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[FIG. 2A}

AagetCAMGTOUGTOUGT TACAGTGT TACCAADAACAGTCTAACCTACLCCTTICOGTCAT TOTGE
COTTTGGCAAGAGT ICAGAAT RAAGT GTEET TUAUATOGAGCTAGT GCTGTGAGTEAALACAS
BEAAGTCCCCAC T CACC AU G TG CAGAT TCTATCT L T TITCAGAT TRUAMGGELUADGCODAL
COAACCUOGCRATCERGUOBASTUCAT GUCCGACATOCTCRACATCT TOATATCATAAGGOOCTTOA
AAGTLUAAT T TG GUATGECATCAAT TAGEAGAG TGO T TEAACACCAGCCCATCTICCACCGGE
GEAAGGACCETOGAMAT GO T T SCAGACGGLCACCGTOTEAT COUTRUCTOTUCUGAS THA
COCEATETOCTCCTIAT CCCAAACASTO T T EAAGADCTITCT T T ST FOGCTCAACCCACTG
AGGAGACCGTCTGEAT TOCATGUTGCTGTCACGOUTAGUCCUCT GAGADCCT DUAAGTGHRRCT

GO CCTCCCTAGCCCOCAGCUT CTOTGALGTOOCAGATCLCTCLGLEEAAGCAAN CAGGATE
SUAGSCAGGEUTOCTACAGCAGTLCCTEETULAACUCAGGTGLCTAGGEIREARAGDAGES
CAGAGGEECT TGAGELGARDCTCEUUCAGGUAGGELT TCCATG R T CABTO S TG UAG TUCAT
GAC A CGAA SO A O ACACT STEGG T GUARCATSCO TSOACGGALACATTGGLAATGO
O GO CCCAT TG COC OO CAGEOCCGEAALL OO LA BATCAGUALCACCCOTTOTCUAGCCTE
CTCC CSALQQ!&G#CH&E&TQ‘:QC’@”{Q acacliccagrasgaggiaggacoggciocgaganggciccoggoaaigeatgeasca)

Ecgatyatyoiicoacrooorgaantinaicgogncigealgonogiccoaigoogeiccagogenaganaigitaastageragyocy

k:.cqaﬁgmaagas:;aitaiag;a:gagﬂaccaa&g&:aiaﬂcaaacacc’@aga’ﬁe:aciaﬁca;:‘&ctacac;agamas::is::gagsr:ﬁgig;atcg

kactoogoissgaaoogosicicalcticgiicagicacaacoocgraaada T Golgelgraguoaticolgficelgotpgroggotioges

o

gﬁ-::aaga?cagcg@::imatga@ga&@gaga@gfmgamgmm@%‘:ggé‘gcaﬂtcas CECHFCRSGQGTITGaiasvgacrers
cggeriglggtacgangagRaggangocaagigoraccipiacticraglacasceogaangacacngiciogoogangroaiigitcian
GUCICQLCaQICegacEavoigarcRacigggannacagoleaingeeaiigororgasycgraacgacionggogeaiiciosgg
cloeatgylyntgyactacaacaacasciceggoticlicaacpacacssiegaccogrgecaggeigopiggeoatelygacatacaaca

serogoagivegaguageagisoaicieoiatagesiygscgueggetangecticacngagisonagragsacocagigaiggongecs
az;fcsa«xﬁsagﬁau cgasrsgaaggz‘cﬁf?«ffjmga soragasgiegaicalgacegogyocaagiccnaguaciacaagat

coagatstactoaicegangancigaagicnlyyaagriggaciconcglicoorascgaggychiosiogaoiaccagiaogagigue

gmigaf{:gaggmoccamgag}mggao&c@aga&agmag*aaiggnggaIgtf{:a{cmeama‘aemcg:;}ﬁgaccr;g,gcog-;vc;_gz:tf'"
sttcaaccagiacitogicgeageiicascyyeaccoactiicgagureitogataaceagicooyegiontaoaniiogaeaangactacta
AR CRNECOHOC AR ANC AL COYA OISt T TagnICCoNIggeatngoutyaucaieoaantifygagiactoconotiogins
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coacoaacoenigyogrinciccaltoont g gcaagiivlcoolcaRCaTeRagiaccageCARCCLggagaTRagciyatcas

colgaaggorgagrogaiccigaacateageaacgooggoreoigyagooggiicgeracoaacacracgligacoaagyroaatago!
acaacgfogaccinierascageaccogoarcaiygagiingaonigyigtacnoogleaacacnaccoagacgaiclocangionglghic
angpacciofeocictgoficaagguocigoagoaccccoaguagiaceioogoatgngciicgangigioogegiociccticticeiggane

gogogascagoaagyigaaylicyigaangagasencteHracCaancqralgagoinaacancragorclicasqagoganas

cgaceigioctsolataagyigiacyyetigriggaccagancatoigyagoigiactivaacgacgoogacgiogigiocaccascacds
CHCRIGARCACCIIGEACGORCIONORicCOigaa Al acHaCIgYIggacascritictacRicgacragicCagpiongogsy
geaag TGATTERATTRGAACTCAUAAAGLGGOCCALGEETI COAALGTCCOGTEGTCAATTHCGLGRGETGTGUCAGA
GTTTCTGORLCACOGAT GUTCACCCTARGGGRGGAT BUCCT T T GRCAT FLATGTGTRCCTGCATGLACRTTTHRTATCA
GTCTCACCALACCTTGARGATT TTTGGGAGHGELGGEEAMGTOROASTEEAMCgagete COCGAT TG TOAGAT

GETECAGTGEETEEATGECCOTECToOGAGRAGCTTTCTAGEECOCGAACTIGERCCCTTICTIOG
CCTCTEATGCAGTETEGEGEEACCOGETGTGCTATTICTECGAGGELCECLCAACTAGRGGTRG

GECEGRUATACGCCOOCETLOACACGTGGGEIGTEGCLTUCAGDTOT T DAGASCAGTGTTATGT
CGACAGUCARAGTOEAGACTEATTGAAC CCTACTOCCAGG TGO TATCTTGEGAGCATACTECECT
CACCOTGOUTGRACTECCCEAAT TCOAACCT TR TOCCCABASACAGOGCAMMOGCCGGTICATE

AGTGCAGCATGAGACTOAAGC T CCTAGITLATSACCGT TGO STAGGCAGAAGCTRCIGGLAGT
ACCTEETEEAGECCTOUOABRGLAAACGETCTCACC TTCCAGCCEOOGLRAGETAGTGGATGISE
GLETEAMGAACGGCACAGCCTUEETCACCTGLCAAGATGOCTCLGTCCTGACTGLEAGGTGEGS
COCTGTECATGECATTTOTTECCACOAGTCTGLATCTCTOAAGCTOC TGO TAGL CTCAGARCA
GIGGAGTCAACAGCACACAGOTCTGROGOTEOTCASSOAACATACATCGLACTSTITOCTGGAG
ITECToLUCCTOTETEEOOUAAD CASGALCCCCOGACGCAT GUATGCCCOCTOGCACATCCLE

CACAGGOTORTEACCCTEEOCTCCOGCEUEELARCEREGLGOTTOCTCAMAGTACEAGAGaag:

£t

L
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[FIG. 3A]

AageHUAAGTEORTIGUG T TACAG TG T TACCAACAACAGTCCAAC CIAACCCTTTCGRTUAT TOTST
COTTTOGCAMGGELTUAGAATGAACTETGCOTGUACATCGAGUTAGTGLTGTCGAGUGAAGATAA
GEAAGTOCCOALTOACCCACGTOGUCAGAT T T IAICT T T TTTCAGAT TEUAAGOGUCACGLUCAL
CEAACCUCCEATGEEECOCAGUCATGEUCCCGACATCTCEACATUTTOATAT GACARGEELET TR
AAACTOUAATT TATGTOOATBOCATCEAT TAGGAGAG TRETTCAACADCAGOCUATUTTOUACDE
SCAASGACCETOGAANT GUCTCTGUAGACG RO CACCOTCTRATOGRIGCOTOTOOCAGGTG
ALGECEATGTCLTOCTTATCOCAAACAM TG T ICEAAGACOTTTOT TT TG TTCOUTCAALCCACT
GAGGACGACCGTCIGEATTCUATOCEU TG TRACUCTAGCLCCUTGAGACCOTCOAAG T 660
GGTCCOCTCOCTAGCCLCEAGULT CTCTRACE T GLUAGAT GLOTCCGUGHAAGCAAATO AGHEAT
CEUAGGRAGGGLTOCTACGAGCAGCCUCT GETICUAACGUCALLET LCTAGCEGEAAMGGAGT
GLAGGGGELCTTCGABGLGAGLLT GOULCAGGLAGEEUTTOLATGETCAGTCGTGELAGTEUL
ATGACAGUCEAACCCACCGUGADALCETERETGCAGCAT GLETORAL O BAAALAT TG ETAAT
T TECOOCAT TEEACCUCCASG UL CGEAAANCRGEACGAT U AGCAGGACCLCCTGTOUARUC

TCCTCCCCACggtacetcocnritiaattgagencatitoglogrtnaatayogaaagoaccyrgasacasigectgicongtoeay

geatcicaacagecioatgcasgotigeacaagraagaccaticigaicigouaaciniagaluiasioagoganotionciciyaates

Botggiatcacgiiicrggaacacoorgasargtgealgnactiatigegalgagageaticeoaccgogatigicicangegatiicggag)

lBaggitigcagaacacicoagnacatgasaiyooiinicacyialgascoaicicocacgnrctinaasagalonciogacticeatictagal

kglncaaaaccolscgacicarnsanigroRrganicangralangcAtgUCgunragugAcaagagacyagtigatoaaracia

kicgatcacgiicecooalagogatocgagoageacaigatgoatogagaioacgeogtineaaangagiiongealoogicyaagcang

CHRYGCT ccgs:ggsz,;gqtgaaﬁicaaag{caaa’a:@cga:»:.’t;_:;m:c,+:ggec:r:;=ctccig;ax::gggga’itaaccccmagj

ecigtatceateqacacingtolognaogaataaaagogiogarcoageienagangenoastccticicaraaloigiisactiicaacass)

biataagicaaticaactigacacald TEgoegogongtooacigeancolgalglcogigUicigCARC a0 83T AGCCACIEOgOncYDE

OB A aa O OO O e A O I A O O COE Ca LoD AR A A QR BCHBCIRCCACTD

e a0g oA a0 OC OO CE A0 aC L 8N ORI Oy CLaAILa0oHCRRICACECoRICACCCTioniorCogaciios
ACCEICColC S a0 GG EiCaCAAQIcCacyaa0gagacaaguaIyatacyaggapicoguocacgionigasgy
O L PR P B L E P R L F O P 8 P8 LI b OB TP O W G O ¥ TN N B bt 1 T L 4005 T s O O,
RClggOga a0 CgoAagRg Al O gARRRg OGN ey eCRCol acAngCag AN ACIAngeya auraggar

At AICADG L ATTaGAIgCIg At gAY CICRBTaaGalNaCrCapaURAgIooqoICyaguIcHnoCnggoRcgrgenalc
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[FIG. 3B}

ficcorincagcasgaageacoiggagiggagoonaigeicgigoarograaginciggigaaniigracgrgasnalogoraacton

G e B a g A A L a R A GO O DR CAIGI G NNGCe OB CRCCHINaIQUACHIgicosnggge
R e R U I h L E e G S R R E RS SRR R F 8 e K LR s e R 18 R L e T P Tl 1
gacggoalcpoggagaacchyaadtoapaggigitcogogagacgoigalogagoagoongageagggeglygaciaciicangators
cgoegegeslysigotoenctaraicoonCigacogocsagegeCigacy g osinigincogCgeggineaiotanyogas iy
olggcctaccacasgyageacticaoctacyageasigggacgacsiceiggacatolycasceagtangacyivgeocigiccalogooy
AN g R C A C SO AR S0 O A QoA O gD E0GRoagnIGRENnICDGLRCy
tggoagasgoregigeagatpsinasgegugeccoggeeanglyoctaigoatasgalotnogagaacalgoageageageinyagt
gylgoaacagecgeosiclanaconigogorencinargacngacali Qo cogriacgancaraluaccionyoralvgaeycny
peaacafoggrgeosigyyeacegronigcifinelacgigaonoce 3aggagCacolnnCo i Crase Qo aoRCEIGaaINCy
GOeg Bl BRa g a C G g R OO e RO CIGUC O ARG C AN BCOCCANYCTCRGGCHIGRIBCaATggCiniora
aggegogoticgagiicogoippainyacoagiingogetgleopiygacoreaigangnogaigiceticoangangagangolyrengor
gRCOORgogsacatcrrenaclTigelonat HigrogeCos AagiCnTiCeaya a0 lCaCQOANYRSInOGOSaglacinegsyg
agascgactacgooiccgecgaggaguronicrgecaqyoatggacgeratglcogagoagiivascaicgoeraagaagacgalcioc
BCORG AR aCHGCIR I CggeIUsHagaiciacHigeeagagicnlacHicaRggoegooanasy T AGTLCTGROGACT
CTGETCCCOTGACCCOTGT TCCCOTEOGCTERCTICTCCOCGLTEAIATCOGALCTRCTGUAAALTTOLLGTTCCTGE
ACRACACTTGCCT GALCCARGSTCOGRTLACGAASTAAMAGLCACAATUAACALLCCAGECACATTAAGAGTRUALA
GUATGACGCAGCATAGGETT TETGTCRGAGRAAGLERGT CRAGTOECGTT RELGRAGBGRETRETRARGRT GALCA
CATCTOUOROATAAT TOASTCCTCADGORARAATALCAGTLTCT BT TCAGGTRCTCOGgageicCGCGAT TGTC
AGATGETEEAS TEEGTGOATOGCCCTCUTOCAGARCAGLETIC TAGGUGCASACTTGECACT
TICCoCCUTOTGATGLAL T TRRROREACCUGETGTGCTAI TTCTCOGARGLUCGCOCAALTA
GOETEEEELGEErATATGCCCGLETCEADAGGTEOETGTOGLCTCCAGGETGT TGACALGAGS
GYTATGTCEACAGCUASMAGTEEAGACTCASTEAACUTACTCCAGGTGUTGTCETEEGAGCECA
CTLCGCoCACCETEEUTOEACTEUTLGIATTCOAACCT T GO T GUUCAGAAA AR EUAASGEC
G AT A T A AT CAGACTCAAGCTC U TAAL TCAT AL CCTIGELATAGGCAGAAGITE
COGCARCACTTOETOBAGGLCTOCOAGRUAAACOCTETCACCTICCAGUUBGEEGAGETAST
GEATETEGOUGTGAAGAALGECACAGLCTCEETCACLTGOOAGALGECTLOGTOCTGACTEE
GAGGTOGEOGCTGTGLA T BECAC T TS T TOGLACGAGTCTREATCCETRAAGUTOLTGRGTAGE
GTCAGAGCAGTERCETCAAMAGLACACAGCTLTGROEETECCCAGGEAMCATACATCGCTCTG
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ITTCOTEEAGTIGLGCECLCTCTGIGT SELAGLCARGELCLTCUCACGUAT GLAT GLCTECTL
GEACATCCCECACAGGCT GETGACCCTGEECTOOGEUGECHGGHGELGEEEEECT TOCTOAMST
ACGAGALGaagett

[FIG. 4A]
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[FIG. 48]
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[FIG. 5}

gotacocitnoagigooocaanaaciggeiaccanciaacaaticicacgragiiiiatocicigeacitigaigicanctifigaitcatctgents

kattacagegtigaglggoragoaggaagaagaceqogiccyagacgagiclgangacacgcictcgeaactinpaticoggatitctiag

koigeatcgaccicggoninoagicaaicagaaatioicatigocagatigecigocgsggacgagioatatactcaaggegtigeateged

Brasaacacacacfiaicigoaagggagiiacigeatragoricturicaaragcicgigacalogatrgiicagatenacagoaggtactay

Ecqeatggagraccociocogagacaccigoatigegiciogyaggagaicacaigrcangoaguigorcacalinnaccangegacogd

gasataggcagacticgggeatccigicatogealigiccgoiggocgayaatcalggoricocaccaggogtcacyrgaigrecaceiocy

tecootgoigonoagggeaccgegiicigiggagagoogaccad TGagrerconcatecagereacnicngercgooneiantoey

ceccsagcacicoogctigocdiodignoconcarcotgacogoocaoconyicsansaaiicaccaagragticogoliongocgoaty

googaggacaloolgasgsiglagnagogoragiactacnlynoncyogagyacicogacasgogoaccalyogonagogogigeacct
OEACCORCOoCocognieoganciggnegaoategongiogoengiyacogigaiogooaigiganrneaccoigiioqigtacagoatntaatts
glyaagelgroniguoeccigasgranucgapacagoracoiooiggrooaccatogengeegigtictictoootggagiivcigiacace

OO R At C R C AL g AN AN OCa eIy O C IO CARLONToNCOIgRacaaciiorgggeragningog it
el A OO Ol A C O AR eI AN AC T RS AT A0RC G CHAGOLCCYOII0QaTonCactn
CRDCHEQUOaaonenaanciggengigtogticnoccagtivatgnt grz:sfazca'fgﬁ:f:{:@tg?;:m::ag{fmfgaeagssimgmgtg@gfma

BOCIgOlgniQnigoonggerCconcionecRacragoigaigiinalgacogoogececeatnaigiocqocticogeaigiictactacgyc
Ol RO gLCnCACCACECIBgaATHCoAtaCoyTgacatgocoiggaaggigiccogoacaiacfeogoainengentgragtons
tcufgacam»faccac&cgamé‘maﬂggaaqmwdm:{:seft:;gnmfac{;“cuc«:fgg&;fggagc‘fq«,cuaa (GCogeCagatigon
COeRUCgEegeeelaase THAGCAGAGELCTTGOARTATTLGLATCACGUGARGAGTASBCTOTGLTGATOBRCCCT

GOATACGCTGACTCT TOAABCAGTBEEOTACCACALCCACCT TT TGOCAAGREUAABOAGT CRGBAARGBERGIGGEE

GUTGLCATGUACCLUTGACOGRCATGEUCGTTOOGLEAGGGLBLCAATTRCEECGHULTGLCCEITRBITOETRO
COCCOTACCCODACCATT GCCTOGAGLGT T TCCATROCCAART CACATTOCATCCAART TETATCACTATGLCCOTITG
GUTCTATACACTCAOGEOCTBARGTOCCT TLTUGRCCL TR GGUALALSOLLAALLOCOCACCATACTCTTICGAT

ACACTGCASTGCT TORAGCCTRCOTHECACCTECTCTRCT TBTUTCCCOTCCCTTLLET T GAGGT T T F COAATGLAGT
AAGAGAAGTCGACGTGLATGRACAGATGAT T CAGARATGAGACTAGT
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[FIG. 6]

ATGgecaccooatccactiioicanoaticaatnoncgciucanonacoigoaioqoiogooaountonqnooeqaoans

cagegangecrcioncogigeaonntgeeaicegofoncgecgealggoogagpacatnciyaagetgignragogecagt

accacctgeccegegaggacicegacaagegeacootgegogagegegigeacaigiacogocecconcgaicegaccly
googueategeegiggoegigacegigatogeectgigggoraceoigitcgigtacgoorigtygticgtyaagetyeoctag
gocctgaagglgggegagancgoeaccicetyggooaccategeoqoeglgticticiceciggagticcigtacacoggonty
ficalcactacccacgacgeratigoacggnacealngoocigognescogoegecigaacgacticotgggoeagetiogng
slcfeectgtacgectgultcgactactogigrigraccgrasgaclgogagoaccacaaccacaccygeyagooiegry
tngaccoegacticecacogoyyeascecnaacctygoesigiggticgoeoagticstygtolcctacatyaccrigioncagdt
coigasgategeegtplggiccaaccigoiycigetygecggogoaccectgyocgaccagetyoigticatgacogoeogooe
coafooigicegecticogooigtictactacggeacctacglgoon COOCHRYeagygCCacaccggegeealgece
tegeaggigicoogeanciccioogeciconyoctgoasgivoticotgacatgotaccacticgacclocactyggagoaccane

gofggeoctacgeccortggtoggagctaons aagfgscgccaaai coegeggegecgerstggec TGA
[FIG. 7A]

MEPGIGPTSARPCSRTKHSRFALLAAAL TARBVKQF TKOFRSRRMAEDILKUWQROYHLP
RELSDKRTLEERVHLYRPPRSDLGGIAVAVTVIALWATLRVY GLWEYVKLPWALKVGETATS
WATIAAVEFSLEFLY TGLHTTHDAMHGTIALRNRRUNDFLGOQLAISLYAWF DY SVLHRKHW
EHHNHTGEPRYDPDFHRGNPNLAYVWEAGFMYSYMTLSGFLKIAVWENLLLLAGAPLANGL
LFMTAAPIL SAFRLEYYGTYVPHHPEKGHTGAMPWOVERTSSASRLASFLTCYHFDLHWE
HHRWPYAPWWEL PKCRQIARGAALA™
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{FIG. 78]

MATASTESAFNARCGDLERSAGSGPRREFARPLPVREAAIRSRRMAEDH KEWQRUYHLPRE
DSDKRTLRERVHLYRPPREDLGGIAVARY TVIALWATLFVY GLWRVKLPWALKVGE TATSWA
TAAVFFSLEFLYTOLFIT THDAMHGTIALRNRRLNDFLGI AISLYAWF DY SVLHRKHWEH
HMHTGEPRVOPLDFHRGNPNLAVWRAGFMYSYMTLSOF LKIAVWENLLLLAGAPLANGLLF
MIAAPILSAFRLEYYGTYVPHHPEKGHTGAMPWOVSERTSSASRLOSHFHLITCYHFDLHWEH
HRWPYAPWWELPKCRQIARGAALAY
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[FiG. 88]

“: a.astaxanthin 7
©. b.4-keto-lutein

By g S
R
£

]
i
Fon
L2
pal
el
5
fas3
$l
4
e

{FIG. 8C]

. aastaxanthin @ & &
. b.4-keto-lutein

kg
A
o

13



U.S. Patent Jul. 16, 2024 Sheet 14 of 36 US 12,037,630 B2

{FIG. 8D]
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{FIG. 8E]
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[FIG. 9A)

aagettT CAC T CTCCATTCACAC U CAATTTOCCACC RO CGUAC D CGLTOCCAGETGEGAGGATGE
GAGGGASCCUAGTTGGEAGUCGRAGGAGTATGTGADUCCGGAL CTGATCGAGTTATATGLCHGY
CAGGEACCGUTOEAGUALGEEATGTCAAGGUCELCEUTGACAAGEUTGEUAAGEGTAGGALAL
CIGULTTGAGEUAAAC LT GEARALGCUCCETOTCAGUATG TEATOCTGTACT TGO TL T GACAA
GETGGALAATSUARTAC CAGG T TACCARSCTANGTAT TOCTAGTATACLGECACGLOARAT CAT
CTSTACAGRAGTC TS TOCAGGAGTGAMAGRTAAGASUCAGASUCAT GACCHEUGALCATCUAT
GICCOGTCACTOGEATGUACTOGUTGACATOGGEUEGECABGTCATOCAACGOTOUTEAMT GATOG
AGAGGAAGCTECCCEAT T TCAAAMACGLOCCOCCACGTCGUCU TOCAT GGEUCGRALAGUAT GCT
CAGCACAGGT TOUTGCETETOCUTOACACASALTCGCTCOT T TAAAGC AT CAACT TTOCAGGGOAT
GEEGLACTUGTACTGADAATCACUCACATTCGTATACCT TTGACGTUAT TAT T T T T CBCODCAAD
GUGETTGLLATCCCGAGTTGTACCTOCGOGGUTACCATACCCCTGTCT TOTGELCCTCALLGTC
GOICBOAGLLEEGATCCAGULUAGCCAGTUTGAATACT T TTACACAACATAGTACE TAACGUGOA

TTAGGLUCCCAMTACCAGTAGUTGEUTOUAGCAT GEEEAAGGGYGEE SGGEAGG%GQEB&C

bicitiaatigageocciicgioncigaatoantgaasgcarcysgaracaaigocioicorgtocatyoaicicaacagecicalgcasgal

ocacaageaagaccalicigatciqooaactiglaggiotiylsigogugagotigigoicigaatcaagtagtatcacgiticognaacacd

krgaascglgcataggcitatigegatyagageatiiceoaccyegativicicangogoatiicggagaaggitigcagaacaciceaggad

Bigasatgociigicacgtatgaaccalciccoacyycetigaaaagalogolcgacticoaticlagatyginoaaaaccoiacgacicaanal

BoslgecancnacicangcalinggcATaInognEagunsgaaganagsantigaicaraacigicstacgicooocalogeyaty

kgagcagcasalgaigcalcaggigycacealiorasannagycncalgoniC830ayoUANZagrARSCOnINARaCTIgEY

}gzg g&a?.aaaag{;ggﬁgﬁaﬁ&cagE’é&:ﬁuaggmrcaa:i:cc;ttt:itas:aa&ttgiﬁaaﬂtﬁmaﬁaaa:qtﬁiaagfis:‘:aaﬁﬁaacﬁgacat;ai

AT Ggrogogicegioeaniytaccoigatpteogiggintgrastascaagaaceacicogencgonceasgaigooraaticoionctac
O A O O OO A e e 0 TT g O AR A A ang A C AUD IO CRCGOIYROgHOgAtTonT
LCANGACCARNICIAgCICQCTaagEaAgogeaageacaccalogaccocicaiconengacticesgoncalonentoattogaggagt
grifcrcraagionacyaagagcANGaQuayyiyginracgaggagincagrcatglicrigaaggigeacticegrogogigeaceigic
OO ag O e o AR A A AC GO OU OO AG AR ARG OO ACA I CIIUCOABOTIOICARTTAY
R A OGO B Aay O O C AR CE N A S CAN R B0 ARG YAageagaUnale aicacggagnagalgighs

fgogogRcgoogagaagatgacecegagiicgioognincyaggicyngoggacegegoatoatooncicoaanaagaageacat
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[F1G. 98]

guageiooagrosatgaicgigogecqtaagiivelggigaagaigaasgngascalnggraactiocgrogiopecicctesalogangay
Gaggi AR Ay O R CA R RO CG AL U IR CIGICCACTGDCOUC 80T aCHEQatgoIngs
glggatcstgrgoasnicogegotconcgiQaucancicoonaictaCoagoopCiRgRagoieacqgoRtoyoinagaanciyas
CtgogRptaticnyeoayacgrtyaingagragarogsgoagageyiogsttaciicangaincacgegggorigaipotgogniacate
corcigaongecasgegorigacyggealagigiuocgogeggciceatcoacgrgaagigrigociggectarcacaaggagaactic
gentacgageacigopscoacsioniggacaloignaacoagiacgacyiegocntgiooateggogacggocigegocnggionalta
cgatgorastgacscgnoccagiicgergagrigrigacceaggooyegcigacgogecyogsinggagaangacyigraggigaly
FFCGACQUCCTIggeracgigrecaiytacaagalcrocgagascalgragsagoagoiggagiomlgeaacyaggogorcictaca
cosfgagococcigacgacogacalugoyeeiggatacgaccanateancicogtoaioggogrgyceaacatoggegoonigggesce
goenigoigiariacgigargorcasggagracnigpgonigocsaacogrgacgaciigasggoggegicatogontacaagalogos
JORORCQUIGCEGacUIgEEaanrageacons
ggaccagticgegotgtocddguacocoalgana

%

CROYCCCARICINOgRtYacYCHTIgincaRggoyrgoticgagticngetgg st
SR O A O R gRGa O U CogngUaqycErgasgyicgoccactio
oAl g L a A D Ol R B A R G AITa CAIC D CABGIBCICONRgaGRRCGaNIADggRiccgeoyay
EOOECal R CAl YR Y C Al e gaggAg L RCaICgCU AR S a0 ACY A CIC CONCRYCaCACYYCIaggicg
GoGOnGagAlCIanCIgeogagteclacaicasgIoQoycansag TEAGTLCTGGLGACCCTECTCOCCTRACCOOTATTC
DO TBCGCTGCTICTCCCoGRTRACATCORACCTRCTRCAARAT TCLCGTTCCTRCACAAACTTECCTGACCGAGD
GTCEGGTOOIBAAGTAAAAGUCACAAT CAACACCCOAG L ADAT TAAGAS T GLACAGCAT BACOUAGCATAGEETTT
BTG TCEGAGGAAGEGOGTCHAGTCECOTTEEOAAGEGOETEETCALBATGACCACATCTGOBRBGATAAT TEASTLE
TCAGGGHAAMKTACCAGTOTCTOUT TOCAGGTOCTOOSYagete COCAGGLGAL TUAATCAGT TCGTGTCATG
ACATTGAT TGO TET HauAsAToCCOUGALCOGUTGOCGEULCCTUT GCOGTGUBACADLCCT
TeCoCTEGEETGTGCUTO T IGTCOTGCATCRCACACCTCCTOOGCUGRAC T TRADCUOCTEOD
AT GAACAACCAGG T GTEGGACGT GATAG TR TGO GUEEELET o CCERGCEETEE
TGO AT A AL T T AL LU CCAC RS T T L TOC T GAGC GG GAT TGO DAL
SO EACC AT TEEGoCAGC T TOCAGCCTER UG SUGTGLIGELCCTGGASCELITEGE
CUTEGELEErECOGTGEALGEUATCOACGLGUAGCC OO TR TR GG TAN TOLAT GTTCAALS
GLGEGOGTEAGEU G THCAT OGO TACCCCALCO OGO GALGCTCLLLEETOCAGCELITEE
EEUTELGECAT ARG CCU AT EGAACCGUU AL GO SO GCODEADGCCTCT
GTCACOLGUTTOTOCTTCUACAALGOLCRAT TOGTRUAGUGECTELEUBLCLE0EE A0 G0ET
TEOGOCoGEHETCALGCTRCETLGCEELACGGTELGCEUGUTGGTGRATGACEUCEELGLG
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[F1G. 9C]

SACTOLEAGGAGGGELEGLGTRRTRACGOLRUSTOUEGTACCGUBCEGHLEALGRUGELRAGT

GLETEELALTELEEUCATCTUACCETOGTCTOUCGARGECATGTACTOGGCCOTEUGGETCCAALGD

TEGCGHTGLCOAUTCTGLEUACRUCCTCOCACTTCAT Caagett
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[FiG. 10A}

aagettT CACTGCTCOCAT TCACACCAATTTCLCADLOCOGRACCOGUTCUCAGL TOOOAGIATGE
SAGGEEAADCCAGC TEERAGCCAGAGGAGCATCTGACCCU AT T GATCAALTUTATAT G CGE
CAGGGACGO TEOAGCACGEGATGTOAAGGUCGLEGUTEACALMGEU T GLUAAGGGUAGGALAT
CTEOGCCCAGERAMADGCTGEAGALGEGL LG TUTCAGCATGTGAT COTGTACTIGET GTCACAR
SR TREACAATGCAGTACGAGT TG TALCAGGLTAAG TATCLOTAGTATACC GEUADGLCAGATCAT
CTETACAGGACGTC TG TECAGGAL TAAAAACEOAAUAGUUAGAGDCAT GACCEGLEACTATCCAC
ATCCCETCACTOCGATGCACT GEUTGAUATCOBUGHCAGCGTUGTCUAATCGTOUTCAATGATCE
AGAGGAMGOUTGCCOCATT TOACCCCCUCO O CACGTCLLCOTOOAT GUUCEUACAGCAT GO
CAGUACAGET TGUIGLGTCTOCTCACACASACTLLTOCT T TAAAGUGATUAACT TTCOAGGLGUAT
GERCGUACTLETACTGACAATCACCCACAT TCGTATACCT TTOACGTCAT THIT T T TCGCOUCRAL
GUEGTTGULCATCLOBAGT TG TALCTCOGUEEUTACCATACCOCTGTOT ICTESCLCTCACOGTC
GLTOGCAGCLEEOATCCAGCGCAGUCACTCTGAATACT T T TACACAATCATAGTACGTAACCOGCA
WAGGCGEE&SATASQAGG&G{3"&"‘GGETCCAGCATGGGEMBGGTGGGCWGCAGGAGQaaﬁE

tgcoctatpacacticoagoasaagniagaacanaclgogagacgaaitcerggogaigeainoaacacrgalgaigoiicgacccoocg

lagcienicaggoctnoatngyondccgatacogciccagganpancacigitiaaatagccaggencocgatigeaaagacatiatagoy

lBgciacraaageoataticanacaccisgaicaciaccaciiciacacaggocactcganoigigatcgracicogciargqoaayrgenict

coiciicgiicagicacaaccogoasada TG olgeigoaggocticotgitecipotggoeggotiogroegeeaagatoagegoctocalgac

gaacQagacgiotgacegeceealygigractivaccoroaacsaggoniogalgaseyarccoaacgysciglyglacyacgansagy
acgccangiggoaccigtacticeagiacasnongasngacacogintgoggaangoatighictgaagocacqrrangicegacaacct
qaccaatigyrsggaccagnonatnglralogroncgasgoegeaangactonggrgonictoogarinealoniogiggantacaaas

AL R A A N A A Ca g a O T e R O g Ny Co T AT A0 AR ACTOT QY RIeCQagagnagiac

B gg B CHe IO a Ay Al ol faCOQUEEEE 8 aICrCay et SCRAENCTAgaCIACICiLCYROTETI
A8 g e O A A AR e A C A SO gR D CRC R CO iR CagUICeCRatogags
AEC L a0CBa0I e RO S A IO Al ABORCQICQRECogareTgCancicaiicantcartantiogioggeagelt
AR A GG C I a0 A 800 AL C OO Saac OGO A BY0 At BCMNgNCCIgagaAcTiiciicasraccy
accegacciacnpgagegoncigganategonigogoaincaacigggagianicogectingfgoncanaancoeociggogalontocaly

incotegigogeaagiintocoleaanacryaglacoatneaaceogaRgacyagaigaicaacnlyaaggoegagoegalocigans
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[FI1G. 108}

afcagoaacgeogaronctiggayeongiicgoeaccancaccacgligacgsaggonaacagelacaacgiogaccigicnaacagoac
CHCaccelggRgticragcigaiglaconcgiCARcANCARCRagacgatniccaagicorigticgeggacoicinoninlggiicasgoy
COggaggactoigagnatacoicTgealguucicgagaigicegoricsicoiohociyg R0COCT00AataAgnaaggigaaitogt
J3a00A0E3C0rCiACHTa0DEaNnge A pagCIGARDSANCagoeolicaagagngagaaCHRCCITina aCiaca aalacay
g acagaatalclIaucioac ety acnyCaRngicgigic oAt caacarciaciCRIgARCATCOGYRacToeiyy
OoleCntgAACalgACHaCHINUTIggacaacalgiictacatogacaagiiceagaiooycgangivaag TEATTOAT TGEAACTCA
CAAMGCBGUCCACBECTTCGAACBTCODATETCANT TECGLGGEG TR TGCCAGAGT TTCTBCGCLACCRATRCTOA
U TAGGEGEGGATO LU T T T ACAT ToAT S TET SO CTSCATOCACS TT TE TATCAGTCT CACTALACCT TGAARATT
TITGGOAGGEBGOEGEAAGTCGRAATSCARAAgagrteCLCAGOCCAGTCAATCAGTIGTGTCATGAGAT

TATCTGCCTETIGLAGATCCCCCEACCCEU TG CCTCT R CGTECEACACCCCTTEC

T LG T CTCTIGTCC TOUATCGCACACC TO T TCOGUOGEACCT TOALCCCUTOCCALD
I CACAC A CA T T AL TRATARTGETCECL GUEEECHTOLUUEECHUEECCRTEE
CECATCAGCAGGGU T TEEAC RGO CCACGU R TG TG T COTCCAGE L RATUTGRCCCAGC G

SACCCLATCOTEERCEBAGCTOUTBCAGCCT LR ETECTEELOETEEAUGCC TG UET
GO ECLOTHEACCOUATOCADCCCCACCUCCTOGTCOLGTACTRUAT ST TOAMGEECE
GEUGOGAGGOETGEATCGOCTACCOCACCOCUGTOEACCTEEEEEETCUAGEGHETGEEEET
GCEECATGUAGHEOOCCUACTSEAAGCELCALUGLLEOECLOGCCHGEUCAD LGOI CUGTCA

U T T TCL T T CACAACG GO CGAT TG TRCARCG T COGUGCLOUEERECURRITGRG
CCOGGHETCACBCTEURTOGORECACGGTGUGULECO TG TORATGACGLORLCGLEHLALTY

GOCAG A e GG T GG T A OGO T GO TAL UG GG CAC GO D CALT GG

TRGUACTGEGLCACCTOADUGTGRTCTGCGACERUATGTACTOGGLUUT GLEETCCAAGETEE
CEOTOOOORACCTOUCRCACGLOOTCCCACT TCAT Cangett
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{FIG. 12]

MOFSLAGMNTRALOTGARPSLPAARPSREVREPARRSAPCPYARTMGGGEEQPSSAEGY
AWDHASTDELADWAGAGPPTPLLDTVAFPYHIKNFNSRGLQGLCKELRADLIHTVAKT GGH
LGSSLGYVELTYALHHEVENTPEDRIVWDVGHOAYIHKMLTGRRARMETIRQUGGLEGHTR
RAESVYDPFGAGHSSTSVOAALGMAVGRDRKGRANNCIAVIGDGAIT GOMAYEAMNHAG
FLOTNMVILNDNGQVELPTOYNGKNOEPVGALSSALARL UANROLRELREIAKGVYTKOLF
DVIONATAKIDEYARGMISGTGS TLRERELGRY YIGPVDGHNMQDLVDYLSEIKATETVGRYL
LHWITOKGRGY TRPAETASDREMHGWYOYDTLT GROKKGRGGRASY TNYFADALVAEAKRD
ARVLGIHAAMGGGTGMMNRFEAAFPERVFDTGIAEQHAVTFAAGLATEGIVPRVARYSTFLO
RGYDONWHDVELQSLPVRFALDRAGNVGADGATHAGAFDVTYLACLPNMYWYMAPSNEAE
LVHAVATAAAIDDRPEAFRFPRGNGLGVDLAAAGVTDDLKGOPMEYGREGVYWRRGGADVA
LEGYGTOVNACLAAADLLAAQGVSATVVDARFORPLDTALVRRMAAEHPVIMITVEEGSIGE
FAAHVMOFLALEGLLDGKLKFRPMTLPDRYIEHGTQAEQMAEAGLTASHIAGTALEVMGY
KRDAPSHFST

{F1G. 13]

MROSAQINTRGPTLPNSARPRTCRVVSASAAPVPSANPGRVVELPEKSASRTGPKKRSLL
GSTGRGTQTLDIVAEHPDRFOVVSLAAGGNYVALLAEQIARFSPRLVSYROSGGARALEAA
LDAAGVERRPEIQIGAAGIDAVAAHPEADACNV TGIVGCAGLRPTMAAIEAGKDICLANKETL
AGGPTVLPAAAKHGVSIL PADSEHSAIFQCLOGLPEGGLRRILTASGGAFRDL PYESELFRY
TYADALKHPNWAMGKKITIDSATLMNKGLEVIEAHYLFGASYDNIDIVIHPGSIVHSMIETAGD
SSVEAQLOWPDMRLPILY TMSWPRERVPCREVTWPRLDEVKAGNETFRUPDHAKYFPAMEL
AYSAGRAGGTMTOVMSAANEAAVELFLEEAIGYLDIVPVWWEAACEAHRVELVERPSLEEW
HYDOQWARRHVREE SVAKRAPAAVPAL™
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[FIG. 14]

MAAWEAGHAASKOKTEAHQTROEFLAVIEKI RDELLEDSH AGORPESSKDWERTMLDYN
YPHGKLMNREGMAVLDVLLAARGGDVTEKEREAANVLOWCIELLOAYFLVADDIMOSSLTRR
GQPCWYROPHYGMVAINDGHLESCIYRLLKLHFRAHPAYWHLLEL FHDTTHRTAHGOLLDT
TTAPPGGVOLTRYTEGTYLRIVTYRTAFYTIYLPVACGLALAGYTDEASLALAEDLSVRMGR
YEQIQDOVLDAFGEPEVIGRVYGTDIQDSKUSWEVWYRALAVASAEQREAIKANYGRDDAEAY
EAVEAYYRELDLPAAFAAYEQESYDGLVQAIEGQDKFPPAVEMGILAKIYKRTR

[FIG. 15}

MOKLGELLSHPDEHPMAAMYLAARRAAVLPHDPDLAFCYSMUNKVORSFAIVIQGLPEGL
REAVOVEYLYLRALDTVEDDMAIDQAERNMPILLSFHEKTYEKDWEMKCGHGHYVELMEQY
PWCAAFQGLEPQYQEMITDICRRMGAGMAEFIVEEVETVRDYDLY CHYVAGLVGVIGLEN
LFAGSGLESEDFASLHEL SNGMGLFLOKTNIRDYLEDIMEEPAPRMEWPKEMWGKHGDSL
EDFKDPENAEAAVACLNDMIADALRHVDASLDYMOQRLRNRPIFRFCAVPOIMAIGTLAALK
DNPEVETOVVRMBRGOTAKIMHDVEDYADLLAYFRAFGOALAAKARAARGKGAESYGRA
AERWVVAGCSAALADLSRAENARMAAAARRPLSLPARALLIVAALLYLFLAWRAEGVRRWL
GVOSPPAAHKLDYYNQIVASMELGYSLFAVGTGRRP®
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[FiG. 16Al

AagetCLACAGTOAGTUGTCATCCACGAAGTOGLGUCCOTUT BT CCALCGGLGTUTOCTRAALG
CAGCAATCTCCTOOTCAGTOTATGAGCCCGTOERLGECACT TTCTATGLAGEROGAGGUAMEES
COACCATGUCEEEAGAAMACCCAAGGTEADGAAGTGACATTET GO TCEATCACTCUAT GOACTEC
CTCACTCOCOCATGTACCT TEETCATGTACTCCCCASTUTGUATCT TGGTGTTCCTETICAGCTC
GEGAGCTCLTCCAGRUGET GUTCETCOCOGETEETCOCGUCAGATCIAAMAGTROAGGRACAT
CCACCUOCCAGGEUCACTOCUAGTAGACCCCLOCUTACAGCAACTUALLO TETLCGEGATCEITAS
AGTCEATG T TEATCEULCEGECACGHL THERUAT TAT GG ELETERATGGUOCCATLATCEETEOAS
CEAAGGLECUCTCATGGCAGGTICCEUATGETOCTCUAT TGUAGGEEATACCLGCTOGLALTTIC
ST TRACAATAACATCCTOGTATALGT TREACAMAGEAT TTHRTEATCTOTCTCT GOAGGUUC T TARAD
TCCTECCOCTOCTOT RO TOLAACCTEACCTOTCATGRUCCTEUGUCATCEOLCCULGATUT GATA
IEGCTCTGATATGEGTGGCTO L TALCT CT T GG TAGGLCACCCOCCTAAMGCACGLR TRUGEECL
AGGELACAACATIATAT ITTICCCOTCTCCTTOOTCAACGUTCATT T T T TOOAATACTAACG T TIAA

AAGCTCTCGggtacsicoogeiittaatigagoceciitogicgalgaalcagenasagracagonaaacasinocigicoamoaty

Eatcicaacagocicalgasgitigracasgoaagacoattrigatcigngsaciiglaggiotiotsiongggagatigiociciioasicas

gigglatcacgittiocggaacaccoogasacgigoaigggclistigoyaigagageaticecaccgogaligicicacqogeatiicggagd

Bagtitgcagaacacicraggacalgaaatgoeiipicargtatyaaceatcicoracggortigaasagatcgotegacticeaticlagaly

b&gﬂaaaae:x:tfiacaasc*éi;aaﬂaaqgigecx:acs:qsaf:ts:aggﬂaﬁgg;gﬁas:ggcgg ,qcagagagaagagaggaamaﬁétaaaaﬁgg

tegatcacgitoorcoatggepatccgagoageacatyalgoatoganaignogoogiigcasaggagitg ccalagicyaaqoagnad

GRag0aRAC00C0aggoolIceaconagyioaatoaganicaasitgogrcigerenagogaicriyacgaggatiaaccrecacnd

cigtatecalogacaciogiciogggggastaasagoggogacceagciccagaggrytasicolicicacaaicigitaactiicaacaaay]

tefaagicaaticaactigacacad TG Qo geaiCHincacigCac g el gl Cai Ol AACaaCAaGARCCACIZOICORgOnT

pel

G R aA G OO O g A G G SO A OO QG OCCACCON e A A E A00AG A0 ALGACTACICL
O RCg AL CgaC ot OO O A0 AATILC S gCHC GUC AN EGCYCRSCAnACalCRECoaieHinCoragactions
et CRCleecgaggaigaHerC0aa0Icoa0Naag0 ANnacaaygaNigigracysggagicnggrcangiociganggt
OO B A G S O QO A O O a8 B BT A LAt O g OO CATAALTICARLIOLCaTAIcgY
COIQOCgRAY g aRgagIgalDa0aog0RgaageigoorargCereyclacacgragalglaciacgogasycagays
afcatoatggagoagatyohylantgrgogacHogryagARTCIgIa0CongaNHoGIcngCIcCgagIIcHCOrgEQRntIconcalc
A A Ay AR AN g A g CrCa G O COgaa g gl a8 00i0 ARC0CTRaCRICTICaaTics
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[FiG. 168]

OO CC O A g QA A O A0 ARG g A e Rl OO OO OO ACACC AlCSIgUSCOIgIcoatuge
DQCOaC A DAY agAng e R Al I R A o O ORI g CACCIC o BICIACCaQaCgoIgRATAaQaia
RCQONalCg0NgagRacalgaaCigygANIIGlTerCOagacaninatogagnaggoogarCagyycoigaantaciinacqatoca
SO g CoCtacalOr CECIgACCORCARGEQDCIgACTgocanghrnooyCagoorincalcoacyrasagygias
ciggectaccacaaggagasctioynotacgageaciggyacgacaiccipgatatolgraaccagiacgatgingereoratogony

OGO LG LA B O A AR O AT 8O O A e CaR I CI QAT COBnY B QROGETCORIGE]

N gAREC G0l Al AANYAGRIE TN eaCOlgrtoainacaaUaIcoUnTagABalICATaagoaCIgyagt

S el WG O P S L e e e BT b g TR S e DR e I R S R R B G A e R e R TS e b S e AR R P B

£

COBaCAIG o eIy geaTCo et gl aC QiR CUrTe 30agractigngrnigeOrascCugacyayiiRaggey
HOOQICACGUCAnG8gaTeOlgUoE SOOI egtrigICOa8gCagURCIORaCHCCragunglyggacgacgoatglces
aggegegeiicgagiicogolppatpracoagiingogrigtcenigyaceocalgacgargaligiocticoangangagaogalnengoy
gacqycgeasasgtageceacticigoiccaigigogueoncaagitcigolonaligasgaivacyyaggaraloogeasglangorgany
agaacgoriacggrincgregaggagnealtogeragooatganngecatgivegagoagtic sacalngoeaagaagacgaicios
GOCUagelgeRcOgRgagHCRICQungAGRICIArcIQUr e ainciacHeasgyeogrgeayaag T GAGTCLTGBIGACO

CIEOTCCCCTEACOCOCTETTCOCCTROLUTGUTTUTLOTLGET GACATCCEACTTOUTGCAAMAT T CULET TEITEC
ACAACACTTGCCTGACCGAGGGT CERETLALGAAGTAMAAGCCACAAT CAACACCDCHIGUACAT TAARABTELSLCA
GLATGAUGRCAGCATARGGT T TQTGTUGHRAGCAAGGOEETLGAGTCRLGT TGRUGAGEGEOETERTUACGATGALCA
CATCTOUBURATART TEGASTCOTUAGROEAASATACCARTUTCTGUT TURAGRTRCTOURasagt

Baaciygotaccacciaacaatictcacoeagitisicoloigractiigatyicageitiyaticgicioogtacattacagootigagiggocal

bcannasggagaccgeagiccgagacganictoagogegeacicicgeaactiagaticogaatiicttacnctgratogacciengociag

aotcgatragaastiglcattgreagatiooclggosagaaraoaioatatacicaaggentigealogooracasaacacacactiatid

aognaoiisciycateagnotsiacicancagringtyacalcaatrgtivagaloncragoagaigeniotocqgeatynageancoctect

hiagacacoiyogitnagtoicogagnancicaratgcraggnanoinrcracatigcacacyrgactargaaniaguragacicnod

katcctgicatogeataticogolggooggyaaicatggontoncoaccagaegicacaegripoocacticectocootineiyeocagnned
kogeaticoinignagagorgactad AT GETCL TG TS CGCTEETAGTITGASCTOCASGGCGCLGCOTTCA
SRUGETECTAGETTGCEALGTEEGEHTCUCU TTOG T GUGELCTHRROCACCATHGLOCEUCCACH
AECTCGCAGACCCATETCAGALCTCGTAATAAGCTLCATCRUALL CCUTRUTCCECCnCE T
CEACCTGCATOTCAGOCTCAAGUCCCAC T SCATCAGAGACC T TCADGGT GALTOATOAT OGAL
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[F1G. 16C]

GIOGGLUCC TEUAGT GUTCRTGUIDCGEAAAC CACU OO TAL TOAM D OCTGAAD CATGAATAD

"

TICAGGEEEGUUGCEAATTGELCAACCHULCTOOCTTCTCCCTCUAAGACAT UL AACGLCS

ToOCGoEEAGTGUTEEAAGAAGGACAUCT TOAACTOCT TOGOCTACCTGUUGRTAGATGTAGS

AATCGT TOLTECOCTGEEOGT GACAGTACATGUCGTCAALTOGCOATGECTOTGRLCOTICTAD

St

TEGCTGLUGCAGGEGACCATGT TCTEELCCTRTITGTCGTCO R CACGACTGGTGRET 16

AGREEETAMTCTGEUCACCU TEUAGEGUATGCAG TOEOCACAACAGCAT CRUCAGRU TGO EED

TIGECCTGUTGAT COCAGLOUGAC T TEGGEUTHEGACAATAGAT GO TS TCGHOOACATGLOECAGTEE

ATGUCACAAT BELEOCLCT TOAMCAACTGACCACCACTAT GALCCATAT TUCCUTECAGUGREUIATD
AGAGCTTOAGUACARALAAGUAGCTEAATGALGT GG aagett
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[FiG. 171

hgaatcocgecicogagatgaagocalgativacacggaggaugocacigogugecagaigiicicigalgeacgtiocicd

bacittgotggoicocioggchiaaginoggecatyagaigeagigeaagiglacatataggicastcitalgaccegaraciag

caatgalgatcaacaccgagoggoccicigigtictctiacciciiaccticactgegtaciocigcanyageticatoaggatd

laz:actg&ﬁggsmagggﬂgaicaizcace:czasgEa‘:f:cggiacat@a:cgsatﬁtagta,caaggztcdgsgc{gacmmamgiaq_g_tl

}gsaagitgggccv:&gggaggag_cgﬁagagqa-z:;cz:mgggg-z:aaaaaftcaccx:.&aﬁctgacgﬁgga’tagﬁ&a&tc&c&c&l

tccciccecttioaagicoactcicagtiacatigiicosastcgagccacasicgaatatacactacclasaggcicicaccad

ciggogtaccicggaataccoatrageccasacacalgagsaanggogegcgegaticgacceeagicogicaatioacg

lmatgoggagciceaticigicagcicitogniggccagnicocigacagatingeacatacagaaccelgorgaccogiootd

lcagscacmgmaaﬁtaagcaaEas:aita*:;.aﬁf:g'icgsatggcﬁfagéagaaccc:*:-ga:ga:r:ia ctcoocoeatticeciticacacad]

Hagaacacceggancaocd
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[FiG. 18A]

aagCHACGCATACTCCTATTCTOACAATGTCACAGTCGGTCTGLCAGSOCATAGTOGLTTIGCTGIL
AGACTCOGCUOCGEACTCTO OGO TOAACTGCEACGUOGGEAATCTGTTHAGAGGABGCGATCT
GCOAGGGTTCRCCTCCAT OO0 CCOCATCTACACCATCOAGTATGCCATCAAGCRATGATGTCTRT
CAAAAT GATGTTCAGANT TOAT TATATACTOAT BT TTTIGTOTAANT GCTO TR TCCACTIAAGTTACS
GABCTGGCTCACAGAGACANT CTTCAGGTCAAT GTTGGCACCAATGATC BCGACGATCGTTCA

OGO TIATCAAGTCAGATCTGAADGARBAL CABASAT CAAAT TTGCCARAGCGCATGTTTGTATGT
CGARAATTATCAT O GG ETCACTOECTCO L TAAT TCTROCATGGAAGGATCCCACAT L GARTTGA
TGO EEACAC TAACACTTOTCAGAAT TGCAATGTGCCATAT TCCAGATATCOCABCORGICCTT

CTATAAACCACCTOOGGECTCAGATACCTACGAAGAGGCTCAGATAACTCAAGGACGTGCATICS
AT TAT OGO To OGO O GGARACATCAGALCAGGT GCGGATEC TRAGCATOCAGTTGGEATGLTT
BATAGACCTTCACCTTGAT CTGAGGTTCCCOToCOAGAGCACTCRAATCTCCOGCATCTTACAG
GCARACCGCAAMCAGTAATAAT GGOCAGCACCATCACCATG ggtacdcligeanigrcocaraasciogaiag

k:acc%aataaﬁz:’f..v:;aﬂg%cagﬁﬁatccﬁcﬁgaacﬁigaﬁgmaﬂf:étim;gaﬁi::gif:m{:giacaﬁacagcg;ttqagtggccamt:aggaaqgei

paccgogatorgagacgagiciaanaocyrgcicingesactigaticegoatitciacocigeatogacciconroiggagicgatcana

attgicatigocagetigoriogcuasgangogigalalacicansgacyigoaiogaocacaaaacacacactialcigcaagagagtiacy

beatcaggcicigrtcsacageicqigacategalegiicagiconcageaggtongigtocqealgyageaccentoengagacaccigd

Hggoigtcgnaggagcicacatnocagogagaiatoracatigoarcacyrgaccyenasatagnoagacticnogeatortgtoatn
Hgggigicggaggaget 3 gggaggt tg gegaccgogaastaggragacicgageatontgtoat

katgtocgoiggcognneatcatggoriccocancaguonicacnogcigercarciccoioocriorigrgcsgganacogegiontaig

hagan A T G e OO R B O A G U o O SO IO CRaCI ORI AA0GOCSA00A0E00ST
OO A At gOe Ao CiQACaa0aa03800gCngOTITIUCHaCaAcERATACICaCAlNEANEICICHCCaagaRTaT
CatAaCHCtAtgCERACTICHINRTOUtIgoIgclgargristaagoeicoticactastiggacgraogrgacatngtyiangt
gatecgotaccactogatcecoigoatgticacogoeggectgotgticiicalgggogiguagiacacacigoagatyaioeocyoctgeiong
agecctiogaccigaaotiogingiyaccegoioosigracogeniguigyecioniocecogacoigaacacnglyeiggeegorcigaacs
B R AN A0 A CAT Ol A g i ac I CIogIgE A0 IIConnynengoeeacatogengocigiicatytica
eolgoogogueatoaigggetacicoanceageiococeigeceoaggaciicolgaycicegarglyyacticonopiagacaacgligliocti
ctcolgitcttcioopgonaciogecqactocalyatogontocatiggacaigegergeatysagogocigngentagenalggigticgacat
o RAC O B BT O G CaE Cn QOGO B SOROCAINgaCoIgECagigogegTagranCHgoRtcolagiicy

acfeoelggnogurasgtacgaggagaiyalpicoaagogecancigggraceggeticioncigatefocaagaacicentgyinaacT G

B
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{FI1G. 188l

AGCSEAGRCCTTORAASTAT T COURTCACGUGARGAGTAGGCTCTGCTERTCRGLUCTOEATACGUTGALTCTICAA
GLAGTGGLERCACCACACCCACOTTTTGUCAAGRGLAAGGAGTOCOGANGGHEEGERE GG CTGUCAT GLALTLCTHEET

BEGCATEGCCEGTTIOGCEAGRGOGIEAACTRUGORCGHLITERCOBUTGGCTCOGPECCCCCITALCCOCACCAT T
CCTEBAGCGTT TCCATCOCCAAAT CACAT TOCATCCAARGT TRTATCACTATGLCOCT T TGO TCTATACACTCALDRRID
GAGGTCCCT TOTOSGLLCTGGUGHRTACACGLOCAACCLCCUADUATACTCTT T COATACACTGRAST LT TLGART
TR CCTGOCACCTGOICTRCT TG CTCUCCT COCITCCCTTEAERT T T TLCARTOUAGTAMAGAGAMGTCRACGTECAT
GOACAGHT GATTGAGAGATGAGactaglciicigogataigacacticcagraanagglagogoaqaciorgagacggcticoeng)

(""l*-{

kg;r:igs:aﬁgcaac;zsmgatgza%gf:ﬁcgacmc ccgaags:ta:aﬁr:ggqgﬂgcatgggf::gmcagai;g*:ﬁgﬁtzcagggCgag‘cgﬁgtﬁsﬂ

Batagccagqocccngatianasagacatiatagoaagciactaaanccalattcanacacciagalcactaccacticiacacaggeoact

EoagctivtoaicgeacicopciaagaoogcaciciiccliciogiicagicacaaccoegiasadA TG olgcigeagyecitecigicotye

gaeogpeficgorgecaagalicagegociecaigacgaacgagacgioogacegorconigyigeacticaceroraacaaqgyeiogst
G IR R e R BT TG (3 5k 415 S T L I L R 2 B G D (G T TR Bk b s L D R R B A
R R W s L R R L A ¥ R RS T BT H Ve BB ARG LR RN (U AR b § ST e o R LR
gegoeeticloogooticoalggiggiogactanaacaacscolioogguiicticanrgacacsalogacogogooagogelpegiggeeatct
I CH R AR ACCCC R R agCagIaCatCiCISCATCCIgURn g eROc AR CoNCSCOag 3008 ARIRGTLC
gigolggeagreaacioracceaglicogogaccogaaggiciiciggiscgageccicecagaagiggaicalgacegogoocaagiocs
aggachacgagaiogagaictacicoicogacgaocigaagiociggaanciggagicogrgticgesasogaggaetionioggetaccay
B Cga g OOy U Al G oA S YU S C o8 CaaglC o RO U CATCIC LAt ARRCCYCOC 0T
_ggscrgg@ggmmﬁaaas:cagﬁaamgfcggaﬁgcﬁaaacggc‘a scacticgagygoniicganaacaginongogigytoyaciiogg
caaguastactacgorcigragaccticiicaacacegancogaccltacyygagegencigoyeategogigngoriccaaciggoagian
foogoaticgigeetaseascnentiggogeiocions gﬁcﬂmgf‘gcgmaagﬁ;‘mm CHBCBCOGaNSNCANNOCARCEOYNATaYy
QAU aACCIga AT TEgoCoaicnigacalagCRSCONCHUUOLCIGERNCOgUHOgCRataacaceacligacyas
nocsacagciacsacgicyacaslyicoaatagoacnggoacaciggagtivgagolygiadangoopicascaccaccragacyaliclo
easginogtgiicgegyacticicociciygiteaaguuueiogaguacoongagpamiacciotgoatgggeticgaguintecgrgineion

Hotteotggacoggguascagcasgnigaagticalyaaggagaacooniacticaccascogeatyagenyiyascaancagoostica
agagcganasoyacaligicotactacsaggiylacogotioolygaceagaacatocignagoigtscticaacgacgueyscgiogigiee
acoascactlaciivalyaocacogoaascgeonigyucionginaacalyacgacgognainaacaacctgiiviacalegacasgifon
BYGIGCORgAgaicaag TCATT GATT GOAATCALASAGCOGLOCACEECTT CBARCETCCOGTGTCAATTROGCGEE
GTGTGLCAGAGTITCTGUBCCACCEGATRITCACCOTARGGHEGERATGLCCTTTGACST TCATGTGTGECTGUATLTA
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{F1G. 18C}

CETTIGIAICAGTCTCACCACACCTTGAAGAT TT FHGGERAGGRGGEEGGAAGTUCRARTGE AR e gag i AR GG

CTACGCAACTCOU T TOGATELET T CAAGTACGBAGATGTGEELAT CCAGGATTUGLATGTGCTGL
CAGLCCTOCTCATGUUACTAGLADTCATT T TOGACTOCCGEATTGUCAGO T TOAAGGGLATD

AAGGAGETCHLGACATCAGCUECGCCAT GACCTCCUGUTACTTCOAGGALCTARAAL GTUAATEUOG

AGGTGCTTITECATATATT TADAGUTAAT TATGAT GG THTOGTGUBUEATATEUT TGCAAGGTETC

35

CEGTEAGCTAATGATCGGUACATOULT TRORCECATCCCCAGGTLGATGTCGTRAT TOTIGGEE
CTooGTOTECeGELUT CTCGTEUCUC TATGAGC T GAGCAA DAL DO AT CTUAAGGTATGES

CTEAGCAGGGCACATCC T CARATCGATG T TG TG IAAT TOCAM TEAAA T TRDGGT TOT TLCCAG

CACACUCTCAATCAN CATETETEUTECE T TGEAMMUGCTATCATACCCUAGLUT TUAACATRGS
GCAGGOATATCCTT TACACCTOUT TOAACCOCUCGCAACALGTELROATCATCLAGCAGGHOET

CGLCUCTGEEEETEEAGLGTGELTGREEEETCAGCTL T IO TOGECTAI G TR T GTCAGTCTAGEG

CACGOEEACGEETOOACTEAASCAAGCETT GO ECACGETET TEATATOCATGT O T TGGACA

TG T I GEEAMASCAAGRTGTGTGTAT TTAGTSUTATCTOEETGROTEEAT TECaagert
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[F1G. 19A]

ASQYEUACCATACTCOTATTCTGACAAT G TCACAGTCOGTCTRUCAGGCGATAGTGGLITIGCTATC
AGACTCGGCCOCGEACTCTCCOCTGAACTOCGACGLCGRGAATCTGTTGAGAGGAGGLGATCT
GCEAGGGT TCaC T CCAT GOCCCGUAT S TACAC CAT CEAGTAT GCCAT BAAGCGATGATGICTET
CASAATGATGTTCAGAAT TCAT TATATACTCATGTTT T T TOTAMTGCTGTGTCGACT TAASTTACT

GABLTGCGCTGACAGAGACANTCTICAGGTCAMT GTIGGCACCAATGATCOUCALGATCOTTICA
GOOGTTATCAAGTCAGATCTGAACCAASAL CAGARATCASAAT TTGCCAAAGUGCATGTITGTATGT
COAGAAT TATCATGLORETEACTGRLTCGCTAAT TC TGGCATGAAGCATSCCATATCRAATIGA
TCCOanEAGACTAACACTTETCABAAT TGCAATCTOCCATAT T CASATATLCCAGCOGGCRCTT
CTATAAACCACCTGCGGOCTCAGATACCTACGAAGAGGCTCAGATAACTCAAGIEACGTGLATICG
ASTTATCCCTROCGUROGGAAMCATCAGADCABSTROGGATGCTGAGCGTCEAGTTRGGTGCTT
GATAGACCTTICACCTTGATCIGAGHRTTOCCRTCOCCAGAGCACTCGANTCTCOBGUATCTTAGAG
GCASATCBCAAMCAGTAAATASAT GG RAGCACCATCACCATGaytacedinragigececasaaaciggciad

cacctaacaaticicacgcagiitatccicigcactiigatgicagciifigaticgtcigogiacatiacagogiigagigariagraggasggs

paccgogatccgagacgagicigagggegogalcicgoaactiggaticrggaticiacocigeatcgacatoggoriggagicgatcagy

pattgicatigocagatigeciggcyaggacygoigatatacicasygogtinoalcgoosacagssacatacactiatcloraaoygagitacy

neatcaggcicigoicaacagcicmgarstoyaticqicanoiccrcancagnigooinicennataqageaceociccenagacaccing

toonag agmr:acam-r:caqquaﬁnﬁig»:,-Cﬁcacat'ms:a*:@aa:qc;cgac:cqc::gaaataggcagacﬁc@qcat‘cﬂgt&mcd

Eatgteogoiggorgagasteatygoctocecarcagueateacgogaigeocaccionciccociglgoacanygeaccaogitocytg

QATGRCLECUONEAMICAIGICCUCogOUa0tRangneiCCALTARITROUINOURaICaacHYoITagaa
gofgetggactiogacooicogrogrococortitaagsionoogacaloagopeogeealCeoooreranigrinyHligaagaanong!
ggeanicecigicotacgigelgngogaceigrigmtigaicoigivotiogengiggergrraccanyoiggacicnipgacogigipgoncoly
tactggaioprocagggeacnatgiicioogeogigiicoigigggreacgactgogonoacggetecticicogantnoiggntgoingaacs
acgigatggreracaionigractociccatoriggligorotactacygcliggogoaiolonoRCaRgStORaCANTAAaCCaCHPrAs
cylugagasggecgagivcigogiocoooigoongagaagaigiacaayicocipgacacegyuacoaagiicalgogoiivacaatocoe
ctgeoeatgticgestaceooatetancigiyge G{?f‘!crchcggaaagaagggcf@maﬂtmaa@am‘aﬂe‘:s@gaca Mfognonces
angagogeaccicogigalgaliciceaccolgyolyga atggeccionigoirigatactociooicatniangoaticigoonglgh

casyainisony mgfgcwfamrga f*z‘cgiggwsgg fracalgaigacciacciyoactaceangocianyageagasgoigonciy

-

Sacaguaneaangagiyinclacolgraeggegges OO ACe R BCR g CgRICRAcaACEI0CA0Na0TR0E
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[FIG. 198]

A B AL D DO A0 G eO e DA AU C RO O AT O CC BOCCARCCOnraagraclaaiyyges

aghaniacogegagcoraagaagiooygoecaticocolivs :{ﬁm}:facmgg&:;r’gcm:cf onegagyaceactacgtaiecy
crgoegacggtictaccagiocgaceoceatatoorcaagiicocsactinoqoeaccaccaagicraagivolctgag TGAT

COGGRAGGAGGRAGTBAGLGEOGAAGERGGCAGDDATACGGGERCCOGTOTORARTGROACCLCTOCOUTOGTE
GAGCCOTGOOUAGBGER0GCCEDAACGABLCATGUGTET GUATATRTC TRGABBGLOCTTOCACCOGELBATGTG
CRARCOATCCTOOOCTATTTOASCACATCOCTGLOBGCATROGCTOCACTOCDOOCARSACCACCTOBACCOTOO0A
GOECTCOTOOLDOGCCOoACCOTGOOTECT GATATAGAAACDAGTE T T TG TGAMC BT TTOACAT B TRAACGAGEG
TACAGBGGTECACCAACAGAGRAGGAGTEGTTCACACAGTCGOATACaMagt cicitgiccoacaataciaogigasiacs

binootigalcaccgonnaggangchnignoiactog icinatoaagopageciciyeacciaaceninreagoalcnasactaanciiaid

eglcengiagioggeascatcatocicgigangoigatigaccaggaanacalgalgagicoataloangacyagealgantggronaacy

tegatatgacacalctigoagitacoocaaatgiatcacacticeatoigoctincaccacaatattagiogaccocicciincagiggoacan]

begaagciagitigiagiaatcicisatigacgaaccagacigigtaatygoectociivagioalggaaggatggaacctacoooorcncid

koraglaciclgoggiacalcogamtaaccoticoatigaicagercasacgoaataigoastyaciciacalacqgooacgagigoiiatic

clicgrtatcacoycacaaaaatoeoatocnogaaticalcngagntgatagatigegategggatiaticnngtisagatgogactanggaty

krigasicititogogaticrccgngicieniccigeatnrtisicalcagtoicgtagaiiatitonatoacigogeatgoratgacagancgcica

taatatigoigcagcaatntoctpgoaaastoococigogtaconggogecigicasgroaacccogoogigoagcacicoacigcagated

Bt candA TG aloragCATgaCHTo oo AR CAg O G o oo Oy OGN IR ag COoCi gl nggOIacganiqyyoCoAtCaAgan
CAl OO Ry AE YR G o O OO Tl gL O e g e EC oG AR ROy SO g ianggegrosigasey

agelpagaa Jaggwqmﬂaccfgt‘*-src:g@fqgmacuawggﬁgtqwug GooptagtneiagacagatyRtogageLgrLe
goganiggeigeianigogegagoivecoggocaygactipelginnicccanciggencocgongagangatgicoalosiggocyange
SOOI PR CA R OO a0 T R G CC e ReCaRCaggUOaa0NacoyoRIcYageyCgrongertcgnalyy
aggecoreeigginaatoayNacHRcalgRSCHagURgnactagUIreiggreccoycagagaioiicgecoysoiyaaggoceycat
grosgstgnnaguscHioiarigacceacgagatootigeeipecsaacainalpaiynagsanggocqaiictonggaiteatogas

Qe Qg g g COURCeReiBCcaRaealcgereiQueearorgeyacaligeegaouareipooegoogagicooneg
SO ol R AN CHIc e IOnCOCHRCICoragracateyeaiiclacogeoigeignangagiiciio TEAGLTETT OO
AGGAACGTOGARGAGETOEAACGAMGETOATLTCACCCTGGT G TGO T T LT T AT REGAGITCAGAT LT TGASAALTGT
GAGGTRCTTATCCGATACCTROT TOGETG T TETGLGETATGTACALGUATT TGCAGATTGRTELGAGTAGTAG
ATTRGTOGEAGLAGCATAGARCT TTAGAAGEGEUT TAGRAGCOREGART T GAAACTLAG UGG T TREEUCAGAT GA
GAGCGLAAAGIRateeCAMCCUTACGCAACTOOC T T CGATCOUTICAAC TAC GO AGAT T GHGGOATT
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[FIG. 19C]

CAGGATTCGLATGTGU TGO T ICAGDCUTCCTCATGLUCACTAGCACTCAT T T T T DGALTOCUGGAT
TRDCAGGTTEAAGGGLAT CAAGGAGTOREARATCAGLUCORUCAT CACCTOLODGCTACTTLEAL
GALCIAAA LG TOAATGULGAG TR T T TTGUATAIAT TTACAGCTAAT TATGAT GGETGTGETGCE
CGATAT GOTTELAAGGICTCOOE TCAGCTAATGATCGEUACAT CCCT T LGCGUATUCGLAGGETC
CATGTORTCAT IO T TOGOOCTERETCT SCAaaCCTCTOGTGCRCOTATEAGCTGAGCAABTACC

CEEAT G TOAACGTATCE LT AGCAGGGUACATCUTOAGATGATG T TCUTLTAATTGCAATTGAS
ACTTGULGTTCTTCOCAGCADASUCTCAATCANT CATGTGT BCTOULT TGRAAACEETATGATAD
COCARLCTTCAACAT GO LECAGGBATATCRT T TACACCTRET T GAACCLCCUGOAACAGRTGREE
CATCAT COAGLAGEECETORUCCUT BEGEETGEARUSTGECTREEGEEETEAGCTOTICTUGE

CIATGTGTGTEAGTUTAGGUACGELEACGEETGRACTGAACLASGEGT TGHLLGUAGHLETGT T
GATATCCATC TG TOGACAT TOTCET TOGGAAMACAAGATCTGTEIATT TAGTOUTATCICOETRG
CTGOATTCCaagett

[FiG. 20]

+thiamine

~thiamine

~thiamine
+thiazole
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[FiG. 21]

ATGgeoscogoctocelgecogigoangiggecglgaccineacceacigolicggorigogegageccogoogosagoyg
ccagigggeccgeeagacoogoigecacgericegoengooggoaageeeaagogecgoatygignigacoygreaggar
gigaigaccionclgygecagiceacceageagitoiacgaccagetycinnueggrgoclocgaoatraccoacaligagy
getiegacacciecgactactoraccaagaicgocggeqagglgaagicegiygacgeoycececlacgipgoregrasyt
gugtgasgogeafagacaggigaivaagiivatpiicglogooggrasgraggecniggaggacgooggonigoocticy
agonocceggectauaggacctygaccyceagetyinrggeaicclgsicgoraccgocatyggeggeaigaccacotion
ectooggogicgaggeccigacooigiceggeeacogeasgaigaacoenticigeateoccticiceatcggraacalggge
ggegecayclogocalggacctygocticatyggococasclactoralotosaccgocigogueacegaeaactactyoat
catofcegorgeegacracsiccgeaacggegacgecgigotgaigelggegggeggngoogacgeegeeginatonecic
eggealcggoggeficaiegecigeaagoeonigtoccgecgeaacgacgeccccgagegegecioccgececigggans
CHgCCHCgacygelicgleatyggegaguuearcuelgelgglacioyaggagelygagacqeeeyegocgogyc
gocaccatoclggoogagitcaloggeggogegyecaccigogacgeocaceacalgaccgageecgaguclooggeeg
cugegtpogotiglgcoiggagogoggecigoregecgecyggegtugecoocgagiaggivacetacgigaacqgrecacy
gracciocaccecogonguogacgiggoecgagicegogoesioogopcogipoigaorcacgascggecigograinaact
eolccaaggaegeeateggeeacotgoipggcgcogeggargnegiggagaoegiggecaccatocagyoeclgegeace
gociggetgraccecaaccligaaccliggacgagooegacaagggogiggacgeciocgigelagiongeggegtyaaggs
graggeogacigaaggtggeccigiceaaciocticggoticggeggrcacaaciocigegigotaticegeasgticgagg
agfGA
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[FiG. 22]

MATASLPVOVAVTSTHCF GLREPRRERQWARGTRUHASAAGKPRRRVWITGLQGVWVTSL
GQEBTGURFYDQLLAGASGITHIEGFDTSDY STKIAGEVRSVDAAPYVARKWVKRMDEVMKE
MFVAGKGALEDAGEPFEGPRGLED DRKLCGILIGTAMGGMT TFASGVEALTLSGHRKMNP
FOIPFSIGNMGGAMLAMDLGFMGPNY SISTACATGNYCHSAADRIRNGDAVLMLAGGADA
AVIPSGICGGHACKALSRENDAPERASRPWDAGRBGRYWMGEGAGVIVLEEL EHARARGAT
ILAEFIGGAAT CDAHHMTEPEPSGRGVRLOLERGEAAAGVAPEEVTYWNAHGTSTPAGDY
AEFRAIRAVLGHDGLRINSSKGAIGHLLGAAGAVEAVATIGAL RTGWLHPNLNLDEPDKGY
DASVIVGOGYREQADVKVALSNSFGRGEHNSCOVLEFRKRFEE



US 12,037,630 B2

1
PRODUCTION OF LIPIDS AND
TERPENOIDS IN AUXENOCHLORELLA
PROTOTHECOIDES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 63/109,901 filed on Nov. 5, 2020, the
disclosures of which are herein incorporated by reference in
their entirety.

TECHNICAL FIELD

The present invention describes microalgae having a
functional oil-producing ability comprising an altered pro-
file of fatty acids, carotenoids and/or terpenoids and a
method of extracting oil using the microalgae. More spe-
cifically, it relates to a method for producing oil having
modified fatty acids, carotenoids and/or terpenoids content
compared to wild-type microalgae, such as Auxenochlorella
protothecoides with inhouse strain designation as PBS.

BACKGROUND ART

Industrial production of lipids and fats from oleaginous
microorganisms has been investigated since the late 19th
century, but the promise of these “single cell oils” has only
been realized in the last 20-30 years’. Oleaginous microor-
ganisms trigger biosynthesis of storage lipids in response to
imbalances between carbon (C) supply and other major
nutrients such as nitrogen (N) or phosphorus (P) that are
required for growth. This response allows accumulation of
excess C under conditions where limitation for other nutri-
ents prevents cell growth and division. Microbial storage
lipids are largely composed of triacylglycerides (TAGs),
which can be mobilized and used for rapid growth when the
limiting nutrient or nutrients become available. Subsets of
yeasts, fungi, and algae, but very few bacteria are oleagi-
nous’. In the case of some algae, oil production can be
stimulated by photosynthesis or by heterotrophic fermenta-
tion of sugars, but there is little economic incentive to make
lipids which have similar composition or properties to
commodity plant oils. In the early 2000s there was a flurry
of interest and investment in photosynthetic production of
biofuels from algae, but this has now largely faded due to the
unfavorable energy return and economics of fuel production
from aquatic microbes®”. Heterotrophic oil productivity is
substantially higher than is the case for photoautotrophic
production, but the price of common sugar feedstocks is
seldom any less that one quarter of the price of typical
commodity oils, and the lipid yield for most heterotrophic
processes is less than 25%. The economics can improve if
the carbon source comes from a low value waste stream
(e.g., lactose from cheese production, cellulosic sugars from
agricultural waste).

On the other hand, heterotrophic production of very long
chain polyunsaturated fatty acids (VLCPUFAs) from algae,
thraustochytrids and yeasts provides a roadmap for success-
ful commercialization of microbial oils. Docosahexaenoic
acid (DHA) from the dinoflagellate algae Crypthecodinium
cohnii and arachidonic acid (ARA) from the yeast Mor-
tierella alpina are both important components of infant
formula'. These fatty acids are important components of
human breast milk and are vital for brain and nervous system
development®. The microbial oils address a particular mar-
ket need for which there are no appropriate substitutes, since
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the only other significant sources of VLCPUFAs come from
fish oils which are subject to contamination with toxins and
heavy metals.

Other successful commodity products from aquatic
microalgae follow the VLCPUFA model. Astaxanthin and
beta-carotene are key carotenoids for human nutrition; the
former is one of the most powerful antioxidants known,
while beta-carotene also has strong antioxidant activity and
is a pro-vitamin A supporting vision®. Synthetic astaxanthin
derived from petrochemicals is used extensively as a colo-
rant in fish farming but is not approved for human consump-
tion in food or supplements. The major natural source of
astaxanthin is the chlorophyte Haematococcus lacustris
(also H. pluvalis), which is grown photoautotrophically in
ponds or bioreactors. Haematococcus cultures can produce
up to 5% of their biomass as astaxanthin when they are
subjected to nutrient and high light stress. Astaxanthin is
also produced commercially by the heterotrophic fermenta-
tion of the yeast Phaffia rhodozyma, but the carotenoid
content of the biomass is much lower than Haematococcus®
7. Natural beta-carotene is extracted from another chloro-
phyte, the halophile Dunaliella salina, which is grown
photoautotrophically in large salt ponds. Both Haematococ-
cus and Dunaliella fetch high prices for the biomass, but
photoautotrophic cell densities are too low and the produc-
tion costs for harvesting and extraction are too high for the
natural sources to reach the scale where they can compete
with synthetic carotenoids.

Squalene is an important component of human sebum
(12%), a fact that justifies its role in the physiology of skin®,
its action in skin hydration, repairing of the damaged skin,
and rejuvenating the aging skin was demonstrated. The
emollient and hydration properties of squalene and its bio-
compatibility with skin make squalene an important com-
ponent in cosmetic formulations (moisturizing creams,
makeup, lipstick, and nail and hair products).

Furthermore, squalene appears to play an essential role in
protecting skin from free radical oxidative damage.
Squalene acts in skin as a quencher of singlet oxygen,
protecting by this mechanism the skin surface from lipid
peroxidation due to exposure to UV light.

Squalene has been known to play diverse biological roles
as an antioxidant®™'°, anti-cancer agent'®'!, age defyer'*'>
chemo preventive agent'*'>'% antibacterial agent''7,
adjuvant for vaccines and drug carrier'®'°, and detoxifier'!:
20 among others.

Squalene has proved to be a well-tolerated, non-toxic
cytoprotective agent that mitigates undesirable side effects
of cancer chemotherapy. Many anticancer therapies damage
normal healthy tissues, even to the point of organ toxicity.
These toxic secondary effects can limit the anticancer drug
dosage, and even lead to treatment failure. Squalene is
effective at scavenging and detoxifying free radicals pro-
duced by chemotherapeutic or radiation therapy agents.

The role of squalene is not just confined to these appli-
cations, but it is also a precursor to thousands of bioactive
molecules, including steroids and hopanoids. Consequently,
many chemicals, food, cosmetic, and pharmaceutical indus-
tries have started to use squalene extensively. It also acts as
a boosting agent, or adjuvant, that improves the immune
system and makes vaccines more effective. Over the last
decade, global squalene demand has increased and gained
much public and scientific attention. In 2014, the global
squalene market demand was about 2.67 kilotons®!, with a
projected value of 241.9 million USD by 2022, with major
revenues expected from the personal care and cosmetic
products®?. In order to fulfill this ever-increasing demand of
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squalene, a pressing need has arisen to produce squalene in
a renewable and sustainable manner.

Squalene is harvested from deep-sea sharks and exists in
high concentration in shark liver. However, the intensive
fishing of these sharks puts in danger the existence of these
species, with many of them being close to extinction as their
reproductive cycle is quite long and the growth is slow.

Most plant seed oils contain small amounts of squalene®.
This phytosqualene has superior qualities compared to shark
squalene, in that it is highly stable, generally free of heavy
metal contamination, odorless, and colorless. In spite of
containing significant amounts of squalene, plants oils are
not ideal sources. Some plants are strictly seasonal, and
squalene content varies greatly geographically. Oilseed
crops require the appropriate climatic conditions, soil qual-
ity, scheduled irrigation or sufficient rainfall, fertilizer, and
pest management. The process of cultivation is labor inten-
sive and correspondingly the amount of squalene produced
from plant sources is not sufficient to fulfill the increasing
worldwide demand.

Several microalgae and other microorganisms accumulate
comparable levels of squalene to plant oils. Short generation
times and ease of genetic engineering make microalgae a
better alternative for squalene production than plants.

Native biosynthetic pathways which include squalene as
an intermediate are present in many microalgae, and these
pathways can be transformed or extended to convert the
organisms into “cellular factories” for squalene production.

Auxenochlorella protothecoides is one of the most ole-
aginous species of microalgae and can be cultivated hetero-
trophically with productivity in commercial scale®*. Meta-
bolic engineering using genetic tools on this organism has
strong potential to produce variety products including caro-
tenoids, terpenoids, and other active ingredients, which can
be an important alternative source of currently depleted
natural resources.

BRIEF SUMMARY OF THE INVENTION

The inventors of the present application have developed
the Trebouxiophyte alga, Auxenochlorella protothecoides
PBS, as a biotechnology platform for the heterotrophic
production of valuable lipids, carotenoids, terpenoids, and
other compounds. Efficient transformation and facile gene
targeting by homologous recombination are features of this
system. Targeted knockouts and knock-ins of fatty acid and
lipid biosynthetic pathway genes enabled the improved
synthesis of polyunsaturated fatty acids. Valuable ketocaro-
tenoids were produced by disrupting endogenous carotenoid
biosynthetic genes and expressing heterologous beta-caro-
tene ketolase transgenes. Squalene accumulation was
increased by blocking phytosterol biosynthesis. 4. prototh-
ecoides PB5 can be employed as a general platform for the
photoautotrophic, mixotrophic, or heterotrophic production
of valuable biomolecules. Here the inventors of the present
application demonstrate the utility of the system for the
biosynthesis of modified fatty acids, lipids, carotenoids, and
other terpenoids (FIG. 1).

It is an object of the present invention to provide mutant
microalgae having functional oil-producing ability compris-
ing modified profiles of fatty acids, carotenoids and/or
terpenoids as proposed to solve the above problems.

Another object of the present invention is to provide a
method for producing oil using the microalgal mutant.
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Another object of the present invention is to provide oil
prepared by the above production method.

Advantageous Effects

The present application shows that when using a microal-
gal mutant in which Auxenochlorella protothecoides PBS5
microalga genes are knocked out or knocked in by homolo-
gous recombination, an oil containing fatty acids, carote-
noids and/or terpenoids of an altered profile compared to
that of wild type thereof can be effectively extracted.

DESCRIPTION OF THE DRAWING

FIG. 1 shows a diagram of the Isoprenoid pathway, an
essential metabolic pathway present in microalgae.

FIGS. 2A-B show the sequence of the transforming DNA
from the LCYE-1 disruption construct pPB0014. (SEQ ID
NO: 1)

FIGS. 3A-C show the sequence of the transforming DNA
from the LCYE-2 disruption construct pPB0038. (SEQ ID
NO: 2)

FIGS. 4A-D show spectrophotometric and HPLC analysis
of carotenoid pigments from wild-type A. protothecoides
PBS, 14-2, and 38-25. Absorbance spectra of acetone-
methanol-extracted pigments from wild-type 4. prototh-
ecoides PB5, LCYE-1 disruption strain 14-2, and LCYE-1/
LCYE-2 double knockout strain 38-25. Peak absorbances
are indicated for each curve (FIG. 4A). HPLC chromato-
grams showing carotenoid pigments present in oil extracted
from the same strains as in A (FIG. 4B: PBS, FIG. 4C: 14-2,
FIG. 4D: 38-25).

FIG. 5 shows the sequence of the expression module
cloned into the Kpnl site of pPB0038 to generate construct
pPB0120. (SEQ ID NO: 3)

FIG. 6. Nucleotide sequence of the ApSAD2tp_CrBKT1
expression module from pPB0123. (SEQ ID NO: 4)

FIG. 7A shows the amino acid sequence of native
CrBKT1. The predicted plastid transit peptide is underlined.
(SEQ ID NO:5)

FIG. 7B shows the amino acid sequence of chimeric
ApSAD2tp_CrBKT1. The predicted ApSAD2 plastid transit
peptide is underlined. (SEQ ID NO:6)

FIGS. 8A-E show shake flask cultures illustrating the
color differences due to engineered alterations in the caro-
tenoid profiles (FIG. 8A). HPLC chromatograms showing
carotenoid pigments present in oil extracted from the same
strains as in A (FIG. 8B: 120A-2, FIG. 8C: 123A-5, F1G. 8D:
120B-5, FIG. 8E: 123B-24).

FIGS. 9A-C show the sequence of the transforming
construct pPB0065, targeting disruption of ApSQE-2. (SEQ
ID NO: 7)

FIGS. 10A-B show the sequence of the transforming
DNA from pPB0077. (SEQ ID NO: 8)

FIGS. 11A-B show the chromatograms of HPLC analysis
of the standard squalene (FIG. 11A), the accumulation of
squalene in SQE double knockout strain 77B-21 (FIG. 11B).

FIG. 12 shows the amino acid sequence of A. prototh-
ecoides 1-deoxy-D-xylulose 5-phosphate synthase (DXS).
The predicted plastid transit peptide is underlined. (SEQ ID
NO:9)

FIG. 13 shows the amino acid sequence of A. prototh-
ecoides 1-deoxy-D-xylulose 5-phosphate reductoisomerase
(DXR). (SEQ ID NO:10)

FIG. 14 shows the amino acid sequence of A. prototh-
ecoides farnesyl diphosphate synthase (FDPS). (SEQ ID
NO:11)
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FIG. 15 shows the amino acid sequence of A. prototh-
ecoides squalene synthase (SQS). (SEQ ID NO:12)

FIGS. 16A-C show the sequence of the transforming
construct pPB0039, targeting insertion of the ApSAD2 pro-
moter upstream of the FAD3-1 coding sequence. (SEQ ID
NO: 13)

FIG. 17 shows the nucleotide sequence of the ApFATA
promoter in pPB0041 SEQ ID NO: 14)

FIGS. 18A-C show the sequence of the transforming
construct pPB0118, targeting AtPDCT and ScSUC2 expres-
sion to the THI4 locus. (SEQ ID NO: 15)

FIGS. 19A-C show the sequence of the transforming
construct pPB0142, targeting LuFAD3A and neoR expres-
sion to the THI4 locus. (SEQ ID NO: 16)

FIG. 20 shows the growth of strains targeting one or both
alleles of THI4. Wild-type A. protothecoides PBS is unable
to grow without added thiamine. Thiamine prototrophy is
observed in strain 118B-8, expressing AtTHIC, targeted to
one allele of THI4. Disruption of the second THI4 allele by
pPBO0142 renders the transformants thiazole auxotrophs.

FIG. 21 shows the coding sequence of KASII from A.
protothecoides, optimized for translation. (SEQ ID NO:17)

FIG. 22 shows the amino acid sequence of A. prototh-
ecoides beta-ketoacyl-ACP synthase II. (SEQ ID NO:18)

DETAILED DESCRIPTION OF THE
INVENTION

Unless otherwise defined herein, the singular forms “a,”
“an,” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. Further-
more, to the extent that the terms “including,” “includes,”
“having,” “has,” “with,” or variants thereof are used in either
the detailed description and/or the claims, such terms are
intended to be inclusive in a manner like a term “compris-
ing.” The transitional terms/phrases (and any grammatical
variations thereof) “comprising,” “comprises,” “comprise,”
“consisting essentially of,” “consists essentially of,” “con-
sisting,” and “consists of” can be used interchangeably.

The phrases “consisting essentially of” or “consists essen-
tially of” indicate that the claim encompasses embodiments
containing the specified materials or steps and those that do
not materially affect the basic and novel characteristic(s) of
the claim.

The term “about” means within an acceptable error range
for the value as determined by one of ordinary skills in the
art, which will depend in part on how the value is measured
or determined, i.e., the limitations of the measurement
system. Where values are described in the application and
claims unless otherwise stated the term “about” meaning
within an acceptable error range for the particular value
should be assumed. In the context of compositions contain-
ing amounts of ingredients where the term “about” is used,
these compositions contain the stated amount of the ingre-
dient with a variation (error range) of 0-10% around the
value (X+10%).

An “allele” refers to a version of a gene at the same place
on homologous chromosomes. An allele may encode the
same or similar protein.

“Exogenous gene” shall mean a nucleic acid that codes
for the expression of an RNA and/or protein that has been
introduced into a cell (e.g., by transformation/transfection),
and is also referred to as a “transgene”. A cell comprising an
exogenous gene may be referred to as a recombinant cell,
into which additional exogenous gene(s) may be introduced.
The exogenous gene may be from a different species (and so
heterologous), or from the same species (and so homolo-
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gous), relative to the cell being transformed. Thus, an
exogenous gene can include a homologous gene that occu-
pies a different location in the genome of the cell or is under
different control, relative to the endogenous copy of the
gene. An exogenous gene may be present in more than one
copy in the cell. An exogenous gene may be maintained in
a cell as an insertion into the genome (nuclear or plastid) or
as an episomal molecule.

“Fatty acids” shall mean free fatty acids, fatty acid salts,
or fatty acyl moieties in a glycerolipid. It will be understood
that fatty acyl groups of glycerolipids can be described in
terms of the carboxylic acid or anion of a carboxylic acid
that is produced when the triglyceride is hydrolyzed or
saponified.

“Fixed carbon source” is a molecule(s) containing carbon,
typically an organic molecule that is present at ambient
temperature and pressure in solid or liquid form in a culture
media that can be utilized by a microorganism cultured
therein. Accordingly, carbon dioxide is not a fixed carbon
source.

“Microalgae” are eukaryotic microbial organisms that
contain a chloroplast or other plastid, and optionally that can
perform photosynthesis, or a prokaryotic microbial organ-
ism capable of performing photosynthesis. Microalgae
include obligate photoautotrophs, which cannot metabolize
a fixed carbon source as energy, as well as heterotrophs,
which can live solely off a fixed carbon source. Microalgae
include unicellular organisms that separate from sister cells
shortly after cell division, such as Chlamydomonas, as well
as microbes such as, for example, Volvox, which is a simple
multicellular photosynthetic microbe of two distinct cell
types. Microalgae include cells such as Chlorella,
Dunaliella, and Prototheca. Microalgae also include other
microbial photosynthetic organisms that exhibit cell-cell
adhesion, such as Agmenellum, Anabaena, and Pyrobotrys.
Microalgae also include obligate heterotrophic microorgan-
isms that have lost the ability to perform photosynthesis.

In connection with a recombinant cell, the term “knock-
down” refers to a gene that has been partially suppressed
(e.g., by about 1-95%) in terms of the production or activity
of a protein encoded by the gene.

Also, in connection with a recombinant cell, the term
“knockout” refers to a gene that has been completely or
nearly completely (e.g., >95%) suppressed in terms of the
production or activity of a protein encoded by the gene.
Knockouts can be prepared by ablating the gene by homolo-
gous recombination of a nucleic acid sequence into a coding
sequence, gene deletion, mutation, or other methods. When
homologous recombination is performed, the nucleic acid
that is inserted (“knocked-in”) can be a sequence that
encodes an exogenous gene of interest or a sequence that
does not encode for a gene of interest.

An “oleaginous” cell is a cell capable of producing at least
20% lipid by dry cell weight, naturally or through recom-
binant or classical strain improvement. An “oleaginous
microbe” or “oleaginous microorganism” is a microbe,
including a microalga that is oleaginous (especially eukary-
otic microalgae that store lipid). An oleaginous cell also
encompasses a cell that has had some or all its lipid or other
content removed, and both live and dead cells.

In connection with a functional oil, a “profile” is the
distribution of species or triglycerides or fatty acyl groups
within the oil. A “fatty acid profile” is the distribution of
fatty acyl groups in the triglycerides of the oil without
reference to the attachment to a glycerol backbone. Fatty
acid profiles are typically determined by conversion to a
fatty acid methyl ester (FAME), followed by gas chroma-
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tography (GC) analysis with flame ionization detection
(FID). The fatty acid profile can be expressed as one or more
percent of fatty acid in the total fatty acid signal determined
from the area under the curve for that fatty acid.

“Recombinant” is a cell, nucleic acid, protein, or vector
that has been modified due to the introduction of an exog-
enous nucleic acid or the alteration of a native nucleic acid.
Thus, e.g., recombinant cells can express genes that are not
found within the native (non-recombinant) form of the cell
or express native genes differently than those genes are
expressed by a non-recombinant cell. Recombinant cells
can, without limitation, include recombinant nucleic acids
that encode for a gene product or for suppression elements
such as mutations, knockouts, antisense, interfering RNA
(RNAI), or dsRNA that reduce the levels of the active gene
product in a cell. A “recombinant nucleic acid” is a nucleic
acid originally formed in vitro, in general, by the manipu-
lation of nucleic acid, e.g., using polymerases, ligases,
exonucleases, and endonucleases, using chemical synthesis,
or otherwise is in a form not normally found in nature.
Recombinant nucleic acids may be produced, for example,
to place two or more nucleic acids in operable linkage. Thus,
an isolated nucleic acid or an expression vector formed in
vitro by ligating DNA molecules that are not normally
joined in nature, are both considered recombinant for the
purposes of this invention. Once a recombinant nucleic acid
is made and introduced into a host cell or organism, it may
replicate using the in vivo cellular machinery of the host
cell; however, such nucleic acids, once produced recombi-
nantly, although subsequently replicated intracellularly, are
still considered recombinant for purposes of this invention.
Similarly, a “recombinant protein” is a protein made using
recombinant techniques, i.e., through the expression of a
recombinant nucleic acid.

The terms “triglyceride”, “triacyl glyceride” and “TAG”
are used interchangeably as is known in the art.

In the present disclosure, ranges are stated in shorthand,
to avoid having to set out at length and describe each value
within the range. Any appropriate value within the range can
be selected, where appropriate, as the upper value, lower
value, or the terminus of the range. For example, a range of
0.1-1.0 represents the terminal values of 0.1 and 1.0, as well
as the intermediate values 0of 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, and all intermediate ranges encompassed within 0.1-1.0,
such as 0.2-0.5, 0.2-0.8, 0.7-1.0, etc. When ranges are used
herein, combinations and sub-combinations of ranges (e.g.,
subranges within the disclosed range), specific embodiments
therein are intended to be explicitly included.

According to one aspect of the present invention, a
method for producing oil comprising a fatty acid, carote-
noid, and/or terpenoid of a modified profile using a gene
knockout or knock-in microalgal mutant by homologous
recombination is provided.

According to one aspect of the present invention, a
method for producing oil, characterized in that the weight
ratio of zeaxanthin to lutein is high compared to the oil
produced from wild-type microalgae, is provided.

According to one aspect of the present invention, a
method for producing an oil comprising astaxanthin is
provided.

According to one aspect of the present invention, a
method for producing an oil comprising squalene is pro-
vided.

According to one aspect of the present invention, a
method for producing a functional oil, characterized in that
the weight ratio of omega-6 to omega-3 is low compared to
the oil produced from wild-type microalgae, is provided.
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Preferably, the ratio of the oil ranges between 1:1 to 5:1
compared to the oil produced from the wild type microalgae
which is 7:1.

According to one aspect of the present invention, a
method for producing a functional oil, characterized in that
the omega-3 fatty acids increased 3-5-fold and the overall
PUFA increased 2-3-fold compared to the wild-type strain.

According to one aspect of the present invention, the
microalgal mutant may be a gene knockout or knock-in
microalgal mutant by homologous recombination. Prefer-
ably, the microalgae may be Auxenochlorella genus, more
preferably, Auxenochlorella protothecoides PB5.

According to one aspect of the present invention, the
microalgae mutant is to provide a method for producing
functional oil, characterized in that one or more of the alleles
LCYE-1 and LCYE-2 of the Lycopene Cyclase Epsilon gene
are knocked out.

According to one aspect of the present invention, the
microalgal mutant strain may be to provide a method for
producing a functional oil, characterized in that one or more
of the alleles SQE-1 and SQE-2 of the Squalene Epoxidase
gene are knocked out.

According to one aspect of the present invention, the
microalgal mutant may be to provide a method for produc-
ing a functional oil, characterized in that the native FAD3
promoter is replaced with a Stearoyl-ACP Desaturase
(SAD2) promoter, or the native FAD3 promoter is replaced
with an acyl-ACP thioesterase (FATA) promoter.

According to one aspect of the present invention, it may
be to provide the use of microalgae as a platform to produce
functional oils comprising fatty acids, carotenoids, and/or
terpenoids of altered profile by modification of the isopre-
noid pathway.

According to an aspect of the present invention, it may be
to provide a mutant microalga for the production of oil
containing fatty acids, carotenoids, and/or terpenoids of an
altered profile.

According to an aspect of the present invention, it may be
to provide an oleaginous microalgae mutant that produce a
functional oil, the microalgae comprising an ablation of one
or more alleles of an endogenous polynucleotide or com-
prising an exogenous gene.

According to one aspect of the present invention, the
microalgal mutant is a microalgal mutant knocked out or
knocked-in by homologous recombination, preferably, at
least one of the alleles LCYE-1 and LCYE-2 of lycopene
cyclase epsilon characterized by knocking out, or knocking
out at least one of alleles SQE-1 and SQE-2 of squalene
epoxidase, or replacing the native FAD3 promoter with a
Stearoyl-ACP Desaturase (SAD2) promoter or a mutant
strain in which the native FAD3 promoter is replaced with
the promoter of the A. protothecoides FATA gene encoding
acyl-ACP thioesterase.

Hereinafter, the present invention will be explained in
detail.

As an aspect for achieving the object of the present
invention, the present invention provides an Auxenochlore-
lla protothecoides mutant for producing a fatty acid, a
carotenoid, or terpenoid having a modified profile.

As an embodiment, the Auxenochlorella protothecoides
mutant may be a mutant of 4. protothecoides PB5.

The Auxenochlorella protothecoides mutant of the present
invention may be prepared using general mutation treatment
methods.

In the present invention, “mutation” refers to a change in
a nucleotide sequence due to the insertion, deletion, or
substitution of a base into the original nucleotide sequence.
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As a means of mutation, the number of inserted bases may
be different depending on the mutation and thus is not
limited thereto. “Deletion mutation” means a mutation in
which a base is removed from the original nucleotide
sequence, and “substitution mutation” means that an original
nucleotide is changed to another base without changing the
number in the original nucleotide sequence.

In a specific embodiment of the present invention,
pPB0014 has a transforming DNA with the nucleotide
sequence of SEQ ID NO: 1 which is a DNA construct in
which LCYE-1 encoding one allele of Lycopene Cyclase
Epsilon in Auxenochlorella protothecoides PBS is prepared
in order to change the ratio of lutein derived from alpha-
carotene and zeaxanthin derived from beta-carotene com-
pared to wild type. Then, strain 14-2 was prepared by
introducing pPB0014. Afterward, in order to generate a
double knockout strain completely lacking lutein, a carote-
noid derived from alpha-carotene, pPB0038, a DNA con-
struct having a transforming DNA with the nucleotide
sequence of SEQ ID NO: 2, in which LCYE-2 encoding the
second allele of Lycopene Cyclase Epsilon was prepared.
The mutant strain 38-25 is prepared by transforming the
strain 14-2 with said pPB0038.

It was confirmed that the above strains increased the ratio
of zeaxanthin to lutein compared to the wild type.

In a further embodiment, to prepare a keto-carotenoid, an
expression module for C. reinhardtii beta-carotene ketolasel
(CrBKT1) SEQ ID NO: 4, was introduced into the pPB0038
backbone to produce construct pPB0123, which targeted the
LCYE-2 single allele. Alternatively, strains in which LCYE
alleles were disrupted were prepared. In addition, when a
single LCYE allele is knocked out, 4-keto-lutein and astax-
anthin are produced, while when both LCYE alleles are
knocked out strains almost exclusively produced astaxan-
thin.

In a specific embodiment of the present invention, to
obtain squalene, ApSQE-2 encoding the Squalene Epoxi-
dase allele 2 in Auxenochlorella protothecoides PBS5 is
knocked out. DNA construct having a transforming DNA
with the nucleotide sequence of SEQ ID NO: 7 pPB0065
was prepared and introduced into wild-type Auxenochlorella
protothecoides PBS5 to prepare strain 65-4. Then, in order to
generate a double knockout strain, pPB0077, a DNA con-
struct having nucleotide sequence SEQ ID NO: 8 was
constructed and transformed into the strain 65-4 in which
SQE-1 encoding Squalene Epoxidase allele 1 was knocked
out. The prepared mutant strain was named strain 77B-21.

It was confirmed that the above strains can accumulate
squalene while the wild type cannot.

In a specific embodiment of the present invention, the
native FAD3 promoter in 4. protothecoides PBS5 is replaced
with a promoter of a gene that is strongly up-regulated
during lipid production, thereby activating the endogenous
FAD3 gene encoding Fatty acid Desaturase 3 to reduce the
ratio of omega-6 to omega-3 compared to the wild type.
Specifically, construct pPB0039 having a transforming DNA
with the nucleotide sequence of SEQ ID NO: 13 was
constructed in which the ApSAD2 promoter was inserted
upstream of the FAD3-1 coding sequence. Alternatively,
construct pPB0041 was constructed, in which the native
FAD3 promoter was replaced with the promoter of the FATA
gene encoding acyl-ACP thioesterase SEQ ID NO: 14.
Plasmid construct pPB0039 and pPB0041 were introduced
into wild-type A. protothecoides PBS to obtain strains 39-1
and 39-9 strains 41-1 and 41-3, respectively. It was con-
firmed that the strains increased the ratio of omega 3 to
omega 6 compared to the wild type.
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In a specific embodiment of the present invention, transfer
of C18:1 between DAG and phospholipids was improved by
transforming a construct, pPB0118 SEQ ID NO:15, encod-
ing Arabidopsis phosphatidylchloline:diacylglycerol cho-
line phosphotransterase (PDCT) into strain 41-3. As a result,
C18:2 accumulation increased by 2.5-fold in strains 118B-8
and 118B-20, indicating that expression of AtPDCT during
lipid production caused significant enhancement of FAD2
activity, and the incorporation of C18:2 into TAG was
favored over desaturation by FAD3.

In a specific embodiment of the present invention, the
accumulation of fatty acids C18:3 (ALA) was increased by
the introduction of a construct, pPB0142 SEQ ID: NO:16,
encoding heterologous (Linum usitatissimum) FAD3A into
strain 118B-8. As a result, ALA accumulation increased
about 3% in strain 142B-11.

Auxenochlorella protothecoides PBS is a superior system
for generating engineered microalgae strains due to its ease
of transformation and facile homologous recombination that
does not require riboprotein-mediated gene editing. PBS5 has
a higher intrinsic capacity than non-photosynthetic hetero-
trophic platforms for production of carotenoids and other
terpenoids due to the high flux through these biosynthetic
pathways during photosynthetic growth.

The Mutants of the present invention are more industrially
useful in that they may provide oils having fatty acids,
carotenoids, and squalene content of a profile different from
that produced in wild-type Auxenochlorella protothecoides.

In some cases, the percent (w/w) of zeaxanthin in the
carotenoids produced by using the microalgal mutants of the
present invention is 2-3-fold higher compared to the wild-
type microalgae and the zeaxanthin is present as a major
carotenoid. In a specific embodiment, the percent of zeax-
anthin produced ranges between 40 to 90% (w/w) of the total
identified carotenoids.

In some cases, the oil produced may contain keto caro-
tenoids, such as the mixture of keto lutein, and astaxanthin,
and the astaxanthin is present as a major carotenoid. In a
specific embodiment, the percent of keto carotenoids pro-
duced ranges between 20-90% (w/w) of the total identified
carotenoids.

In some cases, the oil produced may contain squalene. In
a specific embodiment, the amount of squalene in the oil
produced ranges from 300 to 1300 ppm.

In some cases, the weight ratio of omega-6 to omega-3 in
the oil produced by using the microalgal mutants of the
present invention is low compared to the oil produced from
wild-type microalgae which are 7:1. In a specific embodi-
ment the percent ratio of omega-6 to omega-3 in the oil
produced ranges from 1:1 to 5:1.

The mutant of the present invention may grow appropri-
ately in a growth environment (light conditions, temperature
conditions, medium, etc.) capable of culturing conventional
Auxenochlorella protothecoides.

The mutant of the present invention may be cultured
according to the culture conditions of general Auxenochlo-
rella protothecoides, and specifically, a culture medium
capable of culturing algae under weak light conditions may
be used. To culture a specific microorganism, it may include
a nutrient material required for a culture target, that is, a
microorganism to be cultured, and may be mixed by adding
material for a special purpose. The medium includes an
all-natural medium, synthetic medium, or selective medium.
The Auxenochlorella protothecoides mutant may be cultured
according to a conventional culture method.
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The pH of the culture medium is not particularly limited
if the Auxenochlorella protothecoides may survive and
grow, for example, it is viable at pH 5 or higher, specifically
at pH 6 to 8.

The Auxenochlorella protothecoides mutant of the present
invention may produce modified profiles of fatty acids,
carotenoids, and terpenoids in cells, so that oils extracted
from mutants of the present invention may be effectively
used as raw materials for pharmaceuticals, cosmetics, food,
feed, etc.

In this aspect, the present invention provides a composi-
tion comprising the oil derived from the Auxenochlorella
protothecoides mutant. The composition may be a cosmetic
composition, a food composition, a composition for a food
additive, a feed composition, a composition for a feed
additive, a pharmaceutical composition, a raw material
composition for food, a raw material composition for feed,
a raw material composition for pharmaceutics or a raw
material composition for cosmetics.

The composition may be used as a raw material for food,
feed or pharmaceutics, and may be used as a formulation for
oral administration or parenteral administration. For
example, it may be used as a formulation for oral, transder-
mal or injection administration. Accordingly, the composi-
tion of the present invention may be a composition for oral
administration in that the composition may be orally sup-
plied to be included in food, medicine, or feed.

In the case of compositions for oral administration may be
formulated as powders, granules, tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions, etc. by
using methods known in the art. For example, oral prepa-
rations may be obtained by mixing the active ingredient with
excipients, grinding the mixture, adding suitable additives,
and processing it into a granule mixture to obtain tablets or
sugar tablets. Examples of suitable excipients include sug-
ars, including lactose, dextrose, sucrose, sorbitol, mannitol,
xylitol, erythritol and maltitol, and starches, including corn
starch, wheat starch, rice starch and potato starch, cellulose,
including methylcellulose, sodium carboxymethylcellulose,
and hydroxypropylmethyl-cellulose, and the like, fillers
such as gelatin, polyvinylpyrrolidone, and the like may be
included. In addition, cross-linked polyvinylpyrrolidone,
agar, alginic acid, or sodium alginate may be added as a
disintegrant if necessary.

The composition may be used for human and animal
health promotion. Specifically, the mutant of the present
invention has oil production ability with enhanced antioxi-
dant pigment content, so it is not easily oxidized, and
functionally, it is possible to provide an oil superior to
conventional microalgae-derived vegetable oil in antioxi-
dant activity, and it can be effectively used as a raw material
for health functional food, feed, or medicine.

In addition, since the composition may be added to food
or feed to achieve a special purpose use, in this respect it
may be a food composition, a composition for food addi-
tives, a feed composition or a composition for feed addi-
tives. When the composition is used in feed or food, it is
possible to maintain or enhance body health by pigments
and lipids including zeaxanthin produced by the mutant and
accumulated in cells.

In the present invention, “additive” is included as long as
it is a material added to food or feed other than the main raw
material, and specifically, it may be an effective active
material having functionality in food or feed.

In the present invention, the composition for feed may be
prepared in the form of fermented feed, compounded feed,
pellet form, and silage. The fermented feed may include a
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functional oil derived from the mutant of the present inven-
tion, and additionally include various microorganisms or
enzymes.

The composition is mixed with a carrier commonly used
in the food or pharmaceutical field, such as tablets, troches,
capsules, elixirs, syrups, powders. It can be prepared and
administered in the form of powder, suspension, or granules.
As the carrier, binders, lubricants, disintegrants, excipients,
solubilizers, dispersants, stabilizers, suspending agents, and
the like may be used. The administration method may be an
oral, or parenteral method, but preferably oral administra-
tion. In addition, the dosage may be appropriately selected
according to the absorption of the active ingredient in the
body, the inactivation rate and excretion rate, the age, sex,
condition of the subject, and the like. The pH of the
composition can be easily changed according to the manu-
facturing conditions of the drug, food, cosmetics, etc. in
which the composition is used.

The composition may include 0.001 to 99.99% by weight,
preferably 0.1 to 99% by weight of any one selected from the
group consisting of the microalgal mutants of the present
invention, the culture of the mutants, the dried product of the
mutant, or the culture thereof, and the extract of the mutant
or the culture thereof, and the functional oil derived from the
mutant, based on the total weight of the composition, and the
method of using the composition and the content of the
active ingredient may be appropriately adjusted according to
the purpose of use.

The mutant may be included in the composition in its own
or dried form, and the culture of the mutant may be included
in the composition in a concentrated or dried form. In
addition, the dried product refers to the dried form of the
mutant or its culture and may be in the form of a powder
prepared by freeze-drying or the like.

In addition, the extract means that obtained by extraction
from the mutant of the present invention, its culture medium
or its dried product, an extract using a solvent, etc. Thus, the
mutant of the present invention includes those obtained by
crushing the mutant of the present invention. Specifically,
the oil with the modified profile accumulated in the cells of
the mutant of the present invention may be extracted and
separated by a physical or chemical method.

In addition, the method for producing oil with the modi-
fied profile according to the present invention may include
culturing the mutant of the present invention. In addition, the
production method may further include; after the culturing
step, isolating the mutant of the present invention from the
culture.

The culture may be performed in a medium of pH 5.0 to
8.0 conditions. In addition, it may be carried out under a
weak light condition, specifically, a light intensity condition
in the range of 0.1-1, 1-3, or 3-5 umol photons/m? s.

The production method may further include, in addition to
the culturing step, a concentration step to increase the
content of algae after culturing, and a drying step of drying
by further reducing the moisture of the algae that has
undergone the concentration step. However, the concentra-
tion step or the drying step is not necessarily required, and
in general, the concentration and drying method commonly
used in the field to which the present invention pertains, and
it can be carried out using a machine.

The production method may further include the step of
puritying the material isolated from the culture, which may
be performed by a conventional purification method in the
art to which the present invention pertains.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, the present invention will be explained in
detail through Examples and Experimental Examples, but
these Examples and Experimental Examples are presented
only as of the illustration of the present invention, and the
scope of the present invention is not limited thereby.

The oleaginous Trebouxiophyte alga, Auxenochlorella
protothecoides, stores copious amounts of triacylglyceride
oil under conditions where the nutritional carbon supply is
in excess, but cell division is inhibited due to the limitation
of other essential nutrients.

Heterotrophically grown Auxenochlorella strains also
degrade chlorophyll and down-regulate photosynthesis but
maintain significant levels of the yellow carotenoids lutein
and zeaxanthin. Bulk biosynthesis of fatty acids with carbon
chain lengths up to C18 occurs in the plastids; fatty acids are
then exported to the endoplasmic reticulum where incorpo-
ration into triacylglycerides (TAGs) occurs. Lipids are
stored in large cytoplasmic organelles called lipid bodies
until environmental conditions change to favor growth,
whereupon they are rapidly mobilized to provide energy and
carbon molecules for anabolic metabolism. Wild-type A.
protothecoides storage lipid is comprised mainly of oleic
(~68%), palmitic (~12%), and linoleic (~13%) acids, with
minor amounts of stearic, myristic, a-linolenic, and palmi-
toleic acids. This fatty acid profile results from the relative
activities and substrate affinities of the enzymes of the
endogenous fatty acid biosynthetic pathway. 4. prototh-
ecoides 1s amenable to manipulation of fatty acid and lipid
biosynthesis using molecular genetic tools, enabling the
production of oils with fatty acid profiles that are very
different from the wild-type composition. Similarly, the
carotenoid and phytosterol profile of the lipid fraction can be
altered by genetic engineering of terpenoid biosynthesis
pathways.

We have demonstrated efficient transformation and facile
nuclear gene targeting via homologous recombination in A.
protothecoides, PBS. In the following examples, we lever-
age our ability to perform gene knockouts and knock-ins to
produce algal oils with modified fatty acid, carotenoid, and
terpenoid profiles.

Wild type 4. protothecoides PBS was obtained from the
University of Texas Culture Collection of Algae (UTEX
catalog number 250), and it is available to the public to
purchase via webpage www.utex.org.

Example 1. Production of Strains with Altered
Carotenoid Profiles

Lutein is the predominant carotenoid that accumulates in
heterotrophic A. protothecoides cells. To alter the ratio of
lutein (derived from alpha-carotene) to zeaxanthin (derived
from beta-carotene) we made a DNA construct to disrupt
LCYE-1, encoding one allele of lycopene cyclase epsilon in
A. protothecoides PBS. In general, flanking regions, pro-
moters, and terminator sequences were PCR amplified from
PBS genomic DNA, and codon-optimized synthetic genes
were amplified from plasmid DNA. Herculase II Fusion
Enzyme (Agilent, USA) was used for PCR amplification. 50
ml amplification reactions contained 100-500 ng genomic
DNA template, 250 micromolar dNTPs, 0.25 micromolar
primers, and 0.5 ml Herculase II fusion DNA polymerase.
Initial denaturation was at 95° C. for 2 minutes or at 98° C.
for 4 minutes for highly GC-enriched templates. PCR prod-
ucts were amplified using 30-35 cycles of 95° C. or 98° C.,
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20 seconds, 55-65° C. annealing for 20 seconds, and exten-
sion at 72° C. for 30 seconds per kb. The sequence of the
transforming DNA from the LCYE-1 disruption construct
pPB0014 is shown below in FIG. 2.

Relevant restriction sites used to generate linear DNA and
for cloning are indicated in lowercase, bold, and are from
5'-3' HindIIL, Kpnl, Sacl, and HindIII. Underlined sequences
at the 5' and 3' flanks of the construct represent genomic
DNA from A. protothecoides PBS that enable targeted
integration of the transforming DNA via homologous
recombination at the LCYE-1 locus. Proceeding in the 5' to
3" direction, the Chlamydomonas reinhardtii TUB2 pro-
moter (CrTUB2'") driving the expression of the Saccharo-
myces cerevisiae SUC2 gene (ScSUC2, codon-optimized for
expression in A. protothecoides and encoding sucrose
invertase, thereby enabling the strain to utilize exogenous
sucrose) is indicated by lowercase, boxed text. The initiator
ATG and terminator TGA for ScSUC2 are indicated by
uppercase italics, while the coding region is indicated with
lowercase italics. The terminator region of the A. prototh-
ecoides enolase gene (ApPGH) gene is indicated by small
capitals.

Construct pPB0014 was introduced into 4. protothecoides
PBS using a modified lithium acetate transformation proce-
dure. Briefly, 50 mL of seed growth medium containing 2%
glucose in 250 mL Erlenmeyer flask was inoculated with a
loop of cells from a plate. Cultures were grown for 2 days
at room temperature on an orbital shaker at 140 rpm, to an
OD 750 nm 2-4. 50 ml of cell culture was harvested in a
Falcon tube and centrifuged for 5 minutes at 3750 rpm. The
cell pellet was washed once with 5 ml wash solution (0.1 M
Lithium acetate (LiAc) and 1xTE (10 mM Tris, 0.1 mM
EDTA) buffer and centrifuged to discard the supernatant.
The cells were resuspended in 500 pul wash solution, trans-
ferred to a sterile Eppendorf tube, and incubated for 1 hour
on a rotary shaker at room temperature at 150 rpm. For each
transformation, 150 pl of cell suspension was aliquoted into
a 1.5 ml Eppendorf tube. 5-20 pg of linearized DNA was
added to the cell suspension, then incubated for 30 minutes
at room temperature at 150 rpm. 750 pl of PEG solution (0.1
M LiAc, 1xTE, 40% PEG-4000) was added to the Eppen-
dorf tube, and transformations were incubated overnight on
the shaker at room temperature at 150 rpm. Cells were
harvested by centrifugation at 5000 rpm for 30 seconds and
resuspended in 250 pl of 1 M sorbitol. About 180 ul of the
transformation was spread on growth media plates with
1.5% agar with selection, using glass beads, and incubated
at room temperature for 1 to 2 weeks. Single colonies were
observed on the agar plate after 5-6 days of plating.

Primary transformants were selected for heterotrophic
growth on media with sucrose as the sole carbon source.
Colonies were clonally purified, and integration of pPB0014
at the LCYE-1 locus was verified for 11 strains by PCR
amplification of the regions flanking the 5' and 3' ends of the
integration site. Strain 14-2 was selected as the parent strain
for subsequent modifications. Next, we disrupted LCYE-2,
encoding the second allele of lycopene cyclase epsilon, with
the goal of generating double knockout strains completely
lacking in alpha-carotene-derived carotenoids. The sequence
of the transforming DNA from the LCYE-2 disruption
construct pPB0038 is shown below in FIG. 3. Relevant
restriction sites used to generate linear DNA and for cloning
are indicated in lowercase, bold, and are from 5'-3' HindIII,
Kpnl, Sacl, and HindIII. Underlined sequences at the 5' and
3' flanks of the construct represent genomic DNA from 4.
protothecoides that enable targeted integration of the trans-
forming DNA via homologous recombination at the
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LCYE-2 locus. Proceeding in the 5' to 3' direction, the 4.
protothecoides HUP1 promoter (ApHUP1) driving the
expression of the Arabidopsis thaliana THIC gene (At-
THIC, codon-optimized for expression in A. protothecoides
and encoding 4-amino-5-hydroxymethyl-2-methylpyrimi-
dine synthase activity, thereby permitting the strain to grow
in the absence of exogenous thiamine) is indicated by
lowercase, boxed text. The initiator ATG and terminator
TGA for AtTHIC are indicated by uppercase italics, while
the coding region is indicated with lowercase italics. The
terminator region of the A. protothecoides heat shock protein
90 (ApHSP90) gene is indicated by small capitals.

Construct pPB0038 was transformed into LCYE-1 dis-
ruption strain 14-2. Primary transformants were selected for
heterotrophic growth on media without thiamine, and with
sucrose as the sole carbon source. Colonies were clonally
purified, and double knockout of both LCYE-1 and LCYE-2
was verified in strain 38-25 by PCR amplification of the
regions flanking the 5' and 3' ends of the pPB0014 and
pPBO0038 integrations. Spectrophotometric, and HPLC
analysis of carotenoid pigments from wild-type 4. prototh-
ecoides PB5, 14-2, and 38-25 is shown in FIGS. 4A and B.
Pigments for spectrophotometric analysis were extracted by
mechanical disruption of cell pellets mixed with 0.5 mm
glass beads (BioSpec Products, Inc.) suspended in 80:20
acetone:methanol, using a Mini-Beadbeater-16 (BioSpec
Products, Inc.). Absorption spectra were acquired using a
Thermo Scientific GeneSys 10 uv spectrophotometer. Lutein
is the predominant pigment extracted from the wild-type
strain. Reduction of lycopene cyclase epsilon activity by
disrupting the LCYE-1 allele in 14-2 increases the ratio of
zeaxanthin to lutein. Lutein accumulation is abolished in the
38-25 double knockout strain, and zeaxanthin is the major
carotenoid.

Cell cultivation—Cells were grown in a growth medium
composed of the following chemicals in 1 L. deionized water.
0.025 g NaCl, 0.25 g NaNO;, 0.074 g MgS0,.7H,0, 0.025
g CaCl,2H,0, 0.075 g K,HPO,, 0.176 g KH,PO,, 2.38 g
HEPES, 3 g Yeast extract, 5 ml stock vitamin solutions, and
20 g glucose. pH was adjusted to 6.8 with 20% NaOH. Stock
vitamin solution contained the following in 200 m1 HEPES
solution (50 mM HEPES, pH7.8); 0.005 g Biotin, 0.44 g
Thiamine HCI, 0.027 g B12, and 0.619 g D-Pantothenic acid
hemicalcium. The stock vitamin solution was filtered, ster-
ilized, and stored at 4° C. refrigerator.

Seed flask cultivation—in 250 ml Erlenmeyer flask con-
taining 95 ml growth medium and 5 ml 40% stock glucose
solution, loopful of cells were inoculated from the agar plate
and grown for 2 days on an orbital shaker at 115 rpm at 28°
C. under 0.1-1 pmol photons/m? s low intensity LED light.

Main flask cultivation—in 1 L Erlenmeyer flask contain-
ing 332.5 ml growth medium and 17.5 m1 40% stock glucose
solution, inoculate cells from seed flask so that initial optical
density (OD) at 750 nm wavelength was 0.5-0.6. Incubate
the flask on the orbital shaker under 0.1-1 pmol photons/m?
s low intensity LED light at 115 rpm at 28° C. for 4-5 days
until all glucose is exhausted. Harvest the cells via centrifu-
gation and freeze dry the cell pellet. Store the freeze-dried
cell pellet at -20° C. freezer.

The lipid extraction method and HPL.C parameters are
described below.

About 3-5 g lyophilized PB5 and modified strain cell
powders were finely ground in a mortar using a pestle. 30 ml
of ether was added to the milled microalga powders then
vortexed for about 30 seconds to extract oil and carotenoids.
30 ml of additional ether was used if necessary to complete
the extraction of all the oil and carotenoids. The remaining
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ether was evaporated using an evaporator at room tempera-
ture. The extracted oil was dissolved and diluted at a 1:10
ratio with a mixed Hexane:Ethyl Acetate (70:30, v/v) sol-
vent. 10 ul of the diluted solution was injected into an HPL.C
(Agilent 1260 Infinity II, Agilent, USA) and separation of
analytes was conducted on a Luna silica 100 A column (25
cmx4.6 mm; 5 pm, Phenomenex, USA). The mobile phase
consisted of hexane:ethyl acetate (70:30, v/v) at a flow rate
of' 1.5 ml/min. The column temperature was set at 30° C. and
lutein, zeaxanthin, and standards were detected at 446 nm.
The lutein standard eluted at a retention time of 12.6 minutes
and the zeaxanthin standard eluted at a retention time of 13.5
minutes. Table 1 summarized the results of carotenoid
analysis of each genetically modified strain and wild-type
strain PBS (control).

TABLE 1

Carotenoids identified in extracted oil

from PB5 and modified strains via HPLC.
Strains Carotenoids Retention time Percent (%)
PB35 (Control) Lutein 12.689 67.0392
Zeaxanthin 13.548 27.9272
14-2 Lutein 12.685 50.1228
Zeaxanthin 13.55 454815
38-25 Zeaxanthin 13.554 87.8917

Next, we sought to express beta-carotene ketolase activity
in A. protothecoides cells, allowing them to make keto-
carotenoids with high value as antioxidants. To achieve this,
we introduced an expression module for the C. reinhardtii
beta-carotene ketolase gene 1 (CrBKT1) into the pPB0038
backbone. The sequence of the expression module cloned
into the Kpnl site of pPB0038 to generate construct
pPB0120 is shown below in FIG. 5. Kpnl and Spel sites
flanking the expression module and used for cloning are
indicated in lowercase, bold. Proceeding in the 5' to 3'
direction, the A. protothecoides SAD2 promoter (ApSAD?2)
driving the expression of the CrBKT1 gene is indicated by
lowercase, boxed text. The initiator ATG and terminator
TGA for CrBKT1 are indicated by uppercase italics, while
the coding region is indicated with lowercase italics. The
sequence encoding the predicted plastid transit peptide is
underlined. The terminator region of A. protothecoides
SAD?2 is indicated by small capitals.

We considered that the heterologous CrBKT1 protein
might not be imported efficiently into Auxenochlorella plas-
tids, so we also made a version of the CrBKT1 expression
module that replaced the sequence encoding the native
plastid transit peptide with the corresponding sequence from
the endogenous Auxenochlorella SAD2 gene. The sequence
of the chimeric ApSAD2tp_CrBKT1 coding sequence in
construct pPB0123 is shown below in FIG. 6. pPB0123 was
otherwise identical to pPB0120 and targeted the AtTHIC
transformation marker and the CrBKT1 expression module
to the LCYE-2 locus. The sequences of the native CrBKT1
protein and the ApSAD2tp_CrBKT1 chimeric proteins are
shown in FIGS. 7A and 7B, respectively.

Constructs pPB0120 and pPB0123 were both transformed
into wild-type 4. protothecoides PB5 to make LCYE-2
single allele knockouts expressing CrBKTI1, and into
LCYE-1 disruption strain 14-2 to make LCYE double
knockouts expressing CrBKT1. Primary transformants
made in the wild-type 4. protothecoides background were
selected for heterotrophic growth on glucose-containing
media without thiamine, while transformants generated in
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the 14-2 parent strain were selected on media without
thiamine, supplemented with sucrose. Primary transfor-
mants were clonally purified and shake flask cultures of
representative strains are shown in FIG. 8A. Strains trans-
formed with pPB0123, expressing chimeric
ApSAD2tp_CrBKT1 produced more red-colored ketocaro-
tenoids than pPB0120 transformants that expressed native
CrBKT1, suggesting that the chimeric protein was imported
and processed more efficiently than the native protein.
HPLC analysis, shown in FIG. 8B, showed that the pre-
dominant ketocarotenoids in LCYE-2 single allele knock-
outs (A strains, wild-type A. protothecoides parent) were
4-keto-lutein and astaxanthin, derived from lutein and zeax-
anthin, respectively. The strains that expressed CrBKT1
with both LCYE alleles disrupted (B strains) made astax-
anthin almost exclusively.

The lipid extraction method and HPLC parameters for
keto-carotenoids analysis—FEther extraction of oil and caro-
tenoids was performed as described above. The extracted oil
was dissolved and diluted at a 1:100 ratio with a solvent
mixture of Hexane: Acetone (82:18, v/v). 20 ul of the diluted
solution was injected into an HPL.C (Agilent 1260 Infinity 11,
Agilent, USA) and separation of analytes was conducted on
a Luna silica column (15 cmx4.6 mm; 3 um, Phenomenex,
USA). The mobile phase consisted of Hexane: Acetone (82:
18, v/v) ran at a flow rate of 1.2 ml/min. The column
temperature was not set and astaxanthin and standards were
detected at 474 nm. The astaxanthin standard was eluted at
a retention time of 7.6 minutes. Table 2 summarized HPLC
analysis results of genetically modified strains producing
different carotenoids.

TABLE 2

Carotenoids identified in extracted
oil from modified strains via HPLC.

Strains Carotenoids Retention time Percent (%)
120A-2 Astaxanthin 7.638 29.8938
Keto Lutein 9.258 39.4228
Lutein 12.682 11.5903
123A-5 Astaxanthin 7.634 30.0058
Keto Lutein 9.254 39.9874
Lutein 12.685 7.5039
120B-2 Astaxanthin 7.631 71.5094
Zeaxanthin 13.571 3.3719
123B-24 Astaxanthin 7.632 77.876
Zeaxanthin 13.582 2.5516

Example 2. Production of Strains with
Accumulating Squalene

Squalene is used extensively in cosmetics as an emollient
and moisturizer, while its antioxidant properties are
exploited in sunscreens and anti-aging products. There are
numerous pharmacological applications, including use in
formulations as a chemoprotective agent, an anti-bacterial
and anti-fungal agent, an adjuvant for vaccines, and a drug
carrier. In vivo studies have demonstrated its value as a food
supplement with benefits for weight and cholesterol control.
Squalene is also a valuable precursor for the chemical
synthesis of steroids and other bioactive molecules.

We have enhanced the value of A. prorothecoides, PBS,
storage lipid by engineering strains to accumulate squalene
during the lipid production phase by targeted disruption of
the squalene epoxidase (SQE) gene. Squalene epoxidase
catalyzes the squalene cyclization step in phytosterol bio-
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synthesis. Knockout of the equivalent ERG1 gene in S.
cerevisiae led to squalene accumulation. Similar metabolic
engineering strategies have been applied in cyanobacteria
and purple non-sulfur bacteria, and elevated squalene levels
were observed in C. reinhardtii strains where RNAi was
used to knock-down SQE gene expression.

In this example, we describe genetically engineered A.
protothecoides, PBS strains in which we have disrupted both
alleles of SQE. These modifications block downstream
phytosterol biosynthesis and cause the accumulation of
squalene in cellular lipids. The sequence of the transforming
construct pPB0065, targeting disruption of ApSQE-2 is
provided in FIG. 9. Restriction sites are indicated with bold,
lowercase text. HindlII sites delimit the 5' and 3' ends of the
transforming DNA. EcoRI and Sacl sites flank the selection
cassette. Underlined sequences represent SQE-2 genomic
DNA targeting integration at the SQE-2 locus via homolo-
gous recombination. Proceeding from 5' to 3', the selection
cassette contains the ApHUP1 promoter (lowercase, boxed
text), driving the expression of codon-optimized AtTHIC.
The initiator ATG and terminator TGA for AtTHIC are
indicated by uppercase italics, while the coding region is
indicated with lowercase italics. The ApHSP90 terminator
region is indicated by small capitals.

SQE-2 knockout strains were generated by transformation
of pPB0065 into A. protothecoides PBS. Primary transfor-
mants were selected on glucose-containing growth media
without thiamine. Colonies were clonally purified, and tar-
geted disruption of SQE-2 was verified by PCR amplifica-
tion and sequencing of the regions flanking the integration
site. Transformant 65-4 was selected as the parent strain for
subsequent transformation with construct pPB0077, target-
ing ApSQE-1. The sequence of the transforming DNA from
pPBO0077 is shown below in FIG. 10. Restriction sites are
indicated with bold, lowercase text. HindIII sites delimit the
5" and 3' ends of the transforming DNA. EcoRI and Sacl
sites flank the selection cassette. Underlined sequences
represent ApSQE-1 genomic DNA targeting integration at
the ApSQE-1 allele via homologous recombination. Pro-
ceeding from 5' to 3', the selection cassette contains the
CrTUB2 promoter (lowercase, boxed text), driving the
expression of codon-optimized ScSUC2. The initiator ATG
and terminator TGA for ScSUC2 are indicated by uppercase
italics, while the coding region is indicated with lowercase
italics. The ApPGH terminator region is indicated by small
capitals.

Primary transformants from the introduction of pPB0077
into strain 65-4 were selected on growth media with sucrose
and without thiamine. Colonies were clonally purified and
targeted disruption of both ApSQE-1 and ApSQE-2 was
verified by PCR amplification and sequencing of the regions
flanking the integration site.

A representative strain, 77B-21, was grown in lipid pro-
duction media and the squalene content of crude lipid
extracts was measured by HPLC (FIG. 11).

Cell cultivation conditions—Cells were grown in a
growth medium containing the followings in 1 L. deionized
water: 4.2 g K,HPO,, 3.57 g NaH,PO,-H,0, 024 ¢
MgS0O,-7H,0, 0.025 g CaCl,-2H,0, 0.25 g citric acid, 2
micromolar thiamine-HCI, and 10 mL of trace metal solu-
tion. 1 L of trace metal solution contained 2.75 g citric acid,
0.011 g CuSO,-5H,0, 0.081 g CoCl,-6H,0, 0.33 g H,BO,,
14 g ZnSO,7H,0, 09485 g MnCl,-4H,O, 0.039 g
Na,MoO,-2H,0, 0.11 g FeSO,7H,0, 0.0144 ¢
NiSO,-6H,0. Pre-seed and seed medium contained 0.991
g/l of (NH,),SO,, and lipid production media contained
0.248 g of (NH,),SO,. The pre-seed medium was supple-
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mented with 5 g/IL glucose; seed medium contained 20 g/I,
glucose and lipid production contained 40 g/L. glucose.

The lipid extraction method and HPLC parameters for
squalene analysis—About 3 g of lyophilized PBS and modi-
fied strain cell powders were finely ground in a mortar using
a pestle. 30 ml of ether was added to the ground PBS powder
and the resulting suspension was vortexed for about 30
seconds to extract oil. An additional 30 ml of ether was used
to complete oil extraction. The remaining ether was evapo-
rated at room temperature using an evaporator. The extracted
oil was dissolved and diluted at a 1:10 ratio with a solvent
mixture solvent of Acetonitrile:Methanol (8:2, v/v), which
was also used as the mobile phase. 30 ul of the diluted
solution was injected into an HPLC (Agilent 1260 Infinity
II) and separation of analytes was conducted on a C18
reverse column (15 cmx4.6 mm; Shiseido, Japan). The
mobile phase’s flow rate was 1.5 ml/min. The column
temperature was set at 35° C. and squalene and the standard
was detected at 195 nm. Squalene standard eluted at a
retention time of 18.090.

Squalene accumulated to 1222 ppm in oil from strain
77B-21, a level that is on par with the squalene content of
olive oil, a common commercial source.

The value of 4. protothecoides oil would be enhanced by
further increases in squalene levels. This may be achieved
through overexpression of key enzymes in the isoprenoid
biosynthesis pathway to increase flux. The amino acid
sequences of A. protothecoides 1-deoxy-D-xylulose 5-phos-
phate synthase (DXS), 1-deoxy-D-xylulose S5-phosphate
reductoisomerase (DXR), farnesyl diphosphate synthase
(FDPS), and squalene synthase are provided in FIGS. 12-15.
Overexpression of the native A. protothecoides enzymes, or
of heterologous enzymes from plants or other algae, in the
SQE double knockout background may improve squalene
accumulation.

Example 3. Production of Strains with Increased
Levels of Omega-3 and Omega-6 Fatty Acids

The fatty acid composition of A. protothecoides storage
lipid is typical for Trebouxiophyte algae, consisting mainly
of oleic (~68%), palmitic (~12%), and linoleic (~13%)
acids, with minor amounts of stearic, myristic, a-linolenic,
and palmitoleic acids. We sought to improve the nutritional
quality of 4. protothecoides triacylglyceride oils by increas-
ing the polyunsaturated fatty acid (PUFA) content. First, we
activated the endogenous FAD3 gene, encoding fatty acid
desaturase 3, by swapping the native FAD3 promoter with
promoters from genes that are strongly upregulated during
lipid production. FAD3 introduces a double bond at the A15
position of linoleic acid (C18:2) to make a-linolenic acid.
The sequence of the transforming construct pPB0039, tar-
geting insertion of the ApSAD2 promoter upstream of the
FAD3-1 coding sequence is provided in FIG. 16. Restriction
sites are indicated with bold, lowercase text. HindIII sites
delimit the 5' and 3' ends of the transforming DNA. Kpnl
and Spel sites flank the selection cassette. Underlined
sequences represent FAD3-1 genomic DNA targeting inte-
gration at the FAD3-1 locus via homologous recombination.
Proceeding from 5' to 3, the selection cassette contains the
ApHUP1 promoter (lowercase, boxed text), driving the
expression of codon-optimized AtTHIC. The initiator ATG
and terminator TGA for AtTHIC are indicated by uppercase
italics, while the coding region is indicated with lowercase
italics. The ApHSP90 terminator region is indicated by small
capitals. Lowercase, boxed text delineates the ApSAD2
promoter.
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We also made a version of the FAD3 integration construct
expression module that replaced the native FAD3 promoter
with the promoter from the 4. protothecoides FATA gene,
encoding the acyl-ACP thioesterase. Construct pPB0041
was identical to pPB0039 except that ApFATA promoter
shown below in FIG. 17 in lowercase, boxed text, was used
to drive the expression of FAD3.

pPB0039 and pPB0041 were transformed into 4. prototh-
ecoides PBS and primary transformants were selected on
glucose-containing growth media without thiamine. Colo-
nies were clonally purified and insertion of the constructs at
the FAD3 locus was verified by PCR amplification and
sequencing of the regions flanking the integration site.

Cell cultivation conditions—Cells were grown in a
growth medium composed of the following chemicals in 1
L of deionized water: 4.2 g K,HPO,, 3.57 g NaH,PO,-H,O,
0.24 g MgSO,-7H,0, 0.025 g CaCl,-2H,0, 0.25 g citric
acid, 2 micromolar thiamine-HCI, and 10 mL of trace metal
solution. 1 L of trace metal solution contained 2.75 g citric
acid, 0.011 g CuSO, 5H,0, 0.081 g CoCl,-6H,0, 033 g
H,BO,, 1.4 g ZnSO,-7H,0, 0.9485 g MnCl,-4H,0, 0.039 g
Na,MoO,2H,0, 0.11 g FeSO,7H,0, 0.0144 ¢
NiSO,-6H,0. Pre-seed and seed medium contained 0.991
g/l of (NH,),SO,, and lipid production media contained
0.248 g of (NH,),SO,. The pre-seed medium was supple-
mented with 5 g/IL glucose; seed medium contained 20 g/I,
glucose and lipid production contained 40 g/I. glucose.

Freeze-dried microalgal samples were sent to Microbial
1D Inc., (Delaware, USA) for fatty acid methyl ester analysis
(FAME). Microbial ID Inc. utilized standardized gas chro-
matographic analysis of fatty acid methyl esters method
developed by MIDI Inc., (Delaware, USA) and the reference
could be found in their technical note #101, published and
revised in 2006. The fatty acid profiles of lipids from shake
flask assays of representative strains are shown in Table 3.
Strains driving expression of one allele of FAD3 with the
ApSAD?2 promoter (39-1 and 39-9 strains) or the ApFATA
promoter (41-1 and 41-3 strains) showed a slight increase in
a-linolenic acid (ALA, omega-3) from 2% in the wild-type
(PB5) to about 3%. The increase in ALLA came at the expense
of linoleic acid (omega-6), improving the omega-6:omega-3
ratio from 7 to about 4 (lower is better).

TABLE 3
Fatty acid profiles as a percentage of total fatty acids for
A. protothecoides strains transformed with pPB0039 or pPB0041.
strain PBS 39-1 39-9 41-1 41-3
C14:0 myristic 1.7 1.6 1.7 1.6 1.7
C16:0 palmitic 12.7 13.0 12.6 12.0 12.6
C16:1n-7 palmitoleic 0.3 0.3 0.3 0.3 0.3
C18:0 stearic 2.5 2.5 2.6 2.4 2.3
C18:1n-9 oleic 66.3 68.9 67.8 68.5 67.5
C18:2n-6 linoleic LA 14.2 10.5 11.1 11.7 11.9
C18:3n-3 a-linolenic 2.0 2.9 33 3.0 3.1
omega-6:omega-3 6.9 3.6 3.4 4.0 3.9
% PUFA 16.2 13.4 14.4 14.6 15.0

The A9 double bond in C18:1 is introduced by the
stearoyl-ACP desaturases (SADs) in the plastid. Formation
of the A12 and A15 double bonds, catalyzed by FAD2 and
FAD3, respectively, occurs in the endoplasmic reticulum,
and these enzymes use membrane lipids as their substrate.
The relatively low abundance of C18:2 and C18:3 a in
wild-type A. protothecoides storage lipid results from the
competition between the acyltransferases of the Kennedy
pathway for the formation of TAG, and the enzymes of the
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Lands cycle, which control the exchange of fatty acids
between diacylglycerol (DAG) and membrane phospholip-
ids. We considered that increasing the transfer of C18:1
between DAG and phospholipids might improve PUFA
production, so we introduced a construct to overexpress
Arabidopsis PDCT, encoding phosphatidylchloline:dia-
cylglycerol choline phosphotransferase into strain 41-3. The
sequence of the transforming construct pPB0118, targeting
AtPDCT and ScSUC2 expression to the THI4 locus is
provided in FIG. 18. Restriction sites are indicated with
bold, lowercase text. HindIII sites delimit the 5' and 3' ends
of the transforming DNA. Kpnl, Spel, and Xhol sites
separate the AtPDCT expression module and the ScSUC2
expression cassette. Underlined sequences represent THI4
genomic DNA targeting integration at the THI4 locus via
homologous recombination. Proceeding from 5' to 3', the
selection cassette contains the ApSAD2 promoter (lower-
case, boxed text), driving the expression of codon-optimized
AtPDCT. The initiator ATG and terminator TGA for
AtPDCT are indicated by uppercase italics, while the coding
region is indicated with lowercase italics. The ApSAD2
terminator region is indicated by small capitals. Lowercase,
boxed text delineates the CrTUB2 promoter, driving the
expression of codon-optimized ScSUC2. The initiator ATG
and terminator TGA for ScSUC2 are indicated by uppercase
italics, while the coding region is indicated with lowercase
italics. The ApPGH terminator region is indicated by small
capitals.

pPBO0118 was transformed into strain 41-3, and primary
transformants were selected on sucrose-containing growth
media without thiamine. Colonies were clonally purified and
insertion of the constructs at the THI4 locus was verified by
PCR amplification and sequencing of the regions flanking
the integration site. Freeze-dried microalgal cell samples
were sent to Microbial ID inc. (Delaware, USA) for fatty
acid methyl ester analysis and the profiles of lipids from
shake flask assays of representative strains containing the
pPBO0118 construct are shown in Table 4. C18:2 accumula-
tion increased by 2.5-fold in strains 118B-8 and 118B-20,
indicating that expression of AtPDCT during lipid produc-
tion caused significant enhancement of FAD2 activity. ALA
levels only increased by about 1% compared to the 41-3
parent strain, suggesting that incorporation of C18:2 into
TAG was favored over desaturation by FAD3. The omega-
6:omega-3 ratio increased from 3.8 in 41-3 to above 8, due
to the increase in C18:2 without a concomitant increase in
ALA.

TABLE 4

Fatty acid profiles as a percentage of total fatty
acids for strain 41-3 transformed with pPBO118.

strain PBS 41-3 118B-8 118B-20
C14:0 myristic 1.7 1.8 2.1 2.1
C16:0 palmitic 12.3 12.5 12.4 13.3
C16:1n-7 palmitoleic 0.3 0.3 0.3 0.4
C18:0 stearic 2.4 2.3 1.8 2.2
C18:1n-9 oleic 67.9 67.5 454 46.4
C18:2n-6 linoleic LA 13.1 12.0 33.3 30.8
C18:3n-3 a-linolenic 1.8 3.1 4.0 3.9
omega-6:omega-3 7.2 3.8 8.3 8.0
% PUFA 15.0 15.1 37.3 34.7

Upregulation of the endogenous FAD3 gene and overex-
pression of AtPDCT only resulted in small improvements in
ALA accumulation, so we tested whether AL A biosynthesis
could be further improved by the expression of heterologous
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FAD3. We chose to test FAD3A from Linum usitatissimum
(flax), which has been shown previously to have desaturase
activity in Prototheca moriformis. The sequence of the
transforming construct pPB0142, targeting LuFAD3A and
neoR expression to the THI4 locus is provided in FIG. 19.
Restriction sites are indicated with bold, lowercase text.
HindIII sites delimit the 5' and 3' ends of the transforming
DNA. Kpnl, Spel, and BamHI sites separate the LuFAD3A
expression module and the neoR expression cassette. Under-
lined sequences represent THI4 genomic DNA targeting
integration at the THI4 locus via homologous recombina-
tion. Proceeding from 5' to 3', the selection cassette contains
the ApSAD2 promoter (lowercase, boxed text), driving the
expression of codon-optimized LuFAD3A. The initiator
ATG and terminator TGA for LuFAD3A are indicated by
uppercase italics, while the coding region is indicated with
lowercase italics. The ApFBA1 terminator region is indi-
cated by small capitals. Lowercase, boxed text delineates the
ApPGK1 promoter, driving the expression of codon-opti-
mized neoR, which confers resistance to the antibiotic G418.
The initiator ATG and terminator TGA for neoR are indi-
cated by uppercase italics, while the coding region is indi-
cated with lowercase italics. The ApPGK1 terminator region
is indicated by small capitals.

pPB0142 was transformed into strain 118B-8, and pri-
mary transformants were selected on (G418-containing
growth media supplemented with sucrose and without thia-
mine. Colonies were clonally purified and insertion of the
constructs at the THI4 locus was verified by PCR amplifi-
cation and sequencing of the regions flanking the integration
site. We also verified that strains containing both constructs
pPBO0118 and pPB0142 disrupted both alleles of the THI4
locus, rendering them unable to grow without supplemen-
tation with hydroxymethyl thiazole (FIG. 20).

As shown in FIG. 20, Thiamine prototrophy is observed
in strain 118B-8, expressing AtTHIC, targeted to one allele
of THI4. Disruption of the second THI4 allele by pPB0142
renders the transformants thiazole auxotrophs.

Freeze-dried microalgal cell pellets were sent to Micro-
bial ID (Delaware, USA) for fatty acid methy] ester analysis
(FAME) and the profiles of lipids from shake flask assays of
representative strains containing the pPB0142 construct are
shown in Table 5. ALA accumulation increased from 5.4%
in the 118B-8 parent to up to 8.7% in strain 142B-11,
indicating that expression of LuFAD3A during lipid produc-
tion enhanced desaturation of C18:2. The omega-6:0mega-3
ratio was reduced to 4, similar to the original ratio observed
in the parent strain 41-3 (see Table 4), but with a 5-fold
increase in omega-3 fatty acids and a 3-fold improvement in
overall PUFA compared to the wild-type strain.

TABLE 5
Fatty acid profiles as a percentage of total fatty
acids for strain 118B-8 transformed with pPB0142.
strain PBS 118B-8 142B-8 142B-11
C14:0 myristic 2.0 2.5 2.3 2.2
C16:0 palmitic 12.0 11.8 12.5 12.0
C16:1n-7 palmitoleic 0.4 0.3 0.4 0.4
C18:0 stearic 2.5 1.8 1.9 1.8
C18:1n-9 oleic 67.9 44.1 39.9 39.2
C18:2n-6 linoleic LA 13.5 34.0 34.4 34.6
C18:3n-3 a-linolenic 1.8 54 8.2 8.7
omega-6:omega-3 7.6 6.3 4.2 4.0
% PUFA 15.3 39.4 42.6 43.3
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We aim to produce a nutritionally superior oil from A.
protothecoides PBS, with very low saturates and a 1:1 ratio
of omega-6:0mega-3 fatty acids. Optimization of C18:2 and
C18:3 a levels may be achieved by modulating the expres-
sion of AtPDCT and LuFAD3A. The main saturated fatty
acids in wild-type A. protothecoides o0il are C14:0, C16:0,
and C18:0 (see Tables 3, 4 & 5). Levels of C14:0 and C16:0
can be reduced by over-expressing the native KASII gene,
encoding beta-ketoacyl-ACP synthase II, which extends
C16:0 to C18:0. The coding sequence of the Auxenochlo-
rella KASII gene, optimized for translation, is shown in FIG.
21 and the corresponding amino acid sequence is detailed in
FIG. 22.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 18
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 3739

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

from pPB0014

<400> SEQUENCE: 1

aagcttcaag tgegtgegtt acagtgttac caacaacagt ctaacctacce ccttteggte

attctgecect ttggcaagag ttcagaatga agtgtgettg cacatcgage tagtgetgtg

agcgaagaca aggaagtccece cactcaccca cgtggccaga ttctatcttt tttcagattg

OTHER INFORMATION: Nucleotide sequence of the transforming DNA

60

120
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-continued
caagggccac gcccagegaa ccccgegatg gggecgagece atgeccgaca tctcegacate 240
ttcatatgat aaggcgcttc aaagtgcaat ttttgtgcat ggcatcaatt aggagagtge 300
ttgaacacca gcccatctte caccggggaa ggaccgtega aatgectetyg cagacggcca 360
cegtetgate getgectgte ccgaggtgac ggcgatgteg tecttatcece aaacaatcgt 420
tcgaagacct ttettttgtt cgctcaacce accgaggaga ccegtetggat tccatgetge 480
tgtgacgcct agcccectga gaccctecaa gtgggeggte cectecctag cccccagect 540
ctetgacgtyg gcagatgect ccgcggaage aaatcaggat cgcagggagyg gctectacga 600
gcagcccectyg gtecaacgee aggtgectag ggggaaagga gggcagaggg gcttgaggeg 660
agcctggece aggcagggcet tccatggtca gtegtggeag tgccatgaca gccgaagccce 720
aacgcgacac cgtgggtgca gcatgegtgg acggaaacat tggcaatgece ttgecccatt 780
ggeecccccayg geccggaaac gggacgatca gcaggacccee ttgtccagec tectecccac 840
ggtacccttt cttgcgctat gacacttcca gcaaaaggta gggcgggcetyg cgagacgget 900
tceeggeget gcatgcaaca ccgatgatge ttegaccecee cgaagctect tceggggetge 960
atgggcgctce cgatgccget ccagggcgag cgctgtttaa atagccaggce ccccgattgce 1020
aaagacatta tagcgagcta ccaaagccat attcaaacac ctagatcact accacttcta 1080
cacaggccac tcgagcttgt gatcgcactce cgctaagggg gcgcctctte ctettegttt 1140
cagtcacaac ccgcaaacat gctgctgcag gcctteetgt tectgetgge cggcettegece 1200
gccaagatca gegectccat gacgaacgag acgtccgacce gecccctggt gecacttcacce 1260
cccaacaagg gctggatgaa cgaccccaac ggectgtggt acgacgagaa ggacgccaag 1320
tggcacctgt acttccagta caacccgaac gacaccgtct gggggacgcce cttgttetgg 1380
ggccacgceca cgtecgacga cctgaccaac tgggaggacce ageccatcge catcgecceg 1440
aagcgcaacg actcecggege cttcecteecgge tcecatggtgg tggactacaa caacacctcece 1500
ggcttctteca acgacaccat cgacccgcge cagcgcectgeg tggccatctg gacctacaac 1560
accceggagt ccgaggagca gtacatctece tacagcectgg acggeggceta caccttcace 1620
gagtaccaga agaaccccgt gctggecgece aactccacce agttceegega cecgaaggtce 1680
ttectggtacg agccctcecca gaagtggatce atgaccgegg ccaagtccca ggactacaag 1740
atcgagatct actcctcecga cgacctgaag tcecctggaage tggagtccge gttegccaac 1800
gagggcttee teggctacca gtacgagtge cccggectga tegaggtecce caccgagcag 1860
gaccccagca agtcecctactg ggtgatgttce atctccatca accccecggegce cceggceceggce 1920
ggcteccttca accagtactt cgtecggcage ttcaacggca cccacttcga ggecttegac 1980
aaccagtcce gegtggtgga cttecggcaag gactactacg ccctgcagac cttcettcaac 2040
accgacccga cctacgggag cgccctggge atecgegtggyg cctecaactyg ggagtactcee 2100
gccttegtge ccaccaacce ctggcgcetece tceccatgtceec tegtgcecgcaa gttetceecte 2160
aacaccgagt accaggccaa cccggagacg gagctgatca acctgaaggce cgagcecgate 2220
ctgaacatca gcaacgccgg cccctggage cggttegeca ccaacaccac gttgacgaag 2280
gccaacaget acaacgtcga cctgtccaac agcaccggca cectggagtt cgagetggtg 2340
tacgcecgtca acaccaccca gacgatctcee aagtcecgtgt tegcecggacct cteectetgg 2400
ttcaagggcce tggaggaccce cgaggagtac ctceccgcatgg gettcgaggt gteccgegtcece 2460
tcettettee tggaccgegyg gaacagcaag gtgaagtteg tgaaggagaa cccctactte 2520
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accaaccgca tgagegtgaa caaccagecce ttcaagageg agaacgacct gtcctactac 2580
aaggtgtacg gcttgctgga ccagaacatc ctggagcetgt acttcaacga cggcgacgtce 2640
gtgtccacca acacctactt catgaccacc gggaacgccec tgggctcegt gaacatgacyg 2700
acgggggtgg acaacctgtt ctacatcgac aagttccagg tgcgcgaggt caagtgattg 2760
attggaactc acaaagcggc ccacggcttce gaacgtccecg tgtcaattge geggggtgtg 2820
ccagagtttc tgcgccaccg atgctcacce taggggggga tgccctttga cattcatgtg 2880
tgcctgcatg cacgtttgta tcagtctcac cacaccttga agatttttgg gagggggggyg 2940
gaagtcggaa tggaaacgag ctccgcgatt gtcagatggt ggagtgggtg gatggcectg 3000
ctccgaggag ctttcectaggg cgcgaacttg gceccttetee cectcetgatge agtgtggggg 3060
gacgcggtgt gctatttcte cgagggcecge ccaactaggg tggggcgggce atacgcccgce 3120
gtcgacaggt gggtgtggce tcgaggtgtt gagaggagtg ttatgtcgac agccaaagtyg 3180
gagactgatt gaaccctact ccaggtgcta tcttgggage acactgcgcec caccgtgget 3240
ggactgcceyg aattccaace ttggtgccca gaaacagggce aaagccggtce atcagtgcag 3300
catgagactc aagctcccta gcectcatgacce gttggcatag gcagaagctg cggcagcacce 3360
tggtggaggc ctgccaggca aacggtgtca ccttccagece gggggaggta gtggatgtgg 3420
gcgtgaagaa cggcacagcce tcggtcacct geccaagatgg cteccgtectg actgcgaggt 3480
gggcgctgtyg catggcattt gttggcacga gtctgcatcet ctgaagctgce tgggtagegt 3540
cagagcagtg gagtcaacag cacacagctce tggeggtget cagggaacat acatcgcact 3600
gtttectgga gttgctggcee ctetgtgggg caaccaggac cccccgacgce atgcatgecce 3660
cctegeacat cccgecacagg ctggtgaccee tggecteegyg cgeggeggeyg gggegettee 3720
tcaagtacga gagaagctt 3739

<210> SEQ ID NO 2
<211> LENGTH: 4611

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of the transforming DNA

from

pPB0038

<400> SEQUENCE: 2

aagcttcaag

attctgtect

agcgaagaca

caagggccac

ttcatatgac

ttgaacacca

cegtetgate

tcgaagacct

tgtgacgect

ctctgacgtyg

gcagceecty

agcctggece

accgcgacac

tgcgtgegtt

ttggcaaggg

aggaagtccc

geccagcegaa

aaggcgette

geccatcette

getgectgte

ttcttttgtt

agcccectga

gcagatgect

gtccaacgee

aggcagggct

cgtgggtgca

acagtgttac

ctcagaatga

cactcaccca

ccecegegatyg

aaagtgcaat

caccggggaa

ccgaggtgac

cgctcaacce

gaccctccaa

cegeggaage

aggtgectag

tccatggtca

gcatgegtgg

caacaacagt

agtgtgccetyg

cgtggccaga

gggccgagcc

ttatgtgeat

ggaccgtcega

ggcgatgtcg

accgaggaga

gtgggeggte

aaatcaggat

dgggaaagga

gtegtggeag

acggaaacat

ccaacctaac

cacatcgage

ttttatcttt

atgcccgaca

ggcatcgatt

aatgcctetyg

tccttatcece

cegtetggat

ceccteectag

c¢gcagggagy

dggcaggggg

tgccatgaca

tggcaatgee

ccttteggte

tagtgctgtyg

tttcagattg

tctegacatce

aggagagtgg

cagacggceca

aaacaatcgt

tccatgeege

cccecagect

gctectacga

ccttgaggeyg

gecgaagecce

ttgccecatt

60

120

180

240

300

360

420

480

540

600

660

720

780
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ggacccccag geccggaaac gggacgatca gcaggaccce ctgtccagec tectecccac 840
ggtacctceee getttttaat tgageccctt tegtegetga atcagcgaaa gcaccgcgaa 900
acaatgcctg tccegtecat gecatctcaac agectcatge aaggtttgca caagcaagac 960
cattctgatc tgggaacttg taggtgttgt atgggggagg ttgtgctctt gaatcaagtg 1020
gtatcacgtt tccggaacac cccgaaacgt gcatgggctt attgcgatga gagcatttcece 1080
caccgcgatt gtctcacgeg catttcecggag aaggtttgca gaacactcca ggacatgaaa 1140
tgccttgtca cgtatgaacc atctcccacg gccttgaaaa gatcgctcga cttecattet 1200
agatggtgca aaaccctacg actcaagaag gtgccaccga ctcaggcatt gggcacggceg 1260
ggcagggaga agagaggagt tgatcaaaac tgctcgatca cgttccccca tggcgatcecg 1320
agcagcacat gatgcatcga ggtggcgccg ttgcaaagga gttgcgcatg ggtcgaagca 1380
gggagaagga aacggcgagg cgtgccgegg gggtgaattce agagtcaaat ctgegectge 1440
cceggegete ctgacgggga ttaaccccca cgactgtatce catcgacact cgtcectegggg 1500
gaataaaagc ggcgacccag ctccagaggce gcaatcctte tcacaatctg tttaacttte 1560
aacaaagtat aagtcaattc aacttgacac aatggccgcg tccgtccact gcaccctgat 1620
gtecegtggte tgcaacaaca agaaccactc cgcccgecce aagctgecca actectcect 1680
getgecegge ttegacgtgg tggtcecagge cgeggecace cgcttcaaga aggagacgac 1740
gaccaccege gccacgctga cgttcgacce ccccacgace aactccgage gegecaagcea 1800
gegcaagcac accatcgace cctectecce cgacttecag cecatccect cettegagga 1860
gtgcttecee aagtccacga aggagcacaa ggaggtggtg cacgaggagt ccggccacgt 1920
cctgaaggtg ccctteccgee gegtgcacct gteecggegge gagcccgcect tcegacaacta 1980
cgacacgtee ggcccccaga acgtcaacge ccacatcgge ctggcgaage tgcgcaagga 2040
gtggatcgac cgccgcgaga agctgggcac gecccgetac acgcagatgt actacgcgaa 2100
gcagggcate atcacggagg agatgctgta ctgcgegacg cgcgagaagce tggaccccga 2160
gttegteege tecgaggteg cgeggggecg cgccatcate cectccaaca agaagcacct 2220
ggagctggag cccatgatcg tgggccgcaa gttcecctggtyg aaggtgaacg cgaacatcgg 2280
caactcecgece gtggectect ccatcgagga ggaggtctac aaggtgcagt gggccaccat 2340
gtggggegee gacaccatca tggacctgtce cacgggecge cacatccacg agacgcgcega 2400
gtggatcctyg cgcaactccg cggtcceegt gggcaccgte cccatctacce aggcgctgga 2460
gaaggtggac ggcatcgcgg agaacctgaa ctgggaggtg ttecgegaga cgetgatcga 2520
gcaggccgag cagggcgtgg actacttcac gatccacgeg ggcgtgctgce tgcgctacat 2580
cceectgace gccaagegece tgacgggeat cgtgtcecege ggeggctceca tccacgcgaa 2640
gtggtgcetyg gectaccaca aggagaactt cgcctacgag cactgggacg acatcctgga 2700
catctgcaac cagtacgacg tcgccctgte catcggcgac ggcctgcgece ccggctecat 2760
ctacgacgcee aacgacacgg cccagttege cgagetgetyg acccagggeyg agcetgacgeg 2820
cegegegtgyg gagaaggacg tgcaggtgat gaacgaggge ccecggcecacyg tgcccatgca 2880
caagatccce gagaacatgce agaagcagcet ggagtggtge aacgaggege ccttctacac 2940
cctgggeccee ctgacgaccg acatcgegece cggctacgac cacatcacct ccgecatcgg 3000
cgeggecaac atcggegece tgggcaccge cetgetgtge tacgtgacge ccaaggagca 3060
cctgggectyg cccaaccgeg acgacgtgaa ggcgggcegte atcgectaca agatcgecge 3120
ccacgeggee gacctggeca agcagcaccece ccacgceccag gegtgggacyg acgegetgte 3180
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caaggcgcgce ttcgagttec getggatgga ccagttegeg ctgtcecctgg accccatgac 3240
ggcgatgtee tteccacgacg agacgetgcece cgcggacgge gegaaggteg ccecacttetg 3300
ctccatgtge ggccccaagt tetgcteccat gaagatcacg gaggacatcce gcaagtacgce 3360
cgaggagaac ggctacggct ccgccgagga ggccatcege cagggcatgg acgccatgte 3420
cgaggagttce aacatcgcca agaagacgat ctccggcgag cagcacggeyg aggtcggcegg 3480
cgagatctac ctgcccgagt cctacgtcaa ggccgcgcag aagtgagtcce tggcgaccct 3540
gctececctga cecectgttee cctgegetge ttcectececcegyg tgacatccga cctgctgceaa 3600
aattccegtt cctgcacaac acttgcctga ccgagggtceg ggtcgcgaag taaaagccac 3660
aatcaacacc ccaggcacat taagagtgca cagcatgacg cagcataggg tttgtgtcgg 3720
aggaaggggg tcgagtcgceg ttggcgaggg ggtggtcacg atgaccacat ctgcgggata 3780
attgaatcct caggggaaaa taccagtctce tgcttccagg tgctccggag ctceccgcgatt 3840
gtcagatggt ggagtgggtg gatggccctg ctccagagga gcegttctagg gcgcaaactt 3900
ggcactttee ccectetgat gcagtgtggg gggacgcggt gtgctattte tccgagggece 3960
geecaaccayg ggtggggegg gcatatgece gegtcegacag gtgggtgtgg cctegaggtyg 4020
ttgagaggag ggttatgtcg acagccaaag tggagactga gtgaacccta ctccaggtgce 4080
tgtcgtggga gecgcactgeg cccaccgtgg ctggactget cgtattccaa ccttggtgece 4140
cagaaacagg gcaaagccgg tcatcagtge agcatgagac tcaagctccce taactcatga 4200
cegttggeat aggcagaagce tgcggcagca cctggtggag gectgccagyg caaacggtgt 4260
caccttccag ccgggggagg tagtggatgt gggcegtgaag aacggcacag ccteggtcac 4320
ctgccgagac ggcteccgtece tgactgcgag gtgggcgcetg tgcatggcac ttgttggcac 4380
gagtctgcat ccctgaagct gctgggtage gtcagagcag tggcgtcaac agcacacagce 4440
tctggeggtyg cccagggaac atacatcgct ctgtttectg gagttgecggg cectetgtgt 4500
ggcagccagyg gcecceccgac gcatgecatge ctectegecac atcccgcaca ggetggtgac 4560
cctggectee ggcgeggegyg cggggcegcett cctcaagtac gagagaaget t 4611

<210> SEQ ID NO 3
<211> LENGTH: 2081

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of the CrBKT1l expression

module from pPB0120

<400> SEQUENCE: 3

ggtaccctty

ctctgeactt

gcaggaagga

ggatttctta

tgcctggega

tctgcaaggy

tccccageag

gaggagctca

cttegggeat

tcacgegetyg

cagtgccceca

tgatgtcage

gaccgeggte

cecctgeateg

ggacgggtga

agttactgca

gtgegtgtee

catgccaggyg

cctgteateg

cccacctecee

aaaactggct

tttttgattc

cgagacgagt

acctecggect

tatactcaag

tcaggcetetyg

gcatggagca

aggtgcccac

catgteceget

tccecttget

accacctaac

gtctgegtac

ctgagggcgc

ggagtcgate

gegttgeate

ctcaacaget

ccecteccga

attgcaccac

ggccgggaat

gcgcagggca

aattctcacyg

attacagcgt

getetegeaa

agaaattgtc

gcccacaaaa

cgtgacatcg

gacacctgeg

gegacegega

catggectee

cegegttect

cagttttatc

tgagtggcca

cttggattce

attgccagat

cacacactta

atcgttcage

ttgggtgtcg

aataggcaga

ccaccaggeg

gtggagagece

60

120

180

240

300

360

420

480

540

600
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gaccacatgg gcceccggeat ccagcccacc tccgcccgece cctgctceceg caccaagcac 660
teccegetteg cectgetgge cgecgecctyg accgcccgee gcegtgaagca gttcaccaag 720
cagttcceget ccecgecgcat ggeccgaggac atcctgaage tgtggcageg ccagtaccac 780
ctgcecccgeg aggactccga caagcgcacce ctgcgegage gegtgcacct gtaccgeccce 840
ceccegeteceg acctgggegg catcegeegtg geecgtgaceg tgatcgecct gtgggecacce 900
ctgttegtgt acggecctgtg gttcegtgaag ctgccctggg ccectgaaggt gggcgagacce 960

gccacctect gggccaccat cgecgeegtg ttettetceee tggagttect gtacaccgge 1020
ctgttcatca ccacccacga cgccatgecac ggcaccateg cectgcegcaa ccgecgectyg 1080
aacgacttcce tgggccagcet cgcgatctce ctgtacgect ggttcgacta ctececgtgetg 1140
caccgcaage actgggagca ccacaaccac accggcgage ccecgegtgga ccccgactte 1200
caccgcggca accccaacct ggeccgtgtgg ttegeccagt tcatggtgte ctacatgacce 1260
ctgtcccagt tecctgaagat cgccgtgtgg tcecaacctge tgctgectgge cggcecgcecccce 1320
ctggccaacc agctgctgtt catgaccgce gcccccatcee tgtcececgectt cegectgtte 1380
tactacggca cctacgtgcce ccaccacccee gagaagggece acaccggege catgecctgg 1440
caggtgtccce gecacctcecete cgectceeccge ctgcagtect tectgacctg ctaccactte 1500
gacctccact gggagcacca ccgetggece tacgccccect ggtgggaget geccaagtge 1560
cgccagateg cccgeggege cgeccctggece tgageggagyg ccttggaaat attegegtca 1620
cgcgaggagt aggctctget ggtcggeccct ggatacgcetg actcttcaag cagtggggca 1680
ccacacccac cttttgccaa gggcaaggag tcggaagggyg geggggcetge catgcaccce 1740
tgacgggcat ggcegtteceg cgagggegece aactgeggeyg gectgecege tggetegtge 1800
cceectaccee ccaccattge ctggagegtt tcecatcccca aatcacatte catccaagtt 1860
gtatcactat gcccctttgg ctcectatacac tcacggcctg aggtccectte tcecggeccgtgg 1920
cggcacacgc ccaaccceec accatactct tteccatacac tgcaatgctt cgagectgece 1980
tgccacctge tcectgecttgte teccctecct teecttgagg tttteccaatg cagtaagaga 2040
agtcgacgtg catggacaga tgattgagag atgagactag t 2081
<210> SEQ ID NO 4

<211> LENGTH: 981

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide sequence of the ApSAD2tp CrBKT1

expression module from pPB0123

<400> SEQUENCE: 4

atggccaccg catccacttt cteggegtte aatgeceget geggegacct gegtegeteg 60
gegggeteeg ggecceggeg cecagegagyg cccctecceg tgegegetge catcegetec 120
cgecegeatgg ccgaggacat cctgaagetyg tggcagegece agtaccacct geccegegag 180
gactccgaca agcgcaccct gegegagege gtgcacctgt accgeccccce ccgetecgac 240
ctgggeggea tegeegtgge cgtgacegtg ategecctgt gggecacect gttegtgtac 300
ggcctgtggt tegtgaaget gecctgggee ctgaaggtgg gegagaccge cacctectgg 360
gecaccatceg ccgeegtgtt cttetecctyg gagttectgt acaccggect gttcatcacce 420
acccacgacyg ccatgcacgg caccatcgece ctgegcaace gecgectgaa cgacttectg 480

ggccageteg cgatctecct gtacgectgg ttegactact cegtgetgea ccgcaageac 540
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tgggagcace acaaccacac cggcgagecce cgegtggace ccgactteca ccgeggcaac 600
cccaacctgg cegtgtggtt cgcccagtte atggtgtect acatgaccct gtcccagtte 660
ctgaagatceg ccgtgtggtce caacctgetg ctgetggeeyg gegecccect ggccaaccag 720
ctgctgttea tgaccgecge ccccatectyg tecgecttee gectgtteta ctacggcace 780
tacgtgccee accaccccga gaagggecac accggcegeca tgccctggea ggtgtceccege 840
acctecteeg cctecegect gecagtectte ctgacctget accacttega cctecactgg 900
gagcaccacce gctggcccta cgccecectgg tgggagetge ccaagtgecg ccagatcgece 960
cgecggegecg ccctggectg a 981

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 5
H: 328
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Amino acid

<400> SEQUENCE: 5

Met Gly Pro
1

Lys His Ser

Val Lys Gln
35

Ile Leu Lys
50

Asp Lys Arg
65

Ser Asp Leu

Ala Thr Leu

Leu Lys Val
115

Phe Phe Ser
130

Asp Ala Met
145

Phe Leu Gly

Val Leu His

Arg Val Asp
195

Phe Ala Gln
210

Ile Ala Val
225
Asn Gln Leu

Leu Phe Tyr

Thr Gly Ala

Gly Ile Gln Pro Thr

5

Arg Phe Ala Leu Leu

20

Phe Thr Lys Gln Phe

40

Leu Trp Gln Arg Gln

Thr Leu Arg Glu Arg

70

Gly Gly Ile Ala Val

85

Phe Val Tyr Gly Leu

100

Gly Glu Thr Ala Thr

120

Leu Glu Phe Leu Tyr

135

His Gly Thr Ile Ala
150

Gln Leu Ala Ile Ser

165

Arg Lys His Trp Glu

180

Pro Asp Phe His Arg

200

Phe Met Val Ser Tyr

215

Trp Ser Asn Leu Leu
230

Leu Phe Met Thr Ala

245

Tyr Gly Thr Tyr Val

260

Met Pro Trp Gln Val

Ser

Ala

25

Arg

Tyr

Val

Ala

Trp

105

Ser

Thr

Leu

Leu

His

185

Gly

Met

Leu

Ala

Pro
265

Ser

sequence of native

Ala

10

Ala

Ser

His

His

Val

90

Phe

Trp

Gly

Arg

Tyr

170

His

Asn

Thr

Leu

Pro
250

His

Arg

Arg

Ala

Arg

Leu

Leu

75

Thr

Val

Ala

Leu

Asn

155

Ala

Asn

Pro

Leu

Ala

235

Ile

His

Thr

Pro Cys Ser
Leu Thr Ala
30

Arg Met Ala
45

Pro Arg Glu
60

Tyr Arg Pro

Val Ile Ala

Lys Leu Pro
110

Thr Ile Ala
125

Phe Ile Thr
140

Arg Arg Leu

Trp Phe Asp

His Thr Gly
190

Asn Leu Ala
205

Ser Gln Phe
220

Gly Ala Pro

Leu Ser Ala

Pro Glu Lys

270

Ser Ser Ala

CrBKT1

Arg Thr
15

Arg Arg

Glu Asp

Asp Ser

Pro Arg
80

Leu Trp
95

Trp Ala

Ala Val

Thr His

Asn Asp
160

Tyr Ser
175

Glu Pro

Val Trp

Leu Lys

Leu Ala
240

Phe Arg
255

Gly His

Ser Arg
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275 280 285

Leu Gln Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu His
290 295 300

His Arg Trp Pro Tyr Ala Pro Trp Trp Glu Leu Pro Lys Cys Arg Gln
305 310 315 320

Ile Ala Arg Gly Ala Ala Leu Ala
325

<210> SEQ ID NO 6

<211> LENGTH: 326

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence of chimeric ApSAD2tp CrBKT1

<400> SEQUENCE: 6

Met Ala Thr Ala Ser Thr Phe Ser Ala Phe Asn Ala Arg Cys Gly Asp
1 5 10 15

Leu Arg Arg Ser Ala Gly Ser Gly Pro Arg Arg Pro Ala Arg Pro Leu
20 25 30

Pro Val Arg Ala Ala Ile Arg Ser Arg Arg Met Ala Glu Asp Ile Leu
35 40 45

Lys Leu Trp Gln Arg Gln Tyr His Leu Pro Arg Glu Asp Ser Asp Lys
50 55 60

Arg Thr Leu Arg Glu Arg Val His Leu Tyr Arg Pro Pro Arg Ser Asp
65 70 75 80

Leu Gly Gly Ile Ala Val Ala Val Thr Val Ile Ala Leu Trp Ala Thr
85 90 95

Leu Phe Val Tyr Gly Leu Trp Phe Val Lys Leu Pro Trp Ala Leu Lys
100 105 110

Val Gly Glu Thr Ala Thr Ser Trp Ala Thr Ile Ala Ala Val Phe Phe
115 120 125

Ser Leu Glu Phe Leu Tyr Thr Gly Leu Phe Ile Thr Thr His Asp Ala
130 135 140

Met His Gly Thr Ile Ala Leu Arg Asn Arg Arg Leu Asn Asp Phe Leu
145 150 155 160

Gly Gln Leu Ala Ile Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Val Leu
165 170 175

His Arg Lys His Trp Glu His His Asn His Thr Gly Glu Pro Arg Val
180 185 190

Asp Pro Asp Phe His Arg Gly Asn Pro Asn Leu Ala Val Trp Phe Ala
195 200 205

Gln Phe Met Val Ser Tyr Met Thr Leu Ser Gln Phe Leu Lys Ile Ala
210 215 220

Val Trp Ser Asn Leu Leu Leu Leu Ala Gly Ala Pro Leu Ala Asn Gln
225 230 235 240

Leu Leu Phe Met Thr Ala Ala Pro Ile Leu Ser Ala Phe Arg Leu Phe
245 250 255

Tyr Tyr Gly Thr Tyr Val Pro His His Pro Glu Lys Gly His Thr Gly
260 265 270

Ala Met Pro Trp Gln Val Ser Arg Thr Ser Ser Ala Ser Arg Leu Gln
275 280 285

Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu His His Arg
290 295 300

Trp Pro Tyr Ala Pro Trp Trp Glu Leu Pro Lys Cys Arg Gln Ile Ala



39

US 12,037,630 B2

-continued

40

305

310

Arg Gly Ala Ala Leu Ala

325

<210> SEQ ID NO 7
<211> LENGTH: 4637

<212> TYPE:

DNA

315

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide sequence of the transforming DNA

from

PPB0065

<400> SEQUENCE: 7

aagctttcac

ggatgggagg

atatgcegec

gggtaggaca

tacttgetgt

ataccggcac

gagccatgac

caggtcatcc

cacgtegece

aactgctect

cacattcgta

tgtaccteeg

tccagegeag

caataccage

ttttaattga

cgtccatgea

gaacttgtag

ggaacaccce

tcacgegeat

atgaaccatc

ccctacgact

gaggagttga

gcatcgaggt

ggcgaggegt

acggggatta

gacccagete

tcaattcaac

aacaacaaga

gacgtggtgg

acgctgacgt

atcgacccct

tccacgaagyg

tgctccatte

gaacccagcet

agggacgcetce

cctgegttga

gacaaggtgg

gccagatcat

cggcgaccat

aacggtccetyg

tccatggecyg

ttaaagcgat

tacctttgac

cggctaccat

ccagtctgaa

agctggetee

gececttteyg

tctcaacage

gtgttgtatg

gaaacgtgca

ttcggagaag

tcccacggec

caagaaggtyg

tcaaaactge

ggCgCCgttg

geegegggay

acccccacga

cagaggcgca

ttgacacaat

accactcege

tccaggeege

tcgacccece

cctecceega

agcacaagga

acacccaatt

dggagecgga

gagcacggga

ggcaaacgct

acaatgcagt

ctgtacagga

ccatgteeeg

aatgatcgag

cacagcatge

caactttcca

gtcattattt

accectgtet

tacttttaca

agcatgggca

tcgetgaate

ctcatgcaag

ggggaggttg

tgggcttatt

gtttgcagaa

ttgaaaagat

ccaccgacte

tcgatcacgt

caaaggagtt

tgaattcaga

ctgtatccat

atccttcetca

ggcegegtee

cecgecccaag

ggccaccege

cacgaccaac

cttecagece

ggtggtgcac

tcccaccgec

ggagcatgtg

tgtcaaggec

ggagacggcc

acgaggtgta

gtctgtgcag

tcactcggat

aggaagctge

tcagcacagg

gggcatgggy

tttegeccca

tctggeccte

caacatagta

agggtgcgeg

agcgaaagca

gtttgcacaa

tgctcttgaa

gcgatgagag

cactccagga

cgctegactt

aggcattggg

tccecccatgyg

gcgcatgggt

gtcaaatctyg

cgacactegt

caatctgttt

gtccactgcea

ctgcccaact

ttcaagaagg

tcegagegeyg

atcccctect

gaggagtccg

gcaccegete

accccggace

geggetgaca

ggtctcagca

ccaggctaag

gagtgaaaag

gcactggetyg

ccgatttcaa

ttgctgegty

cactcgtact

acgcggttge

accgtegete

cgtaacgege

gcaggaggaa

ccgegaaaca

gcaagaccat

tcaagtggta

catttcccac

catgaaatgce

ccattctaga

cacggcgggc

cgatcecgage

cgaagcaggg

cgectgecee

ctcgggggaa

aactttcaac

ccctgatgte

cctecctget

agacgacgac

ccaagcageg

tegaggagtg

gccacgtect

320

ccaggtggga
tgatcgaget

aggctggcaa

tgtgatcctyg

tattcctagt

gtaagagcca

acatcggegyg

aacgcccccce

tcctcacaca

gacaatcacc

catccegagt

gcaggeggga

attaggccce

ttcteeccget

atgcctgtec

tctgatetygy

tcacgtttece

cgcgattgte

cttgtcacgt

tggtgcaaaa

agggagaaga

agcacatgat

agaaggaaac

ggcgetectyg

taaaagcggce

aaagtataag

cgtggtetge

geceggette

cacccgegec

caagcacacc

ctteccccaag

gaaggtgcce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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ttecegecegeg tgcacctgte cggcggegag cecgectteg acaactacga cacgtccgge 1980
ccccagaacg tcaacgecca catcggectyg gegaagetge gcaaggagtyg gatcgaccge 2040
cgcgagaage tgggcacgcce ccgctacacg cagatgtact acgcgaagca gggcatcate 2100
acggaggaga tgctgtactg cgcgacgege gagaagcetgyg accccgagtt cgtecgetcee 2160
gaggtcgege ggggecgcege catcatccce tccaacaaga agcacctgga getggagecce 2220
atgatcgtgg gccgcaagtt cctggtgaag gtgaacgcga acatcggcaa ctccgecgtg 2280
gectecteca tecgaggagga ggtctacaag gtgcagtggg ccaccatgtg gggegcecgac 2340
accatcatgg acctgtccac gggccgecac atccacgaga cgcgcgagtyg gatcctgege 2400
aactccgegg tccecegtggg caccgteccee atctaccagg cgetggagaa ggtggacgge 2460
atcgeggaga acctgaactg ggaggtgttce cgecgagacge tgatcgagca ggccgagcag 2520
ggcgtggact acttcacgat ccacgcgggce gtgctgctge gctacatccce cctgaccgece 2580
aagcgectga cgggcategt gtcccgegge ggetccatece acgegaagtyg gtgectggece 2640
taccacaagg agaacttcgc ctacgagcac tgggacgaca tcctggacat ctgcaaccag 2700
tacgacgtceg ccctgtecat cggcgacgge ctgegcecceeg gcetcecatcta cgacgcecaac 2760
gacacggcee agttecgccga gctgetgace cagggegage tgacgegecg cgegtgggag 2820
aaggacgtgc aggtgatgaa cgagggceccce ggecacgtge ccatgcacaa gatccccgag 2880
aacatgcaga agcagctgga gtggtgcaac gaggcgcect tctacaccct gggeccectg 2940
acgaccgaca tcgegeccgg ctacgaccac atcaccteeg ccatcggege ggccaacate 3000
ggegecctygyg gcaccgecoct getgtgctac gtgacgecca aggagcacct gggectgecce 3060
aaccgcgacg acgtgaaggce gggcgtcatce gectacaaga tegecgccca cgcggecgac 3120
ctggecaage agcaccccca cgcccaggeg tgggacgacyg cgetgtccaa ggcegegette 3180
gagttccget ggatggacca gttegecgetg tccctggace ccatgacggce gatgtectte 3240
cacgacgaga cgctgcccge ggacggegeg aaggtcegece acttetgete catgtgegge 3300
cccaagttet gctcecatgaa gatcacggag gacatccgea agtacgccga ggagaacggce 3360
tacggctceeg ccgaggaggce catccgecag ggcatggacyg ccatgtcecga ggagttcaac 3420
atcgccaaga agacgatctc cggcgagcag cacggcgagyg teggeggega gatctacctg 3480
ccegagtect acgtcaagge cgcgcagaag tgagtcectgg cgaccctget cccectgacce 3540
ctgttccect gegetgctte tecccecggtga catccgacct gectgcaaaat teccgttect 3600
gcacaacact tgcctgaccg agggtcgggt cgcgaagtaa aagccacaat caacacccca 3660
ggcacattaa gagtgcacag catgacgcag catagggttt gtgtcggagg aagggggtcg 3720
agtcgegttg gecgagggggt ggtcacgatg accacatctg cgggataatt gaatcctcag 3780
gggaaaatac cagtctctgce ttccaggtgce tccggagctce cccaggcgag tcaatcagtt 3840
gtgtcatgag attgatctgce ctgttgcaga tcccccgacce cgctgcecggce ccctetgecy 3900
tgcgacacce cttgccctgg ggtgtgecte ttgtectgeca tegcacacct cctecgeecgg 3960
accttcacce cctceccacct cgacacaage aggtgtggga cgtgatagtg gtgggcegegg 4020
gegtggeegyg cgeggegetyg gegeatcage agggettgga cggccgacge gtgetgetece 4080
tcgageggga tctggeccag cccgaccgea tegtgggega getgetgcag cctggeggeg 4140
tgctggecct ggagegectyg ggectgggeg gegecgtgga cggcatcgac gegcageccyg 4200
tggtcgggta ctgcatgttc aagggcgggce gcgaggcegtg catcgectac cccaccccecg 4260
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ccgagetggyg gggtecageg getgeggetyg cggeatgeag gggecccact ggaagegeca 4320
gegecgegee cgecggegac gecccegtea cgggettete cttecacaac gggegatteg 4380
tgcagegget gegegecogeg goeggeggetyg cgeceggggt cacgetgegt cgeggcacgg 4440
tgcgegeget ggtggatgac geecggegegg actgggagga ggggegegtg gtgacgggeg 4500
tgcggtaceg cgegggegac ggcggcegage gegtggeact gggecaccte accegtggtet 4560
gegacggcat gtactcggec ctgeggtceca agetggeggt geccgacctyg cgecacgecct 4620
cccacttcat caagcett 4637

<210> SEQ ID NO 8
<211> LENGTH: 3767

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of the transforming DNA

from

PPB0077

<400> SEQUENCE: 8

aagctttcac

ggatgggagg

atatgcegec

gggcaggaca

tacttgetgt

ataccggcac

gagccatgac

caggtegtec

cacgtegece

aactgctect

cacattcgta

tgtaccteeg

tccagegeag

caataccage

gegetatgac

tgcaacaccyg

tgcegeteca

cgagctacca

agcttgtgat

caaacatgct

cctecatgac

ggatgaacga

tccagtacaa

ccgacgacct

ceggegectt

acaccatcga

aggagcagta

tgctccatte

gaacccagcet

agggacgcetce

cctgegecga

gacaaggtgg

gccagatcat

cggcgactat

aacggtccetyg

tccatggecyg

ttaaagcgat

tacctttgac

cggctaccat

ccagtctgaa

agctggetee

acttccageca

atgatgctte

dggcgagege

aagccatatt

cgcacteege

getgcaggee

gaacgagacg

ccccaacgge

cccgaacgac

gaccaactgg

cteceggetee

cecegegecag

catctcctac

acacccaatt

gggagccaga

gagcacggga

ggcaaacgct

acaatgcagt

ctgtacagga

ccacatceeg

aatgatcgag

cacagcatge

caactttcca

gtcatttttt

accectgtet

tacttttaca

agcatgggca

aaaggtaggg
gaccceccga
tgtttaaata

caaacaccta

taagggggcyg

ttectgttec

tccgacegec

ctgtggtacyg

accgtetggyg

gaggaccagce

atggtggtgg

cgctgegtgg

agcctggacyg

tcccaccgec

ggagcatgtg

tgtcaaggec

ggagacggcc

acgagttgta

gtctgtgcag

tcactccgat

aggaagctge

tcagcacagg

gggcatgggy

tttegeccca

tctggeccte

caacatagta

agggtgcgeg

cgggctgcga

agctecetteg

gecaggecce

gatcactacce

cctettecte

thtggCng

ccctggtgea

acgagaagga

ggacgcccett

ccatcgecat

actacaacaa

ccatctggac

geggetacac

gcaccegete

accccggace

geggetgaca

ggtctcagca

ccaggctaag

gagtaaaaag

gcactggetyg

ccgattteac

ttgctgegty

cactcgtact

acgcggttge

accgtegete

cgtaacgege

gcaggaggaa

gacggcettee

gggctgcatg

cgattgcaaa

acttctacac

ttegttteag

cttegecgee

cttcacccce

cgccaagtygyg

gttctggggc

cgcecccgaag

cacctecgge

ctacaacacc

cttcaccgag

ccaggtggga
tgatcaagct
aggctggcaa
tgtgatcctyg
tatccctagt
gcaacagcca
acatcggegyg
cceceeeeeee
tcctcacaca
gacaatcacc
catccegagt
geaggeggga
attaggccce
ttcctttett
cggegetgea
ggcgetceega
gacattatag
aggccacteg
tcacaacccy
aagatcagcg
aacaagggct
cacctgtact
cacgccacgt
cgcaacgact
ttcttcaacy
ccggagtecyg

taccagaaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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acccegtget ggcecgccaac tceccacccagt tceecgcgacce gaaggtctte tggtacgagce 1680
cctceccagaa gtggatcatg accgcggcca agtcccagga ctacaagatc gagatctact 1740
cctcecgacga cctgaagtec tggaagetgg agteccgegtt cgccaacgag ggcttecteg 1800
gctaccagta cgagtgccce ggcectgatceg aggtccccac cgagcaggac cccagcaagt 1860
cctactgggt gatgttcatc tceccatcaacc ccggcgecce ggccggcggce tecttcaacce 1920
agtacttecgt cggcagcttc aacggcaccce acttcgaggce cttcgacaac cagtcccgeg 1980
tggtggactt cggcaaggac tactacgccce tgcagacctt cttcaacacc gacccgacct 2040
acgggagcgce cctgggcatce gegtgggcect ccaactggga gtactccgece ttegtgecca 2100
ccaaccectg gegctectece atgtcecteg tgcgcaagtt ctceccectcaac accgagtacce 2160
aggccaacce ggagacggag ctgatcaacc tgaaggccga gcecgatcctyg aacatcagca 2220
acgceggece ctggagecgg ttegccacca acaccacgtt gacgaaggec aacagctaca 2280
acgtcgacct gtccaacagc accggcacce tggagttcega gectggtgtac gecgtcaaca 2340
ccacccagac gatctccaag tceccgtgttceg cggacctete cectetggtte aagggcectgg 2400
aggaccccga ggagtaccte cgcatgggct tcgaggtgtce cgecgtectece ttettectgg 2460
accgecgggaa cagcaaggtg aagttcgtga aggagaacce ctacttcacce aaccgcatga 2520
gcgtgaacaa ccagccctte aagagcgaga acgacctgte ctactacaag gtgtacggcet 2580
tgctggacca gaacatcctg gagctgtact tcaacgacgg cgacgtcgtg tccaccaaca 2640
cctacttcat gaccaccggg aacgccectgg getccegtgaa catgacgacyg ggggtggaca 2700
acctgttcta catcgacaag ttccaggtge gcgaggtcaa gtgattgatt ggaactcaca 2760
aagcggcecca cggcttcgaa cgtccegtgt caattgegeg gggtgtgcca gagtttetge 2820
gccaccgatg ctcaccctag ggggggatge cctttgacat tcatgtgtgce ctgcatgcac 2880
gtttgtatca gtctcaccac accttgaaga tttttgggag ggggggggaa gtcggaatgg 2940
aaacgagctc cccaggcgag tcaatcagtt gtgtcatgag attgatctge ctgttgcaga 3000
tcececgace cgctgecgge cectetgecg tgcgacacce cttgcectgg ggtgtgecte 3060
ttgtcctgeca tecgcacacct cctceccecgecgg accttcacce cctceccacct cgacacaagce 3120
aggtgtggga cgtgatagtg gtgggegegg gegtggeegyg cgeggcegetyg gegcatcage 3180
agggcttgga cggccgacge gtgctgetee tegageggga tetggcccag cccgaccgca 3240
tcgtgggecga gectgcectgcag cctggeggceg tgctggecect ggagcgectg ggcctgggeyg 3300
gegecgtgga cggcatcgac gcegecagecceg tggtegggta ctgcatgttce aagggcggge 3360
gecgaggegtyg catcgectac cccaccccceg ccgagetggg gggtcecageg getgeggetyg 3420
cggcatgcag gggcecccact ggaagcgeca gegecgegece cgecggcegac gccccecgtcea 3480
cgggcttete cttcecacaac gggcgattceg tgcagcggcet gegcegecgeg geggceggcetg 3540
cgeceggggt cacgetgegt cgecggcacgg tgegegeget ggtggatgac gecggegegyg 3600
actgggagga ggggcgcgtg gtgacgggeg tgcggtaccg cgcgggcgac ggcggcegagce 3660
gcgtggcact gggccaccte accgtggtcect gecgacggcat gtactceggece ctgeggteca 3720
agctggeggt geccgacctg cgcacgccct cccacttcat caagett 3767

<210> SEQ ID NO 9
<211> LENGTH: 730

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Amino acid sequence of A. protothecoides
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-continued

1-deoxy-D-xylulose 5-phosphate synthase (DXS)
<400> SEQUENCE: 9

Met Gln Phe Ser Leu Ala Gly Met Asn Thr Arg Ala Leu Gln Thr Gly
1 5 10 15

Ala Arg Pro Ser Leu Pro Ala Ala Arg Pro Ser Arg Arg Val Arg Pro
20 25 30

Ala Arg Arg Ser Ala Pro Cys Pro Val Ala Arg Thr Met Gly Gly Gly
35 40 45

Glu Glu Gln Pro Ser Ser Ala Glu Gly Val Ala Trp Asp Lys Ile Ser
50 55 60

Thr Asp Glu Leu Ala Asp Trp Ala Gly Ala Gly Pro Pro Thr Pro Leu
65 70 75 80

Leu Asp Thr Val Ala Phe Pro Val His Ile Lys Asn Phe Asn Ser Arg
85 90 95

Gln Leu Gln Gln Leu Cys Lys Glu Leu Arg Ala Asp Leu Ile His Thr
100 105 110

Val Ala Lys Thr Gly Gly His Leu Gly Ser Ser Leu Gly Val Val Glu
115 120 125

Leu Thr Val Ala Leu His His Val Phe Asn Thr Pro Glu Asp Arg Ile
130 135 140

Val Trp Asp Val Gly His Gln Ala Tyr Ile His Lys Met Leu Thr Gly
145 150 155 160

Arg Arg Ala Arg Met His Thr Ile Arg Gln Gln Gly Gly Leu Ser Gly
165 170 175

Phe Thr Arg Arg Ala Glu Ser Val Tyr Asp Pro Phe Gly Ala Gly His
180 185 190

Ser Ser Thr Ser Val Ser Ala Ala Leu Gly Met Ala Val Gly Arg Asp
195 200 205

Arg Lys Gly Arg Ala Asn Asn Cys Ile Ala Val Ile Gly Asp Gly Ala
210 215 220

Ile Thr Gly Gly Met Ala Tyr Glu Ala Met Asn His Ala Gly Phe Leu
225 230 235 240

Asp Thr Asn Met Ile Val Ile Leu Asn Asp Asn Gln Gln Val Ser Leu
245 250 255

Pro Thr Gln Tyr Asn Gly Lys Asn Gln Glu Pro Val Gly Ala Leu Ser
260 265 270

Ser Ala Leu Ala Arg Leu Gln Ala Asn Arg Gln Leu Arg Glu Leu Arg
275 280 285

Glu Ile Ala Lys Gly Val Thr Lys Gln Leu Pro Asp Val Ile Gln Asn
290 295 300

Ala Thr Ala Lys Ile Asp Glu Tyr Ala Arg Gly Met Ile Ser Gly Thr
305 310 315 320

Gly Ser Thr Leu Phe Glu Glu Leu Gly Phe Tyr Tyr Ile Gly Pro Val
325 330 335

Asp Gly His Asn Met Gln Asp Leu Val Asp Val Leu Ser Glu Ile Lys
340 345 350

Ala Thr Glu Thr Val Gly Pro Val Leu Leu His Val Val Thr Gln Lys
355 360 365

Gly Arg Gly Tyr Thr Pro Ala Glu Thr Ala Ser Asp Arg Met His Gly
370 375 380

Val Val Gln Tyr Asp Thr Leu Thr Gly Lys Gln Lys Lys Gly Ser Gly
385 390 395 400
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Gly Pro Gln Ser Tyr Thr Asn Tyr Phe Ala Asp Ala Leu Val Ala Glu
405 410 415

Ala Lys Arg Asp Ala Arg Val Leu Gly Ile His Ala Ala Met Gly Gly
420 425 430

Gly Thr Gly Met Asn Arg Phe Glu Ala Ala Phe Pro Asp Arg Val Phe
435 440 445

Asp Thr Gly Ile Ala Glu Gln His Ala Val Thr Phe Ala Ala Gly Leu
450 455 460

Ala Thr Glu Gly Leu Val Pro Phe Val Ala Ile Tyr Ser Thr Phe Leu
465 470 475 480

Gln Arg Gly Tyr Asp Gln Ile Val His Asp Val Ser Leu Gln Ser Leu
485 490 495

Pro Val Arg Phe Ala Leu Asp Arg Ala Gly Asn Val Gly Ala Asp Gly
500 505 510

Ala Thr His Ala Gly Ala Phe Asp Val Thr Tyr Leu Ala Cys Leu Pro
515 520 525

Asn Met Val Val Met Ala Pro Ser Asn Glu Ala Glu Leu Val His Ala
530 535 540

Val Ala Thr Ala Ala Ala Ile Asp Asp Arg Pro Ser Ala Phe Arg Phe
545 550 555 560

Pro Arg Gly Asn Gly Leu Gly Val Asp Leu Ala Ala Ala Gly Val Thr
565 570 575

Asp Asp Leu Lys Gly Gln Pro Met Glu Val Gly Arg Gly Val Val Arg
580 585 590

Arg Gly Gly Ala Asp Val Ala Leu Leu Gly Tyr Gly Thr Cys Val Asn
595 600 605

Ala Cys Leu Ala Ala Ala Asp Leu Leu Ala Ala Gln Gly Val Ser Ala
610 615 620

Thr Val Val Asp Ala Arg Phe Cys Lys Pro Leu Asp Thr Ala Leu Val
625 630 635 640

Arg Arg Met Ala Ala Glu His Pro Val Met Ile Thr Val Glu Glu Gly
645 650 655

Ser Ile Gly Gly Phe Ala Ala His Val Met Gln Phe Leu Ala Leu Glu
660 665 670

Gly Leu Leu Asp Gly Lys Leu Lys Phe Arg Pro Met Thr Leu Pro Asp
675 680 685

Arg Tyr Ile Glu His Gly Thr Gln Ala Glu Gln Met Ala Glu Ala Gly
690 695 700

Leu Thr Ala Ser His Ile Ala Gly Thr Ala Leu Ser Val Met Gly Val
705 710 715 720

Lys Arg Asp Ala Pro Ser Ile Phe Ser Thr
725 730

<210> SEQ ID NO 10

<211> LENGTH: 453

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence of A. protothecoides
1-deoxy-D-xylulose 5-phosphate reductoisomerase (DXR)

<400> SEQUENCE: 10

Met Arg Cys Ser Ala Gln Leu Asn Thr Arg Gly Pro Thr Leu Pro Asn
1 5 10 15

Ser Ala Arg Pro Arg Thr Cys Arg Val Val Ser Ala Ser Ala Ala Pro
20 25 30
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Ser

Ile

65

Gln

Gln

Gly

Arg

His

145

Leu

Ala

Ala

Ala

Ile

225

Glu

Ala

Gly

Asn

Glu

305

Arg

Ser

Thr

Tyr

Ala
385
Leu

Glu

Trp

Pro

Arg

50

Gly

Val

Ile

Ala

Pro

130

Pro

Arg

Asn

Ala

Ile

210

Ile

Leu

Met

Leu

Ile

290

Thr

Leu

Glu

Phe

Ser

370

Asn

Asp

Leu

Ala

Ser

35

Thr

Thr

Val

Ala

Arg

115

Glu

Glu

Pro

Lys

Lys

195

Phe

Leu

Pro

Gly

Glu

275

Asp

Gln

Pro

Val

Arg

355

Ala

Glu

Ile

Val

Arg
435

Ala

Gly

Gln

Ser

Arg

100

Ala

Ile

Ala

Thr

Glu

180

His

Gln

Thr

Lys

Lys

260

Val

Ile

Asp

Ile

Thr

340

Gln

Gly

Ala

Val

Glu
420

Arg

Trp

Pro

Thr

Leu

85

Phe

Leu

Gln

Asp

Met

165

Thr

Gly

Cys

Ala

Val

245

Lys

Ile

Val

Ser

Leu

325

Trp

Pro

Arg

Ala

Pro
405

Arg

His

Pro

Lys

Leu

70

Ala

Ser

Glu

Ile

Ala

150

Ala

Leu

Val

Leu

Ser

230

Thr

Ile

Glu

Ile

Ser

310

Tyr

Pro

Asp

Ala

Val

390

Val

Pro

Val

Gly

Lys

55

Asp

Ala

Pro

Ala

Gly

135

Cys

Ala

Ile

Ser

Gln

215

Gly

Val

Thr

Ala

His

295

Val

Thr

Arg

His

Gly

375

Glu

Val

Ser

Arg

Arg

Phe

Ile

Gly

Ser

Ala

120

Ala

Val

Ile

Ala

Ile

200

Gly

Gly

Ala

Ile

His

280

Pro

Leu

Met

Leu

Ala

360

Gly

Leu

Glu

Leu

Glu
440

Val

Ser

Val

Gly

Leu

105

Leu

Ala

Thr

Glu

Gly

185

Leu

Leu

Ala

Asp

Asp

265

Tyr

Gln

Ala

Ser

Asp

345

Lys

Thr

Phe

Ala

Glu
425

Ser

Val

Leu

Ala

Asn

90

Val

Asp

Gly

Gly

Ala

170

Gly

Pro

Pro

Phe

Ala

250

Ser

Leu

Ser

Gln

Trp

330

Phe

Tyr

Met

Leu

Ala
410

Glu

Val

Leu

Leu

Glu

75

Val

Ser

Ala

Ile

Ile

155

Gly

Pro

Ala

Glu

Arg

235

Leu

Ala

Phe

Ile

Leu

315

Pro

Val

Pro

Thr

Glu
395
Cys

Ile

Ala

Pro

Gly

60

His

Ala

Val

Ala

Asp

140

Val

Lys

Thr

Asp

Gly

220

Asp

Lys

Thr

Gly

Val

300

Gly

Glu

Lys

Ala

Gly

380

Glu

Glu

Val

Lys

Glu

45

Ser

Pro

Leu

Arg

Gly

125

Ala

Gly

Asp

Val

Ser

205

Gly

Leu

His

Leu

Ala

285

His

Trp

Arg

Ala

Met

365

Val

Ala

Ala

His

Arg
445

Lys

Thr

Asp

Leu

Asp

110

Val

Val

Cys

Ile

Leu

190

Glu

Leu

Pro

Pro

Met

270

Ser

Ser

Pro

Val

Gly

350

Glu

Met

Ile

His

Tyr

430

Ala

Ser

Gly

Arg

Ala

95

Ser

Asp

Ala

Ala

Cys

175

Pro

His

Arg

Val

Asn

255

Asn

Tyr

Met

Asp

Pro

335

Asn

Leu

Ser

Gly

Arg

415

Asp

Pro

Ala

Ser

Phe

80

Glu

Gly

Arg

Ala

Gly

160

Leu

Ala

Ser

Arg

Ser

240

Trp

Lys

Asp

Ile

Met

320

Cys

Leu

Ala

Ala

Tyr

400

Val

Gln

Ala
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Ala Val Pro Ala Leu
450

<210> SEQ ID NO 11

<211> LENGTH: 359

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence of A. protothecoides
farnesyl diphosphate synthase (FDPS)

<400> SEQUENCE: 11

Met Ala Ala Val Val Glu Ala Gly His Ala Ala Ser Lys Gln Lys Thr
1 5 10 15

Glu Ala His Gln Thr Lys Gln Glu Phe Leu Ala Val Phe Glu Lys Leu
20 25 30

Arg Asp Glu Leu Leu Glu Asp Ser Ile Leu Ala Gly Gln Pro Glu Ser
35 40 45

Ser Lys Asp Trp Leu Arg Thr Met Leu Asp Tyr Asn Val Pro His Gly
50 55 60

Lys Leu Asn Arg Gly Met Ala Val Leu Asp Val Leu Leu Ala Ala Arg
65 70 75 80

Gly Gly Asp Val Thr Glu Lys Glu Arg Glu Ala Ala Asn Val Leu Gly
85 90 95

Trp Cys Ile Glu Leu Leu Gln Ala Tyr Phe Leu Val Ala Asp Asp Ile
100 105 110

Met Asp Ser Ser Leu Thr Arg Arg Gly Gln Pro Cys Trp Tyr Arg Gln
115 120 125

Pro His Val Gly Met Val Ala Ile Asn Asp Gly Ile Ile Leu Glu Ser
130 135 140

Cys Ile Tyr Arg Leu Leu Lys Leu His Phe Arg Ala His Pro Ala Tyr
145 150 155 160

Val His Leu Leu Glu Leu Phe His Asp Thr Thr His Arg Thr Ala His
165 170 175

Gly Gln Leu Leu Asp Thr Thr Thr Ala Pro Pro Gly Gly Val Asp Leu
180 185 190

Thr Arg Tyr Thr Glu Gly Thr Tyr Leu Arg Ile Val Thr Tyr Lys Thr
195 200 205

Ala Phe Tyr Thr Ile Tyr Leu Pro Val Ala Cys Gly Leu Ala Leu Ala
210 215 220

Gly Val Thr Asp Glu Ala Ser Leu Ala Leu Ala Glu Asp Leu Ser Val
225 230 235 240

Arg Met Gly Arg Tyr Phe Gln Ile Gln Asp Asp Val Leu Asp Ala Phe
245 250 255

Gly Glu Pro Glu Val Ile Gly Lys Val Gly Thr Asp Ile Gln Asp Ser
260 265 270

Lys Cys Ser Trp Leu Val Val Arg Ala Leu Ala Val Ala Ser Ala Glu
275 280 285

Gln Arg Glu Ala Ile Lys Ala Asn Tyr Gly Arg Asp Asp Ala Glu Ala
290 295 300

Val Glu Ala Val Lys Ala Val Tyr Arg Glu Leu Asp Leu Pro Ala Ala
305 310 315 320

Phe Ala Ala Tyr Glu Gln Glu Ser Tyr Asp Gly Leu Val Gln Ala Ile
325 330 335

Glu Gly Gln Asp Lys Phe Pro Pro Ala Val Phe Met Gly Ile Leu Ala
340 345 350
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Lys Ile Tyr Lys Arg Thr Lys
355

<210> SEQ ID NO 12

<211> LENGTH: 458

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence of A. protothecoides
squalene synthase (SQS)

<400> SEQUENCE: 12

Met Gly Lys Leu Gly Glu Leu Leu Ser His Pro Asp Glu Ile Ile Pro
1 5 10 15

Met Ala Ala Met Tyr Leu Ala Ala Arg Arg Ala Ala Val Leu Pro His
20 25 30

Asp Pro Asp Leu Ala Phe Cys Tyr Ser Met Leu Asn Lys Val Ser Arg
35 40 45

Ser Phe Ala Ile Val Ile Gln Gln Leu Pro Glu Gln Leu Arg Asp Ala
50 55 60

Val Cys Val Phe Tyr Leu Val Leu Arg Ala Leu Asp Thr Val Glu Asp
65 70 75 80

Asp Met Ala Ile Asp Gln Ala Glu Lys Val Pro Ile Leu Leu Ser Phe
85 90 95

His Glu Lys Thr Tyr Glu Lys Asp Trp Ser Met Lys Cys Gly His Gly
100 105 110

His Tyr Val Glu Leu Met Glu Gln Tyr Pro Val Val Cys Ala Ala Phe
115 120 125

Gln Gly Leu Glu Pro Gln Tyr Gln Glu Val Ile Thr Asp Ile Cys Arg
130 135 140

Arg Met Gly Ala Gly Met Ala Glu Phe Ile Val Lys Glu Val Glu Thr
145 150 155 160

Val Lys Asp Tyr Asp Leu Tyr Cys His Tyr Val Ala Gly Leu Val Gly
165 170 175

Val Gly Leu Ser Asn Leu Phe Ala Gly Ser Gly Leu Glu Ser Glu Asp
180 185 190

Phe Ala Ser Leu His Glu Leu Ser Asn Gly Met Gly Leu Phe Leu Gln
195 200 205

Lys Thr Asn Ile Ile Arg Asp Tyr Leu Glu Asp Ile Met Glu Glu Pro
210 215 220

Ala Pro Arg Met Phe Trp Pro Lys Glu Ile Trp Gly Lys His Gly Asp
225 230 235 240

Ser Leu Glu Asp Phe Lys Asp Pro Glu Asn Ala Glu Ala Ala Val Ala
245 250 255

Cys Leu Asn Asp Met Ile Ala Asp Ala Leu Arg His Val Asp Ala Ser
260 265 270

Leu Asp Tyr Met Gln Arg Leu Arg Asn Arg Pro Ile Phe Arg Phe Cys
275 280 285

Ala Val Pro Gln Ile Met Ala Ile Gly Thr Leu Ala Ala Cys Phe Asp
290 295 300

Asn Pro Ser Val Phe Thr Gly Val Val Lys Met Arg Arg Gly Gln Thr
305 310 315 320

Ala Lys Ile Met His Asp Val Glu Asp Tyr Ala Asp Leu Leu Ala Tyr
325 330 335

Phe Arg Ala Phe Gly Gln Ala Leu Ala Ala Lys Ala Arg Ala Ala Arg
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340 345 350

Gly Lys Gly Ala Glu Ser Val Gly Arg Ala Ala Glu Arg Val Val Ala
355 360 365

Gly Cys Ser Ala Ala Leu Ala Asp Leu Ser Arg Ala Glu Asn Ala Arg
370 375 380

Met Ala Ala Ala Ala Arg Arg Pro Leu Ser Leu Pro Ala Arg Ala Leu
385 390 395 400

Leu Leu Val Ala Ala Leu Leu Tyr Leu Phe Leu Ala Trp Arg Ala Glu
405 410 415

Gly Val Arg Arg Trp Leu Gly Val Asp Ser Pro Pro Ala Ala His Lys
420 425 430

Leu Asp Tyr Tyr Asn Gln Ile Val Ala Ser Met Phe Leu Gly Tyr Ser
435 440 445

Leu Phe Ala Val Gly Thr Gly Arg Arg Pro
450 455

<210> SEQ ID NO 13

<211> LENGTH: 5161

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide sequence of the transforming DNA
from pPB0039

<400> SEQUENCE: 13

aagcttgcac agtcagtcgt catccacgaa gtegegeceg tetgtccace ggggtctect 60
gaacgcagca atctecctect gagtgtatga gecegtggee gggagtttgt atgcagggeg 120
aggcaaggac gaccatgccg ggagaaaccce aaggtgacga agtgacattyg tgctcgatca 180
ctccatgcac tgcctcactce geccatgtac cttggtcatg tactccccag tetgeatcett 240
ggtgttectyg ttcagectcege ggagetecte caggegetge tegtcegegge ggteccgega 300
gatgtaaaag gcagggacac ccacccccag ggccactccee agtagagecc cccectacage 360
aaccagggtg tccggatcge taaagtcgat gttgatcgeg cggcacggtyg gcattatcgg 420
gegtggatgyg ccccatgate ggtgcaacga aggcgeccte atggcaggtce cgecatggteg 480
tccattgcag gggataccceg ctegcacttt cgttgacaat aacatccteg tatagttgga 540
gaaaggattt gtgatctgte tctggaggcce cttaaagtce tgcccctect ctgetggaac 600
ctgacctete atgecectge gecacgeccee cggatctgat atggetctga tatgggtgge 660
tegtacctet tggetaggceg accccectaa geacgcegtge gggcecaggge acaacattat 720
attttgccct ctecttegte aacgctcatt tttttggaat actaacgttt aaaagctctce 780
gggtacctee cgetttttaa ttgagcccct ttegtegetg aatcagegaa agcaccgcega 840
aacaatgcct gtccegteca tgcatctcaa cagectcatyg caaggtttge acaagcaaga 900
ccattectgat ctgggaactt gtaggtgttg tatgggggag gttgtgctet tgaatcaagt 960

ggtatcacgt ttccggaaca ccccgaaacg tgcatggget tattgcgatg agagcatttce 1020

ccaccgcecgat tgtctcacge gcatttcgga gaaggtttge agaacactcce aggacatgaa 1080

atgccttgtce acgtatgaac catctcccac ggecttgaaa agatcgctceg acttccatte 1140

tagatggtgc aaaaccctac gactcaagaa ggtgccaceg actcaggecat tgggcacgge 1200

gggcagggag aagagaggag ttgatcaaaa ctgctcgatc acgttccccce atggcgatcce 1260

gagcagcaca tgatgcatcg aggtggcgcec gttgcaaagg agttgcgcat gggtcgaagce 1320

agggagaagg aaacggcgag gegtgecgeg ggggtgaatt cagagtcaaa tctgegectg 1380
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ccecggeget cctgacgggg attaacccce acgactgtat ccatcgacac tegtceteggg 1440
ggaataaaag cggcgaccca gctccagagg cgcaatcctt ctcacaatct gtttaacttt 1500
caacaaagta taagtcaatt caacttgaca caatggccgc gtccgtccac tgcaccctga 1560
tgtcegtggt ctgcaacaac aagaaccact cegeccgece caagetgecce aactectcece 1620
tgctgecegyg cttegacgtyg gtggtcecagg cegeggecac ccegettcaag aaggagacga 1680
cgaccacceg cgccacgetg acgttcegace cecccacgac caactccgag cgcgecaage 1740
agcgcaagca caccatcgac ccctectece cegactteca geccatcceee tecttegagg 1800
agtgcttcee caagtccacg aaggagcaca aggaggtggt gcacgaggag tccggecacyg 1860
tcetgaaggt gecctteege cgegtgcace tgtecggegg cgagcccgece ttcgacaact 1920
acgacacgtce cggcccccag aacgtcaacg cccacategg cctggcgaag ctgcgcaagg 1980
agtggatcga ccgccgegag aagctgggea cgecccgeta cacgcagatyg tactacgcga 2040
agcagggcat catcacggag gagatgctgt actgcgcgac gcegegagaag ctggaccccg 2100
agttegtceeg ctcecgaggte gegeggggece gegecatcat cceectccaac aagaagcace 2160
tggagctgga gcccatgatc gtgggccgca agttcecctggt gaaggtgaac gcgaacatcg 2220
gcaactcege cgtggectee tccatcgagg aggaggtcta caaggtgcag tgggccacca 2280
tgtggggcege cgacaccatc atggacctgt ccacgggecg ccacatccac gagacgcgceg 2340
agtggatcct gecgcaactcecce geggtceccceg tgggcaccegt ccccatctac caggcegetgg 2400
agaaggtgga cggcatcgcg gagaacctga actgggaggt gttcecgcegag acgctgatcg 2460
agcaggccga gcagggegtg gactacttca cgatccacge gggegtgetyg ctgegetaca 2520
tcecectgac cgccaagege ctgacgggea tegtgtceeeg cggeggcetece atccacgcga 2580
agtggtgcct ggcctaccac aaggagaact tcgectacga gcactgggac gacatcctgg 2640
acatctgcaa ccagtacgac gtcgcectgt cecatcggega cggectgege cccggetcca 2700
tctacgacge caacgacacg geccagtteg cegagcetget gacccaggge gagctgacge 2760
geegegegty ggagaaggac gtgcaggtga tgaacgaggg ceccggecac gtgeccatge 2820
acaagatcce cgagaacatg cagaagcagce tggagtggtyg caacgaggceyg cccttctaca 2880
ceetgggece cctgacgace gacatcgege ceggctacga ccacatcace tccgecatceg 2940
gegeggecaa catcggcegee ctgggeacceg cectgetgtg ctacgtgacg cccaaggage 3000
acctgggect gcccaaccge gacgacgtga aggcegggegt catcgectac aagatcgecg 3060
cccacgegge cgacctggcece aagcagcacce ccecacgcecca ggegtgggac gacgegetgt 3120
ccaaggcgceg cttcegagtte cgctggatgg accagttege getgtceccctg gaccccatga 3180
cggcgatgte cttecacgac gagacgetge cegeggacgyg cgcgaaggte gcccacttet 3240
gcteccatgtyg cggccccaag ttetgctecca tgaagatcac ggaggacatc cgcaagtacyg 3300
ccgaggagaa cggctacgge tccgecgagg aggcecatceeg ccagggcatyg gacgecatgt 3360
ccgaggagtt caacatcgcc aagaagacga tctccggega gcagcacgge gaggtceggeg 3420
gcgagatcta cctgcccgag tcectacgtca aggccgegca gaagtgagtce ctggcgaccece 3480
tgctcececectg accectgtte cectgegetg ctteteceecg gtgacatceg acctgctgcea 3540
aaattcccgt tectgcacaa cacttgectg accgagggtce gggtcgcgaa gtaaaagcca 3600
caatcaacac cccaggcaca ttaagagtgc acagcatgac gcagcatagg gtttgtgtcg 3660
gaggaagggg gtcgagtcgce gttggcgagg gggtggtcac gatgaccaca tctgcgggat 3720
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aattgaatcc tcaggggaaa ataccagtct ctgcttccag gtgctccgac tagtcttgceca 3780
gtgccccaaa aactggctac cacctaacaa ttctcacgca gttttatcct ctgcactttg 3840
atgtcagctt tttgattcgt ctgcgtacat tacagcgttg agtggccage aggaaggaga 3900
ccgeggtecg agacgagtcet gagggcgcge tctegcaact tggattccgg atttcttacce 3960
ctgcatcgac ctcggcctgg agtcgatcag aaattgtcat tgccagattg cctggcgagg 4020
acgggtgata tactcaaggc gttgcatcgc ccacaaaaca cacacttatc tgcaagggag 4080
ttactgcatc aggctctgcect caacagctcg tgacatcgat cgttcagcte cccagcaggt 4140
gcgtgtcecege atggagcace ccteccgaga cacctgegtt gggtgtcegga ggagctcaca 4200
tgccagggag gtgcccacat tgcaccacge gaccgcgaaa taggcagact tcgggcatce 4260
tgtcatcgca tgtcecgctgg ccgggaatca tggectecce accaggcgte acgcgctgece 4320
cacctececte cecttgctge gcagggcace gcgttecectgt ggagagccga ccacatggtce 4380
ctgtgcgetg gtagtttgag ctgcagggcg ccgecttcag geggtgctag gttggagegg 4440
gggtcccect tegtgegect gggecaccat geccgeccac aagctegecag acggatgtca 4500
gacctcgtaa taaggtccat cgcagccecct gectccgecece cgctgcgacce tgcatctceag 4560
cctcaageccece cacctgcatce agagaccttce acggtgagtc atgatcgagg teggceccctg 4620
cagcgctegt gectceccggaaa cgacccgcta ctcaatcect gaaccatgaa tacttcaggg 4680
gggccgegaa ctggccaace gceccteectt ctecectecaa gacatccgca acgcecatccce 4740
ggcggagtge tggaagaagg acaccttcaa gtccttcgec tacctggegce tagatgtagg 4800
aatcgttget gecctggecg tgacagcaca tgccgtcaac tcgccatgge tetggccectt 4860
ctactggctg gcgcagggga ccatgttctg ggcectgttt gtcecgteggece acgactggtg 4920
cggttggagg gggtaatctg gecgaccctge agggcatgea gtggggacaa gagcatcgece 4980
aggctcegece ttgcectgetg atcccagcece gacttggetg gacaatagat getgtcegggg 5040
acatgccgca gtgcatgcca caatgggccce cttcaacaac tgaccaccac tatgacccat 5100
attcectgca gceggecacca gagcttcage acaaacaage agctgaatga cgtggaaget 5160
t 5161

<210> SEQ ID NO 14
<211> LENGTH: 774

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of the ApFATA promoter in

pPB0041

<400> SEQUENCE: 14

ggaatccege

tgttcttety

getgcagtge

acaccgageg

agcttcatga

tccagtacga

tagaggagcc

ctceeetttyg

acactaccta

ctcecgagatg

ctgcacgtee

aagtgtacat

geecctetgty

ggatcacact

ggtectgget

tcggggcaaa

aagtcggetce

aaggctctca

aagccgtggt

tceggetttyg

ataggtcaat

ttgtgettge

gacggtcagg

gaccatgatg

gatcacccta

tcagtttgeg

ccacctggeyg

tggcacggag

gtggcteget

cttatgacce

ctctttacct

gggatcagca

gtaggtgaag

ctctgacgty

ttgtttcegaa

tacctcggaa

gaggccgetg
gggcttgggt

ggcactacca

tcactgcgta

cccagteceeyg

ttgggcecty

getggetcaa

atcgagccac

tgcccatcag

cgggccagag

geggecatga

atgatgatca

ctgctgcagy

gacatccega

dgaggagcge

tcacccatce

aatcgaatat

cccaaacaca

60

120

180

240

300

360

420

480

540
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tgagaaaagg cgcgcgeggt tcgaccecag teegtcegatt gacgcagtgyg ggagetccat 600
tctgtcaget cttgggtgge caggtegetg acagattgge acatacagga ccctgecgac 660
cegttectee agcactttgt gaatttaage agegcattag atcgtcegatyg gcttagagaa 720
cceegegect getecccecat ctecectttea cacgtttgaa cacccggace ggee 774
<210> SEQ ID NO 15
<211> LENGTH: 5651
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of the transforming DNA

from pPB0118
<400> SEQUENCE: 15
aagcttagca tactcctatt ctgacaatgt cacagtcggt ctgecaggeyg atagtggett 60
tgctgtcaga ctcggeccceg gactcteccee tgaactgega cgecgggaat ctgttgagag 120
gaggcgatct gecgagggtte gcecteccatgg cccgcatgta caccatcgag tatgccatga 180
agcgatgatg tctgtgaaaa tgatgttcag aattcattat atactcatgt ttttgtgtaa 240
atgctgtgte gacttaagtt accgagetgg ctgacagaga caatcttcag gtcaaatgtt 300
ggcaccaatyg atcgcgacga tcgttcaggg gttatcaagt cagatctgaa cgaaaaccag 360
aaatcaaatt tgccaaagcg catgtttgta tgtcgagaat tatcatgegyg gtgactgget 420
cgctaattet ggcatggaag gatgccacat cgaattgate cggggagact aacacttgte 480
agaattgcaa tgtgccatat tccagatatc ccagccggece cttctataaa ccacctgegg 540
gctcagatac ctacgaagag gctcagataa ctcaaggacg tgcattcgaa ttatccctge 600
cgegeggaaa catcagacca ggtgcggatg ctgagegteg agttgggtge ttgatagace 660
ttcaccttga tctgaggttc ccgtccecag agcactcgaa tctecggeat cttacaggca 720
aaccgcaaac agtaaataat ggcgagcacc atcaccatgg gtacccttge agtgcecccaa 780
aaactggcta ccacctaaca attctcacge agttttatee tctgcacttt gatgtcaget 840
ttttgatteg tctgegtaca ttacagegtt gagtggccag caggaaggag accgeggtcece 900
gagacgagtce tgagggcgceg ctctegcaac ttggattceg gatttettac cctgcatcga 960
ccteggectg gagtcgatca gaaattgtca ttgccagatt gecctggcgag gacgggtgat 1020
atactcaagg cgttgcatcg cccacaaaac acacacttat ctgcaaggga gttactgcat 1080
caggctcectge tcaacagctce gtgacatcga tcgttcaget cecccagcagg tgcgtgtecg 1140
catggagcac cccteccgag acacctgegt tgggtgtegyg aggagctcac atgcecaggga 1200
ggtgcccaca ttgcaccacg cgaccgcgaa ataggcagac ttcgggcatc ctgtcatcege 1260
atgtccgetg gecgggaate atggectcecce caccaggegt cacgcgctge ccacctceect 1320
ccecttgetyg cgcagggcac cgegttectyg tggagagecyg accacatgte cgcecgecgece 1380
geegagaceyg acgtgtccect gegecgecge tcecaactcce tgaacggcaa ccacaccaac 1440
ggegtggeca tcgacggcac cctggacaac aacaaccgec gegtgggega caccaacacce 1500
cacatggaca tcteccgecaa gaagaccgac aacggctacyg ccaacggegt gggeggegge 1560
ggctggcget ccaaggcecte cttcaccacce tggaccgcec gcegacatcegt gtacgtggtg 1620
cgctaccact ggatcccetg catgttegcee gcececggectge tgttcecttcat gggcgtggag 1680
tacaccctge agatgatccecce cgcccgectcee gagecctteg acctgggcett cgtggtgacce 1740
cgctecectga accgegtget ggectectcee cccgacctga acaccgtget ggccgcecctg 1800
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aacaccgtgt tecgtgggcat gcagaccacce tacatcgtgt ggacctgget ggtggagggce 1860
cgecgecegeg ccaccatege cgeccctgtte atgttcacct gecgeggcat cctgggctac 1920
tccacccage tgccecctgece ccaggactte ctgggctecg gegtggactt ccecegtgggce 1980
aacgtgtect tettectgtt cttecteecgge cacgtggecg gectccatgat cgectcecectg 2040
gacatgcgec gcatgcagcg cctgcgectg geccatggtgt tcegacatcecct gaacgtgetg 2100
cagtccatce gectgetggg cacccgegge cactacacca tcegacctgge cgtgggegtyg 2160
ggcgecggcea tectgttcecga cteectggece ggcaagtacyg aggagatgat gtccaagegce 2220
cacctgggca ccggcttete cctgatctcee aaggactcecce tggtgaactg agcggaggcece 2280
ttggaaatat tcgcgtcacg cgaggagtag gctcectgcetgg tcggccctgg atacgctgac 2340
tcttecaagca gtggggcacce acacccacct tttgccaagyg gcaaggagtce ggaagggggce 2400
ggggctgeca tgcacccctyg acgggcatgg cegttecgeyg agggcgcecaa ctgeggegge 2460
ctgcecegetg getegtgece cectacccce accattgect ggagegttte catccccaaa 2520
tcacattcca tccaagttgt atcactatgce ccctttgget ctatacactce acggectgag 2580
gtcececttete ggecegtggeg gcacacgccce aacccceccac catactettt ccatacactg 2640
caatgcttecg agcctgcetg ccacctgcecte tgettgtete cectecectte cettgaggtt 2700
ttccaatgca gtaagagaag tcgacgtgca tggacagatg attgagagat gagactagtc 2760
tttcttgege tatgacactt ccagcaaaag gtagggcggg ctgcgagacg gcttceccggce 2820
gctgcatgca acaccgatga tgcttcgacce ccccgaaget ccttecggggce tgcatgggeg 2880
ctccgatgece gectcecaggge gagcgctgtt taaatagcca ggcccccgat tgcaaagaca 2940
ttatagcgag ctaccaaagc catattcaaa cacctagatc actaccactt ctacacaggc 3000
cactcgagct tgtgatcgca cteccgctaag ggggcgecte ttcectectteg tttcagtcac 3060
aacccgcaaa catgectgetg caggecttcee tgttectget ggceccecggcectte gecgccaaga 3120
tcagegecte catgacgaac gagacgtceg accgeccect ggtgcactte acccccaaca 3180
agggctggat gaacgacccce aacggectgt ggtacgacga gaaggacgcece aagtggcace 3240
tgtacttcca gtacaacccg aacgacaccg tctgggggac geccttgtte tggggccacg 3300
ccacgtccega cgacctgacce aactgggagg accagcccat cgecatcgece ccgaagegca 3360
acgactccgg cgcecttctee ggctceccatgg tggtggacta caacaacacc tceccggcttet 3420
tcaacgacac catcgacccg cgccageget gegtggecat ctggacctac aacaccccgg 3480
agtccgagga gcagtacatc tcecctacagcce tggacggcegg ctacacctte accgagtacce 3540
agaagaaccc cgtgctggec gccaactcca cccagttecg cgacccgaag gtettetggt 3600
acgagcccte ccagaagtgg atcatgaccg cggccaagte ccaggactac aagatcgaga 3660
tctactecte cgacgacctyg aagtcctgga agctggagtce cgcecgttcecgece aacgagggct 3720
tccteggeta ccagtacgag tgccceggece tgatcgaggt cceccaccgag caggacccca 3780
gcaagtccta ctgggtgatg ttcatctecca tcaaccccecgg cgccccecggece ggeggctect 3840
tcaaccagta cttcgtcgge agcttcaacg gcacccactt cgaggcctte gacaaccagt 3900
ccegegtggt ggacttcecgge aaggactact acgccctgca gaccttcectte aacaccgacce 3960
cgacctacgg gagcgcccetg ggcatcgegt gggcectcecaa ctgggagtac tecgectteg 4020
tgcccaccaa cccctggege tectcecatgt cecctegtgeg caagttctece ctcaacaccg 4080
agtaccaggc caacccggag acggagcetga tcaacctgaa ggcecgagecyg atcctgaaca 4140
tcagcaacge cggccectgg agecggtteg ccaccaacac cacgttgacyg aaggccaaca 4200
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gctacaacgt cgacctgtce aacagcaccg gcaccctgga gttcgagetg gtgtacgecyg 4260
tcaacaccac ccagacgatc tccaagtccg tgttcgegga cctctecccte tggttcaagg 4320
gcctggagga ccccgaggag tacctcecegca tgggcttcecga ggtgtcecgeg tectecttet 4380
tcctggaceyg cgggaacage aaggtgaagt tegtgaagga gaacccctac ttcaccaacce 4440
gcatgagegt gaacaaccag cccttcaaga gcgagaacga cctgtcectac tacaaggtgt 4500
acggcttget ggaccagaac atcctggagce tgtacttcaa cgacggcgac gtcgtgtceca 4560
ccaacaccta cttcatgacc accgggaacg cectgggete cgtgaacatyg acgacggggyg 4620
tggacaacct gttctacatc gacaagttcce aggtgcgcga ggtcaagtga ttgattggaa 4680
ctcacaaagc ggcccacggce ttcgaacgtce ccgtgtcaat tgcgecggggt gtgccagagt 4740
ttetgcgeca ccgatgctceca cectaggggg ggatgccectt tgacattcat gtgtgcectge 4800
atgcacgttt gtatcagtct caccacacct tgaagatttt tgggaggggg ggggaagtcg 4860
gaatggaaac ctcgagcaac gctacgcaac tcccttcgat ggcttcaagt acggagatgt 4920
gggcatccag gattcgcatg tgctgcttca geccctectceca tgccactagce actcattttt 4980
cgactccegg attgecaggt tcaagggcat caaggagteg gagatcagec gcegecatgac 5040
ctccegetac ttcgaggacce taaacgtcaa tgccgaggtg cttttgcata tatttacagce 5100
taattatgat gggtgtggtg cgcgatatgc ttgcaaggtc tccggtgage taatgatcgg 5160
cacatcecctt cecgcgcatcece gcaggtcgat gtegtcattg ttggggctgg gtetgcegggce 5220
ctctegtgeg cctatgaget gagcaagcac ccggatgtca aggtatgggce tgagcagggce 5280
acatcctcag atgatgttge tgtaattgca attgaaactt gecggttgttce ccagcacagce 5340
ctcaatcaat catgtgtgct gcgttggaaa cgctatgata ccccagcectt caacatgggg 5400
cagggatatc gtttacacct gcttgaacce cccgcaacag gtggccatca tcegagcaggg 5460
cgtecgececct gggggtggag cgtggcetggg gggtcagete ttctecggcta tgtgtgtgag 5520
tctaggcacg gggacgggtyg gactgaagca agggttgggc gcagggtgtt gatatccatg 5580
tgttggacat tctcgttggg aaaacaagat gtgtgtattt agtgctatct cggtggctgce 5640
attccaagcet t 5651

<210> SEQ ID NO 16
<211> LENGTH: 5526

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of the transforming DNA

from

pPBO142

<400> SEQUENCE: 16

aagcttagca

tgctgtcaga

gaggcgatct

agcgatgatg

atgetgtgte

ggcaccaatg

aaatcaaatt

cgctaattet

agaattgcaa

tactcctatt

cteggeceeyg

gcgagggttc

tctgtgaaaa

gacttaagtt

atcgcgacga

tgccaaageg

ggcatggaag

tgtgccatat

ctgacaatgt

gactctccce

gectecatgg

tgatgttcag

accgagctygg

tcgttcaggy

catgtttgta

gatgccacat

tccagatatce

cacagtcggt

tgaactgcga

cccgcatgta

aattcattat

ctgacagaga

gttatcaagt

tgtcgagaat

cgaattgatc

ccagcegged

ctgccaggeyg

cgcegggaat

caccatcgag

atactcatgt

caatcttcag

cagatctgaa

tatcatgegyg

cggggagact

cttctataaa

atagtggett

ctgttgagag

tatgccatga

ttttgtgtaa

gtcaaatgtt

cgaaaaccag

gtgactggcet

aacacttgtce

ccacctgegy

60

120

180

240

300

360

420

480

540
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gctcagatac ctacgaagag gctcagataa ctcaaggacg tgcattcgaa ttatccctge 600
cgegeggaaa catcagacca ggtgcggatg ctgagegteg agttgggtge ttgatagace 660
ttcaccttga tctgaggttc ccgtccecag agcactcgaa tctecggeat cttacaggca 720
aaccgcaaac agtaaataat ggcgagcacc atcaccatgg gtacccttge agtgcecccaa 780
aaactggcta ccacctaaca attctcacge agttttatee tctgcacttt gatgtcaget 840
ttttgatteg tctgegtaca ttacagegtt gagtggccag caggaaggag accgeggtcece 900
gagacgagtce tgagggcgceg ctctegcaac ttggattceg gatttettac cctgcatcga 960
ccteggectg gagtcgatca gaaattgtca ttgccagatt gecctggcgag gacgggtgat 1020
atactcaagg cgttgcatcg cccacaaaac acacacttat ctgcaaggga gttactgcat 1080
caggctcectge tcaacagctce gtgacatcga tcgttcaget cecccagcagg tgcgtgtecg 1140
catggagcac cccteccgag acacctgegt tgggtgtegyg aggagctcac atgcecaggga 1200
ggtgcccaca ttgcaccacg cgaccgcgaa ataggcagac ttcgggcatc ctgtcatcege 1260
atgtccgetg gecgggaate atggectcecce caccaggegt cacgcgctge ccacctceect 1320
ccecttgetyg cgcagggcac cgecgttectyg tggagagecyg accacatgte cccccccaac 1380
tccatgtcecee ccgecaccaa cggctcecacce aacggcegtgg ccatcaacgyg cgccaagaag 1440
ctgctggact tcgaccecte cgccgeccee cecttcaaga tegecgacat ccgegecgece 1500
atccecececccee actgetgggt gaagaaccce tggecgctecce tgtcectacgt getgcegcecgac 1560
ctgctggtga tcctgtcectt cgccgtggcee gccaccaagce tggactcecctg gaccgtgtgg 1620
ccectgtact ggatcgccca gggcaccatg ttetgggecg tgttegtget gggccacgac 1680
tgcggecacg getecttete cgactectgg ctgctgaaca acgtgatggg ccacatcctg 1740
cactecteca tectggtgcee ctaccacgge tggegcatcet cccacaagac ccaccaccag 1800
aaccacggca acgtggagaa ggacgagtcce tgggtgcccee tgcccgagaa ggtgtacaag 1860
tcectggaca cecggcaccaa gttcatgcecge ttcaccatcce cecctgeccat gttegectac 1920
cccatctacce tgtggcgeceg ctecccceecgge aagaagggct cccacttcaa cccctactcece 1980
gacctgtteg cccccaacga gcgcacctece gtgatgatcet ccaccctgtg ctggaccgece 2040
atggccecctge tgctgtgcta ctectectte atctacgget tectgecccegt gttcaagatce 2100
tacggcegtge cctacctgat cttegtggcee tggctggaca tggtgaccta cctgcaccac 2160
cacggctacg agcagaagct gecctggtac aggggcaagyg agtggtccta cctgegegge 2220
ggectgacca cegtggaccg cgactacggce gtgatcaaca acatccacca cgacatcgge 2280
acccacgtga tccaccacct gttccececag atgccccact accacctggt ggaggcecace 2340
caggccgeca agcacgtgct gggcaagtac taccgcgage ccaagaagtce cggeccectte 2400
ccettecace tgtteggeta cctggtgege tceectgggeg aggaccacta cgtgtcecgac 2460
accggcgacg tggtgttcta ccagtccgac ccccacatcce ccaagttcece cacctcecgece 2520
accaccaagt ccaagtcctce ctgagtgatce cgggaggagyg gagtgagegyg ggaagggggce 2580
agccacacgg ggccegtete gacctgecac cectececte gtegagecct geccaggggyg 2640
cgccgcaacg agccatgegt gtgcatgtgt ctggagggcece cttcecaccgg gegatgtgeg 2700
agccatccte gectatttca acacaccgct gcecggcatge gectccactece ccccaaaacce 2760
acctcgaccce tecccagggcet cctceccceccge cccaccetge ctgctgatat agaaaccagt 2820
gttctgtgaa cgtttgacat gctcaacgag ggtacagggg tgcaccaaca gaggaggagt 2880
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ggttcacaca gtcggataca ctagtccttc ctgtcccaca atgecttggtg aatgcagtgg 2940
gttgatcacc gcggaggagce tgtggcttac tcgttcectgat caagggagcec tctgcacctt 3000
aaccctgecca ggatcgaaac caaccttgte agteccecgtgg tgggcaacat catcctegtg 3060
aagctgattg accaggaaaa catgatgagt cggtatgagg acgagcatga gtggcccaac 3120
atcgatatga cacatcttgg agtttacggc aaatgtatca cacttccatc ctggcttgceca 3180
ccacaatatt agtggacccc tceccttgcagt ggcacggtga gaagctagtt tgtagtaatc 3240
ttcttaattg acgaaccaga cgtgtgtaat ggcctccttt gagtgatgga aggatggaac 3300
ctacccecccce cectceeccagt actctgeggt acatccgagt aacccttceca ttgatcagece 3360
caaacgcaat atgcaacgac tctacatacg gccaccgagt gcttattccect tegctatcac 3420
cgcacaaaaa tcccatccge gaactcatce gaggtgatag attgcgatcg gggttattceg 3480
ggttaaggtyg cgactaggga tccctgaatce ttttggggat ttcccecgggt ctegtectge 3540
atgcttatca tcagtctegt gggttatttg gatcgctgeg catgccataa cagagcgcetce 3600
ataatatttg ctgcggcggt ggtgctggca aaatccectg cgtaccggge gectgtcaag 3660
ccaaccccege cgtgeggcac tcccctgeag atccatcace atgatcgage aggacggcect 3720
ccacgecgge tccceegecg cctgggtgga gegectgtte ggetacgact gggeccagca 3780
gaccatcgge tgctccgacg ccgecgtgtt cecgectgtec geccagggcece gccecgtget 3840
gttegtgaag accgacctgt ccggegecct gaacgagcetg caggacgagg ccegeccgect 3900
gtectggetyg gecaccaceg gegtgecetg cgecgecgtyg ctggacgtgg tgaccgagge 3960
cggccgegac tggctgctge tgggcgaggt gcccggecag gacctgctgt ccteccacct 4020
ggeccccegee gagaaggtgt ccatcatgge cgacgecatg cgccgectge acaccctgga 4080
ccecgecace tgccectteg accaccagge caagcaccege atcgagegeyg cccgcacccg 4140
catggaggce ggcectggtgg accaggacga cctggacgag gagcaccagyg gcectggecce 4200
cgecgagetyg ttegeccgee tgaaggecceg catgeccgac ggcgaggace tggtggtgac 4260
ccacggcgac gcctgcectge ccaacatcat ggtggagaac ggccgcttet ceggettcat 4320
cgactgegge cgectgggeg tggccgacceg ctaccaggac atcgecctgyg ccacccgcega 4380
catcgeccgag gagctgggceg gcegagtgggce cgaccgcette ctggtgcectgt acggcatcegce 4440
cgecccececgac tecccagcgceca tegecttcecta ccgectgetg gacgagttet tetgagetgt 4500
tcectaggaac gtggaggagg tgcaaggagg gtgatctcac cctggtgtgt ctettcecatgg 4560
agctcagatc ttgaaaactg tgaggtgctt atccgatacc tgcttecgtge atggettgtg 4620
cgatatgtac acgcatttgc agattggtgg gagcagcaga ttggtgggag cagcatagag 4680
ctttagaagg ggcttaggag cgggaatgtg aaactcaggc ggttgggcca gatgagagcg 4740
caaagggatc ccaacgctac gcaactccct tcgatggcett caagtacgga gatgtgggca 4800
tccaggattce gecatgtgetg cttcageccct cctcatgeca ctagcactca tttttcegact 4860
cceggattge caggttcaag ggcatcaagg agtceggagat cagecgcegece atgacctcece 4920
gctacttecga ggacctaaac gtcaatgccg aggtgctttt gcatatattt acagctaatt 4980
atgatgggtg tggtgcgcga tatgcttgca aggtctcecegg tgagctaatg atcggcacat 5040
ccetteegeg catcecgcagg tegatgtegt cattgttggg getgggtcectg cgggectcete 5100
gtgcgcctat gagctgagca agcacccgga tgtcaaggta tgggctgagce agggcacatce 5160
ctcagatgat gttgctgtaa ttgcaattga aacttgcggt tgttcccage acagcctcaa 5220
tcaatcatgt gtgctgcgtt ggaaacgcta tgatacccca gecttcaaca tggggcaggg 5280
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atatcgttta

CCCCtggggg

gcacggggac

gacattcteg

aagcett

cacctgettyg

tggagcgtgg

gggtggactg

ttgggaaaac

<210> SEQ ID NO 17
<211> LENGTH: 1380

<212> TYPE:

DNA

aaccccecge

ctggggggte
aagcaagggt

aagatgtgtg

aacaggtggce catcatcgag cagggegteg

agctettete

tgggegcagg

tatttagtge

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Coding sequence of KASII from A.

protothecoides,

<400> SEQUENCE: 17

atggccacceyg

cgcgagecacec

ggcaagccca

tccacccage

ggcttcgaca

geccectacy

gtggeccggcea

gacctggace

ttegectecyg

atcceccttet

ggccccaact

gecgaccaca

gtgatccect

gecccegage

dgcgecggcey

ctggecgagt

cecteeggec

ccegaggagy

gagttcecgeyg

ggcgccateyg

geecctgegea

gacgcctecyg

aactcctteg

cctecetgec

gecegcaagceg

agcgeegegt

agttctacga

cctecgacta

tggccegeaa

agcaggecect

gcaagctgty

gegtggagge

ccatcggcaa

actccatctce

tcegcaacygy

ceggeategyg

gegectecey

tgctggtget

tcatcggegy

geggegtgeg

tgacctacgt

ccatcegege

gecacctget

ceggetgget

tgctggtggg

gCtthgng

<210> SEQ ID NO 18
<211> LENGTH: 459

<212> TYPE

PRT

ggctatgtgt
gtgttgatat

tatcteggty

optimized for translation

cgtgcaggtg

ccagtgggec

ggtggtgacc

ccagetgetyg

ctccaccaag

gtgggtgaag

ggaggacgcc

cggcateetyg

cctgacceetyg

catgggcggc

caccgectge

cgacgeegty

cggcetteate

ccectgggac

ggaggagetg

cgeggecace

cctgtgectyg

gaacgcccac

cgtgctgggc

dggcgeggcey

gcaccccaac

cggcgtgaag

ccacaactcce

geegtgaccet

cgccagaccec

dgccagggcy

geeggegect

atcgceggeyg

cgcatggacyg

ggcetgeect

atcggcaccyg

tceggecace

gecatgetgg

gecacceggcea

ctgatgetgg

gectgcaagg

gccggcecgceg

gagcacgcce

tgcgacgece

gagcegeggece

ggcaccteca

cacgacggec

ggcgeegtgg

ctgaacctygg

gagcaggcecg

tgcgtgetgt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Amino acid sequence of A. protothecoides

beta-ketoacyl-ACP synthase II

<400> SEQUENCE: 18

ccacccactyg

getgecacge

tggtgacctce

ccggcatcac

aggtgaagtc

aggtgatgaa

tcgagggece

ccatgggcgg

gcaagatgaa

ccatggacct

actactgcat

¢gggeggegce

cecctgtecey

acggcttegt

gegecegegg

accacatgac

tggccgeege

cecececgecgyg

tgcgcatcaa

aggccgtggc

acgagcccga

acgtgaaggt

tccgcaagtt

gtgagtctag
ccatgtgtty

getgcattee

ctteggectyg

ctcegecgee

cctgggecag

ccacatcgag

cgtggacgece

gttcatgtte

cggcctggag

catgaccacc

ccecttetge

gggcettcatg

catcteegee

cgacgecgec

ccgcaacgac

gatgggcgag

cgccaccate

cgagcccgag

ngCgtggCC

cgacgtggee

ctcctecaag

caccatccag

caagggcgtg

ggcectgtee

cgaggagtga

5340

5400

5460

5520

5526

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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76

Met

Cys

Thr

Phe

65

Gly

Ser

Asp

Asp

Lys

145

Phe

Asn

Leu

Ala

Arg

225

Arg

Arg

Glu

Ile

305

Pro

Ala

Ser

Leu

His
385

Ala

Asp

Ala

Phe

Arg

Thr

50

Tyr

Phe

Val

Glu

Ala

130

Leu

Ala

Pro

Ala

Cys

210

Asn

Ile

Arg

Asp

Leu

290

Gly

Ser

Gly

Thr

Gly
370
Leu

Leu

Lys

Thr

Gly

Cys

35

Gly

Asp

Asp

Asp

Val

115

Gly

Cys

Ser

Phe

Met

195

Ala

Gly

Pro

Asn

Gly

275

Glu

Gly

Gly

Val

Pro

355

His

Leu

Arg

Gly

Ala

Leu

20

His

Gln

Gln

Thr

Ala

100

Met

Leu

Gly

Gly

Cys

180

Asp

Thr

Asp

Ser

Asp

260

Phe

His

Ala

Arg

Ala

340

Ala

Asp

Gly

Thr

Val

Ser

Arg

Ala

Gly

Leu

Ser

85

Ala

Lys

Pro

Ile

Val

165

Ile

Leu

Gly

Ala

Gly

245

Ala

Val

Ala

Ala

Gly

325

Pro

Gly

Gly

Ala

Gly
405

Asp

Leu

Glu

Ser

Val

Leu

70

Asp

Pro

Phe

Phe

Leu

150

Glu

Pro

Gly

Asn

Val

230

Ile

Pro

Met

Arg

Thr

310

Val

Glu

Asp

Leu

Ala
390

Trp

Ala

Pro

Pro

Ala

Val

55

Ala

Tyr

Tyr

Met

Glu

135

Ile

Ala

Phe

Phe

Tyr

215

Leu

Gly

Glu

Gly

Ala

295

Cys

Arg

Glu

Val

Arg
375
Gly

Leu

Ser

Val

Arg

Ala

40

Thr

Gly

Ser

Val

Phe

120

Gly

Gly

Leu

Ser

Met

200

Cys

Met

Gly

Arg

Glu

280

Arg

Asp

Leu

Val

Ala

360

Ile

Ala

His

Val

Gln

Arg

25

Gly

Ser

Ala

Thr

Ala

105

Val

Pro

Thr

Thr

Ile

185

Gly

Ile

Leu

Phe

Ala

265

Gly

Gly

Ala

Cys

Thr

345

Glu

Asn

Val

Pro

Leu

Val

Lys

Lys

Leu

Ser

Lys

90

Arg

Ala

Gly

Ala

Leu

170

Gly

Pro

Ile

Ala

Ile

250

Ser

Ala

Ala

His

Leu

330

Tyr

Phe

Ser

Glu

Asn
410

Val

Ala

Arg

Pro

Gly

Gly

Ile

Lys

Gly

Leu

Met

155

Ser

Asn

Asn

Ser

Gly

235

Ala

Arg

Gly

Thr

His

315

Glu

Val

Arg

Ser

Ala
395

Leu

Gly

Val

Gln

Lys

Gln

60

Ile

Ala

Trp

Lys

Glu

140

Gly

Gly

Met

Tyr

Ala

220

Gly

Cys

Pro

Val

Ile

300

Met

Arg

Asn

Ala

Lys
380
Val

Asn

Gly

Thr

Trp

Arg

45

Ser

Thr

Gly

Val

Gln

125

Asp

Gly

His

Gly

Ser

205

Ala

Ala

Lys

Trp

Leu

285

Leu

Thr

Gly

Ala

Ile

365

Gly

Ala

Leu

Val

Ser

Ala

30

Arg

Thr

His

Glu

Lys

110

Ala

Leu

Met

Arg

Gly

190

Ile

Asp

Asp

Ala

Asp

270

Val

Ala

Glu

Leu

His

350

Arg

Ala

Thr

Asp

Lys

Thr

15

Arg

Val

Gln

Ile

Val

95

Arg

Leu

Asp

Thr

Lys

175

Ala

Ser

His

Ala

Leu

255

Ala

Leu

Glu

Pro

Ala

335

Gly

Ala

Ile

Ile

Glu
415

Glu

His

Gln

Val

Gln

Glu

80

Lys

Met

Glu

Arg

Thr

160

Met

Met

Thr

Ile

Ala

240

Ser

Gly

Glu

Phe

Glu

320

Ala

Thr

Val

Gly

Gln
400

Pro

Gln
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420 425

430

Ala Asp Val Lys Val Ala Leu Ser Asn Ser Phe Gly Phe Gly Gly His

435 440 445
Asn Ser Cys Val Leu Phe Arg Lys Phe Glu Glu

450 455

What is claimed is:

1. A method for producing oils with modified profiles of
omega-3 fatty acids, omega-6 fatty acids, lutein, zeaxanthin,
astaxanthin, 4-keto-lutein, or squalene, comprising: growing
a microalgal mutant, wherein the microalgal mutant is made
by knock-out, knock-in or homologous recombination,
wherein the microalgal mutant is a mutant of Auxenochlo-
rella protothecoides, wherein the microalgal mutant com-
prises a knock-out of at least one allele of lycopene cyclase
epsilon LCYE-1, lycopene cyclase epsilon LYCE-2,
squalene epoxidase SQE-1, or squalene epoxidase SQE-2, or
a replacement of a native FAD3 promoter by a FATA gene
promoter from Auxenochorella protothecoides or a stearoyl-
ACP desaturase (SAD2) promoter from Auxenochorella
protothecoides, and

isolating the oil from the microalgal mutant.

2. The method of claim 1, wherein the zeaxanthin has a
percent (w/w) of zeaxanthin is 2-3-fold higher compared to
the wild-type microalgae and the zeaxanthin is present as a
major carotenoid.

3. The method of claim 2, wherein the percent (w/w) of
zeaxanthin produced ranges between 40 to 90% of a total
identified carotenoids.

4. The method of claim 1, wherein the oil contains a
mixture of 4-keto lutein and astaxanthin, and wherein the
astaxanthin is present as a major carotenoid.

5. The method of claim 4, wherein the percent (w/w) of
keto carotenoids produced ranges between 20-90% of a total
identified carotenoids.
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6. The method of claim 1, wherein the oil contains
squalene.

7. The method of claim 1, wherein the omega-6 fatty acids
and the omega-3 fatty acids have a weight ratio of omega-6
fatty acids to omega-3 fatty acids in the oil that is low
compared to the oil produced from wild type microalgae.

8. The method of claim 7, wherein the weight ratio of
omega-6 to omega-3 in the oil ranges from 1:1 to 5:1
compared to the oil produced from wild type microalgae
which is 7:1.

9. The method of claim 1, wherein the omega-3 fatty acids
increased 3-5-fold and the overall PUFA polyunsaturated
fatty acids increased 2-3-fold compared to the wild-type
strain.

10. The method of claim 1, wherein the microalgal mutant
is characterized in that one or more of the alleles of the
lycopene cyclase epsilon LCYE-1 gene, lycopene cyclase
epsilon LYCE-2 gene are knocked out.

11. The method of claim 1, wherein the microalgal mutant
is characterized in that one or more of the alleles of the
squalene epoxidase SQE-1 gene, or squalene epoxidase
SQE-2 gene are knocked out.

12. The method of claim 1, wherein the microalgal mutant
is characterized in that the native FAD3 promoter is replaced
with a stearoyl-ACP desaturase (SAD2) promoter or a
promoter from the Auxenochorella protothecoides FATA
gene encoding acyl-ACP thioesterase.
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