DESCRI PTI ON SYNTHETI C PATHWAY GENERATI NG APPARATUS, SYNTHESI S PATHWAY
GENERATI NG METHOD, SYNTHESI S PATHWAY GENERATI NG PROGRAM AND METHOD
OF PRODUCI NG 3- HYDROXYPROPI ONI C ACI D, CROTONYL ALCOHOL AND BUTADI ENE
TECHNI CAL FI ELD [ 0001] The_present_invention relates to a

synt heti c pat hway generating app]a‘ﬁpﬁéf,y”ep ynt heti c pat hway
generating nmethod and a synthetic pathway generating program The
present invention also relates to a nmethod of producing

3- hydr oxypr oSiYOHTHE BET 8 A TH WahGENHR AT BIGATRABAJBHE YT ESREF . and

a met hod _of _pro i i i B, PA)B}_
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reactions of m croorgani sns. er the recent é%g[?s] I addition to
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bi ogeni cal Iy produced GRRTPNY e 6M5StRRE, STRP need for a

new bi oprocess for non-natural chem cals as products. A crucial key
for devel opi ng the bi oprocess for producing the non-natural chemcals
is to fiDHCENIOAdVEIELDOr eactions and to find out biosynthetic

pat hways &%6 rational nethod. [0003] It is, however,

difficul 0% rotationall y predict unknown bioreactions that have been

absol ut el y unkmneWiesend thfdpeioh MeRSds @ad & onketibpetheay fgahefasivie apeerntus,
limted to those depending nainly on individuali st'éc i deas. .A novel

bi or eact # G¥tpeeePativvy srEErdHeREthad 39 & STt FIFRARYRE BFREAWAY desi gn
met hod, i ar i Recin

i ndi vi dumgg%}}’b %gﬁg%se?ﬁgﬂrvgﬂggré?gg 1?& éfp%eggﬁggimnw?ﬁﬁe nevgv

bi opr oce3ggdroypoeribnicf awi dyedmé thorh of yredisstieg aridomﬂeﬁf:@tﬂi»v@dt wohetlfdoof
13-al anine.. The P-alanine is, in turn, converted via nal onate

sem al deRif§EcIng o ‘-‘tﬁgl:?PSXypr opi oni ¢ aci d. As reported in

Pat ent Docunent 2, a known nethod for producing biobutadi ene
conprises chem cally converting butanol prepared by fernmenfation to
synt hesi 5@%@39‘-&1@‘*33 such a process, it is required to convert
but anol L(m{,g but ene via a dehydrating process and then to

dehydr og naté but ene. Thus, such a process is conpl ex and _consunes
hi gh energy, rlabsipngcasensbroadlovelizahes ¢ metleake! prodyeoguednyratyst s.

useful chemicals by making use of enzymatic reactions and metabolic reactions of
microorganisms. Over the recent years, in addition to biogenically produced
natural compounds, there arises a need for a new bioprocess for non-natural
chemicals as products. A crucial key for developing the bioprocess for producing
the non-natural chemicals is to find out novel bioreactions and to find out
biosynthetic pathways by a rational method.

[0003]

It is, however, difficult to rotationally predict unknown bioreactions that
have been absolutely unknown, and the investigations made so far have been
limited to those depending mainly on individualistic ideas. A novel] bioreaction
predicting method and a novel biosynthetic pathway design method, which are
more rational but do not depend on the individualistic methods, are desired for
developing the new bioprocesses.

[0004]
A method for producing 3-hydroxypropionic acid is reported in Patent

Document | filed by Cargill Inc. According to Patent Document 1, ¢-alanine is



PRI OR ART DOCUMENTS PATENT DOCUMENTS [ 0005] Patent docunent 1:
I nternational Publication Panphlet No. WD 20061022664 Pat ent docunent
2: International Publication Panphlet No. WO 2010/099201 NON PATENT

DOCUMENTS [ 0006] NON PATENT DOCUMENT 1. Ayouln Cho d [{o r.others,
Prodi ot | DA [ SR Aol N ERORORSS T Ot B o dELT BIFPSHE Hell f ed
chem cal &I%,Bé\é%éb’t%& %msm@id?xlaﬁgyemiggﬂegﬁdélhﬁé-3-}RfEdNr%x%pro&i~|onic acid.

(doi: 10. 118611752- 0509- 4- 35) NON PATENT DOCU ri stopher S.
Henry and two Actfepesed Di BetsubPycamentaha Yrdwn atetll Bir medeiivei c

pat hways, f or the biosynthesis: i i ] - :
e hyar ox PRI S T 5t SBr iRy S e A BrERrSa by fermentation
(doi : 10. DOk sk2e2RATE)EnSUMYARY hGFprbkis s, NVENEY Gike PROBURNE Fu@aBH into
SCLVED BY THE | NVENTI ON_ [ 0007] Su??hbgy exangge i S kt}%vvn thgt
the saneb@eg i edpipiradng prosess 31 Lt ey I8y APIFS- of! PuS, such a
substrat 1%09%5 Woﬁ%l@@éﬁd Bhnsthdcd Gl 4 BSerdl CratBh g ebhl@fhs Wi édtheastrease
ot her. Therefore, t hi nki ng way of predicting the new bioreaction
has hi t hir prodbeteon epyit.oyed based on the point that the parti al
structures of the substrates are coincident. A graph theory is a
techni que used for notating the structures of the conpounds in a
format rpROQRIZRDIBOCUMENDIpUt er and searching for the coincident
partial structures between the conpounds. In the case of

i npl enenPAAENHEPQEIMENFor the pat hway by conbining the graph theory
with the dqjogzynt hetic pathway design nethod, a problemis that

operati oF}s become conplicated and cal cul ati ons are hi ghl

t i me- conBateihdocumemt He dntexrdtonal Phblmaé@@tl?wlﬁﬁteﬂpcw&aoﬁé&o%@ﬂ s

t hat sevegral e f,.¢hen cal j i i
react | oneears S¥RETY gs EORRLAEnal BRY G e D W S0RNDR0 ¢

defi ci enNf PaaiBNT DIGCUNENMDSIS to |imt the chem cal conversion
rules to_sone rules, resulting in an apprehension that prediction
accur acy[%oéﬂ\t decline. [0008] The bi osynt heti c pat hway design

et hod cRERNQPAS N TR OIMENED 1k R oan KbhMRYIoLUP othdrarrretictiofpdungel 0
be searched for froma raw material conmpound in a way that exploits

known i nfpntheti¢ pathways Seretheareducsiopiof desiced shemisplsr Fad s orystest aBipdesy
and enablj I te whi ch has economic rationality
and hi ghE?g(gfstﬁ%?'ﬁdtgwy'r%ﬁ?g@?r??fsgg 45?%% chionetric relationship and
from a t NONPAYTENT O POUMENT 2viCiwistaplier §f Hegnpyt andibwe ptheirs.damde iy e

pat hways. |f expl oi.ting on .he known . nf,or,mat i Leqks in the
by or eant Pt ey e miciesr Barialisstia el 1 R bR laf SR BRIy <
are, as ghémichRr 3ydzouyHepaand,iBietchaclogiand Bibemg nedriknown
reactions, and hence a new reaction pathway cannot be predicted. The
present K¢mick ¥R itAB641) generating a conpound synthetic pat hway

wi thout Iimting chem cal conversion rules.

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

Such an example is known that the same enzyme exhibits catalytic action
on a plurality of substrates of which partial structures are coincident with each
other. Therefore, a thinking way of predicting the new bioreaction has hitherto
been employed based on the point that the partial structures of the substrates are
coincident. A graph theory is a technique used for notating the structures of the
compounds in a format recognizable to a computer and searching for the

coincident partial structures between the compounds. In the case of
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The present invention ainms at providing a novel nethod of producing

3- hydr oxypr opi oni ¢ aci d. The present invention ains at
provi di ng novel nethods of producing crotonyl alcohol and butadiene.
MEANS FOR SOLVI NG THE PROBLEMS [ 0009] The present inventiaqn

adopt s thweplemeniong Hi sresbsior iho paidivay PyseyRininteths P MEOTRERE 1° a
synt het i 6 BAAYRY R0RL LG APRBEAL WRoHERAs BhidbPufile RERACL Of the
present {RVERtTONPINCI ddes:® a converting unit to convert chem cal

st r uct ur @ngif catehpod pdsuianbos arensighbalimeadonesmireg. c af wtlieat dmthemi t to
create a_conpound ir and to calcul ate a difference.val ue b .
Ubt r act PRGEREN PEREFTRAMSILS ToF BB GBS S P (e oL RSO S5l
from t hegumBEhaak rvakisas afe bReialshedeeanprdnd Thiemeaiod ia, Heweverl ni ng
unit to conpare the difference val ue of the conpound pair of the
react i onddfesiownterf sskangific ground eldymkinbit hamE 2 CRABY IPIOPGIESTCE ST TS Sof
the conp . pair. o I I j i A, and to
determ n%‘é{}ﬁbn@,ﬁ A kaﬁo%ﬁyg%gélﬁi%gﬁhgﬁc? %@%ﬁ%ﬁg%@; lzi\E/]\A"L'(]t h't he

di ffereng@ogal ue being coincident as a virtual reaction; a generating

unit to generate conpound synthetic pat s by .use of. nodes,.
representing t%i‘é bd%%&‘iﬁﬁifs"%ﬁﬁ%&ﬁ@ﬁ%%F@%@ﬂ?%ﬁ&s ?Héﬂ%(g\?vrr\%#lé?c%i on
and the yithtd@lo haaGkt 06mpOSREGE b/ a¥ehaldr Erovek e6ivimgetial tohposal Bt
a synthetic pathway froma starting conpound to a target conpound out
of the gemaydhedexpdoivtkneive jaforaeiien praifaesisin pnpiossatiing iptpragaion

synt het i i R G

pat hway ?artgﬁ%} S’? \r,@}ﬁsf‘%g?ﬁflﬁé p@%‘n@%ﬁ%@% ga? ﬁgd{l‘g}rﬁgcg?{ggggggﬂﬁg caan bety
sel ect edamlihighffendibiltpripoernd cfymstoathiempatdusdatongbireat fdmby use of

t he nodeg representing the.conpounds and.edges representjng t known
reacti ont ﬁ‘BgleW/‘FrﬂO Ior}revéﬁ‘g{?%w?éj? Bg’fﬁl]“y &ecandl%t%égtthﬁl"&y?'c gf:t hway
gener at i g1 3R S1YShEREONA NP rhetiah oédieterasedt Wbrebbigop irfsanition

i nvention includes: a converti ncg unit to convert chefm cal str ct&xres
of conpod#tgbasenhewavatetiecriedisigdipathwayt pies @5 QANirE T ifmicontIged to
create ac&rﬁﬁ?ﬁﬁaﬂs Qf"kﬁoﬁllrﬂgeatc?ioﬁé‘,l il BRed v fdaclbh pRIRAGLcARbYBE DY
subtracti ng e nunerical value ‘of one conpound of the conpound pair
f r om t heprediveed.c alThe atasentoifiveitéon eimey atcgrmetaliing a pempeotnd syndbetdhd
calculation unit. to cal.cul ate a secan i fference val ue by

subt r act P# Wfﬁé"lmﬂ%ﬁ’in&%’lngvcg‘leﬁ] Cang%gvgrtsgor ]iu%s'corrpound fromthe
nurreri cal val UgheOfregent & @Bt o0 PO N Grovidihgea geved matthod ofiprdductng
generate, by use of the starting conpound, the target conpound and
the pl ur AtYAyORLTePIPRIC 3fi4f er ence val ues, a synthetic pathway wher ein
a total val ue gfe §6d ifsdntdhnldifk 2R GeoMalnsas el niclies GYsTt fe ncinpat hway
fromthe starting conpound to the target conpound is coincident with
t he seconctoiyliadeahetanddntrdiensecording to the synthetic pat hway
generating apparatus, a new conpound synthetic pathway fromthe
starting conmpound to the target conpound can be generated by

gener at i MEANS RORPOLMINY THEPROBI#HMSay configured fromthe
starting. conpound, the target conpound and the plurality of first
differen&@qr;gl ues. [0011] Further, the present invention may
al so be a CO”pPHeeﬁresé?ﬁhﬁer@ﬁ\ﬁi :&ﬁgts Meahi186sng Rlebns inhaddcexesolive thay
one of the processes described above. Still further, the present

i nvent i oprabagmal sHamelya aystesin FachwHaREHMG RS 2BRATPUISACCOBting fo one
devi ces, ' , o ' [aTalS ehied
above. 9%%%?h?ﬁﬁe‘?r?gﬁgéﬁgﬁég’éﬁﬁeﬁﬁsg%fﬁveﬁ% gfﬂggg ggﬂam?ggor di ng
medi um r egoctdess ofi compswals itprograinal whivek «orlcblativpadiblp arhate a
conmput er etc. 012 The first aspegct .of the pr i_nvent i on
ol ot es. £omaoH Rja spbio srlsalRis A EEisoRE S0 S ifReRRE A huireh
conpri segatulereheRoffpotRYE iHev@nyp ARdashoftymathe AgmexiahDaglat af ehd other

convert the oxal oacetate into 3-hydroxypropionic¢, acid. Tr]e thod for
compound thereof; a determining unit to compare the difference value of the

compound pair of the reaction between which is already known with the difference
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The third aspect of the present invention relates to a nethod for
produci ng 3-hydroxypropi oni c acid which conprises the step of

decar boxyl ati ng pyruvate to convert the pyruvate into formate; and
the step of converting the formate into 3-hydroxypropionic acid. The
net hod foaluppbthectamapSudyri bRy Preosrethen beleyedn vdyicle bnprknoevne @d dei ng,

in a mdée%@n?i%gtlﬁ% ﬂggﬁc&/@ g%;?ggﬂ oF W ngEWéﬁ%P%Mesdyfem&Nan?es an

ability to produce ropironic a € enzyme activity to
decar boxydiag eopividenate atwirtasneaction;heggmeratied enit n¢ gefarreatenpdundr eby
allowing to agcunrlate 3-h d£0x¥ r opi oni ¢ a@id in gﬂﬁ neﬂi%g1or t he
Cel l's:  aETDIG BERVAY PRASSORDA GAFBFORP BRE Sei TP T PAG RES T um or
the cel |3%prt{sg9tji§% the known TEHR1ibAEHAhATRSEd] refctidirepp &IRRLy;idRant i on
relates to a nethod for producing 3-hydroxypropi onic aC|erh|ch

conpr i seseledimgsuniptosclegrasmtheiis pohvey f{qsasyartiagtcamnovadita R tRraed
C00222 ( 3-.0x0Rpro . t | t it O
3-hydrox?ﬁﬁ%%ﬁgﬁﬁgQ%?b%%eW%ggﬁégﬁggkﬁgFg%?%ggﬁﬁﬂgh%ghyg?%%@%ﬁ%g?5%%c
aci d maysynigdtitdpatavht gehargting _Rppammed, amesotdapaimigsyaticeicdpathweydoe a
m croorgani sm, which has an ability to produce 3-hydroxypr.opi onic

s 0 and eI RArABRBPICTR U 1y BEES SHUGPEOLR81 B9 5F OB S SESY FiTap Dy
al | ow ngsﬁrﬁhé?&m{n@wo&séamacvgyﬁeqmtge!n@d_aﬁe%rwanﬁhgtﬂadbmm@gdstm
cells; and collecting the 3-hy roxypropi onic acid fromthe nedi um or
t he cel | dgep@engfenting theknewn Ifeﬁﬁl%!s%fgiheo‘f”‘tuﬁbfﬂ@ﬁé%nt i nvention

rel ates ﬁ%lﬁ met hod for producing crotonyl alcohol which conprises

t he step'of lonverting acetyl -CoA into acetoacetyl -CoA; the step of
converting the\ spshedc pithiwaCaAnertim g ppychtox ydnotrding Go Anothiee aspasp obf
converti t he 31h¥drpxyE§F%I100A i nto croIQnyI-gbA; t he ﬁtFEtOf £
Conver t | 1 HeenE BYCHPP IEINYPS o QupiT s, P4 P EAY YR Chsmicaha iy B ot
converti ggnpdiedarirtcOnvherdddeRnade; & Mot d1oilanyh ualtaehetate andngpomtihod
for producing butadiene further conprises the step of dehydrating the
resul t anpaie pae snyrlealasonditst difproreenyalug Py subiracting thepamastgabyalpg,ef
conpri se I

e e i R i G N e T
enzyme actmpoind theredna etdondcet gl at@oiuiin to calcetadas stydndGbiffereitve value
enzynme agctivity to convert. acetoacetyl-CoA into 3-hydr but yl.- GOA,
The” enzy i sbss iy P QU EsHsaF TAI58 AT e a e OB Y BUnkietoon
the enzyomuaefiathiget LOMPOINErdndcd QérenydinCodititdboneiand, dywisealfdrhiyde,
and the activity to convert crotonyl al dehyde into %[otaﬁﬁé alcoqm

t her eby BRIEHG sRMPY e Simizrsat e ormsnad pnd Ahe Bt iy Pitist AELTER Y2 PR
cell's; aggymuie%tmw»bﬁe&hps o] vahe QQhe Fit Qi taR TR diaUBsQh thhie
cells, and"may fuarther conprises the step of dehydrating the

r esul t ansymheti opgthwal dotrolthe stagfive compeen ivethe ERRECTOMPOTMEIS NVENTI ON

[00171 . cordin Q 4t nv i

syt net  copeioeRES kel dFuPLaR Mt ARl Bfhe & \Fr SPAREHE Doy

conver si génerali®S apparatus, 2 néwaohthongdtsynthreicmetivedy Hbnprheduoiting

3- hydr oxypropi oni c acid of the esent invention, 3-hydroxypropionic

aci a1 < BPnpRinahia et eanpout S B gERHRIY Dol e iR fooomgo

pr oduci ngy;ﬁﬁ&‘i@[axdhv@&%hﬂ uAad Bt @ disefein g lco kS uRd eHeNhrdel ¥ SR bb O

crotonyl 7alcohol and butadiene are efficiently produced. BRI EF

DESCRI PTr@NtteRplvFEitpRAVTNGE ffaaend] vqlmess 1] A di agram of a

configurﬁkhqm of a synthetic pathway generating apparatus 1 according
t

to the present enbodinent. [FIG2] A diagramillustrating an exanple
in the case offgtheuptihegpredeamivepesnuwidyhalse dpectommputenmpoermndtyices,

containin r bon that are registered in a KE at abase,..
m cﬁxﬁr‘]es, etc.(t%)at execute any ongoﬂhe processes desc%’geg atbove. Stifl
further, the present invention may also be a program for making the computer,

other devices, machines, etc. realize any one of the functions described above.



[FIG 3] A diagramillustrating an exanple in the case of grouping the
atomtypes wth respect to conpounds registered in a KEGG dat abase.
[FIG 4] A diagram depicting an exanple in the case of counting the

nunber of partial structures and the nunber of bondi state f .t he
partial ¥et {wther.dbe PoFIcAl HEEN AN HBHERT C412 r§f?{&i¢%fn§39¥w?ﬁﬂf§“§f’“§

compounds G- ity Pk ARhQARYEread B GrSLoApdicagram of a functi onal

configuratio e synthetic pathway generating apparatus 1
accordi ngpotidj t he present enbodinment. [FIG 6] A flowhart illustrating

a flow of generating the c ound ng heti c .
virtual react ﬁ%‘ﬁ flﬁégﬁséjﬁfn f%q‘g.pffseﬂ?é?‘éeﬁﬁlgr%rfral%%st;{g?%ﬂg?\%ﬁg%’? )Egdrrlf)ﬁuégi n
the case3gfdexapesSbmg Ridvadh dmgiaihhe sfeprofediFivGiBledartbagatng
illustrating information on the synthetic a% hvvagéﬂﬂE)Fl,G QL%A

£1 owchar eXAPaasEate 40 FABY At HICAFAACHEIEIHO| 1Y TSY BORSIURACEy nt TS | ¢
pat hway j 41 ' i e A@F AP in a
illust ra&?ﬂlggafﬁpg@nu%%é %nfh%g;d@g%%ﬁ%gﬁgaﬁ{ E{;ﬁ Cc]?g]ppat hway. [ IE’_I G1]] A
di agr am inkHingt catringn@n certampiosras, acuicperreanigm, floehes ahabiity he

synt hetic path L [ FLG 12]. A diagram || ustrat i und

synt het i B9 é{f‘h%dé gfali)'ﬁl&wtaom%ﬁgg%ﬁrreﬁl émg.acﬁlgt%qi%?&ﬁ?@i gram

i |1 ust r agddagbdygate QXRRIBE atey Rl dbvdivies: thabliwiy caatoimdd Achyidooayprepianpd e
3.  EMBODI MENTS FOR CARRYI NG OUT THE | NVENTI ON 5,0019&. An
enbodi meptidotherahy allerdanio pAERLIREN WYAFO@r QR iRats and i hfeSer MEbar
based onuthe,dr g Bfifectife GROS [HEMERLIRBpRbid N84 i o MedRRDOMINRRRILS] S
an exerrpf I fication, and1 Fhe présent” invention is not limted to the
confi gur {iG18h of the enbodi ment. [0020] <Configuration of Synthetic

E (fcj)ltmt1 :Agﬁr Ste ing;a[glif:nsgc% ?Sﬁ?ge%ﬁf %%t%?v%;l gé%%eg}tg)tnﬁﬁgétgﬁ%ar a%&é@dlfoa{ccor di ng

to the ppasebingeIvhpdioxepiopidticdejd ohixth dompries the steheofsydudiately

pac ey GeneL 2o, PP, LS 1, FIEL SR 2, L QR RageesaiTe

drive unife % cBRviBRYLLEMI SRS intd TWhpdloRypdPrée adic@ndrianmesicdroal

i nterface § [ 0021] . .
producing 3-hydroxypropionic acid may comprise culturing, in a medium
containing a carbon source, a microorganism, which has an ability to produce
3-hydroxypropionic acid and the enzyme activity to reductively decarboxylate
oxaloacetate to convert the oxaloacetate into malonate, thereby allowing to
accumulate 3-hydroxypropionic acid in the medium or the cells; and collecting the
3-hydroxypropionic acid from the medium or the cells.
[0014]

The third aspect of the present invention relates to a method for producing
3-hydroxypropionic acid which comprises the step of decarboxylating pyruvate to
convert the pyruvate into formate; and the step of converting the formate into
3-hydroxypropionic acid. The method for producing 3-hydroxypropionic acid
may comprise culturing, in a medium containing a carbon source, a microorganism,
which has an ability to produce 3-hydroxypropionic acid and the enzyme activity
to decarboxylate pyruvate to convert the pyruvate into formate, thereby allowing
to accumulate 3-hydroxypropionic acid in the medium or the cells; and collecting
the 3-hydroxypropionic acid from the medium or the cells..

[0015]



The CPU 2 executes a conputer programstored in the nenory 3 and
processes data stored in the nenory 3, thereby controlling the
synthetic pathway generating apparatus 1. The nenory 3 gets stored
with the program executed by the CPU 2 and the data processed by the
CPU 2. The nefbeyodrth aepastes the misksenti invemioy (geiee dme Aexibed fogenor y)
and a nonvql atile Read Qnl y. LY. .0 .hard di sk
drive un?rto(aﬂmblgt’s'hg&éﬂ?é%mﬂ?ﬂc? ]gl\%}?%ércgw{rbsggg% ftﬁngtcﬂ%—%ﬁgry 3.
Furt her, cohroh@s d)diaskrid oM itk COBR2Fel3sosdman pahaaitd)h ahd ehedattp of
processed by the CPU 2. The portable mediumdrive unit 5 %\s/ a %Fi.ve
Uni € f or CHOFTERS ool 2As N YA PETT PTG BPE BIhoR BB P B GRE al
Ver sat i | ¢ p0hsdvprdbibiRe QYR ol 9Rc108E CRithiing iMDhealth doMabrif @y it
Moreover, The portable nediumdrive unit 5 may al so be an S

i nput / outqute,demiaeorfzonisa, cerich hettuaPilitE tudredpcs nbyd@rERIOPE HE ABIdY
such as a fl.ash_nenory. . The [t ' e r.tabl e
medi um d?qc{/@eueﬁlizy mg & %a/ltv 0 Eg ,ng‘.’egr?,?:l()? h@??@%@rﬁb&gg?{?ﬁmgﬁ%\g@gl tI%ed

i nt o t headvanthlgte Skhghrb¥propidnidacidlia thepedidatoa thetells; Bhd cotlpeting the
device 6 i s exenplified b e.qg., a,keyboard, a nouse, a pointing
devi ce, IhravRERipRiHei Bom s mediimiaiesela: [0023] The
di spl ay gﬁggfe 7 displays the data processed by the CPU 2 and the
data stored in the menory 3. The display device 7 is exenplified such
as a |iquid cristfifith dipsask af tiremiceent inveitionmeleles it aynghekfor prodyging
(Cat hode

The ext e?rgi%/ny;[lré? Cg rf ggv gli@]n%‘%lﬁﬁg%:e{sgh? hrg’qee %E%%ﬁ&g f‘g‘?ggg‘lteﬁ%'fgggéglﬁté’r ating

appar at uscetodcetyBCe€Xi giersadp oftmpdrekting e setercanll-Coi értbace 8 i s

equi pped_with c nication devjces, e.qg,, de term nal
adapt or, 3'61%?61?0’%’%%6% ofhe SEMW@&?%?Q’%Q&B%%H@IEWH@P ic
pat hvay geR&lalddy, @RRAA Udn Al BEWrHEBPL-COR, fnbec@XdBi AR chiyat WK .

The external network is exenplified by, e.g., the Internet and a
| ocal ar 8w sien wbeeaveriing thergrotanyl aldehadesnteroatonybalkehrl gag aaethar t

up by co i . i . J . ENR, an
opt i ool EGaRbgBatlaTE BUEY: B5nfib & BRAASG! BRSNS,
The synt betéwxyl pdidhndyo gbrdnasdinge.apparatus 1 according to the present

Compount 1 o°a 0 BERR GSOUHEPE s a1 T Aoty B G Shdhent Bk’

gener at i ggLirben GOEBOLEAL]ssY, Wiieh ihas RAtBIRY, toWib el eadretany¥ hldotial, the
reaction nethod and an optim zati on method. The_ virtual reaction

met hod afREMMeAGHHTNOZRAIVER A& NP i tgiateidariviiGatoile spzymp activity

conmpound | [(Wel™T: St 1¢. gcthX e of
Pr ocedur Eosp%/noﬁe Ptelj%%elldr%irahgq%@p%ﬁ?shﬁogﬁggg%gxl%?gigg%)ﬁ@we?ho s>

To start constelnt 3-duydrevanpil Cot igporeidor b oforithegefiymhact HEY toPIv§Hds

by a uni gue expressi.on_neth i | e.descr,i T r

Tvol ve SSeBRGTR TR PRRT Eden AL S RTLRRE s SSs ROERYN RRichyde
st r uct ur adto fcod il Balobhdlh het epolliadingaecicdiumgldte cprtentglt dcohaléd the
standards, and defining the partial structures, contained the cherlrli cal
st r uct ur BIedBR u e B red collptinelhesratvaphaleonob fipphihe megigm or the
predet er giined ndtRA0ALHS WBMphReStRNIES I8 aBlyaiifh thdR sBliAtCdrbicag] Of

t he conpounds are strictly defined and may ‘al so be standards taking
si m | ari eiceBobfo giMe bytadigteur es of the conpounds into consideration.
Further, the predeterm ned standards nmay al so be standards based on
di stinctions anong functional groups (al kane, al kene, etc.). For
exanpl e, EFFECTa0OF I THE SNVBNTIOA cont ai ned the chem cal structural
formul a g&pt&'e conmpound may be classified according to atomtypes
regi ster 574 a dat abase of KEGG (Kyot o Encycl opedi a of Cenes and
Genones) . MreQu@kdinkhe 1R Bfgsﬁﬂﬂ%$eﬁt%ﬂi,&h@rcgﬂxpioﬁn& BentdatialpageyagfcakEGG

are grouped, and the partial structures contained the chem cal
be generated without limiting the chemical conversion rules.



Cl a, b, Cc and CAd. The sane is applied to CO2, CO8 and so on in
FIG 2. [0028] FIG 3 is an exanple in the case of grouping
the atom types about the conpounds registered in the KEGG dat abase.

| dentification nunbers allocated to the atomtypes about the
conpounds r egifgicerding ity thehaekpdm dupdpeise 3ak wrprpRicrEpie acigrpf the
"identifjcation nuynber, A", field in.Fl N |, Tl i.Qn nunbers

al | ocat e gPEHIE D B gl aBe s AERY Kb ERceR, TUTP0SS
about the conpouseiing egilsd Meeddi nftphed KEGEcdabaliad eolarl ent iyptadiett ¢
an "identification nunber B" fieI\ﬁILfg in FIG 3. %00261% - ‘!{:I Gd 4 is
an exanpté ATk &0 RSN Tt (A1 FR10 RRd Butasisnotre i oi5at Y jpgpduced.
structures and the nunber of bonding states of the partial structures
contained in a chem cal structural fornula of a conpound

( 3- Hydr oRRPED RESCRPTIOMOF| BIEDRANENGHber of the parti al

structur % ntained in the chemcal structural formula of the
conpound é droxypropi onate) is counted per type of the parti al

st ruct ur EIGandatdiggramndled codfi gdratibopdianynteticgmtioiay hengravritg apparatus

structures contained in the chenical structural fornmula of the
conpound! @3 HIEAAHE PESGREEOPOIUNTdunt ed per type of the parti al
Struct ur grygysh ﬂefiﬁ%ﬁ&eﬂﬁfstrﬁﬁﬁw QQQQEﬁ?leﬁnatth%-caEQQ?@_}ouping atoml f¥@es with

i dentification nunbers al locafed to the data organi zed when groupi ng
t he at onmresppegowontporadpewsttaingng herboo(po thaisre segisteaedin 4 K KEGG
dat abase ar JéO inputted to a field specified by the nuneral "101"
in FlG 91 nmerical values given after counting the nunber of the
partial BRIGUE] Ardisgreanilhistretnp antexemphein talcast ofigteupdhg fler stunaty pos

t he conpounds on the per-type basi g .of partial structure are

i nput t ed"{® fésl?‘icélt%lC%Iﬁéﬁ‘i“f‘f/sé&gb”;‘rerfaé“ ﬁJ%’gﬁgl &'ti?f‘?e‘ in FIG 4.

Furt her, (Y TBf hCRhedA 8&c@hy 8R eRbmple HAUBLhEYoL BSuMIHENBE ninbehof
bondi ng states of %he partial structures contained in the chem cal

st r uct ur partiabsiruttaeesoind the nesrhss oA bsndimetsidepaf thepartighsiractyrest he
parti al r; t I f JeTqNel, re
bt ¢ ey i Gt oPRcRRRL FRRIPAE 2oRloobBE (P EDu iRl
t hat si nffl&. bpAadiagramod it Echddionsl Eonfigurbtien bbmhke sorthatiapativiy " =",
and triple bond is notated by,"% in FIG 4. JIn.the present

enbodi neRFLCTHRE a%%%‘é‘ét}t?c\?g}/‘vnﬁﬁ? éﬂeggges?lhteenﬁ%%%egﬁl val ues inputted
to the fjmlgspRegswiRe: Nustlagnpuneealof 'sk@2rating the Compouid dpsbeiibed by
UF (Universal Feature). As depicted in FIG 4, the UP of the conpound
i s assenbriBaray haarhen i Ak GeRUeR SIFEUhr esent i ng the nunber of the
partial g6 il SADIRsH8Hnb AntN@npIEH Rl cast w%yfeaémgcargwb@%yof

t he conpounds’ an i’?rom bondi ng nformation representing the nunber of
t he bondgraphst &dres. of the partial structures contained in the

chemi cal ur.al_for ae of. th < ctional
Cont gur B! BrSyrap Al Bag ink el AT RS Syl e BTl

FIG 5 i $Fi.9] agnewtindrt dldstmcihienflbwadidengtatialg tha colmpohed symbbet i c
pat hway generati ng, appar at us, 1_accordi(£g to the present enbodi nent.

The synt Re®MRY2eefaY 2gewsmizption 51534t us 1 illustrated in FIG 5

i ncl udes (Byt; PPEAA A GAntilidstrhlnk RAtex@RBIALLSE cbAP oSN LRk paihiwgy
generating apparatus 1 upon accCepting a user's operation, a storage
unit 20 [W&oapbAadi&grgn*aiIEJ@ﬁpagg@n@emméesef QuitpuginghBArmEt pohe

dat abasesl hefle %%rhwal structure database 13, a conmon structure

dat abase , a database 15, difference databases 16, 17 and a
virtual [E&Li2pA disgrabedhist8iing thonbmebunthsintRdtid hbath wayecubmidngato an
vari ety of processes, and a display unit 22 that displays various
items of ei‘?fﬁ?)]ter?ati on. These respective function units are realized by
the CPU gmd.fﬂ?] BERE il LBt iGting ke CORPHLAT sﬁ{}ﬁ&ﬁ@ﬁ&th@é@%ﬁ:@ﬂib@(tdm

CPU 2. [0032] <Compound Dat abase 11> e conpound dat abase 11
example 3.



In the present enbodinment, with respect to the conpounds stored in

t he conpound database 11, a reaction in such a conmpound pair that a
conpound (e.g., a conpound B) is, it is known, synthesized froma
conmpound (e.g., a compound A) is referred to as a known reaction.

| nf ormati on about whether to be the known reaction or not can be set
by a use = f i i {stered in the
< da: EERIRENgS BOR GERAYIRG GtEr TEAChIPRRTIBEL S, n
t he prespmtoenbodi ment, with respect to the conpounds stored in the

conpound dat abase 11, such_.a conpound pair t t he conpound.(e. g.,
t he conpound B ?@Po‘ilfneinéOﬁ%ﬂg%]vd?ﬁg‘??%‘ﬂﬂ?hﬁl?ﬁ?rg% 3&“&6?& g.,
the compouad o) thk Arswings! €4 ddhiafirdi KNOFhCRIPANASL ePRbAImdMR1S 2Rl , A
conpound A" defined as an intermediary body nmay exist between_ the
conpoundex&namifitationc and thinpreBent[i0p@Bjon is not limited ipothgreoadiguration of
enbodi rre&tf,e&bnodri%gg{d to the conpounds stored in the conpound

1, ct

dat abase a reaction in such a conpound pair that a certain
conpound[goeoy., a conpound D) is, it is not known, synthesized froma

certain cagnpound (e.qg., conmpound is referred to_as an unknown
react i onchﬁﬁg‘l‘Féthlogﬁﬁ?heé‘r‘i%F%ﬁtae“ﬁﬁat’f“@rg?%a%ﬁﬁounds stored in
the conpound; dafsab@sgrakd of a4ehfidurRiRMds Rahdtid pahway GRhtAkifg
conmpound (e.g., the conmpound D) 7is, it is not known, synthesized from

a certai spreoapoiratcording to theepisstrcurtpdipenis r4f denigdtis FE- dnthe

unknown %ﬁ%&?&g?at%&& Igﬁh?:r?télgg Oa%%?ﬁa? bg@g%sﬁ; ?TU g&n‘fﬁﬁ] Pe&Lds R 5"":( E) Ih

t he conp S ore oun ase n enzyme use

t he reacUnith2i 8 nsdnedryas,comgrd ik pave uhhat, atgretabberpedinon @eivg.unit hen
conpound, B) i.s,. it is _knowy, synthesized fromthe conpound (e.g., the
corrpoundmR)“tﬂ%‘”%%?%@%%ﬁ‘é‘%r}m ?’étﬁﬂa?b‘?fe’éfﬁﬁilgre. [ 0036] <Known
Reacti onpdgatipbase 12> The known reaction database 12 is stored
wi th the nonencl atures of the respective conmpounds in the known
conpound pai r STher@RIE (2 BiFcHiasectqTBREET RIagiemSHIRA 1 SHHBIAY hai %€ and
the kno rorcggs%g'dggh &8 r%ﬁh}e%érﬁ@r V‘%Xh@eb?%bﬂﬂpﬂﬁﬁoﬁﬂe%ﬁﬁle‘f‘ﬂct RRH)
other. There may be a plurality ofy nown feaction enzynes. [0037]

For exanptmgratihgeapmaretus|lat (Fresmemothd geesgerdd wshcberpoesrdm gxgeuted by

conpound ,pai regj stered_in the KE a t he react]

G r bt ol GFS A at BeiTERiotsr o EhR paie Rohel ikt Mes e
used for vhhagid RAM i(RASddM AdtesCRIERRHY afbh honvslytibeROM (Read Ontihe
known reaction database 12 in the way of being associated with each
other. FM¥HME¥)- t he known reaction database 12 may be stored with,
e.g., thﬁ)(ﬁ‘% ncl atures of the respective conmpounds in the conpound
pairs, the reaction directions in the conmpound pairs and the enzynes
used for the rBectdrdmdsk drivhonidcnpoantbrphivith thitriresram oadedintedped in

t he met abol.i te .,database , . ;

dat abase "SR ﬁe I\]ﬁ]trg&’ct%g g’tgé(ggési(hcﬁ'h%uﬁ@% gsg%tgﬁ%lsﬁlgthgggg%? t E‘g&s\?\f f% h
each ot hey thdaPUNRr NBhe potthbleknedinnr éded hoin Sdataddeeuli2 fomyoddtde be
stored with,the nonenclatures of the r cti.ve ounds.in the
conpound 54 4mes i Sraegg’t ﬁ_ﬂ{“mﬁté‘??)@ﬁ?f}?ﬁ ﬁéltﬁgﬁﬁn@ﬁﬁg‘? ‘_ééﬁkS’sa and the
enzynes mﬁfﬂ)xf@r(m%lﬁnléﬁﬁﬁmxpmwaﬂdwsm@wpm@. Paiiéov¥)itehpédteble
registered in a netabolic reaction database of Escherichia coil in

the way ofedbun dgivaswiict aaedles bh apdeputduiprt dapienh it IR AREdIR ted to
this st Ori1?ﬁ£i\?t%inkgenol§$8wi15%%6r rﬁu@ﬁtaill?aaﬁgshllﬁe BY- .al PR ggrt%lgrn?giiﬁ\ﬁqt h
clatu e n | ny

t he nonen es 0 respective conpounds t he conpound pairs,
t he reactrionn Biyrtkeporiableimedinm ddvwpouitd pading eagd thsheoreprtgmpsr ausmd

for the reactions in the ¢ qund irs,.which are regi ster i.n_th
Vi ety S g SR HA AR dRe i By | CPRBh gk b€
associ at edeMbliRc®8¢Ne @t NekeyHoQRB G moled, tal @in®h¢ detive La Rateddrasembts

The partial structure database 13 is stored with itenms of parti al
controller, and so on.

[0023]



The common structure database 14 is stored with data gi ven when
grouping the partial data of the chem cal structural fornulae of the
conpounds and identification nunbers allocated to the data gi ven when
grouping the partial data. In the present enbodi nent, the

i dentificati ofhaulidpdas devikeJatigdayothetristdpreregieddry thdiP gLomdithg datie

partial data .of the chenmjc strugctural fornul ae.of fhe,cQ S are
referredStf’bF"adaEél t98mor§{9r'u?hﬁ ’Sﬂff#b%ervé?e 6§e’feﬁnsq]§§1%c%a?ucg]oasg%) @g&gn
exanpl e &Est%!@isp?ay 84 c&£ 0 pIasRPUND1APpane, £ ORID(CAhSACREY Eubsiyingd an

[ 00401 <UF Dat abase 15> The UF database 15 is stored with the
UFs of t#Hectowpoasrssnehpafé way of being associated with the

nonencl af'déPgﬁ of the conpounds. [0041] <Creation of UF of Conpound>
The control unit 21 creates UFs of the conpounds stored in the
conpound dat alThsexisknallineerfadeh® conmectsothesynthedt mtlorasgeirsatergeat ed

UFs of the co unds in th F dat abase_15 i,n t.hat b €S
the UFs %?Palr?fgg 3#8&’95&“?8&@8#%"&%% vﬁsﬁ °F eénar%omrm%ﬁ}(‘:\%étgulrs ggudﬁﬁta ﬁ?lél%
conpoundssmin@BAdtion devices N0 € atadentd 4 berieafledapios, étoeandsomtolshe
conpounds and t he nonencl atures of the conpounds,  which are_stqred in

the UF deemamasicatigns bpiwresndhe synthgtic padiwiyes@ecsiing 4@stbhd£ ave t he
same UFs if f i ir LA ESTk % eReRmRSyY, 3%
assunpt i %‘ﬂH#%@{lﬁ%'?t}[eh%&%@%%)gﬂr\&ﬁ% amg?ﬁ?}é%n%uﬁh ll_% a? g%cl assiy i %d
by use ofhetinerextaaml £1daal Fte@ newoiln(wkiNgh Fhhero fppoenternal setytark ngast wo

pieces of 'Cda",.and the.coopound B contajns.on ie f.7d.a’ and
one pi ecé‘3 BF‘lt'@By.Co%’E‘F‘PIB?t?‘{)% n%so?%’g‘tﬂ“faa %&13 h??n? ﬁg’ecgﬁ%%ﬁﬁé%’ Rave
two pi ecesticdll cofldhnibacaisavwetk ¢hd a @itn&libathei sgelgiteuped, on whi ch
assunption the UFs of the conpounds are created. For this reason,
there is[@Rélcase in which the UFs of the conpounds are the sane, but
the nomencl at fhetd a‘fﬁWﬁ}Q DS a8h € afpdibBlseNhecokfink tb $h& pafent he
UF dat abase 1grhﬁs%y§tore§)vmt ghe ﬁon%ﬁgkarturses of th% pl urglity of
conpoundsmboditntrat weyerefeshe amp amdoyntictid pithway FemUupsErtiphowgapalii.
[ 0043] In the desgriptio [ven t i
reates Ehueeiiopoid e bata D PR e i food AP REMLA ulteinrbbng
dat abasesyfthetiOpiwapgehldiCaretaheirmantdaation mhdth@d and emtopsintingidiFs of

t he conpounds by referring to the data,gi ven, when groupi th

partial H&thpdof _Elﬁev‘éWéH??ﬁFiogtn?ﬂE?ch"éﬁi %%?W‘azéméig W#Bc’@gﬁ%"dgﬁds and
the compgrsitions L kee PMIBSEREs Yyntheheuh €6 exireSyTbR eieiBgtds. hovever,

wi thout being limted to this reference node, the control unit 21 may

create t B&020fFs of the conpounds by referring to the partial structure

dat abase<5§§ ENAIRNY o e b ceﬁtQ rgt ]jé?iinltin%éomuﬁﬁseﬁ& enidi&e Eksresdioh he

conpounds referring to e partia ata of the chem cal” structural
f or nul aeMuthdédse conpounds and the structure nunbers thereof [0044]
<Di fference abase 16> The di fference datab i d
with differ e%“ﬁ’é‘t%%‘”ﬁ%‘a@ﬁ%e 8? Pf‘h“eed&‘&‘?%p%ﬁ ﬁaﬁsg}gﬁiﬂgaﬁ%ﬁ%ﬁf‘# ?ﬁg
nonmencl atfges eRbrdstRnesmes WiV, LHMRAUBES The hhecedorpdunelvpalassifying

t he way of q_bei ng associ ated with each other. For instance, a value
obt ai nedpaaiad ghnetets erjteined erehsmitd stshpaLiIm 13 PHHS PRIt t he

conpound a@&&rﬁﬁgﬁfoiﬁgﬁje&???ﬁegis{afnﬁgﬁﬁ(,:gn@%t‘:ﬂﬁﬁfé fh8Sakia Bfuchiies conpound

pairs. Note t erence database 16 may be stored with the
UFs of t henmiasdadt chemimhpoucidsaldormhk ebimpeempopad a8 charapteacEiRgs- t he

nomencl atF‘Fi[a%?e e];:ertrnhlgecg S ggrtdisvrgay 8 a%HQr%% b?'fwltnbzﬁ th& Q@Qé‘tﬂgesp@fi the-
compounds are strictly defined and may also be standards taking similarities of the
structures of the compounds into consideration. Further, the predetermined
standards may also be standards based on distinctions among functionél groups
(alkane, alkene, ete.). For example, the partial structures contained the chemical

structural formula of the compound may be classified according to atom types

9



[ 0045] <Creation of DF Stored in Difference Dat abase 16> The
control unit 21 creates pairs of overall conpounds stored in the UF
dat abase 15, and cal cul ates the differences between the UFs of the
created conpound pairs. In the present enbodi nent, the difference
bet ween telgesteiEd infa ctaheba@@mﬁ&mg;igiypso Escydepadieaf Gsngsagd Genomes).
(Differepce Feature). [0046] . . e r.al i e
based on °ﬁ%°"5f=e‘i‘ﬁ ?rpé}%petshr]gglsﬁ{gdFléﬁ%?%%é%&@?ﬁ a’?%g’g@&grh pd the
conpoundp&ial sirsét@fdtontaihdetHdchdatiadiasmchiral fdrenypaif sheodormymmall thay
conpound pairs _stored in the UF database 15. For exanple, the
conpounddsabepglagiticd apcardipgiethssh AR IG% WBSSe 15, in which case
t he cont wglnrnit 21 creates the pair of the conpound A and the
conmpound” B, the pair of the conpound A and the conpound C and the
pair of the cdiPodnidrBtanan exmapsorfpoeasd o errupingdheBran tYRESHER case

of cal cul ati e DF of th al.r of e, 60 d
B, the CBBHP?CEROE% foﬁﬁo%nﬁtsccﬁ gat”élél £a a\r/l?ﬁq‘u(ed:)b3(/1;}%l gﬁ%regggﬁﬁ%g?ﬁne&%l@%?a
t he conp@itasask. f romd:he tfespfihdiyd ponpedihssed ans ndlaviaiesefjicmical
subtracting the UF of the compound A from.the, UR.of the CO"B%EI?% B.

f the

Then, t hEPaEERRT B1 FifhiZ may dspbesrpirRedkascd g PAITIBIFENSE 410

respect i ¥ coAPoMadss efikiie pemRoRY . PahIEG. 7, the, dibf €1ense Cdatabase
16 in thféiﬁlv(\:/a?/ oféygelﬁsngg assogi at ed Wiqth each ot her. é(_)047] <Di fference
Dat abaseideftification numbhxs alldchtadetodbe diaratizpss registeed i tledl#Gh t he

di fferenges, bet n the .UFs n ai e :
nonencl aﬁﬂ?ggseof esapléeslf’)eagf)ﬁ%%wggrzr%’ogﬁgs&gmt e 'kzgom%lsfggﬁgégr% lf)glnr S
and t he krewfchgashupheesliynrsd indithdinfaymatf onjeirggniasd eticatgzauping h
each other. Note that the difference datapas 7 | so_he or,ed
wih thoctist O G Hosaebltor e SEBR OARBLDR CHE KIbHRT O ABIRAACHAI r s
in placeyq@fgthe nonencl atures of the respective conpounds of the
known coFTpou d pairs. [0048] <Creation of DF Stored in Difference

Dat abase 17> FIG. 3 is amjpxampin inothe e o ereuping g dem yeedrpewtbnce
between the WS Qf LT 54401 O OIS 81 SERE LD
in the U‘L'—'mﬁg %Ibdasggg{fgé?#nﬂppﬁeﬁ%ggjggﬂ?bgghbggiI{r}rg{riu ,m"tihe difference

bet ween tHeeatbinstypés tiveitkhewnmpowmpdsuredisperied Sn itke KEGH detbags ars inpiitetn

DF. For instance,..the reaction,aqf n SL Zi nm d.B.fro

t he comﬁﬂjmgﬁepgﬂﬁaﬁi%ﬁhm &t i(%beﬁfﬂ? %H]@hibCh?%é‘tst{ehectaﬁgncno#[%reéﬁ altlfﬁﬁatrt% by
cal cul at gspiches kneya oPkadive BWhtH @edipigg tiheatdn Bipet ABowtatpaumgodnds om
t he UF of ghe conpound B. Then, the control unjt ZiL stores the },(?.OYH’I
DFs, t herqgsstered iatthe EEGF detpbapeaisdappiied toipholisaLisriUhBURREWR e
corrpoundir}igiésg,_and t he known reaction enzynes in the difference

dat abase in the way of being associated with each other. The
control ([0029]21 uses the data stored in the known reaction database

12 for the no l,atures of the.re [ : ugg? f

conpound pair ?giﬁo? PP etxﬁgjplkenbwer%ggﬁgég%ﬁ%s. %egfgitngégﬁgd\pgti on
of ConpoufidciBydit gl the phaitkvway bbirdiMigrstatas o Remcpardal Metdiocs contained i a
fl ow of generating the conmpound synthet| at hway by t virt

react i on ChEPHSHLSHIEHT _étOHE‘élerqr}lfe%PyW‘EWdréf é? _érrf’é‘é%f%_}{ﬁ%’ ‘6.1_“A}\H§' vt

of the flow ifyd & ih8 phid sha8Rk &0 dMaiRe8 ¢R A EhedichiNthickeal Bftniuda of
generate the conpound synthetic pathway by the virtual reaction

met hod f ﬁmqnpmmd (\Bi-Hydw_ecyppmignat@hi suapupteroperype RE theopaskial gructure,
et 902 88,7 Lo TRRVR O e i sopma o
chemical structural formula of the compound (3-Hydroxypropionate} is counted
per type of the partial structure and per type of the bonding state.
[0030]
The identification numbers allocated to the data organized when grouping

the atom types with respect to the compounds registered in the KEGG database are

10



In a process in S601 of FIG 6, the control unit 21 creates the UFs
of the compounds stored in the conmpound dat abase 11. To be specific,
the control unit 21 counts the nunber of the partial structures
contained in the chem cal structural formul ae of the conpounds stored
in the ciappoedhth ddichbapeifidd bp thheuperaltype” bakiQ. 4f Nuecpapk vanes

structure, and counts the nunber .of the. L Ng.s e -1 1;al
struct ur®d e%B&F&FW@H”]%IhFH’é" r%ér?ifgléff peér?lragg{}g?tg?e %O%trtr%ﬁgtgg%blr%t%l%ﬂ{l&él
conpoundﬁf)mgﬁah@?mﬂaé %pmdetxaﬁm_ hiSou@lds tolﬁalﬁa@éf)-it)éﬁe Isdstgict ﬂ:req:aﬁﬂim scr:mc_tdrel
per-type basis of the bonding state, thereby converting cheni ca
st r uct urk 1P wea Held tnec %%%n?%?@?nﬁ%rﬁ%gﬁ'v‘gl ué‘%‘fﬁwlﬁurt her,

in the p@@g&%&éiﬂéﬁ%ai afl*%é&omnrgpﬁ% %99150%951’ Y Sordiing bRIQS Fithe

created an e rfonencl atures 0 e conpounds in the UP database
15 i n t hearvialystofctheis g nte sk irathed:hwint ¢el sanis tuye hfrmueeo cibatcpaipound ¢

21 executl t he process.in 5601.0f FIG 6. functions as a. C rting
unit . [0@5@% per-iype %@W ,Ofiﬂﬂe 8“8'%3%3?“ RSN 1[]ig’énp %Iép e%’,agltshogq}égnt rol
unit 2lcpaaties stahg Paingii@ll to\BE dleld eoutpledbg tlsd aumedral r1102einUFG. 4.

dat abase 15, and calculates the DFs of the 17  create C‘Q_qpougd.
pai rs. THetecwat siseleind i3podatsd &3 ‘thedoubie bpad Snpieleddig T hand triple

nomencl ag i £3 rﬁgat[a@%g“‘%pﬁlcf]i(}/.@l CORRAY 53]9%9{ ethDEdIGRAPOMIN cBAtdcativaly

the difference database 16 in the way 0 bei ng associated with each
ot her. [00&fies the numeNbalembees inpnttedieo pPreofeldsspetifBaioyy the mingrals; 102Re

control unit.21. cal cul at es kno f, t u [N
in the cgw&n%wp elsFréL%c{ §¥ é}c]h P ﬁlégrgbgg%gfegbag\gs %?%ﬂgggg‘%t Irg’o gﬁ'ﬁi‘t
21 stor esf fhaeohlpeand ad esskatbee koavatobits infohratianespeeshting shofiumbe of
respective conpounds of the, known corrpogt;g Pai rs al‘?)d t%g lgfngwn

react i onthEPAJRESSITIFTIIE capfeiRtdeiiche PAPRIRN 6 TRV 1ORBUASP TIPS bei ng
associ at @an%gms%ama hRhdink e r& {0 re?fﬁsﬁnt@ﬂ-g SLRMth b D 11tHE LBRGIRES S

of 5602 In G 6 functions as a calculation unit. [0053]

Then, i nstategroddbs panfal 5508tures syntaingd i ke ehamical stupfturad forsunpapbthe
the DFs stored in the difference database 16 with the known DFs
stored i%m??noeunéllsfference dat abase 17. [0054] Subsequently, in
a procespoafi]5604 in FIG 6, the control unit 21 determ nes, as a

virtual reactjon, _an_unknown action_in an unknown conpoun air
with respEwtctiogat it A RS SN W ek oA §P§$fé‘§’8?%9t he
di fference datp@abasqshiihgrabher DbsnctiodaEeonMpdritoliof gy ncketitajabhase
16. It is predicted that the unknown reaction will occur in the

unknown EUIBRARIaRRATRI 1 4P cPElpEce thopteRenipmbestimentent haitiHife
known DF t'hgzsaff%h@raﬁ%tg@g?%%tﬁyﬁllﬁﬂﬁa ﬁ&e’ﬂtf’fﬁ} St diudds ﬂﬂ?ﬁerﬁ‘t‘i’&n unit 10

det erm nga e virtu reacti on, tt nown reaction in the known
conpoundtip@ibpenatdshthe egpidetic pathtvey DRecoinripgenttugiltyponiasciptinga DR:’s
stored in the difference .dgéabase 1?. in the [1)1': cﬁ}t ra%cei lilnatkrﬂgwn

di f f er enfRET PP HLAHTRTAE VOB ST COTPOrAUNEH LARRIUNY HIEHE“ prodedsVot 5604

in FIG feactibe dafbbsdl 2 Unpirtid] sirbétukd @atibast 19, @dednimbhetrdéfuf ©d sinbase
dat abase 16 is coincident with the known DF stgred in the difference

dat abasel4:72 Ufcdadthasads: dHéerRpcRatrBases il8n 1 2 A2 eV 5 abrsagt oy daiePRoet he
coi nci depg, Ma&‘tffb]ifa]fnnaﬁ 1€ cSOANEEa Y286y Aprbbasvd, hual disgagbhan: (ke

control unit 21, it there is a plurality of known reaction enzymes
associ at $pleystvatihes kieowrofDRfordetienni Adsse rsppttivafinciionunitn it

cont rol TREASD RS Aol E et Enbolng Guytt Bl S T %
functi ongpasza determning unit. [0056]
[0032]
<Compound Database 11>
The compound database 11 is stored with nomenclatures of the compounds

and the data of the chemical structural formulae of the compounds in the way of

il



Next, in the process of 8605 in FIG 6, the control unit 21 stores

t he nonencl atures of the respective conpounds of the conpound pairs
related to the virtual reactions and the enzymes used for the virtual
reactions in the virtual reaction database 18 in the way of being
associ at edngiastoceaeh withherch qthos7]For exampithéhe nprentlatyieoekds of 8606

in FIG 6, the .con | .unit. 21 gener h

pat hway ‘b‘ﬂnlf%df)ggﬁéﬁ) aad Oftéﬁg\g\n }célgt(s: ?%t}l]mgat a%gg%%%ﬁ%%ﬁ? %ﬁﬁ:ds
virtual wRRGtHreRedatetdipBetht K EGH dzhhlﬁeseamey alsfmebe(:ﬂntercbzln thaicomphund
generates the conpound synthetic path . e of a exes

i ndi cat i ¥ajabase Il ag e tvarerk c‘tﬁ’r’b%ﬁf’ﬁ%‘%%%’ﬁ \ﬁﬁhec’on% ‘i?& dgaﬁg Lf’ﬁ‘d
the res %Cﬁlg\é%mﬁa%m@ywst@ifedtlmhemm@rzﬁtmgé Sthé Qloﬁltp%ﬁlntl QafaB&sevi T t val
reaction an use of edges (sides) indicating t known reactions
and the maytaimlberﬂamtdl with thNaqmpyumi hemerglarises Qlf'ﬁhte targct eppeuRdss a
graph (networ.k overall i nodes
repr esent' %’Ylf}g”zge%oﬁ'eﬁéh vagg:c?g’ oﬂﬁg) anghh e%%bp{\}% Cglgﬁl %\A}uﬁ?j’}%g{?%s and

the respgghinye caRpRYAgDuals tmﬂxemﬂpoﬂheingaisﬁcscmeﬂamddeauh dther.vi rt ual
reactions, and the edges represent the kno reagtl ongrt and t
GuAhere

virtual Meapqvesnss- th%%“@éﬂ'é‘?da’f’?tﬁbasteh]el 3 9 %U%a‘fﬁ%avs
The cont o}, Wi o%iluﬁ ?Efog‘?géretdoint:hﬁlem‘me H%Bﬁée%cﬂ%% 3hapebdReabout
the respective onpoun known compound pairs and the known
react i ondatabasd, thef BRENDA dhtabeia anditherMawiGysriagehrapase with @isclata ehe
respectiyve Yl

react i onbeaaragg oo huel fFpilPeLAY Rt hP kb pt BEY i ed
exeCUtin@nhhﬁcpbaﬁﬂssVomhﬁﬁﬂﬁnuphEMEﬁt6tmmmﬁﬁagnshasompgembdahbm@11
unit. [0058] his formall deflned ered . pair
&= (! i hentagp B Y ngmep @ gsal ik Bo Qs et et feteggbe
that conpegtickNereeas rnas B tdeimpddifs Ohvdrsheste Ragikstese S B ¥ 8rit®
express how the conpounds contained in the graph are adjoined (how
t he net wof khdmicelonbstpmce dptapraes; e theewppof b@@gr@a@qlﬁ@ﬁgﬂlthrﬁ@chgwash
may be egﬂg zsed by graphic forns and may al so be expressed by an
array procéssing in which respective elenents of arrays serve as the
nodes. [0059] In the presEﬁﬁmHodlh‘lems,twah eesspant ‘@x&ﬁmomljomntihetocab'm e

expressing the graph by .using the, g hic for

respect i Q‘g‘nﬁ%‘f?&o‘gﬁ‘\g s§fl e e ?Jr'b%mc%"r‘?'gcﬁﬁodnp%‘a{’i %aI%H’c?tFﬁgmrpé’ Sgé%'iEVe
conpoundg ¢8fpbhed B@rrmursohcmlf% hitledized fidn khempouhd &t. ol eain Ermdar)e
i ndi cated by nodes 2(51 - 207, \/\/ﬁl | e the known reactions

nd the
virtual Hegferehy ar 2kppuncatdipy lafrjaation pbougyhether iq ﬁ%? € F’FP"F‘} G
7, the edgey QﬁBk%FQarPue 15155} mséa ﬂsweear%&%gsdnwemm@moh@a &4ikQPed
whil e the edge depicted by a brokén |ine represents the virtual
react i onin {Hed6BHG database Sudys bejoetras te kinawa gaetéess of 5607 in FIG 6,
t he cont Q(;d nit 21 searches for the synthetic pathway fromthe
starting (%'*Eound to the target compound out of the conpound
synt heti c pat hways pgeeer ahbediment h-&nh)rre)s;ﬁsstcofheSﬁﬁﬁ)dumdFls@recBm fHee

control unit 21 may search for the synthetj at hwa mth

st ar t i ngRBRPBUHERTERASENE  SHFY BCOBDIOPBE RET s B m%n% eé i

predet er $t MUIRAI, Ay niiR3ZEH Tors 1BPEomPtindd ecwmmmd
synt het i gblggg%ﬁa];s%;etnerat edn i fr}{nt he process of nég%n |€r§3 6. The
control @jiis referradyo gearkaiownosompreunshpaihet Herept hmylppﬂbﬁf\t Kigfined as
startlng conpoun or a
br eadt h- *¥ i} ngfmsegrryclﬁé&] ?’%9 %l%[ bg?\u?%u&g o %“gggy%‘t‘ig".s@@ Lnﬁhg
gener at ea;loo?ﬁ]the process of S606 in FIG 6 The control unit 21 may

i mpl t t hod h, I it i n_wWhi the start
oL 15t ho SBARE PHYSCEDHPBRNE Y. ' AR B APROOGOURET UHTFe | he

endi ng pgbﬁﬁ)oﬁﬁi Sﬂﬁbﬁs%rﬂaa 1R8PS NPsudl a é‘orﬂ'ﬁ&ﬂﬂﬂpa{:b@lﬁ‘dﬂ&@d’e@ta&ear ch
algorithm in which the startlng point is the target conpound, while
compound {e.g., a compound D) is, it is not known, synthesxzed from a certain

compound (e.g., a compound C) is referred to as an unknown reaction. In the
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Then, in a process of S609 in FIG 6, the control unit 21 extracts
the synthetic pathway fromthe starting conpound to the target
conpound, which involves a predeterm ned or |ess nunber of virtual
reaction steps, out of the conpound synthetic pathways fromthe

st ar t i ngpiesempanitth dmchhes far getcongmuodndiorédin theecosaionot aldtabase he
process of 5608 in Fl G, procedure A). In th rocess S609 in
FIG 6, $eha cqpaiindpar ot a47E' Bt St &2 RGN 9 "Rhy
extract p‘ﬂl{@wﬁysghhﬁfsfz@d FRd R Wedt rfaf @ Bdh PeurRd @ .1 fig compmddC) @ refered to
target conpound, which involves the predeterm ned nupnber of virtual
r eact i onasarepskiwcgmpeletdepait nel temsesengempoiment. HeeRRIeeHOR P
ranges, létcuOf oﬁahgs St%?Qf%Hqﬂ]es%ﬁgﬁkh%apﬂaQMY?aJ El%prﬁéqgseﬁtf%g't‘ﬁ@g
conmpoundt’o e ar get conpoun at are selected I'n the process of
S608 i n Fha@iohif pidceduneoB)d pid@sat]the compouBlbsgqtEntémppound B) is, it

process of 5610 in FI.G ., the control unit 21 nakes  a, .detern i.Qn

as to th’érW&%éW%’ePé%?‘tﬁ’? %iﬁ%%‘tﬁﬂdt@eg-sﬁiﬁﬁ?&ﬁf’&mﬁa lﬁégfef“fegﬁ%%ta%e

st arti ng, gasRAYBLhiidR d¥ondear get conpound, which is extracted in the
| G

process of S609 in F 6. [0065] The determ nation as to the

t her nodyl¥4i6¢ feasibility is made by cal cul ating a change of free
energy ip i hned in the synthetic 21 pathway from

t he start%{ﬁg&lgoﬁn%gﬁ%még%ﬁéq?arget conpound that is extracted in the
process of S6dheikmokinGeabtitny datavesenbllidesoydi wish theanomenglatuBiophis. J.

Vol .92, No.7, . ppl792-1805 (2007) and by determ ni a,dir I of
each reabetsP’E)ﬂ“%ncot’?l%o §i“§(ﬂbef gﬁg‘ﬁﬁfﬁﬁpé??(gﬁmfsésrﬁ?g%ﬁ ?]g%%go%trsé}s?g%ecti ve
reacti OnﬁnWEE@ﬁn?Sdnd Pairhend YHY Bredwie rtibnayzfmesti fhe wiyasf beigg
conmpound to the target conpound that is extract eg in the process of
8609 in FscriaedavithFacbeilard Mo4Ea Pak baRPIErAlLY oF &PAVa TR SRy Tefe
contr ol mﬂﬁ 21 determnes that there is the thernodynam c
feasibillty \1vith respect to the synthetic pathway fromthe starting
conpound to t Herteangete, tonponndciahaes pEthexerpestiod compenadpitodess of
S609 in FIG 6., Mareover,, i.f. [ i is 1n..
Pospect i bepelid PERCRERis dadnt RITES Sl ARL o BE SRR R R of che
st arti ngr&eupAY B e0cdrigoindrgels arntheendymbatsddsfoethe aattdns i thee
process of 8609 in FIG 6, th _coFt ;(ol unit 21 termlgestﬁhat t here
i s none 6PMPAEY PRIFHBAYMELerefdBdNe KPPV Toaction Galahast 1240 HhgWay ©
synthet | Bei‘ﬁgta@t{@%atfeﬂ %‘rt]ﬁ BSciSs@et.i NBuCRTD SHeEhdveh FdaetibAgRbasOTPaiaRd
acte

that is ext in the process of 8609 in FIG 6. [0066]

Next, i nbasprotedth, efs-séendmerciqures, oftthe respsel vf CURPOUIIE BtDS act s
the synthetic pathway, exhi bi ti : ”&qﬂélﬂfﬁ' f IRk L b Yy Red  of
t he coWpSBIHBO%'gGﬁ?ﬁé%’%I&gf)%atcﬁvoéyds}&fcﬁlg%;ii g{ starti ngcpcaéﬁpaagl&ﬁgk teo }'Ehe

tar get caopmbfvidhé hadctiane iexie cohpalindrpditse whidtessegistgeddn the FI G 6.

The control unjt 21 executing,the oce s of .8 '

o Functi BRSNS ER o AR L dSpEPRRRITgRE R B R ftdshst Bl kiR

Then, i n et PCBSGbe RGhe Wy &l K3in$ asdoamntedMithodacknither2 1 Fuatherthatees

a (nmolar) theoretical yield 0/%] of the _ target caonpound sypt hesi eg by
the synt Heg keovmrdartipn setabase éd may elﬁ%bsrsaefééé”l&%eiff’w LSS Oéf $n

this caseg, p%@[?v{g&%%“ndér]htthg}joﬁé%ﬁ% EQirEathg%d%ttf%_ntd??ec(i@ﬁg & dhe

t heoretical® yie erive e raw material conpound, of the
target coopoumd pyins hedilrechdymashsed Yot thetrieactpashndhe exmpaendepairn t he
process of .S611 in. F contro

| G, .6. The cunit 21, he. f
Do cul st MK e RS it RaBRabf Sareah dolupte ab BrBTPRESe i ey,
mat eri al weRngrseNsh afbcldied Wwathoailch @RarOUNMitEyntheesd Hadiddytotths storage,
synt hetic pathway extracted in_the process of 86&;1}@ n Fl G; 6, éﬁftﬁrs
to the kiowWnTEREIACHANIRIAIES 42 MAHEC PRIETGE MEP At e TR SR e
pat hway frgsg,@ﬁbl@fgﬁﬁ'?t Shithk GRFBANA aitéQ, thBge st difdteaspouRd.

Then, the contro 1 calculates the (nolar) theoretical yield
compound pairs and the enzymes used for the reactions in the compound pairs,

which are registered in the variety of chemical substance databases, in the way of
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[ 0069] Next, in a process of 8614 in FIG 6, the control unit
21 extracts the synthetic pathway for synthesizing the target
conpound of which the (nolar) theoretical yield (% calculated in the
process of 8612 in FIG 6 is equal to or larger than the threshold
val ue (abdiegnstocvaby withecqcholther) t heoretical yield (% is larger than
the thr eﬁ)@ggg val ue) out of the conpound synthetic pathways extracted
inthe p s of 8611 in FIG 6. The control unit 21 executing the

processespatiaBOkdctuB6 Latavade 3634 in FIG 6 functions as a (m)l ar)
theoretical yield determning unit. process

Then,
of S615 in Fi éheei’af‘tl#est%ﬁ‘lrﬁdiat%h?ﬁ? 1515 Slrehpitd itempy aﬁw@al d%&@rﬂfﬁaf. c
pat hway  fyd 51%@{%&1 <{,en9119@wwc&efﬁamg%a RchhficiArRSseat 8614
in FIG 6. he practical synthetic pathway may be extracted in a way
t hat evatllataes] @ thhapgectine damsof paoidetatobf tlmdhene@aitstr@ntmhlaﬁormslae

unber S E AR RHbunt FOPE R g B AFPH oRLoan GRRuRR tPhe

i ndi vi dugd mpddrdddale Ge@CIbHBd %@Zey{msnnk@emdl chemical sEueﬁulw froinh@e
control unit 21 may previously limt the virtual reaction on the

synt het i @heﬁraf:ﬁwweﬁmmwlée af f‘l%’@"%ﬂéﬁ Racedinge thargedetesipeting
that is ésh&ﬁh?d Foy in*aﬁang S %@Q%f'ﬂﬂa HeBich dfichils] fRBURL b
reaction a past resu alteration by referring to

i nf or mat thercoatmmundb raiyredsb bﬂ cm‘v%bleexwmtme partid chgntiead|styygiure 1
may narrpw down . the ynth C eval uatin t her the
vi rtual 88% ]leocrlfegﬂc HEUE ]h%Q‘t% lpade %/%\?‘éwanrpoun% fa%l ére%il g egorrpound
to the teasgpsureodnabid ltihat tHesoash ettheditdm tyhe repxeass inthe8BB&AT n

FIG 6 is attained or not. In this ca t he. eval uatlon s to.whet her
the virtfaipbassaclp dhe PEesgnt embrdimspt, ﬁg% idppyifisalign mambeT aﬁm}c% Hﬁhﬁl

adopt s ap%@@éﬂa%ﬁﬂh@%h%%l EhG Rl foRhuBl SUGE bR ohd tNRIEREPRIALS -
[ 0072] Note that the control unit 21 may omt the process of

8609 i n frGtue, mmalyeral slakoRIE. RHier premplss €4 a0t 1560 bc amdi Cad rorieppandg,
6, may f er Q [ 0cesses of 8612 through 5614 in FIG 6 and
may sti Ifj 1thurStl ué:?ﬂr%nni fneneﬁe process of 5615 in FIG 6. Moreover, the
control [ow39]21 nay change t he sequence of executing the process of
3609 in FIG 6, é % f5610and 3611 in FIG 6, the

pr ocesseSCEMIERY SUTE EﬁJ Ala385% ?n FIG 6 and the process of 8615 in
FIG 6. For exgifldhmbl6icantd @htabict142} sbdrd AigOdataleh @n wXaCiouphg
t he processes of 5610 and 8611 in FIG. 6, execute the process of S609
in FIG @e jjatglgata of the shamical piructprad femaulae ofghecqppainds agd  he
control f t tic
pat huay RpHeFuGH bl AR o L TIBELER RN b RYNG hOpuTNE!
nomencl aIrurF&Spref,ertt kwm‘rsxdamemtngwcdwpnﬁndtlom hembﬁltseiﬂlrmdiedrty tbodp@wgiderand

and ¢ heBEg A0 GRBA S Pl AR arT SROTi AL SRR s Ry T

this i nS&@rﬂp@mdsme@@mxrealtotallcbn&ﬂmsaemtﬁteeﬁuxﬂaah I’Baﬂinsﬂﬁxcbmot fiee
synt hetic pathway extracted in the process of 8615 in FIG_ 6 as the

known r ed® ExERPISTOLING A IGhlaorTFesRe RO, the k@ mBRR T4 Hie PR Br mat i on
on the SF’ EtIC pat hway extracted in the process of 8615 in FIG 6.
The control unit 21 nmay use an enzyne EC nunber for the enzyne used
f or each<ti&alRatabasei >t he synt hetic pat hway. [0074] For

le, th nt t t
O ot e, O B 2 R Wt W LA TR et B vy o1,
ai d of abgiﬁqgm;sﬁﬁataadmah tl‘&:ﬁhcﬁn&ﬂclﬂ@ﬁ&sﬁf&@lelclnﬁb@ldﬁ As depicted in

FIG 8, the reaction for nt hesi zi ng the internediary conpound
( compount? B IFE &% ieR® Q%P ﬁ&lpc%‘ﬁéﬁund (conpound A) is specified as

the known reacifﬂe%m@nqmtm ERafds o &pfhessbmﬂmu;mgect mhwoqq;ound
conpound (conpound C) fromthe internediary conpound (conpound B)
database 11. Then, the control unit 21 stores the created UFs of the compounds

in the UF database 15 in a way that associates the UFs of the created compounds
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[ 0076] The control unit 21 may make a database as to the itens
of information that are output in the process of 8616 in FIG 6 and
may store the information in the storage unit 20. Furthernore, the
information, which is output in the process of S616 in FIG 6, may
al so be dithphayecennldiines df sipd eympdinds22. [ 0077] In the

pr esent E@)ogi ment, the control unit 21 converts the chem cal
struct ur B9 t he conpounds into the UFs according to the

predet er m ned 15§ @REANIRR r@srwctsebbﬂ]@wssoﬁm% clé%&flmemn&mmmmc%;e@e
conmpound pair fromthe UP of the other conpound, thereby cal cul ating
the DF. philehemprandatvidabet stemd mttheLHbdntabasedrﬁ,tthez; cshpares t he
known DF %];ré[s%?nekc%)vm i %%Qgheos eWFg% eoDFfeant ?nelil 1l§(pme clatures.
conmpound pai T and de er i nes. “As  the Vi rPua'i Feactl on, £ he Uhrknown

reacti onFof e:tdh@lankm@mmmqu nhiatptae fcodpbolnd %ﬂﬁbthetdbniﬂdﬁanﬂ)lB are
coi ncident wi_th the known DF of In the

H:el known ri‘ nmpound pair.

present &wplEddituseiafdhe sramale iy 21 1y &yt §°E’}P<9“86r'?‘p6‘E}HE|'“S two
synt het i gidpat hey) by ahﬁ'@hé‘é)ﬂﬁ?odda% ¢ohiangs it &speat i e naQURPIALS, of
t he known conpound pairs and the respective conpounds of the conpound
pairs rel'@ied tB)otthmzf tvﬁmpmloun@éscmcbﬁ@ Wmdtﬂléawg&pien@ﬁ ehtChg’

t he kno lea S .a the .vi rt 4" 886G

enbodi nra\@ﬁ %Blf%gﬁtarngl%lubn? W eF| eé? v{hﬁe %@/Srlll angthga Or}Ith?rom
the st ammp@ulﬁhrmeumtécb tFtﬁthasr@eto:ng@uadhwwseeﬁ v&lﬁeh mrmbuﬂﬂthe
synthetlcrgath ys built u by t he no es mﬁgaiaetlng th 5 respective
conpound§®’apey %ﬁ%s% B‘&‘FIF%C afrges et AgR s Iffds of
the compaungs Bale! $hd BlFaiaeshds 15*1@ sirEd Wadh ﬂh@%‘iﬂe‘ﬂ@fﬂtﬂ@g oBYhd hiaradges
i ndi cating the known reactions and the virtual reactions. According
to the pepbseppowidsddithemay of beeng evapatardwethibh il ef patdemmpgund.om t he
starti ng{ rﬁ)ound to the target conpound can be selected fromthe
conmpound®synt heti c pat hways constructed by the nodes indicating the
conpounds and Ibyh¢ Hescetigies dimelh ebdvenghd bentkolownit 2 bachianse &g dfhbe

virtual reactio 078 Accor di [ es enbadi nent ,
Ve oont PORPOIICE BoTe Ot 84n ARt ISR TS ot Rak R 6 G SBEHA pote
wi th thecdhfirafudin®l YrdanaWhe COMOKAG cRaipouadshfl et eStheaftd Biven
enzynme used for the virtual reaction, the known reaction enzyrre

rel at ed PHeRgeoumphihorrsel gata qfﬁbmil%}ﬁabaﬁactﬁaqlrforWe lpfithe

coi nci de t ou r to the
o csont - SBu s 48 B o R oo o e
for the boweval wntéaut bcxmgdunttad tredns refermce el@iet de mmmbmnd Hymthetic

pathwayfro h in the et ..c 9]
<Gener at {0 {n#h Eég) ﬁlﬁ n@??@ ‘%@%ﬁﬂftlﬁf%#&ﬁ *?Jé%h 13

A flow oNagengrae bﬂ@trbmﬁllcamw&esm%h&ms(:om&h\bﬁ'bpobydﬁm referring to
opti m zati on rrethod Ee de cri bed glth reference to FIG 9. A
start  of NeRRTRLYRR 91 Hhechemics %Wﬁg&l oy 2 Of St FATEP RIS ABE A t i on
to gener&t,@cthf};enmmq]@gegynt hetic pathway by the optim zation nethod
fromthe user via the operation unit 10. On this occasion,

desi gnat [BHd]of the starting conpound and the target corrpound may

al so be ser via the operation unit 10. [0080]

In a proggggp%ﬁg%%gggawi?y the control unit 21 creates the |iFs
of the corrpouridﬁ chfﬁaraeﬁeldatstﬂaee ¢onpesnet déthadiéfeezntés b&Nargehyhe UFe of
control ynit 21 unts e nber of the partial structures contaj ned
‘n the cHiozHowE ot o, B gl g %%wﬁdamngfap@aowﬁ]ﬁe

corrpoundtlﬁaéoar%mdyalmntm@u@groftbséneg bs%ébﬁtéafwhh%ambmeal B&f HGiaACE,
and counts the nunber of ond |ng states of the partial structures

cont ai ned vahretqhdaiaped piy sabtrgeting therd oﬁ‘dhmmaéomdB o dhpbinefsthen t he
per -type.Aass ;oA IE*a@feig %E& a;ft I ?&%%géﬁ%e Qrfjﬁshcffzﬂg BEm{PﬁEu? of

t he bondi ng state, conve C em cal struc ura
Note that the dlfference database 16 may be stored with the UFs of the respective

compounds of the compound pairs in place of the nomenclatures of the respective
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[ 0082] Then, in a process of S903 in FIG 9, the control unit
21 cal cul ates the difference between the UFs of the conpound pair of
the starting conpound and the target conpound by subtracting the UP
of the starting conmpound fromthe UP of the target compound. In the
present esbpslinierl the hemdobtiepance between the UFs of the conpound
pair of #g ﬁtal’tl ng conpound and the target conpound is referred to
as a Di ff%%hce Total . The starti ng conpound and the target conmpound
are desi gnalgdn QY IRCSek B DilRrdiRs TMdsens>f rom t he user via the
operation unit 10. The control unit 21 executing the process of $S903
in FIG 9 fun&thnemgtrabualt%wﬁ@ewwapﬁpmﬁllmﬂmmum@s@}ed in the UF
Subsequent r 5 t 21
extracts ?Sﬁrlgl’%chgﬁgﬁﬁn%%heﬁagéﬁngﬁ]%%y3 %gf%é:%g)gtt gtkaelégsde 17 so
that a todxﬁj)onwﬂl puaarsof Ihhike pkuleai exhhmdmrne@Fsthg@iﬁ”c@ocmbctd@nn th Ulis af
val ue of the Difference Tof al nt e rogranm' ng
al gor i t hth® 99PROWNE PELSLS T¢ éreédﬁta el)ﬁrﬁpff??fnﬁea ea& act the plural
known DFFOOHG mthe di fference database 17 in a way that limts the
nunber of the known DFs. For exanple, the control unit 21 may extract
a predet er ni nddeqonsmhnnir2 Intrbies, ek ABWAE PRSUBWtIcRHrBa &s3stioned
nunber o |l e
o i mpl orels PR i T gButl bR Sr s o o Baklpod e REFERE 1
a short pearrand:onfpouaﬂcpalratstqradumtﬁneUﬁ datatmye @ hat Fepexiniplestha proper

Contr ol BREOSRan St Rordan b FEMERSS: A prkdoesp [ppgontrol

i nt eger QﬁlQeréH?EBt@Qt@l SOF bt ey cc{lﬂﬂﬁﬂa}i A and thel bEmpONd B thenyatr flthe
creates a conbination (group) containing_ the plurali tmf known DFs

by iter a§¢rng°‘!l?¢eApﬂﬂédé§§°@P°S§)@)/@ angl the@airgoiyths cogwoapdEnant Wenber of
times. se I he

pl ural i ty og&gﬁ{)% glg'—lgﬁlggggl’ef maﬂw ga%@:o@ggngg}%h g%e%ﬁﬁth@#&g %onfr ol
unit 21 comepoes Armdttgzpeonﬂpomﬁd@om mtattrcrlmngtrbhpal@ulamsmaﬁluw;ﬂes of

DF conbi nat.i extractl

random f?@ﬁf Hé‘%&ﬁ? ?@r%%@g 385{{9&)55%% e%gﬁhfal {r‘rel%tﬁ?m]!%;ﬁg\g?sg% %@684
in FIG Byissbtreniattd .U 008k compound A firdnb ehepUB @K 3Be oémﬁaﬂﬁ Bn Fhé,
9, the control unit 21 extracts the Iurallt of kﬁ wn DFs fromthe

di f f er enthe wpayzobasE Zl7stgrrs the PRy g et"i‘?@‘%ﬁ FEPHESp by use
of the pLykgbidds d}'fthg)éBFn"fa%Eﬁﬁj koW HFSisfeFhRR, da&ms@@etlﬁ@me waj bf21
may al so create one ty DIg conbi nati on group or plural types of
DF conbi hamgmsgn%mésmﬂyemhe@f@ﬁ .ng the process of 8904 in FIG 9 a

pr edet erﬂ]&ﬁg nunber of tinmes. In this case, the control unit 21 may
extract lurality of known DFs at random fromthe difference

dat abase <Diffesabe DatEbasbé7pr ocess of 8904 in FIG 9 is repeated.

[2(1)082]mr at es t'ﬁN§ ‘i‘%%ﬁ%dﬁé% foﬁf S}S?Si‘fcﬁwé&? %Fgﬁffgﬁgggﬁe%‘?&?"f@%%e YeLt

conmpound of ti{ekf A0 88 m B OTRPPAIEs, 3RE nbMendlatiired bf theQksdtomm cBinpounds of
contained in the DF combination group with respect to the DF

conbi nat temkegvauponpeierdpains arf teknovucieastion exgmes i the aveef beirs
plural t i 0 thenLRt QeSS of
S904 in %?é%mgéd %hvﬁ%l cr?q%éaljseqi(g%%%hgﬁlﬁ}f&%ﬁ%g%&%&es th% conpound
synt het i stqnad finythei U m‘é@pe‘ﬁpetcaveaotmpb)ﬁndmmﬂ)uhndmom Cgmmlmmdms in
control 1 executing the.process S904 ., an 05.in FlG
Funct s ongisst o hEAGREbT AT rempt HGgRTve Rompoutp Py tplCeiturt
exanpl es pafrst he conpound synt het| c pat hways configured to |ncI ude the
starting corrpounds the target conpounds and the plurality of known
DFs cont &/%f&d in the DF conbination groups. As illustrated in FIG

10, ther et fic 6‘fﬁ?@b%txh%ﬁfé?fsnéehﬁaﬂ%é’sreaﬂ7>k”0W” DFs contai ned in

the DF conbination gro
The control umt 21 calculates the difference between the UFs of the known

compound pairs in the compounds stored in the UF database 15. In the present
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[ 0088] Then, in a process of S906 in FIG 9, the control unit
21 cal culates the UrFs of the internediary conpounds contained in the
conpound synt hetic pathways generated in the process of 5905 in FIG
9. The control unit 21 calculates the UrFs of the internediary
conpoundsnbaeditieat,fibé Hofémegepboivedurtbs UNs@d88§ known conphand papdind

synthetic pathway of "starting conpound, known DF. nown DE2,  known
oFa. |t arGER bt AERoVE He TR BORR nart SRR B P B8 wi 1 be
descri beghdyouhdyB FondfheL¥dipditnd Exphaineed rebstidiginivhich eataht Rokdidich
an internediary conpound A 1s_synthesized fromthe startin g;)rrgound,

an i nt erwetParcy! wiipotivdmwisDE it HisasHag thohFt HF SPRPABER &rfom
compoundyeyRBe ddehALGRp COTRRUN I 3nRYEAESH A8Stcl HRM I DFs, the

i nternediary compoun . To begin with, the control unit 21

cal cul at esn¢ddatuRsoff thheeipersreedingapryndsoritbeakdoBnpprnmonnd seirs agd tthe

known DF3 fromthe UP of the . tardet co nd. X h ntrol unit
21 cal cufRVEETFAGE LB HYER V‘r?t‘é?%ﬁ%jicg%% 8?%(1) rlﬁltlg% %@fgﬁg%]rnacti ng

t he knowgysBE3idar @ithtehen bRl tThe chntrer tiedR ahyecorpRtnstoRd ks knbhe
control unit 21 successively subtracts each of the known DFs Eg&mthe

UFs of tifactien gatabasnpdbitidde nomepslsjures ot Hiees pef L RO usls p

i ntermedj . ' [ j at hway of the
compound il BB e Ko A ey B 1 F & 0. [ 0090]
In a prod@dg]of 5906 in FIG 9, the control unit 21 cal culates the

UFs of the internediary co unds. ai ned +.n, t o} nt hetic
pat hways™ ]f‘f;erla%lf”éc?gic%r%/ﬁ? n%’é‘g@‘“gﬁaqé&@%%ﬂ 1Ir:tll‘lfiP ﬁ&@m@h@ﬁ%@éﬁ to
the overall corbloRasi ghRrating the demyfoahnd knowetiDpatiooyt sy tedvirnal he DF
conbi nation groups created in, the process of 84 in FIG&%. Tﬂe .
control ipartionpmethqd wHL b dgperibed WHE refereyseda fbnt i AnstartSlple py in
created g5t 2 § ctfhn ©aenitAl @ {di8pddnd ShrHeliR
internedrg}r'yé%oﬁ{)g%gﬁ%ib}g%%% gﬁg(?ailrﬁléﬁlle congéou_nd synt hdgﬁc p_as?hvva S
Wi t h r espebtvay dyehelyvinshaliraectbm mothsidiiaehonusgr gipthe opgeatienitibll 0.unPp

21 executi.ng the pr,ac . Of LN,k i i

cal cul at InoEiH o (agnfucts o B shubk ompobil Ehd MSiREe dobidobit pay
FIG 9, ik beonrtémed dion tixlugbetves thengserai@t heit 10r not the conpound
synt hetimat hway generated in the process of S905 in FIG 9 is
establis Ods the synthetic pathway fromthe starting conpound to

the target conpQuRdcestng sBANtITRHIGUNY, kheldonttd] vnite2 SyRhhstthe Uratdivay s
of the plurality of compounds are 8enerat ed in the prgocess of S905 in

FIG 9, denpeendsetorgianiibe conppend deiahassill nel ybhapeiBer &y sopBe] enit
pat hways,| 0 i £.r : Lt Ehi
orpound?t SoFRs TR pERBe: B8t e RN AR es RO AIRRY T @ ehpRich Shbedtk
det er m nforghuMined hehe et aininids kededsn threcaypuhdtdatabaat Aoy the ear-tine

starting, compound ta the target .conpound or.not. .wil,l be d I

Dot er i Rt B (s L Ty B g SORRGHRE nBeRF bt tehontind SRES 1R
cont ai nedajtia] HecCOMPQIMAnsY M fied élterpiatiasengan Giratudak bNikichenooedss
of S905 in FIG 9 has a mnus value, the contrgl unit 21 detétﬁ)m nes
that t heo®dwpbemtyPs\hesiscalithe parttAlairicBie 4nf iPRgNE RET-FRet e L
conmpoundyj sy t ' i el isfrubRl Ymb[RMrithe

starti ngbglz%gghsﬁ é’t‘gﬁ@%éﬁzh’?’g‘ﬁgﬁ%&%ﬁpﬁgﬁg‘% ls]ffr them\LlJ% of the

i nt er nedcamyowntspotmduineascalnalwisauF wiiendn thaereasseimBa? hey FE@npdhad
is not establ,sh as _the conpa h e ' :
det er mi néglﬁfﬂa mf%és 06%%nﬂg§&?ﬁt et ?ngdd t&ﬁ%\?\“ﬁﬁ%ﬁ%ﬁg%ﬁﬁ%c#ﬂ@u&% m

i nt er rediay YroRmguadsiis thotvae sifadkiisihadciased Wigh eyck heter.c pht hoatyo!
fromthe starting conmpound to th tartglﬁlt co%ound. %0093% ) 4

[ Det er mi HBHZdreXEXBHpE thoproprss oGt UG- © DRCRORDAT RSORTSHE vt

i nf or mat i[l?d'Slf the UF of the internediary conpound contained in the

conpound - synthetic pathway generated in the process of S905 in FIG 9
Next, in a process of 8602 in FIG. 6, the control unit 21creates the pairs of

overall compounds stored in the UF database 15, and calculates the DFs of the
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[ 0095] Then, in a process of S909 in FIG 9, the control unit
21 determ nes the enzymes used for synthesizing the conpounds
contained in the conpound synthetic pathway with respect to the
conmpound synt hetic pathways extracted in the process of 5908 in FIG
9. In thétgacdsempched paisr oﬂ‘hambhtraﬂunieﬂérstﬁrneshdMCIéawgir@Es argbthef or

ynthe5|2|n he co unds caqntained i onpou nt iC

oh by Byt B8 Tesneo it erotali el s SOEPRIS pRES T Fioer ence
dat abasegikferiifeeSda¥ide WoliR thb valsnyrweiddFsssadddn@itk @QMWoﬂﬁaCt ion
enzynmes in the way of being associated with each other. Accordingly,
the contt®52linit 21 allocates the known reaction enzymes stored in
t he manner of 8 3N

di fference data ﬂgggerﬁﬁﬁf I{’ﬁ‘rl?gers\ggsftgekcottzlh‘i geﬁ%%t%ﬁ%&@ gtl n]e((:jgl?ﬁates
corrpoundtl&ylniohei DEs pﬁtl’fw\aymaxtompbmﬂ pairg h:ethprcocmsn@ﬁ:aﬁ@@ﬁ)remm:ﬂ@

9, thus term ni enz d for thes z he ¢ ds
cont ai neﬁ(%q%%gﬁ"é Egrrpgﬁﬁcfogﬁ'nfﬂﬁltt SHOHER i %// usfﬁ& L%%‘il FB?W{]J

al | ocat epdiendrhiebd 61 the @bsge0BWE cbRPE A0 BIAE KB & nSlo@d e nbl rpatrband 1he
di fference database 17 to the respective known_ DFs contained in the
conpoundkEgin FeActien Fagmeas & és@télatgfweudﬁtftbﬁée b? detheswar oEbp@Ei n FI G
9. [0096dcsociageq witHUAEAUBNL Y Tk RoBBf BAPST QbcmAkOikhrbldss P s6bRE
control un E 25 §eterm nes t he nonenc atures of e internediary
conpoundBIGohtaichieds ias atdagcudaigoumid. synt heti ¢ pat hways on t he basis
of the E gﬁ the internediary conpounds contained in the conpound
synt het i 08 hways with respect to the respective conpound synthetic

pat hways ext r agfegdid # ptdtRsPbPE66F iPFIG.H)&hE Boktréd uflt 21 Rohlpafesas ®Fs
the control unit 21 deternines the norrencl atures of the int er medi ary

conpoundstosshinathaliffeienendateadapolh i dythe haera Dot sREsfsingipe defigieprag
to the Updatabgse 15. The control unit 21, |f the UF of the

i nternedrary corrpound contained in the conpound synthetic pathway is
coi nci defa0s#th the UP of the conpound stored in the UF database 15,

determ nes the, nonmencl.ature of t he ou i the UP of
the conpound SEOFEHSPHY: Hb® PEOSSR gggggi)i%lgg%af tggﬁg}rlrtg%lc]fm%g}es of the
i nter nedhatrewnﬁﬁﬁpmdnﬁm&ead%m ) uhtaﬁmﬂmlﬁmtmd isywatunkéhbenpabipoayd | f
t he nonenc| atures of the plurality g ngﬁunds 3{16 st or eﬂfﬁgfft he UP
dat abasePas With fqseectdy ths emgméggb‘eﬁ By kP vh Qhdtorgd Byt erence
conmpound g, &, B8seCON @l Y Lok ﬁlle@l%rd'f@fgﬁzﬁcé R&taBhdr Bd. i 1Y i9bredicted that
nomencl atures wth respect to the internediary conpound _contained in
the conpthenehkapmirsaétiopuilhwasy. in[tho9rfnown compauyal ROnWId| resipfct tathe
it the Usof ;thq tn\%%qggk%%n Ol‘f'?gt%f?é‘hé‘{e Eﬂat 1ﬂetc|39trBPHB‘P‘QAQioes

synt heti ¢ pa ]PICI coi ncident” w t he conpoun

stored i not Meiﬂﬂn@laﬁﬁbﬁs&rﬂﬁl redotisn,nat kdetvarrengiemn inethn dmewol ampoandf
the internediary conpou nt.ai dlnt e.co d s thti at hway
but a1 | OBAY GY DntosPEIaOdRfTIotO AEEH 18 RSP Rb retar o i BorpBRRace | o
the pres@ptabsbPHiBRIDFS mrémt@mmf@femc@qm@umlal I ocat ed with the
predeterm ned nunber is terned a virtual conpound w thout determ ning
t he nonef@dture of the intermediary compound contained in the
compound synt *ﬁ}ri r PR &) %;[59%?%1604 in FIG, b 5O he%ﬂmal Enit bk DR
case of storing t e’ corrp dat abase t he nonencl at'ures of
the conpewnesimiie differchataacfbashé6 chemmncalensmtmdhakabmd?hﬁloa@d of thehe
conpound which are re tered in,th abase, in \

bei ng asgbfct: rﬁf’%%ld?i\t)?ﬁ %lebetrﬂlé?es P k{*ﬂ}”& r%(géon ?%ém’,ﬁlfasaactla%’gs“él)ﬂlgﬁ s
st or ed \Ancmcmhmhmﬂlﬂﬁsa@iheté}ﬁymmuﬁdstﬁeexgnahlefeednm t Nke Kiit]

dat abase. The UF database 15 is stored wiith only the UFs of tgl
conpoundgnitedi st Geeriisi P kel KRB ratsAS On FREXARSATS AR I hdR E%exi st s
a possi b'qub‘%‘}{ ﬁﬂ“aéetér?rﬁnéﬁh% IBH{?H& REGLORAIB: HOTRIHRY o6 U 8 Aetksi N

t he conpound synthetic Is"not coincident wwth the UF of the
used for the virtual reaction. The control unit 21 executing the processes of 8603
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Next, in a process of 8911 in FIG 9, the control unit 21 determ nes
the thernodynam c feasibility about the synthetic pathway to the
conpound extracted in the process of 8908 in FIG 9. [0102]

The determ nation of the thernodynam c feasibility is nade by

cal cul at amySe04 haRlfe ®©furichient nee dermemgyingmnétach reacti on contained in
t he corrp‘c:@ng synthetic pathway extracted in the process of 8908 in
FIG 9 aHP8&t er ni ni ng a direction of each reaction on the basis of
cal cul ation reaWitin tht pkb@sE 880664 i/ B1G £ACHE RBSIrEPM@R N Ebren tHh e
conpound synthetic pathway extracted in the process of S908 in FIG 9
are the nonerslaturesaeh thermeineativheomagerds o e cepprieh pairhelaGAte dhe
untt 21 g8hel D8Snt Nk ddEAxl 08 MR TRAYAIL G SRAR! R birkar W L R
respect {0 tne conpound ‘synthetic pathway extracted i n the process of
S908 i n HaGiod dafdbeeoV&in thef withef belvegrassocigtad twitneahi®gher.i n t he
respective r?acti ons contained in the conpound synthetic pathway

ext ract eP%d1t he process of S908 in FIG 9, the control unit 21

det erni nes t haty b8l Gel fro 2R K60k L FIGEEMDRYMRNOE vhR 2| déinkidiys et h
respect to the compound synthetic gat_hway extracted in the process of
3908 in Fmpowid fELI|c pathway oFHbe bagip of thy kneen regrtigy fiotabase] and)

t he cont 0l . .uni . e I.C i

t hor mody Ly o e L Y hE T Bk ey e
ext r act edompotdiesymtivatgsgathfva@ d§8ist nf Rbes QpeXtn) indintting theniesptive
executing the rg{goce'ﬁ?s%s of 8911 agd 391 Zdi}? FIG 9 functi ops f%hca

t her mody RAMPRUHs U HHE KBPIVBFOTIROERd PapA]d the respeqiyve GpInRAUREE ]
conpoundchfpsSH ghinefkiatad kden Lol Rtheayntahe biycaspalfliaays @xdgsact ed in
the process of 3908 in FIG 9, the control unit 21 executes the

pr ocessenditatgmithe Xng wageactionspng, the viead repdiansni Alamy!y-Hae control

nonmencl a 0 \d : ks iNBYhich th
determ ngH{t%e] %’8@%& Saé{ %#éghéﬁ %gygﬁlf %ulagﬁg g}%nn%‘f)eg%ll(ljy%afhﬁ é ’el_r ri n1§ ttoe
t he dat abadassrepresuntoire respective dempoesdsorf thhdnewneomgiouné pabs kend o

i nstance, the,UF dat abase is stored.with only.the UE f..
compound&SSPEYTET &R Sﬂéé"k%pﬁ‘g}d: AlerelatRd i il vx(rzléisagret%ﬁ'ggggnaflfl ol
unit 21 pmyedieb @&prefnt the knOWR Redctibds end elie vivmaV rddctiahs,abop gemedstity
referring to the metaboljte database such as.the PubChetH%gat abase,

the BRENHI® eRFPRMSSYARFticRativERacy LRyt it Abrdever, !t fBO¥Bnt r ol
unit 21 nnyahWrHate T MaBsud e [HQTRNRGE BbMbESn A oftthe kibivh Udngearpounds
by putting a query to the user about the nomenclatures of the virtual
conpoundgairheodigie kievelreastiays, imidtrefezs emtheaviciapt rasgtiam dpiepate b ab
nomencl atures. of.the virtuyal f j: .

oper at i N ey Ppitsunt e or SRV BHING S 1R reifed Pl iftub iRaptions |
conpound ag¥ abbetthe vatdlwaycticast h&hsyohtret nsit @dtdxwaytidmihiengotése of

t her nodynani ¢ feasi gi | i {}%aor not entails grasping the chem cal
struct ur 88981 FhE- & SRHSIILSS *HRAFEIBYE Mt he control unit 21

det er m negg4die nonencl atures of the conpounds contained in the

conmpound ‘synthetic pathway extracted in the process of 3908 in FIG
9, grasps the Biregiaphlis fnmpdtydedipediasiameordered i< 7 flonk ) peluding a set
nonencl at f t ' heesyndihet | ern
pat huay Hect e e BB e B e e e Ty
al so gr aspddrbé pehrafrkaaks sd exmesy ksw tfie torepconsawntndl/in gk arapngret o

t he conpoynd daj.abase 11. The control, unit, 21 may. al so_gras h
chenical 2 %"t‘?‘ﬂﬁ{qfrweﬁ’eo‘?e“f"ﬂg{ Fo“f?ﬂg’lﬁﬁﬁesd) b\ ahéef ’éer's??c\{nlg}"etrgacttﬂ)él%d{a??% ga 8
provi ded pidy tdexieieedy Raphibgoaxs endalayneiops kxprefedagndn adrayini t 21
may al so grasp the chem caiJ structures of the compounds by putting
the quer Presssting inadichspect feelemeniscafl arsays gt i Bsthemofift conpounds
t hr ough 25@5 isplay unit 22 and accepting the input of the chem cal
structures of the conpounds fromthe user via the operation unit 10.
FIG. 7 illustrates an example in the case of expressing the graph by using

the graphic forms. In FIG. 7, the respective compounds of the known compound
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9 is equal to or larger than the threshold value or not
(alternatively whether larger than the threshold value or not). The
threshol d value can be arbitrarily set to an arbitrary val ue such as
0% 100% and 200% [0108] Then, in a process of S915 in FIG
9, the cpaity mid umeires@ttiex cpmprandshef by romeoied pairhvwgiptedop the virtual

synt hesi zi ng t he t.argef ,conpound, .of jch.the (ol ar heor eti ¢al

yi el d (%eaE'g?%?rﬁtlgﬁl%PWdtcbﬁ'gycb‘#(%ggzs_ %@é@f% Iﬁ‘]r‘? '1@1%&?1 ])§afgtéglng§lgl t%? o or

| ar ger t famial hctibheshomhdicaaddigy édddseyonat ByRl yFhihieer( tdFHG.)7, the edge
theoretical yield (% _ is larger than the threshol d val ued) out, of the
conpounddenjeferdwi st Himyereseniateddorin rReifh cdussthsredes FSPICH G
o The copiiah Il fepfbefitafbim LB phocesses of 3913, 3914 and S915
in FIG unctions‘as a (nolar) theoretical yield determining unit.
Even whefD0wkhé virtual conpound is contained in the synthetic pathway

f th d i h 8. 1 .G
Cont ol un ¢ SEoesa Bt b RE R hearaer - dSeb e B sbffhes,

FI G 9. Exgnavkennthie panileten thathvayg conpabnisioarheanet sbrapouabeiti on
i n which an unknown virtual cqonpound serves as a substr%g_o% 8
product , ohtherrampoupd syptheHe paHYV S BEna@tsdeiteit HIACGHaRBSP0BAn FIC. 6.

ol ecul egh. BEAREMANY b Nhdy\@aFANNE L QARChIRRGALMendaRRRd
because of the virtual conpound's UF ‘containing nunerical informtion
of the pesmpaindstorthettangescqmpons)) whothpowioingstaheredetermiedgoipsuridnber

[ 0109] .Subsequent | iLn . a process. . of inE t

control fhigEcsqn éf???’a%‘quc’fﬁ‘neec%lpg%ﬁ cHIM tlﬁt%ag?%gygp%%nﬁ\%\%/d ?nr B}]%r}?ﬁ%ess
synt het i gf abEFIEXE. I aieeshnitiv] uh& Nrmeessarol fFAXLE sy mhEliGpawaFieom
practicgal synthetic pathway may be extragted in way that eval uat,es
Che ch%n&]@ PG IOTPONID6 RO FEr BTSN PG LFRIE-ETS! EgRh P AT T he
synt hetii ¢ | ' BR SARREM: SHEPAEd D thel BeSs
account %B?%%%gﬁgo%??éﬁ%%% %;nt al t eﬁng%he i ndi Vi dugllﬁ i
virtual p£8606 onFEmz§meEhe fouta@]unit 21 mayNprdermenita mRthoddhemsrd spareh 21
may omt _the processe f 3911 > I 0 I 1 he
bt scessed B S PRy e tde B b hond . & P alorke]
process eémpOfit,iwhifd Be eddingpEayBrihe tirgecontpaindinr b 2dthohybahanrge

t he sequence of executing.the processes af 3911 and 3912 .in. Fl 9,
Lhe pr oc 4 slgor Aot RPiSNe SUFETE AopIics (hF HReFh BRI adeRR 5 o016
in FIG @naifgmopitaiRhestaithify Sanpald dinhé r2d mimyrial smpadnider Taxeaawt i ng

the processes of 3913 through 8915, execute the processes of S911 and
3912 in PMagrid coppeend is the compoyagdibecoming prap sxdentl igghycpss o g o,
the cont L ' { mlalfRrdRE AR £ MRS Rbdal he '
synt het i (E:ﬁlptg ﬂ\%\%&%i?&r}ggﬁj@zﬂ#iﬁgﬁeqprrnggess ofr 89?L6 in FIG 9, the
respect i Yerwmdeemthtlgeeshandg thEdadfwindeestchral gorgthonrip omptemenjhed

i nternedi ary .compounds and. the tarqget cqgnpound, which.ar i.hed
in the s%‘icﬁgﬁgggﬁaﬂmﬁ@e,o l&‘& 2 w%nie)?ﬁ’é% Si;‘éedf V‘épagera}%:% cr%gégp %“glﬁ& n
the synt Belde§igRateB W accéptiddihe deBiphanioe fronheheCmset vid theniperaibn unit 10,
specifies eacf% reaction in the synthetic pathway extracted in the
process 090@di6 in FIG 9 as the known reaction or the virtual
reaction, and QubPYE S oEIRsd BF 960 PIG QN thbeosal BiSE DE sBRERWAY
extracted in the procgss of S916 in FIG 9. The control unit 21 may
use the eyzthetc EGhmaybeemftbe stahdng poyneundsiodthe dareshepmpewd pwrefithet he

synthetic path . Af.the,vir I ' 0 ] Lk the

Synt ot 1 coBaPIGEbriSER Rt h et R R P eBERESHOFEh oo, e
control ypickediredddsin tie ploaes IfSEUBEnTIGRGChak yubstiitd foe the procedure
i nt ernedi_ary compound,_.the grede erm ged nunber al Iogat ed.to th

i nt er medilaiif CHHSUAD Zlgneh elFﬁf‘E}F FRIhEHC PRGV Y T Butiaring ﬁ‘%}n}%“”d

process gf t}?égI:ggé-t QOE]I])@\]II@'WiliQil]ig‘]'OIVSS the prE@te AXRRRBIR ledshimedRtorol
unit 21 may output, based on Table 121 and Table 122 illustrated in
reaction steps, out of the compound synthetic pathways generated in the process of

S606 in FIG. 6 (procedure 2). In the process of $608 in FIG. 6, in place of the
20



In Table 121 and Table 122, conpounds A, B, C and D represent the
nonencl atures of the conpounds, and VCO0001l represents the
predeterm ned nunber allocated to the virtual conmpound. In Table 121,
the reaction for synthesizing the internediary conmpound A fromthe
st art i ngpwespoarg tiancortiig uméalt mep stlect hertyhgeitici paghw e friont drerstatiiagy

conpound B fromthe internediary, c ound. A are s ifi.ed he
known re%??%{@toliﬁ?tt?{éf‘t, c‘?‘ﬂp(ﬂi@’ é”%inglf“‘toﬁ‘gsﬁéﬁgﬁj%ger %geds@‘r?{?%eers?fzi ng
the tar gf‘efacﬁ@m&?ﬁ"ér far28adibeninbd auIRE! af Ye.c00PtHptaBeéss capectitel ed as
the virtual reaction. In Table 122, the reaction for synthesizing the

i nt er medéempowshpotirdicpathvays ernesaias i3 Hif REFPBIHPIY BPdE i ed as
the knowp r L g9 dif2 h2ai €8E5668id PIG. 6

synt hesi |rﬂ§e%g]§rlé g?nti@%g(g‘lytgérlyu ég%ggéh t%"f rn(?)%ﬂﬁ?e ?ntermlad?ary
conpoundfuhcangs the seleatihg anitf or synt hesi zing the target conpound from
the int eféﬁ%%ary conpound C, are specified as the virtual reactions.
[0114] Known reaction enzynes A and B in Table 121 and Tabl e
122 are enzymag:sedpledin FI@. 7,.086thoan 201 idiipaes tf ravh@atenpotmgound,
specified by UF3 and the conmpound specified bg UF4. Known reaction
enzynes tearrded B3nintigstes the staging vappaundang the 8ads ARS dedfes Bi° t he
reaction Idup@! i BRicHUIOUNY SREE atReh PorifeR el gy thGuaiagnaund
speci fi G?Q%?Wouﬁﬁb%@%‘g‘%% Tagfle 133 an _Igé1blffg§1r122y hasut.wogn

pat t er nspodese203, 004, 1 41et theted gt ak@3,38 Madnder ginvenidpatbwby configyrgd bF4

from UF3, and..anot her tte t ake . a val u iven by subtracting UF6
from UFS?nc%édr’r% jhe P%%eg’&é)l%uéaé’i @]ﬁa'bfth&ﬁ&ﬁ?%gﬁ’%ﬁg&ﬁi SF feﬁfﬁdd%éhf’s t he
same as tyRnhyad _I_yﬁhgliayfffbrﬁ)y}lé;blttﬂftliﬁglﬁélﬂgodﬂa&ofthemﬂé%con‘iﬁ@tﬁfddi MHey, in
Tabl e 121 and Table 122, the known reaction enzynes A, B, C and D are
al | ocat edodes 304eandnZqars intsameiGry cABPPEHE i on for synt hesizing the

i nter medig@gsicompound A fromthe starting conpound. [0115]

Known reacti (Ln enzynmes E and F in Table 121 are enzynes used for the
reaction of a Teinrimwé préveseofiB6dhin EPect.fihedoniyolumiit 3hgximetsdbhpound

specified UF8. .. Kno DE2 in_Tabl e i i ;
Shbt 1 act PHETERGBHSAT rert the ke bpeid & Bp (BEE RS dnicn
react i onigRIydiespidardmmedr@ latd oaabadc fadrtibercani ynreepsised dfahe t he
reaction for synthesi zi ngt the internedi ary conpound fromthe

d

i nt er medFaRPoRBhHELRE apathyeysirom the stanitg, aonaoYpt ity e ESTHEOMBO4AY H
in Table f rgag tg &fdude RAI I 1Pfhet 18
conpoundﬂi%ééﬁ?éﬁ%gﬁ%@ﬁgsstﬁsidgﬁ%lougﬁt@s%g%i fiued gy UElg.ﬂ}Kﬁ?\?m
react i onoBRg)Mis FIG ahchsie substisiz faptheupreseduse A hlee peniedli wnt dF meypai r
of the cq Lfi Lfd 2.
known DFS AL EaE Uyt Ry drdh ROl CORBAWIE SRR TELE FoRoptc
val ue gi waictbinveinetsrine pradgtdimined nonb&iFX drntdalareether spat vern to t ake
a value given b s(ﬁbtr Ctif?\g UF12 f{.om UP | 1. Tha{ %@,ecthe valdue

gi ven by PESIFRART PRI Vo UG 18N £15R Ta55%- QB PhE VAR " ven by
subt r act kpanblid dathiams Yokl theThienafédmpdindiahhe takgds cdigodadanat are

reaction enzynes G H 1 and J are allocated as the enzynes used for
t he reacs¢loptefldn thyprasess of PP HeFtaryBrroewivpotdd from t he

i nter rredi[%%]corrpound B. [0117] Known reaction enzynmes K and L
in Table 2 are enzynes used for the reaction of a pair of the

conpound speci$utedquentiyFirha anckashef S6i amhHG speid fcoattobynitZ1 gnakea@wn

DF4 | Tabl 122. i | i ; ti F f F
Accolr gi n FV,?mf’}"f‘“?Ig%sgo\fg‘irgleqcﬂ'égi%ﬂ%g%sﬁgg@{‘%gor‘lllt g%zs rrrélgetffr gﬁhwﬁgg'}oén

al | ocat egh@safthfy @myd@d (3R tdrget ddigpdddc tvhivh fkaxtayrdieshe prgeshel

i nternmedi ary conmpound C fromthe internediary conpound A [0118]

Known re§é£’¥(¥h g&z?mss Mand Nin Table 122 are enzynes used for the

reaction @(E)qu pair of the conpound specified by UF17 and the conpound

speci fi e(g y "UF18. Known reaction enzynes O and P are enzynes used
The determination as to the thermodynamic feasibility is made by

calculating a change of free energy in each reaction contained in the synthetic
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[ 0120] The control unit 21 may nake a database as to the itens
of information that are output in the process of S917 in FIG 9 and
may store the information in the storage unit 20. Furthernore, the
information, which is output in the process of 8917 in FIG 9, may

al so be githphayeth dre tthringi ephEoandnb tth@farg§tobdjound thids prtreeted in
enbodi nent, the cantrol Lt .21 conyerts th hem cal,. st ruc of
the conpB§dgcsshe gpﬂglﬁgibaéfz%rad’inﬁ ]Of‘odsels?‘fé epdfléldgtge’riraﬁoﬁtg&y's%g\{logg)rzds,
39 and Qalcybates o (d¥676 and ibydetdhdih@iendiee otiinuss) eaay readionaat iheg
the UP of one conmpound fromthe UF of the other conpqound, of th

e. .
conpoundbasas of a palcelatiopresiding 1EMROIRSRERILYE FERRIQUSIFORRINGfhin the gynthetic
cal cul at d. di r i .

gﬁhvtwgg i iR dﬁ?ﬁg{%%o% JiliqnG ke Yefgk%y osngiou‘%dgﬁ!;tr s@ktaP&d in

starting conmpound an rget conpoun tracting the UP of

t he st arthengocsapd$6a9 fin FiGt herdP fofwarl gedcarogetndcoreyersible reactidie the
present enbodi nent, .the control uni.t .21.generates the.conmpound

synt het i SOk H\ﬁéﬂ/i]sgetFﬂ’é’t"eﬁt&iaﬁttg‘fre\}élﬂlfethgfm?é?énaﬁlf&aséllfl?] ?};FN gﬁlcrée spect
val ues i fhRayfdRtBSattivdatrbinee fstathg I&Gmﬁbﬁﬁd kd1thectargeoubshpbond e
target conpound becones coincident with the second difference val ue.

The conpisumdrasiastindbe erqrashaby oL it BHY i Gur Mareyerné U ThEEAT R L i ng
Conpoundf)biiégﬁ tﬁ@g&ﬁgctwgwgﬁ @d}l‘#aih@@ iRty @l eticHathdhp brod {Heer ence

val ues. rding to the present enbodi nent, a new
conpoundstaytiighedrpoypat tovby térgenedipowidahal gxteaisdundbe pradses ehb okl

ot iy HORG dor B ot tet Y Lk SEREPGtean TR CicoRaBRAL, 1Y M Ty fogmie

conpoundgeaaihilityh@itR hedpatki foythefsyhihesit pditvar feomahy alaisg compbinel to the
present enbodi nent, the conpounds contained jn the nt heti c pat hway
fromthe@%tr‘t%“ééﬁ%dﬁ&%é“ﬁﬁé“tﬂéerB@Fe%‘%ﬁj%qﬂ'?d‘nnég}' e the known
corrpoundgoo%rgg may al so be the virtual conpounds (unknown conpounds).
Therefore, ‘according to the present enbodi nent, the s?/nt heti c pat hway
cont ai ni ng t h&Vezity inumprocesspolas wail e, geneerrddiniy Al exeags itent

enbodi nent, . the reactiops.i.n the .DaLS.: | i

gener at et? TE‘{}FH%B?‘SX’% §fﬁbs'\9é§}n$ &}(’)en%ht%grggé)fn%%?%{sé%% %ﬂ@ftg e'?: ﬁybt%g}l%et
conpoundsy@lichepitheraks o fheaghitimgsconrysbundto ahs tar e dolveponind tthat| are
reactions (unknown reactions). Hence, accordin ot resent

enbodi meRKragiEd IS HEPFE Pa0IR) Fﬁ%npai ﬁ?‘ﬁgcof’ﬁé W’l’pﬁaele‘e?‘été%% 8ns
can be genLalsds sk9823h 8611 in FIGN6 tHRCRIRSE N thefiRedinaBIE defehaidanionn
reaction enzyne is allocated to the first difference val ue contai ned

in the gsndrated synthetic pathway fromthe starting conpound to the
t ar get c?é’%ggnd. According to the present enbodi nent, the known
reaction-enZynme can be used for the virtual reaction contained in the
synt heti ¢ pat Hpteeyi, fir oprddess sf 4612 mFt@npohadonigol wet arcgknlaehpound.

O e Tuh ki) SN RS e YA B S AP T e,
pathway extracted in the process of 3611 in FIG. 6. In this case, the control unit
21 may also calculate the (molar) theoretical yield (%), derived from the raw
material compound, of the target compound synthesized by the synthetic pathway
extracted in the process of S611 in FIG. 6. The control unit 21, in the case of
calculating the (molar) theoretical yield (%), derived from the raw material
compound, of the target compound synthesized by the synthetic pathway extracted
in the process of S611 in FIG. 6, refers to the known reaction database 12 and thus
generates the synthetic pathway from the raw material compound to the starting
compound. Then, the control unit 21 calculates the (molar) theoretical yield (%),

derived from the raw material compound, of the target compound synthesized by
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aspect conprises the step of reductively decarboxyl ati ng oxal oacet ate
to convert the oxal oacetate into 3-hydroxypropionic acid. An enzymne
whi ch reductively decarboxyl at es oxal oacetate to convert the

oxal oacetate into 3-hydroxypropionic acid or a m croorgani smwhich
has enhatizednadstticvidtlywaf esmahedim drzymecsafEoripan ddGt 6 by werplrbei fi ed
strain are used to carr ut this step. [012 . An_exanpl.e aqf
the enzymEt i‘%Hatﬂgaﬁéf‘%/%glﬁ/mdveE]éi}eﬁbz‘j)?f)g{pgg”%%(%Fg'asé%ﬁt XY Hvaél(rat
oxal oaceft SR Prhvely XY ePPMeCpracésd dfy1udeFIoxal oghyeakat e
reductase registered as EC 1.1.1.92. The ac.tivité of such_an enzyne
can be nEaisrEdEoppourmagendrIstenaiisdy nacEREPs dhs Benigratiogy from the user
oxal oacetat s . e east i Qhos Yishiom Ad . ohsefevihag t he
change i%faaa se(;%?t%gar@g 21{ %dbo%ﬁhgﬂ%sﬁh@%dl?g too t he oxigtbggti on eof NAD1- 1
to NAD+ symbeppapithelalyrdohehe soistaionl ceagvunh to Besdartiony domepaweddur ed
activity, the enzyme can be purified from Pseudononas bacteria,. ;.
Bacher | LRI RO dateB A TS BARE BT Hag SHEeH o I gaer eI AR Pliast
and the Linka i stodBlihek BfowWesakiibedatabasd 02, eXpeophleuladionBfahe Chem
Vol . 243, No. 10, pp 2486-2493 (1968). A parti al Q/ purifjed enzyme or
a fracti bnolsayihegraticel wiskd s be eamgicdyourdy pRcthoddlesNibed-Bnbigant
enzyme p |5 BelESUb G dRY, 256930goysed. [0126]

A m croor%%%?%lg%f %ﬁ({]ﬁgdsegf’ﬁ{e% act v%)ty 0 olia?oglttgc%?):te reduct ase
can be opdEi8ped by obtai ning a DNA which encodes the enzyne based on

t he sequence t he rified protej d Lntr cing_the. into a
sui t abl e host O%‘\H’éﬁqlﬁgﬁﬁs%%i’fd%ﬁ?saogggf‘%m gﬂtb'yé)’gH?rﬁ?]%é%} Wlch as
transf or gefetAthewivitleiter tRE Q6120) tHeard] cap9iesd (B¢ ealeulmid DintheArptanunifer

for the gene encoding oxal ogl ycol ate reductase qn the hoit}e chr oposone
can al soSBE2 inplQced eiush taosiarasig har siBiehokdovairt af Rota %HFg‘gni sm

whi ch ha%rhteﬂf'e 36lb Vil 1Rf 10Xl RGWYAR! Sifot] edpird 83&hoM $41081EARBES NS
whi ch natura Iry ffave the activity of the enzyne may al so be used.
[0127] arbitrariBxsatpd es aobittahe vatue sook gaAls M OVnandidd%ut not linited
to E. CO'[&)(E&ESChe” chia bacteria), Coryne-form bacteria, Pseudononas
bacteri a, illus bacteria, Rhizobiumbacteria, Lactobacillus
bacteria, Sucaigabaca btdissderserd a, Fihagnbbicospolridit Arehaadtetha,

Actinobacillus bacteria, nold, and yeast. Treated mcr nisne nmay
al so be a_yaa?flEaeafrwaésf%mthf‘eﬁ%ﬁnsé{l%aﬂfﬁﬁ?%&? iésfmﬁjﬁh‘f:ﬁgﬁﬁaf’@él I's
treated Wdh-RGEY9N8 (%)atRNRed M tHeh@rokidserf dMQARIAIGZ @ds equal to or

m croorgani sns. “di srupted m croorgani sns, and cell-free extracts

obt ai ned largexibanibe ikrgshedd valuedaltpatiyelyghe dmedar) sheogsiplield Arfd 16 he
like i L] ' Y

) T B BRSOk SEOLPUAL Ay e agNaRl L SRl Beossduta
cel | s of imthd grooeysgef8aim iwtfilGh 6haS hehengol buittd) execatied Uyl rootssee of

reduct as at e ells ch.a m croorgani,smcan, be.added to a
react i on%ﬁ&aué’@%cmﬁf%@r# Wgnc%{(aﬁls ﬁ’é’(‘?gf’ﬁf g ggﬁ'ogﬂghhegf%bc\%ﬁlet@ be
reacted Wsthiningdtnd0 to 40C to generate 3-hydroxypropionic acid. The
enzyme, however, requires NADH as a cofactor, and thus NADH shoul d be
present i[P0tHe reaction system To efficiently allow the reaction to
progress. the 4Ractd abrdcesPhPEeI At ¥IGOPhedoMiblufRnYRhBkeR £ NADH
into NADH. In a case where a mcroorganismis used, it is preferred
to use apmaicebsyahitsnpathiveh foas tensyanhethcpathwey iewiregiedfin the process of

oxal ogl ygal. at.e duct ase_and. have e ahili to C e =
N [ 05365 FIE76T\RBE pBicaT Kb Of bbb bt SRk M BV liC
3- hydr ox¥psiQRic@ R thadgt ¢h adrloh Memder by kich rhctxaticgliycaltaimedisduct ase
can be used_to produce 3- hydro.xy(qu%pi onic acid from.a carbon so‘ﬁéage

such as §Vu&6He PRI WaIrandh RRERIHUAY of thej@rRalsRumpH ANdHAKFAKAEDY

medi um cQRgicti @NFed QftyCaH dINRARE RgaiT dfal OB i 8RicRAMzPRd et er m ned
as desired depending on the type of the m croorgani sns used, although
[0071}
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sodi um hydr oxi de, aqueous potassi um hydroxi de, aqueous anmoni um

hydr oxi de, aqueous cal ci um hydr oxi de, aqueous potassi um carbonat e,
aqueous sodi um carbonate, and aqueous potassium acetate may al so be
used. During culture, the pl-1 is maintained at 5.0 or higher,
preferably frdorbed, the cbBtro] uaind 1 moayepiprefuehabinyt tBe Fionallrexedian 1Oz ]
The carbon souyrce may be any carbon source as |ong as the urce is
assi mi | asyEhgye m@wﬁw@%aﬁam@ HRBRr Vb BeGvETL 60@8%}";‘3@ s

3- hydr ox¥pfeRiqRIike ?ﬁic@ss E¥00 BSFR]. d REERLPPR 8OV LeioWiaha Ak be
used include fernmentabl e carbohydrates including carbohydrates such

as gal actresd of thedtseatiogl ucwderringriednfgmatigheée raditaingd & adwance.
h , Lyl ose; . | in,
ranni tol g PYA ik o BBl 2l ASF peBift AR BB HERWER b8 YO

sour ce weielhatagnabe whethet kicd vidmahramtiba onaheent theis ahthsvayfehmabe
amoni um chl.ori de, anponium sul f at e, apmoni u hqsphat e, ne,
roat ext PREHE GUREPURLTY HEE HEh B BB oL TEHIEY 1 g Rdayess o FEod
Exanpl es ipk1the id Aesigadbe ndel s MYl Gle CAB REIVEEH ak A6 Md@eher the virtual
nmonopot assi um phosphat e, di potassi um phosphate, magnesi um phosphat e,

magnesi umeastionds attaimed oSt tey disl damieda 2 Y@ By adopts a gmpagigph between
stinmul at |t§6ngr§i%I ?%u%yesbo%_tggggrg g&I%C{SeqU| red, including vitam ns such
ot henrc acid, [

as biotin, pant I nositol, and nicotinic acid,
nucl eot i de¢723nd am no acid. [0135] A process for purifying

3- hydr oxypropignic,acid is | 1. known in . the art. F ampl e,
extraction wt °t§r1th6tr%‘§r‘r‘!°8”\éf}”i‘/‘éﬁtl O A PEP S 8g$8ﬁ§1“@]{8 6, may:
chr omat ogysRPdNit tR ptdi@sdek I6® S620 ahe 5638 4n FOGI §Omal Fudh&ystXtyer opi oni ¢
acid fromthe nmedium (US Patent No. 5,356,812). The nedi um may be

subj ect e@reesstrsgif PR TtbrowEnctd IHiigdile. &rand matodilh Sryhqriaprityhe process of
3 hydr o ot A S ack i So ! AR By | A Iue B EsaRe ssmepee of
dehydr at ededwingube proveps ofi8669 onFlsF. @chy proasesses abf S§1 Opdd S%Y primFlondc
acid can e 43 sses of $612 through S614 in FIG. 6 and the process of 615 in FIG. 6.
For example, the control unit 21 may also, after executing the processes of S610
and $611 in FIG. 6, execute the process of 5609 in FIG. 6.
[0073]
Next, in a process of $616 in FIG. 6, the control unit 21 outputs items of
information containing the synthetic pathway extracted in the process of S615 in
FIG. 6, the respective nomenclatures of the starting compound, the intermediary
compound and the target compound, which are contained in the synthetic pathway,
and the enzyme used for each reaction in the synthetic pathway. In this instance,
the control unit 21 specifies each reaction in the synthetic pathway extracted in the
process of 8615 in FIG. 6 as the known reaction or the virtual reaction, and
outputs the information on the synthetic pathway extracted in the process of S615
in FIG. 6. The control unit 21 may use an enzyme EC number for the enzyme
used for each reaction in the synthetic pathway.
[0074]
For example, the control unit 21 may output the information on the
synthetic pathway extracted in the process of S615 in FIG. 6 with the aid of a
graph 80 and a table 81 depicted in F1G. 8. As depicted in FIG. 8, the reaction
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dehydrated via a known reaction. For exanple, as described in US

Pat ent No. 2,469, 701, 3-hydroxypropionic acid can be readily
converted into acrylic acid via vacuumdistillation in the presence
of a catalyst. [0137] <Process for Producing 3-1-1lydroxypropionic
Acid 2> for syntheFrengptizciossmiediarp conpe nd) (Qniadnd Bipiropi iaistardag d
according to the, secand pect ¢ r.ses, . th t f ct.l v

decar box;g/?lgP?Wth@)?&pggE%?\ ztlé °F %nglgn\?sérﬁ%e l(()é(Oa %gecagﬁg ,eal{dﬁ % r%%‘ftgéﬁ% 0(5,
and the s}pe9iingany efrbttn@nifeudddtempaiial G) iy theyiprapieditrg casipdund\n
enzyme whi ch reductively decarboxyl ai)es oxal oacet at e ;pg cgnéﬁrt

oxal oacefemeprqund $IigIsrdiied 38 the Mirkrb S7gHAN s mERHPER TRESCaf: BITHIREEY
acti Vit ¥ rOli3HEz ARe ST W APoEATRAL Ok L0yl AReTel {eQthoRll Rhfkids
used to carry out” the step of reductively “decarboxyl ating

oxal oacetnd éhet lnwonweactionxatwaceBaCare atlocated antteccnzyoresdped for the
Exanpl es oﬁ%%tlhe gnzyrre whi ch reductively decarboxyl at es oxal oacet ate
to convert"Ekaf6a¢8t ate into mal onate include enzynes which catal yze
the reac{oomiregi stered as ECl.2.4.-. Based on the enzyne activity,
such enzymes can be purified from for exanple, Pseudonongs bﬁct eria,
Escheri chi a badieeianiro! paridlimay mank beisynthelr path s ipaetsdrinde yeast |
and the kf&%ss b 814 PEIY P inki G &2 We AirféAGbbANNAY sREIIbReT
enzyme activity described above may be used. A Feconbi nant enzyme

pr oduced they(nydavttheoretigilndeld (o) sadgulaleddniibe pswgss pHIGY] in FIG. 6. A

m cr oor gani.sm whi ch has.the y. LIy I

obt ai ned%BVﬁgﬁoéfhﬁﬁgcogtr nﬁh%cﬂg%%g%&ééﬁ%hﬁggﬁé@&nﬁ& ggég}r{%ggma gve
and i nt r peheebnef Shes NG, ehaiuihabieohdst sysukdticapatEsahethiachia
bacteria b)i('ea met hod such_as ﬁg}r nsforpati on with %évggt or, or

honol ogofAiked dBks FrarBst TATHIG HRtesst B (hibegdicshebHicdPURE enzyne
descri begh RpAY&] ?m& ) RAfl 1 454 BRI &3 TA610 iRFIGeRl aced with a
strong pronoter fo obtain a m croorgani smwhich has the activity of
the enzyb®0%¥dscri bed above. A microorgani smwhich naturally has the
activity descrdhe . RY. . 401 - . s of
m cr oor gani snsh{r%a(gong%?\ég]etdna ?‘?gﬁﬁ%‘? %g&%ﬁ%s%[ag}%g%eglatﬁ?g%ugfsayrgét)s{gr?i bed
above. Treatsedonipar oottganbssss of )b 14lis &1Ge 6 usddnayEstanpthesndrmation in
treated m croor ani,s;?qs include cel|s.treated w.t.h acetton . hoI uene,
or the | HKeStOTa%y iRk -zelgz}”me&P%S’b?’d i Hﬁr,‘la‘a‘i’rér‘ﬂlﬂfﬁdsﬂ?c?%‘gé}}%aerﬁrgﬁ%s?
and cel | vFK8es %FI@%,%QPEEB%CHib%a iS58 P Aigplaglunst 266l'l s, treated
cells, enzynes, and the like immobilized on a support according to a
convent i 6%&17Jprocedure may al so be used. [0141] The enzyne as
described abovg ¢ kil AEARKIAN HERMR DAY @ohiicLileYRendgd Vi LY
descri bed above or "‘treated cells of such m croorgani sns can be added
to a reastriomrdsi afithe compbumtsrigtaotha| WWEcatcardin g el thepnadetcrmined standgeds,

reacted usyal t.,2 0.40C to _generate I t.e .The e

novever , Spearradt a5 S6ng i lERERTHE T I0 e PERE TR af the
present ioﬂuetﬁfwnfpeaﬁd,itﬁﬂre%ys‘chﬁ?ﬂlatﬂ'r% BEfDE. Fhfjihy p&lra]:*.e(m‘lvehﬂbed'rrﬁaﬂl then to
progress, the reaction is prefera coupled with conversion, o

i nto NADEeRS! Bnit A% gomRares the hﬂ&%é}ﬁgaﬂﬁ@dﬁqwm&wﬁn@ Jadr m‘&%ﬁ@?
to use a e KPR YNNG e sy BlleteiARE e 16 Mirhdedtidr)ehenzyne
descri bed above and have the ability to convert NAD+ into NADH

[0142] unknowTecastipnypfdie urkieover epmpsurcopaie P ihrigspast 6 ateDEnt o
S v T Y . ot .
Ceq st or SRmARAEMuH, oo WD EAEP RN EEBLE, YAP BEvIsERSIeR? )

and t he embytisemhibelconababyize Itdeaeraacthcaonpegnd tsenthdtiapal@rdy. Hy the59
(J. Biol. em_ 234 959) 1666-71.) can_.be used. These enzynes, can
be obt ai ﬁ@ggwdtﬁﬂIPf?»i(‘%%lf‘?S(Bﬁ?“‘@“eﬁ‘B’PP%‘"é‘ﬁgj’uf r‘i‘é“et‘JP?\‘@? “BMPPRRT P lEﬁ%f’“’drﬁff"s
step can beecdd LaApAldsbTUR l:é{m?&)urappéiﬁls A0fred Thend GiRGlal P ticat ahyzed

by the two enzynes may be separately performed. [0143] _
by the edges indicating the known reactions and the virtual reactions. In the

present embodiment, the control unit 21 selects the synthetic pathway from the
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The m croorgani snms which have the ability to produce

3- hydr oxypropi onic acid and the enzyne activity described above, and
preferably the m croorgani sns which have the ability to produce

3- hydr oxypropi oni ¢ acid, enhanced activity of an enzyne which

cat al yzestahéng ecampa’mni twadt sdrgeechmgouBdinR of the cempancey ndeticviatlyw ofs
mal onat e- s de deh dr ogenase, enhance vity of

By oxJBib s At Lty Y GORRELE thap s aBaERs of epipbgompound
3- hydr OX%SE’erBh&)mé:re@ écdl\ferdbﬁﬂ}ﬁ)u%% Bﬂfhesémﬁlﬁfhnﬂl{ﬁhrs%lﬂédlﬁﬂﬁﬁ itual
fermentation he culture conditions and the process for

puri fyi ngeastinpaippkpptopedatsdndicrdngthe lasomse@ﬂl%%E%Wewrtpellwsfnons
<Process f Jo) p Ce A §

for produc?%b éﬁﬂig# §§?E%?%ﬁ?%9%gl %ggcgﬁgd%nﬁs nﬂﬁgcgﬁpﬁﬁ aspect
conpri seshda hertstgecmmxiomhdaartb@mgalt ¢m1gpquy1dwaatb@ sed)ecct@hfxentthpwommmed

into formate and the ste copvertin or.mat.e i.n

3. hydroxﬁb‘?%ﬁ"%ﬁ?@“’z%? aoﬁ’structeé)Q%%Ea??%sdﬁglcﬁﬂga gki org?ounds and by the
decar boxyj@ds iRgidayihe (Rd RndwWn COAYIRNE aRY iy Ak fial RdRtibAs.Mat e, an enzyne
whi ch decarboxylates pyruvate to convert pyruvate into formate or

m croor gd#i%¥s whi ch have enhanced activity of such an enzyne as
conpared to a g ErridiBhhe LI unit 21 cofiPafXANP

of the enzyne‘%ﬁlc dééér%8§§F§iﬂgﬁ%y?hvéteeto coﬁvg}t Bgrgeate |nto
formate kncwudﬁ%oﬁﬂmMogmutanum@umkmmrbmmwha§&7oﬁﬂwchmmswme@mgmwméd as
EC 4.1.1.71. act|V|t of this yiTe e nea ure ording to
o ot nod PAX sad iR Y ot aib Gre O LN BR FRRReh heder s 47
Based onréReoneasymedeaedd toithy knblha BR2YaR mambeorapdmrfd gdrfwhith is
Pseudononas bacteria, Escherichia bacteria, BaC|IIus bacteri a,

Cor yne- f 6p¥ckiat siifhathe M ef theginkngam Gampand Pagfet HoHoadingde ¢he prsgent,
for exampl@oafh&il, $1;0 mm@&@ﬁmfﬁm 13%%95%9&311 éhavale £ AN AL Y
purified enzyme or a fraction having the enzyne activity descri bed
above rrayeatwetoumdtalmed @ctdmtsmamd emnyvadpyothetie dabywagefrem the starting
engi neerin 0147] The m croorgani snms which
have the® %%E ﬁ%i ﬁ?&lg§yg L %d above can be obtai ned by obtai ning
a DNA mhq@mnﬁncodes t he enzyne described above based on a known

sequence and introducing the info.a s bl.e. host such
Escher i cFCEnEELe8 9t 5%9@%%%%@%@% ﬁ%@‘&f’%‘t"?&ﬁ \iﬁ“fiﬁ a vector
or honol ogous £ LB Béidr g ﬁiepéc%&m&ﬂ sfyﬁfhehh%aaﬂﬁﬂ@y Eflﬁﬁ)%ﬂ%lkhfon

enzyne descri bed abové on the host chrombsone can al'so be repl aced

with a smesid prldhedescriedobithiraferensenp ddGoP gari sas Qﬁﬁhe iloyaireF ihe?

aCtIV|ty

nat ur al | y ﬁ%ég?%ﬁ%ﬁﬁ%\%]gg%ge%%?? tPUgl o e\?érajr%gﬁ 9&9 3‘1\9@1‘&{‘&0148]
An exanphaethaytH}etIﬂer@mmmaqmenremudnﬁbmdés ulsent vnadhc Iopcmahed ungt tthe On
nucl eot i sequence, sh

D~ oxogl ultls e e AErRg  abeo e R R s e o And Rt snmrosgd e
nmay be aahenil QgesRdyrdie ehsusd a5 il Mas8aULRAe. Whi ch hybri di zes,
under stringent conditions, with a DNA sequence conplenentary to t he
sequence[@ﬁgﬂn in SEQ ID hK)l provi ded that the honol og sequence
encodes a Protg Waf: HREERE'Y, Yhd YorRbol A POLHLALARE UES of the
decar boxyl ase 5 es of” the stri'ngent conditions include those
whi ch ar eompdumssrgtomdshlthgccmpdumd datgbase IdoutNenelyhiter ¢ ahitvod tuingng 1

S5 ana s SEPUERET M BF et e iR B ABiey 3D EOE R i e
known sedquendge 5RyheangpdiiNAs SRGEE RC thewtngibuRdcResisa 1 Proat the pehayieng

an am no acid sequence at |east 80% preferably_ at Ieast 90@693pLe
pr ef er abP§siaet F%B%”@B%"%HEF §PFI°P“P&§r‘Be PrEPer Shihy banding stategay,the

| dent i Cabafi0n Whac R AR %@%&%@mﬂhcmaﬁ%@am heah Having

the activity of 2-oxoglutarate decarboxylase. [0
on the per-type basis of the partial structure and on the per type basis of the

bonding state, thereby converting the chemical structural formulae of the
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Any types of nmicroorgani sms may be used, including the microorgani sms
as descri bed above. Treated m croorgani sns may al so be used. Exanpl es
of the treated m croorganisns include cells treated with acetone,
toluene, or the like, lyophilized m croorganisns, di srufpt ed .

ni cr oor gapingpendsanee el numarical gztueact Eugheraiindr PipcaIssHuptl Ing & 1% .

Cells, trea I i HH%R' i '
accor di né]%t %)O%gmgglr?\k/tzznlt ?gﬁ%ﬁﬁgf Be%g%iu{flggﬁ%?/ ]gﬁ féo ejggﬁsléﬁéofﬁgi%?%&%st
The enzyimetlasUHelaerhiabeds abdwewey of heiny ssaoagdniishrsaskhotbhr.hallee t he
enzynme activity described above or tr d | s .of such .
o oor EAPSPEIRRAT Baeciiia it 6 ocessaE SBh T Flli & iSRG PR GUe
and then gl oned to be reacted usually at 20 to 40C to generate
formate. [0151) To convert formate into 3-hydroxypropionic
acid, thé0@ddyme naned mal onate seni al dehyde decar boxyl ase (EC

1.2.1.18) can used.. T I Serjihed. i iQl Mes 2003
(49) 48674- 4888%“3?1%9153?% Qgegggg%sgi% 1d8 ng %u{r@f%é%‘{af éﬂﬁ %e‘:nagﬁﬁ coo
engi neer kagwarDEshef thie kaowhhiosnsinep paan ibehatsopoard pddc gateddin the UF

usual ly at 20 to_40 0152] . Pr ef er abl - oxoglut ar at e
decar box??’ﬁ‘séseaﬁ% r’rﬁ“’ok"ﬁté‘ﬁw 3l a@ﬁ%@e&é‘tﬁé‘?{%&iﬁiggg @%Set Dnbi ned
and al | owgghehOlafB8E b BRIk PUGNE | nipdudd $ bN ek ToRBLEI B0 RS 8 Rk Dthe
produce 3-hydroxypropionic acid frompyruvate. In a case where a

i cr oor g&nPEMIEactipsiernzymes iin thy differencs dasakpse 17He the vey e Painsm

havi ng e I vity 2 ed
et vi'ty O erEr A ek B B R R A IR

m cr oor g&dGs frfundtiony dsavBrst kelcabitiomtynit.o produce 3- hydr oxypr opi oni ¢
acid and ﬁggﬁgnzyne activity described above, and preferably the
nicroorg& whi ch have the ability to produce 3-hydroxypropionic

aci d, enhancedragt iy alpfoddss 3f 9909l FaGay ethdeoatrbDuyit 23 &alanskeemipanced
activity of nmalonate sem al dehyde decar boxyl ase may al so be used _to

produce JiHigrexypssn oin BFact the somperndadon S6HEENEFERPAEIERTE H%
by fer ”e%rg%fhgcg?pound %ypsuﬂa&cﬁugwé & reongk Lk ARRe A0 bR @fo%gie;g}:q;f

puri fying OXypropionic acid are as described above.
<Pr ocess thotar@tosdugongd 3- I thedyrexsnp copiodimentAtieddidfsrence betwagrethe UFs

process far, produci ng 3- hydroxypropi oni ¢ aci qQr di t.he fourth
Pepect oo SEEPTRRale BY B VRO oA 15 {8 O o0l
i nto CO0222ried-t0xoproitneadec)otand Thestatiey ofmeamdbetrd thg t£838222 into
3- hydr oxypr opi oni ¢ aci d. To, cagry qut the fstep of converting
CO2107 ( ComBPURh Ateaf§siEnadsly AeiteBliBg(322 e 8PS rIoYRABALES, Vidtienzy me

whi ch conyefbindRILOY. | PROREAZAi081 _@k@cru@i%g%aipms%rsbomma. 9
enhanced activity of the enzyne descri bed above as conpared to a

non- nodi ffiiediogsagierseaprd paleulatipg 1mb]
[0083]

Subsequently, in a process of S904 in FIG. 9, the control unit 21 extracts a
plurality of known DFs from the difference database 17 so that a total value of the
plural known DFs gets coincident with a value of the Difference Total by use of an
integer programming algorithm. In this case, the control unit 21 may extract the
plural known DFs from the difference database 17 in a way that limits the number
of the known DFs. For example, the control unit 21 may extract a predetermined
or smaller number of known DFs or the predetermined number of known DTs from
the difference database 17. It is feasible to implement the search from within a
broad range of combinations in a short period of calculation time in a way that

specifies a proper condition by employing the integer programming algorithm.
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An exanpl e of the enzynme which converts CO2107 into 000222 incl udes
5- dehydr o- 4- deoxygl ucar at e dehydratase, which is registered as
4.2.1.41. The activity of this enzyne can be neasured according to a
nmet hod as described in, for exanple, Biochem J. 115 (1969) 977-83.
Based onThbeonwasuied! acdy, Wotwyer, hee etiey mestbads ineplpey of ihednfagem
Pseudononas bacteria, Escherichia bacteria, Bacillus bacteria,

Cor yne- f BFYAIBREYRE ALeoT¥Mst  or the |ike by a nethod as described in
Bi ochem [§034:}15 (1969) 977-83. A partially purified enzyne or a
fraction having the enzyne activity descri bed above nay be used. A

reconbi nant enziensontoddated ByatgeAcObivdtifimEEse gcom3inissibe phugkisy .

[ 0156] i 1.CT, gani j IRV

descri begflé %‘\)’gqﬁasﬂgybletgro%g a?hezg%g\é@go@?%#@%/ﬁlgﬂ?ﬁ%ﬁ (t:%ﬁ%}rlléé% %]gb%rhe
enzyne descinidaed iakigy/grebas ethtadimekn thancaebjuetice camdiring tlodplaraigytdfe
DNA into_a suitabl e host ch@é Escheri chi g._bact er':la hy .a net hod
such as KPANBAYTTALFERFAE PR mRIBEIHT BIOWRond"GdoaE o 8Edidi HaT PR A
promot er ({5, HE FRBERGAFLBY of BRIrENEYEE oH BFCEI B 2880 ¥ 9B Hiyhe host
chronosone can al so be replaced with a strong pronoter to obtain the
i cr oor ganirsstinanthie ghutadivie of keowe Rsi at yardomn fone they fidfegererdapdsaidve.
A m croor i i e iLyity descri bed above nmay
be al so Sg%{(;{.l%rfpﬁg?f&egéwé%ﬁinyneggéﬁp#regrggg%tﬁg' known sequence i ncl udes
but not I[[f0dx]ed to a sequence for 5-dehydro-4-deoxygl ucarate

dehydratase of_ Bacillus s ilis exanpl e of . sequence for,.;1 he
enzyne i ncl udelé‘,tﬁ? BFO%ﬁﬁﬂggééi i”ngléﬂ%ltEquB’Ejté"]s'é’H%gﬁc?étrgﬁtS cp U%‘E@ | D
NO 3, Whigg RnERE IHRSHrEmABB VTS Ac @RV UCRE AL Rafl @Rkl 8leaDE cofibendtitomn
sequence may be a honol og sequence such as a DNA sequence which

hybri di z&soupbidese of thernderstite ohaxracied knowve PEs- Dliansbgreptrel unit 21
conpl ene e.se Wil viggg that the
honol og g{eag{%%%gre%%c%%e@&ig%g?)ortsgl n %ﬁgﬁ%&@%ﬁ@uﬁ%ﬁ%ﬁy o?
5- dehydr cehbiteniongruces oyt Bedeingdhapasess BR8P asFid. ? horsdatimjend
conditions include those which are ordinary.,washi ng condi ti 0 [
Sout her nRJBFT 81 DcFon ™ UBREHTs 08 SRR B e o Bep o art Lgperaitly of
concent r ¢hb @A TEY 4199 PONE A bR differ&RE @sbdle 1% a0 inentheret exsalil y
0.1 x SSC and Q. 1% SDS, at 60C. The known sequence nmay be a DNA
sequence SRAH ém Fé@cBdeErs2i5ot ei n havi ng an ani no acid sequence at
| east Soo(goghreferably at least 90% nore preferably at |east 95% and
still nore theferabI y at least 99%identical to the amno acid
sequence showNgxt, BEQpr®ehOoPSMithBIG .Yy theieonizo wiit ¢ 1 @enerates the
5-dehydr Q- 4- deoxygl ycar at e dehydrat ase...[ 0 t
i croor ganrent g BER BT R S S fetbounds the ChEeCREREL,
above. TreatksplirdligaufdannweNBFfayntained ihehe DFkorbianpbegrafp vhb
treated m croorganisns ipnclude cells treated with acet 1o ,
or the | fR¥ecYy ﬂlF%ﬁ;ﬁ?ff]Bﬁ*@ﬂomg&%s%ﬁgﬁé? the Bfr%sf%eﬁfo %4_ WFHEY:
M Cr 00T gaMHeSiTBral ¥ s GEIDF E6BBInAYbA 3565 sORE *LREL DY 1@ 156Uk 10TE 908l ihsS .
Cells, treated cells, enzymes, and the |ike inmobilized on a support
accor di ngl6eaincwhicbrresopentrgrivdedLigereraiey the sempeund sqthetir YL WekKe
enzyne d ] .G ni [ euehZ e
activi ty?ﬁg{;t&%ﬁ gﬁgg%gle/gﬁoé&??lg]‘ét? @gg@g@r sslg?f% %Igﬁ)m %Hg\régo%%aﬂﬁs%m can
be added ptoceasasedc390dnnldi SAO5dni FiC. @dfungti @407 gametatihgmnal | owed to be
react ed Lf8¢1€7“y at 20 to 40C to generate C00222. [01 60] To
carry out d step of converting the Q00222 into 3-hydroxypropionic
acid, the enzymms nangehsHyds xYRPRBIIARE Eodlghyel dgRR@sepadvabe used.
The enzyne is described in J. Biol. Chem 234 (1959) 1666-71 and can
be obt ai weafipyregupiipslade thenstagjmgeromp aRgs ndetriggt coppeds guddhe Thi s
step can ' - I : _enzyfRistrated
however , plr?‘gragllf gf‘sﬁﬁkﬁ%g:ssc&gh?gﬁﬁno%?%a]?]g%hglgﬁ%gﬁggﬁouI d be Sprra eesent
in FIG. 10, there are six combinations of the plural known DFs contained in the
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[0161] Preferably, 5-dehydro-4-deoxyglucarate dehydratase and
hydr oxypr opi onate dehydr ogenase are conbi ned and all owed to react
continuously in a single reaction systemto produce

3- hydr oxypropi onic acid from CO2107. In a case where a m croorgani sm
is used, Ichémbpméﬁe@thEto use a m croorgani sm havi ng enhanced
activity @ 5 dehydr o- 4- deoxygl ucar at e dehydrat ase and enhanced
activity §8 ydr oxypr opi onat e dehydrogenase. [0162] The

m cr oor gani SeTHUN, Gha hay& st Besahs id FiGte tHE @.elh'@a ﬁnhwrcgmmteeoth@rwps
acid and the enzyne activity descri bed above, referably the

m croor ganiitlswtm@harhaxﬂalnomedamntﬁtnydtl@t@ﬁ a@up@lrsf $wndl By patbpephi c
acid, enhance d d r.at.

and enhanldiadn it P oo I b o I A B EEALRL RS
used to mrtsobfaihe?mﬂayidedmyypmppmmde 1a¢hedfcﬂro®rmg p(tacreiaimnessour ce such as
gl ucose Rﬁ § rment ati on. The culture conditions and the
process ¢ @urifying 3-hydroxypropionic acid are as descri bed above.
[0163] <Processd &5mps@AUSEtr R RRYY o GNGle aish BinatheRsDFI,

The process for producing “crotonyl alcohol according to the present

i nvent i oknewnd?k %é@owmeDgt,etpr@ﬁ cempoend’| mgthgdak ypmbomtiontgyoups in FIG.

3 hyar oxy BT P05 EeRL 88 By S ELLLIP, TESRATCE KeokBR b B in whigh

cr ot onyl a@dAterimbéiast e@np(ﬁumbm\&eisjrnthgsmmbfmnythemmimgtmnqmmdnyﬂ

al dehyde, and the ste onver oto al dehyde into croto
al cohol . mterme‘}‘afiﬂ’o“(“,’é 9‘9‘ ts ’Eiﬁjé g%’sfrf %ﬁ@@i‘t’?‘i‘.‘@%&%ﬂ}?“’é& AT 0
acet oacetiiyd :0A coffPOVal id HEhiREELRGSkthe GRArhediarBedfEdyB Ut Yb-Heghs

converting 3-hydroxybutyl -CoA into crotonyl-CoA converting

cr ot ony| ¥aHA thaeenteeloton] callcalerspdde LHhaf Beriptsrmedipry compaynd B Behyde
Into crotogyl . fC @Q?mwﬂ%ﬂﬁ% eClF SRk Va%g tt&%va;o%%eec&\]e\ﬁ? t
conver si on descri above or € mcroorgants I ch have

enzyne acbhwrdl wes 2deshuidedihaliol of alteemmamkdmd qengfoanald fy tshbtractmg

6o S R Dl e WICorBRARer SR HHY bombRvid B satedoisaba

into 3- hydroxyhideydsivedPsulithest€BZSHE 186 tdndivin)DF O fio@MRIUFs of the target
3- hydr oxybutyl - CoA into crotaonyl - CoA, and enhanced enzyne activity to

convert CPBPBAAS étrAethtaceiatwsﬁm UL #d b éntariae HanasReRee iads phratained
activity if on LORVRIc ﬁtﬂ&/%ﬂﬁ 11 dehydgdl %‘i’clP{ %&@Yzlte@iﬁ:%%ro@éss of
conpared to a 'non-nodified strain are used 64| An exanpl e
of the e®20henwhiGch. converts acetyl -CoA into acetoacetyl-CoA includes
acetyl - Cﬁ etyItransferase (EC1.3.1.9). An exanple of the enzyne
whi ch convert's acetoacetyl-CoA into 3-hydroxybutyl-CoA includes

3- hydr oxybut yriyla meeaedmtmgarfaste 9( thelcohtrbb hhit 2Ancadedmel eheUFE o€ the

enzynme which converts g droxybutyl - CoA into cro% nyl - CoA i ncl udes
Sbes

enoy| - COR“ﬁVH? P%%P”CIE&“ conifye H the compauad s @YF SaRTFFH

nmany m CrReKIpRd 8ot $IU5 ﬁxﬁﬂ-‘p|9ewnt§r£%€610?bwh'étow|era@€om§1nléﬂ@¥i@of thebe

synthesi zed from Cl ostridiumbacteria or the |like via acetyl-CoA

acet yl t r ahwebkueen B 3nmjerdbin/haBl gombmatiga pyavsgeragd ip Yot ngiceson,

> At el or sobs HRE1679: OBRDLORAS (iD8P) ik md éldrﬁl ﬁg@!"ﬂf Palorfhid8h6n

encodi ng acet acet yl transferase,

3- hydr ox;gbmﬂgsrayt: cfeafed ﬂhetﬂlydxrmgzemaﬁSQOQMFaGg@nealezﬂamdithgUé?isagﬂtheoA

hydratase are present on the chr spme of Escherichia colt, and that

At vi ¢ Suehed AP RS SONAI G BB COMROTRL S BHBERF PATCEYACY

et al ., @é@@cﬂo&%ﬁmf%@nm'y&mbﬂﬁué&gm%@ (TQZ @bntryBOEI 2. ex@&ﬁm%?mé' z

H, 3. Biol. Chem 258:9780-9785(198 and Gbrien, W, J. Bac.

132: 532- hagresa97 3940 i Bié5 functmnsA&éttbirdeei&uialfal wast-abol i ¢

i nter nedirgdgywhi ch is synthesized fromglucose in any organisns. Thus

when a h&st Juch as Escherichia coli is used to synthesize crotonyl
Subsequently, in a process of S907 1n FIG. 9, the control unit 21

determines whether or not the compound synthetic pathway generated in the
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[ 0166] The specific exanples of a candidate for the gene

encodi ng crotonyl - CoA reductase and the gene encodi ng crotonyl

al cohol dehydrogenase and a process for producing the m croorgani sns

whi ch use such candi dates to produce crotonyl al cohol by fernentation
are descpiobent diei I, in[l0 66 P)is «Tahtplrs &5 thesymdstic Pativuhgoay BestaiingoA

o et e R TN, PaREERR (0 902 RIS L Thihays

Cr ot onyl & uc of croton i§ cata

enzyne W Gk pledUeess cORpauiR Ae gehantcdAn thxprgeas yf 880idAI@. 90r
such an enzyne is cinnanoyl-CoA (havi ngr a 2-ene structure) re cﬁlg e

(EC 1. 2. detgayineomiptherie gl ffantlyihe GRS PEIuBTREE! S RAABEES Sty T D
lignin bg.mmgnﬁ%?ig lﬁanlm)gf}% 1Rk 3Rl fing 2B pLIHS (& U kaRFe1@BZWTRNE S

believed to b tously present 1n such plants. Two isozynes
naned At[0CR2]} and At CCR2 exist in Arabidopsis thaliana. AtCCRl has a

honol ogy (protein sequence, honmol o of 9 , ach
of the two i soqu?f‘(f‘énﬁq% 0? LCE}ﬁEeﬁngﬂﬁg %)eg}(eﬁreggag’gléhggna/%{sh%hgrnl CEI & agg\??f
(Lauver ggah, thY.stdrtiib @ hBusd ty the2@Pdet 2éMnph1ad 8 26) willbeatediniiged. 0 t he
result, the i s_ozggrres show di f f erent é&%c_ti VH%_ dependi ngd on thecl )
subst r at etpgninalamsramplg Ot Jhapbthe Biermsgary SQEPPyRd FRNEPE 1

f erul oyl ?\g%nﬁﬁq 31 RRRUE pEaAv A S heAtEERR? the process of $058R| BIG. 3 KR
protein from opflar I's al so expressed in Escherichia coli and has
been st usileds valuegbaicbnirolruiit 1 datpsmingsehatpibeicompionpd sppbEHE PR Li
et al., anong the .cinna | - CoAs e ' 0,

the hi gheCrad fhecp AR chngnend ‘asioSiBiRhE B M SplRIpahasy

f er ul oyl £6aAthelstarting cBtnpatnd B @t ta€iedtlcoRippsndl . 120@3IA6( e 1073- 82) .

The CCR has a noderate affinity for c?ffeggl.-CoA .althorggh tdlég C(f?R
has a r etewReadiary| cORRPARA M h e R sorr be  BE MYy POt sDaf BBYIRCSA°
Ferul oyl és@ﬁ’bﬁiéfh@ﬁ'a*g'tﬂéc Jﬂgoﬁéﬁ ah83chtOfhe JheroPeRithASd@chBMeakRdtnhe Y
for 5-hydroxyferul oyl -CoA and si napoyl - CoA. Thus it is apparent that

ci nnanoyter@paundesintitetrepdthwahicontaining theindergrgddanyi apmBPung|if B8tigh t he
enzynme has w.dely varyi . Lyt . | Al t he
gens seqnaris e R ABE R e tom B KERRE o RPEYF ) G e

vi ni f er acopywal.sal i va j aponi ca, Sorghum bi col or, and Physconitrella
pat ens. LOlGﬁ}] [ Tabl e 1] Gene Name GenBank Accession No. Source

M cr oor gi#fl®si CCRL NC 003070. 9

[Determination Example 2] The control unit 21 compares atomic information of
the UF of the intermediary compound contained in the compound synthetic
pathway generated in the process of 8905 in FIG. 9 with bond information. Then,
if a discrepancy exists between the atomic information of the UF of the
intermediary compound contained in the compound synthetic pathway generated in
the process of $905 in FIG. 9 and the bond information, the control unit 21
determines that compound synthetic pathway containing the intermediary
compound is not established as the synthetic pathway from the starting compound
to the target compound. Namely, if the number of the partial structures contained
in the chemical structural formula of the intermediary compound is not matched
with the number of the bonding states of the partial structures contained in the
chemical structural formula of the intermediary compound, the control unit 21
determines that the compound synthetic pathway containing the intermediary

compound is not established as the synthetic pathway from the starting compound

30



Ar abi dopsi s thaliana CCR2 NC_003070.9 Arabidopsis thaliana CCR6
NC _008467.1 Popul us trichocarpa CCR7 NC 008469.1 Popul us trichocarpa

LCOCI

00251623 NwW. 002239841.1 Vitis vinifera 0s08g0441500 NP

001061909.1 Oryza saliva japonica Sh079g021680

to the target compound.
[0094]

Next, in a process of $908 in FIG. 9, the control unit 2] extracts the
compound synthetic pathway determined to be established as the synthetic
pathway from the starting compound to the target compound in the process of 8907
in FIG. 9 out of the compound synthetic pathways generated in the process of 3905
in FIG. 9.

[0095]

Then, in a process of $909 in FIG. 9, the control unit 21 determines the
enzymes used for synthesizing the compounds contained in the compound
synthetic pathway with respect to the compound synthetic pathways extracted in
the process of $908 in FIG. 9. In this case, the control unit 21 determines the
enzymes used for synthesizing the compounds contained in the compound
synthetic pathway by referring to the difference database 17. The difference
database 17 is stored with the known DFs and the known reaction enzymes in the
way of being associated with each other. Accordingly, the control unit 21
allocates the known reaction enzymes stored in the manner of being associated
with the known DFs stored in the difference database 17 to the respective known
DFs contained in the compound synthetic pathway extracted in the process of S908
in FIG. 9, thus determining the enzymes used for synthesizing the compounds
contained in the compound synthetic pathways. The control unit 21 may allocate
the plurality of known reaction enzymes stored in the difference database 17 to the
respective known DFs contained in the compound synthetic pathways extracted in
the process of $908 in FIG. 9.

[0096]

Subsequently, in a process of 8910 in FIG. 9, the control unit 21
delermines the nomenclatures of the intermediary compounds contained in the
compound synthetic pathways on the basis of the UFs of the intermediary
compounds contained in the compound synthetic pathways with respect to the
respective compound synthetic pathways extracted in the process of 8908 in FIG.
9. In this case, the control unit 21 determines the nomenclatures of the
intermediary compounds contained in the compound synthetic pathways by
referring to the UF database 15. The control unit 21, if the UF of the

intermediary compound contained in the compound synthetic pathway is
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NC 012876. 1 Sor ghum bi col or PHYPADRAFT 111821 NW 001865258. 1

Physcom trella patens subsp. patens [0169] As with

ci nnanoyl - CoA reduct ase, sone other enzynmes catal yze redox .reaction
of al dehyde with coenzyne A ester. Acetal dehyde dehydrogenase (EC
1.2.1. 10¢qinu\idienhwﬁhtth¢ Vieef thorvearpuod sufredéetlx HEHatebasnt 6, determines
acetyl-CoA, is i vo v n the tabol h convert.s yl
al cohol ‘E?’%‘?f‘é Frgrey ?:fd’&e CREELT 8?1%?8&“%% %\'%\g %\Qgﬁb co@s%%'enrd i 20 reg
col t whi mh@”&w Betadyai | Ak &e&ﬁan@eﬁ&@:ﬁﬁrds&)f&ﬁemednbd&ai)hﬁ)rﬂiﬁﬁlﬁdgene and
t he mhpF gene. The nmhpF gene forns an operon wt

3- (g lhydméwﬁénwl)e W@m%ﬁaﬁw@ﬂ(wmaﬂ’my ca{fa%lnioc‘,“eﬁ&l(aﬁ‘%ﬁ? ofdfes, and
S elle |

peeudonh Lt dotinbtta;s Bt HEHT Hhe LAAHGONCIT) IR RaL Y eing
dehydr ogmasms;ed withithe il?i?oahhthamptobeddlrhpﬁtogenéUﬁUrZr}sdeawnUpe?r the with

t he genes codi t he, protei.ns_requir neta- cl e

pat hway By eorf?f%“&élﬁag W& |‘V‘8ﬂ1 reﬁﬂ%}h eggﬁ edea omsps':’tlal(l:}8 C%g{aamed n
active fg{emdn{poﬁ%ah%tiﬁhbq:aqmgys( Pawi OWSkI Jet aI , (J. Bact er| oI
1993 175, 377-385)). Todl, which fornms an operon with the genes for

tol uene H¥7ddation, is also known (Lau, P et al., Gene, 146(1) 1994:

7-13). Muse Aflh%bé@}roﬁ ‘ﬁ‘hﬂ%t kg the GOds 'ﬁ&@ﬁﬁ%ﬁb&e‘ﬁ? coﬁﬁf&'uﬁ@lcom'medzﬁos

101(1):51-64) ‘encodi ng nmal onhat e-sem al de ydrogenase (
1.2.1. 18)hermyn13dv$ld sbethmedzatf[\@mWG]no[t'ﬁabwed@]t v@elnehd\ldl“r@f@eﬁ%mkound

Accessi o tored in t%erl?fedatagarw%ofﬁg%%legrxpoph&ermme the nomenclature of the
intermediary compound contained in the compound synthetic pathway but
allocates a predetermined number to the intermediary compound. In the present
embodiment, the intermediary compound allocated with the predetermined number
is termed a virtual compound without determining the nomenclature of the
intermediary compound contained in the compound synthetic pathway.

[0098]

For example, there is a case of storing the compound database 11 with the
nomenclatures of the compounds and the data of the chemical structural formulae
of the compounds, which are registered in the KEGG database, in the way of being
associated with each other. In this case, the UF database 15 is stored with only
the UFs of the compounds registered in the KEGG database. The UF database 15
is stored with only the UFs of the compounds registered in the KEGG database, in
which case there exists a possibility that the UF of the intermediary compound
contained in the compound synthetic pathway is not coincident with the UF of the
compound stored in the UF database 15.

[0699]

Further, in a process of $910 in FIG. 9, with respect to each of the
compound synthetic pathways extracted in the process of $908 in FIG. 9, the
control unit 21 determines whether each of the reactions contained in the
compound synthetic pathways is the known reaction or the virtual reaction. The
determination as to whether each of the reactions contained in the compound

synthetic pathways is the known reaction or the virtual reaction is made in the
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AAC73454.1 Escherichia colt K-12 substr. M3L655 adhE NP 415757.1

Escherichia colt K-12 substr. MG1655 dnpF X60835.1 Pseudonobnas sp.

CF600 todl U09250.1 Pseudononas putida FI adhE NC 001988. 2

Cl ostridium acet obutyli cum ATCC 824 Al dh6al NC 000078.5 Mius nuscu/ us
following process.

(0100}

The control unit 21 extracts, from the difference database 17, the known
compound pair associated with the known DF of the intermediary compound
contained in the compound synthetic pathway extracted in the process of S908 in
FIG. 9. The control unit 21, if the nomenclature of each of the compounds of the
extracted known compound pair is coincident with the nomenclature of each of the
compounds of the compound pair contained in the compound synthetic pathway
extracted in the process of $908 in FIG. 9, determines the coincident reaction of
the compound pair as the known reaction. The control unit 21, whereas if the
nomenclature of each of the compounds of the extracted known compound pair is
not coincident with the nomenclature of each of the compounds of the compound
pair contained in the compound synthetic pathway extracted in the process of S908
in FIG. 9, determines the non-coincident reaction of the compound pair as the
virtual reaction. Moreover, the control unit 21, if the virtual compound is
contained in the compound synthetic pathway extracted in the process of §908 in
FIG. 9, determines the reaction for synthesizing another compound from the
virtual compound and the reaction for synthesizing the virtual compound as the
virtual reactions.

[0101]

Next, in a process of S911 in FIG. 9, the control unit 21 determines the
thermodynamic feasibility about the synthetic pathway to the compound extracted
in the process of S908 in FIG. 9.

[0102]

The determination of the thermodynamic feasibility is made by calculating
a change of the free energy in each reaction contained in the compound synthetic
pathway extracted in the process of S908 in FIG. 9 and determining a direction of
each reaction on the basis of calculation result. If the respective reactions
contained in the compound synthetic pathway extracted in the process of S908 in
FIG. 9 are the forward reaction and the reversible reaction, the control unit 21
determines that there is the thermodynamic feasibility with respect to the
compound synthetic pathway extracted in the process of $908 in FIG. 9.
Moreover, if the reverse reaction exists in the respective reactions contained in the

compound synthetic pathway extracted in the process of 5908 in FIG. 9, the

33



[0171] An enzynme which catal yzes the redox reaction of a |ong
chain aliphatic alcohol with coenzyne A ester may be useful. Sone
bacteria such as Aci netobacter are known to generate a wax ester. One
of the enzymes responsible for such generation is hexadecanal

dehydr ogenass (racyl dttenginet Eﬁ‘athh&ehs%he eficidadriayd f1ieniAdedsigidine with
(Reiser, S. and Sonerville, J. Bacterial. 1997 179, 2969-2975),

The Acrl rj@pe tRdbe B@@ﬁow}%wg’ahe%ﬂat W8y SEHAGE Y1 M PIISET Wortdsr indd G-
using Esgherichia coil as a-host. [0172] [Table 3] Gene Nane
GenBank Accession No. Source M croorgani smacrl NC 010400.1

Aci net ob&&t08¢ baumannii SDF acrl NC 010410.1 Aci netobacter baumannii

AYE Then, in a process of §912 in FIG. 9, the control unit 21 extracts the

synthetic pathway having the thermodynamic feasibility out of the compound
synthetic pathivays extracted in the process of S908 in FIG. 9. The control unit
21 executing the processes of $911 and S912 in FIG. 9 functions as a
thermodynamic determination unit.

[0104}

If the virtual compound is contained in the compound synthetic pathway
extracted in the process of $908 in FIG. 9, the control unit 21 executes the
processes of S911 and §912 in FIG. 9 after determining the nomenclature of the
virtual compound. The control unit 21 may determine the nomenclature of the
virtual compound by referring to the databases provided in the devices on the
external network. | For instance, the UF database 15 is stored with only the UFs of
the compounds registered in the KEGG database, in which case the control unit 21
may determine the nomenclatures of the virtual compounds by referring to the
metabolite database such as the PubChem database, the BRENDA database and the
MetaCyc database. Moreover, the control unit 21 may also determine the
nomenclatures of the virtual compounds by putting a query to the user about the
nomenclatures of the virtual compounds through the display unit 22 and accepting
an input of the nomenclatures of the virtual compounds from the user via the
operation unit 10.

[0105]

The determination as to whether the compound synthetic pathway is the
synthetic pathway having the thermodynamic feasibility or not entails grasping the
chemical structures of the compounds. Therefore, the control unit 21 determines
the nomenclatures of the compounds contained in the compound synthetic pathway
extracted in the process of S908 in FIG. 9, grasps the chemical structures of the
compounds from the nomenclatures of the compounds, and thus determines the
synthetic pathway having the thermodynamic feasibility. The control unit 21
may also grasp the chemical structures of the compounds by referring to the

compound database 11. The control unit 21 may also grasp the chemical
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[0173] <Candi date for Gene Encodi ng Crotonyl Al cohol Dehydrogenase
(Dehydr ogenase Whi ch Produces Crotonyl Al cohol from Crotonyl

Al dehyde> ' Reduction of crotonyl al dehyde is catalyzed by

al cohol dehydrogenase (EC 1.1.1.1). Such an enzyne preferably has

hi gh r easttionirtey off ohvacanpodhderie- feferoimg tottheidriabasesFop visixdnplties déticéras

been reported that) Lhe a cohpl deyih agshass, Ngqded RY RGP 3

4- di met hyba7h RQ oF HROSorh h SR ydghyide thain 63 toshansed dbolut elLCedticalas a
substrate (Leskovac V. et al FEMS Yeast Res. 2002 2(4);481-94).

When GEDHructuighioflithg eompowidsdhenvschy dipdonaais 27 ramasawiting th input of
over expr gssed . ) ERGREL é@fﬁ] CQnl p A5 m%mﬁmﬁew d {Hee(gpe? M Enik $0.
tche enzyne 1s g al CO uc as

anal yzed, ound to 'use terpene
ger ani ol [dO6Ei nnanyl al cohol as a substrate. Thus the enzyne can

catal yze the reduct o of crotonyl eh n eri.chia as
a hos%/ (1] i e uquulgtlt %10 @ LOLRS f@lgirﬁngjlgp#; h%‘bﬂé nllt Pf calc&a&es
448(1- 2)thleﬂ($folé1r€?)theo$&mdlérém (V8% §3ARR tapd O6:0HBMnd Whitkdsiadaeh cilenany |

al cohol dehydr ogenase 1.1.1.195) from Arabi dopsis thaliana, have
been ext simshstid smhwawz@actﬁéﬂné%rﬁwm plo®® By inekdt-eb si onthiscase, the

1657 1 C%Iﬁnﬁ%ﬁf %IYR}A? aIJ%T% Eu}?co o%ﬁeﬂ@é}%&hww% %t OgérIVéld fmm

1687-169 rogenasé encodéd by t
Al cdh getie rhvanuterial cirapterd, wmtbmgamonﬂmd%mthk)sldelimubkaynfhetlet

al., Extre hiles. 2007 11(2):257:5617). the coh deh o se
encoded BYOTRE HUBEEAT G FE BT T HABALS (S ik Prol ST JHSRe
Appl . M g4sekir@hicuBitRicabnebl k9 B o2 24 91 A84Ys) hawmev @l Homhhenaw epaedisd
to oxidize ally! alcohol. Thus al cohol dehydrogenase from a

pr ocar yot@npeidsef thedrest copwouad sypdesiged oy ithe avnibsie PHWYaqXé@ﬁtﬂd
dehydr Ogﬁ{‘@égaa{?é{{ yfo&‘%glﬁ P ESS) hﬁ:‘i‘ér@@b R dwiNeeaclibn HafHaBe MR DGRN

reported ze feaction of allyl alcohol wth acrolein (Qsuka,
K, J. GegeneAmph thevyntiodticopathwegdront dhe win2igjal chpound te theaglertitter e

ost - canctiP@ect it B ocauyed iAo et (A0 BokF YERPARATRR1A Deb e

yze the Teac
Al t houghdédreedadre phak raehyste dgeoas po fido o hior megdtEgmmuadisahihesized byer

has not bheen reported to use cr ot al de b trate.50 far,
The anzy e Hathned hutn et et Chtn R oE Tarirad HEdrPoRs Bt B ch
crot onyl sﬁitﬁam{)ath&a@fmh 2 d? nfel 1A O@Juelahw@e (hanataephiR®indl |
Chem Res. Toxi col 2002, 15 (8) 1051-1058 Thus it is suggested

that al cMynd@hspdva@lg\éms@rw thFSS VSUSnFI6t-Ghy | ThHE @&hyde as
BT RV SR IS bR
Sacchar omiacths operagionsinde] G.28BrthZdEaB9bhe control unit 21 may generate the
synthetic pathway from the raw material compound to the starting compound by
referring to the data pertaining to the metabolic reaction of the Escherichia coli,
which are stored in the known reaction database 12. The calculation of the
(molar) theoretical yield can be carried out by the method described in, e.g.,
Biotechnology and Bioengineering, Volume 42, p.59-73 (1993).
[0107]
Next, in a process of S914 in FIG. 9, the control unit 21 determines
whether the (molar) theoretical yield (%) calculated in the process of $913 in FIG.

9 is equal to or larger than the threshold value or not (alternatively whether lasger

than the threshold value or not). The threshold value can be arbitrarily set to an
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NC 006526. 2 Zynononas nobilis subsp. nob/ifs zZM4 al cdh AB084581. 1
Fl avobacterium frigidimaris GEDH AY879284.1 Cci nmum basi | i cum GEDH1
AY879285.1 Cci mum basilicum yghD AAC76047.1 Escherichia coli K-12
substr. M3L655 At CAD4 NC 003074. 8

arbitrary value such as 0%, 100% and 200%.

[0108]

Then, in a process of 8915 in FIG. 9, the control unit 21 extracts the
synthetic pathway for synthesizing the target compound of which the (molar)
theoretical yield (%) calculated in the process of $913 in FIG. 9 is equal to or
larger than the threshold value (alternatively the (molar) theoretical yield (%) is
larger than the threshold value) out of the compound synthetic pathways extracted
in the process of $912 in FIG. 9. The control unit 21 executing the processes of
S913, S914 and $915 in FIG. 9 functions as a (molar) theoretical yield
determining unit. Even when the virtual compound is contained in the synthetic
pathway of the compounds extracted in the process of S908 in FIG. 9, the control
unit 21 can execute the processes of $913,.5914 and S915 in FIG. 9.  Even when
the synthetic pathway contains a conversion reaction in which an unknown virtual
compound serves as a substrate or a product, a change (an increment or a
decrement in number of molecules) accompanying the conversion reaction can be
grasped because of the virtual compound’s UF containing numerical information
of the partial structures (atoms) composing the virtual compound.

[0109]

Subsequently, in a process of $916 in FIG. 9, the control unit 21 extracts
the practical synthetic pathway from the synthetic pathway extractied in the
process of $915 in FIG. 9. The practical synthetic pathway may be extracted in a
way that evaluates the change in carbon number of each reaction that is contained
in the synthetic pathway and the magnitude of the carbon number and takes
account of the degree of difficulty of altering the individual virtual reaction
enzymes.

[0110]

Note that the control unit 21 may omit the processes of S911 and S912 in
FIG. 9, may also omit the processes of S913 through $915 in FIG. 9 and may
further omit the process of $916 in F1G. 9. Moreover, the control unit 21 may
change the sequence of executing the processes of $911 and 8912 in FIG. 9, the
processes of S913 through $915 in FIG. 9 and the process of $916 in FIG. 9. For
example, the control unit 21 may also, after executing the processes of 8913
through $915, execute the processes of $911 and S912 in FIG. 9.

[0111]

36



Ar abi dopsi s thaliana At CAD5S NC 003075.7 Arabidopsis thaliana [0176]
<Speci fic Exanpl e of Production of M croorgani sns Wi ch Synthesizes
Crotonyl Al cohol by Biological Mthod> An Escherichia coil
strain which has the ability to produce crotonyl alcohol can be

pr oduced usi ng\latcmmmmme&:hﬁﬁ%ﬂﬂeimﬂ(}m‘? agbelcantrpi wiivgy o@mssubems@tf

al Curr Pr ot oc i N l.
bl ecul af‘nef%%‘ﬁt T Hy*e a’lf]é% tsd“xkj rﬁjat wa%}éé& gggl)'%ﬁ (lg%ﬁ% c}% Re
|i ke) andig¢he 1pe @eqdutiee eleﬁleﬁubaﬂe:bahd)msEqrthexamhgcombmmcmhe gene
from Arabi dopS| s thaliana (Genbank accessiaon No. NC 003070.9) and
t he GEDHIMGERREIIYAAIRARER 202G 137 851 £9 MREEAL aWRIChAT8 Septiinadoin the

AY879285sﬁamgﬂiéﬁmw@daﬂ@ﬂ%é}ﬁgme%ge& s éa'cﬁi?@éjctﬂﬁnﬁsth@rs kaced

downstream o ronoter “in the Escherichia coil plasm d vector
pUC 19 ( pathmaFakam @hllumstam Yhe eordorsmiuzt smehﬁlpﬁl el 162 ¢ GORD- BEDH .
The Escheri h| a c n.is t e
constr ucf%IH ag??fq‘g Ao rl’riStcf’écg% éoccc?%r%?ﬂgé (\émr9| cﬁ%gﬁgwrg%crtgﬁ%n
whi ch i ng}t uckeﬁrtﬁﬁﬂieaaﬁdn CEH—&utp{ﬁhltﬁc Esf@hlaausﬂnba tEQBjmthéﬂi{apﬁthM&ynaned
JM 109/ pCCRI - GEDHL.. The . TM. 109/ pCCRI - GEDH1L can be

cul t ur edeByaciedin HlfoPr\ﬁé?qs WS ind ndse D ‘fqné"rﬂ’l URIt A eMAY #5¢ 88 but su
Kogaku Jlengié%ﬂ.sﬁ@ A&%)fopﬂiet&fi usbe f&oédc‘ﬁtrléaét%n B e QG helie@¥ihway.

Japan,; ., Fer me%t at1on and Bi ochem cal Enhgi neering
Handbook]f mndlﬁdal(mundandonmddl ingthe sFothetiz @apivedy exieacEslcindhechi a

coil JM 09/ 00.m o

nedi um st)Qp &he %1'?5%%]{]‘?%%7{“%5 utgzoéegd%bn Efaf’gﬂ?ﬂ aorrng?e}%h%lﬁpe of
and 0.2 tﬂ\d1InR:'IEﬁe(ﬁeﬁQ&bﬁ@»hn&&th&éﬂ@gailaed apmrbaﬂaﬂoméd amhecul t ur ed
at 37C for 24 hours or nore usj In a ca se}t? ere s

f er ment oPMPERGEHY FOGORAANE PSR ?Hlafgért’?‘é‘?‘hthaﬁﬁ%%@ﬁ&?‘ﬂ rié“’%%?ék? {HB
substrat g;feed rate, stirring speed, airflow, and pH can be
controlled wthin a proper range. An anaerobic condition, a

m croaer édil@lcondition, or an aerobic condition can be sel ected as

needed. A cul il gmRYSLEILSHEN B3 21 BALCILGU bltdath AL 30} ofta 3361

cul turing syst'em a con I nuous ¢u freely sel ected.
[0178] 122 111usTi‘aeed:nﬂEHhtr]atth@By:ﬁhemh@amvmycnxyiacedddmhbb proceshef ARUG um

Chr ot gt By BhCtrruRaPoaraRAy rnett LiatBhBerY e B Redt e, o
chr omat ogHieRINH BB SR Cgﬂﬁ&eﬁgﬁ'&&ﬁyta&hﬁ MRlpoudd, twhecH dré@onfdetOn the

Expressi on of the ne and the GEDHL gene can be exam ned by a
process wEMhetinpofh“ay., eRbYE SIS ESFh FEeIPRDeS TR TeAs 98P ihiHn

bl ot tingys, fgalic LhiG5CRFIaNd 1 HTTMPAAR! f tkAdplliBLBOLase of outputting two
lengths of synthetic pathways.
[0113]

In Table 121 and Table 122, compounds A, B, C and D represent the
nomenclatures of the compounds, and VC00001 represents the predetermined
number allocated to the virtual compound. In Table 121, the reaction for
synthesizing the intermediary compound A from the starting compound and the
reaction for synthesizing the intermediary compound B from the intermediary
compound A are specified as the known reactions.  Further, in Table 121, the
reaction for synthesizing the target compound from the intermediary compound B
is specified as the virtual reaction. In Table 122, the reaction for synthesizing
the intermediary compound A from the starting compound is specified as the

known reaction. Moreover, in Table 122, the reaction for synthesizing an
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The Escherichia coil strain JMLO9/pCCRI-GEDHL can be nodified by a
common nol ecul ar bi ol ogi ¢ techni que (Ausubel et al., Current Protocol
in Mol ecular Biology (2003); Sanbrook et al, Mlecular Coning: A
Laboratory Manual, 3rd Edition (2001); and the like) to inprove the
pr oduct i intéynesiiargrootgopghd 41 foholhe iIRtrmedanpkemptived dopmd tharbartioaffoa

gene for the rate-Jimting enz in the crotonyl alcohal  production
ot huay. SR A Rebt o aga o dhe Bttt R e F

am no acighciMedPiPmedifhal Ratfiensi te of the enzyme activity can be
replaced to inprove the enzyne activity, thereby inproving the
product i lAl!¢) of crotonyl al cohol. The productivity of crotonyl

al cohol may all&%u%ere'agg&?gﬁ xﬁ%ﬂ A%?)'Eil? 'TE!ﬂ%’]ﬁ' aﬁ{dupgtﬂlggQ%a%a&% Prfe an
enzyme catalyzing a reactio I'ch produces by-products. cyc d"of
nmut ageni asedgfot hiee startomsf bypaNTE e cobtpoavd epatified dlytUBhend then

selecting the strai avij i gproved productivity of cro I

ohconol HRPGIE s ea SR, | Fe feeBr Gt ase ¥ on & sRdhit e BRAd e
> Tdhe 1900re By ydCoRAl fop Bl Atdaedo s f d9a6T 410Bd cdaRPbane dpedifed
dehydrated_to obtain butadi ene. For exanple, Adans et al. h

as
repor t edY K5 ang gicepwopsd sperdlied&yiyiom ckaewn ¥ hirchaide 18Vernd
bi snut h t (knd. a : -33) .
But adi eng%léﬁggeﬁsﬁ%gﬂ%g%}%’ { 'Eb’uotn%[}% geg]?d(ﬂ:qr 6(8 Jagﬁi u%g&%?ébgu%@h%g]@
crot onyl UaBdohol|UFY and anctheapattus o sskegd vdos @iven ﬁjesuiﬂmcgimgdﬁ Lfomg

m cr oor gani.s and then converting. crotonyl. co .which is

"ol at edORS: NI PRCGMEASER SHeTBTATHE HEEREERAT Stae SBpe 3 My
the |ikeyalh@1:8Zdh by subtracbKIF@ fRxATPE €S AbcbldiRgiyeinTableri 20end Table
descri bed. The enbodi nent of the present invention is not, however,

limited 132:.tthe kKpRWD S APIBZR IS ‘oxdhrfprad D preallnseiedigs the gggymes used
A first rek I; L ; i a gf an
B TSt UL BT (e I I BRSLDA LeApn R 85 L
Exanpl e dompowndspeci fi c exanple of how the conpound synthetic pat hway
i's gener@t1 g based on the virtual reaction nethod executed by the
synt het i g Qhway generating apparatus 1, however, nunerical val ues
accordi ng to Exawal eadtics enexeek iashd Galnl Ditde 1aMdiré bezymiaswsst for the
enbodiment is ngt Iimted to the nuneric¢al values in Exanple 1..
[0184] reaction pfagmeiy; |§Ef9%m@néaﬁf)ﬁﬁﬁ§%aa{%§7oag the cqRPQIg gcifiotn
| tems of yelgi Ofk fdveh DPTBAALBILIESisA a8y Gbhradtihd Y Bbm UF7.
formul ae of 13,213 conpounds by using 58 “itens of data of the
normenc| atge@dingmy inhEabdedAl cle khomuicrasiaen teaymisae and Fiare allopgedadls
register ' FG& ' AN o]

Fogi ot or 14 YRS uRERr {2k 2pRTE IR syl e By OBt Ak " AIRAMAS
nonencl aframedhedntrinhdiacheompalndr uct ural fornul ae of the target
corrpoundg01 iTcI udi ng non-natural conpounds). Wth respect to all the
conpounds’i'n‘t he KEGG dat abase, the itens of data of the

nonencl at ur es xavavil RAcEPEBhEpheSErAGtRIERAT bR T 2@ QzyinBe useunss
are stored in the conpound database 11 b% downl oadi ng KFC-fornatt ed
dat a not BeeHonyf kel ATibRcrymound sreifad kpdd Yardbiseomppingd peeified
conpound reg %ﬁ{&q fi CiGT rth€ded BbA ofhe
KFC foyng .@%;Ousgdng)f egf)rlgr_\llv%?gyol{l%. ]gﬁjSS aél_%y?lrcg u%ﬁﬂgcﬁ _tt hee ‘ °
condi t i opair gf viencabpammd spgcifiddebatifd liagddpecohipedndspachigedbrlifildg

conpound,, and .3-=.Hyd r,opionate is specified as the, targe .

compound<op AR RF LI TR Jad B e PR e S R G T p ey

i's startpgsubibetm@UFDd flofi UF2lan@xeouie pattbth U ReSSvadtie 80R@A byn FI G

6, whereby the Urs of 13,213 cpg}])ounds are created and stored in the
i

UF dat ab#tdreesng Hid o 5amy BF 1 lini {hatisethscip e eivise byr bbasting US382rem
FIG 6, wrenehy. appr aXiHaafghy ¢hid. L0Q0: RS aper 6l 61 At efh aBfre,

stored in the difference dat a%ase 6.
in Table 121, the known reaction enzymes G, H, I and J are allocated as the

enzymes used for the reaction for synthesizing the target compound from the
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[ 0186] About 134, 000 unknown reactions are determ ned as the
virtual reactions by the control unit 21 executing the processes of
3603 and 8604 in FIG 6, and the control unit 21 executes the process
of 8605 in FIG 6. The control unit 21 executes the process of 8606
in FIG mteinheliglyyconmainidrigy t he graph (network) containing the known
reaction ang the virtual reactions. [0187] The control unit 21
carries &th!’dnhe process of 8607 in FIG 6, whereby the search for the
generat ed synthiedi£rRatiBNaY ziSed RN DY ik Mabformes@d neamed uaddoRi ithdm
in which the starting conpound is defined as the starting point, and
t he tar getactionedurnii ef defdomepuad sphei fisddivngl poirpd th eorgm]und specified
Under sugh N4} L 1.ONNRS : : . ' f

starti ng obSTand A RIS L ARF 50 1L ERREIEYEH T SPRLIMEE OF AoBE
nunber ofJFeéacticenrdhgpsin Theleclont tiod kanid réttien ecwyess Khemdpk exess of
8608 in F]G 6, thereby sel ec%i ng.t he szﬂntlﬂeti c_, pat hwa%1 f.romtﬁ?e

st art i ng?ResEtiAY eI mes Mg (O ISt RASY PRV SIRAL e ABEF M8t 4 e s s
nunber ofofmBaetd ¥ &haRS intbhfigdiasUsdmporangi tion as to sel ect the
synthetic pathway fromthe starting conpound to the target conpound
that i nvldM&3 one or |ess nunber of virtual reaction steps, the
control wunit t t r . Ry E

extracting 502‘%%"3%%%’%89?9ﬁ??%@?gﬁ’ggﬂ%y“gﬁ%ze t] %agﬁ%%#gﬁég? r\/\%];;'s
from t hergkcabhiofg monpbdHirddngpdund spacidet wodPdliadd thdd@pound specifidide
control uni 1 ecutes the processes of 8610 and S6 in FIG .6,
Cher eby BXUEE; RO ESibh At Rt ok Frpesased et By esisichior
pat hways ; hawl ¥t benﬁbeﬁmgyﬁﬁ% Gyl 1eRsd bid tHeYednf pointi Rpe&ifiea ORTE
synt heti c pat hways. ucose is specified as the raw materi al .
conmpound Knaiva IPE% ie dAbleol 22U st LRI PasieEBUtics: QifePaiiesR 42 saksta vH IS giyen
FIG 6, i Sy it j byway s :

mat eri al BE%E%@%‘H% E°rtr OF?%efH}s%? yr}tqi?n%%c%ﬁ%%%rﬁ%l n tﬁikt; ag{a?sﬂfgltv&gwgont r ol
unit 21 seftercsingd) ¥ hefrdat HFaboufThetedoreptimbablec] 22¢ dut kiywofeaction
Escherichia colj,, ich are stored.in the known reactj.on t abase 12.
Then. |t nEgic H N 6007 AR EE s ah Fra B A ZRE AR ARY

t hereby ealigediginignge tdt@e( B8thpsund hesr kiitrRtmydiatfeédMpoudeCi ved from
the raw material conpound, of the target conpounds synthesized by the
synt heti €08 hways extracted in the process of S611 in FIG 6. The

gl ucose is spepidifdhaAaniiE HAY HRE Sd AntEQIPPHRay ABHractdsy theuch a
condition as to extract the cofrpound synthetic pat%vvay for

synt hesi piovgss h&S? bY feF1Gofrpotiredscatiends Bhmtthe 1qngesiadown iedesmatigst of

yield (99, deriyved,fro h ' 0, [ l; 0

| arger t héan&iﬂaa;th: %rgwgélnﬁe !ﬂawﬁ'g?%l%glf?%dx@cﬁtggﬁgﬁfé%pf)?gggslngg(}b?' S613
and 8614 Fufth&niareSthewvatehbynit3 icomap adddtosthatihfrrinatipatthatdy ugrue in the
extracted. The trol i 1 .execut.es the pr-ocess of 8615 in FIG
0 et cBiPS eafSBlh El hefF R IRPHHED o e SRR FOE PRLEY T hre
practi cakaj¢atinehd Seq@hbuveen t1O0hPEst down to Thesthhnadt lof texthalated
conmpound synt hetic pat hWB.YS contain the pat hvva%%gi(n%r uvat ea- al ani ne

--> p- al shionetical yirdfl dPfatcal cdaticd in dhy Brocess GHRP Wi-Fypropi onate)),
whi ch wafmgjoicover ed uniquely by Cargill Incorporated and di scl osed
in Paten ocunent (W) 2006/ 022664) (refer to the follow ng Formul a
1). Known r ediitd amtroViunitudl magasikicondatabase as to the items of information

that are output in the process of $917 in FIG. 9 and may store the information in
the storage unit 20. Furthermore, the information, which is output in the process
of §917 in FIG. 9, may also be displayed on the display unit 22.
[0121]

In the present embodiment, the control unit 21 converts the chemical

structures of the compounds into the UFs according to the predetermined standards,
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and calculates the DT (a first difference value) by subtracting the UF of one
compound from the UF of the other compound of the compound pair. In the
present embodiment, the control unit 21 calculates the DF (a second difference
value) of a pair of the starting compound and the target compound by subtracting
the UF of the starting compound from the UF of the target compound. In the
present embodiment, the control unit 21 generates the compound synthetic
pathway so that a total value of the first difference values in the synthetic pathway
from the starting compound to the target compound becomes coincident with the
second difference value. The compound synthetic pathway is configured to
include the starting compounds, the target compounds and the plurality of first
difference values.

[0122]

According to the present embodiment, a new compound synthetic pathway
from the starting compound to the target compound can be generated by generating
the compound synthetic pathway configured to include the starting compounds, the
target compounds and the plurzality of first difference values. In the present
embodiment, the compounds contained in the synthetic pathway from the starting
compound to the target compound may be the known compounds and may also be
the virtual compounds (unknown compounds). Therefore, according to the
present embodiment, the synthetic pathway containing the virtual compounds can
be generated. In the present embodiment, the reactions in the compound pair
contained in the generated synthetic pathway from the starting compound to the
target compound may be the known reactions and may also be the virtual reactions
(unknown reactions). Hence, according to the present embodiment, the synthetic
pathway containing the virtual reactions can be generated.

[0123]

In the present embodiment, the known reaction enzyme is allocated to the
first difference value contained in the generated synthetic pathway from the
starting compound to the target compound. According to the present embodiment,
the known reaction enzyme can be used for the virtual reaction contained in the
synthetic pathway from the starting compound to the target compound.

[0124]
<Process for Producing 3-Hydroxypropionic Acid 1>

The process for producing 3-hydroxypropionic acid according to the first
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The enzyne for converting ot-alanine into O-alanine is the
non-natural enzyne produced by nodi fying |ysine 2,3-am nonutase (EC
5.4.3.2) but is not registered in the KEGG dat abase. Further, other 4
synthetic pat hways, which are finally extracted, are given in the
f ol | owi ngsgeot nuhpssé the step dhednctiedg tdecarboxydiing wahlonestete tortd@vert
Ocal OaCEttlieCoxaa%a%etate lﬂ?t%jBI:Hdr%%pr%%quH(l: %mzcl_ lﬁytregz\g%&eewhlp‘cxpreductively
decarboxylates oxaloacetate to convert the oxaloacetate into 3-hydroxypropionic
acid or a microorganism which has enhanced activity of such an enzyme as
compared to a non-modified strain are used to carry out this step.
[0125]

An example of the enzyme which reductively decarboxylates oxaloacetate
to convert oxaloacetate into 3-hydroxypropionic acid includes oxaloglycolate
reductase registered as EC 1.1.1.92. The activity of such an enzyme can be
measured by, for example, adding oxaloglycolate or oxaloacetate as a substrate to
the reaction system and observing the change in absorbance (at about 340 nm) due
to the oxidation of NADH to NAD" accompanied by the reduction reaction.

Based on the measured activity, the enzyme can be purified from Pseudomonas
bacteria, Escherichia bacteria, Bacillus bacteria, Coryne-form bacteria, yeast, and
the like by a method as described in, for example, J. Biol. Chem. Vol. 243, No. 10,
pp 2486-2493 (1968). A partially purified enzyme or a fraction having the
enzyme activity may be used. A recombinant enzyme produced by genetic
engineering may also be used. '

[0126]

A microorganism which has the activity of oxaloglycolate reductase can be
obtained by obtaining a DNA which encodes the enzyme based on the sequence of
the purified protein and introducing the DNA into a suitable host such as
Escherichia bacteria by a method such as transformation with a vector or
homologous recombination. A promoter for the gene encoding oxaloglycolate
reductase on the host chromosome can also be replaced with a strong promoter to
obtain a microorganism which has the activity of oxaloglycolate reductase.
Microorganisms which naturally have the activity of the enzyme may also be used.
[0127]

Examples of the microorganisms include but not limited to E. coli
(Escherichia bacteria), Coryne-form bacteria, Pseudomonas bacteria, Baciflus
bacteria, Rhizobium bacteria, Lactobacillus bacteria, Succinobacillus bacteria,
Anaerobiospirillum bacteria, Actinobacillus bacteria, mold, and yeast. Treated

microorganisms may also be used. Examples of the treated microorganisms

include cells treated with acetone, toluene, or the like, lyophilized microorganisms,
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disrupted microorganisms, and cell-free extracts obtained by disrupting cells.
Celis, treated cells, enzymes, and the like immobilized on a support according to a
conventional procedure may also be used.

[0128]

The oxaloglycolate reductase, or cells of a microorganism which has the
activity of oxaloglycolate reductase or treated cells of such a microorganism can
be added to a reaction liguid containing oxaloacetate and then allowed to be
reacted usually at 20 to 40°C to generate 3-hydroxypropionic acid. The enzyme,
however, requires NADH as a cofactor, and thus NADH should be present in the
reaction system. To efficiently allow the reaction to progress, the reaction is
preferably coupled with conversion of NAD" into NADH. In a case where a
microorganism is used, it is preferred to use a microorganism which has an
enhanced activity of oxaloglycolate reductase and have the ability to convert
NAD" into NADH.

[0129]

Microorganisms which have the ability to produce 3-hydroxypropionic
acid and the activity of oxalaglycolate reductase can be used to produce
3-hydroxypropionic acid from a carbon source such as glucose by fermentation.
In this case, the medium and the medium conditions for culturing the
microorganisms can be determined as desired depending on the type of the
microérganisms used, although a conventional medium containing a carbon source,
a nitrogen source, inorganic salts, and optionally other organic trace nutrients can
be used. The microorganism is cultured under conditions suitable for cell growth.
Usually, the microorganisms are cultured at 10°C to 45°C for 12 to 96 hours. The
term "ability to produce 3-hydroxypropionic acid"” refers te the ability to
accumulate 3-hydroxypropionic acid in the medium or the cells when the
microorganisms are cultured in a medium containing a carbon source.

{0130]

When the microorganisms are cultured, the pH is adjusted using a reagent
which does not inhibit the growth of the host and which does not impede
separation of 3-hydroxypropionic acid from the medium. An inorganic or organic
aid or alkaline material, ammonia gas, and the like can be used to adjust the pH.
Sodium carbonate, ammonia, and a sodium ion source such as, for example,

sodium chloride may be added. A typical alkaline reagent such as aqueous
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sodium hydroxide, aqueous potassitm hydroxide, aqueous ammonium hydroxide,
aqueous calcium hydroxide, aqueous potassium carbonate, aqueous sodium
Earbonate, and aqueous potassium acetate may also be used. During culture, the
pH is maintained at 5.0 or higher, preferably from 5.5 to 10.0, and more preferably
9.7 or lower.

[0131]

The carbon source may be any carbon source as long as the source is
assimilable by the microorganisms described above to generate
3-hydroxypropionic acid. Examples of the carbon source which can be used
include fermentable carbohydrates including carbohydrates such as galactose,
lactose, glucose, fructose, glyceroi, sucrose, saccharose, starch, and cellulose; and
polyaleohols such as glycerin, mannitol, xylitol, and ribitol.

{0132]

Examples of the nitrogen source which can be used include ammonia,
ammonium salts such as ammonium chloride, ammonium sulfate, and ammonium
phosphate, peptone, meat extract, yeast extract, and corn steep liguor.

[0133]

Examples of the inorganic salts which can be used include monopotassium
phosphate, dipotassium phosphate, magnesium phosphate, magnesium sulfate, and
sodium chloride.

[0134]

A growth stimulating factor may be added as required, including vitamins
such as biotin, pantothenic acid, inositel, and nicotinic acid, nucleotide, and
amino acid.

[0135]

A process for purifying 3-hydroxypropionic acid is well known in the art.
For example, extraction with an organic solvent, distillation, column
chromatography, or the like can be used to isolate 3-hydroxypropionic acid from
the medium (US Patent No. 5,356,812). The medium may be subjected to high
performance liguid chromatography (HPLC) to directly identify
3-hydroxypropionic acid.

[0136]
The 3-hydroxypropionic acid obtained by the above process can be

dehydrated for use in production of acrylic acid. 3-hydroxypropionic acid can be
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dehydrated via a known reaction. For example, as described in US Patent No.
2,469,701, 3-hydroxypropionic acid can be readily converted into acrylic acid via
vacuum distillation in the presence of a catalyst,

[0137)]

<Process for Producing 3-Hydroxypropionic Acid 2>

The process for producing 3-hydroxypropionic acid according to the
second aspect comprises the step of reductively decarboxylating oxaloacetate to
convert oxaloacetate into malonate, and the step of converting malonate into
3-hydroxypropionic acid. An enzyme which reductively decarboxylates
oxaloacetate to convert oxaloacetate into malonate or a microorganism which has
an enhanced activity of such an enzyme as compared to a non-modified strain is
used to carry out the step of reductively decarboxylating oxaloacetate to convert
oxaloacetate into malonate.

[0138]

Examples of the enzyme which reductively decarboxylates oxaloacetate to
convert oxaloacetate into malonate include enzymes which catalyze the reaction
registered as EC1.2.4.-. DBased on the enzyme activity, such enzymes can be
purified from, for example, Pseudomonas bacteria, Escherichia bacteria, Bacillus
bacteria, Coryne-form bacteria, yeast, and the like. A partially purified enzyme
or a fraction having the enzyme activity described above may be used. A
recombinant enzyme produced by genetic engineering may also be used.

[0139]

A microorganism which has the enzyme activity described above can be
obtained by obtaining a DNA which encodes the enzyme described above and
introducing the DNA into a suitable host such as Escherichia bacteria by a method
such as transformation with a vector or homologous recombination. A promoter
for the gene encoding the enzyme described above on the host chromosome can
also be replaced with a strong promoter to obtain a microorganism which has the
activity of the enzyme described above. A microorganism which naturally has
the activity described above may be also used.

[0140]

Any types of microorganisms may be used, including the microorganisms

as described above. Treated microorganisms may also be used. Examples of the

treated microorganisms include cells treated with acetone, toluene, or the like,
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Iyophilized microorganisms, disrupted microorganisms, and cell-free extracts
obtained by disrupting cells. Cells, treated cells, enzymes, and the like
immobilized on a support according to a conventional procedure may alsoc be used.
[0141]

The enzyme as described above or the microorganisms which have the
enzyme activity described above or treated cells of such microorganisms can be
added to a reaction liquid including oxaloacetate and then allowed to be reacted
usually at 20 to 40°C to generate malonate. The enzyme, however, requires
NADH as a cofactor, and thus NADH should be present in the reaction system.

To efficiently allow the reaction to progress, the reaction is preferably coupled
with conversion of NAD® into NADH. In a case where a microorganism is used,
it is preferred to use a microorganism which has an enhanced activity of the
enzyme described above and have the ability to convert NAD" into NADH.
[0142]

To carry out the step of converting malonate into 3-hydroxypropionic acid,
the enzymes which catalyze the reaction registered as EC 1.2.1.15 (Biochim.
Biophys. Acta. 50 (1961) 147-52.} and the enzymes which catalyze the reaction
registered as EC 1.1.1.59 (J. Biol. Chem, 234 (1959) 1666-71.) can be used.
These enzymes can be obtained by purification, genetic engineering, or the like.
This step can be carried out usually at 20 to 40°C.  The reacticns catalyzed by the
two enzymes may be separately performed.

[0143]

Preferably, an enzyme which catalyzes the reaction registered as EC1.2.4.-,
malonate-semialdehyde dehydrogenase, and 3-hydroxypropionate dehydrogenase
are combined and allowed to react continuously in a single reaction system to
produce 3-hydroxypropionic acid from oxaloacetate. In a case where a
microorganism is used, it is preferred to use a microorganism having enhanced
activity of an enzyme which catalyze the reaction registered as EC1.2.4.-,
enhanced activity of malonate-semialdehyde dehydrogenase, and enhanced
activity of 3-hydroxypropionate dehydrogenase.

[0144]

The microorganisms which have the ability to produce 3-hydroxypropionic

acid and the enzyme activity described above, and preferably the microorganisms

which have the ability to produce 3-hydroxypropionic acid, enhanced activity of
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[ Exanpl e 2] [0192] A second wor ki ng exanple (which wll

herei nafter be referred to as an exanple 2) according to the present
enbodi nent will be described. Exanple 2 is a specific exanple of how
t he conpound synthetic pathway is generated based on the optim zation
met hod descniyeed vdivdyestahmadhereactihe registeridcad EGA2ubs. adoueddi avgivity
Exampl e 2 exe L ifi atlo and t esent nmbodi nept i s not

i red 06 RTER it s Ry ARt R SRR SRR 9, T
Exanpl e &h)ﬁh@xﬁﬂﬂﬁ@hﬂl&ﬂ: datyahaeeasklmhp aBbQeadedits Prédivei t ems of data
of the nomencl atures and the chem cal structural formulae of 13,213

corrpound§'wrwmgpltoﬁé’ FHAEOTRA CGEROR Mg HATEIBEO5E Y SE T mpRI2 i
chemi cal S”UOTHH tfr@cBHARS O hnd 6 £:OUP %@%uf??h@t?,eﬁf&o!\ b ﬁm'chGG
dat abase and, In a |t|on to the conmpounds registered 1n t

dat abaseﬁcmdmelasdﬂscrdfedo@toaeof t he conpound nonencl at ur es and the
chem cal @HS ctural fornulae of the target conpounds (including the
non- natur[ onpounds). Wth respect to all the conpounds in the KEGG

dat abase <PrdiRst @ BrodheidatzaHelrdxyprapeomo ¢t gres and the cheni cal
structural fornulae of the conmpounds are stqred in the conpound

dat abase 11 by ltfosaw@sédﬁ%Qrff%n}@&hwérf%ﬁvfwow&taél%6%%2@@&359ﬂv@@gd
ATOM TYP Qb

regi stergal;elr ﬁg%%gﬁKEGG gge;c%r%o}g?egg%t J:t e%tgﬁgﬁgH?ﬂ% Ig va eolr]'nrtr%t by
use of Kégmmwan@(blh@steﬁ@i@@vertmg foerentOt%by@@ndpmpmcgmien above,

T e

gener at i @6rn@dte td?ﬁemmfiiill&bbﬁhﬂwkyﬁt@qi}hmaz)te its ciiedrt peruvitzeineont r ol
unit 21 executes the progess g S901 in FI 9, whereb% t he UFs of
W, &

13, 213 coMIAIRAE THFOORAATRY VAMD RAVGraddant tffféwu:r b a8 enggme fhe
control yph a1%11 t@&%&%diﬁ‘@d BEAGessu@lg 8902 in FIG 9, whereby
appr oxi mat e 7,000 known DFs are cal cul ated and stored in the
di f f er ené@l4fdt abase 17. [ 0195] The control unit 21 executes

compound pai © 41 ASR0 b eyt SRR 4L G alAhRls 8 ke

cal cul at egriwitesiniod Ifmfiatngnd]h@esu:o@églmdwudrdmcyﬂmkyrayb -Ydnidh detégiaedreads

the starti rrp romthe UF.of 1 but anedi ol defined as the
target cOMBaAa: L TbroBne SEvity oS bt ST Toro e oGt I G A
process afet4s dddchib& i, fol BRARPY, FEBBLILAE 1581 Dk oMby NaBasud &1 QP
containing two or |ess number of known DFs from the difference

dat abase MEPSWEd EREY ity Hac\varvEe spn be Prsified deomdtsardemondsi WetdEat with
the totalg p K 0 I

extr act o TS0 Lt pe e Db, blei@lia, OOMRe ofp SPR B Sl TnaR due by,
creat es thectbrd epbsandtedan, ﬁmwpmlpjc u‘s*eh@‘lo'tlm Bxdphast 288 G001 kAdAE.
DFs. The ,con 21 cre DF conbi nat i.on by
Crorat 1 nd BUATL PR ER R KR lAT IR 1Y TR AT BRI
from t heatlb¥d pagneaset ahaseonliinandeel ot @otite dify gaibicragimerigy ety
by use of the extracted 500 known DFs 1,000 tinmes. [0197] The
control @lPtbeMSedxecut es the process of 8905 in FIG 9, thereby
creati ng[oymth respect to the 6 types of DF conbination groups, 6
conpound synt hetic pathways fromthe starting conpound, the target
conpound and tHe piapatganismst wkishbbavOrse ey astyityndesheibeFabove can
conbi nat 9 Lt 2 cut

process I(]:))? andgéjl y%ﬁé %bg at]Here })}lccanggﬁge%‘tt:hﬁg %%meéﬁgcrﬁjeg vt Bhsea
i nt er medioaraykmenpaignen comidimaducingtthe DroAPSuNds EAblhRbdtGupathivay .
The control  unit %1 carries oyt the p rocestsorof 8907 in FIG 9,

Escherichia bacteria by a method such as transformation with a vector or
homologous recombination. A promoter for the gene encoding the enzyme
described above on the host chromosome can also be replaced with a strong

promoter to obtain the microorganisms which have the activity of the enzyme
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t her eby determ ni ng whet her or not the 6 conpound synthetic pathways
are established as the synthetic pathway fromthe starting conpound
to the target conpound. The control unit 21 executes the process of
5908 in FIG 9, thereby extracting the 6 conpound synthetic pathways
because dfscribsd bboyry efgmmqosmsrasvmﬁenwmmeh@%ths@tcﬁwy depgitadne
starting_.conmpoun t target conpound. [0199] The control
unit 21 %%orv oﬁ%&g?hgsopugg%ess of 8909 in FIG 9, thereby determ ning,
w th respaegg)to the 6 conpound synthetic pathways, the enzynes used

for synthesizing the conpounds contained in,the coppound sypthetic
pat hway. The ¢ShPHIPIaAT{hOIPUR P?%ﬂ&%tncahdeesg%esgﬁwgésﬂ in FIG

9, therehy . 1dot&s fHqRERAG shitin! SSQEDINOOI, 8AGBh @hcddee BotuTpardrd
synthetic pathway, the nonenclature of the intermediary conpound
cont ai nedeqapbaxydasecrifngheriefintaedt i hsditenayscanenc Max At iy mHes
predetermn n er. 1 he, 1 [ opngl. .Qf i \du
nonencl afeuq'ugg%ea%ug%tasbaeﬁla% %ﬂbﬁ@{l}%{ﬁﬁﬁb %é]r ety %fgl gyﬁ g g g g&:ﬁg ns
speci I i ed/tit%Sa Divies £eﬁjﬂeﬂ$ﬁ gfgniluglbpmmangmmge quemimﬁtimdi%ﬂ?mgﬂ,
execut es €. process 0 3in er eby .ﬁquvfnt etic. ¢
pat hway SPRIVGHG A e romal BF Fad SSoBREBEATE PPrpirat 2P P hestngt s
?ﬁner a% eg.-olxbghma&t &é%i?oo}jy{ffe@‘é@x&&b_ldé[}ﬂftthg %’grfr%fe% §or¥]dmibﬂ@n?m@dabout
e netaboliC reaction o e Escherichia coil, ich are stored in
t he knowthoseadti¢loaredudiilgas evashing Tieagditiongdn ceowhed] hHidiza0Texecut es
t he process. of i t I i Chedar o
t heoreti && c1@«|:aéﬁrgl‘?)€h%cf’?z%£oﬁ E%/tealtfcgglr%?ﬁ aé%?llac\%q#g &éﬁqgé tt1(gcl)rrpou€'1l(§‘?ld gfl { h
target coDgound prefyrabhesilzedSByandnk 1 %ySDRedt @°Oat Mhaysioext segqoted i n

t he process  of in FIG 9. Subsequent] t he gl ucose is, specified
st he 1 R AR DN Ay OB RSN SO AP Ut BBV RE BT T 6 A G BREIee &

extract (et $PAPPMBRSasdtheldt QopatiyRprERratay At hesi giNgahdetill aiget
conmpound of which the @I ar) theoretical yield (% derived f(ﬁomthe

raw mat epfeiprabbniidand 9% ipusical e e 2mdrgaf dgRC,ShoRE BoRQ P uni ¢
21 execui\l?)?Ztaﬁg hB(zﬂl%etﬁE?iﬁtiQifty%?%éo %tgr%lédk&rﬁn@la&. whereby 5
conpound” synthetic pat hways are extracted. Further, the glucose is
speci fief@l#®]t he raw material conpound, and, under such a condition

as to extract the, co und synthetic t h f synjhesi zi /

t ar get corrpoudétf’yo'fyp\'?\flnlggﬂ“fﬁ%}[%%ﬁnésr Ta?%’eeou\rgg i lélg{Ud?/’%/gefhg r?% J’@%? ‘?’3@3
from t hea¢ avkcrdbehbate. C ONRatsddnicBo@GMEEmME tadrali@bgesed hdixah}es of the
control unit 21 executes the processes é)f .8914 and 5915 inhFH(E 9,
wher eby lre%ﬁrﬂ%l&hft?fgﬁ’mﬁﬁéﬂﬁ“%!“‘g%?ﬂ%a?e?t% ALY LELU 1007 0F e XS i g
12 depi i phhg el Rk oo B MBCERAAOITROAE SN tahg cBALNEYx raie
finally extracted conpound synthetic pathway indicates that

1, 4- but anbwindd wadispwtingortlised Usiiscoried gellsenzpmes. axsthefikehr ee
enzynmes (EC 2.,.8 3, A =) Vi - i

aci d. Thim%og%]hzaeﬁ O(I:lon%)d)ér?é %CSH dé%é%a%ﬂ&\ﬁ%m}ﬂ%ﬁ%ﬁ%lcgagﬁﬁ c%ﬂg%%%“d'
conpound[@ydheti c pathway is an intermediary conpound allocated with

a predetermn nunber (VC00Q02) because of. being.coincident with
none of the UPS¥OZYRé %&?ﬁ‘b’dh‘ﬂ%a%"[‘féﬁr"édﬁ? H’lf"‘r‘?é’rgﬁ”%? 3’%5‘%@“1‘?%?0202]
The finalhy SxhédilelecHtROUBSYNtbALE CePAbNYEL hfcrbfigaBRER @ Hehe
pat hway (4-"hydroxybutryl-CoAl. 2. 14-4 4-hydroxybutyryl al dehyde -) (EC
1. 2. 1-) - addeditora resptan g‘ﬁ)”dc ingtudipg P e adeden silgyer o by reastetat i ca

I nc. (CAUSHWata{]bdtgdAiO%@'tQ}‘?eQe}a@e Faterd docunent (WO 2008/115840). The

optim zation-“nmethod 1 nvolves outputting the information containing
the conpgrtd}synt heti c pat hway and the enzynes used for the

respective reactions in the c und synt het.i c thway,. and_hence the
i nter medi ary Mﬁ& @88%‘3&8?"”3'3%3"B‘é%ﬁﬁplsﬁ”r"eaég‘? IE%S\}/{\Hmig?mggaml e,
4- hydr ox yhugnaty kthBedpngae idec b6 QWROUEL ( ON-1BREA BE ueiTPOTgnAyaie is

regi stered in the KEGG dat abase, however, the synthetic pathway
described in J Biol Chem. 2003 (49) 48674-48683 and can be obtained by

e

purification, genetic engineering or the like. This step can be also carried out
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66 the itens of data of the nonmencl atures and the chem cal
structural fornulae of 13,213 conpounds by using the itens of data of
the nonencl atures and the chem cal structural fornulae of the
conpounds regi stered in the KEGG database and, in addition to the
conpoundssuadly sttEr @H(°G. t he KEGG dat abase, the itens of data of the
conpound _nonencl atures and the chem cal structural fornulae of the
t ar get Ct[)(ﬂlég nds (i ncluding the non-natural conpounds). Wth respect
to all the conpemngsyl NokbelukEHe SabARATRse bhE ndienEe QEmaadanyat the
nomencl atures and thée chemcal structural fornulae of the conpounds
are st or 8ecdrhoxHesecaymsombinedaarabalbey ad topagforptiba ey 1k Besingle reaction
KFC-format t.ed .dat t . Y r th ase.
The dat aS%%tenééo 5%%1{}3 %%f'ﬂro gé;:'é? %ﬂ elég\-gfg# fh]g%ﬁ & dat glbggég a‘?gérggi
conver t echitmbagdnlivem KFEGekoitnatpréferedao ofe Kegii@aotzaoissn hi 029 Bhhanced

Under the condi %] ons gliven bove, acet I-CSA i§ speci fied as the

st ar t i ng2EBHbb AR ORRH HEt L AR xyiase fadi s anced Aoty 4 P Y6 mound,
i n whi chgtheS8RaE ALt4BoRflaidle conpound synthetic pathway is started.
The control unit 21 executes the process of S901 in FIG 9, whereby
the UFs 1%3le conpounds are created and stored in the UF database
15. The contr unk 0, f b s
wher eby appr o>c<)i|. h@@%ﬁ&g@é?rg%%%%l@%%%& H{fr ée:bqggfl @u]f r§t8 g% %1213 Eg%cig F 20 PRC
t he diff ecidnad itatabase adirvity 02@6]bed above, anfilpge feositly ohe unetooPdanisms
executes th rocess. qQf S903 in Fl 9, whereby Difference Total of
Che. ot Bt Poe bt g Predke iy Gok sCBE Y ek P RaiRegac gy of
subt r act b oG atdte @caeBidseCatd dpfdried aasvit{ef sladéiaté geBRIRMYAE
fromthe UF of butadiene defined as the target conpound. [0207

The cont detarbextlageimay alsatbesrsedéo prasiwes §-lsidregouopignim ggid grom psadiop
creating i j ntai ning two or |ess nunber of
known DFg(B gg%ﬁ%lﬁgg%u?%ér%{:%&%gﬁé glée 17 so that the val ue of

Di fference TotHie ¢dtweoicmpditions amd tle pioecisdbalpuiifiting 3efiydrheypiopicali¢ t y
of known DFs. Thﬁ cogjtr%b? unit 21 extracts 500 knowmn DFs at random
from t he *BdfF&AS T PEAABIL% 17 and creates the DF combination group
by use ofptdag extracted 500 known DFs. The control unit 21 creates

t he DF conbi nati on groups bﬁ iterating such an operation as to
extract FRECSED RGRAVERE 320 Y LoXIBIAPAPRIMANRE 4di f f er ence dat abase 17
and create th 99;5@% | QR Y PURdR% i0fictaBri £cbidak @8 tROBurth
known DFs 1,081(1)}%:???13& g%dS] i _9 Tﬁ’gﬁﬁ%ntlfol uni t _21é_execut 5‘2

t he procesmecotoBpUses the Bia@ o Oconvisrtinh GO ER(S i tatkptih apidd peietCW2Lhe

the ot ar FT REoRsRpatRe) e S bl Lol OTEOURD MUESORGAROBIY o

DFs cont atided in the DF conbi nation groups. [0209] The control

unit 21 executes the process of 5906.in herehy cal cul ating
the IJF of t heﬁi Pret H'Etdti Sr3FRe _ ﬁ&“%ﬁﬁgﬁ%agiﬁh'tm@”g3@3&“@

synt het i gopabN\WbxopfPasiity, ah dadi e 2WhicReshRFts0U2 tTEnRY 00832 6f
5907 in FIG 9, thereby determ ning whether or not the plurality of
conpound migrpoRganisn phirhalavgreahastadiatisiig P48 erey 8 Aetaibed abayhitay
fromthe [ CONP conmpound. The control unit
21 execuféél%%{?gqgrao@ﬁgggﬁ%g%gﬁﬁﬁ}ﬁ%%9, t hereby extracting the
conmpound [8)iftlhet i ¢ pat hways because of its being established as the

t het i th f t tarting. d t : d.
Looo) PR bRl s e Ry s T Overe e P dato e B 2gERR
FIG 9, themgbyo-detcekidintdidid dhéhyRnauslsviisied felistéredtabas?.ziag the

conpounds contained in the conpound synthetic pathways. The contrql
unit 21 esliyiteel Bt cRRENHFYICRSBeasursd pocqraing i a methodaslgyeribed in, for

deter m ni.g, i&%@@éﬁ%@@h?iw gﬁae‘\%g ovh&d nterBpdhany nRAIRRHALRvAPNERI ned
in the conpound synthetic pathways and allocating the predeterm ned
enzyme can be purified from Pseudomonas bacteria, Escherichia bacteria, Bacillus

bacteria, Coryne-form bacteria, yeast, or the like by a method as described in
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cannot be determ ned. [0211] The gl ucose is specified as the
raw material conpound, and the control unit 21 executes the process
of S913 in FIG 9, whereby the synthetic pathways fromthe raw

mat eri al conpound to the starting conpound is generated. In this
case, th&icdremr.dl 1Lhi(T196M F78t&Yr.s A patthd] ypuréfliebewry ncher mitaaboh heving
reaction of thcraneEasqhve{-i_ﬂc]ehic%bc(ﬁé{mvemgg care,;stored in the known
reacti on OatHpase* 12 AT e Cont ol UI%I[%' r%?(oé]&lﬂf%% ‘?ﬁé“}?r ocess
of 5913 iphoddced b9, gehbrE ehyinealisahaliag bhasddml ar) theoretical yield
(%, derived fromthe raw material compound, of the target conpounds
synt hesi i%ﬁﬁdy the synthetic pathways extracted in the process of 908
in FIG 9. Subprapentbsantdf Ghidhiasse ke SRS At i8S1dsBELE YL SRS al
conmpound, and, under sucﬁ a condition as to extract the conpound

synt het i de gqpaaihedly fobtaisipgtahedidzwhighteneodesr hetencympdesditefl akblkive hasdde

(molar) theoretical vield (9 erived f .the ra eri al. conpound
o equal g SR TEbhe S e BhEaBr DIt ek e B
pr ocessegsokerait4 batdria by mbtoldGuch as \thaEfhatos aTOMRECtsY B het i c
pat hway i s extracted. [0212] FIG 13 depicts the finally

1

ext r act ed BB dSSMbIRaEPE pARmRg el fRE e SRaF|spceding 4kt 88EYeRfpouNd
synt het i geRaidaWaWolvE S GRE ﬁésttéﬁ%dmgkﬁrﬁpb%nglsﬁ% r@?l’acé’\'] B'F'lhaacﬁ}é(riﬁ;jcop‘
ot onyl - CoA. e

serving as the starting conpound, produced via c
vi rtual coempoignds obain Hienmitroergahismisi wizikh haex theaart ityodithe gngyme

synt heti at.h are i,nternmediary c ounds,.all ocat ed. w t .
o cdet er e RA eSS BaCEtaT T RN RN At T F i sarbede
UFs of thbowonpgbrddsstaded in the UF database 15. Structures of

t hese unkpown internediary substances are determ ned to be crotonyl
al dehyde[%ﬂ]cr otonyl al cohol on the basis of the DF information.

[0213] <Conput g4 ReafrbdenEReee6disBgudYRdiiHiRdes but not lirﬁitécﬁtoo9§§:hﬂh€c to
record a program whi ch causes a conputer to inplenent any of the

f unct i ondorieslehydrect -dbermsletrratecishplitatase rod fiables ndeidisdi dg ereginienof By
causin e I ' r fr,om cordi j.um
and exoc s RERA B ho L8R {hulds, R IRERHC OGS FEH:

r eadabl e in 8EQr ) b :Apdrhivi enentié ohedhpdived Beoxydil cairers dehy émoasdi nFhe

di ich st i_nf [ h dat d by.
ol cot 11 e ARRBAERIIce g1 EE 1o BREHAURee B1:D Rcn? SA *BREREh Mhitand

al | ows t ngpsEREeschridat efrflehOforddtifes, Maata NOMNst R ne O EPMb&Imenthrysdch
recordi ng nmedi a, those detachable fromthe conputer include, e.g., a

f1 exi bl e Ui sgauenceiget - Jie ilBAN O grovidetth DM CDZRETRETECHVERdes

DAT, an 8- d . r 1 i i t hose
xed 1o Fhoteis HictBReL de TRAVRY of 8t dphy o Skh] RRE Sl B " Or

THE REFERENOEl4SUNERAISingHD SYMBOLS [reR1dt] theymtvhisthi ave padinweywashing

geTe" 1 B OB B KRR BT PSR ETE Loty 4 Ford
concentration corresponding to 1 x SSC and 0.1% SDS, and preferably 0.1 x SSC
and 0.1% SDS, at 60°C. The known sequence may be a DNA sequence which
encodes a protein having an amino acid sequence at least 80%, preferably at least
90%, more preferably at least 95%, and still more preferably at least 99% identical
to the amino acid sequence shown in SEQ ID NO:2 and having the activity of
5-dehydro-4-deoxyglucarate dehydratase.
[0158]

Any types of microorganisms may be used, including the microorganisms

as described above. Treated microorganisms may also be used. Examples of the

treated microorganisms include cells treated with acetone, toluene, or the like,
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6 I nput device 7 Display device 8 External interface 10 Operation
unit 11 Conpound dat abase 12 Known reaction database 13 Parti al
structure database 14 Common structure database 15 UF dat abase 16, 17
D fference database 18 Virtual reaction database 20 Storage unit 21
Cont rol lwipbilp2d Deispicaganimins, diGlupledsmickoorasismshend celpdraevrpracts

A T AT - R
immobilized on a support according to a conventional procedures may also be
used.

[0159]

The enzyme described above or the microorganisms which have the
enzyme activity described above or treated cells of such microorganisms can be
added to a reaction liquid including C02107 and then allowed to be reacted usually
at 20 to 40°C to generate C00222.

[0160]

To carry out the step of converting the C00222 into 3-hydroxypropionic
acid, the enzyme named hydroxypropionate dehydrogenase can be used. The
enzyme is described in J. Biol. Chem. 234 (1959) 1666-71 and can be obtained by
purification, genetic engineering, or the like. This step can be also carried out
usually at 20 to 40°C. The enzyme, however, requires NAD™ as a cofactor, and
thus NAD™ should be present in the reaction system. To efficiently allow the
reaction to progress, the reaction is preferably coupled with conversion of NADH
into NAD*. In a case where a microorganism is used, it is preferred toiuse a
microorganism which has enhanced activity of the enzyme described above and
have the ability to convert NADH into NAD™.

[0161]

Preferably, 5-dehydro-4-deoxyglucarate dehydratase and
hydroxypropionate dehydrogenase are combin‘ed and allowed to react continuously
in a single reaction system to produce 3-hydroxypropionic acid from C02107. In
a case where a microorganism is used, it is preferred to use a microorganism
having enhanced activity of 5-dehydro-4-deoxyglucarate dehydratase and
enhanced activity of hydroxypropionate dehydrogenase.

[0162]

The microorganisms which have the ability to produce 3-hydroxypropicnic
acid and the enzyme activity described above, and preferably the microorganisms
which have the ability to produce 3-hydroxypropionic acid, enhanced activity of
5-dehydro-4-deoxyglucarate dehydratase, and enhanced activity of
hydroxypropionate dehydrogenase may also be used to produce

3-hydroxypropionic acid from a carbon source such as glucose by fermentation.
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a calculation unit to create a conpound pair and to calculate a

di fference value by subtracting the nunerical value of one conpound
of the conpound pair fromthe nunerical value of the other conpound
t her eof ; a determning unit to conpare the difference val ue of
a conpound pai ’Fheod’:ultdre cpedicione an b ehavpenesshioc ipurisyiak riebgrok ypapiosit h

t he dlffere ce val ue. of conpound pair of the reaction between which
i s unknoffit aa[ﬁd's S‘Hétieélr% °%& t he unknown reaction of the conpound
pair withotids difference value being coincident as a virtual
reaction; a generating unit to generate compound synthetic

pat hways Byoerse forf Predueingpiawe idsaiy! ene Bugadistgtds and edges
representing t r t

eSpect i vel y: ﬁed}%%m fo?@?&dﬁ%%&aﬂ%t&r@? a%/dothéygé Oégi;ﬁ% ébgﬂen fesent.

pat hway ﬁnmmmnsioamrlsngtlmosmpuﬁdom\mrang arget- C@@mnwmchtmauetgdfcmm,ethe

gener at ed_conpound s nt het i The sy the i C_pat

gener at i ﬁbepa‘gppcé’rné(?ﬂ °a?f§bq‘a&FWg%tt g’ E%{%F’rﬁyflm’é&%?l Qf’ﬁg he Stt%é dynam c
det er m Nabh@dHiMBisthRoGRERYINTOA ihiesdRynany L, theasphifl dohyediigut t he
sel ected synthetic pathway. 3. The synthetic pathway generating

appar at usreteenrdppdniorrelcayhnifebyds and dhppieBiodg oV THBE &FtorHed ey deal
yi el d de to calculate a (nolar) theoretical yield of
the tar gté Ozzgégn%glg]ngms)%/nt hesi zed by the sel ected synthetic pathway and
to determ ne whetdrey oot thrGtegtshef cmakrenningt@dt)(lrmcbmm)totahetoaeetybé:loAy| el d

is equal to or. larger th thre 4. A synthetic pathway
generatlﬁﬁnﬁﬁbg %é’a‘é%ﬁﬁﬁf’gllﬁa] mxy ygo%%r%qnﬁart t to convert
chemi cal 3shydi6k yHu@$l-0bAGRIPEY S 110¥A0 d@kiﬂ&’ftin(gadrotlﬁbrueféA into crotényli r st
calculation unit to create a conmpound pair and to calculate a first

di f f er ené&lehaf berndyeosiipi ngcPHE Yl RElChYsfReiTLe 4FotoRY A RICRIol ofREY B HBRIRH
eéﬂpmmraeﬁﬂaeg&medva%u@ opfthé B?cr%&%hs%@ﬁ’i‘éﬁd

d)
t her eof ; a gecond calculation unit to cal culate second
differ en@eweliwzumewbmta@tdmgrlbmabmmﬁ catd yad geef@mbb' dearti ng

conpound f.rom t he nuneti.c ue_of el co oun a

genorat 1 fjeamer g TPy B Yfalhe Pd FEPR aFRRGHERE Gt e

t ar get caﬂmwylaadAmﬁa@izyml acwuqftofclonsértdcétfoedscawceomahwes a
rein a total value of the firs encge

synt heti ¢ pat hway t fe

val ues .ﬁ@mo&wmfpé P HRReracHH Y He copxst .3dgvdew§6*ﬁﬂaé?é 1pi0e
t ar get C%FERQHﬂdCbﬁ G BOHACOd eM4yinhe &aﬁmgefbomv@hf&sf ?p@ox«aﬂnw@ 5.
The synt heti c” pat hway generati ng apparatus accord o claim4,

conpri si weetanylntelr etarmémné@m@eilerw@mcu@ttéﬁmcnnh@t G?ﬁtﬁnﬁtldﬂéﬁl}’éallmoe
a (ol ar), 4H ﬂraei%]?ofl‘ 36'8%' g{e%ftotmo& ﬁ%ec??t’[%%@g uSydit hesi zed by the

synt heti ¢ pa rmne r or not t e cal cul ated
(ol ar) ﬁﬂhﬁﬂetlcal yield is equal to or Iarger than a threshold
value. 6. The synthe

claim5, conpri&FRyma et"rfég%gga %%gnﬁbatl . a&iﬂﬁ{%’%gogglt Q?mt (r)Ie

t her nody RasfoscdtpREbRithé e RQY1-LHR a%yﬂﬂthﬂidf@ra@@tm/ﬁ&I.Q). An example
of the enzyme which converts acetoacetyl-CoA into 3-hydroxybutyl-CoA includes
3-hydroxybutyryl-CoA dehydrogenase (1.1.1.157). An example of the enzyme
which converts 3-hydroxybutyl-CoA into crotonyl-CoA includes enoyi-CoA
hydratase (EC4.2.1.17).

These enzymes are found in many microorganisms. For example,
3-hydroxybutyl-CoA is known to be synthesized from Clostridium bacteria or the
like via acetyl-CoA acetyltransferase and 3-hydroxybutyryl-CoA dehydrogenase
(Youngleson, S. at el., J Bac.171:6800-6807 (1989)). Itis known that a gene

encoding acetyl-CoA acetyliransferase, a gene encoding 3-hydroxybutyryl-CoA

51



7. A synthetic pathway generating nmethod by which a conputer
executes: a step of converting chem cal structures of conpounds into
nuneri cal val ues; a step of creating a conpound pair and
calculating a difference value by subtracti ng the nunerical val ue of
one conpéeidiregenase adrpenednsaimet e -Cod kfiyaiepe are Rgped wfthehe

ot her co e T pind a : [l t i

val ue of TRE ks ehecicntg cofff o} B BLur AR Bthe i et oFL REE,
known w ihtHehscdirfd @hercombedld. we cdf Atrdte BooipouBappas.rl 7kl 357§ €EXAG)DN

bet ween which,is n : d determnil nr t.ion. of the
conpound ﬁ%g’rs'vﬁ“fjtg]cgﬂgzmﬁi’fj? %ﬂ%‘n %FSE%&?’%@%@&Q@%&%% ﬁt ual
reacti ongac, 132;5385%% ¢paofy).generati ng conpound synthetic pat hways by
use of nodes representing the conpounds and edges representing the

known redt65n and the virtual reaction respectively; and a

step of sel ecting,aosxnl DoLiiGoAIR! NI A0S A B CAMOUATL A8

target conpoun t “of the generated conpound synt’hetic pathways.

8. The symtiebtigenpatshwaihugertenat hoygy soeh hodsdeearhdh ngl! iousddaiom 7,
wherein the cqonputer qéic%t S..a stef gf det§rninin t her,nodynam c

f easi bi | FYheEut AT Atk s EHHTREL? COBRMAEF T PAER Syt het i ¢
pat hway ggriassAlCHe reRichad, FBRMN ditng chHyifd adiNeftifd cfbtoNFleC €A infohe
conmput er executes a step of calculating a énolar t heoretical yield

of the tardjenylcddpudadand/mepis paeding cronenyd @l wboehy SpRerRsel B0 nay
and det egyd g gle%%wﬁrnrgosmmhl tdnﬁhgﬁéﬁu %fﬁ%{rﬁ”&ll:@l’ic)l tDGRAShI Rhe
a resno \Y

yield is equal to or ger than a alue. 10. A synthetic
pat hway gestesmak iandsoltrivdda by/iwhi ch a conput er executes: a step of
converti E&@;&em cal structures of compounds into nunerical values; a
step of ing a conpound pair and calculating a first difference
val ue Dby subtTmCipeddid SampleesT £ ahndlakiGonitheOfcCRRPIiMGErofony €0

Conpoundrtgi?lic{as]; raggin tltlehgenneugﬁci)idicnagl cr\établnlﬂlf? al(?:foh:[:: lhgeh(gftd?(? gren(e:lgenEI?dUQ %réc@gg ?oorf :
producing the microorganisms which use such candidates to produce crotonyl
alcohol by fermentation are described below.

[0167]
<Candidate for Gene Encoding Crotonyl-CoA Reductase {Reducing Enzyme
Which Produces Crotonaldehyde from Crotonyl-CoA)>

Reduction of crotonyl-CoA is catalyzed by an enzyme which reduces
coenzyme A ester. An exemplary candidate for such an enzyme is
cinnamoyl-CoA (having a 2-ene structure) reductase (EC 1.2.1.44) (CCR). The
cinnamoyl-CoA reductase is necessary for lignin biosynthesis in higher plants, and
thus such an enzyme is believed to be ubiquitously present in such plants. Two
isozymes named AtCCR1 and AtCCR2 exist in Arabidopsis thaliana. AtCCR1
has a homology (protein sequence homology) of about 82% to AtCCR2, and each
of the two isozymes is functionally expressed in Escherichia coli (Lauvergeat, V.
Phytochemistry. 2001 57(7):1187-95). According to the result, the isozymes
show different reactivity depending on the substrate. For example, AtCCR1 is
about 5 times reactive toward feruloyl-CoA and sinapoyl-CoA than AtCCR2.

Similarly, a CCR protein from poplar is also expressed in Escherichia coli

and has been studied in detail for its substrate specificity. According to Li et al.,
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a step of calculating a second difference value by subtracting the
nunerical value of a starting conpound fromthe nunerical value of a
target conpound; and a step of generating, by use of the
starting conmpound, the target conpound and the plurality of first

di f f er enamonglthesinnamsyhCodtsi daep@CRv;ﬁytmﬁlémmi poplat baatheviabhest affitive

first difference values.in the s et C fro | n

L omound g B BiehEn gerciasmtne T8 e BEAULR frithe Flgugnall Phidor

differ en@@oyakfnﬁa 1073182 ThQ‘h%Mli‘ﬂthak & rRGddMNRVrEaNS IFat EdT8edyBidwd

according to claim wherein the conputer executes a step of

cal cul at RR§ousk thsl %@I)l 'hap ageaer by %%qumh@aftamgé%lowhﬁ@mnd

Synt hes! 2gH: . ¢08, SELRELATCSXTLAELL G PBNEAK.AD0_IPAECELAg, 1F! Ner
ar ual to or

or not the ¢ at ed eoreti cal e ar ger
than a t tafiémltwfd Nhkd&@xyﬁﬁulo?h@oswmdmhapomaIMByTgemﬁnatappgenetHaod
accordi ng to cl 11, wher 1 ute execut a s ep_of
Gt or i T H Ao, TSt BA Mt 3uBg RS o oy o Ur B RbahE pROHEE fies
pat hway. wlidelyAasyintheddisifat ey SRBepRhty B cRIdedhe BeddseqiBiédNeh@dding
comput er execute: a step of converting chem cal structures of
conpoundsinmme yhiivdy iedartasal inelding Kty inierdr Eapinip! & adeRPHIGAd pai r
and cal cgJ %ﬂu@gbz{%o%rf L&; 9?ﬁ&o%ﬁ}r9ﬁa%ten§“bt racting the nuneri cal

val ue of "o conpound e conpou pair fromthe nunerical val ue
of the ofdei8]conpound t hereof; a step of conparing the
differ enﬁ 11\jal\lf\ﬁ of the compound pair of the reaction between which
is al read{®?¥fd with the difference value of the conpound pair of
the readigepa Nghaveen whi ch GenpHHnOMRssiopd deSQirbi BB drBamisakhown
reaction of the conpound pal r wwth the difference val ues being
coinci dent as a virtual red¥ion; a sfep of generatl ng

conpound &yt hetic pathwaylsy eyomoqj nodes L"?Mb?‘? %ggfhng .

conpounds and pdnpc represlenting he known r :.m'rln -t ual

reacti or UCﬂs;pectl vely; "and NC_ 00307a.%t ep of s,erlaéa:d’apmg; hatiyni heti c
at hwa a a1 ou e
P Yy from Starti ng C :}@8 O d tdarget ﬁopllﬁ mg—out—of—t

gener at ound synt het 2 RS . us trichocarpa
CCR7 NC_008465.1 Populus trichocarpa
LOCI100251623 NW_002239841.1 Vitis vinifera
0s08g0441500 NP_001061909.1 Oryza sativa japonica
Sb07g021680 , NC_012876.1] Sorghum bicolor
PHYPADRAFT_ 111821 [ NW_001865258.1 Physcomitrella patens

subsp. paiens

[0169]

_ As with cinnamoyl-CoA reductase, some other enzymes catalyze redox
reaction of aldehyde with coenzyme A ester. Acetaldehyde dehydrogenase (EC
1.2.1.10), which catalyzes conversion of acetaldehyde into acetyl-CoA, is
involved in the metabolic pathway which converts ethyl alcohel into acetic acid.
Acetaldehyde dehydrogenase of Escherichia coli which may be available as a host
is encoded by the adhE gene and the mhpF gene. The mhpF gene forms an operon
with the 3-(3-hydroxyphenyl) propionate (3-HPP) catabolic pathway genes, and is
believed to catalyze the terminal reaction in the pathway.

Pseudomonas putida strains also contain plural acetaldehyde
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14. The synthetic pathway generating program according to claim13,
for maki ng the conputer execute a step of determ ning thernodynam c
feasibility about the selected synthetic pathway. 15. The synthetic
pat hway generating program according to claim 13 or 14, for making
t he conpdebydiegemsee altds eipowi t@altmﬁ@pﬁggnafqm@n)wpttrheowéln thgagenes
yi el d of 0 Y, esi zed selgac nt hetic
pat hway ah(c;j()ddeg (tal?erﬁg rr?i(%fhIHP qeuq’i'ue% fg% Phe mf% %t ‘HQXV flgg)u ?dFO?%ﬁ%érg

t heor et i dagragheibal, drsl tﬁqmgahe ia)emreésaﬁ Gehantabdne ﬁoxtmrresmﬁedicwai b 16. A

synt hetic_path generati_ng pr m f.or King. a co uer xecute: a
step of égg‘ﬁ&’r"f% e&ﬁg cgla%ts"t‘?:ﬁ %@e f3n§ —g" Inpg! PF @8

val ues; eron with tﬁé %he‘%ffoP&ﬁ@édencgeo@acfa‘?mﬁoi’snﬂs@ﬁh6wﬁflﬂa§aﬂ’ Q}JbﬁtG@ﬁe a
first dlfFerence val e by subtracting the numerical val ue of ohe

conpound 166(DH@9¢bAPGIndMsaise Aldleim. t hbineutie i wal Kizaswse, 6D (Tvsiost S
d t i I b
cubtr act PR0E RS iR Bk ' R PR RES S AR e T ™

numer i call.2.all8¢ nofy #Asd Be gedd. conpound; and a st ep of

generat i 28 y use of the starting conpound, the target conpound and
t he plur 119 of first difference val ues, a synthetic pathway wherein
a total \{@Jﬂﬂ@z?f the first difference values in the synthetic pat hway
f r om t he—starting—ecenpounrg—to—thetarget—ecoRpound—+s—coineirdent with
t he secqiiendiNdmes ence val JdienBagk Afiesssymt hdtSourgravihevayragarset at i ng
programijaccording to clai 16, for meking the conputer executeg a step
of calculating a (nmolar) t e%retical yield qgf the.target conpound
synt hesi|zgighPby the sel ect ¢chsgmi4sati ¢ pat hwa\Esanehicuatceink41i2ng
whet her |or not the cal cul ated (nol ar) theoretigal J%I eld is equal to
or larger than a threshol d value. 18. The gy#PHE(HE/FaE hway
gener at iing;program accor di|pgp t49s¢sphm 17, fqr Swlma t.ng £oput er
execute |a step of determni ng‘therm)dynamc fEaS| bility about |the
sel ected synthetic pathway. substr. MG1635
dmpF X60835.1 Pseudomonas sp.
CF600
todl U09250.1 Pseudomonas putida
F1
adhE NC_001988.2 Clostridium
acetobutyviicum ATCC
824
Aldhé6ai NC_000078.5 Mus musculus

[0171]

An enzyme which catalyzes the redox reaction of a long chain aliphatic
alcohol with coenzyme A ester may be useful. Some bacteria such as
Acinetobacter are known to gencrate a wax ester.  One of the enzymes
responsible for such generation is hexadecanal dehydrogenase (acylating) (EC
1.2.1.42) encoded by the Acrl gene (Reiser, S. and Somerville, C. J. Bacteriol.
1997 179, 2969-2975). The Acrl gene has been cloned, and the activity has been
confirmed using Escherichia coli as a host.

[0172]
[Table 3]
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19. A method for produci ng 3-hydroxypropionic acid, conprising the
step of reductively decarboxyl ati ng oxal oacetate to convert

oxal oacetate into 3-hydroxypropionic acid. 20. A nethod for

pr oduci ng—3=hydrexyproptontec—acte—econpristAg—cutturing— e nedi um
cont ai ni|dgeng Nambon sour cg,GenBenk desespaen sm |Wouete Maerophganigs ity to
produce |3- hydr oxypropi oni g,acid and the enzynme activity to
reducti vely decarboxylate oxal oacetate to canvert oxaloacetate into
3- hydr oXwpriopi oni ¢ aci d, t/hetely4adliowi ng t q Acedabhate
3- hydroxXypropionic acid in the mediumor thg cells; and colledting

t he” 3- hydr oxypr opi oni ¢_acild from the nedi um|{d®“tRE"Eed%s. 9 1] A

met hod fiqg.or oduci ng 3- hydn@xypr@phani ¢ aci d,4508MEkSENY the sttep of
reducti vel y decarboxyl atirg oxal oacetate to jconvert oxal oacetate into
mal onat §; and the step of [converting nal onat|@aumeen8-4%Er oxypriopi oni c
aci d. 22.0f5 thod Tor produci ng 3- hydr oXypropi oni ¢ aci d, comprising
culturiné, 1" a nmedi um contai ning a carbon source, a m croorgani sm
whi ch hascdanaidabd fort(ereOE ffo@ehCerclomyIdCIRsNAI DEhRRb gerRge WDekiRo ZYEE
activity to reductively decarboxyl ate oxal oacetate to convert

oxal oacetWbighiPapduses|(GRtang] Aderhof Ferekzotenybetdehyds™ t o convert

mal onate into g r I OnJ i 1 e
3- hydroxypropil?;?lclmc(::(Eli(g{gi>$%ifl%irrﬁ[3'lt1 ﬂeél(r&r% i Sﬂ]s Séaﬁ%azbﬁléwgn hgé%’i"%g@#igﬁg@
t he 3- hydrbkyipr ofuodnig eazymle prafemabhehasddichmeantivityetomakd g .2-e13] -ohe

met hod faq roducing nmal gna onprising { st of .r.eductively
ocar boxyIAE RS oRa s Ses ST rapt B i ad afldid! pfBE Famniar o
24. A nethosiddary @keQdiEI ri)garehyfIS %) poapicont eredBidk uszonpri si ng the
step of decarboxylating pyruvate to convert pyruvate inLo f or mat e;
and t he ér@ﬁl%lwle@mrwﬁ-glW%@f‘éwfi&tw#@hﬁwﬁ@wi@&ﬁ#e_ i€ 2aibgiratens,
A net hod (f ol REOGUE] BY, ﬁEﬂEW%VREQ@O@Q'%@)’%% o4 oMuHeR I REDAY! LMUfdNY,
in a medium containing a carbon source, a m croorgani smwhich has the
abi lity toapelsdbeeddnyidyeicorypfropi asile inevaexniaesedrinisehadthivico)i and
decar box te pyr t conver vate into for e, a h
enzyme. adt A e bR ARt h SR R I Bop BTG i BOGk 1hors

t her eby altlowd pgrahiz] a¢ cmnaal alcdhby ay 9xyisiope.onThuathetnzivetdaa medi um
or the cells; apd collecting the 3-hydyoxypraopionic acid frqmthe
medi um oFa‘tafP@eéEFF%‘?ucé‘QP oA ‘Pﬂbbﬁfiﬁgy‘%r‘b%lg%%[ﬁ)ﬂ“? ﬁ‘hf?géé ®5i ng
the step (QfindevacboxyA Al BidcBdth UMahey st 0eamee T 12) pyn uval e iISithRarly,
formate. 27. A nethod for producing 3- h¥droxypro ionic acid,

conpri si HGCARY srdeptOpDEowherh iragimepnd 2l¢qbs! Syhydipgendse (BEi d) - 1i o
C00222 ( 3 2 an t 3 [t '

> hydr oSty ar SARAAGEl hiaryHeld ech By AP B L8 o Rty

3- hydr oxygppwepsioniic Fackaticiconph i(Yowmy B.udstadr,iOrg, Biomal. f8anun2@intéai ni ng
a carbon %rgg a m croorgani smwhich has the ability to produce

3- hydronE -dl flc aci d, the enzyne activity to convert CO2107 into
C00222, apr74ihe enzyne activity to convert C00222 into

3- hydr oxypropi oni c acid, thereby allow ng to accumul at e

3- hydr oxypr opi Ot tlcakq!dlehidagansrscirgpiiest By Hie fkadbsienadtPol | ect i ng
the 3-hy g oeRERPLAN GertShd ARPsE NG [RILWRLOT. L&, S8tk Smophiles. 2007

11(2):257-67) and the alcohol dehydrogenase encoded by the ZMO1696 gene from
Zymomonas (Kinoshita, S. et al., Appl. Microbiol. Biotechnol.1985 22:249-254)

have also been reported to oxidize allyl alcohol. Thus alcohol dehydrogenase
from a procaryote may be used in the reaction described above. The alcohol
dehydrogenase purified from Escherichia coli No. 17 strain has been reported to
catalyze reaction of allyl alcohol with acrolein (Otsuka, K, J. Gen. Appl.

Microbiol, 1958 4(4):211-215). Thus in a case where Escherichia coli is used as
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29. A nethod for producing C00222, conprising the step of converting
CQ2107 into C00222. 30. A nethod for producing crotonyl alcohol,
conprising the step of converting acetyl-CoA into acetoacetyl - CoA;
the step of converting acetoacetyl-CoA into 3-hydroxybutyl-CoA; the
step of edwserh¢ algoBelbyrhydrydrnnsd inGbA hiont earchoteppetedCmAcatalyec dteep of
convertin g.r at on l’E %}A into crotonyl al dehyde; and the step of
converti h‘g“ P8t 8?\%}[’ G ﬁ’é’ﬁ?de into crotonyl alcohol. 31. A nethod for
produci ng cr ot Qndughl e R0dohoC QWY dr 841G s € tlot hb g (£ dudcdBRAidMiver has
containing a carbon source, a m croorgani smwhich has the ability to
produce EPbPERTyICPATIBHOPSE EifFsaT a&tﬂﬂwg? £y arsybewy sptian e grzyapahint o
acet oace : LVi 4.0 l: = J .t o
Py dr ot R b e S B Yeon
i nto crotopsdterGdAldt¢tyded eyancaltR iev al, yWCheon. dbasv dpkicol.0R 60R: 1-5GBA i nt o

a1 oyt PRLACRot o hrCuRaroor Kk abpral ol 8 bron Bl e ame

crot onyl nalyagbelodonyk dide Rt 450 Substriate weddtslyz@ade &dtlcaclehtgort. e
crotonyl _al cohol fromthe nmediumor the cells. 32. A nethod for

pr oduci néogét]adi ene, conprising producing crotonyl alcohol by the
process ggagLding to claim30 or 31; and dehydrating the resultant

: . .
cr ot onyl—at-ecohol—to—gi-ve—butadi-ene—SEQUENCE |} STHHNG-<110>

M t subi $sKien€hamiecal Cor por &enBank A20ess BYNTHE BloGr RATIHWAYT gBENERATI NG
APPARATUS, SYNTHESI S PAT Y GENERATI NG METHOD, SYNTHESI S PATHWAY
GENERATI 13- HYDROXYPROPI ONI @ ACI D,
CROTONY[L 21 COHOL  AND BUTADNENBoS1805 B11111- k43605458 JP201Q0- 281794
<151> 2(10-12-17 <150> JP2011-179573 <151> 2011-08-19
: cerevisiae S288¢
ZM01696 NC_006526.2 Zymomonas mobilis
subsp. mobilis ZM4
alcdh ABO084581.1 Flavobacrerium
Jrigidimaris
GEDH AY879284.1 Ocimum basilicum
GEDHI1 AY879285.1 Ocimum basilicum
yghD AACT6047.1 Escherichia coli K-12
substr. MG]635
AtCAD4 NC_003074.8 Arabidopsis thaliana
AtCADS NC_003075.7 Arabidopsis thaliana
[0176]

<Specific Example of Production of Microorganisms Which Synthesizes Crotonyl
Alcohol by Biological Method>

An Escherichia coli strain which has the ability to produce crotonyl
alcohol can be produced using a common technique of molecular biology {(Ausubel
et al., Current Protocol in Molecular Biology (2003); Sambrook et al., Molecular
Cloning: A Laboratory Manual, 3rd Edition (2001); and the like) and the procedure
described below.

For example, the CCR1 gene from Arabidopsis thaliana {Genbank
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<160> 4 <170> Patentln version 3.3 <210> 1 <211> 2802 <212> DNA <213>
Escherichia coll <220> <221> CDS <222> (1).. (2799) <400> 1. atg cag

aac
Ser
aac
Gn
gao

ago
Al a
cag
Ser
t og

got ttg aaa gcc tgg ttg gac tot tot tac etc tot48 Met G n Asn
Lou Lys Ala Trp Lou Asp Ser Ser Tyr Leu Ser 151015 ggo gca
AGerseya Me-aNgad0¥H§- %)t%ldtth@ GfdaHgene fiom Qef”a@e@@s@cymm a Asn

nglgalnﬁ agcgss%leJeHYE%ng 9 ﬁ%ﬁ rﬁ}gﬁ t!r%é{h %3%%38](%&11%9%6

ao got aac tgg cgt ttc ¢
placed downstream ofthe lac promoter in the Escherzchza colz plasmid vector pUC

19 (from Takara Bio Inc.) to construct the plasmid pCCR1-GEDHI1. The
Escherichia coli IM109 strain is transformed with the DNA of the constructed
plasmid to produce a recombinant Escherichia coli strain which includes CCR1
and GEDH1. This Escherichia coli strain is named JM 109/pCCR1-GEDHI.
[0177}

The IM 109/pCCR1-GEDH]1 can be cultured by a method weil known to
those skilled in the art (Seibutsu Kogaku Jikkensho (2002) edited by The Society
for Biotechnology, Japan; Vogel, H. et al., Fermentation and Biochemical
Engineering Handbook, 2nd Ed.(2007); and the like). For example, the
Escherichia coli IM109/pCCR1-GEDH]1 can be plated on 100 ml of minimal
defined medium supplemented with 20 g/L of glucose, 50 pg/ml of ampicillin, and
0.2 mM IPTG (isopropyl-B-D-thiogalactopyranoside) and cultured at 37°C for 24
hours or more using a flask. In a case where a jar fermentor is used to culture the
strain, the conditions such as the substrate feed rate, stirring speed, airflow, and
pH can be controiled within a proper range. An anaerobic condition, a
microaerobic condition, or an aerobic condition can be selected as needed. A
culturing system such as a batch culturing system, a semi culturing system, and a
continuous culture can be freely selected.

[0178]

The concentration of the crotonyl alcohol in the medium can be measured
by high-performance liquid chromatography, gas chromatography, gas
chromatography-mass spectrometry {GC-MS), liquid chromatography-mass
spectrometry (LC-MS), or the like.

[0179]

Expression of the CCR1 gene and the GEDHI1 gene can be examined by a
process well known to those skilled in the art such as northern blotting, real time
PCR, and immunoblotting.

[0180]

The Escherichia coli strain IM109/pCCR1-GEDHI can be modified by a

common molecular bielogic technique (Ausubel er al., Current Protocol in

Molecular Biology (2003); Sambrook et a/, Molecular Cloning: A Laboratory
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Asp Pro Asp Ser Val Asp Ala Asn Trp Arg Ser Thr Phe G n G n Leu

354045 cot ggt aog gga gtc aaa cog gat caa tto cac tot caa aog cgt
gaal92 Pro Ay Thr Gy Val Lys Pro Asp Gn Phe H's Ser Gn Thr Arg
G u 505560 tat ttc cgo cgc ctg g aaa gac got tca cgt tac tot toa
aog at e24@armat, Pﬁe‘id&ﬁgn/(@@ll)bmndgmm lll_iyes) tAsp:pm‘ea Berpradigretiyry Geero8eryl

URIER N R R R TN

Gn Leu Ith@c&S&Q&&l@c&@;l gecaiutcaen@@anwtpcmme ggtrea&a@ hageaalkagg aat
ctc gat cog otg336 Asn Ala Tyr Arg Phe Ar? G %/I Hs Gn Hs Ala Asn
&

Leu Asp B O‘LQB“%%FI’@S’IBO agy a0 éﬂj Ry O ¥ Uy Wati teadiathg ey 26 aghitet g

gat cog t T LN ) p Leu Asp
Pro Ser tlgﬁ;é bElegp]%Z:éL‘%?fb ﬁz%fOL@%he éﬂ%yﬁi CQ t)@ﬁ&rkyﬁ n\/ﬁljo‘;ﬁ‘l“ S

productivity of crotonyl alcohol. The productivity of crotonyl alcohol may also
be improved by, for example, disrupting a gene of an enzyme catalyzing a reaction
which produces by-products. A cycle of mutagenizing the strains by NTG or
ultraviolet light and then selecting the strains having improved productivity of
crotonyl aleohol may also be repeated.

[0181]

<Process for Producing Butadiene >

The crotonyl alcohol obtained as described above can be dehydrated to
obtain butadiene. For example, Adams ef al. has reported that butadiene is
produced from crotonyl alcohol over a bismuth molybdate catalyst (Ind. Eng.
Chem., 1969, 61(6), pp 30-33). Butadiene can be produced without use of crud
oil by producing crotonyl alcohol from a sugar such as glucose by fermentation
using microorganisms, and then converting crotonyl alcohol, which is isolated as
needed, into butadiene by the method of Adams er al. or the like.

[0182]

Working examples will hereinafter be described. The embodiment of the
present invention is not, however, limited to the following working examples.
[Example 1]

[0183]

A first working example (which will hereinafter be referred to as an
Example 1) according to the present embodiment will be discussed. Example 1 is
a specific example of how the compound synthetic pathway is generated based on
the virtual reaction method executed by the synthetic pathway generating
apparatus 1, however, numerical values according to Example 1 are
exemplifications, and the present embodiment is not limited to the numerical
values in Example 1.

[0184]
In Example 1, the compound database 11 is stored with items of data of the

nomenclatures and the chemical structural formulae of 13,213 compounds by using
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gat ctg acc gaa goa gao ttc cag gag acc ttc aao gtc ggt tca ttt432
Asp Leu Thr Gu Ala Asp Phe G n Qu Thr Phe Asn Val Ay Ser Phe
130135140 gcc ago ggo aaa gaa ace atg aaa etc ggc gag otg ctg gaa goo
ot0480 Ala Ser Ay Lys Qu Thr Met Lys Lou Ay Gu Lou Lou Au Ala
Leu 145156r55¢60ataad thanomeeclataces ol Ygcheogedtstrugytralgfoomybe ¢fatheat g

s Tl Trpgaty bodraelth g glS galabas Sud R i B s Sompoul ot o

gag tot g@biscgedTHtiReK ETIY d4thbase Hehy DAt Jﬂﬁhddoﬂm@uﬁd@oﬂwﬁﬁ&tﬁr'&?tt
Au Ser Ay Arg. 180185190 gQg act ttc sat ago gas gag aaa aaa cgc C
tta ago gaé‘éltﬁ?gh%\‘&bcé &“}A‘Ftagaf%iarrﬂ'ﬂée%ﬁh%éﬁ*g@ Gprapoyndy §inchding g Phe

Leu Ser Cﬂdﬁ-ﬁeﬁuramsm%%ﬁ@&g?Oﬁvi@??esg@& 9281 B M for9aeif He kBGFLC 99C
gca aaa tto cot ggo gca6/
database, the items of data of the nomenclatures and the chemical structural

formulae of the compounds are stored in the compound database 11 by
downloading KFC-formatted data notated by KEGG ATOM TYPE from the KEGG
databasc. Data of compounds not registered in the KEGG database are converted
into the KFC format by use of KegDraw tools.

[0185]

Under the conditions given above, pyruvic acid is specified as the starting
compound, and 3-Hydroxypropionate is specified as the target compound, in
which the generation of the compound synthetic pathway is started. The control
unit 21 executes the process of S601 in FIG. 6, whereby the UFs of 13,213
compounds are created and stored in the UF database 15. The control unit 21
executes the process of 5602 in FIG. 6, whereby approximately 174,000,000 DFs
are calculated and stored in the difference database 16.

[0186]

About 134,000 unknown reactions are determined as the virtual reactions
by the control unit 21 executing the processes of 8603 and $604 in FIG. 6, and the
control unit 21 executes the process of S605 in FIG. 6. The control unit 21
executes the process of 5606 in FIG. 6, thereby creating the graph (network)
containing the known reactions and the virtual reactions.

[0187]

The control unit 21 carries out the process of $607 in FIG. &, whereby the
search for the generated synthetic pathway is done by the forward search
algorithm in which the starting compound is defined as the starting point, and the
target compound is defined as the ending point.

[0188]

Under such a condition as to select the synthetic pathway from the starting
compound to the target compound that involves four or less number of reaction
steps, the control unit 21 executes the process of $608 in FIG, 6, thereby selecting

the synthetic pathway from the starting compound to the target compound that
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Ala Al a

Gu @y Leu Au Arg Tyr Leu Ay Ala Lys Phe Pro Ay Al a

210215220 aaa ego ttc tog otg gaa ggc ggt gao gog tta ate cog atg ctt
aaa720 Lys Arg Phe Ser Leu Qu Gy Ay Asp Ala Leu Ile Pro Met Lou
Lys 225230235240 gag atg ato cgc cac got ggc aac ago ggc acc ego gaa

gtg gtt
Val Val
aac gtg c
Asn Val
ggt aaa
Gy Lys
atg ggc
Met Gy

an¢aiges [gug opdess| numbsr @f Heactiingst sy AémﬂeSemlGa)poﬂlmoArag; @ u

o4 2AR230700, 909, 0401960530, S, A1, R €18 230, AL 19 010

Lﬂm ﬁzylvaﬁe%szms aambanaf eithat déa s sItE}gs &E@c@ﬁﬁolgﬁﬁh 110 gee
cat aaa_gaa864 Lys Lys Pro Gn Asp Leu Phe Asp Qu Phe Al a
ﬁi"écﬁ%”’% Ry OE%?S"O%’ B 16t & H&ée%vc@tg@tm@ato gftlgpcaalél Wathesigo

'lfg%ﬁl\i%@ asQhe 9ARRAZe g‘hﬁﬁv\’agk‘ iy il aBok ARpold boXRe Tathedd S
he Ser Ser Asp 2902953

compound.

[0189]

The control unit 21 executes the processes of $610 and S611 in FIG. 6,
thereby extracting 24 compound synthetic pathways as the synthetic pathways
having the thermodynamic feasibility from the 50 compound synthetic pathways.
Glucose is specified as the raw material compound, and the control unit 21
executes the process of 8612 in FIG. 6, thereby generating the synthetic pathways
{rom the raw material compound to the starting compound. In this case, the
control unit 21 refers to the data about the metabolic reaction of the Escherichia
coli, which are stored in the known reaction database 12. Then, the control unit
2] executes the process of 8612 in FIG. 6, thereby calculating the (molar)
theoretical yield (%), derived from the raw material compound, of the target
compounds synthesized by the synthetic pathways extracted in the process of 8611
in FIG. 6. The glucose is specified as the raw material compound, and, under
such a condition as to extract the compound synthetic pathway for synthesizing the
target compound of which the (molar) theoretical yield (%) derived from the raw
material compound is equal to or larger than 200%, the control unit 21 executes
the processes of 8613 and S614 in FIG. 6, whereby 13 compound synthetic
pathways are extracted. The control unit 21 executes the process of S615 in FIG,
6, whereby 5 compound synthetic pathways are extracted as the practical synthetic
pathways.

[G190]

The finally extracted compound synthetic pathways contain the pathway '
(pyruvate — o-alanine — B-alanine — malonate semialdehyde — 3HP
(3-hydroxypropionate)), which was discovered uniquely by Cargill Incorporated
and disclosed in Patent document (W0/2006/022664) (refer to the following

Formula 1).

60



ttc cag ace gat ggc ggc ctg gtg cac ctg gog ctg gog ttt aac cog960
Phe Gn Thr Asp Ay Gy Lou Val Hs Leu Ala Lou Ala Phe Asn Pro
305310315320 tot cao ctt gag att gta ago cog gta gtt ate ggt tot gtt
cgt geelO08 Ser His Lou Qu Ille vVal Ser Pro Val Val Ile Ay Ser Val

Arg
ctg
Leu
gtg
Val
gtt
Val
ace
Thr

Al a
oca
Pro
gtt
Val
ggc
Ay
acc
Ser

o

325330335 cgt ctg o0 agajoft gat co 0 ago sac aaa gtg
at e H366n ragichou ASH%E‘Fﬁ‘g/g\lrﬁéﬁ“Agpﬁ‘G%@%r/oﬁ@ Ser Asn Lys Val
Il e 340345350 acc .,afc cao’ggt gac @e@o gca gtg ace ggg cag ggc
cag gaall04 Thr Ile Hs Ay Asp Ala Ala Val Thr Ay Gn Ay
G n du 355360365 ace ctg aac atg tog aaa gcg ogt ggt tat gas

ggt acg gtall52 Thr Jeu Asn Met Ser Lys Ala Arg Gy Tyr Qu
0

d yv?FhEIrééaﬁon?,?O?:,@% ogt atc gtt ate sac aaolc’ cag gtt ggt ttc
tot aat cog ctgl20 g Ile Val Ile M Mh/GiA’H\Val Gy Phe Thr
Mh Pro Lou a-a[:::izne B -alanine
N --+ Formula 1
pyruvate v

malonate semialdehyde

Cargili route C NADH D

NAD+

Y giucose 3HP

[0191]

The enzyme for converting a-alanine into fB-alanine is the non-natural
enzyme produced by modifying Iysine 2,3-aminomutase (EC 5.4.3.2) but is not
registered in the KEGG database. Further, other 4 synthetic pathways, which are

finally extracted, are given in the following Formulas 2 to 3.

Krown reaction % EC1.11.92 o
Q
> HQ’Q)\OH + 02
R / \

CO34E®
NADH NAD+

$38000

o]

Virtual reacti oH
ifual reaction Hom / \ ?ﬁ;s\jw +(::02

Y

Oxaloacetic acid /
NADH NAD+ /
i < »~+ Formula 2
T, { -
T - . - ’
r .\“"*--"_w______ __“_,,,N—-""df
Y Pymvate * % glucose
\\ /
__— ATR

M
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385390395400 gat goo cgt tot acg cog tac tgt act gat ate ggt aag atg
gtt cagl248 Asp Ala Arg Ser Thr Pro Tyr Cys Thr Asp Ile Ay Lys Met

Val
gtt
Val
aaa
Lys
ggc
Ay
t at
Tyr

Gn
gee
Al a
cgt
Arg
cac
Hi s
cag
Adn

405410415 gee cog att ttc cac gtt aao gag gao gat cog gaa gee
ttt1296 Ala Pro Ile Phe His Val Asn Ala Asp Asp Pro Qu Al a
Phe 4%%%%4%9 gtg ace cgt ctg gcg cto gat tto ogt aac ace ttt
gat gtol AVal Thr Arg LeLlECA*I2a4 Leu Asp Phe Arg Asn Thr Phe
Asp Val 43 4404&59H ttc ate gac ctg gtg tgo tac cgc cgt cac

aac gaa g&e¥gaol392' Pie e ale @ys~Fyor 4% Arg Hi s
M du Ald"Asp 450455460 g@é cg&;;go g% ace cag cog ctg atg
aaa ate aaa aaa cat1440 Qu lI-ii’ro er Ala Thr G n Pro Leu Mt
Lys Ile Lys Lys Hi s 465470475480 o ¢
Virtual reaction Ho’u\/l'k‘,rc’"‘ + H20 /\ » EQMM +C02
Q Uk k)
Oxaloacetic acld Malonic acid /‘(
NADH NAD+ N/ e Fo
/ ~L rmula 3
T v 3HP
—A__ )
’\\‘ Pyruvate *+— = S % glucose

'\\ e " ATP

e

H EC4.1.1.71 o
Known reaction oj\/\j\on , H n
+ CO2

o
tuonze s£80ts

Virtual reaction H’c],tm N HT +C02

pyruvate f,/
/,' ««+ Formula 4
i
¥
]
malonate semialdehyde
. >
¥ glucose IHP
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cog aca cog ego aaa aft tac got gac aag ctg gag cag gaa aaa gt gl488

Pro Thr

Pro Arg Lys Ile Tyr Ala Asp Lys Leu u Gn Qu Lys Val

485490495 gog acg ctg gaa gat gee ace gag atg gtt aac ctg tac ogo gat

gcgl536 Ala Thr

Lou Gu Asp Ala Thr Gu Mt Val

Asn Lou Tyr Arg Asp

t cog atg
Al a 500505510 ctg gat go c gat ta gig goa gag tgg cg
aac atgl584 Lou Asp Al a Cﬁ“dg]ga 4.930 g’?f’ﬁ%"'ﬂ’?ﬁ“‘% gcfﬂaf—'d u Trp Arg Pro Met
Asn Met 515520525 cac t toﬁ e acc tgg tog C oto aac cao gaa tgg
gac gaa gagmﬁﬁﬂrehltt&nSem u M Hs GQu Trp
Asp G u G u 530535540 }a€" co§ aao a a t gcg g aag ego otg cag gag
ctg gcg aaa cgcl680 Tyr Pro Asn Lys t Lys Arg Leu Gn Gu
Leu Ala Lys Arg 545550555560 ate a ae"Ogtg COog gaa gca gtt gaa atg
cag tot ego gtt goo aagl728 Ile Sef™Thr’ \/al Pro u Ala Val du Mt
in Ser Arg Val Ala Lys
e "1 g

Virtual reaction O mﬁﬂ g OH 3HP

H‘\ofH 0‘/”‘\0
{5,SHarimte hydrodyase cogogr  CODELL ‘
Pseudoi%:ifl putida 2o _,f: NAD+ NADH - Formula 5
2 3 / .
HDJ\/“ErQ '_../"'

j ¥ glucose

\ Pyuvate

[Example 2]
[0192]

A second working example {which will hereinafter be referred to as an
example 2) according to the present embodiment will be described. Example 2 is
a specific example of how the compound synthetic pathway is generated based on
the optimization method described above, however, the numerical values
according to Example 2 are exemplifications, and the present embodiment is not
limited to the numerical values in Example 2.

[0193]

In Example 2, the compound database 11 is stored with the items of data of
the nomenclatures and the chemical structural formulae of 13,213 compounds by
using the items of data of the nomenclatures and the chemical structural formulae
of the compounds registered in the KEGG database and, in addition to the
compounds registered in the KEGG database, the items of data of the compound
nomenclatures and the chemical structural formulae of the target compounds
{(including the non-natural compounds}. With respect to all the compounds in the
KEGG database, the items of data of the nomenclatures and the chemical structural
formulae of the compounds are stored in the compound database 11 by
downloading the KFC-formatted data notated by KEGG ATOM TYPE from the

KEGG database. The data of compounds not registered in the KEGG database
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565570575 att tat ggc gat ego cag gcg atg got gee ggt gag aaa ctg tto
gacl776 Ile Tyr Gy Asp Arg A n Ala Met Ala Ala Ay G u Lys Leu Phe

Asp
gaa
du
acc
Thr
t ee
Ser
gcg
Al a

geg

580585590 tgg ggc ggt gcg gaa aao etc got tao goc acg ctg gtt gat
ggcl824 Trp Ay Ay Ala Qu Asn Leu Ala Tyr Ala Thr Lou Val Asp
dy 395600680%danto dedlhf tforgm Wt gset itk ggfdragamoflac t oo ggt ego ggt
ttc thggl 72 1le Pro Val Arg Lou Ser Ay Gu Asp Ser Gy Arg Ay
Phe FB 10615620 cao ego cac gag gtg ate cac aac (ag tot aac ggt

act tac aogd&dGnbicendiiibnkissyvedl oVl 4.1nyarddyduliyBe8 ASEsphSifi e ¥
Thr Tyr Thr 625630635640 co% otg caa cat ate oat aac ggg cag ggo
ttc dBg sigieng eyrpittoe8d prbbpwgedioh ivkrecified #4 theNarast po@paud,yn

Phe Afigcvile ddrRfh & g%%g%%uhﬁ"éy%%ﬁ‘étp%h%% 938422 998 &hofto

A
ttt gaa tat ggt tat gee
unit 21 executes the process of $901 in FIG. ¢, whereby the UFs of 13,213

compounds are created and stored in the UF database 15. The control unit 21
executes the process of S902 in FIG. 9, whereby approximately 7,000 known DFs
are calculated and stored in the difference database 17.

[0195]

The control unit 21 executes the process of $903 in FIG. 9, whereby
Difference Total of the compound pair of 4-hydroxybutyryl-CoA and
1,4-butanediol is calculated by subtracting the UF of 4-hydroxybutyryl-CoA
defined as the starting compound-from the UF of 1,4-butanediol defined as the
target compound.

[0196]

The control unit 21 executes the process of $904 in FIG. 9, thereby
creating the DF combination group containing two or less number of known DFs
from the difference database 17 so that the value of Difference Total is coincident
with the total value of the plurality of known DFs. The control unit 21 extracts
500 known DFs at random from the difference database 17 and creates the DF
combination group by use of the extracted 500 known DFs. The control unit 21
creates 6 types of DF combination groups by iterating such an operation as to
extract the 500 known DFs at random from the difference database 17 and create
the DF combination group by use of the extracted 500 known DFs 1,000 times.
[0197]

The control unit 21 executes the process of $905 in FIG. 9, thereby
creating, with respect to the 6 types of DF combination groups, 6 compound
synthetic pathways from the starting compeund, the target compound and the
plurality of known DFs contained in the DF combination group.

[0198]

The control unit 21 executes the process of $906 in FIG. 9, thereby

caleulating the UF of the intermediary compound contained in the compound

synthetic pathway. The control unit 21 carries out the process of $907 in FIG. 9,
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Ser Val Lou Ser Qu Gu Ala Val Lou Ala Phe Gu Tyr Ay Tyr Ala
660665670 aco gca gaa cca ego act otg acc ate tgg gaa gog cag ttc ggt
gao2064 Thr Ala Gu Pro Arg Thr Leu Thr Ile Trp Au Ala G n Phe Gy
Asp 675680685 tto goc aao ggt gcg cag gtg gtt ate gac cag tto atc toe
t ot ggc2ihrehdeigrminiag ‘@eglwoé ngf thocomgpund eymbpticpathphgs piee Ser

S da : t tt
ctg coy catTAab R ssRfheRR Py ORROTR P T e B,
Lou Pro kbspd0ad.10THSZ@0rgginit At égamtgg@gqaga@g@fw@sga@;_ﬁaé, theeettyoo
t ct t2208 Ay T i Pr.o u Hs Se er
Aa Ay Eelletif M SoBngi s e Crejhtass Botibg oF Jaetpat caliohat i g
cag gtt eCsBitRettOPath@g FRfn Tvd stafih G SmpShdASthAlidr o6 ForFhdurSn Met

G n Val s Val Pro Ser 740745750
[0199]

The control unit 21 performs the process of 8909 in FIG. 9, thereby
determining, with respect to the 6 compound synthetic pathways, the enzymes
used for synthesizing the compounds contained in the compound synthetic
pathway. The control unit 21 carries out the process of S910 in FIG. 9, thereby
determining, with respect to each of the 6 compound synthetic pathway, the
nomenclature of the intermediary compound contained in the compound synthetic
pathway and allocating the predetermined number to the intermediary compound
of which the nomenclature cannot be determined.

[0200]

The glucose is specified as the raw material compound, and the control
unit 21 executes the process of S913 in FIG. 9, whereby the synthetic pathways
from the raw material compound to the starting compound is generated. In this
case, the control unit 21 refers to the data about the metabolic reaction of the
Escherichia coli, which are stored in the known reaction database 12. Then, the
conirol unit 21 executes the process of $913 in FIG. 9, thereby calculating the
(molar) theoretical yield (%), derived from the raw material compound, of the
target compounds sj'nthesized by the synthetic pathways extracted in the process
of 908 in FIG. 9. Subsequently, the glucose is specified as the raw material
compound, and, under such a condition as to extract the compound synthetic
pathway for synthesizing the target compound of which the (molar) theoretical
yield (%) derived from the raw material compound is equal to or larger than 0%,
the control unit 21 executes the processes of $914 and 8915 in FIG. 9, whereby 5
compound synthetic pathways are extracted. Further, the glucose is specified as
the raw material compound, and, under such a condition as to extract the
compound synthetic pathway for synthesizing the target compound of which the
{molar) theoretical yield (%) derived from the raw material compound is equal to

or larger than 100%, the control unit 21 executes the processes of $914 and 8915
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ace cog gca cag gtt tac cac atg otg cgt cgt cag gog ctg ego ggg2304
Thr Pro Ala Gn Vat Tyr Hs Met Lou Arg Arg Gn Ala Lou Arg Gy
755760765 atg cgt cgt cog ctg gtc gtg atg tog cog aaa too ctg ctg cgt
cat 2352 Met Arg Arg Pro Lou Val Val Met Ser Pro Lys Ser Leu Lou Arg
Hi s 77071ibF80C. 8pghetelhydogpmypdunidoy ndignicepthgan igaaraigi.gcyg aac ggo ace
ttc oth;}gg Pro Leu Ala Val Ser Ser Leu Qu Gu Lou Ala Asn Gy Thr
Phe Leu %d0795800 cca gee ate ggt gaa atc gac gag ctt gat cog aag

ggo gtg aag egeR#49 E%Qct@\ltﬁe Filng11 FeX G ida ! cofiB3Rd & HrnbBY tpéﬁﬁ\.—&oi‘ﬂés
@y Val Lys Arg 805810815 gta gtg atg tgt tot ggt aag gtt tat tac gao
ot g otg dugllyzgtegtedamenpraind\anthvbic raylswSemdiajed thet Val-bilgnediyl cabsipe

Lou Leu | r 8 cat aaoQ aat gat C, 9 att
gtg cgt ?{%’duggg b@a%nggcggérgiégcu&s oafafgree eEnzynies %ﬁ& 2C§% - %C 951 ,%C
1.1.1.-) via 4-hydroxybutyric acid. The virtual compound contained in the

finally extracted compound synthetic pathway is an intermediary compound
allocated with a predetermined number (VC00002) because of being coincident
with none of the UFs of the compounds stored in the UF database 15.

[0202]

The finally extracted compound synthetic pathway is the same as the
pathway (4-hydroxybutryl-CoA —(EC 1.2.1.-)— 4-hydroxybutyrylaldehyde —
(EC 1.2.1-)— 1,4-butanediol) that was discovered uniquely by Genomatica Inc.
(CA, USA) and disclosed in Patent document (W0/2008/115840). The
optimization method involves outputting the information containing the compound
synthetic pathway and the enzymes used for the respective reactions in the
compound synthetic pathway, and hence the intermediary compound does not need
being already known. For example, 4-hydroxybutyrylaldehyde is a compound
(non-natural compound) not registered in the KEGG database, however, the
synthetic pathway generated by the synthetic pathway generating apparatus 1 can
contain the compounds not registered in the KEGG database. Namely, the
synthetic pathway generating apparatus 1 can generate the synthetic pathway
containing the compounds not registered in the KEGG database.

[Example 3]
[0203]

A third working example (which will hereinafter be referred to as Example
3) according to the present embodiment will be described. Example 3 is a
specific example of how the compound synthetic pathway is generated based on .
the optimization method described above, however, the numerical values
according to Example 3 are exemplifications, and the present embodiment is not
limited to the numerical values in Example 3.

[0204]
Example 3 will discuss a specific instance of generating a synthetic

pathway of butadiene. In Example 3, the compound database 11 is stored with
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Arg Lys Asn Asn Gn His Asp Val Ala lle Val Arg lle Au Gn Leu

tt
835840845 tac cog tto cog cat aaa gcg atg cag gaa gtg ttg cag cag t
got 2592 Tyr Pro Phe Pro His Lys Ala Met Gn GQu Val Lou Gn G n Phe

850855860 cac. gto aa at ttt gto tgg tgc cag gaa gag cog etc aao
?Lg ggc26 6?% éﬁtwgﬂsg&srgmﬁ@lwresmﬁ sh@ma&tnu@umlﬁomma ofisn

7 G cat cal aa gtg
21 coy tel Gooonn A a0 1 RSP BB AN BomE B ialistopl V8]
lle Pro Rhem@ay 3885®9ﬂ8®5mgb.te dfahe ebmpeghdd &Tg:ﬁ&\édggihcﬁﬂgmgagggﬁ 00
f.a2 Al a Ser Leu Arg Tyr a dy Ar ro
R B ORI o T
on gat otdgtgéf theabn@GRead ddnfen¥ialires MRE tiREEYRcar Lifuddiid) BYsn B o F1

Leu Val Asn Asp 915920925
Gn Asp target compounds (lpncludmg the non-natural compounds). With respect to all the

compounds in the KEGG database, the items of data of the nomenclatures and the
chemical structural formulae of the compounds are stored in the compound
database 11 by downloading the KFC-formatted data noiated by KEGG ATOM
TYPE from the KEGG database. The data of compounds not registered in the
KEGG database are converted into the KFC format by use of KegDraw tools.
[0205]

Under the conditions given above, acetyl-CoA is specified as the starting
compound, and butadiene is specified as the target compound, in which the
generation of the compound synthetic pathway is started. The control unit 21
executes the process of S901 in FIG. 9, whereby the UFs of the compounds are
created and stored in the UF database 15, The control unit 21 executes the
process of 8902 in FIG. 9, whereby approximately 7,000 known DFs are calculated
and stored in the difference database 17.

[0206]

The control unit 21 executes the process of $903 in FIG. 9, whereby
Difference Total of the compound pair of acetyl-CoA and butadienc is caleulated
by subtracting the UF of acetyl-CoA defined as the starting compound from the UF
of butadiene defined as the target compound.

[0207]

The control unit 21 executes the process of 904 in FIG. 9, thereby
creating the DF combination group containing two or less number of known DFs
from the difference database 17 so that the value of Difference Total is coincident
with the total value of the plurality of known DFs. . The control unit 21 extracts
300 known DFs at random from the difference database 17 and creates the DF
combination group by use of the extracted 500 known DFs. The control unit 21
creates the DF combination groups by iterating such an operation as to extract the

500 known DFs at random from the difference database 17 and create the DF
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gcg ctg

aac gtc gaa taa2802 Ala Lou Asn Val du 930 <210> 2 <211> 933

<212> PRT <213> Escherichia coil <400> 2 Met G n Asn Ser Al a Lou Lys

Ala Trp
Ile Gu
Asp Al a
Val Lys
Lou Al a
Pro Asp
Tyr Arg

Leu Asp Ser Ser Tyr Leu Ser 151015 Gy Ala Asa G n Ser Trp
Gn Lou Tyr A u Asp Phe Lou Thr 202530 Asp Pro Asp Ser Val
AN bipptiog grager byrhse ¢hide@xraGied 100Uk BSOS PranoGisedhr Ay
09ofsP G n Phe H's Ser Gn Thr Arg G u 505560 Tyr Phe kg Arg
ms p Ala Ser Arg Tyr Ser Ser Thr Ile 65 70 75 80 Ser Asp

Thr Asfh¥abnirybuiGk 01 \éakelsys tVaprob&ss ¢@ 90050 #1(&)}? 98aR0sn Al a

Phe Ar g GR’ Hs Gn H s Ala Asn Lou Asp Pro Lou
creating mr

> withl respect to the DF combination groups, a plurality of compound
synthetic pathway from the starting compound, the target compound and the
plurality of known DFs contained in the DF combination groups.

[0209]

The control unit 21 execuies the process of $906 in FIG. 9, thereby
calculating the UF of the intermediary compound contained in the compound
synthetic pathway. The control unit 21 carries out the process of 8907 in FIG. 9,
thereby determining whether or not the plurality of compound synthetic pathway
are established as the synthetic pathway from the starting compound to the target
compound. The control unit 21 executes the process of $908 in FIG. 9, thereby
extracting the compound synthetic pathways because of its being established as
the synthetic pathway from the starting compound to the target compound.
{02107

The control unit 21 performs the process of S909 in FIG. 9, thereby
determining the enzymes used for synthesizing the compounds contained in the
compound synthetic pathways. The control unit 21 carries out the process of
5910 in FI1G. 9, thereby determining the nomenclatures of the intermediary
compounds contained in the compound synthetic pathways and allocating the
predetermined number to the intermediary compound of which the nomenclature
cannot be determined.

[0211]

The glucose is specified as the raw material compound, and the control
unit 21 executes the process of $913 in FIG. 9, whereby the synthetic pathways
from the raw material compound to the starting compound is generated. In this
case, the control unit 21 refers to the data about the metabolic reaction of the
Escherichia coli, which are stored in the known reaction database 12. Then, the
control unit 21 executes the process of $913 in FIG. 9, thereby calculating the
(molar) theoretical yield (%), derived from the raw material compound, of the
target compounds synthesized by the synthetic pathways extracted in the process
0f 908 in FIG. 9. Subsequently, the glucose is specified as the raw material

compeund, and, under such a condition as to extract the compound synthetic
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100105110 Ay Lou Trp G n Gn Asp Lys Val Ala Asp Lou Asp Pro Ser Phe
H s 1151201)2/5 Asp Lgu Thr Gu Ala Asp Phe Gn GQu Thr Phe Asn Val

Ay Ser Phe 130135140 Ala Ser Ay Lys Au Thr Met Lys Lou Ay G u Leu
Leu Gu Ala Leu 145150155160 Lys G n Thr Tyr Cys Ay Pro Ile Ay Ala
G u Tyr Meathpiay fot eyiiThesidias 176 la7 be tSem pldun d G fuv Kk b the/ Emd¥ag) thePreticsl G N

i . Arg 180185190 Al a Thr Phe Asn Ser Gu Ju Lys
Lve A PHECH Zivd toplieTa masnabeuBPork Weavel s @ rasodha o g
Tyr Leu Qhy cBharolysitPheesReoteShbe Hodehb0218329 ahi $9A% 9n BRE. Selnbg, G U

Ala Lea Ile Pro Met Lea Lys
Ay Gy Acsopmpound synthetic pathway is extracted.

[0212]

FIG. 13 depicts the finally extracted compound synthetic pathway. The
finally extracted compound synthetic pathway indicates that butadiene can be,
with acetyl-CoA serving as the starting compound, produced via crotonyl-CoA.
The virtual compounds contained in the finally extracted compound synthetic
pathway are intermediary compounds allocated with predetermined numbers
because of being coincident with none of the UFs of the compounds stored in the
UF database 15. Structures of these unknown intermediary substances are
determined to be crotonyl aldehyde and crotony! alcohol on the basis of the DF
information.

[0213] <Computer Readable Recording Medium>

It is possible to record a program which causes a computer to implement
any of the functions described above on z computer readable recording medium.
By causing the computer to read in the program from the recording medium and
execute it, the functidn thereof can be provided. The computer readable recording
medium mentioned herein indicates a recording medium which stores information
such as data and a program by an electric, magnetic, optical, mechanical, or
chemical operation and allows the stored information to be read from the computer,
Of such recording media, those detachable from the computer include, e.g., a
flexible disk, a magneto-optical disk, a CD-ROM, a CD-R/W, a DVD, a DAT, an
8-mm tape, and a memory card. Of such recording media, those fixed to the

computer include a hard disk and a ROM.,

DESCRIPTION OF THE REFERENCE NUMERALS AND SYMBOLS
[0214]

1 Synthetic pathway generating apparatus

2 CPU (Central Processing Unit)

3 Memory

4 Hard disk drive unit

5 Portable medium drive unit
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225230235240 Gu Met Ile Arg Hs Ala Gy Asn Ser Ay Thr Arg G u Val

Val Leu 245250255 Gy Met Ala Hs Arg Gy Arg Leu Asn Val Leu Val Asn
Val Leu Ay 260265270 Lys Lys Pro G n Asp Lou Phe Asp Qu Phe Ala Ay
Lys His I%s G u 275280285 Hi's Lea Gy Thr Ay Asp Val Lys Tyr H's Met
dy Phe Seinp8edewisp 290295300 Phe G n Thr Asp Ay Ay Leu Val His Lea
Al a Lea A}B. Phe Asn_Pro 305310315320 Ser His Lou Qu Ile Val Ser Pro
val Val 1188l ¥F°Yal Arg Ala 325330335 Arg Lou Asp Arg Leu Asp G u
Pro Ser SeFxwdsselliyeriMat Lou Pro Il e 340345350 Thr Ile Hs Ay Asp Ala

Ala Val Thr Gy Gn dy Val Val Gn G u 355360365
0 Operation unit

11 Compound database

12 Known reaction database
13 Partial structure database
14 Common structure database
15 UF database

16, 17 Difference database

18 Virtual reaction database
20 Storage unit

21 Control unit

22 Display unit
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Thr

Lea
Met
Al a
Phe
Ay
Tyr
Tyr
Al a
Asp

Leu Asn Met Ser Lys Ala Arg Gy Tyr du val Ay Gy Thr Val
370375380 Arg Ile Val Ile Asn Asn Gn Val Gy Phe Thr Thr Ser Asn Pro
385390395400 Asp Ala Arg Ser Thr Pro Tyr Cys Thr Asp Ile Ay Lys

Val
Val
Lys
Hi s
Gn
Al a
Thr

Cys

G n 405410415 Ala Pro Ile Phe His Val 'Asn Ala Asp Asp Pro Qu
Al a Phe 420425430 Val Thr ACSAIME Ala Leu Asp Phe Arg Asn Thr
Arg Asp Val 435440445 Phe Ile Asp Leu Val Cys Tyr Arg Arg H s
Asn Qu Ala Asp 450455460 Qu Pro Ser Ala Thr G n Pro Lou Met

Liys ||as;, shelti dfh@aﬂ@EnéHﬁnéZﬁpaﬁ%ﬁxs%o@a Hyindro Arg Lys Ile
Algp yl y:sp G u Lys. Val 485490495 Ala Thr Lou Gu Asp

Qu Ne? C%Y“}&Eﬁ “Ebt&"mnv thamicahisirusmososhaonpauwdaineAl a Gy
ValmeYRlal Ahlmed U Trp Arg Pro Met Asn Met

a calculation unit to create a compound pair and to calculate a difference
value by subtracting the numerical value of one compound of the compound pair
from the numerical value of the other compound thereof;

a determining unit to compare the difference value of a compound pair of
the reaction between which is already known with the difference vaiue of a
compound pair of the reaction between which is unknown, and to determine the
unknown reaction of the compound pair with the difference value being coincident
as a virtual reaction;

a generating unit to genérate compound synthetic pathways by use of nodes
representing the compounds and edges representing the known reaction and the
virtual reaction respectively; and

a selecting unit to select a synthetic pathway from a starting compound to a

target compound out of the generated compound synthetic pathways.

2. The synthetic pathway generating apparatus according to claim 1,
comprising a thermodynamic determination unit to determine thermodynamic
feasibility about the selected synthetic pathway.
3. The synthetic pathway generating apparatus according to claim 1 or 2,
comprising a (molar) theoretical yield determining unit to calculate a (molar)
theoretical yield of the target compound synthesized by the selected synthetic
pathway and to determine whether or not the calculated (molar) theoretical yield is
equal to or larger than a threshold value.
4. A synthetic pathway generating apparatus comprising:

a converting unit to convert chemical structures of compounds into
numerical values;

a first calculation unit to create a compound pair and to calculate a first
difference value by subtracting the numerical value of one compound of the

compound pair from the numerical value of the other compound thereof;
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515520525 His Ser Rho Thr Trp Ser Pro Tyr Leu Asn Hs Qu Trp Asp Gu
530535540 Tyr Pro Asn Lys Val Gu Met Lys Arg Leu Gn GQu Lou Al a

du
Lys
Arg
du
Al a
Asp
Asn
H s

Arg
Val

Lys
Thr
Ser
Gn
Asn

545550555560 Ile Ser Thr Val Pro Au Ala Val GQu Mt G n Ser

Ala Lys 565570575 I.le Tyr Ay Asp Arg Gn Ala Met Ala Ala Gy
Leu RN SREQM seloilatmaynitip calcplaas g sapendaiffeapelihiobs Tyr

ol Gt AESSOORORE BB SOV S5
S@ér/a wheat oprgemndhendlyr Thr 625630635640 Pro Lou G n His Ile
dy G A g%é’raélng uﬁhetoe‘g,reger\:@é, b-;rlPseABSfpthe starting compound, the target
compound and the plurality of first difference values, a synthetic pathway wherein
a total value of the first difference values in the synthetic pathway from the
starting compound to the target compound is coincident with the second difference
value.

5. The synthetic pathway generating apparatus according to claim 4,
comprising a {molar) theoretical yield determining unit to calculate a (molar)
theoretical yield of the target compound synthesized by the synthetic pathway and
to determine whether or not the calculated (molar) theoretical yield is equal to or
larger than a threshold value.

6. The synthetic pathway generating apparatus according to claim 5,
comprising a thermodynamic determination unit to determine thermodynamic
feasibility about the synthetic pathway.

7. A synthetic pathway generating method by which a computer executes:

a step of converting chemical structures of compounds into numerical
values;

a step of creating a compound pair and calculating a difference value by
subtracting the numerical value of one compound of the compound pair from the
numerical value of the other compound thereof:

a step of comparing the difference value of the compound pair of the
reaction between which is already known with the difference value of the
compound pair of the reaction between which is unknown, and determining the
unknown reaction of the compound pair with the difference value being coincident
as a virtual reaction;

a step of generating compound synthetic pathways by use of nodes
representing the compounds and edges representing the known reaction and the
virtual reaction respectively; and

a step of selecting a synthetic pathway from a starting compound to a
target compound out of the generated.compound synthetic pathways.

8. The synthetic pathway generating method according to claim 7, wherein

the computer executes 2 step of determining thermodynamic feasibility about the
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45650655 Ser Val Leu Ser Qu Gn Ala Val Leu Ala Phe Qu Tyr Gy Tyr
gda 660665670 Thr Ala G u Pro Arg Thr Leu Thr Ile Trp Qu Ala G n Phe
Ay Asp 675680685 Phe Ala Asn Gy Ala Gn Val Val Ile Asp Gn Phe Ile
Ser Ser dy 690695700 Ay Gn Lys Trp Gy Arg Met Cys Gy Lou Val Met
Leu Lou P?%e‘i—tlF SYH8940PaE Y- Gy Tyr Gu Ay Gn Ay Pro Gu H's Ser

o A8 90 Lom@u . BRI NG O AT 0 o
Len Arg Ao mthsl commpueripge@ey ar8&7 607A6uNEhe Ar@GoMg (REQeLOH Yala ol
Met Ser Pr tlnyg%t §§1§1pc|3‘1(1)nud é‘yen"tlhébsﬁzqed%ysth€7sgl7e7c?e7d8soynthetic pathway and
determining whether or not the calculated (molar) theoretical yield is equal to or
larger than a threshold value,
10. A synthetic pathway generating method by which a computer executes:

a step of converting chemical structures of compounds into numerical
vajues;

a step of creating a compound pair and calculating a first difference value
by subtracting the numerical value of one compound of the compound pair from
the numerical value of the other compound thereof;

a step of calculating a second difference value by subtracting the
numerical value of a starting compound from the numerical value of a target
compound; and

a step of generating, by use of the starting compound, the target compound
and the plurality of first difference values, a synthetic pathway wherein a total
value of the first difference values in the synthetic pathway from the starting
compound to the target compound is coincident with the second difference value.
11. The synthetic pathway generating method according to claim 10, wherein
the computer executes a step of calculating a (molar) theoretical yield of the target
compound synthesized by the selected synthetic pathway and determining whether
or not the caleulated (molar) theoretical yield is equal to or larger than a threshold
value,

12. The synthetic pathway generating method according to claim 11, wherein
the computer executes a step of determining thermodynamic feasibility about the
selected synthetic pathway.

13. A synthetic pathway generating program for making a computer execute:

a step of converting chemical structures of compounds jnto numerical
values;

a step of creating a compound pair and calculating a difference value by
subtracting the numerical value of one compound of the compound pair from the

numerical value of the other compound thereof;
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Asn Gy Thr Phe Len
Lou Ala Val Ser Ser Len Gu GQu Len A a
$r88790795800 Pro Ala lle Ay Qu lle Asp Gn Leu Asp Pro Lys Gy Val

Lys
Gn
Ile
Lou
Gn
Phe
Arg
Gn

Arg
Gn
Gn
Gn
Pro
Ara
Pro
Lys

Tyr Asp Len Lou
10815 Val Val Met Cys Ser @y Lys Val Tyr

§938820825830 Arg Lys Mh M Gn H's Asp Val Ala Ile Val Ar% I
G n Lo 88BoA0gnpatiye thy difRirender wulirk of Lyesc o godRtpaG Qf%&u a

' | T n Qu
%&cﬁgﬁ “é"‘ﬁe%ﬁgﬁéﬁﬁg%%i% g‘l"ﬁ%ﬁ‘#ﬁ%g&%&% Sehielhei s H S
Gggmvalmd pair Bf ¢hPhvec Gby b8RERZACHASH A anﬁﬁ;w}%gd%gﬁg,ﬁin@gﬁe dy

val 900905910 Gy Ty H's
gbﬁkr%%n gaﬁtiﬁg%f@é%c@lagow p@'bwith the difference values being

coincident as a virtual reaction;

a step of generating compound synthetic pathways by use of nodes
representing the compounds and edges representing the known reaction and the

virtual reaction respectively; and

a step of selecting a synthetic pathway from a starting compound to a
target compound out of the generated compound synthetic pathways.

14, The synthetic pathway generating program according to claim 13, for
making the computer execute a step of determining thermodynamic feasibility
about the selected synthetic pathway.

15. The synthetic pathway generating program according to claim 13 or 14, for
making the computer execute a step of calculating a (molar) theoretical yield of
the target compound synthesized by the selected synthetic pathway and
determining whether or not the calculated (molar) theoretical yield is equal to or
larger than a threshold value.

16. A synthetic pathway generating program for making a computer execute:

a step of converting chemical structures of compounds into numerical
values; _

a step of creating a compound pair and calculating a first difference value
by subtracting the numerical value of one compound of the compound pair from
the numerical value of the other compound thereof;

a step of calculating a second difference value by subtracting the
numerical value of a starting compound from the numerical value of a target
compound; and

a step of generating, by use of the starting compound, the target compound
and the plurality of first difference values, a synthetic pathway wherein a total
value of the first difference values in the synthetic pathway from the starting
compound to the target compound is coincident with the second difference value.
17. The synthetic pathway generating program according to claim 16, for
making the computer execute g step of calculating a (molar) theoretical yield of

the target compound synthesized by the selected synthetic pathway and
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915920925 Al a Lou Mh Val

A u 930 <210> 3 <211> 927 <212> DNA <213>

[ i Met Ser Arg lle
lus subtilis <220> <221> CDS <222> (1).. (924)
2?8|Lyg Ala Pro Ala Ay Ile Leu Ay Phe Pro Val 151015 get cot ttt

aaC aca

Thr

Gn

a .aaa ctg gag gaa gaa got ctt ttt caa96 Ala Pro Phe Asn

%ﬁgteggémﬁ%aﬂ@&?r@@oem Mleulpwd (Pivdarithe 0250/ i@ldds @bhhalddG:
ttt ttg clgg@dthadadnidfold &1g@a 9og ata ttt ate got144

18. The synthetic pathway generating program according to ¢laim 17, for
making the computer execute a step of determining thermodynamic feasibility
about the selected synthetic pathway.

19. A method for producing 3-hydroxypropionic acid, comprising the step of
reductively decarboxylating oxaloacetate to convert oxaloacetate into
3-hydroxypropionic acid.

20. A method for producing 3-hydroxypropionic acid, comprising culturing, in
a medium containing a carbon source, a microorganism which has the ability to
produce 3-hydroxypropionic acid and the enzyme activity to reductively
decarboxylate oxaloacetate to convert oxaloacetate into 3-hydroxypropionic acid,
thereby allowing to accumulate 3-hydroxypropionic acid in the medium or the
cells; and collecting the 3-hydroxypropionic acid from the medium or the cells.
21, A method for producing 3-hydroxypropionic acid, comprising the step of
reductively decarboxylating oxaloacetate to convert oxaloacetate into malonate;
and the step of converting malonate into 3-hydroxypropionic acid.

22. A method for producing 3-hydroxypropionic acid, comprising culturing, in
a medium containing a carbon source, a microorganism which has the ability to
produce 3-hydroxypropionic acid, the enzyme activity to reductively
decarboxylate oxaloacetate to convert oxaloacetate into malonate, and the enzyme
activity to convert malonate into 3-hydroxypropionic acid, thereby allowing to
accumulate 3-hydroxypropionic acid in the medium or the cells; and collecting the
3-hydroxypr.opionic acid from the medjum or the cells.

23. A method for producing malonate, comprising the step of reductively
decarboxylating oxaloacetate to convert oxaloacetate into malonate.

24, A method for producing 3-hydroxypropionic acid, comprising the step of
decarboxylating pyruvate to convert pyruvate into formate; and the step of
converting formate into 3-hydroxypropionic acid.

23. A method for producing 3-hydroxypropionic acid, comprising culturing, in
a medium containing a carbon source, a microorganism which has the ability to
produce 3-hydroxypropionic acid, the enzyme activity to decarboxylate pyruvate
to convert pyruvate into formate, and the enzyme activity to convert formate into

3-hydroxypropionic acid, thereby allowing to accumulate 3-hydroxypropionic acid
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Asn Ile Au Phe Leu Leu Asn Gu Ay Leu Gu Alalle Phe Ile Ala
354045 tgo ggg tot ggt gaa ttc caa tot etc ago cag aag gaa tat gag
caal92 Cys Ay Ser Gy Qu Phe Gn Ser Leu Ser Gn Lys Gu Tyr Qu

G n 505560 at t ag gtc goa gt g ga gga aag 0og gto
Cac240 NeP Bt Sarnapaivand dafiecitie te -G e ponyLarcnrmiae
Tyr 65707p&0ua08 99059 ggCc ggc aac etc age aca gcg ctt gat tgg gog
cag ctg288 Thr Ay Val Ay Gy Asn Leu Ser Thr Ala Leu Asp Trp Ala

Gn Leu é’égo95Atn@ghg@1é‘oramda@acg“gtrngteecgaprlggg thastepted datarbokylatiog

cog tat té"ﬁ%ﬁf‘géﬁ‘ﬁ&% }{%ﬁv%ﬁéﬁn% %rma% Asp Ay Tyr Leu Ile Leu Pro

Pro Tyr oat ‘ggc gaa Cag gag ggg otg tac oag tat gcg
aaa acg &7t at A%&hvaﬁoﬂ-bmdﬁij)ag@ biy dBoRy fsopi daliy adidy cdntprising tHy kiepl T
Lys Thr lclo?lvelzrln%oj&?zll%g](%.?,S)-tartarlc acid) into C00222 {3-oxopropanoate); and the
step of converting C00222 into 3-hydroxypropionic acid.
28. A method for producing 3-hydroxypropionic acid, comprising culturing, in
a medium containing a carbon source, a microorganism which has the ability to
produce 3-hydroxypropionic acid, the enzyme activity to convert C02107 into
C00222, and the enzyme activity to convert C00222 into 3-hydroxypropionic acid,
thereby allowing to accumulate 3-hydroxypropionic acid in the medium or the
cells; and collecting the 3-hydroxypropionic acid from the medium or the cells.
29. A method for producing C00222, comprising the step of converting
C02107 inte C00222. |
30. A method for producing crotonyl alcohol, comprising the step of
converting acetyl-CoA into acetoacetyl-CoA; the step of converting
acetoacetyl-CoA into 3-hydroxybutyl-CoA; the step of converting
3-hydroxybutyl-CoA into crotonyl-CoA; the step of converting crotonyl-CoA into
crotonyl aldehyde; and the step of converting crotonyl aldehyde into crotonyl
alcohol.
31. A methad for producing crotonyl alcohol, comprising culturing, in a
medium containing a carbon source, a microorganism which has the ability to
produce crotonyl alcohol, enzyme activity to convert acetyi-CoA into
acetoacetyl-CoA, the enzyme activity to convert acetoacetyl-CoA into
3-hydroxybutyl-CoA, the enzyme activity to convert 3-hydroxybutyl-CoA into
crotonyl-CoA, the enzyme activity to convert crotonyl-CoA into crotonyl aldchyde,
and the enzymé activity to convert crotony! aldehyde into crotonyl alcohel,
thereby allowing to accumulate crotonyl alcohol in the medium or the cells; and
collecting the crotonyl alcohol from the medium or the cells.
32. A method for producing butadiene, comprising producing erotonyl alcohol
by the process according to claim 30 or 31; and dehydrating the resultant crotonyl

alcohol to give butadiene.

76



gaa ago act gao ttg aao gcg att ctt tat cag ego gat aac gca gtt432
Gu Ser Thr Asp Leu Asn Ala Ile Lou Tyr G n Arg Asp Asn Al a Val
130135140 etc tot gtt gaa cag ate aaa cgt ctg ace gaa tgt gaa cag ott
gtc480 Leu Ser Val AQu dAn lle Lys Arg Leu Thr Gu Cys Gu A n Leu

Val 145150155160 ggt gtosmug_amggmgta gga aat atg gat ttg aat ate
aat etc gtc528 dy Val Lys Asp Gy Val Ay Wh Met Asp Leu Asn Il e Asn
Leu Vaﬂ1¢55ﬂﬂﬁﬂ7&h(dhammgidbemggtugac ego ttg gga tgg etc aao gga atg

ccg atg get576 Tyr Thr IIe G Ar Leu G Tr Leu Asn Ay Mt
Pro I\/E‘HZIN aSHeHa] Ql@GH W ate ggg tto
cac LAEHTIC AN CEY gT g&gﬁ @,g Qy Phe
H s S é ? J at att tog

oga a c 72 Ser Al a IIe Ser Asn Tyr IIe Pro Hs Ile Ser
Arg I\/E 3@’%&@%%@%%
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<212> DNA
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<221> GDS
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<400> 1

atg cag aac ago got ttg aaa gec tgg ttg gac tet tot tac cte tot 48
I;![et Gin Asn Ser éla Leu Lys Ala Trp ll_gu Asp Ser Ser Tyr %gu Ser

ggG goa aac cag age tgg ata gaa cag ctc tat gaa gac tte tta ace 96
Gly Ala Asn Gln Ser Trp Iie Glu Gln Leu Tyr Glu Asp Phe Leu Thr

gat cct gac tcg gtt gac got aac tgg cet tog acg tte cag cag tta 144
Asp Pro égp Ser Val Asp Ala isn Trp Arg Ser Thr Elge GIn GIn Leu

cct get acg gga gtc aaa ccg gat caa ttc cac tot caa acg cgt gaa 192
Pro géy Thr Gly Val Lys Ego Asp Gln Phe His ggr GIn Thr Arg Glu
tat ttc cge cge ctg geg aaa gac get tea cgt tac tot tca acg ate 240
g%r Phe Arg Arg Leu Ala Lys Asp Ala Ser Arg Tyr Ser Ser Thr éée
tce gac cct gac ace aat gtg aag cag gtt aaa gtc ctg cag cte att 288
Ser Asp Pro Asp Egr Asn Val Lys Gln ggl Lys Val Leu GlIn %gu [le
aac gea tac oge tte cgt get cac cag cat gog aat ctc gat cog ctg 336
Asn Ala Tyr ?rg Phe Arg Gly His ?&g His Ala Asn Leu ??E Pro Leu

gga ctg tgg cag caa gat aaa gitg goc gat ctg gat cog tet tte cac 384
Gly Leu H‘g Gln GIn Asp Lys ¥a(|) Ala Asp Leu Asp I;’Eg Ser Phe His
gat ctg acc gaa goa gac tic cag gag acc ttc aac gtc ggt tca tit 432
Asp Leu Thr Glu Ala Asp Phe GIn Glu Thr Phe Asn Val Gly Ser Phe



210215220 gca ttg aaa aac gga aat gao gag ctt gtg aag gaa etc tat egg
oat 720 Ala Leu Lys Mh Ay Asn Asp Qu Leu Val Lys Qu Leu Tyr Arg Hi's
225230235240 gtg att otg cog ate aac gac att age aaa caa cga aaa (ggc
tac gee768 Val Ile Leu Pro Ile Mh Asp Ile kg Lys Gn Arg Lys Ay Tyr
Al a 24525Q#p5 gta too ttgzgtt aaa gee ggjqatg gaa ate atg ggt ttg aat
gt a aggloecVade 884 ehe ot |8z laae Aodsdd yapVbts Sl ghd @cdBitcG Yy l4gy Asn
Val  Arfla28ér26b21¢s it TheMegdesdgn Elogeleolegieu Gic A¢odlegt t gaa aaa gat
cat tat4scag864 Mnh Thr 1Bda Arg Pro Proid%al dvy Pro ValléH u Lys Asp His
Tyr G RR2782802 8% ctaaggc%cgaaé;tm goct gagt tataatg c;uga?‘c cgot g&@8cgt ttt
cog adsysafioir &mlyeGharie Ala Glvehlectlu fy et Hig ahw B Asp Arg Phe

5
Pro LyaschXcsc gz?aoga?aS%aa cgc? chgaa(%cac% gt cgttggt%zgag tet ggt cge b76
Ser Thr Gilu Glu Lys Arg Trp Ile GIn GIn Arg Ile Glu Ser Gly Arg
180 185 180
geg act ttc aat age gaa gag aaa aaa cge ttec tta age gaa ctg ace 624
Ala Thr Phe Asn Ser Glu Glu Lys Lys Arg Phe Leu Ser Glu Leu Thr
195 200 205
gee got gaa ggt ott gaa ogt tac c¢te gge gea aaa tte oot gge gea 672
Ala Ala Glu Gly Leu Glu Arg Tyr Leu Gly Ala Lys Phe Pro Gly Ala
210 215 220
aaa ¢gc tte tog ctg gaa gge get gac geg tta gte cog atg ctt aaa 720
Lys Arg Phe Ser Leu Glu Gly Gly Asp Ala Leu Ile Pro Met Leu Lys
225 230 235 240
gag atg ate cgc cac got gge aac age ggc acc oge gaa gtg gtt ote 168
Glu Met Ile Arg His Ala Gly Asn Ser Gly Thr Arg Glu Val Val Leu
245 250 255
gog atg gog cac ogt get ogt ctg aac gtg ctg gtg aac gtg cig get 816

Gly Met Ala His Arg Gly Arg Leu Asn Val Leu Val Asn Val Leu Gly
260 265 270

aaa aaa ocg caa gac tig titc gac gag ttc gec ggt aaa cat aaa gaa 864
Lys Lys E;g Gin Asp Leu Phe ggg Glu Phe Ala Gly %%g His Lys Glu

cac ctc gge acg get gac gtg aaa tac cac atg ggc tte teg tot gac 912
His Leu Gly Thr Gly Asp Val Lys Tyr His Met Gly Phe Ser Ser Asp
290 295 300
ttc cag acc gat ggo gge otg gte cac cig gog clg geg tit aac cog 960
Phe GIn Thr Asp Gly Gly Leu Val His Leu Ala Leu Ala Phe Asn Pro
305 310 315 320
tet cac ctt gag ati gta age ccg gta gttt ate get tot gtt cgt gee 1008
Ser His Leu Glu [le Val Ser Pro Vai Yal Ile Gly Ser Val Arg Ala
325 330 335
cgt otg gac aga cit gat gag ccg agoc age aac aaz gtg cig ¢ca ate 1056
Arg Leu Asp gzg Leu Asp Glu Pro gig Ser Asn Lys Val %gg Pro lle

acc atc cac ggt gac goc goa gtg acc ggg cag gge ghe git cag gaa 1104
Thr [le His Gly Asp Ala Ala Val Thr Gly Gin Gly Val Val GIn Glu
355 360 365
acc otg aac atg tog aaa gog cgi get tat paa gtt gge ggt acg gta 1152
Thr Leu Asn Met Ser Lys Ala Arg Gly Tyr Glu Val Gly Gly Thr Val
370 375 380
cgt atc gtt atc aac aac cag git ggt tic ace acc tet aat cog otg 1200
Arg Ile Val 1le Asn Asn Gln Val Gly Phe Thr Thr Ser Asn Pro Leu
385 390 395 400
gat goo cgt tet acg ccg tac tgt act gat atc ggt aag atg gtt cag 1248
Asp Ala Arg Ser Igg Pro Tyr Cys Thr'i?g Ile Giy Lys Met X?é Gln

gee cog att ttc cac gtt aac geg gac gat ccg gaa goc gtt ece ttt 1296
Ala Pro [le 528 His Val Asn Ala igg Asp Pro Giu Ala Xgé Ala Phe

gte acc cgt ctg geog ote gat tic cgt aac ace tit aaa cgt gat gic 1344
Val Thr 25% Leu Ala Leu Asp 228 Arg Asn Thr Phe kgg Arg Asp Yal



Ala Ala Thr Val 305 <210> 4 <211> 308 <212> PRT <213> Bacillus
subtilis <400> 4 Met Ser Arg Ile Arg Lys Ala Pro Ala Gy Ile Lou Gy
Phe Pro Val 151015 Ala Pro Phe Asn Thr Gn Ay Lys Leu u Gu Qu
Ala Lou Phe G n 202530 Mn Ile Au Phe Leu Lou Asn.Gu Ay Leu Qu Al a

Ile Phgd b Bldc @9%% c%¥ @%rcag ¢ €q4 cg ¢ LeuU Gn
Lys G phelVle RpHLEd Na 5 r Mps A¥elHi gﬁyV s & GA] %EpA'a iﬁ% Ay
Ay Lys V@go Pro val Tyr 570775 80 Thr A&y Val y y Asn Lou Ser
Thr Al gaglong dspeda poflcag @op dt@uatg tat cag aaa atc 85%PQYP caber Qauplys Lys
Ay AGlusR &ryAtry Thi Gin IPre Leade®rTyrP8lm Msr [ lsoolys Lys His
465 470 475 480
GGE aca ¢cg cgc aaa atc tac gol gac aag ctg gag cag gaa aaa gig 1488
Pro Thr Pro Arg Lys Ife Tyr Ala Asp Lys Leu Glu GIn Glu Lys Val
485 490 495
geg acg ctg gaa gat gec ace gag atg gtt aac ctg tac cge gat geg 1536
Ala Thr Leu Glu Asp Ala Thr Glu Met Val Asn Leu Tyr Arg Asp Ala
500 505 510
ctg gat got ggo gat igc gta gtg goa sag tgg ogt cog atg aac atg 1584
Leu Asp Ala Gly Asp Cys Val Val Ala Giu Trp Arg Pro Het Asn Met
515 520 525
cac tot tte acc tgg tcg ceg tac ctc aac cac gaa tge gac gaa gag 1632
His Ser Phe Thr Trp Ser Pro Tyr Leu Asn His Glu Trp Asp Glu Glu
530 535 540
tac ccg aac aaa gtt gag atg aag oge ctg cag gag ctg geg aaa cgc 1680
Tyr Pro Asn Lys Val Glu Met Lys Arg Leu GIn Glu Leu Ala Lys Arg
545 550 555 560
atc agc acg gtg ccg gaa gea git gaa atg cag itct cge gtt goc aag 1728
Ile Ser Thr Val Pro Glu Ala Val Glu Met Gln Ser Arg Val Ala Lys
565 : 570 575
att tat gec gat cgc cag gcg atg get gec get gag aaa ctg tic gac 1776
Ile Tyr Gly Asp Arg Gln Ala Met Ala Ala Gly Glu Lys Leu Phe Asp
580 585 590
teg gec gt geg gaa aac ¢te got tac goc acg ctg gtt gat gaa ggo 1824
Trp Gly Gly Ala Glu Asn Leu Ala Tyr Ala Thr Leu Val Asp Glu Gly
bg5 600 605
att cog gtt cge ctg teg gt gaa gac tec ggt oge get ace ttc tte 1872
Ile Pro Ya] Arg Leu Ser Gly Glu Asp Ser Gly Arg Gly Thr Phe Phe
610 615 620
cac cge cac gog gtg atc cac aac cag tot aac get tec act tac acg 1920
His Arg His Ala Val lle His Asn Gln Ser Asn Gly Ser Thr Tyr Thr
625 630 635 640
cog otg caa cat atc cat aac ggg cag ggc gog ttc cgt gtc teg gac 1968
Pro Leu GIn His Ile His Asn Gly GIn Gly Ala Phe Arg Val Trp Asp
645 650 655
tec gta ctg tot gaa gaa gea gtg ctg geog ttt gaa tat ggt tat gee 2016
Ser Va! Leu Ser Glu Glu Ala Yal Leu Ala Phe Glu Tyr Gly Tyr Ala
660 665 670
ac¢ gca gaa cca cge act ctg acc ate tgg gaa geg cag tic ggt gac 2064
Thr Ala Glu Pro Arg Thr Leu Thr Ile Trp Glu Ala Gln Phe Gly Asp
675 680 685
ttc goc aac ggt geg cag gtg git atc gac cag tte ate toc tot gge 2112
Phe Ala Asn Gly Ala GIn Val Val Ile Asp Gin Phe Ile Ser Ser Gly
690 695 700
gaa cag aaa tgg ggo cgg atg tet get otg gtg ate ttg otg ceg cac 2160
Glu Gln Lys Trp Gly Arg Met Cys Gly Leu Val Met Leu Leu Pro His
705 710 115 720
ggt tac gaa ggg cag gEE cog gag cac toc toc gog cgt ctg gaa ogt 2208
Gly Tyr Glu Gly GIn Gly Pro Glu His Ser Ser Ala Arg Leu Glu Arg
725 730 735
tat ctg caa ottt tgt get gag caa aac atg cag gtt tge gta cog tot 2256
Tyr Leu GIn Leu Cys Ala Glu GIn Asn Met GIn Val Cys Val Pro Ser
740 145 150
acc ccg gea cag gtt tac cac atg oig cgt cgt cag gog ctg cge geg 2304



100105110 Val Hs Ay AQu Gn Gu Gy Leu Tyr Gn Tyr Ala Lys Thr Ile
Ile 115120125 G u Ser Thr Asp Lou Mh Ala Ile Lou Tyr G n Arg Asp Asn
Ala Val 130135140 Lou Ser Val Qu Gn lle Lys Arg Leu Thr Gu Cys Qu
G n Lou Val 145 150 155 160 Gy Val Lys Asp Gy Val dy M Met Asp
Leu I \V/ r I y rg Lou Ay Tr
Lou adlr & et ARSeEbesattor tindla Go/mERne 8 00 57 Lon
PO ita ey deodd eeseto g ooprod 35800800000k dlsiont entSer Asmp Ty || o
Pro HpetlAre AperProriGeuMedl iale Mdl Se 03__3;@291?,52!_%5 AuapdgoBidys Asn Ay Asn
Asp Qu Ligo Val Lys Qu g Tyr Arg Hi s 885230235240 Val Ile Lou Pro
|l e AsmgAsg gdgeg%r?d.ygc Gt g %aa_yﬁg @oy apgreeal gec2iig2st 55 2400

Pro Leu Afa Val Ser Ser Leu Glu Glu'Leu Ala Ash Gly Thr Phe Leu

785 790 795 800

cca geo atc get gaa atc gac gag ott gat cog aag gge gtg aag cgc 2448

Pro Ala [le Gly gé [le Asp Glu Leu g?g Pro Lys Gly Val %¥g Arg

gta gtg atg tgt tot ggt aag gtt tat tac gac ctg ctg gaa cag cgt 2496
Val Val Met ggg Ser Gly Lys Val E%g Tyr Asp Lsu Leu gég Gln Arg

caa ctc 2544
GIn Leu

a
u
5

cgt aag aac aat caa cac gat gtc goe att gig ogt atc g
Arg Lys Asn Asn Gln His Asp Val Ala [le Val Arg lle

835 840 845
tac ccg ttc cog cat aaa gog atg cag gaa gte ttg cag cag tit got 2592
Tyr Pro Phe Pro His Lys Ala Met GIn Glu Va! Leu Gln GIn Phe Ala

850 855 860
cac gtoc aag gat ttt gtc tgg tge cag gaa gag ccg ctc aac cag ggc 2640
His Val Lys Asp Phe Val Trp Cys GIn Glu Glu Pro Leu Ash Gln Gly
865 870 875 880
gea tege tac tze age cag cat cat ttc cgt gaa gig att cog it geg 2688
Ala Trp Tyr Cys Ser Gln His His Phe Arg Giu Val Ile Pro Phe Gly
885 890 895
got tot ctg ogt tat gea ggc cge cog goe too goe tot ceg gog gta 2736
Ala Ser Leu Arg Tyr Ala Gly Arg Pro Ala Ser Ala Ser Pro Ala Val
900 905 910

ggg tat atg tcc gtt cac cag aaa cag caa caa gat otg gtt aat gac 2784
Gly Tyr g% Ser Val His Gln 532{8 Gin GIn Gin Asp Iégg Val Asn Asp

dg
Gla

gcg ctg aac gte gaa taa 2802
Ala 553 Asn Val Glu

2100 2

211> 933

<212> PRT

{213> Escherichia coli

<400> 2
Met GIn Asn Ser éla Leu Lys Ala Trp %gu Asp Ser Ser Tyr %eu Ser

i 5
Gly Ala Asn gén Ser Trp Lle Glu gén Leu Tyr Glu Asp gge Leu Thr
Asp Pro égp Ser Val Asp Ala ﬁgn Trp Arg Ser Thr Ege Gln Gln Leu
Pro géy Thr Gly Val Lys Ego Asp GIn Phe His ggr Gin Thr Arg Glu
Tyr Phe Arg Arg Leu Ala Lys Asp Ala Ser Arg Tyr Ser Ser Thr lle
65 10 75 80
Ser Asp Pro Asp ;Er Asn Val Lys Gln ggl Lys Val Leu Gin bgu Ile
Asn Ala Tyr Arg Phe Arg Gly His GIn His Ala Asn Leu Asp Pro Leu
100 105 110 .
Gly Leu Trp GIn Gln Asp Lys Val Ala Asp Leu Asp Pro Ser Phe His



Val Ser Lou Ile Lys Ala'dy Met GQu Ile Met Gy Leu Asn Val Arg
260265270 Asn Thr Ala Arg Pro Pro Val Ay Pro Val GQu Lys Asp His Tyr
G n 275280285 G n Lou Qu Ala lle Lou Lys Gn Ala Ala Asp Arg Phe Pro
Lys Lys 290295300 Ala Ala Thr Val 305

116 120 125
Asp Leu Thr Glu Ala Asp Phe Gln Glu Thr Phe Asn Val Gly Ser Phe
130 135 140
Ala Ser Gly Lys Glu Thr Met Lys Leu Gly Glu Leu Leu Glu Ala Leu
145 150 155 160
Lys Gin Thr Tyr Cys Gly Pro Ile Gly Ala Glu Tyr Met His Ile Thr
165 170 175
Ser Thr Glu Glu Lys Arg Trp Ile Gln GIn Arg Ile Glu Ser Gly Arg
180 185 190

Ala Thr Phe Asn Ser Glu Glu Lys Lys Arg Phe Leu Ser Glu Leu Thr
195 200 205
Ala Ala Glu Gly Leu Glu Arg Tyr Leu Gly Ala Lys Phe Pro Gly Ala
210 215 220

Lys Arg Phe Ser Leu Glu Gly Gly Asp Ala Leu [le Pro Met Leu Lys

225 230 235 240

Glu Met Ile Arg His Ala Gly Asn Ser Gly Thr Arg Glu Val Val Leu
245 250 255

Gly Met Ala gég Arg Gly Arg Leu ésn Yal Leu Val Asn Vaé Leu Gly

65 27
Lys Lys Pro GIn Asp Leu Phe Asp Glu Phe Ala Gly Lys His Lys Glu
275 280 285

His Leu Gly Thr Gly Asp Val Lys Tyr His Met Gly Phe Ser Ser Asp
290 295 300
Phe Gln Thr Asp Gly Gly Leu Val His Leu Ala Leu Ala Phe Asn Pro
305 310 315 320
Ser His Leu Glu éég Val Ser Pro Val Val Ile Gly Ser Val érg Ala
Arg Leu Asp Arg Leu Asp Glu Pro Ser Ser Asn Lys Yal Leu Pro Ile
340 5 350

34
Thr Tie His Gly Asp Ala Ala Val! Thr Gly Gln Gly Val Val Gln Glu
355 360 365
Thr Leu Asn Met Ser Lys Ala Arg Gly Tyr Glu Val Gly Gly Thr Val
370 380

Arg Tle Val lle Asn Asn Gln Val Gly Phe Thr Thr Ser Asn Pro Leu

385 390 395 400

Asp Ata Arg Ser Thr Pro Tyr Cys Thr Asp [le Gly Lys Met Val GIn
405 410 415

Ala Pro Ile Phe His Val Asn Ala Asp Asp Pro Glu Ala Val Ala Phe
420 425 430
Val Thr Arg Leu Ala Leu Asp Phe Arg Asn Thr Phe Lys Arg Asp Val
435 ‘ 440 445
Phe [le Asp Leu Val Cys Tyr Arg Arg His Gly His Asn Glu Ala Asp
450 455 480

Glu Pro Ser Ala Thr Gln Pro Leu Met Tyr GIn Lys Ile Lys Lys His
465 470 475 480
Pro Thr Pro Arg kég lle Tyr Ala Asp Lyg Leu Glu Gln Glu kgg Val
Ala Thr Leu gég Asp Ala Thr Glu Met Val Asn Leu Tyr gqg Asp Ala

505
Leu Asp Ala Gly Asp Cys Val Val Ala Glu Trp Arg Pro Met Asn Met
515 520 525

His Ser Phe Thr Trp Ser Pro Tyr Leu Asn His @lu Trp Asp Glu Glu
530 535 540
Tyr Pro Asn Lys Val Glu Met Lys Arg Leu GIn Glu Leu Ala Lys Arg
545 550 55§ 560
Ile Ser Thr Val Pro Glu Ala Val Giu Met Gln Ser Arg Val Ala Lys
570 575

565 .
{le Tyr Gly Asp Arg Gin Ala Met Ala Ala Gly Glu Lys Leu Phe Asp



580 585 590
Trp Gly Gly Afa Glu Asn Leu Ala Tyr Ala Thr Leu Vai Asp Glu Gly
595 600 605

lie E;g Val Arg Leu Ser g%g Glu Asp Ser Gly éEg Gly Thr Phe Phe
His Arg His Ala Val [le His Asn Gin Ser Asn Gly Ser Thr Tyr Thr
625 630 635 640
Pro Leu GIn His lég His Asn Gly Gin G!y Ala Phe Arg Val Tgp Asp

Ser Val Leu gga Glu Glu Ala Val %gg Ala Phe Glu Tyr ggy Tyr Ala
Thr Ala Giu Pro Arg Thr Leu Thr Ile Trp Glu Ala &lIn Phe Gly Asp
675 680 685
Phe Ala Asn Gly Ala Gln Val Val lle Asp Gin Phe lle Ser Ser Gly
690 695 700

Glu GIn Lys Trp Gly Arg Met Cys Giy Leu Val Met Leu Leu Pro His
705 710 715 720
Gly Tyr Giu Gly GIn Gly Pro Giu His Ser Ser Ala Arg Leu Glu Arg
125 730 735
Tyr Leu Gin Leu Cys Ala Glu GIn Asn Met GIn Val Cys Yal Pro Ser
740 745 750

Thr Pro Ala Gin Val Tyr His Met Leu Arg Arg Gin Ala Leu Arg Gly
755 160 765
Met %55 Arg Pro Leu Val Val Met Ser Pro Lys Seg Leu Leu Arg His

715 18

Pro Leu Ala Val Ser Ser Leu Glu Glu Leu Ala Asn Gly Thr Phe Leu

785 190 795 800

Pro Ala Ile Gly Glu lle Asp Glu Leu Asp Pro Lys Gly Val Lys Arg
805 810 815

Va! Val Met Cys Ser Gly Lys Val Tyr Tyr Asp Leu Leu Glu GIn Arg

820 825 830

Arg Lys Asn Asn Gin His Asp Val Ala Ile Val Arg Ile Glu Gln Leu
835 840 845
Tyr Prg Phe Pro His Lys Aég Met Gln Glu Val %gu GIn Gin Phe Ala

0
His Val Lys Asp Phe Val Trp Cys Gln Glu Glu Pro Leu Asn Gin Gly
865 870 875 880
Ala Trp Tyr Gys ggg Gin His His Phe ggg Glu Val Ile Pro Phe Gly
Ala Ser Leu Arg Tyr Ala Gly Arg Pro Ala Ser Ala Ser Pro Ala Yal
300 905 910

Gly Tyr Met Ser Val His GIn Lys GIn Gin Gln Asp Leu Val Asn Asp
915 920 925

Ala Leu Asn VYal Glu
930

2100 3

211> 927

<212> DNA

{213> Bacillus subtilis

<2207
<221> GDS
<222> (1)..(924)

<400> 3
atg age cgt atc aga aaa geca coc get gea att {ta ggt ttt ceg git

48



Met Ser Arg Ile Arg Lys Ala Pro Ala Gly Ile Leu Giy Phe Pro Val
1 5 10 15

get cot tit aac aca caa gga aaa ctg gag gaa gaa got ott {tt caa
Ata Pro Phe égn Thr Gin Gly Lys %gu Giu Glu Glu Ala %gu Phe Gin

aac att gag ttt ttg ctg aat gag ggc tig gaa gog ata tit ate got
Asn lle géu Phe Leu Leu Asn iéu Gly Leu Glu Ala iée Phe lle Ala
tge geg tot ggt gaa tic caa tet ctc age cag aag gaa tat gag caa
Cys géy Ser Gly Glu Phe gén Ser Leu Ser Gln %%s Glu Tyr Glu Gln
atg gtg gaa gtec goa gte teg sca goc gea gga aag ghg cog gte tac
Met Val Glu Val Ala Val Ser Ala Ala Gly Gly Lys Val Pro Val Tyr
65 10 15 80
acg ggg pteg gee gee aac ctc age aca geg ott gat tgg geg cag cig
Thr Gly Val Gly géy Asn Leu Ser Thr géa Leu Asp Trp Ala gén Leu
tog gag asa aaa gge goc gac gec tac ttg att ctg oot cog tat tig
Ser Glu Lys Lys Gly Ala Asp Gly Tyr Leu [le Leu Pro Pro Tyr Leu
100 105 110
gtg cat ggc gaa cag gag ggg ctg tac cag tat geg aaa acg att att
Val His Gly Glu GIn Glu Gly Leu Tyr GIn Tyr Ala Lys Thr Ile ile
119 120 125
gaa age act gac ttg aac gog att ctt tat cag cgc gat aac gea git
Glu Ser Thr Asp Leu Asn Ala Ile Leu Tyr Gin Arg Asp Asn Ala Val
130 135 140
cte tct gtt gaa cag atc aaa cgt ctg acc gaa tgt gaa cag cit gte
1eu Ser Val Glu GIn Ile Lys Arg Leu Thr Glu Cys Glu GIn Leu Val
145 150 155 160
get gtc aaa gac ggg gta gga aat atg gat tig aat atc aat cte gte
Gly Val Lys Asp Gly Val Gly Asn Met Asp Leu Asn lle Asn Leu Val
165 170 175
tat acg atc ggc gac cge ttg gga tgg cte aac gga atg ceg atg get
Tyr Thr Ile Gly Asp Arg Leu Gly Trp Leu Asn Gly Met Pro Met Ala
180 185 190
gaa gtg acg atg cog got tat otg cog atc geg tte cac tot tac tot
Glu Val Thr Met Pro Ala Tyr Leu Pro Ile Giy Phe His Ser Tyr Ser
195 200 205
toa gog att tca aat tat atc ccg cat att tog cga atg tic tat gat
Ser Ala Ile Ser Asn Tyr Ile Pro His Tle Ser Arg Met Phe Tyr Asp
210 215 220
gea ttg aaa aac gga aat gac gag ctt gtg aag gaa ctc tat cgg oal
Ala Leu Lys Asn Gly Asn Asp Glu Leu Val Lys Glu Leu Tyr Arg His
225 230 235 240
gtg att otg cog atc aac gac att cgc aaa caa cga aaa ggc tac gcc
Val Ile Leu Pro Ile Asn Asp Ile Arg Lys GIn Arg Lys Gly Tyr Ala
245 250 255
gta tec ttg att aaa geec get atg gaa atc atg ggt tig aal gla agg
Val Ser Leu [le Lys Ala Gly Met Glu ile Met Gly Leu Asn Val Arg
260 265 ' 210
aat aca got aga cog cct gtc ggc cog gtt gaa aaa gat cat tat cag
Asn Thr Ala Arg Pro Pro Val Gly Pro Val Glu Lys Asp His Tyr GIn
275 280 285
caa ttg gaa gea att ttg aag cag gog got gac cgt tit cog aaa aaa
Gin Leu Giu Ala Ile Leu Lys Gln Ala Ala Asp Arg Phe Pro Lys Lys
290 295 300
gce gog acg gtt tga
Ala Ala Thr Val

96

144

192

240

288

336

384

432

480

528

576

624

672

720

168

816

864

912

927



305

210> 4

211> 308

212> PRT '
<213> Bacillus subtilis

400> 4
?et Ser Arg Ile érg Lys Ala Pro Ala Géy Ile Leu Gly Phe ?go Val

1
Ala Pro Phe égn Thr GIn Gly Lys %Eu Glu Glu Giu Ala kgu Phe GIn
Asn Ile géu Phe Leu Leu Asn.gcl)u Gly Leu Glu Ala thée Phe fle Ala
Cys Géy Ser Gly Glu Phe gén Ser Leu Ser Gln %53 Glu Tyr Glu GIn
Met Val Glu Val Ala gal Ser Ala Ala Gly géy Lys Yal Pro Val Tyr
Thr Gly Val Gly Gly Asn Leu Ser Thr Ala Leu Asp Trp Ala gén Leu
Ser Glu Lys Lys Gly Ala Asp Gly Tyr Leu Ile Leu Pro Pro Tyr Leu
100 105 110
Val His Gly Glu Gln Glu Gly Leu Tyr GIn Tyr Ala Lys Thr Ife Ile
115 120 125
Glu Ser Thr Asp Leu Asn Ala Ile Leu Tyr Gin Arg Asp Ash Ala Val
130 135 140
Leu Ser Val Glu Gln Ile Lys Arg Leu Thr Glu Cys Glu Gln Leu Val
145 150 155 160
Gly Val Lys Asp Gly Val Gly Asn Met Asp Leu Asn Ile Asn Leu Val
165 170 175
Tyr Thr [le Gi% Asp Arg Leu Gly {gg Leu Asn Gly Met ?58 Met Ala
Glu Val ¥gr Met Pro Ala Tyr Lgu Pro Ile Gly Phe ng Ser Tyr Ser
Ser Ala [le Ser Asn Tyr lle Pro His Ile Ser Arg Met Phe Tyr Asp
210 215 220
Ala Leu Lys Asn Gly Asn Asp Glu Leu Val Lys Glu Leu Tyr Arg His
225 230 235 240
Val Ile Leu Pro éig Asn Asp Ile Arg Lgs Gin Arg Lys Gly Egg Ala
Val Ser Leu [le Lys Ala Gly Met Glu Ile Met Gly Leu Asn Val Arg
260 265 270
Asn Thr é%a Arg Pro Pro Val G!y Pro Val Glu Lys ggp His Tyr GIn
Gln Leu Glu Ala Tie Leu Lys Gln Ala Ala Asp Arg Phe Pro Lys Lys
280 295 300

Ala Ala Thr Val
305



