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1．Introduction

Anindustrialmicroorganismhasbeenthoughtasaneverythingwhichisnotonly
averysmallhardwarebutalsoasoftwareinasensethatvariousinformation

isembeddedinitsDNA.Itisthesignificantmeaningofthenewbiotechnology
thatweareabletohandlewiththesoftwarepartofamicroorganismbymeans
ofrecombinantDNAtechniques.InformationsintheDNAbegintowalkalone
partingfromtheDNAstructurenowandsothatwecandesigngenesaswellas
enzymesartificially.

Butwhenwelooktheactualproductionlinesinthebioindustries,weare
surprisedbythebehindnessinthetechnology.Namely,anyinformationofamicro-
organism,inotherwords,eventhecellularleveloffunctionswhicharere-

presentedbyspecificrateofsubstrateconsumption,thatofoxygenuptake,
thatofcellulargrowth,thatofmetabolicproductionandsoonhavenotbeen

measureddirectlyyetnorappliedtothecontrolofthebioreactionprocesses.
Thismeansthatinformationalstudieshavenotwellbeenfortifiedinthebio-

industriesneverthelesstheystarttouseagenemanipulatedcellfortheirproduction.
Thissituationalsotellsusthereasonwhythebioindustryisfarbehindthe
otherhightechnologyindustryinfactoryautomation.

Inordertousetheinformationwhichisinherentinamicroorganismto
bioprocessingsandrealizethefactoryautomationinthebioindustries,following
problemsshouldbesolvedfirstofall:

1)Standardizationofbioprocessparameters.
2)Constructionofadatabasesystem.
3)Codificationofexpert'sknowledge.
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Concerningstandardizationofbioprocessparametersweexplaintheparameters
indetailinthenextchapter,andconcerningtheotheritemswediscussthe
problemsandpresenttheconceptofourapproachinthefollowingchapters.

2.BIOACS(BIOAdvancedControlSystem)

Recently,theauthorshavedevelopedanautomaticmonitoringandcontrolling
systemforbioprocess(BioAdvancedControlSystem;BIOACS)incooperation
withFujiFacomCo.Ltd.andKomatsugawaChemicalEngineeringCo.Ltd.,
thatwasgrantedbyResearchDevelopmentCorporationofJapan".During
thedevelopmentalperiod,theauthorshaveobtainedknowledgeofon-linemeasure-
mentandcontrolofthebioprocessesonthebasisofmicrobialphysiologicalactivi-
ties.

ThecharacteristicsofBIOACSaresummarizedasfollows:

1)On-linemeasurementofcellmassconcentration,oneforthesubstrateandone
fortheproduct.

2)On-linemonitoringofphysiologicalactivitiesofcellswhicharerepresentedby
variousspecificrates.

3)Constructionofdatabase(Biodatabase),acquiringcharacteristicpropertiesof
bioprocessparameterssuchaspH-value,temperature,viscosity,etc.,andphysiolo-
gicalactivitiesofcells.
4)Optimalcontrolofthebioprocessesbyusingbiodatabase.
Thesecharacteristicsaresupportedbythefollowingnewdevicesandcomputer
softwares:

1)On-lineturbidisensor",
2)on-linesamplingunitofcellfreeculturemedium",
3）accurateestimationofthespecincratesviaKalmanmter4'5),and
4）dynamicresponsesofthespecificratesto企d-batch-operations6'7)．

Comparisonbetweentheautomaticmonitoringandcontrollingsystemdeveloped
sofarandBIOACSisshowninTable1.

TheconceptofBIOACSisshowninFig.1".Thebiodatabaseshowninthis
figureisarelationaldatabasê,whichappliesthemathematicalconceptof
arelationtothesystem.Wethereforecancooperatewithotherdatabasesystems
viaoperatorsasand/or,large/small/equivalent.Anothercharacteristicofthesystem
isthepossibilitytoaddorcancelarbitrarydatawithoutmindingabouttheprogram.
Furthermore,wecanmakeanecessaryreportbycommunicatingwithacomputer.
HereafterwewilldiscusstheexpansionoftheBIOACSanditsbiodatabase.

3.BDBS(BioDataBaseSystem)

Thetermofdatabasewasah℃adymentionedwithoutanydefinitionbeinggiven.
Wedefinethistermasfollows:Adatabasesystemisacollectionofstored
operationaldatausedbytheapplicationsystemsofsomeparticularenterprise".
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TableI.Standardizationofthebioprocessparametersformonitoring
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Thismeansthatadatabasesystemprovidestheenterprisewithcentralized
controlofitsoperationaldata.Examplesofenterprisesare:

Pharmaceuticalindustry,
biochemicalindustry,
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foodindustry,
universitiesand

governmentalinstitutes.

Theoperationaldatafortheenterprisemayinclude

salesdata,

productdata.

planningdata,

processdataincludingdownstreamprocessing,
mediumcompositiondata,
cultureconditiondata.

characteristiccurvesconcerningvariousspecificratesofcells.

andoptimaloperationalstrategies.

Thecharacteristicsofthesedataareratherdynamicthanstatic.

Thedynamicdataarethefactdata.Fromtheviewpointofamicrobiologist,
ascreenedorganismisconsideredtobethemostimportanttechnicalitem.
Butitisofnousetothebioprocessengineer,ifthefactdataarenotaccessible
fromtheorganism・Adatabasesystem,whichprovidestheenterprisewiththe
dynamicdata,namely,thefactdataaboutbioprocesses,iscalledthebiodatabase
system(BDBS).NeedlesstosaythattheadvantagesoftheBDBSarethesameas

thoseofusualdatabasesystem.Theadvantagesare:

Redundancycanbereduced,

inconsistencycanbeavoided,

thedatacanbeshared,

standardcanbeenforced.

securityrestrictionscanbeapplied.

integritycanbemaintained,and

conflictingrequirementscanbebalanced.

TheBDBSconsistsoffourmainparts.ThefirstpartiscalledaBIOTRON

inwhichhundredsofminijarfermentorsareoperatedundervariousconditionsby

asinglerobot.ThesecondpartisasupervisorycomputerfortheBIOTRON.
Thethirdpartisananalysisroomfortheculturemediaandproductconcentrations.
ThefourthpartistheDBmachineforacquiringandassemblingthefactdata.
Thereasonwhyweneedthehelpofarobotisthatthefactdataareso

variedandabundantthattheyexceedthelimitofmanpower.Manyapparatuses,
suchastherefrigeratorforthepreservationofthemicroorganisms,thecleanbench
forinoculationsandtheincubatorforprecultivations,etc.,shouldbeimprovedso

thattheycanassisttheworkoftheroboteffectively.

4．ExpertSystemsforBioprocess

Thereareseveralstagesinbioprocessesfromupstreamprocessingtodownstream
processing,andspecificproblemsexistintheindividualprocesses.Itleadsthat
knowledgeisnecessarytosolvetheproblems,andimplementationoftheknowledge
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isindispensabletorealizeanautomatedsystem,thoughtheknowledgeisquitespread
overvariousprocesses.Moreover,asfactoryautomationcanneveraccomplishthe

efficiencyunlessthewholeprocessesareintegratedandautomated,thefunctions
oftheautomatedsystemshouldbeextensibleeasily.Fromthesepointsofview,we

discusstheapplicationofknowledgeengineeringandconstructionofabio-experl
systemwhichsupportsthefactoryautomationinbioengineering.
OurconceptoftheBDBSandtwoexpertsystemsisillustratedinFig.2.One
isanexpertsystemforcultivatingprocess,andtheotherisanexpertsystem

forprovidingadequatedataanddesigningdownstreamprocessesinactualindustrial
operations.

4.1ESCO(ExpertSystemforCultivatingOperations)

WearedevelopingESCOaimingatautomationofoperationsinBIOTRON,or

supportingoperatorsofBIOTRONindesigningandpreparingexperiments.
operatingbioreactorsincultivation,diagnosingtroubles,measuring,analyzing
theobtaineddata,andstoringthedatainBDBS.Thissystemisapplicabletothe
factoriesinproductdevelopment.

Figure3showsaflowofoperationsinourBIOACSasatypicalexampleof
cultivatingoperationsofbioprocess.Someoperationsareprocedural(butrather
complicated),andcanbedescribedeasilyinacomputer.Others,however,are
non-procedural,andquitedependentonknowledgethatoperatorsofbioreactors

ownandapply,whichshouldbecalledknowhowsandheuristics.Knowledge
engineeringcanbeconsideredtogiveasolutionforproblemswithnon-procedural
operations.

Experimentaldesignisoneofthetypicalproblemwhichrequiresexpert
knowledge.Theprocessofexperimentaldesigncanbedividedintwosteps.
Firststepofinferenceisoptimalconditionsforthebestproductivity,whichmakes
cultivatingparametersassumed,andsecondstepofinferenceismeasurabilityof
mediumcomponentsincludingmicroorganism,substratesproductsandby-products.
Thesystemshoulddesignalltheconditionsforcultivationanditsmeasurement,e.g..
mediumcomposition,pH,temperature,agitationspeedforcultivation,andconcen-
trationandflowrateofbufferpropercolumn,measuringwavelengthofspectro-
meterofliquidchromatographformeasurement.
Butwhenwedesignexperiments,weusuallyhaveonlysuchapartofinformation

concerningcultivationasthekindofmicroorganismanditsmainproducts,butnot
detailinformationofby-productsorcompositionofnaturalmedium・Therefore
experimentaldesignsystemshouldcoverthefunctionofre-designingafteracquiring
sampledataofpastexperimentstofindbettersolutions.

Concerningthetroublediagnosingsystem,cultivatingsystemconsistsofseveral
devicesandpipes.ForexampleinthecaseofBIOACS,itconsistsofareactor.

heaters,coolers,pHcontrolagentpots,pumps,airfilters,varioussensors(pH-sensor,
thermometer,dissolvedoxygensensor,highperformanceliquidchromatograph.
turbidisensor,formsensor),variousvalves,andpipes.Pipesareprovidedwithwater
line,steamline,andairline.Devicesarenotalwayssoreliablethatweshouldtake
accountofpossibletroubles,themethodfordiagnosingandrecoveringthem.
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Troublesareusuallyrecognizedbymonitoringmeasuredvaluesfromsensors.

Inthedevelopmentstage,however,itcanbeoftenthecasethatmicroorganisms
behavecontrarytotheprimaryestimation.Namelywecannotalwaysknowthe
behaviorwhenwedesignthecultivatingexperimentsasmentionedabove.These

casesshouldnotbedealtwithastroublesorerrors,butthenewdataacquiredinthe
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processwhichintroducethenewsolutionswithregardtocultivatingconditions.
Thereforeexpertknowledgeisalsorequiredforthejudgementoftroubles
occurrence.

4.2BEXS(BioEXpertSystem)

Thefactdataareofnouse,ifwedonotknowhowtousethemforactual

industrialoperations.Forthisreasonwehaveplannedtobuildanexpertsystem
bywhichusersoftheBDBScanaskforthedesireddataoracquireknowledgeof

solvingemergency.ThissystemiscalledBEXS.

ThissystemsearchesdatainBDBSanddeliversadequatedatatoend-user,or
generatescommandstodatageneratorBIOTRONtoacquireinsufficientdata.
ThedatastoredinBDBSshouldbeutilizednotonlyforthepurposeof

planningofcultivatingconditions,butalsoforthepurposeofindustrialproduction.
Onthestageofindustrialproduction,downstreamoperationswithseparatingand

purifyingtechnologies,aredesiredtodesign.Wecancombinesuchoperationsto
introduceasequenceforproducingproducts,asliquidchromatography,liquid-liquid
extraction,membraneseparation,electrophoresis,etc.takingaccountofconditions
ofpropertyofmicroorganism,itsproductsandby-products,componentsofculture
medium,andotherparametersincultivation.

NamelyBEXSshouldhavenotonlyafunctionofsearchingandpresenting
requireddatainthepastrecords,butalsoafunctionofintroducingoptimal
procedurestosynthesizetheoperationsforproduction.Thereforethesystemshould
beanadvancedknowledgebasedsystemwithexpertknowledgewithregardto
downstream.

5．Conclusion

Firstly,wehaveproposedastandardizationofbioprocessparametersformonitoring
andcontrollingandintroducedouradvancedcontrolsystem(BIOACS),whichwe
developed.

Secondly,amodelofadatabasesystemforbioindustry(BDBS)hasbeen
presented.

Thirdly,asatoolforprocessinginformationabouttheeffectiveuseoftheBDBS,

theindispensabilityofexpertsystems(ESCOandBEXS)wasdiscussed.
Wearejustatthestartingpointoftheworldwidedevelopmentofdatabasesystems
andexpertsystems.SubstantialdevelopmentofthesesystemswillrealizetheFMS
inbioindustry.
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