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The present invention relates to pol ypepti des expressed and processed in
yeast, a DNA construct conpr|5|ng a DNA sequence encodi ng such
polypeptldé¥°9§@%$brs carrying such DNA frag- nents and yeadCTEE{9540250
transforned with the vectors, as well as, a process-of producing

- heterol ogous proteins I n yeast. BACK ND OF THE | NVENTI ON  Yeast

or gani sns oI r | el lularly, but
VL Oekikendn n%e{ xﬁée@ &%uch extracszeel%lju oL vl

havi ng a function ou ar proteins are
referred to as secreted proteins. These secreted proteins are expressed
initially grsipeot heneetrom a precursor or a pre-formcontaining a
presequence ensuring effective direction of the expressed product across
t he menbrane of the endoplasmc reticulum (ER). The presequence, normally
naned a si'Brel ppepenteinyentyiorerdlates dav b lofferftrictes rescpiresisest] aurbduct

during ”a%i%é’& é@”:.ﬁt ?é@s@”taerlﬂﬁ\ '&Aﬁﬂrﬁgﬁﬂw\wm;t '?edifé}{&l n ' S
e

transport to t apparat us. From.the Col the protern can fol

di fferen? SREADBLNG hBRER YEFQ‘E)‘rﬁFa?'t HEREOTR R sk sugh BN fdag or the

cel | menbréets Oéndtyéil@t txeexwtﬁchrs:snomted hfimelﬁhet adicxar eledidld t he
ext ernal nedi um{_Pf eff

S. I% and Rotthma . Rev. Bi ochem, 56
(1987), 8RF g&k* ocssg Bf LA WO iRt SE: a‘{)‘eogo npﬁ? S%dT Fed5
expression and secretion in yeast of proteins heterol ogous to yeast. Euro-

pean PubligatiO@Rodin OP8BHES 2\ ég pPes a process by which proteins
heterologous to yeast are expresse processed and secreted by transform ng

a yeast organismw th an expression vector harbouring DNA encodi ng the
desired prodgit gPgadishdNgtodeld i dd¥apad ek LiHd Lgﬁt'tqfeél%d in-

transtof geg,. QLR e M J! WhL habns i A 'SERH L e A Ol from

extracellular proteins are referred to as secreted proteins.
These secreted proteins are expressed initially inside the
cell in a precursor or a pre-~form containing a presequence
ensuring effective direction of the expressed product across

15 the membrane of the endoplasnic reticulum (ER). The
presequence, normally named a signal peptide, is generally
cleaved off from the desired product Quring translocation.
Once entered in the secfetory pathway, the protein is
transported to the Golgi apparatus. From the Golgi the

20 protein can follow different routes that lead to compartments
such as the cell vacuole or the cell membrane, or it can be
routed out of the cell to be secreted to the external medium
(Pfeffer, S.R. and Rothman, J.E. Ann.Rev.Biochem. 56 (1987),
829-852). '

25 Several approaches have heen suggested for the expression and
secretion in yeast of proteins heterologous to yeast. Euro-
pean Publication No. 0088632A describes a process by which
proteins heterologous to yeast are expressed, processed and
secreted by transforming a yeast organism with an expression

30 vector harbouring DNA encoding the desired protein and a
signal peptide, preparing a culture of the transformed
organism, growing the culture and recovering the protein from
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the cu@ BFe "FediBif TIRERSi §AEN Dept 7He*hd§ B™ he desired proteins S e
signal peptide, a heterologous signal peptide or a hybrid of native and

het er ol ogous _si gnal pepti de. A probl em encountered with si gnal
pepti des %9%5’%59“ ogous to yeast night be that the heterol ogou?@?oggnoal
peptide does not ensure efficient trans]ocation and/or cleavage after the

si gnal pepti de. The Saccharonyces cerevisiae M[err] ([err]-factor) is

synt hesi zggh as, Pk &Rkl Hifl Mo LG2rANI %%g%qa@_smagmrel £hBgaasiPeani no acids
| ong signal- or prepeptide followed by 4 arino acigs | ong "l eader” or
propept i dE PRI | TPy é@%ﬁq%ké‘d%@tﬁc’:'&%?ﬁ&f*oﬁlg?‘ﬁ‘gs gFBItI"g\?ES Thy
(LysArg( Aspiydbria AR £t ive dral ek dlédgouan sidgnaangedeigeowi tz, |. Cell 30
(1982), 933- 943). The signal -l eader part of the preproMral has been w dely
enpl oyed to obtain synthesis and secretion of heterol ogous proteins in S
cerivi si a. problem ofnedynkeryed dh Fést vges ofo F38gduPePs ifess heteremown
fromi.a. tegt 24t G2 .t ARAMREH1Gouens iRl PEPRIARA,
0123294%\,10 2‘5%4%%}%%%%@59& and 01232 9A|maeﬁd Eur gpean gt?lgnt NQ.
0100561B.90e§ e ensaoadf 1516k, AP sHea 08 a0/ 80 & £BVAIPABEEPTpr -
cursor istileseighell yopebds. EP 100561 describes the utilization of the
Sacchar onyces cerevi siae PHO5 signal and PCT Publication No. WO 95/02059
describes the utilization of YAP3 signal peptide for secretion of foreign
pr ot ei ns.The mxpes 4caey R e MF oBur(epdactoul| ilsasyoidagdged

0016201A, ;0123 0 444, ' i e ich the
a-factor aé?g%aﬁ?ééﬁéﬁe%gﬁoﬁﬁs%ﬁ:‘%ﬁ (J)rﬁ;?» _%ﬁcsgﬁﬂﬁsl? gé?m N%a?%g%“n:rl\/i‘:ﬁ%% dﬁz .
- in

utilize8 RGigReleBe  BLPBAM ProX RIRRERIFIAS i< Q¥ ch &¥e oSGy G
-y_eastl-/:Byléﬂgi NYead HNA 6§%|ﬂdilﬁ@h ﬁwd,di?ﬂ:dﬂiﬁsﬁingfert&w?ﬁ ae-Winker | |
signal /| eader _sequence at, the.5 . en t r e i\r ed _protein
3 secret? Hcaﬁﬁgﬁg&gs?f‘ﬁﬁs o?gl(%%wea%gﬁ e{}%{pﬁ%%{%@ﬁ%&lude%gln%s)tzr%t ed. EP
206, 783 dfactorps Kwymremd.orndhdegrskowiten &f gelypap- (1982), 933-

943). The signal-leader part of the preproMFal has been

15 widely employed to obtain synthesis and secretion of
heterologous proteins in S. cerivisiae.

Use of signal/leader peptides homologous to yeast is known
from i.a. US Patent No. 4,546,082, European Publications Nos.
0116201A, 01232947, 0123544A, 0163529A, and 012328%9A and

20 Buropean Patent No. 0100561B.

In EP 0123289A utilization of the §. cerevisiae a~factor pre-
cursor is described whereas EP 100561 describes the
utilization of the Saccharomyces cerevisiae PHO5 signal and
PCT Publication No. WO 95/02059 describes the utilization of

25 YAP3 signal peptide for secretion of foreign proteins.

US Patent No. 4,546,082 and European Publications Nos.
0016201A, 0123294A, 0123544A, and 0163529A describe processes
by which the a-factor signal~leader from Saccharomyces
cerevisiae (MFal or MFa2) is utilized in the secretion pro-
30 cess of expressed heterologous proteins in yeast. By fusing a
DNA sequence encoding the S, cerevisiae MFal signal/leader
sequence at the 5' end of the gene for the desired protein
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tides ft&fPS. Pcel?dt si 3%@\7\&{3@5%1&? t hd4adf & B BPeader sequence has bebrte®

truncated to elimnate the four a-factor peptides present on the native

| eader seq as to leave the | eader peptide itself fu§ﬁq

het er ol ogoh@aggllsg:’geptlde via the a-factor processing site hibsfozso
Lys-Arg-G u-Ala-. u-Ala. This constructgon is indicated to lead to an
efficient process of smaller peptides (less than 50 am no acids). For the
se- cretiogegpdtRbacandl pgoebskrgeo f PEhy eSS i Ees  pidge atyye a- factor

| eader seq gnc§ ggg been truncated to | eave one or two a-factor peptides
between th g Eggfide and the pol ypep- tide. A nunber of secreted
proteins are routed so as to be exposed to a proteolytic processing system
bhLTD Can Eb°9ug YRS AEC1bLdR ROBYsRLn! RSy COROMICFON O A¥WERIRERLLI VE
basi ¢ ami no_ aci ds IS enzymati.c activi Ccerevi sl ed by
the KEX 2 GéAes(Fypruss. perevasiae Wh%E?PYSWh%JﬂmﬁﬂﬁtOHLﬁ%Ede¥w%@@%%ﬁﬁg of

the prodgchabybklf Iélainaaiaéat easelmlﬁ@eéleﬁihéOfoﬁfeasmeérqsegh@éél ve S.
cerevi si ae natln fac i nvol ved in

& g é fact or t 0

Che voor oo PRRSSPY bR rRe Rarihh) Tahae? sfandRteide o8 t8 Lohve T ong

correct pradeedsrnpeptidepdtgpdft fdsedntenachleterbkogous epelypepbbdaiviea i n
d

vector - contiBlB-E4ctll BoBakednl Q1PN IP It aLu Al AROR L TE: #%%na

cases, howconssiructien decfindficatedetpohend b@r@nlgﬁfb¢len%rercgeﬁ§ Q

cretlonioogmghqegrggﬁ hﬁbbc(QéQQeﬁﬁhﬁgsﬁaﬂmPﬁo'Q@Q&é?CtF@f tReogplete. As
descri bed in ication . WO 90/ 10075 this is_believed to, be

ascrlbablecr?G1§8n€n€xP€RFesﬁénﬂn°fn§ﬁ¥$?€|Bﬂ}YEQBBéﬁ?%' ofhe RapiBeeSsi ng
site pr eslemhclnetr}/\aeadbhe seguengenhhsepdenf tilivch eed et o PEPavEeconsdot hewo
N-term na Ahe heterol agous protein. so. .render it -

4 inacces$ib e%or 5E 1g§§tL ?gggn E@%s%?%ﬁ%rgée ?%%%o??%i%h%lggﬁgﬁﬁP WO _

90/ 10075 d&ddei-bes a yeast expression systemw th inproved processing of a
het er ol ogous pol ypepti de obtai ned by providing certain nodifications near
t he proce55|nﬁaflte at the C-termnal end of the | eader tide and/or the

N ternitraf SRGPSE th§F€F8F8808§°BSF9§eﬁF?dE°?E§%dS?oa§hEgI%%d%¥pB%ﬁ@ide.
Thus, it i topaspirbtecligtdht @nrbcasbnglgesysteindwnicm heagotlesveytheopgepsed

protein than 4es Al '&a% Wab o)Ak bEdel§288hs RERE L IE- BEL EEOLRIRYS

pol ypepti de constructlo
acids. This enzymatlc activity is in $. cerevisiae encoded by

the KEX 2 gene (Julius,; D.A, et al., Cell 37 (1984b), 1075).

20 Processing of the product by the KEX 2 protease is needed for
the secretion of active §. cerevisiae mating factor al (MFol
or a-factor) but is not involved in the secretion of active
S. cerevisiae mating factor a.

Secretion and correct processing of a polypeptide intended to
25 be secreted is obtained in some cases when culturing a yeast
organism which is transformed with a vector constructed as

indicated in the references given above. In many cases, how-
ever, the level of secretion is very low or there is no se-
cretion, or the proteolytic processing may be incorrect or

30 incomplete. As described in PCT Publication No. WO 90/10075
this is believed to be‘ascribable, to some extent, to an
insufficient exposure of the processing site present between
the C-terminal end of the leader peptide and the N-~terminal
end of the heteroloqous protein so as to render it

ThlsSheetHasBccn Replaced

T




SUMVARRE BB TRE ARIVENTICORP: PHRYDrlestiTt 44 A5 &Rt ¥ n describes nodi ficati 6hs of

the N- term nal end of the heterol ogous pol ypepti de desi gned as extensions

whi ch can be cl eaved off either by naturally occurring yeagt S
bef ore purWPi?883386n fromthe culture nmedia or by in vitro BeT LGS

prot eol ysis.during or subsequently to pyrlfication of the product fromthe
cul ture nedi a. The present |nvent|on elates to a DNA construct encodi ng

geggl égep?‘}e’grsfg%grﬂrgft g?é i; %\é‘e err %%%@X[‘fetfﬁg het er oI ogous

protein whdedVAg¥Lerr] is Lys or Arg, Xerr] is Lys or Arg, X err] and
X[err] together defining a yeast processing site; Xerr] is Qu or Asp;

Xer] SR $8948R%8 QLaamio.oci U, 1 (L e 0L o NS S Wibrovea |

Al a, Val, pkeseasiRgopfandheterologous npokyPeiotide wmttaegad fmom 1 to 5, and

when n> ?rovadéfg)certaiz m08§99cé£f%%EE% §Et€ﬁb%ﬁﬁ@béﬁsfﬂ%ﬁéﬁéﬁ“aﬁr0n1the

ot her A sequence of amno acids wth the foll ow ng
struct ur ethe C—termlp@y[epﬂ]of the lead%ﬁep%ppgde and/or the Ny | o Asp,

and termifallS eAdOb£aR h&t&9610§6@§1ﬂoIﬁ?ﬁbtldéﬁfﬁﬁéd;EbEtmeptIde bfnd
or is one or jore am.no ag e,_sa r] is
a pepti de*68RGToPERY ghﬁérd keéfdﬁésig?t %%?he ﬁf%ﬁggé%ﬁ%ﬁitlng
of Pro, Asf, ther cofirectAlyapandeSsgd pndtainrtwamslay@btnlnwkﬂe Withthe

t . t
bt 65 0udh SEnEAE . 168U BelRRheRRBLLER ot bR pap el LD M asant as

an N-t er mooalstsagdenas .on t he precursor formof an extracel lular protein
expressed in

SUMMARY OF THE INVENTION

The present invention describes modifications of the N-
terminal end of the heterologous polypeptide designed as

15 extensions which can be cleaved off either by naturally
occurring yeast proteases.before purification from the
culture media or by in vitro proteoclysis during or
subsequently to purification of the product from the culture
media.

20 The present invention relates to a DNA construct encoding a
polypeptide having the following structure
signal peptide-leader peptide-X'-x2-X3-X‘-X*-x8-X"-heterologous
protein wherein
X! is Lys or Arg:
25 X% is Lys or Arg, X' and X? together defining a yeast
processing site;
X® is Glu or Asp:
X* is a sequence of amino acids with the following structure
(A - B),
30 wherein
A is Glu or Asp,
B is Ala, Val, Leu or Pro, and
n is 0 or an integer from 1 to 5, and when nz2
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yeast .2ATHEB f ¥ctPER of“fre PRTRYRRIL piBt14€2i1% % all ow the he- terol 5@6‘&’?6
protein to be secreted to enter the endoplasmc reticulum The signal -
pepti de |sw8851m%+y cleaved off in the course of this proceggpxgbgosbanal
pepti de may Tnetero- | ogous or honol ogous to the yeast: organi sm produci ng
the pro- tein but a nore efficient cleayage of the signal peptide may be
obt ai ned when it is honol ogous to the yeast organismin question. The
expression "l eader geghiAeand Sp uileyisd corhd ey nth ffxheend fregotibeant |y

hydr ophi l i c peptide whose, funct.i jS L |l ow t he heterol ogous protein to
be secreted to be d?gg%feﬁt?foérﬁ‘c?h%%z%ddgopﬁaasm c reticulumto the Golgi
appar at usX‘anigs faurgdmprenae ofsamvisooegideswilth the $odlewing FREYCENESredi um
(i.e. exportation o?cshe expressed protein or pol ypeptide across the cel
wall or at least throu§h the cellular nmenbrane into the periplasmc space
of the €ell). wherein 6 The expression

- "het er ol ogous protegnisi glunbenaes, tand ndi cate a protein or pol ypeptide

whi ch is not produced,by, the host_yeast j iH, nat ure.

X[ err]-Xerr]-X errP-kFePr f!")@’%r?“]'g‘f’%%ret%egr@%f{n% a§n' extension at the

N-term nal of the heterol ogous pol ypeptide. This extension not only

| ncreasesys he, fa?rﬁ%jga% ?ﬁ‘iﬁd ey fWiloreS AUGdre WRA Y a3aaEe wvificl aiall |

pr ot ect ed agal nst pti g am nopept i dase (DPAP A) processing, resulting
in a honoBenshs ®aper REndRTELTERE’ pol ypepti de. The extension may be

constryetgé j& é%@id@}’béﬁlﬁtoff tan/viahdidzﬁ acaiaamm;ufe B Leattierdalfinpm
occurring _yeast proteases,other_ .than .yeast
aspartic E¥8t gggg‘pscf’?ﬂ?@flﬂgf 8Fe95?|fi T%afﬁ)ﬁ' g(?l‘f hgijhée'?gegrkglngg%hs&géot ein
product fXbnis Heysubt ukegmedi a. Alternatively, the extension may be
constructed in such a way that it is resistant to proteolytic cl eavage
during fernentation so that the N-term nally_ extended heterol ogoys protein
product nap Sheppriesesd reowekhe shetbeEmnt8ignab Pepbidglieht FRYGFTro

mat ur at i 0Bt.o®ad todYelahy BS P&esé%ﬁéﬁ&@bﬁﬁiéh L¥t ppeGoRiN&RESE hy@Fopho-
enterokinase. ., In. a still further aspect ntion rel at es. {9 a

) he iny
pr oces <5 8 SpASd A < aRgt BEGFE85u8S pPBt gTheFﬂW@gs??qﬁ%ﬂﬁ?i e'ng
cul tivati pgeidue soransfrar ifd apeagtratedinlan prebeinbéypredsed £ obtain

expressi 0gand sefleldan b B BRLCEILAIPUSePEILE Bs 851 EL1UNI ehe! he-
protein iS5 1so0 ateq romthe medi um .
terologous protein to be secreted to enter the endoplasmic
reticulum. The signal peptide is normally cleaved off in the
20 course of this process. The signal peptide may be hetero- |
logous or homologous to the yeast organism producing the pro-
tein but a more efficient cleavage of the signal peptide may
be obtained when it is homologous to the yeast organism in

gquestion.

25 The expression "leader peptide" is understood to indicate a
predominantly hydrophilic peptide whose function is to allow .
the heterologous protein to be secreted to be directed from
the endoplasmic reticulum to the Golgi apparatus and further
to a secretory vesicle for secretion into the medium, (i.e.

30 exportation of the expressed protein or polypeptide across
the cell wall or at least through the cellular membrane into
the periplasmic space of the cell).
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DETAI LEDFEESERI PPI N GORTHEATRUENTI OR 44 1R @ pept i de structure (AR 17
B)[err], nis preferably 2-4 and nore preferably 3. In preferred

polypeptldes according to the invention X err] may be du, B
may be Al aWOJ®¥I5B§4 may be a peptide bond or Gu, or Gu Pr Ji&'@*ﬁ“ﬁzs
X[err] may be Pro or a peptide bond. _

Exanples of possible N-termnal extensi &ns

o)X il gt et 1o by hossbecite O
G u G u Al2a r@atefim ot paiwpeptsdal abdThr APr nptApgeduced by theG‘*GS‘GI u Ala

Au Ala Gﬁagj@cgébfréqn&rrg,nature Gu Gu Ala u Ala Gu Ala Gu Pro
Lys, la Gu Ala Gu Ala Au Arg, Gu u Al a
GIuAIaGIuAIa(Asp/AIa/GIy/GIu) Lys, Gu u Ala du Ala Gu

Al a (Pro/ bBukf+x?-HirX’ Iymyether form anGext€hsishaa€l thél H-GeumbdhalAp§,
g ; Sr(l; {‘Ié&egﬁéﬁ%?olg&bl{ﬁgﬂé@%gﬁglw ‘i‘%u%yﬁxtensmn not GhiyGu Ala Gu
' 1ncreases the fermentation yleld but is due to the presence
of X3, protected against dipeptidyl amlnopeptldase (DPAP A)
processing, resulting in a homogenous N-terminal of the
polypeptide. The extension may be constructed in such a way
10 that it will be cleaved off by naturally occurring yeast
proteases other than DPAP such as, for instance, yeast
aspartic protease 3 (YAP3) before purification of the
heterologous protein product from the culture media.
Alternatively, the extension may be constructed in such a way
15 that it is resistant to proteolytic cleavage during
 fermentation so that the N-terminally extended heterologous
protein product may be purified from the culture media for
subsequent in vitro maturation, e.g. by trypsin,
Achromobacter lyticus protease I or enterokinase.

20 In a still further aspect, the invention relates to a process
for producing a heterologous protein in yeast, comprising
cultivating the transformed yeast strain in a suitable medium
to obtain expression and secretion of the heterologous
protein, after which the protein is isolated from the medium.

25 DETAILED DESCRIPTION OF THE INVENTION

In the peptide structure (A - B),, n is preferably 2-4 and
more preferably 3.

In preferred polypeptides according to the invention X° may
be Glu, A may be Glu, B may be Ala, X’ may be a peptide bond
30 or Glu, or Glu Pro Lys Ala, or X® may be Pro or a peptide

bond. o B
This Sheet Has Been Replace
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Asp AspiAlt® AR M85 AspOR-aPREP o *AP (4 92 28 80 Au Gu Gu Gu Prtp8s
Lys, GQu Au du Pro Lys, Asp Asp Asp Asp Asp Lys,
and Gu Gu Pro Lys. The signal peptide sequence of the

pol ypept i dEW@PSARB i nven- tion may be any signal peptide whPERDKISNN2EL an
effective di- rection of the expressed pol ypeptide into the
secretory path- way of the cell. The sighal peptide nay be a naturally oc-

ynt hoti o FRRTPHEE" o Cpdke Sold NPT endlfl i PraLnI R EE e

a-factor signal peptide, the signal peptide of nouse salivary anylase, a

dified b té i I 1 { } | tid
modi fi ed carboxypept ;dasg;§i 12 %B?WP%)Q;@{J MEaS) &Al@(h@gjna pepti de

and the yeast aspartic_protease hal “pept’i de. nouse salivary
anyl ase signal sequef®&a/Slyekys/Thpeprsy M BRI e et al., Nature
289, 1981, pp. 643- 646. The carboxypepti dase signal sequence is described

by L.A Valls et al. 4 1987, . 7897 T jgnal peptide
is disclosed in PCT %gf!ﬁ‘l'égtg%% ‘1%%.1 %/%Dfiﬁgﬁ%.nﬁ%gﬁygﬁm?s%é%i%&
protease 3 signal peptide is described in PCT Publication No. 95/02059.

The | eadgr peptide sggyeges Riat&purolynent it did Nerd ey, tion may be
any | eader peptide which is functional in direct- ing the expressed

pol ypepti de through the endoplasm c reticulumand further along the

secretory pathway. Pgsai ble APadelusATaermesaldiclu o suysded for this
purpose are natural |eader peptides derived fromyeast or other organisns,
such as the a-factor |eader or a functional anal ogue thereof. The | eader
pepti de may al so be @lmyGlhebrla Gradkla pet izl @l w.Axme of the synthetic
| eader peptides disclosed in PCT Publication No. WO 89/02463 or WO

92/ 11378. The N-term nally extended heterol ogous protein produced by
Glu Glu Ala Glu Ala Glu Ala (Asp/Ala/Gly/Glu) Lys,

Glu Glu Ala Glu Ala Glu Ala (Pro/Leu/Ile/Thr) Lys,
10 Glu Glu Ala Glu Ala Glu Ala Aryg,

Glu Glu Ala Glu Ala Glu (Glu/Asp/ély/Ala) Lys,

Glu Glu ala Glu Ala Pro Lys,

Glu Glu Ala Pro Lys,

Asp Asp Ala Asp Ala Asp Ala Asp Pro Arg,
15 . Glu Glu Glu Glu Pro Lys,

Glu Glu Glu Pro lys,

AsSp Asp Asp Asp Asp Lys, and

Glu Glu Pro Lys.

The signal peptide sequence of the polypeptide of the' inven-
20 tion may be any signal peptide which ensures an effective di-
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t he me€hd&BofZet H®: FhvertRor Y hé é’ﬂ?/ 46r‘@t €% #whi ch may advant ageou8iy /8

produced in yeast. Exanples of such pro- teins are aprotinin, tissue factor

pat hway i nh| bi.tor or other protease inhibitors, and insulin
precur sors, WO REPHM anal ogues, insulin-like growth factor P(g#mk?§&ﬁudqrmn or

bovi ne growt h hornone, interleukin, ti ss,#/e pl asm nogen activator, glucagon,
gl ucagon-1li ke peptide-1 (G.P-1), Factor Factor VIIIl, Factor XlI1I,

Pl at el et - dgséy/eh 068 ERe @préiea Wm% qnfuénocweogalcret@xgggsﬁtﬂf-

anyone of thes proteinS. "I n the
present co‘ﬁ?%x‘?f the ¢eth "Timctiomd rerhicuday; ?enéaﬁ’ﬁt%al A C&e a
pol ypepti dmmrihg as i) apeptidd i@n AF Ut itaialy parotthierepithi 1 44 nt ended

b ol ot ca it 59 £y TR BRELE AfbAle TRIBIE Warals beldtded oy
st ruct ur &l Ppgen;j ﬁﬂ‘ﬁll’a‘ﬂ to bacthaiteviagian @Wr@ﬁd nﬂgtllﬁ@,déhevédgﬂ"radm t he

native prop@hpidy 8H0hbued o1 e ranAlR AT hodisded 0 either or both the
"G and N-term nal of the. native proiein, substitution of .one_or nore

ani no aci d%a’é]P"meBFl‘éaﬁﬁnﬁé‘?n%]f pRRtide ar dheeyeast BARLSIgR2dni no aci d
sequence, pepeidonand the péasDrEspitic arateasie a t{YAP3Qr stiainalends of the

nati ve prolghps L, Ay @NFofke SEYAP A 4o W18 AT MRkl qWaGE O

insertion one am no ac re si native
am no aéﬂdrsb,q@ehzeo Sdcgemmﬁl%aﬁ@i&rawmm Merﬁéﬁ‘of t he

proteins ngpgi opgd ebexsxy %;EEP&E& aslwée%}ﬂe@adéﬂ&ta iR eBES Bys and
I nsulin anal ogues are 5%8 A(1- 21 (as described in, e.g.

EP 163 529%:AB(Yab¥s- %pa{ys %A%» IA( Ple) 8(7a§9&es€ &Rl e g.,
PCT PUb| I Cﬁigﬁﬂlgge 95&90550‘hsﬂclsé’d9hrﬁdptﬂmrbﬁhg:aﬂoh3113) (s descri bed

) | /07931 d
'B( 1- 29) Se?g)gﬁs Iiﬁﬁl g\'rgﬁ (Fisxiaﬁtlc taelnﬂ‘% St PSPYRE idRvent i on

encodi ngst@esgniygépnndecmf Polhkicatvient iNm Dy qehgsr.epar ed synt hetically by
establ i shed standard net hods, e.g. the phosphoanm dite nethod descri bed by
S. L. Beauca e and M H. Carut hers Tetrahedron Letters 22, 1981, pp.

1859- 1869, TBP {RAIREL RBALHES CFRHRNTR MhtthfePRkyPaPtidass FOS dalven- 1984,

pp. 801- 80510Acmaydbagah9 1L 8&d@h osaitniale d&HJﬁ:mHIéﬁ(ﬂimdﬂJicgmluwre@ﬂnﬂeRﬂ:—are
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prepari ng mmmmumonadrﬁurthsr b3long yehe mscngtony rs@dzimayn ERE®ible g. as
ggflcaébagr%Qa&é@&@%g@&eé‘ whidf! £F8 &1 <A PTESW tH - FRAFYLY Yarhrnual CO' d
natural leader peptides derived from yeast or other
organisms, such as the a-factor leader or a functional
analogue thereof. The leader peptide may also be a synthetic
leader peptide, e.g. one of the synthetic leader peptides

25 disclosed in PCT Publication No. WO 89/02463 or WO 92/11378.

The N-terminally extended heterologous protein produced by
the method of the invention may be any protein which may
advantageously be produced in yeast. Examples of such pro-
teins are aprotinin, tissue factor pathway inhibitor or other
30 protease inhibitors, and insulin or insulin precursors,
insulin analogques, insulin-like growth factor I or II, human
or bovine growth hormone, interleukin, tissue plasminogen
activator, glucagon, glucagon-like peptide-1 (GLP-1l), Factor
VII, Pactor VIII, Factor XIXXI, platelet-derived growth fac-
35 tor, enzymes, or a functional analogue of anyone of these
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10 Thel BRR\’86ndBiafct WORPt RETENIGEnt t4n44mdy 281 % be of genonic or cDNA8®6
origin, for instance obtained by preparing a genomc or cDNA |library and

screening for DNA sequences coding for all or part of the ' of

t he i nvent WevPSB§38ybri di zati on using synthetic oligonucl eoﬁ?wzdgﬁej@ in
accordance wth standard techni ques (cf, Sanbrook et al., Ml ecular

Cl oni ng: A Laboratory Manual, Cold Spri%g Har bor, 1989). In this case, a:

genom c of equen e | | I - ar ey i may be j oi ned
Po o genoh S-BEE ko e REERRE St oy, *ﬂﬁ‘%’e‘#%ﬁ:g;ofums_ Y rer

whi ch t heaDAboguglichsengapt bkonbad icate @ ROLIREPEHHS dtHdhd R 2he ani no
a-C: d Se?ugﬁlﬁ&t&ﬁrgh-%B@rh%ﬁ%r;s}ctae@tﬁﬁr]ulﬁ@risl-?ﬁﬁtrﬁ%ea([wrk}e of t[lﬁ

pol ypeptide, e.g. hy inserting synthetic oligonugl eotides encodin

desired a\’ﬁ‘ﬁﬁrégf’adséﬁu%&étf g ﬁ%n&‘%g‘&%‘émf%cﬁ?%?%t?b%ni%’%gg%\?_ an%€ with
wel | hkn_sv\niagaqedunea_ctiv&pabfythe hea ©ite constedm) . Eye polypepihide oA
synt heti c_and, ge- ed. etic c
origin pr@Bgng 8§9§§F§§PE%S g%ﬁ%%%%té+o¥ﬁ€3%t ?t!g§r§%%%ﬁ1%§§?ﬁ% ﬁgorigin
(as approgeravel, friom thegnehivecprebeponay nitdbtian i @fisoRpRres BPrehe

entire DNémgﬂasswag, th e2€RBFIBACBo¥H { st 6Nd2Ad KeEEPhINGE . eiUSE it may
be envi saged that the DNA_sequence,encodln% t he heterol ogous groteég may be
of ge- nofPe SRLAPRAPECESER, RRPFELEREICRBENLRSNEIBPRY PRE"Y| AT " and

| eader 1pepti dpeasral huabetrhefsaqieacentnsbtiesginhthél native nahipgt ensi on

X[err]-X[erﬁg-X errl-Xerrl-xX.eprl=Xerr]-: ] b paL eds
e bl bl Sk athes b CREr b GOEL] o DRCRAEPRE dinor
reconbi napt ®opheesidsn ofether nakiivh pzotapnbdr at eepl PraseYiersh §eB8E and

- which carglegnd RMANGORRLLUCkgRBARE], Nt DRsaPeYsndsti BRE 8P| HELA! hleno The
reconbi nant expressi on vect or naiﬁgeﬁgnggvector which is
t

. : : ; capabl e of
replicati B§IAS P&aSNeoOFaficEs S gt BAL1VAAPRIAC SRGLBNEBIBRREE ng
t he polyspepichdedefi filkatiivrenarenwahoukdobr 6per ablgrabnagcterd ppoteinst abl e
pronot er sequence.. T evpronnter may be any DNA sequence which shows

h
transcri pM ongd ARMP i n yeast and may be derived from

Exanples of suitable insulin precursors and insulin analogues
are B(1-29)-Ala-Ala-Lys-A(1-21) (as described in, e.g., EP
163 529), B(1-27)-Asp-Lys-Ala-Ala-Lys—-A(1-21) (as described
20 in, e.g., PCT Publication No. 95/00550), B(1~29)~Ala-Ala-Arg-
A(1-21) (as described in , e.g., PCT Publication No.
95/07931), and B(1-29)-Ser-Asp-Asp-Ala-Arg-A(1l-21).

The DNA construct of the invention encoding the polypeptide
of the invention may be prepared synthetically by established
25 standard methods, e.g. the phogphoamidite method described by
S.L. Beaucage and M.H. Caruthers, Tetrahedron Letters 22,
1981,'pp. 1859-1869, or the method described by Matthes et
al., EMBO Journal 3, 1984, pp. 801-805. According to the
phosphoamidite method, oligonucleotides are synthesized, e.g.
30 in an automatic DNA synthesizer, purified, duplexed and
ligated to form the synthetic DNA construct. A currently
preferred way of preparing the DNA construct is by polymerase
chain reaction (PCR), e.g. as described in Sambrook et al.,

Molecular Cloning: A Laboratory Manual, Cold Spring Harbor,
35 NY, 1989). '
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genes Bhd&8i e prBEei nSOREr t HEF  Poho 8y dd <4202 §Bt er ol ogous to yeast. Ff‘ri‘@’és

pronoter is preferably derived froma gene en- coding a protein honol ogous
to yeast. Exangl es of suitable pronmpbters are the Saccharorryces %$ Lsiae -
Mal , TPI, BK pronot ers. The DNA sequence encodi ng ﬁg "9 ptide
of the |nvent|on may al so be operably cpgnect ed to.a suitable term nator,
e.g. the TPl terminator (cf. T. Alber and G Kawasaki, J. Ml . Appl. Genet

1, 1982, %e%&%struc@ef%eﬂ%%m Siﬁ%ﬁ?%&?QoVSéth génaias?clayentlon
further co r| ses, a, DNA sequence ena vector to replicate in yeast

Exanpl es GPN@FiBifire @S Hstance §’§§§F%Bﬂa§m BrEPQFi’-]’gr%pgﬁﬁaﬁl‘én"ﬁenes
REP 1-3 argbNA i iy Ofy reﬁﬂi iAededingTHOrvesa beguényes| 86dLAGPELECaR]

sel ect abl e _mar Schl Z aromyce

descri bed By Fﬁ% cﬁﬁs‘g’eq Ipo eptige f§8gg Eglggngs mﬁ’égﬁéégaur es
used to 3 iuping tmwmcpjamoammgef probhe pol ppepridocef wihh

| nvent i on.s s MBIy Afitkd Mool Canir8dkobe BEIPCAbLKENY axaBlohgnkase |
theminto sultable yeast vectors containin nf or nat 1 on necessar
oant 1o AiaSRr ke NanAAL IR0 SP8 LB6r d8RBoT K| LBEATF n RN ERE: SRER,  f or
i nst ance, aSggéﬂmwi«: esr ai%NA mqudng)e fehbomhlg Bestigdal - aﬁ%ﬁﬁda“m t he
vector nay nstructed. eit cQ

vont of ni PR E N B Sneil ke2b dehiiniB Bx, BBl SeBushtet BiEbhRt

i nvent i bd thnel sebaxoleyius pm;mim‘ nglftu_eurs whiighnthe DNAosaqsancabmey be
expr essi Ony Yec Ly stﬁséug;}fa Rlohd i35 L 16eDMR: 2Bz SefABHARNI NI

genetlc I n OI’ g’&tiOQ 9!’ t enent s SUC as the si gna | eader

or het er ol ogisXpror&i™° ‘P‘ol‘?%v?s‘ét? BPLYRERYIGE, e-Phe byedSsestd®® sm used in

the processythdtiic | SVARFSARIL dB A %W:o&lihbalﬁhé ueaa&:ear ﬁﬁﬂh&Wh\MiHCh on
cultivation 1Pro- d ce Iar e anpunts het er ol 0 H Emte'tﬁa
5rga y be

pol ypep- tTTRISRCY %’f g&Ge &Eﬁt&&“eli?eagf: Psife

12 stri$mneebl- kﬂn@wxyqamcsqamsas Saccharomyces cerevisiae, Sac- charonyces
kl uyveri, Schizosaccharonyces ponbe or Saccharo- nyces uvarum The
transformation of the yeast cells may for instance be effected by

pr ot opl astF¥RrkdY i okhe PN RanByructameio beatifomixgda sirathetiknang per se.

The nedi urigised, tRieed tipadied e GR1 IchNIRYLORisRY geRvAlti anal caRai um
sui tabl e origin prepared by annealing fragments of synthetic, genomic
or cDNA origin (as appropriate), the fragments corresponding
20 to various parts of the entire DNA construct, in accordance
with standard techniques. Thus, it may be envisaged that the
DNA sequence encoding the heterclogous protein may be of ge-
nomic or cDNA origin, while the sequence encoding the signal
and leader peptide as well as the sequence encoding the N-
25 terminal extension X'-X2-X*-X%-X’-x4-x" may be prepared
synthetically.

In a further aspect, the invention relates to a recombinant
expression vector which is capable of replicating in yeast
and which carries a DNA construct encoding the above-defined
30 polypeptide. The recombinant expression vector may be any

vector which is capable of replicating in yeast organisms. In
the vector, the DNA sequence encoding the polypeptide of the
invention should be operably connected to a suitable promoter
sequence. The promoter may be any DNA seguence which shows

35 transcriptional activity in yeast and may be derived from

—_—
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for grAwFER) ‘§eadl @r gARRNEATENIE 1setdBeted? 178 ® ol ogous protein, a '-22%
significant proportion of which will be present in the nediumin correctly
processed form nmay be recovered fromthe nedi um by conven':#&]ﬁ.k”g o9§0edures
i ncl udi ng YWh¥RBE4ng t he yeast cells fromthe nmedium by ce gation or
filtration, precipitating the protei nacgous conponents of the supernatant
or filtrate by neans of a salt, e.g. anfbni um sul phate, foll owed by
purificati y Al 0 anki d ' hange
Chr omat ogPany heERrE, Bxiiesineo B LagE “Hohe) PUORELE Retr G1o4Ble 26 IS
the cul t uyeassdi (e Eromotercils PapiBEakly) dertved ofFaMi 8ugeProtBdures to
remove thgosaGHe RC @ riit@il h¥@lchoud| ebr jeXket r ExXnples. of Wakhaklerr] is

Pro, Thr, Ser, Gy, or , the extensions are.found b ta t ached

to the heﬁ%¥¥NQﬁﬁﬁ§saﬁ?b@%@h§§§PP§§9¥¥Fﬁ§n9%2$¥%§£%%OF%gfiﬁgifhgbﬁkggrninal

of the etraxwlpgmaens.otein agai nst the proteolytic activity of yeast

prot eases such as DPAP. The presence of an N-term nal extension on the

het erol ogous protein may also serve as a protection of the N-terninal am no
group of (e HitherssidipNRS pﬁwwgd@hﬁn@ogwﬁﬁi’E&fiepPSc&g?i_ AGVENtine

protei ni ey hailtsdr% &ﬁﬂéﬁkﬁsj %o’ix_lﬂ%%ttiehuté hOBuatBOTeOtesninkabypr et gct i ng

group. In sdch cases the amno acid sequence .

X[ err] - X[ &9 T8 hermanatqr Gk, ]T'r&sgﬁé‘ RO FadXPVaRRK e Hecti®dred

het er ol og@so IS Aerigt by) /el ,Oofppa @OHEGKYLI ¢ enzyne which is specific for
a basic amno acid (e.g. Lys or Arg) so that the termnal extension is

cl eaved off at X7. Exanples of such proteolytic enzynes are trypsin,

Achr onobacthes Headmunanbtesness igmiecstitn@fe the invention further

13 FusariddRoxySRo 4w %&id&r{dé(%rﬁrmtﬁ?\gsQ,hea%cytaastoa&-@mﬁic&tw dtease 3

(YAP3) of Saccharonyces cerevi si ae. YAP3 has gﬁgp cha%gc erJ g%pz%pplylng

various pr¥ffsthofe@nRtes g SR ReBENGES A3i% §8Fs YFPS e Pn 3SH

gag c har9 8 gy@@,@l n?'eﬂéxs i @@éé\limil% Gneetordlgin :é&BSeIpdtitce:;:s’.,orBSZ‘,hep.VE@g-S-
76, 1 .Bourbonnai s, Y. et al_, r D, - ; ,

Egel - M t ant®T NFEE{ 3159 CYpNGEe £ spﬁ%%%q%féﬁ ' Q%Aﬁea%u“ hg

| ar ge stalzadchapomacésnsomie FRL genemaseslasardnesi &y B.R. RuEdEMe when

the pHis éégg1p5t31§95ab€H; Pt 639he appearance of YAP3 is nost
pronounced using mni mal Types of media for production. In such nedia

The procedures used to ligate the DNA sequences coding for
the polypeptide of the invention, the promoter and the ter-
minator, respectively, and to insert them into suitable yeast

20 vectors containing the information necessary for yeast re—
plication, are well known to persons skilled in the art (cf.,
tor instance, Sambrook et al., op.cit.). It will be under-
stood that the vector may be constructed either by first pre-
paring a DNA construct containing the entire DNA sequence

25 coding for the polypeptide of the invention and subsequently
inserting this fragment into a suitable expression vector, or
by sequentially inserting DNA fragments containing genetic
information for the individual elements (such as the signal,
leader or heterologous protein) followed by ligation.

30 The yeast organism used in the process of the invention may
be any suitable yeast organism which, on cultivation, pro-
duces large amounts of the heterologous protein or po;ypep—
tide in question. Examples of suitable yeast organisms may be

This Sheet Has Been Replaced



the ce?y 5EBr 86 si8id7ed GRP gPAESTR LantfPof A2t30¥en, but ot her conditigns ™
which limt the growth conditions may be used. The YAP3 protease requires a
defined notif flanking the cleavage site. Such a notif is present in the
N-t er mi nal We@838#on when the anino acid i nmediately pr ece%Fﬁ@’W’"?’é“Al a or
G u (but not when Xerr] is Pro, Thr, §r',- Gy or Asp). Thus, when Xl err]
Is a peptide bond (and the am no acid pfeceding Xerr] is Ala or Qu) or

Ala or 4 exkepsLo Y caved .er:Ql 0g Jprotein
during fe%%%?g?iéﬁ,e%s?é?ﬁe {’/E?(;:sﬁ%s(eéq € %J“{ 3 et esrl%e’hgr‘%ﬁ‘f from
t he yeastSiaremvees kluyugrinwn$ehi spsageharonweess ponke, prodagahiazidrst r at e
(t hsvt ﬁeptmdﬂeebgﬁgga&herTh¥8tﬁ§n§f]olgﬁ?tmmaaf ithd *}géa]}é&ﬁsdilﬁ.@ |nﬁay0[fd1ﬂ| It he
gro med] a | nsi_de, _attached to, or_escaped fro e yeast cells may
Tl octi vetyetPERsPBY BERECEY BROPHOIARTE (AR O Th APIMHEREY pr oduct
may be putrénsfiofmetibheigr avwhémmediknowih@anige. datid reshuenmased to
X[err]-X : er ef ] r | pti S he
am no aci%ﬁ%lr:é‘ééggﬁnghgﬂélégiil “ég%fb%%’g Lr#a%"b%@%n@eé“#&ﬁ‘qpt el et e% ol ogous
protei n | AOFhErRVANENYBHSH PYERBLSNS NV i SRFERAFEQGURFAURIPEast cells to
stress topgakeihhem se4R2EEcANEptdhdrrt fvn i cHRANAb b e ediEnto jaci d
seqguence err]e-XLerr.% s _cl egﬁzd of f.
14 The stP8sBRLIRNAPHCPRESGELE (PTAFEESe £ UM Ma% PHERPIRRTS E5%uci ng
t he pHiof théemedlitimr Bymredhuant boiel gyrdcdbiuys=efarcibidiizelsapadratdmgt ar vi ng
the yeast,ggl baagg dbygese,andlol fl4{ge cex{ég*%he Uity of the
i nvention Tor*producrng-a ﬁeIt“ero‘f‘ogous protein, He %/eas cell may further
be transffibdatiioh, opgeoiphbatinendye anuail inpceproteampndriteh dfs tdheeci fic
for basics@pePRadShtl bESEUYESaE0 BPAheartd) SHIld ifld O ¢, thEndifildm the gene
or genes ar{e_ gxgresgegi th; gonsequ nt_production of protease ensuring a
more conpPRtBORFEavife BYe%3PY BE*+I4H ‘rﬂé‘ﬁé‘f&o‘fatﬂo%)}'sy i ypept i de. In a
pr ef er A8dchnbodtagnaphdnepoocedneesdd (g onadn genddsareye adinmgratalRFaphy be
used to tgg@%g{._g Eﬂ?oﬁﬁ@ﬁér&é}é}'{ Sﬁrtﬂ?é’lﬂfb cultivation of the cell the

ssed, 'the

gene or genes are overexpr consequent over production of YAP3
ensuring a nore conplete cleavage of X err]-Xerr] fromthe heterol ogous

pol ypepti feter kBckBeiBheE8Ntn&OBhPlre WRaSiumsPaid igrdidiamsy d YAP3)
subjected to various procedures to remove the sequence X>-X'-
x3-x4-%7.

20 When X® is Pro, Thr, Ser, Gly, or Asp, the extensions are
found to be stably attached to the heterologous protein
during fermentation, protecting the N-terminal of the
heterological protein against the proteolytic activity of
yeast proteases such as DPAP. The presence of an N-terminal

25 extension on the heterologous protein may also serve as a
protection of the N-terminal amino group of the heterologous
protein during chemical processing of the protein, i.e. it
may serve as a substitute for a BOC or similar protecting
group. In such cases the amino acid sequence X’-X*-X°-x¢-X’ may

30 be removed from the recovered heterologous protein by means
of a proteolytic enzyme which is specific for a basic amino
acid (e.g. Lys or Arg) so that the terminal extension is
cleaved off at X . Examples of such proteolytic enzymes are
trypsin, Achromobacter lyticus protease I, Enterokinase,
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enbr actisFEhé I atPiA8 YASRP eRITFES ds 191 14 &2 @B nes derived from t he H&F e
enzynme, wherein the Cterm nal has been nodified in order to ensure

efficient rel ease of the YAP3 protein fromthe cell or wher 00250
modi i cat i WP $945%aken pl ace naintaining the proteolytic ac glv w

Al'ternatively the protease may be A lytjiqcus .protease |, Enterokinase or
trypsin. The present invention is descrlbed I n further detail in the

fol I owi ng gggm@hﬁs mg—geraﬁew%sm-ﬁme Vot dd o deshd ordddt tagerstope of
as

the i nventl The invention-is described with reference to
t he dr awi Hﬁgteﬂﬁ@ral ,{YAP3) of Saccharomyces cerevisiae. 15 Fig. 1

shows a general schene for the construction of pl asm ds
contai nin S _expressin ] @gtgg&e Ly des.
In Fig. QAgﬁeﬁPSI F’% nnﬁhsag%w%gigéga%é%%iymg valilo notes t e TPI gene
pr onot er saqueﬁsecmlsomeheterologouscE#'@"&?b\"aian SaccharonyEg$ot es t he
regi fnf 8ncedild s3 23 YRakheadel, Pept e, FEBS LettéPsy. 3:izpng>the73—

tor gene of

[err actor gene of S. cerevisiag). ot es codi ng
a het er ol 836us 1993 Bourbggnaisp; ¥est al. B*EMBgeDEﬁBF@% gﬁ %ggncodl ng
a N-term paly ,exendedgel~Mitani, hHt eedl agousYpas¥peds i de. 127-1371, Denot es
the TPI eLg erm nator sequence of S. cerevi si ae. P1:
Denotes a ?r?t Hetic ol igonucl eotide PCR priner * determning the
structure of the N-ter m nal ext ensi on. P2: Denotes a

uni ver tgangfo egl on 3. POT:
bonet esfﬂrgp X B d gu large sc 1@@&&&55&& ;

Den en from.S.
cerevi si a&%@@w Itl hEI EGFMjel ’f’geBrFB?np fl5N§ om Bk
replicati @ndd) apout pH 6. ThecChppedrddce of AWARSI s moStqpenoeuhced

pBR322/ pUCL3 i ncl.udin the arrpl ctl L, tance e an
origin of USIAG JHTINA g.t of media fpr grfaduc%ibﬁ Eg sg‘éﬂ m\%?_dta
seqguence |ﬁhep&£1£nnmjls"tgirwieel of glucose angub[rnnpr.gggpg@rbut other
Bl err] (s 20nd R dns Wl V13 ui¥S the growth conditions may be used. The

YAP3 protease requires a defined motif flanking_ the cleavage

DNA

site. Such a motif is present in the N-terminal extension
when the amino acid immediately preceding x’ is Ala or Glu
(but not when X® is Pro, Thr, Ser, Gly or Asp)-

20 Thus, when X® is a peptide bond (and the amino acid preceding
X’ is Ala or Glu) or Ala or Glu, the extensions may to be
cleaved from the heterologous protein during fermentation,
most likely subsequent to the secretion thereof from the

. yeast cells - a process which depends on YAP] acting on its

25 substrate (the peptide bond after lysine or arginine) in the
yeast cells or in the growth medla YAP3 inside, attached to,
or escaped from the yeast cells may selectively cleave off
the extensions such that the non-extended product may be
purified from the growth media.

30 The amino acid sequence x3-x7, wherein X% Ala or Glu or is a
peptide bond (and the amino acid preceding X’ is Ala or Glu)
may be removed from the heterologous protein in the medium by
a process involving subjecting the yeast cells to stress to
make them release YAP3 into the medium, whereby the amino

35 acid sequence X’-X’ is cleaved off. e

Thls Sheet Has B

T



Al er r |311EEB Y S\ 187381 n&PRYr PR tlo ¥Re*B42 PBHPues whi ch k& up -

the a-factor signal/l eader peptide in which Leu in position 82
and Asp in position 83 have been substltut ed by

respect i ve‘I"g 95/35384 and PMHM&%@ Fi g.
3 the DNA sequence of pAK623 encoding, GLP-l[err] N termnally
fused to the synthetic signal/leader sequence "YAP3/Sl[err]"

Fig. 4 +he Q&@egeqesnﬁﬁleﬁ 9&/ ANCRAI1Y Bl ulfj LRl Madr
Al a- Arg Aerr il 21

termnall d to the 85 si dues whi ch
ke Up {GOVBELSE( BROSPLGI Hhe rof' the cultigs Medidn R AFIEH, G0+
posi ti on Prefada¥sp below 5, or postvimn ik hessthewllsulodt iglucedeby. Met

and Al a, tively. Fig. 5 t he DNA sequence of pAK679
encodi ng ﬁ’e(of(ﬁlég§8§ﬁ Al a-Lys-Alerr](1-21) N-termnally
fused to the synt hetic signal/| eader sequence "YAP3/LA19" Fi g.

6 Sho%IHPEQeCBEQE‘EEQ%ﬁ”&@f:.Mr‘it':'.{ Wrﬁlﬁcﬁi&%g a heterol@ysud nNi ng
the insulin g\recursor Blerr]

1) As
Al a- Al a- LRECRELRr | E EGZX;aﬁFté\eH WX tr}@”c Seritranstormed With qngs; ong.
and with er mbrBogenes ghyodimgia prétemse which isprapeesisiing fudr thesic

N-term na e n ows the 4y Egliﬁ} t jgure 4
separ at edgmﬁ% 93&8 %%1(&5&90%361&1%{:6 T céllﬁle- Mgﬁq{ed é%l t shows
t he ef f ecgepe pnegpnesence expye@sed, the conm‘ces@cmmqrh@@u eld

derivedqf H LeNTele) 3t )
EXA:\/\I:/’LEg f:?%}c%?%e Ehgugl%aﬂorg%%s%ﬁ?lp%asm d?f;?{e gf Rt mP%lret ype

(see figuheteyolegpiFapol¥PeRbidedescribed in WO EP 171 142, which are

In a preferred embodiment, one or more additional genes
encoding YAP3 may be used to transform the yeast cell so
that, on cultivation of the cell the gene or genes are

15 overexpressed, the consequent overproduction of YAP3 ensuring
a more complete cleavage of x3-x7 from the heterologous
polypeptide.

In the present context, yeast aspartic protease 3 (YAP3)
embraces the native YAP3 enzyme as well as enzymes derived

20 from the native enzyme, wherein the C-terminal has been
modified in order to ensure efficient release of the YAP3
protein from the cell or wherein any modification has taken
place maintaining the proteolytic activity.

Alternatively the protease may be A.lyticus protease I,
25 Enterokinase or trypsin,

The present invention is described in further detail in the
following examples which are not in any way .intended to limit
the scope of the invention as claimed.

The invention is described with reference to the drawings,
30 wherein

TthhxﬂﬁwBumR.hmui
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char acBerFEBePEhy % Eht af I nd A HESSEhit$ 44482k BBy ces pombe triose pho3idtte
i sonerase gene (POT) for the purpose of

17 plasm g selectjon and stabilization in S. cerevisiae. T 1

furt her mor &¥ g ?é§ the S. cerevisiae triose phosphate |SONE§£@2@§§H3%® er
(region 1 in figure 1) and term nator ({gglon 4in flgure 1). These
sequences are identical to the correspondi ng sequences in plasni d pKFN1003

(descri begjign WO 90/ ) ﬁ]egfagl %'chef@ #82CERLCYERRE lae;aﬁqu%nce of the

EcoRl - Xbal fragment encodin product gl on. 2 and 3 in

figure 1). ‘I n order Ri¢ %@%@P&PgnﬂeﬁéﬁeFEiPSSéﬁénﬁr Hr RRRiNAAY
EcoRI - Xbal fragment extenéehl @ vipeptiiaeky repl aced by an EcoRl - Xbal

fragnent encoding t er, h EcoRl - Xbal
fragnents nmay be syn J‘%; c}/ug’?%g dg@&?’ﬁgﬁg g&fnbgg g?“gof’ § and PCR
accordirfg to stJ&ndarQEnCé‘cﬁm|’que§‘P(IcfgenSamb‘pmgkee't S&Huen$98§r9mp§a.).

Figure 1 shows the genshalsisehene used for the construction. of plasmds
cont ai ni ng genes expressing Neternminally extended polyg Etldes t he .schene
including the ol | ofsRP LR Fhe region B"C"dA"gaﬁpPégBP 4 @aéelﬁd’eﬁf“'&gﬁl d

vector is di gested (e.g. fromithe eFakitel q&n&uakesse&eEeoﬁgglaeql Xbal and
t he rgeig D%%ﬁ- nent.is_isolgted ysingd s Tn dard

nol ecul ar techrique ?%31 FeRPM SOR°EL I G SrOL0Y%Eni atis T,

Mol ecull®¢ d oni ng: Adlatmepttister Manual , Col d Spring Harbor
Laboratory Press, 19§ ntes tq?1;%§_onA@ Bﬁ&n Petgg nggwe&kﬁﬁﬁhg (whi ch

may be the sane or ent ron1t asnl nent i oned above)
is digested with reFteRINTMFC PEIYPEPEIIRY and Ncol and the
fragment conprigi ng pegwtds kAN igene terminatb¥Olak@dnce of 5.

Pol ynmer ase Chai n React.i on. %PCR) is perfornmed using the Gene Anp
PCR reagent kit (Per £ 761 Mai n Avewal k, CT 06859, USA)

accordih®y to tRk:  Denotes rerayiddiedrier 'od igosuclebitdade 2OR plrdmeynt heti
ol i gonucl eotide pringLs, Bl ol R4 O3t e@b® the N-terminal

extension.

p2: Denotes a universal PCR primer for the
amplification of region 3.
20 POT: Denotes TPI gene from S. pombe.
2u ori: Denotes a sequence from S. cerevisiae 2 p plasmid
inecluding its origin of DNA replication in S.
cerevisiae. _ .
Apt; Sequence from pBR322 /pUC1l3 including the ampicilli
25 resistance gene and an origin of DNA replication in
E. coli.

Fig. 2 shows the DNA sequence in pJB59 encoding the

chain(1=27) ~Asp-Lys—-Ala~Ala-Lys-
A.ia(1-21) N-terminally fused to the 85 residues

30 which make up the e-factor signal/leader peptide in
which Leu in position 82 and Asp in position 83

insulin precursor B

have been substituted by Met and Ala, respectively,
and
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18 (Vi BB 85 BB %Phe L&ire PBTENTF 't etent? £ &M The pl asmi ds menti oned a%ove)

encodi ng the heterol ogi cal pol ypeptide of interest. Pl is designed in such

a way that it includes a recognition site for restriction %ﬁl gﬁol (5
CCATGE3' ) PRI56#4 by the sequences encoding a KEX2 pr ocesg) 61%29%{6 t he
N-term nal extension and 10-15 nucl eotiydes i'dentical to the sequence
encoding the original N-termnal of theé heterol ogous proteln of interest.

P2 (e.qg. TTTALLLT T?@g@gﬂ ) sgﬁﬁgakﬂ malehat it
aﬁp|IfIES§% ﬁén 3 gﬁg ﬁﬁﬁ ég}?%cdafﬁf?on S|te
nucl ease Xbal (5 - FGTN@ﬂﬁély ﬁHs viii® SMnthg Qi%ﬁnques

descri bed in Sanbroglegalenak. ! yﬁppyglAA"The PCR product S dlgested_mﬁth
restriction nucl eases Ncol and xbal ARd the di gested fragnent is isolated.
The fragnents isolated are |ligated together by T4 DNA |igase under standard
condi ti on¥igdedcri b&the DNSaskrguekcet ofil pKVE4Drencodinige B gatiodPhiddamre is
used togtransform caapel L E thng #g fﬁ&il ngh $&h e echd ofs

a

anp|C|II|n resi stance acc r et al”, supra. Pl asp ds are
i solated fromthe r &&FVE§ Ehé6h|m6¥%n%3 E%?Hﬁ'gﬁ%ﬁﬂ%rﬂPQRﬂ¥£iﬁ%.e
techni ques (descri bgpuiaaihr @RkcRt Lt . in spiPs bt ion DA Hedjuesnei gy i s
performed using enzymatic chain, ter egu t

Bi ochem cal s) accoré tll(?nt ﬁé Hﬁﬁﬁ%ﬁ%ﬂ gﬁ?béél %é?rui}t’ onésjélag'q%%fﬁr to

verify (or deternin@kspaeﬂﬂ%&lgequences encodi ng the N-term nal extended

pol ypeptide and to 19
ensure that it is in framne with the guence .
10 Fig. 5 the DNA sequence of pAK 79 encoding Bm“n(l-ZQ)—Ala-

Ala~Lys=-A,,i,(1-21) N-terminally fused to the
synthetic signal/leader sequence "YAP3/LA19"

Fig. 6 shows HPLC chromatograms of culture supernatants
containing the insulin precursor B, ,;,(1-27)Asp-Lys-
15 Ala-Ala-Lys=~A,,;,(1-21) with or without N-terminal
extensions; and with or without in vivo or in vitro
proceSsin% of the N-terminal extensions.

Fig. 7 shows the products according to figure 4 separated
by size on a 10% Tricine-SDS-PAGE gel.

20 Fig. 8 shows the effect of the presence of YAP3
coexpression on the yield derived from the HPLC
data in pJYB176 compared to pJB64.
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Plasmids and DNA

25 All expressions plasmids are of the C-POT type (see figure
1), similar to those described in WO EP 171 142, which are
characterized by containing the_Schizosaccharomyces pombe
triose phosphate isomerase gene (POT) for the purpose of



encodi Ay FERe %6i JRAFT | LFEr TP Pde 81° FédPoTP 82 The pl asm ¢(%
used to transformthe yeast strain MI663 and sel ected for growth
on gl ucoseyfsi33384 described in detail bel ow Yeastl,é-f,gmmggﬁat i on:
S. cerevisiae strain MI663 (E2-7B XE11- 36 a/[err], Atpi/Atpl, pep 4-3/pep
4-3) (the yeast strain MI663 was deposiied in the Deutsche Samr ung von

M kr oor gani snen und Zel |l kulturen in connection with filing WO 92/ 11378 and
was gi venpllhsndepeelectivne anBSkEEBIR L zansonr bnnSonceéPEaisidés Boseéo yeast

xtract, SRR BeNtnol GBLAGLAOEne 101 BELBLEL RS PRLGLD. 2t 800 nm

of 0.6. ure was harves on, washed with 10
m of matéhospgﬁﬁﬂlﬁﬂqmgiﬁée pHemPsSys hERUGEN| B 1D Aigwreallorddion

30{1}1 ai {N ngtei—lman%:w t('ﬂe@'.wn25 iyl Mbﬁi—%l Fpgﬂmltaé%g §e@uéﬁfde§ drgy/ m

| lotrelto nsi on was | ncubated a err [e]§

ot 1 B dHamtd Tt HoolRe FOERERBRRAING >SEuRnCRF  Shcbiathin BERVAPRE g 1. 2
M sor bi t ol(des@rrildela2MDRA, 90/108/0960li um arer ale, sphyuénbes, eradpl the

Novozyn eqlihicallt WaPABRILAAS kaURBREdeALodBher he for 30 mnutes,

the cells C ecte 1.2 M sorbitol
and 10 m sagr@Azl(elad@nMpmduqtol(regéomvzca@ﬂ[érip figun®! ¥i i sSTRICPXEgYi s =

TrlS(hydrQby@%ﬂfﬂé&a@ﬂ¥¥8¥hH%nﬁbt@ﬂoioéoﬁk Bﬂgtégﬁﬂspﬁﬁgdﬂ_gtIzzb_IOf CAS.

For transformation S-su | s was m xe h approx. 0.1

[err] g X% fragmant o PXTAF U005 s Sr'L Byt Eﬁ’ﬁ%PS{FGr BY: 8P BSOR{nRdRAL. 1 ni of
(20% pol y syt gngeding0ehe k&gﬁHﬂﬁ&@hBerybroanﬁNbfrnﬁtéEksthBEcE 5)

dded I f f f
rgﬁpgra?unépq?% E&%ﬁ%@k LgES;P%usgé ﬁalg%gnhs#bgts?égﬁggghded in 0.1
M of SOSoligbrvcalediiidss aBRUPERY a¥PDrddng kM esenfisrd] Feghdinnesbat ed at

30[err] C fig Zé%%ﬁr%okﬂb‘i: FSPengisdn sWRsahhen centrifuged and the pell et
r esuspended |n 0. of 1.2 MSorbitfo hen, 6 mM of top agar (the SC

medi um of Shernan et al ., Methods in Yéast Genetics, Cold Spring Harbor
Labor atxs 3F1(g1&&2)1) ms-mﬁmengehe%awl gehkieobisRlUF 02 Eﬂfeaeahkt@hcﬂbﬁrr] C

e G 5 S R O B Rl R SRR, B

polypeptides, the scheme including the following steps.

- A sample of the C-POT plasmid vector is digested
with restriction nucleases EcoRV and Xbal and the
20 largest DNA fragment is isolated using standard
molecular techniques (Sambrook J, Fritsch EL and
Maniatis T, Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, 1989).

_ = Another sample of C-~POT plasmid (which may be the
25 'same or different from the plasmid mentioned above)
is digested with restriction nucleases EcCQRV and
NcoIl and the fragment comprising region 1 and 2 is
isolated.

- Polymerase Chain Reaction (PCR) is performed using
30 the Gene Amp PCR reagent kit (Perkin Elnmer, 761
Main Avewalk, CT 06859, USA) according to the
manufacturer's instructions and the synthetic
oligonucleotide primers Pl and P2 on a template
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Const r gEFEBN 96f 1BIBA08CH,Rd RHIBITEOL P4t '2p2a389 i s a derivative of pkiEKI&F0O3
in which the EcoRlI - Xbal fragnment encodes the insulin precursor

Blerr] (1-27)-Asp- Lys-Al a-Al a-Lys-Alerr](1-21) N-termnally fused to a

si gnal / | ea®&95688¥#dence corresponding to the 85 residues of RHEEISOGP0r
prepro signal peptide in which Leu in B%SIUOI’] 82 and Asp in position 83
have been substituted by Met and Al a, 'spectively (Figure 2). The

EcoRl - Xbal fragnent ﬁbﬁlé?‘ ‘&lgfsbéeghé rg% Idﬁifé;ﬁ%sc%/he rrar}%&: synt hesi zer

(Perkin El nmer I I'n accordance cturer's
i nstructions. PI a§#ﬁ&mé6ﬁs¥‘¢ﬁ’é%@n%sﬁlw teneodimss e terninal | y

extended insulin pra@uéseuoéi@u]lséxﬁé s Lys- Al@ez%sa: Lysy Aerr] (1-21)

vere obtai ned by means iof g ¢1-primel W iR Lhe ol oW 0f, seguence

GGGTATCSATGCECT. AAGAG&@AA@NH‘SIWMT X3S CElcNASRGEANAST 3

Rl o5 AR TR AR A 5, e A BhadHa ding

to the general schelBXdepEprasdingosite pdrhe Wmmh&*%%% ang

construct wherein the- E)BlAnﬁew@ﬂE@es :Ed@x@@'id%}ll e tHE WddudH@eur sor
Blerr] (1-27)-Asp-Ly

e (1-21 |s eded by a DNA
sequence encodi ng tﬁ@cﬂamgt ER®i ‘ﬂg %ré%‘?f’m nal’ df ‘the
d u- d Q0Al a- G u- Al ah€terdlagyaa- pysteites intewests. &2 hgg. r 6 (9JB108; Pro

31 Examie 2 CondfPIEprEATACREMChoRSRACD 13 ddamen 1y e, o

constructs desi gnedwey &Rptest amnufml r@GlQ@r?mMI‘sh%xﬂeﬁrdemg/erm ons

of the insulin pr eC%&%n@E%ﬁ]siée @3,} Pedr kSt -l drdaide AL 1 (51 -21)
wer e made by rn::ansAgzézéE iger_with the Ilow ng sequence Nco

5' - GGGGTATCCATGGCT EETRARECTHERA o (7S TCGTTAACCAACAC—
3 AupleuSer Met Al &leghAi g Hedeéaibed ad ml@roo}k(aa: dlysPhadatadsnG nHi s
the P2-prinmer: 5 -AATTTATTTTACATAACACTAG 3' and the plasm d pJB59 as
described in exanple 1. Anong the resulting plasmds pJB44, pJB107 and
pJB126 wher e~ sol at &#e PRRsprpfiushi 48 @hgesieed Wths’(ﬁfﬂhrm*émn sor Bl[err]

(1-27) - Asp- Lys- Al a- ph1 ks =Bl REET (dnd 1Xp Bt eardethdYd desDed ef FddiRént

extension G u-d u-A,a-d u-Al a-3 u-
is 1solated

- The fragments isolated are ligated together by T4
20 DNA ligase under standard conditions (described in
Sambrook et al., supra. ' '

- The ligation mixture is used to transform competent
E.coli cells ap”™ and selected for ampicillin

resistance according to Sambrook et al., supra.

25 - Plasmids are isolated from the resulting E.coli
clones using standard molecular technigues
(described in Sambrook et al., supra.

- DNA Sequencing is performed using enzymatic chain
termination (Sequenase, United States Biochemicals)
30 according to the manufacturer's instructions in
order to verify (or determine) the DNA sequences
encoding the N-terminal extended polypeptide and to

TlnsSheetHasBccn
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Al a- X&-TEBs S6nht# @0 Xa8OR%s BATENES 1G5 (4904442 88 u encoded by GAA), ABp?8/86
(pJdB126; Asp encoded by GAC) or Ay (pJB107; Ay encoded by GGC).

Exanpl e 3. Construction of pJB64 and DIB110 Plasm d const j.gned
to expressWQ¥E88Hnal Iy extended insulin precursor PebRosiG 350

Bl err] (1-27)-Asp-Lys-Al a-Al a-Lys-Alerr]{gl-21) were obtained by neans of a
Pl-primer with the foll ow ng sequence Ncol

5' - GOGGTATCCATGGCTAARAGAGARGAAGET GAAGET GAAGIRE mmmrwg&mc— 3
A yLeuSer Met Al al ysArgd ud uAl ad uAl ad u - Xaa LysPheVal Asnd t he

P2:primer: 5' - AATTTETFPRANATEAEACTANRL/ 18RGCY hR EFé§ﬁ1ﬂfp§§S§°Bs descri bed
In exanple 1. Anpong the resulting plasm ds pJB64 and pJB110 were i'sol at ed.

These pl asmi ds enco N- i.nal nSLoO :
- Bl[err](1-27)-Asp- Lyg%ﬁl§gh%§EEyE§AF§%§]?é-ggiﬁgf%F%c% %dY%aSt Eﬁﬁ?%gquence
encodi ng the N-ter ntMT&63endnsedrcterd- EPU- gxawthuonjalqpesxaaaéys wher e

Xaa is gther Gu (RBEELE YneReedsd leg@A) or Ala (pJB64; Al a encoded
by GCA). 22  Exanple 4 Construction
of pAK663 Plasm d pAK623 is a derivative of pKNF 1003 in which the EcoRIl -

Xbal fragyealsteneedRss damathlon:r 5. Ncheewlisabbystra$adMTEG3a (EZRYBEKER1SI gnal

e st SO I Bi s ) seph dsadPoRatz s REBE, UP B SHERTE bR,
manuf act unwers siematirhect iionthe Deniésche Sanmvinugt godemgnedrgenespeass
GLP-1[err ],y tzrél'gah&lg'urtei{ Tnn@c 1%%%%@3&105}1&{1 ff?ighgf WO 92/11378 and

Qu-du-Aa-d tal ne nmeans of P1- pr iner
Wi th t HO Wl Gaiven mé}ﬁ:@mt numbeergpa 6278) was grown on YPGaL (1%

Bacto yeast extract, 2% Bacto peptone, 2% galactose, 1%
lactate) to an 0.D. at 600 nm of 0.6.

100 ml of culture was harvested by centrifugation, washed
with 10 ml of water, recentrifugated and resﬁspended in 10 ml

15 of a solution containing 1.2 M sorbitol, 25 mM Na,EDTA pH =
8.0 and 6.7 mg/ml dithiotreitol. The suspension was incubated
at 30°'C for 15 minutes, centrifuged and the cells resuspended
in 10 ml of a solution containing 1.2 M sorbitol, 10 mM
Na,EDTA, 0.1 M sodium citrate, pH 0 5.8, and 2 mg

20 Novozym®234., The suspension was incubated at 30°C for 30
minutes, the cells collected by centrifugation, washed in 10
ml of 1.2 M sorbitol and 10 ml of CAS (1.2 M sorbitel, 10 mM
CaClz, 10 M Tris HC1 (Tris =
Tris(hydroxymethyl)aminomethane) pH

7.5) and resuspended in

25 2 ml of CAS. For transformation, 1 ml of CAS-suspended cells
was mixed with approx. 0.1 pg of plasmid DNA and left at room
temperature for 15 minutes. 1 ml of (20% polyethylene glycol
4000, 10 mM caCl,, 10 mM Tris HCl, pH = 7.5) was added and
the mixture left for a further 30 minutes at room

30 temperature. The mixture was centrifuged and the pellet
resuspended in 0.1 ml of SOS (1.2 M sorbitol, 33% v/v YPD,
6.7 mM CaCl,) and incubated at 30°C for 2 hours. The
suspension was then centrifuged and the pellet resuspended in
0.5 ml of 1.2 M sorbitol. Then, 6 ml of top agar (the SC
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- AACGFEBCGAT GECITCARET CRTERACA CAGAA AR PBAAGCT GAAGCT GAAAGACAT CC FRARGGT
-3 .
AsnVal Al aMet Al aPr oAl aVal Al aLysAr gd u@ uAl ad uAl ad uAl ad uArgH sAl ad uG@y
-the P2- pr W@e953584- AATTTATTTTACATAACACTAG 3' and the pl asniRETHREGAG250
according to the nethod described above resulting in plasm d pAK663.
Exanple 5 Expression of N-term nal && ended products and the renoval of

the exte st _stra 66 : the C- POT pl asm ds
descri beggdgoveofpg'%%'maﬁ] Eﬁoéwp\] SIACE 3 gnetlgs o £olhgea and
pJB110) @préngr Bwmbonr Z@Bo(:a%zygaslgwn an:xbnta’wﬁnﬁg)tbma mrmbr&%@]ucose)

agar pla | gel ogke r S r s in YPD
Broth prEs. 8- Sanf R hors SR aFcrat oRied S dng ﬁ%%ﬁ%“* TS
pr oducts°ﬂeF8pd81fePﬁfPﬁéé grpEeiningnthe| same agpersatkhikiad, t he net hod
descri bedobpitael coReagaang msdidel | erup, Chromatographia 24, 1987, pp.

329- 332. 23 The results vmth t he
yeast strains expressing Nterminally extended Blerr]( 1-27)

-Asp-Lys-Al a-Al a-Lys-Alerr] (1-21) conpared to the non-extended form (pJB59)

are sho ba Plasm d N-term nal extension Yield
pJB59 "Exdiio?d 3 100% pJB108
GQu-Ju-Ala-du-Ala-d u-Al a-Pro-Lys 275% pJB109

G u- G u- AbasEricfl anCby- Br ahd SpIB109
d u-d u- 5%‘ JB126

a-G y-Ala-d y-Ala-. G u-Lys.
A u- G u- RFESEiE. RPE5S &SAPadﬁ‘s“bVigé"e of p WM ohich the EcoRI-
g u- g u- KbaIantaéknanG énébdes yhb.yiﬁnsuls.zno PO B @rhm(l 27) -Asp-
u- 509% ., pJB
a u- GIIE a"%hg gy ‘éiwk% 21) N-tegmmally Y‘rl‘é*'r%% Harked by (*)
asteri sksésnéﬂééeﬁlﬁ&r Shqupngducorrespmzalg:awsth@ &5 nied ithe2 ofof
N-t er m nghedgexherdedpBgib] 6igRd) - &éﬁﬁé AV Gk Al {4 %
andnon- extendgd B errfglsﬂ g S- la Lys- A[%ér{?] 1-21 él[% | atter
bei ng a PésBPH B8FPt AR Hs\’/F\’rS“c a%\g% Rgen penkst BHiTeh Riedet B bel ow and
i | lustrahid,i reBpgotévédyandFdgure 2). The EcoRI-Xbal fragment is
15 synthesized in an applied biosystems DNA synthesizer (Perkin
Elmer DNA Thermal Cycler) in accordance with the
manufacturer's instructions.

300% pJB44

Plasmid constructs designed to express N-terminally extended
insulin precursor B, .;.(1-27)-Asp-Lys~Ala-Ala~Lys-A,. . (1-21)
20 were obtained by means of a Pl-primer with the following
seguence
NReol

5 -GGGGTATCCATGGCYAAG&GAGAAGAAGCTGAAGCTGAAGCT(AC)CﬁAAGTTCGTTAACCAACAC -3
GtyLeuSerMetMaLysArgGluGluAlasluAlacluAla Xaa LysPheValAsnGlnHis
25

the P2-primer: S’ ~AATTTATTTTACATAACACTAG~3' and the plasmid
pIB59 according to the general scheme described above. PCR
and cloning resulted in a construct wherein the DNA sequence
encoding the insulin precursor B,,:..(1-27)-Asp-~Lys-Ala-Ala-

30 Lys-A_,;,(1-21) is preceded by a DNA sequence encoding the N-
terminal extension Glu-Glu-Ala-Glu-Ala-Glu-~Ala-Xaa-~Lys, where
Xaa is either Pro (pJB108; Pro encoded by CCA) or Thr
(pJB109; Thr encoded by ACA).

Thwsmxt

| IIIIIII Imll IIII III IHI



In casé of pARe6 L Ekpr ST nEEVES 4] ¢F144NE3 @B BPnal |y ext ended by P.30-86
Qu-AQu-Ala-Gu-Ala-Au-Ala-Arg the yield was found to be 20 fold higher

t han pAK623 expressi ng non-extended G.P-1[err]. Exanpl e 6 of
N-t er mi nal “@(?i’ﬁé‘f“ons in vivo Culture supernatants obtai n%ﬁrwg%ﬂ tures

of yeast strains transforned with pl asr‘r?rﬂ pJB59, pJB64, pJB44 and pJB108
(see above) were eval uated by HPLC chrofiat ography (Figure 4a) and parall el

sanpl es £ op a 10% Trici ne- SDS- PAGE gel (Figure 5, lanes 1, 2, 3 and
4). From %‘l‘é‘%‘chromt ogranms it appears that the culture supernatants
fromyeasts with plasm d pJB44 (chromatogram 3) and pJB64 (chronmat ogram 2)

contai n baidhdtheudtidersd RAtny exisended andelsiBias non- ext ended
Blerr] (1-

Asp- Lys- . ez 4 -
N oA o LSRRI o REIGhR, daRiantg S0, eRPReER 245 deM i th paB1os
chr omat ogreamminahly exremden tveer Nansr mifndihley imeudrice gpriegumsom Bged lof
pJB64 a 094 0f IS S 428 foyng qiyn Qi n R g al so
Fig. 5 lbgﬁ,&tg 2)A%erf Qé_sA?%i S ¥yns1 g’ﬁ?’;‘ﬂo(lr.ie%rlgsent a%td%o%ﬁggfre% of 6[?3844.
These resBlerimextvite the EMilawipgmiseBwNcea o cl eave of f N- term nal
extensions sel ecitovyely in vivo when the extension is either

G u- G u- AlS566G6TATCIATEG TRAGAGARNAGAACLRGAAG 6 EHEIMAP TTCOTIARECAAGAR,3"
SR 2 it 2o aa e e e

€ i nabrli yeast to cleave off an

N-t er m pal t @RS .t I f - ,ﬂ%{y s Al a- = -lys
(pJ 810830(7le tIxﬁ%; %o?%ﬁf?i'g%ct%ﬂ%ﬁ@%&%si éﬁ%\? ?I ea%rlié\]g.l&o fa?ﬁée&nw
ext ensi onsPHBEO bes adsaeribed W texanplaek. i Aneneg the reeonltbag pbdsBids as

nmenbr ane- heymgls YARPs1 67 LA BT RhareS Y 8he ALl . !nﬁegeaﬁriasﬁhbg- encode
Exampl e 7 Rerm\éil. of N-term nal ?xtgny ons in wiro he culture

super nat ant’d® JESHL TR SHHTROX Benein( 1567 ASPERRLY PR ER 2L LY BT Rk +521)
cl eavage wtécedédebypahei BFtgrpinal i exdtai®BorneiueGlsehhsecdlbralayehst

strain Me7g3, O¥8LeXys, where Xaa is either Glu (pJB44; Glu encoded by
GAA), Asp (pJBl26:; Asp encoded by GAC) or Gly (pJBL07; Gly
encoded by GGC).

Example 3.

Construction of pJB64 and pJB110O

20 Plasmid constructs designed to express N-terminally extended
insulin precursor Bihain(1-27) —Asp-Lys-—Ala-Ala—Lys—AchM.n(1-21)
were obtained by means of a Pl-primer with the following
sequence

Neol
25 5' -GGGGTAT CCATGGC]’AAGAGAGMGAAGCTGMGCTGAAGG(ACMAAGT TCGTTAACCAACAC-3'
GlyleuSerMetAlaLysArgGluGluAlaGluAtagiu Xaa LysPhevalasnGlnMis

the P2-primer: 5'-AATTTATTTTACATAACACTAG-3' and the plasmid
PIB59 as dQescribed in example 1. Among the resulting plasmids
30 pJB64 and pJBll0 were isolated. These plasmids encode N-
terminal extensions of B, ... (1-27)-Asp-Lys-Ala-Ala-Lys-A_,: (1~
21) preceded by a DNA sequence encoding the N-terminal
extension Glu-Glu-aAla~Glu-Ala-Glu-Xaa-Lys, where Xaa is either
Glu (pJB1ll0; Glu encoded by GAA)} or Ala (pJB64; Ala encoded by
35 GCA). : '
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pressi iy FRPPY EfErIm £8R- BATENTS 119’@5)440‘?‘2 A@rﬂ@ormbacter lyti- cus pPedeB&e
l. YAP3 assay was perforned as follows: 4[err]|l of YAP3 enzyne 800 [err]I
of cell free growth nedia Sanples were incubated for 15 h atFiééé ng

0,1 M Na ciWVPR5B4ffer, pH 4.0 Achr onobbacter |yticus pr& Sp %say
performed as foIIovvs 10[err]g A Iytlc% protease | Im of cell free
grow h nedi a. 25 Sanpl es were

i ncubat ed t 37[err]Cin 0,1 MTris buffer pH 8. 75 Figure. 4b
and 4c sh E:Qé 14 Qul ts eval uated by HPLC -chro- rrat ography obt ai ned from

t he YAP3 and A. lyticus protease | digestions, respectively. Parallel
sanpl es wetensdpueBidRY%efrbakees SDS- PAGE (Fig. 5 lane 5-12). From t he
chromatograms of Fig. 4b it appears that the YAP3 enzynme is able to cleave
off N-term nal extensions selectively when these are in form of

A u-d u- Al R1asniAl pAKE23 Alsi-d yleriyaBésye of pKNF 1003 in which the EcoRI-

G U d u- A'%Tb_gr ﬂ.-gz_;% He Al &dddY Z;I.(FQ‘?LB‘M) g-t'é%lnal y fused to

-d u-Al Al a- Pro-Ly BRErS al'so |'ane 6, % and
8). Th|s5rEXBFDEtéFeéiW}aP‘nél?é@?éss%%éﬁn% / SMRR KFk@ e?ﬁ:yrre(s) are
responsi ble for the partial cleavage of N-term nal extensions seen in vivo
(cf. Exanple 6) the chrorratogram; of c it a. ears t .
di gest i onsJI'Wat hEE°RIIySﬂg FEGEERDE | vas alqyr@g&" ul"'t i 2R heﬂgallréed
product, natekysBeasr|gMa 2§ynﬂnpsiyer( aamraelisd byodithd f ndaufacturer’s
bonds) - Al e%é%ﬁ%% ng_ch Is the end result of proteolytic cleavage after
all Lys-residues tound in the B[err](1-27)Asp-Lys- ala-Ala-Lys-Alerr](1-21)
i nsulin precursor including those found between the B and A chain in the

precur sqi. PlakBitihecsdteuetst Besdyaeat ien e&fprte@.e @ﬂpt-qrt; SHPe{ PRt eRé fieom
yeast tran forrred wﬁpngBSQ (e

Blerr](1-2 fﬁg‘ﬁn@s ﬁanL%X%ﬁ%fn%l %}GORE) E&SEFE &-GLURMAT B YToes
not appear Arg twWas ciblerirdddsy | vasns ThEsaprRidyatimer with the following
seguence |
Nc

15 5 -AACGTTGCCAT CTCCAGCTCCAGCTAAGAGAGAAGAAGCTGAAGCTGAAGCTGAAAGACATGCTGAAGGT 3
AsnVatlAlaMetAlaProAlaValAlaLysArgGluGlurlaGluAlaGluAleGluArgHisalaGluGly

the P2-primer: 5'-AATTTATTTTACATAACACTAG-3' and the plasmid
pAK623 according to the method described above resulting in
plasmid pAK663.

20 Exanmple 5

Expression of N~terminal extended products and the removal of
the extensions '

Yeast strain MT663 transformed with the C-POT plasnmids
described above (pJB59, pJBL08, pJBl0%, pJIB44, pIB1L26, pJIBlO7,
25 pJB64 and pJBl10) were grown on YPD (1% yeast extract, 2%
peptone and 2% glucose) agar plates. Single colonies were used
to start 5 ml liquid cultures in YPD broth pH = 6.0, which were
shaken for 72 hours at 30°'C. Yields of products were determined
directly on culture supernatants by the method described by
30 Snel, Damgaard and Mollerup, Chromatographia 24, 1987, pp. 329~
332.
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Ar g- B &R %7) 8 R p- B (RAORNECE ed D412 8P BPde bonds) - A[err] (1- Pi3e/86
results fromA. |lyticus protease |I cleavage of secreted Ieader-precursor I n
the grom h_nedia. A |yticus protease | cleaves between th Kﬁﬂﬁﬁ@

resi dues i WAPE5basic KEX2 site of the product which has escape

cleavage in the secretory pathway of thg; yeast. cells.

26 Exanple 8 Renoval of N-term nal extensions by over-expressing YAP3

The YAP3 gglae £ionpes er.LEBE—"tH\é t?éhsﬁt strain¥eagtpfedd DY) NPRerkdhally) was

inserted into th B64_enc

G s G o APEEERGSR Hoeinh e 23 ThEPREER TR TN a4 1) RORR3RES €0
Alerr] (1-2hp foecextemied Iprmn (pliBs5HH| &vei sgowaybelowhe 2.5 kb Sal I/ Sacl
fragnent contai ning the YAP3 gene was isolated fromplasm d pME768

(Egel -Mtani et al. Yeast 6 (1990) pp. 127-137) and inserted into the Sall
and Sacl® Elgsmdf pl asni d&;ﬁmm;iwﬂa_@ Gene 32 (1984Yighkd 481-485).
From the pa%sleti ng plasntd desi gnated pME834 a 2 5 kb Sal I/ Xbek fragnment
cont ai ni n the YAP3 ne . was |so nto t he que Sal
site plac Eﬂ@@mEen Q&STA&HG HéggﬁrgngRi Eﬂc Sof pJ%ggg

resul ti ngpoiEa©s d welwelngadhedlpIBR1Z6G1u~ NEasrhs%Lgsn NW6BBO&as

t ransfor gl_rgghth p‘]?l[6ﬁ%dAﬁaag)IﬁeﬂlgsGQQfZﬁiébegg Pﬁgxarrpl §233« As can be -

seen fro the HPLC a on e ‘presence of the YAP3
gene i +1QITBAR | eatqul'tﬁ‘lﬂle'é\tl§-§lnr'@hér%érb ArASP-hYA- ext cAQBE

Bl err] (1- 2ppiRyo- Ly%lfﬂ—%*t/ﬂ-@.*tél’-mwék%tbt& Bix- cmyf-h9scul t upgsguper nat ant

of the corres ondln yeast transfornmants conEared t he yeast t ransf or mant
of pJB64. PIBRA s reSHW-Gu-ddarSle-fha-gbrrits- PBsnake yeas€58%fains with
an enhancesdrsaamaci t yelwe-atheala-aii-Mikesurgllueryensi ons sekesgrvel y in
vivo by mani pul ating the | evel of proteolysis caused by YAP3.
Yields marked by (*) asterisk denotes that the product in these
15 cases is a mixture of N-terminated extended B,,;,(1-27)~Asp-Lys-
Ala~-Ala-Lys-A, ;.(1~21) and non-extended B, , (1-27)-Asp~Lys-Ala-
Ala-Lys-A,.;.(1-21), the latter being a result of the in vivo
cleavage of the extension described below and illustrated in
Figure 4a and 5.

20 In case of pAK663 expressing GLP-1l,.4,,, N-terminally extended by
Glu—-Glu-Ala-Glu-Ala-Glu-Ala-Arg the yield was found to be 20

fold higher than pAK623 expressing non-~extended GLP-l,.3.,.-

Example 6

Removal of N-terminal extensions in vivo

25 Culture supernatants obtained from cultures of yeast strains
transformed with plasmid pJIB59, pJB64, pJB44 and pJIBlO8 (see
above) were evaluated by HPLC chromatography (Figure 4a) and
parallel samples were run on a 10% Tricine-SDS-PAGE gel (Figure
5, lanes 1, 2, 3 and 4). From the HPLC chromatograms it appears

30 that the culture supernatants from yeasts with plasmid pJIB44
(chromatogram 3) and pJBB4 (chromatogram 2) contain both the N-
terminally extended as well as non-extended B (1-27)Asp-Lys~

chain
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21 FEB ’
27 Exa rrplEB > A5t r G o TS bRVIA3 ¥ %P #Ppkvid2 is a derivati v5 %?’85
pKFN1003 in which the EcoRl - Xbal fragnment encodes the insulin precursor
Blerr](1-29)-Ala-Ala- Arg-Alerr](1-21) Ntermnally fused t
si gnal / | ead¥® %¥398knce corresponding to the 85 residues of ?ﬂ@DFQ?W¥$¥actor
prepro signal peptide in which Leu in pgsition 82 and Asp in position 83
have been substituted by Met and Ala, respectively. (Figure 4). Plasm d

construct S».zfaeﬁwerteﬁ&zéﬂp. PIPLBSS ﬂ@f&és( %@ﬁ&uﬁé as%aérﬁﬁ@an’é& ekirbinl yeblstM L h

a N-termnal extension in formAs Pro- Arg was

obt ai ned A tRa®Rd B3O8, F"ir?)??mr%tﬁ)t rfé“]ﬂbl Icé\ﬁhtﬁg}“se gnd¥E SEminan) ol
5'- GEEEHAIﬁEﬂﬁﬁ£EEﬁﬁ6¥ﬁ¥K1KIEKKKﬂKFMﬁ3§@3N3H3HSA@@GAAﬂﬁliﬁiﬁﬁﬁkmﬁﬁkﬁAGﬁiGTGC
GG 3

G yLeuSer I\fecf‘i{]‘%LyeApﬁﬂs ngﬂflgﬁs fRF'é‘AéSﬁFaRslﬁlgr oIRr%'PheVaFRgné) Buoys
the P2-p%iteis EbrmVﬂﬁﬂYﬂﬂéﬂv&SEnﬁwaNmEAGIBPaaﬁdOﬁh@J§H85n1d pKV142
according to the general schene described above. Exa' npl e 10|
Construction of pKV102 Plasm d constructs, designed to express

B[ err] (1- Jye5¢ XeFulvg ligsdmater the) aRit Aty RE{ ¥EATHatC ket LT NTorm
G u- G u- Alteshina N @xtbnis Ahts Galddtiveisr Am-viio Atenasheodaragidy ieans

of a Pl-prjier w t f.al | owi ng .segyence : Ol 5l v

° conoraroriee S AR AR L s ot CARRBER T o R R P Scanca

CTTGTCCGG-&Eu~aAla~Glu—-Ala-Glu~Lys (pJB44) and the inability of yeast to

G yLeu LY é#ﬁﬁf’# q_ﬁp? DHi sL

euCys Sf?ll\@%éégrl n@gg&qﬁ A%%%%%&Cﬁl {:%é%@%ﬁ # a;(% 142

accor di ng $euThbagehiralasereny ded®FiB3O§) abo¥he proteolytlc aCthl y
responsible for cleaving off the extensions may be associated
with enzymes in the secretory pathway such as membrane-bound
YAP3 in the trans-Golgi system of the yeast cells.

This Sheet Has Been Rep

15 Exanmple ?

The culture supernatants described above were used as

Removal of N-terminal extensjions in vitxo

substrates for proteolytic cleavage with either partially
purified YAP3 enzyme isolated from yeast strain ME783 overex-

20 pressing YAP3 (Egel-Mitani et al. 1990) or Achromobacter lyti-
cus protease I.

YAP3 assay was performed as follows:
4ul of YAP3 enzyme
800 pl of cell free growth media
25 Samples were incubated for 15 h at 37°C in 0,1 M Na citrate
buffer, pH 4.0

Achromobacter lvticus protease I assay performed as follows:

10pg A. lyticus protease I
Iml of c¢ell free growth media



28 2EfERpIE 1P 32 exPRBs S BH S0t +E 447 7P ext ended P.34/86
Blerr](-29)-Ala-Ala-Arg- Alerr](1-21)s Yeast strain MI663 transfornmed

with the G POT plasm ds pKV142 pKV143 and pKV102 and anal yz g i bed
in exanpl e V90933 results with the yeast strains expressi ﬁ T&?(Pg(&%%al |y

extended Blerr](1-29)-Al a-Al a-Arg-Alerrj£1-21) conpared to the non-
ext ended form (pKV142) are shown bel ow Plrasmd - N-term nal

ext ensi ON gamples were incubated ¥belf WKMl4%-c in 0,1 M Tris buffer, pH
100% pKV143 Ksp Asp- Al a- Asp- Al a- Asp- Al a- Asp-Pro-Arg 263% pKV102:
Gu-Gu-AB"§ u-Ala-G u-Ala- G u-Pro-Lys-Al a-Thr-Arg -

400% Exanpl e 12 Construction and expression of plM9 and Pl M70

o A B, LR Vel AL Wi g

fragnment en es the 1 nsulin precursor

Lys- A er r [qatqmaphy eehtained fuemdthe XARMtand i 2-slykicnse pratessfuchce

YAP3/ LAl dl%&%fo@ reebaémidewnstﬁa%uaedesgmg OwRxRr esen Noherpogal |y
ext ended |nsu in recursor . Blerr] (1-29) -Ala-Al a-Lys- Alerr](1-21) were

obt ai ned RFEEiN %AQEIVGT]KH’H& tW%L?C&@QSl ve PCR reaction. The first
PCR reaction was perforned by neans of the prinmer with the foll ow ng

G UG UG RPN E0arREn ] L9 45 1€ Spbedrs that the YaRs
enzyme is able to cleave off N-terminal extensions selectively
when these are in form of Glu-Glu-Ala-Glu-Ala-Glu-Ala~Lys

10 (pJIB64) or Glu-Glu-Ala-Glu-Ala-Glu-Ala-Glu-Lys (pJB44) but not
Glu-Glu-Ala-Glu~Ala-Glu-Ala-Pro-Lys (pJB108) (See alsoc Fig. 5
lane 6, 7 and 8). This results clearly indicates that YAP3 or
YAP3-like enzyme(s) are responsible for the partial cleavage of
N-terminal extensions seen_in vivo (cf. Example 6).

15 From the chromatograms of Fig 4c it appears that digestions
with A. lyticus protease I in all cases result in the same
product, namely B,,;,(1-27)-Asp-Lys-(connected by disulfide
bonds)-A,.i,(1-21) which is the end result of proteolytic
cleavage after all Lys-residues found in the B, (1-27)Asp-Lys-

20 ala-Ala-Lys=-A,.;.(1-21) insulin precursor including those found
between the B and A chain in the precursor.

In the case of the digestion of the culture supernatant from
yeast transformed with pJB59 (expressing the non-extended
Besin(1-27)Asp-Lys-Ala-Ala-Lys-A,,;.(1-21)) a product is seen

25 which does not appear in the other digestions. This product,
Arg-B.,in(1-27) -Asp-Lys~-(connected by disulfide bonds)-A_;.(1-
21), results from A. lvticus protease I cleavage of secreted
leader~-precursor in the growth media. A. 1lyticus protease I
cleaves between the Lys and Arg residues in the dibasic KEX2

30 site of the product which has escaped KEX2 cleavage in the
secretory pathway of the yeast cells.
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29 the BY- ot net B - SRPTTATFIEACATARACACEA® $2 and the plasnid pAKGPES/E6
The second PCR reaction was perfornmed by neans of the Pl-priner

Ncol 5' - GITGTTAACTTGATCTCCATGGCTAAGAGAGAAGAA- 3'

Val Val AsnLavPpPessset Al aLysArgGd uGLu the P2-priner PCT/DK95/00250

5' - AATTTATTTTACATAACACTAG 3' using th 6 PCR. product of the first PCR
reaction as the DNA-tenplate for the second PCR reaction. The PCR product
of the se eaction was cut with Ncol and Xbal and ligated into
pAK679 ac§%§%F§§E§% t he general schenme descri bed above. Anpbng the resulting
plasm ds two where identified to encode N-term nal extensions of

Blerr] (1- 2&moiial: off arloerminenr bkteddiohB bor svet-&kpré&byi RHUYRPD- LYS
(plM70) and A u-Au-du-G u-Pro-Lys (pl M69) respectively. Yeast strain
MI663 was transformed with the C POT plasm ds pAK579, pl M9 and pl M70 and
anal yzed &halddi lgeche clexadpby Bgel-Mitvimi ests alhe (Medst & (M(th:@nded
BlerT]) (1 397 Ay gadynsbhecs] (hedlhald WpoRsk)dbala DOKRES Wi L0

be practlca | y not hi ng, yeast uce
| ar ge quARi4IRBI-Adar @%ﬁ@ug@ﬂhﬂlﬁl@:ﬁﬁéﬁﬂ?? 1 QQ?“W %‘N%\""L Tys-

Alerr](1-21) .and-23 - dde @xsmipie bysiBl ene] £3128WiAbawdya- Lys- Achain (
1-21) respecﬁlve ly. SEQUENCE LI STI NG

The 2.5 kb Sall/SacI fragment containing the YAP3 gene was
isolated from plasmid pME768 (Egel-Mitani et al. Yeast 6 (1990)
pp. 127-137) and inserted into the Sall and Sacl site of
10 plasmid pIC19R (March et al. Gene 32 (1984) pp. 481-485). From
the resulting plasmid designated pME8B34 a 2.5 kb SalIl/xXhoIl
fragment containing the YAP3 gene was isolated and inserted
into the unique Sall site placed between the POT and the aph

sequences of pJB64. One resulting plasmid was -designated
15 pJB176. '

Yeast strain MT663 was transformed with pJB176 and analyzed as
described in example 5.

As can be seen from the HPLC data on yield shown in Figure 8
the presence of the YAP3 gene in pJB176 clearly effects a
20 higher percent of non-extended B, ,(1-27)-Pro~Lys-Ala-Ala-Arg-
A.in(1-21) in the culture-supernatant of the corresponding
yveast transformants compared to the yeast transformant of
pJIB64.

This result illustrate the ability to make yeast strains with
25 an enhanced capacity to cleave off N-terminal extensions

selectively in vivo by manipulating the level of proteolysis
caused by YAP3.
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(1) GCERERAP 1RFGRIATI CRERP- PATENTS) 1 Apfi HEARTZE 60 (A) NAVE: NovoP.36/86

Nordi sk A/ S (B) STREET: Novo Alle (© dATY. Bagsvaerd
(E) COUNTRY: Denmark (F) POSTAL CODE (zIP): 2880 (C%
TELEPHONE: wd $5/853441 8888 (H TELEFAX: +45 4449 325BCI/DK9500250 (| )
TELEX: 37304 (1i) TITLE OF INVENTICN N-Term nal | y Extended Proteins
Expressed in Yeast (i) 2KUVBER OF SEQUENCES: 52 (iv)
COVPUTER DABLE FORM (A) MEDI UM TYPE: Fl oppy disk

(B) COWP 210 C conpati bl e -(C) OPERATI NG SYSTEM .

PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease #1.0, Version #1.25
(EPO ( gﬁ@@q ID NO 1: (i) SEQUENCE

CHARACTEN SIPEE ofoF ENGTH. 6 ani no aci YPE:
ani no aci dPlasmd PKVI¢3 §WAI¢%I}NE§SV%PﬁgP§FN1°°3 in Wbbth‘eb%%R

| i near Xba1i frddhd(BdnchbiBE tREPingiA in preCursprBROIHEIR O AEALACALa~

] R Uik B M S ooty RIS

Lys Arg C]uoﬁtasﬁbudﬂhg to the 85 residued of2rheNECRMATPONPFERrSESLYNRNG .

2: g n?no aENgﬁJ%MgﬁERB:SEb%tlon 82 and Aep inENSEfciL3 881 RRvaci ds

(B) TYPE:
been substituted by Met and Ala, respectively, (Figure 4).

Plasmid constructs designed to express B, (1-29)-Ala~Ala-Arg~

10 A.;n(1-21) with a N-terminal extension in form Asp-Asp-Ala-Asp-
Ala-Asp-Ala-Asp-Pro-Arg was obtained by means of a Pl-primer
with the following sequence

Negl
5' »GGGGTATCCATGGCTAAGAGAGACGACGCTGACGCTGACGCTGACCCAAGATTCGTTARCCAACACTTGTGCGG- 3’
15 GlyleuSerMetAlalysArgAaspAsSpAl aAspAl sBAspAlaAspProargPheval AsnGlnNist euCys
the P2-primer: 5' -AATTTATTTTACATAACACTAG-3' and the plasmid

pKV142 according to the general scheme described above.

Example 10

20 Construction of pKV102
Plasmid constructs designed to express B,,;,(1~29)~-Ala-Ala-Arg-
A.in(1-21) with a N-terminal extension in form Glu-Glu-Ala-Glu-
Ala-Glu-Ala-Glu-Pro-Lys-Ala-Thr-Arg was obtained by means of a

Pl-primer with the following sequence

25 Nco

$' -GGGGTATL c CTAAGAGAGAAGAAccfGAAGCTGAAGCTGAACCAAAGGCTACAAGATTCGTYAACCAACACTTGTGCGG 3
Glyl.eus MaLysA rgGlusluAlaclunlaGlualaGiuProLysAlaThrargPhevalAsnGInHisLeuCys

the P2-primer: 5’ ~AATTTATTTTACATAACACTAG-3' and the plasmid

30 pKV142 according to the general scheme described above.

. This Sheet Has Been lac
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31 1 FEB ") 197 8P B8P TATRNER 1 +45 (44i 42 RIBBCULE TYPE: pepti de

P.3486 )
HYPOTHETI CAL: NO (i) ANTI-SENSE: NO (vi) ORI G NAL SCURCE _
(A) ORGANI SM synthetic (xi) SECUENCE DESCRI PTI ON: SEC; 2:
Gu du Al VePdBBH G u Xaa Xaa Xaa Arg Ala Pro Arg CT’DK95’°°25° 5
10 (2) | NFORVATI ON FOR SEQ I D NO. :3 2 (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 11 am no acids 8ryPE: “ami no aci d (D)
TOPOLOGY: |inear (1i) MOLECULE TYPE pepti de (iii) HYPOTHETI CAL:
NO (iii) ANTI-SENSE: NO (vi) ORI-A NAL SOURCE: (A
ORGANI SM synt heti c (xi) SEQUENCE DESCRI PTION: SEQ.ID NO 3: Au
Gu Ala Gg*aﬁ%equPro Lys Ala Xaa Arg 1 5
10 (2) 1 FOR SEQ I D NO 4: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 10 am no acids (B) TYPE: am no acid (D)
TCPO_OGY Ex’p;msmn df 1 )NMiGal T endmdt | d&, . (1- g9|)|-|g);aH¥B.@'FHE'§-CAL
NO ||) - SENSE: NO (vi) ORI G NAL SOURCE:
CREANISM
5 Yeast strain MT663 transformed with the C-POT plasmids pKvl42
pKV143 and pKV102 and analyzed as described in example 5.
The results with the yeast strains expressing N-terminally
extended B,;,(1-29)-Ala-~Ala~-Arg-A,. . (1-21) compared to the non-
extended form (pKV142) are shown below
10
Plasmid N-terminal extension vyield
pKV142 100%
PKV143:Asp-Asp~Ala-Asp-Ala-Asp-Ala-Asp-Pro~Arg 263%
PKV102:Glu-Glu—-Ala-Glu-Ala-Glu-ala~-
15 Glu-Pro-Lys—~Ala-Thr-Arg 400%
Example 12
Construction and expression of pIMé69 and pIM20
Plasmid pAK679 is a derivative of pKFN1003 in which the EcoRI-
XbaT fragment encodes the insulin precursor B, . .(1-29)-Ala-Ala-
20 Lys=-A,.in(1-21) N-terminally fused to a synthetic signal/leader
sequence YAP3/LA1l9 (Figure 5).
Plasmid constructs designed to express N-terminally extended
insulin precursor B, (1-29)-Ala-Ala-Lys~A,,. (1-21) were
obtained by a procedure involving two successive PCR reaction.
25 The first PCR reaction was performed by means of the primer

with the following seguence

5" -GAAGAAGAAGAAGAAGAACCAAAGTTCGT TAACCAACAG- 3}
GluGluGluGluGluGluProLysPheValasnGingis This Sheet Has Been Rep
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32 2]( 5 PdBNE EEBRPTHER: Si?é fH R #2 | Gu du Ala Gu A8 u

Ala Qu Pro Arg 1 10 (2) | NFORMATI ON FOR
SEQ ID NO _5: (i) SEQUENCE CHARACT ERI STI CsS: ( ki, 10
am no aci d?’o 95835384~ (B) TYPE: amino acid (D) TOP vl near
(ii) MOLECULE TYPE: peptide (i) POTHETI CAL: NO (iii)
ANTI - SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANI SM synthetic
(xi) SEQUENCE DESCRI PTION: SEQ ID NO b5: Gu u Ala du Ala du Al a
A u Pro Lys 1, , 5 : .10, (2 |NFOR|\/A|O|\|FOR
SEQ | D NObRg: P2bripey StodREERERERAChERRSRFRRGTY (e’ gD 0
am no aci gaxke79. (B) TYPE: am no acid (D) TCPCLOGY I|near
(ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: NO (iii)
ANTI - SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANI SM synthetic

(xi) SEQUEREESPESORI mwa@mn magcpegformed by negns Q% the PA-PYEMETAl a
Gu Arg 1

S Ncol
5 -GTYGYTAACTTGATCTCCATGGCTAAGAGAGAAGAA-3'
valvalAsnteul leSerMetatalysArgGluGly

the P2-primer 5' -AATTTATTTTACATAACACTAG-3' wusing the PCR
10 product of the first PCR reaction as the DNA-template for the
second PCR reaction.

The PCR product of the second PCR reaction was cut with Ncol
and Xbal and ligated into pAK679 according to the general
scheme described above. Among the resulting plasmids two where
15 identified to encode N-terminal extensions of B, ;.(1-29)-Ala-
Ala-Lys-2,.;,(1-21) in form of Glu-Glu-Glu-Pro-Lys (pIM70) and
Glu-Glu-Glu-Glu-Pro-Lys (pIM69) respectively.

Yeast strain MT663 was transformed with the C-POT plasmids
pPAK579, pIM69 and pIM70 and analyzed as described in example 5.

20 Whereas the yield of non-extended B, (1-29)-Ala-Ala-Lys-
ALein(1-21) from yeast with pAK579 was found to be practicably

- nothing, yeast with pIMé9 and pIM70 was found to produce large
gquantity of Glu-Glu-Glu-Glu-Pro-Lys-B,.;,(1-29)-Ala-Ala-Lys-

(1-21) and Glu-Glu-Glu-Pro-Lys- B,pain(1-29) ~Ala—-Ala-Lys-

(1-21) respectively.

che‘n

25 A

chain
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(2) | NEORRRTITBN 1o SERYR D RAGFNTR: 1 +45 44(42) 285BRQUENCE CHARACTERI STI CSP.39/86

(A) LENGTH. 9 am no aci ds (B) TYPE: am no aci d (D)
TOPOLOGY: | i near : {(Igl

MOLECULE TW&9535384 i de (iii) HYPOTHETI CAL: NO (i | i )Pﬁm : NO
(vi) ORI G NAL SOURCE: (A) ORGANLSM synthetic (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 7: Gu Qu a Gu Ala Gu Ala Xaa Lys 1

5 (2) I NFORVATION FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 9 ami no acids ; N0 acid (D)
TOPOLOGY: i near (i) MOLECULE %%@ngl&iﬁ@e@ (iii) HYPOTHETI CAL: NO
(i) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANI SM
synthetic (1) M)D@Eﬁdﬁﬁsﬁ DESCRI PTION: SEQ I D NO 8: Gu u Ala
Au Ala Qu Ala Xaa Lys 5 (2) INFORVATION FOR SEQ I D NO
9: (1) SEQJENPE_WCTERI STI CS: (A) LENGTH: 8 am no acids

(A) NAME: Novo Nordisk A/S
(B) STREET: Novo Alle

(C) CITY: Bagsvaerd

(E) COUNTRY: Denmark

(¥) POSTAL QODE (ZIP): 2880
(G) TELEPHONE: +45 4444 8888
(H) TELEFAX: +45 4449 3256
(I} TELEX: 37304

(ii) TITLE OF INVENTION: N-Terminally Extended Proteins Expressed in
Yeast

(iii) NUMBER OF SEQUENCES: 52

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFIWARE: PatentIn Release #1.0, Version #1.25 (ERO)

.(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(C) STRANDEINESS: single
(D) TOPOLOGY: linsar

(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Saccharumyces cerevisiae
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Lys Arg Glu Ala Glu Ala
1 5

(2) INFORMATION FOR SEQ ID NO: 2: ————
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(B) TYPE M hnfho 18ci4  CORP- PATENTB)L TH4SCfAT:28 $hear (ii) MOLECUfE4G-FEE:

pepti de (iii) HYPOTHETI CAL: NO (i) ANTI-SENSE: NO (vi)
ORI G NAL SOURCE: (A) ORGANI SM synthetic (xi

DESCRI PTI ON/O SRS884D NO 9 )’Cm%4
Qu u Ala Gu Ala Ju Ala Arg ' 5 (2) | NFORVATI ON FOR
SEQ | D NO 10: (i) SEQUENCE CHARAéﬁERISTICS (A) LENGTH:. 8
am no acids D é@%OL%YPE o acid (D) TOPOLOGY: |i near
(i) MOLECULE TYPE( )p | i) HYPOTHETI CAL: NO (i)

ANTI - SENSE: Qﬁ,,g %é#m (A) ORGANI SM synthetic
(X|)SEQJENCE S E DNO 10 GQu Au Ala Qu Ala A u Xaa
Lys HYPOTHETTARZ) NONFORVATI ON FOR SEQ I D NO 11: (1)
SEQJENCE CHAISZAC'?‘ERI STI CS: (A) LENGTH: 7 amino acids (B)
TYPE: anmino agii} ANTI-SENSE:(®) TOPOLOGY: |inear (ii) MOLECULE TYPE:

pepti de
{(vi) ORIGINAL SOURCE: .
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Glu Glu Ala Glu Ala Glu Xaa Xaa Xaa Arg Ala Pro Ary
1 5 10

(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Glu Glu Ala Glu Ala Glu Pro Lys Ala Xaa Arg
1 5 10

(2) INFORMATION FOR SEQ ID NO: 4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(D) TOPOIOGY: linear
(ii) MOLECULE TYPE: peptide
(1iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(2) ORGANISM: synthetic

" ‘This Sheet Has Been Replaced
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(iii) AYPOPHER O34 NOCORP- PATENTS 1 ANTP -44EE5E2 8RO (vi) ORI G NAL BQUREE:

(A) ORGANI SM synthetic (xi) SEQUENCE DESCRI PTION. SEQ ID NGO 11:

Gu Gu Ala Au Ala Pro Lys 1 5 (2) I NFORVATI ON FOR SEQ I D
NO 12: WO 98/33386EQUENCE CHARACTERI STI CS: (A LESEPKOSE028h no
aci ds (B) TYPE: am no acid (D) TCPO_OGY: | i near

(ii) MOLECULE TYPE: peptide 3z 35
(ii1) HYOTHET] (vi) ORI G NAL SOURCE:
(A) ORGAN SI\/I Fﬁ‘g&“@ desks sﬁ%@ﬁg‘ﬁ’ ggscm PTION. SEQ ID NO 12
Gu du Ala Pr TION FOR SEQ ID NO 13:
(i) SEQUENCE %@T@&F?ﬁ c%la Glu MaSGl(’A@"Lég%rH 4 ani no aci ds (B)
TYPE: am no acid (D) TOPOLOGY: |i near (1i) MOLECULE TYPE:-
peptide  (2)(RPORAMRSETHRESAID M2 5:  (iii) ANTI-SENSE: NO
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(D) TOFOLOGY: linear
(ii) MOLEQULE TYPE: peptide
 (iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(X1i) SEQUENCE DESCRIPIION: SEQ ID NO: 5:

Glu Glu Ala Glu Ala Glu Ala Glu Pro Lys
1 5 10

(2) INFORMATION FOR SEQ ID NO: 6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(11i) ANTT-SENSE: NO
(vi) ORIGINAL: SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Glu Glu Ala Glu Ala Glu Ala Glu Arg
1 5

(2) INFORMATION FOR SEQ ID NO: 7:
(1) SEQUENCE CHARACTERISTICS: N

(A) LENGTH: 9 amino acids
(B) TYPE: amino acid

5 T e IIIIIIIHIIIIIIIIHIIIII/
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(vi) ORf G RAPsAIIE: CORP- PATENTEAL  ofR3ARIBVE2 8Fnt het i ¢ (xi) SECDEHEeEs

DESCRI PTION: SEQ I D NO 13: GQu Qu Pro Lys 1 (2) | NFORMATI ON FOR
SEQ ID NGO 14: (1) SEQUENCE CHARACTERI STI CS: ( 22
base pairs WO9S33384 (B) TYPE: nucleic acid (C STRM ;
single (D) TOPOLOGY: |i near (i1) MOLECULE TYPE: DNA

(iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE:
(A) ORGANI SMm t ' ﬁéﬁthd EQUENCE DESCRI PTION: SEQ I D NO 14:

56 marTr ATt KR RE, T ¢ : 22
(2) | NFORVVAT/:Qhy RERoSERTLR. NG 15: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 63 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: (i4ii pOANIT-SENSE: No (D) TOPOLOGY: | i near (ii) MOLECULE
TYPE: DNA (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE NO (vi)

ORI G NAL SOURQEL) ORIGINAL SOUREE: ORGANI SM synt heti c
(A) ORGANISM: synthetic
(xi) SPQUENCE DESCRIPTION: SEQ ID NO: 7:

Glu Glu Ala Glu Ala Glu Ala Xaa Lys
1 5

(2) INFORMATION FOR SEQ ID NO: 8:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid .
(D) TOROLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) CRIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

Glu Glu Ala Glu Ala Glu Ala Xaa Lys
1 5

(2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:

(A) IENGTH: B amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: NO

(11i) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE: _
(A) ORGANISM: synthetic
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(xi) SEQUENCE® DEECR PO PEENTS 3 NI5 1"!5 A2 ZERESTATCCA TGECTAAGAG AGRAGKRECT

GAAGCTGAAG CTNCAAAGTT OGTTAACCAA 60 CAC

63 (2) | NFORMATION FOR SEQ ID NO 16: (i) SEQUENCE C@W&R&Sﬂ Cs:
(A) LENGTRYO8#HBB%&e pairs (B) TYPE: nucleic acid®

STRANDEDNESS: si ngl e (D TOPQ _OGY: I I near (i) NL']_ECULE
TYPE: DNA (i ii ) HYPOTHET! CAL: (iii) ANTI-SENSE: NO

(vi) ORI G NAL u(% Nl SM synthetic (xi)
SEQUENCE DES lﬁ&) ATCCA TGGCTAAGAG AGAAGAAGCT
GAAGCTGAAG CT NAAAGT TCGT AACCA 60 ACAC

64 (2) |INFORVMATION FOR SEQ ID NO 17: (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGT{2): IREoRMAPTONOROK $PQ ID No: 10: (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e 37

(D) TOPOLOGY: (i) ISBQUENCE CHARBCIERIATIESIE TYPE: DNA (iii) HYPOTHETI CAL:
NO (iii) ANTKABEESETH:N® amino zoid$y ORI G NAL SOURCE: (A

ORGANI SM  synt het i{(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(%i) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

Glu Glu Ala Glu Ala Glu Xaa Lys
1 5

{2) INFORMATION FOR SEQ ID NO: 1l:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLEQULE TYPE: peptide
(iiil) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOQURCE:
(A) ORGANISM: synthetic
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1l:

Glu Glu Ala Glu Ala Pro Lys
1 5

(2) INFORMATION FOR SEQ ID NO: 12:

(1) SEQUENCE CHARACTERISTICS: e
(3) LENGTH: 5 amino acids Sheet Has Been Replaced
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(ii) MOLECULE TYPE: peptide



(xi) SEQUENCES DEGER PHOBR: PRENTF 3 NS 44742 2BHEGTATCCA TGGCTAAGAG  P.44-86
AGAAGAAGCT GAAGCTGAAG GNAAAGTTCG TTAACCAACA 60 C |

61 (2) | NFORVATION FOR SEQ I D NO 18: (i) SEQUENCE CHARACTERI S| CS:
(A) LENGTHW@Ss/isagke pairs (B) TYPE: nucleic acjd PCT/DPKI50025¢ c)
STRANDEDNESS: si ngl e (D TOPOLOGY: Iinear (i) MOLECULE
TYPE: DNA (iii) HYPOTHETICAL: NO 32 -(iii) ANTI-SENSE: NO (vi)
ORI Gl NAL SOURCE: ORGANI SM synt hetic (xi ) SEQUENCE

, (&
DESCRI PTI ON: (&0 FFTREETERL: NOA\CGTTGCCA TGGCTCCAGC TCCAGCTAAG AGAGAAGAAG
CTGAAGCTA Am _ .60 CATGCTGAAG GT |
72 (2) INF | SE”%Q“ D NO 10: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 9(@5[;1' BRT . (B) TYPE: am no acid (D)
TOPOLOGY: linear (a)y orgl _Ngﬁ?gl,gtgcTYPE: pepti de (i)
HYPOTHETI CAL: NO (1i1) ANTI-SENSE: NO (vi) ORI G NAL SOURCE:

38 (A) ORGANI SM synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

Glu Glu Ala Pro Lys
1 5

(2) INFORMATION FOR SBEQ ID NO: 13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 4 amino acids
(B) TYFE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
Glu Glu Pro lys
1
(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:
(A) IENGTH: 22 base pairs

e R

(iii) HYPOTHETICAL: NO
(1ii) ANTI-SENSE: NO
(vi) ORIGINAL SCURCE:
(3) ORGANISM: synthetic

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:



(xi) s%b@éﬁc@soé@diﬁ PTYER: REEEYTEDL NEFS $6:42 286 B8 u Gu Ala G u Al a G R.48rE6

Pro Lys 5 (2) INFORMATION FOR SEQ I D NO 20: (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 9 anino acids (B)
TYPE: am noweesss3ss (D) TOPOLOGY: i near (ii) MNBCHDKRIOOESPE:
pepti de (ii1i1) HYPOTHETI CAL: NO (111) ANTI-SENSE: NO (vi)
ORI G NAL SOURCE: (A) ORGANI SM6synt hetic (xi) SEQUENCE
DESCRI PTI ON.. SEQ | D NO. 20: Gu Qu Ala u Ala Gu Ala Thr Lys 1
5 (2) I NW&% 355 BNo o 21 - (i) SEQUENCE CHARACTERI SfPCS:

A) LENGTH,_..9 B) TYPE: am no acid D
gI'O)DO_OGY 3n Q%FE‘RTP& Fq‘?’} SRR EL Y)PE pepti de I(I i) HYPOTH(ET? CAL:

NO (iii) ) ORI G NAL SOURCE: (A
ORGANI SM synt |?A) o %QE DESCRI PTION' SEQ ID NO. 21:
GQu u Ala Gu Al gpd @m dcldSa 1 5 (2) I NFORNVATION

FOR SEQ I D NO 22: (¢) STRANDENNESSQUEMgE: CHARACTERI STI CS: (A
LENGTH: 9 ami no aci(gs 'mmr_ocy 1linear '

(ii) MOLECULE TYPE: DNA
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(x1) SEQUENCE DESCRIPILION: SEQ ID NO: 15:
GCGGTATOCA TGGCTAAGAG AGAAGAAGCT GAAGCTGAAG CINCAAAGTT CGTTAACCAA 60
CAC 63
(2) INFORMATION FOR SEQ ID NO: 16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 64 base pairs
.(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear -

This Sheet Has Been Replaced

sy o . L 1
(iii) HYPOTHETICAL: NO .

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:
GGGGTATCCA TGGCTAAGAG AGAAGAAGCT GAAGCTGAAG CTGNNAAAGT TCGITAACCA 60
ACAC 64
(2) INFORMATION FOR SEQ ID NO: 17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGIH: 61 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single



39 1 FEB 'BR) 8r. CORPNGRHERIT 1 +45 44 4R[3P DPOLOGY: | i near (iR.yp6/85

MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO
(vi) ORI G NAL SOURCE: (A) ORGANI SM synthetic xi).. SEQUENCE
DESCRI PTI ONO 95B8#84D NO.  22: GuduAaQuAadGu A 5{}85250 1

5 (2) | NFORMATION FOR SEQ I D NO 23 (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 9 am no aci ds T%E am no acid (D)
TOPOLOGY: |inear %HLFMLE TYPE pepti de (iii) HYPOTHETI CAL: NO
(iii) ANTI-SENSE: f® Vi NAL SOURCE: (A) ORGANI SM |
synt hetic ( IE%QJE&!Q% CRIPTION: SEQ ID NGO 23: Gu Qu Ala
GIuAIaGIu ld% ys de? 5 (2) | NFORMVATION FOR SEQ I D NG
24: (i) (ﬁgﬂi@m CNoRI STI CS: (A) LENGTH. 8 amino acids
(B) TYPE: am no acid (D TOPOLOGY: |inear (ii) MOLECULE TYPE:
pepti de (1ii)i pNTIYBENIEETHAECAL: NO (iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SBEQ ID NO: 17:
GGGGTATCCA TGGCTAAGAG AGARMGAAGCT GAAGCIGAAG GNAAAGITOG TTAACCAACA 60
c 6l
(2) INFORMATION FOR SEQ ID NO: 18:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 72 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOFOLOGY: linear
(ii) MOLECULE TYPE: INA
(iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO! 18:
AAQGTTGCCA TGGCTCCAGC TCCAGCTAAG AGAGAAGAAG CTGAAGCTGA AGCITGAMAGA 60
CATGCIGARAG GT : 72
{2) INFORMATION FOR SEQ ID NO: 19:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids

(B) TYPE: amino acid
(D) TORPOLOGY: linear

i \\Il\l\\\lll\\\\\l\l\\ll\

(iii) ANTI-SENSE: NO

I
e

(vi) ORIGINAL SOURCE:



(vi) ORI BNAPS SefiReE; CORP- PATENTS A) RGHMNFBVR @nthetic P.47/86
40 (xi)SEQJENCEDESCRIPTIO\I: SEQ I D NO 24: AQu du Ala Gu Al a
Au Ala Lys S (2) INFORVATION SEQ I D NO (|)
SEQUENCE dmeﬁm STI CS: (A) LENGTH 8 anino aci dt ﬁ”“’s’“’s“
TYPE: amno acid (D TOPOLOGY: AI near (i) MOLECULE TYPE
pepti de (i11) HYPOTHETI CAL: NO (i11) ANTI-SENSE: NO (vi)

ORI G NAL SOURCE: A SM synthetic (xi) SEQUENCE
SEq 1 et byt

DESCRI PTI ON:  SEQ | UGQuAla u Ala u Gu Lys 1
5 (2) I NFORVATION FOR SEQ I D NO 26: (1) SEQJENCE CHARACERI STI CS:

(A) LENGTH: 9¢ani mﬁﬁt@'%EscrumON skBipWGIE 9 am no aci d (D
TOPOLOGY: i near (1i) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL:

NO (i) ANTEnSENSEIUNDa Glu AliDroORysE NAL  SOURCE: (A
ORGANI SM synthetic (i) SEQUENCE DESCRI PTION: SEQ ID NO 26:

(2) INFORMATION FOR SEQ ID NO: 20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi}) ORIGINAL SCURCE:
(A) ORGANISM: synthetlc
(xi) SEQUENCE DESCRIPYION: SEQ ID NO: 20:

Glu Glu Ala Glu Ala Glu Ala Thr Lys
b 5

(2) INFORMATION FOR SEQ ID-NO: 21:
(1) SBQUENCE CHARACIFRISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORYGINAL SOURCE:
(A) ORGANISM: synthetic
(%1) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

Glu Glu Ala Glu Ala Glu Ala Glu Lys
1 5

(2) INFORMATION FOR SEQ ID NO: 22: Replaced

e



Gu dT A% 'FulAiT a1 EBMNES 1Yy s*45 44912 12RFRERVATI ON FOR SEQ | D NOP-29/86

(i) SEQUENCE CHARACTERI STI CS:

(B) TYPE:
41

TOPOLOGY:

(Ti1) ANTI-

synt hetic

(i i WOMSDEBYLE TYPE: peptide
ANTI - SENSE:  NO
(xi) SEQUENCE DESCRI PTI ON: 'SEQ | D NO

Gu Pro Lys Ala Thr
| NFORMATI ON FOR Sﬁg
(A LENGTH 8 am

(A)

am no acid (D TOPOLOGY:

(vi) ORI A NAL SOURCE:
o acid =
: linear

| SERRE Mgyl Pt

(B) TYPE:

5 (2)

(1ii) ANTI—SENSE. NO
(vi) ORIGINAL SOQURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

Glu Glu Ala Glu Ala Glu Ala Asp Lys
1 5

~ (2) INFORMATION FOR SEQ ID NO: 23:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(i1) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(%i) SEQUENCE DESCRIPTION: SEQ ID NO:

Glu Glu Ala Glu Ala Glu Ala Gly lys
1 5

(2) INFORMATION FOR SEQ ID NO: 24:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
(B) TYPE: amino acid
(D) TOROLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE: :
(A) ORGANISM: synthetic

TYPE: peptide
NAL SOURCE:

(iiif ME&{(}EN@ESCRI PTION: SEQ I D NO 28:
Au Ala Qu AI a Lys

LENGTH: 13 am no aci ds
| i near

(iii) HYPOTHETI CAL: RGH/DK9S/0250;

(A) ORGANI SM synthetic
Qu du Ala du Ala du Al a
10 (2)

(i) SEQUENCE CHARACTER! STI CS:

am no acid (D) '
(iii) HYPOTHETI CAL: NO
(A) ORGANI SM

Gu Qu Ala
| NFORVATI ON FOR SEQ | D NO 29:

22

23:
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21 FEB 96 1@ . T
(1) SEQUENCE RACTERI ST CEITENTS 1 +45 ¥af2 PBNBTH: 5 ani no aci ds P.49.86

(B) TYPE: am no acid (D) TOPOLOGY: i near (i1) MOLECULE TYPE:
pepti de iii) HYPOTHETI CAL: NO - (iii) ANTI-SENSE: NO Vi)

ORI G NAL S 35384 (A) ORGANI SM synt hetic (xis@@]@é@
DESCRI PTI ON:  SEQ I D NG 29 £40 42

Au GQu Ala Pro Lys (2) 1 NFORVATION FOR SEQ ID NO  30:
(1) SEQJENCE T H. 660 base pairs

(B) TYPE: nuclel E%& 6}&9&‘:1’1'1(()»&) %ﬁm&g single (D)
TOPOLOGY: |ineghy qiu Akl gldvgaegg, IYRE DNA (iii) HYPOTHETI CAL: NO
(iii) ANTI-SENBE: NO (ve) ORI G NAL SOURCE: (A) ORGANI SM

synt hetic (1 x) FEATURE: (A) NAME/ KEY: CDS (B) :
LOCATI'ON: (237 DNFHATION FOR 6EQ ADANMIRES: (A) NAME/ KEY: sig peptide
(B) LOCATION: 127..381 (i x) FEATURE: (A) NANE/ KEY:

mat _peptide (i) SEQURI\B}I c&mmmz . 540
(A) LENGTH: 8 amino acids
(B) TYPE: amino acid
(D) TOROLOGY: linear
(ii) MOIECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:

Glu Glu Ala Glu Ala Glu Glu Lys
1 5

(2) INFORMATION FOR SEQ ID NO: 26:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOROLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYFOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

Glu Glu Ala Glu Ala Glu Ala Pro Lys

(D) 'I‘OPOI.OGY _1mear



(xi) SEQUERCEDESRS PTG REEBNISDL NOKS 39: 42 I PIGTATTC TTTTCTTGCT TAAAEGFATA -
ACTACAAAAA ACACATACAG GAATTCCATT 60 CAAGAATAGT TCAAACAAGA AGATTACAAA
CTATCAATTT CATACACAAT ATAAACGATT 120 AAAAGA ATG AGA TTT CCT TCA ATT TTT

ACT GCA GT™WOPSISSEC GCA GCA 168 Met Arg Phe ProPSamX958028ne Thr
Ala Val Leu Phe Ala Al a -85 -80 -75 TCC
TCC GCA TTA GCT GCT CCA GIC AAC ACT ACA4ACA GAA GAT GAA ACG 216 Ser
Ser Ala Leu AIa.SAIa Pro Val _Asn Thr Thr Thr A u Asp G u Thr -70

- 65 MOEBCUIECATREAAPRFF990G GCT GAA GCT GTC ATC GGT TAC TCA GAT
TTA GAA GG . eProAIaGIuAIaVaI Ile Ay Tyr Ser Asp
Leu Gu Ay %’%”mg‘ﬂ ke _ 45 _40 GAT
TTC GAT GIT gq[lgl'%%_ { TT TCC AAC AGC ACA AAT AAC GGG 312 Asp
Phe Asp Val a a he Ser Asn Ser Thr Asn Asn Gy

-35 -25

43 TTA TTG 'IITT ATeA) MA%&;E&BCC AGC ATT GCT GCT AAA GAA GAA

360 Leu leu Phe IIe Asn Thr Thr Ile Ala Ser Ile Ala Ala Lys Gu Qu

-20 -15 -10 GGG GTA TCC ATG CGCT AAG AGA TTC
GIT AAC CAA m&qmmmmmmp Ncal 2Ber Met Ala Lys Arg Phe Val
Asn G n Hs Leu Cys Ay Ser 1 5
CAC TTG GIT GAA'IGCGluTm GAC MBG;IBTIIE'G@J@ A ANSATEBGRY TC TTC 456 Hi s
Leu Val Gu A & Leu Tyr LeuSv/al Cys Gy Gu Mg Gy Phe Phe 10

15 25 TAC ACT GAC AAG GCT GCT AAG GGT
ATC GTT GAAszWﬂ@T%%@NO %% Tyr Thr Asp Lys Ala Ala Lys Ay Ile
Val Gu dn Cys Qv 30

40 ATC TGC TCEMTTHES %c TAC TGC AAC TAGACGCAGC 550
Ile Cys Ser Leu Tyr a Cys Asn 45

50 CCGCAGECTC TAGAA L A ATATATAAA AATATTATCT TCITTTCITT 610
ATATCTAGIG TTATGAAAA'TA G CGGAAA GCTAGCTTT 660

(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic
(xi) SBEQUENCE DESCRIPTION: SEQ ID NO: 28:

Glu Glu Ala Glu Ala Glu Ala Lys
1 5

(2) INFORMATION FOR SEQ ID NO: 29:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide Has Been Replaced

it emEmons o \\II\I\\ (i \ll\

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 29:



(2) | NEORRTPONIBGR SEORT-DPRIGNT™S4: +45 44 42 2Pi80 SEQUENCE CHARACTER! SPI&886

(A) LENGTH. 138 am no aci ds (B) TYPE: am no acid (D
TOPOLOGY: |inear (ii) MOLECULE TYPE: protein (xi) SEQUENCE
DESCRI PTI OO BB$D NO 31: Met Arg Phe Pro Ser |le Phe THCTAISPEISO ey
Phe Ala Ala Ser Ser -85 - 80 -75

-70 AIaLeuAIaAIaProVaI Asn Thr TH"rZThrGIuAspGIuThrAIaGIn

-65 -55 1le Pro Ala Qu Ala Val Ile Qy
Tyr Ser Asp Li&ucﬂ&‘ &?Pﬁe ¥8he - .50 - 45 |
-40 Asp Val a Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gy Leu Leu

-35 .-25 Phe Ile Asn Thr Thr Ile Al a Ser
e Ala AR 5F @mﬁégmés%x oz 303, -15

-10 Ser Met A(Ilg WMMGn Hs Leu Cys Gy Ser Hs Leu -5
1 (A) LENGTH: 660 baseOpairs
44 Val Glu Al a L@g;vfypg Lesc1¥ad ays Gly GQu Arg Ay Phe Phe Tyr Thr

15 @f) STRANDEDNESS: singldb Asp Lys Ala Ala Lys Gy Ile Val Qu
A n Cys Cys Thr Se(Dyl rarcDpsy: linear 30 35 40
Ser Leu Tyr A n Leu Gu Asn Tyr Cys Asn 45 50 (2)

| NFORMATI ON Fm)smmmmzm (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 516 base pairs (B) TYPE: nucleic-acid (O
STRANDEDNESS{11g}) n’é@iﬁfﬂm NO (D) TOPOLOGY: |inear

.

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SCURCE:
(A) ORGANISM: synthetic

(ix) FEATURE:
(A) NAME/KEY: CDS
{B) LOCATION: 127..540

(ix) FEATURE: .
(A) NAME/KEY: sig_peptide This Sheet Has Been Replaced -
) oot IIIIIIIIIIIIIHIIIIIHIII
(ix) FEATURE:

(A) NAME/KEY: mat peptide
(B) LOCATION: 382..540
(xi) SEQUENCE DESCRIPTION: SPQ ID NO: 30:
GITIGTATTC TTTTCTIGCT TAAATCTATA ACTACAAAAA ACACATACAG GAATTOCATT 60

CAAGAATAGT TCAAACAAGA AGATTACAAA CTATCAATTT CATACACAAT ATAAACGATT 120

AAAARGA ATG AGA TTT CCT TCA ATT TIT ACT GCA GIT TTA TIC GCA GCA 168
Met Arg Phe Pro Ser Ile Phe Thr Ala Val Ieu Phe Ala Ala
-85 ~-80 =75
TCC TCC GCA TTA GCT GCT CCA GIC AAC ACT ACA ACA GAR GAT GAA ACG 216
Ser Ser Ala leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr
=70 -65 -60
GCA CAR ATT COG GCT GAA GCT GTC ATC GGT TAC TCA GAT TTA GAA GGG 264
Ala GIln Ile Pro Ala Glu Ala Val Ile Gly Tyr Ser Asp Leu Glu Gly
-55 =50 -45 -40
GAT TIC GAT GTT GCT GIT TIG CCA TIT TCC AAC AGC ACA AAT AAC GGG 312

Asp Phe Asp Val Ala Val Leu Pro Fhe Ser Asn Ser Thr Asn Asn Gly .
=35 -30 ~25



(i1) MLEU R TV D% P “TE(*T?H) HYPSrAERPSR: NO (iii) ANTI PoEXEE:

(vi) ORI A NAL SOURCE: (A) ORGANI SM synthetic (ix)
FEATURE (A) NAME/ KEY: CDS (B) LOCATI
(i x) FEATURO 95/35384 (A) NAME/ KEY: sig_peptide O\i’fﬁﬁﬁ%@%ﬂ ON:
133..321 (1 x) FEATURE: ) NAME/ KEY: mat _peptide
(B) LOCATION:. 322..411 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 32:
TGTTTGTATT CTTTTCTTGC TTAAATCTAT AACTACAAAA AACACATACA GGAATTCAT 60
TCAAGAATAGE TERAABAMIEA WA REAGH AETERCACT RITCATAGAEAAA TRRAGACCAC 36020
GGTACCAAAA AT AT Endvivi el AR THETTIETALABAr TEE ACA GyeTa 6% 168
Met Lys Leu Lys Thr Mgl Arg Ser Ala Ve Leu Ser -10 -63
- 60 -55 TCA CTC TTT GCA TCT CAG GIC CIT GGEC CAA CCA ATT GAC

GAC ACT GAgsG GTA 218 ATSEGCT ARG RitA TICAGRR AAGC CRAVEAC T8 TUCYGEF AOPro | | edO8sp
Asp Thr GGly Val SeS(Met Ala Lys Ary FPhe ¥&L Asn Gln His Leu Cys0Gly Ser
45 TCT AAC ACT AEF TCT GIC AAC TT@ ATG GCT GAC TZAC ACT GAA TCT ATC

264 Ser Asn Thr Thr Ser Val Asn Leu Met AIa Asp Asp Thr d u Ser IIe 5
“20 CAC TIG GTT.GA GCT TIG TAC TTG GIT 35€ Cgfp;& }lg:
AAC GTT Gatispien det @ Leu Vak Oys Gly FHY AFH ClYeEhe, Asn Leu Ala
Asn Val Al &%kt Ala Pro Alal -15 -10
-5 CGCT W% éggr TAC g4 360
Ala Lys 2@%% :ﬁ%likﬁys %%%& TGRS BLY Yy, Se¥'
40 :
ATC TGC TCC TIG TAC CAA TTG GAA AAC TAC TGC AAC TAGACGCAGC 550
Ile Cys Sexr Leu Tyr Gln Ieu Glu Asn Tyr Cys Asn
45 50

COGCAGGCTC TAGAAACTAA GATTAATATA ATTATATAAA AATATTATCT TCTITTCTIT 610

ATATCTAGTG TTATGTAAAA TAAATTGATG ACTACGGAAA GCTAGCTTIT 660

(2) INFORMATION FOR SEQ ID NO: 31:

(1) SEXUENCE CHARACTERISTICS: 'I‘hlsSheetHasBeen Replaced
(A) LENGTH: 138 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31:

Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Ala Ala Ser Ser
-85 -80 =75 ~70

Ala leu Ala Ala Pro Val Asn Thr Thr Thr Glu Asp Glu Thr Ala Gln
-65 -60 =55

Ile Pro Ala Glu Ala Val Ile Gly Tyr Ser Asp Leu Glu Gly Asp Phe
-50 -45 ~40

Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asnh Gly Leu ILeu
=35 =30 . -25

Phe Ile Asn Thr Thr Ile Ala Ser Ile Ala Ala Lys Glu Glu Gly Val
-20 ~15 i -10

Ser Met Ala Lys Arg Phe Val Asnh Gln His leu Cys Gly Ser His Leu
-5 1 5 10



TTG GAK'GC A 77 GeFORRGTERYSTHC APt 2968 TTG GTT AAG GGC RO/ Bou
GQu dy Adn Ala Ala Lys Gu Phe Ile Ala Trp Leu Val Lys Ay 15

20 25 GCT TAGICTAGAA ACTAAGATTA ATATAATTAT ATAAAAATAT
TATCTTCTTT WO 95/3538461 Al a 30 TCTTTATATC TAGTGITATG TAAAATARSTDREXGWAETAC
GGAAAGCTAG CTTTT 516  (2) |NFORMATION FOR SEQ ID NO. 33:

(i) SEQUENCE CHARACTERI STI CS: 48A) LENGTH 93 anino acids

(B) TYPE: amino acid (D) TCPC]_OGY | i near (1i) MOLECULE

TYPE: t S Met L L
o e R NI
-55 -507" Ser A n Val Leidy @n Pro Ile Asp Asp Thr A u Ser

Asn Thr Thigp 1, Ly Gly Ile val glatfin Jux s 1 8%ysSer Val Asn
Leu et AlaiasheAbs Th 8 FEer' Vas ASH R S Tdhe o 230 ¥

-25 -20 Val Asn Leu Ala Asn Val Ala Met Ala Pro Ala Pro Al a
Lys Arg Hiser 1Bu Tyr Gln Leu Glu AstDTyr Cys Asn -5 1
Ala Gu Ay ThasPhe Thr Ser Aspsoval Ser Ser Tyr Leu u Gy dn

5 10 15 Ala Ala Lys Qu Phe Ile Ala Trp Leu
Val Lys Ay Al a 20 25 30 (2)

| NFORMVATI ON FOR SEQ | D NO: 34: (i) SEQUENCE CHARACTERI STI CS:

46 QXAN@E%@TW FPB SEQ Hd NRei ¥ - (B) TYPE: amino acid

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 516 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLEQULE TYPE: INA

(1ii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: synthetic

(ix) FEATURE: This Sheet Has Been Rep

G I i

(A) NAME/KEY: sig peptide
(B) LOCATION: 133..321

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: 322..411
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:
TGITIGTATT CTTTTCTIGC TTAAATCTAT AACTACAAAA AACACATACA GGAATTCCAT 60

TCAAGAATAG TTCAAACAAG AAGATTACAA ACTATCAATT TCATACACAA TATAAACGAC 120

GGTACCAAAA TA ATG AAA CIG AAA ACT GTA AGA TCY GGG GIC CIT 146 168
Met Lys ieu Lys Thr Val Ary Ser Ala Val leu Ser
—-63 -60 =55

TCA CIC TIT GCA TCT CAG GIC CIT GGC CAA CCA ATT GAC GAC ACT GAA . 216

Ser Leu Phe Ala Ser Gln Val Ieu Gly Gln Pro Ile Asp Asp Thr Glu
=50 -45 -40



(O STRANDEDNESS:? ST ngfF¥F- PATENTS { oy+aS B3R89 | near (ii) MOLECPIS/86

TYPE: peptide (ii1) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (v)
FRAGVENT TYPE: i nternal (xi) SEQUENCE DESCRI PTION: SEQ | D NO 34:
Asp Asp Al VO9§33BH Asp Ala Asp Pro Arg 1 5PCT/DK95/00250
10 (2) 1 NFORVATI ON FOR SEQ I D NO. 35 : (| ) SEQUENCE CHARACTER! STI CS:
(A) LENGTH 6 am no aci ds (B) PE am no aci d (O
STRANDEDN (D C]i I | ECU{# TYPE:
pepti de Qﬁi r%hg}_ﬁdie%r @;%g:c) %
FRAGNENT I D NO 35:
Au GIuGIuGIuProLys (2)INFCRMATIO\I CRSEQID
NQL 36 zux:ﬁtﬁ'AEEC&ﬁa“EErGEﬂN%ﬁﬁﬂE%EF§ié§§hrGcc ATG GCT_ded) gbfelH: 5 aggno
acids  pen Trr (B TS al A3hNuARIL Asn val Ala MEERISTHANREDMESS: single
(D TOPOLOGY: [i near -15(11) MOLECULE -RW¥PE: pepti de ~5(111)
HYPOTHETI CAL: NO

GCT AAG AGA CAT GCT GAA GGT ACC TTC ACC TCT GAC GIC TOG AGT TAC 360

Ala Lys Arg His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr

1 5 10
TIG GAA GGC CAA GCT GCT AAG GAG TTC ATC GCT TGG TIG GIT AAG GGC 408
Ieu Glu Gly Gln Ala Ala Lys Glu Phe Ile Ala Trp leu Val Lys Gly
15 20 25
GCT TAGICTAGAA ACTAAGATTA ATATAATTAT ATAAAAATAT TATCITCTIT 461
Ala
30
TCTTTATATC TAGTGTTATG TAAAATAAAT TGATGACITAC GGAAAGCTAG CTTIT 516

(2) INFORMATION FOR SEQ ID NO: 33:
(i) SBEQUENCE CHARACTERISTICS:
(A) LENGTH: 93 amino acids
(B) TYPE: amino acid
(D) TOROLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPITON: SEQ ID NO: 33:

Met Lys Ieu Lys Thr Val Arg Ser Ala Val Leu Ser Ser Leu Phe Ala
-63 -60 -55 =50

Ser Gln Val leu Gly Gln Pro Ile Asp Asp Thr Glu Ser Asn Thr Thr
-45 ~40 -35

Ser Val Asn Leu Met Ala Asp Asp Thr Glu Ser Ile Asn Thr Thr leu
=30 -25 -20

Val Asn Ieu Ala Asn Val Ala Met Ala Pro Ala Pro Ala Lys Arg His
-15 ~10 -5 1

Ala Glu Gly 'Ihr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly Gln
10 15

Ala Ala Iys Glu Phe Ile Ala Trp Leu Val Lys Gly Ala
20 25 30

(2) INFORMATION FOR SEQ ID NO:34: '
Sheet Has Been Replaced

o o RN



47 21(|FE§/ ’Aei\l'l'fa-gENSIg?RPNOPmENT? \}) +|9'|§\’K6V§\I?'IS?PE i nt er nal (XIP) >5/86

SEQUENCE DESCRI PTI ON: SEQ | D NO 36: Au Gu du Pro Lys

5 (2) INFORVATI ON FOR SEQ I D NO 37: (1) SEQUENCE CHA&Q)DKI;RI STI Cs:

(A) LENGTHWO@53%8ho aci ds (B) TYPE: anmino acid

STRANDEDNESS: si ngl e (D) TCPC]ZI : Iinear (i) NL']_ECULE TYPE:
pepti de (ii1) HYPOTHETI CAL: NO V) 'ANTI - SENSE:  NO (v) FRAGVENT

TYPE: internal (A Iﬁbi’ﬂ SE%B% | PTION: SEQ I D NO 37: Asp Asp

Asp Asp Asp Lys 2)- | NFORMATI ON FOR SEQ | D NO ' 38:
(1) SEQUENCE CHARAR LG HDo aeld 1e (A) LENGTH 61 amino aci ds

(B) TYPE: am no agbyl ToPOLOGY: 1linkedr STRANDEDNESS: singl e (D)
TOPOLOGY: |inear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL:
‘NO (1v) (ANTMOBEINEE: TYI®: peptider) FRAGVENT TYPE: internal

(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: intermal

(xi) SPQUENCE DESCRIPITON: SEQ YD NO:34:
ASPASpAlaAspAlaAspAlaASp Pro Arg
10
(2) INFORMATION FOR SEQ ID NO:35:
(i) SBEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(C) STRANDELDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(11i) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIFTION: SEQ ID NO:35:

Glu Glu Glu Glu Pro Lys
1 5

(2) INFORMATION FOR SER ID NO:36:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
(B) TYPE: anmino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE "TYPE: peptide
‘This Sheet Has Been laced

59 mromezIcs o AV 1



48 21(I;<FTB) '%Ed?élﬁ%E o= HEiale Vo §|‘:‘6‘ﬁ"b“%\|é? 38 Au du Ala d uPAKg8s

Gu Ala Lys Phe Val Asn Gn Hs Leu Cys Ay 1 5

10 15 Ser Hs Leu Val Qu Ala Leu Tyr L Gy
Gu Arg Q@ yVPRY3sIse 20 25 %TM%S’%???J
Phe Tyr Thr Pro Lys Ala Ala Lys Ay llegy¥al Gu G@n Cys Cys Thr

35 40 45 Ser Ile Cys Ser Leu Tyr G@n
Leu G u Asn TyiviCARTEASBENSE: NO 50 55 60
(2) | NFORMATI FOR SEQ I D NO 39: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 583 (ey"FRBGMENTIBYFE: intermal(B) TYPE: am no acid (O
STRANDNESS: si ngl e (D TOPOLOGY: |inear (i1) MOLECULE TYPE:
pepti de (iii) HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO (v)
FRAGVENT TYPE: internal (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 39:
Phe Val Asn GRLHSEUENGECESCRIBIIONT SERSID ¥Q:3%I G u Ala Leu Tyr 1

5 10 15 Leu Val Cys Ay Au Arg Ay
Phe Phe Tyr ThEMPRU ISR B l¥ea Arg 20 25
30 Gy I1é Val Qu GInSQ/s Cys Thr Ser Ile Cys Ser Leu Tyr A n Leu

35 40 45 G u Asn Tyr Cys Asn 50
(2) | NFORVE)! RESH TR S 9 o1 37:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: sirgle
(D) TOROLOGY: linear
(1i) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:

Asp Asp Asp Asp Asp Lys
1 5

(2) INFORMATION FOR SEQ ID NO:38:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTIH: 61 amino acids
(B TYPE: amino acid
(C) STRANDEINESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: NO

(iv) ANTI~SENSE: NO

(v) FRAGMENT TYPE: internal

il



(i) SECUEREE BHAFiBR ERFE CRETENTS 1 +45 4ap2 PERGTH. 10 anino acids  p.s7es

(B) TYPE: am no acid (C) STRANDEDNESS: single - (D
TOPOLOGY: |inear (ii) MOLECULE TYPE: peptide : '

49 (1i1)WelysEsBBETI CAL: NO (iv) ANTI-SENSE: NO ( VPCTHREENGI%I0 TYPE:
I nt er nal (xi) SEQUENCE DESCRI PTI O\I SEQ I'D NQ 40: Asp Asp Al a
Asp Ala Asp Ala Asp Pro Arg 1 10 (2)

| NFORVATI ON FOR SEQ I D NO 41: (1) SEQJENCE CHARACTERI STI CS:

A) LENGTH 7 | d C
(ST??ANDEDNESS ?éﬁaéﬁsﬁﬁésﬂﬁsm%%%%%ﬁ% Pﬁga?'c am(u i ). NL']_ECUL(E )TYPE:

DNA (i11) &P R | 3 (

TYPE: internaly QIEE(E §%§%§ﬁ%€%&%¥?@%v§% ;&EE l’['\@’ Xl&’ ATCCA
TG ANGAG ACRBGACGET A GACD CTACCOAAG BT TORTTAAC 600 CAACACTTGT
GOGG

I D NO 42:

Ser His Leu Val Glu Ala Leu Tyr Ieu Val’6ys G&Y dluﬁgavaiy @NeFOR SEQ
20 25

Fhe Tyr 'mr Pro Lys Ala Ala Lys Gly Ile Val Glu Gln Cys Cys Thr
35 45

Ser Ile Cys Ser lIeu Tyxr Gln leu Glu Asn Tyr Cys Asn
50 . 55 60

(2) INFPORMATION FOR SEQ ID NO:39:

(i) SEQUENCE CHARACTERISTICS:
(A) 1ENGTH: 53 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linhear

(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
{iv) ANTI~-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:

Phe Val Asn Gln Hls leu Cys Gly Ser His Ieu Val Glu Ala leu Tyr
1 10 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Ala Ala Axg
20

‘

Gly Ile val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu
35 40 45

Glu Asn Tyr Cys Asn
50

(2) INFORMATION FOR SEQ ID NO:40:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single ‘nnsSheetHasBeen laced

o —— [T
(ii) MOLECULE TYPE: peptide




(i) SEOUERCEYCHABABTERPS T BRTENTS 1 +45 44 48 2PEGTH: 13 anino acids P-58/86

(B) TYPE: am no acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL:
NO (i WO 95ISE384SENSE:  NO (v) FRAGMVENT TYPE: i nt er naPCT/DK95/00250 -
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 42; Qu Ju Ala Gu Ala du A a
Ju Pro Lys Ala Thr Arg 1 495 10 (2)

| NFORMATI ON FOR . S NO 43: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: &3'%a FHEAL: NO (B) TYPE: nucleic acid (C)
STRANDEDNESS: (D) TOPOLOGY: |inear (ii) MOLECULE TYPE:
DNA Giift MEW&L © (iv) ANTI-SENSE: NO (v) FRAGVENT

TYPE: internal mmuwmlmsm PTI.ON SEQ I D NO 43:  GGGGTATCCA
TGECTAAGAG AGAACARCET CAALTGAAG CTGAACCAAA GGCTACAAGA 60 TTCGTTAACC

AACACTTGTG CGG 83  (2) | NFORMATI ON FOR SEQ
ID NO 44: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 53 amino

aci ds (xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:
AspAspAlaAspAlaAspAlaAspProArg
10
(2) INFORMATION FOR SEQ ID NO:41:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 74 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLEQULE TYPE: DNA
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:
GGGGTATCCA TGGCTAAGAG AGAcsAoscr GACGCTGACG CTGACCCAAG ATTOGTTAAC 60
CAACACTTGT GOGG 74
(2) INFORMATION FOR SEQ ID NO:42:

(i) SEQUENCE CHARACTERISTICS:
(A) IENGIH: 13 amino acids:

(B) TYPE: amino acid '
(C) STRANDEDNESS: single - is Sheet Has Been Replaced

® omicct: Lires: T

(i) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: NO
(iv) ANTY-SENSE: NO

(v) FRAGMENT TVPE: intermal



(B) TYFE "dhifo AR CORP. PATENFS LSTRANPEBRIESS® singl e (D) P.59.86
TCPO_OGY I I near (i1) MOLECULE TYPE: peptide (ii1) HYPOTHETI CAL:
NO ANTI - SENSE: NO (v) FRAGVENT TYPE: internal )
SEQUENCE eﬁpmqsm SEQ I D NO  44: ~ Phe Val Asn Gn HPS TE’éi?s’@&G y
Ser Hs Leu Val Qu Ala Leu Tyr 1 5 5 10
15 Leu Val Cys Gy AQu Arg Ay Phe Ighe Tyr Thr Pro Lys Ala Ala Lys

20
51 Gy II %@&EC&P’H&}S% ﬁzl e Cys Ser Leu Tyr @ n Leu

35 u G1400a Glu Ala Glu Ala Gﬂ? Pro LysChih ARP alyr Cys Asn
50 (2) | NFORVETI GN PR SEOA'S &8 &5 SEQENCE "CHARACTER! STI CS:

(A) LENGTH 39 base pairs (B) TYPE nucleic acid (O
STRANDEDNESS): INFORMAEICON FOR SEQ XN Bp:4BOPOLOGY: | i near (ii) MOLECULE
TYPE: DNA (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (v)
FRAGVENT TYPE: (AntSERHENCE CHARACTRRIBTICSEQUENCE DESCRI PTION: SEQ I D NO 45:

GAAGAAGAAG AAGAAGAABE IENEGTT8EhaspQRARSAC . 39
(B) TYPE: mucleic acid

(C) STRANDEINESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPITON: SEQ ID NO:43:

GGGGTATCCA TGGCTAAGAG AGAAGRAGCT' GAAGCTGAAG CIGAACCAAA GGCTACAAGA 60
TTOGTTAACC AACACITGIG OGG : 83

(2) INFORMATION FOR SEQ ID NO:44:

(1) SERENCE CHARACTERISTICS:
(A) LENGTH: 53 amino acids

(B) TYPE: amino acid This Sheet Has Been Rep
(C) STRANDEDNESS: single
(D) TOFOLOGY: linear

(ii) MOLEQULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iv) ANTI~SENSE: NO

(v) FRAGMENT TYPE: intermal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:

Phe Val Asn Gln His Ieu Cys Gly Ser His leu Val Glu Ala leu Tyr
1 S 10 15 .

Ieu Val Cys Gly Glu Axg Gly Fhe Phe Tyr Thr Pro Lys Ala Ala Lys
20 25 30



(2) | NEORRRTPONI B3 SEORT DPRIGMEB ! +45 44 @R 28BOUENCE CHARACTERI STI C8-68/86

(A) LENGTH. 36 base pairs (B) TYPE: nucleic aci d (O
STRANDEDNESS: si ngl e - (D) TOPOLOGY: |i near ﬂ%ﬁ@#’
"TYPE: DNA WO 95/35384 : REPLACEMENT SHEET (i) CAL:
NO (iv) ANTI-SENSE: NO (v) FRAGQENT TYPE: i nternal (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 46: TAACT TGATCTCCAT GGCTAAGAGA
GAAGAA Ry N Leu (1)
SEQUENCE CHARALYERSSHELSM & cfhopk S Qgsgég%‘%o D L

(B) TYPE: am no acid (C) STRANDEEDNESS: single

52 (& AP s Adrnear (i ) MOLECULE TYPE:. peptide (iii1)
HYPOTHETI CAL: NO sgg I v) ANTI - SENSE: NO (v) FRAGMVENT TYPE: i nternal
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 47: Gu Gu du du Pro Lys Phe
Val Asn G(n)HNFORMATIONSFR $ESAD Nb:a5: 1 5 10
15 Leu Val Gu Ala Leu Tyr Leu Val Cys Ay Qu Arg Ay Phe Phe Tyr

20 (i) SBQRENCE CHARACTERISTICS: 30

(A) LENGTH: 39 base pairs
(B) TYPE: mucleic acid
(C) STRANDEINESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: INA

(iii) HYPOTHETICAL: NO

{iv) ANTI~SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:
GAAGAAGAAG AAGAAGAACC AAAGTTCGIT AACCAACAC 39
(2) INFORMATION FOR SEQ ID NO:46:

(i) SEQUENCE CHARAC’IERISTICS
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOFOIOGY: linear

(ii) MOLECUIE TYPE: DNA ThlsSheetHasBeen Replaced
() meomETICN: 10 Illlllll llllll llll i
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRYPTION: SEQ ID NO:46:
GTTGTTAACT TGATCTCCAT GGCTAAGAGA GAAGAA 36
(2) INFORMATION FOR SEQ ID NO:47:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 59 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS: single



Thr Pro LysB A2 APSS Lys &y PR 5u"‘Gl4ﬁ @y Cys Thr Ser lle . P.61/86
35 . Cys Ser Leu Tyr An Leu Gu

Asn Tyr Cys Asn 50 55 (2) -1 NFORMATI | D
NO. 48: WO 95/38BAUENCE CHARACTERI STI CS: (A) LENG?EF\‘J’@@;QM%E

aci ds (B) TYPE: am no-acid (C). STRANDEDNESS: single
(D) TOPOLOGY: i near (i1) MOLECULE 512YPE: . pepti de (rit)

HYPOTHETI CAL: NO j 3 SE: NO (v) FRAGMVENT TYPE: internal
(xi) SEQUENCE DESCRQ%T#MTH’%O 48: - Gu Gu Qu Pro Lys Phe Val

Asn A n Hs Leyj Mmﬁ 5

10 i FeGIuAIaLeuTyr Leu Val Cys Ay Au Arg Ay
Phe Phe Tyr Ttiii) H!‘PO’I‘HE:I‘ICAL. No 20 25 30
ProLysAIaAIaLysGIyIIeVaIGIuGInQ/SQ/sThr Ser Ile Cys

35 {(iv) ANWI-SENSE: NO 45

53 Ser Leu Tyr @ n Leu Au Asn Tyr Cys Asn 50 '

55 (2) | NFORVKW mEM'DM@mel (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 10 am no acids (B) TYPE: am no acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE TYPE:
pepti de

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47:

Glu Glu Glu Glu Pro Lys Phe Val Asn Gln His Leu Cys Gly Ser His
1 5 10 15

Ieu Val Glu Ala Leu Tyr leu Val c.ys Gly Glu Arg Gly Phe Phe Tyr
20

Thr Pro Lys Ala Ala Lys Gly Ile Val Glu Gln Cys Cys Thr Ser Ile
35 40 45

Cys Ser leu Tyr Gln Leu Glu Asn Tyr Cys Asn
50

(2) INFORMATION FOR SEQ ID NO:48:

(i) SECUENCE CHARACTERISTICS:
(A) LENGTH: 58 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

—_——

zz‘::nf*’@ il

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:

Glu Glu Glu Pro Lys Phe Val Asn Gln His Ieu Cys Gly Ser His Ieu
1 5 10 15

Val Glu Ala Leu Tyr Ieu Val Cys Gly Glu Arg Gly Fhe Phe Tyr Thr
20 25

Pro Lys Ala Ala Lys Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys
' 35 40 45



(iii) FvPEriRe EAL3° NEORP- PATENIS 1ANTS- SERBE? 60 (v) FRAGVENT TYpE2/86

I nt ernal (xi) SEQUENCE DESCRI PTI ON: SEQ I D NG 49: Au GI u Ala
Gu Ala u Ala Au Pro Lys 1 5 (2)
| NFORVATI ONWR3$38389 | D NO. 50: (i) SEQUENCE CHARACTERI WS"’OZS"
(A) LENGTH: 660 base pairs (B)..JYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPAYGY: | near - (1) MOLECULE
TYPE: DNA (iii) HYPOTHETI CAL NO (1v) ANTI-SENSE: NO (v)
FRAGVENT TYPE: dat g4 Gln WAQESCRI PTI ON: SEQ | D NO 50:
GTTTGTATTC TTTTCTTéT TAAATCTA A A ACACATACAG GAATTCCATT 60

CAAGAATAGT TCAAACAAGA AGATTACAAA CTATCAATTT CATACACAAT ATAAACGATT 120
AAAAGAAT GA (A TINFORMATZORMVYFORTIEACD NEe46al TTTAT TCGCAGCATC CTCCGCATTA 180 |,
GCTGCTCCAG TCAACACTAC AACAGAAGAT GAAACGGCAC AAATTCOSGC TGAAGCGIC 240
ATCGGITACT CAGALY TSEERGOERRRAETERISATICH: TGCTG TTTTGCCATT TTCCAACAGC 300

54 ACAAATAACG GGT T TGRNGTHATMAATINGTaIGEATTGCCA GCATTGCTGC TAAAGAAGAA

360 GGGGTATCCA TGAMARGAS ATMNEGIHAAC CAACACTTGT GCGGITCCCA CTTGGITGAA 420

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: peptide
(iii) BYPOTHETICAL: NO
(iv) ANTT-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49:

Glu Glu Ala Glu Ala Glu Ala Glu Pro Lys
1 S 10

(2) INFORMATION FOR SEQ ID NO:50:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 660 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOIOGY: linear

(1i) MOLECULE TYPE: DNA —————
Th:sSheetHas

o wrame s IllllllHllllHllHlHlll

(v) FRAGMENT TYPE: intermal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:SO:
GITTGIATTC TTTTCITGCT TAAATCTATA ACTACAAAAA ACACATACAG GAATTCCATT 60
CAAGAATAGT TCARACAAGA AGATTACAAR CTATCAATIT CATACACAAT ATAMACGATT 120
AAAAGAATGA GATTTCCTTC AATTTTTACT GCAGTTITAT TOGCAGCATC CICCGCATTA 180
GCIGCICCAG TCAACACTAC AACAGAAGAT GAAACGGCAC AAATTCCGGC TGAAGCTGIC 240

ATCGGTTACT CAGATITAGA AGGGGATITC GATGTIGCIG TITIGOCATT TTCCAACAGC 300



GCTTTGRATE 1¥GT 14 EBaG CPRBRARMIRNEST LT TP TETACA? BROCTAAGGC TGCTAGAGGT  P-a%E6
ATTGTCGAAC AATCGCTGTAC CTCCATCTGC TCCTTGTACC AATTGGAAAA CTACTGCAAC 540
TAGACGCAGC CCGCAGGCTC TAGAAACTAA GATTAATATA ATTATATAAA AATATATATCT 600
TCTTTTCTTT WOMESFMBTG TTATGTAAAA TAAATTGATG ACTACGGAAA GCTARSITIIRIS/AB023960
(2) I'NFORMATI ON FOR SEQ I D NO 51: él ) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 600 base pairs (B)®4TYPE: nucleic acid

(O
R Aotk Srrarsrre Al Acridboch | Aitkeenee atbldad!R * by
OrTIGTATT GTTTGTMM@WW gé"

TCAAGAATAGGETSAAGAA GAREATES EA TACOEAMCE AR
GGTACCAAAA TAAGAAACT GAAAACTGTA AGATCTGCGG TCCTTTCGTC ACTCTTTGCA 180

TCTCAGGT CCATTEISRAAA GRTEATGTRA CHOCATIECARETIFrRACARTACARGA TETRCAGEAREG 5240
ATCClI GACG ACACTGAATC TAGATTCGCT ACTAACACTA CTTTGCECTTT GGATGITGIT 300
AACTTGATCT TBGKXGECT ANGCAGATT ABGAAACCAR GATTXXTATA GIIEEARAE QATACTNGTT 860
GAAGCTTTGI ACTTGGTTTG CGGTGAAAGA GGTTTCTTCT ACACTCCTAA GGCTGCTAAG 420
GGTATTGT CGISRUARTCC ASATEGTCORRDSTRGEA JBRATGATC QANATESAAA /AFABHNITEC 6680
AACTAGACGC AGCCCCCAGG CTCTAGAAAC TAAGATTAAT ATAATTATAT AAAAATATTA 540
TCTTCTTTTC TITATATCTA GIGITATGTA AAATAAATTG ATGACTACGG AAAGCTAGCT 600
(2) | NFORMAF) GRTREYRTEEH §OB g 3D.NO:51:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 600 base pairs
{B) TYPE: micleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(iii) HYPOTHETICAL: NO ThlsSheetHasBeen

g — lllllllllllllllllllllllll

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:51:
TGITTGTATT CTTTTCTTGC TTAAATCTAT AACTACAAAA AACACATACA GGAATTCCAT 60
TCAAGAATAG TYCAAACAAG AAGATTACAA ACTATCAATT TCATACACAA TATAAACGAC 120
GGTACCARAA TAATGAAACT GAAAACTGTA AGATCTGOGG TCCTTTOGTC ACTCTTIGCA 180
TCTCAGGTOC TTGGOCAACC AATTGACGAC ACIGAATCTA ACACTACTTC TGTCAACTTG 240
ATGGCTGACG ACACTGAATC TAGATTOGCT ACTAACACTA CITIGGCTIT GGATGTTGIT 300
AACTTGATCT CCATGGCTAA GAGATTCGTT AACCAACACT TGIGOGGITC CCACTIGGTT 360
GAAGCTTTGT ACTTGGTTIG CGGTGAAAGA GGITTCTICT ACACTCCTAA GGCTGCTAAG 420
GGTATTGTCG AACARTGCTG TACCTCCATC TGCTCCTIGT ACCAATTGGA AAACTACTGC 480
AACTAGACGC AGCOOGCAGG CTCTAGAAAC TAAGATTAAT ATAATTATAT AAAAATATTA 540
TCTTCTTTIC TTTATATCTA GTGTTATGTA AAATAAATTG ATGACTACGG AAAGCTAGCT 600

(2) INFORMATION FOR SEQ ID NO:52:



> E})F%E&EN&“M%@TWSCS *45 a4 42 €\ ENGTH 55 ami no aci ds'®*®®

(B) TYPE: am no acid (C) STRANDEDNESS: single (D) TOPOLOGY:
| i near (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: NO V)

ANTI - SENSE:W@I@5/35384 v) FRAGVENT TYPE: i nternal (xi) SEQBE 5/00250
DESCRI PTI ON:  SEQ I D NO 52: Phe Val Asn Gn Hs Leu Cys Ay Ser H's Leu
~Val GQu Ala Leu Tyr 1 10

%g Leu Val %’)SS aﬁ%ﬂcﬁﬁsﬂ& PthTyrAlThrAPro Lys Ser Asp Asp

A o acids a Arg dy Ile Val Gu dn

Cys Cys Thr Ser 11| : ar:tgé 35 40

45 . @n Leu Qu e20 55 56

CLAIMS 1. A DNA g 21 ggh_lgjagpol ypepti de having the foll ow ng
structure signal pep |de- eader

peptide- X[ er r J(1X] esorbeitpetyde: Xpaiibe X[ err] - X[ err]- X[ err] - het er ol ogous
protein Xferr] is Lys or Arg; X err] is Lys or Arg, Xerr] and X err] :
t oget her defi¢iihy HYPYBEIICAL:0NBSSIi Ng site; X err] is Gu or Asp Xerr] is a
sequence of amno acids with the follow ng structure (A- Bferr]
wherein (iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SBEQUENCE DESCRIPTION: SERQ ID NO:52:

Phe Val Asn Gln His leu Cys Gly Ser His Ieu Val Glu Ala leu Tyr
1 5 10 15

Leu Val CYsGlyGluArgGlyPhe Phe Tyr Thr Pro Lys Ser Asp Asp
25 30

Ala Arg Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser ILeu Tyr

35 40 45
Gln Iau Glu Asn Tyr Cys Asn
50 55
This Sheet Has Been
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Ais GUFHR "Rple48  CORP. PRIENIS 4 g+45\A] 42 128 % Pro, -and P87 880
or an integer froml to 5 and when n>2 each A and B is the sane
or different fromthe other A(s)- and B(s), or X[er%h‘is a
sequence of WAMSS3%cids with the following structure /DK3/00230r |
wher ein Cis Gu or Asp, and mis O or @J_@tegﬁb

froml to 55 Xerr] is a peptide bond or*4s one or nore an1n
may be the sane or different; X err] is a peptide bond H“mm&&i“ m‘
resi due selected fromthe group consisting of Pro, sU,

and Ay; and Xerr] is Lys or Arg. L LATMSNA construct accor di ng to claim
1, wherein X3 is d u. 3. A DNA construct according to clain11 mherein A

is du. A DNA construct accordjng to claimil, wherein

57 5-'L A i CeBREFRGEt engedbh E%lYE%Pt%‘F%u Pr?vingmﬁéﬁeufﬁllﬁ"l?’g
preferabl y skrhctuxee preferably 3. 6. A DNA construct according to
claiml1, rei.n X er S, a_ peptide ) D 9

G u- Pro- L\;/\As;(?L aﬁ {’ep&d?fli\a%\ﬁ (P(?I?&P&E?‘ %?dacrcﬁ( d(Ag C%Pﬁtfro\kﬁgtp& n
X[err] i $ prptedn a peptide bond. 8. A DNA construct according
to claimlyiwhgre, gg BQeA§?gnal _ peptide is the a-factor signal peptide,
the yeast agparti ot gase 3 S|gnal pepti de, of nouse salivary

anyl ase, H‘e is LY%a‘P’bo%S&)eﬁt | ol X’stepaFher e fNing 3 WeaRta PXogaRE idgnal
peptide. site; 9. A DNA construct according to claim1, wherein the |eader
peptide is natﬁi der pepti de such as the a-factor | eader

peptide, or a 18y HePFc FBader pepti de.

10 X* is a sequence of amino acids with the following structure
(A - B},
wherein
A is Glu or Asp,
B is Ala, Vval, Leu or Pro, and
15 n is 0 or an integer from 1 to 5, and when n22
each A and B is the same or different from the other
A(s) and B(s), or
X* is a sequence of amino acids with the .following structure
()
20 wherein
C is Glu or Asp, and
m is 0 or an integer from 1 to 5;
X’ is a peptide bond or is one or more amino acids which may be
the same or different;
25 X% is a peptide bond or an amino acid residue selected from the
group consisting of Pro, Asp, Thr, Ser, Glu, Ala and Gly: and
X’ is Lys or Arg.

2. A DNA construct according to claim 1, wherein X° 'is Glu.
3. A DNA construct according to c¢laim 1, wherein A is Glu.

30 4. A DNA construct according to claim 1, wherein B is Ala

—_—
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10. A BNEERorRt 8P acOBR uPRTYS ol 454 42\38eB%i n t he heterol o- P. %58

protein is selected fromthe group consisting of aprotinin, tissue
factor path i nhi bitor or other protease inhibitors, insulin-like
grow h factg’ra/qma?“ll human or bovi ne growt h hor none, ?Wﬁ“@%&#%,

ti ssue pl asm nogen acti vat or, gl uc n, glucagon-I|ike peptide-1,
Factor VII, Factor VIII, Factor X IT, pI atel et-derived gromh factor,
enzynes, 'BSU| AN DNA 86n§«£'rxh£'§U|eld?:ond% SQb afdif fi:'”CttheE?é ifnal ogue of
any of t hese proteins construct acco ng to claim
10, wher ei REEHERRY 34 '“°rleo§66§eﬁﬁ‘8i¥| A*is insulin or an insulin

precursor or a functional anal ogue thereof. 12. A DNA construct

di f t d;
| ?(E:g(r);] ! ;](?etrso ﬁnﬁNR cEhEtPEcd a]c]z:@ﬁm% eltxl glain g& gﬁ’gﬁ agesp}geaﬁ)l;)sepftéde du
Ala Gu A boeidu Ry, GASPPOy Gya-Rra-Tus-ALy;

58 GIuGIuAIaGIuAIaGIuAIaLys GIuGIuAIaProLys
Gu Gu a du Pr A Asp Ala Asp
Al a Asp grg ‘Afy; o o3 °°n5tr“€1t agcar%xnéd:a graipyl, AiRetebn ¥ Qif &xP-G¥ Pro
Lys or a peptAsie AMmdAsp Asp Asp Lys. 13. A reconbi nant expression
vector which is capable of re- plicating in yeast and which carries a DNA
construct according to claim 12. 14. A yeast strain which is capabl e of

expr essi ng8a letBid| songbuscpr acepndand Wi cilaim tX aneherein wheh sHgredt or
accordi ng Lantlidem 13- thel%- f%d?:ro‘?:ceé.??rfx%% Pbg‘é'i%”g ﬁmé"%@fxgho%%z:%lrr’{:m

proteln conprising cultivating a ccording to aim1l
sui t abl e MPICHAASSE obt aﬁwr@@pregmb%ean@fse@@’ewoﬁadflwaﬁrér hanglasegoddhe

prot ei n,1aklaeboMdyipebdidase 0fedhal S gepdlidesd bronaHdeyedkturgar®didifnal 16.
A process %%%q_'rﬁ ng to claim 15, wherein the am no acid

9. A DNA construct according to claim 1, wherein the leader
peptide is a natural leader peptide such as the a-factor leader
peptide, or a synthetic leader peptide.

15 10. A DNA construct according to claim 1,. wherein the heterolo-
gous protein is selected from the group consisting of
aprotinin, tissue factor pathway inhibitor or other protease
inhibitors, insulin-like growth factor I or II, human or bovine
growth hormone, interleukin, tissue plasminogen activator,

20 glucagon, glucagon-like peptide~l, Factor VII, Factor VIII,
Factor XIII, platelet-derived growth factor, enzymes, insulin
‘or an insulin precursor, and a functional analogue of any of
these proteins.

11. A DNA construct according to claim 10, wherein the hetero-
25 logous protein is insulin or an insulin precursor or a
functional analogue thereof. '

12. A DNA construct according to any of claims 1-11, wherein
the amino acid sequence X*-X7 is
Glu Glu Ala Glu Ala Glu Ala Pro Lys,
30 Glu Glu Ala Glu Ala Glu Ala Glu Pro Lys Ala Thr Arg,

Replaced
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sequence 5 eP?] 1% ¥ r |CORR- PEIOTRD f 1454 HR 22cBver ed het er ol ogous priobéisk

by a process involving treatnent wiwth a proteolytic enzyne which is

specific for a basic am no acid. 17. A process according to claim16,

wher ei n t heW®953838yti c enzynme is selected fromthe group c@EFTDKISNHRS0
trypsin, Achronobacter |yticus protease I Ent er oki nase, Fusari um oxysporum
trypsin-like protease, and YAP3. 18. process according to claim 16,
wherein the anrno ac e err rein X[err] is a peptide
bond, Ala, or égPeﬁg gf?réﬁﬁ 3@6@ protein in the nmedium
by a process |nvoIV|Ggusebpeslangr¢HEyqeast ceIIs to stress to nake

59 themrel ease yeagh, éth wher eby t he
amno acid sequence X err?a err eave féﬂf3 #&E%rocess accordi ng
to clai m18, wherei nAEReASPr wm%w%mé%&sﬁp 19 A% subj ect ed

conprises reduci ng theuptuefc1@ecpwlp¢5enp@dlunrto bel ow 6.0, or starvrng
the yeast cells by sg@#eg%#nglthenrt limting gerdh_QondLLLons-———QO

process according t o cPaPi 182 whe? f¥f t3e pH of th

reduced to bel ow 5. AsRlasp pspcksp BEgdiykng to cl ﬂlmmnimm‘ |m
yeast cell is further transformed with one or nore genes encodi rig &
protease which is specific for basic am no acid residues so that, on

cultivation of the cell the gene or genes are expressed; the consequent

productionigfl pr ofensito BRHY | digpredBich COaRtSE ewRieRvage paIl rdr - r&kerr]
fromthe hetero accor to claiim 21,

Qgous_pol ypep oce
wher ei n t hB*3ER 18 Fﬁgy?%gtt?ﬂéﬂﬂ4ﬁ9§n99r§§e§ QeﬁéACSSPﬁ rPgF RERTL NG hat |
on cul t nvatpboslefimt he.cel|l the YAP3 gene or genes are overexpressed, the
consequent overproduction of YAP3 ensuring a nore conpl ete cl eavage of
Xerr]-X[err] fromthe heterol ogous pol ypepti de. 23. A process according
to clai m23}4-wAe¥erAtt BErgénevhadahngst orpahbe ppbt e¥preesiing aoheberpipcus

protease | gBGst b¥BteAn and which is transformed with a vector according
to claim 13.

15. A process for producing a heterologous protein, comprising

15 cultivating a yeast cell according to claim 14 in a suitable
medium to obtain expression and secretion of the heterologous
protein, after which the protein is isolated from the culture
medium.

l6. A process according to claim 15, wherein the amino acid

20 sequence X3-X’ is removed from the recovered heterologous
protein by a process involving treatment with a proteolytic
enzyme which is specific for a basic amino acié.

17. A process according to claim 16, wherein the proteolytic
. enzyme is selected from the group consisting of trypsin,
25 Achromobacter 1yticus protease I, Enterokinase, Fusarium
oxysporum trypsin-like protease, and YAP3.

18. A process according to claim 16, wherein the amino acid
sequence X3-X’, wherein X® is a peptide bond, Ala, or Glu, is
removed from the heterologous protein in the medium by a
30 process involving subjecting the yeast cells to stress to make

This Sheet Has Been Replaced
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them release yeast aspartic protease-3 into the medium, whereby
the amino acid sequence X°-X’ is cleaved off.

19. A process according to claim 18, wherein the stress to
which the yeast cell are subjected comprises reducing the pH of

S the culture medium to below 6.0, or starving the yeast cells by
subjecting them to limiting growth conditions.

20. A process according to claim 19, wherein the pH of the
culture medium is reduced to below 5.

21. A process according to claim 15, wherein the yeast cell is
10 further transformed with one or more genes encoding a protease
which is specific for basic amino acid residues so that, on
cultivation of the cell the gene or genes are expressed, the
consequent production of protease ensuring a more complete
cleavage of X’ - X’ from the heterologous polypeptide.

15 22. A process accoxrding to claim 21, wherein the gene coding
for the protease is a gene coding for YAP3 so that, on
cultivation of the cell the YAP3 gene or genes are
overexpressed, the consequent overproduction of YAP3 ensuring
a more complete cleavage of X°-X' from the heterologous

20 polypeptide.

23. A process according to claim 21, wherein the gene coding
for the protease codes for A.lyticus protease I or trypsin.

R
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