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Expression of recombinant proteins in eukaryotic cells has become increasingly

important due to the current focus on biologic therapeutics, which represents the largest growth
segment of FDA-regulated drugs., Whether the production cell is a CHO-based mammalian cell

25  line or glycoengineered Pichia pastoris (Sethuraman and Stadheim, Curr. Opin. Biotechnol. 17:
341-346 (2006)), maximal secretion titers are critical. While many efforts to increase protein
production focus on promoter and copy number of the recombinant gene (Daly and Hearn, J.
Mol. Recognit. 18: 1999-38 (20053)), efficient secretion is only achieved if the recombinant
protein transits a specific path from the endoplasmic reticulum (ER) to the Golgi apparatus,

30 followed by the trans-Golgi network and finally, to the exocytic vesicles for delivery through the
plasma membrane. If the recombinant protein deviates from this desired secretory route, the
yield will decline.

Glycoengineered yeast offer distinct advantages for therapeutics development
compared to mammalian cells. For example, the glycosylation profiles of mammalian cell-based

35  systems are heterogeneous (Li et al., Nat. Biotechnol. 24: 210-15 (2006)) while glycoengineered
Pichia pastoris has proven to provide uniform glycosylation (Hamilton et al., Science 313:1441-
43 (2006)). Although genetic modifications of mammalian glycosylation are possible, such as

-1-



WO 2011/ 053541PCT/ US2010/ 053903 el i m nati ng fueose (Shinkawa et al., J

Biol. Chem 278: 3466-73 (2003)), nobst glycoform selection nust occur at the
f er ment atworroamdasm purification steps, often limting yPcelus2010le3sense of
genetic mani pul ations in yeast affords opportunities to inprove protein

yi el d i ndependent of fernentation and purification conpared to mamual i an
host cells. 5In yeast, endogenous proteins that are delivered to the

vacluol eluanmtidgﬁrcasm@hh}kapna@t el.naSas. cnmzwassﬁwaqm@ﬂm),maasagzy@dfgﬁﬂel | e

ahal O 1 S..CI t ca

ooy ptgeddof hidf o SRTURL Ml RRRR TR Rl RS kb Bl i L g base

ceI | ul afgmﬁ%wﬂ%l@onﬂﬁeyeﬁﬁ@!ﬁﬁmsmommawm1mprcpareq1remm fieldfiddepkndegt o8& t he
car boxypRephthA&s ghd% &ﬁiclaﬁ@xycomﬁar@&o%&m%ﬁén Héﬁgkaa OS fromthe trans Golgi

network (TGN). | Saccha onyces cerevl sl ae protein receptors
r es%gnm bl e for {h%esafhdageRpusProteing thet a@#bﬁ%?@@pﬂlﬁd’a@@iwﬁezméem\l are

{I/amig Mscdifkséal Bl ﬂ%ﬂ%c@cﬁe Repl or eH@bhélo oshéb the?ﬁﬂnMBﬂ%i %y!st?ktoﬁ*xe thQHEVI Si fie
S LI 1.ons vacuol ar-res rot el nases (0] e revacuol ar
o o ARG B I8 i naed %grotﬁ%lfr&ms%@ e acqpusion © meigkain eiokie,
see Bohemeostasis. SreveerdaniBhodviamol Bi poplinsrafActiag ﬂsﬂﬂécéﬁ&q@é (BROY) patthbayd nd

K 6

o cus oo e Mo RAIN froflih @ yadoticti, RO ANG R SerdPHene ége%ﬁ%flgwﬁ%s
cet®vi Biokdn rogpRior rp@ﬂﬂ@alsn fpéantﬂ%ant@na@tr@m cargosspegfigase o intthe FEAB4re namud| e.
Mar cusyesi oehlsalknoha PES1 shovesl \tthﬁtanﬂuttﬁi I B %reﬁzf}?aeVﬁgég) R0 & ds to

def eCt‘ili%e vacuo éFeSP({IOt ein.sortin ndogenous to i

secr et FOR°T H5HR ke Wé’éel%éfs%mstﬁ%ﬁﬁ"?%‘g ar&P@P%@P@nl%ﬁmg’F‘B&‘@nﬂ@l and | 0ss
of VpshOteabisisii the dicdola (Qfor hﬁM@N@I@E Bbw@s€ tin®Btel/BSs, B Hinh Bi g\géb?crél acuol ar
e

oY T AL LYAMCRRE PRI AR 0, 05, PSR bl ene o, B °

PRYE et al .
(M%r o¥i®).ogy 152: 1523-32 (2006)) al so shovved that del etion of VPS10 in

Schi h f
Shavest g, hel, VARBRRR LSEH! R Aol MBI SESEGAR s BL v 10

sorti ng" %‘?y”f"’eg}éﬁtl&‘s iggires) feptherseriingtod Gpyrie ihedﬁaﬁh’a@&e silatqusgpnien ok fwithrer | ar
f ashi oshomwﬁmﬁmmraf@@@\/psm (Al eg avRc18ke vAkuo E)feu{%%ﬂ&ﬁg of*2(5) 1 252-9
(2003); J waki 4o M crobi o gl\Hl %% TRy J.
 DoneckndptfEhs By driding o HCRERERTXHONS b 061 SB35 oh S Bseptian REVRSA0 o
i ang lp$soiféhzls}'@ iy did evelnae nay a0t ﬂmfsomr%tﬁlm@vmbla@%n sBRsand or
rediregtq Qlar ,sartn ac t he ER
ot hedf, Bhith By i At B O Bl 80T SRR G Bt teng

r ecept BFS %&@W@B@Wfi%l prvls(idiarabislagy t B2 rIé.?,ﬂB@éf&ﬂO@)}ajdmﬂmsVeback to

t he ERn t ey i
diTi st atﬁﬂgéoml oA B0k o e B B PR SO8) E%&%?"“"E & 2009
nug 135 stert oo gD & e eonirine P@ﬁfrﬁbﬂwdﬂawﬂjmﬁh@g BwirsoRinemone ( hGH)
i hnzst he'esﬁptcalwas/%&’eo%!sifﬁ@o fightivhicOpy sorfinSBN FRSaLREROR mcmmgc | gtrain
t hat i on ne del eti ons,
when c‘%ﬂ’%r@ W?ﬁ éfj ?% ‘t"‘f@ g@ag (%@i]gﬁ% "%I gh PB’P e del etions.
Hovveve1r52(3 1589 3R&Re06)bf r-hGH secretion was retained int racel lularly, which
suggested WO 201 ) i ch
ar ggr elated to 9ntyreg€%$%§=%ac:ﬂa{é§ggégn&?§?gﬁf ?%/Oﬁ%sgﬂlmﬁﬁe%% dﬁ] ghder to
conpl SBIE prfedlysinby 9’&(‘5%%%@‘3@’& ghiiotainsovnt 94 tedel and/or redirecting prafelkegava et
al3o ( shuh ahe @bﬁ&aﬁ@ﬁﬁﬁg Pehwray Bk 19 e Gf fRlR PR Afis %mezg%%%ﬂ pryces

[

onmbe .and sh toits mature form I'S mut ant.
B HoweVEF Vact“ﬂf‘% S%ffi&%lfﬁcaﬁfag %ﬁéﬁ)t %Pglsb&%ﬁf 1echi Wk R ¥eay it Fe-gireqt BTOEeing basbue
t her apkeERcthpreby ddanedsimgtheervipgdiBArotingdxpression.

Idiris et af. (Appl Microbiol. Biotechnol. 85(3):667-77 (2010), Epub 2009 Aug 11)
describe a 2-fold increased secretion of human growth hormone (hGH) in the strain A8-vpslOA,
35 which is a Schizosaccharomyces pombe strain that comprises a ¥PS70 deletion as well as eight
protease gene deletions, when compared to the A8 strain that had only the eight protease

deletions. However, a low level of r-hGH secretion was retained intracellularly, which suggested
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same species; (b) culturing the transformed yeast or fungal host cell in a medium under

conditions which induce expression of the protein in fermentation conditions; and (c¢) isolating

the protein from the transformed yeast or fungal host cell or culture medium. In some

embodiments of this aspect of the invention, the yeast or fungal host cell is selected from the

25  group consisting of: Pichia pastoris, Saccharomyces cerevisiae, Aspergillus niger,

Saccharomyces pombe, Candida albicans, Candida glabrata, Pichia stipitis, Debaryomyces
hansenii, Kluyveromyces lactis, and Hansenula polymorpha (also known as Pichia angusta). In
one preferred embodiment, the host cell is a Pichia cell, in specific embodiments the host cell is
Pichia pastoris.

30 In other embodiments, the invention relates to a method for producing a
recombinant protein in a yeast or fungal host cell comprising: (a) expressing the recombinant
protein in a genetically modified yeast or fungal host cell, wherein the genetically modified yeast
or fungal host cell lacks vacuolar sorting activity or has decreased vacuolar sorting activity
relative to an unmodified yeast or fungal host cell of the same species; (b) culturing the

35  genetically modified yeast or fungal host cell in a medium under conditions which induce
expression of the protein in fermentation conditions; and (c) isolating the protein from the yeast
or fungal host cell or culture medium.
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25 Definitions:

"QRPL-like’ sorting signal" refers to a vacuolar sorting signal that allows a
recombinant protein to bind to Vps10. In carboxypeptidase Y (Cpy), the sequence QRPL (SEQ
IID NO:176) binds to Vps10, leading to Cpy being directed to the vacuole. "QRPL-like" sorting
signals have homology to the QRPL sequence and allow binding of the recombinant protein to

30 VpslOora Vpsl0 homolog. Examples of "QRPL-like" sorting signals include, but are not
limited to, "QSFL" (SEQ ID NO:179) and "QVAF" (SEQ ID NO:180).

“Vps10-17 refers to a vacuolar sorting receptor 10-1 in a Pichia pastoris cell, such
as the Vps10-1 protein as defined by the amino acid sequence set forth in SEQ ID NO:20. One
skilled in the art will realize that minor variations in Vps10-1 sequence can occur in different

35  Pichia pastoris cell lines that will not alter the function of the protein. Thus, a reference to
Vps10-1 includes the protein sequence set forth in SEQ ID NO:2 and protein sequences that are
structurally and functionally similar, i.e. function in an equivalent manner (e.g. participate in
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standard assay. In_some as el conpl'e
pr ot eid¥ a%idy Ing trg;o@ﬁeqi’um phrelative to a host cell of the same species which does not

30 comprise the modification to the particular protein being assessed. In particular embodiments, a
modified protein is said to have “eliminated function” when it has at least 90% to 99% lower
activity relative to a protein without said modification. In particular aspects, the modified protein
has at least 95% lower activity or at least 99% lower activity, when measured in a standard assay.
In some aspects the modified protein has completely ablated protein activity or function.

35 The term "deleted or disrupted” and "deletion or disruption” or "functional
deletion” as used herein refers to any disruption or inhibition of the activity or function of a
particular protein, such as the Pichia pastoris Vps10-1 and Vps10-2 proteins, Vps10 homologs
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pastoris Vpsl0-1 and Vpsl1l0-2 proteins, VpslO honol ogs WO

2011/ 053541PCT/ US2010/ 053903 i n ot her species such as Saccharonyces

cerevi siae, or other proteins which participate in vacuolar sorting, said
pr ot ei m ghadpedes fucbrs dogubastmcet tergasioaer oiher phitdhs whighipattichiatd ian of t he
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t r anscadtpity by niaahs bf hwlac aw1d+bakndl:axpmssomin}nﬂile)rempﬂemrmﬂeme RAA |R[NAy of

regul aﬁl%r}'erérﬁ:‘été?{dsszﬁﬁgj Sf%%é(aq onQ% d{sﬁﬂ)lﬂxfoﬁto? ﬂ%x\%cgg@ &)@tn?%%cttwﬁy gﬁ Lealis ncﬁd' ng
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t olbi nﬁam%rlmﬁynmhll%tgwraghlws of Bleﬁwssoreox rsivits ofi tgatatare Eaare thadpentradduce

sorti ngr RulaRGek Pe@ﬁoﬁ 6?@1@%%1?@51{009?11@%1% Shizythk aEQiBX B @&%kﬂ@ssﬁfn & d ?éﬁ)\f’/i&@gr

Vps1l0 protein t ne ass ciated or dom nant - neg e Vpsl0
pr ot ei ﬁro{%{haab% 0Py tg%&\ﬁéﬁt OO PHF Goobib 19 FatE @W%@O&mc&pm andgyeduce

al : er aidrﬁﬁlg of sebfmch’?tmblﬁmtd)r@teﬁlt«l En@eexpredsida of @G’@Lﬁb&b&aﬁ}is% Pp@ieeh fha@fs not t
intere S vent vacuol.ar sqrting;
and ) TRy R arBehR A T Bl s B B fin 0 Bl B Fient BpRRNpotiter | MO
expt essyating pajtenwt, 8) dmaHMf thoarmine apidoegiance bf ticmednibioant arotein wb ditéregtdo
yeast gghina@nhdvide- thﬁlﬁ% HQﬁafn%ngtp%&;%Hﬂﬁ%golagéﬁ%QPé g&gg bf&g m¥£§%{? whygcuol ar

protein sorting rece vacuo
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Sc SUC28¢ PEIFIBATeq s Ogtﬁkﬁéiisteé@’é Heospressgdnis-pt 16@%% ﬁb&lylmtalﬁsﬁ)éw r@p an

K1 MNN2uzi$di fibd@ gdas ScelRitd Ghe A6t b f@.%&@i@f&'&@l" BMI1: beta-mannose-transfer |
(bet a- mannose el i m nation)

25  Abbreviations:

VPSi10-1 vacuolar protein sorting receptor 1
VPSI10-2 vacuolar protein sorting receptor 2
SeSUC2 S. cerevisiae invertase
OCH1 alpha-1,6-mannosyltransferase
30 KIMNN2-2: K. lactis UDP-GIcNAC transporter
BMTI: beta-mannose-transfer 1 (beta-mannose elimination)
BMT2: beta-mannose-transfer 2 (beta-mannose elimination)
BMT3: beta-mannose-transfer 3 (beta-mannose elimination)
BMT4: beta-mannose-transfer 4 (beta-mannose elimination)
35  MNN4LI: MNN4-like I (charge elimination)
MmSLC3543 mouse homologue of UDP-GIcNAc transporter
PNOI: phosphomannosylation of N-linked oligosaccharides (charge elimination)
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BMI2: beta-nmannose-transfer 2 (beta-mannose elim nation) BMI3:

bet a- mannose-transfer 3 (beta-nmannose elim nation) BMI4:

bet a- manrweestv@sfier 4 (beta-rmannose elim nation) 35 MRNFIB20MBINE39%3 ke 1
(charge elimnation) M nSEC35A3nouse honol ogue of UDP-G eNAc transporter
PNO1: phosphomannosyl ati on of N-|inked oligosaccharides (charge elimnation)
WO 2011/ 053541PCT/ US2010/ 053903 MNN4: mannosyl t ransf erase (charge .
el i m ndfNNain) FB53: Mrivigidnosh inmedretase @M@N@lihﬁ&ﬁeﬁ) Tr MDSL1: selclrjet ed T. relseel
WNSI Shpbl.e: zeoei n regj [ ker, s:..human serum al bum n si gna
sequegpB AP2: di pept i @Wﬁoﬁeﬁéﬁm%i pepti dyl am nopepti dase
CLP1: PI™MEsfori s cel Iiﬂc%?é"é{}i"ﬁff%W%i n 1 5-FOA5-fluoroorotic acid 10
TNFRI | SlFbleunor necr osi®cinaesisieancesnaperor 2 ect odomain fused to Pc regi on of

| gGl BReadepl asrnic rmmeﬁm}g{gﬁﬁgﬁgggg%qﬁ&cgol ony-stimul ating factor

DAP2: dipeptidyl aminopeptidase
STEI3: dipeptidyl aminopeptidase
CLPI: P. pastoris cellulase-like protein 1
5-FOA 5-fluoroorotic acid
10 TNFRII-Fc tumor necrosis factor receptor 2 ectodomain fused to Fc region of IgG1
ER endoplasmic reticulum
GCSF granulocyte colony-stimulating factor
rthGCSF recombinant human granulocyte colony-stimulating factor

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 shows the construction of pGLY 5192 (vps! (-] knock-out plasmid)
and pGLY5194 (vps]0-2 knock-out plasmid). Plasmid maps of constructs that were used to
generate pGLY 5192 and pGL Y5194, including restriction enzyme sites and insert DNA, are
shown.

20 FIGURES 2A-2B show the construction of plasmid vector pGLY 5178 (rhGCSF
expression plasmid) encoding rtHuMetGCSF and targeting the Pichia pastoris AOXI locus.
Plasmid maps of constructs that were used to generate pGLY 5178, including restriction enzyme
sites and insert DNA, are shown.

FIGURE 3 shows the construction of pGLY3465 (TNFRII-Fc¢ expression

25 plasmid). Plasmid maps, restriction enzymes, and insert DNA that were used to generate
pGLY3465 are described.

FIGURES 4A-4E depict the generation of yGLY8538, a glycoengineered Pichia
pastoris strain expressing thGCSF. Strain construction involved the use of a parental strain and
genetic alteration (via plasmid or media selection) to generate a resulting strain with the correct

30 genotype, as listed. The annotation of genes listed in the genotype is described in the summary
of the invention. The final strain, yGL'Y8538, is a recombinant human granulocyte colony-
stimulating factor (thGCSF) expression strain that was used to make subsequent mutant strains.

FIGURES 5A-5D depict the generation of yGLY9993. Strain construction
involved the use of a parental strain and genetic alteration (via plasmid or media selection) to

35  generate a resulting strain with the correct genotype, as listed. The annotation of genes listed in
the genotype is described in the summary of the invention. The final strains, yGLY9992 and
yGLY9993, are isogenic vps/0-I mutants of yGLY8292. These strains are zeocin sensitive and
therefore do not contain rhGCSF or TNFRII-Fe.
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From o 9Ras PN ILL siculbiel Bhch! 9 IR CS L Bwe PRI EER, e D BRIEL RS

wer e t?@tﬁ@f}@ﬁﬁ@ddwr@dﬁidp@%%a@mlf @81, & psépr exelninsis pbieat andetheriefose sroke om at

| egst @bswsacfei&p@ng@@&u&@ls@&@%am§§ék free supernatant fluids were
anal yzed by ELI F@@@éﬁ t|t | evel s of TNFRI | - Fc. The ELI SA val ues for

each parental grézgar SeHusTCEs Wseddey SERFTRIR glasmids described in the
Examples (SEQ ID NOs: 1-13).

FIGURE 11 lists the plasmids (panel A) and the strains (panel B) used in the
Examples. '
35 FIGURE 12 provides a comparison of the length, percent similarity and percent
identity between fungal Vps10 homologs, when compared to S. cerevisiae Vpsi0.



20 average ELI SA value of parental control yG.Y8292 to obtain the relative
titer, Both yG&.Y9992 and yG.Y9993 strains are independent nutants of vpsl
0-1. WO 2011/053H1L GURES 9A- B show a nodel of Vpsl0- act ipeirtug2em/0F39%hi a

pastor/s. Schematic diagrans of Vpsl0 receptor functions in both wild-type
(panel A) and vps10-14 nutant (panel B) strains. After nRNA transcription
in the nucleus, the protein polypeptide is translated and 25 transl ocat ed
to the | umen of FIGURRSAphasst gldueﬁae @ublu@maepg‘eq@éncé oA Aiémg &goﬁzheﬂs*m»e

ol wi t.h,.Vps10- 1
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flractl gﬁmg (nucleoudes 830- ﬁ@%&%ﬂn@sﬁéa&h&ﬁ oRbb ﬂwences used to gfne[ ﬁte
plrasm das escri e a es - STS e
pl asni ds ( panel E&Qﬁﬁ 1?&80% .%ﬁrgn 5%1 Spausyeq el Aafe ffﬁ@ﬁ&&ﬁ%@@ﬂ%sm GURE

12 prodded®. a conparison of the length, percent simlari ty and per cent

identity between I VRS honol o when conpare | a
Vps10. WD 2011/ Bifggg%éfﬁ%% §RTBaS 95 sHRRe S PSR ieradlo %giﬁés@ show
t h&d nud¥edt)i de sequence of the Pichia pastoris VPS10-1 region (SEQ ID NO
14) includi ng up me
(nucl eot j des 1615@%%%2%”99%\&%?‘? g%g? ur?% O%{f(;%)tscg,r ?lg%@rreeﬂjsq@%ﬁwglﬁ
14A- 147 Repdvor il itk B3N é2kequence of the Pichia pastoris VPS10- 5 2
region (SEQ I D NGURE 1|8rsﬁbwgith@gnuﬁ@h&@@é@d&ﬁé@&%@@@ﬂw@gg@mpﬂpr(S)EQtIEr
open rﬁﬁditﬁg frame (nucl eotides 830-4509), and downstream honol ogous

f ragnment | GURE 15 shows the am no acid sequence of P. pastoris VpslO-1
(SEQ | D NO 20). FIGIRE 196hstwe s antiro achl nejuaciadoSeqguencryal pBmbpagsdl i s
Vps10- gsg(gﬁgl\kp% )ONO 21). FIGURE 17 shows the am no acid sequence of S.

cerevi al so known )
URE 20 shows the amino acid sequence of Candida albicans Vps10 (SEQ ID

NO:28).
FIGURE 21 shows the amino acid sequence of Candida glabrata Vps10 (SEQ ID
20 NO:29).
FIGURE 22 shows the amino acid sequence of Pichia stipitis Vps10 (SEQ ID
NO:30).

FIGURE 23 shows the amino acid sequence of Debarvomyces hansenii Vps10
(SEQ ID NO:181).
25 FIGURE 24 shows the amino acid sequence of Kluyveromyces lactis Vps10 (SEQ
ID NO:182).
FIGURE 25 provides the SEQ ID NOs of the amino acid sequences of proteins
associated with the CPY vacuolar sorting pathway.
FIGURE 26 provides the SEQ ID NOs of the amino acid sequences of proteins
30 associated with the recycling of Vps10 to the late Golgi from the PVC.
FIGURE 27 provides the SEQ ID NOs of the amino acid sequences of proteins
associated with proper MVB function and/or fusion to the vacuole.
FIGURE 28 provides the SEQ ID NOs of the amino acid sequences of proteins
that are associated with proper Cpy vacuolar targeting through unknown mechanisms.
35



as Pepl or Vptl, SEQID NO 22). FIGURE 18 shows the anmino acid sequence of
Aspergillus niger Vpsl0 (SEQ ID NG 26). 15FI GURE 19 shows the am no acid
sequence W 2800sB&M omyees ponbe Vpsl 0 (SEQ I D NO 27). PFCBUREN1AOS®hDWS t he
am no aci d sequence of Candi da al bicans Vpsl 0 (SEQ ID NO 28). 20 NO 29).
NO 30). FIGURE 21 shows the amino acid sequence of Candida glabrata Vpsl0
(SEQ I D FI GQURE 22 shows the am no acid sequence of Pichia stipitis VpslO

( SEQ | DETAILED DESCRIPTROSURE T2 BIWNMNTIME ami no aci d sequence of

2ol d Sequence of TH BRSO BB uian HE 9 eRedsaoR e dazine recombinant ™ 0

FI GUREp@Beixmiow' gépetidcalp nBEQIddychi@or dingahkosantlhiackiop daceipraotieg aofivipr @t ei ns

associ . RE
R %s%@c?@&@h?é&ﬁﬂ?%lﬁﬁ@m% W?o\ﬁlﬁed east o Ffunrgo L host celg?)tcu

26 royi des m no acl sequen es 0 eins
as %*Pé%m@vﬁﬂquh@ ereiayibe yengt offungn tell tson@chéeqi 5Q @8 t@ﬂhmmem trafuhaiorye.

FI GJRES@%Zh@bWtéi%réﬂ”b@aesﬁ 1|0D01NQ$ efo Hdﬁw&gﬂlﬂ&u&ﬁg Gy $ ﬁ&qﬁﬁﬁ&ﬁtoof’w@faot ei ns

SR A A MU R R
that athet the gaed aicedingiVips ] Poopps] 0CRynAlGEisalehited @IS tiptad & Meauipba wpkknown
mechani sms. WO gﬂilc%nq) %1?1@14%1% éxlﬁrsezsgl%rq /()Qrecom%mant proteins in eukaryotic cells is
10 essential to the development of many biologic therapeutic products. In order to achieve the high
yield of proteins that is required for the comumercial development of a therapeutic protein, it is
important that maximal secretion titers of the protein are obtained. The secretory path of S,
cerevisiae is well characterized with a large number of gene functions elucidated. After mRNA
molecules are translated and proteins enter the ER lumen, numerous processes may occur to the
15 protein including additions of asparagine-linked glycans (N-linked), serine/threonine-linked
mannose (O-linked), folding assisted by ER-resident chaperones, disulfide bond formation, retro-
translocation out of the ER, binding to cargo receptors, trafficking to the Golgi via COPII
vesicles, and others.
It is a goal of the present invention to increase the titer of heterologously
20 expressed therapeutic proteins in yeast cell culture, including yeast cell culture in fermentation
conditions. The secretion of heterologously expressed proteins via exocytosis is negatively
impacted by alternative trafficking to the vacuole. Vacuolar sorting of recombinant proteins
could decrease the secretory yield in the supernatant fraction. In order to develop methods for
increasing the secretion of recombinant proteins expressed in yeast or fungal cells, we initially
25 considered modification of three potential alternative trafficking pathways, which may direct
recombinant proteins to the vacuole: (1) cytoplasm-to-vacuole targeting (CVT),(2) the alkaline
phosphatase pathway (ALP) (Piper et al. J Cell Biol 138: 531-45 (1997)), and (3) the
carboxypeptidase Y (CPY) pathway (Marcusson et al., supra, and Cooper & Stevens, J Cell Biol
133: 529-41 (1996)). CVT is a specific type of autophagy whereby the normal celiular function
30 is to direct vacuolar-resident proteins from the cytoplasm, after protein synthesis, to the vacuole.
However, this pathway does not typically interact with recombinant proteins destined for the
secretory pathway; therefore, it did not represent an opportunity to increase protein yield. The
ALP pathway delivers membrane-bound proteins, such as alkaline phosphatase, in the Golgi to
the vacuole via specific signaling interactions in the carboxy-terminal cytoplasmic domain of the
35  membrane-bound ALP substrate. Since this pathway only sorts transmembrane proteins to the
vacuole, which are typically not recombinant therapeutic proteins, it also did not represent a
mechanism to increase secretory yield for therapeutic protein production.
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pr oduckfY-/ and VPSI0-2. Vectors to create null mutations in the two loci, vps/0-1 and vps10-2,
30 were constructed. Plasmids were transformed in P. pastoris to create null mutants of these
genes. The vps! (-1 genetic mutants displayed increased secretion of th-GCSF and TNFRII-Fe.
The vps10-2 knock-out strain did not lead to increased secretion of thGCSF and, for this reason,
TNFRII-Fc secretion was not tested in this strain. Our data indicates both thGCSF and TNFRII-
Fc are targeted to the vacuole for degradation via Vps10-1 binding in the trans-Golgi network
35 (TGN) of Pichia pastoris. Thus, it is demonstrated herein that in a Pichia host cell, a portion of
a recombinantly-expressed protein is re-routed from the correct secretory pathway to an alternate

pathway that leads to the yeast vacuole, via Vps10 interactions (Marcusson ef al., Cell 77: 579-
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WO 2011/ 053541PCT/ US2010/ 053903 The third alternative sorting
mechani smin Saccharonyces cerevisiae, the CPY pathway, is a process by

whi ch pr owoantimsyaept i dase y (pro-Cpy, also known as Pr @Cy/usneieoss with
t he vacuol ar protein sorting receptor, Vpsl 0 (also known as Pepl or Vptl),
inthe late Golgi. By way of vesicle trafficking nediated by nunerous
proteins with the carboxy-termnal 5 cytoplasmc domain of VpslO, pro-Cpy
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of a reconbi nant ﬁ)r otei n encoded by a gene contained wthin an expression
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prygt ei ﬂ:&st@ﬁ Fuial hed céiDin d"ﬁet‘ﬁ@ﬁ“ﬁid@r &fnditﬁﬁ;@% mﬁﬁ&%:xﬁf&mﬁﬁ @&%%r&éi‘ﬂ%t he
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secret at hway .an r.aded
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genet i xsast cell. In specific embodiments, the host cell is a Pichia celI such as Pichia pastoris.

35 The invention further provides methods for producing a recombinant protein in a
Pichia host cell comprising: (a) transforming a genetically modified Pichia cell with an
expression vector encoding the protein to produce a host cell, wherein the genetically modified
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i nactivation of a Pichia pastoris VPS10 honol og, VPS10-1, dramatically

i ncreased secretion of reconbinant hGCSF and TNFRII-Fc into the culture
medi um PRwvormtis3demown ami no aci d sequences of GCSF and PTRRRRI10B63903
sequences were identified near the amno termni of these proteins with

hi gh honol ogy to the "QRPL" consensus Vps10 bi ndi ng sequence (see EXAMPLE
1013, van Voorst etal., J Biol, Chem 271. 841-6 (1996)). Further, the

r epor t Bidherogltladks Srtzdsum@rlsbﬂm(gfacﬁh Hak db@baed (htdolar ebaing ,acﬂ?ﬁﬁ;ﬁreialﬁaé ko arfAcad.
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ceI I ?qsﬁ‘d’irgldéﬁ Thus, enbodi nents of the present invention
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oot RS B PR TR 8L M b SRS LF Rt BER RSN e BORL S 1,
nmolfi f i mdbssdmsed @r thelngah Smnceo@léf cbravkze VAt Olaad sgoeetingig DADA liiaty or has
dect easbAFUONAIQ(SAY idsiad 64! \thb X &ﬁ!z ibe/?P%ﬂ) il agﬁ%@a&(ée }{ﬁﬁﬁwﬁ

f ungal same specl es

modi f i Hausd 7SR IDHNO: 32 g Ancpadips Keprotdim @nmlimema\ﬂ@mébm@sum@hgst\mﬂ,ch
i nduceva@maxem;@a&a‘vn lagn BE ﬁh@iléhaﬂl? dfel%[éaefmrﬁftﬁa@ Boa&%@ﬂi kﬁrbﬁglﬁdezé%{b% dC)

i sol a t he fro easSt host cell or cul ture nmedi um
I n en‘o‘%ﬂﬁfﬁ %tp%?ﬁﬁzo ﬁ?@éf%‘ﬁ‘eg ﬁ%scriﬁeiﬁ?r ¥Wn descri bed above, the host
ce3|0: is a yeast Aahbet of gpdoudly knenbadiemset shat hﬂ&éﬁﬁmeﬂmm@ldgsb.&lﬁoﬂdeﬂl af
ce i t.her s for
o odudii R AP als i i PRURL 3 and 180G RN bLIEL LKA RR TR (96

t r ansf8kandgd , eespestizelys.dligyre Ad dorfAsper Pretriigerd SEQ Wit NO:26), %gmed%pon vect or

encodi
S‘lﬁcﬁrf}@ .Ee% ibe (e BCNj@gl /0@%%02?%%%%@}5&61 @Il%fggcg)? F sortl ng

nodi fi Ilf: V\S @'@23 é S20
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pr ot e S CAIRAEE 820 Stut ik T e BRI St e PPt TGE0Reh oo
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the hogly kRl Lell B e RlefRioPAS LRLS ifffintion, is expected to result in higher levels of
recombinant protein production.
30 Additionally, other genes in S. cerevisiae with homology to Vps10 may perform
similar functions and therefore, may be deleted or disrupted in accordance with the invention in
order to decrease vacuolar sorting activity and increase heterologous protein yield. For example,
S. cerevisiae Vthlp (SEQ ID NO:23), S. cerevisiae Vth2p (SEQ ID NO:24), and S. cerevisiae
YNRO65C (SEQ ID NO:25)) share homology with Vps10 and are thought to function in a similar
35  manner to VpsiO.
Genetic inactivation of FPSI0 or a ¥PS10 gene homolog in the desired host cell
can be accomplished by deletion of the Vps10 open reading frame (ORF) through the use of
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I n accordance with the nethods of the invention described above, vacuol ar
sorting activity can be elimnated or reduced fromthe host cell of choice
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protein honmolog. In this enbodi ment of the 10i nvention, a Vpsl1l0 protein
honolog is identified in the desired host cell by, for exanple, using a
known Vpsl1l0 or a known Vpsl1lO protein honol og sequence to search the
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i nhi bi [S.:0f, the exp [ession.or. ac e atory
f act orﬁslg) (r:%‘ﬁ{j] Qoggﬁeth()ds Q{némg BE BESPinast y’te%fefv bﬁﬁvé‘? %%?'%19 the enzyme
act i V|I?90mb/\nﬁnt@r¢iemh,cﬂdtsh@$t mﬂlea:sordvgolt)gue pseeingirodiretsathradugk thedoartbiatiamor

prat elmﬁctnmelgtﬁ)m};g}lﬁl?ll Fc in yeast cells |acking vacuolar sorting
activity are shown here|n for exanple, one skilled in the art wll
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with honol ogy to the "QRPL" consensus Vpsl1l0 bi ndi ng sequence can bind to
Vps1l0 in the host cell, leading to alternative trafficking to the vacuol e
and ultimately reducing protein yield. As discussed in Exanple 13, van
Voor st and col | eagues (J Biol Chem 271: 841-6 (1996)) perfornmed nutagenesis




25anal ysis reveal ed that, other than at position A n24, multiple
substitutions could be nade without affecting the interaction with Vpsl0 or
| eadi ng twonhs#Bsi4iing. Thus, reconbi nant proteins do nofCrasaiwesambsol ute
honol ogy to the QRPL consensus sequence in order to interact with Vps10 in
the host cell, thereby causing a lower yield. Additionally, the S.
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supra), an 87 (Tsukada et al., J Cell Sc! 109 ( Pt 10): 2471-81 (1996))
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Cpy va@l%lq gégr‘:%n Pﬁr@l E{rg roﬁt%ﬁg\%ez S&ﬁ?ﬁ?@ﬁgr&}}e provi ded herein (see
FI GURE 28). he 1nvent10n also relates to methods for increasing the yield of heterologous
30 proteins produced in yeast cells by eliminating or reducing vacuolar sorting activity, wherein
vacuolar sorting activity is abrogated or disrupted by means of a chemical, peptide, or protein
nhibitor. In this aspect of the invention, a peptide inhibitor can be utilized that blocks Vps10,
Vpsl0-1 or other homolog of Vps10, for example, a peptide of Pro-Cpy can be expressed while
expressing the heterologous protein of interest. The Pro-Cpy peptides will bind to and saturate
35  VpslO-1, thereby preventing binding of the heterologous protein. Chemical inhibitors are also
useful for abrogating vacuolar sorting activity. In preferred embodiments of this aspect of the
invention, the chemical inhibitor is a small chemical inhibitor referred to as a sortin. It is known
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Any fungal or yeast strain can be used as the basis for developing a genetically
modified host cell for use in the methods of the present invention. Said genetically modified host
cell is modified by inactivating vacuolar sorting activity, for example, by functionally deleting
35 VpslOora Vps10 homolog, such as by deleting or disrupting a gene encoding the Vps10 or

Vpsl0 protein homolog.
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nucleotides that encodes a heterologous protein, such as a biologic or therapeutic protein, to
produce a modified host cell. Said cells are useful to produce high titers of the heterologous
* protein by increasing its secretion efficiency. In preferable embodiments of this aspect of the
30 invention, the host cell comprises a ¥PS70-2 gene, for example the VPS10-2 set forth in SEQ ID
NO:21 that is not deleted.

In further embodiments of the invention, the heterologous protein produced in the
host cell is a glycoprotein. In said embodiments, it may be useful to further modify the host cell
35 inorder to produce a glycoprotein in which the glycosylation pattern is human-like, as described,
infra.
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Patent Application Nos. 2004/0018590 and 2005/0170452 disclose lower eukaryote host cells
capable of producing a glycoprotein comprising a GlcNAcMan35GlcNAco glycoform.

In yet another embodiment, the host cell further includes a mannosidase II
25 catalytic domain fused to a cellular targeting signal peptide not normally associated with the
catalytic domain and selected to target mannosidase II activity to the ER or Golgi apparatus of
the host cell where it can operate optimally. These host cells produce glycoproteins comprising a
GlcNAcMan3GleNAc glycoform. U.S. Patent No, 7,029,872 and U.S. Published Patent
Application No. 2004/0230042 discloses lower eukaryote host cells that express mannosidase 1I
30 enzymes and are capable of producing glycoproteins having predominantly a
GleNAcoMan3GleNAco glycoform.
In a further embodiment, the host cell further includes GlcNAc transferase 11
(GnT II) catalytic domain fused to a cellular targeting signal peptide not normally associated with
the catalytic domain and selected to target GIcNAc transferase II activity to the ER or Golgi

35  apparatus of the host cell where it can operate optimally. These host cells produce glycoproteins
comprising a GleNAcp2Man3GleNAcy glycoform. U.S. Patent No, 7,029,872 and U.S. Published
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cel I. FisaRechoss disabies aﬁﬁ&ﬂ@wﬁ)r@w&mﬁp& uﬁb%nﬁ Wét%h%&&@ﬂ)%@@@l\hl a 15
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20 amethod for genetically engineering lower eukaryotes to produce sialylated glycoproteins.

Any one of the preceding host cells can further include one or more GleNAc
transferase selected from the group consisting of GnT III, GnT IV, GnT V, GnT VI, and GnT IX
to produce glycoproteins having bisected (GnT III) and/or multiantennary (GnT IV, V, VI, and
IX) N-glycan structures such as disclosed in U.S. Published Patent Application Nos.

25 2004/074458 and 2007/0037248.

In still further embodiments, the host cell that produces glycoproteins that have
predominantly GleNAcMansGleNAc) N-glycans further includes a galactosyltransferase
catalytic domain fused to a cellular targeting signal peptide not normally associated with the
catalytic domain and selected to target Galactosyltransferase activity to the ER or Golgi

30  apparatus of the host cell. These host cells produce glycoproteins comprising predominantly the
GalGleNAcMansGleNAcy glycoform.

In a further embodiment, the host cell that produced glycoproteins that have
predominantly the GalGleNAcMansGleNAc) N-glycans further includes a sialyltransferase
catalytic domain fused to a cellular targeting signal peptide not normally associated with the

35  catalytic domain and selected to target sialytransferase activity to the ER or Golgi apparatus of

the host cell. These host cells produce glycoproteins comprising a
NANAGalGleNAcMansGleNAco glycoform.
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herbicide sather-activated promoter systems, plant heat-inducible promoter systems, plant and
mammalian steroid-inducible promoter systems, Cym repressor-promoter system (Krackeler

30  Scientific, Inc. Albany, NY), RheoSwitch System (New England Biolabs, Beverly MA),
benzoate-inducible promoter systems (See W02004/043885), and retroviral-inducible promoter
systems. Other specific regulatable promoter systems well-known in the art include the
tetracycline-regulatable systems (See for example, Berens & Hillen, Eur J Biochem 270: 3109-
3121 (2003)), RU 486-inducible systems, ecdysone-inducible systems, and kanamycin-

35  regulatable system. Lower eukaryote-specific promoters include but are not limited to the
Saccharomyces cerevisiae TEF-1 promoter, Pichia pastoris GAPDH promoter, Pichia pastoris
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All publications mentioned herein are incorporated by reference for the purpose of
30 describing and disclosing methodologies and materials that might be used in connection with the
present invention. Nothing herein is to be construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of prior invention.
Having described preferred embodiments of the invention with reference to the
accompanying drawings, it is to be understood that the invention is not limited to those precise
35  embodiments, and that various changes and modifications may be effected therein by one skilled
in the art without departing from the scope or spirit of the invention as defined in the appended
claims.
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grown in the presence of arsenite (Bobrowicz et al., Yeast, 13:819-828

(1997); Wyeaeiiosai4tal ., J. Biol. Chem 272:30061- 30066 PCTABZ)1p/053903

A nunber of suitable integration sites include those enunerated in U. S.

Publ i shed application No. 2007/0072262 and i nclude honol ogs to | oci known

for Saccharonyces 20cerevisiae and other yeast or fungi. Methods for

i ntegrating vect dhsidlleponyeastplaribusteld, bkindwmot Hnat theXavapkien. See U. S. Pat ent

No. 7,479,389, PCT Published Application No. W2007136865, and

PCT/ US2008/ 13719. Exanpl es of insertion sites include, but are not limted

to, PiMsafesialegndaMetheds: pj chia TRP (i ncluding TRPL through TRP2) genes:

Pi chia MCA genes; Pichia GYM genesgxRineli@iPEP genes; Pichia PRIl genes; -
Pighl .a éﬁ%gnes The Pichia ADEl1 and 25 AR& genes have been descri bed
i al ., Gene 263:159-169 (2001) and U.S. Patent No.
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i 1 13ust Mdbe Olisgnudertisss weranhtaingrbirpm/ateiatnd. DIVAt EschnolegiantCavelviied BA). EXAMPLE

1 5St rgdiRsnandride Qgents were obtained f#nf QgtnaSkE. 2loRisTRHO was used for
recombi nant DNA work. All priners and plasm ds ahd sel ected Pichia pastoris

strains used in thls study are listed in Figures 10 and 11. Protein
expression was carried out with butXemMmifgycerol - conpl ex nmedi um ( BMGY) and
buf f ergd . oELha %I - eanl émrgedl um (BMWY). BMGSY nedi um consisted of 2%

po

mar t one, 00 10 assi um phosphate buffer at pH 6.0, 1.34% yeast

niZr ogen base, OY%O@@%rma@vnanlthnxprz%cgﬂmtegrarbhna/sctarsgwm/ahdlsmksedmnjﬁf\/lw
cont ai @eehd H16/.SHBE B%%H%?%S r@qé}i)) %8@9%&&9&@&4}8&% g‘ﬂg@wym One

i nduct medj um | nst ead of I um consiste
2% de Wﬁ%ﬁleg RPVORUEY 4 an P Kﬁa&ma Som 9.8 to)p S Aie incarbpen o ice fan30animtesn
agar plefls egre Rt tgtdemf@ga@oﬁadzs‘oocmoczﬁmqﬂiy ARSuME " EndHEER RS Serhb R New
Engl an ndl%he ceefg we&e was(?hed%hree times with ice cold sterile 1M sorbitol. The cell pellet was then
25 resuspended in 0.5 ml ice cold sterile 1M sorbitol. Ten pL linearized DNA (1-10 pg) and 100
pL cell suspension were combined in an electroporation cuvette and incubated for 5 minutes on
ice. Electroporation was performed using a Bio-Rad GenePulser Xcell (Bio-Rad Laboratories,
Hercules, CA), following a preset Pichia pastoris protocol (2 kV, 25 uF, 200 Q). Immediately
following electroporation, 1 mL YMDS recovery media (YMD media plus 1 M sorbitol) was
30 added to the mixture. The transformed cells were allowed to recover for a length of time ranging

from four hours to overnight at room temperature (26°C). After cell recovery, the cells were
plated on selective media.

EXAMPLE 3
35  Identification of Vps10 homologs in P. pastoris.
Protein sequences of the four Vps10 homologs (Vps10p/Peplp/Vptlp (SEQ ID
NO:22), Vthlp (SEQ ID NO:23), Vth2Zp (SEQ ID NO:24), and YNRO065C (SEQ ID NO:25)) in

223 -



15 MA). digonucl eotides were obtained fromIntegrated DNA Technol ogi es
(Coralville, IA). Salts and buffering agents were obtained from Sigma (St.
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di scusGestrationfofarpt delédon pladrgidsi al VPS10 gene honol ogs were identified in

Pi chi t BLASTN
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FI GUR d
oG Y51 et S B B A AERroRLEL b RHART 8130 D
VPSlO NOgkhe (see FIGURE 1) and create a yeast stral n deficient in vaeuol ar

sorting recept OrTﬁé/ﬁﬂlgnéPtRaﬁégsnYénrt Yeas Ifangm% ﬁGEY’QQ@uMHé ;les&w%loﬁemcfﬁég- out
pl as n‘gﬂp(';‘l_Y%wZ t he upStream | ank |ng reErJ@on was first a usi ng

rout i erd EoshiogapetaR @Y o lmekhs dormseam SHignkineNegion Was g gﬂ SEQ I D
NQ2) meﬁlmhmmqsmrlmNN@ana’mm@t($EQr1qu®au)h@d PhdpicagastFINRRE. The

nucl eo'g(ll 94?30 S%%ijnege%%m% DH}Xeas tem 13?6 plahset it ngv gglrgen 5 oraned int6 %b?ﬂ(’S 191
using restriction enzymes Sall and Swal to generate pGLY5192. Both upstream 5' and
downstream 3' fragments of pGLYS5192 were sequenced to verify fidelity.

The plasmid pGLY 5194 was constructed to delete the open reading frame of the

30  VPSI0-2 gene (see FIGURE 1) and create a yeast strain deficient in vacuolar sorting receptor
homolog (Vps10-2p) activity. To generate the vps/0-2A knock-out plasmid pGLY5194, the
upstream 5' flanking region was first amplified using routine PCR conditions with primers
MAMA439 (SEQ ID NO:5) and MAM343 (SEQ ID NO:6) and Pichia pastoris NRRL-Y11430
strain genomic DNA as template. The nucleotide sequence of the Pichia pastoris VPSI0-2

35  genomic region, including upstream homologous fragment, promoter, open reading frame
{nucleotides 830-4509), and downstream homologous fragment is provided in FIGURES 14A-
14E and SEQ ID NO:15.
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20 includi ng upstream honol ogous fragment, pronoter, open reading frane
(nucl eotides 1610- 6238), and downstream honol ogous fragnment is provided in
FI GURES Mo-2080535d SEQ | D NO 14. The resul PCogSRGR0FI%ZMeNt
was cloned into pG.Y22b using restriction enzynes Sad and Pnel to generate
pAY5191. The downstream 3' flanking region was anplified with 25 priners
MAMB340 (SEQ ID NGO 3) and MAM341 (SEQ I D NO 4) and Pichia pastoris
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t he up&éwed@aE frdchant ITHOIAPH 109 vW@séqhéﬁedWéﬁfﬁzifﬁgll\igSi ng routine PCR
conditions with prinmers MAMA39 (SEQ ID NO 5) and MAM343 (SEQ I D NG 6) and
Pichia pastoris NRRL-Y11430 strain genonmic DNA as tenplate. The nucl eotide
sequence of the Pichia pastoris VPSX@MPIIES5genom ¢ region, including

upstre OplSy .1 nr n readi ng frame (nucl eotides
830- 45@5‘;’#&%}&9&%@ @%‘?ﬁ%ﬁ%‘?&%@%&ﬁ%%ﬁgnt i's provided in FI GURES
141 14E and SEQ PDANeceging o ome e nsaramaTyuser oking sBoaoRory facta udteiong
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NRRLY14ABEEQ IDaM: 1g8nonm ¢ DNA as tenplate. The resulting fragment was
I d int GY5193 5 i cestricti .S S .generate
bave10a Both upstredrlmtet e SR AT bt s ol Bl benced
t ol veriouying PHBI dongitioExANMRLISIEY €diberith pumestMAMIGHBEQUASNOY 1) asd MM 228
. .a- b
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Rllo ai ?éDN@&&%@@@Cﬂ?TYiAWA (gﬁgﬁieﬁd @eRana nﬁEigg RN 1 @ig%ggpeg%% (HPan er
i . A subseguen mi rycte at contain ,
ol 1R g B GRS L SR P D SR Sre R HCTP RS w27
(SEQ | D(SCBYDY0 ErIINAME 2R e¢SER GOSR® thi)sccrBIGR, pathway whidBibved froadplaanidXhol
d M i e ' . 5' coding the . ure
oosr ph Oy LS Wb pOR Ear ko TR bl R0 SR P ST R
GCSFp. and Miuhaid wgnisle-bgdedimity tee signal peptidecnoeding fragmeitgnialplgepdi de (Han et
g! X '@E??Tgs BLaRRith BESRI SRTNo mieedlddtll pe 4835 (§&OHOURE 8 PinSkhidh - -
' of ect Q%I’ em{ (())fg the open reading frame (ORF) encoding the mature GCSF was ligated in frame with

25  the 3’ end of the ORF encoding the signal peptide and which produces a fusion protein in which
the N-terminus of the mature GCSF is fused to the C-terminus of the signal peptide.

The GCSF open reading frame was amplified from pGLY4335 by PCR using
primers MAM281 (SEQ ID NO:9) and MAM228 (SEQ ID NO:11). The PCR amplified product
was digested with the Myl and Fsel restriction enzymes (FIGURE 2). Primer MAM281 contains

30 an ATG codon in frame with the GCSF ORF. Thus, the resulting digested amplified PCR
product contains an in-frame addition of the ATG translation start codon to the 5° end of the
open reading frame (ORF) encoding the mature GCSF. The resulting fragment contained an in-
frame addition of "ATG" nucleotides, which encodes an N-terminal methionine, identical to the
Neupogen® (filgrastim, Amgen Inc., Thousand Qaks, CA) protein sequence (SEQ ID NO:172).

35 The P. pastoris CLPI gene (SEQ ID NO:17) was amplified using routine PCR
conditions from chromosomal DNA from Pichia pastoris strain NRRL-Y'11430 using primers
MAM304 (SEQ ID NO:12) and MAM305 (SEQ ID NO:13) and digested with EcoRI and Stul
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super nat ant fraction (see US 2006/ 0252069) Protei n sequences of processed
and secreted C pl and Met - GCSF ar? g in SEQ ID NG 171 and 172. To
express Met-GCSF, plasmd pEY5178 Was I|n arized with restriction enzyne
Prel 1GengmtionsdyGLy §5Panuftant sirsing.ai n  YGLY8069 by roll-in single crossover

horol ogous recor@ed@ztﬂg%fﬁée}gaﬁe%@éﬁ yodst Mny%%i%s%g%sﬂ%gﬁanﬁ% The
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genetic profile. The plasmids pGLY5192 (vps!0-1A) and pGLY 5194 (vps10-2A) were used for

mutagenesis in this study. A flowchart of mutant strain expansion is shown in FIGURE 6.
Strains yGLY9933 and yGLY 10566 resulted from transformation of yGLY8538
with pGLY 5192 (vpsi0-1 4) and pGLY 5194 (vpsl0-2 4), respectively. In addition, a double
35  knock-out (vpsl0-14/vpsl0-2 4) was constructed by counterselection of yGLY9933 to generate
yGLY9982. The plasmid pGLY 5194 was electroporated in yGLY9982 to generate the resulting
strain yGLY 10557 with the vps10-14/ps10-2 4 genotype.
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25Generation of isogenic nutant yeast strains fromyG.Y8538 (see FI GURE 4)
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200 mg/L NaMo04.2H20, 200 mg/L biotin, 80 mg/L Nal, 20 mg/L. H3B0O4)). Upon completion

of the second batch phase, as signaled by a spike in dissolved oxygen, the induction phase was
35  initiated by feeding a methanol feed solution (100% MeOH 5 mg/L biotin, 12.5 mIL/L. PTM1) at
0.6 g/h for 32-40 hours. The cultivation was harvested by centrifugation.
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of the second batch phase, as signaled by a spike in dissolved oxygen, the
i nduction phase was 35 initiated by feeding a nethanol feed solution (100%
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above. The two digpariah 6955 %@W?@aﬁﬁ%@%@ P&8 @il Trean 80 28Ad t hen

cent 1 i fhigethtfoarplbs Bivistugisizet. 1000 rpm The cell pellets were induced in
6001.tL BMWY per well for two 35 days and then the centrifuged 400 pL clear
supernat ant was anal yzed by ELISA. WD 2011/ 053541PCT/ US2010/ 053903 EXAVMPLE
10 EXAMPLE 9

Deep-well Induction Plates.

Titer improvement of TNFRII-Fc was determined using deep-well plate screening.
30  Transformants were inoculated to 600 pl. BMGY and grown at 24°C for two days in a micro-
plate shaker at 840 rpm. The resulting 50 pL seed culture was transferred to two 96-well plates
containing 600 uL fresh BMGY per well and incubated for two days at the same culture
conditions as above. The two expansion plates were combined to one plate, and then centrifuged
for 5 minutes at 1000 rpm. The cell pellets were induced in 600 pL. BMMY per well for two
35  days and then the centrifuged 400 pL clear supernatant was analyzed by ELISA.
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GCSF Titer Determ nation. Cl eared supernatant fractions were
assayed for GCSF titer with a standard ELI SA protocol. Briefly, polyclonal
ant i - GSCRWQOR8D/Bgaiens(r), M nneapolis, M\, Cat#MAB214 PCIH/Usas100608d onto
a 96 well high binding plate (Corning(r), Corning, NY, Cat# 3922), bl ocked,
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serial dilutions of cell-free supernatant fluid were applied to the above
pl ate and incubated for 1 hour. FEKKMPIHglé@ washi ng step, nonocl onal

anti - R& st.e r)y, CatftAB-214-NA) was added to the plate and
SEOF PO DB

i ncub fter washing, an al kaline phosphatase-conjugated
goat anti - nouse Clér¢d@pemaanhiactivnFvshesssSsiddornt GEBE titer withed stvadard FAISA

Cat #3 é@&é«)ol.""%ﬁeﬁﬂ%@yc‘?&gl m%%%g%@ %étexggcgre %igggpms?m,%%#m%d yand the

fluorescent detett on reagent . I hcubat ed |g?q&(h agsence
of 51 gtes coxtpdpriegc¥nveli hllgg ridingrlatgd Cerpgi ragingnNy, FEEANZE) B ﬁitaé
i So1 o et e B b 7o Dot pr e nat o Geared
Super SEl-4E SRRERALY fLT P R B he Hhov e FHoCE Tt Sl PRk SHISNI
ELI tSAvpashihg ceb, matnmcﬁﬂa¥ antiAaHH (RdD Sastbins@uaani AFFANRRN Mmﬁmﬁ-oawlatet

ste . i.ndi ate
(Cor i yodted 63 13005 Re) it ARALIACHR P ReBe el U AL RGR P
( d6rmigG iFal(TEnmrELither Angafic&hYakbare Mak Sati@A}2 Arks gddedanddneubatedder bf

cel | -fihee R AR Washddid Wef1BordRRhi &fodion khigeRRONRII aheadiRd ahiicubat ed
for 1 hour. Followng a \Ag_lshl g sterg,, pol_%/cl onal anti -hun% STNFRI FTNFRSF1B
P ;1 et gl

(ReD GyaPaid i the abspniapl bt pRiUOsesee S YHe MsAsred o ated for 1
hour . fWbiiglete? BTovAS ITrog, 1ad, Masaddonk Sphasiind) as®-3400mjeudiddtd adddksym

ant i -%oat | gg(fésr{anta Cruz(r), Cat#SC2022) was added and incubated for 1
hour . *ﬁllsémﬁ]l PRIHEY washed and the fluorescent detection reagent 4- MJPS was
added and incubated in the absence of light. Fluorescent intensities were
nmeasured on a TECAN fluorineter wg{Ragg0: RN excitation and 465 nm emni ssion
properties. 30EXAMPLE 12 Cell Lysis Determ nation. Cell lysis
was nEAYUHEHC BytenBsigypwgliethe anount of doubl e-stranded DNA in the

fcgr ment at i Fnbs gﬂﬁée&@& arﬁemamgﬁ&tmg vield: ?Bsg*eﬁ(?@’ ‘ERPRIAESAYr With a(sﬁlﬁditrﬁr ogen
o b SRR, SOl i LR a5, LS o
20  Cat#MAB726 ) was coated onto a 96 well high binding plate (Corning®, Cat# 3922), blocked,
and washed. A TNFRII-Fc¢ protein standard (commercial ENBREL®, Amgen, Thousand Oaks,
CA) and serial dilutions of cell-free supernatant fluid were applied to the above plate and
incubated for 1 hour. Following a washing step, polyclonal anti-human sTNFRII/TNFRSF1B
(R&D Systems®, Cat#AB-26-PB) was added to the plate and incubated for 1 hour. After
25  washing, an alkaline phosphatase- conjugated donkey anti-goat IgG (Santa Cruz®, Cat#SC-
2022) was added and incubated for 1 hour. The plate was washed and the fluorescent detection
reagent 4-MUPS was added and incubated in the absence of light. Fluorescent intensities were
measured on a TECAN fluorimeter with 340 nm excitation and 465 nm emission properties.

30 EXAMPLE 12
Cell Lysis Determination.
Cell lysis was measured by assaying the amount of double-stranded DNA in the
fermentation supernatant. The Quant-iT™ PicoGreen® assay kit (Invitrogen Corp., Carlsbad,
CA) was used to assay for dsDNA according to the manufacturer's suggestions.
35
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EXAMPLE 13 Human GCSF and TNFRII-Fc Contain a Canonical Vpsl O Binding
Sequence. I n Saccharomyces cerevisiae, the Vpsl0 (al so known as Pep | or
Vptl) recwpt20r1/i53545r esponsi bl e for bi ndi ng pro-car boxypeptriusasie/ y3opr o- Cpy,
al so known as Prel) via a "QRPL-like" sorting signal (01n24-Arg-Pro-Leu27,
SEQ ID NO 176) and transporting pro-Cpy to the vacuole ( Marcusson et al.
Cell 77: 579-86 (1994); Valls et al. Cell 48: 887-97(1987)). Previous

st udi &slilagve focused on the sorting of Cpy in S. cerevisiae to exam ne

bi ndi ng interactions. These Studlﬁ l@tgﬂ?" {;l ed two regions of the VpsilO

| um nal receptor domain, each wt é é gand 10bi ndi ng affi ni t| es

( Jor géheem GESEland ENWFRII-BE Gotﬁemarz@mom@lygsl(ollg@@)ﬂg Segnerghi no et al .

(1996} Adi 3?2&5%%%?*&'2%5%%85%2%%@@@?@ %ﬁﬁmﬁﬁ%@ﬂ %fénl%%%ep@%% 5

( 1896)9sppesipleferlinding ayerrbeepeptidaney (yy-¢ kpewe pyBrehbygia o QR Emikey

te ]ge][ Imc I@@ﬁzélg@lgﬁat (g}lﬁ%mg o1 ey sg(hquNbor76§ AU AGBORID v,@ rt@ﬂltehxea?&?ﬁan "
SRR e 1 R IR A G AN ng

t he | her foetisedronwht boriips 2DCpy inl :éa:el:remgzaeao rk&ame himijng ihkeadfionceThastsi ae
Vps10 s{u%fe% F?@;%m‘“@%@k%%@%?% \ff;gs}{g'l&%[n%ﬂiecgﬁt&%‘d&%ﬁ"é% Mﬂsfn d%tfh%?hé‘a%d such

asE

" QRPL -biridieg affipities f}b)r@mm ¢ af Holrldelfipclend200a K at -G\(] 9¥RBGeeghino 4:2@( Mpéﬁlté
(1998)0ey7 ¢: 108H- lgﬁtﬁ)%ﬁ'aﬁ@ Co@é@rv& @%ﬁreﬁ@? eels %l' 198n%39. «!113@ %bj)e%c@ﬁﬂjntan?”a'

honol ogs of Vpsl0 see Figure 12) ot ent| al
sorti ﬁ'@naewwwc’é E%%’ﬁ%{éf @Oé%%agi 384@6ii%ﬁmpcafg%ne@gtaa@e@f@ e CRigst phal
et al "QRIPQ)' pepeda ntél (he Qniidd &ehini td ddS®ine {fﬁrreqiﬁ&meﬁl fof beclenceSBIneAeAtion

ﬁﬁ»?ﬁ@%? éie#ﬁ?ﬁlg%%foof&ewﬁ%ﬁgﬁmh Thsis ag7'ssit res e e eh o5ty MR BS SR ERRA oy

( 1B GCsR)itipla dudsKiER] dns Eouldibe macth aritioubafifeting sheahtezactips Wilh 6o O ion{padimguence

{ F I D 25
NG 17 5B R %‘c@f%@e oo THAR0 sendb 58 a8 SHBRC REnRER) Wi oo AR (30
| D NOProtgigy. suel asTiNRRY B-fagtapiase ISEOUPImOND; midwplswtsln@mnm"ﬁz%ﬁehl@ bel ow,
g?C?hg&%ﬁﬁ belohRu] }%‘{Hf&ﬁ%ﬁﬁ“ﬁf‘%fﬁgﬁ' Fgggiesz a29: ?ﬁzméez@ysyemvg%%vm&gpf@%&@pg: n

- | Su
Cpy vagichr 9@&? 152 thrppedcitignghiboralogs of {BP%@ (NG VM&@ sp¢ Higgre 19935- 40,
12020663k pdiﬁ_ﬂléd/ﬁ_ﬁ[zﬁg aﬁiwt&l(Coéﬁcﬂ%gielvawpl @311 Bibih e B3:t329-4nflA06)at ddephdDerad. t he
sorti , | | ve
ot at Q0BRSS pl QUL e AT Faree Vi PEF e e PR Ll A5 TG ERRELL e
85% activity (sé¥eHegtified @qgénoeanew@manmetterm?em (f19@@)binagpran These dat a
di | dt

e Vs ey iRl of B M Chal s B Ve
to t hOWBESEqUPAERIONB VO%QQ@’ﬂ?Q@%M@CWWM@?@SB%éQﬁgbi &SHQPIssi bl e Vps
| 200- N7 Moo MOIISFS(s& GéretianRINPe 757378l or SBUENSI): 168) and "QVAF" (SEQ ID

NO:178) for TNFRII-Fc (see SEQ ID NO:174). As shown in Table I, below, each of the four
amino acid positions in the putative Vps10 binding domain of thGCSF and TNFRII-Fc were

compared to previous mutagenesis results for Cpy vacuolar targeting (Tamada et al. Proc Natl
Acad Sci U S A 103: 3135-40, 11(2006); van Voorst ef al. (1996), supra). When the amino acids

30 of the sorting peptide in thGCSF and TNFRII-Fc were compared to the respective mutated pro-
Cpy protein, all mutations were reported to reveal no less than 85% activity (see Figure 3 of van
Voorst ef al. (1996), supra). These data indicate the sorting peptides in rhGCSF and TNFRII-Fc
would likely bind to the Vps10 receptor if surface exposed and direct the recombinant protein to
the yeast vacuole.
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% Rel ative Efficiency to Sc. Cpy "QRPL" hGCSFI TPLGPASSLPOSFLLK (SEQ I D
NO 179) 100-85-90-100 TNFRI I - Fcl LPAQVAFTP (SEQ I D NO 180) 100-100-90-100 5
Fur t her nowe,20taatsbs4pept i des map to a surfaced- exposed re@CoOMUSRI101053903
respective protein capable of interacting with Vpsl10 (H Il et al. Proc Natl
Acad Sci USA 90: 5167-71 (1993), Tanmda eta?. (2006), supra). Based on the
| i keli hood of GCSF and TNFRI|-FC binding to the Vpsl0 receptor via

N-t er nilalde Taidt | Postibledy méOpencles; Motfst hei r surface exposure, we hypot hesi zed
that myrations ipn 10.the Pe. VPS10 horml 9 ) ) SLory Vi el ds
of r hGCSF and '” = 5/ = EH TS ASEA 2 292" V) o TR v

Homol okfsChif VpslfTHLﬁ?PF%SSbBQSE)!aE& (SBJ.EBIZD E‘FBtidQI N $@a85c90 HIG ]E he genoni CPDNﬁ\
sequen i chi WO gene w VPS10 in Pichia
pagt or?gfﬁggﬁot eé@V -1 g%%@v%g%f%}see Exanpl e ,2\ conparison of S
cerevi siae and P. pastoris VpslO protein honol ogs |s shown in FI GURE 12.

Wher eaBurhegmodp 83 peptiddz taato aRuffacedPschdsell regiod 9f BRUddedd Sidlei( é&@ﬁ@%@f and

d
Vb i0- ﬁ%’%ﬁ@hﬁﬁ?g@éfﬁﬂﬁ é@ﬁrw}@%ﬁq g éb% W Sksrach ?@?Ex Tapadagili ar o
S. c. (\Z}GQQXD suye). nB#ed pasholiiedihpodoeGaSF had é‘l@&ﬁ-ﬁdlbﬁtﬁcﬁﬂg - the Mipks Hafecéptg;n al
pept ' d@iafN)f A Xorh %Qeqiuglgceg EIH&’ H{eﬁssmfﬁcc{ n‘%{pog\ﬂg % 3IZF§ E]}%Err}%lte{tlgpm% Us

|ons a si.ng cted transmne ane 'do
( sW e/ Oénomomsmam Hme e seBregory yieldvof- rbﬁjC@fglga)T)l\H(iﬂéFa bpot shown) .
As d| S@Hﬁi&gﬁln \(lga,ar@émg@rrents of the P. pastoris Vpsl0 proteins (Vpsl0-1
and 25Vps10-p) to the S ~cerevisiae Vpsl0 denpnstrated a relatively |ow

37-43 percent identity; whereas alignnments of the other S. cerevisiae Vpsl0
honol ogs (Vthl p, Vth2p, YNRO65C) tHBXSMPLE 14

Homologs of Vps10 in P. pastoris.

15 A TBlastN search of the genomic DNA sequence of Pichia pastoris revealed two
gene homologs of VPSI10 in Pichia pastoris, denoted VPSI0-1 and VPSI0-2(see Example 3). A
comparison of S. cerevisiae and P. pastoris Vps10 protein homologs is shown in FIGURE 12.
Whereas S.c. Vps10 is 1579aa, P.p. Vps10-1 is 29.99% identical (1542aa) and P.p. Vps10-2 is
25.4% identical (1502aa). Alignment between P.p Vps10-1 and Vps10-2 proteins revealed

20 41.0% similarity and 26.8% identity. Similar to S.c. PpsI0, both P. pastoris proteins have a
predicted N-terminal signal peptide for entry into the endoplasmic reticulum, two C-terminal rich
regions, and a single predicted transmembrane domain near the C-terminus (Horazdovsky er al.
Curr Opin Cell Biol 7: 544-51 (1995)) (data not shown).

As discussed above, alignments of the P. pastoris Vps10 proteins (Vps10-1 and

25 VpslO-p) to the S. cerevisiae Vps10 demonstrated a relatively low 37-43 percent identity;
whereas alignments of the other S. cerevisiae Vps10 homologs (Vthlp, Vth2p, YNRO65C) to S.
cerevisiae Vps10 demonstrated a 58-75 percent identity (FIGURE 12). Therefore, based on
sequence analysis alone, it could not be determined whether the two P. pastoris Vps10 homologs
will function similarly as the S. cerevisice Vpsi10.

30 Additional fungal Vps10 homologs were identified from GenBank® (National
Center for Biotechnology Information (NCBI), Bethesda, MD) and aligned with S. cerevisiae
Vps10 (FIGURE 12). The following GenBank® accessions were designated Vps10 homologs:
Aspergillus niger (CAK38444, SEQ ID NO:26, FIGURE 18), Schizosaccharomyces pombe
(CAA16914.1, SEQ ID NO:27, FIGURE 19), Candida albicans (EAK91536, SEQ ID NO:28,

35 FIGURE 20), Candida glabrata (CAG60842.1, SEQ ID NO:29, FIGURE 21), Pichia stipitis
(NC_009068.1, SEQ ID NO:30, FIGURE 22), Debaryomyces hansenii (XP_002770499., SEQ
ID NO:181, FIGURE 23), and Kluyveromyces lactis (XP_454425, SEQ ID NO:182, FIGURE
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cerevisiae Vpsl O denonstrated a 58-75 percent identity (FIGURE 12).
Therefore, based on sequence analysis alone, it could not be determ ned
whet her twe 2bwsBs41pastoris Vpsl0 honol ogs will functi oRCTius2é1@053p0ns t he
S. cerevisiae Vpsl1l0. 30Additional fungal Vpsl1l0 honol ogs were identified
from GenBank(r) (National Center for Biotechnol ogy Information (NCBI),

Bet hesda, MD) and aligned with S. cerevisiae Vpsl0 (FIGURE 12). The
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ShOMﬂ) ese ment ati on sanp re al so assa | S as
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supser natapdéd DNactel@red mﬁ@uﬁmwethe Yferi@int SR AR NFe @S BN St @éenye@@st
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biomass fermentation conditions, cell fitness could become compromised if normal vacuolar
function was altered. If this were to occur, cells may lyse and release double-stranded DNA into
the supernatant fraction. However, data shown in Figure 7B indicate mutations in vps10-14

30 and/or vps0-24 do not induce cell lysis.

EXAMPLE 16
Vps10-1 Activity Reduces TNFRII-Fc Titer.
Since TNFRII-Fc also contains a putative Vps10 binding motif in the N-terminus,
35  we transformed the expression vector pGLY3465 in cell lineages with and without functional
Vpsl()—l. At least eleven independent transformants were induced for protein expression.
ELISA titers were individually calculated, then averaged for each host strain. The relative
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bi omass fernentation conditions, cell fitness could beconme conprom sed if
nor mal vacuol ar function was altered. If this were to occur, cells may |yse
and rel eaw0 20uisBa1st randed DNA i nto the supernatant fr&cTiuseo10ios3eeyer
data shown in Figure 7B indicate nutations in vpsl0-14 30and/or vps.10-24
do not induce cell lysis. EXAMPLE 16 Vps10-1 Activity Reduces TNFRII - Fc
Titer. _Since TNFRI|I-Fc also contains a putative Vpsl0 binding motif in the
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VWHAT IS CLAI MED | S: 1. A Pichia pastoris cell |acking vacuol ar
sorting activity or having reduced 5vacuol ar sorting activity relative to a
wi | d-t ypewBizeh@a3gastoris cell, wherein the host cell ceaprissEs/083903
functional deletion of a vacuolar protein sorting receptor 10-1 (VPS10-1).
2. The Pichia pastoris cell of claim1l;, wherein the cell conprises an
expression vector which conprises a sequence of nucleotides that encodes a

het er ol ogous 10pr ot ei n. 3. The Pichia pastoris cell of claim
2, wheggiR+t h llggous protein is a glycoprotein. 154The Pichia

1 Ry 1%&‘1\@51@9 pr ot glycoprotel

pastoris %E]F gf C é?n13, wherein the cell is nodified to express a

gl ycoprotein in which the glycosylation pattern is human-1ike.
5. The Pichl a pastori s pehia gakroai e lackingi vasudlarkortitpeictivity ar lgens edeadi ng

VPS10-1 is.deleted and a gene en i ng,VPS10-2 i s naot, del cor 2

5, he PO SOPHECERTS e iy s R oo R o SRt Bt i ng
VPS10- togpiigsiastesctonaideddtionnithatudenseten sonengecenterd W §105D-Pr ot ei n
nonfuncti onal or incapable of vacuolar sorting activity. 257.The Pichia
pastoris cell of any of clains 1-4, wherein the functional deletion of
Vps10-1 acti vit y 2conpribs Eéchinpastarey el Sielaim) lo vthstrin tssel KeMBHSRFAPconsi st i ng
of : debgﬁpﬂe%ﬂe&dr%ﬁ&{ ERrRks HBSfERRBAfucRONaG thaam iR Y hafaslyg@squences
of the S10-1 gene, abrogation of vacuolar sorting activity by neans of a
chéti c&foteigept i de or protein inhibitor of Vpsl0-1 protein, abrogation of
vacuol ar sorting activity by means of a nucl eic aci d-based 30expression

i nhi bitor and abr,ogati.on of, .vacyol.ar I t 1V :
transcription i nﬁ'r bi t ?I@C.hAaﬁ%#%%Sdceflg&%érlgl u%ﬁ‘ﬁge\{‘léﬁ%éek%ﬁ@? antpq{))t?gltlgﬁn in
a yeastlyeopfotebgal host cell conprising: 35a.transformng a genetically
nodi fied yeast or fungal cell with an expression vector encoding the

protein to produce a host cell, wherein the genetically nDdifjeg east or
15 4 The Pichia pastoris cell of claim 3, wherein the cell is modified 10 express

a glycoprotein in which the glycosylation pattern is human-like.

5. The Pichia pastoris cell of any of claims 1-4, wherein a gene encoding
VPSI10-1 is deleted and a gene encoding VPS10-2 is not deleted.

20
6. The Pichia pastoris cell of any of claims 1-4, wherein a gene encoding
VPS10-1 comprises a mutation that renders the encoded Vps10-1 protein nonfunctional or
incapable of vacuolar sorting activity. .
25 7. The Pichia pastoris cell of any of claims 1-4, wherein the functional

deletion of Vps10-1 activity comprises an alteration selected from the group consisting of:
deletion or disruption of upstream or downstream regulatory sequences of the VPSI0-1 gene,
abrogation of vacuolar sorting activity by means of a chemical, peptide or protein inhibitor of
Vps10-1 protein, abrogation of vacuolar sorting activity by means of a nucleic acid-based

30  expression inhibitor and abrogation of vacuolar sorting activity by means of a transcription
inhibitor.

8. A method for producing a recombinant protein in a yeast or fungal host
cell comprising:
35 a. transforming a genetically modified yeast or fungal cell with an expression
vector encoding the protein to produce a host cell, wherein the genetically modified yeast or
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WO 2011/ 053541PCT/ US2010/ 053903 fungal cell |acks vacuol ar sorting
activity or has decreased vacuol ar sorting activity relative to an

unnodi fi esopersts3samn fungal cell of the same species; b. edrtuseémngsidhe
transforned yeast or fungal host cell in a nediumunder conditions which

i nduce expression of the protein in fernentation conditions; and
5c.isolating the protein fromthe transfornmed host cell or culture nmedium
9. Thefimghhad lﬁéksﬁﬂa&idnr&ort)ﬂgercaizmy vhiesyleastsed vatunkgabrthngsktiviey teldtesehect ed
fromthe grQup. cons torl s, Saccharomnmyces cerevisi ae,
Asper g?l?‘?lggl%ﬁﬁﬁgqsto uﬁg g’%@ haers'o e%g‘g(gﬁl’cs)é)rr11e Candi da al bi cans, Candi da

gl abrata, Pichiabsti ppuims‘mgﬁbe mmwmdw@@g oh &mgakiidst coll inyanae Wd’éléeﬂ actis,
and Hap iR VQ&% E% Pronm%l Bﬁﬁpzn%rn%n@dﬁ&l%oﬁémgns wher ei n vacuol ar

sortlng ac |V|ty i ni nat e reduce tion or disruption
of & gene encodi fig VP§P@U(§‘E the W@l@gﬁl@ﬁm’ %nsff‘?r&%ﬁd%ﬁét%? é’é‘tculé‘r’mf"ﬁﬁ‘g‘ﬂf‘ cel |

genone. 11. The nethod of claim 10, wherein the yeast or fungal host cell

VPSI0-1 |5 del ot 8. 1R RBHBR FOPm SR acr SR DA

Pi chi affloasthe gedup mmpmngofngzchza pastoris, Sacchara)my‘cemémlm nﬂgpa”ggémemg@tal |y

nmodi fi Pi chi d 94 tgrotelnto

pr oducgghlz%mc k%rg’ﬂ' ées%@?%ﬁbn ﬁ%‘g@%ﬁ%?ggﬁ?m e}(;l%PIi Jﬁ’?é cell |acks

25Véc ubleanryoomedsigrsai Kiwer@myﬁ@sda@re?eﬁl@fbéféweva@wr’wwg ting activity

relative to an unnodified Pichia cell of the same speci es; b.

culturing the transformed Pichia host cell in a medium.under .conditions

whi ch i nduce exprissi e &ty Or?‘gjfﬁilad’?’eﬁt?lrg Afhgrein Sadllft sorting acu“hy%aiséjgf Tting

the pr @Ilﬂllir{htéd &%dﬁhﬁd by deisfion oedistuption of4 bererencedihg VEShedi a1HPS BDhomolog

14. Th? {h ? %Ia m il]3 wherein the host cell is a Pichia pastoris host
rom the yeast or fungal ce

cel | . genome.
15
11.  The method of claim 10, wherein the yeast or fungal host cell is Pichia
pasioris.
12.  The method of claim 11, wherein the VPS/0 homolog FPS10-1 is deleted.
20
13 A method for producing a recombinant protein in a Pichia host cell
comprising:
a. transforming a genetically modified Pichia cell with an expression vector

encoding the protein to produce a host cell, wherein the genetically modified Pichia cell lacks
25  vacuolar sorting activity or has decreased vacuolar sorting activity relative to an unmodified

Pichia cell of the same species;
b. culturing the transformed Pichia host cell in a medium under conditions

which induce expression of the protein; and
c. isolating the protein from the transformed host cell or culture medium.

30
14,  The method of claim 13, wherein the host cell is a Pichia pastoris host

cell.

15.  The method of claim 14, wherein the genetically modified Pichia pastoris
35  cell comprises a deletion of VPS/0-1.
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15. The method of claim 14, wherein the genetically nodified Pichia
pastoris 35cell conprises a deletion of VPS10-1 WO

2011/ 0535X0RCT/0582010/ 053903 16. The net hod of any of cl acEaS3e10D539%her ei n
the genetically nodified host cell conprises an alteration of the
cytoplasm c domain of VpslO or the Vpsl1l0 honolog that alters its nornmal
trafficking pattern. 517The nethod of claim8 or claim9, wherein vacuol ar
sorting activitylbs ratueethoofeny of datrmd’-Hy, Wedrehitbngortidiyrmpdifiehhaft one

or nore 1?%)218%%%@ %}1 LGS gchﬁcl—: @\%ﬁﬁ@lgé‘g chdotn}ir]ag @ pé’l@ gl% %r}{() ﬁltapway

wher ei i1 . Oor "nbre genes el e rom

consi stlterg ltstHE@aiafﬁ@quatﬂWpl , Pepl2, Vpsl, VpsS8, Vp59, Vps15, Vple
Vps19, Vps34, Vps38, Vps45 andvtil. 10 18. The met hod of
claim8 or cIa|m9 wh rein vacuol ar sortl ctivity s reduced or
eli™inated by dellétiod lm“é#%jr‘lfﬁg 5B e clgpe?sof eﬁ%%ﬂ%@k@&m&@%&oﬁe a

prot ei RedRS&DEH dingidatedl b dél@ﬁ&l@bﬂ &l@u@ﬁoﬁ/ﬁﬁd&ddr]?ndrb gexlrl]e%ttl&tt% Ghocisbéméthnhd he
one or nco protein sel ected fromthe grou t

o Gr6r B et SofRg Bty e B G e 5 e bERToh i R E IR R )
Vps53, gang cdpsiSidng of: Ggal, GgaZ Mvp, Pphia, ‘ﬁmithjS&)prSP,anlé Bpsl, 4 pﬁd93

wher ei i tivity is reduced or elimnated by deletion or
di srupsflp\égfj;%%?f?g{%h%gﬁgenes that encode a protein associated with MB

f uABti on, wherein the one or nore genes encode a protein selected fromthe

\Z/OQE_EUDVCOESi sti Q?B of Th@%gétho\ﬁ/f (ﬁw(l)aim{'f&l Gl&lM@lﬁé%g:\/@{i/ﬁaczu}Sm%oﬁ %thl‘t&g%‘l

psill, s13, s16, } s20, S S s

Vps28, r@?ﬁ*g@i?r&? gated 168?3@?0 %éérﬁlwg% onw% A4t § pr

VES 46, aMoalatedamich Motcling of VpsIO to the lat@ (Iinlg'[hehm‘ahhhmioxm‘orehm rgeﬂesoanc@de avher ei n
the ex Si 0 {or n rej ifhed
host - e IR se e HoRl P REAT Dn R fRel ERRIORELT 1AE VIS Ohitt RGPS, |
gl y&osWrabd.ofpspat Yesdn, VesHuassa, lakéVP854

19.  The method of claim 8 or claim 9, wherein vacuolar sorting activity is
reduced or eliminated by deletion or disruption of one or more genes that encode a protein
associated with MVB function, wherein the one or more genes encode a protein selected from the

20 group consisting of: Cezl, Fabl, Hsel, Mrll, Vam3, Vps2, Vps3, Vps4, Vpsl1, Vpsl3, Vpsié,
Vps18, Vps20, Vps22, Vps23, Vps24, Vps25, Vps27, Vps28, Vps31, Vps32, Vps33, Vps36,
Vps37, Vps39, Vpsdl, Vps43, Vpsd4, Vpsd6, Vial, and Ypt7.

20.  The method of claim 8 or 9, wherein the expression vector encodes a

25  glycoprotein and wherein the modified host cell has been further modified to express a
glycoprotein in which the glycosylation pattern is human-like.
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