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60 - Figure 22 is a restriction map of plasmid pT76H 2.
o Figure 22a is a restriction map of plasmid pT76H3.
- Figure 22b is a restriction map of plasmid pT76H4.
Figure 23 is a restriction map of plasmid pYA2.
- Figure 24 is a restriction map of plasmid pYA4.
s6 . Figure 25 is a restriction map of plasmiid pYJ8.
Figure 26 is a restriction map of plasmid pYJSAC/a.
- Figure 27 is a restriction map of plasmid pYJ30.
" Figure 28 provides a restrlctton map of plasinid pTAFH 1 and shows how the plasmld was derived.
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Fi gure B is =a3¢|§;estr| ction map of the protein p72 (al cohol oxidase) cDNA.
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|
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26 IS asgestrl Qn map of plasmd [err] Figure 27 is a restriction map of
pl asm'dgpYJI3Q. sdgf gure 28 provides a restriction map of plasmd pTAFH 1 and
. shows hew the ghasm d was derived. 5 EP0183071B1 Figure 29 provides a

" resfricspon magpapf plasmi d pTAO 12 and shows how the plasnmid was deri ved.
. Firgure 89 is=assmestriction map of plasmd pTAO13. Figure 30a is a :
~‘restricston eafrof plasmd pT76UL. Fi gure 31 provides a restriction map of
“plasm dTpTAO® Eagd shows how the plasm d was derived. 5 Fi-gure 32 provides
" a restrieti of fhap of plasni d pTAF. 85 and shows how the plasnid was deri-ved.
" Figare ¥8 pr&wWagks a restriction map of plasmid YEpl3. Figure 34 is a .
‘restricon rra’ﬁ’obf pBPfl. The follow ng abbreviati ons are used throughout

this anp Mi caCi®flto represent the restriction enzymes enpl oyed:
: . he attached figures, restriction sites employed for manipulation of DNA fragments, but which are
N destroyed upon ligation are indicated by enclosing the abbrewatlon for the destroyed site in parentheses.
- Detalled D_escnptton_of the Invention .

In accordance with the present invention, there is provided a novel DNA fragment comprising a
_regulatory region responsive to at least one of the following conditions: the presence of methanol, carbon
45 .source starvatioh when cells are grown'on some substrates other than methanol, and the presence of non-
catabolite repressmg carbon sources other than methanol. The regulatory region of the DNA fragment of
this invention is capable of controlling the transcription of messenger RNA when positioned at the 5' end of
the DNA which codes for the production of messenger RNA. Also included within the scope of our invention
~ are mutants of the above-described DNA fragment.
0 Further in accordance with the present invention, there is provided a DNA fragment which comprises a
- regulatory region which is capable of controlling the polyadenylation, termination of transcription and
' termination of translation of messenger RNA when positioned at the 3' end of the polypeptide coding region '
which codes for the production of messenger RNA, wherein the transcription and translation of the -
. . messenger RNA is controlled by a regulatory region which is responsive to at least one of the following
§6 condltlons the presence of methanol, carbon source starvation when cells are grown on some substrates
) other than methanol and the presence of non-catabolite repressing carbon sources other than methanol. '
Also included within the scope of our invention are mutants of the above-described DNA fragment.
- Still_further in accordance with a specific embodiment of. the invention, there are provided DNA -



10 © A = Asull B. - =BanH [err] . = Bg/ll Bc = B/l C

=Clal 15 5 : H2 = Hincil [err] . = Hndl K - Konl [err]
N " F = NRul 20 Ps = Psgbol@§bhrpy = Pvul Pv2 = Pvull [err]

"= EcoRl-[err] = EcoRV 25 Rs = Rsal S =Sali [err] =
-~ Jerr] Sc = Sacl Sm =Smal 30 Sp =Sphl Ss =Sstl St B
‘=St ul Tiragments—whichl dirtigt the incorppretion 85 encodadbpolypeptiaetnab p¥faxisomes. —PlIGksoniEa are =

- Xmal * | ninFpgeliular bodiascniespnt dn leige ameuststin ingthanohgre t yeast ediis] Thysadntiaceliuigmiatipe eilel ON

Detaile

_invems i foom Bickia pastenst @IIOgrovin 6 rdRHE a8l BiS Ghib

t { ;
Con rorsi e

of DNA f4'SRARHe Beorpprated polveeptics erodyetdtomdteadeliulpiuids agibdiizymms atah s pebteagised by
‘encl osi ng /¥ ASFOSBIS Nith 2nethar embpdirent offibe invenion] geies erodling forthe prddedtien of #hol
| ’ 8’91?8% @PIYRN 3oyt 44 kiladaftons epd 2 eratein gt 2hewt TP dlodaitonswire providieel. pr esent

on. PREf WY ¥8}i 29aleremhegimentpiathe sy AN rigvetisnp piassidsgand rapgiaimmtior -

i nvent i- 8 anis;[ms con:iiei W:ﬁ'\, 63}&? aspribgd, BNA fr ts 9| reyidpsh ditions: the presence
region res %Jy%e%v%? %f ofr"% ng % a?"f?@ 91 R g conditi : pr ese o
QQ:Eds ar nfraa ;ln{f ﬁrtéeé f £
sihis:

neth PYALT 7 ingtion. eethpds atp roydedhipr rserusingrthe
nggggt; ah&ive Bt Host anol ;o any® ‘Tﬁéz aﬁf%%%@'ﬁ%%’s 8PIvaeBlifes. g Reivpeptides not

. repressing carbon sources other than nmethanol. The regul atory regi on of: the

Basle ¢ | lapaSigmabl e of controlling the transcription
Ewnfegggﬂg‘ﬁmm"g;’m% OB fibeh Plenape e 5 end of the DNA which codes for

the produahiappromhatéie 26,6000REmIBNCONAist &y Was bieflsch W £ 2oR with) Bots SQPANR SsaBih
p . b _ \ 9!/ Bﬁ&n%ﬁ@@gﬁfa le l% lipra Qﬁg h_er-

i N accosctmnmicbyhyblididatiin yaing kibaded i paly AR RNA, isolaBB18m! SicHM Fak ,gcg,dam- Ay r;@,%rre_nt
(Whi ch cismsndesefgnathane gun et A giveral rediride ot thes giaRaRlsCscrbnifd) MréePlibinBI ndnl1e
\p6| y ad ehipyiolegqus i£DNA sion¢sneeare islantifiéd exr leairgoropipd bfametisanel shevifidinibabengdd ANA's. These
“tr ans| af4nehwerp. dptignated gEPPO-BA PRE 819, adDPCi16.0@0d wére tistemBied &NDntgih irsbr@ of 470,
pot’y fept™ 38 t80 nyripotided indentiniesreciteites for the production of messenger RNA,
wher ei r an PN cNALIRRes of dorger anpibre sgpond ieBNAviiksare remepTeriald ubisg milder
R Panfliions thag gpad o Rrgparetion ob e dirst $RNA lbgnoand treaesdmberser of
the nay ‘25"\& ty g’ﬁb* sieeled FONA HonerRAC-Ah IPPC 84 #ndrPPEJS0CAS a
the { Ol o Sons S ot Jrolatam cotsRopgiag to ADNA clonesspRG: Gvb andt pRS B fraitentarmet  and
oL, YT e T ST BTSSR rare aeet an
_ . oly’ (Se: u ng possessing a ort | the 1 n ti r
g e;fﬁamgm &gogﬁomww PR o of

S

t he abovetkiersistioR e thd\GorbmRIPRA lirag Lfgéiioﬁ 10! Sheh s qgrfgan RAMichds Fas -
speci f iaeconiplshed B Rst Qtting 136t dnB\efeBtkdeifhg roS8 el biENh 99 or’s DNA fragments of
30 resiriction endonuclease treated chromosomal DNA that hybridized with 32P-labeled pPC 15.0, pPC 8.0, or - E
~~ 'pPC 6.4. Then the eluted genomic DNA fragments were cloned into Escherichia col and the appropriate
.. .genomic clones identified by screening several times with each of the above cDNA probes. o
- The relationship of each cDNA clone 1o its corresponding genomic clone is illustrated in Figures 1, 2,
- and 3: pPC 15.0 is encoded within 'a 6000 nucleotide Hindlll genomic fragment present in clone pPG 6.0 .
-~ 85 (Figure 1). The §' end of the gene encoded by pPC 15.0 is oriented toward the 1300 bp Hindlli-EcoRl .
7 ~fragment contained in pPG 6.0, while the 3' end of the gene is proximal to the PsHl sites in pPG 6.0. T
.The ¢DNA clone pPC 8.3 is included within the genomic clone PPG 4.0 (Figure 2). pPG 4.0 contains an .. .
: - EcoRKPvull insert of 4000 nucleotides of contiguous genomic DNA. The orientation of pPC 8.3 within pPG
N/ 4.0 places the 5' end of the gene for this cDNA clone close to the BamHI sites while the 3' end of this gene
"~ 40 - is located near the Pvull site. The orientation of PPC 8.0 (a related cDNA clone) within pPG 4.0 places the
" 5'end of this cDNA clone close to the Kpnl site at the 3' end of pPG 4.0 and the 3' end of the ¢cDNA clone .
is located near the Pvull site. _ o
" The cDNA clone pPC 6.7 is located entirely within a 4800 nucleotide EcoRI-BamHI genomic fragment
{Figure 3). Clone pPC 6.4 is in turn located completely within cDNA clone PpPC 8.7. Since pPC 6.7 was a
4 more complete copy than pPC 8.4, the latter was not investigated further. The 5' end of the gene is -
positioned closer to the BamHI! end than to the EcoRl end of the genomic clone pPG 4.8 (Figure 3). o
In all of these above-described ‘genomic clones, there are at least 1.2 kilobase pairs of flanking genomic
'DNA sequence which are 5' to the structural genes copied in each of the ¢DNA clones.
) Each of the genomic and cDNA clones described above have been deposited with the Northern
50 ° Regional Research Center of the United States of America, Peoria, lllinois.
All clones have been deposited in E, coff hosts:

.. 86



__EPO 18307181 fragment s. whi ch d| rect the, |ncorporat|on of encoded :
- pol ypept | gde into peroxisomes. Peroxisonmes are intracellular bodies present
in‘larsge’ anounts in nethanol - grE@vmméqjﬁtmcel |'s. These intracellular bodi es
serve to isolate the incorporated polypeptide product fromintracellular

f1ui ds and enzymes such as proteases. In accordance w th anot her enbodi nent. ... .

of the invention, gdn g1 Ot e-prodyctiomof cohol 5 oxidase, a-
) prot ein of about 40 ﬁ[?sn‘fﬁ flons anﬂbéf! prote r{*cgfssfl-)opgﬁ'f 76 kilodaltons are -
provi ded. In accordgneRG &Rt | eq”l&na&w@re.tbm)ommnﬁs@f t he present
invention, plasmds a?ﬁﬁﬂ’ar 6?’#@@9?@" s rNREb Bt15868i hg t he o
aboVe- descrr bed DNA |f INRRL Bc1§88ahce with still - - -
‘anot her" enbodi ment df gq m'rlﬁ 2‘9?&1ﬁ8d NcﬁRéBdP%ﬁ jled for producing the
- plasmi ds and DNA fra ' fEF EBS2Rbe8dn [ NRR 71a; heterologous
pol ypeptides, i.e., (?p PG Gfat %g};gﬁs host or gani sis. L
| solation of Regul at a%l e 9|5>'p RE: [18874n approxi mately 20, 000
menber cDNA |ibrary was prepared in E. col with poly A+ RNA isolated 15
 from PMcdhithg abeyetorganismsleve beayrimanpcabln depesited aad mads avhilabig il the publibesofoguste ( See
Exanmpl¥:19%4.). The library was screened by hybri di zati on using kinased poI y

A+ RNA isolated from Pichia pastoris grown either in the presence of
met hanl}nlqupnessb?f;pgﬁmo pP,ﬁ ffﬂ-‘r‘""qﬂ?%%@ Methanol AssimilatingYeasts us- mi nus screeni ng,

three di t ng 1{11 DNA c ones were identified as bei ng copr es
-of rreté?E f}? E°’W§ '%% d %WV Fecorobes piiomagpmak

64 a Lo "a' J 0 ... fﬂ" r‘ lafiggs veast. 4
‘ 2 75 i g %‘?&tplrélg‘rﬁ H ot ﬁglgir?}-::s?nﬁté T &hfre a t|s tlgus?%:feveg)
- obT#& Qha(f[m%e 9&6§re ni uQr’cg%et aﬁ&gésgmll E; jon, t bi ed
US' Ng eAperifBiits adtaildll Gl BamBIoGVI Qfdinbidiaté Ha rhfgﬁ”a & S hohhaieg elp kglar ation

of t hanigiig HéthanbINéspbrisive énés ARG virldEs MERERS faSsirfifati e§st§'eW rary screened
- individually with 32P-1abel ed cDNA cl ones pPC .4, pPC 8 0, and pPC 15.0.
 As' a rGrerattbrization bDRe REDRANGHRE 6:2hd/$HGS5.0, pPG 3D QA smwearwdl ng to cDNA clones
pPCf6 4 and pPC 8.0. The Targer 25 clones, pPC 6.7 and pPC 8.3, were found
t o cont afthe inflvessetaf rmatmeal ronribe ea@Bsiom df &:bﬁ)(bf tesd elofed(@Bes cab Hpeabsérveal by ( See
“Fi gur etdgingaihg effgcts pn grnseipioroefcthgse gersss Isolgied poly Agre RNA Ifram cRichid hatbrtsrnensl 100
- nucl ed¥qwg edth feliangh pOmetiang! gsaselerrgibon seurceokns asedtd RidparerNosthere bytiridigatiom fillerst han
- 40, KOSLORAMeP 6‘ﬁe§hfeerﬁ@“?% Brirgrf Gpreofrom methenohendi ehampiarown sglivelfiees Example ) -
corr e%’%jj-f% g ’g@'zg&t ho¥P-al P@%’ep"(ﬁj\?& BPHAAanG\BRC 84 BslonesRiG 150, pPG 80
ivel

cutti Is °sf %?ﬁ"‘ s ég{yez I2§°q9 11390 a@& elss"efﬂﬁk o
: frag a L
hybr swas "s %5 dgir'f)gro Uese % rﬁ?? ow H:g\lAe ut ed =
- % witn vﬁs& s digno 5 Eé'uc?ploprr ate ..
L genom,d;,ep @pes | entrfrecf %y screenr “3 severa‘l“atta" es“m e q"a"ta Yol e above
cDNA probes. The relationship of each cDNA clone to |ts correspondr ng I
\g&NoMisike Bo@Minalish dtIpkoti Pradue Enbabd BjH5FP6.d, pP@ 4.03RdpIG 4.8PC 15. 0 i's encoded
- W thi n7a 6000 nucleotide A ndi it genomc r ragment—present in clone pPG-6:0
35 QFi' guToedeiemind kat rotetmptodibts twak @esizd & eauHaAl the \abpBldentitied cDISA Eibries, oy
t owar é+ RNA 180 (Pidhyn pdsroghs [chils lgtannl on- metliahel grme sblectioant Rybridizhdi to epdRGf GheOcDNANI | €
t he 3'cloaasdThsf hybtideseipoted MRNADi.@XIMAKMA which hyteidiest b ettt efshé cDNWPEor®s Owas Tt ¢ DNA
cI one rppied I3 Witp andceagh @b thei rrdiéim prodectsytesalved By cdlastiephpP® dsiy $P8-ganeieri) . pPG .
4. Qus c SPNAHPTFS(Sam Epaspiy VIPUhe Fesiﬂﬁsfé rthesg)fin yilrg(Positive| hybridizdtoy-trefsiatiom experiruants
genoninsicgiagh thatrglanes, E’Péht‘ﬁ? i RE 86, HIHCPRE §.7vdelepi MRNAGWHICHH epgode dnformption Sor end of
t he eﬂép b%: P800 08%@7& 254 40,000 (p4qLalers psneptvely. Tipse|seme pieteizs aend of

‘this "s‘°‘P'o“t?9{ d YA Lo npihypridgelected) frgm methane) orowp Plahe Assigris patielss 0 (a .

rel at 81 Tfﬂq@)' "PRYSPBPG 4.0 places the 5° end of this cDNA clone -
" end of pPG 4.0 and the 3" end of the cDNA

site. . The cDNA clone pPC 6.7 is |ocated

‘enti rel Mo,ggu;ahwg,gﬁ AR0&ishHc! eot'i de EcoRI -BanmH genom ¢ fragnent (Figure 3)

~C one- pPe—G—A—r-s—r—n—go'rn- | ocated conpletely within cDNA cl one pPC 6.7. .

Si nce pRCsdnpl Mgkl dhridhad 10 aRolioP BdaSS SroliWés phGted B -dillydhs oft diarek Abif f5atdd@S not
~i-nVs bt ﬂsz {s66 Ekfiriple Vil)leThe 'crySBfheOfredigifle GiAfng f%npfaell ialyais Gl sree howh DY 30@

BanH'" eletidphiorsdia 6 contditepréuomitanty vl PdlypeptRie 6 V8II0C arial 721060 BdibnsA reSpecively U1 3)

precipitate was subjected to additional purification by chromotography through Sephacryl 200 (See Example
Vi), whrch demonstrated that alcohol oxidase activity corresponded to the activity of the purrfred 72,000
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In all of these above-described genonmic clones, there are at least 1.2
kil obase.pairs of flanking genom c DNA sequence which are 5' to the ' o
. stfucturalsgenes copied in eachgpfg iggemq[g\{A clones. Each of the genom ¢ and
cDNA cl ones described above have been deposited with the Northern 50
‘Regi onal Research Center of the United States of Anerica, Peoria, Illinois.
Al | cl odaiten privpeptide cThe Gizp @f thiscpblyipoptitfe weo Idbntibg) 3¢ ghat & She/ proteinEdrbdict 18Bct6d by B1
Pl asmmi dcDNA clone pPC 8.Bi(8se Example X). ~ Accession No. pPG 6.0 E. coli LE392-pPG
6.0.  NRRL B-15867 pPG 4.0 E. coli LE392-pPG 4.0 NRRL B- 15868 5

pPG 4. 8B. Impunoprsripitatig392- pPG 4. 8 NRRL B-15869 pPC 15.0 E. coil LE392-pPC

-15.0%, NRRL B-15870 pPC 8.3 E. coil LE392-pPC 8.3 NRRL B-15871 pPC 6.7
E. coli Lée@z’ﬂﬂ PEPPB" 7“8‘ °'°WRREG§ 315‘8?2%1@@0@39 the E'°°feb?x'm§wct °8° ¥as  NRRL
B- 15873° fean °' ﬁ?%’g@ F"B They P’BR‘?'BC%TPF‘ ‘tS‘e' and
made a E % an r]ﬁ] GY% R "’E’ },5
pPG d‘ V' ﬁ 'tra s?wﬁ grecrpo od yt e an ba ma efagé’:i@m
chr om)so se uences rom as nurrber of rret hanol assr m I ating yeasts and

-a et ha@cﬂredr&qgam@@g,|Am,,jo%gdrggq%ﬁ&séompl;ggpI ogous genes for -all three of the

- cDNAs were—found—to exist—Tmessentratty all nethanol assimlating 20 :

yeasts, b funidr Qerft} Bddiovie PRG 89158 RBitthd @Nms‘rdﬂaaebd.ﬁy)mm&pasmfis alcbidCoumast  (S.
cer evi Sthéanino hdid edudnbs! or I lainkis @iminll dhd bIIMSHOIBIR WES corplred! Wit pleBicts® brfiad1 0]
-assi m | ldi svgueneneicodddrbyagiiti 8.3.0Thys, tthbeNISctaririral amihiey boid ebonérice (Feqaenpe A} BfEthd S
\dét ai | eebldtent 2000Hiten piutbin weg datersihed{Eganipieei) 3o bi: gh  degr ee of honol ogy exi'sts
bet ween these uni que net hanol responsive genes from various nethanol -
assifi |l ati ng yeasts. Characterization of the RNA Transcripts of the pPG
6.0, pPG A&l HiarBme Gl Gamdhezdsprd lenfryciad - bﬁunﬁﬂ-ﬁaﬁgy -ghyrher-
expressi ogefcBade©f these cloned genes can be observed by studying the
effects on transcription of these _genes ol ated poly A+ RNA from Pichi a
pastorr s cells growmn with ethanol %ﬂﬁgﬁﬁa—aol as sol e carbon source was
used®t o prepare Nor t her n hybrr di zation fil ters (See Example 1V). Three

i denti cal nPAlS gg fdé &rs% 9
Exanpl, ereipfr%ﬁ'?hlorre ' ﬂunxuaeﬁf '1%. gf':%ds"g%fﬁ% 'LP%I?% gthJ ‘and
- pPC 6. 4DNJ u&uk&rb?ﬁotﬁ) nes%&ﬂe o y@rt#%b'?n‘sfiiaz nd d&id Nﬁhe o

- ol eglit@ve(dd rrﬁ%ﬁé&rdmﬁio%iﬁ% dﬁe rafBé‘s} loRPhit M Dxiads8S PEC-

~tively) from met hanol grown ceI I s No hybrr d| zation of clones pPC 15.0:and . 8

pPC' 8.0 with the hybridization probes was observed with RNA obtai ned from.
cel'ls gr ®wedictede apieseacikdof et hanol . However when RNA isolated from. ..

cells gr \%, t.hanol was probedypit hy pPC rigized to a
130035nuc%e gg'e%RNA nol ecul e |dent| cal '?g t at s‘gen V\#Pﬂ nij".ﬁ ﬂ-grovm -
cell.s ' but at an estimated (qualitatively) 5-fold |lower |evel. Size s

Det er-ni nahicQeodfi der eeguenPeodust safocodet bar@PGEc 0, GREG dad anrr pPG 4.8 4
: \Ir%ﬂa er nipre \shat ap;raobecnt;poqdaet-mmer ecnnc'mied GG eactT of CThe AAA
ov

on rr%’tlhgﬁgtl flf”dse ect |Cl/g ssrz.y ri §| gedR?IA gﬁl P%g{]he C%SN:[éﬂc!?o(r:r%%LS'lﬁreom

“hybri d- s€1Adtt @TCRNAA | GET, FRNA ﬁﬁffchGﬁ?brﬁ;@ﬁ\zeﬂC@o B/GTh EGAt HECQ,‘E?)lA
clones, \WEA tH&F GAT CAR GAT CCA CCA CCT AGG TCA CCT AGG-

“ N Sequence B

In addition, ‘the entire nucleotide sequence for the coding region of the alcohol oxidase geneo was
- determined. The nuclsotide sequence determined and the predicted amino acid sequence are set forth in
50 : Sequence B’ and are believed to be:

55



. translated in vitro and each of the protein products resolved by L
- el ectrophoreS| s using SDS-denaturing conditions (See Exanmple V). The .
- resulgs’ofi these in vitro pos@pye@gﬂrgﬁl zation-translation experinents
~indicated that clones pPC 15.0, pPC 8.3, and pPC-6.7 sel ect nmRNAs WhICh
~~encode information for polypeptides of 76,000 (p76) 72,000 (p72) and -
40,000 (p40) daltons, respectively. These sane proteins are observed Wnen .
© total p_@lrpd/ic-ltem\lmmince gcibt hybri d- sel ect ed) from net hanol grown Pi chi a

N past ori ., S translated int tr nt cation of-:'_"_:
" p72 as-%leﬁnéo éO(I dase A. Mol ecull&;ér%‘t Wei'g t é éﬁa]saérgl? }l%hly -
. enrd ched for alcohol oxidase protein was prepared by di al ysis of cleared :
- cell Iy iciegaid Sequidnide (S amaplecM 1aTe Theee! YGAR! |66 prepipitate
: resgltl r(g,p{cqunz furmlcbmmcs ms}ﬁnéw%cty Sﬂ&;?gl%co%rmrme tmotnt alln -
-_'preomnan y. § wo polype S 0 altons, respectively. = -
- The pre& }eevxage b‘f& eﬁez{o %éﬂl tQ'&ﬁ d]d{lrlﬁ‘?lf:at‘?%ﬁ b@lgéhr“t')%ﬁt ogr aphy
_thr%ugh@ﬂphml CIP (G BFADIGCYI IGGTV\kGGm dEP®NSAGTt eGGA harcal cohol
. oxi dase CIX | BAG/ dZAT eﬂm‘hdeﬁh‘ro CCRe LA vNI(;’I ofAGGie PCAi fCEH 712(}@00 8.
EP 0183 al de h p pe deg
sl é3I é ﬁ&i Ted ea{ése H 1}% 2 H{é

o |dent|cal to t rodu one C 8.3
. (Sqe ExH é’gg I§'C¢ pr‘t‘é‘#pl 'Eﬁl dFCR Mtlml po?@ct Ccl ones.
- pPC8.3 _ Aenddde tHel alfholCoki dBE® S‘M‘ﬁctﬁ | @F@e AL obtained . .
by meang ey azys Wpl wyalmpprpp@h g&ﬂxar@m szuprasﬁl ngmepar ation
?%ﬁz

450l at e?q on 0 dalton -
0' ypep 3 aﬁg % ﬁ% tides'in -
lts ri s 10 R

_ transl atpng | rglnt rgdnorpyot e 2, @l dktu orpm ansd:at i angprwnctlwas

. preci pi d t nt&eEr d ai t pr In e ti from :
B o gk 8 S RBEAGE ENone AT B o
- Tofuhiher erif tha clope pPC 8.3 '1s | fac%bH ézDNAcIone
S

- en@%dl ndi8 ¢ %rl | 8% da?¥P t$RF a fieng®Tfor the
~ami no t @gd nakA@ndAm t¢mprmel NTPes CRCPTeC VAAG tAeTpredrctedcani no
aci d se@GceaBNCONET byTEPCIBC 3. AROUSCTS heAGE2-TRC M TGA a0GRO AGGd

SeQUeNOGASERIPOAY Shot Nabit®! BHEY d&rOProI21AE PR8I dsiRSyfgt or i neC

Al a- |1 6 T%Q- (FAC G ACPheT®E p-AAG- LEGA VATCT eLCCT y - CAQ- CFYCSeAAT SeBGT y- Ser .
Sequence‘WG ZB\TGl pEGA| | AGA tT@GmﬁGﬁotA% s@@&en@'ﬁcof Ge BTAendChAf the

gene enaipd 4y pPELS. 31280 PES 4 PoWaé gt £141 nggy Tbszprzeuct%g{m no

- acid se ence for am no_aci ds e ce.B rive DNA . -
. :sequenc%‘: @ mggén %@‘ h the -
S first 1 ne nce

(Sequenaelyt) ¢y 'sekat“'rp' £hea @aﬁtOPhe ~hebhahe tx dgre: thedaz:ged ém no

aC|d 'SE g1u
P et s 8

-~ and® pPG ~ 4. 0) %ﬂ 4 asp i i e-
leu. valy iser @f§ S@ry aspj ySerseasp sasp §|y g er CTA

GIT  CTAGECcPCIce e CoatClTc S caT Cleic GCC GAG
CCA AGA CGA AGA CTA AGA CTA CTG AAN G_'I'T CGG CTC

4_5-.'_.'g1g ser lys thr glu asp leu leu pro leu met 1lys

- GGC TCG AAA ACA GAG GAC TTG CTT CCA TIG ATG AAA
~ €CG AGC TIT TGT CTC CIG AAC GAA GGT AAC TAC TIT

6.
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CTA' TAG GAT CAA GAT CCA CCA CCT. AGG TCA CCT AGG5' 45 Sequence B

In addition, the entire nucl eotide sequence for the coding region of the.

al cohol “ox{ dase gene was det er migpasligaldyq gyucl eotide sequence determ ned and o

- the predl cted amino acid sequence are set forth in 50 Sequence B' and are
~ believed to be: 56 9 EP0183071B1 Predicted am no acid sequence:

Met ala -ile pro glu glu phe 5 Nucl eoti de sequence 5'-ATG GCT ATC CccC
GAA GAG TTTI¥pP@HS: 3gamd HPG ty0) o3n- Téky C@2aTAS GG@IGTT?CTCtARAA asp ile

“leu val leu gheyy Y cREY AZRN BARF @aX Skda G&ETAT&N %GTENIQT&A@GT GGT "GGA
TTC AGT GGA & GtA Téer GAGCCANEATE CéNT Adegeys  ile

' TECATECA
e Tre Gi%g%g EQE: e S-rﬁ/&;il Ry Her it %f\ e JEG%?%C;%? A e
ys val gly u 'e'u ac. . 3] CTTATCGAA
%C%AgAA %T &R
SIQ:]\ gnGs?osmt Ritey gllbu asino f-%r thrg tyr GIR!‘Q oAl GuA ErA'A @QQG:GGpg;T

- CTA CCT TCC #¢%5 TAT TEér CRACGTTAGT ReCCEAAC ccaCAGEAT 16CA éh€ Tat ATA AAT 25-
pr o ys LYngLmescC&ump AT |Tgs ATG &Gx seAAC@(CGAAGi'G\AATGAG AAG TTG

- GAC TCC AAG GC{ZaTTg‘ﬁJTE_ZGI'CSJJCMC % ;‘OT% CGA AGG phe

g cggﬁmg G;,M%gg@g%@ e

< CCA arg

arg ala |Ie ro cys,ala _asn ATC GIT

CCA TGT GCT Y&t GF® TT&P GBFYTCIIH CRSPCAEY AR 2EAAI 8T tR(':A FIE CAG AAC

\CCA gl glg SEF IHC | GAT £I¢ pHEA MEACTETTE yIGTRhr CBG g ABTT GBT TCGT TCT ATC

Aég( TTC ATG WS TORG ACTA AGACAOCTT CEAG CQEC AGATAGRAT AGGATGPRAGCCEAC TAC ATG
T

ICT gly aser qlhw hser Qg leer JA3p 68p ile ‘§hA alrgy ghslp GER-TCT GCT TCT

GAT TCT GAT T AxetG AAN GIT
CGG CTC 45 %\f ggr GY6 a%% g C%GA%GC%@AS%G@%%&GAG% Q%GGC TCG AAA

ACA GAG GAC ng T, OGA, TTGATG AMA COG, ACC ) TTT TGT GIC (TG AAC GAA GGT
AAC TAC TTT § phe

25 CGT CGT TCC GAC TCT GCT CAT GCA TIT GTC CAC TCT

GCA GCA AGG CTG AGA CGA GTA CGT AAA CAG GTG AGA

ser thr met arg asn his asp asn leu tyr leu ile

o . TCT ACT ATG AGA AAC CAC GAC AAC TTIG TAC TIG AIC
80 ~ AGA TGA TAC TCT TTIG GIG CTG TTIG AAC ATG AAC TAG

‘cys asn thr lys val asp 1lys ile ile val glu asp

‘TGT AAC ACG AAG GTC GAC AAAR ATT ATT GTC. GAA GAC
ACA TIG TGC TIC CAG CTG TIT TAA TAA CAG CIT CTIG

s gly arg ala ala ala val arg thr val pro ser lys

"GGA AGA GCT GCT GCT GTT AGA ACC GIT CCA AGC AAG
CCT TCT CGA CGA CGA CAA TCT TGG CAA GGT TCG TTC

A~ pro leu asn pro lys lys pro ser his .Zys ile tyr

o CCT TTG AAC CCA AAG AAG CCA AGT CAC AAG ATC TAC
" GCA AAC TIG GGT TTC TIC GGT TCA GIG TTC TAG ATG

arg ala arg lys gln ile phe leu ser cys gly thr

CGT GCT AGA AAG CAA ATC TIT TIG .TCT TGT GGT ACC
GCA CGA TCT TTC GIT TAG AAA AAC AGA ACA CCA TGG

ile ser ser pro leu val 1leu gln arg ser gly phe

‘ATC TCC TCT CCA TTG GIT TIG CAA AGA TCC GGT TIT
TAG AGG AGA GGT AAC CAA AAC GTIT TCT AGG CCA AAA

50

-85

LA



55 10 EP 0183 071 Bl lys- thr glu thr tyr gln arg ala ? gin- 2?2 -
tyr AAG. ACT GAG ACC TAC CAA AGA OCT TGN. CAA CNA TAC TTC ‘TGA Crc -

. TGG  ATG’ GTT TCT CGA ACN : oé%\g’né%: 5 pro asp lie his gly phe
glu.gly pro ile lys val C A CAC GGI' TTC GAA GGI' CCA
-ATC.AAG GIT GGA CTG TAA GTG CCA AAG CIT .CCA GOT - TAG TTC CAA ser

ER S EF S e
GGT- CAA - r GCF|: eBTTgIAAC gl y |Ie'
pro tyr 'T% %‘@ A%sﬁé %@ ‘éﬁg %ZCCGEAACGEEIC CAATFRACENC TAC AAAG
AACETTCC @R AR YFHC 280 19T PreCcrolw AXalCCHIATG Nl asasphasp | eu

glu .asp lear wat ¢Eu AnDr fus oghy 63T dP6C GEAT adAl GAaGAArTGAC TG - "
GITA CIG AGR GAC @OT T ARG GCTA CGACCAGTTCCET@CTAACTGCMIAG GAC TGA -

-GIG- CCAZlen aspalﬁas Oleyr hd-ﬁs e bRY de¥S SApGAtdzlG‘z\érésggllearg asp..

tG?EB’i'g\;gC-: A% s S &&G ATC£§A g%g @% E%IT e <5‘SFI3--I-j sei'.r:

~ala- his e CAT GCA o
TTT GIC T%f" n GERr Azig' CrE PRY\ ASRA AEHA PREGTVRAARICAG GTG AGA
ser ‘thr rMG afgT BAC RBAC GaEPp TaIn TTEu GATyrGAteurrd | erd@ClecTACT ATG AGA -

AACss CAC GEE & GIFG ATAC CTCTGAGATGMIGA CTRGACTF AGARCTCAGTGCAGTG  CTG
CTTGAAE  Alg - AAE dAG o8 BB duhr 1§§S argdl vadspral Yaspi l@nile val.

ATT, GAC ACA
e T S o S abatens e Yol S
 AGTR ACC Kiid % 4 - %&G% ey p%GAgEA%GanCAﬁ\%TI’@F“TGG oM

CQOT-TCG' T | pQFT €8T GCC RAQT AAG tyr .40
‘CCT TTG e%ﬁe RAG CAATE GT?% '&:AéGAAA@A ATRECTABSECATGAC ~ TTG
GGT - TTC PRE &7 9HGA 287G 9lpTCvalAGYS Gideg anya prar gthryspregln ile.
. phe, leu wmaT ays @y cthr &8 cBET AMEA MG AGAA cATCacd Tlceal TG TCT
TGT® GOT ACCAGCEAGCEYT TCOA TEKA GAE THS TABA TEAC CGAGATGA CAeGiCCA  TOG 45

ile Se_r Y Peu | Al “BF dBH a@hkD 5 gggﬁersegl ypl%rgﬁlp\cgﬂ_zcc TCT - CCA _'I

) i T CAA AAC
= % M E g ety

St It - GTT TAC CTG CTIT AGG c
S s gly tyr arg tyr phe glu asp lys pro asp I-ys
GGT TAC AGA GAA TAC TIC GAA GAC AAG CCA GAC AAG
'CCA ATG TCT CTT ATG AAG CTT CIG TTC GGT CTG TTIC
' -;'}"9'_1"'0 val met Ahis tyr ser ile ile ala gly phe phe
d ' CCA GTT ATG CAC TAC TCC ATC ATT GCT GGT TTC TTC
GGT CAA TAC GTG ATG AGG TAG TAA CGA CCA AAGC AAG
-gly asp his thr 1lys ile pro pro gly lys tyr met
""" 66T GAC CAC ACC AAG ATT CCT CCT GGA AAG TAC ATG

40 CCA CTG GIG TGG TTC TAA GGA GGA CCT TTC ATG TAC
-+ thr met phe his phe leu glu tyr pro phe ser arg

ACT ATG TTC CAC TTC TTG GAA TAC CCA TTC TCC AGA
TGA TAC AAG GTG AAG AAC CTT ATG GGT AAG AGG TCT

s gly ser ile his ile thr ser pro asp pro tyr ala

GGT TCC ATT CAC ATT ACC TCC CCA GAC CCA TAC GCA
CCA AGG TAA GIG TAAR TGG AGG GGT CTG GGT ATG CGT

50
w5
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EP 0183071 Bl gly asp pro ile Iys Ieu arg ala ala gly val

lys GGT* GAC CCA ATC AAG TTG AGA GCC "GCT. GGT GIT AAG CCA CIG- GGT

- TAG -

180

.86

val lys trp gly gly val leu asp his arg ser asn

GTC AAA TGG GGT GGT GIT TIG GAC CAC AGA TCC . AAC
CAG TIT ACC CCA CCA CAA AAC CTG GTG TCT AGG TTG

13

TIC* AAC TCT CGG CGA CC@P(Q%O?TE; 5 pro leu val asn leu
pro eg val- gly arg asn phe CCT T1G GIC AAC TTG CCA GGT GIC - GGA -
- AGA AAC TTC GGA AAC CAG TTG AAC GGI' CCA CAG CCT TCT. TTG AAG gln
asp his tyr cys phe phe ser pro tyr arg ile 10 CAA GAC CAT TAT
TGT TTC TTEI3AGHTO CEFP TREE NGR ATC GEV PG ABTA AFA 280 9NAG AAG TCA
GGA  ATG TCEBCTTAGCAysamr OTTQi IGAd yEGAglenT Sercphiic aspc asyr phe val arg -
- AAG CCT CAGGRACGCTAGTCTCAAGTTEIG GATT (A@ XAC TAIC TOGT AOYRC CGCA GIC ATG
CTC AG/lx: AAleergCTéspCEﬁt AbG 1%@ @ obay T@?B AA eghU 14d €se %I nGTITysGA-C
arg - val val,asp f&?l o
CAA CCA CTA TﬁGAgAng %AC Agc{SAG& £§ch §A tyr .
ala asn géé Eﬁ r T ' _
ACT @OT. AEF Aét’ig A’FG éﬁi; 3PN E:CAP algca GGA
- GAA TG&'CTTTES | yGAA] IéCCgIQCT aRGA QiGA AGT |G- (CAC TMTY GPEO thr pro
GGT. ATC GARGACTICEGETIGTESG ARGA ATET REX TEA AI€ GTA @A TBEG CIT CGA
. CCA CAG TT@IyTAGIuTGRI! GEAir T&r 6FF ghis pho 1w pher p@ neypet asp.
~glu ser  phesggl Bag 9ldrcCPher At Clie Tlac CRAr % %ﬁ 'rggfc TTC.
CAG ;aIAG CTT cdeTcT@A@A&GAmﬁT TacaTAerc Cldzc Cdda C gl >é ter
.arg glu u Sp ys r as TAC TAC 1T
GAM  GAC Aot el Rl faa Sk Y3u Ol oS R S8 TITC
QT CTG TT§§§7 oT"‘%alG Gﬁ‘Fs AQ;S/ r GCSerTTIG | BAA| IPé['G aF;éT g @ phe CCA
GTT ATG TECC AT GEFC F FFE TPfc B GIG ATG -
AGS” BAG TAAhZ‘CGﬂ\eTC@MAAelmGLgI yglasplvhi prot hieu | ysn ijex pen pro gly
lys  tyr  metac@OTTefAGATCAGCACTAAAGeTATGGA CEdr Gat ®e 7RG TdAC ATG 40 -
CCA CIG GIGGBCAGATATATALNGE GAXG CCAA QLT GFX AREG TTeC Adr a@g®t phe his
phe - leu gl lblatY61§?rQeuph§1aSszsar 14ClserATEr TT&r Cﬁ@n TJIQ & GAA TAC
CCA TTC  TCGoAGRd Gpc."r'r AAG AGG TCT
gy ¥er A I Q:GAhI ecal I I %A g ATT
CAC ATT % AA hice)
AGG GGT CT s %T@”CG?’"SO#@ 1 95 919’ fus val thr
.. .7 AMG ARG CCA ACT GCA GGC CAC GIT ACT
oG e TIC TTC GGT TGA  CGT 'TTC TTG CTT CCG GTG CAA TGA
T ser asn gln val glu leu his pro asp ile glu tyr
Comm TCG AAC CAG GIC GAG CTT CAT CCA GAC ATC GAG TAC
ST AGC TIG GIC CAG CTC GAA GTA GGT CTIG TAG CTC  ATG
e asp glu glu asp asp lys ala ile glu asn tyr ile
o GAT GAG GAG GAT GAC AAG GCC ATT GAG ACC TAC ATT
L CTA CTC CTIC CTA CTG TIC CGG TAA CTIC TTG ATG TAA
\/J - arg glu his thr glu thr thr trp his cys leu gly
o CGT GAG CAC ACT GAG ACC ACA TGG CAC TGT CTG GGA
' “0 GCA CTC GTG TGA CTC TGG TGT ACC GIG ACA CCA GGT
thr cys ser ile g¢gly pro arg glu_ gly ser 1lys 1ile
" ACC TGT TCC ATC GGT CCA AGA GAA GGT TCC AAG ATC
. TGG ACA AGG TAG CCA GGT TCT CTT CCA AGG TTC TAG



 EP0183071 Bl ala pro asp -phe asp arg gly phe met asn asp glu GoT.-

- CCA GAC 'TTC GAC CGA GGI' TTC- ATG AAC GAT GAA CGA GGI' CTG AAG.
CTG GCT* GCA AAG TAC TTG C%!A 0 asp nmet ala pro net -val

trp ala tyr lys ser AGA GA A%Eﬁé%?'

AAG TCT TCT CIG TAC CGA GGA TAC CAA ACC CGA ATG TTC TTC ser arg

glu thr a arg arg ser asp his phe ala 10 "TCT AGA GAA ACC
GCT  AGAYE G w¥c lwst gdar A TIds o:ra—z TQ%QJCSApTKBIuTCT

-~ TCA CTGG'I@TGTI&“\AGdXEG(md Mo o e e ped phe
-.prO;tyrm@kﬁdﬁiﬁ:a%@"fﬁ@@@ﬁP@ ‘AT

- CCA S CTCse GvT AGA C AAG GGT A G Ser ser glu- -

“ala "arg-ala’} Léﬁuprrf’et asd%p‘“l’bu ugtA YT W& Ui R GCC
TTG GAATWGG@T TGETGCABAGGNST MGG oTC ¥ 16T AXKS Adéc Gide TAC

- CTA AACAGRC ZRC ACG hiIGGTselCT@MSITTAl AKX yrecy! YAcK! yIpso TEeu A@gn I eu

o A o T B UE R TR I B e 16 B O

gly . serA%g;Ct% CngCT&oTﬂCeum GGT GGAA GBAG CTACT GAFCC CARCTGGT . TCT . .

TOOACT GBAn ABCA TAR\ Q92 QI TISA TPEA ACEG TOBA GIT .
CGA AAClleys was T a@ leds | :
- AAG ;5 CCAp g:xrg)th GGaC ggé %ﬂr A%szT%ﬁT#C{éFLTGA LCGT oo
TTC  TTG I@F ﬁcﬁ Eﬁc %% @2} T T GRG heeC pro.
casp ile’ yr ASly \ CPEe WEe GAG
TAC AGC ma@mmmmmm JE%GIEEC ﬁ@aﬁﬁrglu

glu aSpTT@\SpGpJO’S ATY aad ecﬁT V
- AAS# GCCAMT T ¢ GTPA\_CCTG ACc C

CiC TTGtATGT glu his thr thr thr tr hi cy Ieu eg

CGT GAGT¥&ac9*XcT GthKCCQJHCA-zePCIBa-Z@ACaZ'BGTPI@TGSm\ GCA CTC GIG

TGA CTCTATGGGATGT AMCCACGTGGGACACTECAGET Wa ove SE{a-dle gly pro
arg gl uAT§ y CT¢er TTcys TGG eCARC GRAT CHAC WhC ANgl AgelsAGA GAA GGT

" TCC®AAG ATC TOO ACA AGG TAG gCA &Gr TCT CIT CCA AG TTC TAG val
Tys trp gly gly val leu asp=SRuenRC& B’ cor asn GTIC AM TGG GGT
GGT- GIT TIlG GAC CAC AGA TCC AAC CAG TTT ACC CCA CCA CAA AAC

- CTG- 66 A Ig;[panébé%f thd Gl midedtide sequence with the published (Ledeboer et al.) nucleotide

30 “sequence for the previously described alcohol oxidase from Hansenula polymorpha reveals numerous '
. significait differences, including the predlcted amino acid sequence, the actual size of the gene (and the
. resulting protein), codon usage bias, and the que

*“Identification of p76 as Dihydroxyacetone Synthase
%.. .. ' '

The hucleotude sequence for the first 51 nucleotides of the p76 gene was determined by standard

: be predlcted

‘Amino -acid sequence:’ met ala arg ile pro lys

Nucleotide sequence: 5'-ATG GCT AGA ATT CCA AAA
3'-TAC CGA TCT TAA GGT TTT

- .4 -~ Pro val ser thr gln asp asp ile his gly leu

CCA GTA TCG ACA CAA GAT GAC ATT CAT GAA TTG-3'
GGT CAT AGC TGT GIT CTA CTG TAA GTA - CTT AAC-5!

. ..'5'61 L 'Thls predicted amino acid sequence for p76 can be compared with the published amino acid sequencs .
- for the dihydroxyacetone synthase (DHAS)- protein.from Hansenula polymorpha (Manowicz et al.). Although

" be discerned:

14

CCT ATG GIT TOG GCT TAE = - -

" “techniques. From this sequence, the amino acid sequence for.the amino terminal end of the p76 proteincan . e

- several differences in the sequences are apparent, there are similarities between the two proteins whichcan =



- EP 0183 071 Bl val tyr. -gly val Iys gly leu lys val eg
“asp leu-GIT TAC GGA GIC AAG .GE™ TIC ‘AAG GIT GGI GAC TTG CAA

~ ATG GCT* GAG TTC CCG AAC TTEP o184 0784 CTG AAC ser- val Cys . pro

asp asn val gly Cys asn tHr tyr TCC GIG TGC CCA GAC AAT
GIT GGI TG AAC ACC TAC AGG CAC ACG GGI. CTG TTA CAA CCA ACA
TTG TGG ATG 1RichiatDHAS:t hret-ala- | arg-ikerprot+dys-pro- glu lys

I Al s e e - S AR 2T T

glu -asp leu gLy vaiyger-thr- 91@1'3'SP'3-‘§;¢1111€‘a41hS‘151UTTG'1@I'T GGA

GAA SCAT TTA zJﬁé‘er-{FQI-a £I§s -G 1@%&&1::% - CTT CTA
AAT CCT ATG AGA CC?A CTC s %sp %et t hr va pro gI n
phe I'ys Ieu t hr TTA GAC ATGeéCT GTT sCCT CAG 0TTC s,)AAG

. 1 Z %\ ma
;I-T? . ;{Fhia qti( ula%@ (gijbeen (tﬂ\ .Sveiyéqe hfled I%,HAS fq-

A>C/IC ; - ns gﬁﬁ ?%fyg firgt S

ARG Aﬁ'“g;’ i ° '@"rmgr g gﬁw Quf*'vtpﬁb et 1 aovii & g ficpetdecs ‘éeﬂ“cde

. wi.th the 6‘3 %'f ")g nucl'eoti de” 3?7 séqueﬁce

escr cohol  oXi dase from Hansenul a pol ym)rpha reveal s -

prev10usry
NuUNer gUHNA ﬁaynfehte@eﬁtalﬁlhg‘ REPBEOE Prombiefs itdi Fidhidt he predi cted am no acid
sequence, the actual size of the gene (anmd the resulting protein), codon
usage bipastoriand the |ike. ldentification of p76 as Di hydr oxyacet one = "
'Syt hasé The nucl eoti de sequence for the first 51 nucl eotides of the p76
gene was dBed reguigcry bagicpé airtbkainebniion alendetyiletin rdstriction inlaps presefiad MCRigurds[4e5 ad No -
actd ®eQuimcE palatar egioniwhish tcentwisriad expredsiar oftrolypqpfiée préois dicated arfthihthe DNA
pr edi Ct drdgment)depicted. in\Figyre 4a. Jbe Qpprgc@magkﬂobase pair Hindlll-Xhol fragrment has bden clearlyr g
e prigmonsirged ingontainhp Rguiateny i as dgaloingre fely holom§itco £EIVA kBAPCARA s
3. -|-A full DNAx it isgngst likefyrthatcat leass ayportiogy 9f the DNA, fragmer depi ir Figuges
o asp - | pr@lude trgctural ng seqyenpp oly@p}&P e pryEhus,, @g‘reg@mry fyngtion i ved doresi
é%a Rl f ent ovetq-qalacpﬁ‘éasg -geryo

s %:f%”aﬁ:;m ik g wh%%f bl fe%fm AT Ww‘"«m ﬁageﬁ’?@

publ i sh it T @Ee
-pr Ot ei 0 Lbass i Q)Wo %le %e r rs of
: e,;oe &ﬁe k nt e sequ ces are appar ent, ere are ar| t1es et wee
: t he tWo . Priggued Bprodabs B résBitidAmdp REME QSHoxm'a:a'@elﬂ-ﬂ kilobase } paQ ﬁe%l—%hlﬁlfr%nfem a
' DHAS: - " whigh inludes the 5' regulatory regiéd @hidhl ntdisOthé WidduRtidh- of Paisepitie! 0. A Fragment is

~ net-ser cmymggu.shmqmmw thy 5 Rguldtory Yeifons Bétailod rrrrgdwbsaswmsddl Mrékiafa, @hum L
- I ‘eu- . different restriction sites located within the DNA fragment. S
) 35 Figures 10, 2a and 11 provide restriction enzyme data for the regulatory regions plus structural genes-
-7 for polypeptudes P76, p72(alcohol oxidase) and p40, respectively. Hence, Figure 10 provides detail for the e
© . 3.8 kilobase pair Hindlll-Psti fragment of Pichia pastoris genomic DNA which controls and codes for the .
. . production of polypeptide p76. Figure 2a deals with the 4.0 kilobase pair EcoRI-Pvull fragment of Pichia
\—~". . pastoris genomic DNA which conirols and codes for the production of polypeptide p72(alcohol oxidase).
. 40 Figure 11 presents the 3.7 kilobase pair BamHI-EcoRV fragment of Pichia pastoris genomic DNA which
. _contfrols and codes for the production of polypeptide p40. -
"~ The genomic clones, pPG 6.0, pPG 4.0 and pPG 4.8 have also been characterized by restriction
. mapping. Thus, clone pPG 6.0 is detailed in Figure 1a. As a point of reference the 5 end of the DNA
“fragment is desmed the origin. Clone pPG 8.0 is a Hindill fragment of Pichla pastoris chromosomal DNA
- 45 . which is about 6 kilobase pairs in length, and is cleaved as follows by various restriction enzymes: -

Restriction Enzyme | Cleavage | Distance From Origin {(bp)
Sites '
Cs0 - Hincil 5 1070, 17490, 1890,

i 3320, 5520

EcoRl 2 1300, 3450
Xhot 1 2860,

- Pstl 2 3820, 4200
o Pvull 1 © 4120
Pvul 1 4950
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gvide restriction
gnes for
ely. Hence,
fragnent of
t he production of
i 1
d codes for the . -
e 11 presents the

genomi c. DNA whlch ;Lf

o] pohﬁﬁeptlde p40.

A

cIone pPG 6. 0 |s detailed in Fi

The genom c
cterized by
gure la. As a

poi ﬁ’c of TPee 'tﬁl 'p lego dd%f?é?j’“"("h'éwo‘f"f Pn.
45
convepientfy.clo G%CE Fz i a a& of
"Whl Ch gga 6 ’é one | the % 1 sEes o?f%B 2% %c%h F
- Va“ 0“& Ls‘?f« %%Y B‘Es%mds e beoft b Qi C g?o% Res &hr, TTOmM
i public upon |ssuan atent on thi lication. Th
107 %ﬁa 1g|v§§c§|§ 'EG\H accesslon numbers: ’1%6[6) 4’]50 g(h()l
3820 4200 Pvul | N
4120 Pvul 4050 15 '
- S Geno_mu:; Class Laboratory Desugnatlon Accession No.
- 80 pPG 6.0 LE392-pPG 6.0 “NRRL B-15867
' pPG 4.0 LE392-pPG 4.0 NRRL B-15868
pPG 48 LE392-pPG 4.8 " NRRL B-15869

. 66..

Figures 7, 8 and 9 provide restriction map data for the 3' regulatory regions of the polypeptides p76,

" p72 (alcohol oxidase) and p40, respectively. The 3' regulatory regions are useful in controlling the

. polyadenylation, termination of transcription and termination of translation of messenger RNA which is
" coded for by preceding nucleotide sequences. Thus, the 3’ regulatory region from the polypeptide p76
_gens, a 2.7 kilobase pair EcoR1-Hindill fragment illustrated in Figure 7, is useful in controlling the

16



- 1710, 4

EP 0 183 071 Bl Cone pPG 4.0 is illustrated in detail in Figure 2a. The
clone is an EcoRI-Hi ndl Il fragment of chrompbsomal DNA which i's about 47
kil bbase “pairs in | ength. Referrlgg,goq ¢/ end of the clone as the .
~origin, the followi ng restriction data was obt ai ned:f or pPG 4. 0:
Restriction Enzyme Cl eavage Di stance From Origin (bp) Sites Hi ndll I

< polyadehi@i@tion G5 Gyell &d Geriimation of transcription and kermination of transBEdA okGhe mRNA which .
] BarTHI "+ . codes for polypgptide p76, or any oth@GORNAddivésaiidm a gene inserted upstibam of the 3' regulatdy2 0
- Bg/ 'l - - region. The 0.2 Rilobase pair Stul-Pyl) 48gmedT B@n Hip 2 gene detailed in Figide 8a, the 0.3 kilobds@0,

. 2730 Xb oipair Stul-Hindill fragment) from the p72 gene @&®Od it Figure 8b, the 3.2 kilobase pair Sal-EcoRl faSﬁmlént

5 from thg 32) geQgand the 1.9 kilobase pair Sall-EcoRl fragment] from |Hhered0|gene detailed in- Figire 9
870; 2 4 %{n Iar utility, both with respect to the structural 9999 wgtyvlplch they are associated irpthe wild type

§ E{: ris and any foreign Qe heterologous) girga(yhlcgm bEdMed upstream of thesg 3'

1930 Pvurf’?”'am'y mg'°"s ne PG 4. s il ust rat ed in

.‘ g?t ?): lcar_lltnang;: %ﬁh% rrl?i%l e n sn?:eﬁ?ea %ﬁvfgﬁ;&&mﬁ axlf n ’#}{;& al;%g |follows. qumnt
- restri Ctd Qﬁ‘k Jﬁﬁﬁlbe ELanILII- it ¥r. the ou ern bfy? ot Qﬁﬁ Amongmm

(bp) - St t@shidEMRi-san digeston fragments which hybridt néﬂ (1 gene probe was 2 3 2 kbp fragment
3890, 423nRASBdesThe 3' portion of thelAO gene and seque he 3' terminus of 0. -

--2900 Rvul | The 3" AO gene fragient was then cloned by Rcdvering EcoRI-Sall-cut Pichia ra ments of about
2 3.2 kbp3 6P el 36 4AG/ihderting the fragments ifto EcoRl and Sall<diREdHet 322. Finally, a
1 - recombif&id PladBid, pPG3.Ehwhighesdnteihethe BOKE Gend Magriont was wfbd(by%aénynPyEnd?za -
efe martiop usiay el labglled ASegebe tragmientias prubb.GUIEE. 6ldirain Gransfiiméd Witk ldidlJPe3 B hag Oi |
plasm d heBRPasiteCiviintbe Piobet RagiondiiReseaics Cantdr Pedtid, llinbis TyE@Btosited@Bain has been
-conve?ﬂ eastignpd eeagpaian numbes NFIRG BHI5PAY Fiurg B¢ ehow$ a pSIRBIDA ondohaieasedRizvage Gitavasp |
cl oned i%ithe Aighia BN franmpt from eRGIRs Thef fragBRR 20ntairschbout 3 i3ckbp P@odingtha@spartion o d
into théh %Wmmﬂﬂ"’@é@%?mﬂgmgs%l@w FidbeMR@oepp) . E. coil strains

transfor A Iam ds have been dep05|ted wi th the Northern

~Regi opal-—ResE a %5 Peori a II linois, o insure free access to the
publ’i ¢ upoph | ﬂae at ent g rfa% mn n. The depoas};ctt%d strains
- .have. bqu%trml \M 6 %Ig%ls &P]l kilobase palr fragm emng to 6?5' ory

Desi gnateh@ Bf the as , pj_g tion zyme Xhol cle o 500 base S
-__,-.LE392 P OI'I |n, H =\ ' %ﬂ from t gm %§ C, s 76 c 49
 B- 15868 1p&ta palrs from hfg?b%&n pﬁ@‘ <ONR clone sh ol QY D A c n&n
Cprovicde sﬁ@ﬁnt ih IFthie@ A3 B3RP 141@b 3 srwn Wi P31 td?rﬁiﬁmﬂ%@&}é arfRElaIR roa jon sites T
“ “pol y peptpradecsd y66-CPifing o the NRiailP $bisiAse doniblbthe , DNAERPRGitdtY @ N‘ng I o DNA o
.1 egul at dragmenesgito PBRE22EBassRbrLINorihem Gpikiizatoh stidles dAE tHI2¥ JFMS PoIebtRI8 product, it -
. -term natis estimatbd thetathe cDINA tibreNpRINTS.0L ie iinodrbpledd capl of p7BNBRNA, lrafbsaftmmﬁ%ger
RNA Vﬂm (bhlf pfdhe total messenger RNA sequence. -

In Figure 13, a composite restriction map for p72 (alcohol oxidase) cDNA, constructed by overlap of

: “clones pPC 8.3 and pPC 8.0, is presented. As above, the 5" end of the DNA sequencs is referred to as the .
- origin. Thus, treating alcohol oxidase . cDNA with a varlety of restriction enzymes gives the following size .

. ._ \/'/ - fragments:

.40
Restriction Enzyme | Cleavage | Distance From Origin (bp)
' Sites
_ Asull 2 20, 420
45 _ EcoRV 1 50
o ' BamHi 2 80, 90
Hincell - 1 550
Sall 1 820
) . Bghl 1 820
80 . ' Kpnl 1 850
: e : Xbal 1 1450
Rsal . 1 1760
Stul 1 2000

' "_-':55 ' Restrlctlon enzyme mapping of the 3' end of the alcohol oxidase gene in clones pPC 8.0 and pPC 83

revealed that cDNA clone pPC 83 is missing approximately 250 nucleotides of the alcohol oxidase mRNA
sequence (Figure 2). The sequences present at the 3' end of the alcohol oxidase mRNA are present in
cDNA clone pPC 8.0 which overlaps pPC ‘8.3 by approximately 500 nucleohdes o
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“ coded for by precedi ng nucl eoti de sequences. Thus, the 3' regulatory region
.:from the pol ypeptide p76 gene a 2.7 kil obase pair EcoRl-H ndl Il fragnent"
“illustratediin Figure 7, is, usegplofsgoepptlrol ling the 16 EP 0183071 Bl

- pol yadenyl ation as wel| as tefm nation of transcription and term nation-of

transl ation of the nRNA which codes for pol ypeptide p76, or any ot her nRNA

derived- fRigwn & gresestsi netrittionl map SdrrtaacDNKN oftdolypaptide’ pRLIA aRadijbasecprirciragmdite 0. 2

ki | obadiefepsiag fo tBy 5ileneofithe cONAcimme a$ the 10dgin, cloes EPL26.JisrnBad baiSaend Mindf) ghaute 8a

- the 0. 3009 hagasdiem theegriginSt ul - Hindl | | fragment fromthe p72 gene detailed in.

* Fi gur e 8hFach pighescONAdragmpyis kavp hean clingd int-oBR322 fwhish isdhan t@nsfdmmerhintotfecaliy Thegene

"“and ¢ h&anslogned straips bave Bean demnsitad_with el Northes RegianaliResgfroh (Gentprda Pepsidiingist Fisl ed i n

Figure 9"°ﬁ'éﬂ9é"§!"srﬁal’ea'?9°ﬁP’tslgf‘?d}he'BWWQ\R;FQSFP"}"EE@%EQE% to the structural genes
"with which they are associated in the wild type Pichla pastoris and any "
- foreign (i.e. heteral mgﬂmslbnegﬁrlﬂﬁoraldﬁyobbcﬂmiyn Be Abdessintned upst r eam of these

- 3" reqgulatory regi ons: T fie 19 T T PPGA. 0 term nates
Wit hlgn a few hundred Pye;gégai S b 0. W?ggen 1 ;lrscri ption term nat.ion
site, the additional PCSBébquenceMﬁ%‘faﬂﬂ ,thEH_qu Was obtained as -:_ o
atew, T st R85 b At | ABIRR o vin Eeon o
= Re—e-gest p ' -
 Bant- Hi II f r agnent fromthe AO gene b the Sout hern bI ot rret hod. Am)ng
the Pi chi shoyp osgigd o) amprews RS Upoiening ¥ E9RoAE gene
* probe @Qg o ISl o iy "'f'ﬂaa"ﬂes
probe "3 eEouree. nce ajre: dﬁ be ged to ene
R ﬁg%&}g‘@%’%ﬁ [EI\% s % ?3 X%i m jé%o'l,:srcg ructur mants
iq | h
of “FBoime g nibmavbm..mpgs Sl BPtr%WdeHnﬁb%ﬁ‘Jn naqs a, frsag it ' mE& and

- Sal | - dn@eroP essiiBhg doadi 5leh o, forexaBBI0. TRIrdIGH3)s
~cont-ai n&fé:hﬁnﬁnsﬁs@tmm(éeéémmxwﬁs identifi ed by co ony hy i d| za- t| on
-using the |abel'l ed AO gene fragnent as probe. An E. coli strain transforned

Wit h p Datsifsid dngy 3% the Itshdbosidassl@psi t ed with the Northern Regi onal Research
“Cent’®r " Peoria, TTTinois. The deposited strain has been 20 assi gned -
“accessi orfheghirgriathiRRbgidd- & e PPGH.Q) wae futer Tharamorized BS Hetérmining Nhee RS | ease
- “cl'eavagraverice of thegonsfupstieem KY')cdfi ha POINAvhEredinsbmeturéliinfenmpteERyr B72 @hehof axialgeepiat - '
- cont ai- AReodagoThe fitst B5041yplectifiesariiptig the IMRNA: trapsiation sart $itb (ATiGecod) érb believadiatb be:t 0 .

-~ H nghll-) and about 1.7 kbp of sequence 3' of the AO gene. Characteri zat i on

-of ¢DNA O otresr@orFoeasDNA ctamesTéerct he regadPACtt® gereATAGOOTRI chia;

Pt oo ot nESRPGREER ELTAARIMFREA Y | RLNGERCP T RELOGra LR, 311 e

" end of the DNPAGRGGEABT as tATADAARCAG. restM@GAMCsznecmrctreaves p76

.. cDNAs.about 50 rs fr gin ave 0 basé:*
“pairs fromth%gﬁgFﬁfgnd Ec ﬁwﬁ?eg%s p76idi‘)%t$k;‘g}‘f S%Cf?ggé'r%éoo base
_pairs from t HETGEGAFRGGThe cTRACRATREA shownCAMGETELFE 12ATEETAAFEAas the
~¢DN& clones shpprhRcERIUr eScABCPREAGA are AGATEGARMAAW tAcKRETAReTM Ni .-
~These are artificially created restriction sites produced by G C tailing of
the! nitial IyA'B'B‘Fﬁ{‘%g canpl enentary DNA to facilitate cloning of the DNA
fragnments into pBR322. Based on Npedhencdybri di zati on studies and the size
of "the pol ypeptide product, it is estinmated that the cDNA clone pPC 15.0"i's
an-i-nconpl ete copy of p76 nNRNA, representing only about 35 half of the - --
t ot g} ﬁ"@s@'@n@@rfuw ofcdine PEE. 49 is tRligyed &0 e containgd witkis ithiscsenuasice pfcmucleonderap f or
p72 (aPﬂ?%‘hol oXi dase) cDNA. constructed by overlap of clones pPC 8.3 and
‘pPC 8. 0, 1N ¥dg5 i ude%beatw of ?Nfeffasme@rﬂﬂ agglitiqngl SOpRpelegt aéﬁ upsirepraf er r ed
to as ?%"ée ﬁe’gﬁ@ etal'?ﬂl'g Sequen %"’%P‘?YBI'?B‘?" doterpiacde Thupnpe ((5t51 Audlegiides pror of -
restri R Aigtlon SR( alte arq,believadl ol ng size fragments: 40 Restriction

- Enzgme. d eavage Di stance From Origin (bp) Sites;
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_'-Asu|*|*'-. 2 - 20 420 45 '_ . ECoRV -

B 50 BarH . 80,90 Hincll O S
so - _ Kpnl ' 850 Xbal o
1 T : 1450 Rsal 1 . .1760 Stul 21

2000 s Restriction enzyme mapping of the 3' end of “t'he al cohol oxidase gene - ::

~in cl oness pPAATGECEERARPC 8. Acteneat thatf\ﬁﬂ@éﬁ &ﬁ;&aﬁ aTissing ¢
approxi mat el y ‘@PZ@G %otl deiﬁﬁé én,%?%lrcoho x| g:ks;gerrR Eﬂueﬁge (Figure ~. "
~2).. The sequeﬁ }S nt at TGAICK, of CAECCARGAS oGAA are
'_ prelsénz |dn c[l‘@G'.bTﬁ:tE:E‘l'@Pi:Sg AApDCChARger | agsccemacby TORARKAGAAE! Y 50]9
~nuel eoti des ure n map for ...
- the cDNA of. A? ﬁl&g p40, egéﬁg%ﬂeobaseéﬁgﬁ&&mmn%;ﬁng to the
5' ‘end of theG% GGhMke -as TEGTGAAQM cl ommewcan |SAM.‘66T'EAGOy Sa/l = . .
_ (and H| ncll): @@&g@ FEPE bas @e# ori agnent s
have’®been cl o into BRSngA\MCl I'S then aﬁg‘far med ?ﬁ?g%ég The 5 -
transfornmed s M‘Fﬂge bechTGEBGAMAC | i tMGﬁGGmhermTﬁhﬁi‘ Resear ch -
‘Center in PeRTGCATTGTCOI s. FhecHempested sArecrecbaxe begprepespged the -

. foll ow ng acc&i%kﬂmc&tgbers T&%&éfﬂe pP£€%ER Des%%&S 0 :

Accegsi on No
" 'NRRL. B- 15870 ACTCETCTAA CEBOPAQPIG 8. 3 GACAGGERATB- 1DATARECAG. 0

MVR294- pPC 8. Opp Géﬁ'— SRS
\8415872 15 %;M?] he ]go(\z/gcdéefmgl bed Mr%ﬁﬁi &?ﬁ'g%'ﬁFAas probes‘ i
for, the i dentTPATFAGERT and | ACTETCAPAMA! chrEPRGCGACTGONA TRCCAATIGAhe -
pr od¥ct i on of CARGOTERLG des URTPIEAACGA he gr@rfﬁg% ast el Wol as a

_ carbon and en‘ﬁc’ c ﬁﬁf@@ﬁg@' ready descr t ese clones were .

used to ident @%torl ¢s containing the. o
regul atory regions and structural codi ng |nformat| on for the 20 unique - L
"'poI yfeptl des which are observed g gﬁ P.cgﬁtorl s is grown on nethanol. In a.= -

si mTar fashion, these cDNA clon lity as probes for the
- identification and i sol ati on of anal ogous genes from ot her rret hanol

- assi.m Lah Lot & A5deduded ehndiibd if 8oquEtd BPhGnpared it 5ORSHCS f‘E@ senula -
. capsul aahlﬁmnol?h miB&Hahi&th, EaBtisnESre gt !ﬁﬂ&%g:tl HC%? %6{@8‘:&9@%@ ith A:‘e‘f\'% o
_Anal %Sics nGhodid s ALSRBE hPdedRRE sénts driSpantial HIRA SeBdridin er%I 101nk one.
PPG. 4. Grayiént bivtiwh MEExampRE RIV ARG hAQS! bd Yapdifd errdahtruu.n@gsn%x,ﬂwé £ Jetle. iSRgUNCe Oof
-t he cl-ae attrdhd @atol fangtiondf ard BRCofEdl iR tthe/\BuRioR of B8 151t KupCHNA fdgmiehtl ok H&&uis@ﬁh for. -
. p72 {dlssqiente mxi dase) is encoded. The first 250 nucleotides prior to the .
- TRNA" t r anip|ogder Gnfusther dbsceibel this(nATdb 100KbPIINATramoat] bdfitenhl hatidotide sBQuebting was _'
- ATGET F@@@diout to fully delif@afE T @ElItide sequence of tECAMNIGACT GEp DNAGDMaEGHAwn in :~ - -
" ACGT T C/&X@yples XIV and XV to b’ CoAUIg\TT EPWtrolling gene expressigiGi GHaSICTHe nucleotids sequé.'t@é:@'BACTT G

- GACAGGEmn s Sequence D ~ ATATAAACAG AAGGAAGCTG  CCCTGTCTTA
'@/AQCTTTTTT TTTATCATCA TTATTAGCTT  ACTTTCATAA
Y

- 50
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" TTGOGACTGG  TTCCAATTGA  CAAGCTTTTG  ATTTTAACGA

"CTTTTAACGA | CAACTTGAGA AGATCAAAAA  ACAACTAATT 40 -

ATTCGAAAEG ; 3' Sequence C The p ction of clone pPG 4.0 is =~
believed to be contained withi néltgﬁqégée{q%gnce of nucleotide bases. In or d.e.r
to nmore fully describe this novel DNA fragment, .an additional 301 .

- nucleotides further upstream of the sequer led i C above
“have been determined. Thus, .the first %1% des. ?Aﬁ&%ﬁ&?ﬁe
ctranslati CGAMMBGTTG t € arAATGAARCCT! to METTIGCCATCAS GEA@AZBGOPZQ Bl 5

| _AGCCEGATC?%T%AGAT MGTTT CTAUEARAKE T TTW&TATGACAAA_.

- ‘AAATCCTAAGGATACACTA GUAGCHGASS TCAAPGRARRAGRST TCCAMGGACTCATC

GTCGCCATA Geadca T G TSR ARY T\CHdecaGTTAT
oAAAAgTCTTCTCF CATT _ AATCCT JAGC 10 GCAGICICIC

'TATCGCTTCﬁGGCTTGATG EHEEREGERE cCARTREATREAAACKTECTATTAG
ATGEGAAAGCTACTAACA  AXRSKIRSXTTT  TTCQATEMSCCHIISCAT TQFPATCCTGGE

- CTCCACATT WG W TAGCCT. A

ACGTTCATGSEGF@%TFTA o c ccccﬁ@#%c"“ﬁ

- GACAGCCAARAGEIEICHCAG AATRCKITIGA ACATCACTUT.TGT CTAGATGAGGGC _
- AACGITTTT ey - CA T#&&%T aag%F@aTTCAT C

TTGCGACT GJ_'ETTEIII RAA HC %ﬁ'TTAACGA .
2 CTTTTAACGGCCWETGAGA AERCRGTPRER ACGCTGICTRAACT ABGAACCTAAT :
.'.WgCGAAAt Ofréa @@AAI A CGIGMICTCA TCCAAGATGA AcTAAGEmRENCE g) Tgfe
- i onal__nucl eotides con equ

bel5zeved mfﬁ‘-?ﬁ%# by arﬁﬂ chan&&ﬁ’emg:déﬁfol onal%&%&
functions 'nmcmm'prmt erccs@mmcwm ai MerrereTYcT Sef]ue'mecmm | t fshoui d
be r ecogni eque sents i a ing for .
the 1.1 kmﬁ%énent amlﬁwm Dgé%ﬁggé&gl e of -
—.controlli AGTERETCRMr ess%‘?ﬁ‘?’fﬂ'%t I tammat adﬂCCTGfﬂGCC@ont rol...

- fundli ons papeeneRded | n CEECRRAEARN Of ¢esciriripp DNEaeRprATIOL
. detailed in Seauence D. In order to further describe thys novel. 1.1 kbp

| 'DNA fragm&
‘del'i neat e GARTACPEEDt | de GRTAGCCEAR t heCGTICATGAT 1 kbpcAARATTRAAENt Shown

"',-,_f,'yQaEi‘a”"' Eretichilal . oobiTACRRBec, °f SERGEMERD. IS IEMFRRAERGAS ) g

_ AGGAAGCTGC CCTGTCTTAA ACCTTTTTTT TTATCATCAT
A ... . TATTAGCTTA CTTTCATAAT TGCGACTGGT TCCAATTGAC
© s - AAGCTTTTGA  TTTTAACGAC TTTTAACGAC AACTTGAGAA
- GATCAAAARA .= CAACTAATTA ~ TTCGAAACG™3'.
T . Sequence D'

' lt is recognized by those of skill in the art that additional control functions, relative to Sequences C and D,
- ‘may be encoded in that portion of sequence D' which is further upsiream (i.e., in the 5' direction) of the
nucleotide sequence detailed in sequences C and D.
45 To determine where RNA transcription for the alcohol oxidase gene is initiated, the DNA sequences -
- around the 5" end of this gene from the genomic clone pPG 4.0 and the cDNA clone pPC 8.3 were
- compared. cDNA clone pPC 8.3 contains about 100 nucleotides of an untranslated region’ 5' 16 the alcohol
.. _oxdase gene. Based upon this sequence, an oligonucleotide of 15 bases (5'-CTTCTCAAGTTGTCG-3");
. complementary with respect to nucleotides -29 to -43, where the A of the translation start site (ATG codon)
.50 .is designated as +1 and the G in the 5' direction is designated as -1, was synthesized {See Example IX)
- .. and used as a primer to extend along the alcohol oxidase mRNA to reach the §' end. The sequence of
... cDNA obtained from this primer-extension experiment revealed three different transcnptlonal initiation points
: 'for Pichia pastoiis alcohol oxidase mRNA. The major franscript begins 114 nucleotides from the tran-- _
: .slatlonal initiation codon. Two minor alternative transcripts begin 117 and 111 nucleotides upsiream (5')
- 65 .from the alcohiol oxidase AUG codon. N
- - “The' 55 nucleotides preceding the start of alcohol oxidase mRNA contain a putatwe Goldberg-Hogness S
- -box (TATAA box). The sequence TATAAA occurs at position -40 from the 5' end of the predominant N
o transcnpt for alcohol oxidase mRNA and therefore 165 nucleotides upstream from the iriitiation codon for -

.20
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| EP0183071 Bl 5 -AGATCTAA CATCCAAAGA CGAAAGGTTG
" AATGAAACCT ~ TTTTGOCATC e " CGACATCCAC AGGTCCATTC

 TCACACATAA . q:%,qﬁeg ’ CAACAGGAGG
" "GGATACACTA GCAGCAGACg'E 1_ TTGCAAACGC

- AGGACTCATC CTCTTCTCTA ACACCATTTT GCATGAAAAC
~-AGCCAGTTHE plGBaCTTGATG GAGCTCGCTC ~  ATTCCAATTC

- CTTCTATTAGTHD 3 GeguldiohyAldgian of the. aicohol oxid&36/ATBAGas further . eﬁﬁmﬁrdetermmmg the |
CTATCCT &a@emmr about 120 nucleotideS@EHEEFABT df the po‘ﬁEWﬁéFé’ e structural information for
CGAAT GCAXRE (aicaBEFXBS04s encoded. The sequenfd AGCBEM&Iow as Sequence D™: ACATCACTCC B

" AGATGAGGGC 15 TTTCTGAGTG - TGGGGTCAAA : TAGTTTCATG
TTCCCAAATG GOCCAAACT GACAGTTTAA ACGCTGTCTT - :
- GGAACCTAAT ATEGAGHMYAG GTCAGAATE GATCTAA TTGCRIGAAGAT ZGAGATGCAG
ACTAAGTTTG GIT
AAAAAGAAAC F@%&%&% M AA CLATAATT

CTTGGTATTGA BRI T‘I‘TTGTCFGIKZAAAAAWMAAMA POSRPTRAOR PR3 '

- TGCTTAGCGC, AGTCTCTCTA S e RG] GHGA ACCCGGTGGC -
ACCTGTGCCG 25 AAACGCAAAT: ' CCCGCTTTTT -
'GGATGATTAT GCATTGTCCT CCACATTGTA TGCTTCCAAG o

. ATTCTGGTGG GAATACTGCT GATAGCCTAA CGTTCATGAT
CAAAATTTM.I&OAnaIys.s Gihkal 78 GRS ' CCCTACTTGG - o
ACAGCCAATA TATAAACAGA AGGAAGCTGC ' CCTGICTTAA

WCCTTTTTTTThe 5 regulatory regioh/ A Ghel G4k AT BAGRaETdso further characterizddTi Byl GAdriviNing the

T CT Gidleotide sequence of thHBGhe TupGAEM35") of thé\/AoaiTWheTdIhe structural information for p76 is -
AmC@ﬁ(:bded The first 622 nuclepldpA pRGACHhe mRNA translation staR ABT(REACHIRN) G IRAgvdARbe: - -

CAACTAATTA TTCGAAACG-3'. 40 It is recognized by those of skill-

~in.the art that additional control functi ons, relative to Sequences C and

D, may be encoded in that portion of sequence D which is furtshé‘l'ITupst ream

(e i# in tc:@ﬁcgcaﬁmﬁctl onpcpATAliEcouc! eottAecarTwence dakaiastdor e
..sequeffces an er nj ne anscri e
“al 20h0| OX|%§'§C@'£E@T| S i n???%ég'rrrf‘he Dhﬁ&‘gg%éé aro#&gﬁ"%@%‘k end of

this gene fmm:AheGgsnom CT'BTORGC'D'PG 4.0 entACteCADNA cl GAACANBBATC3 were

_.conpar ed: &QERgpPC 8:{%’::68 f6as abog&Aéﬂch&E' eot | fcc-%&.c

-:---untrag,slated F&di 0 oxi dase gene. Based upon t
-sequence, ahGATAJTAGA eotlwaQM'Bases TECCREABATAAGT T &EEAACACTTT

© conplenent aéi‘cm;tbmespectmmwehw deSchQGI:ﬂcré3 \Aherc_qztme%c)f the™
‘translation start emgnated as + and the Gin

~the 5 di re‘E?FBﬁ'CFZ&Sem gnSF@'HTQE%G‘I w:st:GE%F &SP ted (Sé’@%ﬁﬁpg | X) and
.used @ a pPraAgehAakcacxt endGAhAaogThRE al cobohTAgCHase NRNGAGAAATOIA the 5 .. ..

-J_'_?QSeJQS CRGGEGRRRb e | PARRPRREConal EACREAREDA poi niBCPASeh o

astoris alTemocGatidase nRRBTCTACARaj or TCAGTCATPG begi AT GEBCARRT eot| des- o

mine I SETaTCAANa! | RERGAEERRACOIONACRIRCHITAN al ! ipince

: GC
ot ranst’,"rl pts nucl eoti des UESt ream (5') 55 from t he al cohol

- oxi dase AUCCBBATAATMIe 55 ABAGBEARGAs pr eTEEFREALHE st ar (TASRGITHoI
.oxi dase mRN\AreeetaarTa PUt airgeaGelcdber g- bagreascax ( TATErdwrdaaThe

rancer ot RORARRRGHE, o BERTTRARGTIY | REABRECEAD SRR T e

“from'the i nAcRalmTaTR0odon AQCCRACTAA ACACTAAAGT TCACTCTTAT
_CAAAC_TATCA AACATCAAAA~3! _
' Sequence D'''

. 50

~The promoter function of clone pPG 6.0 is believed to be contained within this sequence of nucieotide :
../ bases; although those. of skill in the art recognize that additional regulatory properties may be imparted by S
.. 'sequences further upstream than the sequences presented as Sequence D, '
.85 The 3' regulatory region of clone pPG 6.0 was further characterized by determmmg the nucleotide
- - sequence for about 180. nucleotides downstream {(38") of the. point where the p76 structural information is '
encoded. The sequence is set forth below as Sequence D"
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-'EP 0 183 071 Bl this protein. ‘The 3 regul atory region of the al cohol E .

- oxi dase gene was further characteri.zed by. det erm ni ng the nucl eotide
~'sequence’for about 120 nucl eotlﬁeP ?]w{"l,s yeam of ‘the point where the
“structural -information for p72 co oxi dase) is encoded. The sequence
Is set forth bel ow as Sequence D': 5 5 - TCAAGAGGAT

GTCAGAATGC _ CATTTGCCTG AGAGATGCAG GCTTCATTTT - -
TGATACTTBT -GTCAGCAGTG  TTATNRESECA AAGCCATEXW ATATASHGEHESEHRI TTT.

.TTTTGTCAAA AA@.%%Q%Q ence D' -
15 Detail ed r?aT;FsTl“'s{\Tof the™ ne The §CT%5GLHW%G%ﬁ e cl one
pPPG 6.0 was TARETGGECTher CcIRACGRACGHTTAd by GREBXGETGTg t heTGLATETTATe N

sequence of tirg@sTel006 upst neaRctdg of t heoPsiddcember e t @éﬁﬁ@ral
~information for 76 is 20 encoded. The first 622 nucleot| es prior to the

MRNA trans| & GGAGG it FACKPEATA®M' are believed to be: 5 -TT ,
CACCCATACA = ACTATAAACC ' Sequence D'!'!'! - TTAGCAATTG woe
- AAATAACCCC AATTCATTGT TCCG&Gi TTA ' ~ ATATACTTCGC

CCCTATAAGA AACCAAGGGA  TTTCAGCTTC | CTTACCCCAT.

'GAACAGAATC TTCCATTTAC CCCCCACTGG _AGAGATCCG_IC:‘_ o

CCAAA OATAAFORAY YoasPAAAAACAAT TOGGACAAAT .
. AGAAEA ' > TAAAGTCATT | CCATGCACTC -

CCTTTACC T Ghssd-TsscAka plasmlds of the preseniCihVehfiohlhale utility in yeast strainE Wi AGDd
CGT TAGHnéGin®E: ReguiditioGhJéNaipression in yeast by the novébDNAGEJMENe of the present invention
\CGAT ACEH B8 accomplished by subjectind B van<Edred\eighrishisAd\darbon soufiéal stahviitibriCarbon source
TAGATAF@@Tion after growth on a VEAKET GABGCCataHENECepAdsiby and non-catabolite reproSsiigCABOA
_Tck@q'()wm@ induces expression of AR AEAICt 4Rintained GHSTIBA EEhikol of the regulatory regions of
AGAGACHSE;inrention. Another means to ActivEBpTssion of the desired gene pGRET NAPHCKTiaG pATEE AT AT
AAAGAd@ﬂﬁﬂ'med yeast is to grow trpusforneti\(gRgts on methanol. Yet anothef ARaasTTe TETceCHPrEEIONAT T
ired gene product is mmed yea‘st on media comayNGTETAATLONT ARpiasaiog T -
Sources. j ACCAGTTACA 45

f 63
~ of nuctRQpld b?&l ew céd@%o Glown ko &?\%’ jon
T addid | @b sta,egm, at or y proper | es ma sequences
-upstr eathQ&mB@@eMHﬁ@ﬁﬁ& 4 ﬁﬁﬁl’?éde‘lﬁl th@?xoggsgléﬁﬂg Eregnlt invé@on include
. regul adfereygeneegi on of cl one pPG 6. urther characterize ub eterm ni. ng
- the nucdnet de sequence for about 180 nucl eoti des downstream (3 ) of the
poi nt Kibeokerat he p76 structural information is encoded. The sequence is set
f or sh $ascharonmsesequence D" o 21 EP 0 183 071 B1 ' :
o . Schizosaccharomyces,
" Rhodotorula,
o . Hansenula,
N\ CTorulopsis, -
- 40 Plchla, and
= Kiluyveromyces. :
Yeasts from these genera are preferred because their safety of handling, growth conditions and the like
" have been established and are well known to those of skill in the art.
_ . Especially preferred yeast strains for use.in one embodiment of the process of the present invention are
. -46 those yeast strains which are capable of growth on methanol as carbon and energy source. Yeasts knownto
.. be capable of growth on methanol include members of the genera:
~Candida,
~“Kioeckera,
- -~ Saccharomyces,
50 _Rhodotorula,
Hansenula,
Torulopsis, and
Pichia,
Since the regulatory regions of the present invention are also induced by growth on: non-catabolite .
~ .55 repressing carbon sources as well as conditions of carbon source starvation, yeast strains which are . =~ -
" “capable of growth on such rion-methanolic substrates as:
e '..,..glucose, .
- acetate,

e regulatory regions of are useful for expresslmlmstrams, since the . |
TCACT ?J %&g o S ressin Ebgn rC %Fﬁ" ' Ong m%%@‘s re!gn,slé Ce
functi &g B&f‘pe h ﬂf qﬁh Ees% §wt§ boéte repross! qu_e_n
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5'.. GTCAGCAGTG TTTCCTGCCA  AAGCCATCAA

- TCTATGTCCG
GAGGACGTAC ATGCTCTCAT TTTTGGITT B
ACOGGGFTCG 5 TAAACTGGCT  Ep g 183 gz¢ g CCTCCTTTT TCTTTT- , coTTTCCTEt
TGCATTTTAT TTGGTCAAAC Yt iete CCT
' AAACCTTATG TCAATGGACC TACCACATAG 3' " 10
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 reprd8sAC CATR 19h aele Sistdowte it asaicomditk ADOS 20634 (RNPAMLAEN Hs? Cgalt, urat - |

.St ar. V at 8 i .ﬁggt%g}or(a, %8, e, &is5.d dysd, ade2, gal2 mutant), ATCC 34182 an ade3, his, | lys, ura - .
ant) 34352 (an ura2 mutant), ATCC 34353 (an ura2 mutant), ATCC 38523 (an argl, thri mutant), -
o ATCC 38626 (a lsu2, his4 mutant), ATCC 38660 (a hisd, ieu2, thr4 mutant), ATCC 42243 (aj (an ura3 mutant), -
A \_/‘/ © ATCC 42336 (an adef, his4, thr4 mutant), ATCC 42403 (an a arg4 lys7 mutant), ATCC 42404 (an ade1, hisd, - .
. ... 40 leu2 mutant), ATCC 42564 (an urat, his6 mutant), ATCC 42596 (a his4, lou2, lys1 mutant), ATCC 42957 (a.
.- his4, leu2; thr4, trpS mutant), ATCC 42950 (an ade mutant), ATCC 42951 (an ade, leu mutant), ATCC 44069
(an urat mutant), ATCC 44070 (a leu2, his4 mutant), ATCC 44222 (a his4 mutanf), ATCC 44376 (a his4,
B ade2 mutant), ATCC 44377 (a h|s4 Ieu1 mutant) and the like are readily accessible to those of skill in the
©art
4 ' ltis recognized by those of skill in the art that useful host strains are not limited to auxotrophic mutants.
. Thus, transformation of prototrophic strains with positive selection markers, such as, for example, antibiotic
" resistance genes, also provides a useful means for the detection and isolation of transformed strains.
Escherichia coli is also a suitable host for the plasmids of the invention. Those of skill in the art

. recognize that many strains of E. coli are suitable hosts. Several strains employed in the present work are
o 50 - .Summarized below:

L _ Strain designation Accession Number
. "~ Mc1061 None known

.86 : LE392 ~ | ATCC #33572

S MM294 ATCC #33625
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* prodéc e Yo vog'teamss@wwoﬁ.t%% c'°wrr9egfe9°e%'ﬁé¥!“r W@Wﬁtaﬁd FRIBBur ther

?’1'} z are
egaggiﬁéé; urg) Wf\t hod
des%' oldcilids ”&8 fain

st ¢
ne'cﬁm |t ;oeceD ex :I‘\ lgd bI
S lmcl |ch ;% fl
contai' Bag RS Rdloclies. Didos A mamss% Gt ﬁd stﬁa n IanQI LJ&% fouﬁs%&weS' ae:

HI S4 g6gafon il Gerdiafe terinPdorfeSibh@ihd ol teb $ped dnfé UQ&E nﬂnbn‘( Siteht W
cont ai BadaGF A poparéh mmuséegm&@d pYJ8 and | S shown in Fi gure . Plasm d pYJ
_cont.ai ns TRRRIP&IB EYURDBLHgIon-s-galactosidase gene constructs prepared in the course of this work
60 are described in terms of restriction mapping data presented in Figures 15 and 16. The restriction map
. presented in Figure 15a describes a construct comprising a 0.85 kilobase pair Hindlll-BamHi portion derived
- from the 5' regulatory region of pPG 6.0 and the /acZ gene from E. coli (the 3.6 kilobase pair BamHI-Nrul
- .. fragment shown). This same construct is present in each of the plasmids pTAFH.85, pT78H1 and pT76H2, . = |
# t0 be described in greater detail below. (See Example XIV). The restriction map presented in Figure 15b . .
55 descnbes a construct comprising a 1.3 kilobase pair Hindlll-EcoRl portion derived from the 5' regulatory
- region of pPG 6.0 and the /acZ gene from E, coli. This same construct is present in each of the plasmids =
pT76U1, pT76H3 and pT76H4, to be described in greater detail below (see Example XIV). L
Figure 18 is a restriction map of a construct comprising a 1.1 kilobase pair EcoRl-BamH! fragment
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o A ec@g e gfz%bmarfgé et "%
[

25

cl oned-"*




”|nclud|ng chloranphenlcol and anp|C|II|n resi stance genes as wel | as the'i~
Pi'chira” HI S4. gene. The ARA gene was isol at ed fromP. pastorls NRRL Y-1- 1430
“enpl oyi‘ng-an anal ogous pr ot ocol EPUl1d9e1A80- S. cerevisiae strain S207Z2A° (a
arg4 1 eu2 trpl gal 2 mutant obtained fromthe Yeast Genetic Stock 35 o
_Oenter,derl%,er ew‘!'hsose lagf skill in the art recognize that other .
mar ker g 0995'9% %S’ segylatory Tpgian df pP@ @.0iasd thatezd geraItoRVE, ReH. FRE ESRFAL € y -
“defi ci gfy %m f%fa@ | e°'a§ttdaupﬁé0Ht SEAAHT ord pFACRIC, b Do RIBSHHBSD iR ofsleP RAFPUS
: Repl-i- catl 0 Anot her tu;&fu{ﬂ conponent of- the vectors of the _
~:presgnt antigalyl im (ayreo o Urs addifioh |to:abntaﬁrm¢thaumraﬁ@
- (PARS), '°d kB da%g mc dm '°9f" iFeotOnie plawnid isshpyerie yontain: e
. GS115(NR ,cj,}g g ﬁ’l"ﬁn%?ﬂ?:e of plasnmid as a stable
. extrachr piresdargi s,agzﬁrgﬁ, DN,I earch for Pichia ARSs, DNA from Pichia
past or i s (dihé intdarubtDiRBRASGeh 35‘2 artially- d' gested 45 with Tagl and 5
“'to 10 Hb@pfasmigmf&ewﬁgq,el 5@ que Clal site of
© pYJBACSalsctitBerarkeirgaié fredhi for naf%‘fém m %ere "P'r ?ﬁSaﬂHtMeaﬁdwa@o Hi.s+
Pi chia- cd?l@mldazSAQHdusum.ewhtédCbchdn%ﬁ@aﬁanrﬁ é, about 10 000..
I)i

- anpi ci. Bbave excopt the SnterevidimndeSrclaINA anag é'al e I At O
‘GS115. hqsoh delpteq while-b Plehigemsioris Qtlut&iahr&?slyf foRihtnD s 4Sﬁ"?}?"’ %fyf‘rmt ion -
Cwerd®s -~ streaked onto sel ective nmedi um an grovvn I'n

cul tures, Pl"’ﬁ”@‘é’ﬁé@'tﬂ“x)%l"melmumerﬂ'ﬂbay inyrgued 19D phRSidR¥idREt ed from 50 each™
\Q/theseazfﬁg W@sﬁ-aﬂwtq:nmsmfm into E. col. Two I|t)| asm ds pYA63 -
1 (PARSl) g genss wordentingDbtfecyiie @Bisthrics GhioRinPHeHE rebibiSho
Lanpigei | I(E)nsam il ,Leﬁ "°E(’e§0F4’" @l 8Mpe spestively); sl ect ed f or "?urt her ana ySI 5.
" Bo th of | ;, Bﬂme'am'énﬂa?q@azsawmwmw 15 (NRRL Y-1 5851)

“at” a Vg ye Q af'% " fg %210 GalogovRctel therrbove dheeet desdribbcbpiasngtis, G AS a
H

Mmeasurge fuggng, ?qunem Played Wesathat desasiberd id Figas 15a tins@EaES,

el enent s plagidy s eﬁs 4 ErgsanOI%q g%ﬁp cel Igwméﬁ%gs had beeln t ransf ornmed
LWt b5 eragiifatop). Aggh- E@Jtd%. {9 PEAGH Kepnegiiyply.abicypt stherpl ed.
..The stfasion cbic?sd’dﬂn gbas ﬁs‘;ggeseqﬁgﬁ?is ﬁyefih'?sé'?f flesciibed injEiguse APnéngtend ofStiut her n
_hybridi zaasnﬂdtp'mFHwaisemIsﬁdtéBtseﬁLrﬁéﬁéWm oh Qnd @G 0act i vel y | abel ed pBR325.
"Bl as i dée) pvAGRIamryCtegorBEhIabRE as @gﬁﬁ,m @ for at least 10 -
- .gener at’ KQ)n@R?rZﬁseduen@eeluemng/mem (but had nt egrated by 50 EP O 183
" 071%B1 ¢ ﬁ@h’awﬁﬂm)msmeof t he put at ive Pi ch| a aut ononous replication.
© sequenc (%ﬂﬂgi#amclemﬂeddl nto several other Pichia vectors to exam ne
it s-api-f intesrupied HRAS gene fiem Sreensdstaerti ng DNA as an aut ononous el enent
- .Plasm.dg! W b i ifpatratd pehamaticgBIRY Figufd2i0ie @ordhseser € Still present as
autgnof ' W egionrAraajactpsidagegrne fusion siewofn Figuregfs@t h on sel ecti ve rred| a
.(H's-). WF'“‘F"FQ‘FHJWRR-QQ@WB per cell. Southern blot analysis. of

1S

 cells thapsEore S gepa and sutpRamousiy replistina seduence gRARss). per cel |. To ..
“det er'M @find fogtikidr sﬂ%s"ﬁt E%'é"‘FFQj‘(?r%’ an@yoranrieesp T76H4 (See Fi gure 22b)
w}m/ch ‘C@NbBRISs 5 SlfTrE‘PB??BW'aﬁd"QBBPﬁi respectively, displ ay.l

siml al’ana'faﬁtbib.h.h téé,sga,%et ﬁidm? gg'?ﬁsc?g Whiethicydine tesisipnopeehioralmheniotiresistedck s - 2
-..contai rxbmcérbﬁ‘s‘:ﬁeng%g{es wer e grovvn under sel ectlve conditions for about 50 " -
- gener at iPassid b976M8 GaillusE RS LLhdniBei P Ue%;? Hs-) in the presence of - = 7
gl ucosda)tﬂangmaﬁdr}&gwb@a&m,aa f m g@f’ ? ive conditions (His' '), and .

t he. | odb) pBRIZA sBl@hdes TRYudING She HRIBR b %e SCABi'PY 'ty of these plasmids was

cors pde)dbbastaris HIS4egesd; abi | ity of pY'JSO [ ncI uding the rapid | oss of Hi s '
- pr ot r otf)chAgrevigiemustiicktDNApandon - sel ective media. Thus, it is believed that -

exper i ri@ifiednteraipied ARAB genevifotnts. péra@istagds cont ai ni ng t he aut ononous replication -

‘sequeng BRSTBARSPH4 jsilysyoted schematicaty ioFggreass suebAsbHN f T OM aut onomous plasmi d
_ 1 g;la Bt 1Pgiongrpaiaciosidisd gene i@inahd@ani Biae gp; Const ructs In order to '
"_'_"_dem)nst( ﬁ ?"&Tﬁefl'wd'ﬂﬁmﬁhﬁp’fﬂﬁgal atory regions of the present invention

to cong C?gﬁgstwso'ﬂﬁtﬂq"&rﬁ%%g otein products, novel DNA constructs Vviere
““prepar il FESPHreulenarpaus rep. NGRABARST).

Expressuon of ﬁ-Galactos:dase in Yeast

e
" Pichia pastoris GS115 (NRRL Y-

_ contammg constructs described above.
L deposnted with the Northern Regional Res

15851) was transformed. with the novel B-galactosidase gene- e
Several of the resuilting transformed yeast strains have been S
earch Center of the Umted States Department of Agnculture and .
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~.'20.pl aced in several plasnids under the control of the regulatory regi ons
of ‘the genes encoding pol ypepti de p72 (aI cohol oxjdase) or p76. The “~:
preparation of plasm ds pSAC]—Il,E,p§éX Q$A0410 "PTAFH. 85, pT76H1, pT76H2 -
. pT76H3-and  pT76H4 is described Tn e XI'V. Al though the introducti.on-of -
- the regulatory region -[err]-gal act osi dase gene fusions of the invention - L
into; hesﬁgngtembsxtcaeéelssourmmdasasbm& herein enpl oyi ng plasmds as the vehi cle™
- for introduction, those of skill in the 25 art recognize that it is riot . -
. necessary f-or.the A =Yo LLIK: \ ) A T | rMuct to be
introduced.into t 15%&4 l%%"{ R&egsﬁ?"%%r%ng%%med ,if,%?}l e capable of - - - o
~ bei ng mai ntai ned | 1¥Sj¥agtPSAQH1 bg enpl oye(NRF‘FP(e'lﬁéﬁonre the fregulatory -
" region-structural %ﬁ;@ qoAPEOHBictls of the NARAM#BB®n can be |mani pul at ed VI a
1

{

“~yectors ot her thap 93 ¥siRREOHN tler nat i vel I:"-t"l"?éf""f‘*egul at-or
‘region-structural

_ coﬂsg Bt can be i 1) 7158%d i nto tHe chronosone of
'the 1hest yeast ce le 4e of ski I:] g 2 art al sd recogni ze that
“the 'Sscope of the h S Bn n?/entlnn i s not"EAPee t o the gr oducti on of -
[err]-gal act osi dase under the regulation of the regulatory regions . .
~di scl osedhpapvel froalatesidasgrgeratapntaifing) ednstivels wetbeatsowbiddh trangform &. qyliohlu@bmed nder
- .the refenteinl yping have [glso beqh denpsipd, Wit dladhesy RedinealRegaarchiGenter ig Reprigi tiseis.onl y
by tipe MERGFIENeS SFpinghaverheen asslared theglioying esessian reBeski st for the preparati on
- of DNA. sequences which code for desired polypeptides. For exanple, -
ol i'gonucl eot i des |ofesvar i oBEsnieng h&ce&ﬁéh Mbsyditrhaﬁd;rihedis% by known
\,procedures Sever nd?d&u 'Ad#f” " x in consequence
Qf ;the specific q E1dast! rﬁ I_fgroertles L 'mJ nto | onger,
_do.u.b!be-str'anded MoLESdd) &S psabifio CPTPONENt dLQEP{ eotides of this .
- doubl.e-stranded rnouesdah & sEaEH! oi ned (|ygtedbhedy the enpyme DNA |i: ‘gase.
- Al'ternatively, gﬁ%Hhav ng the C}Qﬁl_rgapgaggjdl ng seqfience can be - -
.synthesi zed by ugemofosi NepEBRYE| I ever se NARLEEBBEPL ase, us|ng messenger. RNA o
“related to the ddsmcedi gopwgoept i de as a trpmusisezd or the agtion of 40
revéf-se transcri t meest epmm)thr possi NARALtB/18080 t he cl onfng of genomic
DNA fragments and BQw8t \ji piyelhet her di r edVRRLBS1BEGIST on of the desired
- product occurs. Th¥CIOEA |setf@éhcel whi ch cdiRREB{18002t he desirfd pol ypepti de
. can .be nodified for preparation of the regulatory regron-structural gene

. consh T UCtpidhYe BasYois | 1 YS(RRRLDY-ISBHUkAStormsd rw.t%a&m&qhe mee.@ﬂ%sms bheailA
.. Prepar asbvéphistestainiRalcoRe) \bRidds8 and 76! redifioRCrodibr-cZ die RIBIBHTBE tHeWohtoll A8 10 . ..
. short; gowh hestatonay grBe hlinirkbal mdmuaupaemumee ith mtuabns bl&s® us baBonl Berce. T
_;sequenoeoer@mgwhaedtaﬁbylars pRab.fthey Weds SHiifiedl td’ MMineN chodILIS ls@pRABALEE itrCHdtn il 1. 1 ker
. ol ecumethanoDesgeedon souradf Aftdn eslis had)bte\amfoesbom 3-b genomp@siaf 80C O ey woretshidti to . .-
. endesiutéshagemalohddiw supplehentddi withtbioim and grbwrgemnglucasesort rastiraneljas cmbcre&pmd\tng to
"t he  spdigting tim points; £yltureisemples wkoe wilidews end @elyzpdiferitipnpreset® of8-galhctosiglasbsand ™ - t fie -
- -prepar-@lephpieaidase iy metheds detaiieskin Examples Vi and9l at ory regi on-[ err] - gal act osi dase -
. geme condt Y"\‘fc@é"%?"é‘p‘éﬁ"ﬁ@mﬁ anhgluceen, ps; garban $ayice AIRsiHGedsty defactsbld develsi el i n' :
\er s 6?'3"?0@'9%5? |°E:i" eRlt grown ersaethasgl aFﬁ°'FF"g‘?ﬂ“ég“@5°"a'ﬂ¥fe‘169""TFH§ S
rest?i P k 'H?sé "ﬁ’ gﬁ'@s N d’aﬁégﬁfq“%g‘ataﬂ'%g g QW"E?J% |ng a7

oSk q‘f %§ o Uggm ﬁz eaagfgtg ;,e?"'igms %ﬁ%}wz«eﬁ

"'-Ban'Hl-HI’LKQ E{ spohisi n nol the
plaggi repsT,@Fﬁam%ﬁ,so@;re; oy 9 ?&?ﬂf@#ﬁ ki e giﬁg‘%dgfﬁﬁaé’ﬁan" %;f.‘%zﬁél I

- bel ow. aifcrBIEoxia¥R Mehfatary Wgion, IFYA0TE ahd b BlasdIB cBREiY B8 Eﬂi g ulé %H §|'7
descri Qasusad Q@ﬁ&fsfol:iﬁfa roRRiharivl DfiiziAg strath &l Vel asHRc SRR pert I on
“deri Veiﬂan%fbﬂi&ﬂshﬁnéemﬂltﬁedlﬂh%ﬁ to 1266+t dedigraite o@S@YZiOﬂp‘M(DQS hﬁcﬁeﬁl @§Rsifeom E. -
col i .- . Wit the HaNCREYidnsl Rbsoarch (N6 RIMfeoiid) MBI The ftrahdiemed i 188 bissh /signed pT76H3
and s Taskésion humiise NEBIS ¥+415850.0Sacohagmmyabsceereldsiar NRALA- 15858 ahe SEEX02pTBUKWM . - :
-+ Fi-gur egro@n ipsomgivooss, fruatdse.cathanalgiyséroleand galsdiesa édr abuiriivei genanalions tﬁen]sukjazttcdmse
v pai r  EcwiionBafrisirbdnr spyiee starvation. TheRfRus) agsgy fad AigaBdtosiisse (Seel Ekanupta ¥V)miier fivon . of
~..the 5'gmeglignaingicsted gl gyrorst angruslagios grewn eelle plogusgd InegacamoprspiB-gatasiopidasThi s
* ‘Const ¢ Wl gjugosg apd fusetosy growmesls pPduchrbesseriialYing #-galgcieniiase. WhenClBlackoridagsSREH1O,
“to.l5® aﬁwﬁﬁ l?@ﬁg ?rtw P AEQE rCagheR spyree, glpnygtion, (thp @roguciier, P megerste amanilies; of HSACHI

PSPl qrasq grganjsps gro o PR ljepse and iyetoseras wAll pssubsiantial opantil st he.
r egul aP 0? g:actosndase produced by glycerol and galactose grown cells was observed. Thus, the regulatory

reglo of the invention are capable of controlllng the production of protein products in genetically very o
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B region-[err] -galactosrdase gene fusion detailed in- Frgure 16 the = 0

" pliasmd is shown to contain: (a) pBR322 sequences, including the [err]

.gene; (b) P/chia pastor/s H S4 gepeasbfygp- cerev/siae [err] circle DNA; o
and (d) the interrupted URA3 gene fromS. cerev/siae. The plasmid therefore .
“has thé capability to transformand replicate in E. coli hosts and yeast“ﬂf e
“host s. digeseypasibosts and mleqotlindtee toptitzation tin rhethannmizmulsminson of the DNA in either i
"E. coli or yeast hosts. Plasmd pSAO is illustrated schematically in .

. Fi gur e EXBMPLESe plasnid is similar to pSAOHL descri bed above, except the'S.

. cerev/slae {err] circle DNA and sone of the Pich/a pastor/s H S4 gene .
“f1anki ng ThrUREang edlitionsamploxed ipHe feliowingryxamples heus the eemapositians aiverdieisiy
~replicating sequence (PARSL from pYA63) has 15 been added. Plasmd pSACHL10
i's illugyrebed sﬁh?m‘z\t' cal | Y241 i Obf£s 'Basd hfnpéaé"egf; Sg%agﬂ (a) -
“regul atoTy .regi on-[err]-gal ééosrdase ene T usion sequences,

- inclpding genes conferring pdinst FBSrg?ﬁhﬁﬁd %hl%?ahﬁhenrcol

. resistance and anpicillin reddsﬁgn(x&n(éaiﬁ}aw [@9%) r agReshisVehyl ; a.nd 20

(c)-S cerev/s/ae H S4 gene ronr asm YA2 as descrrbed belomb
"Plasni-ds pTAFH. 85, pT76H1 a%ggﬁgf%gg g 3I5§%ﬂ P EPHR above three

‘descri bed plasnm ds, except tqupeegumaeobpﬁuﬂycﬁhﬁa&rkﬁgaﬁdﬁﬁstmdmﬁs gene"
- fusipn ‘enpl oyed was that de n nske of the fusion™
~described in Figure 16). Plgg%?ggdgg7%kgﬂﬂsg Jég%éﬁ g?efgnalogous to pSACHl
and pSAOH5, respectively, except the 26 regulatory o
kﬁgron [err]-gal act osi dase gene fusion enpl oyed was t hat descrrbed in. 5
-Flggre 15b (instead of the fusion described in Figure 16). Plasnid pTAFH 85
is lustrated schematically in Figure 20 and conprises: (a) the regulatory -~
~regi-on-[err]-gal act osi dase gene fusion shown in Figure 15a; (b) pBR322 '

- sequences, including the [err] gene; 30 (c) Pichia pastor/s H S4 gene;
(d). .S. cerevislae [err] circle DNA, and (e) the interrupted URA3 gene from ..
- S cerev/srae Plasmd pT76Hl1 is illustrated schematically in Figure 21 and

'conprrses ‘(a) the regulatory region-[err]-gal actosi dase gene fusion shown

in Figure 1 5a; 35 (b) pBR322 sequences, including the anpR gene; and .
(c) Pichla pastoris H S4 gene and autononously replicating sequence :
(PARS1). Plasmid pT76H2 is illustrated schematically in Figure 22 and
fﬁconﬁjrses (a) the regulatory region-[err]-gal actosi dase gene fusion shomn
in Figure 15a; (b) pBR325 sequences, including genes conferring

tetracycline resistance, chloranphenicol resistance 40 and anprcrllln v
“resistance; and (c) S. cerevisiae H S4 gene. Plasnmd pT76H3 is |IIustrated o
. schematically in Figure 22a and conprises: (a) the regulatory S
S regeon-[err] -gal act osi dase gene fusion shown in Figure 15b; (b) pBR322 "rWM"ﬁtﬁ
~~sequences, including the [err] gene; 45 (c) P. pastor/s H S4 gene; (d)
~S. cerevisiae [err] circle DNA, and (e) the interrupted URA3 gene fromS.:
cerevisiae. Plasmd pT76H4 is illustrated schematically in Figure 22b and )
B rises: (a) the regulatory region-[err] -gal actosidase gene fusion shown "~
in ﬂ?gure 15b: 50 (b) pBR322 sequences, including the ampR gene; (c¢) Pichia
pastoris H S4 gene; and (d) Pichia pastors autononous replication sequence.
 (PARS1). S
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;"'Expressron of [err] Gal act osi dase in Yeast 55 Pichia - pastors GS1l 15 (NRRL'
-1 'Y-15851) was transformed with the novel 6-gal act osi dase ‘gene- contai ni ng-
~cohstructs.described above. Sevegmeg 184 g#1hwy resul ting transforned yeast - -~ .
" strains have been deposited with the Northern Regional Research Center :.of -

..the United States Departnment of Agriculture and 26 L *

EP 0 183 071 Bl assigned deposit accession numbers as follows: Host
~ Plasmd AcSebsffar Nunber of Tr-an¥feexkdgobtrain GS1 15 pSACHL =
.- NRRL Y-1 5852 GS115 pSACHS in 0.04 M sogi®RRL Y-1 5853 GSl1 15 PSACHL

0 " NRRL Y-15854 Gs1i NERL Y- 15855 -
G118 pT7eHL NBECS %@gﬁéﬁr 13F PH 6.6. GSl 15 .. ]

pT76H2 NRRL Y- 15857 The novel [err]-gal actosi dase _ -
~ gene-cont ai ni n@Kcbusferuct s were al.aa Mettlto transformE. coil. Transformed.. .
"bacterial strains have al so been &eggg#neqo%&#rlghef har (&g Regi onal '
_Resea,rch Center in Peoria, Illinagls trans orrre stral ns have been -
..assigned the foll ow ng accession m%b@ RIAM 5 Host - Plasm d :
* Accession Nunber of Transformed Ser 805 MpB6a.4) FSAGHRuffer
- NRRL B-15861 20 MC1061  pSAOHS ' S
“~ NRRL 'B- 15862 SAO—|10 NRRL B- 15863 MC1061  pTAFH. 85
- NRRL6B- 15864 o%’iff‘gtlr T7eHL O™ EDTA - \pRL B-15865 MC1061  pT76H2
NRRL- B- 15866 MC1061 pTAO.13 - 0.2 % sbs NRRL B-15875 25 :
MC1061  pT76H3 . iNRBLOB-M 89807 ML OGlis bpifatia
“MRRL B-1 8001 MCL 061 pT76U1 NRRI B- 18002 30 Pichia
‘pastoris GS115 L 15851) tra sfoowm each of the first eight . .
pl asWids describe ove whi ch corita al cohol oxi dase and p76

- regul-atory regi on- IacZ gene fusi dMsOefltthdPEnVehl iTriswbréfepown to - =
stationary phase on mini mal nedi um suppl enented with biotin plus glucose as =~ =
- carbon source. dgace cells reacheg gaﬁrﬂlﬁry phase;, they were shifted t'o'
'm nigal medi um suppl enented with br otT us et hanol as carbon source’
After cells had grown for about 3 5™§eFRANM GhET2%® 30 C, they were shifted -
to 35 fresh minimal nedi um suppl exdnsbed wict PHDOY 00 iwitin¥agdown on gl ucose or
et hanol as carbon source. At distinct ti rre points, culture sanples were -
.Wi.t.hdrawn and | yzed for the Pry %S%B_ [err -gal act osi dase and al cohol
~ oxi dase by nethods detailed in Exa XV. It was found that cells =
- grown on glucose as carbon source f I’Br%d no det ectable levels of [err]- =
. gal act osi dase or al cohol oxidase,inwbi.be K ipESe s pwrienbaefdanol as sole-
- .carbon source expressed significant 40 levels of both al cohol oxidase.and -....;
[err - gal actos It was al so found t hat t | ucose: ar own cells, when - -
subj®cted to c&%& ?F% hgecar bort % Bl FA M, P! 3?1%6% 4PEo’ e9<)pressed , S
neasurabl e quakiffered gfaldhedhol WGRABdMMaCls wel | as [err]-gal act osi dase:
Thus, it is clear that the regul atory regr ons of the invention are

regponsive to r nce f I condi tions of carbon
\éour,pe st ar vat F’%tﬁgmge['&dgggcatr gsn that- c'{e rgéglgmap]% eaé)r egr ons of the R
~invention are FEE8Rsi ve to gr omt¥* SRSnon- catabolite

10% glycerol
5% 2-mercaptoethanol
0.01% bromphenol blue

R
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46 repressing carbon sources as well as conditions of carbon source
.on, a plasmnmd containing the al cohol oxidase regul atory region,

-starvati

pTA013; and a pl asm d cont ai ni r& Jfb“ﬂ 181 regul atory ‘region, pT76Ul, was o
ol ut

"used to transform a non-net han

- cerevisi

- designation of SEY2102-pTAOL3 has been deposited with the Northern Regional S

Resear ch

ae. One of the . tran

EEPA cBufifiexPeori a,

lzing strain of yeast, Saccharonyces
sformed strains enployed, having the |aboratory -

11 NP4Q A Sigme )t r ansf or ned strain has been

assi gned 50 accession nunberys\NERkiu WedRGchorurehar onyces cerevisi ae NRRL'

Y- 15858"
~glyéerol

and SEY2102- pT76U1l
and gal actose for

\% g glﬁnwn up on glucose, fructose, ethanol, -
36t ve generations then subjectedto s

condi tions of carbon sour ce i%t BB%ati on. The usual assay for Sl
Jerr]-agal act osi dase (See Exanple XV) after five generations indicated that

gl ycer.ol

~[ery)-gal ac

- essentially no [err]-gal act

. nmeasur-ed

after 6 hours unde

? %act ose gr owyoChll g 0oduced | arge anounts of
03|dase whi | e glucose and fructose grown .cells produced

en [err]-gal act osi dase was 65 . . -
ro caﬂtﬂnﬂMr‘BeOstar vation, the production of

noderate quantities of [err]s, egglmlom dase by the transfor med organi sns’

"~ grown on glucose and fructos u gquantities of
[ er#s] - gal act osi dase produce %ﬂ (?er % ps';g%a 6“

and 0Se grown cells was

- observed. Thus, the regul atory reg| ons of the invention are capable of S
\control |i pgnhieaty sdiation of protein products in genetically very 27~ - EP -~ -

- 0183 071. E%og}verse yeast hagg ?&ﬁ are not limted to utilizationin =~ = '~
. nmethanol I''fzing strains. ES The buf s and sol uti ons enpl oyed-in
‘the®fol | owi ng exanpl es have Hepﬁtﬁiﬁ?' P'Bﬁ% PEN bel ow. 1M Tris buffer

- 121.1-g Tris base in 800 nL Sfg[ 8evinedsezumpalbumime (BEA; r Bemta® ue by 10

50

M ..,.- .. 55 R - ..

- adding concentrated (35%;-“&&5,1&91@ HC1; all ow sol ut| on to cool to room °
_ t'errperature before final lflql 1 £ 500 S
dil Hte toa final vol une of Hg%r@; 84331’2614‘? é’g‘e ° EsP T§3 071 B1
s-Buffer 1.5 M sOfh ¥ete%, 0. 04 M sodium 5 SREEEY
" ‘phosphate buffer at pH 6.6. PK buffer '0.14 M Nad 1% Sodi um S,
dodecyl sulPrghebyBEgAtion 0.01 MEDTA in 0.05 M (pH
: 0,
- 84;2 Trl s. ?:'ff fegr ETS buffer Sx SSPE 10mM EDTA 0. 2. % SDS
- 'Sx Denhardt's solution
. 50% deionized formamide
. 0.2% SDs
36 200 pg/mL sheared and denatured herring
' sperm DNA
e LB (Luria-Bertani) 5 g Bacto-tryptone
@ . Medium 5 g Bacto-yeast extract
o 2.5 g NaCl
in 1 L of water, adjusted to pH 7.5
. ‘with NaOH
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'ihOOl M(pH74) Tris buffer 20 TE buffer ' lovaEDTAln

- 0.01 M (pH'7.4) Tris buffer SSC 0. 15 MNaCI 15 mM sodium’ -
‘citrate adjusted to pH 7.0 with BBoHed OF B1 40 mM aceti c- a_c_:ld

305 MM EDTA in 0.02 M(pH 8.3) Tris burfer 35 PBS (Phosphate

© 10 -nrM sodi um phosphate (pH 7. 0) buffer ed sal i ne) 0.15 M Nad Laenmii" o
Loading - JLis-HA (pH 6, 8% Buf f er 2%,,S,_DS

-..10% gl ycerol 5% nerc:é‘ﬂ’f oet hanol % pobenusRSHendtrattue 50 55 29 EP O N

183 071 B1 RI PA Buffer 1%2/\RP46t¢-Siepape 1% sodi um deoxychol at e 5

..0..1%,SDS in PBS 20xSSPE 29 DRtFEeEDTA 10

'0.16 ‘N NaCOH 0.2 M[err] 3.6 MNaC adjusted pHto 7.0 with NaCOH

- Denhardts' Sol uti %a 'ﬂ‘i 59 Ficoll 20

5 g pol yvi nyl py tHe 5 g Bovi r§e7§e9LNﬂa§Itbuntms(d38AasPent ax Fraction V)

" brought to a tot aI vol une of SOO nL 25without amino acids (D1 wi th wat er
Prehy&orl di zati on buffer 2" De:'i_‘e&o§§PE 30 5x Denharcﬁ sol ution 50%
dei oni’zed formam de 0. 2% SDS 35 . 200 [err]/m - '

- sheared and denatured herring sperth HNa of water o

;5 | SED : 1 M Sorbitol
o 25 mM EDTA
AR 50 mM DTT
\/ 20 ‘ SCE Buffer - 9.1 gSorbitol
1.47 g sodium citrate
0.168 g EDTA
) ] S0 mL H,0
2% S -=pH to 5.8 with HCl
o Cas 1 M sorbitol
.....:, R 30 10 mﬂ..Cac].z
TT.f7mf”3 ~-filter sterilize
N PEG Solution  20% polyethylene glycol-3350

s - 10mM cacl,

ST 10mM Tris-HC1l (pH 7.4)

L --filter sterilize

o | Sos 1 M Sorbitol
0.3x YPD medium

o 10 mM CaCl,

ds

85 ..
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LB (Luri

 NaCH 45
extract

a-Bertani) 5 g Bac'td-tryptone 40
. Bacto-yeast extract 2.5 g NaCl in 1 L-of wate

50 56 30 EP 0183 Q71g
2% Bact o- pept one 2% Dext r.

‘nitrogen base w thout am no-acids (DI FCO 10

2% Dext'r OSfo imamiab &fe MAKET 55.:% xggene cyanol FF1 M Sorbitol

- M DTT. SCE Buffer -

EDTA 50

-1 M Sor bi t ol

m. [err] 25

: sterflize PEG. Sol ution

- Tris-HA
- Sor bi t ol

For mari de '-EBEE g8t .

% [ R

%

25

oo
" .. Prehybridization

60

(pH 7.4) --filter

b 27? bromp enol %Qu

10 -mM CaCl2 30 10 mM EDTA
952 féipaliyed Formamige ycol

sterilize 40

-0.3x YPD ITEdI um 10 nM[err] 45 50 55

Acrylamide stock

Bottom gel

Buffer for
hybridization
selection

. 1% xy| 8hef @PafEra FE

SR

Medi um

r, adjusted to pH 7.5 with. .+

1% Bact o- yeast -

6.75 g yeast . =

25 mM EDTA- 503_,Q;1

1.47 g Sodiumcitrate 0.168 g
--pHto 5.8 with HO cas

SOs

--filter

31 EP 0 183 071 Bl

‘24 mL acrylam1de stock

8 mL 10x TBE

bring to final volume of 160 mL

38 gm acrylam:de

2 gm bis(N, N-methyleneb:.sacrylamide )
add water to total volume of 100 miL.

14,4 gm urea
3.0 gm sucrose
7.5 mL 10x TBE

‘4.5 mL acrylamide stock
‘0.3 mL bromphenol blue solution

(0.01 g/mL)

add water to give total volume of 30 mL

- 50% formamide

0.75 M NaCl
L 0.1'M Tris, PH 7.4
0.008 M EDTA
0.5% SDs
200 wpg/mL rabbit
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2% br henol blue 10 mM EDTA 95% dei oni zed formam de Top gel
962é68n$HPea 24 L acrylan1de stock- 8 nL | Ox TBE bring to final vol une- of
160 nmL*15 * Acrylam de stock EPSD §89 34yl ami de 2 gm
bi s( N, N- met hyI enebi sacryl am de) add water to total
gel : 14.4 gmurea 3.0 gmsucrose 7.5 nL | 0x TBE 25 dd |
4.5 nL acryl am.Beqswprs 0.3 nL bronphenol blue solution (0.01 g/ni) add
“water to gi veg ég g} vol ume of 30 n% 30 Prehybridi zation Buffer for

hybri di zati on Sel ection :

‘Tris, zPH 7.4 0..008 MEDTAO5%Sm8ilﬁ059fperr]/mér8a??|t l'iver tRNAs
32 EPO 183 0 uf f er :
(Signd) 45 50 55 i P‘"7“21' d”% -4Ds 10 | OX RT:

0.5 M Nad 10 mM EDTA 10 mM Tri S,

Buffer - 500 M NaCP-2¥CSB8V Tris, pH 8.3 60 nM[err] 50 n1\/|l

4 [err] 1 [err] 10X RT

i thi itol) dil RT
DTT (,dlthlothrelto) 5 [err] reverse

Buf fefp 20 10X RT Buffer 0 (o]
tase, 15. [err] (Life §?é%@? I nc.)
transcrip [ ( 346 mM Tris, pH 8.3
60 mM MgCl,
50 mM DTT (d1th10thre1tol)

15

\/ dil RT - 4 pL H0
. 3 _ 1 pL 10X RT Buffer
~ 20 5 pL reverse transcriptase, 15 U/ulL
: ' (Life Sciences, Inc.)
;5 _ dideoxy:
| dd ATP  0.49 mM
dd cTP 0.1165 mM
| dd GTP 0.369 mM
L dd TTP 0.82 my
'ANTP mix 0.625 mM dGTP
- | 0.625 mM AATP
0.625 mM TTP
RS Chase - 1.125 mM AATP
4 . 1.125 mM 4CTP
1.125 mM 4GTP
1.125 mM TTP
s in 1X RT buffer

_ Unless otherwise specified, the above solutions represent the basic (1x) concentratlon employed. Through-
* out the examples, where the different concentration levels are employed, that fact Is indicated by referring - -
‘o the-solution as a multiple of the basic (1») concentration.

.80 The following abbreviations are used throughout the examples, with the following meaning:

EDTA. ethylenediamine tetraacetic acid

TEMED N,N,N' N'-tetramethylenednamme

DTT dithiothrsitol
. . BSA bovine serum albumin

55 EtBr ethidium bromide
Ci Curie
. dATP- deoxyadenosine triphosphate

dGTP deoxyguanosine triphosphate

33
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hd. deoxy 25 dd ATP ©0.49 nmM dd CTP 0.1165 mM dd

o 0.82 MV

| 30 -. - dd TTP _

dGTN$P mx 0569 M 0. 68 0fda g¢FER O 625 M dATP 0.625 mM TTP
Chase 1.125 mM dATP 40

1.125 - P 1.125 nM dGIP 1.125 MM TTP in 1X RT buffer Unl ess ot herwrs‘e-.,
' |e§“

IR \ : nedvigho: esent the basic (Ix) concentration
"Speflf dy c _?guaﬁovia %%'d'ﬂh@mnlpl es, where the different concentration .-
-le”p Fgea g ed ruq"gequt@hqsn@tqm:plgwdby referring to the soluti on as
e}'rﬁé ti °E pas .Seur °1 “aeqsﬂt!%ﬁﬁeersh dm 50 The fol | owi ng
-abb |gt gd a“ npl es, with the follow ng meani ng:

abbr ev Qe%ﬁ prie u|'é§ n %r séstfplgg@éfapgarchgptgcompmm be detailed here.

‘EDTA Centrifugation is tlme and at a spin ra@, ufficientHp airavise 438dar
NN, N N:paﬁhﬁtﬁr\’t%%&n@lw @éﬂ@i%a s cells is camed out at at Joast 15010, g oAt lopgt § mirgies.
Doy o St e R e %é P Gt o e

deoxy giseanyt aletholf YebfoBREIp) rE&rﬁ‘ﬁh w:th ¢ g’oﬁ

aco | \ n odXTP
“t hym dbaiesated wpinarsqajost ivelurdé drRs:2 ratio by volume ?Jdu r’ ayﬁgoﬁnf‘l% Fﬂ?ﬁSh‘E&"é
‘gener i c" Whengss, fitary s i aéserited Gk Balhd Wahdd d&rQ o, ige gol |
Col | abBiprapr e liRewss amobrsed in@n afpropriate 45488 |(36A SRt >m o P‘E Contact BB a

- Lab&t atufrge ot thesgel cfitter, onshedlike ettty e sahaibri ofaslorgsst  ON 3 rourine pagt riod

st anday d =[5t 8reaipitaien enusieicl adise inlebves tirerladhRtiy. theRBk Lhritdh®F kR MmuoficCaly o
\aut f oPP"ENpEFAiEEN dren contastingriep setution viithitwo vomines Siebii lefhlhrlﬁﬂt t ch ; ?:/ ; deoﬁt cate r
- centrifugation of yeast cells is

| _lsupe{ "E'fG(e;pe;?l : gast 5 m nu'?es Nucl eic acid extractions with

| involve contacting the nucleic acid 10
phenolérg‘j;}},g,g),jrg afefor” Lo 233& l/ol unme of a 50:48:2 ratio bly vol une
| cohol , respectively. _

Extr a@b*@ﬂﬁh HHhmagt errpfef% (ct;a % tsflﬁ n(xj mgld'pqglwe\ gsidesanibexl kyyf
on Ins te

t 0 e Wegratied.swy hha@@ llﬁﬂ 6 H2ROue 23raM dNidre d as
chl or a5y, ammIMaySOs MM K, ‘b '@Mc"ﬂggz .eypso4f 2 uMer |
% 5{ bi N he eqll§|grow§tc@ ) i n

bei ng Nashéd0e[0.05 LSOBIEL, o
.t he [.imethanoh were nminapdo i hmelaabnaﬂrb? @W ¢/@ Mﬁf@ ention i{g of @Putg,g doyrsice wit h
~ or der Thaycally giomt ton ethenok wérb Igiowh ap S8/5 fc@P@enQ s&é scﬁlga rete §d % ol ves
- t he? s B When mhthinat erretteiiol wézb heanmb thBH‘éiﬁéd@értf@éd' k g #e %ons fg&( -
I ¢ent .of the nucleic aC| on
TITst ﬂ'mr]]']sﬁsq Gohe). respectively, twermaus f
: 't hen ¢ onPREgrmagf lemmentonyrown Biahiaipastorts\wellswadrd EScted by%@*tﬂu&ailmg resuspended
.at approxnmately 108 cells/mL in 0.1 M Tris (pH 8.0) containing 1% 2-mercaptosthanol. These cells were
" incubated for 5 to 10 minutes at 37°C and collscted by centrifugation. The pellet was washed once with 30 -
-85 mL of S-buffer and resuspended in & mL of S-buffer per gram of cells. Zymolyase (Miles Biochemicals) was
- added to the cell suspension to give a final concentration of 500 wug/mL. The cells were incubated at 37°C -
: - for 20 minutes and then centrifuged; supernatant discarded and the cell pellet collected. This pellet was
w frozen in liquid nitrogen and stored at -70° C for later use.

40 - EXAMPLE II

'Is_oia_tion of Yeast RNA

_ Total oell RNA was prepared by pulvenzmg the frozen pellet prepared as described in Example | with a
45 mortar and pestle and further disrupting the frozen pelist for about 2-5 minutes in a Waring Blender in the
- presence- of liquid nitrogen. The pulverized pellet was added to PK buffer at a concentration of 7.5 mL per
gram of cells. Proteinase K {Boehringer Mannhelm) was added to the resuspended pelist to give a final -
. concentration of 400 ug/mL, and the suspension was incubated at room temperature for 10 minutes. This
. mixiure was extracted with phenol/chloroformfsoamyl alcohol followed by a chioroform/i isoamyl alcohol
50 extraction. Nucleic acids were precipitated by adjusting the solution to be 0. 25 M NaC| and adding sthanol.
.. The pelliet was resuspended in a minimum volume of ETS buffer, i.e. that volume of buffer sufficient to
. dissolve the nuclsic acids; generally, about 100 ug up to about 1 mg of DNA per mL of solution. This
~ solution was re-extracted with phenol/chloroform/isoamyl alcohol, then chloroformfsoamyl alcohol and finally
- precipitated with ethanol. .
<86 --- The nucleic acids were redissolved in a minimum volume of TE buffer. The RNA present in this solution =
- was enriched either by centrifugation through a 4 mL CsCi cushion (1 g CsCl/mL, 1 mM EDTA, in 10 mM
. . Tris (pH 7.4) buffer), or by precipitation by making the solution 2 M LiCl, maintaining ‘at 4-8°C overnight :
" and collected by centnfugatron The poly A+ RNA was selected from the solution by affinity chromatog- .
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"EXAMPLE | 20 Growth and Preparation of Yeast Cells Pichia pastorl s NRRL

'Y-11430 was grown under carbon linited conditions in continuous culture at

[err] wi th ei ther methanol or et hge\g 8§§71SBl|e carbon source in IM salts”
m ni mal. medi um as descri bed by 25 gner in US. 4,414,329. IML mininmal. - -
medi a contains, per liter of media, 36 mM[err] 23n1\/I(NH4) [err] 2n1v|[err]-_
6. 7 mM K@phy @n 7ong@m)mm<}seocomn{neree}nerawzmzslg 2P oliRr () doliodeClypb 3 MI%Falwe
Na2MbO4, Reseashyvess iptepared fbr Ehrdnitdgtaphygbr 5 td 8 of teu& ANA. 628 EstloligolirD lobidlosel k@
cel'l's grewriedin 3wt kbRTS buffer and powedintea ¢nwll ssilicerized glassdolushnoThisldligo @IT)cdiiGibdey

S wei ght)  @Plhn was waskast tiydayeringi 1@enlodf 000 NaOH 2vein theraligoTd® celhildse amt aiowingdihe @ashanol
were gf onplutigp te fiowythrough the oligs () csliulgd mptrix. Tiet dige (dTk talinipseownstthamevasiiodzil et
11.5 30 ﬁmﬁeamwven 1B 10R R buffer and washed 2 firsl Emef with 10 mLof DAY RETSTefigrer , f eed
st ocks con #a RN G B00pa) 4 respspended JoBTSbiifersas o canceptralion nat Qpretmwddoyt 10ver e
used. co f'“ ?8? Hepgy,L agrf?_hﬁnm PreaAng ¢ agiae?q iymediatoly. ofyjsp.cThe FNAGeliis by

I

Tofl
centrif ug éﬁ mppralurg ? ‘2—515 Ne( (was; aqdpd forgive atfinal
Tris (pH :en' Z" '"@ N zmr:?ge 0@5 '°s EQlytion %faéer?%em&ged '
o5 (MR i eﬁx g;g i mhr amngw; g I
was wash dP%eco nroll rj Irrﬁp c§1 ayee on, 1o a
S- buf f-er rdd@ingdh &1 HNA Softhi rﬁbemg ﬁ%la r{elgj the
- cel |l sbis pfdd HeQdbt bads irdlgh fhe hitiim, tfﬁ%h@é?iatvfaﬁ%lﬁaed);nd I %H a%— oy €
i ncubat ed RMA.. {18 dojumh AVas ten Whdhed ®ith VAL bV MANETE lahd iR the ﬁéﬁp % eluted

~di scar dedoratied dolaein &% lidading 5nflt of ETIS| Hafidr Lo tﬂa'fd:oﬁmﬁeﬂnd Qliowig Shid bARER floW thrb
Nt r ogensiawlyl collestirgcth@poly A8 KINA Giictibradhafie 515 fraddn BIAAM kb ke Bok&th af e f&olﬁl‘%H
Yeast, RNAsstiming lthatthbre wabldo Na imthe paly ad RNA fittionethb NaOiGohdaftratiérogt @iifs PRlidnatas

. pr eparedadiusted das@ 25 1 MACl and BRNA pyskipitatedwiith bthanod5 nortar and pestle and further
-disrupting t he frozen pellet for about 2-5 mnutes in a Waring Bl ender |n
the pres "1iquid nitrogen. The pul verized pellet was added to PK.
~buffer. at,_a Can_ntrat_l on of 7.5 nL per gramof cells. Proteinase K :
(‘Boehr i ngeaah & added to the resuspended pellet to give a final.
conceft r at 'c%

00 [r the s ens on was i ncubat ed at room :
~tenperat yreyh l?r:n De% Dk.g u é A+ RNA propared as
phenol /cglia%g 3? rauﬁ‘ ‘ ‘{, rgugg }0 fZZlI"EMhoI B

50" extr agdlcGh 15 |o c b H;gsﬁ n tO
be 0.35 And gtoeafam Gt S oo 0 4 g

- vatume- OTIE6CumL falinomycieD, 35 dits HRASH BiokE E@ﬁcﬁ&ﬁ Héﬁffé 5 g S§h% 1 6’ t he-_

nucl.ei ¢ anité tiSrovetse ansadigtase (LH6 StibncdOMc.] This }ea&ﬁn Fof v Ridlibatbd '39370
s0l-ut-i on1s rilhites. Ik readtianwasasrmingte@ ¥ tha GiidRidn 'of 4 L IR MIEDTA bRy ©F.@F Ed% ﬁﬁﬁwé

" al cohol, readienwashadiustedl 6o 0B iMs NOH bndsihaubdtad ata8elC fidr 30 Intin0tde) Tl rBdctioht RNl wak tHan -

" ét hanet . neBBalifdddoyriuecdddition atdD db otve MeTris,dpkil 3.8)cdnd @djusiting the RiactioN Rty OLLINEHORTH E

~ buf fer ; TPar¥orRNIX yaseshend/chilgroforimisvamyl| alcbhab rexivaated. cthen chilvedlormiisoliRy! alighdl extracted - -

centri f ] tfin@j'm chigmelagaphad avaria $ephadpx 656 el i ITEgbuBerCiTfeniadiodktivelirgB¥standsdi 10
M Tri s §HHA wasppoled ipfoeny fracgien and P@Btg:ldttaﬂ@m ¢itherralbiutagp! BXtactioo louévaparatign M
NG ggal ‘§F‘Fﬂ" °'bt'" BYEY “"b\TB# Fininitranged) CENA wageteariolipyecipiiated froim Aye bonosntratdth

poly A+

uo E{%’ a'qjg %'gﬁ'fgf’?’lgﬁdﬁ °%'f?fmatey chronato - 34 - EP |
ol i g0 (@0 %Ei ﬁm%zb afen'!g;: {{)@Tﬂiﬁ ‘é‘af’ ;'Qé ava@aedfw- :

- chronﬁjogﬁ,-%r |2pe ,ﬁﬂ "ﬂ? ose

Was Shgrep gsirp ,9 Q,Hr dﬂ r§ S
gl ass ‘cabatish mi iesvaefdcaﬁteediév Col énulheu% & rtd{ﬁf%ﬁnéﬁ : Bo’ +h° res 0 UL
of 0.1 MNubiGol thy Sigld SRnddl i BNA(Fhb)redefidn! whs QstRin o

sol ut i onThb Qiofibie etrdnBEdOEINA waEeplidhdlBkloré6hiisda él@oﬂﬁ %xﬁgé{eﬁl éﬁloro ﬁf 43 &mlc&@ir) o

cel | ul osmtraveed dntl @romasgished Bvek AESoPREABX GBYERIMANN TR Buler Eneddoubid Strkhdbd EbNAN

washesh dratonaivers ipnaledank hhe];ﬁboMasCtBnc@ntEtteMaNEﬂ?ScaﬁMfeﬁ @5 destMed for BAIgR-srshadd - D)

~was res®pénded in ETS buffer at a concentration not greater than about 10.
After the final ethanol precipitation and the collection of the double stranded cDNA by centrifugation, the .

. _pellet was resuspended in 20.25 uL of water, then brought to a final volume of 50 L with 50 mM Tris, (pH

8.3 at 42° C), containing 10 mM MgClz, 30.mM 2-mercaptosthanol, 76 mM KCI, 500 uM of dXTP, and 150 .

55 units of reverse transcriptase. The resulting ‘solution was incubated at 42°C for 15 minutes in order to -
L insure complétion of the synthesis of the second strand of cDNA. The reaction was terminated by the

* addition of 2 uL of 0.5 M EDTA and concentrated and precipitated as described for the single stranded
"GDNA reaction. .
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" salt concentration in the RNA soI ution o

: '.'rrg/rrL placed in a [err] water bath for 2 minutes and then pl aced L
~imediately on-ice. The RNA solution was then allowed to warmto room
tenperature and a stock sol utlgp 0%eso7BHaCl was added to give a final 10
o ?laO.S M NaCl : The resulting RNA *~
" solution was | ayered onto the prepared oligo (dT) cellulose colum and"
al | owed The delidadtigndeli @DINA Ipsliptigds rbduepeddeddumm2 Al ofeH,Daine the fsolatloo bitought e ofnalb

. seconagiumd. blet 7kt by rtheedddifidronkis g ob & Stotk selutianl contrinitign2.8 Mhlath 20 oM NeORednd 46 a t ube .
.. and .r @NZe8@d then tadiustérbtot pH of 45 g 22 Cuwith. HCTHe ordat-Brdigeist the Inkieint leeb, thresm t.he.
- col umsenacate ractionsverecdany witle tiree dlifferent cancsairations of BrreuclepsedSimaln@ne) unitt 1 aniRNA

sol ait jon 00wl Spaupisask wene esidedhtotbrieg the fegeliof woiumede b9 Kl gacdtthe oacliomingubeied &  of
t hr ee 22 Griog 30 Ts'ulﬁ& {79 reggfian W@Pstﬁf d by @El@l'?"tf’hé %61 Qﬁrﬂ EDcTﬁén%%M 12 was :
' coI | e<M E’éf b&FR:I S!"d”@é’l‘ raQP,ff 'Hg” % E@é\f‘s a Fa'(éer ang) e?Js "*&Sqdurm was

~ elute ap ff": "%?ﬁ;an
gi ggﬁ%‘&f e %T" %m% J;ém s%:'q . °a 2” i m :

conce pe@m{%fﬁn (;'P ﬁt‘ raction —was ﬁggtg{lj)séhe to 61(52%&?\/'&%3%& an?it ﬁ

- pregi pl tﬁreedd,um tshar@bd) 3 1211 SONK LWas Ielﬂl.er (;&ﬂﬁéafeHQirb&Q t@fpol [RE) thilel rp@hyzzZS

Conpl @pans afile B site 6N )siz6 HravlierRteddh @ SepHatobecIL4BRb0 8sturinQbs EN\FacticheyIFdr@ke’ | -Of
. POl y Anfrdcfidhatpd Epery, 60 A ofioaid-stiamidd iptly B{CR RpddacDINIA waBSanheaid SPEBOGEbf 10Wmi [ err ]

nd" briagghH -7 mowhachfis 0AIM GONEOR BT BtnMoin EDTA & S00milylof &(G) Jaildd BRIz aneheat #akheat r oom

t erPatl sitec Edab125 BL iractiod efsthe actionbited lirars assamdeatsld te DIS/Agwh gohs §(G) falksslipBBAR2at 42 C
f or2o 1% aiSA wtLciinali voluf® df dhver §amefanpealing| mikiuerdeswied aoven TS @nnelling meastiong MereS. 3 at
- [ er r ] .incabateiyiaf €5 C]for0minmes3 therp4dtErfer2dowe arrhaliowed 1 coohdlewliCo roogOigmpassterp. each. of
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concemésisdendnd i0f10 LL1d 80w/ Mimamidec10 AMINAOH)D MR BBTIAD0.19%08516R6 YfhnbiNind oMbd 50
rot®r beampheno0R@. Rk of trpe LEwaIS slactuptiorasbd pred 1% 0.4 Fiethigk paiyicdialRB dolWRBBE
- .vi-sualbuieed by UV fluorescence and drawn fromthe tube using a needl e and
syr i nge. THPHasning apichsaguence gt #lephol\ridase-visa tdatkmiined iy Seqtepsit, firmu (Wdtériows, Massl)

..et hand!s'"%?é'lﬁ 45 pyrified gloghel Pidpse]fromichiapastens| Th first 18intinetacids oftbes materp ettt at

Ieast e[f lerpigedBR%ve al | of the Csd. The plasmid was stored at [err] as
n' Bt hanol precipitate. 20 EXAMPLE VI | |
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- -'Purl fication O Al cohol Oxidase 25 - Protein sanples f ro'_m Pi chi a pa'-s.tfo_r-_'i- s"-'i:-
cell's grown on net hanol as described in Exanple | were prepared by lysis of -

yeast” celI's, followed by a cleg@rdmmlg] to renove cell debris, as follows:

A portion of the fernmenter effluent. was renmoved and adjusted to pH 7.5 with

- anmoni um hydr oxi de, and was honog- enized on a Dyno-M I NMbdel KDL usi.ng a .
0.6 Ihgg issel In_a continuous operation at 30 C. using belt conbi nati on

 #3 and”a3T bR BFo26130GHu-Fhe -Asp-3d adi et Viale- I 4G 1yp+Gl y- Gl S @e- gl ass
beads @iyhkserdi ameter 30 of 0.3-0.5 nm The resulting honogenate was - -
centrifuged at [err]. and 20,000Xg for 30 mnutes to yield a cell-free
sufemat ant . Si x 130 m. portions of the cell-free supernatant were pl aced in

~cellul tate dialysis bags and dialyzed at 5 C. against about 8 liters

- of di water. After 4 days the aqueous phase of each bag was = "~

y decarﬁe?eqmm;[ggosﬂl ihé%xrdgsnallrm ng a thE b%gs consisted of two types of soli d.'__ |

- Thg t |y renoved and di scarded. The
~bot't om Fd lubtshmiMd Swiidke> M8~ bowo AVRP a %%?toxr dsd ?\ﬁ?as (l:cCOhO| OXI dase
s ue

Por tioRgbriMbnt WaE pérodtddtising B8y, eﬁ@g\fﬁ nudis s A
(abouws th&@lc&Hoﬂ&ﬁiaseI'b%né/ & dHRr of |J I,L 0X| dase
et hrichta yasrels poly AGL inkiNA Ma@f’:on%eg al-cohol .
- oxisddisa volerse 3109.31 1 EWhion) wa mmntmcnes'z'hm ¢|ﬁsy(§|‘.| %Is I5Qem|nr pdn& ting
f r omThé eucisicoaciis chestec dénbigdd At 207y Sifsr SNARUTBY aHdré@AeaREH by Slow Q)SSIMI %&% ot assi um
\_phosBRtE-ghi ehiireallingpik Wasdddecin @ tate brtsiing Dot TR G, s a8 Q&
( PhariRecdGIy (809 G¥mmob.jltdeiubrofithiscnixtirb vas hﬂe&&nlﬁubdifeﬁdhl’resp&l’uaélﬁﬂm $heOrfna|3 5
Wer e 3¢ ip dhetreigurg tvag added jo T 1t ef witer. Therractions e stestsdipetile BidditionloE DAD bf @Xi dase
acaf’ i \'/:'iTt% nevhated ot 471 & foro1éi refpuses. Bhet reackions wersrchased @th L CliaserBT ed20 C fova s
E?sb oL IPRCTIING Wers iopg edaess agdition coff 1,5 L ( Telyremisie rdys imilaard 4B ubodle. A

| 'd B§stoRhor jeptp 1|>hT>@F eoelgctrﬁnhowsaw gl wasHixet] iarp%i di n
-szf eiff gﬁ&ﬁ@ﬁmﬁﬁﬁw Kk wggt%rw T aTehe 1 09, verdel o i e

sqdi um The ssa mxture was prepared with 2.5
m(}’g tlvelgﬁgd gf?%‘iojm'é o 1 rs t]sulphftg MTL A h :
Fz)gr F?HL 1.5&&? &h@. a& gggve dr i § an qfleoV t andd S
e lsam@pip I h I ntal ne S
cat+25.Cin a 4xix1 cm cuvette and t {e Iclorweas n %? ance by the dye at -

-+ 4660 BRAMRLE X ecorded for 2 to 4 ninut es The enzyne act|V|ty was cal cul-ated
by 50 AATActivity ([err] mole/min/nL or Enzyne Units/nmnl) e
- m.n_ BEBNMigbrigization-BeBctios Asd th ¥ibTranil@md on a standard curve prepared with

- known aliquots of [err] and [err] 1S the change in absorbance during the.
-..exper i. Ifesiliva (hybridization-transiationteapesiments wére bertogmenf byt linéafikinddwWoME LG of diched PREA

T"I’"ed water -

- f PBcqnenic\RNA (repasedhassdeperted irExaimpe Nb by digesiiars eitic aamb@nbstinyiong@idordSleases. EP. O 183

071, Eis B% wesf eappiuree Sy Gaking the SiEom BB WMaNaGH andiinbebefidd5065 * EXAMPinuldk. I The 5~ DNA
' NAecqntainieg (selutiont was nquickly i dbilech on- MieAandenpytalizasis bynadiusting fooo.0d by the
a{ E& 4?3 IABr? ugl r'gw"wtmésﬁé |wg%;meﬁceﬁhe dpyatied DA Bmeatiyeriordd al |

B firignipia
Mtt&eg%r{

'Toﬁe:ﬁ ?p%'ed B‘hﬂe' Yilhd20) boliag for JQimiutes agdne were.

N nseﬁlﬂene rww T ﬁa.iée. SRS D ;‘ ﬁ% 3‘“"’6‘*"0‘9"%‘“"9‘3’“% °the -
“chem ca}; aallableln
thi Sfofgﬁcl’rrﬁ%teba heo- Z}l&f&tﬁdﬂﬁfw i}; I;mf(ﬁ il gos aé w'v fabel led -
far drbngartizalionDsitbr. TREIGRAS Word fidized in ql'rgl_e E' thte{‘ asm d

| _w. t 2kl IETE) of Ty Aeaﬁhunmasnaaadar&em&o RREPS ﬁ cohol.

_ - -mixture was heated at 65° C for 10 minutes and then incubated at 42° G for 24 hours
_ ‘Following the hybridization, filters were washed briefly 2 times in 1x SSPE which contained 0.5% SDS
. at22°C, 7 times in 1x SSPE which contained 0.5% SDS at 50°C for 5 minutes each, 3 times in 0.1x SSPE
‘60 .at 50°C for 5 minutes.each, and once in 0.1x SSPE at 65° C for 10 minutes. The RNA was eluted from the
filters by boiling for 1 minute in 300 L of H,0 containing 15-ug of rabbit liver tRNA. The eluted RNA was:
quickly frozen in a dry-ice ethanol bath. The RNA mixture was allowsd to warm to room temperature and =~
- the filters removed. The RNA mixture was then precipitated by adjusting the medium to 2.5 M ammonium
.. - acetate and precipitating w:th sthanol 2 times, and finally resuspended in 100 uL of H.0 “before being
*85_. " lyophilized.
_ Translations were performed according to standard techniques known by those of skill in the art, such
-as-for example, instructions provided by New England Nuclear in vitro rabbit reticulocyte lysate translatlon
- léts Protein products were electrophoresed on 8% polyacrylamide gels containing a 4.5% stackmg gel.
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extracted, chloroformisoanyl alcohol extracted and ethanol precipitated.. -
~ The DNA -was collected by 15 centrifugation and resuspended in 31 [err] of
water. 100 [err[ of [err]- dCTng?@%@ﬂgqml) and .2 .units of Klenow  ~
- fragnment DNA Po/l was added tfo the reaction nmixture to give a final volume
~of 50 [err] containing 400 [err] dATP, 400 [err] dGIP, 50 mM Tris, (pH-
7.4), EXAMHIZE SH, and 1 nM DTT. The reaction m xture was i ncubat ed at S
[err] for our and stopped by the addition of 2 [err] of 0.5 M EDTA. The"
m xt ur entwmem;atromahmmm@mmm i soanyl al cohol extracted,
- chloroformisoanyl al cohol extracted, chromatographed on a 20 Sephadex G50 -
~ col ¥, _ Antseraaisedip aphbiiyjagifel an edrat it Richia pasiaris sells| coptaining| beth (73# ficohol
pr eci pPfdsrel gnd 'ﬂ]atpé'wpeﬂ? (VRHORPS n%ns'"&%dw £qls. '%gerPé’?lX é"ﬁﬂl’éﬁ‘i PBS wat er

and di °%f‘ ge?/‘f“'sel'ﬂfee 49 §F° it Kgogixe 3t't“’8 ﬁ "8}'?"£° 5} ose
ol i
ct:Ji Wﬁ’g §§ iffusi roa(fedu Frent
w

gel in "'"
etate

elegr § tail"

and thgipo -,, ﬁB dtd7 re r

r esuspeR .4) rbn i a&t.vagnpgméﬁrsamm e nspiyp ﬁ&ted i ﬁﬁnL f our
base ‘ﬂadl r#\mcmin m&weaw%klsem WilsHieB iPEJubIRb HiRb dic\Zarb Qﬁf 8) &= 0guUaNi ne)
T eags | RECHNERe IMLCatRAB @h/rALO BoldionoNpit2gys & cc{uﬁlfnb]bu'ﬂ'é?dvaﬁ QBdeai b dol [2RT Hdnfig 50, 000

Cpm). Odgiththe ovekyat sted CDUMboliday@6tEIN twas dbimo@idrtly washiMyhesD, mi2akh dodfilng barfer. THe MV -
\}Odl Uniemaiaingl ydtiee groups Wed. elimindtediby £DMdkr (WRiBtda e § B thatolinide (bid BY. Nordéonaéritly |
sul f at leundl nateriah et ismaverdiomttae gal bk &d riywasineita2| B sotiom tidcys@te irePBY. Poér tOVS
ist,op behidmstogmpmt cfithei antiserl, Be lgbload ifinatly wesbecivith, 3x30 il PBSOjlve L §f clarified anti
>~ ee Ceyigtrd@ ahiizere | wermmixad @ith gherde] ad incigtted wifegendle lagilatin for73bogreet $9C.\ e added . -
and t hentisessgel ragtererives heropipgited inig @ P8 ¢ niapg waghed wist {501m8L g guified b) the

T A ( ﬂﬁ?ﬂdﬁé’l"%ﬂé‘ﬂ‘? the golurpn with &8l of; 8‘5’&!’!@‘6”?3’6?’9 nPES hffﬂ elgtloatfrorr dhergpl, and S
'cont a| tﬁ% g’ a'ﬁﬁﬂ)e’e °'¥)Tgai“ﬁé’ "Bf’\lﬁb %
rf' 9 @ an-IHP.l gltrlpéra atl %Ftﬁ S
.;=addn.g>v %fg"’ fl‘ % E g@;f E s mf a" 35n 553 01 .
- M- EDT aﬂé !Z th
react f‘gn u?% at - e'gstgf m nut \ggs ?c) et he T/ C ©

-~ {(thym g@(mgt,@& ne) reactlon was |ncubated for 10 mnutes at [err] and =~ = -
" ‘contqi med—2—ferr] (100,000 cpn) of the labelled DNA fragnent, 18 [err]  of
- .wat.er . pjohka pestrRITrdnsifmationtHirabgdune. The reaction was termi nated as descri bed ;
- in (b)yTapove (d) the T (cyrosine) reaction was incubated for 10 minutes at
: -_;f[err] Arghligeswrai ned 1 [err] (50,000 cpm) of the labelled DNA fragnent, 4
“[err] of water, 15 [err] of 5 MNaC, and 30 [err] of hydrazine. The -
" reaetjorn. Voasulaiecn ploatob Aickis pesfonts G316 (NRRL(Yb1)58&Ibmt<eabou100 mL of YRE nidhidmped | et s S
- ‘wer e tolsheketcultirgat 3ehior 1729dws i on, resuspended in 250 [err] of 0.3 Msodium -
acet at e, 2. BPrFbaut 4330 drsh e cgl \Sé@ iOPeppétﬂaWUt ROTGD apc mpiptalp feelisiplas: gramibl . The'
l ets W@XQPW@%‘E‘%G"B c&éﬁ'?qu? gatlon dri ed under vacuumfor_ 5 minutes, -

\/gﬁ{d \7% he WV@P @d"so 'ﬁéw'fi‘eﬁé"'w%thr@aed[%'wi afc?r‘ OPsop of o 10
(v di
o &ﬁ ZH)W P
|

S Ao 16 5 HehRales Ao e 1]

60 nmM's U BeeY ate (pH 5. 5) and 10 [err] tRNA. The reactlon 45 m xture

was pl aGegalafonbr @pnbrdplafté €t hanol bath (about [err]) for about 5 minutes and -
t he 4JDNA+r-ag1're1'rt—s-we1“e—tollected by centrifugation. The fragnents were

resuspend@dsi Bou®Qndecinr o Rl oP steiidwatid kA ARRbaALR LPHeRs Pb a8t 15081 Bt Hanol
. precipi trghgs)W th 100 [err] of 95% ethanol. This ethanol precipitation was
_repeat ech. waktecelbrice InS10\War ¢t irvéhiypasharetl 8BD.95% et hanol and evapor at ed under o
vacuum cwastgesiemics inf 1006t ¢ Gtrile Thesgliol. et was resuspended in 10 [err] of 80% -
" f'ore@n dieReslitpendvbdiadHo nil SO HBFA, 0. 1% xyl ene cyanol and 0. 1% 50
- bronpherfoAdd$-ieiL Fomg/oL Zimelgass 80.00D (Miles datoratories). dpdobatesatielatcdd * @ fot @8eut -4 mm
“thick pdioyeiemegl ami de gel in TBE buffer. The amino acid sequence of al cohol
- oxi dase waSinepcthe pigpasetign BY sphereplesieds 2 criral step\ip thertapgiprmation Procpdures prRyshuidy  of
©puri fi ed" i gRRYOPERY fermationtap F 8dd 180 Haﬁ'lqd?tf of coltsi 99Q Klsef 5 S%ﬁ'}#c?oﬁ&l-ds of
-t he Sfrat U & MPerbitd] W‘%P@“ﬂét‘%r“fﬁ%’ ifion ¢§ 2)qaclyagg; angicpt varioysimes gluring e ipgubation -
Ala-11e-Ref @ Ihe inpupsian AR pqint wherg °?)§|'MSE SRS Pt @ptyn G?'?'mS(é'F“a“V betweon 30

and mlnutes of incu tl on). .
6. Wash spheroplasts twice in 10 mL of sterile 1 M Sorbitol by oentnfugatlon at 1000 g for 5-10 minutes. -
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st‘%rlltg

G y-Ser. 5 EXAMPLE | X Deternination Of Al cohol Oxidase Transcriptional &
I'nitiati-on Site 10 To determ ne where the start of the nRNA for al cohol-
"0oXxi dasé was |l ocated, a pri rrer p?t@gsﬁpg sexperinent. 'was perforned using a
synthetic oli gonucl eoti de copi e om the DNA sequences of the 5 end of
‘the al cohol ‘oxidase gene as primer and 10 [err] of poly A+ Pichia pastoris
MRNA agThb dimpl antl epesddor deatritujatiol mBY edty;acefitagiedsriotighDo | pgliefsphaiapléstsvast neostbi ned

"/'\I

~ with 3nygh it theyinmbre ¥\ heBIceCTC AAG TTG TCG-3') in a 15 final volume of 9.3

[err] _ @hiVesh colisonasdn snNaGiterileX®S2 M Tri's (pH 8.3), 5.2 nM[err] and 4.3 nM

DTT. " THcRasusppnsi colisde fotps of Qb oL efalit ur ed  at [err] for 5 nminutes and
re&nneal I ed by allowing to slowy cool to [err]. The reannealling mx. Was

added _’ cont ai ni ng 4 [err] of dNTP nmix, 0.8 [err] RT buffer, and 1 i

[err] 800 O/ I() [err] of this mxture was addedtol[err]
of eac s "Y‘h I12 Sdpp °f"ﬁ PpiyRIoRYlens typ 4 shomecke

_[ eror] O wae or 1 L m i % }‘ ‘r'et"é' sf'ﬁ'ea’%&!i'ﬂ?f’fw Bfs af"'f??fer] of

' Add s(i:fa < tes he reactl -
chased 8 ase a["gr rT r"‘°“ 8 arr1°°r'1"u Inporatpis for g’z%tt ons were

st oppeg Aaw.ﬂeof@éélssmran tooéacrrsaﬁ,p[eear.a lm%mrﬁenﬂx&fr@%gaﬂ Agmﬁu&a@”l were -

el ect @duAKiRGEshripids 3t 1006tg 54O inkte BrRUoEIM PELE Soltibh
el gCt r o FvRkspSTIdSahhies i 850 MEd sbB%Rflintubatd BYBEMRALLS at36dnFoMbdriturd 0% et hanol for -
20 m netAzd 8501 iEofGRtile WAV SHbitoPshd pRESIqUR GHEHMPRE ds 4E8fbed BalgwiP0SE an XAR X-rTay

Jrlm 25 ~ The gradient gel was prepared as follows: 300 [err] of 10%

anmo . Begeparation biSphereplastsd 14 [err] of TEMED were added to 30 ml of top gel;

{5 [err] of 10% amoni um persul fate and 3.5 [err] TEMED were added to 7 L _

of2ehot {-dierigeior Regeparation Agas Medieh: wer e drawn up into a pipet and then 6 ni of
bot t om- fie AIakSPritek g Bactoragey. $44ba Serbitel. B#Qyek H2OThodiawe. was pour ed bet ween .the
gel pl ated9% Gsoseed 9R3pxtose, 100 @k HeQguigelave: 30 EXAVPLE X MRNA .
Hybri di Zat!P{PCs&7a@ Yeast Niegep Page witgutramipes poids) éwsmpcrbpt pujqslave. (Add any

~hypridi f'fe "‘t“{ i ¢ "F'B'ﬁa@( PlarFB?Fe‘s‘t’%‘é °H3F“P"|qﬁl@8!?‘1'@r) twenty. .. .
a5 r]b Ofﬁ : °*' e e wﬁ%ﬁe&rs&&&*aﬁ%%g&%ﬁm ©
| S _
V) y fQ &&rnemow iiﬁé@m §é;(f')"{a ﬁ(’r\g and i ncubati ng at [err] for 10 = .
m nut es p'g & IR HofHnBrrion OAJ4F i q y O |ce
- ang ne%&@niaﬁ'&%abrﬁle@&b veadiy. %ﬁkﬂ'ﬁ)ﬁle QggﬁlLMiq-ﬂEtbd%éf at H okfu0 m%l%é Ol ume
20X "SShith wiing #dGRAbd that raRsTARAIE Baniibs [ n| SHEE d’iﬁlﬁud&, @rtﬂaﬁ!s‘forﬁrﬁlo ke ldgg the

DNA  t oddstribed iabdve @€ tubes wmeﬂégehéraabﬁ Agi?rdne TpotirConfPEvtdrh Rgart IRy BNRatb O ALDG -

" 'ni troCeuahtity efssact sahiplerts 1¢ HC laliqubts bEmeldd RaguderSivi Wghr heldAB285-500 CrafY Péu edch the ; o

- f i-+-t-er entanelates qonteipiag @ solib 10 wik tbbitorpagai ayer tiXgeneationi Ager. f or 10 mi nut es and.
- rismsi nd Determeiuation of@walityof Soher@@RPrepiationiy of DNA was t hen bound to each-

filtér bytempsl 19iticpt ohresaIUR and ciidte100;tintee by addition tbr 990 oA Sirkital. Rymabeyi ng ¢ he'__m'_ L
filtert itinefdie 194 dqkd suion gnd dildte gnoaddifionab190 dimesby ariditirtopr sefdnd OPGik ltgb@in t he -
it terd WM h“'°'tbrﬁ<& ﬁreremdp'mwleof bell @iutippe an YPD (gars megiym do \dgtesmine thad heated -

~for on‘fé’"m{?ﬂe @p'@‘edc%lee“d"so’ﬁmii‘ﬂ‘@g inythe areparagon. Odd 100HLef epeh dilution of
ero, ?J‘e?f' wpf’ %;’; W'@f“ @?HT %\3'5? oqt?aay [ppeneratableh o
o filter o %%g%a gnyoration; e R r i 17 Bef's epenetalalir 40
lerr]
prehybri gl zat | on er
1Qs MeRpRS@ANd t hen i ncubat ed at [err] for 24 hours. Follow ng the
hybridization, filters were washed briefly 2 tinmes in 1x SSPE which

Wh' el was added directly to the

cont gblae 0P Plofifa BRSorft HISLEEnk Afd AirtbRMolid Replicafion ?gdbhédéh cont ai ned 0. 5% SDS at

50 CTor 5 mnutes each, 3 TIinmes In 0. 1IX SS 50 C for 5 mnutes
eachA. swilsonce in 0.1x SSPE at [err] for 10 m nutes. The RNA was el uted

feom the filters by boiling for 1 minute in 300 [err] of [err] containing R

15. [errﬂ\eafamsatobpstedlmcluee t RNA. The eluted RNA was quickly frozen in a
dry-i cl@ Riehiepastoris stran NRRLEY-FIMBO: i xt ure was allowed to warmto room

'tenper‘&kﬂ?@@ﬂﬁé?”?I$§1T5|(P'F‘ér'“§ﬂr-e’ﬁﬁ%5él;l The RNA ni xture was then precipitat ed -

: P8 VIEIAR SRIBAT IR @ Pis+300\high 3% NRRINY-2R86Veand and preci pitating with
- fﬁano‘f”%c? shale 848,(Kq met ¢l ophT17 $800 L EEMidn 100 [err] of H20 before bei ng

- 55 IayﬂaDhLJ i zed. Translations were performed accordi'ng to standard -
technl-q-bfes—knom by those of skill in the art, such . X
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as for exanple, instructions provided by New England Nuclear in vitro
~rabbit reticulocyte |lysate translation kits. Protein products were
el ectrophoresed on 8% pol yacr ylgprg f#3 ¢r¢lgy contai ning a 4. 5% st acki ng gel
.40 EP O 183 071 Bl EXAMPLE XI Antisera Preparations And
| mrunoprecipitations 5 Antisera raised in rabbits against an ext ract
~ from Pi chyAe (seskigure 23; calslss of thetSaicerenisiad BISH gprélon( 9.8 ifroPstidragdiers dnserted it p76
pol ypeipe Psitsite nbpBR3gH) epsithe dowsi ofi the sk eareldsieb 6 gwe dbgmenBand hastbsenviiapesitedd al yzed " =~
agai nsit aPBIoli bésherdl i miakebleitothe publyy ey NRRLADH1ABEL of 8 weeks, each rabbit - o
recei ved YEp1Rip cvailptle drom b Agerican i Type Suiteg Sollsetiopfang 'ﬁi:;bEﬁ" ssignpd 9EBFA N in a . ..
vol gmegeerATECHIRi t h 0.2 nlL of Freunds conplete adjuvant. |njections were .-
intradermally delivered to 6-10 sites in the rabbit. At the end of eight
weeks, “tM8di8 appits were bled, and their 10 sera tested agai nst purlfled

” gzgaﬁfﬂ%@wfﬁrpﬁ%&%&%ﬂ. G Y O, PRSPt 5801 i

- ant f
et R Al u S g&e@wﬂ%aﬁ -
( Phar ma ion oF 0. Ve Eﬂﬁ 5%@512’{@9% éf%bnﬂ)the

gel f:or ul\lﬁnmldw"&ﬁol dvs?lﬁﬂnmoso 7 5l stk 71,0 has\ewl £5Ot, M, T Brefbred @SB | N
COURY i NGiobkiEdiuabn 4rd fiter MofR6d; UM car bbonat e (pH 8) and 0 5 M 15 NaCl). Five nL

of a 6 rgyéakgmtlbistiv;and of p72-p76 in coupling buffer was added to the gel
and gentq ywagidosd ed overnight at [err]. Unbound protein was renoved by. . .
—ashi ng BxecdiOwaslcutsiréchincaittigr] umgedlm foeeB miediamr 2% NHiPG: aC2% \Na:ldfaupo1ater e -
elji M nidgSE * T 020.074b0CaCLI 2H0b hittd/onh thiamire dud Gt4biadesirass) supplgrusnted with 100 ng/mL .
No n 2ac dovatophren] apd B @8brfeksareinaeacidal was renoved fromthe gel by a 50 nL wash with
2 M sodi um thiocyanate in PBS. Prior to chromatography of the antisera, the:
. gel a3 BNAjsiion washed vm'th 3x 50 nL of PBS. Five ni of clarified anti 20
p72-p76 ant %sera wer e r’r% h the gel and incubated with gentle '
agi. tat1 - 5798 BealeFrepsiatians gt Yeegst The antisera-gel nixture was then pi petted
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m nut e6M)in sorbitol. Zymolase 60,000 (T0 1L of a 4 mg/mL solution) was added and the celis were incubated for N
' 30-60 minutes at 30°C. Cells were then. centrifuged for 1 minute, suspended in the Lysis buffer and .

‘incubated at 65-70°C. After 15 minutes the samples were mixed with 100 uL of 5 M potassium acetate,
50 held in an ice bath for 15 minutes and centrifuged for 5 minutes. The supernatants ‘were decanted into a

. fresh microfuge tube containing. 1 mL of 100% ethanol, mixed and centrifuged for 10 seconds. Finally, the
DNA peliets were air dried for 10-15 minutes and dissolved in 50 1L of TE buffer.

3, Large Scale E, coli DNA Isolations.
.

E. coli culiures for large scale (0.5-1 L) plasmid preparations were grown at 37°C with shaking in 2B
medium supplemented as described above and with the appropriate antibiotic.. For cells which contained
_'pBR322 derived plasmids, cultures were grown to an Asso of about 0.7 at which time sufficient chloram-
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2 V\ash cells once in 10 nm. of freshly prepared SED. 3 Wash ceIIs twice: |n-:
10 nL of sterile 1 MSorbitol. 50 - 4. Resuspend cells in 10 nL SCE -~ 7
~ buffer. 5: Add 5-10 [err] .of. 4p@igslozd)g¥o! yase 60 000 (M les Laboratories).

" Incubate cells at [err] for about 30- 60 m nutes: Since the preparation of . '
) Spher0p|a5ts Is a critical step in the transformati on procedure, one should - .-

. .noNi t Ehenienb e agdécte tgive @ coneBitationas 1000ig/mawand caltbchark@xded] approtimatbly 4%ibduss latbr. cel | s
.~ to 90¥Yrajne whith eintaliel SBIR325 iderived) Olagreids erg Boculatedfintd thyls@wieimetted 2B mpdiwre abx | ust
- afters Remd of BkioutP.Q3 0.0 prdbingubated wittushalingieh 37 "Gt far 20r2hibaurelbafare berveiéngi ncubat i on

~.period Stop the incubation at the point where cells lyse in SDS but not in_
'--soﬁblfmwmi and 60 m nut es of incubation). 6. Wash |
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1000 grsrrgll em %_Ig 7é%'-l‘cl:lwtm'lattuons,g I% %q& d?t;{tg ,g g :
cen ;?% vroﬁnﬂgmamnxw VAP i el ngt
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30 mnutes at roomterrperature 6. Add 850 [err] of sterile 1 M Sorbitol
and ' S descrl bed bel ow. D Regeneratlon of
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em) cﬁ'gested with 20 units of Taql by mcubatlon for 5 minutes at 65° G In a total volume of 1 mL Fragments of
45 . 5 to 10 kbp were size selected by electroslution from a 0.5% agarose gel (See Example ll, Section E). One
g of the vector and 2 ug of the Pichia Tagl fragmenis were mixed with 20 units. of T4 DNA ligase
~ {Bethesda Research Laboratories) in. a total volume of 200 uL and incubated overnight at 4°C. The ligated
 ‘DNAs wers transformed into E. coli by adding the entire figation reaction mix to 2 mL of ecompetent E. coli
_ : 848 cells and incubating for 15 minutes at 0° C. The mixture was warmed fo 37° C for 5 minutes after which
" 50.. time 40 mL of LB medium was added and the 37° C incubation continued for another 1 hour. Ampicillin was .
then added to give a total concentration of 100 wg/mL and the incubation continued for a second hour. .
~ Finally, the cells were centrifuged for 10 minutes at 3,000 g, resuspended in 1 mL of fresh LB medium and
-gpread in equal aliquofs on 10 LB agar plates containing 100 pg/mL of ampicillin. The approximately 10,000
- colonies which resulted were scraped from the plates and a portion of the cells was inoculated into 500 mL o
‘56 -of the supplemented 2B medium at a startlng Asso of about 0.1. The culture was grown and plasmid was -
" extracted &s described above. o

- G. Southern Hybridizations.



.1'0 .[e.r'.r.] ”of t he 100 fold dilution and dilute an additional 100 tines by. = -

addition to a second 990 [err] aliquot of 1 MSorbitol. Spread plate 100

i i : ' ' ine the concentration
-ert]of *both dilutions on YPD aggp o'ygdip¥ §0 determ n_elf[ n
Ej]cerzlr]s%eijgpl asted whole cells rerraioﬁlgﬁg fh_the prepar ati on. Adg 10?h[25r] _
- of -each - dilution 40 to 10 nL of Regeneration Agar supplenmented w g -
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'['lafr'] - ) DNR fugm : A2 o didecr 'Ol%g 071 Bl pYA2 (see Figure 23; cons![ﬁts
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~fragnent sTand has been deposited in an E. coil host and is ﬁv_?_l 2 Oﬁltur'e' €
Boll oot @annd has Doen ase: ooy oeThBHE oitblike dono by moihot o Hircen i &
Col | et® i @978and has been assi gned ac noer” 157 _
" Pichia pasPichi gasteris t@namMat}oﬁslgd?etD%&rﬁ,#nrelhFgwi%dg@@%gggldﬁb rgg%fi eg%g I"g'é H\/ﬁial a
ium consists of - e fo o1, | |
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| tgL'en éh?tWﬁelﬁé'expgrimdm&l slples. by centrifugation a QB@' § oestrophorpged in regallel The
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~cells were washed once in [err] once in SED, once in 1 Msorbitol and then

S P j iché ' i is 1 Min sorbitol. The
sqlatjorbof ichigf DNA Seqbéndesl s- HCI (pH 7.0) which is _ _
f:glsfjgn\(/j\g?e m xed with 50-100 Jerr] of a 4 so ng/m solution of Zynol ase.

60, 000 (MONa dregmasty whichrcpmsaiedameoPichia IS8 bard vidko ibidd] robr®d Pidhib BNA by 4} 985 t t .h_e | :

bility to complement S. cerevisiae his4 strains. The library was composed of 5-20 kbp Sau3Al partial
- digestion fragments .of wild type Pichia DNA inserted into the BamHi site of the S. cerevisiae-E. coli = -
* shuttle vector YEp13. Spheroplasts of S, cerevisiae NRRL Y-15859 (5799-4D; a his4ABC— strain) were - . - =
. - generated by the technique of Hinnen et a/ (1978), mixed with the Pichia DNA library and allowed to
o~ regenerate in a medium deficient in histidine. The transformation resulted in about 1x103 prototrophic yeast .
" - 40 colonies from a population of 5x107 total regeneratable spheroplasts. Total yeast DNA was extracted from
20 of the His+ colonies and transformed into E. coli. Seventeen of the yeast DNA preparations produced
. ampicillin resistant colonies and each contained plasimid comprised of YEp13 plus insert DNA. To confirm
that the His+ transforming plasmids contained the Pichia HIS4 gene and not a DNA fragment with
Suppressor activity,- restriction digests of the plasmids were hybridized to a labelled DNA fragment
" 45 containing a iarge portion of the S. cerevisiae HiS4 gene and washed at low stringency. Each of the =
plasmids which complementad the his4 S, cerevisiae strains contained sequences which hybridized to the
. S..cerevisiae HiS4 gene. '
To search for DNA fragments which contain Pichia ARS activity, DNA from Pichie pastoris GS115
(NRRL Y-15851) was partially digested with Tagl-and 5 to 10 kbp fragments were isolated and cloned into
- 50 the unique Clal site of PYJBAC/a. (See Figure 26). Plasmid DNA was recovered from about 10,000 His +
©_ Pichia colonies and used to transform E. coll. Plasmids from about 10,000 ampicillin resistant colonies were
. isolated and then transformed back into GS115. Forty of th_e His+ yeast colonies from this sublibrary =
transformation were separately streaked onto selective medium and grown in separate cultures in selective ~
medium. Total yeast DNA was exiracted from oach of these 40 cultures and transformed into E, coli. Two
-86  plasmids, pYA63 (PARS1) and pYAQ0 (PARS2) whose yeast DNA preparations produced the. most ampicillin - -
' resistant E. coli colonies, were selected for further analysis. Both of these plasmids transformed Pichia - -
. pastoris GS115 (NRRL Y-15851) at a very high frequency and each contained an insert of foreign DNA.
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fwa"l_l,s The spheropl ast preparati on was then centrifuged at 1000 g for 5 10 o

m nut es and suspended in Lysis buffer (0.1% SDS, 10 mM Tris-HC, (pH 7. 4)
5 mi EDTA and 50 mM Nadl ). Prot %ﬁ]éﬁ%ﬂ{ﬂ(ﬂ)eh“ nger Mannhei m and RNase A
(Silgma) were each added to 100 [err] and the m xtures incubated at 37 C
for 30 mi nutes. DNA was deproteinized by gently m Xxing the preparation wth

an equaExagrLEV of chl or of orm 35 contai ni ng i soanyl alcohol (24:1, v/v) and’ -

t he phases were separated by centrifugation at 12,000 g for 20 m nutes. The
-upper . ( onstestion) Of leggsornRegioh-lagdhGenb fFusionso a fresh tube and extract ed wrth an
~equal - vol une of phenol/chl oroforniisoanyl alcohol. The phases were -
separsat P78 Aeobel SpxidasehRegulatery Regiop Repsudt aced in a tube containing 2-3

vol unmes of cold 100% et hanol . The sanpl e was q(ently m xed and DNA was o
col | ect ed P@E" o@%fﬁc& aﬁ gﬁf‘%?;%%’ P’a‘g't"?ﬁhc"qnﬁlﬂ's ‘\i'rn e t?‘f"??ﬁggt‘%tggl' é“dﬁs’éol ved
in 1 nif r [ | unmes
TE bn];fo:za‘a':?re u reE‘l jon j:sthe coding In n ?dr‘g r&'gzﬂheac‘f ?9? qy §t ures.
in nith éﬁgg il ,;;; ? gy L3
.centrrfugatr on m nu Is wer e suspended |n 1 nmL of
SED and transferred to a 1 5 mL mcrofuge t ube, washed once in 1 Msorbitol
and resuspended in 0.5 nL of 0.1 MTris-HCl (pH 7.4) whicBjs 1 Min
sor bijg of . Zynol ase 60, 000 19 ge%{?] of a 4 ng/nL sol uti on) s added and

0

the cel | suger wed for m nut r] re then
cont fugeéit%&ﬁ%%%qﬂé::szlrszrie:riore.ot.u.n::t [y SZ b3 ariancupgt oo at

[err] After 15 mnutes the sanples were mxed with 100 [err] of 5 :
potassi-um acetate, 50 held in an ice bath for 15 m nutes and centrgfuged
f or N0 ni nalesholhexidagenat ants Were decpadgd 91¥101 agdyf sh m crofuge tube
containing 1 nL of 100% et hanol, m xed and centrifuge 10 seconds. .
Finally, the DNA pellets vvere arr dried for 10-15 m nutes and di ssolved in
50 [er rl’“ﬁ) 1-12p poiap figeged indo gg gHIcinksg: (clepvephyith Fail apd Sal) of the E-col) |
cul ture e’?‘dﬁ’“l %’P%gh |”:‘§Y'f;$l §§?ﬁ> MeFPRRREY AL R e & ERIfARE ere37  C
with %h%ﬂ?rarf’@'y %Uﬂﬂ?f’ ?r U8%®as described above and with the- -
appropriate antibiotic. For cells which contained pBR322 derived pl asm ds,
cultures were grﬁ\‘vn to gﬂ [grr] of about 0.7 at which time sufficient

chl oram 43 EP 183 Bl pheni col was added to give a concentration-
of 1gp [err]/u 8 -pg-ebt- cb pyeered aper oxigyaiel.,y 15 hours later. Strai ns .
whi ch- cont ai ned aBRﬁZBcd ceceedepas mcds wercaA.nqgqul ated into the

suppl enent ed 2B nedi a stdpting [err] of about 0.01-0.05 and i ncubat ed |

wi't h"shaking at 37 CRjosm20- 24Bhour s Viadfgor ¥algrepi-iged actostiddsel | Scal e -
E." caoli DNA Preparations. For small scale rapid plasm d-isolations, 2 nL-.

~eultweses in the supplenented 2B nediumwi th antibiotic were grown overni ght

at [errﬂ;gwpttvbﬂsllﬂmmgTMM(Smﬁgesﬂe)d by centrifugation in 1.5 nL mcrofuge

tubes. Pl &ire the regplatany spdionpipaZigenertubiomef PRAGIE I asbpizphesy wiitl respast wipkadkdtiorecfify si s
thod @pastopidase gs showminfeaienesfid Doly 10 (1979). E. Restriction DNA and

Fraghent |solation. Restriction enzynes were obtained from New Engl and

-Bi-ol 4bs-and Bet hesda Research Laboratories 15 and di gestions were perforned---

by routine techni ques. Restriction mappings were carried out by conparing.
paral l el digestions of plasmds with and without insert DNA. Restriction
fragments were purified by electroelution from agarose gels into Watman 3
MM pgper strips backed by dialysis tubing. The fragnents were recovered
fromthe paper and tubing by 3-4 washings with 0.1-0.2 m volunmes of a
'solution which contained 0.1 M NaCl, 50 nM Tris-HO (pH 8.0) and 1 nM EDTA.
Finall'y, the fragnents were extracted with 20 phenol/chl oroformisoanyl-

al cohol, precipitated with ethanol and redissolved in a small volunme of TE -
buffer. F. P. pastorls Library Construction in E. Coil. For the Pichia
pastor/s DNA- YEp13 li brary construction, 100 [err] of YEpl3 was digested to
conpl etion _ _ o
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25 with BanHi and treated with calf intestinal alkaline phosphatase to .

~ fenmove the termnal 5 phosphate fromthe DNA. A 100 [err] aliquot of "W ld

- type-Pichia pastor/s DNA from Zgr,c h8s BA .ﬁrs NRRL Y-11 430 was partially |
digested with 10 units of Sau3 by |ncu ation for 5 mnutes at 37 Cin a
-total - volunme of 1 nL. Fragnents of 5 to 10 kbp were size selected by
centrifugation through 5-20% sucrose gradients. One [err] of the vector and -
2 [err] of the Pichia Sau3A | fragnments-.were mxed with 20 units of T4 DNA -
|l i gase (Bethesda * 30 Research Laborat ories) in'a total volume of 200 {err] -
- and incubated overnight at 4 C. .The ligaied DNAs were transfornmed into E.
col 15 by adding the entire ligation reaction mx to 2 nL of conpetent E.
coil 848 cells and incubating for 15 mnutes at [err]. The mixture was E
warned. to [err] for 5 mnutes after whrg;lqctrrreé}o m. of LB nedi um was added
and the 37 C incubation continued for g her Xhour. Anpicillin was then
added to give a total concentration of 100 [err] and the incubation -

- contfnued for a second hour. Finally, 35 the cells were centrifuged for.
10, minutes at 3,000 g, resuspended in nt of fresh LB nmedium and spread in
equal aliquots on 10 LB agar plates co § ni ng 00 [err]/m of anpicillin.
The approxi mately 50, 000 col oni es. whi ch®Pesul t €l wer e scraped fromthe
platgs and a portion of the cells was inoculated into 500 nL of the

“suppl emented 2B nmedium at a starting [err] of apout 0.1. The culture was

_grown and plasnmid was extracted as desq)pee@ aljpve. O the col oni es which
were . pooled for the library, 96 out of & tested were 40 tetracycline
sensitive and 7 out of 10 exam' ned contained plasmds with insert DNA. For
e 2P0 chi a pastor/s [err] Jjbrary construction,«50 [err] of [err] was
~digested to conpletion withjC/ al and trested wrpth cal f intestinal alkaline

-~ -phosphat ase to renove the g rm nal EE‘QI&SSphatG-fromthe DNA. A 100 [err]
~aliquot of DNA from Pichlagpastor/s NRRL Y-15851 was partially digested

with 20 units of Tagl by iBtubation for 5 minutes at [err] in a total
vol §e of 1 nL. Fragnents & 45 5 to 1Q, kbp were size sel ected by
~electroelution froma 0.5% agarose gel g8ee Ex le Il, Section E). One

[err] 'of the vector and 2 [err] of the Pichla Taqgl fragrrents were m xed o
- with 20 units of T4 DNA |igase (Bethesda Research Laboratories) in a total
Trvolggeof 200 ul and i ncubat ed overni ght at [er-r] The ligated DNAs were~
- transfornmed into E. coi by adding the ire |&jation reaction mx to 2 nL -
- of -.conpetent E. coil 848 cells and i ncobt i ng ffor 15 mnutes at [err]. The ...
,mxture was warned to 37 C for 5 minutes after which 50 time 40 nL of LB . . ..
~ ‘medi um was added and the [err] incubation contihued for another 1 hour, S
Anpigitlin was then added to give a to concghtratlon of 100 [err]/rrL and.""_"
-~ the incubation continued for a second . Fifal'ly, the cells were -
- centrifuged for 10 m nutes at 3,000 g, ;resuspended in1lm of fresh LB-
Jredi um and spread in equal aliquots orgil@ LB agar plates containing 100
[\e/rr]/rrL of anpicillin. The approxi matedy 10, 000 col oni es which resulted -
wer & scraped fromthe plates and a porg-ion of the cells was inoculated into .
- 500 nL 55 of the supplenmented 2B nedi umat a starting [err] of about O.1. '
- The culture was grown and pl asni d was "extracted as described above. G.
..Sout hern Hybridizations. 44 EP 0 183 071 Bl For transfer of large or
~super coi l'ed DNA nol ecul es to nitrocel | glgse, DNA was first partially -
hydr-ol yzed by soaki ng agarose gels In B.%_M HCl for 10 minutes prior to
al kal i- denaturation. The hybridizati ont,cﬁ |®bel | ed fragments fromthe S
cerevislae H S4 gene to Pichia pastq. éﬁgﬁ)NA was - performed in the pr esence
of . 50% f or mam de, 6x SSC, 5x- Denhar®t®%,90.1% SDS, 1 nM EDTA, and 100 _
- [ersd/mL denatured 5 herring sperm DNA at [err]. Post-hybridization washes
were in 1x SSC, 1 nM EDTA, 0. 1% SDS and ‘1. 0% sodi um pyrophosphate at [err]
- DNA was [err]-labelled as described in Exanple IV. H DNA Sequencing. 10
DNA se¥pstonpTASY! instiated at theunitivd Bamblirsile kndidhe fdiowinh &imal linker imsextad:i on et hod of .
- Sanger et al (1980). |. Yeast Transformations S. cerevisiae transformations
wer & carried out by the spheroplast generation nethod of H nnen et al-
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15 (1-978). Piohia pastoris transformations were perforned following the: .~

- procedure descri bed above. J. Analysis of Pichia pastoris Transformants 20

- The abi:lity of each plasmd tgpq§“ﬁ§hqkﬂined as an autononous el enent in - _
Pi-chia pastoris cells was determned as follows: A transformant colony was " -

. picked fromthe regenerati on agar plate and streaked onto an SD nedi um agar
plate and inoculated into liquid | Mg medium The SD plate was incubated at .
30 C.for 3. days after which time a sgngle colony was picked fromthis

.plate, streaked ontog pseEqy P Pl gl ¢ nocul ated into a second flask.

of I MG nedium This process wag il ed Ao re 4ige. The 3 IMG 25 o
.culftures were grown at [err] with sﬁhking to an [err] of about 1-2 and then

harvested by centrifugation. DNA frgmn the yeast cultures was extracted as
- descri bed above, el ectrophoresed at 30 Volts and 30 mAnps for 10-15 hours

I nt . 8% . gel s, f d.t it | | ul d_hybridized to
ey ?f&ﬁ%@ﬂi@%@e%% TABER i e tha P it ss RS M et I ¢
g o

_poﬁ%é??nﬁ? Ko slf)'f:asnid isolated fromE. coil and a sanpl e contai ning

1-2 [err] of untransformed Pichia pastor/s GS1 15 DNA were el ectrophoresed -
imparallel 30 wth the experinental sanples. K Isolation of Pichia DNA-“ -
-.Seguences. DNA fragnments which contained the Pichia H S4 gene were isolated -
frgma Pichia DNA library by their 35 ability to conplenent S. cerevislae
‘hi s4.strains. The |library was conposed of 5-20 kbp Sau3Al partial digestion .

. fragnents of wild type Pichia DNA inserted into the BanH site of the'S, S
\—Cerevisiae-E. coli shuttle vector YEpl3. Spheroplasts of S. cerevislae NRRL

~ Y-15859 (5799-4D, a h/s4ABC- strain) were generated by the technique of
_ Hfnen et a/ (11978), mixed with the Pichia DNA library and allowed.to

. regenerate in a mediumdeficient in histidine. The transformation resulted

-in-about |Ix [err] prototrophic yeast 40 col onies from a popul ati on of 5x
[err] total regeneratabl e spheroplasts. Total yeast DNA was extracted from
20 of the His + colonies and transformed into E. coli. Seventeen of the
'yeﬁst DNA preparations produced anpicillin resistant colonies and each
~-cont-ai ned plasm d conprised of YEpl3 plus insert DNA. To confirmthat the
- His+ transform ng plasm ds contained the Pichia H S4 gene and not a DNA-

- fragnment with suppressor ‘activity,. restriction digests of the plasmds

- wege.hybridized to a | abell.ed DNA fragnent 45 containing a |large portion . -,

...of.-"the S. cerevisiae H S4 gene-and washed at |ow stringency. Each of ‘the . . -

-~ plasm-ds which conplenented the his4 S. cerevisiae strains contained S
‘'sequences which hybridized to the S. cerevisiae H S4 gene. To search for - :*

~--DNA fragments which contain Pichia ARS activity, DNA from Pichla pastoris ..
~ GS%15 (NRRL Y-15851) was partially digested with Tagl and 5 to 10 kbp =~ =~ =
fragnments were isolated and-cloned into 50 the unique Clal site of [err] .
(See Figure 26). Plasm.d DNA was recovered from about 10,000 Hi s+ Pichia

. colonires and used to transformE. coli. Plasnids from about 10, 000 .
\vé, icillin resistant colonies were isolated and then transforned back into

. G8¥15. Forty of the His+ yeast colonies fromthis sublibrary transformation
.. were separately streaked onto sel ective nmediumand grown in separate
. cultures in selective medium Total yeast DNA was extracted from each of

’these-40 cultures and transfornmed into E. coli. Two 55 plasmds, pYA63
(PARS1) and pYA90 (PARS2) whose yeast DNA preparations produced the nost
anpicillin resistant E co/i colonies, were selected for further analysis.

Bot h of these plasnmids transformed Pichia pastoris GS1 15 (NRRL Y-1 5851)

at -a very high frequency and each contained an Insert of foreign DNA.- 45 ;
--ERP-0183- 071 -Bl EXAMPLE XV Construction O Regulatory Region-lacZ Gene...... ..o
- Fumi ons 5 A. p72 (Al cohol Oxidase) Regul atory Region Constructs Plasnmid pPG

4.0, a pBR322 vector which contains the 4 kil obase pair EcoR -Pvull genom c

DNA ' . _



fragment from Pichis pastoris was cut with Pstl, treated with S1 nuclease .
~.to produce bl unt ends where cl eavage occurred, then cut with BamH to give - =5
- a 1.12 'kbp DNA fragnment which-. Cﬂﬁbﬁb@%?tﬁ? al cohol 10 oxi dase regul atory - -

region and the coding information for the first 15 amino-acids of al cohol
- oxidase. This 1.12 kbp DNA fragnent has the follow ng nucleolide sequence

- B 15 1. 12 kbp "S nucl ease™ ) o
CTA GGT GGI' Gtreated end . . AT CCA CCA -
CCT 'AG [err] This 1.12 kbp was Ilgated |nto the EcoRl/Smal /BanH l'i nker
. (cleaved with BarH and Snal) of the Eggxﬂr-s cerevi sl ae shuttle vector

pSEY3101, Douglas et al (1984). Vect or-%8EY101 contains the E. coil lacZ

gene 25 and a polylinker with the follomnng nucleotlde sequence: [err] 35 .

..... . to give hybrid plasmd pEﬁ?& Pee Figure 29). Since the
. regulatory regi on-lacZ gene fusion of ACL lmrs out of phase with respect

to productron of [err]- gal actosidase as shown in Sequence E: 45 50 55 46
" EP §%183 071 Bl 8~~~~~~~~~ [err] VectpropTAOlml is cleaved at the unique

BapH site and the following Smai lin i nseBt ed: 55 47 5 [err] thus
__producrng hybrid vector pTAO01 2, which has the follow ng nucleotide : :

" sequence with respect to the 10 regulag?ry reglon | acZ fusion: 20 30 45 50 .

55 43 . EPO 183071 Bl [err] - . o
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- and thus, the regulatory region-/acZ fusion of pTAO12 is still out of phase with respect to the LacZ reading

- 55 frame. In order to bring the N-terminal coding information for the alcohol oxidase sfructural gene into an
“open reading frame with the structural facZ gene, pTA012 was treated with EcoRI-Smal and the resultmg
DNA fragment ligated into pSEY101 which had similarly been treated with EcoRl and Smal thus producing '
hybrid vector pTAO13 (See Figure 30 and the nucleotide. sequence below:
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and thus, the regulatory region-lacZ fusion of pTAOL 2 is still out of .+
.phase with respect to the LacZ reading 55 frammeée. In order to bring the

~ Néterninal* coding i nformation EPb 18887fksoN0l oxidase structural gene into T

an open reading frame with the structural |acZ gene, pTA012 2 was treated
with EcoRI-Smal and the resulting DNA fragnent ligated into pSEY1 01 which

- had sinmilarly been treated with EcoRl and Snal thus producing hybrid veQ;Qr;;;f
pTAOL3 (See Figure 30 and the nucl eotide seqgence. below 49 EP 0183 071 :: :

- Bl [err] 25 40 45 50 The vector pTAOL 3. was %hen used to transformS. .

cerevi siae SEY21 02 for further studies desctibed bel ow 55 in Exanple XV.
~ Vector pTAOL 3 was then cleaved with .Pstl or:Pstl-Nul and the regul atory

region-1aczZ fusion contained in the cl éaved $ragnent ligated with the H.$4

gene-contai ning fragment of shuttle feftorsHTAFHL (See Figure 28),

pYJ30(See Figure 27) or pYA2(See FigHr® 23) %o give, respectively, plasmds -
upSA .1, pSACH 50 EP 0 183 071 B1 5 and pSACH 10. pTA013 plus

S 2 ] pTAFHL PSACHL

Resulting Plasm ds 5 . &< o

pYJ30 pSACH5 pYA2 ®F5A0HLE 10 B. p76 Regul atory Region

Construct's Regul atory region - Iaczuggpe fusions were prepared as foll ows
with the p76 regulatory region. 1. nge h§ Entire 5 Portion of pPG 6.0

.Thas 1. 35 kbp EcoRl fragnent of pPG 6% was & oned into the uni que EcoRI " -
"site of pSEY10l1l, an E. coll- S. cerevisiae shuttle vector, giving plasmd

pT76UL (see Figure 30a). Vector pT76f was fihen cleaved with Psti-Nrul, and .

KT/he | arger DNA fragment |igated W%L% the H %4 gene-cont ai ni ng fragnent of
- shuttle vector 20 pTAFHL (Figure 28),as desgribed above to give pT76H3; or
wth the EcoRi-end filled in Pstl-E fragnent of shuttle vector pBPf1l

-~ (see Figure 34) to give pT76H4. 2 &g a Bal 31 Digest of 5 -pPG 6.0 A
-+ 1.35 kb pair EcoR fragnment of pP& was ¢l oned into the uni que EcoR.
site of pSEY8, an E. coli- Sy cerevi e shugktle vector, which also has a
. unique Sa/l site adjacent tg|the EcoRl site_ into which the Pichia DNA was .
inderted, thus gi ving pl asnBd pTAO1 §EE Figure 31). The plasmd pTAOL was =
cleaved with Sa/l, treated gjth Baﬁiicexonug|ease to produce bl unt-ended
- fragnments of pol ypeptide p78 regul atory region of various |engths. The
- bl unt--ended fragnents were Preed fr t he rgmai nder of plasnid pSEY8 by
. clgavage with EcoR . The resulting fraggents were cloned into the -
~ EcoRl -Smal |inker of pSEY10l1l to give, 30 :agong others, plasm d pTAF. 85
" (see Figure 32). Plasmid pTAF. 85 isgapal oggs to pTAO 11 shown in Figure- = -
29, with the p76 regulatory region ot ead Pf the p72 (al cohol oxi dase): T ¥
~ regultatory region. . o o : : : T T S
: 35. . .

7] >
88 I
L]
; . oL [~ =]
N >
— 06 -
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- The vector pTAO13 was then used to transform S. cerevisiae SEY2102 for further studies described below
-85 In Example XV.
.. Vector pTAO13 was then cleaved with Pstl or Psti-Nrul and the regulatory region-facZ fusion contained
in the cleaved fragment ligated with the HIS4 gene-containing fragment of shuttle vectors pTAFH1 (See
: _Figure 28), pYJ30(See Figure 27) or pYA2(See Figure 23) to give, respectively, plasmids pPSAOH 1, pSAOH
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. Vector PTAF. 85 was then treated in an anal ogous fashion as vector pTAOL3 to .
" give plasm ds pTAFH. 85, pT76Hl and pT76H2. .Thus, the follow ng vectors: were -
- cleaved and |igated: 35 pTAF. 85prq§3 o7fB$uUl ting Plasnid pTAFHL
- pTAFH. 85 pYJ30 pT76HL pT76H2 EXAMPLE XV 45
‘Regulation O -[err]-Gal act osi dase Pr oduction In Pichia pastoris The e
pr oductiaahpSHOH[16r r | - gal act osi dase by several Pichia pastoris GS115 ( NRRL
Y-15851) transformants grown on different carbon sources and under '
different conditions was i | € rmed strains were grown
in-mini mal medi um cont ai ni. ‘1p§‘§613$F1E f?ﬂ]‘ﬁ% IQ%Q&ST n and 0.1% gl ucosegat :
[err§ until they reached 5 sPFﬁEH‘onéry mﬁ‘é@@‘ Thejcells were then col l'ected -
by. centrifugation and tranEf &¥d td m AR medi im containing 0.5 [err]/nL
of biotin and 0.5% net hanol_ &% grovn f #SAQBWt 3f5 generations at 30 C.
After this initial growh on nethanol, cells were collected by '
centrrfugatron and transferred to fresh m ni mal medi um containing 0.5
[errf/ﬁLprRewlmwﬁegmcDoasttUher 0. 1% gl ucose or 0.3% net hanol as carbon
source. The cells were then incubated at [err] for about 80 hours, wth
- sanpl es  Ifiepvigory eagion diacé loenp fugionhivierawiepares! asdeliowwithche 078 r@Blatatvoediest  oxi dase
- and [erriq gal act osi dase | evel s.- After about 20-50 hours, the carbon source

was sglept 'ch‘eaﬁﬁ‘afeﬁhg?’@&ﬁ%m?ﬂe ceI I s Were rrar nt ai ned under these car bon
sour ce st rvation colnf|r cl noar | ztg i N Tabl e :991(51
dase,
\*fret hod %:% S‘fﬁﬁ&%% }ga %‘%} ‘&g% %?P Y’Tf 2d\as
wi ru - rm fr e 1 A
det er Jré) ov ‘??dr—ﬂao?% 2 df‘lle P |
4)t0 ive pT76H4 H'CEﬁ‘t‘_ ratron 5
| . S Pl er ] 0.04 M KCL"
.0 75 ga. UsmgaBaﬁfl @)JgeMo{ﬁfppﬂi 6.0 0. 246 g 0 001 M 10
' 2- ner capt oet hanol 0.05 Mfill up to 1L; pH should be715

O Ni_t r ophrenss kb[pek E&oﬂDﬁ@nﬁﬁﬂ@w@eo wed\Eténbd intd thes aHique E4GHD sitilpt PPIRG, 4nS, QOIBS.

- N 1227 perevisiddéhutith varkor,dibichialsh Bgh avmiqes Stibsitaadigcont té thawborl siaitGwaich tié Phia 20

B. - Ass DNA a9 ineettad,ahus lgivingipidsmidaplAein(Sad Figure 81)f Tremidsinig pTa0t wasclaawdivatnsgd). 1- 0. 5
[ err ] uéatedewitstBagit |ekanjicloase frt produne) blunteudeddagments ¢f polypeptide p76 regulatory region of -~

' various lengths. The blunt-ended fragments were freed from the remainder of plasmid pSEY8 by cleavage

o 30 with EcoRI. The resulting DNA fragments were cloned into the EcoR-Smal linker of pSEY101 to give,
~ - .among others, plasmid pTAF.85 (see Figure 32). Plasmid pTAF.85 is analogous to pTAO11 shown in Figure - - -

. 29, with the p76 regulatory region instead of the p72 (alcohol oxidase) regulatory region. L

_ Vector pTAF.85 was then treated in an analogous fashion as vector pTAO13 to grve plasmids .

N pTAFH 85 pT76H1 and pT76H2. Thus, the following vectors were cleaved and ligated: o

85
o pTAF.85 plus | Resulting Plasmid
: _ pTAFH1 |  pTAFH.85
A pYJ30 pT76H1
40 . -
 EXAMPLE XV

45 'Re_gulation Of g-Galactosidase Production In Pichia pastoris

" Thie production of g-galactosidase by several Pichia pastoris GS115 (NRRL Y-15851) transformants
.grown on different carbon sources and under different conditions was investigated. The transformed sfrains
were grown in minimal medium containing 0.5 L.g/mL of biotin and 0.1% glucose at 30° C until they reached

&0 stationary phase. The cells were then collected by centrifugation and iransferred to minimal medium

. -containing 0.5 ug/mL of biotin and 0.5% methanol and grown for about 3-5 generations at 30° C. After this -

" initial growth on methanol, cells were collected by centrifugation and transferred to fresh minimal medium
‘containing 0.5 .g/mL of biotin and either 0.1% glucose or 0.3% methanol as carbon source. The cells were
then incubated at 30°C for about 80 hours, with samples bsing periodically withdrawn to determine the

56 . -alcohol oxidase and g-galactosidase levels. After about 20-50 hours, the carbon source was depleted and -
thereafter the cells were maintained under these carbon source starvation conditions. The results are .
summarized in Table I.
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_ ~~.Aleohol oxidase was determined by the dye-peroxidase method described above (See Example VII) and
--56 . p-palactosidase was determined as follows:

B-Galactosidase Assay
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25 gélactose 982 | 960 651 -

766 B.p76 regulatory region (pT76W ) Carbon - ' After 5
-Starvation Conditions 30 Sougpq) 1dsPM B1 CGener ati ons
12. hrs. 25 hrs. 30 hrs gl ucose o 2.3
254 o 815 803 gl ycerol 470

nd A. Solutions regjuired: : nd 36 40 These results indicate that a
"protein foreign to yeast, i.e., [err]-gal actosi dase, can be produced by.

~ Saccharonyces cerevisiae regul ated by the p72 (al cohol oxidase) and p76

regul atory regi ons undfrzg@gdr t1ons of cartopmﬁgwcg,ﬁ,aﬂ, rvati on when a
catabdlite repressi ng garbor—seourcer+s—enphoeyed—or—grewt h, or by growth of ..
transformed S. cerevis &@2'1?9”'57”& L 1Pdgat i|vel y°9ﬁﬂﬂ catdpolite repressing
~carbon source such as I B0 or gﬁl étgose. _ The lexpression | evels

for [err]-gal actosidas oS urder ontrjol of the

regul gtory regions of _ger &Xg{i{n oh g&n be c ‘ﬁé t he expression

| evel S possible with o siae T mlL ters. Pronoter
- Carbon Source [err]- gallen:itodssrpﬂabwldhgﬁits/ [err] cyt ochrone C-lacZ fusion
(CyC1) - Raffinose (3% ' 460 gal actose pernease-lac-Z -~ -
- fusion (GAL2) Gal actose (2% 450 I nvertase-lacZ fusion(SUC2)

A ucoge é.ﬂlﬂ$%nyl.ﬂ-[).glactos|de(ONPG;.GO It is seen that the regul atory regi ons of
~the invention surprisingty are at |east as effective as, or nore effective

@s . S. cer enissive 610p Iy TONPG SSibha N-1enint1e0 saLnatdusmmdt\@ateBtomkewemgmL eNeEVPLE
|1 54 solutidaP 0183 071 Bl Sout hern Hybridi zati ons Wth Yeast Genomi c DNA

Nine different nmethanol assimlating yeasts and one nethanol

- noh="agrsi BriAssay iPregeduesast were grown on nini mal nmedia (1M, See Exanple 1) -

pl us. 0. 75% net hanol or 1. 0% gl ucose, respectively. Total chronosomal DNA

was | sol atleWititawansalinngd fiem jthe MP@UW/W 1h 9 5 8‘3600 ea?t cplisk: P@F'Euga@r"a&'aﬁhéf"b ;

i sol ated,” pP'fee‘é{‘E'b“EPt% th RNase dfirs |

phenol / chI2 Bfg‘t 56’%1} o 8?Jh'eﬂ"°‘ ?"H@n°fvﬁ't°ﬁ aé'ﬂ |38|“br°t)? Ui OFayytes oWt and

finatf atogd %ﬁ 8 crlg‘rl_t ated DNA was resuspended in a-
.mnlrrumvl o) Y rm"° & u SQ i on.
Salihern ,&ygtfs(ig %mf %55;& aqgr&tzb Bkt 8 588 S SENGOLHC | O,

i.e., [err to al ISKA rom 10 varrous yeast speci es was di gested vvrth
..?'excesg, I—tr;rugicl,;gtmed@g;gc@gm%@@ udA denatured, . the gel neutral- ized and

" DNA transferred—to nrtrocetrtutoseTilters. Prehybrl di zation conditions for -

“these fi'l t eus= it ibld BEsHhbtEPESTBITONRY tbrihed PontiiiteCdl BE Wari@rpranYi de, 6x SSC, 5x
Denhar dt1 amold ofr{ONEDHaA, anDabk8tbios an a2 hRO(ALRY b 0.0045 demad ur el pstalbigl tR9eamn
'DNA, . at sh@dn@Enaveirinitgh nm Tépesseanze2mondi ONPITIS ongfsemoad ralSsidce iyastaldiolaib iob N,
medi.usm uspewptantieiig-analyzed tsriafiel. b, Ynitopmset imthé Tadds amoricgaed: at | on of 10_6
cpminl. The probes included the 15 cDNA inserts (Pstl fragnents) from

cl ones pPC 8.3, pPC 15.0 and p§§6 7, as well as a 2.7 kbp Bg/l| DNA
fragment of the P. pastoris H gen@“—Eachxo‘.Wehese probes were separately
hs/é“d/on identical filters for hybrit{ma)on |lasting 24 hours at 42 C. After
hybrlﬂ’zatlon the filters were washed tW| ce for 15 mnutes at room '

terrpe_ratur hre l 'H {e r in a - o
cont ai ni pesﬁg& n g | o 08 her
P o

confifmt dizati on resu ters Were then aut or adi ographed

for- 72 WLEWIE results of these hybr| d| zations are sumari zed in Tabl e

25 T —

Regulation Of g-Galactosidase Productron_ In 8. cerevisiae

. .60 . Saccharomyces cerevisiae SEY2102, a strain requiring uracil, leucine and histidine supplementation .
" . for survival, was transformeéd with plasmids pTAO13 and pT76U1. Transformed organisms were readily
‘isolated by selecting for colonies which did not require uracil supplementation for- growth. The isolated
: transformants, have been given the laboratory designation SEY2102-pTAO13, and SEY2102-pT76U1, =
. respectively. SEY2102-pTA013 has been deposited with the Northern Regional Research Center in Peoria,
.55.. lllinois to insure access to the public as of the deposit date of August 31, 1984. This sirain has been -
. assigned accession number NRRL Y-15858.
_ Cei_ls of NRRL Y-15858 and SEY2102-pT76U1 were incubated at 30°C for about 3-4 generations in
. minimal medium containing 20 wg/mL of histidine and leucine and 5% glucose. Cells were then shifted, i.e., .
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30 35 40 46 50 55 . EP 0183071 Bl TABLE | | | Hybridization of P. pastoris- "y

~Genes to Various Yeast Chronosomal DNA * P. pastoris H S4 pPC 8.3 - .77

pPC 15.0 : pPC 6.7 1).P. past t | + A

+ 10 NRRL Y. 11430 2): Cﬁlg 65%33?7331'5 S o
S+ +15 "~ NRRL Y-1603 \ 3) Hansenul a +

+  collected by cefttrifugation and trartsfavd{ ftt YA mdétivk) with 395 6 thé @arbion source indicated infTable

* Ii"and growi fo} about 5 generations 2530° C. Cells Jweld. thenGindubatevital aunaiditional 50 hours under

+ carbon sourcei-stﬁ')vatlbh cqndvhgnsmnp hoarlodlcally sampleH))r ﬂ-galactosndase The results are summa- +)

+ 30rized in Taple IH. wi cker ham i - + + +

- +8) Torul opsis + + + +

~ ol i schiana 9) Sacchar omyces 7aBLE (f1 cerevisiae 40 10) P. pastoris

+ +

+ NRRL Y=I585T 25 *Legend: + hybridization (+) weak

~-hybridi zation 50 - no hybridization observed under the

: _ngdlt}OHS-eppisaﬁétﬁénTbs'EE@&&&@t@ﬁﬁdSééeﬁ | 5. Tebrevisiakndi cate that
.0 es or polypepti des anal 0gous L

virtually al

these Ahreekneﬂbelmexédabeerugdlwyohybregxnat(pﬂA013DNA froma methanol .
‘non- as ting yeast, 5 e eVIS|2§~f§g—kﬁ§g— I EP 0 183 071 Bl _

~ bejviee ?&?%%ﬁp pastoris Efﬁﬁ %ene a 2 208 Ediartions revi siae was
readll§;£E§sLﬂ§ﬂl TheGenranatiengave Gehispr 020dhBSpe eiQ.ﬂE_Lllustrate the -

practlce of the invention and should not be

b’

%

NN

- 45

- .80
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glucose 0.2 105 66 nd
fructose 0.3 30 31 28
. ethanol 23 137 115 77
..glycerol 640 - 806 656 788
galactose 982 960 651 766

B.p76 :egulatory’:egibn {pT76Ul1)

Carbon ~ After 5 Starvation Conditions
- Source (5%) Generations 12 hrs. 25 hrs. -_30 hrs.
glucose 2.3 254 815 803

~ glycerol 470 nd nd ‘nd

md = pob dltswained
These: results indicate that a protein foreign to yeast, i.e., ﬂ-galaétosidase. can be produced by
Saccharomyces cerevisiae regulated by the p72 (alcohol oxidase) and p76 regulatory regions under

_conditions of carbon source starvation when a catabolite repressing carbon source is employed for growth,

or by growth of transformed S. cerevisiae cells on a relatively non-catabolite repressing carbon source
such as glycerol or galactose.
The expression levels for B8-galactosidase in S. cerevistae under the control of the regulatory regions of
~this invention can be compared to the expression levels possible with other S. cerevisiae regulated
promoters.

Promoter ‘Carbon Source ﬁ-galactosidasg, Units/ODg o0

cytochreme C-lacZ fusion (CYC1) Raffinose (3%) 480
galactose permease-lac-Z fusion (GAL2) | Galactose (2%) 450
Invertase-lacZ fusion (SUC2) Glucose (0.1%) | _ 160

It is seen that the regulatory regions of the invention surprisingly are at least as effective as, or more

effective as S. cerevisiae promoters than promoters native to S, cerevisiae.

. EXAMPLE XVII
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‘read so as to linit the scope of the invention or the appended clains in =~

any way. Reasonable variations and nodifications, not departing fromthe - . -

essence and:spirit of the inventi °1§567pﬁﬂtenplated to be within the 5
scope of patent protection desired and sought. Bibliography Binboi mand
Doly (1979) Nucl Acids Res. 7, 1513-1523. 10 M G Douglas et al (1984)
Proc. Naitsoutifse@HybrifigdtionsWifh. Ye%ﬁeﬁﬁ%Br@@S? Hinnen et al (1978) Proc. Nat.

-Acad. Sci., USA 75, 1929-1933. Z A Jaowicz et al (1985) Nucl. Acids Res. -
1 3 '043- 3064ne differdrit nethelarh @ssimileling aleasis] &185dne MustHano! Aon-aksimiRging yd#st w80 GBWa@B2.
Maxam anchir@ndl breedia (IM9.8Gpe iExariviie HO diusi B1750 zyetisndgyr 66% did®sd 6@spetifvely.STetether n
(1975)5 J chrivippsomali YA wasdsoblg-a8 HFscri®urin Example V) i-e(, 198 OYclelt aclls [werefisaidted] Hegtod
161- 178.. with BNasg| A. @wirasigd et wittophepg¥ehlaseferayisopmyl okl dhep with ehlprefarmuisesy| sleohels. 1.

to 34 pr éadirelyptianolprasipiiaigdniite REpcinitated RNA was resyspgqgded: ip 3@!@%’“ veiupe PfsTErfg‘ff?i
regul at ofYe 8 T“S?F 19 slepn, the DNA solytips. Chl a pastorjs wherejn said re %

region is r sg dykyidizgtign f"F?és j’ lt%@ d° ‘P?f’a' 'T“?IP K’ '119I“tg

W th

WhICh&H ﬂﬂiﬂﬁ%n vr!fraea itroc ulsse ©) %% cn| ele Cl

sai ¢+ eodbadh Gl 6 dlodaa bl P:g %n;ﬁ s ‘“ﬁx %ﬁggg ) g,,,:g
c i

oSS engeu BN vt e e HORE b ssesi"a%aut heaﬁraa&J s e ded p

regul gt oking ﬁagérQ’EPém}aﬁJﬂerﬁé?%ﬁ\Q Resigpe :’I Ba! 20 aJWe%%@Qka nch
* codes fowraa'kéﬂvs#rtwy%eianaﬁusaxgamea@wﬂ@ abmme@ depSHRIE h&a%nm%%apnné RéRL
- B- 15867) njtrigizatbh Ristng 24inbets bl 42 ZDAfter hybriciedlibit th6 tfiltéd4) wérb twliste@ t#i6kfor 15 minutes at

Xhol - rodsit teinpdratars, st titge tnbs at 682 Cri01sl rain@dsyin agiubin coméiaiiy BOSBO, alraM EDEA,
transcri P11 %608DS0dnd 108 ScAigD IpyiapbasptiaiecOtheradetms fvers tivd ablowér sogeieys €e.0d 551 anld| e
f r ow @b.oA2° G RLNMIM( thiRmibridzatlii B@8its. (The fittersweard therEautdRidiogegheadi fart 7R diaurs.i The resgitst he
3- EcoRVotihasp hyhtidizgfianssdre sumnfaizedtihEabledbjul at or.y regi on whi ch controls the .
transcription of nessenger RNA which codes for p40 30 obt ai nable from
‘cl one pPG4.8 (NRRL B-15869) fromthe 5 -BanH -restriction site to the L
-3-Sall- restriction site. 2. A DNA fragnent in accordance wi th enbodi nent 1
wherei®h -said regulatory region is derived fromthe yeast species Pichia -
pastoris. 35 3. A DNA fragnent in accordance with enbodi nent 2 V\/nerel n
“said yeast is Pichia pastoris NRRL Y- 11430. 4. A DNA fragnment in
accordance with enbodi nent 3 wherein said regulatory region controls the
“transggiption of messenger RNA which codes for the production of alcohol
oxidase.” 5. A DNA fragnent in accordance with enbodi nent 3 wherein said =
regulatory region controls the 40 transcription of nessenger RNA which -
‘codes for ‘the production of the polypeptide p76. 6. A DNA fragnent in

.accordance with enbodi nent 3 wherein said regulatory region controls the ... ...

‘transasi pti on of nmessenger RNA which codes for the production of the

‘pol ypeptide p40. 7. A DNA fragnment in accordance wth enbodi ment 4 furt her |

conprising the 3' sequence of DNA downstream of the DNA which codes for the
an‘gg%ctl on of al cohol oxidase. 45 8. A DNA fragnent in accordance with
e

iment 5 further conprising the 3 sequence of DNA downstream of the DNA- K

whi ch ®odes for the production of polypeptide P76. 9. A DNA fragnent in
accordance with enbodiment 6 further conprising the 3" sequence of DNA
downstream of the DNA which codes for the production of polypeptide p40.
10. A DNA fragment in accordance wth enbodi nent 1 wherein said nessenger
RNA cqges for the so production of a heterol ogous pol ypeptide. 11. A DNA
fragment in accordance with enbodi nrent 4 wherein said fragnment has the
'nucleotlde sequence: 55

- 50
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57 - EP 0183 071 Bl 5 ATGCTTCCAA GATTCTGGTG GGAATACTGC TGATAGCCTA

ACGTTCATGA- -~ TCAAAATTTA ACTGITCTAA CCCCTACTTG -GACAGGCAAT ATATAAACAG
AAGGAACGCT:G CCCTGICTTA AACCT CI%\%‘H] (?ATCATCA TTATTAGCTT ACTTTCATAA
TTGCGACTGG TTCCAATTGA ATTTTAACGA CTTTTAACGA CAACT TGAGA ..
AGATCAAAAA ACAACTAATT 10 ATTCGAAACG 3/. 12. A DNA fragnment in
accordance with enbodi nent 4 wherein said fragnment has the nucl eotide
sequence: 15 5 AATGGCCCAAA CTMGITIIT AAACCCTGIC TTGGAACCTA

ATATGACAAA 5 43 AGCETCATE e 5 3A COAGHT. c GAAGRMAGTE YeRITCGTTG AAATCCTAAC?"I B

. GGCCA 2 CCF CGCCA C GICTT GITTGGIATT

_;GAGTTGACGAE_‘E“_‘E_‘P.EEEICMM TAATCTCATT AATGCTTAGC GCAGTCTCTC ~ TATCGCTTCT

GAACCCGGTG  GCACCTGIGC 25 CGAAACGCAA P TT
TTGGATGATT ATGCATTGIC T TTGI 63@' T@% %T'BCT @ GGAATACT co}
TGATAGCCTA ACGITCATGA T TTTA 3 ACT TG

 GACAGGCAAT P.APAFARRERAG AAGGAAGCTG  CCCTGTCTTA AACCTTTTT’T TTTATCATCA - .

TTATTAGCTT nrrIAGTTITEATAA TTGCGACTGG TTCCAATTGA 35 CAAGCTTTTG -
ATTTTAACGA CTTTTAACGA CAACTTGAGA AGATCAAAAA "ACAACTAATT
ATTCGAAACG 3'. 13. A DNA fragnent in accordance w th enbodi nent 4 mhereln

sai'd fragheit nﬂﬁ§0rhé nucl eot¥ de 40 sequénce: 45 5D 55 58 T EP 0 183 071

B1,5' - ACATGIAA. Y-~1608TCCAAAGA CGAAAGGITG AAGAAACCT TTTTGCCATC.
- CGACATCCAC AGGTCCATTC TCACACATAA GI'GCCAAACG CAACAGGAGG 5
GGATACACTA GCAGCAGACG TTGCAAACGC AGGACTCATC CTCTTCTCTA
\—/ACACCATTIT HansgIal@AAAAC MGCCAGTTAT GGECTTGATG * GAGCTCGETC

ATTCCAATTC ¢apSlibGLATTAG 10 GCTACTACA CCATGACTTT  ATTAGCCTGT
gDATCCTGGC C&CCTGGCG AGGTCATGIT TGITTATTTC - - CGAATGCAAC
. 4) H. henricii ' + + (+) + .
25 5) H. nonfermentans + + + +
e 6) H. polymorpha (+) _ + (+) +
. 7) H. wickerhamii . + + +
s -mol_ischiaha '
' 9) Saccharomyces {+) - - -
N cerevisiae
. 10) P. pastoris + + o+ +

NRRL Y~-15851

“*Legend: + hybridization
(+) weak hybridization .
50 -~ no hybridization observed under the

conditions employed

: 55 : oo . -
The results presented in Table Hli indicate.that genes for polypeptides analogous fo p76, p72 and p40
are present in virtually all methanol-assimilating yeasts. It is notable that none of these three genes were
observed by hybridization of DNA from a methanol non-assimilating yeast, S. cerevisiae, while homology ..
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: AA
TGGGGTCAAA TAGTTTCATG TTCCCAAATC 15 . GCC(_:A@AACTGAT GE.ACAGTTT
ACTTCTCTT o CRACCTAAT ATCACANMD 0 1sSBIGHTCTCR | TCLAGATCA
B CeAaAAGE o aTA ATC%?@?%I’;TGT TTGGTATTGA TTGACGAATG

AAGCT COGCA | TTACACCCGA ACATCACTCC AGATGAGGEEC. TTTCTGAGTG ', B

TTCCAAM G tween SR pir i s onpang ha GISAQeAGTET £ Eesiae whioklly S0eeRed. B
CTCAAAAA% Thee SXAMple %;%A@ME;’GIV to (NoxB@IR M Practice ofV:h@ﬁ@ﬁESEEEJ should_n tf%f
ACCCGGT Gy 0 imit the-scone-e defnventiopprAtrnappemiad claim§ GEhY @hyARGasonable varﬁ%ﬁ&l &G
GGATGA-\TTModﬁﬁgaﬁ Rg from

GAA ot dfr%g;m PR spit & ABIDA e CTOBHETERAG bo within the

ﬁﬁg%%pe o pIiph desiredaod soughta AGGAAGCTGgT - CmCTTA# o
TTTTTBlbi ATCATCAT 30 TATTAGCTTA GOGACTCGT .

?%XXE&%%TTTGA TTTTAACGAC  TTTTAACGAC AACTTGAGAA GATCAAAAA

: . , i rdance with o
CAACT AAT Binboim Zr@oHASIE; Ric, ASG: Fie%:?,‘lbm%%qsf i o e a0«
enbodi meM- GoDugias et &1 (1984)trde! Rl AR Sgaﬁ % agahl AFXACCCC AATTCATTGT S
CACCCATAEMnen et aAGT7T AdAGGt. Acad] S\ AAGCGA TTTCAGCTTC ' .

' CTTACCCCATM. LGdeMW@ﬁ(@?%WCTW&E%@OS&%WAT S rAcaliceccau—

CGAMexamEnt QillHREI80) in MAIRAIEAOR mology 65@do\6A \A -
 TAAAGTCATher (IR EMACRO). 08 STOBTTTAL & LT CATC  COTTTGTTGA ATAGEITG

- CACCZI9or et at{198R b MatSBRY 143, 161-178. ACGAAAGAG GAAACTTAAC s
.GCAA T ) fg‘ i the descripligy #reAGB@ed emBoBHRA TIGE 34 preseh®&ih J%%;GA
SAGAAA Y\ CEAET R RpLising aAquDiRONETTN JUBTRAITIOMT Bibhia pasto regulatory
TTCTCCACA egion is res POasive Me%cegg' methamiP inQthed GultGrd IneldilimGAAVhIENL Adst organism for

8 : OntGCWQW@WWFEapabIeWWﬁ:ﬁ@% transcription
AN/ -y i 5" end ofETINA MiticTcodes GredBARESedMer RNA. said
GAGTGACCGFegulato 8g 5 ol CTAA ACACTAAAGT  TCACTCTTAT CAAiCTATCA
¥ \red regi ich Gonfrols th ipti anper oo aiihiake rtbdek for
~AACATCAAAA- Ghydidyacdene &n b J?E%ﬁ{ faJnE tgg}c gg%%pﬁl\%;gt B1586Dafran thegSHHmbIGY \ —
furthsr comﬁt'ri&ioﬁltet@thla@‘-mﬁrg;&}i' bn $HEY! § € Iol ’e tide coding region. 16..- A ..
region is popind ireporBryarbgist ehich coRtfbh 13 ke #ﬁﬁ °pRNA whick gedop iopeicael

DNA f r agmenexidase Mbﬁaﬂ&&eclﬁfetdﬁeﬁﬁmmﬁ-? 86%‘) om e?-?@&kr@striofgl sitpto thy IHNA
codi ng r egi EroRV-omtistioh Gits; t he produ_ctlon or al‘coho Xi q é nt has the. .
fr agnent i nichibe seadiatoaeregivs WhiebentbieaHat traiagl:rimﬁ o 'n'Bss%ﬁge_r RNA _ ich codes for p40

nucl eBt i de obtainable from clone pPG4.8 (NRRL B-15869) from the 5'-BamHI-restriction site to the 3'-Sall- - -
. o restriction site. . ' '

2. A DNA fragment in accordance with e
yeast species Pichia pastoris, : : e
. .3 . 3.ADNA fragment in accordance with embodiment 2 wherein said yeast is Pichla pastoris NRRL Y-
11430. : ' T
4."A DNA fragment in accordance with embodiment 3 wherein said regulatory region controls the
: . transcription of messenger. RNA which codes for the production of alcohol oxidase. '
N 5. A DNA fragment in accordance with embodiment 3 wherein said regulatory region controls the
L 40 transcription of messenger RNA which codes for the production of the polypeptide p78. .
6. A DNA fragment in accordance with embodiment 3 wherein said regulatory region controls the
transcription of messenger RNA which codes for the production of the polypeptide p40.
7. A DNA fragment in accordance with embodiment 4 further ‘comprising the 3' sequence of DNA
. downstream of the DNA which codes for the production of alcohol oxidase.
45 8. A DNA fragment in accordance with embodiment 5 further comprisin
downstream of the DNA which codes for the production of polypeptide P786. o .
9. A DNA fragment in accordance with embodiment 6 further comprising the 3' sequence of DNA -
- downstream of the DNA which codes for the production of polypeptide p40. ;
: - 10. A DNA fragment in accordance with embodiment 1 wherein: said messenger RNA codes for the .
50 production of a heterologous polypeptide. ’

M. A DNA fragment in accordance with embodiment 4 wherein said fragment has the nucleotide
sequence: '

mbodiment 1 wherein said regulatory region is derived from the s '

g the 3' sequence of DNA .
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" sequence: 5'-ATG GCT ATC CCC GAA GAG TTT 3'-TAC CGA TAG GGG CTT CTC AAA

GAT -ATC CTA GIT CTA GGI GGT GGA TTC AGT GGA TCC CTA TAG GAT CAA GAT CCA

“CCA CCT AGG TCA CCT AGG TGT ATEp 4 %83 6 B\GA TTG GCGA AAC TTG GAC CAC TCC ACA"

TAA AGG CCT TCT AAC CGT TTG AAC CTG GIG AGG 25 TTGAAA GIT GGT CTT ATC GAA .
GCAGGTGAGAACCAAAACTTTCAA CCA GAA TAG CTT CGI' CCA CTC TTG GIT CCT

Cil O SR BT O e 1 TH T TR P,

TTC TTT GIC RESTEQATSAG AGGCTERAARITTAGA AGACTREITRNAMNCT CRCTIASETCCA TCT CCT

Gors AT o GACAENT? OO oMM C T, o e
' CAG AAC CCA AAFCEZTTRET TCT TRRATGATCATC ATETATMAGORT Ac:@cmcmm CCA CCA

AGA AGA TAG THGOBA TACTAEGARGRGECT
CAA GIC GAG ggéﬁgggjaas,maqxgggxxy\g%A‘gggégggﬁgﬁiéxxaéﬁgh%é%g CG AAA ACA -
g, e 116 EFF

ATGEARKTAGAGACCG AACATEAMGA CTACBACTAATT GAA GGT -

T GACTTN -

AAC’ TAC TTT ASBCSERAGSG3ACC TAC CAA AGA GCT TGN CAA CNA TAC TTC TGA CTC TGG .
- ATG GIT TCT CGA ACN GIT GNT ATG CCT GAC ATT CAC GGTI TTC GAA GGT CCA ATC AAG .. .

GIT 30 12, QGBNET»G%CJAFM aebfdance (Wit énitfcuifdrt 4 erlls Said Afdgrh

AAC TAGohdnce
ACGs GTC CTG 55 60

5l AC

GIT TG .CAG GAC AGA AAG CCA TTG A
EP 0 183 071 B1 TTC TTG AGG GCT TCT GAG TCC CAA

SRic S ALCRe Gl

GGT “ATT CCA_TAC AAG AAC TCC CGA AGA CTC AGG GIT CCA TAA CGI ATG 5

TE@GAC TCT

TECFIERITC, M

'GTA" CGI, AAA BABTCTRAAGA TCTGACEGARGALGA AMGSTTOAS

PRRTEFEAAEAC T@@CGQGNQQG

: AGA TGA TAC GI%GKE@I&T GCT QGP’I:‘E'AAASA ATG %STCTCATT

GTT GAC BATAARGRECCEAAMGAC TEEGAGAGTICTG ACARABGGCTEIT CASTCGBACCTA GAC
- CTT CTG AAC. p@ATGAGARATGA GhGe c%ﬁxﬁr ,%#% TTG ATC' AAC
AGA GAC ACT Ac:g AAC TIC A Gﬁé&% CGT CGT

ABCARBKEGRARA CGA

AATGCTTAGC
' GCAGTCTCTC TATCGCTTCT GAACCCGGTIG  GCACCTGIGC
CGAAACGCAA ATGGGGAAAC AACCCGCTIT  TTGGATGATT
~ ATGCATIGIC TCCACATTGT ATGCTTCCAA  GATTCTGGTG
o GGAATACTGC TGATAGCCTA ACGTTCATGA  TCAAAATTTA
e ACTGTTCTAA CCCCTACTTG GACAGGCAAT  ATATAAACAG
o AAGGAAGCTG CCCTGTCTTA AACCTTTTTT  TTTATCATCA
RE TTATTAGCTT ACTTTCATAA TTGCGACTGG  TTCCAATTGA
Ea CAAGCTTTTG ATTTTAACGA CTTTTAACGA  CAACTTGAGA

| AGATCAAAAA ACAACTAATT ATTCGAAACG™3/.

50

CGHC ARGTREETRSE TTC ATC

13. A DNA fragment in accordance with embodiment 4 wherein said fragment has the nucleotide

sequence:

58



“TGT ‘AAC ACG AAG GTC GAC AAA ATT ATT GTC GAA GAC 15 ACA TTG T&C -

TTC CAG CTG TTT TAA TAA CAG CIT CTG GGA AGA GCT GCT GCT GIT AGA' ACC * -

GIT CCA"AGC AAG CCT TCT CGA G 188%vi®) TCT TGG CAA GGT TCG TTC CCT
TTG AAC CCA AAG AAG CCA ACT CAC AAG ATC TAC 20 GCA AAC TTG GGT
TTC TTC GGT TCA GIG TTC TAG ATG CGT GCT AGA AAG CAA ATC TTT TTG TCT

TGT GGT ACC GCA CGA TCT TTC GIT TAG A AiGrcigh ACA ﬁ%ﬂhﬁg ATC TCC
- TCT CCA TTG(ﬁEﬁA'EE@mCAA ﬂcégggﬁsr TIT 25 .. TAG GGT AAC - -
CAA- AAC GTT E’%ﬁ%’r" ARA AR IRRECARE TTG GEACATCCAC GCT GGT K
GIT $AG TIRACASATARCT wscc@mcccA CAPPACRGCREE TTG GIC .
AAC TTG CCAC@@TACG!FI'A GGA cEBBcAdReG TTC @% A T@F&Eﬁ CCA- CAG
:mg GA ATC -

CCT TCT TTG AGRc39 GAC
Cwﬂ gﬁ&f&% MME; AAMAQS‘@a\Gm TAC GAG

'GTT" CTG GTA é{’éﬂp‘i
TCT TTC GAT c CEACETECTTA GTGTTAtﬁATfEC AG/tﬂe@arf:mt\ CTG AAG
" CAG #GCA GOT ERFACTEATA GAG Atmw:nﬂr\G ARAvTiRE % CT A CGA
CTC TAA GIT Te€ecT&deg CAC G G$, AC CAnE
CTT GCC ACT ® ATG
. GGT. ATC GAA TT%?@ GTC ARRFAQOGSA AGA ACERCACICC CCA REATEAGSGETT CGA
"CCA - CAG TTC GASTGSGT TEBGCEIFTRANA CAMaGERfea GAA TCC
TTC "CAG GAGGEGdaalcr GAGg MTr Gecgi&é%ﬁc&gm 45°

6%3 U TAC
GGI TAC AGA QW@P—C GAA

\LAG CTT CTG @T Amtcmmmc Tmcmm‘&T GCT GGT
TTC TTC GGT CTIOCTIGAS GTATEMMAAMGE TA  cdierrdez %@ GGT GAC
'GAG ,ACC AACITERARARGT CCToddsh TTC TAA

T GGATEA CCTTI:IAEEF%?& TAC ACT 1ﬁ‘?'gGTTTc %TG GRECCBMEGACCA TTC TCC |

AGA TGA TAC AMEVHRADTANTG  ATOTOMITARGG TEOCTIAGCEEC ATT CAC
ATT ACC TCC ASICTCEATA CCAmrmASS ACCEdaYanes TA&E%%% ‘%Aeﬁ TGG. AGG™
GGT CTG GGT AMFRGCRRAT61 071 Bl lgoh CA CCeA GGT TTC

C TTECATEATERT AGA GAC -

EORITEGA G&AATmchA TTG 20

GIKs CCAGRAAFCTAT CTT ATG

59

ot o s LA
ATG GCT CCT A %TCTWAGACC(MWCAA ACC
CGA ATG TTC PEFCATA GAGATAGCCTAA AGA OM3ACAGEAGAC CAG Rt 10 AGA TCT-
~ CTT TGG CGA quﬂﬂ!ﬂﬁUﬁSA CT@cetreics COG acacecaaTa TATAAACAGA SR
'”.?0- . AGGAAGCTGC . CCTGTCTTAA ACCTTTTTIT TTATCATCAT
- TATTAGCTTA CTTTCATAAT TGCGACTGGT TCCAATTGAC
AA;CTITTGA TTTTAACGAC TTTTAACGAC AACTTGAGAA
_ GATCAAAAAA CAACTAATTA TTCGAAACG-31,
35 _
: ;:q u:r-“l::ieI:lA fragment in accordance with embodiment 5 wherein said fragment has the nuciotide =
D . _ 57-TT
0 CACCCATACA ACTATAAACC TTAGCAATTG AAATAACCCC
AATTCATTGT TCCGAGTTTA ATATACTTGC CCCTATAAGA
B AACCAAGGGA TTTCAGCTIC. CTTACCCCAT GAACAGAATC
3 TTCCATTTAC ~  CCCCCACTGG AGAGATCCGC | CCAAACGAAC
AGATAATAGA AAAAAACAAT TCGGACAAAT AGAACACTTT
CTCAGCCAAT TAAAGTCATT CCATGCACTC CCTTTAGCTG
. | :ﬁ:z:izArc .ccrrrcrrca GCAACACCAT CGTTAGCCAG
| GAG GAAACTTAAC CGATACCTTG GAGAAATCIA
_Accccccaar_ " GAGTTTAGCC TAGATATCCT TAGTGAAGGG
- rcrgccawac' TTCTCCACAT TCAGTCATAG . ATGGGCAGCT
% .TGTATCATGA AGAGACGGAA ACGGGCATAA

' GGGTAACCGC



GBT GAG GTC ACT TCT CAC CAC CCT CTG TTC CCA TAC CCA CTC CAG TGA AGA GTG GTG
' GGA GAC AAG GGT ATG TCA TCC GAG GCC AGA GCC TTG GAA ATG GAT TTG GAG ACT"AGG -

CTE OGG'TCT CGG AAC CTT TAC Ué@@% TCT AAT GCC TAC GGT GGA CCT. TTG .. '_'.-_:
AAC TTG TCT TGG AGA TTA CGG AT AAC TTG AAC AGA GCT GGI CTIT f
GCT CAC GGTI' TCT TGG ACT CAA CCT TTG CGA CCA GAA CGA GIG CCA AGA ACC TGA

GTT GGA MCAAG CCA GAAC CAC G T TTC GOT )
 TGA CGT TTC TT@%{?‘?T A%A%%’“ GAG %%E&A GAC ATC - -
GAG TAC 25 CAGECERATIIC CA@mmmA GGAGNGAQRGT CTC AGCTCTITAMS GAG GAT
GAC AAG GORTARRAGRSCC T TTC MC TTG ATG .. .
TAA 6CGT GAG CAC ACT GAG A%g“%?% %&%g& TGA CTC
TGG TGT ACACHPATAATACCA GHLORSTCRAR ch ACACTNARGT AGA TOACTEITATC AAG ATC

TOG ACA AGRARAGTRGANCT TGRGHCARGAAGG TTC TAG GTC AAA TGG GGT GGT GIT' TIC
GAC CAC AGA TCC AAC 35 CAG TTT Acc CCA CCA CAA AAC CTG GIG TCT AGG TTG GIT

TAC GGA gg&o Gcnﬁ TI TTG CAA ATG CCT CAG TTC CCG AAC

e e op b itata it ae e N g
%MqﬁgﬁﬁJ@&&WM%m

GAA AAM
GTT GGA Ak i
 AGACA Tl mﬁmnchea;@neﬂmmb%m&wmn A (IR AT ARRAETC TAC
TGA CAA QTCAAG TTC AAC CCG TGA TAC GAG AAG A GITAGATC

_\_AAS 50 ATGCTCTTCTGGCCAGAA CGA TCT AAGATT 5' 18 ADNAfragrrent.

. .accordance w th enbodi nent 15 di ng region c__odes
-faor the production of polypepti %% % rgémg %cordance :
W errbodl mant 15 wherei n sai d polypeptl &e gl t he .

~ producti off %gpypsgﬁ d6TF40CTAQ. GBRTDNGGTY a@@nt TIC adCT dBGAe WCch
- enbodi menFT 5 AL eFATs aCAADOFRBepEFde €68 n§OTgiAGG cAGas TOT t BREG

product i omcuf ATiret eeel ogeas AshyPeps degcab2 E 8 1 DNA
fragnent AaAacmandame weeh en‘hqdlmc wé‘é‘é ey %&1 %gzo ek

pol $pepti rr ' fra nt |n accordance wth
* enbodi men coE‘ﬁtiMsj g gﬂe gg GB@nsAAEanCAR t he
pol ypept i’ e co Mg i nT8%i d Gden E&Rof CﬁﬂA *¥CcafdBl e of -

control | i RT5 CAAt heapol gadenkirat i GBT t €TRi Nn@CIONTCT t AGGSCraRt | raand
~t ergj-nat i §8Rof GTTan6TAt | 66Gof TAGSSEOYer GRBA GGASdAGG TCC ATA AAT

- .'C_CC AAG AAA CAG- AAG TTG GAC TCC AAG ACT GCT TCC
GGG TTC TTT GIC TTC AARC CTG AGG TIC TGA CGA AGG

‘TTC TAC ACT TCT AAC CCA TCT CCT CAC TTG AAT GGT
s - ARG ATG TGA AGA TTG GGT AGA GGA GTG AAC TTA CCA

AGA AGA GCC ATC GIT cCA TGT GCT AAC GIC TIG GGT
TCT TICT CGG TAG CAA GGT ACA CGA TTG CAG AAC CCA

" ~A_ " GGT GGT TCT TCT ATC AAC TTC ATG. ATG TAC ACC AGA
@ - CCA CCA AGA AGA TAG TTG AAG TAC TAC ATG TGG TCT

GGT TCT GCT TCT GAT TCT GAT GAC TIN CAA GCC GAG
"CCA AGA CGA AGA CTA AGA CTA CTG AAN GTT CGG CTC

' GGC TCG AAA ACA GAG CAC TTG CIT CCA TTG ATG AAA
pe €CCG AGC TIT TGT CTC CTG AAC GAA GGT AAC TAC TTT

. AAG ACT GAG ACC TAC CAAR AGA GCT TGN CAA° CNA TAC
TTC TGA CTC TGG ATG GTIT TCT CGA ACN GTT CNT ATG

| CCT GAC ATT CAC GGT TIC GAA GGT CCA ATC AAG GTIT
50 GGA CTG TAA GTZ CCA AAG CTT CCA GGT TAG TTC CAA

- TCT TIC GGT AAC TAC ACC TAC CCA GIT TGC CAG GAC
- AGA AAG CCA TTG ATG TGG ATG GGT CAA ACG GTC CTG

T
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- for by sai d pol ypepti de coding region. 23. A DNA fragnent in accordanc'e |

wi th enbodi ment 15 or 22 wherein said DNA fragment further conprises -one Or

more additional DNA sequences dgpigugdoff 8 t he group consisting of

~ bacterial plasmid DNA 10 - bacteriophage DNA, yeast plasmid DNA and yeast

‘chronmpbsomal DNA. 24. A DNA fragnent in accordance with embodi nent 23

~.wherein said yeast chromosomal DNA conprises an aut onom)usl y replicating .. ... .

. DNA sequen ndn‘?: er 25 he_production L
~ of al cohol g n%%éa gg fﬁﬁ}l tg@g é\ r %%HI v nt % {&Eh a gene 7
or S%Jb unit . %6% gng_ |Eggcg§o}{£a%%g WI VﬁﬁEI’EI n said gene . |
~has the nu ti s&gdaen T TTT 20 v
bes the nugo e B ER ST E B ﬁ?%c SRoAtToE e T
GGT GGI @I\ GARTCCACAGIGGGCOG ABC CIPG ANMG AACATAGA CAGRC @QT CCA :
CCA CCT CGeGCTITCRTIG CRIC ABC TEFC &Q TARCCTIGGGRCT ARI®X THERG  GCA.

 AAC,, TTG c6¥CcerCABee TEAC25TAACAGCTTAMAT AQRA ©8T IET cac’Ger CGT  TTG o
AAC ™ CIG GEK> GEAG AGG Ae®G GIAGASGTGACTGTAAT @GINAABRA CALST GG Nea CAA AAC L

CoEmshEasERETE o
e i THeE B oSGl SR e ol G

CCA TCT CTTTEET A/GCT Cqisn AGCAGAAG TTG GGT .
AGA  GGA C‘E?rGTCTAAéGA TSGR G5 E@x T%ATG%CEM AqeT  T&Pr TTECA TGT
" AAC COICTTCTTBAC QIIATGIAG AT COGCGAGITAGAC CAXG AJTET TACA CGA- .

- TFG2 CAG @@ AACCATEGT GGLGITIC TETC GEN TCATCGIGAATICTMAG ATG ATG
TAC ~ACC co¥Actt Caba ARE cACAarcAGrr Me TETC 1ddGooerlARcc TAC . ATG
TGG ~ TCT G&A CGAT TCEBCTTTIC TETT @AT AmCTmfeATAGAGA&A O TE8A GCC

S M ey e N S, O
o EEEmdl R PR B A o

CGAA .GGT CEERTEIRAGSEET MR TIGTGCCATOCT GRS GCAA AGAABAC CFFC  CcA.
GGT g0 TAG CSHCABCCARAFCTTICTRAC EBF CHhC CAGTAECT AFET TG AAEca G'I_'T
- TGC . CAG  CABACGAGA GAT CTAT TTHTGITCETRIGASIT CA% ATR GRGA CBEC55 63

" EP 0 183 07GTH1 CTRC GTAG ATEC AGACTARGT &G TXSD GSA &S ALK CEAGTAC AAG
_AAC TCC Qs A@S1ICTCABCGTaAST TGA@C&CTAAM:ET GMIG GAC TTC GTC CGT

: - TPC GCA GTC ATG CTC AGA CTA CTG AAG CAG GCA

GGT GAT GCT GAG ATT CAA AAG AGA GTC CT?T 'GAC CAA
CCA CTA C€GA CTC TAA GIT TIC TCT CAG CAA CIG GIT

. ¥ 7. 766G TAC GCC AAT GGT ACT GGT CCT CIT GCC ACT AAC
A ACC ATG CGG TTA CCA TGA CCA GGA GAA CGG TGA TIG

-0 GGT ATC GAA GCT GGT GIC AAG ATC AGA CCA ACA CCA
. CCA TAG CIT CGA CCA CAG TTC TAG. TCT GGT TGT GGT

GAAR GAA CTC TCT CAA ATG GAC GAA TCC TTC CAG GAG
CIT CIT GAG AGA GIT TAC CIG CTT AGG AAG GIC CIC

45 GGT TAC AGA GAA TAC TIC GAA GAC AAG CCA GAC AAG
o CCA ATG TCT CIT ATG AAG CIT CIG TIC GGT CTIG TITC

CCA GIT ATG CAC TAC TCC ATC ATT GCT -GGT TTC TITC
GGT CAA TAC GTG ATG AGG TAG TAA CGA CCA AAG AAG

" GGT GAC CAC ACC AAG ATT CCT CCT GGA AAG TAC ATG
CCA CIG GIG TGG TIC TAA GGA GGA CCT TIC ATG TAC

ACT ATG TIC CAC TIC TTIG GAA TAC CCA TIC TCC AGA
TGA TAC AAG GTG AAG AAC CIT ATG GGT AAG AGG TCT

R GGT TCC ATT CAC ATT ACC TCC CCA GAC .CCA TAC GCA
- 88 "CCA AGG TAA GTG TAA TGG AGG GGT CTG GGT AIG CGT

ﬂ

.35 -
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- GTT

CTT
oGr
- TTG
TAA
AGC
AAE.
TCA
CGA
TTG -
AAA
ce
- AAG CRk
- ACA
GAG
GAT
\JIC
T
~ ATC
- GAG
Teo
- TAC
CTT
" TTC 4
- CAE

50.
ATT

GAC GAT CTG GAA GAC TTG GTA CTG ACT CAC GGTCAA CTG CTA . GAC
CTG AAC CAT GAC TGA GIG CCA 5 GCT GAA CAC TGG TTG AAG TGG ATCi
>.AGA GAC ACT CGA CIT GTGEPQ%QME1TTC ACC TAG TTG TCT CTG TGA-CGT
TCC GAC TCT GCT CAT GCA TIT GIC CAC TCE GCA GCA AGG CTG AGA

“GTA  CGT AAA CAG GTG AGA | 0 TCT ACT ATG AGA AAC CAC GAC AAC =~
TAC TTG ATC AGA TGA TAC TCT TTG GIG CTG TTG AAC ATG MC TAG TGT. AAC. .. .

AAG GTC GAC AAA ATT ATT GIC GAA GAC ACA TTG TGC TTC CAG CTG TTT .

B a bR n gl

GRCATTGARAG MG GOT QOT AGTG AMGTIT CAPCRATEATT TATG ARF TIITGGT ACC GCA

TCX THS GAC TARSAAGGIC A ACTRA CBRCTGERC ATEC TICT TTEA TG GIT

%‘i’ A%ATC%FQ@- ACd éT AhEa Ahtn GaT AMSAGAMEAEC oBFT ged ACG CCA

C@%IAE%%QJTGI“@\ fé? A @dc CldreA cge __CCA CTG

TAG TTC AAC TTC CCT TIG GIC AAC TTG CCA

G%Q gp 7&% %&9 GRE AT CCEAFACCT TCT TTG - -
C. cRRC TR GRAGY C 98¢ %@T@%@@&ﬁcﬁﬁf ARG GTA ATA -
AA'@MAQCCTC/E!@AG@ HOA TAASCO ™S XN X¥BS GXE ™S T6HGTTC .GAT . . ..
TAGCICTAGEST CIEC €3\ T CG6 XAC ASET ASAC CTATA CTRAGLETEAG GCA GGT

EREEE S BB ERTT

G&T Gor @IWGR;NGAQ\T@G%G@@AM KO &R TOCT CITG CGA CCA

TFGA TREATCEMGT CAN (@36 40°CA  AGA GCC GAIGR CTGTT TC(HGA CAMAATG GAC GAA

ﬁl@ %.@ G‘E@CT BC'J.CT Ecﬁ%@%ﬁT Jﬁ@ Gde  Trlc A1 PAGEIC CTC GGT
ARged CAsrg G &4 T ATG AAG

% T'R% G TTC GTT ATG CAC TAC TOC ATC YT T oar TTe.
R cag e oty e o ceftiqiot G
AZECGAT G Gt A TM A -

 GET TGAGATGATACGKT GNIG ANE CZC TNT TEAGAACTACTACCAATIC TCC AGA -
CTA TIC TAC ATA TG ANT ANGETTTARTETOCGTERG A% TIAAGCST  TCC

3 % G%% &g&ﬁ@g@ ;ff ?E&gc%c A%TTquggGT&TAA TGé AGC? .'

ACC TGT TCC ATC CCA AGA GAA GGT TCC AAG ATC

. TGG ACA AGG TAG CCA GGT TCT CIT CCA AGG TIC TAG

... GTC _AAA TGG GGT GGT GIT TIG GAC CAC AGA TCC AAC
3

CAG TTT ACC CCA CCA CAA AAC CTIG GIG TCT AGG TIG

' GIT TAC GGA GIC AAG GGC TIG AAG GIT GGT GAC TTIGC

50

&5

~ CAA ATG CCT CAG TIC CCG AAC TTC CAA CCA CIG AAC

TCC GIG TGC CCA GAC AAT GIT GGT TGT AAC ACC TAC
AGG CAC ACG GGT CIG TIA CAA CCA ACA TIG TIGG AIG

ACC ACC GCT CTT TTG ATC GGT GAA AAG ACT GCC ACT

TGG TGG CGA GAA AAC TAG CCA CIT TIC TGA CGG TGA

ITTG GIT GGA GAA CAT TIA GGA TAC TCT GGT GAG GCC
AAC CAA CCT CTIT CTA AAT CCT ATG AGA CCA CIC CGG

TITA GAC ATG ACT GIT CCT CAG TTC AAG TIG GGC ACT
AAT CIG TAC TGA CAA GGA GIC AAG TTC AAC CCG 1TIGA

| "TAC GAG AAG ACC GGT CTT GCT AGA. TTC TAA-3'

ATG CTC TIC TGG CCA GAA CGA TCT AAG ATT-5'

-18. A DNA fragment in-accordance with embodiment 15 wherein said polypeptude codmg tegion codes
. for the production of polypeptide p76.

19. A DNA fragment in accordance with embodiment 15 wherem said polypeptlde coding region codes
---for the production of polypeptide p40. .
20. A DNA fragment in accordance with embodiment 15 wherein said polypephde coding region codes

_ for the production of a heterologous polypeptide.
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EP 0 183 071 Bl GCT CCA GAC TTC GAC CGA GGT TTC ATG AAC GAT GAA CGA GGT CTG *

AAG CTG GCT CCA AAG TAC TTG CTA CTT AGA GAC ATG GCT CCT ATG GIT TGG GCT TAC ©
- AAG TCT 5 'TCT CTG TAC CGA GGA Ep\G 188d78r CGA ATG TTC TTC TCT AGA GAA ACC - -

GCT AGA AGA AGT GAC CAC TTT GCC AGA TCT CIT TGG CGA -TCT TCT TCA CTG GIG AAA

CGG GGT GAG GTC ACT TCT CAC CAC CCT CTG TTC CCA TAC CCA CTC CAG TGA AGA GIG’

GTG GCA BB PWGTEERNAR GediRnCBthGMBoGmat ABAVWGER SEGeBAgdEGdHAdptidd 5 FSAG AGT

AGG CTC @i3gogidFe.CGG AAC CTT TAC CTA AAC CTC 15 ACC TCT AAT GCC TAC GGT GGA

CCT TTG &A@ bhis frpgrent (nCacsadanty Attt @@bod@dt A5 AurBSTcaBRASIAL 3T Féqusnds oAGNAGCT

GGT CTT m°&vp¢mm#%°¢@remww S coapmemeaf DMA\isCamRbEP@BMINGGA ACC

TG 5GTT Y?ﬁmm@"ﬂw@ efdﬂﬂﬁsemm@ew tappinationcof (apRlalimot massemger RNETodsC TTC
GGT TGA % % G TGA TCG AAC CAGn% gGﬁgﬂCTT@%\%‘I&@%CA GAC. - -
ATC GAG o%n G GAG -
'GAT 'GAC a? eﬂW@"%ﬁE HOPRCPEIgPE CGG TAA CTC TTG -
ATG AA 'CT GAG ACC ACA TGG CAC TGT CTG GGA GCA CTC GIG TGA CTC | |
GGT 30 ACC TGT TCC ATC GGT CCA AGA GAA GGT TCC AAG... ..
- ATCTGG GGTTCT CTT CCA AGG TTC TAG GTCAAATGGGGTGOTGTT___
"TIG GAC ﬁAG\ /sm fT MQ debluahdel wﬁmm%ms%rﬁf\gaﬂ@r%&@ TG 35

OCTT TACeokdpfisescaia bdely rdgiiating Piia %Ien%d%rl& %
AAC 1§ TC 2BAA gere/cotith§sfofive plddleticnl 63 aldohol GXidhséDEa brob¥el arl Gﬁ[xivéle'@omh IAC ACG
CAC ACG g¢eod orGliksuriitl A CAA CCA ACA TTG TGG ATG 40 ACC ACC GCT CTT TTG ATC GGT

(_GAA AAG 28CA 9860 ACTrdanawithTéabodmont COMAOT said §anE6as thalrucibdtide SsabericeGC TGA TTG
GIT GGA GAA CAT TTA GGA TAC TCT GGI GAG GCC AAC CAA CCT CTT CTA AAT CCT
ATG AGA CCA CTC CGG 45 TTA GAZ AT AGCTSTIATET 626G TEAAAAGAGTTETECC ACT. AAT
CFGAC TGA CAA GGA GIC AAG BT A TEAGAGGGHRG OB ACTCGGRARTT GCT AGA.

TTIC T 1 TT G S ne codi ng
CEsmTaesEsdes
' eqU|v t of such ene or sub-unit gene coding Tor the production
}Eﬁ sEAIN FTG hd¥@of MACanTEGui GACen€ABf TGEh a gene

: |tT A§§ ECISF\IA?Q%QM iGFTc BFGanBBC i ERGenBEai ndRE 23

V\herel'ﬂTGal HAN agrent GGT | rc1he XT0 MGAA 2 GERSEEGT GAG AAC CAA

CAA CCA GAA TAG CIT CGT CCA CTC TIG GTT

| _'ccr"'c:AA CAA CCC ATG GGT CTA CCT TCC AGG TAT TTA
© "% -GGA "GTT GIT GGG TAC CCA GAT GGA AGG TCC ATA AAT

CCC AAG AAA CAG AAG TIG GAC TCC AAG ACT GCT TCC
-GGG TTC TIT GTIC TIC AAC CTG AGG TTC TGA CGA AGG

35 TTC TAC ACT TCT AAC CCA TCT CCT CAC TTG AAT GGT
AAMG ATG TGA AGA TIG GGT AGA GGA GTG AAC TTA CCA

AGA AGA GCC ATC GIT CCA TGT GCT AAC GTC TIG GGT
TCT TCT CGG TAG CAA GGT ACA CGA TTG CAG AAC cCCA

0 GGT GGT TCT TCT ATC AAC TIC ATG. ATG TAC ACC AGA
CCA CCA AGA AGA TAG TTG AAG TAC TAC ATG TGG TCT

GGT TCT GCT TCT GAT TCT GAT GAC TTN CAA GCC GAG
CCA AGA CGA AGA CTA AGA CTA CTG AAMN GTT CGG CTC

GGC TCG ARA ACA GAG GAC TTG CTIT CCA TTG ATG AAA
CC6G AGC TIT TGT CTC CTG AAC GAA GGT AAC TAC TTT

_AAG ACT GAG ACC TAC CAA AGA GCT TGN CAA CNA TAC
TTC TGA <CTC TGG ATG GTIT TCT CGA ACN GTIT GNT ATG

CCT GAC ATT CAC GGT TTC GAA GGT CCA ATC AAGC GTT
GGA CTG TAA GTG CCA AAG CIT CCA GGT TAG TIC CAA

- TCT TTC GGT AAC TAC ACC TAC CCA GIT TGC CAG GAC
~AGA AAG CCA TTG ATG TGG ATG GGT CAA ACG GIC CTG

- B0
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-~ —of=controli

circular hybrid plasmd. 30. A transforned yeast strain; wherein said:. oA
‘transforned yeast strain is a host for recombinant DNA material; 65 © EP 0~ ™
183 071 Bl wherein said recor%s@q&;o% material conprises: (1) a DNA- . .=
--fragrrent ‘and (2) a pol ypeptide coding region; wherein said DNA fragnent is
responsive to at |east one of the conditions sel ected fromthe group - o
Consi Sting Sf¢ Soc acc. €éd RS MERSERES WANTPLBRNOlrr NcgDesppl ture medium -
wi th which Ra@og{acor @80i seex Oacaal erdoNAGE " a@RENECAS. mm cee¥ aqlpg and wherein-
said regul a ol Sef©S idah ONES L Sajgh P peptide e
codi ng -regi & q._r%%g gg ?L' ?i.é téﬁnsg n’eﬁ/egg %daal &ré S cegpabl e of - - o~
expressi ng the ype |de co sal geptlde COdI region. 10
31. A trans@%&g?%;y g%g ;%% rxng ﬁggncﬁ \fé wher ei n
sai d transf east st of"gro on nme ang as carbon
" and energy §8Tr (ST 3XICC /CGAG aﬁ-’§1i‘or?@'d géﬁsts%‘trm iGFCaceMF dI/Ee with

enbodi nent §§A\M%q‘\e| ACSai OFF e AR Tt SERA GFift PP GG (FEF &GRprises a
sdond DNA TERgAOT ; ARGerAGh IALd. QAT 0BAC DNACT r TEEeRAC sSTXpABLe of
- controlli ngAFhe T yRAENyTER | FRC (&% REGi SFFCf AAE  ATG: oMAGr TB6i on and
‘term nati ontef tasmnsheGi ocma®f Gres GATeAARNATIheATPOGIC otaxl &hct he 3' end

of the pol ypent iTRE c@ECnJIFegiCdT \HRG hTTDASRAN ORAM heCAGr OBt €BR of said

mgesSenger: ROER FbA AcBrocess fcefr REBPARGAY AUU YBEP! ickAS ARNPAREI N
cul'tivati ngcert rearsf cGAeEdCGRASGAStCAN NTCH JrGRIt CARNIGGTECTEGN QWOt ai ni ng

et hanol  whggpi fpgai gabr @6k ORI ARASEcR! IR btRc CHARD! frf grxpressing an
i nserted DObunemcdemadI@@rsmerm: desrverta r ont ! aaenbramniarNA materi al ;

wherei n sai e t er r S ) n responsi ve
ct r‘%ﬁb gh pﬁdp%r&;é -h%e et \Mu%ram*é&a Qb

SV fragnengepa ,[;le /8A I ekdh Satg Net hanol
responsi ve gé? ypepti de -
- codi ng regi Egg g%g d%‘é % gg‘mi&bmeﬁld urt her
conpri si ng; atl n puri fyi sal d e. Clains
%@%S&a Saparam e L
ng aﬁ derived:

Clains for §g§ fggtg %g

L3 NL, SE

- from Pi chi a€ '&st'@q SGTG,heMﬁ I3Gi LGP gBERL Qgﬂ E&%orﬁqﬁs Mél'spé'%l ve to the
presence of SHdt ol CAF + FES cd‘l“Fur@TneﬁFﬁm % hShhi OFTa Tt 2Fgani sm for

sai d DNA frggherﬁhq SCAR cDME a@GT VIREY eTPCsAQT r €GTII MAGr yAGRgRABA i S capabl e

ofy tFRE t FTAscATA_ ACPORRGK ABGsFfder AfFentPosFdBoned at” the’

- 5" end .of. aMAMchAGodmeGsamt NEECeIGRY BAR TI8 deT:gebatory region
--being-sel ecTBE G GTS ATG CTE) Adde ABGUICHAor PTG ediAGn G cHCBont rof s t hie™ ”’"‘
- transcri pti gerofcaressemrgesadNATINI €A cases fow drhyctmxymcatm synt het ase v

‘obt ai nabl e tcam ct2oNeGAPGETO ENRRIGIR 1$867)TdT OCAS haechl - ¢fcdGirtr- :

~regtrictionggit erfed Gee Saarh@err eﬁé’f' gt ored t et (Rieet hied egubat ory reg| on. .
which “cont r ake- tAws t ceescrTt icen cmeeegnggm RNAgmkugc fexlegrgor al cohol ’ ‘

oxi dase obt ab, f C e L 5 0] e
5 ok CreleE e AR, chofe RECHR (B o DHER AT e, (o

t\he regul at r rols. the.transc 0 nger
“whitch codes% éﬁ) %ﬁﬁgl Hgf)l %&Eroéﬁ%cl §§§ p@d ;cgN éﬁega from the.
5 - Bani HI-restTrlctlon ilt e GAC cca

CCA ATG TCT cr'r AAG C'n' CIG TIC GGT CTG Trc

CCA GIT ATG CAC TAC TCC ATC ATT GCT GGT TTC TITIC
45 . GGT CAA TAC GIG ATG  AGG TAG TAAR CGA CCA AAG AAG

GGT GAC CAC ACC AAG ATT CCT CCT GGA AAG TAC ATG
CCA CTG GTG TGG TTC TAA GGA GGA CCT TIC AIG TAC

_ACT ATG TTC CAC TTIC TTG GAA TAC CCA. TIC TCC AGA
s TGA TAC BAAG GTG ARG AAC CTT ATG GGT AAG AGG TCT

GGT TCC ATT CAC ATT ACC TCC CCA. GAC CCA TAC GCA
CCA AGG TAA GIG TAA TGG AGG GGT CIG GGT ATG CGT -
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restriction site. 45 2. The DNA fragrrent of claim1 further conprisi ng a

potypeptide codi ng regi on, wherein sald regulatory region i's positioned.-at . -
- the 5' "end of said polypeptide gpgiy £g8jon. 3. The DNA fragnment of claim " -
2 further conprising a 3' sequence o downst ream of the pol ypeptide
“'codi ng region, wherei n sal d 3" sequence of DNA is capable of controlling:

t he pol yaden Iat|on termnation of transcription and term nation of
t ransl %‘F"B negégng'E?CRl\ﬁAgodEGAf oBCBy FI& Mip G dLADdiFM region.
4. The fFEYNeRTCof ABBai FFE cFETacCEN 284G n d c|""fé'§1ul ry region

- is deriaGal femm PATGI agpast gcrs WNREL YT 143 Tod. ™We DWefregrent of
¢l ai n eI tEES c’nnorlscng GGa OTAID €AAddATENAGONATGE qUETE esTTEr | ved

| '%é%?n%ﬁt %Ch? [ Séggl E@% s%ﬂ Dgéeo %ﬁfr ngg%@pl as_.m d

pol ypef3GTe GAGI n@TﬁegAO'n TR eCACSaCACDNECT a@iRtht TEC r SQPONSTAR to at.

| east #@A of CTGe CAHGAI TEANSAGAl e6T6d GEOGM GEA giGA AARI BGTg AXG 5

(i) thepes espRee GhgMebBaNOhGAN Beg creu! eaiedia Wéﬁwm CAWSt |

or gani et orag@i depA é@gr@a&. | & m@t agr N 500 d d-ﬁgul at ory

region is positioned at the 5 sai d ype t| e codin - and,
 whenei P& dr‘FTanM%rnﬁﬁcyeﬁéF SFFE nGF;é c%o é“s?&

pol ypeptTtie 2eAedTFBr BFCsahdGpolFdeptide ndAgi c w A.

\transf @aed GERStCcPtr aGOTI NcaecotganceCH t raeb aatiTTe A0 mtmer errg said
transf @ced GERSIGAAT aCOAI SGTEPakcA ORGH’ OWCT orrcret lerp! Goa caxAmn and

energy Cea a3 8 Ras t}: mbodi ment . - -
L ki e S

: -poI yadél’f;G atARe, €AG N GBCi 0GAGf €FT CAXNsECADt IGHE aATC erGAGatTAR of

~transl &¢Gn T)TGrrE@%‘éng@AGRI\ﬂTWneﬁAposGﬂ'ﬁonﬁﬁTat GT¢e QACén(Fm tARG |
pol Xaoerﬁmde SRS NGAG CUERT VBheh aRdescgbe’ e PIR@/CI@R Gfadaigppressenger
RNA 3%TA\ REPEEsere of cPAePanndThe! YegR! | %@& CRWY | spRy Gird | VBHA Ng a
t ransf or ned east straln in a nutrient nedium containin rret hanol wherein

said‘t ﬁ stAGT aBAGi sALEDaBLA oG8« p GRS % er'feh e
pol ypefttitie C&%‘al T@eq'{]%ce 8Eri ¥8F 1 KGh r&,c&Tbl%t rf%ﬁ’érl%?r wher ei n -
- saigh rex@@rbiTEMt TINA nEBTEri @GTCourAi SAGA( 1Gra MBdBNECe eARGISIARC DNA -
fragrrer‘ltGG arkiCA 2) AGG parAGepcCae GG NFCTegioDT, Welm@almcretmm :

‘respon fr it ptlde
it o 5 iR gt R e Tl B ol o A
corrprls&ml? sol ati'ng and purifying said pep| -
Cl a¥ns thcﬁbeW@CCoMGacﬁﬁﬁg TaGt eé\AGBEG'ICm Cv'_GE' FGac GB‘TGT LI L
LU, NLCME RIG. QCDNACAGagRERt E6Fpr ASCng TEC e@%t&%r&ﬁ%n ARG i ved from.'
Pichi a past 16 . YEET eePaSakfcr egulrat By I @YION Ty ' GHRONAME tnd he A
\presengse! el haned iGeTheces! twra medAumewa h AMH C e hosgg oramei sm for

sa| cont t, erein sai.d requl atory reaqion capabl e |
of CO%| ffgt hgéfraﬁ “ﬁa AHRCT 8D STG "R ALY héf CaP o
C TAG CCA CTT TTC 'I‘GA CGG TGA
' CAT TTA GGA TAC TCT GGT GAG GCC o

.AAC CAA CCT CTT CTA AAT CCT ATG AGA CCA CIC CGG

4% TTA GAC ATG ACT GIT CCT CAG TIC AAG TTG GGC ACT
AAT CIG TAC TGA CAA GGA GTC AAG TTIC AAC CCG TGA

TAC. GAG AAG ACC GGT CIT GCT AGA TTC TAA-3!
ATG- CTC TTIC TGG CCA GAA CGA TCT AAG ATT-S5'

.50
27 A gene coding for the production of polypeptide p76, or a sub-unit thereof or an equnvalent of such a
gene or sub-unit.

28. A.gene coding for the production of polypeptide p40, or a sub-unit thereof or an squivalent of such a -
gene or sub-unit. '

55 29. A DNA fragment in accordance with embodiment 23 wherein said fragment is in the form of a closed . |
-~ -circular hybrid plasmid. '

30. A transformed yeast strain; whersin said transformed yeast strain is a host for recombinant DNA |
material; |
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tion of messenger RNA when positioned at the 5 end of a DNA which codes -
for said nmessenger RNA,. said regulatory region being selected from 35

(a) the regulatory regi on whi crFER®A83 BTsBl he transcription of nessenger RNA
whi ch codes for di hydr oxyacetone synt het ase obt ai'nabl'e fromclone pPG5.0

-~ (NRRL B—Jhre K |?r?ﬁA erq | - restriction site to the

3' - Xhol -r(% t"rd,ﬁtri SW g ("8& FEEEFUI atory regi on V\/m ch controls the

fra men

I @gﬁ A S 10
orlcE f nloth ﬁo?

cont roI st h,ea AS nlco nessg'%’é{a&m%v% %ésorp%%ho%b%%t al nabl e

from clone ik &.J&Eﬁﬁﬂmrﬁm&éﬁ@ sifichoi: raes éna-ﬁééﬂ'%cw St bohrgQbichi 48, tO the
- 3" -Sal | - 1 egherdic bdidd Barstobnfod yaast Strainlib Sagablé of & PeHEFIRY th@ﬁolfﬂe@tid@cgdd(d%rt Byedid
conpri si ng pgolpepuus @idingd8gie0di Ng regi on, wherein said regulatory region is
poOsird i Or@dA @hnstoRfeddyeagtRilaidin aswrdinw.mm&dudau 80 Ghdigin ERDir@Blormdd yddiestiahlA
. fragnmentis edpatsié 6figrawh drikhéthed! a6 Qardn dhb Bergy sdurcsequence of DNA downst ream of
t he' pol y32e pt raisforead | yegst rsergih O accaltiedce i with Sambddithent STt sdid rdablAbihant Oapabl e -
of cont rrutdriaifgritehenpdses adedond BNA agmedt) termmnation of transcription and
t er m natwhersino$aid rsecesdl ENAO fragnientmiss sapaige rof RiNtrodliogldisk bdyadylation, derpirktopegit | de
codihg rteaggcaption 4nd TemingigA of tranglationt of gfiesedngérnRNA whear positiened zk thei 31 enthaf theai d
regul at drolypeniiga epdin segive whigle epdpy teniheprotiiction saihmpssengRFRNAY- 11430. - 55 6. The
DNA f r agifeheroesss fr piepaisg peiyPepiises e®ii¥iesi ng one or nore additional DNA
sequences Ef@P’?tt?an F’F’dﬁﬂ"’f‘??ey ol & dwi |ra<rd"1m seTginingpethaneh wherpin spidage
P&%Yﬁ %NA'S ’ﬁ’t’esﬁ't‘ﬁﬂh'ﬁ%e polypplide codingseqyeragsiefived frem ¢
The=4 Y;}nﬁ% 8m°wb'g%t‘t BN9@3§['3|8W%'WSOITH| DNA conpri ses an

aut ononou § eﬁ?‘?"ﬁ' 5' and. a i ke
fragnent. éf‘ ys: : Odm reg e : har ac ef“r"f'fees "swe Pﬁﬂﬁa me"t sB%ﬁq%%NA‘“ae
I (<]

codi ng reg{;% tda 5 '.'Er? ﬁtéa'f%%armt.%pep“de. 8 The DNA

f r agirent i§nd nd o o, o , acteri ze t hat said pol ypeptide
codi ng regi on codes for a oxi'dase. 10 9. The DNA fragment of any of
cl ai-neeidims 6 characteri zed | n that sai d pol ypepti de codi ng regi on codes for
di hy dr a6t 98 folfoydtigtontracting - statbe: BENOHS b gRPe, ML, aoypsecl ainms 2 - 6
~characterized in that said pol ypeptide coding regi on codes for pol ypeptide
p4030 15 AIDNAThagnishi’cdnpagmged tegiitor Mygionfdetledifid Mchia fastoisawhesie Baid agulatoryt hat
sai d fr agegiontis fespansivet th ¢hef ppesance fof metbdnolse the clitucumheadiunhyibr witthppl restrorgiinisth Zor A
gene, dersti¢ YAffragmerPiscih icentash sherpin said cagdiatnry régim isibapetiiebf contiatiiag the teescdp-gene
havi ng agor dgeassangeryRifAckfien positioned at thg 5t enguef a DA yhick gidenfor saihmpssenpei ANA.he DNA
f ragment S@¢ regyiatpinragionging gl émmderl ved from Pi chi a past or| s, coding for
di h%roxya@et"t?n@gg' PWH&%@P waigh gonyals che, Fonsariptiens of Bgemeagen ‘é*g?’b?Pdas for
regul at or y P a ﬁ'e P"ﬁa"t @ fomacioneRfiAS (NSHL &-1% I’°m2t!3° Spindily gene,

Ef” ke

]

~derived fr ?’b s‘" 8 E tgl de 4% sai d gene avi ng
| at : t of

_2?5"39[{ al c am QLmE cggﬁzhﬁgg *%‘ %’H‘e% lglﬁcf'?léﬁ %‘tﬁf gwgl chioa
pastorl S h L% eSO R ool Gl Pihsc Fry'iﬂrg hNRRL RS ST i al
wherein sa Iﬂatryagﬁ Q%P@erat I@& &mﬁg rg- ?éateél;s oth§o%sB jon site ::o the f;'_n:‘;li"_

restriction site.

~ 45 2. The DNA fragment of claim 1 further compnsmg a polypeptide coding region, wherein said regulatory
region is positioned at the 5' end of said polypeptide codlng region.

3. The DNA fragment of claim 2 further comprising a 3' sequence of DNA downstream of the polypeptide

coding region, wherein said 3' sequence of DNA is capable of controlling the polyadenylation,

50 termination of transcription and termination of translation of messenger RNA coded for by said
polypeptide coding region. :

4. The DNA fragment of claim 1 characterized in that said regulatory region is derived from Pichia
pastoris NRRL Y-11430.
56 _ _ _ ) : .
- 6. The DNA fragment of claim 3 further comprising one or more additional DNA sequences derived from
the group of bacterial plasmid DNA bacteriophage DNA, yeast plasmld DNA, and yeast chromosomal
DNA.
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"'30 fragrrent of claim3. 16. The transformed yeast strain of cIa|m15

'3Wnere| n sai d Pichia pastoris host is GS 115 (NRRL Y-1 5851). 17. A process ' .

f-or preparing pol ypepti des. C(gﬁ)ét,gg@ﬂ gl tivating the transforned yeast .
strain of claim15 or 36 16 in a nutrient mediumand inducing the =~

. expression in the presence of nethanol and recovering the polypeptldes_;18h;ﬂﬂt

The pramesissaidirecdmbinait DNA watfia comprises: nut rient mediumfor culturing the

t r ansf ogtyadNASagherstandi n of claim 15 or 16 contains nmethanol. 40 d ains for

t he fol I@vd peypSptiab rcadibg regmﬁit\ﬁteetmﬁﬁtdlDNAAfrpngeissreéponswprteIaahastgmq!)oi fpept i des
_conpr i sicowgitions selevtad frenytha gtouapabigtingetl yeast strai.n obtai ned by transforn ng
a i chi a fatbe eresench @ mothanoh inathe exlfyrecmedivnm wit avhioh achestr yganigmr feceithPNANt  DNA

mat er i al , fraggent is inga@Rchiand saj d reconbi nant DNA material conprises a DNA
fragnent &’ ip paiq ragpiatory @%’81‘ i#a7PnedRy the P endof SAitPolvPentderading 20998 Atr i s
wher ei n s eﬁ ’Pt%?‘t‘.lf’ 1) or\/ﬁiﬁ’ Slrpiry 1§ ogF BB Shepresege PRYPRRIZS cered T8 Y 388 hanol -
__the cut ] ch a hq for nt |sIn
St ac ”t? oy m?%?giﬁ%gﬁ% i "F"E'@F‘E?fﬂl‘ 2 i i rcfi P%rta?tf e
-t r ansc d”%;& ﬂg rda W|l5?(¥sr+b ?l rﬁ%o heﬁet}\e d re%g'rgbl ant ?NENA whi ch-
..codes 8&- ory Tregion bel ng selec from
50 yhorelrf %g g Aatrga o %gt a0k 8 . Sl ey 3l
§Sertﬂx‘ﬁ£cn hdrin&tioR SF trbriRlatd! sQa?ﬁ é%CFNAPWﬁ‘enS;%Qi &%ﬁﬁ\e leRd BAdbe from
cl one RREbpibe LeanlvﬁaBﬁZ&deérombrb&,céonottsatuﬂh&s}sengémtﬁrl ction site to the
N -thﬁs-Aga.&gsgﬁj‘rb@ﬁarﬁg bélypeptiaps ddaprigigQul at ory regi on which controls the
transcri pitivelihgOd traRsforBdt) @éasRbifainviai € hukied afedivdl’ cattiniigOmethanold akeei® Baiai nabl e
f r om ctapsiempdPesbsstréifliBRiapdblelof BXtEdd}ing andinssttétpolypediid® Edding @sdusice idedved sorbe t o t he
34 55Srecombinant BNAR\Aterigiswherelit saidmecombieant PNA miatedal carguibest or y r egi on whi ch

cont r ol $1)talestitanci respenisips PRbhtragmenteandenger  RNA whi ch codes for p40 obt ai nable -

from cl ¢:i@ RoFESPliee CaRRIegian: VBBGH) sait msthapdh cospanBiug PINA fragsent iz pestinegiat B8t 0 't he

3- Sal | - 5r engltof said polyRentipe ecding pegion. EP 0183 071 Bl wherein said cultivating: S

- -t akes ~plB&cEPPepsHin aeordarse with embodiment AP K ROMREFIGhe expr ession in the |
| prz\"esence ofolaiRq A RYTVIaREPid RABRRIFAT-ng the pol ypeptides. 2. The process of

cl-ai EE} wherein said DNA fragment further conprises a polypeptide codi ng

d he 5 end of
129, Fhrson e JISIG ity A ST SERE PRGN G050 5L Lhe 8 end o

f LA0FENE plA '&rs&gm SMPALing> £ Fogatory rég%ntb%itﬁﬂ #ah AR dl&t&\%s Whér@iTs4d rebligo

- po ypen&gi&.% Fe36nSib fo Kb PELencdREMBthdhoiR G cittureSRSHILRTIHIR whic h[MWBstiorgahish ! € of.
- CoNtT-ol ghig AL REmER lis/iA SEIAEL, Mhbroin saill RIgDIkID} trédin |Qf:apﬁlfl@5f%ﬁttoﬁiﬁﬁ 6 tamerip-

t.er i Najboh BN mesberigbrarNA Wioh PBsitdhed B2 BB BNEHRIOf & DNA whiclRbbYe€ RFl Sl i6useridyr A, d

- pol ype phid téyulde ragion @b Gélected.romhie process of claim 1 characterized in that

" ‘saé d r eqy) ateoregulatenyi egion whidie icbniel the aeEnsBliptbi af passeager RNARRlichYediadl80. 15 5.

‘The pr ocebpdrodacetons syrdhetalre pigainablsaliath Dbva PRESPNEIRRL BLI5BETE lfromdhep StHimii-one or
nor e. addr@-@mlsntmme%ummglodebs ved fromthe group bacterial plasnmid DNA
_bact eri ofih&gaedvimry fpeiorwhig eegtristhigascrigiics of messengehRiifrwiidneeresTipyeicoiel The S
Woc ess @rdase ghipinable,froey elong RPSHE (ﬁi@%ls? 1396 oo bt EceRlmetishesy site dstha @ - - -
‘adt onomkigq ':f:gzlat'g:gs{‘l; n DNAqstre ueqnﬁc‘:]aenf%gt?ma mar ker enewjgc Tgef?jprocess of .
‘any of clAf Q‘éﬁ‘ s‘{%r *?%Eg@’% %I g"‘tegl on .-
codes fof ICIBEﬁZ) f{ﬁf\i 19589 Tom e "E@j? lainms. 2 .

- 6 char &€ gl; d I n that sai d pol ypeptide codi ng regi on codes for e

45 2. The DNA fragment of claim 1 further comprising a polypeptide coding region, wherein said regulatory
region is positioned at the 5' end of said polypeptide coding region.

- '3.. The DNA fragment of claim 2 further comprising a 3' sequence of DNA downstream of the polypeptide

: -coding region, wherein said 3' sequence of DNA is capable of controlling the polyadenylation,
50 termination of transcription and termination of translation of messenger RNA coded for by said
- polypeptide coding region.

4.- The DNA fragment of claim 1 charactenzed in that sald regulatory reglon is derlved from Pichia
- pastotis NRRL Y-11430.
. 85 ] o
" 6. The DNA fragment of claim 3 further comprising one -or more additional DNA sequences. derived from
the group of bacterial plasmid DNA, bactenophage DNA, yeast plasmld DNA, and yeast chromosomal :
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~-al'cohol. oxi dase. 9. The. process of any of clainms 2 - 6 character| zed in.

that said pol ypeptide coding region codes for dihydroxyacetone synthase. 30

"10. The' process of any of cl ai mgpgyafofigf acterized in that said
polypeptlde codi ng regi on codes for po? pepti de p40 11. The process of any
‘of claims 2 6 characterized in that said fragment is in the formof a =

cl osed 6. rhal BNA B&gment ofhgrdim i S wisdreks waid] yeab chrénayama , DNbe campeishs anoautoRbroduisia

pastoris, regiidating DN seqmbree e 2 owkalger®, sai d gene having as regul atory region " :

a regulatory region conprised in the DNA fragment of .claim1. 40 13 A gene,
- derived?f r'B'dehgfae"gafsﬂﬂbpi daimgd)0f ehgratiotized innwpaﬁ(menﬂdheodwmwwedesiqm
" gene thavi r?gheé?solqge'gﬁno Peptige.r egi on a regul atory region conprised in the DNA
-fragnent of claim1. 14. A gene, derived from Pichia pastoris, coding for
pol ypep# dTéwé’A'o fragment of oK &f TR A charapiadrat iy that i3 e ‘d%lchg‘gu?géPPGP?fs?‘Egl on
- conpri sed 3999 REIERIA fragrrent of claim-1. 45 15. The process of claim1,

o a8 e .m, ma;@ oL B e HiePiag e P robapole e i ek

transf or med i'n-cont ai ns met hanol . 60 Pat ent anspr Uche
Pat ent afg pﬁ. fnfa&rgént b SFind P § ERAESHAR I3 sdiFponbbbiabEodinb o FBoads Tor LI
LU, NL, SEolypegiddsdof 2gnent, das eine regu atorl sc egl on, "die aus Pichl a
pastqgis stamt, unfalt, wobei die 55 regul at ori sche Region auf die
Anveseniei the \DNA e Boény lofrtifitab U BERsHOHILEING Mal saltfragiibrit s b @drf of a closed -
\Wr t sor gandirsuiai dybridiplathigses DNA- Fragment in Kontakt 1st, wobei die
~regul atorische Region fdhig ist, die Transkription von Messenger RNA zu
“kant.r ol 2.6k gang, decved ﬁsmermpEétorEr@dmefonelcohﬁNﬁdmssaw gene kaving s tegulgore refginn
di e @0 Mes semguistorRidgion caingsad, in the BNA fregresnt efglaiat.or | sche Regi on ausgewdhl't' i st
aus: 68 EP 0183 071 Bl a) die regul atorische Region, die die
Tr anskr ihtA geney derivask &em righia meiaris sedindofor pibydroxyagelens ginthpe, seid gene having as
ydr oxyacet 601‘?}‘1‘&'[‘?8.‘8%3 E?Q'd @'er"%ﬂﬁﬂ"s?ﬂ 'é"Ré)@ﬁAd’ﬁg'a%dIQaﬂ'h’ pPG 6.0 (NRRL . .
B—15867i er -Schnlttis eIIe I S ol - Sc hr]ttst elle
erhl i ¢h ’P%"F‘e' "’981"8’“ "é P?ﬁ‘?z b%%:ﬂ% °ﬁ%°€1 E‘f" sﬁ!ﬂ %e""rP%’(H'EE? [ogYFIY "4P8R
Messenger aﬁﬁﬁﬂaﬁ ohierst £ ?ed"b 2 it oxi dase codiert,

wober dig %& A'Je W QPF‘I%h‘%ﬁ;% é&!ﬁlﬁﬁ»ﬁr 808 bsshRVedls" "

‘ECoR! - S lg‘ %%ﬁﬁg enalggﬂ i ﬂ FtﬁNﬁ %\' %ﬂ\s%é the HNA d' €
regul @torlf Snt BEGH; qie Trranskri ption von I\/Essenger

- kontrolli er die fOr p40 codiert, wobei die regulatorische Region aus Kl,on
pPGA. 8 - §éNRRb u&sﬂoﬁﬁéﬂbeasfm:m claim fsBamﬂm sali0Fidhial Jastbrid|nb& iSOG 1 BUNRIRL Y-15851),

"3 -Sall-Schnittstelle erhaltlich ist. 10 2. DNA-Fragment nach Anspruch 1,”

- wobei - diteseprovess foe prepdring pdipeptioepéamprishtsuttivatinglthe Rargfotnadyehish bttajn ofokaien 15tre

~..regulsat or i $dme nidgit ovediam sbd indunihg thkeexpféssignpe thiei plesereel iob methahehanRagriovaning the. -

posi ti oni emolypéptiles. 3. DNA- Fr agnent nach Anspruch 2, wobei dieses weiter ‘eine S

_3 DNA Sequenz stromabwarts der Pol ypep- 15 tid codi erenden Region- .
| t, T&olheiprogess °B°'a'DI\1IAWBE'Q'G ghenutrien mgd'wg fior cfiudngries Yansfermpy yeasiAgin of claim
Ter M nat i o °6é‘f°°ﬂa%§3ﬁ§‘l€?‘?’}9l ion und Ternination der Translation von Messenger

RNA, 4o e eptid e Region codiert, zu kontrollieren. 4.
DNA- Fr aEg\}?gYﬁ g"?ﬁ M‘E‘r%ﬂ it? %’fﬁtﬁ éﬁ gekennzei chnet, daR die .
TeQu' at ?r 'E Sl&gesg‘?gl pggpa%spo@pg&dgs comprising cuiltivating a transformed yeast strain obtained by

transforming a Pichia pastoris host with an expression vector carrying recombinant DNA material,
45 wherein sald recombinant DNA material comprises a DNA fragment comprising a regulatory region
. derived from Pichia pastoris wherein said regulatory region is responsive to the presence of methanol
in the culture medium with which a host organism for said DNA fragment is in contact, wherein said
regulatory region is capable of controlling the transcription of messenger RNA when positioned at the 5
end of a DNA which codes for said méssenger RNA, said regulatory region being selected from:
60 (@) the regulatory region which conirols the transcription of messenger RNA which codes for
' dihydroxyacetone synthefase obtainable from clone pPG6.0 (NRRL B-15867) from the 5'-Hindlli-
* restriction site to the 3™-Xhol-restriction site;
{b) the regulatory region which controls the {ranscription of messenger RNA which codes for aicohol
.oxidase obtainable from cloné pPG4.0 (NRRL B-15868) from the 5‘-EcoRl-restr|ct|on site to the 3'-
§5 " EcoRV-restriction site; '
(¢) the regulatory region which controls the transcription of messenger RNA which codes for p40
obtainable from clone pPG4.8 (NRRL B-15869) from the 5'-BamHl-resfriction site to the 3'-Sall

rostriction site;
o7 | ]ORN
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-/ 20 pastoris NRRL Y-11430 stammt. 5. DNA-Fragment nach Anspruch 3, wobei. .-
di eses weiter eine oder nehrere zusatzliche DNA-Sequenzen unfalt, vvobe'l_,, '
diese aus der G uppe Bakt eri efppl @548 gy [BNA Bakteri: ophagen-DNA,

- Hef epl asmi d- DNA und Hef e-chronbsomal e DNA stamen.’ 25 6 DNA- Fragnment nach
Anspruch 5, wobel die chronosonal e Hef e- DNA ei ne aut onom replizi er ende  DNA-
Sequenz wherdin aaidh chivetiogriakee placenih alnitrient edilihAnd-InGuiling e dxpressionlimbep@ssnce '

" Anspr Cc ltm@hdol add chaovetinggikenhypetideshnet ,  daB di e Pol ypeptld codi eren- so
de-Region fU ein heterol oges Polypeptid codlert. 8. DNA-Fragnment nach
ei nenddhe piesqse OE leim1 rhergin deid AINAGfeilment Aetherheoaprised afbolypeptitio boding pedian, :
codi er emhergia syt rpgejgory dﬁQ'OAI'SlmHt'H"ed( ftdkesR enchel iseid polypepide QodirDNEgIr agment nach

- einem der AnsprUche 2-6, dadurch ekennzei chnet, dali die Pol ypeptid
codi eterdh® d’é"’?@g?foﬂa"f‘cf gﬁ JPIRY i EoeRIERSeR 3 spauence. ofj A

Bt ol s P e ?%ﬁﬁgf'?;'g'bfﬂd&°'ﬂ‘ﬂﬁ“°8g§FﬂP%;8"‘f?tgzggﬁaB he
DN}i}/Fr agnent né%’r'%’yé?‘%%‘%ﬁ{pa%r K é"ﬂrf%%‘e 2-6, dadurch gekennzei chnet daO daS' -
Fo SO Bt o D S AESRLAE SE pt SHS Eai APhORI oL 12
das Cen alls' regul atori sche 45 Regi on ei ne regul atori sche Regl on hat , '

di @ ig) eReTpiobs o BGIRES WhateR sﬁ@WA%m@nt%bﬁé&ﬁ)ﬂsds%e ol RoreAlditidRCONR
~ past or i Sedubte@eNIdRSORAe griSbatoNal PlhdidIDIX Yadstopragy DA et asHiehiia, anpbei  das -
\§en al s ysastehoniossnab DRA. Regi on el ne regul atori sche Region hat, die in dem

DNA- Fragnment von Anspruch 1 enthalten ist. 50 14. Aus Pichia pastoris
st anmiendbe proeass oftidadm 5Qrhelsin] spid aypést dvrq:rd@oma)(ﬂll\larwmpmaé)ei autkmemésaly reglisating
| at ®NAseduendRand amakerrgene. egul at ori sche Regi on hat, die in dem _
DNA Fragnent von Anspruch 1 enthalten ist. 15. Tr ansformerter Hef est anm
der ¢k hdhe eRcaap ptiany At €diMpréan€ charaetedzed in Betreid miyeentide pasing gedion opfestier ;i t 55
 ei nem EXPIPraloequs RIYRERYSr | der rekonbi nantes DNA-Material enthalt, wobel das
" rekonpi nante DNA- Material das DNA-Fragment von Anspruch 3 unfalt. 16.
T asns_af--o;fgwfeéf of e ﬁa&nchmmza% B sl PRI < i
-GS 115 ¢ O3 5851 69 EERRIN FrrJr 1111
1111 & stellen
'von Poi y Qhe 'loce % °|a|r:nE | eses 38 Zt;rﬁg% r{l t\?/'lgtesra%I Jgg;“{jér’j‘g;hdg' té Jne(lfjt%enitoﬁef e-.
- stgyms von Anspruc 15 oder 16 in el nem Wachst unsnedi um und | nduzi eren der -
" TEXPrefs it plobosd of any of AlikiMesS £ 1 eeénaratrized i NG ng \ﬁ@é"’o&ﬁﬁr}eﬁ&ﬂ'co@éﬁ ﬁspepﬂ de
unf a0t - paﬁpeptmrpﬁ@,hren von Anspruch 17, wobel das chstunsnmedi um zum-. . .. <.
Kul tivieren des transform erten Hefestanmrs von Anspruch 15 oder 16 Met hanol__..,.-;.__=
- ent. h~11t Thelfrodeas e BSEEiIEL 6 chddictefigddge meliesaid iagrhént 3 915 tha & of'd cidsed Viedulathr.en . SR
-.Zugs Her syteiblpesmidon Pol ypepti den, das das Kultivieren eines transformerten = =
‘Hef estamrs unfalt, der erhalten wird durch Transformieren eines Pichia.
past o2 4 ogpe, derived frore: Pigei j#. sgdinadfersalaohol oxidase, sgid genediadnddsiregviatesy region -
- MVat @ reayitoryriegion comprigadh v theRNA fragmentisf ¢leitle DNA- Material ein DNA- Fragment = -
1 ._unfalt und wobei das DNA-Fragnment eine aus Pichia pastoris stamende. . .
reﬁ’ul‘é‘t Br 9882 Hieryed ofrogh Pletie RRstoris, cagling dor dydrox 9t YPPPE PIRVIBELES di e
Anmesenf?@f"?m%?i?' ARIEOYY RRIOTEAMPLTLNR RNAromeRt A claim 1. |

K 4\ A gene, derived from Pichia pastoris, coding for polypeptide p40, said gene having as regulatory region
a regulatory region comprised in the DNA fragment of claim 1.

45
15. The process of claim 1, wherein said Pichia pastoris host is GS 115 (NRRL Y-15851).

"16. The process of any of claims 1-15 whersin the nuirient medium for culturmg the fransformed yeast
strain contains methanol.
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Patentansprﬁche ’
. Patentanspruche flir folgende Vertragsstaaten : BE, CH, DE, FR, GB IT, LI, LU, NL, SE

1;_ DNA-Fra'ment das eine regulatorische ‘Region, die aus Pichia pastoris stammt, umfast, wobesi die
85 regulatorische Region auf die Anwesenheit von Methanol im Kulturmedium anspricht, mit dem sein o
Wirtsorganismus flir dieses DNA-Fragment in Kontakt ist, wobei die regulatorische Region f4hig ist, die
Transkription von Messenger RNA zu kontrollleren wenn sie am 5' Ende einer DNA positioniert ist, die
~flir diese Messenger RNA codiert, wobei die regulatorische Reg|on ausgewdhlt ist aus:

. A




ein Wrtsorgani snus ftr das DNA-Fragnent I'n Kontakt ist, anspricht, wobei
die regul atori sche Region fahig ist, die Tr anskri ption von I\/Essenger RNA zu
kontrolilerén, wenn sie amb5" -Enqg,'gl 3 g positioniert ist, die fO die
Messenger RNA-codl ert, wobei die regulatorische Region ausgewl hlit ist aus: -
-20 a) die regulatori sche Regi on, die die Transkription von Messenger RNA
kontrol liert a) dlbesdu@oridohd Regliah;, Aloydis Ttanskaption vas Slessenljer RNA Koftidfibrt, CHiee FUR®IN- ON
~aus Kl on pPGyéoxyadeldr$inthEbe]copig, /yobsiodle Begiorbaus HilondpAd 6.BCKRRL B9588Y) @nhbies 57 ur

3" "Xhol - SchnHint#Selritistell biszur B'bl-Sobritistelld ertililichrigigul at'ori sche Region, die die

“Transkri pt i oh) die regietarischegRegiorRNNde e Ttangitibtios ven Melisengprl RNANdktodiiBtt - diefir Aischel-
codi erst, wobexidage eodiesiy wokei diej roguintoristhg | Regiomaus Kiow nPEF@ (NRBL (BNISRES) Bonl 8861
von der 5' 2EcoRl-Schnitislpligris 2003 FreRVcIcbnittsisllp pyéllig ist3'  EcoRV- Schni ttstel | e
“erhal tlich i §kdiecggoulgicasche fagion. (Sﬂ'ei %‘E ﬁé"’"ﬂé jopryon Megsepges RNAoaikaliierd iy fir pAfy
‘Messenger RNECISn tpRf |djectegulator ’?4”8‘ 8 RECHE (BB B-13P%9) very derat Frmlk he
Regi on aus KFB'W t?’@f"%z“(qwa' ‘TB'%@ gHichigy 5 BanHI - Schnittstelle bis

Lt Vi en in

Eve der? Saht hep r dl ses weiter ef Wb ol Kidronab n 'ufhragt, "M
dionct urk HATH qu&gﬁf o e idion za»off;ptgg‘d@s?[er } R ity .

(|
Anwesenheit von WI nnen der erfa ren nach .

- Anspr uchg, 1 oNaGRgImeRkac RRorGEE] Webd: didis Weiter Sihd18- dﬁﬁléé 5 i ss&knee@rwspéﬁegl on
unf al tg mbﬁ'coﬂér&md&@ﬁéﬂu&\tnﬂﬁdtsﬁ Wi 518 S BA-Sduenz RIS, Gi8Polya aQLn fbrmination -
codi er endeRieRaenSkAptidA Shnkii TokhiR4tion ! ddF -TradSlatioly Qoh ahbrseaagé?am\ Abs B%U&b FlypspRyei
@ DNA- Fr agdisreride Webibredoddit,uRontrblierSequenz stromabw-rts der Polypeptid
codi erenden Regi on umfa~t, wobei- die 3' DNA-Sequenz fahig ist, die

Pol yadenl AINAHTagmBbatr niafchnabsmnh d edaduicin gekennizpittinet) datndle Tegniatbselte Bsguodews Pichia

Tr anékat i orpastois Nmsfenwrstaﬁlm for die die Polypeptid codi erende Regi on
codiert, zu kontrollieren. 40 4. Verfahren nach Anspruch 1, dadurch :
gekennze$ - NAcFragmem necheAnspryoh Bit vobei sisles \F@gﬁ qiNe qfarsmedrere Fl&’ig&b? BNf-Sequmpgen

Y- 11430 st AFABt websiGiose 2 dar Grupee BalerignriasmidPNA, Bekeriophage Hefapiastid-Difi t er
ei ne oder RhHEPENITSINIP PUASERNEY Sequenzen unfal t, di e aus der G uppe

_ & e
Baktefl e p'@ﬁ%ﬁ% ﬁggﬁg{,}? 2'5999 8 P raisalein BBR DR £f3p giion eoRlgBEre e

' 'chronosonalsgq‘ﬁe? 'é"d om replizi erende DNA- Sequenz und ein

~-Mar ker n t C %ﬁ% g S :gﬁgw
.’gekenggg? c@é‘é{eﬁ%ﬁe ;%"@egr' ﬂegégg@g{; Gigﬁ%g@%ﬂ; gﬁr‘%‘ﬁg T%?u%pﬁlyﬁagero oges
Pol ypeptid codrert. ahren nach ei nem der Anspr Uche 2-6, dadurch

- gekennzeg.Clypatrragtafk r{ibleenPéPA Y PRsrifths 8.6] REGBHIgKERSHiRRot] ddb ol #sgﬁwue&m
codiert. 5%eRegidieiif AkuhBIidasetbaRitnem der Anspr Uche 2-6, dadurc

‘gekennzei chnet, daB die Pol ypeptid codi erende Region fOr
-Di hydmxgcammr@ymhthasfeelmddarMsprtﬂaﬁeze dadurclrgekénhizénchﬁ&.]dab ldib Holfiepltid codidrén- 0
183 071 Bl déRegidfefif Biydearyaveioksysthasemadiber Anspr Cche 2-6, dadurch

‘gekennzei chnet, dal die Polypeptid codierende Region flr Polypeptid p40

codiert. 10 DNAsaomenirnach eieashdes iAneaichie P-6 Aadweingakennzeidhinet kel diedielypeptid codieren:
\@kennzel c i EegionyfipPolregiid H’P&@‘mht i n For m ei nes 5 geschl ossenen

~zi rkufr en bl_fld Iasm ds ist. |ch|a astor Gen, das

fur Al koHold s RUp, OGRS ST R ok
re(rgul atgrl CILeREGPT ‘Eg?fg?en zﬁ‘}fﬂgrﬁ"rﬁy % WE gf*agme%r%T von Angprusﬁqy?l entehaleten' s

Di hydr,oxVagg s o iEHA A Anipafefie KOTT ON
ei ne regul atori sche Regi on d| ein dem ragrrent von nspr uch 1

ent haI t €1k IA3% Pichia pastoris stammendes Gen, das fir Dihydroxyacetonsynthase codiert, wobei das Gen als
. regulatorische Region eine reguilatorische Region hat, die in dem” DNA-Fragment von Anspruch 1
enthalten ist.

=18t 10 :
Z]'%u gfﬂl?a né gtarﬁrﬂ?i{‘dgg fhat 558815}%51 o lg:?%voge(l) as Gen als r la rische

' 50° _ - .
. 14. Aus Pichia pastoris stammendes Gen, das flir Polypeptid p40 codiert, wobei das Gen als regulatorische .
Reglon eine regulatonsche Reg|on hat, die in dem DNA-Fragment von Anspruch 1 enthalten ist.

. 16. Transformierter Hefestamm, der erhalten wird durch Transformieren eines Pichia pastoris Wirts mit
85 einem Expressionsvekior, der rekombinantes DNA-Material enthdlt, wobei das rekombinante DNA-
Material das DNA-Fragment von Anspruch 3 umfast.

16 Transformierter Hefestamm nach Anspruch 15, wobei der Pichia pastons Wirt GS 115 (NRRL Y-15851)

| |||||| i n i



. 14. Aus Pichia pastoris stamendes Ge'n das flr Polypeptid p40 codiert,
wobei das- Gen als regulatorische 15 -  -Region eine regul atorische Regl on
~-hat, die in dem DNA- Fragnent v w 1 enthalten ist. * 15. :
Verfahren nach Anspruch 1, vvob la pastoris Wrt GS 115 (NRRL .
Y-15851) Ist. 16. Verfahren nach ei nem der AnsprCche 1-15, wobei das _
Wachst umsstMedi um zum Kul tivi eren des 20 transform erten Hefestammes - ..

~ Methanol enthalt. Revendl catlons Revendl oatlons pour. |es Etats contractants

sul vant® :VetidbrenGiim HE&eIERvorGBpIydeﬂ't;deiLIwobhlthd‘dbg d BBl ded-trargivemiérted ' HaPN
~ conpr enarstammsevon ggsmvchr thgedenti$ iirc einan (Wachstumsmadivr rund| dndimiierén der Fxaression 9o dans '
“lequel cé’tnwesenfvgwwmaggilua@ Gbwienen dgrabiportideuntfafbsence de met hanol dans Ie
mlieu de culture avec |equéel un or amsme h8t e pour ce fragnment d' ADN est -
en cont@derfahpanon| Apspwiph dét webej & mgdiym c’é'me§‘ﬂ“"’@éﬁ9aﬁ‘?set’ﬂ‘éf°mnder

| a trans&efeﬁﬁm@ﬁvﬂ’e“"ﬁp’mlﬂ5r?ﬁ%’§5 a’P°b? il est dispose a |'extrenmit6 5'

d' ADN ' tt ' latri dtant -
Chor's; B ?w%%gﬁﬁ%?odseqdan fr?%a%iﬁat rfie SUT “Conmands |a transcription
- de .l A.N sager Fode Qur . |hy i g EM‘%@; S SieRQuy A0t 8tre
o ﬁ@'ﬁ o opti e sl

obtenu€ a
5" - Hindl Iy r @é\’re?(bjw bﬁﬁ ’teﬁ Ieﬂtﬂa &gs re nﬁa IilﬁgMQ&laf&rg A’:hra r‘ﬁ@nth'
compande | LR Weteh ks @nA orit erra,asmﬁr pddtdhis SEMReRdUbguiatdlibdhe Reglaxydase
pouvant  &hisi, Mebet Bl régulkididché REGnCAuPHE Aa&’e@énhe.t (FRthaBot I mérSinfk Gerfl e
restrict |eﬂfW5tsorga3§mus flir das DI Fthgribnt fiKoftald Gst, dsriEtt Okdbeindiedregliaarsbhie Hegibnl a
\r“égl oNn g &t rdiec Trafgktiptio® Vo Massohgdr (RNANAICKoniRdllien, dénnl sish\BN STEEEager DNAI code
pour. | e [pééiidaiatt s ate fiBtdiecMesising6rlRNA dodisrt, iwobetl die edgolaterisoR(AagBn @ddgRlZhBis1 8869) . du.

Sit€o de r es} dib cégulatarisshe Bagitd, disudie iTtapskdption aert Messengen RBA -kSattolliert] odie fiir Biragnment

d'" ADN sel omdrbaracetonsmtiasatodien, Wobeicdienfegiomeis Wen pRE 68 ORBL BEFRGH verodar® pour . I, o

un pol ypepﬁlnd@-Sclumﬂq higzye ' XhelSebnittstelle erhdlidyell at ri ce est pl acee a
| " extreni t M Yo regulaterischecReoion; %dveawam'ptpbu?n PESPNgP kontirlliert die-fllp Atk ¢ ADN
sal on 1a r&gdasecedign a'ﬁbez d‘° ’ pt Kian RRE 406HIREhH B515888) qornf) £n aval

de P& 45 EcoR-g¢n Es"qﬂ\'?? ‘f’?'ﬂf‘é" Itans | aquel. qle g{gnce 3
i ger i
- 0" ADN est E)a égv]o?eéd{ %esﬁ von i\% ﬁl— o
~transcript |S eb’szug:r Iee er pour
: 1 aquel l'e vﬁ)g e ‘tl@ielre grh‘ erqewgc(ﬂ &lﬂsQM ﬁ&t hrqplndgzierdr:lré’é;r@(% nAfPN
'_.__sel qp Iap(ggsg hg@,“,,& un& Bbvtirief GorFol Jbu&ee que cette region regulatri cé
- provient de so - |a pastoris N Y-t1 430. 5. Fragnent d' ADN sel on..

~la revendjeRsidnOfkch Ans;s?amr £nRBbi &8 BNA-FEMSREwalidr Binb FHofbdpld TEAHENYS Segidn ADN
-suppl eMe s, &8bep b QdguIBGrisane Regloh m @' B dBkePoRpasiibric6liordhasii Regiof Positidnidlst. de

~bact 6ri ophase, d'ADN de plasmide de | evure et dADN chronpsom que de |evure. -

55 @5 &r agrahin whic\BMpaeh @nwibai das \DNAcHrapatehtomsiter, disl ANBNA-Saguerz stahabkBhé der _

- chr onps orRolygeptid dedibrenden dRegiomuméanttl wabeb disedjuRhire8eqdeni Dihig ést.r dig IPpigademitatiol, une

_ 'ma___‘n;i_’er e distrgmetiore dert Transkdpdioe undTquréngtion Jer Translation von Messenger RNA, fUr die die

N |'I | Polypgpti@) cadigengq Redih cpdier: zw mtsellieren: ADN set on | ' une quel conque des: -
ndlcatlons 2 a 6, caracterise en ce guo cette region de codage du

-poI yheft |‘G€a'l'i‘25‘dé prugtht. Saduh@pkeneraichngt Habsiieygeniatorischo Hegiemaus Pichie RENteris o oh

[ une quel™Biqtl M®¥yvendi cations 2 A 6, caract 6r| se en ce que cette .
119 ones g e é{p bhAE C°d‘? W0 cire b Dhrerd YSkBRGHe Ol o
it a d ra Biter eine O hrer che
Zrnag’geﬁbef Mnguf Ip%lle L]sed % %a%"g' S |§- § dI f % efeﬁmt erise o
~di hydr oxyace one syn?‘ﬁ'a E’r agrrent d' ADN sel on I une quel conque des

- reve ndb.c afettSHish Fach Asprich rsa%ﬁJI 'd?becr%?nd%&'néw ﬁefﬁ-ﬁ\ly\eelrfeeﬂltdﬂ&n replizierende DNA-

~Sequenz und ein Marker-Gen enthéit.

s0 7. Verfahren nach einem der Anspriiche 2-6, dadurch gekennzelchnat daB die Polypeptid codierende
Region flir ein heterologes Polypeptid codiert.

8. Verfahren nach einem der Anspriiche 2-8, dadurch gekennzsichnet, da8 die Polypeptid codierends
o Region flir Alkoholoxidase codiert. . '
S,

Region flir Dihydroxyacetonsynthase codlert
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9. Verfahren nach einem der Ansprﬂche 2-6, dadurch gekennzelchnet das die Polypeptld codierende e



de codage du pol ypepti de code pour |e pol ypeptide p40. 11. Fragnent dADN

selon |'-une quel conque des revendications-2 a 6, caracterlse en ce que ce
fragment est sous la forme d'un @&gqggqp|ﬁybr|de circulaire ferne. 15 12.:
Gene obtenu a partir de Pichia pastoris, codant pour |'alcool oxydase, ce
gene ayant commD region r*gulatrice une rbgion reguiatrice conprise dans le ':
f r agmenfl0.dvetainer pach sinemvden dinsrsiiche® 3-61 dadic8 gekenazelzinie 48 AieRulypbgtid odibtokdsi a -
‘pastoris, %@&aﬁﬁpﬂwwpmimwdmﬁyﬁroxyaCGtone synt hase, ce gene ayant --bo . - :°
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cul ti vena. |Ki|s mhiﬁ pastdiie slaMmbridds GbR B 1 PRPorie D40 @o‘dﬁﬂmosatdbé)@eﬁl a]sﬁ’e% gans

un mis i eu Regioh bihé fegitorchielFion Rt dieaiX Bér BRABRgMAEt PSEASHE® 104Rt
et de recupb6rer | es polypeptides. , 18 Proced6 selon |la revendicati on 17

“\dans | etfulerfaheenmiathi Asprocit 1, wbbel dep Bithia pathdris Wart G$ e85 (NRRIChasssthast] evur e
transforneos des revendi cations 15 ou 16 contiont du nethanol. 40
Revendi thtVedshsenpeash dinemt dar Anspriichact-thatwobeil dearivachstimsMedRimo card 6kultvieren des
prepét at i drAndrEmigrgnHistastamimes Methenotesthéilht | a cul ture d' une souche de Ievure
transfornﬁe obtenue en transformant Pichia pastoris conme h8te avec un:

" région rgg j ce conprise. dans. Iefra ment d' ADN de | a revendication 1.
V52 e B
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- .au site de. pydaseipowvaniritrg' obtéhioh ;paitibiiu blaner ERE4ONNRAL B}15888) G sifhlde eSuENBMEe | &

- tran®cri pt i B¢pRHau dite Ag¢stielion @cksoRVui code pour | ' al cool oxydase pouvant 8tre

- obtenu & pafel larrégien EpaidceauizoninanteRIl rafscrBRG 8 I'ABN siesmgetequl exibrpoat Ib @O 5' -
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restfictighe : E% d?: ' Og{%larg n 3u [égiofy godant pour un polypeptide;

YT ~~e o 1 o) §8t igose d’?1°°§‘i "SI PO Wbt t e
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de polyadénylation, la terminaison de la transcription et la terminaison de ia traduction de I'ARN messager o

' _pour laquelle code cette région de codage du polypeptids. '

4. Fragment d'ADN selon la revendication 1, ca‘ractérisé en ce que cette région régulatrice provient de -
s0 - Pichia pastoris NRRL Y-11430.

-8, .Fragment d'ADN selon la revendication 3, comprenant en outre une ou plusieurs séquences d'ADN -
. supplémentaires obtenues 2 partir d'ADN de plasmide bactérien, d'ADN de bactériophase, d'ADN de'
o _ plasmide de levure et d'ADN chromosomique de levurs,
65 .
- 6. Fragment d'ADN selon la revendication 5, dans lequel cet ADN chromosomique de levure comprend
' ‘'une séquence d'ADN se répliquant d'une maniére autonome et un géne marqueur. '
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5 codage de pol ypeptide, dans |l oquel cette region regulatrice est
‘di sposee-a |'extr~mt6 5 de cette. region de codage de pol ypeptide. 3. R
Procede selon |a revendi cati OrgRy 1?@ %pquel ce fragnent d' ADN corrprend en - .
outre une sequence 3' d' ADN en ava a regi on de codage du pol ypeptide, -
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Pr ocedd deesodage Iy polypeatsd icedstHowrralgoo! eiydase] equel ce fragment d' ADN conprend :
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r.evendd. cGine ohlen2a pafiy de Rickig tpastiris,ccodint Peurdal dihgdedyacétond) sydthaghe ce gelagyard u
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"\~ 18. Procédé selon la revendication 17, dans lequel le milieu nutritif pour cultiver les souches de levure

; " tranisformées des revendications 15 ou 16 contient du méthanol.

. 3:49 __Revendications pour I'Efat contractant suivant : AT

1. Procédé de préparation de polypeptides comprenant la culture d'une souche de levure transformée
~ .~ ' obtenue en transformant Pichia pastoris comme hbte avec un vecteur d'expression portant une matiére =~
" d'ADN recombinant, dans quuel cefte matidre d'ADN recombinant comprend un fragment d'ADN
45 comprenant une région régulatrice obtenue & partir de Pichia pastoris dans laquelie cette région _
- régulatrice répond 2 la présence de méthanol dans le milieu de culturs avec lequel ce fragment d'ADN .
est en contact, dans laquelle cette région régulatrice est capable de commander la transcription de
- PARN messager lorsqu'elle est disposée 4 l'extrémité 5' d'un ADN qui code pour cét ARN messager,
* cette région régulairice étant choisie parmi :
50 - (a) la région régulatrice qui commande la transcription de I'ARN messager qui code pour la
' dihydroxyacétone synthétase pouvant &tre obtenue & partir d'un clone pPG6.0 (NRRL B-15867) du
site de restriction 5'-Hindlll au site de restriction 3"-Xho!; o
(b) la région régulatnce qui commande la transcription de I'ARN messager qui code pour I'alcool
oxydase pouvant &ire obtenu & partir du clone pPG4.0 (NRRL B-15868) du site de restriction 5'-
55 . - EcoRl au site de restriction 3'-EcoRV:
(c) la région régulatrice qui commande la transcription de I'ARN messager qui code pour le p40
pouvant étre obtenu 2 partir du clone pPG4.8 (NRRL B-15869) du site de restriction 5'-BamHI au

site de restriction 3'-Sall; -
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dans lequel cette culture s'effectue dans un milieu nutritif et induit I'oxpression en présence de
méthanol et récupdre les polypeptides.

Prpoédé selon la revendication 1, dans lequel ce fragment d'ADN comprend en outre une région dé.._- '
codage de polypeptide, dans lequel cetie région régulatrice est dlsposée 3 l'extrémité 5' de cette
région de codage de polypeptlde

Procédé selon la revendication 2, dans lequel ce fragment d'ADN comprend en outre une séquence 3'
'd'ADN en aval de la région de codage du polypeptide, dans lequel cette séquence 3' d'ADN est - . . .

capable de commander la polyadénylatlon. la termihaison de la transcription et la terminaison de Ia '
traduction de I'ARN messager pour laquelle code cette région de codage du polypeptide. :

.Procedé selon la revendication 1, caractérisé en ce que cette région régulatrice provient de Pichia e

pastoris NRRL Y-11430.

. Procédé selon la revendication 3, dans lequel ce fragment d'ADN comprend une ou plusieurs

séquences d'ADN supplémentaires obtenues 3 partir d"ADN de plasmide bactérien, d'’ADN de bactério-
phage, d'ADN de plasmide de levure et d'ADN chromosomique de levure.

Procédé selon la revendication 5, dans lequel cet ADN chromosomique ‘de levure comprend une
séquence d'ADN se répliquant d'une manigre autonome et un géne marqueur.

Procédé selon I'une quelconque des revendications 2 & 6, caracténsé en ce que cette région dé

codage du polypeptide code pour un polypeptide hétérologus.

Procédé selon I'une quelconque des revendications 2 & 6, caractérisé en ce que cette région de .

. codage du polypeptide code pour I'alcool oxydase.

10,
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Procédé selon. I'une quelconque des revendications 2 3 B, caractérisé en ce que cette région de

codage du polypeptide code pour la dihydroxyacétone synthase.

Procédé selon I'une quelconque des revendications 2 é 6, caractérisé en.ce que cette région de
codage du polypeptlde code pour le polypeptide p40.

Procédé selon I'une quelconque des revendications 2 a 6, caractérisé en ce que ce fragment ost sous B

la forme d'un’ plasmlde ‘hybride clrculalre formé.

Géne obtenu 2 partir de Pichia pastoris, codant pour I'alcool oxydase, ce géne ayant comme région

. régulatrice une région régulatrice comprise dans le fragment d’ADN de la revendication 1.
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Géne obtenu & partir de Pichia pastoris, codant pour la dihydroxyacétone synthase, ce géne ayant
comme région régulatrice une région régulatrice comprise dans le fragment d'ADN de la revendication
1.

Géne obtenu & partir de Pichia pastoris, codant pour le polypeptide p40, ce géne ayant comme région
régulatrice une région régulatrice comprise dans le fragment d'ADN de Ia revendication 1.

Procédé de la revendication 1, dans lequel cet hte Pichia pastoris est GS 115 (NRRL Y-15851).

Procédé selon "une quelconque des revendications 1 4 15, dans lequel e milieu nutritif pour cultiver la
souche de levure transformée contient du méthanol.
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