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TI TLE OF THE | NVENTI ON YEAST STRAINS FOR PROTEI N
PRODUCTI ON BACKGROUND OF THE I NVENTION ( 1) Field of
wo b@olossient i on The present invention rel ates tBCT/082008/013766
field of nolecular biology, in particular, the
invention is concerned with novel selection genes to
be used for inproved protein production from
transforned expression systens. (2) Description of
Rel ated Art In recent years the buddi ng yeast
Pi chi apastoris has becone a popul ar organismfor the
expr essi on dHredétteonlangoUsnpperisaition of ExoartEni ¢ and
commercial interest (Cereghino et al, Curr. QOpin.
Bi ot echnol . 4 :in32Magktt@0Gutteengdharget and Cr egg,
FEMS M crobiol. Rev. 24: 45-66 (2000). It was recently
shown that it is possible to genetically nodify the

e B G AT BENGTOR or ot 41 ne decor at ed wi th compl ox ¢ ypo
5 ggigé]ggé'};fb?g-g%%gé%herﬁfw f ?ue tégﬁ% ON%% Ieg ﬁléég @% Bax;tcfi"éh}ar,]tﬁ@ invention

relateb 2Uetvédrdda nfA@aRNt oBohraguétom ietback of Giputhingltargst. 14:
757-766 (2004); Ham Iton, Science, 313: 1441-1443
(2006) Fbmever, a need remains for nethods and

BAC g achi eve higher cellular productivity in

ans orned ceII lines, such as transformed P.pastoris

c &S putleting altefativ elylvallgeptiysicahvaper deysosainmo@vaphiscthantst
dom nant sel ectable markers havefgeen devel ope

prevalent gagthed efdegpsiting aysofpitals ppgre atgdymaterplsia tgq %gxfatlon of

e RSB e GREE Bl
interconf€@s inPeommfrial Qguttez M@y piasity wiHeds b plasonasifrasphitter working gas,

Eboteln expressi on vectors for various applications.

usualfpargem to borbgehibe aegativebrateditareptiy il pegoa doRsfP SPRi atoms of

the tq@? ﬁttng rtéﬁ;’ael,gxgﬂlg }ﬁelfgit{ég cgat%cgﬁ/g}eg g&l@t layect o%'tﬂ?ﬁ‘i? et matenal In

reactive@p@tferiig dfitgetill r{tcs| mitrogdh dabés AAMiorallg Adinetted magtlhie Bputtering
and transforned into the appropriate auxotrophic

dwnﬁ@tant Honol ogous recombi nation of the free DNA

i Wm& rgﬁzngﬁ'n? %tsen{l% %as e%' aﬁ%tﬁ% ?c{ 8%%91\f %Ptlél)%?s of metal and metal

ese OCI

nitrideloRfs fhe R E hidh dspeath@d Rolas SichGk &id3QRY tehclidie Sputtering is
expressi on vector, but to obtain transformants that

w1debfxtpp@ tosdepokit §arries laversaif arrpBagipryragtal %bph japtagtadym and therefractory
ften de able to s en for I
iR o 8554 BB S SR FolBl e OB P EB Afuneine
diele&tFiG ¢§ye@§f SEESL 64108 oF RIKR ﬂ&lédtﬂi@mléﬁiﬁl@l Ol iZ816dRusdd tb Yleposit a thin
possi'ble to increase the nunber of transformants
copphasebd) laynlgonm ithe 'pa avadle|t0 ael apf plaimgeigsireds patha naeledingolpyer for

copves i Rio e Vi el S RS s el R EPE: cssover ¢ype
| N6 gxAtd sgﬁlttlﬂ‘u?gq ad QpichRy Fﬁt@ﬁcéd%?nrhéi&al'@' 4 taP¢e® of the material to be

i ntegrated copies Can col |l apse back into a single copy
sputtbxyddposmeldog seded tocovsimatchemberontriniag threwetsptrbagdajed. Argon is

st P B o P BB P R SE SRS Pea
targe¥ %h@ tHe@hafBef R hllS orNhidIEreBMif EloQRd <, tieMBsmls &kefRéEmto a
expression plasm d possesses ot her growt h benefit

plasri‘la) r Thdwosatetelyschdrged d?gtbremm hks. att5acbBUto0BO negitiatkydiased darget at
sel ect apl e _mar ker e ADE2 | sol at d from

high gpgrey AR snutter Brgat @ sefirorgpt é%me Ay Jprest | 1136 1Hustrated in the
Bi ot echnol . 50:331-338 (1998) relates to novel gene
expression systens in Schwanni omyces occidentalis and
Pichia stipitis, which systens utilize vectors
containing an ADE2 marker and a putative replication
sequence. However, no correspondi ng gene has
previously been isolated fromPichia pastor is, and
the effects of transfornatlon mnth ADE2 |n P pastorls
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transcriptional activity, enabled the production of
reconmbi nant host cells that contain a sufficient

woobess1ef copi es of the integration vector i nPEHU810081013766
into the genone of the auxotrophic host cell to render
the cell prototrophic and which render the cells

capabl e of producin mpunt s of the reconbi nant
scherpits cap3-SSFHdEh EteRET Ch o ArangRd HOWRd § FETALaRIS A4 the vacuum

chamBtE ’l%{ee(%g{ 16 58 &%ﬁg@é‘? PQ&&%&% I\ thﬁic}prﬁa? bO e Eseld™df brass,
a ce at contalined only o copy of the 1ntegration
to whi@cis ®onddt £Qrgt &Fei 16,dot hangtaoheppiher efiahen. owevelathitary

is a nmethod in which an auxotr.aphic straip of a | ower
coppesirget arepessible. j A magngirere 48 apsitonrdiip baekeat hgdergrt 10 includes

i ntegrat i ' | ' > | .
o PR SSLAR PEEL20 P p RN PO By o e
yoke 389 ¢b i &oh a eupREli S A6ldRIG ot oidicdargengel Iy Bhammakestic field traps

gene or ORF that conplinents the auxotrophy and is .
electigpephithe plasmaiead heacaingreases shonensdy of the Pt igdhergby increase the

endogenaus or het ergl.ogous,,pr teer £ 4G
s SRR a8 ORISR U SRR gt et 0
but isYoRAEE Houb o tck@SO T A2aRtthRY dpBitlon MaFbmEie). | Somfhercial

whi ch a nunber of the integration vectors have been

magnieftbrphaveadnpretcomphicatgd sleans than haniblustrated i NG 1.

S Rt F R B iBRle FEh b TR A B e o e
in paR X QlebRRdNg G ZBRIMh@iABALtRY dorthRaBatargd polier Radhcentrated in a
cells in nmediumthat | acks the netabolite that

smallepanph andthus pravucesx bighophsgebpower densifyu iharehit ingteasiag the density

the nmetabplite cause | hat case, cell hat evi ¢t
of the plastit chiedel LRGP RErp RethaPR BF T Htgedplofy € foried. 1fthe
wafeSis %chﬁ’ic,ahg n@%gt%fmﬁse@f@@ dhiedtd ioRs Xl B&8ranih @&Rp within narrow
expressi oh system conprising (a) a host cell in which

holestih ¢heewalfer) el hasbeparfourh thatispugtesing aux bighoshéat-raéd beleabiith a high
k tein h b f t. f
o LB S D25 B, SN LS 9S00 O Mo

i ' PEhS iORERbIeARMSE Qi ffils@MBwards th
181“%%%E?mgﬁg% ngﬁgb SE?@ngéﬁﬂg?ﬁﬁg conpfeneﬁta}ysto tﬁés ©

centef.uncti on of the endogenous gene encodi ng the
auxot rophi ¢ sel ectabl e narke@ﬁgrot%;n and whichis. . . d
opalhae] 1 fhagadt. P e FRROVHF JRDERR OB R e gtpsion, fonize
; pe RIQTREoRh erdsi&l. YA er, if only the out
Spu“%?gﬁgﬁg?%ﬁgﬁ{?ﬂﬁ%gégg&gghogenous oreﬁeferologoag omty The outer
portigif ot edrgetds spudteprdo sahebf the2putteredi gtomisaedapiodit neari the taaget

insertion site for the insertion of one or np

: re
centep it Bk} whan wssesnghickiRss PETsdgPasitad gakrial.qghigh does not adhere
well NS 85 Bl Balta) RN, OB A it
which &1p&t ihegvaiercdndiiftradicd defeats iditlieeftid devisey. t Tocowdtertthis problem,

integration vector into a particular |ocation of the

Hongrs abdiscisgse im bl hgtent 410185y > gamanstion that BsHshaesbmtadiplly
a further,stil | ' t - OV | 1.S; £ar - .
outer Douioh 56, B e SERESHITRA ep B EHLARE, deichy TEA BhoBh im which
the nfa@ARFdnSd18Gs €199 tapgeVi di ng the host cel | in which the
endogenous gene encodi ng an auxatrophic sel ectabl e
e ace must be taken Fnaccpurtfor eesivB @f thednigehel fepRsiphicrl seamping of
host cel | : d r.ansfor m ' .
e <38 BB P o) oL ST Q1B RO o HOR it
centr8IQIERAidSbNUe St g@NSfer 16aglerdged leasmBel o Wis)or ived durfgee28. Excessive
function that is conplenentary to the function of the
endogenous gene encodi ng the auxotrophic sel ectabl e
mar ker protein and which is-%perably |inked to a weak
pronoter, an attenuated endogenous or heterol ogous
pronoter, a cryptic pronoter, a truncated endogenous
or heterol ogous pronoter, or no pronoter; (2) a
nucl ei ¢ acid having one or nore expression cassettes
conprising a nucleic acid encoding one or nore

o, o o R s o, L, . I 1
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Har bor, N.Y. (1990); Taylor and Drickaner,
I ntroduction to d ycobiol ogy, Oxford Univ. Press
W@ 20083515Wor t hi ngt on Enzyne Manual , Wort hi ngt oPCT/US2008/013766
Bi ochem cal Corp., Freehold, NJ; Handbook of
Biochenistry Section A Proteins, Vol |, CRC Press
(1976) ; Handbook of Bi ochem stry: Section A Proteins,
sputteymg qf|the target pP #gY pundydyoughte i eellTayesloce RIS Breogposed
under Bg b; L aeé'alr4 4 ébﬁﬁ%lggtg rtl% e Slafither gs;[%ggﬁl ifMl {antalum barrier
Peations, ents an er re nces nentloned

layer e dsputier H@’o@b&ﬁ | Inah¢ paze af @dinbiyryrtefeet, eRcassiva splittirmg may
entireties. The genetic nomencl ature for nam ng

inech@lhp@iimwmn t@@mgpt m thy@aﬁﬁ Wherg,i e s@nd OV EHE Naguwe, In
respop%et tto éﬁ%se%%f)tlf#rﬁg,ﬁ 051 %%g 92 %Ecoql Pe\éi é? §1ea£Lﬁ'lHI$Qhé qu)SIOH In a test

s are denote

as a fﬁlﬁ’(ﬁﬁ)'h(@’ﬁﬁetirﬁé t Bf eflél’fgy,atbk ex&hple] the ﬁﬁmbbﬁoﬂﬁnﬁva‘ﬁymmh (kW-hr)
for exanp 2 for the adeni ne 2 gene, whereas

appli¢doigehe aasget Iden:me pperdaeist sputtesinge ddie éﬁfﬂ?ﬁéngrqr%@t Enengyis

oo GBS SNBSS Bl B AP 2058 ey

the edBp it §f B¥eBsputterifp Bl SEanhE, justhR fery ﬂﬁwﬂarglat yer depotded
partial or conpleté deletion. Insertion of genes

througkn td exposhthethacking ipidte. nbereniik et eomabingtionsifgagnetyon 9% trget
contpsipc nENTEl S R R TR R TR b e

replg;amnant (and functional) and trp2 is recessive (and
defective). Proteins encoded by a gene are referred to
byErbsien calsey a fiurtlge lpeotégm’mmblasma sputteainge iArctie taggethl Oz eroded,

the Sl;llgﬁle}’li‘lg lélllr &%gﬁa} elttﬁgeg@g : ruegg%ls &gwﬂrtng%fc“lggeé UE]%-: magnetron
18 soti4hd ?qa%mel&) Q@t‘ﬁ@tsyﬁ?e% %rsﬁrfg@esé}ﬁﬁ géseslePheAifetime of the target

nonita three letter abbreviation corresponding t
10. Ttﬂespg'efrmgsxwﬁltdpﬁndsmxt thaimadgeittds of the upygeetcaeld B adjacent the

WId-t t t
st B S B By b2t e, S B Sy become
g f
s SEARLE BT %H*é“ﬁ%@yBgﬁ%lggﬁtﬁ‘%ﬂéﬁ%ﬁ?ﬁéﬁé‘#ﬁ&m°
whicl eqrmeréate dhmaging pattzathtdse Hong dt al. imUSnhéeht hpplication publiGation

T X T S T
s S A SR, LI gy vt

cycles egh®itherebpyegntarize glad spattefhyplasmect or s i ncl ude
cosmi ds, bacterial_artificial chronpsones (BAC) . and

y ddlter st al; deseTibg ioH i RBISB® 8>3y Plangisnhesar Wﬁéaraﬁn which
C {

achlevgs go?l{etwshsaﬁgirﬁﬁgg ?f—}slu}ég Foetgé m%%%ﬁgﬂ \?I?agglettr%rg ﬁf‘b %en’( 7,018,515
by scﬁrﬁil wssed mafgnéﬂ%rﬁlrﬁkeﬁqaiti 1dbedi puftern @eroks@barkweah®tasgear diller et

capabl e of autononous replication in a host cell into
al. deﬁmhﬂﬁ mpeysearal EpicYdiguearmeshagism.yeterisd 4o pug phiyerAl magnetron
s S S LA 31 28 SR B HBED 322 5 R 2, 2007
and nﬁtfo iR hefedl by tiFeRnd ok tilféttl‘dalléfbf ithy @ahiiag lﬂﬁ&hmﬁﬁhl While the

are thereby replicated along with the host genone.

scan wtee@ﬁmthe plenetaiyrgepr mrehanisin isclbtedrby the gearapadpmnsgforming the

ession which the
mechgin e MM e RBHER ShE R PleeP S AER B SoBrd e o e he
indepeBA&it Pot@fons'TeRBROAGAE shaRpr essi on vectors” (or sinply,
expression vectors"). The term"integration vector"”
refers to a vector that can integrate into a host cel
and which carries a selecti®n narker gene or open
reading frame (ORF), a targeting nucleic acid, one or
nore genes or nucleic acids of interest, and a nucleic
aci d sequence that functions as a m croorgani sm
aut ononmous DNA replication start site, herein after
referred to as an orlgln of DNA repllcatlon such as

P~ r I .
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The term "expression control sequence" as used herein
refers to pol ynucl eoti de sequences which are necessary
w0 200908161 t he expression of codi ng sequences POI/WR10081013766
they are operatively |inked. Expression contro
sequences are sequences which control the
transcription, post-transcriptional events, and
transl ation of nucleic acid sequences. Expression
i ude appropriate transcription
S g#ﬁﬁb?éﬁﬁyﬁggﬁﬁﬂgpﬁ%n, pronoter, and enhancer

S EORERPB&: ofehd invb@itn FEANAIREDS pedlotdl bgorbsofiie€dr Atarget being
splicing and pol yadenyl ati on si gnal sequences t hat

-
scannsdztyid hagneirpn o semplexrlaclesied pathe ddhergalaulaserhanesion profile may

Lati.on.ef fi.cie o F i ndi i .
v AT CHREH ot TR DO b s ey
erod&dafitdugH ?’Sﬁ&ﬁﬁlﬂ@ﬁﬁ% hhssiBRh@digendhehei n secretion. The

nature of such control sequences differs dependi ng )
upone mthod @S calonlgting e erpnopprsitde oplies exprEimedaily peasuring a

.. seguences general ly inclyde pronoter,., ribosonmal ..
calibBRETRRIOR T EPIEie 7 SHERIT ARG LI TUARE: DR SpURd fo the tareet
as thg ?%gﬁ&fdﬁ‘ is PSRMel ;a{ a REGWE PLAESs fréf thdtapideehtbO THCUE6N rate

mnimum all conponents whose presence is )
measesslan bhatadiwrcasbpreeswsirted, to an drasaam ratesad aheibkugdius by an inverse

. additional conponents 0se presence is adva eous
lineaf G gy 5 O PrPBHGRA e HOTERBPERAO S S A (A DI Sae type of
magn(%frgﬁ SBGER: thd. Qﬁiﬂrﬁwﬁ, RGO RRObroS s defdrinined by summing over
expressi on host cell, expressi on host systém
many e4py the pratucsybthe rtoston miengylkpoWwh gadii efethe h)agnetsony dkeltime spent at

herein, js intended to refer to a cell intowhic : .
thoserrg@orBi PO VHAEURE HRRdet Ge i HEFb douuen e el oA Tyion bins at
: nSt L (Bind'sBarliii£ended to refer not
mﬁ&%ﬁpsﬂgéﬂﬁﬂgﬁgg%tlc gr su ?’gtacel but to the progeny _
of Asethér &peetlolf theBaeant®oa inenda@i moving afriagaeiroms apsth having radial

occur in _succeedin enerations due to either nutation .
compgneqls gpd ém?élm:%ﬁjy ?cﬁw&w&r?c%?lng Ehvesp %%W%Vnr?&fi,atﬂ? fprget

in} LG ’ i le. 2T fe $Lrtich adjustment
o e A PRI bl 8y Pl s
may bsaddb ecdrding & éresionirsfilat whizhtarepériodieylylalcaiated. Alternatively,

isolated cell or cell ]line qromn in culture or may be.
the vertical 3djygment masbaads by monftonngclerises1Frloiggd A Batvering the

t Y G
s S A LBt POLE S UL GG o
currciBoNae taaget Cbk targetaniltapd mag bk snomitoetd andarse itkafgedbadk loop to

cells. The term "l ower eukaryotic cells" includes
contrpbthstvertigal acdnaton terrery theirertenliage & 2 desived|vakagr grnsrally

{ inai . funai i nel i) .
o SOy B 45 8D
surfab% 6htha elsdet aarger, urideAltiing thembgestal aci ens, Pichi a

m nuta (COgataea mnuta, Pichia |indner), Pichia
opunti ae, Pichia thernotol erans, Pichia salictaria,

I ghi =Gy ‘ﬂﬁh} ri, Pichia stiptis,
BRI% @ﬁﬁ?%ﬁ%o i€§?%| a(g% , Sacchar omyces
CEFI®Y i1k a8chepftichas Rraseisnas Piew dlaspanblifg Rodaf ABd p¥sdciated

Kl uyveronyces sp., Kluyveromyces |actis, Candida
magngitiohcans, Aspergill us nidul ans, Aspergillus niger,

SR B L T L e

epicycH8 8¢ dnukohanRARiod s nipiseari trel | a patens, and _
Neur ospora crassa. The term "peptide" as used herein

refers to a short pol ypeptide, e.g., one that is
typically |l ess than about 5&-am no acids |ong and nore
typically I ess than about 30 am no acids |ong. The
termas used herein enconpasses anal ogs, derivatives,
and mnetics that mmc structural and thus,

bi ol ogi cal function of pol ypeptides and proteins. The
term "pol ypepti de" enconpasses both
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Figure 2E shows a map of plasm d pG.Y2092. Figure 2F
shows a map of plasm d pA.Y2094. Figure 3 shows
woeavesitsbl ot s and Coonassie gels of the prot eP@I/US2008/013766
produced i n adel auxotrophic yeast strains transforned
with integration vectors expressing
gl ucocerebrosi dase, a single-chain anti-HER2 antlg g
o rFifis i A pH bo@ ekl et 91 ONPROmEN G Pagaetron and 1ts $canning
ﬂgl e-chain anti-HER2 anti body produced in seven
onés of YGY563 adel- cells transfornmed with pJ903
ernEICH Yngamilkistglien 6faédmplek imagiEtZorpstn patgmoyidr which the
| inked to the GAPDH pronoter and ADElI ORF operably
inverjtionloedy Beousels native promoter and the single chain

ek ST B Ak A Ay bRt
Si Fid. 6-i§ hatdphaFerosidRateaptbiile ‘dh‘n%lfﬁ’r@’ﬁhyaﬂ dfrfli@ds tiad hbenalized

GAPDH pronoter and ADEI ORF not operably linked to
tootlzﬁpmhmferptatlpanel B shows the gl ucocer ebr osi dase (GBA)

[ oduced.in s n clo
CeHic 765 a By Bf RS ore seytad R 8 Buther ekt ifE fiejnvention
mcluhingl@%ctv@rﬁdaﬁc&ﬁ? SatidPEDh Rt S8 oADE! ORF oper abl 'y
l'inked to its native pronoter and the GBA produced in

s elién 8as aflos/ duagrvf@_of@mtmd embo@mem,of & metfodrafweacgicing the
GLYl codln rabl ked to the GAPDH
inver}og aelBging Ao Seb GRaton e b8P o
pronot er . Panel C shovvs Coonmassi e gel s of the human
CD40 ect odomai n produced in six clones of YG.Y563
DETA#GED DES CRIFTHONO B (T PREFERBED/EYVBOPRIEN Ty hunman

CD40 ectodo linked to the AOXI
A CABEF RS DS S RSB (FGE S (oo R gt orested U.S.

I |  sphiterch@mBer 30
L e R e G

scheraatiaadlly nldustratedrin @RAGrosetcotioma ivievopelrlah I2)An¢1ud¢seedcqrn'enh@1al main

er and ADEl .ORF nat oper abl nked to
chamgéb%s@wrﬁgaﬁxg}m%ng AR el Lo b i el 38 through
tf e ial to b
U R L0 T A S i
sputteleti od aragiinclogea aabgey ldyien Kethgt the {rerioh©XIthgelmmitee bodynd2 and
ORF.operably | inked to its nati

bondehio HMARHIIIAG EandisrRR lpfroafah@s FaaiSe Pl “Tho b fhamber 30
atso YERIRE B Shb e AL TR R et ot

targepB ® amd mbltﬂink ADoherGRfarn stiafofeambd yiblilanke@r tatay shaft 50, which are
4 shows western blots of the protein

pr onot er ur e
coaxig gl e @mﬁge%&@guhwm%m long thg centedl axis 3¢ andL3m rofpipabout it.

[
A el ST, MR ToBREANTS 8L HHOR St cner
mech¥fcXlAdnsadeR as £btlk $ripped afcuntedo pullbysnGry@G68 A second motor
encodi ng EPO operably linked to the AOXlI praonoter and

56 1SAmE|1armmupk¢értam§/out¢rm@@ay shpfs &thrqitgh\asoep Agve geaRd or
r od S
meetpfEpliney PSR e Birto BERs Pladtl e bt BB g 48. The
rota.r%' Iﬂiﬂ%dlst 90 hﬁkﬁth%@ﬁhot@f@@ﬁe @r@ewp&a&ﬂomleemmmﬁmambyhder 60.
i nked to a pr onot er . Panel B shows the EPO produced

A thirdumetor 62| dsives a yertival mechznisg GdjaEh as @ Warmt saEps Mmchagism vertlcally

ncodi linked to the AOXI

mov%ﬁ&%ﬁ@rgé@ up@}g%mt%%pgﬁ%ﬁégd to its native

Pr Ph®iofdry @ﬂﬁ:tstéme 5EREe d»Uu@(BdQ@ dn iepic§elic wkeHa@ENOT0, which supports a

YGLY1216 ade2- cells transformed with pd y2664

encodi ng EPO operably linked to the AOXI pronoter and

. ADE2 ORF not operably l|inkee-to a pronoter. DETAILED

DESCRI PTI ON OF THE | NVENTI ON The present invention

provi des nethods and nmaterials for the use of | ower

eukaryotic cells such as yeast or filanentous fungi as

an expression system for expressing reconbi nant

peptldes proteins, or functional nuclelc acids. In

o, o o
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reconbi nant host cells that are capabl e of producing

| arge quantities of reconbi nant proteins (including
w@ewbiogkas) , or functional nucleic acids are prpvi/tism0s8/013766

Thus, the present invention provides a nethod in which

an auxotrophic strain of a | ower eukaryote cell is

obt ai.ned or constructed and.an |nt§%rat%?% vecﬁég.is I
magnsfrgl 7 ddhropalae MAng 4hapd eaF 1 HeRHrAPRGT Midereehes n a nearly
arbitf3 egflzégpgéctl slﬂga(ng% g{%%{agloﬁﬁa {) erg rtgtg.ﬁr éﬂﬁft§ %%CQF ’Ihpl hS&icylic
mechaaizpl 70w iss §dp901a¢d(ﬂ1fag1®dmfm Hndso moee Vhﬁbal@pmth heyslider plate 60.

linked to a weak, cryptic, attenuated, or. truyncated

The prnsipgd embedimest pt roviier smaYCAICrré%Célﬁ%tSﬁlam isgrijangtary gear system
| ]
Whlcﬁkaﬁ'% r$ fo Sthe Bba\g;%ﬁ%%é g#@azpﬁgs tf t{ﬁf r#a%n? grab %tﬁ by a sun gear

ors haveé genbne’

whick @J1etdtetEbY thiehne Wty thakiy8ahithehthah bsingd®leld, & i€ described in more
selected in nediumthat | acks the netabolite that

detalb@nMﬂilmﬂgw{lhﬁ@ dﬁgg(theglg@ ispseigtaieheiavai Abe mpgnetron 72 typically
G

magrefl6 béﬁﬁﬁy zilB % fRtRREAI dx@s 3D @td GOSMED pREBS of IR opposed magnetic
auxotrop general, those reconbi nant host cells

polanth and ﬁurgcmndtrtgsttae unmr ok St Mumamml@ 72 (s epwatly ﬁtngbl and circular.
st.o

The xpﬁ%te ga g#ﬁpnﬁ ge B%IIUIO S 81[,'1 @16 gepgz\xﬁhc I:Fﬁghalnbség ?é]are Jipd posed in an

unillisE4Rd LB S fb‘é@r"vofr'o@‘?edﬂchlatlﬁg eHilleWR@d18 fo thB®ack of the target or its
reconblnaﬁ% host cells are grown in nedi umthat

backing platel esorﬁhletonmlatam thedarget 3 atrpadasomablydew éﬁ:mh@ratulr%tc ks

! Zggttlngl}n?éj %lt g\:tam]%ﬁg Oq”i%%ﬁp@p%&& E)ﬁ%%g e 1E %gﬂgme main
chamber $UH&YH aYpLQﬁ;Blh }S%ﬁl $9]¢ Apgasdédﬁrc%t%] s@lﬁ?ﬁeé DspRdet wbfking gas,

poor transport of the netabolite fromthe nediuminto
such ahargoedotwithe ahamlbmr§t2 thrdugh almmasa figeneméiolles$fe cif reactive sputtering

. r.e i nant _host ce re render ed xotro hic.for a :
i desifly oL GRAPPSy QLG AL B A By VF &b P CREFLT (G example, s
Mm>§%?h&?ne or locus encoding the gene product necessary
produci ng the organi c conpound or an internediate
f oA wafardWoi ongthicn sultgtenis cupmmed wnag edestelt Hi2odonfigureditas an

xotrophjic host cells_are . then. tr nsforned t n
electiode ggm%%wm}aé%@%?@ Adriyrp siog 1p4ymay W@” %Efﬁittae wafer
[
100 G AEIRIRO Ao BRUEATR Bihcl A ric R DO i Pmodemn
reactadnpd elgetndssatichohueksxtothrobdting ;wfer) 108 aganisetihe padestal 102 An

encodi ng one, or. nore ORFs. encodi ng a heterol ggous
electi Gy mASAe SB‘F{S‘t léﬁfuap%@p?ra the aéaﬁc{e&‘bq e@&% {hg chamber walls and

sides gg;ﬂ%tﬂe‘agﬁbl 1@2%(%1% @t@ér%eﬁ(gsdlcm Slfalo a&ﬂ 15 &tgano'?ﬁé% BleSlasma

conpri sing arget ng sequence t direct
dischargge Mhe svorkihgighe emtEtsebe ﬂialmprovmhgrarearthfb@hmag‘abl 1(08|b&tween the
target location or |ocus r{Sgenome of the host

clamp, gpg 189 OhBFAsE @Y s andkitis ﬁiatetfiat% thenghi¢ldcgaiigpgtions may include
an e1§%?$¢$ﬁg§§>ﬁtéﬂ%g&%n@&?%ﬂieﬁd ﬁ@tae‘ﬁ?ég@tﬁﬁ& A4 F6ELE B forations

ost ce genone su as-’a gene,
through posions ef theprivnary shiehl 1G6esrotcoad bry tﬁeﬁmeﬂ@zﬁy shifeld®to promote gas
sequence of, unknown function. For integrating into a
flow jnge thegupsesyipgdtsder or t erni nation sequence ‘the
pr nat
0 KT St LSS R0 EMERSS i e o
shield NG6 Qitbcadbesthe argoRveorkingads Rob@etvitce had 8ok ginto a plasma. The
reconbi nant protein or peptide or expressing a
functional nucleic acid of interest can also function
as the targeting sequence fér targeting the
integration vector to the target |ocation. For
exanple, the nucleic acid of (1) or (2) above can be
operably linked to a host cell pronoter for a host
cell gene adjacent to the pronoter to which the
|ntegrat|on vector S targeted Integratlon of the

. . T o
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capabl e of encoding nore of the protein or peptide or
functional nucleic acid of interest than a host cel

wo baw/083161 udes only one copy of the integrati oPCT/ES1008/013766
integrated into its genonme. In practicing the nethod,
it is preferable that there not be any of the
sel ect abl e mar ker ene uence e au gﬁb$)mgwn112

magnegen 12 EPICAIES diaSIEn ARLETEA R ¢ n@%@f
undeﬁ*%%éﬁgﬂ %ﬂétrdrm G5RE RO malSmber33. uTﬁ@g«Ssmvel% charged argon ions
enpodi ne er the entire gene encodi ng t

are affRtiedno (lienatgedd hoithpaticameandy doymster demetepfromshe tasget layer
del eted or renoved fromthe genonme or at | east

of th@wpt p8adiha gpwtfea%n@t@é depasys PRanGE9AL cguHacs of ‘ﬁs\g Ml 0.
Prefe&aehl or. SHStq T. dreﬁg% ngg 119? {Bee%nd%a%'\xﬁtdlgsc er@gélgly 1141is

I'on vector '1s |

connkdté®td the ptddsBf tlet@6US1 G @r@t@h&CdapﬁblﬁYe eatlpliing atrbt’mg 11 6ewhich acts
transfornmed host cells in a culture nediumthat | acks

as a higle-ppssriilies iiogreaty @ apgagive é}% snlhbiag g theowrier £)0 wbaaipset to the
th el ect.abl e rker .
plasr. DBV s Rt a€Eoe B ispRE (R PE BRielty pppon o
towaRf &@Wa‘fér 1oatin ;pérp@ﬁ@&ﬁm Yrajetfolieslthapmara\erly eatet Bizhaispebt holes.
ptic pronote or truncated pronoter (or in

The mtthlamlscaunmt@@dugh errsgy Fothe ians) whichanaybarsitiodlad fo differentiate

f. t t f th
sputf Dgrof 1 ter et TP Ead Fie AeBReRL e Bt 8L e ar e
NOA ch%ﬁ%&-%qséar&h%ﬂé’rpf‘l' 8Cconfblstthe v e tuﬂil{;;{)&nﬁ o0P@yRtboAMmass flow

nmet abol'ite. For the transforned hos s to be
controBer¥, ¢l pverr suppljsisild Of b4 artiethe nggnéteorcatgrseneoiers 52, 56, 62

met abo] i [tiple cop ies of the i rati on vect or
accofas oae ifinef kit poghaas R tedt peBaS it g SHyh 18
throughlal refird 16 belififtn sRECAUSEDRWM iefted RO BOrRiuiviRnt

I'ntegration vector nust be integrated into the target
communivatjonslingsi A mambryl2(hassodiatsd fithtthe cpntotllsr 1S its used in the

e oA i PO SR B L1 g i
a waftn€lef 1526 d £ '{/ ﬁﬁgﬂ&? ?fé‘r 813 &%}0@&9156%/@&1 @1%9?(9' §§WEPﬁivf\)ﬁBaﬂl 0 and

e econom cal y tur hi gh yi el ds,
the tapEr38an Iawalthe omdidiiee d1 fitcemonipaithe poWersaridtvalitage being applied to

gl ycaosyl ati gn. . Yeast part|cuI%rIy of fers established
the t@gﬁé@r el O BV rapPaly O Iop BT AGRESIAR R Vi mode so

that t{t;lé gBﬁkﬁlebQ‘}ﬁ‘& JeOf afif F@h lf@mﬁﬁtﬂt EREHa$ bEGP&lable to the
nock- out te hniques. Suitable vectors have expression
controtiat 1@ asadjgieal ceatroksigial abloproamt eosstaritwoatrant sugpB3~may also be
phosphoglycerate ki nase or ot gl yco

used g fdrangheloil| depeRsr 2 MO GERRIFHAD ﬁeﬁlﬁﬁrﬁaptr%lrfllgce&[}zetvt@eéi’otaw shaft
t
s it S5 S5S 1Y0RS, MBS Sen BP0
Hansedsrdlrealigeit yemionhf the epigwhiersedn actyntef 45 areichtfaohecbmhgnetron 72
cul ture because they are able to growt cell )
is inpappsptefl ézfo ATapgnEEPR PAURtEF HRISHAEH T theegthegrapg@o\ﬂw REKFLG- 3 1n
whatﬁ; { Ok eer'réq o2 ‘é%‘%\?e?salg AT Do HAOD BUERAAS 130, The UMM

as “ni um sp, pora crassa and

mecmhhﬁf Bm@@uﬁmme&l 4 Dargeddacehighycappotted 68 and sédiel to a top wall
i nvention at an industrial scale. OGher cells useful

of theygoaimstrescayais Anlermnk Rewpnertydretheiflange hé? aeeide of the reservoir
L I
suppﬁ%g{fma:{%cﬁ 8% ﬁF @S%Frtlclé{f? tt?éictmeh (i% kaa\ﬁg 'fr?o%%é §i er 60 which

ure,’inc reukaryo
rotaté’cﬁy k§ppobts @Y roéfY kBaftsU¥) SURANEI shaft fﬁﬁitbp% 52586 bou’t}ﬂed to them

Chi nese Hanster Ovary (C}K» Lower eukaryotes,
particularly yeast, can be genetically nodified so
that they express egcoproté?ns in which the
gl ycosyl ation pattern is human-1ike or humani zed. Such
can be achieved by elimnating sel ected endogenous
gl ycosyl ati on enzynes and/ or supplying exogenous
enzynmes as described by Gerngross et al., US
2004/0018590 the dlsclosure of mhlch |s hereby

T | Y o o 1. .
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mul ti copy selection. To date, primarily dom nant
mar kers, |ike Zeocin, are used for this purpose.
woowewg157 dom nant mar kers possess signi fi cantPCT/US2008/013766
di sadvant ages. For exanple, during fernentation, it is
frequently not feasible to add the antibiotic, in
to make sure all integrated copies of the
ﬂ“““ﬁbﬂ@b@i@@@d@ bgéhe stay integrated. However, if the

t r I
P B PRSP BB  BPi U Rpcpn
reservdifarkEisghdedlyl ataallikemw pewafenﬂltowgemmmh aﬁdl ds pomkemrelght 142.

col or. Therefore, heterol ogous constructs which are
The igterier efithg lgaearhgx 1149 irevealediagpinglythe e%@lmg;ﬂlgé [pa¢ 531 ambient

atmo%wgn%ren%& SQX { Qeci){o tBF 15ty leﬁ&‘% Pﬁéh&baf 48 1n51de of the

antages ose sys en1are

gearbdR!1@0t A plaﬁa&@zrgéam)&te\m §uppotted imglde thepéBo0140 hlleludes the sun
mar ker and desired gene for exgre55|on in the

host
gear gl 4 folletisy gear sotatatlyt w%@ﬁbmg gn edprogear.gfe shadt ofthe fdlower
ention of the transformants wit e .0
passcs 21318 %? L gl P ﬁgp%o eshd el slé" tlof h eg%{gg o 75 9‘%“\%30“6(1 at
one cAlfl o@@%l mﬁ’%ne@ﬂ?@ 18£hhda chiht@RRighS PAE s sul ?B@I‘t&t’&ttﬁ@bther end.
utilizes the differential phenotypes o i nk/white

Furtheptigailsef the UMM medwelsmesieﬁcmbﬁé ammeedlf\mt mngngotary shaft 48

AR M R s e L ST

gear Bo:xC PRY10Qbtatd $ooiPHle RhtrAidkes DPEMhE RGhRG 2hd @lﬁei‘mﬁ%on 72
operably linked to a pronoter and a desired gene for

execwrpnassi plangtart netitroet a malti-labed patieabonbthie gerfral @xist 3 determined

by thEERElT T B SV RIS B U T BT RS RS 22 PP rs gyl i

syncHrBhis&S tHéF}H&n@&Hh AATE11EOS Litoud s R0 At tHebeARIMH8S 34 at a radius

aspect, the systemutilizes the differential
deterpivesddiyythe shasfe tptwuédnvthﬂ: tveo mpdtoms s Eloscy e theotfw canderpBiEfts 48, 50

can b OiRisg nRERIGHL o s R RETER ran PG SERECIA § PR Mbitrary
path inﬂkﬁﬁ{dgﬁt' d}fbn‘ﬂfle tm ﬁﬁf%e‘ir FRR igeieRdlirRd BYRYstRictibRe fréfREhe

ORF operably i nked to a weak, attenuated, or
controlgtpitli8c Hor exaxhple, acaplexl esanrmdegleﬁﬁallhhsttrated( pr élsspilqimf FG. 4

inclufghh EXPETRBAICGYET PORIETCUFTHC ShASt Ui CEHeT RART Hip tre and two
smallfg gég{ggﬂ%g%? ghrtﬁ)%h st t%tdlftgxleh@%nWQBffgeq 'Hdi‘ff‘ﬁie target center 34.

he net and materials are
usSHieWerfical asthatol elldswgﬁalmbtremﬂr@&lsed tofompensate for target

het er ol ogous proteins. Thus,

in particul
erosiei ks SrampLS, It%eamlﬁad?am%y E %e%@ce from the surface of
i
o LA 0 B S
condi®ny se&tthalift dfl thﬁﬂfgﬁl 08svdralngpdcthalthe delehtion wiviblve the control of
i mproved productivity for _the production of
the verdied)rne veamant pf Breanagictrpmd?udi ng gl ycopr ot ei ns when
u I r
Sf elﬁglsaé)lzgde yafﬁ p%@@[%bacﬁle_g%m%gge %lf)%&?fgcsg&ﬁ‘g nanatmsm allows the

sameh;eai m@&hdn%nﬁfcﬁbd’riﬁsédffbxedifﬁtent pocesenetnlting i @ifferénd @tdstom profiles.
of the function of at |east one endogenous gene )
Evenéhe: mm@rgﬂﬁ cauRoused g diffieank E?OCQ%% seefingly, Hopsimple endpoint

ey Ao R P8 A0 B, i

vertidil 8ayBEment\bf BB tdrg&itthhgnetrdn @Fﬂﬁiﬂgiéanﬁﬁt 18 eaRil Kore@dsonAEthe same
(that is, cells with an Ade or Ade2- phenotype).

When these cells with an Adel - or Ade2- phenot ype are
transformed with a plasnid denprising an ADEl or ADE2
ORF, respectively, operably linked to a pronoter for
expressing the ADEI or ADE2 ORF, the Adel or Ade2
nmutation is conplenented and the cell is rendered
prototrophic for adenine, that is, the cells are
rendered to have an Adel + or Ade2+ phenotype These

o T Y e a o o
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i ntegration vector nust be integrated into the target

| ocus for the host cell. In addition, because nultiple
weoppmess1ef the integration vector nust be i nt eRCHUSH08/013766

into the target |ocus, significant quantities of the

protein or peptide encoded by the gene or sequence of

. interest are produced. In another enbodi nent, provided
timecthe swallefovges ofificonpgiediondpye Bipdieadesieper gmeaion profiles.
co I - C :
DB B S Elm EEROTRIATO e ESIoiFUE ¥ BHRIASFIIn iy
scan PGl Arl di6sidERe gRTRe s tdbstied ford vegetaypaaldahaghetion as well as

render the host cells auxotrophic for adenine. The
the chayaberrapdtany erocssslfies inperporaiesistodhersbarmperhsyeh as shields. The profile

i nt atiqn vector, ¢ ri.sin 1 uchej i
can R VA S TR B8 R Py e . e
radids R, 3s YA 6 RAMGreferenddd & the Betatest 20 MAEHe@6n. During the
het'er ol ogous pronoter, a cryptic pronoter, a truncated

calibeatipnpbasn, yersicaheameresbasipausboplddemesiormed sinee i§mshdeaerformed
duree pePt Ao TR R Ao Sp Bt o R E8f1 8 2318y Sgmmetric pattem
AfteSliS1R2H QP@MFInG! tHeQRBIbMANioPsGhQisire@acRRPh it#8etqhdius and

functi onal nucfelp acid ectopically; and (3) a )
normtadizesbtol the emergy epdiedap thestergse denng thacalihration test tosastabilislnan

of the integrgtion vector into a patticul ar target
crosipp it PEIIG P Bl AHnEHE QB RENSY TR o Brest SpHich,y The enerey
is th 'R AYP e &%@P@W&%ﬂdQHne P B ETATROM SRIttebiAS! for example, in
cell's in whic he integration vector is integrated
unitsi aftkdV hne Amemgsion|rate psofaled 68 a4 plottediiniie grdphi ofAtGn§ in heits of

pigfdiings i Srebiof Rerfiroma 4 Phcyitthdn S5t phibeasghls is caused
by thg %?/lg%{&il%iﬂe%f MREMIB Hronl MHEAWD %eﬁ(s%ﬁléspcﬁfdt g‘éﬂh‘ﬁilﬁgcg ?ertions of

IC pronoter, the reconbi nant, transfornmed
the cirelilasplasmi aack bejing alignedneiticoypationl drheandithegeatralonlley corresponds
vector inserted into the target ] ocus are t rendeyed
to the pestigns e&%wﬁ%sma tERskATHE: et epora R FrSH P FroPIdLY Sweep
: otrophic for adenine, nore
ovaﬁﬁgkﬁ%ﬂgmggg§ﬁ%g%Fﬁgﬂgﬁgégration vector nust be
I nA&bowdheid id pussibiche peabge diffarentsafibratibh éestsofet dif&drént nhagnetron
.addition, because nultjple_copies. of the integration .
radiiyaengle calibmption teshpaysulise P themingler Eraifoyiigasurement, erosion
s ani £ it hes. of . . .
4 t
e B4 QAL B8 £ 1, 0Ll BFRLS R caion
produced. I n both of the ab &gﬁfnbodinents, adel or

ade2 auxotrophs gro e sfewWy th pr ot ot rophs
(e.g., ADEl or Aué%¢>$gé§e qgvelﬁégzg)cells render ed M
prototrophic by integration of multiple copies of the

integration vector into the genone. In culture,

_revertants and transforned cells that | ose nultiple
This ggytion reflecthibeigaeRgirstEBHOVEER Betwiess Brersis ofifhompgaetron and the

rgef - i r X -
eng AR LR A, 5L LA MR st
valud Ne Jiinbgeertiffom ¥eihsle condiégatadest thageorhétey, taatogelinear relationship
| ocus. I'n addition, in particular organi snms such as

is ofign gbservesand valugieDN baksen dphandak-& is aically gsesk i n
color wher eas-.prot,0 0 rende .
o SR SRR PR T R PR s PraiCtot B SRR Reocusts,of e time
length8 €, Al tBe WO M €6 Maghdhion shbre ag@iTREnt 2idli RNi t e.
Thus, selection of reconbinant cells containing
mul tiple copies of the integration vector inserted
into the target sequence can be based upon sel ecting
white col oni es. The net hods-&nd systens herein can be
practiced in any organi smin which auxotrophic
mut ati ons can be nmade such as the adel or ade2 and
conpl ementati on thereof results in the sel ectable
phenot ype descri bed herein. The nethods invol ve
transform ng host cells which exhibit adel or ade2

. e o - o s N



10

15

20

25

30

EXAMPLE 2 Construction of ADElI and ADE2 Knock- out

vectors and strains was as follows. In the first step
wW@Roophsni d construction, we created a uni ver SBCT/US2008/013766

knock-out plasm d containing DNA regions of: (a) the

ARG3 gene of P. pastoris (Nett et al. 2005, supra) as

space holders for the 5 and 3' regions of the gene to

be knocked out; (b)Et(hsz. WS}R[)']SP__ @)

Cl/iL4J-bl aster(Nett and G& ngross, 'Yeast 20: 1279-1290

(2003) as auxotrophic marker; and (c) an expression

. cassette wth | tipl oni ng . site.for, i ' f
o GABBPR e T B ThE P S kRG0S LNafe s
radiu§ RIRRIE BhRes WufiRg (tH Rotarse i P&ﬁ&p@ra@ dotfFerbhte owdr Y& /el The azimuthal

knock-out plasnid the Sacl-Pvll fragnment of lacZ was
positiohpde dof appeart inEqBad)- Bnimlassintedshafovpticlivelphleng time periods the

resultin | agm d s digested with H ndi and the Sac
targel ipPpgIng rddegih ciclfs %dﬁeﬁ%}gg 'ﬁ?@élﬁnrﬂlﬁiﬁ ?8%88%“6“?‘5 ofa
comp?l’%ﬂ %I@% tRR X TR 28 eTHR S rd IR Bt %POS:MH Path ForSloRg %ﬁfodlhstti)on runs

ead to tail orientation to yield pGY8. A 1.
is obtBbY foagine tie repeatddescRns fodspor dtsandAbtigpes eo thas the desired scan path
., .anplified usj rimers Urabcopp5 (SEQ ID NO 1) and
is beipg zefatshzzimusely hstyesn I@Pﬁﬁ’iﬂwﬁgggi’d%% rain NRRL Y-1
1 ' 1 &P hatifisARdd f REH ISR, trace 162 plot
Bﬁ?ﬂ%%?%gle%s%g%? pGL’$8 to gener at Zﬁ%ﬂGLYI O Ih e Do PO
the eoskidarprofleeren\ie magnétrinds sennShat amadiuXRyl= KiGnes foha Best time

_overlapping fragnents of URAS were anplified usin .
periog @ith SN targsHPPRER teaael L Ploks the 5{%%8&{91\’111%%@“?@6“011 1s

oo M PESONTEs SRR R o SIS By o

trace [l B6 M3ty theafshiddADMENGhériSh@nidgnbiedn B)scardet hiradiiy R, F166mm for
_result irgg PCR products were gel purified, m xgﬁ?a d
a third dmeppriod Wighp thitdetarget Bowersi -gac 1§8iSHE! VRAS iﬂ\f%ﬂé@lces

162, |G 1 g PRSI R = BN S N SRl Vi or

PARPracticT MIXevEs, forclampeedriagsiof ausmpiexGcah, the tadus dfithe
and cloned into pGYl O that al so had been digested .
magngfron iscfairly raniglpehanging: d'uyther, gather tharpperfosnying s unnipgcalculation of

.. Sad_and BanHl - sit .Y filr ht:
is g FBm B0 Rl R bR b il ol 81 e rackof
accurffi Redd] grefy Gk ¥dohaadind Thiras couhtend dah eBablikhedbih tit memesdl 20

and religated to yield pG.Y13b. In both cases, the .
accespetlry traBNERlderdil e Thaatgcan be agaegpdoy bifisy fastaxamplg, bis arranged

KL d A.l.1 kb,DNA f t - .
con R AT gy RPN Bl B B
pattefnSH@r bl Bind A benefgieSEGI 90 Q354 Wi th P.

pastoris genomc as a tenplate and cloned into the
SakheSasien tate dah npedbde tahdated sorl thesegapleddrd andipye gl same

i th Bandl d, Sai | .0. 7 kb .DNA f t t
eranifige. 321 Pied i et <fiRno Rt alip R lar Ty pPmien e cument
targe 35 AddeaERHdDBHods Falu@nFth8BiBebtrds iﬁ?td\{%] éaal)rer\l’lﬁﬁdius of

cloned into the open sites creating pG.Y21 .
the npgastmind Thedinoepermd is cBast@it abll natdsdn be dondidéred amiyAn the
ol ynerase and the EcoR and Sphl cut and bl unted
calc“faélé’\é'- URAS cassette from pGLY 13a or pGLY13b were
| &R EX&Ap18S Nt 'ShetddFbPEIh 48 oBbdatidn B iRstrRE} ¥ iBe flow diagram
respectivel’y. Plasmd pA.Y22b constitutes the
of FIGn7 v Eris ahderstook thatig typlicd ndmdmerdi deontraldgyistenoredies on polling and

: expr essi cassette, whereas pGE Y23 was further .
interrgp o Bt ROUAFS JOR eI 15 Cooibuly fa Ao dpiand g ot hgperation
expression of a heterol ogous gene. To create an
expressi on cassette with Notf- and Pad as cl oning
sites, a 0.5 kb DNA fragnent containing the GAPDH
pronoter of P. pastoris was anplified using priners
GAP5CLEAN (SEQ ID NO 13) and GAP3CLEAN (SEQ I D NO
14) and P. pastoris genonmic DNA as tenplate and cl oned
into the BanH - Sphl sites of pUC 19. The resulting

. o g, o ~ o~
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These strains are capabl e of produci ng gl ycoproteins

havi ng predom nantly Man5d cNAc2 Ngl ycans. EXAMPLE 3
W@w9088T i on of ADEl and ADE2 Marked | ntegr at PONUS2008/013766

Vectors was as follows. A vector with a nore suitable

multiple cloning site containing sites for BgH ,

_EcoRl, Kpn],.Swal, BanH , Notl, Pad, Asd .Sh | S
An initil statq L Gmdisptes daat amgwpltesiganget W?S%eswnsg@ﬁgpﬁl ﬂm spfifter chamber

i ' L0 LG5 ER il drosion rat
havird éé?(ﬁ&zh(%ﬁ%ﬂlﬁgg@?gg‘])t?‘%gfggﬁyﬁgaﬁé?vlgrz. 'AT0. 3 kb e
has bEM AmEssagsEfor aClenst dna radiud 4id the esioa\thieipaefileY@te available for all

transcriptional term nator region that had peen

radiabpgsitiqns of thesnagnegen ferrgsroRdmeso thspner kN on apygitialization step
: NG . cerevisiae genonm ¢ DNA as
172, &g%%%%%\%a%é @6?9%%?%?‘1%@%%&% and Swa and cloned into
PG ¥kQzn el di nBe paketion is Thedhed AecoRling a6 thercunen?@dpe. In an
pronoter was anplified fromgenom c DNA using oligos .
updaiigktest 1/6¢ BEQletemiaedif)a shae seCxam-for exmaplep (Qmsz hys elapged since

ith id,and EcpRl d.ligated.int . t .
e SR PRGBS T OB PaB Sl TSRO st ime
has ef@sdd) NEGhdate StEPYE thdénctSPihehe Pdited A The @baitidgOdonsults the

integration of the plasmd as an alternative to the

currept repipt end thedinoe sines thedainnineofithe guregiy cxcle t@dgtgrmine both the

f t. i N the P. toris TRP2
curregt A posifion Byqtdbn BrReRctisetars frest pgust 1o, et Beywer gan be
derivBiPeidr Rt thERA LRV 28t thele@irhply¥dnd fhe protkss \t\édiﬁb"b. Sh dsimple
and cloned into pAY214 to yield pGY215. This plasmd

versicwof the aigoathrEctbRupdapsiep 130@nlysindates dre engeyt inghe bin fop e

f int B [ No/ | d | ,, sSit
currefiarestEndiita 261 it s ioeat o seponiips gt ip ne
variafi@Re@bd ?§rti%9mf1§ia biéhbldia PRkl ciERTuRD AR ¥et &':)Fb‘(f)e?ﬂlchges the same

Its native profoter or to various truncations th

scan atethe vamppowert for thesamedotab sqan dereth. ad cdaptlinglys at thikenApEr wafer
rkers with full-|length or truncated opoter.s were .
cycleptir eRrgy pfala sifei 118 TH Wi Chctey Bine T iREndR) Sca. period
= Ol - ihO NO: 36), ADELl-5-100

based(g?é% ‘{a%%ﬁl%?%?l)ﬁ%%%%g%éé%% 01 D NO. 38), ADEL-5-295

( InQ profiN@e3 980, iABEletGnE25% if SHY el pﬁj@o,d, ﬁz_lrd:xample, 100 kW-hr
as m?q?%égrg gal\%ﬁgqggy@?b?gggg th%gar,geté (l,:lsl %%?Ss’eg%if%ls (tjlllengrosion profile has

| des = ‘ v .

st bPUELARULERS 4ol AhO BRInEne/ PRl TERE ChLitS blriad s Siihesded
a caldul@ipiestdp VE2scabaufiated drprEdidisaielcudsoht arodical grofileadiereresion amount

wer e, cl oned i nt 0§1€GLY215 to generate the ADEl narked
E(r) piradiys 505 818 Y atige(#220 t o paLY225 respecti vel y

( ' f 17 T :

(588 OB 00 5 A4 00 yAEE FAReng et s
perfoiied AG¥h wafa@satedreingtrgnsieYi2d0n andl op@ YRS Spustes chaniware d he cycling

and replaced by a GAPDH pronoter that had been
may egiptifle With adRpge Qf SPrprecinpmqgtuding sEONING NAEEENdAarget power.

TR s e B AT DR O o

showdHiat @fe tafgel’dr08i3h had\Rfach alink esinCaBsed hesdsao beaepladed. tAre
ADE2 ORF operablg linked to its native pronoter or to
exemplary Eagkistthalidien; thegagfmyrg €rqsiarn araoyit W igpviffin @ minimum

. cconst as. . ' i .
ik RRSHIHE Ak B8 G B MR b B3R M o rlaced
a maln@magtd 6 V88 Timredfter,che dew 3&gat doatitivpntilTe is amw@EnsdyTRSminimum

above. The main difference between this plasmd,
called pGFl 4, and pG.Y215 was that it contained the
GAPDH pronot er that had beedlanplified as above and
the multiple cloning site for addition of the gene of
i nterest had been expanded using oligos 5ol i goERSSKFS
(SEQ I D NG 44) and 3ol i goSFSSRF (SEQ I D NO 45) to
contain the restriction sites EcCoR, Rsrll, Sphl

Stul, Kpr, Fsel and Swal. The truncated ADE2 markers

o o o o N PN S N~ 1 I~
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mar ker pronoter strength drops below a certain

threshold it is expected that clones integrating only
w@2@pngi187 copy of the plasmid will grow at a sPOUIES2008/013766

rate than clones integrating nultiplecopies of the

plasm d due to the slow growth phenotype of the ade

. .mnus phenotype. This should al so be co mtant wit .
thickpefs valys &aayaeciae SIos|HnfRPETPS ?oriaHO@ﬁrelQ%%@rp# VGRS, But a wide
marelo S S 55, TR 0o S RA B i
contitMdst € cl ones and on a relative basis increasing

nunbers of slaow growi ng pink claones; and, 4} IP order .
t ocArqther asneck of Hie 1aYqdion uspnd calplaled srastos Ryptilsr fog static vertical
het er al qg [ ' : t . .
comBF e, AT L DpH oS e o0 NS BEHD b s
FIG. esh s étep 1 9@ |thy confrstiet Earhitsthededsiat praiifscalélxbé & stapl 184 and
YGE.Y564 were therefore transformed with equal amunts

from (iodeperminesdiow far tyyestirally P ves e dagheiryp thyoygh 1y eytiea] actuator
t had been d ineari [ he T ' r.at.i
ot §30e adGR L AR REELs: DRI A 4Rl gpmrrc.
the didfdn@é bétiween BRMsotRM bMaL BRicheworal 8 2@Ght Rivded surface of the target
transformation plates were assessed for col ony nunber.
layer S@rshouldibeghaintained sgnstantodn flezcans abthp @elixdebined gpave 2001 FIG. 1,

11 yiel ded i matel v the mher of es.
the vEgER SRR PR AR Rt Mt Baih A PRSP oy wBtefif LS

How&§@: YRe eh&10NRMRN sy bBVidesdfor @Toniphaerd§idh pofilé@ubh fﬁ@ﬂfe t6fal profile

white transformants with a significant nunber o _
168 ibdl6| §. Oneichdies ispi evknpenaatndenaiiOd tikentah theprrekape @i tlee erosion

profi5een A ISERTY FRanRRGRBTON of P T oReo NPT 8 cppggsaton
levell196 $41h |28 the MIRALm m &Rt @R bRRiAD Ve el sBiiHfidhnfly sédihed portion of

pronoter decreased, with the shortest one, only
the targett hailatter theicORMriveh ¢haplrgomenen thihy thewagnerangaplased too far

awas A (B SEPL AT oo e GreCoRe FHENTHS Rt SBgietiamy e too
low t|8 rrﬁ[ﬁftﬂagxf tBtE ?[@fn‘%@n@@ﬁé Vhdda EOBIHs&. |Eiﬂf|%r ERUtteRinB @fﬁé&i\ﬁé‘l‘}nfgeases or,

eve anscription, thereby resulting in’levels ©
if theAfmagoataneadilcteigiit@s over smme aadalpaten, éhoreggnition may cause a
conpl enent. t he adel auxotrophi.cc phenot .. Wen ade2 .
sparleQR iR g‘g}ﬁ?}bsl%‘f%fi AATEPRAH quaﬁla ﬁ%fw%gﬁ%"&%%eg circuit on
1k rayed wWith integration plasmds pAY2077 to
th%@@%@%gfgﬁa somewhat simlar picture was obtained. In
t hwheasle whniihg step U4 atsacheADR2 nragnétentsis hoiteuew compensated
gradual reductjon in col ony nunber_co?conitant Wi t

: 1a h
verticah gpsiEpn pROFRIBHCYIRSTIASEANG CAMPARSAHAR 19Tt Icagkeng gyd probably
4 .optai ning the ADE2 ORF with no
many A FﬁgﬁggHﬁggéggggQ%%%@ggat all yielded I ess than 10%
of Ahdternaspbaiof tie inkhértntdyamsfatlyrehirges tertatgeemagnetron spacing

_construct with the full pronoter sequence.(See Table . .
during)the peagPalY torcompsaate i thegadcudaied eropionddofils dn pashpular, itis

b nt.eqrat f ' ' -
possh L 894l GO B SRR S MLAOLRERLS, b fpamned simuna
and radiailP aslyart bR ArdHP4Y Reilzostansian paterhuMhs vEficalvdbeement may in

transforned into adel or ade2 auxotraophic_ yeast
largeqrartfpHew tisxerosign peofily to qerapaisaiefantresie aed groyige 3 Reagly constant

wel | deep, well plat e ' ' '
s e b B S 3P RO DBl o
time@&&ﬁ‘%&ﬁé sbin. Vit Bl Ref&tiag tOFICOQ fescineroded 11898y b gaifya the
3 and 4). For nost transformations using the
pronoterl ess ADE2 ORF as marker, as expected, a very
| ow nunmber of white transforldants (5 to 20) were
observed. However the expression |evel of those clones
was generally significantly higher than cl ones
obtai ned fromtransformati ons using the conpl ete ADE2
gene as marker, which usually gave rise to hundreds of
transformants (See Figures 3 and 4). Especially

. - o o .
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sputter deposited is sealed to a vacuum chanber
containing the wafer to be coated. Argon is admtted
W@ aoovkgsishanber. When a negative DC bias of seR€r/EE2008/013766
hundred volts is applied to target while the chanber
wal I's or shields remain grounded, the argon is excited
into a plasma. The positively charged argon ions are
rotatign fateef allithres adheateragaiory &4,y oppadwing he §ednnaRe hi gh
engr and s ter.tar £r ' I :
¢ ar o Ryt d B o oo AT ol b T REETH llpurated in
the flyweNagRAm Pf BIG18. InSardinftiigaibragtase dfter the ititidl staxil 20 4Pa new
of the vacuum chanber. The target 10 often incluges_a
targetp thekanargyling e zaroed ot ethepuise Bulidlized ox the wwergyrgiializatipn step 172
which is nded. a..ta | 1k l.e..Qf. ..
and g8 8ph Brotla i (e A e, 2P eg Pl S13IOR iiligation step 20,
Enterf{g2hP Qa$drRlySle, i} TRERE M TerlsBepdZtBl, hipedtRekeld WdTa kf iy i present in
target 10 includes two opposed nagnetic poles 20, 22
the spytignchdmizr) iy rayoensideftora the spafter et prda s Wity petransferred

., .yoke 24 to proj.ect magnet i ield Bin fro f

o e psBOUET b BeRIREVEFH &) de Bk P2 e e

of thd SR TBr REReWaNLBr IsPRFBAREE THEscAR Mlides ®btH e horizontal scan
plasma to thereby increase the sputtering rate. The

pattemmtjcteted dor the selscted prasass heing pesformied end e vertisehmoeaementig

2 of the target 10 but is. rotated.about it to .
scoorf st e ER RIS HeR PR Ui B Artigh ohd the horizontal
' ' DES LRNRtAN Sy E Proeesiictipal adtheaBewafer cycle
s ?ﬁgﬁgtﬁﬁlast%h? IEEIEESt rated in Fl G}m} §'rrhe aga%t ation of e
it is tgppcdlttieatitigre isonccarasiongn theewafet osnavertica metswas requareil gor the
hol es_has rested in part _.on decreasing the sjz f the
magngholt o PR RN HE VS GLEHORGRE feciiaraiep ALBdeho
direcgy IR B ARER QNGNS oRHAPHIRE sfich it RAtut R A ehe PORI may be
ensity, thereby increasing the density of the plasnma
signifieangly lsmatibr thae thetdimensioss afaht magnetoin. dnstedd, ishme averaging of the
.Sputtered atons, are ionized. If the wafer_is .
erosigi} piofis Bay by PREGR/BIAF R insvertifal s RTp Bl<dtper i the sgap step
206. P€ drawn deep within narrow holes in the wafer. It has
"been found that sputtering into high aspect-ratio
hoA f& avinipletionfvfghe scanisrspt 106rantl pactiabbnsiofultapecus evitothe wafer
atons i s pronoted by ?rinarily Canning th snﬁll )
transior gfep 2P trin e Prdgfe stER 1 pthesneisy byts arpd @%I?‘g fqr thyentipp scan
Pt adud ' RS If
parte R RS SRR A 8ol ploTHe P EABLET IS] o Bhdated
the lithit tesiri®6tdetegmines tios tlonerosion limgthasmot beani regchads éxeaution returns
smal | magnetron nmay preclude uni form erosion. Fur

: her,
for a pew oyafer staEng Wil the wiafer gransfer star 294 [ dhe sresigp &Wéfl%so*?een
3 . ' ar the target
et b iR LA ety e
r eAlgge Sotretle Aptahicalerticahésthpahestson) te prdbes of WiG . 8 dlso differs
the target and is likely to flake off and produce an

from thes o€ EE-abinenoh inpheding thegwpttess 40, ARP @nd fmppdaging thgeenergy bins
er and..i e fects |k ' devi .
oty Y3EE PR RL PSS 1808 ot O f BB g wis e
timing ¥ E1G. § aftl the Ahardicrergdied E@fipémiatiorpéantiespdpfiriveé With the timing of
radially outer position used for nost of the sputter
FIG.deposition and a radially inner position in which the

netron,cleans_the tarqget re .
o rae SR shEtchE Sen e PRl BEpi Y Eofted erosion
profikC A1frhdivefy, tlage 158D lconRENTtheVerfidal @ositien of kit th n may be
| ayer 16 to produce an annul ar groove 26 while the

central portion of the target layer 16 is eroded | ess
below its original surface -28. Excessivesputtering of
the target 10 will punch through the target |ayer 16
to sputter the exposed underlying backing plate 14 and
contani nate the chanber especially if a tantal um
barrier layer is being sputter deposited. In the case
of a unitary target, excessive sputtering may

o o ey N a o -
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different radii on the target are updated during
scanni ng. Anot her aspect of the invention includes
wWOorewp/85187 magnetron in a path having radi al coP@DOWS013766
and dynam cal ly adjusting a spaci ng between the
magnetron and the target during the radial scanni ng to
ensate for a radial erosion pr le. The vertica

perfoaa%s%ﬁmefqﬁwe%ﬂﬁd% itpie &BP YR ARt ¢ Bl B o povESsupply 110
is operatrn%g m rCeO g (rg\m;y %ﬁlnlr)%e 8%40‘1"& a.g‘f ﬁg'r erfﬁ%r%)?@ %?Itstr)]rg@lv}iere 15' %etween
the ta@gedd %rtagbals seisgnaa t8 owaﬁ@l drési ovethe Ittaggéth e\dcardirg to dmither
exanpl e, when the target power supply provides_ ne L
embaginentaf theyoyention; dERATRIE STOSIQ QORPEpEAPBIcan R é)etfaff@e{ y setting up
close%( go%poﬁcmtrg;? Xf ﬁtg VoL rctai a ggetr% oléﬁl%q Trllle%oflﬁ ,%}aiqlg Itt&ﬂfbrs through

I caP actuator to return the ta
the v¥IdhtRE €24 Medardesidlfde ValihAR &R Giesighald tiie Wgners@omn g‘he
to a desired spacing between the magnetron and the
contrplert i 1@reoptpatdsd plsvmtelred rgltaga PagEewst dm@devpétae@a%rhg@ts the

ve m‘%??g\ ‘lﬂ&‘r’l@ %%3 tgavgg %H’é’r‘(ﬁtﬁ?eﬁﬁgg%gsrg ns7 éc &S‘Ln(ag:eC-QE)|E jp Bping the
targeﬁvcﬁ&%% b8l BAht aLGRY VANde A SEIRCA Bired! v oG @bfresponts o thé desired
I's sChematic cross- sectlonal view of a sputter chanber

spacing betwaen gleanggwmoawzefndctlyﬂpu@esnewrﬁe@e lseab MY@rmlpftlky
netron. FI G .3 rtho i view.of
compgpEns FaraEctsrosionn ot arE Al B g ¥ond i eaniiol requires
careffl c@nsf&lefaﬁoﬁ‘ Bf bd)ﬂtfbﬁttﬁét‘)trj/ RNawefid 8veér RBRIpBsafiBE ARE LSHIISEGHR.
pattern with which the invention nmay be used. FIG 5
Closedsloap goaipdl affenamvcdvemomplem?@ pwntfql ivo dng arapiorizen, antegration,

metrjic scan. FI G a f erosion rat
B GERon g st s il SAr B PR apFSg bpgpuse of
tLN8fan flow di agram of
the SIg’ne en%"aglérrr%ﬁ{m ggﬁgé {r?g?elgééﬁggz%drngg% cing the invention )
i n&lthislighghs trﬂrbntmon/hﬂstbeeakiewm:eelrfsauseomtlmﬁ thrae-gets scan mechanism

erosion. FIG 8 is | ow di,agram of ano
slovghi B MBSy SaRBE ot Y arizs%erg@%ﬂy ERBIS¥R0 &npihgRmagnetron
can RERAEES SR b SRR Ay BRSI o in U
patenEVBOBSVENTS The invention has been applied to a

sputtering gstentdescrlbed in the aforecited U S

pal Reinvepiom; thag prowides peter cgrisokof the plagpa gputigring and easy
ter

deter R AR end bl ¥ for AR Sl BRATRRR (ol RERRAR S Ghdok
i ncl udes a conventional nmain chanber 32 generally
symetric around a central axis 34 and supporting a
target 38 through an adapter 40 and an isol ator 42.
The target 38 may be fornmed fromthe material to be
sputtered or may include a target |ayer facing the
interior of the chanmber body 32 and bonded to a
backi ng plate extending laterally over the isolator
42. The sputter chanber 30 al so includes a universa
magnetron notion (UMM actuator 46 | ocated in the back
of the target 38 and including an inner rotary shaft
48 and a tubular outer rotary shaft 50, which are
coaxi al and are arranged about and extend al ong the
central axis 34 and can rotate about it. A first notor
52 is coupled to the inner rotary shaft 48 by a drive
gear 34 or other nmechani cal nmeans such as a belt
wr apped around two pulleys to rotate it. A second
nmotor 56 is simlarly coupled to the outer rotary
shaft 50 through another drive gear 58 or mechanica
means to rotate it independddtly of the rotation of
the inner rotary shaft 48. The rotary shafts 48, 50
and their notors 52, 56 are supported on a vertically
novabl e slider 60. Athird notor 62 drives a vertica
mechani sm 64 such as a worm screw nmechani smvertically
nDV|ng the sllder 60 and |ts supported rotary shafts

~ ~ N . 1. £ . ™ N -




10

15

20

of the target 38. The sputtered netal deposits on and
coats the surface of the wafer 100. Preferably for
W@ pubgsistdepositing i nto deep and narrow hol esPCHOSHPBS8/013766
power supply 114 is connected to the pedestal
el ectrode 102 through a capacitive coupling circuit
116, which acts as a high-pass filter, to create a
negative DC self bias on the wafer 110 with respect to
CLAhﬁg pl asma. The self bias is effective at accel erating
posSitive netal ions or possibly argon ions toward the
waf er 100 in perpendicular trajectories that nore
easily enter high-aspect holes. The self bias al so
i MhaAtmethodpfiranriag gynagnetrarin bask of ariargpt ineyplpana sputter
ontroll.ed to differentiate sputter deposition on the
Chm\%ﬁ’f’@?“‘fﬁﬁmgﬁ%ﬁ sgﬁqftcf%r‘er etching of the wafer 100. A

COffpUiRE pbR&ad tﬁ‘@fﬁ%e@ kd efcitt h1aan withis thé Shanatsds and ppurer from
90, t'he argon mass tlow controller 96, the power

the tasggdpl i es 110, 114 and the nmagnetron actuator notors
52, 56 2 according to the desir sputterin
o ivatins fe Hirebeh AoRih P el el Shphs i selapaed path
havirlgta@idPihPaiBaaAehSorPRE with fdfdtt aStha cehirMxigaser t ed
into it or equival ent communi cation |ines. A menory
126l adatvg aatezokion piofildiprodueadrin the sputtegingdrams eperationa) parameters
xecuh{on of. the control algorithnms to be described

used dupipg thegdniing 38des t o be described later, a wattmeter
122 nfRtheAhY PdrbdTBERN sdréfte HWiRn S LA RSB BEISRRADrbAR iRicates a
power supply 110 and the target 38 to allowthe
predatemtined limit of €®sian ofghé tapgett he power and vol t age bei ng
applied to the target 38. Typically, the DC power
supply 110 operates in a constant-power node so that
the pR rétﬂoﬁ\b?!c}a'f%yl, BeRieaRlopeRitioh Phitinl &b ncteiesthd bwer
and may be availablé to the controlfer 118 as a
applied @ thaltargetrindehe sdlepted patidowever, a constant - current
supply may al so be used. Chang et al. describe a nore
conpl ex and qui cker control circuit for the rotary
o aETeftigh of Rjair) %, Whcinei i aion JRREE Ldhude radil positions
but neeidmathabpoditiensefitioy elléctedsgdin act uat or 46 and att ached
magnetron 72 is incorporated into a nagnetron actuator
illustrated in the orthographic viewof FIG 3 in what
is,r r t |V i :
o B0 ol o Pl RS T RO LM o yerical
positfonaitaiee hagnettoii atdhg the senipd akie hasml wod theedlaedated eeosiapprofile.
wal | of the cooling reservoir. A derrick 134 supported
on the flange 132 outside of the reservoir supports

th r f ' , e a

vt TR ey ol ant HEcFiS L B MR sl LBy “Eiibmtion siep of
rotatinB@ rh&n@tryn ahafiked “@iusFrbnarie dehealsdxad for gl vensenbily fefiod and

coupl ed to thenthrough ribbed belts 136, 138. The
measyring p refrenss cropignrats profiesad Whnreindhe crlewating stegmncludes

jal seal. into t ' ‘e [ Ny [

caleufir an3ian PREro e B BhisP s EREL KR bR Sacdofie to o
geonfeBidal S NRInghip bkhveen the fiked &id @herahdiihe gearbox 140 is

seal ed against the cooling fluid and is at anbi ent

at nosphere. A sun gear is fixed to the | ower end of

the | t ft 48] ' . .
Aot e e C e S

updatif Ex‘l’éi‘%)’ibﬁlg ArranbddRasrdaipto dadiDbf thv@iagheddn frofahebéntral axis
coupl ed through an idler gear. The shaft of the

foll onwer passes through a rotary seal to support a
magnet arm 144. The magnetrdd- 72 is supported at one
end of the magnet arm 144 and a counterwei ght 146 is
supported at the other end. Further details of the UMM
mechani sm are described by Mller. If the inner rotary
shaft 48 is rotated so that the sun gear is

stationary, rotation of the outer rotary shaft 50

o " A ~ i . .
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rate profiles for other magnetron radii Rlmay be
cal cul ated according to the equation This equation
WO efobeg1s7 t he geonetric relationship between tPEI/E5268/013766
of the magnetron and the length of the circle over
which it is scanning at sone radius fromthe center.
~Although a value N=I is expected froma sinple
during $hfs$cgBAL] on of the geometry, a non-Iinear
rel ationship is often observed and a val ue of
TVbetween 0.9 and 1.1 is typically used. The erosion
prof ThemBthol of 3R e whbeimpthe dipdhtet inyludestinicrangntingult snergy
of the tinme | engths Tland target power Plthe magnetron .
bins kye produet ofitanzel ravreraad aitinge themagagan Map dispesedarespective radii
fihd fLect the fact that the magnetron will be traversing
oL thg W8Ssame target radius nultiple tinmes during its tota
scan perhaps at different power |evels. The azi nut ha
positions do not appear in Egn. (2). It is assuned
t &t Aawashod ef stanving ¢ nhagngtren irebgs&rof adargehia arlpgaq spudter
amﬁein er.oded wi.ith circular symetry despite the
chambgr, cAmppsIng ISt Hent s of a conpl ex path such as that
of applyihg fowdi e fafsdt & &4 aqf12%hOWitRAlthe tRdmb&R@d sputter
production runs is obtain by forcing the repeated
matesaldfinen tlee targgt ontata substddenin thewbamber hat t he desi red

Sean Eelh 3 b oot s sl e i REDYSE ot
havix{rﬁar%?igl A1 Al %&Hoﬂfeﬁ}s;\i}hﬁhhﬂarséwﬁ t@fheRkefralbiid; r ace 162

the erosion profi en the magnetron is
S caaiéatingtanzerosich pfiROproda &y the spatteringgtom operapendl pgrameters
wi t.h first target power, trace 164 plots the erosion
used gping the SGAINS BB ragnet ron is scanned at a radius RO =

8 miéﬂgn@oﬁﬁé%%%%ﬁgﬁﬁ?ﬁfa@@ 1 thd céht e 501 @)a&@rlﬁvﬁh the calculated

power , ce 1l ots the erosion profile en
profitdhe magnetron is scanned at a radius RO = 60mm for a

third tinme period with a third target power. Trace 168

is a sumof the other three traces 162, 164, 166 and

Pl ot $pd Fl%tﬂoﬁto?lcla%%s '\x@)?ré?ﬁ F}Ie' thferde@bn & Verlidi8AE ¢ Shly between

I n"'practice, however, for [arge portions of "a conpl ex
scanififi@Bteps foe difeentsones of kwed swgeter on is fairly rapidly

changing. Further, rather than perform ng a running

cal culation of this nature when only infrequent action

is ' i€ j i KRER f dur

o ki Eh Efhod 3T B 6 LLBRR BEEherbhRe (aRA AR AR during the
scanigigg sept abl i shed in the menory 120 accessed by the

controller 118. The data can be arranged in bins, for

exanpl e, bins arranged every 10mmfrom O to 295mm but

a | er [ r heal | :
pal ol hEted 88 BY clbfig € Bl 10, KR coRbARE Mpoving he
targeD BofseA3 8 When (he calcasitalerb€ibe petla intkiedest :0lifé of erosion of the
tabul ated for these sane bins and have the sane
targeghasrhegh gkeqegled- At fi xed and rel atively short intervals,
for exanple, every 100nms, the current target power is
added to the previous value in the bin corresponding
t 014 hehEmeihebtof badbfidaidls 8 HeowWEor hirther cdm@ribing® calibration step
period is constant and needs to be considered only in .
of rotatiog @anagmetion ae fixed wdinggiam thecshtrplaxingor By onesgydrsriod and

an operation is.illustrated in, the [

meadio 7% 21 onEF eroihapld P TR Vb B e B AT Rftudes

calclftite £ er6%8t fite pRIfil @ for Ve @Adii then eedhitddtradiuy ptSording e
illustrated flow diagramis used only for an
under standi ng of the operation.An initial state 170
i ndi cates that a new fresh tl@rget has been installed
in the sputter chanber having no erosion. It is
assuned that the target is one of a class for which
the erosion rate has been neasured for at |east one
radius and the erosion rate profiles are available for
all radial positions of the magnetron corresponding to

' o - 1 L, o . A =~ a1
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profile over a significantly scanned portion of the
target. Another choice is a conpensation |evel 196
W@ 200810887 t he mi ni mum anount of erosion over tPEI/US2008/013766
significantly scanned portion of the target. The
| atter choice is driven the phenonenon that if the
magnetron is placed tog far away fromthe current
geomgiieat @ithgshlﬁé’ét"tﬁentt%ﬁ%@r@&Oth?rﬁédlhagnet ic field
strength may be too low to maintain the plasma and the
pl asma col | apses. Either sputtering effectively ceases
or13. iThethethpd as ey Sivdaibarsehisigh 10gvpaiciietheeulenlatinginadudes
eroded portion, the reignition nay cause a_spark or
updammga@wr%hbleﬁ amanged @ceording4p gddivefithe miagnetign Fomthg centrad axis
duri hlg |cnte1 rated circuit on which it falls to fail. Wen
uring (1 Scay gng step 174 resunes, the magnetron is at its
new conpensated vertical position and continues there
in static conpensation for at |east one and probably
rraHy Thefraethog of elsinafl 3 hwhérgiarthe up%@ﬁnnﬁgdesmgteﬁ)@mmg the energy

vins 85 ok R EB b A PE L RO 3grspecive i
of th€pimpensate for the cal culated erosion profile hi

particular, it is possible to nove the magnetron
vertically while the magnetron is being scanned

oA A S SR B e iR e
cham'béf g6mPALihg tiRd digW dehe erosion profile to conpensat e

for erosion and provide a nearly constant spacing
bedppiyémg pdveerrta ginetargeh taentite eplaspa wighinrihe shanfigs @nd sputter from
underlying the magnetron at all tinmes during the scan.
thetafgely 5, referring to FIG 1, the controller 118 may
be foyahd sgulteRBg &ohHasPhtional
rmde\c()%émélgg%%%Sg%nqghﬁﬁnlgagﬁgggganm%g Afr;] enb %%Il ment
paraméter’d used tarihgthe sp@dttringi ng t hi s aspect of the invention
is illustrated in the flow diagr of  FlI
i iCRTRRg %mweﬁﬁaégmafat G b shiraierelbngsiforeg patn
[ se
R P L e
t h@neuoait avithpthe ktdnmirigsstem iveitamhily exbyvirfgathe enagnytir@) parallel to central
. zeroed in an erosion initialization step 20. Entering
axi1s.t he wafer cycle, in a wafer transfer step 204, a
processed wafer, if any is present in the sputter
chanber, is renoved fromthe sputter chanber and a
f r 66 MTivearhethod of tlaand6 efurther ¢(mlptrisii1tg calduilstirgd @perosion profile from
inmplicit in the nethod of th 7. E a scan step 206,
the operationsil prr@msteahinstudingePHKg AePHerhtortBr targRt dygfe dHferpnttyne
e scan includes both the horizontal scan
penog%?f%renqg% c?é;\t ed for the sel ected process being
performed and a vertical novenent in accordance with
the current cal cul ated erosion profile. The tine
pel?. ckheanethod of plgim 26nvherechf nFgnATesy isipeyed @gpprdingdo a
206 are tefr cipe hi the first
com%faélon@r%{iele de njﬁﬁ% %@Qﬁﬁﬁ?ﬁ@@gg isS no erosion in
t he vvafer so no vertlcal notion is required for the

magnet r on. I s appreciated that the vertical notion
duls. nBletlnéthQéQﬁCl@t@ﬂ52@'6thﬁ’é%‘ﬂnl?fb9tmgi| rectly follow the

AR RC) AL RGO ORRAL: Lipung Ry el
di {¥BBSIAsStothe hidaitoRANBItagNvertibalyaaoving eEmay@t@gitd geturn the
of the erosion profile may be perforned to determ ne a

vertical scan profile used in the scan step 206. After
conpl etion of the scan stepl?06 and probably

simul taneous with the wafer transfer step 204, in the
update step 178 the energy bins are updated for the
entire scan pattern and in calculation step 184 the
erosion profile is calculated based on the updated. If
the I|mt test 186 determ nes that t he erosi on I|mt

L, S . o r
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predetermned |imt of erosion of the target. 2. The
met hod of claim 1, wherein the operation paraneters
WO p@bsiast he power applied to the target and tP€T/US2008/013766

sel ected path. 3. The nmethod of claim2, wherein the

operation paraneters include radial positions but not

azi mut hal positions of the selected path. 4. The
voltaggstorpodpsised ¥NA8Sf claims 1 through 3, further

conprising adjusting a vertical position of the

magnetron al ong the central axis based upon the

caloc A ahettrigpegiten, ompfridieg: 5. The nmethod of any of

clains 1 through 3, further conprisin Iibﬂation

stasypcormchemberTansad aiand gisentral axys %@goﬁatfagg‘% Vidh £ tesget powered
b ttw%central axis for a given energy period and
ya‘ﬁbagﬁP?ﬁa’a reference erosion rate profile, and

wherftiatdrigechahicnl fot o irttap magaéttdedotaihe weatralrigisand

erosion rate profile for other radii than the fixed
additionalily/in apath intlyding trdial gaé paimuthal comppagnty Wathirpsnset ndhecentral

. the fixed and other radii. 6. The nethod of any of

m“&E?iins 1 through 3, wherein the cal cul ating includes

URL@nkrate CaMRE@NinR thS pawEABest MACKE Sitigot Metiahism afid

t he magnetron fron1tﬁe central axisduring the .
determiring fnog operativme] pasamegrodurgigspritgingpidhe faigetie determine an

.updat.i ng. i ncl ydes. i ncrenenting the energy bins by a
eros‘?ffwglb:et g%tk‘e F%‘ﬁ %4 BERfr and a tine the magnetron was

di sposed at respective radii of the bins. 8. A nethod

of scanning a magnetron in back of a target in a ] )

pl 205 rfEhesyystemer! aidiantss wheranphe eointrgllemhiaclygepymempry having multiple

.appl.yi ng,.power to the target .to excite | asma, Wi t hin
entrigs iad SERABEE %Ow#eee?mw%ﬁ of pRorEy papliede B Whst it
magn%gﬁh' B3 dRbEsddht tipe GRRITRGH FroRCRBREREM bR FRGERINAME to respective

about a central axis of the chanber along a sel ected
entriggaiftthévaemogy.r adi al and azi nut hal conponents wth

respect to the central axis; calculating an erosion

profile produced by the sputtering from operationa

paranmeters used during the scanning; and vertically

novi ng the magnetron parallel to the central axis

based upon the cal cul ated profile. 9. The nethod of

claim8, wherein the magnetron is vertically noved

only between scanning steps for different ones of said

substrate. 10. The nethod of claim8, wherein the

magnetron is vertically noved during the scanning

step. 11. The nethod of any of clains 8 through 10,

further conprising renoving the target from service

when the cal cul ated erosion profile indicates a limt

of erosion of the target has been exceeded. 12. The

nmet hod of any of clains 8 through 10, further

conprising a calibration step of rotating a magnetron

at a fixed radius fromthe central axis for a given

energy period and neasuring a reference erosion rate

profile, and wherein the calculating step includes

calculating an erosion rate profile for other radi

than the fixed radius according to ageonetrica

rel ati onship between the fixed and other radii. 13.

The met hod of any of clains 8 through 10, wherein the

cal cul ating includes updating energy bins arranged

according to radii of the magnetron fromthe centra

axis during the scanning. 14. The nethod of claim 13,

wherein the updating includes increnenting the energy

bins by a product of target power and a tine the

magnetron was di sposed at régpective radii of the

bins. 15. A nethod of scanning a magnetron in back of

a target in a plasma sputter chanber, conprising the

steps of: applying power to the target to excite a

plasma Wi thin the chanber and sputter fromthe target;

determ ning an erosion profile produced by the
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