EP O B#S83 070 Bl Description Background 5 This invention relates to the
fiel dof reconbi nant DNA technol.ogy. In one of its aspects, the invention
relates to novel yeast strains. In anoLpe 1836 Ey: the invention relates to
processes for transform ng yeast strains W|th recombi nant DNA material. Up
to now, comrercial efforts enploying reconbi nant DNA technol ogy for

produci ng vari Desripdnypep- tides have centered on Escherichia coli as a

host organism However, in sone situations E. coli nmay prove 10 to be

unsui t abl e as Backgygind For exanple, E. coli contains a nunber of toxic

pyr ogeni c factors that ‘must be eliminated from any pol ypeptide useful as a
pharfraceut i Gal prtiglireentionilates fof the: fisidh efyreqaimbinant NG Hechiwiogy-pu prief df 8 esperts, Gwrinviestion
achi eved wi | |, 8PS &onpve grasy gifaips.\ip erpthehesppirite byantian rpfales joemcpases fof franstorming yeast
addi tion, the ﬁ‘ia f@'&' W'"%[EP dmeteddl of E. coli can seriously linmit yields
of some usef u [E'i ?ﬁ% 0D SBpinvng 'E‘i?ﬁ‘g'f’ﬂ\é Pﬂt‘ ""ISW?'%\&(?EP'P@G'"Q yprious polypep-
i ncreased in % pavp ﬁengﬂ'eldec’r“ ehegen s e a a hpg) %ﬂ'sm Ei’feéi?' ‘"ts‘?f'ée E. coli may prove

eukaryotic Orgéii u"s”“ asah Q{?g’{?gpf Cf CC;]" ry tgrsgl‘?thmust be
appeal i ng. The g n o Lély fttPe%ﬁc%: 2 ﬁf’ﬁ‘i%uﬁ& tldQ ? Bl il roreoiti
pr. oducts in euj‘cﬁ&tbég’ t@cﬁ %%ugpfhrgt yigl c ncsl Lt ns have
advant ages r el gd fo\Rrdafalidiestfi Git atnghg é”rVPchGta étl&r&;e&% sG&'tde prddliction
t he product kot @biygepids prRBLIE Sppeiiepded by reco I nant DNA. Yeast has been

enpl oyed in | ar gensS&alagin 6f MEHHE Bt 1he PRddcBsn &%Blﬁ;&ébﬁo%%rod@és i QURALRGyEEInd, BS., yeast,
rel atively receaol pashde Rignifidant! @&K@@gsClatvebo tDLde df RFoRRYIHA s sRinss. su&‘gas ¥eaditior the
can general | y dealugtioown polgpdptidph sshcadied lby deddmbinir® DNAN ¥Basb At Bdch denpidflecinClarge scale
r eack,y adapt afbirentationcionteniiiss s chapamertd dHeiraativiy BCES Sdverd of lbrge SalBLE, cgif@mbliations.
yeast such as ‘Raglamggpersiydeigeowhdo tigter csilltiongties thhd bageriesantiaeseadily @laptatdeet |continuous
densities in eseststiopfprot@ing/in fach grodh 9f heseslclys Ve oaston's to)uBa-hidh dali4ioGRes, ie.,
(assigned to Pl [dengsiss e progtseelni0Bou, .is Aisdpsedl divalveandr iant.Bg@414889 Yassigned Ho Shilips
i ncl ude t he f dtstrolpymy Co. h?)fi?‘"@?‘l adyaptapest qf ryeast Berts ipgludetie Tgetdhat meny criicgy functions of the
oxi dati ve phosP¥oEm &8 @idativer phosrberyltion. P taspiad Uit RErIeles, and epnero @Xposed to the
exposed to fhePos¥pie: 'P‘t?l ege%?fé'teeqfqaﬂ'ﬁ@sé’f°f’\é¢é‘?"s°f<5’f"y't°ﬁ'é*e§)f° ‘%W‘P §’"°' type host cells.
production of ? ﬁ YeéFt YiP) v? ﬁ@aw f I tl res p|ep oducts :vhere
eUkar yOt I ¢ Or yon [o] r%;rts ;Pi% V\:E% )Z‘g ?}Séalgle [o @jﬂp e rence rE;é lg Il'egs g g:ésgl%\uétr taen?:n;
p0| ypept i de pr 9 reﬁt &%ﬁ&og ﬁyg E ﬂrg ro rmaQnr rg ﬁ m complementary

bi oactivity,pfpg @Dv%'ot{tgﬁéﬁtd tion, fntom r%r

eukaryotic or gan'l‘l%naevéf p drly XM cRFiSeqt gs ﬁégﬁs Q@ m/ec% %rﬁ@ﬁ%ﬁve% hampered
hi gher organi sgpsme téwsf t&wﬂadagab RURKHorBio o8k £ s RdGbreOR sBditon. suxotrophic
expr essi on pr ogkifioss dd &Hdh AR AVEdDIeAPeRIMG S dRbct fse.rnéeﬁanqamtm&t@dyxéuéeoph%puemen
(cDNA) obt ai nesghiohyir Feadfdinest DNABSKOIoGL isQ8 il Qitaid B prEXiBeHeR hosTRdErR sy stimsHRI¥Abe
The devel opsendeviedd v fdchitae rar saedipBistion @D/ &Stell 2P ORtieS efBesHoBHf/ins&BH MNA sequences
systens is severtiek the desirpotydertie frivcts agrkbeqkepkiad uhded@etrairDishditonaarsifioigratiaidn
conditions and suitable vectors. In addition, auxotrophic nutations are

of tgn: not avai Otigvisef thp neertiordi ng a direct sel ection for transformants by
auxotrophi c conpl enen- tation. |f reconbinant DNA technology is to fully
sustai n its“r onPsediechel\Ruritygrtion dheredre. iyte Ergformation opyeag ot thejgaprislichimpaskors.
facilitate the rré'Pﬂt UP%!?‘?‘(PF] i '"W"a@ i/\é?ﬁ‘ °é§heofﬂef"?ﬁ E@"’é)ﬂﬁ?’é@% fop fraggformation with
i nserted DNA s@ ONagmaerlalt t he des grod s can ﬁ
prepared under_c ? 819 %’Ef’ EB?FEﬁ ‘tf “E?n'g"eﬁ‘i ‘i})’f’"gmgm °§“' B G Fms herein

I'nvention 4Q P°"RR obj ect of our inventi on therefore [ s the

t ransf or rratlonStQLm%Egﬁgel ntloh e speci es Pi ch| a pastoris. Another object of
our invention ie species Pichia pastoris for transformation
wi th reconbi nant ;,DiNGdERLEith Ahe prdsBRSReBd wathBR ac0ddpes b Brobdss tdh heltANFIRhdtiBNof yeast
Wil become apRas &e b Aidha ShisRt. @5 HorRAd o thdinBfsiohRdi SroddbH irdqbserft fvention,
Stat ement 0fso t Diga s6aNeABds] AR bé MrétfubArifla REsE cab bitné Bbcips 8RB IpadtBHIENIWINY RichiEpastoris
have devel opediods phai6R8 8s 4 Ast ybem tidr &R plcatdNed 6i@BlysHbtidsasilict GBjehst. Of t he
speci es Pichi a pagthed in%ccolignds With pié dRsksént Bivedifion! hweltstranesif Microbighrasns[of e esBieO©Pichia
t he present i ngsrtic an, prdlicDNAeopue 3taE Tansdie as hostsokiu the Ghtriodhictionhud $dcorigihdnis DNA
of the speci esmﬂértaﬁhtaymstori s allowing Pichi-a pastoris to be enployed as a
host system$ or the production of polypeptide product in yeast. Further, in
accor dance wi t Brief Bescrptionsad tie Dramingsit | on, novel strains of m croorgani sns of
the species Pichia pastoris are provided. These novel strains are useful as
hosts :for the i fiauSductip 8fpstietiop awp AiAATRIFPYAMNA material into yeast. 55 Brief
DESCI‘I'-itIOI‘l of the Drawings Figure 1 Is a restriction map of plasmd
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EP 0 183 070 Bl Figure 2 is arestri ction map of plasm d YEpl3.

Z_,j'i gure 3 is arestriction map of plasmd pYAd. Figure 4 Is a
restriction map ‘of pl asm’dprJSO. Figure 5 is a restriction map of
_plasmd pYJ32. 5 Fi gure 6 | SEmOriesoveBti on map of plasm d pSACHS.

The followi ng abbreviations are used throughout this application to
represent the restriction enzynes enpl oyed: Abbreviation

Restriction Eﬁgg@e Bs a res:rfctfon map of plasmid YEp13. BanH [err]
Bgl I [ err ] igu is a restriction map of plasmid pH\‘hdI- | | 15
' Figure 4 is a restriction mggp of P asrr_lj pYJ30.
N Figure § is a restriction map o p‘asmi p ' Pst| [ err ] :
gc oRY 205 Figure " 8 is a restriction ap If D midﬁgﬁ&]ﬁ | 25ECORV '
S The following abbrsviations g%h sra Enrou'gliout this application to represent the resf%gt%n §3ZL¥§'33
P empiloyed: _ p er . . .
Xh Xhol 30 The convention enployed in the

Figures is to show in parentheses a restriction enzyne site which was used
for conspruction of theADRESVAAE O but wakeSdLickion BRAWME| gation of the
construct. Detailed Descriptigon of the Inventiong3dagr |n accordance with
the present invention, a ,tragsformation procedurg fgﬁ the introduction of
reconbi nant DNA material intd2host cells of the Hé res Pichia pastoris is
provided. Further in accordalige wi-th the present Hind&@fi on, novel yeast
strains »f the species Pichigpastoris are provigedywhich are useful as
hosts for the introducti-on of ‘reconbi nant DNA material. 40 Devel opnment of
Pi chia pastoris Transformati 88 System The transf8ff&tion of Pichia pastoris
has:not been previously-descgibed.. The experimengabrpr ocedures for
trahef ormati on of Pichia pastoris are presented in gfgeat er detail bel ow
(Exampl €°111). In order to dB%el op a transformat E6A%¥ystem for P. pastoris,
t he auxotrophic nmutant GS115s(NRRL Y-15851) was sadfated and 45 determ ned
to be defective in the hi stigl“ne pat hway in thats;n ¢ strain has no
det ect abl e hi stidinol dehydrogenase activity. (See assay procedure in
Exanpl e J1). Those of skill BR the art recogni zeSPAat mutation frequencies
can be increased in a variety,of ways, such as, kgpzgxanple, by subjecting
exponentially growing cells t0 the action of a variety of nutagenic agents,
such as, for exanple, N-net h}#‘- N -nitro-N-ni tros@@ﬁéni di ne, et hyl
met hanesul fonate, ultraviolet irradiation 50 and the like. Isolation and
i.dentifigati Ome @bnvéntibraéthpicbd MitRSFiglRdsas tol siéw inpa@nthIEC4 febtictiobriaiidd &6 whh FyaLy
can be accosgaliorsbetudign o e N sBquattetbliewas dbstiogsiatup@r ligatish bi tBndéddstiuequi r ed by
the strain for growmh as detailed, for exanple, in Exanple I. The specific
gene and g@rtailedDegxiption pithevhyentiona nut ant strain is defective can then be
determ ned by identifying the enzymatic activity which is absent, as
det ai | ed® f orln eoearagsce with the Ereentinvention, a tasgfermation pepiceryreder theljetrogyntien o secpmkitant
pastoris, &NQmatepd ifotostcelin gl hasrapieg Richia pasiersis oddeflaj ns of the 55 invention
can, be transffyfieed %%"‘?ﬁ%t"ﬁecp'%ﬁe@}é@ﬁ‘?“a% ngyel yeme stans| of g ispesiep Fichia pastoris are
spherbp| asPLVIdadich afaseliyjas hasts for the tptodyction of gafompinait PYMEerigh f or i ng DNA and
i ncubated in the pr f.cal ciumians and pol yet hylene glycol, then
regener é’fegﬁﬁ?ﬂ@%fg@?%%%é%g%&@ﬁ "lg]'ﬁ?.gy & transformng DNA includes the
functional ger?ftrhrﬂfomﬁ&hoftﬁl%ia%%rié as %t_rbeééprglﬁd’uﬁghés}é o 1Y SxoRfthohtat procedures
transfor ma%l" & sJoﬁnaﬁéH M'Pﬁ:ﬁia%stbltfsearé %ﬁfeh \ﬁegr&gep%t | B&lo '(%619 ). In order to develop
a transformation system for P, pastoris, the auxotrophic mutant GS115 (NRRL Y-15851) was isolated and
45 determined to be defective in the histidine pathway in that the strain has no detectable histidinol
dehydrogenase activity. (See assay procedure in Example [1).
Those of skill in the art recognize that mutation frequencies can be increased in a variety of ways, such
as, for example, by subjecting exponentially growing cells to the action of a variety of mutagenic agents,
such as, for example, N-methyl-N'-nitro-N-nitrosoguanidine, ethyl methanesulfonate, ultraviolet irradiation
s0 and the like. Isolation and identification of mutant strains defective in a specific metabolic pathway can be
accomplished by determining the nutrient or nutrients required by the strain for growth as detailed, for
example, in Exampie . The specific gene and gene product in which a mutant strain is defective can then
be determined by identifying the enzymatic activity which is absent, as detailed, for example, in Example Wl.
Yeast strains of the species Pichia pastoris, and especially mutant Pichia pastoris strains of the
55 invention can be transformed by enzymatic digestion of the cell walls to give spheroplasts; the spheroplasts
are then mixed with the transforming DNA and incubated in the presence of calcium ions and polyethylene
glycol, then regenerated in selective growth medium. The transforming DNA includes the functional gene in
which the host strain is defective, thus only transformed cells survive on the selective growth medium
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070 81 enpl oyed. To prepare Plchla pastoris spheropl asts, the

‘_re first contacted with a sulfhygp)blwgrog?:g,redum ng agent, such as,
for  exanpl e, dithiothreitol .or [err]-nercaptoethanol. An exanpl e of a
SpECIth sol ution containing a sulfhydryl group reducing agent is the

di thiothreitol émpigkd buffer described in the Exanples. 5 Enzymatic

di gestifon of the @ebplepaaPichiapastorishmpherdpiasta.ctoocqé ars Misticdtacted withoec fulfisygryt dreup reducing
strain to be troesif guahveds \irt dxamplg, dithiothieéiol na Miymeredploethanbl Ad eqraraple v ar spagn sgution
known t'o those entaigkg p|sulfhydryl lgeoup reducing aghnt dssthé dithiotiveitohin SEDZ Duffed Jeagribed Mlthecixamples.
Labor at ori es)s, Egzvseair gigestiorepfdie gell twelscaen thee B9 accermpiished &Y Icoriasting Alter syain dhbectranstertaed
variety of terrp‘@?haﬁ“!l Pb%‘e math el el ﬁfwygame%@amm tease ok skifrip the Ger )] @, for example

general |y, whel W?V (Milesy Laboratarigs)s Glusyiass Eéawt‘lﬁ'% 80"90@‘& Althpygs /agyides pasety of
10 up to about ” Bs. ponagt tif'??F Ia" qge P“s_l'!? m_exarppl%éyq\olyase
10 suspension a eo 18 é'&lts/%?mg |§|
40-50 [err] OF "T "'is o nom ma&?" IS

wall mL of cell
er 10
mperature is enera y nq;%l al 8‘:)& less
Tenperature is 'hp HeE glnleast
about 35 C. Prolgabiy s o1 Léht o u%md Wikl 1
time is generalk¥s@hial fahisd v emt@kﬂh%pIMe%%h o unQ b%?@ﬁn&( is ts QTIOHC with
about 60 m Ny efe coflishch a5 BE oxdmblel SELELEEEHMSoRIBBDTA; 38 Bampibs hiSeGppent | al

that cells to be gRnyme géstst BanS B QERRIARAL 6y BRMtasUSHERARMY by mdtf belecoMbiraht DNA
IS 1S0-0SNDti C métdrial. Bandrdlg, &QédsBaboSiUGHN A of fransto NN per SOb D Lk fsprieroplast containing
(sorbi tol/citr admfidaDtdtairrgcoeweanraboas 1-B:a07 s@elopiests pef eo aphars epblagids waaa ohig small
transf orned by aeondtacfressmbinany DNA uwalelial asreyailatia) sorticadldl Er exii@MAI carabd usBiNG supplement the
mat e i,al . Geereraaoust,of ataildoleeBNA. tioeby inProditg fransiojmatidn ften@nedsdryminigizDithe hendliddDiBsses
[err] of spher offresernbinantBN materigl dudhexperimeftaionaniaélstiomg bet ween about

1-3x[ err] spher oplarsfosmesespheromipsisearg thyn iggatsd apdst ealiedl! repgnsragingorendjtiogingiel wall regenerat-
amount s of recdfbfIrdians CARPriag adkiing A sampla ceplaininadnsiormed pheeriast temeliod reaopsKption agar
can be used to "82igNeEnE APyt H-890C o folyipital (raenplalipn A8 PrideS 2t Bplapced\PSAYS: BT gnd
transfor mati & PMEHSEnci es by ninim zing the handling | osses of recombi nant -
DNA mat eri al- during experinmental manipulation. Transforned spheroplasts are
then treated under cell wall rating conditions | regenerat-

i ng conditions conprise addi rlggx%g'% | e contai ni ng trad%‘{%r]hv@&d spheropl ast s
tg melted regeneration agar dr#tReseed at about 40-[ equt DilyMcal

r&generation agar provides é@g@w%&@tg&mdl a abA> FagpL i ses:
sor bi t ol ¥ about 1 M dextrose

about 0.1 M 30 yeast nitrofafiRrag ARRKRE 737@/ L Bact o- agar
about 3% 35 The transfornmed spheroplasts in nelted regeneration agar are .
paur ed over as boethansidraytespherbplds8ge MetsdtregeReratign bgad i pbltéoviens bidiaih Sayeadf ragemdtion
25-35 C for abodghr ddd fien ceypatsd Rli abdit 25-351 Sti@rabaut NRRiayy- 15851 ( GS115) has been

t ¥ansf ornmed wi t h &ichiawbstorisOIRRL 385 UGES1 5 har men pdnsiired evitip b agmited of plasmids.disedral of
and have t her ef these riremids ard®vel \2ad havs| teerdiae bern padb | availalils, todkbg guhllic oy dergsitisn vithethe
Nor kh,er n Regi onf¥gdrihge SegionehReSeamthefenieninMseria; Hinois. |Plaprmids and ol 2eebeing namblers pra figbulated
accession nurfbe*?%"wé?"é"al‘s@lﬁﬁlh%(?éﬁ?"mp%éﬁdd\'/@'(%l@”'iS’Ftbsm ds have been deposited

in an E. coli host). Inventor strain NRRL accession
PPaism d - _ desi gnat i on er

LEBI2- pYA2 ‘ Inventor %tr_L%ngM pYJ30 ’Nﬁ*& c%géélon
L£%892-pYJ30 Plasmid designatiomB- 15890 its, ppumber

L#892- pYJI32 PYA2 LE392-pyaB- 15891 be B- 15564

PSACHS 1061- pSAOHS B-15
f(ﬁsr Al'so used to trBFESrm sl 15 WERPHTRERY pYad, which is deBrded® rom
' cerevisiae -p¥y3zoli the LE392-pYJ32 shuttl e vector ¥=0%891

tie S
(ayai |l abl e frspm AT 15; see pl asm d pYA4 S 3
p?dg,ls a 6.0 55 kbp gsg(%z%artlal %ﬁ)@%ﬁoggrjrent of Pichia past:)grglé
cpronosonmal DNA whi ch incl udes the H S4 gene (see Figure 3) ligated into .
t ye uni que BanHl gist @sedfto ¥hphban GBS tiowasthigenfidDYAs eanickriisgdariesd lNomciba iSacenevigidsR3L ol
Dide sequences ashdttiavédioB YEdIP (ailalne fraw ASCQES7PES seofFigagr@h Thuswbiasotid p¥igliuFe43 plpgea 6.0
Sstscer evi si aess HiBSagifnwartial digestivs. fregmept pisighid gasfore pidoredsernal DN& which inglpdeg jthe) iS4 gene

‘Hin®4 . (see Figure 3) ligated into the unique BamH site of YEp13.
3in Plasmid pYA2 (see Figure 1) contains pBR325 DNA sequences and a 9.3 kbp S. cerevisiae Pstl
um fragment which includes the S. cerevisiae HIS4 gene. it was surprisingly found that the S. cerevisiae HiIS4
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0 183 070 Bl gene in plasmd pYA2 functloned kn Pichia pastoris. An
ddi ti-onal surprising observation was the fact that pYA2, which transforns
. cerevisiae at | ow frequency by i nt&.@q{%lo\ﬁ Br1econb| nation, transfornmed
ichia pastoris at high frequency and was nal ntai ned as an ext r achr onosomal
| ement in NRRL Y-15851 over a nunber of generations of growth. 5 3
llasm d pYJ3gene shpisdiid pyABif@hdlicRedtin Aldhia fESI0AS. An RftioR4 GUIBRME Sbsevation wak P fd30that! - §
ragment of prrehiveicoesboisss, Chreoisios arTel réddncywibly Ghleghatite febuenbilaibh] wangiamio Pichia '
| S4 gene angdasaorikGthiGipfrebaericy Brdaasenintadibd B @hsxmachasbsomialsiarientimbBBIE{1585MNAver a

i ch has autumbendgsneraigisiotgrowton sequence activity (PARS1). This plasmd
as\al so been PiasnidtpyJa0r showfh @r FigudRlbasy pBAS3% DNA @RLarEPs, afTdkbp rAghlk ragmaett df Hichia
ccurs at hi %‘W‘@Q@E\n@ma‘ ONA whigh hasnihel Fiogia pastots HISG getenandcrd 1RY ey Tag! fragment of
ecombi nant (a pasters eliromaseral DNA; wiighzhap autersymous feplicption Fsgquendy @M %“3‘) Th's

| asni d pSACRESTI 88 fisaybeea ys9d fostragaipmm, MERY YRS HBST15), Aadiren ﬁ"?fb
he E. coli L%%‘chérﬁé P, dfsd@efa'l f?fdﬁ'BP“CtSR F‘iﬁ%[’é"é"af‘ 'ait‘if “tPé f hﬁ St ;:é

e

ni que [er’?]e"gf" Fﬂﬁs"‘ﬂ s ; 6)W%
e capable o dt%g ?’? § ° 8? feg! ? %“te:g otte ﬁ%f?:\’nawe ehos? "| %‘gb

ifn Pichia pa g a?o PeRt %Pr@d

xcept the a ﬁfg J:{Zemolnﬁ ‘?nt# lpe QCE K\I&Mo §J3 qutgno uf gtton %ctﬁﬁ\ﬁls
p Taqgl fr Ah§£' &'f,% r%al I@‘S Thid plhstnid lsSHiso
apabl e of sﬁ?&tmsmm h,apm&is%hhévh&'&at igl ; frequenci es.
he transf or malt'rhéi) ﬂaﬁ%forrﬁ/a%élrﬁ&f yohdt Brsls Gfthd Eb%cn&@ﬁléh:ﬁspaﬁb% h@d&ﬁoﬁ&tﬁ[dd&ser% makes
lenonst r at edpd3gbie th intd@icsh dp Rseriiat BNPEmAtSHal it Wedst s s fr@60dEREH GBI the [R¥nples
mat eri al i nt ghigkeRid, RamioimedAmadt Wirkiftest ke btibedichia gakveriexa updi@sfonvbiample, for the
f ol Mew, t eansbakioadf Hodpsitids brodicBdy @fyedshistspeci es Pi thia pastoris are
useful, for exanple, for the 20 production of polypeptide products by a
yeast host. EXMHAREES The buffers and sol utions enployed in the foll ow ng
exanpl es have the conpositions given bel ow 25 IM Tris buffer

121.1 g Tri s bdbebyffers 3GDsolvtions pmpinydd inctly falipwing lexamples have He sppragitiong (oiyen ww
addi ng cortentiMfreduiB5%) aqué%dsQT‘l@Ibasem‘PO@\W'-s%Htﬁl on to cool to room:

temperature before final iustrhig the: degirer value by 3dding qopceptraleg) RRTl agieous HC: TE
buf f er 1.0 nmv EDT?( olutlon to cool to room temperature before flpaH pB a@tistrmn( pH
7.4) Tris buff PD Medi um e t°af'"a' V°W9I§58‘to yeast extract 2% |
M
Bact o- pept one 1%‘:/% xtrose SD H74 Tns buﬁer 6.75 g yeast nitrogen base
35 YPD Medium p s (DIFCO) 2% Dextrose in 1 L
of water SED 2% 25 nmv EDTA 40
50 mM DIT SCE Buffer oo xtr’l,s‘g or b| tol 1.47 g Sodiumcitrate 0.168
g EDTA 50 nL Hgdméim 6.75 g yeast nitrogen base - - PH t0 5.8 with HO CaS
1 MSorbitel 10 mM[err] --fi kiRt aﬁ,tnerab,gg ®fcBEG Sol uti on 20%
pol yet hyl ene gl ycol - 3350 50 - 2% Dextrose 10nM [err] 10nmM
Tris-HCl (pH 7.4) --filter stwniudt#eter
L SED 1 M Sorbitol
_— 25" MM EDTA
40 50 mM DTT
SCE Buffer : 9.1 g Sorbitol
1.47 g Sodium citrate
0.168 g EDTA
50 mL H20
45 --pH to 5.8 with HCI
CaS : 1 M Sorbitol
10 mM CaCl,
-filter sterilize
PEG Solution 20% polysthylene glycol-3350
50 10mM CaCl>
10mM Tris-HC! (pH 7.4)
- - filter sterilize
SOs 1 M Sorbitol
’ 0.3x YPD medium

55 _ : 10 m_l\_ll_ CaClz
MM {minimal medium) -




" »1 M Sorbitol 0.3x YPD nmedi um 55-
10 mv err] MM (m ni mal ‘medi um) 6 EFEPONL SR @P®B1B1 0.875 ¢ [err] 0.125

g rr] 5 ; 1.0 ¢ [err]
0.5 g [err] 0.1 g ~ Nad 0.05 ny [err] 10

0. 07 [err] 0.01 ny [err] 0.01 ny err] 0.01 ny Kl 0.1 g
[elr] 1-per liter of sterile [err] 20 WaJrﬁ §us" Ki2PO, MM

formul &tion without [err] Citrate buffer 0.125 9. 7R,@pRodiumcitrate 3.2 g
CI;[I‘IC acid ;--dilute to 500rrLW|th[err]1?ﬁ'5g (NH, )2
- - - agj ust topH5.5 with 1 N NaOH Nystatin Sol“uti on 704 ng nystatin
(5680 Units/mg) 1 L dinethyl formanide --2d (Ute t¥9S fB2Qith water E
Buffer 50 MM Tris-HA (pH 7:4)030 g NaCl 0.01
rr1\/,|h| stidinol 50 nM[err] 1 nmMDTT Vit am ng Msx nigr ank&@hLREQLC aci d

50, ng/ | OOl - hydr oxybenzoi ¢ acid 50 rr‘i)%g,) avr n ZnSO, - TH, O

25 40 pant o

5 [err] Q. qlolmgc HBehQb

50 45 pyri d®)0INehg  CuSO, < 5HL0

5@ biotin , tf3 ne

1® nicotini c'5acrd 50.563.%6‘ ki

i nosi.t ol 2000 Theoflolq oW nﬁa%](ﬂ)rz&Pat lons are used

t fr oughout the exanple, with the foll ow ng-+peEaniligger N\If>sterile HyO
N-Smet hyl - N - ni tro- N-ni trosoguani di ne 55 DTT di thi othreitol NAD
niecot i nam de ade'wnne d| Lnucl eot i grﬁr fc%’R%atron ws{hou{ um dodecyl sulfate ala
al ankne 7 (NHe)2S50s

Citrate buffer 9.79 g sodium citrate
3.2 g citric acid
~-dilute to 500 mL with H.0
25 ---adjust to pH 5.5 with 1 N NaOH
Nystatin solution 4.4 mg nystatin (5680 Units/img)
: 1 mL dimethyl formamide
-~-dilute to 10 mL with water

- E Buffer 50 mM Tris-HCi{pH 7.4)
. 30 0.01 mM histidinol
. 50 mM MgSO,
1 mMDTT
Vitamin Mix -
: % p-aminobenzoic acid S0 mg/100mL
§ p~-hydroxybenzoic acid 50
. § riboflavin 25
\“’§ 40 pantothenate ‘50
‘ B2 1
{ folic acid 50
- pyridoxine 50
biotin 5
thiamine 10
nicotinic acid 50
% inositol 2000

The following abbreviations are used throughout the example, with the following meaning:
NTG N-methyl-N'-nitro-N-nitrosoguanidine
55 DIT dithiothreitol
NAD nicotinamide adenine dinucleotide
spS sodium dodecyl sulfate
ala alanine




arg argi ni ne asn aspar agi ne asp aspartic -acid cys
glu glutamt acid gin glutam ne gly gl ycine his -
i sol euci ne 10 | eu | euci ne lys | ysi ne net
metshi oni ne phe phenyl al ani ne pro EP 0 p8070rR1 15 ser serine thr
t hr’egonine trp trytophan tyr tyrosi ne val val i ne 20 EXAVPLE |

| sal ation of-AuxotroPhic Mut ants 25 A. Pichiapastoris Miutagenesis Cul.ture
of a selected? eas f giq;n, such as for exanple, Pichia pastoris NRRL Y-1
1430, ‘was ino&MIat . %ﬁjloo m. of YPD broth and incubated at [err] on a
shakeMfor abQut 12- rs. About 40 nL of the resulting culture were spun
down at. apout 2, 000, @niQkig> M nutes. The cells were then washed twi ce wth
40 30 nL aquMQts g,mﬁﬁgrile 0.1 Mcitrate buffer (pH 5.5). Washed cells
were resuspenged i gy ML of sterile citrate buffer, then treated with 4 niL
of NTG sol utig§ combiingi Ng 5 ng of NTG per niL---thus giving a final NTIG
concentraton @f. 508cgrme] /n.. Cells in the presence of NTG were allowed to
stand forwabowi 30iadireut es at roomtenperature wthout agitation. NTG was
then renoved by watylineng the cells twice with 40 nL aliquots of sterile

dei oni zed watmet. 3betSofifd ci ent YPD nmedi um was used to resuspend washed
cells, which stere phesylalanmnansferred to a flask and total vol une brought up
to 100 nmL wi ttvoaddpringnal YPD. These nutageni zed cells were then incubated
at- 30 C dh a ¥hakefrifor about 48 hours. After incubation, about 40 niL of

t he yeast confi ni HPo”¥eA uti on were spun down at 2,000 g for 5 minutes. The
cel | \pellet Vs walfi®t wice with 40 nL aliquots of sterile, deionized

wat er, then s%’penﬁgﬁm?n 40 mL 40 of MM "nminus" media plus 1% gl ucose
carbon source®and B"f%rr] biotin and incubated at 30 C on a shaker for
12-20 hoﬁ?sEthHEMstatin enrichment 45 " Five nL of the above culture
grown on gl geese—was -used to inocul ate 100 nL of "restricted nedia". _
Restricted | I e MM.formul ati on plus carbon source (typically
196gtucose)gﬁékgop' &Hﬁ?ﬁm&ﬂ?d suppl ement ati on as appropriate (such as the
"vitamn 281 X pibapRS R MhZoaQVE) , except- no suppl emen- tation is provided
for the netabotTte produced—by ‘the biosynthetic pathway in which a defect

I s sought . FolcuRXaHAl sBlectvd g stairl, b6 a8 Rr ananBle! MEHa pdstdHe NRRIET:11430, Wal lhGduR@d
suppl ement ainto0m0 \MU ¢f VPO HasHo sriddedibatdd R 30 N0 GhllalRaksOfor aHdu 290 ML ABGIt A EhiL f Wa'S

I ncubat ed atesiBiihig Culture veeres spak Bovin ah sdoutc B0 KBGT 5 rinea. Trerceidtietathdnywasiedawitd wtht40
Sumrer sone phbtatebie ot sterlle 0.0\ citrare beffer Gdiu$.FPBEIshed télls avetsOBsuUSEEDde ih 36 nALCof Grerite
green filt ecitratd buffad thien beategerdth dorit of iNTE@dsolutidni donteitiey § oalob NT@ aeli mig--thustgiving ai fival
proport i onaNT@ gonogniriempf 5G@ ne/int.\Jelihin dhei presprea SENTR Gerg Blzyvod tofstand fop et J0aninutes
ori gi nal - scailreony teraerravge wieatregitatien. scal e readi ng had i ncreased as desired,

t he sol uti on NG wasdbgngamoyed vy waghingghe F@}Ig ttwieg with 40 mL aliquots of sterile deionized water.
" 35 “Sufficient YPD medium was used to resuspend washed cells, which were then transferred to a flask and

Ny ' tot§I volume brought up to 100 mL with additional YPD. These mutagenized cells were then incubated at
o 30 C on a shaker for about 48 hours. '
After incubation, about 40 mL of the yeast containing solution were spun down at 2,000 g for 5 minutes.
The cell pellet was washed twice with 40 mL aliquots of sterile, deionized water, then suspended in 40 mL
40 of MM "minus" media plus 1% glucose carbon source and 5 g biotin and incubated at 30°C on a shaker
“for 12-20 hours.

B. Nystatin enrichment

45 Five mL of the above culture grown on giucose was used. to inoculate 100 mL of "restricted media®.
Restricted media comprises the MM formulation plus carbon source (typically 1% glucose), vitamin/amino
acid supplementation as appropriate (such as the "vitamin mix" referred to above), except no supplemen-
tation is provided for the metabolite produced by the biosynthetic pathway in which a defect is sought. For
example, where a leucine auxotroph is desired, no leucine supplementation will be provided. The inoculum

50 in restricted media was incubated at 30°C in a shake flask and monitored ‘periodically on a Klett-
Summerson photoelectric colorimeter equipped with a 500-570 millimicron green filter. Incubation was
continued until the scale reading (which is proportional to optical density) has increased 20-30% with
respect to the original scale reading. : ' :

When the scale reading had increased as desired, the solution was treated with 1 mbL of Nystatin

55 solution, giving a Nystatin content of about 25 units/mL in the solution. The Nystatin-treated solution was

" incubated at 30" for 90 minutes without agitation, at which time 40 mL of the solution was spun down and
the cells washed twice with 40 mlL aliquots of deionized water. Washed cells were then diluted as
appropriate in order to obtain about 100-150 colonies per plate. Colonies wers plated on mutant growth
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55 sol ftion, giving-a Nystatin content of about 25 units/nL in the
solutiop. The Nystatin-treated solution 1%{'&:@%@ ed at [err] for 90
m nutes§w t hout agitation, at which ti t he solution was spun
down angl the cells washed twice with 40 nL aliquots of deionized water.

Washed gells WemBdis BReh dbhdidtof MABMEURDERIDR st @ (yPicdly #7 lglubde)0fleidin BMAQUbplementation
100- 150} col oni efr @fmeaiib@iteprodubddyitiRSiddRitRtidpaiwag inavhichthb aitatichaidlelt is soudatl O

183 070{B1 nedi a Vihé edlorfid et @0m@int yPdwiertlbdi we@kdpioa dlatdr e faddiDlolrilation abSent the
gl ucose), 5[ err hethbalitsi sopmeneniatiop pTHenawigiha tan® Fopflicarplaesywereihaubatbd &te30 ri@rchti el 4B Yours.
t he Q;/osynt het | Thopatdiontey thathgrevn bic the bifiginahpiéia (on anieht gledtie mbdia) duisetgiihe refilee plates were
col onT es pl at edsetagterior further gharastelizatindi a were replica plated onto nedi a

fornul ati on absen{The puxotrophia hwtaits selestad eertiansferted dnmetdtiolc rool Ridtesaand iaubates pi 30CE for
plates yere i nc#flirgstcd heurs BErdevle determingdrswhichgalhwan(s} mugtionafidefats @dsiedni es t hat
grew on;the origi A&t pisieawere pioRarer ipvaditsolda Ifme/mediing - 195ter 9h63ch hS difreent &Riq aoigs, as
pl at es were 4@ gWéd for further characterization. The auxotrophic nutants

sel ected were transferred to netabolic pool plates and incubated at {err]

for at §east 48 hours imn order to dgtermne in i ch pathway(s) nut atiogal
defects*exi sted. Pool plates were prepared by di'ssolving 10mg/ nL of the
L- |sorrer of eéich Gf 5 gil¥ferent amd@n acids, acys0 foll ows: met gln
2 : i : 4 T ite 56 y

Sen | 5 his leu’ ile oin 15 ggll his 178
| eu : | e Phe tyﬁal trp  jys 8 thphe pro
tyr 8rp glu  sethr ala pro9 aspglu arg
ser \,/ 20 al a -‘asp arg 20 Thus, plate 1

contains 10 ng/ L each of glycine, histidine, phenylalanine and glutanc

aci d; pI ate 2 ctrosapisis 116nta@é mh neanih emch @ yaina Jiistidine, [pbangialiadne dngrghsamie add) (plate 2
serine, .and so @ntaind\1Q @it epdhadf @spamging fedias; tytbsiy ardli ssyel and 13g ol Adentif pldBasamirepered
aci ds |n 1 L of bysdissplvibge1 guatt Gasamibacids inAnL efisfedaeaternf 250. [err] of each of

am no acid paeol s An alueteot 2504 9f @abhtod apiheyecidspaots it 14iwas ARPled tpiplate contaiting mirimal media
1% gl ucose, andeleshide gheese ancting lgietialiowsdde gry QvasTgit-ght . The nutati onal def ect
ofeda gi yen rut ant Teafutpions dptest of ﬁéﬂem“ti’%ﬁi‘é??tqeiﬁﬁmﬁﬁj by fnseeFHAGR’ Hie geomihanaliey pn the
LHe thel o T AR PP s
I'rf'ot he histidi nto the g;h Woai I%e . prqvide-istidy lementatcons S|m| arly, GS190, a

19 but ot dh 7Y (%i{’” ik R bt afg'v ﬁ%;af: gp PO 4 45yt o o on
fﬁ%ﬂpl emgnt at i on%e" 8P PIPEE S arginigR SURRPIAT Yot ect i ve | n the arginine
p‘é hway | grew OE'MMQ_E pool plates 5, 9 and 10, but did not grow on the
faltel’lja| : M S ther pool plates which did not have arginine

pnt at '39ntderl’fr?‘%%%D LoEPﬂ:ﬂna%QQons Mutants Defective ??15414t|g|ﬁ@bbﬁybﬁeénbé%_rhcmty P;fhlafl

syppl e
p?a { ori § Mit ant s—DefectTveTnHrst
Plate Tgst Initphghastdseeni ng of histidine requiring nutants prepared as
describgd in Exampte™T was carried out to aker 40 identify
masot s {def ect i ve indtfal $ch@nily SAEHHIEL toGuifrig. utantsl @eeien @s lbsetiied imBlample | was carried out to
Ogkbyy dr odenas ew adéritifyi bufants dafentivs tatthe pisét Bcudf(i.chilastingthistiding detgdrpgepse @ctivit- drnaster plate
was pregared wi bfhisifiheradbteophid Mughts oe@s ereparpd with MMrmedia( 1% rglucqser vithmig fmbnid dinlajper L of
and 0. 2% Casani mediai@ndie 2% Tasaminesicids. The aesenmiate wasdnsiketed @t 3 C3@ atdegsy 8 hpurs, then four
1 east 4§ hour s, replise plapyere peparecipmphamasier pigiee repared fromthe master
plate: (11) MV " mi(hueM ”P'"?F{"e*r PRo Bietipt f%e plugee off e SBtidinoly . 294 hi st i di nol di a"
45" (2); M rfedi A2MM megip T+ %ﬁg&eqﬂh *+11% gluensg ¢ J02- %d"se‘b@t % hi stidinol (3) MM

"Wihus" + 5[err] ?ﬁm '"43 sew‘%g °°2§/313§° sﬁf (4) I\/I\/I nmedia + 5[err]
BBtin + 1% gl ugddM ' 'P 02% histidine |
Wé:lo ! in CUb at g du%l %{orwe onc:‘%% v:e:%alté i?a:tt: (ﬁours Thos; colomes w\ﬁ?}h 8ﬁ»9 ou‘?élgtgs ﬁ) and

_C';U:ll.?

or
”ﬁtes (8) a gr)ow pl'ates "were selected for
t her anal yS| 8 En'z@n?atu& Analysis 50 was B. Enzymatic
ysis with
The first step in the hustldmol'dehydrogenase assay procedure was to grow a 200 mL culture of a strain
statin in YPD medium with shaking at 30" C o an ODsoo of 1.0. The culture was then centrifuged at 2000 g for 5
1 was 56 minutes and the cells were resuspended in 200 mL of SD medium and incubated with shaking at 30°C.
yand : After 6-12 hours the culture was harvested by centrifugation and the cell pellet stored at -20°C.
d as The next step was to prepare a celil extract from the culture. Approximately 1 gram (wet weight) of celis
rowth was washed 2 times in 10 mL of cold H2O {4° C) and resuspended in 0.83 mL of cold E buffer. To rupture
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The*fl rst step in the histidinol dehydrogenase assay procedure was to grow -3

a280ﬂculture of a strain.statin in YPD mediumw th
shaking at [err] to an [err]-of 1.0. dhgg4bigef Was then centrifuged at
2000 g for 5 was 55 mnutes and the cells were resuspended in

200 nmL of SD medium and incubated with shaking at 30 C. After 6-12 hours
the cul ture waelsahy esipiwds\passed thrdufighatmimn Fesnch frés@urs edlll whiz lhhed 0.514Grica diaRbte,
-20 C. d as piston using an Aminco French ptess 162010005 PEIPThagBestDe {Wilafas held an @eluhtil @xd anaaHg
from_t he cul pwraiureAPp performestie b yold rogm #MC.\We tmonier cfitblealgibe, @al lus sanmlet Wes added to 19
was wgshed 2ntiafiigO japf #s00Psko ddtermivkd atd2@mparedOp aaridbnticelyumgnared eohtionsa®pig 3vhich. haaf
col d E buf § enot bpen pasgad freudh the persu® ceB 3t HF Opticdl denally oty geoatadhramaiagh erelersthan
passed t hr ou§P ghthageiielo the sanriw ‘-‘e@gﬂﬁde“’ | disrupfionciocRgie & sepomizime; ferpxiract was:
di amet er pi s&SmcEifpgd Brp %‘H"PRE’OS di{etRr 353200 refp and Shior ‘if’SP'"“'eFH%"’ﬁF’é%%etJtdéb"s
cel | was heI a"wp?feaéa"hms '?m "}2??8 thfh@ Pﬂc‘f@‘d’tﬁ‘e 4m5g'v P SEed & 170 C

rwgo- rt |e 6r°fﬂf
of Terr] dhd sg% :? o tm 4 g?rfjrns v 'uags i o dﬁh ?gf s
control sa
{he Optliarpapci!gg 'as % seanré nummz %OT anIf gﬁh éﬁ i rOl torrixseec:
control, the msﬂ'c t&&toe rfatet o e aqut.ﬁ e setpigs Hrp mios
(ie. The xtr A bathon Coemm e ] ot Bro e O reh s

rpmand 4 C &@% g@@er&ﬂaﬁ&ﬁ@&yeﬁ Gor TpRIIBRY Sonfeh BédsabO\;E R pRRESR@hPERbn VRS for each

rienoved, M Xggratiivak theminRfpdiated usmgumsastcoﬁceﬁrae&v&%ol and stored at -20 C.
he concentr at iTeg fiedl stPincthe M§tidinelidahyidFbg@aseLactivith Gisay\Ss 1© Sioastid Rlidiud idBigdiohdhase

H 0-Rad Laboeaiier ineh ¢xirast @ NnedBlring Ssayophttbrddlically Qe todictiont BIeNAD @hiRadccdgein the

Reagent CabiCpmnteaned ¢ histidnol iIFbrisaehdextract to HeGssayadDh waidn afxtukewrinni cogdined @rony of &indl 0.5

fii ltered througho¥atigene BN9I4pABent. of/S sMavwihr aid OSTaleoito1al INAR ves pregaredhien itdhén
o epar ed by ad9limhpii@iot dfChis B wasraddeb00 2 @ 10D noi glbss\tibee which were gh ingnd nanfEBSRlich

ijn 100 [ err] centdingd petweepiS ko 300940 gf pretein was edgecitosach ohthe 1ubesiamd terivhgs wers incybgled at

dach of whi cR5 CorfteriSraiguios the epctien wasrriarigd by fhe agditien of Op2femis oI5 d4 higising! tprPAecebe

4dnd hel d &#f P¥LN?TR ie*f’?&t\‘ir“é’ qthsr- The Aptiselidarsitg f oeaﬁﬂt@?qm’bpt’? o d’é rY?F fptermingd at

o B il gtett%tf‘ttttttttef:t;w” ke

Janpl es were

d‘ o t&ea%%%e REoRh Pl

0% gl ycer ol g evalu s%j“ ed rom btga ba%qﬂe
dqoncentrat}) OH ai n éfé Gl W3l %%Ie‘ngﬁatﬁfﬁéave .
doncent rat't o, 653‘0 ,ab E ﬂ oeqi MdAC mutant (S.
qctivity assa¥Wege NRR L”??&%)ag R AR thve Sirits. bh& Yuch Picfld pastoris
gxtract by nmgagh ddignddCEE g %&{;ﬁgdel;lth% l*lo)fhetr ﬁegfoﬁ&i %Je%ﬁl CéHer Ni¥iRg W&l debssion
dccurs in t h@umddr RRAS 811661 Nimildhys bavllaR @Dyso FoP bssEridlly 280%Ldk ACkmd Guirdke CARRBMEH 1
rfeact i on g Xidfaft gohdnfpB nERsHcRiuR&thpRydlliord. cétdlsiad) GB118hadboek dsighhtell a6Gi h?éiC(rrﬁtHnt

2 4), 0.5 nLs@n5 MM [err] and 0.5 nL of 0.1 M NAD was prepared on ice. A

.25 nL aliquot of ‘this mx was added to 2 13x100 nm gl ass tubes which were
- . A samphmpPugiich cont ai ned between 50 to 500 [err] of protein was
#dded to each of the tubes and the tubes were incubated at 25 C. After 5

i nut es t he Pishigpestan’s Trpasfermetion 8bcdslwret he addition of 0.25 nlL of 0.15 M

i stidinol to one tube 25 and 0.25 nL of [err] to the other. The optical
gensity of edePelr®e®ion tube at 340 nmwas deternmined at tines of 0.0,

.5, 1.0 and 2.0Q hours extracts RIE aredfromPlch torids
RRL Y- 1 1430 hd@cﬁeém?’yﬁlé’%’a@é%ﬁ €9'de MeoT bR Nigrbe ‘#“R%?é& b an
S d U f t

Lo Pt B v

.,,tat i e
j stidinol frognAﬁﬁg 95 ,afpeed)o @%?E v %P%%Qﬁdgbﬁtpe a an ODson of
1@@ i tﬂﬁ&

stidinol. 30 L L %ﬁ&kg type strain
equi ring o aiﬁiﬂﬁeé%hl reSWllé‘P m?tp d & &t%-o:ﬁ a [ 16050 h%pg}’&enplf ation & 1860

d 0.75 at 0. gsor §nfhuBd 2.0 hours, respectively, the control” hi s4C nut ant
. cerevisiae NRRL Y- 15859) gave an [err] of essentially zero at all tine
oi nts. One SpBpdriiehorSphasilassi S mut ant, desi gnated GS115 and deposited

th the Northern Regional Research Center having the accession nunber NRRL
15851, sésmi | arwyshgRicor@a if @ L @fstedils Saafel.i @b keahirifgpinafor atebs t-65mes @oiISOQ §.for &
pnsi st ent Wi t fintde€) 35 nutant genotype nomencl ature enpl oyed for S.

br evi si ae, GS2 Mashaalls beerin thosl of rashiycbrepsred SBP.s4C nut ant strain. EXAMPLE |11
D. Pi chi apast o8.iWasf ceils ficsrimta moef sRrigdeMifierbitod. Cel | G owh 1. Inoculate a

bl ony of Pichia pastoris GS115 (NRRL Y-1 5851) into about 10 mL of YPD

edi um and 45 shake culture at 30 C forpl2-20 hrs. 2. After about 12-20
S., d|Iute cells to an [err] of about 0.01-0.1 and maintain cells in |og




;""'_-":'YPD nmedi um-at 30 C for about 6-8 hrs. 3. After about 6-8 hrs,

0.1 (or equival ent-'am)unt). Shm0a83qmr3ﬂ for about 12-20 hrs. so -

4. Harvgst culture when [err] is about 0.2-0.3 (after approxi mtely 16-20
hrs) by centrlfugi\t on at 500 r 5 m nutes. B. Preparation of
S eropl asts 55 ?; Eglménlcﬁi ol t}goo"l‘ges erllenwl?' c é‘ 0 Cf t 30-
trifdgations f gt ik 2yolyase §0.gpo g %aq‘?{af?ﬂ?séé C)‘ af’ GU% 3 %P'i ou

o%elnlorrLof res'%gp %% D3 Vash. cel | %}

a () ntn ep in rans tlon uld
ng»%l el M Sg)r bi I;ngJutor eroplas or o%? 'iél ‘L%% Lot s
b r.ithe o4 M Sorbitol before o Iu ltl S fz m f % §the mcubatlon
60000 (M | es LabgsalGidoaRd mcujbglﬁh' @p&rﬁ @&Hs ysb i sgﬂut Qrpgo (ustdlly between 30
60 m nutles. had ang 60 minutes of incubation). |nce he preparation o

sghier opliasts is agONdsh sghdlopi@dteiic i oL s f wrsms,tbm BRtHGSHN £ 1000 3G0r BN Wirkltes.
Ssed noNi tor gphe(raghiastand gies@ior Qhtriation| M@ Wary; Esriiugd OndugH ol pefit 'sﬁié%bl&st@f:ut not so
cedy s t@ 900 [ err jruehthdd Hepiopuendm¥ 2oty r] was 1M
Sesbi t ol} bef ore or. Wasstellabicetn tohna. @ deité Caly of zynol yase and at var| ous

tikees dyri ng the 8rResuspdnd oeils petrtal@dl06 BLopCdShe | ncubati on at the point- where
ceéd s |yse in SDS but not in sorbitol (usually between 30 and 60 m nutes of

i subat ijon) . ®. OvEersfogpiier opl asts twice in 10 m_ of sterile 1 M Sorbitol by

c’é‘?htrif;gation at 1000%for 5(10 mnutes tés o '10t (Theh ab
ZHﬂ;z u should be

g%?rtfgr gn a:? geguI OF Pégﬁ’f“ i 'Ug?tfgtb rrammu transf matclfr?féfﬁ ﬁnfn ngtegﬁn%%{ 09‘12%[9 BI}}IILD%‘Ssrngi?able

e ordo ) 7, v Fi“’ %ﬁg tgf’ﬂpoé% gfﬁ:enﬁed@gow PIEDIE) o .

8' 5Re su §p end 8 el | tué erap sanéoille and incubate at room iqgwperéture for about 20

1?16%1 sfonmation 1. i %fﬁ tg ldpchts eoan['j?rrc[lllae a?l'oldm e tu?afz'o?gb&?1mnutes

shé&ri | epol ypropy Qﬂ%ﬁ‘m Miple Li“b ts o

mumit r ansf or NBtHQRpdnk SRR G %§ ulVof SOS4RB utﬁ%%#%%u{alis m letpérSture.

agyj sablie to zdd @b@&lhso]ud&étlédle P Bl afpIfO Riged & Jarfples@® bibschitidbiig.€ach
Saspl e} 0.5 : 27 Add 100 [err] of spheroplasts to each DNA

2Pl e 4nd |ncuhnaa®ea5rat.bmarsp5@5mg§ature f-or about 20 m nutes. 3. Add 1 niL
MouPEG gol ution to each sanple and incubate at room tenperature for about

15 m nutjes. 4. CentRetiparigeReagenvpti@sigat M&RO0 g for 5-10 minutes and decant ‘PEG

i orf. tubme a. Agar-Sorbitol- 9 g Bactb-agaRes4.6 g[Serbiol. 240l ¢is0,iantodi®®. [err] of SOS
ang. i ncybat e for 30 MGlucess- 80 g Podnss H9pwmy eOuautocla@h 6. Add 850 [err] of
stods i | e {1 M Sor bi t o 1BRECPPER @ YeestNitrgen Beseswithpt @ming scide 1O inbeldk Op @bienave. JAdd any
Reigrener: tlon of Sp H{@f"@ [prse-aciq ¢r@ugieic acidmpde peoneesiratice i@ LeMl Spforagasitenasinciayifg.)

gdte 3 Add 30 m) of Fluagss #1039 mL @; 19X 8539 de Pd A@q— Segbip! solution to give a
Sanbi t ol}, 240%nL [ P °f 30315’1"06‘? mL 0 2pmicp %anyz@e 3o @cid pypycipip acid to a
[err], dutoclave. 2(§°" sl sfozrm”‘t L. yiok é’é?g?d Ngf'}ef?@%‘rf‘ggaﬁ Wt out ani no

aci ds, 100 mi H20’ @?%ﬁ vl R She Gl 1975 '*Ri fuslels i § ot
up Lo a goncent ra{rén?f@rm%u n | sear je/ u?J rlgl. al Wit 50 c
30 niL of : 10X 4%] d th ?éj iquot® ‘f\ matlon samples
solutionfto give @es @@ bove to tubes wuth eneratlon Adal P ‘pdd otfa'rr Hes. Had a
0.2 ny/ biotin FhitPYeal ARble RE T MHE Higadl §OneRsd g@rﬁeréﬂbw}\&l' Sekﬁ&'«ig-sétb éhd pour each

concentrhtion of D6 dohtlihing &E&n@hcmat b&dmRBgg eps A RbdeRerA@RAgart 55-[err].

Rlaadi ng bf Transf srosetnisiionSa Modigss: Shetbbladl @tdpb@rimoagar | ayer of 10 nlL

‘Regener ali on égar p@Eempleamailadi ohecaBiple 30d diiuteuine Smbxedyoddeitidr t81980 oI rait M Strbitol. Remove
‘sewpl es pre ready10 i eittd 190 tad diftianland tilutpLen tagditphal Redybmesrgtaddivon Agasecomi 990 e satiquot
in a 45-fjerr] 40 of 1 atSerbilelr Bprepdt plae PEP iddoft ot dituticen sdnoY Rl agan rmesiimpioedetemige the
;g dBOS. Add al i quernsenistion plynsiiheroplestsdorhols elis| rensainingsie the lpespharainny/Addt 160 1l jgbench dilution
wi th Regener at i ontoA@anl efrfbognsiationcigeisupeierenied a0 paipe mistidinegp getergnine Ajg| regeneratable

1500 50 spheroplasts. Good values for a f{ransformation experiment are 1-3 X 107 fotal regeneratable
' spheroplasts/mL and about 1 X 10° whole celis/mL.
4. Incubate plates at 30 C for 3-5 days.

EXAMPLE 1V

for 5 §5
) Production o_f B-Galactosidase i_r_u_ Pichia pastoris

~The production of g-galactosidase in transformed Pichia pastoris demonstrates the ability of yeast of
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giantity of each sanple to 10 niL aliquots of nelted Regeneration Agar held

af 45-[err] and pour each onto plates containing a solid 10 nL bottom agar
Tk

hyer of Regeneration Agar.-3. Determination of Quality of Spheropl ast
Pl epar ati on: 45 : Renove 10 [err] @1&957 |l e and dilute 100 tines by
afdition to 990 [err] of lMSorbrtoI enove [er_r] of the 100 fold
dilution and dilute an additional 100 tinmes by addition to a second 990
[Err] ali quottheodpedosMPichia phdters. to BB lefpdydal t £ncbidctbesystemObr 108 tpfodgbiibriibel solyBerdh
PD agar mediptbdudtsd PielagiabioncGE116 (IRRRLCH 886§ twad fraformigiisqinainmnidashors wWee Figure 6)
cel ks, renai niandygiown bhé pinepEMadiing Bontafkehg A Ag/Mmerds lbictd areiam 1% diubask 2080 tOuntiDtheyL
o egener at ir@pheAgtationshhenEvt @tb waré khed Bhifteelr to Jminkhal mesiuinciontainite 0.8 edgéntndf bietin
tptal regenered &k metheB®Pand grown for about 3-5 @eneratignis @f ¥ CaAftesthis @itiaioravalh crerwethiapel, calis
tr ansf or mat | @areskified o fresht migimal nedy cntdidy Q- Deglinl Pictyemd 02%andtane 3k earieqn| sawees Tl
and about 1 ReYfowraRgpaEed al 305 Cripr abgut B0rhowbawits ssmeise perigticylie dian foyretsmine glaghs!
HXAMPLE | V f §yigpse and g-galactosidasasivelsy oduct i on of [err]-Gal act osi dase in Pichja
st ori s The priga et sapiegra rg\e ’;ed [iolvAtterolee aells dverershifted fosthe) piorl) msdiupy gnalyzed for
pst ori s d’érrB ?°a‘f"é§ °‘t3r'f’€“°é Yigas ?‘dd?’e' ‘é%&‘f""%f’f Argalactosiggse. o"si%?‘ﬁ%’eéfmf"ﬂeed are

ﬁﬁ';ﬁf | E:rrccr)]:‘ 3; g;gg%ﬂ iy s?stqﬁ*&“ Wz%ﬁ ! Vhejt‘ B ok B oyl o
s transfor rﬁ,pkoﬁrsp%f;afu% alactbsidas u&ﬁg@%bg&ﬁe .&E’%ﬁnﬁﬁ Ef:‘al

edi um cong a'ré&loﬂgrh

they reached padegich B8N ¥nd Qﬁﬁ‘able tbﬂ?seﬁ fi &d@ﬁﬁ@a L\Q1§§5ﬂ“ rm-
edi um containing 0.5 [err]/mL of brotin ~and 0. 5% met hanol and grown for

Aol 3-5 gepepedonons at 30 C. After this | nitial gromh on nethanol, cells
ere shifted o fresh mninmal nmedia containing 0.5 [err]/mL biotin and 0.2%
et hanol as amrcHaDOxidkedlAssey The cells were incubated at 30 C for about 80
ours, with sanples periodically drawn to determ ne al cohol oxidase and
[ferr] - gal act osiTasaeohok\osikiase aEtmty fforr ehctismmih enatirapalnyasi datepoinatt bY \theafollavingt #ssay
cel | s were shiofadend (dye-permaidgpe onethpdredd dymijuffern@bxdiprec Wasf prepatd® byo wining5@0 mindft an of
A cohol oxi ddieesidiredsolsiien (11veht ton¢-gignisigine| ip Ma]er) gdith 4 é tndsof charsted 0AsM ppdium phosphate

oF ocedur e e Ryffeb(PHJ-SarTee gdpamPet Yap PleRtedy il of tifm@ygebuifes SiNtwe SO Bheiragthaatie

the utility &% ®bpf gpeerdasesglufos (| Ho gEhosserigs /99'@(:"?36? Sigpat T¥Rg fognd2h el of the alcohol

oy oducti on OP’“ ¢ golusien die ey A T}‘yéaa‘gﬁs majriain P’S\é‘ggcﬂvsﬁet g {hs IBPASP e
ost, plasm & g y the dyaat APG.HT wasspeRedsy fpr "t:'ﬁ'“‘é‘?ﬁj ﬁ‘ﬁé"'%i“'ﬁfa‘iﬂ?‘(ﬂ?tﬁ oY%t

[rr] gal asct osi dase under the control of a nethanol responsive regul atory
5 region.” The transformed strain used for this denonstration rHs been

deposited with t R g a vail ] abt .5
the public und%%gﬁlrgggclg @@ﬁ%ﬁﬁ?@% ﬁﬁ@%@%ts NDI X Al cohol

(ki dase Assay The al cohol oxidase activity for reaction with methanol was
det er mi neds bynddie 11 9kd DWktba8iSRYa Qérﬁﬁre‘é&fl@pr(agéf&r RANAMOAGR R IHDOHInd A is the
dye- buf f er nbp(ahgg.eay@@a@@,@mﬁhg@geménmm|nr.g;ng; nmL of an o- dianisidine
sl‘u.u on (1 weight % o-dianisidine in water) with 12 nL of .aerated 0.1 M
spdi um phosph@aactdsdabaipdsey (pH 7.5). The assay mi xture was prepared wth’
A5 nmL of the dye-buffer m xture, 50 [err] of methanol, 10 [err] of a

PET 0Xi dasewsol wa-Gaastofidespyandetaroineisiidiovssh per oxi dase- Sigma, Type I1), and
b [err] of the al cohol oxidase solution. The assay m xture was naintained
af 25 C in a™MSoluiensgepuieflyett e and the increase in absorbance by the dye at
60 nmwas recorded for 2 to 4 m-nutes. The enzyne activity was cal cul at ed

bly 30 [err] A Aerbz(jftﬁe'r;([err] mol e/ m n/ L "or Enzyme piwhiB/ Gddcertrafién X
1.5 35 rei I%@ 'S ctor based on a standard curve pre g win
khown al i quotsri{ﬁ 2 a?di"’%& st g‘nang% I n absorbance du ﬁg ﬁhe

eikperi ment al i [err] Gal act gsidase_Assay 40 [err | gct osi dase .
as det ermi ned a%fz\fﬁ*‘l ows: A Sol ut?%nsg r Qui r ed: &&3 "

50 0.75 g 0.01 M
MgSO4 ¢ 7H,;0 : 0.246 g . 0.001 M
2-mercaptbethanol - 2.7 mL - 0.05 M

55

£ill up to 1L; pH should be 7




AN

(Q

5.5 0. 04
KC1

Ml[err] 56023307%39
M 2- mer capt oet hanol 2.7 nmL -

005-M55f| Lni -A- be EP 0 183 070 Bl
ON{r ophenyb-NM&héngl by QA_BS%Q%O\PG) Di ssol ve 400 ng ONPG ( Si gma
N-1127) in 100 oWsoi® 46b s i dnred (SifRtR-115n FRK®D AL b dRhEl WeldPfs r?«QleUé h%m@ ORPG

Assay Procedsdgnion.l. Wthdraw an aliquot fromthe culture nedi um (

[err] of yeast cells), centrifuge and wash cell pellet with water. 10 2.
Add 1 nlL of B AssdffRrocetl@e:t he cell pellet, 30 [err] of [err] and 30 [err] of
0. 1% SDS, vortex, incubate 5 mnutes at [err]. 3. Start reaction by adding
0.2 of ONPG- (Withdrgy i3t pliquotdirotmetke cutture Stedjomr (8.2:015i Aaoclnf yeedtiéofts), @nibfuge argfwagh dall
M [efdr] sol utiRrsHetaith wpterr opriate time points [err]<1). 5. Read absorbance of
supeffnat arit at2 Age) 1iph. of A5bulfer tdhecasl! ae'leb A0 &1 of BN anyalOalt & i 13 SRS, Uprtaxsincubate)S
= 1 fnol e of JPPHeNALEP dphenol (ONP) formed per mnute at 30 Cand a pH 7. 1
nnol ¢ of ONP *a"é??C%m%raﬁd&w&a Bt LN Gthmaim 0PI 0.0045 with a 1 cm
pat hifengt h; t t°’2|é C%byé Gk 8f aof M Nay 03452 {194,3} FRRPEAtRttePo AT o
ONP/ L, or, 378"n cf['c’a?":err?_ ‘é‘?eﬁ@?"tt Btal volune of supernatant being

anal yzed i'S e calculated as fol l-ows: [ERR] The

foll. ng pa éM Qactolél& o ait re preferred enbodi nents to 30

pr es%t ed in the Lqrﬂme & britfohitbgRBnol @NFHorthdiber min X%S&a J)H gf the species
Pichi'a pastori g dsiohOGs heARARBrbRHce 28 U8 nh (R #0188 Wint ) 1RE PAMARRN fhud DA
mat erfi al ; Wh&sGrbahcs 81 £l 426 tnml Sprék3htS @02 Nfold DNFYE] dr B781Rindk/ Q5 WD sAEE thé 1R LAWY o
35 4. The ysgehaiatbsindénagieaiian.imChinad Ukitsi diclifed Babiioa@i d hi sti di ne

bi osynthetic pathway is defective in histidinol dehydrogenase activity. 3.
The ileast cell of claim1l characterized ’é?g% reconbi nant DNA .

mat erfi al conprises a functional gene V\:hlt[E s the defect in the

hi stijdi ne2bi osynt heti c pat hway in which ost Is defective. 40 4. Pichia
pastqris NRRLY-1 5851 (GS1 15) 5. A process for transform ng a host yeast
strailn of Pi cthhe frtievring past °fs‘6ﬁ despirer 3¢ RikieriericgIbpdimentsa) toceftherarepiepdp thadormelset
yeast] strai n®#P¥h a sul fhydryl group reduci ng agent; 45 (b)

cont 4ct i ng F H'Sroduct cells of step (a) with a cell wall degrading reagent
under} con BINE suitable for the formati on and mai ntenance of

S p her pl ast s, ( C eh g Ih rgecleg %lcﬁg gtorps a%St EOSQ? eagf%%ln traéstrO?’? recomlglnant
reconjpi nant G oI % or mat |
uc

and (jd) treating the pro *%gﬂ“ "59' b ; e{'ﬁ ‘{athr €gener ati ng

condifti ongs. 50 e yE® B BCESH Pfch§$&ér|98d5mvm§rs§‘uhrhns‘ﬁé%héjbéé%ttmmécgalmmg [sO4fRctive in

redgdi ng agent nishdich bdHy@bduntdetathvity. /- The process of claim 5 wherein said

cel™pmal | degrading reagent is Zynol yase.

' " 3. The yeast cell of claim 1 characterized in that said recombinant DNA material comprises a functional
gene which complements the defect in the histidine biosynthetic pathway in which the host is defective.

-b Fi nal concentrati oh-
5] rr] ' 16.1 g i 0. 06
efr]
0
1
0

OOU'I'_'

N

-~

Pichia pastoris NRRLY-15851 {(GS115)

5. A process for transforming a host yeast strain of Pichia pastoris. said process comprising:
(a) contacting the host yeast strain with a sulfhydryl group reducing agent;
45 {b) contacting the product celis of step (a) with a cell wall degrading reagent under conditions
suitable for the formation and maintenance of spheroplasts;
(c) contacting the spheroplasts generated in step (b) with recombinant DNA material under con-
ditions suitable for transformation; and
(d) treating the product of step (c) under cell wall regenerating conditions.

50
6. The process of claim 5 wherein said sulfhydry! group reducing agent is dithiothreitol.

7. The process of claim 5 wherein said celt wall degrading reagent is Zymolyase.
ss 8 The process of claim 5 wherein said conditions suitable for the formation of spheroplasts comprise:
i) 10-100 ug of cell wall degrading reagent per 10 mL of cell suspension; wherein said cell

suspension is prepared by suspending exponentially growing cells in Sorbitol-Citrate-EDTA butfer,
pH 5.8 (SCE buffer)
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- The process of claim5 wherein said conditions suitable for the
ion of spheroplasts conprise: (i) 10-100 [err] of cell wall degrading
redagept per 10 nL of cell suspension; peetgsorosn d cell suspension is
prepafed by suspendi ng exponentially growing cells in Sorbitol-Citrate-EDTA
buffef. pH 5.8 (SCE buffer) 13 - EP 0 183 070 Bl
O Ni t ophenylM@EM%PEU\IPG) Di ssol ve 400 ng ONPG (Si gma
N-112Y%) in 100rr1_of distilled water ng/ mL ONPG sol uti on.
Assay | Pr ocedur e Disgolve, 4001 pg QNPG{Sigma d‘hb‘?nf'f‘ dH? f'r‘re°fc°lﬂ“leﬂ rYEteRERI MakR 1 4. “19"0L QNPG
[err]" of yeasf‘“ YW1 s), centrifuge and wash cell pellet with water. 10 2.
Add T L of® Z b&ésaeﬁ;oce(g the cell pellet, 30 [err] of [err] and 30 [err] of
0.1% SDS, vortex. Yincubate 5 minutes at 30 C 3 Start reaction by addi ng

f ONPG 4. S f
M[eri] Osol ut i %ﬁ%%@ﬁ ahﬂ‘\{?qgrgrg ecunure %Q‘R s [er r?% &ygggt‘?q%dcen%mg&%gr‘fv@% ((J:)érl

atant, at ALGy AL ot 2 tﬁﬁer%l he ‘&Lr%ehrélnsoﬁh 4, aﬂ@b@EL QrSd rd@§6$ Hr'te&Smcuﬂ:atéJs
| e of orgik@diat sg?Rhenol forned per mnute at

nnol efof ONP has s@i rea&ioR by adifm @tmLAo?@Nﬁm(M&%Q)vdaéx 0. 0045 vvrth a 1 cm

pat hl ¢ngt h; t hus StogReactidn BPSRIMG BBGR. P h 1M B CALEbIURGN 4t QRrREASTiISe pbis A1BgM)E

ONP/ m}, or 378 snR&ddabsbrbéndlor sips@aarit Bes2d &hal vol une of supernatant being
analyged is 1.7 nmL. Hence, Units are calculated as follows: [ERR] The

fol | oy ng par€. Gafculative otl@gataciopitiasebinisr € pref erred enbodi nment s to 30
presefdted in the format of clainms. 30 Clainms 1. A yeast cell of t he species
Pi chi 4 pastoris?!&s= 4 nmoletof erthpnittsipbenolf ONRiferped pes mirfutsrahdd Cend ekt @conbi nant  DNA
mat egjal ; wher eil MMl ¢ QNS has ag hedreanes 9tet2D MhiAszo) ofi 494D Wi § rit dve patidengtit Hivian
35 2. Thez%/ea%?’b%‘%q ot 153t 420 am mptesenia?R ralei ONBINY: if IR amoleh7 Lisineg thejfotpb volume ' of
bi osyijt heti c {BITRRRYLAY apRlyzee isi Vel Hemﬁqtﬂ?’ﬁﬁﬁ'cuaﬁﬂﬁﬂpwénase activity. 3.
The yqast cell of claim1l characterr IE that said reconbi nant DNA

mat er ifal conprises a functional gene nplen®m8s the defect in the

hi stidi ne hj osynthetic pathway in whi ch t(wihpst is defective. 40 4. Pichia
pastorfis NRRLY-15851 (GS115) 5. A process for transformng a host yeast
straing of Pichi i | _

Veaot fotrai n uintly raifor R fF o oRuBRSoe BRERE ShBlinod) « STBASPISIth b0 Torka
contadting the product cells of step (a) with a cell wall degradi ng reagent
under jcondid | Glamssui table for the formati on and mai nt enance of

spherdpl asts; (c) contacting the spheroplasts generated in step (b) with
reconmtdi nant DNAAWhg chiabf thé tie< Bidhia Pastori® BS a Dokt icadable of Iingttrasaisher Wikt re@mpinant
and ( t r eat i n@NAhetepinioehsain saki hedt ése(ecve Untdktidineciadsyntivetid pathwegener at i ng

condi tiions. 50 6. The process of claim5 wherein said sulfhydryl group
reducijng agen? iThe dedshicelt fr @dird gl chafacteriae im thefcerigs higitling [bipymihBtic\wathwey s defdctive in

cel | || degr adisidipo dahgrisogendse atyityp| yase. 55 8. The process of claimb5s
wher eijn said conditions suitable for the formation of ero | ast s
conprifse: - (i)310%a o7 '@%@F P‘LC'W Tc@pectorizpd indBay saidiresem 'ear %ra' cpgrises @ fungtiong!
‘susperfsi on; wheS&eichicomplamentsdipdolertsin KR his ’Erbt-?ﬁ%i‘rhé'if (e 8 BRIFHG pst is defective.
gﬁﬁ)gr tia y4grp%wapgsto%glNlﬁﬁL\r &8?10{62' }ss)l Otrate EDTA buffer, pH 5.8 (SCE

5. A process for transforming a host yeast strain of Pichia pastoris, said process comprising:
(a) contacting the host yeast strain with a sulfhydryl group reducing agent;
.45 {b) contacting the product cells of step (a) with a cell wall degrading reagent under conditions
suitable for the formation and maintenance of spheroplasts;
{c) contacting the spheroplasts generated in step (b) with recombinant DNA material under con-
ditions suitable for transformation; and
(d) treating the product of step (c) under cell wall regenerating conditions.

50
6. The process of claim 5 wherein said sulfhydryl group reducing agent is dithiothrsitol.

7. The process of claim 5 wherein said cell wall degrading reagent is Zymolyase.

55 8. The process of claim 5 wherein said conditions suitable for the formation of spheroplasts comprise:
(i) 10-100 ug of cell wall degrading reagent per 10 mL of cell suspension; wherein said cell
suspension is prepared by suspending exponentially growing cells in Sorbitol-Citrate-EDTA buffer,

pH 5.8 (SCE buffer) _—
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O1  aAlly Al b 0 o charac ’ 1c dal d NQo
defective in histidine 5 . bi osynt heti c pat hway. :
5 10. The process of claim9 characterized in that said histidine

bi osynthetic pathway is defective_at the, ne encodi ng u,m
dehydrogenase. 10 11. The procesgg&wéloﬁ?ﬁSN wherein sHf Mﬂmmm’m
strain is Pichia pastoris NRRL Y-1 5851 (GS1 15). 12. The prlocéss*of sclal m
5 charact eri zgfndifaitddat 255@i° @, contacting conditions conprise: (i) 2-10
vol-umes of Cagi #r PPéayRihdiesl ene gl ycol solution per volune of
spher opl ast - cont ai ni ng suspen- sion; 15 (i1) maintained at 20-[err];
(iii) fore 53Edprotess beshy clhiths 5TIOB PHERESES] Afthat bald Msl voab4iR isNdefativel iCmétidingval |
regenesat i ngiosatmetictpangy. conpri se: (i) addi ng transforned spheroplasts to |
regenerati on agar, wherein said regeneration agar conprises: 20
about 1 MoOs dhebprocebs of zlaipu® crRradthiizele inttiad safy| higtiioaubiosyntigptit patieves is defettive giaie. eas e,
and about 398cagdjed histidingl dehydioganasened at 25-[err]; 25 (iii) for about
3-10 days. 14. The process of claim9 characterized in that said
reconbi®nakit TInposees & eieigy 10bafein isye Boshyepelsiain s Mighia gestnes NIRRT BBHASE RNt s t he
defect in the histidine biosynthetic pathway in which the host yeast strairn
i s def ect¥?vé&he Eg??ei%‘?f Clfife® Gpigtterized ig fthat-gaid cﬁﬁ‘ti‘%"%?@ '@"?1"%’%?('??: r econpj nant DNA
materi al conpPiZ8 oM & CRUAMYCtYERR Ar B EHIRS LOLYWBE ChEP g dRiRstcopigining Fspen-
process of c = mnjté}?ﬁgg?gﬂon said reconbi nant DNA material is plasmd

30 Mindtes.

| 2",

pYA2(N§RL B- lg:za' Tﬁ’e process of claim 14 wherein said reconbi nant
DNA%’%ateri al plasm d pYA4, which is YEpl3 (ATCC 37115) plus a 6.0 kbp
Sau3A parqsl e $HbddeSdt @it f2NAeraR Shia Bn wall FigbrRralRiSdoRtidoRs SpfEDSOMRI  DNA whi ch

i ncl udes the hlagdingdRRGormbdlsh6iebidstiit® rebHRratiohl dghHewHBRAR daid Sédofordlbn aEPdbAprist®  18.
The prgcess ofpogl1an Brdidt, Wherei n sai d reconbinant DNA material i1s prasm d
pYJ30 (NRRL Bapdi®9N dexkSe, The process of claim 14 wherein said reconbi nant
DNA mat eri al adbsutpl gASyshd nirdghd BaseNRBL B- 15891) . 20. The process of claim5
further conprabsuti3gs agdd ~ (e) growing the product cells of step (d)
under sel ect i enaintainet! lat 256880Ct | ons. 21. The process of claim20 further
conpri &i ng: ((®) fogaboulidrig deyse product cells of step (d) under selective
grow h conditions; wherein said selective growh conditions ..conprise
growt h orildy Ekesprogess pinglaim Pedipriasierized IMGtRt sald cregmbinast PHA material qomerises @i fusgfionahns

1. Cel | ul e 8¥eWhighcempirments dheisgiogt inpihe Ristiding Ricpysthetic Rafmmein plic: the et ¥g36t spip

d' 8t refot ran's?‘fdﬁfeﬁﬁ‘e'par du nmateriau d' ADN reconbinant; ou |la voie de |la

bi osynt*hbse_de | histidjne de |' h8te est d6fectueuse. 56 2, Cellule de
Cevir 6. SoBol BOSPRA s i figren sad ssepovt PUS BT Segts PisidEL ufesohee | o
bi osynt hbse*§84T9 $i"¢t i di ne est d6f ect ueuse au niveau de |'activite

hi st di nof, §RSOYAELH RS whereh’Said recombinant DNA material is plasmid pYA2(NRRL B-1587)

35

\_ 17. The process of claim 14 wherein said recombinant DNA material is plasmid pYA4, which is YEp13
(ATCC 37115) plus a 6.0 kbp Sau3_A partial digestion fragment of Pichia pastoris chromosomal DNA
which includes the His4 gene ligated into the unique BamHi site of YEp13.

40 18. The process of claim 14 wherein said recombinant DNA material is plasmid pYJ30 (NRRL 8-15890).
19. The process of claim 14 wherein said recombinant DNA material is plasmid pYJ32 (NRRL B-15891).

20. The process of claim 5 further comprising:
45 (e) growing the product cells of step (d) under selective growth conditions.

21. The process of claim 20 further comprising:
(e) growing the product cells of step (d) under selective growth conditions; wherein said selective
growth. conditions comprise growth on yeast minimal medium without added histidine.

Revendications

1. Cellule de levure de I'espéce Pichia pastoris comme hdte susceptible d'dtre transformé par du .
matériau d'ADN recombinant; ol la voie de la biosynthése de I'histidine de I'héte est défectueuse. i
55
2. Celiule de levure selon la revendication 1, caractérisée en ce que ladite voie de la biosynthése de
I'nistidine est défectueuse au niveau de I'activité histidinol déshydrogénase.
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EP g 183 070 B1 3. Cellule de levure selon Ia revendication 1, caracterisee
¥e que ledit materiau-d ADN reconbi nant conprend un gene fonctionnel qu
iense | e d6faut dans |a voie de Ia biosynthese de | " histidine de |'h8te.
. Pichia pastoris NRRLY-15851 %% . Procede pour transfornmer une
he de | evures h6tes Pichia past or| egit proc6de conprenant de: (a)
ire en contact | a souche de | evures h6tes avec un agent r6ducteur a

fpes sub.t houllie/ beeiovikdd 3oidnBE wv&wd@a.oaonéaadé{énées 3n 66 gld @B maE R W ADRSe@mbingtk ape
FaVveC un reeigrbid unCRPSRBhdoAe R@MpeHRS lol RButkdns la voie de IR BoS)inthigale|Ihibtding 66

$ \des condhsw.ons pernettant de forner et de conserver des spheropl astes;
gnettre en contact |es spheroplastes produits a |'tape (b) avec du

E1i as d4.ADhia@estoric INRRLN-1588INGStIEE condi ti ons pernettant |eur

gsformation; et (d) traiter le produit de |'etape (c) dans des

§itionss dé’rqce@mqwtamf@nerdessq@me@p dpviered hogs Fichie pastaris, leglit pogasié cereprenant@n - | a
ndi cati on ) metpen ¢aplgeida sopehie e lexprsrnOter awa et adgnt réduglew drasayives puiftdrey | e

e di t hi ot f gietrg|en cpniachjes caliylps SeoPdiRs P {'tars @hiree 4t reasi SaPaH&HS dF%ﬁ’G"ePs

£t adbnt capHet ‘é’"'dﬂ'ig%‘? S?Pé’P“q"Qgs "éFF'g de. forpey pLyercauseper;des 5"“ ?\ase

§rocede sel hmP%[eP 'Esafﬂh?:f uits 2 L'5tae (o) qrec e‘bﬂffﬁ'faf‘&ﬂ? B'B?”F 6es
tant de

tif capabl H%E)rlp éf '?%Ds? é?‘gl g %°“'FP€°“? g? ge"eﬁéﬁ” dif)paﬁ?'s ?f’"‘ﬂs 0% pensi on
ul ai,f eg %%ckc?édfe‘iofi 18 %&Bﬁd;c%bo%“s Ca%.'ué HJ?&I leGit %@eﬁat RaSRaF 88 r&{&rﬁ‘s’%we & 1o

SUfuenS|on deg. ol ssante exp onentT ans un

on SOI’bItOT C|trate EDTA pH 5,8 (tanpon SCE); (||) mai ntenir a 25-35 C
pendantprokustBioMaVeRdication-5, Fin® et Ra &BntlchiiBle b QbdraABANE tScellulaires est
gndi cat i onszgiRiyesed 8 caracterise en ce quo | a souche de 30 | evures
¥sS peesente un defaut dans |a voie de |a biosynthese de | Phistidine. 10.
B 6dd  S08.01Prdcédsr @18 ndl repaiicaion 8, daaleaad assi chiditions aproptides lpathiettadt W foamed les

| ogynt hbse dghékdplasted dodhpreanept:esent e un def aut dans | e gene codant

' h@stidinol désyoogedasect! 3spabib. dePoducBertles piroin celularesy eandidcat fonust@isiotians
| eq@iel | adite safiugiteeoldédicesuapensidnGeetidaire st PERalele con reettand ron susiRIion deg S@gies en
e. 15) 25 12. Prroiewanks exprinenelloalansaup dampoe seritorsitgte-EDAA gt S8teBeondi¢Ee quo

| esBi t es condi fii) Opiatenir BW{Gict conprennent: (i) 2-10 vol unes de sol ution
CaCQ2- pol yet hyl“bﬁ%"d@l‘)’l%ﬁqm'ﬁ‘é?s voI urre de suspenS| on des spher opI as- 40

e n(: 1’1) rgslip ”'E,]el ref°gr{%'g‘;2q“°ﬁ 'gg?cg z‘féqu' c%ﬁ Qkéf'??fﬁ" & 9% ’@@ﬁ‘gg%f? on

sol
des@pardis ¢ VP'ST'éﬁtes Fyigente un P’é%% ?l '°s m hésp;ds a?t'gu er les

sph®r opl as n ; 6noer elm
r 6g N6r at | %oﬁ %’roce@é ? Ilgéf ﬁtﬁgver?duc(J&S cho &:ast%a&gﬁg CEE é&%ﬂ§i ?&e dheb%éﬁ'v/llthggggge )l( ﬁ% 8 gee 50
envgron T gfr une ase azot e pour evure, et environ 3%d'agar; (ii)

rai gnt eni r4& s @3sefon la(rb\lehalcaﬂﬁxnl‘éa&%s RRA! BB sdrcHdad 1QUFeShotes SstiPibhia BasS HBRL
solion | a reven@psaksns). 9, caracterise on ce quo ledit materiau d ADN

rec@nbi nant conprend un gene fonctionnel qui conpense |e defaut dans |a
vol j_ de bi o )Aidch@sBionl @ réitiictidnt eaciiBgacu Ce GRNGdie3 comieReledenticetutpeandatt es.

(i) 2-10 volumes de solution [ViE.-polyéthyléne glycol par volume de s(i$rehsioBetea shénaplize !
35 4 tes;

(i) maintenir & 20-30° G;

(i) pendant 5-30 minutes.

25

13. Procédé selon la revendication 12, dans leque! lesdites conditions de régénération des parois cellulai-
45 res comprennent de :
() ajouter les sphéroplastes transformés & de I'agar de regeneratnon lequel agar de régénération
comprend :
; environ 1 M de sorbitol
f . environ 0,1 M de dextrose
i s " “shviron 7 gl d'une base azotée pour levure, et
environ 3% d'agar;
(i) maintenir & 25-35° C;
(iii) pendant environ 3-10 jours.

55 14. Procédé selon la revendication 9, caractérisé en ce que ledit matériau d’ADN recombinant comprend
un géne fonctionnel qui compense le défaut dans la voie de biosynthése de [*histidine manque dans la
souche de levures hdtes.
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(i ||) W 15 - 60 Mnuten. 'A2, 9. Verfahren nach ei nem der

AnsprUc- > 5 bis 8, dadurch gekennzei chnet, dass der Wrtshefestammeinen 5

Def ekt i#m bi osynt heti schen Hi sti.di nst ofE!é,V\ﬁg%i@ uf wei st. 44,

10. Verfiahren nach Anspruch 9. dadurch ge 8i hnet, dass der

bi osynt ket i sche Hi sti di nstof fwechsel 3A ei nen Defekt am

f iy Hi stii di nol dehy@h)gggggm, kpdgsegenden Gen aufweist. ;ite io 11

Verfahren nach Ansgiuwahs 160 mivplei es sich beim Wrtshefestamm um Pichi a

pastoris NRRL Y-15851 (GS115) handelt. de 12. Verfahren nach Anspruch 5,

dmc h ‘gekennaei \eharedn, nactosmmider AtEpRIL IR BACS] Bkt GoranizOtIBBNGESS déd WirkkhetestiAi oinen
5  19Defekt im bios¥rithetisthen Hidlidivadiwaahiad! @iflvest.

CaCI 2- Pol yet hyl engl ykol | dsung pro Vol unenteil der Spharopl asten enthalten-

das Suspensi on10. (VeifjhraBetagls dosprise 9, 2@iurch JBked)zeichriet. Xadsi der BiosynB&tisbenttisticinstof@@chse!

| &AVer f ahr en nacIeinamBgfeld e flr Histiginslisiehydetigenasechobiprantdn Ggraubreiser enden

B&di ngungen f ol endes unfassen: (i) Zugabe von transform erten

Sphar opl-ast éf ¥ el ﬁ’ﬁﬂ@%{gﬁ} wolygh presichofepln Wrtsbefestas Wi ighja pastosis NRRL Y-15851

f ol gendes ent thth mhandelt. - ot yg 1 m Sor bit, etwa 0,1 m Dextrose, 25

e 7 g/1 Hef kst of f % A B bej 25 -
(é; 0% t g ?2 %erféi\re%tngch Enaégrgft\u§ dfsutréﬁa anglc f%g(5'a#aﬂg%“°"ie§bt§§d%§9n9v§°\gg}qp%wnfas-
nggh Ansprugh 9, “dgdyr FONVSURHSRBI IR Ay I3RS, &6 RRARR AL SoRRoN AR Siihdhon-

elnfunktlo )n das
bi osynt ket i schen Hb,%ngsu penssjepgof WeCH sel den der Wrtshef est amm auf wei st
konpl engentiert. 15 iii) ¥ 61- 80 Mfte 2C Anspruch 14, wobei das rekonbi nante
DNANMat eri al ein f% Hi sti di nol - dehydr ogenase *n 35
kodi er endes 26Ze1B. Wakiahfsh thachJAhsprdéa 1 B AHbb& Rie2a1Wandr BT iblEtod BedindOidBh foR8nded Grivadesr: M
rekonbi nant en DNA- l2ugsbealon Wamstorrisren| Spastbiasiery A Redurbrhtiohsaddr Svohdi das Rehératioddgar
16, Verfahren nachfoyesies eratiitl4, wobei das rekonbi nante DNA- Material das
Pmasni d: pYA4 ist. webeim Smbitsi ch um YEp13 (ATCC 37115) plus ein 6,0 kbp

. Sau3A-partiel | es ealdaoubexséseagment von Pichia pastoris-chronosomal er DNA,
das das!in @ e einglivg&aBHefbiBticReteffops updn YEP13 |igierte H s4 einschliesst,
31 etwa 3 dhigedel t. |r 45 18. Verfahren nach
Anspruch 14, wobei (ix8elagpenbeirdi- e r ekombi nant en DNA- Material unr das
Prtasmi di pYJ30 (NRRL")B"E'H%O)’ON%%deIt 19. Verfahren nach Anspr uch 14, vvobei
es sich: bei demrek nbln en DNA- Mat eri al urn das Pl a

Y132 (NRRL *B- 145élg nsprugh urcky g chnet te NA-Material ein funktio-
Busit ¢l § ch. unf & Aﬂ% 'aumfaSS* ol R Uﬁ‘gb'°a\é'l’“ep>‘fmi"ﬂ'8?‘ R oy rpgsames

unter sel ektiven ans‘r')‘e I ngungen 1 21. Verfahren
ch Anspr uch , & H
B’aodukt zeI | en ‘\?/%r:{o iﬁg ,,.ﬁlggﬁa%ﬁ' tlr\lt?ke(’rr{1 b\%i{“%ét%%%"ﬁ@g%'ngﬁﬁgsg‘ﬁ%“°' dehl%dr?genase
| ese |’ sel ektl ven Wachst unmsbedi ngungen di e

Z(icht Ung an tiehvartdMleninadl AmsiLanMa, AbHaLesHichidoh MR bMbRer DNA-Material um das Plasmid pYA2
unf &assen. 1 7 (NRRL B-15874) handelt.

- : 40 17. Verfahren nach Anspruch 14, wobei das rekombinante DNA-Material das Plasmid pYA4 isf, wobei es
sich um YEp13 (ATCC 37115) plus ein 8,0 kbp . Sau3A-partielles Verdauungsfragment von Pichia
pastoris-chromosomaler DNA, das das in die einzige BamH!-Stelle von YEp13 ligierte His4 einschliesst,

al handeilt.

ir ' 45 18. Verfahren nach Anspruch 14, wobei es sich bei dem rekombinanten DNA-Material um das Plasmid
pYJ30 (NRRL B-15890) handeit.

19. Verfahren nach Anspruch 14, wobei es 'sich bei dem rekombinanten DNA-Material um das Plasmid
1 : pYJ32 (NRRL B-15891) handelt.
: 50
s 200 Verfahren naeh Anspruch 5, zusitzlich umfassend: |
e Zuchtung der Produktzelien von Stufe (d) unter selektwen Wachstumsbedmgungen

| 21. Verfahren nach Anspruch 20, zusitzlich umfassend:

55 (e} Zlichtung der Produktzellen von Stufe (d) unier selektiven Wachstumsbedingungen; wobei diese
) selektiven” Wachstumsbedingungen die Zlchtung auf Hefe-Minimaimedium ohne Histidinzusatz
t umfassen.
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