operation
condition of p=D. The present invention does not agree this theory so that this is a new type
continuous fermentation that controlled by new logic. In this new control system, substrate

25  feed rate is given by the function of alkaline feed rate F1. If alkaline is diluted to low
normality, culture broth will be diluted to increase the productivity due to dilution effect. By
this way, end product inhibition becomes smaller and the specific activity of the cells is
maintained high so that fermentation becomes steady with fairy good remained glucose

concentration.



normality, culture broth will be diluted to increase the productivity due
to dilution effect By this way, end product inhibition becones snaller and
the specific activity of the cells is naintained high so that fernmentation
becomes steady with fairy good remained glucose concentration. 6 The

fol |l owi ng si,ﬁ (glg descri bes the exanples of the gresent I nvention. And of
cour se, WSP‘?WM"FW&? e cxamplesqfithepresent Wuentisp| JWidef cesiapml es.
Exanpl es , 5 Exa e 1. Str Lact ococcus lactics 10-1 (JCOM638)
whi ch wadRf REreR erﬂ%?“ﬁf@tﬁwg}ﬁﬁﬁ%&‘ %‘a’ﬁg’mé%‘lf" ck culture stored in a deep
freezer at -85? was refreshed in TG liquid nedium (D fco Laboratories,
Detroit) and transplanted into 100 m nediumcontaining in an Erlenneyer
flask forp8uh&ul ture. The nmedi um consisted of 3% of glucose, 0.5% of yeast
10 extract, 0.5% of poly peptone and 1% g of NaCl and autoclaved for 5 mn
at 129 ? gxanfpidfeNtati on system enployed is the sane one shown in Fig. 2.
The fernmentor is an glassware 1 liter jar wwth an inner agitation rd

driven by nsgaiatised sQ@@catudRbls 10-RPANMYEI8) whith Yvas Rdlatel sy ibdfmwaforPut in a
water bath to which 37? water was being circulated. An glass el ectrode for

pH neasurvesenstd Stk culberepstored in hokeep ffireen® at R83%alwWag drefrihédth TAC HpeldpH 15

of the culture liquid was controlled at the lower |imt value (pH 6.0) by

f eedi ng ohedibhdDiferelalwoitutiespDetfdit}ahid Gtdnsplieat tel 00ghlunetiem|containingin
periodically determined by an enzymati ¢ gl ucose anal yzer and when gl ucose
concent I‘ﬂlll%i/f tenmexerflagk foy 8h ‘gllt!!r&: ¢ mediguscopsisted ofd “nabelucosa PSeedotypasteedi ng
of substrate the rate of ch was cal cul ated based on the rate of alkaline
constfipt ie¥HastaPa’e TBEOIV‘@FEFPW)R%PO Beaf\Diad] %‘Id verh farnd min @t 2% 31.i ne
consunption can 20 be consj dered as the fal . Jhat is, the glucose
quant i ¢y REBFOREIR Biteny FEPIRFEY th,game gne &a“wgme%a The (erentyn i AR x90+C

,E ga m ]9 o?%%?‘tf\é‘fm ﬁil ]zg:c S{h?fgnc'n?ggrfalgl n%rﬁtrd (c)l];'lven y magne ic R)rce ol}l geng_| aglta%oc 's a
400 rpm. The jar was put in a water bath to which 37? water was being circulated. An
glass electrode for pH measurement (Toa Denpa Go. Tokyo) was installed in the jar and pH
15 - of the culture liquid was controlled at the lower limit value (pH 6.0) by feeding of alkaline
solution (IN-NaOH). Residual glucose level was periodically determined by an enzymatic
glucose analyzer and when glucose concentration reached to 3 g/1 continuous culture was
started by feeding of substrate the rate of which was calculated based on the rate of alkaline
consumption rate. The relationship between glucose demand and alkaline consumption can
20 be considered as the following, That is, the glucose quantity (Gg) can be written by the

following equation (3),

=fF1x90

+C 3
0.95 ©)

25  where f'is a coefficient of normality of IN-NaOH and C is a term for adjustment of the
residual glucose concentration. Glucose demand (g) is equivalent to lactic acid (M.W.=90)
formation (g) which corresponds to the rate of 1N alkaline flow-in (F;), however 5 % of
the fed glucose should be lost for regeneration of F,. Therefore, the glucose demand is
divided by 0.95. Off-set of the control system can be adjusted by the term C according to



resi dual gl ucose concentration. d ucose demand (g) is equivalent to lactic
acid (MW=90) formation (g) which corresponds to the rate of 1N al kaline
flowin (F1), however 5 %of the fed glucose should be |ost for
regeneration of F2. Therefore, the glucose demand is divided by 0.95.

O fset of the control systemcan be adjusted by the term C according to 7
noni t or i ARPBitadngresidug)ighiceseconesnralinty at i on. Therefore, to supply gl ucose

gquantity ich is calculated by an eguation (3). using the | ucose
concent ram@ﬁ"r}%fq %“PH’é’cﬂal‘?ﬁ??‘? auanafy; which iy, ed by pa egeptisy G)susng the 5 (4)

where S i | ucose, con ration. (g/l) ot feed splution. Continuous culture
was cond 8“%?%%@@?%%%”5%5@?@%@4&0rdi ng to the equation
(3) and (4). Cell free filtrate fromthe cross flowultra filtration was

wi t hdrawn The 10 a%u_JI:ture broth was wi thdrawn and recycled back to the
fermegt or throyghe 22 reps flowultra filter (M CROZA PSP103, Asahi-kasei
Co., Tokyo). Perneafe of the filtration was harvested as lactic acid

product solution. Turbidity of the culture broth was determ ned and
controlled at constant cell density by bl eeding out the culture broth and

f eedi ng mhiere is glb@e cotebiiti-dtion /b of feéd lutioheast extract 0.5% pol y-peptone
0.5% and NaC 1.0% as a dilute using 15 a DDC controller (Mdel LA 300 ASR
Co., Tokyo)Comkinuoat cidimes was cdrfdactbd dglifeedingrthe nehstrhleaohitiog acot diiye tocthe
synchroni zed by a peristaltic punp. Three kinds of the feed solutions (Fl,
f2 and F8yuation)fand @ Calfretfitoatk fimuighofrosdlovwhilwafilkAGomwds Wishdrawo THE) wer e
bl eeding out. Substrate supply rate is calculated fromthe al kal i ne
consi@rpt icukinre hreth wgs withdiawmzamd reqyeled backite thederanentuy tnpugh a arpsslopadieh wi se
cultivation, residual glucose concentration reached to 3 g/l and the

f er ment afitteh HIGCRAZA, RIHPndenbikessi Con dokyg)e Reanrgty phthe flgatiommas cel |
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J;rgﬁi ;3[ gt%%%h\éo% gt c[oo ;ﬁt&%ﬁé{sﬁ%'ﬁ%ﬁé’ﬂg out lii{{ecc%ﬁgre%%]tﬁ %ﬂ& 1 i § Ho-alticose duced by
nutrition solution (yeast extract 0.5%, poly-peptone 0.5% and NaCl 1.0%) as a dilute using

15  a DDC controller (Model LA-300 ASR Co., Tokyo). All streams of the feeding in and
bleeding out were synchronized by a peristaltic pump. Three Kinds of the feed solutions
(F1, F2 and F3) were fed in and two kinds of solution (F4 and FS, and F6) were bleeding
out. Substrate supply rate is calculated from the alkaline consumption rate for
neutralizing lactic acid.

20 After 12 h batch wise cultivation, residual glucose concentration reached to 3 g/l and the
fermentation turned to continuous culture. With substrate feed and cell recycling, cell
concentration gradually increased to about 10.5 g/l.

Residual glucose concentration in broth was 4.5 g/l. that are higher than the target value
of 2.0 g/l. However, glucose concentration was reduced by manipulating the term C of the

25  equation (3). For 3 h operation, residual glucese concentration has been approached to 2+
0.5g/1. Continuous operation lasted for 10 days, 250 h with total dilution rate 0.7 1/h,

During continuous operation, average lactic acid concentration of the harvest was 45 g/,

therefore the volumetric productivity of this fermentation was 31.5 g/flh.
From the harvested liquid, L-lactic acid was purified and concentrated to 90 %.



25 equation (3). For 3 h operation, residual glucose concentration has been
approached to 2 0.5g/1. Continuous operation |lasted for 10 days, 250 h with
total dilution rate 0.7 1/h. During continuous operation, average |lactic
acid concentration of the harvest was 45 g/l, therefore the volunetric

productivity of this ferpentation was 31S %{Lh. Fromthe harvested |iquid,
lactic aempingdseluense in dhe preduct mag Jess fhagy 5 & against Blteacdcandyituisose i n

t he product s le ha % agai nst L-lactic acid and it is satisfactory
qual ity fFaisHsiryap {"E 3@“&9&&%’2‘?‘?‘3 Exanple 2: Strain used is

Lact ococ?é(g lF‘CZU c 10-1 (JCw638) which was isolated by the inventor 5 was
used Sto % Tre stored in a deep freezer at -85? was refreshed in TGC

e um cont S A Ao & LABRL Bl 081 FROMNsH) wAg v TRGRAHY G bl

medi um contairning I n Ium

consi st eqrvagfusglf/(SR)Ekthﬁﬁ@ss?ore@%o/‘hqeeﬂxge?feg:zagx%g?a%as Rl iPTCC Bgihone and

1% of NaC and autoclaved for 5 me Fernentation system

enpl oy ed méliim DI EabBARoi@EDetidi) ahe tenspiRlt& ihto 100ani MENRABhAtaintngdn 10
gl assware 1-liter jar with an inner agitation rd driven by magnetic force

of gent | endgyildnaicdyanflashtford® G dutire. TIMRe n@diut@ SorBisted i off 38 VAKCtosBASYtof Whi Ch
37? water was being circulated. A glass electrode for pH neasurenent (Toa
Denpa o .yeastkxtodcet, s iofi polyipepitine and % piiNaG@rohdphitoctived fo Samint atr120 I?i.qui d was
controlled at the lower limt value (pH 6.0) by feeding of alkaline

sol ut i on Kermentatigs)systfinenipleyed i thewysanes/ang usest inftiee examplet 1. oBhedissmenterisat i ¢
hydrol yzed 15 cornstarch diluted to 5 % gl ucose equival ent. Enzyne enpl oyed
wer e1Rov@lassews hjiter iarpith amimnex-agitation rebdrivey bygnagneticyforasof gentlg ggitationof  cor n
st eep Ii%g 6 épCSIE%;l was added and pH of the Iigui d was adj usted hefore

aut ocl avi 8 Oxpm.Skhejar was putn g watershatly o which 345 evatex wes heing cireplated; 8a) | y

R TN R R e e R
sobe ¢ Sl Y UL B R M
consunpt isGtionN-SiaBRD). Ple HRACHHAbYQ ol Fathehththh v @I RhSticthydrolyzed
15  cormstarch diluted to 5 % glucose equivalent. Enzyme employed were NOVO Themamyl
120L and Dextrozyme 225/75 L. To the syrup, 1% of corn steep liquor (CSL) was added
and pH of the liquid was adjusted before autoclaving at 120 ? for 5 min.
Residual glucose level was periodically determined by an enzymatic glucose analyzer
and when glucose concentration reached to 1.5 g/I continuous culture was started by
20  feeding of substrate the rate of which was calculated based on the rate of alkaline
consumption rate. The relationship between glucose demand and alkaline consumption
was given by the equation used in the example 1.
These feeding rates were controlled by the computer. The culture liguid was
withdrawn and recycled back to the fermentor through a cross flow ultra filter (MICROZA
25  PSP103, Asahi-kasei Co., Tokyo) and cell free filtrate from the cross flow ultra filtration was
withdrawn as harvest solution to recover lactic acid product. To the fermentor a lazar
working probe for turbidity determination was installed to control the cell density of the
culture broth. The cell density of the culture broth was controlled at constant by bleeding

out the culture broth and feeding non-glucose nutrition solution (CSL 1.0%) as a dilute
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These feeding rates were controlled by the conputer. The culture [iquid was
w t hdrawn and recycled back to the fernmentor through a cross flow ultra
filter (NIl CROZA 25 PSP103, Asahi-kasei Co., Tokyo) and cell free
filtrate fromthe cross flowultra filtration was w thdrawn as harvest
solution to recover lactic acid product. To the fermentor a |azar working

p][ Obﬁ for“?ﬂ?@%?@?@?@hﬁdﬁgﬁﬁd %Q%Jflﬂqr);e&sfi‘%@ﬁ?frtb?f%&h' mand denls: té
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iti i CSL 1. 09 . dj 9 ' Mo
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(B DU AEE. SubHaRa 3 ehlofie SRy rolCf Eclib 08 rof it RSt 1 ' 1S
and F§) %aﬁgamoﬁﬂmf%mmsoﬁumgﬂ%gw@gg(ﬁbm pcose supply rate is

calculated fromthe estimate ra I ng anount of al kaline solution

(0. 5N- NaOH) Afiter 18R BhicR widedulehiic], reRiull Sélgé/of@cdﬂhéﬁ'ﬁﬂﬁ bbprohdnea to 1.8p1dual

gl ucose concentration approached to 1. and the fernmentation shifted

to conti ramdtise forihéntation skifted teeothics eulhaed Withl sutsirhte fea el icélbrecycifg, |
concentration gradually increased to about 123 g/l of DCW Residual glucose
concent r atl amcéntragion gradeaily inerededvmabbuigl2]3. g/l BCWer e | ower than the 10
target value of 1.5 g/l. However, glucose concentration was increased by
mani pul at i nBesidual glugeseconcenfration in ¢ultupeliquid ovas 1r g ithis avere loweo slean the
concentration has been controlled to 1.50.2 gll. Continuous operation

| ast &8 f darest valueof 1.5545 Howgver, cluensg congpniyationwvas incseasedoby manipulpting the
continuous operatiqn, average lactic acid concentration of the harvest was

40.5 g/ | o herlifesilen encatiog; xesigualiclicpse sapcepirgtion hasbeencontrolind e d S020n was
02 9, el RIS it 5 R S UL,
I R e R A
SRS, s B P D5 507 Ve rofreshed I
15 From the harvested liquid, L-lactic acid was purified and concentrated to 90 %.
Remained glucose in the product was less than 5 % against L-lactic acid and it is
satisfactory quality for poly-lactic acid synthesis.
Example 3:
. Microorganism, Zymomonas mobilis NRRL-B14023, was used. Stock culture stored in
20 a deep freezer at -85? was refreshed in YM liquid medium (Difco Laboratories, Detroif)
and transplanted into 100 mi medium containing in an Erlenmeyer flask for 8 h culture.
The medium consisted of 100 g of glucose, 10 g of yeast extract, 1 g of KH,PO,, 1 g of
(NH4):P04 and 0.5 g of MgSO;. 7H>0 in one liter of deionized water and autoclaved for 5
min at 1207 . Continuous culture was conducted in the fermentation system demonstrated
25 inFig 2.
The fermentor is an glassware 1 liter jar with an inner agitator driven by magnetic
force of 400 rpm of gentle agitation. The jar was put in a water bath to which 37?7 water
was being circulated. A glass electrode for pH (Toa Denpa Go. Tokyo) was installed in the

jar and pH of the culture broth was controlled at two pre set point, upper limit and lower
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and transplanted into 100 m medium containing in an Erl enneyer flask for 8
h culture. The nmedium consisted of 100 g of glucose, 10 g of yeast
extract, 1 g of KH2PO4, | g of (NHQF04 and 0.5 g of MgSO»4. 7H20 in one
liter of deionized water and autoclaved for 5 mn at 120? . Conti nuous
culture was conducted in the fernentati on system denonstrated 25 in Fig 2.

The f er mdimpibpsingspH gonfrolless  Ji eontinpqus cpltyrg, suptrate was fed a6 pppeyinthlisit adi ven by
parn t o vteEE BAR-NDED aied i dovir 1Bk FineFokors et Nrscehdsem a8 ok ( Toa
cont rol | A5G Rask TF A RPAenEh byt s erpsd e e fir MR BOAHSRA " 1S
o kel | ne ABERisHiy QR Kt ot U BRIER P Rars Bl b VBRRD ages ¢ 2

Wi t hdsawnomBgh, Tif gﬁ tRAGHFO bhdiE WaS diRBnRed ;ﬁa%ﬂ&o&d%%ﬁﬁ%%@e{xuu' tra

filter (M CROZA PSP1 Asahi - kasei Co, Tokyo). Perneate of t Iltration
was har vefhé Bsbleddan it i QAkEd bidts Mhd ! febdifig ndhlaitcsbe inffont sBRitibnlbd Wre broth
was determ ned and controlled at constant cell “density by bl eeding out the

cul tur e hiilateusing @ DIBE dont@leoM@leLILAS00 ASRITH., Toky®)O| All thams of the f@dilingt € usi ng
a DDC controller (Mdel LA-300 ASR Co., Tokyo). Al streans of the feeding
i n and blieeoidnblealitg wet ey syeichwnized byby pRrisalticspuahp.i CSybstripte sBipplyt isat e
supply is calculated fromthe al kaline consunption for glucose intake by

t he fol | ealchlgted drem the alkaline conun@Gon fdrlucpsentabythclollsyingoq@dion(®y e f H

I ndi cates a reciprocal nunber of ml of INNaCH required for 1 nole (180 Q)
of dPucose intake. SEoi ghi ognetry of ethanol fernentation from glucose
shows one nol e ofgls | o dg)r el ease for one nole formati on of

et hanol . Thus unlike | adt9 acid érnment ati on, ethanol yields fromglucose
theoretically 50 % not 100% Then, if the rate of conversion of ethanol
fromglucose is expressed as fH, an equation (5 wll be given by the sane

as an eq Wel'eo H ingéi):ates a reciprocal number of ml of IN-NaOH required for 1 mole (180 g) of
glucose intake. Stoichiometry of ethanol fermentation from glucose shows one mole of
15 carbon dioxide release for one mole formation of ethamol. Thus unlike lactic acid
fermentation, ethanol yields from glucose theoretically 50 %%, not 100%.
'Then, if the rate of conversion of ethano! from glucose is expressed as f, an equation (5)
will be given by the same as an equation (1).
In order to maintain constant working volume, accurate volume of cell free filtrate must
20  be withdrawn when substrate solution and alkaline solution was flown in. On the same way,
glucose free dilute was fed when the culture broth is bleed out to reduce cell density, so that
the working volume of the continuous culture is no change.
Main medium was consisting of 10% of glucose, 1% of yeast extract, 0.5% of KH,P(,,
0.1% of (NH4%:S04 and 0.05 % of Mg(S04)- 7H;0. A 20 ml of the seed culture was
25  transferred to 400 ml of working volume for start up of the culture. pH of the culture was
maintained at pHS.5 by feeding alkaline.
At 8 h after start of the main fermentation, residual glucose concentration reached to 1
g/ 1 and contimious culture was introduced with cell recycling. Cell concentration

increased and glucose feeding rate proportionally increased, then the cell concentration has
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In order to maintain constant working volune, accurate volune of cell free
filtrate nust 20 be wi thdrawn when substrate solution and all mne sol ution
was flown in. On the same way, glucose free dilute was fed when the
culture broth is bleed out to reduce cell density, so that the working
volume of the continuous culture is no change. Miin nedi umwas consisting
of 10% ofregqhe%éaﬂ asDEV; Besigyal @;@pmencen@a@;mbmmmhghﬂmghfms gZhM 2S04
and 0. 05 % of SO4)- 7H20.. A 20 nd of the seed culture was

transferr ‘E}“’t"ﬁ"s 03¢{ copFengiation ﬂ\j"s\Rﬁlll‘lfFFé by, magippiating fhe, terpy . c@Pf@rb pH of

tslth art ”LE”@E@“@. S, llif?%? reBentAgan B eeﬂ%@?ﬁ%ﬁﬂhﬂﬂf&%ﬁ%ﬁﬂ?@%ié to |
|

gonceﬁ? r aﬁ%ﬂ'g}r?lv‘%q%?eggg o ea@&@@%@ﬁv%‘ rragetog% '#l ahﬂn &?’9" ?‘ﬁcr eased,
then the cghlar NEVeRt Eﬂﬁn{il ﬁéeﬂm%ﬁ EF Eﬁgérf?ﬁq%m%\'}gfgﬂ ‘d‘?khaql ucose

concentration i"n broth was s ucose
concent r%ﬂﬁglm&,@dwmgc@ﬁn | mh@ termC. For 2 h operation,
resi dual glucose concentrati onﬂﬁgs? bee&n‘lag]rrgﬁlén/{lgl ned 1.003g/ 1. Continuous
culture was | asted for 7 days of 150 h with total dilution rate of 051/h
and satisfactory low 5 residual glucose |evel. Ethanol concentration of the
har vest ednastiidlApplicabiliey 9/ | so that ethanol productivity of this
continuous culture was 26 g/l h. Industrial Applicability In the present

i nventi on, in thequesgatrinenton mitronednians emplydédnare oot inmeabilized amdbimatdain - 10
cell activity at healthy state at while cells lost activity and sterile
cel | 40a| |celhactiyityiatiralihy ftate at whileecellsdost tefivity aud sterile ggjls pllow tewasheutfearmt hy
cells. Thus this reactor will be consisting of the active and healthy

cel I s. Subarerier and toregenevate thehealthyyeahls. hus thip reactos wilk bergopsistindaf thenet i cs
oYer at re""aé‘:#&%ﬁ{%ﬁaﬁﬂsﬂ%&% St blogeariag s oA e i o e Eamanaton KEHECul  ur e
broth. Dl ut t 15 t t he, total f th
f(ragdl ng sbé’:J i Hr'ﬁ?gl l:ﬂ“ﬁgco Hﬂgf‘?’y‘éeh H%!#' ‘T(ﬁfsfeﬁ'g cgjble\é?yg?r’rﬁet'fgtﬁes Iearge
di | ution %ﬁm‘m @%?hioncegm%ﬁ géﬂaqm%’le%ﬂﬂ tou{ EIQ R&&%%@oﬂlvﬁﬁ jon ra{eo density

beconme high, produc ncrea S8 and represses the product
15  this system gives by the total volume of the feeding solution including alkaline. Diluted

alkaline solution makes large dilution effect resulting small end product inhibition. When
cell density become high, product concentration increases and represses the product
formation rate. However in such case, product formation rate can be maintained high by
use of diluted alkaline. None of this type of bioreactor is ever known. Rate of the
20  bioprocess reaction of this new reactor is large as petrochemical process in continuous
operation, so that volumetric productivity of this bioprocess gives a few ten times of that of

batch wise operation.
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formation rate. However in such case, product formation rate can be
mai nt ai ned high by wuse of diluted al kaline. None of this type of

bi oreactor is ever known. Rate of the 20 bi oprocess reaction of this new
reactor is large as petrochem cal process in continuous operation, so that
volumetric productivity of this bi o%o,cess gives a fewten tinmes of that of
batch wi se operation. 12 Cains 1. I¥MShod for continuous culture of the
anaerobi c m croorgani sns that is active cell population is naintained
constant, when the fernentation is operating continuously by 5 feeding

bst r at ' ' ' : At | f th

culture ¥ BupgrSfinlBodiins Bphisk S e AEHMU it ERRR BIE LI ARD P 10
|t il Shiat & h - ' 't

of the afaRNAAYS HERBAN (iflant W 1, ChnEUIERS opefing RO 1 o<

gl ucose GRARRVubstkite And ANABLOAIRIARCIH,0RGARI ohitosd\eohRBEAfE oflfle SWlaRkr at e Of
nolarity that is equal to cunul ative consunption nolarity of al kaline added

in ordenigiidl @b kcoitrgled bf féeling thd sublsteatt tavide is 2qual e allline@EndudiptisfAnt i nUOUS
culture of the anaerobic m croorgani sns according to Caiml or 2, wherein
t he usingai | uted al kaline solution forns large dilution effect of culture
liquid resulting high specific activity of the m croorgani sns and hi gh

vol unet riZe The et fori contignons eulierafthe @daerglic microorganisms according to

Claim 1, wherein the residual glucose concentration is maintained constantly by feeding
10  substrate of molarity that is equal to camulative consumption molarity of alkaline added in

order to control pH of the culture liquid.

3. The method for continuous culture of the anaerobic microorganisms according to

Claim 1 or 2, wherein the using diluted alkaline solution forms large dilution effect of

culture liquid resulting high specific activity of the microorganisms and high volumetric
15  productivity are maintained.
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