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GENE EXPRESSI ON TECHNI QUE FI ELD OF THE | NVENTI ON The
present application relates to gene expression

wo e@bosques. BACKGROUND OF THE | NVENTI ON The cP@BEEBG04/005462

protei ns known as chaperones have been defined by
Hart|l (1996, Nature, 381, 571-580) as a protein that
binds to and stabilises an otherw se unstable
conformer of AEBNEEXPRESSIONGREBCHEYIQUE rol | ed

bi ndi ng and rel ease, facilitates its correct fate in
vivo, be it folding, oligoneric assenbly, transport to
MEPY OF R INVINEION! ar conpartnent, or disposal by
degradation. Bi P (al so known as GRP78, |g heavy chain
bi nding protein and Kar2p in yeast) is an abundant

OkDachaper one of, the h { ] : ident in the
Téﬁé?ﬁeﬁiﬂggﬁﬁéca et F%ﬁﬁeﬂﬁﬁ %e%%)e),qg)r &%%ﬂe%ﬁ%ét ot her
functions, serves to assist in transport in the
secretory systemand fold proteins. Protein disul phide
B&@KSM@W)THEME Bne protein, resident in
the ER that is involved in the catalysis of disul phide

bond formati-on during the posttranslati onal processing

Tak dMsotofipasteinStiudiv@sasothdp@nsehaet baen ddfinedtly Hattl ED96,
and foreign proteins have shown t hat éransit fromthe

Napureo38hed ot assa tmmeteprthad |t fon g (siabilisey e pibgrise
BILBE %oﬁfbn@eg LARRLERE pRARSRUnA! 'B? Neofrofille bﬁidlﬁlé’\"afn? ﬁelease,

nor nal proterns an a nore stablfe Interaction w
Favilitaies ito corfics Faab deoivd drenis fadding, qligotetin assksnbdy, rtesmspdrt to a

Bi P may play a dual role in so]ubilising folding
PaTtisBlay @@F%lhﬁﬁcf%’fpé%m% ) dl@ﬂ%ga{ %ﬁ%@f’ﬂﬁl%%f unf ol ded
and unassenbl ed proteins. Robinson and Wttrap, 1995,
Bi ot echnol . Prog. 11, 171- 177, have exam ned the

BiP { At krofovrf 3rGRBTS, Ag beaiynchsmchinding prajeinBnk Kd2p fpyeaat)ds

o Ao OIS SR F e
RSP AL P SR e B0 M o

eve The | owering

sedretbf} sybtamesnd fel dgmateins.

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 aﬁd 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
1
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fol dase | evel s as a consequence of heterol ogous
protein secretion has inportant inplications for

W@Raos/opt7$8 t 0 | nprove yeast expression/ secreti OPCT/GB2004/005462

systens. Expression of chaperones is regulated by a
nunber of mechani sms, including the unfol ded protein
response (UPR). Using reconbi nant techni ques, [ ti
cRBtituivn expogiesohfoseipe spcrsied wroteias reicel u@aﬁg r%’figé lﬁl
| evel s i.n oSt Ll _(E h e : g‘%;@
tolgé’?ls ﬂd%‘%?‘bqﬁi’ye Sie s?n%h%%f arlﬁeefog{vgr&l]ggéog g%% icng .P%llle and
fARskeA-RENE £R6RBIRGca dTdictsrologgausottis atqpdticehdsomgeutant
protein was first suggested in W) 93/ 25676, ,Joubl i shed
iropli@8omefosatrsipts PIBIPTANE YEAReAREeSH P SRS HF S he
production of the heterol ogous protein. WD 93/ 25676
reports that the reconbi nant expression of atistasin
ERPrsdibic bt @nbéenadisiranilatpd by ei munten ob encchanisas duclbging the
co-expression with PDI. This strategy has been
ue&&kﬁﬂﬁ@ﬁmﬂéﬂmﬁ%?gggg-the reconbi nant expression of

ot her types of protein. Robinson et al, 1994,

Bi o/ Technol ogy, 12, 381-384 reported that a
UseporiRbmbiiantattdhiityoesal mibblegBDE geopicopies s chrgnoshpses to

* ixysookD omioh Helne Joss! SERTEHT 00 BV W Paor 5

(PDGF) B honodi mer by ten-fold and .
Schi zosachar onycesponhe aci d phosphatase by fourfold.
Odoygressien oflthe 2ORG endaeBS PBXtamdsa g8ud eng@EAGE @ theterologous

described the co- i f. h PDI
TS8R R e b s S B R =
%%é@ﬁéé“%o duGt inemhApd 1R 86Rl @8 MBHe-tRRSET tedhstiruiigaus

8, Nature Biotechnol ogy, 16, 773-777.. .
pi@piar tWa 93126676 heparacthabibaaeeonehipins sxpisasie of antistasin and

single-chain antibody.fra ts (sckF i 0.
tick @BPRRR FEOLEE,aY gé i“%\cée%gﬁ;}ﬁc% Xl?rﬁ%%‘%ﬂa@%% PP& bet ween
2-8 fold by overexpressing PDI in the host cell. Bao &
Ful cuhara, 2001, Gene, 272, 103-110 reported that the
Thxpstesaiydms hach eqdeittd oninpfeasecthe AeoRDMAN, GRRITSEE: Qhpther
al burfn' n (irr1HSA) in the yeast

protein.

types o

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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Kl uyveromyces | actis could be increased by 15-fold or
nore by co-expression with an additional reconbi nant

wa@owy/06f718 he yeast PDI gene (KIPDIl). In orderPCDGB2004/005462

produce co-transformed yeast conprising both a PDI

gene and a gene for a heterol ogous protei n WO

93/ 25676 taught that the two genes coul d

Sbigtonars aivall 998, i Nuager alezeazchrmieg)c ol.d 78%-7871%?@6%%&@?9 the

i ntegrated and.one present g

6O a&i‘é FﬁPrFﬁ%‘Hbea ﬁmgﬁdch% er én Bao as gg or %?ﬁ) in

sggé}%? @%k GeRisiapt eodd ced ifedsb@ t@ahﬁmbmém dfoldMDy over-
256 exenplified expression of antistasin fromthe

eppmmmnglpIGﬂcth@hwﬁC?lbast strains having a chronosomal |y

integrated additional copy of a PDI gene (Exanples 16

and 17); expression of antistasin fromthe vector K991

Mot & RRAER DoonaieDI273e163-A0p yrepeiaigthat éebeemq)r@m@n and
mul ti cop% yeast shuttl e vector naned Y (Bot sthel

setretidy,  d mcor@lﬁ@t guumpn._ Fgyun B
KBRS Rty ey O [rBRia 6 Faila B SFoly ‘%“Mﬁﬁl v

vect 1 (Rose€nberg et al,
aﬁ%a&tloﬁatrwmblﬁahz copkTof8hY yenstiBDI gomt(K&PDEY. t he GALI O
and GALI pronoters, respectively. Indeed, Robinson and
Wttrup, 1995, op. cit, also used the GALI .- GALI O
'nt enl S TofipHs R 8PDT N6 and a gene
R T B R The 0 28

product yeast strains for the
ﬁ@ﬁr}ﬂtérﬁlibg@lﬁs peti, oW@BéZSW@ttaugm tbﬁoﬁhﬁcf\’\@egenes could be

t ted tightl bl bl
hromsosely BiTo se KatHe Batroangrriatls s, 2 g
Sgs%é{s b g}néénn?,t eAcﬁV%gg dofatRCinabligcddi dh arnEtEbhi pwomidd or

omn many generations of cell growh
Ed:ﬂee dotild beiihtroduckd py thessaaiceplpsmide Ve 9%@%7éq@@ﬁtphﬁed

in the field has_ identif.i 0SS0
axmeégmatqfowﬂéﬁasmr fiora bR gRlasaidy ﬁ@}@@? oY T SH?]:S‘F mgving a
reconbln [ lg : 17
R RN e Sl PR o POP RO IBAss 16 LT

ordS86Tr ol @ﬂhs&snp aobethaciectop KO9p hveittase additipnpl HDI gene copy
addi ti onal chronosonal |

ted P
tRots Dot en omIRERRY FEA EPATS SFAERPEEY  hes CRBGHAL £
Ofndt fRlhe RAttIMand th
ﬁg\g enﬁﬁadi('ﬁﬁﬁs@xgﬁ%) m e{nd &ptdd6ibe a8 BothlPhe and the
PDI genes from the yeast shuttle vector pC1/1 (Rosenberg et al, 1984, Nature,

yeast

312, 77-80) under control of the GAL10 and GALI promoters; respectively.
Indeed, Robinson and Wittrup, 1995, op. cit., also used the GAL1-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.
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effect on heterol ogous protein secretion. Hayano et
al, 1995, op. cit. described the introduction of genes

wo eoosloenTes) | ysozynme and PDI into a yeast host PED/EBoI04@05462

separate linearised integration vector, thereby to
bring about chronobsomal integration. Shusta et al,

1998, op. cit, reported that in yeast systens, the
Sitetquentbedrivde the fidlé hraideuifiastchaomespmes dFegtpiem of fiansgenes
host. chronbsone versus the use of ., episomal expression
FdeR o S BP e PPt o SBE AEROR g, wit b
reference to Parekh & Wttrup, 1997, Biotechnol.

Prog., 13, 117-122, that stable integration of the
Ratfinsogeneli 194, vhechosbtainkd dho ebyrsvadsinggpasesgin expression of

' gration vector. wa I QL. £ 0 e of
BGFDatk o” o Srign o RS, SHinbord Bel [forosomally
itelrated IO B \Wo@is Rvbindbig bt al trbsurtelikatentipmpssioare ofie multi-
bovi ne pancreatic trypsin inhibitor (BPTI) was .

dopy 2paserisgioarvestod é¢ insteasa BRI pirteinsyeigbad had a detrimental
integration vector .rather than a 2mmbased expression
eﬁeggq;ﬁ}aqter?ﬁgomo%é%g&re RBression plasnid was said to

be counter-productive for the production of
het er ol ogous secreted protein. Bao & Fukuhara, 2001,
Mayanci d7, aly 6985t ept thadescribedpdhe intraduction (v ngenen dor tygan

Kl PDI | n i.ght be di,rec ntr ' ' .
e 35 oL B A et b SHERE Sl eraion
R8s GhiBby fOMBMEIboussEtmensH intedratimer e found to
severely affect” yeast growmh and plasmd stability.

This confirmed our previous finding that the Kl PDII

ti- i .
L
Y &@sdion 1.2 B4Rgastlint@terifsetiiethoseme vetshealixous- giiopiseinal

passage of Bao & Fukuhara, reported that the Kl PQJ |
grenessinn epletncanngtealdn affert isaerstien apdcwita refigrepee to Parekh &

ti- yopl.asrhi g, Q97%,1-3N t; :
Fitog; £ aPedlied ol B P37 2800el EbIc e pRteRRaR, Qv
Sdne SR MURRECHBRbs NS P6 dgsirationtedidrendd sebttiorge e use
was toxic to K lactis cells. In the light of the

624 Djverbaked diprgwidnnplBacidetPastkh BaWittulouhar @l chskareyipusly
“é@]gé}goﬁggrggpéae%rgs%&o% gy %lc%/i%éatﬁaggregtfic P%y%gml it} e(élﬁ.ﬁs was

increased by an order of magnitude using a & integration vector rather than a 2um-

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 KIPDI]
gene might be directly introduced into the multi-copy vector that carried the rHSA
expression cassette. However, such constructs were found to severely affect yeast
growth and plasmid stability. This conﬁnﬁed 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

4
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Agai nst this background, we have surprisingly
denonstrated that, contrary to the suggestions in the

w@eiosieEng , when the genes for a chaperone pr oPEl/GBagvd/005462

a heterologous protein are co-expressed on a
2rmfamly nulti-copy plasmd in yeast, the production
of the heterol ogous protein is substantially

dboes-garset] pasDESCH BrEp G Kukulnae 1eRoEse 1t the (RPOL gepe bpd

of the present .invention Vi gt
o sureh A G0, BRI DRI oo e
REQUEMBe Bladifidltcagsdd the oiain keioy mozlymBaand by cpicasier dhat
the plasm'd conprising a gene, enc :}I ng a ?rﬁﬁéﬁ bt of th
e psiressiog of the KEYYE rgeae BRs H’%"n@ﬂg peEpiels e fthibgAightot the
ne encodi ngLa het I 3 I BOsinole
e%ﬁléer rfb%(ﬁ“%?eﬁ Bag % %%%’???\9 i umguﬂlggé qéo%gjio?i&%lng singl
dihatatahlcBW/RDE @xibe&ssiohromdsotnee gene encodi ng the
chaperone protein and the gene encodi ng a heterol ogous
protein; (c) purifying the thus expressed heterol ogous
rof el | Qmﬂ% ' eBMhstratbd ARkt @@kt io the
“g%?)sn%lﬂgls Ec?.gérffg]“{“ﬂg’ %%V%ur' %%Wp% ot eiS{rr]. In one a}}y
fipbadbment thesbeipr (aef) whani flieegeneh efot ushapepimss prgein and a
het er ol ogous protein to a co pt ab

rci II¥ accge I? eq .
heterelogerts prafeint $reo Po-sxwﬁwﬁé@e%% qily, GITCQRY PIgsEyd i
f ity. Pref i
S b ol e ol P PRACHOR obntiellRebalcace

protein wwth a carrier or diluent, such as a

phar maceutically acceptable carrier or diluent and
BESCBABTIQN e m&%t us fornulated protein in a
unit dosage form A second aspect of the present
invention provides for the use of a 2Zmmfamly plasmd
AS g @F,@d’c esBitlen preehbdrintentioncpeasies t Mempthoduttri predofing
a fungal (preferably yeast) or vertebrate heterol ogous
IgterploBpUSIOIBMAPIETEg8a gene encodi ng the

(a)  providing a host cell comprising a 2pm-family plasmid, the
plasmid 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 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.
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het er ol ogous protein and a gene encoding a protein
conprising the sequence of a chaperone protein on the

waas/ogxrms fami |y plasmid. A third aspect of theCPGB@AN05462

invention provides a 2nmmfamly plasm d conprising a
gene encoding a protein conprising the sequence of a
chaperone protein and a gene encodi ng a heterol ogous

Ipront eimbodiwest, sten (0f puiiesghe dims EXPesTAISErB R PP to a
| asm.d.then if,.i .S i r
By ARebe S BRI G Al AR BRI poclp BBRIERL of
)yrising a plasmd as defined above. The present
i nvention relates to reconbinantly nodified versions
of 2mmfam |y plasm ds. Certain closely rel ated
ches .of | RGN e 8By YFoMBmEiRLAL théighrified
Pﬁrgfe[ﬁb °|t§e %@S&rl ng g?:?%nﬁ%fy@g%u%}g% st rande;[j %NA ]ﬂ]'n ©
HekeRSIBL6S. pibies ewith as ndaiéer ool dilwent, veich aseampliarmaceutically
2rmfam ly plasm ds, .inclu SRl ,. pSB3.an S rom.
A T LS G PLEPY e bR DR Syrmieted bR
Z ces bisporus), plasm ds pSBl and pSB2
lfl?réglr%nﬁ%%%gg@%ar onyces bailii, plasmd pSM from
Zygosaccharonyces fernentati, plasmd pKD from
Kl uyveromyces drosphilarum an un-n plasm d, fr .
Pischand, Y08 o PRETE GV TIEP ATALA T O BEAsS T AP gLy
nmm.pl asm v.ar.i |
A e 1
%ﬁk/gﬁi @repieahefRalogws, plo&in 299 pravidingya genal gncadigg, the
J. I. Biol, 200, 601, Péxi nt i ng, . et al .19,[%4, J. £a
Drtgsplogensaueielr g hgfne angodiag f)ProtRin comntlsing thggsequence o

| asm ds t hese S Gnigeries of common
B?B?%@D%H“%HQEE#ﬁgghﬁygﬁggﬁﬁi possess two inverted
repeats on opposite sides of the plasm d, have a

simlar size around 6-kbp (range 4757 to 6 15-,gp), ..
Alhiebasppaof theadpsegt Mvention Prevideot 2wRrfamilymizgdd cpaprigng

i of fhogubsey 6 .
T S R e R S S
§Bleh Gl @biokoud HeRkiRUvherein if the plasmid is based on the 2pm

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 2um-family plasmids, include pSR1, pSB3 and pSB4 from

Zygosaccharomyces rouxii (formerly classified as Zygosaccharomyces bisporus),

6
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close to the end of one of the inverted repeats.
(Futcher, 1988, Yeast, 4, 27; Murray et al, op. cit,

wap@shet1ie et al, 1986, Basic Life Sd. 40, 425pCT/GB2004/005462

Despite their |ack of discernible DNA sequence
honol ogy, their shared nol ecul ar architecture and the

conservation of function of the three gpen reading
diacenidis pHBY and aiSBRsEPEt SE0sISBATAIE Can bELOrBPTRRS ML from
etween the famg. er i | y t hexaboys
%’gf’wg?q’ gmgces ur £ ﬁqﬁ@% flg?r? y plsﬁasKl?ﬁPdsﬁgréln be %%eqm%)cnes
d-B®hIERASSE M ivendd plasmidnfremi Piekiat imembriagagfatiehs erauafter

BOMICYenthedbun slagmid Hid v shgna® Somanpplad S5 Bom
lasmid | d i bel oW, i S
R

AogPivERtaker SMEII8S, 5 URbl. BsolbBO0MSON; Baifidy, teoall 09880 binplied
prefera Igﬁbetmeen 4,500 to 7000 bp, excluding

RasteoivbigyaPl.1391)-nsert ed sequences. A 2mnmfanily plasnid
typically conprises at |east three open reading franes
("ORFs") that each encodes a protein that functions in
ADS f5kiBbb Byl aemiing Brsnmeleofileh shaenmséries dfycopinamnfedtuass ia that

mul ti copy plasm d. The proteins encoded b he .t hr.
toRPypicaly pessessigriayated rereaiem) O%Rﬂﬁlt?eﬁgéﬁ XWEF@ rpéa%m&ehave
2mf am | ] r4 é
EREua Ry tBal BB GRRRATT% RO Bl (L RBR redciy RS,
FReSFivilactpembedsnios ) sid epdetficoecempinhsee@ LiM) ahd an sytospimiossly
on another plasmd or by chronosomal [ntegration.
repliqating sefusnes (A%, ProEBIWR @éﬁ&kﬂr@%f’% E‘H’?’gfl% &’é Dy @é:ated
ite-s | i C ' ' eNF t T epaaty, 27,
Qo el o TR BB R LK RS e 4. 2
Slegbeeces @ eirt enddbhfel £ aledORD Basti¢ bife tSai g8t 42PRTPespite

S S B B O B il ot
USR0S gyt s

12SB4ciGMtrated KDlomnpd\ancesich! tihke baivreep thesiringly mespbassanpl e
as described in Vol kert et al, op. cit, Murray et al,
op. cit., and Painting

Whilst any of the above naturally occurring 2um-family plasmids can be used in
the present invention, this invention is not limited to the use of naturally occurring
2pm-family plasmids. For the purposes of this invention, a 2um-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 t0 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

7
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et al., op. cit. Variants and fragnents of these FLP
proteins are also included in the present invention.

wO Broageemng s” and "variants" are those whi ch reP@Ei/oBRVE/005462

ability of the native protein to catalyse the
site-specific reconbi nati on between the sanme FRT
sequences. Such variants and fragnents will usuall

thaYemafmilg giasntio%s H084ticppyiplaoty. J0% Potigs ggn%ied‘gg%the
i Bl 4 A
gtﬂg]ﬁrﬁﬁg nm{?ﬁ@é&i tHe ORHsBESNhg FLP, REP‘I @hAREFNthen

av e

eren sequence specificities. A typical
OI8% sidodingathe Cnirsingsprotein(s)y shawlid Iheosupplicd dguwrise either on
uences. In the 2mm

fl anked by |nve ted repea

appthstilesmid pg by Rirogysem, Q&{?&fﬂ? % s 8 nucl eotides in

| ength and the flanking inverted repeat sequences are
13 nucleotides in length (Vol kert et al, op. cit).

AVER eproteire iskRATotin eapabbag”ma@é@utgytha rsgte-gp%ﬁp repmbination
protein may, be different to the S t
R ORGP SRR VB Lt ¢ pife TiErd rBpeat
sgﬂ.[gh&és' 428 'té?ﬂle@fF 1P RSShBin&RR Bzcl (FRTY sﬁ@' zindd:!a&'h & §Pically

may al so have a role in the reg)llatlon of FLP
mespmeaspm of €darged arvatitd r@@qm@ﬁ@ delpwder Rrefrered sl peatpins
observ bet ween Pl | - ns f r
CORRTFSS vqﬂ?%&ﬁ e PR ok n%ﬁcség%g c‘fen%a‘?:f]%lasmldf RERL

g;%gsi en,dREP M Ot KDY, GPMV eghdf then ghinf fﬂ%ﬁlﬁ[& for
Tﬂg "asm ds2p Preferred REPI and REP2 prot ei ns

examplei aseletdfnﬁ)eé ey Velee @, toheCZREMuIalﬁon REPD. gt od Feinting

encoded by ope of plas SB2, SBB
of 8B4op- FEaM VaTBREY andp%am%%d f? tﬁgsezﬁgﬁl? degg gte %1 g mcluded in
tﬁ;ﬁ ?lrgpén? uﬁf%n?&? CHp RS Gknk M aM@ FRlahts® hrethoseOphiclE tetain the ability

ray et a Tit, and Painting et al, ogw cit.
ofalid mative pm’tdn fto aqabm thectetsheaific REPmbaW@IOR esngheispge

are aI SO | n ded [ r esent. t 0
P oGRS i OO 5t e SO0t 60%.
7’(4% %6%, \96*%”9%0%@@@9%/ ot herd ha@mogy Mﬁthlfﬁnaﬁl&’ phtdibencoded

nat’i ve F ~do not’ substantially w)t the stable

h}lﬂﬂelo&gbﬂmﬂhlpﬂlﬁnaﬁBé 682 hSBp 8, @SM L BRA 1a PEM L 2t the
Y vl | pietn 150 R Raabfves SRNTEE, 50, e
s%gdf‘ﬁcmes. 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.). Howéver the FRT site recognised by any given
FLP protein may be different to the 2um plasmid FRT site.

REP]1 and REP?2 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 REP1 proteins

from different 2pum-family plasmids, whereas no sequence alignment is possible

8
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50% 60% 70% 80% 90% 95% 98% 99% or nore,
honol ogy with a REPI and REP2 protein, respectively,

w@goosncoded by one of plasmids pSR, pSBl, pSBeCT/GBBB4/005462

pSB4, pSM, pKD, pPM and the 2mm pl asm d. The REPI
and REP2 proteins encoded by the ORFs on the plasmd
must be conpatible. It is preferred that the REPI_and
HRER2nPRIBE 2 priseiha erivetefremalifiresas 2em-Reply plagnidspreferred

t d b th .
S5 AP SREt RomblS AETERRA O R OECUL KB o
obtbd BPbhe o@@bsm]ﬁEMSRan@sBmepSBm pEBS/THEBR4 opSMag ipiiD 1,
or fragnents thereof. A 2mm f ani | y plasmd typically

[FNbend ¢ 2vm rilmswed; fod @i@lpplatass@q%b?@e@ Valkertiehwbrate &,

b I H
repeats ?% c(te ad M e t‘f’ﬁ@—”?%e?]tsa{eé%sepea% g?l% Hese

IQ_% R¥PA Bﬂﬁéﬁis hRMPBekTed ey pi@¢niSingeeicl €Frfiments”
t han 50% 60% 70% 80% 90% 95% 96% 97% 98% 99Y%
A€ “Satiants” nﬁREPé @4 KPS areihasd which, whea geededrhydhe plasmid in

S0tk TR0 hOSYORES A5 iRt TP IALLY el Sucbll Shliiebpy

ﬁ&ﬁ{eﬁéﬂc@ Ar iRveihdisid wemneat su&ﬁﬂbl 4eh3 @opiﬂahcﬁﬁCSudhaVz&qaﬁts and
of from 200 to 300 300 to 400 bp

mmem ofmlta@da‘b@%wﬂl e:w@lly Y Bavecss lgggt S%gm%;)zcg/g,osoc@?, 40%,

9 Ok t I
T e e
e bRRdn bﬂ@épecﬁ , 4S&olig) by pﬁ%f(pclavmappSRﬂ)SﬁSBI J88B2,
bp), pSM (352 bp R;I(Dl (346 bp), the 2mm plasm d
Iﬁ%pﬁB%pﬂb&B@F@lg@ 1 amhBe 2p@UEATRIS- of the i nverted
repeats may be varied. However, the sequences of the
FRT site in each inverted repeat shoul d be conpati bl e

’Y‘ﬁlet REPDEAPREPS itfbtedhs Ancoddtd by-Fhep ORIBI 6n eine plisthid ynishe
asmd, thereby to enable the encoded FLP protein to

mmpaublec dt &l Brs@me& éhguth%REBé@nd iRERepginkaviedhe sequences

PO Bh PGt SrrorRy B (B g e P ol 25
@%&pﬁdt DRnaR 'pISEtl%’ Rgﬁl t ﬁﬁgf?%mr OEBUNpSI1L BRDINpEBII lilﬁl the

tes w't e plasni can be determ ned by
Tah pedmid oovariann ot fregraertts thEmof exanpl e, a

A 2pm-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
ﬁore sequence identity. In a preferred embodiment they are identical. Typically
the inverted fepeats are each between 200 to 1000 bp in length. Prefeﬁed 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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plasmd in a yeast cell under conditions that favour
FLP expression can be assayed for changes in the

w0 e@sns018 on profile of the plasm d which woul PCT/@8ed0i/005462

froma change in the orientation of a region of the
plasm d relative to another region of the plasm d. The

A 128, e o B L1 B BTG LR0NEH
' ,n.th | ' d that the FRT sit
S BRI BT S aelpts, e (e T sice

specificity of the FLP protein encoded by the plasm d.

In a particularly preferred enbodj nent, the 1_?equences
Tife sequencescaf the pvarted rapael qevky YaRedFiovgvepdhe sgauences of

erjved f.romtnhe HRY ol :
e e
tRSBIP proBin cASMed 1BKBle, plaftMd, aherthye t@ renulplt aberiedcoddde FLP
inverted repeats are typically posi.ti oneg Wi th #\he red
rRefeinf toagtytoatalyedths - spRGHC TReP TR MBI WY PERECY 4R ARprie
bet ween the i Bvert ea iHatichU defkhed @seat
TR iF IS Th 0? h@ez ﬂs%ﬁgs mkgg&g?l‘ga% ggﬁgi ﬁ{a‘ﬂfelg? §<?,a
sShidnkey (a6d 2Ris ﬁl&)(&ﬂiltﬂ@i ofgheKbB @rtgeml ty r«':cmgnml d dmeEiRTfsn;:s with
sequences such_as trapsgenes. For exanple, one o
Gonplaogl)ois Hdomasoy SR dqaTe e b Sor Fsabpe. 2

0%. ,500 0 0 0 0 0 - EIHQ’J eleg d
BB s e e g
foy Bhaaks h denpEtisten pheilORP thehplasmitt vhed wordareaulsfom 2
inverted repeat (a bltlr,arlfi1 t?rmaa IJ[:QI to h . £
dbragd e SHETRAT Oh? TP e FPDA elgtiy e froggother region o
e .dT1§@?é&{t%ioﬂedf%h&€%e§% ARBctiod SR SREcAD tHGhe BLP
mafner tha ]

occurs at the distal end of the FLP
(PR able ud reangnisathe FRAiteg) incthd iplaymi guebibersforp dhat the FRT

exanple as seen in the 2 | asm.d. By.."di stal

SRS CEOrE e ED LA CHOERE G Lirerrrbetiet B prdiin
f which the pronoter initiates its

%’?8%@?9?%??18%&@n a preferred enbodi nent, the distal

end of the FLP ORF overlaps with IR. A2mmfamly

| astl d LUR) SRl S TRt e Wit @"5RAfS Rebeus,
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 2pm plasmid.

The inverted repeats are typically positionéd 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 2pm 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%, SQ%,
90%, 95% or more, up to 100%, of the length of the other fegion.
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other inverted repeat (arbitrarily terned "IR2" to
distinguish it fromIR nentioned in the previous

w@a0ag6EIpd) j uxt aposed in such a manner that |R2I/GCBeWAH05462

at the distal end of the REP2 ORF, w thout any
i nterveni ng codi ng sequence, for exanple as seen in

the 2mm plasm d. By "distal end" in this context we

Aream-famelyepldsnofl typisalREPomMpIRFes 3hp S3RK dhat &angszPﬁtf R ppe

.which the, prapoter, initiates its: {r. i Nt

e TRt (G R g Ol H ey b Bingl hoefiea

&8s Blthtigikdt ens a8kt pagi@phOfuxtdpesddin sehi onmndef thaedR1
etween the inverted repeats of the,2m“n‘a;ml(§/4i | asm d,

owtirs ht the gistah enchgf the FLRORF gjidirous any Hierv &g FO¢Rg sequence,

regi on if there.is any in ak.i i 4 :Siz

foRee POy 21 SR gR ARy o HEEeBRLE menn
1RERR andle FEB ORY oﬂ?osﬁt& a6 H drfdefilorh viTldiheqirg@bter initiates its
pronoters. Typica , the regions defined between the

tianweiption. freperefaredenghodimen, the dikeljsndptdle TP LR osriaps
t. mm plasm d) of a 2nmfamly plasm d may conpri se
W A re than two endogenous genes that encode a
protein that functions in the stable maintenance of

the 2nrTmfamly plasmd as a nmultico lasm d. _Thus in
fa2pnefaerilyenlasnt dppinalht corprises dlag @&Fgﬁlaf precogpaBiPd and the

PR I RERH (HRE LD, T B ool § B! r1
nieﬁ@%c?fg r%ﬁfgﬂevﬁﬂg pﬁgﬁ%phﬁﬁxﬁlﬁgﬁﬁ(iﬂ bich £REhIg (528 qREPEEurs

plasm d typically conprises an, origin of
at ¢y distat erinof(the B@Pﬁmﬁ wighe any driervsppgsoging sequence, for
repljcating sequence - ."ARS") ich.is.typically
eppapPleas SPgha the pg%?ﬁ?@féﬁ?’aé@%@s%%n%@%@@g peppaean the
eﬂﬁ Feh RE??@I@F] %P oSHEGY GRE 88d EoRl GAlchOthe YR@Bbter initiates its
chronosomal origihs of replication may be appropriate
tfaBs@fptionet al , 1982, Cold Spring Harbor Synp. Quant.
Biol, 47, 1165-1174; WIIlianmson, Yeast, 1985, 1,
1-14). Preferred ARSs include those isolated from

Ig%%e'ﬁn%%h%erﬁsﬁg DPREB3coBPBAREPSNMhd FIDmay RMregsnd ohh@e

mm pl asm _
same region of the two regions defined between the inverted repeats of the 2pm-
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 transc;ibed 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 2pm-family plasmid may comprise not
more than two endogenous genes that encode a protein that functions in the stable
maintenance of the 2pm-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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Thus, a preferred 2nmmfamly plasm d may conprise ORFs

encodi ng FLP, REPI and REP2, two inverted repeat
wee@ameres each inverted repeat conprising an FRIGBRG08/005462

conpati ble with the encoded FLP protein, and an ARS

sequence. Preferably the FRT sites are derived from

the sane 2mmfam |y plasm d as the sequence of th

repeatiedy rzmgppm@ inwge thendbe, PBEs capeding KEP sad fdifce F1.gand
i ived f
A R Ry B S RE RS o Sodtleed B Vo T Tore

preferably, the FRT sites are derived fromthe sane

2nim fam.ly plasm d as the sequenge of the enc&ﬂsgcimFLP,
AREpm-fomi [yReiRenid tymiesllycompaiseh aripingd ssniispion own as

ft ORF did AP, .
RS EBGREHIS "GP TAUOEE QRS day e P bldec AL
KR apprbfdte ATES S@jubicccahrienrbsiat s omsanns sapiehaes typical of

pl'asm d. Furthernore, the ARS site may be derived fr.
Yeast chzoreosomal peigins f FPHEHICR THEY bR 8PBHOPHHE &BFrach ﬁéalgﬁeggi

f, RLP. P d R - e CQy;

CHdpriea TR n B 3 R SRR Flentsif Yoags 1955
1 detd)v eplefereaAR SiCintldés timee) isotuted foavp SR, 318 H1d eSBRCATB3,
sequence to the sequence fromwhich they are derived.
¥R wSM 1, pKDlapPM1and the gnplesslid-her eof , as defi ned
above, are al so included. For exanple, an FLP gene

havi ng a sequence derived fromthe FLP gene of the 2mm
PhRS Tofb OBy Do SailiPiishi Ethapcomphies ORFs@inbeding FLP, REP]
regul atory sequence conpared to that of the naturall
ACRIEPL, rigo demeeddetictti sopadncss each anvested aenopetqmpriging-pplRT

oo b el BRI B e s B B0 Rleaoty
@EWﬁ%sia?e hS QRN HRAGRY (haaRilMHl&hid Ry dense@ence of

€ Sanme protein as the naturally occurring gene, or
8 \enestzd del Faprovdi f iMate Firéfemblt Sienseqerees afrthe encoded REP1

STBhST el B, 0 SAISE 2 SUERSES, g ot
ticul . i onal Ly, +.a: : e

B Bl aregE T G BRT,GR8 At g R oA el ity

1457 A6 RS cRBP R ctoddIeF T AYRER laani REPRprotshsd. néet hare

ol kert et al, op. )
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 2pum-family plasmid. Furthermore, the ARS site may be derived from the
same 2pm-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 F'LP gene having a sequence
derived from the FLP gene of the 2pum plasmid may have a modified promoter or

other regulatory sequence compared to that of the naturally occurring gene.

12
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cit. The STBregion in a 2mfamly plasmd of the
i nvention may conprise two or nore tandem repeat

wee@ameres, such as three, four, five or nore.PCT/GB2004/005462

Al ternatively, no tandemrepeat 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, nore.in
A@mgmuymeamem@@wr élpé’a(fsgfilﬁ RO O AT fie the

PSS A pBu pled 1§09 Roaitled! eliBaL SR the

em repeats

?ﬁiﬁ '?&ddﬁ?g' franst vBilh xﬁ@ﬂé&%@@tﬁé@mtpr@tmmnh@ﬁaﬂ@ﬂlg roat@tin
t may be preferable to select an STB region fromt

gearpophas picdde e repdified F&P msefer. of b %HPEMS@F%IOREPE&Y to

Fs. The STB r 0 b
ehemssitioiss o & PaPBryT S peidect sPuRt R fom o
I%!;ggmarfsgﬁgcg_y plasm d may conprise an additi onal O?F

at encodes a protein that functions in the stable

mai ntenance of the 2nmfarri|y plasm d as a nul ticopy

b ey e R EhRAL R aSLAIAE dRSTs

can e seen

e fon TR RAGun L&‘RE%?}%P&@%EM%%@??E SMefirBRYS W)uEé&\FerQﬂ 5.

an conprise a ‘sequence |l e to encode the

BY. TR STRFQEHCH 08 urhTemBAplasmidof) treenCifion emayochenbrizg two
the 2mm plasmd or pSM, or variants _and frag

trheoteddndemiageal spqugnees. Sk af thiggrdous fi¥e of mare nfg{g@pﬁtwdy,

f. th
BLEFAS) 2o Al PSSR 0L e o i

such 39MaNE@ 30284, 50/@0i AN, 9B f100HS mmbmmlpngiﬂurﬁhestwﬁem
the RAF or D genes of the 2nm plasm d _qor pSM ar

Iebcms nmthecfrB \rl](b@lﬂn eichel dgby aﬁwa.:d PP RS ﬁngch pﬁms not
srarieE G TSR Lo PEe B AR S B IeRled Sk afince

Vﬁﬁﬁbn E&P% fldraRd. SUghy bahidtaiableaw tefecagnBTiR $egM)1h from the
usual Iy have at | east 5% 10% 200/ 300/ 40%
g‘&pn is

6i0% plani ageitherandotioehihe FdR1 b
h
Bl o A BCh S efé%g@é%oﬁﬁaﬁ%sw e

occurring 2nmfanmily plasmid may be preferred. A
naturally

Optionally, a 2pm-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 additidnal 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 O.R_'F can comprise a sequence suitable to encode the
protein product of the RAF or D gene ORFs encoded by the 2pm plasmid or
pSM1, 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 2pm plasmid or pSM1 in place of the native ORF, do not
13
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occurring 2mmfamly plasmd is any plasm d having the
features defined above, which plasmd is found to

woatoaned7hiy exi st in yeast, i.e. has not been PCT/GB2004/005462

reconbi nantly nodified to include heterol ogous
sequence. Preferably the naturally occurring

2mmfam |y plasmd is selected from pS tig-‘,gccessl
diauptXibe w@e mplSBEpY AwdEerines ofidhe R pSBiable yeast

obt aj.ned f m.Z %
FORKHEK, Sih mﬁ%%%%%%%@%?%@?%‘%%’ﬂ%o#ﬂ% T Drhed”
FopR oLy, gg%aeo%avmyws Do) 93%, IESM 99(’/Acmemre drondogy with
NC 002(554) as obtai ned fromz osaccharo ces

the prgein aroductuizhe RAT es & gmme xeaeed by sheopimginlesgpid or
fr Kl uyveronyces drosophilar um pPM from Pi chi a
ranaefaci ens or, nost preferably, the 2nm plasmd
(Accessi on No. NC_ 001398 or J01347) as obtained from
Saccharonyces cerevisiae. Accession_nunbers in this
pansgriphoccetieg 2emNapilydelbesid snayTive pifHsas i gnaturally

hsdierk st SR SO BRI R Ry
‘%@ﬁp 89 SI%RP s g.lmla]e[F ngﬁﬁélg}e&lﬁqgi QBRst, {1 Bal RSP HRER SdBothbinantly

uni regi on and a Iarﬂ
Hodifee t& hihdludeelgatﬁnlogsmaccmea@b bj?mfwabﬁg’@lcbtpmm y;rch@rnng

D TSI i 05 S, R Ry s
&l %

(%ys«%’%%ﬁoglrlflo 50@}; E} %?gé & &fﬁiﬂ&i o8 29%&%93% brﬂyc‘é‘s Vi,

FSB1Mer B2 Mebsfibe NoNg_00206 hier erI 8274y é)Odr pe nbtatnedrifrom

f th VWi |
i il et
accha i
TSRO BRI A EReEiSI 6. Sl J18chinct fom

Elubzﬂd?rbﬂnyces rdrbdophilanami, P\E1 dfon2 rﬁwhz@dp@nlanda@"eg@zs ay, emost
known to exist as a result 3\&] %gs%etl g b d
oty S mRlgEa (bepaspr AN 001558 B 01D s baine

Ca t 97 2
IR IB Bl efipidd hogfely e iaie podberghhater 1o
WOBY defshe. Natl . Acad ScL USA,

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 repéat 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 relafcive

orientation of their unique regions.
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76, 3727). In one study about 80% of natural
Saccharonyces strains fromaround the world contai ned

wobdhsloermsd ogous to 2nm (by Sout hern bl ot anal yBCEEB2004/005462

(Hol I enberg, 1982, Current Topics in M crobiology and

| munobi ol ogy, 96, 119). Furthernore, variation
(genetic pol ynorphis occurs within the natur ag

Wope DA csequdncgnehi ssoved 2 iie mesniid (also d@pp; &5 aepldndom

. carl sbergensis, wth.the e 0
SRR 65 ) BB DTk B MR e OGSO 050,
Ared 286C k@@r ofee aligiant kM nehrdh&péfaYsmasbpD and Seps, are

of mtotic stability (Mead et al, 1986, Ml'ecul ar &

IGenartalexidemet fesd| o20H1l delqtions TH&25-hneneA20-bp.assnectiyelys in

the, 2 | asmg esults fro asmn oge :
TS AISBranpI % P 2 AL R Thry e PURE A aha s Lo Rl
1038, bgy CORRO LS eGvidpstbi @ HaBnsl€0eb OpraeNNatf Aekd. et i GS4,
vectors (Futcher & Cox, 1984, J. Bacteriol, 157, 283;

Hasdi (n &nRstindy ah@sB0%0\efnatiraesacshararmyesieitiains fopg around
229) . A t i i ch cont ai L asmid.i
B2ha Sohees BN L L S M

, : A 96, 119).
Ebidie 2 RITCR1A3 Tobics 3n MNOWBIAG ST HmunoBidtoey, 96, 119)

KyethesmorandvariagonL (geaefico rpadymomhissn)t lpscREPwithing the( apgisal
known as RAF) genes, the d-1ocus. and,the origin .of .
neBplefen of AN BRE e Rscer (e AL cariperbgf with the

r ]gﬁgéb . beB &70). The
%ﬁl%i ?%gghn%(g%%%l%l nds ﬁrg@ﬁ%o?g?%)ebseﬁi Flngr(J3 e%gr(r:%hni tion
Target) within the inverted repeats to nediate

S S e o esbmset B Nl SRR Gl ot
S50 W o 0 308, 0gae Sk B, A 1
Nedrbnt AeBiGity 3€ithe BB AplasnBid, reS8IS fronT he pleamydrandaeled ofopy

2mm-fami |y ‘plasmi ds can be signifi cant,I% affected by,
sy esplificriqn art patsitionve meshapisey Witrkspn die gqmpromised

001,. Yeast, 18 ; : t No@s reriol
B by B pricy of el Rebro ARG 57 €55 LG Mgl
M8 B ReakRR R .1 984t Mougihdiagin Chodie, bE5,d2290nAi yeast
uncl ear (Sengupta et al, 2001, J. - ) .
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 ‘lche 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. US.A.,
82, 7270; Jayaram, 1985, Proc. Natl. Acad. Sci. US.4., 82, 5875). The copy
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Bacteriol, 183, 2306). They al so repress transcription
of the FLP gene (Reynolds etal, 1987, Mdl. Cell Biol,

w(@2003666)8 The FLP and REP2 genes of the 2nm pPEEGBA004/005462

are transcribed fromdivergent pronoters, wth
apparently no interveni ng sequence defined between
them The FLP and REP2 transcr| ts both term nate at
mes ef@umeﬁqmﬁquéasmid$ tan be siepHicendy pioded by chapgearn Flp

b
reRRINOAE SRt (REH B fh AG O%%S’ a3 IohBre  hkgen. 1900,
J\J‘%}?’ 5 mo@ehks B!, The R2FTQnd Rép pﬂ)t@m encaiat& ipPysmid

e C-tefm nal codi ng sequence al so | |es Wit hin tg&)1 J

seg‘regtttoed altlepight theie quastece, aqtiont 1p psisee (Sengaptevg ol

ggisrighs 187, PR TEY R e lot SR ORE R RS ol
ePbﬁ%%ﬂM&PCélmizblow apsb)anpl i fication in vivo,
al t hough only the FRT-sites (Il ess than 65- bp) are

essential for site-specific reconbination in vitro

T&gep&%of ; Jgéff ﬁ%}?ﬁ% 9(%5 %% %p%? énéek% ta]réA‘&%lq Jggc%'ﬁo% %iv%rgent

Brs; w%%’ a %%ﬁﬂ MeVifere@Rig eljuctice dtAB< bélaken Bpm.nghe
% (3/1 antitative Biology, 49, 797)..Th
Mdyamhﬁmttnauscmm ol derminat pf the Samp GPdHeRES Boginifhin the

343 (whi t
R e MR A SRS ) oS P s on
téﬁlﬁa% BHo (Suit&8E& Bidads 1988ytiol. SeHdBioBS, 27WDS. A.

9; Chen et al, 1992, Cell, 69, 647; G ai nge et

aI 2001 J. Ml BI oI 314 717) Two functi onal

dopai ns S f
éﬂa f 635hd @Iﬂ gﬁ% 8 r eS| du g@@%@é@%‘ﬁ?@?nﬁg%‘%ﬂed
rﬁféaf s@%&%@é atFLQﬂleﬁﬁ&eSﬁE— bt dnmtede@lpeat £eﬁaﬁgleptae dtighly
. Bacteriol, 183 .Chineric g€ nid
wesasyddopvanA9lrhp, defialia |091é%deé? 2 caps Foaeﬁr%{ﬁ? i
R85 3G bALEEMAGN AN, LRANGSR] hOEREMHERI@STtifhn 65-

unctl on ClS nt ARS and
tgﬁ%@tess@ﬁﬁ;ﬁ%t wRb-ypaeifid retcbmblﬂaﬁbms n)ztvmt(ﬂmecadfﬁdaz‘ al 1985,
a

h |l Il _d S | asmi .
Roc |gxf\7}lftel3 hésad §Zh§:’§gﬁlﬁsg%r7g\§|§3g%1%?%uf%5$ ,Paaén %{,ngﬂad Xei.
L) apsesdiie St rShn: o, PodaUnEi Wpilne 20mHR) SMRsia On

e hos
Quantitative Biology, 49 797). The key catalytic residues of Flp are arginine-308

and tyrosine-343 (which is essential) with strand-cutting facilitated by'hjstidine-
309 and histidine 345 (Prasad et al, 1987, Proc. Natl. Acad. Sci. U.S.4., 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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such as a [cir+] host. Genes of interest have
previously been inserted into the UL-region of the 2nm

w@b@snsdi8 For exanpl e, see plasm d pSAC3U i n BEPI/GB2@8/005462

424 and the plasm d shown in Figure 2, which includes
a b-lactamase gene (for anpicillin resistance), a LEU2
sel ect abl e marker and an ol i onuc% oti dgﬁh ég thef h
Cimete of werzo delgos rbieg SoTSBRYEIOF ALS ¥ many of the

SnaBl - thin t h |- . .

SIS Do e M Bl AR i

é%emé}ﬁ?' iRsONA B3 WasHott R cYelp iphioh hetweanhathes atddaughter
anpl ci I I'in resi’stance gene 1S lost fromthe plasm

celipwhcdlindifisgnr eSwhaflessnds eamde 69 h%fﬁlp%ﬁnﬁmﬁfmswéaﬂpp ied n
ThISI descrlbdlnChln r
regeb Torgsignee A P o 2 YuptohA A blemid t%@%%ls e st

s}é@ﬁﬁ%& S@IeS| gnated "di sintegration vectors"
urt po ynucleotlde i nsertions can be nade |n a

JVfl-sitewithin a linker (Sleep et al, 1991,
Bi ot echnol o

(N 183 t
Genes of |]-?f[el? a@}l?’lﬂuiy R %J%ﬁrt?a% b rtﬁ gﬁ aﬁ'{‘e%?% Vo [ e 2“ m

I h id
T

H¥haan Fdireh, which iis@uds i pretamase gene Eor ampicilih l?es1stance)

pl asm ds pCVv21, pGr4l and pYE whic txll\#Fﬁie EcoRI h1 h

aaéEUﬁéeleﬁ@blﬁtm@Kers@tdean pheemweleofidik ALY ‘é“ ¢
th

G e U SRS 5, O B iR st

BbiaeBdoR 1R8BS pSATIVRECHP R5286 424)D The . EotiRINArbeEivEen the
are used as inSertion sites, plasmd d 8,

JFraseswthiat nonjeing |tb@mwlﬂ1ﬁsl'@ﬁlﬁa6?? &%nedsalpst J%oxmhe plasmid
l asl 3 ?@?%33[?{ 1ans (%t%[ 18& ﬁﬁ 05t P¥iislis a&s¥fibdd ANChinery &

as t e i nsertion Slte
BhghRirasvgg, ElY3Fenbi,cts, QS%ldC]ERIO 286 114 veere tigese types of

insertion site. Ct her 2nm pl asm d clu \P?
yesacs e, depigpatel Hdisiptoatadion, V%‘SJ&CS §A@§@ c %’%ééﬁqmons
SACSSL
LT S S R A

¢182p) which also

Alternative insertion sites in 2pm plasmid are known in the art, including those
described in Rose & Broach (1990, Methods Enzymol., 185, 234-279), such as
plasmids pCV19, pCV20, CVyeo, 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 Psil in D and EcoRI in D, plasmid pJDB219 in
which PsA 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 pYT1l, pYT14 and pYT11-LEU which use Ps in D as the
insertion site, and plasmid PTY39 which uses EcoRI in FLP as the insertion site.
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descri bed Pstl, Eagl or SnBl as appropriate 2mm
insertion sites. Further 2mm pl asm ds i ncl ude pAYE255,

WE200EBAG18 pAYE443, pAYES22 (Kerry-Wllians et BET/GB298/005462

Yeast, 14, 161-169), pDB2244 (WD 00/44772), and

. PAYE329 (Sl eep et al, 2001, Yeast, 18, 403-421). In

one preferred enbodi nent, one or npre_gen r
Othehimoplimids el DRSPS AT LG AG I ROAf 300, pSAC310,

t scrj eqd un >
AR RS LB AR BRGAEL speengeus e o 2n
08" 8Yd Ty (P eHRbEEnSCo8heduredior:arnéd-2N)ewhARE also

sequence extends fromend of the D gene to, the

desgitedi Pgl, GrglARS S iRsnRIPTONTiRt® PHEMORSSTHED Sitpia BF uth@atim
the .qri gin of Li cati i i
Sl e oA SENER%6ERYRRSE AR dhgETithe o

AL19Y8; Yahe 1a!<i61|-13@b)p§gsgm4fwwr) GOMETC),ainé PATE3RPe(Reep of

iI'nsertions can al so made in the untranscribed
al,fi0dnYeds, A8j 4NN ng positions to the SnaBl site
described in Chinery & Hnchliffe. In another
preferred enbodi nent, REP2 and FLP genes in a

ﬁg&ﬁegﬁ&éehxa PhBSHifned6H chav@e aBndsurenteeted eneat 2pum-family
ad] ace

nt to them and one or nore genes are inserted
planed avithimah antrinscypbeslsiegionweireuridnthe HERS sgflughceh ek Qespmple,

the first base after.the, last. functional codon. q
i jthe Qpmog lasTREPD RS IRR % Y EP Py Eite SC{%S&)F%%%“ Ampd

f hdset F e eghd BPER! bAGAEEHF ARS
tggi@%e%@%n%x %&sst ﬁ?@n%ﬁgﬂgﬁ{ codon of ei t%g?lﬁgg REP2 |
SEmacer InseFloR igentndBi (hewe thoddgin ef tehlicatioarseqeangt fgRS) 1is

frame of the genpe_that..i ri.hest. do reayn f ram
desemhstap GNngry el ggﬁgﬁﬁ%igw’e{wgcmﬁl‘m Zgajsgl og?l%os oﬁed

| Qi AN 85 CRERROR daRSHsPbe MaLE i€ eYuntranscribed
%gtr%o%ﬁ \%ﬂl?lta%)pgf mﬁ:e p?ggm d, as defined herein. Thus,
diisnugt heighlmiuring epdRifiens oo FePSeydHe sitatdeamipep oinn Chinery &
dpmngérean1of the last functional codon in either

]él,l %y insertion of a polynucl eoti de sequence

insertion, deletion or substitution will not lead to
an unacceptable | oss of nulticopy stability of the .
Tl s thietl pFedierredeatpidimerthRERERE] §éRegenes inhe2 pmmfapiilysrpgmid
can_be di srupted aftg.r co%lop 59 o
each have an mverted repeat adjacent fo them, and one or more genes are inserted
into a 2pm-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 ﬁmctional
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 ét 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.
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and that the FLP gene of the 2nm plasm d can be
di srupted after codon 344, each without a | oss of

wordosiocopy stability of the plasm d. The | ast PCT/GB2004/005462

functional codon in equival ent genes in other
2rmmfam |y plasm ds can be determ ned routinely by
maki ng nutants of the plasmds in either the FLP or
REP2 genes and follomﬁng the tests set out herein to

etern1ne er |
SO 2 B P AR e Do codon 5
§Q 1hdn¥id wsh b diseabt @uﬁdsr c@ﬂoﬂéﬂ#n@x&h
aﬁ&tt rﬂlﬁee}?%}’gbﬁﬁé’tﬁl | ﬂ (1989, Citrr. 115(63enet

vﬁﬂkmﬁﬁh losEOJf nyﬁ‘a@q)ytsmbﬂltﬂ @f st plgmm} i Thet lpgt functlonal codon in
fesig

egg;va}%g‘la g%&g,@;ﬁé—ﬁ#@h %l ((iaél8 c dajnmng(g)éout%nely by
r%ﬁméﬁlﬁa?%ﬁ B B I ARAIORS §iBk£ 1ROP7 B &k Gt Vereedia foll ghing

stability nmay be defined as the
tRenentsageuc atlem tenatenning phethet tgpmlasmidretapps multicopy
seI ectabl e marker after a defined nunber of
HEVati ons. The nunber of generations will preferably
be sufficient to show a difference between a contro
plasm d, such as pSAC35 or pSAC310, or to shown
Oeneayr dddrenisdabhdtherya pl@srmdcrhtams qowtieeny prkibm wingriest such

s dg%»!d ipucl5gy HREReET 8 crry Gendly 16 9PosP Ffiyelly dhat
é@ by 45 theon-EhctivOme8R, (YD, al@0d@igrardeyEPDY defined in

rs are preferred. The acceptable_ plasmd

@nadmyl &t Hinvhlyfie (BR891%wpoends, Un,21584) 9@% apBIRPridlgo4on-
25% 30 1a400/ 500/ 8810/ Zio(ébﬂtgr fl? 0/91 fﬁl%%?ag%@erc%ﬁ%ge

oor su

éé'n? P&ﬁalﬁﬁlrgcﬁ%ﬁf c %xethﬁ rsefeetabldmarkbe afilsi 4 Hefihqdemsaber of
appreci ate that, even though aagl asm d_may have
shetiibng, y The sembéraef aaendiapeilyperiErasly bomieieatiq

e@g?ee%%vv%gp | as] récﬁi p%%ﬂuc? thtd F?ﬁsﬁgﬁ&ﬂ%? p@%%?%@ Ut ﬂérs@lgwn

exanpl e plasm d
%gﬁfdb@@ stabilityt fdesuel arghes! plasroidl. yTHéJ%mhdﬁi G gamemtmhe may

5. 1BuB, o ek Sal0ols bbd 3 Her Endb | h WelBrish Al 35 0.
Ag, agbs’ gd; r'}dj Efb[ %9 Clt()bvénI Ynore. 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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in shake flask culture under selective growth
condi ti ons. Thus one or nore gene insertions may occur

whednsmoerTig he first base after the | ast functi oPel/GBowd005462

of the REP2-gene and the | ast base before the FRT site
in an inverted repeat adjacent to said gene, nore _
preferably between the first base of the inverted
’Jﬂmp@ae oamubre gend instrtipas®ap OFGH PEHEIHRT fyptihase é&%rnthe last

refera [ t r [

PLFIBh Rl R? P8 itife st Bhec Bitple BOTIREL W0 in an
ﬂ%?@d b&ieat &1jddeat odidsdene, m&féquéfembm between the first base of the
al ternati velal one or nore gen ﬂﬁsertl ons nmay o0g¢cC

itvetrind gepaahend tlreskastohase bafore thet KL |sys+ SepRpicoRTS er%’&% Ghe
HO%I’[{QE eal‘ft:% Slaﬁglg te%rl%ﬁicéhﬁﬁtcoﬁénc' 6f BRI RER) LB& HRTbéfofethe

A Fepea acent to said gene,

]ﬁﬁ%ﬁﬁﬂﬁﬁhﬁmwﬂmmemathe flrst base of the inverted
repeat and the | ast base before the FRT site, nore

preferably between the first base after the end of the

fgﬁhﬁ éona 53% aREY ﬁﬂﬂ?ﬁ éﬁ? dr bife baR! inB@aEnP ko Reldetibdn the

as a irst base after the end of the
firkbpe dﬂelgthsmuenmeonal modMEObtheffErR gcheeaniddlie hashbase before
where the 2mmfam]y

the 50 ieom i eaP e § ARCECI PEGRATS g tveen the
f‘ﬁrgf: Eg{ &F tﬂén VB tdd re%p@&t ﬁ{d Hef Rt BXRMBEBre BREFRP #BO more

he con ents whi ch are |ncorE§rated herein b
Ifreﬂ‘eenbgnbaweeﬁhd ifisstibasgafr itonendeditbe FhByroding sequmce and the
| asm d vector

Baitisreieoro B bae57F 88 GhEFnIR] e RSB SikhoEge FLP
&hﬁ%ﬁmg&&c@h'Ch one pair of sites is in direct

Ion and the other two pairs are in indirect
orientation, and a DNA sequence of interest (such as

an E. coli orlgnof i O dbacter

legrefpred b limen. phehf i eEu gL bfsd omgls 2y
ocat.ed.- pe i ﬁﬂ%ﬁmﬁf

WP O ot Eilgs T 2 oBlepRfoh Veklbr Aot dor

SQIPId, Se EB @JSéCA%blthe rantests @hwhsré.qanenmeormrqé?(bﬁﬂémﬂed)y

di sintegration vector conprises . a co

m_d
bl TSSO Dasrart DA AdR T BRAPTRE o
]3 ugera%gnc%ex% itha Xntgrﬁ)d’edqg%aﬂ@? B}Q ?e&h&ﬁ‘ﬁ1on, three 2pm 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

lecated between the said sites which are in direct orientation.

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

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

vector in a bacterial host; (ii) an extra 2um FRT site; and a selectable marker
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vector in a bacterial host; (ii) an extra 2mm FRT
site; and a sel ectabl e marker DNA sequence for yeast

wo e@ssbonsrat i on; the said bacterial plasmd DNECT/GB2004/005462

sequence being present and the extra FRT site being
created at a restriction site, such as Xbal, in one of

the two inverted repeat sequences of .t 21 sm d
PG seanatco kst RTogorestoe: G S e FHet DRrn e o BAoEe
&g@g@%&% tqagd L ARARATIIUS I cibhicl R elifioBGh ditdhch as

Sequernice, and the bacterial plasm

BRAUBNGR dTethe §ws anitied heped stoeacest dfghe 2punaplRmidithe said
and the endogenous FRT site of the said ngine r eg%geftq e of
eerg FRACte beimgan gitegtearicattign & FlagnAp s prdaggnps LRy site o
acterial plasm d DNA e S ar N -
St etpusBet Bl pRENT BEGEUR fan Bl DR St Bhop beine
SHOS A& batveon tHaexeaHR [ sitatndtheandp@dacss B Tstimvwi the said

EP 286 424. The term "di si nt.egrat.ion vector, as.used .

drerispent FGisnFnC I dcHeTHEa I ERRLHgR FHOR 4ih Pyasrial plasmid
51,559, the ¢ n - wWhi i a :

Iﬁ]g?&e§eﬂuwb§ glfee?aélﬁgﬁec%earﬁda (sg Eug ' dJ|A I nt élgarrg{] ?%E&%C%%g prralai/mld

Nt AR A THLYEREDFy the dénfigikdion dfpSACBNA shewn enER 286¢adi ng
non- yeast pol ypepti des, contains no bacteri al

(particularly E. coli) origin of replication, or nore
referably no _bacteria Mok & i ¥NelEes GPAdmids as defined
5 RRRERIEI T b SRR R0 serfcsRisiics 2 define
fhass DHAS SE aueameentsfosdhioly aredneoy parsted hotejpbptéfamsce. i Shus

yeast-derived DNA. The term "chaperone" ag u herein
a elistntegratiom veator gias e at 2HR repstor dhatn @thst 4B | sfquence

ther w t apl f f Th and
BSOS L SO R 29

Sﬂegﬁ&%ioﬁ,adrembﬂ% prefémblPao bhctédl ¢pagculally gowel) sequence and
assenbly, transport to at&irtl cul ar subcel | ul

profepcbiy AIINA o1 Seiflsiseienlothy DA sTBRICRICARE Ry east

chaper.gne.is al so tein that is involved in
Bﬁﬁ&?ﬁ%”fgﬁﬁﬁﬁééngsiﬁ i'¢h has chaperone activity or is
i nvolved in the unfol ded protein response. Chaperone
proteins of this type are known in the a

Ehaiteph Echiaperone” St s Sersinsia e DRECKHR St E”ééﬁ)}g and stabilises
B LRSS ARAOIP P 5 B g nas e,
A Qisd CRSititRRAPE CORES , 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 éhapérones are
eukaryotic chaperones, especially preferred chaperones are yeast chaperones,
including 4HA1, CCT2, CCT3, CCT4, CCT5, CCT6, CCT7, CCTS8, CNS1, CPR3,
CPR6, EROI, EUGI, FMOI1, HCHI, HSP10, HSP12, HSP104, HSP26, HSP30,

HSP42, HSP60, HSP78, HSP82, JEMI, MDJ1, MDJ2, MPD1, MPD2, PDII,
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i ncludi ng AHAI, CCT2, CCTS, CCT4, CCT5, CCT6, CCT7,

CCT8, CNSI, CPR3, CPR6, ERA, EUd, FMJ, HCH , HSP10,
wWoi3RiA617HE5P104, HSP26, HSP30, HSP42, HSP60, HSRZBGB2004/005462
HSP82, JEM, MDJI, MDJ2, MPD, MPD2, PDII, PFD , ABC ,
APJI, ATPIl, ATP12, BTTlI, CDC37, CPR7, HSC82, KAR2,

LHSI, MGEl, MRSI|

NOBl , ECM O, SSAl S, S,
A, ATRSAPISSE ISP 1285, LA > CEhp OB IABRCBHS,

o A S iy oot s anim s ey s,

SN65)0EhaFarnNBERSPUC2) PSATe [iBECcead dlAE! tdrea truncated

present inventjion may. be; he shock pr ot gj uch
sonlem @] (VaKeRenicE th S Iee EHES h T 1 nePG o
proteins (including Kar2p, SSA and SSB proteins, for
exanpl e proteins encoded by SSAl, SSA2, SSA3, SSA4,
BSBhpeidid USSBRI, thappcitedfitht hesertsnentiembnay bef t he
HSP9pO-fam'Iy, or a protein that is a nenber of the
HSP40-fam |y or proteins involved in their nodul ation
e.g. 9Ll [ ydi - HaNAy - PHIRd ASH70
‘Ee. g.el %ar% %)’cﬁxﬁfbg%‘?’ klﬂgl %r\léétpg?%ﬁ?ﬁat [ é I%o\lblrlf%g?rlggr of P
t he k@amylgpiferotains frohiding KarPpl $SAf andr 38R iprotsins.sfoe flexample
the al pha or beta fam]i 0 r hggin/ i in .
DI ot TR SRBFOMH A B In SR YD B Ay S - BERein
;. a protein t W_ (RMDL il
descriPBed %?err}lﬁ %I‘ﬁq@?g et gr?ﬂg’o%lgjgp Genon%itgimgl %&SI?})GI of
3(6) , theCHERUOTRRAT br QR3TiAS insvlvbdam @isiRpmodualation (e.g.
protein that is naturally |ocated in the endoplasmc
reti c8illph dncledimviaNA - nandeDded diler prowinindg.2. sIRM 1D,
as the golgi. For exanple, a protein that naturally
acts MdiZme | umen of the endoplasmic reticul um (ER),
particularlyin secretory cells, such as PDI a protein
that is transnenbrane protein anchored in the ER such

gs 3 TEEREK 1Al i MecRRADb frRickyopiles®bednimily of proteins,
H el mgvi st et al, 2002, supra, _ . .
such as the alpha or beta families of karyopherin/importin proteins, for

example the karyopherin beta protein PSEIL;

. 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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(for exanple, OrnRp); a protein that acts in the

cytosol, such as the hsp70 proteins, including SSA and
wESBspsotei ns, for exanple protein producti on BSAGB2004/005462

SSA2, SSA3, SSA4, SSBlI and SSB2; a protein that acts

in the nucleus, the nuclear envel ope and/or the

cytopl asm  such as Pselp; a protein that is essential

¢ 0 t hepwiteihithitt iy tefnstmbeaak | protsic Aincherqdpin e BR. such as a

ti k ' otein, P . )
o b RSP B RSB ER  03 v
di Su'@ij&@m gn@nfngﬁ)grati on, breakage or isonerization,

or a proteih that catalyses thiol:disul phide

i nterchange reactions in proteins, particularly during
t he bi osynthesis of secretory, an I fac .

br ot e Sl Pereds be FaP b A fie de LB S Bstyding Ssa
Pdi | p MR- 048I BrdeinEp@dpLtisndsory, Sslat 8643,
proté?ﬁg@ﬁéagqbﬁgﬁzs, Fnolp? EroF%?{ a protein that

is i nsd4/88BI mdsSSBR2i n synthesis, assenbly or folding,
such as PDI and Ssal p; a protein that binds
preferentially or exclusively to unfol ded, rather than
mat ur e prof ei tARIASP % RuBle®! NRvelbPE! A#di9the
SsA éﬁ&gggé‘gg%téﬁig?qﬁgfmgkanble proteinsV%ngoded by
SSAl , cyesAdsm, SGABas IB8M#, SSBI and SSB2; a protein that

prevents aggregation of precursor proteins in the
cytosol, such as the hsp70 proteins, including SSA and

SSB prot ei.ns,. .f.or F r 1S, d SRAP
Sone'* B Ve s BERPLOT P B o e SRR SR DI o
t o angsgitabkdriysserid pragiadpchtePssp; f or exanpl e Ssal p;

a protein that is involved in the unfol ded protein
response or provides for increased resistance to

agent 3 p&gtlélﬁlhth%fc' i lfmo(fée'ay f gulﬁﬂ?drgl' bRidati sy %.rt(ﬁkﬁlphide 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);

. 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 SSA41, SSA2, SSA3, SS44, SSB1

and SSB2;
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w@bkqos20028 supra (for exanple,

that induce the unfolded protein response, such as a
menber of the ORVDL fam |y described by H el ngvi st et

invol ved in the response to stress (e.g. Ubi4dp); a
protein that is a co-chaperone and/or a protein
indirectly involved in protein folding and/or the

winf oladpadtahn dliaeiprevensspagpsezation @f MO8 profvis| ig) the cytosol,
protein that is_jnvolved in.th ucl l.asmg

t r ansSHot 8 e hiaE} BITiRE dRduding Séﬁ aglsc,i seﬁ’go;qel%g’r?ﬁir: Syample
that J5ehabacdei®yISANSIRIL SOl3, 6BaY aHB IRl 582001 05S

t he nucl ear menbrane by recogni sing nucl ear |ocation
sequences and nucl ear export sequences and i nteracting

wi th the nucl ear ,pore . compl ex, sug .PSH| . .
St ot i ot BhoendSRPLE SR PG P gefwte Ssalp:
activity agai nst RNA of scranbl ed ribonucl ease as

descri bed in as described in EP 0 746 611 and Hill son
et ala pro@fdthavit invdbeBninythe unfalded prafeipoEspoBsR A Axpvides

PDI; a protein that has an acidic pi (far exappl .

4. 0- fosincregprehregistapey to %ECBFS&F%%FW%P e ar‘?@rfg@‘ﬂ&%#elt"l)
t he 7 i ' OSSRHSES adthember of th
Nt erﬁnﬁngﬂdﬁw‘%iﬂﬁyﬁ%&gggﬁ%lﬁ %Qgp/noélg a C-ter m'analem' o or e
pept | ORMDIN thinnity deseriber] by Elelagviss el ¢, 2002, srpraeifer exaaple,

is a peptidyl-prolyl cis:trans isonerase Q4. CPr 3p,
Cor by obpistann e 8 B Ju e Ry fEST
chaperones (e.g. Hspl Q); a protein that is a

m t.ochondri al chaperone (e.g Cpr3p); a protein that

i s a cytowpihagai & ocorabeanedndfer o prottin direstlyppyolvgd
protein that is_a menbrane-bound Hegper one (e. g

O n2pn pretep) ; foldingr epdios theat unialiedh Byetedh e TSPPNSEt 8-

activit r.c rone regul atory activity (e.g. Ahalp,
ec! pspteRpayaTTH:

a protein that is involved in the nucleocytoplasmic transport of

macromolecules, such as Pselp;

J a pfotein 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;

) a protein that has an acidic plI (for example, 4.0-4.5), such as PDI;

24
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a protein that transiently binds to pol ypeptides in
their immature formto cause proper folding

wo e@sspong at i on and/ or secretion, including prBCEGB2004/005462

required for efficient translocation into the

endopl asmc reticulum (e.g. Lhslp) or their site of
action within the cell (e.g. Pselp);, a protein that

i s a d pretfiv €t isna preatbet of donpsngR famdEntd prefdplly possesses
ri bosone. assenpl . q. Atpllp, Pselp, . T
pr ot e‘?lnnl\bﬁen{lﬁglb @Mﬁglrngmgn a&’n@g‘nﬁqd:? ?é"?@l}%@g %E%tf(?e_%lgldlélg
pr ot edoqnag[{ sﬁaﬁas@sﬁiﬁl din conplex (e.g. Pfdlp). A
preferred chaperone is protein disul phide isonerase
(PDI) or a fragment or variant thereof having an

equi valent ability to,catal¥se the formation o{

oli sul phiaenbibaidis wipeptiAyHOlYlLFSHTES SRBEANS &N P13P:
reti0@$%ﬁéﬂER). By "PDI" we include any protein having
the abPI%ty to reactivate the ribonucl ease activity
agai nst RNA of scranbl ed ribonucl ease as described in
EP O 746 611 and Hillson et al, 1984, Methods Enzynol,
07, %@Af&?ﬁm ERhonfol8Bué BN IMeheferbyes @ag) Bisp10p);
catal yzes t |JI: di sul phi de interchange reactions, and
is a major resident protein conponent of the ER | unen
in secretory cells. A body of evidence suggests that

ot pl aysicn that is aimitedmndriol ghanesens (8- HCHEIME hesi s
(Freedman, 1984, Trends Biochem Sci, 9, 438-41) and
this is supported by direct cross-linking studies in

i Rot h and. Pi 1987, B | St :
#175. eppier g Fasa gt el SE S Rt 5 Cas )

deficient hi PDI show a specific defect in
cotransl ational protein disul phide (Bulleid and

&1 eedipiyeid 88 aNﬁéIﬂbﬁaneStaﬁmd%ﬁ?e@h)s_(b@o Ores2g, faho The
enzyme functions as a catal yst of native disul phide

bond formation during the biosynthesis of secretory

and cell surface proteins. This role is consistent
wi t h whmtein $hak hawehaperenteaciiveioract vty (F Ghaperone regulatory

properties jn vitro; it.c lyzes thiol: disulphide
i nt er eHBRYCr% 15180 aFE%gT&ﬂblyHo net protein

di sul phi de

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. Lhslp) 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. Atpllp, Pselp, Noblp);

o a protein of the chaperonin T-complex (e.g. Cct2p); or

25
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formati on, breakage or isonerization, and can
typically catal yze protein folding and the formation

wo@toosasi7ve di sul phide bonds in a wide variety BET/GB2004/005462

reduced, unfol ded protein substrates (Freedman et al.,
1989, Biochem Soc. Synp., 55, 167- 192). PDI al so
functions as a chaperone since nutant PDI | acking
i sonerase activity accelerates protein fol ding (Hayano

et al, 1995, FEBS Letters, 7, 5 11). Recently,
syl pwmrpsam @&ﬁhéﬂ‘?f@ﬁmr‘?@fnlﬂ%ﬁﬁ gfﬁggjépgsorrerl sation was
reported to be the principal function of Protein

Di sul phide Isonmerase in S. cerevisiae (Sol ovyov et al,

@qgéferréd cBhRkone(Reftoteir? dBulphae ﬁéﬁi@&s&(m)@)) or ZhicagDMt or
and am no aci d sequence of the en gggiﬁ %8 Inhid
@mwmeregbwuw haleah ity & c2EsH tior of disulphide

5l S B A e i

dnﬁ oir6iREl lﬁlﬁflﬂgntﬁlé) BBty anreactivatetheritvanélsase gictivity againdfRNA
e

a8 (e Bbihelsmoects derRIan D10 eI bR s e 4954

Bi ochem Soc. Trans., 16, 96-09;
@ﬁ%ﬂg? Zy%@égim& oc%em stry, 28, 7298- 7305; Lundstrom
and Hol ngren, 1990, J. BI ol. Chem, 265, 9114-9120;
Hawki ns and Freednan,

E@BB%@W which SRS t#laﬂﬁawlgﬁiéé ifiRpppe reactions

15eE® E A
N

1539.1, SOviGLy sugddbts rthst Ja p]wlslaL tg¢ iim @@Icrt@@t}apm‘f@l@ blOSYnthesls

aCt it y%zg%[egaéég clz] OQT%SE% g%ﬁ% %]uga%orted by direct
(ﬁ‘j&u@tﬁﬁ éwszkmm&i? lafid PRste, 1|9|87 OBJRReMBI§1526,14169-82).
ogen

gene i s an "essenti al " gene. PDl is
T}eaﬁmdmg thaomitrenbnfal orembeaneadpfacientiis Sl shewi@ sppefic defect in

enardsten! s igiohtie JpUTHR e FrehfbR 1458 Nk 335, p00-
%ﬁgﬁlhpl éh%?'thé enFfife GREYORs lasasa @dtﬂ?stb@feﬂatmér ifinptidersond

romthe al ga Chl anydom)nas rei nhardi i
foksastian dimrgl the hiogmthaBisorlseeretogy and el susface gyotelpgtt This role

]%Eg%n et W&%‘cg 1851 t&r tﬁe enzl}Zne g%&a?y%@proffé}ﬁé@ﬁa vitro; it
catalyzes thiol: disulphide 1nterchange 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 pfotein 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 ef al, 1995, FEBS Letters, A37 7, 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,
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Bi ochem Bi ophys. Res. Comm, 146, 1485-1492), human
(Pihlajaniem et al, 1987, EMBO J., 6, 643-9), yeast

wo 3wkhmeEms et al, supra; Farquhar et al, op. cPCT/GBagvd/005462

chick (Parkkonen et al, 1988, Biochem J., 256,
1005-1011). The proteins fromthese vertebrate species

show a hi gh degree_of sequence_conservation thr )
09, JkstshonBee9r Brraehasradl 4 83k urese t508s 17@17 33%9%8%1:

. al: - .
D R PP Rl T R B ip(o e on O o iy of
4dnes of fheRryyeaptrifaienihemoganetty famn Santealéw lieaéCraighton ez

east pr ot ei ndi sul phi dei soner.asepr ecursqr,.PDll can
Ao LoD s 1 eb ahk 1Mo dace: %mém%&@??%&%&h%% 9??’”-»
thes. | O . e Rk N 1<d$;

IR Peh Sultdte, S Biagehpaoc o, o8- BD OIS dud Holmeren,

19002 & Hialp Wherk., 2GH.cX e 20;yNdkeleins iveFieadmpmdioqe, Biochem. J.,

t engdl cnmeh ni pgf psl ki fknsdynnsi 1 d t,aea ..

Fiontad 988y SEOSPaRH BT U Qb SRRl 38 dnediators of
ST.N f i B0, Cell, 59,

FIE R il e R AR RS el CReBbposam, Ce

spAvEEY) RibIhas lafwyeibdefaled eatplypic etevityakknr gl ranf

vsi darkfgr 301 hagnl nnkeq fpl fai hdnt edl kygl pql
seeaf del sd ki vl eskai e sl vkdfl kgd 361 aspi vksqei

ﬁg@ 8%?&&1 G ing&mmﬁ'o‘f andgtdestlons PHTagse GhGikhdst agtltsed ehe
1 yanat sdv |1 akl dhten dvrgw egy pti vl ypgg&kD )
Koestipggs ansindimbfediidst. 481 othehw@ygl@? ngiogéw I gene is an
aaeeadadae | adeedai hd el An alternativeyeast protein
Fsstiahig88s soner ase sequence can be found as

Genbankaccessi onno. CAA38402. It has the
fol | owi ngsequenceof 530 am no acids_ 1 nkfsagavls

POE Isl eatiknisdlaigd Savapemwbion issaesiansdt the JiOmeganops SBHMEHIY 2
ek AR S G5 L e o o o
pRavyadl P P aBGhehas Bb VeSO A Batveaind 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 ef al, supra; Farquhar et al, op. cit.)
and chick (Parkkonen et 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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181 ankhf ndydf vsaenadddf kl siyl psam depwyngkk
adi adadvfe kw qveal py 241 fgeidgsvfa qyvesgl plg

‘W(s]lzﬁﬂmdma:el eeykpl ftel akknrgl mf vsidarkfgr 3BAT/GB2004/005462

hagnl nnkeq fpl fai hdnt edl kygl pgl seeafdel sd ki vl eskai e
sl vkdf | kgd 361 aspi vksqgei fenqdssvfqg | vgknhdeiv

ndpkkdvl vl pwcghck rlaptyqgel a dt t sdv

A iyedet gtritein dﬁmﬂ@mﬂ@wnﬁraw PYASHERT: Q’iﬁmﬁg Ty Gptbanik
481 ken aeRapJRe rarAHAd a8y Rnce of 522
gyt k%%%ﬁ g@\n&%ga 2|a}sgnfr%n=:nt of these X
Sagsenees(t he sequenceof Genbankaccessi on no.
CAA423730r BAA00723 first, the sequence of Genbank
accessi on no. CAA38402second) showst hat the

dl ff efrsg DEHS bx§§ ?g@%ﬁﬁ%@&d’&v%ﬁgg&Q&a{@ s¥neyigshd lvlaeffapw
S ng eaﬂ'] noacil f erenceat oslIt

(i GHIGFGIRREAT BB ARt RS CREE Jé&ﬂ%%&é&%fﬁs&éa pynedvnnst
1@n@@@b@€&@sﬁ@ﬁm@qswﬂ7@&m Ay aamesthe padquk@naﬁtdfnatfysm

:W?SFI%%%I \Ps%%'%'azéééf E{g&%} E{kg ?ngx?ﬂiékk ]ad%éa?(ﬁgév]lzvﬁqvealpy

geavape shd vl aeff%gvxf(f

2]51lnﬁtjegdgawﬂasqmgp.p%gsg@f}fnélaa%]a\?aﬁ]g)légg k&{lﬁglmnf vsi gr
shngydra sl Yﬂl@%ﬁﬁ&@Neﬁﬂky@gb@k RERpReY VK ddel bsi@ie slvkdflkgd
knitlaqidc .t h n| s/ la
¥ th(prfg’ﬁfJ Elyg q;a aqlé }%ﬂéﬁ%g?cms W%.]“ES rlalpﬁyqe
421<Ln umﬂmnmdvlmamylbw tdﬁé‘ﬁ”’il@@f FEK S I paVEFT At 95° Pelds1zacs

@&%&%M&dgp}(él\éﬂég )d sagduabify saudahisyegprt aca
I vqf mkqgsq pavavvadl p ayl anetfvt pvivqgsgkid adf natfysm
181 ankhf ndydf vsaenadddf kl siyl psam depvvyngkk

z&q ' gdad g?(?n gé\'{sﬁsg}'yﬁeét‘éydmh O&u%?@%ﬂ@%\%{ qéeéﬁ;@;lg%ﬁ%e found as

é&ﬁiaﬁy SV deasi S HESTARIE40]. f naseel folleykyd Sdqabnakdii3gl amino
vsi darkfgr 241 fgeidgsvfa qyvesgl pl g yl fyndeeel

aadskpl ft el akknrgl mf vsidarkfgr 301 hagnl nnkeq

fpl fai hdnt edl kygl pgl seeafdel sd ki vl eskai e sl vkdfI kgd
301 hagnl nnkeq fpl fai hdnt edl kygl pql seeaf del sd

ki V}nﬁzss}é@iaﬂsshy&dflhkgxd £36deaasps ks qeilat éncfdesidsdpd Lvlaeffapw
| ng el v nd | i fknrdvnnSJ.
58 pF ORI SRAHSST g k%%%%%%ﬂ%%%%%&?&?fﬁ* wghe
]:21apy§g3‘3@1:aaa 1vqu1kqsq pavavvad p aylanetfvt pvivg kld a fnatfysm

181 aﬁkhfndydf vsaenadddf klsiylpsam depvvyngkk adiadadvfe kwlgvealpy

241 fgeidgsvfa gyvesglplg ylfyndeeel eeykplftel akknrglmnf vsidarkfgr
301 hagnlnmkeq fplfaihdmt edlkyglpgl seeafdelsd kivleskaie slvkdflkgd
361 aspivksgei fengdssvig lvgknhdeiv ndpkkdvlvl yyapwcghck rlaptygela
421 d;cyanatsdv liakldhten dvrgvviegy ptivlypggk ksesvvydgs rsldslfdfi
481 kenghfdvdg kalyeeagek aaeeaeadae aeadadaela deedaihdel

The following alignment of these sequenées (the sequence of Genbank accession
no. CAA42373 or BAA00723 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
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421 dtyanatsdv |iakldhten dvrgvviegy ptivlypggk

ksesvvyqgs rsldslfdfi 421 dtyanatsdv |iakl dhten
wael0gwei7es)y pti vl ypggk ksesvvyqggs rsldslfdfi  4BAT/GB2004/005462

kenghf dvdg kal yeeaqgek aaeea***** ***dadael a deedai hde

481 kenghfdvdg kal yeeaqek aaeeaeadae aeadadael a

deedai hdel Vari ant sandfragnment sof t

he . .
ehoarePleSaglbn Cesbarideesessen sof CALREF It coptains fhe additional
occurr.i.ngP ncesar eal @i NGl udedi n
?ﬁ@ﬁP@Q%E%&*@%%ﬁgéhp§gﬁ§%5§§ﬁ?$'in t he cont ext of

PDI , refersto a proteinwherei nat oneor
nor eposi ti onst her ehave been _
ani nbéeioeiies Br118ASSUEPRITTARS G2 EUHSE 1 ifrFyhEEnd Lviaettapy
£i t RRFGORSEY ¥ad11VeOEv FAHEOREPE \abivap drOinedegittidat viaeffapw
suchchangesresul tin a protei nwhosebasi cproperties, for
exanpl e enzymatic activity (type of and specifig .
giCt cvitkyhapet M@ﬁ?@ﬁﬁbikpil*%i//i‘,qlé‘éttle@ﬁ‘i”fmﬁﬂ HLPEEPY dfintknsdvnnsi
pH Langenifbystakilid yhihiaveaactengdignih i ianthyl e gknrdvnnsi
changed. "Significantly" in this context neans that
one skilled in the art would say that the properties
of1 theypraséaantaimyast phiatyeddp ffvapreaitt vbIRVINEEY o nat e tysm
ohyi Velaide S v &Fvalid bHUFat priogeyind Byfnatfysm
@oﬁgég%\%g?%vg %ubs?i&?%ti ons" liesa(?{iﬁnt ended conbi nati ons
such as Vval, lie, Leu, Ala, Met; Asp, Gu; Asn, dn;
Ber anfilindyd ysaddaagdi yd sivipgan Hepyvaedk P adFgyie Fyjpvealpy
eferr | fshi W@ kRCIUEea&3 88 kil dealpy
&[ajl an{é}?%gy{]g%g%gh&%%w%%n Glérﬁ); m%gr, Thr; Lys, Arg;
and Phe, Tyr. A "variant" typically has at |east 25%
811 lreasdysb0yadsdlehs tyl 609 eerl atevkebsel 70%nrpiwflierablaykior
| east 80% _nor 101 90%n rEVEIY WBIBrkfgr
g%le Fa IS§Paatquees§§F P%?g/(;%g%lte}é%egh{%%f er abl ygat |east =
99% nost preferably at |east 99.5% sequence identity
£@ thenPekypepl idecht ear WIeh | fech sddeni Med.esFhie slvkdflkgd
ercent. sequence .identj 0} | des PRl kad
8%1 &égr&nﬁ?%égpfiealhgmt edﬁiéﬁi%&!"esee%a%&&sﬁ ﬂcn}l\ﬁggkége g

using suit conput er prograns, as
di scussed bel ow. Such variants nay be natural or nade

9@1 %gpixhi%qgﬁethQQﬁsefq D.Rr_@kﬁid&ieﬁgipnae&&fﬂvmgyﬂﬁﬁgghck rlaptygela
g%ﬂt ea-sg:lLJkesggle%eggésanggc? Sx’rlgﬁnha eigrnedp\ﬁﬁchxllvlin%wk&hé]ﬁ@laptyqela

421 dtyanatsdv liakldhten dvrgvviegy ptivlypggk ksesvvydgs rsldslfdfi
421 dtyanatsdv liakldhten dvrgvviegy ptivlypggk ksesvvydgs rsldslfdfi

481 kenghfdvdg‘ kalyeeagek aaeea***** ***dadaela deedaihdel
481 kenghfdvdg kalyeeagek aaeeaeadae aeadadaela deedaihdel

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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A "fragnment”, in the context of PDI, refers to a
protein wherein at one or nore positions there have

whe@sodshiet i ons. Thus the fragnment may conpri SEBCHGBRMS005462

5, 10, 20, 30, 40 or 50% typically up to 60% nore
typically up to 70% preferably up to 80% nore
preferably up to 90% even nore preferably up to 959
fyreexample grehaticabttiviip(tyrs 9dwndfspegific c"%ﬁ“ﬁﬂt@t hﬂ:‘g’

a’g{“élta’pr@n{l Ele%‘?m FQED#MBEG E%Hg{ag ﬁpnhavg Ao} sl ARahtly Bééﬁf &{ahgéh

rrse one or nore

«oneh Asef e derks meaxrsrtﬁateana sklefirin gineat vmuld/sayu taan the
of - PDI nmay be a protein that, en e

mqmﬂmorﬁ almet Vapiapmay pgkpe é}@ferent @gquglgﬁﬁpgﬁ%%o‘tﬁlpéls over the

é%on aof (th enelndogenouslyencoded PDI gene in the
(1’118%? ePiend Pl S” cerevi si ae, and may, for

exanpl e, be a naturally occurring honnlog of PDI, such
as a hormol og encoded by anoéger or

nm@i@aﬂbsa?uﬁe% & 1eRlg b ARl %%Sﬁér {7‘&%@"’“ Ala,
1@ B G Jé&?@plﬁ&é%t L QST AEPTRLC AR HBNRAPPROITYRY o

efred chaperone is

HreRAsE Bénselrvaw substitutidne nmmﬁdelﬁm Adp; afal.dltpaiDend Asn, Glu; Asn,

chaperone-1li ke actlg%pa SSAl, al so known as YA OO is
GlocsereBhrohys Wredddhe 1Tof the S. cerevisiae genone

and is 1.93-kbp in size. One published protein
sequence of SSAl is as follows: MK

A!@IVM’TWM R3NDQCKIET PO wARTSHTINR pranlsrRiGake,
eI RRas) PRIV 4 B, QR o B A st

t least 99%. most preferably at least 99.5% sequence
%%%%%ﬁ%&&%&@ﬁmﬁwﬁtms TKDAGTI AGLNVLRI | NEPT
o the polypeptide from which it is derived.

VG DKKGKEEHVL | FDL GGGTFDVSLLFI EDG FEVKATAGDTHL GGEDFDNRL
VNHFI Q

RO RINCTALRR FACERASTU ST MY DEUERGh DN Tsing
FiEHBICERSTteDPM A RDAKISORSSYDElo v \RUSE TRAMKY R \PFIEREOT
R A CARYORA LSRRI P SRR EACR are
%@Yﬁ%@/u Q/FEGERAKTKDNNLLG(FELSGI PPAPRGVPQ EVT
A LNVSAVEKGT GKSNKI T1 TNDKGRLSKEDI EKMVAEAEKFKEEDEKESQRI A
EKI‘}II(g_g%ent”, in the context of PDI, refers to a protein wherein at one or more
positions there have been deletions. Thus the fragrﬁent 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 may be a protein that, when expressed

recombinantly in a host cell, can complement the deletion of the endogenously
30
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SI AYSLKNTI SEAGDKLEQADKDTVTKKAEETI SW.DSNT TASKEEFDDKLKEL
QDI ANP | MSKLYQAGGAPGGA GGAPGGFPGGAPPAPEAEGPTVEEVD A

w@oissiosttegsl codi ng sequence for SSAl is as fol | P@EGB2004/005462

although it will be appreciatedthatthe sequence can be
nodi fi ed by degenerate substitutionsto

obt ai nal t er nati vneucl eot i 1(;Iles%quenc,e_sv\,hi h en%ode an ,
dndedqdiPdegengireﬂwﬁ%m%lt such as 5. cerevisiae, and may, for example, be
TGO REIAT R DT ARG R BRI EIGTET BomoAt:

N GRS ESGAGAET ATINEOCAREGATTAACGTANDAGABOAGT SGATET 2
TITGIC

OO RCAFCRE T QAR PR GCT GCTAAGAATCAAGCTGCT
ATGAAT

CCTTCGAATACCGT TTTCGACGCTAAGCGT TTGATCGGTAGAAACTTCA
ed chaperone is SSA1 or a fragment or variant thereof having an

GTGCAGGCTGACATGAAGCACTT T TGAT
qauivakeat iﬂ@b\actlvity.olcbgﬁz %OA%Tnown a%GQ‘ E%&%%éﬁ@n

chk (,HETW%%TW@m@ATG
cisiprcece) CAAGGAAACT GCCGAATCTTACT TGGGAGCCA
GGTCAATGACGCTGTCGTCACT GT CCCAGCT TACT TCAACGATTCTCAAAGACA

PCSeRATRSr PES A AT BT AR AACCT ACCBOCETGOCA

TTGCT
TACGGTTTGCGGACAAGAGGGTAAGGAAGAACACGTCTTGATTTTCGACTTGCEGT G
\GRBETI PACTITYECEARIGRCK O T RORSF TR T YA DTERL I GDARKNOAAMN
GG AR CIRNAATE AAGEEACCOOTDGKPOI OVEFKGETKNE TPEQI S SM

A L T S SR BT AR SR CAAREACTTC

CAATTCAGAGAAGAACAGINAGEATTTECT O HACEAR TEAAGHNEET R N AGAGATTA
TR SARAGABERAAGABAACTTETETSST FEETISOBETRAMAET TCC

RO T BT B R AR Ry B F S TR R CEAT AR ER G cAGA

TGN GAAVOAAT LTGDES SKTQDLLLLDVAPLSLGIETAGGVMTKLI PRNSTISTK

%?@&E%%%?&%EE%M%@H&@&@@AWMTGGA
AR R TN AT T A R P e A P F T T B BB ErACC

éﬁ%&gEﬂNTISEAGDKLEQADKDTVTKKAEETISWLDSNTTASKEEFDDKLKELQDIANP

ARG CCAMAAT TOGT AT CAGT AGTEGAACOGT AMGRARCCARACAGA
AACCCAGATGAAGCTGT TGCTTACGGTGCTGCCTGI TCAAGCTGCTATTTTGACT

@%M& sequence for SSA1 is as follows, although it will be
ETEAGRT CTATTGITGT TGGATGICGCTCCATTATCCTTGG
&PpAdclated that the sequence can be modified by degenerate substitutions to

o ] R O G IO AR TARGR TR

ATGTCAAAAGCTGTCGGTATTGATTTAGGTACAACATACTCGTGTGTTGCTCACTTTGCT
AATGATCGTGTGGACATTATTGCCAACGATCAAGGTAACAGAACCACTCCATCTTTTGTC
GCTTTCACTGACACTGAAAGATTGATTGGTGATGCTGCTAAGAATCAAGCTGCTATGAAT
CCTTCGAATACCGTTTTCGACGCTAAGCGTTTGATCGGTAGAAACTTCAACGACCCAGAA
GTGCAGGCTGACATGAAGCACTTCCCATTCAAGTTGATCGATGTTGACGGTAAGCCTCAA
ATTCAAGTTGAATTTAAGGGTGAAACCAAGAACTTTACCCCAGAACAAATCTCCTCCATG
GTCTTGGGTAAGATGAAGGAAACTGCCGAATCTTACTTGGGAGCCAAGGTCAATGACGCT
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AAGT TCGAGATCTTTTCCACTTATGCTGATAACCAACCAGGTGTCTTGATTCAA
GICTTT

WORAGBSVAAMAGACCCAAGACT AAGGACAACAACT TGT TGEGT AAGTHCIZABT@ADIS5462

TGGT

ATTCCACCAGCT CCAAGAGGT GTCCCACAAAT TGAAGT CACTTTCGATGTCGAC
TCT AC

ISP AT ER P e AR SRR S P B A A AR AT AT AT XS FETRAGRAGATC

ACEATICTGETTTGAATGTCTTGCGTATTAT TAACGAACCTACCGCCGCTGCCATTGCT

CAGEETAGAT T S GCARGEANGATAT SFARAGATGETECEGAAGC

PO TR AT AR EA R R E AR GART YT TR SRR ACEAAT TG

€A R CACCCATTTCEGTGGTGARGATTTTGACAACAGATTGGTCAACCACTTCATCCAA

%A%%% TE%%&%@%HJM@@@@AMH@@

ﬁ&@@cmTTTGTTCGAAGGTATCGATTTCTACACTTCCATCACCAGAGCCAGATTCGAA

W@Sﬁ&%@%&%@%@%ﬁ@&@%ﬁ&%ﬁm

CCAAAAATTGGTCACTGACTACTTCAACGGTAAGGAACCAAACAGATCTATC

e
RACAR CHTCATTAR TR BBl T S D BeTonte T o Thes

@mprmwcamwcmmmwWGWAT%TQG%@%WWTﬁﬁ@ATT
X0 8 rccFisi 698 RASE LS TEAEr cAAdArhyTdTOCPETTTORNTARAG

%W{fﬁ%pqugCngE(SPI{%[‘&%T(g(sfgkil%ﬁd&ﬁCCA%bg%E&tTBZK.@C%}AETCTT'I‘
txrestoeaht@NAGACTRO EGATRPEAEECT IS COBRAB USCAME FREEIS T ul ar

&béﬂ&%m&ﬂ%&cﬁ%@Eé@ﬁ&&ﬁ@%@@@ﬁd@@@@%&@&me
eC

e I T e et et
AedrecoidabcARRA b aTdCRg:GaaFRTIANCEAA A TOCET GF TFARGCCGRA
th
i N R R e
ITF@TEFWﬁﬁ@CTﬁEW%%TB?CTE%%T&&GW%%%F% ins
EfcrARGAER: chen e et c prTea BESs AG TV TAC TUFRTARG A GOHAGRCC

%%&8&&%&%&5@1{&%@?&&# fb%A@&&%@G&ﬁ%%ﬁfT @,

supr roteins ar
PECATEECNPAETIETRAVASIGFBELTCRTE C%%@ﬁ%%‘ﬁé;ﬁ%ﬂ@&?ﬁ%“&ﬁd
s&de bt @R edrcpt edeicnscBeckencE TCAREQCCARSET TSAREARA)

i S. cerevisiae cytosolic hsp70 proteins have been

G YAPGES i nto two groups; SSA (SSA 1-4) and SSB (SSB 1
and 2) proteins, which are functionally distinct from

& rﬁro%iﬁ %rsalthgE‘for%?’% the Hsp70 family of proteins and is resident in the
cytosol. Hsp70s pbssess 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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famly is essential in that at |east one protein from
the group nust be active to maintain cell viability

W@ Besker7i®& Crai g, 1994, supra). Cytosolic hsp7BCT/GB2004/005462

proteins bind preferentially to unfol ded and not

mature proteins. This suggests that they prevent the
agg7regati on of precursqr proteins, by naintaining them
ihAD A RiRkeHISdes 8B at'elipAeRsndeny pEPGRSS adkbnBiesNapcd by a

i X i d [ Qr
P’gﬂéflo hg?[g%%%%g}ﬁ{l%egﬂm% ?ﬁgl(%g%l{elpgcné%/agg\s}g??’g%’g/@'r ganel | es
(Becker & Craig, 1994, supra). SSA proteins are
ttrapsl ati onal bi ogeijsesi S

ticul [ | ved ir
Gl v et ane S enalpcacneets
%gtgg?dﬁg@f%ﬁ%ﬂls HebkdrC! M§Q@95@ §Lg)‘?559 NAT Sa-d K188 yflsolic

roc. Natl. Acad. Set USA. 5.7 12860- 12865;
Reguwateinsthaed becpGBded int@ived groBhemSAL2 T4 934) and SSB (SSB

o tharchen By ARG OO g PP b dedte SSA

?e&ﬁﬁ?k anchs@iiaPW et hefeakididfigmBteif 6ghadRt %_Qﬁ‘p 5P B6 Uktive to
(Becker & Craig, 1994, supra; d over & Lindquil st,

1898ainCell [viabdity (Bgclg2)& (Deigpl Rk, sapranl Cyt@olic h3p70 proteins
i at echnol.,,. 32, -189 reported that over-expressi

B A b s s R F reh i b Stese ‘i FHEEeStS thel ey
BURERSAL Ahr&ation LEHRIENHS tefy eg%@;mmg thBh a8 at@ebided

gene encodi ng human interferon- b. There is no
stetpgeior ifobeingizssenbled érts euliimoleculer enrapjexss igdlrrecytosol and/or

xpr.essi gn.coul d be achieved if SS ungn .
P B et BB nctrel e AR, Greifed oo
SipriNesSARRtRhASEI Hrtiddarfyasiolvédin po@htanSihti 6Ri ®idRESM and
dével opments in the field of overexpression of |
ohinienasere st precyrserstiof &agslo®éipn isienthetendpplagoigretiggum and

ci.t: .ang. et al,, 5p. OPar Gl t; t t oal P
Gtoeh AR}l WPPR et Moy o M IS o 12800t ses,
Rebauwred al., 2003, J @el. Chtrn. 218d9RF03417040), SEPthas ®Ben shokwn
) the skilled person wyul dhave been disinclined to

o« pinds darggafl Arpisinsa sEbHisingnihop pr s prdialy wfpldednferm and

| ess; hoth.. r POt £i
HRaTpL PRI o RP gReRE! E TR B Clover
expinésEitorndsedell. 9407382 et er ol ogous protein. Variants
and fragnments of SSAl are also included in the present

invention. A
Demolder et al, 1994, J. Biotechnol., 32, 179-189 reported that over-expression of

SSAl 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-f3 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 slcilled person would
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"variant", in the context of SSAl, refers to a protein
havi ng the sequence of native SSAl other than at one

W@R0s06E1$90Si t i ons where there have been an noOPELGHB2004/005462

i nsertions, deletions, or substitutions, either

conservative or non-conservative, provided that such

changes result in a protein whose basic properties,

have bocandisiaclined iorgrpresa8S AV iftom (at 3pe-fahilamihsspdet &ll,cnuch
ctivity), .the tability, activity [n a certain .
Eﬁ%@ F%Wa%gse ﬁ’ﬂﬂsé%f P?Cf 9#*6%}%%%13@? ] @AnpyApike plasmid
GGG, incrotsd Bhd dxpAibioN lev I1R.1d SilprGRADS t hat

one s if?%dsiﬂﬁﬁ%% aHt @%S dﬁ2g§ﬁ§ﬁ§% t ég%?gperties

of the variant may still be different but would not be
obvi ous over th of the qriginal protein. By
Verits o3 drapmen il FYat Ainaso tachidrdendie Teeset Mvertms A
SHERANAS i @A 1 e prdSA; ; £ nati
e i A oot cE BB L Yers MR pr S bt (S Suerel Bf native
PPA1 eotherdthew rag eme atri meres positidns uwheya sthér ciard ebeh yeiniAd axcid

et cekPHS 0% ibsitifont o S, fonesigiii by mpmeoservelive,
beafied 28t osudt cHaf @S trei%n aaﬁro{eﬁ@%o@%sﬁrprg%erﬁ@s?%r ekQfple

preferably at |east 80% nore preferably | east 90%

enzematio paivEY &ps eftdng specificeastivitg)s terpestatnlify cactiviesf wraadsrtain

|.east .+99%... nost pref.er.abl t least 99.5% seqgyence,. .
P S g Bob B Bentiton SB&ee s GRlE N i
SREHKE ReEnd BNk tslillB@ iV fartt Wil @4y PEPIhE PRSeFRY oPthe variant
determ ned using suitable conputer prograns, as
apy ctill feadifereninbut Syerd vigt ibarmebyigys beerntie wnas 06 thererdginal
@8#59 t he net hods of protein engineering and

rte-directed nutagenesis as are well known in the
art. A "fragnment”, in the context of SSAl, refers to a

rotein having the sequence of native SSAl other than
YreogsersHy e SEDHHIONH ol imtpnsed combinationsepeh pnVal, Beeheu, Ala,

.etlons.. usk.he. f t 0 i€, at ; Apst.5,
81 S O AT S P AR AR 35 g BRE T T
RryfatredcbisetvativeosubSibtmtiqus ehadndebGly, Wia; t\al SO e0DAS), Glu; Asn,

ref er apl ug@to 90% even nore preferably up to 95%
@%ﬁsﬁbI@3£Y% BAYhed o 99% of the conplete

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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sequence of the full mature SSAl protein. Particularly
preferred fragnments of SSAl protein conprise one or

woes/oetTes e domai ns of the desired protein. A PCHGBR0V/005462

or variant of SSAl may be a protein that, when
expressed reconbinantly in a host cell, such as S.
cerevi siae, can conplenent the deletion of the
Artageantishythe contedof 41, gefars toor protavd hayng iHesr wgrgnce pf

t he el | and may, for exanpple e I :

e VR hgiRohen 5 Dt EPIndp o 1B hin dictions.
?&s%ﬁpﬁ er® AN 3iBris8 BEMoORSS, ADOLHEN0, Yo @8 0%, typtidatly up to
ungl, or another eukaryote such as a human oy, ot her

6086, {redre dymcallyrupatoi 708, roefengPly aipplocf90s, tagTs Predpraply PP 1 0a0,

chaperone .is. PSEl. of., i 0 I

D SERIPIY i Cciaborh ARTT Plet ey Al BPooh SR Cqraplee
A@ﬁ@éﬂee 85thEKAR mddre §SAR Prcﬁéiﬁ.eflir'ﬁalhla@ﬁp&feded Caaenisnf SSAl
chronmosone XI11. A published protejn sequence for the
prisiaiomppise P Graners wheld dgwisuns of the desired protein.

MSALPEEVNRTLLQ VQAFASPDNQ RSVAEKAL SEEW TENNI EYLLTFLAEQ
AAFSQD

KT%héﬁVbF%iAhWPssm Mul/pKbE TeHI (R ARt RSShdnK GRp18BEd
SR - .
KCSDAPAEVQROIOSAEE srdyas | SESREGIeNIERIES BRI oF (vl stiopr ot
f}l’l% enco e (or homolog thereof) in the host cell and
g PSR SR AR A A R PR SRL S ED Bel I NG PREL DBG

KBPAbAexample, be a naturally occurring homolog of SSAIL, such as a homolog
S

ESLI ELVELAPKLFKDMFDQ. | QFTDIVVI KNKDLEPPARTTALELL TVE
puapdvchy another organism, [S)Igch %: an%'\t/ﬁ/er yeast or oﬁ“ler %mgl, or another

W%QMM%MFX@W%WWR%W

GEYLAAPLFQYLQQM TSTEVWRERFAAMVAL SSAAEGCADVLI GEI PKI LDWI
PLI NDP

Aprtheymetawd ahanriore st PORT AVDR FA8RSbRF TRt SRS LARKRE

L\ like activity,
ﬁ@%%%ﬁﬁ??ﬁ?f%f R PoNKL YVOEQAL TTI AFI AEAAKNKFI KYYDT
LMPLLL

NVL KVNNKDNSVLK! TLI GFAVGKEKFHEHSCEL | Sl L VA | DE
B RS0 O BRI A L COPEY BEEIA B [ R R AR T E Lo

QRYPDVWDWQV
QGKHI Al HTSVL DDKVSAMEL LQSYATLLRGQFAVYVKEVMEEI ALPSLDFYLH
ed protein sequence for the protein pselp is as follows:

GATLI Pl LLSCLLAATGTQNEELVLLWHKSSKLI GGLMSEPMPEI TQVY HNSLV

NG KV

PR AATTKEYSAN AR ERMEBRMGRGRE Y NS, DESEDET DEDL
%£¥2AE¥%VLFRKLALKAPPSSKLMIMSKNITHIRKEVLAQIRSSLLKGFLSERADSIRH
KLSDAIAECVQDDLPAWPELLQALIESLKSGNPNFRESSFRILTTVPYLITAVDINSILP

IFQSGFTDASDNVKIAAVTAFVGYFKQLPKSEWSKLGILLPSLLNSLPRFLDDGKDDALA
SVFESLIELVELAPKLFKDMFDQIIQFTDMVIKNKDLEPPARTTALELLTVFSENAPQMC
KSNQNYGQTLVMVTLIMMTEVSIDDDDAAEWIESDDTDDEEEVTYDHARQALDRVALKLG
GEYLAAPLFQYLQQMITSTEWRERFAAMMALSSAAEGCADVLIGEIPKILDMVIPLINDP
HPRVQYGCCNVLGQISTDFSPFIQRTAHDRILPALISKLTSECTSRVQTHAAAALVNFSE
FASKDILEPYLDSLLTNLLVLLQSNKLYVQEQALTTIAFIAEAAKNKFIKYYDTLMPLLL
NVLKVNNKDNSVLKGKCMECATLIGFAVGKEKFHEHSQELISILVALQNSDIDEDDALRS
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2ISAMQ\[\/|,|&KTTNG_|YLKNLENI WPM NTFLLDNEPI LVI FALWI GDLI QYGGEQT

WO-RRNGEGL | SPDARI RQAASYI | GVCAQYAPSTYADVCI PTLDTROIIGBRDIBR@S5462

SKLEEN

ESELEISI\IASAAI AKI LYAYNSNI PNVDTYTANWFKTLPTI TDKEAASFNYQFLSQ

PREERAGR ARSI AT NERSE FRRETRSTOT SETRRITTERY PESIRAI FNR
OFRABL 1 sV T A Pty L. L Sdoelv YVKE VR TR U RS IO UL R VRAA

SO0 00 Foluob 5 ALk OYEorh ol Whldhicbe

eCI a sequence can
w@g@wabw%@@mWY@E%Q%%‘%P@&N%N%EFEQFRBFPWE NK
Mhﬁ@&N@@L&MW@@ﬁQMLmP&MBVW@DLHH@GEMSMENM ein

Oduc&srP DVCIPTLDT \
P R R R R R R A A A AT T AT TCAGAT T T CCAGGEG

%ET%BMWWTANWFKTLPT I TDKEAAS FNYQFLSQLIENNS

£ GAAA%&MH&% LEAARERET TERE AGTCANGAAT GEAT IABET FNRYPADT
CQQ\TATTGAGTAT(,I TTTAACTTTTTTGGCTGAACAAGCCGCTTTCTCC

NEAX PR

ACAACAGT TGCAGCATTATCTCCTGI TCTGT TTAGAATTAGCATTAAAAGCTCC

ROt anrotieerTRer B RRR T L SRS ALhaeh e

CIT .

DIE Efqe gduence, can be modified by degenerate substitutions to
@%%—ﬁhla CR\ élil TAAAAGCGTTTTTGT . GAGCTGATTCAATT
SEEERARernative nucleotide sequences which encode an identical protein product:

xﬂ ﬁTCT GATGCTATTGCTGAGT GTGT TCAAGACGACT TACCAGCATGGECCAG

g@%%&%&&&%@%ﬂa&@@@ﬁmmw@mama
TSR TP AR S A AT T R R M A ST T e CAT ERRCAGT ATCT

aﬁ@@CAATATTGAGTATCTTTTAACTTTTTTGGCTGAACAAGCCGCTTTCTCCCAAGAT

@EIJ&I&&%&%@F&%%@%M@M@@WTA@
TICHACET P P T A B AP ABR AR AT T RS A R ARG T TAGSTATT

EAE‘A:’E?&TTCTTCATTGTTAAAAGGGTTTTTGTCGGAAAGAGCTGATTCAATTAGGCAC

ARG AN ATEII A ARG AGHI AT A SRAGEAT COCC
AT T T AP e AT e T S P e S ACENRE T ATICAAGGATA

I&ATTTTGACGACTGTACCTTAT TTAATTACCGCTGTTGACATCAACAGTATCITACCA

T@M&%&%&%@MMM@%&%@%&

éa—ﬁEQTTTTGAATAGTTTACCAAGATTTT TAGATGATGGTAAGGACGATGCCCTTGCA

A@%&ETGAATCGT TM&WE¥%%M¥MH@&%E@TG

%A%CACAGCACTCGAACTGCTAACCGTTTTCAGCGAGAACGCTCCCCAAAT GTGT
AAATCGAACCAGAATTACGGGCARACTTTAGTGATGGTTACTTTAATCATGAT GACGGAG

GTATCCATAGATGATGATGATGCAGCAGAATGGATAGAATCTGACGATACCGATGATGAA
GAGGAAGTTACATATGACCACGCTCGTCAAGCTCTTGATCGTGTTGCTTTAAAGCTGGGT
GGTGAATATTTGGCTGCACCATTGTTCCAATATTTACAGCAAATGATCACATCAACCGAA
TGGAGAGAAAGATTCGCGGCCATGATGGCACTTTCCTCTGCAGCTGAGGGTTGTGCTGAT
GTTCTGATCGGCGAGATCCCAAAAATCCTGGATATGGTAATTCCCCTCATCAACGATCCT
CATCCAAGAGTACAGTATGGATGTTGTAATGTTTTGGGTCAAATATCTACTGATTTTTCA
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?GGAAGT TACATATGACCACGCTCGTCAAGCTCTTGATCGTGTTGCTTTAAAG

W@INSONTAST TTGCECTGCACCATTGI TCCAATATT TACAGCAAT GAHCHGAT@AN05462

CCGAA
mGAMGATTC@CRCATGATCRACTTTCCTCT&A@TGA%TTGT
T I O AR e PO R A T B R AT P R AT A CAT CA AT

QKEEAATGCACCTCAAGAGTTCAAACGCACGCCGCAGCGGCTCTGGTTAACTTTTCTGAA

e
TR AN AR CLB CAT R AR PO RRGL ToCAT T T VA
R ACCSCRET GG T An ICERT T GARR TACT CTAATGCCATTAT TATTA

L AR AT T AT EACT I GATAGE T ARTCAGARAT TTA

GTRTACGRACAECANINGEE T PARCHABERT FEERPP AT CAACACCTE
CEARACAMEAANTCTEAT A TCINERAGGARTCCGCTCAGATCA

ETANGET
G AT TATTATT A AATEI I I CMRETIANGATA AT

WMWTWWWW&W

M@AGAAGAAGCAGCAAATTTCCAACAATATCCAGATTGGGATGTTGTTCAAGTT
ATTTCTATATTGGT COCTTTACAAAACTC A ] FECCTC

RSN A AT TRERNCRARET TG

TTATRGEE CCTAGCGACACTT TTARGAGGCCAATTTGCTGTATATGT TARAGAAGTA

&@%@E@EE@EM@@M&%&E&@WM@C
AACAR T A AN AR A R P T AR AT AT A CAT P EEERTETTGTT

6£¢§3EET@ﬁ%@ﬁiﬁ@TGTGGCATAAAGCTTCGTCTAAACTAATCGGAGGCTTAATGTCA
WEW%%&MXM@JM%@G
CACTTTTAAGAGGCCAATTTGCTGTATATGITAAA
QﬂgqgrﬁACAATTGCTTAAGCGAAGACCAATTAGCGGCATTTACTAAGGGTGTCTC G :
ATEAACAAAT AGET CTACCATORCTTGACTATCFACOTACATIGACTSPET TCGT
CTGACGAAGATCTTCTCGA
@ﬁ%WW%GﬁWAT%ATUT@F%AﬁTW%AU
COPHA G GACC N T F A T T P eI A T A A TP OET EFARATT A
T ASE T EAATCE A CBAAGCAATOBAGANAT CACBCANGTTFCATTA

e

TWMWWMCCTGACGCTCGTATTCGCCAAGCTGCT
AT O AR CET AR o TPAR AL TGC TGACGTTTGCATA

AGEATGRAGEAT
L AT ARG T AT EAAAGAT T CIRRATAATC

TETATCCOCEEEERTTTBARARCCAE AT S FCAT T PETANACAETTFFGGAG
AN AT ACTARCGTAGACACGTACACGGCTARTTGGTTCAAAACGTTACCAACAATAACT
GACAAAGAAGCTGCCTCATTCAACTATCAATTTTTGAGTCAATTGATTGARAATAATTCG
CCAATTGTGTGTGCTCAATCTAATATCTCCGCTGTAGTTGATTCAGTCATACAAGCCTTG

AATGAGAGAAGTTTGACCGAAAGGGAAGGCCAAACGGTGATAAGTTCAGTTAAAAAGTTG
TTGGGATTTTTGCCTTCTAGTGATGCTATGGCAATTTTCAATAGATATCCAGCTGATATT

ATGGAGARAGTACATARATGGTTTGCATAA

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.
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TGGCCTATGATAAACACATTCCTTTTAGATAATGAACCAATTTTAGICATTTTT
GCATTA GIAGTGATTGGTGACTTGATTCA TATGGTIGECGAACAA

WCETESHAGBAT GAAGAACGCA PCT/GB2004/005462
TTTATTCCAAAGGT TACCGAGTGCTTGATTTCTCCTGACGCT CGTATTCGCCAA
GCTGCT

TCTTATATAATCGGTGT TTGTGCCCAATACGCTCCATCTACATATGCTGACGT T
MPQ«SS%) This process occurs via the nuclear pore complex PC)

A A TGRS TCT A G TR R TR HCH AT ORI & e,
ié@@ T@T%%mmmaa@w&m@&mwwm@s
tMT&WAMMAWW@?@%@@*ﬁO@&M?
SRR SRS A TR AT AR TP Y ER R bR L

P8R TCwr. O G_[pm Cell Biol. 10, 392-399). Pselp is a karyopherin/importin, a

CCAAT TG GT GT GCTCAATCTAATATCTCOGCTGTAGT TGATTCA A
@O T proteins, which have been divided quInto o &-}T EAE qﬁés

e A T T A SRR AT AT T CARTHA £

&I%EHEI@%;@T@ AGTICATIEETHEGEEAIOETEAR MG FAT CE2GETd
GATATT A GAAAGTACATAAATGGTTTGCATA T%ngSEl gt ar}e lb 5 g,

Bte@det kebih a,nd thd WBC (Pegsiopt &SSAVFW 3PV LEHR % erfon

I
%%?@Sﬁy%g&%ﬁt?cfom’ﬁ' JaoRAGRIRIGTH B RRRpBbIcts
g;l‘ QTEB SyQfetyhiss cataaysbh] ebyntlml granll p@T]ébnmlmg exotémlp(&an
enbed ed in the nucl ear envelope -and

SecdazboSiives, 1ORGampE WA, has0om idewitic 5 ars agbetin B. 14
Bi ol 12, 361-371 Pr ot

RRREES PRIOCEE JEH (REETH] B ekl %"ﬁﬂ?eélﬁ%l@%%}‘ prly 4 are
Qslég tfaf’ ;—H&O ugffﬁgﬁ?‘sl SBLaubOGARkItipRL ké}@o M@ negy (hkdite the

expor export sequence 3gPe_rrberton
ﬁénspbrt of@%gle@naarom@ycuie (IE@lyamae@lal 2@0 zgzglgﬁhem 276

(F,’ai}ﬁl 8;@3‘,’23 gg(gr ﬁ%&g IrI% E% tﬂttgé guclgléso P 12 ft 1F<.rlgat.r ee’n@élope
Ko %OPB& D 8xi81 60 TR é‘ﬁb}fﬁaiﬂi a%Mdggés’@@ﬂﬁr}ﬁoﬁehﬁﬁmves in and

nedl ate the transport macr onol ecul es acr.oss
outaf ey mméfms raapa“t bf/m wansgoit SinsgonSeedad dBayera i11%|97 supra).

I o S;gct g qggwnw%’geﬁgﬁt{sr(z%&l%%a\é% 6%8?311&&1 et al.,
%6’(90 sy P ta erT&zarz@bp CALAiON OHamogH (50)e SOIlHﬂ—ié(Hdenﬂones
I's dri'ven by GT ydrol si s, cat aI sed - 5’2’ %éi)e

Mﬁsdmmmpar@t gt @]t 6112, RaRiol. Chem. 27 (1), 862-8 an r1bosoma1
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 ef al., 1998,

SUpra).

38



10

15

20

25

WEe@so617$8 have been identified in S.

(Seedorf & Silver, 1997, supra). Pselp has been
identified as a karyopherin b. 14 karyopherin b

which only 4 are essential. This is perhaps because
mul ti pl e karyopherins nmay nedi ate the transport of a

si ngl e macronol ecul e (1 soyama et ah 2001, J.. Bio
ChemcledZBopRdnic zr_aawtz péﬁgl)acromcy eSs1y Geweniiale dof groper
t he nucl L B
mRgeion Gon” iy O ST SHkeE EEh00E, LAPR, SMLRE B e

SR¥ESmiTdafNEretitfoPErotitecitiol (esdars &pBilterpfoNTt supra).
transport function (Seedorf & Silver, 1997, supra).

Pselp is involved in the nuclear |nport of

é&%gfé%l gﬂt | ogg%%%t @?ostaﬁxl T%Qﬁégﬁiz r%ﬁflazrf;:gr) mZL@OcJev evisiBé Bas also
@&ﬁ%oﬁzﬁk@hre%e%ﬁ@@&ndﬂb’t}ﬂatumpmm mve]aqu a 2e@2toirg . of

Egﬁgwaﬁ‘o%{!ﬁéﬁo@g@?@% bt HBodomell TReRbb R o 0% 19
ﬁil%?n%%) ﬁé; su LA th tm&!ea%ﬁeﬁFHét@ito?&gohB GefX E%x%ss%n BENA be

eus. aryop rins recognise and_ bind
Aihsdved GE ME fapdnd heterG2diousi puditain ‘fwr@t bothsto hai etsoderhiby
the RNA before it _is exp rte fro e.n
feSerabigpst gors| Yerthe $gg9 P Qgﬂ%er tLB {’l B Hgﬁb@é more. recent

a%vp fo%}n ﬁtss 1ﬂutﬁé G5V R:Jsﬁélﬁnof: chdRROH y&ist (e.g. Robinson ef al,

ecules Is e sentla for propef frogre55|on
19940 ygheit hHagalol eray.cl 9@5 , omialilsa¥hustaasishor198f get @if; Parekh &

35%@259 7233@36’% g&g %e\f/ andgg@f < é)h %{rjget And ]ga%ret%l %d@ op.
% § éﬁg( RLifed :pQﬂgofP fmdo DRELH KREOkRhpIFER SldreRpRENRREEffom a

cerevrsiae al so been Shown to increase
endageio ysaspiidtaeiatl, smmch d¢ss do ekpreed botbfP%Elr @rpieatlmrqr@bé@us
bi ol ogi cal |y active protelns (Chow e ?ﬁ f £
eldin f80i 2 2po4fapsly, plaggd m gyder ﬁqqlé\F’é‘aFf‘s‘f 8’@&55@%% qvgls of 2
éhat |ncrea es i n heterol ogous gene expression could
grelagoy Y ?? PSEl and a heterol ogous protein were
both to be encoded by reconbi nant genes on the sane

lasmd. In fact, in |light of re.rec nt devel o
Nariarie e rogml af 15 SH O difjnsan; (e puser FRogon.

Efq?{ﬁ&olglstﬁ cor%te %%%‘%gégféfe& tda ?Qéi%grg\gﬁ 11 seqd@R8 of ABtive

PSE1 other than for at one or more posmons 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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Wttrup, 1997, op. cit.; Bao & Ful cuhara, 2001, op.
cit.; and Bao et al, 2000, op. cit ) the skilled

w@erisosi7noul d not have attenpted to over - expr eBGT/BBRI04/005462

froma 2mnmfamly plasmd at all, nmuch | ess to express
both PSEl and a heterol ogous protein froma 2mmfamly
plasm d in order to increase the expressjion_|evels of
By Hedraerettogoulsstiprions| is inteeded semdingHens gl ae N els s Lpsle,

are alsa included n the presenty J.NMeRtiRN . APhe. Tvr. Trp.
i e S S BB B B PR P T Tee
PRYIRE cbieraeraneeubnsiatiuie CRSBl;0V dieke, TleanAsmrGlag Asn,
one or nore positions where there have been am no acid

Girs Set, Thnd.ys.degeanddthe, T8r substitutions, either
conservative or non-conservative, provided that such
changes result in a protein whose basic properties,

Aot a@xRNeH FESEIRFYEEL IR ac teasti259o, @t heprt S0%%, anldass pB%Yi driat least
activity), thernostabilit | Vi a certain

POYor pamlgesb b assta|’. ot bt Yé&%%"rﬁ’:%ieefwgﬁ yEyably at

h d, ."Si gnifi "« ofo/t i t Hobhat
AR it el Meost v oSt FCIBlaBlS o FRATD. 9 Séquence
plenfitp @ W3 kéquaicersiyatite ’SEIbe di fferent but would not be

unobvi ous over the ones of the original protein.By
"conservative substitutions" is intended conbi nati ons

Cherd , olyPStideGhrhy bASIRterfHnEd usi
ig? ?er?%11}¥gdé§e§%éqgf ﬂgﬁy Eﬁémﬁrt‘g%ﬁy?éﬁéﬁ d P_%Ie, Tyer, Tr pl?smg
RiighRY doathut pearaas,i aselisubetibelow. ofiech vrsianid enay e natyegl or
Val, He, Leu; p,. Qu;, Asn, 4 n; r.. Thre L :
zade PHeg thme.thoﬁz-oé BFsfh eogigeriBgEnd %%P%%ﬁt%mﬁ%%enaef 5% are

9 | east 50% at |east 60%or at |east 70%
gg%é?égﬁghgéileast 80% nore preferably at |east 90%

even nore preferably at |east 95% yet nore preferably

at |east 99% nost pr bl y at | east. %

S ot ook PLELEEREL Y 2l L5l i BEURREG. o
REALIES Juef Pah b R BheBEMOEWOsTIBhY WREE ideshavebetiedeletions.

etermned using suitable conputer &rﬂ%r anms, as .

(hacths Segment oay cBupise\eamiashds1 i), Ho WNanrnlch. ERicHEeP 1
31l AL Pl G A9RThOR oy u o 0%
even more preferably up to 95%, yet more preferably up to 99% of the complete
sequence of the full mature PSE] protein. Particularly preferred fragments of PSE]

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

A fragment or variant of PSEl 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 PSEI, such as a homolog encoded by another organism,
such as another yeast or other fungi, or another éukaryote such as a human or

other vertebrate, or animal or by a plant.
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well known in the art. A "fragnent", in the context of
PSEl, refers to a protein having the sequence of

woaioswel7RSEl ot her than for at one or nore posPCT/GB2004/005462

where there have been del etions. Thus the fragnent my
conprise at nost 5, 10, 20, 30, 40 or 50% typically

up to 60% nore typically up to 70% preferab up .to.
B09empreéerisd ethapapns 1SuQRty[\62 90 %, fragraeht Ry r‘éﬂnag"elﬁféﬁ?gﬂvvmg
up..t % yet anre. ferably up to 99% of the
%@%?@?ghggggo&é%%ga%ﬂ#ﬁe full mature PSEl protein.
Particularly preferred fragnents of PSEl protein

nprise one or nur

é%MZe!al]s_o kngwm gie R la?‘? g{;‘%i %%%%rgxﬂgipg%zggf%osiﬁons
Qiq%@'tB ézﬁ%g (}gﬂﬁ@ EXRIE3I6 ERRATRAN BRI s laf evoliBharily
cel'l”y 'such as 5.

cerevisiae, can conpl enent the
ealseved proafin twith sindlagentuthePSESt eteén Prmi pe Hislsnqvis| ot al,

d , f " b i
S ok Fer ) v CEL SN O AT O BLaRs
& %t%ﬂé' Sfﬁ%mlgusd?%@%h?gﬂ QhRE’ hiBast gedbs QURNDIYNIDRMIVL2 and
an er eukary e

such as a human or other_ vertebrate,
ORMIDL 3R asorwdly a phameloghoithemiqypsppeifice dplehiapePspwriga,

ORMR aor a fragnent or vari er eof havi
wipeherdriehand h‘%ﬁ@gf?ﬁ"éﬂ ‘e 3y @Jﬁ-t ﬁenﬁqﬁ%, TTRLEd Ko eRoode
@%g%?ﬁ? Ql\ég;ré)téinls agHoRd iARheE ProgsmsamepMbhicrpeailim¢AR).

(0]

29379) of the S.” cerevisiae genone and
encodes an evolutionarily conserved protein with

A gl PSR bl o AR e

?‘Q’Qﬁ‘ }ésg&%z.- HHelhRRat e6all hao2 BB bepergshita dribe knockout
am |y conpris$ing three hunan genes (ORVDLI, RI\/DLE
aif theORMDLS3 ) ceaeyisived D@@MW@@@&G@W&@%@M‘&)&% s toa

| ants, Drasophila [0 . Jhe
Broipiso et B e o s Eh B Y B pE b Rl
proteins anchored in the proteins endoplasmc
reticulum (ER). The protein QrnRp is required for .
Oas publishedsagpensg ot OsmZRas 25 RHOWE t he unf ol ded protein
response. Hjelngvist et al, 2002 {supra) reported that

a doubl e knockout
MIDRTKNESPAFEESPLTPNVSNLKPFPSQSNKISTPVTDHRRRRSSSVISHVEQETFED

ENDQQMLPNMNATWVDQRGAWLIHIVVIVLLRLFYSLFGSTPKWTWTLTNMTYIIGFYIM
FHLVKGTPFDFNGGAYDNLTMWEQINDETLY TPTRKFLLIVPIVLFLISNQYYRNDMTLE
1LSNLAVTVLIGVVPKLGITHRLRISIPGITGRAQIS*

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:

ATGATTGACCGCACTAARAACGAATCTCCAGCTTTTGAAGAGTCTCCGCTTACCCCCAAT
GTGTCTAACCTGARARCCATTCCCTTCTCAAAGCAACAAAATATCCACTCCAGTGACCGAC
CATAGGAGAAGACGGTCATCCAGCGTAATATCACATGTGGAACAGGAARCCTTCGAAGAC
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of the two S. cerevisiae ORVMDL honol ogs (ORM and
ORMR) leads to a decreased gromh rate and greater

W@ emsiosi7ws ty to tuni canycin and dithi ot hreit ol PCTXG82004/005462

publ i shed sequence of O n2p is as follows:
M DRTKNESPAFEESPLTPNVSNLKPFPSQSNKI STPVTDHRRRRSSSVI SHVE

e PR R AR SRS AP TP L Ve PSR TRACT R A1 |

YL NFATTCATATCGTCGTARTAGTACTCTTGAGGCTCTTCTACTCCTTGTTCGGGTCG

Frdc VKRR G NG RAHONETMAREL NREA T RR AR b MR ML RNQY YR
N@Igg}é& ITSI\(I:LAVTVLI GC/I\/PP,_%LQ cT HRLR_I S_ITP% TG;\’A(?%@S* Tl}e above
proteif F5 encoded T - s Cer eV e 57 T a9 60 ng
COAT FFAR ORI S0 AR TCRHU B AT ACAT AUTONCIAGRRAMITIE TATE GATT
apREQGirat fthTEbRAlc ERer S OAURAE B GRARC RS ARBIE R BY rrc

degenerate substitutions to obtain alternative
T e S R O T Ca S AP GRREP ARt e n

(ACBUTAGGAATATCCATCCCTGGTAT TACGGGCCGTGCTCARATTAGTTAG
ATGATTGACCGCACTAAAAACGAATCTCCAGCTTTTGAAGAGT CTCCGCTTACC
CCCAAT A
Veiohhis ABCEApAats A TORMDT &t CARCEA AN ATCHARSHEGNREHEC A

GAC
Crarrasaorhesaiat oA PBMECE RN PATIEACAT BIMEBAACAGRANRCE TRE Ve
O A G G R BT S B R B P BT8R ia

TrSEFbEAT déléohd Cor GabArdins ACTker T chslvailel Of Abotlohbbelditve,
m@%@aﬁ@@@m@wmmmm@@fmh
R T B R A R SRR PR s S R e
PEA@tipe (pH-stability) have not significantly been changed. “Significantly” in this

AT GTGCGAGCAGAT TAACGATGAGACT TTGTACACACCCACTAGAAAATTTCTG
egiigyg-means that one skilled in the art would say that the properties of the variant

b0 e GHeeh b Avb 0 Tt e afdbishe GTAHE ST Y Siftnal

OIPERCCACCT CGCCGT GACGGTGCTTATTGGT GTCGT TCCTAAGCTGGGAATTA

CGCAT
AGACTAAGAATATCCATCCCTGGTATTACGGEECCGT GCTCAAATTAGI TAG

fﬁz e b S a@ b HRAGRSt & iﬁtfen%'\é%nﬂrﬁti%ssﬁlc% RekAyf %1‘3({‘@% fAla,

e present invention. A "variant”, in the confe
NRNDAsp; étler Asit,dGla; Per (lar,nGhyavilaglyshe\rg eHisand Phe, Tyr, Trp.

at.ive ORVR ather than for at _one or e positions
et i ik S s PR ePa AReut IS HER As, O Asn
Gal; Std, 988 LyQrA:gURRItARE UFy,0ns, either conservative or
non- conservati ve,
A “variant” of ORM?2 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.

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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provi ded that such changes result in a protein whose
basi c properties, for exanple enzymatic activity (type
w@booanai7speci fic activity), thernostability, arCT/GBRY04/005462
in a certain pHrange (pHstability) have not ‘
significantly been changed. "Significantly"” in this
context means that one skilled in the art would sag/ .
nhdet usitgethp pefeds pEerogtin Fezinesring AR Seyditscied|mfagenesis as are
d%@{erenx but, woul d not be unobvi ous over the ones of

“B’rvfng‘f‘ﬁlgﬁ ahrotein. By "conservative substitutions”

is intended conbi nati ons such as Val, He, Leu, Ala,

N A B ohrd s o s LY S 8ot
E DUl i, g, et oy, PO e b
dal@idnantThue ftheORWEmentpinay lcbyptises atamosteasto, 209430a#0 | asaX)¥o,
ook ol B o %, BBLEAER S sohe A
BAELA 2R, Mo a3y e gme! et abs st

. 5% sequence i dent it
bWt dfeths agumitte sefueneet by ¢he) RIUP matie Qﬁeh(jléemptefg@q&eﬂm%ﬁ/aﬂy

identity betwe ol .ypepti.des may be determn

st SHEPEBh o QB CBRe B Bt ne T e LS HOBAR of the
§¢éﬁ@dé@@hﬁms' may be natural ormade using the nethods

0 r

el n engi neering and site-directed nutagenesis
as are well known in the art. A "fragnent", in the

cont ext of ORM2, ref 0_a protejn. having
dedizement 6F YREPTY é’?oé@d%trﬂaé'r IQDteh AnPPE? atjthgté n‘;élﬁ(%} er}rigfegsed
?e%gin%in‘&%y wheg &t LOELEHRVS chreRidetet doaiBemdiiile ddietion of

ragnment ‘may conpri'se at nost 5, 10, 20, 30, 40 or
B@%ndogepbuaORYLigeredn sgwhosioelband piagaior gxapplecbe gogiurally

preferaply u % re ef er 0 ]
R aro af) e GBuE Shh TR ahtodtd hartilr F¥ffm,
9% af artdRr §RMR| BtRhGERHEN 0L agbththeukatidte BRdHIAS a (RN or
protein. Particularly preferred fragnents of ORM2

pthet edrtebotmr agmabpebor Pl#Bke whol e domai ns of the
desired protein.

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 2pm-family plasmid and can also be described as a “non
2um-family plasmid protein”. For convenience, the terms “heterologous protein”
and “pon 2pm-family plasmid protein” are used synonymously throughout this
application. Preferably, therefore, the heterologous protein is not a FLP, REPl,
REP2, or a RAF/D protein as encoded by any one of pSR1, pSB3 or pSB4 as.
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A fragnent or variant of ORM2 may be a protein that,
when expressed reconbinantry in a host cell, such as
_ can conpl ement the del eti on of P€TY&B2004/005462
endogenous ORM2 gene in the host cell and may, for
exanpl e, be a naturally occurring honol og of ORW,
such as_a honol og encoded by anot her or%inlsnl such as

oAt fr%a%t' 0¥, BERE rort both as QRBsEr %IZalbytﬂlaePSMl as
pﬁfl lnd ze%ﬁk% Ve SR A Em Erd;?%ﬂ?ﬁzé%z, BT as

gen enco protelin co

sebyairgtc &onf Pa nfehﬂ:mmmzdmyorb&efmmqﬂasnﬁd aus| bIBINBRITRRE S

to that discussed bel ow for genes encoding

Hetefséteogous proteins, with particul ar enphasis on

conblnatlons of ORFs and regul atory regions. The term
"protein" as used herein includes all natural and

o ngdnat ancading raothetemlogml yregihi cesprized Hobpintetde Aequence
rol.ogous protein" is a protein_that is not

g (e heteplegaupprofein &WPFC&HVWC%ﬂ%rFP ctapdard aodoal wgge

Eﬁ% %i%&%fﬁ?%ﬁ%ém? T PG PSP (ORI The gone
"mayreditionfliyredryprideasmieth ymickiotide mqaemeﬂatsme@ AYNE¢SHY an
throﬁg&out this apgllcatl n. Preferably, therefore,

{OREn £ Siepgdiremad oR-FoqIag 1810n2)- FLP REPI, REP2, or a
RAF/ D protein as encoded by any one of pSRI pSB3 or

pSB4 as.obtained fromZ. rouxii, pSBl or pSBZ both as
Mnadodang fegiom iﬂ thoaiehd maypQMtaiasne lor ahore defulatory sequences,

BRI dipked Keind Rk P o st e |t et Bifrppen
E’ée@ﬁg Fhn@Sar)r Han8dtidd %@resﬁﬁérﬁ‘ﬁ'aﬁécﬁ + A gene

encodi ng a heterol ogous protein conprises
polynucleotlde sequence encodi ng the heterol ogous

H58 Wi e SralnP R B drhutied e aros BB e apgnotes
bt ?erdiﬁce(s? RFexpressibe (100 e HRds %@ibﬁ b8 frinsGRIERY b8 &n STt

poI ynuc] eotide sequence that does not encode an open
i #igis faparably( tiskered Regvlateydicgigns dypiorily) incNele- podiaigs,

i ézg%%ﬂog% nf)osom%egmd sﬁgsnta%cll W TR skllleegui)grts&{ Yill
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 5bp, 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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wo c@asberts on of the resultant transcript.

operatively linked to the ORF, which allow for the
transcription of the open reading frame and/or

"regul atory sequence"” refers to a sequence that
nodul ates (i.e., pronotes or reduces) the expression
g%ie.,.the_transcr{gtlon and/or translation) of an ORF
tldhoghiskifled in the aspwilakiopenibe ket theResye |cacerdiypg thegihanerone, for
i cal inclu ers., termnators
SRR T vBS A BREET b ghstsr By Rl b SRR eutatory
a@gbﬁs:l Sich dodadodingeregiont afl Rgula@@y rédibsyart @gt RBtritkdd to the
gend upon t he i ntended expression system For

ARHFD hen-coslingingins angipr BrEuRierstTegions nermenllyi asencedted with the

%p @E_Fcel |- or tissue-type specific or
no spec I'c. Suitable regulatory regions, nmay be 5bp,
| Cop, 15bp, 20bp, 25bp, 30bp, 35bp, 40bp, 45bp, 50bp,

60bp, 70bp, 80bp, 90hp, | OCCbp 120b§@ 140bp, 160bp,
Ngbgﬁt Q@@wsmggwgn I%X%b su%@po%zcc g@zﬁcesg@mbvzae ‘suitable

08 N S5 SO PA0NE 0
@leo 4269 bszJl TBOBp PYKAOBBLA], (AP HDS Emelazg et DHI NADE,
R AN RIS TE X -
ﬁ@%}é@mk | pho bRKiAN 504 cﬂ%s iz %Bﬁleﬁa@éjgﬂ{gsphoglucose

regul atory ‘regi ons. Such non- g reglons
isgeratoglhiclagisansnatiag fadtor pisiromotes d-matiigdactvatphefmone,
non-codi ng regi ons and/ or ul at or egions normally
thes iRt eEPmgteh the ep@ﬁép@fp@fﬁ’%raﬂ@ 366%/8 ¥ eproppeter, and hybrid

| C t
BERERES AOTE SRS of 3RS of? SPReBitory regions pith gt of 5
eegubatdryi ragione biioihet paseotas socvidt epstisainhadiiveti dGtesg@nRe the
GALI or CGALI Q genes, TEFI, TEF2, PYK, PMAI, CYd,
P%?teﬁﬁﬁlﬁf’:Aﬁé%IIOW)I\DHz t he genes for
gl ycer al dehyde- 3- phosphat e dehydr ogenase, hexoki nase,
pyruvat e decar boxyl ase, phosphofructoki nase, triose
Shoaspd a’aﬁsc'ripﬁme teaménatiph cimh (drel vedleknoyanar theeart.  Where the

Iucohl .nase, t| ngpfactor her gnone, a- mat

Radt el 5 RaFisyiinn the, RehspRE B ErS Shel TmApHcrbly derived
BOARE 8T fladkie s‘éﬁﬁ%nc@ @ ARy o Gerdy Wi 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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pronoters involving hybrids of parts of 5 regulatory
regions with parts of 5 regulatory regions of other

w@r@sntEns or with upstream activation sites (BCT/GBRIVE/005462

pronoter of EP-A-258 067). Suitable transcription
term nation signals are well known in the art. \Were

the host cell is eukaryotic, the transcription
t‘écr%ua%tfqaﬁha@ @m}strp@m o éheepramo;er@@fimpem r§ading fraree, 3n order

whi ch
oREV R, BREERR bR B R B Sal sh 0R  Fh
pgﬂnyﬁmayisa&b@ﬁ. Suitable 3" flanking sequences nay,

for exanple, be those of the gene naturally linked to
the expr essi on control sequence used, i.e. nay

rr r rnativel
it PEE Do 3pE BTRNES, 1o QR B ook o Sl och as

M%Bﬁal oy &ds edcpdlizfady. inclad&Va Sica®, promoetert (8ey. the %E@Jab”&myces

ignal, of the S. cerevisiaeADH , ADH2, CYyd, or
gCéh?é’éﬂ%ﬁ & iRl e perpeian), %gh’fbél 5EndBi cBel: pust a ﬁr@nscrlptlon
Ik Eh PGB RS SR Bl I BRI oF B n P
fa0e0te Préfyrablyatieosett lrmﬂrpbea‘[m a &Iasmost@quﬁﬁﬁﬁ Stop Qolidiat
the transcription term nati on sequences are
| ocat edbot h upstream and downstream of the pronoter

{

309aREbefR 6 L OE ol AT ' S Bbon by e DA
seqienes eReoadingen éranslainwhal | sts»p oodms asuch s Ak Ae 0@ i oG A, in

the favoured r tory s yeast such as
%&hfarlaw%*g t@%ﬁ%&%ﬁ} arsa 3 gweaa@e HreoRidastion of
h r evifgj.a p
%S‘ﬁ%ﬁ?&. R e LR r@ﬁsﬁ?? ?ﬁ?’."gﬁ@@‘)‘%ﬁ%ﬁé Uph s
prefbmedbl y the termi nator from Saccharonyces ADH , as

taught in EP 60 057. Preferably, the vector
incorporates at l|east two translation stop codons. It

- Y e RpRRblyaiAkad? SliiBewnRBR-iGAELAehd B £ éﬁﬁtory sequence

i ncorporate nore than one DNA sequence encodi ng
iy @nsitienddomathins by mwoewdings rgioras @ASendAGIothdG, forms a

5%}%&?(%1 }{)jﬁe 8:31 93% ﬁﬁ? nsr'm?‘[tslt i ?elgufa%oa}’gf rgglgr? b ngrtn gnse%g& on
the ORF in its mtended manner. Thus a regulatory region “operably linked” to an
ORF 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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wO osnetthy | i nked"

el ongat ed, non-natural fusion proteins. The
translation stop codon UAA is preferred. The term

regul atory sequence is positioned within any

non-coding region in a gene such that it forns a
relationship with an ORF that permts the regulatory
rétginativaly, thxeterotagons prstain 81y bEANtIREIVIAT | t s | nt ended
manner. Thus a regul atory region "operably |inked" to
an ORF is positioned in such a way that the regul atory
[:£ GinBthet Spréfhiedt embsditi¢ancehet haksdogqsi proteindcamprises the
translation of the ORF in th%@i nt ended manner, ﬁngtgr. 1
sopdice ofne kayatic Hretei 1% 3 AESMERy P%\tvé%?l?/ntsglﬁ{%’ ceduifale
one prefer ogh etrer, Hitheln® the
Bl Bt ol o B e R B e
heeRescos e uaBiaciswhifadyal fppoteimx angll es acperst psesinnodt angther

t he natural HSA secretion IeaQer“ pl us. a sna%l pgrti n
prefarred egibodimenyithe AerOloES REPIFAAE 7 BEEH P | EHER Y

?%n} ugmudie nve\P%) QL0 3nviR¥bRRs] NELASEry RedidiRatoP Sitiude
adl n

g frane. ernatively, the heterol ogous protein
rRyhris, istdh adeiniank cmd non-hananmeampelef err ed enbodi ment
the heterol ogous protein conprises the sequence of a
eukaryotic protein, or a fragnent or variant thereof.

s ARl lﬁte%@gg(;aég&gﬁéﬂ AL ude Fisodie sephateSorangeaanpivelis. It

Li""one pre odi frent "t he het er ol ogous protein
infayafdr wnaablepcampiise, ths seuease af yegest pelsirefram the same host
oy 4812 GBI EESEBR 473 i TP FHOFGdD e 2 Wil
FROTRLRRES e et abehor o Saalant e eliatenr e
REGS ma¥ Nistprke DA eseqhanges snquditgeinprarthan gmephsterelogous
t he sequence of a yeast protein, It may, for exanple,
ourigini BETq FEnsUUEReEBE: o LS 8 %&eeﬁﬁerro?%%%“f Sl and
TREE Lo PERaby PO 1 Y Bcogni se that & met hod.
use or plasmd of the first, second or third aspects

%]; atngt%er 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 scPv 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 3 species and sub-species,
interferon y species and sub-species, leptin, CNTF, CNTFaxs, 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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W@ b@psesone,

i nvention may conpri se DNA sequences encodi ng nore
t han one heterol ogous protein, nore than one

nore than one chaperone. In another preferred

enbodi nent, the heterol ogous protein may conprise the
sequence of al bum n, a nonocl onal anti body, an
e,pébdili\fdgqué sieokinaspr powiolinase dRA abirudin Rigfelet Heri vedrgjowth

RiropbopPd ARk R s ARAFOPOL RERbhRy popices

qﬂuhﬁgﬁa growtﬂmmgmmdnm} EréWthi Mnmnmg ltxrahs;fbnmn@ @mh factor
nol ecul es or fragment of either a Smal | Modul ar

PP hacosic A0 (1) GERDEC )L 57 5. magmlation fotors in

kel s Rt BrBerRagisc e TSl RN fofduseen
%o&@?ﬁ?ﬁe-t%ﬂfﬁmor priv-BRuin, loauminetrbed’ QIYféc)tor o -antitrypsin,

i nter ons, interleukins, ILIO IL 1,
iphetsmirfogeio activatyye i astor 2¥Id, EastorsPBEi Bastori ¥t &aster Shausl Factor

cies and su r.fer and

B apae et BpprreA B SRR Seonrel B gty fector

@n%kﬁ!lf S 0 eraB8dapEbEhif] zﬁl’n 19id precursor
%ﬁb o?le%ci@s;ey&ﬁr%%g éé\eﬁﬁolrh'Irz'ﬂF}?)Fﬁrile@m CS, prosa 53 P
pyateiny intérralpha Bylbmlh iimhibiren ap@ﬁnr@rdbm ﬂ? M@lp mtp@espemes
EI Vg]géh’ql? HI.V I 20 urtok nase rourf) [ nase, t PA,

Fot rfiRSe E?V@¥?¥9ﬁ AP PR OF °P%r at hyr oi d

hor mone, proinsulin, insulin, glucagon, glucagon-I|ike
peptides, insulin-like grovvth factor, calcitonin,

dr ‘atibntRdr therrentext afribs ahovidigteg mmmms frefersde aproteinmdigrein at

necr osi s_fact. F

CBA T P RoT RS0 AT et ey amiih R g, elesons, or
IsssibRg efibdr ddRtervdtive top thoh@opseaiive0gevided iHat Isﬂ@gelﬁhnges
thronmbin, pre-thronbin, pro-thronbin, von WI|ebrand' s
fregolt d 2 pratein wah@siethagag @IQPGY%F deneRBRkCERnAkGIcEVEY or receptor

g tor (’f}’\x!{? IPf ng%ﬂic %ﬁﬁe%%ggtagd%/“%?ﬁ&@ in X @i pH-range

Cgtgf)dﬁ{/é ﬁ@ﬁs@ﬁﬁ@dﬂ’ﬂl@ﬂ beah chelded grSiphificdmalgt afi this context
| ucose oxi dase, serum chol i nesterase,

arﬂa@‘-’c thef cwe S]élH?d i the it sieuldsoy the gleé]f?PeﬂilqstOé fheayapRa may still
go %@F JINE I%o%l&r?d’tae ﬂ%ﬁ vﬁ&f’s% tﬂe $ﬂe’s of R nﬁ%@iﬁ' n

rot el vari a
fragmsnt of any of the above.

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, Ile, 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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A "variant", in the context of the above-Ilisted
proteins, refers to a protein wherein at one or nore

w@emsHsons t here have been ami no acid inserti OPCT/GB2004/005462

del etions, or substitutions, either conservative or
non- conservative, provided that such changes result in
a protein whose basic properties, for exanple
enzymatic activity or receptor bi ndi ng (type of and
oD terochy Beboke e BEERF ML E et b el pyos
tm&mble lkamgeid: prc@ragm ffmcamﬂlple theGIAIM prog@nt eXtheMB@iNgsity of
t one skilled in the art would say that the
pV &senss éiensfiw {(ERPERE fFtouRegnds it ML e enprecadieshthas mercent
éﬁ%ﬂt{ﬁ B e 1 E T piptief BEDsient e By o lencd
cpiiatiat i ons such as Vval, e, Leu, Ala, Met; Asp, Gu;
Asn, Gn; Ser, Thr, Ay, Ala; Lys, Arg, His; and Phe,
Tyr, Tip. Preferred conservative substi t uti ons incl ude
wh,

@h% al%n?n;entv &ay am%rnalﬁ%'ly ﬁ@%ﬁﬁdgﬁt )ﬁpl A éﬁ?] ogram
|(Ela@tnp®5w aét (]J9§é)sNuEJ@%Aads Reale(BDP/o46V3-80) | Ehs paﬂﬂ%ers
({]eraB y il | east 80% nore preferably at |east 90%

bPe sp{i% f’%’fably at |least 95% vyet nore preferably
at 0 l %
[ deir??s?? &Eiggc/tah poI %{gtﬁlétg% %gﬁl%ﬁ?% S??e’ ﬁé%ﬁﬁ&‘&{?%&%b >
d er gapguindlhys 3 peumclemiof sexliegrmels; Ae Btoring metho&enpdrydnt.
E)i es may be determ ned u3| sui tabl e computer
o%ﬁg C aiegyneg Bﬁrﬁ}n@teiffhegawe%ﬁ)é@% inl8f gahextension penalty;
Unl(y_@g_snty of Wsconsin Genetic Conputing Goup and it
wi |l be appreciated that percent identity is
eal Suokriap echtrixn BISWTMon t o pol ypepti des whose sequence
has been aligned optimally. The alignnment nay
alternatively be carried out using the Clustal W

5081430 ot 88 e AUBLE . 610 bt o
itd-fiasted miapshesiraisavd wel davgniaehd arpar anet er s:

K-tupl e(word) size; 1, wi ndow size; 5, gap penalty; 3,
nunber of top diagonals; 5. Scoring nethod: x percent. -

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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wEek/0gens ant s nmay be nat ur al

Mul tiple alignnment paranmeters: gap open penalty; 10,
gap extension penalty; 0.05. Scoring matrix: BLOSUM

of protein engineering and site-directednutagenesis as
are well known in the art. A "fragnent”, in the
context of the above-listed proteins, refers to a
protein wherein at one or nore positions there have

ee del etions, .Thus .the _ r :
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Bg}ﬁng&l Hoxﬂ'rﬁhug’cﬁrdém Vspegliydre sdipd tsambryimalifm afmene preferred
conprises up to 60% nore typically up to

14 0/ 9
pnbddimant theissrure 280THIn i rEMRRetesHE AU ( gﬁé\%% Thfelgrm
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St oE Aot nbRack e HekyfRief PERHE Abkir Rarify a0
RhRloehfid E’@jhbm&u hatitatlyp oedwering dinf mg:am;t gndofvagamgs otherent.

Brocorpey Shalbemyas i SRR A< BaURE AR RVl o] bybne
g &%%g 1 n({fp r ﬁé Vo) 4 diﬁg gci:’cgu@ﬁ@e i@fob?ﬂn%[E By Riovéh ¥dfhods For

ereo we 1 ncl ude a gﬁotel n

RenmHLE SdD]@Atdb@reSlﬁqidﬁlgC’&) bfiman genbyrand jsr dseidiscitsediinedor

fromarg sour ce. &}é Iythe source is manmalian. In

erree, eﬁ@‘lfﬁ 4the serumalbunin is human

serum al bumin ("HSA"). The term "human serum al bunm n"

i ncludes the nmeaning of a serum al bum n having an

airfothe @rdeﬁ@hmbmhmﬂtm*the “dlbym@ comprises the s¢ayapgesol heivine

variants ther Preferably t al bum n -has 't

sere 4 ‘émlélncgﬁ%h (R RS ﬁe% gg 5@0@9@5@\&1\;@\1&?@\%@ Pa

H? it QRS E GHAREE: heufiyadddaking 1BYCows for

nomﬂmﬁh% or isol a?l ng cDI\IA correspondi ng

brmasle ge rksn fandSivisspros acodbsen msté‘derl RO2769>rané>a@ﬁﬁmé tharpof

73 646 and EP_286 4 | n anot her .pref e

@héefmgfi%sm% “Thedrp g@%" G e é %8 u[)cgl% %e sera%rs}w{ht of
i’ﬂa IE&!%S ogTﬂag ILERIBOPRY] RS elbtAhial HUTAntY thetdodess tibfned
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 073860), baboon (e.g. as available from Sigma
as ﬁroduct no. A1516), cat (e.g. see Swissprot accession number P495064), 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 mo. A5409), horse (e.g. see Swissprot accession number

P35747), thesus monkey (e.g. see Swissprot accession number Q28522), mouse
50
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serum al bum n having an am no acid sequence naturally
occurring in cows, for exanple as taken from Sw sspr ot

waewmssei7oh nunmber P02769, and vari ants ther eof PEEGB2004/005462

defined below. The term "bovine serum al bum n" al so

i ncl udes the nmeaning of fragments of full-length

bovi ne serum al bum n or variants thereof, as defined
(@glsea\swlsspmnmmmoxpnmﬁbarmoéﬂb piieA m gt dselelippdihy Khan et

WSTTRE 35 D i L P S 0

a&%gﬁa?hﬁﬂbé}tpr{g%) ge’-é) see lwssbmgccesgen &m)s]ppwss) and
u

accession n goat i . as available from
siGieg nia.gase Swd;spttot ragcesms namber Ri4 @%) ,andyjingladey wargpntss gad
SWI SS rot unber 073860), baboon (e.g. as

’iltgﬂ}eée ﬁ?%?gﬂﬁpzﬁ product no. Al5 16), cat (e.g.
see Sw ssprot accessi on nunber P49064), chicken (e.g.
see Swi ssprot accession nurrber P19121),

oval bum
Maygnatutilly kesuoias BURH) 0025 o 3085 S JrGFac R GFe
dﬁgf%g({ np‘%% ;19969 9 % /g%m{t)lﬁébgt éﬁ eﬁzo?gngﬁ?f gf}‘&%?ﬁﬁ WYdical

bBRi0AS A@ﬁ&@hi@ PreR§) InAFRE Mied Gﬁﬁforﬁ5418 B7i 8146 78 9rjant as
anster (e.g. as available from Sigma as product no.

dAﬁﬂ@@)bOth@E be pac of theteanatitaldy Ao BE RS on nunber
P35747), rhesus nonkey (e.g. see Sw ssprot accession
nunber QR8522), nouse(e.g. see Swi ssprot accession
Aseht Qﬁﬁ@iﬁf) Yefergitg @n aliueniy pratein cdeferaiedt bye Mhanreqaosaions

tb?egeo éave gagéll @jng gé%&sewegﬁnﬁ Q}(:rglgfs?.l ﬁg% §§ er I,cg?servatuve
of SoflcoR BByl $1Ri0k AGCERH BRoRUTRRI: B0 HAN ¢ abacRr

Sprot accession nmber P14639) an

wHH Atdest strtagiotpsopeitg, for axpmeyie bnﬁhgre@uﬁltsaé:ypﬁecpﬁ andgppecific
bel ow. I\/Iany natural ly occurrl ng, nmut ant forns

agliBiyne-6 Faingntonhi &qch‘%ca DPresSBgy 8&1‘01(1 osmotic
H%fé%‘rga %ﬂ(ﬁpﬁyﬁ Ol By @ﬁﬁ%ﬂﬂy’) Bh-as ﬁ@ﬁﬁ%&;ﬁ&an@l@d)een |

cations, Aca emc Press, n De
cGalgedl O Sigaificantly7 Ga 8 Jantekt vemisahat e sétéfedn@dlemwetﬂﬁ@w

tl?a? tk?engroggrtuteshgfs ev nat alilﬁ ?rllelyystlﬁ %o qufférggt 15"%%’1&5‘ hot 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,

incorporated herein by reference.

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

Jeast 98% or more sequence identity with naturally occurring albumin. The percent
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A "variant albumn"” refers to an albumn protein
wherein at one or nore positions there have been am no

w@eood/o61Tserti ons, del eti ons, or substitutions, PET/GB2004/005462

conservative or non-conservative, provided that such
changes result in an albumn protein for which at
| east one basic property, for exanple binding activity
sédquepee afentitydbepeai fwe mabtrepiidep may beflatrimippd ysing suitable
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| east 90% even nore preferably at |east 95% nost

f bl t | t. 98% ' tit ith
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ARAGr @yPe0s! dnbl epddifiv ectivityye. @ bindisgriorislimb@E nesniqlarity (oncotic

;g%g@g;«i@oq}%aﬂgﬁ%]qp@gagqgssi@%p,\é\f.mll‘ul(aﬁiglgr ﬁ%;%ﬁalét{a% ﬁra%%eatpH-stabiﬁty)
}%g%?ﬁ%%gﬁ@% ‘eﬂgéalf &aiggd?enﬁ@mﬁ@&tﬁ}e%‘ t1dk kaieg means that one

I gnment may alternatively be carried
drliled isihp gritwvalddlay shza thewrppesigsafieToapsoy. il bgdifferent but

1994). The paraneters used be as, fol l.ows, .
e P B SROTHBveh Tesis ot e RRefR BRiP A dffblent will
t@?i@ﬂ?"ﬁeﬁﬁ@l@éﬂ 30 82 REARIdny: A frabmehemapicoindtse at least one

agonals; 5. S

coring method: x percent. Multiple
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 IIB
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al i gnnent paraneters: gap open penalty; 10, gap
extension penalty; 0.05. Scoring matrix: BLOSUM The
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aci ds 316- 369, sub-donmi I c rises i NO id

15pfidery polypeptisies OF BFAIFIAS B ] ggs‘b 05 8;}1 ag?‘lf@ Set. USA,

9?%122@%3 Al b éfi‘gw ﬁaﬁ’zopoﬁpéﬂzs‘?ﬁ WRot® Mlashled Af 2002,
e6r° nore domail ng ‘or sub-donai ns’ as defi ned above

Bloclewiseu] ei8).on of those domai ns and/ or

sub-domains. In another particularly preferred

enbodi nent the heterol ogous protein conprises the

flﬁ ?e%rx#h efyrmﬂrﬁs%lﬁ‘ YRE it “Rimdd @eH¥RRiIn" is used
er eo

e'ter
herein to denote material Whlch is indistinguishable from transferrin derived from

2 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 pattefn 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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"transferrin” as used herein includes all nenbers of
the transferrin famly (Testa, Proteins of iron

woredodtoel7igsm CRC Press, 2002; Harris & Ai sen, PCDGB2004/005462

carriers and iron proteins, Vol. 5, Physical

Bi oi norganic Chem stry, VCH, 1991) and their
derivatives, such as transferrin, nutant transferrins
TeARSPHn etutalts 199 alBirathethels tnajural3binding 7o mefplsions apd/or

al, 1998, Biochem )., 330(1),,35 t )
ofteh aS1IeRp: sieh 2 GHERETY 19T Doy CRRBR B £ B Tjgipmutant
ngﬁ;cfgitle% il t@%ﬁmgﬁﬁ ekemBifiel BBlovivason et al, 1991,

ein Purif.,” 2, 214), lactoferrin, nutant
| actoferrins, truncated |lactoferrins, lactoferrin

Weats dudepryaioratiie Pyl Pl oy ransforin or
h?ﬁﬂ'n: trﬁl?stf rinPeRfloouRs] - 4abvall92,vari@ad; oAl fragefiensd ,of1B8&an
B ofChem . 274, 24066: Mason et a

| 2002,
tBinsfetrznwill have 2 Ieaspa%g] 0%ThEor 2&hs P &¥or f‘f%%n%ﬁz‘)é’(é (PG fraeply

transferrin, The.term, i LA"Hid ;
o RO 0B o B R AN Tl ity 3Ry (for
OB ADSHEINE), Rvellatt ifvteskiflito Mha iturisindiag avfivighod tsamaferrin
vartant or fragnent thereof. A "variant" incl ?(?s 280
s dost isomsle ciol G dteaiRd SEBEPPHAGRTERaly YA Un:280mm
onservatj.ve.or, non- envat;i ve tes.
e R R R i S e
TO% b THRANE BE GropfRRAldsestant] dthamsdeer rom carixt samevedfirom

transferrin are included jn the vention ch
resferirson g toitsannle bE Al SIS HERRSHL VTGS gt TmM

Shersi L 5Bk iobd iR HEPES,
HIoER R oo bR B Sy BaceIp AghlaRL U8 100mM |
PN ENaHCO, @H&@nSMeatsu'rmtth?mm:%SQmm abeorhwtief faid dfyapo-
addi ng/ renpbvi ng ani no. aci cosyl] ati C sus
aioi CelBioeheaeCN Soariancei XLt RO SRR Haier so

r. SIT it rr.i i tRphElofbtridhll

tﬁ%te%so %ﬁ Ur é{ ?%Qn% ?%Sfbfg oarc)ér:rLg%ugll'yt ié%’tﬁlémgi%/sgfz otp her 4
©YPI8h Msindiapc h Paspate 20siMerirdneitidotjstente EeNdxangletien by

a transferrin nmutant nodifj ' IS Janngra. i .

disehiing 19 o0 @@108\1&06%3%? ek &Mﬁ&gﬁgt%?aﬁq%y%% Mg
B9 YOTRALE ¥ DAy QioBIER RvatdransiIBr Tobd apé-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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human transferrin anal ogues. Cenerally, variants or
fragnments of human transferrin wll have at | east 5%

wQaoMs/0daBtyg 20% 30% 40% or 50% (preferably atPCE&BR004/005462

80% 90% or 95% of human transferrin's |igand binding
activity (for exanple iron-binding), weight for

wei ght. The iron binding activity of transferrin or a
HaBstrrEaNRbenisanfubens et famre €-speionl Sphosoart e¢-datergpinal
by 470nm 280nm absorbance ratios for the proteins in
anﬁéﬁ-‘ieﬂmpé]ritrifnﬁ@émaﬁﬁlqnﬁi ly iron-1oaded states. Reagents
shoul d be iron-free unless stated otherwi se. Iron can
be renoved fromtransferrin or the test sanple b

Y. .

Fdiaaiplesi ofagansfetrir). fiMons t ree egiven 1M abi§t apatent 1 GRRlicaiPAs
rH4. 5, Protei I t pr OXi [y j A.;
CRCHRIOPEES md ST NREF 53 SBRDY g tr el R ol Abad Sei U

0 NAY;aps of begyoe J1mbi Ohéh, Za0Aens fdasdn) er al., 2002,
S?%:a i%s%ﬁ’egl’ CN Bi osci ences, Nottjngham UK) dil.uted
Binchantistry, A1, t 9B, athe ovcianise OAt Whighnafec Hieomoraied Jheaga) Py
det erm ned spectrophotonetrically (0% iron binding).
TPfreE"fS‘ﬁ?'e 20 iron-nitrilotriacetate (FeNTA) sol ution
by dissolving 191ng nitrotriacetic acid in 2nL I M
NaOH, then add 2m. O0.5M ferric chloride, E%’rl ute_to
Terdkilidt rersbei witl aleel appredate thatithg opgherading. wamn of apy jofher

o e non Y . gl
e 85 KGR F QaR1cG DPerp o S SR a8y Peolty frfh M use
x&i%l? tﬂ%%@s&lf aRehesd. | o pkepsleaticospenarpdiet dtamagmiyrsicode a

O™ HEPES, 10vWNaHC g 3 pH8.0 to L enpve I emai ni ng
[FelifAconeTising ams asUrnAYy e Pl pretrle (ngldine zymogen), or

qi;{grgz}?té%gg %g@%ﬁf ?\tgﬁcg erg%;, 96F gy%r[ﬁ%lg,s b0 H&Bhing YN @atural

free miron, and conpare
ﬁrbﬂ%ﬁi; of @t tbRfly tsonthbc paneinpbr a Athglet oromaltiple fissiony pediferent

nmul ti pl e heterol ogous fusions co i sin %n of tTe. |

bioins (ngrad Ry EBSRC) muitch SFRCIHE S8R OF gt PRUSY oI YelY:
| bum transter.ri ey [ a1y Aau2 OO

Frm e drop s g L o, N e

0 Pdadd eV DUTHMNaridE WO 081794805 boasariatufiagnent Srergadathe

fusions and co- N-term nal and C-term nal,al bumn
Fiadbsores ot SvrusteRFsIPRarBRIEg OBTORY FISFRCC AP UBTHESS pafent
%&g rtlg)i_hn apltr%sﬁefri;]ts iﬁﬁaérﬁst bf PRALBE fh IEcbBfe BRlfubibs | fiRgers 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,
Jactoferrin 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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and CG-termnal transferrin fusions. Exanples of
transferrin fusions are given in US patent

wa@ppbkioceris ons US2003/ 0221201 and US2003/ 0226 15BCT/EBR6V4/005462

et al., 1995, Proc Natl Acad Sci US A 92, 2820, Ali,
et ah, 1999, J Biol Chem 274, 24066, Mason, et al.,
2002, Biochem stry, 41, 9448, the contents of which
TakehdteRippay atoteln heagicompyise ef badercsequanss effgativedio cause
person will al so appreciate that the open reading
seoratien Bfyeafy ot her gene or variant, or part or either,
can be utilised as an open reading frane for use with
the present invention. For exanple, the open reading .
Nurssreusnmaturehaoattfisiappalypéntide sigmel sidrencsn (alseeplledsscrefgn

it a.natural, protein (jincludi

s Tt o s e e EPBE e Blnyest el
ﬁl%ré?éé{éi séberfte Mot dhe RAObRIPRoteRY towatdstihs nackistyhef the cell
protein;

or a single or multiple fusion_of different
thatakpomsproteitsiraah thercebyintotae FEyoundmEMEHBRAT N L|F ERSCS:

‘taken, but, nat | usiyel y, f i i i
it G POREETEROTST Todbe gl ol SRR AlEen it
RUL949 41080 WORRINAG4SAus of it prdmbpniramstation gt and is

t hereof’; the disclosures of which are inc&rpor&t ed .
denerelly, dlthongf aptepreessarilys ikayer PHcbe MEefpignturing the secretion

applicati present list of proteins in the
Hg‘%ﬁ%?&?y]&?fiﬁsﬁn%ﬁ]?epé)rr{)%%fs for al bunin, the present
invention is not so limted and, for the purposes of
the present invention, any of the protein

. | Lsted
Inkbe edse ofgmp @rqipias die @With heh s By Sperete na%%?r‘gﬁ &prgoval
f al bumin, th ' £ | D d
e St efhienbd Gyt R arb B UDRBIERUN frminus called 2
fF OB 0EnCe; the dffenédiat eatity bding lalleslbo Vero-rasteinde$hessdpro

pol ypepti de. The het erol ogous otei.n ma e.a

sehednape Uy cesiply the dina) rofeit 1 FP% |@‘ﬁg d%eﬁ%mg v@?ﬁk",ﬂa}’tar‘r%?e
hay re ' leal; BChORrd Reliv du@bl§, provies a
Wy u%ﬁgﬁ&%ﬁ%%ﬁ’%i ?‘fgjﬁh%ﬁtmsﬁ%es’ of %{hgﬁépeugﬁ:glﬁ y
QA&dvh e sipy F ah enayee wetlbasenwiithe preiphe region Ftkis not known to
het er ol ogous, protein may conprise a | eader sequence

hewe apethetduRgiogause

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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secretion in yeast. Nunmerous natural or artificia
pol ypepti de signal sequences (also called secretion

w@e@snegions) have been used or devel oped for BEDGBRI0AYISI62

proteins fromhost cells. The signal sequence directs

t he nascent protein towards the machinery of the cel
that exports proteins fromthe cell into the

Foul pcauotiomef, pre@ingiin evkaryoticspreies supbas theritegsts gaccharomyces

eri pl asm ¢ space. The si equence | . y
et e Ek T e s oo R SR etz
lﬁﬁgtﬁfﬁpl%ﬁc%@ rsxilﬁeﬁ@&sin@hid_@ Rhé¥eOofbGt thans! defevppemendd | phosphatase
a no

oug necessarily, cleaved off the protein

pdoiein@ht i) (secERB6640p) Srcinyertase pyeteindSupe) (st Ypih ef al.

BUED et b o Ea02ER4P inf PR Mol A7 GRS s (<080
%I\I-@egrg?rf e Adhﬂi%hilﬂgg Seadfkdduendds fadthnbe &Ccdsvisdaeithating factor

nus cal a "pro" sequence, the internediate
siypitai-1 ypriveinn MEat1)ednd framn dthpr 'fyso7yiag eangy fuman  serum

i he final into.f i
VoooRa GV STa P R aretu B64RS ERBK Breaoyf Bfecialy

Aing QNS chPIBLAAG Sfor séAGin IRiAGIBINS] MWOY9(P0 1063 sl ases a
cl eavage site for an enzyne to cleave off the pre-pro

fhsigh @f tendHos 1 mod HSYowaden sduperceanwhivhradvamregdoyply redaces
ro sequence can be renpved either during the.

Booratirem o2 gt TegReh S o GRn g Blve S v

%.r tﬁn'%%]ﬂ%-l.clgider s %n{:g:h %Hfﬂeﬁé’l@gde? Qe fRAELMO lso disclosed in
ery . Po

asm'c spac | ypepti de sequences whi ch direct
thb @x&BElkebf @is afplivatitre ams thenteaddrewilt hmyedaias ¢l those leader

signal (i.e. pre). seguences Qr pre-prp secretion
sapnsprens, begped W@h@?&@&s Pgle’aglap é@&%ﬁ%‘eéﬂ@ﬂ@i‘&@ thy gatural
secretion, of L3S b YRR SocRUiBE B8 SrahdPu@hnADth
RSB R sl SR raR b P CXIRE CoRHRE BF R Tk ther
RiQ6REShNGoteBRD one or nore of these steps may not

necessarily be conpl eted before another is either
initiated or conpl eted. For production of proteins in

GHSAr YOI | S SPERI 6 SHER ARulfifdy 985sh&aRacHBR QeREaSy 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 protejn. Some
heterologously expressed proteins are intended to interact with the cell in which
they are expressed in order to bring about a beneﬁcialA 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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cerevisiae, Zygosaccharomyces species, Kl uyveronyces
lactis and Pichia pastoris, known | eader sequences

Wo p@bi6i1s hose fromthe S. cerevisiae acid phoR@haBa®a/005462

protein (Pho5p) (see EP 366 400), the invertase
protein (Suc2p) (see Smth et al. (1985) Science, 229,
1219-1224) and heat - shock protein-150 (Hspl 50p) (see
WO 95/33833). Additionally, |eader sequences fromthe

S o 5 SRt o e
Iréﬂagr@} B Y Qlﬂvﬁ ?hg dhdt NGie | BetE:8I0gBBY if28teRE S not

speC|a ot excl usively, for
ARRGhEH.I nﬂohmnthal ﬂaakhar rwﬂN\@p?@fllmotﬁat d@:lﬁ@t g e’fbe@ PrOVlSOS
fusion of the MFa-1 and HSA Ieader sequen t h
cxciudngenss suendjng eithee Eéaqtﬁaas&%a%f PHR cisg Presen on the

SACSEEL AR Rl T P (1 ot e

AbSRs i &Eﬁ&ﬂﬂa itk (e ceneIp h@@/opénﬁstusm
ap%swﬁéﬁégnd thg Pzader er|| a%?} eciate that those

| eader sequences can be used with protel ns ot her than

Ht i oG T e D e RRR A 4T g an by
0
%ﬂ% e%éne %n&)'?ﬂxg?&f é}ﬁﬁﬁnﬁé 0L Q9GS PERL e@lb&ﬁn%] WWhereeolb S
I sul phide is

elrn oner ase
Iﬁ’ét@ifnﬁfsﬁl@t%hhiq&emﬂbmmgn the 2t sickianarscipribsdin by Sambrook

S h et 0 T1e T Lo mTie, Skl
l?'éﬁ)lapeg gﬂé%pgﬁ ReE h&eﬁa‘bf ?&e@n@@ MPRF Gkahpl, bebudh method
pro e

terol ogous y expressed proteins are
ihvdlegsdigdtidrovia ostesiae tndsi antph‘eble ephesiva endsi aan beigegergied on a

expressed ip arder to ene
IINAL Hazeent| {‘]% IBRFHR £ ? as%ﬁcg? o?‘gmﬁs&}a&é@%%t fr&%%tlon
Ls OVfiksk bRt willCOpRY findd] lhrouste tothplefientaBy isa |p|a)ymg and
ﬁ proteins are proteins that have a utility ex
rémummgfmd:l&s eacld ¢loged bWﬁhetﬂﬁﬁlom el DNAigaspr essed.

Neverthel ess, the skilled reader will appreciate that
a connercially useful protein may al so have a

R plag el 185t syphetibeddiBRt se@lded 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 énzymes, 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
syntheéised 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

58



10

15

20

25

30

expressing it as a heterol ogous protein, but that that
effect is not the main or sole reason for

wez@spesisigt he protein therein.ln one enbodi mTEPCT/IGB2003/005462
preferred that the heterol ogous protein is not
b-1 actamase. |In another enbodinent it is preferred
that the heterologous protein is not antistasin.
dHeMRY &df, ofidher meadesyntictit dmpleestratled tdligonuviiotides opfionally
t hese provi sos exclude genes encodi ng either
(ontaiERSeAsEVeOMdant i st asin from being present on the
2mmfam |y plasmd of the invention, nerely that the
gene encodi ng the heterol ogous protein-encodes a | ,
Pynittetit nliditehe rcohtainting-d actiayaoé weidichen aandpruciesss, sites are

Plasn i, GEBE pLhared by Rl Y00, AITLAEN Lo 1
ﬁm{%ﬁ'g%m PemBRh NSRS EnigenEngRendi ng a

eterol ogous™ protein using techniques well known in
the art such as are described in by Sanbrook et al,

Mol ecul ar Cloning:, AL t | .. 2001 :
SpropRAl: TsHEoB NG BT BB s S0t ot v o

r or exanpl e, one such nethod involves
%¥§3ﬁ%§%§@%§§%%hesive ends. Conpati bl e cohesive ends

can be generated on a DNA fragnent for insertion and
lasm d by the action .of suitabl.e restrictiqQn e
RS AR AR FRYIges A Ol P BIRERInE b P L] f iy ed
hase Rak }B%ﬁpﬂg BERAPHRE JTicelS BranriaPat] paechdy ctheare
| gase.

actron o A further nethod uses synthetic
sefebled. BactnickHow| detjomeyl orsefid for whazing pr@OGapY 8ass host

DNA fragments_wi th bl.unt.ends are. gener by
67l i, KRS LTOT PR BRI o AR s HEE B
pol ynerase | which renpove protruding 3 termni and

fill in recessed 3' ends. Synthetic |inkers and pieces
Bbf ohé entbodintket! thio ol cell riarrdsersbieall, Wrehc Bs domtegier of the

S N et R e R T R e
k1.8858mydd3eYadie Bihse Pipidklsy aflil Q@i wetnbranaefaciens, or
ap

ropriate restriction enz%nes to create cohesive
Bygbsacahdroniygat WUk, afygNpcBEgIyRes UGk \Gygasaccharomyces

Eprbra s S TRR P acent Lehr B ukP3T one bl unt end
used for ligation but which

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 2pm-family plasmid used (see below for a full description of the
following plasmids). For example, where the plasnﬁd 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;
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al so possess one preforned cohesive end. Alternatively
a DNA fragnent or DNA fragnents can be |igated

wo ogsibigns by t he action of DNA |igase in the pPEreBe@4/005462

orabsence of one or nore synthetic double stranded

ol i gonucl eoti des optionally containing cohesi veends.
Synthetic linkers containing a variety of restriction
windontel eismidi iseshaaee conpBMIi dhéry avaiitells eydasbngadl is

nunber_ of sources includi ng.Si gma-.Genosys,Ltd ndon
ArgacchoB Ay Ss JEdeédfm Py BﬁgfheLﬁF?%l 15 ﬁ%@a% Qo pKIIﬂ 9 o
sﬁﬁ%{flg géea{sﬁie?l ik ﬁ%ﬁ)bio‘?@leé} 5RSopHilaAiiieeaR the pdsasidligibased on

ut aré not "limted to, thgose discussed .
DOV ¢hen Eheitghle seast calhiseRithio meatbsenasiasiangicshere ez plagmid is

I Si | 1. d defi ned T h [ 1. .
heagR o e 5 BE0BH HERIA SUBE B ST NP DR evisiae
o&?‘%’g%@a@?iﬁy&g l%zzﬁfﬁ'e?gensg‘@qtt & hatichesy ﬁﬁe@éﬂr&i Y theeplasmid is

or cloning” purposes. Yeast host cells may be
Bas&f ot the Qnmeplpsned aho theofeagierB ss frcebaovyias aeheyigibasmi d.
hi one enbodi nent the host cell is a yeast cell, such
as a nenber of the Saccharonyces, Kl uyveronyces, or

i~chi nus, .Su L % »

P i R B RGARP RAERE AT OB PR o maturlly
Jeibmanaahac it SomBfiscty@Rs aes bapefyedsy tinewxiithe genes FLP,
Zygosacchar onyces bailii, Zygosaccharonyces . .
RIgP hvant BEP2 hasinggeaysnses Agréed e Sghnatwiaihbnogegring plasmid.
preferred. The host cell type may be sel ected for
conpatibility with the plasmd type being used.
Phi§ e GartiRilady Agtarfidgouoteusy eashst tipfieientan ope or.more protein
mai ntai ned i n other yeast types ghk t al, 1991, G‘fene“b
10808yl trambrasgy invelves: naO-glyensylatipn |0t GIaeing, fek nstance by

bbb =, s rrom

myces T can be maintained in
Saccharonyces cerevisiae. Preferably, the host cell is

Reowmminaglly <Geseei BraioR 51 PhESH ol o e dor Hara
T M e
Jequitick dowhesteohfam phyasitdsdor 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 speéies can be modified by O-linked egcosylation, generally involving
mannose. The mannosylated albumin is able to bind to the lectin Concanavalin A.
The amount of mannosylated alburhin 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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w@3NG/06tTe a suitabl e yeast cell

based on pSBl or pSB2 then a suitable yeast cell is
Zygosaccharonyces bailii;where the plasmd is based on

fernmentati; where the plasmd is based on pKD then a
sui tabl e yeast cell is Kl uyveronyces drosophil arum
where the plasmd is based on pPM then a suitable
Neasitived), lthd feaRi @hildberemhsfamasf mcpredece antentiePmhagent, such
plasm d is based on the 2nm plasm d then a suitable
E?@&@ﬂﬁégmﬁmﬂém%bccharonyces cerevisiae or

Saccharonyces carl sbergensis. It is particularly
preferred that the plasmd is based on the 2mmplasmd
ldadchtiotyealin £ ektevistaeSacstd iy efane\drghets. of, Ahe genes

2mmfam |y plasmid of the i ti, said t _
copmsisat s P Bt 1o S ety st aea g o i Hehia
o -ulr{si éﬁfﬂ@o&omﬁ@_@ BEPT ahersefhonct fga/pf (bhengeiies /T

R and REP2 havi ng sequences derived fromthat i
geatisalated foare §F cénavysiok aray bk used faniheridensiication PhAjsyuption
dvant ageous to use a yeast defici.ent. | e
G B85 rPTRaRG ST ST er acist vited ofi vt AHRR Shoct®© The
cg%&h% @Sk AP h8fnoRIzaE RIFNELyFepbmdes tiageisbdescribed in WO
I sruption of the gene codi ng sequence. Reconbi nantly
eNpFe8Ssed proteins can be subject to undesirable
post-translational nodifications by the produci ng host
cell. For exanple, the al bumin protein sequence does
T y&GRMNvEl Avaigoubl§shavea ddtdtionlod dheg YR OR)y huad/o10k4 Bf genes
has” not been reported to be modified, in nature, by
B-thight eebpesitivelydy WO 984338 ars, B0 9323%%s been found
t hat reconbi nant human al bumn ("rHA") produced hi a
nunber of yeast species can be nodified by O inked
Al y69sMl & Hehed GRBOE,aiby Heninabiticed inmtnadwst tibegh standard

mannosyl ated al bumin is able, tﬁggi nd to.the | ecmi n
oy AV Hh A2Thd0 AHBERTIGIon R RELFHRGAst BalH fees o
roduc by t C b C i

{E By L oreRsoE MR g ic e o, oG Saat o
§400608Vibiecillve Clomsig, Qiovﬁl_silﬁ:mmﬁm ]\Myal]?f%rddif_r.]i@di ifgpring i arbor
is to create a yeast iC as. a defect in its gena .
behoretotiaCol AU BTV BRISHEH phiesphiells s HEeHacd in
SHerfll ?P&?P986ff%[ethﬁéﬁweﬁsr GHeHE, Tayibbetdy A8lAkl, edld Spring

onh 'Or transposition in the coding .
Harbor, NY. The method of Beggs (1978) Nature 275, 104-109 1s also useful.

Methods for the transformation of S. cerevisiae are taught generally in EP 251
744, EP 258 067 and WO 90/01063, all of which are incorporated herein by
reference. 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., G'aithersburg,
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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sequence or the regulatory regions (or in another gene
regul ating the expression of one of the PAdT genes)

weo@k/octtat little or no Pt protein is PCT/GB2004/005462

produced. Alternatively, the yeast could be transforned

to produce an anti-Pmt agent, such as an anti-Pnt

anti body. If a yeast other than S. cerevisiae is used,

ﬁldrﬁfouﬁhtﬂcﬁﬂ oD fyemn é)yoaslemoxperatlbn tanee dipelvesd dgiRegldredit Guarente
he PMI genes of ?&{GVISIae is al so beneficial,

@9ﬂnﬂﬁﬁtpﬁéﬁﬁﬂmﬂégyo s or Kluyveronyces |l actis. The

sequence of PMIl (or any other T gene) isolated from
cerevisiae may be used for the identification _or

Gerserallyt ﬂmnplns‘rmge«mﬁistrwﬂfoudlrm@ ai qﬁthgho@ﬁmwél therefore be

act ties in_other.fu Th

msgr%f&lﬁoﬁe%h@r &mﬁfp%%gﬁ%ﬁﬁgl ?g%%l sglagmges c? c‘éﬁn@h@? 2

%c@aﬂe%@&gr Hséﬁﬁtno\t\ﬂhhhte@(ﬂé/ padtage eulstiyblbavaka and/or a
el'etion of 'the 50 and/ or YAPS genes as tau

yeasipetdctabid satker. WD §5ic3BB3&riah delvwrigs negks7s the Bqéfé?ﬁﬁ@ﬁe

as defi ned abov be i ntroduc n

eGP BB TS dET R 8. SR T gofy MSkiable marker
ransf t I gy 5 SEN) S4DEgeMHATIS, LYSS,

fnfﬁﬁé L%W %Igr}] gtm% 19%@%%@2 Nat|. Acad. Sd. USA

bESZ zn;m d?musamﬂzodeHt and RGKD1) Theseesiilled im e sy, will

RS ) eosr e A OREe B S e RRR resusp an
%ﬁ%%g%)%gttl s°0 Eaﬁle@%%nitﬁle%eeﬂ& ShepdaBedehs alselective marker if a

’hods 1'n Yeast netics, A Laboratory_Mnua
BaktorEp gemegistaotided omthe prrwemdrew@q;n@fstra@é def (’stﬁsl}l a pgkl
Nat ure . 27 09 is S P, WS t S
Yo fan ‘&’Froﬁndof}:una%’e]r wgee(ge?llgtt 2?5 IE?F gfﬁgé%l Q:?senual
g§1e§5%a1¥44>e ERueb 8 withih ath@ waalﬁefcmaeaomm |Decoabam| QSIGD)
re incorporated herein by reference. Wth_regard tQ

wip:t/bryaesgaettiesrey ohgeensential aens produgt(aasPlRbl g s HEK

ce ex | ci p eXt AP '
T S
g&@h&gﬁ@ere@u%@ﬂ M Peaissd a9t skiebrblEenkhihot ogiagsadmid.in a
hersburg, MD 20877, USA,
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 «“sssential 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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El ectroporation is also useful for transformng cells
and is well known in the art for transform ng yeast

waeeds/oetiagt eri al cells and vertebrate cells. MtheB2004/005462

fortransformati on of yeast by electroporation are

di scl osed in Becker & Guarente (1990) Methods Enzynol
194, 182. Cenerally, the plasmd wll transform not

Bht seléctivheedhake muﬂvastmwrpdraungeméf theecxpeessien gggiar ¢ IINA

;%L}%%E §1£a%réer,ts{éz %gg bengegﬁﬁgg Egl?troef ?ﬁeélixeng? Wt o g&l f%? ry s%le%%le
eﬁ;@? éhﬁf&ﬁ&d &1, AheSEMekER %&udmmeirmfamyxedu@asy 6@418 or

e marker. A typical bacterial selectable

nemkein isistanes orl gultzayaimecdlemeliap.t sk dpirasuslip, dtapapkein or
el (e piscrsre) filed oot R PR R o Wbl G

%% %ﬂvﬁ?ﬁ? g’eﬁes?or shiéVeolect:BR traiP&iE be BPkhotB&vector,
ose s inthe art will appreciate that

ahichgemned hosensforotivsdesatd st el on or i nactivation

results in an inviable host, so called essenti al

genes, can be used as a selective marker if a

fé&{%&ﬂ BB@bd eﬁﬂ%nﬁ% r@%é@ﬁdﬂ;@ﬁaﬁmmsm thvoB®s growing the
nonstrated for I n apgk (ﬁeast strain (Piper

and
€alisremlting GO0 the:mtnodummeﬁ a plegmidiafghe inggntioapprionally to allow

ssenti al enes an 0 t
S SRR ol B B R B i toded by
Q‘%Mlyﬁﬁ&ﬁﬁé aqueRROnARS Plashid(#dgs hébiblogomSklthe REXKcelbrin the
when del eted or inacti vat ed doeseq:ieglﬁ can be
t

BEISEl Ithat ittt gnlyaentisieris et @amnﬁslfyf?d"f‘fé‘i i%Y) the Q& r

B2 AR G LA TR A BB At

%aﬁbﬁaﬁt@e@eﬁ@wﬁ@ng Q@ieﬂﬂﬁ%clpﬁ%ﬂtdasoﬁbbd&l}*ﬂmﬂl&m (1975) J.
I ncr eased asm d stabijl |%% wi t hout the d sadég éa
ool r_@qws,.%g occﬂi:‘@r@éret al@9%8 FefrehiPeddLpid pgy & DNA
se t iV con

Bl R B R TP o, AL AR B Ao Bl n

aRER &ﬁ@iﬂ-‘t Gﬂa ltuedishi 4 trmsfroed catickiah be déteatad uding 4tdbodies.
gro h medi um Therefore, preferred "essential marker
genes” in the context of the present invention are

ho t bdd i ?etcgﬂbhﬁntaDN%s tsuccessfil
iré (?aetl Tes uﬁe%ﬁﬁ%sﬂgﬁglfgfig%g \/\;11 h cannot
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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be conpl enented by additions or nodifications to the
grom h nedium Additionally, a plasmd according to

wanysoeiof the first, second or third aspect sPOf/GBR@4/005462

present invention may conprise nore than one

sel ectabl e marker. One sel ection techni que invol ves

i ncorporating into the expression vector a DNA
iseaueiligeomaricily w tthazmmeewiely sweipl quaduch|angd| eave be sysed

t hat codes far a I ble.trait in.th -
e Srpgce e ar & i r pieEeh By AR inb iR Shd oBshatly

Rl VRGOV Gk’ &S HFhAPGE d Afantetkaiprirlage Celtheir intended
culture, and tetracyclin, kanamycin or anpici]lin

ifitiustrial bethmetcmhraspharmeesiug eal wew 25@ AREOnREY Peqkpess andgrrpsgnted

E. coli t teria, At Lvel t -

s peensen DOPab S e iy g aIg G P, uld e or
ﬁsécti #?ééﬁjag{c PeciQuitidWesilyTbi higindespoetsasp ocethér. desinat taeget.
net no

i dentifying successfu Ig transfo neﬂ cells
Similetly,ogholsr asihi sugh anecasteqells cancheised aeappeies foha huge variety of
i nt.roduction of a pl ] [ Lon, optionally
zipé’hﬁarqoﬁ%s‘fcﬁeas %Q%gegfﬁséyog?s%dkg%gia élﬁﬁiggﬁltb " pol ypepti de
(i.e. a polypeptide which is encoded by a

pol ynucl eoti de sequence on the plasmd and.is

Tehspohaigwascells mayberryditreddpy a syfficiepiing Aad UpjeL appipRiate

ol.ypeptide | t : ;
e BoR ki L TR 5P o BEAHLAER, (bl BECHRE disglpped
EQGhERS RXART the texpedssibheo tiges ehaperafe i heterologdusaptotein
sequence using a nethod such as that described by
Swodésenrihe pyBId.- 3. Mol Biol. 98, 503 or Berent et a!
(1985) Biotech. 3, 208 or other nethods of DNA and RNA
anal ysis common in the art. Alternatively, the
PRESENEE nidivan pelyyhe pbh-delettivet treplaupersetecting pofssere on the
culture of a transfornmed cell can be detected using
wamtavenices thamasiddi t i on to directly assaying for the
presence of reconbi nant DNA, successful transformation
can be confirmed by well known inmunol ogical nethods
The rﬂhdshproﬂ@@dnmﬁtmlaigom\mmnsincmaadbee posfsenti ingee¢lidarther, if
expressi on of the protejn. FD[ exanpl e ﬁFlL%cel
saseabes &7 the Pyl Bed e ARYOTRYR aﬁﬁ“eé%?‘:égg Shotieetor
produce proteins displaying appropriate antigenicity.
Sanpl es of cells suspected of being transforned are
irhs viep be tpaifiingshagied expressadercparologous proteiy ot thetuliured
ant i bodi

host cell or gcﬁé 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
béad, 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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Thus, in addition to the transfornmed host cells

t hensel ves, the present invention also contenplates a
weosose1onf those cells, preferably a nonocl onBET/GB2004/005462

(clonally honbgeneous) culture, or a culture derived

froma nonoclonal culture, in a nutrient nmedium

Alternatively, transfornmed cells may represent.

;aBluBY Sbeatimbllig,c scmieatioh alehzynaticp bxpasarse and dld likeuzaf well

product and can be used w thout further purification

I@m“@aﬁﬂﬁéﬂburified froma culture nedi um and

optionally formulated with a carrier or diluent in a

manner appropriate to their intended ) .

Thdatdédst ahd cthemmrification step maaynteecanyt other stepsetitablgdfor protein

optionally packaged and_presented in-a.. -syj.t apl
Fhifcan KIebh FofcehmFl unirs. pum@elh Ggts! A2 fe
IO | S mEharfe xbr8sse @ AVurAinC Bhve udi diselodéd ént | WO

on to/into a procéss, crop or_other desired target, .
®i/0A 164 teymonabbfomateiderivad WyeisER a4 590 temovalef yrasiidesiyed
as capsul.es f a,.huge vari.et. [ i C
omaig st ATHEY o rihn Hh 00 BBRcartelY e
{ﬁ&?ﬂaﬁf ‘R{%E‘H?J}ﬂ%ﬁic BRASES afBYWIEE JG1d75US. WS 6r 728 553 and WO
sufficient time and under appropriate condi tiogs ﬁnﬁwn
044 71as evlset |dessiibe ncarletgr puriligaiop nprppesipspfalt (g which are
teachin di.sg}l{lg%ed herein, to permt the expression

BEOPRBIUFER BhE ERE “het er ol ogous protei n encoded by

the plasm d. The culture nmedium nmay be non-sel ective

or place a selective pressure on_the mai ntenance o

Pioteind athei dxanwl@nmmgaqorb@omlé@”@dh%%r%wg‘g&@ ’BF@IP& I?Y any
.be present_ intr |yl fvihb sS8CkEied, in.the

%Wéﬁﬂﬁw E?ﬁnaféaycgfoeépee#fa%? g%érﬁ% ?:lf}g% e of the host

cell. The step of "purifying the thus expressed

het er ol ogous protein fromthe cultured host .cell or .
Shigabteumethods Apcdidentmegnivgh ép]p&;a‘% dﬁ‘p‘?tﬁ?@E R{(éqqin?atlon, acid or

%@g&g:e\lﬁéc 'toin,o DaioS &l canBRaRhi2e ARGhabaGshy, fHoSsREBlose

conprises at | east "one ot her ou.r’i fication
shBRaBkiabey, @pdroplichio inteeacsive phomatigeqpdyofffiviey fhromatography,
i mmobi I'i zation, separation and/or b eaka(rgeH

Cel L., .
hyrromlAz s O AR 84 CEEAIORED Y SRl dileigns PH
g«%h&gler%gldfalﬁ%%,ghﬁﬁﬁﬁraﬁon, 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. B’y commercially or industrially acceptable level of
purity, we include the provision of the protein at a concentration of at least 0.01
gL, 0,02 gL, 0.03 gL, 0.04 gL, 0.05 211,006 g10,0.07 gL 0.08 gL7,
0.09 gL, 0.1 gL, 02'gL?, 03 gL, 04 gL, 0.5 gL 06gL07g17,08
g1 09gL, 1,217, 3L, 4 gl 5gLY,6gL Y, 7gL, 8L, 9L
110 g1, 15 L7, 20 gL, 25 gL, 30 gL, 40 g 1,50 g L7, 60 gLt 70 gL',
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bead, are well known in the art. Simlarly, cell
separation techni ques, such as centrifugation,

wo pdoset7ion (e.g. cross-flow filtration, expanPerdGBew4/005462

chromat ography and the |ike are well known in the art.
Li kewi se, nethods of cell breakage,incl uding
beadm | | ing, sonication, enzymgtic exposure and t

10 gp';,ao@ US| 100kerotri 50 8.1 ha0ded. ,2PRe Tat> 308l > oRE g&te' 18P0
b brsob o B LD Rl Bt bREE T PR B,

purification techniques for the recovery of

reconbi nantly expressed al bumin have been di scl osed.
Ti is:préaf@rainh 4Bk e bgovaprotsin ivapifisd wachigeea ghamagpitipglly

590, .renoval . of . veast - i ;S Q8&vel of
SR TP Pl S8 BB P, B8 BLank S R SR8
ﬁ@gy adsbuymin tRemidllypopfigen c ipbaas] emd BADBMHIETEEY, MUSa
5 728 553 and WO 00/44772, which describe oan%{fe "
parhidentacallyn efficaciovs egmoylt| YaHoRhi (GHSIRE e TS pUT St d©
her ei n, by, r.ef er.e ..ns ot her than al bum n may
Qféocﬂ)aﬁ?qWﬁ%gwfaipéﬁwﬁfﬁfethgw#tﬁ?é medi um by any techni que
that has been found to be useful for purifying such
proteins. Suitable methods include.amoni um sul phat.e..
Bhe weswlting |hejsralegqyist profesh may cheg v o5 AP T S RO i“&)‘ﬁjﬂes’
ani on or, cal | h TR QHRABNY patients to treat
%’H‘g@dﬂ%@éﬁ%*’%@%‘ﬂéﬁ% g%gtﬁgg'%p hy, %gr o_pohlz)ablief:1 S eé fqevefe
huthe lsBedk 2 HdvdIves, egpphyntinaf dultnid mediay arwhasogy eyshgient in
hydr oxyl apatite chromat ography, |ectin chromatography,
foomulehensatiodier PEAPIYi on, pH adjustnent, diafiltration,
ultrafiltration, high performance |iquid ‘
chromat ography ("HPLC'), reverse phase HPLC, .
Aﬁlﬁtﬁ\gﬁﬁﬂ i ipbgsibie fou sittherageuticedlytuseful hiteroldgeuspeotein obtained by
enbodi nent, any one or .nore.of the abaqve nti.one .
& BoRe GLIDS Oty BT b GIRIPYHE! ASBRT§ PROTENS gt i
L SOLR @%fegﬁiﬁél %{}nﬁl iR, CREIRF Gl dné RTmbraciesdptdbad tatriers or

accep evel of purity. By commercially or )
Hingust ritel tayrias eptdibbm(s) ewst bof‘agnaptiable” inhe prase @b being

st wih ghe Sesired Beeg o bt gefisFUF IS eGles b oot
O 08u1; ik caltieRBoi0dilbnts vifl oeOwdter & Sing 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.

A further embodiment of the present invention provides 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
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0.09 g.L4, 0.1 g.L4, 0.2 'g.L, 0.3 g.L4, 0.4 g.L4
0.59.L4, 0.6 g.L"1, 0.7 g.L4, 0.8 g. L4, 0.9 g.L4

WO 259648, 2 g.L4 , 3 g.L4 , 4 g.L4 , 5 g. L4 PCHGB204/005462

, 79.L4, 89g.L4, 9 g.L\ 10 g. L4, 15 g.L4 , 20

g.L.4 , 25 g.L4, 30 g.L4 , 40 g.L4 ,50 g.L4 , 60 g.L4

, 70 g.L4 ,70 g.1/ 1, 90 gl L 100 g.1/ 1, 150 g.I/ 1,
286ritged] 4boRBO Ghitd the, pRS9Etginv¢ntipn @5 nyovidas farogleguae/ of a

ombined Bt gege 1 ntesie ordorind bRt dro P

het erol ogous protein is purified to achieve a
pharmaceutically acceptable |evel of purity. A protein
Mas PRI phar mag datrirceitled oneqepinaib) sicheased 2pm-Tgmylytglasnaid as

e P BE I 55300 SR A st
i .efégreg'égi.b?ﬁilme%ﬁ,ftﬁ@ pBI b&e iQ%M@bﬁdllwﬁtégrEﬂ&& at the locus
ac e

vVity o protein. The resulting heterol ogous
pf @hebmiogenously wseatlefloPDAangenss - refsrablovimithaut| fisfupéing the
which, in the case of bum i ke : .
et o 0 SRS AT, T DEPHER, cology duming

SkioRRE R! QRBERRS, POYRBhEREs NgatCalttioupk somdidecreasndin
as an exci-pient in fornulations of other proteins.

Metpnaeigproductien fowsthpkeddesnous RINeseapas e resiitiof thesgfegration

het er ol og; ratei taln e f

i e ettt el Gy ThaF ds BY BeRAA5SRE Bl 11 8 por

?fo?é‘h? Pﬁ'@h&i&nqnah@mmtiﬁéd h@s céll pharesttaiftthe abmbined effect of
ornul ation, together with one or_nore acceptab

exqression $roor theidndeganeus FpbingagraedP DS pergs 13 }I}CEFéﬁ?CL gﬁlaﬁve to
t " tapl e" i . bei.ng: f
et e GEEF PR arle v ARe G0 38, io S O EATRI Ref

reci pients thereof. Typically, the carriers or
diluents will be water or saline V\,hicg w |l he steliile
%

Fhel gener engeding rthe ramyferisrizsed, Piotan (aYsE BrOYifed @2 plasmid,
t ei il b ' it.
BRiaR ¢ pit S PlaSRRL BT dpi Mo dibde, (A0AGE bt HibmSHERy

ﬁﬁéeglxlﬁtbcﬁ RudH ad 1804 1de8s of\ad Bfiddaefowlybatbd@nPDOEedd) @referably
present 1 nvention provides a host cell reconbinantly

eitbodidigupingttes erxpressivpraf sherppdpgamosa§dges of PDI and
transferrin-based proteins. By "transferrin-based
protein” we nmean transferrin or any other nenber of

th®ne 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 chromoéomally 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 er 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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transferrin famly (e.g. lactoferrin), a variant or
fragnment thereof or a fusion protein conprising

woe@ssbens i n, a variant or fragnent thereof, ipCl/o8200d/005462

the typesdescri bed above. Thus the present invention

al so provides for the use of a reconmbinant PD gene to
i ncrease the expression of a transferrin-based,
Disekfourkhee Pble gempesimgly foand tlwy e dnn isait ppssshie do over-

gyglil)ggp %ﬁ{[ ggé B"Ei;rlte}t r?lixni;éle%@gé gvitﬁ]ggggé d%tgls Cc{x']#ag %‘%S%?rg \ﬁ%ted in Bao

108 S BP0 diffolnPEBbBIOR B A0 hantly NS cPBproBo i the
chronosomal |y integrated at the | ocus of an

entaghnodshiherthen deidg PDiic gan dncrease diegxpptsyioniof hefgiologous

di srupt | h ' h : .
oteinie ettt AR5 Bkt o AP EpRlioR B Either
5 he® g&sﬂé%USTEQI wiERB! ekpRnd. t at theatdnharighinsloghe of the

ecrease in the protein production fromthe_endogenous
ebthine e Bas caal, gl wowdd t that @@f-ﬁ{(pr@f,ﬁl%9f p&o chaperones

bl f b - d . 1
PPl L ol BB T BRar N SAERLT Shoioh T heohaait el of

MehriRe hhdiﬁ?s &f theSédenoinvbitivong drdsnegpeettd det tiof increases in
expression fromthe endogenous and integrated PDI )
erelogpes imeleivasegTessien apbtoied obY heo-PRRIEISI®y B} 2 single
rotein pr ct.i 3 h ' t ot
aﬁpgap%tv?ogﬁcp ge ear‘%?cﬂe ?%aéﬁgg%efégénlcg%d#é@trf rg{he &l léy%tem used.
Thaspierit ivisbgegcilptotsaiptisingytob@ndrihei gtetd fiothen increases in
gﬁlﬁasm’ d, such as a 2mmfam.ly pl|lasm.d as described

oolDgOwT PRRIGIn HRXIEPSSORD SOHAI Pey oPRinegr BY eif-eXPeions Oftwo
he | ogus of . ded PDI gene,
%&%@?éﬁpfpﬁ Sta‘iql ggpl %ggge? @g?éﬁ%dﬁ ?t%gl expr ess?on of the

endogenous PDI gene. hi one enbodi nent the PDI gene is

chronmosonal Iy integrated and the gene, encodi ng,the
SeemEnelr Fre BES GG Ot GerPTETHRYGTABCIGH 8 PHIVAGH tmelod
not her.. . BinP InSoRAiAY | H8EstOfk1R (such as
%ra%?n&%m%:g&?%@ggﬁg&%n%o%% thebt ransterri n-_basgd o
pEfHe@ iabovie coiprivims o fiedt rgcoimbiregt atrecncoding aputitie comprising
enbodi nent _bath t he PDI gene and the gﬁge etnco%ierﬁgoéiplea
thesaaueaps Pha HES CHARTFRHRICYE & %?ﬁ?‘kd;ﬁg gy sen g
| ! inb thENQL RS ce S dicBM cRAeRordenBrofd?h @fIne third
g%t(tf%?hcghlg)gﬁlgkgtr}%cgkghng ctehe tr aensf er r?i%;n- ba}sgrd rotein
gacempinant gtad encodingh dsteralogous 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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As di scussed above, Bao et al, 2000, Yeast, 16,
329- 341 reported that overexpression of the K lactis

weDlosgertes KI PDI I was toxic to K lactis cells.PCT/GB2004/005462

Agai nstthis background we have surprisingly found

that, not only is it possible to overexpress PD and

ot her chaperones wi thout the detrinental effects
TIRP @rine dracomBaent etnedl jnchudes tomtei¢ vasiddistquepesst that operate
.Chaperones can be recgpni bi nantly over-expre i
R T g e e R R S R
Iﬁ'&%'neélp riﬁ S$He MRerRbtiRehBEISlcoaay SedqchtLl ingodet elistl sperate in

|g}1er ’than the | evel s obtained by individual . )
@xpiesiohowithf erdddenousofsequencesh émfixo a&sby THicgIARs Hye an
expected. On the contrar inligh f ' f
BabeRouBi<Io6HE MBSl R RE AT Mo
HDBRRSLRRR sURithek)RaAHEY 812 HHRY 1 dated ifcriehd ekpiession of a target
over-gxpressn on of one. Mreover, in light of the
meteid.er findings of the present invention, it was
expected that the increases in heterologous protein
expressi on obtai ned by co-expression with a single

f HaEseMid] BapRomds nhdiebe@liaeront ay discyposditvive, drarare a

the cell systemused. Therefore, it was par iculﬁlrlly .
@mtpnatenrg chapefanes thah avhepeso-gxpresped inj the sgae aesticgll, provide

het er. ol ogau ot.ei nr ' '
SOl P IR B R SRR thel IOE AR MEACRY By
J’bf@ﬁﬁiﬁ/@l Faetrswariatieds m&m&ﬂﬂgn@w ,theak:v_a%j fog fetxpreasipe grf the
of the present invention there is provi met ho
iegerologoetu pratgin hist dhcoibegioqsl! plﬁo’@léﬁ?{ 8&%&’& ﬁ{j‘f Anl*Second
rovi.ding a host . 3 ' a ) bi

LTI T Al SO SR o
SORTE coipared heths saue sesern fvhardin (i3 thedfraprecankinpuicgeak i co-

a second reconbi nant gene encodjng a pro t‘fxi n . ™
cxamps il heTBIrS SerUEIEETLESTE SEROAREHAPEb TEPTSFeRphihe
and a thi | aam; jin LOLOBRP@ssed
SO e e B e R e o
@ith fBs eRitd resshibiann getecnén timsebseetd of hea expressiore ofrdlel dirst
under conditions that allow the expression of the
fecembinai®Bfd and third genes; and optionally

purifying the thus expressed heterol ogous protein from
the cultured host cell or the culture nmedium and

Ous threferreptchapeaddeyis byooqihi diswplride tibramerases 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. Tt 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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purified protein. The nmethod may further conprise the
step of fornulating the purified heterol ogous protein

wowdaos/oeu7esr ri er or diluent and optionally presPOr/GB04/005462

the thus fornul atedprotein in a unit dosage form in
the manner di scussed above. The term "reconbi nant gene"
i ncl udes nucl ei ¢ aci d sequences that operate

AnA IBIRE RSBk NenB Senes ingaycbagh amtyidealfyr b prastrd cpeyplepmisk and
to produce an encoded protﬁ%% or,lin the alt ert%Hgfﬁﬁ
thigahasi Toe eiffier theospimerilasmnif A bdererioP lpFids o RFRFE S

conmbi.nati on w u S thad redombinant
ERTRUPaY i et e BN S, A oM o
RneJEGS Be Rlntisomalty dntsggtednwithivhtite genagie pE tlenhogtocell.

e Shcoamaots, SSnveneel AN A0S IECh. b GRHRS o
ag%ldthé SR8 ge%}ﬁ‘&ﬁélﬁ e Ry be @r6heRRRARE Rscralcd cuEisiadthe

ove, and are a cofmi natlon of chaperones that, when
@Ro@xpr dasiedt tell t Abersatinelhdbe figiand thirdoigrerabigant genes may
additive effect to, the ingrease.in,ex i
e Sy o k81 b Sl AR b SR B et by
i%{égra%la&iﬂﬁ% thé) gEan!fheoﬂ @Y ebstdellexan@asively, afe fifie and second
eterol o

gous protein in the host cell is higher when
febanbinargt gean dnae be nhrommsomslly dne gigiade ithingthe genome of the

si mul t anepusl y,cq-expressed w ' onbi :
ieheelia tubripa, a: GPRE el S opbhythar Shal TR % pLRha.
Kk QAR cARARI HSrdResgbRasegnvt tiay theh Infvidbally
reconﬁl ant gene in the absence of the expression of
ehehrsmosonthllyentogiated avithin theeeapme Of the hogkcedlecond

reconmbi nant gene is co-expressed with the third

reconbi nant gene in the absence of the expression of

bhBollint toréeea iR GenthosOnkfinedfaovedn clspet afecarber
prot el n é)| sul phide isonerase. Another preferre

ohegiephile presclANPention a ACerginghy. 1B PRRseat AREntipR flsg proviges
a partjculacl refenr ' fJoSdiranet

%Qg‘éﬁi‘f{ E?]Q%J‘é’?‘%n%so V%?‘éhege?‘%?lgg.o gﬂgl su%%rﬁ#ng%siﬂs)\%nér ase &nd
ARVEr and@ sédoad Fesimidfiany @eheal endduénge 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.

In a sixth aspect of the present invention there is provided 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 the thus
expressed heterologous protein from the cultured host cell or the culturé medium;

and optionally, lyophilising the thus purified protein; and optionally formulating
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weels/o¢such as a 2rmmfam |y plasm d,

The first, second and third reconbi nant genes may each
individually be present on a plasmd within the host

above) or be chronosomally integrated within the

genonme of the host cell. It will be appreciated that

any conbination of plasm d and chronosomal |y )

thet ggitRE eBetéioldpons sgotid vetid at learrir r ec dithéntarand geptéanally

may be used. For exanple, .the first, .secondand third

preseating vhs Siusdamadlaied protein ip f HHIPHERIPY be present on

a plasmd, and this may be either the sane plasm d or

different plasmds. Alternatively, the first

megenhnentdigesed mbpvhethpriwmsteell onaw fithes ndosnprisace further

second and third.reconbi hant genes.may be :

T RTBHBEB RN YReORg AT T ROt B eAdchse o apraltemstive
t t edfi rst and second reconbi nant

%%hé§n§%& %e 6¥E§E%Emgﬁéé plasm d and the third

reconbi nant gene nmay be chronosomal Iy integrated

wthin the_.gen of the, host L

Frihon B O Hi 5T LB Lo GRTied seas BEY BPekfyts i a

@h&ﬁm qmgr@iﬂef&@ay%@ﬁndler@ﬁe anafll gefietieryrelienbinant gene
ronosonal I'y integrated within the genone of the host

@ebliing Al reteimaompeising thésequerastolprplisesiing Ch@@%itﬁéfﬁl\ﬂ

: ] be c¢h L1y i 1t hi
% Sk REedtar BRn et B ef flathld Aol R DR e

PhESeRtmaNks ®iBkAsAbeth ol the fiRatdnd eleyondt feeorhibinant, gaes.ofithe
and third reconbi nant genes may each individually be

plhsmidusayriel 4 umfemdy atesaidysedh a5 the 2ugadeiEdof t he host
cell. Particularly preferred plasm ds are those
defi ned above in respect of earlier aspects of the

?%@gﬁgént LAMEASA SRo pREERSdin g baventt@pidtefgihe ust/efnd nocleic
al'so provides a plasm d as_defined above wherein the
alid sequencoepoilingsthe wootgint OBRMh or gevestang thesedl| tosincigage the

second reconbi na e n i .di :

SRabEiangs T it op e arpBROE bR HshbSiey 5 recombinant

%ﬁ% futehdst oMYy S6-cRpresih enchslinngleR hel eseqhagoumd the
rotein (the third reconbi nant gene), such as a

feebmbimbuiasns withist i hogselle Sithpradoabel/@e nprlel asidgequence
gpzf ﬁ%greg%?}gig%; gg{?g? re?géodir?gv BRALL oI RELE plteiRBY 88 LxBressed
from a plasmid within the host cell, and preferably frpm 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 saine 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 2pum plasmid, as discussed above.

In an eighth aspect of the present invention there is also provided the use of a

plasmid as an expression vector to increase the production of a heterologous
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a heterol ogous protein, such as a heterol ogous protein
as defined above for an earlier aspect of the present

WO pws61708), conpri sing: providing a host cell PCT/GB2004/005462

conprising a first reconbi nant gene encodi ng the
protein conprising the sequence of ORM2 or a vari ant
thereof and a second reconbi nant gene encoding a
66l By pooidingna sicoinbinantibénerdnegding hdisierologpys pretein and a
cul ture, nmed] under. condi ti.ong that allo .
asRp RS iRAOBNE, e Y4176t it SR sty € plasmid may
@#ﬁég é’cin’tilgisg egrﬁ:hé‘ EScdikY &5 segntifleadhab&endito ORMEbONa fvatiant
e cultured host cell” or the culture medium and )
BplebD Ratheymarnyo pisthdsed nhotehSuithhle nhasniidy wglude gt Jivm-family
and optionally fornulatingthe puri fied heterol ogous
mesnidi snchias e 21anplasaid, a3 JEEUSHIAPOVENd opt i onal Iy
presenting the thus fornmul ated protein in a unit
dosage form. In the manner discussed above, the host
A8ddrdinBly, iintdisth epegy ixeprsdnirinhetionedsmpiavades getesmid,
encodi ng a protein cor_r(i)ri sing. the guence o

. e . a .

i oeati i RPReFRie PNB A CPBHBITg & AP TA fEgdiag g protein
(E%r of gagfagt o Hae fe#nr $her88¥d 288 CONELCHRE YPERE N&Woding 2

%ﬁy e express?@ roma plasmd, and preferably
RdtaBldobes prren, plsadisdudsedlatfone.t e plesroidbmeas figrthye pemprise a
encoding a protein conprjsing the uence of  an
it oo RN BHEVE SLEIFRISTP ARG T tht e POt 2
al i 5ddsth iRkt esmblising HMdghen
%rg%n%reg%zgnﬁ%‘ﬁﬁﬁgqg?t er %l‘rergt?ot h Sofpt he fir grtl a%d sed({:]ondCe
sfegowrhi disuiphigeisemeraitie pl asnid may be a 2nmfanily
pllasm d, such as the 2nm plasmi d. The present
invention also provides, in a seventh aspect, for the
g%ﬁ/@g{/e 21 QUL B, Grael dRe AU SNEMISPERRI Behd REcH Y & Protein

or a variant thereof to increase the production,
tdingrishasthe cejuenceod! @ ‘fesseatial’ cheperops, G a5 Gere Be pyedato
reconbi_.nant_gene in the ho cel.l .b 0- esslon: 0
Y RGP BRamieaa S ot e P SHHsE R B Boes
Yot gﬂoﬁu&h theN@shhefotl) andlsihglfarebudtptifcredset the eMpetwion of a
acid sequence and the reconbi nant” gene_encoding the .
hettretagoog proseiprentasied hyasy résembising gere) withisnihg horbgeH- g This

gs%gi?n-ri]ﬁ %cti]\feaﬁpagﬁctgs eéclaﬁsea{’g dall%xrwgftﬁg ac@!erytof fn%ﬂnti&eth%%ber 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 plasrrﬁd 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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manner di scussed above, the host cell may further
conprise a reconbi nant gene encodi ng an alternative

waebapesone to ORM2 or a variant thereof, whi chPOEGBR@®4/005462

| ocated on a plasmd within the host cell, preferably
on the same plasmd as either or both of the nucleic
aci d sequence and the reconbi nant gene e,ncodi_lﬁr!]lg t he
foeteetiopogtsr prrotedi proddgtiombbe mAvasedvirs nadicipge of unduly
2mmfam |y pl asm q pSuch as the 2mm plasm d, as
CFPLRINSTAVELYTEDS (R PRASET ght h aspect of the present
invention there is also provided the use of a plasmd
as an expression vector to increase the productjon of .
Forhied prrpbsgdisyeasing hetdsglogpes/gamiefgPEEST ek GYRRaYS rf?m&ef%éf it

.encodj t he het erol ogo I [ g odi
S Wea gt ProranreBRRHE Redls SpQRar (ERGRSHAte
RLASHE bRY “Ededther chaepdres &rathgedenl gnemde ng moreasing the

al'ternative chaperone to ORMR or vari gnt thereof i
héationrde Tt esa0SSBOTAEYE. o BaThcal a8 ob Berolfoh holprable

e o . _ ,
 pdEbezch riamle TR HERERRT i IR RRACEIEl, 8% In the

YsERRYF théiyﬁﬁﬁiid?ﬁ Lai_agla tprppydutesha clmeip?x_mb.d Thpr syktenabas/the
an expr ESSI_On_p asm a, conpri sing gdi1rst ene

alventdge ghat e mirisyises the mupibsy Oi r@%ma%%m &Fn?qsr ﬂ?@h&ﬁ?ﬂ to be
ther eof ;and a. | HRf MePPURIL can b
i Ph e R SRR PRA BB Rl B AR can be

SORRSd SRleRcditiofs gendo ancledicrig bardadtedfmany perticular marker
chaperone to ORM2 or a variant thereof. Inla réafeéred
gsmoowithewtt loosingeplesmidsstahile. ehRIga@EPL: Bl 1l produced using
onprj si ng 4t i iy e $hdrB BESRmical than the
FomeleRL a8 drdSaBdH AR e Ry B hirp el |
Plaskl ehddbr thet Besrenmoniygdisad) ta give tetairopbiepnigien gendsetheir
sequence of an "essential" chaperone, such as PDI, can
¢fécclised to stably maintain the plasnid in a host cell
that, hi the absence of the plasm d, does not produce
the chaperone, and sinultaneously increase the
A¥Ereinglyoiin af teathhepestpthegonesen rinvesition edroopredidgy aghost cell
ithin the hast cell..This

reconmhi nant gepe wth : St.emd.s::

cRPRIL B A GV U ST SRS e fecor et Gl i Byelial
éﬁ%ef&ﬂ@%er&fl, 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.

The present invention also provides, in a eleventh aspect, 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 2pm-family plasmid.
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reconbi nant genes that need to be carried by a
pl asm d. For exanple, typical . prior art plasmds

W@ 2005961788 ker genes (such as those as descri bePCHOB2@®)/005462

that enable the plasm d to be stably naintained during
host cell culturing process. Such marker genes need to
be retained on the plasmd in addition to any further
Denassdnbatvenion deqprovides,ina setlfihaspert.degicthad fef prodicing a
However, the ability of, plasm ds to.incorpor .
hovwploaats v sermeniee i SO o ceuding % HRF 68 Famerigpe o
;ﬁgéﬁf'ﬁﬁt qgee;b%mﬁcp BhpkiShE S ke MhiIDEHCo8s & Guneial chaperone
[

nsertions required to achieve a desired effect.
Whereiny éu thes esenceapk the plesreis, (haubpstosllaig eblspiri produce the

rker genes) require the rin .oce
Faneidee caumbe o e PPy c o o AP e Pt pone
éﬂas%ﬁ%fa%kr&f) g&ﬁ %r&ﬁfnl,( ltaeiethe Sasttel pe 6 ichilt@e medium under
condi Tions may not be optimal for cell growth or

@nditzinn  prabdliow che ewreasipnr ofuthee epssatiali ehapstongy and the

undu expensi ve grow h.sy. t.0 R
e T S e
H8ken foHNthe tchRéirell thobtScelas Shd beitire nusiéur; gein@rthbradptionally,
reconbi nantly encodes a protein conprising the

lyephibising thef thespurdipdanetel@ " chaperone for the dual
pur pose of increasing the production of a heterol ogous
protein in a host cell and in the role of a selectable

TR KBEHBA ap! Agthed, cothgise thee sppasofi dornsilgingsdie purified
within a cell that, in the gbsence of,. tg& | asm d

heterblagons ppsiteid vEEh & KAITER QbéﬁBﬁé. Hipd108 ﬂﬁglg{th'gsfhus

dva e that it .m:ninil : Fnapt
SRR ITE bRl R, i B RS Rcuds R AN M one
%ﬁéfeh%@ calteainias, thdmethdd amtodgs cubiating fhe hoststellge inbn-selactive
e cul tured under conditions that do not have to be
mddipt Biwhpspe righynedir t i cul ar marker gene, without
| oosing plasmd stability. For exanple, host cells
produced using this systemcan be culture in rich
WRdizve siprising aBy fendnthatedifferontoMDE génes have theebilityhioiafrease

media that is co nﬁg used to g% elguxotrﬁphi mar ken. .
Berepresion: olekggetogo @qu%rflﬁtgﬁyy_, R A 8‘%‘%@ it

LGP LESEAns! W%ﬁﬁicﬁf&rﬁéﬁﬁsdﬁ&%&'iﬂ FXaptOS twE Bhve 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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conprising a plasmd, the plasm d conprising a gene
that encodes an essential chaperone wherein, in the

wabwsnce1of the plasm d, the host cell is unabP@r/GB2004/005462

produce the chaperone. Preferably, in the absence of
the plasmd, the host cell is inviable. The host cel
may further conprise a reconbi nant gene encodi ng a

het er dltegousoRr of smznsﬂqahdeasa tResoeess r‘rrkzxecfeﬁéaw SvHebeas
respecg of earlier aspects of the invention.

pr esertt® PRTITBR2BPsonlp hevivees, "4 mpetsvent h aspect
a plasmd conprising, as the sole selectable marker, a
gene encodi ng an essential chaperone. The plasm d may
f ur # heSer4loispndosled dy JEITEIneSKQRN, bgt By MECHH SLBYQUS
protein. The plasmd may be a 2nmfam |y plasm d. The
present i nventi on al so provides, in a twelfth aspect,

ool R R4 00, SRLPLOURAPLS BT

conprising a plasn1d the plasmd conprising a gene
that encodes an essential chaperone wherein, in the
abstn U2 is ecqsied b 1d,C e Qs butdel TTAdn §28fist e t o
produce the chaperone and wherein the host cel
further conprises a reconbi nant gene encodi ng a

heter lspgpuss @icotied By GULT #r SKQ2h Mt HH@‘hoﬁl%ldgo'uQ £5p506 is
cul ture nmedi um under conditions that al

expr e§8¢agad bBY Greine$38at i al chaper one and the
het er ol ogous protein; and optionally purifying the
t hus expressed heterol ogous protein fromthe cul tured

hosd @Bk lerfiindidieseglibricd ' SRRORA BbntARY af A tITH consecutive “A”
optionally, Iyophilising the thus purified protein.

The nbassadwhergas ther Freminagorpsesencehef §28%s ofntains a run of 7
forrrulgns%g tI;1 »puUrifi d heterollg‘gous“ L, tel

carri ér of ent-and o%)Ff BREPFYp AR s nfttﬁﬂ% eﬂwgglent

for nubﬂp@@hd@rmemmmerSI@ngénedosage form ln the
manner di scussed above. In one preferred enbodi nent,

the nmethod involves culturing the host cell in
hon- S%Le?enmnator 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.

Accordingly, in a thirteenth aspect, there is also provided 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
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medi a, such as a rich nmedia. W have surprising also
found that different PDI genes have the ability to

WO p@seeses t he expressi on of heterol ogous prot ePOEGBR004/005462

di fferent amounts under particular culture conditions.
In particular, as discussed in Exanple 8, we have

shown that the SKQ2n PDI| gene provides for higher
sequsnot erpodingphopmiein digpinbids isprmemhsmisiharagedsd mphpt it has

e,. when.,t ell.s. cultured in mninm
%gg?gpn?ﬁgﬁggﬁgﬂggéFg?%ﬁ%ggCgfmeen t he encoded
proteins of the SK@@2n PDI| and S288c PDI| genes is

t hat SKQ2n conprises the additional am no acids
EADAEARANualeqtids isequsnge SOBPEIES § prosiateiobyingsthgeferpnenge of a
wth refer t 0 .Cenbapk ac ' . 4
S Bel  E ASEP DR LR Y s o

sequefs@fch STA” agprashewn i n the sequence alignment
given in Figure 94 and can be sumarised_as follows -

Thee pilamsnended profap mijulptided ésomergsgnc@ppises rthe eaminy Aacids

TR FARARRERAE 4 HnRLARS i sted il el S
by TCookiflors28@5-513 @ Whfinéd vethc adeendey toGAAnbank KSR sEidu tho.

by GAG in S288c; Leu262 is encoded by TTG in SK@n
but bEAPI40% w288c; Asp514 is encoded by GAC in

R e S

run okh&odenIETUS! Ve "A' bases, whereas the term nator
sequence of S288c contains a run of 7 consecutive "A"
bases residieddudd nbthei anepdadepratein disulphisie isamearss is encoded by
equi val ent oé_ osition 1880 in the SK@2n gene; The
ter mi Mt GHo% é@%ﬁ%e of SKQ@n has a "C' at position

1919, rMiBEQRE242N6F the bfidaRE BloiSie aEengA LbRR&86e Rancdded by
"T" at the equivalent position. It ‘may be advant ageous
to i ncbdmel'Emyoror all of the above nentioned features
o residue Asp514 of the encoded protein disulphide isomerase is encoded by
codon GAC; or
o 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 poéition 1919 of the natural

SKQ2n terminator sequence).

The present invention also provides, in a fourteenth aspect, 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 brotein; culturing

the host cell in a minimal culture medium under conditions that allow the
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the SKQ@n gene in a PDI gene of choice, in order to
achi eve the observed increase in heterol ogous protein

wezpsession when the host cells are cultured i PCTViGBRIVEI005462

medi a. Accordingly, in a thirteenth aspect, there is

al so provided a nucl eoti de sequence encoding a protein
di sul phi de isonerase, for use in increasing the )
expESES aithe protein disiphidrgisomerpsoeed e irteolpgis piofqinpind

expression_aof the_.nucl eotide sequenc i.L.hi
e@nqqallmueﬁl%i‘%e F et BEPRIERRE ol forh e gﬁﬁ‘t‘“d
gé‘s%fcl%hnoﬁ b Quekeatddagese Rateengaidhlly, hephilidheithe thus
I'sul phide isonaerase is characterised in t,gg‘i it has
pirifiehgptoteing and optiendllyl fsthien fouralptieg drq pusibed heterglogous

nucl.eoti de seguencg COMILES i

e S SR SAUERTRR 350 BIDShe VA2 i

yl%&éiﬂm a Lo n&ake fnkl, BORPHiagas dsdubsedabofeour t een " TA"
epeats; or the encoded protein disul phide isonerase

conprises the am no aci ds EADAEAEA or a conservatively

bstituted,) i t i it .
2h8 Sshes HEOGER hET T Y Bbioidabhly TRbE B BOSHNIATE in the
ARnnGAR3EHHRA abde in Feped W€ ofber dhbodintehs of theqotestnpinytation.

di sul phi de i sonmerase is encoded by the codon TCT; or
resi due G u44 of the encoded protein disulphide

Lsonerase | C Y, ébq%ﬁ{m' tRLproVi@sd dM@perones
E@@%@ﬁedﬁﬂiﬁ%E@n§%§§%9§#%$§iﬁpg?su D |d@lﬁg&nerasepis
80RERE tdihe aROBmMBIGMents ofrths prisent Asyhifidn odn bhmodulated by
encoded protein disul phide isonerase ]igs en :)qtljed br}/
CdEingAbs ROt REBHUEIEI (B SETHERCS Ho fhi N Saatlrone(s)
er m nat or  Sgque i ng {Re SRQYCNR P promBatdFadult in
EEﬂKFgg Rg?%g%ogﬁgdp%%%p?ona variant.fhgfeof and
increased heterologous 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

A may be beneficial to provide recombinant chaperone genes with truncated

promoters.

Accordingly, in a fifteenth aspect of the present invention there is provided a
polynucleotide (such as a plasmid as defined above) comprising the sequence of a
promoter operably connected to a coding seqﬁence 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 thosle 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 1o be operably connected to its naturally occurring promoter.
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WO edosoeriee t o position 1919 of the natural

ei ther conprises a run of 8 consecutive "A" bases
and/ or the base "C' at position 1919 (as defined by

term nator sequence). The present invention also
provides, in a fourteenth aspect, a nethod for
produci ng a heterol ogous protein conprising the steps
of : providing a host cell corrpri sing a recorrbi nant

ene that encodes a tein suI hi de

PSP e S B ORI B AU BT R 8 RO By P gine
a?‘ﬁ&%ﬁ»g&%m #)Hﬁelﬁ‘ Q8tnpfisht tHeMdRIT: SrORILSA ﬂGsta:ell comprising a

an

reco ene encodl ng a heterol ogous protein
mud)mbman‘%dnh ﬁlah omtprisshg the seqeAsheRometar vpere blyegrpgsted to

r conditions..t hat X s
i et AP P Lo S, DS RRE D Bl n e
i@ %&h@bé& 2 B0Er RPSL GTRAbleYsi@usT thy ichgberdres mm;oemmeemmed if
het er ol ogous protein fromthe cultured host ce&l or

thiecoding aequernsdvens) toabr OP@;.ablﬁeqon@E@tp@ fa|1fsypaturally occurring

hilis r t [
proRfoRs Rk PO okl (BB ol RLugldhnyifild QAL ARALDY o
M\ét%lcﬁgoﬁgrﬂrm@m Qultakihg el hoﬁnablb philenabiditigretehtalloy the
he t hus fornul at ed protein in a unit, dos fo !
messmﬁﬁhm@pms@@déb%b@ef%ué @Ff&'éme%ﬁ%ﬂtﬁaaﬁhﬁurp%lng
het erol o r r
Bt R GE REPhEpRIR BoE Y MRt NeliNGr R LMRLre
Rie@Rent and \fefiidr Odsptlo‘y‘iéllﬁaMph]ﬂismgf then dhush atrifidde pf@ﬁemct and

of reconbi nantly provi ded %ggero es accor di nﬂh
v FOHE e R 06 U EL BHE T G S TR ocarmier or

d%&gﬁgﬁj n&%’ Q@??ﬁéﬁ Qﬁt@l@ REORhRAsed PalteinORt4 QhittdRage

chaperone(s). Surprisingly we
mlﬂ&@mﬁnhﬁaiscuss&dabm cases, shorter pronoters
result in increased heterol ogous protein expression.
Wt hout being bound by theory we believe that this is

&G Ol fle HRGONDIIPABAL BN ARCEAAGInAtTN of
% ?ldg%r%ﬁeffcﬁg aﬁ‘%g%gb; exp? ess het@fﬁol %Jgous proteins
alcombiiantlev ekmesad EBlsend hérapgbirin-basedy prateins provides a

t hensel ve h he eroI us expr es r.ot
EHERRBGI G Bifbe Vg O FEISETEh SRyouPal I T'n b UG pasfertn
Q}?ﬁrggs%noﬂloéj%'sféﬁpgh%’c ﬁlcﬁfdegb!%hio%bsohﬁllgf réﬂ@&le@&é&ﬁnbm&nt 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 Qells,
such as yeast cells, and mammalian cells. Exemplary yeast cells are discussed

above. Exemplary mammalian cells include human cells.
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wo pdos@ertih aspect of the present

may be beneficial to provide reconbi nant chaperone
genes with truncated pronoters. Accordingly, in a

provi ded a pol ynucl eoti de (such as a plasm d as

defi ned above) conprising the sequence of a pronoter
operably connected to a codi hg sequence encodi hg a

chesp eeltras desuitied abothomebaadiorddie pradwe eyqonitinant sensfarrin-

(BRI, o0 FEEPRed LabesoRi Pt Pro gt Baf b b Slafiy om
afke tciRse ARSpihhed RbeMely BY eyiRiRasd R0 lalE&%\’g\e}rllale level of

pol ynucl eoti de sequence wi thin the host cell, erein
triveitys rferrexasmple sisipigatechut ges Ja@gwnnint thatari andderhasesat oub above.

ief ] h a_hi gher or | [, 1€V of .
it SRR Bl e e Rt "B £ perageyteatly
tabeeptdil crariGey ddnes ane herythe piesenpe iRbhy d62pR&Fhed to
its naturally occurring pronoter.The present invention
al so provides, in a sixteenth aspect, a nethod for

1.N0; e |4 4C risin he, s S .
R e DY 200 5; Bl RER LBl o7 Ta yTRving
gendiniitiag exaoified @idfpukdse sequence of pronoter operably
connected to a codi ng sequence encodi ng a chaperone,
the pronoter being characterised in that it achieves a
NG i chaperone than woul d
be ag%?gég%u??j?ﬁgbgoglnglgggygﬁce were to be operably
connected to its naturally occurring pronoter, and the

ost cel rther _conprising a reconbi nant gene
35t S Rdb dBorbmnd” 8 Bt ko CulThuir iy 1. Rbde 83, 85
I ok ow t he expression of the
gﬁg%éﬁgﬁgﬁgﬁgeghéhﬁg§%%%@%EgéS'protein; and optionally
purifying the thus expressed heterol ogous protein from
&he cgl Bured hosd't. cel.l aor the culture nedium and
U ShOYE PRTEHY PseriiQRpittt i sing the thus purified
protein; and optionally further fornulating the
purified heterol ogous protein with a carrier or
Higwre 3t showna regiticioominky of p At frapgndnh eonthingngf thie D Iatceithg
rotein hi a unit dosage form in the manner di scussed
© As is apparent fromthe exanples of the present
application, the conbination of

- Figure 16 shows the results of rocket immunoelectrophoresis (RIE) determination

of increased recombinant transferrin (N413Q, N611Q) secretion with PDI] over-
expression. Cryopreserved yeast stocks were grown for 4-days in 10mL. BMMD

shake flask cultures and supernatants were loaded at 5ul per well. Goat

polyclonai anti-transferrin (human) antiserum (Calbiochem) was used at 4OQL 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
[pDBZ931], duplicate flasks; E = Control strain [pDB2929], neat to 40-fold

aqueous dilutions.
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reconbi nantly expressed PDI and transferrin-based
proteins provides a surprisingly high |Ievel of

WO e@ss6ens i n expression. For exanpl e, transferPCTIGB2004/005462

expression hi a systemthat includes a chronosonally
encoded reconbi nant PDI gene provided a 2-fold

i ncrease (conpared to a control in which there is no
chronosomal | y encoded reconbi nant PDI gene). This

i ncrease was_5-tines_greater than an.equi .
gy 1 At Seis Ph T redencearmy it YRSt e e,
Igg%/ 1@3%%&&611 g{i‘@ JRcHARiRab It fansksessich. geR@prelecl gstst

€ any c type, such as a prokaryotic cell (e

fodk ewiml ol Sos eteyasire 1003] BIGMD shakeJaski eulggpq find
Preferred ti |I's include. fungal .. cel

%‘églyg{#gﬁi ‘(Y%%' gg e‘gnlﬁc ?lvilff]lnlc Cﬁq%gpé{ggg%%ﬁésr 5}%{/%;&3&?9 of
ikl 0lh 36U SART AROY Srur R SFBICR roi TRk OlyERbblSanti-

u Rhurman ¢ s. Host cells as described above can
{pfhsFeltlih Uh@Rhat)o aprietuae (Cabiontimarvast nsads bk r40pdbawe grocket

proteins. The thus produced transterr.in- Bt ot gins
igEmurinelccephorasts gqldEQm% é\ftéﬁ o4 alBﬁPP?‘F%Sg]:pé = Colfol
refer ¢ 3 ' GephakdlestlagY BIDBI931];
%{ﬁ“f W?j’gxan%agoggﬁ%ﬁ%%%m%ﬁgs known iﬁt?e art ]
Badt SirodSirae [pIBAo28hove. Purified transferrin-based

proteins nay be formulated with a pharmaceutically
acceptable carrier or diluent and may be presented in

Efg'gﬁ%ﬁ? R % {?suﬂ-sh 6f RDRSERGE AMBREY ONretbinbirAawihesferrin

reference to the follown
aRetbh it agl exthoyp! RBIAnderfaxgressen. BYIND @E@@Rﬂ@h @pfures
OF THE FIGURES Figures 1, 2, 4, 6t 1@, 22, zgu .27 %gs_
gere gpwnofoy #-daya andslOpgy S%eﬂ%?msf’fa%&e A0 R-REGUGHE
nd.9 W, Var,i ' P§.v;Fl e S ®
BRGE (4 TR NGRS, P et eRD il Conth S00MEode? B

38 eer(P?er / SEERIQREPTLST VTAkERi (gVithgeRDl Codiphy32536; 2 =
sequence. Figure 16 shows the results rogk%Bz%l. 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 SmL 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
iransferrin 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.
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of increased reconbinant transferrin (N413Q N61 1Q
secretion with PDIl overexpression. Cryopreserved

wQeashestocks were grown for 4-days in 101LBVMLCEFOBR@®4/005462

flask cultures and supernatants were | oaded at 5ni per
wel | . Goat polyclonal anti-transferrin (human)
antiserum (Cal bi ochen) was used at 40nL per_ rocket .
Fignve 0@ lshaws Rffhanadgsisolyetorabigat)tranafesimssprqtion Eem trgin A

LR Bl SE DR PR 7 SR R BHAA! By BAIMD

SPORPDL Hake 1R chilfurd Gubérhstame e Sodtiell Uhidophcat®dat SmL per
Control strain [pDB2931], duplicate flasks; E =

@entrol strain [pDB2929], neat to 40-fold aqueous
dilutions.Figure 17 shows the results of R E anal ysis
of reconbinant transferrin (N4A13Q N611Q secretion

Pige 21 kHWivk "8 PROH aniteis 8K peesbimnt trénsfapnesereteeiirom
yeast stocks were grown for_4-days in 10&@/@3@?@&1
BirainkAc[aDBRA58€] and r’hdPRRE308Iege W0 Ju &4A<5t cHere
. Duplicate '
¢Sl R kRt L RS opl MR ABEBiSyacd on
SDKYEA QRAl4-a7%i NPT, | MOPSInBofferanin\gogan) stained with
Cal bi ochem) was used at 40nlL per r et ) .
&nﬁﬂ@@eBbl@tEFeé%]é (leigics)- gbl St’(@tﬁﬁ}’b&&g gg]é?ﬂ'\’ts@&‘ina%tt I: 4 fyirain
p . = (0], rai [ = r .
oF R ashdpe A" 331 L8 IPRATSRL cfofiyrbSinen A
7306 Stan&bindnp DB29P SpeBlugi Blus2 PiéteghBiasdartie (appsontimate
of SDS- PAGE anal ysis of reconbinant transferrin
setacslar B§igRist®ENd wi t hout PDII over- expressi on. BMVD
shake flask cultures were grown for 4-days and | OnL

supernat ant anal ysed on non-reduci ng SDSPAGE (4-12%
NishRAeR3( showsVRIES dfufebembinkm\iransfgen) sepietdtl GoCod eeravjsiae

Blbue reagent (Pierce). SeeBlue Pl us rker.s

siraing vHibgdiipren 551‘5@?9@}35@@ TS 55%;{?%% shalsglpsh cultyre
5 wepe ToRBBZ339mT.6per WEIB298bat polycRRE2 8@ rafisferrin
%@%&&eﬁe EOSE%C% cont ?%elr. Fi gure 13 1-sslhovvs Rl E

gty samikermec ofGalbmehern) anedser nbedl s@ér etlndn fpEm Boket
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 30mL 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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wowos/oboatied at 5L per wel | .

cerevisiaestrains with an additional integrated copy
of PDII. 5-day BMVD shake flask cul ture supernatants
Strai ns cont ai NepCT/GB2004/005462
pSAC35 (negative control); 2) pDB2536 (reconbi nant
non- gl ycosyl ated transferrin (N413Q N611QJ) or 3)
pDB2506 (sanme as plasm d pDB2536 but the transferrin

dfiguren @26 dehwwsr RS f afr rdcomivinghio mrlanﬂhlEmNse@rﬂtnd arorondiffatent S.
| at ed

i Li 413 t
RPEREr 2 Srdige R o S L PRE P B e G B 10
fYBPD aRalteiasks diéad inbbdRel oritifdast RldARSAS Mg Ueld y&ﬁ@o"c
pl asma hol ot ransferrin (Cal bi ochen) at 100, 50, 20,

POl enltel sepegnatant dodded nee vetl sthoveske Emaqulfwtmpbdresm gel.

conbjnant .transferrin Secretlo romStrain A
ot ?E]Staaﬁ%rd%tcp%mﬂmnaoﬁgswg oL oodOiih SfnRETE 4s30mL

Cagﬂgegee Prémgﬁmﬁ%@qéarwf(ﬁe% F%eolﬁé ask cul ture

supernatants were [ oaded in ate at 5nL per well.
Figure 21 shows SDS— PAGE anal yS| s of reconbi nant

SR 3o BeABE 81 e Gl aen 1 IRt o gvisice stains

(0] |
Gileh WoeSpY LS intﬁ;{%% %errlés %@Vﬁ% g&&&%ﬁ%@%@% ers. 10mL

super nat ant s anal
N&@ Bugkedlaskd wefietinogdatyd siithiyicest awduhcl@ate@ddetl dBy:uet 30°C.
t P t A _[pDB25 36] t f t
%ufge S S e b S o s
g}%hl t
g) G‘éﬁgé&g Z%Q' aglf gﬁl n Stgbr@g %0%][ appr oisolé?gfraigmdud

m;l Edutestispagdeghins5an| water) 75 @l eigdds6.h PiscihBwed stained with
reconbi nant transferrin secreted fromS. cerevisiae
Sopmpfsie Yiueh different PDII copy nunbers. 3-day BMMVD
shake flask culture supernatants were | oaded at 5nL

per well. Goat polyclonal anti-transferrin (hunman)

Fiphirs 84 URbWERIT hﬁ’aﬂiﬂﬁm)f M@@ egﬁr@%uﬁi inX@FbreReS. JePHKELe strains

I mrunoel ect r ophoresi s (A) supernatant from
whe epeprgssed with iyl @nesahwu[xg) @é@mrm] length[yDBR®1L] 10mL

Q%Z)Dséﬁgﬁé ?l%glg%erfe ru%puﬁt[é'da\kzﬂh ye P DB(% 5361’)3116& %r 4-days at 30°C.

4puL culture supernatant loaded per well of a rocket immunoelectrophoresis gel.
tHA standards concentrations are in pg/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. 5uL 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.

82



supernatant fromcontrol strain [pDB2536]. Figure 24
shows SDS- PAGE anal ysis of reconbinant transferrin

w@eemsptwds f rom cerevi siae strains with di ffereptT/BBR004/005462

10

15

20

25

30

copy nunbers. 4-12% NuPACE reducing gel run with MOPS
buffer (InVitrogen) after |oading with 30rLof 3-day
BMMD shake flask culture su%er nat ant per |ane; (I|ane

1Figyrg Sbnshaxrst RIE omnadysis 06111t eeiressjomDBRES6 bo-ekprssed 2)vith
St r.ai 25361 (! 3- .
SHBEERERNt el bR EL T, fob PRFARE Bl P 55yt wit oo

[ pBRAbAled i AaRysTat J0BE ©6 i, BEIEWE Gk AFBKALS o4 RAG R
Plus2, InVit rogg§r71) . Fi gur eMléG shows RI E of rsegoér?bierﬁawt%n of

ta akdt énmunoslectraphettsisgehvoditdifieg Al SoatcaitieVf SI0aeL. Plasma
s,tfrai s wth and w thout addjtional PD| gene _
co- SOBFFRITEERRS FEMDHERRke PrICHER SvaRestanghwith| Grosepssie
Wit yeast and incubated for 4-days at 300C. 5nlL

cul ture supernatant | oaded per well of a rocket

I mmunoel ect rophoresis gel. Plasma Tf standards

ncengration re in, mg/ni. 20nL goat anti-Tf / 50
gﬁgg‘é@o%.&l@?’% %w Anafsds of ghﬁe STt RrodeiBemysid) ang|wighout co-
F an ' [.on. | .
P R g TR R AR B SRS Bk e, i
P#X7 tremdsrniealvivitly atbufie fiesiun dxgregsibn pagnideis] ind@sked for 4-

YEPD shakg. flasks were inocul ated with yeast and
idA¥uLEt €4 F-or ‘fihda%t”é‘? gpgmatanh loadad ez siePerofaramecket

l; . a | noel ectrophoresj s g
PRl lers el A B PR R R B8R o hon
@it antIA A S8R ROBGM -1 15 Lredisbef RAUA BRI Qtcr[)/5PHE, agarose.
wat er) /507L agarose. Precipin was stained with
Eersinda giag stgingd with Geareassig biisows R E anal ysis of rHA
expression in different S. cerevisiae strains when
co-expressed with PDIl genes having different |ength

Biguret7r shows GTLS-YERIE ahalls b asembiRne aitdacn fadies svirbtbn
yeast and i ncubated for 4-days at 300C. 4nL culture
SED oA ot POA Seesptrony e lexbiession plekwid.  10ml. BMMD shake

B S IR T e e ——
RfpRE4GInt 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-rtHA; 4 = angiostatin-rHA +
PDII; 5 = endostatin-tHA; 6 = endostatin-tHA + PDII; 7 = DX-890-(GGS),GG-
tHA; 8 = DX-890-(GGS)4sGG-rHA + PDII; 9 = DPI-14-(GGRS)4sGG-rtHA; 10.=
DPI-14-(GGS)4GG-rHA_ + PDII; 11 = Axokine™ (CNTF p,15)-(GGS)sGG-rHA
(Lambert et al, 2001, Proc. Natl. Acad. Sci. USA, 98, 4652-4657); 12 =
Axokine™ (CNTF p415) -(GGS)4GG-rHA + PDI]I.

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 éupemantants were loaded at Sul per well. Standards were
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Preci pin was stained with Coonassi e blue. Figure 55

waebeseeRIE anal ysis of rTF expressi on, when  PCT/GB2004/005462

co-expressed with different PDIl constructs. 1OnLBMVD
shake flasks were inoculated with yeast and i ncubated
for 4-days at 300C. 5nl culture supernatant was | oaded

gemapeilasogf hodo-trgpiderrin (ralbiodicant fophdledPs1@el ng/ml, loaded

tainipg <5 oat anti-Tf/. 5 Plasma Tf .
S8 R Pal” S me e DRt R e B BT f Colplochem)
Skéd ASY MpkhroEle@ MRS RinBelBbthshhbicdidree] &9 sipws RIE
anal ysis of rTF expression, when co-expressed with
different PDI|l constructs. 1O1.YEPD shake fl asks were

inocul at ed wi.t st ,and i.ncubated for 4-days at ..
JBgee @ Eoul iR G5 PRt Pesadatieiuaspiedgn fom
IS0 CERY st BTHAR AL EQBRRERRIS 18R] a CORM-BLRINGadR 998L day
anti-Tf/ 50n. Plasma Tf standards concentrations are

ishekegflask . culnec sypemantstss wereniodded athSWoperawsil. eStahderds were

i gure. 72 sh RI.E .an sisg of r f.usi on, protejns
TN e e L BN e CREl R LT
3%&%1.5 (342 Fﬁiy@ﬁﬁ% WRH-BahdRAEH! (ﬁﬁﬁgn)"\éﬁtﬂeﬁﬁﬁ?( Calbiochem)
transformed wi th al bum n fusion expression plasm ds
asad 4t A0wlrzer eatkeoimmunogipgtrophiorsdroga!l (Mvnlcul t ur e
supernat ant | oaded per well of a rocket
i mmunoel ectrophoresis gel. rHA standards

TRAGEBY BOWORSE ahflydif d8E biEratiR® H¥kead QP ra@ifdrtin HAc B8 B m
product A-1 151 resuspended in 5nl water) /501
Qoaeragdae Ptk Ohpl no-wmressic e adunh-baxeddassiié. Fbueday shake

o it SSreBHeLEE: BT SHoP R HIb TRl s pan
Bhsthh BoRX PRSP fCRbRSHASR), ol LB shak %ggglgg&gfw%m per

I nocul ated wth yeast and i ncubated for
860.C, G0 (rojyrel on3D pilti-trapfemiat (anmann amtissaun ¢Galbiochem) used at

P bet el atiei s e beagen (erce) 1 =
SeeBl ue Pl us2

Figure 92 shows the results of RIE. '10mL YEPD shake flasks were inoculated
with DXY1 #plA [pDB2976], DXY1 #piA [pDB2977], DXY1 #plA
[pDB2978], DXY1 frplA [pDB2979], DXY1 trplA [pDB2980] or DXY1 trplA
[pDB2981] transformed to tryptophan prototrophy with a 1.41kb Norl/Psil
pdil::TRPI disrupting DNA fragment was isolated from pDB3078.
Transformants were grown for 4-days at 30°C, 200rpm. 4pL culture sﬁpematant
loaded per well of a rocket immunoelectrophoresis gel. rHA standards
concentrations are in pg/mL. 700pL goat anti-HA (Sigma product A-1151
resuspended in SmL water) /50mL agarose. Precipin was stained with Coomassie

blue. Isolates selected for further analysis are indicated (*).
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Markers (InVitrogen); 2 =1 ng rHA, 3 =
angi ostatin-rHA, 4 = angiostatin-rHA + PDIl; 5

wenaspttig n-rHA; 6 = endostatin-rHA + PDIl; 1 PCT/GB2004/005462

=DX- 890- (GGS) 4GGrHA; 8 DX-890-(GGS) 4GG-rHA + PDII; 9
= DPI-14- (GGS) 4GGrHA; 10.= DPI-14-(GGS) 4GGrHA +
PD/i; 11 = Axoki t CNTF Axi5 )-(GGS) 4GGrHA
Eilgal'nb% shats ‘dﬂlgtrleggl(@ P?Rﬂ(‘:o clomlaﬁ&EPliél(éa&e fgéks USrW nggulated
4652- 4 ; = ' t A - [Z%
Wltbzﬁg‘?a:i[@%%%z%@’x gﬁgﬁ( @éﬁ ts iﬁsgig)é m)t7c str Qé%)ﬁ!ﬁ]

(RAIRIGE DL LRNBRIIT, ISR AT S FREE E)[FBB'QSV@Q DXY1

CO- expression froma 2m based asm d. Four

@@Bz@@@}s eDXIvasky LAl fddit: €7 RRip gpDB29&0}; HXEE dpDBREEY, HXY1
m per well. Standards werehuman

I .
ol o IR (P RBREET]bISERePDRAY 06 DBg L i1l Aq gl TRPI

Ge eSS0 YA 0L et e
0

b P T e e el

& anstlet riMnmmecleetrdphordsisogelc erldii sthudards condesEhtions are in

. co-expression froma 2m based pl id. Four .da hake
mg/agﬁ p&aﬁigoet afpEnEnean procgt B- 1130 aespsngided i ﬁ%’i Waler)

[l.. Stand . . :
R T
ReheMalysisGaaindReatedcional anti-transferrin (hunman)

anti serum (Cal bi ochem) used at 20m per rocket
i mmunoel ectrophoresis gel (50 m). Figure 84 shows RIE

Pk B Spfl5IPOSHE AL Ani R SARESKOANSICATI0 R RhleARS

cerevisi aew t co- expression froma
R Bras@ompleas a3 descifudrin dxympleatke fl ask cul ture
supernantants were | oaded at 5m per well. Standards
wer e human plasma hol o-transferrin (Cal biochem, at

MPLE]SS’ 10, 5 ng/m, loaded 5n per well. Goat
ycional anti-transferrin (human) antiserum

(Cal bi ochem) used at 20m per rocket

TEGUDPS 6F cRPESCrOR RS ae 115 o XieFw Fr SR e 4F o
g@F%IF,EBM hudokeRl Rk RBBZ 1St (PKYQ, INEIHD) RRB2I £k visiaXYIOne
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

MKWVFIVSILFLFSSAYSRSLDKR.

The 18 amino acid sequence of the modified HSA(pre) leader sequence is

MKWVFIVSILFLFSSAYS.
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[ pDB2978], DXYl trpl A [pDB2979], DXYl trpl D [ pDB2980]
or DXYI trpl A [pDB2981] transforned to tryptophan

w@e@sosr7oephy with a 1. 41kb NoJPstl pdilr. TKPI PCT/GB2004/005462

di srupting DNA fragnment was isolated from pDB3078.

Transformants were grown for 4-days at 300C 200r pm

4nmL cul ture supernatant | oaded per well of a rocket

i rstoEnedV413phoNekIQ) garessiadAusinantiesedswo cassettes has been
at,_ ant.j, -

C entrations are in pg/qyl. 700nL go Sl gma
SR & ¢ {5y dstig S i SHPEROREES V_Ylg’o%ﬁ_% GrnP an
2daitionsl-copy BEMBIN cH@sisiat RDNgEhMpid)y; Coomassi e bl ue.

| sol ates sel ected for further analysis are indicated

(*).Figure 93 shows the results of RIE. 1OnlLYEPD shake
fﬁg@%ie i nocul ated with DXYl [pDB2244] DXYI
F = DXYI trplD pdil:: TRPI [pDB2976], DXYI
[ pDB2978], DXYl trplA pdilr.TRPI [pDB2978] DXYI
DB2980] , DXYl trpl D pdilr.TRPI [pDB2980], DXYI
%Memqn, of xpmessipipploswéds| - : TRPI [ pDB2977], DXYI
[ pDB2979] DXYl trpl D pdil:: TRPI [pDB2979], DXYI
[ pDB2981] and DXYlI trplD pdil:: TRPI [pDB2981], and

vesBbg tiaker rhate by~ daysingt0. 300G ol 2046 RNoligductatifey €F86 and
super natant | oaded per well of a rocket )
(i fhese Ibskory) oysts dntserdusedyiato theYiS-sacionef the 2pm plasmid pSAC35

SRR DS0R 00 MR BRI BT 8 409 TR
feQRIEP AgasdaRdn 1EnEatRin codas, whatkaede Wil XCpORS $LB 127-bp
bl ue. Isolates selected for further analysis are

pefarecthe eed pthe LG poding seaisnoss dae teovrslapevitl] thg mweried oipeat
. ) ith |
oS HISE D). 20t FSARREEO RARIER S8 ol BB Rasti et

SypkSndBI” exiicle sidodsd £R8RE Sitdiakeerl §@M pSLA34.0
exenplify secretion of a reconbinant human transferrin

mutant (N413Q N6l 1Q fromS. cerevisiae. One type

gena lmgb%'ﬁﬁgzﬁgﬁ pre)/ MF al (pro) | eader sequence
fusion | eader"” sequence). The
second type of expression cagsgtte uses only the

CF86 GGAGTGGTA CGTATTAATT AAGGCCGECC 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 O.7%(W/{f) agarose gel, ligated with the CF86/CF87 Xcml linker
(neat, 10" and 107 dilutions) and transformed into E. coli DH5c.. Ampicillin
resistant transformants were selected and screened for the presence of plasmids

that could be linearised by Smal digestion. Restriction enzyme analysis identified
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| CF86 GGAGTGGTA

jdi lutions) and transfornmed into E. coli DHb5a.

nodi fi ed HSA(pre) | eader sequence. The 24 am no acid
sequence of the "nodified fusion |leader"” is

WORMEB6 N LFLFSSAYSRSLDKR. The 18 amino acid sSPOUEB@®4/005462

of the nodified HSA(pre) | eader sequence is
MKW/FI VSI LFLFSSAYS. Transferrin (N413Q 'N611Q

expressi on using these twg cassettes _has been [
DR oG g ) At AEBOB B P TN oVEEE ST (INA

and wi.thout an. L] I h r efo&i

oo g TR B ERIE pRRBE, CLd [CrGy K8 CHOSI@RLe 1)

EI288 ki ipbaassn esntAn&Pthbpotréat kiekerrsagieenioy. anneal i ng

0. 5mM sol uti ons of oligonucl eoti des CF86 and CF87 (see

bel ow) was introduced into the US-region of the 2mm

q,l EEE d pSAC35 at the Xcm -sites in the 599-bp

i ed repeats. One Xcm -site cuts 51-bp after the

REP2 translation term nation codon, whereas the other

Xem - te cuts 127-bp before the end of the FLP coding

Obigomrebewlidel srgueRCIBY BAMA Wi t h the inverted repeat (see

Figure 3). This DNA |Iinker contained a core region

" SnaBl - Pacl - Fsel / Sfil - Smal - SnaBl ", whi ch encoded
T Gt O T ST oS aostetit 111 T "‘_‘i‘ﬁ'

Wﬁn@knker(%ﬁxggﬁ,ﬁ) sf t Pad SnaBl SeeBncEsel Smal
ATTAATT AAGGCCGGEOC AGGCCCGGGT

TOBBSCCOREATIATEGRIME C Pl 55 chpeAM AR LA y

digested withXcw, the linear 11-kb fragnment was

0SSR Ret ) 2RSSl bR s

AR | 1 BEP? 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, 30°C, 200rpm), by addition of an equal

volume of sterile 40% (w/v) trehalose

The composition of YEPD and BMMD is described by Sleep ef 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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resistant transformants were sel ected and screened for
the presence of plasm ds that could be |inearised by

wermbs/oai7gest i on. Restriction enzyne anal ysis PCT/GB2004/005462

i dentifiedpDB2688 (Figure 4) with the |inker cloned
into the Xcw -site after REP2. DNA sequenci ng using

ol i gonucl eoti des prinmers CF88, CF98 and CF99 quabI el
Thafi cemedsivh@DIhgens won clooed Hitp & Lenl-bner o8 pDBI98Er The

. Table 1 Q] | QO] i i :
RO EReRm Y phwen bR 4 " SRR GRG0 sy ksker 5
56}23%%%&%& Qgggmrﬂm%méﬁl:e&tﬁﬁﬁg the PEF ger2Ofae provided
B AP OETBOIGTTASSeBrlbThh Yo 1o i detsdoscribed as
o e . S

PRkl & T d9e DA bER RNk 2110 5B IR ahd kvt
Lézi dzz,i 19‘9@?@&&1)%?@!6{12%6 QJS:% i;loﬁetd mmem;gd;ng mﬁatz & Sugilio, 1988,
acteri ol , , ; e, , I ot echnl qugs _
oy TATREHEHor b BT DR 6 A och e agion
SNpistel P LRSI B RRLTRE S Ghitor dRicBNMEoAGR I B!

] .
Pr 6SEr Vv oSe stocks were prepared from 1?1{16
BMVD 9sittakgrIfdpak Ragmbiituwassir¢adet] with, T43D0@, palydrepage, tofill the

SH PO 1 ST S VPR EA T RS fEemient included
gﬁ?—ﬁ%’,@%‘éﬁe 9%])8!&&@0@' _ugktreaﬁfp 02 the YAt atiohSnitédn cOEED and
and a mlar i

re-si conposition to YEPD and BMWD |
e B HowhetteaRof thievtyansiation semivesios whdern. t Thisowap Hgatpe with

Sk Breisl 60 Prestngh AR She B Egee DRt ke
é‘égﬁﬂd' 5%%9@“(5%8@8 withehePPIDI7 08he fr/isetb&l 5 haSsame

oned on a 1. | -Spel fragnment froma |arger S
dectivh sk RERGe 05T cerdkEizn sDNA asdtprsiormedint lebeina gratpiophy
PDI | _ge (as provided in the plasmid pMA3a: C7 that is
%"@d’ﬂ%go-i n US 6, 291, 205 and al so descri bed as O one
C7 in Crouzet & Tuite, 1987, Mdl. Gen. Cenet, 210,
581-583 and Far quhar
An expression cassette for a human transferrin mutant (N413Q, N611Q) was

subsequently cloned into the Nofl-site of pDB2690 to create pDB2711 (Figure 7.
The expression cassette in pDB2711 contains the S. cerevisiae PRBI promoter, an
HSA/MFo 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 ADH] terminator. Plasmid pDB2536 was
constructed similarly by insertion of the same expression cassette into the NorI-

site of pSAC335.

The “modified fusion leader” sequence used in pDB2536 and pDB2711 comprises
a modified HSA-pre sequence and a MFa.l-pro sequence. An alternative leader

sequence used was the modified HSA-pre sequence, which was derived from the
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et at, 1991, supra), which had been cloned into
Yl pl ac211l (G etz & Sugino, 1988, CGene, 74, 527-534),

war@sledi® synthetic DNA |inker containing a SaOr/GB2004/005462

restriction site inserted at a unique ifow36l-sitein
the 3' untranslated region of the PDI| gene. The
1.9-kb Sacl-Spel fragnent was treated with T4 DNA
paidyfinesl isien tlendet dquetns tSpremosal ofitbe nxrigsidne ofcthe WMF ¢ hero
Sad 3' -overhang. This PD| fragment included 212-bp of
tHEES | pronoter upstream of the translation
initiation codon, and 148-bp downstream of the
translation term nation codon. This was ligated with

§halm¢diﬂ@hﬁ18'§>@dlﬁ@@rfseqmsm nRB23ll k 4Fighes Phwep mautateé with
2 690
SHERNEfrals; T Paa. B4 I35 ToPAGAT e REBER ol oo gft six

?e%lda%st’ézsw@z% SEHIRY MAAEp r‘étrE%bﬁ Vikss {Wad PedfernBRidadcBrding to
| euci ne prototrophy w t hpDB2690. An expression

d&s&ﬁi;tmehbmr nwnhalmeof tthan§faeargenefs muaekChahidel8 QSitd lit€gred
ssub lan ntqg the AMsite 690 to
Midagecsit Pi)f%%:%%a g 31671;“ cofiRlowRE Vet sEladdes (Bromisee)
PRFE FOOP IR PPNy PR BhO (P REmID0 (e
hélpw) BSed Bitweactha dlspQivi](ahd WipdI[&ited2) fol | owed by a
codi ng sequence for the human transferrin nutant
(N413Q N611Q and the S. cerevisiae ADH term nator.
g4 d pDB2536 was constructed simlarly by insertion
Of The sanme expression cassette into the Notlsite of
pSAGBECTTRETCROAT ETedT TAST ORGT eadBPATARHMNENEBGHSREGEN3”
pDB2536 and pDB271 1 conprises a nodified HSA-pre
sequence and a MrFal -pro sequence. An alternative
Cgager sequence used was the nodi fied HSA-pre
Sequence, which was derived fromthenodified fusion
PeadehTSBefeMeEl BYAT ehpveh CRIFAG TRAGTAGR EEA CRRCARFARBR3’
MFal - pro sequence. The nodified fusion | eader sequence
in pDB2515 (Figure 8) was nutated with
CbingaBCE eV OHS 0. Fell§4vedd ehakdfbrmRid #/Rh ¢! elututddplasadisnd

sequence for the six

- 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 AfIII and BamHI sites
either side of the leader sequence. This 386-bp Aflll-BamHI fragment was
isolated, and ligated with a 6,081-bp AfI-BamHI fragment from pDB2529
(Figure 10), prepared by partial digestion with BamHI and complete digestion
with Af7II 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 Nofl-site. This produced
pDB2928 (Figure 11), which was isolated from ampicillin resistant Z. coli DH5a

cells transformed with the ligation products.

89



10

15

20

25

30

resi dues (RSLDKR) of the Mral-pro region. This was
perfornmed according to the instruction nmanual of the

wet@sagene' s Qui ckChange(tn) Site-Directed Mit BOgEOB3003/005462

Kit. pDB2515 is the E. coli cloning vector pGEM 7Z(-)
(Promega) containing the 2940-bp Notl-Hn |11
(partial) DNA fragnent of pDB2529 (see below) |igated
between the PspOM and Hin |IIl sites. CF154 5 ' -

ﬁgggggmgf%%%@m&w%%&%%@% T

Géﬂfﬁg@ﬂtﬁo%ﬁﬂﬁﬂﬁm@é% s "-z GEAGANTA ;\ t'h
S n%lOéf%bes R EAL P A GIdE0 e Lo ALl e
AL B0 STt TR 6 D DNESEER ABLES HATS and

SCr eene di gestion wt

pDBYEGY t@éﬁeﬁmﬂhe r&ﬁpreﬁs@dn plhgzmla@ @DBZS@ IWBIDB@ bBBQBJl and
was subsequent |y conf (Figure 9

pDB
BDB3B3H pFigugs di- et v%@enDB%?@%@d[ @B%%ﬁ %&wm@fqr@% (N413Q
c s

REAIE S Rcl s R Th, B8 MRS BirpelOh o TR idroas in
pDB2I3 mmd%mﬁzﬁamﬁséﬂm@mmn the oppcmﬂsaﬁé’alcml:l gure 10),
prepared by partial digestion with BanH and conplete
di gestion vihAfl Q and calf intestinal alkaline
We. pDB2529 is the E. coli cloning vector

| eep et al, 2001, Yeast, 18, 403-441)
containing the transferrin expression cassette of
DB2536 cloned into the unique JVofl-site. This
Brpesv ey opthesioEM Fi gure 11), which was isol ated from
anpicillin resistant E. coli DH5a cells transforned
with the ligation products. The 35256-bp Noi l
Axfi) rcesyistre @agekittan was txiasszmleeidtoﬂcmimqaﬁ)]ﬁﬂﬁmhy Titlsall the

o e pTET uBRTRL bl SH BByt s e
ﬁrlreﬁﬁgaerrl n (NA13Q N61 1Q, and the ADH term nator.
his was ligated into the Not! sites of the 2mm based

vectors pSAC35 and
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™ frz-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.
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pDB2690 to generate the expression plasm ds pDB2929,
pDB2930, pDB2931 and pDB2932 (Figures 12-15). In
w@DbB2eag1and pDB2931 the transferrin (NA13Q NBEGB2004/005462
sequence is transcribed in the sanme direction as LEUZ,
whereas in pDB2930 and pDB2932 transcription is in the
opposite direction. EXAMPLE 2 Expression of
Tableterrin A S. cerevisiae control strain was
transforned to | eucine prototrophy with all the
transferrin (N413Q N6 1 1Q) expreSS| on pI asm ds, and

c10d WET € OW

C. il Arde TBivMBric e 1| Estinarpd Bicipese due to |

t 20Qrpmy fbg tityes Rlditional PDI
secreted’ into the culture

I mamheaderr -|
ANE
nmunoel ect rophor esi s (R]E as described in Weke, B.,
Rocket ijmmubieel gct r ophor®si s" / N| H. Azelsen,
and B. Weke [[eds.], A manual o¢f
FreraTTtT atTve ’ moel ect r ophor eSSt s. Meth¢ds and

JssAl i q[;s?on ni vepsi tlet sforl aget, Gsl o Norway),

verse{phase hi gh perfjormance Iiquid chifomatography
RP- HPLE) Le%fgblle 2), and non-reducing SDS
pol yacr Yyl am de |el ectrophoresis stained wijth colloi dal
oomassiie bl ue |[stain (9DS- PAGE). The inchease in

mdr ed h\/ rocket

UJ

SORRTDI Namisidnr ansf ¥esri n secr et éd-8ahen S, 18-fold

' erevi si aciPBLIJ s overj-expressed was estimated to be

gr eat er tha -fold. Table 2: Average Trg nsferri n

itre Es$timate |l ncreas duie tn P 3_'_55_9_“‘4'»_-____-__.- ________ —

Addi tiomal ( EL Q) Addi tional PDII Leader
DPPB29pISACESH 0o 4 >1

HSA-pre
Leader

Modified
HSA-pre
Leader

pDB2929

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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pDB2536 Fusion No 6.2 - Leader pDB2711 Fusion Yes
112.8 18-fold Leader pDB2931 Modified No 5.1 (tm

woishspse1d eader pDB2929 Modi fied Yes 76.1 15-fBETIGB2004/005462

HSA- pre Leader RIE analysis indicated that the
i ncreased transferrin secretion in the presence of
addi tional copies of PDII was approxinmately 15-fold

(‘Fegar B8 sbyws gy RS- %Qﬁ/gp@pmnu ﬁ%rﬂ@fagecoaﬁp@@t elgansferrin
SRR < LRk Smh ST KPR R BLR BT Elpreion.

(Fl gure 17). By RP-HPLC anal yS|s the increase in
transferrln secretlon vvas determ ned to be 18-fold for
- etk prermining TrapsferrinEapressiant o| d f or

d|f| 7 2).Figure
1(20%[!{1{8\/\5 an SD: e@%@%@ﬁ%ﬁ%’fs %F?&?R a%%%nbl nant
tCansh emipefataRer et POy S. cerevisiaestrains with and
wi t hout additional PDII expression. RP-HPLC Method for
D€ e ni nd ™ @H5f errin Expression Col um: 50 x 4. 6mm
5mm Col uim t enper at ur e:
%%ggﬁﬁ%ﬁrd?%gﬁ Qélal?’ eak detection: UV absorbance

PLL dobildHphdse mmMeng@a MenitbdeTFA, 5% Acetonitrile

HPLC nobj |l e phase B: 0. 1% TFA, 95% Acetonitrile
HPLC mo %le pha%e B:0.1% TFA, 95% Acetonitrile

Gradient: 0 to 3 minutes 30% B

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 100pL of sample, but any volume can be injected
Standard Curve: 0.1 to 10pg of human transferrin injected vs peak area

Standard curve used for the results shown was linear up to 10pug.
y =530888.x + 10526.7
where y = peak area, and x = amount in pg.

(®): 0.999953, where Correlation Coefficient = r
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Gadient: 0 to 3 mnutes 30%B 3 to 13 mnutes 30 to
558 in a |linear gradient 13 to 14 mnutes 55%B 14 to

wdasogiosnries 55 to 30% B in a |linear gradi ent 1BCT/GB2@4/005462

m nutes 30% B Injection: Cenerally | OOrL of sanpl e,

but any volunme can be injected Standard Curve: 0.1 to

1Cng of human transferrin injected vs peak area

X urve used for the results shown was |inear

up to 1Omg. y = 530.888. x+ 10526.7 where y = peak

area, and x = amount in ng. (r2): 0.999953, where

@hrorlossmalwvéieaipréssioardf BDF EXAMPLE 3 Chr onpsonal

over-expression of PDI S. cerevisiae Strain A was

selected to investigate the secretion of reconbi nant
ted:t na ' ' S i :

SR KR i DCHA REERI WARASRLAP (b SRASH Reombinant

eyt §Qrted\GAds@Qrrih raprepdias frioch PRBRHIEIBIR06aind réconstsndrt @on-

foll owi ng, character,i Sti - ddi t.i onal nosonal

o e SHAS R R BT Q) BLpetRE HOES 0 sin A has

Y BIEsRIRhakaeAliQn.  the URA3 gene and bacterial DNA

sequencesS containing the anpicillin resistance gene

were also integrated into the S. cerevisiae genone at

the insertion sites for the abpv enes. A control

81 ai AHRRE GHETASORHLY isasalsch S Bive. intsgrtpblal the host

strai pArekkhmB8ints&iBnA [cir] were transformed to

| euci ne prototrophy mﬁtﬁ pDB2506 (reconbi nant

transferrin), pDB2536 (reconbi nant nongl ycosyl at ed

transfery] N413 N6 1 r pSAC35 (control).
* anst6r {,pggf ggene agd baotelqig) f)NOA sgquences éontaining t?w ampicillin

resistance gene were also integrated into the S. cerevisiae genome at the

insertion sites for the above genes.
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 Stram A [pDB2536] respectively, appeared higher
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were selected on BMVD-agar. The relative |evel of
transferrin secretion in BMVD shake flask cul ture was

waledosnaimed for each strain/plasm d conbi nati oPCGB2004/005462

rocket imunoel ectrophoresis (RIE). Figure 19 shows

that both strains secreted both the glycosylated and
nongl ycosyl at ed reconbi nant transferrins into the

dmlntﬂhe dewlpmoracchfrom theecanobbigaini Bencs, thisast in Shake flask

éb?]t qu,ﬁr%?c} grﬁ% tl% %{ p%@%l at ? gi a@?f]elro[iﬁéqﬁl Strain A has

Eﬁ%@@@@}mf&ﬁgg&kmﬁl y, appeared h| gherthan the |evels
secreted fromthe control strain. Hence, at least in

shake fl ask cultur e, PDIl integrated into the host
%Pgﬁm? at q&h e Jtml t?eﬁllé %E@drpo@eﬁéﬁ YeRRRE8Hrol strain
© BEEet fon, Rer nor e e increase In

Eﬂééﬁg lh8 SHAGS At EpDrBzébspippedreb ab \be e laasing i 60%sineigase by
and Strain A [pDB2536] appeared to be at 1 .
stIna:om@%ﬂlﬁ ERcEease Iy fy onqriercsREeHgR PetWeRR control strain

SEESR LA TR PR T s o
ampfeftt NRE @lcyead® ¥ falafarinotcrstmnde toTheaddivom] copeof PDII
increase in transferrin secretion dye t

th ) .
il GireioAawas éwnémg Boser considenng o meuln ﬁ?ﬁ L9 fisulphide
abéspidsRITitee D17
SRS cSRRRRE RLDE pA HEANBIEHIAE, DARIA AU
A8l fnap bapatiopiaty beﬁeﬁchﬂé {RDhe sepeeteonniaym Secqyawszae of ardtgins
benefi ci al formg sec eti.on fromS. cerevisiaeof
@fom@eﬁ@nff@am Yt% PEAFRYVSS |y, and their
derivatives. The levels of transferrin secreted from
Strain A [pDB2536] and Strain A [ pDB2506] were
qeephyveld &f tBhFerdinr s¢araied fiormabtraingAowDB2538iNMmda pirain A

YEPD Fé%%g?é&%%@ym?qu ndi ate that am%ﬁdYEPD

KE%% 2’020 ttseﬂdfc%g it %@Eat&lr ﬂl@ﬁ f29ﬂb[d iﬂlcfeblé’elﬁﬁltres of both

ycosy ated reconbi nant transferrin

achigbyoedylbigd gneowmbnnamt yERbertin0 (961 3y, N611Qkranh glycosylated
L L B ST SITRRE L D 53 M e
H RSN aLEFaRRY B&pAty Cos BMIVEN Qranafer Iriserum 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

[pSAC35] control. This extra band migrated at the expected position for the
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titre observed in YEPD suggested that both transferrin
expression plasmds were sufficiently stable under

woomssel7est i ve growm h conditions to all ow t he PRpEBR@d/005462

i ncreased bi omass which usually results fromgrowh in
YEPD to be translated into increased glycosyl ated and
non- gl ycosyl ated transferrin productivit S- P

. SD
acvainpiiast thnsforin NG EHYNGIEY seeraied e Wgt{qmtié@g,ﬂrﬁ%%%]-

11 f St raj , : :
SFgEony R ET aHERE potythud APPEGr 5epil a giffuse protein
ibEn@MV@lesl%‘@ﬁﬁmf é)%}%&ted Ubt taesfbisins hOis suggdstgluthat Bk, secreted
Strain A TpDB2536] sanples clearly showed,an

achointhing Frantfertia) WasHzaiero BB ARs: ®asydve tahypgryngqnosylation

AC35] ntrol.. This extra band mgrated at the
%ggé%%gémé@&p’tsﬁgnl'for t hereconbi nant transferrin
(N413Q N611Q secreted fromcontrol strain [ pDB2536].
Strain A [pDB2506] culture supernatants appeared to

4di ffuse protein band at the position

expected for transferrin. This suggested that the
secreted reconbi nant transferrin was heterogeneous,
m?d?b@ fHarsfeeimydreetionafrons§l atreoisiaat corgipl sirBinapeiiaining
As 11. EXAMPLE 4 Conpari ng{&ransf,err%{n secretion
fp.lg'i’ﬁ@.l witb EapSEITEE SEEHEUoTLITORL Y- LEFEVERA AT H'My pDB2711
with transferrin secretionfromS. cerevisiae Strain A
Plasm d pDB2711 is as described above. Plasmd pDB2712
(PRisgid DB2Y 1 hizsasalesaritpd atioese dPlakmid pB2 NGt (Figiaes 22x Wes also

in the opposite_direct. to pDB271 .1. strain
MR R s O
prototrophy with pDB2711 and pDB2712. Transforrnants

were sel ected on BMVD-agar and cryopreserved trehal ose,
Coaelss stdincdnterotisig fai” h was DReFfrhede deysinspaotgdrophy with

SO0 B BPRF boe PR O RER rBe SR TaCR e nd
gﬁ@irré}.eﬁeﬁ REBASREkocks 8NtdHo] SAiR[SDBPTBE %26] prepatedn

native control strain [pDB2536] was conpared in
both BMVD and YEPD shake flask culture. PJE indicated

tsggrtetignsgp nrle]::érggi%ntl Gh&drh (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 PDII, 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 sirain [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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in reconbinant transferrin secretion had been achi eved
fromcontrol strain [pDB2711] with nultiple episomal
w@Dlos/060ps es, conpared to Strain A [ pDB2536] wWeeTGBoaw4/005462
chronosomal copies of PDIl, and control strain
[rDB2536] with a single chronosomal copy of PDIl gene
(Figure 23). Contr bstr in,[ 711] and.controg
SeRtEEshiq HOBKIY pé% St & Eﬂ@%&zogtlf%]f%ﬁomdﬁlw PR -,
. (N IRo RGO PP it S AL Bl BllisfidsTHES LR & be
of secretion were relatively consistent between
demiiedtal s thahost] pDB2711] and control strain [pDB2712]
transformants in both BMVD and YEPD nedi a, suggesting
that plasmd stability was sufficient for high-Ievel
:§dc! kbR & gAY M Entat;
L b B R UG A e R kK vations
published data in relation to reconmbinant PDGF-BB and

!'@'l‘lipﬁi‘niﬁntt g 1hDst .
1 | itres fromhigh cell
density fernmentations Srai rhat gnt ( f

GP- HPLC SDS- PAGE Contro| | p‘%%%ggfno. A%, SDSIPAGE ¢

06 Afternative control| [TDBZ536] U.9/]0.9 q.470.470.5

0.7 Coatsi fEdR2384]pDB2536] 006/0.43.5 3.6
LLan971 1'JLQAQZ/Q 1 i

transferrin secreted frjom coptsypk strq'
Alternative control [pDB2536]

0.9/0.9 0.4/0.4/0.5

0.7 0.6

Strain A [pDB2536]

0.6

3.5
Control [pDB2711]

3.4

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. Thi's 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 [pDBéS36] 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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[ pDB2711], control strain [pDB2712], Strain A

[ pDB2536], control strain [pDB2536] and alternative
in BMVD shake fl ask BCl/GBR@®4/005462
is shown in Figure 24. This shows an abundant protein
band in all sanples fromcontrol strain [pDB2711] and
control, strajn [pDB2712] at t.he Bosi tion expected for

t Ingisasedy feppm wtswnsm}i GPCrehpRe opEriRG Yas spugomtant with the
[ Jqt bt 136 :
P LP P R Thesk el s b pRRhdil B
[ wBBA5B1Bing frapsiecid sevostent inagontrohstragh, Straimin afig BB2&I8Ghative

and al ternati,ve contral rain 2536], but that. .
CSviB! S it e RALA0p REr BAS SR LLE At inptrased
f e BRTLOALEQ i abNudPPB27 dddy ARehe @BEIHQhcreiseahd steady state
[pDB2712] . Thei ncreased reconbinant transferrin
seprassiondesb et PPEH sovasraasing dhd amountvwiftPdi tphastivitgr dhseedare a
PDI 1. co nunber i ese .st rains.. . .This.suggest ed.t hat,
s PEYLPURE mé R g PP ASuSEHIRRRY eiibing
CRBHPY nBilbad B thet PBIN génedlr bhignb ey fididyV faeOPDY PInRNA
strain, and that elevated PDI | copy nunber was

rlevs) savliddiedngroasedl by eitherdacrepsng theriranseription sate.gnay by use of a

l.evat ed .PDI|__copy number.coul d increase.the,st y
R Biry er RO DY Bl e SRERERS fud REe B MrNA.
ammsthitively, Betittif eagibatideeould Ry @edtCedhafti e kp&ific activity or
alternative nethods by which this could be achieved

vilmesenr numher ehle i lpHBoeBpy nunber of the PDII gene,

for exanple the steady state PDIl nRNA | evel coul d be

i ncreased by either increasing the transcription rate,
dayhiph wsR 6énsiy hfghentagbid coghely sphBMIPBB27DI] R¥combinant

reducing the clearance rate of the PDI|I nRNA, y
Avapgierat (NAPR, Nod dRe predusiinn way magsuessiat appreximaelytig. L~ by

I-fi L\ 0 n nbet . 0
TP REPHOLE. SRAFH R S AdD Mgl PRl Ao RB byt of
qaoductbn $4 seabnl fQPOBZhtd thaneoorbl s, the albshativiel dontrol strain
(NA13Q N611 Q. production vi%s nmeasur ed at

B PHBE AeoaianinggpPB251y, Bythsrnpreprdhe prodpetion gfproteins for
' : : e .

R ROR Kanst E8RERicH systlstiueff 68 cofttol R FIDiS71 1

dlate ndvantages aventihiosk ustnpditraimA, &t thely moAot ostainrbasterial DNA

pDB2536. Furthernore, for the production of proteins
fSgguences.

CONCLUSIONS

Secretion of recombinant transferrin from a multicopy expression plasmid
(pDB2536) was investigated in . 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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t herapeutic use in humans, expression systens such as
control strain [pDB271 1] have advant ages over those

WwWaQIgs®6381s ai n A, as they do not contain bact erPel/GBdIA4/005462

sequences. CONCLUSI ONS Secretion of reconbi nant
transferrin froma nulticopy expression plasmd
(pDB2536) was investigated in S. cerevisiaestrains .

st earenisige afmilad\dﬁhtqncﬂ%é}ﬁoééﬁpﬁpf thel”PH) gengépfeerated into the

' d i . o and mon.
AL saral 4 Lt oobhepyeARLudSBaBRA 1JUANRAK iafisterrin and n

0 1nvestigated |
R¥jlafedetdcansiantednyibtrin ANALIQ) Ml Qe xgir essilovated level

plasmd, in which the PDI gene e i.nserted i.n
taeepairditp sBRyS epniaiBimgl2 TREn g?l_é‘/r ?ﬁtﬁ&éﬁ o DIBPLE §bu
D W . o .
CBRPRLIAY Rupyf S AR men ik BT Rab
tdfetiendeganousiRRldd mithupDBEEtE e tadmbienhitranaferrin (N413Q,

ENED S et SO G Ab L BF SRR b s PACE ang
PR tlg,gerlﬁa?ys?‘s{ rﬂie?@foﬁ?i%l%ﬁaéﬁd%ﬂ SinB@bey fdAYerdas BRduced a

I'ncrease I n copy nunber” was achi eved by
UsigaginpfBa7 In 1tht nquangty of|recatelriginty trinsierans sergipdofrom S.
the strain transformed with pDB2711, reconbi nant
teEYESfErrin (N413Q N611Q was secreted at
approximately 3g.L , as measured by SDS-PAGE and
GP- HPLC anal ysis. Therefore, increased PDII gene copy
rThetfollowmg condusiceschradiagimge i ncrease in the quantity
of reconbinant transferrins secreted fromsS.
cerevisiae. The follow ng conclusions are drawn - 1.

I shalkkefilaam knapal ¥8 kopbidaae aaRifaaRtexbreasioh fomn PDB2536
expression from pDB2536 nonéﬁl {cosyl ated transferrin

(Nt 3igeoyBatad) tramste 8Q¢ NG LISy e e BDBREMS f(@hycpmylated

th . lLSi t rai.n.Std.ai t '
5kt bt PR T SO A B S S8R of oty
CldbdhisiBart URRERAIANNG HRNCORS sder@itamitha cdifod snams. This

attributed to the extra co;Jy of PDIl integrated at the
RS atiribgied to the extra copy of PDII integrated at the PDIT 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 cerevisize 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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(N413Q N611Q secretion conpared to Strain A
[rDB2536] in both shake flask culture and high cel
density fernentation. 3. Elevated PDI| copy nunber in
yeast such as S. cerevisiae will be advantageous

dyd production of heterol ogous proteins, such
a§§%§%£%2§§on1the transferrin famly. 4. pSAC35-based
pl asm ds contai ning additional copies of PDII gene

have advantages for the productjon of proteins from
t Hesextfoxn ef o ML getia vito o L Hbife Rleynsdainciensed sgenetian of
fusi . ' . § aor ns. EXAMPLE
M Wi PP BB A X Bl s
i ncreased secretion of reconbinant transferrin from
varigus different S. cerevisiae strains The cerevisiae
sfflf‘a&ncemm%%m Hi?rlé% FBn awaf Q@ﬁfsﬁwnoqf Xeagk pultures) and
.M i L. NN | 1 ,
T O ) P AR -2 B B B e of
pihasmitive 3o aplashidsby | gathstse iasheed exyer-espietsiofof FEPP from
from Ye(%ggl- GAL- FLPI, as _described by Rose and Broach
(Yoo -Gt A LEdz phdescribgd byoBaseoayh Broack @89@ Mgk Enzymol.,
o 5 Al ‘ . ' /o . o
L 009 PR G Pl AT A B oy e i
Mesix2fi28%R ci r0, S150-2B cir0 (Cashnore et al, 1986,
Mol . Gen. Cenet, 203, 154-162), CBI 1-63 cir0 (Zeal ey
et al, 1988, M. Gen. Genet., 211, 155-159) were all
transforned to | euci ne prototrophy wth pDB2931
(Figure 14) and rDB2929 (Fi g/ijre 12@. Iransf or mant

wEleeS. ser eétieastiinsalfpY b ¢iat MR303ZSH @me Al 8@2PBroini(Fashmore

j;a 1,9~ ine. f } @ train
TRL% hEE RG2S o JBBLER ISR B SO s
| MollloaheGendn, 211, A564158) weteadletardtorded € 1e20e pRdtb@6phy with
4- dails. Cul ture supernatants were
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 PDI] was present in

the 2pm plasmid (pDB2929) than when it was not (pDB2931)
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harvested and the reconbinant transferrin titres
conpared by rocket immnoel ectrophoresis (Figure 26).

when PDIl was present in the 2nm plasm d (rDB2929)

than when it was not (pDB293 1) EXAMPLE 6 The

cEXAMBEFEi@On of expression vectors containing various

PDI | genes and the expression cassettes for various

het er ol ogous proteins on the same 2mmli ke plasm d PCR

ayRe Lonstaiction oﬁ@:%n@}s’imi Patdrs cORlainigenagoinPDII genes and the

Yl pl ac211: The PDII genes fromS. cerevisiae S288c_and.

xXpressioni eissesteSHOR maripyse heiglogaus prgieimcrn e prBgudan-like
fragments with different |l engths of the 5'-

}"8Hs| at ed regi on containing the pronpter sequence.
PCR prinmers were designed to permt cloning of the PCR
products into the EcoKL and BanHLsites of Ylplac2ll
(RCRtamplifBiagion and cdagng e RBII genes giptp Yiplgc21hgdi t i onal
restriction endonucl ease sites were al so i ncorporated
into PCR prinmers to facilitate subsequent cl oning.

Takd @B desksihes Sheepbasei 8388coasd rictedviand SKRQLe Were

gi ves_the PCR prinmer sequences used to anplify the ,
Pn i ipeiois POBY ot pipaicala o BEGECTBN it AR lep By oh the 5™

it hi ese. Yl 1C.2 ] re i he
el 0o R e B Beiik 1 PR REL AR PER Hilghae were
adelgnbd eapdrmit ctdnitighel tROPCRgeoéudty intn Be AreREwnd BaweH] sites of
S288c genomic DNA with _oligonucl eotl rinmers DS248. .
S IDITRILieta st Sogo. 35 agt: 09 ap Gast) nd-HiprpLrestiction
it C i Jo

g%%?%&%ﬁ% e'Vglgggigﬁgfragﬁ%ﬁ?E?n§%9$¥g?a§§§§“?éfe?§ﬂ§¢3
Subkaeentld@Bng. GBatde 4 Bdscrib2thp gsmidshanstradtedaehTae 5 gives
wi th EcoKL and Bani HL. ,DNA segquenci of 9 .

i e MG peEe SPUsEpggised 0 @P@ﬁﬁwﬂ%f% s crences in the
S Bﬁeﬁﬂbg?otgwleg%h'ﬁitﬁﬁrth&@ l%bglrl fphedTaRbRidR- are described in

i go eot | primers use
Table 4.

pDB2939 (Figure 27) was produced by PCR amplification of the PDII gene from
S. cerevisinse 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 PDI] gene are listed in Table 6, and were designed from the
published S288c PDII gene sequence (PDI1/YCLO043C on chromosome III from
coordinates 50221 to 48653 plus 1000 basepairs of upstream sequence and 1000
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gene are listed in Table 6,
wer e designed fromthe published S288c PDI |
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gene
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B YIpIlRS2D
GTCAGAATTCGAGC

i

L $288c-
TCTACGT

Short (~80-bp)
ATTAATTAAGCCCGEE

—> Bsu36l

DS8252 +DS250
CCGI

NI

FATAShAEATOHA AT

5 PS248 + DS250

RS

N

T

AR B

e 1 Ps2s0

pDB2945 | YIplac211

SKQ2n

Short (~80-bp)

— Bsu3él

DS§252 +DS250

Table 5: Oligonucleotide Primers for PCR Amplification of S. cerevisiae PDII

Genes

Primer

Sequence

DS248

5! -GTCAGAATTCGAGCTCTACGTATTAATTARGGCCGGCCAGGCCCGGGCTAGT

CTCTTTTTCCAATTTGCCACCGTGTAGCATTTTGTIGT -3

TGTGTG-3'

57 ~GTCAGGATCCTACGTACCCGGGGATATCATTATCATCTTTGTCGTGGTCATCT

AGCG-3'

57 -GTCAGGATCCTACGTACCCGGGTRAAGGCGTTCGTGCAGTGTGACGAATAT

57 -GTCAGRATTCGAGCTCTACGTATTAATTAAGGCCGGCCAGGCCCGGEGECCCGT

ATGGACATACATATATATATATATATATATATATATTITGTTACGCG-3'
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DS267 5' -
GTCAGAATTCGAGCTCTACGTATTAATTAAGECCGGECCAGECCCEEECCCGTA
W GESCATACATATATATATATATATATATATATATATATTTTGT TRQIBGB24/005462
A igonucleotide Prinmers for
Genes Primer
3

Tabl e 6:

cerevi si aePDl |

DNA Sequenci ng S.

Sequence DS253 5 '
DS?'%A 5! CTGTAAGAACATGGECTCC-

(BBEIAACRSPHRAGGCCCCEECTTCTTG ||
CAACTCTCTGAAGAGECG 3

GATATOGC. DS257 5

DS258 5 | - CAACGEEACHCIaTEIEapT I CTARSIE§AKE0TCCC3
CTAATTOCTICATCACTFITOA BS260—5

RO T AT PAT R NSRS TAC (83 B B AGGCCRGCCAGRCOCGOECCTA
GITTTCCT]

TTGA\AATOA\TCGFCT(I:G- 3
Q"abletﬁzéﬁg@ucleotlmm@mgémmlﬁ NIy il PIDTR Genes

(Fi gure

and 5 an
jl1. 85- kb

;W%&TA@%%%&TA?ATATATATATTTTGTTACGCG— 37

D8265 5 ' CGGECAGITCTAGGTCCC-

GITTTCCCAGT CACGAC- Pl asm ds pDB2941
28) and pD82942 (Fl gure 29) were constructed

d Ppimer]| oni ng th
EcoRl -BanHl frag

appr oxi mat eSyqlien% kb and
nents, respectively, into

correct

Yl pl ac211.
for the P

T

genes in P

SgqUeReescYBEeceentrensed
2941 and pDB2942. The S.

cerevisi a
frompl as

REPBrA cont al i ng 1 he

f4ed
geneq%%fr?dd_j’e

pMASa—C7 \Duo 6,291,205);
S255

arsg —@?F%%'I%SGATTACGAGGG—B '

DS256 57 ~-AAGAAAGCCGATATCGC-3’

DS257 5" -CAACTCTCTGAAGAGGCG-3’

DS258 5" -CAACGCCACATCCGACG-3'

DS259 5" -GTAATTCTGATCACTTTGG-3’

" DS260 57 ~-GCACTTATTATTACTACGTGG-3"

DS261 5" -GTTTTCCTTGATGAAGTCG-3’

DS262 57 ~-GTGACCACACCATGGGGC-3"

DS263 - 5" -GTTGCCGGCGTGTCTGCC~3"

DS264 5/ -TTGAAATCATCGTCTGCG-3"

DS265 5’ ~CGGCAGTTCTAGGTCCC-3’

DS266 5/ -CCACAGCCTCTTGTTGGG~3"

M13/pUC Primer (-40)

5/ ~GTTTTCCCAGTCACGAC-3"
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Clone C7 (Crouzet & Tuite, 1987, supra; Farquhar et
al, 1991, supra). The SK@n PDI| gene was anplified

wa@gisgehs gonucl eoti de priners DS248 and DS250pr¢TaBR@s/005462

4 and 5). The approximately 2.01-kb PCR product was
digested with coRl andBanH and |ligated into Ylplac21ll
(G etz & Sugino, 1988, Cene, 74, 527-534) that has
Bkaemldsupo% Elélgm‘e 3By apAmB2948 (rigdigc &9)p Mgagricgnstructed

glga p{dlél glgﬂeagg 30 rc‘l%scgbg& t”[o{élﬁ%gganélg%ﬂd %?I Jlonmg the
%%ﬁr@ﬂﬁﬁ% Q.90n& hke ltg'SeldEE@BU-Bmﬁﬂiﬂ fra%ﬁ&B’ts, ré3pelctiviedgl into

Smal sites, the 3' end extends up, to a site
Nplhe?ddusTheocoarent DNA sentsacesvas ponfirmped forithe &4 tggnes in

SnaBl and BanH sites. The PDI|
Bﬁghg%ﬁ?nqpi@?ﬁ% s approxi mately 210bp. The entire DNA
sequence was determ ned for the PDIl fragnent using
ol i gonucl eotide priners given in Ta Thi
Shnk earedisian §K&2éspelﬁﬂeg@f3 SSEREBEN G Sk SHERRSCh Fomyplasmid
Dl BfAfiR e 2P RhE B3 ARASHC (PRI 0 g g s
@logleocsly; t(g@(ngl& l(rnmelt m7a@@1ﬁm Ferqubst etiel, ASpy wlublsll;/he

ubl 1 she I mlar I tesarre
EKQ&'H BDde g seassay UPIRE PISPEEYS tb‘%BE’@HlﬁrS &934%@1(1
f

BS7aRRH s Sinf SR b BRI PSR RONSOE R Ml
Fith FRosl pﬂBB&#HI éﬁdi tipated 829 Yiplae2 ldojistte i Segins] h988uGeye,
using the PCR priners des b bles 4 an and.
B4 o4 ovi HgthehBasa Bt Snat 5 Oigg igﬁé{ﬁﬁ i @f"‘%&?ﬁ plashid
Eﬁﬁﬁ%ag@?hg '3% Seq’enﬁ SERRAE’ USh PDI| MRenddik %ﬁgﬂaéous to a

e expec uences were confirnmed for the
blenesnded SpEIBR8GRteaded pOBDAS Iha/sEcthIaS@,rSm@IcB@tanmI SfI :

HEATEL issal FHACEIES 9P dR S aHREOM Pif BPr e Be!
5 gA &%%ﬁggcﬁtd iﬁéﬁﬁ& eds,AtT, INEBIXGRH BahAE skl erl"h@'fl%]] promoter

ased plasmi ds were constructed for th
Ibngthxp appmxmatedef 21 (Rl \iTttetentfief ]Dblrz‘\emquamelvv@eiﬁ:wmn@bﬁoe the

%})I] 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 Iﬁreviously 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
YIplac211. The expected DNA sequences were confirmed for the PDIJ genes in

pDB2963 and pDB2945, with a serine codon at the position of amino acid 114.
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w@ens/oet71Xcm -site after

Tabl e 7: pSAC35-based plasm ds for co-expression of

rHA with different PDIl genes Plasmd Plasm d PDI|

REP2 Het er ol ogousPr ot BETYGBa®a/005462
Source Pronoter Term nator Orientation Expression
Cassette (at Noil-site) pDB2982 pSAC35 SK@®2n Long -

Bsu361 A rHA pDB29S3 pSAC35 SKO2n Long - Bsub5dZ B rHA
pDB2984 pSAC35 SK@n Medium Bsu5 / A rHA pDB2985

4 A@gﬁggé& &p%@%@bﬁ%&ﬁﬁ%B SEasl §i986d§§§3§ifferent
>Bsu%enesaﬁk@@'d #tﬁé"ﬁ'cﬁt@@ﬂ@ﬁﬁefﬁﬂ@&} 82880 Long -

A rHA pDB2977 pSAC35 S288c Long - >BsuJd/ B
r HA pDB2978 pSAC35 S288c Medium - Bsuid/ A rHA pDB2979

BRAGTS et pead e R Ton e, RRESARE 0 g e

difRiBSH 39377 BerddhTdh1e 7y.HA expression cassette from
pDB2243 (Figure 33, as described in WO 00/44772) was

first isolated on a 2,992-bp Notl fragnent, which

éléﬁi,ﬁ el%;b%@ g\%r%% uag@?%gggéggtﬂ sllo%fdf rgi'ﬁ\) &0 aB268P D1

I gure pDB2693 was
deggsted with SnaBl, treated with calf |ntest|nal
alkallne phosphatase

and |igated wth SnaBl fragnents

cont ai ni ng t he PDI I

1976 tRDIpGBQQBch(IBrtgfzﬁeeBE% to

n hao

genes from pD82943 pDB2963,

ra¥'d

CIIL all UII

imis]

651 etetmqus Protein

transcri bed i
desi gnat &dse" g

T LII

r Seeeat

UI.IIC Ul I

iermoker

Trerees
REP2 was

aa F\I_I-L

Pripratioy
desi gnat

1n§64”ie¥5"€6 Cassette
ed

in opposite qrientatjion to

"orientation|B" (Talble (at Notl-site)

pDB2982 | pSAC35 | SKQ2n Long — Bsu36/ A rHA

| »pB29s3

pSAC35 | SKO2n Long — Bsu36l B rHA

| ppB2984

pSAC35 | SKQ2n | Medium | — Bsu36l rHA

| pDB2985

pSAC35 | SKQ2n | Medium | — Bsu36l rHA

pSAC35 | SKQ2n Short —> Bsu36/ rHA

pSAC35 | SKQ2n Short —> Bsu36I

pSAC35 | 8288¢ Long — Bsu36l

— Bsu36l

pSAC3S " Long

§288¢

pSAC35 | 8288c Medium | — Bsu36l

pSAC35 | S288c | Medium | — Bsu36l

pSAC35 | S288c Short — Bsu36l

pSAC35 | 8288c Short —> Bsu3é6/
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WO pmsiotdht the Xcnl -site after

7). The construction of pSAC35-based transferrin
expression plasmds wth differentPDI| genes
KEP2: pSAC35- bBGEGB2004/005462
pl asm ds were constructed for the co-expression of
reconbi nant transferrin (N413Q N611Q wth different
PDI| genes (Table 8). Table 8. pSAC35-based pl asm ds
{Tre oA exprassion oassoite tfroamnmwg Rigure $3f pedasaribedip WO

&%257—@9@5 rdtglgclz}%gﬁn 8?(3@?9’% ?N@%gﬁ g?ﬁ%)gér g?rﬁot%hesuﬂgéq%nﬂy was

TRALEA DA e (¥11-Sifd ot )M ERBNFiRmSd mynoqasmfetp@mw?, (Flgure 34).
(atNotl-site) pDB2929 pSAC35 SKQ n Long - Bsu56

pPB2RAA 3gas NBigayd potiBols HsArstedsuitl - eadh gmteS@@u%ﬁlme

bttt 3 i RS SRS SRR MY any fom

D@953<5Z)D‘}32193'3 ( bBBIG%S5,NGIDBP3IN pD@éEMI oareic lpDB2942 hi sThis

e anas ol B ot 0 0 o

e ect
3 o o o

pRE308a (Fogposite dfontaaiod tp BEFI8Aas( designated f0)ierdation B” (Table
described in Table 9. Table 9: pSAC35-based pl asm ds
v#-th different PDU genes Plasmd Plasmd PDI| Cene at
Xcm -site after REP2 Heterol ogous Protein Base Source
Promoter Terminator Orientation Expression Cassette

Tat Derisrrstive) of PE2AEFC-IpSACIBarBi@m |apuessioBs pBBmids with
None pDBSOSI pSAC35 S28 . A None

gitezery PDH genes w5k %E?%Lﬁ’i”?%’% %’ﬁg-r\bne pDB30S4
pSAC35 S288c ‘Short - Bsu36l A None

»-4

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
PDI1 genes

| Plasmid | Plasmid PDI1 Gene at Xcml-site after REP2 Heterologous Protein

Base Source Promoter | Terminator | Orientation Expression Cassette

(at Notl-site)

pDB2929 — Bsu361 - rIf(N413Q, N611Q)

pDB3085 — Bsu361I ¥If (N4130, N6110)

pDB3086 i — Bsu36/ rIf (N413Q, N611Q)

pDB3087 — Bsu361 rTf (N4130, N611Q)
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The 3, 256-bp Notl fragnent from pDB2928 (Figure 11)

was cloned into the Notlsites of pDB3081, pDB3083 and
w@DB308w18 such that transcription fromthe traPST/eBRI0A/005462

gene was in the sane direction as LEU2. This produced

pl asm ds pDB3085 (Figure 50), pDB3086 (Figure 51) and

pDB3087 (Figure 52) as described in Table 8. EXAWPLE 7

[m seiet ltco aclaemb e, it Datli ezxmre@ﬁoa ce&slettesgﬁcneHﬁn expression were

BER gt o 26y P Bhried BOBGLT SueNatt fgrip a0

grrcxﬁz%[sﬁﬁbﬁ b?ﬁ%tv%éﬂof‘ﬁac-ﬁﬁ@nes T pRIGusSEER: la&hfd@l m&b@l@ﬁ%ure
cir, Mr302/28B cir, S150-2B cir0 , CBl 1-63 C|r0 (all

deés pDBB 8e8 dhigve)s) metz@mw (Fiewzat Dtasglescribed gsTaNg -
Gen. Genet., 205,417-421) and DS569 cir0O (Sl eep et al,
1991, Bio/ Technol ogy, 9, 183-187) were transfornmed to
ey 926, IK Ot NbaeR Rlasiidshvied differenpPBZ24dnes VWO 00/ 44772) ,
rDBZ2976 (Figure 35), pDB2978 (Figure 37) or pDB2980
(Figure 39) usi ng a nodified |ithium acetate rret hod

. ngsmldl Q) 8 gDIl é{ﬁ:ﬁ né?(f:la{-sz{e fgég REf% 3! ' E ,
Bi ot
n BV Ig%u = %' %f”ég %ré'ﬁmeé ppr e’é”b’?‘ftoa"t bl‘len\l\ng)n S

agpks Protein

%Jf\ er(e: ts:%tg gassette
tly pdtched out on B agar pl at %N‘Mltsl?e)
ppl engnt s. Transforrra ts of efch strain

gl SOl ghakg flasks,,
or %Sﬁﬂﬂ 200r pm For

’| n-=an al at 300CH5

10

15

bﬁf&k‘cp ar n otng‘ nys

i %ﬁf%d

arvest ed
by /?ock

=?nd t r)\%ne

Wnﬁ%

%SJ' and ur Shepsird

and 57).
n the cu

he r es_,%ylg S

ture

tltres I
I.Sthor?

—) su.§6tI

al nsAvver

> N gh%ne

| asmi'd t han when

on the

super nat ants int he absence of PDI I
The 3,256-bp Notl fragment from pDB2928 (Figure 11) was cloned into the NotI-

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 PDII gene in the 2um-like plasmid increased
the secretion of recombinant human serum albumin by various different S.

cerevisiae strains

The S. cerevisiae strains JRY188 cir’, MT302/28B cir’, $150-2B cir’ , CB11-63
cir® (all described above), AH22 cir’ (Mead et al., 1986, Mol. Gen. Genet., 205,
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wex@spbess t est ed the | argest

pl asm d was dependant upon which yeast strain was
sel ected as the expression host, however, in nost

observed when PDIl with the | ong pronoter (~210-bp)

was present in the 2mm plasm d (pDB2976). Modifying

the PDIl pronoter by shortenin for exanple to delete
rAd Gud2a) amhDS562 sir’ KiSlden héalaflf98$t BWT@@n@iiogm 9-ni3t ) were

FRLOHEIPTL -G8, OB iEREK T 2 Lher BULE R907 A7),
RIASRNG SRl J9RANBl0TX(FigaS 30 oEPANPITROB Hokctrb 99 nising 2

enes enhanced the secretion of recombi nant

tm@hﬁfﬂb dighiiwmweestete gnethed dSigadorneast dmpsloamalnn kinidEAST-1,

The s n e r f
B P oA 0 P e 15
CI%??Vlﬁh@g@orﬁfﬁﬁ%n wekd |sel@eﬂa& oni EMMiBafanglapssowitheappropriate

, and the S. cereV|S|a S288c with the
Isﬁh@emﬁlﬁﬁil e weEr sHseRuspHprsidied QUi B@glvh)-ag_agop Igjgs with
aggrgpﬂgfg sQ;%Iérﬁ&R?Ct ively). The same Control Strain as

Vi OUS ‘exanpl es (e.g. Exanple 2) was
transforned to | euci ne prototrophy with pDB2931

R N SRS L AR, o

Rk Sl &@amedom BMVEbiag ahaliet at 66°GyrzD 0k efor @ldayb.e Culture
sel ected for anaIyS|s Strains were %fomn in 10n. BM\VD

Shperatmts YepD harveried f angdsthe aigeqrabigants gbunpin sites gompeysd by

e Y e
taltimih Ritk i MR cutedé auidddAvd)s floen 8l theyeast siraias SKER higher

PDIl gene with the Ion% pronot er gave the highest_rTF
(wlwmslgpﬂmas prgpentin the 2umhplagnidcihap ywhenaié vapame (pBPR244).

daeruHBER V8T T el ic R oIt SPlngl W TRy on the

ﬁﬂ‘&ﬁﬁ@ R - deférddhtussh SARNSychstadtrain wak Cshlefmdlaa thé( ERpjession
the S. cerevisiae SKQ@2n PDII and S.
host, however, in most examples tested the largest increase in expression was

observed when PDII with the long promoter (~210-bp) was present in the 2pum
plasmid (pDB2976). Modifying the PDII 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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cerevisiae S288c PDII genes with the |ong pronoters
gave simlar rTF (N413Q N611Q production |evels.

WOR@s/06t7ie shorter the pronoter |ength of the BCT/GB2004/005462

cerevisiae S288c PDII gene the | ower was the rTF
(N413Q N611Q production |evel.EXAVPLE 9 PDII on'the
2mm based plasm d enhanced the secretion of
ECOMIPLIa8t al bum nfusions. The affect of
co-expression of the S. cerevisiae SKQ@2n PDI|I gene
with the long pronoter (~210-bp) upon the expression

gfgfr{&%ﬁPg?{g %@%?aééﬁk&bn{;{zz SIS PRBioNRSE rdEhiiR e B erinSvhen

stru N-term nal” endost ati n-al’bum n

Q¥fkpasseddonaeispbused iidBiakd56) has been previously
descri bed (WD 03/066085). Appropriate yeast vector
sequences were provide by a "disintegration” plasmd

3 ]! i N80 3 asdiRbestigated with
RSSO by w
Qo-cBi3ss1@Y of Thre S3 coékisiablof KQBR tRIPH gale with the long promoter

(1 b B O SO P SO BB B o
%ﬁégg%gt(%mslo%’ hash 91?% Lg(};"% l%gpé@tltfélgfw f intestinal

e, Creating pla d pDB3099 contai ning the
Not| expression cassette in the sane orientation to

S e L S s et P Rt Reg PRROR % was
gq%ifh ROfAdRhe Plodsifiptly PRBR 6998193 19We@attVe cdfi€0] plasmid

Notl N-term nal "endostati n-al bumn exgr essi on
vatheet POINasnd $HIBRAEE, PPHIORHBRBBE8Penilf pIa3eHTd (Table 8).

j gated into Notl  djige pDB26 ich had. bee
rdareaenp oy soeisd Foeb TR s A5 C B REfred for
phasd d RREB3 100 oA A TEnt VNI lan@ XIWHES STEFD shake flask
cassette in the sane orientation to the LEU2 sel ecti on
celtlkres foFielaye #830°CTREOOmnsAnduetliven superaptanist harvested for

N, o8 12l G985 8L ALY Rrgpr essi on cassette

Figure 55 shows that in minimal media (BMMD) the S. cerevisiae SKQ2n PDII
gene with the long promoter gave the highest 1TF (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) thé S. cerevisiae SKQ2n PDI] 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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WQ e@sSn6EXpr essi on vector,

(pDB2556) has been previously described (WO
03/ 066085), as has the construction of a pSAC35-based

3.77kb Notl N-term nal angiostatin-al bum n expression
cassette was isolated from pDB2556, purified and
ligated into Notl digested pDB2690, an

EXA P Ea® eyeast PDI | expression vector, which had

been treated with calf intestinal phosphatase,

creating plasm d pDB3107 containing the Notl

PO €55 AP SARYRLEE plddmid  EERaFREE AE | RBkAoh OB recéhBinant
LEU2 sel ecti'on marker (Figure 60). The construction of
albuMgh lfus¥erser m nal Kri ngl e5- ( GGS) 4GG al bum n

expression cassette (pDB2771) has been previously

descri bed (WD 03/066085), as has the construction of a
@ﬁ@‘%‘éﬁtbﬁ%%x{&@ﬁén SR HCES TeAfisVRCI002n PPB2 £éde (Hhohe dong
61). The 3.27kb Not|l N-term nal ) . .
Branmgtre 62 058) 200 dhd grPIFSBRP 106 Se¢RPIBY sBbyBin,gisions was
I sol at frompDB2771, purified and ligated into Notl
mvgggage - pDB2690, an appropriate yeast PDI| expression
vector, which had been treated with calf intestinal
phosphat ase, creating plasm d pDB3104 containing the

Noe |coastpictissiofrp Mpds Brteamingl epdostasigeal BEnian eEuesipn gassette

é@ﬁ%ﬁg&hﬁ% geglg ]iprgﬂioi{%{/ Fﬁkﬁx{b@z?%@ lo%?d%oﬁ‘)‘? Appropriate yeast
R6t@OQ (6868 Heke plobldei by expiseaciationtas seiid e SATIBR GaRyally
has been previously described (WO 03/ 066824).

displosnst ilat EPyaase ¢ett end sdegerdvdedyndieerprBui 46 8 11l

Hdi sl pt egr atd ong: S : ;
R BRI O B P e S Ay i a0 Bl lpgin
¥RSedsidl esedtel wayisplEd6683m PoBLSS6e cusifidd |anddigated ntfo Norl
Not | di%%st ed pSAC35, which hag be n%qi{eat ed with calf

figested i 13t CImoubinh t iade begty dispied gWHP s dnis osphatase,

L ail ni . i i
GO B DR (B ERMEAnSE st B, 300 e
Sheragtpnap rthal BUY ealsttidiBhhrkee (igure SE)uAncegroperte yeast PDI]
provi de by a "disintegrati.on' plasm i.gur e
B§ClOrsaUeDCOUREe RERYIde By ar fioriagasng @&S@%ﬁ&é&%ﬁ?ﬁe@
| Sl LSehaheth CLARRPBLAS3: isolated
THP SR ERREELDS PSRl LOOmATERERl, o ol
fragh BB2656, purified and ligated into Nofl digested pDB2690, which had been
treated with calf intestinal phosphatase, creating plasmid pDB3100 containing the

Notl expression cassette in the same orientation to the LEUZ selection marker

(Figure 58).

The construction of an Nofl 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 Nofl N-terminal angiostatin-albumin expression cassette was isolated

from pDB2556, purified and ligated into Notl digested i)DB2690, an appropriate
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treated with calf intestinal phosphatase, creating
pl asm d pDB3102 containing the Notl expression

w@awsmot17¢8 i n the sane orientation to the LEU2 Bel/eBRia005462

mar ker (Figure 64). The construction of an Notl

N-term nal DPI-14-(GGS)4GG al bum n expressi on cassette
(pDB2666) has been previously described

PO FEBI A pxprassidrayetine wbitht g@d:tbeéﬁ mat%fl p@&c@@lfbg%%*amal

easfyﬁex p{n‘leegtség?@? ﬁ ﬁ%@%ﬁ&%% fhgéfé ﬁ@.@)esﬂ}ﬁ‘ cassette in

AXREBE DtieftafdtRaht EEVESclestiimbedief (Figorp BBLE66,
purified and ligated into Notl digested pDB2690 5 an

appropriate yeast PDI| expressi on vect or, which had

treated wit .
e e P FROSRE pic cxrs
%%@Wﬁ@ﬁﬁﬁ bff(enl p’re‘tflbﬁslﬁ alﬁfgzéﬂued G(W@t03d]6608)5)t ke has the
LEU2 sel ection marker ure 0
msml%mmf HEROFOE Apred gfaﬁﬁar?ﬁoeamc . BB e 0.
g‘ﬁg ?37@ | VeFE?mEr&'l KOMLNRG- a(n 9%@ ﬂlﬂﬁmﬁ’éﬁﬁregslémgas%%&nwas

respe usi ng-st condi tions. Exon

polafeRlr fombpDB2771, t pEHEEACCCARGIGAGTOGYarl tdl@s@dt @2@90 an
; and 5 " - ATAGGATTCCGIAAGAGCAGTC
ponrpiriage ysast PDET QAPERIGACEReET Agad bee%#&afgd with calf

GB%: W 3104 %@Bﬁuﬁﬂ GEEVYZE eXRession
gga@ﬁ) er standard conditions, before bei ng e

tasatyihitfd @thehyricRGRon S thg IﬂUMks:tlSn marker (Figure 62).

- CTCGGTACCCAGCTGACTTGITTCCTGG- S ' and

The construction of an Nod 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)sGG-albumin expression cassette was
isolated from pDB2683, purified and ligated into No digested pSAC35, which
had been treated with calf intestinal phosphatase, creating plasmid pDB3101
containing the Nofl expression cassette in the same orientation to the LEUZ
selection marker (Figure 63). An appropriate yeast PDII vector sequences were
provide by a “disintegration” plasmid pDB2690 (Figure 6). The 3.20kb Noil
N-terminal DX-890-(GGS)4GG-albumin expression cassette was isolated from
pDB2683, purified and ligated into Nofl 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 NotI N-terminal DPI-14-(GGS)sGG-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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woe@bdeg(s m (as di scl osed in Lanbert et al,

5 ' - CTCTCTAGAAGCAAGGAAGAGAGAAGGGAC-S ' and cl oned
into vector pCR4 (Invitrogen). To generate

98, 4652-4657) site-directed nutagenesis was enpl oyed
to introduce C17A (TGI- GCT) and QB3R (CAG "AGA)

mut ati ons. DNA sequenci ng al so reveal ed the presence
Fhe .24 kb i1 N-tex@iaalti@rli-148(%&)@@%@%@@)0%@8%% was

d ' di 004/ 1511 T j
S B WonlE 2R BT S, SR
SppropMiE Rl ABg! MkBrdssioidl vbkidh whichrieat @ean treated with calf

approxi mate 0.58kbp PCR fragnment. [II1MH33 5 ' - i
ATGUAGheTTHPEEA THREAGREETIT CRESE gsion

Al

1 6 l - . . . .

AR CR TS A P AR SRR R BB i

This was achieved with FastStart Tagq DNA pol ynerase

TR N R L
f. . . 5 ;

BreEclt R hrddRaEe g h e SR e B efta e standad

ebEkfiored in a 10OnL sanple follow ng el ectrophoresis in

an et hidium brom de stained 1% agarose gel. The
remai ni ng PCR product was purified using a Q Aqui ck

E&Fﬂ ification kit (Q agen) and digested to
B b0 th BarnH and BgRI . DNA of approximately
thecrexpeetettcEzerwastexce-segafid om an et hi di um broni de

stained 1% (wyv) a ose.gel and purified. Plasmd
BD@%?WTSF%WS%%CA%%%%S?%I e transcription pronoter

and term nator, along with a suitable secretory | eader
sequence and DNA sequences encodi ng part of a (GGS)4GG
pelisker fused to the N-term nus of human

@l’ pC:L’]I'&EGCA-’EBZ?GGGCCTGAAC—B; < and

5 ~CTCTCTAGAAGCAAGGAAGAGAGRAGGGAC-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 et 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™ c¢DNA was amplified by PCR using single stranded
oligonucleotides MH33 and MH36 to create an approximate 0.58kbp PCR

fragment.
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construction of pDB2573X has been previously descri bed
(WD 03/066824). The 0.57kb BantEl and BgR di gested PCR

w@e@doct7isvas | igated with pDB2573X, whi ch had PEEGB2004/005462

digested with BanH , BgR and calf intestinal alkaline
phosphat ase to create plasm d pDB2617 (Fi gure 95) and
the correct DNA sequence confirmed for the PCR
M@_at ed fragnent and adj acent sequences usi ng

%ﬂ&%%%%ﬁé@%ﬁ@&%@gﬁﬁ cal &EE T%ﬂ@c deS329.

CCAACATTAATAGGCATCCC " PRB 5" -

ﬁg@ﬂ TATATTGGAG - D8229 5 -
CACAGTTTTCAGCAGATTCGTICAG - ' Plasmid rDB2617 was

dir gesicedamichbedidrt T EcdT MR AGArANAARATE ARG B8 BT 3NOt |
expressi on cassette for Axokine -(GGS"GG al bum n
secretion was purified froman agarose gel.

AR QRS | RhRvYEAGHh ¥easert TafIRNAesolyeERsPI(RYESdnby 50mL
the "disintegration" plasm d pSAC35. The 3.586kb Not |
Iedctiomi wizith xolitizsed byg 4(Bey nabatien X Caxg fellaveshby 25

et et TG QKB 107 et o GIRPIBeshElr (o B8ch A PCR
gy (?&tc? 3}% > g)gp%lc{ed' BLESHAD %bsé}b&? Fltﬂaﬁa?@mLC ERAbeNEllowing

asm contarning the expr essi on
@B&&Sp}tcﬁesmni hee&aimnch‘mmdeaitamcd tl% ageem@Egﬂi Sieexstmiapmng

B ! S ST S AR b B ) o

ﬁ%ﬁéne 8% Eé;%ﬁq%@ )VWthT!B%’?&ﬁw@ Not | DNA &ffMppdbximately the

bumi n expr ession cassette was
|espécaddedzéwmmpi§81‘zﬁmm armjhldﬁmbroande bteigad é% (Wvbagasede gel

di gest, d pD82690
and purified

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‘OES/ 066824).

The 0.57kb BamHI and Bglll digested PCR product was ligated with pDB2573X,
which had been digested with BamHI, Bglll a;ld 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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whi ch had been treated with calf intestinal
phosphat ase, creating plasm d pDB3106 containing the

WORMB/0eNPs essi on cassette in the sane ori ent at POIGBR004/005462

the LEU2 sel ectionmarker (Figure 68). A human ILIO
cDNA (NCBI accession nunber (NM 000572) was anplified
by PCR using single stranded ol i gonucl eoti des CF68 and
Cs3 CF68 5 ' -

GCTTGGATCCACCGTTTCGTATCTTCATTGTCATGTAGCCTTCTATGTAG - 3
' e 0.43kb DNA fragnment was digested to conpletion
BamH and partially digested with BgR and the
8 42ddocBgirabaBankd-3DNA fragnment isol ated. Plasnid
pDB2573X provi ded a suitable transcription pronoter
and term nator, along with a suitable secretory |eader
srpyence and DNA sequences encodi ng part of a (GGS)4GG
peptrde linker fused to the N-term nus of human
él’b‘EFiﬁGﬁCAGﬁHET“FSﬁ%@Ff}EWG&PﬁA%TB r DB2573X has been
previ ously described (WO 03/ 066824) Pl asm d pD82573X
was digested to conpletion with Bgl_ and Bantl

Bl@ b p’mm&l? auaredigesied Wit Meéenngrﬂﬂoﬁlf and dbe 3 5&6 lélmNoﬂ

SRR P AR S ORREF ko o ot
@@ﬁgﬁgggag@e@we 69). Appropriate yeast vector

sequences were provided by the ' disintegration
pl asm d pSAC35. The 3.51kb Notl N-term nal

Btk Sk PaEbg ﬁ%*?ﬁ*@%%*&“’*@n é%h%‘f?hamld
RPSAC35, Witeh mmee@ﬂ rBTaieﬂﬁimmh t Axcldhé™ m@smﬁhmbunun
phosphat ase, creating plasm

2621 h
KRS0 FBSEIeONAT HE ﬁomnplt)ﬁg a%ﬂ@%&é&gﬁag% im0 Nor
tdéggstteg':éﬁ;f@ SSg LR RN K8Ln (e @Y Gith Odatt %’tgﬁﬂﬁﬁ OfH{dsphRase,

or sequences were prOVI

cﬂiaﬁh%tp%fn&ﬁ pDB26 18 asntuﬂn;tg%E@%I eFpgsrien 6asseﬂ'df1m the same
3.51kb Not | N-termnal L1 %&r%}alg
expRiaee} Ehtheddzldt ¢ gleciion mar e 6) ppropnate yeast PDII

vector sequences were provide by a “disintegration” plasmid pDB2690 (Figure 6).
The 3.586kb NotI N-terminal Axokine™-(GGS);GG-albumin expression cassette
was isolated from pDB2617, purified and ligated into Nof digested pDB2690,

which had been treated with calf intestinal phosphatase, creating plasmid
pDB3106 containing the No7l 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
57 ~GCGCAGATCTTTGGATAAGAGAAGCCCAGGCCAGGGCACCCAGTCTGAGARCAGCTGCAC-3'
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i solated from pDB2620, purified and ligated into Notl
di gested pDB2690, which had been treated with calf

w0 niosssiTmal phosphat ase, creating plasnm d pDB3ROBGB2004/005462

contai ning the Notl expression cassette in the sane

orientation to the LEU2 sel ection marker (Figure 71).

The sanme control yeast strain as used in previous

exanpl es was transforned to | euci ne prototrophy using
dified lithium acetate nethod (Si gma yeast

transformati on kit, YEAST- r ot ocol Ito et al,

SO ge B T G e B BB T Tt

Bi ot echni ques, 13, 18)). Transfornmants were sel ected

on BMvDagar plates, and. were subsequently patched out

the BIMIRb asA fﬁdgﬁteﬁSwaﬂdl;geﬁtccéﬁecmpﬂeumehmiho&wEI askpartially

re pre ared fragm1l sk ¢ es (24
Hrges’feém %@F@)Fﬁeo%r@ﬁ%ﬁi’gﬁﬁﬁ@ %%\%fﬂ artﬁ(?were
i nocul at ed into 1On.BMVD in 501L shake fl asks and

i ncubated in an orbital shaker at 300C, 200rpm for
mmys pDBISTEK eprevipet patudtable twerseriptiony pronederapndl for@inator,

e ol setDisnar eors et dahiehSind BRI EReRes oA g par
opdi @RS %Ggﬁ?u&@ Bnid BB o ftHS N Rerhirdufs o1 Hmﬂdﬁealehhu r The

super nat’ant romyeast strain was hi gher when PDI |
vasstpeeseof pDBR IR Izwbeg! prowiosly ldawrxbne AWQ 03{8868741-.
The increase in expression of the al bum n fusions
detected by rocket immunoel ectrophoresis was further

#ﬂﬁ& DWSW@%e@é@ioymletw\@tsbgﬂpmd BGHHL the 6.21kb
cu

tures of YBX7 expressing various al bum n-fusions

\m% fipgovent fvey isalatpdyenditreated With ralf intesiiarlephosphajesg@nd then

' U S B A e iy

SuRX BeY.t ed\sirgidorychiie vatot n@etluémss OWeIten @m’w&ddj dy the
mas observed i ncrease i n abundan

Cdisimtquraios” plesoid B3AE3P ehe Sad kb i Eﬁeﬂme@é% Pri&i¥5)4GG-
el SNSRI S AR BT o R oo
Nod digested pSAC35, which had been treated with calf intestinal phosphatase,
creating plasmid pDB2621 containing the Nofl expression cassette in the same
orientation to the LEU? selection marker (Figure 70). An appropriate yeast PDI]
vector sequences were provide by a “disintegration” plasmid pDB2690 (Figure 6).
The 3.51kb NoAd N-terminal IL10-(GGS)4GG-albumin expression cassette was

isolated from pDB2620, purified and ligated into NoI digested pDB2690, which

had been treated with calf intestinal phosphatase, creating plasmid pDB3105

containing the Notl expression cassette in the same orientation to the LEUZ2

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;
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wdeaoRoei7i®e i n the UL-region.

REP2 on a pSAC35- based plasm d containing an
expression cassette for rTf (N413Q N61 1Q at the

74) was constructed by insertion of the 3,256-bp Noil
fragnent containing the rTf (N413Q N61 I Q expression
cassette from pDB2928(Figure 11) into the JVfl-siteof-
(HDEZ 6 8802, FRigraclenidujes, b@E%’GBsTqurmﬁefarW@e delegtefion BMMD-

PR P S s Yron heoterl eriirdopo s MR GREG plates.
t ) %r%ﬁvéﬂoﬁéhﬁés‘eest&fks PiREE G8&hat €l ﬁbﬁﬂ UoRLPERAIDSshake tithsk
é

ransferrin gene transcribed in the same direction
asltiEb24 HihS 00RMO0geme was anplified from S.
cerevisiae S288c genom ¢ DNA by PCR with
ol i gonucl eotide prinmers GSI| and GS12 (Table 10) using

tTignsBrRARE dfi bh BlehiB vdrelldctiatdd R mtmﬁﬁm Bl shake

Tabl e 10: digonucleotide Priners fo

P
Atk fﬂidc incibatehin 8n cglifad phafies dt éﬁaﬁaez(zqqg@ fior idrgdays.  Culture

R A TR MRS s commd

FU’yl FRketSthiRin (STSBoRRIEAA TRGIEATECTGhe tesblts indicated that the
- GCGCTACGT AGGCCGGCCAGAGAATATAAAI G S 12 ORWR
Eihumin faoemtramathesyitgar crpeangiants grom geast strain was higher when

S PR Bt IR E oo s

- ATACGCGCATGCCGACAAATTGTTACGTTGTCI:TTTG CEDO38
SSAl pri mer, 50mer ATTTCTAAAGCGC - '
TMTAMAW@GQ@@ATMT,&W ceetsgtpd by rocket

AR by PG T RAAT AR, gelysis. BMMD

ReEleMdsRRuLt3R§Bf YBAG expradsing 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. cerevisine ORM2 and recombinant transferrin on a 2um-

based plasmid

The ORM?2 gene from S. cerevisiae S288c was cloned into the Xeml-site after
REP2 on a pSAC35-based plasmid containing an expression cassette for rTf
(N413Q, N611Q) at the Not/I-site in the UL-region.

Plasmid pDB2965 (Figure 74) was constructed by insertion of the 3,256-bp NorI -
fragment containing the rTf (N413Q, N611Q) expression cassette from pDB2928
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Primers were designed to incorporate S aBl and Pad
restriction recognition sites at the 5 end of the

wo coos@sdipri mer and SnaSl and Fsel restricti onPCT/GB2004/005462
recognition sites at the 5 end of the reverse priner
for cloning into the linker at the Xcm -site of
t hevector, pDB2965. PCR was carried out under the
f(BigumM 1gniodhelNoilsits of PDB2A8A Gigwe H.xpDB268 &Jwe$ l@qmp@ by

8\] ‘gi é%r’?o?‘ﬁ% %%%b&reaﬁféc B&F@ﬁ% m’_%gko%og %tiel ?n AUt fe[ff exgrpssion

Q:)éﬁeﬁ@ ffm PBBEoD @ rwakOclsREOnES thed NOL diter of3FDBRE’IRUS produce
720C for 3 mnutes, and 1 cycle 720C for 7 m nutes.

DB ovitle thetirapsferrin pewedrapacaibed Thibe sama diraetion asdg-li,
PCR product and the pDB2965 vector were digested wth
Pad and Fsel, ligated together and transfornmed into
CIHIRER Btgeke wad ainpliibd fioel K.scerAmine SB%Scrlganeﬁiism by PCR

transformants were sel ected. |n|ng onstructs
weitheoligrae leetidecpriyers da% Ilj and; %%VQ ﬁﬁ%(} @n‘éﬁ%ﬁs Fypand Hign
elu | mthe anpicillin resistant
?%1‘22@ %ﬁ%{g nﬁgofh ones wer e prepared pDB3090,
pDB3091, pDB3092, and pBD3093, all of which had the
sane expected DNA fra rrent n during.restriction .
Mél_s mg@w@ew}e BrmarsshorcRFRy ARG 61 e ariae
qﬂgp aln A (as described in Exanple 3) were selected
t

nvest| gate t.he effect on transferrin secretion
when the transferrl n and ORM2 genes vvere co- expressed

Wer]ﬁ:s&lﬁﬁfi&ﬁ orned to | eugli maitmerseqhyn&y
pDB3090, pDB3092 and pBD3093, as well as a

pl asm d pDB293] ( FisgumsctAJGTACPARTERAN TIGC OEIATATA
BQ N611Q) exprjession cassette w thout ORM.
et priEereS4sust ect ed on G@%%@%@TP&EBAWT%%’

(5]
ate the effect jof %%%5b%%ég%(%dgggﬁ;%%%%%meGM
[ dRAESEEE ko | 1ONL sel echéarentBMYDIr@RG’
ctive (YEPD) lilquid media were inoculated with
“ont ai ni ng t he |ORV2/ RV ERSEATEFPRAEOAEXIHTESETGIRTATC

p|é§%037 pégg?%gmfl askTATAAAATTAAAGTAGCAGTACTTCAACCATTAGTG 37

5’ ~-ATACGCGCATGCCGACAAATTGTTACGTTGTGCTTTG |j

CEDO038 SSAI primer, 50mer ATTTCTARAGCGC-3'

57 -ATAGCGGGATCCAAGCTTCGACACATACATAATAACT

CEDO009 PSEIprimer, 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 Frsel restriction recognition sites

at the 5' end of the reverse primer for cloning into the linker at the XcmI-site of the
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wGee@so6i7o was det erm ned by rocket gel

culture was then incubated at 3C0C with shaking (200
rpm for 4 days. The relative |evel of transferrin

i mmunoel et rophoresis (RIE) (Figure 76).Level s of
transferrin secreted from Control Strain [pDB3090] and
Control Strain [rDB3092] were greater than the |levels
fveaor, gB29%6H. BCRaivas babis2 981 jinden tirofohloBindDcendatiofEPZ00 1M
nedi a. Simlarly, the |l evels of tran fe”';? secretegl
uffer,

NI e B.53¢ pSEﬁpmd[Iéﬁm@%{re Biger. ot Sikpand HiFpeessaen

3 G SRR RS oA HEUPLErd P D kP B3R b 30
80&%9' k508t ERI 9D éeéo&,aslsfp@w 5 Wwastehi aher thae 1he for 7

Strain transformants grown in the sane nedia.
ﬁhhaﬂem A).£ oMt aff exsh aninedidsiusedl Thompguoed PROS-bpnPEReroduct

nome, whi ch enhanced tra sferri cretion.
Fnd e BPB29G2 SRR A, digaried Hidk é’ag[e@%eﬁfffle%%%t%w@ﬁher and
I f f on e
gﬁaysz‘)angjf elg 5 %L? ?5%095% pr :és%glls on OAFI?%&%H fe'sﬁfbnt
GRRSYIrSArAe wRRFkeladted.r cORMI-cirdinihg asonfteuats rweoe 1éent1ﬁed by

2mbasedpl asm d_The PSEl gene fromg cer.evi Si a‘f 88c
vestrictionreagyme tnply ieoiplasmisl PNA sqlaled Ropythsampicillin res1stant

ACSS
P STl TS e LR SITRPIPPORIOPT JIFHRD. find

HJB'D?@QB ofll of vehich 2ad ke Whind-dxppaeSENA geagment spattern during

anplified from.sS. cer evi si ae S288c genonmi ¢ DNA by PCR
msﬁmp‘r@p.agém&(%swaé -pri mers CED0O09 and CEDA O (Tabl e
10) using the Expand High Fidelity PCR Kit (Roche).
Primers were designed to incorporate BanH restriction
IThe G REfevidide E(Id:nﬁs)l Strainh:mdSStrza'm d\ {as deaciibbeidt int Iexaohme Bhgvere
into the vector, gas carrjed out _under_.the

ﬁ@iwt@@vrw‘f%%wa'ietfh%ﬁ ot OGO gt SGATE R et and
é%g\? egg's Qhre? c?-gxsgr% g&%&ﬁ GRE m ﬂ%sgdf Eiﬁgsse?ﬂé" Sontrol

4°"mn secon es of 94C
fS%mlan@GSEtﬁﬁlﬁSA #eRCtiaasfodfed ec olleﬁksne G8Gotrophy} by rpldsasids

and 30 seconds (increasing 5 seconds

pDB3090, pDB3092 agd pBD3093, a% well as a control I?lasmld pDB2931 (Figure
14), containing the rTf (N413Q, N611Q) expression cassette without ORM2.
Transformants were selected on BMMD agar and patched out on BMMD agar for

subsequent analysis.

" To investigate the effect of ORM2 co-expression on transferrin secretion, 10mL

selective (BMMD) and non-selective (YEPD) liquid media were inoculated with
strains containing the ORM2/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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cycle); and 1 cycle of 68C for 10 m nutes. The
requi red PCR product was digested with BanmH then

wo p@awed1s nt o pUCL9, which had been di gested wecTBaadd4/005462

and treated wth al kal i ne phosphat ase, produci ng
construct pDB2848 (Figure 77). Sequencing of pDB2848
confirmed that anplified sequences were as expected )
flevelS.of trnsfoirmi sere88Bom BR@Irol Wrem [HEOMHIAPeandCopfeol Strain

from PSEi /Y 8C.on chronosoge . Xl :
LB e et B 0 P B COIB00 A dpapraiin both
EMIATS 3 TEPSaRERa. 2 8enildB0 thakesldiof rapfferdidviesieteziafiom both
sequence {SaccharomycesGenone Dat abase at

Stpr A R 3peelsagehicra Al pPB3 093 T eerpgmategdhan Higsleyeiedrom
REei RARpB A0 e Bt i A e saRat, D Pt Qrerion from

QNtIAet AdransfoRamnat was Bighei that ¢ @uitrol SeaihathnaforiaBiarown

pol ymer ase Kl enow fragnment to fill in th ' - qQver hang.
M thensamep DBl 6 Btreip) 4y gPriand pn gaditiops cqpy @g é’%dxﬁ g fhesgenome,
di,gest i [ spﬂﬁl ; AT :
|W1§ﬁ§1aref’§agj& e%%%i‘g%éﬂi/ és'c%ce)ﬂr%gnd Q%%SH %?Itnaglg rl?’ \%ge r <len creased
|ek§1@§sﬁ&h odnOR L amnsl @DTE chadni cuenigiseeeffecE. onc thd s@kSon of
cells. Ampicillin resistant transformants were
dapgerrdd. Pl asmi ds pDB3097 (Figure 78) and pDB3098
(Figure 79) were identified to contain the PSEl gene
by restriction enzynme anal ysis of plasm d DNA i sol at ed
%g%ﬁ% gpicillin resistant clones. |In pDB3097 the

s transcribed in the sane orientation as
REP2, whereas in pDB3097 the PSEl gene is transcribed
The S. ,cerevisi

in the opposjte orientatjon to REP2. e

ORIy 4 GEREINIn DS s rGmNGE TSI P G-
L. 4s, pDB3097 and pBD3098, as well as a control

%?‘%éyrﬁq%{%lgw%l (Figure 14), containing the rTf

(N413Q N611Q expression cassette w thout PSE.

Transf ormants were sel ect n B agar  and t ched

e B! Bt 3 Slel SO0 NG, 00t . BELENRY e

igpeshi 9pt8abBe valdieshsiia BRhnBEPAE SEHREION cassette for 1Tf

transferrin secretion, flasks containing 101
$EH Qi N@l |(BleMDe Narlgsitedn theedi/B-regior. i nocul ated with
strains

The 3.25-kp wild-type PSEI gene was amplified from S. cerevisize S288c
genomic DNA by PCR with oligonucleotide primers CED009 and CEDO010 (Table
10) using the Bxpand High Fidelity PCR Kit (Roche). Primers were designed to
incorporate BamHI restriction recognition sites at the 5' end to facilitate cloniﬁg
into the vector, pUC19. PCR was carried out under the following conditions: 1
cycle of 94°C for 2 minut@s;‘l() 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 pUC19, which had been digested with
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w@e0o0300Z18v t h shaki ng (200 rpn) for 4 days.

containing the PSEi /transferrin co-expression
pl asm ds. The shake flask culture was then incubated

relative | evel of transferrin secretion was determ ned
by rocket gel imunoel etrophoresis (RIE) (Figure
80).Levels of transferrin secreted fromControl Strain

[#oB30e7d ltmﬁﬁdcw]ttiﬁlr dlkalier BhosphEmacue]ucing congimgt @PB2848
B B PRI RRUS oGl AR ol AoB e os

2pehias est Bl aspiisiae S298e MSANC ediet rcanphedr fonths egedricofrom
from$S. cerevisiae. Transferrin secretion was i rogled
RE05 1 plus

v SE / YMRIOE] onyehremopeing S Erim icROsHRatesy S22 dp

SHSh 5SS DS, FOE30RE 0%, OGO e

r(samfbidm@ra? Geanat @atdbaseont mmmmgmmdoﬂéﬁ)e BRAPSE!
ene romsos. cerevisia S oned.Into e .
Seon e, on e R b GRS SHBRESBIEL dhEsan g the resuting

. o . .
e e R D EIRERASIRA, bl oDt bated
SGA DIeAepolancmasp Klénoyd ffagoeniSio d8f evitled 460 B82B8. Plasmid

B B SR

Eﬁe@ t T RAEDELed PORTEES VWabLaslE slcIPSH] iekNGOePREALE and

restriction recognition sites at their 5 ends to
fiabfotthed eintd osdmpetentt &. t heli vE&FH%r , cgllsCl9 . AlgiRillias resistant

carried out under the foll om ng_caondif] ons: cycl f
GeResoERante e el edss PAREHYS, pg’&@&% FS T s pDE3098
L g Fair 1k RREES pe By Lreedielibn Ynz
ig%gfﬁ{)?g)lé” e?né E%%nglgez%geédrﬁe%ui re PCRgE)r ogﬁcte vvas} yme
dinglesik esf plakinidSEINAt yelatddi fatmedhd atnpiglUE] Sssistdmt ctlotead In
been digested with Sphl and.treated with al kalj]
TR e BSE s RO DAL 6 2O isB DRI g prereas
; 820 £90 el 1% thel MBo SRR A 0B GG REIPOE
gﬁg%%@g%?gl\??iﬁﬂa}?%é%& SS ie /YAI_GOAS)E% on chr orcr)osome I
from coordi nates 141433 to 139505 pl us 1000
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 PSEI]/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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basepairs of upstream sequence and 1000 basepairs of
downstream publ i shed in the SaccharonycesGenone

wdadoabeses (htt p: / / www. yeast genone. org L. The SSACT/GBR@4/005462

was excised from pDB2850 by SpM di gestion, and the
resulting 2,748-bp fragnent phenol: chloroform
extracted, ethanol precipitated and treated with T4
DNA pol ynerase to renove the 3'-overhang. Plasnid

R Fogri ot ahpen caihod SLREEHEDEPY bl EE RS Ggn
VBDBA09SNGretc 8reaff thiah SBE tieVEds &rdnh 93éieebl aBain [pDB2931] in
transforned into conpetent E. coli DH5 a cells.

/BMMD imeidia. rTsh;r@“omﬁxnrmmfQfﬂ?%tfsoméhfem@@r@@@cbﬁlasmﬂlad

D33094 2
B T PaBCT PrEatn TRy TP R nz pEe A Jareiagy was

e vt e Pt eftfaﬁmrﬂbb@ irDBigtie dirkétion REtSEAOthe REP2
cI ones. I n pDB3094, the SSAl gene is transcribed in

tdvee FEPRBH Yot PBBHISREP2, wher eas in pDB3095 t he

SSAI gene is transcribed in the opposite direction to
REP2. The S. cerevisiae Control Strain was transfornmed

0 | ' prototrophy by plasm ds, pDB3094 and
M@E—]% well as a control plasmd pDB2931 (Figure
14), containing the rTf (N413Q N611Q expression
cassette without SSAl. Transformants were sel ected on
m;agoaionawaS pearewsiae oW loprBramomhiaents thensiensidic g ¢ £ Lum-
27 ‘%/Ri’ ..To investigate the effect of SSAl expression
WSSA I E, 1i n secretion, flasks containing 10T

sel ective (BWD) liquid medi a were inocul ated with
strains containing the SSAl /transferrin co-expression

plhes¥d generf;@m% awwsraasﬂzf%&mfwawleged/@%‘fh@ cyt=Stte @it REP2
300C 0
%82 P@"AFEP% 9613 31% Dt Cﬁﬁ%}g aﬁre\l}\{grseg%3§ cadsdfle ggﬂbglﬁf #&13Q,

ransf n se eterm ne

gk €Y agmbNoﬂn@iteciﬁMqﬁUprgwmsu s (RIE) (Figure 84).
Levels of transferrin secreted from Control Strain
[ pDB3095] were greater than the levels from Contr ol

Al o185 B8P Mhf el Honth. @h8)idiPPE3R Aenbhic DNA by
PCR with oligonucleotide primers CED037 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 minuteé, 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 S288¢c
SSAI/YALOO5C on chromosome I from coordinates 141433 to 139505 plus 1000
basepéirs of upstream sequence and 1000 basepairs of downstream published in

the Saccharomyces Genome Database (http://www.yeastgenome.org/).
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wo pa3i0617P8 cer evi Si ae.

BMVD nedi a. Therefore, expression of SSAl fromthe
2mm based pl asm ds had enhanced transferrin secretion

with i he SSAI gene transcribed in the opposite
direction relative to the REP2 gene i npDB3094. EXAMPLE
13 PDIl gene disruption, conbined with a PDIl gene on
the 2mm based pl asm d enhanced the secretion of

reconpi nant al bum n, andp I .
T SRad D i AHep e, AL IRA B Fh P fitrioR Y e gpapteing
Dl seedeh @Indl%hm@@ﬂohﬁwx&aaagl etlitariop ptecgtedf aridngeeated
yeéast PDI ng regi on and anot her a regiaqn

drathn $# pﬁlymcr@sq/ sagemep)| the havaganse gifeamid APR29PH. was

Basdoes o piuel b e FR L AR RS ™

I?Pﬁlbm%"ed BBIes5 @I andl thDS3A0 ifsert Ritrt ligated and transformed into
- CGTAAAGCTTCGCCGCCCGACAGGGTAACATATTAT priner, 40ner
@A@pe@n’c B33 DS emells. Ampicillin resistant transformants were selected.

G AT oA AGT AT AT ARETIRF1 B 85 wedb Mehtifed

M@gﬁ@?ﬂ ol G ASTEEATAAACGDEPA TAHEEL fpomh niae , amp1c1111n
%i’ WIESICGC-} 3' 'DS303 1j8 FTE(?AII GGAGCGACAAACCTTTCG 3

mwzm$ Bt PABR S ARASNA e et repseribedhinshs Somgglirection

%T TGTGIGT G@%W %C@ /&mﬁeﬁ%sggrfé it Sﬁéﬁo%e opposite

@Iﬁ{é&ﬁd‘rﬂtgme 51regi on of PDI| by PCR5while primers
DS301 and DS302 anplified a region 3' of PDII, using
genom ¢ DNA derivedS288c as a tenplate. The PCR

C[%rgd&,t '06991%51% 'Gonfrdl fg%l'allﬂj%s fradrored 8% Ie%gﬁleaﬁ%totrophy by
plasmids, pDB3094 and pBD3095, as well as a control plasmid pDB2931 (Figure
14), containing the rTf (N413Q, N611Q) expression cassette without SSA41.
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 SSAI from the 2um-based plasmids had

enhanced transferrin secretion from S. cerevisiae. Transferrin secretion was
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DNA (at Odng/m, Olng/n, Ing/ nm, [Ong/nL and
| OOng/ mL), 5nL | OXBuffer (Fast Start Taqg+Mjy, (Roche)),

wo 2005/0d@m8V ANTP' s, 5nl each priner (2mM), 0. 4meCFHE&BR004/005462

Start Taq, nmade up to 50nmL with H2O PCRs were
performed using a Perkin-El mer Thermal Cycler 9700
The conditions were: denature at 95C for_4m.n
timproveCY@thEhe §84 Atgancetranschb@iCnf the opposiieisgdon éﬁlméfsﬁo the
%EﬁPSC for ]ég?) conds, extend at 720C for 45 seconds
251e P “hen [HOLD] 72C for | Onin and then
[HOLD] 40C. The 0.22kbp PDII 5" PCR product was cut
with Notl and Hinlll, while the 0.34kbp PDII 3" PCR
EOAMPL RS cut with Hinlll and Pst . Plasm d pMCS5
(Hoheisel, 1994, Biotechnigues 17, 456-460) (Figure
85) was digested to corrpl etion with Hnlll, blunt

?ﬁ??%egf é}?sr Eﬂi@g? ?I}% ur eﬁ@(é pb.ti'f {Fﬂ?en ﬁ%?d&ggﬁﬁlgmld

@hhﬂh&ﬂ&h@ﬁ’acrétioﬂa)yeékombfzﬁmaazlllfummteﬁﬂltplmkzdpmbﬂpjxat ase,
and ligated with the 0.22kbp PDIl 5" PCR product
digested with Notl and Hinlll and the 0.34kbp PDI 3

P

SERIPKOME oL Seghsur b BRI Ao TRb | Popiatige o

afmplifey eégden upstieamsal theyease PDIArddingere A asé quethei mgegion

prinmers DS303, DS304, DS305 and DS306 (Table 11).
devngiFeanpethe veast” BELASMETSEI08- 12) were used to

anmplify the nodified TRPI marker gene from Ylrl ac204

(G etz & Sugino, 1988, Cene, 74, 527-534),

el P01 Dlidagudtbaitdlelprintegst ri ction sites at either end

of the PCR product The PCR conditions were as
foIIovvs I tenplate Yl pl ac204 (at 'O A ng/n,

Sthrt Taq+|\/g (Rochg) d L
gje5£géén{n ach prlmer (Zrﬂ\/p 0. lrireLclﬁéast Start

T e o Sy B BB R RELBfcor

primer, 38mer | cGGC -3’

5> PDJI 5-CGTAAAGCTTCGCCGCCCGACAGGGTAACATATTAT
primer, 40mer | cAC -3’

3> PDJ]I 5-CGTAAAGCTTGACCACGTAGTAATAATAAGTGCAT
primer, 38mer | GGC-3’

3° PDI] 5-CGTACTGCAGATTGGATAGTGATTAGAGTGTATAGTCC
primer, 41mer | cGG-3’

18mer 5’-GGAGCGACAAACCTTTCG-3’

Z(jmer 5’-ACCGTAATAAAAGATGGCTG-3’

24mer 5’-CATCTTGTGTGTGAGTATGGTCGG-3’

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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9600. The conditi ons were: denature at 950C for 4mn
[HOLD], then [ CYCLE]denature at 95C for 30 seconds,

for 20 cycles, then [HOLD] 72C for 1 Omn and then

[HOLD] 4C. The 0.86kbp PCR product was digested with
Hinlll and cloned into the Hinlll site of pMCS5 to
Spest & pRRMIZS. (The PeReca@sltionresire e follorse 288c template

PoVA 8 B ﬁﬁ&fﬁa’;‘: {8 ok 3 heh Ry egis iR Butrer

&g’?it a]_?aﬂ%]\/flgé)é ”12@3& &N‘ﬁ?eﬂkﬁ%ﬁ& SinteR &),

@' OFHéF ket Téiﬁ_r b @pms 5601, weth 1D66.C PORS ivive Paderardeising a

o TRPI R 5' - TAGCGAATTC AATCAGTAAAAATCAACGG: S
DﬁﬂmEﬁﬂﬁi Thérmialr Rysler BTEAARBCTGhipmsaaacA dapiae e For
' DS232 TRPI 3

i RUDEEAT BRI DELASEPTe R AR ecens gy C for
é@f@%ﬁ;ﬁh@% A T T COMAMACAMGE A AL 5"

il R&EADCEB PATEGT PORTgrbdGetSvas cut with
DS236 TRPI - AATAGTTCAGGCACTCCG S DS237 TRPI

o TRGARBATAAGABAGER. SHkbpDRDAE3 MR product was cut with HindIIl
' TGTAAGCTCTCGG S ' DS239 TRPI

gnd CCAAGTATTTCGG- 3 ' CED005 ATRPI

5' - GAGCTGACAGGGAAATGGTC- S CEDO06 ATRPI

5' - TACGAGGATACGGAGAGAGG- S ' The 0. 86kbp TRPI gene

iPiastrad oVI€3 D tHpmlsel 7Yy Bieledwiquss Wi 1456146%( e 85) was

digested to completion with HindIIl, blunt ended with T4 DNA polymerase plus
dNTPs and religated to create pDB2964 (Figure 86).

Plasmid pDB2964 was Hindlll digested, treated with calf intestinal phosphatase,
and ligated with the 0.22kbp PDII 5' PCR product digested with Nozl and HindIIl
and the 0.34kbp PDII 3' PCR product digested with HindIll and Pst to create
pDB3;069 (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 TRPI
marker gene from YIplac204 (Gietz & Sugino, 1988, Gene, 74, 527-534),
incorporating HindIIl 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,
1ng/uL, 10ng/uL and 100ng/uL), 5uL 10XBuffer (Fast Start Tag+Mg, (Roche)),
1uL 10mM dNTP's, SpL each primer 2uM), 0.4pL Fast Start Taq, made up to
50uL 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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and cloned into the Hndl site of pDB3069 to create
pDB3078 (Figure 89) and pDB3079 (Figure 90). A 1.41kb

w@dios6i7RPl  di srupting DNA fragnent was i sol at BAT/GBROM/005462

pDB3078 or pDB3079 by digestion with Notl!l Pstl. Yeast
strains incorporating a TRPI deletion yplA) were to be

constructed in such a way that no homology to the TRPI
niendtere 2y&ieC (fpDBR 27@nds ronsad etl seoendhat 4Eko satead@s 72°C

Hbcasiel haoDencseinmei oL e CoRpROSKE R Ak fROEDI4LS The
i aqfaf) PEiS 8%{&121%1; Qﬁéﬁ@é’émd QAHHindM KO eondPinds HeeMmdihite

reno e native TRPl sequence fromthe
Qe MES Hfto tchatec hDBAA7 (Bigurst §8i nBestttiogoenzymeodigeréions and

wer e designed.to lify areas of the 5! R '
STHRICHPRE yersEEt e o PR & el Ry BREs Ds237,
€88Nhd PR30t (q%fétﬂzg GoN@Batearthltht saRRdce &3 @t Indllified TRPI
ugli no, 1988, Gene, 74, 527-534). The Ylplac204 TRP
rpen&wrs gerest.di ffers fromthe native/chronosomal TRPI
gene in that internal Hnlll, Pstl and Xbal sites were
renoved by site directed nutagenesis (G etz & Sugino,
i - ors The Ylplac204 nodified TRP
ﬁ%ﬁgg#ggg%ggéggﬁg%%ggﬁﬁcted froma 1.453kbp
bl unt - ended genom c fragnent ieRl fragnent, which

lgi no, 1988, GeneSeqiidnce527- 534) |

wno Alle ol A+ 3 veal o

gt i i —=CTat T Vol ohUl t 1 UIIUt C1 DCL{UCIILC’
iDS28ds ¢l ERPI §' WURS | ci eﬁ’rT&QP%AeAﬁFaC GTARMAATCAACGG-3"

(To L;ngpgazglveg%gﬂﬁs (T38EZA RGOPRB 0 AVORBy ARBTG5

sequences upstreamof the EcoRl

ShéBn PASTRPeREdTRO2bE SAGEEGA TECGAAITCCHCGEIEGTRIGCAARFACC
ere used to create thg 5 TRPI UTR GT:A[He_s,sel ection pf

t he 3' R was lesslcritics ong—3
PAAGATRIIG

233 andiRBI SUHERS InGHEEHEIAGRTG BAARTCATTTGG3"

IWheh—was—chosen—tobe ] ' E5Emg!
1S3 atli on EHh cogon.? @?rﬁ %sliirlgﬁg}ggg G GG AG
jol i gonugl eoti de DNA|prinmers were desiAdfHed and

Lrugted MPTITY §N&; sa AECFrARE BT B CreaEPRs C-3°
é?zl'?e 1RPI @gpné so|t haI5 mgsLﬁL\?:lAr%g the PCR
DS236 TRPI 5 AATAGTTCAGGCACTCCG-3’

TRPI 5’-TGGAAGGCAAGAGAGCC-3’

TRPI 5. TAAAATGTAAGCTCTCGG-3’

TRPI 5°-CCAACCAAGTATTTCGG-3’

ATRP] " 5'-GAGCTGACAGGGAAATGGTC-3’

CEDO005
CEDO006

ATRPI 5-TACGAGGATACGGAGAGAGG-3’

The 0.86kbp TRPI gene was isolated from pDB2778 by digestion with HindIll
and cloned into the HindIII 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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anplification restriction enzyne sites would be added
to the ends of the PCR products to be used in |later

anplified the 5 region of TRPI by PCR while primers
DS232 and DS233 (Table 12) anplified a region 3" of
TRPI , using S288c genom ¢ DNA as a tenplate. The PCR
condi ti ons vvere as follows: L terrpl ate S288c

enonmi ¢ ONA
SRar PO ﬂ%aﬁ%ﬁ@ eg‘m?iﬂﬁé 4139 bkonEBRA Frsuch
%%%ﬁ%ﬁne horidio PhBi mafler 36 (HDVBIMNS) (sRcb’CMl left in the
ast Start Taq, made up to 50mL with H2O PCRs

%ﬁi’oﬁleprnﬁ:@r iRd msiMghad Peecki rerealidyeso TDEﬂVthngy]m}retplogous
00. The conditions were: denature at 95
tebmm]nsnmbptf@m&@re d&rdtooreinipe osEUFS AnGHe S@E%ﬁ%us In .
I 5 t
Ly i

Bf‘ﬁ@ chb¥eh @]ost"s(ﬁam'ﬁh eligbnlikbiideERRire Eémgﬂ'dé DGR dmas of the
was cut with coRl and H nl Il gghi GTE{{{J(}e 0. 2kb TRPI '
DT RERIgH SHFRcof fees TRAE shng A WRKSF P egset on

i dah5Y aLe, POMER0R GIeR Sagtl 988, BRRHLRE O 438). The

sm I gur The construction
Q’ﬁ 1RAVESOD [i Bartes geriehiffers rfrdwt}%im%momdsmd TRPI gene in

f d d
?139 riemnal LGRS 36 B baieno NEt TP ERR o ST harected
a%%ﬁi sgsn%@fegzs 3& C%ggghcf eshst NGbnel n743051'17 5@%33 THee Yiplac204

dequences of fhe TRPI gene had
fd@alfﬁ-)slpeme CmBiNAr ene emase comirasteil dﬁpIDBZ 7¥%#5 Slunégnded

gggaégl Srupt i nﬁ%@%f%%gme{lﬁq qg hga&g aﬁ#ﬁ?@% on. of 4 only

T neRks e g DISRVNEGE/RX Cidg €50 7-534
1 % ggége???@k{y@gnn%ﬁt gﬁgl gest |g§?“vav| th i s%]oRL Yeast >

altheigh BXXvas(detativeli shoitamemeter sdquengggwayglgaily sulficient to

%‘%épéggﬁwmg trans %(r)]gﬁ 18%%1‘{(%#%[5% ; 00t qbggp&gizém 7t4h 527-
g?@i f(Pfﬂ? ﬁNk@eHﬁé&@?@&aﬁ%MQ EcSRgﬁﬂe mﬁioned 102bp 5° to

mati on kit
the start of the TRPI ORF were used to create the 5 TRPJ 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 oligonucléotide DNA primers were designed and constructed to
amplify the 5' UTR and 3' UTR regions of the TRPI gene so that during the PCR
amplification restriction enzyme sites would be added to the ends of the PCR
broducts to be used in later cloning steps. Primers DS230 and DS231 (Table 12)
amplified the 5' region of TRPI by PCR, while primers DS232 and DS233 (Table
12) amplified a region 3' of TRPI, 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)) to create

wQe@sewts ai n DXYl [ pDB2244]. The constructi onPOf/GBR@4/005462

al bumi n expression plasm d pDB2244 is described in WO
00/ 44772. Transformants were sel ected on BMVD- agar

pl ates, and were subsequentl|y patched_out on ga(r
aDasgiel. rygiuiesioelid Vel o3¢ WOBERL e T
1 B .
L e
SHLCTREIN IG5, iS00 e Kyt s s

ERGST PRihi 09cIENe6am U Mhercosditiont iwees: tdepptiophia®s°C for 4min
anal ogue, 5-tluoroanthranilic acid (5-FAA

FOEDI theh I Tidesetugg at 9620 dor %%@@@ndﬁeém%’slaf%géé)monds at
STk aneana: S o iR S05G it 28\ S8k et BRIy 2ec Eith ¥l Cand

| a cgenfirmthat they really were resistant to
@‘P%ﬁl\ﬁ%&@ 4t g' sel ect away from any background growt h.

Those col oni es which grew were then were re-patched
onto BMVD an

d BMVD plus tryptophan to jdentify. which ..
She 6. 10KDp E B AR B R ad? SRR mafh bR gnii et e
d .

02 R0 TRR7 T (7P O LRUEP 3R QMR POMINRILE Hindl) and
Nentaore p@%alﬂoa l_ﬁaeﬁiiil@itdnmi,th B@Bﬁ%EI/EaFRé éo zze,atesllzl_a?mpsyw
ascertaln 1 C IS at es r .. 0 | |

G £os nTha et Ry B iR i SO b - A
o oh LU . o .
s MR R b v By, el R opBiioR. fiom the
pRSintd Bakbbee MdFskguand thnalohed inseys,ovmbrmed Hiatin bathogages

B e D o PR P g

(T idl 2Dpas7 aghttaver AsTAmI | Bweptidg Mkagment that
%@g %fe g%h‘glr% ?DDNA 5mL | OXBuf f er (FastpStgart s

Tagpiid o Mephe) sequenees drmmma@,e S5end EdERRppf AP This
2n\) ., F Start T i

boRM iR TE P ciinap s Y Beparret BioREPoHegy e cbfiblere

%’g@gtﬁfn WP BcoRI. |

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 conditions were: denature at 940C for I Omn
[HOLD], then [CYCLE] denature at 94C for 30 seconds,

wapvsabl17ior 30 seconds at 55C, extend at 72C fpCT/GBO®G005462

for 40 cycles, then [HOLD] 72C for 1Omn and then
[HOLD] 4C. PCR anplification of the wild type TRPI
| ocus resulted in a PCR%Cfroduct of 1.34k

RO o BB s drensfaraed s SYPREIIGPEPERPHYRIh T g 3kbp
ip a PCR . -

b R e S e e

g@l&f{o;cétingpthé c%ﬂ%?ﬁz%‘ﬂe@h)/f a@%)’m@ham gn&l?giee ﬁriﬁmmﬂl;;milc acid
el étion event. The yeast strajn [ )

WaEA(AQ; @s dskcribigd }@yé'pgg Sqtoq{.,pngg(g%a&)égz'g\#—géﬁ. %Jlomes

%%%garflé%e Qheg@ﬁl ?i?é?:tse{)f §JF64AM¥§3?% gic@b@aﬁ@ GhBAlaMAto U second

plrAcir -transforned the
LadioTs -PAALKitEORhsonfith haithéyereaipBR R sispDBROTE AG\ and to
pDB2977, pDB2978 pDB2979, . pDB2980 or. 2981 usin
ARent EvaY f?qn@ ﬁﬂhh@%&%g SNWh OE%FﬁlﬁﬁlegéV greW Wit thlen

t f i ' b iah ;
PoRAR SRR MMMD YR BV plis s Bkhaglo Idbhi@lyaihiol were

Byplopedinaigoesphsl3, 18)). Transformants were sel ected
on BMVD-agar pl ates supplenmented with tryptophan, and
wer e subsequently patched out on BMVD agar pl ates

| Yt ARowktY AR BSHH LbRhdbBs fvere
§#§%E§éﬁm§’£ g%%%?’r&eéﬂ ?r}%%hlmswp shZf‘eM??l ask b _
eelbdted x Hihel ambniscry windformayipn opHa Y Qpier2f (Sietz & Sugino,
200rpm. T t strains DXyl tif | A [pDB2976],
B oot T B BB bR A OMB 7. DT 1 pl A
[ pDB2979], DXYlI trpl A [pDB2980] or DXYI ti-plA :
[ pDB2981] was transforned to tryptophan prototrophy .
PSRN griphificatinni féres thet AROMlaeust wee used fie cFoptimy nidal dbgs frp

g BTy e 5 o ROy 4 Fepba fom

?o%@scﬁghﬂﬁl&?aslgesisﬂaﬁﬁ Jo BIHAN and .vhikle tpdirbw. diRRlinimal media
Isrupting DNA fragnent was isolated from pDB3078 b

aithest thoadditiohofNwyntpmhen| PCR amprlifinatian o5 thgeeromig Z!élt"%@cus

%tthrimer%gé]gDBé)Sa %& (1%%06 (Table 12) was achieved as follows: 1uL

template genomic DNA, 5pL 10XBuffer (Fast Start Taq+Mg, (Roche)), 1uL
10mM dNTP's, 5uL each primer (2uM), 0.4pL Fast Start Tag, made up to 50pL
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 a’; 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 TRP! region resulted in
a PCR product 0.84kbp smaller at 0.50kbp. PCR analysis identified a’DXYl
derived trp” strain (DXY1 trp;lA [pDB2244]) as having the expected deletion

event.
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wer e subsequently patched out on BMVD-agar plates. Six
transfornmants of each strain were inoculated into

wawENERDB i N 501 shake fl asks and i ncubat ed i PCEGB2004/005462

orbital shaker at 30Q0C, 200rpm for 4-days. Culture
supernatants and cell biomass were harvested. Genom c
DNA was prepared (Lee, 1992, Biotechniques, 12, 677)
fromthe tryptophan prototrophs and DXYl [pDB2244].

ShF i SBaipo oD DT s e oL s Ghci Bl
PR oo B PR R P B feE Yo
BN Pl 1T cif 2R . relirdEtorine8t thSt AdulcinkagrotbethyURvitt0 either

50m. with H20O PCRs wereperfornmed using a Perkin-El ner
THB2a%, YBRETS, PIUBLO7TTh e FBMd Bt POR2INRr BDB20& aruplaB3P81

940C for,.4n HOLD] .5 t CYCL -at .

Hope s un s me P (S R SRR R g T
4! protdeof Qf(tlt@Qz? et 1098, BBENELESISS, heBy FIbE, DhoX 26icthrigues,
ICPnn and then [HOLD] 4C. PCR anplification of the

W8] 18)}. y Pransrhariteowits sebestadi auBMMBpgarrlafss sypplemented with

HaEloRa " PR aveter Pole o il DR Bl B8 O plaes
ket hdnt@d withagrybhhad6 PofopRistBlkd aetbhhlosd Bidcks tweak MBepared

tested had the expected pdilr. TRPl deletion. The
froco hynh BVIVED shakenflask: qubgrensuaplemspiad arithhirypiophay (24 s,

gpg‘&:?a@lpe trophoresis (Figure 92). Wthin each group,
=S B’éil::TRPI di sruptants of DXYl trplA
[

pDB2976], DXYl trpl A [pDB2978], DXYl trpl A [pDB2980],
DXYl trpl A [pDB2977] and DXYl trpl A [rDB2979] had vegel
Therisreast sttdfospDEIc wipd it [r¥B290a1,yDXNE irppdi [DDB37], DXY1
di sruptants of DXYl trplA %5%2981 showed _vari ati on
] AHADBRRTHs DOl tipd AdpDBRE7H; 2p4l pip! AppPB2980] or DXY1
di sruptants indicated in Figure 92 were spread %nto )
YEPD ERB2986] Wabrardomsieddp APEPERAT BEOLFRPLY s the modified

5308, 080, P 58l PR SR oo 2
t(lrtcpjzﬁszl, 1983, J. Bacteriol., 153, 163; Elble, 1992, Biotechniques, 13, 18)) with a
1.41kb pdil::TRPI disrupting DNA fragment was isolated from pDB3078 by
digestion with No#l/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: 1pL template genomic
DNA, 5L 10XBuffer (Fast Start Tag+tMg, (Roche)), 1pL 10mM dNTP's, 5puL

each primer (2uM), 0.4uL Fast Start Taq, made up to S0uL with H>O. PCRs were
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pdilr. TRPI [pDB2978], DXYl trpl A pdilr.TRPl [pDB2980],
DXYl trpl A pdilr.TRPI [pDB2977], DXYl tif | ApdilrTRPI

wQ pBag7e and DXYl trpl A pdilr. TRPl [ pDB2981]PE&l/GBg004/005462
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wi th DXYl [ pDB2244], DXYl [pDB2976], DXYl [pDB2978],
DXYl [pDB2980], DXYl [pDB2977], DXYl [pDB2979] and

DXYl [pDB2981] were_inoculated into 10rLYEPD in
genfoshek esifig asRerkimBloaerc Ukrsmel Gyglea P78 bi ?hﬂ canlifiens Here:

G A or SR OLY oo LA DRI 1 20

e

itheH FRAOED] 72°(Ff@uroenif 3ndehen FPOBRY 4061 d’C\lEalaphgaartldmof the

i sol ate single colonies. One_hun red Ie cel.l ed

cwildbive SBH 3%@4@?@11&@1@ 19 ReRePTPHEH Sc%lah gAtign across
r ont Ai i-

HUERY 17,0608 IR PR S

(i&eHRd eﬂla’ﬁhﬂ aagpotexalab/ J#EENTRP DoyrairB, tekBE- Ihﬁi?)than@ipected
the Leu+/rHA+, Leu+/rHA-, Leu-/rHA+ or Lei WHA-
ehotRAYedestioBach col ony scored (Table 13). Table 13:
PDIl pdilr. TRPI Leu+ Leu- Leu+ Leu- Leu+ Leu- Leu+

Leur HA+ r HA+ rHA- rHA- rHA+ rHA+ rHA- r HApDB2244 100 O
O 1pEBAEHt Al tidhes Werdc@nparpdBp dt&e8Bnduloelectibpbosis
OOpDBZ98098002100000 DB2977 0 0 4 96 100 O
QFRupDE)9 7Within Guch greup Gl Ox @4y gBBY olgruptanty of REYgprplA

m@ﬁggﬁeﬁlagﬁg' Cadfon Xgnr oAt BBbE0] 1S%§A5ES 4
[pDB2977] and DXY1 #rplA [pDB2979] had very similar tHA productivities.

Only the six pdil::TRPI disruptants of DXY1 #rpl A [pDB2981] showed variation
in rHA expression titre. The six pdil::TRPI 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 rpl A pdil::TRPI [pDB2976], DXY1 trplA
pdil::TRP] [pDB2978], DXY1 trplA pdil::-TRP1 [pDB2980], DXY1 nplA

pdil::TRPI [pDB2977], DXY1 trplA pdil::TRPI [pDB2979] and DXY1 #rplA
pdil::TRPI [pDB2981] along with DXY1 [pDB2244], DXY1 [pDB2976], DXY1
[pDB2978], DXY1 [pDB2980], DXY1 [pDB2977],~ DXY1 [pDB2979] and DXY1
[pDB2981] 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 albumin titres were compared by rocket
immunoelectrophoresis (Figure 93). The thirteen wild type PDII and pdil::TRPI
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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sel ectabl e marker on a plasmd in a host strain having
no chronosonal | y encoded PDI 5even in a non-sel ective

wore@som7stich as the exenplified rich nmedi um CLECIVIEB1004/005462

met hod for producing non-2mmfamly plasmd protein
conprising: (a) providing a host cell conprising a
2mmfam ly plasmd, the plasm d conprising a gene .
atbed agloMED e Y REDrgat sRataigaeripet git-HoA antibody to
C rone pro [ Np;
e e M QL Rt s e
CIgBLI8TR antele Wen-HREHAr-, EeondiHAqrisut/HAA+ak Low/fhe- phenotype of
expression of the gene encoding protein conprising the
§@d®@ﬂ@@y%ﬁﬂﬂdﬂgﬂ@ﬁgébrone protein and the gene

encoding a non-2mmfam |y plasm d protein; and (c)
purifying the thus expressed non-2mfamly plasmd
prapleis fromthe cultured host cell or the culture

medi um; 2. The nethod of Claim1 further conprising

br mul at eghgpr- RPN i N a
3 rm 3. Use of a 2mmfanily plasmd as an
Lol ingneasge.f.he production| ofed | Leu-
r ef"%r agllr‘fi}lt yealgl:t%; orf%&eri elg{uat rme+fann' I ?/u ‘
netel n rEApY QA | | THA-
amilylplasmd protei i ,
> Rp@t eI Ngon|thg s:
y plagsm d conpri Si jene.
ri5|n& - The séquence
jen@ encddi ng d#tnon- Hinf ani bl asni d
nif the plasm-d g—on—t-he—2mn—
I a|digintegrati . AQ
, Wse or|plasm d according edi ng
I aim wherei n the chaperone has a ue a,fur
- §ﬁﬁ (P ef er &bl § a6yeast51 166! 0

0 0 4 96 100

pDB2979 § 69 25 100

| pDB2981 15 | 92

These data indicate plasmid retention is increased when the PDII gene is used as a
selectable marker on a plasmid in a host strain having no chromosomally encoded

PDL, even in a non-selective medium such as the exemplified rich medium.
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chaperone) or a manmal i an chaperone (preferably a
human chaperone). 6. A nethod, use or plasmd

wa@aewsndi7ngy t o any precedi ng cl ai mwherei n the BPUBOBR@ABISI62

conpri ses the sequence of a protein encoded by any one
of AHAI, CCT2, CCT3, CCT4, CCT5, CCT6, CCTl, CCTS,
CNSl, CPR3, CPR6, EPSI, ERO, EUd, FMJ, HCH , HSPI QG
HSP12, HSP104, HSP26, HSHSBAIMEPA> HSP60, HSP7S,
HSP82, JEM , MDJI, MDJ2, MPD , MPD2, PDII, PFD , ABd,
APJI , ATPII, ATP12, BTTI, CDC37, CPR7, HSC82, KAR2?,

LUHSI , AVigfekhodVRShrodudiéBhon-EGMIRmi IS PAlsmiSH2ein SGABrising:
SSA4, SSC, SSE2, SILI, SLSI, uBl4, ORM, ORM2, PER,
PTC2, PSEI and HACI or truncated intronless HACI. 7. A

thod, use or .plasm d _accordi ng, t ny_ pr [ .
Fhi mBAR ﬁ’é‘gna tlﬁétac?%ﬂ:\pc rﬁl@u}gsagzr%}? 'ef‘l%ﬁ}i%ipsl%ﬁ?%ﬁi glge plasmid
| SOMErRaRrisRE & Opakl aﬁcsodﬁrlége Gemere@pating Peok®jubnee of a
encodedﬁ%§ P%EI,Q%ENE or Si? or a vgria%t or fragnent

t her echapd@onefproteithand 2agane cu¢aing onemyrarfemdly plisalidprotein;
2, 5, 6 or 7 wherein the host cell also expresses a
second reconbi nant gene encodi ng a chaperone that is

g}ﬁ; 1; e! _rcgﬁﬁré'ﬁg%k% h8stf del1Sh aCRBBR ROBuRNEAeesbatidnb ehat allow the

. met hod according to Caima8 wherein the
seconaxpesoom of det gaperrncediog diretginacantprsargothe sequence of the

chronosomal |y integrated. 10. A ngthod, use o asm d.
accor FPARFIERS BIRCB n@adoigledgg?%n‘io & ﬂﬁ%‘?@f"ﬁhf‘ﬁ%’ plasinid
plasnigmggpﬁ&ises two different genes encoding

di fferent ¢chaperones, one of which gene is the second
reconbi nant gene encodi ng a chaperone as defined by

O i T S, S SHEPGEL BB R
br ot eig sy AHEAS: HQUIRLAS a2, A Method, use or

pl asmd according to any one of Clains 8 to 11 wherein
one of the chaperones is ORM.

2. The method of Claim 1 further comprising the step of formulating the
purified non-2pm-family plasmid protein with a carrier or diluent and

optionally presenting the thus formulated protein in a unit dosage form.

3. Use of a 2um-family plasmid as an expression vector to increase the
production of a fungal (preferably yeast) or vertebrate non-2um-family
plasmid protein by providing a geme encoding the non-2pm-family
plasmid protein and a gene encoding a chaperone protein on the same

2um-family plasmid.

4. A 2um-family plasmid comprising a gene encoding a protein comprising
the sequence of a chaperone protein and a gene encoding a non-2pm-
family plasmid protein, wherein if the plasmid is based on the 2um

plasmid then it is a disintegration vector.
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13. A nethod, use or plasm d according to Claim8 or 9
wherein the two chaperones are protein disul phide

use or pl asPCTGB2004/005462
according to any precedi ng claimwherein the
non-2mmfamly plasmd protein conprises a |eader
sequence effective to cause secretion in yeast. 15. A
nmet hod, use or plasmd according to any precedi ng

guﬁg?]fbm"{?rf f&ﬁorgl,, 8§eh St Bﬁg?lwcg?dﬂl Yo R ﬁf@bé’(hﬁé QlaghNyheteid the

ern r vari ant thereof
pr ef ercalherore Uy taebsqaibrceO b @ fungghlchqmmha fueteranbngy yeast

protein.” 16. A nethod,_ us I d, accordin toay
pr ece@hmg‘:r@llf‘épﬁﬁm?éfﬂ@? g @’qli%‘% @Fﬁ%’:ﬁ@%ai gones
protein is a commercially useful protein.
A. nmet hod, use or plasm d according to a@g precedl ng

1

od.ai mAvhestieid) usdrer pasmhaschahmg o prhsapmc pg slaginpwherein the
conpri ses a seq uencS tElel ected f

romoc oo B (i S0 Phe, P b PIHIGE e one of

(such pgp OEpodcehe! ticry, LRISOLLTEANCTS! SO, GNSI, TPES3,
ant i coagul’ant Pepti de, transferrin, |act oferr|

endostcam ERSIgi BROAL ENGIc TMAde HEHA, SR YY| Hﬁﬁi 3nESP104,

o hHOEI, S RS AR el O Sy, v

sckv ofpsg FMﬂp’ﬁ@@?P@FDﬁ AR Y42 JAONER 1T, ATPY €] BTT1, CDC37,
interferons, interleukins, | LI O | LI I L2, i nterferon

a speciRR7,HRLSKLBEcLES], MﬁEé{MESbh NORGLEGME0.a38d 1, SS42,

opt | e CRER SIS Bl RERL T Ry DIRR SRR, P1C2

ant agopN St andGTYE N bPRGAGEdd It dxRéds Lamlz EPO ni ni cs,
t hronbopoi etin (TPOQ and TPO mimcs, prosaptide,

cyanovi rin-N, 5 heI | x T20 peptide, T1249 peptl de, HV

g 41, HV .
1 udi ‘gl meﬁﬁgc{ é‘ls‘%tO é’ dé) F ovxé) o g{g}a ? i’ae%gdlpgr At h ‘Fvg?rgm the
hor NMON@apdtbR R#bieth dllsﬁlﬁhﬁﬁb fson@kase agmmmmiselsz’dxgcmqlhenlce of a

pepti des insulin-l1ike growth factor, cal C|t§
gr owmt rprotem encoded by PSEI, ORM?2 or SSAI or a variant or gment thereof.

8. A method according to any one of Claims 1, 2, 5, 6 or 7 wherein the host
cell also expresses a second recombinant gene encoding a chaperone that is

different to the first chaperone encoded by the plasmid.

9. A method according to Claim 8 wherein the second recombinant gene

encoding a chaperone is chromosomally integrated.

10. A method, use or plasmid according to any one of Claims 1 to 8 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 8.
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hor mone, transform ng growth factor b, tunmour necrosis
factor, G CSF, GW CSF, M CSF, FG-, coagul ation factors

limted to plasm nogen, fibrinogen, thronbin,
prethronbin, pro-thronbin, von WIllebrand' s factor, ai

-antitrypsin, plasm nogen actlvators Fagtor V
Eact oA mr:uhpd her BlRSTIE aRagies A RTeIaIBRSg 1o 10 wherein

nerve AbshgisofRdsy.ed
endot ﬂlgff? al%%} es%ﬁg#egcc?%rﬁ PD- EOGF) . gl ucose
oxi dase, ser um choI I nest er ase, apr otinin, anyloid

precursor protein, int al pha_trypsin hi bi

a1 ¢ e oisbh 1P oF PISBUS Pspes 18 AYae L iy & Bt waerein
Pr ot ei Rg,fzfragrrent of any of t he
aboveogigm%&rﬁ% ﬁ%g?{ﬁs}e or plasm d according to any
preceding cl ai mwherein the non- 2m’nfam ly plasmd

Lot f;e;gﬁgg} g',,};eregat he SEauense of ELBHTY B: &y ARl iAo

use or pla
accor oy g g éﬂa r@&ﬁpﬁgnﬂgdgisamma@@@m@omme
non- 2myt am lasm d protein conprises the sequence
of a transferrl n famly msrrber preferably transferrin

or g. ! aCt o ﬁ—@rél qu:sgr : S’g}d\é%{?{’ %{)r yﬁ@%%gﬂﬁﬁ “Rerein the
pr ece%bﬂ—gg ki Qéffﬁdrbrbﬁﬁl &Qﬁbrmfl@emef }z’eqilbﬂé?el”féf@ectwe to

protein conpriseés fusion protein, such as a fusion

pr OtEIcElusﬁfsecﬁbthﬂmlryeast a transferrin famly nenber or a
variant orfragnent of either, fused directly or
indirectly to the sequence of another protein. 21. A
hgst GellentAmped & g@ﬁnﬂ' A3Hidsh ﬁ) A8 proestinys alan wherein the
préceding claim 2 host ce according to Caim21
wher elnanauﬁhﬁﬁﬁryoplasmjdcmdm sy tlﬂ@rsmtlasmmdm, or arfragment or

essenti al gene. ost cel,l accordj
wher e.vgnantgt pq@gf a]brggqq Y o Vpxﬁ r%tpa%rmadﬁmgal Psucc‘,ilq Hs"h yeast)

protein.

16. A method, use or plasmid according to any preceding claim wherein the

non-2pm-family plasmid protein is a commercially useful protein.

17. A method, use or plasmid according to any preceding claim wherein the
non-2um-family plasmid protein comprises a sequence selected from
albumin, a2 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
Tmmunoglobulin-based molecules or fragment of either (e.g.a dAb, 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 B species and sub-species, interferon y species and sub-
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the host cell does not produce the chaperone. 24. A
host cell according to any one of Clains 2 1 to 23

woiosiei7ss a yeast cell. 25. A host cel |l accor dP@yGBR004/005462

Caim24 in which the plasmd is based on pSR, pSB3
or pSB4 and the yeast cell is Zygosaccharonyces
rouxii, the plasmd is based on pSBl or pSB2 and the

yeast spetits, ileptifly JONEAEC KAY e dxbline™),, Il Iheecpptas gnipepaist,

based on pSM .a e cel.l i.s Z :

f o meraboporiE (GRS 2D BaGute S BEE O RS A yadsrPO
cel | i SinlibUNYShAHNES asafsRaaRN 4-BElm T2 perides M1049 Peptide,
based on pPM and theé yeast cell is Pichia L

menbr Hide kpdl, B 2ot2Q harhinasai grousokinesedtidh hipwlinpiptelet

plasm d .and th east_cell is,Saccha : Vi 81
b SackraroRyPE KRR el pe R GR bATKIER HERRY bflAn,
accor dingebRlikd aicptidss, | Mswhi-Bke thiewl dsotd éabcitbagdg@wth
the 2mm pFasm d ‘and the yeast cell is Saccharonyces
cer evilmimena rtrassforhimgogrpvds fastor| b@mgsn siperosis £actar, G-CSF,

hod [ i wh i o
nost _darCSE R S, FoRbattiffioh ol B8 arffdd Jos,
A et nﬁﬂuﬁiﬁg lorlfu@“ 18 ligitel ompRdmideEei fbtieseROshroatih, pre-

is a host cell as defined by daim23, or any other i
cl ai mtthepdigengrotthendom. 26  AVitkebtaod sacieetodi ne-gwgtitrypsin,

G 21 ST AL 05, SR B LR SN DA o
medi a:FdaéQ)r SATeLRedHRih PIRAUCIARY, PRridERivaehdothelial cell

pl asmi'd proteln conprising: (a) providing a host cell
conpr igbwith aadtor s(PD-EEET) nglneosgensidess odemmn achplisedemase,
conprising.the s ence of a first .chaperon .ot el .

a sec&ﬁ&t%oﬁﬁyﬁgﬁ%t PHEHEOE n R Trg * %&agz:h i o Psm @bltor,
CONpr i SiiQohhia IHEGMLENESHrefirfspReies) TdoteiA0EP RSN BI 6f £ivikiant
and a third reconbi nant gene encodi ng a non-2mtani |y

pl asnial frgoestaf anplétheiabovhie first and second
chaperones are

18. A method, use or plasmid according to any preceding claim wherein the
non-2pm-family plasmid protein comprises the sequence of albumin or a

variant or fragment thereof.

19. A method, use or plasmid according to any preceding claim wherein the
non-2pm-family plasmid protein comprises the sequence of a transferrin
family member, preferably transferrin or lactoferrin, or a variant or

fragment thereof.

20. A method, use or plasmid according to any preceding claim wherein the
non-2pm-family plasmid protein comprises a fusion protein, such as a

fusion protein of albumin or a transferrin family member or a variant or
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different; (b) culturing the host cell in a culture
medi um under conditions that allow the expression of

wo b@s06r7$8 , second and third genes; and (c) opeCDGBRRIOY/005462

purifying the thus expressed non-2mfamly plasmd
protein fromthe cultured host cell or the culture

medi um and (d) optionally, |yophilising the thus

pur i f ifegmpntodfedither, FasedTdiescip oh deiliveetictahe ssouenseof gpother
conprising the step of fornmulating the purified
non-ZH?Fﬂtflgm ly plasmid protein with a carrier or

di luent and optionally presenting the thus fornul ated
protein in a unit dosage form_ 32. A method acccir.di ng
2. C i host 801 exmyBisingreplasmidiasslefinedsey HHPTEEdHFLIAIm.
chaperones conprise the sequence of a protein encoded
by any one of AHAI, CCT2, CCTS, CCT4, CCT5, CCT®6,

GETl , ACEIS, ceMStordiBR3, CRARA, 2 1ERBEreinERChapdti@ ¢ncbidd by the
HCH , HSPI O HSP12, HSP104, HSP26, HSP30, HSP42,

HSP60 plassit & anjaseggal gfER1 , MDJI, MDJ2, MPDI, MPD2,

PDII, PFD , ABC, APJI, ATPII, ATP12, BTTI, CDC37,

CPRI, HSC82, KAR2, LHSI, MzEl, MRSII, NOBl, ECM Q

SSAl , ASEAR celBSADrdibSAN ClERQA2, whSER, iSthel abs@icslof theRplasmid,
ORM, ORMR, PER, PTC2, PSEl .and HACI or truncated

i nt r ofhaost pelldoes et Pradyretht,ehaRE0BFdi ng to any one of
Clains 30 to 33 wherein the first chaperone is protein
di sul phi de i sonmerase. 34. A nethod according to any

ogde OofA Edsdiceibac3Ording Bhnyioae of Olaime 23 ¢x dhwhidhdpe yersecels
ORMR. 35. A nethod according to any one of Cainms 30

to 34 wherein at |east one of the first or second
GlRAPerones cLig a@d%‘fcﬁﬂ%% bYaird 2ahh QRSP IR J1¥ntinti£B4sed f pSR1,
réconbi nant gene. 36. A nethod according to any one of
d ai mpSBO dr SBB awnk éreeyenstaell lindrgosercdarsdmyces rouxii, the plasmid

is based on pSB1 or pSB2 and the yeast cell is Zygosaccharomyces bailli,
the plasmid is based on pSMI 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 pPMI 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.

26. A host cell according to Claim 25 in which the plasmid is based on the
2um plasmid and the yeast cell is Saccharomyces cerevisiae or

Saccharomyces carlsbergensis.

27. A method according to Claim 1 wherein the host cell is a host cell as

defined by any one of Claims 21 to 26.
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the first or second chaperones is encoded by a gene on
a plasmd. 37. A nethod according to Claim 36 wherein

wo b@spberssrid is a plasmd as defined by any oneCD{GBL00d005462

26. 38. A host cell conprising a first reconbi nant

gene encoding a protein conprising the sequence of
protein disul phide isonerase (PDI) and a second

28conmai mathivd generdireciodClgm & Tpwbeteinthedigst el ffga thipa cell as
sequence af transferrin: ot ej.n. .. Use of a
reco ?lﬁ’fﬂby&e‘ﬁ’éﬂg Bdth Sth§9%§g? glépne'i@%r#ﬁl}%g?nhg t he
sequence of protein disul phide isonerase (PDI) to

i ncrease the expression of a transferrin-based .
BPot eiAnmethod Ackardingdiel Claime 28 rvsagntthe sieni(n Bwobies gulguring
accordi 0..Gl ai m i: rin-based

pr ot e%h’?q’g’(g{‘n“rﬁuilgélgn'ts’%g‘:t\é’%%%ﬁ%(gho asigrlgﬂg gélra in or any

ot her nmenber of the transferrin famly (e.qg.

| actoferrin), a variant or fragnent thereof or a_

B0si oA metboe Far nrodysingsiong hp-daraite plapmid proteit pIpRrieRs:
fragment thereof. 41. A host cell or use according to
any one of Clainms 38 to 40 wherein the first

§C o RAhg GEREst BRUOEI IS stndd b OfiSt Recoditifidn i gtge tdheoding a
sequence of protein disul phide isomerase (PDI) is

provi destein reomppisignibe . seqgence o ok first (fhpp@png, pEdtein, a second

according.to Claim4l.. rein. .t o

2t aeng ek psoil £ b PrBh ARt sdaiafte of o seqond
any opeiRfont! @bftn 38d L0t WaemBinAnt Bend bfi@ding a non-2um-
reconbi nant gene encoding a protein conprisi ngl1 t he
sequefimeilyofplagsmid girntet, swhgbiindhe Sevresngls secopg) ghaperones are
chr ong mally integrated. 44. A host cell or use

accor 80" O ai m 43 wherein the first reconbi nant
gene encodi ng a protein conprising the sequence of
protein disul phide i somerase (PDI) is chronosonal |

it egratuwthgahe hps cbdnsg calfurg gnedium under conditions that allow the

expression of the first, second and third genes; and

(c)  optionally purifying the thus expressed non-2pum-family plasmid protein
from the cultured host cell or the culture medium; and

(d)  optionally, lyophilising the thus purified protein.

31.  The method of Claim 30 further comprising the step of formulating the
purified non-2pum-family plasmid protein with a carrier or diluent and

optionally presenting the thus formulated protein in a unit dosage form.

32. A method according to Claims 30 or 31 wherein the first and second
chaperones comprise the sequence of a protein encoded by any one of

AHAI, CCT2, CCT3, CCT4, CCT5, CCT6, CCT7, CCT8, CNSI, CPR3,
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endogenously encoded PDI gene, preferably w thout

di srupting the expression of the endogenous PDI gene.
or use according to any one OPCTUGBR0V8/005462
38 to 44 wherein the second reconbi nant gene encodi ng

a protein conprising the sequence of a
transferrin-based protein is provided on a plasmd.

46. AdrRd, ERSI| EROLSEUSH dtldOhg HCETICI Bbid (4 SHEREY, eil$P 104,

Ue AdbuRa: 5ol BN “nseel FEPHE At AR BRI,
the sqgppd z?ﬁ@@!‘ﬁb?‘ﬁ}@iﬂgﬁ%@UQWY,WMJPMP@,%TTL CDC37,

conprising the sequénce of a transferrin-based protein
i s chi@nRs GISESDyKH RE gl Sk, ddGEASURA hdK1B g EIMYE, S§4é SSA2,

P I he Cati A B SN b e e
t r ansfRimyifd pagedomi@iceien ihtfortdts garsiomal | y i nt egr at ed
at the locus of an endogenously encoded PDI gene,

preferably w thout disrupting the expression of the

endogenou ene. 49. A neth . i .

o St g rantn BOo0E H Conp & RG9S Blerein the first
provi ¢hagréhe9plotdit alsubMiay kshetgsea first recombi nant
gene encodi ng a protein conprisingthe sequence of ORWR

or a variant or fragnent thereof and a second

oMbl N, 08NS S0CRILR0 B NPEIAI I by WRLASTIA sccond

uri-ng Ina culture
nediuqh%ﬁggﬁiggmgngjons that allow the expression of
the first and second genes. 50. The nethod of C aim 49
further conprising the step of formulating the

i fied non- 2mmf ani | ne TRIATE |
R

f or nuligs gekt P 8écdha chapedontiit efagladdyfochromblomAlynitdppated
according to Caim49 or 50 wherein the first '
r econtieqeaniinage ane.

36. A method according to any one of Claims 30 to 35 wherein at least one of

the first or second chaperones is encoded by a gene on a plasmid.

37. A method according to Claim 36 wherein the plasmid is a plasmid as

defined by any one of 1 to 26.

38. A host cell 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.

39,  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.
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encodi ng a protein conprising the sequence of ORM2 or
a variant or fragnent thereof is integrated into the

wabkoosirersesre of the host cell.52. A nethod accordi/og2i0a/005462

Claim49 or 50 wherein the first reconbi nant gene
encoding .a protein conprising the sequence of ORM2 or
a variant or fragnent thereof is |ocated on a plasmd.
53. A host cell conprising first reconbi nant gene

encoding a protein c I.Si t he . :
A0 ar oot Pl A B O RHPLOF oh i BEHERED Clod Wulbrcin
gene @RCEAIsRGrif bRRA-p2owH adthprisep tias seqdenee aff efansfefith or any
Use of a reconbi nant gene encoding a protein )
conpr ioglien gnerhier sely then ansderrigRigmiby (%lg-vg]F'fogfﬁ'fmbra variant or

f h f [ A ' _.
T 5Bl 3 AREEPRh, ins o

pl asmiggepRAhérebNg a first reconbi nant gene encoding a
protein conprising the sequence of ORM2 or a vari ant
or fragment thereof and a second reconbi nant gene

peodi 08 %can};Iﬁsg‘!}%?@xgﬁn E%% c?%ccﬁm{sej 8o 4@@¥heﬁai? the first

plasm ccor Is a2mfamly

pl asnirgbobbinaht geiehatodinges ploteih comptisiog thd segpente of protein
accordi n? to any one_of C ai 49 to 56. wherein the

non- 2 sisuiniida isorptrassPPThis prended & aBlad3Kd ned in any

one of Clainms 14 to 20. 58. A host cell conprising a

pl asm d, the plasm d conprising a gene that encodes an
egsentAd abstGBARE e acsmdingite Claim #hevhatese teepledmidhie a 2um-
plasm d, the host cell is unable to produce the
chaperfandy plapaidpl asnid further conprising a

reconmbi nant gene encoding a non-2mmfamly plasmd
protein, such as a non-2mmfamly plasm d protein as

daf i nedhdgd canyr @BacafGnaitorany ork dfCI21hsTB. to AOtvdtstreio ¢hd first
according to Caimb58 wherein, in the absence of %[he .
pl asnirecombieant gene ensofingsa PRSI SPRPIIEHE B EPIHEE Ygprotem

of C %ﬂis%p%?deolgorgf&awmj R e &BRRAY ARErhBqpr ot ei n

44. A host cell or use according to Claim 43 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.

45. A host cell or use according to any one of Claims 38 to 44 wherein the
second recombinant gene encoding a protein comprising the sequence of a

transferrin-based protein is provided on a plasmid.

46. A host cell or use according to Claim 45 wherein the plasmid is a 2pm-

family plasmid.
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di sul phide i sonerase. 61. A plasmd conprising, as the
sol e sel ectable marker, a gene encodi ng an essenti al

webappsone. 62. The plasmid of Caim 61l furthePCT/GB2004/005462

conprising a gene encoding a non-2mfam |y plasmd
protein, such as a non-2mmfamly plasm d protein as
defined in any one of Clains 14 to 20. 63. The plasmd
of Claim6l or 62 which is a 2mmfamly plasmd. 64. A

hod, f or oduci ng a .non- 2m f am I ' r L:
¢Onpr |‘§|hﬁ§t$ TSYSEFLCFINE 1) Aty i, %fll %%P%?ag]g @eﬂe?ég the
defi ned.dng @Mnﬁﬂ&t%n&@oﬂﬁg%&&hﬁ&immg ) sequence of a
culturing the host cell in a culture medi um under

condi ttiepsfsrrithbased praseintheromeinneallyiistegted he essenti al
chaperone and the non-2mmfamly plasm d protein. 65.
The nmethod of Claim64 wherein the host cell conprises

aigp| asArhgstasl defusaactobding by Clanve 47 whirainnthe 6dcond ré&@®mbinant
66. The nethod of Claim 64 or 65 wherein step (bi) IS
per f oraene epgoding eUnpisH eHBPEMRY theepqquppeeqof a transferrin-based
non-sel ective ' : [

nmedi urﬂr%t?l.n !738 ogi Og&lﬁﬁ%r g%tte ?%teeaséﬂq ﬁ%n éﬂgugﬁigg%rfﬁad%genoug,ly
pr ot eigaceiesiUPPhigdee, i igeferabiis evithbor disnigtiegsthegxptession of the
expression of a non 2Zmmfarnily plasmd protein in a
host cafpgaspuekidl 8¢ on of the nucl eotide sequence
within the host cell, which host cell is cultured in

sel ective nedium such as a mniml nmedium wherein

t49e nughr@tddder soauene foedeadumily thiesnid ptat¢in comprising:
di sul phide isonerase is characterised in that it has
at | east one of the following features - (a) the

F! e9k) A8 3CAUBCElF QURDHSAE £ % WRSAPinAR' b LtBding
protein comprising the sequence of ORM2 or a variant or fragment thereof

and a second recombinant gene encoding a non-2um-family plasmid

protein; and

(b)  culturing the host cell in a culture medium under conditions that allow the

expression of the first and second genes.

50.  The method of Claim 49 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.
51. A method according to Claim 49 or 50 wherein the first recombinant gene

encoding a protein .comprising the sequence of ORM2 or a variant or

fragment thereof is integrated into the chromosome of the host cell.
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natural PDI pronoter or a functional variant thereof
and conprises a run of fourteen "TA" repeats; (b) the

werewsded1pr ot ei n di sul phi de i sonerase conpri SeBCT/B82004/005462

10

15

20

25

am no aci ds EADAEAEA or a conservatively substituted
variant thereof, typically at positions 506-513 as
defined with reference to Genbank accession no.
GAA38 40 Retl{oe]) accerslimpuie Beinzt49 of 59 whewit Bedirsiyceerapigant gene

di sul phi de i sonerase i s _.encq C TCT; )

resi difB°RYEE 4 BPH @039618]3%&% g?ﬁ%&%ﬁn&rﬁg gﬁfsdagg% g;era Hant or
| SONBr@Se dntieRePdadcdyd sheplaadin GAA; (e) residue
Leu262 of the encoded proteln disul phide isonerase is

encoded by codon TTG (f) residue Asp514 of the

encode rot ei.n di sul phi [ [ n b :
don ‘%A%,’S?o?e(ug)co gSi% c?lg%tfégéﬁéglaﬁteﬁ%ggc%%ggggeé gmtem

t er m naLRkisBRAHE BaRichaysNgRMIeosegartme er Glhgmentathereaf and a

PDI term nator or a functignal varjant thereof, and .

ei t herseomdpriaeiynant gape efcoging gALBTANI~Rmiyplaggidgyoten.

and/ or the base "C' at position 1919 (as defined by

reference to position 1919 of the natural SK@n

tor M NadeQdr SREMERERL eh8 enddiRt hp@idio coppasitg itgsequence of
non-2 mfamly plasmd protein conprising the steps

of :  ( dRWowi alvargnhohfegmend|thereqfrip ingrang the perrsssamneiRon-
gene that _encodes rotei n.di sukphi de i somerase and
havi n %‘@@i’h&é%@ﬁ?teﬂf@amﬁ?ﬁc aci d sequence
defined by Caim67, the host cell further conprising

a reconbi nant gene encoding a non-2mmfamry plasmd
5ot eiA; plasmlid( bympusingira rfiyst mecombinant egane| ene@difignianprotein

cult urc%mr{;)?g{n%%g ggq%rengeogfd bﬂ\/&ng’r 4 b/grtiant or fragment thereof and a

second recombinant gene encoding a non-2pum-family plasmid protein.
56. A plasmid according to Claim 55 which is a 2pm-family plasmid

57. A method, use, host cell or plasmid according to any one of Claims 49 to
56 wherein the non-2pm-family plasmid protein is as defined in any one of

Claims 14 to 20.

58. 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, the plasmid further
comprising a recombinant gene encoding a non-2pm-family plasmid
protein, such as a non-2pm-family plasmid protein as defined in any one

of Claims 14 to 20.
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pronot er operably connected to a codi ng sequence
encodi ng a ehaperone for increasing the expression of

a non-2mmfamly plasmd protein in a_host cell by .
&fpr egshan celfl a¢doedipg Iy Fladineth Whereke iR @BSSHCE RE Hhe plasmid,
host cel |, Wﬁﬁfein ﬁhe pronoter is characterised in

that e BshPRlS Vi G yer 'evel of expression of the
ehaperone than woul d be achieved if the coding

sequence were to be operably coancted to.its X .
et ur dlbeyhast castlr ph@Clpimbradt 6F . 597 OVhepeindhf Jhapgpne is protein
producyl ng.a. non- 2 famly plasm d protein conprising

t he sf%ﬂé%@ﬁgf%§m%§%viding a host cell conprising a
reconbi nant gene that conprising the sequence of
pronot er operably connected to a chin sequenc

ric iz glaaiishoaeptinng 2 e plp AU BaRASTo AEFAL Cagqding an

in that i ' s a lower level of expression of the
(:hapere eeﬁ%lﬁch%e\%rgﬁ.d be achieved if the coding

sequence were to be operably connected to its
natural ly occurring pronoter, and.the host c

) |
{6 1 heheddamprid oF RIATE ¢ltEWST RTINS SR OUPREER non-2Hm-

vt i Bieatni® GBREY ORE L L inohhaftly phRubd SrOR6H as
of th%ﬁﬁ@@ﬁfaﬁg%nélsﬂctahﬁs nogy 2o fami Iy plasnid

protein. 71. The nmethod of Caim1l further conprising
the step of Iyophilising the thus purified protein.

oo 1 Grepepicoelaim Bt T ity SORE-R Wi

non-2mmfamly plasmd protein fromthe cul tured host
cell or the culture nmedium 73. The nmethod of Claim 72
faur t hex negrydrivsprogdudihe a sbepuod-fanilyghadnid iprgfeintromprising the

steps of:
(a)  providing a host cell as defined by any one of Claims 58 to 60; and

(b)  culturing the host cell in a culture medium under conditions that allow the
expression of the essential chaperone and the non-2pm-family plasmid-

protein.

65. The method of Claim 64 wherein the host cell comprises a plasmid as

defined by any one of Claims 61 to 63.

66.  The method of Claim 64 or 65 wherein step (b) is performed by culturing

the host cell in a non-selective medium, such as a rich or complex

medium.
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thus purified protein. 74. The nethod of Claim72 or
73 further conprising the step of fornmulating the

W@ 00506508 or

| yophi li sed non-2mmfam |y pl asn BCPGBR@H005462

with a carrier or diluent. 75. The nethod of C aim 74
further conprising the step of presenting the thus
formul ated protein in a unit dosage form

67.

(a)

(b)

©

(d)

(©

®

Use of a nucleotide sequence encoding a protein disulphide isomerase, for
increasing the expression of a non 2pm-family plasmid protein in a host
cell by expression of the nucleotide sequence within the host cell, which
host cell is cultured in selective medium, such as a minimal medium,
wherein the nucleotide sequence encoding the protein disulphide
isomerase is characterised in that it has at least one of the following

features —

the nucleotide sequence comprises a promoter having the sequence of a
natural PDI promoter or a functional variant thereof and comprises a run of

fourteen “TA” repeats;

the encoded protein disulphide isomerase comprises the amino acids
EADAEAEA or a conservatively substituted variant thereof, typically at

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

CAA38402;

residue Ser41 of the encoded protein disulphide isomerase is encoded by

the codon TCT;

residue Glud4 of the encoded protein disulphide isomerase is encoded by

the codon GAA;

residue Leu262 of the encoded protein disulphide isomerase is encoded by

codon TTG;

residue Asp514 of the encoded protein disulphide isomerase is encoded by

codon GAC; or
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68.

(@)

(b)

69.

70.

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).

A method for producing a non-2um-family plasmid 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 nucleic acid sequence

defined by Claim 67, the host cell further comprising a recombinant gene

encoding a non-2pm-family plasmid protein; and

culturing the host cell in a minimal culture medium under conditions that
allow the expression of the protein disulphide isomerase and the non 2pum-

family plasmid protein.

Use of a polynucleotide comprising the sequence of promoter operably
connected to a coding sequence encoding a chaperone for increasing the
expression of a non-2um-family plasmid protein in a host cell by
expression of the polynucleotide sequence within the host cell, wherein the
promoter is characterised in that it achieves a lower level of expression of
the chaperone than would be achieved if the éoding sequence were to be

operably connected to its naturally occurring promoter.

A method for producing a non-2pm-family plasmid protein comprising the

steps of:
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(2)

(b)

71.

72.

73.

74.

75.

providing a host cell comprising a recombinant gene that comprising the
sequence of promoter operably connected to a coding sequence encoding a
chaperone, the promoter being characterised in that it achieves a lower
level of expression of the chaperone than would be achieved if the coding
sequence were to be operably comnected to its naturally occurring

promoter, and the host cell further comprising a recombinant gene

encoding a non-2pm-family plasmid protein;

culturing the host cell in a under conditions that allow the expression of the

chaperone and the non-2pm-~family plasmid protein.

The method of Claim 1 further comprising the step of lyophilising the thus

purified protein.

The method of Claim 49, 64, 68 or 70 further comprising the step of
purifying the thus expressed non-2pm-family plasmid protein from the

cultured host cell or the culture medium.

The method of Claim 72 further comprising the step of lyophilising the

thus purified protein.

The method of Claim 72 or 73 further comprising the step of formulating
the purified or lyophilised non-2um-family plasmid protein with a carrier

or diluent.

The method of Claim 74 further comprising the step of presenting the thus

formulated protein in a unit dosage form.
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