.14 Septenber 2006 DESCRIPTION A METHCD FOR CONTI NUOUS CULTURE OF THE

- ANAEROBI C M CROORGANI SM5 5 Techni cal Field The preseny depuaitel 9od €l at es

to a method for continuous culture of the anaerobic m croorgani sns.

BackgroundArt Anong anaerobic m croorgani sns, there are many industri al

- inportant bacteria such as Aceton-Butanol producing mcroorganism lactic
.acid producers, and ethanol pr ' T teria. However, it is not known
. the process to culture these mcroorganisns for the nodemindustrial

_appl i cation except the conventional batch culture. Aceton-Butanol 15
fernmentation was the East of the nobst popul ar nodern fernentation industry

—ountil. the WX METHODAOR (OMMNUOGS CULTERE'OF THRANAEROBIO! oduci ng by the

‘petrochenical process and no country is using this process. It is well

- khown -that lactic acid bact e MECROORGANISMS i cr oor gani sm for food industry
not only dairy products but al so conventional pickles fermentation. Lactic
aci 8 production process as organic acid production process is still 20
under devel opment stage unlike glutam c and fermentation which is the nost
modem Teehmieal Fielhdustrial fernentation anong the amino acid and nucl eic
acid ferngptations, It is known that ethanol fernentation by bacteria has
sone advalhggueentinxentiondelages o @asmethgd or pentinyeyssqulfureoefythe apaerebichas been

i ntroducged to et hanol industry neverthel ess many studies involving

cont i nUBGEPEEEB using i mobilized cell process. Fromcurrent issue about
the 25 global tasks such as alternative energy to fossil fuel, reduction of
carbon di oxi de em ssion, and environnental hazards by plastic waste,

; eggni qﬂ%ﬁ&@%@n on the efficient culture nmethods of anaerobic

m-croorgantsm Lactic acid fernentation as a |large scale mass production

o T it it A TSRSAS BB RO, AR e

- €conomiag et ButioEfroddiisiRoordanism, lactic acid producers, and ethanol producing
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 H, however, acetone and butanol are producing by the petrochemical process
and no country is using this pfoms. If is well known that lécﬁc acid bacteria are nseful
_micfoorganism for food industry not only dairy pr‘oducts but also conventional pickles
fermentation. Lactic acid production process as organic acid production process is still
20 l_l'hder development stage unlike. glutamic acid fennentaﬁoﬁ which is the most modern
aerobic industrial fennentaﬁon among the amino acid and nucleic acid fermentations. Ttis
~known that ethanol fermentation by bacteria has some advantages than yeast process, but

no satisfactory process has been introduced to ethanol industry neverﬂ:eléss many studies
_ involving conﬁ’nuous reactor using immobilized cell process. From current issue about the
'_2 5 . global tasks such as altemaﬁve energy to fossil fuel, reduction of carbon dioxide emission,
and environmental hazal;ds by plastic waste, techmcal attention on the efficient culture
methods of énaero_l)ic microorgahism. Lactic acid fermentation as a Jarge scale mass
producﬁoﬁ ﬁf chemiical industry to supply raw material for biodegradable polylactic acid

s_ynli_lesis, ;md efficient ethanol fermentation process to supply economical sufficient e_ﬂlénol-
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14. Sept enber 2006 for gasohol is being paid great attention for an urgent
task... However, continuous fermentation process for |{@&echfenfbet 8006
fermentation using Lactococcus and Lactobacillus and ethanhol fernentation
usi ng Zynononas that they are possible to apply industry are not :
devel oped. There are nmany scientific papers describing continuous

ferment gL r, . 0h) ' I.SNE I ,fhese reports are

expr ess%g%%%ﬁo%%@gﬁé)%’gﬂvn\% t&%‘%ﬁ‘% %B%p“ergen?on kr'"oﬁf%v v‘f'ﬁé“'*“é’?%nt ation

Ki neti Clrmenthlid profld fopLRe at:iﬁrf%ﬁttﬁgﬂ ﬂsnrﬁrgﬂa&&%ccj ?ﬁd Y QtobaBinlPRi L1 T W LH
adequate control of all fernmentation dynantcs resulting uneconom cal

resi duabth@hdl FRRnEEHS QEih% Q%dn@ﬂm)ﬁ&st fhat ﬁ-@? SrpiRghbre 36 § +l?§§dus@‘é§e héiese
results can not be available for industry Ternentatlon process. 10 The

~ cont i nudevglopal. milkerd a@NmARP GelBtifithpaiRry Gesdiling *BAEMNLH fdridhGlisy fgrust be the
process to last long tine stationary fernmentation state with stable

Ki nét i canaefabic midreorgariisme but $uise trepuirs dre espreaing dhemidsthnbuliune svithbutconst ant
and residual substrate concentration is |low as possible to make m ni num

| oss of proper qoatokrad the ferhentationdiindticusotbatfcentinmotsiermentatonrhn wotlgst fr obi ¢
fermentation, DO-stat is often used. 15 In aerobic fernmentation, substrate
concent # 40edine pith adeguate eentyal of allifenmentation dyranico vesultingriapdconeraical act i vity
decel er%%&eis tqQ raise dissol \L/}%g}%égen | evel due to decrease of oxygen

upt ake Peifial Fluqops,cqneentation © sybstrptedpsss Thusythgser kepylskantnasbeact i vity

i1l b tly.to last th . A bi ' '
o not PR B BBl BmitirofSt abol 1 om and DO Stat 1's 20 not possi bl e
o f : th bi c. tat | tat
e, Toma BBk ARlul g NI LARE BN PR e R 2 e
up I's stol'lbslfﬂnétin'ib%t%ﬁ)glﬁff@hﬁe t@o%%@%&??b%ﬁeﬂ&nfogg Wl fiRe.f Fom down

is often observed I'n et formatl on as we acfl c “acl Ormati on,

PH- aux OSiftRtrat@ediiatel B mamkeRY Jt%nﬁﬁﬁ%@b&ﬁuafsﬁﬁwaiﬁ&cﬁﬁﬂgﬁtmi on. In

practice, pH auxostat in aerobic fernentation was taile 5 ‘anaerobi c

ni cr oor@apissible eihBe Intififmind dbds GHCihle Wali Miatehal, AH Sohliltds i@Rentidoa Nange
turns to rise. As shown in Fig. 1, anaerobic fernentation is possible to

| ast  byenplbyiipaegebicarmandation DQstaeisnfitn wed.addi ti on of substrate and al kal i ne
(A) and substrate is fed before residual substrate concentration
appPoac he dn perobin dergrentation | subsii-ate cricontratiomiapprogdies @ntht: leeiticad walnedyw as

limit), cell activity decelerates to raise dissolved oxygeh 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.

| ) .'.\ Anaerobic microorganisms do not require oxygen for their metabolism and DO-stat is

20  not possible to use for subsirate feed. In another aerobic fermentation, pH-auxostat which is
the method for substrate foed using pH up when substrate is used up is used.. Likely in
anaerobic fermentation, pH turning to up from doﬁn— is often observed in ethanol

. formation as well as iacﬁc acid formation, pH-auxostat may be introduced for anaerobic
cOnﬁnyous fennent_aﬁon. In practice, pH-auxostat in aerobic fermentation was failed. In

25  anaerobic microorganism, cells loss their activities irreversible when pH change twrns to
rise. As shown in Fig. 1, anaerobic fermentation is possible to Iast 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 (low limit) tB); On the contrary, as

' .' shown in‘Fig. 2, fermentation ceases if substrate is not fed Whe_n_ pH turms 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 14 Septenber 2006 residual substratelq(m,?ﬁ,ﬁ{bre@mw becane
ac

| ower than the critical value (B). This is special char eristics of
anaerobi ¢ m croorgani sns unlike characteristics of aerobic mcroorganism
Therefore on nethod has been found for substrate feeding for anaerobic

ti f tion. & Anoth lemto. f ti
anaer obfeua S ok Shecation Rttt 1ot o i, i 80, BT Pl
for mat i Ny fj D) Ll | isgoften found i
anaor ob AR’ 7 MOERARY hilFrdrBARC otk piskficls 3 68Bena: cuch
cel | o1 fidborgAfidiR Therd O dnﬁé&hoc?fnastﬁbﬁn %ﬂ;ﬁiﬁ%&% E}a&h?;g for' nh&abic

fermentation rate, high ce popul ation | e mean and such
cul t ur econtifii R fGaidntBoRr €pared by cell recycling 10 culture. Cell recycling
brings high cell population at the sane tine serious end product ‘
| nhisbi t i onmdter problens iebe @ copfNibiS hnRAMIERIT@IIGR i$ BwicaPpspuldigne brot h.
Thus cell recycling culture makes serious end product inhibition resulting
unst abl duef orstezil¢ edlli ormidioncthiacis definedviey thefowntaer Skehile icéll/istoften Tdumdin esent
invention is ainmed to devel op new control nethod for anaerobic continuous
15 f er nanaerpbicdmeteniam and suchi delh lshre nbtomakerdavghtey celliohthat suchghll growthy L-| actic
aci-d production and biofuel ethanol production. These processes require
very hi§maisoanierd | of he jmaximam syovdlnyFo ineressenfermeniation traton high seell .

Di scl osure, of [nventiqn 20 To overcone technical problens pnentioned above,

t he pr PHIAtpR g ¢ ¢Anpnd sueh,cyltyrs sysfemgan be prepared by cellpneyding f or

2 ‘

~gontJ NUOUS C ure of the angerqbic nm.croorganisns that is active cell
o Dl el el s i el BoPUHT: 60 ¢ PR SRTON U TP |

conti NuALLS f.eedin rate and al kal i ne alternativel I esi dual
gl ucose coinﬁ\(t;nélri]i ?taotllggl%hsggfﬁﬁoleaa@ucs Gre T!&aeu “&“Eejﬂ(’@é’il@'gﬁ?f#*cgﬂg by feeding
the sulsjidal fakdabribit i];[ﬁwnﬁ&’dﬂ%’hilﬁ' ldstihd s 0ie YRl . The
met hod for cont‘?nu%ﬁ‘g eg]t‘}l ure o lﬁ%‘iﬂanal'e]}rlgbl C mécr ooirlgg?ﬂ isc%éﬁcgct%or ding to
an = very poor productivity. o '

The present invention is aimed to develop new control method for anaerobic continuous

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 'culiure of the ;maerobic microorganisms that is active cell

population is maintained constant, when the fermentation is operating conﬁﬁuously by

feeding substrate and alkaline alternatively, residual glucose concentration of the culture

| 25 ﬁquid can be controlled by feeding the substrate that rate is equat to alkaline consumption
rate. |

2. The method for continuous culture 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 cumulative consumption
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above-nmentioned invention, wherein the residual glucose concentration is

" maintained constantly by feeding substrate of nolaritystdatenitir 860! tO
currul ati ve consunption 3 14 Septenber 2006 nolarity of alkaline added in
order to control pH of the culture liquid. 3. The nethod for continuous
culture of the anaerobic m croorgani snms according to either of

" above- %Wgﬁwgmde??}g{g#%% tlhgg‘)fh Eﬂ?‘a‘%?"g@t ed al kal i ne solution

forns |arge ITution e cu S‘Iting hi gh specific ,

activity, ofpeli@hdl 6f QMERAGHs SHiRrd0fthe Fnddkdhi Mﬂ%@%ﬁéhﬁ gg&?ﬁgg Hﬁ\f. Ly are

mai nt ai ned. The present invention has been conp oW ng

st udi edof abslethicitionyl fb@tiohs) VaRFSH the siPihRAT akififCohitich hhfs HirgeCt

control of residual glucose concentration inthe culture |iquid by feed
back codilutisin effectsof ealture tiquidaeshitnp idgls Mpdeie|aetvig vl Bie MRSodEAiRim g t al

signal to 10 represent the substrate consunption could not be found so

t hat5 i t high vhlumetiicireductiviuire adindaimednt of gl ucose supply can be cal cul ated
by the amount of al kaline consuned as far as cells activity is naintained.
I'n this syBieapreseptinventign hgs hesnsompletedchyt the dollowingstudied cmdacted bgdhe at t he
pre-set _level In this fernentation system high cell density culture gives
hi gh vIVERRE 1 i C productivity; however, such culture condition nmakes high

product cqncentration tq devel op stron roduct inhjbition. This nmakes
decel er at ﬁgﬂ’aﬁ?"ts‘ﬂ‘écﬁsf'ﬁgmr‘ﬁ{e@t ‘E?P“Pﬁ‘éf regi fose coReRfationiie the ulfpre ol  of

o SP3BT R R b o
L AR 50 TSR PR e
D 11 it O34 0B GRSy Al Skl il e

f er ment @llé saivit BaARBtaimbd Th iV kylsand, AdsiduXl SRRk i Snd4abn SnikA3Eirolled
concentration. Thus the present invention has been conpleted. Using the

~ presentati theepreisctlevdlONi i) ftfeftatibn! spstah, RERER chsity GO gA8d Bipphas been
succeeded with fairly good | ow glucose concentration in the harvest This

- pr oces svahametiie pradictivity) hevavérpuch eulusé condition madlesdiighOprotict torlcati-ationaci d The
‘products fromthis process are save '

15 to develop strong product inhibition. This makes deceleration of specific rate of the
fermenmﬁon dynamics. Control of residual glucose concentration of such fermentation is
difficult. Introducing turbidity control to this fermentation system, cell population becomes
under control. 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 'mannelg end product inhibition in high cell density culture smaller
and such fermentation becomes stablé with fairly gooed residual glucose concentration.

Thus the present invention has been completed.
| Using the present invention, continnous culture of anaerobic microorganism has been
succeeded with fairly good low glucese concentration in the harvest. This process can be

25  applied for industrial production of L-actic 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 aliaem_bic microorganism, pH of the culture liquid
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costs and very high quality with | ow remai ned glucose in the final
products. Brief Description of Drawings Fig.1l shows thaly deBichider Sast ur e of
anaerobi ¢ m croorganism pH of the culture liquid 4 14 Septenber 2006
approaches to |ower preset limt (A), at that tinme residual glucose
concentration decreases to the critical value. Fernmentation goes on with

heal t hy qmgcﬁ | Ihuﬁgt ' ' | ' ove the
criti caTP eveﬁgtﬁwp%‘g Sﬁ@%ﬂ%&ﬁg@%%@ﬁ%ﬁ%ﬁ @e@%ﬁsﬁgm can not

r €COVer hielerifitli 4@l Ferthentatidf eh&bn wittAildafihy, Whed AMRLAIPI6R3BnGRAGEHA! T a1 on
beconme - | ower than the critical value; Fig 3 shows that the schematic

di agr anis balVRniaiiRd ABSR AN EiicaliSer @y, and control system for the present

i nvention. Best Mdde for Carrying Qut the Invention 10 In the present

i nvent i on Fig @l shode theit feymefitatiod eblDbdase AfidCéaQiof dvosd if Subs@i will be gedand
continuous culture is conducted by alternative feed of substrate and

al k& i nafter Resilugl gliicoseoncotrationbeemt loser Gran die dritiealyplaet nmedi um i s control | ed

by the alkaline feed rate us[ng the equati.on for cal cul ation based on

mol ar  equiligBehrwsdhatghe seberaa
this control system raw material loss in the spent nedium decreased 15 so
t hat t hor PBrepeesent ipeption. oduce high quality product with the mi ni num cost

hapethe smechanigal set-up pad congel fystemor . By

.performance. Also in the present invention, active cell population is

-increased by recycling the cell to increase the product concentration

resul ti O rodu il.nhi bi tion. The productivity of the process can
be reco@%Fegd 6)98%897"1% Iﬂl V?ﬁ"@ﬁ dilution effect performance for the

R e Ly L T

anaer o NoReARS |cliidSs boldiRRlaly AmARENER G Bt dhd ' Anl KEigRRCr a1 1 0N

The operation of the system explalning using the schematic diagram In

Fig. 3.gludobeconBinbAfibiPbeths scaf hridifmPE chitholied By BRSO Roed Ytk G5hé the

denonstrated a SFD (Schematic Flow Diagram. In this figure, A fernentor,
B: cr ossuhdiafdri dalciaBitio® hafed oif @hdlmS eqavAdnit UF , ghieosed tbndbmptichi 2 Gindand

controller, D: conputer for calculation of feed rates of the substrate
based aorrection factor. By this control system, raw material loss in the spent medium decreased -
15  so thatthe process can produce high quality pmdlict 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
, pﬁﬁciple structure of this fermentation system is demonstrated a SFD (Schematic Flow
Diagram). 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
Mne consumption rate, E: turbidity. controller; using laser probe, P1, P2, and P3:
~ peristaltic pamps areindicated. And Fl: rate of alkaline flow-in to operate pH-stat culture,
F2: rate of substrate flow-in determined from aMne .@Mﬁon rate, F3: rate of the
* medium that does not contain the glucose added for turbidity control flow-in, 74 and F5:

5




al kal.i né -.consunption rate, E: turbidity controller, usinglaser probe, Pl,

.- P2, and P3: peristaltic punps are indicated. And Fl: rgtg &inbg}f@dé ne flow

-mto operate pHstat culture, F2: rate of substrate flov\lp et erm ned

from al kal i ne consunption rate, F3: rate .of the nediumthat does not

contain the glucose added for turbidity control flowin, F4 and F5: 5 14
Sept enber | feh, i f bac ontrol ;af F1 gnd F2

respecti vei Y fo %tﬁlf&ﬁggn%%?ﬁdhog%ﬁ%m%%%ﬁw. Mot h

exit, for &J&ﬁﬁilgb/@ﬁhme(fzg%ﬁt%? 7608 otﬁ%xﬂ,.(}orcfggc#ﬁa% gnrt]rgl c\ﬁ?{:}'% Blhrol/ @l WiR oNst ant

All rates are expressed I a di nension o PO, o MBI mtal ne const ant

wor | dng voydhiBe odnsfayd, of the fermentor A the relationship of FI F4 and
F2=15 shoul'd be remamined and at the same tine to maintain cell popul ation

- constant undeill :ats dictpreded i 4 WmwicA VE nilAifin. ToShAkthiR oMt Aofkify vbuhe!st  be

preserved In this culture system sumof the rates of stream T1nto the

f er mentsor (V) ofthefermaitanal theirdatibnshipasfditegd aud FR=Pslidiil BererRied and at
FA4+FS+F6. To maintain constant worKing volune, the relationship of _

Fl +F2+F3=Fthe Fgmé@neHouhsintih &l pepulatidn cinsidnt itles comztank evoilting eelame thé onal
reasoni ng for continuous culture, dilution rate of this continuous

f er ment at irelationship,of F85E6 musk betpinesextved. o thingilmue systexnysuf of thératesiof sthant3
FA+F5+F6 (1 V.V 15 To _constant cell population in the fernentor, total

growt h of mtgdhefermentor is Fl+F4HFdand snyof ieedingpubfromdbefermentonds F4AURE&S ng out |

XF6, so trigt specific growh rate of this fernentation systemcan be
" expressed W'ﬁ@%ana?nbwgmmmmmmf(@%tmﬁ HE b sheulsht | onal

reasopjing,for .contjpuous culture has been expressing by Mnod equation
whi chﬂ&e Pﬁ&%”'{‘ﬁﬁ Pﬁ%ﬁf&ﬁ&e%@w psoningforcontinyous cultuse dilution rate

operation ondition of --D, The present invention does not agree this '
theory'so°¥ﬁ5@T%W§WH¥WWME¥M&WWﬁ on that controlled

by new logic. In this new control system substrate 25 feed rate is given

by the function of alkaline feed rate FI. If alkaline is diluted to | ow
D=F1+F2+F3_F4+F5+F6 O
V 4
15 To constant cell population in the fermentor; total growth of the cell in unit time, pX¥

should be equal to cell bleeding out, XF%, so that specific growth rate of this fermentation

system can be expressed by the relationship XF6—nXV..

Fé6
E== @
20

In thg conventional reasoning for continucus culiure has been expressing by Monod
“equation which defines that continuons culture will attain the steady state at operation
_condition of y@. 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 FI1. If alkaline is diluted to low
_normality, culture broth will be diluted to increase the productivity due to dilution effect. By
ﬂns 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. o | -




nor‘mality, culture broth will be diluted to-increase the productivity due
toedilution effect By this way, end product inhibiti oq4lgg§%g{% I | er and
the specific activity of the cells is maintained high so Ifermentatlon
becomes steady with fairy good renained glucose concentration. 6 14

Sept enber 2006 The foI | ow ng section, describes the exanples of the

present i niAafoflesring mmm@memwmmn Asd il ted by
the fol ] owi ng examl es. les 5 Exanple 1. Strain used is Lactococcut
|l actis ‘P@Wg’éﬁw "B?“ iRetdimited by fedbliqvdug &pmpke | nventor  was used _

Stock-culture stored in a deep freezer at -85 C was refreshed in TGC |iquid
medi um (Di fco Laboratories, Detroit) and transplanted’'into 100 m nedi um

cont ai W an Erlenneyer flask for 8 It culture. The medi um consi st ed
~of 3% of gl*uCose, 05% of yeast 10 extract, 0.5% of poly-peptone and 1% . g

of g\ladmgﬂﬂgpt oclaved for 5 mn at 120 C Ferment ati on system enpl oyed is
the sane orfle shown in Fig. 3. The fernentor is an glassware 1 liter jar

W th-an i gRg wed katdRBckat s\ force of gent l.e agitation

400 rpm The jar wasput 1n a water WWM mg"l'bel ng .
ci r cul atasthsed'Stoclobdtafe £488 1 f SMrene oa Denpa Go. Tokyo)
was installed in the jar andzp&i%p %EEH[L?% E"&?l} l!n‘i'al‘("ﬁa'é‘l%nt rolled at
the | osediunk @icodboeatdiet] ﬁaﬁ?gﬁ%dq; soI t.ion . (1 N-NaCH) .
Resi dual gl ucose | evel was perl odi cal eterm ned c glucose
anal ywwwmwmmmm%&m%@/%gﬁﬁ% Q}:'P,”U us culture

s"°ca

was startedéf)/ feeding of substrate the rate of at ed based

o0t he*¥Eck 0 D@Ypﬁrmonmdsl%rgbeBClaﬁcﬁauta'dlﬁre&%@mﬁiﬁhm ket ween gl ucose
demamgF and al kal i ne consurrpt ion can be considered as the follow ng That

is ?%géyséﬁ%ﬁ’ﬂl? pxpd (xtBe e ape shawntin Big. ByThelfiemertod ik ami ng equation (3),

Q JF| x90+C & 0.95 25 whereof is a coefficient of normallty of I N-NaCH
and Mo G vith andnmeragicationtridelriven by magnefic force of gentle agitation

400 rpm.. The j Jar was put in a water bath to which 37 °C water was being circulated. An

- g]ass electrode for pH measurement (Toa Denpa Go. Tokyo) was installed in the jar and pH

15 - ofthea!lan'ellqludwasoontmﬂed atthelowerhm:tvalue(pHG.O) by feeding of allaline

) solution (IN-NaOH). Residual gluoosg level was periodically determined by an-enzymatic

glucose analyzer and when plucose conemtratwn reached to 3 gfl 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 glucosedemand and allcaline oonsumptlonmn .

be considered as the following. "I‘lnt:s, the glucose quantity (Gg) can be written by the

following equation (3),
L JPIx%0
Go = 095 +C 3

25 where s 4 coefficient of normality of IN-N2OH and C's a term for adjustment of the
~ residual glucose concentration. Glucose demiand (g) is equivalent to Jactic acid ML.W=90)
formation () which corresponds m’ the rate of IN alkaline flow-in (Fy), however 5 % of |

‘the fed glucose shouId be lost for regeneration of the nncroorgamsms Therefore the glucose: demand is

diﬂdedbyOSS. Oﬁ:setoftheeon&ulsystanmnbeadjustedbyﬂmte:mCaooordmgto
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resi dual gl ucose concentration. G ueosedemand (g) is equivalent to lactic
acid (MW=90) formation (g) which corresponds to die ( | kal i ne
flowin (F& however 5 % of the fed glucose should be Iolg'ige tgﬁfbr&eg)ecﬁeration
of the mcroorgani sns. Therefore, the glucose. demand is divided by 0.95.
Of-set of the control systemcan be adjusted by the term C according to.
14 Sept giphRbringddudIBRIbse boldgnd-ARhdual gl ucose concentration. Therefore, to

supply glucose quantity which 1s cal culated by an equation (3) using the

- gl ucose abeRIL @Bl Wighde, quitR Bty Wihifie 8 Chalcaial q@;%p , 5 F =
So (4) where Sis gﬂﬂ%?se coqncentration (gllfedo feg%ll&g%llgu i@%iﬁgﬂ%yonti nuous
cul t ur eglaese comeelitedton S, hedidintedirit canbédalaalateddsn) Ut i on according to the
equation (3) and (4). Cell free filtrate fromthe cross flow ultra
filtration was wi thdrawn The 10 culture broth was w thdrawn and recycl ed
back to the fermeggor through a cross flowultra filter (M CROZA PSP103,

Asalfi - kasei cf1= ky@?. Pernmeate of the filtration was harvested as

| actic acid product solution. Turbidity of the culture broth was determ ned
and controlled at constant cell density by bleeding out the culture broth

and feeding _non-glucose, nutritigon solution (yeast extract 0.5%
pol y- peBt‘ﬁﬁé"téﬂ)‘g'é‘?ﬂ“W“%@%"fzgﬁ“d&"]ﬁw‘hte using 15 a DDC control ler

TR S S Ao i e
ot Bmalls afFR e R RS el o B R PR OB T 20
©_the oAl kalituRSpref\WAS VRIS %&r&fée& BAEK L Rl Fobnlftol @fduof 138Vl LO7 12 D

batch wi se cultivation, residua ucose concen reac 0 3 g/l and

the f eflf@ni@IICROZAIN PSP1030 AR VS, Follyol MFermiitt fbf%id@t%io&g%ﬂ whed and

cell recycling, cell concentration gradually I ncrease out 10S g/L

' Resi dudhargéstedas BrefOniBpofadtisaiatiod) TRAMIY of@f clltfre Bidth wabadterddifed tingher than

the target value of 2.0 g/L However, glucose concentration was reduced by
mani pul @himBediat eoriseantedl dehsitytby bledling guethé altukShrotiaid feedingapaohicbsen,
residual glucose concentration has been approached to 2t 0Sg/ 1. Continuous
oper at i yritienstobion @reast@xtatact §.5%2,50lypeptank 0584 ad NaChit(%6 ) as adilmteusig1/ h.

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 F5, 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, midu:_al 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 wés 4.5 g/l. that are higher than the targét value

of 2.0 g/L. Hﬁwevex; glucose concentration was reduced by manipulating the term C of the

25 equaﬁbn (3)- For 3 h operation, residual glucose concentration has been approached to 2+

05g/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/lh. |

From the harvested liquid, L-lactic acid was purified and concentrated to 90 %.
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Dur-i ng continuous operation, average lactic acid concentration of the

harvest was 45 g/l, therefore the volunetric producti vt
fermentati on was 31S g/l h. Fromthe harvested |iquid, Lﬁ%gﬁlgkg%@ was
purified and concentrated to 90 % 8 14 Septenber 2006 Renmined gl ucose

in the product was |ess than 5 %agalnst L-lactic acid and it is

satisfa (o} act i theS| s. Exanple 2: Strain used
CR&BX'm&P tobdé iﬂ &f% Eﬁ/ﬂ&’éﬂ agaigstkdartip\acidhand #isnt or  was

i s Ladococcrcr aces

used St a@fssfadtd -lh eezer at -85C was refreshed in TGC
ARl

l'iquid medium (D fco Laborator| e oit) and transplanted into 100 m
medi um d@andgile:ng in an Erlenneyer flask for 8 h culture. The nedi um
consi sted of 3% of glucose, 0.5%of yeast extract, 0.5% of poly-peptone

and 1% of Na@hinarsell BulaenbareilabRT0R1 POMA:S mﬂl%% ‘“FE%%ZE"?”!@E, on s §0tem

enpl oyed is the sanme one used in the exa

gl asswal*8s =ep Sk cyitare stredin adedprireezer agBb @tvidRerredhddiin Y66 il mignet ic force
of gentle agitation at 400 rpm The jar was put in a water bath to which

37C wat Mm@(m&oﬁgab@mt@uﬂsmo mghamta%ﬁqdenn%aﬁﬁ,%ﬂhgﬁnt (Toa
Denpa Go Tokz was installed in the jar and pH of the cultur I quid was

colnt[ol e E M&t%m&mmd I'I]Ir mp:lﬁld fi(f Bonwedf eewt {a@ﬁmgé’lggl%q,@

sol uti o id enployed for fernentation was -

enzymat ? ec?%&g?'\%q_%%aopp? HE 7 fiNa¢ liagd suinclgvedfos 5 menat viabeat . Enzyne
enpl oy NO\/O The X%L 120L and Dextrozyne 225/75 L. To the syrup,

- 1% of "¢ ‘F‘FF"E 853? i5 thgsame gapcused il pangfle 1.h Aheifarmictitopasa adj ust ed

bef ore 20C for 5 mn. Residual glucose |evel was
© peri odé EM ; gﬁ{&%ﬁﬂw’éaﬁma@w fldven Rytmagnetio forgezefigenteapitatian gl ucose
concenta{@dolgrg ﬁ%agheg tQ 1S %/1 continuous culture was started by feeding
of substrate the “rar&ut? a WAFEARIgehich PE'Q waterdvap eieaicionatethéd 1 at e of

31kl | SRR iRt fd P Sl e vl o |
W € SR W CabBR R Con i Sl R o s ot sl Ul 1o
- filter sqlMidaRANANaOR). The liquid employed for fermentation was enzymatle-hydrolyzed
cornstarch diluted to 5 % glucose equivalent. Enzyme employed were NOVO 'I‘hanamyl
120L and DextInZ}me 225/75 L. To the syrup, 1% of comn steep lxquor (CSL) was added
and pH of the liquid was adjusted before autoclaving at 120°C for 5 min.
Residual glucose level was periodically defermined by an enzymatic ghucose analyzer
and when glucose concentration reached to 1.5 /I continuous culture was started by
| _feedingof'substrateme.mﬁeﬁfwhidnwasmlwlatedbasedon&erateofa!kalhe
consumption rate. The relationship between gluacose demand and alkaline consumption
_ wasgwenbytheequatlonusedmﬂleexamplel
" These feedmg rates were controlled by the computer. The culture liquid was
withdrawn and recycled back to the fexmentor through a cross flow ultra filter (MICROZA
PSP103, Asalii-kase Co, Tokyo) and cell free flfrate from the cross flow ultra filtration was
withdrawn as harvest solution to xecover 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 dens:ty of the culture broth was con!mlled at oonstant by bleeding
out thie culture broth and feedmg non-glucose nutrition solutlon (CSL 1.0%) as a dilute
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PSP103, Asahi - kasei Co, Tokyo) and cell free filtrate fromthe cross flow
ul'tra filtration was w thdrawn as harvest sol ution tolﬁ%ﬁ?ﬁéﬁfb } 8¢j¢l ¢ acid
product To the fernentor a | azar working probe for turbi geterm nat;j on
was installed to Oontrol the cell density of the «culture broth The cel]

density of t roth was control | ed at constant by bl eeding out
the cul ¥¥fi&* ﬂﬁg‘f %@8 you tAll stieomsobile feeding@aid 1. 0% as

alvgldlelut 13 14 &agterﬁ?er 20”’ §u5| ng a DDC controll e:}[mmmw o out
E“‘E&e PSR B %ttym%‘*%ﬁmmee X °£sfa3ﬁ.1%s§?€ep§°§ﬁé' Fa,
0ol M out Sk it SR A BUER ool FRRE2 St e 861 ot o
éﬁ&ﬁ%&?ﬁ%ﬁﬁ%ﬁﬁ%ﬁ%@%ﬁs he' fermontat | on Shi 1t ed
Egnggmlmlﬁrmm% eased to a%%égﬁ?ﬁﬁ%@%@lé% gl ucose

concenmmdmmwmlwmow&d&uﬂ/mw ggp%g,,ge target
val ue of 1S g/l. However; glucose concentration was I ncrease y

mani pwﬂwn@mmmnmmwamm bEPCW esi dual gl ucose :
- concentration has been controlled to 15W2 g/1. Continuous Operation

-1 asted fsidgal gliess, copebitriation fih calatralliquid wis DB GhEwerdlolwed daniei NY
" continuous qperation, average |lactic acid concentration of the harvest’ was

405 gffareet valus ofileyed. tWW%Mmm&dﬁﬁmﬁWbbxﬁaﬁ@ﬂﬁ?&&l on was
405 VI h. é Q t he harvested I|qU|d | actic acid was purified. and

concef¥Py wd@mgmmmmmummdnsmm han 5 %

agai nsj, L-]agtic add and it is satisfactory quality for poly-lactic acid
synt h&st sdoEﬁ'Hf?ﬂf aperatiqn E\S%r@érﬁ’ﬂ wetksz$2p howitls tetab dilaton\NRRE -[HL 4023, was

used. HStock culture stored in a deep freezer at 85C was refreshed in YM

1 qui o R CORIRS PsTAlaR Average lactic agid cousentrationcofitha hapestvsdlOiSgl 100 M
Cons: B0k ARaSIRATSHED rameybrsrs Ghselot; | g of KEPOL 1 g of
From the harvested liquid, L-Jactic acid was purified. and concenfrated to 90 %.
Remamedglumem ﬂlepmductwaslmsﬂmns%agamstblamcaudand is
satisfactory quality for poly-Jactic acid synthesis. -
Example 3: '
- Microorganism, Zymomonas mobifis NRRL-B14023, was used. Stock culfure stored in

a deep freezer at 85°C was refreshed in YM liquid medium (Difco Laboratories, Detroit):
and transplanted into IMmlmedxummnmmmgmanEdmmeyerﬂaskforShum
'Ihemedlumcons:stedofloﬂgofglucose, 10 g of yeast extract, 1 g of KHPOy, 1 g of

. (NE);P04andO.‘SgofM@(h.'ZH;ﬂmonellta'ofdaonmedwaterandaumdavedfors

min at 120°C. Continuous culture was conducted in the fermentation system: demonstrated

7 lﬂ|FIg 3.

Thefumenﬁonsanghssmrelhter;armﬂxmmneragdatordmenbymagneﬂc

force of 400 rpm of gentle agitation. The jar was put in 2 water bath to. whlch 37°C water

mbungumuh&ed.AglasdedmdeforpH(rmDmpaGo.lbkyo)wasmstanedmﬂm
jarandpﬂofﬁeudmmbmthwas eon!mlledattwopresetpomt,upperlimitandlower
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(N942POX4 and OS g of WX- 71120 in one liter of deionized water and

aut odaved for 5 mn at 120C. Continuous culture was COF!QLB%&J%HG:PZMBG
fermentation system denonstrated iii Fig. 3. The fernmentor 1s an gl assware
lliter 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 37C water was

‘bei i . I |l ect rode, f T 0. Kk
Trota | b pEF conrotie” 95 cRuphe ot by fiatesPR T ARBrES AR Bl 27 o
t iat SNRRRID) Wil . L - ..o 14
gcr'-:gt Zrerb.er 2%6%5N| [ rn'ItD| ‘hégl %ga‘ggﬂc%ﬁﬁ Bﬂ“?tg?ﬁe f'%lm(l:%lﬁ ."%G"é‘ﬁ%""‘é‘u wt}lraelfd substrate

was f edrep{clddPBRk BHhE ifmﬁenﬁﬂdt_lmiﬂgﬁad RS 6w WENGIED (vReRDEZA t@%lé | ower

limt The culture broth was withdrawn and recycled back to er nent or

t hr oughAsbekass Col, Qokyt)! Parnidate 6 ﬁkwm“%%m%%mi@a?%du@x Tokyo) .
Pernmeate of the filtration was harvested as ethanol product sol ution.

Tur @ di ¢ojutivh. Tinbidityl df ithe chihnt Ibrothswaledaemiing! ad Gontaulled at bafitant cdbnst ant
cell density by bleeding out the culture broth and feedi ng non-gl ucose

nut ri t i demsioby bleedinmeutshe dulbwit drothiand feedtigGroneghdcosd metritionv/bdlation| :8-a300 ASR
Co, Tokyo). Al streans of the feeding in and bleeding out were

synchr O%F%EFW BDgeptzelier (Ylodeh L300 ARR CoaTakyol ppll ytreans of shefeddinged fr om
the al kal i ne _consunpti on for glucose intake by the fol | ow ng equation (5),

10 &Q_ prmdp out;ywere) syachypnizeds by janperistaltics pampe c Spbsgate sypPbb & of ni |

of 1IN-Na I ired for. 1 nole (180 of . | ucgse jntake. Stojpchionmetry of
et hanolwfl‘é{%@ﬁ?‘ﬁ?ﬁ’&ﬁ[@ﬁﬂ?ﬁ%ﬂ% fe*r@%\gos E‘%ﬁgyg‘ecf?ﬂ““’l@ P {Mi oxi de
-rel,ease for one nole formation of ethanol Thus unlike lactic acid

1 er;L ntation, et ha”&léiﬂtﬁf. fromglucose theoretically 50 % not 100%

Then, if the raGe +@h @f) et hanol from glucose is expressed as fn,
an equation (5 wll [b%5gi ven by the sanme as an equation (1). In order to
mai nt ai n constant worki ng volume, accurate volunme of cell free filtrate
“nust

.where fu Indicates a reciprocal number of ml of IN-NaOH required fﬁr 1 mole (180 g) of
ghicose intake. Stoichiometry of ethanol fermentation from glucose shows one mole of
15 éarben dioxide release for one mole formation of ethanol Thus unlike Iactic acid
| fermentation, ethanol yields from glucose theoretically 50 %, not 100%.
Then, if the rate of conversion of ethanol from glucose is expressed as fy, an equation (5)
_ wﬂl be given by the same as an equaﬁon (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,
| glucese free dilute was fed when the cilltllre broth is bleed out to reduce cell density,_ so that
the working volurme of the continnous culture is ho change. ‘
Main medium was consisting of 10% of ghucose, 1% of yeast extract, 0.5% of KHP0,,
0.1% Qf (NHS04 and - 0.05 % of Mg(S05) 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 pH5.5 by feeding alkaline,
At 8 h after start of the main fermentation, residual glucose concentration reached to 1
g/ l and continuous - culture was introduced with cell recycling. Cell concentration
incréaSed. éud glucose feeding rate propbrﬁonally increased, then the cell concentration has
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20. be wi t hdrawn when substrate solution and al kaline solution was flown in.
~ On the sane way, glucose free dilute was fed when the GuWdiePhedd IS

bl eed out to reduce cell density, so that the working vl-)q Eme o? ﬁe
continuous culture is no change. Main nmedi umwas consisting of 10% of

"~ glucose, 1% of yeast extract, 0.5%of I(H2M 0.1% of (NH4)12SO4 and 0.05 %

- of My(S Y/ af the seed cul ture wa 25 transterred, to 400 m
- of wor k?e%éhe\ﬁlm%é&]g? ﬁl?“%ﬁﬁﬁ?se%%fﬂqoﬂr“@m s“%‘ﬁ@ h&%‘l“ﬁ&%@”\/\as
mai nt ai [ i RE. . er _start.of,the main
- ferment g‘taﬂgﬁe,}’ 9&%‘?&3&&%@&@% glr#égt%t? rIi) g't Pé‘?\lpglggnciteﬁcf {egalé glfoq‘l 28
-+ conti nUgNgatil, kiidial Bedsb'shATHE Sfbr s be&h rhalh GG 108! | CHRAGEAS T at T on
~increased and gl ucose feeding rate proportionally incréased, then the cell
concent aatur@Wadiasted fol 7 HySTISE Hath toPilutios 2540 6£0.5 D8l/ahd 3sis fgesi dual
gl ucose concentration in broth was slightly high as 1.5 g/L wever,
gl ucos eresidaaleghitcosd leosl. \Eabaml coiktitchtion ofalid Ratvasitdd liyid@as 82 971Go thaf 2 h
operation, residual glucose concentration has been mai ntained 1.0103g/1.
Cont i nuethanol praductivity wbthis| castireus odtuie wiey26 gdh. 150 h with total dilution rate
of 05 I!'h and satisfactory |ow 5 residual glucose |evel Ethanol
concentration of the harvested liquid was 52 g/1 so that ethanol
productjivity of this continuous culture was 26 g/1 h. Industrial
Appl i cabBidpstiipl Applicahllity esent i nvention, nicroorgani sns enpl oyed are not

immobilized and maintain 10 cell ;activity at healthy state at while cells
Tost acti JPERF HEEnEmgention, rpicrqorzanisms gmplpyed avrdief immebifizedigad maintaly  and t o

- acth e NaehigF RphaHeE fg@%ﬁfgﬂ%‘@f@@@ﬁf&%&%@e %Qﬁgf%‘*‘ﬁsﬁf#ih%%? the
popul at 5ckipf B h Farenchie It RIS R, T eI o S s g

- subst r af@vanh hlaBR aR. Kith bﬁd?@aﬁeﬁﬂl(éw% ﬁgg]{ (gée\%{ﬁopio* l(ﬁe:f chitibn i 8111(% this

- system gives by the total volu ng s ion 1nc I ng

al kal i ngy iddidauting wlidi®) coiftrot Qb CHP Popiktin. | 18 Sydith UahOds®f bp&hte esul ting
smal | g?d productg inhigjiti on. \Wen Ek(;ell densit;e/sybecorre hig}{],ﬁgﬁaoduct
concent doatiinerus iniudke df fedingdbiteitd Afbhlsediipoul HRdtitire BrothYBilh6un Fatd 61  Hovever

- in such case, product formation rate can be maintai ned-high by

15  this system gives by the total volume of the feeding solution incloding 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 mew reactor is large as petrochemical process in continuous
operation, so that volumetric producﬁvity of this bioprocess gives a few ten times of that of

batch wise _bperation.
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use of diluted al kaline. None of this type of bioreactor is ever known.
Rate of the 20 bioprocess reaction of this new reactor jsgd.a598: 3806

- petrocheni cal process in continuous operation, so that volunetric
productivity of this bioprocess gives a fewten tinmes of that of batch
W se operation. 12 14 Septenber 2006 Cains 1. A nethod for continuous
cul ture .of the anaerobic m croorgapi that is active cell populationis
mai nt ai ned constant, when the fernentation is operating continuously by 5
- feeding substrate and al kaline alternatively, residual glucose

- concentration of the culture liquid can be controlled by feeding the
‘substr ate A hitthodabe cortin@6isadultini: af thelanBGokie RELHIBchMiSms it 8 active THE et hod
for continuous culture of the anaerobic mcroorgani snms according to Caim
1, wher populition is ewiislaiabd gbnsems ewliannthe feridnk0ion iisS oparhtiigabonGeusigySkant | y by
feeding 10 substrate of molarity that is equal to cumul ative consunption
nol & i t feeding aWhstratervmdoalkidinie iakternatividy, résiivabgltcosd cquicertfatioh of chd ¢ultaee | i qui d.
3. The method for continuous culture of the anaerobic m croorgani sns

accor di liquid gan b egnfrofleddyy feeding the substuatecthatyiateds eljualdoclkalink ednisweptial ut i on
“fornms large dilution effect of culture liquid resulting high specific
-activit?“%f the m croorgani sns and high volunetric 15 productivity are

Mai nt ai fl.edl"hell%ethod for continuous culture of the anaerobic microorganisms according to

Claim 1, wherein the residual glucose concentration is maintained. conslaﬁﬂy by feeding

10 substrate of molarity that is equal to cumulative 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 acﬁvity of the microorganisms and high volumetric

15  productivity are maintained.
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