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" Transformation of such a mutant can be readily selected by employing, as part of the recombinant DNA
material used to transform the mutant host, DNA sequences which code for the production of the missing
gene product.
An especially preforred host yeast strain is the mutant Pichia pastoris GS115, which is a mutant
defective in the ability to produce histidine, and has been identified as having the mutant genotype his4.
GS115 was derived by mutagenesis of Pichia pastoris NRRL Y-11430 and has been deposited with the
Northern: Regional Research Center of the United States Department of Agriculture in Peoria, illinois, in
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Pichia pastoris NRRL Y-15851 has been identified as a mutant defective in the production of histidinol
;'; - dehydrogenase. This identification was accomplished by measuring the reduction of nicotinamide adenine
" dinucleotide (NAD) by a protein extract from cells of NRRL Y-15851 in the presence of the histidinol
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bot h' t he  Prasmis DOV iawliflod évj6ceplyreesieredsand 1sed IRANSTorm] Piclis pastaris NAR &Y-15851.
mai nt enanEesmyd DNAavay ther mcavered from gboub 10,900 HischPighi saianier ard ysas ferretrangfor e%§?’§ of
t He' gerseis Plpreidg fiom Fhbputs 0,000 iaawisiip yesistag F.@éf?'msge&um%aﬂaﬁ@"d?ﬁ% Bafause-
known yealto Rreastaris NRRLsY-19881 4F%145:1 b @“V Obftheyflist a"é”tﬁd”'ﬂ'ﬂ?s ?‘h

host i {ransfoppations wesp separatelysirgaked ppjo geleptiye medi he selectlve
ot Ssl offody: L et 1A 1oy o S0 P Wlﬁd‘rvgsfb‘ftaam giLE 5ot o

yeast, it became necessary to isolate DNA sequences with ARS 50 activity in
Pichia. To search for Pi chia ARSs, DNA $rom Pichla pastorls NRRL Y-15851
was. part ially digested w t h Taqgi - -

YEp‘?S lf: lhe pwe&ﬁrergf Nﬁ%ﬂw th = -



“and 5 to 10 kbp fragrrents wer e |sol ated and cloned into the uni que d al
;srt_-e_ of pYJ8[err]Cla (See. Figure 5). Plasmd DNA was anplified in E. coil - .
‘recovered and used to transfor men ohemegeBt of i s. NRRL Y-15851. Plasmid DNA
‘was then.recovered from about 10, 000 Hi s+ Pi chi a col onies and used to

fj.ret,r ansformE. coli: 55 " Plasnmids from about 10,000 anpicillin resistant E
‘coil coPetmids p\tﬁﬁaecq'@tﬂtnat"éﬁshm RYAhcontelaing PARSA:were rtgete fr durtper PP NRRL
Y= 15851 o these; plasmidss wansfonmed (Richix pesiReis WAL Y4588t “é%il‘?)n?té@ﬂ'f highh{reqyprcy. were
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‘EP O 186h°§'§§1 ?&L ure7 s;te rl e )
PARS2 wg IthB =.e Q J‘B&o‘ﬁc Rbsh® a,ﬁf fce of this
transf 05 ns,—, : os@ibn Mb¥rs sf equency,
-wer.e gl ta as autonom)us el errents an each contained a novel f ragnment
cof P. pastorl s DNA The rRevet—att-eRerBYs "jﬂs' —eator—gequences from pYA63
"and pYA90 were subcl onedl Fiesmis | HéestSiralauf NRRLAcomssianNos [ of ol asni d pYME (see
Figure 6) to give plasm dpvadJPO wesee pYP32NRmicspased i vgly. Plasmid pYJ30 is
~shown in detail in Figu ep\msz\/n | eanbasrT d waRlxR18881 sifilarly depicted in
Figure 8. The plasnids, tTamnstormed—mro—am £ —cort—host, have been °
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%@fr‘m éﬁ‘%ggp‘lc?iézeggmgguence for

as readily recogni zed by those -

rovided in
i zed by

‘PARS1 has been deARCOTATUTGO OGGTQGAGCATCGAMMAACTWTG\TTCGCGAAA
"ATGAAACAAG TCGGCT, ]’AGTATATTT ATTATAATAT TGAAAGATCT 35

GACTA CTTA
GTAA ATATTAATTG TCGA-3 40

AAAT

"AATGAACCAA GTATGAAATC AACCTATTTG GGGITGACCA

The nucl eoti de sequence for PARS2 has

been ‘et erTiemediectide $vquensy fo/TRABSAGHSTHAG dSOOIFRDCOEG GGGGAAGATT  TATTGTCTCA 45
AAAGGTCAAT TTCATATTTT ATATGCATTC AATACTTATT TATTATTAAT TTAGCTTGAC

TACGATGCAT A

AACCTAATAA ATA&%%&# X@T‘:ﬁé‘

PR CRRARE AR TR ERTCTER,

ATCCTETCGT  ACTAABARGGTCAATCT TTSATATEITAT ATATCOBTRLAGARER

ACTGICTCAC GACT

60

TITTATTTTA
AACCTAATAA
CCATAGATTA

" AATCCTTTAT

85

ACTGICTCAC
AATTGACGAA
. ATAGGATAGG

AR optadeT

_CAGT CAAACC CTTAT

AATTATATAT
ATATATAATT
ATTACAACTA
TGACATTTCC
GACTATTAAA
CAGTCAAACC

" TTGAGTCGAC

ATAGGATAGG 1T

AATTATACGC
ATCCTTTCGT
CTAAAGCAGA
CCCAACTCAC
CTTATCAGCG
ATCGA-3/

TN \CTCTA

I TA ATTACAACTA

AATAGITAAA
ACTAAGITGT
TAGAAACCAT
GTAACCTTIT
TGIGCTACCA

CCAT

e CFREGATGTAT ATAATTTTAA AATTGACGAA

ARGAG CEATARCTERX °



"EP'0 180 899 Bl As a neasure of the ability of the PARSs to maintain
~plrasm ds as autononous el enents in’Pichia, cultures of yeast cells which
had been transfornmed with plasni deppYi3d®9aBd pYJ32 were grown in selective
‘medi um and peri-odically sanpled. The state of the plasn d sequences in the
cel)s was determ ned by Southern bridi zation of unrestricted yeast DNAs
to radi oact Avalmpasushed the goifBREYS PA\éﬁ%E"rﬂ‘ﬂ%*a' PIRSjds, Arjautpnomeps plempggats dn Pichia,
_mai nt ai neyituses %M?aéﬁ"ﬂ?ﬂﬁ)whé!a‘éﬁ%ﬂﬂt"é‘"sﬂ‘f“ﬂ V(!Wlp!fs'f"S? PYJp0 ?’Eé’é’l’ 2\Pre KONy 0 pelegiive

‘the sel ec’f“?d!}’?é‘oé' oﬂ;‘gm%a' h;g"?;gw P ﬂ% iy :bg p opl sl 4 $$°8r'?ys
. | | Y I { v a
5.(F:>| chi asHI& 8?[% "Eaff‘taf'ﬁ tas&f'm'ﬁﬂ"}?g?ﬁa' ﬂ%:h'ﬁ‘ foy &t &2 sl?I§ rgeﬁr?f'ﬁ"s in Jie sf%erchse

"gﬁldl ; Y:[]g Sé?yg\rh ’g)aér#d QYAG rg@erp }%‘g‘)@ zis d?ig QevaS’a@ td@\”@égg%g FHA:O ﬁ?b ﬁfgggtéﬁﬁo
. For-Pi (] lis
plasmd ﬁ?& _ Jgﬁ e % mﬂnﬁrﬁn"sﬂ Q’fd'ﬁﬂ d J3§W§8@'E:od§i(mmg

-€opi eswof § kn@ac ofqaﬁ’daﬁ.dvma EdnRiding ¥y ﬁi‘é_’hiai'l 4ignd RRMABNDL ZRA by
those of nﬁlﬁbérfof b&b.ésfbe PRhia cﬁrh.a&soma«s' dn6 vad BouCIOPS. I I4IFRENIABE by WAL SHSekill in
.descri bedndGf Skithé ke $6? %pyﬁ‘\uﬂ\b&ﬂﬂ&h@atab ABdcAisod TherbintrbiPesoit urf fostita®es Hor ghe
‘copi es pQ{un@alokpmdnm &R pétlcell. DNA sequences whi ch have aut ononous

replicati oninagehérst) YA séfuéncbO@fichoiavé Bong@busSregiicatibn actilify it amofi@f the @brus Richiny
transf @ ndan @e tidomtelPibg Miassfdnaig thai Aidhiaahdst Withoa bra§ oDDMA fragnente wosstraaettsin rauetterd | n
a.-vect-or - wtithaontaion ambngsothen MM gequehms, Divdtker qgyure hotedoss pot rantdie anygRitfeseqbancesdoes
-not - cont awith ARSyacDIiGA ins Bighie ITbe matkprt geng\RBploxed iwili ¢opfer & seictahie phenotyhe uppl thechosigene
-enpl oyed wenst straim The: froqyensy [obansfbimationias thethpsl strai with the dectas #ill bp dneraasediby P10 The
f r equencymese oxders o8 magniude; Wen GNASAQUepRss it ﬁﬁ%laﬁ“’w ‘E’?l PE"FP@‘ ipd Ft°w0mpars% to

i ncieadedtieaseney efraRgiomatop with 'é""l?f’"'?\’a FFP't WF

act i vi ty RipVdesraauising cammying plasmids ¥ith ins "; "'P ; q<§' ey Faids
‘transf or 24 FAYERPISHMOTATH 8P & 'CQ/E%’? GF'H'B’S'" ?@F@ﬂ'ﬁfﬁa L] ati on of |
;transfor%ﬁgﬁé will provide or.gani sme carrying plasm ds W|th i nserted DNA
‘sequencge have ARS activity. In this fashion, DNA sequences from any

sour ce*whi ¢ MPLES
35 The bt £ eoutits SRobidt bhbifreuth *ﬁ’*ﬁ nfho Rl “%3?’#5*5&82%"’%@” b he

conposi tions given bel ow 1%&% Bk deBiFed value by addib@ dondenflatdd {36%aEébus RCIBO0
L of H20; adjust pHto thea w%bm@d 10/@bILtE rddih térlsdiaiEe RS fmak pHEddRetmertb %)
-aqueousge HCl ; al | ow sol uti ondiuts 6 @@hal takniecspmLt enper at ure before final pH

-adj ust'nent TEMfor 1.0 mM EDTA dilute to a final volume of 1 L.
“TE buf fer 1.0 mM.GEINT aHi7) OrisOsketér( pH 7. 4) Tris buffer SSC
0:15. M NaClss85 0.15M 15 MM sodiumcitrate adjusted to

pH 7.0 wi th NaOH Denhardts Sefluti on (50x) 5 g Ficoll 5¢g

pol.yvi eyl pyrrol i done 5 g BoV?mi sedipmeiaPbuni n (BSA; Pentax Fraction V) 40
brought to a total volume ofdstey opH gPwith Welter LB (Luri a- Ber t ani )

‘Medi um 5 ¢ Deakarde'gqiufien Ghe 553@3& 0- egst extract 2.5 g Nad in 1L of
wat.er, adjusted to pH75w|5H '°"°

'Bac\f‘d yeast extract 2% Bact%

%
e, gﬁen Y
6 75 g"@/ sLtB([ntr en base W' Lﬂé ?aéﬁ?vo‘;tﬁﬂ% 37ﬁD%EEiTgB&nZ%mDextrose 50

' n 1 L of . wat'e . 5 g Bacto-yeast extr i tol
.25 g NaCl -
T in 1 L of water, adjusted to pH 7.5 with NaOH
4 YPD Medium 1% Bacto-yeast extract '
2% Bacto-peptone
’ 2% Dextrose '
SD Medium '6.75 g yeast nitrogen base without amino aclds (DIFCO)
' 2% Dextrose
50 in 1 L of water
SED - 1M Sorbitol
25 mM EDTA
50 mM DTT
: SCE Buffer 9.1 g Sorbitol -
-3 ~1.47 g Sodium citrate
Lo ' 0.168 g EDTA
"50 mL H20
~ =pH to 5.8 with HCI

Q:-Oh_
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25- mM EDTA 50 mM DTT SCE Buffer: 9.1 g Sorbitol 55 _
147 g Sodiumcitrate 0. 168 g EDTA'50 nL H20 --pHto 5.8 with HC 7 EP O
.1807899 B1 .CaS :  EPO1808Bitol 10 nM[err] --filter
sterilize PEG Sol ution . - 20% pol yet hyl ene gl ycol - 3350 10nmM [err]
“20MM Tris-HCl (pH 7:4) --filter sterilize SOS 1M
‘Sorbitol €8x YPD nedi um 1igM Sorbitol 10 mM [err] The :
fol low ng abbrevi ati ons ar'@ "EM@%P'% hr oughout the exanples with the foll ow ng
nmeéani ng: EDTA. et hyl enediZ E aci d SDS sodi um dodecyl
sulfate. Solutigh + ot hr ei ?"glgﬁ’ﬁ‘ﬁ%ééédures carried out on a routine
<basi s° foI low a standard pry mepﬁ le be detail ed here.
'.':Centrlfugatlonls carried qiwr [ period of time and at a spin rate
sufficiengogo provide a cliggi, Isuper natant. Cenerally, centrifugation of
:yeast cells is carried OUtoﬁtypatmehﬁﬁSt 1500 g for at |east 5 m nutes.

Nucl gp,c ‘aci d extracti ons Wgtdm Bhginol / chl or of ormi i soanyl al cohol involve
~cont act i Normb RowkiCdoBloRatidRd Hlo 638 thAdufolInG SlamblbOMihvthd lloding BWgsHig: Vol ume of a
.50:48:2 ratio by volune mxture of phenol chl or of ormand i soanyl al cohol,

respectively. Extractions A J UaUI m cohol invol ve

‘¢ont act i ng the solution to 53% rém 'H \ g%‘el%u?ﬁ vol unme of 48:2 ratio by
vol une m xture of .chl or of ¢ r l When gel s,

filters, etc. are describ( din a speC|f|ed
solutlon the entire gel, filter, or the like was i mersed in an

-appropri at%"ﬂf@@@é?d“(es&ﬂ"edcﬂ%w a rgytige basistfelloy ajsigndgrdpsptoqowhichitherdetalind hatg:  r e
surface ofCopiogien is pariadeput fosya periad | of lime, gnd (ot lah%’;:?g"%ﬁ“fﬁﬁ'ﬂ"t H"?Ytdé raeg?ar

'Et han8| swe@e\a e&?f@'&yncwfﬂquaep g} yeast collg is Gartigd, ou i NESsal t
‘cont ent Of "E ag ?"HF‘E’“EC pl'l?B?V Rip s°§'6‘Y'g m ey r?c'
contacti; E‘f"u’ﬁh il ?ﬂg;tﬁﬂf O ! aﬁia"% re P " °§ c;utlont

‘col | ect |b m&ﬂ rﬁcms ¥ 'R‘ hlgohgﬁs or

Tr ansfor %e%%e r . eJn s]:ak b PE e@iﬁéﬁ s@luﬁdﬂ tﬂ@l‘nti?g eP i chia
pastori gude I imivie 5 ﬁhaﬁgwb% &h, Bish, Qlal, Skl in"GRdbr

‘cul tur e ggtace’bk tife dof filtoh, or e |.|tmm trfé(&ouut.on%f ebie! about 12-20 hr Y dl I ut e
cells to afindn@rpr cighbtion b Wucifle Qdiad) -n@ol@smrsmum&ag AheCditl Gontofit df B Guicwid Boiphas e |
N YPD rgBldinkty 8dlutibri; i hechsdary A then! tcorflacting thé . sofdtionAlithetio alolomiés 6F Ebid1sthanoi, ieaul at e
100 ndo @bledfRptamekicipRate\by doniubatioh. of the seed culture at an [err] of about

01 (or equival ent ‘amount) .- Shake at [err] for about 12-20 hrs. 4. Harvest
cultureEXAMPLE lerr] is about 0.2-0.3 (after approximately 16-20 hrs) by

centrifagation at 1500 45 g for 5 minutes. B. Preparation of
Spher op| PéghiaspastorisTretstompatipe Prgegdivei n 10 nlL of sterile water. (Al
cent r35f li\g%g"lé)n“sdhfor steps 1-5 are at 1500 g for 5 so m nut es.)
e ro

; : .. 1. Inoculate a colony of Pichia pastoris GS115 (NRRL Y-15851) into about 10 mL of YPD medium and
e N shake culture at 30" C for 12-20 hrs.

40 2. After about 12-20 hrs., dllute cells to an ODsoo Of about 0.01-0.1 and maintain cells in log growth

phase in YPD medium at 30" C for about 6-8 hrs.
3. After about 6-8 hrs, inoculate 100 mL of YPD medium with 0.5 mL of the seed culture at an ODgoo of

" about 0.1 (or equivalent amount). Shake at 30° G for about 12-20 hrs.
: . _4. Harvest culture when ODsoo is about 0.2-0.3 (after approximately 16-20 hrs) by centnfugatlon at 1500
T 45 g for 5 minutes.

" B. Preparation of Spheroplasts

1. Wash cells once in 10 mL of sterile wator. {(All centrifugations for steps 1-5 are at 1500 g for 5
. 80 minutes.)
o 2. Wash cells once in 10 mL of freshly prepared SED.
3. Wash celis twice in 10 mL of sterile 1 M Sorbitol.
4. Resuspend cells in 10 mL SCE buffer. '
s . 5. Add 5-10 uL of 4 mg/mL Zymolyase 60,000 {(Miles Laboratones) Incubate cells at 30° C for about 30-
g6 60 minutes.
s Since the preparatlon of spheroplasts is a critical step in the transformation procedure, one should
monitor spheroplast formation as follows: add 100 L.L aliquots of cells to 900 uL of 5% SDS and 900 uL
of 1 M Sorbitol before or just after the addition of zymolyase and at various times during the incubation

8



2 V\ash cells once in 10 nk of freshly prepared SED. 3. Wash cells twice in
.10 L of sterile 1 MSorbitol..4. Resuspend cells in 10 nL SCE buffer. 5.
'Add’5-10 [err] of 4 mg/ mL Zym)l yaep 06130@09B4M | es Laboratories). Incubate
cells at 30 C for about 30- 55 60 m nut:es. Since the preparation of
fspheroplasts is acritical step in the transformation procedure, one shoul d
noni t or  sphetodpBlos the fingubetion a thezpsinf Uﬂ'elfQ)W!is lyselid SDS(buf eat ] sopbitpl fupyelly betveenci0| s
t:0 900 [erﬂrdﬁﬁmlﬂ%ﬂb@%ﬂpﬂboo err] of 1 MSorbitol before or just after
“the addi t i GnWath spiarepiasls dwicein 40 aY- of gerile,|M Sorbitel by gentifyagtion|#k 1900 g fg5 Jr1P ginutes.
ER O 180 8¢Gepimes s P'lsB%?d a5 & t"tuaﬂéw'? FeY MY GSRFitge enquon Bipatet FRteroplatiebyt £oy $Pse
i:n "SDS®but "WB‘E‘“FH"%’(S‘I‘HS‘F? bet ween 30 and 60 m nutes of
'-|ncubat|on) ce in 10 nL of sterile 1 M Sorbitol by
centri fugati%??“sé’f’" r?l nutes. (The tine and speed for -
centrifu vary,. centrl fuge enough to pellet spheroplasts but not
's0. 5 gGm.—'-lﬁéjgf?{@l-hey rupture fromthe force.) 7. Wash cells once in 10 nL
of steril € 1CRga o saﬁﬁ%U%B%'Qo ﬁ@lldllﬁnd) R {20k 73 mMsteie PolfroptlonéRibes. BNA should be
~Transfor rmtlﬂ Wer%pTébuﬂaFj% FAmEA R mdiibPrdqlondBs Wi siall MAduHZR) DNA iti2addisable MM
sterile pO't&&HdQB&Ut@ﬂeowhg/ﬁms&ﬁ&h%dﬁmlnmm@eacﬂswear or TE buffer; for

axi mum tr 20 Ak 1608k 6Nsphér6IHSRNG ietch DWA Santplstdnd istiets) tsroerh tedératutet foi sbout 20
‘advi sald e tnmuddd about 1 [err] of 5 ng/nlL sonicated E coil DNA to each

'S an‘rp’l e.) 2.3 Adith mO6r HESr solutianfto sgsh santpie and irsutiate ab moin tdbérauesfpd about\8l minatesibat e
‘at. ‘'r oom t epeenttifuge sarhpes ah 1090 & G-10 Bninutes anddecad PE@solvtidel 1 nl of PEG sol uti on
t0 each sapResuspact $amplebnt1€0 ut of SSrand inayhateder 3P aninutes atypestempdatienut es. 4.
‘Cent ri f uge 6s&ddA58 oL at starBOOM Gorbital a8l piae sliavatn & sarepiRs a8 desaried PeieY-sol ution. 5.
‘Reshispend sanples in 150 [err] of SOS and incubate for 30 minutes at room

‘t enper at uP-&egeperafignpf ] of sterile 1 M Sorbitol and plate aliquots of
-sanpl es- as descrl bed beI ow. 20 Regeneratlon of Spheroplasts 1. Recipe '

UCOS!

100 i #0, Sk . %.t m&, Lk 054, AR5 SubluhOpla 38 70
‘acids, 100 amifid t@@yon hifof? O @thgm%% oPhteNAlidcRifg.
‘up to a conc nAJdaéo'rf?lf]ofq x%@ﬂo eaﬁa XS E10B00 AL lofthe AHdiidACgaNSoRStol)sol onA d
30 nL of 10XA@ b6 i Cof D3CngARL BibtinQdnd lx%tﬁ@dﬁéﬂe@%nﬁkcldﬁr rudiéic % fo&Ckoncentration
Agar - Sgg bi t ol QU gL, AN mdflsh HbgéneritionAgatat 8s-8/cL bi otin and any ot her
desired ammphﬁ@lodT@.ﬁsfm.b.esﬁnﬂygj d to a concentration 30 of 20
{érr]/ L. Hol dourEdotieel dpargRyeRr @t 100 MLARNerdtio gaiOpeL. plde aPliemtti 80y mirfutes before
‘Tr.ansf or mattiaglorbatiop lsarsplesReilvadyoDistoisate Hgralr aliqeopeef RefendBtiariAgitde tthes in g 4650 Agar
per: pI at e aathl deebey thd Perivi that eanstomfationcsamplas sdr BGS.i Avid aliaunts lobkansfprmation
Di-st'ri bat e dberibéd etovey teotisesofith Fegenecatien Agsn anypaur pejo tboltpss agar, layer| %rﬁ%
during the quentiyod sadhceemple sntf ok afiguqtaoel meliedRegenesatin Agpr Beidat 4538 Gt B"teé‘c'bf
f r ansf or matdnigrplaies eprteiingmsolid 1qyalks batiom agar Jayenah Regeneralion 404 ¢ h Regener ation
Agar and pciPelgimns ‘Iﬂ’d’ﬂ?ﬁ?‘l‘fy ﬁ?“"PH %tp '96?' Pat es Add nti by, %ch

I

sanpte to 10 ﬁt’“ °'E?tsa ﬂ tﬁ 11[ our
each oﬁ‘f 0 p'l0 '”feg_a f"% " °as°°° i on
Agar .. conc ﬁgn of uns lis P" pl’a %%:9%? e[“'?%? K%'I"&'

[err] 'Of 0 Sl rhgeRératabid/
Sorbi tol . rer a Otran &f&]’ﬁ\ataoq )ﬁ n%nﬂ'al’thﬂaoﬂ 307 1ot | rogeReratable
addi t i ggal Qoslasrm ua B oo Corr T & qust oP

-Sor bi tol . Sp'inne@ﬂtemla?és%tétp%{oﬁﬁ-ﬁhay@f both dilutions on YPD agar nediumto
det erm ne the concentration of unspheroplasted whole cells remaining in the

prepar atlgfhmpﬁdd 100 [err]- of each dilution to 10 nL of Regeneration Agar
suppl emenTed With 40 [err]/nL histidine to determne total regeneratable -
50 Isolation and Charactization of Pichla Pastorls Autonomous Replication Sequences

for Regener'abfes® °d' 9 g Bacto-agar, 54.6 g
-;Sorbltol 24 % %F E? °'b§(? mefﬁ%a&gﬁ'%vgse- 20 g Dextrose,

- A. Strains

~ - ‘The strains employed-include:
56 - (a) Pichia pastoris strain NRRL Y-11430;.
- {pb) Pichia pastoris NRRL Y-15851 (GS1 15-his4); and
(c) E. coli strain 848 (F~ met thi gal TiR ¢80° hsdR~ hsam” )



“gpheropl asts. Good val ues for a transformation experinment are 1-3 X 107
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' 2. Small Scale Yeast DNA Preparations

. 45

o Five mL of yeast cultures in minimal medium were grown until Asoo equals 1-5 and harvested by

. centrifugation at 2,000 g for 5 minutes: Cells were suspended in 1 mL of SED and transferred to a 1.5 mL

microfuge tube, washed once in 1 M sorbitol and resuspended in 0.5 mL of 0.1 M Tris-HCI (pH 7.4) which is

1 M sorbitol. Zymolyase 60,000 {Miles Laboratories; 10 uL of a 4 mg/mL solution) was added to-each
50 sample and the cells were incubated for 30-60 mmutes at 30° C. Cells were then centrifuged for 1 minute,

o suspended in the Lysis buffer and incubated at 65-70" C. After 15 minutes the samples were mixed with

100 1L of 5 M potassium acetate, 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

. immediately centrifuged for 10 seconds. Finally, the DNA pellets were air dried for 10-15 minutes and

: 55 dlssolved in 50 uL of TE buffer :

3 Large Scale E, coli DNA |so|at|ons

10



;'435"‘1':] v.e"rrL' of yeast cultures in miniml nediumwere grown until [err]
,equal s 1-5 and harvested by centrifugation at 2,000 g for 5 minutes. Cells
CWer. e suspended in 1 L of SED andepripargefgegeBad to a 1.5 nL microfuge tube,

“washed once in 1 Msorbitol' and resuspended in 0.5 nL of 0.1 MTrls HCI (pH

(7.4) which is 1 Msorbitol. Zynolyase 60,000 (Mles Laboratories; 0 [err] .
“of . a 4 nyg/ nk coliicultures for layges scald d@511 @bplwnﬁpewr@me@ oD 138 - € @fth ghabm B 2B

‘i icubat ednediym Sigplementrdragideacribrd abgvecand wih the %%W@'aﬁ%%ﬁb‘?!@nf‘?’|°P'l§d’€¥fhf°85‘ta'1°d
mi'nute, NPERRZIREYP; Rlasmide. quijupsswase, growp t°a?fd”‘ﬁ5?18flﬂ5’a‘ﬂt f"re sgtficignt phigr

"My Rhen "§’a aééedvvép'ée ?rF‘?!'@%l"’ fop f % gg-r ﬂ‘ﬂ‘% d%
:;':hmerdt ?Ett a'pig ‘gﬁtﬁ m u al qu%) y |6 rs ﬁe r aive ng f
Su asrft F rﬁ

'-Ei@goe/; Q?ha as‘mds rvﬁereesd g‘g‘e ety cen °r| ﬁf bé"“%gd Bé?y a-}c?gl nFI nal | yo

“the .DNA p or 10-15 m nut es and 65 d| ssolved in 50
Jerr] ﬁ'wg—%@d Aﬁéaﬁ Q E. coli DNA Isolations 10 EP 0 180
+899- Bl E CRdr smﬁl”éJaHrrfpij Etl%ld %Iﬁﬁnsgﬁ?thecuﬁtpesﬁﬁ the lsdippithd®ted 8B REARAWR hiBiSic\er €
“grown at e GroWh bibridhelkd 3YTC! i ARakiNG Gnd! RbrsedioR |19 rEBRiTaghtaRSIn ABSAL infieslugalagnss. and

W th the mdamide WeleadoRted By tHeiaRhlin lysiE Meth6EtdssribeibycBimberitaad Dag(1pBR322 deri ved
‘plasm.ds, cultures were grown to an A5so of about 0.7 at which time

suffi Cieere. Hekt}umb:adimmhemﬁeg}henmaatadded to give a concentration of 100
:[err]/m_ and celTs harvestied approximately 15 hours later. 5 Strains which
‘cont ai ned pB#BREondeeymesdvepd aldtaiied SromeNew England |Biclabel anch Bethastia: Resaprph baberatodes 2B
lrredl um atang digestiprsi weep pedipnrried by rcmvuechoqm—@s@@oammﬂmu@atce@e@m Ry sMmpefingg at
' for rRelig Adigestions; of @lagids Hvdth \aed ¢ vithe wasqw@emﬂen |f'§Qﬂ‘°&'fseU°'b “f"h"é bY

f_aI k q'eytmeyt-?refrqﬁb%ﬂa@é%aqlﬁ ipfa Vhyn aBP mpm Sing besk P t“b"!ﬂ

E coli wprep dpmd Pafef m fu ﬁfn e

cul tures ‘i°PFa'f' W NCl E'a gl tt% ?af ght
‘at 37 C viPrPVRYpRReRe a'ﬁ (/Bfg?' B‘eﬁi’/"'b Puaf‘w&?? 'i"r?sTa

fubes. Pl d [ | soI ted. by :hod descr| bed by

Bi r nbof mﬁw ﬁﬁﬁ%%a@ﬁ agment | sol ati on
ReStI i Cti ONE&IYY THiyalsfor R NAL VI8 ik m@%mﬁn&hu@ @ BRBAGH habAgasisd!
‘Research éoﬂvEB{i&\t Witn e wSIE Rt 56 Ineind Rl pids £ HmioE tHe OB aﬂUeS
‘Restri ctiggsohRe HofMOhie YWRACA Ga6 g Slquat!bt DA &6 TRhIE" Baskine NRRE Y- BgICRds ;Saﬂﬁuyof
Pl asm g5 diesiad ail20Mrkits Bfutagl BYSRubatibiNOr 5 MiGles bt@5T O 4 HROWRMD Sf NRLFragehts b d
by 20 el e&ionoekww@ Bizd $edled B 6IOGBeIGHDh Frorh A0B%W/ Katosagsl Beb/ kaipal, Sadion FISOne
-backed byudlbathy vbdortaidizngy ofThe FiahagTean iragmsnts averecmiBe Mtrd 26 e of ITé Oppligaseand
tubi ng b y(Bathebda\Radeirnig EabuatotiesPin - ttaldolgine w200 ek sind fncubated besimiighhati CcThe ligated
-cont ai necDNAslveld Bdasibrmed drta#/|CHH bys addiDl thepdntirg ligatiomreection iyl t-RMA. of Fampatehty£. colhe
'f ragnmeps sB4usells apd tnpubeting dor\ip miipujeh erbIC Thel roixterp UPWVWSQ)@WI C for & pfnyles after which:
‘pr.eci pi t atirectOl; of LBtrpelivel wag iadied and the 87 \Folprubstion capfiqupd f°(/€ﬂ°l!?ﬁ'e1 'E?F’ ’f‘EP'B'UF 1"'%?
125 F. P.theraaddedt tosaive 4 ftiah Gengentration| of A0 FQ!'P?'- seﬁ@ed%bwbm'

E CO|I FFd@a"m@qﬂl'scvﬁra 5@{96410% fﬁ % 1 3err]
‘of I8 e?pr?ol ?%51‘ ghﬁ;; gg%%bB ipi E O’F:nof ecfa#asm cu%g aIf
I nt t §°§

'-'!tﬂeeﬁ)l\llb\ A ﬁﬁm gf %’g OFIEla pas orlsas

f'partlally’%‘%pdil est ?Z?WI 20 unlts of Tagl by incubation for 5 m nutes at '

[erf]l in g ddingh HyHaamn®f 1 nL Fragnents of 5 to 10 kbp were size selected
by el eg} m#ﬂrm%o 5% agarose gel (See Exanple |1, Section E). One

Terr] Of th@lybﬂaﬁﬁtﬁﬁs A8 carieLsut by @ rhdtivod desthibed blyasputhérh Q@Mﬁn&ﬁ trazfel oflange dr
Wi th 20 ugiipbreoiled DNA moliuidsi tg aigeceluiiss, Iradens Res patialhhydelyasdtiyosobidrg)agarbseggelsad al
vol une of 0.20 Haedr 110 aikslites pAcra kIRl danaturatio) [ The aybriflieatiog of Idteled| flagméreiirddiNthe Sner e
transf or meslevisidecHiB4 ganeitd Plokia pesionscONAess parfdrme ih thg aresence pEEIA fomamitiexxt SSC2 i
of conpet nDenhardis0 011 %3SDHASMMEENTS, antid100 rupiniiadenatgred derrings spem PNAat 42° G cRost} .
‘The ni xt urybridietionyeashes cvetedn 37STT, |l M EDTA. Pt EDS2Nd &P% gbdiunh prdRhesphae #i5506. LB
‘medi um was- added and the 37 C i ncubatlon conti nued. for another 1 hour.
Anpi'ci’l | i H-$izlgbaiign added to 'give a total concentration of 100 [err]/nL and
1he.incubation continued second hour cells were :
centrifliged Nr%ﬁ'a'fbﬂqwape?"md t??dbe“b"ddfaﬁ’gfﬁgﬁé:ﬁ?@de ?{(l% of fresh LB
=.n’edl um ang read in equal -ali quots on 10 LB agar plates containing 100
?[err]/m_ Lam . The approxi mately 10,000 40 col oni es which resulted
were scraped fromthe plates and a portion of the cells was inoculated into-
500 nl. of the suppl emented 2B medium at a starting [err] of about 0.1. The
cul ture was grown and plasmd was extrdtted as described above.



G _Sout hern Hybri di zati ons -45 Hybridi zations were carried out by the net hod= ,
_._descrl bed by Sout hern (1975) . For transfer of Iarge or supercoil ed DNA B
‘ol ecul es to nitrocel |l ul'ose, DNEPQ180 899581 part ially hydrolyzed by soaki ng
;agarose gels in 0.25 MHCO for 10 minutes prior to alkali denaturation. The
“hybridization of labelled fragments fromthe S. cerevisiae H S4 gene to
_Pichi-a paé%"l&‘rsngwm by thedislepercleptide shainjpraninatinaanedod gtdanges eh&198®; 6x SSC,
50.5x Denhar.dt' s 1% SDS, -1 m\/l EDTA and 100 [err]/nL denatured herring

Sperm. DRt 'wa’(cmaﬂqppomqq{s, HeRlicAion $eMWashes were in 2x SSC, 1 mM EDTA,
-0.\1% SDS and 00( rophos t | ahgld LG 25
i{“'l ci ¥ rﬁEﬁL £ %@%ﬁ lalf%%%%ﬁ i%gb" Téa"lﬁn%f asfips
“di deoxypyel ec CBa ﬁ?ﬁ{sgt Q&{ r co E%ﬁ'& ; d
‘I'sol ati 95}1 s&%'b‘ﬁ o’lﬁto%" 3 b '19 i % OI :sye:ﬁ%@loﬁ) ésqj%hﬁhls

i br%ysm&a&wﬁ& ﬁaﬁw ﬁ% He&ke %ﬁ& k&Mt em&ﬂﬂi’ﬁ\d gHAR indSSadntly bl eST or m

Pi.chi a pélechid iV btalyodR BN wak | eRtfediofl 1oMAa0kPst tRBDAO &G 4rd tansfdi@bd into E.

‘r-ecover g awed pismids,! sYALS, apRbiARGTPRRSINAR PASD QbritsiniNgRPARSE- vided Sdiectdd! fos fiittiebr DNA

‘was t heandlysis OB6th &fl these Iplasiids! ttradsfor@éd) Pidhia-+pdstorih i NRRLOY-0585€ IGSINE) atSetly thigh

r et'r ans frequendy, we® mainfaineds ad alfonbinasements addeddl) Congaimpil @inbvel flagmesti o iPapeastdds col i

col-onsedNmere isolated and then-transforned back into P. pastorls NRRL

-Y-15851 (GS115; his4). Forty of.the Hi s+ yeast colonies fromthis 10

‘subl i.br & Analysia pifichineastags Tisesfasmanty far Autanpigous Repligition) Sesvensessel ecti ve nmedi um

and .grown i ndependently on the sel ective nmedium Total yeast DNA was

ext ract ed The ehiity 6t iPichie Afieoptaining @laprids tsbe,meintaipedhas %ﬁ%erawﬁ plegrepts "bB'Pf"ﬂ Two

pl as ans“H’MGEs W%'l’ﬂ‘%ﬁ"ﬁ?% P%l" é’ﬁ’&' 6°'%r’(1’ "FS QR?’ é?aéct ed
: h stre.

“for furf @ra" fup 1o}
i %&ﬂ” T .ug:rnﬁf

NRRL Y- I’%%'g‘i“ ‘tz?,g
A”a'y '%en‘? i-o‘ﬁ @rﬁi r,éu

\9
oCUl
el emant cgl t?’v”er&% *ﬁx with s% | n ry (ped by

Its
‘Sequen ib.8 s‘é%@l %ﬂéfé}ﬂd ﬂt’?&&lﬂﬁsé shd brl&ﬁbci‘{oa*#ﬂe
aut Onoml}a'ﬂélleg QtoﬁpBFfé h@&ysa'lb . S cdnfbis, 2 sWiAsie Ebalaing M RglofplasthialidoRied A
tF ansf o BRI cAHR@R YarniScoRtaifike fL2 i @MirkrBiRioh A EHiads foFis RBAL Y-Riedi @SA1H) DNA
str eakeqleficdtrapRorsted AT WG expoithedtabsifhpiesiocul ated into liquid | MG
nmedi W The oSk op the tRIcHERARSFBhEIRhG plasiiid (Béhsformiants exaniyl Sthelfabetied prbbectiybtidizse a
Singl e @od pettyr ideatical t6 khe (hiabmid MDNAsoategd IfraeE, colk Aeabtantiolthd lebefledsateivas Bihndbat e
and i notytrisizeth hight rooleculpeealght clirdrasma ONANtGRIch/al pastoris INRRp (Y588 AGRHS) whepeat ed
a 't hird trensfopnediWith [¥JGAGR (eu integrative tiresfamigy vegter ahictgirs@o KRS rctyhnlei Aihia). Frobe
f:er r] - ofdidgiothybridize20 BNA frem untrahsiormedsNRRL H215856 cent ri f u at | on. DNA fromthe
'yeastascul tAsr @ snoyg quaniitetive cneesiren of He Sbifity [ab dheaPASIAS, to anal piTiscasoptonpmayy
Vol ts aslemes imfipiia. feylureonf ysash erlie yhich hagd 'eres%l ‘iS’s‘@"‘ @'ds tpP"éﬁ%af‘% PYEd to
nitr ocel"ﬂeﬁl%%"@ “éﬁ‘ﬂe ?dﬂ‘F'k%'& pf’@“'@ﬂ” sa’F‘%{?fb RS Dﬁgﬁﬁm il ?g ° cells
N '"un rans or me

d b dlz rrr trw g | 4
froNE {%&Fsa 805""5 JS$ IR i e Mg at e

past ofi & (GSl 15) DNA Were el ectrophoresed in parallel w t h
the: expgr by In each of the Pichia PARS-containing

.- Boterrih
pr asmd t%m the | abel l ed probe hybridized in a pattern

I'denti-cal APavblaGe Phdid by RDWber o6 lﬂtpﬁﬂoﬁsr QIMwhs ddritdd from e A€ Sithd’ Shount!df the
1"abel Jse oD Bopast thed PNphstddls IS bdhb 26 tHad oh Plasriilalberas!IHIS4 ydnb.ORicoCths eRanBONEl
DNA ' f 1 Orgidnhisedi cantiiaset Qéismids NRiRLtheY Pidhib Biisk ok DNRS wetbhexiactedadigdswn mittl rasiriction
PYJIBAC @ndonticidabdspgéctibphiv@sddrinto 8 ayarvse1@el,\tandfeibd Wwhe wirochimeseniitor™dnd hetitiized with i n
‘Pi chi- a) .a sr-ristied|2.d kiyoBgih frigmedi coetalning BRIRIEhizOS4 geneaitsl postrimdridiiiin washings 851 .
35 - As sariesof ¥-rayifiii were exposed eths fikes fop Bpeciieiepdis| df time arfd scansedmREBeckmamBl-nt ai n
pl-as niod BBaspecttophntaswatan swhichewasnprogrammed with &, Cerrtusel rMeglulef fox; elgla tgelse Rpsyitsyatec h
had  beersummarized bthee@blgi t h pl asmi ds pYJ30 and pYJ32 were grown in selective
medi um and periodically sanpled. The state of the plasm d sequences in the
cellI's was determ ned by Southern hybridization of unrestricted yeast DNAs
to radi oact i vel y ‘| abel | ed pBR322. Pl asnids pYJ30 and pYJ32 were mai ntai ned
as auf®ononous el ements in Pichia for at |east 50 generations 40 in the
s€élective nedium L. Plasmid Copy Nunber Determination An average plasnid
;copy nunber per P. pastorls.cell was derived fromthe ratio of the anount
of-'the 45 genonic copy of the P. pastoris H S4 gene to that of a

pl.asm d-bone H S4 gene.” Since. the str1az| ns

OI'IO



exam ned contained plasmds with the Pichia H S4 gene, DNAs were extracted,
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of the drawings (pYJ32). 6. A transfornmed yeast strain derived from Pichia
past ori $ hAvbryg eApetle ﬂfet@"ﬁ?'"mgd?'@‘fad?aﬁwﬁgwflﬂree'rﬁalﬂ Riagidogomerisgs the auieso-

tf?;d pl a@ﬁ?sdfeaFcaM;/s%‘f’e"G?sm%aB“ tloany wiggein ‘gaid rolasmid, is JRainiaigeg; s pRAKtrach-

890 ( LIeTexmagamynt inPichianapiaris; chi a coil NRRL B- 15891 (LE392-pYJ32). 9 A

2‘3? o e TR 1;‘59"'5 Eg PO g 0T B TR vy 08 Fesicton ™),
(b) dlsruptlng t e cur d cells; and

5. The hybrid plasmid of claim 3, wherein said plasmid is characterized as shown by the restriction map
45 in Fig. 8 of the drawings (pYJ32). '

6. A transformed yeast strain derived from Pichia pastoris having been obtained by transforming Pichia
pastoris with the hybrid plasmid of any of claims 3 to 5.

s0 7. Escherichia coli NRRL B-15890 (LE392-pYJ30).
8. Escherichia coli NRRL B-15891 (LE392-pYJ32).
9. A method for preparing the DNA fragment of claim 1 comprising:
55 (a) culturing Escherichia coli NRRL B-15890 (LE392-pYJ30) in a nutrient medium;
(b) disrupting the cultured cells; and

{c) recovering a plasmid identified as shown by the restriction map in Fig.7 of the drawings and
having a size of 7.1 kbp. (pYJ30) from the disrupted cells

13



{:C 2“'.'“recover| ng a plasmd identified as shown by the restrl ction map in
“Ftg. 7 of the drawi ngs and having a‘size of 7.1 kbp. (pYJ30) fromthe
dirsfupted cells 13 EP- 0O 180 89%pl311a'5/uablé1Char acterization of

PARS-Cont ai.ning Pichia 5 pastoris
“Tr-ansf or mants Aut ononous’ ' - Cenerations as
“Replication . Reference  Autononous ' Copy Pl asm d
“Sequence . Figure . ERBREnt Nunber pYM4
T . 6 Characterlzatldrf of_PARS-Containing Pichia 10 pYJ30
PARS1 s 4 ___pastoris Transformants 13 pYJ32
PARS2 : B8Autonomous SU Generations as 3715

‘Bi bli- ography Bi rnboi nReplliCation 19 Kfeente ARuténdsssfus 7, 1513cdpy3. Hinnen
et al (1978)Plsmid NasSeqiende Sci . Figtifer/5 I1ERémeéat33. Ri gby Numbér (1977)
J:..Mol. Biol. 113, 237. 20 - Sout hern (1975) J. ~ Nbl. Biol. 98 503-517. .
'Sanger £t alP 80) J. Nbl'"' Biol. 143, 161-178.=*Ttre fol |l owi ng part of the
‘descri ptlon ref er nbodi ment’s 1 to 27 pr bnted in the f %mat of

'clalrrs d ai 1. A f ragment 8derlved from™ chi a pastoris

‘ah aut ononous repli cation sequence (PARS); wherein said DNA fragnent can
Jmintain plasm d as an extrachronosonmal elenent in nmulti-copies per cell in
Pi chi aspasbgraghy and wherei n sai.d DNA fragnent causes increased frequency
of transformatron of Pichia pastoris with a vector containing said DNA
fragnent eimbgaredDi(1979:Nbdl.AgideResy 7,0b61%18ahsforma- 30 . tion of Pichia
‘past ori s Hinreh ehah(t78)droc\NatcAtadi Seis USAT5.082%18B%h sai d DNA fragnent; wherein
(a) ; sai d Righygat@htio77kJ. Mok Biol- 11%887as shown by the restriction map in Fig.1 of
the\el'f@m%tbe S} M@ﬁ'?'bﬂﬁ@@rﬁ‘d’ fragment is identified as shown by the
restri ctl%gqmbaﬁ(w Mol. Bipl. 143168 28 ngs (PARS2). 2. The fragment of
clai m1 cHefellevieg parts the description E’&PET“’HE‘E ais 1 40,27 Reegptosin g‘é(ﬂ?ﬁ'@ﬁg’éc"r"@s

deri ved 3$ fromPichia pastoris NRRL Y-1 1430. 3. A hybrid plasmd
capabl e 0 ta {"?sansform ng Pi chi a pastors wher ein said pI asm d conpri ses the

ﬁglt g? g; ngﬁu%@sﬁp Jr qﬁ%a‘?r% %ﬁ‘g &{ ﬂ%&n— ch Il&t‘%‘tﬁ?ﬂ?#@iﬁsﬁp |h
bron

‘hybrid pl asLfieh hﬁ lpgdidhs:; S EﬁA oA Ahdds Inére ff@qa Y bifsishnation
by the rest igidhfipaborl¥Biith 'aWe&brgcontZiniﬁ sdid'ONA! FrayMeROcomphrdd 8the frequenti 8f ik
Pl ashi g, of  GlbRbRicRia pidisHs Yt a Settol whibPGuaS Rbt cntdi AIdaINAGabmErE whsreBNOWN by t he
Testriction mapsaidfrgmentiisiddntifibd a8 stidivn bl e dsiviion Gap (Rl BA)the dawings (RARSS)Iopr med
yeast strain gbpedid/@gmbhtosiddritfEaiad sipwa by the Seshiation Megp irefig2 ofibecdravinigs IBARS2).
;_transform ng Pichia pastoris with the hybrid plasm d of any of clains 3 to
-5.:50 7. 2.ESTbb®NAdtagaent of clailNRRthaBctarz80 0 Hhat (5810 2utpnair®0s repliestivh spquendeds derived
NRRL Baﬂ5891ro(nlfIE$92>a§loﬂ$MﬁLY9143ﬁ nmet hod for preparing the DNA fragnent of
«claim 1 conpri sing: ' (a) culturing Escherichia coli NRRL B-15890
(LE392- pY33® hybrid alawm Fanable ohigagsierming (Righiapregleris yhpiely spiF @lasmip copiigetiBe pgonoyng
(6), recover inpys deﬂﬂFatHSﬂTis%ﬂ“P'&éﬁatqffqa@bl 1a%“ds‘f‘ﬂﬂﬁ'{‘ BRI pleemid ds maintained as A exfraph-
Firg™7 of t hdorpsamp! slgeentinPighiaesigiss size of 7.1 kbp. (pYJ30) fromthe

'_dl Sr Upt‘%d Cellhe ?bel’lﬁ plasmld of clalm 3, wherein said plasmid |s characterized as shown by the restriction map
P in Fig. 7 of the drawmgs (pYJ30).

: _ 5. The hybrid plasmid of clalm 3, wherein said plasmid is characterized as shown by the restriction map
. 45 in Fig. 8 of the drawings (pYJ32). '

6. A transformed yeast strain derived from Pichia pastoris having been obfained by transforming Pichia
- pastoris with the hybrid plasmid of any of claims 3 to 5.

50. 7. Escherichia coli NRRL B-15890 (LE392-pYJ30).
8. - Escherichia coli NRRL B-15891 (LE392-pYJ32).
o 9. A method for prepari'ng.-the DNA fragment of claim 1 comprising:
65 ~ (a) culturing Escherichia coli NRRL B-15890 (LE392-pYJ30) in a nutrient medium;
: * {b) disrupting the cultured celis; and

- (c) recovering a plasmid identified as shown by the restriction map in Fig.7 of the drawings and
having a size of 7.1 kbp (pYJ30) from the disrupted cells
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: 0 180 899 Bl or (a) culturing Escherichia coli NRRL B-1 5891

;;(_-'-LE392 pYJ32) in a nutrient mediunm (b) di srupting the cultured cells; and
(¢) ‘recovering a plasmid identiférol1sm8sgBIn by the restriction map in
Firg.8 of the draw ngs and 5 - havi ng a size of 7.3 kbp. (pYJ32) from
‘the.disrupted cells; 10."The nethod of claim9 further conprising: (d)

~cli gestlng s&fd Iasmd i dentified as shown X the restriction map in Fig.7
of ‘"the dravm(‘ﬁ ﬁ'WCFsﬁ'??W °hN§F'zE1%91 fLEﬁgaRRYpJ 2)("FNH‘§'G')"‘WF'PW one of the
restriction® |“ﬁ %ol d fromth

cousi si st ng’)d? e o e 35 qﬁﬁ?ﬁ” th @s‘"w@emw Fig . KPR defen

"chara?:terl 2 &3P IR ] bire '1 of the drawings (PARS1), or

A ( (1 ftél 9?«%& Q,L] d identified as shown by the restriction
rrap i n |1_-0 ﬂ‘g m%kge al rni Yde ﬁé%ﬂﬂo@g b9 th%'rg cfﬂi rZap?’lnlﬁbol‘ of(tl%YWa s%& h one
:_.-:of the rest rhh%' % Ap. ésﬁfe{._ Vi@ Dot FtiGHs SHBtScPRH | N

of . BgoRI - Higpgl k&ns@ﬁb ofi N , and Tagl; (e) recovering the DNA fragment .
;'-char acteri zegdo )q,,,uineanaestrl ctlon map in Fi g. 2 of the drawi ngs (PARS2). 11.

A pr ocess f'aqqi sol ati ng DNA sequences from Pichia pastoris as defined In
clai-m1. sai qe)16ce@mG theSDNA fraghbRiEHiafbtldked (bR thedRbttittiah imap di GigS1 iof the [dhAvirgs om
Pirchia- past qpARB1Wot h a restriction enzyme; preparing a |library of DNA
i ragnfent S i nd)afigesting Gaid plakraid ddentifiediiasl shows top theaestitiorsman in (Fig)8 ¢f theadrkwingsgedie;
wher.ei n sai dvavigrsizo of @3ckbp.dpiIB2) ék ore ¢t theoestristien engyaa sombinatiens seipdted fomythe
sel ect abl e mrwpotngigingof: Pichia pastoris; 30 - (ii) bacterial
'_:sequences wifceft-Hindillbl e tr ansf or mati on of bacteria with said vect or,
anplificati &a-gndlaad vector in a bacterial host and sel ection for
.trarmsfor ned TB%!ct erjal_ host, buth{g east aut onomus. &I ca
sequence act@V ‘l"z"""? e PNA, fragregn 'ﬁ(fc{ﬂ'z@ﬂl e, EFFeR MeEP @a?d’ fh|° %W'SQS
Wwher ei'n sai PARSPk er gene can be selected in Pichia pastoris; (c)

col'l ect | ggAt {'o n% Prr pElqmg mge%fs:erl% O%Jrg qi‘flch ;‘Tagt%rﬁ\a{ mﬂn &Lrﬂv\q Qagdwh{ag s under

selec |v rac e cel

SUr Vi ve t he i coli
;__cel s with q% Egﬁg%%ﬁlsgggfiﬁfgfﬁgfw&anﬁzgﬁ‘?vﬁa&?gﬁ%ﬁgg&r medI

coli cell S(:)O t,ﬁdna»e Qene? whbrBiR said) matktd Gjone> BdnfitibdsVe nBEIRNY herO WRIEH tonfEs a40
‘wherein said Sﬁéc%klpﬁéhogf,@wtﬁ‘bhﬁ@%ﬁs;l ons conprise nedia plus antibiotic to
whi chyesai d bagh adienbl BQRHES Mash Bhiablél tekAsfdnastion bElbueRiia ¢idh) saldeecorparnpigeapnas i d
‘from sai d trassd aectoei abacterial hosidnd sdlecisrsibraransiorgedbectatidl hggditori s with t he
‘pl-asmi d r ecoc @)@ gehst avtontraqus (eplicatidhispqugnaewectivily:up t he transforned Pichia
_f_past ori s obt(witraesiorining Sichip péstoyis withtssid libealye wheirairesaig roarkeh gene 152l hei sslected i Fichia
‘0*selecti ng masteispuri f yi ng col oni es which grow wel | under the selective
Growts . condilg)i cofiestingt trapsfermed cplonigsiroducech st siapy bhgnc srewing, them 69"(:"8!96?‘{? &9™t o

T quid cul t yitiensand gr owi ng under sel ect | ve rowt h condl tions;
extracting tidyexract °tF'RWf\ ""’l:"cﬂ"i Qg%'@ ' "r\gr ‘gt'?f‘ﬁl t ur e

T nsform n 9)6’6‘ i ﬂf’°’§’°"° oli.celly ta' 'eun' o din step “;0 (n)
sel ETLi ng ik %?"‘@ j % 'ﬁfﬂh§§$ bt %ﬁﬁ, it
vide resjst

recov r| ng p om t hOSG CO onl es

E...coli in s re:'ée o
sel ‘ected in )rg % dﬁ‘dﬁ%ﬁn@SE%ﬁ char act erizing the inserted DNA
fragment conpal, PBL@E&H&IE WRCRY BlbsAfid lebocdVeR i fep )Y restriction maps;
and’ (q) sel gfiloflg Db\geftraﬁﬂ,ﬁﬁéatﬁch%\éaae obtBifled iff 8ibd! fhf SndeSseldtivb BiRAthicBndfioms; M 1.
65 1% The (Brsél&ﬁﬁgsanafpurﬁhﬁ EBlohids WHIGH gidw WelliuAdH thie Relbdiad growith Bonditisiis @F stépS(i);
i dent ified ag tﬁl‘?@éﬁﬁhgbbb puifadlceihids 16 fiuiirculidigdand growing under selective growth conditions;
. (I) extracting total DNA from the cultures grown up in liquid culture;
{m) transforming competent E. coli cells with the DNA isolated in step (I);
S {n) selecting those colonies which give the highest transformation frequency of E. coli in step (m);
60 (o) recovering plasmid from those colonies selected in step (n); and
: (p) removing and characterizing the inserted DNA fragment contained in plasmid recovered in step
(o) by restriction maps; and :
{a) selectmg DNA fragmenis having the features as defined in claim 1.

" . 85 12. The process of claim 11 charactenzed in that said vector is identified as shown by the restriction map
in Fig.5 of the drawings and has a size of 10.5 kbp (pYJBACIa).

S 18 The process of claim 11 characterized in that said vector is identified as shown by the restriction map
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;?':1 n- F|g 5 of the drawi ngs and has a size of 10.5 kbp (pYJ8[err]CIa) 13. The -

;‘“process of claim 11 characterized i'n that said vector is identified as
‘shown by the restriction map G0 96@88B1in Fig. 6 of the draw ngs and _
-has a size of 7.0 kbp (pYM4). 14. The process of claim 11 characterized in -
‘tthat, said Pichia pastoris is the auxotrophic nutant Pichia pastoris NRRL
Y1 5851 ( GsFigBRyf the Yramingsoand ihawa $izered 7.0 korp¥d#lent d' ADN. provenant de Pichia
;pastoris conprenant une s9quence de replication autonone (SRAP) dans | equel
‘ce fragnift The DKQORE lﬂa"‘i’ni? Ghagasterized in Haty seif Fichia pastoris s the apropRbig mutant Pichia
:.eMachronD%aS“’"sl'ﬁq Y15 4&@ " Cbus forme de copies nultiples par cellule dans
“Pi chi a® pgﬁtog’i&‘éﬂ? et dans 'l equel ce fragment d' ADN provoque une augnmentation

-de fréqu " transf ormati on de Pichia pastoris avec un vecteur

‘cont enant, ceg_f e ;

"Pi_chi a pgstﬁ’ J&EH"RB %e n Sé)mﬂ%étorisacén k%%fﬂ&e sél.ﬁenkifa@ I éﬁfgc%%ﬁil ® Jans
equel ,(a) . rﬁhg ﬁ&ﬁplés‘iﬁp%alﬁ. lotiahPi E Qlé?dﬂﬁrle uél &Wabﬁerﬁe
restri Cti onggls fbr &hub e algnthfatiohode fréquencﬁ%“lmn A Mo (Hithladasies dved@HENT
d" ADN est i ¢e@ld ohtbha héMelrAb cotipard Pia GdduoRcod tlaMérinklion (b Pleniel Babtorik aveki J.

2 des schdnasveetaﬁzﬁﬁiz,)ac&me rpa@magmd\tmﬁ@haaqdea revendi cation 1

scaract ~ri s4 qf) deciragiént QBADINCesS Rigntiad cemmle intigy pae ad tante ds.rafriction dans AURIE rodve
provi-esat de Rcedras(gRaBt)@oi's NRRL Y-1 1430. 3 Plasmide hybride capabl e de
transformer Rb)odei fragmens tdADNsest| iesiifié ooyomé indiguppardartatte degesbictionddahs laskilgy 2edese de
Teplication =aéoee(@RAR® | a revendication 1 et dans |oquel ce plasnide est
‘mai nt enu en tant qu' 6l lnent extrachronosoni que dans Pichia pastoris. 25 4.
Pl agnj de 2nyFegrerst sdPinsdlon e erevandiatien it o?F’aBtéﬂgnS" o8 @ | coltR: sdquenca dgerégligation
car act®r i s4auempmerpyient debichipesiods NBfLE11430. estriction de la Fig. 7 des

:sch~mas pYJ3 |de 5 Pl %SHTFG h brj de %el on |a, r%}/ E(;Jlducla(t:el 0 3 dgg\"siprendq

‘ce plasm

restricti on g en‘FE *t% I ue I '[ﬁ%, r‘p "s23t dalz)s quggl cgwias:a élel mamtenu en
transf rm~e 8é ?i'g'ﬁ pasSt orl s ayant ete obtenue en transfor mant -
“Pi chi a past

rLoh g P! P ﬁEénﬁ fggga%%bmp&ifﬁq&@cé plb e AC LR oRS oyt oar

@ NRRL B- 15890 (LE392-
‘Escheri chi a co | NRRL B— 1589i (LE392-pYJ32). 9. Proc~dd de preparation d un

-fragnment gd' ﬁlgﬂu&eﬂﬁﬂiel SBloh RViBVRAdICERdN Pland 1666HTBS BIRsHde esti€hractérisé cofnfhb |ﬂdﬁ|u61 part ur e
d' Eschgri chija@afedel redt¥diidn d3-id fBRB dob EshBraPPVAB) dans un mlieu nutritif (b)

la rupture des cellules cultiv~es; et (c) la r6cup~ration d un plasm de
identifi 4. cosime deevuegiansfainéb @ro@maﬁtejedachraaﬁstonsodyam iétéchibtehae dri tepnaforoherst Piobla6nais
‘et "ayant unpastods évee lochiasiidd hible deividQueicengp@ddsireventticatianeBlaUl es r onpues. ou 45
(a) la culture d" Escherichia coli NRRL B-15891 (LE392-pYJ32) dans un nmilieu
nut ri tdsf 7 bischerichia pali VAL Fe158AW0:(FI9P-0¥38MI t i vdes; et (c) la r~cup~ration d'un
-pl-asmide identifid come indiq la carte de restriction dans |a Fi g.8

"-des sch~ r?asE%’l‘eflﬁS}‘aﬁQ"Nﬂ?é%‘ép?ﬂ(bﬂ’@g'pw*@ kpb (pYJ32) a partir des cellules
onpyes oc~dd sel on | a revendi catlon enant en pI us: (d) la

' so
di gost | orf dB’°E“é’é Pa
rlegt?fl‘lt‘,’t?l on f“ Y re%}:}ifhuesg%’g%%g aya (gé T"l"e"" %7 1 kpb

(pYJ30) avec 3 SR g b& lebAiof BOlaS P aglans
'3 aya i-ﬁlﬁl, tff C.Em) amrﬁlzes%e:lf;%t‘f f}o r~cu pgefglt I on

|l e groupe co
d* un fragnent carac rls par Ta cart restrlctlon de la Fig.1l des

sc h6rra§5 ( SRAPZ? la Qthure d'Escherichia coli NRRL B-15891 (LE392-pYJ32) dans un milieu nutritif
S {b) la rupture des cellules cultivées; et .
{c) la récupération d'un plasmide identifié comme indiqué par la carte de restriction dans la Fig.8
des schémas et ayant une taille de 7.3 kpb (pYJ32) & partir des cellules rompues.

60 10. Procédé selon la revendication 9 comprenant en plus: _
(d) la digestion de ce plasmide identifié€ comme indiqué par la carte de restriction dans la Fig.7 des
schémas et ayant une taille de 7.1 kpb {pYJ30) avec I'une des associations d'enzymes de restriction
choisies dans le groupe comprenant
EcoRI-Hindlll, et

66 Taqgl;
(e) la récupération d'un fragment d'ADN caraciérisé par la carle de restriction de la Fig.1 des
schémas (SRAP1)
ou -

S|



S _ o o e 120 11111 1111 1111111
111 . EP 0 180 899 B1 (d) l'a digestion de ce plasnide identifiMcome

i ndl'que par la carte de restri c]gpmgd@ggma Fi g. 8 des schenas et ayant une
-taille de 7.3 kpb (pYJ32) avec |'une des associations d enzynmes de
restriction choisies dans l'e groupe conprenant: EcoRI-Hindlil, 5

“Ci al' - Hi ndi | ) leig¥stigh de ¢eehlasmideridbntifigeommp dndiaus oar I arie Arestriciongats ddrigR desr i se
par 1a car t ®héreasiebayantuoe faiip dei @3 keb Y2 aversiyne des-asgeciationikmymestde) resyriction
Proc6de d' i ¥esiandans legrougeepmpri@d d' ADN de Pichia pastoris selon |la

revendi cat i BRRYHINAL 5 ocede conprenant: (a) la digestion partielle d ADN de
Pi chifa past Fl"E" 2%t une enzyne de restriction; |la preparatlon d' une

bi bl h q fr
DL o oy gg@gergn&pw% AR B b 0 O s PR
ul

gene fonctlonn'% l:onfere t5 un phenotype s~l ectionnabl e de-

Pi chiga ﬂaﬂogédésd- isdidrioht 66 S4RGRLEBABN 3R { bR IAG Wbhdiafion! £ ce procsas

;'-trans or maj, ﬂ' es bacteries par ce vocteur, |"anpliflcation de ce vecteur
i

‘dans un h8t &) RoGdeRtnSRrfle &'ADN @b fl‘-‘féhiaod%stgnsuﬁhr kRS Bn6 a6 IrésBidtidn! RNSpaFationTd]
mais (1i1) @ifebiflotitale ¥é #Qmes APK e tuh Gsttedk HANS Mol 9@ vectur ddMmpierd: Ks

(b) la transf@uAgéeGharélRurPisak ieauddas bsbinsardaaui cotiprbil Uai gahd Phdiameicjul chARR
‘lequel  ce genm phsrofpesslecimhdbleadeFichiaphsatisi onn6 dans Pichia pastoris; (c) le
recuell des qi) @i SsudntasnisdcBriantless pgrnetthot la'etmnsfmtidn'maqiaaé»(ds)paetcelwcteur.

ccul ture dans ldmglificationlid covestogredane i ks bacdyn ¢t'lesélactmotdumdtcdattéripittarsioral  des
_._cel Tul es qui mumgisvent aux conditions de croissance sel ective; 25 (e)
' ;‘qansf or nefti} ayaungactivied de Brlisatigeaytonome B¢ ladeywet ent avec |' ADN total obtenu
'dan et ap@) (ad nsf‘{rmyt-on &le Fighia padorigar eayp bibfiqtheayse dans leqyplice @pneagreieprapeut -

‘obt d dit d t Li d
f’eq‘SQi’eiesaebhmwgﬁg cﬂE«Beemmé%E g dase P%m&)éﬁ'ﬁ@‘é{'ﬁa%@ Ly céwfx Fec

ant.i bi ot i qu¥eci§%qu s bact er i enne rni.ssen
r.esi st ance; %ei%ei‘m ‘gi é?" gf :d’é '°"s rol sanceé%é coI i
{e rans S || co

_tran or ne;

?é s
pr asm de rdu@ IE cu;té‘ o %eéisd ns qﬂg%e 3ndi zﬂs de nfes ﬁéﬁ;‘ st%eesp@,ﬁg&rév&

transfornd ,§,e ﬁ,gmgg,g nb r&3i3ndde culture
sdl ectives; " ‘.ﬁpéiﬁ, ﬁ&& ﬂ)l%ld%tdelc@s SoMidsl de Gk diManstiemé Ol oni es qui cultivent
bi'enggans | @ﬁla%ﬁ%rﬁtét@ﬁ‘&e BBhid pHstolil e IpRShitie/ BEupse dhnsﬁ%ﬁ&ﬂ(gﬂl ), 3s (k)
1€ "t r ansf or § 16l @BitufeOledPiLIRS padtefis frandRmnddabifu dtns! 6@pd (he dshe desibdntiidns @b cliture
cul ture dangsigdews;,condi ti ons de culture s6lectives; (l) |I'extraction de
‘1" ADN t ot al (i’ stektiodr e Sla Quiifichtiob ez cbibniss quiccultivért biee dansqbsd:epdut(ons) dé gulture
jtransformat sddsttivbe de Bdtdpal(ies de E. coli conpetent avec |' ADN i sol 4 dans
1" et'ape (1) k) lertandfat doelcdoriasqurififes dans b fiduisle dg giltucemh facouiturg dang dabcpoeditions dre
transf or mat ruiprelsélegivass el evbe. de E. coli 40 dans |'6tape (n); (0) la
T ecuper at i of) Vewraption gai A totgl ‘g(ﬂ"tﬂlf?s QS!@VQ??)F@HP%WB‘I‘TN'%’!"@S dans | tetape (n):

(p) |e pfitaesiermetionde cgliulos deErcall pampbiepiaven AP aes 14 ‘amjgr
'con}énu dang‘) I""eSQ%fF%Q °ﬂé°'?'1?&ﬂ5b?'°§"?ﬂ‘éﬁs' “%?%ﬁ%tri"ﬁ'? 5‘?" 3 gls y%eecie %ém'

ti q Jnr |5 gl %n?if caracteristiques
?i?ve @“’ec' e ?a hgﬁf fﬁoia.ur&xgr@ baghiben 11

auxotrop e de

_Car aCt eri Se §
pastoris N sg? cﬁﬁgijfhg N ayil ‘los cQ ctsh Iﬁn*uﬁ@bé?iﬁieé dhné ﬁY&Qﬁﬂl&fi’JnHon 11

car ag; erise e vocteur est | e conme | nd I que par la so
carte dgp rl‘?&:@&é %me%dlbﬁorf { 0caraersfild on 6 G&S BSvebtbur RIS MGENt WdBrdphb b Bicle 10, 5
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