WD 2008/ 1513471PCT/ AT2008/ 000211 ACE2 POLYPEPTI DE The present invention
relates to the field of reconbi nant protein production. Angiotensin
convergih ngoemzyyez{ACE2) is a key enzyne in the rening@%¥4ﬂgﬁyg/bgm§Men1
It is anchored to the nmenbrane as a carboxypepti dase, and expressed as a
recept or rinarilg in lung, kidney and heart cells, but also on endotheli al
cel | s Bfd2 cPeay@s8 " VHPT ous peptide substrates. Promi nent representatives of
the substrates are angiotensin Il (Ang Il1), which is cleaved to angiotensin
1-7 (Ang 1-7), angiotensin |, which is cleaved to angiotensin 1-9, and al so
apel i nTandplyeadyki ninveningn | raitfngte- Tra ef antagoni st afo et pro-
reni n-angj o i tem By controlling peptide ratios, ACE2 is
respon§$g$e£$§$u$%%%ﬁating vessel thickness and for endotheli al
perneability, thereby influencing honeostatis of the organism ACE2
expressi ' oki necont.rol l ed, inter La, .and_i s, decreased in_various
ianaﬁ%%@g?éé%%géa§%§“7Eﬁirm%u g% ﬁgntfééﬁgguﬂfé n geﬁafHHPGS?cép' the
enri cheeninefndhgtéhsioneyetethe nbst iknpordrantedsubst catesehtnraACGE2 s ACE2

i s used tg treat ARDS or Aél two fornms of an acq}e | ung di sease mﬂich IS
associ at ed i P REHoWRSF eglil Gt EHPACES “Ex ffeSsi B A TheP T HIY: ~Thi 57t hetapy
uses recanbinamtd sdahtte hwmn ACEAWhiaQkd S cadnenksteeedasystenteal 4y« and
is very. quickly available to the entire organismin order to reduce, a

rai sed c%ﬁ&%ﬁt E G of ARG TF TS $%0 pr odude AR 15 9PTTREETatives
conpensat esef udshe znegatd e eidectono©ini nerqased 1Ang ldnhxancent rations. In
this case, it would be desirable_to have available a product which has a
sui t abF& BRArABEBFORI ¢all Profi I lac EHHiHGRE1T Luitlabte substanted wedl d
be chapaet et gednby-good di stisibbuti-on 4 ndhe, Qi ganism. a phar racghgeoisgl 'y
useful half tinme as well as |ow inmunogenicity. In particular, the product
nust bé~énZyfafinéarryiacei vé, Wy Yolod FuTihen1y: andsa¢B8o BE seabFelin
sol uti en~an ; a : be} r.epr i d . i r

Wth SRR By T s area (0 B ol Chin 278°(a9)( 2000) " 8058  43)
descriEéécgﬁésﬁsﬂmﬂiiﬁﬁoﬁﬁﬂﬁEQ@%ﬁﬁltméﬁmﬁﬂﬁikﬁﬁmd tedeePeding lasnADEH)
and it LsolLatien. ., i out the--pr i 1N -
gIycosé?ggégtprg%ei%“n&%g%eﬁ§g %ﬂ%%%duceép%%fh%%¥%%%§§ﬁ¥%rg%£;g9%%§iag kDa
After degkycosytat ionert hé imassrof tshaleproteid wasv8bikba. inflammatory

diseases which subsequently results in a pathological enrichment

of Ang II, one of the most important substrates for ACEZ.

ACEZ is used tc treat ARDS or ALI, two formg of an acute lung
disease which 1s associated with down-regulated ACEZ expression
in the lung. This therapy uses recombinant soluble human ACEZ
which 1s administered systemically and is very gquickly available
To the entire organism in order to reduce a ralsed concentration
of Ang IT and thus to produce Ang 1-7. This compensates for the
negative effects of increased Ang II concentrations. In this
case, 1t would be desirable to have available a product which
has a sultzble pharmacological profile: accordingly, a suitable
substance would be characterized by good distribution in the or-
ganism, a pharmacologically useful half time as well as low im-
munogenicity. In particular, the product must be enzymatically
active, have good solubility and also be stable in solution and

be capable of being reproducibly and economically produced with



Donoghue (Circ Res 87, (5) (2000): 1-9) describes the expression of soluble
ACE2 in CHO cells; it was not fully %chosylated and was characterized as
havi ng a nol ecul ar mass of approxi mat‘ely 90 kDa. FurthelLnore, that docunent
concernﬁiégqgg?fg conmpari sons of various ACE2 sequences and anti-ACE2

ant i bodi es. 2004/ 023270 A2 describes the crystallization of ACE2 after
expression of ACE2 nononers in Sf9 insect cells. The nol ecul ar mass of the
prot ei n_was. gi ven 89.6 f i anal,ysi.s S s onetry. The
therapeﬁ%?%l%cf?on%gf 3% eggg%igﬁfgﬁgggﬁ% sd%ggit3¥9g§§fhé$§%%éd£%£nds a
product feacpteeesstmbi chseanrtppaduce aacery pure, ther necdogically
efficient product econonically and reproducibly. The sol ubl e,

ext r a- cBFfaragdf Fac o oft ACER e ditai 61y -Rﬁ@%&%%?r at ibh &F¥esing

Non- gl 608yl alLdpACRe -Rasy| oW, Sehbi Litys, t %ﬂdglpgxs@wat_@agrﬁg@éém i's
nore i munogeni ¢ and has a shortened halt tine” I'n addition,” it has a

smal | ermbhydnedy neas cpdicdmetedr whilth spr nmderhyakasnasselcdt elEbuskled f ect on
purificatjon. .Thus, one aimof_the present, .invention.is to vi de highly
Roti ve AEESE TR ReRR0IR FHOYI VR RATIoT | . AT DR RIS Hehi X By the  2a
subject matter of the clainms. SUVWARY |In a first aspect, there is provided
a reconbi nant ACE2 pol ypeptide, present as a diner. In a second aspect,

t her e i Boppavided (@I P efigat ih cdipri SPAGOY ecorbPhanfeACEDPLPS| yPept i des as
defi ned . characterqi [ at .t fraction 2 y. i,des with
a nnlecﬁ?gggﬁﬁ%% togefﬁgﬁéﬁgﬁ'%Sé%aneﬁggtf%%ﬁgfbs?é §%§|§§§!t an %00 k Da
pref er ahlycbegsathan a2 kba, gatdacadrairded peref eraxblyg | essnebaeul®d8 kDa, in
particular less than 112 kDa, rticul ar eferably l.ess than 117 kDa
oot | prBREFably TRSPTHAR IR oo KoRs | cEUrPRERT98%, Rt cyaNyess t han
10 96, partieubackyuphetetahbyriessst badn 2 86udosiedreiQiabtys | #s¢ than 1
% especially 0 96. In a third aspect, there is provided the ACE2

pol ypep&irtée-afEprepatheddasas defined above, with a catalytic activity,
ccat, of at least 4 s-1, preferably at least 5 s-1, particularly preferably
at least 6 s-1, highly preferably at least 7 s-1, nost preferably at |east
7.6 1 wybh zEsperizimt e caaversben ofhdngristzangizeitensi nokl )ate2 Ang 1-7

(angiotensin 1-7). , .
after expression of ACE2 monomers in Sf9 insect cells. The

molecular mass of the protein was given as 89.6 kbDa

following analysis by mass spectrometry.

The therapeutic action of an efficilent enzyme substitution
therapy demands a pmoduétion preocess which can produce a
very pure, pharmacologically efficient product economically
and reproducibly. The soluble, extra-cellular fraction of
ACE2 contains 7 N-glycosylation sites. Non-glycosylated
ACE2 has low golubility, tends towards aggregation, 1s more
immunogenic and has a shortened half time. In addition, it
has a sgmaller hydrodynamic diameter which primarily has a
deleterious effect on purification. Thus, one aim of the
present invention is to provide highly active ACE2 with a

good in vivo half time. This aim is achieved by the



In a fourth aspect, there is provided a nethod for the production of
reconbi nant ACE2 pol ypeptides or a g%eparation of reconbi nant ACE2, as
defined above, 2b conprising the ste€ps of inserting a pol ynucl eoti de
codi ng £Q5 &8 ALEZs o Pr&f efidbl &1 2mACE2 Wi th no pol ynucl eotide coding for a
transnmenbrane domain, into eukaryotic cells, expressing the ACE2

pol ypeptide and collecting the expressed ACE2, in dineric form wherein on
expr essj i@e Zn2'' concentration is preferably at least 1.5 m cronol ar.
In a fi%@£%%5ﬁect, there is provided a reconbi nant ACE2 pol ypepti de or
prepar atihom of i reconyipgrnt, ACR2rpol ypeptibtesedbtai nablbebusiang arce? hod as
defined above. |In a sixth aspect, there is provided a stable eukaryotic
cel | |iRelyPansidet o oF Rt a@Pot yHimeeoti de coding for an ACE2, preferably
a CHO cell line, which expresses ACE2 as defined above. In a seventh
aspect, there is provided a nedicine conprising a reconbi nant ACE2

pol ypepiideaassdebidedaabeve ,or thepeepdmat itormasiatkf | medpradoveat BETAI LED

DESCRI PTI ON ., The present .i nventj concerns_a.reconbi t ACE2 pol ypeptide
whi oh | SOBPELETE A5 ROTPABP AT BT P TREL FRE oM M HEZ BT S hopt | de
is glycesylatedyinberein thetgl yEeSYfrQFOURs &ff aRCE2 polypeptides

with a molecular weight determined by gel electrophoresis

of 1less than 100 kbDa, preferably less than 104 kDa,
particularly preferably less than 108 kbDa, in particular
less than 112 kDa, particularly preferably less than 117
kDa, most preferably less than 119 kbDa, is less than 20 %,
preferably less than 10 %, particularly preferably less

2]

than 5 %, most preferably less than 1 %, especially 0 %.

In a third aspect, there is provided the ACE2 polypeptide
or preparation as defined above, with a catalytic activity,
1 -1

ceat, of at least 4 57, preferably at lJeast 5 87,

particularly preferably at least 6 s™*, highly preferably at

1 1

least 7 s™°, most preferably at least 7.6 s* with respect to
the conversion of Ang II (angiotensin II} to Ang 1-7

(angiotensin 1-7).

In a fourth aspect, there is provided a method for the
production of recombinant ACE2 polypeptides or a

preparation of recombinant ACE2, as defined above,



ACE2 pol ypeptide nononer are present in a total of at |east 10, 11, 12, 13,
14, 15 or at least 16 sialic acid residues, preferably at least 14 sialic
acid residues, and wherein the ACE2 | y-peptide is present as a diner. The
present invention also enconpasses an ACE2 nonomer wi_ith the glycosylations,
nol ecul @PMRE] §HES ARG fefreer O§padiFitetiDnd FHivRRE 18a6ids PRI ner i s
preferably a hono-diner; in particular, its nononmer units have an identica
sequencgorndcml WEERyi apreferkhlgenanalACRMe wittionee upblgnetledieidd ner are
non-coval ently bound. A nononer can be obtained directly fromthe dinmer or
by denatufing Fiepsa Arbnehetbeapeefdinzeih gl yaosylakanstdid edehespein are
applicable to both the dinmer and the nononer, including one or both
mnon?réxgéeégfngl Meis CamRbex. pharbistide !y Hef ecabhkccting di pls
contains two zinC ions. The term"sialic acid residues” nmeans residues of
the Nacs%gﬁgsgéam &0l A YRenNeUSACLy N PRLELEY! &y eppEcialdy, Nof

0- gl ycoSytations. Basically, e stability of a. therapeuticumis a very
inportant crijetion when considering its _half time and thus its
effectiggﬁes FlRec&MWqﬁﬂﬁr%kﬁﬁﬂlA@:EZ:EE%E%E??#YnO eeﬁeﬁﬁgnti%i%d

excl usively as_a nononmer and has been described as such in the literature
as regaP#sTPESLftinctionality, its crystal structure and also its
interaction with a highly specific inhibitor. Thus, for exanple, Tow er et
al (J Biol Chem 279(17), 2004: 17996-18007), making reference to Vickers et
al (I Bic' Chem 277 (17), 2002: 14838-14843), describe the expression of
ACE2 i nTSf & i Bséch cadgesst whithbreasi obpaonadeds @ menomiriraold okiny
purifying size exclusion chromatography as the final purification step. The
nol ecuk%bl%ﬁ@ﬁt@&e AcHOREERE rERS o89.F kfdsomiGatarey chiakd ypavapeabl @e ACE2
(from R&D Systens, catal ogue nunber 933-ZN, batch nunmber FIUG35071) is al so
in the eric.formangd J dyge j et hod cited in Tipnis et
al (200 ,egggég ? ?%ghgi%f%§gﬁég %giﬁay§%§§ %ﬁgvggpression systemis NSO

i nstead of CHO cells. Mononmers were described which have a nol ecul ar wei ght
of 120 kDa under both reduci ng and non-reduci ng conditions. According to
Donoghueneta atik€hr ecbeet§7, t2008: iel -@PviAE2anunoErs sexergapiessed in
CHO cells, which follow ng secretion had a nol ecul ar wei ght of 90 kDa. All
of the dogymants and publd€adi @AsnCid edoDehet Nedf £abekely nighcriposat ed by
reference. In order to stabilize the therapeuticum according to the
inventiRE

| bi T ze the therapeuticu ]
uhi ch cREFaS] TRy SBrodteck SEQbl e ACES oy 2 And WA CR BenaTi 1 27 rom bot h

productaggiggg ggg%ggcologlcal advant ages conpared with ACE2 nononers.

In a seventh aspect, there is provided a medicine
comprising a recombinant ACE2 polypeptide as defined above

or a preparation as defined above.

DETATLED DESCRIPTION

The  present invention concerns a recombinant  ACE2
polypeptide which is present as a dimer. Preferably, the
recombinant ACE2 polypeptide is glycosylated, wherein the
glycosyl groups of an



Dineriza ion has the foll ow ng advantages: better solubility and

bi oavai l ability in physiological solutions: the dinmer has high solubility
and a Wonyers insvi4o half time and avaslability; no agyregat®E s ordtatiilon:
the ACE2 dinmer forns stable conplexes without addition of further ACE2

nmol ecul es to the diner; reduced protease attack: since individual protein
(1 act 2 a YRESE hoSt "BPOBEE! F 2Phe G At o hal portfon S art i att o
towardsi fhezjnterion,ofist he dichBleasthils Gilerig natientes sanet, degedeed:
increased halftine: the |ower immnogenicity, better solu bility and the
reducéﬂl%u§EebﬁﬁﬁF|ﬂﬂySﬂélﬁﬁoﬁgéﬁyﬁ%§%ﬂ%ﬁ%uuﬁq%nwﬁ?ﬁﬁﬁas%%et%%E%aP?l¥Tne

of the,proleln; <SidAYLmProt ek ngpuekt.i cathonprtBenkydrodynam:c 4iameser of
the ACEZ dinmer is higher than expected due to its structure and a
pr onouReBEE 8B Y atdon at BRONTREE, 'ACE2 dilifer 9108 SveAdilY She BBpEFAtRE

from conyentiopal inpunkti s cani-sing ifi-emprotel expr ssi oy f ginexanpl e
serum al bumn (67 kDa), Q{lu3|ng|3|ze separation colums. Preferably, the
reconbP haherACE? pol ypeptddecis ghydesylidteldion at S| @Rsergy 9gift§ heave

possi bl e N 2osy! at ' n ; Qrtian, of..sugar of,porenthan
10 % (%\gi glﬁltg h%%g%? t %Eéaﬁ%s AT%JEetZ)eéqodrfjl %@%ﬁs 591‘%?8?3 OA;%‘l?f'ij %A; pref e%%%}){}grr‘r%r e

than 15¢% onité % ITthondls=9,a19 @@Hfﬁoﬁéﬁﬁmédwaﬁmﬁﬁﬁb t Fanm0o8Ebr ¢2n %
22 % %..24_%:o0r,. % roducti on. S d I whi
gg.é%ygang dl%écﬁiyAfQo%.%%ﬁ %ﬁﬂgﬁyh%gégﬁ dgﬁg@uLfMﬁigﬁges ﬁ?%xed

r epr oduci produces 'very pure and enzynatically active, conp

gl ycosyEattéd ACE2feiThed prdductyilstchasactieréZedebyint stk ghopt bparid ohoof
sugar {> 20 % by weight) .and _the conplex i ghly branched, rtially. .
negati% F§ éﬁﬁ?d%L %%g%%asggﬁcfﬁ%éﬁ?'The%%gkgggxg 6%§1fﬁgéb§?§e@?k8%e“s
sol ubi bt yhebiddavaiilcalidrigly s .enzBamiti ce bt lyi pyedsrwell, ashehdimer con-
pharnagoLogi%al Erogerties of the product. By selecting a suitable

expr essfon~colst Fatt, *&8"Sui t abl e expressi on host, an optim zed sel ection
strategy, using a nediumwhich is tailored for the cell metabolismas well
as pai nst aki ng acconpanyi ng ¢l.one anal ysi,s and sel ecti,on, a cell Line has
Doeh aBIE {6088 pr SaBLal WHFCH SEEreteby he S od Griomier. OF | chelen]

acetylneuraminic acid type (NeubAc) in particular, especially N-

or O=-glycosylatiocons.

Basically, the stability of a therapeuticum is & very important
criterion when considering its half time and thus its effective-

ness.

Recombinant human ACEZ has until now been ldentified exclusively
as a moncmer and has been described as such in the literature as
regards its functiconality, its crystal structure and alsc its

interaction with a highly specific inhibitor.

Thus, for example, Towler et al (J Bicl Chem 278(17), 2004:
17996-18007), making reference to Vickers et al (J Biol Chem 277
{17y, 2002: 14838-14843), describe the expression of ACEZ in S5£9
insect cellis, which was obtalned as & moncmer following purify-
ing size exclusion chromatography as the final purification

step. The molecular mass of a monomer was 89.6¢6 kDa.



ACE2 has al ready been expressed in Sf9 insect cells and NSO nouse cells. The
material was primarily used in in vitro tri- als. There also exist results
regar ding ddee/ 15 ansi ent expressi on of AACE2 in CHO cel Issur Admtoiclo snowg2na cel

| i nes have been produced with a suitably high productivity. Further, no

correspondi ng, cl one sel ection_has yet been carried out concerning the
or 0QUCI OB 4 St 7 68751 hipat t FElfar S H 7 egaFSTS: NSIACOSAS | B Fhe

sol ubidii.y70f a-pret eiyrdes Netyenkyrdet argm ned, by rmeans abnicks rari N aci d
sequence, but also by its folding as well as post-trans|ational

nodi f a7t | dfis PICHIIGRS $Uba SPRudiies! afet ¢he lrmi i auseSdf 2dn |1ittease

in theséﬁfx}éhbj by of: fraprotel g have a JiRi ol d il uences98tkkS 15 nso
pharmacol ogi cal profile. Thus, it 'has been shown for EPO that the presence
of conplexedtapEh&d0glopdast r udturEseTasvarposeeFyeleff @8t con Nave Halfoti me

of thi r i . priaci-pl e ar.i reSSLAN - t an-b si der ed
for th€?€%%%§b?ﬁ§ @te§%$é§§§oﬁg%f%kgégiq%?%ﬁagéggrgxﬁogﬁﬁ%eﬁié ﬁg%%ﬁ%g?
been testedtfomsher because of the | ack of processing of Nglycosylation
sites. Preferably, at least 70 % of the glycosylated N-glycosylation sites
have a structure, independently of each other, selected fromfornulae 1 to
8: According to Donoghue et al (Circ Res 87, 2000: el-e9), ACEZ

monomers were expressed in CHO cells, which feollowing secretion

had a molecular weight of 80 kDa.

211 of the documents and publications cited herein are hereby

incorporated by reference.

In order to stabilize the therapeuticum according to the inven-
tion, in accordance with the invention a method has been devel-
oped which‘exclusively procuces stable ACEZ dimers, and which
benefits from both production and pharmacological advantages

compared with ACEZ monomers.
Dimerization has the following advantages:

e better solubility and bilcavailability in physioclogical so-
lutions: the dimer has high scolubility and a longer in vivo
half time and availability;

e no aggregate formation: the ACEZ dimer forms stable com-
plexes without addition of £further ACEZ molecules to the
dimer;

¢ reduced protease attack: since individuzl protein fractions
and thus most probably the C-terminal portion, are directed
towards the interior of the dimer, this C-terminal end is
not degraded;

e increased half time: the lower immuncgenicity, better sclu



in which: Preferably, sylated. Glc N A cl111F u cAL Man StX y 124- Gal ON e
ub5Ac all of the possible N-glycosylation sites are glyco- Preferably,
at | egst 280 %1 spref;erably at |east 905% in particul apcT@AT200B/0he21l

gl ycosyl ated N-glycosylation sites have a structure with fornul ae 1-8.
Preferably, one ACE2 mononer unit of the dinmer has a nol ecul ar wej ght of at
| east 90 k@éc,llﬁrifefaé‘rdabﬁlfya af e Heset @?S‘R?EFMBQE%FEUF% Woﬂireé’ﬁéﬁt&ﬁl ﬁeg?tral'east
94 kDa, inpanticularatsdeaste 96 1kDa,inand Mighl yorefierably at |east 98
kDa, nost preferably at |east 100 kDa, 100.5 kDa, 101 kDa, 101.5 kDa or at
| east 102 kDmplAr absoteie pokéfdbarimass thd  eydobdyhempeptiidacper sé

wi t hout the hydr heat h, - can be rm,n ti.de . i e

i ghl 'y ol yeoSy e Tords ey EPeo nabe ol Beutar Bagsee o At Tesdt o3
kDa, 104 kBad 185pkBaput@6dkBaylvEQA kDasiheathl easth )8 kDa2 kblrecul arn

wei ght determ nations which are influenced by further_ factors_suc t he
hydr at e shé%?tar#ﬁé’uc}ﬂeasse@i‘ﬁr e\tdogl%']ﬁfi}ﬁy TG s r%rﬁﬁSFégf“%si nagz;lqslajlg1 us
systens - canml $edgiaie hiegherssesul t sfobn éuebhbeer esbodihnmentisyman ACE2

nmonomer unit_of the diner has an a ag{,ent no] ecul ar wei ght of at |east 101

kDa or at |'&fst: ¥62 K419 pretertibt 1 edst- 405" kDa, particularly

preferably at |least 109 kDa, in particular at |east 113 kDa, and highly
preferably at |east 117 kDa, ,and nost preferably, at least 119 kDa, as
et er HRAF Yo ol EFecEFGpRBEBERS, AcEd olvpeptide 387 Glycosylated’ on

at least 80 % cf the possible N-glycosylation sites and has a
proportion of sugar of more than 10 % (weight % of total ACEZ)
or 11 %, 12 %, 13 %, 14 %, preferably more than 15 % or 16 %
17 %, g8 %, 19 %,
23 %, 24 % or 25 %,

o0

'_“_\

o

in particular more than 20 % or 21 %, 22 %,

oe

A production method has been developed which reproducibly pro-
duces very pure and enzymatically active, highly complexed gly-
coaylated ACEZ. The product is characterized by its high pro-
portion of sugar (> 20 % by weight) and the complex, highly
branched, partially negatively charged sugar structures. These
have a positive effect on solubility, bicavailability, enzymatic
activity as well as the pharmacological propertlies of the prod-
uct. By selecting a suitable expression construct, a suitable
expression host, an optimized selection strategy, using a medium
which is tailored for the cell metabolism as well as painstaking
accompanying clone analysis and selection, a cell line has been

able to be produced which secretes the desired product.

ACE? has already been expressed in S£2 insect cells and NSO
mouse cells. The material was primarily used in in wvitro tri-
als. There also exist results regarding the transient expres-
sion of ACEZ in CHO cells. Until now, nc cell lines have been
produced with a suitably high productivity. Further, no corre-

sponding clone selection has yet been carried out concerning the



I n ot her enbodi nents, the nol ecul ar wei ght of the nononer (apparent or
absolute) is a maxi mnum of 102 kDa, 103 kDa, 104 kDa, 108 kDa, 110 kDa, 112
kDa, 146 kbeg,/1203kDa, 125 kDa, 130 kDBa, 135 kDa or 0 A&PReOdisghern211

nol ecul ar wei ghts are possible by nodification of ACE2, for exanple

PEGyl ation. Preferably, the nonomer gv\,hi,ch does not forma diner) has_a
no- | ecBFafuRe] ht PEPPRE tRESst 89 kDAL preferabl Y&t %kaste88 kD, - N~
particul ardy,preferably at |east 90 kDa, in particular at |east 94 kbDa,
highly preferably at |east 98 kDa, and nost preferably at |east 101 kDa or
a maxi mum of 102 kDa, 103 kDa, 104 kDa, 108 kDa, 110 kDa or a maxi mum of

112 kD@heT@%ﬁﬁbri@li%ﬁugﬁf g»el?gé%éiﬁarﬂsb%&et@m; ngdc LAk neXampl Guedisd ngs t he
pepti de mappi ng nethod. Preferably, the ACE2 pol ypeptide has no

trans- fbAbraate cdofai As.serhwsicdt byt st ebACERE S Pardicétidarsy predfler #ed
enbodi S. 0 ise l; A pol Lde Ypept i ns
of whi gﬁg%oﬁ%?}é?l%fﬂgﬁ%nomgglglszlc%é}%%'or %ﬁggﬁg?l %5}3%3 %gdti ve fﬁréz}grrg%?s

t her eothe Ankint henspobypept ildereessi sts tWdfe @ oo akids 48-61Br Fohy SET| D
NO 1., Al thqugh_.h SEQ I. A .S prefery st rapeutic
appl i c%faiv%ng, %ﬁéegnﬁ%%%%%ﬁ(& %%#&Ngh on?a{”e%(}égrﬁgl%*n&g%%ﬂlr%{), E%tr?rgf erQ,E

pi g, phiesatessror sbavtl eforcalPal shase used.pr&CENds afumicrgrisal emayakein
all mamuals with the Ping Il substrate which is i tical- i.n_the various
speci e%%ﬁééfci“ﬁrﬁ?i rl?c?i%plae Peotan al gé‘ﬁ(eétusoend ?ﬁgf ﬁ8%%“9nﬂ‘cr)nrega?ﬁlsr“rié.%
Thus, thetptatein according to the invention can be used regardl ess of the
origin of the ACE2, for exanple from humans, mce, rats, hansters, pigs,
primates or cattle. However, in preferred endoodi nents, the origin of the
ACE2 and tihe ofigan Smrhoibest peatredsiisnt ey seames  Pref ercaabtyns adsesd n€ogor
C-term nal amino acid) of the ACE2 pol éggpti de .correspondi ng tolEer 40 of
SEQ | D'RE LB IEXanpT 19" 1 e hi figF~énd)y” I¢ 0 Gy oyt at €851 aF ht

| east 9@ tY%peand dmste Preferabl y409.% obrt ke <gleosyd at edo e gt yegsykati-on
sites exhibit sialic acid; preferably, the Nglycosylation sites

cor r es POy 166 1A8N53 5 SAsn90, Asnl103, Asn322, Asn432, Asn546, Asn690 of
SEQ ID NO 1 are sialyzed.

Preferably, at least 70 % of the glycosylated N-glycosylation
sites have a structure, independently of each other, selected

from formulae 1 to 8:

(formula 1) {formula 2) {formula 3) (formula 4)

{(formula 5) (formula &) {(formula 7) {formula 8)



In specific enbodi nents, an asparagi n corresponding to Asn53 of SEQ I D Na:
1is nono-, bi-, tri- or tetra-sialyzed. Preferably, in one ACE2

pr eparat i2osatl i8St 50 % 60 % 70 %7 80 % 90 % 95PUF/832¢LEr 0£001% of
said am no acids are either nmono-, bi-, tri- or tetra-sialyzed. In specific
enbodi nments, .an asparagin correspondl ng to Asn90 of SEQ ID Na: 1 is nono-,
bi -, £ - hdr htetra%smeq\]y eal . ferably, in gng ACE2 prepagation at Ieast
50 % 60 % 70 % 0% 0 % % 99 %or 100 %of said amno acids are
ei ther nono-, bi-,ptgiy or tetigy sialyzed. In)@pyeplflc errb%msnts an
aspar agi n correspondl ng to Asnl03 of SEQ I D Na: is nono-, bi-, tri- or
tetra-sialyzed. Pr@fgrabl y, ingone ACE2 PreparNatg ghsad d ea 50 % 60 % 70
% 80 % 90 % % or 100 % of said am no acids are ei t her .nmono-,

bi -, tl’:ﬁef%lfarﬂe&frr aailaWzEH@ PRS8peERf e Ienbodi Pﬂlém & By YT
corres ing to Asn322 of SEQID NO 1 is nono-, bi-, tri- or
tetra-sialyzed. Preferably, in one ACE2 preparati on at least 50 % 60 % 70
% 80 % 90 % 95 % 99 %or 100 % of said am no acids are either nono-,
bi-, t rassi dgoll s I ai 55 sAS Par Pricu-
corres%fo%%(?%%éf% @%4%%1*@ gOQ B%. EEIrglﬂ)?grfbrr%nofipd}iﬁ)l %]rq tetraaigelhal yzed.

Pref erabty,10h @nwﬁcﬂl%r@é&ﬂ@ﬁb@ﬁtéﬁ | Hast v505%a60°0 F0tes 802YF 90 %
95 % 99.%0f,-100- onio?zﬁ-qgija@”lné) acids are either nono-, tri- or

tetra-sia yzed. TR specific errbodl ments, an asparagin correspondl ng to
Asn546 of SEQID NO 1 is nono-, bi-, tri- or tetra-sialyzed. Preferably,
in one A aratio I 0.9 % %20 %4 %
or 1OOP@§C§?E§%§ ar?lnnorhaﬁzdsﬁ%}%em%ptﬁﬁﬁ @ gk@% (alﬁg?l?ha%r tez{xr?ge%/?l%gze

In Speﬂéi@htemﬁodlth’Haﬁt a0 akspar agrmeoabéspamdllr@@ato B N6Y0, opaSEFED NO
1 is mno:

or_.tetras:si Prefe ln on 2
preparé‘flﬁ)ﬂ g{:eﬁgaglolg o %gﬁls‘% 920@8’801%@% }1}/]9%‘ PQSQ%rgiOBD% of
sai d aghaohaehdy e feiddry nonoteadi - 98t kiDa, onnc=et rgaresﬁaﬁ@/}zhd_at least

100 kDa, 100.5 kDa, 101 kDa, 101.5 kDa or at least 10z kDa. An

absolute molecular mass - i.e. of the peptide per se without the
hydrate sheath =~ can be determined by peptide n@pping. More
highly glycosylated forms may alsc have molecular masses cof at
least 103 kDa, 104 kDha, 105 kDa, 106 kDa, 107 kDa -or at least
108 kDa.

Molecular weight determinations which are influenced by further
factors such as the hydrate sheath, such as chromatography or
gel electrophoresis in agueous systems - can also give higher
results. In further embodiments, an ACEZ monomer unit c¢f the
dimer has an apparent molecular weilght of at least 101 kDa or at
least 102 kbDa, preferably at least 105 kDa, particularly pref-
erably at least 109 kDa, in particular at least 113 kDa, and
highly preferably at least 117 kDa, and most preferably at least

119 kDa, as determined by gel electrophoresis.

In other embodiments, the molecular weight of the monomer {(ap-
parent or absolute) is a maximum of 102 kDa, 103 kDa, 104 kDa,
108 kDa, 110 kDba, 112 kDa, 116 kba, 120 kDa, 125 kDa, 130 kDa,



In specific enbodi nents, an asparagi n corresponding to Ser740 of SEQ I D NO
1is nono-, bi-, tri- or tetra-sialyzed. Preferably, in one ACE2

preparas imatidemst 50 % 60 % 70 %880 % 90 % 95 BoT Q9 260/ (XAQ 1% of
said am no acids are either nmono-, bi-, tri- or tetra-sialyzed. Preferably,
at least 30 % preferably at Ieast 40 % in particul ar at |east %ﬁ%and
nost pref efadl yratl4easba7o (ﬂéb‘ih?ﬁe“ﬁll)%&%ﬂrat“é%l%ﬁ y 868y IFatS

have afcdeasts4tn simlicacids:. Rraferablysyid: ope. ACE2 preparation at
| east 50 % 60 % 70 % 80 % 90 % 95 % 99 % or 100 % of said am no acids

are thus sialyzed. Preferably, an asparagin corresponding to Asn53 of SEQ

| D NO éefér%ﬁyyca%alﬂ&ﬁgmeerqm&e@ ydalaest hna: gkargan shaving-ja r§td uctmge in
accordance wth formula 1, 2 6, ) Preferably, an asparagl n

cor r esporidl ay ¥eipho0TofatSEGE T NB2 KDas wm@%@%kylfat ad, lﬁ@é?fterezaﬁal}y #th a
gl ycagp%_vwglérf& mﬁ:’f%f‘%%bﬂ ggcorl%%%e gptraagor oyl gsra]rtl?cul‘?hr y legsﬂ or

accor dance or nu , . Prefterably,
aspar agt nkder r éspoidi nor e AEng22a0f 1SEQT WWDQA g gncyse:rosyrafeaably

pref er h gl ycan hayvi ruet iR _ac apnce W mu 1,

%? %eaﬁrt J/'%l g Irgfr e%erm%fﬁn&gnggsgggaéﬁ%ﬁ’cglﬁ%spondl négélpt %Qésnggg of
SEQ I D<NO L10s maglwrcozsyinat{ememprcéf erlabl yDai t h ey canl daviany assghust ure
in accordance wi,th formla 1 2, 3,.4,.5, 6

™ .
aspar agti corr e%%%%ﬁ“nne?o AERB46° BF RED | Duﬁlé“gr ghe g%géggyra %ﬁpmg

preferabtyoith a glycan having a structure in accordance with formula 1,

2, 3, 4, 5, 6, 7 or 8. Preferably, an asparagin corresponding to Asn690 of
SEQIDNO 1 is Nglycosylated, preferably with a glycan having a structure
in accordaneenbWt hiher mim lpoRypdptdie5hab, nb Otr8ns-membrane domains

"Thus, 1t is soluble ACEZ. Particularly preferred embodiments
thus comprise soluble ACEZ polypeptides the polypeptide chains
of which consist of amino acids 18-740 or enzymatically active
fragments thereof. A further polypeptide consists of amino ac-

ids 18-615 from SEQ ID NO: 1.

Although human ACEZ2 (SEQ ID NO: 1) is preferred for most thera-
peutic applications, ACEZ from other mammals, for example mouse,
rat, hamster, plg, primates or cattle, can alsc be used. ACEZ
is a universal enzyme in all mammals with the Ang Il substrate
which is identical in the variocus species. Hence, in principle
it can also be used in foreign organisms. Thus, the protein ac-
cording to the invention can be used regardless of the origin cof
the ACEZ2, for example from humans, mice, rats, hamsters, pigs,
primates or cattle. However, in preferred embodiments, the ori-

gin of the ACEZ and the organism to be treated is the sane.
Preferably, a serine (or C-terminal amino acid} of the ACEZ
polypeptide corresponding to Ser740 of SEQ ID NO: 1 (for example

the C-terminal end) is O-glycosyliated.

Preferably, at least 70 %, preferably at least 80 %, in particu



In a further aspect, the present invention concerns a preparation of
reconbi nant ACE2 pol ypepti des, conprising a pol ypeptide as defined herein
( ACE2 oo rrgmer/s sQr34di ners or nmononer umits of dimers), poherepnotheopdrti on
of ACE2 pol ypeptides with an apparent nol ecul ar wei ght which can be
determ ned by gel el ectrophoresis of less than 100 kDa or |ess than 101
kDa, préf erabiseitesy tharf 104 kPa, PREGRF§CpY ef BF abl ¢11 668 HAFCEO82kBE, in
parti gular,dgss than 112 kba,o.panticukarh ycpreferablydresspihan dds kba,
most preférably less than 119 kDa, is |less than 20 % preferably |ess than
10 % Yparadseuladriiopn prefierabl T eI eF ably | 8855Ehan 2819 espEeitaPlry 0
% and thereof,. fan example, AR Rolyrepl des wf. less.Dbeipnesent in an
amount of 0 % and ACE2 pol ypepti des of |ess than 100 kDa may "be present in
an anount of less than 20 % The fraction is with respect to all of the

ACE2 f i nv. ed. J or .ex term i nat,i I
el ect rlg%%%és]}%y %f}%g?g;} y}}tgf hg%m%caﬁiagg%na%g}%%ﬁ&#%% é%s%%&tgg ot
mol ec HESF ImSE whi cte camndre, deter nined by peptriede imappieny. TFhusendyd v,

fracti.qn of A pal.) ti ith | egul.ar ight-ef.le than,-86 kDa,
or Ieslgltﬁ%% gg%%D%‘" %?"‘% etrg%l \;,/\éif e%gagﬁaﬁ%gi’k@? %’i gFl y°br§?er°éblré>9 | 'éss
than %6 KDa, 28 n% part i10dl & dEessattaam9fokbBa;igeardicuktachprefrenabl y Hiess

t han ],t(a){%'_kDa and nmost_.preferably Iess than 101 kDa, is Iess than 20 %
pref erdoly Tess vHar 0 %" particul arly preferably I ess than 5 % nost
preferably less than 1 % especially 0 % and any conbi nati on thereof. For
exanple, ACE2. pol ypeptides of |less than 86 kD nmay be present in an.anpunt
of 0 0" aI=ACEY" Oy BEDTEHGS  of 1 CSH i 07° KEAC PRy Bo r 68enE o At
amountsmf 1resso i han: 20mS00 Py eberablky; -t he fueacti-en «0fy zACE2 poteypepitidgs
wi th trans-nenbrane domains is | ess than 20 % éejera} |y Ieatsof]°tha9na,]°0 %
parti ctft aPl§ préferdiiRA 18IS hah 59T preferabl y-l éss Sthan 1704
especi@d |y, 05% s Pref erably, ot heaf hackiion ofciACE2: pul tiimees in®rless dihan 20
% preferably less than 10 % particularly preferably |less than 5 % nost
preferbly PesseiFurc42942%8pecially 0 % The term "ACE2 mul timers" nmeans
conplexes with 3 or nore ACE2 pol ypeptides. In addition, in a preparation
of AOE2 diners, the fraction of ACE2 nononers is preferably less than 20 %
pr ef er@bl §PEes551 € haRC 201D BEr t PEUREPEY 2P Ef SraBIRPF NS thar? 52991 hostt
preferaplyrhess, than 1,26 espgeial ly:Q % lnaddidion, dn a preparation of
ACE2 nononers, the fraction of ACE2 dinmers is preferably less than 20 %
pref erabl preeds Rhanr A 94T pak t BEullgalsfy priefier abby®t ed§ tharB® % Host,
prefergbly | ess.t o Y45 especialy .0 % r Yoo fr {.on .0f _ ACE2
di mer s@?n¥A r‘folr%guloeos/ i ségt %Iaggstan?&(%@géjgéa gg% %ltc?l%l%n?%% % %lo % 70
% 80 %1900% t9Brdowraayzeé@ast 99 % In further enbodi nents, in

conbi nation therewith or independently, the fraction of ACE2 nononers in
ACE2 nol ecul es can be at least 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80
% 90 8Bn 9bcB8idicakmbedstne89s8. aPr efsgraabloint e frestdroiiragf WCE2sn32Z2 of

pol ypept.id Lth. N _gl ycosyl at.ed asparagi n correspondi ng to_Asns3 .of SEQ
"D Ao S EBEPE han BYTR prerar abTy nor & T Hn S0 oS S par t| BGTATTELY
pr ef er ahl yreorecAhapr 80a P4t hoghky preefsr abl y& nogé tharw @G ,8,80ost 90 %,

referabl re . than % and especially 100 8, and preferably with. a
8| ycangga%i’ g&% ﬁst%c}g@? eg‘i ﬁ*acg(‘?d'lrodda&ﬁ?:?cﬁ}llvi th¥or ﬁﬁfsaegp*lt%ez %erc?l 5056 7

or 8. tri~- or tetra-sialyzed.

In specific embodiments, an asparagin corresponding to Asné43Z of
SEQ ID NC: 1 is mono-, bi-, tri- or tetra-sialyzed. Preferably,
in one ACEZ preparation at least 50 %, 60 %, 70 %, 80 %, 90 %,
95 %, 99 % or 100 % of sald amino acids are either mono-, bi-,

tri- or tetra-sialyzed.



Preferably,thefraction of ACE2 pol ypeptides with N glycosyl ated asparagin
corresponding to Asn90 of SEQID NO 1 is nore than 60 8, preferably nore

t han %@ %ogarticudarly preferably nore than 80 % hi ghilTy yaefosr/d@kicyg 1or e
than 90 % nost preferably nore than 99 8, and especially 100 % and
preferably with a glycan having a structure in accordance with fo qyla 1,
2, 3, I Epe@liic opmgod Pretef abty, EABAFRELT G 6F SREESHG ﬁ?epzﬁrﬂ%@s wWth N
gl ycosyatad \gspar agh npeqsrespondi ng ;0 ASRLO3 0f: :SEQ 443 NO phe fsramre, than
60 % preferably nore than 70 % particularly preferably nore than 80 %

hi ghl yiTpr efer 36y mrePatien 90 8t ABSELpret éhabPy fror €0t fan b oy Andt-
espech@j ly 100 8, ,and gy ef exably;wi th i3 glycals having ja sty uciie iwi—
accordance wth fornmulae 1, 2, 3, 4, 5, 6, 7 or 8. Preferably,the fraction
of ACEZ ol §pepttithess Wtz - gl ycosyl at ed asparagi n corresponding to Asn322
of SEQIDNO 1 is nore than 60 8, preferably nore than 70 8, particularly
preferably nore than 80 % highly preferably nore than 90 % nopst

pr ef erbbl yoaoi Eithambogi8enand espesipallapir0Cogrearbrptisierabl fsnkih af

gl ycan Vi .structyre in acgcor ce wit T 2, .7
o oS D R S L R ArB0Ge! Ga0ss b e e ?&%?%ct?ﬁ%égﬁ%g?

pol ypept i des WTH? Nerepycosidat ed dspartagih Ttor 6éspenditng .t 8 Ash43200f, SEQ
| D Na: is pore tha Y preferably nmore than %. .parti rly, .
prefer%%l?’ e°tﬁ5hn§g9@6 %?gﬁﬁydpfb3é¥%b?§l%%r3zgh§ﬁt%%“%é¢%§i’ b=
preferably opresthans9919%eand especially 100 % and preferably with a

glycan having a structure in accordance with fornmulae 1, 2, 3, 4, 5, 6, 7
or 8.

In specific embodiments, an asparagin corresponding to Ser740 of
SEQ ID NO: 1 is mono-, bi-, tri- or tetra-sialyzed. Preferably,
in one ACEZ preparation at least 50 %, 60 %, 70 %, 80 %, 80 %,
95

o0

, 98 % or 100 % of said amino acids are either mono-, bi-,

tri- or tetra-sialvzed.

Preferably, at least 30 %, preferably at least 40 %, in particu-
lar at least 5% % and most preferably at least 70 % of the gly-
cosylated N-glycosylation sites have at least two silalic acids.
Preferably, in one ACEZ preparation at least 50 %, 60 %, 70 %,
80 %, 90 %, 95 %, 99 % or 100 % of said amino acids are thus

sialyzed.

Preferably, an asparagin corresponding to Asnbd3 of SEQ ID NC: 1
is N-glycosylated, preferably with a glycan having a structure

in accordance with formula 1, 2, 3, 4, 3, &, 7 or B.

Preferably, an asparagin corresponding to Asn90 of SEQ ID NO: 1

is N-glvcosylated, preferably with a glycan having a structure

in accordance with formula 1, 2, 3, 4, 3, 6, 7 oz B.

Preferably, an asparagin corresponding teo Asnl03 of SEQ ID NO: 1

is N-glycosylated, preferably with a g¢glycan having a structure



Preferably,thefraction of ACE2 pol ypeptides with N gl ycosyl ated asparagin
corresponding to Asn546 of SEQID Na: 1 is nore than 60 % preferably nore

than 7o%opartscgharly preferably norne than 80 % hi ghiy/ zoreder abdop mor e
than 90 % nost preferably nore than 99 % and especially 100 % and

preferably with a glycan haviqg a structure in accordance with fornul ae 2,
3, 4, B} BCCTreRDBE PrefefaBlyla her facti ofr of ABE2' pofypeptides with N

gl ycosyl at ed asparagi n corresponding to Asn690 of SEQ ID Na: 1 is nore than
60 % preferably nmore than 70 % particularly preferably nore than 80 %

hi ghl y?peéterably ABré@sPrBangdd WIrAeSLOBCErer a5l Agiore thanSH0 9% ¥ad
especi aLl y,_ % r ef it h |y, hayi. n 1Struct i

ccor danca i T o T B e e ReRY Rt on
of ACEZ2npatypependeswiakthiormglycbsyt at éd asparagi n7cokr8sponding to Ser740
of SEQID Na: 1 is nore than 60 % preferably nore than 70 % particularly
preferably nore than 80 % highly preferably nore than 90 % nopst

pr ef er abkyemebéyt han 3@pr¥ragnd espeeisaldngdilQ0 ©6 ArefEt abf ysE@héDcatal ytic

activit _ t.he ACE2 pol ypeptide preparation at,_ _I.s at_| 1,

ot ef or b1 3 A RS e e ey ot er bty | €2 s 1 SoRbghES S

pref er ahl ycabrbeast ¥isRlfcamdlapst preBerdbl §,at,| ast 2.6 s71 with
respect to the Ang 1-7 (angiotensin 1-7) conversion. Ang 1-7 is formed from
Ang Il (angiotensin Il) by nmeans of ACE2. The conversion can be tested in a
si npl erprafaeEk18s descidhedqgin e rexammidsg Ty Saeofwer sf opEQr Tbheo: 1

catalytic activity of ACE2 cap also be extrapolated from other assay data.
The act Puiltye CHIRS ¥ 61 xarth - bt néadired s CHESETi BEd 1 VD 2008/ 046125

A. in accordance with formula 1, 2, 3, 4, 5, &, 7 or 8.

Preferably, an asparagin corresponding to Asne%0 of SEQ ID NO: 1

is MN-glycosylated, preferably with a glycan having a structure

in accordance with formula 1, 2, 3, 4, 5, &, 7 or 8.

In a further aspect, the present inventicn concerns a prepara-
tion of recombinant ACEZ polypeptides, comprising a polypeptide
as defined herein (ACEZ monomers or dimers or monomer units of
dimers), wherein the portion of ACEZ polypeptides with an appar-
ent molecular weight which can be determined by gel electropho-
resis of less than 100 kDa or less than 101 kDa, preferably less
than 104 kDa, highly preferably less than 108 kDa, in particular
less than 112 kDa, particularly preferably less than 117 kDa,
most preferably less than 119 kDa, is less than 20 %, preferably
less than 10 %, particularly preferably less than 5 %, most
preferably less than 1 %, especially 0 %, and any ccmbination
thereof. For example, ACEZ polypeptides of less than 100 kD may
be present in an amcount of 0 % and ACEZ polypeptides of less
than 100 kDa may be present in an amount of less than 20 %. The
fraction is with respect to all of the ACEZ forms involved and

is, for example, determined using native gel electrophoresis.



In a further aspect, the present invention concerns a nethod for producing
reconbi nant ACE2 pol ypeptides or a preparation of reconbi nant ACE2,
conpriwd ngodhe steps of bringing a polignucl eoti de codiawy f2ar2 Gars /ACEZ,11
preferably a pol ynucl eotide coding for an ACE2 with no transnenbrane

domain, into eukaryotic cells, expressing the ACE2 pol ypeptjde and

col | ectiig 3 PeY expresSedCArEES, MRRS pREYI & ei%g”ﬁgﬂg¥$d£%iﬁ%¥f%%ém%%ﬁIs
can then; be sehegtedidi Qg 1, PEOstICe: anapEERgPOl YRER!,i dend NF ageor slance
with the invention as herein described, in _particular with a high nol ecul ar
wei ghtof PAEEEr abPyyPERel §oF yiidcheot | BOLE6HIRG 67 Ehe &&21?§Sp%&ﬁ%e%6on a
Vectork%{! eterablys thenAGE2 jexpregsienr-hs;selected:Mithoa natkernighly
preferably DVER Preferably, the narker is on a vector. PreferabLy, t he
vect orphabeaab TRESeB6r el exdr eBad ACEZRH#RNACYLORT cddes f BRapr effer Abty,

the e i el S.+. ese i nv i S
recongﬁﬁéﬁ?&%gig 5%%?%%%?&52 gggg h?gggrgfﬁgngg?'ré%g%b?%g%t %E%g@E§%D§
pol ypepetdetbbrailfablkeaby isucess rmdEhodC I aoferehaylaspess, thhe LhAvention

provid . St e ic.cell _li (ar cel i n t

Dol ynueT ot T 02 6o g T o "anY AES® reFerabl'y ' O Sl 11 b (or ol T}

whi ch &x%, peessesaACE2,0 in pard i suy acoabidefiined talsove.f .Thel'eel Exkinpes may
be sel d for_the.desired. praopekties, iV b r.ex

o oduct o BPdPHEr S From mASer T 6 it A oY CBir 57 et She of TaE T east
102 kDar The;cehks rpref exdbiperhdvie sarm fACES pridduct $ Vi kya ohagt bkeasts40t

pg/cel | /day, preferably at ast .15 pg/cell/day, particularly preferably at
| east 206 Bé/égﬁppga92 Y25 %gan 2% 5

Preferably, the fraction of ACE2Z polypeptides with <tTrans-
membrane domains is less than 20 %, preferably less than 10 %,
particularly preferably less than 5 %, most preferably less than

1 %, especially 0 %.

Preferably, the fraction of ACEZ multimers 1s less than 20 %,
preferably less than 10 %, particularly preferably less than
5 %, most preferably less than 1 %, especially 0 %. The term
“ACEZ multimers” means complexes with 3 or more ACEZ polypep-
tides. In addition, in a preparation of ACEZ dimers, the frac-
tion of ACE?2 monomers is preferably less than 20 %, preferably
less than 10 %, particularly preferably less than 5 %, most
preferably less than 1 %, especially 0 %. In addition, in a
preparation of ACEZ monomers, the fraction of ACEZ dimers 1is
preferably less than 20 %, preferably less than 10 %, particu-
larly preferably less than 5 %, most preferably less than 1 %,

o

especially 0 %.

Preferably, the fraction of ACEZ dimers in ACEZ molecules is at
least 10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 9C %, 95

o

or at least 99 %. In further embodiments, in combination

therewith or independently, the fraction of ACE2 monomers in



The expression of ACE2 preferably occurs in the presence of sufficient Zn2+
ions. Preferably, at least 0.5 mcronolar, in particular up to 5 m cronol ar
of ZnZsoispuseds134y particular, the fepnmentati on can berwarmriced /uthousi ng
2.5-3.5 micronmol ar Zn27. The Zn27 concentration in the nutrient nediumfor
the expressed cells, for exanple, may be at l|east 0.5 (gl\{g 0.75 pM_1.0 pM
1. 25 PMEA. BOpRFULeTs Nt D20 M 12285 PN of/ at®l dast32. 5 uklor 3.9 pM
Furthegpty eafgrent i eps af e pref erabl y..al so. gargsed out in the presence of
Zn2+ ions. In a further aspect, the present invention concerns medicines or
pharmaceutical preparations of the ACE2 product in accordance with the
| nventiAlscidL RATLT Cular Eon eyl regt Tenic:or prevealdon f; hi ghhl ogd
pressure, Fieart” i nsufti ci ency such as congestlvg, ute or chronic heart
i nsuf fgtyereylerydcaspiahginf apereopcodingt her dscider o SSEKidhaélPf ai 1uge or
insuffjcien pekys cyst.i, i y. di.se PKP,. or,lung di s, as
chr oniﬂég% s?%%%tlgd\)/ew uﬁ%”%?géggg, mgkﬁéuﬁg‘%na,@s?'hr%% Eﬁr%n%‘%ﬂg%%% itis,
enphyskehs, meystikcafi BE 081 shightigr steteakblyngodissedse; Pulnmormeeyt pref-
hypert oni | ung. e | i Lsarcoi i_,s..of -th ng, tubercu i oedema of
o] uRb En 1 TORROS ar Ping’ caicer SCarar trbheitert T it ae Gy 16t CAES
are citedlyoaMO20044080367uALuter iexamphbedatrhe AGE2Z: pfaductasfl t he, 3,
invention.is.al.so suitable in this case. or nedicine conprising the ACE2
pr ot ei b can be ’ér%]?/i ed. Such conpositions may be pharmaceutically
acceptabl e salts thenselves, with additional buffers, tonicity conponents
or pharnmaceutically acceptabl e carriers. Pharnmaceutical carrier ,§|P|1bstances
serve tb® ?rﬁ‘?}%f/ ' t hé onpatithiicty of Tt he oA G B $t ovi'dé et Y er
sol ubi hiyycag1ueld asphebben bbeavapbabihtt v cofadr act i yepingned; ent ss
Exanpl es are emul sifiers, thickeners, r%_edox conponents, starches, gl coholic
sol uti BA&S pBRyefRyF+ EXEIGEFESE RS i“ﬁ]%.@él%@t?%ﬁtb?ué&%wt%Feera’
phar mageyt heak earhi en kS hiighlly, dependen; omd:he adm nbstsathgp:rpute-For
oral admnistration, liquid or solid carriers may be used; for injections,
i qui deERBAY BORPOSNEFONS dre A EqASEEiarlef ekdbl Yy, #he ACESSEBRDBHSIEEEN in
accor dange W b hptherinyention coaprises buffers of; ionkSgubst ances, Ihe
buffer can ad-just the pH of the nmedicine to.the physiological conditions
and fudther, ©can #edbice or buffer variations in pH An exanple is a
phosphate buffer. Tonic substances can adjust the osnolarity and may
i ncl ude ionic substances, such as inorganic salts, for exanple Nad or KC1,
or nonfirefkcablbst ances suctrasiayl yceki n BEEEar hohdraiesde Pr efidrtabl yN-t he
conposi t 1 j.cine fo j rdance. w the inveptign, i
sui tablg;}i'yg?g 5?%%% %%%sa;?sa{bglrﬁ c?oggg?%g??fggal“%orgfﬁ%égngs“al éﬁa%mfé\i%?'r at§i on
or as am imolral etapr éparat itore f<hhese frorms Ofamadit nkst paticonufer lvherei-
conposi tion of the ese icnvention al | ow fast., unconplicated. take-
Tnen ¢ RE RS TEBpOBI o 0§ S nb SRABH PSP AT Sam AT et At ore 1 £ 1 §o8
pr ef er abkyeprdbliydedrien tendror il &t | endwhisgledis Iriesi st@nt, t enst preckracilg or
it is encgpsul ted. For _oral adm ni %trati.on sol i:g or liquid,_medi Eggeﬁ can
di [ !

be tak& i Pedtii 8t G E56Y vBdS5F UG Hafed! O exatpre, VL0 FOTIE
2, 3, 4, 5, 6, 7 or 8.

Preferably, the fraction of ACEZ polypeptides with  N-
glycosylated asparagin corresponding to Asn322 of SEQ ID NO: 1
is more than 60 %, preferably more than 70 %, particularly pref-
erably more than 80 %, highly preferably more than 90 %, most
preferably mocre than 9% %, and especially 1060 %, and preferably
with a glycan having a structure in accordance with formulae 1,

2, 3, 4, 5, 6, 7 or 8.



i ntravascul ar, intraperitoneal or subcutaneous adm nistration. |njections
or transfusions, for exanple, are suitable for this purpose. Adm nistration

di rectyjy a0y tdes ol oodstream has thejadvant age that the aetiovg icngredi ent
of the medicine can be distributed through the entire body and the target

tissue is reached quickly. The present invention will now be illustrated
furt hérrasirapihe f dlicow AgaABACT m @¥ ng AQEgur ecan@edkanpices. YEFgur 6%

Fi gur &1y - ACh EXPT ' d sel.ection Gassebt e fi-gur e- 2:5pACE2- specific
West eft#}gf ot gana ys?éﬁgggg?gduﬁ% on cl onle i stor yS; Figure 3: éS%— PAGE
anal ysis mbraACE2anohongr ; cFegarebdy Toore tselrectl on, HEgura: Brr PCIVS -

gl ycos tan ngly'iS' Fhgure 6. Pr I i ze ;separat ionef ACEZ;

Fi gur eg%a?b%haﬁﬁﬁ%o%hnae i ?:g of %‘C@“Eplﬁﬁaégéfp%gﬁég | g'%r e“%%QCagﬁi bration
cur vegpfofe gl d-FoaadthAag 199 quamnd i eapeonalThe 1p6ptii, desidveres separat ed

L0 Lhe St ed songentiation Jange, dalng - HRLG.00. YAt €t 018 Afendarpk RP

2, 3, 4, 5, 6, 7 or 8.

Preferably, the fraction of  ACEZ polypeptides with  N-
glycosylated asparagin corresponding to Asnb4o of'SEQ ID NO: 1
is more than 60 %, preferably more than 70 %, particularly pref-
erably more than 80 %, highly preferably more than 20 %, most
preferably more than 99 %, and especially 100 %, and preferably
with a glycan having a structure in accordance with formulaes 1,

2, 3, 4, 5, 6, 7 or .8.

Preferably, the fraction of ACEZ polypeptides with  N-
glycosylated asparagin corresponding tTo Asn690 of SEQ ID NO: 1
is more than 60 %, preferably more than 70 %, particularly preif-
erably more than 80 %, highly preferably more than 90 %, most
preferably more than 99 %, and especially 100 %, and preferably
with a glycan having a structure in accordance with Zformulae 1,
2, 3, 4, 5, €, 7 or B.

Preferably, the fraction of ACEZ polypeptides with O-
glycosylated asgparagin corresponding te Ser740 of SEQ ID NO: 1
is more than 60 %, preferably more than 70 %, particularly pref-
erably more than 80 %, highly preferably more than 920 %, most

preferably more than 99 %, and especially 100 %.

Preferably, the catalytic activity of the ACEZ polypeptide or
preparation, ccat, is at least 4 s™%, preferably at least & s,
particularly preferably at least 6 s', highly preferably at
least 7 s7', and most preferably at least 7.6 s with respect to

the Ang 1-7 (angiotensin 1-7) conversion. Ang 1-7 1is formed from



Figure 10: Sequence of ACE2 and N-glycosylation prediction; Figure 11:
Det ai | ed spectrum for glycosylation site 103 (A), site 432 (B), site 546
(O, sidedd)(Psssite 90 (E); Figuresl2: Spectrum ofpcG/armionalo0c211
0-gl ycosyl ated peptide. The structural assignnment rrust be classified as

provisional; Figure 13: LC-MS rel eased gl ycans; g‘ﬁ“ee 14: Determ nation of
ACE2 dinteril §3RTiedliamesidsihly raY i Ve2 PAGET (PEFE. prloteiGrisids i <ifdl itfed

usi ng gl dver §ﬁagn)sﬁ@qes Aﬂéﬁhtassae%e%b@e an, Zopbax . G$5Qscol umy 4 n
presence of 220 nmM Na-phosphate at pH 7.0 in 10 % acetonitrile, the

chr orm:tcogr@rrﬁ:was pécctrrd%dcatamnlﬁn)acmngm}e @5 @ﬁ%nﬁﬁ@gr%@f b§| v

) SRR O L Pyt ooT SBAT (600 KER 7 43 1), gt gl balin (Ths

kDa) , rowal bwnmmiﬂ&d@as L@ESOBSme) Wﬁ@ifbhmff@ﬂ@l% kBPa, 11.08 mn),
vitamn B-12 (1.3 kDa, 12.71 min); Figure 16: ACE2-specific Western bl ot
analysis of cell extracts fromthe cortex (A), brain (B) and a ACE2 di ner
expr esi&t o ﬁhotlbe(rC}sp&:‘shom}seapmaseﬂACEZLv@imtEron Eiqgureerls/ . a Amat lytd clabr

SEC- HPLC chromat ogram of = ACE r form . Run_condition ol u or bax
G250 PERITTor 22 250° P RB3EPOI L1 6 D BTN TH & 0 al f oA g oY £

combinant ACEZ, comprising the steps of bringing a polynucleo-
tide coding for an ACEZ, preferably a polynucleotide coding for
an ACEZ with no transmembrane domain, into eukaryotic cells, ex-
pressing the ACE2Z polypeptide and collecting the expressed ACEZ,
in particular in the dimeric form. The cells can then be se-
lected in order to produce an ACEZ polypeptide in accordance
with the invention as herein described, in particular with a

high molecular weight.

Pfeferably, the polynucleotide coding for the ACEZ is provided

on a vector.

Preferably, the ACE2 expression is selected with a marker, pref-

erably DHFR. Preferably, the marker is on a vector.

Preferably, the vector has an IRES for the expressed ACEZ mRNA

(or codes for it).
Preferably, the eukaryotic cells are CHO cells.

The present invention also concerns reccombinant ACEZ polypeptide
or a preparation of recombinant ACEZ polypeptide obtainable by

such a method.

In a further aspect, the invention provides a stable eukaryotic
cell line {or cell) having a transfected polynuclectide coding

for an ACEZ, preferably a CHO cell line (or cell) which ex



Figure 18: PAGE anal ysis of ACE2 diners (A) and ACE2 nononers (B); proteins
reveal ed using silver stain (a) and ACE2-specific Western blot (b); in

conpar i;s0 it/ di ners. A consta initial concen i
fluoresgeggggﬁégé rzd substrate cunar?%éAPK-DNP and fo%?§%§??%§%é§@§%%§ne

concentrations were used and the correspondi ng fluorescence curves were
conpar edgsEegureE20: 1ACER2 rserammaactd vidyf imeas uiecdv24 afide48ehouisnaf ek

ACE2 di dninistrati .5. g/ kg, bl ue.col ACE2 ic f
b o (5 S Myl R 6785 Col BRRGF T CEXAVPLES Eiipl €510 Expr bsron o

admi ni Stration
hi ghl y agkyeosyleatred ACE idinmerf Thensaod ubten frastheon afiitbewhuhan ACE2cu-

sequence (SEQ | 1 1) .was claoned_into an expression vector into which the
anpl i fi-&d¢ BH ﬁnE;NELF%oﬁeﬁﬁfkéﬁahg 3l ready been added, to result in

enhanced expression of the ACE2 gene. To this end, between the genes coding

for ACE2 and df hr, aE attﬁnuated | RES_was inserted,mhich %Ilomed .
bi-cis ﬁﬁﬂr@%T%nEE?'ﬁf?B Y of SKEE2* And “BHF RO &~ et stans tniNA. TR ACES
expr essigoReand asel, echiOn: eSSt e | 3=shewWn gr aphical 1 y4d n, Flpgl%%c%i&;mge
both proteins are ex- pressed under the control of the same promoter, ACE2
expr es§F6r Cak We SintEREitoral PP/ &fRancéd -by neans of DHFR sel ection using
the MIX antagonist. This strategy can produce particularly stable
expression cell lines which provide high yields of a product with a
const aft’ éqalHASES IPhi $Tal’sd 4 fepaly cagonabl énptbdust esieneprs canudlso
be obt &i;padjin ekl i Lines which mmy possi bly, be hesspsuibabhg for, payr-
reconbi nant expression of a specificC target protein.
ticular up te 5 micromolar of Zn® is used; in particular, the
fermentation can be carried ocut using 2.5-2.5 micromolar yAsul
The Zn*" concentration in the nutrient medium for the expressed
cells, for example, may be at least 0.5 uM, 0.75 pgM, 1.0 uM,
1.25 uM, 1.5 oM, 1.75 oM, 2.0 uM, 2.25 uM or at least 2.5 uM or
3.0 pM., Further treatment steps are preferably also carried out

in the presence of zZn*" ions.

In a further aspect, the present invention concerns medicines or
pharmaceutical preparations of the ACEZ product in accordance
with the invention, in particular for the treatment or preven-
tion of high blood pressure, heart insufficiency such as conges-
tive, acute or chreonic heart insufficiency, myocardial infarc-
tion or artherosclerosis, kidney failure or insufficiency, poly-
cystic kidney disease, PKD, or lung diszeases such as chronic ob-
structive lung disease, pneumonia, asthma, chronic bronchitis,
emphysema, cystic fibrosis, interstitial lung disease, pulmonary
hypertonia, lung embolism, sarcoidosis of the lung, tuberculo-
sis, ocedema of the lung, ALI, ARDS or lung cancer. General
treatment indications for ACEZ are cited in WO 2004/000367 2,
for example; the ACEZ product of the invention is alsc suitable

in this case,

In accordance with the invention, a pharmaceutical composition



This vector was transfected in CHOdhfr cells and the copy nunber of the
ACE2 gene was anplified under continuously increasing MIX pressure. Several

sel ecty@nzand,/subgloni ng cycles were ysed to sel ect thebest>produgis wth
optim zed product properties using intracellular FACS anal ysis and

protein-chemcal as well as en zymatic analysis: in particular, to select
t he noet s@iliabhe clogwas,sitle Ypechfie emsfuati cCaet Pei PEOWsch wasuch

measur ed. W ébﬁog;f fgLent,su Mﬁagéelf{b@apwdug&cggg%f@ei Lyitthecgglhlul ar

productivity, and also the sugar conplexity were taken into account. Figure
2 showseavsammariy hofadMstienys bl ot L ot y stenofithe syrressihe ¢ul Popema—

resi due f .Lndjvi S I.C re u ' i:sh .pr.od Lon
cel | IF§381$%gg%rd%%§ p%%%%%rfﬁgggg?ﬁ?he i%ﬁ?ﬁ%ﬁﬁ%ﬁ&gﬁ%ﬁéscégﬁﬁgﬁ i%ﬁ%hat
t he prepenteen safrvsugar iimprvereexpnessicopapridductty ncfedsdes fropreightnto
left, as_shown. t he .subst ant.i al, i ncrease.i.n m Thi s I y
specingdsgfgg %|19%“Hﬁﬁﬂﬁ€g] ;%%%%I%?ege%ﬁoﬁg%égéﬁ%%#l??ggﬁggégggggfglone
539) whifchthadz¢hevexpresstonnpsoduct=zap het herhi ghests bl ®cu) arhwekght was

used to establish the productign cell line (184). lt.was decided to.pursue
Tt er 750 1 1260 BB IRt ‘e I 13/ EXET baseth GRS ace Fod SaAd.
conpl exnb gliwcosy| at@d 1 AGEZs . Wi d€l sol 1 ecACE2 hast @bl eeukanceeitght 1 of
83 kDa, clones were, selected mhjcQ were in the range of .up to 120 k in
denat uFfRg-8O5-PAGEL 988 Y dESHTHREF 037 i &SP -RtT et ut®) Fi%gine 3 SHows
an ACE2 rth aneinB)n irraduced; byl 1dhei pr esents 1produst 1 08y Pr eeespeonpaged vt h a
standard ACE2 produced in NSO (lane A). Wile the thus appears as a

si ngl e lPARG AL Epprofitdt EF2120°KPAS It heFaRds F6HYREY ef erence materi al
are from83 kDa to 120 kDa, indicating highly heterogeneous glycosyl ati on.
The prelimnary clones were then transferred onto protein-free growth

nedi umP(rp&ey@@ﬁy., THis Sehrecerarsytapai | dbl achediartes "ehdhi EafI y-"d&fined,

serum tree, f4.e6:0f ani.mm. profei ns,and soptinized forogeconbepantan ad-
expression of glycoproteins in CHO Fernentation was carried out with 2.5 -

3.5 uMizs27.tiA Ip6 efoes Werseckept tendere calhy g elaadce bsCeacisi opReiand
productd on arocess, Wb all IdtYoudaparticl al,sthe growt i rateswere e
phosphate buffer. Tonic substances can adjust the osmolafity
and may include ionic substances, such as inorganic salts, fer
example NaCl or KCl, or non-icnic substances such as glycerin or

carbohydrates.

Preferably, the composition or the H@dicine for use in accor-
dance with the invention 1s suitably prepared for systemic,
topical, oral or intranasal administration or as an inhaled
preparation. These forms of administration for the compositicn
of the present invention allow fast, uncomplicated take-up. When
the ACEZ composition 1s intended for oral administration, it 1s
preferably provided in a formulation which is resistant to stom-
ach acid or it is encapsulated. For oral administration, scolid
or liguid medicines can be taken directly or dissolved or di-

luted, for example.

The medicine for use in accordance with the invention is prei-

erably produced for intravenous, intra-arterial, intramuscular,



corded and the quantities of product and netabolites were exam ned (Figure
4). Further, the expression products and the clones were precisely

anal yzed o oAlsl/ icliongs expressed highl yi@acti ve ACE2 andrhadzprodet/tibvities of
20- 30 pg/cell/day. Further, the sugar structures and the heterogeneity

t hereof were analyzed. Finally, clone 134 was sel ected. Over the entire

pr odudficeRVpE6EesS, | £ PeXAPBFEe@ 82 hondherddti RSt AGELG e L IRAYLOT -

N-gl ygosylation sites -wate,prosessedh- theynbad atleasti@abic, rBYt this
occasionally even tri-branched conplex glycosylation with termnal sialic
aci ds PuADPESt-er SdMinbahkahaspriddifcdd andntesttd@ baseer Dhr ¢3 s "éForé and
a GWP- ¢ .ass P Iy £aty,on Qé&%sixﬁ%geéy%ﬁ@eﬁfoﬂheam R hass:pr eductian
process were ‘constructed. SEQ ID 1 1 (ACE2 protein sequence; the

aut ol ¢godsitsidgnahrseglrentsée( uadei Fenedpdis endaviele bytat@ethostieeled fiGr

QS| ERGRE T DR EAEDL EVOSSL
QSTI E EDLEYQSSLASVWNYNTNI TEENVONIVNNAGDKWSAFLKEQSTLAQ
MYPLQEI QONLTVKL QL QAL QONGSSVL SEDKSKRLNTI LNTMSTI YSTGKVCNPDNPQECLLLE

PGLNEI MANSL DYNERL WAWESWRSEVGKQL RPL YEEYVVL D -
NGVDGYDSROAL T EOVEHTEEET RPL YEFEHANBAK MAYPSST SP UL PARL ng the
FWINL YSLTVREGKRN DV ERAMDQAIRACQR] =K EAEK FRVSNVELPNMT QGFVENSML TDPG
NVQKAVCRPTAWDL CKGDFRI LMCTKVTVDDFL TAHHEMGHI QYDVAYAAQPFL L RNGANEGFH

EAVGElI MSLSAATPKHLKSI GLLSPDFQEDNETEI NFLLKQALTI VGTLPFTYM.EKWRWWEK

CEl PKDQAMIQANENKREI VGVVEPVPHDET YCDPASL FHVSNDYSFI RYYTRTL YOFQFQEAL
CQAAKHEGPL HKCDI SNSTEAGQKL FNMLRL GKSEPWI L AL ENVVGAKNMNVRPLLNYFEPLFT

WL KDQNKNSFVGASTDWSPYADQSI KVRI SLKSAL CDKAYEVWADNEMYL ERSSVAYAVRQYFLK

VKNQM MVRVANIEKPRI - SEMNERV EAPKINSE J IRRFEEVEKAL RMERSRE NDAFRLNDNS

LEFLA LGPPNQPPVS Di nerization of ACE2 directs all of the hydrophobic
protein units into the interior of the conplex, whereupon the charged

resi duesy,, siich. ascit bownd: sugaryehabns, phejectarautwardl yoandors@hyeaten t he
structure in the charged physiological nmedium Said dinerization by

expr essi O ot & @orpl etel y N-gl ycosyl ated ACE2 was observed in the presence
of Zn27. In this case, the diner conplex consisted of 2 identical subunits,
whi ch were electrostatically bound to each other and al so no | onger

separ atea:¥® physhot AfFE ansal it onfs AR Sn¢@amerto the secretion of a

gl ycoprotein each tine with 14 highly charged sialic acid structures on
each ACE2 nol ecule as well as 28 sialic acid structures in the diner. Two
Zn27 ibBhsuated edthond neeiewiekded in the conpl ex and stabilize its
structure. The high charge of the sugar chains solvate the nolecule in
aqueous physiol ogical solutions and force the associated charged protein
donmai nEigutsab dsL.CTHhe @i pductiomoprocesgsis: constructed so that only ACE2
dinmers are present in the end product. This is rendered possible by dint of
the fact that on generating the ACE2, sufficient Zn2+ ions are present
(preferably=165 Pr&oareromol et zZn2dpasaused; cEnAParti cul ar, the
fermentation can be carried out at 2.5 - 3.5 pMZn2'); the subsequent
treatment steps are carried out in the presence of Zn27 ions. Purification
i s carrigdreut: ushagrnancanheni exchangeEst ep, 3aspagheni um sul phat e
precipitation, a RIO step, a cation exchange step then a further high
resol uti on ani on exchange step. Al of the nedia in the process were
phosphat gubuf Bered: anda cont acnedesodidsm ghd oni-de anthendd nat saaple thukfer
i's a physiol ogical %chine sol ution for injecti%p. Egaqgle 2. Product
properFF@§- The peéptides were separated 1n the stated concentration

range using RP-HPLC on Waters (C18 pBondapak RP  columns,

2.1 x 300 mm, 10 pm, 125 A;

Figure 9: M$S/MS spectrum of N-terminal peptide. Note: ¢ and K

have the same mass;



Conpl exed, highly glycosyl ated ACE2 nononmer or nononer units of the diner
have a much hi gher nol ecul'ar wei ght than that indicated by the amno acid
sequenge ses t0s1he; coval ently bound gugar structures.pchihusioeptide11
mappi ng provides a nol ecul ar mass of 102 kDa, while that of

non-gl ycosylated ACE2 is only 83 kbDa. The proportion of sugar is

corr espbiidgi gl y: 23w andei af e8SBAt 2l NodtKecpréateenppspaitiiésndescri bed
bel ow. Because of the strong hydration, the nonomer unit appears in

SDS- PAGE at 120 kDa (Figure 3) with respect to the reference standard. The -
nat ur af{ gweswbridne- bouad !l ACE2Z SOt exXprressedcobut abhby thietsolldsl e(A) ,

fracti f Be e th 1 S8SLNn ang. kn,-it is conpletely
glycos§?%$eéﬁgg %ébsgggf ?ﬁé gﬁﬁb?%i?éh?%ﬁ?gggfa igggggnéhghus hi ghly
negatively charged sugar structures, ACE2 has a much greater solubility
conmpared with.non-gl ycosyl ated O, i nconpl et e t . Th
physio?%%?%%l160ff%h%§f‘ﬁ%%t%fncfgﬁﬁﬂ?égﬁbﬁé %?y%%¥§g§%é§n§%ﬁ@95§h regg?ly
be progucedtuFalthesighhenprodactbéscitabiéibd sel proonsandawhen stored
longterm it |oses neither activity nor does it tend to degrade or
aggregate, apart from stable dinerization. De-glycosylated ACE2, on the

ot her hagdrepleci pitates=dDybseveniynahew concentration ranges. This can be
shown in a preparative deglycosyl ati on experi nent using PNGaseF. The
theoretical stability index calculated for ACE2 is 41.2 and classifies the
prot ei p:ggrunstabliest 446 rsitgaim st f ustupesiiafe iRotswonsies edsf 98 thisve

cal cul ation. _However, since the fornulations remain stable for nonths, this
i s cl eBPFy ddéifo PRERItGh BFFGortivom of2atigat i nThe! bBe T eFt86"! vaFfon of
ACE2 alisggReanscthat ctibi-s Jrormihadd on-excl ushvehy 160N sd $discof o ACE20 diarer s
(or after "artificial separation to the nononer, exclusively of nononers),
whi | e HenrgPyEBSYEatadd RCEY t&nds tid for ATRUPELFEES Sandt Ry grégafet °BEGRBUSe
the large fractihan Qb eharggd.sugar residues increases the hydrodynamc

di aneter, the salvation sheath of the present ACE2 preparation increases
substantially. This situation can be exploited for the preparative

pur i 71 Gablon afs Akz fys SR epRr 3LAN SRIUMS, Mo Lork S PLOLET BowhaLEN 1S
exclusively present as a dimer has an apparent nol ecul ar %elgh of 250 kDa
conpar é8Evi thmare oadwultated 83nkDa:- ASchriomatifodrram i) a pFépararidve tiy-

roglobulin (670 kDa, 7.43 min), gamma-globulin (158 kbDa), oval-
bumin {43 kDa, 10.08 min), myoglebulin (17 kla, 11.08 min), wvi-
tamin B-12 (1.3 kDa, 12.71 min);

Figure 16: ACEZ-specific Western blot analysis of cell extracts
from the cortex (A), brain (B) and a ACEZ dimer expression clone

(C). D shows a pure ACEZ dimer;

Figure 17: Analytical SEC-HPLC chromatogram of ACEZ monomer
form. Run conditions: column: Zorbax GF2506, buffer: 220 mM NaH-

POy + 10 % CHaCN, pH 8.0 at 1 mL/min;
Figure 18: PAGE analysis of ACEZ dimers {(A) and ACEZ moncmers
(B); proteins revealed using egilver stain {(a) and ACEZ-specific

Western blot (b);

Figure 19: determination of enzymatic activity of ACEZ monomers



ACE2 purification is shown in Figure 6. ACE2 (first drawing) elutes with a
retention tine of 69 mnutes. This corresponds to an apparent nol ecul ar

wei ghtydetymen 4ihat; of thyroglobulin ¢§irst drawi ng, $8Tnnhgtes, 08601kDa)
and gamma-gl obulin (first drawing, 74 mnutes, 158 kDa). In this high

nol ecul ar wei ght region, there is practically no contanmination in the
cul t urie: resigyesscmndiss VEIBE pliteept odudt camnsbenSeparated iFPECRIeip -

si npl & .separatiqn st re@@é%ee—l%bearl@m%.k&g%yQﬁ%@%ﬁﬁ*@@?p%ﬁ@i es,dThe

ACE2 preparation of ‘the i'nvention is present in siological buffers as a
st abl &ower gipleeeand coongent canednpratepnssotand odsgdd Tah beestwradEand

can be_ adm ni st rueodﬁev%éegqo&;\égg‘}&er eg{ﬁag&jé& gcg),n. A phosphate buffer may,

for exsfn%rf e be enploye 1S s e nmononmer or dimer in
sol ution and because of the high proportion of sugar, it exhibits no

aggregat i on. rt ., the ACEZ preparation has,full ypat i tivi
Becaug%%lfref t EHSO| A i???u%ﬁ%égﬁ% e nlzlaedangiun’i 5 ergéd aﬁ%. Egs&%uggl uasf.g%i)r
t he samEr 7 eakions t heémbhoavakkabil i (Y. bs guarant édd:d neediuanel)y aft éxCEZ

adm ni stration. Because of. the high, highly, branched and conpl ex proportion
oSGk D | S e b 5 SToul - S 6% ot T8 TR ok hal ftine o
at least 10.5 hours, which has been neasured in various species, in
particular_in rhesus macaques. Figure 7 shows the half times nmeasured for
ACE2 detmiiistered i.v. in 3 species. nune response is mounted agai nst

ACE2. This would not only be counter-productive for the exogenous

adm ni stration of ACE2, but also could neut ral i ze autol ggous ACE2 present
in celF¥amTha ACEER o Rul @t i oh Hesty vedy 2P oneE Wrt ek “oFef he associ at ed
product properties thus provide an effective therapy with rhACE2.

The soluble fraction of the human ACE2Z sequence (SEQ ID NO: 1)
was cloned into an expression vector into which the amplified
DHFR selection marker had already been added, to result in en-
hanced expression of the ACEZ gene. To this end, between the
genes'coding for ACE2 and dfhr, an attenuated IRES was inserted
which allowed bi-cistronic transcription of ACEZ and DHER onto
the game mRNA. The ACEZ expression and selection cassette is
shown graphically in Figure 1. Since Dboth proteins are ex-—
pressed under the control of the same promoter, ACEZ expression
can be intentionally enhanced by means of DHER selection using
the MT¥ antagonist. This strategy can produce particularly sta-
ble expression cell lines which provide high yields of a product
with a constant quality. This also means that reasonable preduct
titers can also be obtained in cell lines which may possibly be
less suitable for recombinant expression of a specific target

protein.

This vector was transfected in CHCdhfr cells and the copy number
of the ACEZ gene was amplified under continuously increasing MTX
pressure. Several selection and subcloning cycles were used to
select the best products with optimized product properties using

intracellular FACS analysis and protein-chemical as well as en



Exanpl e 4: Determ nation of specific ACE2 activity The specific activity of
ACE2 preparations was determ ned by neasuring the conversion of Ang ||

(Asp- Ag-Mabs Tyt 1the-H s-ProPhe). All sneasurenents werg-€alyi ek oidod
triplicate In 100 uL aliquots. The enzymatic reaction was started by adding

250 ng/nmL ACE2 to a 80 uMAng Il solution in 50 nM MES, 300 nM NaCl, 10 pM
ZnCl2 apda0iol MMBig-80 an pH ofurs. Tie SaAprés et e Meartef auwalhiﬁed

and | ncypated ot 3ICtor exactly, 18 riutes The enzynali cureagtion, ey

st opped” by "addi'ng or “the anal & sol ut]ons Were

separ aBedlUSiargeRP- HPLEL (Water s 018 paldud:apak@mazgan(s BOO rme 10efgmlle125 A)
usi ng axlol neatr gradl eht of 10 éto 60 %CIC;%CN i 1t0 (‘)MS ré) P%l fort

mi nut e§ afj 10 Wyfafa1 7 m n’ p%of{ﬁ Xn J{A?ng 159 peaks
wer e debeoted Fhgtihe @hrscbzmmsow aamamzcty rﬁi‘eg}ﬂa.ﬁ*eei::ﬂ'hielpﬁpanemysmﬂceﬂtthél ons

det d t br at Fi 8.
Fur  hep PCPRE- Ghzy L L CoRgBParBr difa ‘TRt SAGtT 1 & GhSyne  heti UF(y Bere.

det er n:pedstEre iact ivid ypebdﬁhelﬁﬁEzemodLme was Tdﬁ—:t ep b areck a@rd@setnbed

chove, Toble Lahouw L resulia,of peo | megration s vell B Lo ceri on

ACE2 cencteat SpeeickisG chageaneat iifRaddadd Yrrom right to left, as shown
by the substantial increase in mass. This was obtained by spe-
cific selection of highly glycosylated clones. Finally, one
clone ({clone 5BY) which had the expression product with the
highest molecular weight was used to establish the production
cell line (184).

It was decided to pursue matters with € clones which enzymati-
cally expressed highly active and complex N-gilycosylated ACEZ.
While soluble ACEZ has a molecular weight of 83 kDa, clones were
selected which were in the range of up to 120 kDa in denaturing
SDS~PAGE, as determined by 1ts sugar structure. Figure 3 shows

an ACE2Z {(lane B) produced by the present production process com-

pared with a standard ACEZ produced in NSC {lane A). While the
ACEZ polypeptide 1in accordance with the inventicn - analyzed
here as the monomer — 1s homogeneocus and highly glycosyiated and

thus appears as a single band at approximately 120 kba, the
bands for the reference materiazl are freom 83 kDa to 120 kDaz, in-

dicating highly heterogeneous glycosylation.

The preliminary clones were then transferred onto protein-free
growth medium (Polymunj. This commercially available medium is
chemically defined, serum-free, free of animal proteins and op-
timized for recombinant expression of glycoproteins in CHO.
Fermentation was carried out with 2.5 - 3.5 uM Znt. All ©
clones were kept under culture and tested for thelr production

process suitability. In particular, the growth rates were re



mMAU. mi nl anpl. m n-1m nng. mL, - 1pnol. ng-1. mn-1 Ang Il 1714989062. 1182508. 0
0.3 4.7 0.2 Ang 1-7 472014123.1182508.8 0.25.2 0.1 The ACE2 preparation
had a watabysjcsagtivity, ccat, of 8.02 0.3 s71 nmeasursedr usizgnd eoang ||
conversion, and 8.8 0.2 s71 with respect to the Ang 1-7 conversion. Both
val ues were in good agreenent. and were nuch higher than the data given by
Vi cker §08feq| a(l% tBico| TUEREh 2R, (A 75T09862) 2nEa8Sd- 2Pl 1N CHFPubfi¥hed a
cat al yt 1 £4ACE2; @¢td vigyy, of BubtBer Jherweachi:on condi tignsiere hLdantigal .
The reason for the 240 % higher activity for our preparation nust_ be
post - t FAPBRPatL YBREl PHBEIFREH! PBASYARE -i n Afi Slase primeRisgd hignly ac-
N-gl ycosylaki-en, JWhi ¢l wes Jamich 11883 r oounceth iny, the; mp4eri al rysed. py
Vickers. This material was expressed in insect cells and indeed had the
same afifo dalr seGuEncersbutan@s tgleycbsykarednedty nuehr ¢eSseerext epg—and

degree r anchi.ng.- .Fur oner.Gl awall.a ACE2. preparation
frgm R1&%£§§éte?s}%ﬁﬁnoé%%g%gl?@vﬁia%h ai segé%a%'ya trégf%k Ib%l\%er actjlpg%/i?g{)
ccat, OhcRion (pdosgsd, wds exambnedd An eésserudraloyr operty obttrheture.
prepargast on Q{T—a@fl 2 dventi on a%éé‘%%’??g%' @%!s&it“ gh enzyimti € ?&5%' Ly
-tr no anpl e

whi ch Was pri i’y péermtted by pos nsl-atronal i fications.
5: d yboprotleom o canraliysias lgf eeeonbi nantrACH2:Theganpe ofiypusiyfiaeden

CHO-expregsed ACE2,was_anal yzed in two manners:

A master cell bank was produced and tested based on this clone,
and a GMP-class purification process and further on, a GMP-~class

production process were constructed.

SEQ ID NO: 1 (ACEZ protein seguence; the autologous signal se-~

gquence (underlined} is cleaved by the host cell for expulsion):

M3SSSWLLLSLVAVTAA

CSTIEEQAKTFLDKENHEAEDLEYCSSTASWNYNTNTTEENVONMINNAGDKWSAFLEEQSTLAD
MYPLOETQNLTVKLQLOALOONGSSVLSEDKSKRLNT ILNTMST IYSTGRKVCNPDNPOQECLLLE
PGLNEIMANSLDYNERLWAWESWRSEVGRKQLRPLYEEYVVLEKNEMARANHYEDYGDYWRGEYEV
NGVDGYDYSRGOLIEDVEHTFEEIRPLYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGR
FWINLYSLTVPFGOKPNIDVTDAMVDOAWDAQRITKEARKFEVEVGLEPNMTQGEFWENSMLTDPG
NVQKAVCHPTAWDLGKGDFRILMCTKVTMDDELTAHHEMGHIQY DMAYRAAQPFLLRNGANEGEH
EAVGEIMSLSAATPRKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLPEFTYMLEKWRWMVEK
GEIPKDOWMKKWWEMKREIVGVVEPVPHDETYCEPASLYHVENDY SFIRYYTRTLYQFQFQEAL
COAAKHEGPLHECDISNSTEAGQKLEFNMLRLGKSEPWTLALENVVGAKNMNVRPLLNYFEPLET
WLEDONKNSEVGWSTDWSPYADOS IKVRISLEKSALGDKAYEWNDNEMY LFRSSVAYAMROY FLE
VENQMILFGEEDVRVANLEKPRISENEFEFVIAPKNVSDITPRTEVERKATRMSRESRINDAFRLNDNS
LEFLGIQPTLGPPNQPPVS

Dimerization of ACEZ  directs all of the hydrophcbic protein
units into the intericor of the complex, whereupon the charged

residues, such as N-bound sugar chains, project outwardly and



term nal peptide and several internal peptides were found. Five of the
seven potential N-glycosylated 'sites were found in the glycosylated form
with ghycamostraciares which mainly cortai ned di - br anchen/ gt ye@ns) ve 111
fucose and vari ous quanti ties of sialic acid. The C-term nal peptide

appeared. to be 0-gl ycosyl at ed. Secondly, free reduced N-gl ycans were
anal yz%ﬂlYl%‘r%gtE%rB%ﬁuE%E _MB. TE6r e G BRIt e 5 %@%‘é’ﬁl gl yeid

with fucese: -it:¥@ssshawntdhati dibecsfucpsecmasebound if-oythesal 6 dnichenys and
the sialic acid was a2, 3-bound. In addition to _nono- or disialyzed,

di - br ache@PgEyFERs, 17a EBRASIFFEHBIE qUantity- of it ribtancREE ol ifosatBRar i de

was found. & Coarse seshi Mat e 0f; dhe imass ofnther gl yeasuhated: ACEZ.prpduced
101- 102 KkDa, i.e. consisting of approxinately 17 09 car bohydrat e.

Er ot eo$’9ﬂe0@|itéésbpeﬁdoft%8®1@s@fé Fat st AYC SDS- PAGEISTAl $ERRT 3Tl ATE2
U”der‘“@@% quag wek - destai ned, ; caf bam d‘BBEtt"Béé' asté?&«eﬂ st£d, v Egh

sequen |ty trypS|n and extracted on gel pieces as scrlbed
ext rac@sptmieeendraaeﬁl i pime Spesd Vat Gogeent ratordand she-ldonst¢iat edrwith

vat er 98”%9' kNG 015 ggfz%%'l%c%%' d %e‘c»?éf |td§ ;?‘Aggéggﬂ%t Wth%g?k\éase -

For thé oIl gosacchar i analysi's,” the pep I geste
and t hengkyeans.maer.e pra)fEe uisjmsg €18 SPREhcaritne dges:rivBl amal yeescolfn—

tryptl eptl es and coI eptides The $ Spegctrone na
carried 8% 0t rﬁg % ‘obarl *1 st ?‘Egﬁent AL ter Eﬁ crgrraislé) p?ow ded
W th acseaﬂdarscblezlae:@t rolspr ay leaitle mz@aaah@o&$strﬂm$M®gScM ce@rfra$$)>nand a

10 t I t h dul d tI d K ich
2006] . “io “CENS! Guugt & 1M1 1 CaRChr Sl oR B A TS o CIB Bl | A far y

col ump(3Quxt@od2 prceBieri® Ebeetran)eds-sd nghaat @rnl@rs Adwo sokment. zThe
anal ytical col urm a Bi 8b8.§| C18 colum (100 x 0.18 mm Therno El ectron)
was maPhEaFRed-prFBF BB Produc

This is rendered possible by dint of the fact that on generating
the ACE2, sufficient zn®* ions are present (preferably 1.5 - 5
micromolar Zn®" is used; in particular, the fexmentation can Dbe
carried out at 2.5 - 3.5 uM Zn*"); the subseguent treatment steps

are carried out in the presence of Zn*" ions.

Purification is carried out using an anion exchange step, an am-
monium sulphate precipitation, a HIC step, a cation exchange
step then a further high resolution anion exchange step. All of
the media 1in the process were phosphate buffered and contained
sodium chloride. The final sample buffer is a physiological gly-

cine solution for injection.
Example 2: Product properties

Complexed, highly glycosylated ACEZ monomer or monomer units of
the dimer have a much higher molecular weight than that indi-
cated by the amino acld seguence due to the covalently bound
sugar sTructures,. Thus, peptide mapping provides a molecular

mass of 102 kDa, while that of non-glycosylated ACEZ is only 83



t he sol vent exchange on 5 % acetonitri e and then a linear gradient of 5 %
to 50 % acetonitrile was applied with a flowrate of 2 uL/mn. Al of the
el uti g nedigy ot ned 0.1 % formc acid. The sanpl escwerecanal/yzedihy Ms-
and al so by Ms-MS. The data analysis was carried out using MassLynx 4.0 554
software (Waters Mcronmass). Analysis of free N-glycans _from ACE2

Bor ohyéhd de- ?Qﬁhﬁ%&?%ﬁ@%%%soQe?%g%epé?a?@éxéﬁbﬁﬂgéPaég graphidficc *Garon

col um. and assayed usiNg, JIRSS SPESLFODBL I e sBXample 16:1 &3 yoosylatisen of
anal ysis The nol ecul ar weight, the position of all the g|lycosylation sites

as meﬁﬂuasstﬁengtﬁu@¥ﬂﬁeiem th@ebﬁﬁﬁ@ﬂﬁﬁgaynxgrapﬁ@aA@EZUbrép FRAGEqFNCe
wer e df[a%( r@a{‘e@gﬁj & M%ﬁwﬁé@%@%é/z@fé%ﬂ&%yﬁa&r@l gesti on,

S. --' ylation ESI - M5 he determ ned protein nass of the
gl ycosysated product was 102 kDa, wherein the proportion of sugar was 23 %

of the, e ot@g RSS; ?g{age%&%%ﬂé' 2889 gLeterm negsgegg@ of k! of X

intern pep ides’ o sequence were ere see sequenc
i nforntiwm)e fakbtVopostiulZdtEed N- §eyeosyl ati onhsi réssfpgsitEmsns g3, dgo,

1% Sl S S0 T I e o o e
Because of the complex, highly sialyzed and thus highly hega—
tively charged sugar structures, ACEZ has & much greater soiu-
bility compared with non-glycosylated or incompletely glycosy-
lated ACEZ. Thus, physiclogical buffered protein formulations
of up to 1% mg/mL can readily be produced.

Further, the product ig stable in scolution and when stored long-
term, it loses neither activity nor does 1t tend to degrade or
aggregate, apart ZIrom stable dimerization. De-glycosylated
ACEZ, on the other hand, precipitates out even in low concentra-
tion ranges. This can be shown in a preparative deglycosylation
experiment using PNGasel. The theocoretical stability index cal-
culated for ACEZ is 41.2 and classifies the protein as unstable;
the sugar structures are not considered for this calculation.
However, since the formulations remain stable for months, this
is clearly due to the high proportion of sugar. The better sol-
vation of ACE2Z also means that this formulaticon exclusively con-
sists of ACEZ2 dimers (or after artificial separation to the
monomer, exclusively of monomers), while non-glycosylated ACEZ

tends to form multimers and aggregate.

Because the large fraction of charged sugar residues increases
the hydrodynamic diameter, the solvation sheath of the present
ACE2 preparation increases substantially. This situation can be
exploited for the preparative purification of ACEZ by size sepa-

ration columns; here, the protein which is exclusively present



the C-term nal peptide was 0O-gl ycosyl ated. The structure of these sugar
resi dues was determ ned by ca bonLC-ESI-Ms after cleavage and reduction.
Each and2albls /ofsithke di - branched straigtures contai negctrwaTa203-boondl

sialic acids and one al, 6-bound fucose. Small quantities of tri-branched

struc- tures, were al so found (Figure 11).The sel ection_strategy em ployed
meant 3fh&t EROnphetefy &W@é@%f@i & aff IRk ﬂgcagpai angj:Oé'SP&rfp i on

produgt wast bt aizned.) dvkthods Saapl e preparahbkengAGER2 dvass separaded susl ng

SCS- PACGE, destai ned, al kyl ated and_ di gFest ed using tr%fy n (Kol arich et al,

Prot edhifds B {20D6) 133695 FHBOY: ERI ‘SHHIETt §- werd-Tt i ddiARE \ERTLNT)

di ssolyedeish \0Q.ck % f 0L ¢ AGH d: Dhd OFrt 9ol b MBcanal ysirs s ROJr g slgar o

anal ysis, the peptide were digested with PNGase-F and purified on 018 SPE

col umis. apparent molecular weight Dbetween that of thyreglobulin
(first drawing, 58 minutes, €70 kDa) and gamma-glcbulin (first
drawing, 74 minutes, 158 kDa). In this high molecular weight
region, there is practically no contamination in the culture
residues, and so very pure product can be separated in a very

simple separation step.
Example 3: Pharmacological product properties

The ACEZ2 preparation of the invention is present in physiologi-
cal buffers as a stable, very pure and concentrated protein so-
luticn and can be storaed and can be administered without further
stabilization. L phosphate buffer may, for example, be em-

ploved.

ACEZ2 is stable as the monomer or dimer in solution and because

cf the high proportion of sugar, it exhibits no aggregation.

Further, the ACEZ preparation has full enzymatic activity.

Becausse of its solubility, ACEZ can be administered i.v. as a
bolius. For the same reasons the bicavailability is guaranteed

immediately after administration.

Because o©f the high, highly branched and complex proportion cof
sugar, ACEZ is degraded only slowly. This results in a long
half time of at least 10.5 hours, which has been measured in
various species, in particular in rhesus macagues. Figure 7
shows the half times measured for ACEZ administered i.v. in 23

species.

The high sialic acid content also means that no neutralizing im



M5 anal ysis Al of the mass spectroscopi c anal yses were carried out using
the QTOF Utinma dobal instrument (Waters M cromass) with a standard

el ect riospz@ys um134nd a Cap-LC systenmz2gWaters M cr o- meess)/ ATKAI ety 40,2 12006) .
The sanpl es were concentrated on an Aguasil 018 prelimnary col- um (30 X
0.32 nm_Therno Electron) in water. The s rati col um.used was a Q18

ol a0 RSB RBSie TEH TS Bl G4 1005 BeEhg. anfhcet BHLEY: P& grathert The

sanpl eso et £ assayesk 19 Mo angdhdB=Nogandas Araliysiss roft iforees N-mEtyransat WO
2008715134731PCT/ AT2008/ 000211 Exanple 7. Dimerization of rhACE2 ACE2

pr oduc@dSP nCAecoHr RN wh 1H BXETE IS viisT ok aF gt as™ t At~ df mer and
analyzed in this exanple as such without separating the diners. Native
treatnment neans that the diner remained intact, in_contrast to denaturing
anal ysTae ( ECHdr é o3y lRe ofleGpocdilhed Zatdoh B TACES mdanstal £ Rya+ dpPobi ¢
proteip.ypits are-directed towardg Lhe int er ore ©f Ahe,conphexs, whepeupon
t he charged residues, such as N bound sugar chains, project outwardly and
sol vat 8&BBZstructure in the physiol ogi cal medi umwhich is al so charged.
This dinerization by expression of a conpletely N glycosylated ACE2 was
established in the presence of Zn2+. The diner conplex in this case

consi sEzanplewd: | dentivahasubunti sswhichiar2Chouadtivgevher

el ectrostatically and al so do not separate any further in physiol ogical
solutions. This amounts to secretion of a glycoprotein each time with 14
hi ghl yTohargezstsiat | ecacivdtst rat WwCES oprepelzACE2 snoles ulde tasvieldd asy28

sialic _acid structures in the diner, Fach has t Ze- ;atons-inserted into
t he coWﬁFS%rﬁﬂgcﬁkgta%nWngéophéH§€¥ﬁ%thfeﬁg?ﬁeﬁﬁ?gﬁaéhgyﬁeléﬁ ﬁﬁé éﬁgar
chai n sakyat eslihesmmleecule tisn vagqee aus: phlysioltogicat r spl utdoasianddfontes

th iated ch d t ei n. donmi t ds. Th ti : [
const7 BOLEHCCE "t hatl e PUCY VB3 ACES T i & v’ GTSERE | 1t B il 250

produchig/mL ACEZ tc¢ a 80 uM Ang II solution in 50 mM MES, 300 mM NaCl,
16 pM ZnCl,; and 0.01 % Brii-30 at a pH of €.5. The samplies were
carefully mixed and incubated at 37°C for exactly 18 minutes.
The enzymatic reaction was stopped by adding 100 mM EDTA. For
the analysis, the sclutions were separated using RP~-HPLC (Waters
CLl8 uBondapak, 2.1 { 300 mm, 10 pm, 125 A) using a linear gradi-
ent of 10 % to 60 % CHiCN in 0.08 % HiPCy; for 20 minutes at a
flow rate of 1 mlL/min. Further, both Ang II and Ang 1-7 peaks
were detected in the chromatogram and integrated. The peptide
concentrations were determined using the appropriate calibration
curves shown in Figure §. Further, the enzymatic conversion and

the specific enzyme activity were determined.

The activity of the ACEZ product was determined as described
above. Table 1 shows the results of peak integration as well as

the computed enzyme data.

Table 1: Enzyme data and reaction conditions. The mean value of

triplicated determinations is shown.



This is rendered possible by the fact that on generating rACE2s, sufficient
Zr.27 ions are present (preferably, 1.5 - 5 micronolar Zn2+ is used; in
parti cud argodthefernent ati on can be carried out at 2. ¥cy/3130pMI/Z0h2and
then the further treatnent steps are carried out in the presence of Z1-12-°

i ons. Ln_Ei gure 0 M ned
usi ng dlfferent nethods In ﬁ&?V@étp6l§e§€F9VaﬁYde gel eIectrophoresrs

size o approxrnate y 2 0 Da Srze separat|on chronatography on a Zg%bax
5-450 fatemarésm the presence otid® % acetonitrile in 220 nM Neepiwosphat e
buffer at a .pHof 7.0 also produged a single peak for t.he proqu% mu@
retention time cor?espondrng to a nolecuIaF melght of approxrnater 250
kDa. It should be noted that in botRAn€a3és, exclusively dinerized protein
was determined, Neither, nonomer ructures hi g lLegul-ar i gh
aggregaﬁeglwere obsé?%ed ExaanZES ACE2 5?ﬁ£rs -%d??Fe?eﬁceém?ronp ‘
menbr ane- bound ACE2 ACE2 is expressedr ds-a transnenbrane protein |n al

hi gher pri |Iy in the,kidney, 2 d |IV6L el 1as an
essentrgpséngéne e renin anb?otensin ggstent nbgaﬁe bodn%

surrounds itself |n nature 1n the nmenbrane Iipid double layer with other
menbrane proteins which stabilize ACE2 in active confornatron and SO

protec?h?heA€§@raEé?PﬁFénlddnaﬁﬁsiofaﬂ(f% ?foﬁrﬁroﬁeothl@’deéFaﬁatr = In
order ¢ 0y enhang e, Lhe ANAIIRCAlA0ICah PHOREIH s, flc S0l 4b) & ACR2 and o
especially the activity an |I|ty of t hie soluble protein, an expressron
and pr@duoﬁkmmrsﬂﬂmtﬁgyxmaSh@ehegted7mhooheex¢bu3|vékyipnodMEEﬁ wﬂnﬂﬂxﬁ

dimeric ACE2 structures narr th rmon d &h

ot ot el 5 ARaEPL S HSSE | EPdnePae: BRGT ROdrErcaTions i CH a0 Bebant 1 55
responstbl ecfaen the Htobrc&ahrdﬁ?IrtIﬂder2002enphaBMﬁ£46he|mhﬂoﬂnpw%+ties
of the, ACE2 di mer| stru the_s ruc;ure of _penbr.ane- bound ACE

anal yzetSusf ng ﬁ%% GégggdaAééﬁl% Belif iPc "Wst er n' BT of ST Er gt ﬁ%%ﬁ

Tr ackSt&ﬁ@derehQWeaelll -aextr arits feogeeXfand dprearzmq)o anthiglaek £cshoisya
cell extract of a produyction clqne for AOE2 di mers, produced in, accordance
with E&%ﬁpPérlPr?ﬁefﬁEﬁBPameqﬁnﬂﬁjRﬁ%ﬁﬁﬁ%a ¥ Futh' + Owet Ol B3I ar
wei ght j gorpakedawt brtihe reXpr esy e RaduGlorgf EXamlead L&antde£) , pro-

al though the first consists of only the extracellular portion. This

i ndi cab@Y FREt *Rerbrafet Bouhd %&%% PE Presenf-as the v al ¥¢$ he*ot her
hand, thesexgr %%S|loﬂiéH*0dé|§Il§0@§HStl$1défeddlm St Mbi Ghrpr ovi:de the; preduct
wi t h phar nmacol ogi cal advantages In track D, the purified final product is
anal yz@EENThi s DHas Wil Yo oy &P Figh & BaneC wit RUE noISEET | Bt Gt ghtd oflegree
app’ ox oxprately 240 kDa.rfxamphe, %, lImeoned- phar PRcol 09i £81 « PRORET bi-egs of

di ners
ration from R&D Systems (cat no 933-ZN) which also had a much

lower activity, ccat, of 2.0 £ 0.1 s™, was examined. An essen-
tial property of the preparation of the invention is the par-
ticularly high enzymatic activity which was primarily permitted

by post-translatiocnal modifications.
Example 5: Glycoproteomic analysis of recombinant ACEZ

The sample of purified, CHO-expressed ACEZ was analyzed in two

manners:

Firstly, tryptic peptides were produced using 3SDS-PAGE and S-

alkylation and analyzed using LC-ESI-M3 (and MS-MS). The N-



APN 01 designates a physiol ogical ACE2 protein fornulation which consists
exclusively of ACE2 dineric structures. Two ACE2 nononers at a tinme in this
case fwrmmoh/cova®ently bound conpl egés. The nol ecul @&aChizataoyicdl006211
constructs, the expression cell line, the fernentation process, the
purlflcatlon nd the buffer for storin appli.cation are.sel ecte
esi gricd B0 That X neT | 73t PrOgUEr eRCPaLrvery Rontsl ne st aif @A HTrer s.
The diger thei thereraggbegatesit ai-dargers\comdexestaer «oes ebudiissoci ate
under physi ol ogi cal conditions to nononmers. In Figure 15 (analytica
SEC- HPEEY hf bt gr ARTTABN 01 Totfifdr ed™ WER 58| g“scé]pa{?%ﬁjo\h é?%ﬂh‘?ﬁd
(Bi o- %Dgaﬁé@é@a{g_'gyc%@ewﬁﬂthhcoB@n 26N dizt N8y AT 1 LOT HAXs G250,
buffer: 220 mM Na2 + 10 % CH3CN, pH 8.0 at 1 nL/mn). APN 01 eluted in
the foRfi®f alaf righes Pabke htPEO 6L ¢ MPRIITAAI Eh Pet BnBi-BAOEVMBTRS- bet ween
that of thyroglobulin (680 kDa, retention tinme 7.4 mnutes) and bovi ne
gamma gl obulin (158 kDa, retention time 8.9 mnutes). The cal cul ated
nol ecubaeonasy, of rehi sT@@ﬁﬁrﬂ@xNrglaﬁgm@X|W@meelaf@1mzek®ausm@ sCapproxtrant el y
Co”eSEQE‘Qzﬁsto the %Bea&e@m@w@%%w ardlwegl%f N0, ACE2, uni t 8, 23¢h, of 102

For "t he pur poses of “conpari son, noners in CHO celTs were
pr oduceds aghawneterencé enatiardssl ,wavhi khuner scaltse awaﬁyﬂmﬁiﬁw%ga@ECiFPLC

Its ch gr i n, Fi 17. -The c for | ut es _wi

et ent T OnCt e or 6. B i ik G5 L W £ cort esponde o & ol B ar sl Ghtof
about ii@ik@ad,B@uhbmﬁmM®Em$ g@y@ﬁz&soaconp@sxmbxﬁmhg PAGE(see ¢ gure-
18a). WWile, APN Q1 d.a protein band wt ul ar. .vweight_ of
approxFﬁ%FeP d2£b @%gg' %gjﬁﬁﬁbﬁﬂglc 8?%1(B)aaﬁ%%%¥§% g% éﬁgngl%gter 100
kDa. AGE2sspecithe @ﬂ@t@&@lﬁh@w e%mablp$bd@c@hb 10ent 9ty ke, baot he pr oduet s,

as can_be_seen in g ﬁ% EZ ugta eghibited an identical
speC|f?&85ﬁ?9n8*a§?? PF&ma aduréd®u ?ﬁ Ho48tfvity test enploying a
fluorescence | abell ed substrate. As can be seen in Figure 19, the curves
for the sanme enz concentra |on of the nononeric an ic forns
over | | ETORBCARDE bt SRS SPBer Tt BEEBparEa ERESpnF HHCo b5 Ca T oper i €5 of
both products, both preparations were admnistered to B1-6 m ce

intraperitoneally as a bolus injection of 2.5 ng/kg and the ACE2 enz
acti vi B LFHOSEr (F S AFBPosi WAST Hbas uSot aPEEr 2MPAR IS FoLI SO ( s 68 Frgdre

20) . ThenmprelekReaoNCeMJAldONyNas @@qﬂ,@t&qr?) @;ﬁ@h%cm@@m sggekyed
100 uk of a physiological protein solution ach tine, ani mal s were

t r eat ed TWCERIAPR OF [ ACEZCRE nef ) “&RET 528/ nal S S %t%a@ﬁ‘zs nBR6FeF R [1&

prior t.0 A2 agm nist ket 08y R0 AGEZ actind Ly Gl dybenmpasured.don -any of
t he serun1sanp|es after adm nistration, systemc ACE2 activity was

measur é@di ¥ -al I éé§@§iiIU@ﬁiZ@ﬁﬁﬁﬁst%ﬁt%¥0%9§V?%ét#6n“5béﬂﬁ lyeddps Were
signifi hgant 'oxlﬁlofsfa g@télgg teskiypis, 0.001): Mi@ea%wl%v&aﬂmwﬁen

treate witht I mer an activity correspondlng to an
concentfigEisen Folng. 9hpghdtycaast Weirey peerfespondiing t0.f %mw&dm -of
0.2 pg/nL was found in only one animal in the group which received
nononeri c ACE2. After 48 hours, in the group which had received ACE2
honodi ier arthigre swas stiviclt 10. 2epd/ink sofnalcttilvicol, oertdieidsn the group which
had recei ved the nonomer, no nore system c ACE2 activity could be detected.
These data show that the dinmeric ACE2 formhas a very significant
pharna@@axﬁaﬁﬂ apaenta@etriBSa@hAUNBsta%reannbéaamuwxiﬂ polypept ilde,
present, a3 g, ey

"instrument (Waters Micromass) provided with a stan-
dard electrospray unit, a Cap-LC system (Waters Micromass) and a
10 port solvent exchange module (Rheodyne) as recently described
[Kolarich 20067. The samples were 1initially captured con an Ag-
nagil €18 preiiminary column {30 x 0.322 mm, Thermo Electron) us-

ing water as the solvent. The analytical column, a Biokasic CL18

column (100 x 0.18 mm, Thermo Electron) was maintained prior to



2. The reconbi nant ACE2 pol ypeptide according to claim1l, characterized in
that it is glycosylated, wherein the glycol groups of an ACE2 pol ypepti de
mononeyo hayves astotat of at |least 14 sipalic acid residues /232000000211
reconmbi nant ACE2 pol ypeptide according to claim?2, characterized in that it
is glycosylated in at |east 80 % of the ossi bl e N—glxcosylatlon sites and
has a propdftiBRtof=&lgaPSoP nor & t3HmtQ %J(%%' GhRE Bt IR respEet ¥F T he

whol e ACE2- mekeculse)so psefer abbyoAapre it ham b Ypi Nedaft tgulars mmr erattk@n 20
% 4. The reconbinant ACE2 pol ypeptide according to claiml, 2 or

char act®er £z8d/imant-hat Aat |oeas@heroe%l§ﬂ0@héﬂ%%o§9P5ﬁéHeﬂL 4 ﬁc@syf—%lffiﬂcfh

sites have a structure, independently of each other, selected fromfornul ae
1to 8: 36 (formula 5)(formula 6) wherein

The samples were analyzed by MS- and alsc by MS-MS. The data
analysis was carried out using MassLynx 4.0 3P4 software (Waters

Micromass) .
Analysilis of free N-glycans f£rom ACEZ

Borohydride-reduced glycans were separated on a porous graphitic

carbon ceolumn and assaved using mass spectrometry.
Example 6: Glycosylation analysis

The molecular weight, the position of all the glycosylation
sites as well as the structure of the bound sugar for the ACEZ
protein seguence were determined herein. The sample was ana-

lyzed using tryptic digestion, S-alkylation and LC-ESI-MS.

¢ The determined protein mass of the glycosylated product was
102 kba, wherein the proportion of sugar was 23 ¥ of the

total mass;

e the N-terminal end and the presence of all of the internal
peptides of the sequence were determined here (see seguence
information);

¢ all 7 postulated N-glycosylation sites (positions 53, 80,
103, 322, 432, 546 and 699) actually ccnfained di-branched,
complex sialic acid=-containing fucosylated sugar structures
(Figure 13};

e the C-terminal peptide was O~glycosylated.

The structure of these sugar residues was determined by carbon-

LC-ESI-MS after cleavage and reduction. Each and a1l of the di-



Glc NAc Man @Gl (fornmula 7)(fornula 8 Ft ¢ Xy | keuAc 5.The
reconbi nant ACE2 pol ypeptide according to any one of clains 1 to 4,

char agberiozed lion tdvat all of the possiBbl e N gl ycosyl aPiConAS2068 /@621 1
gl ycosyl ated. 6. The reconbi nant ACE2 pol ypepti de according to any one of

Claln%ra%ched, structures contained two oZ,3~bound sialic acids and
one «oal,6-bound fucose. Small guantities of tri-branched struc-
tures were also found (Figure 11). The gelection sirategy em-—
ployed meant that a completely glycesylated and siallc acid-

containing expression product was obtained.
Method:
Sample preparation

ACE? was separated using SDS-PAGE, destained, alkylated and di-
gested using trypsin (Kolarich et al, Proteomics 6 (2006): 3368~
3380). Gel extracts were dried and were dissoived in C.1 % for-
mic acid prior to LC-MS analysis. For the sugar analysis, the

peptide were digested with PNGase~F and purified on Cl8 SPE col=-

umns.
MS analvysis

All of the mass spectroscopic analyses were carried out using
the O-TOF Ultima Global instrument (Waters Micromass) with a
standard electrospray unit and a Cap-LC system {(Waters Micro-
mass) (Kolarich, 200&).

The samples were concentrated on an Aguasil Cl8 preliminary col-
umn {30 x 0.32 mm, Thermo Electron; in water. The separation

column uged was a €18 column (100 x 0.18 mm, Thermo Electron) us-

ing an acetonitrile gradient. The samples were assayed in M3
and MS-MS mode.

Analysis of free N-glycans

Glycans reduced using borohydride were characterized on a porous

graphite column.



to 5, characterized in that at |east 80 % preferably at least 90 % in
particular 100 % of the glycosylated N-glycosylation sites have a structure
with fyar mideeer1B1t3078. 7. The reconbi napt ACE2 pol ypep Ede/accondi/ggotalany
one of clains 1 to 6, characterized in that one ACE2 nononer unit of the

di mer has a mol ecul ar weight of_ at |east 90 kDa, preferably at |east 92
kDa, FaftiRtd arl PPedtidsdpiqp & FE46E94 kDa, 37 in particul ar at |east 96
kDa, highly preferably at |east 98 kDa, and nost preferably at |east 101
kDa. 8. The reconbi nant ACE2 pol ypepti de according to any one of clains 1
20 7, Flar ae¥ediord A BHACHIRECACEX Dol §papPite 1ha"éaf‘no‘3%1zéﬁ§-eﬁeﬁﬁr§ﬁ\?
domai ngy and.preferahlwd n: { hat, skhe. AGE2 pokypentdide,ehabn-consi st 10fy
amno acids 18 - 740°of SEQ ID NO. 1 or enzymatically active fragnents

t her edfhe 9dimhes r ecSABEHaANT TACEREHS| ViFepts denalecbREi AGTES &fyesieofllcl ai ns
lto aracteri in .t ' F ndi 740 +of D
‘NO 18C|asa}t} g%cgggll%gtggg. “1(%6‘(E eﬁrﬁfa%:o ?%%ﬁ?g%&g%o %%egﬁrde gglgo?d%gr% to
any ontdigfecizmeerl 06 SCEGHarawtrer i zéd inyadrtathatid epsetFOn yungitef erigbl y
at least_ 80 9% i rticular at. 90- %, ,noS ferabl %, of e
o] ycoz%% %de(?\l- éﬁ%y%%s%/ aglhgn gﬁltlféelgﬁﬁgve&si a“lhlrég tggplggéggénd%%?%gg?gﬁl ytk%eﬂe

N- gl ycasyt@td oresiities scor sespordi nj-bouAsn533cAs N2 1Asn108 rcAsR822;ut -

ASn432waégﬂ§4%hdASQg?9a9£ %%% IQtyg%t%r%reigl%ﬁ%;eghysiological medium

which 1is alsc charged. This dimerization by expression of a

completely N-glycosylated ACEZ was established in the presence
of Zn®". The dimer complex in this case consists of two identi-
cal subunits which are bound together electrostatically and also
do not separate any further in physiological solutions. This
amounts to secretion of a glycoprotein each time with 14 highly
charged sialic acid structures on each ACEZ molecule as well as
28 sialic acid structures in the dimer. Each has two Zn°’ atoms
inserted into the complex which stabilizes the structure. The
high charge on the sugar chain solvates the molecule in agueous
physiological solutions and forces the associated charged pro-
tein domains outwards. The production process is constructed so

that exclusively ACEZ dimers are present in the final product.

This is rendered possible by the fact that on generating rACEZs,
sufficient #Zn®" ions are present (preferably, 1.5 — 5 micromelar
Zn®" is used; in particular, the fermentation can be carried out
at 2.5 - 3.5 pM Zn®") and then the further treatment steps are

carried out in the presence of zZn®* ions.

In Figures 14 and 15, dimerization of the ACEZ complex 1s deter-
mined using different methods. In native poly-acrylamide gel
electrophoresis, following silver staining the protein was re-
vealed as a gingle band with a size of approximately 250 kDa.

Size separation chromatography on a Zorbax G-450 column in the



11. The reconbi nant ACE2 pol ypepti de according to any one of clains 1 to
10, characterized in that at least 30 % preferably at least 40 % in
particubar0@/1€a%4755 % nost preferadBly at | east 70 BATOfATHE g ydasyl at ed
N- gl ycosyl ation sites have at least two sialic acids. 38 12 The

reconbi nant ACE2 epti de acco din n cl.ai.ns 11
o e TG PRLY BB LR e ol & 18 b ATkl o sid 311 %04 %0 1
is N-ghycesyhated,1dy %@é@b&é’d%t Biaggkyeatn i tdr atBEr yebudneti maccorgdance

with formula 1, 2, 3, 6, 7 or 8 as defined in claim4. 13. The
reconb’f%*’n%OIAcéznﬁol {}Séﬁf"?agnééear dichg 2t 0"ah§CBRBL 0 Y s Of t pPRHOXL-

charactgrizedobn that. one:aspanagi BeCAHI@SPORHENY 110 ATOE D SEQ LB NG 1
is Nglycosylated, preferably with a glycan with a structure in accordance

with forweta qlmgrlged4pr5tegn Fagr g t&ITdérahed N €l MANONT ThEUC-

reconbi pant ACEZ, p %Hyzl@@@ébgeaéc&@wwg a49rapy-ene,at.Cchatpeydy 10 13,
characterized in that one asparagin corresponding to Asnl03 of SEQID NGO 1

is Nglycosylated, preferably with a glycan with a structure in accordance

Wi th f %ﬁ%?el8 2nc By élmérs 51PfeBeﬁéegeﬁkeﬁdméﬂ?ggﬁbnbéunéSIEgz

reconbi n ACE2 polypeptide according to any one o ai ns

ACEZ2 is expressed as & transmembrane protein in all higher spe-
cieg, primarily in the kidney, heart, lung and liver cells, as
an essential enzyme of the renin anclctensin system. Membrane—
bound ACEZ surrounds itself in nature in the membrane lipid dou-
ble layer with other membrane proteins which stabilize ACEZ 1in
arn active conformaticon and also protect the extracellular do-
mains of ACEZ from proteoclytic degradation. In order to enhance
the pharmacological properties of soluble ACEZ and especially
the activity and stability of the scluble protein, an expression
and production strategy was selected which exclusively produced
stable dimeric ACEZ structures. It is primarily the C-terminal
domain of the protein and 1ts post-translational modifications
which are essentially responsible for the dimerization. In cr-
der to emphasize the particularities of the ACEZ dimeric struc-
ture, the structure of membrane-bound ACEZ was analyzed using
native PACGE and ACEZ-gspecific Western blot (Figure 16). Tracks
A and B show cell extracts (cortex and brain) and track C shows
a cell extract of a production c¢lone Ifor ACEZ dimers, produced
in accordance with Example 1. The membrane-bound product here

has a much lower molecular weight compared with the expression

product of Example 1 (C and D), although the first consists of
only the extracellular portion. This indicates that membrane-
bound ACEZ is present as the monomer. On the other hand, the

expression product consists of dimers which provide the product
with pharmacological advantages. In track D, the purified final

product is analyzed. This has only a single band with a molecu



to 14, characterized in that one asparagin corresponding to Asn322 of SEQ
IDNO 1 is Nglycosylated, preferably with a glycan with a structure in
accordamceoodthsfosmula 1, 2, 3, 4, 5336, 7 or 8 as defimedriguel@ion4. 16.
The reconbi nant ACE2 pol ypepti de according to any one of clains 1 to 15,
characterized in that one asparagin corresponding. to Asn432 of SEQ ID NO
1i sN- gt §€ 089+ @ edO* PRl e ablg~c 80 i h<se gl ycan with a structure in
accordance with formula 1, 2, 3, 4, 5 6, 7 or 8 as defined in claim4. 17.
The reconbi nant ACE2 pol ypeptide according to any one of clainms 1 to 16,
char act®ifzed $h tmaro RISPETFET O TOF 3 espbrde AgL €6 ASNBY4BZofiBEDSI D NO 1
Is N-glycosylated, preferably with a glycan with a structure in accordance
with formula 1, 2, 3, 4, 5, 6, 7 or 8 as defined in claim4. 18. The

reconbr NP1 ACE2 ipok{pepti dbvaceordiing 1t 3Gy wmetoin cfaimsldtion which

consists exclusively of ACEZ dimeric structures. Two ACEZ mono-
mers at a time in this case form non-covalently bound complexes.
The molecular biological constructs, the expression cell line,
the fermentation process, the purification and the buffer for
storing and application are selected or designed so that the fi-
nal product exclusively contains stable ACEZ dimers. The dimer
neither aggregates to larger complexes nor does it dissocociate

under physiological conditions to monomers.

In Figure 15 {analytical SEC-HPLC chromatogram: APN 01l compared
with a size separation staﬁdard (Bio-RAD GF-standard, blue
curve) . Run conditions: column: Zorbax GF250, buffer: 220 mM
Na,HPO, + 10 % CHsCN, pH 8.0 at 1 mL/min). APN 01 eluted in the
form of a single peak at 8.6 minutes, which retention time is
between that of thyroglobulin (680 kDa, retention time 7.4 min-
utes) and bovine gamma globulin {158 kDa, retenticon time £.9
minutes) . The calculated molecular mass of this complex is ap-
proxzimately 214 kDa. This approximately corresponds to the ex-

pected mclecular weight of two ACEZ units each of 102 kDa.

For the purposes of comparison, ACEZ monomexrs in CHO cells were
produced as a reference material, which were also analyzed using
SEC-HPLC. Its chromatogram 1is shown in Figure 17. The mono-
meric form elutes with & retention time of 9.0 minutes, which
corresponds to a molecular weight of about 110 kDa. Both prod-
ucts were also compared using PAGE (see Figure 18a). Wnile APN
01 (A) had a protein band with a molecular welght of approxi-
mately 240 kDa, the monomeric form (B} appeared at approximately
100 kDa. ACEZ-specific Western blot established the identity of

both products, as can be seen in Figure 18Db.



to 17, characterized in that one asparagin corresponding to Asn690 of SEQ
IDNO 1 is Nglycosylated, preferably with a glycan with a structure in

accorgance os s ifarimul a 1, 2, 3, 4, 5346, 7 or 8 as defirMedzoAsclapaisg. 19.
Preparati on conprising reconbi nant ACE2 pol ypepti des as defined in any one
of claims 1 to 18, characterized in that the fraction of ACE2 pqlypeptides
o th B eBHPAFC B GHGSEEr i Sbd LI BAF o0l G ST eeE P ILos Rran 100

kDa, pi-eferal yuls@ﬁ? than 2104 Wb, pasti ci@Erdy: pf efser ablyrkessnthan 2108
kDa, in particular less than 112 kDa, part.i cul,arl%aap{gf erably | ess than 117
kDa, msstlssr eb e abIF T essAPh&PA 19 kPASY s dsF4Han-20 & Sprefefably’d ess

than 10,6500 td,cubas | YoReeherablan! 685 chBanch ol MMStar efiefdlily dese than
1 % especially 0 % 20. The preparation according to claim19,

char act'esi Zed 4ne ™" ®40 the fraction of ACE2 pol ypeptides with
transnmenbrane domains is less than 20 % preferably less than 10 %
particularly preferably less than 5 % nost preferably less than 1 % and
especifl | grde o tQ1coMper pr epar ahirsHaaceordicag 8 EISHtmeE Br 9% M-

characterd zefolf Hhabathat the fLact Lons ot ACEZ UL | BRLS iy deessydihan 20
% preterably [ess than 10 % particularly preferably less than 5 % nost
pref erablyotesklt han & %oland sspectadtyod %. 2200 /ThHe prépahat iféirZacdor di ng
to any_one of .clains 19 t racterized.| tythe acijo f ACE2
di ners” r%et%gtﬁléﬁym%%cuﬁ%e%ﬂq sggﬁy?%tzﬁstw %eggﬁlte}faee%a If/%t %4ea§%1880 %
parti cubaréy (peef ériabiny a20) eastItS0 ®gohighl yopreherablipnatvd east ) @5 94 and

nmost preferably aimnl east 99 % 23, .The .preparati.o p&% 0 any.one of
cl ai n38(19%¥‘8%2fac atacter i 5%8e%ﬁe9hta1$0t e f %ﬁctdi g)n}%g%g g;l:patbil y%gp% |%gs
with Neglycosyl at @dcaspaimagi n7 candiespendiang tordsndd efi tBEQHND (NO (ACE3S
nore than 60 8, p efer.ablll nor ?*g 70 8 articul arl refer y e
Chan G0C08°) KGRI Brerar by “Hofe ehah 60, mict. of oVerabl 5° mores (Ran oo
% in panttenbarodl0n8, ramt preteraby yowulh g thysanrait hna astyr uet utieein
accordance wi th fornul a 1, 2, 3, 4.5 6, 7 or as dg{{j&ed in .claim4,
serum samples, after administration, systemic AC actilvity was
measured in all cases. Just 24 hours after application, both
groups were significantly different'(t test, p < 0.001): while
animals which had been treated with the ACEZ dimer had an activ-
ity corresponding to an ACEZ concentration of 0.% pg/mL, activ-
ity corresponding to a concentration of 0.2 ug/mL was found in
only one animal in the group which received monomeric ACEZ. Af-
ter 48 hours, in the group which had received ACEZ homodimer,
rhere was still 0.2 ug/mL of activity, while in the group which
had received the monomer, no more systemic ACEZ activity could
be detected. These data show that the dimeric ACEZ form has a

very significant pharmacoleogical advantage.



91 24. The preparation according to any one of clains 19 to 23,
characterized in that the fraction of ACE2 pol ypeptides with Nglycosyl ated
asparagi n corresponding to Asn90 of SEQID NO 1 is nore than 60

% preferably nore than 70 % parti cul arj% preferably nore than 80 % highly
preferably nore than 90 % nost preferably nore than 99 % in particul ar
100 % and preferably with a glycan with a structure in accordance with
formul arLarM2, 3, 4, 5, 6, 7 or 8 as defined in claim4. 25. The preparation
according to any one of clainms 19 to 24, characterized in that the fraction
of ACEZ2.pol ypeptitesnwht habkgl yoosytat edeaspacaghn aernespasding to Asnl03
of SEQIDNG 1 is nore than 60 % preferably nore than 70 % particularly
preferably nore than 80 % highly preferably nmore than 90 % nost
preferably nore than 99 % in particular 100 % and preferably with a

gl ycan-,with st ‘ LN, ac a i f 1i2yey St s B, or 8
as def izr']ed F%ecl %?%%E%%th%@%?e%@aﬁé n la%:g}éj I r?g]grqt%jgang/toong§§%gcl gl’ ne
19 to 25, characterized.in.that the fraction of ACE2 polypeptides w

N gl yosyl af L AEDAFAGT CoPr oSBONG A5« 6o AcRIZ5 o T8R0T b REX S e HiFe
than 60 % preferably nore than 70. % ticularly preferably nore_than 80
o4 hi ol v pPaT SO Wae ThaPot e raar e BrabrEnabEe ke oo 56 an
particular 100 % _and preferably with a gl, can with a structure in 42
accordance #i't Rtf oPAFatl, 52313% 3c1§ 76! léUS?‘B as defined in claim 4.

3. The recombinant ACE2 polypeptide according to claim 2,

ae

characterized in that it is glycosylated in at least 80
of the possible N-glycosylation sites and has a proportion

o) Q

of sugar of more than 10 % (weight % with respect to the

whole ACE2 wmolecule), preferably more than 15 %, in
particular meore than 20 %.
4. The recombinant ACEZ2 polypeptide according to claim 1, 2 oxr

3, characterized in that at least 70 % of the glycosylated
N~glycosylation sites have a structure, independently of

each cother, selected from formulae 1 to B8:

{formula 1) (formula 2) (formula 3} (formula 4)



27. The preparation according to any one of clains 19 to 26, characterized
in that the fraction of ACE2 pol ypeptides with N-glycosyl ated asparagin
corresponding to Asn432 of SEQID NO 1 is nore than 60 % preferably nore
than 70 % particularly preferably norg; than 80 % highly preferably nore
than 90 % nost preferably nore than 99 % in particular 100 % and
preferably Wth a glycan with a structure in accordance with fornula 1, 2,
3, 4, 5, 6, 7 or 8 as defined in claim4. 28. The preparation according to
any one of clainms 19 to 27, characterlzed in that the fraction of ACE2
pol ypephd .g; -{%‘ N- gl ycosyl edCasparagi n corre§pondi ng to Asn54p oSEQ
i ] pr ef ggably nore t ran™70~8, particul ae )
Al ghin preferably A Apregsthan 90 % ND$1
~pgrticular 100 8%, apg preferably 0
i sl 2, 3, 4, 5™

as defined I ' I aim4. 29. Thegpreparation accekdifg to any one of Xl ai ns
19 to 28, chc erlzed in thatd the fraction of WCE2 pol ypept des th
N-gl ycosyl at e, a¥paragi n corresponding to Asn690] $:1
than 60 % prigferably nore than 70 % 43 partic{
80 % highly preferably nore than 90 % nost preferably nore than 99 % in
parti cul.ar % and Pr feraly th a gly i struc

accor dAheE™ i 9 { formil a %mﬁu 6\% 5, 6, 7?% %ﬁugg 3%;“ nedt(?é%é‘}]g?mg4 30.
The pregaratl on according to any one of clainms 19 to 29, characterized in

t hat tHe®fFracti on of ACE2 pol ypeptide with

Gleh Ac [ Fuc

Gal O NeubhAc

5. The recombinant ACE? polypeptide according to any one cof claims 1
te 4, characterized in that all of the possible N-glycosylation

sites are glycosylated.

5. The recombinant ACEZ polypeptide according to any one of claims 1

to 5, characterized in that at least 80 %, preferably at least

o}

90 %, in particular 100 % of the glycosylated N-glycosylation

sites have a structure with formulae 1 to 8.

7. The recombinant ACEZ polypeptide accerding to any one of claims 1
to 6, characterized in that one ACE2Z monomer unit of the dimer
has a molecular weight of at least 90 kDa, preferably at

least 92 kDa, particularly preferably at least 94 «kDa,



0-gl ycosyl ated serine corresponding to Ser740 of SEQID NO 1 is nore than
60 % preferably nore than 70 % particularly preferably nore than 80 %
highly preferably nore than 90 % nore preferably nore than 99 % in
particular 100 % 31. The ACE2 pol ypepij de or preparation according to any
one of clainms 1 to 30, with a catalytic activity, ccat, of at least 4 s-,
preferably at least 5 s,preferably at |east 6 hi ghly preferably at

| east 7s, nbstrprefenablyaat lkeast 9%. 8Ds1- hivighhyr pspéetrabdvt he ¢enver 8fon
of Ang Il (angiotensin Il) to Ang 1-7 (angiotensin 1-7). 32. A method for
t he product koa, okntecorhi panteACE2ypakypepticdéglokba. preparati on of

reconbi nant ACE2, according to any one of clainmslto3l, conprising thesteps
of inserting a polynucleotide coding for an ACE2, preferably an ACE2 with
no pol ynucl eoti de coding for a transmenbrane domain, into eukaryotic cells,

expressing ¢he ACEZ,pol.ypapt hdeyand, coldacting.the gxpLessed.AGEZ nd nydi mer
¢

c 44 form wherein on, expression, the Zn2+ concentrafion is preferably at

I t 1.5 m | aS. . 33. The net . | i -i,zed
nthat that PRECna yvidoT ot o m e o FhCgphl, i ety BR3LBEREILES
34. The nethod accordin 2 or. C

to clai | ai m 33 i,zed_in_that
AOE2 expresSfon i% Eﬁ?ﬁgf%gmﬁfgag;%ﬁgﬁ%gﬁfab%%%e?ﬁ%?gggﬁéggH%F badt t DAL

ACE2 polypeptide chain consists of amino acids 18 - 740 of

SEQ ID NO: 1 or enzymatically active fragments thereof.

9. . The recombinant ACEZ polypeptide according to any one of:
claims 1 to 8, characterized in that a serine corresponding

to Ser740 of SEQ ID NO: 1 is C-glycosylated.

"10. The recombinant ACE2 polypeptide according to any one of
‘claims 1 tte 9, characterized in that at least 70 %,
preferably at least 80 %, in particular at least 20 3%, most
preferably 100 % of the glycosylated N-glycosylation sités
have sialic acids, and preferably the N-glycosylation sites

corresponding to Asnb3, Asn®0, Asnll03, Asn32Z2, Asnd3Z,

Asnb46, Asnbd0 of 3EQ ID NO: 1 are sialvzed.

11. 'The recombinant ACEZ polypeptide according to any one of claims 1
to 10, characterized in that at least 30 %, preferably at least

40 %, in particular at least 55 %, most preferably at least 70

oo

of the g¢glycosylated N-glycosylation sites have at least two

sialic acids.



35. The nethod according to claim34, characterized in that the marker is
present on the vector. 36. The nethod according to claim34, characterized
in that the vector has an TRES for the expressed ACE2 nRNA. 37. The net hod
according to any one of clains 32 to 3%, characterized in that the
eukaryotic cells are CHO cells. 38. A reconbi nant ACE2 pol ypepti de or
preparation of reconbi nant ACE2 pol ypepti des obtainable using a nethod_ in
accor dahce Tt W%ﬁ?%?%%@%e@@%ﬁﬁ?ﬂ%i RECOBYINN &t AP eCRUKAT YO ES cbl |
line transfected with a polynucl eotide coding for an ACE2, pref erablx - CEO
cel | line, Whith &xXprésses KEE2 a5 def{ffed SPATARY" drid 6 eiai' s P 0 ég
45 40. The cell according to claim39, haying an ACE2 productivity of at

| east 10 pg?tetid ddy, Preferablyd atc9%dadtc1s Pre¥edanTy MO g1y With

pg/cell/dayéparticul arl,xpref er(?abrl atl,%gsgggmgge{ clel IgdaBy. 4 5 6. 7 or 8

structure 1 accoy e Wi

as defined in claim 4.

13. The recombinant ACEZ polypeptide according te any one of claims 1
to 12, characterized in that one asparagin corresponding te AsnS0
of SEQ ID NO: 1 is N-glycosylated, preferably with a glycan with
a structure in accordance with formula 1, 2, 3, 4, 5, &6, 7 or 8

as defined in claim 4.

14, The recombinant ACEZ polypeptide according to any one of claims 1
to 13, characterized 1n that one asparagin correspording to
Aenl03 of SEQ ID NO: 1 is HN-glycosylated, preferably with a
glycan with a structure in accordance with formula 1, 2, 3, 4, 5,

6, 7 or 8 as defined in claim 4.

15. The recombinant ACEZ polypeptide according to any cone cf claims 1
to 14, characterized in that one asparagin corresponding to
Asn322 of SEQ ID NO: 1 is HN-glycosylated, preferably with a
glycan with a structure in accordance with formula 1, 2, 3, 4, 5,

6, 7 or 8 as defined in claim 4.

16. The recombinant ACE2 polypeptide according to any one of claims 1
to 15, characterized in that one asparagin corresponding

to Asnd32 of SEQ ID NO: 1 is Nleycosylated, preferably



41. A nedicine conprising a reconbi nant ACE2 pol ypepti de as defined in any
one of clains 1 to 18, 31 or 38 or a preparation as defined in any one of
clainms 19 to 31 or 38. r 52100- 2008- 06- 06- SEQ_ST25 SEQUENCE LI STI NG

Met Ser Ser Ser Ser Trp Leu Leu Leu Seyg Leu Val Ala Val Thr Ala 151015 Al a
G@n Ser Thr Ile Au Gu @n Ala Lys Thr Phe Leu Asp Lys Phe 202530

with a glycan with a structure in accordance with formula 1, 2,

3, 4, 5, 6, 7 or 8 as defined in claim 4.

17. The recombinant ACEZ polypeptide according to any one of claims 1
to 16, characterized in that one asparagin corresponding to
Asn546 of SEQ ID NO: 1 is N-glycosylated, preferably with a
glycan with a structure in acccerdance with formula 1, 2, 3, 4, 5,

6, 7 or 8 as defined in claim 4.

18, The recombinant ACE2 polypeptide according to any one of claims 1
to 17, characterized in that one asparagin corresponding to
Asnb90 of SEQ ID NO: 1 is N-glycosylated, preferably with a
glycan with a structure in accordance with fermuia 1, 2, 3, 4, 5,

6, 7 or 8 as defined in claim 4.

19. Preparation comprising recombinant ACE2Z polypeptides as defined
in any one of claims 1 to 18, characterized in that the fraction
of ACEZ2 polypeptides with a molecular weight determined by gel
electrophoresis of less than 100 kDa, preferably less than 104
kDa, particularly preferably less than 108 kDa, in particular
less than 112 kba, particularly preferably less than 117 kD&,
most preferably less than 119 kDa, is less than 20 %, preferably
legs than 10 %, particularly preferably less than 5 %, most

el

preferably less than 1 %, especially 0 %.

20, The preparation according to claim 19, characterized in that



Asn Hs Qu Ala Qu Asp Leu Phe Tyr G n Ser Ser Leu Ala Ser Trp 354045
Tyr Asn Thr Asn Ile Thr AQu Gu Asn Val G n Asn Met Asn Asn 505560 Al a
Asp Lys Trp ser Ala Phe Leu Lys Qu Gn Ser Thr Leu Ala 65707580 G n Met. -
Tyr Pro Leu Gn GQu lle Gn Asn Leu Thr, Val Lys Leu G n 859095 Leu G n
Leu Gn Gn Asn Ay Ser Ser Val Leu Ser u Asp Lys 100105110

271.

22.

23.

the fraction of ACEZ2 polypeptides with transmembrane domains 1is

Asn
Ay

Ara

less than 20 %, preferably less than 10 %, particularly

preferably less than 5 %, most preferably less than 1 %, and

egspecially 0 %.

The preparation according to «c¢laim 19 or <c¢laim 20,

characterized in that that the fraction of ACEZ multimers

is less than 20 %, preferably less than 10 %, particularly

preferably less than 5 %, most preferably less than 1 %,

folls

and especially O

The preparation according to any one of claims 19 to 21,
characterized in that the fraction o¢f ACEZ dimers on the
ACE2 molecules is at least 70 %, preferably at least 80 %,
particularly preferably at least 90 %, highly preferably at

least 95 % and most preferably at least 99 %,

The preparation according to any one of claims 19 to 22,
characterized in that the fraction of ACEZ polypeptides
with N-glycosylated asparagin corresponding to Asnbd3 of
SEQ ID NO: 1 is more than 60 %, preferably more than 70 %,

particularly preferably more than 80 %, highly preferably

more than 90 %, most preferably more than 99 %, in

particular 100 %, and preferably with a glycan with a
structure in accordance with formuia 1, 2, 3, 4, 5, 6, 7 or

8 as defined in claim 4.



Ser Lys Arg Leu Asn Thr Ile Leu Asn Thr Met Ser Thr Ile Tyr Ser 115120125
Thr @Ay Lys val cys Asn Pro Asp Asn Pro G n Qu Cys Leu Leu Leu 130135140
GQu Pro Ay Leu Asn Qu Ile Met Ala Asn Ser Leu Asp Tyr Asn GQu
145150155160 Arg Leu Trp Ala Trp Qu Sgr Trp Arg Ser Gu Val Ay Lys Gn
Leu 165170175 r52100-2008-06-06- SEQ S125

24. The preparation acccrding te any one of claims 192 to Z3,
characterized in that the fraction of ACE2 polypeptides with N-
giycosylated asparagin corresponding to Asn%0 of SEQ ID NO: 1 is
more  than 60 %, preferably more than 70 %, particularly
preferably more than 80 %, highly preferably more than 90 %, most
preferably more than 99 %, in particular 100 %, and preferably
with a glycan with a structure in accordance with formula 1, 2,

3, 4, 5, 6, 7 or 8§ ag defined in claim 4.

25. The preparation according to any one of claims 1% to 24,
characterized in that the fraction of ACE2Z polypeptides
with N-glycosylated asparagin corresponding te Asnl03 of
SEQ ID NG: 1 is more than 60 %, preferably more than 70 %,
particularly preferably more than 80 %, highly preferably‘
mo%e than 90 %, most preferably more than 99 %, in particular 100

%, and preferably with a glycan with a structure in accordance

with formula 1, 2, 3, 4, 5, 6, 7 or 8 as defined in claim 4.

26. The preparation according to any cne of claims 19 to 25,
characterized 1in that the fraction of ACEZ polypeptides
with N-glycosylated asparagin corresbonding to Asn322 of
SEC ID NO: 1 is more than 60 %, preferably more than 70 %,
particularly preferably mere than 80 %, highly preferably

more than 90 %, most preferably more than 92 %, in particular

100 %, and preferably with a glycan with a structure in



Arg Pro Leu Tyr GQu GQu Tyr Val Val Leu Lys Asn Gu Met Ala Arg 180185190
Ala Asn Hs Tyr Qu Asp Tyr Ay Asp Tyr Trp Arg Ay Asp Tyr du 195200205
Val Asn Ay val Asp Ay Tyr Asp Tyr Ser Arg Ay Gn Leu Ile du 210215220

Asp Val

GQu Hs Thr Phe Qu Qu Ile Lys,Pro Leu Tyr Gu His Leu

225230235240 H's Ala Tyr val Arg Ala Lys Leu Met Asn Ala Tyr Pro Ser Tyr
Il e 245250255

27,

28,

29.

~accordance with formula 1, 2, 3, 4, 5, &, 7 or 8 as defined in

claim 4.

The preparation according te any cone of claims 19 to 26,
characterized in that the fraction of ACEZ polypeptides
with N-glycosylated asparagin corresponding to Asnd3Z of
SEQ ID NO: 1 is more than 60 %, preferably more than 70 %,
particularly preferably more than 80 3%, highly preferably
more than 90 %, most preferably more than 99 %, in
particular 100 %, and préferabl? with a glycan with a
structure in accordance with formula 1, 2, 3, 4, 5, 6, 7 or

8 as defined in claim 4.

The preparation according To any one of claims 19 to 27,
characterized in that the fraction of ACE2 polypeptlides with
N-glycosylated asparagin corresponding to Asnb46 of SEQ ID NO: 1
is more than 60 %, preferably more than 70 %, particularly
preferabiy more than 80 %, highly preferébly more than 90 %, most
preferably more than 29 %, in particular 100 3%, and preferably
with a glycan with a structure in accordance with formula 1, 2,

3, 4, 5, 6, 7 or 8 as defined in claim 4.

The preparation according to any one of claims 19 to 28,
characterized 1in that the fraction of ACEZ2 polypeptides with
N-glycosylated asparagin corresponding to Asné®0 of SEQ ID NO:

1 is more than 60 %, preferably more than 70 %,



Ser Prolle Ay Cys Leu Pro Ala His Leu Leu Gy Asp Met Trp Ay 260265270
Arg Phe Trp Thr Asn Leu Tyr Ser Leu Thr Val Pro Phe Ay A@n Lys 275280285
Pro Asn Ile Asp val Thr Asp Ala Met Val Asp G n Ala Trp Asp Ala 290295300
An Arg Ile Phe Lys Qu Ala Qu Lys Phg, Phe Val Ser val Ay Leu

305310315320 Pro Asn Met Thr Gn Gy Phe Trp Qu Asn Ser Met Leu Thr Asp

Pro 325330335 :
particularly preferably more than 80 %, highly preferably more

than 90 %, most preferably more than 99 %, 1n particular 100 %,
and preferably with a glycan with a structure in accordance with

formula 1, 2, 3, 4, 5, 6, 7 or 8 as defined in claim 4.

30. The preparation according to any one of claims 19 to 29,
characterized in that the fraction of ACEZ pclypeptide with
O-glycosylated serine corresponding to Ser740 of 3ED ID NO:
1 is more than 50 %, preferably more than 70 %,
particularly preferably more than 80 %, highly preferably

more than 90 %, more preferably more than 99 %, in

Q

particular 100 %.

31. The ACE2 polypeptide or preparation according to any one of
claims 1 to 30, with a catalytic activity, ccat, of at least 4 s

*, preferably at least 5 s™', particularly preferably at least 6

s™, highly preferably at least 7 s, most preferably at least

7.6 8" with respect to the conversion of Ang II1 {(angiotensin ITI)

to Ang 1-7 {angiotensin 1-7}.

32. A method for the production of recombinant ACEZ polypeptides
or & preparation of recombinént ACEZ2, according to any cne of
claims 1 to 31, comprising the steps of inserting a
polynuclectide coding for an ACEZ2, preferably an ACEZ with né
poelynucleotide coding for a transmembrane domain, inte eukaryetic
cells, expressing the ACEZ polypeptide and collecting the

expressed ACEZ, 1n dimeric



Ay Asn Val Gn Lys Ala Val Cs H's Pro Thr Ala Trp Asp Leu Ay 340345350
Lys Ay Asp Phe Arg Ile Leu Met Cys Thr Lys Val Thr nmet Asp Asp 355360365
Phe Leu Thr Ala Hs Hs Qu Met Ay His Ile Gn Tyr Asp Met Ala 370375380
Tyr Ala Ala Gn Pro Phe Leu Leu Arg Asnpp Gy Ala Asn Qu Gy Phe
385390395400 H's Au Ala val Gy Gu Ile Met Ser Leu Ser Ala Ala Thr Pro
Lys 405410415

form, wherein on expression, the zn“"  concentration is.

preferably at least 1.5 micromolar.

23. The method according to clalim 32, characterized in that that

the polynuclectide coding for ACEZ is provided on a vector.

34. The method according to claim 32 or claim 33, characterized
in that ACE2 expression 1is selected with a marker,

preferably DHFR.

35, The method according to claim 34, characterized in that the

marker is present on the vector.

36. The method accerding to claim 34, characterized in that the

vector has an IRES for the expressed ACEZ mRNA.

37. The method according to any one of claims 32 teo 36,

characterized in that the eukaryotic cells are CHO cells.

38. A recombinant ACE2 polypeptide or preparation of recombinant
ACEZ polypeptides obtainable using a method in accordance

with any of the preceding claims.

36. A stable eukaryotic cell line transfected with a polynucleotids
coding for an ACEZ, preferably a CHO cell line, which expresses

ACEZ as defined in any one of c¢lalms 1 to 31.



H's Leu Lys Ser Ile Ay Leu Leu Ser Pro Asp Phe G n Gu Asp Asn 420425430
GQu Thr Au Ile Asn Phe Leu Leu Lys G n Ala Leu Thr Ile Val Ay 435440445
r 52100- 2008- 06- 06- SEQ ST25 Thr Leu Pro Phe Thr Tyr Met Leu Qu Lys Trp Arg
Trp Met Val Phe 450455460 Lys Gy GQu Jde Pro Lys Asp Gn Trp Met Lys Lys
Trp Trp Au Met 465470475480

40. The cell according to claim 39, having an ACEZ productivity
cf at least 10 ©pg/ceil/cay, preferably at least 15
pg/celi/day, particularly preferably at least 20

pg/cell/day.

41. A medicine comprising a recombinant ACE2Z polypeptide as
defined 1in any one of claims 1 to 18, 31 or 38 or a

preparation as defined in any one of claims 1% to 31 or 38.
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Tyr Leu Phe ‘Arg Ser
Lys Val Lys Asn G n
Ala Asn Leu Lys Pro
Lys Asn val Ser Asp

A
7{337%&7;:%756’ e S

Lys Gly Glu Ile Pro
465

Lys Arg Glu Ile val
485

Tyr Cys Asp Pro Ala
500

Ile Arg Tyr Tyr Thr
515

Leu Cys Gin Ala Ala
530

Ser Asn Ser Thr Glu
545

Gly Lys Ser Glu Pro
565

Lys Asn Met Asn val
580

Thr Trp Leu Lys ASp
595

Asp Trp Ser Pro Tyr
610

LYSs Ser Ala Leu Gly

Tyr Leu Phe Arg Ser
645

Lys val Lys Asn Gln
660

Ala Asn Leu Lys Pro
675

Lys ASn vai Ser Asp
690

Arg Met Ser Arg Ser

Ser val Ala Tyr Ala Met Arg G n Tyr
net Ile Leu Phe Ay Gu Ju Asp Val
Arg Il e Ser Phe Asn Phe Phe Val Thr
IIe | | e5Pron-2ogp-Deroddseqyat2sd u Lys

rg Ile Asn. Asp Ala Phe Arg Leu Asn
Met Leu Glu Lys Trp Agg Trp Met val Phe
4

Lys Asp GIn Trp Met Lys Lys Trp Trp Giu Met
470 475 480

Gly val val Glu Pro val Pro His Asp Glu Thr
490 495

Ser lLeu Phe His val Ser Asn Asp Tyr Ser Phe
505 510

Arg Thr Leu Tyr Gin Phe GIn Phe GIn Glu Ala
520 525

Lys His Gilu Gly Pro Leu His Lys Cys Asp Ile
535 540

Ala Gly GIn Lys Leu Phe Asn Met Leu Arg Leu
550 555 560

Trp Thr Leu Ala Leu Glu Asn val val Gly Ala
570 575

Arg Pro Leu bLeu Asn Tyr Phe Giu Pro Leu Phe
585 590

GIn Asn Lys Asn Ser Phe val Gly Trp Ser Thr
600 605

Ala Asp GIn Ser Ile Lys val Arg Ile ser Leu
615 620

Asp Lys Ala Tyr Glu Trp Asn Asp Asn Glu Met
630 635 640

Ser val Ala Tyr Ala Met Arg GlIn Tyr Phe Leu
650 655

Met ITe Leu Phe Gly Glu Glu Asp val Arg val
665 670

Arg Ile Ser Phe Asn pPhe Phe val Thr Ala Pro
680 685

Ile Ile Pro Arg Thr Giu val Glu Lys Ala Ile
695 700

Arg ITe Asn Asp Ala Phe Arg Leu AsSn ASp Asn
710 715 720

Page 3

Phe
Arg
Al a
Al a

Asp

Leu 645650655
Val 660665670
Pro 675680685
Il e 690695700
Asn



r 52100- 2008- 06- 06- SEQ 5T25 Ser Leu Qu Phe Leu Ay Ile Gn Pro Thr Leu Gy
Pro Pro Asn G n 725730735 Pro Pro val Ser 740

r52100-2008-06-06~SEQ_ST25

Ser Leu Glu Phe Leu Gly Ile Gln Pro Thr Leu Gly Pro Pro Asn Gin
725 730 735

Pro Pro val Ser
740
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