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anti body pol ypeptide or an anti body pol ypepti de fragnent) on the surface of
a yeast cell. Exenplary yeast that can be used in conjunction with various
nmet hods and conpositions disclosed herein include those of the genus
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cell. Exemplary yeast that can be used in conjunction with various methods and compositions

disclosed herein include those of the genus Yarrowia, e.g., Yarrowia lipolytica.

BACKGROUND
[0002] High affinity reagents, ¢.g., antibodies or fragments thereof, are useful tools both
for clinical and research applications. A number of ir vitro and in vivo platforms have been used
for the isolation and characterization of antibodies, including ribosome display, phage display,
and periplasmic expression in E. coli. Another platform that has been used is yeast cell surface
display (YSD).
[0003] Compositions and methods for displaying antibodies and fragments thereof on the

cell surface of a Yarrowia strain would be advantageous.

SUMMARY
[0004] Provided herein are methods and compositions for use in displaying a polypeptide
(e.g., an antibody polypeptide or an antibody polypeptide fragment) on the surface of a yeast
cell. Exemplary yeast that can be used in conjunction with various methods and compositions
disclosed herein include those of the genus Yarrowia, e.g., Yarrowia lipolytica.
[0005] In certain embodiments, compositions provided herein comprise an expression
cassette comprising a promoter operably linked to a fusion sequence, which fusion sequence
comprises a first nucleic acid sequence comprising a nucleotide sequence encoding an anchor
polypeptide fused in frame to a second nucleic acid sequence comprising a nucleotide sequence
encoding an antibody polypeptide or antibody polypeptide fragment. In certain embodiments,
compositions provided herein comprise an expression cassette comprising a promoter operably
linked to a first nucleic acid sequence, which first nucleic acid sequence comprises an anchor
nucleotide sequence encoding an anchor polypeptide, wherein the first nucleic acid sequence can

be expressed as a first fusion partner in a fusion polypeptide comprising a second fusion partner



SUMVARY [ 0004] Provi ded herein are nethods and conpositions for use in
di spl aying a pol ypeptide (e.g., an antibody pol ypeptide or an anti body
pol ypept iwo 2hriagoeent ) on the surface of a yeast cell. EpempBzMyogezist t hat
can be used in conjunction with various nethods and conpositions di scl osed
herein include those of the genus Yarrow a, e.g., Yarrow a |ipolytica.
[ 0005] I n certain enbodi nents, conpositions provided herein conprise an

expressi.on cassette conprising.a pronoter erahly linked to a fusion
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promoter, ¢.g. an ph4d promoter.
[0008] In certain embodiments, an expression cassette comprises a leader nucleic acid
sequence comprising a nucleotide sequence encoding a leader polypeptide, wherein the leader
nucleic acid sequence is fused in frame, 5’ to the first and second nucleic acid sequences.
Exemplary leader nucleic acid sequences include, without limitation, LIP2 pre, LIP2 prepro,
XPR2 pre, and XPR2 prepro.
[0009] In certain embodiments, an expression cassette comprises a linker nucleic acid
sequence comprising a nucleotide sequence encoding a linker polypeptide. For example, the
linker nucleic acid sequence can be fused in frame between the first and second nucleic acid
sequences. In certain embodiments, the antibody polypeptide comprises an scFv antibody
polypeptide, and the linker nucleic acid sequence is fused in frame between a heavy chain
nucleic acid sequence encoding variable region and a light chain nucleic acid sequence encoding

a variable region of the scFv polypeptide. Non-limiting examples of linker polypeptides include

(Gly4Ser); or (GlySer)s.



[0007] I n certain enbodi nents, an expression cassette conprises a
constitutive pronoter. In certain enbodi nents, an expression cassette
conpri seswanoivderbl e pronoter, e.g., a PDX2 or LIP2 prormaBani/odm2certain
enbodi ments, an expression cassette conprises a sem -induci bl e pronoter,
e.g. an ph4d pronoter. [0008]In certain enbodi nents, an expression cassette
conpri ses a | eader nucleic aci d sequence conprising a nucleotide sequence
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comprises a zeta element. Exemplary zeta elements include, without limitation, long terminal
repeats of a retrotransposon such as, ¢.g., a Ylt1 or Tyl6 retrotransposon. In certain
embodiments, a vector comprises one or more autosomal replication elements, e.g., autosomal
replication elements comprising a centromere (CEN) and an origin of replication (ORI).
Exemplary centromeres include, without limitation, CEN1 and CEN3. Exemplary origins of
replication include, without limitation, ORI1068 or ORI3018. In certain embodiments, a vector
comprises an autonomously replicating sequence (ARS),which comprises a centromere and an
origin of replication. Exemplary ARSs include, without limitation, ARS18 and ARS68. In
certain embodiments, a vector comprises one or more nucleic acid sequences comprising a
nucleotide sequence encoding one or more selectable markers. Non-limiting examples of
selectable markers include LEU2, URA3d1, ADE2, Lys, Arg, Gut, Trp, G3p, and hph.
[0014] In certain embodiments, methods provided herein comprise methods for
displaying an antibody polypeptide or antibody polypeptide fragment on the surface of a
Yarrowia cell. For example, an antibody polypeptide or antibody polypeptide fragment may be
displayed on the surface of a Yarrowia cell by introducing into a first Yarrowia cell a first vector
comprising a promoter operably liked to a fusion sequence comprising a first nucleic acid
sequence comprising a nucleotide sequence encoding an antibody polypeptide or antibody

polypeptide fragment fused in frame to a second nucleic acid sequence comprising a nucleotide

sequence encoding an anchor polypeptide, and incubating the first Yarrowia cell for a time and
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condition comprises high aeration conditions, ¢.g., incubation in a shake flask. In certain
embodiments, a Yarrowia cell operating condition comprises incubation in minimal medium,
¢.g., a medium that lacks yeast extract, bactopeptone, or both.

[0017] In certain embodiments, the first vector is integrated into the Yarrowia genome.
In certain embodiments, the Yarrowia cell expresses a chaperone, e.g., a protein disulfide
isomerase, and/or Kar2/Bip.

[0018] In certain embodiments, compositions provided herein comprise an antibody

polypeptide or antibody polypeptide fragment obtained by any of the methods described above.



[0015] I n certain enbodi nents, the first nucleic acid sequence is fused 5
to the second nucl eic acid sequence, such that a fusion pol ypeptide
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suitable methods and materials known in the art can also be used. The materials, methods, and
examples are illustrative only and not intended to be limiting. All publications, patent
applications, patents, sequences, database entries, and other references mentioned herein are

incorporated by reference in their entirety. In case of conflict, the present specification,

including definitions, will control.



[0019] I n certain enbodi nents, kits are provided herein. In certain
enbodi nents, kits provided herein conprise an expression cassette such as
any of thwoexmrms®iron cassettes descri bed above. |n cerrarnBmrbo@2Eent s,
kits provided herein conprise a vector such as any of the vectors described
above. In certain enbodinents, kits provided herein conprise a Yarrow a
cell. In certain enbodinents, kits provided herein conprise witten
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the shown restriction sites. Light chain variable domains can be cloned separately into the
resulting plasmids, creating display plasmids of the full length Fab light chain fragment (VL-
Ck1) containing light chain variable regions (VL) and light chain constant regions. Figure 1C
shows scFv antibody fragments that were cloned into Yarrowia expression plasmid using the
shown restriction sites. A total of four synthetic constructs were made that allow anchorage in
the different fusion modes and using the different anchorage molecules. Figure 1D shows Fab
CHI antibody fragments (Fab fragments that contain heavy chain constant region CH1 domains)
that were cloned into Yarrowia expression plasmid using the shown restriction sites. A total of
four synthetic constructs were made that allow anchorage in the different fusion modes and using
the different anchorage molecules. Heavy chain variable domains can be cloned separately into
the resulting plasmids, creating display plasmids of the full length Fab heavy chain composed of
the VH and the heavy chain constant region CH1 domain (VH-CH1). Figure 1E shows co-
transformation strategies and schematic representations of the various polypeptides that are
expressed from each of the scFv and Fab fragments with their appropriate anchor polypeptides as
they would be expressed on the surface of Yarrowia lipolytica cells.

[0023] Figure 2 is a series of one-dimensional fluorescence flow cytometry (FFC)
histograms depicting c-Myc-tagged scFv expression in Yarrowia lipolytica cells induced for 20
hours at 20°C in minimal supplemented medium (MM) and rich medium (RM) both for
FALCON and shake flask (SF) cultures (86%). Cells were also grown in MM at 28°C in shake
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[0031]Figure 10 is a series of |line graphs depicting dose response curves
for displayed Herceptin scFv. Three independent titrations are shown.
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a series of one-dinensional stograns depicting surface expression of
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and C-Yaefomii&bolhidsd. OThet replAg@iRp vEébish aggoasmucted to contain a scFv-AGA2 expression
cassette driven by a pPOX2 promoter and ARS18 for replicative propagation.
[0034] Figure 13 is a pair of histograms depicting cell surface expression of scFv-AGA2
in Yarrowia lipolytica cells transformed with a zeta-based integrative plasmid (Figure 13A) or a
replicative plasmid (Figure 13B). The data for the replicative plasmids represents an average of
ten clones. Cells transformed with the replicative vector were grown under non-selective and
selective conditions. The X axis (labeled “FL2-H”) shows c-myc fluorescence signal that was
recorded in channel 2 using a phycoerythrin conjugated secondary antibody. The Y axis (labeled
“counts”) shows the number of cells.
[0035] Figure 14 is a series of one-dimensional FFC histograms depicting surface
expression of the single c-Myc-tagged full length trastuzumab (herceptin) IgG. A total of two
display plasmids was created allowing display of a IgG heavy chain as N-terminal fusion to S.

cerevisiae Aga2p (histograms in row labeled “A2”) and C-terminal fusion to Aga2p (histograms
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descri bed herein. [0039]"Anti body pol tp de" as t termis used herein

r ef er yalugs wepodopgraprddde be Rat aridsl .8 nM for clone 13 and 38 respectlvely This represents a
1.8 and 2.4 fold improvement, respectively, compared to wild type Kd (4.0 nM), which lies in

the same range as for the M3 mutant.

DESCRIPTION OF CERTAIN EMBODIMENTS
[0037] Provided herein are methods and compositions for use in displaying a polypeptide
(e.g., an antibody polypeptide or an antibody polypeptide fragment) on the surface of a yeast
cell. Exemplary yeast that can be used in conjunction with various methods and compositions

disclosed herein include those of the genus Yarrowia, e.g., Yarrowia lipolytica (Y1).

Antibody Polypeptides and Antibody Polypeptide Fragments

[0038] Any of a variety of antibody polypeptides or fragments thereof can be expressed
on the surface of a yeast cell in accordance with methods and compositions described herein.
[0039] “Antibody polypeptide” as the term is used herein refers to a polypeptide that is,
or is derived from, an immunoglobulin heavy chain and/or an immunoglobulin light chain
polypeptide. As is known in the art, a wild-type IgG antibody generally includes two identical
heavy chain polypeptides and two identical light chain polypeptides. A given antibody
comprises one of five types of heavy chains, called alpha, delta, epsilon, gamma and mu, the

categorization of which is based on the amino acid sequence of the heavy chain constant region.
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al so be aware of suitable techniques for generating humani zed anti body
pol ypeptides. See e.g., US Patent Nunbers 7,442,772, 7,431,927, 6,872,392,
and 5 585 089 each of which is incorporated herein by reference inits
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pol ypepti de that has been engineered to conprise at |east one human
constant region. The heavy and or |ight chain(s) can have human const ant
regi ons. Vgbi2nawvases2ant i bodi es are typically | ess i mmunogeniraBiol/bwarns,
relative to non-chimeric antibodies, and thus offer certain benefits in

t herapeutic applications. Those of ordinary skill in the art will be aware
of chineric antibodies, and will also be aware of suitable techniques for
generating chiperic tlbod | ypept.i de See e US Patent  Nunbers

7° B2 oy pabpenar egspss sbgudC it Rindiraqnt bk ey G anteen

i ncor Mcﬁﬁ§ﬂ1ﬂ%ﬂ§b81y9¥ptf&ffﬁargﬁ{éﬁ% 4 Red & 5., Y P&l NurkREIBIA NS SRt BD 42,
embodi nent’s, an expressed anti body pol ypeptide or antlbody polypeptld

f r agmend 71390 88ALrmah oawhloboslylmmqum@bherdta byrreferageenits citmetger t ai n

non- nUMEHT it  body MBOT gBEs PO B PRRgher t fepdor R o HBER or v at
ant i bagdibas/ tidethat hdsrrementinddi&s ®ompkile 6&F drathHrediRRE VABABIS regddh

expressed anti body pol ypeptide or fragnent thereof is chinmeric in that it
cont au(hghtwud«i@ﬁ herapfaian Gpsewprigieeioah i1 its vatebleangion éegedies withrpoadpunann

enbOdl(ggmn?dus N,&5 0 a%?s%e%?al néle&%gt%rlgplié{gr%ﬁﬁm%ﬂ?gqgwm %% thel’}l% \%9 Lnd/ o

humanizéd 1n hat con one o
2011/ @@as&mdlgzmﬁaad ﬁﬁQﬁﬁ.’ﬂaaneaﬁ?W/& ligh@ cleaifs combtdn ecgi@isi abkatdiegi on
t oget her wi th non-hunman nouse, rat, or_ hanster)

conpl SHbREERGHLS, aé@fr@fl%‘:% PW&@@QP%@S?SGBWC%?t fee ﬁl@tafw hymangeent gt the hai n.
0044 i on

Lhe it T igiod HEFRARTRNpSiooRe At s RORABRLICR Mo, ELRLERPRA-

ant i bdwynanizad estrliodias, @nittbol efifertesrtaia bbna‘gsrﬁnﬁlembelaldmhyatmhal Mhosd gfpept i de,

at portion of t heavy haln tide that uld be n |ned
in'a rﬂa@nwa%gﬁﬁﬂttﬂi it &ﬂl?gfe/ of gyt i ﬁ)@ﬁ@ﬁt andgyill glsg W%aﬁ%\a Ble;
expr est@c%?hq%@s I %e%ﬁtﬁr?gclﬁnﬂefm&dﬁﬁﬁ%d peﬁhﬂesc bRl ©TPadhiRiMBers an
anti body pol ypeptide to be expresse the surface of a yeast cell

conpr i7s%Q,A12| 7,48 1,p31.16,%1, 3§2hm§45&ﬂ1@$% e@@rmftvstnt:h magéaperagddgiercimby Fc regi on,
a hin & ion 1% In certain enbodi nents, an anti body pol ypeptide to be
expre ggﬁm'%nkﬁ% ¥ ace of a yeast cell |acks a heavy chai n constant

regi ongod2n cer t &OniREROMitivBaY SolypébtiABT hdMdYerBOlk YipQPidréla réfershe agXpfigsised on
the surface of a yeast cell Iaczs a portion of the heavy chain constant

r egi oolyweptide thaf g bﬁ@mwee{e@oﬂspmﬁnwtﬂ%sw@rmnr@m@m ra&loanThedE@yy

pol yp

oot AL BR L ERSIA LSRTERE lopXSATlaSsaamILIgs o

of a limghinogdmat to u@hangeetaticte to ®orgchimaric Emltfordaagnanitthumffa cetthivi Heﬁeﬁgmt is
expressed on the surface of a yeast cell. In certain empodi ments,

ant i boRRyaRsyfiy gRRlGatens: o hwec ekerrEesetkibm the @rtaviflibg eavasy Ofaphy@aré% ar&@aorhes
conpr iy &%wﬁ‘a sb%gtawﬁ%ﬁugﬁmé tRRhi gﬁ@sgﬂopgeneheﬂm &h rﬁ‘éﬂ’b B8 yg&g{a tid d@?“. § ° ks a

anti bo y pol ypeptide to be express Face 0
| i ght echdi® Pamnsmmbemégi%ﬂn[némﬁ?lh 6c8€|2t3§i2nameirﬂt)f»8ﬁ (Bﬁé)nb&h cfrwhactt isbody

pol ypegéolrgoei\raf Ei%gremnby re?erend% n ¥trsj 5 tlre ye that

[0043] In certain embodiments, an expressed antibody polypeptide or antibody

polypeptide fragment is a human antibody polypeptide or fragment. In certain embodiments, an
expressed antibody polypeptide or fragment thereof is a non-human antibody polypeptide or
fragment thereof, e.g., a mouse or rat antibody polypeptide or fragment thereof. In certain
embodiments, an expressed antibody polypeptide or fragment therecof is chimeric in that it
contains human heavy and/or light chain constant regions. In certain embodiments, an expressed

antibody polypeptide or fragment thereof is humanized in that it contains one or more human
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conprises an amno acid chain that is part of a Fab fragnment, a F(ab')2
fragnment, an Fv fragnent, a diabody, a linear antibody, a nultispecific
ant i body wopagnmensps2g3uch as a bispecific, a trispecific, ecTtaBmi/pigpecific
anti body (e.g., a diabody, a triabody, a tetrabody), a mnibody, a

chel ating reconbi nant anti body, a tribody or bibody, an intrabody, a
nanobody, a small nodul ar i nmunophar naceutical (SM P), a bindi ng-domai n

i mmunqgl obul i n fusi.on protein, .a canelid. antibody, or a VHH containin

ant | bOBOORk ERgiani e3P rtaian t%ﬁnﬁlﬁhWthélﬂg}R‘ﬂB{a%%ﬁt Mg F T o
scFv fobagBitntarlPAéilhh il bR0 Y (EPROM MBSy RREBr Agiie@Yy. Chai n anti body
pol ypeptide or anti body pol ypeptide fragnent” and a %lght chai n anti body
pol ypdp@dde or dncrétradgmpodiyept adentfodgmelypeptrde tekp cemsssdd on thehamrios dlace
of a yeast cell. For exanple. a .conplete he chai n_anti bod ol ypepti de
and & "OGAYICER SomPER AIRA ot PUSRSPISEe] BLRRIHRdY il CHRILBPRtiuBES Ay of
t he Waadthbh{ SBORAPEHAiA BEQHdFtRRO22 7 thae psitiof ©F acl HRed Rfiepdlyp&tide tha¥ar r ow a
Iipolytica%é As anot her exanple, that portion of a heavy czain ant i body
pol ypeptildiec eqmgingdsin afedb feregandng (g FYB-€HA Yy AV, fragment of pagiefiegmett. i§ scFv
fragmep e ' S I | h ordti .a | i ght
chai e Ba 8] T PEESBEGe PG R R trbehst MR PRLY BlloShyft

f r agmerpreset oa tBEsitfadce agapedst cABcommpriseball onpier st Diadhvyhdihosestad ratich, nar y
skill in the art, when a heav% chai n anti body golypeptide and a Iight chain
ant i bGelr HdISEI9N; ABINES FeLiRt: Fisody CHéHy pabedigientsy ayrrihody pakypadids ta pe

eXPr eSR6Ls @A dhfife SHTLBEPa OlasPodlPRSLs £y oA Bofid Rathn, PRI vt | des or
fragments can associate with one another”to reconstitute a functional

ant i gembodmekintg anahteendlyepolyjpepdd] torbecapteaied oarnthoslirfrenbfa yeashedvinclshai n
antibod%. olyﬁeﬁtide ar antibo%¥]£ok¥peq;ide.fragnent is expressed on the
sur f ad@rtisn of thy Ry Rhyin GPRP YR O &1 B ACEOPst nating type, a Iight chain
ant i bqgysspol ypenh 'cgt%if?Em%ﬁ@lihﬁﬁ%}’a@%tiﬂ%@?%b%eﬁt{(ﬁgﬁeTexﬁr%ss%& Bh @RS&eredot he
surface of a second haploid yeast cell of a second mating type, and the
first agedstseld comiphsgsladight gleas polypéritsic af en aetitedyt dn pertrauembedidicpisod d yeast
cell. Conversel a l.ight chajn antihbo ol ypeptide.or fragnent thereof is
expr o TR B leny Spn BlvafRlel s Boeh B3 gy BERRUE fimert JOFRRGs R g
type, tig ﬁﬁﬂﬂéé’oﬁ@?&d@t &dMt. iTh@ehain @hibBeRidnee aR hntifodg MBRipeptiRI 8 Bk ckregRlASSEd
on the surface of a second hapl oid yeast cell of a second mating type, and
t he fithasturfge oberenstctlgomairisesebght |congtprd ragioedIn eeriginoriokadimerds pinoi d

I e S S T N e L

ant i beeyiopol ypeptide (or antibody pol ypeptide fragnents thereof). Yeast
natin% Réﬁes are known in the art. For exanple, in haploid forn¥ S.

cerevil®948d exi stl8 citipip AELBEIMeREs. pmintigdy pplyeertidefrensat memelynepidothal . MATA
matin Qb GoilicRRhYhd: Sepdred NOkASS! Rekrhht L MM B R i Ng
t ype. %ﬁa gels NAT%\Q) gcnlg ‘VATB yei%t é():e ]I:és%afg%g%%rlrlﬁte %ﬁﬁﬁ 0 e&a’note%er %@brm a
di pl oiadlistedst a bedak antithodgea ofultopeiinanytitoly [ftaginent dueh as & bsptdifihe taspaceiof

Y S b O RGBSR E B tha T ot rHORd Ror e pEuEe TP bt sElnig an
ant i beglsnRhaR ERUFAS, PiriREY bPEBYIPANREHIYE: AdRIFBN G sERN dIulgner ated by

) Qi
transformng the hapl oi d yeast Qéfl W th a vector or expression cassette
(see smotunophasmecauticel (SEUB),edunding-Camgietimesunegpbybe fusiat prowomprorgichd a

nucl ei ¢..acj d seguence that encod t he. ant.i hod al tide,or antibody
ol ypeiPEh" pFESHERS Rl Bo Ry oy Eimatited ity 2 R TR Budieal o e
ant i baghgnat ¥pepFV deg@ent ragment thereof can be generated by transformng a

di pl oid yeast cell with a vector conprising WO ) )
2011/ d@(y§ﬁ7 PCT/ IB2eriain gmbodiments, both a heavy chain antibody polypeptide or antibody

polypeptide fragment and a light chain antibody polypeptide or antibody polypeptide fragment
are expressed on the surface of a yeast cell. For example, a complete heavy chain antibody

polypeptide and a complete light chain antibody polypeptide may be expressed in any of the
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a nucleic acid sequence that encodes the anti body pol ypeptide or fragnent
thereof, and sporulating the transfornmed diploid yeast cell to produce a
hapl oi d ywe=0110mb327 [ 0050] I n certain enbodi ments, both &Chmanyi/oeivazm

anti body pol ypeptide or antibody pol ypeptide fragnent and a |ight chain
anti body pol ypeptide or antibody pol ypeptide fragnent are expressed on the
surface of a yeast cell by transform ng the haploid yeast cell wth two
vectors or, expressi on cassettes: a first vector or expression cassette that
Compr ¥EEE AgSHBES Brieindeied 10Bie Laolficg) ACOORST PRI R4} PEHNPT AHCPBO dy

pol y peRhih A& tiBEdyAHly RAHYe Mal ¥REREALEn LG TRBhen@ R F? fRGARAC oV 641 OF
expressi on cassette that conprises a nucleic acid sequence that encodes the
| i ght folgaient may bbodycpod ypeptdsddong withthad pdstiopaif phigpt ¢hden dntdhgdent . | n

certain, enbodi nents, . both a_heavy chai n_anti body pol tide of antjbody
ol ypaBbPe M ettt G R bRl H ER DR B S S TAEE b A e Body
pol ypeplédLol rbz@mebf Bfdena@y PR SS e 1) whie a heiFadRi0dntdoN LSy p&Ride abY a
transform ng the haploid yeast cell with a single vector I ch vector

conpr ilightchaxmanibery polyaeniisicr esantibady polpentisedragmenisiteireofh aickxgengsrdmiies t hat
o ( . . . . ;

Fr agmalt (EREEBLLY FORh. S e PR R TR Bl R R BRBRAE S ot e

f r agmanbtheSwaconsatsite £RINtSorahanthendiddieg nddelri d or di ploid. [0051]In

certain enbodi nent, a heavy chai n_antibody pol ypeptide or anti body

pol ypdP¥48le fradﬁﬁ?ﬁau&ﬁlalbe%@nm REVIIFRRA 28 P?%fomlywpgi%ebw@edbr ant i body

I . ‘ ‘ ¢ .
po yp%@%l&@@n&ef @igggi?‘&tt o &p%s&l}%ﬂ{ the §ﬁ@ac@ Nf h tfﬁ'stshlel?lo"f)d: eaQ%ceeﬁ of ekt rﬁa@tid(%n' S a

fusio peptide that conprises an anchor polypepti (see sectl

ent i t ltget, 4 AgbhdninRoltppeppolgdpgitidb el any)hodplpb hypaptid cafinagmamit rsgexaressatanlxbely

pol ypepti de or fragnment .through its heavy.chain antibod ol ypepti de or

Py oA a0 5 ot TP GHE K S0 A iBl THHR DER i e bbl, Il de or

f r agmeRlsticslldre haRASS iphd Rice RAGISidGreast kbl @Bn@elrse’ly,'ﬁﬂ%ht Mk hivldy Bi ot echol ,
€

§i
2003, "Aug; 62(2-3): 226-32, incorporated herein by reference in its
ent i r golypeptndecaritagimene ool mepressadringthe hefdve @by fiesidiaploat yeast eeHtoflsdist

pol ypept.ide or fra nt thereof is fused.to a nchar pol tide. 1In

Cort s rhe S i A BREboryRer idR S 4 Er O RIS S5 HBT Db e,

f r agneyfit staRd@aploidydatsRi dfa sasbndnediig (PR, WRE el fitSt ankd e &idthapbi® i ments,
both a heavy chain of an anti body pol ypeptide or fragnent thereof and a

| i ght cetairg neptedate raeduce ddljplpigl yepeiseild eudt diploadyrenst calls eradyredipsen fegeleaf t o an

anchor, t e nt.al - ' - ' s fused
e BPBER Aol s AP ARLRP 3o A RAGR e IRE ERER kR |
anchorpop@kytidplor aetitiody puB@dptade frdpencniayr thexsyf) e Ydaafmdting tipsiaenkqpelyipehs i de.
WO 2011/ Q089527PCT/.1B2011/ 000227 [0052]In certain enbodi nents, an antj body
pol ypépt iF9E Cxmplptin BaRkpIhier pe werasiqs adieinone of 80 Matag bngs g Tét atthe

vari et i ; i : i or
R N A el i A R L R R Sl
ant i bddi TBahytpepypdeHaplofdrMdif@nind Meydbfcasegells eapmaief witld ofie athididéo gl a

after jit is expressed. Standard, techni ques,for purifyin ol tides ma
e tediplorGe TRl R oot bk uGh M 8 S b bwBitar iesh fok e SRERER 655 Do
dEteC&&Qaﬁ@Hd%ﬁﬂ@@B%@aQMmﬁﬁ%uR&ﬂ@nMﬁﬁé%@M&Of met hods known to those of

ordinary skill in the art. For exanple,” FACS (fluorescence-activated cel
sorti i@f4%an be lenptayedbodimeRnCshapyleidstcag sl sxpressingoan andibedy pelypepdideabel ed

hat, bi nds the. pol i de of | . q. j i
bound by B R epbi Pesbhsur B SpskiEhS Fst it BB FPLAER SIS e
PreseRikctdt SCEPEdskion cadibte (sadSdcti6RBnirEdUBRBresSiOn Can@tt@sandtvVédorgect abl e.

Sui tabl e | abel's include, without Iimtation fluorescent noieties,
cheni IcampHaige amucletsi asid wquenggdhatigacqdek he anpbedy plyRapdiagr gnt8RAY| in the art

wil | : i, t - I ' [ oy

apel SO PR Reniith, AR ooty GBI 2 PR R o heBAERhad &

det ectfelginent tbebé chndgerhefaeeddy, tramsfdrmdrgesdiphtid peasceetin it aivaascamipriviaiget y)
that binds the indirect label. A variety of indirect |abels are known in
the art including, but not limted to, biotin (which can be bound by avidin
or streptavidin), epitope tags (e.g. any of the epitope tags described
herein), etc. Epitope tags can be detected using | abel ed anti bodi es of
fragnents thereof specific for the particular epitope tag. Alternatively,
epitope tags can be detected by binding a first antibody or fragnment
thereof specific to the particul ar epi4t ope tag, and detecting the first

anti body or fragnent with a | abel ed second anti body or fragnment thereof The
yeast cells are then passed through a cell sorter that separates the cells
and determ nes whether the | abel ed agent has associated with each

—yr N . T o S "



Bi ot echnol . Prog., May-Jun; 25(3):774-83, 2009; Wang et al., J. |nmunol.
Met hods, Sep; 304(1- 2):30-42, 2005; and Chao et al., Nat. Protoc.,
1(2): 755-w6,200088527each of which is incorprated herein lpgTABitat/@0CE in its

entirety. [0054] Those of ordinary skill in the art will be aware of other
ant i body pol ypeptides and fragnments that can be expressed on the surface of
a yeast (e. g Yarrowi a |lipolytica) cell in accordance with nethods and

CONposi t| descri bed. her ei Anchor . Pol ypept.i de 0055] A a varl ety
of  ancHurle w@wmé@&w@ s theatptipgd ye&#ﬁ@éldsobftﬁejﬁeﬁﬁt%eonfy%
anti b%ﬂarupd@llngmétgforﬁlred@fﬂlble%yst991'1 ysBlhde fapadsalsd can the surface of a

yeast cell in accordance w th nmet hods and conpositions described herein.
[ 0056][00%%¢ hor pdh ypept cabbdiaentsheoth erhervischuseahtivede polypeftaiesr totileody

| d t d,to th f t b
R LR A R e TR e e Sl T e
ant i bogyeppéyarat ideuffiemTnfchsticell b erafsfofraing tRf hapldiglytast Far wRkampl e, an

anchor polypeptide may be a transnmenbrane or a cell wall protein, such as
for eNappISeor cADIghSIemEdrpesteashiiest Venjoriasssprestion eadpottedbaticomarisespy mickginacid

accor AhRLe oA Hep B AR RRLY FF R Ere R R b a5 A b BRPRGP R ARl "

expr essi age@ndolcytoepi ¢>@ees@mntcb@eﬁ¢|ﬂ1faa@cen1ﬁtseea yieelsic.acueudiae ﬁmt cidtd des
include, but are not limted to he S. cerevisiae Agal - %2 rratlng type A

aggl utthelight gaﬁa)an%qdéfrméwn?etlde o anélé@@)mlm@tlép &%ama@fg I cprain cpsagdims

P| rip R t see
e.g. . boa 4 gé?wy c}télﬂgntﬂ%éﬂl Odso(?xpe %{1% gﬂr’]\én%b%p faolggéb@éig lﬁ%%ﬁ%ﬂtt%g ah?%’_'?glfl 1&” e et

aI , Iantlbo@ god:y;i@tpbﬂ@gwanhﬁbpdﬁﬁel@ﬁeptﬁ@ GizgmAnichre sxpressed et tlad surfaBi of aey:ehﬂtol

Bi oen 690- 2005; Cum M crobiol. 56, 352-7, 2008,

Tani n eﬁ%y traatfogtnng s s ‘eftjh a??gk@‘éf‘é}t%sw{llfgCYSCtOTY‘i%nIEtSG%tI J)

M crohi ess@f?&at%@éi&s 19 O8mpels Zi%ﬁlg])elo]ajeﬁt uenc@@ it Sfconbiieheh Sy EGOT por at ed

herein reference inits entirety 57]1'n certai n enbodi nents, an

anc hoﬂnb%@@ﬂ@@m@@@d@ er angibddy polt'leftmléﬁ f@gm@h@m@ﬁm ueht@hamratleb@cbt polenagtide an

yoast kBTl fo ki Sich BRRGRHLGS ORP BB bk Bkl >0 e® '

exanpl[@g51gn anCh@bth%ﬁ@B&hh@ﬂt,ﬁ&ﬁéeﬁecﬁaﬂﬁﬁﬂlbb @y bbspeRideRe RhdistRlyof i nterest,
such that bot h the anchor pol ypepti de and the pol ypeptide of interest are
expr edobmepinde fisegnat pndior 3 gglg chain antibody polypeptide or antibody polypeptide fragment

to be expressed on the surface of a yeast cell is a fusion polypeptide that comprises an anchor

polypeptide (see section entitled “Anchor Polypeptides” below). Although anchoring an
antibody polypeptide or fragment through its heavy chain antibody polypeptide or fragment is
typical, anchoring via the light chain antibody polypeptide or fragment is also possible. See e.g.,
Lin et al., App. Microbiol Biotechol, 2003, Aug;62(2-3): 226-32, incorporated herein by
reference in its entirety. In certain embodiments, only the heavy chain of an antibody
polypeptide or fragment thereof is fused to an anchor polypeptide. In certain embodiments, only
the light chain of an antibody polypeptide or fragment thereof is fused to an anchor polypeptide.
In certain embodiments, both a heavy chain of an antibody polypeptide or fragment thereof and a
light chain of an antibody polypeptide or fragment thereof are fused to an anchor polypeptide. In
certain embodiments, an anchor polypeptide is fused at the amino end of the fusion polypeptide.
In certain embodiments, an anchor polypeptide is fused at the carboxy end of the fusion

polypeptide.
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WO 2011/ 089527PCT/ 1B2011/ 000227 [0058] I n certai n enbodi nents, yeast cell

t hat expresses a pol ypeptide of interest (e.g., an anti body pol ypepti de or
ant i body wol2gpesbizde fragnent) can be generated by trangConBimgoidzy yeast
cell with a vector or expression cassette (see section entitled "Expression
Cassettes and Vectors") conprising a first nucleic acid sequence that
encodes the pol ypeptide of interest fused in frame to a second nucleic acid

seque ncodi an anc on ain enbodi ments, the first
nucl ol 8052l d seﬁﬁeﬁéaénﬁ Gty BastoRii peB oG uters enahedd it ege%ence such
t hat Efrag%hpl@ oB%HrYd&Q%tdn?%f m&&&%@ﬁoﬁrﬁ&m&ﬁﬁsm@u ABrchf BIRAGR aﬁQlBHHy' Seés an
N-term nal pol ypeptide of interest and a C-term nal anchor pol ypéptide. In

cer t aipolypapiodh ordragsient thercbf maty bawbtagied aapiad of dgpuehc dlicsnativslydarBanttbody he

TSRS el BRUERE D B R S RSB B g o

Cter n@dm{qugg)foy@qmyl@pgg, épﬁtd@g‘ﬁﬁ;z be {lgbdcertal n enbodi ments, the fi rst
nucl eic aclid sequence IS ?use directly in frame to the second nucl ei ¢ acid

sequed8@3l| n cerfaptrelpvdpsas, polynspfide eftinterrst eancbeadstestedemndesareanidsbyf used
to a linker Vgr?&g??%%tho%gﬁ%m]l LKL Osfegéillggl]%' 1F1tnhtHé%Q {r& N ?eﬁ%’tgs nucl ei ¢

aci d se uence I'n nore e Sectlon e

" Expr Qﬁﬁdnesbeﬁe@sceivhea canl dorvag) @nve, cnipldyadk ¢ FAEIH eeecdlspreadntactenenes a
| i nker pol ypeptide such as, without limtation, a GySer |inker

pol ypdiciadergcnt that bipdy tb@xgelweot@e of yt§reE (5 8. aE)’i‘btr*&f‘élsth%mS bounddiyt awgibaghy
Vect or, e{%}%ﬂ ty.body

pol ypé’gﬁpﬁg@%r%gﬁ?@?d@b Q@?@%ept ?Sr%fglrlrg e?éh:%;msg%[g)lrn(eesse (I)a‘;lb@lt%Iﬂ 1t)lseurface
of a yleec*atso btelg ashtyis teetalslt oBnitabde tahels yrehisde, Mmmtdmlmtlpnéhmrasmmmette‘s,e
corrprl a.nucleic.acid nce_enc pe ti The term

" expr & %‘iﬂ BMEgscent maictigy aﬂgglgﬂﬁ@ gﬁhr‘?s‘*r %?eﬁ%afyos F‘é émﬂiﬁed‘v@&‘q nce that
m ni n%hit%l@%@lrsl ﬁeeena(rilémeodaﬁheheogﬂ égemse%e&e%ﬁﬂﬁpﬂuﬁgc@a&mhﬁpeﬁtuede of
interest, and (2) a nucleotide sequence that drives expression of the

pol y peiptep‘d:é byfbindinga ést@ctéelydabelqi z;geohﬁﬁt&,ra) fluqrogen]drighersilvmingsenbodictent s, a

23 Y PRl e e By A3t gt IRERE D a0 Bl E b S PR gy not "

pol ypepititedeo sia@BiMich édh@%uﬂ&%br@%d@@@rsﬁieb&vﬁﬁﬂ) 61515@"6"[?% (8.ghiis] saké de
sequence encodi ng _any anti bod poI y&gptl de or fragment descri bed her ei n,

caformie sHdrigrirsl hepdnt, ce t0p¢ Preaft Qj@ﬂtﬁ:c\vehusmg)hqbelectalaiﬂIOﬁixg@ént a Fv
fragm%& meffs t r§&1F ée&ﬁ@%ﬁﬂ par'tl lgre“%ptlf% Qt%ﬁ)& rﬁ%&él ]%\mg)@t%%ecgﬁ lbge1 01;jl

Interestt 1's a heav aln o n cer I ments

pol ypelptecdd befbinditigs €sdt ahtsboal |drgﬂ?ugmehﬁi1&eof spaciffizho theg@pttoullar eYbpe tag, and
2011/ 089527PCT/ 1B2011/ 000227 [0061]In certain enbodi nenfs, a pol ype%tl de of
i nt er dstectipgthe esteaﬁe%%)rtfpagal%m Stlikrecdsegenshegivaty PhHgagme dics¢dn Th

casse
SSelglg %91'1%&%: #en pgggeawaeg%geéelg&e%} HA® scpAfh&HRE BSR4 8 d%t%ﬁﬁgﬁgé g:g@ﬁ%

conpri'se a nucleotide seque I ng any anchor po ypeptl scri bed
her ei nhe lebgjed agdme h$: assanigvd vitheadgadividia? cdfibtﬁtasd icotbr thatSxhbetr fbworsicaeeeal pha

fa 925 lé%:%{)]l!ggst g%g{;rg)ef)ti(g of lil?t’ereEti ornZtB’eir Elilrrfaffc%’s. AFHt(e)rnlagvel%aére{lg ﬁa? bgl\ganneg’n on
plates coated with an agent that binds the antibody polypeptide or fragment of interest (e.g. an
antigen). Alternatively, cells may be bound to a solid support (e.g. a bead) that is linked to an
agent that binds the antibody polypeptide or fragment of interest (¢.g. an antigen). The solid
support can then be isolated (e.g., by centrifugation, magnetic removal if the support is
paramagnetic, etc.); any cells bound to the solid support express the polypeptide of interest on
their surfaces. Those of ordinary skill in the art will be aware of other suitable methods for

identifying and isolating yeast cells that express a polypeptide of interest on their surfaces. See

e.g., Yeung and Wittrup, Biotechnol. Prog., Mar-Apr;18(2):212-20, 2002; Ackerman et al.,
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[0062] I n certain enbodi nents, a polypeptide of interest that is encoded by
a nucl eoti de sequence of the expression cassette conprises an anti body

pol ypept iwo 20r/@pi27body pol ypeptide fragnent fused in fraFaBa/e0v2zchor

pol ypepti de. For exanple, an expression cassette can conprise a first

nucl eoti de sequence encodi ng an anti body pol ypeptide or fragnent, which
first nucleotide sequence is fused in frane to a second nucl eoti de sequence

SequerrbdeSheldtng. MRVIPEBGNy oy pEk Mo s baenoct Mybadosem BB 5
to a 96900d, o, G4 Lk SEAYRAEPrAEONNTS 8 ANROLaAAU MR s Aorieh ¢ hat

when e nucl eofide sequences are expressed, the antibody pol ypeptide or
f r agmématein by Neferencri inafs entiretshe anchor pol ypeptide. In certain enbodlnents a

fused D04 o 10000 GRe G L e At B0 e B ERBHPHE b rchlrna

pol ypeRishidgis tBdiGhn b akpradied oh iR avGtEotd asseq W@%z@ﬂz@oﬁﬁw)%ﬁﬁd t he
ant i body pol ypeptide or fragment is C-term nal to the anchor pol ypepti de.

[ 0063 ]eF¢preaice ayith rmetbed andrrogposiiopkisedaiddirrdasset t e conpri ses a nucl eoti de
sequence encodi ng an anti body pol ypeptide or anti body pol ypepti de fragnent
is fused in frame to a nucl eoti de sequence encodi ng an anchor pol ypepti de,
such Uhﬁhoﬁhﬁm&m@ﬁa;no i nterveni ng nucl eotide residues. In such
enbodlnents t he pol peptlde expressed fromthe expression cassette wll
conpr i€ he antABoRfy WorEpRIsnrkRs POFYPEPYRFTEAR Df Heddo grpreetd BOlyRePtiHe anchor
pol ypep

et R R S R P A L S e
encodmngnénwaNnﬂhndyo¢nhwpepmmﬁeomrwanmb@thmpolypept|de fragnent is fused

in f [ i ) dj i whi k
sequedBBl 1 uscd RO IEIREPHGE o an thed DTS G e PR Tihénor
pol Y Pe@hide to BUGRARAT alRR ahil REEEaSRAVBOER IS tdibks hdr @ofyb@ﬁf?de??é ween the

first and nucl eoti de sequence encodi ng the anti body pol ypeptide or fragnent
and t hatibedyl mype@ed@ewelhoéy poigpetitidg ftagment) dhthe Sprihcyape?@t qetle For exagnpdéy an

nbodlnqpts I ) ol de expressed f expr ion cas ette\MII
conpr Fog R EReTBIBY RSt h et B ERSr o BOu, PRy B RBr e the

| i nkerglyokylprd h&’cﬁiyhﬁﬂﬁtoﬂ t(eplardelm«:vrau@%tmem Valeety bﬂa@ﬁa\%sﬁlyﬂdpﬁde@rmgdl nment s
descrlbed int paragg@{ , the nucl eoti de sequence

2011/ 89%2 YIIDtiTP/aI‘B@dmrl sannagedineg Ve the comperjtigns apgd apthass désclosedgnent

may b i: chor
por ypastiEEs <Ehbifigpofpentias bR ATHrBRELPELLER SRALHRE EREAL At ul T
accor danee linitdd to. e Sr @%@ﬁ&zh@/AgelscArgabefﬂamgmpe At agghﬁman@hne)aheha@alme%, §.i nker
pol ypepti de serves as a cer betwee ép i des_of |nterest t hat

v

ace
are | KeTQHE é\mbfamgghal%@oashp)p&r;dpé’rslﬁpd%ﬂ“mF|1<elrn>k TRYIAH Ot 4l fragments
adva“ttﬁ&&gt@éeye FoBsd 91! MBS S0 (g botfﬁ i@@@bo 00 of  Sh@nda% a1, Pir,
pol ypept i1 des or |nterest or |nter es only’to d mnor’ extent. In certain
enmbodiGigeibsology 13,r8eds, ﬁt)ﬂ)i/ pephésdé, q:reﬂ nBtcstedhhel Biong 89,yG96 61, 20eS Whng, Q. er est

i or GLE S u QUG Shone- 00 ERyPof - spl i Cpee Bt ad - 061 et i ons

rel at ivg &9/ AR MethoB®P0bE T, '7%@ @f@-@?l 8adf ofaxxzﬁlblméelﬁcd?ﬁ(l)rﬁfé@@&feﬂﬁs i's
a AySer |inker polypeptide, e.g. y4Ser)3 (SEQ | D NO 14)

(G ySéy)ysie8ECE IDINDITEY). | n certain enbodi ments, a |inker polypeptlde can

b d b f d i b
be SUNRAY Dot e, it BRLHLANS, Ol A ADLLBSIY PRLYRERILLS ol Al chcy
pol y peipttiedelcGarnbatibousesblype ﬁﬂ@meaxt@iebm«pp@lyééptme fa?meng haite sotfadedft waitd

sequence encodi ng a heavy chain variab regi on a sckFv fragnment and, 2)
a | i glell.chai to thesuréice 0§@|Yarr§evemémlzén@rr@8d |Fﬁg expmplghn aapkgrpol@epiada Bay egi on

o 2 STl rshloeSt) b, TSP B BRRRSRN 0o RluL SR, |

can cmﬁnﬁm&ﬁx&éeﬁxaﬁEyomﬂkuhbdyﬁ@mlypeptlde fragment can conprises a flrst

| i nker pol ypepti de between the heavy and |ight chain variable region

pol ypeptide of the scFv fragnent, 2) an anchor pol ypeptide, and 3) a second
| i nker pol ypepti de between the scFv anti body pol ypepti de and the anchor

pol ypepti de. Those of ordinary skill in the art will be aware of other
suitabl e linker polypeptides and the nucl eoti de sequences encodi ng t hem
[0065] I n certain enbodi nents, an expression cassette conprises a |eader
nucl ei ¢ acid sequence conprising a nuol eoti de sequence encodi ng a | eader

pol ypeptide. Any of a variety of |eader polypeptides nmay be used in
accordance with the presently described conpositions and nethods. A |eader
polypeptlde functlons to help drlve proce55|ng of a polypeptlde through t he

e . - S Y




fusi on polypeptide. Non-limting exanpl es of |eader polypeptides include

LI P2 pre, LIP2 prepro, XPR2 pre, and XPR2 prepro. See e.g., Pignede et al.,
J. Bact erwol2011/a8b327182( 10) : 2802- 10, 2000; Davi dow et alpCT/1B201Ba@REY i ol .,
Cct; 169(10):4621-9, 1987; and Madzak et al., J. Biotechnol., Apr 8;
109(1-2):63-81, 2004, each of which is incorporated herein by reference in
its entirety. Those of ordinary skill in the art will be aware of other

i d I i de. dth I i d di h
sutSHhocder ReLRSRLAGS AN Lhe qughsoLide seauences, sncedlo tnem
nucl elyfiBiglyhotARYRRCE: SABBAT BIDGriBYRLRR in BEGURRAS BPGRMAMIANIEP! { Ope

tag. Any of ‘a variety of epitope tags may be use n accordance with the
pr eseryehsy celésathiabedtor onpas essicnrsssatid (sve séuivs cniihedeJixpogeion dgssettes il cal |y a

short (po ptide se ce that .facilitates detegtio sur.epen

quant 1RSIarb A BoRtBE L el eish St 3o Sl st BER HUBRER! fused

pol ypeptiape to AReRRt habigictRa JWaieree ch&sidesh aRUVNRIIGMilAI Th @r@inven

pol ypeptide, e.g., at the N-termnus, at the Ctermnus, or internally.

Non- | ierborgenés %I?pﬁfé%mtﬂel‘émlﬂ opsmicnenys fised Puthethe segpad pryleicaeif ssreanssi s

cel | ul nco ) .der | f t .C-term C the P and V
or ot oi"he BRFERERE ol RpEAG oY Tl hign LR PRI R B, T PG
gl ut atpoiypeptide- dfriaeekeimiseC -tsintigftaavhadipolypbptide. Mn chesngaibotintints, thelfag- t ag
(FLAG oct apeptide), and E-tag | GAPVPYPDPLEPR, SEQ ID NO 13]. Those of

or di naugledactd seapcregds fised v Prthgpiecandbpecls age sequcacs. sad) BaepiusiOpe t ags and
the n I i ARRGE -1 Al j 3 an
expr oS B G e s S o R T eaman
art, iaC-termucl polypagideeduanest. tthatrtan embedinreatss thei fiysti rowleaf acad stopersterieam
nucl eqti de,.sequence into ribonucleic acid , Which transcription is
medi at wgﬁﬂgﬁw A GIOEF PeE) BPCI?IFé‘ﬁ@&eﬂ‘&IﬁggﬁInr S eé?qurli%‘&?’ttg? rst
embodinyeRlSacid RGuedRASRIEPRD RN SREEARS whidhAkPER LR ? fis&ld Rt8S becohd
certain enbodi nents, an expression cassette conprises a pronoter operably
| i nkedutlgicactdissiquencs e disalesaibed mpmiosd drgail (nithe sectipn sntithadc [Feipression assstieaence

. oot d o b | 5
N e T e S R ST L
Sequenﬁ@ta@@mG@%ﬂh&dﬂ%l@bﬁti@%.@,%_@gmss?ﬁoﬂ(@msérgi ng a nucl eotide

e.

sequence encodi ng an anchor pol ypepti 0068] Advant ageous pronoters are
those that typically function in the cell of interest. For exanple, a

nu”b.erEngesBFR@Es%Ié ﬁg@,gg&\é\m that function in yeast, e.g., in a Yarrow a
speci ) tation, Yarrowa lipolytica. In certain
enbodi[0@s9] s, a [noetieembbdiinchtsne polgpsptide (Yar, aowvhtibddypolypepiide drantibedy t o

drive expression of RNA encodi ng an anti bod

: y WO . .
2011/ G8YHeNHESTI agmiNiF GV 93s7d BB rFeief pycagheclty traalprndig he peashwith
rag ' . : : ! : 4 .
| SoTSR g OEAR R SRRt AP R g g
pol ypéptprdssion cassostet ad wsed ibedh mofars & a Buglciopuitisequenad thhtimotimely compiYasr owi a

lipolytica is used to drive expression of. RNA en in n_.anti bod

oy pebt B R ooy e S DREPUE T aGrFShens Lo BOSRT sHRte tha
DQIyp%P&bQ&qn&@ﬁﬁ%kﬁﬂ%xﬂﬁxﬁﬁﬁ@éf@%ﬂq@fe@[Qﬁﬁhﬁﬁé?ca” be used in accordance
with the presently described conpositions and nethods to express a

pol ypdPlelde of ilncentastmbadintsatssypblapeptsle o intergsitthaas fncofed ben na¢lpotide
enbodi nent s rompter used to express | ypepti.de (e..g.,. an antibody
ol ypeptieass eft B SeRsEn SRy BePHRR IRt MPERebHEe! FuooePPRbiBer o
const iffaghicMe ARf OXPESIch @BLtE MRWEohiprisd e ndébotidenelbtmhicd BnoddinpQily antibddyat i on,
TEF1 and the gl yceral dehyce-3- phosphate dehydrogenase pronoter. In certain
enbodipebivestide Qiftepicat dessabed kereing-san antpody pebyperitdes figgmenideaived bogy

pol yp ' tr I [ g 0 s i i.hl i.bl-e

b omotar s EeedlenB et Re kBB HEphbATE Clrkid SmbOHHEL, Epolh PR

pol ypeptiedieis atheanit éra@ssdf d Babefkginess.eth ceftainumhierdiménts, ety pepad poOimatiret & ar e
known jn the q@% ipcluding wi thout Iimtation, PDX3 and LIP2 pronoters. In
cer t aillhEeRIGYP E@%rﬁﬁﬁFﬁnDter used to express a pol ypeptide (e.g., an
anti body pol ypeptide or anti body pol ypeptide fragnent) is

sem -constitutive. A "sem -constitutive pronoter” as the termis used
herein refers to a pronoter that is not conpletely constitutive and that
drives expression of certain genes largely or only under certain
conditions. For exanple, a sem -constistutive pronoter may drive gene
expression in a growth-phase-dependent manner. A nunber of

sem -constitutive pronoters are known in the art, including wthout
limtation, the hp4d pronoter. Those of ordinary skill in the art wll be

o o o - N T T . o o, Y 2 . o



[0070] I n certain enbodi nents, a polypeptide (e.g., an anti body pol ypeptide
or anti body pol ypeptide fragnent) is expressed on the surface of a yeast
cel |l by twensfiospizng t he yeast with a vector conpri si ngPam/1Bxpt/e®3ton
cassette, e.g., any of the expression cassettes described herein. A
"Vector" as the termis used herein refers to a nucleic acid that conprises
an expression cassette, and further includes one or nore additional

el ene I n certain.enbodinents vect or .co es an nt that

Faci | IDK1ds ¢ epll ESH4IB AMORGAERESYBED B 0! oG %&a%ewﬁ%fg&zﬁ BSOS/ or
mai nt g 8c Of tht REH¥QFIaslAd @b BL&GhI :ABhdt @S- A tt

2011/ GBORS 527PCT/ 1B 5%11[00061527 Fopp S anta aq)\?g}rpﬁgty A0 Yression cassette
in ac cnﬂyd@nmlswmhclﬁh@dqﬂeqsme leycadlemramyradhagquhasptidotscapd eetihods, the

expre ide,of infere on the rface.aof eas}. .cell .

Non | P eeR AR e RTEE S el dganna 1g08uth SeelBE Hirekian LivBsed
in USPI?@ltIﬁ%Wme lemmm&me@wl%g i ncor porated herein by reference
inits entirety. Those of ordinary skill in the art will be aware of other

sui t alP@2}ect or dnFertain smbpdiments; § pplypentideof ingerestytbaids cneored by npeleeitdsst .

e

comerfeigalehyfugsdinl fedvhetoti atharpokgepade. ey ebemplm dradpecshion cusettt and gi ven
yeast species, but such vector may not include an expression cassette that
i ncl uGeEPESDF HRENBFICRfsiesamspce F?ﬂ@é&lgtaé‘ axtibpdy YRPE e AL B2gBeRir VRICRist( 1) a

first E‘l%@'ecsegﬁéxfé eV NS agﬁ’é%ra! 2 &Qitﬂwf@éﬁh?% ugﬁcesé?ﬂ{?' Sgg Iﬂ&@ij' ng an

anti bo y polyp pt| e or anti body polypepti ment rane to
(2) a p@lg@epntnﬁm Ualceitan ambddisentse a diest noptpotidd sequanco godaging acindibséyguence

conpris nucl eoti de se ce encodin nch r ol ypeptide. Such a
vegP oP° h@% Hhefeaysitps ﬁiﬂﬁ’& B Y Aed B gﬁ@ﬂé‘a né? gncodimg aéleacﬁ‘ﬁg‘?fc es
encodi 1pd8p Teﬁ'ﬁdea Qﬁdhﬁﬁ&%zt%' tﬂ@ﬁlﬁﬁlécﬁ'ﬁe @éq&ﬁ&és@?@é’xp@@ésé’cp% zhﬂi%oﬁﬁ? ?&Ig?éﬁud% R

anchor poI ypeptide. A nunber of nol ecul ar techniques are sul
rmdu f yaggeneis Notesminwh toythe ineiter phlypeptidse Ifi oentrin mbSEmsntok fird nuclpotidesch, E.

and Mani at | nin r ed. CoI d
Spr i ng R PRe R dig R bRy s ST by e RAR RS HP ass Mo Spr ng
Har bomuclbtide se§@&Re ch&ilitOat 8ithsr sflyydptied saéiethiaieREPOE abEldoth®y RiyilerldYs
reference in their entirety. Those of ordinary skill in the art will be

awar e aF @reaed, dhajangibody prlypentide abfragmentae Grtaminaldh theanssor plyrapdie-yi ng

veast U 52t B RARRASSORAR, RPLURRRIG GGG LohEIRSh RO flefee, > °
vect orencatipy ansaﬁlbady\ polypoitidder astijuriygelygrpidy figeracns & Risdédinl feanmatoleer . A

"selectable marker" as the termis used herein refers to a polypeptide that
per mi tné‘C lgotada Yequgiee snenduee ahanchen RAIYREpde. wreik Bt theresiis 19 Tey NS -

prolif E@%ﬁ&ﬂ%ﬁ%&%%&ﬁ RSS! e?%l?géﬂndE Qﬁléreks%& iont € X e@&&@b' €

markers s to survive and/or proli termand concept of a
sel ectcaipete walk k@npmeethmmitiboldmpm]ypb@dehxnfmgnfenbﬁud@%rqcﬂy ko the anphdrhe art .
i ncl ude those for |eucine

Non-limtin exa | es, of sel ect abl er

Cog. PobipeBse AT HieEeg e SRS Acidy o chton ThesT o, GrooiBemy, o ar g0t Lys)
ar gi mca@e(t&e(gﬁpn&k Y GREIBhtidH delh ZRE eREb I antiﬁowpb&pﬁ@ﬁﬁdé bF Ritibody

gl ycerol - 3- phosphat e dehydr ogenase cin B

phos protyrapisdeeiragsecnt kpfuyed 1mkfm$ree toflmgmcheqéfnsm skcrthmg s limes palypelvudet whighawar e

compodrane i i B B g B onds SRRen RS0k ERaEs hettp Bt boo227
[ 0073]t1|1aﬂ tigelitial feqeieds ARBYE $n framy B6twWREN tife firkt SdmatROtidOicQuidie coenbnethef a

cell antﬂgody polypeptide or fragment and the nucleotide sequence encoding the anchor polypeptide.
In such embodiments, the polypeptide expressed from the expression cassette will comprise the
antibody polypeptide or antibody polypeptide fragment, the linker polypeptide, and the anchor

polypeptide. In any of the embodiments described in this paragraph, the nucleotide sequence

19



Yarrow a cell such as Yarrow a |lipolytica). Various techniques for
integrating a vector into a cell's genone are known in the art. In certain
enbodi merwe,20u/088200r conpri ses a zeta elenment. A zeta eCEmBI1/HE227
sequence that permts a vector to integrate by honol ogous reconbi nation
into the genome of a Y. lipo/ytica strain carrying a Yltl retrotransposon,
or by non-honol ogous reconbi nation in yeast that | ack the YItI

retrotran gson certain emhodi ments, ze&a el | ong

CO,
term KAfO %Ihtntt?PgtépP]é(P?RﬂdPé)ﬁ BEUGh m%xtla%fvée stﬂteﬁguﬂ tPn'ﬂt tlds YItl or

Ty16 1y (ﬁl[eggg@r%gﬁ)%caﬂ ana-m%)%lﬁfe @ddinary skill in the art w II be awar e of
ot her elenments, and w | be ab?e to use themin vectors in accordance with

the cdfeldi ti onshranaf armt’lhtydsf ldﬂ:stpaismtiti@rmaytbe p@@m]ammrd}mct avith the

exanpirEeayy ddsFbel st Riopt P ARE AiBeblaPRaTRervinR ek iisr srRien on,

i nto awyesBiepiiles of Re@Rtiteadt iaMeinvREEPHEhMAUMuBIoR pSHiptRilce /liflkepbsypbptide
mai nt enance, replication and/or other functions in a host cell. For

exanpladvaniageeusly doerenpt étserfer ivitriae Brncﬁgm@fatht BaopRiyPasigPs @raﬂtem@t éfenents.

Non- | i. I C I i £

cent ré%}rﬁ%@?&@%%% n?ﬁorg&(%%nltg |ﬂ1n gﬁa Aldéa |on %??Ol%ﬁg%g Peal 1rttSt E‘{j\%
enbodipaBmtptides ofﬁn&mﬁm@ﬁ@@ﬂwnﬁsm&t@ﬁﬁtlfr&ﬂoﬁm&h&h& It tswo polypeptid@lof, Mol .
Cell Biol. 17, 1995-2004, 2007, i ncor porated herein by reference in its
ent i r dRtghest 4rg ablgfte adopt & yBEety 96 Apaial posiERNSGNA oFentalions; relatlv%) @ehphics

OR110

ncor oyl har s By R o esy d€RRer ROt 8 S5, ERBSY et s
a vect(BEQtIhaNOi 134) no(GllerregrSElQeH) NAx: o)t ﬂmcgmmnmbmdmantsedt llnkmy)otwnptaim an

aut ononousl r catl sequen e (A See e. Four ni et..al ., Yeast
7 o5capbe g SRR b in SYeldy relpeb i tnantBady FbnHds. 1003,
each gfaodhe mdr%xaﬂﬂﬁfar @ﬁﬁt@&%@h&tﬁ&%&o%g ranrﬁEﬁﬁBl?pépﬁdé tsh BOulséEtnytamd N
certai n enbod inents, an ARS conpri ses a centronere and an Orlgln of

repl i datwasn.1) Ndinayi qhiatri m@lmmsweme wRsding pdicardechaRSigiabled cgirg 082 scFv

[ 0075]d.n ce i nent s resslon ass not er
oper al PR e} § TR rBbr iR SR B AR T ER P heP R HedaR R Te

conpr issFfra@neiic e 0drtGhe cHBSUBRER, aeﬁag}gépﬁge @ﬂuﬂé}@h@ﬂiel@d&sm@tﬂa%nemﬁael n

t he anchor nucl eic acid sequence can expressed as a first fusion partner
in a feeicase. pFateEpmpleompision mympgé@:wmtsad) pasitviantibedy pelypenside. | n

cert a'f&gﬁfemséﬁ%% Qdl RAL ﬁnke?'lll} %Qﬁt‘?&%eﬂﬁe gﬁﬁé ﬁéa%g afid Wﬁgfn! c‘hgﬁl @a@%hf%er
nucl ei c~acl d sequence conpri si | 'eoti de sequence €&ncodi ng t'Re second
f usi oneglai pdﬂ@pepﬁdelolﬁﬂ&rseﬁfz fraﬁg*ments E):mnﬁlchutspoiypq@adt: n@d 30h s¢ovheliakér can be
any of a variety of eptides. For exa t he second fusion

2011/ @slmwt?fq@twfﬁ @@%ﬁmba@f pefepenside @% &w&aﬁhmlwép%# a?m*%aﬁy

pol yp I
partngg%hgﬁgﬁﬂganfé%fﬁg%eggwgﬁgﬁogﬁ¥§%ﬁ%y po y ]gpagg@S ?gﬁﬁgﬁtgﬁ Si nce
t he sscmnﬂc&msmmmnpﬁﬁmner wll be fused to an anchor polypeptlde t he

¢ |so b d on th f f the cell
cer aM8Tboa nahEE e AmBRFEE: thoTiRe B BB BUNBAT A [CFEE AT g dph

conpr isS né‘e Eﬂtﬁﬁﬂn&‘g @ﬁﬁc‘ieo’iﬁi@%@@feﬁc&&%ﬂin@'aﬂga&r f)@l%éﬂtfa%' Qt%y%fta%aﬁ@tﬁz gase of
f usi ng? he second fusion partner of interest. é a variety of
r est r ileadeopolgpantidecmay be usadoh adenddinge amtheth@p@smt resergd compohosendf

ordlnar il in th tab n S|t s and
o 11 e, A gD RaBphastpaicdR (MR SuEE pRY-L DR SRl Pl

cert alsecrempfsbpmlﬁtss ultignafdl¢ k&Qltingd&n 8 asiR g@rmmdlsﬂga@ (ﬁ@ﬂl%&ﬁ@bl}@%p@de
interest is codon optim zed for use in the organisns (e.g., yeast cell) in
whi ch Iteﬁéerﬁéqliﬁﬁé?ﬁqf@ elepecddygin dqeadypeptidodurbi praresaing 6nd pes not prisebts by

whi ch nGe J[finak t

oct 1 100 SR HE AR AR bl RUEREEE 1R R WRERAALE SRl b Wbl |
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fusion polypeptide. Non-limiting examples of leader polypeptides include LIP2 pre, LIP2
prepro, XPR2 pre, and XPR2 prepro. See e.g., Pignéde et al., J. Bacteriol., May;182(10):2802-
10, 2000; Davidow et al., J. Bacteriol., Oct;169(10):4621-9, 1987; and Madzak ef al., J.
Biotechnol., Apr 8;109(1-2):63-81, 2004, each of which is incorporated herein by reference in its
entirety. Those of ordinary skill in the art will be aware of other suitable leader polypeptides and
the nucleotide sequences encoding them.

[0066] In certain embodiments, an expression cassette comprises an epitope nucleic acid
sequence comprising a nucleotide sequence encoding an epitope tag. Any of a variety of epitope
tags may be used in accordance with the presently described compositions and methods. An
epitope tag is typically a short polypeptide sequence that facilitates detection, measurement,
quantitation, and/or purification (or isolation) of an expressed polypeptide. An epitope tag may
be located anywhere within a given polypeptide, e.g., at the N-terminus, at the C-terminus, or
internally. Non-limiting examples of epitope tags include c-Myc (myelocytomatosis cellular
oncogene), V5 (derived from the C-terminal sequence of the P and V proteins of Simian Virus
5), polyhistidine (e.g., 6-his, or hexahistidine), glutathione-S-transferase, streptavidin, biotin,
hemagglutinin, Flag-tag (FLAG octapeptide), and E-tag [GAPVPYPDPLEPR, SEQ ID NO: 13].
Those of ordinary skill in the art will be aware of other suitable epitope tags and the nucleotide
sequences encoding them.

[0067] In certain embodiments, an expression cassette comprises a promoter. A
promoter, as is known in the art, is a nucleotide sequence that drives transcription of a
downstream nucleotide sequence into ribonucleic acid (RNA), which transcription is mediated
via any of a variety of transcription factors. In certain embodiments, the transcribed RNA
encodes a polypeptide of interest. In certain embodiments, an expression cassette comprises a
promoter operably linked to a fusion sequence comprising: (1) a first nucleic acid sequence
comprising a nucleotide sequence encoding an antibody polypeptide or antibody polypeptide
fragment, fused in frame to (2) a second nucleic acid sequence comprising a nucleic acid
sequence comprising a nucleotide sequence encoding an anchor polypeptide.

[0068] Advantageous promoters are those that typically function in the cell of interest.
For example, a number of promoters are known that function in yeast, e.g., in a Yarrowia species
such as, without limitation, Yarrowia lipolytica. In certain embodiments, a promoter that

functions in Yarrowia lipolytica is used to drive expression of RNA encoding an antibody
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polypeptide or an antibody polypeptide fragment. In certain embodiments, a promoter that
functions in Yarrowia lipolytica is used to drive expression of RNA encoding an anchor
polypeptide. In certain embodiments, a promoter that functions in Yarrowia lipolytica is used to
drive expression of RNA encoding an antibody polypeptide or an antibody polypeptide fragment
fused to an anchor polypeptide.

[0069] Any of a variety of promoters can be used in accordance with the presently
described compositions and methods to express a polypeptide of interest on the surface of a yeast
cell. In certain embodiments, a promoter used to express a polypeptide (e.g., an antibody
polypeptide or antibody polypeptide fragment) is constitutive. A number of constitutive
promoters are known in the art, including without limitation, TEF1 and the glyceraldehyce-3-
phosphate dehydrogenase promoter. In certain embodiments a promoter used to express a
polypeptide (e.g., an antibody polypeptide or antibody polypeptide fragment) is inducible.
Inducible promoters are useful when the practitioner desires to control when a polypeptide of
interest is expressed. A number of inducible promoters are known in the art, including without
limitation, POX3 and LIP2 promoters. In certain embodiments a promoter used to express a
polypeptide (e.g., an antibody polypeptide or antibody polypeptide fragment) is semi-
constitutive. A “semi-constitutive promoter” as the term is used herein refers to a promoter that
is not completely constitutive and that drives expression of certain genes largely or only under
certain conditions. For example, a semi-constitutive promoter may drive gene expression in a
growth-phase-dependent manner. A number of semi-constitutive promoters are known in the art,
including without limitation, the hp4d promoter. Those of ordinary skill in the art will be aware
of suitable constitutive, inducible, and semi-constitutive promoters that function in a cell of
interest, e.g., in a Yarrowia species such as, without limitation, Yarrowia lipolytica.

[0070] In certain embodiments, a polypeptide (e.g., an antibody polypeptide or antibody
polypeptide fragment) is expressed on the surface of a yeast cell by transforming the yeast with a
vector comprising an expression cassette, €.g., any of the expression cassettes described herein.
A “Vector” as the term is used herein refers to a nucleic acid that comprises an expression
cassette, and further includes one or more additional elements. In certain embodiments, a vector
comprises an clement that facilitates replication, homologous or non-homologous integration,

and/or maintenance of the vector under selection conditions.
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[0071] Any of a variety of vectors can be used in accordance with the presently described
compositions and methods to express a polypeptide of interest on the surface of a yeast cell.
Non-limiting examples of vectors that can be used include those disclosed in US Patent
Publication No. 2008-0171359, incorporated herein by reference in its entirety. Those of
ordinary skill in the art will be aware of other suitable vectors for use in a given cell (e.g., yeast
cell) of interest. Moreover, any of a variety of vectors can be modified for use in expressing a
polypeptide of interest on the surface of a yeast cell. For example, a commercially available or
other vector may be suitable for use in a given yeast species, but such vector may not include an
expression cassette that includes a promoter operably linked to a fusion sequence comprising: (1)
a first nucleic acid sequence comprising a nucleotide sequence encoding an antibody polypeptide
or antibody polypeptide fragment, fused in frame to (2) a second nucleic acid sequence
comprising a nucleic acid sequence comprising a nucleotide sequence encoding an anchor
polypeptide. Such a vector may be modified to include the promoter and nucleic acid sequences
encoding the antibody polypeptide or antibody polypeptide fragment and anchor polypeptide. A
number of molecular techniques are suitable for modifying vectors, many of which can be found
in Sambrook, J., Fritsch, E. F., and Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd
ed., Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., 1989, the contents of which are incorporated herein by reference in their entirety. Those of
ordinary skill in the art will be aware of a variety of other suitable molecular techniques for
modifying vectors for use in expressing a polypeptide of interest on the surface of a yeast (e.g.,
Yarrowia lipolytica) cell.

[0072] In certain embodiments, a vector comprises a nucleotide sequence encoding a
selectable marker. A “selectable marker” as the term is used herein refers to a polypeptide that
permits a cell containing the selectable marker to survive and/or proliferate under conditions
wherein a cell that lacks the selectable markers fails to survive and/or proliferate. The term and
concept of a selectable marker are well known to those of ordinary skill in the art. Non-limiting
examples of selectable markers include those for leucine (e.g., LEU2), uracil (e.g., URA3d1),
adenine (e.g., ADE2), lysine (Lys), arginine (Arg), glycerol utilization (Gut), tryptophan (Trp),
glycerol-3-phosphate dehydrogenase (G3p), and hygromycin B phosphotransferase (hph). Those
of ordinary skill in the art will be aware of other suitable markers that can be used in accordance

with the compositions and methods disclosed herein.
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[0073] In certain embodiments, a vector is integrated into the genome of a cell (e.g., a

Yarrowia cell such as Yarrowia lipolytica). Various techniques for integrating a vector into a
cell’s genome are known in the art. In certain embodiments, a vector comprises a zeta element.
A zeta element is a sequence that permits a vector to integrate by homologous recombination
into the genome of a Y. lipolytica strain carrying a Ylt1 retrotransposon, or by non-homologous
recombination in yeast that lack the YIt1 retrotransposon. In certain embodiments, a zeta
element comprises a long terminal repeat of a retrotransposon, such as without limitation, a Ylt1
or Tyl6 retrotransposon. Those of ordinary skill in the art will be aware of other elements, and
will be able to use them in vectors in accordance with the compositions and methods disclosed
herein.

[0074] In certain embodiments, vector is not integrated into the genome of a cell. For
example, a replicative vector may be introduced, e.g., by transformation, into a yeast cell.
Replicative vectors contain suitable elements for maintenance, replication and/or other functions
in a host cell. For example, a vector may contain one or more autosomal replication elements.
Non-limiting examples of such autosomal replication elements include a centromere (CEN) and
an origin of replication (ORI). In certain embodiments, a centromere comprises CEN1 or CEN3
(Vernis, L., ef al., Mol. Cell Biol. 17, 1995-2004, 2007, incorporated herein by reference in its
entirety). In certain embodiments, an origin of replication comprises ORI1068 or ORI3018.
(Fournier et al., Yeast, Jan;7(1):25-36, 1991, incorporated herein by reference in its entirety). In
certain embodiments, a vector that is not integrated into the genome of a cell may contain an
autonomously replicating sequence (ARS). See e.g., Fournier, ef al., Yeast 7, 25-36, 1991 and
Matsuoka et al., Mol. Gen. Genet. 237, 327-333, 1993, each of which is incorporated herein by
reference in its entirety). In certain embodiments, an ARS comprises a centromere and an origin
of replication. Non-limiting examples of ARSs include ARS18 and ARS18S.

[0075] In certain embodiments, an expression cassette comprises a promoter operably
linked to an anchor nucleotide sequence nucleic acid sequence comprising a nucleotide sequence
encoding an anchor polypeptide, wherein the anchor nucleic acid sequence can be expressed as a
first fusion partner in a fusion protein comprising a second fusion partner of interest. In certain
of such embodiments, an expression cassette comprises another nucleic acid sequence
comprising a nucleotide sequence encoding the second fusion partner of interest. The second

fusion partner of interest can be any of a variety of polypeptides. For example, the second fusion
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partner of interest may be an antibody polypeptide or antibody polypeptide fragment, although
second fusion partners are not limited to such antibody polypeptides or fragments. Since the
second fusion partner will be fused to an anchor polypeptide, the second fusion partner will also
be expressed on the surface of the cell. In certain embodiments, an expression cassette embodied
in this paragraph comprises a nucleic acid sequence comprising a restriction site for case of
fusing the second fusion partner of interest. Any of a variety of restriction sites can be included
in an expression cassette. Those of ordinary skill in the art will be aware of suitable restriction
sites and will be able to engineer expression cassettes comprising them.

[0076] In certain embodiments, a nucleotide sequence encoding a polypeptide of interest
is codon optimized for use in the organisms (e.g., yeast cell) in which the polypeptide is
expressed. Codon optimization is a process by which a nucleotide sequence that encodes a
polypeptide of interest is modified such that the nucleotide sequence is optimized for expression
in a particular organism, but the amino acid sequence of the polypeptide remains the same. A
codon is a three-nucleotide sequence that is translated by a cell into a given amino acid. Since
there are twenty naturally encoded amino acids, but there are sixty-four possible combinations of
three-nucleotide sequences, most amino acids are coded for by multiple codons. Certain codons
in given species are often translated better than other codons that encode the same amino acid,
and each species differs in its codon preference. As such, a gene from one species may be poorly
expressed when introduced into another species. Once way to overcome this problem is to take
advantage of the degeneracy of the genetic code, and modify a nucleotide sequence that encodes
a polypeptide of interest such that the nucleotide sequence now contains codons that are
efficiently used in the species of interest, but which nucleotide sequence still encodes the same
polypeptide. It is possible to determine which codons are the most widely used in the organism
of interest. Indeed, this has already been done for a variety of organisms, including Yarrowia
lipolytica. A sample codon optimization chart for Y. lipolytica based on 2,945,919 codons is
shown below in Table 1. Those of ordinary skill in the art will be aware of and will be able to

determine codon usage for other organisms.

Table 1: Yarrowia lipolytica Codon Usage Table
UUU 15.9(46804) | CU 21.8( 64161) | AU 6.8(20043) | GU 6.1( 17849)
UUC 23.0( 67672) | CC 20.6( 60695) | AC 23.1( 68146) | GC 6.1( 17903)
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UUA 1.8( 5280)

CA 7.8(22845)

AA 0.8( 2494)

GA 0.4( 1148)

UUG 10.4( 30576)

CG 15.4( 45255)

AG 0.8( 2325)

GG 12.1( 35555)

CUU 13.2( 38890)

CU 17.4( 51329)

AU 9.6(28191)

GU 6.0( 17622)

CUC 22.6( 66461)

CC 23.3( 68633)

AC 14.4( 42490)

GC 4.4(12915)

CUA 5.3(15548)

CA 6.9(20234)

AA 9.8( 28769)

GA 21.7( 63881)

CUG 33.5( 98823)

CG 6.8(20042)

AG 32.1( 94609)

GG 7.7(22606)

AUU 22.4( 66134)

CU 16.2( 47842)

AU 8.9(26184)

GU 6.7( 19861)

AUC 24.4( 71810)

CC 25.6( 75551)

AC31.3(92161)

GC 9.8(28855)

AUA 2.2( 6342)

CA 10.5( 30844)

AA 12.4(36672)

GA 8.4(24674)

AUG 22.6( 66620)

CG 8.5(25021)

AG 46.5(136914)

GG 2.4( 7208)

GUU 15.8(46530)

CU 25.5( 75193)

AU 21.5( 63259)

GU 16.6( 48902)

GUC 21.5( 63401)

CC 32.7(96219)

AC 38.3(112759)

GC 21.8( 64272)

GUA 4.0( 11840)

CA 11.2(32999)

AA 18.8( 55382)

GA 20.9( 61597)

GUG 25.7( 75765)

CG 8.9(26190)

AG 46.2(136241)

GG 4.4( 12883)

Legend: Table fields are shown as [triplet] [frequency: per thousand] ([number]). Data was derived from 2,945,919
codons present in 5,967 coding sequences. Table contents obtained from Codon Usage Database found and can be
found at the URL www.kazusa.or.jp/codon/cgi-bin/showcodon.cgi?species=284591.

[0077]

of the Yarrowia lipolytica codon-optimized nucleic acid sequences of SEQ ID NOs: 1-12, shown

In certain embodiments, vectors or expression cassettes comprising one or more

below, can be transformed into Yarrowia lipolytica for expression. The relevant coding
sequences within each of the codon-optimized nucleic acid sequences below are indicated by
bold, underlined text.

[0078]
cerevisiae SAG1p (320 C-terminal amino acids) (Sfil/Notl flanked)

SEQ ID NO: 1: Synthetic Yarrowia lipolyvtica codon optimized C-terminal S.

[gaatgcagcggcccagecggecatggeccaggtgcagetgeaggtegacctegagtggeggeggaggctetggeggaggcggatcet
ggeggeggtggcagtgcacaggtccaactgcaggagcetcgatatcaaacgggeggecgeagagcagaagcetgatctctgaggaagate
tgteecggeggaggeggetecggtggcgecggttctggcgatgocgpctetcatatgtetoccaagtectettteatctctaccaccaccacc

gacctgacctctatcaacacctctgectactctaccggcetctatctctaccgtggagaccggeaaccgaaccacctetgaagtgatctetcac
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gtggtgaccacttctaccaagetgtetcccaccgecaccaccteectgaccattgeccagacctctatctactccaccgactccaacatcacce
gtgggcaccgacatccacaccacctecgaggtceatttccgacgtggagaccatctceccgagagaccegectetaccgtggtgoccgetect
acctctaccaccggcetggaccggegcecatgaacacctacatctetcagttcacetcttettecttcgecaccatcaactctacceecatcatcte
ttectetgeegtgttcgagacctetgacgectctatcgtgaacgtccacaccgagaacattaccaacaccgecgetgttcectctgaggaace
cacctttgtgaacgccacccgaaactccctgaactetttetgttcttctaagecagcecctectcetecctettectacacctettccceectggtgtee
tetetgtetgtgtctaagaccetgetgtctacctetttcaccecctetgtgeccacctctaacacctacattaagaccaagaacaccggcetactte
gagcacaccgcecectgaccacctettetgtgggcctgaactecttetctgagacegecegtgtectetcagggceaccaagatcgacacctttetg
gtctecteectgategectacecctettetgectetggetetcagetgtetggcatccageagaacttcacctetacetecetgatgatctetace
tacgagggcaaggcctctatcttettctctgecgagetgggctcetatcatcttcctgetgetgtettacetgetgttctaacctagg|

[0079] SEQ ID NO: 2: Synthetic Yarrowia lipolytica codon optimized C-terminal S.
cerevisiae AGA2p (Sfil/Notl flanked)

[gaatgcagcggcccagecggecatggeccaggtgcagetgeaggtegacctegagtggeggeggaggctetggeggaggcggatcet
ggeggeggtggcagtgcacaggtccaactgcaggagcetcgatatcaaacgggeggecgeagagcagaagcetgatctctgaggaagate
tgtccggeggaggeggcetecggtggeggeggtictggeggtggeggctetcatatgecaggaactgaccaccatctgegageagatteect
ctcccaccctggagtctaccecctactetetgtctaccaccaccatectggecaacggcaaggcecatgecagggegtgttcgagtactacaag
tetgtgaccttegtgtctaactgtggcetctcacccectctaccacctctaagggeteteccatcaacacccagtacgtgttctaacctagg|
[0080] SEQ ID NO: 3: Synthetic Yarrowia lipolytica codon optimized C-terminal
Yarrowia lipolytica CWPI (Sfil/Notl flanked)

[gaatgcagcggcccagecggecatggeccaggtgcagetgeaggtegacctegagtggeggeggaggctctggeggaggeggatcet
ggeggeggtegcagtgcacaggtccaactgcaggagcetcgatatcaaacgggeggecgeagagcagaagcetgatctctgaggaagate
tgtccggeggaggeggctecggtggeggeggtictggeggtggeggctetcatatgggeaacggttacgecgtegacgacaactccaag
tgcgaggacgacggaatceccticggegectacgetgttgetgacacctececgeagagtettetgecgeccecgectettctgeegecgetg
ccgagtectetgecgecccectettecgetgetgaggccaageccaccgetggaggtaacaccggegeegtegtcacccagatcggtgac
ggcecagatccaggceteccececctetgetecteccgetgeccecgageaggecaacggegecgtetetgteggtgtttctgecgecgeteteg
gtgtegetgecgecgcetetectceatttaacctagg|

[0081] SEQ ID NO: 4: Synthetic Yarrowia lipolytica codon optimized N-terminal
Yarrowia lipolytica AGA?2 (Sfil/Notl flanked)

[gaatgcacaggaactgaccaccatctgecgagceagattccctetcccaccctggagtctacceectactctetgtctaccaccaccatectgg
ccaacggcaaggccatgcagggcgtgttcgagtactacaagtetgtgaccttegtgtetaactgtggetetcaccccetetaccacetctaagg
getcteccatcaacacccagtacgtgttetettctggeggeggaggetetggeggaggeggatetggtggcggaggatetgeggeccage

cggecatggeccaggtgecagetgecaggtegacctegagtggaggcggcggatctggeggtggeggcteecggeggtggaggcagtgca
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ggccagtctcccaaggtgctgatctacaaggtgtctaaccgattctetggegtgecccgaccgatteteccggetetggetetggeaccgactte
accctgaagatctccegagtggaggccgaggacctgggegtgtacttetgttctcagtctacccacgtgecctggaccttecggeggaggea
ccaagctggagatcaaggeggeegc|

[0084] SEQ ID NO: 7: Synthetic Yarrowia lipolytica codon optimized anti-HEL D1.3
scFv (Sfil/Notl flanked)

[ggcccagecggececaggtgcagetgecaggaatctggecccggactggtggccecctetcagtctctgtctatcacctgtacegtgtctgg
cttetctetgaccggetacggegtgaactgggtocgacagecccctggcaagggectggagtggctgggcatgatctggggegacggea

acaccgactacaactctgccctgaagtctcgactgtctatctctaaggacaactctaagtctcaggtgttcctcaagatgaactctctccacace

gacgacaccgceccgatactactgtgeccgagagegagactaccgactggactactggggcecagggcaccaccgtgacegtgteetetgg
cggtggaggctctggeggaggeggatetggtggcggaggatctgacatecgagetgacccagtetecccgectetetgtetgectetgtgggce
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cerevisiae AGA2p (Sfil/Notl flanked)

[ gaat gcagcggcccagccggcecat ggcccaggt gcaget gcaggt cgacct cgagt ggcggcggaggct ct gge
ggaggcggavot2011/089527 PCT/IB2011/000227
ggcggeggt ggcagt gcacaggt ccaact gcaggagct cgat at caaacgggcggccgcagagcagaagcet gat ¢
t ct gaggaagat ¢

t gt ccggeggaggeggct ccggt ggcggeggt t ct ggcggt ggcggct ct cat at gaggaact gaccaccat ct g
cgagcagattcc

ctccc égﬁg@g@%ﬁ@ﬁg@g@g%&%@f%@ RACGICE PR AT SR BB LG bR AR BRI AY e H8gggcg
tgttcoagk %Q&tﬁ’&a@é’sﬁ:caccctggccgac%gcgtgccctctc%attctctggctct%gatctggcacccagtactccct%aagatcaactcc

tct gt gaccttcgt gt ct aact’gt ggct cf cacccctct accacctct aagggct ¢t cccat caacacccagt ac
gt gt t ctgwagocatpghcti@oBOItBEQtEtDrdidrttcBetEyerchaighaccifegacggi grchidcpadoydgagatcagdon
optlnlzed C— rninal Yarrow a |lipolytica CAPI (Sfil/Notl flanked)

[ gaat ¢ e cagcecggecat ggceccaggt gcaget gcaggt cgacct cgagt ggcggecggaggcet ct gge
993-99([0@85] ct SEQ ID NO: 8: Synthetic Yarrowia lipolytica codon optimized anti-HEL M3

ggcggcggt cagt gcacaggt ccaact gcaggagct cgat at caaacgggcggccgcagagcagaagct gatc
t ct gags ‘ég&ilﬂ\?ot?ﬂankeg

tgt ccgggo%g%ggg& A 9L A95995 4051 S 08590 AGC ALt KGRI AL BERARG S L ARAGE 9t €92

cgaca

E g tc?a?gam@aga@@%@tabg@@tg&g@gg@egmg@g@ig@gg@@aggdg@@ma@gmﬁggg GReEEEECCYCe
cttctgccgccgce

ccgag taé%ch@ﬁ%@@@%&@&%&qﬂg@&@e%@f@@%@%&g&a@@%@&%g@&gﬁ@%@&@8@%&*@%@@ cgtca
cccag

oS aR bcccpuactactatpceepagacpugaciaccpuctpmactactggapecaaacaceaccatpaccatgtotet o
tct gccggggtggaggbtcgggg%ggggagﬂgggmgaggawgmtmmt@g@IccP@@w¢t§E@cb®tthg 4:
Synthetic Yarrow a | |£ol tica codon ogtl mzed N-termnal Yarro

i pol &gﬁ@gcﬁwa‘ic%c]tgt ?tct‘fggw%qﬂ:aca ctacctggcctggtatcagcagaagcagggcaagtctccccagct

[ gaat g¢ z%cﬂé‘@a%é‘éé%é’tkgéc%ﬁ«gg%g%%&G@Fﬁ&&?é‘gﬁ@é‘éﬁ%@ﬁ%ﬁﬁ@%@&ﬁa@&%%c&t gt ct
accac C accat cc

ccaac @g@awgmgg&@gggc@cgﬁctgt@@g@m@tmgg@mg@tgmgg%ggg}wwmg@gg@@a@t cacc
cctctaccacctctaagg

gctct éacccagtacgtgttctcttctggcggcggaggctctggcggaggcggatctggtggcggag
gat ct QGQBB}CCGQC SEQ ID NO: 9: Synthetic Yarrowia lipolytica codon optimized 4-4-20 Fab heavy
cggccatggccce&gt cagct gcaggt cgacct cgagt ggaggcggcggat ct ggcggt ggcggct ccggeggt
ggagg@@&éﬁﬁ_m%hegﬂoea%zwml 1B2011/ 000227

oo B B S P R PR A G R 2
| i pol yetttaccadapacqitgdugaactgbiapcepidgtotcsahyadeftdtig diatdoetdoacdagaty cgaaacaagecct

cccagccggcecg, aggt gcagct tcgagtct ggc gactg cagccc ctctctgcgact
:E g? t gta@%a@&gg{lggggag[actgtgac ctggg%agggccgattcac%a?g%cccgagatgactc?aagtcctctg%gtacc% cagatgaa?cag d

gettc %@&g&géag%%9@@&8@%@&%&&@&@9&%&9&9@&@&%8&&&%&9&%@@&9&&&9&&%&99&@@8 ccgaa

tctaccccac

ggct acatgugatarggapadictiigtgaaggoacgatitteatdatatitggiggagacactigisariageatpgcct ac
ctgca gaact

gcgag g‘(‘ftﬁ tétﬁgg%&@%@f%@ﬁ%@@ftﬁ&%ﬁ%%ﬁ&?%@&?@%&%ﬁ%&gfEglttﬁkgﬁ%%‘:[Sﬁt@té%?ﬁt%& t gggg
ccagggeaGeteh@giaptaaccgtgccttcttcttctctgggaacccagacctacatctgtaacgtgaaccacaagecctctaacactaaggtag
gaccgt gt cct ct ggcggaggeggcet ccggéggaggceggat ct ggt ggeggaggct ¢t gacat ccagat gaccca
gt ct c@cragegagtiggagectgeggeegc]

91t 0%i6h 01 9905496 6930 R CA RARCKS! SRI5EH 51 S ASRACAARACARTIRAIIAERF ! 09t 2

caagychsiagsAnNNbglgRéDt act ct gcct cttt ect gt act ct ggcgt gccct ct cgattctct ggetctcg
at ct g%caccgact t caccct
t!

gac c atl BgceagceatcgaepiRatepigRratacp e edletctacceripigtctengesrrc arncalc e ettt eratdicacct t
cggec %gggcqggct&%%gaﬁgg&g%tcgtg@cgfgccgg%%gag&écagaagcccggccagtctcccaaggtgctgatctacaaggtgtct

aaccgattctctggegtgeccgaccgattctcecggetetggetetggeaccgacttcaccctgaagatctcccgagtggaggecgaggacce

tgggcgtgtacttetgttctcagtetacccacgtgecctggaccttcggeggaggeaccaagetggagatcaagegtacggtggcetgetect
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[0083]SEQ ID NGO 6: Synthetic Yarrow a |ipolytica codon optim zed 4-4-20
scFy (Sfil/Notl flanked)

[ ggcccagowgaonigsbizaagct ggacgagact ggaggaggcct ggt gcagcccggatgnuavadogziagct gt ct
t gt gt ggcct ct

ggcttcaccttctctgact act ggat gaact gggt gcgacagt ct cccgagaagggcct ggagt gggt ggcccag
at ccgaaacaagccct

acaact acgagacct act act ct gact ct gt gaa ggccgattcaccat t cccgagat gact ct aagtcctctg
t gt ac é(ftg%gg%{{t&a%actctgacg geagctg agtc g% actgcttetgttgtgtgcctgltgaacaacttttaccecccgagaggltaa

aco! 944a000306a0AIIRIRRI LERIASLAAMREARL GHIAEIRAMACRLAGARI AL AAdEERRITTC
g c

cctctgtgaccat g

c E c E ggeygeggagdietatiaggdgyiggeguat sgpt gy iagastetrarg gy pitcgdcrerge@ecccct
gtctc

t cgtgtc
tctggj%éﬁ@%ﬁ%&%%@%@ﬁﬁ%@ggﬁﬁlcgatcttctcagtctctggtccactctaacggcaacacctacctgcg

at ggt gpe88ycagaa@rey D NO: 11: Synthetic Yarrowia lipolvtica codon optimized Herceptin Fab
ggccagt ct cccaaggt gct gat ct acaaggt gt ct aaccgat t ct ct ggcgt gcccgaccgat t ct ccgget ct
ggct anj@ﬁhelwgh&%l otl flanked)

B
Yar r owcAicdac@todagihcidcta e ctpitictiaegh it ggddinte dodtogagtgedtyo dcSdatotddat dactdaanked)
Iggcccagccggccaggtgcagctgcaggaatctggccccggactgg}ggccccctctcagtctctgtctatcac

ctgt a(g@gtla@qceggjéacgccgactctgtgaagggccgattcaccatctctgccgacacc taagaacaccgcctacctgcagatgaactctct

2:585 Cgggggggg&&aggggﬂ&gegﬁk&g&gggggg&geggﬁﬁ&ggﬁaggaggﬁgggg&ﬁgg&&gagg@tgat

acacc gaciggacclct greclagagut ttiggatiogt gicatctat BagyRcaapeaai i degatagtcc ct ca
agat gaactctctccacacc

gacgadatepRRc St eARt R g arr g et s deievdct it P Rt Yoo lretigigededacgt g
accgt ghe&bab@etctcttctgtggtgace gtgtccttcttcttctctgggaacccagacctacatctgtaac gtgaaccacaagccctctaacact

cggt ggaggét ct ggcggaggeggat ct ggt ggcggaggat ct gacat cgaget gacccagt ct cccgect ct ct
gt ct geeesiEgicaRyeagtV@ RORe¢B8AE27PCT/ 182011/ 000227

gegacqgi@Rcal ca5e g QRYSeL! AAGARSRY SA9ARR! AEGLANSFY A5 AhGRGRAGRROCag0ae

ct 9ot gl-BcReRCEANALASIGIrcgacggcgt gececct ct cgat t ct ct gget ct ggat ct ggcacccagt ac
tccctgaagatcaactcc

Ct gcadBEeaRargartCERecr eIt EIe eIt eRct Gt cleedtggtarrerrcegiatasaerieacE ifge s Aigcacc

ool SARAELEARAE-AOReRNS AL LOORR SR 0t e BYALPRL R Bl Pl R
E:tggf; gg?gggfgﬁg@t@mmmmaﬁg@&tggcmgz@gacrb@@t@gagbe@agmm@tw‘cmbt:abrgtcat cac

Ct t ot CEEHIATRGRACAEGEE Py 88T Ja8RAE AR g BTt RrRflacsggaeiergaieigtratisecat gat

ct g99geaa6g teaagtetggaactecttctgtigtetocctect ttt taaggttcagt t

Fcacoaiar Bednprscisnanclercladticiotetetgectacieanemotiiaccoce gREPCRICEICALERIALEE 1 ca

agat ggacdacgattgcapteiggaaactctcaggagtctgttactgageaggactctaaggactcgacctactctcetctcttctaccetgaccecetgt

B T A I D e A LR A e )

gcggt gaagert ct ggcggaggcggat ct ggt ggcggaggat ct gacat caaget gacccagt ct ccecgectcte

t gt ct gcctct gt ggg

Cgagf[’slccgt gacca{ cacct gt cgagcct ct ggcaacacccacaact acct ggcct ggt at cagcagaagcaggg

caagt g} ccccagce

gctggéé?gttacaccaccaccctggccgacggcgtgccctctcgattctctggctctggatctggcacccagta

ct ccctjgeggat caacy of a variety of yeasts can be employed in accordance with methods and

cctgcagcccgaggact tcggct cttact act gt cagcactt ct ggt ct accccccgat ctttcggcggaggceac

caagc@@@@@&tl@@&&écr@iﬁg«é@&@g&asrws él}rmtym@rm%.c NGCroSYRRINETE-c Y Vet Bwine 1Ly

LT pol Y€ A GRA9MA %r‘nﬂ‘aftﬁ& - 3neQpEals Qg‘?‘%n%%éf o] e Nhdrphicanked)y

[ ggcccagccggcecgagt gaagce ggé%gagacpggagg dgcctgg agcccggacdgccba gaagctgtc

t t gt gtcg@elsd ekist in a unicellular or hyphal form. Moreover, some species become multicellular

g9Ct et L gRc] RC T qaRt 9ReL 90t 99RARY Sl e SARPEHeRE] ggagh 099t gvccoas

acaact acgagacct act act ct gact ct gt gaagggccgat t caccat gt cccgagat gact ct aagt cctctg

t gt acct gcagat gaaca

acgt?c?agtgg?g?acatgggcatctactactgtaccggctcttactacggcatggactactggggccagggca

cctctgtgaccgtgtc

1(::t 1(::t gct ?g;:a;:ca?gggacct tctgtgificctctg®cccectcttctaagtctacctctggtggaact gctge
ctgggat gt ct ggt gaagg

actactttect gagcct gt gact gt gt et t ggaact ct ggcgct ct gactt ct ggt gtt cacaccttccctgetg

ttctgcagtcctctggactgta

P T T T T o



[0087] SEQ I D NGO 10: Synthetic Yarrow a |ipolytica codon optim zed 4-4-20
Fab light chain (Sfil/Notl flanked)

] ggcccagowogetigmgiggt gat gacccagacccccct gt ct ct gccegt gt ct eCygpugae@azgcct ct at
ctcttgtcgatcttctc

agt ct ct ggt ccact ct aacggcaacacct acct gcgat ggt at ct gcagaagcccggccagt ct cccaaggt gc
t gat ct acaaggt gt ct

g L 9000l RERBAHTSRR G RRGREtShaNeL L AARACHARE hearoelaasng o coco
1 999C etk @bt GhnWelistE AU CLRAGRGATHM %ﬁfés@ﬂ@}g §istl 6%%9&%91%%@&&8&99@39 at caagc
gt acggt ggctgctcct WO 2011/ 089527PCT/ 1B2011/ 000227

t ct gt gedleds, butt are oetclovitet wad gagloegutiyangrbuggadotngida dbigunsy Cgrdide nffetagaacaac
ttttacccc

Dt t odit SL AR e adide Lo b UG G UYL SR B t aagga

Ct CQaQUlnALlaCdighratl Candida guilliermondii, Candida hispaniensis, Candid humicola, Candida
ttctaccct gaccct gt ct aaggct gact acgagaagcat aaggt gt aégcttgt gaggt t acccat cagggact

gt ect érlettetigdardidadietyt Cendde gagycgat idodsyerCumide  11:

DU NG AL AR RSN 2 AR zfosa %%%%%%* Bl NSRRI 1

[ ? ?ctcma@dﬁxag&?@a@gtz@mmw&l@am@t 09 09s PRt a3l gCaARNALHBLaeindldat gcgact gt
cttgtgececgectce

gct t cﬁé@%ﬁ@”ﬁ%%@@t@é%@WMeﬁa&ggwﬂé@@gfgézéa%%&ﬂ Yot g4b¢4gcccgaa
tct ac%gﬁ%&ggscﬂaws Ora lusztanzae Cryptococcus albidus, Cryptococcus albidus var. di é]

ggct acacccgat acgcc act ct gt gaag gydnccgattcaccat ct gfjgccgacacct ct aag caccgcct ac
ct gcadayraartcat kaerzingii, Cryptococcus laurentii, Cryptococcus luteolus, Cryptococcus
gogagcegpggacaccact o] olact act ol ofcaal 09993006 92000L Lot acqceat ggact act 90gg

gaccotgl,eetsl e &%g&%ﬁ%%%&rﬁ)%ﬂh&s@hz? FAIChOBERE GSsH-F b RRIPSIVAGAHEE, 9T 90
aact gct gct ct gggat gt ct

ggt gadggawyaprsisthycrrgagosiogt gasisyilgligerag §debtsodigy cgptudiggact t@togae/gen cacacct t
ccctget

oot Gult i SR Ela e ngle, Hemsrylasapatie, Hameryl a4 ot g

aacCcagaARgenL: pLaAGAR! HAREREE DOBARYSIHRBESHILON BEHUeMICKILIRBbSERIL D NO
12: Synthetic Yarrow a |ipolvtica codon optim zed Herceptin Fab |ight

chai n Kl®piergmyses lactigdidexperomyces marxianus var. lactis, Malassezia furfur, Malassezia
[ ol %9@? t?t%t, PEAAPARGHIAIPEIEL bbb Gk OLhl, Be5h S b IV F9a5S Pags gaccat ca

cct gt

Ccaggadyt/daseinelyutgh Ryl aallatcagnagan Rhodgorndaggocadaeadgotigot:gat ct act ct gcc
tctttcctgtactct ' '
gcgt g&E€ i 5&93(6%%@@{16% FhodargigcaréydetRivdeeetlig s s S4ctv@rsegtagect gagg

attt C%EF@@%%@%&% ces ellz soideus, Schizosaccharomyces Onzcus Schzzosaccharomé/ces
agcagcact acatcacccccceccacc tcggccagggaaccaagét gd gat caagcgt acggt ggcét gct cct t

ct gt gtpbtz@'e,t&ﬂozdaﬁomyces holsticus, Sporobolomyces roseus, Sporobolomyces salmonicolor,

coctct gachadeagch a0t of 993301 90 SLALS O A5 99SL 9L ABRSARGHE S ages s coagagget

gacaagBshahaTaah oI BRARRSHEHEAITABhSHOMHARIAGS AAFARHE IRRGARE SEACCt act ot ot o

tcttc ct gaccct gt
ct aag @o@gwcc@wgmgemzaé@@sgoé@ygmangﬂg&ggtlmactowéltt@a?g@gmﬁ gheaosugeldecgt gacca

2%?2&%%5 §a ?(iac gogg%%i %a%ggl\‘ﬂh H%:g)gegs%ﬁ@p Xlsglosed cvo%{ploglttl%ns an rnet?lt ds.can be
[0092] In certain ernbodlrnents, a yeast species to be employed in accordance with
compositions and methods for displaying antibody polypeptides or antibody polypeptide
fragments disclosed herein is a yeast of the Yarrowia genus. For example, an antibody
polypeptide or antibody polypeptide fragment, e.g., any of the antibody polypeptides or

fragments described herein, may be displayed on the surface of a Yarrowia lipolytica yeast cell.
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conposi tions described herein. Yeasts are fungal eukaryotic

m cro-organi snms. Yeasts primarily exist in unicellular form although sone
speci es, WOQ011/08932r0W a species, are dinmorphic, i.e., tReyIBzZN1/B00327 exi st
in a unicellular or hyphal form Moreover, some species becone

mul ticellular through the formation of a string of connected budding cells
known as "pseudohyphae". WO 2011/089527PCT/ 1B2011/000227 [0091] A nunber of
yeast known to those aof ordinary skill .in the art. .Exenplar east s
that ¢4 used i e LB AHER AROTIMG A E P EUPES S I SR BRI Fhons
and et fodsn dwitloUdEmilRkihyAfR affdhs hdhrioBfcd QiricAel Cridb G0Nk el eREEbRIINM
Candi da al bi cans, Candi da al bi cans var. stell atoi dea, Candi da bentonensi,
Candi @a gbabsnuldat agrolga ndinditiorsu hvatsamiGantirdayif: dipatvéca Gdmamdo gkabdapam

Candi d illier i, ndi da hi, spani ensi Candi d hum col g, ..Candi da
ey gt el ROT du SRR AR BLRRE DB e B e Bl i el oilEand] da
| oxderyirdan dh o MpE AARitgNSiated CARET BcrRINahEES, dfantida MEhiepsa, Candi da

melinii, Candida nitratophila, Candida parapsilosis, Candida pellicul osa,
Candi damprantsppptes with Gampingaispingis Yacané deelpidedrs ehiaple-digiands eecle bust a,
Candi .U i ropi cal.l. s ida utilis, Candida zeyl anoi des,
d avig%%gggﬁﬁg%?gﬁﬂggg%%évgféhoééugié?%%%us, Crypt ococcus al bi dus var.

di ff1 yeswss] Cryptincetdusmbudinentigh iyeasCealbls aaasotited alih @Rtttor oi@xppdseioACCUS

| ut eol us, Cryptococcus neoformans var. gattii, Cryptococcus neqQfornmans var.
neof orCAMRKS CERPHTRES Begieotids Spairace encpAing b RsPlif gluintesht 08y obaBaisfvny ces

hansenid b ‘ R i
S S R i SRR S
Hans enlidcésed beraina, Nddalsemgl cxamales of atiasfordatee matizody indodeyireat shdaksenul a
jadinii, Hansenul tersonii, Hansenul ol.ynor pha, nsenul.a .wW.ckerhami,
I ocolelseloRtAt Y IRIR Gesrssrnede actigms Ly Bhosry badlinagy whllin eyt

| acti syillMel.aa8eat RadtyrahWormMHnaa SRS upasie Ysiah ey alst & bdtaRiAmber ment ans,

Pi chi a nenbranaefaci ens, Pichia pastoris, Pichia pinus, Pichia
subpel I'i cul osa, Rhodotorul a acheni orum Rhodotorul a araucari ae, Rhodotorul a

gram ni s odot.orul a gl utinus, Rhodotorula m nuta, Rhodotorula rubra,
Sacchghggyggggﬁéggbisiae, Saccharonyces el |l i psoi deus, Schizosaccharomyces
j aponijgeps] Schi 20 saeHh 3MBBYIERAtPY FRRt c@pﬁéfgo,%bw&e}%aﬁ%ﬂﬁ H&dfbed herein)
Spor obol onyces roseus, Sporobol onyces sal noni col or, Torul aspora

del br ueglemn orproragaisp it eiHtueapFarsxampleT s yedsb sl biranwiamed véthgneprimdiespor on

f enni ' r L: Qr.QF 1 uka r

| pol v pies o EROSRELE Dottt TE R ARBed it B O SRR Bl s
art wor IVeb®rewasebogroahhe prepapitad irecy@astis eaainlenbedaenta aesosftthagenus t h

the presently disclosed conpositions and nethaods. [0092]In certain

enmbodi ieEiREY eeg-y%f_erwzgdé?@{yézga,tlégwrbmre%ate!dﬁn 8‘(‘:186?dan_ce Wi th conpositions
and ngf '8&%311 fsﬁ%]'bo h%ﬁ s2Y Y80 A ée@ﬂg\éulmIe? Hﬁcﬁe‘r'a%m%a 201 bReshRAnYRRAL | de
fragments disclosed herein is a yeast of the Yarrow a genus. For exanpl e,
an antliheoctyn piGlrypepiceld epontiantandddn’ pe bygpldptdio ecfersag agniwther gulturany of t he

o0t Doy Rl %R B ARIRDIS BASELL S0, Ny TR B, LI o
2011/ QRABRARETYpbBRALL/ 227 pbIORIHY REAI ohiiRal IR cbpireaqyer ci al Iy

useful species of hem asconycetous yeast that is known to assimlate

hydr odartsorie celhthapis adtigewei undeicthaicYatrdwioree B oaéikting sonditexpe thab e saroplesa or

gl uco under .aerobi c conditions. ,For exanpl e, Yarrow.a.l.i pol vti.ca,i s known
Lo degraautgsheishil dadef s Cpr Bliell OFieg khniinnl ok Fo Bit BB RE e of

al kaness pdlapdpyidaeh s suffadeSingitevad dtbilityasondvindutibh e Fticti6Rof the dkplearti| ¥
related to nost other yeast species, and shares a nunber of common

pr operels@spiide; Ar meinssnenecisxpiangen okthe pelpaptidefer g1 inseeaprsslepgth of time.

hapl Og%ﬂi] ontic i ¥81Jtaﬁn 'ef?lbz)lﬁﬂ{en{sf a %’Ia}rgh?c%e?lsop%%ttf?@%gnaﬁgﬁ 86ﬂp1q§%g a%\9| oid

phase
induction temperature. For example, a Yarrowia cell comprising a vector or expression cassette

for expressing an antibody polypeptide or antibody polypeptide fragment may be grown for
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[0094] I n certain enbodi nents, a yeast cell is transfornmed with a vector or
expressi on cassette conprising a nucl eotide sequence encodi ng a pol ypepti de
of intere8D.20lg9827 a variety of yeast transfornmati on meCmaB®1veg2te used
in accordance with the conpositions and net hods di scl osed herein.
Non-limting exanples of transformati on nethods include heat shock,

el ectroporation and |ithium acet at e- nedi at ed transfornatlon Those of

ordi nar Skl I be aware of yeast tran ti ods
sui t aPECPpR lpﬁ@efsﬁgtlfalﬂrs sbis oy B e e G Ao otbes Bes R%SE’FP

cer t aiffdeERAdL B RESoral®y I&ESEe LRI 1bweCoBtivatiBR YerRferhtifsY §88S, fGBInsS 1dGSMul bed
herein) 1S grown or propagated in culture. For exanple, a yeast cel
transﬁﬁh@mkamﬂmml@nmeﬁmsn@y@e@xgﬁ$®éwmnhmnmnmmhwgﬂwwngwech@d@nawﬂde@br|bed

herein i,n .t he n entitled " ressi pn ssettes. or,,Vectors" be

ar own B S adERRn ity & o R R R B b B heR L 1S EaSE T he genus
Yar r oh@ictién gbmpe}(zﬁﬁtreqwﬁ% dﬂbl@@Iééhlagaut li5%an@aB¥M Brdepfepaghiifde ENb&lctnr €. 1 n
certai n enbodi nents arrow a cel is cultured under a Yarrow a cel

oper ataPigf 15cmdiabpe4 dreccs &emuw@ﬁ*twm gboubl ¥ angheoat Phdearessdialsivn betccnsed
h f I
C:Ir f' %bélﬁbll%:a%dltagogt&%;cp \A%e S elsﬁl%b‘#elfwgen ?93%91{ E Qﬁc}g ab?)ugf { d%necs;tf‘ﬁlgﬁ d§%{we%¥1“ a

pol ypepbitde d adoit doaitgrdes Icyp;am bd@eéﬂﬂ@lﬁem Anddboiut 85 aegré@c(eelaas @enmﬁed to
a YarromIa cell that is not % own under that Yarrowia cell operating
t

condi PO, 7 2bQutnis degregs CaPtuswpevee 1bogt bhvand shest 2%d%?¢s&ﬁl%tuwmween
oper ati,Ag 1©ORdibb@»s fe%§@eﬂ dRELEARGH20 c?éb%u?és H%ﬁe&%éfﬁﬁ@tahﬁlﬁnfn its

surface, inproved sta Y, coh?ornatlon or unctlon he expressed
pol yp emgede betwreenmimteanasbaimextpreksironaat!l ihgropulay pe ptdudeorf mparature

i ncr ease th of time. [00 n c n enb iments, a Yarrow a cel
operaP? ﬁ@ﬂ&ﬁﬁ ﬁglieswelé%ﬁb%a%?@q%%se(%iﬁa gﬁis%fﬁa% Grlgis, &Vei@anm e, a
Yarr O‘Megr&@tklsﬁl@%hﬁlg‘&g%e\é‘t%m&s %o&é@ﬁ@@%bso@e&%sa%ﬁ@lf d?ergre%él@fef‘sﬁ%' ng an
anti body pol ypeptide or antibody pol ypeptide fragnment may be grown for WO
2011/ @8@15222 I‘GEBQ(GIISIMSO@E@ZQ% d@greescﬁelaust, abcbuttZIéIedeg@IeIs Celglusoraabaut 26 | ow

i nductj on t nperaL » crlbe stress is
ponor et CRREREAbS e ASHE TSRS S S Bl Epck R Tlirs S RS BB, 1 o

and otiR®mhda Ggl{zénnfeﬁh @ﬂauﬁé 0£188.SE&8ndralYy, RéhcHRGEERSBRr@ice &) 4 Fiv@ﬁk&ﬂbe%&uﬁf owi ng
such a Yarrowi a ce under | ow i nducti on tequratures certain

enbodivabist ge t@rmfaiIosa@t\XIrgfe@ép la rpgecpf pkrcavitiin T/ndbietaf dhpt vakeet-at i @% @hge of
bet we t. 1% S e and
obout 04 08 e ElitnAatls, 82 750F BES A, 21 tRu bl ya B SRS ANAY, §2 2

bet wed, abibut valie, and%abothat 2Rue egr Beof Geak shlus, +/b&ws vﬁeﬁatazbmalorﬂéssanfdh@bout

21 degrees CEISIUS bet ween about 15 and about 20 degrees Cel sius, between
about Ul BafCAMIGE 0 281vaR frassatess) eluss thepemuebruisaeemnasseiie sustivalys

degre I en
about%%§QE k% gﬁﬁg%%ﬁﬁgxregg%%%gg?ﬂgn%gg%&ggﬁog u%ﬁ§g$2%%hH%gd$§wwi

degr easa ﬁ?@hsr mﬂuctmmdempgranmmgletempeﬂaatrmlge diinng end portioe nbihdicolk ntlsyre a

Yarro at a |ndu tion tenperature of about 1 rees

Gol 51 062 Sl ectighy sak EdpuPiBiica Ry e Eubesefies Hoee duitis 16

deqr eemirGehiSiokon ARAY Eel LU ROISE SthE gl d63tioBP I Eerddn H8B5ARRN{EA ?Awéwmabout
21 degrees | sius, about 22 degrees Cel sius, about 23 degrees Cel si us,
about c2l idggreasa w@uu@ctlom teaﬁmmtu@w d@gp@@tgrecehgﬁ dising s qortioneaf théreclt er m
is usedthrerq1 th re ]5 ?Hﬁl, nperat ur e rifﬁqs to F ran et(%ound a_given
t enperAtUFe L hiere &?Pé SOT pretmdrbaadatrsrd s Bpdadof, au“é% el tehp&rat ure
val ue entdiing &1 mnbabp pbfypélﬁfd%l’o‘i ahtbypangepde ffaim@s miytdioperably k%@ t hat
val ue, e.g., +1- 9% of that value, +1- 896of t hat val ue, +1- 7% of that

val ue,an+nducgis promdier; anbihg & @rmoieelt may by afovel atalowguRnERCtion deMIRIRYES Ot+1- 3%
of th v + en
used ?-% ].yé}%)tléifeer%g% (th?rﬁ?éq{lat \}J&?ﬁ?n @ij tg? g lhtguéltu\}/'eg ?Nﬂgn ﬁ]{%%tror%{géeyl% n u{i ?@é{pré@@
enconpﬁsaﬁ&oﬂhpo@mqumvmhnmbodgpghqmpﬁddﬁﬁgmamned wi t hin experinental error.
In certain enbodinents a Yarrowa cell is grown at a higher induction
tenperature or tenperature range during one portion of the cell culture
(e.g., the initial portion), but at a |lower induction tenperature or
tenperature range during a different portion of the cell culture (e.g., the
final portion). In certain enbodinents, a Yarrow a
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cell is growm at a |lower induction tenperature or tenperature range during
that portion of the cell culture when the pol ypeptide of interest is being
expr essedwORor/msR2npl e, a nucl eoti de sequence encodi ng &OTAR201DEY27

pol ypeptide or anti body pol ypeptide fragnent may be operably linked to an

i nduci bl e pronoter, and the Yarrow a cell may be grown at a | ower induction
t enperature or tenperature range during that portion of the cell culture

when t ronoter is.ind d to express the antij bod ol ypept.i de or

ant i de@"ﬁm ypepl CeLAiR £ Htents tx\?ﬁ@mﬂff %’M%ﬁ?é@gﬂf 3585 a[sgp@?] In
cert a'lﬁtid%ﬁgﬁ’ dieenios exa%tp\fé‘rar %&wﬁ%’eil Cgﬂﬂﬁflﬁh% Q%@t@f‘&' éx'pPé@sﬁR ARGk®eHra short
i nduction tine. For exanple, a Yarrow a cell conprising a vector or

ex pr e@spmssm;@@s atttbedy polypsiprdess |an@baaﬂry remtpchbodyfraghenp eptyi degrown antdlbody

P PRl et SRRy it RSB st 4 platictheds” PhisioT 8 o0 i n

I ncr easRlte@xPMERascAExpRYGS leQEIS@E'th pRBIpEPERt frelendntAdR®EB#Sin | N certain
enbodi nents, a Yarrow a cel or an induction tine of about 8

hour s cbiedintends, Bdigrrowiapdlits Towm s indusgian time ofeheus 8 haveuebay Ohours, about
13 h t h
abou?%&§nﬁ§3}g&s @out %guﬁburs I}E PQ§%U%E€@§HS Eg%ﬁagﬁmﬁgggﬁﬁléégu urs

hour s ,aballtt()llﬁithoaﬁs bt@curta7 hab@ptboaﬂlmwrs,, abott fPliouas) ibbwrd0diouey) abdure 1 thetu\wen
t hese val ues. " as the terntls used hereln in reference to an

i nductPew % bf?@ray a‘myé 23 hgpisr dboub 24 hourws fary Buyriadustign Jisye Rey ek th%%ﬁ’é‘t%ﬁ y,
when s ‘about”
rof or anpgut s ERERARS BoirfinitERrerBINA Blucd FHE e, {08 b ST R00C

t hat \aadund,a g’dien %mde:ﬂe&tllvalhemBused/in réfeteote ﬂohaglve‘lmlndec;tloﬂ/t}meﬁ%lmé thdhat

val ue, SW alue, +/- 4% of .tha 3% of t alu +/- 2%
Vol ey bt Telrs @ aptgiea dplipa iain o 1) At Shanahic mq -0 8F CARHTES b a

gi ven 4/ nghicirinon thhm/va%ttﬁ,thét Reluk eF /68 AdraHAL Vaﬁﬁcm%svameaﬁm%ftml ue,
e.g., as determned within experimental error. [0098]1n certain

enboduVﬁme*s/ 3% Méthatowi@, éIZI% op@ahtalmtg téolfdiof thahvadmrptrul@es\’\ﬁlenowqolﬁ For
exanpl e ﬁ’ g@ t ng $LNg f vep or,,or ex res on cassette for
expr ed&l heéw% aa%’tV?% Yetsd Vet “&e or"d %%dyn%t@&sga dEfragirehE- Ry be
gromm(ﬁ@hﬂﬁ@aawpﬁl@hkngknhmgqgelI culture at a low pH As described in
Exanple 5 below, pHis one factor that ?ulates the di norphic transition
of YalP®8la is tnecrin émb@qii@egts@wﬁrrﬁym 1l opgeasinR gandisemaempiscs 8 lonipithal  at
pH ne I | t null at
e DEHHELL A0 SIS ARRET, 3B b B RL G PR AR hypst ! ot
Yar r omlab@;szl polypepadd omunpibodyipdlyipentide Iﬁragﬂll'ehtahﬁly Bﬂ@l@@hﬁ%ﬂ@(ﬁne ar Abofithwcell cel |
is grown at a_ pH range of between about and . about bet ween about

2.1 ardltatsste [ PHetAwedsactitsddp EZal?Plz&nSdbeé‘b‘&RHlﬁ Orpeftwt%thafatp&al@teé the and about
4, be gwﬁﬂg en
abouttd'\ﬂﬁ aﬁaﬁﬂb%§?%£QQ§8?§£§ﬁhe OE?E%§§ an 1g§?§@ﬂﬂ@b$€§gﬁnh ggﬁhﬁQB and
about atpHhetwweirabtycmt! d2cr@asmnds pHositowkredoetbeeene albonst md1 atrpdd abdbits, 4

bet ween apout. 2 and abaout , 3.9, between abput 2 .and _about 3. n about
>t TR BR R dabisate R aERY B fD R faan e gl SN apout
3.5, hghuRem ahekt chbéditheAROM Va0 hia RELVERRVARAYWH ?an@@gf BhQEin @oo%t 2gd ween

about 2 and about 3.2, bet ween about 2 and about 3. bet ween about 2 and
about abouttﬂete@eéntvm@o@bom xl ambabd%tﬂmlwema@QQtWNMMI 4/ poeeai7ateus?.3

bet ween ;a 3 a r.an H ran i

pet wodhd BPette e Shals Al EE 0o 2 Bibyedn A0y & or P P BBl 56 abou
2, abaul aBouk 4, B&GEEN aaouat.acrwtnd%baut A petcer aBoutatmaﬂd aboth 4, dEken 2bbut 29out
2.6, about 2.7, about 2.8, about 2.9, about 3, about 3.1, about 3.2, about
3.3, apdabow 4qbetaiseueboyt § andpbritt 43b@Weatbhnut 3 and abmbdtd, Bewcemplant 23nd,  or
about lou HEWUhcAIbOS LIRSS ¥SRADGIBON 4 d RIS FACEA Pyl L1 S to 2
range around a given to a given pH
val ue abbites. 3, QfetWeeabtbulﬁt 2 areffadbst 3.4, t&tweermwoon‘ 2 M&i ztlﬁ)&t WBI HthWee'rl abol0%and t hat
val ue, .e.qg., .+/- 9% of that valu +/ - 8% of _that val +/- 7% of that

val ue BbAEHE Fetvaraaboul %ﬁélad ﬁ'}?&ve%abe%t 2 gL abewg dfbeb e abapire) alg - 30
of that value, +/- 2% of that value +/- 1% of that value, or |ess. Wen
used in reference to a given pH value, the term "about" enconpasses the
exact value, e.g., as determned wthin experinental error. In certain
enbodi nents a Yarrow a cell is grown at a higher pH or pH range during one
portion of the cell culture (e.g., th®@ initial portion), but at a | ower pH
or pH range during a different portion of the cell culture (e.g., the final
portion). In certain enbodinents, a Yarrowia cell is grown at a | ower pH or
pH range durlng that portlon of the ceII culture mhen t he ponpeptlde of

o, S o o o, o - o



a given level to ensure that the culture is grown under sufficiently high
aeration conditions. For exanple, under fernmentor conditions, a high

aer ati on wondiasesz7may be achi eved at 30-50% oxygen sat eCatiBmnj/o@2zy. , at

| east 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95%
or higher. Oher vessels useful in inproving cell culture aeration will be

known to those of ordinary skill in the art. WD
2011/ Q8 27PCT/ 11/ 00022 00] In certain a Yarrow a cel |
operag iée@@ﬁa. %%@HHH §a§e by I hie> LB R i P hr TR As

descr ichffdinferk ﬁ"ﬂa%&a bal B"g,rox!vﬂ SH&J@H loRGb&GRP! alfk 2UT Sodul 2 MURLIERD, 4BREE UM
i mproves the céll surface display of an expressed anti body pol ypepti de

f r agmént, abowi2d, rahd)utr?eijlabmit Za@ abbiet 2. Grabputs. yisddutie?.eboutr efabow 3t g ahomtédl um

R S A R M e A R e R e L

cont aithstetn GAiRA rhefegwnqefeff@fce o ML Rfdr€tdda rangé BIGARE ) givéaRRES dehaaRy el ement s
in formof salts (e.g., nagnesium nitrogen, phosphorus, and/or su?,fur) a

ni t r ogdiengeert Bereleanyc it even AHNahiaric thrmeli abont Zefkss ipaargneent values within
bact OH?Pfd@ﬁ%fthgi vﬁ%,@ g A—r/gbf‘/ iR Gl Lsm. %%’of%at VWLue t0 78 8Hh‘£4‘$a1u e in

one mn e able 10 in ano

m ni mes%, sedhvalud, B%:@Rthai ml@n’eodl%reﬂﬁhm vaaueYaV r%ﬁt}ﬁebdlu@pwmlolﬁmaeondl tion
conpri ses g/row@g the culture in mniml supplenmented nedium "M ninal
suppl RISt thafvalie, phisss eWheR %Seéé’éaefﬁréﬁ‘é?tﬁ a@veyRH valug, the Hi'kal  medi um

t hat i 23] 0. §C r]i[.t],poq m may be
suppl eﬁ%ﬁ#eg‘lc\?ﬁﬁfpﬁg%%teﬁgo%gg%%’ a'%l 'ﬁ%ﬁ%&é&ﬁ%d‘bvﬁﬁfﬁaegc Er{%supp ment ethél wth the
conpl etdbodmhentds a dbtrowimeretlyis glmimmtadilgigr pElant plbyranrgsdumrgam p;)m;on dtrtbs eclbf

ordi nary i1l in the art mtill ﬁpawar of a var t\g/ mn| mal. %gt:ha and
will e (e gy 6‘1€d8%“é‘ ROTHEMAR P 2 ohRidirargS & Qg ROTUQLy

gr owt Qe%umg e ntlférfﬁﬁ[‘ji h Rceakid LB IR, hhe-cmPedi fslg%§n andiofRt hods
di scl osed herein 00101] I'n certain enbodi nents, a Yarrow a cell is grown

under pHnor @i range éufmg ﬂ)@v\pwloe of thgell auhturg vden diit padywspsiernf intanesd ushoyng For
exanpl o(peratl ng

oo RS S FaRPh e s Rof e Sy RS Haedd e 8F oy PR ANG o Bitiv

t enpenalypeptidedfrsdint mafddpb@blytlinked tdan Ridusible bﬁbtea%a&h@mrr@m%h in
m ni mal medi um and conbi nations thereof [0010 } is generally reported

t hat @@ﬁyg@%rgwnsa@m;ﬂr@hwdﬁ sage dpgngdateqriian ok g selbewire wihenthe vect or for

cur 1 agrebERL ARk & AR R bR L R A REIRTRRR T,

much nomr per deoérage embodiatchows Aaaehlidcddrapsratingdendidoe canprisas dighar r om a
oper at i a1({:1 condi tions exhibit an antibody pol ypeptide or antibody
pol ypéptitae F?%l S, i at Toasiie c|FanaRIEng ?:B?Ct%&ir?ﬁp@sm%ﬁ Cqséeé?tfoéﬁﬁlﬁ?ss’@é% at

| east .3 Hﬁoos%@ﬁ%tlggé’};a{ntlﬁgwg 1?8 1d@tfragﬁl"él§ttm%bﬁé’§ rolv for &imd &5t oAR

80% at eas at bout 90% at st about 95% at ?east
about cob¥ulatre vedsta mploatra®iteamtlitionasts dboiicd 98 ¥xampleat bdlershcraiong th99% of
i ons

exni bIFEHRT ah FHLGY gt PORBETT e ol VRHEF BB HErY BRRERab APy RgHIRD PSR e
VO zo:kﬂa/g%gé 2AhRekAHBADLU RO Farrowia cell is grown in a shake flask to improve aeration.
In certain embodiments, percent oxygen saturation of the culture is measured, and is kept above
a given level to ensure that the culture is grown under sufficiently high aeration conditions. For
example, under fermentor conditions, a high aeration condition may be achieved at 30-50%
oxygen saturation, e.g., at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or higher. Other vessels useful in improving cell culture aeration will be

known to those of ordinary skill in the art.
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surfaces. "About" as used in reference to the nunber of Yarrowi a cells
exhi biting an anti body pol ypeptide or fragnent on their surfaces refers to
a val ue wohon/m9%20f that value, and al so includes the exaaB2uabewe27 | n
certain enbodi nents, nore than about 99% (e.g., 100% of Yarrow a cells
grown under one or nore Yarrow a operating conditions exhibit an anti body
pol ypepti de or anti body polypeptlde fragnent on their surfaces. [00103]In

certai odi nents, .a rromna c rising. a vector or expression
cass et[&%ﬁﬁ‘g Té? SSLiRG Hdlaﬁpfsb?)?ﬁwﬁ Begmg PO%‘IEIPP% BWPISP pEEptE de
fragnmept cfithkd REhinkRARAEAES, %S%@&WGQWER%M@%D&&&@ inAdatiSg KOPWIkdint he art,
chaper one pol ypeptides assist In the non-coval ent fol di ng”and/ or assenbly

of ot heinima Inyqelapth inpovepihe deld smnfdt;ecﬂlspmyl‘ﬂfamkpre§sed@ueb®ym0éwpbdle of

I | h,, t di
ST o LR kel Bl B BOTBOAER AR e or o
I npr ovigidineX RI@Sdk s q@itedste kM _I_[?]Iiﬂi'ﬁjgrsav’lﬂl of zﬁgdlﬁdiﬂt%re (. YL BH¥owiBi Bl SiRA8). 1 &
encoded by the KAR2 gene. in certain enbodinments, a Yarrow a cell is
t r ansfeipived mﬁdmhnéym%llyéfp@taa@uaopathﬂwpu@prf@r %towﬂtIe@,tglw@ss)eqméraéﬁcodu ng a
h I 1 des that
can b& A ABERbL s (B R AT R RS S0R P ARERY ot node

di scl geede hdeidier mchmdﬁlaPﬁaledluKalraaltsBrepst e&ﬁdctl‘%kopebf@n@&frtbatm ggbedi ments, a
Yarrow a ceII is transformed with a nucleic acid, conprising a nucleotide
sequeREENERE B3V g 2hledn S BRen BB F dunim sredimtup magmogba Mein @PW For
exanpl 0, I t

o R B R Bl cro RS T MRl operating
chapemommnpmbmpp@kngﬁnmsg6&pm¢®saﬂ¢mmnnngupﬁemsmﬂénmdeudﬁ%bﬁmalcel

culture gs t he eptide of .interest an _.anti baqd ol ypeptide or
ot i by parY s BRET Pty Sradea piftis ARy TRt et w11 be
awar e 59% plOhBRE] GARSTANECiBO! X RERIhA %§ppl@rﬁ€ht¥ﬁ hlledili’tﬁl ﬁQI 8¢ LippisheriieMmgnd
assess their efficacy when used with the presently discl osed conpositions

and nmenhods fe\prlpﬂnocmdsomsma}f bo &m}e@mp@iswtth thegoampdetersttiobdd teemy Iamm@d herein
can be n a vari et ap tion

C omondetds G B Aoy e RRBLLGARE i SE 2R DbE el S FHTRIE: or
of antrhiBRe nRQlia/ REPHIIBS aBIE taBétbRAEY whthyRRRhAIdBediiBGaRBE Ssddab stfyprabi ity
to bind a glven antigen. [00105]1n certain enbodi nents, a yeast cell (e.g.,
a Yar oW of @l givenrBagm vargeaidancs Wb ithe qmsmgbﬁ%@e@ﬁdﬁ ¢lpgsgyherein.

Dor 1) SRS pr, TR HoBBUURAR, b i RESH, el el NS BERor ¥ 1 o
gi ven caltbpgeting tanditesns dintulanbadiyrefdrexa@pigeastroeld cetippesaamdenovant i body

pol ypeptides or anti body pol ypeptide fragnments, which antlbody pol ypepti des
or fr AFEREE oPHRFALIPEEISORIIEON tFciid TR HiEPuR cRItiRg O tdRtiAGICIORey ar e

Capablt&n e%aﬁﬂiré"@ Audidd @GP a lggf J}iﬁﬁ?ﬁé&atlcﬁl QWM i 1Hlal:?1[3d1ft1f1@%g@nt and

l'i ght ain ragnent can yed on"the cell surface of a yeast,
whlcthamnmnagmmmmsfaSSOC|ate with one another to forma functional

antig di ng In cer nts a scFv antibo pol ypepti de
frag nﬁﬂ?ﬁzi di sﬂﬂg TR foRart %%Iap@(ﬁg?% FChé” t CONHPER °SCFY fragment
can bitRds@riéy ®th @aRkt@ERhr shifa&&didAdyo AL §ctu@11y3’&€3§éss aRl dolRplde @
Yarrowi a cell such as Yarrowa lipodlytica) is transforimmed with a vector or

an expndbyi snfaces sI@tcpetr@ﬁ@rqsmgsmﬁQO@ emd@lomp@smonxjd®elqlmirh¢eelnmmmlshlggera

nucleotlde se nce enc an anti bod ide or antibo

ol ypabtorets PLERER A A kBRI sol MR R baSe e ARG tanigitan

Yar r owheb&®l folyieptid@sr afaibo@npalybépdidk Yitab@ht drsthtir SMFEck. MB6k sMatnipld, Wole@t nor e
vect ors and/ or expressi on cassettes, each of which conprises a nucleic acid

sequenbeutddiprat Kasgbauifiddh.abldedabenii¥nee lesnicabaith ¢ %ant lcast about 80%, at
least about 85%, at least about 90%, at least about 95%, at least about 96% at least about 97% at

least about 98%, or at least about 99% of Yarrowia cells grown under one or more Yarrowia

operating conditions exhibit an antibody polypeptide or antibody polypeptide fragment on their
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anti body pol ypeptide or antibody pol ypeptide fragnent. In certain

enbodi nents, a yeast cell (e.g., a Yarrowia cell such as Yarrow a

| i pol yti ca® 2061/08082Msf ormed with a vector or an expressi @ATARYE 010227
conprising a two or nore nucleic acid sequences, each of which conprises a
nucl eoti de sequence encodi ng an anti body pol ypeptide or anti body

pol ypepti de fragnent. [00106]In certain enbodinents a pIuraIity of yeast

cells . g.,.a Yalrow such as Y s tran

Shtn A ar Soat” GeteR S BB o Al LBl clhict b o BoBhr  ses
a pl urp%ly %ytlc{bf or%h%h%'n@o@ﬂieﬁ SREIUE NSRS t6 AVRIeSIiftfEn @%Céﬁﬁﬁt'ﬂﬁesmw €s
encoding a plurality of antibody polypeptides or antibody polypepti de

f r agmemtledesttioe gankeyane lapcrtum erbb@tympoﬂsylpemthaieal;oea%?%l(ﬁ lar.dP9%) A Yurgedia

e 1 D D S R B PE b SR o B B b BB L

pol ypeaﬁb&@ﬁdlmﬁaé ﬁagfﬁeﬂtwtnelﬁwrfa@@@ Such an antibody pol ypeptide yeast
raréﬂcan be used to screen for antlbody pol ypepti des or anti body

poI ypdPR103E f r adneertan crbedimentspi rkroviage lbﬁomprtswe %Yecm 08 CRREIGUI ar

ant | 9808 el AALOLL 00 L8 LS UBRALIRAL S b HAEDNIOFdtEBR iRl S, (2 9.

a Yarrow a celTStic ytrca alibrary

of vecbpsis@ra eMpEress pelRpEaRs eIATse§knd)W11 @hth¢ arbr@ayere@érpcslyp@ﬁldas Wit mlthé y of
nucl ei c aC|d sequences conpr|S|ng nucl eoti de sequences encodln% a plurality

of antBwaylpy RIS ROYRApERES o doseiefadrip £xample Texanyl e,
the |i [ lurality of
nucl e.OQE%%?‘fég’%%%ﬁfe’%@eeéu@f AR AOuEE 55 BREA HER TR RgRe BoL P L8 1 1Y
nucl eotimdeogletjuléntieding rpmmdlm{@aez/BiR) nalSi deyerdfias a:[EL/P apmtolnm dyppoty pxenn’esml

f ragment I r al t med ce may b sed

oo Tty SR TRriaRy 1hSp S dlbRAEh f g e Rl B ik e era T Byt foaethin

par ti GiiRbinadHd, 9%$romb9@élpﬁltﬁaﬂst%%&@bvﬁh%%@Qid‘%ﬂ{ Som sfiﬂg' §ﬁuo‘1’édﬂ1fd@| ity of
hapl oi d yeast Ccel e.g., a Yarroma cell such as Yarrow a lipolytica) is

t r ansfsoquende vuqoﬁmg aq p@rmye pilypaptidor sloofhneklpg exanpes efachepervrspolyprptides

i brar es, a r uc ei.c .acid se uence ri,s

nu! oo GRTBE aRER RS et i e opRR R RS kSR P OREL  Reye,

anti b%@beupﬁﬂcmemldﬂaﬁzmgrmMHAcanm cerRArabdbitald Yyrehiaanlioi d yeast
cells a Yarrowi a cell such as Yarrow a Ilpolytlca) is transforned
Wi th éransfgrrmcywﬁh a\ne@ltety‘r@ld)@rwmmnwoé@s sequeaes enfpdial a|chppwEese conpri ses

a plurg jptey %o%'n% 8E) Ero%%g& F ity r@aﬁ&oﬂé’{h g%g hﬂ&er%%ﬁ%ﬂ@l%‘fge

encodil ype r-an polypeptl

frag rrenﬁgntutm wmtcaunmtama@ o n’eimbﬁﬂe Iirbelofdrr &t cartath erﬁb(mmhemis u elabéioas of
hapl oi d yeast cells are transformed w the sanme library. For exanp

first P&Wcﬂ’e@t&?dﬁHXI?}F%?FQFiPIEW%@eéﬁmH@Bﬂ@ind)fﬁéﬁgtcu]é‘éle 128 ﬂ’rwlﬁ’épflﬁk‘a‘?fslflt?i”%éd Wi th

a I|br Ya t @g&ﬂ g t
chain g tlﬁgg@&g'l gﬁ%??desfﬁgﬁ? gngﬁﬁgaeﬁﬁg%g??erﬁgggggﬁﬁM%%§BﬂI%Eghf|rst
and sectowndl bzl awaaé of (bther ahfipdvamd olgpaptidsy, ané il barlke to aseshan med awsessthair
different i of exa e first plurali f hapI0|d yeast cells
mmy b ek SGR HEH W oD RET LA BTNy et b aE sbquencas encodi g
heavy chain anti body pol ypeptides or fragnments, mhlle the second plurality
of haploid yeast cells may be transfornmed with a library conprising

nucl ediiplicattmquences encodi ng |ight chain antibody pol ypeptides or

frag m?[%ﬁM] Compositions and methods disclosed herein can be used in a variety of
applications. As one non-limiting example, compositions and methods disclosed herein can be
used to screen a library of antibody polypeptides or antibody polypeptide fragments for the
ability to bind a given antigen.
[00105] In certain embodiments, a yeast cell (e.g., a Yarrowia cell such as Yarrowia

lipolytica) displays an antibody polypeptide or antibody polypeptide fragment on its surface, and
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[00109]In certain enbodi ments, a first and second plurality of haploid
yeast cells transforned with a library are mated to each other to forma
pl ural i t ywof2odigsbs27d yeast that conprise vectors or expPeTdBmnl/o@3zettes
fromeach library. For exanple, the first plurality of haploid yeast cells
transformed with a |ibrary conprising nucl eoti de sequences encodi ng heavy
chai n anti body pol ypepti des or antibody pol ypeptide fragnents nay be mated
to a second plurality of haploid yeast. cells transforped with a |ibrary
conpr i85 7Y nbreieedr k&%abg@ame s EHELHI G &@?ﬁﬂ%ﬁ?@ﬂﬁﬁmwaﬁtoq%}pepu des
or antk s RRd YRERI $B1yipeAANB Bt 8n it dY PORHRH A RIntknd, Wh¥chintigb®) 0i d yeast
cells conprising both héavy and |ight chain anti body pol ypeptidées or

ant i bpdlypeptides ep fiageciits dgnendtassocBtachith opé aradhdrtsyclothatiiopttbemthyeastcapaild s may

b to. . f tib | ti f t hat_. bi.nd
e 6 S Pl L et R R o BRI IE il ST B shiiraBiafigiefhe,
per m tcas 6k GRPIaNEd O thd deBs@FadéaTia8lelstOhhidh FhE @B e AfNoBiatd Wills o av@@yy and

l'i ght chain antibody pol ypeptides or antibody pol ypeptide fragnments. WO
2011/ ¢essa7Pnct@pd anywodeedng owicty] Inncestem ambpdanpiseliamshy gntikady bi ndi ng

speci fi¢jty.. of nti ol y ' ' . RO ' r t for
o par PR R RE Bl Pt o LSO S L
af fi nigiwenraatipémt inartgiarenivddiisets, g chPEIDUEe.0f Yapbivii &l subleadbiardong
specificity of an anti body pol ypeptide or., anti body pol ypepti de fragnent.
For exX&Apried) iEtipnsfomge with gy eHe @ prigsionepssetiegpmpsisinggymicingacignog,

i ncor I: LN, 1S i I; ocess of
o 11 g RnEScdMill i el BB enl Llrdoin Ahioh fbothy SERRPHAPS: 4lBolf ORavT
Acad. pBbjipeptide fBagnfent. Sepcc2@ineni iR mdds,Glychst c20Q8g., hiicowpar edledichaes ei n by

reference) descri.bes directed evolution of scFv fragments. These and of her
techn 5“ ﬁré)gvl% L] IR e TP OAT RS e Tt e %@prem%iaﬁ%ﬂt% cach of
speci fiiab YorRpris®0a A0EILRAAN RQhHRE B&I‘ﬂ?ﬁsiﬁg a ANE IO BRI P BRG], 4 agment
[00111] In certain enbodi ments, a nucleic acid sequence conprising a

nucl eeniibalyswdyentide enadidpdygpelspentide bagnepiol ly gersain gembodinfangsg awaast célht

bi nds,,_or i,s suspected, of .bindi.n a.particular antigen be isol at ed.
Such: e o BrVRFa! Snds ARt Fru@iceBl HiIPal N R P shESsRror o
nucl eQhisd@e E@HpIRSa twdloLRbiediudlceRd baRBhces, éabl@_oﬂ%icﬁic@m?@ibé!; Sagunge s
part of a vector or expression cassette. The nodified nucleic acid or acids
may t leqrcpec enwofiag spentibedy pedynaptige eamibady pelypentidgdiegenty. | the ori gi nal
antig anot her dj.ff t T I i.f i | gi.c acids
may A0S St Ayl LG eR b ARy BB Sl AR Ge, THILLAR GRS Doe:
cel I iRuriongubipdlede pyrideinsgirast witdondbriatyostsveC ®rQor, exAsssiomc assetp’) whichg

condi tjions) such that an antibody pol ypeptide or. anti body pol ypepti de

f r agmeibrary Kemppsesiad gy dugletciq squ@aes sQPpatee nugheotide §84UCRERP t hen be
conta M : j ' , ndi S 2] A
varie%@&g?m%%Eﬁﬁ?ﬁggg&?ggdﬁ%8§?§?%§§%E%F5P§9Egpﬁagggﬁé ggéﬁéﬁk ﬁ%@%éfn t he
art, angbaly pdhjrpeptidayleabelibrsafd Asusad barda tieaemn timtibody polgperitdeyealitscl osed

net ho and conpositiqgns. .For exanpl e, .radiati.on,.chem cal, nmutagens,

ot o SranerEamter b ¥ af Faie iR e Rt B SRR R BE pues can
be fo i } . vald |

& on B R e ent ph B Surfhee, Sugh AR niaRi i henide S ORI can .

Col d $gruiserdytorgrds for ambibedit prlypdptidesor abtibeldySpalypaptidl flegmentNinythe libeg9 that he
conte@}ﬁhQQ @hicg are %pgq{eorated herein by reference in their entirety.
Those 01 QAT AAFY PACHRI EA% art will be aware of suitable techniques for

nodi f yoe@7nucl eilg caedifl codadianatsa pdhlit 3f feaksdlS(¥.gOb YuRONM clIBSICh @k
testlgg bi ndi ng of a cell displaying an anti body ) )
arrowia lipolytica) is transformed with a library of vectors or expression cassettes, which
library comprises a plurality of nucleic acid sequences comprising nucleotide sequences
encoding a plurality of antibody polypeptides or antibody polypeptide fragments. For example,

the library or vectors or expression cassettes may comprise a plurality of nucleic acid sequences
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pol ypepti de or anti body pol ypeptide fragnent to a given antigen are known
inthe art, any of WD 2011/089527PCT/ 1B2011/ 000227 whi ch can be used in
accor dancwowntinspize presently di scl osed net hods and compo3iIlB200n80022% one
non-limting exanple, an ELISA assay nmay be used. [00114]In certain

enbodi nents, a Yarrow a cell conprises a parent vector or parent expression
cassette encodi ng an anti body pol ypepti de or anti body pol ypepti de fragnent,

whi ch anti.body pol ypeptide or antibo ol ypeptide fragpent.js. displayed on
the c&PMPENNEAUES o %ﬂwaﬂge%enﬁa Pg&mqéﬁﬁfé{rﬁyffggﬁ‘haw ogy PO Degidsdpamants.

pol ypepkh d@luralit) of Gah @b &NRAG AR Ry bE NScdBs8REN YEGERY afiboB@p8Rbeptide
expression cassette is isolated and Subjected to nodification as descri bed

abov e ftagmyetyeéhatbendoorsme noore partisulapditfgeasl vect ors or expressi on constructs.
In certain, enbodi nent.s, such a nodification.occurs i nucl eot,i de sequence
encodilil Bhe anth 654y BRPY RIS ey PRY BoA TS saR P U ot o The one
or norcgll IR dsi 10686 Db B1ied) 18U RSP c@RviBPN EblakEdSvadRys b&prddsioh aisdar ned
into one or nore second Yarrowi a cells that |ack the parent vector or

par entvhdsdplikrgsi eamprissseptusalitrof nesteirprid scqusacesremprisimgmaclepddd seaueneeet or s
o CXRLESRALT PRy Bf‘&ﬁtﬁooﬁgmfygﬁgg&r%? of LA E)g”@ﬂ?ﬂtﬂfecﬁa At ald & é’etc%d

Yarrow a C are gr rrow oper 1 ng conditrons to
gener glwaktydhaplvldycastdco dyg. poVypepid @t syeass Ydv-driaripolhiie) ivembeosmaf

whi ch display a plurality of nodified antibody pol ypeptides or antjbody
pol ypepth HEDRAYFMEAI0Es HEPESHOB faeitssy WhIGh fiREEY comprtss AP lyrlitypf nyglefcow a

antib i de. i : ; £ L hei i L to
D ek SRR Aol o liBE &ialofRY ch ORI LY AELPHL dftfholy R fpdRidet b 0
pol ypeptibatlly mlymptiddirdymauos.ymeptthceniodgnens, tentodad segondgupditienst vect or
or parent.expression cassette. Mydified. vectQrs or expression cassettes
frolr[:1 thﬁﬁlgéde ?thé’ﬁ% a@rﬂﬁﬂﬁ%ﬂ%ﬁ? PRite %fmqq%av %r&r FEAEmR F,péfsvéﬂgs%ecqq rary that
exhi biptlurhlﬁ%sq)\fﬁdp1Bidr5c@a§1&en£9nfa9%e%ﬁifeﬁﬂeolmitga,nb%?'b&h%ﬁgﬁgﬁﬁ&éotmre nor e

specific affinity or avidi may be isolated. In certain enbodinents, this

sequenecguenfessmepding bothdgew adl laght clin oo dyipebpeptides oe fitaginantenbodiriment s,

hi f i i | i bod | id
b S R L Y N T R
obt ai nieerehtQbtAS] IFor @;@i’rﬁ;ﬂ&,ﬁh@ﬂﬁ@ﬁiuﬂﬁigi Ef haploia Readp el M) YPe@isksithe@iwith

y

anti body pol ypeptide fragnent encoded by a nucl eotide sequence in a parent
vect or lBraygemprisiag prelsatidascaeenset encofmeheayyf ¢hain aibady palypemidenedi f i ed

he sane By BERC LG RIS O 8 STRREYEE P AN ELAT B ert e

f r agneoinpesiagdacdcbydd equppaeeaicodagtight diairpattdotly exlgpesiricoor fagseaits.e. |1 n
certain enbodi .an anti body pol ypeptide or antibody pol ypeptide

d , ¢
frag rmlw_flo@hcodggg %%an ATCPEBINted SEY BB EOPAPAIrYHY 8hbarkeid 6t §¢llpar ent
expr e%lsd'[glglgrrﬁ@(?%ﬁﬁ b @bk TRAL 8 ?#ﬁgg#é??ﬁ Ifotggl% yplg\glll{y of lelgld yeast that

2011/ 08 7PCT/ 1B2011/ 000227 nod a peptide or fragment
exhi bicbmprispvates onexpogdsiom cassdttiy maknregcht bbrarydi Hor ex@mple athe ifige pluralimdfby t he

anti bod | ypept,i de qr antibody., pol ypepti.de fragment encoded he parent
vect oo Rl Dhpdei B ane LB e LRB el o R0t b T de
or fragnhikaBWbI{RpREQDrAnfibé S pAP B8N frIBKcREMAD Bt b L BUCRCEPRL 1 tS
antigen specificity is altered.

plurality of haploid yeast cells transformed with a library comprising nucleotide sequences

encoding light chain antibody polypeptides or antibody polypeptide fragments to generate a

plurality of diploid yeast cells comprising both heavy and light chain antibody polypeptides or

antibody polypeptide fragments. Such a plurality of diploid yeast cells may be used to screen for

antibody polypeptides or fragments that binds one or more particular antigens. Such

embodiments are advantageous in that they permit screening of a large variety of different

combinations of heavy and light chain antibody polypeptides or antibody polypeptide fragments.
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[ 00116] Those of ordinary skill in the art will be aware of other
applications, and will be able to enpl oy conpositions and nethods di scl osed
her ei n f owousa/isss2guch applications. Kits [00117]1n cer tarnBrvow2Irent s,
kits conprising one or nore conpositions described herein are provided. In
certain enbodi nents, kits for perform ng one or nore methods descri bed
herein are provided. In certain enbodinents, a kit conprises conponents for

expr essi a pol.ypeptide of. intere n a ti bo e de or
ant i bmﬂ%& ypeﬂ%/ Ceif P@aeémentsaweim 99681 5?5@;9 pyantt C%di} 3% 15)%4? YFhe

sur f G dygolERPEIC Bhdmedi¥6r £¥ATBLIS: arfigkh Is iFRYoRATPbhSRi20E DRecRB! €
expression-cassettes, vectors, yeasts, and/or conmponents for transform ng

or culevolutipg oy &ffigity naturg@ert eanrbearsbo i mgmos: oraqptlexmtés Singim s siéicite of an

vect or nd/ or onponent, f.or tra form ng yeast is
et OBy R ireBRE bt B PRSP s b e e e i S BN O o o
enbOdlE@Hieémng?l %HMS%EU@%%QU(WH&S@%W& E@réﬁ&iyt@fe@éncvﬂcits)éntﬁ@twrl sing a
nucl ei ¢ aci d sequence conprising a nucl eoti de sequence encodi ng an antlbody

pol yp@ﬁ@qrﬂv@sawmmeﬁ%@wﬁw W@mtmefOf alstdwérw Sanilarhe Bederys o) gBioci Matl. or

bot h. celr:t t [LOW a
cel |, A gd §& aé:r[gvrg)e %6%@%0?81(3 %3 %ﬂl%&g%ﬁ)&#%?ent%g &Sé{@%rrow a
cel | Qiﬁreate&i bvoluﬁom@ﬁmébéﬂgmbm ﬂhas@sdndrom It@Ihnlthis mrtieaumpl@rédad Pl ig a
Yarrow a cell of a. kit is packaged with one or onents .that can be
used t% Oﬁﬁmglmgq@emdﬁwpsmééwo HhpEtieRY ppkypeﬁtrd&r%@aﬁl YiRGRYPEPBERL19] | n
certaig) ggedi nents, a kit conprises witten instructions for use of an
expression cassette, vector or other conponent of the kit, e.g., witten

i nstry@@ildhs foﬂnusmmgeﬁhe&awpmesshdnk@mﬁb%QaneVQmeMn@anmﬂhﬁkbconponent

of the kit to e ess i nteres .%g. ., an

pol ypSFHeE" Blon ey ot BRI Eor Fadiun i vt By petrdiee. dor

E/g: m) ggﬂichhl@ atifhans O isdlai@astcit £hlicleEXONMRERnEX 83 tenlbe MBdigEd B s and
changing one or more nucleotide residues. In certain embodiments, the nucleic acid sequence is
part of a vector or expression cassette. The modified nucleic acid or acids may then be tested for
the ability to bind an antigen (e.g., the original antigen or another different antigen). For
example, modified nucleic acids may be introduced (e.g., by transformation) into a yeast cell,
which yeast cell is incubated under growth conditions (e.g., Yarrowia operating conditions) such
that an antibody polypeptide or antibody polypeptide fragment thereof is expressed on its cell
surface. The yeast may then be contacted with an antigen of interest and binding may be tested.
[00112] A variety of techniques for modifying nucleic acid sequences are known in the
art, any of which can be used in accordance with the presently disclosed methods and
compositions. For example, radiation, chemical mutagens, error-prone PCR or saturation
mutagenesis may be used. Other techniques can be found in Sambrook, J., Fritsch, E. F., and
Maniatis, T. Molecular Cloning: A Laboratory Manual. 2.sup.nd ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989, the contents
of which are incorporated herein by reference in their entirety. Those of ordinary skill in the art
will be aware of suitable techniques for modifying nucleic acid sequences.
[00113] A variety of techniques for testing binding of a cell displaying an antibody
polypeptide or antibody polypeptide fragment to a given antigen are known in the art, any of
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WO 2011/ 089527PCT/ 1B2011/ 000227 [00120] Strai ns Used: E. coli MC 1061 was
used for standard DNA anplification and cloning. Yarrow a hpolytica POl d
(Mat A, | ew@-287AQ8932pr 2- 322), PO 1 d (MatA, ura3-302, |euPcTABD11/8@R2- 322)
and PO 1 d (MatA, ura3-302, |eu2-270, Ade2-844, xpr2-322) were used as
recipients for vector transformation. [00121] ScFv expression plasm ds: Four
synthetic constructs were nade to allow Sfil/Notl cloning of a scFv

fragnme strea of a npl ecul ar. anchor uence. N-termnally of the Sfil
restri l%ﬁanstieﬂe in sSATtapgsy I Hmsreonly BSlascmitbads dd coqposiions Ahene
C-t er BoRYsmiAhe Sk4HQE, dn'ﬁleAeas%y&thPﬁ@eﬁro in the final expression

pl asm ds. DowRstream of the Not'| restriction site, a c-Myc tag was added
fol | oB@LIdYy a (@yﬂt&en)ambbdlmcets aﬁ(drmlcfm cefl wmrpiriscy @parentotecton osparest t o

exchange anchora ins. r ,anc , the foll rrowi a on

MR S R s T L N A
t heh (72 B0 | D

Ry B e ey (e

of Yararmmcaﬂqdi@@ngqn (E&--@imget pdrrepsiden INGaiiEn crboswDRE) thepasee Heiossint het i ¢
tr t.ed
cons Peﬁl %‘@ﬁe%}% aks’ét@; 1 (a%teg %n(f‘%ﬁec@d tt%c écﬁﬁgﬁ%{&% Ir,dgyé%%eé %ol{% tg

N-ter imze Ceérevi Si ae AGA2

was prgEﬁﬁdﬁdl da¢ oandBs rodifidde, catoes cﬁr&lxbﬁmdn bynsaruéted Y&etajBerhbotki@ents Sfuch / Not |
surrounded scFv codi ng uence, and. 6-his epitope tags and a Avrll
restr .admcbﬁcewwccmﬁ@ %awﬂwtd@ Sﬁwﬁeﬁwdwﬁ%% a@@éymkyeemid@éwaa Wt h Bsm

(T4) #ﬁ%ﬁ%

expr e galy tli(#el ﬁ%&ﬁ)&% %%&oﬁﬂﬁ%eg?‘@ﬁéceorgbg‘%ﬁﬁpg FggétA %r telcgzlcej“,g ed by
Bsm mdsfbnhd:cbumdommmrb Isemd Ydr@msdz edlsvmathacﬂssttrt 0didt atbr Av parentand cl oned
into Sacl | ﬂ [ Avr | IFd est YLPUX %({g%qu ﬁﬁ’]tTo al | ow sol ubl e

expr eSSPGYIOt @éﬁﬁ? Pég e Qa9 B UP LT IR0 SOPYTYCH

const rystthWaBe FRdEorEatiRetal Iﬁﬁlahbﬁr fT)*‘Jz'r;%mQQ @@ﬁs&ﬁ@t%r&@f&hfﬂ nedr YheowR @nd 6-his

epi tope ‘tags preceded at the 5 end /Notl restriction sites for scFv
cl oni mgeratihg sombtmcgtsrtq g@namts adiagestie dntwhqdbi plbmeptm)yeaﬁdlbml the arpghbersorfed
into S cII T A est pYLPUXL2 don tuzumab scFv
M7 ST R R AR S B g OB A

synt heﬁéré&tbnaﬁ@lr §1h@d’¢@§i lbl%hib@ﬁ'bfttﬂf&‘}’ﬁb»bza%ﬂdbwﬂolj’r@@hﬂé 9éaspm@13£@§y theho the
described plasmds. Anti-fluorescein 4-4-20 antibody has served as a nodel

pr ot eibg t¢sgad fon theirebdity pmeing agrrticulr apiggeay f.8j the a@‘%@@éb@ vetisdiouag bpthet f or m
Bod |
oo sl pafhid YPundbpl) ool b drRLRER Meoddiby B2 Rasef b br paren

( Her ceppiendgn casbdteh Ndvdiflsd vectéroer wrbssmrdam&eﬁﬁbmgB(EBe ik i efithe
prot o-oncogene is clinically approved for

2011/ 08y reeibody oo bperitieyeast Dairdhat eélFlerl@BEOtVe@ hdie to dprorndigen(c-g-
Nat ur %xhgﬂ)ﬁjgreaZéQ)r ke spR affiREPEPANGLR I LSS MNatld. HEEGEENERbIEAS, this

entire
sequence of steps is repeated one or more times. In certain embodiments, this sequence of steps

is repeated until an antibody polypeptide or antibody polypeptide fragment that exhibits a desired
level of binding is obtained.

[00115] In certain embodiments, an antibody polypeptide or antibody polypeptide
fragment encoded by a nucleotide sequence in a parent vector or parent expression cassette is
modified such that the modified antibody polypeptide or fragment exhibits improved or
optimized binding to the same antigen bound by the antibody polypeptide or antibody
polypeptide fragment encoded by the parent vector or parent expression cassette. In certain
embodiments, an antibody polypeptide or antibody polypeptide fragment encoded by a

nucleotide sequence in a parent vector or parent expression cassette is modified such that the
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[ 00123] Fab expression constructs: For the heavy chain expression plasmds,
the Yarrowi a codon optim zed heavy chain constant region CHL domai n was

cl oned uswogofasps2zand Notl into the four synthetic constcuaB®iasoodzscri bed
for scFv cloning. cDNA for VH was then cloned using Sfil and Nhel into
these plasmds. Finally, Fab expression cassettes were cloned into
PYLPLXL2pre sim | arI y to what was done for scFv. [00124] The light chain

Var r orest B POBY PR e esex OPmGH B A TEBHES ahorBgropakay dagen
i nser tgdoM Bd’ﬂm@‘b:y Ith@ﬁﬁlb?@%d&ﬁ%}%ld{ﬁ% Entgt%aag%'o Jp@ﬁ%l%% mddld @ncwdeﬁvﬁ% tﬁehen

cl oned u5| ng Sfil and B Trast uzunma
4- 4- 2 Pascat V@mrearqb@rmt ereprovsion casnoite.f FerdexaypRCmR ﬁmtdmdsr@mypemeesﬁagmept asm ds

wth ti,o he required.restr n sites | onj into the
Hovol SaEyD fabingdrtiStark Bin g Bk R AR Ch sk i s fiRLSRRERA o med it o
sui t ahh@1 r6pr r ovmlolsé SdriiniafBsksll matheartaﬁllc!)@%%téa@ﬂbt@én lidaBioRd, @Ad @iRbEUI | Y
corrpl enented final strain. [00126] Gowth conditions: Yarrow a |lipolytica

st r ai wblafe cenéay campesisgnepahethens diselpscdppraip firane (uchepplicaignsact, 1%
bact opepton, 1% gl ucose) or on mninmal mnedi um suppl enmented with CSM (vVsM
0.67% yeast nitrogen base w thout am no acids and amoni um sul phate, 0.4%
NH4C1 Kis. 079% CSM and suppl enented with glucose 2% or oleic acid 2% as

car bon source, in @Bhos phate buffer, pH 6.8, at 28 C. For experl ment s
on pHOMY/Ing, db C%‘iﬂ%ﬁ BWate@tScklﬁSr%r@rﬁm%}e QAT RPN d5SGIdeAH 3.

[ 00127 @Thﬂ%%’&\ﬁd&?llh SHih fifbolinihhakits y&%gﬁfoﬁﬁh BB Fiof Aol Odasevdaour s
in mniml glucose ma(flumat 28" C an ol 1 owm ng ay, t
OD600 hefeir hle pronidedt. dnwaﬂallreaﬂ)udent;nts;elkht&om@lrleewm’lwdemm\nfarexpie‘shngi k20,
resuspended n 0D600 of O, ]%,qcin rin ol el ¢ . aci lgig mand rovvn for
16 ho@PB’pﬁPtl‘g‘(Rfa LSEPSG £-2r 8 APRedYRALYPeRE %O‘gar“é{klﬂd%l’?lﬁg??t gmgntc Ptures in
50 ni 4 &yep@& B8F b8, AthE kUGl § adt @el¥5poﬂgxa§@fef h & ed)adearlsaoks -

[00128] Flow Cytonetry: Surface expression was denonstrated Dy indirect
or more expression cassettes, vectors, yeasts, and/or cornponents for transforming or culturing

yeast. In certain embodiments, an expression cassette, a vector, a yeast, and/or a component for
transforming or culturing yeast is one such as is described in the present specification.

[00118] In certain embodiments, a kit comprises an expression cassette or vector
comprising a nucleic acid sequence comprising a nucleotide sequence encoding an antibody
polypeptide or antibody polypeptide fragment, an anchor polypeptide, or both. In certain
embodiments, a kit comprises a yeast such as a Yarrowia cell, e.g. a Yarrowia lipolytica cell. In
certain embodiments, a Yarrowia cell of a kit is competent for transformation. In certain
embodiments, a Yarrowia cell of a kit is packaged with one or more components that can be used
to make the Yarrowia cell competent for transformation.

[00119] In certain embodiments, a kit comprises written instructions for use of an
expression cassette, vector or other component of the kit, e.g., written instructions for using the
expression cassette, vector or other component of the kit to express a polypeptide of interest
(e.g., an antibody polypeptide or antibody polypeptide fragment, an anchor polypeptide, or both)

on the surface of a yeast cell.

EXAMPLES

Example 1: Materials and Methods
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i mmunostaining with an anti body agai nst the c-Mc or V5 epitope. Therefore,
after induction, 2x106 cells in 1 m PBS (pH7.2) supplenented with 0.1% BSA
( PBS/ BSA)woenr/asp2abat ed for 30 min with 1i Ag/mL anti cPEyaBzmi/Hiozy
(Sigma) or anti-V5 antibody (Invitrogen). If appropriate, biotinylated HEL
(Sigma) or reconbi nant HER2-Fc chineric protein (R&D WO

2011/ 089527PCT/ 1B2011/ 000227 Systens) were used. EZ-Link Mcro

Bi ot i tion Kits fromPierce wer sed faqr. the biptinylation . of HEL. Then
cel | 1WP01 Vs i FSgel e EcomiaMBnds BRRS vastdot et RV AP EHPR 6EEs i
second@nindersrilanipb 888 POId (8K, 1@1@—270}‘%?%32&)?1’@1&@@;1@[, ublyg®elybbrin
conj ugat ed anti bodi es"were used to detect the bound anti-c-Myc or anti-V5

ant i b@d9, xFa322 handdR® bL(NgnA, ofa3bi0dt len230 etlder844gent2-3) ecré usedwas wit h
strept avi.ditn-f h cpeh)ét t}ri n..Cells were washed twice with ice-cold PBS/ BSA
pri or "TEPIEHEMCSTEOS IR RS i bur 1 ow cytoneter. [00129]Kd Deterni nati on:

Cel | s [(p@r22] 91 OWScER@xpRALISR PlAMiIHSSESIROAhEEE edriirudl Wakoheddb allowy 106 cells
in 200ul PBS/ BSA were incubated with the appropriate antigen at a range of

concermfdatbelening efrr octo1ivegrecnt grstreapdofigenelcay pivinston ssqugnse odctsrraigally pbri um

at 25 i hat | Ln.. Cell |l at . trifugation,
neshodh Nt SRR Sk Mo PRtiof St Sl B K hys it B a i BRA kR P
anal ydiIB2sr8 oa L FApS&Gab ibthe fink Dax pessk el midsT MBowiisararil of ticclS 6@ Aeseridtiohsis, ty
of the cells was recorded. A nonlinear |east-squares curve fit was used to

det er fi RIYEIRE weaddes fellowedi ysu&ilatsl lekas tathdelida P wH sentiationsigoices cence
dat a. e&%%%%hl%gﬂg;el&%ﬁfa%. @Er Qﬁc‘ﬁsf%bf m@@olfo%ﬁ%uW}rfoﬁzgz GRbRYpEMERL Prone PCR
HEL sckv 1.3 wa t

The ant1 - ragment random'y ated using error-prone PCR
as descqucheds wperewisousd jetivseetheNel! etd Abrl] siNatinto Fhotymthetit condhe68) C2006,

wns. angricad FITHI o St Sir et 18 Sy Brst bbb A 2 SRR chao
et al 3 tﬂ\éaé-tedrﬁﬁ&eﬁ‘ﬁﬁ% Q@%Eﬁéﬁﬁﬁmv&@? biytib CRYPINWCHEds AN BRber AN FRGR Product s

were digested wt il and Notl. The digested products were gel-purified
and clsoead syntheticéansiragtiwastmasigtie ovhiahi the SR wiotdeulgf anchgndaetuajeddct or

i ni i | g- 3. Plasmid ed hese | | i
tsi ng Areraeei Tt K85 dtstiop Rt anar ke R b A Gt otz B 3P e
i nt o tHyenT ¥ak bRMFAloSH By (DR 4SAS IHRSE SHDS1aRe6endddA0L 3 L dihPEafukngetect i on:

The nutant D1.3 repertoire was grown and anti body expression was induced
for 160%f ae tlis epitonsdagnde Avhlreptaisaon gfa: el hgeponiphtie padhatictonngrcts weriyc (1
[tgl el . UL br q hy |

For | o B RCBAN T A ks Phc Pt as W BRT LSRR 1)

wer e lcapeksgeh vf AGAL, sedvarghéimyizod rextardds3 @ctealitleetG Yo piccatdd bynBsiskaldgG (1
[tg/ ml) and streptavidin-phycoerythrin él [tal ml]). Cells were washed tw ce
with folewesHry AgAl was diggiteryWath BspHichi and drvild eaghelongg ingg SIUKTHY Axtllvash,
cells t 19@11 } to prevent antigen dissociation. Sanples were sorted
on an dIY':\%e{S%glﬁ%LtPra :}fﬁg\%v cytonmeter with a sorting rate of approxi mately 2000
cel | s/[80122¢] | s Vikerlososoldde xpredsromenfaolits fegrhentea Yorrmndg:, wicbton optireiasd ng

stri n%gcr}(e: 1onbé/ongt%{[10itrxlxgaser‘nasdrer%glrlltﬁgtid%ﬁgr.c %ﬂ}sac%%st?gct tcohnecairqiecgﬁl%s\% and 6-his epitope
tags preceded at the 5° end by Sfil/Notl restriction sites for scFv cloning. This construct was
digested with BsmlI(T4) and Avrll and cloned into Sacll(T4)/Avrll-digested pY LPUXL2pre.
Codon optimized trastuzumab scFv and 4-4-20 scFv, as well as the anti-HEL scFv’s D1.3 and
M3, were synthesized and cloned between the Sfil and Notl restriction sites into the described
plasmids. Anti-fluorescein 4-4-20 antibody has served as a model protein for the development of
a S. cerevisiae surface display platform (Boder, E.T. & Wittrup, K.D., Nat. Biotechnol. 15, 553-
7, 1997, incorporated herein by reference in its entirety). Trastuzumab (Herceptin®), which

binds to the cell surface antigen HER-2/neu proto-oncogene is clinically approved for the
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WO 2011/ 089527PCT/ 1B2011/ 000227 anti gen bi ndi ng popul ati on.. Sequence

anal ysis of the selected clones revealed that two clones (clones 13 and

cl one 38)woantiaispeed mut ations [116017] (clone 13) and [ PC®0OB20172@82%] (cl one
38). These clones were assessed for antigen binding by equilibrium
titration and showed 1.8 and 2.4 fold inproved affinity, which lies in the
sane range as for the M3 nutant (see Figure 18). Exanple 2: Construction of

a Set of scFv, . Fab and full length I | SP asm ds 132].A generic
Sur f adGImThPLYRT SRIGF g €y Sates ,9‘9113 il mcgwoa%t@ gwmrbyagnem s

usi ng rgGi-fdneE Bks @edgy i ng nol ecul es. A total of four display plasmds was
created allow ng display of a scFv fragnent as an 1) Ntermnal fusion to

the Cl0@k23] nal JabtexptesSionaonstyiietsadoSdg hepvy GRO Gpressionmpédsmids, thel ), 2) an
N-terrg nal .fusion to.S.,.cerevj siae Agaz2p. 3) an N-t.erm nal sign to
e CIedit S ey vhan P i Bl B BN s g SR g
and 4)NAI fatd @ Fowralynthesd edhstrOctdgaddckibeét) for EIRr @SEh@Nc RS AF M¥ERadtheh he

i nduci bl e pPDXZﬁEronDter, and the LIP2pre | eader sequence was appended

N-t er rlavafl luying ST ped BaFintaothesel Rlesnpyds clhisalil & ab exprgssompesisyasiepvictrecletndough

the secret) Lt At I | to a properly processed surface

di spl 3@83&&%}?@% %Esnl@ﬂgéér Wgﬁtt‘%%/ Oél%ﬁ?]{:’%g\p]'repro was al so used as a | eader

for theordast uzarmebightthain expatseiva-prgeldid wak Builtusi e s{FA gxptdsiah plsmidnpar i son
of di 51p| ay |levels. This experinental strategy was based on the reasaqgning

that tiherdiere Xgrroming £oqme P Edy< k dishbehe MeiSinhiseBrifepry nKtsdassetct path
chanceg;;Qf 4 RIEGHEDShisRREoVOLH I AFLS f?ltea\l’]i Qs M%ﬁ gﬁln%g .lu§i¥g Qi1 aﬁ(quﬁlﬁeb?M? dJ @ghent s

with either free carboxy or amno termni, pendi ng~on e anchor
was f pdmchid.o the N or Ctermnus of the scFv or Fab fragnent, a feature

t hat eviously sho to ect. _binding characteristic f a displayed
scrv (0 o7 Cdradinmlripn & F2eRond domadh Sery Sy Fpgent st
i ncor RQKRLESh PRERIAN vhth thehEIiBHE ST thB rddusre§ @és!tﬂ&flon)sitesT foe c@ﬁgigtih@nhé)f an

C

epitope tag (c-Myc) allowed nonitoring of display of each pol ypeptide and
per mi tdeedoprsk redel axpesdsige plasmidsn The (0aBPhsroids Fate insfrirengd inth euitebde Yaretiaion Fab

fragnment ,was anchored to the yeast surface using.t anpe. anchori ng

ror oo P eLEd BTN Gy R Bl B S she S RS e T yhe chai
Fab f r[ommlq;t WaGWhesadHions: Xaseliblifdagmeits wirabliyated @itk bRWcROt h
chains to be present in stochionmetric amounts, both expression cassettes

wer e drflY&wdipyn t e Yrast eeTast.d p Prsopoprasnbteglucass) eipnimpapplengdium | eader
Peneng S PLARETSH B Sy SABRS Lo R EA y
al | owsdlphate, G#PINHAOE QWY 98ndS M) dap snghdsrhentedswith ichirbscl?of okdchcipdtypept i de.
Vo 20]6%1{b%§95g1%rZ:eP,CiI-1r/5%Br’I%l\gljio]h/o(s)pohgtzezb7uffer, pH 6.8, at 28 °C. For experiments on pH testing, 50
mM phosphate-citrate buffer was used at pH 5 or pH 3.
[00127] To induce cell surface display, yeast cells were grown for 24 hours in minimal
glucose medium at 28 °C and at 180 rpm. The following day, the OD600 of the culture was
measured; cells were washed twice with dH,0, resuspended at an OD600 of 0.1 in minimal oleic
acid medium and grown for 16 hours at 20°C and at 180 rpm. Cell were grown either as 5 mL
cultures in 50 mL FALCON tubes or as 20 mL cultures in 250 mL baffled shake flasks.
[00128] Flow Cytometry: Surface expression was demonstrated by indirect
immunostaining with an antibody against the c-Myc or V5 epitope. Therefore, after induction,
2x10° cells in 1 ml PBS (pH7.2) supplemented with 0.1% BSA (PBS/BSA) were incubated for
30 min with 1pg/ml anti c-Myc antibody (Sigma) or anti-V5 antibody (Invitrogen). If

appropriate, biotinylated HEL (Sigma) or recombinant HER2-Fc chimeric protein (R&D
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[00134] For full length 1gG display, the full length trastuzumab heavy chain
was anchored to the yeast cell surface using two of the anchoring nol ecul es
as descriweaofimsd®ecFv and Fab: A2 and A4 (N- and C-ter nmpoaliB2at/h@e2hg of
AGA2 respectively). To allow both chains to be present in stoichionetric
amounts, both expression cassettes were driven by the inducible pPDX2
pronoter, using LIP2pre as a | eader sequence. The presence of different

[ f h ' : - d l.igh hai LO),
O o vt M B a5 B SRR 6L ana
i ndependRiabh UAHEIZ af AR weRGasRed ¥REREL-E8d PBSHISR] Mdlindibaruay: frsset t es
were codon optim zed for Yarrow a lipolytica since it was shown that codon

opt i nminziaticewityenemdhtyydetessioh regints.aGowohtdousepkloveAghor miychaydriol ogous

rotei n expr i.on.|l evel. The .di a t ens re an i anel
Pt Ot s NEE RS R i S il b Lo RtV B LS el 2 R0t L B

whi ch dagstisesNVaetiRdatdd AReeh, ditedtdhRyvasavith ﬁ&p&@mﬁ-ﬁﬂ%@ﬁﬁwmﬁnﬁcéﬂs watevi si ae
surface display pl atformgBoder, E.T. & Wttrup, K D., Nat. Biotechnol. 15,

553- 7, waphairtwiphiwsh rsrepl @BBRETSA pripstoraaplysis nae HACS¢alibunflpweayjometerd
Tr ast He ' ' i | f j HER-. 2/
T Mgl Rl L Y e

cancerof 1[x0Mf 36[Ainl200gCPBS BSeaiticdtcbated veitiemie approptian @nilginnit aahnddeyfeat s
(LTRs) fromthe Yltl retrotranspgoson), which allowed the vectors to

i nt egreatengptiens oy 09dad el and vsb it sbte aparogch pqualibium a2 X G ns
carryi : i J i I:pS 1 this
D R B L e R S e
chai n apCrdsuMidndekipr leslsconold P BHAtfer ammbysisi ech FAESCHUArdloxotytophicc Tier ker .

The Fab light chain fra t expression, plasmds carried the U dl narker.
For dif@PdlossetKe 1%5%%8'5?39 S g et %qnq@%ﬁaés%%wr@ma Yo
expr esgtdg dh@mshe tRE LGN LiBi @R dﬁ%at%&&éﬁﬁ%) ﬁ%%%e'fﬁo?es%%@ﬁ%! merisation

partner of AGA2. Therefore, two constructs were made (w th auxotrophic
mar ked8013@A3 andConsaRrtion obiliversitiedhrepesioines using@rtoryprone PEROXPhpawrblfdr and

opr oot BT G188 g Rl e TPl Frt @R R R AERNG I Tisdh LS

St rai Chablegr,Nat. BlOWOS 1,8755C43e B4, 6ndoBforktbe hereRi Bsef@tnRlidsstalsregonst ruct ed
for the display of scFv and Fab fragnents. Exan]*%pl e 3: Inprovenent of
Cel | ulBirefln Ewsali/v ORGorsAnmdicd dram gl LY 2preAnl] -3 poige prigsrs pRSZION gadt s of

6 P! 3,8V S VR M OSRAgh AR: hfyfl R bORBRAL AT 250

2011/ Goa5RdRGH 20U NAO0PR/digested products were gel-purified and cloned into similarly
treated (digested with Sfil and Notl) vector containing wild-type D1.3. Plasmid DNA was
prepared from these libraries using a Qiagen plasmid purification kit and was subsequently
transformed into the Yarrowia strain pO1d as described above.
[00131] Library Selection: The mutant D1.3 repertoire was grown and antibody
expression was induced for 16 h as described above. The repertoire was labeled with anti-c-Myc
(1 pg/ml) and 300 nM biotinylated HEL until equilibrium was reached (3h), followed by a
competition with unlabeled HEL for 20 minutes. Next cells were labeled with a secondary
Alexa-488 labeled goat anti-mouse IgG (1 pg/ml) and streptavidin-phycoerythrin (1 pg/ml).
Cells were washed twice with 1 ml PBS/BSA following all incubation steps. After the final
wash, cells were kept on ice to prevent antigen dissociation. Samples were sorted on an Epics

Altra flow cytometer with a sorting rate of approximately 2000 cells/s. Cells were sorted in three

consecutive rounds with increasing stringency by gating a smaller percentage of the highest
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dH20, resuspended in oleic acid rich mediumand grown for 48 hours at 28C
in 250 mM flasks. In the initial experinents, no surface expression could
be det ectw0 2081/08¢527 munol ogi cal stai ning on the c- Myc epcrapsdt/e®2zind FACS
anal ysis (data not shown). Therefore, different growth conditions were
tested. [00138] Many inportant cellular processes, including stress response
and protein folding are affected by changing the growh tenperature.

Fol ding .stress. is neral |y decreased at |ower cultivationp tenperatures,
enabl PHGEFOBIBE PPg‘iﬁ%‘ilﬂn--_ BFF BBROE G5tk iohed clopes FURILIMIAEE CBPSpl ay
| evel 3¢10mm88 38nd clonds BABRtainSd niMkatiBhs @160V deloRt Pj)%ﬁﬂr%%m;- 122849 %lone 38).

incorporated herein by reference inits entirety. Therefore surface

expr esdeerrlonsy sere agfesyed dorsanpigenshigdipgby paualgvam dtrationand shepedddd and Zhldt i on

t enper: . . ' I i j y adapt abl e

organé@bg&ggﬁ?gvﬁSﬁgagﬂﬁﬁgﬁ%;gggéégi%bﬁF%%3#%%%%%UF%%$§Q%QE¥ has been shown

in S cerevisiae that the insertion of new nmacronol ecules (e.g.

GPl -anchored, proteins) into the existi %.-?I : 'i- 0cCyrs mai nly at
HBX4 0 dTu oth Lo Lispla. asmids

t he si Biaetdie At Oy L oft he growi ng
daughtjgg132¢! | (K bénerit sMfacelisdy platYSds ivaddreatdao 2408w RYPR: ofisBEPT por at ed
herein by referencCe in its enti re%y). The nol ecul ar organi'zation of the

cel | welgments uymgrdofigrany anghdynd malcreleh ehitetekef four diepley plabmidstvasicheatedof S,

cerevisiae. |t was.test whet her gr. h.at .20C | d sl ow do Il wall
For m oA e iR UERT 4G aBE B, PPl GasU T Gt Pl ate. a
the sickyvBiaecRigl p (@0l Cldragen @A ;sa 1)HAD péh Niternsihaldysibh & Sfdkrsisief Agepanen,
cells were grown in non-aerated 50 m FALCON tubes, as well as 250 m shake
f 1 asks) aENaigrmipal Grsiontte therlCrgratingpag @ glianiit dep/yrd CvplpN 0 (etsrmpisal ed. A
strai i i -4 - I I . f NS

expor Marie) Bl 49 Cictngi HRIRHERL D). Doy 28ioh Rl B8t BT ot il

ant i bepXr @duotdroandshe A prakaddresqrentsivaaappehddd] Naomiiaalhi toghsiecFsuof ace

expressj on cassette). [00140 depicted in Fi 2 al - iti
péﬁm Zigl:VSﬁf%ﬁﬁé‘éﬁss %fda)aafp[a?.lymmﬁ] eéﬁaﬁ@%ﬁﬁm@ﬁ%@%ﬁﬁwﬁmﬁﬁiﬁ@@@ng b FZ)SSIholu\rlg
at 20C..J Wa) i u . rsFﬁ!PGZ‘(B}I3 9 flask
cultu é%ﬂéflg'éﬁ/g%ﬁdﬁﬁﬁgiaﬂg %}I%g Kk C{J'%%%{hsa&gvt\? ng sl gﬁgtzl%&ﬁfsgﬂlgg(h I spl ay
| evel seadrffor (heetaastizZumeb esitemaéphiardgetisiin usioohi (Afle ted ldyy c@npaisdh of Wplaycel | s

were gro in MM at 28 nl a smal | raction of cells displ d t he

o s b Io i e B Ry S e A BIRLOn e 3 B e Yo Sl o s GelF ace
di spl %rrﬁ%w@@lﬁ%fo@_ﬂﬁlz M08k AR NEAES ALudLsN B W0l alsDAHEH ItRNdisgihy of - M/C
detection was abolished for all gromh conditions tested (data not shown).

W t hountibpdyhiragnents Wwigh bicher direp yatbiey pyamink ternyoiu dependingqnl valigtleat tiy/anchor
R TR TR D S AT T TR
cel | whbin & &ffdct BldiHgechatas P& ofa dEplget soif v (Wahis 7. enu/TiPagei@rEnguDE@ce
D spl aS%l. Ll%:/363|7s:43, 2005, incorporated herein by reference in its entirety). The addition of an
epitope tag (c-Myc) allowed monitoring of display of each polypeptide and permitted normalized
selection.
[00133] For Fab display, the heavy chain Fab fragment was anchored to the yeast surface
using the same anchoring molecules as described for scFv fragments (A1-4), whereas the light
chain Fab fragment was expressed as a soluble fragment (FabLC). To allow both chains to be
present in stochiometric amounts, both expression cassettes were driven by the inducible pPOX2
promoter, using LIP2pre as a leader sequence. The presence of different epitope tags for Fab
heavy chain (CHI-VH), (c-Myc) and light chain, (C-terminal V5 and 6-his epitope tags) allowed

for simultancous and independent visualization of each polypeptide.
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[ 00141] Since c-Mc positive cells disappeared at |onger induction tines, a
ti me-kinetics experinent was carried out to neasure display |levels at

vari ous iwouetivmses2ri nes. Theref ore FACS anal ysis of str&Cn/iB201{/46042720 scFv
Sagl transformed pAd ) was carried out at 16, 20, 24, 32 and 43 hours

i nduction. [00142] As depicted in the top panels of Figure 3, a maxi num
expression | evel was reached at 16 hours of induction, with 95% of the

O 12 B A e AL G R e e

i nducty @R Jleh TRl 6Pk twd B f hwn%hoﬁﬁg%alekﬁés 01RO foﬁ&%%& AN )
hours, 19% after 32 hours, and 7% after 43 hours). Also, a decrease in the

aut of landesdenod c @rmmlabi)eﬂ@ndg PAAGHE resastif ¢lypr s aléove botbfchnine tpbspricsang
cells.

bs ed duri ti . W1t hqut. i i be b d
by t ndbyien i SRS ol ParbiP et aitev e b by MeintieddipPobR 2° "o
decr egs@doteluking14P2prEQs auéaaeﬂ%%@e%@ e prBéfte DF dEREN cpitdclt@ss fol RQSE

measurenents are respectively indicative of cell size and granul 05|ty of

t he cehpig)HG); (@ﬁYIW)@éldthgét ¢harmlion €Ceminad iySeand ddhis gpitats tagsh pbewedifodr ast i ¢
chang ] Jdt wi shing to be bound by
theor§§mlélﬁaélte£1§<s ana{lé&% %S]tlarcwi?ég&gﬁfg%%fég]’yg%lﬁat the cells undergo a
yeast {0yr3she tr agsdisplap cabséttd@g:vdr@d@danldmmlmi feeVhfroeth polyicarsage dpyas t he
cells formed nore el ongated structures upon |onger inductjon, supporting

this Hb%tlﬁ@épgdonmﬁml%aéwmgynem%y FRpplibain o tiofele HEPoa ey IheEF‘HP@?% cont ent
was prey fﬂl&kﬂéegﬁprgm&.of edéﬂg% ﬁ%&ﬂ%f\}/é’f@'aﬁﬁ}zfegﬂgsglﬁaa éosaﬂ?le&‘fﬂ fkf-over ed

surface disp vel s. ect o ace spl ay Level s
[ 0014 3htactetipal antribodicy raotisflumsesacimidhd-00 entdﬁodyewhtch lhak eereaichsshoodel pyaehi al

cells. efator regul ating the di nmorphic.t ans ion_j t he

gr owt HomBa gy lepment ﬂgﬁﬁe?eéevgﬁae %p@éﬁ@&%@y (IBRPErh ﬂ%%ﬂﬁm %12
477-8HNat 2@1‘8?@chﬁdlcpf BYs At ?@ﬁ%{c‘ékﬂbrﬁ&{d ﬁ@r%ﬁrt%z%f’eréﬂ%e i fs @ﬁﬂrbt@z?&ﬂd 't has
been described that nyceliumformation is maxi mal at pH near neutrality and

decr edseguzsnabHHicscehonie, edmtlnblbés:tortbe aﬁtlhm‘facm antigeatHFH281c0 Ipdotp-oncagone
2011/ 08 5271PCT/1182011/ é 014t401f5’)) an tenpt to avoid yeast-hyphae
t r ansi't'f &h® H]l]ff Pfﬁ'p{’li%e t|r ag‘ﬂ%% feais%c&afﬁrl on, a scFv display strain was

grown [8134] f f er ext varkbry a!mea zetRldlBachts (oS Teﬁﬂﬂa]ﬁk‘@pea@%MﬂR@) éaehd witFi gure
4, at 24 hours of induction a shift occurred for the cul tures grown at pH 5

and 6 IEQFanRPEOD) Which ablowsr dlsl esgiary tociafagsate githor h@@lﬁtqgaklg/recam 1Rtion 111100%
of Celyl ?zg(g@;zgd ﬁ&(?ns c%lﬂjyﬂl&aYItpl ?_'Bg%énhoﬁcﬁgg&ﬁ ééomﬂh%%% r? %e hegvo"f‘t? 1? 3 di d

not incr e as conpare ours 1 nduction a co % oss
of c- WmotﬁdngmanASkl mbsexprem@tcopkin&tsala@lw@llas thatfidbehealy cleair ((SHre/tHa)i ned scFv
di splay at ght decrease . in naxi num expressi.on | evels was
obser \?éﬂfeé%lole‘P@tfflﬁ?’ qaaﬁgiéhe L RbgauretorhigRearkes; Fhq Bab lighd sheia figgpsnseen for

surfa o n fer wer e
cbser va T e R S PR SR L FC QUL R B P oF PG
refl e@kpmwlmccpistrhu@lxplabsmglﬂngiésere%zapH@Ahwte@sasemomﬁfal ison t hat | ncI uded
very few mycel.ial cells S t at | on nduct i times reas at
o & dterete s aftnd st AL Ehieiged o ikt bt st By
refl echdrRgs WRARRNK ADEN) M@W&p?@s@féﬁ%@mi uRd@WPDX2 promoter and using

LIP2pre as a leader for the mature Agalp. Transformation of the expression constructs resulted

in every case in a fully complemented strain. Figure 1 shows a schematic for the expression

plasmids constructed for the display of scFv and Fab fragments.

Example 3: Improvement of Cellular Display

[00137] For initial experiments, positive transformants of display strains were grown

overnight at 28°C in 50 ml of YPD medium in 250 ml flasks. Thereafter, cells were washed in
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[00145] In summary, this Exanple denonstrates that growth at | ow pH prol ongs
detection of surface display proteins but does not increase overall display
| evel s. Bxarpl1es®s27Expr essi on Anal ysis of the Devel opedPstAB201Fa®2znd f ul |
|l ength 1gG Strains [00146] The new di spl ay system was validated with FACS
using two different scFv fragnent fusion proteins: 4-4-20 scFv and
trastuzunmab (Fbrceptin) scFv. scFv expression was verified by

i mmuno or escen r.oscopy, and. fl ow cyt r det ection

tag, i SRRl B S Regiie b1 g%wva"fﬁ 4 fottha Sy &3@&&3@%. gure
5 showg t@ﬁﬁftﬁ?&ﬁ%ﬁnﬁﬂ% hé %F&Qe Qkﬂ‘éés’ikﬁl drilPud @éteé?&i ﬁkl%ﬁerﬁﬁ&S%E ts§a1ﬁ1ﬁ the
di fferent display formats. shown, expression was seen fo oth sc

f r agnmenttie ¢-dyct dpetope- tagramldrfa%CS arsil s tdetaSmg shqvr)Filgarcéors, diffeshogpoantts i n r ow

| abel ed ';.Al 2p (Figure 5, histograns in row | abeled "A2") with
hi ghe§9nﬁhg%ﬁ)‘§erﬁg?sﬁ%iaachl eved for Aga2p fusions (MFl was 30 fol d above

backgnoerss) . | "P@idyaiRipoytant dellPlar FRICEMES iRGudihhQFRs tEpeiseans protél galkinge
populatlon (40-80% of cells present that do not express the surface

pr ot eiaf; afieéadeaschengiag thregrowhismpRrasiraoFoldngeitipenis wheaialdy desrepjechyf l8wFys in
Y
arr O\@uﬁlva{lc%) e%lx{é)nf \Tur eﬂ%lﬁlﬁ ngIre eﬁ‘f?c%nq teyglggqilﬂ a(%l{ﬁ %ﬁlgagg%&r?%lggacgﬁﬁgggse tte

t heory, one ion | ST

st abl yeuem %&&tge,sl)liagb@tst Me eOAN ONBroomé. Rdsi QO()Q’tlhcbatpomf&d(h@fkﬁﬂ Bpteférond.in
cerevi si ae where %gl somal plasm ds are used For %ﬁﬁd bi ndi ng detecti on,

bi ot i ipIcatEY - ahhsrefere %@C%I@EIE%%S@& Igvdyotdhe Vamdd‘ah Wa@rvgarﬁp@rﬁpa%ét
scFvs lwcﬁonﬁ&p%Q&&[eggp%EPgﬁlzlgBéOHI 000227 aI so able to bind to antigen,

confirmn el'r correct processing and folding (see Figure 5, colunms
| abel e{dﬂl‘3l9] il gand Ticredil N@.'H)IS ahtgh@xgﬂae@blmgmmﬂbdohemdg ehigbly d‘lmrsd\pmmmn nal

fusion to stograns.in row | abel.ed "A3 nd Cterm nal

f usi orPOPkbla%gzlg % O%H H}# itesthptdhe Giveitiop of agw: %f%mﬁs%w <fm$e

mul ti e HR6es pi’éﬁélﬁs)tlﬁt%ttﬁéexéﬁigeﬂ mEGRBPHK el %a@xﬂ?%&% sftObf 5&%&e%@§ence
of c-Myc detection in these cases. TFirst, successful display of proteins in

Yar r owradl hisgangsiG\WRl atthe sisoofithe gromdeg dehts chip disllip Fovioteen/. st 28§rr2é2,as a

| eader, uence. |I|t i.s that .di.ffer nces in ex

conas POBE RSO RS etisbhddln iR sl bbe SO BREEEplin EREN b B o1 vea
Secondyall df 1@thvEa BBoBELd isthétieekdtte bR kbR ky Babof. (bARiseRl TORSs g Whi ch
could make the dis Ia ed protein undetectable. Wien the LI P2 prepro was

used aghether geayeh at ppeldselaradery cgl Wélll dormagipedbes ngem@rq‘ ofrthe r ast uzumab
(Her C%Q{e%ﬂ RRDrbPinl G S aﬂé%%?taﬁth@ fte 8P Oca | Zgggﬁ(}@fsow @ﬂ&% h%‘e? 25510y

clearly NONSLT at s t e sur ace aye SCFv

(see Reguive, @A welfddgdWAlid aomuahiedtse mif FABCOdDWuBes ed Wsll eaﬁsﬁ onih ghiake Miakitsy

ass entl):ln(laallg?éreol;vc‘gg I1anrI131{1{1r(1:1alFsutI))plernented medium (MM) was tested. A strain displaying 4-4-20
alpha-agglutinin (Saglp) was used for this experiment. As a control strain, a full size
monoclonal trastuzumab antibody production strain was chosen (strain 1T2, containing no
surface expression cassette).
[00140] As depicted in Figure 2 a large c-Myc positive population appeared upon FACS
analysis when cells were induced for 20 hours at 20°C in minimal supplemented medium both
for FALCON (76%) and shake flask cultures (86%), with shake flask cultures showing slightly
higher display levels (MFI (mean fluorescence intensity) differed by 2-fold). When cells were
grown in MM at 28°C, only a small fraction of cells displayed the antibody fragments. Also,
when cells were grown in RM at 20°C, no surface display was apparent. Upon analysis at 40

hours of induction, all c-Myc detection was abolished for all growth conditions tested (data not

shown). Without wishing to be bound by theory, this could be explained by proteolysis of the
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fragnents on their surface, expression of two different Fab fragnents
(derived fromthe 4-4-20 and trastuzunmab (Herceptin) antibodi es) was

i nduced fwbl2018932y expressi on anal ysi s by i munof | uor epCENBB1NI@RZSCOPY
and flow cytonetry. Yarrowia strain pOd was consecutively transforned with
t he expression cassettes for AGAl (using ADE2 marker), heavy chain fragnent
(usi ng URA3 mar ker) and Iight chai n fragnent (using LEU2 marker) to result

finally in a fully conple strain. Cel e _gr.own and i nduced as
descr iAwiYef PrsiciF Bidihe qifac U CRRPE E1SEd fe D SUSHic ShETEoh BRUY g and
i ght cehaia feticgsd on by i mmunol ogi cal staining against the fused epitope
tags (c-nyc for HC Fab fragnment and V5 for LC-fragnent) and antigen binding
was assessed (see Figure 7). For all constructs except fusion to Oaplp,

.no I|oht chain was confirned. In
44D 0 presS&d functional heterodineric
Fab f r[ﬂl!lllﬁ!Pt S, %Ue'd MyB@oﬁl’ﬂee Eeﬂl%ldih ?p&%c@étﬂ@t@geﬂﬂdﬂcﬁ&ﬂm&d’ agimekidetics
described above (see Figure 7; a shi the full peak, rather than the
appeareamren@ft wansasied oyt @dne%h@gbml%lewa glofarioys eslvelirelmpe akhessfercone
POt R, S PHSRINER o S0 ATER\A L ARALY 0601 IC B0 s hrasiured
palrlmgzmﬂ4b¢bthﬂawnenon t he surface of individual yeast cells (see Figure
8, histograns in row | abel ed "HC + % Mor eover, in the absence of the

Her cedP9H#2HC Fandsrderistechin the e p@ta%tgptl 1M, EHBHIBBE GRPTasgion feyghwas coul d
not DG ARLRG! REhd SMfaRoh a6 HH 95 AR cdiElshSwind GRS BkirBGidnNIEvels (10-

het er odi meri ¢ conposition °of e conpl e

2011/ GﬁlgabaFKHdckmmd)’ O0R2214ti7e propert®n dficsll sogupaassing k- viyd ddtoeeasedv)vithAnt i gen

bi ndi was confirmed f ot ant| ure i st col ums
el et gaPELTIE (957 TR Reoar: T e B ChElThys 3 T B o 4t
bound 3diff,&f 8¢l %GR NFolr9). M‘% H‘ﬁ%&%ﬁe% t&rﬂt@dﬂ%%sb&{ée% f&lhﬁaﬁﬁh'tﬂ@@dy
fusion. Al so, when conparing the different display nodes for the two

ant i b@@lﬁ;ﬂndluorfesence hﬁﬁ@e@snwe dﬁlim(ﬁaxfolelb friag pbmvedwblrrleg @mhetlved\’\(lthpgttr e 7,
dotted I|ne uor nce cr.o S ocal on of both
neavy 4HNE Reps AR 4 R P T B SRR G TR e ROl BB 18750 20
ant i bedy siz& agoeit FSUESSC PRWasESSdew e Qe OMcVem e Yir&ndiCars t@p&tﬂelyf or
anchored heavy chain fragnent and V5 staining for light chain fragnent.

[ 00 14srjld|r@atwaprf gel &iz¢ endanyepity efdhe scllsamignifiicant diraptions aseaicscd. which

| engt

(£ PSR AR S Sy FARL GRS P IR AR
innunoﬁ&mgnﬁeeep@emnmﬁboﬁegpymﬁ@ﬂ1£ﬂmmﬂey£ngmn&wgoa&mmehgﬂEehhem@mpression

cassettes of both chains were transforned to a single Yarrowa pAOd strain
to gedEFAE MdICHep.| 4S ¥ HRIERICEFCRY Aigcells tmeémre §longaled gEREUEHEPIRD. The
di spl hai n
a1l F B o B T e P
f | ow cyhtenievad meanally sheviofo Hetﬂdcrdamdgwhldhrcastdﬂzl&mmpla(uh-lkwmm surjacel dsp]aay in
the t des A2 and A4 (N- and Ctermnal fusion to AGA2 respectively). As
can be®¥den, all cells show expression of full length heavy chain and |ight
chain sinmultaneously. A drastic inprovenent in display efficiency was
observed for the case mhere the heavy chain is fused Gtermnally of the

pre 5 9-Taghpigried pEd £l , simlarly as was observed for

trast . | in) Fab display..

St | Rﬁ 8%’%%%@%@&'5%%%&%& 598 Picling st BSRF0 ey b P
limt lré@ﬂz&t@nﬁe titndrpigic Bagslteh 1sQHe€ odiilld Bodyh hedig RO érsek . and Fab) are
often protein foldlngmpdlsulflde ridge formation and functional assenbly

i n t hecaadiskalaiiéch tqbllQJW(SEW 83 +2093 sinperparasisldvarcin fratcieiraseipgisessi on” of
|
o1 SO s IR A5G ARAR Rl KRR AR R ol SEFSHRPARBA |

16, 7H3m%mmigeﬁﬂlshﬁ@i@ﬂb&hadnhemﬁmnnmyamﬂ{e(gnpe inits entirety). Also,
it has been shown in P. pastoris that PD coexpression alleviates folding
stress upon Fab overexpression, resulting in noderately increased
production levels (Gasser, B., et al., Biotechnol. Bioeng. 94, 353-61,
2006, incorporated herein by reference inits entirety). However, in sone
cases chaperone coexpression resulted in no change or even a decrease in
expression | evels. Anot her
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WO 2011/ 089527PCT/ 1B2011/ 000227 possibility to i nprove anti body secretion
is to induce the unfolded protein response (UPR) by overexpression of the
HACI tramwonroptises27f act or; noderate inprovenents in FabPs@dBHii/022rave
previ ously been reported (Id ). [00150]1t is known that cell surface

di splay correlates well wth secretory capacity as both surface di spl ayed
and secreted prot ei ns mgrate through the sanme secretory pathway (Shusta,

Biol. 292, 949-56, 1999, incorparat her ei n by
et eréﬁ@‘é‘?‘!ln .ténéﬁ@ﬁ?rewy avold YeartypRagr trageition duppafiqt \?@Féjh%ﬂ tion as an
easy hLEARAHA, d dcBkidngld r&%l\ﬁ'&'&%ro&ﬁb{ &fﬁe‘r’bn%ﬂR%ﬁ&h%Hb%VE S, ah®PPi31gere the
effect of Yarrow a expression on sckFv and Fab production was
t est edcpioredtin &igduire état Lt feuisrof atucoon aslhlftpmbwacb%)r thei onffuitch gradis glpdd/ S phéit f or m

devel a_ PDI onstitutiv ressed under control of
e LR NG e o ot Dot A st o e
under depnyt qfhe@veﬁﬁ@&%lw 1eUEs e pH @@‘ichn@t&ﬁ@r@zls%% c¥apaeé & PR, oA ME0hdus
trastuzumab (Herceptin) scFv and Fab displ ayi Igéstral ns (descri bed above),

and conqusten gepwhpicte opt @fg:rMyp@rgn@)a\ya&:WﬁﬁVﬁdreblp apdpR.8 A@lﬂgwﬂmlm retanggure 9,

e ) UGB i B R Sl e Mo P pPE ST S BB SRS ™
i ncr easfer gt idghdiouniales( Hﬁhﬂﬁpﬂlaﬁiges Fadpe &@ﬁ&omw@b@mp@ed b eamlianay Y,

i nduced HACI coexpreSS| on.resulted in a decrease of bpoth scFv and Fab

f r agnéfigta notshewa).r Reastie diffrssnsas vetstabsened if y(rabCaviotales beteise FeB$onds i s a
rate | a ver,
B e i e R R S e S Rl o
negat |11wcéudemlp@cy femeyselwhselksweamretaHﬂey aolosge:medhohon tidhes plvigreasfat aHscénd 6.8
(Rakest r aw, uﬁ) |0t4§ nt@h Bi oen% 93, . 896- 903 2036,
i ncor 66P‘§€éibspﬁ@F%Fﬂ B?,P TARENE B P BESANEAHEANS BIOP O BU IR RIS Ted by
the faghhdiadwiroteins that are not properly folded are sent to the ER
degradati on pat hway (ERAD), which is also upregulated during UPR induction.
Exanpl[@01B5] Dos e IRegpowsge thds Evaspleclembhsipsitentoat crowtital zewpbl [(relongegatéations c Fv

00152].The bi d ff face- di spl ayed
scrv. har Pt BinEledsuble S HERE ST UNPRERRS bi nci ng 1t rati on

curves. Oel | s di spI aying either antibody fusion were incubated at 25C for 3

hours in var |ng concentratl ons of HER2-Fc chi rrerl C ]prot ei n. The nean
fl uor -710‘7: _,.I 3 . "‘:7\? u a, i o ﬁ“‘, ﬁ-‘ "‘o .ﬁ .(' «f'.‘- -. 8 n C H\AL£ L_"J F| gure

1, 53955 SELAFRERIE o FRES Sy T35 a0

fragment fusion proteins: 4-4-20 scFv and trastuzumab (Herceptin) scFv. scFv expression was

verified by immunofluorescence microscopy and flow cytometric detection of the c-Myc tag,
indicating expression and correct folding of the scFv product. Figure 5 shows expression and
ligand binding data for both scFv fragments in the different display formats. As shown,
expression was seen for both scFv fragments for the N-terminal fusion to Saglp (Figure 5,
histograms in row labeled “A1”’) and Aga2p (Figure 5, histograms in row labeled “A2”) with
highest levels being achieved for Aga2p fusions (MFI was 30 fold above background).
Importantly, in S. cerevisiae, there is always a negative population (40-80%) of cells present that
do not express the surface protein, whereas this phenomenon was not observed when displaying
scFvs in Yarrowia lipolytica using either fusion. Without wishing to be bound by theory, one
potential explanation for this is that the expression cassette stably integrates into the genome of
Y. lipolytica, in contrast to S. cerevisiae where episomal plasmids are used. For ligand-binding

detection, biotinylated antigen was detected with streptavidin-phycoerythrin. The scFvs were
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"preAl -Herceptin scFv" shows the dose response curve for trastuzumab
(Herceptin) scFv fused as an N-termnal fusion to the to the Ctermnal 320
am no aciwe 20f1/8952¢er evi si ae Sagl p and expressed with tRreTIBpApr@2teader
sequence. The |line graph | abel ed "preproAl -Herceptin scFv" shows the dose
response curve for trastuzumab (Herceptin) scFv fused as an N-term nal
fusion to the C-term nal 320 am no acids of S cereV|S|ae Sag | p and
expres T%Pe Li. EZTgre der sequence. 1@c|ii'l ra h | abel ed

'pr eAé‘ foappiec gerre B?Fé%m%a?‘i/ 188 F°F a&tWhz omab

(Her C%BIu'nﬁ)s lé%‘e'l:éﬁ ‘ﬁfé%ﬂ&'bﬁl@lt%s) aN‘o %kﬁregsmn%hlé BSARR 1 LroPN-RRNEY] RikRE t69a2p
and expressed with the LipZpre | eader sequence. The Y axis shows fraction
bound Cwilp ¢higue: % dlistedrame th sy Wb¢led Mebesad WFteninmie] fusomrtalAgapl (Figwd 5

d Th I di t ant
E e BB g S BB b 4 5
(Her cepéduni foralt dbsbiuel d7R-NIQE dElEERAmAA Sl cased.. BirfiMucv@sfu? diépfaglofl pfit@hei t han
that for trastuzumab (Herceptin)-Aga2p (Kd = 0.7 nM. Exanple 9: Validation
of Yarlaswivda BhispCAYPIRIastse Grrrmags s s&bﬁdom@lmptﬂr amyl Xoed pig apadeager saguence.
L0015%n1é o%) #)ﬁt %sqﬁc)tgtldn% géers &F éﬁa ?S%l %clcﬁlétﬁl%t gtfe rE ogﬁglié forathﬁ %@lengé gf shoul d
e able to ctivel I'SCrim etween clon

di f f erepessibmthaf 'ﬁvamﬁsyrveﬂ’r chmusityouldﬂaewaﬁb&b@vmprbtbalys)seﬁshe qms)pb a@gs al | ows
for fine discrimnation between antibody clones with a 2-fold difference in
af fi nihjch @@%dvaﬁme\ﬁé%p&yeé poteig W@tfs?talﬂe Rhsn th%LH%trﬁmwasmsefbas 46, 31-7,
2000, Y g
R e R R S R T

ant i - Kiidta soﬂ-‘sho@h) BImﬁlihmoﬂonsqzsba;cedmpmbngpﬂeadlgsiemnetraemhesslémrﬁme Sagl p

(Iine raph Ia re D1.3 vs ") and Agaz2p (line graph | abel ed
preAigCBTg%m?so 15@8%?@@13%*}95%%& The D1.3 or M3 displaying cells
vere ijpguppt ed wWddyaNardir '?'er{é%lﬁ@éi'l"s rc@ﬁ gl Qk&&ﬂﬂ?&h&&%ﬁm’f@e Fdjext, the
mean fI uorescence was neasured by flow cy torre%’ binding affinity of

each dughngots odithgt ayéuge axprdssidy ohbwo dhé&mnmf ple &agme@q (delrlqud fram thi Aet-BQ

titration curve u the ,a of three independent
1 tr acPB eSS N AR v s R LR Peleflong i S b i

af fi niifnyn@bii¥resched midebscvps atefl &% @}A@ﬂ@tﬁyo YREro2i@stedifl p@.1 d walcendeOWiBiclyf Or
Sag | p and Aga2p fusions respectlve as conpared to the affinity of M3

f or f ?E@nsfpaoqumﬂrmesewwﬁn sasspibpgor K%lt (maing ML Dpetkevahedywichaidi spl ay
i 1t eriduEh! GEh (G Pl MM Sn BT RABREGLARET PO BuRBblo RLOR sty o

WO 201108 Q&BﬁlEﬁi'Eht’bBaﬁml 000225rc pxanmphued ibducdibd eksdzided dhFeahplEX pthicrent

Usi ng FACS  [00155] Si.ngl e pass enrichnments using a m xture of yeast cells
di spl i ivyie relsprers labsledifaphesye ghs pat s i, aPssripp pregmupglorisalyi spl ayi ng
t he I

expr oosyng SR Rg e MRLErRORL e[S hrC BT ka0 R T aalhEn)

obser aed anm@nd:eﬂldlsg Was essmsxdzdsee ¥igure a) i Eor Bl X009 richt axchadugoto@wplb, 3 cel | s

and i cu e uili.brj S hed .at an tige ncentr of
05 oD Soehea® hercerri Koo et Tt SeiEad Fodinied ir GRCHer 00 She

W th Qhé&!lltﬁdﬁﬂla%ﬂ@%i‘e@fed FRREOXA MRIB HmPrid FaK NEEmehOWo firERE 'ﬂfé“ﬂ%ﬁﬂ{s factors
were determned by titration on selective plates and a maxi fum enri chnent

of 800bigardowitasaredraghentsalentriicd ahov e bigotd Atetifhyf the fil] perkptagiter fignon

sel ect fle ap ellr%%ceeso \?vfo%regksa(%ge %Lgta ive a%rtolf?u%qgs@éﬁce) peak and one positive), was

observed). Simultancous labeling of HC and LC trastuzumab (Herceptin) Fab fragments using
two color FACS analysis demonstrated the pairing of both chains on the surface of individual
yeast cells (see Figure 8, histograms in row labeled “HC +LC”). Moreover, in the absence of the
Herceptin HC Fab fragment, the trastuzumab (Herceptin) LC fragment could not be detected on

the surface of yeast cells, demonstrating the heterodimeric composition of the complex (see
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Exanpl e 11: Surface display using replicative vector in Yarrow a |ipolytica
[ 00156] A replicative vector was constructed to contain a scFv- AGA2

expr essi omocasigspi2é dri ven by a pPDX2 pronoter and ARS1ECTaB2mepioeziati ve
propagation in Yarrow a |lipolytica (Figure 15). Upon transformation into a
Yarrow a |ipolytica strain containing the AGAL expression cassette (for
AGAl- AGA2 heterodinerisation), a transformation efficiency of 1.2 x 106/gg

was obtained.. This effi.cienc her atc Id be
obser VAR &y s RREEHH D ﬁftlé@f?é?‘h)\r,m\gﬁ%g%d’l‘%g%wﬁ%%ﬁp T q%?ﬁ? H1DORiSS (F Bear y
const ru ﬁfs’co%?an'iﬁ ﬁrbohfn%{b%&rléﬂatlig‘aﬁd %fnfdhfg" € NQYwhveragy AAROWRIch %eoi?lttl% bR the
desired conplexity. To preserve plasmd propagation, cells were grown under

sel ectwaséoumhdlffereﬂr@condutgkte tlafbmelrwelaoorghmumqmeof t{l@@mﬁ@]iEﬁQO shlso, \slne.md| es

wer e perforne t nes under ho el ective

Supp! SAERCHGE tiechrest fulns ReftdhhiaNS cafed, JeS e SheRp R cney™
suppl w@@b@sérxvadt(mgﬁﬁéw déSb D UndsACENmERGH IRENK A @ ldrdscoSshelie e cyieealfAfion
integrative plasmd (Fl ure 16A), upon induction of cells transforned with

a r eplof eathj heavy and lclght Cbalpwm Etgum16l%)r Iéé:llgtge exFadr andiseBy 4di-20 mwtbodx pr ess
F h d
SCEV. tﬁ;f @hlsen{l‘%age% rﬁ%&? “b%‘%eitg(%) &8 1?]% Ty, Is‘?alm%’%g ?(g MlforsE héa[%g"é’%ﬁ f9a ¢ unaer

sel ec e pressur n asm SS vvas the

basi s ah@V 3t suaisingsEelighath4in fragiicst. phenonenon is Si m I ar as to what can be
observed in S. cerevjsiae_using replicative plasmds faqr surface displa

Anal yd0U481 t he TosyabpisdEdaraysagedly camBinctonadly sssegblop fubBlpngh lggGondhgir s

w0 20007 BobRCer 3T B HT PPN Bens RO AR TR B T o 0F, Fﬁﬁ?

t he r esallysis bphmaiuneffuarsicaged micegrapy ael fidvasytodstryi Therefdrh dlemxpressmn

fl uorescenc was in the sane ran 2: Enrichne
Exper iCASHtte w%ﬁﬁléﬁt%wqrm%%?wdéﬂ @i %%ﬁ%ﬂ%arfg@)@e%ﬁ% @rggnsrﬁt%ﬁi‘y cell's
di spl %m&sgan@en@edvs%raﬁi Efnﬁgm alg s Yo Ré fo%aﬁ s d@ﬁrawa@%h@éte@ﬁm@m@%

concentration of were sorted in high' purity node with a sortlng
Wi ndowtaafm@bmmhmw@ﬂmbt ql%r( siowlteieowsly (c-Thicead donsaomgirespeetoehds of
sorti arrie cl ones clone 1

S howi 1Rl B e o Gyom i ahARSE o Ch Bagt sSu ARt T Pt BRLAS Gk i o
af fi nithy/tvaf mdded ANVhAd A& TEOMR] 0'-terminal fusion to AGA2 respectively). As can be seen, all

cells show expression of full length heavy chain and light chain simultaneously. A drastic
improvement in display efficiency was observed for the case where the heavy chain is fused C-
terminally of the AGA2 anchor as compared to N-terminal fusion, similarly as was observed for

trastuzumab (Herceptin) Fab display.

Example 7: Engineering of Display Strains for Improved Expression of Antibody Fragments

[00149] The rate limiting steps in the production of antibody fragments (scFv and Fab) are
often protein folding, disulfide bridge formation and functional assembly in the endoplasmic
reticulum (ER). It has been shown that overexpression of molecular chaperones such as PDI and
Kar2/Bip in S. cerevisiae had a positive effect on scFv production (Shusta, E.V., et al., Nat.
Biotechnol. 16, 773-7, 1998, incorporated herein by reference in its entirety). Also, it has been
shown in P. pastoris that PDI coexpression alleviates folding stress upon Fab overexpression,
resulting in moderately increased production levels (Gasser, B., ef al., Biotechnol. Bioeng. 94,
353-61, 2006, incorporated herein by reference in its entirety). However, in some cases

chaperone coexpression resulted in no change or even a decrease in expression levels. Another
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OTHER EMBODI MENTS [00159] It is to be understood that while the invention
has been described in conjunction with the detail ed description thereof,

t he foregwDnrglidsseri ption is intended to illustrate andPootiBRoindd022he scope
of the invention, which is defined by the scope of the appended cl ai ns.

O her aspects, advantages, and nodifications are within the scope of the
followng clains. WO 2011/ 089527PCT/ 1B2011/ 000227 What is clained is:

1. An expr.essiaqn cassetfe, conpr.i Sing:. a pr.onot er. oper abl inked to a
f usi omogﬁwﬁavnfeém@%ﬁﬁpeﬁw RORfpE e &hedafgl_dsggwé% ééosews (k) Ba

nucl e%bQQPl%@ﬂ&?QPtﬁe ARG AN RTEAF, rRRIHRER IrdeerhdRER HaB sE&RAE hRk e
second nucl ei ¢ aci d sequence conprising a nucl eotide sequence encodi ng an

ant i bodyvipolypeptremetedr(ldnt i body pol ypeptide fragnent. 2. An expression
casset I §] hg: t ly linked t first | ei
Ropie L AT N2 e TR R RO T
pol y pepifhleispMiRHena sédeted ?f&éin@hﬁ@ér@ﬂe@hr@ﬁ'glﬂt&%ﬁm@ ReRceApRRwEX@HasEed as a

first fusion partner in a tusion polypeptide conprising a second fusion
par t ndt-Vofe! ilntleMod1Bieh 28349030, 49%% dinepaitted bereindyyi gfaenpgande entirety). A3, The

xpr eSSLONGRRSALAR, RLChAL Fus SULLDSLABATRISR] 18 ABPEIT BYSLEIGH

sequence enco usi on ner eres
levels.
[00151] Here the effect of Yarrowia PDI and HACI expression on scFv and Fab

production was tested for the first time in Yarrowia lipolytica using the display platform
developed above. Yarrowia PDI was constitutively expressed under control of TEF promoter
and Yarrowia HACI transcription factor was inducibly expressed under control of pPOX2
promoter. Both cassettes were cotransformed to trastuzumab (Herceptin) scFv and Fab
displaying strains (described above), and correct genomic integration was confirmed by PCR.
As shown in Figure 9, constitutive PDI coexpression resulted in 2-fold increase, as measured by
c-myc MFI, of trastuzumab (Herceptin) scFv-Saglp display and a 1.2 fold increase of
trastuzumab (Herceptin) Fab-Aga?2 display. On the contrary, induced HACI coexpression
resulted in a decrease of both scFv and Fab fragments. These results demonstrate that formation
of disulfide bonds is a rate limiting step in the secretion of scFv and Fab fragments. However,
induction of the UPR (unfolded protein response) pathway had a drastic negative impact. This
was previously observed for display of a scFv (Rakestraw, A. & Wittrup, K.D., Biotechnol.
Bioeng. 93, 896-905, 2006, incorporated herein by reference in its entirety) and could be
explained by the fact that proteins that are not properly folded are sent to the ER degradation
pathway (ERAD), which is also upregulated during UPR induction.

Example &: Dose Response Curves for Displayed Trastuzumab (Herceptin) scFv

[00152] The binding affinity of trastuzumab (Herceptin) surface-displayed scFv fusion
proteins was determined from equilibrium binding titration curves. Cells displaying either
antibody fusion were incubated at 25°C for 3 hours in varying concentrations of HER2-Fc
chimeric protein. The mean fluorescence of the cell populations was measured by flow-

cytometry. Figure 10 shows the results of three independent titrations. The line graph labeled
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4. The expression cassette of claim3, further conprising all or part of a

restriction site. 5. The expression cassette of claim3, wherein the
second fusDanipmei2ner of interest conprises an anti bodyPpolipmapbicdzr or
anti body pol ypeptide fragnent. 6. The expression cassette of claiml

or claimb5, wherein the antibody pol ypeptide fragnent is a scFv fragnent.
7. The expression cassette of claim1 or claims5, mherein t he anti body

pol ypeptide fra nen a heavy chain of a Fab fra . The
expres @ﬂ -Heies)n ¢ Veékﬂ%’}‘s bt éearﬁ%ﬁ%% W{@?Ea T Braptygitel EﬁP“B?)F‘%ﬁefoﬁidde

fr agmenh, NStefnldaOhikionha i t@fth@CE@tlﬁan@QmﬁH{mo a2 of S. cerevisiae Saglp and
2011/ 089527PCT/ 1B2011/ 000227 . The expreSS|on cassette of any of

cl ai mekprssscd-v8th thhénipne bh@erfsmmcmulilheelmm grepldlabelgdiépreproird -HleseptiBscFvd t he
second nuc

ST oSl e B o

ant i beglyCpenyipap0dehihd @@MS @@@v@za@ gnmﬁwéxpammum{eym%ﬂe leader

10. The expression cassette of claim1- wherein the first nucleic acid
sequeneguonse. f Thedlinoszraphplabeled SpredAdHeroentiai seFy cihgwsdbudarcesspensteurtrafor a

Nt er RGP RRE ot ol R ool R AT Gt BB e o

ant i begdyreped yaeptht dépXpragadditsequence. The Y axis shows fraction bound, which is
calculated as MFI/(MFImax-MFImin), normalized, and expressed as a percentage. The
equilibrium dissociation constant, Kd, was fit by nonlinear least squares. The affinity of yeast-
displayed trastuzumab (Herceptin)-Saglp fusion for HER2-Fc (Kd = 1.9 nM) was 2.7 fold higher

than that for trastuzumab (Herceptin)-Aga2p (Kd = 0.7 nM).

Example 9: Validation of Yarrowia Display Platform as a Scaffold for Directed Evolution

[00153] To obtain maximum directed evolution efficiency, a scaffold should be able to
effectively discriminate between clones with only minor difference in affinity. Previously, it was
shown that yeast display allows for fine discrimination between antibody clones with a 2-fold
difference in affinity. See VanAntwerp, J.J. & Wittrup, K.D., Biotechnol. Prog. 16, 31-7, 2000,
incorporated herein by reference in its entirety. Anti-hen egg lysozyme (HEL) scFv M3 has a 2-
fold higher affinity for HEL than does anti-HEL scFv D1.3. The displayed polypeptides were
expressed as Saglp (line graph labeled “preAl D1.3 vs M3”) and Aga2p (line graph labeled
“preA2 D1.3 vs M3”) fusion polypeptides. The D1.3 or M3 displaying cells were incubated with
varying concentrations of biotinylated HEL. Next, the mean fluorescence was measured by flow
cytometry. The binding affinity of each surface displayed antibody was determined by
equilibrium binding titration curves. Figure 11 shows the average results of three independent
titrations, to which a curve was fit by nonlinear least squares. The affinity of D1.3 for HEL was
determined to be 2.9 and 2.7 fold lower for Saglp and Aga2p fusions respectively, as compared
to the affinity of M3 for HEL.

[00154] This Example shows that the developed Yarrowia display scaffold effectively
discriminates between clones with only minor differences in affinity, confirming the screening

potential of this system.
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11. The expression cassette of any of the preceding clains, wherein the
pronmoter is constitutive. 12. The expression cassette of any of the
pr ecedi ngwol2aiwms9s2mher ein the pronoter is inducible. PCT/IBA31/000R2y
expression cassette of claim12, wherein the pronoter is a PDX2 or LIP2

pr onot er . 14. The expression cassette of any of the preceding
clains, wherein the pronoter is sem-constitutive. 15. The
expression cassette of claim 14, wherein the pronoter is an hp4d pronoter.
16. The expression cassette of any of the preceding clains, further

conpr iR J: RASRY ERHEN LT FRpESMSRAUSNCEAEQTPT i Sing a nucl eotide sequence
encoding a Ieader polypeptide, wherein the eader nucleic acid sequence is
f used [DHSSE ane, SBngle passieeriEimetts anog 8 evond: ofycheicelladisplageg therld b3 and

improved mutant M3 were performed. Cells displaying the M3 mutant scFv were additionally

transformed with a hygromicin expression cassette. No significant effect on expression levels
were observed. M3 cells were mixed in a ratio 1/1000 into background D1.3 cells and incubated
until equilibrium was reached at an antigen concentration of 0.3 nM for optimal discrimination.
Cells were sorted in high purity mode with a sorting window of approximately 0.1% (not
shown). Enrichment factors were determined by titration on selective plates and a maximum
enrichment of 800 was obtained. Enrichment can be calculated by replica plating on selective

plates before and after enrichment.

Example 11: Surface display using replicative vector in Yarrowia lipolvtica

[00156] A replicative vector was constructed to contain a scFv-AGA2 expression cassette
driven by a pPOX2 promoter and ARS18 for replicative propagation in Yarrowia lipolytica
(Figure 15). Upon transformation into a Yarrowia lipolytica strain containing the AGA1
expression cassette (for AGA1-AGA2 heterodimerisation), a transformation efficiency of 1.2 x
10°/ug was obtained. This efficiency was 20 higher as compared to what could be observed for
random integration using zeta-based integration. For library construction high transformation
efficiency is advantageous to obtain the desired complexity. To preserve plasmid propagation,
cells were grown under selective conditions in the absence of leucine.

[00157] Expression studies were performed on ten clones grown under both selective
(Minimal Medium supplemented with CSM-Leucine) and non-selective conditions (MM
supplemented with CSM) using FACS. Contrary to what was observed for integrative plasmids
(Figure 16A), upon induction of cells transformed with a replicative vector, a population of cells
exists that did not express scFv. This negative population existed even when the cells were
grown under selective pressure (Figure 16B), indicating that plasmid loss was not the basis for
this observation. This phenomenon is similar as to what can be observed in S. cerevisiae using
replicative plasmids for surface display. Analysis of the ten clones revealed that an average of

43% of the cells were positive for surface expression of the scFv (see Figure 16B). The mean
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WO 2011/ 089527PCT/ 1B2011/ 000227 17. The expression cassette of claim
16, wherein the | eader polypeptide is selected fromthe group consisting
of : LI P2 woep1isP27pr epro, XPR2 pre, and XPR2 prepro. PCT/IBA81/00D2zy
expression cassette of any of the preceding clains, further conprising a

| i nker nucleic acid sequence conprising a nucl eotide sequence encodi ng a

| i nker pol ypepti de. 19. The expression cassette of claim 18, wherein
the lipker nucleic.acid sequence is fused.in frame between the.first .and
second UQHSFRICE H&W&E’é‘ﬁ% & Hrom the reggts 019@%&%@1@8@%@@@% &> Beai m

18, “@&%ﬁﬁﬁmhﬁ@nﬁ@%b@@g¥w9§hﬁﬁéQﬁhﬁﬁn@&ﬁpfiSes_an scFv anti body )
pol ypepti de, and wherein the |linker nucleic acid sequence is fused in frane

bet ween a heavy chain nucleic acid sequence encodi ng variable region and a

| i ght chai I¢] ei ¢ acid sequence e ing a variable region of the scFv
poIypé%@gggiﬂy%gmcg@?ﬁIgﬁﬁgg¥%gggg$géggﬁssette of any one of clains 18- 20,
wher ei[po158¢ | i nkaf ecRRhiREPIIKIE BRI iTESadt G IVABIAEng SER LS N4y oFr
(d ySerﬁ‘S( SEQ ID NO 15). | e 22. The%ﬁxpr essi on %aésset te of any of the
pr eced? IndWeb aerhermetl 3 amantiges eppeesiraoefel B el whne pasted indigh meduerdes
conprisin .nucl eot | ! I r r i .
3. ot uRe LR, S PRAMANEG, EMGRAY MaREF R RSB R 8%ping pe
tags aveee sgtied bed Tivodiiglidaaffgrigudoree Rersisblagdotlone1 My®yinYan affedgiufdt7 avine,
gl ut at hi one- S-transferase, streptavidin, biotin, heQ%%%lutinin, Fl ag-t ag,
and E(HlgtpOVal, Thr228Ala)mand closleshomdne anaffisity of 32 mMIIgO0VHD. pr ecedi ng
clains, wherein the anchor polypeptide is selected fromthe group
consisting of: an Aga | p pol ypeptide or fragment thereof, an Aga2p
pol ypeptide or fragnment ther @FHERNEMB@IMENT®I| ypepti de or fragnent
t her eof

[00159] It is to be understood that while the invention has been described in conjunction

with the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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WO 2011/ 089527PCT/ 1B2011/ 000227 25. The expression cassette of any of
the preceding clains, wherein the anti body pol ypeptide or anti body
pol ypept iwe 2hriagaeent , t he anchor pol ypepti de, or both areTapzoro@p2i m zed

for expression in a Yarrow a cell. 26. A vector conprising the
expression cassette of any of the preceding clains. 27. The vector of
cI aim 26, further conprising a zeta el enent. 28. The vector of claim

V\/({gﬁel n L“’Q eta elenent is a long term nal repeat of a
retro Akis slaim 29. The expression cassette of claim28, wherein the

zeta elenent is a long termnal repeat of a Yltl or Tyl6 retrotransposon.
30. The vector of claim?26, further conprising one or nore autosonal
replication. Aeerpmession cassctte @dmprfdieg:vect or of cl ai m 30, wherein at | east

origin of  PaprRaat o B Red B usb TRIMERES B B e ek peiRerdRs ¢ ne
cent r QERIpEising aG@Ebtofde Qﬁh@lc@féﬁcdd’h@% & ArdhBr ﬁﬁlyﬁ@lﬂhé Gkl enfrime @1 IL6Rd or
OR13018. 33. The vector claim 26, further conprising and

aut ondmelg apid waneReaCPRgrisiag @élﬁéléotidms)luerwn eneqding Heaniikedy: pedyperdiEls oz

centr f replication. 34. The vector of claim 33,
wher e%%%%dgﬂ%%@%@ggé LN

2. An expression cassette comprising;:

a promoter operably linked to a first nucleic acid sequence comprising an anchor
nucleotide sequence encoding an anchor polypeptide, wherein the first nucleic acid sequence can
be expressed as a first fusion partner in a fusion polypeptide comprising a second fusion partner

of interest encoded by a second nucleic acid sequence.

3. The expression cassette of claim 2, further comprising a second nucleic sequence

encoding the second fusion partner of interest.

4. The expression cassette of claim 3, further comprising all or part of a restriction

site.

5. The expression cassette of claim 3, wherein the second fusion partner of interest

comprises an antibody polypeptide or antibody polypeptide fragment.

6. The expression cassette of claim 1 or claim 5, wherein the antibody polypeptide

fragment is a scFv fragment.

7. The expression cassette of claim 1 or claim 5, wherein the antibody polypeptide

fragment is a heavy chain of a Fab fragment.

8. The expression cassette vector of claim 1, wherein the antibody polypeptide

fragment is a light chain of a Fab fragment.
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35. The vector of claim 33, wherein the ARS conprises ARS68. WO

2011/ 089527PCT/ 1B2011/ 000227 36. The vector of any one of clains
26- 35, f uwOherr/eseszpri sing one or nore nucleic acid sequeatdaB2don@e2si ng a
nucl eoti de sequence encodi ng one or nore sel ectabl e markers. 37. The

vector of claim30, wherein the one or nore sel ectable markers are sel ected
fromthe group consisting of: LEU2, URA3dl, ADE2, Lys, Arg, Gut, Tip, G3p,
and hph. 38. A nethod of displaying an anti body pol ypepti de or
ant i body pol ypeptide fragnent on the surface of a Yarrow a cell, the nethod
conprisingig, ThelcRpfeQISE RS ticfAn of blashs | RRLOW HRGE e frsf Achdic ¥G§t OF
conprising a pronoter operably liked to a fusion sequence conprising a
first seqehed o fasidd’ seteencmdoonisrd &ihseqacmecsusbthade fsequpelypergideodi ng an

ant i bod 0 eptide.or antibaod ol ide fr nt fused in fr. to a
SecondriEro Be by Gl saiise 2ot R Pl BBTRE robriEiteniBiBng an
anchorpo%bzmpﬁrégi@mgﬁwa C-terrninh%iéb&tﬂd_llﬂ?e&)’ﬂ@e.fi rst Yarrowia cell for a tine
and under Yarrow a cell operating conditions. 39. The nethod of
claim 38, wherein the first vector is the vector of any one of clains

20- 25. 4Q.,. . Th | ai.m.38Qr ' he . ' -
polypeptidéofragkgﬁ?ﬁﬁgﬁébggﬁgkfgggﬁngQQMK§ghtm%@&gwﬁgggglﬁg%hgﬁg%¥ain138
or 39.fuwder & thetsbendniuclRahcipalquper dudk tiat adiugkon polspatide pvoduckbfromahe a Fab

fragment..
J fusion sequence comprises an N-terminal anchor polypeptide and a C-terminal antibody

polypeptide or antibody polypeptide fragment.

11.  The expression cassette of any of the preceding claims, wherein the promoter is
constitutive.

12.  The expression cassette of any of the preceding claims, wherein the promoter is
inducible.

13.  The expression cassette of claim 12, wherein the promoter is a POX2 or LIP2
promoter.

14.  The expression cassette of any of the preceding claims, wherein the promoter is

semi-constitutive.
15.  The expression cassette of claim 14, wherein the promoter is an hp4d promoter.
16.  The expression cassette of any of the preceding claims, further comprising a
leader nucleic acid sequence comprising a nucleotide sequence encoding a leader polypeptide,

wherein the leader nucleic acid sequence is fused in frame, 5’ to the first and second nucleic acid

sequencces.
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42. The nethod of claim4l, further conprising introducing into the first
Yarrowi a cell a second vector conprising a second pronoter operably |inked
to a nuclwOoconaisgs23equence encoding a |ight chain of a Pab/1Bragnwnt.

43. The nethod of claim 38 or 39, wherein the anti body pol ypeptide fragnent
is alight chain of a Fab fragnent. WD 2011/089527PCT/ 1B2011/ 000227

44, The nethod of claim43, further conprising introducing into the first

Yarrow a cel |l a_second vector co i.Si ng secon ronpt er .operaply |inked
to a nucl eild aciBeCRENTECEIBAREE Roabyoty _Fﬂeaﬁ?r@ FBLife &@E@ﬁ%d
45. T%n‘ﬂ'ﬁfe?&l@éonﬁsﬁh 2103 pfé?L_IP’Zﬁ%ﬁﬂo[‘XPRQ pld, a8l XY . cel | s

hapl oi d, and wherein the step of introducing the second vector conprises
mating the first haploid Yarrowi a cell conprising the first vector with a

second hapl.qgid rrow a.cel | ¢ risi t he second vector; wherein the
first and S8cond PESrPISMION CASPIIE OBy 8F g, pceSig R IGTEsolPrising s * 48 e
et hodinRér ARIiONEd Mqueh@ dBpPRingR nuMtkigt Redukhictendbdihh GinR&d bl FRAHENCE | S

fused 5' to the second nucleic acid sequence, such that a fusion
pol ypepti de produced fromthe fusion sequence conprises an N-term nal

Cterm nal heharesaPypigl st ot pEPAREi A ERIE LI A Mlindis,

38- 45 fusphér Glamefbietvadennbictist endgcohdaglgnedd issqucissd 3' to the second
nucl eic aci d sequence, such that a fusion pol ypeptide produced fromthe
fusi on sequence conprises an N-term nal anchor pol ypeptide and a Cterm nal

anti body pQ'OY,pemﬂggﬁﬁggsiﬁﬂ&dsp@@of RELNPRPL AR ﬁl?lgﬁ'@&td? &)tollyﬁgpti(‘fescdo.nm%em t hod

of any of clains ereln the Yarrowma ce ope condi t'l ons
conpr iaseckv hmiboidndulypemnlet anpehatinrtke linker nucldi@. acitheequetch odfuedd ol feinm 48,

uner oL, LS i | IGUCL] g LeRer aLur & SN S68. . SRS g nlis e 2bout

acid sequence encoding a variable region of the scFv polypeptide.

21. The expression cassette of any one of claims 18-20, wherein the linker

polypeptide comprises (Gly4Ser)s (SEQ ID NO:14) or (GlySer)s (SEQ ID NO:15).

22.  The expression cassette of any of the preceding claims, further comprising one or
more nucleic acid sequences comprising a nucleotide sequence encoding one or more epitope

tags.

23.  The expression cassette of claim 22, wherein the one or more epitope tags are
selected from the group consisting of: c-Myc, V5, hexahistidine, glutathione-S-transferase,

streptavidin, biotin, hemagglutinin, Flag-tag, and E-tag.
24.  The expression cassette of any of the preceding claims, wherein the anchor

polypeptide is selected from the group consisting of: an Agalp polypeptide or fragment thereof,
an Aga2p polypeptide or fragment thereof, and a Saglp polypeptide or fragment thereof.
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50. The nethod of claim49, wherein the | ow induction tenperature conprises
a tenperature of about 20 degrees Cel sius. 51. The nethod of any one
of cl ai rewB&eB89MMerein the Yarrow a cell operating comdruBzmso@enpri se a
short induction time. WD 2011/089527PCT/1B2011/ 000227 52. The net hod
of claimb51, wherein the short induction tine conprises about 24 hours or

| ess. 53. The nethod of claim52, wherein the short induction tine

conpri ses out _16 hours or |ess. t ho cl aim 53, wherein

e of
the short inductiGiFXPicAdoeaspiticaienygbihe pi%ceﬁr@&w ims, vgherelgéhe ﬁ*ﬁ‘é’oaﬁét hod of
any O%Iﬁfepﬁdeadr%nﬁ@dy%l Gﬂéﬂﬁﬂ@frﬂgﬁl&ﬁ %@Vaﬁ%%o@gleﬁtld\%géf Bth B o@pdi tions
conprise | ow pH he mét hod of claim erein the | ow pH
conprlwemladrfbt@q‘prétmlomma Yabouta ecland about 4. 57. The net hod of
cl aim56, wherein the | ow pH conprises a pH of about 3. 58. The
met hod of any one of clainms 38-57, wherein Yarrow a cell operating

condi ti ons 260NMPrA s&:téd @hpaRingtth® Bk FeRMintdaSiREe of any of the preceding claims.

27.  The vector of claim 26, further comprising a zeta element.

28.  The vector of claim 27, wherein the zeta element is a long terminal repeat of a
retrotransposon.

29.  The expression cassette of claim 28, wherein the zeta element is a long terminal

repeat of a Yt or Tyl6 retrotransposon.

30.  The vector of claim 26, further comprising one or more autosomal replication
elements.
31.  The vector of claim 30, wherein at least one autosomal replication element

comprises a centromere (CEN) and an origin of replication (ORI).

32.  The vector of claim 31, wherein the centromere is CEN1 or CEN3 and the origin

of replication is ORI1068 or ORI3018.

33.  The vector of claim 26, further comprising and autonomously replicating

sequence (ARS), wherein the ARS comprises a centromere and an origin of replication.

34.  The vector of claim 33, wherein the ARS comprises ARS18.

35.  The vector of claim 33, wherein the ARS comprises ARS68.
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59. The nethod of claim58, wherein the high aeration conditions conprise

i ncubation in a shake fl ask. 60. The nethod of any one of clains
38-59, whwoepn/oses2row a cell operating conditions conpriPps@/IBrauvb@imng t he
first Yarrowa cell in mninml medium 61. The nethod of claim 60,
wherein the mnimal nmediumis a nmediumthat | acks yeast extract,

bact opept one, or both. WD 2011/ 089527PCT/ 1B2011/ 000227 62. The

met hod of B of cIamsSS %lg%‘pﬁeflrst vect or |S|nterated
into the Yarrowi e@’@ﬁtBFr% any onc o Chai‘sms 3 PSP HIE BT JIOTEPUSIHE 38- 62,

wher eigfidt RguctRES M RishR d nRIRVHES §&ﬁleﬁcecé?ﬁ9@ihg B8e or more sel@fhblcgkpRt hod of
claim 63, where the chaperone is selected fromthe group consisting of: a

protein disulfide isonmerase, Kar2/Bip, and conbi nations thereof 65.

The net hod any one of Ial wherein t hor tid
selected rgm ¢ HeegrraotanE S Erar el atet BerS B HleeB oA e Rkt e
t her egfom ﬁiécgr@dp AgsrkanPef: )L@QPZC Uk 31, ADERTERS, AdBeGeOTip, @32 amBBpH. P

pol ypeptide or fragment t her eof 66. An anti body pol ypepti de or

ant i body pol ypept ide fr agrrent obtai ned by the nethod of any one of clains
2gt |6gody poI ypepAf erggtrol%(ags %y ea%%lb&g'p]?o lﬁlgerp @é"'aﬁ%lﬁ%lolfi %gg&glglgr]t%is ng ? gr get
pol ypepighidat orcthepuifSdend a Yarrowia cell, the method comprising:
introducing into a first Yarrowia cell a first vector comprising a promoter operably liked
to a fusion sequence comprising a first nucleic acid sequence comprising a nucleotide sequence
encoding an antibody polypeptide or antibody polypeptide fragment fused in frame to a second
nucleic acid sequence comprising a nucleotide sequence encoding an anchor polypeptide; and
incubating the first Yarrowia cell for a time and under Yarrowia cell operating

conditions.

39.  The method of claim 38, wherein the first vector is the vector of any one of claims

20-25.

40.  The method of claim 38or 39, wherein the antibody polypeptide fragment is a

scFv fragment.

41.  The method of claim 38 or 39, wherein the antibody polypeptide fragment is a
heavy chain of a Fab fragment.

42.  The method of claim 41, further comprising introducing into the first Yarrowia
cell a second vector comprising a second promoter operably linked to a nucleic acid sequence

encoding a light chain of a Fab fragment.

43.  The method of claim 38 or 39, wherein the antibody polypeptide fragment is a
light chain of a Fab fragment.
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providing a parent Yarrow a cell displaying on its surface an anti body

pol ypepti de or anti body pol ypeptide fragnent; contacting the parent

Yarr owi a wel201vaspiz7t he t est pol ypepti de; and sel eecirng2aiveoopzr ent
Yarrow a cell if the displayed anti body pol ypeptide or anti body pol ypeptide
fragnent binds the target pol ypeptide. 68. The nethod of claim67,
wherein the parent Yarrowi a cell is produced by the nethod of any one of

cl ai ns 38-65. 69, The nethod of clai.m 67 or 68, further conprising:
i sol ating tffe fiTrhgtmeém%fsfé%lah%%2@@{@%}@%@%@?&6&}0E\zﬂ@fﬁb&rr@@mor

ant i bedy sREIMASRELHE é‘orfl%r‘i’&%ﬁ‘&ec%@ B}dnt&e@e%ﬁﬁﬂm&arts BhhudRTRM @q6&lk: WO
2011/ 089527PCT/ 1B2011/ 000227 i ntroduci ng one or nore changes in the
nucl echtabnseberycbaarnd ediahdraghentint i body pol ypepti de or anti body

pol ypeptide fragnent to generate a nodified expression cassette;

i ntroducing the nodified expression cassette into a second Yarrow a cell

that |acks 4she fliheShetRodPsRISHOMD GBS QhbRit e FROETAESYIA cOPHiHabREK, ¥ad r ow a
cell; i ncubating the nodified Yarrowia cell for a tine and under

Yar r owrhgraiethe ssgpegfaniredycansribie s¢cond vector comprises mating the first haploid Yarrowia

cell comprising the first vector with a second haploid Yarrowia cell comprising the second
vector;

wherein the first and second Yarrowia cells are of opposite mating types.

46.  The method of any one of claims 38-45, wherein first nucleic acid sequence is
fused 5’ to the second nucleic acid sequence, such that a fusion polypeptide produced from the
fusion sequence comprises an N-terminal antibody polypeptide or antibody polypeptide fragment

thereof and a C-terminal anchor polypeptide.

47.  The method of any one of claims 38-45, wherein first nucleic acid sequence is
fused 3’ to the second nucleic acid sequence, such that a fusion polypeptide produced from the
fusion sequence comprises an N-terminal anchor polypeptide and a C-terminal antibody

polypeptide or antibody polypeptide fragment.

48.  The method of any of claims 38-47, wherein the Yarrowia cell operating

conditions comprise a low induction temperature.

49.  The method of claim 48, wherein the low induction temperature comprises a

temperature between about 15 degrees Celsius and 25 degrees Celsius.

50.  The method of claim 49, wherein the low induction temperature comprises a

temperature of about 20 degrees Celsius.

51.  The method of any one of claims 38-50, wherein the Yarrowia cell operating

conditions comprise a short induction time.
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contacting the nodified Yarrow a cell with the target polypeptide; and
selecting the nodified Yarrowa cell if it binds the target polypeptide

wi th greawenonfdspszrty or avidity than the parent YarrowPaTdaBidi1/000227 70. A
kit conprising the expression cassette of any one of clainms 1-25. 71. A kit
conprising the vector of any one of clains 26-37. 72. The kit of claim70

or 71, further conprising a Yarrow a cell. 73. The kit of claim70 or
72, further conprising witten instructions for use of the expression
cassette. 74. The kit of claim71 or 72, further conprising witten

instructions forrdsetRéd 6MaiMeSE Wherein the short induction time comprises about 24

hours or less.

53.  The method of claim 52, wherein the short induction time comprises about 16

hours or less.

54.  The method of claim 53, wherein the short induction time comprises about 16

hours.

55.  The method of any one of claims 38-54, wherein the Yarrowia cell operating

conditions comprise low pH.

56.  The method of claim 55, wherein the low pH comprises a pH of between about 2

and about 4.
57. The method of claim 56, wherein the low pH comprises a pH of about 3.

58.  The method of any one of claims 38-57, wherein Yarrowia cell operating

conditions comprise high aeration conditions.

59.  The method of claim 58, wherein the high aeration conditions comprise

incubation in a shake flask.

60.  The method of any one of claims 38-59, wherein Yarrowia cell operating

conditions comprise incubating the first Yarrowia cell in minimal medium.

61. The method of claim 60, wherein the minimal medium i1s a medium that lacks

yeast extract, bactopeptone, or both.
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62.  The method of any one of claims 38-61, wherein the first vector is integrated into

the Yarrowia genome.

63.  The method of any one of claims 38-62, wherein the Yarrowia cell expresses a
chaperone.
64.  The method of claim 63, where the chaperone is selected from the group

consisting of: a protein disulfide isomerase, Kar2/Bip, and combinations thereof.

65.  The method of any one of claims 38-64, wherein the anchor polypeptide is
selected from the group consisting of: an Agalp polypeptide or fragment thereof, and an Aga2p
polypeptide or fragment thereof, or a Saglp polypeptide or fragment thereof.

66.  An antibody polypeptide or antibody polypeptide fragment obtained by the

method of any one of claims 38-65.

67. A method of selecting a Yarrowia cell comprising an antibody polypeptide or
antibody polypeptide fragment that binds a target polypeptide, comprising:

providing a parent Yarrowia cell displaying on its surface an antibody polypeptide or
antibody polypeptide fragment;

contacting the parent Yarrowia cell with the test polypeptide; and

selecting the parent Yarrowia cell if the displayed antibody polypeptide or antibody
polypeptide fragment binds the target polypeptide.

68.  The method of claim 67, wherein the parent Yarrowia cell is produced by the

method of any one of claims 38-65.
69.  The method of claim 67 or 68, further comprising;:

isolating the first expression cassette of the antibody polypeptide or antibody polypeptide

fragment from the selected parent Yarrowia cell;
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introducing one or more changes in the nucleotide sequence encoding the antibody
polypeptide or antibody polypeptide fragment to generate a modified expression cassette;

introducing the modified expression cassette into a second Yarrowia cell that lacks the
first expression cassette to generate a modified Yarrowia cell;

incubating the modified Yarrowia cell for a time and under Yarrowia cell operating
conditions;

contacting the modified Yarrowia cell with the target polypeptide; and

selecting the modified Yarrowia cell if it binds the target polypeptide with greater affinity

or avidity than the parent Yarrowia cell.

70. A kit comprising the expression cassette of any one of claims 1-25.

71. A kit comprising the vector of any one of claims 26-37.

72.  The kit of claim 70 or 71, further comprising a Yarrowia cell.

73.  The kit of claim 70 or 72, further comprising written instructions for use of the

expression cassette.

74.  The kit of claim 71 or 72, further comprising written instructions for use of the

vector.
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