Bl

EP 0 225 633 Bl Description The invention pertains to the field of

reconbi nant DNA technol ogy and concerns a nethod for the preparation of the
t hrombi n i nhi b| tor desul phat ohi r ERiOR2%i6RBlhe aid of genetically engineered
yeast cells, said genetically engi neered yeast cells, hybrid vectors '
carrying.a e for desul phat ohirudi n and net hods for the preparation of

sai d yeag? g@ﬁ? % and said hybrid vectors. Hrudin is an anticoagul ant agent

that ‘occur s, Daf g Eéﬁafn 1] 6 G0E S (bhbirk Bﬁﬂ' hdchidRl) Sd cdrbditst Phethéd P thed
singl e ppeLfiitn SPARE trron |Ftﬁ‘l§it‘3l'q§és§|ﬁ|§t Ritudlwith @RSdid b JeR&licAly BRGRLBIRE Seste sdgnat ed
hi rudi N Y34 heBlically dnbitebled yBast LSS Thybaledbts camyingZend fof destibta®hiRain a@inGifbds

Appl i cat {Pfhe Eﬁ. of25i yeddi6bils 4H@Said Mdkid dectdrsl Udi N" (cf. European Patent 10
Appl i cat i Ofirhifin is b @ntiR8&biant Bhént hat dcauis ﬁattdau&freleedxss (Bilridd Glediciaalib). Hilodinas hotat her
by a nunbrgie prbtem Bbéties B Aesistsat pEGdstihley corhgoRenty- desipiated airudirexatann ¢ ¢H\W, hikddib i s
Val - Val - Fatiant 2t(Hed) (6. Eutdy@ani Fateht! Appiithtion Ngr 158,664) aridetessiVall dhipgiin{ k| Burop@anifiateatdi n”

i s Thrio Typplicatio Nb&.a1568,988) The ovariantsadifieoim gifuctiwg droopérol iotheralyi # ouraker dEarpino adids

N-t er i nispeaially, thé Neerininal saaiencs ch bl tlis VakVal-Tys 1@t piciVRiinlesThr-Zyriapg thatioh edes-8al-due
([err]) phiesinhis TeeTwLbubhare @n pespmealioe pf hydriaphsbic @inise b jajthe Bi-emiws and @ Pelgfe

ant i coageiiamecidscat ithej G-prinus c tyregine regigue (Tyr*3pregal #, SulRhats, manopgler, Y‘(?%Idli\é’ph'de
(conpl ex briflgesendither dntinqagulspiaclyil n comMMAX[ err], i s the stron est t h o

i nhi bieor Kivedim witha K-@lug I@&F‘&'@’E @Fﬁ°§%‘ﬂ“ B?‘s'é“tk X107 M. 'ﬁthl .

Ot her enkiBgngfs shaecipised ﬂ‘iﬂ"aﬂﬁ?

ooy 6%93%5
hi rudi n. c3s6adeqRe r“ﬁ%t"h 'E?d : rred_anti t II:n
ttf;ttjgﬂéﬁ ‘f': S o

copyvent i ?o?f%{?"t'

dlrectly a"” hI " rato.
ani AL ttt% Mﬁ ahl Pl oyl nec&tfe&tb@tzzatawd
20 hiru ret!l a\)e é ’totdo Qe PhigP sQ@ﬁﬂH&t@&dr&@ o3 @nd Gdds, HirGdi s pioved Of
thronbos ﬁfﬁéntapﬂro%@sr (mE&B@ eithbE5ytdsR ol B the el o thRFBIAY, & endotoxin

thr OrTbOC)éﬁcﬁk CéHH Rlso il DIRY (HiLRBEtod MHttaVastaIAP 8Jag\Mitibn) CWHknGveb Gird2h Sciripdsdn tdsBmave

adni ni gt @psikairidl bRy MAH fhs/préved @0IEESsup&OERD Heparifli FilRheBG € hirudinhas @6 estrooely laxt S,

Pi gs and gRE is #dhakibolc BRSshBWDAdImet taplets/ elodranceevig s ikiansys ad a bibivgicathpsities

(i nduced @it her by stasis or by the injection of thronbin), in endotoxin
shock, and mihagh iong kiown, (hitudisiesnotas get achidveditha boad therapsoticish toe roja)t be pected; er

di xect conmarbesiont teotcslefitchicogRs prévedies. diaextiemdly ditmited wvakability fis i seriopy drwtiack o be
super i@r which lsapdsrin the Wayr df lite midesneead hise inghedidnasUmiie row h'E'ﬁtélz[yepré\t?“E 69249&9? | S
non ant i gbingbleaessentiaiiy iomanaturl mejerial (eoamexiraqis).cyhich inereenslyp and giicultit)pRisiy

bi ol 0gi c@mplpyieg: timereonsunying and|cpsty isgletioncan pkrrfeetﬁn PropeseRy; I Ra¥alsann %gé’t‘a'

achi eved magie 3§r‘i§&&!9§%eﬁ“éﬂ9@9tﬁa¥9"k&’8"°ﬂ?at o H? ]H%"'é‘% féE"I Blgtivel 'T“Hée

its excel85@minoseigs gt theypon é' "PP‘@ |5H’f°P cf°a}vru °‘fs| y is

t ren

BuNeyrmaflieds. putdherefpe b a
ﬁezsg: ng p ; et??‘ﬂ"?ﬂ/\?"“'ﬁ‘i" (o '%F'@Bﬁ?"ﬂ? P‘gﬂgﬁcw%g 6g‘rfeen oBRal n%: I i3 es nt | aI ly

from natd 8 naff B Yodni dati€ordiichedtnbibdyGiit t O
ob i 1, gprgd ;§° i '°§% ST sgg@nf Qe ¥ g{:’?z ,pttu%{m e i on
pro S@e modu s n- th|s c onfoRet thatIRddin isEHoaREsy

Pat ent 3P fbe via o%ﬁ@hato irddil 'p%&’ur@cfr Wm %eéoatttialv{ﬁtlynahplﬁgprﬁ%ﬂUltﬂﬁe of

65 am no &Ed At Hasth h)ﬁlelc 3 Gt RioR theP&Hekific] Sulshiia irbiifkrig (nkyerieS sylsteint ard Wilbpe
of s Uccestﬁeréf&é p@@&@@@%@h&&ﬁﬁﬁ%&atha&an INRiiingEfidwedts, tha tsdlogichleactvity Iseobiejurp py | ed
for the nrgabseieb of the SUiiphad gRURELSIs aVilisntddy Afie debulpheibhirutii atoteinahtiibed poBByriviie

det ai | gd rehéval & de shipiteSgravip fionthd Prendip bydrdxg go efrthd yir 631 residuet of thercomagponding

t her apeuttiradiniprétein fof.cEntopean dglahtapplisatiob Neriapge0). Such net hods are of fered

especi al |y Mythe ecantishpubishbd BipipetreBtenb ArrijsatiorBo. 188664 thefpradugtion efclepiRhpigiiydint i s
possi bl e vadantseirantl 2@ndiefanalégues thereof hympang offhspl cells 6@;@6‘@9’"‘58'@?@@ el 15? i des
by cult uratmgur@mene@srgdhmwewptye Aesulppehivding ¢ P' lasert

ed I?n
this centasikextrapts ofeultureg Ejspli Salis, andogiven in 1oans of; aF'tﬁ'jPﬁ‘b'i“é’ %ﬁ’ %° d b
| ceches w@oaeta@mawtu@anyoqoﬁﬁsg%qg Lo ' 74 degtm% Vg R

| phat edestimgted specific actviteef 15400
zﬂl Bh:t: t r Bresymaply t dfo e% fEctﬁi |s§ttri§agn(fét]:>aﬁ

i i f
desul phatgﬁ‘f YRt 'h%’_ "f° i "ra rm Y rcié:éd,?l?y?hty
i s not %9 nf'Y M o dfs th g,{noém rdy SOt .ﬁﬁ Weshcldieat he
desul phat %l Egﬂ eh T ?sg é%‘ ,ﬁﬁ} {?ﬁs Iérﬁ%ib&ﬁ-hc’tﬁ;tortah@ h&kdnpat e

group fr Qgge &h &SM iy ‘i}?&b,‘nvg M?él\Fbr eﬁ ﬁﬁmula@éﬁ ifi 8 cylbpas@fof ildRorgan-
ng hiru

correspon n protern ( Eur opean Patent Appl i cation No.

142,860). In the recently publlshed European Patent Application No. 158, 564
t he producti on of desul phatohirudin vafiants 1 and 2 and of anal ogues
thereof by means of E.coli cells transformed with plasnmids containing the
structural genes for the respective desul phatohirudins is disclosed. The
antlcoagulant act|V|ty neasured |n 50 ceII extracts of cultured E. coli

o Y o o o PN NN N



4000 ATU/ [err] culture which corresponds to a concentration of 0.2 ng
hi rudin/ OO/ 1 (based upon an esti mat edﬁgpemflc activity of 15,000-20, 000
ATU ng of pure hirudi'n). PresumablEP yield in hirudin activity
obtained fromtransformed E. coli cel I s is attributable to an accurrul atlon

of nost of, *} é‘rﬁkh Rl Yhdd t{.¥% paPe it the' d3Eretit %Rw e to
;zfﬁngs;f@ﬁ&, ol s g iAo iu A s mvﬁ e
essentl a

%ec%*%n@%e‘ g\éhéréfly Esier to%ete%h@ A ﬁltan ﬁ{mcelluﬁﬂpﬁc@&mulm&uctfw an

nat ural by s8&6toR o absiaarpisiutis Mhiodth® MdiflH avolddGRb eeseiyVdf BoalificO¥ He HEX BBEHRms
ti ssue pl mamrmtphumor and human [err] interferon are |ikew se

essent i al Isymé RaerbibgoRs Yiokins Prvap e eioxd) BifedCenliidl hest Ofdariisi. tWhan Satrdtddl 18&/13rd foss

M Cr oor garkkelyto interiele with Adtmal@siilaBindtiodss [cf. R A. Smith et al., Science 229,
1219 (198 pdreted profeins applessdikély tdbd digdsted Sy qratéalytion epgnbantien imgceliubeviy kecumulated

di sul phiod eprdtainsavhich eraatiacked byithes@enzpses yperodisintegratiooeftt@icalisng di sul phi de bri dges
ar e extr acel Mest sgcretefineeteinsaareeenspded ron fthecdNA assprapiidinswith @ sigad pentide as arpappended
desi r abl e:amipederaminalcexignsioncdf the matwe gmine ecifl Isgquenss W sigpal gentide playman essential rgld y

t han i nt r 2@Ng| cotransipiiona] dnsertien ¢f ttegPrpiein dnie the ;membranescaf dhej andopispmatie seticdem R AICt s
into the rFi9n7 ASPULHTSI Gleaveshibe sigpal peptidy iRpn HF’HaRW°Wg°m§B° tiyfinah gide °bfhgaﬁﬂ SHEel n
order t¥ r@eBYt W%@‘%F&H@E@b’a@dﬂ’é'%@‘é? b ﬁ!&"’y Yegeles. e n fisRfther seerefed ¢
effect on "t“h °P? “’B‘Féﬁ‘ﬁ?éﬁﬂ a%%'}?s@‘é'éﬁ"el“ F‘é °'|’"@?§“qu“ P? ftf6°t°’ killer

|ntrerfere

ta_be di gespt hﬁi yod t"&%’ﬁ%ﬁo Azdgf ey e ‘f‘“
Pt <. Rogh *a A e%'&ag{ Egég aeﬁyﬁ Bj% gf

rl%'E ﬂ%@g%u@ﬁ s%ﬁu;% £sP Jn&:’ér W'h

5' gnal pel%i @n i fe lﬁlregb rot@iﬁ @)Q:ﬁbt afl lapehGod Hhal p@ptiﬁén- no
-acid sequeRg ﬁould Sw 5!\" W&ecmtlhtslﬁle MediiR. PBreBRSEI3 b ssfb%'t@mdkbrrblﬂgle predictions
cot r ans| atwnehiét or hétaQkdtdirPwin 86 sdchbtbaPTHAS, Wnilb 90 Of bﬁ@nuwamraa@aa:u@éd ty'tRinsformed
endop! asnBeast (dofbihifig!thd GoretiEnfornfation @A a-b-gme&hiyda;m Sobroe @t thé eheBilig PET-Rtgat | de
I N an ear | Applestdn tNoO B4/2d2€) and MFighatiters bldepidefmal g@wihRactdr UEGI)edre fdand nathée m@ditim tob

t he out er colekdd yaastidoatieing theOEGH geneokithi the appesdsar £ f2010l sigres pedties (EuldpeanpPadnei N
i S either Applicatioh &d. 1181201)biemiper anphats o tracespd Gendaphin. (deciod sighabpitdat BSEPatent

i fver t ase)AppiicationtNo. 84/4330).Ubukenyte intertbronrA (neertgse signblaneplisie, EukipbdndRatenAgplicationSonc e
al | eukar yigT.204). Jwwan {-ivtedieran buradneservencileumiing ipavirfeginterfarans exp psk R, dissue Plagreinegen ¢

i nf or mat i cativaiad reeip a%hwanrgrsv'hékeeg( b tastari(eiactor sipnet peplidee Euronoam Bajond Applipation
eukar yot i Nog @4 dpuservidaengront Dgpdapdptererqn 3&’ 9T°W"'dﬁ’"‘203 (MG él'i‘twq"@"%ost
than in E ?'9"%?6 s tf?ﬁ@e%tﬂ%F greee Pﬁ? éPn"s -P3%) §'°tdﬁ‘é°f%b£'f' dioymadiym

handl danq 50 xy pti Patent
e>6<1 Br egsag ‘?ﬂ' t %1 § % | pas "’at '( squg?zpeng YHEL W@%"‘faar

to def ePs*é{' F‘8 ‘?{“s°8§? d |
pgpt Iedlen_e E‘ or m%an g ro\;}14 n f ven f eif e%gnr}g ag%engg({sbgn% egtu%e egrre]teiﬁ)éyea g?e
t t t

e %;e T A i o o
transf or me SRorRES it HaS aéeﬂ'fcfwd SR ithChirlidti % al'eosBchiQE into the medium b
pr e- gl ucoaysk asa)censswmccroaﬁﬁch DRA @orhptRingRdbNATsdqsnte aAlRRbih Gghdl (ngtlhé

84/ 2921) aipslrebrh @hankiiirf redidingrame Ritthes mbtu@rgamhrdeam.ﬁr@fom(u&ﬂ: are found in the
medi um of cult istah @bjest @Bths peesht inveRiiondo proede=hetteirfar thd gréduttion aspsperettadf profeiast or
si gnal epith thirudirEectivtycia ryeddt hest icellpiplis & furthes robjsict. of HibGin@6tioh , to ptoyiderhytrid vestwsint s
or traces coipising @a]DNArsdquendsi encading f @igoad peptidegupatreapah andde readhigiraP@twitin the structural
Appl i cat i aend\or deguiphaREOMIN, dnd weesidpsteellsrnarsiorregdorith Aaid hybrid vactesse si gnal pepti de,
Eur opean Patent Application No. 30 127,304), human y-interferon human
serum al b ietaiied desrjiptioe of e yanlignons a 1 and a2, tissue pl asm nogen activator,
rennin ifnd human i nsulin-1like gr owt h factor (a factor signal peptide,

Eur opean W%MWM Ieukocyte interferons D and A,

[err]-interferan and hrl‘man or mone ’% Ler g ¥ e andcugfg* Lgpal
g un
pept i des, f’p nutrie c%o %& lstrlosf& Jﬂ ﬁu hrgémfh it
D

det ect agl #p S g%gg %ﬂ ﬁpgiDH% e
E?;;Lesbf}@%&& éeV& s Rﬁg{'ef ﬁaggm%%aﬁi gq&h hBiBha ¢
hi D pca-
tion No. ﬁ %ﬁ r%YprésEi@rp eﬁé@aaﬁs& abm\' bifte BEHnHG ybait %%B:%ﬁ%m:maﬂon
Accordi ngly, whether or not a gi ven protein having an appended si gnal

peptide is secreted by yeast is 3



unpr edicct abl e and depends above all on the selected protein. Hence, it was
auncertain, whether a selected protein, such as hirudin, having an appended
si gnal peptide 40 woul d be secreER® 225t638B4st to a certain degree, by

transforned host yeast cell. Surprisingly, it has now been found that
proteins with hirudin activit are se rete |ntothe medi um by yeast host
cells vmf'%’ﬁ'sc‘i?ijfs% ggeﬂﬂmat %c u ce encqding a gcertain

si gnal pept %E TIE aﬁ%ewgr ems avm dmgl i i kn\g"vrtﬁ fzﬁ EZQ\J% n%{e f a%%ne
for desuf ,;%Zh §,] h sth QtﬁI %a h|r de
a met hsOd r&e £ erl'a éf stex ssWn thQ'I-N’I'%ﬁb)

§£ﬁﬁab| ot Ie% e
act i vty Gtin” rbfers Yo dos w frldin® Whigtt bre vdacha anfp BRN bridOgio-t O
provi de vectors corrprl sing a DNA sequence encodi ng a signal peptide
upstream o Th@rgqlrd B BeLaibiBod b2 PRotdihd Raving Pirsdin’ stailily" dosd) BRIk @btained from the
desul phatghingbstbelisthe hi@alhrorish$-inhibiigl sbtich faAdN& pevhivee@actibri WithwAs-kirubiy lantibodies

vect org. addeth@tl haR6 thbe BrimhanD biruetireOdf 4 lesuiphatshiniidin) ras el Jlas mhtiditied; Ssact @s sdihated,
product i adtivativesdmsredfph.gt mbiconedpondiig) dinidnecardi shortened) deivativesathaneeth eugh fag rdesuire
product i piutchkudihe Sadktingvaé @hEevencimino adaget ileiClgrmrws.t ur i ng under appropri ate
nutri ent c@och froteinsary espadiali these heind the formaweef or mred with a hybrid vector

havi ng one or multiple DNA 55 inserts each corrpri sing a yeast expression

contraob sequence, a DNA segnent, consi.s u e encodi ng
the yeast PHO5 oX iTFertifs&SH q%‘ %%1&65&[55 rﬁ%ﬂé‘f Rgﬁdi?% I‘g%dl ng frane
wit.h a secquh RYs aguege s&dlm fvarl wsJIGa.deé.nl oyt disinr &gisn Optsi ch DNA
segpent is under transc tion of, sai{.e e o] I
sequence, % q{?eﬁ? ?ﬂtam 3’ Seé‘ss'?’ tG(riéxns b B’Elor%ht&grm&ﬁau on 3
EP '8~7#25 6?@.\5361%# O Pralys MGy mmmmsmhmrsmmyr Asm e cul ture
medi um The_term equenc adi ure desul phatohirudin" is

i nt ended tcf”e‘htﬁ]d'b% %’&%{}c Lﬁ%ﬁ} T&%n %o |tnng for mature proteins having
hirudin activity which are known to g£Xi st i.n and/or can be isolated from
the I ggch genone, such as the structural enés for mature desul phatohirudin
variants Hv1l, HvV2, PA 5 and for des- (VaK} ¢ desul phat ohi rudi n (unl ess t he
|atter is a nere artefact of expression of the HV1 gene). The term "mature
desul phatpkichudieBresen ity dipdpidectasidub [ValataRvT) e TR D Valja-hitudin) ahehRofegiresdhntsatin
prie- and pRéndlic IARKE BRGS of TYREF @ gidup df chebiermuladerS;Hoshdabe dpivaves laskingdhe Ag

hi rudisa adinaliamino atitt Gihethp ICabrainaldipebitda i-imedbin, the O-teriminaktamsptivie) -Fyy(Rirbayt Gl eyl thes

t hat hav&-terniral tetrdpeptide 1Gh-Tyr(B)-keg-Gnceri on and a positive reaction with
anti-hirudin antibodies 10 and that have the primary structure of a

desul phat ofyiy Wl 28 T fined 18 ge AT ISUIqLba e, Léer Oy i ves
t hereof , e. eugﬂhe (’:Ig%r espondi ng h| rudi ns, and short negxfder atda,\ges

t her eo®, s@@hl &y s Glph feghifsidiVied |Carc§<|<ﬂgf e aci ds at
the Gterm red, el lA6r fE1Se Nzg.t‘mecfﬁiryrmlae 15 X
Tyr Th Ash e e el T SR e Lel?@ Qoersr Ao Va
Q/s dy d IGIG B 1as Thsy Py Asin é’n_%dsle ﬁ%‘erﬁ%&% P 35]1_%/5 n Cys Val
Thr™@y @ r R I #wsn Asp Ay Asp Phe Au Qu lle
Pro G)é €] ultl'lqy?m'-ll_a;uné %H%ll{ﬁliqcﬁr rLeé;}llr ZGsents t he di peptide residue -
Val -Val - (HV1) or Thr (Des-[err]-hiruygdin) and R represents the phenolic
hydroxy group of Tyr or a group of the fornmula -OJ[err], and the
derivatives lacking the G 30 terna a) amno acid An, the Ctermnal

di peptjsde -Leu-d n, the Ctermnal L4 peptide -Tyr(R)-Leu-A@n or the
Cterminal tetrapeptide -G u-Tyr(R)-Leu-A@n, or Ile Thr Tyr Thr Asp Cys Thr
A u Ser @Hy2) @ whidsR hae theCGyeanidgs given aheve, or@psthéﬂ hirudirGrajiant BemedAkimdin \PA| whidllyis J y
Lys Ay phsainced by eech@).9Dodt, Thesis, University of Munich, FRG, 1984) and has the formula

50

56



Ille Les Gy Ser Asn Ay Lys Gy Asn Adn Cys Val Thr Ay u Ay Thr Pro Asn
‘Pro Gu Ser Hs Asn Asn dy Asp Phe 40 Qu Au lIle Pro Au du Tyr Leu
A@n R (Il) 45 (HV2) i'n which R hasEPt%@Wrmngs gi ven above, or anot her

hi rudi n variant nanmed hirudin-PA which is produced by | eech (J. Dodt,
Thesis, University of Minich, FRG 1984) and has the fornmula 50 55 4 EP
0 225 633 BIled &hih/Tyky ThihAsss CySy ShTthiGlGl $eSeGl@ ¢1@ Asns feueGySys Leu

dy Lys nop SRS, <t L 47 Shie! aa) VAY] <8 oy gkt mefl gl ol L7

dn d yskpmmwﬁwsem@mcﬂwmﬁowpaAm Glsp Cgisu Vad. TBr(BAy in which

R has the ni abqve, ref, QL .eidy W I U activit
s that of AP (1 Re G BRen SATC e 8 PR Gl oY deE PR, TR Y
represents tGkm mm:nal]lec Hnod Gy Agpo Wl a0fTyky Aspaitlwt he deri vati ves thereof
that are shortened at the G-termnus by dne to seven, especially one to
four ameno acids. Suitable yeast host celRs are especially cells of
Saccharonyces cerevisiae. 20 The yeast host cells containing the above
DNA sequences are cul tured using neflixxs known in the art. Thus,
transforned yeast cells according to the invention are cultured in a liquid
nedlunlcontainl assim | ahl e sources of carbon nitrogen and i norganic

salts. ’?ar(?‘ﬁdb‘” s the sep

sour ces ar e, JEHYRPd BY '"c"ﬂ ri 5,eesfemtf skl 98%' ol
or . | act os&" &yreRy 9'35 ﬁ’sgrgré’g" d 2 °"V vﬁ‘n cane can g@ﬁemu
either al Och g%mble ls re | yec§lls o rrgl &'cte{egggen sour ces incl Ude

for. exgﬂp on | i cult Gt knBiPih &ol. and
thedr degr ad‘?ﬂu& qgn&tyrﬂ oﬁfﬁg ttJ iﬁgtlﬁgﬁlon B Rufliiéa lﬁra Ilﬁﬁatma@?&ﬁ\rc%ﬁﬁlﬁmg
fur t her Moo e borash Bﬁéa;bon, Jen@id éGdnic saiRl N steep liquor, as well

anmoni um sal YiousSéafion 3surddSTERNbisdbie. CBXhrApidsIét, préitioR babén Sdurces hf’e&‘sﬁmﬂ*b&hrbﬁiﬁ/n be
used ei t hegatdd! QIOR adsludoss, Fidikdsé hafnil of 1a¢foes or dnsestgaRich a8 addiutn adeiatbhwiiiehycaly be
used i Ngl UGSy eithétraloRd BTP k@tabls Mixiukeal Sustablectittoger sberses indhals forat@splea Aring asidsosuet e
of sodi umas3gsaminotaaids i pepidesragn@stbitsramintieiC adgeadation pAwdakits, isaahads| typtone @eptane ror ent
medi um nMaymeat Sdrads) Mirhérmogryeast axtpctomalt éxtrart, cainssteap liger, aSwélisasammesiupisaitshsuch
pronot e gras\atnmoniurs chigtigle, shiphatecor aiwple avhich cande usdderitbet ialone erircvitable mixiyrgs. Inorgaeic
menganese saedwhichanay bk e@seddnclude,donsxaiopis, suphatee chierddgs phosghates wag SaThe %%&f gqdium,
yeast c®l |potassiuam sfagresienl ap cHiciuny tAdeitinnallys g nytdsst medivm gy g F%%q??:trﬂsf!m"ﬁbi’mmm'"g

5

exanpl e, [ubstanpass Sersianags r‘Mh va}*’é‘&‘?tgf‘["éfr inpludey &prmacelef?megf st“‘é'hff 1“6' F'B%e

the i nt r odtRAgaNesRAA the b ualpgyino @gidsy 35 reason

to be grown UhaeRvig E‘tr V%as'c‘c‘ﬂ'iﬂl °d yithau a“U%P a%a ?&ebe

expr essi orf'ﬂi!“‘da ‘%l@’?ﬂ !Pa%t s ondl % g‘[le ?Fé’ i A

fﬁ;;ﬁ?t f5y P?f"?rm%]sf o ng_? % ﬁ ro arlé(r\s okt IIS aM] esent in

oo te e el s Gioe it
If i ythe |s h y i i icie e ng amino

defj cient 1y % rine Yade® ﬁ%%f e@é@n@ﬂ ichaitb t@b” A0pRPIMAASKlocido N \b8 lusedJR VA

ConTer T | i Yo b Egtned @Rffind an?t&rc@%y@l@l{dx cﬁ 18 R CanfilR gﬁ&uﬁ% 4326 adawRhetal, 4Pthe

[e.g. gene@e]c QBHsE il HanskoRiadS Wi etofs Ccoftiifthg Brwsiotis rico gohts areTgiodn @ Herpiikde

G 418, tO mediteaonainiVg it conBsponditg dntibiclit whefemstasteradrovih tateanmll dighe celhidbrisitieseab or s

cont a! n! ng-e@h&d biotic resistance genes are grown in corrpl ex medi a
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hi gher e®l dondliing i Thése srassfeemedoaaiharel sufficiently stable to allow growth without selective pressure. These
cells are advantageously grown in complex media.

Yeast cells containing hybrid plasmids with a constitutive promoter (e.g. ADHI, GAPDH) express the
desulphatohirudin gene controlled by said promoter without induction. However, ser, it the desulphatohirudin
gene is under the control of a regulated promoter (e.g. PGK or PHOS) the composition of the growth

so medium has to be adapted in order to obtain maximum jevels of mRNA transcripts, i.e. when using the
PHOS promoter the growth medium must contain a low concentration of inorganic phosphate for derepres-
sion of this promoter.

The cultivation is carried out by employing conventional techniques. The culturing conditions, such as
temperature, pH of the medium and fermentation time are selected in such a way that maximal levels of

55 desulphatohirudin are produced. A chosen yeast strain is preferably grown under aerobic conditions in
submerged culture with shaking or stirring at a temperature of about 25° to 35°C, preferably at about
30°C, at a pH value of from 4 to 8, for example at approximately pH 7, and for about 4 to 20 hours,
preferably until maximum yields of proteins are reached.

5



Yeast eells transformed with DNA integrating into a chronosone do not

rrequi re selective growh 45 conditions. These transforned cells are
sufficiently stable to allow grofPtP 285@3&1 sel ecti ve pressure. These cells
are advantageously grown in conpl ex madl a. Yeast cells containing hybrid

pl asm ds with_a

desul pha{h Fl; is s:urprlg"gfga Fouéa%utgfe E% mt Sagt st ecifiod si nalep)é %gedt :ﬁS‘st of
However , bk, i el %ﬁ\péuﬁd%ﬁi Qsobi E@a %efn,soru eﬁdsr oot ed
pronot er feerﬁ'enﬁtlon |&ﬁs Eld ) rel sty SB%Q%ﬂ)[;llé(pﬂl d%f\erﬁl |eanﬂﬁrﬁé’\fo@b or rﬁ& tnuma jas to
be adapt Reboldingy! dGbted ArudiRistivayd@shdh @Bl s of MRNA transcripts, i.e. when
usi ng t he ridin@Bmpdahdst dae barsammrdmﬂb GifuidLsadium @y tcarventianal MBans. CH&EQ@IanS,t I on
of i nor gasiifst RBEdAkistE Bsublifin Sepakiiigefio colid Bdin @b clifiireSfiuRirby MiEasy of cértiugatidnt Theat i on
i s carri egdungtsuftynaintidad pé Bfticksarisraitidirocvaipotnds byiraptresnt withipelyetbyiéneiminego as to
condi t i ORBnovesnGsh obithe harp@EsidECenuS maelidl,Gihd pleepitatini ofi the gratbirfs doy Isetrbting i tiensolutione  ar e
sel ectredwitnarsrariurasulphate ohby trintiloroacetic dcidyiddst proteing 5f prebestuitap Hedeo bk ipregiitateddve

pr oduc ed mesdkscdi oxidificafion with acetiaiagidi (for pranfpler A%y P roRnA Uwther enfishrogst ©f hirudin

condi t i opempopnds .kTbe gehibved byt entracting the aspiigidcidsupgrmatant withy arbutapel. Qtheropyiigatianur e
of about stpesr ingludepfo] example, gesalinationEhyomstographin procagses;, sugh as iof |xehandgechiomaog-om 4
to 8, foraphygeitmtion chigmatographyspagition EIFP"‘P“%H’EY #8+° Apy8ised phase, HRLG d'i'es"ke

v%”

pr ef er&bil qﬂlﬁﬁg;:im HHR? ?ﬁﬂﬁﬂ" F%PHE"QE“ '%?'%ﬂ ‘ﬁfg"t 1‘?@ “;" :e;%s o "?b’f
sBr%elslt f : Z %ﬁ @P'Q Pﬁhg{? %’%y dJpr {fé t"ﬁr i aft v "i:ﬁiﬁcm nlare
secr et ed or ‘Iﬁge g@ﬁ'" F?é'p "ﬂﬂ%?%’ or? g c F?\mﬁgf’ra%gf emal

associ_at £46iohi Gorgt cARSERd {3% "DNA
Con"ﬁfiugd " ' ?mﬁéf'%gmf.ﬁs s%rpnmr@i" * U O 'Jeétﬁﬂi\&:lﬁrﬁant: i@@é@%{@sev?sm&cess
appl i ed. tl%etﬂﬁ 8 lorott wiREHOAHRY: Frorh Qheai!@ StiedOdomPBUnEs by '8 aBsohece 6F oNE tdXfold dMdhaY |
secr et ed, ds” & tHo TE-thrnirds. WRYSS culthiing B st ¢RI IcAAng b gerle \@dik fok EdsRipRiRAIANVEEnT an

be isol apgd §isiedMnisRBridatihd Wélicas R dbwsyiaids, SUNMRARbHIAMIR corfPRaMs lackify the Caemminal  t he
first 5t QRiné QB8 IGH fDeb-aIRF)-désulphatbiidifi]atht NGleimiil dipdptide fesioua { hew-Gin [Hesleu®®) ui d
by means aafs)aesuiphdtdhingiiril] 8. C-ldnainal eRipdptiden Geskiukp eTyrhbe@ih [Dasy(THES, cien’t C IGEEF) or

hi rudi n aesuphatshitedirt) yand rtiea Crarninal istrdpeyidé yesidoy |-@ndyrhemGinsiPestSied Tydhoee® nost
of the n@mjHiediphaabirainlsespadtiesly. These zorpopndsanayihewet eem forhied: Hydpasial) pestaglytidal
satur at i degradationsad|thet pripraryl €xpressidn rueducidegyiphaiohipytintand have [bpen idpniifigdoin ol sulivre:

aci d. siodtothsyitespscties, of ihb ypasthostised and thedfprmentalien pandiions iaprliekd by neans of

aci di ficatihn togttwith santi-hirugin 0 j agti- M‘Pha&(‘ | gntipodips, (fop, prampls "‘°¢?°1°[H' taﬂ’épd'es

enr i chnegptaipgoletfrom fydsidopg ﬁﬂﬁhﬂ‘ﬂé"’?!%ﬂ'f‘ 5%t [M hﬁwe’b( Jelethogs in T;Fj ﬁ@?

acid supé’P'nEﬂ PaBit4-31f. {VRrlag- %&’P‘éﬂ‘ﬁ?'"heﬂ B Eﬁ?llaf V'e op ??a%“fa@?fste?‘ |

| e, TorewbHepmest 44 226
ehr o ogeép}gﬁgp i vhﬁ e e 8d?"8’b"ﬁ9 °é’|o§? BpdS oot a%S@ﬁAp hy,
HPLC, k 5 f
f&,.n. e%ld ﬁe a&Lex g &nS& fcr%s%u%&eo b ﬁaﬁen;

consti t uent so; ssﬂ h§ g{

charge by meg ?1 ante, vﬁtﬁ sg 9 DRA's ce%&n‘id ﬁlr m tﬁr@%eé:t‘l pﬁﬁ&hﬁr %I&Tslbm
accdrdjong t O GRLAE GUindlr thdcRptidia H&ﬁ&%f@ |d @xp?éééu& nffol 36RBIRE.Cand GABNATEbqudAYe
affinity chrQi@hiRgyaRtidénschigibn SR anti bodi es, especial |y nonocl onal
anti- bodi eSpregafing/ Hybrid VaEte Baimprising $@d BdAb&sﬁjcﬁUI table carrier for affinity
chr omat ogr apisiorfing Biitabib ekt Host@SIBWIR the creapenybad Vegtot,hose known from the

| i terature- ahd selectihg tranSformad st calistedmyurftransfoemddihast cdlsart fromthe

desul pat ohi rudi n conmpounds corresponding to the "DNA sequence codi ng for
mat ur e desDiNAtmbtokts coroprising the nedlingtrégions ofsssignglipeptidé pnduafl desulpkatpbiswdinds can be

I solated fromthe culture broth which differ fromthe expected conpounds by
t he absenceThefinvsntiontagndegra BINA Fonstiudt ¢antaining: # yeast PErespien sontrathigguenes, |a; Bi¥A ng

of yeast segmantcopsisting piracfiryt RNA geqyence gerodiag the yeagiiNS &Y‘?Sﬁferslﬂﬁ'ia'rﬁ’e?} P P%ﬁﬁ;ﬁx—l\/ 1

yi el ds%t [9f and, g rpading frgme yith (@ sgeond ;QNA W"‘}/?‘El"ﬂém Q’t’%‘ﬁ‘l"r‘

conmpounds$egmaaTk F%g‘d%ga@’%‘?" ?Péﬂm'ﬂ sﬁ'ﬁﬁ?’f °%ft°f‘a°°ﬂ¥ seque g

[ Des- ([ ercPT Im@? oot r m for re alon fs%o -Gn
De

[Tyf (L [eEr r ‘:@T g‘fg 6fP |d?_'ar{d gjeiunat L m l garrt[q:] g é:o‘?u erﬁgéﬁep i de

resi dug Ex |on Htro ELre o%j) fl%ﬁ\slﬂé B%‘nﬂ:hbﬁklm {?Jast especially of

respectiwgly I8 ﬁ! Edatfol SQMEHEE! ofh @ﬁrbs’% éyeast gene is

proteol yt or d& Iphattiruein. FRs ine BBmEteSdf Qb mpa &, the ADHI or ADHII

desul phat ohi rudi n and have been identified in all cufture 30 ®roths,
I rrespective of the yeast host used ang the fernmentation conditions
appl i ed.



The test with anti-hirudin or anti-desul phatohirudin antibodies (for
- exanpl'e, nmonocl onal anti bodies obtalnable from hydridoma cells), the .
thrombin test [MU. Bergneyer (edEPO#58B& in Enzymatic Analysis, Vol.
11, p. 314 316 Verlag Chem e, velnhe|n1(FF£3 1983] or the bl ood
coagul at' ha%% en sogjtoc rogg' 9’% ora Ec'}zn’lﬁe of th dnol %6 c:!o‘r%%zl) g-caN
be used t 1h Mds ly ate kmas OL arb 2 st
cells acc é mase
t echni queﬁm&aﬁl’iﬂ@ﬁﬂaﬁ'u%e"a@p e|sor9§r§'£ d gcoﬁin r% rbﬂa éai/d%tng a
yeast eXpPmaihg ﬁ&oﬁ%tg'eﬁés &Qﬂﬂ Qﬁb a%r@#éct&eéumt usB@ B ls Siso %séﬂiie t’% dsb rh§l§ndD'\|A
sequence Gromesrs REmpridiRg YesBEdm orPBeqlieRY&! (URS)Gf Shelfbalt g dnt GBwréRss Graiatét
and in reaehén ihddng atirictional TRTA Ot [Aiihes GEHIEGHRE, f6rQRtaniilb 4 AYbridBlobhb®r including
desul phat tiiUASE) ol thelyessh P gedé and downstregaProinotbrsleiante includiigy Sfondtipral TATAlbox of
control ofhe yaast GARPH ge®! Prafec@inteciols of eaLimeser invantitn sonishi‘prarasiere witte transeriptidnali Ng
yeast tie acomieli Rromaers pEthivitypas 6.0 thesirammter of the PHOE: pane iand) PIOSGARTIHChybist pramoters,
conpr i si neanskei tm@en ororiistyr vagiation of the grewhosondifegs. Sai exable. e REOS hoapter edn| be
wi th the epiesseedr riptepiegsed cat twill  solely hydingredsing tar ragcvpﬁsalnsth@rcmmtmt ofcipgrgapict r om
unt r ansf oPhegrbaly 3% the cradijum. A fwsihgr’ profped geamster gecosing P iinypriion istie eremetergpf the
regi ons ofAPDH geng.gsp p dHactionl f’éﬂm‘iﬂb@ﬂ’P [iartHg jat RHg ?F'dTh@ ith 18Pt iR Bﬁ""i‘:‘@h%‘er ns
a DNA ddnByclepidp 283 At 9% P “Q"%/%&E‘i‘e ﬁﬁﬂﬂﬁﬂ‘ sequence, -
segnment cons['e#ignsLseatences g“g CNVARE Hﬁ"@%‘”& ﬁ’éd‘???‘hiﬂ ‘Q%éa%'zﬁﬁgi gﬁﬂﬂ@%“"ﬁﬁf a
i nver t aseS1aRpaide fayg tafo ream 50 of and in reading frame with a second
DNA,sequence codi ng for nature desul phat ohi rudi n whi ch DNA segnent is under
transcr,) pt iMetalPheoliysolSedf Vel Yadx Tyas Sed 10@N/ed! A380AIRC SerdRdya APNA
sequence cgpéeﬁalng yeast transcription term nation signals. Several yeast
expre55|on 5 sequences can be used for regul ati on of expression of
t he DNA sequences coding for the signal peptide and desul fatohirudin. In
parti cul agng oP B yEEEivdRass QBrie/ BlingSBIC Sidhaieptdb hivingMeGtnyiaeXxpr essed yeast genes
are usegl. Expression control sequences for yeast are derived fromthe
genom ¢ DNA of yeast, espeC|aII of Saccharo ces cerevisiae. Preferably,
the expressi dtetedrfty dr g?” a%%yg%%% Ala seq
for the exprmq,rygflp@ssé,pr}aI@hl rud| n Thus the pronoter of the TRP1
géne, the ADHI or ADHII 6 EP 0 225 633 Bl gene, acid phosphatase (PHO5)
gene, WSOEégﬁggrone C gene or a phgqnter gf the@eng%%%e Iéceraldeh%de-
SuipRal © enes 1or
S e e e e
gl ucose- 6"% Bhaxtee Pe¥er ase, 3- phosphogl ycerate nutase, pyruvate ki nase,
trlosephosphate | somer ase, phosphogl ucose i sonerase and gl ucoki nase genes,
or ap ”DE@&GgferEﬁgﬁéﬁé&GEACFEE\M&TEﬁ%ﬁ&ﬁﬁ&c@&@%&c‘i‘@@b&@&@hﬂ he a- or
a-factor, can ossi bl'e to use ronot ers
conpr|3|ngCapﬁﬁhésﬁEQGCEGACG@ﬁG§@@6§ﬁ66§G@QRSFGbﬁA6ﬁﬁAFé§§FT3§ and
downstream pronoter el enents including a functional TATA box of another

yeast gene, for exanple a hybr| d praonoter |ncI udi n W east
PHOS gene ZCTAAGHTS r'}p TOACHANTGAT SGT %Gg Eybox

of the yeagg %@dﬂ%@u@t@c@mﬁ%mmwkmmmummmmmt ain
pronoters wth transcriptional 10 control. Pronoters of this type, e.g. the

pronoter of the PHOb gene and PHO5- GAPDH hybr i r.Q rned on
br Cort by VERGGRTASE GRS GRARIIE ARG AR CTEAC AR A G TR R

pronot er ¢, ARRE@S O @A ftﬁ!&i&ﬁﬁﬁ@é&@ﬁcﬂ@érc@ﬂ@t@@mmm ng or
decreasing the concentration of inorganic phosphate in the nmedium A
further preferred pronoter according to the invention is the pronoter of

t he GAPDH TESEES onal fragment .t hereof starting at

nucl eotsPde% @MT&CEW%%I ar at 15 nucl eotide -263 or -199, and
endi ng at @QTWG@@CT%C%TA?&A@%H gene. The signal sequences according

to the present |nvent|on are those of the yeast PHO5 gene coding for a

si gnal pepti avtlxe“ conteammg yergé transcnptlorlvt%rmma on sm%sls is prefe %‘y the 'ﬂa;ll-léfng s§8l:renc|:e| €

Leu Al %5 Alofaa %&t Télé L\N hacontams proper signals for transcription termination and polyadenylation. Suitable 3"
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according to the present invention is provided at both ends with synthetic deoxynucleotide linkers which
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sequence,xoaor hid-meeHssnt consisting of a first sequence enco | ng the

yeast PHOS pguble-girifiod A&uphatehitadin REIA Icate bé! PFddicRaNMoP bxafipd, by isoRMHgI MEANA Hrofe
with a semsprieddieelsOstishrcpreioinBddced todémUtiridig batthing b BesupitbhrudidMiriFeRUENCE
cont ai ni ¢ regamytmRNABMIRIOIG] P& imAlihet Knowi Pt isb,QiBing thBMIRMNA dsia tbiplate fo? ¢he tpadparativad

or der 45 2@ single-sitimkayeDNA] synivesisirmy froruthis DR the 6jt @h are BNA-GepgindahtdDNA golyiidése, ds
const r uct¢BNAa @ad cldningy theOlatteh dnto @vspitdbleoveciva \Cldnes dfaf eataird désyipipkabinidinecINA argat | on
or via sidéntifigd] éor cxsanpnien iny the tmanperi doscribéd elwve rby sgplenh dytiridisitiom lusing AUhdicaglively

t aki ng slakeli¢daHesulphatohirudin-PNAspeaifistoliodepxynueleptidey t hat t he nornmal functions of .

t hese DNA Jbaydrsyiehatohicidia opgi qan alshkeiproduced by chemical synthesis. The process is characterised
s0 in that segments of the coding and of the complementary strand of said gense are chemically synthesised

and resulting segments are converted enzymatically into a structural gene for desulphatohirudin.

The chemical synthesis of DNA is well-known in the art and makes use of conventional techniques.
Appropriate techniques have been compiled by S.A. Narang [Tetrahedron 39, 3 (1983)]. In particular, the
methods described in European Patent Application No. 146,785 may be used and are herein incorporated

s5 by reference.

In an analogous manner, the signal sequence can be prepared by chemical synthesis or is isolated
from chromosomal DNA of yeast.
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genoni c d&%@ﬂ‘tﬂt ofHhe go¥p iransfermedswithyald) 'HB@P PlassAss Thee Fl° bH'?—!'A B%ﬂ‘l'R"“P?t y be

......

cont ai n¥ tq?éveaérgfmmefaMmaNmVﬂas %ﬁ'l%a BAiHIA ghrp %3‘71“ a
i cr oor garﬁeqqem aﬁ?ﬂe’faﬂ‘e'ﬁ ‘Pe '"%Voﬁ% g‘tﬁ‘F gwatp cTena i yeast
;&F)Sﬁg}[) r(gd y ri r L?d?l |on§ 3! Vglncv,eslt% I‘l,‘S ezrelfés
15, and r(%ﬁ‘s%: 5 :erc 'Ch'ca agg nucI eo dd r%q;e ares e

fr arrent’s asm wrra'pﬂtsﬁuas 9&!& ih farmet.ﬁtetttaﬁ tﬁeﬂaddaﬁénul mastaahhéegéara RER

ot her undergﬁllﬁﬁi i &ﬂreséeiet:tﬂr@@ rotid erCf&WerQ F@Mﬁ‘éﬂn daYeohthifing E9&kst Mpiichtion

sui tabl e &g, 4. af &m&éuﬁ@aeam :% FieSovHalR ASiREIAdd UkkhiA toLAst can
be producedys Eﬂ& tRNGATHRARN A théﬁoh\&&ly Didatbd QB%nS Bhitdsih IHgbrldesigsmidsetdntaining

whi ch ape &&&h&@%hﬁgoﬁ:@%?ﬁﬁ QLDplﬁé?ﬁldndVINddﬁile us&éis NNl MEbsé Mgbrid plasmids will get
desul phat ahibgrated by redshBinktidn inke2ur gBiids alRgdyFRbébntWithih the eell ot wil repicatcautokoraawsly.per
se, using thastortN\bleative gerieatigoton foe ydas arlynearker gqna cat beousedlhichf fadllitateg| tie- lectmanded
CcDNA, syntiacansormants dusrtd thl piianotypid éxptebsionaf tie okrkernSuRale majresideyeast Bid/Rarticularly
pOLY MEr as ethosd xpriisifg aatibibtic resistanty drhip theatase rof awptophic yadst sivlapts,gepesowvhichCraghes

t hat cosnt aplemertliost ipsicos oPrmespdidingcddhes canfer. forl @xaMP| redistance)fo the anipiptis qyplohexjmide
manner deserrrdyidel ferroelrophyyin @b | agreiortistenstimuant. & DAY HE&HlMt ﬁ?&ﬂ )@_

| abel | ed, We4% NSINERRSIOF TERS 99NBNA- speci fic ol | odeo nucI eot | de

desul phat ohi Adantagegustye the additional @Nﬂée‘gﬂeb‘ﬁﬁl (‘E’B'H‘ r?% f "
process j st %l‘?‘éﬂ“‘é‘ﬁ‘t jinclugle & fppfiGatiqn ?Wgc'a 4

| et dets e, Psyiy fea %ﬁ wl Pﬁ P. o
oot e E *ﬁ? .,,ﬁtn" e 55”%“‘?‘5 e
desul phat o i £ %l,g o lén brPE eE@Ju

an d: rmke oonven ?tﬁ done | . qi % g t:p 9{ g r E % 0]0 en
eg, b n rr i\gsmfgﬁ i Mt?cg %0 %c - an} paéllpnarahml advantdgBsusty
met hods degh SLﬂaHo =17 bridab@sts. Appl i catlon No. 146, 785 may be used

and are her errne hdufionaP DNA saflorizds Wiich ShRINEBE Sampib, rdflicaiDR biigiiDaHa JaRstia @tarkers e
si gnal sequRRGRd & BEctdial REERIBEleite AbtsiNAfEEbioBdd th BE DieStordNA" Svhick aigether alvith them
chr onos omedbold\NENDéonstats tontafing intdeBliaGhe’sXprefsba chiitrolZequeyderand the dedulphaohiradirt geneli ng
DNA congid r s édnaing\a hybrit plesniid aicorging sghedmentidh. a si gnal peptide and of desul -
phat ohi r udi n TAc hgisridi vegtotsoadcbrding rte shen tnvéntiane may ganteilmene or gnuitiplet ABA igsedds, peild a
hybri d veceamprising iintay aiimche yeastuéxpiopdian Nl Sequarcer the DNACspausnpg piosding) thy siasalst
expr essi onpeptidet and [thestAseausnce codinpifor gwtyreedesulrhgiakiiudi. e Bybrig veqiars; gonfymultiple
sequence PR bpaNy, Rrofer rm?le&@t“ Phiipgsags, these eantbg Sesert tjr?d?“‘l’\% RS 2t ditarenblocations
and in peadfithehypidayeetorPrefered @é%Y?GmBW%’é%{H@%é"s%ﬂ'd? ngeg in “ﬂ?”& array. The
desul phat OHM‘ sl aWﬁ'aWa%@ T"g? under . tran tiq fo
sai d expres¥ 'HH"‘{:Y?FI‘P'FS&"C dnveny a’ﬁt Nod [ﬁ E‘mj‘\t @ ° s3'for
ro p nstru con aining
'I,b %§nc§se9(.eoﬁtn o

transcri pt ‘h?’%;m’ 'ﬁ'i‘ﬂf ke é EES men cons'
to hybrl d pl Fl-%
above o %%" g R, T e eshtrt.eot ket

signal s Cogﬁnﬂfl aﬁtpg DNA sequence containing yeast transcription termination signals, as such or
mtroducmg the oomponenis of saild DNA constructs successively in the predetermined order into a vector

\<

9



DNA sequences which are inessential or less inportant for the function of
the pronoter, i.e. for the- expreSS|on of the desul phatohirudin gene, but

whi ch performinportant function§P &26683Biple, in the propagation of the
cells transforned with said hybrid plasm ds. The additional DNA sequences
may be 1 erived from prokaryotic and/or yeast cells and may incI ude

h B and/

chr ormos ﬁ”itﬁéq%%uoﬁ)& g h%ﬁjopﬁggaggjao ) f.f.‘é% m&i&. 91% ) '.'.'«f. s&aﬁgﬂ .
bact erlaﬁe%oygﬁgﬁcm@ﬁml u /onJ ggﬁg Ar onpsona DNA, such as
bacterd al &g Yifcas DNANeLIBTR S4BT ding R the HikveritBh roa&b brdssénmvﬂm:ﬂmme&@r@ts

addi t i onglecitidyin Fﬁ%ﬁ@%ﬁd ﬂeb.bya%t.iﬁarpmalb@m MeAngd. Pl asnids, especially
Escheri Chl ca co pl asm d pBR322 or related pl asni ds, bact er i ophage X ,

yeast 2 pEriRkforafdd pbassvstdteisand/ or yeast chronosonal DNA. In the preferred
hybrid pl @&sm ds according to the invention, the additional DNA sequences
carry ia yeaabther eghettaathe dwention igvolvesyedst host edlie drarnstoameglovith b ihgbridaedtar havingrong orast .
Hybri d phaltipie ONA insers akehi cogprising @ ysdst exprebsianaontohsegvencs, A DNA sggmeatcopsistionefirous| y
repl i cat firsigPNAespawence( enceding ther ypast PHOS oinveriase siged! Peptidgenipstream ot and/in realing frame
yeast cebitisa seopnsk DNA sequdnos ending dan matuee desudohalghicydip iwbils PYA prgatentdaundar tapesie-
ni t osi s. tieaglheont! of saidrioxpsesgion eantreli sagrencs. §@qﬂ&ﬁ'@e‘§qq?6‘|’?oﬁ’6@!§'“9 Fe3Pb HECripfiofy r |
pl asni’él BrEnadigrsignalsysed as wel |. These hybrid Iasm ds wil]| | nt esgr at ed
by reconb ﬁ&ﬁbbnyeﬁﬂt"es‘ ipluge EH e, pithe generaKluyvey E&%‘E} u:

= s, Jorio s'reﬁ%“ e e T

Wi | | rep .'-'J"' 'II - PRIADA .‘ - ‘ .

matker géf s mﬁé\g rOdUCTION of said t Y eL %os% S{d\ s tgﬁsf rini %'ag{ fBet S
due-\\to the(?Is F? 3@5@ AR ote &F L A eloch %m%ﬁast
ar e™paf t LEALAL Py rﬁen%&g.sam of h& Jn&:% ng .@r}s& ﬂflos arnws §ge of

auxot 1 op P e Ghstb Yra i SBNR! BiTeMle ARG Hre@ktidSdesul-
Correspo dﬂﬂ.\dﬂ\%ﬁ:ﬁ [ﬁﬂ ent Qﬁdeﬁffﬁ@@lbﬁ‘onal "c@rﬁr‘olsck 84\ SeploSsidnleBntd dobitn&Y, b a
cycl ohexipRh d&yubtce Rériit fran&rngﬁoqtternqaawn bighaRN auxotrophi c yeast nutant,
for exgnpl ernb Ransidthtion &%aaﬂ'ﬂ@i colls i Etconplisidd byimSiRods kb i the BRRFr gample,
Advant ag e Ugdnsformbkvd ¢tCbhst i van athe RNANSWREIOR NGBS beVatdmpishe picergiegtto ithe inbidod
hybri d plesiibeddy Minaar et ah [PrdcoN&t AcadnSe.rISAOTS, $929 @1978)1: Thisl ewethod egpl bieclivided imto
ori gi n amtkeatepel ecti ve genetic marker for a bacterial host, especially 35
Eskher i chi @) Behaval of therveashcell wall of pdrts feesofivsing vainue reparatioessef @liicesidespsiduethas he
presersge O$nathgut Rices Ke.g- Giwsllase® i Uelicase®)qir anzymel Mirures, obtained frem ruigroorggnigms @ gs t
hybri d pl agmictiaseP) inosihstically slebjlized paiutionsde. o 1M epiteld pl asmi d DNA can be

obt ai ned b@ Freelmen chithg s m vqasaﬁpﬁl%ﬁphewplest@dwﬂh ﬂynﬁ‘"\ Wsoh Mg, Prepige of PEG
const r uct i GplvvieRgghicolang| i S convem ent | done | n E ki ng.use
of the whof3kRegepustiopof §'°§P“ (‘S‘F'b?nd '°F‘l§ ‘%’5 %ﬁyer ‘;:IB IS

T s B e s

tem? ratur CS
for ‘exampl (PR fﬂﬁg e {',;Ifﬁa' @fé f ok H‘%iﬁ?;hgg.
part\aOf th% %ratx ¥ sq nd(alrm fight | cg g?&lgl%l éntd the
-contl j, orrgin and gen |c ers for yeast and

a bacteri a P Sadly, WRP ﬁ{(dﬁ)ag &' 8 plpEBh WAl Wey tof ﬂlf:ﬁ rré”g@ﬁbrét:@n @R selBtfoh OF wEA¥A"

whi ch t ogphbesend bl Ja et.abcsrr@e oRGESdofiibig for end@ds@F BrhiRgladd Bidyntidhic Patfivags
expressi @R deAdthilly UseSAS Bt mdikbrd Bwprdlandijgpbationhs pramiably gefemeddib yeast nimad Ng a
hybri d plrigioinChgarC @ Gl tigh éfiivienéies ofrveganération .areTlaguirad ithei fallowieg tvar steraprocedalerig t O
t he | ngenivantagensy (1) oegenbrationnad tiy cetiuwalli ipl & riedNéomplexemediung zeoéh (R)oseiectioni oigthe

i nt er al itransforresl cplischytreplioapiating the pelldaysit antyl selectiyeiagacplates. he DNA sequence

encodi ng t HeneSavgriiah reluigst especialindd tha ONANPonstvgls eonwerising dhen deslphatahisudinr gens, the
desul phathgividiverors, the| tiansfdmmedyelst inest oallandtoghegseressesfonine preparaionTkgeef as welt a§ to

pr ef er ablthe process far tNpoduetion pidesulphptehiudie: agdepwibest ip e fkamripsg t andem array or at
differ®nt |ocations 50 of the hybrid vector. Preferred hybrid vectors

cont ai n el depgription eHihe drBWiINgSNA | nserts in a tandem array. The DNA inserts

are espeC| aI head to tail arran ed. The brid vectars .accor 0.t he

i nventi on ‘15%' Icﬁ%"df"he"}\éh% o, grosoftavenion & éesges '(%F 4 ' Hﬁ
prepar at I%ﬂl ures. Wsc © %vtd[gg & HoRn ?}%Soohéiﬁ;&Bﬂ‘dF#)l&%n&%L@éo %lﬁML@ése DNA
constriict s expr ss on control sequence,

segnent co A mESHEEIE BorBifg et drdidter> Yeast PH05 or

I nvertase % i d csnﬁs“yggg,{gf%ms%n Bhid pMiseRdi ng pI‘rrame w th a second DNA
sequence c or rrature desul phat ohi rudi n whi ch DNA segnent is under

transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcri ptldﬂ termnation signals, as such or
i ntroduci ng the conponents of said DNA constructs successi vel y in the
predeterm ned order into a vector 9



EP 0 225 633 B1 DNA. The construction of the hybrid plasm ds according to
the invention is performed applying conventional ligation techniques. The
conponents of the plasmids are |ifRe022H6IBh conmon restriction sites
~and/ or by neans of synthetic |inker nolecules and/or by blunt end |igation.

he | h
cssent i al |y IR AT B TR0 o B or s AP hoohin ST R A oyt o
in an anal Oﬂfahlrﬁ mmrschéfnaﬂty W Q5ndtaRs e@fsén Q S|&|eya§?|&q°r séacreﬂ?\o&fh {?ul

aspect of t pBrsdpimigt i on i nvolves yeast ost ce s tr ormed W th a hybrid

vector Bavi Rigu@Cshls SBHbrhdtiBdif e \BnstrBRiBA biSanCekprissioR 'H%Ehﬁ'f&gntﬁcéﬂﬁﬁséxg&silon of -
expressi on GeHlipRadhinsiuence, a DNA segnent consisting of a first

sequence eneigets BRlepits thy ONRlsedtickda ob the IBEMRKSall FetriGtiof fradmaRER IPHOS indlR&hg Be PHOS
and in readplmobragieh. Wi th a second DNA sequence coding for mature =
desul phat ohFigure 8i1shass itfelDNANSqueam Ittt piomotanidgion df trar@®@DHjgenet i onal control of
sai d expres$own Sigwn 1¢ isratsciematicstiagemcshowiagitie conBhidtion otplemiEpGAPRH-ELNI Ng yeast
transcri pti Gigura 31 tdepiets thatseanences ghthe SAPBH iptomioter fragamats presant in plasaids HSABRICEL es
of the geneend R@ARDHELONyces, Candida, Pichia, Yarrowi a, Sac- charonyces,
Schi zosacchﬁj&&@‘@ws%ﬁeﬂsm@fp'mm7 @F\‘é‘l"’h“g . Lodder, The
Yeasts, Ansfigyadsehpyythy consteystionof plpspmid piDERNTLABEL-HIRUAR r*o'%s@és cereV| si ae.
The pr oBess Figwp 14 fepicst B’E"i“ﬂﬁ“ B‘fp'a§‘aidc!"‘9$23m‘\5’ffﬁﬁﬁl east host cel

conpri ses t gihg eqnpteuctign ofplas PP%W(%‘EF‘O'rH"Fraw ng one
or mul tipl, %\%ﬁ@% Fgény gah aE?o‘f?B‘P f"s‘f“h “éesy%;RE“PmEk 40P SRAYERHY F l5yminatar,
séguence, ngist ncodl t he
yeakﬁt/ PJ—iCI;m : °|@H€%géempge§g%a t$ qﬂ?t'%{(ﬁ tﬁeB reé{'r‘?? 0 g"q§ﬁ?u%’e?°g§ |cﬁ rdaar?ea

| a seconé’ sequence codi ng for mature desul - phatohirudin vvh| ch DNA
segment | spHfhehtaliPa@nscri ptional control of said expression control
sequence, amd—a DNA"sequence containing yeast transcription ternnation

signal s. 25 The medfifyslof & BSbRNVIERUE @53d Mfthd B@mYIBAES ad¥iblvs:CEl | s 1S acconpl i shed
by net hgds KREWN i RollioR taf dontaifr©T00 SAVRANEGE0 niNBis{HORPIS 7.6 bRt In@IEDTA, Yeast Wwith
t he hybrid epst ors soam betlecCsigpitb i shed according to the nmethod descri bed by
Hi nnen et aEDTAr oc ethilatediamifetatthaceicbacid USA 75, 1929 (1978)]. This nethod can
be divi ded DMT o t hnadlitsiotepil (1(4it:l)melﬁenln-\23+bubmedlphe yeast cell wall or parts

t fvef eof usi B§Avar i dodnepempaibamninons of gl ucosi dases, such as 30 snai | gut
j ui ces Pe. gEtBd usulethismehromideor  Hel i case[err]) or enzyme m xtures obtained
from mi cr oofani smiris(eyd xv'wmm inoeqtepe | ) in osnotically stabilized

sol utions (&SyiCl1 isseanghydgeyoridg o) Treat nent of the "naked" yeast cells

(spheroplasts) with the DNA vector in the presence of PEG
(pol yet hyl  Mapyfactig of ippgtected pyglpasiderpolystiRRa YRR 4t i on of the cell wall and

sel ectiBn of the transforned cells in a solid | ayer of agar. This 35
regeneration is conveniently done by enbeddi ng the,. heroplasts i nto agar.
For exarrpl e, nolten 0 Oct) d h t pl asts. Upon
ing the solution 0 yfarg?t%gﬁ:g Eztcgsrrggthezure (a /Jt_%o_ g’ a solid
y i g obtained. This agar layer is to prevent 0 di ffusion and | oss
of essential macronol ecul es fromthe spheropl asts and thereby facilitates
regeneration of the cell wall. However, cell wall regeneration may al so be
obt ai ned (al #50Gnp6r sabcidiOudd arhi/dridé lafd1840) m§ ¥ Pidethiignibdpgridideles agled 34 25051®
t he 40 nenhtl)fofl 6'q4-mbthéddy ity D-thymidina QMT-DaYEH) Sn 20Rhiad essalbite pyridine and the @hdd R lidftain
agar i ssprreqpesemperature for We Yiourso Adr iconsentrating nier pytidiensoutiah, thisliewkanap ino200tni ahathyl
f or med celacstatatexttaoted bynshakitg twise, wih 28embat 84M phesplete buffeli aach tmmer with iheyadditionadf 10
ami no aci dnlisf gatymtet sedium ghieridacepiutions washeshegeinl With satustpd sgodium echloddei splitions diiesk s
(supra), tep f?éraati hexpne; ig fliopwisg. Jheprrediniiatad erodust i separated offjang rituraiad twiee
agar. |f ihgthen tpn dipsolved in 389 E’k°fcﬁ“‘¥'r @g‘éﬁé‘ﬁ‘é?’f"éﬁe"a'i’yes"ﬁ'@lﬂﬂt W80 M pf GBI ng
two stef§ PPty piguinhate of pHZh, zﬁgé'!ﬂﬂs"”'c jth wa brﬁ'@r%‘ﬂ‘i' 6??“3? s‘{"ﬁ'@“ {Seqried ifh |

inari chSE‘B s@RhaT?Eer °§Hﬂ| g se%’f’?do d ° Biqdshypie
replica pId!faf’tp ' yf' v n |on
rel at es es |o me%h rma r wnt |c co xylcar iimide adf%
gene, m a é'cgé a is fﬁtgrgdg

pr ocesses b|c aﬁ&‘@at&f T

Hed
producti Orgol Qiméig B eV Ltfah kn v onTlﬁﬁ'e%agéhhﬂQtobeﬂe %tﬂmbﬁe orflica gel TLC

Ry 0.45 in dichloromethane/methanol (9:1).
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Brief description of the drawings In the follow ng experinental part
various enbodi nents of the present invention are described with reference
to the acconpanying drawings in BRP@8563¥B1 rjigures 1 and 2 are schematic
di agrams showi ng the construction of plasm ds pM.300 and pM.305,

r espe_ct! Ve|1 0y irs -?ﬂ de; f gtls t|nri]ceac?dogls§tr ra}écsttiir J'foPEO in:?ss‘pi}‘hq -I'Liﬁcﬁneth -
cont ai i go B fﬁi& 'ﬁ%f o b ﬁhﬁm@m éﬁe SRR -m&fﬁ%m&eréas' on
pl asm d imesi 2 itered off a E inig! veitH " ylictmaids tHethBrol, CicRbradétRdnb
show ng 1 Hhelnafth. AbtbrUryirtd] 1hé aiinb'glolbROREE Rive GBKtbdLbd 'aRf acsFpktbd _S‘yé%ﬁ"ﬁglkh'e resin in 6

phat ohi r {0 Buridie Gith § o?b&‘ﬁ@ anhydHaEBhd $08! rhg/ ofl BmARkpiropyfiidin® for 8 milkidtes. The

expr essi Qfimet Asini id diftdctod Ay RishiRg! with ditRISIaMmathdB ALiMBIhYItdEHamide D methardl @idr Gict¥
shows s Clg@mBthdng 2 krdy dried CuniO B Sdohstkpt WeightO r@dth@X The Sspbcirbscppia Sisthdxykriyl (MMT)-

i nt r acel debrinatieX Gived acharge 57 dmsigl phat ohi rudin. Figure 8 depicts the DNA
sequence of the BanmHl -Sall restriction fragnent of PHO5 including the PHOG
pr onoter Examgie@n. Figure 9 shows the DNA sequence of the pronoter region of
t he GAPDH gene. 10 Figure 10.is a schematic diagram showi ng the

const ruct i @ folfowiph awtertdd pEapBie/pplystyretiedgesinds manuipeiyred erplogpusly deB@@pleds of t he
GAPDH pronoter fragnments present in plasm ds pGAPDH FL and pGAPDH EL.
Figure 12 shows the construction of plasmd pJDB207/ PHO5( Eco)-H R Fi gure
13 shéws the construction ofypl asni d pJDB207/ PAP 'T'I%R( UAS1 + UAS2). 15
Figure 14 depicts th¥MEOPSET UTPFOEH gFH sFONREH, p{DB20 /-PEL- HI R| D. Figure
15 is a schematic di agram showi ng the constructi pl asm d

pUDB207/ GAPFL- 1-HI R. The foll owi ng abbrevi ations are used in the figures: p
pronmoter, S signal. .sequ ’ jJat i pker. The foll ow ng
Exawlz%sﬂ%ﬁv%m%o @Eg 1508 Itdh%& aﬁﬁsﬂé‘. cﬂ{r?]e 1;2 Llrﬁo'l) .

tra resent venti oh but should not be

construe , id FideMidulbbsbider eof . Experinmental Part The neanings of
t he abbrg(aﬁ‘ o3 gﬂ'theé'é oty anples are as follows: 25 TNE

solution that contains 100 mM NaCl, 50 nMtris HCl pH 7.5 and 5 nM EDTA,

SDS sodi um dodecyl FBul phate EDTA et hyl €hedi ani net etraacetic acid
DTT 1,4-dithiothreifol (1,4-dinercapto-2, 3-bptanedi ol) BSA
bovi ne serum al bum n 30 Et Br etgi di um bron de tris

tris-(hydroxynethyl)-am npret hane tris[#rr] HC r% gﬁngpydrochl ori de
Exampl e 1: Manuf actMTeO0t1pr Srecre@ ucFsosPde-por s éz g-Pesin 35
MMT-Osd-O[err]-[err] 40 50 ng of succ{nic acid aphydride and 910 ng of
4-di met hyl am nopyri di ne afe added to 2. k7 (5\qm) of

5' -(4-nmethoxytrityl)-thymdine (MMI-O T- in }0 1 of absol ute pyridine
and the whole is left at 45 roomtenperatupe=for 16 hours. After
concentrating the pyriding solution, thisghs takenjup in 200 nl of ethyl
acet at®®, extracted by shaking twice, with 200 Ml of 0.1 M phosphate buffer
each time with the additi ¢n of 10 ' '

40
a) Synthesis of the dinucleotide:

7.73 g (15 mmol) of 5'-(4-methoxytrityl)-thymidine (MMT-O-T-OH) are twice concentrated by evapora-

tion with absolute pyridine. The residue is dissolved in 20 ml of absolute tetrahydrofuran and added

45 dropwise to 80 ml of a 0.2M solution of 2-chlorophenyl-di-(1-benzotriazolyl)-phosphate in tetrahydrofuran

while stiming and with the exclusion of moisture and the reaction mixture is stirred for 1 hour at room

temperature. The resulting solution of 2-chlorophenyl-1-benzotriazolyl-5"-(4-methoxytrityl)-thymidine-3'-phos-
phate is divided into 3 portions.

50 ) Hydrolysis to triethylammonium-2-chlorophenyl-5'-(4-methoxytrityl)-thymidine-3'-phosphate:

100 ml of 0.5M tristhylammonium bicarbonate are added to a third of the above solution of 2-
chlorophenyl-1-benzotriazolyl-5'-(4-methoxytrityl)-thymidine-3'-phosphate while cooling. After 15 minutes
exiraction is carried out with dichloromethane. The dichloromethane solution .is washed with water,

55 concentrated, and petroleum ether is added dropwise thereto. The resulting precipitate is filtered off with
suction, extracted by washing with ether/petroleum ether 1:1 and dried m vacuo. TLC: R; 0.35 in
dichloromethane/methanoi/water (75:22:3).
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m* of saturated sodium chloride solution, washed again with saturated

sodi um chl ori de solution, dried, concentrated and hexane i s added dropw se.

" The precipitated product is separ RRU2¥633BY triturated twice with ether,

t hen di ssolved in 300 m of ethyl acetate and extracted by shaking at 0C
with 180 5. T hi n ce
With wat e nfig:tué gz;%ﬁﬁf&h%ro&?enil# &hﬁ@grggrgylan&%dmseos d'ﬁhos gﬁl an e{mogal oW
filtered, '5’ n? yr| s added and the whole is concentrat ed and

di | uted by th?mﬂ&f%%r%@th&@ﬁkn& oG} oPI:yn'&ﬁé‘ %%a h&a B:FrE*Gi thd EthiGPor S hfoloPeh 139' d
derivat kV%eanStnizggW dith-thrhibindds-posbhath. Ghe Inikute OB RHEEhd2évBmightSa Q dﬁ?

t oget her Wpigara THE) s&ifen Jﬂé’@fsﬂ%& o ﬁﬁbd&bdfhrdﬁthb Resttiudlis BiksoRbd\ W otfift Rb&tE ard1d

m  of di neégabdiyéaradBdCs, shaking wit 0.1 Phcebhals ditier@t £1Y 2 bt Vet ha bigadilé pHabdlie aadde
added at [c6ricerirated Sand Aldi&s debvws o) Hex@nee MAb Prdcipitdle @ Fidkddl PEIddsoived hNSD mi of

pr eci pi t atdizdloidndihandimsaroDh®and| at 073 a soldtioh ofl 383y & P-takiehe-sullghenid adid manbieydiate in 75

di | ut edrowinl hof @ichigromethzpb/mbthanoe X:8 i eddedl Afist B hoars,dihé) rebbllos adlitiom i dituted bath atich- and
wat er, dr ileenethade ewhedntted by dhakiog dvtly ekl $pdiue\kigadorstd soutiom The ®rganic Phase is
resi due i sonchniaied anhhexgriadtiaddpd. Theprpgititaiae cyanesthyh2-chidraphenyldbymidingt3Sphgsghate)is

0. 45 in dichhmgegsepbechapit/ pitceh /bl withg : dighlorompthane/nethagpl 2 96:4.6 31.CB1 Rl 0W PfS ofin
this N-sucthirempiRogmetiendl @'t acid ester are stirred for 20 hours with 1 g
of am n$net hyl - pol st yrene (amne content 110 [err] in 2 nm of

di chl or one? ﬁaﬁe"satf?a the,p™-(met VP]?TW?SP?FBW’FP‘H‘@‘V“"F'W@ digenlegtider resin is
filt d of f t t d di net hy d t
R 3 osqna%a%avgfﬁw i,

evapo dissolved i ydr uran a

react ed arag egc% ¥ uepynEiin]’e@an ShHnid nz& s
m {R(;e 'F!% h Og%gifaﬁyl g'cQ ato are

m nu tes dl%’ hx%oh%ﬁlhﬁ% 'wﬁueeasbur %ﬂ?
di met hy! f QiR tnd Webl am"ova'mad.qd‘ 2 g @sacmasd t@mnéawome Wb m,.u@eoude

constant \pehg@Rl ih She’ SRSAMEE - m aﬁcpﬁthlé GECANRI @emew?aasyp.fatea Wy )dropwise to
det er i Batein@iheginy €3. nccnh@me% daémoﬁ,ﬁ\e{ha{evdethaa@(sﬁxarm e 2: The follow ng

prot ect ed nucl eosi de/ pol ystyrene resin is manufactured anal ogously to
Exanpl e 1:b) $imtHesis of] theAfinukioatide:

5 -(4-methoxytrityl)-N-isobutyryl - deoxyguanosi ne, charge 32 [err]. Exanple
3:~Synt hesi st.Uf gt(henmneli oiuthe cabbvectiesciBedOfulle profectdd dinjcefidet bresdissoledd thh3d mi of

di nucl ewt idighlorometidheinethar®! Fiwhd, vile Boolifglwitheicd: @eplutiantof [19-a biymrioldpnesulphonic acid

( MMT- O T- @pohydrateringOcal of diehlasomethaneiriethppol diBapasided. Aftar @houkp. fide-cald Seslium kicarbonate
pyri di ne. sylution ie gdded and xtrgrtion 43 gasipd; gyt pith dichigsemaihipad | The orgeeie Phas g(ﬁ gfedr egf- and
added 45 cmt@g%agcbangd dropvige tp hexgnep The\preginitated grudedinucleotide with a free 5'-hydroxy grou.p
2-chl or opr'Fe ﬁedb@ni'ﬁf ﬂ?'é’ﬂ*ﬁlayqrﬂd'ﬁﬂhﬁfs%%t“?“\aﬁ" f’b‘f‘?"éﬂ‘ﬁﬂfi"@?% TLeE Ruf3dn

f

i by Q? % 3 Egm Foot ffgé‘;%gfawe ggﬂe,eﬁ“rvﬁitfﬁ"fb::;

2. chl Ofopgk | .' RN F% Bl B D
Adggld] to | - '% Cg{y er hour € 1ractlo scI:ar edo

”' 100 h?’ﬂlan'&icH 2etﬁéﬁ£ Ofhg 3 Qrﬁé’ h Q&&é&%

Qfied) corvbritiated tahy bIROFTD Bidél) e%aﬂﬁ&@é ﬁn@reet.dadsis |f5d3 b cﬁr&h&t&f aaﬁ'ﬁ B.he

above sol WhibOgbl. &f 0.45 in dichloromethane/methanol (9:1).
chl orophenyl - 1- benzotri azol yl - 5" - (4-met hoxytrityl)-thym di ne-3' - phosphate

whi | e coolBxafiple AfAhgidgodsty tOTERAAipRSS, B fdlléwikg Mdtediedl tinacisdti@sd obthb geretahformula
di chl orsnethane. The di chl-oronmet hane solution is washed with water, 55
concentrated, and petrol eumether is added dropwi se thereto. The resulting
precipitate is filtered off jth suction, extracted byywashing with
et her/petroleumether 1y 1 andidried jn vaduo. TLC3 [er"]o 35 1in
di chl or onet har®Tretthari -—(Q’-S-E%——:I)-—HQ-O—B — O-P ——OCH,,CH,CN

50

oo N\ b\ LN

55 D — N DN
- T o o
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EP 0 225 633 Bl [err] Esterification to

2- cyanoet hyl - 2- chl orophenyl -5' - (4- net hoxytrityl -thym di ne-3' - phosphat e ans
renmoval of the 4-methoxytrityl piEBt 'Q?éﬁjroup:. 1.3 m of 2-cyanoet hanol
and 2 m of pyridine are added to a third of the solution of

2-chloro M 2 1- nRons . - . .
benzotri é‘%}gﬁg‘é{ed% ?'?ZP- et H’S’)‘(uy ctr”'fe'f}I yme-f?“ﬂ‘ﬂv/"rﬁ %‘?bh%"?'é?" S Brﬁé‘éep? hf%rtﬂée. nuﬂ?%s'dr%s )?t’uBrz’e IS
|l eft to stand overnight at roomtenperature. The solvents are distilled of
in vacuo apd thR-pb@sj-detRyddencsihe SOl ved in ethyl acetate and repeatedly
extraci ed Oy shRlbigydbddtyltine M phosphate buffer of pH 7 and water. The
organi ¢ phase 4 R-isdbuteg-dedkpiemeihé at ed and added dropw se to hexane. The
precipitat® i s fhirhities ed of f, dissolved in 50 m of dichl oronet hane/ net hanol
7:3 and, at 000, a solution of 3.8 g of p-toluene-sul phonic acid
monohydrate in /2 10 m of dicglggonethanelnethanol 7:3 is_a ged. After 2
hours,the react *SRPS8PGti on i 8£di | uted wi t hNCAPPAUNAGr oret Rghé and
extracted by shaking with a cold sodi um bi carbonate sol ution. The organic
phase is concent ipgiped and hexage,ks added. T & precipitateﬂa

2- cyanoet hyl - 2- chl or ophenyl -t hym ine-3'-phospﬁate is chro éggraphed on
silica gel with EFEhIoronethanéﬁﬁﬁthanol 96: ACTTLC: [err] of 80535 in :
di chl df onet hane/ meghanol (9:1)0.46 [err] Congeasation to tigeyg
5'-(4-nethoxytriﬁ¥§)-3'-cyanoe 2¥h-bis-thynidine di nucl eoti de; 2.2 g of
2-cyanoet hyl - 2-¢ rophenyl-thb P8i ne- 3' - phoSphat e are denPdP8ted by twice
corcentrating byT€Gaporati on wht#dabsol ute pgcAdi ne, and tpesproduct is

di ssol,yed in 20 of absol ut eqt ghr ahydr of ur and 20 adde t he
Cenbing third oFSthe sol ut i c0L8p Ric 9.48

2-chl or ophenyl - 176&nzot ri azol yP-42- (4- met hoxdAi tyl ) - 0.51

thym di ne-3' - phogghate. After @§3afours at roggpt enperaturegl@en of water
and 200 m of etE*# acetate ar g ded to the_reaction solution while
cooling with ice~*The organic ﬁh e i s washeBSPepeat edl y wP+R8sodi um

bi carbonate and @&Ger, dried oOeA6sodi um sul gipet e and concegnysated to a
smal | volunme. Th i nucl eot i de otected in e phosphate iety and at
the 5 - and 3'-e28? is precipi?é?éd by addingkgropmjse to ngéther/hexane
1N TLC [err] 6C%8 in dichl oPeRft hane/ net h&®6I (9:1). b) 0SBt hesi s of the
trinucPeotide: 1cté g (1 nmol) gQfg7t he above-gdegcribed ful |l g ot ect ed

di nucel oti de are_.dissol ved in'go H1 of 30 dichl or onet hane/ net hanol 7:3 and,
whi l e cooling wi & ce, a solu i*8n of 1.9 g GFGp-tquenesuppH3nic acid
monohydrate in 2QAM of dichl o0eB88t hane/ nethga®el 7:3 is adggedq After 2
hours, ice-cold i um bi car bogatg sol ution |.g.added and extraction is
carri €8 out mﬁthéggchloronethagés$The organigighase IS driédfgcon-
centrated and added dropwi se 'to hexane. The precipitated crude dinucl eotide
with a free 5 -hydroxy group is chromatographed on silica gel with a

gradi ent of 2-8% methanol - in dich|oronethane. TLC.. [err] 0.33 in 35

di chr’qg onet hane/GerPR#RA (9: 1)R¢350 ny of t it emBoumd df oxy-midlcel oti de and
1.06 g of triethylamoni um 2-chl orophenyl -5' - (4- nmet hox-
ytrityl)-thynidkﬁg-B'-phosphate cf. paragraph a)a)] "are tw ce concentrat ed
by evaporation % pyridine, 9t dissol vedeh& 10 n of .aBsdBute pyri dine
and 560 ng of 1-@@aityl enesul phposgl-3-nitro-gak, 4-triazol eg(dPNT) are
added.sAfter 2 hegés, 2-m of 'ci-cold wat er gﬁe added and 3 ter a further
hour, extraction IS carried out* & with di chf8Fomet hane. TRe rgani ¢ phase
is washed with s€8@rated sodi un d8carbonate s@futi on and waté6, dried,
concentrated andcghher is addeg. Jhé precipi%é%ed t.rinucle tége is purified
by chronmat ography on silica ge Tferr] 0.45 i i chl or omet hah®gr net hanol
(9:1) ®Exanpl e 4: Anal ogously to Exanple 3, €B& followi ng Prédect ed

trinucl eotides of the general forrmula 45 [err] 50 55 13

a) Thin layer chromatogfam'on silica gel in

s dichloromethane/methanol 9:1

Example 5: Synthesis of the DNA fragment of a length of 67 bases from base No. 96 to base No. 162 of the

14



EP 0 225 633 Bl abbreviated to [err] are manufactured. The foll ow ng
abbrevi ati ons are used for the nucleosides B, B2, [err]: A =

N- benzoyl - deoxyadenosine 5 C  ERPER:SBB1 deoxycytidine G =

N-i sobutyryl - deoxyguanosine T = thym dine 10 Compound

[err] npound [err] TTT. 0. 45

ATG DNA strend ogfP 0L 0.55 ACT

0.53 15 4) Removal of 1 2-cyanosthyl protecti Qrom the trinucleotides; ACC 0.48

TAC ) Romora ot 2 cyanoetny prtecting Gratrom the trinuclotidess 0. 44

ACA ] 10 umol & tR3trimfAleotides from Examle 86t 4are dissolved, with fde BX1usion of moisture, in e0Df

0. 46 TGI of pyridine/acetonitrifd/ribthylamine 1:1:1. After 1 RdA\at room temperature, 0.Ombot pdréxide-free ether is

0. 44 added dropwi¥eland the precipitate is f@mévad Bl Tcentrifuging. The crude. thethylammonium salt is AGG

0. 38 CTG dissolved in 50 ul of0pyddine and again precipitatédiwith 0.5 ml of ether, centrifigediTofiGind dried in a high

0. 45 vacuum for 1§Rd@rs. 0.44 CCC 0.59 GIG

0. 35 301 CCG 0. 47 GCA 0. 49

CCA b) Couplingghespartially protected trinuclegtidss with the oligonucleotidg chigin kgnded to polystyrene resin). 55

GAT 0. 44 35 CAC 0.51 GAC

0. 48 Conpou ! operations are out with the exclusiongf woistyredn a reaction vessel 3? 2291 capeeity with

0. 46 mlcroprocess dltlon of solvqgt gpg r t. 13 mg (0.74 Lmol) of tl:g% hymidine/polystyrene GAA

0.50 45" resin (Examp re placed in the react|0|bve3§Pl and subjected to the t_e_’tmung operations: 0. 42

C'GG 1. Methyjen Iorlde, 2 ml/min., 4 mi 0. 46 OGT ' 0. 49
2. Methy sopropanol (85:15), 2 mi/min., 2 min. | '

0\4/4 ZI"cl IC<!5°"<‘a're 1 omi 3“'?2 £Y F% 0oon2 Ms'" Imethélene ‘fhloﬂdef%ﬂpmm"g'r (85 rr195? ha"ﬁ'{a Hianol

bal%g

Ie of a length of 67 bases from
Noa"moges5 °;'§mé Qﬁﬁﬁ&i‘%ﬁ)‘ff‘e&“ﬁ‘*ifzr;“m‘i,',‘m’“,ﬁ%",ﬂ 225 633 Bl DNA strand 96/97)
a) Renoval gfpmdideRa ,egéaa,n,g%g mm,,ecéhﬂg group fromthe trinucleotides: 5
10 [err] of 7H‘éﬁatﬁ;&rbfmdﬁkp€6&uuéiﬁe% &6!%5&(&%4:9% 8 n¥ind 3aie di ssol ved, with the
excl usi on o, NiRdgsA stiem, 0RO [err] of pyri d| ne/ acetonitrile/triethylam ne
1:1:1. Aft eo. ijedioiof 18umoDSMnLQTAG @G fritnetHlarimBitiun® Salthom Péiagiapt d)emd 8B Iney (30 S
added dr opwusel) sfrtemdsitdsnpsuipbongi-3-rittoet 2, 45trid20BYMENIT) bigsobed inr160 wigif pgidind.he cr ude
triethyl ammo®i4ehe, 2ahin. i s di ssolved in 50 [err]of pyridine and again
preci pi t at edi.\Ryfidine(2 Blmih., #finet her, centrifuged off, and dried in a high
vaeuum f or 1% Aneiigerhydride 5p%) anddijmettuigminpryriding 2.9% Inl pyridineo? mlimind4 mini nucl eot i des
with the ol n?@mwe%mme €M% n bonded to pol ystyrene resin:

35

40

50

Pyridine/isopropanol (1:1), 2 ml/min., 3 min.
All 14 operations are repeated 21 times, but in the 9th operation, instead of GTC the following
trinucleotides, respectively, are used in the form of their triethylammonium salts (paragraph a)) in the
sequence indicated: '

GCA, ACC, GAA, CCC, TAC, AGG, TGA,
CGC, TAC, CGT, GTG, CCA, AAA, AAA, TGA, CGG, TGA, TIC,
GGG, CCT, CAT.

The mean coupling vield is 897%. The end product has the following structure:

M.‘iT-CATCCTGGGTTCTGACGGTGAMAMACQAG‘I‘GC_GTTACCGG'{.’GA_AGGIACCCCGAAACCGCAG
ICT-polystyrene . .

¢) Removal of the DNA fragment from the carrier and removal of the protecting groups:

40.0 mg (approximately 0.60 umol) of DNA synthesis resin 86/67 are maintained at 50°C for 3 hours
and at room temperature for 12 hours with 66 mg (0.40 mmol) of o-nifrobenzaldoxime and 50 Wl (0.40
mmol) of 1,1,3,3-tetramethylguanidine in 400 wl of 95% pyridine. After blowing off the pyridine with
nitrogen, 1.6 mi of aqusous ammonia (33%) are added to the residue and the whole is maintained for 24
hours at 50°C in a closed vessel.

The liquid phase separated off is freed of ammonia in vacuo and washed 3 times with 3 ml of peroxide-
free diethyl ether each time. After removing the lower molecular constituents on a Biogel P& column (100-

15



Al operations are carried out with the exclusion of noisture in a reaction
vessel of 220 [err]capacity with mi croprocessor controll ed addition of

sol vent and reagent. 13 ng (O. 74?&#@?@ he t hym di ne/ pol ystyrene 15
resin (Exanple 1) are placed in the reaction vessel and subjected to the

‘;ﬁ: L?}""&gg)hqpe%ﬁ %&éso Otoigmo%gﬁr RX:hﬁQrﬁ?o‘ﬁmnona Sna:eﬁ;ﬂé mfnmfm.,@f e%%ﬁ}gfy' ene

1,2, 4-triazoff Ubs RreRpRAbE BF afi HPRE | fiinh SO PRAMRN, 468 15) m)2 aafel N-
2 3 5 m oluﬁ%QA ooﬁw ibRfNhCARE deBbd pHID! SRRSPB-ARRMon (AS2etdntale 1:4): 50 %'B A4 604

J B LAV 20 FFD B 80P @ed Riinin.Omd WobRiicllin pedk [FbiBABN timSagptoRimaly 1¥RliGCUl ar
SI eve dr Is@@lieBisd, icErcBiftrated oVEr aIDEB2 cellilosd(Whatrfian) dehiminEMEd SHd\predipitiPRitroMaA@ -Tor €€,
mol ecul afembieche 4akicthogirityl Probectingi gioup, the Pletipitafd. is blsdoive M50 bE&Blic dckiHION4:1)25
9. | nj ecéndonaimdineti(Git foemripmpstatire fon ¥E minotbs. dee f8aEliof produte ishydpbilisew pratipitsied withf r om
par agr apbthanpl) andnfdr SurBication, (eB6tropkaratibally Gbparated on an 8% polyacrylamide gel (7M urea). The
1- mesite y band @gdspinding fo-18s desiredcDNA £zeds cut ioetzpd the PIBRET s alfickasivled cadnéentratesiovprer r |
of pyri dPRR& celiupsé endithe DNAIBE/A7 of the fllowingisiretituee, 2 nl/nin., 4 min. 12. Acetic
anhydride 5% and 4-di net hyl am nopyridine 2.5%in pyridine, 2 m/mn., 4

mn. 30 13, ridine. I R PR 3 0 4 Aol (1:1),
2 m/mn. gnﬁ P)fcé'ad Gcﬁf’%ﬁgé@ﬁgﬁ@éﬁ;‘gﬁﬁﬁé r#g@@é"fﬂé ECQ&EU,[ In the 9th
operat’f on | aseTexd3bf GIC the followi ng trinucleotides;, respectively, are
used in the formof their triet hyl ammoni um sal t s (paragraph a)) in the

sequence t ACC, GGAA, CCC, TAC, AGG TGA CGC, TAC
&p’*“’&'?fi""%’lﬂﬁémm TGA, CGG TGA TTC, GGG CCT, CAT. 40 The

”ﬁﬁ%%%%ﬁ%&y éﬂ&%@rgm“%m" Rl e S M Mt s il T

TCT- pol ystyrene 50 c¢) Renoval of the DNA fragnent fromthe carr| er and
removal of thgsgrotecting groups: 40.0 ng (approxinmtely 0.60 [err]) of DNA
synthesis re room

t enperaat ur e de eﬂr& c?@féﬁ@sﬁﬁﬁ E%@dcﬁ@f'c@%%ﬁr&}?éﬁ;\?&é&%'{ nzaI doxi me and
SO[err] (0. 4%ere®|gonPielmenthrd t et ranet hyl guani dine in 400 [err] of 95%
pyridine. Af tCGAGAKCODAGGRT GOATTTGIPAGULT CAUCBCAANCE T ATAAOE ErCOERAGeIAcAGETT Of
agueous ammoni a (33% are added to the residue and the whol e is naintained
f 0+’ 24 hour s /60 @aomplemdmsady vessel . The |iquid phase separated off is
freed3f anMUINGEATASTACREGAGEHANTOTTCACCEATTTCITESANGTCACESTCET TN TCACACTSCEE- f ree

di ethyl ether each tine. After renoving the Iower nolecul ar constituents on
a Biogel P6 columm (100- 15 EP O 225 33 Bl 200 mash 3x66 cm 0.01 nol ar

;grr:etsg?/! amTPnl Hm EI carboqgﬁ‘tgf&l‘—l i 178, 45168 chhpiometary: 068 2pc 260 nn} of DNA
(PRP- 17 Hanijt @ o |o and Ve Hng g '5”% B foctdlt W y=2PIATP and

t t hyl t

BBI Oe/ Byl gifld ?5;%? brq_a gﬁscﬁ& L'ﬁ Er ¢ 'J‘:?ué 'a%&a %a% 8% g alﬁlg-ﬂlthl I) iC

maqupea reten trme appr XI matel y 14 min.) is col I ect ed, concentrat ed

oV er™ g, DEgnpledd: b&lyln%%ﬁ‘auéﬁ/%%hmﬂb(fr&gﬁleh&rﬁ;onﬁé Hésﬁlﬁha%niqldﬂrl-m 'dee? atd with
et hanol . e precipitate is

di ssol ved is0 ph0i ih Sdch]caselof Rif8bd FagMEit @6/6724nd ]kinksbd Irigment 154/64 are dissolved in 24 ul of
water, the solution is heated at 90°C for 3 minutes and cooled to 12° within a period of 5 minutes. After the
addition of 4 ul of endo-R buffer (0.1 molar tris*HCl pH 7.5, 66 mM MgCl2, 66 mM g-mercaptosthanol,

45 0.6M NaCl), 10 wi of deoxynucleoside triphosphate mixture (dATP, dCTP, dGTP, TTP, each 2x10~2 molar,
adjusted with NHs to pH 7.0) and 2 ul (10 units) of DNA polymerase |, Klenow fragment (Boehringer)
incubation is carried out for 30 minutes at 12°C. The reaction is stopped by heating at 90°C for 3 minutes
and the mixture is stored at -80°C until required for further processing.

in an analogous manner the kinased fragments 1/58 and 46/64 are reacted to form duplex { (fragment
s0 Fy of the desulphatohirudin gens).
Duplexes | and Ii have the following structures:

55
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and maintained at roomtenperature for 45 minutes. The reaction product is

| yophi[ised, precipitated with ethano and, for purification,

el ectrophoretically separated on aff 5? %Elrylanide gel (7Murea). The 10

band corresponding to the desired DNA size is cut out and the product is

el ectroel uted, concentrated over DE52 cellul ose and the DNA 96/ 97 of the

foll ow ng stringilee I _

5' - CATCCTGGGT TCTGACGGT GAAAAAAACCAGT GCGT TACCGGT GAAGGTACCCCGAAMCCG 15

CAGICT-3' is precipitated with ethanol. 20 Exanple 6: The foll ow ng DNA

fragnmentss (5'CTECAATICATGSTTERITACACOGACTFANCTAATCTCECAGRICETSICCLISRCCAAGGTTC

CTGCAAT TCAT CERECIT A ATACASNGNIE FRGC AN CTE CY S TAS AV CAGCTT I3 CCALAGTACACGLE T GCAAG

conpl ement ary

CAGAACCCAGGA TRAAEGT thwmrmmmmmw T 154/ 64

conpl enEr":aryAt§60AAAccccAG CCCATTGITTACGTAGGACCCAAGAC

CAGGATC®TACT GCAGGTATTCTTCCGGGAT TTCTTCGVD GTCACCGT CGT TGTGAGACTCCCG Exanpl e 7:

Phosphoryl ati on of the fragnents 1/58, 46/64 conplenentary, 96/ 67 and

154/ 65 conpl k¥ IB5 The phosphoryl ation and the radioactive |abelling

at the 5 -ends is effected with [y-32P1ATP and T4 pol ynucl eoti de ki nase

(Boehringer) (H% p cul ar_Cl oni n , A | aboratory Manual (ed. T.

Mani ati & et ggﬁéc AC E%é%%p ggcn GGIAUCCACAAACREAGICES

Pol yneri sati on i cﬁ@n‘t“‘l‘f@}\ SEATACREEFRTCEEFTCABAG gene)

50 pmol in eaémdéaé&ﬁkcﬁcam%&é&ﬂ il °E§§%§'§ ggged fragment 154/ 64
A? A

ar'e—di ssol vedeirsczécdaettdacet o Réacck:! d at [err] for 3
m nutes,and cooled to [err] V\Athlnaperlo After the

addition of 4 [err] of endo-R buffer (0.1 nolar tris HCI pH 7.5, 66
merr], 66 ¢ hakfdire Bﬂﬂepfrébﬁfeﬁl@ ROAnd P49 thé aéabRdtirudin gbhb ik Riiétdate® fn the following
deoxynucl eRfenter:t ri phosphate m xture (dATP, dCTP, dGIP, TTP, each 2x[err]
nol ar, adjusted with [err] to pH 7.0) and 2[err] (10 units) of DNA

pol ymerase |, Kl enow fragnent (Boehringer) incubation is carried out for 30
mnutes at [err]. The reaction is stopped by heating at [err]for 3 m nutes
and the mxture is stored at [err]Juntil required for further processing. In
an. anal ogous manner the kinased fragnents 1/58 and 46/ 64 are reacted to
fodm duplex | (fragnent 50 [err]of the desul phatohirudin gene). Duplexes |
and 11 Plve the follow ng structures: 55 16 EP 0 225 633 Bl Duplex | 5
CTCGAATTCATGCTTCTTTACACCCACTGCACCGMTCTCCTCAGMCCTGTGCCTGTGCAMGGTTC
CACCTTAATACCMCAAATGT GECI GACGT GGCTTAGACCAGT CTTGGACACGGACACCCTTCCMSG

TMCGT TTGCGGT CAGGGTAACAAATGCATCCTGSGTT. CTG

ATTCCVAACGCCAGTCCCATTGT TTACGTAGGACCCAACAC: 10 Duplex 11 15
CATCCTGEGTTCTGACGCT GAAAAAAACCAGT GCGT TACCGGT GMGGT ACCCCGCAAACGCAGTCTC
GTAGGACCCMGACTGCCACTTTTTTTGGT CACGCMI GGCCACT TCCATGGGEGECTI TGECGTCAGAG
ACAMCGACGGT GACTTCGAMGAAAT CCCGGAAGAMT ACCTGCACTAGGATCCTO
TGTTGCTGCCACTGAMGCTTCTTTACGGCCTTCT TATGGACGTCATCCTAGGAC 20 The manuf act ure
of tHe fg agments F1 and F2 of the desul phatohirudin gene is illustrated in
the foll ow ng

50

55
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schene*1l: 25 30 35 40 45 50 55 17 EP 0 225 633 Bl Schenme: 1
Manuf acture of the fragnents [errLzzand err] of the desul phatohirudin

aene HV1 and of [err] DNA 5 1/ 58P 0225633 B1 96/ 67
46/ 64 154/ 64 10 T4-pol ynucl eoti de-
1 T4-pol ynucl eoti de- ki nase ki nase 15

., anneal i ndcheme: 1 Manufacture of the .fragmesltisn®¢ 2hdTF, of Ji
h- 20 1 DUA pol ynerase | ¢he desg_lphatohirugi,q aeneNGa PRLY B¥ %B,e;i_‘zl pinkl enow)
[ — £ N

da-r Ps T CRremov)S o

t 5 t EcoRl EcoRI E EcoRt

B=Rt 30 ' Fragnent F1 Fragnent
F2 | (subcl oni ng) *(subcloning) | E

j ECORLt t 1/58 Sgﬂ;

t~ EcoRt . I 1 ool 4/64

8aal Hd 40 E&%ﬁ I anneaﬁ?ﬂg 4 DNA |igase
45 t tt EcoRt

EcoRSI BanRT F1-F2-DNA (desul phatohirudin gene) 50

|-Qb 1
46/ 64, ki nased 96/ 6 ,k%;EI 54/ 64; manuf acture of mﬂgagesulphatohirudin Hv1
gene B5 In each casg &thgamingof fragnment 1/58, k| raswedid6464, kinased 96/ 67
and 154/ 64 are dissolved in 48 j.1 of water, the solution is heated for 3

m nut es at—800C-andcgoolked within 5 m 'djillvter the additi-on of
8all of Endo-R buf4§{1§gf. Exarpte 8), 20W of ' tri phosphate
nixtu%e (dATP, dCTP, dGTF, 18

N
DIIA polymerase I DNA polymerase I
(Klenow), dHIPs (Klenow), dNTPs

Exanpl e 9: PolyneriEag chegathgp of the fuignegkaygaéﬁeokhngsed

25 LIV VITTvIiTIgtg RELAARRRARNRNNRRARERRRRNNREN|

! S !
EcoRl EcoRII EcoRII Ba=RX
~ t F
30 Fragmen 1 Fragment Fz
{subcloning) . {subcloning)
EcoRII EcoRIIL

s [T T Y

t .

EcoRI EcoRIX EcoRIL BamHl
N © annealing
T 4 DNA ligase

e aa e A OO T

45
! !
EcoRL EcoRI1l BamH1
Fl-Fz-DNA (desulphatohirudin gene)
50
Example 9: Polymerisation and ligation of the fragments 1/58, kinased 46/64, kinased 96/67, and 154/64;
manufacture of the desulphatohirudin HV1 gene

56

In each case 50 pmol of fragment 1/58, kinased 46/64, kinased 96/67 and 154/64 are dissolved in 48 i
of water, the solution is heated for 3 minutes at 90°C and cooled within 5 minutes to 12°C. After the addition
of 8ul of Endo-R buffer (cf. Example 8), 201l of deoxynucleoside triphosphate mixture (dATP, dCTP, dGTF,

18



EP 0 225 633 B1 TTP, in each case O. 002 nol ar, adjusted to pH 7.0 with
[err]) and 2 [err] (10 units) of DNA rase 1, Kl enow fragnment
(Boehringer) incubation is carri edER@ é?“’%'b mnutes at [err]. The
reaction is stopped by heating from3 mnutes at [err] and the DNA is

i sol at ed, E,tier9 Xtra B onolma usPeQ‘?”O'/ wngr'\m‘)gnmz ﬁ n%lf tdoQBePQ’Letlh

et hanol . e Yn' n is stopped by

Iigas e/ buf now y A'_sr nhdk{‘%(:is 2 'is0 #t I/chloroform b
) The rdsuttig r[l ‘fsrd] 3lv dalin 100 @Mgﬁéeﬂ@lfb?( Rinpt rlé"hﬁ%

di t hi ot hr fm wi

are add%‘dedrﬂﬁs TaaemMIRICE wmw&ﬂ#eﬁk Kfb), [0 Wwnis @lun[oB TS DNA Tistige (EBcMbE) £6 1 S
st opped b»sd&b%aaha B8 whlé is clBakbd 1620 Aburd arzb«ic THeCtodction i&Wppediby Riatirgbrisafihuitedrat

Wi t h phencldeciHdand DRA, Matter Skirhot6H witheshokbYchididisiin Dis lisalated by \brecipitatibraitrOdthandif Afe
separ at i NGepdrfingTin imiuPe Gartsv PolygeAtamRie gyl (adhalatingPby élebirophbiasia tierligitiob product

el ect r ophaowitk 21 Bbhasé peirs lisl eletrosiuied pronabate:tedvn tatDEBA delliass eolpran arel, afier ehltion isolatet by ed,
concent foatpeadipiiomwitbtsthianatel | ul ose col umm and, after elution, isolated by 10
preci pi t at i oThewlesuiphatblivadimbene Tiésctheifetiowing lstaictyle r udi n gene has the fol |l ow ng
structure CTCGAATTCATGGITA TTACACCGAC TGCACCGMITc TGGTCAGAM

CCTGTGCCTGT T T GAACCTGTGCCTGTGCGAAGGT
CACCTTAAGTA : JW@&WE%M
TCTAXACBTTT ¢ CAAAAAAACCACTCCCTT

AGAT T GCAAACGOEAGR AR E SHE F AR AT AR G FTACEE TaIARRRCRCEFC 2D
ACCGCTGCA. AGGHA, Ak IACACORPEEA AT E ST ARG ARt A ROF T EREAADAEATRTCORBAAGAA
TE&OCCACTTCCATGCGGCCT TGECGT CAGAGT GT TGCTGCCACTGAAGCI TCl TTAGGGCCTTCTT

TACCT GCAGT AGGATEACT 6 A5 ETFASCCE A LCEE ASTCACA XA C AT CIBNBITECAAGARATICCORRAGAA
destit’ph&t ohi r udiaragerveAtcamuct sctoTEAchE ROITE Ot (T CRETGAAG T OTaT AGEGLOT TOTE
foll owi ng schene 2: 30 35 40 45 50 55 19 EP 0 225 633 Bl Schene2:
Manuf acture OACCTGRACTARGATMETG gene from the four synthetic fragments
i/ S8 ATGGACGTCATCCTAGCAC 96/ 67 46/ 64 _

154/ 64 kT4 polynucl eotide kinase annealing 15 I DNA pol ynerase |

(Kl enow) dNTHse ménufacture of the desulphatohirudin gene from the four fragments is illustrated ih Thb folloiiAg
i gase > dcheme2:

~~~~~~~~~~~~~~~~~~~~~~ t 30 : EcoRl

BAHTe F1-F2 DNA (desul phat ohi rudin gene) 35 Exanple 10: Construction of
the plasamd pM. 300 containing the F1 -DNA of the desul phatohirudin HV1

35

50

65
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gene (Fig. 1) 40 a) Manufacture of the linearised vector

pBR322/ EcoRI /Pvull. 5 ag of pBR322 asmd DNA are digested with 5 units of
Pvul |l restriction endonucl ease (%’BE% §§3$h 200 m of a solution of 100
ag/m of gelatin for 1 hour at 370C. Subsequently this solution is adjusted
to 100 mMtris HCl (pH 7.5), 50 nmM NaCl and the DNA is digested with 30
units of Ecsxﬂtmﬁ@atrlqtarmrm%@&&ee 4 rdBi| e £9m 2Hwurs at 37C.
The solution is then adj usted t n%trls HCl pH 8.and, at a DNA
concentration of 10 My/23YF i F48MRER ts of intestinal al kaline
cal f phosphat ase (Boehrljtger) for 30 mns at 37c. he enzynme is inactivated
by heating the soluti ont/p 60 m nutes at’ 650C. ‘Pﬁ 8Lol ution is then

st andar di sed—w-th—FNE—~ext-+act ed W th—twoluie—af—phenol and chl oroform
and the digested DNA is precipitated with 2 volunmes of al cohol at -200C

overni ght. 50 The v [ Pvul | r—z-i-e?-—b-a—se—ir?'gﬁ%-) exci sed
fromthe pBR322 DNA i s separated from t he smal| DNA fragnent 8 7 base

pairs) by gel electrophoresis on cﬁﬁ sBiorad) in tris-
t
a| ns

acet at e- EDTA buffer pH 8. After s e agarose gel with
EtBr, the area of the gel that co DNA band of the

pBR322/ EcoRl / Pvul | vector (= 2297 base pali rs) is cut out of the gel and

| i que®®i ed fOr TO m nut ef [&f]650C. ZQ’WS—EFE%EF?Q@[}E; hi s DNA
solution, the DNAis purified in 56 accordance w errer et ar. [J. Ml.
Bi ol . 124, 343, (1978)] by DE-52 chromat ography, extracted with

phenol / chl orof orm and the D15NA is prNAipcdiyec negeh Ial (Kfemowdt - 20' C
overn;oght The DNA preci pltate is d| TBsd in 50al of 0.01 Mtris HC (pH
8), ~0.1 nM EQIA__and st qred - niil required for use 1.4 ag (= 3.2
prmol of endisy! 3 TEE, ?in { g ibibdd {6RH TR T acture of
F1- DNA/ EcoRl 24 ng (= 1.3 pnol of ends) of the chem cally synthesised Fi
-DNA (see Exanple 8) are digested with 5 units of ECOR restriction
endongcl ease (Biolabs) in 50 al of 10[1*”\/'0‘58"’12 sdPH 7.5), 50 nM NaCl and
5 100 ag/m geI atin for 30 mnutes at quently, 0.06 ILg (= 0.14
prmol of endsyrofTt o e 10a) are
added to tnE7 J:IIllIFEI_‘LHIHE[—}I ;[y T H\HY lt'r'eilit!ﬁ ﬂ TeS 1 .QT:. 650€~+tact i vat ed
afer 10 miputes, and the sol ution |s st andar di sed with TNE and gxtract ed
wi th $henol e&ﬂmr oform The DNA is precipitated with al cohol. Thganr
precipitated DNA is stored under al cohol at -200C until further processing.
10 ¢) Ugation of pBR322/EcoRl/FiyTt¥,ve¥or DNA with F, -DNA/ EcoRl and
construction of plasmd pl\/LBQQuirﬂsﬁa%ﬁj@gﬂ ddpdp obtained in Exanple
10b), which contains the two nentioned DNA fragnents, is dissolved in 20 Ld
of a%”olutlon of 50 MMtris HC (pH 7.8), 10 rrMI\/gCIZ 10 MM DTT, 0.5 nM

ATP, an%x;.ﬁ%b 9 Goblfterhn ! 506 bl i 2NN IS/ dobuphatoriifhy bivpase
(BI Ol 0 w%—dw—%ont ai ns the F-

-DNA, is obta| ned in the sol ution. d)

Sioordsrwtahtﬁuatuféfofﬁe liSeRlided Wﬁﬁﬂzﬁlhcoﬂi/mm d pM.300 20 The E. coli
HBlOl cel re required for the

t ransf or mes ugf pERS2P bedma enAaf digsted Wies ulité Vil @bstriztionadndonbicleasd/{BiolabBli iR .
53, 159 204 8 &)alsolufidhedf $00l uginhl ©Ngetziin Bt 1Bdur t379C) Subsétjuaritly thisrsbintianSs ddiueted to 100
reconbi meMtrispiGl ot 75)H01n30 BaCliasd the BA B digestéb@E 3D onits bOEquRvastdrsion endatuderse t 0
i nact #sv dBielalysh dor 24 hdDigAat| 370(a Skhe seoldtion gs e radivsied todS0t OM3MGEC! dH) 8Ldnd.odt & ANA
r eact i orcongentrationcof 49 &g/bl ifcebated witls @ upits Obfnteeﬁilblcﬁi"@ﬁmtcﬂeettosd'atﬂse (Beghiingegpt® B0 cel | s
in 10 mWinkAEBTCaHy enaymeiia inacivatepdiby heafing the spjutignfor)G9 minytes gt 65°C.\The eplitionip thepo | | |
Subs equetangadised ryith THEy 1eidragteqd it Joyqute; ‘ﬁ HhE‘LQ' fegt °’M°f‘?ﬁ“n&‘t‘b§‘° q'R?ﬁP‘é(?Nf\dF 2
m nut es Péﬂc'pﬁal‘ﬁ’(',”“aﬁd'mt‘ e pf P'é?hf" t?°°sct°é( or 50 minutes in di um

r (%RR3§2/'EYGR" H?""t) xqsﬁ‘éﬁm% @56326&""‘ 'ﬁwsea ’F‘ %‘t’%‘haf 0.2

m on 5 'éPN 'S)R ° r? 8’ sis Wﬂ '°‘6P\r%§§qg Ici%'
anpi ci | I 9 W ar ?8? 18
hour s. al s ban of Ive r - aurs |s'rcut g éﬂ
HH Llut& Jt%% umgQ fOIrNEea§e de ?hl .L.o 5, the urificd ih
HBlOlss aed ueller ot al. [J. Mol. Biol. 124, 343, (1978)] by DE-52 chromatography, extracted with
phenol/chloroform and the DNA is precipitated with alcohol at -20° C overnight. The DNA precipitate is

dissolved in 50u.! of 0.01M tris* HCI (pH 8), 0.1 mM EDTA, and stored at -20°C until required for use. 1.4 ug
(= 3.2 pmol of ends) of DNA are obtained.
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e) Screening the colonies that contain Fl1 -DNA-470 transforned col oni es
(‘Exanpl e 10d) are pressed off onto_nitrocellulose filter B85 (Schleicher
and 35 Schull). In accordance wi t BP 0122683181 ein and D. S. Hogness [ Proc.
Nati. Acad. Sci. USA 72, 3961 (1979)] the colonies are |ysed and their
denat ur ed | xed filter. Subsequently prehybridisation of the
filters is dfa%t"'t & 7o ?m (per filter) of 4xSET [= solution of 30 nM

tris@C (pHf) (—159 rﬁ&’lom%)’of ti-.e %@Wnﬂmé}us&d P"P-Iﬁwl\téée &6 B) a’}QQgested with 5
( Phar maci ghits & E2orfor E:b?dhaé)tlﬁ 66l uCatl1bo hiw: th}ﬁ 5yrso N RidEISandt
640C. Sybsgugh gathhis sonﬁ.ﬁlﬁaa@t b séqu&rﬁusaromsargq-tdﬁaaneﬂoﬂem Qf b likefived
filter) ofvesrIBRIGMECHRIPRICEkdmpftOfba) &te 2ddéu46) the SfmticANTheSdhzymidis MhenlBNRatiigeA
cal f t hymesed)NAachivated 14iten a0irmimads, @A Ghewsdilion he sBirdardisad!i vith CINE/ @hd/ ektaabted Iwithl
pr obe ( appheatlidhivtetdriv. THa DN pfeeipigatecionith GjzohoD Ghe pietipitateli . DNAHe stoded gadeu elbaboltat de
46/ 64 conpbesawntt aurtyer pobessibgcanpl e 6) is used as probe. Subsequently, the
filtersware washed twice in 2xSET, 0.2 % SDS at room tenperature, then
twice in 2o Sidtion of FBRIZ2EOERIRYuIIZOGE DNA; with 1 -PNAVERBI and gonstsustion ¢ plasntid) pMISIG0
mnutes). The filters are then dried between 3 45 MM paper (Wat man) and
pl aced at - 8@0@%10’8?1”‘%@0&?'"?‘! |"rﬁ’:& |3i%)v‘of"lch cmﬁa'nSﬁbeewglmem BNA frggeents, is
(11ford) fdssoledin Byicof appldion atay m Hp;?‘ {R3} 58 10grM Mal M ALP, and
col oni e (@P&H’éérr'am?:ﬁ“@g& &5 sl ligasg (Rigta )r%& §§?rﬁ our g magier oA
recei ved t"AETGE @'ﬁﬂ'ﬂ'ﬁ’B’Hu‘B l‘ib“"?ﬁ‘ r\%!:é fis ﬂa e #4%% on of pl asni d
pM.305, whij ont al n sul phat ohi rudi n HV1 gene (Fig.
2)_a) Manu ) JlarifRan 97 . BE i 01 A & 22/ BarHl / Nrul 55 5 ag of

pBR322 as I
e B AR e e S
tri sOHC  ( pHye sdlutionCobtars _n“% tRfeBOmbihaht plakrhid plR300) Tk héatdafat BB ltdr 10
restricti ORin@&ciR BHe! @aﬁawas %eﬁh emAaraslﬁdm& R thdn@osi&d 10137 eN10UNGf thikQede@dnthikio® | S
di gest ed fH¢ addedBUSES wPdt caldiém-trabled E. cdiifiBI0Lcbils 1 38 mBlMgG1Lant @@ &M 1T HOT (oH @ISEini S
heat ed & Gvolumb oflddoi.NUt es in"ofder to inactivate the enzyne.

Subsequent | y siidsequbmy, HbAidureis smitdsn ias r SEpiadted, Behted f@ 12 niatds ab#29@ andathengest to

el ect r ophostangifer 80rmidutds ih dvwine | Limediymagia Exegrelei 18) B 378C. e trathere EDMgh $pudafi eut inpH
8. (see Exainiscof D.2CQ0l)on STéger PiEs (Mefohke Agah DifgdBRARA cBaiHP) Py/ml ¢f appistilior(Sqirea).
2642 base Theiager) plates gngt themumainthinegualf 378G for 4618 hawrs.f 484 campicillinmesistaptopalpaiad of et h
Muel | er set trapsfornedi raglj HB1P1 BE-okRinedir onat ogr aphy. 0.75 ag (= 1.5 pnol of ends)
of DNA are obtained. b) Manufacture of F2-DNA/BanmH 10 25 11g (= 1.3
pnol of enfSprepingtha-eeionias hat CQW BdNAed F2- DNA (Exanpl e 8) ar e digested

Vn\qvlﬂlllaé? ugl :@E’?f Ba?(ltl restr c}nlploq donucl(g rﬁq’r:gﬁ%ﬁ S:Eﬁég;gm%w

em gn
m nut es %t elr% n ur Als | 1 fl‘er & bt the filters

In accor:
j an ? ri
ziff y¢ p rf S\djm tn ? ?)ﬁ%

pBR322/ Ba i)l

sol ution i, I XUo nLt ol q n{uS R'Eo‘? ‘H&H&ata”d
t he; DNA | Sgé r‘é'EPeStre df'i‘.a‘é fllt %%Eﬁ(mﬁﬁhﬂbli@bﬁﬁb

i's Storggd swéi%a enatt.rea %Qpﬁyﬁmt BNA foewmlﬁéiat G WAl D& BAIERSS  1ih@NedC)
Li gation Oﬂf\rotibBlE&; Ry IcbreNdde g @‘Vfﬂtéﬁ) o E%olmﬁl%mm&m&ﬁdplementary (ct.
construct i B@amp epbas‘ema‘ip@M,BOS The DNA precipitate obtained In Exanple 11

b), whi ch costizbduentlyhte tildds are washad edceDNAxSETAQ.2241SD$ at oA Qerohestund, \tted twice BO
ul of a sOoSET,axs BfSDSGt 6L {(first $dri@D mirptes, FheB Yor 60 Eninvies)\ViiEl filters B> thdvl didd bet@aed 3rmVi
ATP, ands 108 pager ((iVhagrednp tnddacechat -80°@ an edXvaytfilm (FHi) with ersintedsifyinh dofgen [lfogh éoe 1-2
(Bi ol abs) ¢dys.150C for 3 hours. In this manner the reconbi nant plasmd
PM_305, whi cAhe casuitiion suteradicpigm, shows Gidt pesitived celonies Helones) whighopan By used for further
Tr ansf or maprPesssingf one of whigh reqaiad)ie dasionetion BMI30Q4 pML305 25 The transfor mat i on

of the calciumtreated E. coli HB101 cells is carried OOL{[ a qesc i n
Exanpl e 5 0fppmpied 1) fonsiuctigneof plasridpMi395; yhicly eoniains e, ferPNA of te
used. 313 9-2) i n-resi stant col onies are

a) Manufacture of linearised vector pBR322/BamHI/Nrul

85 5 ug of pBR322 plasmid DNA are digested with 30 units of BamHlI restriction endonuclease for 30
minutes at 37°C in a solution of 100 mM NaCl, 6 mM tris*HCI (pH 7.9), 6 mM MgCl> and 100 u.g/mi gelatin.
15 units of Pvull restriction endonuclease are then added to the solution and the solution is digested for 2
hours at 37°C.

21



obtai ned. 30.e) Screening the colonies that contain F2-DNA 65 transforned
col oni es (Exanple 11d) are exam ned for F2-DNA in the manner described in
Exanpl e 10e). The ol i gonucl eot i dEP 9225 638 Bbnpl enentary (cf. Exanple 6) is
used as radioactive probe 2 p03|t|ve col onies are obtalned in the

aut or adi ngr%”%ac{?&e e W4 he%gd 3 mm M BOR inasats 2
L &ﬁeﬂ gt L b e

[ Mol ecul ar aqw 4 ol bIse s i, ﬁueﬁd dng plfibd
Spring WE&@H&aﬂe@bath Maec?l t alsupad 1] 8y DE-58 @hrél@a : %&3& (sqcﬁﬁéw@lgeng GEJEA

F1- DNA aidotedm®NA | nserts are ascertal ned in accordance W th I\/axam and
Glbert [Proc. Nati. Acad. Sci. USA 74, 560 (1977); see also Meth. Enzym
65, 499(t) MBRYFdcturerdd F.-DRA/BaniHIr pose, in each casi 10 Ug of plasm d DNA of
pML300 are cleaved wth ECOR restriction endonucl ease and 10 Ug of plasmd
DNA ofe pM .30&g &7 &3 pelaf extis)wf tchentisiit-$ynthesised FoDNA (Examylo8)Latd digesed avivd 16 imdts

| i near i s&Bari4estrigliop endpoiicisaseBiokbs) 20 @) oft1IFOMMfNaGh B adbivisrdi€l @B 17.9), 6imM MgClapl e
10a)]. S0tJ89ueimi igplainhisr 36 minutes| akt3&C. BRIMY (&Fr 86 dingledstends) \of title lnedrigdd vestor
phosphatl¥§§§2 e HEYEb (Rerentsr h‘Eh@!@l thew addeghi. the slutien, thewhelp selutien jg)standardisetigty ar e

t hen radiNG 2d | with dhenalehigiofom, cand; thecDNA {7 rrepinfiteds withy 'AYW(‘@&@IOP’!O& The -
acti vit W’W@N red upgiet @‘h”ﬁﬂft -3076 uril reguired fa furtBRS ProgRssiRg- nas e

(P-L-Bio E_errj Cafl% i ] IaeII ed DNAs are then cleave:i wth a
second r&iBiPn ofpERs%R/M:s i ﬁ?"ﬁ['ﬁ]!?ﬂmaiﬂ' AMISPR s are
isol at ed b eI ut.i 0 he ca of IVL30 “nucl et i de
60, SeQUERG et 5 510 Z.sﬁﬁ.o ﬁ%ﬁ& r.%‘.’h%’% £l °"ﬁ e
(ap OXiy

o SE O @awm A T

nucl eotlde sequences t at are determ ned DNA and 2 DNA are

i dent i cady TraRskrn@RR of & ch|§ﬁg1g{ﬁﬂ,ﬂ|dgmﬁwmse 8 56 Exanpl e 13: Construction of
expregsi om prasm da-pM=31o (i ndicates the DNA end that is radioactively

| abel | ed) . ThdZAransforinbliol 0P #hb chicium-thdatedl) E. GoM BB TOI GbisOf chified dub EDddstribed IneEkraple

PHRi | 48/186)0R ikiBa thblreactioh inbliure cbwdined s EaMple 1) aferusé 813 anpilinassiiant doiogies e and
Fig. 4) oBeingbnstruction of plasmd pl59 5 10 &g of plasnmid pBRHtrp [DE-OS
3111 405] are cleaved with 50 units of EcoRi (Biolabs) for 60 ninutes at
37 C unck) Streenitig dwolones that xentainebz-W er phenol extraction, is fractionated on
a saccharose density gradient (5-23% in 50 mMtris HCl (pH 8.0), 1 nM EDTA
i n a TST4159 waseiermes colagjes (Brample 11d) @recaxprpipgdiierfatiNgin the snasnef éqscrmd indoempla t

40, 000 r'@0)s/he eligepmeleotidm t54/64 compiementarycich BxpaPier @ i ey as tadigachye proken2 pasitiv | o

gr adi ent®oeyeq %%?‘Iﬁ'“eﬁf" the ?H’?’?ﬂ%’a’“ﬂ'i‘é of yhigee's S99 AMLEGnt ai n the smal ler

fragn‘gnt ar t.andardi sed with TNE and
pr eci pi tzﬂﬂéﬁi‘f FR0H50y et hanol at -201C. After

8? '“15' il o %%%g %g} ﬁg%:@g é\ﬁwo 4 .%@d i M 0 o

)
%d ﬁ%l& 1 E Dé o5 <9 th senftéjére neézcéaan Vﬁ'(hM lé and
react I Ornnm%ﬁs%%h%% £iags suot( ﬁa é%@(a E?. &%@4@“@
i ncubat ed Wirltkis Burdeb,UR8ach tbsFT0 ey & pladinid ONA &%Lhwa'a&eme@wtueseont rbetr.m i s

col | ect aladivcisaedirai 1oUgak blﬁé?m@DﬂA di 305/ 86l clogad With BandM) redkictioh eddnuEidhderang HCI
(pH 8. O)the fhedrsbd DNAS BieSisdleddUBlyi Gul elitich fromTBYaREe G6).[ct. Bxaghplel108)NASubsatebnityleibat ed
at a BNAsolamedONAS st digastedwithldlkaling/padsphatasd Gnddutoimaiograptict o¢ep BES2 (). Bxbrigle 1ayni t

of i nt esthe MNAs alekthbr radioztively IpteiaitabeaS end Bitelyr PPIGER Jspéoliic 28Bityr5000tGmmal, 3r C.
The enzyAmershem) and &4 pohatcladtide kinasee(PiLrRipchdmicalsh| ut i on for 60 mi nutes at 650C.

0. 04 ag of T'ENadieastively iabolled DNA%Iarp thep llaaved) with a sesend; reatrictign exenticldage (RCPRI). The

[j y32P] -respiting D%@egr@n}sm[sola% g9 2ljonfrom apaigen- tnsthe fcase of pML30D the nucleotide
0 sequence of F1-DNA is then determined from the EcoRIl-EcoRI* fragment (approximately 109 base pairs)

and in the case of pML300 that of F2-DNA is determined in the EcoRll-BamHPfragment (approximately 122
base pairs).
The nucleotide sequences that are determined for F1-DNA and Fz-DNA aro identical to those illustrated
: in Example 8.
55
Example 13: Construction of expression plasmid pML310

(* indicates the DNA end that is radioactively labelied).
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m xture ,g(gmg,,ge., @hé,m%gwamlmgbﬁgﬁodescrl bed in Exanples 5 and 6 is used
20 as radioacti ve probe. T the autoradi ogram 12 positive colonies are

obt ai ged, Thevéhabterishion lbf te &F; GBNA Bedubiite MVihe XEbompiMnd pidsmid s is prideidd By
PM_314. dedpmngmgethel B -F,ONAradcdrding 13 Betai and Gilieftgsupiapin the idhabi Gesgibed in Exdifiie 12.
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DNA afte Prmplp e Expression of desulnbetphirudin BYjlin jeast of the Fi-F2-DNA is identical to

t hat described for the synthetic desul phatohirudin gene. 30 Exanple 15:
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t he cod%oi,qrheyagédn@ ,gﬁustrm, u, b BTafEEy. ami no aci d nat ural mature

hi rudi n.="The hirudin gene is f anked at its 3 end by a DNA fragnent

provi di ngjustirentrdrhe niidiedtibGbquehde@ithe 6TeRl Bicthd dBdulsHa@Ralin genbhe vector part

of the expression plasmd contains yeast Z2LL sequences, the yeast LEU2 gene
for sel ect Tennucleotifie spqmsde @didg tidycdesuighiatohilutlin rstarte s4dtts (GIM ovehich) estends fodl thehHE. c Ol |
ori gi n gérmingpyalinsaih i tenfinlogens @fodiect. | Fon canmehisatngybelgning sand @xpréssiorEinciiali . theTénding

pr oceduragquence; Hak heanrextepddah theiStpndt by eight nacleetidps meluging ers Eepth tesigétion pite and an

nucl eot iATG initiaioroprden. Kor theyexaey'in fame fusiontaf the disuin qoring eAqmenge]forfheyreaeengscoding The
nucl eot ifefethg ndignalc erpfigey theeer adgiiens] pyriactides rhave 19 ke W!edd\n'ri"ﬁ iSpghisNed W

st and¥ f‘i?P"et"ﬂ% theEsoRl; restricfionsite o, p ifish qnd site, padding 4 sy Befipede qopjpining a
conveni 1&?’9@1‘%&!‘%5 SUFi? RORfiandhat pubReauent plpgypge with & %!Baﬁ“ g“‘%‘%‘ﬂﬂﬁ%t‘@"%‘ been
ext ended"&8T t H¥EWend by ei ght nucl eotides including an EcoRI restriction

o L2 e AL bl BB R o oD A colb £ A 1 01 ©f the

8 ug of plasmid pML310 (see Example 13c) are digested to completion with restriction endonuclease
EcoRI. The DNA (pML310/EcoRl) is extracted with phenol/chioroform and precipitated with ethanol.
5'overhanging ends are removed by nuciease S,. 4 g of pML310/EcoRI DNA are digested in 100 wi of 250

26



for the PHO5 signal peptide these additional nucleotides have to be
renmoved. This is achieved by so converting the EcCORl restriction site to a
flush end site, padding a synthet &P @R 1 eotide containing a Hgal
recognition si te I n such a position that subsequent cl eavage wi t h Hgal
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( PML31GhEaD0 dbia koricentiaausmemged i n 100 al of 50 mM Tris*HC pH 8.0 and
i ncubat ed w Arpligonuclectide @dthedanblai nt esti ne al kaline 5 phosphatase (Cl AP,
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Soc. 103, “9‘656
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tion endo Stﬁlts"b 3, -DNANKRER (BibigbsPlor b \Rbus! 40 95 . The MyaskSis IrR@N@ed & 88°C for 10
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Tri sOHC  Rédnpbrature #o DNMisMoibhed, reSuspantidd il 45 BQf kdalion Glixtdry (spstiibd 4obiv) @aDigeted for 6

Ci mmol r 1, nboreesisacho famckirdulatmNas of T4 pol ynucl eoti de ki nase (Boehri nger)
for 30 mi n ahiqdoté &,1 dichd 0we o they ligatichSmixtira aeladdsd ta 10031 'of @ldum-iRBted, Hansformatiomc e
of 0.5 M capbtent [EeoliTHRt0d reellsi (prepamk dveardingtothrnettiodk o rD.Hadahan . ol hem. 186.6%-

i nact i vat €1988)% Toe zefieredettoni iee fol¥rmip.| thaninedbated for@ahin eit2r Greeledonyes fat 2imis angr
anneal i ng.thed, iguksted(farade e lE3T) Gin 40841 8DSOG Mediym. dhe pqllp Rie conorpiraigd in WPJ&eQF"W t h
2.4 Ug (1.9n8Pplgtespn Ehensy plges %WG&@WW SPB"‘EH"!AP and K at ed in 20 uI

Q

m T HCI 1%, ¥ansformed, BMPT{A! s groyn jacivisyel

i ga;lastessl %4%% N 5 Propgyet rgm o t&emettfd °h'?s§ FP@'&%??L%\ ‘9 A glo C
;}téheeiet-'?g@ ggo “F' weq o h. ng BhL e

for 10 25 He ne whic
precip (o f@@ g bty Wy s o g i

sodi um acePHFB® i'sop r
terrbe’rature the DNA is pelleted, resuspended I n 45 uI of Ilgatlon m xture

e SRR 9% T i0UED SiokpdofdshBIOBE BT

calciumtreated, transf or mat ﬂersu&@heeasp&traﬂtxnEsd:mhlctHBamlgealel s (prepar ed
according to the nmet hod of Drmnahan—fﬂ——srm—mw (1983)].
Theicel ks are left on ice for 30 mn, then incubated for 3 mn at 420 C,
cooled on ice for 2 mn and then incubated for one hour at 37 Cin 400 ul
of SOC Meda)usslatiohlvethe 6.2 Ikis desulphatobinglimrftagment (Fig5h 100 ul each and plated on LB

a

o

agar plates containing 50 eg/m of anpicillin. 12 transformed, anpR

col oni es ar e 13jr@virplasmigi AMLE 1Pk |areydigested B Q?E‘E'P@mv@bfﬁﬁ%!?tt‘ﬂ‘ ﬁ'@j’%‘@l?aft? P?ﬁ"‘“@f‘d Pvul.

anpi ci | ba nAftleextragtion; o tap PiNfaby ehepaVetinseferen and ethanel m td'°t' He t‘t'ﬁa'te agme@‘ are

Hol mes et %eparatfcmm 1.2 £ egeroamgel inftis-boralmENTAJWH 9r 084 kb

synthetic Bmk | rromept ig)isolatpdip 396} slica. Ther O °' L mi,of
0.2xTBE buffer. The closed bag is submersed in TBE bu er pH 8. ns base Ofi acld

single 2.5 mM EDTA). After 30 min at 100 mA the polarity of the current is reversed for 45 sec. to repell the DNA

55 from the dialysis membrane. The buffer surrounding the gel slice in the dialysis bag is recovered, adjusted
to 150 mM NaCl and passed through a DE52 (Whatman) ion exchange column. The DNA is eluted with a
high salt buffer (1.5 M NaCl, 10 mM Tris"HCl pH 80, 1 mM EDTA), precipitated with ethanol and
redissolved in H20 at a concentration of 0.1 mg/ml.
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stranded DNA fragnment as prinmer which hybridizes to the coding strand of

hi rudi'n. One cl one which contains the |inker DNA at the correct position in
front of the hirudin gene is ref EPOAFSBEIBI pM 310L. 40 Exanple 16:

Fusion of the PHO5 signal sequence and the desul phatohirudin structural

gene 45 a) Th A Bdmih Harfonfor tin 352 W RARE ALl bdRHFENortubbde Phar 12 U9
of pl asmyk @% : é-h hg:ﬂ?%fl- A3, i%ﬁ. “Ia t'!h &ﬁe&:ﬁgﬁﬁ% sequencflbfo:
endonUC| ’ﬁ h“- "01' OLIC qqne ﬁ = ¥ra ment but
phenol / cg a,ﬁgfs"mapg,}epl tat lon the two restriction Tragnments

are separ atrﬁeplo Q'Rb angé-azm %ﬁxamsese%?hea Rorh lihdr RGeS oPTH Ruhish gHn&sd The
et hi di unbugsQdRl GLisSidtel ByCslocttodhstiok s dydelibeBaBdVL). TR ONA Rtpuliffed ib§ WEBE RH ekdhargeJ€!
slice. Tinonaidrapty aal ethbrioDgtbdiitetidni The DNAIidieyispsndiia HEO bl £ebn¥dntrdliod offdo 1@fmi

0. 2XTBE (o2fpmeesmullhe cl osed bag is subnersed in TBE buffer pH 8.3 (90 niM

Tris-base, 90 mM boric acid, 2.5 mM EDTA). After 30 min at 100 nA the
polariray of the current is reversed for 45 sec. to repell the DNA 55 from
the dial yshp Mg 2ffon 10 OU F & S
bag i s recovered—att —o—E—v 2 =

(What man) ion %M’%lmﬂem m i eI uted W|th a h| gh salt buffer
(1.5 MNaCl, 10 rrMTrls HCl pH 8.0, 1 nMEDTA) preC| pltated w t h et hanol

and r&iss Jve_d ' at_a concentratlon o P 0 225 633
Bl The otps - dlB% 'T {8 ot Fueasp P g\% Wgﬁ % fr H
restrict S er "19@5’ of e|:§l sngrbagseﬁc%nce bu u 2] u?psa h 3 aBQFH—u

ftka.gmentco

fyn | AT ET
Rf«%aﬁﬂ@ fdp by V&h ﬂé%g ﬁﬁﬁiﬁﬁgﬁﬁ agrren? of simlar size. 5
The 0.2 kaiﬁD&kre k5 HEERERY PHOS s?dﬁﬂ%éq% a Jﬂ@b&&nﬁ%yoﬁﬂf&%ﬁ&%&orﬁ}ﬂdnﬁusl S %
t

agar ose #g‘},deh By 4| {Eﬁnﬁ‘d}oﬂﬁéjfo'}ﬁﬁ"l sol ated by el ectroelution (as descri bed
above) DNYA is purified by DE52 ion exchange chr omat ogr aphy and et hanol

pr eci pstatlon The DNA is (zius%gndegﬁé&\ a&ﬁt a concentration of 30 ug/m
(0.2 prnoles/1l). 10 b) Isolatio B pronmot er region with part of
the PHO5 signal sequence (Hi2y. 8)-16GRrascrdap@i~BHO5- TPA18 (cf. European
Patent Application No. 143,081) has the PHO5 pronoter and the PHO5 signal
segquence fused in frane to a foreign structural gene (t-PA). A 584 bp

BarHI sBafight huciaghden tat the §t erdret ﬂlSH'ekGEH(EC MYTGRBL repregeniipa of thefPHOR sigPatiEeauencgnal
sequencefragythe Belfpite in ihe| neesesstng SiteaiThe Biovahanging fivg niejeaifles pB oligomiciegsider KA it igto pDNA
are di getb? Hep! flpavpee site attheck prdpf the desvipbatehiiudin goding sqaygcpours at 37* C). The 20
DNA i s purThq iadvigyal ﬁ'ﬂ@?né?’?“&?ﬂ pioprusieetides, {1} aed (2 ﬁ’eaﬂdm%?ﬁér%lta}w@éﬁ’ "f’%‘i’l on.

h n ditle SHRE fpb! i@ a9d 1, (@ alye gPr
J tnct # ﬁ%@ﬂg‘ w@gww i g gl s i e nas e

desul phat"8 viel)’ Wbl &hdne mp k% |§
h
nu | eot Ba" °'°a“ %—“%5 "“*‘éf:ii @. b;;,é %“c' gmsee%?t%%% alf "he
Bvebr®

S gébib Tﬁ@%@&‘-‘o@ |.:ka|in§ pr pitz8 tmﬁpﬂh %ep?éla
over hanginMGoditn Gcolt-pHEOd b4 Qblunés aee.w aﬁ&t'ﬂhd BNA %)reéukaenaeataaa fuher
cl eavagewiti tetriéon tehabnﬁcleaeémamﬁu tARér sharadibp hamhbnmdiyrbnsmmmwof&mqmnamnoﬂhe
I ndi vi dugrbcigitatiof [t t@d restrctial fragnepB RikeCdepditediaca (.4 Yo &yadsd gb) inafissbotaysEITALuE@d by
t he phospthas.rihe 86 &b frageentisl isflbtodaicans the gél. Ehe DNAIs igdctrogiutedland fuddier atiied byBDESg Of
ol i goruciorsichalgs chidatagradhy( 4yl etharebpentritation The 0.6 kie B&&HHHgaliDNAdnagrhdnyis resuspen-
phosphor gedan D atia coreentratio’ oemjsglmlm xed in equinol ar armunt s and anneal ed as

described in
¢) Isolation of a pJDB207 yeast vector fragment (Fig. 6) -

80 9 ug of plasmid pJDB207R/PHOS-TPA (12-2) DNA(cf. European Patent Application No. 143,081) are
digested with restriction endonuclease BamHl. Upon complete digestion, the DNA is extracted by
phenol/chloroform and ethanol precipitated. The DNA is resuspended in 50 mM Tris*HC! pH 8.0 at a
concentration of 0.1 mg/ml and digested with 7 units of calf intestine alkaline phosphatase for one hour at
37° C. The phosphatase is inactivated for 1.5 hours at 65° C and the DNA is purified by DE52 ion exchange

s6 chromatography (see example 15) and ethanol precipitation. The 6.8 kb large BamHI fragment is separated
on a 1.2 % agarose gel in tris-borate-EDTA buffer pH 8.3. The DNA is electroeluted and purified by DES2
ion exchange chromatography and ethanol precipitation. The DNA is dissolved in H20 at a concentration of
0.4 mg/m! (0.1 pmoles/iLl).
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exanple 15. 1.3 Ug (200 pnol es) of the phosphoryl ated, double stranded
linker DNA is ligated to 7 U g (1, 8 &m)l es) of Ball cleaved p31l/ PHO5- TPA18
in 40 U of 60 nM Tris*HC pH 7.5EPI@2288RRY 2, 3.5 nM ATP, 5 nM DTT and
1400 units of T4 DNA |ligase (Biolabs) at 15 WC for 16 hours. The ligase is
I nactivated for 10 mn at 40 85 C The excess of linkers is renoved by

recipitatiQn of .t e 0
g_cet a?e pH@ ni%t%/&% ttlill% e;%% %(i%m e¥ %%Aaggrﬁgu?%%? p_\ri and
further digested phﬂﬁmhMﬁmtsW@Mmiu@%&oBm PINE267 qnelasa;cmem- of
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ded i n R2® farim a ezwessienplestid.on of 40 ug/m . c) Isolation of a pJDB207 yeast
vect or fragridmmaegiofthe 85 kbBamHI-Hgg figgment o PISHENPTITRAI ©BRIIARIMINEE! P02 (kb Plgal)
DNA( cf . E@Ffokb‘e‘mmﬁ'&toém rp digatedde Ofpmolps of @88 b BamHldragment otipJRBRYYR/PHOS-
restricti GHA%%)GMM'@&% Tesl HCURSLRS. 40 M) Mo, G BTT. 4 M ARR angA0 pajts of s of T
extract ed "?ﬁ‘i%f%?q'éﬂ"l'lséfb'if Gr mand ethanol precipitated The DNAis
resus pe’ﬁded A ppegd afiqyetref 65'?'*“ 4o 5 "}i’f’edaméﬁ?iEb?ft"ﬂ%?fqr'ﬁﬁ'%f’m@e?“
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at 37 C P
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pronot &k hiss-55) BB, loud (B, canMusitlg thd transpiwdtio ihrotosdi doseribedIB Miirdh el Reupha))5 b of
pJDB207 vy pRasid DEA-are ddtied tb oMk sthbioflast Yspansion prilBRPAikiuipaaisdated avth Polyettiyidme
PHCHE pr omglyedl. The aghempibsta\eré imixedh @ittPHGbl o regorakatiereapeicand latbd dnid lgaast minimal medium
desul phat olates withont l@ecineict ur al gene are all isolated as DNA fragnents (see
exanpl e 16 oA giglenkrngfbrmag gedst @b;medr picked and gfawniin yaastavinime Jesidiom vitheus feucine. Thed
pnol es %f celeny igreBredeBainHl - Hgal fra ment of p31/ PHOB- TPA18 and 0.3 pnol es
of the 0.2 kircghgmycemsgerpyisiop GRFHINPE ’MH@OL are ligated to 0.1 pnoles of
a 6.8 kb BamrH fragnment of pJDB207RI PHOB- TPA(12-2) in 10 al of 60 nM Tris
HCl pH 7.5, 10 MM MgG1l2, 5 nM DTT, 1 nM ATP and 400 units of T4 DNAIIgase
for 20 %our@sﬂmmhe 18 jLultivabieniof 9 | eeXevhsia@-CRILB(PINBLOLLure s
added t0 100 al of transf 1l conpetent E.coli HB101l cells prepared
accordi ng to Hanahan (sup?%@m{ransfornation protocol is al so adopted
fromthis publi cat ion. The cells are plated on LB agar plates containing 50

ag/m, of a”’%e rvisthe pASs-ARSrdiiEl ih B hYb%? tdhirdal mbdint Rt M
Wt 1099, S sbhgneace oF o £ 50 20 Al Bhifdind) W 30'C

orl entat i g aﬁuvstg&etolan@aﬁrdsns fCax B \cBMkfnI Wit [bellsCiid Washidd 1A10.96% (NACHANdQRsh Lisétlol -

A singl e GloQiRing?6d M dulturése mm. -nfiifital MbdigR ILak iPRHinitkl rhddifim i Pepdred coréspbiing@sl t O

as pJDB20 tHeFoknposltibriRof DifsdvgabtNitlogen Basé mediar (wthoud Bmind ackis); BIR 6B gl KHERO, S| ae

strai n GRALS KR, amimody/ bsiargins mistedur ok, }2SO4, 21% gidtoee shdi 11y/1d.-histidiga TiseCduifieessare

cer evi sisadnosulatei up tREcllBlefsity bfi4s B¢ tdlls/mPand abitated-afl B),° Clfer wR 1342 Howrs 2t 200 Pavs/mian R)

using the transformation protocol described by H nnen et al. (supra).511lug

of Flasm d DNA_arieadded to 100 A of_ a spheropl ast suspen5| on and the

mxture is - atiohrian compeundsed

1 10 o eOgner Al On gt ;se%aie%e°r5ﬁ&%€’an%§)ﬂ£% o oun i n

yeast mininal nmediumwi thout |eucine. The so colony is referred to as

a) Isolation of desulphatohirudin compounds from the culture medium

65
A. Enrichment of hirudin compounds on a RP-CI8 column

After a fermentation time of 18 h, 26 h and 42 h, respectively, ten samples of 10 ml each are taken from
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Saccharonyces cerevi siae GRF18/ pJDB207/ PHO5-H R Exanple 18:

Culti'vation of S. cerevisiae GRF18/pJDB207/ 35 PHO5-HI R Cells of S.
cerevi si ae GRF18t pJDB207/ PHO5- Hlﬁ?ﬁﬁgsﬁé)ﬂﬁht ed in 20 M of yeast ninimal
medi um (Di fco 40 Yeast N trogen base without amino acids with the addition

gf 2 % gl g awa% b *&'é}' Lneby Aheant %é‘o” %ﬁj at§ond ut% ge!! q
ensity fﬂ. ﬂ% ot e ool oh B e..aey use
for in e Th o 1> W TR qﬁ

nmedi um 'tﬁﬂu%é%%r% Q) Rk g Sluted RS lirle! QJLnQ: w r-a n- 9& roge”
Base gediifubrodcttc SRie:4RE MPeiddtd )oonéahﬂatéa% ta2dasd Yad mm) io 8/iihat KCI,
and 10 Golumé vAFIDAU.2G6 Mudin \ShBaddbre (ddhif: L@@Pﬁm@anéweé W%ﬁpéﬁ whth Glithentic

L- hi st i diesibhatdHhadis bhd By Reanebf@hetBrombBif GikibBbresbsayD ARt 12 B hg/Aiinedid Uon%urﬂxl 06
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19: | solation of the desul phatohirudin conpounds 50

from . B.{smroharge alromEhgrdp8y prJd BRAE/JeRISH cdliirlR a) | sol ati on of

desul phat ohi rudi n conpounds fromthe culture nedium 65 A Enrichnment of

hi rudi n cohbd ity readium iRRen@sEd gfter a farmentation time df 42 hrenrt I8 péntrifuged. The spern@anth, 26
h and 473s #ppliedde proanion\prghgnge celpme withPESS cejlulosepWhatmanr) @hpHhT-8 [coeitions: Folsmn 229x EP
0 225 6335@M ¢ alcelvtion Pfen A ROMM Aok agaiate. AR M RaC! pH o%%lewgonmvﬁﬂ&a?tl ng
and cBnceenRenivm acsfpte; M Hag. pif 5P flow 86 E’JWUTPH °("!m'|’r13 “’a?-ﬂ? 28l ppffer A and

| nt er nat’§ Hwa?'yted linopysalt gy Hgg’% ”f? ‘?/\F’ édewf'g‘ﬁa"ém%a
% unds

l'i quid fugin pOMRY

i P g % j
AP PRy By e ot
Q?Zere . §§5rpﬁ§§s§; il ve"*d@hgs i ac?gsv‘('inl A ¥°°WT%P o e

uate are conc ‘rated at a Speed Vac concentrat or

(Savant ). i@l fﬁiraﬁanrbﬂ'semeh&@s@indﬁﬂﬂpﬁk.caum .#Haﬁé@'HBLGOWDOUHdS are identified
by HPLC amatysrs,—by conparrsonm—wth—auttrenttc—desul phat ohi rudi n and by
nmeans of tHR hdil fdtnneo MNétldlubtoPbbing BERY in Y Hembih .auﬁuen Zost, &/ didlystd 6vdlight at
CONMPON IS Cainst 201 ditffdniui abdidto SHATTB bitSthen! ddndantratddIusiny & hdhgevasdidisERSEd graphy
on a DEARina@bilmeé esamicol uim 1 1 of culture nediumis harvested after a

f er ment at | e résuliiy &dar ddliedus aviation & appiiet kd 4 Sephaliex G50 fiseqplimn PPramiaciapwithpmed ed t o
an ani orvoleme hfatéganl,ctd cotomnvi.5 k 6DED 3Biared) lbeihg pre-eguilibaatadanith 524 agelit atidd The main

[Neondi t iagivity cantinednin 50, 15l of elubte Ffractinné B4, fidw) 50 relihu2s win/fzgliohkis conceR@tedivbisgraoni um
acet asoe,rotdrg Gvarktaidn@d therHsubjested &9 atréversed piisse HPES s@@rati@®. An/latawototio0unh alcibe at e,
4M NaCl ,indiyiqug fractionts| ig) ppncegBated 1:1) usinglaSsreed yarhicancentipter {Bavang)apdhexamipegrby medng er A
and is tqﬁéﬁYeféﬁP%E*@éP WPkhanglypis fpedp cengant ofgeseiphaiqhirudin comppupgs. Ehecsplufignsisgptpinr A
and buf fd@fulmammfé% grRoyis Fractionf-¢18 6\'?500 insthe grpallest eerew%m@&'on P s1‘*(—3‘2&1%“‘1‘%\'

conpoundSMegnents.angisyrther, pyrl %’c"ty rafR3as of oparRtiecreyey i dentified
reans<oose °'E"Hr°8 RGN Lo %Pam, g"n 'oeﬂééfr' 1 8
over ni gf{ ﬂu h@ mt%e/wa tr% ac tlcfac:: ‘% h::tam ogn > are
o el R S %gaﬁ e
fln\arl urlcplcatlon phatoh [1|I5 nalnfractlon (80 m of eIuate)

Eel ggaggﬁ) \s¥iGtioh 3 édaﬁpﬁafaﬁ.aan Icanaonﬁus%wcenex&rfcsaf,s b&remaalehw{aaem&me@nma; 25

- mst—20 vt ammoniummacetate pH—7. 5 and—them concentTated—usin
rotary evapr@hsre fsintbgrated @s tubuah (cf. IEdRpear HatehEApplicationMio. 10081). ¥6dIbpbrigtarit| ear
agqueous vhith Whd BN tréated With 2 80lackiie adid ogehailged (12'080 r, Ne* 0).Qlniiiia (FUaasd @ alidg W t h
a bedssv qiHueher.50énd D slightly dplipie Gollitivn1(50(8l) & frtheritraafed aBiabova dgf. dxemplg) 19a). Hirudin

pr e- equidombouadseaie iertifledaskhaveditel ithatlos tiromiih nhibliomassaytand by yneape ot raversed phase 50 i
of eluathWPLCfractions 5-7, flow 50 m/h, 25 min-firaction) is concentrated
using a 30 rotary evaporator and then subJ ected to a reversed phase HPLC
separ atlﬁiﬁnplﬂﬁo Anglypisof the prpduchnixtugs e forfeaintption o5 B- qerexisipg BRI SipJDR2BHRHOMN r at ed
1:10 i95|ﬂi§ a "speed vac” concentrat or (Savant) and exani ned by rreans of

reversed phase HPLC anaI Si s for its content of desul phatohirudi

conpounds. lﬁ?g\l gl@p?} ‘ﬁﬁ Upqnatant epared as above (cf. Example 19b) is dried on a "Speed Vac”
‘concentrator un igh vacuum. e samples are dissolved individually in 100 I of water and

subjected to HPLC analysis (experimental conditions no.1, see below). The thrombin inhibition of the
55 individual fractions is tested. The fractions with a retention time of 16.5 min and 17.7 min show thrombin

inhibition. The ratio (expression yield) of these two fractions is approximately 4:1. According to amino

acid composition these fractions are desulphatohirudins.

b) The fractions active in the thrombin inhibition test obtained as described in Example 19a are
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desul phat ohi rudi n conpounds. Fraction 6 (18 m) contains the snall est
percentage proportion of secondary_conponents and is further purified by
means of sem preparative reverse pﬁg§g£ﬁﬁﬁﬁp135 Experinmental conditions:
VWydac 218 TP 510 RP-HPLC columm, 10 x 250 mm aliquot portions of fraction

6 (200 W congGehid G HRL: shatfdly urlér'we Gifidntbeidl corfdhfbns, O- 5 at 220 nm flow rate:
2 m/min. El UaNgxperiinentll dondifidnd Nb.! H%&&Q#%Ml\%c?é}b m RP-HACELRItn! 4.8 k 820\AMCE0 8 2
+ 0.07 % trif| URFEAEBinpounds béF sopardlion)-att1 8 ato2lft ninDfidh FC i .8 aMir.;Neldah® AC QYT %€
of 40 min. to 6dindédaestid BEd, B Sébtdnitrilwaier BRL Wi VDB HifiGhréadéte Geid, sLmin §d1%VeE Lidn
and | yophi | i sedincrddse in'tRséotiige of B0 sid. $d 63 %0 B. Cuuhterpebesurs: kO i r udi n conpounds.
40 b) I sol at i enExpbrimkatal tdgpbiadne Nor 2:cisraboveTaxaspt:dgradiehD2niie 20 %2 Bt thak incieése In the
cerevi si ae CRF1&upd bBD@N. BBl R The cells are disintegrated as usual (cf.
Eur opean Pat enFEractipnsl arg tekenoat ohid mink®Onté&réls) (a tdtll of 4%5)nd matjerted tarthe dhnonlibdrsintilsition
treated w t Hest Fgctianeti7-t9 provedactie. Ewthérmpre e amifd acid) Ginpogition, the) N@rminwenand theeN-i s
added t @0 a ftermigel se@ientd and detenBingchigr thé activg hiytin compegads ok fractitng 17 erd {85 0nenfyartiang
further tredNed7is insdien gamperod widgthenticgiaguohppiuels. vhish i?gzmh@% by Fegcting natural

i dentified d¥udihirppleegheswithfaeaqzymecanyisyipbaiase-The Fasyitsate; compiled indhe faljowing abledans
of reversed phase HPLC. Exanpl e 20: Analysis of. the product m xture from
the fernentation of S. cerevisiae GFFlSF%@ﬁBZCW/PFEB- 50 HR a) A 2ni

al i quot "df the _supernatant prepared as above (cf. Exanple 19p) is drjed on
a "Speed Vac" [cBmratiemtr at or under| Rbtghiovtmaimning [TRetestianpie gnicy £ Thredl ved

i ndi vidual ly ijn 100 al of water |andCasditignend.td |t 0 Edndibrémalys| sinhibition
(expeérinental [C trons no. I, J4ee Del . Ing thro NNl PitigeN Of t he
5S | i ngjvi dua{lg:fq?;actions I's tedted. 'I]%gpfractions vn\ﬁtﬁ are entggon i me of
16. 57hin and 17f71g7i n show t hrorfbi n i fgizbi tion. The ratio (ekpregsion

yi el d) of thesleajinsmticidesiighatorinGdin 4 appr opgismat el y| 4: 1. Ageordi np t@sam jpo aci d
COITpOSi tion t 3 fj q.\..t,i 1 o€ ges 1 _hat _Uh. —oreh—1S- b) Hre—Fract+otfrs] acti ve
in the thronbirﬁﬁfer{m%ﬂ'?% Trpglions 1£130d,16 18 paN O EL T hed | n Exanple 194 are 30
EP 0 223% 633 Bi subjected to HPLC anal ysis under two different sets of

condi tions. ¢ 28X pe rliquets tof the csupeinatanty prepagl. aslabovdu(ct. Ezample {FaNpre GlBjectdsl forhiPLC
RP- HPLC col amlysisd(cghdifiors N). hsee b§low)dnd IfPkGighparativo igoaditivds Np dx Thecthambin iinbibpitionéft .

6 at 214 nmthe indjviduakfrastions & tertednThe. fractishs witht a refantio tire of §.¢ min| (Beak Ahd &1 min Reskd,
B: “atet oni t rd |289 UA{1 diPeaR :3) haiet & stong) ghromphiny nhibitiesy dhe: eatio dexpressien yieldyiof, theses thegep,
then a % compgupds ig grRECxmptalybid: L dgroedingde HELL nalysis the cempoypds corresponding to peaks
Count er pr essuid:3 #gidgnical with the hisudiny Gompeuss deseitrpd inJrrammg,20biractigns i #p¢ 18). The
except: gr adPRMR 29 symmprizedin T8 2y e jncrease in the course of 40 min. to
80 % B. Fractions are taken at one ninu{ngntervals (a total of 45) and
subjected to the thronmbin inhibition test.” "Fractions 17-19 prove active.
Furthernore—the am no acid r‘nml"nci tion_ the Nternmnus and the N o
term nal sqqudaetien ajRetentienctimei(mink] Rétention fires (mird jRetention timel {nin) il a6 LiGriditians No 4
fractions 17 and 18] €pnditiensdNetli dn CondilionsiN92 j 5 GopditigneiNe B on conpared with
athgptic desskh phat phi rudqypy, whijch 1 s49@bt al ned by ggact1 hg natzge g ni r ugli n
from| egghdseaidrihife enzagpe ar)l sul plaat ase.| The {esults|are cagpm ed in

[o-]

the fol |l owi|pgkgbhg|l: Tabkre 1 35 Framtzi on 12.1 Regemm on t | ne
(mn.) RetemtTom timTE (I 1THTOMor 1T Cordr tTons 110 & ComdirtTomrsho. 2
'ggh'zg' tion Fr el frimental conditions No 3: Vydac 218 TP-B5 RP- :Z'c olumn, 4.0 x 120 mm, 15°ad %in?m

, compound per separation, att. 7 at 214 flow rate 1. I/rZin; eluant A: 0.1 % trifluoroacgln acid,
86 Fr- 1_95 B: acetonitrile. with 0.08 % trifluoroac 'g‘a’:{d, 2 min 16 % B, then increase in the course of 20 mj to78
aut henti c desuyf phaty H}éé&lrglso bar. 16. 156 86 The

ratio in yi el éxgfimbrtaeédd@bii Nb4: PRtfhakf NMoho @UPLE aféteEnaflgelcolurR, 5.0 x 50 mm, 15 ug
hirudin compound per separation, AUFS 0.01 at 280 nm, flow rate 1.0 mi/min; gradient elution buffer
A: 20 mM Tris-HCI pH 7.5, buffer B: buffer A and 1 M NaCl pH 7.5, 9 min 15 % B, then increase in
the course of 21 min to 70 % B. :

50

Example 21: Characterisation of desulphatohirudin compounds

55 from the fermentation of the strain S. cerevisiae GRF 18/
pJDB207/PHO5-HIR
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¢) 200 m aliquots of the supernatant prepared as above (cf. Exanple 19a)
are subjected to HPLC analysis (conditions Nr. 3 see below and FPLC
separation (conditions Nr. 4). TEROZESE&IBh inhibition of the individual
fractions is tested. The fractions with a retention tine of 8.0 mn (Peak

1), 11.1 c@ rﬁuﬁ) ?ongL)C Qr@ fng‘%\e ng(r fgéﬁng ;ﬁjg%y cm%t 70(5\&'9:,%91;&1{| ‘H! (oPL‘éaP' ion.

The rat i;Qf >§r% entlci!hep %QHQHQ com}]:ounds ndi ng
o

appr oxi ri@:ia?e Yrorh c%ll e@ﬁ&é) ﬁ&%l
t 0 peakss geaRkBer.Fablb 8) drdBlabtsrizbd MM tbildwd: |rud| n compounds descrl be In
Exanpke 20b) fractl ons 17 and 18). The results are summarized in Table 2:
Tabl e 2 a3DetériniGfion @Mthe arfifd &l doMPosition’e (M n) Retention tine (mn) Retention
time (mn)y [C] NaCl _Conditions No 4 Conditions No 1 Conditions No 2
Condi t i onsAgsmxithalely 26 g of the pure hirudin cotnoudd are hydrolysed for 24 A itto6N HCl at 110°Cand 8. 0
365 MMV 4fbn andisadk aPdesdribedl 6Y) Chang et BE [FABS-CI method; Methods iBEnzymology 91, 41 (1983)]. The 1
340 vl Predrkiysdte(has tha 8flowing corhiosifion © 14. 7 12. 1

360 mM - Experinmental conditions No 3: Wdac 218 TP-B5 RP-HPLC colum, 4.0

x 120 nm 15 ug hi uqidgkfl@ Tab,elzcorrpound per separatton, ala]t. 7 at 214 nm

flowrate 1.2 m m p—eluaht -dereaceti-e—aetes—B: acetonitrile
with 0.08 %trifl ubrisireacdc ad'fyﬂmly?temjl Arginoggd | ¢ nHydr¥sRtP edse i n the course
of 20™®min to 40 % B; Apck presurle @& bar ie- Experiingnt g clonditions No 4:
Phar maci a Mono 0 FPLChani onf exahangescel umsy 5. P 8350 mg3) 145 ag hirudin
conpound per separptism, AUFS40. (0l @& 280Tam flowsrate@. Q m/mn;
gradi ent elution bpff@s A ROI2#M|Tr(133- HCI Ppéd 7. b, 1Bufff enn)B:| buffer A and 1
M Q%( Cl, PH 7.5, 9 nn A8 %B #Hen i @reasdisi n t heldouf sd)of] 21 min to 70 %
anpl e 21: Cha} ac@%ri saf i &9 @suil phe ohi fuditn o@o nds fromthe
fer nentation of the V&traijn §4 |cef@visi MtGRF| 28/ pJIB207/ PHO5- HI R 31
EP 0 225 633 Bl Ackor@sty to BPLg afl ¥si 9%he hirudilh E3nmounds of
fractions 17 (or peak 1) and 18 (or peak 2) isolated fromthe medium (cf.
exanpise 20, Tabl es 1 and 2) are identical to the correspondl ng conpounds
isolated fromthe et IETace tar—tmrrodrmTonppunds) . These
canpounds as wel | Pﬁl‘?& 170 ales q, ﬁb)i (cf _Table 2) afke characterised
as follows: 6 a. DetAsinviagidt|i orﬂxdfolys*le armAnm\oaGdc cqu!rdwiatei on Approximtely

25 ig of the pur e[ MREHAT T [COGROUNTLAT & Nygr ol y3e0, 7 0 Al with 6N HCl at
110- Goand t hen ang y:-‘—";\gl}j as deg%rol (? Ch:%gg et gﬂ Dz((%s Cl net hod,
Met hods in Enzynol pgge9l, 41 (3]998?) The 9 hydrojyst egnas the follow ng
conposi tion Peak 1 (egfe Tabll e12d) (13) Phe 12 (™) | Amino
aci d Hydrol ysate pro Amino aci d| (3 Hydrasysatle 1b M
Asp 9.2 @&) die | O 2yd 4P) | The) 4.1
(4) * Leu 73) | S@y Met 4.J00 | (4D Tyr
1.9 (2) Gu Cystmd_Z. 28 ([L28) TdRihe 1(68) (1) Pro
3.1 (3) IS T.0 I, - 20 Ay
9. Q; (9) Lys 3.1 (3) Vval - 3.4 (4) Met
S 1.0 2B L2) Tnf gl
0 w (0) Cystif Pesk 3 (fraction 18, cf. Tables 1 and 2) (63) 25
Amino acid Hydrolysate Amino acid Hydrolysate
Asp 100 ©) lte 1.9 @
- Thr 39 (4) Leu 33 @
Ser 4.1 4) Tyr 1.8 4]
Glu 125 (12 Phe 1.1 1)
Pro 3.1 3) His 10 1)
Gly 87 9 Lys 28 ®
val 3.1 @) Met 0 (0)
50 Cystin 24 @) Total 64)

b) Partial sequence analysis

65
18 ug (2.5 nmol) of the pure hirudin compound are subjected to a conventional sequence analysis
according to Edman and the N-terminal phenylthiohydantoin (PTH)-ammo acids are determined by means

of RP-HPLC.
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Peak 2 (fraction 17, cf. Tables 1 and 2) Ami no acid Hydr ol ysate

Anmino acid Hydr ol ysate Asp 9.9 (9) I 1e 2.1
(2) 30 Thr EP0225633B1 (4) Leu 4.4
(4) Ser 3.9 (4) Tyr 1.2 (2) Qu 12.8
(13) ﬁﬁe 1.2 (1) Pro 3.1 (3) H s

1.2 ( y 9.1 (9) Lys 2.9 (3) Vval

3.7 (4)Poak 2 (raction P! cf, Tables 1 and®) (0) Cystine 2.8 (3

Tot al 6540 Peak 3 (fraction 18, cf..
Tables g4 and 2) Amino acid Hydr ol ysate Am no acid Hydr ol ysate
Asp 10 @cle (9) 1 Ile sl.9 (2) 45 10

Thr 3.9, (4 eu 3.3 4) r 4.1
(4) Tyr Amino alc@ val V(ab) Ty, Thr Asp 1, & Té‘(f}’)%: Ser Gly, .

1.1 (1) Pro 3.1 (3) Hs . 1.0 (1) dy
8.7 10 (9) Lys 2.8 (3) V\ 3.1 (4)

et 0o ¥ele” gy goktin 2.4 7 3 Tot al

(3)
(64) b) Parti aldmsiowuencid Lilal s 53 18.9 L LR .16 v L% R€%Hure hirudin
conpound are subjected to a conventional sequence analysis according to
Edman and the @4tegggi nal pgenylthiohydantoin (PTE)-am no acids are
det er mi’hed. by neans of RP-HPLC. 32 EP 0 225 633 Bl Results Peak 2
(fraction 17, #Pingaacéd Asan¥al)nQicl@ly n.d. GlylAsn Lys n.d.

5 10 Amino acid Val Val Tyr Thr Asp n.d.
™y Au Ser dy Cycle 11 .15 Amno acid
a n%a( Asp Leu C¥C¥® Leu 28.d. Au Gy Ser Circsg - 20

25 A N0 aci damfSS a¥ah 016 n 4. Oycle

29 Lelf ¥1yfsfy ashl d1yfBi L¥E fef dy Ser Asp
@y du Lys Asn Cycle 38 40

45 25 Am no ag%dlen.d. n3g. Val ThjgGy Gu Qy Thr4§ro Lys Cycle

48 25 50, 30 . Amino acid Pro n.d. Ser “n.d. (n.d. = not
det er mi ned) 35APEAR dci@dfn.dapnedp) Vabglenc@ly r@hw c§Ly eTirtBroykys 29 as
above. 40

\ Cycle 48 50

30 Amino acid Pro n.d. Ser n.d.

(n.d. = not determined)

35

Peak 1 (cf. Table 2)

v Sequence from cycle 1 to cycle 29 as above.

Peak 3 (fraction 18, cf. Tables 1 and 2)

Sequence for cycle 1 to cycle 27 as above.
The N-terminal sequences of the biosynthetic hirudin compounds examined are thus identical to that of
45 authentic hirudin.

C. C-erminal analysis

The hirudin compounds are digested with carboxypeptidase Y and the released amino acids determined
s0 in the amino acid analyser (cf. J.Y. Chang, R. Knedel, D.G. Braun, Biochem J. EQ_ 547).

Results

Peak 1 (cf. Table 2)

55
C~terminal amino acids: -Glu-Tyr

Peak 2 (fraction 17, cf. Tables 1 and 2)
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Peak 3 (fraction 18, cf. Tables 1 and 2) Sequence for cycle 1 to cycle 27
as above. The N-term nal sequences of the biosynthetic hirudin conpounds
examned are thus identical to tFAP28F638B1 quthentic hirudin. C Cterninal
anal ysi s The hirudin conpounds are di gested with carboxypeptidase Y and the

rel eased amj s I in the ami no acid anal yser (cf. J.Y.
Chang, R a@ﬁgﬁnﬂe%lgéﬁ%ﬁ%%mp&gl ochem J. 199, 547). Results Peak 1 (cf.

Tabl e 2)peacs fradibh 19, aa{-abgmg,qjgm ds: -Au-Tyr Peak 2 (fraction 17, cf.

Tabl es I—anmd—2)—3% 633 B1 C-term nal am no acids:

- G u- §yr - Leterfthdl afifédcidd: -Glur@etaduon 18, cf. Tables 1 and 2) 6 C-term nal
am no acids: -Au-Tyr-Leu d) Apparent nol ecul ar wei ghts The

desul pha) apparenichotecalangpigtisds (30 j ag) are anal ysed on a SDS urea gel [SUDS
gel; cf. Kyte et al., 10 Anal. Biochem 133, 515 (1983)]. Prior to

Coonassi e Theesulphatehirudin cdmpeartds (30 Ligh ard @nalysed brha SDS Ut gel [SUNSr gshckKite ebdi d. A
si ngl @ Ha#dBiechem.c3p Sl {1888)) Briontofaomassiatblugstainivg Fixetione delatwith f12 Bctriflvowace8O 00 t o
7000 DalacignA single ginsicgorresonding teis| appanent molgeylag iweighitcaf detwieera €406 o B0 FOREPNEHs 15
The des@P??ﬁ'&'éohi rudi n conpounds are subjected to fast atom bonbar dnent

posi ti ve | on mMass sSpec- . trorret rg/_ FAB— MS). Instrunent: ZAB-HF nass
spect r orfd ., Manchester; matrix: thi ogI ycerol ;

Xenon'sbo on ene 10 K aI i brat i on mol ecul ar

wei ght : "'p%g@h i, or 4*)’%»7% P Bl st s' 8°“ s mg;; ) 25

enpi ri C bard ; ern %all J2

((saJ cuI % and ks 9@ T ar found)” 23 ?’ea oIght i on
abl es 1 0( 2; 0 enpiri caI forrrul a: CZ87H440N8001 aSsS

nnf\ecul Hesliel ght (cal cul at ed) 6963, 518 nol ecul ar wei ght (found) 6963, 44
The nol ecutar weight is averaged fromtwo different neasurenents. 35 Peak 3
(fracti qdaklBct. ¢dvle 2fabl es 1 and 2) enpirical formula:

C282H432N78010. S5 nol ecul ar wei ght (cal cul ated): 6835.39 40 nmol ecul ar
wei ghis (f ewipifidal formuaB32. 9 Basetl;«bhe1 NP pSesent ed data the conmpound of peak 1
I s desul phabaitar weight (calcdlatéd}:) , 672223

molecular weight (found): 67193
N% Peak 2 (fraction 17, cf. Tables 1 and 2)
30
empirical formula: C287H240N300110Ss
molecular weight (calculated)  6963,518
molecular weight (found) 6963,44

The molecular weight is averaged from two different measurements.
35
Peak 3 (fraction 18, ¢f. Tables 1 and 2)

) empirical formula: C2s2Hs32N75 0108Ss
&! molecular weight (calculated):  6835.39
T 40 molecular weight (found): 6832.9

Based on the presented data the
compound of peak 1 is desulphatohirudin (1-63), the
compound of peak 2 is identical with authentic desulphatohirudin (1-65) and the
compound of peak 3 is novel desulphatohirudin (1-64).

) Human thrombin-hirudin dissociation constants

The dissociation constants Kp of the human thrombin-desulphatohirudin complexes are determined

according to the method of S.R. Stone and J.Hoisteenge, [Biochemistry 25, 4622-4628 (1986)] and are

s0 compiled in the following table. The table contains also the specific activities (expressed in ATU/mg) of the
three desulphatohirudin species obtained.

KolM] Specific activity [AfU/mg]

55 yeast desulphatohirudin (1-65) | 2.9 x 10~13 11000
yeast desulphatohirudin (1-64) | 3.9x 1073 9600
yeast desulphatohirudin (1-63) | 3.0 x 1012 8900
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conpound of peak 2 is identical with aut henti c desul phat ohi rudin (1-65) and
t he compound of peak 3 is novel ?gf@gfﬁg udi n (1-64). 45 f) Human
t hr onbi n- hi rudi n di ssoci ati on cons i ssoci ation constants KD of
t he human t hr onbi n- desul phat ohi rudi n conpl exes are determ ned according to
the net hOd%}Cﬁxrﬂﬁr FosulphaRiRudtEmgouhidf oblaREd i trJn‘E,;‘br’ﬂfég%HslSt ry 25, 4B22-4628
(1988)] are so conprted—Tm the fortowmg—tabte&—The table contains al so
the specifi c TRE iixtikd bteddsulghutriagis @6potndS, Helntbiited @hd puRfled Jsrdaecnbed in Example 19 is
desul phat ofaittieri spara® & i Bet@itth@hdtigbd. KD[ M Specific activity [ATU ng]
55 5 The semipyeparativeCkepatitioh ah atii vyudt 214 TP G5) RP-HPLO c¥lurh®yibid® in additibd Q& the
yeast des udgstipttahirudincdtompduiidstdécribed3bBveXcflEkEmil8 216) destlipfibhiyiinglike compounds eluting
desul phat ofmnr thel colungriwih He reterBiotime & Omibites. 8900 34 EP 0 225 633 Bl @)
Furt her de%his phieriablsi cherdéterizech bypfasiratiom bérobaidment mMass spactremetry (FARMS)yand smindlesid
m xture ofarulegﬂlgdmﬂﬁmmcmmand Etarpioal aerlysisf er rent ed and purified as descri bed
in Exami e 1GAB-MStroyepln &iat the matedal 5cp mikre] oh twaecompqundshigiing: @ eoleoulay weight of 429.5
sem pr epar ¥i69¥ & wRRFEEYoN on the Vydac 218 TP 510 RP-HPLC colum yields in
addi tion to TPRAHEHIYMBPSHPTEE KI¥SGpounds described above (cf. Exanple
21e) desul phat ohirudin-like conpounds eluting fromthe colum with the
retenti on time 8.1 m|namiasacidlhi SHymil;eatbal iAminolaeid gct elwralgsiteby fast atom
bonmbar dnent mass spe -(_'??—‘ aryd d]lél o cblé.ll aratyst$, partial
sequencing, and C-te m Al Yt S ﬁi Mp rgvedl sqf hat the
material is a mxtur ,onppmdswhaw nﬂ, a myl gl ar i ght of 6429.5
and—6556. 8, respect i afapo aﬁgg corgigsi tijon 4 s|asyyofl ows: 15

ACI(

Am no.agj d Hydr ol EY)) iy dr olly st e Asgfy 8.9
(9) lie ) dhr| (o) s 7 d4)| @ feu

3.6 (3) Ser 23)| @ |TyrMet 00.9 @ (1) Ax

10.7 (11) Ph 1.43 | (®1)| 20rotal | ®1N Pro

3.2 (3) Hi s 2 ey — —9 7 9) Lys
3.2 2 3) Val (4) Met 0 (0) Cystin
3.3 (3) Tot al m 25 Partial sequence anal ysis
(N-term nus) Cycle Partial sequencel analysis (NZterminus) 3 30

Am no acid al Tyr C: ter mnal analysis (cf.
Exampl e 21c) 35 cycfe 1 2 59
60 61% 62 Cterkmived acid no adiads Val Tyr- 1l e-Pro-Q u-(d u)

Based on these data this m xture consists of desul phatohirudin (1-61) and
of desul phatohirudin (1-62). 40 Exanple 22: Expression of desul phatohirudin
conmpounds in yeast Gregeymrii anddyslighdicdni [E:btdhﬂplgeaec\)vi t hout si gnal
sequencg, (Fig.7) 4 a) Isolation of the pJDBzg§ tor fra ge 6 ag of
the plasm d pJDB207R/ | F(a-3) (EP 100, 561) are telsfl di 8 sted with the
restriction C-terminal amino acids -Ile-Pro-Glu- (G1lu)

N 40 Based on these data this mixture consists of desulphatohirudin' (1-61) and of desulphatohirudin (1-62).

Example 22: Expression of desulphatohirudin compounds in yeast harboring a desulphatohirudin gene
without signal sequence. (Fig.7)

a) Isolation of the pJDB207 vector fragment;

6 ug of the plasmid pJDB207R/IF(=-3) (EP 100,561) are completely digested with the restriction
endonuclease BamHI. The resulting DNA fragments (6.85 kb and 1.15 kb) are precipitated with ethanol and
taken up in 400 L1 of 50 mM tris.HCI pH 8.0. 4.5 units of calf intestinal phosphatase (Boehringer, Mannhsim)
are added. The mixture is incubated for 1 hour at 37°C, then the phosphatase is inactivated at 65°C for 1.5
hours. The solution is adjusted to 150 mM NaCl and then applied to a DE52 (Whatman) anion exchange
column (100 i volume) which has been equilibrated beforehand with 10 mM tris.HCl pH 7.5, 150 mM NaCl,
1mM EDTA. After a washing operation with the same buffer, the DNA is eluted with 400 w.] of 1.5M NaCl, 10
mM tris.HCI pH 7.5, 1 mM EDTA and precipitated with ethanol. The large 6.85 kb BamHI fragment is
separated from the small fragment on a 1.2 % agarose gel in tris-borate-EDTA buffer pH 8.3.

50

55

b) Isolation of the 534 bp PHO5 promoter fragment

6 ng of the plasmid p31/R (EP 100,561) are digested with the restriction endonucleases EcoRI and
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endonucl ease BamH . The resulting DNA fragnents (6.85 kb and 1.15 kb) are
pr eci pltated wi th ethanol and taken u in 400 LI of 50 mMMtris.HC pH 8.0.
4.5 units of calf intestinal phoE §§3PBoehri nger, Mannhein) are added.
The m xture is incubated for 1 hour at 3PC, then the phosphatase is

| nacti vag ey &, lﬁm Qr od B ﬁ'tl bQ/D arbséy H%llisgb%r ale:
and 't hene:@ﬁﬂéb e&mfkﬁé{%ﬂi ey tectfiwc ﬁﬁ&eglj‘ W%ns gj ume

whi ch hagn ﬁgtengllbrated fore and wi th 10 1‘I“M“trIS HCI
NaCl, 1 mM EDTA. After a washing operation with the sane buffer t he DNA S
el ut ed W)iddlatdd@s @bos®p DNAThMERCIith thd)sebidéntd doBindrifl dddtilphétoRirudih MM EDTA and
precipitated w et hanol . € rarge o. a ragnent is 55 separated
from t he seamiglof thogdpsmiat pMiA10a(ctl ExantifleatBe) ab6 eongpltioly digdstet! vithh e adstricidi Tehzymek f er
pH 8. 3. BemH s EdoRb Thepfesiting txSENAfraghielh ane rsepardteironfar B2) theagbrog ge)inaifis-tiokete-
pl asm d PTNUEEEP 813 Thes8 pp &caRl-Bangitl Sragrapntis isblatedhe restri ction endonucl eases
EcoRI t&and 35 EP 0 225 633 Bl BanHl . The resulting 3 DNA fragnents are
separ at ed} Ligatiog ofith@DN4 fiagmetise gel in tris-borate-EDTA buffer pH 8.3. The 534
bp BanHl - ECORI fra mant is isolated. It contains the PHO5 pronoter
i ncl udi ng f 'I'Pe‘“'[e?;PH ?J'E’"tst metionsd iy gection @re(Seegabove) arp Spfpinad; from qgproge gahplo DNA
frag mEe)6 nt Vvﬁ"FH“E”Fl%!‘ surffereoYeePEB Ve F"'?!‘e%‘?hapﬁ!?é& B’ﬁ?‘?‘ﬁﬁf’ f'{'“!)e‘a‘tﬁ“'cﬂ"" P asni d
pM.31 ( 3 eteI ste tht ICIO
enzyrres rorf] rﬁ nt‘?‘a: kbc%gfgl ﬁ%&) a{;’g% % are on a
%a o6 i b fbﬁf"ém A o ,
Ec,@RI - EBI qgo f”s ion o ragrrenPs The
three Ef‘ & SPrgRt éo%ﬂﬁ nseaests.mme g i ieema}am@hh %oeu§m i, T om
agarose ] méd‘?d &G&r&éﬂ Mih' tﬁmmetﬁfdardf bifels &'4F (su BV HifdRl-ON
exchangegcgm doLIE biRdstichl it dgpéa n& d1 @R Bdprointately D! BP e E I-H A8 trhghehtiRdicatds 1
prol (0. & if B cRhe EdhBerkoad khoﬁaeih&emad.mbnﬁ krageRiG in Pl SoRidDériehtlioh 1@y Of
t he 534 tpschipshilstofciRlis &HRG vEDidy. At sxpectet Sgppiokinatan 80 @ dthgBbles hd4 tOdorredt t he
206 bps Esriehthtiolaithd indeftalywmn thesefclopdd i dddigastel JJDBZVREHORHIRS al of 60 niv
tris.HCl pH 7.5, 10 nM MyCl12, 10 MM DTT. 1 nM ATP with 600 units of T4 DNA
| i gase (Biolabs) at 150C for 16 hours. 20 24 transfornmed anpR col oni es
are separat eéy cuttavefetinatidB o dS aeive Edmvidls agdvdv s« idRrE18: Pl asm d
DNA i s isol ated i+h—accordance—w-t-h—herethod—of— . pra) and
anal y8ed by a H ndill- EcoRl double digestion. The appearance of an

appr oxi mately 600 bp Iarge EcoRl H| ndI |I fra rrent indi cates that in the
cl one con 2 "?'ﬁ" @'Wr"f“@ct

R

Tr ansformatlon of Saccharonvces cerevisiae GRF18 30 Saccharonyces
cerewslae strain GRF1 8 (a, his3-1 1, his3-15, leu2-3, leu2-112, canR) is

Uranoformed vigh ¢ Gy e 480R07 R R Gieag9R s@%gnwth tiei

- pr oto of Hinnen &t (supra- st cells is
carri ed out on agarEH 'tHééz‘Wl th yeast mniml nediumwthout |eucine. A 35 -
transforned yeast colony 1s isolated and desi gnated Saccharomyces
cerevisiae GRF18/ pJDB207R/ PHO5- HIR f) Cultivation of S. cerevisiae
GRF18/ pJ DBRAIERA SPlcbvidileFBRFIBDIRB20YR/IPBIOS T erei agitalesl iGRP 18/ b YBIBL OritaPRE@BUR R
are agi t @tiedYeasi NROgen| bagst without eminpriacidsrvith theeadditiomafl % giBiosecand 20 sgfl Liistidinglyain
base w t 0@ andxgvitivated:te i gell deansity of Prd 07agelis/mli The aglis e washedin 9% Aad and thep psed

L- hi st i diehisgculgting 50 oCcwiigs inuew Prynininaa) megdiurg. Low|A-migisgbmedjuntip prapargsicopespprding] |

The cel |9 th eonpesitiaqef| Difcg Yeast/Nittagen Base) mediwR (nieyt amino aqifisk: prtasanialgs 9@3 ¢!

cul t ur esKi2ROt dvP{CL AN i1Prafl Laeraracing inpteas ob(NHi2RPn 2| % ﬁ@ﬁﬂsa q 59@2- %‘P‘!&‘f“@d“‘e

Corr egopoﬁmlr are inoculated up to a cell density of 4.10° cells/ml and agitated at 3 G for urs at 200
revs/mify.

g) Analysis of the product mixture from the fermenta-
56 tion of S. cerevisiae GRF18/pJDB207R/PHOS5-HIR
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t'o the conposition of Difoo Yeast N trogen Base nedium (w thout am no
acids), but contains 0.03 g/|I KH2PO4, 1 gA KCI, and 10 gA L-asparagi ne
instead of (NH4)2SO4, 2 % gl ucose ERM2B &ABI. hi stidine. The 50 cultures
are inoculated up to a cell density of 4.106 cells/m and agitated at 300C

for 42 hour u h@&ellgf):g) ek ?Jﬁb@re &)ntegratedé@@éu&%f for mplg r}':%r gagq—'gtgngt ApEFc%ﬁ ol N6.

from t he100f5§ nt froated with 1. ed &F e clear solutio
GRF18/ pJ Dgzf) ﬂ% @eon nir i@ gm JreS ésﬁ edl Iy n%f)
are di si nj,egwalef thaPsabjBidiPto l&é anal l%e)

No. 1005 SRdiViduall iftichd RebaHey. mfrac{daaﬁ:ﬁd rum.a. ﬂme‘SoMs@Qﬁﬁ hés tﬁfs.hsln tns.bﬁ&mcf.o.t{,uge
and each Acdgidingfo drifo &cideddmpéeftibn!thisQictiof iscHebuiShatoRirudin. "B HPRE andh/eie @Rtk Rt OF
and in hi gioutv@qigl Balturb bt Mt Médival @ MHideakivg ik dobdtanté.dual |y in 100 al of
wat er and sUh¢ giekieth intackiidlaCaainadrycsiiudar hib@indactivitg ubtained fréin kaaidlains A&boring e

t hr onbi n deshipieEtdhincin gehe twitioubor withdanvapgerabd Bigaet sequerse iage $uprdtadsbd il Tebld BaTHei on
wi t h a 1¢ ehisdiniactivityt it measoied by ths thnambinjshibitohessaldi N | nhi bition activity.
According to am no acid conposition this fraction is desul phat ohirudin.
Based on HPLC analysis the titer is about 10 ag/l culture broth. In the
medi um no hi E&&&E_gct ivity is detectable. The yields in intracellular and
extracel lular hirudin activity obtained fromyeast strains harboring the

desul pHat ofi T udr - gene W rhout—or
sumari sed] i @ TakhRsSe |THRo3Q; Q-hélu i n acti Vﬂ"%@jﬁ gﬁg GhgPy the thr
r e\c?uif madi! etfN@ktract total
sequence cullt ure

i nhi bi ti on| 558 a% p1haRidae ce

Hirudi n acli wiiy Eng/ 1) BBl as

cell ragt total 40 pJDB2q7/ 3 103
<1 % 1? AIPBOBHO5- HI R pIBB207. 6 x 10 <1'x 10% 1%t eft abl e
10 PHOSTIR 5 PHO5- HI R 30 Exanpl e 23: Construction|of PHO5

pronoter dgletions 35 ) Bal 31 diggstion Reconbi nant phage M $np9/ PHOp
Bam Sal coﬁtpmzmﬁtt he {BamHl -Sal | f{r agyred-eefaPEICd depocted ip Faurel8 is
used agsa popHOSeHIROr thHe PHOS pro er (see European Patent plicatipn
143, 081). 40 20 ui q DNA (RF: replicative for are
di gested W th restrictijon endonucl efase Sall, resulting in_a |iinear DI\HX of
approximately 9 kb. After extraction wth phenol/chloroform the DNA is
preci pitated with ethanol. The DNA is resuspended in 10nM Tris pH 8.0 at a
concent®ation of 0.5 ag/m. 1 6g of Sall cleaved DNA are digested with 2 U
of exonucl ease Bal 31 (BRL) in 100 al of 20 mM Tris . 199 M NaCl, 12
mM MyCl 2, 12 mivEERERPIeaAd: 1Cond EyrAion P&uBE&o?mz“%’L"gf ﬁ?&eé?&t?r? are
vmthdrawn after I, 2Z, 45 3, 4, 5 and 6 mn. of 1ncubation at 30 * C and
are |rrrred| ately mxed with 50 aI phenol and 60 al TNE. After extraction

W th p o)l t{ul poraf orm and et hanol precipitation, the DNA is resuspended in
10 MM Tri S M a concentratlon of 100 jig/m . To analyse the extent

Of exonucl e eXJnté: Cjﬁé n%@'aé;hsﬁ! &sja!..ﬂ o BahAH- aﬂugp.lzg a\?t}fﬁﬂdﬁ% &'Fn are
est Ed & Gidt egﬁ‘ P&te ficati %%&%

T" I QO laHfof 6 pitge BNA (F(F9 an kdr) drbiigddtdd stAclion MdBMiclesse BaH qjesulgng5 m
EDTA) mtahmea\mnaﬂ Sppidiihalely KD, Artef oXti@EHRN & rrem%m&&memd DRA i fRtightEtaENRNt
per 1 m newnoBahe bNAliig Rsisperaed ) 10AMI Y B ssafat RCebontrdtbk 6f 65 ugiml. el 8
treat ed DdidavddDNAamGligsstbd ®ithad U loe eMdhuclebgalaarss (BRL) inGOB\AIT @CmdA TrisBIN8.0, a9 mM
r esuspenddieClj 12 rad MgCl2) 120fiM DACIKEhedTt mM1 BOASAlgtts dfr2ivigHI A eaci we withrawn afteoiiRR,
| i nker o5 aB.et, kianh® . ofrincitintion at 80 ° Codnd ralel ilimediatgif-nitedbwith G0 hvphishrChiit] 60145 TNE/ABBIT
10 ji M ATPxtaefian 98 phenglchiatotorel apd ethenobpreciitation; thes BNA Boedusrendpdiii) 10 M Tis pH 819 at
379C t he #fagongantration of 100 Lg/ml. To analyse the extent of exonucleolytic cleavage by Bald1 0.5 g of DNA

from each time point are digested with endonuclease BamHI] and analysed on a 1.5 % agarose gel in Tris-

borate buffer pH 8.3 (90 mM Tris*HC! pH 8.3, 90 mM boric acid, 2.5 mM EDTA). On the average 100 bp

50 are removed from each end of the fragment per 1 min of Bal31 digestion.

b) Addition of EcoRl linkers to the Bal31 treated DNA

Two Azso units of EcoRl linkers (5'-GGAATTCGC-3’, BRL) are resuspended in 250 wl of 10 mM Tris pH

55 8, 1mM EDTA. Two g of EcoRl finkers are kinased in 75 1l of 60 mM Tris pH 7.5, 10 mM MgClz, 15 mM

DDT, 10 M ATP and 33 U of T4 polynucleotide kinase (Boehringer). After 1 h at 37°C the mixture is
allowed to cool to room temperature and is then stored at -20° C.

The annealed, double stranded EcoRl linkers are ligated with their blunt ends to the Bal31 treated DNA
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allowed to cool to roomtenperature and is then stored at -20' C. The
anneal ed, doubl e stranded EcoRl linkers are ligated with their blunt ends
to the Bal 3] treated DNA 37 EFP 022563388 B1 fragnents. Half a microgram
of Bal 31 treat ed DNA (see Exanpl e 23a) S |ncubat ed for 16 hours at room

t emper at, 5 er%! g;eo r%m 60 nmM
Tris pH %%

(Biol ab M 'Aﬁﬁ%ﬁd do% lJ A4 A i o rﬁ-

excess bd%l.‘@f &ohﬁunﬁdrsei@\éﬁ . rln QRQ%II}Q@ 50! The

vol ung OLf)NI{SQ e actea- Wih éhen%orbﬁmﬁ)ékﬁlﬁiﬁ{e@%y%ﬁahbl ! ﬁ&ls &nbédCih Qb QrWinI' ns 1 mM

preci pi tegTad=h). ehdn e bNARRCEIdaRWR € Wb BanHI (Bios) dndShe ixtikd/li

Then, t he idW\Aeliiry aghre@VgRO(Siialin Trisiburdts bifer S ddove). Bih6 b@as hreatifhed With éfhudﬁ&rhlr eis
appl i ed Brémife dndSvistalizeuna@ 16ng Wavell R light & 386 hm( oWy diffise dahdingosakterhbddkideh €1
(see aboabeyt.100byetolBa0 B isadutows bithégdl ad thé) DNA i etiractod [as @ilovee Ti@pibew bSagaosezie d
under 1d diqgjfiadeat 85t ddjugtbd ta%003M8 Nath andhecubsategioal 65t ¢ fan 20 nida rOake Ivglupea bt phencs

bet ween (adyilibrated @@h ) mMMOTBORCIPH 7.5 100N EDTA, 569 miMhNaGct added Thh @quohle phese is

ext r act edextactdddyvice with phigheb ansl enoe withf C'?mﬂosthel DINATi® pletipjtaief iwith] 25volgBe, of geli ust ed
to 500 rAveeCethagpiend Pﬂﬂmwaefmﬂm e INARgliel{swashed with gofd A% eihafﬁh?eﬁ 8ten

(equi | i iad By hThe @NAR reyusrendgdin RHHAES, 1 nv EDTA, 500 mM NaCl) is added.
The a&fueous phase is reextracted twice with phenol and once with

chl or of o7 pr eci pi tat ed with 2.5 vol unes of col d absol ute
et hanol an centr ti, S i.th cold
l J 9 rl?n "hﬁ
ggz%et ARG f“’ 53 EE\ /{ S ;g i F?vil TE
C). ZJ_I

EcoRf h£3'bf'9rﬁrl at (Pmaa %ﬁ Hm?ne f theAft
phenol eafésﬁﬁééto\‘ étf‘mﬁl s/ﬁél d?z' YRMABTT! NAMXIR & 20095515 Eﬁ sb fbro0 I
TE. Fivesdy uc&‘dd of!&(r‘ﬁe@ﬁtc@d'%f 1 Yorth; Emm@)ls%&féd%df&%twtﬁehnaﬁ | i3 Of

t he abowsvonﬁ.arm %§qu Jyste 8 Biblishedl ®F Wolvi ERglahd Bidlabisd PhaYds fraalﬁaundbgsfsme as

descr peflaquét drX Fowh @nd’ dkblyzétNdr the R6 BFlthbin DRA 36l byVédavdyle with redflicith nfyniebe

pr esenceecoRl &@BaMITr i S/ HCl pH 7.5 6 nM MyCl 2, 10 nM DTT, 1 nM ATP and 200 U
of T4 DNA |igase for 15 hours. Transduction of conpetent cells of the

strai n Ed)®elerminkifin0st Bai§1 dbtation end paintsl by Ganper sbquenaingidedsttion's b thel Salhsite and
segquenci ng system published by New England Bi ol abs. Phages from a nunber

of whia e 28equericing isedone psingghedifieoanBNA srabansingisystom of Senger et @l. Broct Nati Acapgs!.
inserts 4 S4EGE e dpseribed jnj the jabaye eneptiarad mErugRIThe; Aeletiom 9pg poigly are given

Det er m oWon of Bal 31 del etion end points by Sanger sequencing (del etions
fromthe Sall site) 30 Sequencing i s done using the di deoxy DNA

sequenci ng system of Sangdr cehe @l positidi oPrast nhéotide ofhag. Se. USA 74,
5463(15977)] as descri bed i|n t he| abpnes ssgushtceqseedigranyal . The del eti on end
poi nts are given bel ow cl ot post tiom_ of—tast—Tuqgl eoti de of the PHOB
sequence (see fig. 8) A B -5 B -471 C
-422 40 pe D 4o -400 E
-392°F, -369 & 400 - 350 H -328 45
I -300 K E 3083 L -255 M
-226 F -369

G -350

H -328

45 i -300

K -283

L -255

M -226

N 211

50 0 -187

P -111

Q -88

R -57

S -33

§5

e)Determination of Bal31 deletion end points by Sanger sequencing (deletions from the BamHI site)
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N ° ’ -211 50 0

-187 P’ -111 a -88 R -57 S
-33 58 e)Deternmi nation of Bali 31l dEPé’c%mﬁd poi nts by Sanger sequencing
(del etions fromthe BarrHI site) 38 EP 0 225 633 B1 A simlar set of

Bal 31 del et g 3% Rl 51 G o s
am Sal | Se o) T 31 ﬂ%geﬁv gﬁdﬁsrg%a bé%csﬁa 'Zﬁ&%l&?% m‘e@%

Sal |, and Ligfed mé e Sl A GHPELAI 234 SalC T Heldtidn'dh

EcoRl and Sall. The del etion end points are given be ow

clone gosition of |ast nucfeet+ge—ot—the—PHEE—Seguence (see fig. 8 A
-24 B -35 10 clone posutlon of last nucleotide of the C

41 Dv 48 E PHOS sequence/{geqig- 8) -89 Ge
-93 15 A H -24 -97 1,

-124 K -162 L} B -36174 -262 |20

N 10 -277 O c' - 3061 Pt -332 0O
-346 FV -361 2p D' -48 S

-382 T - 393 BOEY) |Construct in of intefnal PHOG pronoter
del eti ons The Bal 31 del etion| st descri bed fider d) prloduces a "left arnt
PHC6 pronoter fragnent endi njg Wt an EcoRl ®ite and the Bal 3i del etion set
descri béd under e) produces | 'fri ht arm' P pronot gf fragnment endi ng

with an EcoR site. By conbihing ‘|l eft arns,s, and "“ghlt arnms" of various
positions internal 35 deletjofis 4re creat eb‘; whi ch conf ain an EcoRl |i nker
segnent at the site of the delgted DNA. Theydondi vi dual| internal deletions
are congjructed by cutting they'l ¢ft arns” &3d "right arnms" fromthe M 3np9
deriVati ves by restriction endgnu¢l eases Ecgygl and Ban[nHI (left arnms) or
EcoRl and Sall (right arns) pngt i §ol ati ng tdg@ correspondi ng fragnments via
soft agarose gel el ectrophorgesgs s descri bgg under b)| Equi nol ar anpunts
of "left arnms”, "right arns"|{ and 200 ng Bans¢t and Sal || di gested M 3np9
vector BNA are |ligated as degscsei bged 40 .undse2 c). After transduction into
E.coli JMLO1 white pl aques eTpi ¢ked, RF i-383pr oduced jand anal yzed by
restriction analysis (BanH , —Sart, ECORI). The forfowng arns are conbi ned
to create specific internal deletions (for nunbering of the nucl eotides cf.

Fi guf e 833 * ) ohstruction of internal PHOS promoter deletions

The Bal31 deletion set described under d) produces a "left arm™ PHO5 promoter fragment ending with
an EcoRI site and the Bal31 deletion set described under e) produces a "right arm™ PHOS5 promoter
fragment ending with an EcoRI site. By combining "left arms™ and "right arms” of various positions internal
deletions are created which contain an EcoRlI linker segment at the site of the deleted DNA. The individual
internal deletions are constructed by cutting the "left arms"™ and "right arms™ from the MI3mp8 derivatives
by restriction endonucleases EcoRl and BamHI (left arms) or EcoRI and Sall (right arms) and isolating the
corresponding fragments via soft agarose gel electrophoresis as described under b). Equimolar amounts of
"left arms”, "right arms™ and 200 ng BamHI and Sall digested MI3mp9 vector DNA are ligated as described
under c). After transduction into E.coli JM101 white plaques are picked, RF is produced and analyzed by
restriction analysis (BamHl, Sali, EcoRl). The following arms are combined to create specific internal
deletions (for numbering of the nucleotides ¢f. Figure 8):
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50 55 -39 EP 0 225 633 Bl "left arnt "right arnf. deletion from- to
nunber of nucl eoti des deleted A T A7 -501 to -394
108 5 B EP0225633B1 A g -470 to -394

77 C T A9 -421 to-394 ' 28 D S
Al10 -399 to -383- 1z B All =391 to -362
30 F Q "eftarm™ | Hright aim™ | 3¢aistipn | -fRmM7 to number ofhudigptides

G P Al3 -349 to -333 1 Helsted

Al Al4 -327 tjo - R07 721 1] A7 501N -394 Add -R99 to -278
22 K s M B AlG 41282 gt 0 | --&830 -394 207 L L'
Al7 -254 to -175¢ T80 15 A9 -421 to -394 M 28 L'

Al8 -225 to -|175D $51 I At0 -399106 -383 A1B -p10 to -175
36 o L' E A2® 418811t o | --39130 -362 i O K
A21 -186 to -[|163F Q24 ¢ A2 -368|tg-347 ARR -IL86 to -125
62 207 G q P’ HA13 -349 to 833 |- -186 to + 98

89 P H A28 -410 | 0327 l9F07 181 p - G
A25 110 tq - b4 N'17 p Al5 | 2000 -278 110 to - 90
21 a E| K V3l -A187 {1 52821971963 3% 25

R D L A8 U . 156Ato { FYto-175 8 C

A29 ¥ . 56 tq - %‘2 t 15|R 418 gfgt '}75 0 - 56 to -
36 21 S AL 1 :186tg-1 to - 2 8 30 g)
In vivo anal ysi g og thg i er ngl lefi ons ' ,ed [the P pronpter 35 The
vari ous del eti ons d%scri bedpi n Bfa e 23 r1§5 dl oned gnto plhsmd
pJDB2Qy/ PHG - [IR gueéauerH. Tsapi spmand [ A4 , Mol egyll ar ahd Cel | ul ar
Bi otogy, 4, 266§-2645(1984) by fephaci No.1id@- ygld t ype{$HO6 Bhr n- Sal
fragnent with the del etdd vegision. Ast el higwseprimati onypf yeapt strain
S.cerevisiae 40| AHR16 (|cf. FEur ojeaspePat entoppd ijcati onafNo. 14B, 081) the
aci d phosphat asq acti vitly | € det ¢r nAz2red {assrhoses ilbed byidoh-e pt al. [J.
Bactees ol . 113, |727@1973) 1. Dbel et]i ax28 Alll -s6ud-4d 34 show about a| 10-fold
reducti on of PH‘#B aétivijty a&nd dgfim an upsréxn regi oms (" upsiream
activation site"l, URS) I CcB'is gssa¥9ti qal -Sw-BHJS expr@&bksion. |A simlar
down effect is dbseBved |f or Allel et|i oA31ALT ¢8btou®S 4-fol d r&ducti pn) and for
TATA box del eti ons AZ3 - AZ6 (about 30-fold reduction). AT ot her deletions

show &tivities of 45 approximately wild type |evel.
that three areas of essenti al

at the foll owi%g oy
bet ween positi%-gg&“m 263 (UAS2)

i nf

ormation for

These res

ults suggest

PHC6 expression are | ocated

1alys ilse tofiediney 0$1rtte|roasl dsdetiapus- g§3thenst) 2.
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The various deletions described in Example 23f) are cloned into plasmid pJDB207/PHOS -
[R.Haguenauer-Tsapis and A. Hinnen, Molecular and Cellular Biology, 4, 2668-2675(1984)] by replacing the

wild type PHO5 Bam-Sal fragment with the deleted version. After transformation of yeast strain S.cerevisiae
AH216 (cf. European Patent Application No. 143,081) the acid phosphatase activity is determined as
described by Toh-e et al. [J. Bacteriol. 113, 727(1973)1. Deletions A11 and A12 show about a 10-fold

reduction of PHO5 activity and define an upstream region ("upstream activation site”, UAS) which is
essential for PHOS expression. A similar down effect is observed for deletion A17 (about 5-fold reduction)
and for TATA box deletions A23 - A26 (about 30-fold reduction). All other deletions show activities of

1. between positions -349 and -383 (UAS1)
2. between positions -225 and -263 (UAS2)
3. between positions - 87 and -125 (TATA box)

50

donucleases. UAS1 is contained in a 268 bp BamHI-Clal fragment having the formula

55

approximately wild type level. These results suggest that three areas of essential information for PHOS
expression are located at the following positions:

DNA fragments containing the UAS1 or UAS2 or UAS1 and UAS2 of PHO5 can be produced from
recombinant phage MI3mp9/PHOS5 Bam-Sal (see above) by cleavage with appropriate restriction en-



3. between positions - 87 and -125 (TATA box) DNA fragnments containing the
WAS1 br UAS2 or UAS1 and UAS2 of PHOb can be produced from reconbi nant
phage M 3np9/ PHCE Bam Sal (see abdife§ 2368 RBbvage with appropriate
restriction en- donucleases. UASl is contained in a 268 bp BanH -C al
fragment having the formula 55 40 EP 0 225 633 1

GAT CCCAAAGE A0 AT KA A M IR CGARA I @Mm GTCATCTT
ATGFGCGCTFGLI | IAAT(JI T ICTCATGTAAGCGGA CGICTAT
g AL ﬁ?ﬁ$m$mmwAAACGAAG

TTTCGCAJA@WEM%
TTGAATAGGCAATCTCTAAATGAAT, 10 UAS?2 is contained In a 1%XMA&AT?A%CA%?T
fragment hg{}‘iI'ﬁ&C{\ﬁéGM?%CTGCACAATGCCAAAAAAAGTAAAAGTGATTAAAAGAGTTAA

CGATACAACCTTORAMAGEARACET SREAXTAHACAGACTAAATTTATGATTCTGGTCCC 15
TGTTTTCGAAGAGATCGCACATGCCAAATTATCAAATY G and both UASL and UAS2 are present

in the 868 bp BanHl -BstEl | fragnment having the formula
GATCCGAAAGASZIF ATnTainsd e\ QoAR CBERHBIATRIMET BNTOP AFTIIGGAAGT CATCTT
ATGTGCGCTGCCTTTAATGTTT ICTCATGTAAGCGGACGTCGTCTATAAACTTCAAA4CGAAGG

TAAAAGGTT A ~ACGH
TTTCGCATAgg@ ARAKRAR eﬁ(‘fﬁéﬁi : RfréTocTece
GAATAGEEAA TAGSACCTCEERACATANIIIREGCGACTAGCACAG

ACTAAATTTATGATTCTGGTCCCT GT TTTCGAAGAGATCGCACATGCCAAATTATCAAATTG 30 Exanpl e
24: Expre d a fused PHCG -
GAPDH hy br%éd %‘r ‘g’(r%%ﬁgu a’° Q‘é'g{“‘* E%H}P?af"?e*g.g%ﬁﬁa?mm 8”'“8 °tf° THe 365

[ UASL( PZEICB)] and anot her regl on around position -180 [UASZ(PHCB)] of the
PHOS" gene PATSTBAAAGTINGT ARIGAATAAGAITSORCARATATGTCAAGGTATIRGGARHET CATRTE PHOE)
40 is cont shrsRehriTrciAREGRNER) and
UAS2( PHOG) ﬁgggegg%glcﬁgﬁ |n‘1a 368 bp Eghmglé\a%g?%‘l fragment These two
fragnents ZPARAGERTEAERAGCEETIIRYGATIGICAGCACARREANBTINEATRARIAMNTFARCACCT

el enents W@rr%actﬂ@hé%cé@ﬂ&ﬁﬁ&@&@&hﬁﬂi@ﬂﬂﬁ@ﬁ@ﬂiﬂgmmms of
GAPDH. a) Construction east e librar of total high

ol erul af GOPEAECHBATETERBAATRAN I AT CAACET TCEGARR ABR A TOSEAL TR LA 03 |
fromwld wmﬁmﬁeh@cm@@@c@@mwmmcﬁcm&aﬁemccmm
m-A at 37* Cwth 2 units of EcoRl nethylase (New Engl and Biol abs) in 250
ul of E€oR nethylation buffer as recommended by the supplier. DNA is

preci pitated by ethanol, resuspended in 500 ul of 25 mM Tris-HCl pH 8.5, 2
mv MgCl 2 (EcoRl * 59 buffer) [H Meyer, FEBS Lett. 1979)

di gest ed WEFRTBIBRE4¢ BEéHF?ﬁ%E‘?’) ‘{Fn qs“clilﬁ’g gérﬂgéf’rﬁ%%# ‘?P J‘Fﬁ"e‘:%
fragment s @%Saafﬁaazsl PHOS i A ¢1hm>18(}qﬁﬁﬂ60prr@mgee£:a Xhol di gest of ) DNA
prOV|de app HA—eH nder
EcoRl * condltlons is size- fractlonat ed on a sucrose gradl ent (5-20% sucrose

in 10 mM Trigg, 2P bhales f&&m%{; itidn 5656[UR ;ﬁ chher' oh Qro@ndsiafs% ?

rotor. Thifghyy §2@*F|bb Hﬁthé" iBle a.%'idﬁte& Jlaﬁ} ofisOPASH

gradi enjy. iddonfain entowHefoB £ BERN RS 19SHOB (PH65)SdreZ€onta|

DNA of t hiir af 4680 s&wﬁ fl*a M. ETHoRY twat fddmshté hrmmwoéedaadwm;eﬁde fiH 1

hours at B&nsﬁambr@n&@bah\em HidhBncfide the Thl‘i’A box and tihsdibtion GHialioh st GAPEHTCT

[B. Hohn et al. in "Genetic Engineering', Vol. 2, p. 169, New York 1980]

| i near i zead) Conhstetidnlof a Wigsiigemslibraty carri ed out wt h 300 U T4 DNA |igase (New

Engl andesBi ol abs) using the buffer system described by the supplier. The DNA

I s packaged Thirty4:g of total high molecular weight yeast DNA [M.V.Olsen et al., J.Mol.Biol. 132, 387(1979)] from
wild type Saccharomyces cerevisiae strain S288C is incubated for 30 min at 37°C with 2 units of EcoRl
methylase (New England Biolabs) in 250 ii of EcoRl methylation buffer as recommended by the supplier.
DNA is precipitated by ethanol, resuspended in 500 .l of 26 mM Tris*HCI pH 8.5, 2 mM MgCl: (EcoRI*

so buffer) [H.Meyer, FEBS Lett. 90, 341 (1979)] and digested with EcoRl (Boshringer) until the size distribution
of the DNA fragments has a maximum in the 30-50 kb range (a Xhol digest of ADNA provides appropiate 33
kb and 17 kb markers). The yeast DNA digested under EcoRI" conditions is size-fractionated on a sucrose
gradient (5-20% sucrose in 10 mM Tris*HCI pH 7.5, 1 mM EDTA) for 8 hrs at 38'000 rpm in a SW 40 rotor.
Thirty fractions of 0.4 ml each are collected from the top of the gradient. Fraction 16 contains DNA
s5 fragments of 30-40 kb in size. The DNA of this fraction (3itg) is precipitated with ethanol and ligated for 16

hours at 15°C in a total volume of 15 ul to 1 Ug of cosmid vector pYel [B.Hohn et al. in "Genetic
Engineering", Vol. 2, p. 169, New York 1980] linearized by EcoRl. Ligation is carried out with 300 U T4 DNA
ligase (New England Biolabs) using the buffer system described by the supplier. The DNA is packaged ﬂ
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EP 0225633 Bl vitro into bacteriophage X [B. Hohn in "Methods in

Enzynol ogy", Vol. 68, p. 299, Ne\“'é’@é é“?é){ﬂ(and t he assenbl ed phages are
used to transduce E.coli strain 1 leu”, pro@ recA). The
efficiency of transduction is about 5000 anpicillin- reSI stant col onies per

Lag of pYgb |M@G%Floph§&q\0[84mﬁncﬂeﬂgdsq yﬁ‘.one y«‘-hﬁ,ﬁ 681 268, R vbR9b he Y 1IN
the vell $s@hbigd Ii b éréﬁsegltébﬁéddcélskﬁi %%St;ﬁo‘ .femtﬁﬁ%ﬁ oP) S
5 g Bacty@nsdt bt 5000 brhpiditfirbsistany” cﬁlo i ‘?é_'%tﬂ@_ 5&@_ Iomes are

anpi ci | | ipiekedtbhd bmﬁ a.a.v.araup*h thelvRIIY & afidrotifer\ sﬁﬁ_rman&iha [W@Badtd-m&dn}!( §cs | bed
above bS gBube YeRIEMRdt (Difdo)SH0R Nl icbntiliiga00 ig/mEspicilien. [ pr epar ed using the 10
phosphotriester nethod: K. ltakura et al., J.Am Chem Soc. 97, 7327 (1975);
J.F. M de) [Baatiop ofcthe yelast GARBK geneTr av. Chi m Pays-Bas 98, 537 (1979)] of the
followi ng structure: 5'-GCTCCATCTTCCACCGCCCC-3'. 10 Lg of the

ol i gonucl ot Thedegena doréry ascdkbdLabpyegis BCreenatl wilhh aysyGhdtic AgenicBOli® [GiepaverDiising 1ife

| LG f tio Amhesphairieptpr mpthad: Kiakyrl o) liol- Ao Chade Seé. %S@K}TWT -Iﬁ%}eﬂ@) Roqij e ak, degl}

vol une ofTra3oChim. Fays-Brs P8 535 £1879)) of tgriollawing; stweturg) &' GHCCELEREA 10 LaCo| d
Spri ng H&F B8 oligogyslotide; e 2‘"asﬁ%1 ging 151 of @ﬁﬁpﬁg anoiatq ke ég?@?af"b Ml as

descrl be °'5¥'° 9*)“Bas§é %ﬂﬁg By afﬁi “PG%I"’ISF’IP%’ By U‘ﬁ'é is o & [JMpleculap g py
autoradl 3 | }fsl‘ P' ?y B‘hces
a hybr15dsasm & ?aqglon rc c bl

[J.P. Hol | Ianld e a l c Igr eaﬂ@ia the tr:%ﬂ'nejh
Al hent | oy Ho r e G gﬁ Bméﬁﬁd ng
the/above,.tmta. an 3: I3s n A48 6k1)) tor
sequengi raguuméa&&sebmsfh efaﬁerd e':b&r 45 Poublishé
(19811 oo ot Wi Chdrd, 255] he “ci oned ettisy gene ig. 9) has
t he sane sequence as pgap49‘.|.‘ pubI [ shed by Holland et al. [J.Bi oI Chem 255
2596 ( 19&PPrbpardtipn HIGAPDH abwidtioan prdnfdlddbleslenit st Fig.ao) pronot er. el ements (cf.

Fig. 10) 25 The 649 bp Taql fragment which 1 ncludes position -27 to
-675 fasom tThe 64T 6p Tdql trigmned Hiohl inpludes (ositian -BT HUE7S BN thes AT of| tiiet @APDblygede (sest | NQ
t he abov &igmers) iisisaalechiybdigesting| thes atiovk mprtineflcybrid( Mdimglhmdmw &hglpe )Biolaps),
separ at i rsgparating DNC?Nﬂrfafgm o2 3:12 a@m’@ggg: gI? agmsﬁmg@l Dbk &y thtnhemil (sg t he
DNA by heranpiecs?dp|Cloning o ragmp)is domp ik t site EPBII@gHW efpRB322 is gleayethe

i nhe’ t he With Hreegnitseof Hal (erEngland Biglghshes dosmiberbby the eyppliey 30 09 efthephprolizedand s of
d al Ne\ﬁ‘tEquP’dﬁﬁPaBFG? 194300 89 efdnsert PNA (B4 bp Taafragmeyy) ysieg 20034 of THPNIfligagedn
phenol i z&dtohyluswe gf20 \‘fb&sﬁbre"?"é?'ﬂ ?‘g’ét'@ﬂ“"%"a&%lﬁt doag dnto, &-calt HPHY efpt aW"'( 649

bp Taq fr %%J (5’55"?5 pd g o Q;Hﬁ% :gg TF?I ratb Eqa mhlﬁtpngf?tp%: in
mHI
g

:%E jra o 3
I(FzgleSte;sﬁ IS Iasrru ls d{% ggi}[ allmaS
: ’h 52

ﬁi t" PB is ImeTl 36 F§P ’%e E

B 1 | i = 3
restrlctl Mg”g, da 4 e@i IIQQE%L[ % dntrddi
DI 2SI S sl o e o 2o e i e & whe e o o - 675
cl 0% to ahé'i&s"(lxsﬂ\g Bl afd LiRdIBf TwdlonddFedsdibctod Whish dd tﬂiﬁ BNA f In WRIcE Btend about

PBR3Z 24, GAbbp iridt 265 P REdeRBly Ufoim tie RedTidstrdaMakio FHWEARPDH pRividten BSth iraghititsRontain
di gest i oRhenprbdumpBeive STATA Dop @t biuNBLD B THeCHINBE il dontaix NG brRind replicaipd int that

Bgl Il |i pBB322 d@ﬁied AT DRAZNG arbleamdar@AameIFBhd)ﬂ:mIm)i-mreqoeumm., and the

di gested plasmd is di rectly circularized at a concentration of 5 ag/m in
a total volune of 20 . The_size of the Bal 31 shortened Ta I gment S

det er Msned BY ‘F@@?H‘H"Hoﬁ‘? downgkream  GARDH  prPTiQf

clones are ﬁﬁéfckﬁﬁos\b'sf m@saaﬁu% Pmem Sca&u ﬂﬂﬂ@@OUt 40 200
bp and 265 pb r espe | vel romthe G upstreamlnto the GAPDH pronoter.

40 by.. These

cl ones_ stl I I contal n the origin of repli catl on in thepBR322 derived part

of the®DNA and are named pGAPDH F and pGAPDH E, respectively. 45 d)

Conbl ni n eam GAPDH pronoter element with UAS1 (PHO5) of
g) %PHQW'% o codi ng regl on of desul phatohl rud| n 50 I) The GAPDH

clement 1 BT SARE 1 Babhl D Ga erarn ofl 6 5 ag osﬁ. e al

POSI 1 N Ay AiddblR i e Whike mauépneh t.Je 6

gene t WO s§ihdSiubtire GRSPARIIBEY: ary ol lgonuc °eoti des. of OWI ng

structure are synthesi zed:
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42 'EP 0 225 633 Bi 5 CGAATAAACACACATAAATAAAG 33
TTATTTGTGIGTATTTATTTCTTAA 5" 5 These oligonucl eoti des provide the genui ne
GAPDH pronoter sequence from posi tFOR229633B1 position -5 with the
generation of a termnal EcoRl site. Two ig of the two Bali 31l isolates from
exanpl e 24c) (plasm ds pGAPDHE and -F) are digested with 6 units of Taql

in 50 I'l and the resultiry @FxhrhdacacRearahndagdaget hangh precipitated and
resuspended in 10 al of water. The synthetic ol | gonucl e t'l des are anneal ed

by io mxing 2 Il of eadh si FGPTTICTGRGTARTTABTHCTEAAL S0l uti on cont ai ni ng
10mMM TrigsrHCl pH 7.5, 10 mM MgCl 2, 50 mM NaCl, heating for 3 mn. to 90 * C
and sl ow y cokd digodubisotiasd! prdvide lﬂletg@nd' e @NPDR Wbﬁb{éf s8gGenteirdnhpasitiD-@6ito phsitus S ) .
One ug of vaneHs gheritio® of xermindi ELORILsRS] T 2§ 6T #6 tWoBal31 K6latesirdnhiexaiplel R4 (plasmias Y

f ol d nol arpGARDRESandf-F)t &€ digBstezioithds Ohits B0 Ma liresd uDa® the) redulting| rixtare 0§ pioliadd, f or
about 18 lethanat presipitatpdSin0 réduspondbd DNALL of getee.. The [sgnthelio bigomiclettideseare sinbelge: by ed
Wi th 3 wniniging? wBleadh sinble\strdid gl 10Adk! B adolulion) containieg TOM TrsAYGlhk %5, 49 @M MgClz,
separ at ed §8rmM dlaCl, tieatigFor Sorip. te§eICoand stgwly codlihgthBgelition oot tefperatre withingpout
about 200 Diwush @ne e olnach efdratagt digestey plasiids i mixed wighsbeyea 'gettv folgmolap @xce’$ cAnd
et hanol prieecanppalagiligpnugisotidesiinya yigaErYE2e 1| for fhiogtd§thawys ying BOBY) gf T4 BN ligasp e and
t he | ar ge WhasFibiurg isgligesipd with-3 vnitsof Bolll (New, Fngiang Biolebs), dher DNA fraaments are gepargted on
vect or t5o &-Hipesoft H@’?Bge'b o Baly- EP%fW“EBf 8gyt1200 bR-nehi263 b, paspagively, ALg fif from

li gation, %% §1“ nd g S%{ |oth ndi ti n,ss descrlbd
ety il m% ?i% @%%}% gm’? ;

tion a

PATDH B, Pk %E'a% . m
bp &md angl i s1£§&lﬁjleaf ﬁlyntsegﬁ‘eg@% ar%5203 ig
of pl asm etw ,see European atent pI | catlon No. 100, 561) are digested

wth 6 uni ts of Cal (New England Biolabs). The 3 recessed ends are filled
in using tif)gndURRAQPHOS) QYOO efede. COl i DNA pol ymerase | (Bethesda Research
Laboratgyi esy—according to vaniratis (supra). Bglll linkers (5 - CAGATCTG ;>
3') are added ug%f plesid pIVEdseb EudpaanPaient Agplicdtiose NBINKI0,561) diegitgettediwithi & dmitSefl Glaland
Bgl | I ( NewNeun @Engiard Bolabisp by 38decessed ends ape fiked lin Msisp the Kleraw dmgmeye |of EXble DNAS
bp f r agmenolyimerasat (Béthasria Réseargfelaporgthrisnlodccarding tarMinietist{sune). Boll digkiersi (¥ SAGATGES
déseri bed 3omwe added bs Jestrived Bierarenisiddn Thef RIVA ig digestiqshith Sal andciol! (e England Biolabs)
Const r uet i and rert o dsti 9t [3990Ese (el PROSEEERR fragrent ie ept fromy Hje gglpphengtized gndrfEn?! ent
j 0i ni ng of predipitateghas degqu O®APDH hybrid pronoter elenments to the coding .
regi on of desul phatohl rud| n i ncI uding the PHO6 signal sequence (as in

plasm d pJPB2YEF restrlctlon siteis |ntroduced in the 5

5’0

nont r ansl at ed regl on between s;__t d the AtTG tfhhe ngl ng
3 Ing q
reglhon 515 dl re IOﬂ o Mdl %E{%G
Wi € reStrg'nlseueneas asu ggo Iltr‘ %\ the 5'
fragmsnt S n'jl}:vn an m%ﬁ thgﬂ bﬂhe o'diﬁ burfer
pH 8.3. The od rﬁn £6 VUshoRs So e reai.a.srt ERBhudiesd
and\p‘r eG) pbﬁaﬁ{ﬁ@ﬂm are sép%f%lég Qﬁ% % fhalddd)géllin Pris-borate-EDTA
concentrat han 64 henm kb - ngimgmnt.beécberdalﬂoeomucdeeeteudeﬁte@fand b.ec.a.afemuya

51- AATTCGQHF&%WJ bsuspended in H20 at a concekirkiivh EGHE g A -5' so (2.3 ig and
2.9 ag, respawb byntbik)oligonbeledides ofthedmath i n 20 |1 of 60 nM Tris pH 7.5, 10 nM
MyCl 2, 5 nM DTT, 0.5 nM ATP and 20 U of T4 pol ynucl eoti de ki nase

(Boehringer). After 45 m n 37* ures are conbined,
heated for 10 m n at 75% &é&w{%i%’{noﬁntenper ature. The
anneal ed ol i gonucl eoti de I | n.'KB-F 1S SCCTRRTGETPAIRAA 55 jg (2.3 pnol es) of
the 4.2 kb Dral DNA fragnent are incubated for 16 h at 15-Cwith a 70 fold

50 (2.3 ug and 2.9 ug, respectively) are each kinased in 20 ul of 80 mM Tris pH 7.5, 10 mM MgClz, 5 mM
DTT, 0.5 mM ATP and 20 U of T4 polynucleotide kinase (Boehringer). After 45 min at 37° C both reaction
mixtures are combined, heated for 10 min at 75° C and allowed to cool to room temperature. The annealed
oligonucleotide linker is stored at -20°C.

6.5 ug (2.3 pmoles) of the 4.2 kb Dral DNA fragment are incubated for 16 h at 15°C with a 70 fold

55 excess of the kinased and annealed oligonucleotide linker in 50 ul of 60 mM Tris pH 7.5, 10 mM MgClz, 5
mM DTT, 3.5 mM ATP and 800 U of T4 DNA ligase (Biolabs). After inactivation of the T4 DNA ligase for 10
min at 85°C the excess linkers are removed by precipitaion of the DNA in the presence of 10 mM EDTA,
300 mM sodium-acetate pH 6.0 and 0.54 volumes of isopropanol. The DNA is digested with EcoRl and
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s5 excess of the kinased and anneal ed ol i gonucl eotide |linker in 50 Il of
60 "M Tris pH 7.5,10 MM MgCl 2, 5 M DTT, 3.5 nM ATP and 800 U of T4 DNA

| i gase (Biolabs). After i nact i vatGPdh225638R T4 DNA ligase for 10 mn at 85
* C the excess Ilnkers are renoved by preci pltal on of  the DNA in the

pr esence 4ok mentard Mos Al C i&bd é’
i sopropag b:‘%aﬁn }ega% é{e eF’EéE g:thb ol rec 1%% ‘%
Hindlil. Sﬂle t&%@@ﬁ%ﬂe@/ﬂﬁ%@‘e@tﬁi m@f‘f s theCp Slé'{al

Tris-bor @é BI‘EDT Jaéﬁ @huéﬂ& & d@sulphdiéhiréfinoand fhe FHRS mEnp‘h&l tﬁrﬁﬁﬁ%ﬁr

gel bys el ec:fhs@sad b PHOb @bt ragheat .swo%umbh@im -pal Fu%n 'Pﬁteﬁt%biﬁ%ﬁ%d at
a concentgegsi)on of 0. 1 pnoles/il. The EcoRli-H ndill fragnment contains the

PHCG si gnalTes eguemngeR drd digestidi with Meiietion @Rdodiicledsys UkdoRabrahBamHIli Theawdslitihges PHCH
t ranscri pagnents taer sspaiaédon a @6 % low heiting 3ghrdsp gt isboatsEDIA biiffeh gHBI3L A 634 bp

i sol at ed BamidirEcpRi ragmenit ip BlAtRY Wit coptainsnthdBQE wronigi lirictuditg theimRYA start 6i®s.561) . Ten
ug of 3| / Rhevectaifggsent s iapiatéd fras plasmit ipdPBOTTEMORIIR demcafple RBd) o dg Bathd .

The resublesmid)arg digesterrwitit Bamitl endskiipdhll athe dargm6.5 ki) B@nKiHInd I fragrhent sgeregpiaddom gel
in Tris- Besaelkiragmam op a6 loy Fmelingagamsegalinjijs-BusieFDHlufer itr&yment i s

i sol at ed wiihteR RNAnfraamprds deperibegiabovp Mhﬂleeﬁpppﬁfmﬂ'ic'ﬂge'ldﬁ é’en'RNﬂ(’ S‘tta? fO“EVY"!Qes

10 Theeactiop:t&f pnpqleg ‘r‘ﬁ) °T '§° F%"o‘?"a? %’H‘PQP’

1’8 3 b, E
E”pﬁ‘?@ggzg Rk o

"E' 9 r'rW H"‘h
f ragment 200 ) ran com 'f‘m?&?ﬁe IQ§:°B(53’ l{'%'slg m f”é?’ pH
g i T i gf@qf A ] i g ;D g%@a
B ”H/_z . s'gP l. Bfoc
a C @i cIQﬁeO\mﬂ epggélyr?écocgl e sequ sq&la@ en% td§s 050

EcoRI - Hi LIRS ragrrent ence) and 4—ug) of
the 6.5 kb BanHI- H ndlil vector fragnent are Ilgated |n 10 uI of 60 MM

Tris pH 7.5 10 MM wWC 2, 5 nM DIT, 1 mM ATP and 400 U of T4 DNA |igase for

6 h atss15 i I t d,o 100 ul
of cal cium ﬁ’egg‘g&ﬁ% o%t?%éllémmfm @tf&“#—l%lﬂd% % 5.5

t ransf or med, a@kcﬁ{fmm coding avegionliof dledulphatdid metinum cont ai ni ng
100 ug/m of anpicillin. Plasmd DNA is prepared according to the .20
nmetrod of Hol nes et al . [ Anal . Bi ochem 114 (1981) 1931 and is anal ysed by
EcoRl sand BAridl of plegmid ipdRB2BHPHS(FeaXtYR (ep dxampimes dif)tare digrsted witie Egolifjand Hindlll
restrict TenDNA fragmentsgrg sopqrated on d % Agprose el ip dis-RomteRDTA ol oY §9-he 643 bp

( Eco) - HI faameghis Lﬂ° faf' fre/R ther ge}. H@d@A‘Sﬁe Q‘R‘?EF‘DH‘WWP'd“}?r%'P éqsuspprded e

D peo0) :@ e A%é"é% 5 Sy ey Bl
Hi ndl i3F h IFr n gr f%o g‘ aé?? (%' gresis, phenol
r%;bnefl in

Tris- bor 9; I'eCl is resusH pe i, OI a? nref-ntratlon f’tn

gel , ol o£PFRE L&f anﬁ‘d‘ﬁ’s AGhL é&m i B b F%% fled in
H20 at aEEdH“ﬁ Elﬁ f GE% |mI§r ra fEDEHA %{ mH' R
are 'ﬂe%%gl Jn@p{aama ewtlpaha\%lt The 'DRALS He&IsbéHHedqn 4Gl c%.ﬂ:%ﬁ.%n gsuiand

Sal I. The loy @foldd-of tré B4 b SAEEYIN fagMeit Rbmpring UABRPHGS) kBhiRgle baunﬁo tpm%taabpse

- gel el eCiis0g8b WpesyiIBEcoRINPIgMbNt COf PGARDH-BI) 0081 Pm@lés GG 648" BiS ERIFI-AIndID Mragmiéhe of

vect or DpUDE0ARHOE(ECo)HIR asb 0l 820Enka df the 61340 Sall-HiadIC aseke fidghaibti aesligated . 205.1 of

pnol es/ uledo mMOTig@HGTS, pi @BIMNIgELPESAROYFTEL mVEATEP dnr 400U of TIDNA ligasedBidiispp ot € atM t h
Bgl I | 4and5 T aRjuots Dherlp6 3l oBbe Higation\mixture are EddpRRito 003 ofealtium SreatepBicdlitHBdOton a
1.2 % agasllesBasyid isplatior fiom- apf zolenidSDINA réstriclioprangiy4isSwith, Sal| Rgilt, [EgeR! @nd HindlH dsm 40
t he gel aertprpadessi geiserided adbovs (siee Exdmnteo24diily Hane Digsitive lone ésuspivcied @ad reufﬁrm@ @ a
concentraﬂl?Q?W/B‘FPEQ'Hﬂ?(Mﬁi) es/ ul . 0 3 m)l es of the 548 bp Sall - 'ﬁw

f ragment ccﬁﬁﬂ"?"?ﬂWFngﬁilS%PPﬁ% Bp BajiEgoR! fragment isglated forp pGARRE-FAeBney
Bgl I | -5c S#ictadPlagmid i caliad ndeHe L-HIRY( %mbrml es of the 643 bp EcoRl - Hi ndl I |
fragment of pJDB207/PHCO6(Eco)-H R and 0.12 pnol-es of the 6.3 kb

Sal | - Hi ndIV ILigation PEathendASk eﬂ;gggaﬂlé@zltﬁ_gg)gﬁmﬁ dwhnddrpremglerss 10
m™ MgCl 2, 5 T Pﬂ@h SISRiI I 6 h
at Ll\l/g 15 = H(S\At%ELgﬁéf%fgﬁ)dgf&jan _3 al ffr1§41‘5h1= {%aﬁu nréir%\ 3E%Er;,§_g}_added
to 100°i| of calciumtreated E coli HBLOL cells. Plasnid isolation from

aWDR col onigsy e4ifl of Histhids PUHERO7/PAFELYFREAYY) bid paBbRo7PREELIIRUREH Ble didStedriviAli | |

BgNl. After phenol exiraction and ethanol precipitation the 3' recessed ends of the DNA are filled in a
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performed as descri bed above (see Exanple 24dlil). One positive clone is
sel ected and referred to as pJDB207/ PAPEL H R(UAS1) .. An anal ogous

construction is done with the 201 EBO##PI®3BdoR fragnent isolated from
pGAPDH FL. One 50 selected plasmd |s cal | ed pJDBZO?/ PAPFL- H R(UAS1). 'V

tggﬁaéopegieacﬁ&? %E%&??%po ﬁ@?;gé i %ﬂ @ T%BJZP o‘?ati;Q eﬁtaﬁ&r&?r{ opei n
pJDB207/ PA&%E‘ ;’E ?Hf; |eér5§,o k.gp%ﬁ r%ﬁex%%&% sﬁﬂ

Bgl I'l. Aft anBl Seitatien { £zl

ends of gt higaghablits brftairf thb! rﬁddnd eooﬁhg%.on, nFea &ﬁ% %e anoe&a&t SR M b cloraARl
DNA pol ymegArssH dréthdté? @bmbritaigdiéd romAPBAER oRsewPBHID. Labor at ori es) according
to Mani ati s efasritl p3UySEREEOEN Paibife Aﬁpﬁliéatﬂie Nb 100,563 Isi digaétediwitht BstED, ihcubatbdwithlElcdli N.
The DNAs abDRA polyrhdigse (KorpaStagtlent) dshdeftibéd aboch rldecidadddOuth Sall. Thb 649 B ireghiedt BI €
i sol at ed bseparatbd oreaysuft @garosg @bl aed ecdvered byophesdl sxtragtion aral ethend! pacipitation. and et hanol
preci pi tat i 0A.3 pialeh of the§48chpt fragment @b pRY) eoro@iging the AS1-HAS2{PHOSH prembtpragientent ok

0. 05 pnol e&15gbmolcpipt either ffrteeyTi Kt fsagmms alerligaterbanyditraosftirmecciotdiEngli HBfi @s desedised  of
t he vect orabgeayRlasreidssara meppearpd fiem amp® elnieg|jand enalypad hgApabiqtigny digesiscFingld elones are

i sol at ed f ¥elstes eyerimyisplasmid DNAeaPraierep to 83| asiri d p31/ Y ( Eur opean Pat ent

Appl i cat i ofDREP7/PABEL-HIBUAST & UASRranded with BstEll, incubated with E.coli DNA
pol yneré"SepJPR?(E(?WLF'f"ﬁ ht")UARE)- descri bed above and cleaved with Sall. The
649 bp fragnment is separated on a soft agarose gel and recovered by phenol

extraction a rechmttation. 1o, 0.3 | es ,of .t
f nagnent of pr%i co(r)ripsrfgé‘rzﬁn-b@i r@%e%&’éﬁ% pgooerﬁ)tteor te erﬁeﬁ36 and 0. 15
pnol es eit her of the 7¢<81:kbg fseq;mmte mﬂ‘eiésxglapl'f&tcﬂmtudmsf or nmed into

E. cOki :
and anal ysed by restriction di gests Si ngl e cl ones are sel ect ed and their

pl asm d DNAs 1@ GAPGH BlofBtdr bisinéhes &%@%Mérg RE-adabriBed M Exatmiplb AR aré ightelio the
pJDB207/ PAsbtbin ot ddetisidonirdaianEbifg 6 PHEB\EIENA dbeR®y er el enents fused
to the pg ot eirhs @0 elements (266 bp and 201 bp, respectivéh)TOMErRE the IBAPDH OTATA box, the mRNA start
desul phat oditbs aidi an Afvizh GRBHDlhsked TaicAl Til rRBBoItS sajfiondéd STHBhcERImehte ROshbwr( ia Figure
descri bed 100 Exanpl e 24dl) are ligated to the protein coding region of
desul phat ohi Thel8'ends ntthe dlements &re bBh@E pasitign &l fropethe 6T@ ef th@ GAPDH géia dollbwagl by an
eliepent s (2BB! fepogaitieh SO Iseb wligonenisptislet linkee injrpduceship rEixareple Prall),AAPBlphdF Aelatipositiont he
MRNA st at t -188 and s263veilspaciivelyt from dhe AF'Grwith Boll linkers eddéed etihse positiPhee nucl eot i de
sequence of [ba PollEFesRtnternoter dragrpanitrere ligateq @c‘l'ﬁ""' dragmeshith sgauepqed cedingrfnt s
are both ate i'ﬂ"@'rﬁeq‘@"‘f‘*rﬂﬂﬁf’?sﬁ'@t°}l'1@“c?ﬂd iRy vastor Fagmedye d by an ECOR
recogni tion |”P Eq)s aﬁe"'qutﬂ%E’ °°1“H'P‘f°5dﬁfp‘ iption egdopypieases

‘b 9? frpomeny

the 5 ends ﬁﬁ‘?F 'i‘ P.' ewj%??%,ﬁ,p, %ﬁ‘?‘ ggﬁg%ﬁﬁ vecfor

W th Bglsﬁ ! D Aﬂwmen |s sn.{s en?Pdl %E

e o S :“ﬁf BR el iy ) ﬁ“%ﬁﬁ

vector fragimgl DTT1mM
"lg*zet LPNAS & 466*6‘0? *rai?b f&%s’rp§1 qlm bftﬁ&'ﬁbaﬁii’\rﬂi'uaure adeth 960
kb f r agmeng JaMﬁﬁttQEte@@chl) Hsﬁn %aleamaénﬁai isBIRtioR flgm&rr%" AR HAd G&lrickoR analysis wuth
Tri s- bor at corBR pofidied S HdtribdlinSEx3mple [28¢ il ORd puskich éi6reNe bdlstedCits, pIBRRNDNA is
extract ed @rfedioaspJDEREWEPELHIRD et hanol . The vector DNA fragment is
resuspended iAn akdRigoustcomstraatiorcie dbrfeaith e 20f bOBGNBEGORItagaért Isolatdd Bonpp@AREB-RLf THehe
266 bp Byl plésoddRONA of agersivcted tlonp@\edléd (HDBEZGAREL-WR24d | V), 0.3 pnoles of the
643 bp EcoRI-Hi ndl Il fragnent of pJDB207/PHOS(Eco)-H R (Exanple 24d 1I11)
and 0.1 pnbtample®B: Gdnstrugtion ok Brprdissien Hlasmiga with tapdant inserts plthereading spquende ph pastptadn
10 al of 6desuphaphirudingsqe Figh14)10 mM MyCl 2, 5nM DTT, 1 nmM 40 ATP and 400 U of
T4 DNA ligase (Biolabs) for 6 h at 15i*C. 1 al of the ligation mxture is
added t & 100788 fglﬁ'gr@ﬁ?éﬁt:l!ﬁ??'tsr‘%{ﬁ'ed QE“AcfEfHWeﬂqﬂiﬂiat?ﬁdggﬁagg'gﬂpoﬁgmgomﬁ%‘?&mﬂe}g
from anpR 'E'IZX‘ZHPH gled fpgment camprises P%&[ﬁ sequenoe,

mples 24 and 25, respectively) the “coding sequence of desulphatohirudin

and the PHOS transcription terminator.
7 ug of plasmid pJDB207/GAPEL-HIR are digested wnth restriction endonuclease Hindlll. The 3'
s5 recessed ends are filled in a reaction with E.coli DNA polymerase | (Klenow fragment; Bethesda Research
Laboratory) according to Maniatis (supra). 1,85 Lg of Sall linker 5'-GGTCGACC-3' (Biolabs) are kinased in
50 .l of 60 mM Tris pH 7.5, 10 mM MgClz, 5 mM DTT, 0.5 mM ATP and 50 U of T4 polynucleotide kinase
{Boehringer). After 45 min at 37° C the mixture is heated for 10 min at 75°C and allowed to cool to room
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EcoRl is perfornmed as described in Exanple 24d Il1l. One positive clone is
selected. Its plasmd DNA is referred to as pJDB207/ GAPEL-H R An anal ogous
construction is done with the ZOEPGg?zB@P?P- EcoRl fragment i solated from
pGAPDH FL. The 45 plasm d DNA of one selected clone is called

pJDB207/ GAPF oy ind 86 with ARl Yidsh
fancen 423 %si??"@%q' D S e L e,
| i

: 14) Sled Sa 1% TRSEH 76,10 MeBR lshil DAT, [N T A8 ERE00 U of
dupl i cat ? DNA‘ n AladiiPatibridtlthedf4 BNIORBR Nk 750 ¥er Buiih treak@Rs firkagarnt
CONpriSegmbia tdﬁém%ﬂmmﬁ tha phe¥dicé 6F 18I ECAD B M @BaNine scetalpHIEG andi bed

i n Exanmppgsy eéleds&»‘u‘?bpaxfoewéanm \6aligésted WithesaltOilb resuignipattagmens @6 separatshen @adi ng
sequencey0iga@desgs MRk BbrateEDTA bt pil B3, THIGG! kb SeNlSagment isoacovaredikranathe el b ug
of pl asmbistipeldtites, HénclERicctidrl at athanolhirapipitition] The DIRA iseestspended eira @ncboetio d8de
Hindlil.piée@n® 55 recessed ends are filled in a reaction with E.coli DNA
pol ynmas as e 5lug(dplesntiovpI IE2QTBAREL-H 4rh digektedRéts Sall toleompletion-diften Ripnohextrastian g to
Mani at i sethanuipraipitation $5 DN isybsuSeanded| i #0ay o30-nbSTHSEAES. 96 Y airdli intesdige alaline

ki nased phosi@tase (Boghridor) il Fidbds Afieq Th. 2 311 thr/iphesehaase is inagtivaled in the 87eRR0ENTP and
50 U of ToP M| ﬁbél"ébﬁ?ffeafﬁl%%«§9§8€fe1ﬁrm'h '!Z(P W%B"%"ﬁa led ?31?9'&

m xt ure ped oDk RdWheiman) @nieR ?i‘c'éﬂ‘gemq'{',"béﬁiad

225 638 EPTA Afigsarsing tee °°9""1“ it ﬂ‘°§a “° d g ,%

pJDB207/ @!FEL |1|¥"Y!\F Ff‘ ’H'é” N i3 z‘:ﬁz

%’3 ve% an m(tﬁg ol
above) afé& f‘i E Jb@;agc!
angeal ed “SHOPFPHR ?Ag%‘; lﬁfwfg usPe ifon pﬁg@ggﬂ“ oDTT
3, 5 ”M AT%‘%?,, Ana a'?f wmn.&a& vmi?gl@' @fa the

T4 DNA l || tl Ixiluga |g'aéheh 08 4F §8icilih KRS trabsBrmation’ BMPt&Hl ERM
pr eci p|t he presence of 10 mM EDTA, 300 nmM sodi um—

acetate pH 2@ tlgns"fHRQeJ) arﬁﬁh %Bhl%@ gfvn InGiRBUEMPIA LB Imedilii @ortiiting 0 doAe oft adrgicilin h

Sal | . Theabhe Bikli\SredafcaGBadRiirg 161 e bEHokibs @ aldArl. Hostgar. OBIE(19he) 196Tand is

Tri s- her aiaRsdd by Ekuml fetiictidhl digedt. Ol Elonb. vithkthe S@bited residetiom fragnents de oigpddnd r om
t he gel R¥ferll @CdspOBE207jGAREL-BIRINO| extraction.and et hanol precipitation. The
DNA is r esuspiegule tonatructions ercipnd witht plasmids pJRE207/BARFLERR frid. pJDB207/PARF (GAST

pl asni d pJ DBRSA. 74 ngbIESmid ONA iof) et sibciadl claneSeeich ist qallesiaB BO7AGATFL-NRIRR gnd
phenol expIDBROVIPAPFLAHKUAShaNS2)R.eci pitation the DNA is resuspended in 100
ul of #0 MM Tris pH 8.0. 4.6 U of calf intestine alkaline Phos at ase
(Boehr i n@mmpleaf?e Camstieion @ifancaxpression plasmic witrfquy, ipserls oF 1R Spding-sepuens 8.0 Spgeted eq
in the pdesyiphetehirgdin 100 MV NaCl, 5 nv EDTA and O, 5 %SDS for 15 mn at 68 C
The DNA sol utrIOI’llIS Iledeto ar:goo dm W agse e i
exchanger &§Hi 9oPigs St ‘Watgﬁ‘ E(ﬁt Aﬁ?ﬂo? terrhm? it @'"Z'F’ isé%}v% %ﬂj(l:))‘(l)’A

Aft er ‘(ﬁa§?ﬂ‘iﬁ§g§°ﬁ@”ﬂ'%
ul of 1 .%Ch. LGS it SR sk Bnds o
et han0| the re ?%ﬂng sggc%ir? th JQG g mefasd (qRIefbwlirag . ﬁtrgﬂﬁ; osé
gel (i S}iﬁaﬁa

led

94 uhq;&%nd I | TG Biviabs]Srd o0 B
QﬁL 5ib PRt -mﬁiumm @He 2l ik Porivéted tb Kumel
r esuspen @de dbo ri.fhﬁé?thﬁa%d Qﬁ! |ﬂi)r09an$I ﬁi&&ﬁtﬁﬁﬁ Isl as d@scAbean® Exampaf26t The DNATis kb
Sall fr a@ﬂ%@&ue&l}dc vell AINDHIRMI &id thd) Rsbiting @2 kbzlegme d¢ Bolated by blecrablation,i pherdcd Ul
of 60 20 exiEMiohrahd ethdrlol frezipitation. M4 BikiyCs 2esuspentidti BYETcondentralibn’ST P.1 pradles?0 U of T4
DNA | i gase § qig di6pasiiid pIDE207HEABFICHIBID ailei djgasted ofitht HindIl itgy apinpletiond XheuPNA |ig
added 450 dbfidsphbrylaied ith alt mtestne atiklihe phpsphaldse r(Beshiingsr), cryrified t kynPESR. ierpprchangd 01
cel |'s. 24hiomatngréphy emxtisolaevifi@mcan 0617 egarase gel iy opgiroplvtion ¢¢ dngeribpd)injEyanpie ??edl u m
cont ai ni g pebswwfhe22d&b Hindlifregrhent and 0| peples @f thaineprizedyyasion e Hoalad daP)-
the met hod aliguot-g|thecligation wikturp /i added i HROH 7 °aﬂum (f&afa'i rangigrnation),cpmpatens °°

anal ysed HRJOERRI restriction di est One cl ct e |
rest ri ®t i 1Brirensiepag AP °§"°P'§"0F “(?'fye onin: ' lR]D
Anal OgOU§:I§@WSQ Ietprea?g{l%_: S g S I'QSO m ':7’2 ' e tht

pJDB207/ M i d
cl one ea(,t ?ggéﬁf ne @ ﬁ@f : EQE@%?UA%QE
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EP O




Exanpl e 27: Construction of an expression plasmd with four inserts of the
codi ng sequence of secreted desul phatohirudin Four copies of a DNA fragnent
conprising a GAPDH promoter, the PER® 258388Blsequence, the coding 35
sequence of desul phatohirudin and. the PHO5 transcription term nator are
inserted in the yeast expression vector in a tandem head to tai

arrangenent g ofg Pl ndL 0 <l .26) are

di gest ed mﬁtﬁéggﬁ%. The stic%yﬁiﬁgé é?[?ﬁ?gkg?uE#Pﬁégﬁgﬁgg?ggkganent are
filled in a reaction wi Qentad@ingDighey BHOSe pxomokerkl thewinvaghese, BRL) .
according to Maniatis etg;iddail 0. -8} O ' ' k :

[5 - CMGCTTG 3', Bi ol abs;sl?rr_l a1 Boue ,cesé‘?'?- ks gﬁggggégkghggfi,ﬂégt §99489; he
linearized plasmd plDRXEPUOBAPEL-HIRID with the Sall sites converted to

bl unt ends (see above). Linker ligation and isopropanol precipitation is as
described in Exanple 26. The DNA is subsequently cleaved with Hndl Il and
the reswting 2.2 kb fragnent is isolated by el ectroelution, phenol

ext ract i onAkcBydthesisipf pligpdeoxydbinpdlotides don inveFtase Al seguene@suspended at a
concentration of 0.1 pnoles/ul. 5 ujg of plasm d pJDB207/[ GAPFL-H R] D are
di gest ed wi t Ifourjaligndpaxyribgnueieptidpsstil ohe. Bh b4 Bressynthesized dy pnthpsjaen (raedel\SG0R
cal f i nt esfrrfied BipsysiemsicAfigheablopingfae synibalic frapmepds are pyilied pn ad2 fy Patyacrylamige gel
exchangé® ctBige (ﬁq_l"’bﬂﬁ; rop yrea pligedepyvgbanygieotides ajg obiaipesks usingo Sony\Pak (Waters

el ect r oel ufgeofptass Thesed 9'8%'5? FoRstitste, aygpRisxopich pneodeg, e dwveripse siglal seayence, with {1y | |
fragment alfIUY™MUBAEPELO8It he |inearized vector are ligated (supra). A one
ul_al iquot of the ligation m xture is added to 100 al of calciumtreated,
trapsforation conpetent E. coli HB1Ogiggtts. 50 12 transfarned, anpR

colori es are grown ipgbRI dunétiehlehdl ARTA bl CORBIR Neigey 00 ug/ m

ampi cillin. Plasp-d SNERTBCRICOMPICERAGEPPTaSPHT R yCcERt 3 Xbal 7 Aval , Xbal
doubl e di gests andzBarH 3 dgBgséaanAcdrictRrReckArAcERAdRTCdA@BrENt
indicates that the insert is present in a head to tail arrangenent with
respect 0 the two copi gsa8lyPREN1LN 4DPs Pl 858 aha Ote clone with this
orientation of the3i9seetTEETIPIEEACCCARARPAPSPECATCTFXEEdrdiN T. 55 46

EP 0 225 633 Bl Exanpl e 28) CARAACEHEEEPRTPATACNCOPACRARE GEREATCY &5t OF
containing the PHO5 pronoter, .the invertase 5 “Haal si gnal

_ I
seqdence and the desul phat ohirudin. coding region 10 A) %\m‘mis of
ol i godedxyri bonucl eoti des for invertase signal sequence: Four
ol i godeoxyri bonucl eotides: 1-1, 1-2, 1-3, 1-4 are synthesized by DNA

synt hesi zer (nodel 380B Applied Bi osystens). After debl ocking the synthetic
fragment s B}Subpeningrof thp invertase sigraleequalcPacryl ani de gel 15 containing 8 M
urea. Salt-free ur e ol i godeoxyri bonucl eoti des are obtai ned using Sep. Pak
(Wt er s ¥As¥gL5P " YoPEse fragments constitute a dupl ex which encodes the
e |1 B S 9 FHRRCRALS bl SNl 28068738 oS 03Pt eco
! n ¢ i i %@%ﬂ . Cl2, 100 mM NaCl, 6 mM mercaptoethanol for
5, é@;;TCAt % A el < NaCt, 10 Urof Xhol (Boehringer) are added and incubated at
3 f e "'-.0. gatsd 025 0.8 % preparative agarose gel. The gel slice is _
Al aG yPheAandbley!d Risey BbiBidbr God (SeRbALOGMERY, GoRrAdy Ao/l o] FEAHE loebidaiake 3
| -4 (electrbpheteddd GiCHI ko kdr TEDAMIAY ST\ GilibA- i dimdied bnd prebifiited 26 v3limes of
absolute ethanol after the addition of 0.1 volume 10 x TNE. The DNA peliet is washed with cold 80 %
ethanol and dried in vacuum. The DNA is resuspended in 6 il TE (40 pmoles/u.l).

b) Annealing oligodeoxyribonucleotides (I-1, I-2, -3, 1-4), kination and ligation with vector

A solution containing 10 pmoles of each of the four deoxyribonucleotides in 10 wl of 0.5 M Tris.HCI pH

8 is incubated at 95°C for 5 minutes on a water bath. The water bath is slowly cooled to 30°C over a

s0 period of 5 hours. To this annealed mixture is added 2 wl each of 0.1 M MgClz, 0.1 M NaCl, 30 mM DTT, 4
mM ATP and 8 U (1 1l) of polynucleotide kinase (Boshringer). Kination is carried out at 37° C for one hour.
The annealed, kinased oligodeoxyribonucleotides and 60 pmoles of the EcoRI-Xhol cut vector (1.5 pl) are
ligated with 400 U (1 i) of T4 DNA ligase (Biolabs) at 14°C for 17 hours. The reaction is stopped by
incubation at 85° C for 10 min. 10 Ll of this ligation mixture is used for transformation of E.coli HB101 ca'’

55 cells [M. Dagert and S.D. Ehrlich, Gene 58, 23-28 (1979)]. 20 amp® colonies are picked. DNA is prepared
by the quick isolation procedure [D.S. Holmes and M. Quigley, Anal.Biochem. 114, 193-197 (1981)]. DNA is
digested with EcoRl and Xhol, radiolabelled at the EcoRI end and analysed on a 6 % polyacrylamide gel
containing 8 M urea using radiolabelled pBR322 Haelll cut DNA as marker. Correct size bands are observed
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B) Subcl oning of the invertase signal sequence 35 a) Preparation of

vector: 1.5 ag of p3l Rl SS-TPAA2 ( Eur opean Patent Application No. 143,081)
i's dlgested with 10 U of EcoRI (Eﬂ’eﬁg 1in 50 al of 10 nM Tris.HC pH
7.5, mM MgCl 2, 100 M NaCl, 6 nmM rrercapt oet hanol for one hour at 37" C.

LSl S S S i el B

% preparative agarose ge gel slice PS transferred to a Mcro

Col | oi dorgylslhgy &f%rdp@r:tﬁ% m&BHURMentGOME irfshald J.@au%%ea&el of TE and
el ectrgel The TE solution is

col l ected aggg ipRemidipBEHIE L dré\digesed YdomPREonGith 8AISAN BEdRI. ThéIRIE) 3.5kt SaN-Eédme
addi ti on fagmént i isolatelt G a 0.6 % aghfdbs gel MeTribhidtaputi®@ ipHiI8R. HaTNAdSs slbdirbel@ée febmBhe %0
et hanol aeklpténel exiracted ana@tharol préditatBAC g of @tRIPINBZOA/GAPFLEHIA ksod Exand 25) are
pnol es/ Lldjgestebwith) Saland:B¢oRh Jheo #17hpdBathEsaRil hagmeot ie solatekben § 0.8 B adardde geldn Trisd ) |

ki nat i @n barats-EOTH uifes rpHAB.8.hTheddiNAis eteckeslutedi phrend caxtragied | andy eth@nop peetipitatedS Baltac h
of the f daglated MVWQW‘P tiggted.dmcpliquat af Ghedigation mixtuke usRdite; transformy¢qrpetent E.coli

i ncubat ediBi@1 wipémpYeoloniesarg grows anshhesplagmicePNAYs enplyserthy Hingllleallisigulttie digestion o v
cool ed t(?'aS‘D'dW@B‘@é‘P"eﬁ‘ "ﬁﬁ” 'W@'P"FG@I"%PFS hours. To this annealed mixture is
added 2 al each of \IJ\‘&?Z 0.1 MNaCl, 30 mM DTT, 4 nM ATP and 8 U (1
al) of ’%rﬂWﬂn?FP@?ﬂ ‘?fr‘?l@s'n'pﬂ 07/%551*' ngqe\ﬁg w)nat i on | s car ried out at 37 C

for one hou anne ode s and nol es
of the E Ia @{ctl)na 5::'-7} ﬁa%roé ell nsb %:j‘ur}]ﬁpg%gg
Dha "gﬁ%%ﬁ c%g edaty ésﬁh 2? rand a@@ tate at% Bioddl

0 f re a f |0.19fcg/il 1 HNASH,
tralsT O g ra.ga ot wﬁrpt.baﬁﬂ 3P0 GRS THo réé@ﬁ igh,
Gene 56 StoBp tlon of BDPAR e Q&icétﬁratﬁsh%f I% ﬁéalﬂigﬁpﬁa{gﬁﬂntby the
qui ck i SQAo&EeUCUﬂ Qﬁoﬁ%ﬁm{e[&g&ose@l e mﬂdusl\élec@élu%%m 18 el Binfisd 8NDESL 4,
193-197 (ch@Rdtdbdraphididthandt prdtigaet el rédubgonduaiRh. cond c&t%&hrat:dn%déﬂébt&hﬂin{oﬁd/uat t he
EcoRl &nd amdugnalpissid pdDB2078HOS-BIRI ($6:C Exdmplai 16 apeligesa tvithnBa Gand HiddUE Gas
usi ng r adesoltiego 687 @p BBRBAR flagednt lis tsoltedDNA aprapatiiver1 saaresst gat.i e DBAds ar e
obser ved elbétroeluteliFotHand plocigiated Bid finther dijédted bittatinbd from all the 20 cl ones. One
cl one is grbiuag (180 drodeshbach & tecfdliowing cligndemiomicigtided0 i g/ Ml of anmpicillin.
Pl\e<nid DNA is isolated and is referred to as p31 RIT-1 2. C) Joining of
the GAPFL pronoter elenent to the invertase signal sequence: 5 5 ig of
plasm d p31 R T-12 ar e5 thCREIAGTTIGTTRAGACHGAOTGUAICGSS'| and EcoRl . The
llarge, 3.3 kb Sal | -EcoRl f rihgreARCANMATCIBGOTSACETGEMT T -5 agar ose gel in
Tris- acetate buffer pH 8.2. The DNA is el ectroel uted fromthe gel phenol

extracted e noI reC| a 7 (see
Exanpl %r’ Z@dll r:é:;‘?rt above %r;bgémd:s oﬁa Et&ads c]o énd eal rFZr %L{Ie J-Eaat

f ragnent T IWffe
pH83}Eae 'nﬂé%%@% sa&'ﬂr @aaql
pre 1% SRl RETRALS .ara%:'Fdngétt &gl on p e S 43l Thpe

l'i gati gn eliEctHeI&{eG blﬁlf'él‘ﬁgrdl $tﬁhn5|rﬁ6b‘ﬁt£i£dfbﬂﬂﬂ§3%s€é&5nd§d @PH:O l%nd&ﬁtlra'tu&r o PR
col oni es paoRs/@ oWwn and the plasmd DNA is analysed by HndlIl, Sall double

di gestion. 8 ugl AapIDBROWPHDS-HIRCar€ Aigbfet withBiRdIl ah® SaIRbldetie lasde) @Qﬂﬂ_frdg?ﬁent]i5 - D
Const r uctigotedof pl asm @ pJDB207/ GAPFL-1-H R (see Fig. 15) 25 Ug of plasnid
p31/ GAPFL- | G2 pmaeschf the $84itp Sal-Hoa pdnakint, on Wit h Pstl and Sall. The resulting
676 bp4sf rospmmies of the $83dp dgalcHindlil fiagriiéht 84dpr epar ati ve agarose gel in

Tri s- bor &x1epniBEAf hefd.22kb Pat-HindP, vedtbrefrapingnt jare lighted: for §érbure eld!5° G 19 kleat 1ByWNDES2
i on exchdiigHCla Tral ol Mﬁﬂkﬁ mM H'Ehdlm'\bﬁ'é%mﬁl@%tt"@a °faT110PNPe'§e°§pé Ak aliqyoth

buf f er ré’(‘ﬁiﬁﬁ‘@ﬂd@@’q '6|“s rangfpn Eaﬂﬁ_ﬁﬂﬂﬁ%?ﬂ“? -ation of 0.1 ug/ul. The

Sal | - Pst| fcillin Ptai‘ a‘P'Pzescﬁ"?%@‘t”E'ﬂd'\’Aﬁ"{aW I"‘ef"H’“tcﬂ'Ea"ﬂ‘Pge@ jeml o
05 it Pl Lo toe g o
addi t i on SRR tngeﬁ '%ﬁtat e tfrPJB 20765 %9 wrverﬁga
et S0 ents i 'Pw ° Y49 5 %8"“@%\“ R, o

el ectroel l: 3a°q9rom t he geI purified by DE52 chromat ography, et hanol
preci pig taé"%&; S resuspended in H20 at a concentration of about 0.1

pnol es 10 ug of plasm d pJDB207/ PHOS-H R (see Exanple 16) are
d| gested with Ball and Hindlil. The



resulting 587 bp Ball-Hi ndll fragnent is isolated on a preparative 1 %
agarose gel. The DNA is el ectroel uted, ethanol precipitated and further
digested with Hinfl. 1.3 ag (160 pEBP23563XBh of the fol | owi ng

ol i godeoxynucl eoti des 30 5' - CTGCAGITGITTACACCGACTGCACCG 3'

3' - CAACAAATGTGGCTGACGTGECTTA-5" 35 are ki nased and anneal ed as described in
Exanpl e 24dl &) 'ﬁrﬁnﬂﬂofﬁaﬁlmﬁséa@éhéf&n é\é cek Spad % Barg -1 ndl Il
fragment (see—abeve)—and—160-pnol nc nealed 1inker are
|igated for 16 hours at 15- Cin 83 ul of 10 nM Tris-HC pH 7.5, 10 nM .
MCl 2, 3§ MM DIT, 3.5 nM ATP and 400 units of T4 DNA |igase. After 10 mn at
85, C exces Ssécbnakoa{ysesass.ew;.ﬁrweépm (b, HRB P PRE9S, |daé-9%@1ﬁ@t=a@ns Rinsiohod W\
(see yb. the fiemBeT € 240Lr 1)~ The 584 bp Hga1‘- Himdl | I=—fragnment is isolated
on a 1 % puoBaAvAAPELEHIRYASNSEe gel . The 40 el ectroeluted, purified and

et hanol prpapBa7,aPREHIRINAST),S resuspended in [t0 at a cencentration of 0.1
prol es/ wllpJDB0AGAREL-HIBMOBR0F/UASH- H R are digested with Hindill and Sall and
t he | ar ge,pJBBD7RAPRLAHARLASK +UASR)sol ated. 0.2 pnoles of the 534 bp Sall - Hgal
fragment, eIBB297/BARFEHIBS of the 584 bp Hgal -Hi ndl Il fragnment and 0.1 pnol es
of the 6. PJRBROFGAPELHIIRGI | | vector fragnent are ligated for 5 hours at 150C
in 10 U ¢VPE7IRAPFHERIC pH 7.5, 10 M MgCl 2, 5 nM DTT, 1 nM ATP and 400
units of® 'IFHDW P @]DA one ul_aliquot of the ligation mxture is used to

transf or mR Pé\ﬁ' L'E'R HEAHPcel I's. 24 transformed, anpicillin

resi st ant pCJ' own I ndi vi dual ly in LB rredl um cont a| n| ng 100 ug/m

ggﬁb?gpl pl sm the tran ormatu n proto | S ri and é’a é %gg r( 7?)%
r seq h es.F%I i) td %I |r{e S arlj'nsf rme

i soba eygé;( I en

| nvertase SEG ycgggé;gggag@ ﬁﬂﬁﬂ%la&ﬂﬁ)on with the hi rud| n codi ng

sequence | er@p\ﬁ@@ B ,pﬁﬁqumghglg 55 Exanple 29: 48 EP O

©'
225 633 BMWEEEIGW AIDSERPRPELONREOAS1 Qse) | siae GRF 18:
Sacchar gnSaEsharcrydey bérbvithie GRF fgIDSIORPARFLIAIRUAS S:AAL2)L, hi s3- 15, [eu2- 3,
| eu2- 112, Saagharbmices Corevisias GRAESHIDBOWGAPEL-fRAS M ds pJDB207/ PAPEL- HI R( UASL) ,
pJDB207/ P/Satdharoiniiob/Bsias LRF BHIBERTGRAREMRH R( UASL + UAS2),
pJDB207/ P/Sabdberbiniiet/A&dvisiae GRER)pJDBDDEXPEL-GNREL - H R, pJDB207/ GAPFL- HI R,
pIDB207 4 GAFaEdhareinilisbcerdviziap SBE PP BZAFEAPFHHIID, pJDB2074PAPFL- HI R( UASL +
UAS2) | Dy (R2DB20MYydes-LaPpMisiabliGRF T8/pJPBOBIRAPFIGAIRIUAS1 + BAS)IDsi ng t he transformation
prot ocol dResehpiomyces perevigian GEF18nJDBR07IGAPFEHIRNGL | . Acad. Sci . USA 75, 1929
(1978)]. Zecharamydes eeipupiap SRE1S/IBP0I/CAPR- M -ect ed on yeast ninimal nedia
pl ates deficient in |eucine. Single transforned yeast colonies are isol ated
and ref er rRdformgniafion et the-YRastrmPMS s cer evi si ae GRF18/ pJDB207/ PAPEL- HI R( UASL) ,

Sacchar eﬂwc eé‘ellg' tﬁé/ é gerg'v?slagélé;% tPangE%gr?té aFl)"eA\Fe)la:c gﬂwﬁg U{% n:ll of yeast minimal medium (Difco

Yeast Nitrogen Base without aminoacids to which 2 % glucose and 20 mg/ L-histidine are added) in a 50
_ ml Erlenmeyer flask with shaking at 30° C for 24 hours to a density of 3 x 107 cells/ml. Yeast transformants
e containing plasmids with a hybrid PHO5-GAPDH promoter require derepression of the promoter for the
40 expression of desulphatohirudin. The cells are washed in 0.9 % NaCl and used to inoculate 50 ml of a low
P; minimal medium prepared according to the recipe of the Difco Yeast Nitrogen Base medium (without
amino acids), but containing 0.03 g/l KH2PO4, 10 g/l L-asparagine instead of (NH:)2S0s, 2 % glucose and 1
g/1 L-histidine. The cultures are inoculated up to a cell density of 4 x 105 cells/ml and agitated at 30°C for
up to 24 hours at 200 revs/min. Final densities of 1 x 10® cells/ml are obtained.
45 Yeast transformants comprising plasmids with the GAPDH promoter express desuiphatohirudin constitu-
tively. Cells are grown in a complex medium consisting of (g/) peptone (5), yeast extract (10), glucose (20),
sucrose (40), ammonium sulphate (3), KH2PO; (2), MgSOs (0.5), NaCl (0.1), CaClz (0.1), biotin (10 Lg/).
Approximately 1°10° cells/ml are obtained after 48 hours of incubation at 30°C and 200 revs/min.
The amounts of desulphatohirudin (as determined by the thrombin inhibition assay) secreted by some
50 representative transformed yeast strains are compiled in the following table.




Sacchar onyces cerevisiae GRF18I pJDB207/ PAPEL- H R(UAS1 + UAS2), 25

Sacchar onyces cerevi si ae GRF18/ pJDB207/ PAPFL- H R(UAS1 + UAS2),
Saccharonyces cerevisi ae GRF181p 98258 - H R Sacchar omyces cerevi si ae
GRF181pJDB207/ GAPFL- HI R, Sacchar omyces cerevi si ae
GRF181pJDB2074 FI-HIRD Saccharonyces cerevisiae

GRF18/ pJDB207/ [ GAF¥Rin BecRhdmmyges @mnelhaﬁlﬁﬁiﬁ/c psecreted kivdip) die GRatvest
81pJDB207/ [ PAPFL} H RCUAS1 + UAS2)] D, Sacchproniefs cer evihashe
GRF18/ pJDB207I ( -APEhggébﬂbABFL_ﬁa'%g(@y onyces ferevysl ae

GRF18/ pJDB207/ GAPFbaba2bl/BAPFR-HI gTenuagg onf of the tr
the S.cerevisi ae| Gphtis2orearrefHit NaNt s are epch gyown
m ni mal medi um (P penB2YBFAARELMIR r 0ogen Base Mt hasit a
gl ucose and 20 np/ pJdB207FSAPEL-HIBIDar e added)|in @950
shaking at 30 ( f pJDE207JGABEISHRIP a density| of 31x 10/ celd48s/ m .| Yeast
transformants contalrnng ptasm ds Wt a nyprid P oter require

der epr essi ofymdrd Gt 1P HALHRINGA btk 16kt S0 @Oofqa%e@uﬁarafamme bl t}d@ ,,-f‘g %féJ wlh&
The cell geif & IsNserefdd /Mibthd caffb Ha&iEm! M brﬂ&CH g ibifion OV

M ni Ml EBGipHERHRIADPRIRCcuRRS BrofliaR@inkife thé Balls 86 b RActidh of Bk 6f¢19wéé€@e’?ﬁnedﬂt:&r€ Ogen
Base nediigifin(iid BAUMBR NBidRectoC (MER) Biokbidtor CAW t Wétlkond SWitzbfan@)A sidil? [8a¥bhardrRycgd\

L- as pal® agbrewsiderarresisiDaozidek)-BifiGlinocdlafid ttoleCIRS confitl mbdigr ksob- alitvée) ahdiinEBated he
cul t ur es aB8E C withCanl agitAich taf df GOEretsthih anke &S adrafiord fatedof 200 3 Aciakil dehsity obS1d 10°

agi t at ed cels/miB (s (Sadtat. Sapplésoard 4ako et 18, @8 add) @2 hew's frespettively, aad the @rgért o desalf 1 X
109, cel | phatdhiredirein ¢istcakunelototh 4id inside théeeedld (atter disiplegrativasses Exappfera2kis dgerminad by ds

wi th tje tteArapbipintibitinneasssag gpgt ydtPLB@esul phat ohi rudin constitu- tively. Cells
are>gfown in a conplex nedi um consisting of (gA) peptone (5), yeast extract

(10), glucose (20),%ucrose (jO)ﬁm_e@mDm um%@,ﬁ@g,e(ﬁgﬁy KH2P04 (2), MgSO4
e

24
nsf oggmant§ 35 Cel I s of
n 14 of| yeast
noacsgds td which 2 %
Erlanmeydr flask with

(0.5), NaCl (0.1), Cl2 (0.1)]|, bioti }LU P er 10109
cells/m are obtained_after 48 hours ﬁ‘éﬂtm)n atP8. € and 200

revs/ msn. The anount $ akurgigstl [phatsohi|r udi n goas detjer mased Py the thronbin
I nhibition assay) seg¢reeliptriddy |som8 6(Q repregentatijve tatansfornmed yeast

strains are conpil ed|icoltwéisothol | 241 nd t abl €70 65 49 7P 0]|225 633 Bl

Strai n Saccharomyces |cel bleiiri ge @GRF1q/ secr &t ed hijrudiN ti of harvest
(ngh) (hour s) | FaiERETth HAPFR- HI|R( UASLYP 105 7

24 pJOB207/ PAPFL- HI R{ galsinterior y§SD)42 2% <1 2

pJDB207/ GAPFL- HI R 41 48 pJDB207/ GAPEL- HI R
35 48 pJDB207/ [ GAPFL-H R} D 39 48
pJDB207! [Exdhifid_ao-iCEfvRion of transformants on a 300 | scilb 48 10 Furthernore, it

I's determned thal at Teast 90 % of the desul phat ohi rudi n conpounds
expressged)meimdoe!atpmmte transformants is secreted into the culture nmedi um
In order to determ ne the distribution of desul phatohirudin in the culture
broth and iAdunlkertdieagaresiopss @ modulatedt fromm agleen lirozeni ampoué cbntainings cells of strain

f er rent atSpesharamyces; ceremisiap (3RE 18P IDBRABISARFoHIBa Onay pr (NBROB; stopesarre dicubaiad for 3-5

Vet mn dagvﬁt 12%-@(} |Gdﬁl@5 contg@tp af msumhqlqmwg@ule@ slorjlaly g@ smgle 500 mI Erlenmeyer

GRF18/ ﬂesg ntaining~100 My °f
b Agn g S c5’"‘ " ‘H‘?" ’? d an
above) ‘2] Eadel g? ‘3 ,ff %gﬁg} an
a0 t;orii %
N

Sampl es q5 ... .u% asks cfy“ e
esul -4sp Q@ .-SJ
d' si nt egf on §6?19“t| eepl re&u?’tu %Fe sﬁhﬂﬁﬁ &J{' ’aﬁbrhé1 1\;:5’ ti

assay ang¢® bﬁ Arfeter), 4 baffles; head pressure: 0.3 bar; aeration 1 I|tre of a alr per litre of medium per minute,
temperature 28° C, 48 hours duration.
The agar medium and the preculture medium are the same except for the presence or absence of agar.

50 The same preculture medium was used for all preculture stages.

Composition of preculture medium (g/l):

55
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time (h)

desul pat ohirudin (nmg/A) thronbin inhibition

cul tur'e broth 18 60 78 cel |l i
7 <1 culture broth 24EP0226833B1 7
interior 24 9 <1 culture brot
105 30 cel Lnterior 42

Exanpl e 30: Cultivation of tr
i nocul ati on cycle A nunber of

anpoul e containing cells of

GRF18/ pJDB207/ GAPFL-H R One
days at 28-30 C. The contents of a single agar s

O yesktowtiegentbaseg(Bifeg) 30D B4s
bdiliBal

hgmaraslmw& are in
t Fastdinsacchar omyces| céPe
pBlUGPE% Eerstsisly starilized)s| a P8

ope is

S Vi

ncubat ed for

HPLC 25
nterior 18
70 cel |
h 42 110
9 <1l

cal e a) The
ted froma deep frozen

si ae
3-5 '40
i nocul at ed

sterilely Cobpositanrogbgar m8Gunitl Er | enneyer fl asks w t hout baffles and
cont ai ni ngsai®Q@s plecuire prediom|plus 2@g Bgeell. um The fl asks are shaken on a rotary

shaker with a 50 mnmthrow at 250 r.

p.m wth an incubati

I on tenperature of

28 * C. "f bicihe p@duction fermentativg (3P0l scelb) t he contents of these flasks (1st

precul ture)
600 m of

cont ent of Medium

sterilel Ft
preculture

”F°'

:g—t 0

T Pt
pl ant precu? ure are as
styprer, 115 nm di arreter),

is inoculated sterilely into 2 |

r 870 1%\ 12 D Pk the (@rAWn PleaicREecuituse; Are "[trQW ?t@'m inig
48 hours a °°2'8°f*s(‘9"59nf°5"°ﬂ'6¥°8r Ryodyetion anediym. Tha, fermag

Erl enneyer

Jitresy "8

° ‘Fﬂé‘mf‘ P
O
haffl s head pressure:

‘Rl

fl asks cont ai ni ng
racB00 4 fegmenten Rentpiningr

n ganiipns, fos Jhey 90 hpradkotomh ¢
EPO%{EY‘Q'?:F'éb‘F‘i“’Héw?'-(dQ"%emé;"r)s“ bl e pngsur: 03
"

banfs’b 1 of air per
P!doﬁ Sed! e

600 r.p.m (single SIX bl aded t ur bi ne

3 bar; aeration 1

litre of,air per

litre of ng

deamposition of thenproduiction aegiom mnn r

e 28 C 48 hours

dur atf on. The agar medi um a
t he presence or absence of
all preculture stages. Conp
0 225 633 Bl yeast nitrogen
11.6 L-hsstidin

Conposi tion of agar nedium
b) The production fernentat
pl ant preculture are introd

N0 T fiagoRd €CUT T UTfe negy um ar g
Agar yeasdtidfra8i@Me P €CUjot Ur e N
DS t suarasedf precul t urgy nmedi un
basgH()E8d,cO0) 8 4 L-sasparag
Mgsio.@7Hgbucose (sapar at el
sanmdaGs precul tjure madi um g
on Ki2®0: 1 scale) 5 % (vlv,
IcedCaiaPlil0e] y into #0890 1

the same except for
di um was used for

" (gAl): 55 50 EP
i ne H20

y sterilized) 2.0
lus 20 g agarAl . 10

15 1) of the grown
ferment er containing

300-1 of sterile fernentati
conditidhs for the 300 | pr

JQHBEQH%ﬁIlz%n ng@ um Ihe 16

(single six-bladed stirrer,

rnment ati on

ws: 450 r.p. m

PO cd e 8 agiiyag { ! LG

affl ed:

head pressure: 0.3

is bar; air-throughput: 0-9 hours; 0.25 litres of air per litre of medium
per m nute, 9 hours-harvest: 11 of air per litre of medium per m nute;
t enper at rE"amPh ol Iso}g,’qqnaqf F’??H'pba@hﬂ'ﬁj'q’fmtﬁ 3aeheyliyre Protto 0. vi el d: 15- 25 ng/ |

(test ne hod HPLC
Conposi ti OEI
extract

supernatan 1S fi ere

ugh
NQS%OYH201 im; third: pore width

t e %
’( l’ e
gmg devnce 0
a series of Skan filter cagou hes

g]ed to 17°C. The cells are

:grgl
pore width 5 .um; second: pore width
.22 um) brought to pH 7.5 with NaOH and applied to a DEAE anion exchange

(72}
—

discarded. The sligh

40 column. The column is washed with sodium acetate (20 mM, pH 4.5) and eluted with sodium acetate (20
mM, pH 3.1). The solution (15 I) is brought to pH 7.5 with NaOH and concentrated to a final volume of 1.8 |
in a circulation evaporator. An aliquot of 1 | is applied to a Sephadex G-25 column (bed volume: 8 I; the
column being equilibrated with water). Fractions containing desulphatohirudin are identified by HPLC. The
desulphatohirudin fraction (2.5 ) is concentrated with a rotavap in high vacuum to a final volume of 200 ml

and is lyophilized.

An aliquot (2 g) of the raw material is dissolved in 50 ml of water, brought to pH 7.5 with NaOH and
applied to a Q Sepharose fast flow column (bed volume: 200 ml). The column is washed with ammonium
formiate (100 mM, pH 3.9). 26 mi fractions are taken and tested for desulphatohirudin by HPLC. Fraction
containing desulphatohirudin (1-65) are pooled (125 mi) and concentrated with a rotavap in high vacuum to

50

a final volume of 10 ml. The concentrated solution is applied to a Sephadex G-25 column (Amicon, the

column being equilibrated with water) for desalting. The obtained clear solution (25 ml) is lyophilized. The
resulting solid consists of pure desulphatohirudin.

55

Example 32: Construction of plasmid pJDB207/PHO5-EGL:
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NaCl - 0.1 KH2PO4 2 CaCl aZH20

0..013. 30 8H before sterilization - 6.0 antifoam
UCON LB 625 as requi r ed. Exanpl e FF 0RE3ZXBbn of desul phatohirudin from
the 300 I culture broth 35 The culture broth (cf. Exanple 30) having a pH

val ue of 3. 37’ ?luc?e% e&qa e1‘ li tlﬁg P‘F qoa@ﬁsﬁ’ éetcﬂ(! Lg S‘e
Sa-Le de- gl &éﬁef sﬁ&uoﬁéc%‘é grefg )uE 2 s kit & i vy @;3@& wine
slightly w hé*rmm amafué.o% the & céto

CartOUChe§ pﬁ&e is B&HeRed'th Aldm et@lmana?dﬁst% aQQ derit¥d $rhnrgd|r@|mEx$ Iésdism
width G ZR sigd clRhOWthe ESreBt driéntatioNVbf the NedHn #H3Ae@EHAS ehfted B B 7/PAOREGL.
exchange 4LcheRimiB8s coldIBias i TBRF18 is\ARbIGithoWial DsuSI0 HakdiBrRsRy Ab Selécddd dlYicuiiRidd
4.5) and @ dscEBedinERarpEEUND 8l 1Cas fotdctibie iiMhe Burd bilth. The solution (15 1) is
brought to pH 7.5 with NaOH and concentrated to a final volune of 1.8 1 in

a circul aClabws evaporator. An aliquot of 11 is applied to a Sephadex 0-25
col um 1§ belimsofouthe folPpwing Gdntractivig BtatedBE) PECKR.I GBI Iy Nit, 88, G, LU, Wat er ) .
Fractions contai ni ng desul phatohirudin are identified by HPLC. The

desul phat &hiMethed rforf the, gropption of, dpsy Qghatoslruée rrowprising tQuiiuring whdep apripsete puttient by h
vacuum t o a ditiopmyeagiohasheslly fransfagmed withsa fyidi vectprykawing [opy eimuliigle BNAJResEs pEhg)
of the raw rPaPRfsing|a yeast grressioy sentrplsequpnes, acHNAms'e?nt ceneistingief afitst B ?G‘E‘eﬂﬁPt h
NaOH arl ap rﬂ“?°é't99 t"'?? weaq nggl?é?"b*’étésef signgl H"P'fﬂﬁ/ “Eﬁ'leﬁm'r%%’éﬂ "39‘81‘%'?@‘3 WHE $9p

The col um i%" fon PRy dasHiAe! g ffa"ssy’f'ﬂ'ra' contr °'
fractions ary s?l 'blccfngglt ,r‘?%‘(f’ef“i? ﬁﬁ X ?ﬁ:rcﬂﬂff' Ing, yPpi: c"?tpﬁé‘?ri"ﬁ'ﬁ"m
cont &i ni ng 7T aﬁa'so ?ucfuﬁ e Bl 5Fé’& T25 m) and concent rat ed

with a,r of é@a@bf Qc&l&-ﬁ 1 é\SsHH”ShL ec?m%i: sgﬁ% Rtiol %umc bn oter

concentrat’e
col um bei ngncﬁ,qmbﬁlfﬁggfg %«i\%&' ne esal ki ng. e o ta| ne cﬁl ea

sol ution is lyophil |zed The resultlng solid consists of pure
desul phat ahlmm,u Mbccdp@ingE62th & RP ihe GRoUBEIOR Gk IDBSILAS, anasxaasdprﬁmm?ww@-
51 B> 02%avifBe Bimuldhe nucl eotide sequence coding for eglin

pol ypeptide of 70 am noacids fromleech has been synthesized i n Vi tro
subcl oned and expressed in E.coli as described in European Patent
Apptlécatl on NﬁVa146a18ﬂ‘erl'Imre>aa;;i Oyshf'mafm;lfw$em‘l G)Iytd;taa@n m&ﬁdﬂ:flgd
sequence to t or, t al __pepijde is achigved in
a conpbet el y a 38’&%%% Slaflb 1R SRRFRLAS §¥|ﬁl 16.
5 Asingle cl a:rle \Lietuh Gillye Sear mfsq:t Glry fmtuitn.ym Kﬁn t@h‘llwseral rhpegyect or
is referred to 7/ R Sacghar rev. styain_CRF18
i s transfor msdcg'z1 E;éggl%%’zﬂ;gﬁsfl‘grsngrﬁo %gﬁe sgeg'lyégfsedf%’hd& a‘ﬁﬂe{is ;ane
described i n BEGAnplcAw T leNPregldlu Glws Tyat ectable in the culture broth.
Clainms®10 Cainms for the fol | ow ng Contracting States: BE, DE, FR, GB, IT,:
NL, SE, CH, LU, LI) 1. Method for the production of desul phatohi rudl n
conprisin k5.8

cel lggXxtr aﬁs%uﬁﬁﬁggh&% 'ﬁw@'ﬁ?ﬁf’?’é‘ﬂvé@%&"%ﬁwn‘gmo {Phﬂdhf' cﬂﬂfa ?aggéﬁhte S
each™Cqgmprising a yeast expression control sequence, a DNA segment
consistirng of a first DNA sequence is encodi ng the yeast PHO5 or
invertase si grigal pépl i UpruPstr3sm Ofsatibiri Bloe&ern§lyr &lm WishhLews&ysnd DNA
sequence codi o] e S h hi,L wd] (9 er
transcripti on %og}'ga{;% Gfg %Lgxg%gs{g?%nb owgllgl GgquSZl %Qar{"ﬁa%
sequene®e cont athénbeye@ly Sezndspi GlioBlueLysnadsnofle Gysl Yalafhy &dlyat i ng
desul phat ohi r e I e d 0 h a claim
1 characteri Zgﬁiﬂ é{lgn?a?hpgg L %sgggnbgglnffgl Hggq%tr?cgg s%g'%ls“bs:}igé;h%

pr onot er corrprGbunglupiieeamaﬁiuvﬁinowgeMCes of one yeast gene and
downstream pronoter el enents including a functional TATA box of another
yeast §kne.

8. Method according to claim 1 for the production of desulphatohirudin variant HV1 having the formula
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3 Method according to claim1 for the production of Des-(Leu"

, @ n65) - desul phat ohi rudi n vari ant HV1 25 havi ng the formula Val Val
Tyr Thr Asp Cys Thr Gu Ser Ay &P P 225638 &K! Cys 30 Leu Cys u Ay
Ser Asn Val Cys Ay Gln Gly Asn Lys Cys IIe Leu Gy Ser Asp Gly Glu Lys Asn

Gn Cys Va'Th *?chle c-‘{e "for 4ot 'c)’ Ebd " anfilogici uﬁ‘%P Phe
Gu Gy el i XJ and préss Lt 9eh A E o
product i Qlib t}éﬁr!e'té‘ dding |‘Pc5sm'| a
40 Val V@.bnampumg a&'me&ys J.hﬁue sus H\g ewiwieh fotﬁmdwﬁetaﬁ.unegmm GI y
Ser Asfl ¥adingfe)fonéwith b Borfebtyoribitatio Ufsth the vector is refoirédl tb-@4!pSOByo#®ios4sn. G

A u Lys Aadehdabniycés/Serovidiae $thin GRP18 §d trin&ibrihed BS uddhi OTrbnéRrmiding afd seleliod ald &uinden ASp
Ay Asp Ef@estibed il Exarhgle20PNG ediVIC ietbethplb inlthdlcultr®bioth, Met hod according to
claim1 for the production of desul phatohirudin variant HV1 having the
fornmul a Shing EP0225633B1 The nucl eoti de sequence coding for eglin C a
pol ypept iClkmefor #® falliwingCintrecting Gtates:chE, DEFR, 8B.dT, NiySE IGHsHkbD in vitro,
subcl oned and expressed in E.coli as described in European Patent

Appl i cat itonMetieed feriihe pepguctigef deguiphatohivydin Camerising Spltyrindowndernrppogiatennuirient
sequence t odtoRE yeasthrsh eals dransforpect ith 3 Abritbiestor ayjag pree Hpyliple PNA 5.'&?1\569\?

a conpl et el "‘8?‘%[]9 ¥gs SV?SH% coel SPRYFecs: fBF“At?PQ"Eﬁ'}Y ?P“ i{in ﬁé@“"lﬂ?q':‘fﬁff 16

o oF ByeriEse; sidgpl;pe e P! i p mp it § soconct
:5: f\fiﬁg;g lg? rI;%se&e%:r% nrcrl hatgg equ n%‘?east rans r| %r\mm;? g‘gr
, ARd ék%go éag'o?e\ ru?dr n&%’rﬁtﬁe t?'e%-[ g% édn Co(viiing as

descri bed | e in the culture broth
G ai My, 1 ”AE d?rf&l?l% iftHaf thGdpteBibn Shritfofsdqu briff I,
. %ﬁ.s. T o e oty b r‘néhts -

conpri sing i Cﬁddralfl;}gt,ddgqﬁhg&mg{a{hb 8stBeHel | €Nt con- ditions yeast host
cells transforned with a hybrid vector having one or nultiple DNA inserts

each conpriméth@ @cor@iasto @M 1ERE the Mpréiétion ©f DERLENIGIF S )-dbsiiNAoRR@N Badant HV1
consi ki ng Kakingithé fofhilla DNA sequence i 5 encodi ng the yeast PHOb or

i nvertase signal peptide upstreamof and in reading frame with a second DNA
sequence coding for mature desul phatohirudin which DNA segnent is under
transcripti onallachatlr Aty rofThera idcs pe XQyrse THho (G len SeroGlye @len ésn amh TyENA

seguence cont ARSCri t si_gnal.s isol ating
desul pAat ohi r n rosf'ﬁﬁ}lt%‘ruglé'uIrg-‘tst:]r @%ﬁt’egpa&m%y?ora? % &5@0 é:syt o claim
1 characterizedea iLeth&@ly [SerefEpe iy ClooliysolAsse@len@ys Yad I'Iw:r ialy
promoter conprd,s { S S and
Gounst  cam pr ot SRl FEB A M C1e MR ot M XAT° Do e

yeast gene. 3G1MatGiod Hocdhoh @ju &lol Alynd for the production of

Des- (L€u64, d n 5)-desul phat ohi rudi n variant Hvl 25 havi ng the formul a
Val Val Tyr Thr Asp Cys Thr Qu Ser Ay Gn Asn Leu Cys Leu Cys Qu Ay Ser

Asn Val foﬂ’?iﬁ ag;({?d r@ ¥ c@ﬁﬁ élz the éycﬁjct?bq o’f b&-(hﬁ“)—@sbﬁp%ﬁrﬁﬁ@argn%ﬁ h'atvutgytﬁe Asn

Gn, Q/s Val ro Lys Pro Ser H's Asn y Asp Phe

40
‘Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys -
Leu Cys Glu Gly Ser Asn val Cys Gly Gln Gly Asn Lys Cys
45 Ile Leu Gly Ser Asp Gly Glu Lys Asn Gln Cys Val Thr Gly
Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe
Glu Glu Ile Pro Glu Glu Tyr Leu.
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5. Method according to claim 1 for the production of desulphatohirudin variant HV1 having the formula
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AQu Qulle Pro AQu Qu Tyr. 35 4. Method according to claim1 for the

producti on of Des-(@0n65)-desul phatohirudin variant HV1 having the fornul a
40 Val Val Tyr Thr Asp Cys Thr d uE%&”@?@‘n Asn Leu Cys Leu Cys u Ay
Ser Asn Val Cys Ay Gn Gy Asn Lys Cys 45 Ile Leu Ay Ser Asp Ay
GQu Lys Asn Gn Cys Val Thr Ay Qu Ay Thr Pro Lys Pro Gn Ser Hi s Asn Asp

Gy Asp Phe G uvél wal eTPr oTiE UASH UCHY I ThEUGLR0SEr &Y heth acGP N &y

claim1 for the, proguctjon desul phat ghj rudi n_vari ant HV1 havi ng the
formia 58 52 L&U eystetl elyger S5 1Vah 16v3 1G4Y 164N (Qhy Pem Lys Oy ¢

L N s * IlEPD@RSEBPHEEevahsp/atl¥Fyeld Ly Aswsys1d ftlfystJnS@fnzGéirﬁ n
Asn Leu Cys Leucgscfl uTGIy Ser, Asn_Val %s Gy Gn dy Asn Lys Cys Ile Leu
Gy Ser Asp G yCtHCTYTHREPE? L% PR G SeF \His Asp \Asp Glot dspy @b o G n
Ser H s Asn AspGlaaycrapibberfd WGId WGlh add ugfhu Tyr Leu Gn. 10 6.

Met hod according to claim1l for the production of desul phatohirudin variant
HV2 havrng the fornula 15 I1e Thr Tyr Thr Asp Cys Thr Qu Ser Ay
Gn Asn Leu Cys Leu Cys Gu @y Ser Asn Val '%ﬁ Gy Lys Ay Asn Lys Cys lle
Leu Gy Se§ AMsthodpogorgipg toaimn hionthespieduciian of/desulphatohimidip veyiant '@%Pamth?”%ﬁ"%n Pro
Au Ser His Asn Asn Ay Asp Phe 20 Qu Julle Pro Au Qu Tyr Leu Gn 25

7. Method accorgdi { "'1‘?71‘1.-] . f t i I t QI )
vari ant "PA havilﬂ'géqt hel:DT:[?rrarm a ﬁgg’r?ﬁ)%e%fogﬁﬁ E%;% afllyd%%% ggﬁl %er gyyéqe n
Asn Leu Cys 30Leu Cys Glay Gdys SeruASny Vadr CxsnGlyl LEyss Gy Aisps Lgisy Cadn Lys

Cys Ile Leu d E y | a h r Pro
L¥s,Pro G n Se?klﬁfsz'egsn%lg )ﬁﬁeé asﬁig;léﬁgyg Slggsl}{l (ka;lﬁr (E):yg ﬁragsghg )zg;l?;r Asp
€] u,\zs Met h&dua&dar §hrg Bre &sai Arp GR Sex Pisddsni dsnoGly Asp Phe
des™Val') 2- des U di . nghruct containing a yeast
expressi on conterlo %%ﬂ%e&a%%&é‘;\ﬂ%n?&i ng of a first DNA
sequence encodi ng the yeast PHO5 or invertase signal peptide upstream of
and in reading frane with a second DNA sequence coding for mature

desul phad ohi Methodh assbridiad) tolhdin $ &% e Piodiiciion ol destilphatahineiin viafidnt PABEving tha tarebla Of

sai d expression control sequence, and a DNA sequence. contai ni ng yeast .
transcription termnation signals. 45 10. A construct according to claim9
cont ai ni ng t he FO5Thr dFr Phr APNCrediientGloorigs Gy Gin tAsn M4ES Cygnal

seguence upstre@g} ' ' a‘;ra | | or
mat ur e @esul phat© ?é%%@%%%‘ﬁa%\ﬂg%%%nen V#%$u%&g%$g§g%%f icﬁc)}géal %ntrol
of the PHO5 pr olibe ckeu aGLy t Ser Bld | GIkiLgs espicksre Gn tCes AL TleneGly

Glu Gly Thr Pro Lys Pro Gln Ser His Asn Gln Gly Asp Phe

. Glu Pro Ile Pro Glu Asp Ala Tyr Asp Glu

8. Method according to claim 1 for the production of des-(Val):-desulphatohirudin.

40 9. A DNA construct containing a yeast expression control sequence, a DNA segment consisting of a first
DNA sequence encoding the yeast PHOS or inveriase signal peptide upstream of and in reading frame
with a second DNA sequence coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said expression conirol sequence, and a DNA sequence containing yeast
transcription termination signals.

10. A construct according to claim 9 containing the PHOS promoter, a DNA segment consisting of the
PHO5S signal sequence upstream of and in reading frame with a DNA sequence coding for mature
desulphatohirudin which DNA segment is under transcriptional control of the PHO5 promoter, and the 3'
flanking sequence of the PHOS5 gene.

50
11. A construct according to claim 9 containing the GAPDH promoter, a DNA segment consisting of the
PHO5 signal sequence upstream of and in reading frame with a DNA sequence coding for mature
desulphatohirudin, which DNA segment is under transcriptional control of the GAPDH promoter, and the
3’ flanking sequence of the PHOS gene.
85
12. A construct according to claim 9 containing a hybrid promoter comprising upstream activation site(s) of
the yeast PHO5 gene and a downstream promoter element including the TATA box of the yeast
GAPDH gene, a DNA segment consisting of the PHO5 signal sequence upstream of and in reading
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50 11. A construct according to claim9 containing the GAPDH pronoter, a
DNA segnment consisting of the PHO5 signal sequence upstream of and in
reading franme with a DNA sequenc@"&)ﬁﬁﬁ}aﬁir mat ur e desul phat ohi r udi n,
whi ch DNA segnent is under transcri ptional control of the GAPDH pronoter,

and t h? 3 atn%r%{hn %ge '5{9% &gm&atoﬁédlgizwhl BQR%B { |saEn(\ﬂQrr di ng
to claim9 Tv. b 1&91 dtﬁa‘%’ﬁnu e P08 gbheY At I ON

site(s) of t east gene an vvnstrea prom) er etenrent including

the TATA1§0K cmstchheccu.eﬁ&tto %ch&emg o P85 RaBENE DhNANShHbrit Renskfingt 81@hePHOS
si gnal g sequRRRse &ighdl sERBACE fupskdsn oNank 9 FbadIRG Tatre with a DNA sequence coding for mature

LITi i1 011 1 desulphatohiru@in ZRioh BIRM sdgiheittlisuiBer WaksBripforiai NAntic? 6y RHD5(Rdkotg, ahdthe BB UT €
desul phat olrdankigi s8quekidaiof the BN gemgment i s under transcriptional control of
the hybrid pronoter, and the 3' flanking sequence of the PHO6 gene. 13. A
const r uc 4. adetioddion the t prepatatkinnofOa ONA t canstruet cactdndingPtaCBainp r nabreising dinkibhlle geaghrent
consi sbi ng expre¢sive cbntrol sequences @rANAssegénd) nerisisting (pfl @ fistDNA sqquengerensbdiagttie yenst
readi ng f r aPHO5rtihvedaspigiing agefidn ciestroard ioh gndf in rreading Uneme vtk @l setrnd BINArseavencenhi ch
DNA segmentcodiag ter desplphatahinusiing angta RNtfaseavener ¢optaining veapidrapsqdption fepmipatien signalgd t he
3' fl anki ngheeredptarpigedyfrder.ne PHOG gene. 14. Method for the preparation of a
DNA construct according to clai m 9 co risin I | nkl n east to,

expr es'§i d% %&M‘E"ﬁ’o‘f"c@' E‘ﬂd’@e %5 g - 'ts it '_Ty? Dﬁ%;:
angulezcreegnieqﬂﬁﬁ" 8|Wm %3¢ g? q grliﬂcon ing or mature
|ru i h|ch ment 1S _under ld expresswn control
degul phat oh ) n ec ?CT<¥= 8 ?aﬁ NSCT |
termry t|on glgn S|n ne er br|d vector
navbws”ogg Rpil b 'asooB}ké\ta 5 s oRBil &amea@rma@oru.mtaﬁw SRR 10
control segence, ment consisting of a first sequence encodi ng
t he yeast -PHOG or |nvertase si gnal peptide upstreamof and in reading frane
with a sagomsinddN6r 66 PrepaatRn ©P At BHA Vebtbr #53brtiAcE tol@ird | 18 ainprising UrtioBucing ioaél oDNA
Segnmends i S MiGHY DINA 2RdARHILE lebdhNedntaRMp td §basD bxpeedsich €onpol eBueacs, GODNA Gbgment
sequence, afuilsiqingdi‘e RPN SQUenCNérzbdingthle yeastHHOS rod ingartasepdignalrpeptizie vbstiaérm oh
signals. t and(n iading\rimyeowithda seearidoDNAagstioende nayling dorahaturerddstipaatahitredinwhigh RNADNA
construct assgoerdiisigndeotrasgyipiiong cofitrot bfasaith éxpriessioh Tontbl seqiimce ed B AINA $eguence
pr &par at i oncoptainiag lgest Fragsoription darminalion sidialsgas ycle praintreduchg dengemperienty of seid Bfici ng
one orse25  constypts sicpdssivabNA thegrrsietermined olerdnio 8 WedtonPNAng a yeast expression
control sequence, a DNA segnent consisting of a first DNA sequence encodi ng
the yeasti&Phgasthost %UE?‘W&EE’@%’W‘ ﬁé‘Ybrgsg‘i‘qraé""E’E?g? P'e‘%H‘r‘lP@fD%'fﬁFeft%eﬁ"E&?!“H’f g ane
with a secoﬁ&”ﬁﬁW’§§ n el s&%!“i?

?el‘ilﬁ‘?" °
o S e i %'%pr S
terninati one’@'feﬁﬁln"glcgmm 94815 2512 DN 808 conta'F 'Pl%y " (?R 30

O—'o(

ucin

construc 8. A
veast hodP g Slobf s "d“%m%""‘Beﬁ’ﬂﬁ*fﬁf‘w%“@ﬂ%%ﬁg“s{%w%‘"n%*@%%ﬂ‘"e AL

I NSE€ @ eac corrprl sing a yeast expression control sequence, a DNA segnent

consi sti Bg, Mbthé b the broddotfonof HaHelofmRd §B&0RHsN@II¢ RBoriR® clai®corfprisiigansiame

si gnal pept inglQeddPrdst ATWIR a RybFld bdttof Ravihg Bdgle br rANEDIVDNAInsbrts 620 RombIiiAg agEasence
35 codi agprebsion Rkl Beuehes, L Prasegimbit .etisitinghif @HirsDBINA seganea tendoding! thel eypast
transcri pti PHGS ocCiovertasel signbl pepiidd upxippem S iand increading dtame egth engseond INA seqBiice
sequense cocading fompatyre adssulphatehividin | whichoPNA eegmientaisi under stragseeiptional Jogntrol\ ofy eaid t
host cel | aeewsskinmgnttobseqiencereriit: RNAseadiencaadtaining yeast tiagdgrintion tpemination Sigsaidr di ng
to any one of clains 15 and 16. 40 20. Method for the production of

t r ansf or rflaimg éqgdhe foliewing Gontacting Hatgs nAT. €S @} ai m 18 conprising transform

ing yeast host cells with a hybrid vector having one or nult|£ DNA
i nsert® dac Me@%y pvglqﬁqgutalo faéqsulphatohlrudm comprising culturing under appropriate nutrient con-

ditions yeast host Tells transformed with a hybrid vector having one or multiple DNA inserts each
comprising a yeast expression control sequence, a DNA segment consisting of a first DNA sequence
encoding the yeast PHOS or invertase signal peptide upstream of and in reading frame with a second
DNA sequence coding for mature desulphatohirudin which DNA segment is under transcriptional control

65 of said expression control sequence, and a DNA sequence containing yeast transcription termination
signals, and isolating desulphatohirudin from the culture medium.

2. Method according to claim 1 characterized in that the expression control sequence is a hybrid promoter
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expression control sequence, a DNA segnent consisting of a first DNA
sequence encodi ng the yeast PHOb or invertase signal peptide upstream of
and in reading frane with a second W§§§ﬁ|§ ce 45 coding for mature
desul phat ohi rudi n whi ch DNA segnent is under transcriptional control of

a1 0 X oo LAl it SENERE %equen.%gs B DYNcBE LR 550 AR o Homens

transcripti ogqh@hdd dadibrairasa oW n ractin
States: AT, Eg 50 I1 Met hod for t?tée productlon of desul phat ohi rudi n

conpri si NG, C Wethbid hdeskdikig ediaind P RhdPdelohizdOn Rbtthdri lusddGBast Mankfomidd witle a Bybrill Qsctor
cel s t gansf asiig @ne\br hultpleMINN ihsdrts/@eh Bmphaivg thE) PROBprerotéra DNA beymehionsiBBiRy df S
each conpri stePHDS5 kRAS seqRiits RFSroNN oCANB ti RAJIMSRAME WAL a DNA [SBifhere GB® MY for mature
consi sti ng OueshiphatshBiidin IMAicHS PIAI Sspmentas Gridleli trapscriptidna] esrtrdl dPHEPHOS pramoter, tand the
si gnal pept i delaokhgtseqpameof tha RHOS gens.cadi ng frame with a second DNA sequence
codi ng for mature desul phat ohirudi n which DNA segnent is under

t r anscr iopt4. o Mathod anserdiog togfiaim 1 chagdctesizeiddn Hatiharssisiugad veash trangformed pille a bybrid deetpr o
DNA sequence havisatone pi mtinjeclV ingerts fach icpmarisig the GARDH prometer. 8 gmen; esisting

i sol ating de8UhpIPHOS Fiondl sParenqegipstisam o (and iy wadiasirane with a DR f8qpence <ofing Ry t
claim1 char ﬁ@'t“@rqeiléﬂ‘a@i'!"”f"ﬁa’th"’[‘ PBIA segmastis pesler Eapsipional senyaleth the GABDH propwter: d
pronot er 54 and thes3' fanking seauenceof ¢ 93['?19 upstream act i vation sequences of

one yea’t eneaddvvntrea nIs

box of anothgProBaEa %; °'a' Efgs é'b@'ﬁt ngegry@ P?ﬂg%"beﬁfqga; CI&°°':| n
that there i oIS : °°"‘ ’ '"%p i dm g e TA%

okl tiple DNA GRS i) esne’ ém gggargt,
consi st yNg Ofsaliherdniding %':m qe &%&G& rse wmcw ae IR Bor
wi t h=a DNA S@%@dtﬁ&a&e NG teCHybritFprdMdter, §h'|la?. MRk sbaldhdd of 16 PABS LAWe Segnent
i s under transcriptional control of the PHO5 prormter and the" f I anki ng

sequence o4, Mafod’¥ordBE Reolairh @ chﬁaddhﬁdh@ﬁaﬁﬁ&@fs@bé&@eﬁ@trﬁkﬁmi&htﬁbay’b'itﬁtv&ﬂdrzed
i n that ther @aiing o BOMURSINA ifsdRS b2eh BEMbriving the RHOY Brométery £ DNA Begh@kti cOkistiySof OF
mul ti pl g5 DNAtHenm@Ftise siypsllsequandar upsirdag of faad (AFRRBNhgDTrameDwit a DNA blues@gevding for
consi sti ng ofmatureedesiifhatoBitugin AkhicheNAcsag@ert [sStntieratramsefiptiamat] control rog thel iPRIGS foroaater,
with a DNA seoitbeddlakngiseryerice of thePli®Sged@sui phat ohi rudi n, whi ch DNA segment
i s under transcriptional control of the GAPDH pronoter, and the 3' flanking
séquence of tMetoPaeBrdipg rfe claivs 1 gor %Pﬁ@@%c@d?eﬁmg“ﬁﬂ“dﬂwumaph&m wsent HVi ed
i n that 3 her &aving thefarmulzeast transfornmed with a hybrid vector having one or
multiple DNA inserts each conprising a hybrid prom)ter conpri si ng upstream

activation sitefs 1t y a [O ter_ el ement
i ncl udi ng the %ﬁ‘i—\g g%e,r ﬁgéyg‘ggt Eé%\P%ﬁir ggé‘ Sg §Sﬂe iCHS ng of
t he PHog Si gnal Lseqagacelupsnyes&rohsanua&ncg}@ Glyhcmadcm Asmrwsmdjtda DNA
sequence codi ng.{or esu ic seg‘preg nder
transcri ptional %%n roI Hg?’ g %5 gyp?;g EXPmiﬁdGEﬁlg‘:%s _ gfli
sequence of theGPuO6lgemkr Erol\/bybo(éracc(nhd'sag HoscAahnadp cbby e Bheed i n

that there is nsf qt e h_a hybrid vector having one or
Ie,, DNA i néggt E {‘91 géf’nglt’héyﬁHOS pronoter, a DNA segment

con5| sting of 25 the |nvertase si gnal sequence upstream of and in
reading frame with a DNA sequence codi ng for mature desul phat ohirudin,

whi ch DNA &e gasthod adcBrding thedlairh 1 300 #@rprgalictionéf| Des- (BN T)albsulphatbiirediibddant HvOhaving the
and the 3' fliamnWang sequence of. the PHOS5 gene. 7. Method according to claim
1 for the production of Des-(Leu 4,d n"5)-desul phatohi rudin variant HvV1 30

havi ng the for I rJrhr Thr, G n Leu
Cys Leu Cys GHEJ i %1 gs 3}% &}i’oé"t%é’ﬁ’ sﬁgy% E‘E;'? qu,g%ﬁ? ¥® Leu
Ay Ser Asp G ylﬁwdy)smaﬂmmm VEY C@s,/miyusld BGlyTRsnPLps Cys Pro
An Ser H's ASQSReF 615 R RsE b1y T dyLash Sandys GhY Y ey

Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe

Glu Glu Ile Pro Glu Glu Tyr Leu.
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9. Method according to claim 1 for the production of desulphatohirudin variant HV1 having the formula
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40 8. .Method according to claim1 for the production of

Des- (d nrb5) - desul phat ohi rudi n variant HV1l having the formula 45 Val Val Tyr
Thr Asp Cys Thr CQu Ser Ay G?WW’Q/S Leu Cys Au dy Ser Asn
Val Cys Ay @n dy Asn Lys' Cys so Ile Leu Gy Ser Asp Qy
Gu Lys Asn Adn Cys Val Thr Ay Glu Gy Thr Pro Lys Pro dn Ser - is
Asn Asp Gy Asfa1PRR G CGehd | Prey ShGai ol Werl @1y 82n9AshELéwccypecordi ng

to claim1 for the production o desul hat-ohi rudi n _vari ant HVvV1 having the
fornul a 55~~~Leu.Cys Glu Gly Ser Asn Val Cys fdy GlppGdy 38mehys Hr¥yS/al Val
Tyr Thg Asp Cygelli, uG'c-H. ! xGA}E d1y -2y Casn-1nCr sGrmCi-HrE@r Asn Val
Cys dy dn d Asne ySe ;G IIeL&LeuGI Ser§A8 {ysAsn
Gdn Cys val T 1\G%lyG'RPGPf°THrYﬁ3qu_)%1’PrﬁFIG’#SS nHASPARLY ﬁPé’*}PAsp Phe
GQu Qu lle Peg Ird- @18 dh G, )d according to claim1 for
t he productlon of dg'esullq atrohl rudi n"\‘/]ﬂl’ ante‘JHv‘\Qlﬁz aving the fornula 15

lle Tar Tyr Thr Asp Cys Thr Qu Ser dy dn Asn Leu Cys Leu Cys
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40 13. Method for the preparation of a DNA construct containing a yeast expression control sequence, a DNA
segment consisting of a first DNA sequence encoding the yeast PHOS or invertase signal peptide
upstream of and in reading frame with a second DNA sequence coding for mature desulphatohirudin
which DNA segment is under transcriptional control of said expression conirol sequence, and a DNA
sequence containing yeast transcription termination signals, comprising linking a yeast expression

45 control sequence, a DNA segment consisting of a first DNA sequence encoding the yeast PHO5 or
invertase signal peptide upstream of and in reading frame with a second DNA sequence coding for
desulphatohirudin, and a DNA sequence containing yeast transcription termination signals in the
predetermined order.

50 14. Method for the preparation of a hybrid vector having one or multiple DNA inserts each comprising a
yeast expression control sequence, a DNA segment consisting of a first DNA sequence encoding the
yeast PHOS or invertase signal peptide upstream of and in reading frame with a second DNA sequence
coding for mature desulphatohirudin which DNA segment is under transcriptional control of said
expression control sequence, and a DNA sequence containing yeast transcription termination signals,

865 comprising introducing one or multiple DNA constructs each containing a yeast expression control
sequence, a DNA segment consisting of a first DNA sequence encoding the yeast PHOS or invertase
signal peptide upstream of and in reading frame with a second DNA sequence coding for mature
desulphatohirudin which DNA segment is under transcriptional control of said expression control
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expression control sequence, and a DNA sequence contai ni ng yeast
transcription term nation signals, 55 conprising introduci ng one or
mul ti pl e DNA constructs each cont aF'?lpl?ﬁsﬁ%Ehst expressi on control
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50 ‘Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gin Asn Leu Cys
Leu Cys Glu Gly Ser Asn Val Cys Gly Gln Gly Asn Lys Cys,
Ile Leu Gly Ser Asp Gly Glu Lys Asn Gln Cys Val Thr Gly

65 Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe
Glu Glu Ile Pro Glu Glu Tyr Leu.
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50 : Val Va-1 Tyr Thr Asp Cys Thr Qu Ser Ay Gn Asn Leu Cys Leu
Cys Au Gy Ser Asn VaI Cys dad A n Asn Lys Cys. Ile Leu d Ser
Asp Ay du Lys Asn éﬁzﬂ”ﬂﬁ” 56 y a a Th >I;

1y u y r Pro
LysPEo dn Ser HlsAsnAs GI Asp PheGIuGIuIIeProGIuGIuTyr Leu.
57 * 2 33 e I on
1, pour Pa P[S?‘%Acf F i"(')anre ﬂg?/ag?"l ﬁﬁ?ur%HoJamqudu "g'ﬁl ? ?Féﬁl ruégltﬁ'ér&m dflg'gra%l e 5
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Pro Ile Pro GQu Asp Ala Tyr Asp Gu 40 . Procede selon |la
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Pr odui t de construction d' ADN cont enant une sequenc regul ati on

d' expressi on MY @YEreluyflysSer AgagNadt CH‘-‘A@WcMﬁ §t13nb\5@n Lyi%e G¥Seni br e
sequence d' A[i\!léoﬂé‘@tGP?USei-eABEp&'l?eLékgaﬂ RE'ﬁBcg I)Hs”‘(’%.rlt TG &y evure,
eux
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codant pour I(&l‘HGGJ:B’f'&hﬁhPFBdi\% REPURAY Fert HissdsnphisonGly dsps &eent

d' ADN &t ant r@g,yl@fupﬂelggbtglﬁegggng‘grdgeﬁegﬂhat|on d' expression, et une

s6équence d' ADN cont enant des SI ghaux term naison de transcription de

| evure. 50 10. Produit de construction selon |a revendication 9, conprenant
| e pronot eur PHOB, un segnment d' ADN consistant en | a sequence signal PHOb
en\aiont 7et Praséddbricnda hentlicationut, @oys darpredagiion A vagany Ra de BdentiaiehirudingpDie fomwierit

pour lsa desul fatohi rudi ne mature, |la transcription de ce segnent d' ADN

etant regul 6e rom) e C e mte
3' du gbne PHE}E Brl YrPfr Hu?‘ﬁpggy@’o%\g 3&% %n Sg@.fﬁlgx rever{' ‘gg#fn 9,
cont elnarFl)Lol6 © BEQTRYSUGLGABDY. Ser vl CvADIB Lyo Tgiss Gyt Aam ILySs &ilfence
si gna en anbnt et en |_ect [ n @|pce
d' ADN Eodant B8r LEY Géé’ulsleé'pﬁ ne}‘ r‘?alt}\fr-e&aﬁ c?'?gngf:r?ﬁai gﬁﬁge ce
segment d' ADNggL2Bh v €8 @ecPUYHSPro Gln Ser His Asn Gln Gly Asp Phe
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s

40
8. Procédé selon la revendication 1, pour la production de la dés-{Val)-désulfatohirudine.

9. Produit de construction d'ADN contenant une séquence de régulation d'expression de levure, un
45 segment d'ADN consistant en une premiére séquence d'ADN codant pour le peptide signal PHOS ou
d'invertase de levure, en amont et en phase de lecture par rapport & une deuxidme séquence d'ADN
codant pour la désulfatohirudine mature, la transcription de ce segment d'ADN étant régulée par ladite
séquence de régulation d'expression, et une séquence d'ADN contenant des signaux de terminaison de
transcription de levure.
50
10. Produit de construction selon la revendication 9, comprenant le promoteur PHOS, un segment d'ADN
consistant en la séquence signal PHO5 en amont et en phase de lecture par rapport & une séquence
d'ADN codant pour la désulfatohirudine mature, la transcription de ce segment d'ADN étant régulée par
le promoteur PHOS, et la séquence adjacente d'extrémité 3' du géne PHOS.
65
11. Produit de construction selon la revendication 9, contenant le promoteur GAPDH, un segment d"ADN
consistant en la séquence signal PHO5, en amont et en phase de lecture par rapport & une séquence
d'ADN codant pour la désulfatohirudine mature, la transcription de ce segment d"ADN étant régulée par
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d! ADN.codant pour |a desul fatohirudine mature, |la transcription de ce
segnent d' ADN etant regul ee par hgg’lé%% ﬁience de reqgul ation d' expression,
et une sequence d' ADN cont enant gf?é de 59 EP 0 225 633 Bi
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-

autre gene SO revendl ca | Se

co quo |, Orbrgfépé G 1 RferlalRYidh §, daf 3% V& 6 leoth vieRheles
cagyenant (RS ,,gl':r ¥ iorledis 1 coidy (fgmgﬁg O i | €
Prom-,, 20 teur My ntUASHE 5HEIREnt Gn AR NS fuibres | sipha THHOB b dtoRE6t A ShaseSded Nl

PHOS.0n ams&ur@BarQﬁp&hﬁﬁﬁ'e Qﬁuén%’&')\lﬁl@cdﬁﬁﬁt pbt D @stitatbhitibife MEKEIA &anstriphéd e

codant pourcel Bgfiéhe tabR SRR gLl Har BEdMoRLr PIROS, BEIB S6dubIeb iadjitefte dRRIrEHRE BB
d' ADN dt antgéh@gmi)sﬁe par | e pronoteur PHOB, et |a sequence adjacente

d extrémite 3' du gene PHO6. 25 4. Procede solon |la revendication 1,

car actzer us ePrevddé sslapue reverdieationy)| Girsetétisdeon| co\que ot empivist W ievere dransforrode avecereur

hybri de conieetartiybrida condengitis ioe whusiews spgmants d'thsériics sPADNogemgrepdDichacuRde oremat

chacun | e pewrBAPDHOUN seGABPDI'ADNcopsigiant e ladséammce signsl BHQEen ampnt gt encRpgindee

si gnal -PHOSeciwe paroerporbd uemségimnced 42N rasentypow imddsuliaiopidine matuignia trasgiptipode

d' ADN codange segroent t'ADN Staot| régyiée Inprr e giometeyreBARPH, ot ja:séayenge-adiapqste; dpirefpité Sedu

segmerfe d' NBRPB'E'%t regul ee par | e prormt eur GAPDH et | a sdquence

adj acente d extrd 3'

revendi c&t i d'PFé_dLé 3?1, r'é&"%’}dfcgt@" °" °°(ﬂ‘t° ? '° lﬂ'ﬁ °"P’83’ ?: °"[r:%§a §j§r nee

avec un vecf ﬁﬁg °" '3 ﬂ'é' %"a::a racu

d ADN Corrprt%lﬂ :’: it en iﬁg;ss BS alona @g&r’l u

sites ¥ aCt??%qu?eréﬁ si W&I @f Ie% r r ortlé\rhng N codant

pr onot eur aﬁu faﬁsc 5 e P 1o eRROTEN!

d' ADN consr VoA otFd\ss siréhiR!a & §da epno@rmnt et en phase de lecture

par rapport A une quuence d ADN codant pour | a desul fatohirudi ne mature,
ngr | Brbdsad s6léh 18 PovorRibamn 1, carddidhibdOéndet qub EGlbripbiare Idvere Mansidinésidvec un

hybr i de, et vécRurImbrite oferant tnartiusiedts esgimeatsidinserion CADNyempreRédBhacdOle pomo-

Proc6de sol war PHDS| @vsspiibr atADN rcodsjstattende sdsuersé signal d'avayiase dn' apontaiph phage de

| evur e tranwsétas parcragpoe @ une ségeante dADK pixfantchourda ddselfatohiruding matyrep laianssntion de

segments d' censegmrit crADY éédDrégwéeppae feamematdva PHOS, let lasfamrnce adigeantofaFqRIBEmig 3" du

segnmends d' A@liNe PHBSI st ant en | a sequence signal d'invertase on am)nt et on

phase de |ecture par rapport A une sequence d' ADN codant posu L

desul f at hi Praefid eelepdle ravendicatign i ypepyde Progclion fuyariaptVd g Jadee-(LquASig érdéa%‘ﬂ‘amh

r~gul 6e parirvydise,dedorbiBer PHOS, et | a sequence adjacente d' extrenmit 3' du 45

gone PHOG5. 7. Procede soI on | a revendi cation 1, pour |la production du

variar 1L g Ay SRR cTBRE RS s oL AT RO Vel 1
Asn Val Cys @en @ys GM /tsryLs'sr@sn val Cys Gly Gln Gly Asn Lys Cys

Ile Leu Gly Ser Asp Gly Glu Lys Asn Gln Cys Val Thr Gly

Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe

Glu Glu Ile Pro Glu Glu Tyr.

o mAG
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Ile Leu Gy Ser Asp Gy Qu Lys Asn Adn Cys Val Thr Gy 55 tflu Ay
Thr Pro Lys Pro dn Ser H's Asn Asp Ay Asp Phe Au Gul le Pro du
Au Tyr. 60 EP 0 225 633 Bl 8. F?B(?zﬁ Bfon Ia revendication 1, pour la
production du variant HV1 de | a des-(G n65)-desul fatohirudi ne, de fornule:

G u day \%l P %ﬁdﬁ}%f I-ggyeﬁ%@uo% poﬂ&g p%lﬂJu vg@/‘t Iﬁ1 ﬁ&a—@;)%%éétgwg@% y

G u Lys Asn n Cys Val Thr dy 10 Gu Gy Thr Pro Lys Pro dn Ser
HlsAsnAspGIyAspPheGluGlu IIeProGIuGIuTyr Leu. I5 9. Procedd
sol on |3 revendiqaiZan oy r PEHF A duwhroolduswrcagt GHvIAstk Leu Cys

desul f at ohi rudi ne, de f rrrul e VaI Va r Thr.

Asn Lou Cys LeLLeLQGyGQﬂJGQAY @?rﬁéﬁn Pl nggy%incﬁéﬁ%ﬁn% gys/s Ile
Leu Ay Ser Asp Iyep&é}y&ﬁsnsﬁ elg/gwat, shasfl g16l OySl val Tihr Bly Lys
Pro An Ser H 'S Leu

| P d
G n. 107 Pr ocecaal\semq,n T!H-' r%ﬂ%nfelYEa?FBncin 55&3#36555{1853%# cﬁPR/ug yerant

Hv2 de | a desul gesigrgyhe @ led, Thr Tyr Thr Asp Cys Thr Qu
Ser Ay dn As ]L qﬂi‘&ﬂé]epfeu y Ser Asn Val Cys Ay Lys Gy

Asn Lys Cys 95 Ile LeuGIy Ser Asn Gly Lys Gly AsnGIn Q/s YaI
Thr Ay Qu Ay, Thr Pro Asn._ Pro C%% F
lle Pr 0’5CI % @%ed?ﬁb’f_‘? Jevendicatioy 14 gour PPE?EB‘@%“ %YaB??t 1'“51 Jedde dostiifon ‘fd5'ﬁ dff°'f5'8'ﬁr

| a production du variant PA de |a ddsulfatohirudine, de formulo: 45
I[le Thr Tyr Thr Asp Q/s Thr Glu Ser Gy @n Asn Leu Cys Leu Cys Qu Gy

Ser_ Asn Val s Asp
ST G n LOs V& alra sy oy i Glr‘kegﬁg ey Fin Adh Be6 s>, /
Asn\a@ n“Gy Asm.euPh.@vﬁm\a ij Sée Aﬁxovamyspsrwacmrcmp\ag M§5¢:{2
Procede solon | a revendijcat on 1..p u

d~s-(Vval) 2- d6s Fita e QU 1‘? Fﬁggd%f‘d f‘gge%%#a |on §‘ Val Th U|Gt1yde
construction dG&Iq\lga(yﬁtgqﬁarp;ww_{geagencEndsetegﬂka&snnhspeﬁ(hte‘é&'-! dhede

| evure, 2guin segnent d“ADN consi stanggg ¥£e pL Ere sequéence d' ADN codant
pour le 611 |Gy GYu Jle Pro ExnGiysIyssles né Bti do si gnal PHO5 ou

d' invertase de |levure, on anont et en phase de | ecture par rapport a une
deuxi bme sequence d' ADN codant pour |a desul fatohirudine mature, |a

t ranscri pt 109 fragédéselon lagemendicatipn Appoun tapradugtien gy vadand HY2 dedlg ﬂése'f%@q%ﬁc@ fereule
regul at on d“expressi on, et une sequence d' ADN.cont enant des signaux de

term nai son de transcription de |evure, selon |loquel on |ie une.sequence de
regul ation 5 Iled'rhtpr'gxsl'rdmr asp axw@hmrshe@mtcky Al srsikewnCy®n une

premere SequUepEs ey Dﬁl gﬁ %u&.sn Val Cys Gly Lys Gly Asn Lys Cys

% Ile Leu Gly Ser Asn Gly Lys Gly Asn Gln Cys Val Thr Gly
Glu Gly Thr Pro Asn Pro Glu Ser Kis Asn Asa Gly Asp Phe
Glu Glu Ile Pro Glu Glu Tyr Leu Gln

11. Procédé selon la revendication 1, pour la production du variant PA de la désulfatohirudine, de formule :

45 Ile Thr Tyr Thr Asp Cys Thr .Glu Ser Gly Gln Asn Leu Cys
Leu Cys Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys Cys
Ile Leu Gly Ser Gln Gly Lys Asp Asn Gln Cys val Thr Gly
Glu Gly Thr Pro Lys Pro Gln Ser His Asn Gln Gly Asp Phe
Glu Pro Ile Pro Glu Asp Ala Tyr Asp Glu

50

55 12. Procédé selon la revendication 1, pour la production de la dés-(Val).-désulfatohirudine.

13. Procédé de préparation d'un prbduit de construction d’ADN contenant une séquence de régulation
d'expression de levurs, un segment d'ADN consistant en une premiére séquence d'ADN codant pour le
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pepti de signal PHO5 ou d'invertase de |evure, en anont et en phase de

| ecture par rapport & une deuxi bne sequence d' ADN codant pour |a

desul f at ohi rudi ne, et une sequenEB 0f23 P Egntenant des signaux de

term nai son de transcri ptlon de levure selon |'ordre preddterm n6. 10 14.

Procedd de pBpgd %ir?ﬁgl 'Pﬂas Rnvdisd Qb eviRS 08 Sfont AMUnCHRALRT deUBcts' pR reiSoR & dhe
segnents d'g Woﬁrnlﬁ% JrAeHirdineWn&urs A8 HEREMDHSEdd &D5HgMbALON

d' expressi A tén??ébuléne patlidite REqEBAE ddl redlibtion Qidsdréskian) bt B sé4ubhch HADN britenant
sequence d'geDihiaBddd orntialébn dtrdnSdibtio] Qe Fvi@B deloir iddGel BMlicCunb B¥dubica B8 réd@lation v Ur €,
en amnt elyeRpledaidR 86 1ewie, luf Sdgrhomt INDN doRsEAT én uRe pPraMidfbassyUehoaR' ADNCoGmE soudlle ADN
codant pourpeptide @ighdlIPHBE @bidinveit:dé e levirs,UsneamdnBiett ancpheser deDibéte parerappert Segeent

d' ADN et antdedgiel sdquepcr d'ARNI cddentpeayUie MéslfaehirudirgLibtaine eénudrise d'ADNCEoatrpantdesi on,
et une sequignar deltefAhhison ¢ wanamiptior els lesirg selamd'ode présiéeimingi son de transcription
de levure, selon lequel on introduit un ou plusieurs produits de

const ruc14. FnocddéBNréracatienediumyeciobrahybride partsnapicuncqycriusigirs segmentsdinsartion d'ADN,

d' expr essi camprenantshagup Unm#qwgﬁﬁgwﬂm’@mnﬁed?wmew 9gfge F'ém‘ B?’E'Sta"t
sequence d'onDRP Peadr sdguriee HADN cpdantieous |°gﬁ‘?a'rd°ﬂ%§ PS5 udiiry ﬁs%lg% le I°€vur e,
en anmont atamept ehep! Ipciie Eﬁ’éap %ﬁa \"Qgggﬁ'

codant pouruqing 'B‘ﬂ'é’?,rl"f 55‘! et dle I Stantyegu

at |

uI on
segnert d' AR si“‘*%?ﬁ’t o fiYQaCe {1 rs st a af%ge ﬁg:'??ﬁg:?g sc"pg" SI on,
et une Sequ ?'éice g _regul tfgn ugexPr sro F: @%\:meJ/KBM‘ afefdnt &1 fé}ept i on
de levure, ool Eﬂ%?éé‘é‘?eﬁxr 1Gn GiAht Bf Qihbdes de
cogstructi 0&3 c,g, qfl t Bou? ALERIRoRR HE Fatuks) 12ADN
de Ve%s EUr . srafredriptiOn dgs nld@AlfN dufél pd‘l\ela&iﬁ ohce dRCkSUTatiSHE A bPr6udich, et
t r ahef Or MegiRe @i fbnob B:ABR ChiftbHnt faxéoé.gnd@( deQHnfiBiSdH deUiansRlibtiBr HESIBVRKY, BIs YEEKIRI¥nS
d'inserti oNnfdadiaht 106 RBRBREHE ke W&U&hrty Q6 cORELLABT @'ADR, $uegssidinoftisslon I'ordre

d' expressi %ﬁgrrﬁ,ﬁvdaﬁgunm&agmt d' ADN consi stant en une prem ere
s6équence d' ADN codant pour . |l e peptide signal PHO5 ou d'invertase de |evure,

en anpt 18)WPresddddesiedudion lde ebluleehqias deriavoparabsioiméns @ved e weatawehybride contenant un
sequence d'cb[psiears ssyimefits dinsértionAGOM, Eamipenant deicuncunersdquense dé wgulationd’ exprep%"?"on de
ce segment db IADN, et aegmeBOd'ADN censiglaiten yva rpremigaié sénuerce dABNcodant pet el paptiden

d' expr essi csignalgtHQGme diBgdase de leltrA DN aoonitaurparphasdels lastugnRer sepprst 3 Werdendimeon de
transcri pt i aueres ¢'ARN cagant poyr dnddsultgtobiudiop mefuen 8 ignsedptionado eectepment SARN Rt (o

| evur e avebaulfie pedadite sfaupnep dp &@u'eveﬁﬂem'%ﬁt B8 S “Ef'§P Srﬁ\P HP%S'Q"W

d' i nser t i orfedermRisoncig isnssritian d%'ﬁ‘&'&JFP'%ﬁ%*“ﬁ '9"““9 avec

d" expr essi o‘I“i‘ Ygciayspybre °§%‘ ngn o s\? 'FSL J?, o ém‘ res
Sreont

d' ADN cod EFrd*H’ég o ' t
ou en ;éﬁage Foge'{i ':g?gt o GSI Jpédiﬁg b sedeléﬁlg féhﬁxlﬁﬁeﬁm elQ s up%ﬁa\l‘m)n

r}e ence t lo] l d

codant pOUf ‘1' %db @fbﬁﬁ{dn GHEssfof, ot Bne>@GUBREY

d' ADN et ant® sslg teﬁ'ﬁfmn @ﬂgﬂ:gc"%g ation expre55| on, et une
sequence d' %\ con enant gnaux de term nai son de transcri pt i on.

Pat ent anRinhSprithe at ent anspr Uche fU fol gende Vertragsstaaten: BE, DE,
FR, \%m t%tnulwsprlﬂie firTolgérde VdrtlagsStadtér BEC DE,ZR] GIBJAT, NLESE, CROLUY/ ON

Desul f at ohi rudi n, unfassend das Kultivieren von Hefe-Wrtszellon, die mt

ei nem HyRri vhrbrDzur HeéraBIRhg voni DesdIfatshindln, uthtassead dasdditivierarevon ¢isfe- ViDRsaeliem skerrois

hat, | ewei | GneniTfiybsivekior tensiermidefsind Fdep bie DgéromablecnbNhsaste hetcinwsils @infassend eine

DNA- Segnent HéjeExpedssisrakontnliseguene eircPNA-SegmBh/hoRehgurbaus einghi asstérolpNAISpquenz, digftir

Hef e- Pisi05-  desidiefe-AHOBCodon dwerBisesBighaipeptidi cddiert dirasyapiwirs vop ved imleserahmes mitaingr | m
Leser ahmen nweitencPNreBoquena; diefir Rifys- Bosigtohitudin gpdiery welcheg DNASegmeest prites deTrNgti n
codi ert, weériphienskomrglie der toy Fxrspssigneionypliseayenz steht und, pjag BNA-Sequenz. di Hefe-
genannt en EXprseipiionsieanieationseignale enttiil, yntargagigneter fhr dWS“’WA“"gé"ﬁlPéWE voruPesUitief e-
Transcripti Siebiudin B dem W?@Pﬂ'ﬁ&l e ent h| lt, unt er geei gnet en Nahr bedi ngungen

und 1s9li eru von S h| r n d ahr en
nach pns et 53“ e;r:z e g ot bl R
ein Hybrl d- I:’rt or © elnsc |i'eBIjé n% % nzen von
ei nem Hef eg@ M @ Peant. o ore errente e| nsc ei ner

f kt | n6s al al |
un 'é%g%l %r-fa;[ ﬁascfégufarar&ﬂ 1 déé,pﬁg&e@rm?ga&rb#w@ea RBosdit Mﬁmde.tv Adite VB Nmit

Anspr uc ung eues
& 3n65) - Desu ato i rudin-Variante HV1 mt der Fornel 62
111111 HE 12122 11 Tii * C L M S *
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EP 0 225 633 Bl Val Val Tyr Thr Asp Cys Thr G n Ser Gy G n Asn Leu Cys Leu
Cys Au Ay Ser Asn Val .Cys Ay An Ay Asn Lys Cys 5 Ile Leu Ay Ser
Asp Ay Qu Lys Asn dn Cys Val ThEP Elzé"'mey Thr Pro Lys Pro G n Ser His
Asn Asp Ay Asp Phe Qu Qu Ile Pro Gu GQu Tyr. 10 4. Verfahren nach
Anspruch 1 zur Herstellung der Des-(d n6s5)-Desul fatohirudin-Variante HV1

&5 Gy 5";”‘;;*%'33“%;?}” TRE 2ERP S ThAL 6T 8% 1 Sl olsh pes vk a1y
Ju Lys Asn d e&y§¥$a911lhﬁlm §ewL AZD Val Gyls Glyy TIn Bly asn Bye a Ser

H's AsnsAsp G yiaspelherd I 2 rf hren
nach Ansspruch 1. zur Herg' eugné'jls &l &llgfa gh| rudﬁ?’x\/?ryl a?ﬁg’ R\; der
Formel Val.Val G Ginr TMpPE‘,?sLYEr PGPUGSH S@lry Hilsn A% Asn GLys ASP Phe uen

Cys Gu Ay Seigis a n Lys Cys Ile Leu Gy Ser Asp Gy
Gu Lys Asn A n Q/gléakl%lr?rg &lg &lg *y?ﬁ Pro Lys Pro Gn Ser H's Asn Asp
Gy AspmwPhe Gu Qu lle. Pro Glu Au Tyr Leu A n. 35 6. Verfahren nach

Anspruch 1 zur Herstellung der Desul fatohirudin-Variante HV2 mt der Fornel
40 11 e Thré&TYpriatep nagh, Ausprichr{ r zugyHgrstaliyng der, Des-(§InKa-Resuiiatohirydin-Yaggnteoti¥1 @it dery v
Ser Asn Val golgy Lys Gy Asn Lys Cys Ile Leu Gy Ser Asn Ay Lys @y Asn
Adn Cys Val Thr Ay Au Ay Thr Pro Asn Pro @ Ser His Asn Asn Ay Asp Phe

Au duMle Pr g
Her stel l ung der agesua% lﬁrﬂlﬁ:ﬁniﬁﬁgn 3 &"Im@tgxgerhr or malrh%'gbjﬁl1 Jclg@é 225
633 Bi |le TliTrLeyrCy$ rGlAs Blyy SethAsa Waiercya 120 rﬁlxsrslae&szy@:m@z@s GI u

G Ser 7o VAl elys Ay T o, S S0t i S O

K@ y Asp PheGIat LGEy (THt Pro LY@ Pris §141 Semy Him Asn (AsSp GLly Asm Fhecn

nach Anspruch I Desul fat ohi rudin. 9.

DNA- Konst r ukt , gﬁh%ﬁe%geé%%%%%%g%%skom rol | sequenz, -ein

DNA- Segnent best ehend aus 15 ei ner ersten DNA-Sequenz, die far das

Hef e- PHa&b- oder -1lnvertase-Signal peptid codiert, stromaufwarts von und im
Leser ahnmens. mverfadten @schAnedrict n ziiNiarstsiang etaizDesulfaihitud@in-Vartante ¢ty/1 Détslel Fozrtedhi r udi n
codiert, welches DNA- Segnent unter der Transcriptionskontrolle der besagten

Expr essi onskontvailv&nuryz 'Bh£Msplmfs€'nE@ Wé‘@ﬁbﬁﬂ% GPh Casn Leu Cys
Hefe- Tr anscri pt:hons r%g éfﬁ?ﬁa? e enthllt 20 1 Konstr c
Ansprucke 9, entH&Pt AR oYal £¥E Ry BineBly Asn %@Yéus der
Ile Leu Gly Ser Asp Gly Glu Lys Asn Gln Cys Val Thr Gly
Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe

25 .Glu Glu Ile.Pro Glu Glu Tyr Leu Gln.

6. Verfahren nach Anspruch 1 zur Herstellung der Desulfatohirudin-Variante HV2 mit der Formel

40
Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys
Leu Cy$ Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys Cys
. Ile Leu Gly Ser Asn Gly Lys Gly Asn Gln Cys Val Thr Gly

Glu Gly Thr Pro Asn Pro Glu Ser His Asn Asn Gly Asp Phe
Glu 'Glu Ile Pro Glu Glu Tyr Leu Gln

50
7. Verfahren nach Anspruch 1 zur Herstellung der Desulfatohirudin-Variante PA mit der Forme!
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PHO5- Si gr al sequenz stromaufwarts von und i m Leserahnmen mt einer

DNA- Sequenz, die fOr reifes Desulfatohirudin codiert, welches DNA-Segnent
unter der Transcriptionskontrol | EPEERSERBIPr onpt or s steht, und die

3' -fl anki erende Sequenz des PHO5-Gens. 25 11. Konstr ukt nach Anspruch 9,
‘ent hal tend den GAPDH- Pronotor, ein DNA- Segrrent best ehend aus der

PHOS- Si gnal s egie nih,s tfpianf
DNA- Sequenz, die fOr reifes geégjlqwowkd édmn codi ew egrrent
unter der Tr &% GYR iGHS M S8 AspeValA@ays Blyndlys Gly sitsthysjmysjl e

2&{11’1?{5;3?{%%% prom%uﬁ é%‘:’%i?l%% %ﬁ%%@t l’fug] ?n)

des Hef e- PHOS ¥ mrmx%m:mssmmrﬁmmaﬁa damiGlai 1GlghlAsp-IBheh der
TATA- Box des d¢if rd AR RN S As gPNé[ W ?b tehend aus der

PHO5- Si gnal sequenz stromaufwarts von un eserahmen mt einer

DNA- Sequenz, die far reifes Desul fatohi rud| n codiert, welches DNA- Segnent
unter der Transcriptionskontrolle des Hybri dprom)tors steht, und die

3" - f | ankBer\erfahengach AnserueheiszugBerstellungpip DoVl -Degulfatoliydiast r ukt nach Anspr uch
9, enthaltend den PHO5-Pronotor, ein DNA- Segnent bestehend aus de

| nver t as 8- PNfHsanstai, anthattend: ewﬁaumﬁmfgss'v&kpnﬁﬂ'aequmq bPSt%ﬂePﬂa us
DNA- Se'§juenzoineg prgten A'?%?“F'@sd' f ? h esu ag(f)%

unter der T ri’é'ﬂr °F?5 18 '8
3'-f| anki er é&%ﬁ% 5y éﬂ? ntrty%{alr g{;ﬁga prﬁglo tr Ilse ue z
DNQ—,Konstru nsprquc ass nd as ver p en e| ner

Hef e- Bxpygs anﬁtk&@ﬁ A rEplr QU ﬁanerﬁ' &ﬁ%wm BNRSSJrRE BebtoRora b U6

er sherl D'\ﬁ\ ﬁk‘ G G serﬁmah mil BN? 'ONASSRqsan£] R fOF Refrés
codiert, Sth Mfaﬁ\tc%dléfp WeltHed DNmSB@ﬁéif Br Trarscripfionskontroftd 86" PHOBPdnfkbrs
DNA- Sequenzstehqjlugd j,g)g.ﬂmmn&giséamnwgg PHOBWGWE!r t, und ei ner DNA-Sequenz, die
Hefe- Transcriptionsterm nationssigrmare enthait, in der vorbestimten

Rei henk ohgexondtkt eyl Ahsprue B.0énthaltkad den GAmﬂﬁPrombr eih ONAMSAgmers dedtehetbdus der

j ewei | s unf pHCBEeSighalesqguenz Hebreaubtipts ears Lrainisk Dasbralohdn - mik eiopn INA-Sequienz, DlYARIGeifese nt
best ehend abesultaiohiexinaodibre rwelchés-IBAeSegmeant uoeredel TranstepliondséntrolieLdds -GABBI-ProR0-

-1 nver t ase- Bisgiebt, wepie AHankiereadetSequens dasbORGenss von und i m Leser ahmen it
ei ker zweiten DNA- Sequenz, die fOr reifes Desul fatoh| rud| n codiert, welches
DNA- Sexg it Kapstrulst nagte: Ansprusih 8.canihgtend Alsaobrenrroter afagssrd, Hppiream-Altivierungsstelle-
Expr essi onskbies HeletPOsGens,und einRownstiprin- %‘Pﬂ@“ﬂﬂﬂ-\e@@ B'I?Q"ch 8?'5 ATA-Box des Hefe-

Hef e- Tr anscLEeﬁsﬂﬁﬁﬂ @gg§'t%"r Wﬁﬁeg"lel'b?ﬁ@;%ﬂégf‘;ﬁ ﬂf% h?ﬁfé%ln "F%B %H?%Y:gnach
Anspruch 15 13
entholt. 17ty f&F?P%HPt?Eﬁ"”Ha'E }q"éﬂ HYRALPramow; 'b?’]"d?)%g'fb"‘ loren °7lneé‘for &th
15, urPass 28SEi nf Chren ei nes oder 64 RERNRE

11~ 111 s r
e 0 e A o] i o i i,

best ehend a Ry HdGhént uitdre J|'r5 HOBHRémot
- nber yase. gf:a%a‘i“asa‘f:{:i.ﬁ&aé g;qru,nz%?“mﬂ@a@m o Ceer o 1
ei ner zwei ten DNA- Sequenz, die fU rerfes Desul fatohirudin codiert, welches

DNA- SegnBat véHaherd 2 erstalldigSdiot [DNAKBRICGHI hidzh lAaspeleh spanfagbiendas Verknlpfen einer
Expr essi onsk&eExppdstiormskonBolisequenz g DNASedrientsibastiel@nd aus [Shdér SigteyuR/ESequene, die

Hef e- Tr ansciur gasi datsPiddsyiotext-incantasorSignalbaptic n¢diest] stromalfwértsolot lyad ol bese@hmednUhit en
der Kos#ponesite newditen DivsSapuena, DAUKBesgfatabiudis endishcindasichs IDNA-Sedeanz, die Hefe-
vor best i mt Etnnsamtimrdhag'm8$imabientﬁlt./@ldpb\fot@ﬂmmtﬂei*@?'@-W rtszelle, die
transformert ist mt einemHybri dvektor der ein odor nehrere DNA I nserts
hat, 10 15 Hyhsidyekips depinodgrmehrese RNAnsers hat @@é‘l“@ﬁ?k‘bﬁ't‘? B?f? E k°" "'
DNA- Segment Sdguanzcaie RA-Seamont bestehend auspin ﬁh quengy

oder -$nver tygdasss ?ﬂ';ﬂe F'E{t  StRmpautwarts vop P% %? er

t figifromit 'ﬂsﬁl’ r
el ches DSBS PP Eteg i P B AR §F§* j:ien*“gt i
Expr essi ons EBRYYEP PEuenz steht, und ei ne DNA- Sequenz di e
Hef e- Tgsanl%c H{ﬂﬂlve%ls Lﬁﬁ 'Hngb?ﬁch qgséér %ﬂlabﬁA-R&Etmki hJch w&é\demem der Ansprliche 9 bis 13

enthilt.

17. Verfahren zur Herstellung eines Hybridvekiors nach Anspruch 15, umfassend das Einflihren eines oder
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19. Hefe-Wrtszelle nach Anspruch 18, die transformiert ist nmit einem
Hybri dvekt or nach irgendei nem der AnsE%Lchhe 15 und 16. 20. Verfahren zur
Herstel lung transfornmierter Hefe- R BB nach Anspruch 18, unfassend
das Transfor- 20 m eren von Hef e- Wrtszel len mt einem Hybridvektor,

der ein oder thSE i J&%& of %xbrﬁ? ik ﬁ. ShaR, -

me re wel o ] © Is ein DNA-Segment
Hef e- Expr essy ﬁ ?\ Tﬁé"* gg% og f'm eaéiéna[ﬁ ercoa?ernst en
DNA-  Sequenzg i, mltgglglrzweitdﬂWAtS’%ﬁl?engdm SOHHL & t
stromauf war t d}éﬂ Nydidh ?ﬁéﬁ@u 'aem rhnsEriptistskoifshb (6 b nsﬁtﬁl’é@é‘bﬁskoﬁﬂoﬁsef Ur
reifes pesul lﬁh?bﬂeﬁtugﬁdqelﬁéj NEBbquese bfe Niste npﬁﬁﬂﬁﬁﬁaﬂdﬁ@é@ﬁle Gthalt, als solche
Transcri pt i oppK@iohieh der KiMposbRRASL eéaadfahpmmmnamiéqa&tremhdas.ea RN Yortdsititen Und
ei ne 25 RbinfoRE ihadihé, vertbreDNAET e- Tr anscri ptionster m nati onssi gnal e

enthalt. PatentansprUche fUr fol gende Vertragsstaaten: AT, ES, GR 1.

Ver f ahr en 18UHefbMirskallb, | dis) Ganefoimidieistuhit alherh iHybridivakior, Ldef eis sdetdnaﬂase BlA-Inseris dwien
von Hef®@- W r jowdiis| indfassendi einarHefe-Ekpressionskonivaisedugrizr ieir vRINA-Begmentabasfohendi avsteingi nd,
der ei n oder erstei PHA-SoqDRY, din dixdas HéferPHOS-eodleri -Invertasef Signaloeptid eodingt, stromaufwérts von

Hef e- Expr essingniskieaerahoieh seityeinen zweiten BNMSsqusezy dierfir rpites Desulfaiehirugin; cediefevelees t en
DNA- Sequenz, Dif-8egment wites dpicTranspiptienskagiie den geparinten Exoressighsinyelisequenzceiht apd |

st r omauf war t sine/BNA-Besgenzrdia HelesTransaintionslermipaionssionslpenthdlty DNA- Sequenz, die fUr
rei fes Besul fatohirudin codiert, welc

d
criptions ﬁ&nﬁ?‘%ﬂ'@zﬂ&"“&éﬁ‘%ﬁ'ﬂ‘éﬁ @(H?’E@@f'%@k’ﬁ'ﬁ??%’f F'%bé'eﬁgtﬁ'z e'% E?ﬁ"ge"l?%deél ne

DNA- Sequenz, Transcri ptionsterm nati onssi gnal e enthalt,

dentiul porRedi fgﬁ%ﬂ%@%‘?"ﬁi fi il néﬂf%ﬁ’f‘é'ﬁ";.f das

m|e

di eNexpf’ essi elnFﬁ Hgnt'b ehe u@ 36 brsten DNA-
Upst r eam Akt sg ug.cu'a sfﬁ.eg B b rma SRR CodblR  (RBhEATS RoR und! tn
mot or el ement Qesgllaﬁ}ﬁ&\ it%m itéH Bﬁ&-s&ddéﬂét BB G rbif DbAVIFANRANn \cGlert WaKBHBS DNET €N
Hefegen. 3 WegeANdfd? dBRErnsbiptsHskitoNd deiigebinth EJS5RIBASKEItCIRBRIonz Sét unebine
verwendgt W bHA-s8d4uenZ, big Aeh-TFaRdcAptionsteihindtiohssighalasithbily br i dvokt or, der ein odor
mehrere DNA-Inserts hat, jeweils unfassend den PHO5- Pronotor, ein

DNA- SegmmamkmMmmedwvms&gnaAnﬂMZ stromaufwarts von und im
Leserahnen mt 45 ei ner DNA- Sequenz, die fU reifes Desul fatohirudin
codiert, wel VerbroDikik-HSmiphmg tvoruPasalfatobipdin Tynafessendidps Kultivieres ke HafeoVirtszelipagdie mit
PHOB- Pr anot oeigers Hgbridyekien tiangfouniat sirfd, darleincgdenimehrate BYaqinserischat, jamgils_umiagsend gine
Ver f ahr en nadiieRnuessigeshontroliseruenzs eim DY&-Begmenthasiehrad ausrimr pister DYASRARFefie flirr g,
di e transf or deschigfe-PHQS5- gelar -leveﬁtsmsmyﬂwqphﬁlﬁq@l%rstf°'a%¥wﬁéf P‘P"o‘tﬁ'g m hesgralypen mit einer
DNA-i nserts Reaiten PNSpquenz, dip ik seif| Depulfptohjysiy fogip 99'“3"‘ éP‘ﬁ’ de’ Trans-

DNA- S t 5@9@ H%I'eaf’ﬂﬁg‘ﬂ'é?"t‘iﬂr@ ossjogsha) e
Corer e et AL I LR e
wel ches DNA- §é°§)‘ 3 AR "I"F'anscm p- tionskontrolle des GAPDH- Promotors

st eht, undz di ariahren naétnlk(n Ernc%npgrgdﬁ E\E@ ﬁnzg P th‘Sdu ss&rskom?&llgé’ﬁnéne %lnq-%hh
Ans UCh 1’ ?oﬂf zé’rﬂ Al Hotdgbt! undb&wnstream-Pro-
trameforme tta hlueBl cheeln&qm fe X é&rvon ﬁ'd'm SlabtePHOSgeRENT €T €
DNA- i nserts hat j ewei assen e| nen Hybri dpronot or, unfassend

Upst r eam AKt higjrdhfen 'ﬁ&:‘ﬁ%ﬁ‘ﬂrutﬂ (1NdadGrer gdr6inLeidihl dabSRENS véiWshdetiwird, die transformiert ist mit
Downst r eam Proam Hybrivekivh; ibr ¢ stREMbH@EBDNAIMsEHS hat]ibvdils Batassambden®HO5-CrRbI, Gans,
ei n DNA- Segmima-Sagrmént besishertlisusCidé PROBSignaSeguend steveaainiytssion and i Weserabmen mitu nd
i m Leserahne ringi DNASauasnz, ik iSeitns dieguyifatohiredin tidiertovdiches MésSdgmantnteGder Transcrip-

I TP 11 ZidrskdnidbBe Hasl HHOSIRrorhdtdrs stoht, uRPdi® 3'Xaakicgedde SquerizidgPHOTGank-er t |

wel ches DNA- Segment unter der Transcriptonskontrolle des Hybridpr ormt ors
steht, undd4.diveri@reninciricsrivebriddadgict gekeanzeichgetriap Hefeuergondat wirgedia Eansfariofdxt mit
Anspruch 1, cinemrHyhridyediasrrier eip efes anehrerplohiA-laseds haly iowails wnfagiendy de“ dFARDH-Promotor,

t ransf o er tein; %'EA'WF"”B bestehend-aug éPﬁ lr'%l%'%% F St fw ?VO gﬁg}"@:c:;t
r
DNA-i nserts [gier DNAs5eope Wb‘?gﬁ? gleg’_f "%?é i

best ehend au §'°’8ﬂ-§ ’?'ﬁ\?@? FREPGIAT & t% o5 %TPFW?‘{US"Z

L h t,
ngs ngs :seDnl\ﬁm r:: qE g:gh ékgnnfzé%hﬂéte&afs %hﬁ& u éﬁi@;ﬁ% %g)ge‘&qét %{gr .
steht, uhd dluﬁ‘f Sru end el fktoforsleRRRtN
Anspruch 1 z ll__éﬁns Bﬁéh ‘#'KQA Réfo- Rhtﬁﬂemm%‘ég%énab%hémé@ dépiphost e

HV1 mit der quenz stromaufwirts von und im Leserahmen mit einer DNA-Sequenz, die flr reifes Desulfato-
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Val Val Tyr Thr Asp Cys Thr Qu Ser- Gy Gn Asn Leu Cys 18 Leu Cys
Gu @y Ser Asn Vai Cys-Gy GInCEEIGyAsn Lﬁ Cys Ile Leu Ay Ser Asp Ay
-Qu Lys Asn Adn Cys Val Thr Gy r Pro Lys Pro A n Ser Hs Asn
Asp Ay Asp Phe 20 Gu du IIe Pro du du Tyr. 8. Verfahren

nach Anspr y ? g te
HV1I mt derdlegg;ﬁ:ﬁ%g E@?\\fﬂm ?}%@c&?&l&%ﬁ#ﬁ&%ﬂp@e %s}éﬁ{& rir?1jnAsn
Leu Cys 30 E er Asn Val Cys Gy @ n Ay Asn Lys cys
Xl'e Leu & YerHren'habh Adstruéd 1) abdieh ﬁél@nr%nﬂm@’éas\‘ﬂe véWendet Wird bl réAstrmid istGi0_LY'S
Pro Apn Serenﬂdhﬁ-lyﬁﬁd@el@eﬂhe@nﬂ odd? FhehtBr8 DRfA-Inserts hat, jewbllsWimfdssbnd bigh FRIOB-Pdmbtddleih TYT
Leu. 9. VerIilﬁ%@ﬁherﬁfbﬁéiehéﬁlﬁﬁfsldl@hlmﬂartisldeldiH&‘QﬁdhE sb@ufé@es von und im Leserahmen mit
Desul f at ohi dinétl DRA-S&qubrieNdie furiélies Ddsuld@hirubia fcodmert, #élchd® DNASégmbyit untbh ter Atgasdays Thr
A u Ser Q viohskontrditdek PHOSF®mMbters stetsuntidled 3laykidsende Ssqueiiades CHO5-Ghbng. GI n Ay Asn
Lys Cys Ile Leu Ay Ser Asp Ay Gu Lys Asn G n Cys Val Thr Gy 4

d u Q1w ThrVeRahwen_yech PAngpruGh 1 Be Herbfeliungh\der Pestilegi*\GInAYPefiifator@udin-Griantp I|'k¥1 Pib G u
G u Tyr LeweGamel50 10. Verfahren nach Anspruch 1 zur Herstellung der
Desul f at ohi rudi n-Variante HV2 mt der Formel 55 EP 0 225 633 B1 Ile Thr
Tyr Thr Asp Cys_Thr Cu Ser Ay Gn Asn .Leu Cys Leu Cys Qu Gy Ser Asn
Val Oys Ay LY313laTNr FRropsps Cys Thr Glu Ser €y Gl Asnshed Qysys -Gy

Asn G'h Cys T T S n.dy As
Pho Gu Oy | EeupeyscRluRyrsen Merl WAL YTt Ry aan 2e Ba Y P
zur Her st el | ufded&RUDEIY SaXoRsRIElY G Inse Asn §kn d.'ars Ataln@hrlBly

e Thr Tyr ThiwA g el € e GI 1‘6?{3

Gkﬁs er Asn ggl a{go@ ?’ro &wézn S/is &s }#f%#@m%épg&y Lys
Asp\.Asn G n Ccpuy uTﬁ'—rleGlP}'OQ@lu Glu Ty@u Gy Thr Pro-Lys Pro dn' Ser
Hs Asn An Gy Asp Phe Qu Prolie Pro Qu Asp Ala Tyr Asp Gu 25 12.
Ver fahren nach Anspruch 1 zur Herstellung von Des-(Val)2-Desul fat ohirudin.
13. Ver f ghr aarst nddf I AghdnUN gurehai@aiiung\der Kiu ghiifcekbesulfalmiubiaviii®e WVIN@It der

Hef e- B¢ pr esgargiskont rol | sequenz, ei n DNA- Segnent best ehend aus ei ner ersten
DNA- Sequenz, die fU das Hefe-PHO5- oder -Invertase- Signal peptid codiert,
stromaufwirts von und i mLeserahnen mt einer zweiten DNA-Sequenz, die fUr

30 rei f esyiaaswallatgy i Aoy tmmﬁh%p%&ﬁm&:sw&wcgﬁt nd

Transcri ptionskontrol |l ¢ der besagt en Expressionskontrol | sequenz st

ei ne DRA- Sequé&®R® Qs Glay Gy Rexc A5h i Bhs QUG s SIgh Asd LysHEYSs
unfassend das yyey erqgr Feie I ey m&ﬁ&pr@ﬁp'dﬁmﬂhgg&iﬁs

DNA- Segnent s be- stehend aus €i ner érsten Sequenz, “die f

Hef e- PHO5- od&3u GlYe Thds #Xg divs Foft |q§-’\:(§ﬂreﬁ15 ASTo AER G AspoPhend i m

Leserahmen m b_ﬁ! Bk IWR pee YAy T g, f U Desul fatohirudin 36
codi er?, und ei ner DNA-Sequenz, die Hefe-Transcriptionsterninationssignale

enthilit, in der vorbestinmm ten Rei henfol ge. 14. Verfahren zur Herstellung

ei nes Hylg_r | QML Phath AfkElucil Dur REISENAE BY: DesuiktdiBudildibde Hiehit adr @¥fRiel S untf as-

ot

40
Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys
Leu Cys Glu Gly Ser Asn Val Cys Gly Gln Gly Asn Lys Cys
Ile Leu Gly Ser Asp Gly Giu Lys Asn Gln Cys Val Thr Gly

“® Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe
Glu'Glu Ile Pro Glu Glu Tyr Leu Gln.

50

10. Verfahren nach Anspruch 1 zur Herstellung der Desulfatohirudin-Variante HV2 mit der Formel
55
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send ei ne Hef e- Expressi onskontrol | sequenz, ein DNA-Segnent bestehend aus

ei ner :ersten DNA- 40 Sequenz, die flr das Hefe-PHO5- oder
“Invertase-Signal peptid codiert, FR0A2R#RBts von und i m Leserahmen mit

ei ner zwei ten DNA- Sequenz, die fOr reifes Desul fatohirudin codi ert, welches
DNA- Segnent unter der Transcripti onskont rolle der besagt en '

Expr essi onskontyyyd |ﬁﬁglﬁﬁ_2 Is.&et}; @]NA
Hef e- Transcri ptilr onster mnat | onsssl gnal e ent h um‘ a g‘l 3as§‘ I%:l'erﬁtc Sf?r en
ei nes oder mehi&@te CYBNGI®EY Sae Agne Wl Sysn Gl tlaml Gsll}zhelsn Lys Cys

ciner orston DUASHLGLY B At QPGS SR 10 Cy PFR Q1

-l nvertase-Si gﬁdl‘peﬁiﬁ!i Fhoo@xser ﬁ%tmsqrshﬁ@ﬁhmdhﬁn |G BegtBrdthen t

ei ner zweiten Sﬁ_ e e did ¢ Q{’eﬁ“gﬁ gt ohirudin codiert,. wel ches
DNA- Segnent unter glanscrl ptlons ontrol besagten -

Expr esstonskontrol | se- quenz steht, und eine DNA-Sequenz, die

Hef e- Transcri pti onst er mi nati onssi gnal e enthalt, als solche oder EinfUhren
der KonporidnVerfahrdenach despryck: hzubHegsteling dor Pesuatohirudie:Variantel BA mit,dercformel

vor besti mten 50 Rei henfol ge in eine Vektor-DNA 15. Verfahren zur
Herstel l ung von _Hefe-Wrtszellen, die transform ert Si \r&m’t ei_nem

Hybri dviskt or, ddf Sh¥ J¥ar ThahASR Q96 Ths &3 Sex G % AshLe &YP ei ne

Hef e- Expressmm,glﬁo &'dl%e@i SereiAErONa]1 IQHIN: tﬁﬁé%lﬁf"hs’w
er st en DNA- Sequenz, d| e fU ?15 Hef e- PHO5- dder 31 nvertase Si gné‘{fgpei?r 55

D:%COdI ert, Ztlrwlﬂs Seam Glnd GLY 1Tt ARI@EHi Gl Cxs VAleiTha

Sequenz, | | § @iy W’ﬂant
unt'er d%r Tr anggrl :oé{go :g%:?’(;i&g aer dﬁgns;ﬁ;ggﬁéa_ﬂsn ay Ay

pr essi onskont r&lﬂlsmﬁi%tm Glyn sy m&ﬁkr@:\‘ di e

Hef e- Transcri pti onsterm nati onssi gnal e enthalt, unfassend das

Transform eren von Hefe-Wrtszellen mt einem Hybridvektor, der ein oder
6711111551 14b1 Yorfahrbd Askh AnspruciP1 Qur 2idBiefung véhlDe3RVENSDEsulddfinidnser t s hat, jeweils
unf assend ei ne Hef e- Expressi onskontrol | sequenz, ei n DNA- Segnent best ehend
aus ei ner 1Br voreafrebblk-Heestpling Zinesl DNA-Karstrukizs eritiaftand [8ind biefodigimessionskontrollsequenz, ein
-l nver t ase- SDYASbgrent bebteberdi ais tejnes brsiomhiPwBequenz, \disnfUudas flate-PhQSe odérinveraser
el'qer zwei t eSighipeptBecpdien.zstromaubviitsvon widfimd-efsahmen sitcsitier znpiten BAAIBespenz, diflit hes
DNA- Segsment  trifesePesdiéatohifudianesdieit, preichers Rinaomienteuntge dor glaanagripiaspontrolie der besagten
Expr essi onsk Garessiprskentrolisequenz stelityaing eise BNA-Sequser, dieeferipnsaiptioagtpminatigngsignale

Hef e- Tr anscr iephiltoatesserd dstVetsnipisn pingr Hefe-Rxarspipnskontigisepens,peines Div)-Segmonts by 55
68 stehend aus einey ersten DNA-Sequenz, die flr das |pref §- oder -Invertase-Signalpeptid codiert,

stromaufwirts von und im Leserahmen mit einer zweiten ‘DNA-Sequenz, die flir Desulfatohirudin
85 codiert, und einer DNA-Sequenz, die Hefe-Transcriptionsterminationssignale enthélt, in der vorbestimm-
ten Reihenfolge.

14. Verfahren zur Herstellung eines Hybridvektors, der ein oder mehrere DNA-Inseris hat, jeweils umfas-
send eine Hefe-Expressionskontrollsequenz, ein DNA-Segment bestehend aus einer ersten DNA-
40 Sequenz, die flr das Hefe-PHOS5- oder -Invertase-Signalpeptid codiert, stromaufwérts von und im
Leserahmen mit einer zweiten DNA-Sequenz, die flir reifes Desulfatohirudin codiert, welches DNA-
Segment unter der Transcriptionskontrolle der besagten Expressionskontrolisequenz steht, und eine
DNA-Sequenz, die Hefe-Transcriptionsterminationssignale enthilt, umfassend das Einflihren eines oder
mehrerer DNA-Konstrukte, jeweils enthaltend eine Hefe-Expressionskontrollsequenz, ein DNA-Segment
45 bestehend aus einer ersten DNA-Sequenz, die flir das Hefe-PHO5- oder -Invertase-Signalpeptid codiert,
stromaufwirts von und im Leserahmen mit einer zweiten DNA-Sequenz, die flir reifes Desulfatohirudin
codiert, welches DNA-Segment unter der Transcriptionskontrolle der besagten Expressionskontrolise-
quenz steht, und eine DNA-Sequenz, die Hefe-Transcriptionsterminationssignale enthélt, als solche
oder Einflihren der Komponenten der besagten DNA-Konstrukte nacheinander in der vorbestimmten

50 Reihenfolge in eine Vektor-DNA

15. Verfahren zur Herstellung von Hefe-Wirtszellen, die transformiert sind mit einem Hybridvektor, der ein
oder mehrere DNA-Inserts hat, jewsils umfassend eine Hefe-Expressionskontrollsequenz, ein DNA-
Segment bestehend aus einer ersten DNA-Sequenz, die fiir das Hefe-PHO5- oder -Invertase-Signalpep-

] tid codiert, stromaufwéirts von und im Leserahmen mit einer zweiten DNA-Sequenz, die flir reifes
Desulfatohirudin codiert, welches DNA-Segment unter der Transcriptionskontrolle der genannten Ex-
pressionskontrollsequenz steht, und eine DNA-Sequenz, die Hefe-Transcriptionsterminationssignale
enthdlt, umfassend das Transformieren von Hefe-Wirtszellen mit einem Hybridvektor, der ein oder
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mehrere DNA-Inserts hat, jewsils umfassend eine Hefe-Expressionskontrollsequenz, sin DNA-Segment
bestehend aus einer ersten DNA-Sequenz, die flir das Hefe-PHO5- oder -Invertase-Signalpeptid codiert,
stromaufwirts von und im Leserahmen mit einer zweiten DNA-Sequenz, die flir reifes Desulfatohirudin
codiert, welches DNA-Segment unter der Transcriptionskontrolle der genannten Expressionskontrolise-
quenz steht, und eine DNA-Sequenz, die Hefe-Transcriptionsterminationssignale enthilt.
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