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GENE EXPRESSION TECHNIQUE FIELD OF THE INVENTION 5 The
present application relates to gene expression techniques.
BACKGROUND OF THE INVENTION The class of proteins known as
chaperones have been defined by Hartl (1996, to Nature, 381, 571-580)
as a protein that binds to and stabilises an otherwise unstable conformer
of another protein and, by controlled binding and release, facilitates its
correct fate in vivo, GENBEXRRBESSION TERECIENIQY/ransport to a
particular subcellular compartment, or disposal by degradation. 15 BiP
(also known as GRP78, Ig heavy chain binding protein and Kar2p in
KHAED i© i HELINMEINTORDE chaperone of the hsp 70 family, resident in
the endoplasmic reticulum (ER), which amongst other functions, serves to
assist in transport in the secretory system and fold proteins. 20 Protein
‘tisuppttcie mypherase (i) i® aoiapgresequraidinjqesident in the ER that
is involved in the catalysis of disulphide bond formation during the post-
translational processing of proteins. Studies of the secretion of both native
BACK(eROPNDeOE hillke ENVENTFEONansit 25 from the ER to the Golgi
is the rate-limiting step. Evidence points to a transient association of the
BiP with normal proteins and a more stable interaction with mutant or
"Thisfolaleddb prisaiia oroteinasAshagesulits Bid enbseplagfandddiydiait (1996,
ub|I| faldin e ursors an he transport of unfol
rﬁnsggge%% e%8% o%elngs o5 #15?65% ané| %lttrup,%gz%’ liI]:Blotec?m ‘?ﬁerwwe
lﬁrsjgblthcmmrﬁﬁtﬂw dmaﬂ&emmmedmlde effecmofoidreipmprogeind release,

ARMEHOnRY P %{QE’Q angd BB 59§%§n5t¥§§%&§%‘5§9§5 P HEBRport o a

cerevisiae an that prolonged tive expressiori of foreign

satietkd piatelidaratucestsatobler BiPpasa PDdegwadatals.undetectable by
Western analysis. The lowering of ER chaperone and foldase levels as a

consequence of heterologous protein secretion has important
BiP (also known as GRP78, Ig heavy chain binding protein and Kar2p in yeast) is

an abundant ~70kDa chaperone of the hsp 70 family, resident in the endoplasmic
reticulum (ER), which amongst other functions, serves to assist in transport in the

secretory system and fold proteins.

Protein disulphide isomerase (PDI) is a chaperone protein, resident in the ER that
is involved in the catalysis of disulphide bond formation during the post-

translational processing of proteins.

Studies of the secretion of both native and foreign proteins have shown that transit
from the ER to the Golgi is the rate-limiting step. Evidence points to a transient
association of the BiP with normal proteins and a more stable interaction with
mutant or misfolded forms of a protein. As a result, BiP may play a dual role in
solubilising folding precursors and preventing the transport of unfolded and
unassembled proteins. Robinson and Wittrup, 1995, Biotechnol. Prog. 11, 171-
177, have examined the effect of foreign protein secretion on BiP (Kar2p) and

PDI protein levels in Saccharomyces cerevisiae and found that prolonged
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implications for attempts to improve yeast expression/secretion systems. 5
Expression of chaperones is regulated by a number of mechanisms,
including the unfolded protein response (UPR). Using recombinant
techniques, multiple PDI gene copies has been shown to 10 increase PDI
protein levels in a host cell (Farquhar et al, 1991, Gene, 108, 81-89).
Co-expression of the gene encoding PDI and a gene encoding a
tetaiologews pdistitphisfefheige st pratel pwasifir st duggesiat]in BifOand PDI
93/25 76 ubI| d on ecem er19 S a mean ncreasing the
BB SRS B s WSS BB
feldamﬁmm expre@smqmmtﬂtaﬂmmmgdmkmmmmagcﬂanMpﬂmeunrmnant

be i jncrease bX pression with PDI. This. str has been epr0|ted
]tmII) 1cat10ns T atte '[O 1 rovegeas CXPre 101’1 th Stems.
nérease the recombinan expression of 0 es of protein. 20

Robinson et al, 1994, Biolfechnology, 12, 381- 384 reported that a

comblnan dditional PDI e y in Saccharomyces cerevisja
B O P A e e e
utdiokmﬂgrowth fagqton{®(@BR).B homodimer by ten-fold and
Schizosacharomyces pombe acid phosphatase by four- 25 fold. Hayano
et al, 1995, FEBS Letters, 377, 505-511 described the co-expression of

stm@rrdysoﬂymetatwmmmm,yeaﬂtiptm@aéwoé aropinsl BAs6G%nirshown to
duction an cretion wer erved.
RSP SRR R AIRRAN SRR AP RRERER: 4E 150

recombinant expression of single- chaln antibody fragments (scFv) in

SEEKNRIYCE? FE?reV'ﬁ'ea%nﬁ%'d'%é’Gﬁﬂfﬁ%%sﬁdg%}{eb%ﬁé’&%ﬂgz P 1188 ous
over- expressing Fin the

disulphide-bonded protein was first suggested in WO 93/25676, published on 23
December 1993, as a means of increasing the production of the heterologous
protein. WO 93/25676 reports that the recombinant expression of antistasin and

tick anticoagulant protein can be increased by co-expression with PDI.

This strategy has been exploited to increase the recombinant expression of other

types of protein.

Robinson et al, 1994, Bio/Technology, 12, 381-384 reported that a recombinant
additional PDI gene copy in Saccharomyces cerevisiae could be used to increase
the recombinant expression of human platelet derived growth factor (PDGF) B
homodimer by ten-fold and Schizosacharomyces pombe acid phosphatase by four-

fold.

Hayano et al, 1995, FEBS Letters, 377, 505-511 described the co-expression of
human lysozyme and PDI in yeast. Increases of around 30-60% in functional

lysozyme production and secretion were observed.
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5 Bao & Fukuhara, 2001, Gene, 272, 103-110 reported that the
expression and secretion of recombinant human serum albumin (rHSA) in
the yeast Kluyveromyces lactis could be increased by 15-fold or more by
co-expression with an additional recombinant copy of the yeast PDI gene
(KIPDII). 10 In order to produce co-transformed yeast comprising both a
PDI gene and a gene for a heterologous protein, WO 93/25676 taught
ShattihecswalgeEs caitdibe Eivoriosangally 16tegiated;7omepooutt] bieat the
chromosomally integrated and.one present on a plasmid; each gen .
TR oSSR  Afer Uit BIAiHc: B LX Bt Do foutte) i
hatrdduoed an thersamier ptasidicbANGCcB3K2F6 BE droewplifi@dS efobde bgiovv of-

eant%gg%srin IJB?} I}Q eqlggtngiqlpKH%cZ in yeast strains having a
cHromogoma ly'in egrate(f additional copy of a PDI gene (Examples 16

and 17); expression of antistasin from the vector K991 with an additional
DI gene c bsing present pon,a pylticapy yeast shuttle vector named
B R 2 S8 e I TS TR e B G §
expeassiopiof rothrithieantidiasiananstthe Pbhwgenes (ldfAtheiyeadt yeast
uttle vector pCl/1 (Resenhberg et al, 1 Nature, 312, 77-80) under. .
A R S et R S
Rabidsomamdcwittinpn 1995, disheiysaisBRisgu¢eH& BALD-GAL10
intergenic region to express erythropoietin and concluded that production

yeast 25 strains for the secretion of heterologous proteins should be
koostentteprodiing cogintlysfepredsjioks| irhopibim ptortiotePd) logheewisé dhgene
tiv of Al S ion (i.e, | d detectable BiP
B B B e B i, oS e
ceouirewtaily aiktegersdalefermarttrbSOcBuwhsegueityworicgnated fimid one

L ol i or
kith gbrainechttdolsepduderh ore sesainerassiodP 93/25676 exemplified
expression of antistasin from the plasmid pKH402 in yeast strains having a
chromosomally integrated additional copy of a PDI gene (Examples 16 and 17);
expression of antistasin from the vector K991 with an additional PDI gene copy
being present on a multicopy yeast shuttle vector named YEp24 (Botstein et al,
1979, Gene, 8, 17-24) (Example 20); and expression of both the antistasin and the
PDI genes from the yeast shuttle vector pC1/1 (Rosenberg et al, 1984, Nature,
312, 77-80) under control of the GAL10 and GAL1 promoters, respectively.
Indeed, Robinson and Wittrup, 1995, op. cit., also used the GALI1-GALI10
intergenic region to express erythropoietin and concluded that production yeast
strains for the secretion of heterologous proteins should be constructed using
tightly repressible, inducible promoters, otherwise the negative effects of

sustained secretion (i.e. lowered detectable BiP and PDI) would be dominant after

the many generations of cell growth required to fill a large-scale fermenter.

Subsequent work in the field has identified chromosomal integration of transgenes

as the key to maximising recombinant protein production.
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PDGF and S. pombe acid phosphatase using an additional

chromosomally integrated PDI gene copy. Robinson et al reported that
attempts to use the multi- copy 2m expression vector to increase PDI
protein levels had had a detrimental 5 effect on heterologous protein
secretion. Hayano et al, 1995, op. cit. described the introduction of genes
for human lysozyme and PDI into a yeast host each on a separate
Robarisacintégitatdn opeet'or,ctbmliebny thebab@mbdlihcimmhoamiression of

Biegration. 10 Shusta elal. 1008, 0p. City seporied gt in yessl systemen
he cholte betveeen m?egra a transge emto c romosomey
mgtfsetdh@lakg@femmppmﬁbtenmnsslohmpmm thanagnmaﬁgs affest the multi-

SGCI’%’[IOI‘] and, with reference.to Pare ﬁ)ﬁ Wlttru 1 97 ot%e 0 al
EiDg-HE STPETIN Hrst LS T Pé‘f""t‘?%& C&‘ﬁ 8 fh“ée“ a
¢fosttclirasiasderaeussingdanSdotegoation vector was supenor to the use of

a 2m-based expression plasmid. Parekh & Wittrup, op. cit., had previously

taught that the expression of bovine pancreatic trypsin inhibitor (BPTI)
Hagnoceeaded pysarvprdear. ol esadidtlidecu sing du&integf afi@reyediothuman
ather than ?']B based expre sion plasmid. The 2m-based expression .
FARTOR a0 0T (50 200 RS GRE R TP RAER S B eEvation
Wheterlhgabs sebraigdipreteliroBasogHuktdaaaeop2001, op. cit., reported
that "It was first thought that the KIPDII gene might be directly introduced
into the multi-copy vector that carried the rHSA expression cassette.

Stowmaver asuthoSonsgirudts werettoudditdrseeesekyatfiest yRasthdtogrosvteen

and plasmid. stability. This corilflrmed Oﬁl revious finding.that the KIPDII
1nte ation o rans%/ene 1nto t { rQ ?[1()'59me Ver, us% se of e& somal
on a tiltEom Ve dor was Satrimentar o gro BGtS ¢

e(B[aeseicml v%@ﬂﬁ}"cﬁa(gremy 2004, sée&sioﬂ&nazwﬂmrﬁﬁsaMem@d’amlm &

u age of har tthe DIl
we%r%éuﬂaiés%q €en |n€tro U%CG% OﬁthE’ Igij(:lsi %Bri gl mu cgpl)n %%as 10I(lzl0 { sckv
fifanthamddheirdiro3Omeesance @irttt%nata@mdcmed dine=straio the use

grow poorly. Bao et al concluded that 4

f a 2um-based expression plasmid. Parekh & Wittrup, op. cit., had previously
taught that the expression of bovine pancreatic trypsin inhibitor (BPTI) was
increased by an order of magnitude using a  integration vector rather than a 2pum-

based expression plasmid. The 2um-based expression plasmid was said to be

counter-productive for the production of heterologous secreted protein.

Bao & Fukuhara, 2001, op. cit., reported that “It was first thought that the KIPDII
gene might be directly introduced into the multi-copy vector that carried the tHSA
expression cassette. However, such constructs were found to severely affect yeast
growth and plasmid stability. This confirmed our previous finding that the
KIPDII gene on a multi-copy vector was detrimental to growth of K. lactis cells
(Bao et al, 2000)”. Bao et al, 2000, Yeast, 16, 329-341, as referred to in the
above-quoted passage of Bao & Fukuhara, reported that the KIPDII gene had
been introduced into K. lactis on a multi-copy plasmid, pKan707, and that the

presence of the plasmid caused the strain to grow poorly. Bao et al concluded that
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over-expression of the KIPDII gene was toxic to K. lactis cells. In the light
of the earlier findings in Bao et al, Bao & Fukuhara chose to introduce a
single duplication of KIPDII on the host chromosome. 5 With respect to
the known prior art, Creasy et at, 2003, Molecular Microbiology, 47,
209-221 reports that a bacterial charperone, CesT is required in
enteropathogenic E.coli for the secretion of the translocated intemin
oeeepipr{Si)raoditeepitBiNé gamitoehondkialtonkEnitaranecpicotéintiaidigptaithe
This,is said tg be the frs repprt bacte ial chaper 0
?%rig%n& e He%?gnse?oca?tlc%n of‘fgnolfel%an onlielofﬁ protefn %]uferactls\}régle
Mhmmﬁhﬁslélbfﬂténnml&smssdssmﬂosmg a yeast two hybrid system,
but there is no disclosure of the co-expression of the chaperone and either
Tir or Map from the same 2m-family plasmid. Creasy et al does not
Votisidgretiieo issUaof e phanemgocatiiet ek R@Esidivlacalmosticelbiangy, 47,
r rtain} s r
D B B e L A opagposene
Ehoicd witheaseheporoné thehereodedanessifor testipterd oresedt onutative
I { 1 S c 1 o
l?g)&;&;tls %%‘qéﬂrj%qé”?‘?a:]{? ?Héﬁ%%fziﬁ r%é? 6;%5333?2%%@&3%%99 btjl% ﬁt%eglﬁl]?cg ot
BEWitids: beiteyial gbaperierstrasegysibét fprstlsaida@dbt@tb@rabmomﬂigmvee
atcsaRRGablewas ieve gead AR anay ol e ol iRl
ast strains, each containing a different yeast open reading frame
#Mstedlt@la HlaratisionaliSctransforiabe cgsxprqssiprtjeﬁthﬂ:alnmmm elther
C@éﬁ: r%%tiIYIlltées ‘n%g %ﬂﬁ YT g%ﬁ?ﬁwﬁlﬁ] C&Q&Qg c?cbe%rh%{ Iggnmd%r the
S were puri hen, pools were assa e or activities, an
am@b@hbme@mmwmlpiamd)m iidentibsthelsoamdetbtrains. dvtéatzgnno
nI express and T as fusion ns eas
B e O i R B L M et o
¢m$@m&ﬁ$@m9@mdﬁ glasmiditMarthepezoed  doksrenotisopsideftnédoth
a%gu%(s)gn HCI ﬁo%ﬂprgteln ?ar{ilr ssion | a could be enhanced by
CO- ressmn 0 fotein of chbice With a chaperone, wherein the
genes for 30 both are present on the same 2m- family plasmid.

Martzen et al, 1999, Science, 286, 1153-1155 reports that a method for identifying
yeast genes specifying biochemical activities, using a genomic strategy that it is said
to be rapid, sensitive and widely applicable was developed with an array of 6144
individual yeast strains, each containing a different yeast open reading frame
(ORF) fused to a glutathione S-transferase (GST). For identification of ORF-
associated activities, strains were grown in defined pools, and the GST-ORFs were
purified. Then, pools were assayed for activities, and active polls were
deconvulated to identify the source strains. Martzen et al only expresses the ORFs
and GST as fusion proteins in yeast. There is no disclosure of the co-expression a
chaperone ORF and GST from the same 2um- family plasmid. Martzen et al does
not consider the issue of enhancing protein expression in a could be enhanced by
co-expression of the protein of choice with a chaperone, wherein the genes for

both are present on the same 2um- family plasmid.
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5 Against this background, we have surprisingly demonstrated that,
contrary to the suggestions in the prior art, when the genes for a
chaperone protein and a heterologous protein are co-expressed on a
2m-family multi-copy plasmid in yeast, the production of the heterologous
protein is substantially increased. 5 DESCRIPTION OF THE INVENTION

A first aspect of the present invention provides a method for producing
Aeténelahsusapkatermdomprising sihH@)nigvidingrathast abltcoomprasing ahe
SC2um-fa il plasmld the pla§m|cfl om risin f&ene e cod|n é}% teln

SSL101S { 101 ar ﬁen S 61'0 otem and a
prising the Seqtiencé or &’ thaperone protein and & gene encoding a

haetestdegos ppreiainird Sc(hyqutisnédg dheah@gihcElhiil v aulttireopyedilatinid in
under conditjons that allow the co-expression of the e encodln the
YishdPSRESPATERR é?ﬂ% lé%fé %é)gé?H% AL haRSET8 %ﬂ%lﬁ%‘féfﬁ (c)

purifying the thus expressed heterologous protein from the culture 20
ium. ar the thus purified protein. 5A In

ﬂﬁgég% ' ngo'gm%gﬁ&? ﬁ«&g hus expressed heterologous
protein to a commerC|aIIy acceptable level of purity or a pharmaceutically
g{ table Ievel urlt 5 Preferaalg, the method furt erdcaﬁpnse the

%98% Ot aﬁ’ PUHFRY "REEBHSID gBIRY Fiteth WHS PopICne
hhhﬁﬂhgﬂﬂ@fpﬁﬁe&mimmm&gﬂically acceptable carrier or diluent and
optionally presenting the thus formulated protein in a unit dosage form. 10

A second aspect of the present invention provides for the use of a
2m-fanulyproviding a host cell comprising a 2um-family plasmid, the plasmid

'-i

comprising a gene encoding a protein comprising the sequence of a

chaperone protein and a gene encoding a heterologous protein;
(b) culturing the host cell in a culture medium under conditions that allow
the co-expression of the gene encoding the chaperone protein and the gene

encoding a heterologous protein;

(c) purifying the thus expressed heterologous protein from the culture

medium; and

(d) optionally, lyophilising the thus purified protein.

5A
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plasmid as an expression vector to increase the production of a fungal
(preferably yeast) or vertebrate heterologous protein by providing a gene
encoding the heterologous protein and a gene encoding a protein
comprising the sequence of a chaperone protein on the same 2m-family
plasmid. 15 A third aspect of the present invention provides a 2m-family
plasmid comprising a gene encoding a protein comprising the sequence
bf acchapéaiheprotedp daodpardenelentodiagpeeheit telegaog@rofaiviein to a
wherein if the plasmid i§ based on.the 2m plasmid then it is a
e D g e A T B B et oy o
peligomprising a plasmid as defined above. The present invention relates
to recombinantly modified versions of 2m-family 25 plasmids. Certain
closely related species of budding yeast have been shown to contain
Rattmalbyyo abernimgleid dlathdouttimptisrsddet DA plfasmioislafihgse purified
lasmijds, collectivel med 2m-family plasmids, include pSR1. pSB
o 5 Bl o R Ry B Rcany

Aygpsadeharonrycedi bispornd o p6 @iakmpssp8BE drdtp@BRriremated protein
Zr}/g%%%c&&%r%%/rces bailii, plasmid pSM1 from Zygosaccharomyces
ermentati, asmllal'pKDl from Kluyveromyces drosphilarum, an
un-named plasmid from Pichia membranaefaciens (hereinafter "pPM1")

nd the 2m plasmid,and variants (such as Scpl, Scp2 and Scp3) from 5 .
e thes it S v
pBisiRRDaMinreapretabn 1886 Jo MekeBiolth20iroa0dt Bradttinfinehhlprt884dbly

J. Applied Bacteriol 56, 331). As a family of plasmids these .
L AT TSP e e S A IR 16 e iiglipe the
hosselss divo pnveiteghtbpeate enpjigsiepsitds obiinaipiagniic sbquace of a

chaperone protein on the same 2um-family plasmid.

A third aspect of the present invention provides a 2um-family plasmid comprising
a gene encoding a protein comprising the sequence of a chaperone protein and a
gene encoding a heterologous protein, wherein if the plasmid is based on the 2um

plasmid then it is a disintegration vector.

A fourth aspect of the invention provides a host cell comprising a plasmid as

defined above.

The present invention relates to recombinantly modified versions of 2pum-family

plasmids.

Certain closely related species of budding yeast have been shown to contain
naturally occurring circular double stranded DNA plasmids. These plasmids,
collectively termed 2pum-family plasmids, include pSR1, pSB3 and pSB4 from

Zygosaccharomyces rouxii (formerly classified as Zygosaccharomyces bisporus),
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a similar size around 6-kbp (range 4757 to 6615-bp), three open reading
frames, one of which encodes for a site specific recombinase (FLP) and
an autonomously replicating sequence (ARS), also known as an origin of
replication (ori), located close to the end of one of the inverted repeats.
(Futcher, 1988, Yeast, 4, 27; 15 Murray et al., op. cit., and Toh-e et al.,
1986, Basic Life Sci. 40, 425). Despite their lack of discernible DNA
peguadce fBinalahpStB2ifisharé motedularmarehitectiiy eanohitheSM1 from
génservaﬁiaon of functri{?n of the three oie readi franfl%s ha\ﬁ

05AC onyces ermentati lasimi 1 T Vverouces
ORStrated A EdmmMah anceétralqln nbetwe%n he famlliry} membera’

Whilshidnyaf tie aboyaathplsathid iR Rion aamiby qplasfnidis. cdnelb@nafter
used in, the present invention, this invention is not limjted tq the yse of
R SRt R A Y B e SH Bt Y e
S ahdironitycptasenidilsaas eBeiihed LeloWoZL MarvbanTvkyiplagtaideissa 53,
ircular, double strande lasmid. I is typically small, S .
B0, SEi 06015 1000 00 bRty iR Gt rob - Appied
Bxehadivly Fectsnpiiantly inserted sequences. A 2m-family plasmid
typically comprises at least three open reading frames 30 ("ORFs") that
each encodes a protein that functions in the stable maintenance of 7 the
2m o dnniliyrypddgrhichadsamasdtinofey yilashide 3 Rerjerotéinsnanoadestinyshe that
three ORFs can be designated FLP, REPI and REPZdWerE%gm-f?nﬂX
SR COMBSEShOY IMHFEE DI E O RESRISSLEING FLP eI IR Mave
R &R theivcQikfus & 6ebloin@ ding: mMissing prdteibgs) tinautchbe sagple frimes,

trans e@g{lgg 5.another E)Iasmld rk%ych omosg@?ﬁlnte ration. A

AT SRS At iR SHpABTS BF dSEAVSIE R dife) dpd i gutonomously

rephobimatiaqdnetv@® s )nuixidchosypeat saquegioest regdgnisad (oy:);UBcated
The inverted repeat sequences are termed FLP mbinatign {arget _

S s e Ey HeTe s (RIS R
Mpeay (seelhelpw)ir P reid Tet-EldP @rotdiRs, Bamiprise the. sHyjuige Bictipete
chIE:IiDr plre%?lrg)% e&%g&%fLPey B%?AOfs%lqauserrrl]égs l?osrrllqo}()gy, their shared molecular
architecture and the conservation of function of the three open reading frames

have demonstrated a common ancestral link between the family members.

Whilst any of the above naturally occurring 2pum-family plasmids can be used in
the present invention, this invention is not limited to the use of naturally occurring
2um-family plasmids. For the purposes of this invention, a 2pum-family plasmid is

as described below.

A 2um-family plasmid is a circular, double stranded, DNA plasmid. It is typically
small, such as between 3,000 to 10,000 bp, preferably between 4,500 to 7000 bp,

excluding recombinantly inserted sequences.

A 2um-family plasmid typically comprises at least three open reading frames

(“ORFs”) that each encodes a protein that functions in the stable maintenance of
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pSB1, pSB2, pSB3, pSB4, pSM1, pKD1, pPM1 and the 2m plasmid, for
example as described in Volkert et al, op. cit., Murray et al, op. cit., and
Painting et al., op. cit. Variants and fragments of these FLP proteins are
also included in 15 the present invention. "Fragments" and "variants" are
those which retain the ability of the native protein to catalyse the
site-specific recombination between the same FRT sequences. Such
vieriapta-gandifsagrienis willhusudiyopavel ainteédst BRYHrotdns ¢086d80%y; the
90%, 95%, 98%, 99%, or more, homology with an FLP &)}Fotein encoded

HresnOBEsIsemibe gergnyed FhBaBERS papd, BER2 hSWNGSK 81 2Bnamily
andiihe 2Shamsplasmish RiferentELErIrotsinsIsanMaverdiferant RRF2 then

sequence specificities. A typical FRT site may comprise a core nucleotide

FREtHMkJhe P sNRE IS shatidnBessyRRigdo Higemigithse on

ERhePRSAEYERES thdmuantidasdriangth and the flanking inverted
repeat sequences are 13 nucleotides in length (Volkert et al, op. cit.).

However the FRT site recognised by any given 25 FLP protein may be
differept (g shendin Diasteif Epdositer Rieftyand MERZ AR armieidmbination

involved in the partitioning of plasmid copies duriri%r cell division, and may

BROY PR Y TS SRR TSR of SLB MG 5 b CombfudRybried repeat

seqluaee 4 esgRRCFDRSheaibahse ed hetrean RER hadotainsiSeyisally
different 2m-family plasmids, whereas no sequence a;%nment iﬁﬁ)ssible
BERANEENAREPS privils BEFRIed TR diFes M - ralmfilF PR fnfidis proteins
Boatpiediid ERJuanst RERZ IFDRip o iR dbe 5eairnce plathaREI3R1,
and REP2 proteins encoded by one of plasmids pSR1, pSB1, pSB2,

pSBb, pSBA, pSKL, pRErL, AL althe BN AMlidbfoP BRI, for

deseikeskinvakRt Bl QoiRBrtGE b MUHRY Rhdta9R: Gl ANEiPaintinghRking
al, op. cit. Variants and frar%ments of these REP1 and REP2 proteins are
&1 irfluddd iMarRIBYE8dnRsRD R Brag MERBrokite ‘Yariitgneluded in

REBleail RERAG € thpsaiahichaahenrAEdeE B¢ RIasrRig Anhelasaty

of the native ORF, do not substantially disrupt the stable multicopy
RlhfRENE PR BISHATE BRI SBratile (ReastbiBMifanRe VSt the same
YREB8sg@des. Such variants and fragments will usually have at least 50%, 60%,

70%, 80%, 90%, 95%, 98%, 99%, or more, homology with an FLP protein encoded
by one of plasmids pSR1, pSB1, pSB2, pSB3, pSB4, pSM1, pKDI1, pPM1 and the
2um plasmid. Different FLP proteins can have different FRT sequence
specificities. A typical FRT site may comprise a core nucleotide sequence flanked
by inverted repeat sequences. In the 2um plasmid, the FRT core sequence is 8
nucleotides in length and the flanking inverted repeat sequences are 13 nucleotides
in length (Volkert et al, op. cit.). However the FRT site recognised by any given

FLP protein may be different to the 2pum plasmid FRT site.

REPI and REP2 are proteins involved in the partitioning of plasmid copies during
cell division, and may also have a role in the regulation of FLP expression.
Considerable sequence divergence has been observed between REPI1 proteins
from different 2pum-family plasmids, whereas no sequence alignment is possible
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10 fragments of REP1 and REP2 will usually have at least 5%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%,90%,95%, 98%, 99%, or more,
homology with a REP1 and REP2 protein, respectively, as encoded by
one of plasmids pSRI, pSBI, pSB2, pSB3, pSB4, pSMI, pKD1, pPM1 and
the 2m plasmid. 15 The REP1 and REP2 proteins encoded by the ORFs
on the plasmid must be compatible. It is preferred that the REP1 and

Bt prRiEns frauarihdsequenoas offfEtER RandREP? pisiaids. erecfdadd

he s turally occurring 2m-family plasmid, as SBI, .
R R RV REY oV Ss BF el B SR eps
tagaantsythare ot Phadndmi-ipsRly, P8BMichPCaIyBRMSIBESISM 1, pKDI,
inverted ri@‘eat sequences. The inverted repeats may be any size, so

RInY LA e A oM ke BRI seIsI0gY). nk tHiRSHe Hes@ats-

aarivpicaly, highly: hampiegasise Thel spaysharg i gigated hasmaPw.Afkese
70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5% or 25 more_ .
BER e RERAigrofiRsHeratiad ningediihdhi #esFardmiritR). Fopsaanss
e Mvered ropRAP Ria EREPDaiWaRRAVRIEA, 1R BRctuiangtiadpeieniadn
inverted. repeat sequences may each have a length of from 200 to 300

BRes08ttdfod e a6BG stb Bt seBaetbsiEYRtidtros BRI 7 AR EcoPY

8nkmaBe0 40 B8 hemat K3ikoalRAHL yRatisuballiiphefsiied iaviargthnd
repeats are those of the plasmids pSRI 9 (959 bpé, %SBl 9(675 bp%]%SBZ

(FEPEPRY PSRN Ba1MRTFSME psed B hkbiEarsae bh) the S Plasmitl:

6698, bpYo PRBA 80RPM%, I SEINICoeas 6f adNNeed ¢ raaisREP band

varied. However, the sequences of 5 the FRT site in each inverted repeat
c

S APEELBrIRASENth e RpatsrdRy 8Reucd PREsmRdndtel By B2
fenplasswid, seaiebyrDensbie thaemearad Flknfrotein to act to catalyse

the site-specific recombination between the inverted repeat sequences of
the plasmid. Recombination between inverted repeat sequences (and

this epability ®fthe HiRpioteRsademgnisedreERBE stepmithid must be
compatible. It is preferred that the REP1 and REP2 proteins have the sequences of
REP1 and REP2 proteins encoded by the same naturally occurring 2pum-family
plasmid, such as pSR1, pSB1, pSB2, pSB3, pSB4, pSM1, pKDI1, pPMI and the

2um plasmid, or variant or fragments thereof.

A 2um-family plasmid typically comprises two inverted repeat sequences. The
inverted repeats may be any size, so long as they each contain an FRT site (see
above). The inverted repeats are typically highly homologous. They may share
greater than 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5% or
more sequence identity. In a preferred embodiment they are identical. Typically
the inverted repeats are each between 200 to 1000 bp in length. Preferred inverted
repeat sequences may each have a length of from 200 to 300 bp, 300 to 400 bp,
400 to 500 bp, 500 to 600 bp, 600 to 700 bp, 700 to 800 bp, 800 to 900 bp, or 900
to 1000 bp. Particularly preferred inverted repeats are those of the plasmids pSR1
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10 the plasmid) can be determined by methods known in the art. For
example, a plasmid in a yeast cell under conditions that favour FLP
expression can be assayed for changes in the restriction profile of the
plasmid which would result from a change in the orientation of a region of
the plasmid relative to another region of the plasmid. The detection of
changes in restriction profile indicate that the FLP 15 protein is able to

(QGQQIIiS@BﬁlF(RWS%ﬁe)S il’ﬁ?Bﬁ%(BWShﬁd afd iheefdip) tpstMHe(BR TbpiteKD1
|nve rep ar |th t ecificity of the FLP protein
%&‘}2&5‘})&) %ﬂ’(ﬁ @?E@n Ah())/r erd embodiment, the
sequences of inverted repeats, 20 including the FRT sites, are derived
Egm the same 2m faml‘%g smid as the, ORF, e ing the FLP protein,
E LR OhEIE 1N KERY THRBS BeBaC yaif TG SiFESsHOf
asrRd. sTled invetidd vepahisre le@aﬁmmﬁdewhnh&&pemw of
las such . 25 that the two re ed between the inverted
e et R TRl G DTS S Bl iled FLP
pppedixitakely tsinciial iz ahexdledipg i fix ogeombaivitioirositced s e encased
such as transgenes. For e le, one of the two regions ma
TSt SEUIGAGAT £ 20 ol aHE: sobS B AOR, SBOHCcGoovBRsR cfepeat
mqrentm; tadd s dfetiabilapgththé ﬂFIePopln@eregdmecaghlﬁ ARfaridys with
erd t?/ |ca|}%/b ? rlsest e?ORF h %eodes F P and olge inverted
SR Al E Ny lefred ™R b dstngtisH R oM the Veragr' e @
[ﬂﬁﬁﬁidl’ll’lﬁlt}@lﬂd:d:ﬂll inelarecdiphtiagksathhi) ﬁMapEwobnpﬂaselmmmabe asdingtd
r C %:ugg%t% 3 dlsttrafét?gd Of ile I(:)% the Rf: Wi W 8%' E{Vr%nlllrll%gfrom a
coding sequence, S B30t exant e as seeni plasmi 3
chalige ihitheoniextvienné arreglereoﬁthé tﬂﬂesﬁhEP fa]aﬂ?ve ppasitehier tlgienf
from.whic r er initiates its transcri t|on In.a preferred
R T g o e, 1 R AR R that he FLP
protem is able to recognise the FRT sites in the plasmid and therefore that the FRT

site in each inverted repeat are compatible with the specificity of the FLP protein

encoded by the plasmid.

In a particularly preferred embodiment, the sequences of inverted repeats,
including the FRT sites, are derived from the same 2um-family plasmid as the
ORF encoding the FLP protein, such as pSR1, pSB1, pSB2, pSB3, pSB4, pSM1,
pKD1, pPM1 or the 2um plasmid.

The inverted repeats are typically positioned with the 2um-family plasmid such
that the two regions defined between the inverted repeats (e.g. such as defined as
UL and US in the 2um plasmid) are of approximately similar size, excluding
exogenously introduced sequences such as transgenes. For example, one of the
two regions may have a length equivalent to at least 40%, 50%, 60%, 70%, 80%,
90%, 95% or more, up to 100%, of the length of the other region.
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10 A 2m-family plasmid typically comprises the ORF that encodes REP2
and the other inverted repeat (arbitrarily termed "1R2" to distinguish it
from IR1 mentioned in the previous paragraph) juxtaposed in such a
manner that 1R2 occurs at the distal end of the REP2 ORF, without any
intervening coding sequence, for example as seen in the 2m plasmid. By
"distal end" in this context we mean the 15 end of the REP2 ORF opposite
e herendhdignplaiiad tyeipatignotenphittateldtOREamsarigii@ale IR and one
embodjment, t?e ORF encoding REP2 and FLP may be present on the
LA b B T YGRS c R e U SH e FTaHRS Ghesingtrecd

%peamma&f@mdwplamdxmeﬁgfeg@qmapmdh@ Riggen ahsmat &hzﬁf IRl
the regio re is ze between the two regions).

S eAb i Hei e L TR VA5 A P R DR AT e
mxﬂmﬂegmefmm@t@rgu%ﬂmalInymirﬁgicaﬁa defingd kelbeaendhean

mverted repeats such as defined as UL and US in the 2m plasmid)
Hiaothaaify béé?%ﬁ RREPRBR I 515k fERsPeWiHGh B PEBBEABILLES its

ganesiiaire NEOY @ abrAieitntbadiiueatians disthPcatdblahBIMEDRICE Bflaps
the 2m-family plasmid as a multicopy plasmid. Thus in a 30 preferred

SiBottiment, one region of the plasmid defined between the inverted 11
repeats may comprise not more than the ORFs encoding FLP and REP2;
FLP and REP1; or REP1 and REP2, as end&a{enous codin %gence A

Al ISP i BAl s ah BRGTRBf has) krigdihe

Bthe? %v&%@n%ﬁ@&s'bﬁfﬁﬂﬁ?ﬁ NgepR@HeENHeY” W%ﬁtﬁﬂ@l!ﬁih'sﬁyﬂ(%ﬁi'yml
bidirectional. Any appropriate ARS sequence can be present. Consensus

SuieREd dryRiceicaf oY RSt AHRBM IS MR SHgh 8 6P ra Pl R Boccurs

appronriate dRreacheralpd Wy, Q@dﬁoﬁpﬁwlﬁﬁfb%l ml@%&@, for
47, 1165-1174; Williamson, Yeast 1985, 1, 1- 14 eferred ARSs

ﬁ?@mthﬁ)g@i&méwﬁghpbgplﬂ BB 1&9]3@%313@15 context we mean the

end of the REP2 ORF opposite to the end from which the promoter initiates its

transcription.

In one embodiment, the ORFs encoding REP2 and FLP may be present on the
same region of the two regions defined between the inverted repeats of the 2um-
family plasmid, which region may be the bigger or smaller of the regions (if there

is any inequality in size between the two regions).

In one embodiment, the ORFs encoding REP2 and FLP may be transcribed from

divergent promoters.

Typically, the regions defined between the inverted repeats (e.g. such as defined as
UL and US in the 2um plasmid) of a 2um-family plasmid may comprise not more
than two endogenous genes that encode a protein that functions in the stable
maintenance of the 2um-family plasmid as a multicopy plasmid. Thus in a
preferred embodiment, one region of the plasmid defined between the inverted

11
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10 pSB4, pSM1, pKD1, pPM1 and the 2m plasmid. Thus, a preferred
2m-family plasmid may comprise ORFs encoding FLP, REP1 and REP2,
two inverted repeat sequences each inverted repeat comprising an FRT
site compatible with the encoded FLP protein, and an ARS sequence.
Preferably 15 the FRT sites are derived from the same 2m-family plasmid
as the sequence of the encoded FLP protein. More preferably the
sgguencey obtherice codetRRERD tiedIRER 2npreliein$aPeade riRiep2fr dioPthed

@B‘f"%r - Ewlgﬁmﬁ gg(gl%%r%eother. ven more greferably, the FRT

Nnoyus cQding sequence.
es are derived from the same Zm- amﬁy rﬁasﬂudnas the sequence of
the encoded FLP, REP1 and REP2 proteins. Yet more 20 preferably, the

equences.pf the ORFs encoding FLP, REP1 and REP2, and t%]e
B R R A S S R Er el el FomGA P Al bag v s
frormtinensacne] 2 mefaoaiin plasand cEurthsnprehior ARpisiEyayiteetional.

erived from the e 2m-famil glasmid as one or more of the ORFs qf
5. REISRTA AEp 5 TR T L BHES"hf (e EHEA GRS typical of

sieaiudingnioecnRT @iigia}. @5rdpiedeon nusrivedfpooprinel (Besdequendes?,
ing an idgntical sequence to the, sequ from which they gre
S S QA PG TrA Fa HERRSR S0 458
alsb idgludtedefrad exdtspie;lade fhéy@dyatatual/fingna sk Lep®B | dpsiBed pSB3,
from the FLP gene of the 2m plasmid may have a modified promoter or 30
85%4@%1183@%@&%\4@@%%62”@3 PYAFRIof the naturally occurring
gene. 12 Additionally or alternatively, an FLP gene having a sequence
derived from the FLP gene of the 2m plasmid may have a modified

iR SR SEderttB 1Y BRERS A G ARRIE YRR RSA5 b B Fh & EP
SANRIPOLRINAS T BRAFA PRI OFEAHEIRG: PR RV QLN B ACASIS R ALifieAR T

FLP protein. The same considerations apply to 5 other sequences on a

ST AR s i HAG Ay A e s deifvaBdhsh AR arH emsr s durderably
Retiogal@ 2r-fRmivariasmidmanconpisea yedimierivest fequdhe: of
gl-gBencoded FLP protein. More preferably the sequences of the encoded REP1
and REP2 proteins are derived from the same 2um-family plasmid as each other.
Even more preferably, the FRT sites are derived from the same 2um-family
plasmid as the sequence of the encoded FLP, REP1 and REP2 proteins. Yet more
preferably, the sequences of the ORFs encoding FLP, REP1 and REP2, and the
sequence of the inverted repeats (including the FRT sites) are derived from the
same 2um-family plasmid. Furthermore, the ARS site may be derived from the

same 2um-family plasmid as one or more of the ORFs of FLP, REP1 and REP2,

and the sequence of the inverted repeats (including the FRT sites).

The term “derived from” includes sequences having an identical sequence to the
sequence from which they are derived. However, variants and fragments thereof,
as defined above, are also included. For example, an FLP gene having a sequence
derived from the FLP gene of the 2um plasmid may have a modified promoter or

other regulatory sequence compared to that of the naturally occurring gene.
12
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region (also known as REPS) of the 2m plasmid, as defined in Volkert et
al, op. 10 cit. The STB region in a 2m-family plasmid of the invention may
comprise two or more tandem repeat sequences, such as three, four, five
or more. Alternatively, no tandem repeat sequences may be present. The
tandem repeats may be any size, such as 10, 20, 30, 40, 50, 60 70, 80,
90, 100 bp or more in length. The tandem repeats in the STB region of
thédamoiAg nidadweG2i gyin dengiP, Keasenbivibgesserniahter dagved from the
ences of the tandem repeats to be identical. Slight sequence :
TGO 0 B 2B A TP e SO ST Aol e
trpen thadisgmMamiasiiich asgitirioos BaikRehdhedtmP1sand R O&Ricarring
The STB region is, thought to cis-acting element and preferably is not
B I 50 G RS AR ot T cBASGRGH appty T
adiditicegh Aty thatengetlesnalproteimiatifingtionsiudhecstbieed from a
maintenance of the 2m-family plasmid as a multicopy plasmid. The
RAIELIRLPRYEEEIN can be designated RAF or D. ORFs encoding the RAF
or D gene can be seen on, for example, the 2m plasmid and pSMI. Thus
a RAF or D ORF can comprise a sequence suitable to encode the 25

lefisnn Produt B e iR Apas sl aae (ORRPE Bt daeidbytHEI M BRI STB
g%B% NS VRNANER ﬁEﬁHﬁSﬁ%ﬁ@%‘iﬁgKﬁ%ﬂ‘% Jaiivis A0 Iagnentsp.

he protein products of the RAF or D genes of the 2m plasmid or pSMI
aie dibo ShBluednintthe2presentiinv@asion] O thgimeemtaanady akamesofwo
e protei 0 F . I id
i S s s e e R
thetmatire ORE| sowotcaSizroppthestadlbertunidenpy praintemaheamnf she,

plagmid Within aeuiRtlE ¥8Rsh %?;Ob;}i%g 0%%%2 3@55}%3 joleggz /gagggqyﬁaem

will usually have at lIéast’5%, 10%, 20%, %,
854 90Ro 185 YT D841 909, tendpre, Plosulbgyenith theampieteith préductnot

of e RAL, of Dogens, QREs gncadpd oy the 2m plaginid of 5;:!’15%' sduence
naturaﬁy occurrlnaufm-?amlly plasmi maPy e pre erred. A natura y
variation can be tolerated. It may be preferable to select an S7B region from the

same plasmid as either or both of the REP1 and REP2 ORFs. The STB region is

thought to be a cis-acting element and preferably is not transcribed.

Optionally, a 2um-family plasmid may comprise an additional ORF that encodes a
protein that functions in the stable maintenance of the 2um-family plasmid as a
multicopy plasmid. The additional protein can be designated RAF or D. ORFs
encoding the RAF or D gene can be seen on, for example, the 2um plasmid and
pSM1. Thus a RAF or D ORF can comprise a sequence suitable to encode the
protein product of the RAF or D gene ORFs encoded by the 2um plasmid or
pSMI, or variants and fragments thereof. Thus variants and fragments of the
protein products of the RAF or D genes of the 2um plasmid or pSM1 are also
included in the present invention. “Fragments” and “variants” of the protein
products of the RAF or D genes of the 2um plasmid or pSM1 are those which,

when encoded by the 2um plasmid or pSM1 in place of the native ORF, do not
13
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occurring 2m-family plasmid is any plasmid having the features defined
above, which plasmid is found to naturally exist in yeast, i.e. has not been
recombinantly 10 modified to include heterologous sequence. Preferably
the naturally occurring 2m-family plasmid is selected from pSRI

(Accession No. X02398), pSB3 (Accession No. X02608) or pSB4 as
obtained from Zygosaccharomyces rouxii, pSBI or pSB2 (Accession No.
NiGupO 205 Stasld/ iBR7ehplgotimasenbteined frenpldygdsadtharomyicgse yeast

bailli, pSMI (Accession No. I\tC 002054).as obtained fr 1(?
Bl SR e AL R Byl 20%

Bbtairedcir6a% Ke0Jierohyse% dv0sapiiitar 98rop PMA, tromdichiamology with
embranaefaciens or preferably, 2m plasmid (Accession No.

PRS0 8Oy SO A9 AT B e o A R e G gzard or
Asnession numbers in this paragraph refer to NCBI deposits. 20 The 2m

plasmid (Figure 1) is a 6,318-bp double-stranded DNA plasmid,
endogenous in most Saccharomyces cerevisiae strains at 60-100 copies

pernhaplnid genafes ThermpiBspidaamprisestz sprefbuaiue AURturally
region and a large unique (UL) region, separated by two 599-bp inverted

REpEET SeqHBNEEB! P SitmidoscHiY RIETRIBIRAYIGS ditHeatwer e Rededitove,

%@Hé&%%ﬁﬁ&%{'fédﬂd MR ERAYRISIAN E?%E’l.@?%a%‘ff&%&ﬂ%@ﬂ%h%tly
the plasmid in vivo (Volkert & Broach, 1986, Cell, 46, 541). The two forms

srosifiedier Snlpils thelvelaamusoitaneaisn ditierrbividhe regieHy, pqcurring
WhilgRM) SAAURREING &ﬁ@cfé@nﬁg&%@i@ﬁrgmc&@&%ﬂ)hnﬂwn RI5R), frgm3

Saccharomyces cerevisiae gave a size of 6,318-bp (Hartley and

Ossrsern DoBOXIRGXIe0n88B6m), cbtiaated|ifiony Sxsmers/atantsces 2amuwil,
§§B¥ NG SBE A& SKHIAMAJ OreeiSH 3% 5T @3l P& SR SRl GHopsi Afed from

25-bp and 220-bp, respectively, in 5 a region known as STB (Cameron et
ahsagrehmiaer wsids e S T 420eqsrpr N0 1563 00 HN Bsaughtaingd from

LVIBOSLOR S AV e A PR IDEHA BGRG R I RD3961) as obtained from
Kluyveromyces drosophilarum, pPM1 from Pichia membranaefaciens or, most
preferably, the 2um plasmid (Accession No. NC_001398 or JO1347) as obtained
from Saccharomyces cerevisiae. Accession numbers in this paragraph refer to

NCBI deposits.

The 2um plasmid (Figure 1) is a 6,318-bp double-stranded DNA plasmid,
endogenous in most Saccharomyces cerevisiae strains at 60-100 copies per
haploid genome. The 2um plasmid comprises a small unique (US) region and a
large unique (UL) region, separated by two 599-bp inverted repeat sequences.
Site-specific recombination of the inverted repeat sequences results in inter-
conversion between the A-form and B-form of the plasmid in vivo (Volkert &
Broach, 1986, Cell, 46, 541). The two forms of 2um differ only in the relative

orientation of their unique regions.
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76, 3727). In one study about 80% of natural Saccharomyces strains from
around the world contained DNA homologous to 2m (by Southern blot
analysis) (Hollenberg, 1982, Current Topics in Microbiology and
Immunobiology, 96, 119). 10 Furthermore, variation (genetic
polymorphism) occurs within the natural population of 2m plasmids found
in S. cerevisiae and S. carlsbergensis, with the NCBI sequence

WecksEdIMNLEbacE_ 101 398)dae Moo peaeiaEiB o The2m lasepid) fasnm

nuclear localisation and displays a high. level of mitotic 15 stabiit
T Ao R I ey SLERo ueY %) e Yool 380-
slahilty 286ha@m pidsmidi sagy/tsnitdrR) & piRsNIdEDEaTeSkFEPHAUSAPS! are
amplification and partitioning mechanism, which can be compromised ]
HORNYG tRex v bpmdhobsathilsietivasierd tPtheRar §20de: romecyvely. in
Baciasitkndwi 24873 Bashidtal & Ruiso¥984Monatghrie fir (Zhemigkuchi,

115, 1229). A yeast strain, 20 which contains a 2m plasmid is known as

BT il 356kt apdibiviRRiPRok ARG ot AT Ao Piamiaad idwhisA:

@8, (e} 7T henldberemion plothesdno plasmieh Contahasihe REfRRiand&kPiround
enes, and the UL-rjqu)n contains the REP] and D (also known as RAE)

Qeoride wpEiRsCLP DD ahMREEPIintef FéNc A EFBSEh RIgtiaaalysis)
@ﬁ@ﬁe&gﬂ%%sﬁ%ﬁ%@? BYQRN: F9B1 0P lfelin RiRloLwo 25§ D6 TH)).

FlIp recombinase binds to FRT-sites (Flp Recognition Target) within the
PEREEENPED e afartRtiRfb dfgEn it - EMErRBISSM b pRatish, WHIER i saatmpl

fRsphaitea! H??lﬂi%l%@ﬂﬁ’ﬂiﬂ%@n% g consielab Rlasnid AoRY-PHMPER it the
vivo (Senecoff et al, 1985, Proc. Natl. Acad. Sci. U.S.A., 30 82, 7270;

DyBF2aeue0es(PeeesiNaiumbatNScOIQ 39N bgpgrarsxamplcopy 15
number of 2m-family plasmids can be significantly affected by changes in

Flp recombinase activity (Sleep et al, 2001, Yeast, 18, 403; Rose &
BhsadtmiploomiN ot s wicaynetalisggor 3yl tisplRiep Argh Reis? prateingc

aeiate @\'féa[@i%t Sﬁ@f‘%j%ﬁo‘?‘%‘?ﬁ‘;@%r@i&@ 9%%8%}9%9%9% The
Sengupta et al, 2001, J. 5 Bacteriol., 183, 2306). They also repress
irdesoriptidnlof thetkd PugepkyRelreslds from a plasmid-encoded copy number
amplification and partitioning mechanism, which can be compromised during the
development of chimeric vectors (Futcher & Cox, 1984, J. Bacteriol., 157, 283;
Bachmair & Ruis, 1984, Monatshefte fiir Chemie, 115, 1229). A yeast strain,
which contains a 2um plasmid is known as [cir'], while a yeast strain which does

not contain a 2um plasmid is known as [cir"].

The US-region of the 2um plasmid contains the REP2 and FLP genes, and the
UL-region contains the REPI and D (also known as RAF) genes, the STB-locus
and the origin of replication (Broach & Hicks, 1980, Cell, 21, 501; Sutton &
Broach, 1985, Mol. Cell. Biol., 5, 2770). The Flp recombinase binds to FRT-sites
(Flp Recognition Target) within the inverted repeats to mediate site-specific
recombination, which is essential for natural plasmid amplification and control of
plasmid copy number in vivo (Senecoff et al, 1985, Proc. Natl. Acad. Sci. U.S.A.,

82, 7270; Jayaram, 1985, Proc. Natl. Acad. Sci. U.S.A., 82, 5875). The copy
15
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etal, 1987, Mol. Cell. Biol., 7, 3566). The FLP and REP2 genes of the 2m
plasmid are transcribed from divergent promoters, with apparently no
intervening sequence defined between them. The 10 FLP and REP2
transcripts both terminate at the same sequence motifs within the inverted
repeat sequences, at 24-bp and 178-bp respectively after their translation
termination codons (Sutton & Broach, 1985, Mol. Cell. Biol., 5, 2770). In
th&nbas?bﬁﬁhpfathﬁ}cplasmiﬂaloaﬁdie@i@eﬁﬂ@m@ alffedies wythimiiges in Flp
inverted 15 repeat sequence. Fu Ibermore, the two.in erte%ér eat

EETAHERR NG O oct S B6rb e okt ragh. 1990
atvapliaOERYS e, effigfem PlpsnTibe rRppcadian ReplapiptifiaatioadiateiVislasmid
although only the FRT-sites (less than 65-bp) are essential for

SO SR SRR T TGS (LB s O RSl ¢ Akt

Bot:rk}ribl A1832 2306)); Thyaeaso,rdi8ss RaacciyaibnAdatie $EIPYehdAR&tholds
82, ; er-Leop.ef al, , Cold Spring Harbor Symposia On
6&5\?@&%’/\@/?%5823/& WJ?Q%?% e key catalytic residues of Flp are
arginine-308 and tyrosine- 343 (which is essential) with strand-cutting
facilitated by histidine-309 and histidine 345 (Prasad et al, 1987, Proc.
B‘a.%&nécﬁfiﬁ%&e{lm?g%%ﬂbnlana, TG0, Ba7 Erairsat

platho2@Q 1 wdiMplp Bikly3dd iftkRe gl Vg femetigpah o Bainsartem. The
described in Rep2. Residues 15-58 form a Repl- binding domain, and

fe<datd 8650l WSRERN HUBIHLUBRIEMR NSRS BeBRaRTg LY b ithin the
(Pengupiepeiale@0ted. Badteyolnd 838-3p08)pd&iCHIyNEYE aidiargenslation

deletion, mutant derivatives of 2m which lack mq%?g of the_ essential

FEHBHBHN EASAS SIS i d Hine Ui HE RiRctional € element

ARS and STB, cannot effectively partition between mother and daughter

ells at cell divisign. Such plasmids ¢an do so if these functions are .
i‘[‘J fiédh tﬁiﬁgs% éll?ﬁ@fgﬁ &4 %FS@@Bﬁeﬁ?éof&ﬁét%ﬁ%me inverted
plpsmnideyiibiodthe nogiersuab, ag@ [0io] ioskted repeat sequences are highly

conserved over 599-bp, a feature considered advantageous to efficient plasmid
replication and amplification in vivo, although only the FRT-sites (less than 65-bp)
are essential for site-specific recombination in vitro (Senecoff et al, 1985, Proc.
Natl. Acad. Sci. U.S.A., 82, 7270; Jayaram, 1985, Proc. Natl. Acad. Sci. U.S.A.,
82, 5875; Meyer-Leon et al, 1984, Cold Spring Harbor Symposia On Quantitative
Biology, 49, 797). The key catalytic residues of Flp are arginine-308 and tyrosine-
343 (which is essential) with strand-cutting facilitated by histidine-309 and
histidine 345 (Prasad et al, 1987, Proc. Natl. Acad. Sci. U.S.A., 84, 2189; Chen et
al, 1992, Cell, 69, 647; Grainge et al, 2001, J. Mol. Biol., 314, 717).

Two functional domains are described in Rep2. Residues 15-58 form a Repl-
binding domain, and residues 59-296 contain a self-association and STB-binding

region (Sengupta et al, 2001, J. Bacteriol., 183, 2306).
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Genes of interest have previously been inserted into the UL-region of the
2m plasmid. For example, see plasmid pSAC3U1 in EP 0 286 424 and
the plasmid 10 shown in Figure 2, which includes a (3-lactamase gene
(for ampicillin resistance), a LEU2 selectable marker and an
oligonucleotide linker, the latter two of which are inserted into a unique
SnaBI-site within the UL-region of the 2m-like disintegration vector,

phALeBi(see IR D 2B&idRdnuthe egolitbds obewaenting Xbrlaieg tfathe
contains the ampicillin resistance gene is lost from the plasmid 15 shown

YRyl Bugtianah ResRsafbritho@aglashid ibtetABethin BIRRIRRK, cis
EHinabhffa R8s Sl Gansteiiddiand B R 286424 MUiREe dheSRughter

ypes of vectors are designated "disintegration vectors". Further

t
polsricreblidi R ridwd e Bid ittt soNbiheife WREHIADS Rk pBlisd in
gk, 1OMbr BiRIeNAlepr dNsYon & 183AcAOAItSHAISIAREWRRISIES Hbst,

2m plasmid are known in the art, including those ‘described in Rose &
Biefaeh 41900 hothods Enzymol., 185, 234-279), such as plasmids
pCV19, pCV20, CV"e0, which utilise an insertion at EcoRI in FLP,

plasmids pCV21, pGT41 and pYE which utilise EcoRlI in D as the insertion
Sirmes Db dertat fHKBBEVIRTCH Uit snsaitierh Ditadhadihsigion sitdhe 2um

plasmid pﬂ&%&%ﬁﬁﬁ@?@&‘ﬁﬂ%ﬁ%@ﬂ@ﬂ%@% H36 A0,56R! flBmid

plasmid pJDB219 in which Pstl in'D and EcoRlI in FLP are used as
Hwartion SiwyeplasrhidhGadudsiasithpamag: which({rilisapiailingesiivanae),
lali ' . ' T n .
S RGN0 A% A UDABROLTRR e BRL AT whicn
Bt YdQenbichntices EoofRe idHH-sgetheithserthen SiteredigOtifertt2n2um-like

B R PSS, R At S B e B R ety
XBG1-42ds avthdt Chineinys &dinoiiifa] {1 389sGoee. Gomaets, b6 PbiRAShwipllamid
A8 esrRed PaheFagh 6 SRAR IR AR 2D BRSNS ERinery &
Hinchliffe, 1989, Curr. Genet., 16, 21 and EP 0 286 424, where these types of
vectors are designated “disintegration vectors”. Further polynucleotide insertions

can be made in a Notl-site within a linker (Sleep et al, 1991, Biotechnology (N Y),
9, 183).

Alternative insertion sites in 2um plasmid are known in the art, including those
described in Rose & Broach (1990, Methods Enzymol., 185, 234-279), such as
plasmids pCV19, pCV20, CV,e, which utilise an insertion at EcoRI in FLP,
plasmids pCV21, pGT41 and pYE which utilise EcoRI in D as the insertion site,
plasmid pHKB52 which utilises Psfl in D as the insertion site, plasmid pJDB248
which utilises an insertion at Psfl in D and EcoRI in D, plasmid pJDB219 in
which Pstl in D and EcoRI in FLP are used as insertion sites, plasmid G18,
plasmid pAB18 which utilises an insertion at Clal in FLP, plasmids pGT39 and
pA3, plasmids pYT11, pYT14 and pYTI11-LEU which use Pstl in D as the
insertion site, and plasmid PTY39 which uses EcoRI in FLP as the insertion site.
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5 plasmids include pAYE255, pAYE316, pAYE443, pAYE522
(Kerry-Williams et al, 1998, Yeast, 14, 161-169), pDB2244 (WO
00/44772), and pAYE329 (Sleep et al, 2001, Yeast, 18, 403-421). In one
preferred embodiment, one or more genes are inserted into a 2m-family
10 plasmid within an untranscribed region around the ARS sequence. For
example, in the 2m plasmid obtained from S. cerevisiae, the

nh@aBonibgasregio maialdnss ATS AFS3 c8qUe pSA EIEDdsFram GNP SAR1 0,
D gene to the beginning of A sequence. Insertion into SnaBl. (near the
B 5 et ah NG RAS I oSt RSP E AR b 256
4989%Kauchinenets 18i2chizFe Thoskilled 15 persan W) ayippsgiatd@idiatalso
aene insertions can also be made in the untranscribed region at

BiGHBEAE posilonts Y ARE WndBreheaie st dBSHUORIRER) & FufHgIfeD
Inanetanorefepad enimgnrent RERLANMUBLPAOEReD G2 Feiilins ef
plasmid 20 each have an inverted repeat adjacent to them, and one or
Alord Yerledsird hd&telPAhBAP 2N &d(érﬁ&%ﬁﬁﬁ fHeYEioh(Sleep ¢!
hetwgan thesfirs bage aftgr the last functional codon of either the REP2
gene or the FLP gene and the last base before the FRT site in the
inverted repeat adjacent to said gene. The last functional codon of either

MREP D @eNR0MbbM HaNe dndhg eastensihibarRPrRearing fremerh@ily

the gene that is furthest downstream from the promoter of the gene whose

RiptEEd ety h wprestibervingiendiorad theabdepesBrensss dor example,
MUkicopy, $RLHIR ebihaddassids asAsngd heraiRydiusudippHRNRbund

the REP2 or FLP genes at any point downstream of the last functional
s Rip spgiernge rtendsinsenicmdfd petyRucrstide Segbegieais@iiaRS
delgun orausiaan Wil B9t R0, /eRd &righ \WPaERRRIABIE 49%&9& ARS) is

multicopy stability of the plasmid. 18 For example, the REP2 gene of the
desopibesnia Eannseyafsrikbeebldfter 530t 8T dneidratihe2itP gehleotkiiied

EE’ﬂsBlﬁ%Fﬁidaﬁgfk&gtg iﬁ{é{p%@geaﬁ%rﬁ%qgQél“'élﬂ&%hm\ﬁ’éf@g%l?e 088 Qfscribed
multicopy stability of the plasmid. The last functional codon in
region at neighbouring positions to the SnaBI site described in Chinery &

Hinchliffe.

In another preferred embodiment, REP2 and FLP genes in a 2um-family plasmid
each have an inverted repeat adjacent to them, and one or more genes are inserted
into a 2um-family plasmid within the region between the first base after the last
functional codon of either the REP2 gene or the FLP gene and the last base before
the FRT site in the inverted repeat adjacent to said gene. The last functional
codon of either a REP2 gene or a FLP gene is the codon in the open reading frame
of the gene that is furthest downstream from the promoter of the gene whose
replacement by a stop codon will lead to an unacceptable loss of multicopy
stability of the plasmid, as defined herein. Thus, disruption of the REP2 or FLP
genes at any point downstream of the last functional codon in either gene, by
insertion of a polynucleotide sequence insertion, deletion or substitution will not

lead to an unacceptable loss of multicopy stability of the plasmid.

18



10

15

20

25

30

5 equivalent genes in other 2m-family plasmids can be determined
routinely by making mutants of the plasmids in either the FLP or REP2
genes and following the tests set out herein to determine whether the
plasmid retains multicopy stability. 10 One can determined whether a
plasmid retains multicopy stability using test such as defined in Chinery &
Hinchliffe (1989, Curr. Genet., 16, 21-25). For yeast that do not grow in
the non-selective media (YPD, also designated YEPD) defined in Chinery

Hinchliffe (198 .G ., 16, 21-25 h iat -
e B R e R R R R % cppon 59
pRdceatane Abregdsremanmcppeiotinpbia oy digrleciaklecomikenafi@ich

a defined number of _generations. The number of generations will

Bridherpnjase elimeibntry shoWiy offasarlaenydiERnlastomdigplsrafen in
SHER ASRIALASRRRASEATa A SROMSCOMNEY UL SR IRIHED By

control plasmid. The number of generations may be 1, 2, 3,4,5,6,7, 8,
grakong mufsnts pihe paspeids 20 wathey o 48 GORED 21genes, g dpllgping

a0 8QdQel QUOHEENS- IR MHRLRIRAI& PiRfepIgdnhe-86a6PERRIRopy
plasmid stability might be 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%,

8096Lit%006, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, 99.9% or substantially 100%. Higher percentages are
preferred. The skilled person will appreciate that, even though a plasmid

fPiag et ERIBRyNBSRSR AP ROBYS VRN B HHANRYGHAR 5 arBg Est such
mesdianthahRIARBIY canHihRROf1980 When erlivied & 25elsstivemedidthat

For example plasmid pDB2711 as described in the examples is_only 10%
SraBRS WiIedhithEhe taiits ke H¥temfie 8 Hdordingls Y8 astlof Ekmgtéined in
ol RrgVigde $ith ditifpld (no89ase,in. rerambingit Aransiesin-Pragirepvityeihon-

shake flask culture under selective growth conditions. 30 19 Thus one or

Rbeiyemetiesrigidmar de bl puthiahi he Mt sl ard piBa Rt centage
tenctienalicrdopreldis REReraapeanddhe datikasabetowrthe M Rinbte of

Ignel?grations. The number of generations will preferably be sufficient to show a
difference between a control plasmid, such as pSAC35 or pSAC310, or to shown
comparable stability to such a control plasmid. The number of generations may be
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45,
50, 60, 70, 80, 90, 100 or more. Higher numbers are preferred. The acceptable
plasmid stability might be 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.9%
or substantially 100%. Higher percentages are preferred. The skilled person will
appreciate that, even though a plasmid may have a stability less than 100% when
grown on non-selective media, that plasmid can still be of use when cultured in
selective media. For example plasmid pDB2711 as described in the examples is
only 10% stable when the stability is determined accordingly to test of Example 1,
but provides a 15-fold increase in recombinant transferrin productivity in shake

flask culture under selective growth conditions.
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inverted repeat adjacent to said gene, more preferably between the first
base of the inverted repeat and the last base before the FRT site, even
more preferably at a 5 position after the translation termination codon of
the REP2 gene and before the last base before the FRT site. Additionally
or alternatively one or more gene insertions may occur between the first
base after the last functional codon of the FLP gene and the last base
hhiorend ®thedrik geatidnseativinyarigchrepeatadjaceht tirsabd gesfesr the last
Risieranly bawesn fhe B pase.of thenvered ieneat and thedastpase o,
efore the site, more préferably between the first base after the end
ofhthecE répeadidcan uenael gnoktheotasbiasebhebore ¢the thRTirsitbasuchthe
38,81 fst base gl he end.of dhe Sl Brgoding sequence L5In ge.
pre?erreé gmaboglment, where the m-%amlly plasmid'is based on the
plasionl ofiS. tberevisiaapit isandisinie gration ofetko R Rrgpve aindHeefinte the
for .example, see 286 424. A disintegration vector may be a 2m
éﬁ%{s%lsg g‘é%%ﬁ%oﬁiﬁiéﬁ?g a DNA sequence which is intended to be lost
by recombination, three 20 2m FRT sites, of which one pair of sites is in
direct orientation and the other two pairs are in indirect orientation, and a

BROQIGHIS R FTRISNELY (QURR ARSI EERDINSHEM bMapRcsHbREHgen the

pagteHal apleciablesmatieidntiie said seauepe® e-he daatiheind lncateefore
between the said sites which are in_direct orientation. 25 Thus, the

LsgtiBrcelto Befodb HREs CorRprisk i eib atiid BehrePISI R Ry RiNESD Ahe

prigferted disinearinad/eeHRhCARPIREIRCRRPIBIEAM RBINIH site, more
additionally carrying (i) a bacterial plasmid DNA selguen_ce necessary for

BrofsatRl i it tretdts s pwidharrost: ty Bhlextd Hmsargnsrand the

aid Baselpstallennaier ko) DINA seduenceifar yeasif@nstoenatignnhtheLp
said bacterial plasmid DNA sequence being present and the extra FRT

SREABR Y YRSted at a restriction site, such as Xbal, in one of the two
inverted repeat sequences of the 2m plasmid, the said

In one preferred embodiment, where the 2uum-family plasmid is based on the 2um
plasmid of S. cerevisiae, it is a disintegration vector as known in the art (for
example, see EP 286 424. A disintegration vector may be a 2um plasmid vector
comprising a DNA sequence which is intended to be lost by recombination, three
2um FRT sites, of which one pair of sites is in direct orientation and the other two
pairs are in indirect orientation, and a DNA sequence of interest (such as an E. coli
origin of replication and bacterial selectable marker), the said sequence to be lost

being located between the said sites which are in direct orientation.

Thus, the sequence to be lost may comprise a selectable marker DNA sequence.

A preferred disintegration vector comprises a complete 2um plasmid additionally
carrying (i) a bacterial plasmid DNA sequence necessary for propagation of the

vector in a bacterial host; (i1) an extra 2um FRT site; and a selectable marker
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3C

extra FRT site being in direct orientation in relation to the endogenous

FRT site of 5 the said one repeat sequence, and the bacterial plasmid

DNA sequence being sandwiched between the extra FRT site and the
endogenous FRT site of the said one repeat sequence. In a preferred
disintegration vector, all bacterial plasmid DNA sequences are
sandwiched as said. A particularly preferred 2m plasmid vector has
BatandiaihcthfecpnfiguratiborohpGA R asidhavarial 280 DA k8qhbece

erm "disintegratjon vector" sed herein also jncludes plasmids as
e o DDy EE AL S S R RS A st
itvai], ol enhdhEni2NA G eguerderepeodigiacrey eashpQypeptidaesd, the said
contaj Q bacterial (particularly E. coli) origin of replication, or .
ERERCIARN it B B e B B R RSR B P
DNAdnRIsaid reptat, iemtanmnd NKe SequendegagadingMansygasice being
olypeptides, is yeast-derive A. The term "chaperone” as used.herein
R M A 100 € A B SR ER Lrtethe s
oaafespeer efqeatieer pratginsfanddyismnttetadmbidiog andbZfditiegsesmid
facilitates its correct fate in vivo, be it folding, qligomeric assemb

. | , ]
VA RGNS T AP SO o Em RERR S RS RE fy Hin plasmid

degtadatieibsHeeartinBlycamiaRefion®iHsls0 A Rreieimnats 23¢algad in
protein folding, or which has chaperone activity or is involved in the
unfolded protein response. Chaperone proteins of this type are known in

He %ﬁmﬁéﬂ[@ GithERIAIONE &P %ﬁ‘l?%o%éﬁ%ﬁﬁézfs%@s as defined

http:://db.yeastgénome.org. Preferred chaperones are eukaryotic
ohdfe gk, S569petially preferegatheperoivesiane e ast chaperiondkat, other

BBESES ARG il S e e S R ThBid o
HBRREaS B30 +13 Pa2g ik SR G HHERINS, HESP821e) EleMBblyl, MDU&;terial
NERLMERZ, PO 36,63 PERL, ARG O HDARPAL AT AR T tan

DNA sequence encoding non-yeast polypeptides, is yeast-derived DNA.

The term “chaperone” as used herein refers to a protein that binds to and stabilises
an otherwise unstable conformer of another protein, and by controlled binding and
release, facilitates its correct fate in vivo, be it folding, oligomeric assembly,
transport to a particular subcellular compartment, or disposal by degradation.
Accordingly a chaperone is also a protein that is involved in protein folding, or
which has chaperone activity or is involved in the unfolded protein response.
Chaperone proteins of this type are known in the art, for example in the Stanford
Genome Database (SGD), http:://db.yeastgenome.org. Preferred chaperones are
eukaryotic chaperones, especially preferred chaperones are yeast chaperones,
including AHAI, CCT2, CCT3, CCT4, CCT5, CCT6, CCT7, CCTS, CNS1, CPR3,
CPR6, EPSI, EROI, EUGI, FMOI, HCHI, HSP10, HSPI12, HSP104, HSP26,
HSP30, HSP42, HSP60, HSP78, HSP82, JEM1, MDJI1, MDJ2, MPD1, MPD2, PDII,
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MGE], MRS]], NOB], ECM10, SSA], SSA2, SSA3, SSA4, SSC], SSEZ2,
SIL], SLS], ORM], ORM2, PER], PTC2, PSE1, UBI4 and HACI or a
truncated intronless HACI (Valkonen et al. 2003, Applied Environ. Micro.,
69, 2065) 5 A chaperone useful in the practice of the present invention
may be: a heat shock protein, such as a protein that is a member of the
hsp70 family of proteins (including Kar2p, SSA and SSB proteins, for
EXAMpleRITro1AiRg [ LATENAQ AP, BIA],, SRS /SCRRY IERB2SKEBRANOHS 1,
, & protei tis b t R9Q-family,, or. otgin.that i
VRS R Vb Bl S Dot ihvod h hels wbdetbgors L
.51 SOV inolkiihzy DNR-] abi DN RSE kel [ Bteins (&4 Clemipa Mai2g)ed
15 a protein is.a membe e karyopherin/impgrtin faplil
I NS G R  R R
proteins, for example the karyopherin beta protein PSE 1; a protein that
is a member of the ORMDL family described by Hjelmgvist 20 et al, 2002,
AEHORTECBTTIEAR! 3‘%65{%%%%&@%??%@69@1@%%%@ Bsim2p. a
protein that is naturally located in the endoplasmic reticulum or elsewhere
in the secretory pathway, such as the golgi. For example, a 25 protein
#hat natuinadityshotsk iprtigdusneh of dheceeid aplassnicratibetwhthe Ryp70 family

partlculé’:lfrn%(l)rtle?&cile tolli}/d?ne”%alsr e]céhs%s Pa%h%ﬁcﬁrootg%g,t oartésamg}e Ig)roteins
transme rane protein ancnor In‘the , SU as a ‘membper the

ORMDetrfarnhty big sSisilde & $42HEIAR)\SH6t S§RDAR] SiR2), {foraxiantple]s a
Oorm2p); 5 rotein th ip the cytosol, such as the hsp70 proteins,
nCAIFEGR Sh o a1 b RS RS NS AT he
SSA2, BSR3)-BSfry o5BloaAsSaRived in their modulation (e.g. Sillp),
including DNA-J and DNA-J-like proteins (e.g. Jem1p, Mdj2p);

. a protein that is a member of the karyopherin/importin family of proteins,
such as the alpha or beta families of karyopherin/importin proteins, for

example the karyopherin beta protein PSE1;

. a protein that is a member of the ORMDL family described by Hjelmqvist
et al, 2002, Genome Biology, 3(6), research0027.1-0027.16, such as
Orm2p.

. a protein that is naturally located in the endoplasmic reticulum or
elsewhere in the secretory pathway, such as the golgi. For example, a
protein that naturally acts in the lumen of the endoplasmic reticulum (ER),

particularly in secretory cells. such as PDI
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a protein that acts in the nucleus, the nuclear envelope and/or the 10
cytoplasm, such as Pselp; a protein that is essential to the viability of the
cell, such as PDI or an essential karyopherin protein, such as Pselp; 15 a
protein that is involved in sulphydryl oxidation or disulphide bond

formation, breakage or isomerization, or a protein that catalyses
thiol:disulphide interchange reactions in proteins, particularly during the
miosynthesis«if searetonyantaatauefgeotphotgiohofidCinagherBrejuch as a
disulphide isomerase .LI:FiI . Mpdl 621 homojogues (e.g. Euglp) 20
o TR B PSS R s By B et Ghatke: e
involvedadn gxaigile spatilsis, assembly or folding, such as PDI and Ssalp;
25 a protein that binds preferentially or exclusively to unfolded, rather

than mature protein, such as the hsp70 proteins, including SSA and SSB
proteing piot@ranaple grofehes prsoreddnyaSHA hsp BRg RN bhg SSA
SSB1 and SSB2; 23, a protein that prevents aggregation of precursor
protein&lfh thPcFOLENs siith S PRIGESIE B REACHRR G /S SA P SAS,
SSB protainss§8n exanmpse: proteins encoded by SSAI, SSA2, SSA3,
SSA4, SSBI and SSB2; 5 a protein that binds to and stabilises damaged
proteins, for example Ssalp; a protein that is involved in the unfolded
pro_teinar ERRERC t‘P_l’éPrﬁ’é’tLd bl fiee ir}ﬁ(@l@ﬁ@,d feSighancs QRGNS (3HE2%he
tunicamycin and dithiothreitol) that induce the unfolded protein response,
such a§¥apenbesh P10l ORMDL family described by Hjelmqvist et al,
2002, supra (for example, Orm2p) or proteins involved in the response to
stress (e.g. Ubidp); a protein that is a co-chaperone and/or a protein
MdireclyfRielvelainpRsteH I dnthandbi e U nftdedl proedirmscBBdmgean
(€.9- hsRIQ4Ra1 karyopherin protein, such as Pselp;

o a protein that is involved in sulphydryl oxidation or disulphide bond
formation, breakage or isomerization, or a protein that catalyses
thiol:disulphide interchange reactions in proteins, particularly during the
biosynthesis of secretory and cell surface proteins, such as protein
disulphide isomerases (e.g. Pdilp, Mpd1p), homologues (e.g. Euglp)
and/or related proteins (e.g. Mpd2p, Fmolp, Erolp);

o a protein that is involved in protein synthesis, assembly or folding, such as
PDI and Ssalp;
o a protein that binds preferentially or exclusively to unfolded, rather than

mature protein, such as the hsp70 proteins, including SSA and SSB
proteins, for example proteins encoded by SSAI, SSA2, SSA3, SSA4, SSBI
and SSB2;
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15 Mdjlp); a protein that is involved in the nucleocytoplasmic transport of
macromolecules, such as Pselp; 20 a protein that mediates the transport
of macromolecules across the nuclear membrane by recognising nuclear
location sequences and nuclear export sequences and interacting with

the nuclear pore complex, such as PSE1; a protein that is able to
reactivate ribonuclease activity against RNA of 25 scrambled
sbonuclepisecas dasgibechin agedascidedfipButsddprodkinand tHilgimsdl,
al, 1984, Methqds Enzymol., 107, 281-29 ch I; a protein that
s an S ST LRI -8 K R AP S e ATk
memberofeihe dispd@ifaynsiya ansspreEsab)\ssagsesBeandrsfBErminal
ATP-binding domain and a C-terminal peptide-binding domain, such as
Ssalp. 5 a protein that is a peptidyl-prolyl cis-trans isomerases (e.g.

€pr3p, a G thatleigindhal isshizesalegidgeal o doapeiaijes $eadp;
HsplOp); 10 a protein that is a mitochondrial chaperone (e.g Cpr3p); a
protein that is a cytoplasmic or nuclear chaperone (e.g Cnslp); a protein

Wat is a piershrang-Raundickaperohne (af QunzpiEineiboibe dPpRiRides
that has chaperone activator activity or chaperone regulatory activity (e.qg.
Ahalp, 195415 e8I S A ARGEetn BaRtANurErty BHERMSH Bk dildidhfrilol)

their immatyrafesmHe &Q&ae@ep%w@ﬁrﬁéﬂg&getr%@ﬁoa@@mw&r of the
secretion includingdaroteins regquired for efficient translocation into the

endopl M e des iPER %) IR MG Site! oF a2tiO% witih (RS expmple.
(e.0. PssiplippRsiei thatvsiadayeeddsppratein GRmplex asseipply

and/or ribosome

o a protein that is a co-chaperone and/or a protein indirectly involved
in protein folding and/or the unfolded protein response (e.g. hsp104p,
Mdj1p);

o a protein that is involved in the nucleocytoplasmic transport of

macromolecules, such as Pselp;
o a protein that mediates the transport of macromolecules across the nuclear
membrane by recognising nuclear location sequences and nuclear export

sequences and interacting with the nuclear pore complex, such as PSE1;

. a protein that is able to reactivate ribonuclease activity against RNA of
scrambled ribonuclease as described in as described in EP 0 746 611 and

Hillson et al, 1984, Methods Enzymol., 107, 281-292, such as PDI;

o a protein that has an acidic pI (for example, 4.0-4.5), such as PDI;
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25 assembly (e.g. Atpllp, Pselp, Noblp); a protein of the chaperonin
T-complex (e.g. Cct2p); or 25 a protein of the prefoldin complex (e.qg.
PfdIp). A preferred chaperone is protein disulphide isomerase (PDI) or a
fragment or variant thereof having an equivalent ability to catalyse the
formation of disulphide 5 bonds within the lumen of the endoplasmic
reticulum (ER). By "PDI" we include any protein having the ability to
seactivatertheiiilblentslaasenlssivily againpt/BIiniof, sarampiifgably possesses
ribonucle as de cr'blelg in I;P 0 746 611 and Hillson et ai 1984 .
Method® ENASHBILGY BSiags {REH <k ansyEWRIRBiishinding
catalyzésnthial:sistph&la ipterchange reactions, and is a major resident
protein component of the ER lumen in secretory cells. A body of evidence
suggests that it plays a role in secretory protein biosynthesis (Freedman,

1984, Trends Bioghem. Sci., 9, 438- this i dire
cross-li%ﬁ?]%éesl%u%ﬁé% in &t%e(ﬁ)ﬁ%%%ggé,ﬂi%@?ﬁggﬁg f‘%‘i‘,gzegp r3p,
4179-8€prbp )T he finding that microsomal membranes deficient in PDI

show a specific defect in cotranslational protein disulphide bond formation
(Bulleid and Freedman, 1988, Nature, 335, 649-51) implies that the

e Hosan a2 AR SN A B & e

consistent with what is known of the enzyme's catalytic properties in vitro;
it 20 catalyzes thiol: disulphide interchange reactions leading to net
Brotein®REipR et S Aratforh epderb e R 8 £aRioR):and can typically
catalyze protein folding and the formation of native disulphide bonds in a
wide variety of reduced, unfolded protein substrates (Freedman et al.,
2089, Bipottem tIBods Sympp]BHit 67 nhS2)r PRxpatsadiagtionslps a
chaperone since mutant PDI lacking isomerase 25 activity accelerates
protein folding (Hayano et al, 1995, FEBS Letters, 377, 505- 511).

Recenwpﬁéﬂbﬁ%ﬂs%fﬂaﬂﬁfhrﬁ%&iﬁﬂ'%P&&%@Q%ﬁmw%@%{ted
to be the principal function of Protein Disulphide Isomerase in S.
cerevisiae

o a protein that has chaperone activator activity or chaperone regulatory

activity (e.g. Ahalp, Haclp, Hchlp);

o a protein that transiently binds to polypeptides in their immature form to
cause proper folding transportation and/or secretion, including proteins
required for efficient translocation into the endoplasmic reticulum (e.g.

Lhs1p) or their site of action within the cell (e.g. Pselp);

o a protein that is a involved in protein complex assembly and/or ribosome

assembly (e.g. Atpl1p, Pselp, Noblp);

. a protein of the chaperonin T-complex (e.g. Cct2p); or
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(Solovyov et al., 2004, J. Biol. Chem., 279 (33) 34095-34100). The DNA
and amino acid sequence of the enzyme is known for several species
(Scherens et al, 26 1991, Yeast, 7, 185-193; Farquhar et al, 1991, Gene,
108, 81-89; EP074661; EP0293793; EP0509841) and there is increasing
information on the mechanism of action of the enzyme purified to
homogeneity from mammalian liver (Creighton et al, 1980, J. Mol. Biol.,
842, A3rprsttiieefithaprefadil 288 pRiochenrdng). Trans., 5 16, 96-9;
Gilbert, 1989, Biochemistry, 28, 7298-7305; Lundstrom and Holmgren,
1990, J. Biol. Chem., 265, 9114-9120; Hawkins and Freedman, 1990,
Biochem. J., 275, 335-339). Of the many protein factors curren

tl
ifh pifesadasheraam®ns g iestefistoRiiisl, osearivr ﬁﬂ%ll}rahsﬂro%aﬁ@wfih or
e ABRUIMA N 98% faflhi AR aBRtyE8 The IR AMielligRMreEsulphide

catalytic activity. 10 The deletion or inactivation of the endogenous PD

Hendsity ihip e datmes pf the cpresinlrsiols sftiay imvisbRhdbx. IRIYhae include
30108 RRFRAZERUSINE GEREISAR (RSTRALIARRGHIIRD S EARIVA

isolated from mammalian tissues and the homogeneous enzyme'is a
REfsERIhEd(Phenuetprisiths earabrdistddy Jéigiélm %ﬁ.cblﬁl.'éo(fHﬂls‘dn 84,

e AIBAERBAML)- TORE RNZYME has also been purified from wheat and
from the alga Chlamydomonas reinhardii (Kaska et al, 1990, Biochem. J.,

268, 63-68), rat (Edman et al, 1985, Nature, 317, 267-270), bovine
(Yamauchi et al, 1987, 20 Biochem. Biophys. Res. Comm., 146,
PI85s140&)z haenahi¢Ritypjealigroaatyedes 18T dEMBIId . inffero B399, iyeetsons,

R R S
Yerte briate sleecie sugzovisatmght ddgye ea abode guesace oongenteatio hiosynthesis
R S R e B S B B
mrohsdlenthoge fndies humam< Rotdl thok@ifnom Y883t Bpedies;stry, 26, 4179-82).
The finding that microsomal membranes deficient in PDI show a specific defect in
cotranslational protein disulphide bond formation (Bulleid and Freedman, 1988, Nature,
335, 649-51) implies that the enzyme functions as a catalyst of native disulphide bond
formation during the biosynthesis of secretory and cell surface proteins. This role
is consistent with what is known of the enzyme’s catalytic properties in vitro; it
catalyzes thiol: disulphide interchange reactions leading to net protein disulphide
formation, breakage or isomerization, and can typically catalyze protein folding
and the formation of native disulphide bonds in a wide variety of reduced,
unfolded protein substrates (Freedman et al., 1989, Biochem. Soc. Symp., 55, 167-
192). PDI also functions as a chaperone since mutant PDI lacking isomerase
activity accelerates protein folding (Hayano et al, 1995, FEBS Letters, 377, 505-
511). Recently, sulphydryl oxidation, not disulphide isomerisation was reported to
be the principal function of Protein Disulphide Isomerase in S. cerevisiae

(Solovyov et al., 2004, J. Biol. Chem., 279 (33) 34095-34100). The DNA and

amino acid sequence of the enzyme is known for several species (Scherens et al,

26



10

15

20

25

such as S. cerevisiae. 27 A yeast protein disulphide isomerase precursor,
PDII, can be found as Genbank accession no. CAA42373 or BAA0OO723.

It has the following sequence of 522 amino acids: 5 1 mkfsagavls
wsslllassv faggeavape dsavvklatd sfneyigshd Ivlaeffapw 61 cghcknmape
yvkaaetlve knitlagidc tengdlcmeh nipgfpslki fknsdvnnsi 121 dyegprtaea
ivgfmikgsq pavavvadlp aylanetfvt pvivgsgkid adfnatfysm 181 ankhfndydf
vSaénaedsit Kisiyipsdas dépwyyingkk:adiadadlfedentqvi@8pys 1289, EP074661;

i I eel eeykplftel akkprglmnf vsidarkfgr 10 301
R S R R T g or
aspivkst)eicfengylas igrivigkrih deim oghpickgviv yyapwogtich lixpty@etagddn e
dty dyv liakldhten dvrgvyiegy ptivl k ksesv rslgslfdfi. 48
R o o B o R R I W st T
Y6a80gpeithalisulpdidBisomernase, 28 7EABE730M; HarfolsndrasinG diddarnicen,

SSi 0, CAA . e followin uence of 1in
BT B i e BT A IR . a0 e .
RTaefiapw32D 82fahhakanmyapepukdadtive danittagid oniphgdishmsmrigpfpsikof
fknrdvnpsi,.121 dyegprtaea ivgfmik avayvad lanetfvt pybvasgki
it SRS YRR R R ARSI Rliflso,
atiatatyRKVigyeaipll-@inédeaidghuia gyvesglplg ylifyndeeel eeykplftel
akknrglmnf vsidarkfgr 301 hagnlinmkeq fplfaihdmt edlkyglpgl seeafdelsd
kivleskaie slvkdflkgd 25 361 aspivksqei fenqdssvfq Ivgknhdeiv ndpkkdvivi
RNepdebes ok otapiygslatid? didtyaeatsge hiak diitd rgdvegwyiebysptivtypigghk the

i Idslfdfi, 48 nghf e ee .
S T oH R A ee S REEGE P e g an
Sespaanal géiBenbank accession 30 no. CAA42373 or BAAOO723 first,
the sequence of Genbank accession no.

PDI is readily isolated from mammalian tissues and the homogeneous enzyme is a
homodimer (2x57 kD) with characteristically acidic pl (4.0-4.5) (Hillson et al,
1984, op. cit.). The enzyme has also been purified from wheat and from the alga
Chlamydomonas reinhardii (Kaska et al, 1990, Biochem. J., 268, 63-68), rat
(Edman et al, 1985, Nature, 317, 267-270), bovine (Yamauchi et al, 1987,
Biochem. Biophys. Res. Comm., 146, 1485-1492), human (Pihlajaniemi et al,
1987, EMBO J., 6, 643-9), yeast (Scherens et al, supra; Farquhar et al, op. cit.)
and chick (Parkkonen er al, 1988, Biochem. J., 256, 1005-1011). The proteins
from these vertebrate species show a high degree of sequence conservation
throughout and all show several overall features first noted in the rat PDI sequence

(Edman et al., 1985, op. cit.).

Preferred PDI sequences include those from humans and those from yeast species,

such as S. cerevisiae.
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CAA38402 second) shows that the differences between these two
sequences are a single amino acid difference at position 114 (highlighted
in bold) and that the 28 sequence defined by Genbank accession no.
CAA38402 contains the additional amino acids EADAEAEA at positions
506-513. 1 mkfsagavls wss1llassv faggeavape dsavvklatd sfneyiqshd
Ivlaeffapw 5 1 mkfsagavls wsslllassv faggeavape dsavvklatd

gingyigshd il efifapphid isgmekin ppecyrdoaaBidie, keitl dgidoutedgd|Crasimnk
nipgfpslki fkn i cghck yvkaaetlye knjtlagidc tengdlcme
AREISEIE Ry 15 A RS e SR e

priugsgdidkadfnatfysm 121 dyegprtaea ivgfmikgsq pavavvadip aylanetfvt
pvivgsgkid adfnatfysm 181 ankhfndydf vsaenadddf kisiylpsam

depvvyngkk adiadadvfe kwlqvealpy 181 ankhfndydf vsaenadddf
kisiylpsamdepwvyngkkladiadadufe kwigveadpy vi ba24 1fgeidgsvfal 1vlaeffapw

yve@g%ﬁ:&ngegﬁ@awﬁg:;ﬁ@} @Jslfwg;llm &fe\@%pa@r ra%ffhggiqilgsyfaqsdvmsi
e ndeeel eeykplftel akknrglmnf ysidarkigr 301 hagninmkeq .
?p)%}(aiﬁ%er%}gle%%yglbqﬁgse%gfgqeI%d kivles aie gvid%kg 20 3 1 Ra %Infgngkqga Y

ittt B Qlpt SEeafio Stk SR B SRAMKG 361°58BI et 322107
ferigdssvity rgkn idens aidpldkdvl vl yyapwcghck rlaptgelak 361 aspivksger kfgr
tenqdssviichiigknhdena ndpikkdsdvk yyapwicghek riaptygeladd 42ke sivkdflkgd

ggﬁ@%@ﬁ% Q agkd Q@rﬂqu £g¥¥1| el%}?r‘i%%@%ﬁ&%ﬁwmg%r %l%qfék‘lggapt yagela
dtyanatsdyv liakldhten dvrngeq%)’/& gtlvlégggk ksesv(\éyggs rsldslidfi 481

kénghfdvag Kalyeeadek Baded¥ s Gadaeld deddainderjgyios stastrart
REMgRTATHEEKA dedger aseaeathits: avadadashe detddihdel 30 Variants
and fragments of the above PDI sequences, and variants of other

naturally occurring PDI sequences are also included in the present
ifVeAtigiaave, aisarit PiRtetie Eontehidsf PomerarsrstaUsTisoteif \Wheteimdtas

PRAMMMNAEERASHIARS RESRAYE 1t has the following sequence of 530 amino

acids

61

121
181
241
301
361
421
481

mkfsagavls
cghcknmape
dyegprtaea
ankhfndydf
fgeidgsvfa
hagnlnmkeq
aspivksqgei
dtyanatsdv
kenghfdvdg

wsslllassv
yvkaaetlve
ivgfmikgsqg
vsaenadddf
gyvesglplg
fplfaihdmt
fengdssvig
liakldhten
kalyeeagek

faggeavape
knitlagidc
pavavvadlp
klsiylpsam
ylfyndeeel
edlkyglpgl
lvgknhdeiv
dvrgvviegy

aaeeaeadae

dsavvklatd
tengdlcmeh
aylanetfvt
depvvyngkk
eeykplftel
seeafdelsd
ndpkkdvlvl
ptivlypggk

aeadadaela

sfneyigshd
nipgfpslki
pvivgsgkid
adiadadvfe
akknrglmnf
kivleskaie
yyapwcghck
ksesvvyqggs
deedaihdel

lvlaeffapw
fknrdvnnsi
adfnatfysm
kwlgvealpy
vsidarkfgr
slvkdflkgd
rlaptygela
rsldslfdfi

The following alignment of these sequences (the sequence of Genbank accession
no. CAA42373 or BAAOO723 first, the sequence of Genbank accession no.
CAA38402 second) shows that the differences between these two sequences are a

single amino acid difference at position 114 (highlighted in bold) and that the

28



10

15

20

25

30

35

been amino acid insertions, deletions, or substitutions, either conservative
or non 35 conservative, provided that such changes result in a protein
whose basic properties, 29 for example enzymatic activity (type of and
specific activity), thermostability, activity in a certain pH-range
(pH-stability) have not significantly been changed. "Significantly” in this
context means that one skilled in the art would say that the properties of
ﬁequemﬂanieﬁilmdsw b}fﬂbﬁakemdemiwomml 1i0A A8 8403beimtts ey drethddBional

onesaogctiag Erl

ami
com

|na|onssu

e

co ni(?év?ﬁ/

Gly, Ala; Lys, Arg, HIS and Phe Tyr Trp. Preferred conservative

ubstl t|0n5| clude Ala; Val, lle, Leu; As |
i e S Tl st e e TR

e substitutions" is intended
ét; Asp, Glu; Asn, GIn; Ser, Thr,

g §%aeffapw

o, at Ieas

éO%Paf 648t 6098 or'at feast 7096° PraterabRy At teast 86‘%}’%?@ lvlaetfapw
preferably at least 90%, even more preferably at least 95%, yet more

pnefefab&yaﬁaleasw&éemoatmﬁe@@&t&aﬁﬁ&&%segm&e ¥5nsdvnnsi

igentity ta. fhie pol

mMutagenesisaas are; 2Q well khowmiadhe apt e

peptide from, which Jtis depiyeq., [he PeIeent Seauence, s

identity between two polypeptides may be determined using suitable
computer programs, as discussed below. Such variants may be natural or
Ardd e issipg e methiods of proteny ertjineerirrg and sitevdireetgdd adfnatfysm

fragmentvdsuthel context fysm

of PDI, refers to a protein wherein at one or more positions there have

200t

en de etions. Thstjaee%h%
o flv/plcaTI

Al

COﬂ1 nseza
|ca

“up ”r%

ost 5,

1
preﬁfse)raf)l

kwlqvealpy

y up'to

28%6%%@6@1%1%%}9‘% té bﬁ%lﬁei?éh thore iﬁr‘é‘féraﬁﬁﬁdﬁdtbf95%19é?alpy

more preferably up to 99% of the complete sequence of the full mature
PRI prateinsRartigulasly preferred fragments, of BL protein-comprise Qnexrgr

or, more whole domains 0

301 hagnlnmkeq fplfaihdmt
301 hagnlnmkeq fplfaihdmt

361
361

421
421

481
481

aspivksgei

aspivksgei

dtyanatsdv
dtyanatsdv

kenghfdvdg
kenghfdvdg

fengdssvfqg
fengdssvfqg

liakldhten
liakldhten

kalyeeagek
kalyeeaqgek

edlkyglpgl
edlkyglpgl

lvgknhdeiv
lvgknhdeiv

dvrgvviegy

dvrgvviegy

aaeea*****

aaeeaeadae

b the fesired proteln. %QtAfr

PDI possesses the same enzymat|c act|V|ty as'PDI an

seeafdelsd

seeafdelsd

ndpkkdvlvl
ndpkkdvlvl

ptivlypggk
ptivlypggk

***dadaela

aeadadaela

kivleskaie

kivleskaie

yyapwcghck
yyapwcghck

ksesvvyqggs
ksesvvyqggs

deedaihdel
deedaihdel

ga%l‘e”t 1LY ¢ o

slvkdflkgd
slvkdflkgd

rlaptygela
rlaptygela

rsldslfdfi
rsldslfdfi

Variants and fragments of the above PDI sequences, and variants of other naturally

occurring PDI sequences are also included in the present invention. A “variant”, in

the context of PDI, refers to a protein wherein at one or more positions there have

been amino acid insertions, deletions, or substitutions, either conservative or non-

conservative, provided that such changes result in a protein whose basic properties,
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may be a protein that, when expressed recombinantly in a host cell, can
complement the deletion of the endogenously encoded PDI gene in the
host cell, 30 such as S. cerevisiae, and may, for example, be a naturally
occurring homolog of PDI, such as a homolog encoded by another
organism, such as another yeast or other fungi, or another eukaryote

such as a human or other vertebrate, or animal or by a plant. 5 Another
ﬁusefexmmbtfh apeyanreids $6AH0 r(aqﬁea@m ant owpeaifanhduieiqc)f hizimngsaability,
it &‘V'Ya'%“acﬁé‘ i D RS @‘Hys,ta% 320, Kngwa, 2 a&? POnizlogated
S Chrdmdsomat hen§ fevidiae. enome and'is 5%‘]%p in size. nfﬁ

GhignplidzlishEdiproieicosequencaoffatiddslatidoliovwse MEKAMGEay that the
DLGTTYSé;A\g\A I;/IﬁFr,f\aII\ll rﬁz}gl[% 11A43\|6D(%%rel|$t-rl;lr1§)%EM@EEPbLEu%IvamuS over the

BN dMRO#IRal GRNFNDPEVQADMKHFPFKLIDVDGKPQIQVEFKGET
KNFTPEQI SSM VLGKMKETAE

YLGAKVNDAVVTVPAYFN ROATKDAGTIAGLNVLR TAAAI
% Iz’cGonservagve substitutions” ssugengeﬁ comé%;atloncs; such as Uz'ﬁl EIF u, Ala,

Y61 DK K AR EEMVL ISR GG GITEDYS L IAFAE DI FEKATAGR Tk GE D p.
PRl TR AR RO R A o A Sk S b SRr B ™

OIS SERARFE EyE LCALMM RE] TRPVEKVLRDAKLDKSQVDE
IVLVGGSTRIPKVQKLVTDYFNGKEPNRSI
NPDEAVAYGAAVQAAILTGDESSKTQDLLLLDVAPLSLGIETAGGVMTKL
> RY§EFEThypically has at least 25%, at least 50%, at least 60% or at least 70%,

BBk} WARNIHOGY &Y hiefefaR AT Ik NOoL GIrELSE Et&RR M R&st
IEVTFDVDSN 20 GILNVSAVEKGTGKSNKITITNDKGRL

SR E IR KMV RR PR EE DR SORTIRSKNRITED S SISk RFF 5% seauence

wlem{s ke @Ol TR it is derived.
SWLDSNTTASKEEFDDKLKELQDIANP
IMSKLYQAGGAPGGAAGGAPGGFPGGAPPAPEAEGPTVEEVD A
PUBIRSHERNESRANENSE dURIHHEY RSHSSA TR tEReNIKIca ARG deifimpredysing

WRIeRdgH bRt he seaiencasanhe padiiekbyiegen &8y be natural or

substltutlons to obtain alternative nucleotide sequences WhICh encode an
m@@g@ar@@h@@@}@ga&f protein engineering and site-directed mutagenesis as are

ALPLAMAMGRCGHGTCGGTATTGATTTAGGTACAACATACTCGTGTGTT
GCTCACTTTGCT

AATGATCGTGTGGACATTATTGCCAACGATCAAGGTAACAGAACCAC
ACEADoaT TG e context of PDI, refers to a protein wherein at one or more

positions there have been deletions. Thus the fragment may comprise at most 5, 10,
20, 30, 40 or 50%, typically up to 60%, more typically up to 70%, preferably up to
80%, more preferably up to 90%, even more preferably up to 95%, yet more
preferably up to 99% of the complete sequence of the full mature PDI protein.
Particularly preferred fragments of PDI protein comprise one or more whole domains

of the desired protein.

A fragment or variant of PDI possesses the same enzymatic activity as PDI and
may be a protein that, when expressed recombinantly in a host cell, can

complement the deletion of the endogenously encoded PDI gene in the host cell,
30
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GCTTTCACTGACACTGAAAGATTGATTGGTGATGCTGCTAAGAATCAA
GCTGCTATGAAT
CCTTCGAATACCGTTTTCGACGCTAAGCGTTTGATCGGTAGAAACTT
CAACGACCCAGAA
GTGCAGGCTGACATGAAGCACTTCCCATTCAAGTTGATCGATGTTGA
CSESIANGCLE TGAAand may, for example, be a naturally occurring homolog of

CAAGTTGAAT TAAG%GdT AAA%CAAGAACTTT%CCCC GAACAA
ﬁiﬁl_ls& 8%?&10 og encoded by another organism, such as another yeast or
Q& TuzG GTAAGA EGIKAY (6 AvhGT GRiI@GAAT GhdrACTehERdGuUaAl Aor
E%AATGACGCT 31

aIn(t:ACTGTCCCAGCTTACTTCAACGATTCTCAAAGACAAGCTAC

CAAGGATGCTGGT

T a
é%%%%@%%%%%ﬁﬂ%@ﬁﬁ:@E@XT%QQEQ&EAIEA&Q@&A&Q%&QQ@@Qn

TR TR HEANSARE GET ARG G AR AACHCE TETHE AR Tgatad on
Chkd GO B3, cerevisiae genome and is 1.93-kbp in size.
ACTTTCGATGTCTCTTTGTTGTTCATTGAAGACGGTATCTTTGAAGTT
AAGGCCACCGCT 5
OEBAIGACIHBATT TEGBTRE T SNAGASTIDNTGACAACAGATTGGTCAA
CCACTTCATCCAA

AT AAGACAMAGAAGANGAGEACTTOTCTACCAAGCAAABAGC
REARCECETTETERARGACECAACKGARC FTIGTCTTCETECETTCA

AABTR GG TTQGAAIDAVVIVPAYFNDSQRQATKDAGT IAGLNVLRI INEPTAAATA
AdHRAGE 6T T Td &G e A DS AR IACAGT FEGATGACEAGA
E&gl&%ﬁ{-g%éé%mmmwmmmssSA TSVEIDSLFEGIDEYTSITRARFE

GAATTGTGTGCTGACTTGTTCAGATCTACTTTGGACCCAGTTGAAAAG
B TR AG A RV pRPAKLDKSQVDE IVLVGGS TR IPKVQKLVTDY FNGKEPNRS I
GOFARATHCEGACAANEFCTFCRAAGTOBAFCGAAATFGTE I TICHGICEEGTGG
TG TFACCAGCAATTOVFEGERAKTKDNNLLGKFELSGIPPAPRGVPQIEVTFDVDSN

CLAMGRTIEGAMAMTI T GAGERACTACTECARERRTARREAACC
AAACAGATCTA

TC
ARCCCRGATG ARG TETTGCT TACG G T EETGETET T ERASETECTAT
T AR T EET B AISAPGGFPGGAPPAPEAEGPTVEEVD
GAATCTTCCAAGACTCAAGATCTATTGTTGTTGGATGTCGCTCCATTA
KC%T&%Q-%‘&E[% se_crluence for SSA1 is_as follows altho%k it will be
GAAACTGCTGGTGGTGTCATGACCAAGTTGATTCCAAGAAACTCTAC
apNTeE T GAAGA ARG sbguence can be modified by degenerate substitutions to
6] MeGARRTGIULI I CARd A FHICAI MR G AT TAGBER Frdd&:
ATTCAAGTCTTT
GAAGGTGAAAGAGCCAAGACTAAGGACAACAACTTGTTGGGTAAGTT
CEAARRGAGHGEETATTGATTTAGGTACAACATACTCGTGTGTTGCTCACTTTGCT

AT ACARET CEARCAGG TR LECEACAMMI LG AMEGIGALTEIICGA
TGTCGACTCTAAC

GGTATTTTGAATGTTTCCECCGTCCARARGG G TACTGGTAAGTCTAA

W@%&%Wwﬂfﬁc GACGCTAAGCGTTTGATCGGTAGAAACTTCAACGACCCAGAA

ACCAACGACAAGGATAGATIGIEGCHRACGCHRAGAFTATCGAAKAGATGGT
1 oG AARCGEEGAARDCAAACCALAGAACTTTACCCCAGAACAAATCTCCTCCATG
ARAT T CANGGAAGANGAT GAMAGGAM GICAAGARTT GEIGCAA

GAACCAATTGGAA
TCCATTGCTTACTCTTTGAAGAACACCATTTCTGAAGCTGGTGACAAA
TTGGAACAAGCT
GACAAGGACACCGTCACCAAGAAGGCTGAAGAGACTATTTCTTGGTT
AGACAGCAACACC
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ACTGCCAGCAAGGAAGAATTCGATGACAAGTTGAAGGAGTTGCAAGA
CATTGCCAACCCA
ATCATGTCTAAGTTGTACCAAGCTGGTGGTGCTCCAGGTGGCGLCTGC
AGGTGGTGCTCCA 25
GGCGGTTTCCCAGGTGGTGCTCCTCCAGCTCCAGAGGCTGAAGGTC
CAACCGTTGAAGAA GTTGATTAA The protein Ssalp belongs to the
FEPTO faiiiRL6f HrotameTaAtRecAaS derhAAther ASRBE0T ANSPYUS Poskess
the abilityrte: pertorm @ oureber afrehapetongcactivities; c 30:aidingsprotein

sypthesis, assembly.and folding; medigting dransiacation of pelypeptides

to various intracellular locations, and resolution of protein a rec%ates

(BoCker 8 Craig 1694 A ) BiGCReRT 219! 11245 Hé570'genes are
RighHC6nseed Cpos3ESSING Tar NAetiinah AP bR dorfdin“and a C-
terminal praptidechringrdomaint d4spZOcprateins dateract aaithatkrer peptide
38:backbenereh Mainbruntalded, proteins - Hhe-binding ane-release. of
REpULes by, §%r@§£’z3<96 E%E%ﬂ%&%l‘f’yg&li’?&% EQ&%% ﬁ'&%}é .
accompanie a con ormatlonal change In the er raig,
fé@?F%r%ﬁT(é&%%%%cﬁéﬁ%%F&@?ﬁé%ﬁ%?ﬂéﬁ%%%%&?ﬁ%ﬁe
Syntesiss feldinyTandr 5556 CrEtOAGTIBIOIEIRS (BECKEIT&CCrAIHCRO9E,
supra)dreSe cerevisiae-aytoselic ispZRdaroteis have been divided into
MR GrouRsReA (PRA LA 2Rd S88:(5R8 L and 2)hrateins whigh are

functionally distinct from each other. The SSA faml%ls essentlal in that at
EHEtoné pI’O(%ICnT The Ar%At%CeTzé?cT)ﬁTpT UStHE Htive 1™ maihta T%%(ﬁT\ZfiTa%lllty
@ééRé?@@%ﬁi@@@@W%Mﬁ@ﬁ%%ﬁ%@@ﬁ%f&%@@%ﬁ%Am
preferestiayctor unfolded mnd net mature prateins Chhissuggests that they
REQVENLERe Aggregation QfRIeCUISOIRreIeRS By BaintaRing Ahera-in an

Ide led | |
%‘h%é?' gdCASté‘%%;]% .19.being %ﬁi%m% into, mulimalecular complexes in

e cytosol an aC|I|tat|n elr trans ocatlon '[O various organeiles

@ééEéF%‘W&%&?i@%%ﬁ%ﬁé‘@&%@ﬁ@%@@%ﬁﬁ%%ﬁ%ﬁ%d in
postitansiationalrbivgenesis aneh A6/ TNt AANECRTOH PFECUFSOrE forRA

transtecationniadhe-engoplasmyedetictlum and onitochendrardcn et al.,
}ggg&%ég¥%ﬁy?yT%¥E%2G§%%AEE&%T%§M%g§99é%%égggAATTGGAACAAGCT

GACAAGGACACCGTCACCAAGAAGGCTGAAGAGACTATTTCTTGGTTAGACAGCAACACC
ACTGCCAGCAAGGAAGAATTCGATGACAAGTTGAAGGAGTTGCAAGACATTGCCAACCCA
ATCATGTCTAAGTITGTACCAAGCTGGTGGTGCTCCAGGTGGCGCTGCAGGTGGTGCTCCA
GGCGGTTTCCCAGGTGGTGCTCCTCCAGCTCCAGAGGCTGAAGGTCCAACCGTTGAAGAA
GTTGATTAA

The protein Ssalp belongs to the Hsp70 family of proteins and is resident in the
cytosol. Hsp70s possess the ability to perform a number of chaperone activities;
aiding protein synthesis, assembly and folding; mediating translocation of
polypeptides to various intracellular locations, and resolution of protein
aggregates (Becker & Craig, 1994, Eur. J. Biochem. 219, 11-23). Hsp70 genes
are highly conserved, possessing an N-terminal ATP-binding domain and a C-
terminal peptide-binding domain. Hsp70 proteins interact with the peptide

backbone of, mainly unfolded, proteins. The binding and release of peptides by
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Ngosuwan et al., 2003, J. Biol. Chem. 278 (9), 7034-7042). Ssalp has
been shown to bind damaged proteins, stabilising them in a partially
unfolded form and allowing refolding or degradation to occur (Becker &
Craig, 1994, supra; Glover 20 & Lindquist, 1998, Cell. 94, 73-82).
Demolder et al, 1994, J. Biotechnol., 32, 179-189 reported that
over-expression of SSAL in yeast provided for increases in the
hxp?@ss;b:mtejha rés:ombinAfi‘Pdemmtmmmpﬂ;c&sﬁegaatbd geompndedingy a
an | tgga rgn- 3eTI§1 rgzﬂs ﬁ? Eglggzs&!oa n th ncreas sin

li.lero ogbus gene xlpreSS|(§ dD6 achieved éSnym d human

interferon-(3 were to be encoded by recombinant genes on the same

inli ht of more re ent developments in the field ver-
B R R P i P ana
ktayetio aif @Irolﬁ% (Beckit:; SHUsia, eIQiMlWﬂQp. InitSPersktis&ad\Gtronlic

9 cit.; O&Fu 001, op. Cit, I
%ﬁﬁﬂg s(f<te[ né p%vr%oﬁevr\l/cgiﬁ clléJ %g\fte e%oggi%itgﬁgﬁ% exlrlJ)eless(ég%?gSB
fromda 2npifaiiity, pretsiotidaat afunqmmlallmsbstmeu[ﬁmss dooth @BAl aiftlea SSA
hetarolooous prasin, fram, & 2-tamily Hlasmid.In arden o grease s, 1o
expression levels o hefero ogous goteln arlantgs r?dr%lragmen of
Sﬁmteanecallswuammde@wkhe resary, ihYehtiomra). "yiamttidrhsh@(conitsns
%n%sg%fé% m‘y’ 19 BRIRkSIRRA NGRS SE e”r%‘% plnakye, %Séé\%%*}%at they
t one or ntore positions where t ere een amino &
rsEetio s dmwmm@%pmsummtemhebmmemm@tbcm in an unfolded

e @%?%‘@é ?%{B‘f&?lmétﬁﬁ‘ﬁﬂn%'i‘e%%r chn '&Qs‘%r{f’ e 39&{!“ ofid/or

pasi properties, for example 10 enzymatic Activit ype o specific
&;nhlat)nmmcﬁmﬁmwanmvwmas cegainllgHBadge fpHrsiablity} hawea).

QLS %?H{Sﬁ‘l@t%%e fg:/ v OUEANIY, 40 R %?Sﬁgf‘t AR T

one skilled in the a Wou at the prop rtles o e variant“may sti
bedifferent it wovlternst foe Lrﬁmtiw@w@vewthbemk)phﬂn@@mgmalum and

RIQIRbtRia (Kim ef al., 1998, Proc. Natl. Acad. Sci. USA. 95, 12860-12865;
Ngosuwan et al., 2003, J. Biol. Chem. 278 (9), 7034-7042). Ssalp has been shown
to bind damaged proteins, stabilising them in a partially unfolded form and

allowing refolding or degradation to occur (Becker & Craig, 1994, supra; Glover

& Lindquist, 1998, Cell. 94, 73-82).

Demolder et al, 1994, J. Biotechnol., 32, 179-189 reported that over-expression of
SSA1 in yeast provided for increases in the expression of a recombinant
chromosomally integrated gene encoding human interferon-f. There is no
suggestion that increases in heterologous gene expression could be achieved if
SSA1 and human interferon- were to be encoded by recombinant genes on the
same plasmid. In fact, in light of more recent developments in the field of over-
expression of chaperones in yeast (e.g. Robinson et al, 1994, op. cit.; Hayano et
al, 1995, op. cit.; Shusta et al, 1998, op. cit; Parekh & Wittrup, 1997, op. cit.; Bao
& Fukuhara, 2001, op. cit.; and Bao et al, 2000, op. cit ) the skilled person would
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By "conservative substitutions” is intended combinations such as Val, lle,
Leu, Ala, Met; Asp, Glu; Asn, GIn; Ser, Thr, Gly, Ala; Lys, Arg, His; and
Phe, Tyr, Trp. Preferred conservative substitutions include Gly, Ala; Val,
lle, Leu; Asp, Glu; Asn, GIn; Ser, Thr; Lys, Arg; and Phe, Tyr. 20 A
"variant" of SSAI typically has at least 25%, at least 50%, at least 60% or
at least 70%, preferably at least 80%, more preferably at least 90%, even
more xafelhiyl Al de@st §a%s \ES Alofe praferahlyaatileasta®9id, anaest much
referably at least 99.5% sequence identity to the sequence of native
E’SSAH‘? SEPfES patk e sbate AR IERoNRy Beien Sitpd BivEptigalyRigpmid

hedletermnined 4eing: SRR FWVBMIST PHREFAIIZAS slisessed below.
Such variants may be natural or made using the methods of protein

engineering and site-directed mutagenesis as are well known in the art.

3Q3hA Hraomenients tregsmiextohSSMclriersitoBePRtsithaviagithe A
sequence of native SSAI other than for at one or mprenlﬁ)(grsitions where

AP Hay I PR AUMAStBRSS A tratRIEKiM LY Ceiisauticef Bative

$8.,A20 o8 4801 2OYndydH CalbyeupJdaltiBRdowRsethsRiCalYUBden 78%ino acid
preferably up to 80%, more preferably up to 90%, 5 even more preferably

{5FeieBy, drlstive PretiPsEiYiaEto G984 of PGy JOGIRAMSE Trtive,
pievidéanatidren Sk pseteissuitakti aUpastyi preterie b fsagpremiaied, IS dxample

protein comprise one or. more whole domains of the desired protein. A

FQMRAHE BrARA R YSAT SRRLHS L TY SRV ACHY Vi ggertain
PR AdmRA pHDsMBYiYg RapPEOBINsIRGEL MWREN tRXAressa decoipkinamtly i@ this

host cell, such as S. cerevjsiae, can complement the deletion of the .
SR GGt 088 St EA N JBn & (BP RSB ahbre B RATS Rbtiecuiant

ang may, Jordesrarinleubavanatioalbe aaobiitng knerolhg Ghd Al ek atal

a homolog encoded by another organism,
protein.

By ““conservative substitutions” is intended combinations such as Val, Ile, Leu, Ala,
Met; Asp, Glu; Asn, Gln; Ser, Thr, Gly, Ala; Lys, Arg, His; and Phe, Tyr, Trp.
Preferred conservative substitutions include Gly, Ala; Val, lle, Leu; Asp, Glu; Asn,

Gln; Ser, Thr; Lys, Arg; and Phe, Tyr.

A “variant” of SSA1 typically has at least 25%, at least 50%, at least 60% or at least
70%, preferably at least 80%, more preferably at least 90%, even more preferably at
least 95%, yet more preferably at least 99%, most preferably at least 99.5% sequence

identity to the sequence of native SSA1.

The percent sequence identity between two polypeptides may be determined using
suitable computer programs, as discussed below. Such variants may be natural or
made using the methods of protein engineering and site-directed mutagenesis as are

well known in the art.
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such as another yeast or other fungi, or another eukaryote such as a
human or 15 other vertebrate, or animal or by a plant. Another preferred
chaperone is PSEI or a fragment or variant thereof having equivalent
chaperone-like activity. 20 PSE1, also known as KAP121, is an essential
gene, located on chromosome XIII. A published protein sequence for the
protein pselp is as follows:

X SHh S EdntvIN R Tthe QO FAISANQHRSVIEKbtein having the sequence of

SEEW, EYLLTELAEQAAF SOD 25 . .
FROARD SAVLERRE NI ST SIS RV ER Seecsen fltlog>
ERADSIREgment may comprise at most 5, 10, 20, 30, 40 or 50%, typically up to
B OSTE picaty np {0 0% - Breferabry i T S0, miore prererdsly up o 90%,
HvQEB6T AT KIAAY VATV Y RIKEQLIREERMISKL (6l DDRSHL NSKPRplEte

%%%E%%}%@@YEE%{L&J5$¥EE§%\7 &%A%% m&ferred fragments of SSAI

SN NV ETITL M Wi v MITERY oD DRAEIKEed protein.
SDDTDDEEEVTYDHARQALDRVALKLG 30

GEYLAAPLFQYLQQMITSTEWRERFAAMMALSSAAEGCADVLIGEIPKIL
ANrogdIoppvariant of SSAT possesses the same enzymatic activity as SSA1 and

RRRYQY GlofeMMha QiRER ERREILR TABRRHaRA- iR KL HSRE I SRMR BE S.
AAAALVNFSE

PR EKIHIE £ CORBPICTRL hE e SHfR SF RS EarRe sy B AQRN R¥AK yapne

RIUMRIIdg thereof) in the host cell and may, for example, be a naturally
NVLKVNNKDNSVLKGKCMECATLIGFAVGKEKFHEHSQELISILVALQNS

PRSEHIS Algpwleg @L%V\Fgﬁ] @s_¢ homolog encoded by another organism,

LR REYRIhE! YRR LA LA TR Gl il AR XEWD Y idHan or
QGKHIAIHTSVLDDKVSAMELLOSYATLLRGQFAVYVKEVMEE

A9 SEFPALR ST HEpEA O by a plant.
GATLIPILLSCLLAATGTOQNEELVLLWHKASSKLIGGLMSEPMPEITQVYH

N?f&}{é\}ﬁ#é}é&é'&; au%l’one is PSE1 or a fragment or variant thereof having

SEDQLAAFTKGVSANLTDTYERMQDRHGDGDEYNENI
BEPERFTDEBIOPH KR KCE \Sty.
IAAVLKTTNGHYLKNLENIWPMINTFLLDNEPI LVIFALVVI GDL

SRR OMRSIGOERIVARS PPt B o Beprsrre U

RSSTENASAAIAKILYAYNSNIPNVDTYTANWFKTLPTITDKEAASFNYQF

s SRlEYS BV GARSNISAYY RSVIALNERSLTFREGOTV!

VKKLLGFLPSSDAMAIFNRYPADI MEKVHKWFA* 10 A published

nucleotide coding sequence of PSEL1 is as follows, although it will be
MSALPEEVNRTLLQIVQAFASPDNQIRSVAEKALSEEWITENNIEYLLTFLAEQAAFSQD

TTVAALSAVLFRKLALKAPPSSKLMIMSKNITHIRKEVLAQIRSSLLKGFLSERADSIRH
KLSDATAECVQODDLPAWPELLQALIESLKSGNPNFRESSFRILTTVPYLITAVDINSILP
IFQOSGFTDASDNVKIAAVTAFVGYFKQLPKSEWSKLGILLPSLLNSLPRFLDDGKDDALA
SVFESLIELVELAPKLEFKDMFDQITIQFTDMVIKNKDLEPPARTTALELLTVFSENAPQMC
KSNONYGQTLVMVTLIMMTEVSIDDDDAAEWIESDDTDDEEEVTYDHARQALDRVALKLG
GEYLAAPLFQYLOOMITSTEWRERFAAMMALSSAAEGCADVLIGEIPKILDMVIPLINDP
HPRVQYGCCNVLGQISTDFSPFIQRTAHDRILPALISKLTSECTSRVQTHAAAALVNESE
FASKDILEPYLDSLLTNLLVLLQSNKLYVQEQALTTIAFIAEAAKNKEFIKYYDTLMPLLL
NVLKVNNKDNSVLKGKCMECATLIGFAVGKEKFHEHSQELISILVALONSDIDEDDALRS
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35

appreciated that the sequence can be modified by degenerate
substitutions to obtain alternative nucleotide sequences which encode an
identical protein product: 15
ATGTCTGCTTTACCGGAAGAAGTTAATAGAACATTACTTCAGATTGTC
CAGGCGTTTGCT
TCCCCTGACAATCAAATACGTTCTGTAGCTGAGAAGGCTCTTAGTGA
AGAANTFEGATITACCPLLPIVIPPLLITAKATQDVGLIEEEEAANFQQYPDWDVVQV

CAANAELATAOKTEAGITAT G THAACK TRFAMESGOCAACMGELGCT

LIGICCEAGAT c roNEELVLLIEKAS SKL I GGLMSEPMPE T TOVYENSLVNGIKYV
ACAACAGTTGCAGCATTATCTGCTGTTCTGTTTAGAAAATTAGCATTA

NGNS F P AAE B5C VS ANL T DT YERMODRAGDGDE YNEN T DEEEDE TDEDLLDETNK
TETTEGAKBETTATGATTATGTCEAARKATATCACATATATPAGEAAA

GERAGETCEPGEBARZOASYI IGVCAQYAPSTYADVCIPTLDTLVQIVDFPGSKLEEN

QM%E@&HQH%H&HMM@@E&HEJE@I&%@%%@A@@TGAT

R T e LR R S S R R AR R Ao
¥%@%@W&AATTA
CTACAAGCTTTAATAGAGTCTTTAAAAAGCGGTAACCCAAATTTTAGA

RN RRE e seshiecet PR ARF AT QR AR AL

AfpTRibEITAMEBQRAe sequence can be modified by degenerate substltutlons to
TTTT C TCAGGCT TACTGATGﬁIAKAG cfB\T ATGT AATTG
MAILE Ayclgotide sequences w encode an 1dentical protein pro uct

TTCGTGGGTTATTTTAAGCAACTACCAAAATCTGAGTGGTCCAAGTTA

A A A A R A A A PR ST TR G Ac

&f%@&%WACGTTCTGTAGCTGAGAAGGCTCTTAGTGAAGAATGGAT TACC

FOAGCTREETITGCAATCGTIRATTGAG G G RFGGANTTTCGGCACCAANANACTA
AAOCAAGEATA T GTATCTGCTGTTCTGTTTAGAAAATTAGCATTAAAAGCTCCCCCT

¥E%%é&%ﬁéﬁiﬁ%&é@ﬁ%l&&ﬁ%&@ﬁlA&%QﬁEéyéAﬁé%ﬁE%éﬁGATT

TAGAACCTC
&%ﬁ%@%&6@&@&&@&%@&%&%@6%@%&Ff%%%ﬁﬁ@%ﬁ&%cGC

TECOCARKATES TET QY GAGTGTGTTCAAGACGACT TACCAGCATGGCCAGAATTA
ABRATCCAACCAGAATTTACGHEGCCAAKXCTIAPAGTEGARGETIACTITAATC

AL G GACGAG ACCTTATTTAATTACCGCTGTTGACATCAACAGTATCTTACCA
GTATCCATA%%,%\ ATGATGATGgAGCAGAATGGATAGAATSZGGCC-‘-ACGA

%%\éagﬁérfé &ACTGATGCAAGT ATAATGTCAAAATTGCTGCAGTTA
GCACGANGTTACATATS ACEREECTECTCARBGETETTEANTEGTETTGC
TTRAEANGC PG GE G TTACCAAGATTTTTAGATGATGGTAAGGACGATGCCCTTGCA

G ICGANTAT T RETGLACEATIGTTLCCAM AR TACAGEAAATGATC
A GG AR A T TCACTGATATGGT TATARAAAATAAGGAT TTAGAACCTCCA

TGGAGAGAAAGATTCGCGGCCATGATGGCACTTTCCTCTGCAGCTGA
RS P RIS T A SRR CTGCTAACCGT TTTCAGCGAGAACGCTCCCCAAATGTGT

G TICHFEKTCEBGCUGCAGATECCENMANN FECCTEEATATSGTAATTEECCT
CATCAASGBAINTEATGATGCAGCAGAATGGATAGAATCTGACGATACCGATGATGAA

@ﬁ%@&ﬁﬁ@&@I&Q&&EA&%ﬁﬂ%&%Eﬁl&ﬁ%@%%ga§%gi§ﬁéﬁEATCT
ACTGATTTTIC

R R A R B R AR AR P T REGRE P anTA

T@S—ﬁ&%%éﬁ%Aé‘éCGGCCATGATGGCACTTTCCTCTGCAGCTGAGGGTTGTGCTGAT

FTOAGCAATGCAGCGETCHRAGAGITICHRAACGRACGCCGCAGEGGELUTCTGG
TAARGERET A EGAACCATGTTGTAATG T TTTGGGTCAAATATCTACTGATTTTTCA
TTCGCTTCGAAG GATATTCTTGAG3 CTTACTTGGATAGTCTATTGACA
AATTTATTAGTT
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TTATTACAAAGCAACAAACTTTACGTACAGGAACAGGCCCTAACAACC
ATTGCATTTATT 5
GCTGAAGCTGCAAAGAATAAATTTATCAAGTATTACGATACTCTAATG
CCATTATTATTA
AATGTTTTGAAGGTTAACAATAAAGATAATAGTGTTTTGAAAGGTAAAT
GTATGGAATGT
CCARCTCREATICGGIIRTGCCEATNGEGTAAGCCGANAANTEFECATGAGCA
CACACAAGAGEACAGTTCAAACGCACGCCGCAGCGGCTCTGGTTAACTTTTCTGAR

é%%ﬁ?lﬁﬂ%@¥&@&EIEA§%%&QI&%%¥&F&%¥%%N GAT

TACTYRGAACRARG TTEGAGCAGGATT TGCCGAATTCTGGGTGATGA

I CPETEICCBAFPATAHA TTTATCAAGTATTACGATACTCTAATGCCATTATTATTA
AAACCGAREGITRATACOACCEOTGCTAATIACTRECARAGRAACGCAA
AT SEET A T6CCGTTGETANGGAAARAT TTCATGAGCACTCTCAAGAGCTG

AL ARCANGAAGANCCACCARATITCCAMCARTATCCAGATIGCCA
CAGEERANAEC A AT ST AT TEACACATCEETECTTEACCATAAAGT

AT CAGCLEATEBABCCCCTGCTAATTACTGCCAAAGCAACGCAAGACGTCGGTTTA
CTATIACAAALGCIATGCCACAG T AT FAAGAGGLEARATTCICORGITATAT

LA GAR G A 1A T TCACACATCCGTCCTTGACGATARAGTATCAGCARTGGAG
ATGGAAGAAATAGCTCTACCATCGCTTGACTTTTACCTACATGACGGT

T AR A BH GRCACT TTTAAGAGGCCAATTTGCTGTATATGT TAAAGAAGTA
GCGAGCRACTITARTTECTATIETATPATCTIGTFTTACTTGCAGEEACC

GCRTAECTOAANAC TATTCTATTATCTTGTTTACTTGCAGCCACCGGTACTCAAAAC

%@@?ﬁfiﬁ;@@&'ﬁﬁ&ﬂlﬁ'ﬁ% CREAAAGC T GTGIAANGTAALCGG
R R R TR AR AR T A T

EE TR AR A ESFETAAGCGAAGACCAAT TAGCGGCATTTACTAAGGGTGTCTCCGCC
AJGGGETGACAATA TG TTAAGCGECGAAGACCAANTIAGCBGCEZATATFACTAA
ST e G EEAAGACT TTACTGACGAAGATCTTCTCGATGAAATCAACAAG

%%Hﬁé@é@ﬁ@%&H&Q&Aﬁ&%%Xﬁ%@&ﬂ&%@&%}iﬁmGG

TGATGAATATAAT
%ﬁﬁﬂ*ﬁéﬁ%@&%%M%&ﬁéﬁé@&i\@ﬁ%ﬁ%ﬁGAT

GRS C ARCRS T GATTCAATATGGTGGCGAACAAACTGC TAGCATGAAGAACGCA
TOPATCECGGCCCIETTIGAMAACCACAAAT GETAATIATGTAAAGAAT

¥gﬁ%%5&%TTTGTGCCCAATACGCTCCATCTACATATGCTGACGTTTGCATA

TGGCCTATGATAAACACATTCCTTTTAGATAATGAACCAATTTTAGTCA
TP T O R RACT TCTTCAGAT IGTCGATTTTCCAGGCTCCARACTCCARCARAAT

ETAGTERTTEETEACTTCATTCARFATECBTCCEGARCAKACTCETAG

CXTCRAGAATGRAACGTACACGGCTAATTGGTTCAAAACGTTACCAACAATAACT
EATALIGCARAGCITIAGCEAGRGU TTGATIRCTGETGRAGEGTECGTATT

Q&M&TQ%E%%TAATATCTCCGCTGTAGTTGATTCAGTCATACAAGCCT
TCTTATATAATCGGTGTTTGTGCCCAATACG CTCCATCTACATATG CT
B RSP RS G ACCGARAGGGAAGGCCARACGGTGATAAGT TCAGT TARARAGT TG
CCGRCTTTAGATACAGCE TG TFCAGATTCGTEGAFTIFTCEAGEGCHFTCCAAA
CTIGEGAAGARAAIAATGGTTTGCATAA
CGTTCTTCAACAGAGAATGCCAGTGCAGCCATCGCCAAAATTCTTTAT
GCATACAATTCC

AKCPIHICETAMSCEPAGH DALET ACAIR GGETAKTTIG GIF TOALRACBISHAC

SSTRERX A olholeonter Sasont & Sikver A 897t NS P A

GAAAATAATTCG 30

CCAATTGTGTGTG CTCAATCTAAT%ZI'CTCCGCTGTAGTTGATTCAGTC
ATACAAGCCTTG
AATGAGAGAAGTTTGACCGAAAGGGAAGGCCAAACGGTGATAAGTTC
AGTTAAAAAGTTG
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TTGGGATTTTTGCCTTCTAGTGATGCTATGGCAATTTTCAATAGATAT
CCAGCTGATATT ATGGAGAAAGTACATAAATGGTTTGCATAA 35 The
PSE1 gene is 3.25-kbp in size. Pselp is involved in the nucleocytoplasmic
transport of macromolecules (Seedorf & Silver, 1997, Proc. Natl. Acad.

Sci. USA. 37 94, 8590-8595). This process occurs via the nuclear pore
complex (NPC) embedded in the nuclear envelope and made up of

A4 cl86POBAS TRy alihis Vipemtess 28@0rLCara. ApimuCkiiBigbrd 2;086dleX7 INPC)

te 0SSess S eCIfICS uences t at Con |n he |nfor tlonr red
B B A I A n e R e TGRSR,
ﬁOﬁ(Ea@mp@psec@ﬂh&ﬂN IEE)?(@leﬁmertd?rcﬁbms pb9e8s Cpueifdpingcalies

iol. 10 392- selp is a karyoph r|n/|m ortln roup of r
e s Gl A e o LR
sejubtedraN$Sorafdctonsothatmkdiatepoe tseqsped NESadiamblecates: al.,

sthe n clear br isi LS an
ﬁlgtggc Wlthé? gn&ﬁ(rgee%or 8)5 ngf_/%‘% 198%3,[1\1ubsr§ %ﬂr %h(;[%rr?mtl%?mn a
89, stipraoiiyan &/Wﬂntha@(}ﬁbmpiaz)da'alamﬁiombomthaﬁdglﬁtkfemlhes

| d GTP hydro oy e gmal
RICENRING st Wl (BBH & Gy D807 SAE). Beefhagor of

hexemldermﬁm aSraskatmomlft&ém @eﬂnﬁrd{&rmpheagn(ﬁm@ﬁm&ha\?éﬂ&end

ldentified in s 15 ess This is per
e N S SRl e Bt e TO0%.
m@mm@m&evmmyamm alpr2001T r&nﬂmﬂatﬁhemrcﬁl@ﬁ &%huclear pore is
1863 Ps |s Iocall d tot e QHFheus f"tél}‘% nuc(!lear envtelopeR
ngelilo ay cer |n x s tﬁ% C top as¥n IS sugges ﬁ)t%rl(ﬁ oves"

ISevidi0\& Sfilvbe MEIeusyas)paridhitsatraaapaltdtifieten éS@eyhpﬁe&m B. 14
Silver, 1997, supra). Pselp 20 is.involved in the nuclear |mgort of

%?%H?(Q@F?S’HBrﬁf&&?&‘?@?l%y&n’i‘%‘?‘éﬂ%@“tgéﬁﬁillns%;ﬁ%{eﬂﬂf%e? Whgognly 4 are

Bidnfem 12783 (5QeAp2O0polhRE) istpNe Sk INGSRAMAPKASHRUAle the
2002, J. Biol. Chem. 277 (1), 862-868), and ribosomal proteins prior to

Rt thBIy v rBBcImaleeBlen oramaials o8 Isuprbjol Chem. 276
(24), 21863-21869). Pselp is localised to the nucleus, at the nuclear envelope, and

to a certain extent to the cytoplasm. This suggests the protein moves in and out of
the nucleus as part of its transport function (Seedorf & Silver, 1997, supra). Pselp
is involved in the nuclear import of transcription factors (Isoyama et al., 2001,
supra; Ueta et al., 2003, J. Biol. Chem. 278 (50), 50120-50127), histones
(Mosammaparast et al., 2002, J. Biol. Chem. 277 (1), 862-868), and ribosomal
proteins prior to their assembly into ribosomes (Pemberton et al., 1998, supra). It
also mediates the export of mRNA from the nucleus. Karyopherins recognise and
bind distinct NES found on RNA-binding proteins, which coat the RNA before it
is exported from the nucleus (Seedorf & Silver, 1997, Pemberton et al., 1998,

supra).
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also mediates the export of mMRNA from the nucleus. Karyopherins
recognise and 25 bind distinct NES found on RNA-binding proteins, which
coat the RNA before it is exported from the nucleus (Seedorf & Silver,
1997, Pemberton et al., 1998, supra). 38 As nucleocytoplasmic transport
of macromolecules is essential for proper progression through the cell
cycle, nuclear transport factors, such as pselp are novel candidate targets
s grnovitocooplakiSeedankBofilver, haSonsulpealed Bvessxpiiesston gfroper
PRIR.(Drotein segretion ephangen) I 9, cprevisiae as alsg, heen shaun,
0 IAcrease endogenous pro%ln secretion 16vers o 4 repér?owe ot
bivlelraalydattivaegprofeins ¢Gtiovortall.(SEQ82:f K CaNeSdIVAD IyB)q).
709-719). There is no suggestion that increases in heterologous gene
expression could be achieved if PSE1 and a heterologous protein were
botrdnpnes snoode By i Oecam bivasti gerebaonethasdinedgptasiid . Has also
fach Inylant of more fecent ASYSIORMANES In. G QUeFeXRresSIon. ol oire of
cﬁaperones In yeas??e.g. %lnsonpe?all, fgﬁrf, op. Cit.; Ig-layano g?aﬁ
bB896giopllgitctBlruptatetnal (IBO8, epakit;] PAelh GellViitriud 0197, GH9-€I1.9).
0 &.Fukuhara, 2001, op..cit.; and B t al, 2000, op. cit ) the skille
e e PR e R R o SR, S5 QR o
teinity golagmiRb B afindnuchdessltigexprpssdintivP8 Eloeind@ hetersiodmudy
rotein. fr 2m-family plasmid_jn_order tq ingrease the expression
B S e S R P B B REE, e
irolddpdmthephesentimwentioimno 2 ipariaat’ iinytstcerie ROGIBSE ¢ al,

EER 5@%9.{%&51%@%“@;@955n&? ,ogﬁn?stéxeez.%%%sgbsé than forah «

one or more positions whére thére haveé been amingo acid insertions,
Meéiatignd 997 sabstitutidas delthienlcoasdVhtive ofifnendBasendtive)o, op. cit

PiRvided it sush.chandes fesult n aprotsinhose basipepanertios. far,
xample “enzymatic activity (type of and specific acti ltys), hermostabllity,

&otiviyyphasandé riain] 2 pi-tasge @idrstalbitity) Fidve anot signifiodogbpbeestein
%hange "Signifl(l:ant ) inctlhis ) .
rom ~a Zum-family plasmid in order to increase the expression levels of a

heterologous protein.

Variants and fragments of PSE1 are also included in the present invention. A
“variant”, in the context of PSEI1, refers to a protein having the sequence of native
PSE1 other than for at one or more positions where there have been amino acid
insertions, deletions, or substitutions, either conservative or non-conservative,
provided that such changes result in a protein whose basic properties, for example
enzymatic activity (type of and specific activity), thermostability, activity in a certain
pH-range (pH-stability) have not significantly been changed. “Significantly” in this
context means that one skilled in the art would say that the properties of the variant
may still be different but would not be unobvious over the ones of the original

protein.
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context means that one skilled in the art would say that the properties of
the variant may still be different but would not be unobvious over the ones
of the original protein. 39 By "conservative substitutions” is intended
combinations such as Val, lle, Leu, Ala, Met; Asp, Glu; Asn, GIn; Ser, Thr,
Gly, Ala; Lys, Arg, His; and Phe, Tyr, Trp. Preferred conservative
substitutions include Gly, Ala; Val, lle, Leu; Asp, Glu; Asn, GIn; Ser, Thr;
Bys' ‘drgeaad Rhapdimthiy " valanidal &mbibitypmallyubiagasaVidaie 2686, Ala,
t 50%, gt least 60% qr at least .70%,,preferahly at Jeast 80% re
&p%% er%iﬂy(;'ﬂﬁe%gi 9(&/@,’ &en m{)’reG B’fe%elf%k‘jl‘))/ %t%y st 95 glﬁy?ﬁ% ?f@?@n Trp.
Prefenablycatteesi @Odh miosibpsafelabtyGllyleabt d9hEHeséguense, Glentiyn,

the seguence of native PSE]. 10 The percent sequence identity
t@l gerh?\}/{vroq“p%ﬁy’éé%t%lgsﬁ%eg be determined using suitable computer
programs, as discussed below. Such variants may be natural or made

sing the met f prgtein engineering and site-directed m nesj

és are a\gl\}elf)ir?gv%; ?ﬁpﬁ)ﬁ@igrﬁaiggg«eﬁfsﬁa%%%én g,lel%s?t@%:?b%fg?( sg@’gé)lf , Aeast

sférprefergrtein dasviilythese queiecbbf anktiveOP SES athendivaprdtaraily at
ne. Q- more, positions where ther e been deletions, . Th

B B T A Al s ence

60691 tyioreh¢yeipatheeiptoad 08P eferably up to 80%, more preferably up

to 90%, 20 even more preferably up to 95%, yet more preferably up to

99% of the complete sequence of the full mature PSEI protein.

Phetiuriany mefenred deagmertsvof PSEI pphapejrii desmprisbeoteeommedaising

d ' f ir ratein. t or variant
SR OB daS 2 A AT U S R o
thadewhiog thepnatbeds reflcprolsin andynieangostdesik-duchies iButagenesis as are

well known in the art.

A “fragment”, in the context of PSEI, refers to a protein having the sequence of
native PSE1 other than for at one or more positions where there have been deletions.
Thus the fragment may comprise at most 5, 10, 20, 30, 40 or 50%, typically up to
60%, more typically up to 70%, preferably up to 80%, more preferably up to 90%,
even more preferably up to 95%, yet more preferably up to 99% of the complete
sequence of the full mature PSE1 protein. Particularly preferred fragments of PSE1

protein comprise one or more whole domains of the desired protein.

A fragment or variant of PSE1 possesses the same enzymatic activity as PSE1 and
may be a protein that, when expressed recombinantly in a host cell, such as S.
cerevisiae, can complement the deletion of the endogenous PSE1 gene in the host
cell and may, for example, be a naturally occurring homolog of PSEI1, such as a
homolog encoded by another organism, such as another yeast or other fungi, or

another eukaryote such as a human or other vertebrate, or animal or by a plant.

40



10

15

20

25

30

cerevisiae, can complement the deletion of the endogenous PSEI gene in
the host cell and may, for example, be a naturally occurring homolog of
PSEI, such as a homolog encoded by another organism, such as another
yeast or other fungi, or another eukaryote such as a human or other
vertebrate, or animal or by a plant. 30 40 Another preferred chaperone is
ORM2 or a fragment or variant thereof having equivalent chaperone-like
actotliyr PRRfé2ed|Isbakaown &s YRRI50MY, fsdgoate oy afitombscioe Baling

gposm % g 828729 119 ?379) of the S. cerevisiae genome and encodes
u1va c rone like acti
evoluticnar y Conserved p¥ote|n with similarity to the yeast protein

Ormlp Hjelmquist et al, 2002, Genome Blology, 3(6), research

%! 0p27 16 report s to e family comprising. .
three Zrlﬁurgan geneng Eéig@fgﬁw gﬁﬁﬂ a}/nsewe agp GSitions
B@Sﬁdbﬁ)ge |8i23ﬁ@9c)smbtlnha5 p&ards;smmgephﬂda aﬁﬂuenchdﬁdates‘aﬁdtionarily
vertebra es re ed to en tra mbran
R L G e e R e o
Q022 wrisveguitedoinr, HSistancarth ﬁgéﬁfs@ﬁﬁfltﬁmmmethmfaﬂw belongs

rotein res Hjelmgqvist et al, 2002 (supra at
R ok T R R O R B ORI TR GRS anc
ORMD)gndssto walkcrsaskohyrimgth nate antgeatdasepsitivity Brosophila,

tun dithiathreitol. e dse uence rm S

0 Sﬁx}?é %ﬁ\ﬂ?ﬁ Tﬁﬁé’é?gAFEgsgﬁL K SPKPSF“?H Hieode
STRVIFDHRRPRBESS\ASHUMEQA TiFGDoteins endoplasmlc reticulum (ER).
ENDQQMLPNMNATWVDQRGAWLIHIWIVLLRLFYSLFGSTPKWTWTLT
NMTYI IGFYIM

Fhit pi0GTPODENG SRY DN TIVVEQINOE TL YEREREIE Lihdued hé-uhfolded

BREN RN Fidinlvihel Yt 500 (55 .32;'@5%@ hie LTGROk R dbut

proteln S er(llco e following coding
nldestite sequendeialtiYDL Witihel agpr@diited ahdt @Mﬁd@miseto a

@Bieot g%%ﬂ P¥e dR4 &ﬁ% %’?EUW%%&QBS?A& HE R hreitol.

sequences w ch enc

One published sequence of Orm2p is as follows:

MIDRTKNESPAFEESPLTPNVSNLKPFPSQSNKISTPVTDHRRRRSSSVISHVEQETFED
ENDQOMLPNMNATWVDOQRGAWLIHIVVIVLLRLEYSLFGSTPKWIWTLTNMTYIIGFYIM
FHLVKGTPFDENGGAYDNLTMWEQINDETLYTPTRKFLLIVPIVLEFLISNQYYRNDMTLEF
LSNLAVTVLIGVVPKLGITHRLRISIPGITGRAQIS*

The above protein is encoded in S. cerevisiae by the following coding nucleotide
sequence, although it will be appreciated that the sequence can be modified by
degenerate substitutions to obtain alternative nucleotide sequences which encode

an identical protein product:

ATGATTGACCGCACTAAAAACGAATCTCCAGCTTTTGAAGAGTCTCCGCTTACCCCCAAT
GTGTCTAACCTGAAACCATTCCCTICTCAAAGCAACAAAATATCCACTCCAGTGACCGAC

CATAGGAGAAGACGGTCATCCAGCGTAATATCACATGTGGAACAGGAAACCTTCGAAGAC
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an identical protein product: 30
ATGATTGACCGCACTAAAAACGAATCTCCAGCTTTTGAAGAGTCTCC
GCTTACCCCCAAT
GTGTCTAACCTGAAACCATTCCCTTCTCAAAGCAACAAAATATCCACT
CCAGTGACCGAC
CATAGGAGAAGACGGTCATCCAGCGTAATATCACATGTGGAACAGGA
ACETRCOGANGAIGCATICCCAACATGAACGCTACGTGGGTCGACCAGCGAGGCGLG

CAAPATGACGAGCAGATGEETCCCARCATGAACGETACGCIGEEGGTCGA

%%%%%%CTTTAACAAACAT GACCTACATCATCGGATTCTATATCATG
TGGTTGATTCATATCGTCGTAATAGTACTCTIGAGGCTCTTCTACTCC

A SR AP AEE TACGCCCTTCGACTTTAACGG TGETGCGTACGACARCCTGACC
ACGCCCAARTGBACCTECACTTTRACAAACATBACCTACATEATCGG

ATACTATATCATGBCCTGATTAGCAACCAGTACTACCGCAACGACATGACACTATTC

E?&@%@@}E@&@Mﬁ&ﬁaﬁ@%&@ﬁ&%%EEA&@@@J@@;%GTA
R R R A SRR R B AR E CCACTAG A

ATTTCTGCTGATT
GG Gid ?&%@E@%@@X?%Tgﬁ‘é GRAGEAR TREFRCHGRAREA A
CATGACACTATTC o _
Oremte A Peiet cGTIME e Tae T PTG BT ag te Frmaraniaetve
BRAADMEAGFID at one or more d)ositions where there have been amino acid
AGACTAAGAATATCCATCCCTGGTATTACGGGCCGTGCTCAAATTAG
RO \AsiRiiRsarfd fRAGPHEHISNST CRIMID SPBSSIatINE | fIe@9A-figaservative,
FesRRl I IERHUCR-chanyay ARt i t@&&@&iﬁ%&%&ﬂ@ PIBRIBLS FoPralEible
aving the sequence of native ORM2 other than for at one or more

BRSTIBHS AHBID tHzpe AR ieen ity Atid iigrtiahidi i exitighs o certain

%Ppﬁﬂg@i%ﬁaﬂmﬁfﬁ%rﬂéﬁiéﬁ%ﬁﬁ%ﬁr_\%@%%ﬂ%@d. PRIVIGREL IR SHOIs
changes result in a protein whose bas&ﬁiopertles, or example 15

epiivianecas iy iy sEiBed iy Bp arinroaidivity \thetdhh BEBBie), dchoiprint

%hgyrgaim H%"hfﬁ&%_t(Bh{‘%ﬁiﬂt)ﬂoh%\éedﬁ%ﬂgl'iﬂfﬁg%ﬁ_'ﬁl@%§B@@H@eriginal
"Significantly” in this context means that one skilled in the art would say

fHat¥he properties of the variant may still be different but would not be
unobvious over the ones of the original protein. 20 By "conservative
substitutions” is intended combinations such as Val, lle, Leu, Ala, Met;

Rip colseiaiveahpsartionsr, isiytcared samipgtipns:supbi asnéalTll, Fey, Ala.

M&Eeﬁ(% @H?@(Mﬁ“@@n?l&iﬁtm&?@lwqmﬁteL@LY . Aﬁl@ Mﬁb Neq lpae; $§H,Trp.
Glu; Asn, GlIn; Ser, Thr; Lys, Arg; and Phe, Tyr.
Preferred conservative substitutions include Gly, Ala; Val, lle, Leu; Asp, Glu; Asn,

Gln; Ser, Thr; Lys, Arg; and Phe, Tyr.

A “variant” of ORM2 typically has at least 25%, at least 50%, at least 60% or at least
70%, preferably at least 80%, more preferably at least 90%, even more preferably at
least 95%, yet more preferably at least 99%, most preferably at least 99.5% sequence

identity to the sequence of native ORM?2.

The percent sequence identity between two polypeptides may be determined using

suitable computer programs, as discussed below. Such variants may be natural or
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25 A "variant" of ORM2 typically has at least 25%, at least 50%, at least
60% or at least 70%, preferably at least 80%, more preferably at least
90%, even more preferably at least 95%, yet more preferably at least
99%, most preferably at least 99.5% sequence identity to the sequence of
native ORM2. 30 The percent sequence identity between two

polypeptides may be determined using suitable computer programs, as
disde ssed; bstavethubshov priciais enginbeingtandlsae-dizzonatimutagrgdbie as are
Wgﬁ %evofﬁ)rgte engineering and site-directed mutagenesis as are well
known in the art. A™"'fragment”, in the context of ORM2, refers to a protein

having the sequence of 5 native ORM2 other than for at one or more

osjtions where there av let ns; Thus the fragm

i R e R e e T
typical QRN 0o, thrafdiabhy umdooﬁ%O%rmqmmummfevdtdm upeta 9&%?, been
ven moreareferab to 95% et mor refer y the
81%'{'1(? AL %[ %‘ ulfis ature@ﬁ/l% ?q 0%,

comp ete sequence ot pro ein. rtlcula y
grmeﬂileduﬁvagmé@ff’s ah@RMpDipaditeinpcamfise qnefcnaimorep/\/mI&O% more

do oft |red rotein. A fragment or an fORMZ esse
R e R L AL RS bR e RATICS T
éﬁﬁre@sebbreoombtnafrwlsaenca hxﬁsﬁlceﬂ;ltuuhtms S)RM%eletamae Paatrcularly

g%’g‘eo'%‘a“?“tr%%%t%’% the ”r?%so RS ree“%'o ¢ %a%sce'%the
may, examp atural occurring homolog o

desacthpmoing encoded by another organism, such as another yeast or
other fungi, or another eukaryote such as a human or other vertebrate, or
animal or by a plant. 20 A gene encoding a protein comprising the
defaencatodravehaperd eRNVEY ye senserethein aniékenmyamaiar aotthigy as ORM2

REHRRPO IO HEN SHEN QB0 DPIRIBIRERMR RV Ros M. such as s.
AR T SRS PR IA ISTOIRERHS RSIET o VI,

partlcu ar emphasis on combinations of ORFs an gulatory reg ions.
cerevisiae, can complement the deletion of the endogenous ORM2 gene in the host

cell and may, for example, be a naturally occurring homolog of ORM2, such as a
homolog encoded by another organism, such as another yeast or other fungi, or

another eukaryote such as a human or other vertebrate, or animal or by a plant.

A gene encoding a protein comprising the sequence of a chaperone may be formed
in a like manner to that discussed below for genes encoding heterologous proteins,

with particular emphasis on combinations of ORFs and regulatory regions.

The term “protein” as used herein includes all natural and non-natural proteins,
polypeptides and peptides. A “heterologous protein” is a protein that is not
naturally encoded by a 2um-family plasmid and can also be described as a “non
2um-family plasmid protein”. For convenience, the terms “heterologous protein”
and “non 2um-family plasmid protein” are used synonymously throughout this
application. Preferably, therefore, the heterologous protein is not a FLP, REPI,
REP2, or a RAF/D protein as encoded by any one of pSRI1, pSB3 or pSB4 as
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The term "protein” as used herein includes all natural and non-natural
proteins, 25 polypeptides and peptides. A "heterologous protein” is a
protein that is not naturally encoded by a 2m-family plasmid and can also
be described as a "non 2m-family plasmid protein". For convenience, the
terms "heterologous protein” and "non 2m-family plasmid protein” are
used synonymously throughout this application. Preferably, therefore, the
bbtarelogous Zrom’miispfﬁﬁ b b1 pS BRERTh 30 SHERE Dfrark AFHD: BiopSIN dsis

code any pne of 4.as tained, from Z
Poglﬂ%rllepéb@/ o%' §r§§eﬁottﬁ gs c]%talne%t%) ? Ogéﬁ p§ %:lsarggfaﬁ?el\é[ Ias
tominedfdroreniatiypik D luas ltainedrfnbe XudrpsophidaninobePidd & m S.
obtained from P. membranaefaciens or the 2m plasmid as obtained from
§7¢ifisiae. 5 A gene encoding a heterologous protein comprises
polynucleotide sequence encoding the heterologous protein (typically

ccordln tandar%cod n usage for any given or |sm ignated
oS5 RN P CREE FF g R S GRS pgasence
samelpglymmhmettﬂegmqL;&ncartl{a;t;daegfrmicefmﬁget(a@talqﬂamamdeadn@@e
ame (termed 'non- c . Non- cod ion in.t ay
SRRt S T Pl (P
mlagchcnlﬂomn&urytbaﬁ;ammﬂemcﬂ&ﬂmela@mb sequiingefthmmnd@sdior encode an
translatl n of.the resulta t‘transcfgt 15 The term "regulatory sequence”

RGN glggﬁanée SRS gg(lr%gloﬁlr motes or reduces) the

expression (i.e., the transcription and/or translation) of an ORF to which it

oper Ilnked Re ulator ons ically include pro oters,
e R i CHec b e TR G et B Sore s
apm&matg ﬂhﬂtd&emhbm@ﬁﬂeg&hﬁato@lmglcﬁﬁrwﬂbdemdmpm dificthe open

iepded SXPrespIon SYSIE SRLS RIS RIQelg(s may be constituive

The term “regulatory sequence” refers to a sequence that modulates (i.e., promotes
or reduces) the expression (i.e., the transcription and/or translation) of an ORF to
which it is operably linked. Regulatory regions typically include promoters,
terminators, ribosome binding sites and the like. The skilled person will
appreciate that the choice of regulatory region will depend upon the intended
expression system. For example, promoters may be constitutive or inducible and

may be cell- or tissue-type specific or non-specific.

Suitable regulatory regions, may be Sbp, 10bp, 15bp, 20bp, 25bp, 30bp, 35bp,
40bp, 45bp, 50bp, 60bp, 70bp, 80bp, 90bp, 100bp, 120bp, 140bp, 160bp, 180bp,
200bp, 220bp, 240bp, 260bp, 280bp, 300bp, 350bp, 400bp, 450bp, 500bp, 550bp,
600bp, 650bp, 700bp, 750bp, 800bp, 850bp, 900bp, 950bp, 1000bp, 1100bp,
1200bp, 1300bp, 1400bp, 1500bp or greater, in length.
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may be cell- or tissue-type specific or non-specific. Suitable regulatory
regions, may be 5bp, 10bp, 15bp, 20bp, 25bp, 30bp, 35bp, 25 40bp,

45bp, 50bp, 60bp, 70bp, 80bp, 90bp, 100bp, 120bp, 140bp, 160bp,

180bp, 200bp, 220bp, 240bp, 260bp, 280bp, 300bp, 350bp, 400bp,
450bp, 500bp, 550bp, 600bp, 650bp, 700bp, 750bp, 800bp, 850bp,
900bp, 950bp, 1000bp, 1100bp, 1200bp, 1300bp, 1400bp, 1500bp or
GiteateckillddrigttheddriThild eckieddntthethet geilkrecoghise tthathhpegene for

epcodinauie chaperone, for, example PRI, may addiionaly comprise ..,
Hon-coding regions and/or reguiatdry regions. h fon-coding regions

argloeguiatdiynregiodsnare: giohsestdaten kadhe regdive amremaodingaedionshe

and/or relgulagor regions normally associated with the 15 cha er‘gr&e Oﬁ'lth
1VEe I]t(f1 -COodIng reoions a Or. rcgu ator%/ I'C]%IOIIS OI'IIhalr% assoclated wit c
ere the expréssfon system is yeast, such as Saccharomyces

chapeisiaeORUitable promoters for S. cerevisiae include those associated
with the PGK1 gene, GAL] or GAL10 genes, TEE1, TEF2, PYK1, PMAL,
CYC1, PHOS, TRP1, ADH1, ADH2, 10 the genes for
dWeeealde byples3iph eppbates dehytd kogb iaskdaéuokinase cpyaruyate suitable
dﬁ&%&‘i]e@'r’é%%sﬁ’&%%%%f{}{&%’ IQE(?(S?G J0SSd eréf)\%@tt}]l?hef: ' rg&% GALI or
B osphoglucose isomerase, glucokinase, a-mating factor pheromoéne,
&xalthgefastof phérdih6ie PYe PRBA Iproifote ) B 5P RRR Iprédte rAhE2,
PD1 promoter, and hybrid promoters invplving hybrids of parts of &'
e R Rnaee
dewitroypstve grhaaptivatiotokites g etigosh @hosphidtes ahERs @ - PBSs Pl lucose

Riliable ranseription terminalion signafs are well known Inde. ik, et
ReRGSEcall''s el?kary&ic,at etranscription termination s‘%gna is P ’
prefdtRBly gesived:r2QlicorRRAE 3pftankiag sheuéeiRie/ofpaoaukaryaticl gapksid
which contains proper signals.for transctiption termination and. ,
R, B R L AR St R g of 5
tegshtof the giene olatuhatyplinketto theréthprpssiamcactircltisegitence.g. the
used ié%.omig_%qgggseggg to the promoter. Alternatively, they may be

promd

Suitable transcription termination signals are well known in the art. Where the
host cell is eukaryotic, the transcription termination signal is preferably derived
from the 3' flanking sequence of a eukaryotic gene, which contains proper signals
for transcription termination and polyadenylation. Suitable 3' flanking sequences
may, for example, be those of the gene naturally linked to the expression control
sequence used, i.e. may correspond to the promoter. Alternatively, they may be
different. In that case, and where the host is a yeast, preferably S. cerevisiae, then
the termination signal of the S. cerevisiae ADHI, ADH2, CYCI, or PGKI genes

are preferred.

It may be beneficial for the promoter and open reading frame of the heterologous
gene, such as the those of the chaperone PDII, to be flanked by transcription

termination sequences so that the transcription termination sequences are located
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different. In that case, and where the host is a yeast, preferably S.
cerevisiae, then 25 the termination signal of the S. cerevisiae ADH1,
ADH2, CYC1, or PGK1 genes are preferred. It may be beneficial for the
promoter and open reading frame of the heterologous gene, such as the
those of the chaperone PDI1, to be flanked by transcription 30
termination sequences so that the transcription termination sequences are
logatedstdminothdipstvesne an o Ot pstnearar einth e o neadén afidropein order
readln\g frame, in.order top transcriptional read-through |nt
BBl SHBL B AR S e dL OB SR Ve Sab iy offin a5 2um
eenbodinevikatherfavoured regulatory sequences in yeast, such as
Saccharomyces cerevisiae, include: a yeast promoter (e.g. the
Saccharomyces cerevisiae PRBI promoter), as taught in EP 431 880; and
antranscrépitantitesmnaier, fprefetablytheaterminajoe iem Hacgharomyeesas
?ﬂ #F as tau htin EP. 60 Oci‘bfreferab the vector inco at least
AT Eh 5 LB om STy 8 HEHEHGE 15 oA EOBFg o ces
RO e iNCRARJOrptenta©, than rnghD Nk BRgu@nhceddncading aranscription

R A LA e AP R0 S0 B BB b0 a7

60jFatieléutidy) proteinsr Tiverijanstationeato m@dmﬁsldﬁdh Iﬁoﬂxfmodons.
preferred. The term "operably linked" includes within its meaning that a
regulatory sequence is positioned within any non-coding region in a gene
$uch fhat befeficibfdetat onshdodiith @pi@RE ﬂﬁatrpefam'tmthe rlegulaie HNA

region to e1%<e0r 1%” effterzcrt1 n 20 tlhetORF nits i |n Thu&&A i
regu‘fa%’rf r%g|o "8peara ed R O&’I‘«’SI]:1 is po |one |n such a wdy

thdethe ragmlmh@eytregstmlmaibleatd}umm@hcendramgrq&m drdf@oduction of

Unslation of ihe ORF fn.ihe intepded maney, under SoNINg ., Uaa s
& tegliiatonysequsnce.

preferred.

The term “operably linked” includes within its meaning that a regulatory sequence
is positioned within any non-coding region in a gene such that it forms a
relationship with an ORF that permits the regulatory region to exert an effect on
the ORF in its intended manner. Thus a regulatory region “operably linked” to an
OREF is positioned in such a way that the regulatory region is able to influence
transcription and/or translation of the ORF in the intended manner, under

conditions compatible with the regulatory sequence.

In one preferred embodiment, the heterologous protein is secreted. In that case, a
sequence encoding a secretion leader sequence which, for example, comprises
most of the natural HSA secretion leader, plus a small portion of the S. cerevisiae
o-mating factor secretion leader as taught in WO 90/01063 may be included in the

open reading frame.
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25 In one preferred embodiment, the heterologous protein is secreted. In
that case, a sequence encoding a secretion leader sequence which, for
example, comprises most of the natural HSA secretion leader, plus a
small portion of the S. cerevisiae a-mating factor secretion leader as
taught in WO 90/01063 may be included in the open reading frame. 30 46
Alternatively, the heterologous protein may be intracellular. In another
predenned ey dodirtend] dieu b prerelo gaysheroteiatbriaprises the sequence
of a eukaryotic protein, or a fragment or variant thereof. Suitable
eukaryotes 5 include fungi, plants and animals. In one preferred
ambotimgnt fbeddetataidgoers, phmthbldﬂ)h)gung@kqnmnamnqnmsamasyqasnce
8¥oteln In anothe(r) e{gfeorrreg fembod ment atrt;gn %E rolc%gogs pa&telg is > an tes
anlma]1 fotan. Erxempilar Aninals mcfuge Vertebrates and Invertebraes
Ewémrdplﬁrygwepﬂebﬁamsl imdinds.manonajsefeuch antbwdiaas, tzhadleterologous

Oqel uman aIs %O Thus the heterologous Qrotelrinmalyoﬁ(l)mp&%?med

rotein 1S a rotein, . such, as T
fne sequence ol?%y ast protein. It may; Yo exa ample, comprlseﬁw

seﬂqlwdnuermfthwheastqﬂngem froeihessamanirost Ifromlwh iEketingl 2 -fammikls
pleRmIc\ s fiprved. Thase. skilieddn the arwil, recegnise, Bat amaiody
use orp asmid of tﬁe fII‘S¥ secon Aird ASpects o 5'invention may
sochprideuDNA, seqmlendmmemlcmdmgwimre than one heterologous protein,
more than one chaperone, or more than one heterologous protein and
more than one chaperone. In another preferred embodiment, the
ﬁéterdmgmnsrplmgem PrajecompyiseingiR0tise gagroe o bb kb ymist, protein. It

o '3%9@‘1?0% Hsgtﬁ%og‘é fiefteat IR 48 %? (EHERAS MLI99Te host

ting factor), antistasin, a tick t|coagula peptide, transferrin,
Iﬁctmemhaﬂldo%maumﬁammlg’lqﬂmnndcmlldgevmim"frhmsmgalknﬂiuﬂnmonhe art will

immunoglobulin-based molecules ar. fr f either (e.

mc%%ﬂlsg t?l {J a meﬁlocfj use or piasmld ?Qﬁgefnrsg) secon g) gnr% aspects of the
invention may comprise DNA sequences encoding more than one heterologous
protein, more than one chaperone, or more than one heterologous protein and

more than one chaperone.

In another preferred embodiment, the heterologous protein may comprise the
sequence of albumin, a monoclonal antibody, an etoposide, a serum protein (such
as a blood clotting factor), antistasin, a tick anticoagulant peptide, transferrin,
lactoferrin,  endostatin, angiostatin, collagens, = immunoglobulins  or
immunoglobulin-based molecules or fragment of either (e.g. a Small Modular
ImmunoPharmaceutical™ (“SMIP”’) or dAb, Fab’ fragments, F(ab’)2, scAb, scFv
or scFv fragment), a Kunitz domain protein (such as those described in WO
03/066824, with or without albumin fusions), interferons, interleukins, IL10, IL11,
IL2, interferon o species and sub-species, interferon [ species and sub-species,
interferon 7y species and sub-species, leptin, CNTF, CNTFuys, IL1-receptor
antagonist, erythropoietin (EPO) and EPO mimics, thrombopoietin (TPO) and
TPO mimics, prosaptide, cyanovirin-N, 5-helix, T20 peptide, T1249 peptide, HIV
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ImmunoPharmaceuticalTM ("SMIP") or dAb, Fab' fragments, F(ab’)2,
ScAb, scFv 25 or scFv fragment), a Kunitz domain protein (such as those
described in WO 03/066824, with or without albumin fusions), interferons,
interleukins, 1L10, IL11, 1L2, interferon a species and sub-species,
interferon (3 species and sub-species, interferon y species and
sub-species, leptin, CNTF, CNTF,is, ILI-receptor antagonist,

gpﬂthrbﬁvgiﬂ 18P @phind & Pidomivkicsas ¢h tBrmbloipadétinp{ Zte1eY) darth &0 Jreexh
' ics sa ti anovirin-N, 5-helix,,.T20 tide, T1249 tide
r Q‘jﬁbr i115n msulin B :gg(ﬂ%gl% pleEFa%ﬁ%ttldes

eUPO IIH%.SG prourokl‘%1
ﬁfsniﬁﬂdllgeogvdwﬂafztmrpaawlyrmuj dromtlo herpoain i fonsiitip, gylwvadhgantor

lucagon-like des, ins itonin, rowt
ol P MG o R M e Rl daggers in
Givh GiFaM-6sSke Féonscoagudaiiobiaciarsinifdathphrarmncsanividfionpsn,
including but not limited to plasminogen, flbrlno%en thrombl

R DFSTYEmBiR BT RANe B DS HSRBRI i Taifringhsrtitrypsin.

plasminaganeclivatel Fdcantor Y, IF fcastov Wil IFRastord XFiastox X@h &actor
Factor XIllII, nerve growth factor, LACI, platelet-derived endothelial cell

S eReRiEr o eeteir Y- AfuboNateledeey o AU Hersirgiayh foctor

PO B GRIMYIRIGPreCEse! I RrotaRiiBiesrakahap RS BRI precursor
antithrombin 111, apo-lipoprotein species, Protein C, Protein S, or a variant

BFEig Mot BH@ BRina HEY BT Alithrom Rith AL o ARS:HfRFRICIn species,
ehavarlctedppieing iefaisdoor RigiaihvdTersinath©mso9E more positions
there have been amino acid insertions, deletions, or 15 substitutions,
either conservative or non-conservative, provided that such changes
reswirian®’ pretaincoieseod Asicapsopaidies plotdxa Rples eh ayimatio adidiin at

or receptor binding (type of and sp cific activity), thermostability, activity
& é)értgfﬂrBrPPéﬁ%’éz(ﬁ FStaQﬂHﬁ/) &le %B’P&g?ﬁf&aﬁ‘ﬁ%‘é% ceagag, or

'éﬁigﬁiﬂﬁaﬂily"i'tﬁe&h toaeMaklanganstbaieneskdlgsdnitea athvidld Sayges
that the rtles of the variant ma t|II 20 bcf different but would not be

(OB OVRP AR 25 BREPGRISAP bFSEIR e BHUS U Or receptor
whﬁﬂglmWs“ fuitepeleticcanviipatiasmmyciviasyValilley hed cAlain pH-range

(pH-stability) have not significantly been changed. “Significantly” in this context
means that one skilled in the art would say that the properties of the variant may still

be different but would not be unobvious over the ones of the original protein.

By “conservative substitutions” is intended combinations such as Val, Ile, Leu, Ala,
Met; Asp, Glu; Asn, Gln; Ser, Thr, Gly, Ala; Lys, Arg, His; and Phe, Tyr, Trp.
Preferred conservative substitutions include Gly, Ala; Val, lle, Leu; Asp, Glu; Asn,

Gln; Ser, Thr; Lys, Arg; and Phe, Tyr.

A “variant” typically has at least 25%, at least 50%, at least 60% or at least 70%,
preferably at least 80%, more preferably at least 90%, even more preferably at least
95%, yet more preferably at least 99%, most preferably at least 99.5% sequence
identity to the polypeptide from which it is derived.
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Met; Asp, Glu; Asn, GIn; Ser, Thr, Gly, Ala; Lys, Arg, His; and Phe, Tyr,
Trp. Preferred conservative substitutions include Gly, Ala; Val, lle, Leu;
Asp, Glu; Asn, 25 GIn; Ser, Thr; Lys, Arg; and Phe, Tyr. A "variant”
typically has at least 25%, at least 50%, at least 60% or at least 70%,
preferably at least 80%, more preferably at least 90%, even more
preferably at least 95%, yet more preferably at least 99%, most preferably
at least 99.5% sequence 30 identity to the polypeptide from which it is
rived. 48 The percent ence identity between two polypeptides ma
e S R RS T oS R B RR L he
puagbdercofmihedd pincensitysofoYwiseondntiweGetit Gopnputiof) thirdiyp amsity of
ill be reciated that percent.5 identity is calculated in relation.to
e S R Sl Wi e
ndeytaitesvativehtddacactieooud peingeihed X vehakd\sqgragranhalTieempbgned
tgl. a9.994) Nucleic Acids Res., 22(22), 4673-80). The parameters 10
ge me be as follows: Fast pairwise alignment parameters:
K-tuple(word) size; 1, window size; 5, gap penalty; 3, number of top
lagonals: 5. Scoring, method; x percent, .Multiple alignment parameters:
0 R TR B e U S e W
Bl OSIpvn Such vaiiarismeleioednatuiador 226205 ,uEiig-tHb. mEbkqusaheters
rotein engineering and site-directed mutagenesis as are well known in
ﬁwsgagrrrtl? %’% Aaﬁfr?gg(r%%sht", in the context of the above-listed proteins, refers
0 aHasotpairwhierelignatonearametapdsitigris(therd) haxe beenmdieleticias; S,
Thus (e FaAMmEnL May.comprise, A1 Most 5540, 20, 30,10 0120% of the
con%pa%{)e SEqlenceBrthe rulPmataire po ypep(fléneg. tfnyplcally gefrragment
eonNitiBgdcuplien 6Q94, pacniadypically upda pERaltyprederaipyexeic @ Yenalty;
mor(t)ed%referably up to 90%, even more preferably up to 95%,

e
O
u

e Scoring matrix: BLOSUM.

Such variants may be natural or made using the methods of protein engineering and

site-directed mutagenesis as are well known in the art.

A “fragment”, in the context of the above-listed proteins, refers to a protein wherein
at one or more positions there have been deletions. Thus the fragment may comprise
at most 5, 10, 20, 30, 40 or 50% of the complete sequence of the full mature
polypeptide. Typically a fragment comprises up to 60%, more typically up to 70%,
preferably up to 80%, more preferably up to 90%, even more preferably up to 95%,
yet more preferably up to 99% of the complete sequence of the full desired protein.
Particularly preferred fragments of a protein comprise one or more whole domains of

the protein.

In one particularly preferred embodiment the heterologous protein comprises the

sequence of albumin or a variant or fragment thereof.
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25 yet more preferably up to 99% of the complete sequence of the full
desired protein. Particularly preferred fragments of a protein comprise
one or more whole domains of the protein. In one particularly preferred
embodiment the heterologous protein comprises the 30 sequence of
albumin or a variant or fragment thereof. 49 By "albumin” we include a
protein comprising the sequence of an albumin protein obtained from any

Soutebumipitadtyitoiideurpeisimampasiang. the cagupnetesfed dhunaidiprentin

toqjet\ ser(ting albumin is humﬁn serym albumin (YHSA"). The ter "humaflgrred

aimed Irom. a SQuUICE. 1cally.the spurce'1S mampimalian, In one pr
serum al umlnn¥nccfuopest gpmea?ﬂlng Oor a serum alpumin havmg aﬁg

amindiacidt sthquencs returrally ocburning serhomabsmamd ESiaiils théreafrm
Proferably the alpuminnas g amino, agid sedyence, diselgeedin Wve an
961}%]5§ ora Vanant thereof. The HOX coéing sequence 1S obtaina ]Iegby
known avedhcdguircdsalating lgDdbAwanesponidingte, handary genes, dredeis.
%'r%‘fe%{%%'ot%%daf%n‘}% ﬁxsa{Hé’ 'im%ﬁ 3L l?e%%eEﬁis%%%eﬁ%%- W %&T?é@%for
preferred embodiment the "albumin™ comprises the sequence of bovine
seramaral themeiol. THectElSA "baliine ssqnentalis urbinthibdtuicle & thermeeathiods dbr
a serum in having an aminp acid sequence naturally occurring .in
T A R R A S R S R Y BESRGG, o
anahvarianks th eAeafnBERs2dé6fiEd below. The term "bovine serum
albumin” also includes the meaning of fragments of full-length bovine
serum albumin or variants thereof, as defined below. In another preferred
émvodimrgnt thecallsurhinlicoenptise'@thensejuenger st athe2@ @lburainf bovine
derved iam oneref T%@‘%@HH{%&S{%‘ Q@%ﬁﬁ* ARFuNSAR Rleaning of a
accession number P49 2), pig (e.g. see Swissprot accession numbet
RO8836),uguath@ ggsmvailabledibre@igme astwia@buotaworia@Sh4cows, for

Aé%ﬁél)e Hér%%\fgf#glm é%‘ib??ﬁ{a}%ggé%%?88%%%%&%9%5’,7%%6%1Qﬁ’t@%@reof

S ava
as defined below. The term “bovine serum albumin” also includes the meaning of

fragments of full-length bovine serum albumin or variants thereof, as defined

below.

In another preferred embodiment the albumin comprises the sequence of an
albumin derived from one of serum albumin from dog (e.g. see Swissprot
accession number P49822), pig (e.g. see Swissprot accession number P08835),
goat (e.g. as available from Sigma as product no. A2514 or A4164), turkey (e.g.
see Swissprot accession number O73860), baboon (e.g. as available from Sigma as
product no. A1516), cat (e.g. see Swissprot accession number P49064), chicken
(e.g. see Swissprot accession number P19121), ovalbumin (e.g. chicken
ovalbumin) (e.g. see Swissprot accession number P01012), donkey (e.g. see
Swissprot accession number P39090), guinea pig (e.g. as available from Sigma as
product no. A3060, A2639, 05483 or A6539), hamster (e.g. as available from
Sigma as product no. A5409), horse (e.g. see Swissprot accession number

P35747), rhesus monkey (e.g. see Swissprot accession number Q28522), mouse
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product no. A1516), cat (e.g. see Swissprot accession number P49064),
chicken 25 (e.g. see Swissprot accession number P19121), ovalbumin
(e.g. chicken ovalbumin) (e.g. see Swissprot accession number P01012),
donkey (e.g. see Swissprot accession number P39090), guinea pig (e.g.
as available from Sigma as product no. A3060, A2639, 05483 or A6539),
hamster (e.g. as available from Sigma as product no. A5409), horse (e.g.
see. Svei SSpirspaacessisivnunnhbe30 8301 Pigdoasemorkeinéd. by 3den er

Swi ot accession humber 0285 (o] 0 . See Swissprot
g@éé@@%n%ﬁm ser G 9%3’:%%%0#@?@%&@%%e{gﬁ%@t'l'f?aﬁ'e &l % Y60 ,rOt
IntedsiBiohuviberddo06 30 (34}, 27 1e8)$ vakipit(feagcss®BwissioP36953) and
cession numper. P49065), rat (e.q. see Swi t accession numbe
R b Sy A R e TR
imzdnaes svhksntiSaandfibddagioents thereof as defined below. Many
naturally occurring mutant forms of albumin are known. Many are
described in Peters, (1996, All About Albumin: Biochemistry, Genetics and
ManicalAMFRIC RRINETAE I Braws, pic 218EMIBIcgD, koaNygrnidVlany are

BekéRbb8 1 Peiiiantas, AD AsSnedmbrive Biavhbaiane elihess natwlhcal

occurring mutants. A "variant albumin” refers to an albumin protein
PRI EH Ut o NSRS BTBSsHISnS HhEYERal@ HEEH NG A indeYiBAR! as
defafions R sHRPBUIGRNST aithemarRaRValiRHAL RaRsenservative,
provided that such changes result in an albumin protein for 15 which at
least one basic property, for example binding activity (type of and specific
activityaaion] bimdiim g redepslirvloin jllosmiol aritieifo mdetic p ke ssgrer codieighositions
i behavyiour.i ' I > (pH-stabjlit .
B S S LR e
skilhed-irpuiver et veo picd wdyd tHat thelprdpagissrefultanvariaibway stititbie for
iffere t byi f orgipal . .
L U Specic
aiyyityac yabinding elo; bisputdil, Agnoi@iny SencTie; pressukeg;caldi®smotic
E%sﬁ%é?,%‘éﬂﬁk%%ﬁ Ry &:?tain pH-range (pH-stability) has not significantly been
changed. “Significantly” in this context means that one skilled in the art would say
that the properties of the variant may still be different but would not be unobvious

over the ones of the original protein.

By ““conservative substitutions” is intended combinations such as Gly, Ala; Val, Ile,
Leu; Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr. Such variants may be
made by techniques well known in the art, such as by site-directed mutagenesis as

disclosed in US Patent No 4,302,386 issued 24 November 1981 to Stevens.

Typically an albumin variant will have more than 40%, usually at least 50%, more
typically at least 60%, preferably at least 70%, more preferably at least 80%, yet
more preferably at least 90%, even more preferably at least 95%, most preferably at

least 98% or more sequence identity with naturally occurring albumin. The percent

51



10

15

20

25

30

made by techniques well known in the art, such as by site-directed
mutagenesis as 25 disclosed in US Patent No 4,302,386 issued 24
November 1981 to Stevens. Typically an albumin variant will have more
than 40%, usually at least 50%, more typically at least 60%, preferably at
least 70%, more preferably at least 80%, yet 30 more preferably at least
90%, even more preferably at least 95%, most preferably at least 98% or
neqremmqic@ndeyidmum;enviwmqmwgpm niing athdmenmiieel peiegniubable
RS B G CL e E (LA L
] et progra , for examBFe %ﬁ rogram
Gﬂnﬁens@(mﬁwﬂtg)mnupsenétm @olhrbmtmgp@maqachmhhﬁ pﬂchat identity is

reciated t ercent |dentt |s alculated in relation to tides

e S S T e e

alherlahguaiyrbelmrrmobmanuslygbm@ﬁiwabw lpmngram (IhgnahpBOPwigram
1994 The,p et usedm follqws: Fast pairwise

gi:h peé%m?a% ﬁﬁ%e@ar(e\l/vr%? Sslllzsg in N % owf:l@e&% gap penalty;

3, number of top diagonals; 5. Scoring method: xpercent Multiple 10

lighment. par meters: gap open penalty: 10 p ext sion enalt 05
B R e R o B L S e v
anayattag hemirobéulble ngthdadpomls; 6r aScanagt thethedf, soplongnas aﬂvéap;le
eba5| operty, for Ieb ding, 15 activity.(t YP& 0 an .
\I}lrtrifréép Gl w%és §%§I|r%ﬁ ns)e al ?%lt%go%)étg% %)r esnuarey coﬁg Srmg
mm@;ﬁ:@&%) behaviour in a certain pH-range (pH-stability) has not
significantly been changed. "Significantly" in this context means that one
skilled in the art would say that the properties of the variant may still be
difie termn b fitagnaanit!’ netusedurtabvioud wiesrame ongsat thiefoldmaithrdtgimin
fra I Y ically b Ino aci
e I T O o Sy hine
RS tyavepbed megpresged as viecomimahngptotbilis Do ckamdhriy dbncotic

é?e%?ufé Bl 19'6%{%}&1%7‘&33%9@3 %%&@r WOCLEARMBR LNRS HRINGS S)

onsisting of amino aci s 1-1 omain Il was
has not significantly been changed. “Significantly” in this context means that one

skilled in the art would say that the properties of the variant may still be different but
would not be unobvious over the ones of the original protein. A fragment will
typically be at least 50 amino acids long. A fragment may comprise at least one
whole sub-domain of albumin. Domains of HSA have been expressed as
recombinant proteins (Dockal, M. et al., 1999, J. Biol. Chem., 274, 29303-29310),
where domain I was defined as consisting of amino acids 1-197, domain II was
defined as consisting of amino acids 189-385 and domain III was defined as
consisting of amino acids 381-585. Partial overlap of the domains occurs because
of the extended a-helix structure (h10-h1) which exists between domains I and II,
and between domains II and III (Peters, 1996, op. cit., Table 2-4). HSA also
comprises six sub-domains (sub-domains IA, IB, IIA, IIB, IITA and IIIB). Sub-
domain IA comprises amino acids 6-105, sub-domain IB comprises amino acids

120-177, sub-domain IIA comprises amino acids 200-291, sub-domain I[IB
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defined as consisting of amino acids 189-385 and domain Ill was defined
as 25 consisting of amino acids 381-585. Partial overlap of the domains
occurs because of the extended a-helix structure (hlO-hl) which exists
between domains | and Il, and between domains Il and Il (Peters, 1996,
op. cit., Table 2-4). HSA also comprises six sub-domains (sub-domains

IA, 1B, lIA, 1IB, 1IA and 11IB). Sub- domain IA comprises amino acids
Gehf}]ssubnd o airi dBdénHodsesbadoinaiadids 30MP0say Tnsud adodn EPRHR 1

comprises ami cids 200-291, sub-d ' 2. comprises amino .
B L s BT 0 i AR g e s o
sutold oo giart1 31 Bne con prisesdamin osacids: b-H2:b 88 s Adrdcfinedtabraye, or any

co risg a v¥hgle o&(Part of or&? or more domains or sub-domains as
(0) 11’(1]&1 n oI those mains, and/or Suo- omamé. . .
efined above, or any combination of those domains and/or sub-domains.

5 In another particularly preferred embodiment the heterologous protein

ERMRVIRES pthgcseaUe praQfdiensiritimen eSOl FaaMmebldRes6Rfprises
The term "transferrin” as used herein includes all members of the

PErSUIRCELAIKAITESED PratifanforBASMErAIRISR]; dReprRssrapgfesrin”
RS EhAISBNnE RIIGARIERS M A QT LQ RFetRIS:Y Qinﬁl}P twsicalProteins of

Bioinorganic Chemistry, VCH, 1991) and their derivatives, such as

fFafstasttbititart Bandsain (ks hisisark: 9950 plsenerrieisys agid iron
SAzeiMases) etal F99RaBigsRttedni 30k a8l rycated oy ansiaingeir

transferrin lobes (Mason et al, 1996, Protein Expr. Purif., 8, 119; Mason

dEHYa1iYE%,, PRSI XSRERRIN-2 DU |aRiFHn T MAtE cterefins | 1%3-

wungaisdactetersuns lagtatarrin labesgy, fasiensef AnB3Gthe abpveutRated
other. peptides, polypeptides or proteins (Shin et al, 1995, Proc. Natl.
Kaagfesys.ygnsiesinolongs AMarat 4086, P Wl ChémEwra ke 119

Masew atal, B2, PRIRGhemistinyidd,, 24484 2 0adide-Hansharindmaidierins,
human transferrin. The term "human transferrin” is used herein to denote

et sl SERRILARGEREHRHRD AT dUsHERS ARk dlifofpove (o other
peptides, polypeptides or proteins (Shin et al, 1995, Proc. Natl. Acad. Sci. USA,

92, 2820; Ali et al, 1999, J. Biol. Chem., 274, 24066; Mason et al, 2002,
Biochemistry, 41, 9448).

The transferrin may be human transferrin. The term “human transferrin” is used
herein to denote material which is indistinguishable from transferrin derived from
a human or which is a variant or fragment thereof. A “variant” includes
insertions, deletions and substitutions, either conservative or non-conservative,
where such changes do not substantially alter the useful ligand-binding or

immunogenic properties of transferrin.

Mutants of transferrin are included in the invention. Such mutants may have
altered immunogenicity. For example, transferrin mutants may display modified
(e.g. reduced) glycosylation. The N-linked glycosylation pattern of a transferrin
molecule can be modified by adding/removing amino acid glycosylation
consensus sequences such as N-X-S/T, at any or all of the N, X, or S/T position.
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a human or which is a variant or fragment thereof. A "variant" includes
insertions, deletions and substitutions, either conservative or
non-conservative, where such changes do not substantially alter the
useful ligand-binding or 25 immunogenic properties of transferrin.
Mutants of transferrin are included in the invention. Such mutants may
have altered immunogenicity. For example, transferrin mutants may

displdymodifiethtfengyréduded} dliccdsyilationrATHs Mifinkednglydosylatiod/or

gﬂ}tern of a transferrin 30 molecule can b%modifiecﬁ byfad ing/r moving
er protejns, suc a%. transierrin recesp or. An examg %0 I}% 1n, mutant
aming acid glycosylation consensus'sequences such as N-X-S/T, at any

arcalifafdtihe this Xhaon&/Ts pesitipiifiedddlransferrin mutants may be altered

in their natural binding to metal ions and/or other proteins, such as
transferrin receptor. An example of a transferrin mutant modified in this
Waries i duesimed et g/ RolyseormdisaeTiaRty alyhBeg fagsterrin or
ReimorRhisatRNER Abhywan trpsfen hLdumaRtranBififs of human

analogues. Generally, variants or fragments of human transferrin will
H&oéf%rmé@tlls%yq@%%%%%zé%sgﬁ 0.4 of B9s fretrrilsly (Ricksaly
80%6a080%0" 8690)f dvmapttianaierimasdieand binding Balvily tQlvity (for

example iron-binding), weight for wei(%ht. The iron binding activity of )
AR RPBIAN s FARRD O CAIT BB o hBF PR BB AR ARSI
BY 47RRMs2BPNMcabrhanaeniatiossiRcthp ReRIgiBs HAG el Irandrae Bfim

fully iron-loaded states. Reagents should be iron-free unless stated

ahiernaee iIPEARTIOGINRITEY foMetrdrdteiien BRdnkdiysirerrifadegystates.

tiadysinPgRinR! BelivbritrateutlbMsatetobenckQRY EB ARHE R8I IFrom
should be at approximately 20mg/mL in 100mM HEPES, 15 10mM

Nt oHED Meaapls iebalyiinagatish? dbdsibaled LYl ettalso! 0mM
Farsiepiu(Salbioeheshoel RiofCigpESanNRINIhaimUKkh dibg@irHEPES,

water so that absorbance at 280nm can be accurately determined

SPERYfopRbofeRidaiy (OIFHBIF Ufuihd) Brefiate ABhypance ratio of apo-
iiaRsiiptEasiatadne TNABsslidaceby Nbasaiuing, I mainisatiacedier so
acid in 2mL 1M NaQH, then add 2mL 0.5M ferric . ,

that absorbance at 280nm can be accurately determined spectrophotometrically
(0% iron binding). Prepare 20mM iron-nitrilotriacetate (FeNTA) solution by
dissolving 191mg nitrotriacetic acid in 2mL 1M NaOH, then add 2mL 0.5M ferric
chloride. Dilute to 50mL with deionised water. Fully load apo-transferrin with
iron (100% iron binding) by adding a sufficient excess of freshly prepared 20mM
FeNTA, then dialyse the holo-transferrin preparation completely against 100mM
HEPES, 10mM NaHCO; pHS8.0 to remove remaining FeNTA before measuring

the absorbance ratio at 470nm:280nm. Repeat the procedure using test sample,

which should initially be free from iron, and compare final ratios to the control.

Additionally, single or multiple heterologous fusions comprising any of the above;
or single or multiple heterologous fusions to albumin, transferrin or
immunoglobins or a variant or fragment of any of these may be used. Such
fusions include albumin N-terminal fusions, albumin C-terminal fusions and co-N-

terminal and C-terminal albumin fusions as exemplified by WO 01/79271, and
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20 chloride. Dilute to 50mL with deionised water. Fully load apo-transferrin
with iron (100% iron binding) by adding a sufficient excess of freshly
prepared 20mM FeNTA, then dialyse the holo-transferrin preparation
completely against 100mM HEPES, 10mM NaHCO3 pH8.0 to remove
remaining FeNTA before measuring the absorbance ratio at
470nm:280nm. Repeat the procedure using test sample, 25 which should
inaatiyive Neerfronalirnjand camfzana fhadnaiicd todlvagantdoto-N-terminal
Qdéj@ggrz%rlll}/da?i grll%fgﬁlmlfltisgl%sheterologous fgsions compri‘sing any of _the
a%ove, or smgfe or mul?tlﬁlle%eterologous fusions to albumin, transferrin or
immunoglobins or a variant or fragment of any of these may be used.

Pueh 30 usiens include alumin N-terminal fusions, Albumin terming) oo
usmrPs andoco- -I}ermlnal anc??ﬁs-terminglla?gumm fusmr% as ex plﬁﬁlea
s VOB OIL/7 B2 Lamh & S2AQRA0ZI6 M3, Nherndnad. fuSiohsP tranStet ivwad Sci U

-termin siQns, and coN-terminal .and Cs ' ransferrin fusio
L S B g ARl 0o,
B520081022 10 94ktd US2003/0226155, Shin, et al., 1995, Proc Natl

Acad SciU S A, 92, 2820, Alj, et al., 1999, J Biol Chem, 274, 24066,
Mason, et al., 2002, Biochemistry, 41, 9448. The skilled person will also

dppprecidtd treataherolersreapting fasmibaoftampptheeadh gdnener ofasianttber
BelL o <80 b ISR~ Anepan eaclog Mme TOLise i 0 e
resent invention. For examp]ie, the open reaéslng frame may ncode a
privhethecpragmising amyose dive rrceiydet thaapralpadiein fimoledng ancode a
oge . riant f nt ' f I
B e b T SR E B e o
mukipletfusion ohdifferertvhichroteinS¢naxmaipde, shyathetioha8uchiproteinsal

e R R e e s IS S R
01oRIAB atwralverrisyntbeticagndenh thereofs ttan Histibsurdsiohovhishlayeely,
GRIRREAIRANSISIRRY TETRKR G ATRQUIR INESERAEN WO 01/79442, WO
01/79443, WO 01/79444 and WO 01/79480, or a variant or fragment thereof; the
disclosures of which are incorporated herein by reference. Although these patent
applications present the list of proteins in the context of fusion partners for
albumin, the present invention is not so limited and, for the purposes of the present
invention, any of the proteins listed therein may be presented alone or as fusion
partners for albumin, the Fc region of immunoglobulin, transferrin, lactoferrin or
any other protein or fragment or variant of any of the above, as a desired

polypeptide.
The heterologous protein may be a therapeutically active protein. In other words,

it may have a recognised medical effect on individuals, such as humans. Many

different types of therapeutically active protein are well known in the art.
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applications present the list of proteins in the context of fusion partners for
20 albumin, the present invention is not so limited and, for the purposes of
the present invention, any of the proteins listed therein may be presented
alone or as fusion partners for albumin, the Fc region of immunoglobulin,
transferrin, lactoferrin or any other protein or fragment or variant of any of
the above, as a desired polypeptide. 25 The heterologous protein may be
dlibehapeoiivgally gotiudrpnatsincdmptizer avixadr isenayncaveffececognisaase
rrég%itclg}lerff‘ecgsc%n individuals, such as humans. Many different types of
erapeuflcéﬁy dctive protein are well known in the art. 30 55 The
heterologous protein may comprise a leader sequence effective to cause
wretion inyeast, Numerapsnatualer artiicil pONRERIde SNA ecretion
sequences also calfed secréiot d pre re%lons ave been used or
develgped fhiase dratingspdoteidsviebiped osir celtsetinp epsignad $egnence cells.
r%%‘isﬁﬁ@ff’ s%ﬁi?é:r?cnet %&%Eﬁ's“ t%%é@énﬁ:‘%erépe?ﬁ hinenaohihe cell, that exports
proteifis fro e cell'into the surrounding medium or, In some cases, Into
thet pepipiesspnicespatenT the sijhalteghieiemoeusdisgaligdialtnough pahe cases,
nacessarbioaaicd atihe N-taiminys,of the RUmaryLanelaton, BIOdUR! o
and is 10 generally, although not ne ssarﬁfrl, cleaved oﬁlfhey’pro emn -
decingatily secrtidrt phechseroiyis|dfbe patasy’ prot@ation thedvasearmf is
g%%%ﬁry?t%ﬁ%ﬁe@ﬁ gofity.fnatis initially, sqcreted af}S{eEPﬁd{{%mo"tﬁLOsfeﬁPe ion
Ignal sequence, includes additional amino acids at its N-terrminus called a
pBotpss'tegaeidribe, ‘thetimtEpnediate entity being called a "pro-protein”.
These pro sequences may assist the final protein to fold and become
functional, and are usually then cleaved off. In other instances, the pro

Ieglmpsmpfyﬁmm;te@ms theaarage dite fomaimBy zyoneied, citavdoftteval of
H{g'ﬁfg%zg?%%e%%g,'?n%%cié@oﬂaiﬁ’onal amino acids at its N-terminus called a

"pro" sequence, the intermediate entity being called a "pro-protein". These pro
sequences may assist the final protein to fold and become functional, and are
usually then cleaved off. In other instances, the pro region simply provides a
cleavage site for an enzyme to cleave off the pre-pro region and is not known to

have another function.

The pro sequence can be removed either during the secretion of the protein from
the cell or after export from the cell into the surrounding medium or periplasmic

space.

Polypeptide sequences which direct the secretion of proteins, whether they
resemble signal (i.e. pre) sequences or pre-pro secretion sequences, are referred to
as leader sequences. The secretion of proteins is a dynamic process involving
translation, translocation and post-translational processing, and one or more of
these steps may not necessarily be completed before another is either initiated or

completed.
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have another function. 20 The pro sequence can be removed either during
the secretion of the protein from the cell or after export from the cell into
the surrounding medium or periplasmic space. 25 Polypeptide sequences
which direct the secretion of proteins, whether they resemble signal (i.e.
pre) sequences or pre-pro secretion sequences, are referred to as leader
sequences. The secretion of proteins is a dynamic process involving
Fanptatiooti tranf jooatios iarapogbtianstaiesnakchrocessyegstatd@heromyces
more,of, Jhese Steps may,not necessarly b complated belars aother 5
&ftter i tiated of comp el o8’ or%rod%cﬁon of proflelns ifi P ’
&nkanydtimlspecipesushiasitde vieastdiSacchar®mycessiceravidighosphatase

Zygosagch ce ie luyveromyces lactis and Pichiapastoris,
T o O TSR R BB
pHUED Hatasee, (22%i2(PhUBER)) (sek HeRt-366ck Gihtthe In0glithpe Joiesae WO
se ith et al..5 (1985) Sciencg, 229, 1219-1224) and ..
e B o SRR S A e facor
ldphlen spepteincadiFonl thenS. fierevidiachmatimgljactymalpind- hpieteinerum
F(x-1) rom the human lysozyme and human.serum albumin (HS
T A D o b B R e B o
abhexghusivelyslisiveeer éding: tremanhalipamitbWivith WA 06R) dixdaBed@es a
0 fusiop of the MFa-1 and HSA leader sequences, which advantageouysly
R R AW ek e i e
telapngitetbe use @htamiMitard (rademsequrnte Meodiliddeades o the use

?ggéjences are also disclosed in the examples of this application and the

eritabpradsare tisperoskinditied lsadeletrrsncsy B pdetdiighosed in
pioteinmptbebthan tiapaieih hadsitipadthenaturatdeatansierissleadat:

sequence may be used to direct secretion of transferrin and other
ﬁg{gf.gﬁ;@@&g %J[%qﬁéylth proteins other than transferrin. In addition, the natural

transferrin leader sequence may be used to direct secretion of transferrin and other

heterologous proteins.

Where the chaperone is protein disulphide isomerase, then preferably the
heterologous protein comprises disulphide bonds in its mature form. The

disulphide bonds may be intramolecular and/or intermolecular.

The heterologous protein may be a commercially useful protein. Some
heterologously expressed proteins are intended to interact with the cell in which
they are expressed in order to bring about a beneficial effect on the cell’s
activities. These proteins are not, in their own right, commercially useful.
Commercially useful proteins are proteins that have a utility ex vivo of the cell in
which they are expressed. Nevertheless, the skilled reader will appreciate that a
commercially useful protein may also have a biological effect on the host cell
expressing it as a heterologous protein, but that that effect is not the main or sole

reason for expressing the protein therein.
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Where the chaperone is protein disulphide isomerase, then preferably the
heterologous protein comprises disulphide bonds in its mature form. The
20 disulphide bonds may be intramolecular and/or intermolecular. The
heterologous protein may be a commercially useful protein. Some
heterologously expressed proteins are intended to interact with the cell in
which they are expressed in order to bring about a beneficial effect on the
cell's 25 activities. These proteins are not, in their own right, commercially
useful. Commercially useful proteins are proteins that have a utility ex

Vivensfambedinpntwhic Arehayesr thexihebesmIngsusrirelessishetdkilsgmase.
iradesoll aPREEEIFHENA 3 CoTMALGI AN USRIVhRIGIRELTRY FSRiaYE fot

biological effect on the host cell expressing it as a heterologous protein,

Bt tatthatismetes g tﬁédﬂawlﬂr aRICAYF R MEsheleduing Migvisos
RLAIGIR %‘s‘%n?gd H NLdtdp @I%!&%f% E%%Qﬁggﬁ%@é%ﬁh%e

proteln is not (3-lacta ase In another em ment It IS pre
RpterGloglyupprobédn csf ndte amvsiasin, Hoevelyerittite deademwilkappiegatbe

|ther of these |sos 5 exclude genes,encodin eltaﬁ
s PR o Gl ) e A S AT B of
the invention, merely that the gene encoding the heterologous protein
encodes a protein other than (3-lactamase and/or antistasin. Plasmids

T D MI0R T ik ey
hetetolp gaese protedmgsinhapohniuekinseltingongein thedslihguchemscdogous
?Aestgﬂl %%&&@%ﬁr&% Bé)n’ Mﬁl% %}{I%C%Q&EQ dpéér?tge(arﬂlt r}ySambrook

anua tion OI’ example, one suc met |nvo ves
figatioMoiaccieGiopieds) Campatiicvbutiesize®nds editbe. gBmeraterple,

89«:%1%%1@&88&'1%%1“\9 S{ Ban an I‘i}ﬁ’éﬁ?; ARy ths n’%)%t(!% AAREIGdPcan

restriction enzymes. T ends wil rapi y anneal rou
borapleraiedtarya BAYA fxam@afqm esersipTirandh ldlasmdrbwélcl@sédw thatable

?H&Bﬁ h‘z@dﬁgé‘serh%sfél (ftpgsr Wehes Hy R RN AERG AP UG RIFRANEES base

gonuc e linkers an
pairing and remaining nicks can be closed by the action of DNA ligase.

A further method uses synthetic double stranded oligonucleotide linkers and
adaptors. DNA fragments with blunt ends are generated by bacteriophage T4 DNA
polymerase or E.coli DNA polymerase I which remove protruding 3’ termini and fill
in recessed 3’ ends. Synthetic linkers and pieces of blunt-ended double-stranded
DNA, which contain recognition sequences for defined restriction enzymes, can be
ligated to blunt-ended DNA fragments by T4 DNA ligase. They are subsequently
digested with appropriate restriction enzymes to create cohesive ends and ligated to
an expression vector with compatible termini. Adaptors are also chemically
synthesised DNA fragments which contain one blunt end used for ligation but which
also possess one preformed cohesive end. Alternatively a DNA fragment or DNA

fragments can be ligated together by the action of DNA ligase in the presence or
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adaptors. DNA fragments with blunt ends are generated by bacteriophage
T4 DNA 20 polymerase or E.coli DNA polymerase | which remove
protruding 3' termini and fill in recessed 3' ends. Synthetic linkers and
pieces of blunt-ended double-stranded DNA, which contain recognition
sequences for defined restriction enzymes, can be ligated to blunt-ended
DNA fragments by T4 DNA ligase. They are subsequently digested with
abmmeriafe gastoctionenzyniesito doeble sohekivedizdawhehlidateoptivaaly

an ex re55|%n vector with compatible termini. Adaptors are also

emlcaﬁy syn%eased DNA fragments which contain one blunt end used
for ligation but which also possess one preformed cohesive end.

Ite tively.a DNA fr ment or DNA fragments can be ligated together
T o S T s oS, S ARG S
synﬂnetmedikyuﬁaﬂbknﬁwmgmnmhﬂemﬁdﬂmmpmndu;img)Bngmmg}ﬂuhysimd,
Endg Sﬁ taei:gc Ilnk?rs cewtai) %g f[yarle&)kof rﬁstrlctlon endonuclease
sites are b com erC|a AVATlapIS from & nuIMber of sources including
Sigma-Genosys Ltd, London Road, Pampisford, Cambridge, United

dom. Appropriate insertjon sites.in 2m-famil ids include, but

AR R S R T AR A s o
frosddiscaskabhiselecomprising a plasmld as defined above. The host cell
may be any type of cell. Bacterial and yeast host cells are preferred.
Bacterial host cells may be useful for cloning purposes. Yeast host cells
Ma@/ﬂnesaﬁeiukrﬁmtienmﬁssimv@d@emesqmrase rbinphieipiaspickndid iy aledined

bodltPﬁanthe h t ceII |s a east ce lrlclbas amem er of tp
ggn eh be anﬁ e acteria aﬁl ost cells are
accharomyces, uyv romyc Hia genus, suc &t aromyces

petfrisihe, BKctttyvﬂrhmycm;lstam Ehchnafphﬁmormamg@uipases Yeast host
mbra efacipﬁ5 or Z%gosac aromyces rouxt e%fgsosadccharomyces

(! € use I €X 10n of genes present
6 i A gOsaEEnaromyces &

In one embodiment the host cell is a yeast cell, such as a member of the
Saccharomyces, Kluyveromyces, or Pichia genus, such Saccharomyces cerevisiae,
Kluyveromyces lactis, Pichia pastoris and Pichia membranaefaciens, or
Zygosaccharomyces rouxii, Zygosaccharomyces bailii, Zygosaccharomyces

fermentati, or Kluyveromyces drosphilarum are preferred.

The host cell type may be selected for compatibility with the plasmid type being
used. Plasmids obtained from one yeast type can be maintained in other yeast
types (Irie et al, 1991, Gene, 108(1), 139-144; Irie et al, 1991, Mol. Gen. Genet.,
225(2), 257-265). For example, pSR1 from Zygosaccharomyces rouxii can be
maintained in Saccharomyces cerevisiae. Preferably, the host cell is compatible
with the 2um-family plasmid used (see below for a full description of the
following plasmids). For example, where the plasmid is based on pSR1, pSB3 or
pSB4 then a suitable yeast cell is Zygosaccharomyces rouxii; where the plasmid is

based on pSB1 or pSB2 then a suitable yeast cell is Zygosaccharomyces bailli;

59



10

15

20

25

30

20 fermentati, or Kluyveromyces drosphilarum are preferred. The host cell
type may be selected for compatibility with the plasmid type being used.
Plasmids obtained from one yeast type can be maintained in other yeast
types (Irie et al, 1991, Gene, 108(1), 139-144; Irie et al, 1991, Mol. Gen.
Genet., 25 225(2), 257-265). For example, pSRI from

Zygosaccharomyces rouxii can be maintained in Saccharomyces
edraviside. Riefenablyisthedsedt aell ipShhpahiale avithuttd2msfeasilycell is

asmid used (see below for a full descriptipn of the followin ids).
R e o T B R B o0 B P R =
suitatiile yeasistdelk K Zygosaockadmyges towxi;whieet ehthpl plas tis has80 on
b n pSBl.or pSB2 then a suiitable yeast cell is Zygosaccharomyces, .
N B i e i SR S A SRR T R
Bygosacchatmy pés feidndntadi;sviteie fwagplasinic S hasedonpkd lethgne

itapl t cell js,Kluyve d il ; t id .
R SHEElrag S H B CALIT o NS PR A BAai GG
vireteoththppsmisl dsnbidasethery¢ha 2m plasmiddhen aesuitabigeast cell

is Saccharomyces cerevisiae or Saccharomyces carlsbergensis. It is
particularly preferred that the plasmid is based on the 2m plasmid and the

yeagheeisy PRYARSiAeEAMISIE@ b BafailpPlasiid e thenaturally
invention can be said to be "based on" a naturally 10 occurrin%flasmid if

RECHisRI B, b eRpPERstaBRp tivee Of R Geblysimep OfREppety FLP,
REP 2 Haviier2aananc e darie diprad b at alupae ieerRIBspiEmid.

may be particularly advantageous to use a yeast deficient in one or more
protein mannosyl transferases involved in 0-glycosylation of proteins, for

NSANIR P& HiSURINAEREA8NR CYNESRIHENRE N REEIMBIBR M tein

expressed proteins can be subject to undesirable post-translational
FRBRATEAtOHS Brases pidikity AoSt B ORI R A IR HSE I MRS BESIPY

JRusNGEe SIS nalcciRin ROV Sites for N-linked glycosylation and has
not been 20 reported to be modified, in nature, by Winked glycosylation.
However, it has

Recombinantly expressed proteins can be subject to undesirable post-translational
modifications by the producing host cell. For example, the albumin protein
sequence does not contain any sites for N-linked glycosylation and has not been
reported to be modified, in nature, by O-linked glycosylation. However, it has
been found that recombinant human albumin (“rHA”) produced in a number of
yeast species can be modified by O-linked glycosylation, generally involving
mannose. The mannosylated albumin is able to bind to the lectin Concanavalin A.
The amount of mannosylated albumin produced by the yeast can be reduced by
using a yeast strain deficient in one or more of the PMT genes (WO 94/04687).
The most convenient way of achieving this is to create a yeast which has a defect
in its genome such that a reduced level of one of the Pmt proteins is produced.
For example, there may be a deletion, insertion or transposition in the coding
sequence or the regulatory regions (or in another gene regulating the expression of

one of the PMT genes) such that little or no Pmt protein is produced.
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been found that recombinant human albumin ("YHA") produced in a
number of yeast species can be modified by Winked glycosylation,
generally involving mannose. The mannosylated albumin is able to bind
to the lectin Concanavalin A. The amount of mannosylated albumin
produced by the yeast can be reduced by 25 using a yeast strain deficient
in one or more of the PMT genes (WO 94/04687). The most convenient
way of achieving this is to create a yeast which has a defect in its
asnome such et a redugad,leyel of one ol e BmLprotesys produced.,
or examptg, there may be a deletion, Insertion or transposition inthe
aodimantséuencdbodthe regulatory regions (or in another gene regulating
the expression of 30 one of the PMT genes) such that little or no Pmt
protein is produced. 60 Alternatively, the yeast could be transformed to
b adpecstanhantiblBms.agent;sachs ascdndastiition aftinody. idfaofahstgenes
other than S. cereyisiae is used, disruption of one or mare of the genes. , .
B B P e A R R e P
PichiaispastBtis o situyverrowceslbetisqubecs ecfuENEE/ of @ MiTy (athanyMT
othes RUTgans)isolated from, S, CRIeyisiRg A BEHERELIBNINS icruprion
entification or disruption of genes encoding similar enzymatic ac Vites
ol ogbeesfumgalispe ciesi] arhent @neioicinay of ithes RM Ditvonfoigglemicies.  The
luyveromyces lactis |is cribeddn WO 94/04687. The.yeast will , .
e A S o R A X VT i wo
tghb8éspectively in WO 95/33833 and WO 95/23857. 15 A plasmid as
defined above, may be introduced into a host through standard
techniques. With regard to transformation of prokaryotic host cells, see,
fbire excashpid] @bhwtnee @iy RPrdeleNanl oA dael HSE 29Smdor 2ATT gndes

ERUESHAERIGs S =
P y pring

Transformation of yeast cells is described in

A plasmid as defined above, may be introduced into a host through standard
techniques. With regard to transformation of prokaryotic host cells, see, for
example, Cohen et al (1972) Proc. Natl. Acad. Sci. USA 69, 2110 and Sambrook et
al (2001) Molecular Cloning, A Laboratory Manual, 3 Ed. Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY. Transformation of yeast cells is described in
Sherman et al (1986) Methods In Yeast Genetics, A Laboratory Manual, Cold Spring
Harbor, NY. The method of Beggs (1978) Nature 275, 104-109 is also useful.
Methods for the transformation of S. cerevisiae are taught generally in EP 251
744, EP 258 067 and WO 90/01063. With regard to vertebrate cells, reagents useful
in transfecting such cells, for example calcium phosphate and DEAE-dextran or
liposome formulations, are available from Stratagene Cloning Systems, or Life

Technologies Inc., Gaithersburg, MD 20877, USA.

Electroporation is also useful for transforming cells and is well known in the art for

transforming yeast cell, bacterial cells and vertebrate cells.  Methods for
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Sherman et al (1986) Methods In Yeast Genetics, A Laboratory Manual,
Cold Spring Harbor, NY. The method of Beggs (1978) Nature 275,
104-109 is also useful. Methods for the transformation of S. cerevisiae

are taught generally in EP 251 744, EP 258 067 and WO 90/01063. With
regard to vertebrate cells, reagents useful 25 in transfecting such cells, for
example calcium phosphate and DEAE-dextran or liposome formulations,
araduailatite b peaStiatatreneclanmpisydteins; omlBiekEe&hGologies(1960)

?,a}lhejsg [1 35 USA. Electroporation is also useful for
r é%e Isa

ansformin iS'well known in the art for 30 transforming yeast
cell, bacterial cells and vertebrate cells. Methods for 61 transformation of

ast ctr ation closedl Be uar nte

VR RS ymoinf“gzv FISREEERR, PSR foS A fkeforg be
otthesdrpdis sﬂi@bttﬁmllttkum@ﬁmecbhoﬁ nddms%rystmsplmhfdrmanstmmé@ a

st C Is Th a mi ri Iec ker | cludl
LBl s S N o BRES  R R MBf Fho e KR
mskaelé&tt@mﬁ:aidrheterml@piemlaiat&amalrlseretsaﬂﬂe (Bai&tetamd&eﬁgammase

Ith th K the. art. Typical t t
LD e oS U R B G s
MBS IRBS, TRAY SﬂSH,\lﬂSEBHRABSERABDW‘AII\ﬁﬂ(EPﬂ.Mﬂme, LYS5,

ol mdt i S FASHETh ARCrhAT oktogs SR Lot 1

gpplematambeamygbﬁs ‘alﬁetechuenvmkﬁt tedetiunctianatgenmisrpsoidachn

on t%el |d as‘ge onstraTd for PGK mag kI yeas| ts{raln Piper
urr

ant urran ’1@%6al enrtllea fie}lefléijm Uitabre dssenfiai® genaersecr:alrg a

ﬁmtmmndlvg&hmmhmsmlﬂﬂ)m Gerlﬂmmiﬂambasm(ﬁ(ﬁ@ad for PGKI in a pgkl

htt eno lr_%} S ntla (e.
TR R R R i
mali incam abxotfophdic (\bldaynthwc)&mﬁmdméﬁﬁncme béusddsas aSGD),
f'ec}/% o g%ﬁr@” a plasid é%‘s"é‘mﬁ‘ Sée%%”l}% hlpdng BsENeReRl Bk

Einid, 15 unaple 1o pr duce th

or FBAl) which, when deleted or 1nact1vated, does not result in an auxotrophic
(biosynthetic) requirement, can be used as a selectable marker on a plasmid in a
host cell that, in the absence of the plasmid, is unable to produce that gene
product, to achieve increased plasmid stability without the disadvantage of
requiring the cell to be cultured under specific selective conditions. By
“auxotrophic (biosynthetic) requirement” we include a deficiency which can be
complemented by additions or modifications to the growth medium. Therefore,
preferred “essential marker genes” in the context of the present invention are those

that, when deleted or inactivated in a host cell, result in a deficiency which cannot

be complemented by additions or modifications to the growth medium.

Additionally, a plasmid according to any one of the first, second or third aspects of

the present invention may comprise more than one selectable marker.
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20 product, to achieve increased plasmid stability without the

disadvantage of requiring the cell to be cultured under specific selective
conditions. By "auxotrophic (biosynthetic) requirement" we include a
deficiency which can be complemented by additions or modifications to
the growth medium. Therefore, preferred "essential marker genes" in the
context of the present invention are those 25 that, when deleted or
Dactiettetbin adhagjueelhvdseit imarﬁefmi&@dytwldhem&prmsibrbeector a DNA

@ﬁﬁ%@e”ti‘é%n ditions grmodifications. tothe ?hOWth edium 3 selectable
ionaly, & plasmu% dcCo dsng%o any orfe of the Secon ﬁ1 fd
aapentm@frahﬂfqmméc&lln\@rmmmanmm:mzﬂpdesdlh)drefdhm mdacmiec(fmnl& or

mark 30 62 One Iectl ghnl%ﬂe ml\{olve racg lporatin into the .
O1m ClIl resistance ol L}( %H anam Cl or
expr Ssion Vector a éfuence marker, w any ne eséary contro

etepidhis, that 691de&rima) Sﬁiﬁmble géaﬁswf(bhectﬂamfngrme@fzekk hhésether

g]arkers include dlglé folate r se 641'1%% or neo C|n resistance
et o e R e S
(BhiabtBmasa) resisiasioeng erakiocchlbsrvreg.in E. CO|I and other bacteria.
Alternatively, the gene for such selectable trait can be on another vector,

which is used to co-transform the desired host cell. Another method of
i eodikyi ngeguet e sdahyifiyapsfiocoeedidél srinyfiviascelid rigvtheeslgrﬁezliﬁg the

resulting, from the ntrodu tion of smid,of the invention, optio t
L B S o R S R oS o
:]hhlehqﬁsmodﬁdhﬂayﬁmhﬁﬁmwmﬁl' quu%pemehdqobﬂsnmdsaaﬁﬂdded by
eterologous to the host cell, in the e that t t
S sSE e s p g T e R BB b gl e
taaic DA baRpdlypenidnti examninad by the@reskbgetiod ﬂimt;LS Cells can be
ecomb an usi such thatd
e e By B S e S B R posof he
Mmbmﬂmrsmemodﬂm@mmemod Eii‘dbﬁearthh]slsscnbemtm Botdeeart(1975) J.
Misratively. (e presence,of A holxpeplideinq (6, Superatant o1A SHIBKE
A trans can e ec usmg anf bo
and RNA ana1y51s common in the art. Alternatively, the presence of a polypeptide in

the supernatant of a culture of a transformed cell can be detected using antibodies.

In addition to directly assaying for the presence of recombinant DNA, successful
transformation can be confirmed by well known immunological methods when the
recombinant DNA is capable of directing the expression of the protein. For example,
cells successfully transformed with an expression vector produce proteins displaying
appropriate antigenicity. Samples of cells suspected of being transformed are

harvested and assayed for the protein using suitable antibodies.

Thus, in addition to the transformed host cells themselves, the present invention also
contemplates a culture of those cells, preferably a monoclonal (clonally
homogeneous) culture, or a culture derived from a monoclonal culture, in a nutrient

medium. Alternatively,  transformed  cells may  represent  an
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20 In addition to directly assaying for the presence of recombinant DNA,
successful transformation can be confirmed by well known immunological
methods when the recombinant DNA is capable of directing the
expression of the protein. For example, cells successfully transformed

with an expression vector produce proteins displaying appropriate
antigenicity. Samples of cells suspected of being transformed are 25
hahvestély/aociassayied for giampieteincdingusaftdbleahiibadiéscanh e, imsed
addiion e the ansiormed host.colls hamsslves, ihe.resent Imventon..iy
also contemptates a culture o se cells, preferably a monoclona
(olomdliedhembgenanits) ocultlingsnoria cultiaende rippcofroacatondngclonedded

‘ﬁ‘#%é{%af anutrleqt 30 Enedlum. Al rnatlveajy(/]g ranstorm

{sonurgécm OI'P aﬁn}aceutlca use,, an tuonaﬁﬁ%ga za%l%lsénrﬁa esented
represent an industrially/commercially or ;ﬁﬂarma utically usef
praduetmndwaablodarska wvithdut éxctingiep wikidbatiolts eockibbeénpuntigded; or

fl{ger(ril a cS:urIgure mﬁ%im a gr ()C%%o?rr}]n?él(%?. rmulated with a r dil

ace 1f% a. prpcess, cro og%ﬂligrri%sueclil ?anrfget.
In a mariner appropriate to the djed |Hd%s§rlaf/rc mmercial or

Pharlndceviidalcelesahcho peion adlspackaged dmdcppesented thinga variety of
manne suitable forhatyse. frarexample, whole cellg could be
[ o%?llsed; or Usedio spray a cell cu tgreal(Tj?recHy on to/into a process,
crop or other desired target. Similarly, whole cell, such as yeast cells can
used as ules for a,buge variety of applications, such .
AL R TR Ra L SR o TR B SN copropipe
benduticomedirfowa sufficserskiihed andieiaderrabproprate tbonclitbngkdownsed
e fhgsaskiledin e a,and n vipwiel (e teAsngsiRdlasstk & R
permit t|£le Xpression o L% e chaperone and eterologous protef%
encotiddbyhhelptasdhid. 15 The culture medium may be non-selective or
place a selective pressure on the maintenance of the plasmid. The thus
produced heterologous protein may be present intracellularly or, if
dderetdtirin nivelioniture ynedinen-agldétivperipiasriec splctiof frressost oslithe

ﬁ?aintenance of the plasmid.

The thus produced heterologous protein may be present intracellularly or, if

secreted, in the culture medium and/or periplasmic space of the host cell.

The step of “purifying the thus expressed heterologous protein from the cultured
host cell or the culture medium” optionally comprises cell immobilization, cell
separation and/or cell breakage, but always comprises at least one other
purification step different from the step or steps of cell immobilization, separation

and/or breakage.

Cell immobilization techniques, such as encasing the cells using calcium alginate
bead, are well known in the art. Similarly, cell separation techniques, such as
centrifugation, filtration (e.g. cross-flow filtration, expanded bed chromatography

and the like are well known in the art. Likewise, methods of cell breakage,
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The step of "purifying the thus expressed heterologous protein from the
cultured host cell or the culture medium" optionally comprises cell
immobilization, cell separation and/or cell breakage, but always

comprises at least one other purification step different from the step or
steps of cell immobilization, separation 25 and/or breakage. Cell
immobilization techniques, such as encasing the cells using calcium
aiglnaieg Headmatengelbdinouiom therpnaGsimilgrdgpcelhadpdratide are well
en%fwrlﬂ 3?‘0 such as centrifugation, filtration (e.g. cross-flow filtration,
expande eé chromatography 30 and the like are well known in the art.
Likewise, methods of cell breakage, 64 including beadmilling, sonication,

zymatic ex osyre and he like re well known the art. Th at least
2218 0 r?er pufilJ ca%l onPst ste 1Crénua?nbe Br{lﬁagtb(eeras ep swta'i:?% tal%rlotfor pémem

purification kmown |mthhearartForIﬁ)ramcralml]ﬂarlﬁuaﬁonttmmujummr ﬂoe the

recovery of recompi lna ngssse umln have been&iISC s e&
5%/?)4% 7 removal o m r|x enved nEE’ }384 588 removal o

9éw%érumuow@nanw;rﬁmai@e@awealaa|4fe4pﬁ@mpnatmlaufdyeast derived

Ib li
S TR R AL, R e SRS R AR AR o the
plmificaition prdgesdesc RrioieinsaotheV (hapvaBoindin Hiydbe2su ﬁﬁéda‘nan @)
Bb‘% ﬁ,yl%r Iil?ggléilescn gr%pqgg ique ¢ aﬁ(t) hafc,ogeen found to be useful for
ta

purifying’suc protelns e methods nclude ammonium sulphate
or ethanol precipitation, acid or solvent extraction, anion or cation

Eﬁg&ﬂ{f&ﬁ@{ Qm%t%%ﬁ&ﬁr ﬁnhgmﬁ%rgﬁﬁﬁ‘}@&’ m%h[ﬁénéﬁﬂ%%@plﬁé(mum by any

obic interaction ¢ phy, affinity chromatography,

tgzdhmqylawatltm&hecmmmgta@hy usaftih foh omiftogr aptly pooaicentration,
dilution, pH adjustment, diafiltration, ultrafiltration, high performance liquid
chromatography 20 ("HPLC"), reverse phase HPLC, conductivity
adjtebdnencthndsthecliide lanonenambodipiett, @nygtbarobrpneoreitefidhe acid or

@&%{ﬁt @9&&9{%@ Pﬁﬁl}ﬂ‘%&leéa{{b%y Qﬁhange chromatography, phosphocellulose

chromatography, hydrophobic interaction chromatography, affinity chromatography,
hydroxylapatite chromatography, lectin chromatography, concentration, dilution, pH
adjustment, diafiltration, ultrafiltration, high performance liquid chromatography

(“HPLC”), reverse phase HPLC, conductivity adjustment and the like.

In one embodiment, any one or more of the above mentioned techniques may be
used to further purifying the thus isolated protein to a commercially or industrially
acceptable level of purity. By commercially or industrially acceptable level of
purity, we include the provision of the protein at a concentration of at least 0.01
gLt 0.02 gL, 003 gL', 0.04 gL, 0.05 g¢L",0.06 g¢L",0.07 g¢L", 0.08 gL,
009 gL', 0.1 gL' 02gL" 03gL",04gL"05gL" 06gL",07¢gL" 08
gL 09gL 1gl!2gL", 3gL  4gL !, 5L 6gL",7gL", 8gL",9gL
L10gL", 15gL",20gL", 25 gL, 30 gL, 40 gL' 50 gL', 60 gL', 70 gL,
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used to further purifying the thus isolated protein to a commercially or
industrially acceptable level of purity. By commercially or industrially
acceptable level of 25 purity, we include the provision of the protein at a
concentration of at least 0.01 g.L 1,0.02g.L 1,0.03g.L 1,0.04 g.L 1,
0.059.L0.06 g.L0.079g.L1,0.08¢g.L1, 0.099g.L1,0.19.L1,0.29.L1,0.3
g.L-1,049.L1,0509.L1,0.69.L-1,0.7g.L1, 0.8 ¢g.L1,0.99.L1, |
8(L4.124.00,39.1.1100.£ 150160 601 DG £ L,'@50 §,89, 300,609 350 g5.", 400

G0 W e 000y sk o W ko b o dipensy ™

g.L-1,400 g.L 1,500 9.L 1,6009.L 1,700 g.L-1,800 g.L 1, 9009L1

OOO 1 Q re | referred hat the heterologpus protein is urrfre
B e R Bt R B RS PR BEtly

pbmerptfdxtel]remﬂlnyqmuaptab%eﬁmxeimhapwrlghfsmaeeeswmyraiquabgaeteﬁ@eof
and.can be admlnlstere in aPpharma eutlcal efflcaﬁlous amol

R/u%%/utléadts,rﬁa rﬁcses e¥fe SHot associated with the ac(%r\rllrltn ?rt%d in a
phateincdQidiky reﬁiﬁihmgdmteamogmm\mbtem rnsibe usedifol apffaftsts not

Iégrs%vcvptg I|t|f.=h§tv€\:/rerl|C 1\71 r%%h ase.of albumin, include i.v. administration to

t
patients to treat severe burns . Bhock and blood loss, supplementing
culture media, and as an excipient in formulations of other proteins. 15

tQ‘}%QgI hi> RARFING forathre p%%’l“ct?'%é’e%e‘}“qghetemroﬁ%s OLeifitjes,

taine a proce he invention to dministered alone, it
ralpcdaferalthleCtmsprﬁséhumnaswbharmaeéumuatﬁﬂmmﬂamnewgmh@amﬂthere

BUMSY MRE a%%ﬁgtgﬁ"%scarsr e‘?ne?lbﬁgrlﬂﬁn}rr@ 95&3 N 91‘%% fg?‘% tin

must be accepta in the s se 0 ng compat e With the desife
froteinaes wdoteeteneissto the recipients thereof. 20 Typically, the
carriers or diluents will be water or saline which will be sterile and

pyrogen free. Optionally the thus formulated protein will be presented in a
dithaadagesfonmibbuth adhieraheuforatyoimfiebietercdpauie pnjectadiigined by

ﬁ%f&%g's U Eﬂ@ (I)i#&ie invention to be administered alone, it is preferable to present it
as a pharmaceutical formulation, together with one or more acceptable carriers or
diluents. The carrier(s) or diluent(s) must be “acceptable” in the sense of being
compatible with the desired protein and not deleterious to the recipients thereof.
Typically, the carriers or diluents will be water or saline which will be sterile and

pyrogen free.

Optionally the thus formulated protein will be presented in a unit dosage form,

such as in the form of a tablet, capsule, injectable solution or the like.

Also described herein is a host cell recombinantly encoding proteins comprising
the sequences of PDI and transferrin-based proteins. By “transferrin-based
protein” we mean transferrin or any other member of the transferrin family (e.g.
lactoferrin), a variant or fragment thereof or a fusion protein comprising

transferrin, a variant or fragment thereof, including the types described above.
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25 Also described herein is a host cell recombinantly encoding proteins
comprising the sequences of PDI and transferrin-based proteins. By
“transferrin-based protein" we mean transferrin or any other member of
the transferrin family (e.g. lactoferrin), a variant or fragment thereof or a
fusion protein comprising 30 transferrin, a variant or fragment thereof,
including the types described above. 66 Thus the present invention also
ﬂ}tmsidlasﬁmfstlme nsenioa récombinded fADigane td dnereadarthe PDI gene to

2 rgeas&tﬁn of a etgalrcl)%fg nntra Si% 1%r$g%g& Th%PDI gene may be provided
onap asmlprsuc AsCa Sm-Tami y plasmi 'B described above.

Alternatively, the PDI gene may be chromosomally integrated. In a
ef embodi ent the ene.is chromosomally integr t the
S e 1 S A o e e e P s
dismniﬁalgaﬂweexm@ﬁmfvafythﬁaeﬂm@eﬁeunSaI?[Bbgﬂm@ntrmhislgont&)gtnated
"withou dISI‘U the e nofth ndo PDI en
K PR R B D BT SR R o focus
eﬂdmgemaﬁhggnem@desmﬂnofgme m;ﬁgfatabry mdyhbet adogpiainle the
é Eﬁ?refer there is no C?SfPr]iase the total IeveltofPDI %ro(}ein o th
8 R AR R Dor cafiKs ‘}e SP RS comBIRRy Biepfige the
exprmrbfrdm tnd @nraogenPD$ gmé’mme@imehlaP Rithends dsncieasade in
relative to the,level o #PDI rote rodu%lip the host ell prior to the.
8l i

‘ foRiAfEhRLO A28 R%lé n%“ %‘bﬁﬁa Tsf&rihche %88 otSTEIRagN
mpmld@ﬁmatﬂ?epdaﬁmmef&ﬂbﬂlyaﬂlaém famikcpdasyyidhastolabdenogdof PDI

above, or be ch omosama integrated, such tthel cus of an
RO oP St GBI B DAl RRAbAT RN s Tt of
exprﬁsmmrfmmhheeﬂdhgenomsdﬁﬂ)hgeguma’iﬂﬂbbgmmbmhmmﬂthe]&tﬁb to

S s clramosemAly nicarated ARd ihe dope, n90ANOMIE . on cven.
rans errln as rotéin Is pI’OVI on a pla In ano

The gene encoding the transferrin-based protein may be provided on a plasmid,

such as a 2um-family plasmid as described above, or may be chromosomally

integrated, such as at the locus of an endogenously encoded PDI gene, preferably

without disrupting the expression of the endogenous PDI gene.

In one embodiment the PDI gene is chromosomally integrated and the gene
encoding the transferrin-based protein is provided on a plasmid. In another
embodiment, the PDI gene is provided on a plasmid and the gene encoding the
transferrin-based protein is chromosomally integrated. In another embodiment
both the PDI gene and the gene encoding the transferrin-based protein are
chromosomally integrated. In another embodiment both the PDI gene and the

gene encoding the transferrin-based protein are provided on a plasmid.

As discussed above, Bao et al, 2000, Yeast, 16, 329-341 reported that over-
expression of the K. lactis PDI gene KIPDII was toxic to K. lactis cells. Against
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embodiment, the PDI gene is provided on a plasmid and the gene
encoding the transferrin-based protein is chromosomally integrated. In
another embodiment 25 both the PDI gene and the gene encoding the
transferrin-based protein are chromosomally integrated. In another
embodiment both the PDI gene and the gene encoding the
transferrin-based protein are provided on a plasmid. As discussed above,
Bao letcard000, Wweehste 1632834 fapaltidthaitowds- 30 teppsabiioo ofver-
the K. Jatp £ gene KIRDILwas oxi (9.6 inctis cells - odainst, 07 thiss,
55 ]kgs?ound we have sl r{glngsly\/’v ount ag ho onfy IS poser|B?e 0 over
expigss B and dbffeedhdppecones withbetdbendetrambniakeffeptsssed in the
rs%Rloertce ie?n ar%th%tr a?l tetllillat E)V)\(IP dé];fg rﬁl@}e%}’sla eerogerS CSQ b(()ef terologous
récombinan ly over-expressédt in'thé“Same cell and, Paefﬁerlt]hanhﬁelng &
foxie]caio lkestabeibke thaptbsdiorlsiobeteral dyondivignateinsrtssieuals either
higher than the levels, obtained by individual ression. of either,.of th
I SR e R PRI, SRS AT, JFLaght™: ne
teadhing of Bao &t @l, one woulldl think thatt overexpesssiomOfwwochaperones
chapetones. wauld e even mpre toxic an he QverexRiession of o of
Moreover, inlight of the earlier md?ngspoffﬁe present invention, it was
&xpeatect thedithgs inCtbasessimli heteoologous prateireéxpaedstomcreases in
tained by co-expression with a single erone would be at the .

B A S P IR S sinete
phaticudaelywawidribingttahinchthamyet flentble pinsrelasés ithchetdrclpgonsused.
qﬁ%l%%I%),(pﬁe%s%?n ?i%yéglabﬁ 05’531%’}%%?%80 5 QR Ok M IIEIENLs in
chaperones wit the eteroP(])go protein. 15 Accordingly, we also
tescologhergirotemethpttsooprogubindhetetoimgo by proteipresmprisingwo
B{H’é{‘élt{)l%&@é’f%%‘ég%vﬁﬁ%lgﬁ %%@%858\1@‘@9&%2&%p”s'”g a first .
recombinant gene encoding a protein comprising the sequence of a first
chaperone protein, a second recombinant gene encoding a protein

omprising t u - te] [ -
e R BRI AR R oein
comprising providing a host cell (such as defined above) comprising a first

recombinant gene encoding a protein comprising the sequence of a first chaperone
protein, a second recombinant gene encoding a protein comprising the sequence of
a second chaperone protein and a third recombinant gene encoding a heterologous
protein, wherein the first and second chaperones are different; culturing the host
cell in a culture medium under conditions that allow the expression of the first,
second and third genes; and optionally purifying the thus expressed heterologous
protein from the cultured host cell or the culture medium; and further optionally,

lyophilising the thus purified protein.
The method may further comprise the step of formulating the purified

heterologous protein with a carrier or diluent and optionally presenting the thus

formulated protein in a unit dosage form, in the manner discussed above.
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protein, wherein the first and second chaperones are different; culturing
the host cell in a culture medium under conditions that allow the
expression of the first, second and third genes; and optionally purifying
the thus expressed heterologous protein from the cultured host cell or the
culture medium; and further optionally, 25 lyophilising the thus purified
protein. The method may further comprise the step of formulating the
s fiednh etexal odous protais) withladearnecieidihodnt ssqdamptiondldy operate
senting the thus formulated protein dna unit dosage form, in the
o A M s, SRS TS oo
prmlam acidnsdgueheeatival opdrateadinti spanohent!yirasodsiarld thlongderate in
exgl Sha ble Se enc tOIl%I{.l%duS%euaé?lCeCrS]C s(,ju%dh[ I’Ot%lﬂ o tén rta ion into an
sherna ve nuic elc Acid sequences introdu ha? o rate m
codoigimaticrsevithnen dogenous sageen oesl¢suehidsdoyénteghation difierant 3o
g{‘dor%e”‘éh‘é REAUENCE SO A% IR RdUGE anuclale acidiseauencs, Al IBreet
Srentt %dﬁo enous sequences withiny the ROSt to CauSe Increas
expression of a target protein. The first and second chaperones may be a
chaperone as discussed above, and are a 10 combination of chaperones
that, when co-expressed in the same host cell, provide an additive effect
fththerincrehszinéxpapssioesohilyed b etehojegonsas rdieimsBy abadditimg are a
ffe t" ein e the meani at the lev fexp essio .
A L Y P Bl prgvice
recatdbinartftpends tre mm@ﬂsaneouqiyesm%xpfebsdmbwmﬁqg@lﬂmd)teln By
GAAMBINARLA® 409 A5.cRMRS'RELI e SAMASYRIEI Mherpin (i1 firgt.

recombinant gene IS co- expr he th recom geneint
hbseplog@fstherexpregsitheohtise sgdtond igdembyihant g@nélasrnda@q thecond

?eec%‘?n”ﬁﬂﬁ& %S &a”}egg‘%%ﬁaﬁgoﬁ ec%s%gﬁr\é’ I dnGithitdd SRAPRLBHbinant

gene int ence o express ono |rst recombinant gene.
gene as compared to the same system wherein (i) the first recombmant gene is co-

expressed with the third recombinant gene in the absence of the expression of the
second recombinant gene and (ii) the second recombinant gene is co-expressed
with the third recombinant gene in the absence of the expression of the first

recombinant gene.

One preferred chaperone is protein disulphide isomerase. Another preferred
chaperone is ORM2 or a fragment or variant thereof. In a particularly preferred
embodiment, the first and second chaperones are protein disulphide isomerase and

ORM?2 or a fragment or variant thereof.

The first, second and third recombinant genes may each individually be present on
a plasmid within the host cell (such as a 2um-family plasmid, as discussed above)
or be chromosomally integrated within the genome of the host cell. It will be
appreciated that any combination of plasmid and chromosomally integrated first,

second and third recombinant genes may be used. For example, the first, second
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20 One preferred chaperone is protein disulphide isomerase. Another
preferred chaperone is ORM2 or a fragment or variant thereof. In a
particularly preferred embodiment, the first and second chaperones are
protein disulphide isomerase and ORM2 or a fragment or variant thereof.
25 The first, second and third recombinant genes may each individually be
present on a plasmid within the host cell (such as a 2m-family plasmid, as
distusisé deabonepaot feneh mmyofsmm ablyiindagrpted wiels&mtthm g@ﬂamﬁcbfand
i nost el Jhwilbe, appreciated hapny combination pl alasmid and i,
romasomally int egrate geCond ird recom mant gyé
ma(ynhianm@eﬁ@m)yammmsdne ést, decont] a68 m@dﬁhmddekh:md@cmnbmant
nes ma Baach |nd|V|duaI1

res | smld and t b
gﬁﬂ%er the saf%glgasos%r}é/ flerent p asmltcﬁl? SrASHVRY, ¢ rﬁ o3F cell.
mm‘”am gengrn ayd)mmﬂdemmbwmes muy:beqmstmrmmpahsmid

ene be chromo integrated within the genom
SRR REDT AN A0 BT A IO IR 008 e
graypine pfehembslncalblaﬁhmlaamdlyhdlmfmlsrendrdmdant@ehmmagdms may
%rorrgs%% maIIy ntng[ (? IthIQC(t)Ii]l 881(131 1nan]; theenel:‘] (r)nsz;[ ¢ ‘chromosomall
?tgrnatl ny athe Irs an third recombinan gene may epreseH{ on a y
plagmigdamdtithe Ek@cgmd)nm:ofrtbmanstg@rhb n%tycltnetnh:ﬂgmhscfmlmd second

Irrétc%%%t% yitio thae P AIGS ];(grr]r? lﬁ& LA Raivel o IS f"séﬁ ¢ host
second 10 récombinant gene may osoma ylntefrate wit
gelhamktbé ttherdh astooselisand @eﬂhn@rb@@mmanngepbtmglf balcesentely,
H{éafﬁ’llﬁs”&'% é f%f"’f%'% ”ﬂ&g%ﬁa %&Qd éﬁ/ CeAMPIRNNBS § }
may each indiv romosoma tegrate ithin the genom
ﬂhledmmmﬂlslﬁlt%gratﬂalavlﬁlptéfergedqnmgrﬁws bostitedbe defined above in
respect of earlier aspects of the present invention. Accordingly, the
Eresent inventign aIsoBProwdes a plasmld as defined above wherein the

RIEGHA éfn%?l@é@%v ‘Eﬁﬁ’éﬁién‘"[‘rﬁeﬂﬁe defined above in respect of earlier

aspects of the present invention. Accordingly, the present invention also provides
a plasmid as defined above wherein the plasmid comprises two different genes
(the first and second recombinant genes) encoding different chaperones. In one
preferred embodiment, the plasmid may further comprise a gene encoding a
heterologous protein (the third recombinant gene), such as a heterologous protein

as described above.

Also described heren is a method for producing a heterologous protein, such as a
heterologous protein as defined above for an earlier aspect of the present
invention, comprising: providing a host cell comprising a first recombinant gene
encoding the protein comprising the sequence of ORM2 or a variant thereof and a
second recombinant gene encoding a heterologous protein; culturing the host cell
in a culture medium under conditions that allow the expression of the first and
second genes; and purifying thus expressed heterologous protein from the cultured
host cell or the culture medium; and optionally, lyophilising the thus purified

protein; and optionally formulating the purified heterologous protein with a carrier
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(the first and second recombinant genes) encoding different chaperones.
In one preferred embodiment, the plasmid may further comprise a gene
encoding a 20 heterologous protein (the third recombinant gene), such as
a heterologous protein as described above. Also described heren is a
method for producing a heterologous protein, such as a heterologous
protein as defined above for an earlier aspect of the present 25 invention,
oomhpuisingindropidingl By posteneth gahephsin fpaniirbited qootbinantageme dosage
ﬁﬁgﬁ?ding the protein comprising the sequence of ORM2 or a variant

ereof and a second recombinant gene encoding a heterologous protein;
culturing the host cell in a culture medium under conditions that allow the

xpression of the first and, secopd genes; and purifying thus expressed
iSRRI R e S
anchiopticmal yerly aploiiding sherdiieis ponfpedigrateirsegnehoptidnallylternative
E%ramgrlgttlig%t iwig)ired \ba?tgﬁ? RgQUS protein with a carrier 70 or diluent;
anc})optlonal y presenting the thus formulated protein in a unit dosage
form.. In the manner discussed above, the host cell may further comprise
£ el 2 ecPbipant gsne sngoding, 8 aen compusing e weq from a
sequence of an alternative chaperone to or a variant thereot.
Blthen &r bothpoffirebiystfimnd SecomaeguomibthanAgbndemagdebinant gene
expraseed (1o BlAsMIc,Ad RrelerablyaTiine SATSRIBSTIL & ormo
urther fecombinant gene 10 encoding a protein comprising the sequence
of anvaliemdtivechaperehe tocGRMS edafvan anpthenedf prefgraldy heom the

re I e i eferahly. ) I id as either

B R S b e R B e
phasfamhilyaglas iz sucimdy tHesBnd plasimisl tHS2Mlsptssadbed herein is
the use of a nucleic acid sequence encoding the protein ORM2 or a
variant thereof to increase the production, in a host cell, of a heterologous
pristeideendedddinymisaebennkinaing genkin dbiel Bogtaelt pasling the protein

ORM2 or a variant thereof to increase the production, in a host cell, of a
heterologous protein encoded by a recombinant gene in the host cell by co-
expression of the nucleic acid sequence and the recombinant gene within the host
cell. Either or both of the nucleic acid sequence and the recombinant gene
encoding the heterologous protein may be expressed from a plasmid within the
host cell, and preferably from the same plasmid. In the manner discussed above,
the host cell may further comprise a recombinant gene encoding an alternative
chaperone to ORM2 or a variant thereof, which may be located on a plasmid
within the host cell, preferably on the same plasmid as either or both of the nucleic
acid sequence and the recombinant gene encoding the heterologous protein.
Suitable plasmids include a 2um-family plasmid, such as the 2um plasmid, as

discussed above.

Also described herein is the use of a plasmid as an expression vector to increase

the production of protein by providing a recombinant gene encoding the protein by
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expression of the nucleic acid sequence and the recombinant gene within
the host cell. Either or both of the nucleic acid sequence and the
recombinant gene 20 encoding the heterologous protein may be
expressed from a plasmid within the host cell, and preferably from the
same plasmid. In the manner discussed above, the host cell may further
comprise a recombinant gene encoding an alternative chaperone to
oI a vatanbthategienvehiivoday bthéobatedlonaplassmich wiithin thene
host eII Bﬁ%ab ly.on thgnﬁﬂg BPS t% gsa?rlitger OrrrPﬁq ELthe nucl |cm .
558 aC| equence &'afid e TecOmbinant gense ercbding' e?ePo?ogous y
fuctein cobyitadela gmsnmts)(hngjde dt2mataraibhppasmedic ORME thew 2ariant
asm#d as dlscusseéi above, Also d crltf)?dﬁerem [ th se oé 1
S S B S Vs PoV?n © %?%8‘%?0‘ n dotHIsEaImILY

blapaNiding ay ecoppingat geneLmcosing thypeotein by 71 providing a
recombinant gene encoding the heterologous protein and a gene

encoding ORM2 or a variant thereof on the same plasmid. The plasmid

urther rlsea gene encndin n.alter atv cha erone tog
Wﬁ% CICSCI‘I% §1 },Lrlr‘.ln fgml )(/jpslgsmld CPa%PCI'aIb %un[aéPereS 101 asm12d

ereo?ln ﬁ1e

or a varian anner-dfscusse ove asm
mchpaeia? m-fasilyerte péasmim,gstlm aettie ZDRPlAsonid, asrdiscussirdgment
albovef ,aﬁﬁao de%%gged herein i is ?ép(l)l%%%gmld refaesr%b y,an ve.
expression plasml gcomprlsmg gene |ng thé protein &l?ﬁ}?f
dihe piasend araydgniemtcongresd amhihal genemdcgﬂmgemmlﬂﬁngm?ve chaperone

NeGRAPAQHS protein, s discyssed above. & %mgn%s{ﬂe i furtheenrcodes
comprise a | thir gene encodln an Ifferna ve chaperbne 1o RMS or
uamateﬁnhmapﬁsﬂmgtbeesm}uenbemmmamhsﬂiplﬂldwdsgﬁweaeﬂcodes a
protein comprising the sequence of protein disulphide isomerase. We

have also demonstrated that a plasmid-borne gene encoding a protein 15

WSS AeAIHRREE %a@%%}ﬂﬁhlﬁhﬁﬂﬁéo%én§%§&@3 lh C¥dtein

be used to stably maintain the plasmid in a host cell that, in the absence

SP RTS8 e SERRSICR S o dEREHR CRAPRSIE; SHh Sh RBrfaBRgysed to
NISFEARRINGIBREGSSION@Ra host cell that, in the absence of the plasmid, does

not produce the chaperone, and simultaneously increase the expression of a
heterologous protein encoded by a recombinant gene within the host cell. This
system is advantageous because it allows the user to minimise the number of
recombinant genes that need to be carried by a plasmid. For example, typical
prior art plasmids carry marker genes (such as those as described above) that
enable the plasmid to be stably maintained during host cell culturing process.
Such marker genes need to be retained on the plasmid in addition to any further
genes that are required to achieve a desired effect. However, the ability of
plasmids to incorporate exogenous DNA sequences is limited and it is therefore
advantageous to minimise the number of sequence insertions required to achieve a
desired effect. Moreover, some marker genes (such as auxotrophic marker genes)
require the culturing process to be conducted under specific conditions in order to

obtain the effect of the marker gene. Such specific conditions may not be optimal
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heterologous protein encoded by a recombinant gene within the host cell.
This system is advantageous because it allows the user to minimise the
number of 20 recombinant genes that need to be carried by a plasmid. For
example, typical prior art plasmids carry marker genes (such as those as
described above) that enable the plasmid to be stably maintained during
host cell culturing process. Such marker genes need to be retained on
toe ptdbmidintadditioottonapydduthen, genasthategraree guiféiditntachievelady
deSérn%(fIngfect E ever, t%hg abI|I(1iy of 25 plasmids to incorporate
ex genou% f)\?q equences i Timited and it is therefore advantageous to
minimise the number of sequence insertions required to achieve a
flesiiedclfect, Moreouer, sqme Marker denes (e s SWXGOPAIG,d that i
mar er%erReSS require %’hgcuftunn ess t0'be conducte
speoifscbtonditisas igordehdo rexl:ntmhimhetb)ffem:mﬁme @tker gemxprﬁmghthe
S ecific corf]dltlongssr@gg n,otclﬁe %;r)tlmak 72ﬂ1;or ueau rowggeor0 g)&er(rgaSl the
8léiuct|on or may require Ine flicient or unoFuI %) ive rowt l%é ms
m(helmd oFarlttterplﬂmsepoﬁmoraaalhgdneﬁtoim@w@m@mfmmmble
ave-faundal o s Rossibe p,use & geng fial [eRambinaMl anence
encodre ;I)) otein tompnsm he seq ence ofr an essentla Haperone
rttiwepduahpumws@ln‘ llmpnedswglnhe‘hppemnm of il wbteterhﬂe@mmdvantage
BASILARGS! SR AR (1S L0le 018 Relerlanie, RALKS, 98 RIA M e
eret asmid'is present within a ce at In't e absence O
plasm@l id hmam@m plodbee the ahapergaehathiseshssemeHasathee cultured
ﬁHH 81&8n ﬂjaé iy %%et §ﬂ%rggaét&i o gﬁ%gﬁ?%ﬁa‘ﬁ@ gene,
e

nee e carri y the p asmi & system also'has the advantag
mahdue hosingeploamidestalitlited berdexaoplitibng thedtsdpradedravesiopehis

dapied forany paric aﬁé%%‘%f agesgﬁlcﬁv 3%!98%?9 @4835@1'1%% 3R he

For example, host cells produced using this tem can be culture inrich
madinainizharthytbe muﬁ@%&bt@mthemmmmdlgmt fkeir
gﬁj&r{nonly used to give auxotrophic marker genes their effect.

Also described herein is a host cell comprising a plasmid, the plasmid comprising
a gene that encodes an essential chaperone wherein, in the absence of the plasmid,
the host cell is unable to produce the chaperone. Preferably, in the absence of the
plasmid, the host cell is inviable. The host cell may further comprise a
recombinant gene encoding a heterologous protein, such as those described above

in respect of earlier aspects of the invention.

Also described herein is a plasmid comprising, as the sole selectable marker, a
gene encoding an essential chaperone. The plasmid may further comprise a gene

encoding a heterologous protein. The plasmid may be a 2puum-family plasmid.

Also described herein is a method for producing a heterologous protein

comprising the steps of: providing a host cell comprising a plasmid, the plasmid
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Also described herein is a host cell comprising a plasmid, the plasmid
comprising a gene that encodes an essential chaperone wherein, in the
absence of the plasmid, 20 the host cell is unable to produce the
chaperone. Preferably, in the absence of the plasmid, the host cell is
inviable. The host cell may further comprise a recombinant gene

encoding a heterologous protein, such as those described above in
respactiof eaghiee dspecicodéihm imsentioinciZpdise ddsarine dnhdreiabdsnae of
BIEREhTaTRRgD. 25 106 S01k SSiceiaple Ml S, Hene SnEadia a o
eSsBnitial chaperone asml fGfner €8 prise a gene enco§

achle tierdlbog otesprdatesn antecpidﬁmunt ngayebera:@dm@mllyqndaﬁngdusAtﬂotem
cﬁﬁﬂbggtﬁer oy c81f“eth°d§;?r proguging a fiterologous IPr%%”ﬁt%w the

compri g?he stepso providing a hos et comprising a p lasmid
piquuﬂoﬂafdmmpnemgahdgepﬁmhataadchdéstmkewﬂmbtdmpumbn@tlonally

wisraln, e, absence. g, e plastid, e hest oolLis,nble to praducs
a erone an erein the ur er comprises a I’E‘COITI Inan

geherencolding anddiatbloygpuembieityomulismgghhehhestioéieinpaoteilture
medium under conditions that allow the 5 expression of the essential

chaperone and the heterologous protein; and optionally purifying the thus
é‘hpreswﬁmbdelmmiogﬂmmhqorateimphieen the cuhplrelf hastodhtorghéeujtunéied
H’e‘? a”d ‘E% Der QRN aa1¥f ygphilfa! r{%h thoH% 'f'ed££%(§?ﬁf9 0%hus
me urt er comprlset e step o ormula?ng t urifi 0

ﬁamrdhbgbps)mmtamavwmt aleagefawmdilnght anthoptidnalssgledbentindithme

ﬁ%?erﬁ%{ir@%ﬂ%%%%r é}g%g 19\931%9 aﬂel-tiﬁ%c}ﬂ@ ROSTHST ﬂ'%%ﬂsssi Ctive

ove. [none pre efred iment, t involves culturing t
hosticelhoh nongeevtider. media, such as a rich media. 15 We have
surprising also found that different PDI genes have the ability to increase
the expression of heterologous proteins by different amounts under
Meéetloviasucpiising edyaditiond thatshifecetal Rt giscubsed e BRidifple Bicveese

H‘?e"%zﬁﬂe QU i3k H&?e?&fo%%ﬂspﬁ%ﬂt&?l@ R ARG EAOLMNINGE NGISLP' B3I R rar

prote xpre55|ont an
culture conditions. In particular, as discussed in Example 8, we have shown that

the SKQ2n PDI1 gene provides for higher heterologous protein expression than

the S288c PDI1 gene, when the host cells are cultured in minimal media.

The sole difference between the encoded proteins of the SKQ2n PDI1 and S288c
PDI1 genes is that SKQ2n comprises the additional amino acids EADAEAEA at

positions 506-513 (positions as defined with reference to Genbank accession no.

CAA38402, as given above).

The differences between the gene sequences used are shown in the sequence

alignment given in Figure 94 and can be summarised as follows —
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the S288c PDII gene, when the host cells are cultured in minimal media.
20 The sole difference between the encoded proteins of the SKQ2n PDII
and S288c PDII genes is that SKQ2n comprises the additional amino
acids EADAEAEA at positions 506-513 (positions as defined with
reference to Genbank accession no. CAA38402, as given above). 25 The
differences between the gene sequences used are shown in the sequence
aligemaniegivende 8K Q4mindlades kershmhfansesha T ol owyg aikd wieeeas

promoter of SKQ2n i % %es ryn of fourteen,"TA" repeats, whereas the
promot&ﬁg@%é %ﬁ Lﬁ “s‘%@)& 35"t1wﬁrvr%pg£ sFe eartgl is encoded by
TCT in SKQ2n, but by TCC in S288c; 5 G1lu44 is encoded by GAA in
SKQ2n but by GAG in S5288¢: . Leu262 is encoded by TTG in SKQ2n but
oy PR OB NS o T BTy A T BRI out the
homologous Asp506 is encoded by GAT in S288c; The terminator
sequence of SKQ2n contains a run of 8 consecutive "A"_ bases, whereas

the tenfiatbF SBOEREBYOF LB Y RE B 0f 7 3788 secutive "A”

bases and does not include an "A" base at the equivalent of position 1880
in the SKQ2n gene; The terminator sequence of SKQ2n has a "C" at

poshioha84Y, tRRreded helirimatoRea e hye dr'sPeBfiss a "T" at

the equivalent position. 20 It may be advantageous to include any or all of
the above mentioned features of the SK %n %ene in a PDI gene of
fe

chofce MbordeitBeetededth&dsdiek 4k the homBrirsgYas piRM 1S
expresgiRiaakae) BRa 1esisegits are cultured in minimal

e The terminator sequence of SKQ2n contains a run of 8 consecutive “A”
bases, whereas the terminator sequence of S288c contains a run of 7
consecutive “A” bases and does not include an “A” base at the equivalent

of position 1880 in the SKQ2n gene;

¢ The terminator sequence of SKQ2n has a “C” at position 1919, whereas

the terminator sequence of S288c has a “T” at the equivalent position.

It may be advantageous to include any or all of the above mentioned features of
the SKQ2n gene in a PDI gene of choice, in order to achieve the observed increase
in heterologous protein expression when the host cells are cultured in minimal

media.

Thus, also described herein is a nucleotide sequence encoding a protein disulphide
isomerase, for use in increasing the expression of a heterologous protein in a host
cell by expression of the nucleotide sequence within the host cell, which host cell

is cultured in minimal media, wherein the nucleotide sequence encoding the
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media. 25 Thus, also described herein is a nucleotide sequence encoding
a protein disulphide isomerase, for use in increasing the expression of a
heterologous protein in a host cell by expression of the nucleotide
sequence within the host cell, which host cell is cultured in minimal

media, wherein the nucleotide sequence encoding the 75 protein
disulphide isomerase is characterised in that it has at least one of the
fobborinndiciabadteiistiosashesncicieaticiésse guethee aohaprigekaspromateithe

@aﬂ/in the sequence of a 5 natural PDI promoter or a functional variant
ollo c(lj;ara eristics — A _
ereof and comprises a run of fourteen "TA" repeats; or the encoded

protein disulphide isomerase comprises the amino acids EADAEAEA or a
conservatively substituted variant thereof, typicall th aiposit'ons 506-513 ¢
s el WS POA: SFOLSRS G ERRBHR AL ALIBR Fro Y PE AR 55T Of 2
residuen@erdl Bhihe@noaded ploteiiodidutphiche isaedrase dsrepdadedrby of
the codgan TCT;.ar. residue G1lu44 of the encoded protein disulphide

r

isomeradd i&8n ercf%%/at%hgrcodon GAA,; or 15 residue Leu262 of the

encedatigrateddddisplohite womsiake isoancadeddyiptodonhtT@ndo acids

residu f the encoded protein disulphide isamerase is.encod

by CORIMARER B e EASERAL Ot B T IGBR B dagpeay a

sequenasifi@avinGobes 120 sequiineg ofith naturah RDotabatibatr fcdssion no.

functiomgi@ thereof and either comprises a run of 8 consecutive "A"
fort

bases base "C" at position 1919 (as defined by reference to
positionetRILY Stihe sAatHEaEncoded protein disulphide isomerase is encoded by

the codon TCT; or

¢ residue Glu44 of the encoded protein disulphide isomerase is encoded by
the codon GAA; or

e residue Leu262 of the encoded protein disulphide isomerase is encoded by
codon TTG:; or

¢ residue Asp514 of the encoded protein disulphide isomerase is encoded by
codon GAC; or

e the nucleotide sequence comprises a terminator sequence having the
sequence of a natural PDI terminator or a functional variant thereof and
either comprises a run of 8 consecutive “A” bases and/or the base “C” at
position 1919 (as defined by reference to position 1919 of the natural

SKQ2n terminator sequence).

Also described herein is a method for producing a heterologous protein
comprising the steps of: providing a host cell comprising a recombinant gene that
encodes a protein disulphide isomerase and having the sequence of the above-
defined nucleic acid sequence, the host cell further comprising a recombinant gene
encoding a heterologous protein; culturing the host cell in a minimal culture

medium under conditions that allow the expression of the protein disulphide
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SKQ2n terminator sequence). 25 Also described herein is a method for
producing a heterologous protein comprising the steps of: providing a
host cell comprising a recombinant gene that encodes a protein
disulphide isomerase and having the sequence of the above- defined
nucleic acid sequence, the host cell further comprising a recombinant
gene encoding a heterologous protein; culturing the host cell in a minimal
cudteen 30 arelditha Urdeobgoditignsthial allelv tpe@xphespioifyhthehe thus
rotr%m ?i%u't%h' le 076 |50{Q%r?rs(.§na h% tCh et(i-:- oIo Qys pr %teln,ltangmed m:
X lona y purlﬁ)/ rl% thePthts expresse eteo ogous pro einfromhe -~
au&lfmdlhummeihhy thephitisiegnieditins; parnflddipheciaptiohalhyionally further
%wlf % gt e thHrs1 ({lfl%eqep te(l)r11l Sanro(l) t%gxtlon%y further formldlzf\tlnlg th
8 héterdio§ous protein With & cdrrier or diluerit; andlq;{o tonaﬁ
pesmnatlm@ﬁiaeethugfmmdia&eﬂ)mmﬂetadrpmwm do&aagmtfafmagn tfoem, in the
manner d |scgsse%eg)above The genes encoding the PDI and heterologous
prol%e in can be prowded in the manner described above in respect of
other embodiments of the present invention. 10 We have also found that

tig.efiects olaeeamainapiy-aroviad hapsrones. accordna o e ather,.
emb&diments o ﬂﬁapresen Invention ca BePn ulfafse(rzll hodityi |ng he
prametels thatdahtrod theeegmegﬁmhdewbodimwrﬁpbcme(s)t invention.
Surprisingly we have found that, in some cases, shorter promoters result

in 15 increased heterologous protein expression. Without being bound by

Meohivfe BicvdtHaththis epstEESe the eSPROSRBH P shﬁl@ﬁfones
ﬁb&ﬁﬁr@@@d%BQﬁh@ﬁBﬁM&ﬁh@éﬁ@ﬁéﬂﬁé@f@génh%@&M@@M@mﬁted by

high.levels can cause the cells to overload themselves with

H@%F&éo@&f%?é?ée@%rﬁ?éﬁﬁokH@?eWé%sﬁiB{hﬁ@"q]rﬁlé? o BlRFERe(s)-
BerRRsady hetenplogows IR, PIPAUEOalRINeBE EASR MRS MAKKE in

beneficial to provide recombinant chaperone genes with truncated

B}mfélrgleterologous protein expression. Without being bound by theory we
believe that this is because the expression of a recombinant chaperone in host cells
that already express heterologous proteins at high levels can cause the cells to
overload themselves with heterologously expressed protein, thereby achieving
little or no overall increase in heterologous protein production. In those cases, it

may be beneficial to provide recombinant chaperone genes with truncated

promoters.

Also described herein is a polynucleotide (such as a plasmid as defined above)
comprising the sequence of a promoter operably connected to a coding sequence
encoding a chaperone (such as those described above), for use in increasing the
expression of a heterologous protein (such as those described above) in a host cell
(such as those described above) by expression of the polynucleotide sequence
within the host cell, wherein the promoter is characterised in that it achieves a
modified, such as a higher or lower, level of expression of the chaperone than
would be achieved if the coding sequence were to be operably connected to its

naturally occurring promoter.
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Also described herein is a polynucleotide (such as a plasmid as defined
above) comprising the sequence of a promoter operably connected to a
coding sequence 25 encoding a chaperone (such as those described
above), for use in increasing the expression of a heterologous protein
(such as those described above) in a host cell (such as those described
above) by expression of the polynucleotide sequence within the host cell,
Whereidedtiébpdorheteinisicharaatehisé dfin thabd dvadiie\vehatenobelifies, pruthin
aSieighen or lauier, Jewl oh expragsion. i e chaperone han 30 weuldy,,
5e"Hehie S odlﬁ)g gledu nce \?vere toqbepglﬁlet%gly Connedtedta fts
nampaklmgad:mrmglpmomofeprdfﬁo@ds@)plmbt}bedrinecmd i® aa mediogl fequence
BrCERg BeLerRlogRy S RIOIFID ORI ng e SIEPR Al PIONEID R1ouer
ce comﬁ)lsmg a re ombinant 9%1 that com prising thé sequence 0
provhatéreapersidn omhmhaa‘;teliam:mnmdhﬁglswqumd:& anlcedidy d the codmg
chaperone, 1ne pranmglerfeing, cha e?C g s‘*‘%a'F o it %%*}%?ﬁ’es 2 10WEr 2nd
level 6 expression ofthe ¢ aperone han would 6e achievedtitine co&i
ﬁmqlhleateaueferthebe:opfpnm)hgcmnne«mddnmmgaawmnld,y)dioguarihgterologous
ramater, And, e st cellfurher comprising a resemtinant geneon of ne
ncoélhg a hetsrolo ogous protein; cun urlng &il'undérconditions
thapatiow thedexbceémtamdﬁgh@ qlmpmmnmdndnhedaﬁberplugfgugpmeeithus
ﬁ%(é? 5958@1 r&% 9@; 'I%Ehh’it aLﬁS?%dhhe{ ?LO&QH@? o {f‘i%é”%ré’ Tim;
Ure mediu rt

ture OSt ECU m; an fU er optiona

webhitisiepiriethlls, ﬂMﬂMpI@tmn thmj[xuplﬁmdaﬂy)mnhmd foptivulaliin fuitieer
ptrifigddetenol rﬁ}%{f &Y Ol Qr}%ho%c fo(%el%r Jyent &[%ﬁef)pt}or{?ll%nt and

presentln the thus formu ated P Otel in a unit osage 1orm |nt
nraimeH g peessseia aitloy ¢h s fasnisladapesicfrom theexalnples Gftthein the

B{g&gg}tﬁp&&gg& C?B \t,lge combination of recombinantly expressed PDI and

transferrin-based proteins provides a surprisingly high level of transferrin
expression. For example, transferrin

As is apparent from the examples of the present application, the combination of
recombinantly expressed PDI and transferrin-based proteins provides a
surprisingly high level of transferrin expression. For example, transferrin
expression in a system that includes a chromosomally encoded recombinant PDI
gene provided a 2-fold increase (compared to a control in which there is no
chromosomally encoded recombinant PDI gene). This increase was 5-times
greater than an equivalent system comprising a recombinant gene encoding human

albumin in place of the recombinant transferrin gene.

The host may be any cell type, such as a prokaryotic cell (e.g. bacterial cells such
as E. coli) or a eukaryotic cell. Preferred eukaryotic cells include fungal cells,
such as yeast cells, and mammalian cells. Exemplary yeast cells are discussed

above. Exemplary mammalian cells include human cells.
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expression in a system that includes a chromosomally encoded
recombinant PDI 20 gene provided a 2-fold increase (compared to a
control in which there is no chromosomally encoded recombinant PDI
gene). This increase was 5-times greater than an equivalent system
comprising a recombinant gene encoding human albumin in place of the
recombinant transferrin gene. 25 The host may be any cell type, such as a
plalcanibtiasoddb¢algdodnieci ahnditscsilizhe dsobprodiiy orea@ubkaryoticanefbrrin-
refqmed shkaniolip el nclude ungal ool such, as yeash ool Ao
mammanan cells. xem%]iary yeast cells are disctissed above. Exemplary
rhanonialianacdllpunidiadie frafomblyetls. 38 htasuceld padepeaiiedevel of

above can be cultured to produce recombinant transferrin- based proteins.
B e e L i B LT TR SRR 28 361 Bip 0%,
Cultiired amanpferifiechasedfgnalodynto mgyhaemfaceuticallyveick eptpldenteval tofally

gurit fa[gr example H%n techni éj/j)se knowr}éa the a{t dand/or as set out
e. p

Sbov Plrified trans ertrlarrll- as foteins méryl/ e fo?ﬁ?é%{ggn\ivith a

pharmaceutically acceptable carrier or diluent and may be presented in

it dosage form..The present invention.will now.be exemplified, wi .
e e e B Hvine
DESCRIREIONNDRT HE FBWYRES Figures 1, 2, 4, 6 to 15, 22, 25, 27 to
52,57to71,74,75,77to 79, 81to 83, 85 to 91, 95 and 96 show various
plasmid maps. 15 Figure 3 shows plasmid insertion sites. Figure 5 shows
BRIFHIDES CRPITION N fldgm ERGEIREESNIng the PDI coding sequence.
20

Figures 1, 2, 4, 6 to 15, 22, 25, 27 to 52, 57 to 71, 74, 75, 77 to 79, 81 to 83, 85

to 91, 95 and 96 show various plasmid maps.
Figure 3 shows plasmid insertion sites.

Figure 5 shows a restriction map of a DNA fragment containing the PDI coding

sequence.

Figure 16 shows the results of rocket immunoelectrophoresis (RIE) determination
of increased recombinant transferrin (N413Q, N611Q) secretion with PDII over-
expression. Cryopreserved yeast stocks were grown for 4-days in 10mL BMMD
shake flask cultures and supernatants were loaded at Sul. per well. Goat
polyclonal anti-transferrin (human) antiserum (Calbiochem) was used at 40uL per
rocket immunoelectrophoresis gel (50mL). A = Control strain [pSAC35],
duplicate flasks; B = Control strain [pDB2536], duplicate flasks; C = Control
strain [pDB2711], neat to 40-fold aqueous dilutions; D = Control strain
[pDB2931], duplicate flasks; E = Control strain [pDB2929], neat to 40-fold

aqueous dilutions.
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Figure 16 shows the results of rocket immunoelectrophoresis (RIE)
determination of increased recombinant transferrin (N413Q, N61 1Q)
secretion with PDII over- expression. Cryopreserved yeast stocks were
grown for 4-days in 10mL BMMD shake flask cultures and supernatants
were loaded at 51tL per well. Goat 25 polyclonal anti- tran sferrin (human)
antiserum (Calbiochem) was used at 40L per rocket

iRigowra ddlebivopbeesisutiel (EBAH Al i€ afitret stthinapSAGIE5trin (N413Q,

licate flasks: B =,Control.strain 2536], duplicate flasks: C =
e S i D B B S e gpast
stoaks [pBi8298nduipticéteafiasks; EDmICoRVIVIEIrashalpD B292 pheats taand
40-fold . 30 aqueous dilytions. 79 Figure 17 shows the results of RIE
P S R St e L5 DR EEE) SEuTt e LA ©f
wipheond R | fpver-@xpiagsitduaC yopies el edcye asiisto Ckaiwvess guman doti-
4-dags in 10mL BMMD shake flask cultures and supernatants were

U0 ST Y WA ST A IBISHIR WSS nisBL S 5" UierRStartsket
framuiyvelindivitheat G4 eeS oheachsstagb faeak Rl Je9AE3Y; Bansieriry]
(hum?[)ré}gantisergm (Calbiochem) was used at 40L per rocket .
iR ABRR ctrtfh Gresfsogiolstriin) [RPB Sk oPstr SiRniselasat [pRB2931];
Eantrehtsratta[pRIINSBGI0C = Control strain [pDB2711]; D = Control

strain [pDB2931]; E = Control strain [pDB2929]. 10 Figure 18 shows the

results of SDS-PAGE analysis of recombinant transferrin secretion with
MenithSUSHBINE everexnressiosDSBAGE shakeiflask eubhtigaamtetiansferrin

grown for 4-days and 10L supernatant analysed on non-reduci DS-
BRES R 86 pVA%%}%@%%%&ﬁ&ﬁW{PageWP é@%%&%ﬁj Bires

hRieagenh (RierealayzeaBiupRivusafdanens teoen) nbrRBRAR3STA-
= pDB2536; 3 _:NpDBZ7q®1; 4 = pDB2711; 5 = pDB2931; 6 = pDB2931; 7
PASHBR 29237 NyBaob29; MOPs Awfsreohygirogen) with GelCode™ Blue

reagent (Pierce). SeeBlue Plus2 Markers (InVitrogen). 1 = pDB2536; 2 =
pDB2536; 3 = pDB2711; 4 = pDB2711; 5 = pDB2931; 6 = pDB2931; 7 =
pDB2929; 8 = pDB2929; 9 = pSAC35 control.

Figure 19 shows RIE analysis of recombinant transferrin secretion from S.
cerevisiae strains with an additional integrated copy of PDII. 5-day BMMD shake
flask culture supernatants were loaded at 5 microlitres per well. Strains contained:
1) pSAC35 (negative control); 2) pDB2536 (recombinant non-glycosylated
transferrin (N413Q, N611Q)) or 3) pDB2506 (same as plasmid pDB2536 but the
transferrin ORF encodes transferrin without the N—Q mutations at positions 413
and 611, i.e. recombinant glycosylated transferrin). Each well contained a sample
derived from an individual transformant. Standards were human plasma holo-

transferrin (Calbiochem) at 100, 50, 20, 10, 5 and 2mg.L'1.
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Figure 19 shows RIE analysis of recombinant transferrin secretion from S.
20 cerevisiae strains with an additional integrated copy of PDII. 5-day
BMMD shake flask culture supernatants were loaded at 5 microlitres per
well. Strains contained: 1) pSAC35 (negative control); 2) pDB2536
(recombinant non-glycosylated transferrin (N413Q, N611Q)) or 3)
pDB2506 (same as plasmid pDB2536 but the transferrin ORF encodes
Fanefe 2ihshithe R [h adiyQsmtitationdmposiiofiedil 3&2tednd bl Seain A

e ipant glycosylat r|n Each J a|n da sa

R T A e B S e BT R s g

bolsERBndtaei fil {Gadbiookesy)can d600s Sﬁbrawﬂdhdﬁmddpﬁn@emﬂs @crolitres
?gurel 0 shows RIE analysis of recombinant transferrin secretion from

Bfrain [pDB2536] and Strain A [pDB2506] grown in shake flask culture.

5-day BMMD or YEPD shake flask culture supernatants were loaded in

Ilca t5 mi r r well. 5 Figure ho AGE
ecom mant %férﬂs%e?%n@sﬁecr:%dl Sfromreg?rrgunn,&n[wﬁ ﬁrgt%gf -
W%@@Bmﬁi shnak & tilaigk AufplPB2804iugEewreria gihmkn fidask-dansire.

[ MMD d 30 It | S PAG

BB RO S TR B e
BlabyRdageADTRAGY. () SfaiNuPihOB m&ﬁqmﬂn‘ynﬁ)g&)emmed

B f t2 t A <) St
RSB Re Pl mame: & B8 b S R R Al onc 12
(Sippnoﬁsi Wﬂﬁ&ﬁéémasfvw@htﬁoﬁw&m@ lﬁp&ﬁg%]ow&tm‘i Gf) Strain A
&jr}trér ”é'? Eﬁvﬁ%éﬁigé esﬁe‘ﬁf% ‘?n%'i%ﬂb%%’c‘! ”% eraRate

ake ala

numbers ask cu ture supern S were
Imal:t@dlalt Bargbrotires. per weII Goat polyclonal anti- transferrin (human)
antiserum (Calbiochem) was used at 30 microlitres per rocket

immunoelectrophoresis gel (50mL). (A) supernatant from S. cerevisiae
Fagnnsl 23 shows RIE of recombinant transferrin secreted from S. cerevisiae

strains with different PDI1 copy numbers. 3-day BMMD shake flask culture
supernatants were loaded at 5 microlitres per well. Goat polyclonal anti-
transferrin (human) antiserum (Calbiochem) was used at 30 microlitres per rocket
immunoelectrophoresis gel (50mL). (A) supernatant from S. cerevisiae control
strain [pDB2711] or [pDB2712]; (B) supernatant from Strain A [pDB2536]; (C)

supernatant from control strain [pDB2536].

Figure 24 shows SDS-PAGE analysis of recombinant transferrin secreted from S.
cerevisiae strains with different PDI1 copy numbers. 4-12% NuPAGE reducing
gel run with MOPS buffer (InVitrogen) after loading with 30 mircrolitres of 3-day
BMMD shake flask culture supernatant per lane; (lane 1) supernatant from
control strain [pDB2536]; (lane 2) supernatant from Strain A [pDB2536]; (lanes
3-6) supernatant from control strain [pDB2711] or [pDB2712]; (lane 7) molecular
weight markers (SeeBlue Plus2, InVitrogen).
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20 strain [pDB2711] or [pDB2712]; (B) supernatant from Strain A
[pDB2536]; (C) supernatant from control strain [pDB2536]. Figure 24
shows SDS-PAGE analysis of recombinant transferrin secreted from S.
cerevisiae strains with different PDI1 copy numbers. 4-12% NuPAGE
reducing 25 gel run with MOPS buffer (InVitrogen) after loading with 30
mircrolitres of 3-day BMMD shake flask culture supernatant per lane; (lane
Figupe 2@atsinivirorR IEonfrobstialyirpid B24 863l ne & wdp érovataditkeome: S.

Strain A [pDB2536]:. (lanes_3-6) supernat control strain [pDB27
R S e et R
YiERPbgee 3083 Figeramacushelvs 15 efteconmininbattdosteriys at 30°C.

ecreted from different f GI:E(glrevisiaell:lstr ins wjth and withiut additional 1
1YERE SORSIPPELY SRR IEs AT [S’sﬁél?éf??a‘ié@w&?é’* HoRRarse Wids
yeashad inaHbaied dondiayxoat 30C inShermiuresypenaianhipadedspaiL
well of a rocket immunoelectrophoresis gel. 5 Plasma Tf standards
BBFEStratiEnLPAR s gEind Yoh GosrKistier?P8omL agragose. Precipin
was stained with Coomassie blue. Figure 53 shows RIE analysis of rHA
expression in different S. cerevisiae strains, When,(f:o-exgressed with PDI1

Giste RAVihg et AP YO oMo TS RIS Mg KK gk strains
wara ineeulatadodikideesyangeincubaiat farfferay 9 aicad Grathogetiure omL
iﬁ)ernatant loaded per well of a rocket immunoelectrophoresigﬁgslli.) rHA

Rl hakeotiRd st o osWard gyt Yaeo el Rehateta s Ay H A A0CE:
An 150 rasusRRACRSHIN SIbAWREEN dAQL: FEAOSENRIBFIDIRLWashStaINEde].

with Coomassie blue. 15 Figure 54 shows RIE analysis of rHA expression

iidifreradirds eepecnifadonyairesi g bo-eXeseedl withibd i emasproduct
naying iieephicRot BRAMQIRE) Bl YERRShake dIpfks e Rined with

inoculated with yeast and incubated for 4-days at 30C.
Coomassie blue.

Figure 54 shows RIE analysis of rHA expression in different S. cerevisiae strains
when co-expressed with PDI1 genes having different length promoters. 10mL
YEPD shake flasks were inoculated with yeast and incubated for 4-days at 30°C.
4uL culture supernatant loaded per well of a rocket immunoelectrophoresis gel.
rHA standards concentrations are in pug/mL. 400uL goat anti-HA (Sigma product
A-1151 resuspended in SmL water) /50mL agarose. Precipin was stained with

Coomassie blue.

Figure 55 shows RIE analysis of rTF expression, when co-expressed with
different PDI1 constructs. 10mL BMMD shake flasks were inoculated with yeast
and incubated for 4-days at 30°C. SuL culture supernatant was loaded per well of
a rocket immunoelectrophoresis gel containing 25uL goat anti-Tf / 50mL. Plasma

Tf standards concentrations are in pg/mL. Precipin was stained with Coomassie

blue.
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4L culture supernatant loaded per well of a rocket immunoelectrophoresis
gel. 20 rHA standards concentrations are in gg/mL. 400L goat anti-HA
(Sigma product A-1151 resuspended in 5mL water) /50mL agarose.
Precipin was stained with Coomassie blue. Figure 55 shows RIE analysis
of rTF expression, when co-expressed with 25 different PDIi constructs.
IOmL BMMD shake flasks were inoculated with yeast and incubated for
Fidaye &6360hovel BlEurenslyprrndtafittvaspeasied, pehwrelcofeaprosicet with
e oplarees OSheaneiong ARk spatant L ot Sasma Il
(ards conGentratioris are in ag recipin was staine
ﬁabmaﬂsa&dbﬂueﬁla}&&tzﬁjﬂce S EhaisR o ppnadysis whs Thadxpressiai, of
when co-expressed with different PDI| constructs. IOmL YEPD shake

AAQRK P HRRS FSHERPORERS &St caPd HBG M FRU2RHs S48 sPlasma

qtpsRYRerataniMashloaded FB%VM@” @‘?e&ﬁﬂ?l@%s stained with Coomassie
immunoelectrophoresis gel containing 25L goat anti-Tf / 50mL. Plasma 5

bRustandards concentrations are in gg/mL. Precipin was stained with
Coomassie blue. Figure 72 shows RIE analysis of rHA fusion proteins

ith an ithout c xpressed r ant PDII IOmL M
ﬁla% S V\?]exr\:a ?noculale]% é)w%y W%%rans?orrﬁ %ﬁmlﬁ f&vs%(r)]m co-
expressscbmplmhmudstahﬁlihcuﬁméd Bo ¥ Dayisake SDﬁl(MWmeltummulated with

tan Ioad eII of rocket |mmuno Iectr oreS|s e 5
orme umm U.SI exal&ailo e or 4—
stan s concentra |ons are’in gg

ﬂmyeluet A30*51 resuEpendeckin opdryaier) I’EélmdL qmrowell Pcbécumrrocket
was stained with Coomassie blue. 15 Figure 73 shows SDS-PAGE

&HHW&@EFPEH&WG%&%MM r?‘ﬁi?l%‘f%éSP&ﬁBHaV\ﬂH% AFavissutp O
RHRsaRt MANS xRIgssR PRI 1EARbRMNIB Shak&vater) /50mL agarose.

Precipin was stained with Coomassie blue.

Figure 73 shows SDS-PAGE analysis of recombinant albumin fusion secretion
with and without PDII present on the expression plasmid. 10mL BMMD shake
flasks were inoculated with yeast and incubated for 4-days at 30°C, 200rpm. 30uL
supernatant analysed on non-reducing SDS-PAGE (4-12% NuPAGE®, MES
buffer, InVitrogen) with GelCode® Blue reagent (Pierce). 1 = SeeBlue Plus2
Markers (InVitrogen); 2 = 1ug rHA; 3 = angiostatin-rHA; 4 = angiostatin-rHA +
PDII; 5 = endostatin-tHA; 6 = endostatin-tHA + PDII; 7 = DX-890-(GGS)4sGG-
rHA; 8 = DX-890-(GGS),GG-rHA + PDII; 9 = DPI-14-(GGS).GG-rHA; 10 =
DPI-14-(GGS)sGG-tHA + PDII; 11 = Axokine™ (CNTFA4;5)-(GGS),GG-rHA
(Lambert et al, 2001, Proc. Natl. Acad. Sci. USA, 98, 4652-4657); 12 =

Axokine™ (CNTF s45) -(GGS)4GG-rHA + PDI1.

Figure 76 shows RIE analysis demonstrating increased transferrin secretion from
S. cerevisiae with ORM?2 co-expression from a 2um-based plasmid. Four day

shake flask culture supernantants were loaded at Sul per well. Standards were
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flasks were inoculated with yeast and incubated for 4-days at 30C,

200rpm. 30RL supernatant analysed on non-reducing SDS-PAGE (4-12%
NuPAGE, MES 20 buffer, InVitrogen) with GelCode(r) Blue reagent
(Pierce). 1 = SeeBlue Plus2 Markers (InVitrogen); 2 = 1g rHA; 3 =
angiostatin-rHA; 4 = angiostatin-rHA + PDII; 5 = endostatin-rHA; 6 =
endostatin-rHA + PDII; 7 = DX-890-(GGS)4GG- rHA; 8 =

B3 A PG HBS MGG radHetrARTabodPin)lda{ GG UGG, rHA 5 1igAn], loaded

Pl-14-(GGS)AGG-rHA + PDII: 11 = AxokineTM : .
R e e oAl b, e m Galbiseie
UsA a03) 46 p2r468ke); ihihrandxiekirgphivkd GNIJIFASA MG GS)4GG-rHA +
PDII. Figure 76 shows RIE analysis demonstrating increased transferrin
secretion from S. cerevisiae with ORM2 co-expression from a 2m-based

Plaard BFHowdaR 1B Aishake HaskaitititoSuparnaatantsfeere oadadmirdn
per well. Standards were 83 human plasma holo-transferrin

(CaioeREn)Y 4P 2E5 56, LB Yhnl SR dedHET parlenlapit  Four day
peixelanakantitransipeidismaneantisermACalbipenerall. Usieidat @0 Were

ger rocket immunoelectrophoresis gel (50 ml). 5 Fiaure 80 shows RIE

HaXgR 8 auRoRetPatinRs IR BASSPirahsiarriat sebrétloh Frdy & Hebmlvigaded
with RERLICO-exRtessindiama nkasathniasmid) hausdan sOaleotask)
culture supernantants were loaded at 5| per well. Standards were human
BrsdrAZRBIREosks i peunBrict b osgssed 4598010, 5 g/ml, loaded 5l
per well. Goat polyclonal anti-transferrin (human) antiserum (Calbiochem)
10 used at 201 per rocket immunoelectrophoresis gel (50 ml). Figure 84

Libgve Adeshamy RiE qelsh Sty el s B A ST SRRt G frem

SEERVISIARMIISSINY co-exprastiaTiinm g amaasepiMasmid:dupdn flaake
shake flask culture supernantants were loaded at 5| per well. Standards

e AUHE SPRBREIAR KT dASASHHAL GHIRBTREH) Sitadirdp wease fgnapn
B{MnloagRABIRAT WelE HaatRIMCIANss ati-transersin dMMamilied Sul per

antiserum (Calbiochem) used at 201 per rocket immunoelectrophoresis
&&11(5&%1)( polyclonal anti-transferrin (human) antiserum (Calbiochem) used at

20l per rocket immunoelectrophoresis gel (50 ml).

Figure 92 shows the results of RIE. 10mL YEPD shake flasks were inoculated
with DXY1 #rplA [pDB2976], DXY1 trpld [pDB2977], DXY1 trplA
[pDB2978], DXY1 trplA [pDB2979], DXY1 trplA [pDB2980] or DXY1 trplA
[pDB2981] transformed to tryptophan prototrophy with a 1.41kb Notl/Pstl
pdil::TRP1 disrupting DNA fragment was isolated from pDB3078.
Transformants were grown for 4-days at 30°C, 200rpm. 4pL culture supernatant
loaded per well of a rocket immunoelectrophoresis gel. rHA standards
concentrations are in pg/mL. 700ulL goat anti-HA (Sigma product A-1151
resuspended in SmL water) /S0mL agarose. Precipin was stained with Coomassie

blue. Isolates selected for further analysis are indicated (*).
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Figure 92 shows the results of RIE. IOmL YEPD shake flasks were
inoculated 20 with DXY1 trpld [pDB29761, DXY1 trp]d [pDB2977], DXY1
trpld [pDB2978], DXY1 trpld [pDB2979], DXY1 trpld [pDB2980] or DXY1
trpld [pDB2981] transformed to tryptophan prototrophy with a 1.41kb
Notl/Pstl pdil::TRP1 disrupting DNA fragment was isolated from

pDB3078. Transformants were grown for 4-days at 30C, 200rpm. 4L
tligore 98 panvataht 28sldadeldRier wHIhdf & ERRethiakm tincdelectrophocekisd

O R R R S R e,

Preyipinpumsystanep with Geamassie: -bive; 1$piie9 sejeasedyor [smBeogo),
analysis are indicatajm@%;‘é. 84 Figure 93 shows the results of RIE. 10mL
D sHaefiakd welF€ in SR With SV [pIRd2aa]. pRYY 1 1rpiA

PB28YP] DK IoHR]dmdN:T B%Iz@'?%%%% Jgg{?ﬂp@?%ﬁﬂf@\ﬁ%],

rpld pdil:: TRP1 [pDB2978], DXY1 [pDB2980], Y1 trpld pdil:
[PBE 29803 BRY L fpbB XY /7110 XY it p]oR% hdil [ TBREY |p DB26FE] gBMfor

B2979 Y dpdil:: TRP DB2979], DXY1 B2981] a DXY1
S - 1r U T eyt Skl WA EPRE e 3 i

Hhulivek supsioriantliaadetpanimildef @ ioskehtishnaroaleeiiephoges|sL
gel. rHA standards concentrations are in gg/mL, 800L goat antj-HA

ESHY AR pFbA et e REEYES s pEnbi S s le ke T I ORI A Gl Bl 2485 0sC-
Pregigiin wasssiaisedwvitiCoopmasrsisuasisalaiasiselected fardisithanysis
analysis are indicated (*) Figure 94 shows a sequence alignment of the
%ﬁ?(‘j@\cﬁﬁ‘ﬂ §288c gene sequences with long promoters, as described in
Example 6. 15 EXAMPLES Two types of expression cassette have been

RGO secreton ol recobnank T IR T S ce

n
with long promoters, as described in Example 6.

EXAMPLES

Two types of expression cassette have been used to exemplify secretion of a
recombinant human transferrin mutant (N413Q, N611Q) from S. cerevisiae. One
type uses a modified HSA(pre)/MFal (pro) leader sequence (named the “modified
fusion leader” sequence). The second type of expression cassette uses only the

modified HSA(pre) leader sequence.

The 24 amino acid sequence of the "modified fusion leader" is

MKW VFIVSILFLFSSAYSRSLDKR.

The 18 amino acid sequence of the modified HSA(pre) leader sequence is

MKWVFIVSILFLFSSAYS.
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20 type uses a modified HSA(pre)/MFal(pro) leader sequence (named

the "modified fusion leader" sequence). The second type of expression
cassette uses only the modified HSA(pre) leader sequence. The 24

amino acid sequence of the "modified fusion leader" is 25
MKWVFIVSILFLFSSAYSRSLDKR. The 18 amino acid sequence of the
modified HSA(pre) leader sequence is MKWVFIVSILFLFSSAYS. 85
Trangktariin (N413Q, N611Q) expression using these two cassettesHaasbeen
been studied in S. cerevisiae using the 2m expression vector wjth and
SRS B nTHE 300 Br o e TS S Jeha s without an
EXRAGRA EEob Consisustion-ofsexpPeEssiendplapmids A 52-bp linker made by
annealing 0.5mM solutions of oligonucleotides CF86 and 10 CF87 (see
below) was introduced into the US-region of the 2m plasmid pSAC35 at
hE ANIPESitds in the 599-bp inverted repeats. One Xcml-site cuts 51-bp
after the REP2 translation termination codon, whereas the other Xcml-site
cuts 127-bp before the end of the FLP coding sequence, due to overlap
Wishsihediye G dvpredbnpéssmigsre 3). This DNA linker contained a core
region "SnaBlI-Pacl-Fsel/Sfil- 15 Smal-SnaBP", which encoded restriction
sites absent from pSAC35. Xcml Linker (CF86+CF87) 20 Pac_; Sr'.'Bl Sr.
R.bEdsl Bokad fkBOHs GriiEall B S0 AN ARTHAAR DT ARGLEEGERS CF86 and

CCCGGGT ACGTACCAAT TGA 25 CF87 TCCTCACCAT .
é%fﬁ%b’? N T FEC R EEE e %;E%@&l&‘}x“?gégﬁ‘@@ i SAC35
RlapnidbpdAite3bivas padtiplyicligastetpdins Xk thedingsy dikskbl-bp after
fragment was isolated from a 0.7%(w/v) agarose gel, Ii&gted with the

BELBIEESFREHPINENRLAL T aNdT625 BLBIE 4t T AnSHETn&droP

tifofe. thelehHEahARTICHbfing sequence, due to overlap with the inverted repeat
(see Figure 3). This DNA linker contained a core region “SnaBl-Pacl-Fsel/Sfil-

Smal-SnaBI”, which encoded restriction sites absent from pSAC35.

Xcml Linker (CF86+CF87)

CF86 GGAGTGGTA CGTATTAATT AAGGCCGGCC AGGCCCGGGT ACGTACCAAT TGA

CF87 TCCTCACCAT GCATAATTAA TTCCGGCCGG TCCGGGCCCA TGCATGGTTA AC

Plasmid pSAC35 was partially digested with Xcml, the linear 11-kb fragment was
isolated from a 0.7%(w/v) agarose gel, ligated with the CF86/CF87 Xcml linker
(neat, 10" and 102 dilutions) and transformed into E. coli DH5a. Ampicillin
resistant transformants were selected and screened for the presence of plasmids

that could be linearised by Smal digestion. Restriction enzyme analysis identified

86



10

15

20

30 resistant transformants were selected and screened for the presence

of plasmids that could be linearised by Smal digestion. Restriction

enzyme analysis identified 86 pDB2688 (Figure 4) with the linker cloned
into the Xcml-site after REP2. DNA sequencing using oligonucleotides
primers CF88, CF98 and CF99 (Table 1) confirmed the insertion
contained the correct linker sequence. 5 Table 1 Oligonucleotide

BRI NFipuracnswittinter Ddscrghbdiosn] SequdnCecdF88 R RpirheDNA
20mer 5'-ATCACGTAATACTTCTAGGG-3 9 2 pri

R AT R A R I S R o iy (1l 1)
BOMBAIOET AAB LG TAEGTMEA @C-3técTlhekyeasisinam was transformed
to leucine prototrophy using a modified lithium acetate method (Sigma
yeast transformation kit, YEAST-1, protocol 2; (Ito et al, 1983, J.

Bapleriol., 153, 163; Elble, 1992, Biotechniques, 13, 18)). Transformants
were selected on BMMD-agar plates, and were subsequently patched out
on BMMD-agar plates. Cryopreserved trehalose stocks were prepared
moizoiQotolidBWMEN Shakeiftask: cultures (24 hrs, 30C, 200rpm), by
addition of an equal volume of sterile 40% (w/v) trehalose The
composition of YEPD and BMMD is described by Sleep et al., 2002,

(wWiv)
glucose as the sole initial carbon source. 87 The S. cerevisiae PDII gene

W@%g%?ned I'&L%}he .Xcml-ga kerrof PDBRE8R- 1Pe TR g@p?df%@

was cloned on a fg%erSacE?pel fragment from a larger S. cerevisiae

genomic SKQ2n DNA fragment containing the PDII gene (as provided in
thelf&smidRPRIari@ethadinaescrinedM YE B 2SI P05 AN a6 GG-3°
described as

CF99 REP?2 primer, 20mer 5’-AGCTCGTAAGCGTCGTTACC-3’

The yeast strain was transformed to leucine prototrophy using a modified lithium
acetate method (Sigma yeast transformation kit, YEAST-1, protocol 2; (Ito et al,
1983, J. Bacteriol., 153, 163; Elble, 1992, Biotechniques, 13, 18)). Transformants
were selected on BMMD-agar plates, and were subsequently patched out on
BMMD-agar plates. Cryopreserved trehalose stocks were prepared from 10mL
BMMD shake flask cultures (24 hrs, 300C, 200rpm), by addition of an equal

volume of sterile 40% (w/v) trehalose

The composition of YEPD and BMMD is described by Sleep et al., 2002, Yeast,
18, 403. YEPS and BMMS are similar in composition to YEPD and BMMD
accept that 2% (w/v) sucrose was substituted for the 2% (w/v) glucose as the sole

initial carbon source.
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5 Clone C7 in Crouzet & Tuite, 1987, Mol. Gen. Genet., 210, 581-583 and
Farquhar et al, 1991, supra), which had been cloned into Ylplac2I1 (Gietz
& Sugino, 1988, Gene, 74, 527-534), and had a synthetic DNA linker
containing a Sacl restriction site inserted at a unique Bsu36l-site in the 3'
untranslated region of the PDII gene. The 1.9-kb Sacl-Spel fragment was
treated with T4 DNA polymerase to fill the 10 Spel 5'-overhang and
Eradvethe Sael BDdYerhanyad kisieD Iinfmagmetmzﬁﬂdiuﬁetdofz pPDBPOBBth&he

PRI promoter wpstream of e ansiaian, intiation codon, and. L8 00, .
downstrea e transla |0n Sination eodon? as liga edw
&maliliive arésedicaf i@ stindlalicafime phosphiaiag ehit e d pinB 2638 0daded

SIS, BRSIARRBRES0 Figuie, it e RO ope anseribed i e,

same direc . cerevisiae stréun was transforme
@lmietéiimotﬁlmmw &/lﬂl’ult:dDBMQMan@rp regsin ZHESH le 585 aﬂdt]FaaIuhar

mutant 4 I Ione to.the
e T RS R N AR STBAUITINGIRNCE SRS 10ss.
Cozzefld, |629E)BZ‘7Mnddmtbmsyttrtbﬁcdébé&mabetaRthmnmgcstérqdrrestrlcuon

A/MFEa fusion leader s pet al, 0,

e R TRt S R SlBeD1 gene.
Hhm&r?ﬂcbn&ﬁefrﬁpemtftagme(maq,rwﬁﬂiI@thrﬂltﬂé\fia pelpvisiae AcDﬁlll the

mid pDB25 onstryct yeln ert| t
S S LRSI AR 1R OISR IR ERIR ond0Fa
fuisidp leddbe’ E@jﬂm@mu@&m@@@@ﬁﬁmndwmmm;attlpnsesi(m, and

e A e A RIS TR SR Pl SUSTANE i
dewlrelmﬁminett{eaﬁamdri@dalhglm Iehdmt@waetnweby pER3688 ofahereate
tésfl%% B g@gﬁ‘%ﬁ%ﬁg%&%‘tﬂgﬁ‘iﬁﬂ%ﬁ %‘?‘%&ﬁh"&éﬁ%ﬂ% irection

equen ure was mutated wit oligonuc eot
SFREP 2ndACP1 58 wyidisletetdia cwlrtgasefqm@ndet@otetMImmmtotrOphy with

pDB2690.

An expression cassette for a human transferrin mutant (N413Q, N611Q) was
subsequently cloned into the Norl-site of pDB2690 to create pDB2711 (Figure 7).
The expression cassette in pDB2711 contains the S. cerevisiae PRBI promoter, an
HSA/MFa fusion leader sequence (EP 387319; Sleep et al, 1990, Biotechnology
(N.Y.), 8, 42) followed by a coding sequence for the human transferrin mutant
(N413Q, N611Q) and the S. cerevisiae ADHI terminator. Plasmid pDB2536 was
constructed similarly by insertion of the same expression cassette into the Notl-site

of pSAC35.
The “modified fusion leader” sequence used in pDB2536 and pDB2711 comprises

a modified HSA-pre sequence and a MFoal-pro sequence. An alternative leader

sequence used was the modified HSA-pre sequence, which was derived from the
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residues (RSLDKR) of the MFal-pro region. This was performed according
to the instruction manual of the Statagene's QuickChangeTM
Site-Directed Mutagenesis Kit. pDB2515 is the E. coli cloning vector
pGEM-7Z(-) (Promega) containing the 2940-bp Notl-Hindlll (partial) DNA
fragment of pDB2529 (see 10 below) ligated between the PspOMI and
Hindlll sites. CF154

hddified TudwhTcabeGbGutaés HhACORGIIGRECIGATIAAAAE THe MIA Avfo
GG-3' 15 CF155

B KT CTCACAGTTTTATCAGGGACAGAGTAAGCAGAGGAGAACAA
GAAC-3'" Competent E. coli DH5a cells were transformed with the

utated plasmids and ampicillin resist lonies were selected. :
STHE A 001 o STOHIS il O A BIELSF i B gt
vitforeaRitard BHIST hadarSSDNAIsSRgueheeddinthedqagifiedor the six

HSA-pre leader was subsequently confirmed.in pDB2921 (Figure 9) over

55885 RGibBatletiy ME KPentf B9PnHT Site Hithel GE bigserding to

\adeahsaeatsRCcand g 385G bmAflIsBaimddk flaamentas jsolateteadiected
ligated with a 6,081-b!:) Aflll-BamHI fragment from pDB2529 ure 10),

s
bRt By, i DI S1Geistiti it sl e el pORM GRS ORr R

eilitansigalidniosting slvdline AirsphalasDRRBLZA:R 08 FpB2%29 (see
cloning vector pBST +)réfplee et al, 2001, Yeast, 18, 403-441) containing
fsdowarigaisshbeipreadin casidkanss HirsBH536 cloned into the unique
Notl-site. This produced pDB2928 (Figure 11), which was isolated from
ampicillin resistant E. coli DH5a cells transformed with 30 the ligation

ts. 89 The 3,256-bp Nod expression cassette was isolated from

pbB2928.rThis reantaineddhe PRBIpromaterr ther cading regiondarthe-3 -
modified HSA-pre leader sequence followed by transferrin (N413Q, N61

IQ), and the ADHI terminator. 5 This was ligated into the Nod sites of the
QpiEased vectors pSAC35 and pDB2690 to generate the expression

plasmids %DBZ929 pD82930,doD82931 and
57 —CCATCTCACAGTTTTATCAGGGACAGAGTAAGCAGAGGAGAACAAGAAC-3

Competent E. coli DH5a cells were transformed with the mutated plasmids and
ampicillin resistant colonies were selected. Plasmid DNA from these colonies was
screened by double digestion with EcoRI and Bglll. The correct DNA sequence
for the modified HSA-pre leader was subsequently confirmed in pDB2921 (Figure
9) over a 386-bp region between the AfIIl and BamHI sites either side of the leader
sequence. This 386-bp AfllI-BamHI fragment was isolated, and ligated with a
6,081-bp AfIII-BamHI fragment from pDB2529 (Figure 10), prepared by partial
digestion with BamHI and complete digestion with Af/II and calf intestinal
alkaline phosphatase. pDB2529 is the E. coli cloning vector pBST(+) (Sleep et al,
2001, Yeast, 18, 403-441) containing the transferrin expression cassette of
pDB2536 cloned into the unique Notl-site. This produced pDB2928 (Figure 11),
which was isolated from ampicillin resistant E. coli DH5a cells transformed with

the ligation products.
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pDB2932 (Figures 12-15). In pDB2929 and pDB2931 the transferrin
(N413Q, N611Q) sequence is transcribed in the same direction as LEU2,
whereas in pDB2930 and pDB2932 transcription is in the opposite
direction. 10 EXAMPLE 2 Expression of transferrin 15 A S. cerevisiae
control strain was transformed to leucine prototrophy with all the
transferrin (N413Q, N61 1Q) expression plasmids, and cryopreserved
stocks were prepared. Strains were grown for four days at 30C in 10mL

NMD ultuces in S0miz. 20, conical flasks shaken. &t 2P} 1A, ires gf
reComBinant traristerin secreted  Into the culttre supernatants were
comjparcddizy F8Sdepionmoterode civdpizoresisn (B Ehasmbesied &t in-pve dkeler
B., 1976, 'Rpcket immunoelectr Rﬂt isy H. Azelsen roll, an

A AR e s AT e N S
WVidtheds dighadplivatidns. \dniveisitetsfolagrtinCOsles @Y darwayy A€B8ramd

B e e e S O AN B B TR Bt ana

pDiRMIaLGHASSIRUISE slaip(BRS2P AGE pDBEFictaaseats faconbinad,

ransferrin secreted when S, cerevisjae PDIlI was gver-ex d was )
N G R B 2Tt Tl o0 B8 TARRS b o il Bochiafys in
ADBIEOB@hAY eI 29T Patnshecriptiiir és mstimaigtbiieréasaidue to Leader
PDII (pg.mL ") (n=2) Additional PDII pSAC35 None No 0.4 - pDB2536

Fusion No 6.2 - Leader
EXAMPLE 2

Expression of transferrin

A S. cerevisiae control strain was transformed to leucine prototrophy with all the
transferrin (N413Q, N611Q) expression plasmids, and cryopreserved stocks were

prepared.

Strains were grown for four days at 30°C in 10mL BMMD cultures in 50mL
conical flasks shaken at 200rpm. The titres of recombinant transferrin secreted
into the culture supernatants were compared by rocket immunoelectrophoresis
(RIE as described in Weeke, B., 1976, “Rocket immunoelectrophoresis” /n N. H.
Azelsen, J. Kroll, and B. Weeke [eds.], A manual of quantitative
immunoelectrophoresis. Methods and applications. Universitetsforlaget, Oslo,
Norway), reverse phase high performance liquid chromatography (RP-HPLC)
(Table 2), and non-reducing SDS polyacrylamide electrophoresis stained with
colloidal Coomassie blue stain (SDS-PAGE). The increase in recombinant
transferrin secreted when S. cerevisiae PDII was over-expressed was estimated to

be greater than 10-fold.

90



10

pDB2711 Fusion Yes 112.8 18-fold Leader pDB2931 Modified No 5.1 -
HSA-pre Leader pDB2929 Modified Yes 76.1 15-fold HSA-pre Leader
RIE analysis indicated that the increased transferrin secretion in the
presence of 5 additional copies of PDIlI was approximately 15-fold (Figure
16). By RIE analysis the increase appeared slightly larger for the modified
HSA-pre leader sequence than for the modified fusion leader sequence
(Fable@:17). By RP-HPLC analysis the increase in transferrin secretion
was determined to be 10 18-fold for the modified fusion leader sequence
and 15- fold for the modified HSA- pre leader sequence (Table 2).91
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RIE analysis indicated that the increased transferrin secretion in the presence of

additional copies of PDII was approximately 15-fold (Figure 16). By RIE

analysis the increase appeared slightly larger for the modified HSA-pre leader

sequence than for the modified fusion leader sequence (Figure 17).

By RP-HPLC analysis the increase in transferrin secretion was determined to be

18-fold for the modified fusion leader sequence and 15-fold for the modified

HSA-pre leader sequence (Table 2).
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14 to 15 minutes 55 to 30% B in a linear gradient 15 15 to 20 minutes
30% B Injection: Generally 100L of sample, but any volume can be
injected Standard Curve: 0.1 to 10g of human transferrin injected vs peak
area Standard curve used for the results shown was linear up to 10g. y =
530888.x + 10526.7 20 where y = peak area, and x = amount in g. (r2):
0.999953, where Correlation Coefficient =r 92 EXAMPLE 3
Eigrom s rviad oy exre XYIDSsBG BT &Il fauSote ravidiaerStomibiAanasransferrin
selesiorionvestiate (e searetion plieambiant dhvespyated o,
pression from plasmid p and recombinant non-

glycosylated transferrin (N413Q, N61 1Q) from plasmid pDB2536. Strain A
5B AU Asterisies, 19, additioaalcliomasgmally integrated

‘D genc e ost POt omosormat focaton. the URA3
geheand backrialiNinSeiguences conpaimiy BEOATRIclin resistance
%e[iélemwere also integrate g%to the S. cerevisiae genome at the 15
e ERBY #8¥ the abdvegenes. A control strain had none of the above
iFlsevtiors. Conwid) sikain [cir] and Strain A [cir] were transformed to

ucine pratotr 20 with pDB2506 (recombinant transferrin), pDB2536
?%&ﬁ%?ﬁ%?ﬁ%ﬁ%%%@ﬁs%ﬁr ferrin (N413Q, N61 1Q)) or pSAC35
@Bntalodilapsiceants AWEFA séfe dedtomt@MMD-agar. The relative level

sferrin secretion | D ke flask culture was 25 determined

%ﬁ%{? < ﬁ&ﬁﬁpﬁ%&%@ inr:;!{gﬁéixca%gtr}loab%/cer“('f)((’:%,‘rt(l:ll‘F’nmunoelectrophoresis
(Rid)ekitgure 09showsitieattbéiBstrains secreted both the glycosylated
and non-

3 to 13 minutes 30 to 55% B in a linear gradient

13 to 14 minutes 55% B

14 to 15 minutes 55 to 30% B in a linear gradient

15 to 20 minutes 30% B
Injection: Generally 100uL of sample, but any volume can be injected
Standard Curve: 0.1 to 10pug of human transferrin injected vs peak area
Standard curve used for the results shown was linear up to 10ug.

y = 530888.x + 10526.7

where y = peak area, and x = amount in pg.

(r): 0.999953, where Correlation Coefficient = r
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glycosylated recombinant transferrins into the culture supernatant. The
levels of both the glycosylated and non-glycosylated transferrins secreted
30 from Strain A [pDB2506] and Strain A [pDB2536] respectively,
appeared higher 93 than the levels secreted from the control strain.
Hence, at least in shake flask culture, PDII integrated into the host
genome at the PDII locus in Strain A has enhanced transferrin secretion.
EXAMBIchOBe, the increase in transferrin secretion observed between
control strain [pDB2536] and Strain A [pDB2536] appeared to be at least
a 100% increase by RIE. In contrast, the increase in rHA monomer
sduweiiosvbeiiveen ogniusliciraf P[DB2305] and Strain A [pDB2305] was
approximately 20% (data not shown). Therefore, the increase in
transferrin secretion due to the additional copy of PDII 10 in Strain A was
§ur@#smgdargeainnsideamgetbetb&ansiﬁeveinigas 1Bedisutptivaeob oeasnbinant
1008 1a%§)°tr% with 17 ‘E'é%é{'(?h&de boNdS4 9 %%@%COIP SRR e ton-
éeyn M |cuf5ﬁypbene icial forthe ¢ se oM S, cerevisiae or
ghoteny$atird tnatkssctnam $éd B GaNihy, 1 &) dithwei piesnvidtivBB 2563 6 h S tlave |4 dfas
r}sfleg()lvrllnse eteecq h%[n Straln A [pDB2536] and Strain A [pDB2506]
Were comp red by RIE for transformants grown in BMMD and YEPD
(Figure 20). Results indicated that a greater than 2-fold increase in titres

of both Iated reco mbinant frgn n (N413
glycosyﬂg{[)edpq}ecom nant flenrtr? r\?vggg acéliélv y gro%m?ge]dl%)E%B host
(10-20 H@Lqmemmohﬁhtrhnsfmmn equivalent) compared to BMMD (2-5
mg.L, 1 serum transferrin equivalent). The increase in both glycosylated
and non-glycosylated transferrin titre observed in YEPD suggested that
moth trahsférRinexpnessidnplasrint DMeresegutfiicienitystablegutddenmpicillin
non-selective ?rowth conditions.to allow the exlcl)e ed increased biomas

which JdSta) f‘y estits from élrgwfﬁtergr\?f:egf)n{o ¥ tPafSlsta ‘s sifigne at the
increasiaseglycosydatied thodbwr-ghreosylated transferrin productivity.
SDS-PAGE analysis of non-glycosylated transferrin (N413Q, N61 1Q)
secreted

A control strain had none of the above insertions.

Control strain [cir’] and Strain A [cir’] were transformed to leucine prototrophy
with pDB2506 (recombinant transferrin), pDB2536 (recombinant non-
glycosylated transferrin (N413Q, N611Q)) or pSAC35 (control). Transformants
were selected on BMMD-agar.

The relative level of transferrin secretion in BMMD shake flask culture was
determined for each strain/plasmid combination by rocket immunoelectrophoresis
(RIE). Figure 19 shows that both strains secreted both the glycosylated and non-

glycosylated recombinant transferrins into the culture supernatant.

The levels of both the glycosylated and non-glycosylated transferrins secreted
from Strain A [pDB2506] and Strain A [pDB2536] respectively, appeared higher

93



10

15

20

25

30

from Strain A [pDB2536] and glycosylated transferrin from Strain A
[pDB2506] grown in BMMD shake flask culture is shown in Figure 21.
Strain A [pDB2536] 30 samples clearly showed an additional protein band
compared to the Strain A [pSAC35] control. This extra band migrated at
the expected position for the 94 recombinant transferrin (N413Q, N61 1Q)
secreted from control strain [pDB2536]. Strain A [pDB2506] culture
superthatkntdsappeareld ffomotiiaicoatchff ygaiprotdincband lahthénpdsikierflask

expecte transferrin. Thig s sted that S d recombinan
N e R ya et S
Adpht3danatisfcAgpidtetAMPLE 4 Comparing transferrin secretion from
S. cerevisiae control strain containing 10 pDB2 711 with transferrin
secretion from S. cerevisiae Strain A Plasmid pDB2711 is as described
EHEDermosentiig HISEayeL i (gsteroD sarastion O bseovRIche WAET RN iRlgstrain

ceosettedn fhe spRASite [?)mmm}%&%?em{é e CRAt] 3689 Mrcrease by
storm

cerevisiae [cir] was tran ied to leucine prototrophy with pDB2711 and
BijB 27 SoriARsElmARtEAN R SERCRADORBNANISULGPeargen control strain

CHYSIDYSSST VM teh@loAe (PIORkS @ ICRAL AbPHAIMINPE 204 | \&tenot shown).
repared. Secretion of recombinant transferrin (N413Q, N611Q) by

ORtFOPSrAhs DS TRASB DY FNsESHR orstEA BB s 2dditinm A §ePBoEEE)!

OISRl BRI P @lﬁﬁﬁ%@k%@g@%@ﬂﬁﬁ%@iﬁ@ GANHAhSLERIR [H&B?@%ﬁiﬂ/}&ﬁde
compared in both BMMD and YEPD shake flask culture. RIE indicated

- SR heiensdthd fetiswimitaerdssraditionaldinmion sl bedr!!
ashiavad Bopaeratielsaisfitpd Bt theldovith sautipie eRisemal.P B proteins
copies, compared to Strain A [pDB2536] 25 with two chromosomal copies

Sesilie Sraéemtrdirgibin S BTINAH S single chromosomal copy of
PDII gene (Figure 23). Control strain [pDB2711] and control strain

PSR i St el 4158, NS b
[pDB2506] were compared by RIE for transformants grown in BMMD and YEPD
(Figure 20). Results indicated that a greater than 2-fold increase in titres of both
non-glycosylated recombinant transferrin (N413Q, N611Q) and glycosylated
recombinant transferrin was achieved by growth in YEPD (10-20 mg.L™" serum
transferrin equivalent) compared to BMMD (2-5 mg.L"' serum transferrin
equivalent). The increase in both glycosylated and non-glycosylated transferrin
titre observed in YEPD suggested that both transferrin expression plasmids were
sufficiently stable under non-selective growth conditions to allow the expected

increased biomass which usually results from growth in YEPD to be translated

into increased glycosylated and non-glycosylated transferrin productivity.

SDS-PAGE analysis of non-glycosylated transferrin (N413Q, N611Q) secreted

from Strain A [pDB2536] and glycosylated transferrin from Strain A [pDB2506]

grown in BMMD shake flask culture is shown in Figure 21. Strain A [pDB2536]

samples clearly showed an additional protein band compared to the Strain A

[pPSAC35] control. This extra band migrated at the expected position for the
94
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between control strain [pDB2711] and control strain [pDB2712]
transformants in 30 both BMMD and YEPD media, suggesting that

plasmid stability was sufficient for high-level transferrin secretion even
under non-selective conditions. This is in 95 contrast to the previous
published data in relation to recombinant PDGF-BB and HSA where
introduction of PDI1 into multicopy 2m plasmids was shown to be
cetoimntensat maﬂméehdxst(l\&Tand\ImRQgt@mhémhﬁmmfmdm titrés fp@B2696].

densi atigns Strain S rnatant (q.l -1
e s R e ki AT, protein
D& 2536¢ Q)@dﬁl@loedd@:dt/@i&o@ ﬁﬁlﬁeﬁrtminilhi[pa&gﬁ%ql QG ;s 6reted

Contr%ll[g E%271 3.4 2. 7{13 1 Reducm GE ana SIS of
was Oggnco % ]f' (}i mannosylatlon
ransferrin secre ed from Con Tor train 1], Contr strain

pRBRYIRinStvairspdpDB2536], control strain 10 [pD82536] and
alternative control strain [pDB2536] in BMMD shake flask culture is
shown in Figure 24. This shows an abundant protein band in all samples
train [pDB2711] and control strain [pDB2712] at the position
expected for transferrin (N413Q, N611Q). The relative stain intensity of

transfer 13Q ) and rom the different strains suggested
e ST S b

phBAREIneitkeransferrin secretion from S. cerevisiae Strain A

Plasmid pDB2711 is as described above. Plasmid pDB2712 (Figure 22) was also
produced with the Notl cassette in the opposite direction to pDB2711.

Control strain S. cerevisiae [cir’] was transformed to leucine prototrophy with
pDB2711 and pDB2712. Transformants were selected on BMMD-agar and

cryopreserved trehalose stocks of control strain [pDB2711] were prepared.

Secretion of recombinant transferrin (N413Q, N611Q) by control strain
[pDB2711], control strain [pDB2712], Strain A [pDB2536], control strain
[pDB2536] and an alternative control strain [pDB2536] was compared in both
BMMD and YEPD shake flask culture. RIE indicated that a significant increase
in recombinant transferrin secretion had been achieved from control strain
[pDB2711] with multiple episomal PDII copies, compared to Strain A [pDB2536]
with two chromosomal copies of PDI1, and control strain [pDB2536] with a single
chromosomal copy of PDII gene (Figure 23). Control strain [pDB2711] and
control strain [pDB2712] appeared to secrete similar levels of rTf (N413Q,
N611Q) into the culture media. The levels of secretion were relatively consistent
between control strain [pDB2711] and control strain [pDB2712] transformants in
both BMMD and YEPD media, suggesting that plasmid stability was sufficient for

high-level transferrin secretion even under non-selective conditions. This is in
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control strain [pDB2536], but that there was an even more dramatic
increase in secretion from control strain [pDB2711] and control strain
[pDB2712]. The 96 increased recombinant transferrin secretion observed
was concomitant with the increased PDII copy number in these strains.
This suggested that Pdilp levels were limiting transferrin secretion in
control strain, Strain A and the alternative control strain, and that elevated
Bidkrcopy thembevioasnadixbiediloedan indatiasced betrambiantin BBCIELBR. and

ated PDII co y num uld incregse th stea(i state expression
50 ST L6 T Ly s WL O B2 R A Byt fo be
dembenel altareatve methods by which this could be achieved without
increasing the copy number of the PDII gene, for example the steady
state PDIl mRNA level could be increased by either increasing the

TabseBpRenoiatansayttaydiseiaftard Offvghricaftcicaayspyoiiaien ooy
reducing the clearance rate of the PDIl mRNA. Alternatively, protein

number of the Pdllp proteln In |gh cell de S|ty fermentg slcontrol
strain [pDB2Stxhjinecombinant L5 transferri ?Q))productlon

was measured at approximately 3g.L-1 b& both GPFHPLC an%)y&s and
SDS- PAGE analy3|s (Table 3). This @V AGE

ducnonl

contaﬁ@tﬁ@bﬁlﬂ%@@ﬁﬁ}thermc re, for@hﬁ(brdoductln of proteins for

LI ICI(J.IJCLILI\, uStTiri ||un|a||a C}\IJ CS33I1UTI DyDLCIIID Dubll asS L,UIItIU: Dtl a;ll
[pDB271 1] 20 have advantages over thésk.@sing Strain A, ag)tbey do not
ddieam thec e ONPDEEp I ges- CONCLUSIONS 25 Secretion-of
recombinant transferrin from a ultlcop}gﬁxgressmr plasroid/{pAB2536)
the PDII gene integrated into the yeast ggpome. Transferrin sgggetion was
also RestigatphBS36¢revisiae transformed with a multicopy expressio
plasmid, in 0.6

3.5 3.6

Control [pDB2711]
34

Reducing SDS-PAGE analysis of transferrin secreted from control strain
[pDB2711], control strain [pDB2712], Strain A [pDB2536], control strain
[pDB2536] and alternative control strain [pDB2536] in BMMD shake flask
culture is shown in Figure 24. This shows an abundant protein band in all samples
from control strain [pDB2711] and control strain [pDB2712] at the position
expected for transferrin (N413Q, N611Q). The relative stain intensity of the
transferrin (N413Q, N611Q) band from the different strains suggested that Strain
A [pDB2536] produced more than control strain [pDB2536] and alternative
control strain [pDB2536], but that there was an even more dramatic increase in

secretion from control strain [pDB2711] and control strain [pDB2712]. The
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which the PDII gene has been inserted into the multicopy episomal
transferrin 30 expression plasmid (pDB271 1). 97 A S. cerevisiae strain
with an additional copy of the PDII gene integrated into the genome at the
endogenous PDII locus, secreted recombinant transferrin and non-
glycosylated recombinant transferrin (N413Q, N611Q) at an elevated level
compared to strains containing a single copy of PDII. A further increase in
Rioi5 @b pycontbinanwasnatiridyeddotiosi ng gid&d 7d/h s ednigbnogdind emslythe

fermentati f the strain transformed with pDB2711, recombinant
R A0 RS ATl A S P gever
meashineid iy ShSdPiGEeando R dbtitlasiedisistikherdfand, iheradasedtive
E’%'t'r&gs Faif hd! ﬁl@tbﬁébﬁédoﬂﬂycggdﬁ?él&r St Whedes] H‘ﬁﬁbﬁ?qﬁ‘%rlﬂ‘é%e%‘éed
recombinant transferrins secreted from’s. cerevisiae. The Tollowing
cansfasionsareidnaviiievatéd siialdechiasknamdlysioldrécombindietsteady state

transferrin expressj rom pDB2536, 15 (non-gl lated transferrin
O ST 228 LSRR e nt AN SR AR are o
cershisiabdteantStrae thosis dreteblithgher devkl dehiblothy edbsorindinantreasing
ansferrins into the gult upernatant than control strains. Thi as
R R T N Y S Rt o
Coslaldit b ifpDB 2 b, eithiohioontaing dhthe @Bt geme retseynbyltisopy a

xpression. plasmid, praduced a several-fold,increase.in recombinant
e R TR AT
Batersitaka ) pskteou ko penaadnigighude Ibd ensityofentmantaticrs p26i B¢ Béewate dr
P l)gglpgu%gdbgf@e)feﬁéé% asS. cerevisiae will be advantageous
uction o C

uring the pro rologous proteins, such as those from the
transferrin family. 4. pSAC35-based plasmids containing additional copies

o PP%%Q%%% hﬁ&?siﬁp i&%?éﬁé%%ﬁsf oL gHrOLrgHion SHBHRHEINS L8N Hfant
transterrin family, a d their

transferrin (N413Q, N611Q) production was measured at approximately 3g.L"' by
both GP-HPLC analysis and SDS-PAGE analysis (Table 3). This level of
production is several fold-higher than control strain, the alternative control strain
or Strain A containing pDB2536. Furthermore, for the production of proteins for
therapeutic use in humans, expression systems such as control strain [pDB2711]

have advantages over those using Strain A, as they do not contain bacterial DNA

sequences.

CONCLUSIONS

Secretion of recombinant transferrin from a multicopy expression plasmid
(pDB2536) was investigated in S. cerevisiae strains containing an additional copy
of the PDII gene integrated into the yeast genome. Transferrin secretion was also
investigated in S. cerevisiae transformed with a multicopy expression plasmid, in
which the PDII gene has been inserted into the multicopy episomal transferrin

expression plasmid (pDB2711).
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derivatives, such as fusions, mutants, domains and truncated forms. 98
EXAMPLE 5 Insertion of a PDII gene into a 2,tOn-like plasmid increased
secretion of recombinant transferrin from various different S. cerevisiae
strains 5 The S. cerevisiae strain JRY188 cir' (National Collection of Yeast
Cultures) and MT302/28B cir' (Finnis et al., 1993, Ear. J. Biochem., 212,
201-210) was cured of the native 2m plasmid by galactose induced
AvEr-expréssionrainFkPhfronadYiep85ilc GiloEdbP PIaE desecrilnedrby Rise the
and Broach (1990, Melh. FRzymol, 19,180, 234: 240} 0 reate [he Sy non-
gePeviside strains SRYI8S cird and W%ﬁ?%ﬁ cir 0, resﬁec%lvgﬁ/. Hhe'S:
etyeviglae dtnaictsniRah8 8ucin Dot 302428B8,ciNG | 5Q30aRBagirblevated level
Cashmaqre et _al., 1986, Mol. Gen, Genet, 54-162), CB11-63 cir
BT ey S SR oo P Dt dResie 8P
tropysiormied tede acinevpdobgtopiyy pB2oDB 2931 ¢kigelteldab)ignidrmentation
BPBRI2Z(Fiayre 1e). T&"f‘“s“fﬁi;maﬁﬁz“ﬁ{e. selacted on ap) E?Q”f%teé 413Q,
supp emented minimal media la ing leucine. transformants of ea
NedinQyerasinectdeiddinoplOnih P Beih. 50nsLnstvakec sk SBSIPAGE and

1a]aly in an.orbjtal shaker at 30C pm for 4-days. Culture
e T R P o R i ocea o
togwpanec:ime rack8te immannoele€tnephotasim (Figurdc26hs Thecresdltgrom S.

indicated that the transferrin titres in supernatants from all the yeast
cereyvisiae

strains were higher when PDII was present in the 2m plasmid (pDB2929)
than when it was not (pDB293 1) 25 99 EXAMPLE 6 The construction of

%@rﬁﬁﬁi%\ge&;ﬁ&ﬁ%mmgmﬁiaus PDI1 genes and the expression
cassettes for various heterologous proteins on the same 2pm-like

1. In shake flask analysis of recombinant transferrin expression from pDB2536
(non-glycosylated transferrin (N413Q, N611Q) and pDB2506 (glycosylated
transferrin) the S. cerevisiae strain Strain A secreted higher levels of both
recombinant transferrins into the culture supernatant than control strains. This

was attributed to the extra copy of PDI! integrated at the PDI! locus.

2. Control strain [pDB2711], which contained the PDII gene on the multicopy
expression plasmid, produced a several-fold increase in recombinant transferrin
(N413Q, N611Q) secretion compared to Strain A [pDB2536] in both shake flask

culture and high cell density fermentation.

3. Elevated PDII copy number in yeast such as S. cerevisiae will be
advantageous during the production of heterologous proteins, such as those from

the transferrin family.

4. pSAC35-based plasmids containing additional copies of PDII gene have
advantages for the production of proteins from the transferrin family, and their

derivatives, such as fusions, mutants, domains and truncated forms.
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5 plasmid PCR amplification and cloning of PDI1 genes into Ylplac211:
The PDI1 genes from S. cerevisiae S288c and S. cerevisiae SKQ2n were
10 amplified by PCR to produce DNA fragments with different lengths of
the 5'- untranslated region containing the promoter sequence. PCR
primers were designed to permit cloning of the PCR products into the
EcoRI and BamHI sites of Ylplac2l1 (Gietz & Sugino, 1988, Gene, 74,
EX7A33P).B\dditional restriction endonuclease sites were also
incorporated into PCR primers to facilitate 15 subsequent cloning. Table 4
describes the plasmids constructed and Table 5 gives the PCR primer
sacutiones s Pl angelly ineoPl|2 gl Plieigdcasciedhel Révetion of
promoter Ien th within tpgfese Zzplac? {tﬁ);ase plasmlds are described in
fesiabing ! f?éééﬁ@’( UGN 4USSH Qo 6956 PEE SftpiSication of
the PDI1 gene from S. cerevisiae S288c genomic DNA with

i ucleotJde rlmer 8 and DS25 le 5), followed
i HE BCRTBI A A oGP ARG BT N bIORTNG qidures) and
wmoxrmmyﬂ(&&kb SragmeasBing Y |plBcad Adksie22 X DUgho) \ﬂz%&;red of

e, 74, 527-534), that had been cut wijth EcoRI and BamHI. DNA 2

g&q@@ﬂaﬁq BrpBESS4D Rertiedamigdegd XSRS Deb s from

SRGBENABA WRIGH]iS M agked bad el RbI@hh&iSB%@Bmlmtw@erﬁ@mol
used for seg}ﬁencmq&the PDI1 gene are listed in Table,6, and w

B E oM HsEPienS F SousaesBNg dRe L85 gindad M15027288 cir”
EpELHKEly043C on chromosome Il from coordinates 50221 to 48653
plus 1000 basepairs of upstream sequence and 1000 basepairs of 100
downstream sequence. (hitll_lis _s _s. 2astgeno nc_ r Genebank
Accession number NC001135). Table 4: Ylplac2ll-based Plasmids

FROVIDING FRULGFSRETRY TR TIRSiBIIsRRIP Ga0 2B RiP i nore ef
al., 1986, Mol. Gen. Genet., 203, 154-162), CB11-63 cir’ (Zealey et al., 1988,
Mol. Gen. Genet., 211, 155-159) were all transformed to leucine prototrophy with
pDB2931 (Figure 14) and pDB2929 (Figure 12). Transformants were selected on
appropriately supplemented minimal media lacking leucine. Transformants of
each strain were inoculated into 10mL YEPD in 50mL shake flasks and incubated
in an orbital shaker at 30°C, 200rpm for 4-days. Culture supernatants were
harvested and the recombinant transferrin titres compared by rocket
immunoelectrophoresis (Figure 26). The results indicated that the transferrin titres
in supernatants from all the yeast strains were higher when PDII/ was present in

the 2um plasmid (pDB2929) than when it was not (pDB2931)
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Base Source Promoter Terminator pDB2939 Ylplac2ll S288c Long
(-210-hp) - Bsu361 DS248 + DS250 pDB2941 Ylplac2ll S288c Medium
(-140-hp) - Bsu36l DS251 + DS250 pDB2942 Ylplac2ll S288c Short
(-80-hp) - Bsu36l DS252 + DS250 pDB2943 Ylplac2ll SKQ2n Long
(-210-hp) -* Bsu361 DS248 + DS250 pDB2963 Ylplac2ll SKQ2n Medium
(-140-hp) -* Bsu361 D5267 + D5250 pDB2945 Yiplac2ll SKQ2n Short
ESNMPETBSU361 DS252 + DS250 Table 5: Oligonucleotide Primers for
PCR Amplification of S. cerevisiae PDI1 Genes Primer Sequence DS248
5-GTCAGAATTCGAGCTCTACGTATTAATTAAGGCCGGCCAGGCCCG
Bl oAU chdiCafT aXpTESG oV acTiBCEon BB A APDIT Tgen dsGiluBthe
DS249, . . .
ERE SR SRIETAE TR AT AR P AT A PG PR
HasatsdCT TGTGTG-3' DS250
S-GTCAGGATCCTACGTACCCGGGTAAGGCGTTCGTGCAGTGTGACG
AATAT AGCG-3' DS251

PR aaplRdiTenanh e Abhind oLTHT ek iitd YHIIACGACCAGGCCCG
GGCCCGT
ATGGACATACATATATATATATATATATATATATATTTTGTTACGCG-3'
102 DPBBB2genes from S. cerevisiae S288c and S. cerevisiae SKQ2n were
5'-GT%Q§?A§I'C'I'§GAGCTCT@@@TTAATT G Lﬁ%ﬂ%ﬁfCﬁGé%Cg
EEEPTS P ECEAR BEOAE TRRTIGY AREETECES
Dx¥2m¢lated region containing the promoter sequence. PCR primers were
A GG T E T A AT AT AT TR GRS RS PAS R GRS
THEATATAGAT AT ATARA TWEBATEEAT ATATIVFESPAT AAJATHR AT ACIGETIGN

-3', Table 6: Oligonucleotide Primers for %VA ZS?e cing S. cerevisiae.
SRR Pior Cirudndo DRIBs BCEC LT BNUEE G it
BBHR5h EHCTRINAA GAXCATESEGEBICRR PlaBfidS sonstructed and Table 5 gives

ﬁlécf%? %ﬁ%&ﬁg&%&@%@? -tg amplify the PDI] genes. Differences in the

PDII promoter length within these Ylplac211-based plasmids are described in
Table 4.

pDB2939 (Figure 27) was produced by PCR amplification of the PDII gene from
S. cerevisiae S288c genomic DNA with oligonucleotide primers DS248 and
DS250 (Table 5), followed by digesting the PCR product with EcoRI and BamHI
and cloning the approximately 1.98-kb fragment into YIplac211 (Gietz & Sugino,
1988, Gene, 74, 527-534), that had been cut with EcoRI and BamHI. DNA
sequencing of pDB2939 identified a missing ‘G’ from within the DS248 sequence,
which is marked in bold in Table 5. Oligonucleotide primers used for sequencing
the PDII gene are listed in Table 6, and were designed from the published S288c
PDII gene sequence (PDI1/YCL043C on chromosome III from coordinates 50221
to 48653 plus 1000 basepairs of upstream sequence and 1000 basepairs of
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DS256 5-AAGAAAGCCGATATCGC-3' DS257
5'-CAACTCTCTGAAGAGGCG-3' DS258 5-CAACGCCACATCCGACG-3'
DS259 5'-GTAATTCTGATCACTTTGG-3' DS260
5'-GCACTTATTATTACTACGTGG-3' DS261
5-GTTTTCCTTGATGAAGTCG-3' DS262
5'-GTGACCACACCATGGGGC-3' DS263

BoGsiEMmE GEqeidc T QhGEBYS whB2864enome.org/
GTCTGCG-3' DS265 5'-CGGCAGTTCTAGGTCCC-3'
GCCTCTTGTTGGG-3' M13/pUCPrimer(-40)

s SRRl

Genebank

Accession

5-GTTTTCCCAGTCACGAC-3' 102 Plasmids pDB2941 (Figure 28) and

iRBe

A(5iger 81261 We e Langlresiadint ey «singsthe PCR primers

described in Tables 4 and 5, and by cloning the approximately 1.90-kb

and 1.85-kb EcoRI-BamHI fragments, respectively, into Ylplac2l1. The
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0 a site analog

b$§A8'y ps2s0

pus to a
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SKQ2n

Medium (~140-bp)

— Bsu361

DS267 + DS250

Yiplac211

SKQ2n

Short (~80-bp)

— Bsu36/

DS252 + DS250

Table S: Oligonucleotide Primers for PCR Amplification of S. cerevisiae PDII

Genes

Primer Sequence
DS248 5’ -GTCAGAATTCGAGCTCTACGTATTAATTAAGGCCGGCCAGGCCCGGGCTAGT
CTCTTTTTCCAATTTGCCACCGTGTAGCATTTTGTTGT-3’

DS249 5’ -GTCAGGATCCTACGTACCCGGGGATATCATTATCATCTTTGTCGTGGTCATCT
TGTGTG-3’

DS250 5’ -GTCAGGATCCTACGTACCCGGGTAAGGCGTTCGTGCAGTGTGACGAATAT
AGCG-3

DS251 5’ -GTCAGAATTCGAGCTCTACGTATTAATTAAGGCCGGCCAGGCCCGGGCCCGT

ATGGACATACATATATATATATATATATATATATATTTTGTTACGCG-3"’
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site, extended to include a Smal, SnaBl and BamHI sites. The PDII
promoter length is approximately 210bp. The entire DNA sequence was
determined for the PDII fragment using oligonucleotide primers given in
Table 6. This confirmed 20 the presence of a coding sequence for the PDI
protein of S. cerevisiae strain SKQ2n (NCBI accession number
CAA38402), but with a serine residue at position 114 (not an arginine

repigbieras |previotisly published . Simdarlys Anthe. sameswaysasdocthe Sierre
cerevisiae [S288c sequence in pDB2939, pDB2943 also had a missing "G’
from within the D8248 %@ﬁ%ﬁ@éT%Ehﬁ%TﬁFé@W Wb%ﬂ&qﬁ@%b% 25 5.

Plasmid PB296 fqure 3 nDB294 qure.
AGAATTC ] C TA TAATTAA Ik CCC GGCCCGTA
cdnetlitted S|mﬁary using t 6 P R primers described in Tabies 4 a oFg

and by clo 1lngﬂ@@@m@mm@yﬂ:%k@@mdﬁ%ﬁﬁ&mﬁhBﬁmtuce 37

[ragments 1respe - _1NLQ . () alelrs e expected DNA sequence

were confirmed for the PDII genes in pD82963 and pDB2945, with a
rine codon at the po n of a 114, 103 The construgcii f
T G R R TS S e B erer) Genes

mserted at the Xcml site after REP2 pSAC35 based plasmlds were

- Bsu36l A rHUSQ]SDBZQSS pSAC35 S%QQﬁW(K}ﬂ%C 3 !
nDB2984 pSA KO2n Medilim -.B bl A rHA pDB2985 pSA

SKQ2n MediD8258su36l B rHA 5/ -CTCGATCGATTACGAGGG-3 "

DS256 5’ -AAGAAAGCCGATATCGC-3"’

DS257 5’-CAACTCTCTGAAGAGGCG-3'

DS258 5’-CAACGCCACATCCGACG-3"’

DS259 5'-GTAATTCTGATCACTTTGG-3"

DS260 5’"-GCACTTATTATTACTACGTGG-3"’

DS261 5’'-GTTTTCCTTGATGAAGTCG-3"

DS262 5’ -GTGACCACACCATGGGGC-3'

DS263 5’"-GTTGCCGGCGTGTCTGCC-3"’

DS264 5/ -TTGAAATCATCGTCTGCG-3"

DS265 5’-CGGCAGTTCTAGGTICCC-3"’

DS266 5’-CCACAGCCICTTGTITGGG-3"

M13/pUC Primer (-40) 5/ —GTTTTCCCAGTCACGAC-3’
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pDB2986 pSAC35 SKQ2n Short -,Bsu36l A rHA pDB2987 pSAC35
SKQ2n Short -,Bsu36l B rHA pDB2976 pSAC35 S288c Long -,Bsu361 A
rHA pDB2977 pSAC35 S288c Long -iBsu361 B rHA pDB2978 pSAC35
S288c Medium -iBsu36l A rHA pDB2979 pSAC35 S288c Medium
-iBsu361 B rHA pDB2980 pSAC35 S288c Short -,Bsu361 A rHA pDB2981
PSAC35 S288c Short -,Bsu36l B rHA 10 104 .The rHA expression

Chsseite fpdDBIQEBZQZlglﬁEiglﬁ)a 3] qm#mQHi@WQ%OWQ 7&)natascted

flrst Iatedo NotI fra ently,was clon
st i e g A B
pRBAGaR S Hﬁgb}sbedndlth 8§nblB IEtvetiteRhwii Cedlfintestjnabpkéaivaly 5into
se, and liga th SnaBl fragments ont the | genes
R a1 B A e e RS S T SRS
m2ﬁﬁdwndqmagﬁﬂds pDB2976 to pDB2987 (Flgures 35 to 46). PDII

transcribed in the same orientation as REP2 was designated "orientation

A", whereas PDII transcribed in opposite orientation to REP2 was
dBsignatae  HHE IS B Fastacionpierre Wandif R derplfied from plasmid

PIOCSRasad HRNBISIIIR&PIRRAIPVRIBaSVEtE difers)t RRIGRRGS as
inserted at the Xcml-site after REP2: 15 pSAC35-based plasmids were

EORRErdctetdfonase €o-BxittedsiBh o‘F‘F@é’orﬁﬁﬂ‘élPﬁr trardretiR INUPE0); NbRe
KRt gifferentRDIQengpiifieladhel Bhle fudeAds phased M8smHdand

for co-expression of transferrin with different PDII genes 20 Plasmid

PR&id Aend 2t xdhs-areraniEnataty 2 Uskdr dibGobo dioieigs digested

with EcoRI and BamHI and ligated into YIplac211 (Gietz & Sugino, 1988, Gene,
74, 527-534) that has been cut with EcoRI and BamHI, to produce plasmid
pDB2943 (Figure 30). The 5' end of the SKQ2n PDII1 sequence is analogous to a
blunt-ended Spel-site extended to include the EcoRlI, Sacl, SnaBl, Pacl, Fsel, Sfil
and Smal sites, the 3' end extends up to a site analogous to a blunt-ended Bsu361
site, extended to include a Smal, SnaBl and BamHI sites. The PDII promoter
length is approximately 210bp. The entire DNA sequence was determined for the
PDII fragment using oligonucleotide primers given in Table 6. This confirmed
the presence of a coding sequence for the PDI protein of S. cerevisiae strain
SKQ2n (NCBI accession number CAA38402), but with a serine residue at
position 114 (not an arginine residue as previously published). Similarly, in the
same way as in the S. cerevisiae S288c sequence in pDB2939, pDB2943 also had
a missing ‘G’ from within the DS248 sequence, which is marked in bold in Table

5.

Plasmids pDB2963 (Figure 31) and pDB2945 (Figure 32) were constructed
similarly using the PCR primers described in Tables 4 and 5, and by cloning the
approximately 1.94-kb and 1.87-kb EcoRI-BamHI fragments, respectively, into
Ylplac211. The expected DNA sequences were confirmed for the PDII genes in

pDB2963 and pDB2945, with a serine codon at the position of amino acid 114.
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10

Base Source Promoter Terminator Orientation Expression Cassette (at
Not[-site) pDB2929 pSAC35 SKQ2n Long -iBsu361 A rTf (N413 Q,

N611Q) pDB3085 pSAC35 S288c Long -i Bsu361 A rTf (N413 Q, N611Q)
pDB3086 pSAC35 S288c Medium ~ Bsu361 A rTf (N413 Q, N611Q)
pDB3087 pSAC35 S288c Short ~ Bsu361 A rTf (N413 Q, N611Q) 105 In
order to achieve this, the Notl expression cassettes for rHA expression
Wheecoust aeidoad df g8 AOERB 46 b DB A9 ) 1assi D plassidsywitil different

Bescfusteisecdrops AC
RISl sol B

otk

bone. This produced
igure 48) and pDB3084

(Figure 49) as described in Table 9. 5 Table 9: pSAC35-based plasmids

i ierent P defies Plasid Pl 20|
ﬁ eterologous Protein Base (I)S

romo

ource

L Gene aLXClgieiaftel i

rminator

difilentatif Exgness{@abGasgsette (at Notl-site) pDB2690 pSAC35 SKQ2n
Long -,Bsu36l A None pDB3081 pSAC35 S288c Long -,Bsu36l A None
pDB3083 pSAC35 S288c Medium -,Bsu36l A None pDB3084 pSAC35
3ABRC7S ey A(BSUB6edpNomad e 8)256epsotbfredinenthfcbffesDB2O28
Figure 11) was cloned into the Notl 10 sites of pDB3081, pDB3083 and

% §084, such that transcription from the transferrin gene was in the

s pDB308

same dir

1BafinAN
plasmid
various ¢

ectio

n as LEU2. This produced plasmid

5 (Figure 50),

thet@qbreelikBrotein

IPlafnid |nsertioRR2M G optanisatiofeafier RBM2gene |
ncreaseg-the—secretion-of recombinant-human se
. Bf%?‘] & Source | Promoter | Terminator | Orientation
ifferent $.

um_ albumin by
Expression CaSsette

(at Notl-site)

pDB2982

PSAC35

Long — Bsu361l

rHA

pDB2983

pSAC35

Long — Bsu361

rHA

pDB2984

PSAC35

Medium — Bsu361

rHA

pDB2985

PSAC35

Medium — Bsu361

rHA

pDB2986

pSAC35

SKQ2n

Short — Bsu361

rHA

pDB2987

PSAC35

Short — Bsu361

rHA

pDB2976

pSAC35

Long — Bsu36/1

rHA

pDB2977

pSAC35

Long — Bsu36/1

rHA

pDB2978

PSAC35

Medium — Bsu361

rHA

pDB2979

pSAC35

$288¢

Medium — Bsu361

rHA

pDB2980

pSAC35

$288¢

Short — Bsu361

rHA

pDB2981

PSAC35

Short — Bsu361
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cerevisiae strains 20 The S. cerevisiae strains JRY188 Ciro, MT302/28B
Ciro, 5150-2B tiro , CB11-63 Ciro (all described above), AH22 Ciro (Mead
et al., 1986, Mol. Gen. Genet., 205, 106 417-421) and DS569 cir (Sleep

et al., 1991, Biolfechnology, 9, 183-187) were transformed to leucine
prototrophy with either pDB2244 (WO 00/44772), pDB2976 (Figure 35),
pDB2978 (Figure 37) or pDB2980 (Figure 39) using a modified lithium
dbetatH metloes(BigmasygasttoanoB2ucn(KigEAS, Tat , degndbedol 2 ;WO

1983..J. Bacteriol., 153 bg#%; 1992, Biotechniques, 1
e AR A R e S e Al s
slipelementse Adlwieeo s phagfitenti patcheo puodiecSPINBREAGd FidateS4).

i ropriate, supplemenis. Tragsformants of.each strain were )
R R T BT AR e AL  atatine
phoitphstaskenrat BOQe@Q0rhnSieB U {dayse Qs ltorgaisige that&ME vgeres from

h da ecompbi tal?gﬁri' 'treﬁ{%&g red by fﬁ%@ .
ﬁnﬁrr]r\)fgé%%e’leg rogg‘ggés%%#gﬁgés anl&d3 ’4)].D € r%ZuﬁIslc?n |catedighatt Iéls
alodnvicdtjtltesninishaDd e sygeBeasihiFifgomsalbthedfeadt Bifainmweted in
igher_when PDIl was nt in the 2m plasmid than when it was not
At TS P, o e R IReRe e
absemndedfiPOiposittherisiastivid tw&€ H2 pendésignoonl Which peast Biréliable
\%?as selected as the expression host, however, in most examples tested
t

e largest increase in expression was observed when PDII with the long
promoter (-210-bp) was present in the 2m plasmid (pDB2976). Modifying

PDII promoter by sh e 'gwg for, example to delete 20 regu)ation sites
Busod °h th

ARl RN Y A S

tiffpe achRpli-emprotseiteyisit she Xr8deOlcanffao R&RZomoter was

preferred for optimal expression. 107

pSAC35-based plasmids were constructed for the co-expression of recombinant

transferrin (N413Q, N611Q) with different PDII genes (Table 8).

Table 8: pSAC35-based plasmids for co-expression of transferrin with different
PDII genes

Plasmid Plasmid PDI1 Gene at Xcml-site after REP2 Heterologous Protein

Base Source Promoter Terminator | Orientation Expression Cassette

(at Notl-site)

pDB2929 | pSAC35 Long — Bsu361 rTf (N413Q, N611Q)

pDB3085 | pSAC35 Long — Bsu361 rTf (N413Q, N611Q)

pDB3086 | pSAC35 Medium | — Bsu36l rTf (N413Q, N611Q)

pDB3087 | pSAC35 Short — Bsu361 rTf (N413Q, N611Q)
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EXAMPLE 8 Different PDIl genes enhanced the secretion of recombinant
transferrin when co-expressed on a 2,wn-based plasmid. 5 The secretion
of recombinant transferrin (N413Q, N61 IQ) was investigated with
co-expression of the S. cerevisiae SKQ2n PDII gene with the long
promoter (-210-bp), and the S. cerevisiae S288c PDII with the long,
medium and short promoters (-210 bp, -140 bp and -80 bp respectively).
10 d*lkiersmmelﬁ.‘emtnhﬁ§nh7én1\’mlusqdésshm\dmst&xampiéﬂ(eegpﬁxﬁmpteere

wa trans orme ophy, w tive control
B T A o A I e G TS e
ChablerBhti duarfstar ivianis mt@medﬂnbmﬁmhganqlﬂqt%éﬁﬁlfmgure

d for 15 an swe rown in.10 L and
ﬁ%&hﬁ%ﬁég%f ?lgé cu res(?é uyrg a %?)%ﬁ eﬁ‘ﬁ)r(])%p?n}%n ?u
supernatants harvested for analysis by rocket |mmunoelectrophore5|s
0 at in m|n| | me D) the S. cerevisiae

Mﬁégssg%sg ﬁs{ﬁed T’ %of?%{) e?éé?ﬂe l?Isnghest ITF

(N413Q N61 IQ) titres. The S. cereV|S|ae S288c PDII gene gave lower

od. F.aa}é@e%mwéﬁ«ﬁersﬁ%ed.a ety Protein
PQ)Urgen Egsr?e}? 9 Ung’En %pwstgowgassette

ye simila] Q) productipn levels. Also,
Isiae 82880 PDII geNetIhee)

1snmhenh ,ecreﬂon 01 recombMaﬁt

Long — Bsu361 None

Medium — Bsu361 None

Short — Bsu361 None

The 3,256-bp Notl fragment from pDB2928 (Figure 11) was cloned into the Notl-
sites of pDB3081, pDB3083 and pDB3084, such that transcription from the
transferrin gene was in the same direction as LEU2. This produced plasmids
pDB3085 (Figure 50), pDB3086 (Figure 51) and pDB3087 (Figure 52) as
described in Table 8.

EXAMPLE 7

Insertion and optimisation of a PDI1 gene in the 2 m-like plasmid increased the
secretion of recombinant human serum albumin by various different S.

cerevisiae strains

The S. cerevisiae strains JRY 188 cir’, MT302/28B cir®, S150-2B cir’ , CB11-63

cir® (all described above), AH22 cir® (Mead et al., 1986, Mol. Gen. Genet., 205,
106



10

15

20

albumin fusions. 5 The affect of co-expression of the S. cerevisiae SKQ2n
PDII gene with the long promoter (-210-bp) upon the expression of
recombinant albumin fusions was investigated. 10 The construction of a
Notl N-terminal endostatin-albumin expression cassette (pDB2556) has
been previously described (WO 03/066085). Appropriate yeast vector
sequences were provide by a "disintegration” plasmid pSAC35 generally
disEHBBdaimIHPS 5698612 28] ecyd describldl bpsIEepDipet.a,, 188187) were

io/Technolagy, 9, 183-187. The 3.54kb Not| N-terminal
B GERe  Plams MR M BTIR v auar7),

pOHEY arifikgateddintpINBRD Hgdstedep SAGBSp BRSO adilgesn Ipatethg a
with.calf intestinal phosphatase eating plasmid pDB3099 contajni
Hlo 1%1aec§ %?num agé][a%p mefhod_ (Sigma %g 5%?&‘&%‘3#@6;%% ae%}g(ﬁstfﬁ,

otl expression cassetie inthe s me or I
markenl(Eigloeebd). KO8 Bphpriate e bS3,AB; Miditod S8QuBincasimgnes, 13,
ﬁ@ﬁ’.‘ﬂiﬁxn%fo‘%‘i'rﬁk{‘ng%g %"&‘%'r%“ S @%:%Q&'%BDE%%B% ure Q2010 eaé%?é#gate

-terminal endostatin-albumin expression cassette was isola om
PR REEG tpusaiiiédvand lgbdeghimidyNpdtdigdsted oD BAGST) whichpheds with
Qeer(l) trrig%teg w,i{t‘]h clfigg intestinal phosphatase, creating plasmid pDB3100
cgﬁliali)nmg SN expression cassette in the same orientation to the
LEU2 selection marker (Figure 58). 25 The construction of an Notl

Wf&%@%ﬁﬁé&@ Qip_%fa"&tiﬂ sARHMIREXRIRSHIAN Q%%Q%mﬁ@ HRRIDLARKe
previously described (WO 03/066085), as has the construction of a

paske 3nchiatyfed dneapradiishshekesrap BB S 769 mpuiesdayhe Culture

%EZKQ&'&Q RS rﬂﬁi@kﬁ@@@ﬁ@iﬁeﬂ@b’&ﬁ%iﬁéﬂ{ eﬁﬁlﬁﬁiﬁaﬁﬁ'@&tecé!‘{ﬁﬁared by
isolated 30 from pDB2556, purified and ligated into Nod digested
FrsBSaoun RS IsSHRQTEs B 0GTgHERSt PO xivesEisnoattd inginrtachiRgt the

hermireatad withrealfintestitabmatants from all the yeast strains were higher
when PDI] was present in the 2ium plasmid than when it was not (pDB2244). The
albumin titre in the culture supernatants in the absence of PDII on the plasmid
was dependant upon which yeast strain was selected as the expression host,
however, in most examples tested the largest increase in expression was observed
when PDI] with the long promoter (~210-bp) was present in the 2um plasmid
(pDB2976). Modifying the PDI] promoter by shortening, for example to delete
regulation sites, had the affect of controlling the improvement. For one yeast
strain, known to be a high rHA producing strain (DS569) a shorter promoter was

preferred for optimal expression.
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phosphatase, creating plasmid pDB3107 containing the Notl expression
cassette in the same orientation to the LEU2 selection marker (Figure

60). 5 The construction of an Notl N-terminal Kringle5-(GGS)4GG-albumin
expression cassette (pDB2771) has been previously described (WO
03/066085), as has the construction of a pSAC35-based yeast

expression vector, pDB2773 (Figure 61). The 3.27kb Nod N-terminal
Ko\ P1(E 8§ S)4GG-albumin expression cassette was isolated from
pDB2771, purified and ligated into Nod digested pDB2690, an 10
appropriate yeast PDII expression vector, which had been treated with calf
pigelng PPIFRNRASEn REEREASIVASEHABI B M AN @RV IELINGNOA when
expression cassette in the same orientation to the LEU2 selection marker
(PrguPEes9d PR Sorthaced RIBHEFINOd N-terminal
DX-890-(GGS)4GG-albumin expression 15 cassette (pDB2683) has been
previously described (WO 03/066824). Appropriate yeast vector
JoqueREBIONEF e a5y trasteEineHHeh TheddRidyrs Arsstigateé with
320N NIerming! P%a@%@aéGﬁ@é%ﬁJ@Lgeﬂa SYRFEHMONDAASSRMSoter

was Isolated from pDB2683, purified and ligated into Notl digested
ESABDR) wiidHhpal KemitieatSd SRR A inteBtihal lsmgsprediye and short

B%%m&@taéfiﬁq)ﬁnﬁ%% g%c%éjﬁifégﬁ&ﬁi )_expr_ession cassette in
the same orientation to the LEU2 selection marker (Figure 63). An
appropriate yeast PDII vector sequences were provide by a

"HisIniRREaEBh Bl ashith PREAGA0 AP R 6 g B1&OKE Nagk MafemIna) as
DX-890-(GGS)4GG-albumin eﬁ;ressmn cassette was isolated from

PRBSEEE b iRifleHARR REARIEPRIY NBthdRjeBel brpduevwinRiHaplasmid
hee @S Meatedaith oHbIIESHTN ASSPPBBSEs ST eAINSDNABRA (Table 8).

%)83102 containing the Notl expression cassette in the same orientation
t

RefeEgpte setisrlariarien Bddks sy, RiRiecordiivetroosicaraetied for

hrieysunakRihd 4teCa@Graltuminevessiad AAaseel® shake flask
(pDB2666) has been previouzz@described (WO 03/066824), as has the

eBlutes clitin SiapsACIS basdipenstuksidisipnsyeeipigatspbeygsted for
EhigyER 69)rodké? immunoelectrophoresis (RIE).

Figure 55 shows that in minimal media (BMMD) the S. cerevisiae SKQ2n PDI]
gene with the long promoter gave the highest rTF (N413Q, N611Q) titres. The S.
cerevisiae S288c PDII gene gave lower rTF (N413Q, N611Q) titres, which

decreased further as the PDII promoter length was shortened.

Figure 56 shows that in rich media (YEPD) the S. cerevisiae SKQ2n PDII and S.
cerevisiae S288c PDII genes with the long promoters gave similar rTF (N413Q,
N611Q) production levels. Also, the shorter the promoter length of the S.
cerevisiae S288c PDII gene the lower was the rTF (N413Q, N611Q) production

level.
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The 3.21kb Nod N-terminal DPI-14-(GGS)4GG-albumin expression
cassette was isolated from pDB2666, purified and ligated into Nod
digested pDB2690, an appropriate yeast PDII expression vector, which
had been treated with calf intestinal phosphatase, creating plasmid
pDB3103 containing the Nod expression 5 cassette in the same
orientation to the LEU2 selection marker (Figure 66). CNTF was cloned
EXAMPRINYenomic DNA by amplification of the two exons using the
following primers for exon 1 and exon 2, respectively, using standard
conditions. 10 Exon 1 primers:

P BIT CénGilve CLinAbuseiG plasntiad Tdnllaaded Glid ,aedretion of recombinant
5'- TAC;FATTCCGTAAGAGCAGTCAG-B' 15 Exon 2 primers:

B KB RTCAGGGCCTGAAC-3; and
5-CTCTCTAGAAGCAAGGAAGAGAGAAGGGAC-3' Both fragments were

igated under standard.conditions, before being re-amplified 20 hy PC
i S B O A Bk e PO T o ey e o
PréuddTek GTABADG CAMGEA APACAD ARGEGABIRnandeiome dusions was
vectogegrgt%: 4 (Invitrogen). To generate Axokine'rm (as disclosed in

PR al, 2001, PNAS, 98, 4652-4657) site-directed mutagenesis
was employed to introduce C17A (TGT-*GCT) and Q63R (CAG-*AGA)

utations. DNA se us/(}ci gjﬁalso 25 revealed the presence of a silent
ThCTBEHIE, Vaty e s e Tl oSt Sodsona fassete
pleBRESkiNBikNbedNAcwias Amptifiatbby PLB 03i0g6I3G)e steamndedate yeast

Slonuccotiles S ANCVH3S o ISRE A PR AR ARGy

disclosed in EP-A-286 424 and described by Sleep, D., et al., 1991,
Bio/Technology, 9, 183-187. The 3.54kb Notl N-terminal endostatin-albumin
expression cassette was isolated from pDB2556, purified and ligated into Norl
digested pSAC35, which had been treated with calf intestinal phosphatase,
creating plasmid pDB3099 containing the Notl expression cassette in the same
orientation to the LEU?2 selection marker (Figure 57). An appropriate yeast PDI]
vector sequences were provide by a “disintegration” plasmid pDB2690 (Figure 6).
The 3.54kb Notl N-terminal endostatin-albumin expression cassette was isolated
from pDB2556, purified and ligated into Norl digested pDB2690, which had been
treated with calf intestinal phosphatase, creating plasmid pDB3100 containing the
Notl expression cassette in the same orientation to the LEU2 selection marker

(Figure 58).

The construction of an Notl N-terminal angiostatin-albumin expression cassette
(pDB2556) has been previously described (WO 03/066085), as has the
construction of a pSAC35-based yeast expression vector, pDB2765 (Figure 59).
The 3.77kb Notl N-terminal angiostatin-albumin expression cassette was isolated

from pDB2556, purified and ligated into Notl digested pDB2690, an appropriate
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5-ATGCAGATCTTTGGATAAGAGAGCTTTCACAGAGCATTCACCGCTG
ACCCC-3' MH36 5
5'-CACCGGATCCACCCCCAGTCTGATGAGAAGAAATGAAACGAAGGT
CATGG-3' This was achieved with FastStart Taqg DNA polymerase

(Roche) in a 50 microlitres reaction, which was initiated by a 4-minute
incubation at 95C and followed by 25 cycles of PCR (95C for 30secs,
$eGtfaP Bk eegréXivforneosec) wiicA PaR peoductatthenettpeciddinizetinal

AR ShReed A B misliiss spmels folowing slesusploresisin an. i,

iatium or ne agarose gel. remainin

vheas pueibedusing ao@haduiick RER tpurificakion Kigui@@den) and digested
to completion with BamHI and Bglll. DNA of approximately the expected
size was excised from an ethidium bromide stained 15 1% (w/v) agarose

dBERRPIHHCY. Plasnarh DRIl Joingla-AEuRMIS tPAMERIR FSRression

BrosB@ter BIhtEr MiRalObe Rl RS YIERI ¢ SRitaesseRety(188085)SeYURRCRE
and DNA sequences encoding part of a (GGS)4GG peptide linker fused

BRI utrrdAsarbuRi. SFRECO B UL NEEAEBR B pEEEEREK 01)-

s beonpRexioysbrAasariReHAMQGaHGE824) i Oxp7KRiBATHY-aRtas
Bglll digested PCR product was ligated with pDB2573X, which had been

igliadiiomh BRI Bt cafliisdtal iaind HaeuphaRRERRY0. an
appaspilasid R DBRE1 FiauIs9R):a0e tha e DA 25.5RAUSNAE calf

confirmed for the PCR generated fragment and adjacent sequences using

BHgSnm ebneRh e FEetma Pepas PRESARY eogB9eing i Norl expression

eadsbibAM fhd G Gfxénl&ndplo @e BE B skl idndRarker (Figure 62).
5'-CCAACATTAATAGGCATCCC-3' PRB

The construction of an Notl N-terminal DX-890-(GGS)sGG-albumin expression
cassette (pDB2683) has been previously described (WO 03/066824). Appropriate
yeast vector sequences were provide by the “disintegration” plasmid pSAC35..
The 3.20kb Nofl N-terminal DX-890-(GGS),GG-albumin expression cassette was
isolated from pDB2683, purified and ligated into Nofl digested pSAC35, which
had been treated with calf intestinal phosphatase, creating plasmid pDB3101
containing the Nofl expression cassette in the same orientation to the LEU2
selection marker (Figure 63). An appropriate yeast PDII vector sequences were
provide by a “disintegration” plasmid pDB2690 (Figure 6). The 3.20kb Notl
N-terminal DX-890-(GGS),GG-albumin expression cassette was isolated from
pDB2683, purified and ligated into Notl digested pDB2690, which had been
treated with calf intestinal phosphatase, creating plasmid pDB3102 containing the
Notl expression cassette in the same orientation to the LEU2 selection marker

(Figure 64).

The construction of an Notl N-terminal DPI-14-(GGS)4sGG-albumin expression

cassette (pDB2666) has been previously described (WO 03/066824), as has the

construction of a pSAC35-based yeast expression vector, pDB2679 (Figure 65).
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55-CGTCCCGTTATATTGGAG-3' DS229
5-CTTGTCACAGTTTTCAGCAGATTCGTCAG-3' 10 Plasmid pDB2617
was digested with Ndel and Notl, and the 3.586-kb Notl expression
cassette for AxokineTM-(GGS)4GG-albumin secretion was purified from
an agarose gel. Appropriate yeast vector sequences were provided by the
"disintegration” plasmid 15 pSAC35. The 3.586kb Notl N-terminal
AkoKIrHkM N@GS)ﬂa(ﬁﬁifmllthFﬂin 4ei(pCeR60-ctiaseaite axpeisolateds feoin was
POREAL fePHIsE ARG IR it GaeRiEd ﬁs/r\%?%stvgﬁ'cfbggg%q an
een reate stlna osp atase, creatmg asmid’ 8
appitepminig tbreabtofPBkbresprmmsseﬁEnn thddamal dréentatitetd thich calf
U ectio marker ure 96 e east PD
iSRS R
6)ssdtineil ﬁsakm&\kmtidﬁt-aam irvetha X dlirieSEMe((66 BiaE cRlguraito ).
expression cassette was isolated from pDB2617, purified and ligated into
Notl digested pDB2690, which had been treated with calf intestinal
OINGER et s ségrerd diting btasmi(gep@ﬁieJlDHAdntaimp@f'td:miNDﬂfempreseiamons
casse e |po 1§ same orlentﬁ;uon to the SG)IT(I%J srglsec arker ‘%\/ IQuIg 4
8@1)11 gA uman 1L10 BDNA (NCBI accedsion num 51]7%l
aondiifiessby PCR using single stranded ollgonucleotldes CF68 and CF69.
30 CF68
5'-GCGCAGATCTTTGGATAAGAGAAGCCCAGGCCAGGGCACCCAGT
EX kS CTGCAC-3' 113 CF69
g GC%’TGGA‘é’g%ACgGT%’;I‘%(CBT'%]'CTTC&ATTGTCATGTAGGCTTCTAT
TAG-3'5 The 0.43kb DNA ?ragment was digested to completion with
BamFi%Ad PatisiRCfigestedwith Bglll and the 0.42kb Bglll-BamHI DNA
fragment isolated. Plasmid pDB2573X provided a suitable transcription

romoter and termlnator
xon 2 primers:

5 -GTGAAGCATCAGGGCCTGAAC-3; ~ and

5" -CTCTCTAGAAGCAAGGAAGAGAGAAGGGAC-3 "

Both fragments were ligated under standard conditions, before being re-amplified
by PCR using primers 5-CTCGGTACCCAGCTGACTTGTTTCCTGG-3" and
5-CTCTCTAGAAGCAAGGAAGAGAGAAGGGAC-3" and cloned into vector
pCR4 (Invitrogen). To generate Axokine™ (as disclosed in Lambert er al, 2001,
PNAS, 98, 4652-4657) site-directed mutagenesis was employed to introduce C17A
(TGT—-GCT) and Q63R (CAG—AGA) mutations. DNA sequencing also
revealed the presence of a silent T—C substitution V85V (GTT—GTC) as
described in WO 2004/015113.

The Axokine™ cDNA was amplified by PCR using single stranded
oligonucleotides MH33 and MH36 to create an approximate 0.58kbp PCR

fragment.
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along with a suitable secretory leader sequence and DNA sequences
encoding part 10 of a (GGS)4GG peptide linker fused to the N-terminus
of human albumin. The construction of pDB2573X has been previously
described (WO 03/066824). Plasmid pDB2573X was digested to
completion with Bglll and BamHI, the 6.21kb DNA fragment was isolated
and treated with calf intestinal phosphatase and then 15 ligated with the
OMPXD BgllUBamHI N-terminal IL10 cDNA to create pDB2620 (Figure

69)AppIopriate yeast Yeclr searences were. provided by the ; ,
"disintegration” plasmid pSAC35. The 3.51kb Nod N-terminal

IL10-(GGS)4GG- albumin expression cassette was isolated from
RRE3$20, purified and ligated into Notl digested pSAC35, which had
been treated with calf intestinal Rhosghatase 20 creatinzgrglasmid

[

Blf)flﬁéﬁ G@Eﬁ%%ﬁé%ﬁgﬁﬁﬁ&p 53 AAAT%AAA% HiT e daime’ 'orientation

oncassette’in
to the LEU2 selection marker (Figure 70). An appropriate yeast PDII

o R NS T AR IR 7
expressionreassaitewhas isakatedifitod ipDB 2620 perifiecbanonligatxf thtmd

di . ; ifi ,
eSS GAALY o SRS TOE Contap) ABTon preagses
gagxeR epiddner seimaeosgpakansigetiveak D reedeation Maikerdfktigsreample
{Zé . The same control yeast str%n as uEed in greviou amples wa

HeP IR BBEIEE BRORHEHY B MBRL fenieal SGetsle The
reaihiath (Sl prasictrans gurgiandsiny BASIAGuRIOPCH Fiufiticatioh kit

83, J. Bacteriol., 153, 163; 114 Elble, 1992, Biotechniq 3, :

e A R B e P, ot et TR or
appssduandly paichedaed oird M Rxagad iates anCayopiiasesvedide stained

hﬁlzse stocks w re&)r(]e#zireéj from IOmL BMMD shake flask cultures
E@i W fafist

‘,')3"&3{(56 r‘?ﬁ 3 ormants of each strain were inoculated
into IOmML BMMD in 50mL shake

Plasmid pDB2573X provided a suitable transcription promoter and terminator,
along with a suitable secretory leader sequence and DNA sequences encoding part
of a (GGS)4GG peptide linker fused to the N-terminus of human albumin. The
construction of pDB2573X has been previously described (WO 03/066824).

The 0.57kb BamHI and Bgl/ll digested PCR product was ligated with pDB2573X,
which had been digested with BamHI, Bglll and calf intestinal alkaline
phosphatase to create plasmid pDB2617 (Figure 95) and the correct DNA
sequence confirmed for the PCR generated fragment and adjacent sequences using

oligonucleotide primers CF84, CF85, PRB and DS229.

CF84

5’-CCTATGTGAAGCATCAGGGC-3'
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flasks and incubated in an orbital shaker at 30C, 200rpm for 4-days.
Culture supernatants were harvested and the recombinant albumin fusion
titres compared by rocket immunoelectrophoresis (Figure 72). The results
indicated that the 10 albumin fusion titre in the culture supernatants from
yeast strain was higher when PDII was present in the 2m plasmid than
when it was not. The increase in expression of the albumin fusions
dd#i8sted by rocket immunoelectrophoresis was further studied by

SPSRAGE analysis, BMMD, 15 shake flask cultures of YBX7 expressing

various albumin-fusions were grown for 4-days in an orbital shaker at 30C,
200rpm. A sample of the culture supernatant was analysed by
PRB-PAGE (Figure 73). A protein band of the expected size for the
albumin fusion under study was observed increase in abundance. 20
EX&%EEGEBA&%¥E§82I%§§DH of S. cerevisiae ORM2 and recombinant
transferrin on a 2,wn- based plasmid 25 The ORM2 gene from S.
jsiae S288c was cloned into the Xcml-site after REP2 on a
5-based plasmid containing an expression cassette for rTf
N413Q INEEFO) A NatfLSitéGhcthe UL-region. Plasmid pDB2965
(Figure 74) was constructed by insertion of the 3,256-bp Notl 30 fragment
containing the rTf (N413Q, N61 IQ? expression cassette from pDB2928
Pl R0 e e tiete O DS baE FRite 414 263M s Not
bnprrised hashel digestioskand WastSated-wihalkaline plasphatasgified
The rTf expression cassette from pDB2928 was cloned into the Nod site
BHBASERS 8fbduce pDB2965, with the transferrin gene transcribed in
the same direction as LEU2. 5 The ORM2 gene was amplified from S.

cerevisiae S288c genomic DNA by PCR with oligonucleotide primers. |
GRAPRIHICAETS \THBle S) 0 HAE E%%%ﬂ?tw@ FidReArH peigmid
syateps (Rociiey. 3.586kb Norl N-terminal Axokine™-(GGS),GG-albumin

expression cassette was isolated from pDB2617, purified and ligated into Norl
digested pSAC35, which had been treated with calf intestinal phosphatase,
creating plasmid pDB2618 containing the Notl expression cassette in the same
orientation to the LEU?2 selection marker (Figure 96). Appropriate yeast PDI1
vector sequences were provide by a “disintegration” plasmid pDB2690 (Figure 6).
The 3.586kb Notl N-terminal AxokineTM—(GGS)4GG—a1bumin expression cassette
was isolated from pDB2617, purified and ligated into Notl digested pDB2690,
which had been treated with calf intestinal phosphatase, creating plasmid
pDB3106 containing the Nofl expression cassette in the same orientation to the

LEU2 selection marker (Figure 68).

A human IL10 cDNA (NCBI accession number (NM_000572) was amplified by
PCR using single stranded oligonucleotides CF68 and CF69.

CF68

5’ -GCGCAGATCTTTGGATAAGAGAAGCCCAGGCCAGGGCACCCAGTCTGAGAACAGCTGCAC-3'
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10 Table 10: Oligonucleotide Primers for PCR Amplification of S.
cerevisiae Chaperones Primer Description Oligonucleotide Sequence
5-GCGCTACGTATTAATTAAATTGCTCATATATA GS11 ORM2 primer,
54mer GTGGGGGGGAATACTCATGCTG-3'
5-GCGCTACGTAGGCCGGCCAGAGAATATAAAGAA GS12 ORM2
primer, 49mer AGATGATGATGTAAGG-3'
5-ATACGCGCATGCGAATAATTTTTTTTTGCCTATC CEDO037 SSAI
prirger, 70mer TATAAAATTAAAGTAGCAGTACTTCAACCATTAGTG-3'
5-ATACGCGCATGCCGACAAATTGTTACGTTGTGCTTTG CEDO038

SSAF PHIE! OMEr ATFTETAARGEGC 3 TACCCTICTATGIAG- 37
5. ATAGCGGGATCCAAGCTTCGACACATACATAATAACT CEDO09

e P e Yo B tads AP i B gl

Arpeaeed I0inheB A Gxd-the Brities Byl Bdedig madAdinaaspoistéadaBl and
Pacl restriction recognition sites 15 at the 5' end of the forward primer

and SnaBl and Esel restriction recognition sites at the 5' end of the
Myerde piiBesToXcIprindgddta thetlibketrahibeplomlpsimotkinend 1é&rminator,

cto B2965. PCR Was (f ed out under No |0WI conditions: 200
a suit uence an ie)% nces Emg part
MiXx, nzyme xpan

mfaa:mn}sum ;ﬁp&lgeghmmlﬁlﬁéw&o ﬂleleeenﬁﬂmlﬁ fcfr Iiminui#tsyrBth. The

C s of 94Cf nds, 55C for 30 seg i‘g (o) S,
RE R iy Sy SR R ek
required 1,195-bp PCR product and the pDB2965 vector were digested

th P cl | ated together an transf int tent
R SR eSS AR AR IR B NS BOMAE B 21
ORNM Zfagmammgsosnlamabm&veaatmibmﬁechﬁ}mteshmahphcﬁphym and then

ROGE'3 A RISSTUB RNA RS MG AT GE LSRR R Y reate pDB2620
(Figure 69). Appropriate yeast vector sequences were provided by the
“disintegration” plasmid pSAC35. The 3.51kb Notl N-terminal IL10-(GGS),GG-
albumin expression cassette was isolated from pDB2620, purified and ligated into
Notl digested pSAC35, which had been treated with calf intestinal phosphatase,
creating plasmid pDB2621 containing the Notl expression cassette in the same
orientation to the LEU?2 selection marker (Figure 70). An appropriate yeast PDI]
vector sequences were provide by a “disintegration” plasmid pDB2690 (Figure 6).
The 3.51kb Notl N-terminal IL10-(GGS)sGG-albumin expression cassette was
isolated from pDB2620, purified and ligated into Notl digested pDB2690, which
had been treated with calf intestinal phosphatase, creating plasmid pDB3105
containing the Nofl expression cassette in the same orientation to the LEU2

selection marker (Figure 71).

The same control yeast strain as used in previous examples was transformed to
leucine prototrophy using a modified lithium acetate method (Sigma yeast

transformation kit, YEAST-1, protocol 2; (Ito et al, 1983, J. Bacteriol., 153, 163;
114



10

15

20

25

30

10 clones. Four plasmid clones were prepared pDB3090, pDB3091,
pDB3092, and pBD3093, all of which had the same expected DNA
fragment pattern during restriction analysis (Figure 75). The S. cerevisiae
Control Strain and Strain A (as described in Example 3) were 15 selected
to investigate the effect on transferrin secretion when the transferrin and
ORM2 genes were co-expressed from the 2m-based plasmids. The
Elitrol 9F2rahicanchiGtradn, A 3yer®) rafisforfoech dothe ueiresprateitophBbMD-
Iasm|cliﬁ DB3((1‘)90 DB3 92 an BD 093, as WeII a rol Ias.rpt
p%aéz ?|gure T’f{f) contain H%n Aflls?i)l N%lllsg)\MBe;(ﬁre SorP 41
Chgspteeammbubmimv&sﬂmkﬁrméommts&vﬁmmdl@mﬂemmm vidlagénsk
at ?E? %@ gar for subsequent analysis. To investigate
B cOo- ex S|on on transferrin secretion, IOmL selective
(BMMD) and non- selectlve (YEPD) liquid media were inoculated With 25
rrzaln conrt1 'n'?%ack:]t?s RII\I/I%V/Err%nlsferr nge -e@? |ds hake
shake Hask culture was then mcugafeofl wi sha Ing (21805rpm
fl gy santhenadiatiedeiteviel ofttitah stedcén aed@ﬁbrﬂﬁm:plniefermmeyisbycmture

rocket el. immu oeletro s (RIE LeveI
R e b AR v
mDBia@@Q]lwenmgc@temphmme(ﬁ\geis fim CEheroiesttalmipEaa@ah]atnthe
EP a, Simi levels of tran ferrl ret
A e B R RS ) R R
mnbveis]fresmﬁﬁuﬂmrﬁmmmman wotn BMDi@nd YEPS media.
Transferrin secretion from all Strain A transformants was higher than the

Control Strain transformants grown in the same media. Strain A contains
dhadoitiensd capy ofpRistion thd gereommumﬂnicﬁLBMnamwadsfbyimocket

secretlo The fore in Stra A the | ion of ORMZ
BB LR SHbctiiihe SATon P10 Auramir. ~B0uD
shake flask cultures of YBX7 expressing various albumin-fusions were grown for
4-days in an orbital shaker at 30°C, 200rpm. A sample of the culture supernatant
was analysed by SDS-PAGE (Figure 73). A protein band of the expected size for

the albumin fusion under study was observed increase in abundance.

EXAMPLE 10

Co-expression of S. cerevisiae ORM?2 and recombinant transferrin on a 2pum-

based plasmid

The ORM?2 gene from S. cerevisiae S288c was cloned into the Xcml-site after
REP2 on a pSAC35-based plasmid containing an expression cassette for rTf
(N413Q, N611Q) at the Notll-site in the UL-region.

Plasmid pDB2965 (Figure 74) was constructed by insertion of the 3,256-bp Norl
fragment containing the rTf (N413Q, N611Q) expression cassette from pDB2928
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EXAMPLE 11 Co-expression of S. cerevisiae PSEI and recombinant
transferrin on a 2 pm- 15 based plasmid The PSEI gene from S.
cerevisiae S288c was cloned into the Xcml-site after REP2 on a
pPSAC35-based plasmid containing an expression cassette for rTf (N413Q,
N61 1Q) at the Notl-site in the UL-region. 20 The 3.25-kp wild-type PSEI
gene was amplified from S. cerevisiae S288c genomic DNA by PCR with
dligonel ¢[Batide thei Nerks sG & BOUD Bt € 8D 04(T giiddB 26BBusindithrarised by
d High Fidelity PCR Kit (Rgche). Primers were designed .
iRt ARG SRR T ol S R Y
clopeng ZhintpiiR2928tovap il RER thadvodriad ofitpidBi26§8ao produce

f i corégi ions: 1 .cycle of 94C for.f inutes; 10 cycles of 94%&) 15
e S in ke Sthip e bl

cycles of 94C for 15 seconds, 45C for 30 seconds, 68C for 4 minutes and

S s (increasing 5.secands per ¢ C]e(%/' cycle of 6 Ao 1
B B P AR B e
Fgédtedigioupld@id primotrh&d beenddigeEle@alith 101 81Bagnikd dixgpandaktbgh

it Ikalimepgﬁg hatase, producing construct pDB2848 (Figure 77).
Elle%b%eyncing 0 pégﬁ%%gﬁcg%ﬁ ned that amplified sequences were as
expected for S. cerevisiae S288c PSE1, when compared to the sequence

PSEI/Y, %%)8 n chromosome o _cgardinates 39 220 10. .
e B R i ne
6hdpevnstream sequence (Saccharomyces Genome Database at htt
:/lwww.veastgenome.or /). The PSEI gene was then excised from
pDB2848 by BamHI digestion, and the resulting 4,096-bp fragment

pehgk chlorofgym extragied, éthanol precigjal
polymerase Klenow D fill in the 5'-0

pDB2965 (Figure 74) was linedrisedbycSeafddigestiomrandralkatineratata

pho%)hata e
GS11 ORM? primer, 54mer GTGGGGGGGAATACTCATGCTG-3"’

5’ -GCGCTACGTAGGCCGGCCAGAGAATATAAAGAA

ORM? primer, 49mer AGATGATGATGTAAGG-3'

5’-ATACGCGCATGCGAATAATTTTTTTTTGCCTATC

CEDO037 SSAI primer, 70mer TATAAAATTAAAGTAGCAGTACTTCAACCATTAGTG-3'

CEDO038 SSAI primer, SOmer ATTTCTAAAGCGC-3'

CEDO009 PSEI primer, 50mer CGATAAGGTATGG-3'

5’-TATCGCGGATCCCGTCTTCACTGTACATTACACAT

CEDO10 PSEI primer, 39mer AAGC-3"

Primers were designed to incorporate SnaBI and Pacl restriction recognition sites
at the 5' end of the forward primer and SnaBI and Fsel restriction recognition sites

at the 5' end of the reverse primer for cloning into the linker at the Xcml-site of the
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treated. The linearised pDB2965 vector and the PSEI insert were ligated,
and transformed into competent E. coli DHSa cells. Ampicillin resistant
transformants were selected. Plasmids pDB3097 (Figure 78) and

pDB3098 (Figure 79) were identified to contain the PSEI gene by
restriction enzyme 15 analysis of plasmid DNA isolated from the ampicillin
resistant clones. In pDB3097 the PSEI gene is transcribed in the same
otabtadBasiR EPL RVharecasricdpnBohd@s the RAEWgenedsditdsmscrioeduM
in the opposite orientation to REP2. The S. cerevisiae Control Strain was

NS dRiied-foYeRlcn B DO )= DIt R Bk rafegon buffer,

R %@m&w@h\ﬁ&;aqcar&@bpl%@ct&%&figw ). gonteining 30
the rTf (N413Q, N611Q) expression cassette without PSE1.

W@rﬁiﬁﬁé@é@eﬂ@@é@ﬁea%ﬁ B ﬁ(lmiag@ﬁaml patreled dit bvr Bwminpics.
69@&%%%%%3 Lent a0AlY§IS: 25 Fo INYERIgRtE 1t8§-§ff§fét9f Skt and the
expression on transferrin secretion, flas contalnlngq m ePectlve

(BNBREDY lipeidan edimewdigastodutated Withl stradhsFedntiigitg! thegether and

PSE|/transferrin co-expressjonplasmid e shake flask culture was.
R Ll 300 e in 1200 AT 100 oy P L s
lemelfohitansiesie sdetetihn watMidtenmingddysoakettgelere identified by

immunoeletrophoresis (RI 0 (Fi 80).,119 Levels of transferrin .
e e D S A B S S s S P R i esant
wlereyréater phamideclenedswroenptapatea SBB0HODBERB3 A indBEBMID?2, and
I herefore, expressjon of PSEI from the 2m-based plasmids had 5
B L AR T e e A, T, B e
weasidthpravelysidtiFipeBEl gene transcribed in either direction relative
to the REP2 gene in pDB3097 and pDB3098. EXAMPLE 12 10
Co-expression of S. cerevisiae SSAI and recombinant transferrin on a
IhenS. cerevisiae Control Strain and Strain A (as described in Example 3) were

selected to investigate the effect on transferrin secretion when the transferrin and
ORM?2 genes were co-expressed from the 2um-based plasmids. The Control
Strain and Strain A were transformed to leucine prototrophy by plasmids
pDB3090, pDB3092 and pBD3093, as well as a control plasmid pDB2931 (Figure
14), containing the rTf (N413Q, N611Q) expression cassette without ORM?2.
Transformants were selected on BMMD agar and patched out on BMMD agar for

subsequent analysis.

To investigate the effect of ORM?2 co-expression on transferrin secretion, 10mL
selective (BMMD) and non-selective (YEPD) liquid media were inoculated with
strains containing the ORM?2/transferrin co-expression plasmids. The shake flask
culture was then incubated at 30°C with shaking (200 rpm) for 4 days. The
relative level of transferrin secretion was determined by rocket gel

immunoeletrophoresis (RIE) (Figure 76).
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based plasmid The SSAI gene from S. cerevisiae S288c was cloned into
the Xcml-site after REP2 15 on a pSAC35-based plasmid containing an
expression cassette for rTf (N413Q, N61 IQ) at the Notl-site in the
UL-region. The 1.93-kb SSAI gene was amplified from S. cerevisiae

S288c genomic DNA by PCR with oligonucleotide primers CED037 and
CEDO38 (Table 10) using the 20 Expand High Fidelity PCR Kit (Roche).
Eeimlsrsﬁ/\tm&s&eﬂig rsedemdhﬁolrpc(ﬁat&rspﬂtmémﬁﬂﬁlaﬁ(}%:bgnﬂtiﬁnmitdsSaﬂain

S, to facilitate cloni nto the ve 19 P arrl
E?ﬂ he 6l r\?vzllr%’d c%%ndltgonsvil cfrc e o$ foFTd1 r{P inuté Oth
QMINHbﬁﬂﬂEE@SJnmdmteSﬁﬁ@ﬂm thlautss, Hﬂﬁafmfeﬁlmﬂwte&dafndrﬂ both

cleo 7 The roduct as 25 d
e e R 4 AL S B ol e i rom
Sndltre’atpﬂ)m%a]halbm}pBMMﬁtaEbY@h%jmdglcdhsmfetrp{m%ﬁm from
S R O O SRR SR G
uodudlsmiesrﬂatﬁmﬁmma@ﬁ@ﬁtpius dtO@@dibas&bmwaffu‘pEVrbamhe genome,

e and 000 bhasepairs of.down ublished.in 30 the
LR AN T ASRERAR GLER M THRATURL AREAD £ 106 ingrsgsea
?ﬂcw@ﬁm gENBRYES erdise/ffohadp2BABBOILWS pHlaigestiong aadrghen of

%snu!ttmlq 2,748-bp fragment phenol: chloroform extracted, ethanol

preC|p|tated and treated with T4 DNA polymerase to remove the
3'-overhang. Plasmid pDB2965 was 5 linearised by SnaBI digestion and
treated with calf alkaline phosphatase. The linearised pDB2965 vector

insert were ligated and transformed into competent E. coli
DH5a cells. Ampicillin resistant transformants were selected. SSA1
constructs pDB3094 (Figure 8[) and pDB3095 (Figure 83) were identified
B TERFRSTH Az I ECBAANASS oY I SR EIUR b B AR A ScRA:-
wsg%ﬁ&@%glones In pDB3094, the SSAL1 gene is transcribed in the
same direction as REP2, whereas in pDB3095 the SSAL gene is
transcribed in the opposite

The PSEI gene from S. cerevisiae S288c was cloned into the Xcml-site after REP2
on a pSAC35-based plasmid containing an expression cassette for rTf (N413Q,
N611Q) at the Notl-site in the UL-region.

The 3.25-kp wild-type PSEI gene was amplified from S. cerevisiae S288c
genomic DNA by PCR with oligonucleotide primers CED009 and CEDO10 (Table
10) using the Expand High Fidelity PCR Kit (Roche). Primers were designed to
incorporate BamHI restriction recognition sites at the 5' end to facilitate cloning
into the vector, pUC19. PCR was carried out under the following conditions: 1
cycle of 94°C for 2 minutes; 10 cycles of 94°C for 15 seconds, 45°C for 30
seconds, 68°C for 4 minutes and 30 seconds; 20 cycles of 94°C for 15 seconds,
45°C for 30 seconds, 68°C for 4 minutes and 30 seconds (increasing 5 seconds per
cycle); and 1 cycle of 68°C for 10 minutes. The required PCR product was
digested with BamHI then ligated into pUCI19, which had been digested with
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direction to REP2. The S. cerevisiae Control Strain was transformed to
leucine prototrophy by 15 plasmids, pDB3094 and pBD3095, as well as a
control plasmid pDB2931 (Figure 14), containing the rTf (N413Q, N611Q)
expression cassette without SSA1. Transformants were selected on
BMMD agar and patched out on BMMD agar for subsequent analysis. 20
To investigate the effect of SSAL1 expression on transferrin secretion,
Bagkd cantairdagdOwith sellediive (Bbkipia)asquiprotiadiagvesasimocu ipbEt2 848

ith strains gcontaining the %IZ{ anggerrin co-expression plasmids. The
R S L B T Bl =
daysctdddaelditivertevshof SRaRsTBHNET sedretiaronvas dk ter thin eddngnoc Kevm

' ophaoresis RIE%@%H ure 84). L ve%% nsfetri
At E e RS S Rod AR5 s . phus
CafittrodsStraim PDB2S3AN] sephcRoatrodl 3 HANbIBEBBO DS |dowBHAD: Feegience
g&‘cﬁc%‘?fc%f& eé‘é%r?ésd8&é’f1§éfa%%ﬁf§%'t“ he A based plasmids i ‘?'3ﬂ%e PSEI
nhanced transferrin secretion from-S. ; ecretion
gas ¥t ithgrovedsedttitie PBRL§ED irabrsetiedi gashenoppdsite resulting
ifeetion relative to the REP2 gene in pD OQAh]EéAMPL 3.5 PDII
LR R AR ok G R BRIID Sty Mok B tearea
entrahdsd tpel seEratio rKdénevo fmgnzat ait uithiniantiglasoidistapilitPlasmid
i randed aligonucleotide Aprimers listed in T %ﬁ 1 were
o B e R eI A R S phatase
tmatethothbe dinegiond ddwBidant abthagethst P3| goskirgwegidngdlablend
QAR C15R8 e BTSSR PEmer DeSHIRNIDN S59UeRmpicittin  resistant
transformants were selected. Plasmids pDB3097 (Figure 78) and pDB3098
(Figure 79) were identified to contain the PSE/ gene by restriction enzyme
analysis of plasmid DNA isolated from the ampicillin resistant clones. In

pDB3097 the PSEI gene is transcribed in the same orientation as REP2, whereas
in pDB3098 the PSEI gene is transcribed in the opposite orientation to REP2.

The S. cerevisiae Control Strain was transformed to leucine prototrophy by
plasmids, pDB3097 and pBD3098, as well as a control plasmid pDB2931 (Figure
14), containing the rTf (N413Q, N611Q) expression cassette without PSE].
Transformants were selected on BMMD agar and patched out on BMMD agar for

subsequent analysis.

To investigate the effect of PSEI! expression on transferrin secretion, flasks
containing 10mL selective (BMMD) liquid media were inoculated with strains
containing the PSE[/transferrin co-expression plasmids. The shake flask culture
was then incubated at 30°C with shaking (200 rpm) for 4 days. The relative level
of transferrin secretion was determined by rocket gel immunoeletrophoresis (RIE)

(Figure 80).
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DS299 5' PDII 5'- CGTAGCGGCCGCCTGAAAGGGGTTGACCGTCCGT
primer, 38mer CGGC -3' DS300 5' PDII
5-CGTAAAGCTTCGCCGCCCGACAGGGTAACATATTAT primer, 40mer
CAC -3' DS301 3' PDII
5-CGTAAAGCTTGACCACGTAGTAATAATAAGTGCAT primer, 38mer
GGC-3' DS302 3' PDII
5-CGTACTGCAGATTGGATAGTGATTAGAGTGTATAGTCC primer,

1mer G-3.DS303 1 5'- GCGACA CG:3, DS304 .
DL 0 KPR RS GO gL vt Control Srai
OB NETGIGITE AGT At GEAICE@ER T oRSIMradnipDB2931] in BMMD
5'-CCCAGGATAATTTTCAGG-3.1 imers DS299 and DS300 amplified
& 10 DR S BN BY BER el Bihel i A0 e A Eodhd
anlegionl Strah ST Hnussogegenofiio DS\ Acalerisetk. 1 2PraR8&eiassadieipiateas
The PCR conditio ere as follows: 1L S288c template DNA (at
RIS O TR Ao EoOn KA L AU B AU AR AP
TagetM DB dIpOIBBOM ANTP's, 5L each primer (2M), 0.4L Fast
Start Taq, made up to 50L with H20. PCRs were performed using a 5

Perkin-Elmer Thermal Cycler 9700. The conditions were: denature at 95C
ex ANvr[IHPLD]. then [CYCLE] denature at 95C for 30 seconds, anneal
at 45Cfor 30 seconds, extend at 72C for 45 seconds for 20 cycles, then
[HOLD] 72C for 10min and then [HOLD] 4C. The 0.22kbp PDII 5' PCR

@&Q&éﬁiéﬁfﬁﬁﬁwwwsmdﬁm'Uzn‘ﬁmk%émﬁz%%%}?%}ﬁh P 2m-

product was cu ith Hindlll" 10 and Pstl. Plasmid pMCSS (Hoheisel,
baol Bswihniques 17, 456-460) (Figure 85) was digested to completion
with Hindlll, blunt ended with T4 DNA polymerase plus

The SSAI gene from S. cerevisiae S288c was cloned into the Xcml-site after REP2
on a pSAC35-based plasmid containing an expression cassette for rTf (N413Q,
N611Q) at the Notl-site in the UL-region.

The 1.93-kb SSAI gene was amplified from S. cerevisiae S288c genomic DNA by
PCR with oligonucleotide primers CEDO037 and CEDO038 (Table 10) using the
Expand High Fidelity PCR Kit (Roche). Primers were designed to incorporate
Sphl restriction recognition sites at their 5' ends to facilitate cloning into the
vector, pUC19. PCR was carried out under the following conditions: 1 cycle of
94°C for 10 minutes, 35 cycles of 94°C for 1 minute, 55°C for 1 minute, 72°C for
5 minutes, and 1 cycle of 72°C for 10 minutes. The required PCR product was
digested with Sphl then ligated into pUC19, which had been digested with Sphl
and treated with alkaline phosphatase, producing construct pDB2850 (Figure 81).
Sequencing of pDB2850 confirmed the expected sequence of S. cerevisiae S288c
SSA1/YALOO5SC on chromosome I from coordinates 141433 to 139505 plus 1000
basepairs of upstream sequence and 1000 basepairs of downstream published in

the Saccharomyces Genome Database (http://www.yeastgenome.org/).
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dNTPs and religated to create pDB2964 (Figure 86). 15 Plasmid pDB2964
was Hindlll digested, treated with calf intestinal phosphatase, and ligated
with the 0.22kbp PDII 5' PCR product digested with Notl and Hindlll and
the 0.34kbp PDII 3' PCR product digested with Hindlll and Pstl to create
pDB3069 (Figure 87) which was sequenced with forward and reverse
universal 20 primers and the DNA sequencing primers DS303, DS304,
DS305 and DS306 (Table 11). Primers DS234 and DS235 (Table 12)

d to amplif difie ne from Y 204
‘Zlgletg S%? egr}%aV é’éc en?O d%@% léehl?]?:i pcglr%l%fngé ﬁesultmg
Eitcbprirngesat phiterl &htbnffdrm&@ﬁhpmﬂ Lmhaﬁhbp?@ﬁbmndlmdstreated
e L tem acZ 4 n /L,

e o Bl S e Seh i, Pt HI9Mbps was
l@ﬂw/lsel&l'li? $ybBedgteprimen@ Méa&mhwﬂhsteﬁfaaﬂdihqe rpbaphpade. SAlhe
ith H2 ere erfor ed a Perkin-Elmer mal cler3
D I AT B R M B PRzl SR
[oMpdtEdt 123 de mdtisie @&lBSCAfmthﬂlB&aemd&nameaﬂdmakﬁss@em ddated.

R S A SRSt P IS B Ao T i
apdretanadbintenthenklindillysite o6 f IM@ED DIN#e el gRB2t608 (hégurepdd)lin
R e B TR S R R P W T fien

12)RIBA%y meédthat thepBRRR(Icehef 854 madifieds TiRkiRbcgbad washeoogeisite
%ab §812 %I%p ucleotide primers 10 Primer Description Sequence

nﬁg JTR 5'-TAGCGAATTC AATCAGTAAAAATCAACGG-3
The S. cerevisiae Control Strain was transformed to leucine prototrophy by
plasmids, pDB3094 and pBD3095, as well as a control plasmid pDB2931 (Figure
14), containing the rTf (N413Q, N611Q) expression cassette without SSAI.

Transformants were selected on BMMD agar and patched out on BMMD agar for

subsequent analysis.

To investigate the effect of SSAI expression on transferrin secretion, flasks
containing 10mL selective (BMMD) liquid media were inoculated with strains
containing the SSA//transferrin co-expression plasmids. The shake flask cultures
were incubated at 30°C with shaking (200 rpm) for 4 days. The relative level of
transferrin secretion was determined by rocket gel immunoeletrophoresis (RIE)

(Figure 84).

Levels of transferrin secreted from Control Strain [pDB3095] were greater than
the levels from Control Strain [pDB2931] and Control Strain [pDB3094] in
BMMD media. Therefore, expression of SSA/ from the 2pum-based plasmids had

enhanced transferrin secretion from S. cerevisiae. Transferrin secretion was
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DS231 TRPI 5 UTR 5-GTCAAAGCTTCAAAAAAAGA AAAGCTCCGG-3'
DS232 TRPI 3' UTR
5-TAGCGGATCCGAATTCGGCGGTTGTTTGCAAGACC GAG-3' DS233
TRPI 3' UTR 5-GTCAAAGCTTTAAAGATAATGCTAAATCATTTGG-3'
DS234 TRPI 5-TGACAAGCTTTCGGTCGAAAAAAGAAAAGG AG
AGG-3' DS235 TRPI 5-TGACAAGCTTGATCTTTTATGCTTGCTTTTC-3'
DG286ed RRINSIHAATAGIAE AGGGHET GGk IpSizd difdefbn relative to the
WGAAGG?WGAGCC-S' DS238 TRPI

“TARRKKTS CTCGG-3' DS239 TRPI
5'-CCAACCAAGTATTTCGG-3' CEDO005 dTRPI
5-GAGCTGACAGGGAAATGGTC-3' CEDO006 dTRPI
TACGGAGAGAGG-3' The 0.86kbp TRPI gene was
isolated from pDB2778 by digestion with Hindlll and cloned into the

Hindlll site of pDB3069 to create pDB3078 (Figure 89) and pDB3079
(M rgeye) disryption sambired itlraphiRgIDsenenely hent b asydsBlatad

DR R B SR RO AL M IRER B Nl st A2 ¥ AR Strains

incorporating a TRPI deletion (trplzl) were to be constructed in such a
way that no homology to the TRPI marker gene (pDB2778) should left in

ﬁlﬁggega%&@m&s&ﬂﬂ@mgﬂﬁ@@iﬁ%&%wmmgvmraeé@g%fto

5 recombination between future TR

| containing constructs and the TRP

RIBDENY R ErgentBrstssltHEdoA YR ar otifterrgiPfeaT R PRABET A HEEION
florntae AP ME @B@h@ﬁhpm%ﬁﬁyﬁins, oligonucleotides were

designed to ampli

areas of the

R and 3' UTR of the TRPI gene

outside of TRPI marker gene present on integrating vector Ylplac204

(ipie &ﬁt@jgg#n%gﬁgﬁ@ee b4 527-534). The 10 Ylplac204 TRPI
|

marker gene

ers from the native/chromosomal TRPI gene in that

internal Hindlll, Pstl and Xbal sites were removed by site directed

Primer

Description

Sequence

DS299

5’ PDI1
primer, 38mer

5’- CGTAGCGGCCGCCTGAAAGGGGTTGACCGTCCGT
CGGC -3’

DS300

5’ PDI1
primer, 40mer

5’-CGTAAAGCTTCGCCGCCCGACAGGGTAACATATTAT
CAC -3

DS301

3’ PDI1
primer, 38mer

5’-CGTAAAGCTTGACCACGTAGTAATAATAAGTGCAT
GGC-3’

DS302

3’ PDI1
primer, 41 mer

5’-CGTACTGCAGATTGGATAGTGATTAGAGTGTATAGTCC
CGG-3’

DS303

18mer

5’-GGAGCGACAAACCTTTCG-3’

DS304

20mer

5’-ACCGTAATAAAAGATGGCTG-3’

DS305

24mer

5’-CATCTTGTGTGTGAGTATGGTCGG-3’

DS306

14mer

5’-CCCAGGATAATTTTCAGG-3’

Primers DS299 and DS300 amplified the 5' region of PDII by PCR, while primers
DS301 and DS302 amplified a region 3' of PDII, using genomic DNA derived
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mutagenesis (Gietz & Sugino, 1988, Gene, 74, 527-534). The Ylplac204
modified TRPI marker gene was constructed from a 1.453kbp blunt-ended
genomic fragment EcoRI fragment, which contained the TRPI gene and
only 15 102bp of the TRPI promoter (Gietz & Sugino, 1988, Gene, 74,
527-534). Although this was a relatively short promoter sequence it was
clearly sufficient to complement trp] auxotrophic mutations (Gietz &
Soghoms D8I fhane, The, BCR- &3d]tio e AsskuencesUupszeamahiise
EcoRl site, positioned 102bp 5'to the start of the TRPI ORF were used to

L¥ad 1h8-81rgadi FrReite 8Ror RLulnme 09reke 18ek d it ter
A%ONG A% TWAMBIISIRIEHS) 3 1§1d phihe furgtinak modiigdpHRRE (2pm),

marker, which was chosen to be 85bp downstream of the translation stop

8ctidn Faih§lersiFandeddsiigp iadeistioeith NAQriffeRs wiste peidijmed apiag a
structed t mplify the 5. UTR and 3,.UTR redions of the T o
PRIKILLHRG, Anemn LIRS Tod. L IBLORIIAR (AT IR L0 for
BenadidedIid thehaniSYOr i BERups ad A6t Gob8(Lsadiddaiancibnird °C for

teps. Primers DS230 and DS231 (Table 12) amplified the 5' region of
TEB oy RIS (Aol TS 285541 398 Vb APl for
esien s@kdRFHOsINY $L88agenominp N ASA RRPRRIENS A0BCRith
conditions were as follows: 1L template S288c genomic DNA (at 125
Ol g iosif/mihikegheL O-Rstdme. BRA/180RGRDrosqoXEsUHE B SHindIIT
AtarpIag+Mg, (Roche)), 1L 10mM dNTP's, 5L each primer (2M), 0.4L
Fast Start Taq, made up to 50L with H20. PCRs were performed using a
Perkin- Elmer Thermal Cycler 9600. The conditions were: denature at 95C

A dmin SMIdO3- Pl dhaReC YSIUE [Hisnathig 2t OPC 86368 ¢oNETe HF)eRhs

for 45 seconds at 45C, extend at 72C for 90sec for 20 cycles, then

eseies voeorBPletRin At A EHbIm Fadedrii KOk ey BarppRrplUs
BCRrpraducl wasE wih&EsoBend Hingl swhile to the 0.2kbp TRPI 3'

UTR PCR product was cut with BamHI and Hindlll and

Plasmid pDB2964 was HindIll digested, treated with calf intestinal phosphatase,
and ligated with the 0.22kbp PDII 5' PCR product digested with Notl and HindIIl
and the 0.34kbp PDII 3' PCR product digested with HindIIl and Ps¢I to create
pDB3069 (Figure 87) which was sequenced with forward and reverse universal
primers and the DNA sequencing primers DS303, DS304, DS305 and DS306
(Table 11).

Primers DS234 and DS235 (Table 12) were used to amplify the modified TRP!
marker gene from Ylplac204 (Gietz & Sugino, 1988, Gene, 74, 527-534),
incorporating HindlIlII restriction sites at either end of the PCR product. The PCR
conditions were as follows: 1uL template YIplac204 (at 0.01ng/uL, 0.1ng/uL,
Ing/uL, 10ng/uL and 100ng/puL), SuL. 10XBuffer (Fast Start Tag+Mg, (Roche)),
IuL 10mM dNTP's, SuL each primer (2uM), 0.4uL Fast Start Taq, made up to
S0uL with H,O. PCRs were performed using a Perkin-Elmer Thermal Cycler

9600. The conditions were: denature at 95°C for 4min [HOLD], then [CYCLE]
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ligated into pAYESO05 linearised with BamHI/EcoRI to create plasmid
pDB2777 (Figure 91). The construction of pAYESO05 is described in WO
95/33833 . DNA sequencing using forward and reverse primers, designed
to prime from the plasmid backbone and sequence the cloned inserts,
confirmed that in both cases 15 the cloned 5' and 3' UTR sequences of
the TRPI gene had the expected DNA sequence. Plasmid pDB2777
dendainesk 95PRRbcsryptuiglifragneanidhas eeoptised s0@usioraf at 72°C for
sequences derived from the 5' and 3' UTRs of TRPI. This O.383kbé)o TRPI

ti

(Septifofagirient etk BAQERA friory psB2 e B orpIeObigbstibn The
W%BMR@R(&@R%@H?M&KRW%M s ﬁbﬁ‘éd H@&hé@ﬁﬁhliﬂsite
161-169) was transformed to leucine prototrophy with the albumin
eﬁm%@#%ta&g?ﬂ?a pBB22%: (ighey SMoafiedrikifmacunaslineitors and

(oipRIR Yigastt AnsiermpaRvkitl XidASerde PrRtRErhLwdlo StBE7BIBHSh37,
Bacteriol., 153, 163; Elble, 1992, Biotechniques, 25 13, 18)) to create

) )
PSSR (Hibts2 bag OISRt o BY ERES At (i A U RIS ERRY
plaeigsRigBeA44 is described in WO 00/44772. Transformants were
selected on BMMD-agar plates, and were subsequently patched out on
BMMD- agar plates. Cryopreserved trehalose stocks were prepared from
1Giple BMMB @hnke-Baak pHlttégs (24 hrs, 30C, 200rpm). 30 126 DXY1
[pDB2244] was transformed to tryptophan autotrophy with the 0.383kbp
EcoRI TRPI disrupting DNA fragment from pDB2777 using a nutrient agar

thidesrEindRN (5

S0rppoleniesd lesistant igtheatoxie effetta Of PaRAAWRISCGG-3-

niclkad anA ctranlead Aantaln cae A revrimnd of E EFAA nlatac tn canfirom that
TCKE oSt \> t S oo CStO0 CoOt—triat

A3 Fbally WR SR fo 5-FARGAYGCTTIbt M AP CTCCOG-S

pekgroundgpwih FROSE colamnies wdialt 0raw INeIedBeTTGTTTGCAAGACC

GAG-3’

DS233 TRPI 3' UTR 5’-GTCAAAGCTTTAAAGATAATGCTAAATCATTTGG-3’

DS234 TRPI 5-TGACAAGCTTTCGGTCGAAAAAAGAAAAGG AG
AGG-3’

DS235 TRP1 5’-TGACAAGCTTGATCTTTTATGCTTGCTTTTC-3’

DS236 TRP] 5’-AATAGTTCAGGCACTCCG-3’

DS237 TRP1 5’-TGGAAGGCAAGAGAGCC-3’

DS238 TRP1 5’-TAAAATGTAAGCTCTCGG-3’

DS239 TRP] 5’-CCAACCAAGTATTTCGG-3’

CEDO005 ATRPI 5’-GAGCTGACAGGGAAATGGTC-3’

CEDO006 ATRP1 5’-TACGAGGATACGGAGAGAGG-3’

The 0.86kbp TRPI gene was isolated from pDB2778 by digestion with HindIIl
and cloned into the HindlIll site of pDB3069 to create pDB3078 (Figure 89) and
pDB3079 (Figure 90). A 1.41kb pdil::TRPI disrupting DNA fragment was
isolated from pDB3078 or pDB3079 by digestion with Notl/Pstl.
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were re-patched onto BMMD and BMMD plus tryptophan to identify which
were tryptophan auxotrophs. 10 Subsequently colonies that had been
shown to be tryptophan auxotrophs were selected for further analysis by
transformation with YCplac22 (Gietz & Sugino, 1988, Gene, 74, 527-534)
to ascertain which isolates were trpl. 15 PCR amplification across the
TRPI locus was used to confirm that the trp phenotype was due to a
deletion in this region. Genomic DNA was prepared from isolates
identified as resistant to 5-FAA and unable to grow on minimal media

WRASLTHBSAAERMBI &1 18 prophAniclsEes AifitHifen Bih e GsHBRfE Frweh

loGus, With RyimeRsIcEDR0RanR LERAQE( éﬁée(gﬁhm%mﬁﬂﬁ%%in the
follows: 1L 20 template genomic DNA, 5L IOXBuffer (Fast Start Tag+Mg,

Roeme)) obce [V URP'sh&8L dweh prraged2Myp 0 AleEasnStahoTedogous
FECHRUIRE R Ee ol ke ZeP SR SR WG
@@L By, atteeViOME LE]l denataleati@4t ioe IREE codspan freal fibe 3@nome

72C § 2 4 I LD]
S D e o SR B e e e
TRPTBend EJdUkRddh P TRPprechecvofsid84kbpRR / sikakehgeeapresent on
lificati t I lregqi Ited C t
R R I R TR iy e
Sttplac@OXYRED ma[_mBg@MI]ijé@rh aoimgthleenattpe/ctedndedetioh B@Ed\tg@@e in
{ TheYEpSEsiaAR DAL %Pdd Bafié] W?&% C%%%%&hﬁf)%‘?{gsﬁﬁ’&ted
plasmid pDB2244 as described by Sleep et al., (1991, BiolTechnology, 9,
maxsrrf)si@@mtnpfd dingras. rd Wdnsfornred7the J&uicidéd)protbaophlplait?04
ﬁ{'&t%ﬁﬁ&%%%%ﬂ&%?g%ﬁep_ ?@%%KSQPJ?&PZ%IHD%%?Z%@?B&%ﬁ{?e%ed
pDB2981 5 using a modified lithium acetate method (Sigma yeast
genufoeniationdat, NeRE fragment, which contained the TRPI gene and only

102bp of the TRPI promoter (Gietz & Sugino, 1988, Gene, 74, 527-534).
Although this was a relatively short promoter sequence it was clearly sufficient to
complement trpl auxotrophic mutations (Gietz & Sugino, 1988, Gene, 74, 527-
534). Only DNA sequences upstream of the EcoRlI site, positioned 102bp 5’ to
the start of the TRPI ORF were used to create the 5° TRP1 UTR. The selection of
the 3° UTR was less critical as long as it was outside the 3’ end of the functional
modified TRPI marker, which was chosen to be 85bp downstream of the

translation stop codon.

Single stranded oligonucleotide DNA primers were designed and constructed to
amplify the 5' UTR and 3' UTR regions of the TRP!/ gene so that during the PCR
amplification restriction enzyme sites would be added to the ends of the PCR
products to be used in later cloning steps. Primers DS230 and DS231 (Table 12)
amplified the 5' region of TRP1 by PCR, while primers DS232 and DS233 (Table
12) amplified a region 3' of TRP1, using S288c genomic DNA as a template. The
PCR conditions were as follows: 1uL template S288c genomic DNA (at
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1, protocol 2; (Ito et al, 1983, J. Bacteriol., 153, 163; Elble, 1992,
Biotechniques, 13, 18)). Transformants were selected on BMMD-agar
plates supplemented with tryptophan, and were subsequently patched out
on BMMD-agar plates supplemented with tryptophan. Cryopreserved
trehalose stocks were prepared 10 from iOmL BMMD shake flask cultures
supplemented with tryptophan (24 firs, 30C, 200rpm). The yeast strains

DEXilepld (PBAAT6).nKY.] tig/[AD B2 7(0hEANMD, thpill [POXERATE], (Fast
DXY1 trpld pDBZQ?Qk DXY1 trpld p@{ Dsﬁgﬂor DXY1 15 trpld

pib2agtMyaReshetbritéa i) SRIpRYDEHGHAD rOotifickest

&tawnira%gqxﬂ@emgtte@%éﬁtgmw%@.trmrméﬁp%éfﬁm}%&%ﬂg a Perkin-
protocol 2; (Ito et al, 1983, J. Bacteriol., 153, 163; Elble, 1992,
BlotecHiefuedd, @3cle8)I0h al'lie Anridipaits TR disraifutio GONAGrégndenin
Y 55jaeeh TepDB TR RY digestion iGNt LARSIOmanisq, o
ere selected on -agar plates and 20 were SU sequently patc ed
a6t OneBiviMd DtagaCpfateX)sSixftrap8foyniantehei ¢HEN Hifdid Wefe 10min and
inoculated intg IOmL YEPD in 50mL shake flasks and incubated in an
g}f)‘?t Jz?laQSOC, 200rpm for 4-days. Culture supernatants and cell
biomass were harvested. Genomic DNA was prepared (Lee, 25 1992,
Biotechniques, 12, 677) from the tryptophan prototrophs and DXY1 .
el S5 TR Se HE ok IBeastich et By B R LieA CHRG while
Be2BeksndrRAB03 (TaRledR rddle) was ashievad e fallomd: HindIll and
%r%pl te genomic DNA, 5L iOXBuffer (Fast Start Tag+Mg, (Roche)), 1L

ARG P2 o . B ASHGEr i BT LEoRd deterts masaid PRBso7

WiBurt2D.) PTRs syasgudiénpsr foxmBa0ssindadrived nniEW@ 0533883l DNA
Cycler 9700. The conditions were: denature at 94C for 4min [HOLD)], the
LT it d SUGUE st et ST YEr S SSCEIEE Arsgicine

prienilidialRbofer Aldsee;i@ndd tyclasncthandHO bjifi2éedohiOmib@andases
e a1 S aateaton o e Dy e O oo B
sequence. Plasmid pDB2777 contained a TRPI disrupting fragment that
comprised a fusion of sequences derived from the 5' and 3' UTRs of TRPI. This
0.383kbp TRPI disrupting fragment was excised from pDB2777 by complete
digestion with EcoRI.

Yeast strain DXY1 (Kerry-Williams et al., 1998, Yeast, 14, 161-169) was
transformed to leucine prototrophy with the albumin expression plasmid pDB2244
using a modified lithium acetate method (Sigma yeast transformation kit, YEAST-
1, protocol 2; (Ito et al, 1983, J. Bacteriol., 153, 163; Elble, 1992, Biotechniques,
13, 18)) to create yeast strain DXY1 [pDB2244]. The construction of the albumin
expression plasmid pDB2244 is described in WO 00/44772. Transformants were
selected on BMMD-agar plates, and were subsequently patched out on BMMD-
agar plates. Cryopreserved trehalose stocks were prepared from 10mL BMMD
shake flask cultures (24 hrs, 30°C, 200rpm).
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the deleted PDI1 region resulted in a PCR product 0.65kbp. PCR analysis
identified that all 36 potential pdil:: TRP1 strains tested had the expected
pdil::TRP1 deletion. 10 The recombinant albumin titres were compared by
rocket immunoelectrophoresis (Figure 92). Within each group, all six
pdil::TRPI disruptants of DXY1 trpld [pDB2976], DXY1 trpld [pDB2978],
DXY1 trpld [pDB2980], DXY1 trpld [pDB2977] and DXY1 trpld [pDB2979]
YV fy BidaiRar iH2a p tochsCoindtiets to Qniyttpd sixapditrdfR P Ivdidr it ah B8 Bk bp

XYt pRB2981 ed variation. 15 in ression titre. . The six
i R s D T B B P 2 S o Gl
agarporigoigtéhsingleeolseligsiaa drfiperpharp atciheth enfofl Bividddaigaitic acid

ingle celled i tes.of DXY1 trp i, TR 76], DXY1 .
E%E&ésa p%%l%ﬁfﬁ%fé%ﬁ‘é%n Eff(\? "trggB pdi e?ﬁ?@%?)%%%%&@f , D?\?]lfmes
tpidtapditn TRPi(pID BRBZE] oD XA thpldepd i idi P [apDB82AKE]J amtoDX¥tond
trpld . pdik: TRR1 B2981].along with DXY 1 [pDB2244], DXY
R P e P T B B BB s A by
FeleB2OV 9] arndnDXY bafpBROB tlavate ilboskatebbints idmeh Yie®DBvire then
50mL shake flask incuba i orbital shaker at 30, 200rpm
AR e TR I S LRl SR ere
afmiphatitres otenghsompared by rocket immunoelectrophoresis (Figure
93). The thirteen wild type PDI1 and pdil:: TRP1 disruptants indicated in

Figure 93 were spread onto YEPD agar to isolate single colonies. One
Ruhsirgetsihgleobellesl dolohies rem gaohnstaibeweyptapbar e 29 qpditcvede

VEP N " " '
R B A A o PR S,
BB eChmo Ddy 2 - 083 18Ry atuintvdhicbusstripsrweuspHA-, Leu-rHA+

or Leu-/rHA- phenotype of each colony scored (Table 13). 5

PCR amplification across the TRPI locus was used to confirm that the trp
phenotype was due to a deletion in this region. Genomic DNA was prepared from
isolates identified as resistant to 5-FAA and unable to grow on minimal media
without the addition of tryptophan. PCR amplification of the genomic TRPI locus
with primers CED00O5 and CEDO006 (Table 12) was achieved as follows: 1uL
template genomic DNA, 5SuL. 10XBuffer (Fast Start Tag+Mg, (Roche)), 1uL
10mM dNTP's, SuLL each primer (2uM), 0.4uL Fast Start Taq, made up to SOuL.
with H,O. PCRs were performed using a Perkin-Elmer Thermal Cycler 9600.
The conditions were: denature at 94°C for 10min [HOLD], then [CYCLE]
denature at 94°C for 30 seconds, anneal for 30 seconds at 55°C, extend at 72°C for
120sec for 40 cycles, then [HOLD] 72°C for 10min and then [HOLD] 4°C. PCR
amplification of the wild type TRPI locus resulted in a PCR product of 1.34kbp in
size, whereas amplification across the deleted TRPI region resulted in a PCR
product 0.84kbp smaller at 0.50kbp. PCR analysis identified a DXY1 derived trp’
strain (DXY1 trplA [pDB2244]) as having the expected deletion event.
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Table 13: PDI1 pdil:: TRP1 Leu+ Leu- Leu+ Leu- Leu+ Leu- Leu+ Leu-
rHA+ rHA+ rHA- rHA- rHA+ rHA+ rHA- rHA- pDB2244 100 0 0 O pDB2976
70474697030 pbB297886 0014100000 pDB298098 00 2 100
000 pDB297700496100000 pDB2979690625100000
pDB2981 8500 1592 0 0 8 These data indicate plasmid retention is
increased when the PDI1 gene is used as a 10 selectable marker on a

ﬂfﬁé%dsmsﬁﬂﬁsbxlﬁinth@ﬂm@mgmﬂmQ&@maihd%lcﬂ@e@'xﬁ&biﬁf{%}dﬁlﬁd
non-selective medium such as the exemplified rich medium. 130 CLAIMS

PDR2dthod rdessredcipy RbsR L tamily gASmitpFsedirriatipAsing sl &)-
HXW'”PW%E’P%‘n“’e'lxz%?”‘[%rﬁb!ﬁgférﬁ{@dfaﬁ&‘é'yleﬁ%%@' }8‘%@@1@ Qyith either

comprisirig a gene a encoding protein comprising thé sequ
ohRYbhe pIdBe¥ @ndRBREE, epPBINEEa nOB 297 FapidB PR mb&lﬁﬁl
(Rspg e AT AclinA Sltwemedmundstaonditons gt shoxsr

expression of the gene enco rotein comprising t
dequence &f ﬂi@ Mpé&t&fie@rmeradd tlﬁé,gbﬁfe Eﬂdodir?@% Biotechniques,

‘?9”1%224%'{5 5‘&% WLptel; &”Qé? aPe% %W‘E’r?es Steq with

non- proteln rom cultu host cell br the culture
madipinan?. ?ﬁma m@modsmbs@tmmtlyfunateh@bmrtsmgtrﬁl‘dtd@ofgar plates

fé%%fré;'%%;éﬁge&h &iRUHABELRRN 2MAR T RRRPIL AR Wik 6L Rbared
from 10mL BMMD shake flask cultures supplemented with tryptophan (24 hrs,
30°C, 200rpm).

The yeast strains DXY1 #rplA [pDB2976], DXY1 trplA [pDB2977], DXY1
trpl A [pDB2978], DXY1 trplA [pDB2979], DXY1 trplA [pDB2980] or DXY1

trplA [pDB2981] was transformed to tryptophan prototrophy using the modified
lithium acetate method (Sigma yeast transformation kit, YEAST-1, protocol 2; (Ito
et al, 1983, J. Bacteriol., 153, 163; Elble, 1992, Biotechniques, 13, 18)) with a
1.41kb pdil::TRP1 disrupting DNA fragment was isolated from pDB3078 by
digestion with Notl/Pstl. Transformants were selected on BMMD-agar plates and

were subsequently patched out on BMMD-agar plates.

Six transformants of each strain were inoculated into 10mL YEPD in 50mL shake
flasks and incubated in an orbital shaker at 30°C, 200rpm for 4-days. Culture
supernatants and cell biomass were harvested. Genomic DNA was prepared (Lee,
1992, Biotechniques, 12, 677) from the tryptophan prototrophs and DXY1
[pDB2244]. The genomic PDII locus amplified by PCR of with primers DS236
and DS303 (Table 11 and 12) was achieved as follows: 1uL template genomic
DNA, 5uL 10XBuffer (Fast Start Tag+Mg, (Roche)), 1uL 10mM dNTP's, SuL
each primer (2uM), 0.4puL Fast Start Taq, made up to SOuL. with H,O. PCRs were
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optionally presenting the thus formulated protein in a unit dosage form. 20
3. A method according to any preceding claim wherein the chaperone has
a sequence of a fungal chaperone (preferably a yeast chaperone) or a
mammalian chaperone (preferably a human chaperone). 25 4. A method
according to any preceding claim wherein the chaperone comprises the
sequence of a protein encoded by any one of AHA], CCT2, CCT3, CCT4,
pehbin&Citng @ TPerkie- BBmeN Bigr@PIRG y S8 RS (IBP SThE&E R@YiEbiS | were:

MO1, HCH1 HSP10, HSP P104, P30, HSP4
5@& ?ﬁél_éj%e %rpéﬁl}%éﬁ%?@ﬁui,w@‘ﬁ%@%‘ﬁz%ﬂf"&fﬂ 30
BdebildsABRfabafA Rl 30 KRIbntd RLB0 BT Tk teHaCad 726 Rot, 6dS€e8dr 3B Lycles,
KAR2, LHS1, MGE1, MRS]], NOB], ECMIO, SSA], SSA2, SSA3, SSA4,

s HSHM) BIRG 5y JPmig andikmn (BRI #iER) BERonpleatigngof the
RAE LsrrpeatRa iotienigss A FeR Arongthod ReeRdIRRER&Mbn across

preceding claim wherein the chaperone Is protein disulphide isomerase,

Hiecorlpisde St Jegigensesvited pitail @R coisti vy PEprorR ZRorsd yis
AvRRNLar fiaomensdheneal. which veyiagt gh fragientRassesses Red

same enzymatic activity. 10 6. A method according to any preceding claim
Méfgﬁﬂ}/edﬁ&%ll also expresses a second recombinant gene
encoding a chaperone that is different to the first chaperone encoded by
the plasmid. 7. A method according to Claim 6 wherein the second

o FREMH R R Al DYBIB HAERA YeEE FRAPRHMSEDN 1stesThiRBIRIRIGRthhaE S
o d ' Clai 6 in.t i
R ol EIN, | DRy 14

Ynarogenelisktiie second spEIaheamgeEneecodinigBRoRaREne asrp A
defined by 20 Claim 6.
[pDB2977] and DXY1 trplA [pDB2979] had very similar rHA productivities.

Only the six pdil::TRP1 disruptants of DXY1 trpl1A [pDB2981] showed variation
in tHA expression titre. The six pdil::TRP1 disruptants indicated in Figure 92

were spread onto YEPD agar to isolate single colonies and then re-patched onto

BMMD agar.

Three single celled isolates of DXY1 trpl A pdil::TRP1 [pDB2976], DXY1 trpl A
pdil::TRPI [pDB2978], DXY1 trplA pdil::TRPI1 [pDB2980], DXY1 trplA

pdil::TRP1 [pDB2977], DXY1 trplA pdil::TRPI [pDB2979] and DXY1 trplA
pdil::TRPI [pDB2981] along with DXY1 [pDB2244], DXY1 [pDB2976], DXY1
[pDB2978], DXY1 [pDB2980], DXY1 [pDB2977], DXY1 [pDB2979] and DXY'1
[pDB2981] were inoculated into 10mL YEPD in 5S0mL shake flasks and incubated
in an orbital shaker at 30°C, 200rpm for 4-days. Culture supernatants were
harvested and the recombinant albumin titres were compared by rocket
immunoelectrophoresis (Figure 93). The thirteen wild type PDII and pdil::TRP1
disruptants indicated in Figure 93 were spread onto YEPD agar to isolate single

colonies. One hundred single celled colonies from each strain were then re-
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9. A method according to any one of Claims 6 to 8 wherein one of the
chaperones is protein disulphide isomerase. 25 10. A method according to
any one of Claims 6 to 9 wherein one of the chaperones is ORM2. 11. A
method according to Claim 6 or 7 wherein the two chaperones are protein
disulphide isomerase and ORM2. 30 132 12. A method according to any
preceding claim wherein the non-2m-family plasmid protein comprises a
jeaderdsequabbBVEifegiive tOYERI3 e sacretitimingyegasht aritBHS Metitibddy to
SF%Edéeré‘gs?”I}’ & ?&%%%&%L "a*ib‘ﬁh?ﬁer@%hg DPOr2TSEAMAY, Rlasmid o o
pro?eln IS @ eukaryotic protein, or a Frlag ent'or variant thiereof, pre ergﬁly
a8zit&hratel dical fengalHucheas-alydasheprofdins bé Lauvidtodpheoorgpeaf
te%glngo%gc%g(i)ggdc 5%116\:” rein the non-2m-family 10 plasmid protein
comprises a sequence selected from albumin, a monoclonal antibody, an
5 etoposide, a serum protein (such as a blood clotting factor), antistasin, a
tic ﬁ:niigpagulant peptide, transferrin, lactoferrin, endostatin, angiostatin,
%‘, immunoglobulins, or Immunoglobulin-based molecules or
fragment of either (e.g. a dAb, Fab' 15 fragments, F(ab')2, scAb, scFv or

Cies, interfeﬁgﬁ_@wﬁp@cies and

sub-specieps, Interferon y species and sub- gpecies, leptin, CNTF, CNTF,is

xokine TNI); UklreCaptpr antagenist, | iythfopgigtin (ERR) ANGEPD Leu-

imics, thrombopojetin (TRO) and TPO 20 mimics, [prosaptide,

Nre|ix THAG peptide, T12WS-peptitiet HNGP41, Hik-gp13H)-

PrOUToKINase, tPA, tiradym, pid.[eIJ|€[ derived growtiT factor,
C

hdH%one, proinsulif, insuli) gl

agon,

pDB2976 7 0 47 46 97

pDB2978 86 14

pDB2980 | 98

pDB2977

pDB2979

pDB2981

These data indicate plasmid retention is increased when the PDII gene is used as a
10  selectable marker on a plasmid in a host strain having no chromosomally encoded

PDI, even in a non-selective medium such as the exemplified rich medium.
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glucagon-like peptides, insulin-like growth factor, calcitonin, growth
hormone, transforming growth factor (3, tumour necrosis factor, G-CSF,
25 GM-CSF, M-CSF, FGF, coagulation factors in both pre and active
forms, including but not limited to plasminogen, fibrinogen, thrombin, pre-
thrombin, pro-thrombin, von Willebrand's factor, al-antitrypsin,
plasminogen activators, Factor VII, Factor VIII, Factor IX, Factor X and
Factor XllI, nerve growth factor, LACAIMESelet-derived endothelial cell 30
growth factor (PD-ECGF), glucose oxidase, serum cholinesterase, 133
aprotinin, amyloid precursor protein, inter-alpha trypsin inhibitor,

antithromibistHdd &poplipdpriateinsipaiesaRiigtplastiPpodeiin Somipa siagant
or fragment of any of the above. 5 15. A method according to any
preceding claim wherein the non-2m-family plasmid protein comprises the
seouensealipbumiter @RI Hsiiagmenkibeieny: Hashmethedplasmid
according to any preceding claim wherein the non-2m-family 10 plasmid

proteinBMBRLES theWqdeRREGNE 1 EHiFPRARTIRHetbeacauence of a
prefera&[xﬂg@(g]@‘ %ﬂeﬁf Aﬂ@tﬁ’f&rﬁ@eﬁoﬁﬂﬂ%r@m&Qﬂﬁgﬁlﬂﬂwﬁﬁ%ﬁﬁ protéin;

method according to any preceding claim wherein the non-2m-family
plasmid protein comprises a fusion protein, such as a fusion protein of 15

alpu mi'@_lﬁfu?iﬁ@ﬂfef @_{&‘B family J%ﬁ%ﬂ%rrﬂécﬁlﬂﬁ%ﬁEPE&ﬁH{{&Bttﬂiteﬂhﬁ% the
fused directly or indirectly to the sfg}%uence of another protein. 18. Use of a

2m-fanfily SIS e fdhcesgiie SN necEr o sera R e iehp Asabeish brthe
fungal (prefetatlypreash) ahyerePRIg NeR-&MiARiY.R0 RPIASTHAIP ¢Rihnid

by providing a gene encoding the non-2m-family plasmid protein and a
gene eRt¥eiligtadhaperone protein on the same 2m-family plasmid. 19.

A use according to claim 18 wherein the chaperone has a sequence of a

(©) purifying the thus expressed non-2pum-family plasmid protein from the

cultured host cell or the culture medium.;

2. The method of Claim 1 further comprising the step of formulating the
purified non-2um-family plasmid protein with a carrier or diluent and

optionally presenting the thus formulated protein in a unit dosage form.

3. A method according to any preceding claim wherein the chaperone has a
sequence of a fungal chaperone (preferably a yeast chaperone) or a

mammalian chaperone (preferably a human chaperone).

4. A method according to any preceding claim wherein the chaperone
comprises the sequence of a protein encoded by any one of AHAI, CCT2,
CCT3, CCT4, CCT5, CCT6, CCT7, CCT8, CNS1, CPR3, CPR6, EPSI,
EROI, EUGI, FMOI1, HCHI, HSP10, HSP12, HSP104, HSP26, HSP30,
HSP42, HSP60, HSP78, HSP82, JEMI, MDJ1, MDJ2, MPDI, MPD?2,
PDII, PFDI1,ABCI1,APJ1, ATPI11,ATP12, BTTIl, CDC37, CPR7, HSCS2,
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25 fungal chaperone (preferably a yeast chaperone) or a mammalian
chaperone (preferably a human chaperone). 20. A use according to claim
18 or 19 wherein the chaperone comprises the sequence of a protein
encoded by any one of AHAL, CCT2, CCT3, CCT4, 30 CCTS, CCT6,
CCT7, CCT8, CNS1, CPR3, CPR6, EPS1, ERO1, EUG1, 134 EMOL1,
HCH1, HSP10, HSP12, HSP104, HSP26, HSP30, HSP42, HSP60,
HSP78KHBR82/SEM](MDIMRAI DI 2y 0PD EMAD2S PO ED SSABCJSAS,

APJ], ATP]], 2.BTT CP , ,
RS Nob i sk sehs! SRl SRR Qe I S ana
SLS], 54B1ApORMa@RMPoBERTAPTLC2, PSEL1 and HACI or truncated
intronless HACI. 21. A use according to any one of claims 18 to 20

wherein the chaperone is protein disulphide isomerase, or comprises the
Sequensemdthqrateinrdifge necagdirycPERg, ORM2ndreS8Aor ahagrisnteors
fragme“tott%%{eéi{sd?’ *E‘&P valiantof raoment oSSesees. R 2aAMS: 4 brotein
enzymg{ic activity. DK lise according 1) a%y one of Cldims 18 1o 217
whereirrtbadpdalsnith Kb MiRME Dtvid Alifferantgemne sefregoioy differaitwhich

chapergnes. .one. of Whi%h 15§§en is a second recomlgjnzimt gene
AZINC 1V1

encodir\{aI laalci:%(gpér ne that is different fo %ﬁng%%]tagﬁgﬁeroﬁé encoded by

the plasmid. 23. A use according to Claim 22 wherein one of the

haperqnes js protein_disulphide isomerase. 20 24. A use accordi
e 53 S0 G U SIS G IR SIS
accordixptesChim 2&wikraicothkinaat chaperomeslonge proteipedisealphideis

someragf i QRNA AL AR AHER REGRIAAE A e of claims 1810

25 wherein the non-2m-

7. A method according to Claim 6 wherein the second recombinant gene

encoding a chaperone is chromosomally integrated.

8. A method according to any one of Claims 1 to 6 wherein the plasmid
comprises two different genes encoding different chaperones, one of which

gene is the second recombinant gene encoding a chaperone as defined by

Claim 6.

9. A method according to any one of Claims 6 to 8 wherein one of the

chaperones is protein disulphide isomerase.

10. A method according to any one of Claims 6 to 9 wherein one of the

chaperones is ORM?2.

11. A method according to Claim 6 or 7 wherein the two chaperones are

protein disulphide isomerase and ORM?2.
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plasmid protein comprises a leader sequence effective to cause secretion
in yeast. 135 27. A use according to any one of claims 18 to 26 wherein
the non-2m-family plasmid protein is a eukaryotic protein, or a fragment

or variant thereof, preferably a vertebrate or a fungal (such as a yeast)
protein. 5 28. A use according to any one of claims 18-27 wherein the
non-2m-family plasmid protein comprises a sequence selected from
athuminy anstieswatoaliantibady, gacetiposidenandeivn roten-Guafasily
a blood clotting factor), antistasin, a.tick anticoagulant peptide, transferrin,
(actofeR R BHHRSLAHR LRSI LB SRS RAEHB A GT Sieretion in

Immunggiebulin-based molecules 10 or fragment of either (e.g. a dAb,
Fab' fragments, F(ab')2, scAb, scFv or scFv fragment), a Kunitz domain
protein, interferons, interleukins, 1L10, IL11, 1L2, interferon a species and

$8b-specigstHotestersading $0eEIePREITHE TRBEI QS eiblie ey AN HRecehily
and sub-species, leptin, CNTF, CNTFMis (AxokineTM) ILI-receptor
antagoRI&t A MHRSPGidtiA @Sy A EPS mrhitdragNirbbypsatithereof,

(TPO) prdeli, minvieshrposARIgR: NakathyAoidRasmengeiproinsulin,
insulin, glucagon, glucagon-like peptides, insulin-like growth factor,
calcitonin, growth hormone, transforming growth factor (3, tumour

necrosis faetRbdGesttine WrGRFpMebdify EiGh GeraslatiRndasiofisnFamily

both pre and active forms, including but not limited to plasminogen,
fibrinogdas R thPERBh, FREIRERSb, PREMERSMIRICHSA Viinabratkpenin, a

factor, ﬁizﬁ@tﬁa{ﬂﬁiramQJa&yoi@ﬁgaefﬁﬁﬁwétoxss&@ﬁtqsrytuif@ﬁ@ﬁ Vil blood
Factor IX, Factor X and Factor XIIl, nerve growth factor, LACI,

platele iR d faH@Eth et LatiyrotvtHFacHIgPISUENE FCRjideosansterrin,

oxidase,GefmrchARRSIgNRASe aARINIRIM, 2RIk RICGHIFRAMBIIMBWIns, or
inter-alpha trypsin inhibitor, antithrombin Ill, apo 25 lipoprotein species,

Proteinl@MBRsgPalinbasgd mantesk i gmbnemeahyiofither hava dAd, Fab’

fragments, F(ab’),, scAb, scFv or scFv fragment), a Kunitz domain protein,
interferons, interleukins, IL10, IL11, IL2, interferon o species and sub-
species, interferon 3 species and sub-species, interferon 7y species and sub-
species, leptin, CNTF, CNTFay;5 (Axokine™), IL1-receptor antagonist,
erythropoietin (EPO) and EPO mimics, thrombopoietin (TPO) and TPO
mimics, prosaptide, cyanovirin-N, 5-helix, T20 peptide, T1249 peptide,
HIV gp41, HIV gpl120, urokinase, prourokinase, tPA, hirudin, platelet
derived growth factor, parathyroid hormone, proinsulin, insulin, glucagon,
glucagon-like peptides, insulin-like growth factor, calcitonin, growth
hormone, transforming growth factor [, tumour necrosis factor, G-CSF,
GM-CSF, M-CSF, FGF, coagulation factors in both pre and active forms,
including but not limited to plasminogen, fibrinogen, thrombin, pre-
thrombin, pro-thrombin, von Willebrand’s factor, «-antitrypsin,
plasminogen activators, Factor VII, Factor VIII, Factor IX, Factor X and
Factor XIII, nerve growth factor, LACI, platelet-derived endothelial cell

growth factor (PD-ECGF), glucose oxidase, serum cholinesterase,
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29. A use according to any one of claims 18 to 28 wherein the non-2m-
family plasmid protein comprises the sequence of albumin or a variant or
fragment 30 thereof. 136 30. A use according to any one of claims 18 to
29 wherein the non-2m- family plasmid protein comprises the sequence

of a transferrin family member, preferably transferrin or lactoferrin, or a
variant or fragment thereof. 5 31. A use according to any one of claims 18
to 30 wdyeoeinithe aopkdio-faradyrsplaspriddgpnoteainaestjpraises yiusiomhibitor,

protein, such as a fusion protein of . albumin gt a transfeyrin famil .
membei S AT e Rl SREr L el iRy Yariont

the sequdingaehanbtingrqinbkeibol®. 32. A 2m-family plasmid comprising a
gene encoding a protein comprising the sequence of a chaperone protein
and a gene encoding a non-2m-family plasmid protein, wherein if the
pRasmidiisredset endhknZnoplagpiddbdingtdtim didiategreateonoveton-thmily
33. A plasmid according to claim 32 wherein the chaperone hasa .
scquerlA 1Y FURGAR CRABBIGRS (BFerSaties yenst b She) orant or
mammatigmeheghereste (preferably a human chaperone). 20 34. A

plasmid according to claim 32 or 33 wherein the chaperone comprises the
sequence of a protein encoded by any one of AHA], CCT2, CCT3, CCT4,

CETS, CGEMIAGTIGET & GNFheCRRS, CRR6IERS], (ERG BlG family
EMO1, HCH1, HSP10, HSP12, HSP104, HSP26, HSP30, HSP42,
HSP60P@I%‘§98?IQL%‘P8Q@PE‘W B SEaWiREs2O b BAS{FB L [y member,

PED1, ABelathy dhrdBe ARl 1Act6Te a8 b b wak5a38 or GREerid HeB3f.
KAR2, LHS], MGE], MRS]], NOB], ECMIO, SSA], SSA2, SSA3, SSA4,

SSC], SSE2, SIL], SLS], UBI4,
17. A method according to any preceding claim wherein the non-2um-family

plasmid protein comprises a fusion protein, such as a fusion protein of
albumin or a transferrin family member or a variant or fragment of either,

fused directly or indirectly to the sequence of another protein.

18. Use of a 2um-family plasmid as an expression vector to increase the
production of a fungal (preferably yeast) or vertebrate non-2pum-family
plasmid protein by providing a gene encoding the non-2pum-family
plasmid protein and a gene encoding a chaperone protein on the same

2um-family plasmid.

19. A use according to claim 18 wherein the chaperone has a sequence of a
fungal chaperone (preferably a yeast chaperone) or a mammalian

chaperone (preferably a human chaperone).

20. A use according to claim 18 or 19 wherein the chaperone comprises the
sequence of a protein encoded by any one of AHAI, CCT2, CCT3, CCTH4,
CCT5, CCT6, CCT7, CCTS, CNS1, CPR3, CPR6, EPSI, EROI, EUGI,
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ORM], ORM2, PER], PTC2, PSEI and HACI or truncated intronless HAC].

35. A plasmid according to claim 32 to 34 wherein the chaperone is

protein 30 disulphide isomerase, or comprises the sequence of a protein
encoded by 137 PSE1, ORM2 or SSAL or a variant or fragment thereof,
which variant or fragment possesses the same enzymatic activity. 36. A
plasmid according to any one of Claims 32 to 35 wherein the plasmid 5
compriseX o dittérentig@rios Hedding sitffére it SRaperdses) oHS B2, HSP60,

Gierent 8 1 10 Eha on LAl By . e 7 R Hel - ABCL

accordidd§a, Q\aikd BeATREeiRTGhE 6108 ChaP&IOESGShrateR?, UXHS1, MGEI,

disulphi %m : ARl i rding 1o Llal r hegrein

one of the ¢ a’p}e?]:@%Z’s%?%Ig@% g%%%%%%%hf§‘§:¥§)é§d? r% g@aﬁn’f BSLS]’
whereintBé/tvidRathAperovies RER pr&ET?, deSillphicd isb6Verasenacatdd RivBnless
40. A plﬁ |}j according to any one of claims 32 to 39 wherein the

non-2Rm- family plasmid protein comprises a leader sequence effective to
cause 20 secretion in yeast. 41. A plasmid according to any one of claims

5?.t°.4%W£‘s%r%ic%5¥‘c%1{‘°'95221%&1“2%{1%2?)‘%3’&"?%%“‘ p{é"f&”v‘v%&e%H'@%‘/‘éﬂgperone is
protein, or a fragmentor variant thereof, preferably a vertebrate or a

fungal (putthimsdsygasticpiotemrds, 48r Apigsma dbeordingiocany anepoftein
claims ?é%ctgdfé& i@éyh‘%’beé') L S el Aﬁﬁm'%rpgr‘%atger'ﬁ‘eﬁ%’ MBS hich
sequence selected from’albumin, a” monoclonal antibody, an etoposidé, a
serum proiein ¢(sucizas bivechsiotlingafactor)ymatistasiyjta.tick
anticoagulant peptide, transferrin, lactoferrin, 30 endostatin, angiostatin,

collagens, immunoglobulins, or Immunoglobulin-
22. A use according to any one of Claims 18 to 21 wherein the plasmid

comprises two different genes encoding different chaperones, one of which
gene is a second recombinant gene encoding a chaperone that is different to

the first chaperone encoded by the plasmid.

23. A use according to Claim 22 wherein one of the chaperones is protein

disulphide isomerase.
24, A use according to Claims 22 or 23 wherein one of the chaperones is ORM2.

25. A use according to Claim 22 wherein the two chaperones are protein

disulphide isomerase and ORM2.

26. A use according to any one of claims 18 to 25 wherein the non-2um-family
plasmid protein comprises a leader sequence effective to cause secretion in

yeast.
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138 based molecules or fragment of either (e.g. a dAb, Fab' fragments,
F(ab’)2, scAb, scFv or scFv fragment), a Kunitz domain protein,

interferons, interleukins, IL10, ILI1, 1L2, interferon a species and

sub-species, interferon 3 species and sub-species, interferon y species

and sub-species, leptin, 5 CNTF, CNTF,is (AxokineTM), ILI-receptor
antagonist, erythropoietin (EPO) and EPO mimics, thrombopoietin (TPO)

and TPO wéniesrpresaptias, oegasovitimN | §-tiels, WRE-@entidemohl249-family
peptide, HIV gp4l, HIV gp120, urokinase, .rourokin?se, tPA, hirudin,
platelePbaéFR}gdpé%‘?A)%hlFaéto‘?}kﬁ%Y%tﬁy%? Hororte TBRINSELIRY, VAL, thereof,
glucagprsfatibBgonelik®meptice sudginsuinaikeygvyipréagior, calcitonin,
growth hormone, transforming growth factor (3, tumour necrosis factor,
G-CSF, plasminogen activators, Factor VII, Factor VIII, Factor IX, Factor

Xsand Kagter 2Ubrdievegewtidiactdr clafkd, 18l2telehdrsivadendatbglialfamily
cell growth factor (PD-ECGF), glucose oxidase, serum cholinesterase,
aprotifKSBHSY o e CORLR o fe AT IiBr Castrs e dRnaiA Riiiftof, monoclonal
antithrgmabisdll], apetpopiich shasieprdieate(duch REOEIBIoddOfIatatafictor),
or fragment of any of the above. 43. A plasmid according to any one of .
claims* 851392 \fh&iEin AHEC ARG PEREHS, prae i BrothiH s FHBrisgdostatin,
the seghigiase @f albumEh Or isnManl uldd fiagmentibereafliddaled molecules
plasmid according to any one of claims 32 to 43 wherein the non-2gm-

1 > 5 g
family i SARIBBEAERA LG Bris s B JatudRESPL trAbTbis iV or scFv
membei gaieheyad I dransiorrini o hlaetnferierforcny dranleakhagmeot 1231, 112,
thereof. 45, A plasmid according to any one of claims 32 to 44 wherein the
non-20HET &l HISRSFIES PO Y ERRSHRe SHISTIR pictBRs Sugh hsup-species.

fusion jpreiripyRfyalpuEin an@ Hianshepis fasphhmeNbe!r oNeryaianiaokine™),

fragment of either, 30 fused directly or indirectly to the sequence of o

anothé}dﬂ)r{ﬁ%qﬁgor antagonist, erythropoietin ©~ (EPO) and EPO mimics,
thrombopoietin (TPO) and TPO mimics, prosaptide, parathyroid hormone,
proinsulin, insulin, glucagon, glucagon-like peptides, insulin-like growth
factor, calcitonin, growth hormone, transforming growth factor B, tumour
necrosis factor, G-CSF, GM-CSF, M-CSF, FGF, coagulation factors in both
pre and active forms, including but not limited to plasminogen, fibrinogen,
thrombin, pre-thrombin, pro-thrombin, von Willebrand’s factor, a,-antitrypsin,
plasminogen activators, Factor VII, Factor VIII, Factor IX, Factor X and Factor
XIII, nerve growth factor, LACI, platelet-derived endothelial cell growth factor
(PD-ECGF), glucose oxidase, serum cholinesterase, aprotinin, amyloid
precursor protein, inter-alpha trypsin inhibitor, antithrombin III, apo-

lipoprotein species, Protein C, Protein S, or a variant or fragment of any of the

above.

29. A use according to any one of claims 18 to 28 wherein the non-2pum- family
plasmid protein comprises the sequence of albumin or a variant or fragment

thereof.
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139 46. A host cell comprising a plasmid as defined by any one of claims
32to 44. 47. A host cell according to Claim 46 wherein a chaperone
encoded by the 5 plasmid is an essential gene. 48. A host cell according
to Claim 47 wherein, in the absence of the plasmid, the host cell does not
produce the chaperone. 10 49. A host cell according to any one of Claims
46 to 48 which is a yeast cell. 50. A host cell according to Claim 49 in
which the plasmid is based on pSR1, pSB3 or pSB4 and the yeast cell is

h i, the plasmid i SB1 or pSB2.and . .
e BB SRR i Ty LB, B AT Q6 ABgr g family
PSM1 phdilie yeasiiseldmpygasasehaumyee sfermaniiiherpismidmber,

based on pKD1 and the yeast cell is Kluyveromyces drosophilarum, the
p|asmiaﬁgpﬁfg[§§atm§sﬁa%{ AL AT TS TSt heteor.

membranaefaciens, or the plasmid is based on the 2m plasmid and the
geast cell is Saccharomyces cerevisiae or Saccharomyces 20

arlsbeYGBRLASCH IR oS MEHor Y d THRInY SHHTWHISS O HSHHRmI1Y

is basghomitheiiplasmigdianrd thaiyieasheabils Sa6ENAI0MNYEaSn protein of
cerevisiae or Saccharomyces carlsbergensis. 25 52, A method accordin

to ClaiPSTAGTE R IHENESHEANTAL FSPREN SistanFiet B GASFee 6 cither

Claimgike diddothorrintietaad acerreiggeiaCoainfBavpriein.the host cell
is a host cell as 30 defined by Claim 48, or any other claim dependent

thereon. 140 54. A method according to Claim 53 wherein the step (b)
solves SukHFing e Rastcalhipensselesi/enmRic, SPetan adighrising the
media. 5 55. A host cell according to claim 46 comprising a first
recomBiA¥eRGeAk a chaperone protein and a gene encoding a non-2um-family
plasmid protein, wherein if the plasmid is based on the 2um plasmid then it is

a disintegration vector.

33. A plasmid according to claim 32 wherein the chaperone has a sequence of a
fungal chaperone (preferably a yeast chaperone) or a mammalian chaperone

(preferably a human chaperone).

34. A plasmid according to claim 32 or 33 wherein the chaperone comprises the
sequence of a protein encoded by any one of AHAI, CCT2, CCT3, CCTH4,
CCT5, CCT6, CCT7, CCTS, CNS1, CPR3, CPR6, EPSI1, EROI, EUGI, FMOI,
HCHI, HSP10, HSPI12, HSP104, HSP26, HSP30, HSP42, HSP60, HSP7S,
HSP82, JEMI, MDJ1, MDJ2, MPDI, MPD2, PDIl, PFDI, ABCI, APJI,
ATPI11, ATP12, BTTI, CDC37, CPR7, HSCS82, KAR2, LHSI1, MGEI, MRSI1,
NOBI, ECM10, SSAI, SSA2, SSA3, SSA4, SSCI1, SSE2, SILI, SLS1, UBHM,
ORM1, ORM?2, PERI, PTC2, PSEI and HACI or truncated intronless HACI.

35. A plasmid according to claim 32 to 34 wherein the chaperone is protein

disulphide isomerase, or comprises the sequence of a protein encoded by
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encoding a protein comprising the sequence of protein disulphide

isomerase (PDI) and a second recombinant gene encoding a protein
comprising the sequence of a transferrin-based protein wherein the first
recombinant gene encoding a protein comprising the sequence of protein
disulphide isomerase 10 (PDI) is provided on a 2m family plasmid. 56. A

host cell according to Claim 55 wherein the transferrin-based protein
comprigsE thedtfdeoce A franshe srani artany rtipeteme thbeonf thiech variant or
transfegian rrl‘lzérmil geé .elaﬁ;[gferrgg)é a v]%g{algg or fr{a ment thereof or a

fusion pro%eln 1 CSOmSp?ismgS%rans?eZP’rln, & vanant or fragment thereof. 57.

A host cell according to any one of Claims 55 or 56 wherein the second
recomhinant gepe encoding a protein compyising the seguence of a .
e AL eI Rt ST B4 A YisLcipe plasmid
according poi €kaimd diffbereirgthes ptasmioh gs df2erefaniiypplasmichsOofAwhich
host cell accordind 9 Claim. 55,01 2OMIerein (he Se60nd [SEOMDINANL. &3 the
gene e%wcodlng a protein comprlsﬁgnt?we sequénce of a trans Ertin-based
proteiriistatirgraoseraatydimtdgradtedlB8mMid host cell according to Claim 59
wherein the second recombinant gene encoding a protein comprising the
sequence of a transferrin-based protein is 30 chromosomally integrated
dfthe bqissofidrmenadgenousiriencédeddéh ddd gfethe, graferaindy is protein
withouéighzrlﬁ%ig% tpn% £X _ressior_l (_)f the (_endogenou_s PDI gene.61. A h_ost
cell according to claim 4 comprising a first recombinant gene 5 encoding
a protein comprising the sequence of protein disulphide isomerase (PDI)

ggd a i\eg?g%%ﬁca?c@ r&%@tt%eﬁgaﬁﬁ‘%%di&g F/RIRE £omPT jiﬁ%tgﬁgFerones is

sequenc a transferrin-base protein wherein the second recombinant
gene ORM2.
39. A plasmid according to Claim 36 wherein the two chaperones are protein

disulphide isomerase and ORM2.

40. A plasmid according to any one of claims 32 to 39 wherein the non-2um-
family plasmid protein comprises a leader sequence effective to cause

secretion in yeast.

41. A plasmid according to any one of claims 32 to 40 wherein the non-2um-
family plasmid protein is a eukaryotic protein, or a fragment or variant

thereof, preferably a vertebrate or a fungal (such as a yeast) protein.

42. A plasmid according to any one of claims 32 to 41 wherein the non-2um-
family plasmid protein comprises a sequence selected from albumin, a
monoclonal antibody, an etoposide, a serum protein (such as a blood clotting
factor), antistasin, a tick anticoagulant peptide, transferrin, lactoferrin,

endostatin, angiostatin, collagens, immunoglobulins, or Immunoglobulin-
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encoding a protein comprising the sequence of a transferrin-based protein

is provided on a 2m family plasmid. 10 62. A host cell according to Claim

61 wherein the transferrin-based protein comprises the sequence of
transferrin or any other member of the transferrin family (e.g. lactoferrin),

a variant or fragment thereof or a fusion protein comprising transferrin, a
variant or fragment thereof. 15 63. A host cell according to Claim 62
whereibdbeel firstl ceciembinang igemeofecidading @ prorein Edr pragimgritse F(ab’ )2,

sequenc%lgf prcqg:eln disulphide |som rase (PD % |sd8rowded on.a pla

20 64 %\ o5t celi/or fjsseca\(’:cor ’Cf%um Wher]renlzrﬁn%hgr teu}h dn%r erons,

2m- fanmityrfxelsmudlI6E), A[ﬁdsﬁhé]hamfmmg 'ﬂp@iamlﬁﬂsob@ﬁembe,rmrerferon
the firs recomblnan uge %EICOdIIﬂ_% groteln comf%nsm%t l%Jsec‘]:ueenc K tm
protein'd |sﬁ?ph|de Isomerase lfé’( IS Chrbom somaﬁy mfegr &d. 56,

host CGIINEEOf(ﬁI‘I@ItEAQl;’R(MXﬁﬁlwdETéFeIrilherékfspl’(acommgamtsgerteythropmetin

encod| rot rlsm uence rotei hide
oo B s bt DA R D EDRREs. rosaptie,
endogeranshirandqdetell 4 2IRD Ipgptids, pTeth‘alpbpwdéldﬂl‘chgpmu r}gnhgplzo,
expressm .of the endogenous | gene. 67. Use eco inant ge
e PR B BSTRTS th e TG o B e e o Foctor,
|somerpsm(rB&li)dmmnte&sq»ﬂ&maﬂmemohm@u&@mtegtw@ﬁeﬁl@rp@ﬁdes,
wherein the. 1sgrecom inant %?encodl otein com ns(ggnthe

sequenl&% f:eﬁﬁoavéulp% ﬁ%tollgge%'%ﬁ OHNQNG ing growth
2m-fanfilytptgBmichol® necrosis factor, G-CSF, plasminogen activators, Factor VII,

Factor VIII, Factor IX, Factor X and Factor XIII, nerve growth factor, LACI,
platelet-derived endothelial cell growth factor (PD-ECGF), glucose oxidase,
serum cholinesterase, aprotinin, amyloid precursor protein, inter-alpha
trypsin inhibitor, antithrombin III, apo-lipoprotein species, Protein C, Protein

S, or a variant or fragment of any of the above.

43. A plasmid according to any one of claims 32 to 42 wherein the non-2um-
family plasmid protein comprises the sequence of albumin or a variant or

fragment thereof.

44. A plasmid according to any one of claims 32 to 43 wherein the non-2um-
family plasmid protein comprises the sequence of a transferrin family
member, preferably transferrin or lactoferrin, or a variant or fragment

thereof.

45. A plasmid according to any one of claims 32 to 44 wherein the non-2um-
family plasmid protein comprises a fusion protein, such as a fusion protein of
albumin or a transferrin family member or a variant or fragment of either,

fused directly or indirectly to the sequence of another protein.
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68. A use according to Claim 67 wherein the transferrin-based protein
comprises the sequence of transferrin or any other member of the
transferrin family (e.g. lactoferrin), a variant or fragment thereof or a
fusion protein comprising transferrin, a variant or fragment thereof. 15 69.
A use according to Claim 67 or 68 wherein the second recombinant gene
encoding a protein comprising the sequence of a transferrin-based protein
is provided on a plasmid. 20 70. A use according to Claim 69 wherein the
giasmiis, 8 Zyfamiy plasmidy, 2 A useacaqiding (o Claim, 60,0458, 4
Wherein the S6Cond reComBInAR gene enco @Foteln comprising ? '
sequence of a transferrin-based protein is chromosomally integrated. 25
4? A uge acgorohng tCo rc(‘ﬁclallm here4g thg second Becg{p)ginglrllé eraeby the
encoding a protein comprlgmg e sequence S'6t'a franskerin-base
proteinpisanrbmesematiyahgegeated at the locus of an endogenously
encoded PDI gene, preferably without disrupting the expression of the
endogenous PDI 30 gene. 143 73. Use of a recombinant gene encoding
adroteih borngrisingdhbrecguehoa 67 piatein disthpibkeisemetiasel(RDIY, the
to increase t XRress |on fa trans ferrln based protein wherein the

OSL CE 0€S 0 uce the
second recom man%1 e encogmg a protem comprising the sequence
of a transferrin- based protein is prowded on a?2m- famlly plasmid. 74. A
4g® aC%OLd"l%éﬂ Claimyf %g&ha%re'” EANRI NG REsad R neast 1.
comprises the sequence rrlng or any other mem erof 10
transferring family (e.g. lactoferrin), a variant or fragment thereof ora

Wion RIRRINEAMRIS NS RSB 48 YRUARLPHEAMENHCEESkd on pSR1.
pSB3 or pSB4 and the yeast cell is Zygosaccharomyces rouxii, the plasmid is
based on pSB1 or pSB2 and the yeast cell is Zygosaccharomyces bailli, the
plasmid is based on pSMI1 and the yeast cell is Zygosaccharomyces
fermentati, the plasmid is based on pKDI1 and the yeast cell is
Kluyveromyces drosophilarum, the plasmid is based on pPM1 and the yeast
cell is Pichia membranaefaciens, or the plasmid is based on the 2um plasmid
and the yeast cell is Saccharomyces cerevisiae or Saccharomyces

carlsbergensis.

51. A host cell according to Claim 50 in which the plasmid is based on the 2um
plasmid and the yeast cell is Saccharomyces cerevisiae or Saccharomyces

carlsbergensis.

52. A method according to Claim 1 wherein the host cell is a host cell as defined

by any one of Claims 46 to 51.

53. A method according to Claim 52 wherein the host cell is a host cell as

defined by Claim 48, or any other claim dependent thereon.
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75. A use according to Claim 73 or 74 wherein the first recombinant gene
encoding a protein comprising the sequence of protein disulphide
isomerase 15 (PDI) is provided on a plasmid. 76. A use according to
Claim 75 wherein the plasmid is a 2m-family plasmid. 77. A use
according to Claim 73 or 74 wherein the first recombinant gene 20
encoding a protein comprising the sequence of protein disulphide
isomerase (PDI) is chromosomally integrated. 78. A use according to

aim 77 wherein the first re binant gene encoding rotein .
Hmpria L R S AT, R coarine e
chromdssmzllyintegratéd @tdhectbeusicli an endogedously encoded PDI
gene, preferably without disrupting the expression of the endogenous PDI
gene. 79. A plasmid according to Claim 32 comprising a first recombinant
géne 30 dosodirly acpoodeig conrisingGheosggisemg e ofiORM&orbénant gene
variant of, 4 fragment thersol that ossesser He,ams i rHLaﬁfcieCisomerase
activity ana a second  recombinant gene %ncoging B RGh-2m-tami y
plasmidRiPdteind vahsreindhecpialsmadtigen2 nesferdilyzplapnoidirb @onprising the

plasmid accarding to Claim 79 wherein the non-2m-family plasmid, protein
5 25 TGRS Ayt GRS eb ot Sherl T8 A A pHIAT dene

further comgingingtoestepropyopillsingthentieust purtidiedIprdidinleliGotddGase
(PDI) is provided on a 2um family plasmid.

56. A host cell according to Claim 55 wherein the transferrin-based protein
comprises the sequence of transferrin or any other member of the transferrin
family (e.g. lactoferrin), a variant or fragment thereof or a fusion protein

comprising transferrin, a variant or fragment thereof.

57. A host cell according to any one of Claims 55 or 56 wherein the second
recombinant gene encoding a protein comprising the sequence of a

transferrin-based protein is provided on a plasmid.

58. A host cell according to Claim 57 wherein the plasmid is a 2um-family

plasmid.

59. A host cell according to Claim 55 or 56 wherein the second recombinant
gene encoding a protein comprising the sequence of a transferrin-based

protein is chromosomally integrated.

60. A host cell according to Claim 59 wherein the second recombinant gene
encoding a protein comprising the sequence of a transferrin-based protein is

chromosomally integrated at the locus of an endogenously encoded PDI
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61.

62.

63.

64.

65.

66.

gene, preferably without disrupting the expression of the endogenous PDI

gene.

A host cell according to claim 46 comprising a first recombinant gene
encoding a protein comprising the sequence of protein disulphide isomerase
(PDI) and a second recombinant gene encoding a protein comprising the
sequence of a transferrin-based protein wherein the second recombinant gene
encoding a protein comprising the sequence of a transferrin-based protein is

provided on a 2pum family plasmid.

A host cell according to Claim 61 wherein the transferrin-based protein
comprises the sequence of transferrin or any other member of the transferrin
family (e.g. lactoferrin), a variant or fragment thereof or a fusion protein

comprising transferrin, a variant or fragment thereof.

A host cell according to Claim 62 wherein the first recombinant gene
encoding a protein comprising the sequence of protein disulphide isomerase

(PDI) is provided on a plasmid.

A host cell or use according to Claim 63 wherein the plasmid is a 2um-

family plasmid.

A host cell according to Claim 61 or 62 wherein the first recombinant gene
encoding a protein comprising the sequence of protein disulphide isomerase

(PDI) is chromosomally integrated.
A host cell according to Claim 65 wherein the first recombinant gene

encoding a protein comprising the sequence of protein disulphide isomerase

(PDI) is chromosomally integrated at the locus of an endogenously encoded
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67.

68.

69.

70.

71.

72.

PDI gene, preferably without disrupting the expression of the endogenous

PDI gene.

Use of a recombinant gene encoding a protein comprising the sequence of
protein disulphide isomerase (PDI) to increase the expression of a
transferrin-based protein wherein the first recombinant gene encoding a
protein comprising the sequence of protein disulphide isomerase (PDI) is

provided on a 2um-family plasmid.

A use according to Claim 67 wherein the transferrin-based protein comprises
the sequence of transferrin or any other member of the transferrin family
(e.g. lactoferrin), a variant or fragment thereof or a fusion protein comprising

transferrin, a variant or fragment thereof.

A use according to Claim 67 or 68 wherein the second recombinant gene
encoding a protein comprising the sequence of a transferrin-based protein is

provided on a plasmid.

A use according to Claim 69 wherein the plasmid is a 2um-family plasmid.

A use according to Claim 67 or 68 wherein the second recombinant gene
encoding a protein comprising the sequence of a transferrin-based protein is

chromosomally integrated.

A use according to Claim 71 wherein the second recombinant gene encoding
a protein comprising the sequence of a transferrin-based protein is
chromosomally integrated at the locus of an endogenously encoded PDI
gene, preferably without disrupting the expression of the endogenous PDI

gene.
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73.

74.

75.

76.

7.

78.

79.

Use of a recombinant gene encoding a protein comprising the sequence of
protein disulphide isomerase (PDI) to increase the expression of a
transferrin-based protein wherein the second recombinant gene encoding a
protein comprising the sequence of a transferrin-based protein is provided on

a 2um-family plasmid.

A wuse according to Claim 73 wherein the transferring-based protein
comprises the sequence of transferring or any other member of the
transferring family (e.g. lactoferrin), a variant or fragment thereof or a fusion

protein comprising transferrin, a variant or fragment thereof.

A use according to Claim 73 or 74 wherein the first recombinant gene
encoding a protein comprising the sequence of protein disulphide isomerase

(PDI) is provided on a plasmid.

A use according to Claim 75 wherein the plasmid is a 2um-family plasmid.

A use according to Claim 73 or 74 wherein the first recombinant gene
encoding a protein comprising the sequence of protein disulphide isomerase

(PDI) is chromosomally integrated.

A use according to Claim 77 wherein the first recombinant gene encoding a
protein comprising the sequence of protein disulphide isomerase (PDI) is
chromosomally integrated at the locus of an endogenously encoded PDI
gene, preferably without disrupting the expression of the endogenous PDI

gene.

A plasmid according to Claim 32 comprising a first recombinant gene

encoding a protein comprising the sequence of ORM2 or a variant or
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80.

81.

fragment thereof that possesses the same enzymatic activity and a second
recombinant gene encoding a non-2pum-family plasmid protein, wherein the

plasmid is a 2pum-family plasmid.

A plasmid according to Claim 79 wherein the non-2um-family plasmid

protein is as defined in any one of Claims 40 to 45.

The method of Claim 1 further comprising the step of lyophilising the thus

purified protein.
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