WO 2008/151347 1 PCT/AT2008/000211 ACE2 POLYPEPTIDE The
present invention relates to the field of recombinant pro- tein production.

WO 2 oAgigtensutconverting enzyme (ACER) is a key enzyme inghe /AT2008/000211
renin-angiotensin system. It is anchored to the membrane as a

acks 8% %ﬁgpgﬂgse, and expressed as a receptor primarily in 'Lung, kidney
and heart cells, but also on endothelial cells and cleaves various peptide

substrates. Prominent representatives of the substrates are angiotensin |l

The ARG ), whichiscleayed toangiatensin dnk(Angcl-4), angitensii nant pro-
. which is cleaved to angiotensin 1-9, and also apelin and bradykinin. Ang
teln | pIrf ARG 227 are antagonists of the renin-angiotensin system. By

control- ling peptide ratios, ACEZ2 is responsible for regulating vessel

. thickness and f theli eability.thereby influencing :
Ang% Lé%]ll’léjo%srtlati(s: %?%%%%%%%isr%ﬁeg 2 eﬁ%‘)&%—s‘%}gn igs%zytékir:%% on?r%ﬁgg,e in the
renipmtepais), @itisidesedised in varioud flaRPIReRL diseadesawrmigmorane as a

carbéﬂ?é%%%@5/§§§U|§i@ aRathological garichment-0tARg Hrone #{the in 1ung,
. most important substrates for ACE2. ACE2 is used to treat ARDS or ALIi
k1dngyo f8fis of &ARouté fung® disdask whithds aSocigfed Wiy 12+ ce+ls  and

C l.eaﬂ@wnara.gu]at&ﬂ A2 eﬂaresmm*dmaﬂqe h_).ng. Thisjhér&pytuses;re sentatives
of t fleecom%g%qfktﬁs%%bl%glgmgﬂﬁai%%%n\ggﬁh ﬁ ad(rm]{l tef?? Fy%{g%gﬂ li’.aan leaved

IS \{ery qwq Yy available to the entire organlsm In rder to re uce.a raise
to apehcertiatioh of Andfirghdlthids to pretiitesarig -7 Thistcothperisatdsaved to

angif@rdhe; Regatiye effegts,afdncregsed Angrllconcentrations, In this.case, knd ang
would be desirable to have available a product which has a suitable

=7 BRErACAIGEIEAIProfie S accordihgly - & sStitBBIR" SHsthnce Kot peY control-
1ingcharactetized-by fjoed dstrisutiosintheprnsible for regulating vessel

thickness and for endothelial permeability, thereby influencing
homeostatis of the crganism. ACEZ expression is zyviokine-
controlled, inter alia, and is decreased in wvarious inflammatory
diseases which subsequently results in a pathological enrichment

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

ACEZ is used to treat ARDS or ALI, two forms of an acute lung
disease which 1s associated with down-regulated ACEZ expression
in the lung. This therapy uses recombinant solubkle human ACEZ
which is administered systemically and is very quickly available
to the entire organism in order to reduce a ralsed concentration
of Ang II and thus to produce Ang 1-7. This compensates for the
negative effects of increased Ang II concentrations. In this
case, it would be desirable to have avalilable a product which
has a suitable pharmacological profile: accorcingly, a suitable
substance would be characterized by gcod distribution in the or-
ganism, a pharmacologically useful half time as well as low im-
muncogeniclty. 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



ganism, a pharmacologically useful half time as well as low im-
munogenicity. In particular, the product must be enzymatically active,
wo 2 hawve gepessplubility and also be stable in solution and be capahieofos /000211
being reproducibly and economically produced with WO 2008/151347 2
high PCT/A:CI'2008/000211 high purity. Tipnis at al (J Biol Chem 275, (43)
( 000): 3238-43) describes the isolation of ACE2 (in that case still
referred to as ACEH) and its cDNA isolation. By carrying out the

71 pn PEOAuCtiQN inGHO; gellsziaglycopylated, protejn menomer was prosiced scrives
ith a mo- lecular mass of 120 kDa. After deglycosylation, the mass

with of
the 3¢ hdtefiwas 85kBa. Doroghtie (Cit HasB7 18) (3606)-F£8) © 2 ACEH)
and describpstheiexgression .of sBlublesACE2rin CHO cellss it mascot fullyn in CHO
lycosylated and ha ized ing a maolecular s;of .. _
L G 00 PO P ar e, TA eI mAAC o b & mo
lecugampalisths of vaddus NEE?2 sediiérices & artioRCE2aktibodiéslavoass of

that 2004/023270 A2 describes the crystallization of ACE2 after expression of
ACE2 monomers in Sf9 insect cells. The molecular mass of the protein

was given as 89.6 kDa following analysis by mass spectrometry. The
Donotflerapeuticractivazof @, effiéient (@izyine substitutibasther-rapy démardsasssion
£ I o ess Whigh can,produce a , pharmacologically, d g
© S(%#ﬁ%%% p%o%t gglon(gﬁéi]ca% angd rep%oﬁ%%&%grheusoﬁfg}blgﬁ% %;}’ ated an
was gxra-eeldat frafticiPof REERTontdits: 7 Nulglycdsyiation Sitegrroximately 90

xDa . Non=glyepsylated ACEZ has lgw.solubility - tendstowards 499xegationnsarisons
more immunogenic and has a short- ened_half time. In addjtion, it has a

°oF Vemailrhydrody SEMEAC afhatarwhith pritmariy Fak d8élétetious effect

on purification.
WO 2004/02327C AZ describes the crystallization of ACEZ after
expression of ACEZ monomers in Sf9% insect cells. The molecular

mass of the protein was gilven as 89.6 kDa following analysis by

mass spectrometry.

The therapeutic action of an efficient enzyme substitution ther-
apy demands a producticon process which can produce a very pure,
pharmacologically efficient product ecconomically and reproducil-
bly. The soluble, extra~cellular fraction cof ACEZ contains 7 N=-
glycosylation sites. Non-glycesylated ACEZ has low solubility,
tends towards aggregation, is more immunogenic and has a short-
ened half time. In addition, it has a smaller hydrodynamic di-
ameter which primarily has a deleteriocus effect on purification.
Thus, one aim of the present invention is to provide highly ac-
tive ACEZ with & good in wvivo half time. This aim 1is achieved

by the subject matter of the claims.

The present invention concerns a recombinant ACE2 polypeptide
which 1s present as a dimer. Preferably, the recombinant ACE2

polypeptide is glycosylated, wherein the glycosyl groups of an



Thus, one aim of the present invention is to provide highly ac- tive ACE2
with a good in vivo half time. This aim is achieved by the subject matter of

wo 2 the elpims. The present invention congerns a recombinant ACE22T2008 /000211
polypeptide which is present as a dimer. Preferably, the recombinant

ACE2 polypeptide is glycosylated, wherein the glycosyl groups.of an WO
RCE S ETSA T & PCTATIO0R002 1 ACE? poypeptie Monoinel are. 2% 10
11, presehtin afotaldf atfeast 10¢at 12618 14 15 craatdeastAbdiglic-agidefera-

p1y fesidues, preferas bly atleast 14 sialic acidresidyes, and-whereinthen o poiy-
ACEZ2 poly- peptide is present as a dimer. The present invention also en-

pept {gmpassedi&t ACE2dRorfonterith the SR oSASRIE mbletitdriRBightss® &7~

companddurthen spacifications detred hetein. The digleydis preterablya, molecular

wesgfRMO-AINEL inparieulyr s monqmer dnits nave, n dentical sequence o, ;o
and glycosylation. Tn general, the' mono- mer units of the dimer are
pref aoacoyalentycbsurdl memondmerteant belobtained ditectly frigngtheunits have

an 1dimerrby denatwing.steps: Alh okthe preferred glycosylatigns gited the mono-
herein are applicable to both the dimer and_the monomer, including one

mer Brpdth MondrmérsCofthe diherid e8mpRsE Partichiarly Prferably: thgnomer can

be odbimadarean-dains dwo zint-dons.tthe tetmes'sialie acid résiduesrmeansteps. 2All
residues of the N- acetylneuraminic acid.type (Neu5Ac) in particular, - .

o e S Bt 06 St of & Mrdbribgab e &0

bothistdgery importartderitérfonwhemesnsideringutsiiialfl tie asd thigits monomers

of ¢ féeQﬁiyﬁéB%S-cf%ﬁM%@Uamm%&%@ﬁ%ﬁ@H deupbeen ideptifigde r con-
exclusively as a monomer and has been described as such in the

tainmehﬂa“;égc ions.

The term “sialic acid residues” means regidues o¢f the N-
acetylneuraminic acid type (NeubAc) in particular, especially N-

or O-glycosylations.

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

ness.

Recombinant human ACEZ has until now been i1dentified exclusively
as a monomer and has been described as such in the literature as
regards its functionality, its crystal structure and also its

interacticn with a highly specific innibitor.

Thus, for example, Towler et 2al (J Biol Chem 279(17), 2Z004:
17996-18007), making reference To Vickers et al (J Biol Chem 277
(17), 2002: 14838-14843), describe the expression of ACEZ in S5£9
insect cells, which was obtained as a monomer following purify-
ing size exclusion chromatography as the final purification

step. The moliecular mass of a monomer was 89.6 kDa.



regards its functionality, its crystal structure and also its interaction with a
highly specific inhibitor. Thus, for example, Towler et al (J Biol Chem

Wo 28@9(1:73,2Q04: 17996-18007), making reference to Vickersgetah Ad Bidls /000211
Chem 277 (17), 2002: 14838-14843), describe the expression of ACE2 in

Sf9 .insect cells, which wa ained as a_manomer followin rify- in
COm%i%%leaxc%r&éio%v%%?nﬁajtggr‘g\*g)f% as( ﬁ?%oﬁ‘naﬁg%?&rif%ﬁgﬁ msstép.%l%ea ogue number
93 3 - hbleculsr ahasswiizemoritiiewas 89.6kDaaWA® 2008/15184hdnoneric form
and BETATZ008/000211 Commercially,ayailable ACEZ (from R&D Systems, (,qq0,

catalogue number 933-ZN, batch number FIU035071) is also in the .
SUDT fionofriefic forkt Arisprotirced usiythé Hetifoerdirtsinmpriy étam 1s NSO

inst £000c Supra), therdifferenge heingrthatthe-expressionsystemisNSQive a mo-

1ecuTstead aof CHO c]gllsl.é\éono_ ers were d%%c&l;l)eq:whlch,have a rf?io- lecular

Waejfgh?]%f‘%fﬁ kBa under bko A red ucing and non-r%gﬁgﬁagco%la oﬁgn_mducmg

condAttording to Donoghue at al (Circ Res 87, 2000: el-e9), ACE2 monomers

were expressed in CHO cells, which following secretion had a molecular

weight of 90 kDa. All of the documents and publications cited herein are
AcCCoRgrely inCorpbratst! By reférerite. In‘order t6&tabifiZe the thérapéttictim » ACEZ
monoReeddingte the:invepstan, in acsardancel with the:iavention amethpdsecretion
had Qasg gng é{gl' 0 1edhv%hig e§<8Iu B/ely produces stable ACE2 dimers,

and Which' Benefits ffom Soth pro uction and pharmacological

advantages compared with ACE2 monomers. Dimerization has the

a11 following adyantages: sbeligrsolpility and;bipavajlahility inphysjological e repy
, so- lutions: the dimer has high solubility and a longer in vivo
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 produces stable ACEZ dimers, and which
benefits from both production and pharmacclogical advantages

compared with ACEZ monomers.

Dimerization has the following advantages:

e Dbetter solubility and bicavailability in physioclogical so-
lutions: the dimer has high solubility and a longer in vivo

half time and availability:;

e no aggregate formation: the ACE2Z dimer forms stable com-
plexes without addition of further ACEZ molecules to the
dimer;

¢ reduced prectease attack: since individual protein fractions
and thus most probably the C-terminal pcrtion, are directed

towards the intericr of the dimer, this C-terminal end is

not degraded;

¢ increased half time: the lower immunogenicity, better solu



half time and availability; no aggregate formation: the ACE2 dimer forms
stable com- plexes without addition of further ACE2 molecules to the

wo 2@hmern sredyged protease attack: sincegindividual protein frastiensangs /000211
thus most probably the C-terminal portion, are directed towards the

wg)tgilogof th%gl_n%%ré tkggé:dtergjmal end %u.no.t egraded; increased half

ol 5 58/81§E?§@0 yelC degra-

time® the lower imimunogenicity, better o
REIYAT2008/00028 & sbilityeariththe redueced Suscéeptibiltity tolproteolytic

degra— dation increases the half time of the roteiér %sirgglerﬁfotei .
' £

¢ pﬁrlﬁgét%%:%%%y%%d %Fn]ic %j?aarﬁét%rrlbf EA Fis jiéjherjtﬁénr? ter of

ekpectéd tieddrits strueturé gard-a promourrced @bﬁ@tidn@_hé@th} Thustructure
AGE? dimerscan, feadily he separated from, conventional IMpWHIeS i mers  can

arisingsiifrom protein expression, for example serum albumin (67 kDa), by

uSgSiZ2e separafiGR ¢ofintis. PrétBrably e retofibinantReEDt Les "arising
polypeptige ix glynosyateceen iatteastB80r% efithegiossible rum  albumin (67
-%!g os;tl)ation sites and has a Eq:o ortion of t{ﬁar of more than 10 %
0 0,

(weight % of t%?ajll}l\%gé)z%r 1T E%Drllf%i o, preferably more

than 15 % or 16 %, 17 %, 18 %, 19 %, in particular more than 20 % or 21
prefdeA2%, 2310, 24 %9525 20-A Rroduction methed has heendevelopediteq on

which reproducibly pro- duces very pure and enzymatically active, highly
2t LESHBlencl oly-TosylAted HEEZ T plodudisS CAGIGzod biss high! hes
proppre=ipattionfofsugar (20 %o by weight) and the gemplax, highlyf total ACE2)
or 1ragched, partiallynegatiygly.charged sugar structures. These 10 5 . 16 ¢
17 %, 18 %, 192 %, in particular more than 20 % or 21 %, 22 %,
23 %, 24 % or 25 %.
A production method has been developed which reproducibly pro-
duces very pure and enzymatically active, highly complexed gly-
cosylated ACRZ, The product 1s 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, biocavailability, enzymatic
activity as well as the pharmacclogical properties of the prod-
uct. By selecting a suitable expression construct, & suitable
expression host, an coptimized 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

cable to be produced which secretes the desired product.

ACEZ has already been expressed in S5f9% insect cells and NSO
mouse cells. The material was primarily used in in vitro tri-
als. There also exist results regarding the tTransient expres-
sion of ACEZ in CHO cells. Until now, no cell lines have been
produced with a suitably high productivity. Further, no corre-

sponding clone selection has yet been carried out concerning the



have a positive effect on solubility, bioavailability, enzymatic activity as
well as the pharmacological properties of the prod- uct. By selecting a
WO Zgl@iga]q% expression construct, a suitable expression host, W}ﬁi§§g8/000211
selection strategy, using a medium which is tailored for the cell
metabolism as well as painstaking accompanying clone analysis and
produgbction, BdRThe iy beeh™abl& td bé prodiced Whidh ecréted et to  N-
glycdesitetpaduct. ACE2 has already been expressed in Sf9 insect cells and
NSO mouse cells. The material was primarily used in in vitro tri- als.
There also exist results regarding the transient expres- sion of ACE2 in
The GHOwEElBL Untibdow: neeelidines have béerrpraduded svithla sditdhly means of
its high productivity. Furthen o cogre: sm@wg@ign%gleqm yetheepa11 as
carried out concerning the WO 2008/151347 6 PCT/AT2008/000211
POS R propdifies, #P Partictiftl Habing redaid 19 RE glyEE8ylatiohr Fheures are
the solubility=ofseproteinis netorly determinetbysmeans of tits amino acidtein and
have> A chtbl{t@ﬁ%gx s folding, as well ag postuanslafional .y . - thys, ic
modifications. arge& sugar strictdres are the main caubé of an
has jhsreasedhahe soluwilitg BPa prordin 8he¢ have agngjer influepesiphdts branched
glycRharmacolagical profile, Thys; it inas heepshownforERO thatthe s e of this
_presence of complex branched glycostructures has a positive effect on
PLOUhehalf time of this protein. In principle, various expression systems can
be considered for the recombinant expression of ACE2; prokaryotic host
cells have not been tested further because of the lack of processing, of N-
™ chsytaioh silse. Preferablg, atl6ast 70 0/of he glycasylated - T acted for
the N@ﬁ@m@?@g@ﬁ expressiocn of ACEZ; prokaryotic host cells have
not been tested further because of the lack of processing of N-

glycesylation sites.

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

from formulae 1 to 8:

{(formula 1}

{(formula 5) {(formula 6} (formula 7) {formula 8)



sites have a structure, independently of each other, selected from
formulae 1 to 8: yteo. (formula 1) (formula 2) (formula 3) (formula 4) Q Q
wo 200%/Y4fosmula 5) (formula 6) (formulg 7) (formula 8) WO 2008/1513475//000211
PCT/AT2008/000211 in which: GIcNAc Fuc ManXYIGalcNeu5A
c,P:beferany, all of the possible N-glycosylation sites are glyco- sylated.

O Vibrefed rably at least 90 %, jn particu- lar 129 % of

erably catjleast 80 %6, p
the glycosylated N-glycosylation sites have a structure with formulae 1-8.
Preferably ibong ACE2 monager unit of the dimeihgs a molecularzgveight
of at least 90 kDa, preferably at least 92 kDa, particu- larly preferably at
least 94 kD3, i barticular atdeast 96 kDa, and HigHly'breférably s&igast

rre f88KDa; mest preferabhyatleast 108 kDag 1005:kDa i@k kRar6l.5 kPaglyco-

Sylagégt least 102 kDa. An absolute molecular mass - i.e. of the peptide per

as without the hydrate sheath - can be determined by peptide mapping.

More highly glycosylated forms may also have molecular masses of at -
pro£l0ast 103 kDa, 104 kDag 105 kDa, 106 kDa, J0Z kDa.orat leasts 108 kDo vt 5 cu-
Molecular weight determinations which are influenced by further factors

lar gheff a8 thehydrite sreairSsuthdSehromatography citdar sites have a
st ruelectophoresisinragueoyssystems - can also give higher

Preferably, one ACE2 monomer unit of the dimer has a molecular
welght of at least 90 kDa, preferably at least 22 kDa, particu-
larly preferably at least 94 kDa, in particular at least 86 kDa,
and highly preferably at least 98 kDa, most preferably at least
100 kbha, 100.5 kDba, 101 kDa, 101.5 kDa or at least 102 kDa. An
absolute melecular mass - i.e. of the peptide per se without the
hydrate sheath - can be determined by peptide mapping. More
highly glvcosylated forms may alsc have molecular masses of at

least 103 kba, 104 kDa, 105 kbDa, 1006 kDba, 107 kbDa or at least
108 kbDa.

Molecular weight determinations which are influenced by further
factors such as the hydrate sheath, such as chromatography or
gel electrophoresis in aqueous systems - can alsc give higher
results. In further embodiments, an ACEZ moncomer unit of the
dimer has an apparent molecular weight of at Ieast 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} 1is a maximum of 102 kDa, 103 kba, 104 kDa,
108 kDa, 110 kDa, 112 kDa, 116 kDa, 120 kDha, 125 kDa, 130 kDa,



results. In further embodiments, an ACE2 monomer unit of the dimer has
an apparent molecular weight of at least 101 kDa or at least 102 kDa,

wo 2 preferably;ayleast 105 kDa, particularly pref- erably at leastzl0f ¥Ba,dhg /000211
particular at least 113 kDa, and highly preferably at least 117 kDa, and

most preferably at least 119 kDa, as determined by gel electrophoresis.
35 1R @thérembodintetits, the mdistulal Weight ot the fhoAbmer @ps pareht 1Pte by
modi 6t absdlute)qds aadaxdmuin of 202kDas 103&kDes 104kDa, 108 kDa, 110

kDa, 112 kDa, 116 kDa, 120 kDa, 125 kDa, 130 kDa, WO 2008/151347 8

PCT/AT2008/000211 135 kDa or 140 kDa. Higher molecular weights are
Prefpaasible by hodificatiof 'of ACEXHordsxample PEGYHation. Pigférablyras a mo-

Lecuthermoaomer (whichudoesngtforpr a ditaer) has adnayecularweightef ats kpa,
least 82 kDa, preferably at least 86 kDa,  particularly, preferably at |east 90
partySal rpartieUisr &ridHst o4 kDaChighly prefébibly atledst 98 kidadnd™t 1east

94 kmest préferally paiééasia]lﬁ)]l;kDﬁ:_or]aamxirr%n aftEQ2 kDaj 108kDaptbderably
ar 1¥03,108 kDap 110 kDa of amaximum of 312 kba. These mplecular, p, - 105

weights can be determined, for example, using the peptide mapping .
kDa, metHodkPreférably, R ACED plypeptidelthds-no tlaissmembiasailar weights

can demaing+Ehus: ilds soluble- ACE2: Rarticularhy prejerred embodiments mapping

methtgh s comprise soluble ACE2 polypeptides the polypeptide chains of which

sist of amino acids 18-740 or enzymatically active fragments thereof.
A further polypeptide consists of amino ac- ids 18-615 from SEQ ID NO:

Preféf@@f¥9hé%é“%b%95%6§gﬁég%%&%]%S%p%ﬂ?”ﬁgég%qﬁéR%@gﬁe domains.

peutic applications, ACE2 from other mammals, for example mouse, rat,

Thushamister; ig, tiriates ofcdttle, carfalsb veusedl AcEpeferred embodiments
thus comprise soluble ACEZ polypeptides the polypeptide chains

of which consist of amino acids 18-740 or enzymatically active
fragments therecof. A further polypeptide consists of amino ac-

ids 18-9015 from SEQ ID NO: 1.

ARlthough human ACEZ (SEQ ID NO: 1) is preferred for most thera-
peutic applications, ACEZ from other mammals, for example mouse,
rat, hamster, pig, primates cor cattle, can also be used. ACEZ
is a universal enzyme in all mammals with the Ang II substirate
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 of
the ACEZ, for example Ifrom humans, mice, rats, hamsters, pigs,
primatas or cattle. However, 1in preferred embodiments, The ori-

gin of the ACEZ and the organism to be treated is the same.
Preferably, a serine (or C-terminal aminc acid) of the ACE2
polypeptide corresponding to Ser740 of SEQ ID NO: I (for example

the C-terminal end) is O-glycosylated.

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



is a universal enzyme in all mammals with the Ang Il substrate which is
identical in the various species. Hence, in principle it can also be used in

wo 2dekeidrserganisms. Thus, the protein ac- cording to the investioncandiss /000211
used regardless of the origin of the ACEZ2, for example from humans,

mice, rats, hamsters, pigs, primates or cattle. However, in_preferre
1ar hmben e oR G S o REESARI 16 oruiner e o duqesy Lated
N—glyh@swrrgtRreferabtyea.sephhﬁtdrﬁc-termlﬁatammbcacidymfsmer,éxﬁﬁz, the N-
glyccsé%'ﬁpﬁ@{'gﬁ Cng%Bgr}d'%%I;%@%{%‘}%%@EQHQ N@L 1 for example, the 5.5 g3

rminal end) is O-glycosylated. Preferably, at least 70 %, prefera ly at
ASN34dastBY % in pafict WO 26087151347 STRCT/ATIV08/00023 15tkd By 2¢d.-
least 90 %, and most preferably 100 % of the glycosylated

N-glycqsylatign sites exhibit sialic acid; preferably, the N- glycosylation
T S5iad core<PURUINGS ASH53: ASTO6: ARHIO, ASh3Z5 AGHATH Assds™S3 ©F
SEQ Asn690 of SEQ DNG:, 1 are-sialyzed. Inspeeific ensiedimeats, anPreferably,
in ofsPaagin coresponding to ASn53.0f SEQID.NOg is mong-,bi-, g or - 55 5
tetra-sialyzed. Preferably, in one ACE2 preparation at least 50 %, 60 %,
95 %7098, 80 9% 9698, 9594, 9TV or IO oF SAidSaniinG atidShtE effREo—, bi-,
tri- MANG-cbira ti-iortetracgialyzed. In specific embodiments, an asparagin
corresponding to Asn90 of SEQ ID NO: 1 is mono-, bi-, tri- or

tetra-sialyzed. Preferably, in one ACE2 preparation at least 50 %, 60 %,
In =P 94,80 ¥%s80%; 85%s 09 96 or £06 26 0f said@mine acidsiarg eitherAsnS0 of

seq fMPRQs. by, tris gplefra-sialyzed. inspecific embodiments, an.asparagice v a1y,
corr(is}éipal?gndmg to Asnl03 of SEQ ID NO: 1 is mono-, bi-, tfi- or

in Offralfsidlyzet Freferasiy infdnel AEED préparatiditatieast 50%0, 6§06 20 %,
95 %7086, 80 %9086, 2 of said amino acids are either mono-, bi-,

tri- or tetra-sialyzed.

In specific embodiments, an'asparagin corresponding to Asnl03 cf
SEQ ID NO: 1 is mono-, bil-, tri- or tetra-sialvzed. Preferably,
in c¢cne ACEZ preparation at least 50 %, 60 %, 70 %, 80 %, 90 %,
95 %, 99 % or 100 % of =said amino acids are either mono-, bi-,

tri- or tetra-sialyzed.

In specific embodiments, an asparagin corresponding to Asn322 of
SEQ ID NO: 1 is monc—, bi-, tri- or tetra-sialyzed. Preferably,
in cne ACEZ preparation at least 50 %, 60 %, 70 %, 80 %, 80 %,
95 %, 99 % or 100 % of gaid amino acids are either mono-, bi-,

tri- or tetra-sialyzed.

In specific embediments, an asparagin corresponding tc Asnd32 of
SEQ ID NO: 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 said amino acids are either mono-, bi-,

tri- ¢r tetra-sialyzed.



95 %, 99 % or 100 % of said amino acids are either mono-, bi-, tri- or
tetra-sialyzed. In specific embodiments, an asparagin corresponding to

wo 280322 0§,5EQ ID NO: 1 is mono-, iy tri- or tetra-sialyzedzPreferablys /000211
in one ACE2 preparation at least 50 %, 60 %, 70 %, 80 %, 90 %, 95 %,

99 % or 100 % of said amino acids are either mono-, bi-, tri- or
Ir psira-Sily 7807 SPECHIC emBOdifnS 3 Bsparadin orredhBrding to=n=2° of
SEQ Fsmd32 of SEQMBrNO; 1is monods;ibt-, tri- drdetra-sialyzed: fieferablyferably,

in og‘so%ﬁQEO%Pé%%%rs‘ QI At lS@St§Qa%°t6%]0°'%7,o %089 Y0, 0 %, 9y a0 ¢,

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

95 % tetrbZsialygéd. WO 20081151847 16"PCT/AT2008/00621 18 I §ecifieonc—, bi-,
tri-epbadiments; aniaspakagin corresponding to Asn546 of SEQ ID NO: 1is

mono-, bi-, tri- or tetra-sialyzed. Preferably, in one ACE2 preparation at

least 50 %, 60 %, 70 %, 80 %, 90 %, 95 %, 99 % or 100 % of said amino
In saeidsfare etheomionents-, taroktet@rsialyzed.dnspepific@migodimentsn690 of
szo 8 apparagin cogresponding to ASNB90 of, SEQ IDNO: s mono-, bieddz oy,

or tetra-sialyzed. Preferably, in one ACEZ2 preparation at least 50 %, 60
in ogg 7698280 % R RL 9506 299 HFGET00%% of saitlParino Agids-aré® %, 20 %,
g5 3 eithey mong-, higotriz op tetrazsialyzeg Ap specificsembedimentss ANmono-, bi-,
eri _asgar%a invcgrresg]?ndirclfg to Ser740 of SEQ ID NO: 1 is mono-, bi-, tri- or

L1 1 &fa-Sfaly7ed® Preréfably, in one ACE2 preparation at least 50 %, 60 %,
70 %, 80 %, 90 %, 95 %, 99 % or 100 % of said amino acids are either

In sTO0Om:RI- I O lefiassialyzed. Breferably, at least 30 %6, preferably ak . 740 of
east 40 %, in particu-

SEQ ID NO: 1 is mono-, bi-, tri- or tetra-sialyzed. Preferably,

in one ACEZ preparation at least 50 %, 60 %, 70 %, 80 %, 20 %,

95 %, 99 % or 100 % of said amine acids are either mono~, bi-,

tri=- or tetra—~sialyzed.

Preferably, at least 30 %, preferably at least 40 %, in particu-
lar at least 55 % and most preferably at least 70 % of the gly-
cosylated N-glvcosylation sites have at least two sialic acids.
Preferably, in one ACEZ preparation at least 50 %, 60 %, 70 %,
80 %, 90 %, 95 %, 99 % or 100 % cof said amino acids are thus

gizlvzed.

Preferably, an asparagin corresponding to Asnb3 of SEQ ID NO: 1
is N-glycosylated, preferably with a glycan having a structure

in accordance with formula 1, 2, 3, 4, 5, 6, 7 or 8.

Preferably, an asparagin corresponding tc Asn%0 of SEQ ID NC: 1
is N-glyceosylated, preferably with & glycan having a structure

in accordance with formula 1, 2, 3, 4, 5, 6, 7 or 8.

Preferably, an asparagin corresponding to Asni03 of SEQ ID NO: 1
is N-glycosylated, preferably with a glycan having a structure



lar at least 55 % and most preferably at least 70 % of the gly- cosylated
N-glycosylation sites have at least two sialic acids. Preferably, in one

wo 2&GE2 prepayation at least 50 %, 60 %;70 %, 80 %, 90 %, 85289800V 000211
100 % of said amino acids are thus sialyzed. Preferably, an asparagin

corre pondln sn53 of SEQ ID NO:.1 is N- ch sylated, preferably
-0 Wit % f;}can aQ\C/@g?as ugurgL ‘In gtcor’da%be Wlth%fbrr?u%laz 3,4,5,
6 7 or 8. Preferably, an asparagin corresponding to Asn90 of SEQ ID

Pref%‘%k}lys N3 %y%%%ﬁﬁguweé%é%(é%@%él gaﬁé‘aﬂgﬁgﬁ SUUGIUGRIN 11y o 3

accordance with formula 1, 2, 3, 4 Preferably, an asparagin

is %&P@é@%ﬁaﬂ@tﬁ%n%@f&@ém N@‘i& R NIGIYEB8yIdted, [srefefabfj- Tucturs

in awithadglyean havingra stiuctare WQ 2008/161347 14, 7 or 8.
PCT/AT2008/000211 in accordance with formula 1, 2, 3, 4, 5, 6, 7 or 8.
Preferably, an asparagin corresponding to Asn322 of SEQ ID NO: 1 is

Pre fNrglpdosylated apreferablywithha ghramitbving & strictufe’ 3n afedifiand® NO: 1

Nuith fermwla 1243, 4, p. 6 7 05 8., Preferably, agin, 5 truct
Le co%l}%ndmg to Asﬁ%?,g of SEQID NO: 1 is @%%%as{ylated prgfe?ablsi/ Fackure

in aGRAFCGHES Having L EFudtBre" in Accordafiee \Er\ntheforrﬂul‘érl 9. 3, 4,5,
6 7 or 8. Preferably, an asparagin corresponding to Asn546 of SEQ ID

is N- -glyco lated,.preferably with can ha in trucIur
Preferab the Wltﬁl?gmlﬂg]ln cg;rfgg nﬁ I‘%; X 5%% gEgl 1D NO:

accor r fera y, an asparagdi
is IcorrespontlingtedAsnB9e bf SEQ D NO:L is I\Igglyc@sylam@dﬂme‘femb@/cructure

in aWHRAgQlyean havinga.stgure; in accerdapce withdormulg,l, @, 3, 4, 5,

6, 7 or 8. In a further aspect, the present invention concerns a prepara-
tion of recombinant ACE2 polypeptides, comprising a polypeptide
Preferably, an asparagin corresponding to Asnd90 of SEQ ID NO: 1

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

in accordance with formula 1, 2, 3, 4, 5, &6, 7 or 8.

In a further aspect, the present invention 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 porticn 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 118 kDa, is less than 20 %, preferably
less than 10 %, particularly ypreferably less than 5 %, most
preferably less than 1 %, especially 0 %, and any combination
thereof. For example, ACEZ polypeptides of less than 100 kD may
be present in an amount of 0 % and ACEZ polypeptides of Iless
than 100 kDa may be present in an amount of less than 20 %. The
fraction is with respect te all of the ACE2Z forms invoelved and

ig, for example, determined using native gel electrophoresis.



as defined herein (ACE2 monomers or dimers or monomer units of
- dimers), wherein the portion of ACE2 polypeptides with an appar- ent

wo 2mleculanweight which can be determined by gel electrophectiesis-oblesso 00211
than 100 kDa or less than 101 kDa, preferably less than 104 kDa, highly

ref rably less than kDa in partlcula Iess than 112 part cular
sim J“E grya'bly [éSs Itrhgl fﬁﬁﬁa Thost pré{fe%aeoly 5Ss thary %?@13 |seless ar mass
whicthacnazo Y% préfarablyl tess than 26196, particudady. preferaBlydess than 5iraction

of A@E@O?OE%%@@D&@§S thaniL %, especially 9.%, »@@P%Qrﬂé/ CB@b'PQE%” than 86

thereof. For example, ACEZ2 polypeptides of less than 100 kD may
kDa, pregentt 8n anBuntsr 0% andAEES Hok/béptidessof Té‘s%nth%% 15@@(Dahlghly
prefBBydie/present incanamount Rhless than 20 26.1 the fractiensis Withan 97  kDa,

res pct to all of the ACE2 forms involved exam le det rmined
partﬁg’lﬁg hative" ge% elé Q%/phéress E) foogﬂ&lgﬁﬁﬂ RE oSt preferably
less PCT#ANT 2008/00821 1 Sim#ardy, the molécutar mass maybe/thesasoliten 10 %,
partMalgcularmass, which cgn pedetermined by peptide mapping. Ji o Hess than

fraction o ACE2 Cgolypeptldes with a molecular weight of less than
L %/ k& F519éSs than BI°kD A teferably 88 R 92 'kDal RighR/” preférablys*ample,

ACE2less Ihare94 kBas inpartisular tessithag 9% kDaa f,pads@cqbarery@fﬁ;rabky less amount

th@n 10 m tprefe sthanl kDa sthan2 %,
preferagﬁlessjag:a‘n 1%/5)/0 Ppart culaciflfspré?fera %%Féss ?ha Y Tigsto present

in apreferabhitless thare s W espééiafly 0 %, and any combination thereof.

For example, ACE2 polypeptides of less than 86 kD may be present in an

amount of 0 and ACE2 polypeptides of less than 97 kDa may be present
Prefpraamountdfiess 26 %. Préferdbiyahe FattiBRbf AGER with trans-

membpelypepiiches with trans- membtane:damains isdess thaib2Q %) preferablyn. 10 %,
part§§%£ 'lloofefﬂrably less than b5 %, most preferably less than

1 %, especially 0 %.

Preferably, the fraction of ACEZ multimers is less than 20 %,
preferably less than 10 %, particulariy preferably less than
5 %, most preferably less than 1 %, especlally 0 %. The term
“ACEZ multimers” means complexes with 3 or mcocre ACEZ polypep-
tides. In addition, in a preparation of ACEZ dimers, the frac~
tion of ACEZ 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 moncmers, the fraction of ACE2 dimers is
preferably less than 20 %, preferably less than 10 %, particu-

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

Preferably, the fraction of ACEZ dimers in ACEZ molecules is at
least 10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, B0 %, 90 %, 95 %
or at least 99 %. In further embodiments, 1in combination

therewith c¢r independently, the fraction of ACE2 monomers in



particularly preferably less than 5 %, most preferably less than 1 %,
especially 0 %. Preferably, the fraction of ACE2 multimers is less than 20

wo 2&0s preferably less than 10 %, particularly preferably less than bz mosy 000211
preferably less than 1 %, especially 0 %. The term "ACE2 multimers"

ACE2 mﬁ%ﬂ%%ﬁ?‘&%exes it 3 of more ACE2 gglygep-E%igeg- In addion, j3a, - 5 5,

préparation of ACE2 oﬁ)r%ers, the frad- tion of ACE2 mohoriers i&

60 % preferdbly féssithaf Q0%%, preférably dess #vantl(P%, particularly
preferably less than 5 %, most preferably less than 1 especially 0 %. In
addition, in a Ereparation of ACE2 monomers, the fraction of ACE2

Prefepabrsis préfefably TESihan0 o forefdrably lesBHam 2896 d5aticuy 1th M-

glyclarlylpreferablydess:thian 5:%; moesiqraferably tessdhan 196, espedallwd: 1 is

nore breferably, therfraéctiog f ACE2 dim%rs in ACE2 mole%JI.es isatleast .. . . _
1%%%,2 75, 30 J6- 40 9550 %6, 60°0%, 70°%, 80 %, D06 95 % G atleast

bly 9996, InfarthélembodinEnts, incohtindtian therewithenindependenthi;, cref-

erabﬂ%f%@?E”MH$M3%%f@g”@ﬁ%ﬁs@%H@Qé%%¥%§5&%§7é§ and Ereferably with
PCT/AT2008/000211 ACEZ2 molecules can be at least 10 %, 20 %, 30 %,

a 9l46%9% 36:96.160 %o, TOFH- B, 66 05 TS G atTedst 99 OB ALY, 4 3¢
4, 5thesfractianro0fsSACE2 polypeptides with N- glycosylated asparagin

corresponding to Asn53 of SEQ ID NO: 1 is more than 60 %, preferably

more than 70 %, particularly prefera- bly more than 80 %, highly
Prefpraferdably moreahan 909, most pref- erabfiEmore thary090% igies  with  N-

g1yc8sRecialy:100.%, and;preferably with, iglycanhaung a sUECIR INtp No: 1 is
accordance with formulae 1, 2, 3, 4, 5, 6, 7 or 8. Preferably, the fraction of
moreAéﬁﬁpp&wbé%ﬂdgg%ﬁﬁgﬁpiy more than 70 %, parftilicularly prefera-

bly more than 80 %, highly preferably more than 90 %, most pref-
erably more than 9% %, and especially 100 %, and preferably with

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

Preferakly, the fraction of  ACEZ polypepntides with  N-
glycosylated asparagin corresponding to Asnl03 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 more than 99 %, and especially 100 %, and preferably

with a glycan having a structure in accordance with formulae 1,
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 20 %, most
preferably more than 99 %, and especially 100 %, and preferably

with a glycan having a structure in accordance with formulae 1,
2, 3, 4, 5, &, T or 8.



glycosylated asparagin corresponding to Asn90 of SEQ ID NO: 1 is more

than 60 %, preferably more than 70 %, particularly prefera- bly more than
wo 289 bighly,preferably more than 901%, most pref- erably mete/{ERR%: /000211

%, and especially 100 %, and preferably with a glycan having a structure

in a ordance with formulae 1,2,3, 4,5, 6, 7.or 8. Preferably, the fraction .
Pref et AUEY polypeptides With-NO glycodylated @&paradiii toHERpONTRg to” M w-
qucci\sylmﬁ:etBE@mBzNi@lh issmore tpam 60194, preferablydidredfiansFQ96,D NO: 1
is mpadicularly pigt erably mared gtz}%/fehlgn'yrpref@r@b'y QJ&E%@QQW pref-

%, most preferably more than 99 %, and especially 100 %, and preferab
e rabiyith BCgifcan!ving & Struchirei Acdoradr ekt fofARe 1han 394, 5, most
pref8rd1OrS. B@&f@r&bh/azﬁhe9f9ac%t10na0fcﬂﬁ‘e%%@@|y@§mjﬂe§{Wﬂtf%N- and preferably

glyco ated aragin corresponding to Asn322 of SEQ ID NO

Wlthm%r ag}'o pre ra%ly?tng?e "9 n 70 %, paﬁlcu arfg/%pref’J ergbly ?nrgﬁglae L
2, 3than 80 %,G}lgﬁlyqxre&rably more than 90 %, most preferably more than

99 %, and especially 100 %, and preferably with a glycan having a

structure in accordance with formulae 1, 2, 3, 4,5, 6, 7 or 8. WO _
PrefoppBasl347 MEPCTHAT2068/M00220 Praferably, five-HBEHON-6CACEXY 1 th  N-
glyc@@gyp@@tidiesa@iﬁh&dagmos;@eas@ﬁ@ﬁ&gi@cmrﬁsa@mﬂ@g tooAsndB2 of p no: 1
is mor tI%NO is,more th n 6 preferab%)émore} 6ha,n 70 %+part| ulai

pre era%jily more Y than 80 %%, "?11 y prel?era more’thah é@ TOS
erab preferably ndrethah0%%, am@}eépecnaiwfmoa%}:andnpﬂeéerablgnw@ﬂafo, most
pmfglyggwamgé stieturg in accordanceswith for Lg?%o 253 4Ry Opf OFeraply

8. Preferably, the fraction of ACE2 polypeptides wi
with a glycan having a structure in accordance with formulae 1,

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

pref=-

Preferably, the fraction of ACEZ polypeptides with N~
glycosylated asparagin corresponding tce Asnd9C 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 formulae 1,

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

Preferably, the fraction of ACEZ polypeptides with G-
glyvcosylated asparagin corresponding to Ser740 cof SEQ ID NO: 1
1is more than €0 %, preferably more than 70 %, particularly pref=-
erably more than 80 %, highly preferably more than 90 %, most

r
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 5 s7!,
particularly preferably at least 6 s™', highly preferably at
least 7 s, and most preferably at least 7.6 s with respect to

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



glycosylated asparagin corresponding to Asn546 of SEQ ID NO: 1 is
more than 60 %, preferably more than 70 %, particularly pref- erably more

wo 28hary 88 2%4highly preferably more tham 90 %, most preferabtyrmore thayy coc211
99 %, and especially 100 %, and preferably with a glycan having a

ucture in accordan ith formulae 1, 2, 3,.4,.5, 6,7 or 8. Preferabl
A0 AU P AGED pohpaPtob i N gdated Aepaiai oon can be
testedrréspondimgntp snBe0 of SEQRID NEsdr isomoreithart 86 %6 prefekably This

convredhan,70 % particylgny, pref- erablymore than 8%, highly 4150 ve ex-

preferably more than 90 %, most preferably more than 99 %, and
trapebpsEallyt160'%° aha pretérbly Withta glycatthaing'd sfrictarein for exam-
ple, aceortancewith tosmutae-t,: Bed, 40516 -2008. Rreferablypthe fraction of

ACE2 polypeptides with 0- glycosylated asparagin corresponding to

Ser740 of SEQ ID NO: 1 is more than 60 %, preferably more than 70 %,
In apddicblely pref erably mhorerthans 800 highlytpreferatly pegresthan 9ethod for

prody®Rgst Rrelerably.merehan 9290%03/9@9@§8@%ia|5’110§ Y%rBfedbon of re-

the catalxtic activity of the ACEZ polypeptide or preparation, ccat, is at
Comb il s Prefer Bt 6dst S si:fepa?gé’ﬁﬁrlfﬁe FABH At feasdt ePQ1ynucteo-
tidehighlyipreferably at leasty,s-brated most preferablyatleast 76 8<l withling for
an A e\%t].(;tqathe An% 1-7 ar}%otgnsin 1-7)converlsji'gg. Ang{%g i(;stfjcm)gtmeg3 1s. ex-
rom 008115134715 BCT/AT2068/00021 1 ng ﬁ%angi%tensm ﬁ) %y’" ’
presmigansoiACEZ ZTHeodanvepdidAcanbe festddintd simplamanrercased ACEZ,
in pdescribedn theexamples; 1bis; conversion orthe catalyiic activityiofen be se-

ACE2 can also be ex- trapolated from other assay data. The activity can,

LeCt st exdm-I6Be meashrcil 45 desehbet VG- 2bBB/AE1S5 ALY accordance

with the inventlion as herein described, in particular with a

high molecular weight.

Preferably, the polynucleotide coding for the ACEZ i1s provided

on oa vector.

Preferably, the ACEZ 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 alsoc concerns recombinant 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 polynucleotide coding

for an ACE2, preferably a CHO cell line (or cell) which ex



In a further aspect, the present invention concerns a method for
producing recombinant ACE2 polypeptides or a preparation of re-

wo 2eembinant ACE2, comprising the steps;of bringing a poWnuﬁ@f"K;ﬁjg?OQS/ooozll
coding for an ACE2, preferably a polynucleotide coding for an ACE2 with

no transmembrane domain, into eukaryatic cells, ex- pressing the ACE2
PresEgyneptide and cBifecting thé expresSed KD A yatticuldrin the 11 1ine may
be sdimericsformoThebellsccanithen be:se-dectied in order toipredueeane, for ex-

CE2.p %{gl accord nce with. the invention as herein described, ~
amplé‘] %cﬁ%@% al%?ghgr%oi%éﬁsa]ﬁvgéﬁ{n P?e%%%?f the’ %)Br?}’/n"dél%e%tige molecu
lar ¢eding Yorthe2ACE24s brovided - a vector. Preferably, the ACE2

expression is selected with a marker, pref- erably DHFR. Preferably, the

marker is on g vector. Preferably, the vector has an IRES for the_
the e%(%ﬁr Ssell ACES THRNA (O Todes 1611 PRIGEAB tetbukafotié ellkeast 10
pg/ cafel CHO cells.rBife peasent inventierealso eancergs cecombinant ACE2 1 cularly

p re £ROlypeptide q_reaagr@p%atio(a /%ferf”@binant ACE2 polypeptide obtainable
b

y such a method. In a further aspect(,a%/h'e invention provides a stable
eukaryotic cell line (or cell) having a transfected polynucleotide coding

The ME@RAGEZypreferablya CHO gellling (Qr.cell} which %@/%resence of suf-
8/151347 16 PCT/AT2008/000211 Eresses ACEZ2, in particular as
I

. .20 ) :
161 GBfined abovE The cififfeay -Be slectedTorthe desied prosertiss, in Par-
ticudsgiven above; fanex: ample theqiroductionief dimers;frona menemietular, the

rexnfiils MDA Malgous Jar Welght of at least 102, Da, The gells preferaly, .. 77+,
havzg an ACEZ2 productivity of at least 10

The Zn®" concentration in the nutrient medium for the expressed

cells, for example, may be at least 0.5 pM, 0.75 uM, 1.0 pM,

1.25 wM, 1.5 pM, 1.75 uM, 2.0 pM, 2.25 uM or at least 2.5 uM or

3.0 pM. Further treatment steps are preferably alsoc carried out

in the presence of Zn?' ions.

In a further aspect, the present invention concerns medicines or
pharmaceutical preparations of the ACE2 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 chronic heart insufficiency, myocardial infarc-
tion or artherosclerosis, kidney failure or insufficiency, poly~-
cystic kidney disease, PKD, or lung diseases such as chronic ob-
structive lung disease, pneumonia, asthma, chronic bronchitis,
emphysema, cystic fibrosis, interstitial lung disease, pulmonary
hypertonia, lung embeclism, sarcoidosis of the lung, tuberculo-
sis, oedema of the lung, ALI, ARDS or lung cancer. General
treatment indications for ACEZ are cited in WO 2004/000367 A,

for example; the ACE2 product of the invention is alsoc suitable

in this case.

In accordance with the invention, a pharmaceutical composition



pg/cell/day, preferably at least 15 pg/cell/day, particularly preferably at
least 20 pg/cell/day. The expression of ACE2 preferably occurs in the

wo 2presense of suf- ficient Zn2+ ions. Preferably, at least 0.5 nieremotan % /000211
par- ticular up to 5 micromolar of Zn2+ is used; in particular, the

fe(rjmentation can be carrieclgutﬁng%zs-&s micromolar Zn2+. The(%gﬁ Such
Of MESHceriat ST the nitHent Mediumm forthe expresSad cBffs, Fiekafivle, SU¢

compmaytheatleast.5 M, 0.5 pvak.0 pM,caR2bypMatSegMablrd pMa20s  them-
Selvgykzégg@wéﬁéﬁg%g%gﬁs@%f%e%gfmééﬂggfiyeggﬁ ﬁaﬂ¥%m€r pharma~

preferably also carried out in the presence of Zn2+ ions. In a further
ceut jgpectytheé predehtit@nti6R €6acEHhs medithifed6ic phafRadeuticar rier sub-

stanpegparadions ofitbe AGEZ-Rpoductdn acserdante: wWiththedpveption, ddmposition

particular far the treatment,or preven- tion of high blood pressure, heart .
=00 ooy Sab 5o SoRQSe- ey e BFCrroRi, REAMTEGUATIBAG 1201 Lt
of thyocardiavinfaicdionidrartiveroscleresis, kidgneyfailuesotl insifficiency,thicken-

ers, POlgystic kidney disease, PR, Qrlung, diseases sUdL,as, coRIc o5, ) yetnyi-

structive lung disease, pneumonia, asthma, chronic bronchitis, ‘
ene gmphysentd) Cysticfistdsis, intBrstifiatithg Bisedses piilhidhety pharmaceutical
carrhypertopianiung embolise, sarcoidesis ohthe g tubereulos sis, aeslema  ror
C’mloft eiglni% AJ\C_LItARDS %r.lun cancer. Gel‘necl[al treatment indicati%ns for a:

AGED ard tited in Wo 20041000367 AS orlexar%ap e thé icﬁypro uctof =’ "9
inj ethielinpention isualso Suitable cienthisscaseo rsacoordarcewith dhe

invention, a pharmaceutical composition WO 2008/151347 17

PCT/AT2008/000211 or medicine comprising the ACE2 protein can be
PrefsiRited, StER comfposifiche iy be Pharhadsiitiafiy aeteptdie sdlfe inven-

tionth€Bmprises buffers or tonic substances. The buffer can ad-
Jjust the pH of the medicine to the physiclogical conditicons and
further, can reduce cr buffer variations in pH. An examplé is a
phosphate buffer. Tonic substances can adjust the osmolarity
and may include ionic substances, such as inorganic salts, for

example NaCl or KCl, or non-ionic substances such as glycerin or

carbohydrates.

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

luted, for example.

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

erably produced for intravenous, intra-arterial, intramuscular,



selves, with additional buffers, tonicity components or pharma- ceutically
. acceptable carriers. Pharmaceutical carrier sub- stances serve to improve
wo 2dbe compaiibility of the composition and provide better solubitity:as)wek /000211
as better bioavailability of the active ingredients. Examples are
0t emulsififrs, thicken- ers, redox components, skt)arches, alcoholic salutions, .
Ot rANiethy e Bhe dIY &SI ARG IS Shlection of A ¥uitaBiE i macAltiaS L aton-
Injedatrersis highlydepehdentos thefadmiristratidre joutesd-oswrakole for this
purpcdministiation, iquidqrisqlid garriers may be.ysedsfor inections, ligwd ;¢ +he
final compositions are required. Preferably, the ACE2 composition in ,
advargeedared with thedften tiohnsomiprisesthutfers bRtdRRTSGbistancesd e dis-
t r i bukheibuffencanad- justthespt of ¢he medicingta the physiological tissue is
hcogditions apd further, can reduce or buffer variations in pH. An example
Feacisa gﬁéscp 1até buffer. Tonic substances can adjust the osmolarity and
may include ionic substances, such as inorganic salts, for example NaCl

The QFKGHOF DR-oRic subgtanees sichas glycerin.or, cafpobydiales. ysing the

referably, the composition or the medicine for use in accor- dance with
£ol 13K T ention 14 BditdBly preated forsydtémiitépital, oral or intranasal
administration or as an inhaled preparation. These forms of
Figuggsminist_ration for the composition of the present _ir]ver_lti(_)n allow fast,
uncomplicated take-up. When the ACE2 composition is intended for oral
administration, it is preferably provided in a formulation which is resistant

Figud@ Stompaeh acid it is;epcapsylated. Fariqral administration, solid or
liquid medicines can be taken directly or dissolved or di- luted, for
example. The medicine for use in accordance with the invention is pref-

Figure 2: ACEZ-specific Western blot analysis of production

clone history:

Figure 3: SDS-PAGE analysis of ACEZ monomer;

Figure 4: Clone selection;

Figure 5: LC-MS glycosylaton analysis;

Figure 6: Preparative size separation of ACEZ;

Figure 7: Pharmacokinetics of ACEZ in 3 species;

Figure 8: Calibration curves for Ang 1-7 and Ang II quantifica-
tion. The peptides were separated in the stated concentration
range using RP-HPLC on Waters Cl8 uBondapak RP columns,

2.1 x 300 mm, 10 um, 125 A;

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

have the same mass;



erably produced for intravenous, intra-arterial, intramuscular, WO
2008/151347 18 PCT/AT2008/000211 intravascular, intraperitoneal or

wo 2subgutaneaus administration. Injectigns or transfusions, forexemple; are/000211
suitable for this purpose. Administration directly into the bloodstream has

the .advantage that the ngre the medicine can
Figu fribu dtr%o Llhnhe enf %@@c?y %n E\Et;t(%\{ge%lsgue%?ga&redg cjflﬁ%l%lon'

The present invention will now be illustrated further using the following

E;LguP@n Hrpitinghfigures and gxampleg, Figures: gE'QHE?s}l%‘EE@neX%@%@O"&m (A),
and selection cassette; Fl%ée 2: ACE2- s ecific Western blot anaIyS|s of

site pisduchibn clone histoR: ure%l%eb§ GE hanafysfsfofACES ) 7

monomer; Figure 4: Clone selection; Figure 5: LC-MS glycosylaton

Eigm]%nal)ﬁs é%uretq:ul%r’ie : Ine S|ze srelgzira%on %,%%rglt:lg%re%gs The

armacokmetics o speues Figur oncu
struppgrey andsAngeuantfica- tioh. Thessdptides v@@re@epame@mﬁhe
stated concentration range using RP-HPLC on Waters C18 pBondapak
RP columns, 2.1 x 300 mm, 10 pm, 125 A; Figure 9: MS/MS spectrum of
Flguf\letejrr?ﬁrnﬁi)e‘ﬁﬁdé NGes @aﬁ&%ﬁ%@e the same mass; WO
2008/151347 19 PCT/AT2008/000211 Figure 10: Sequence of ACE2 and

lycosylation redlc on; etailed spectr mfo /COS lation
Fi u@%g¥%9 9 P é!%% g)é E t
E 3 (A), Site 437 (B): site 54 , site g‘&ﬂﬁ) Site 9 SiNg native
PAGE {left, protein bands visualized using s;lver stain) and SEC
{right, separation on Zorbax G-450 column in presence of 220 mM
Na-phosphate at pH 7.0 in 10 % acetonitrile, the chromatogram

was recorded at 214 nm);

Figure 15: Chromatogram of size exclusion chromatography of the
ACE2Z dimer ({retention time 8.55 min, 8.93 min). Standard: thy-
roglobulin (670 kDa, 7.43 min), gamma-globulin (158 kDa), oval-
bumin (43 kDa, 10.08 min), mvoglobulin (17 kDa, 11.08 min), vi-
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 ACE2 dimer expression clone

(Cy. D shows a pure ACEZ dimer;

Figure 17: Analytical SEC-HPLC chromatogram of ACE2 monomer
form. Run ceonditions: column: Zorbax GF250, buffer: 220 mM NayH-
POy + 10 % CHsCN, pH 8.0 at 1 mL/min;

Figure 18: PAGE analysis of ACEZ dimers (A) and ACEZ mecnomers
(B); proteins revealed using silver stain (a) and ACEZ2-specific

Western blot (b);

Figure 19: determination cf enzymatic activity of ACE2 monomers



Figure 12: Spectrum of C-terminal O-glycosylated peptide. The structural
assignment must be classified as provisional; Figure 13: LC-MS released

wo 2 alyeans; Bigure 14: Determination of ACE2 dimeric structurgqusingrnative/ 000211
PAGE (left, protein bands visualized using silver stain) and SEC (right,

separation on Zprbax %4250 plumn in prﬁsence o{ 229 mM , fial fra_
SEphosphate”™ aJt{p 70'h 1 B'5cetonitrife, the Ehrématogrant “was Concentra

tionrecbrdedeat 214 ek Figure-15:@hromatogramtof size exciusiom-APK-DNP  and
£oux Chromatography.of the ACE? dimer (retention (je8.55.mip, 8,93 MiR)k. corre-

Standard: thy- roglobulin (670 kDa, 7.43 min), gamma-globulin (158 kDa),
SPONGyRE b%%ﬂﬁ{@@ﬁ%c%@{ifl’ﬁ% H%%I&Rm&iﬁﬁba 11.08 min), vi-

tamin B-12 (1.3 kDa, 12.71 min); Figure 16: ACE2- specmc Western blot

nalysis o I extracts from,the cortex A), brain ( 2 dim

FLon A e 1631 SAOWS &nire AR b Houb 17 Rndier 2Ttes
ACE2 SEG 4P CachromatdgramiehACE2 monopieraforniiRun conditions:) or ACE2
ronofQnn: Z0rhax G200, buffet: 220 MM NagHi: £O4 10 0.CHICN, b

8.0 at 1 mL/min; Figure 18: PAGE analysis of A dimers (A) and ACE2

monomers (B) ; proteins revealed using silver stain (a) and ACE2-specific
rxavWestern blot (b); Figure 19: determination of enzymatic activity of ACE2

monomers WO 2008/151347 20 PCT/AT2008/000211 in comparison with

ACE2 dimers. A constant initial concentra- tion of the
Exanfllerebcefcelabetiedsubstrateséuriarin-ARKs DN add Afolr different

enzyme concentrations were used and the corre- sponding fluorescence

curves were compared,; Flgure 20: ACE2 serum activity measured 24 and
The A9hBhrsafteFaction of the human ACEZ seduence (SEQ ID NO: 1)

was cloned into an expression vector into which the amplified

in ¢

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 ACEZ and dfhr, an attenuated IRES was inserted
which allowed bi-cistronic transcription of ACEZ and DHFR onto
the same mRNA. The ACEZ expressicn and selection cassette is
shown graphically in Figure 1. Since" both proteins are ex-
pressed under the control of the same promoter, ACEZ expression
can be intentionally enhanced by means of DHEFR selection using
the MTX antagonist. This strategy can produce particularly sta-
ble expression cell lines which provide high yields of a product
with a constant gquality. This also means that reasonable product
titers can also be obtained in cell lines which may possibly be
less suitable for recombinant expression of a specific target

protein.

This vector wags Lransfected in CHOdhfr cells and the copy number
cf the ACE2 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



ACE2 dimer administration (2.5 mg/kg, blue columns) or ACE2
monomeric form administration (2.5 mg/kg, grey columns). EXAMPLES

wo 2 Gxample 3 Expression of highly glycesylated ACE dimer Thesolitbie;0s /000211
fraction of the human ACE2 sequence (SEQ ID NO: 1) was cloned into

an expression vector, into whi%h thelamplified DHER sgle tjion mark%r had, fapl
VM lady eeh added, 10 rdsult i eh= hahced expression of the ACE3 gene.” "7+ ©
clondp,thistends betweerrthen ggnes todiag fovACE2 andidfhr, ensattepmiateded with
3 ailRES Was insgried which allqwed biscistronic tianscrplionof ACEZ and. 11 ;1 ar

DHFR onto the same mRNA. The ACE2 expression and seléction _
prodegédatic-ié: stidvin graphically instigafe £ SIREEbothproehfs el into ac-
counpressedaneer theseanteol of thersame pramates ACE2 expression ¢als of the

be intentior&1al!rl]&/ enhanced cl?ﬁ/ means of %HFR elelctio usin ttple MTX
SUcCcCgasiIve. ur 251 es in hras L & re which ware used

anisagonls?. iS s?raf%gy can proauce particu a"rlly sta- bie expression e
to dirtesadhich providechighyigldsof apiodudt: mith a cBhstaptapdlitt Thisoperties
of @IS0 Meansithatreasonable paduct titers can glsa.be obtaied incell o= sugar

.. lines which may possibly be less suitable for recombinant expression of a
in t§fedfie gt proteirC THsvettorfas fandfeediin EHOd é8lifandis shown
by tie copyduunbers of the ACEZ24gene wassamplified uadescontivuatslyd by spe-

. . increasing MTX pressure. Several selectian and subcloning cycles wer.
CLE Lo T8 eI the Bes{5riHutts ith SPHMIBST ProdUdt roperties LsimgLY: ©n®
clonintrdcellotar FAGS) analysisrand proteim-eheptical asowelhasmeroWw @t with the

hi qhggQS/ TRk3402L ECIJ/éAiTcﬁQQ 81000211, éé{m%@ a@@%’éﬁl ir!s Bartti,%arpt?Oduct ion
select the most suitable clones, the specific enzymatic activity, which was
cellmbRared-{ith -3 different substrates, the product homogeneity, the
cellular

It was decided to pursue matters with 6 clones which enzymati-
cally expressed highly active and complex N-glycosylated ACEZ.
While soluble ACE2Z has a molecular weight of 83 kDa, clones were
gelected which were in the range of up to 120 kDa in denaturing
SDS-PAGE, as determined by its sugar structure. Figure 3 shows

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

pared with a standard ACEZ produced in NSO (lane A). While the
LCEZ polypeptide in accordance with the invention —~ analyzed
here as the monomer - is homogeneous and highly glycosylated and

thus appears as a single band at approximately 120 kDa, the
bands for the reference material are from 83 kDa to 120 kDa, in-

dicating highly heterogeneous glycosylation.

The preliminary clones were then transferred onto protein-free
growth medium (Polymun). 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 6
clones were kept under culture and tested for their production

process suiltability. In particular, the growth rates were re



productivity, and also the sugar complexity were taken into ac- count.
Figure 2 shows a summary of Western blot analysis of the successive

wo 2culyrezesidues of individual clones which were used to estallishthecs /000211
production cell line. The product properties of the individual clones differ

in that the proportion of sugar in.the expression product increases from _

9 SRl 10eft, 58 SO by 11 stbstafial ncredde n Hads. This s "7 <@

inedobtdingd by spe- cific sElectibr of highly glycasykated clonesr Bifiallysonend the

c1onglOngdclone AB9) which had the expresgion p&%%‘”@:@??e@'%éﬁhighly ac-
e

molecular Welght was used to establish the production cell line (184). It

tiveysTechied B Phrsiefatiers with BclBnesWhich anzyhrfatil cay - Further,
the exptessed hightyactive and complex Neglycasylated ACE2ndVhilersoluble  ana-

ACE2 has a molecular wei f 83 kDa, clones were selected which . , _
L2l o Tnide SR 1O (o SDS BAGE (Ig ehtire pro
ductdeternined dysts sudar strictine: Figure 3rshionwscan ACGE2{lame:B) structure.

a11 Broguced by the present production process cams pared-with asiandayd ;o 5
ACE2 produced in NSO (lane A) While the ACEZ({)onpeptl ein

D11 ackBidamtERith e invBntiBhE an&lyzed et A the T HBROMEr G4 Yeosylation
withheomegeneous aad highly glycosylated and thus appears as a single band
at approximately 120 kDa, the bands for the reference material are from
83 kDa to 120 kDa, in- dicating highly heterogeneous glycosylation. The
A magredimiragy tlopes vere tharrrainsferred whto protein-frees growth niddivmclone,
and (Palypup). This commercialy avaijable medium s ehemically defingd.gyp-c1ass
serum-free, free of animal proteins and op- timized for recombinant

P rodEgbrbeBion Gt ghtopr6emsIR O Féimentation was carried out with

2.5-3.5pM Zn2+. All 6 clones were kept under culture and tested for
SEQ ?ﬁ"ﬁ69m¥m?%caz protein segquence; the autclogous signal se-

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

MSSSSWLLLSLVAVTAA

QSTIEEQAKTFLDKIFNHEAEDLEYQSSLASWNYNTN ITEENVONMNNAGDEKWSAFLEEQSTLAQ
MYPLOQETONLTVEKLOLQALOQONGSSVLSEDKSKRINT TINTMSTIYSTGRVCNPDNPQECLLLE
PGLNEIMANSLDYNERLWAWESWRSEVGRKOLRPLYEEYVVLENEMARANEYEDYGDYWRGDYEVY
NGVDGYDYSRGOLIEDVERTFEEIKPLYEHLEAYVRAKIMNAYPSYISPIGCLPAHLLGDMWGR
FRWINLYSLTVPFGOKENIDVTDAMVDOQANDAQRIFKEAEKFEVSVGLPNMTOGFWENSMLTDPG
NVOKAVCHPTAWDLGKGDFRILMCTKVIMDDELTAHHEMGHIQY DMAYAAQPFL.LRNGANEGEH
EAVGEIMSLSAATPRHLKSIGLLSPDEFQEDNETEINFLLEQALTIVGTLPETYMLEKWRWMVEK
GETPKDOWMEKWWEMKREIVGVVEPVPHDETYCDPASLEFHVSNDY SFIRYYTRTLYQFQFQEAT
COAAKHEGPLHKCDISNSTEAGQRKLENMLRLGKSEPWTLALENVVGARKNMNVRPLLNYFEPLET
WLEDONKNSFVGWSTDRSPYADOSTKVRISLEKSALGDKAYEWNDNEMY LEFRSSVAYAMRQY FLK
VENOMILEFGEEDVRVANLKPRISENEFEVTAPKNVSDI IPRTEVEXKATRMSRIRINDAFRLNDNS
LEFLGIQPTLGPPNQEPVS

Dimerization of ACEZ directs all of the hydrophobic protein
units into the interior of the complex, wheresupon the charged

residues, such as N-bkeound sugar chains, project cutwardly and



process suitability. In particular, the growth rates were re WO
2008/151347 22 PCT/AT2008/000211 corded and the quantities of

wo 2 @seduot amghmetabolites were exam- ined (Figure 4). Furthergthear2008 /000211
expression products and the clones were precisely analyzed. All clones

expressed highly ac- tive, ACE2 and had produgtivities of 20-3 ;s .
oL ety FERRG! “he Sigar Snidiree and ehaahendny Fafds - S+
dimemiere ahar lyked. Einallysclone 1B4 was selectbd: Over the®htite pro-ated ACE2
was Qucliopprocess, it gxhibited.a homogenepus-sugar styciwre..AlY  tpe dimer

N-glycosylation sites were processed; they had at least a_bi-, but
comp bREasicHEy Even tritbrafchetfcdmptek gffcbsyiatichn with tefmia Galiglectro-
stat 26KIB1 A mastercellbask waspraducegdranddested hasedon #is eleperated in
and a GMP-class purification process.and further gn, a GMP-class
Phy s H o pr WS onst daad. GEBTD Mol aGES ey °F @ 9Ly
copreequenceathe atiolegous Signakseh gaenage (ohderdingd)ds sleavediby thestruc-

tureQog%ceélggﬁewgomilM%WEL%@EYAXEAf‘B sialic acid structures
QSTIEEQAKTFLDKFN@EAEDLFYQSSLASWNYNTNITEENVQNMNNAG

in tb?ﬂ@éﬁ@EKEQ@W@Aéﬁ‘ icns are each time inserted in the com-—

plex MYRLQEIQNLTVKLQEQAEQQNGSEY] SEDISKRIMTIENIMSTI¥YSTGK: sugar
. VCNPDNPQECLLLE

“ha B REIMANSLDYNER W AWE SWRSEVEKGERPLYEE IV KREMAR T2 E 008

and ANHYEDYGDYWRGDMEM charged protein domains cutwards. The

proaNGVBGYDYSRGOLIEDVEN LRERIGRIY ERLHAXYRAKLMNAYESYISRE rs are
GCLPAHLLGDMWGR

presepfTNEY SEFVPES GRPRSYTDAMVDQAWDAQRIFKEAEKFFVSVGLPN
MTQGFWENSMLTDPG

i YOV CHETAWDL S GO R METKVTMRDE TAHEMSHIQIOHAY -t g
the BARGE| MSLSAATRKHEIKSIGLLSPBEOEDNETEINFLEKOAETAGYLA .5 ~ 5

micrEASMLEKWRWMVFKG oq; in particular, the fermentaticn can be
GEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFHVSNDYSFI
carr@WW@éFéF’?@EA\L&S uM Zn®"); the subsequent treatment steps

are CQAAKHEGRLHKCEISNSTEAGQKLBENMIREGKSERPWTLALENVVGAK
NMNVRPLLNYFEPLFT

WLKDQNKNSFVGWSTDWSPYADQSIKVRISLKSALGDKAYEWNDNEM
Puri‘;?gpﬂ‘g'gvAMMR@\cp@d cut using an anion exchange step, an am-

mon i YANQWILEGEEDYRVANLKRRISENFFY TARKN\GSRUPRTEEVERAIBMSR: change
SRINDAFRLNDNS , . ,

step then a further high resclution anion exchange step. All of

the media in the process were phosphate buffered and contained

sodium chloride. The final sample buffer is a physiological gly-

cine scoluticon for injection.
Example 2: Product properties

Complexed, highly glycosylated ACE2Z monomer or monomer units of
the dimer have a much higher molecular weight than that indi-
cated by the amino acid seqguence 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



LEFLGIQPTLGPPNQPPVS Dimerization of ACE2 directs all of the
hydrophobic protein units into the interior of the complex, whereupon the

wo 26hargesh residues, such as N-bound sygar chains, project autwardly @nd /000211
WO 2008/151347 23 PCT/AT2008/000211 solvate the structure in the

charged physiological medium. Said. dimerization by expressign of a ‘ _
D2 CorBiotdl 1 glychSyiatb ACES whS obSer/edin the presbnte of 738 15 °S
sent frethistcasénthe wimen complexoearisisted 62 ideritiedl Sublunits, whithcause of

the vg%rfﬁ%!scltmzéﬁwx,bomt%@ﬁarpémer&@ﬁ@'%@ygerﬁ?p%@é@dpm at

in_physiological solutions. This leads to the secretion of a gly- coprotein
120 EReh tiewith 12 highlythapgedsialic aciehstruce tGres bireddhRAGER -
molecule as well as 28 sialic acid structures in the dimer. Two Zn2+ ions
are each time inserted in the com: and stabilize its structure. Th
The R ale SPIE b Stire the Mdleci R o ehes e only the
soluphysidlogical solutivths A8Ad forceBthe amsseciatéd charged protein demaingne do-
mainOutwards. The produetion pracess is,constructed so that only ACE2

dimers are present in theerid product. This is rendered possible by dint of
the fact that on generating the ACEZ2, sufficient Zn2+ ions are present
Beca(preferablychb - bonyicremolar ZaR+s used {npartiewar, tefermendation nega-
. an be carried qut at 2.5 - 3.5 pM Zn2+); t u%s@equent treatment steps .
w173 CHARa aot 1 Re hrocePE B 13+ IGNG: Pucanon 1 el o soL
biligsingananisiiexehahgerstep cdry ams Mertiem salphdtepregipitation; aglycosy-

1ate5”c%%§t§9a a Caf'iﬂﬂsqxc ' 55%%55‘13- fHH@?'élﬂjQH rﬁgg@wn%mulat ions

exchanfe step. All of the media in the process were phosphate buffered

of uBn& Rontaifféd Wodii chictie: ThBSinaF SaMpRebuffer is a physiological
gly-

Further, the product is stable in solution and when stored long-
term, 1t loses neither activity nor does it tend to degrade or
aggregate, apart from stable dimerization. be-glycosylated
ACEZ, on the other hand, precipitates out even in low concentra-
tion ranges. This can be shown in a preparative deglycosylation
experiment using PNGaseF. The theoretical stability index cal~
culated for ACEZ is 41.2Z 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 scl-
vation of ACEZ also means that this formulation exclusively con-
sists of ACEZ dimers (or after artificial separation to the
monomer, exclusively of monomers), while non-glycosylated ACE2

tends to form multimers and aggregate.

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

ration columns; here, the protein which is exclusively present



cine solution for injection. Example 2: Product properties Complexed,
highly glycosylated ACE2 monomer or monomer units of the dimer have

wo 2 @mueh higher molecular weight thanpthat indi- cated by thepaminoracids /000211
sequence due to the covalently bound sugar structures. Thus, peptide

mapping provides a molecular mass of 102 kDa, while that of
s ook ACER € Bl B WO S00R1S a1 24 L 250 kDa compazes
with PCT¢AT2008/000244 KiXa. ¥Re propdrtionof sugheisresrrespondinglys28irative

acr2 %80 is esqsential {g the product propertiss.degcribed below, Because of, 5 1)
the strong hydration, the monomer unit appears in SDS-PAGE at 120 ‘
elutqpaiidure 3¥ WithiresfEcttoMhe Fefelehcl Statidid. THE AdtuFRLr Tesponds to

an dpembeane-baundACEXIs nat expressedrutonly the: solubte fregtior el cbulin
-. . ACEZ2. Because qf the missing memprane.do- main, it is completely . .
7 G TRy BecLsE o Tie Sompen. MOy sy e A ity ™ (Fist
drawiega- tivklyrchargets sugab Strudiares, ACER hasia muthiyreatdrssoilar weight
regi ity @Medi@'thgﬁh@%%ﬂ@te%r IncompletelLalysasy-atedne  culture
. ACEZ2. Thus, physiological buffered protein formulations of up to 15

res LG ﬁ%@eéd?lyﬁ%r@fodﬂb%%. FRHEICthe $ROdURE is $Ea51é R 86lutidh 2@ very
s imp Badsyhen-stored: longe term, it loses neither activity nor does it tend to

degrade or aggregate, apart from stable dimerization. De-glycosylated

ACE2, on the other hand, precipitates out even in low concentra- tion
Exampariges: Thisicarbe showhdn aoprepardtivedeghciosgtation experiment

using PNGaseF. The theoretical stability index cal- culated for ACE2 is

41.2 and classifies the protein as unstable; the sugar structures are not

The Bof<idetEaREr this CaciAtion: SHOWETEt F sifiBe frie BRRGRTIGNS Fenkily stologi-
cal Bbtablesfog months, thisble, very pure and concentrated protein so-

lution and can be stored and can be administered without further
stabilization. A phosphate buffer may, for example, be em-

ploved.

BCEZ 1is stable as the moncomer or dimer in solution and because
of the high proportion of sugar, it exhibits no aggregation.

Further, the ACEZ preparation has full enzymatic activity.

Because of its solubility, ACE2 can be administered i.v. as a
bolus. For the same reasons the bicavailability is guaranteed

immediately after administration.

Because of the high, highly branched and complex proportion of
sugar, ACEZ 1is degraded only slowly. This results in a long
half time of at least 10.5 hours, which has been measured in
various species, 1in particular in rhesus macagues. Figure 7
shows the half times measured for ACE2 administered i.v. in 3

species.

The high sialic acid content also means that no neutralizing im



is clearly due to the high proportion of sugar. The better sol- vation of
ACE2 also means that this formulation exclusively con- sists of ACE2

wo 2dimersqorafier artificial separation tothe monomer, exclusively 8t >cos /000211
monomers), while non-glycosylated ACE2 tends to form multimers and

aggregate. Because the large fraction of ed sugar residues
e A AP I e R retion B ot T ffaGer™ 1y be

3
incre
counACEDprepacdtiorein€reases substagtialty: T hiscsituatien can ben exgloédt2, but

a1sofortle preparative pytification; of AGE2 hysize sepas ratign columns;
here, the protein which is exclusively present WO 2008/151347 25

PCT/AT2008/000211 as a dimer has an apparent molecular weight of

The 20%kDasempased cwithithecalewated 83kDay A shramatogramiof aassociated
reparative ACEZ2 purification is shown in Figure 6. ACE2 (first drawin .

prod e W BHEIGH o (L Of 68 FITCRE. THA coResboaiSts ahToraby with
rhACEBparent molecular weight between that of thyroglobulin (first drawing, 58

minutes, 670 kDa) and gamma-globulin (first drawing, 74 minutes, 158

kDa) . In this high molecular weight region, there is practically no
ExampdftaminatforfinfthB Tultfe 7€sittiés and s véry piiré produtt can be

separated in a very simple separation step. Example 3: Pharmacological

product properties The ACE2 preparation of the invention is presentin__,
The R Siaiogi-calSUTiarS ab a Liable. Very BGRPAR SORESMrARA protein dained by
measlytibn@antleanbenstersdiand cdn be @dministeegd-Witholefurtigr-I1le-His-Pro-
phe) Stabilization. Aphasphate byttermay, for example, be em-ployed ACE2 140 11,

_ is stable as the monomer or dimer in solution and because of the high
alloppdrtion of dBigaf it BXRibHS nd &gGreyationvas started by adding 250

ng/mL ACEZ to a 80 uM Ang II sclution in 50 mM MES, 300 mM NaCl,
10 uM ZnCl; and 0G.01 % Brij-30 at a pH of 6.5. The samples 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 soluTions were separated using RP-HPLC (Waters
C18 pBondapak, 2.1 ( 300 mm, 10 pm, 125 A) using a linear gradi-
ent of 10 % to 60 % CHCN in 0.08 % H3P0; for 20 minutes at a
flow rate of 1 mL/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 8. Further, the enzymatic conversion and

the specific enzyme activity were determined.

The activity of the ACE2Z product was determined as described
above., Table 1 shows the results of peak integration as well as

the computed enzyme data.

Takle 1: Enzyme data and reaction conditicons. The mean value of

triplicated determinations i1s shown.



Further, the ACE2 preparation has full enzymatic activity. Because of its
solubility, ACE2 can be administered i.v. as a bolus. For the same

WO 2 0easonsithe bioavailability is guaranteed immediately after aghinistration.oooz11
Because of the high, highly branched and complex proportion of sugar,

105 hous,w @ﬁdﬁéa\?‘ﬁ%eces, in partculr in

Peakrh@sss maeanuess Figlire Fesbewsthe batEtmesmeasureddat ACE2 specific
£ administered i.v. in 3 species. The high sialic acid content also means civit
2CE43FRB neutralizing im WO 20668151347 26 PCT/AT2008/000211 mufEtivity
niUrggponse ismmoumited against AGE2. This waulkk-riot only be s™ pmol.mg ™t min™
counter-productive for the exogenausyagministration of ACE2, but also
. neutralize aytologous AC;%Z present in eéls. The%A E2 formulatjo
17143%ésj§jﬁbed alor%% Wﬁth all of the associated pr%% ct propeft esithusprovidé * 0-2
an effective therapy with rhACE2a&gample 4: Determination of specific
ACEZ activity The specific actiyify of ACE2 %%aration s.determingd
4720 V23 . N .
by measuring the conversmné Ang Il (Asp- rq-VaI-Tﬁfj?fg-ng-}Pra:- e).

i
O
fd

All measurements were carried out in triplicate in 100 pL aliquots. The

The €RBMPAticyeaclion.wasstarted oy adding, 250 ng/mL ACE240 280 pM5y | o5
Ang Il solution in 50 mM MES, 300 mM NacCl, 10 pM ZnCI2 and0.01 %

8.0 Brij30 at a prEEfBISeThe sanples wek cafdtullyomisedsdrndincabated &t £ 0.2
st ARG forexactly 18 minyfesy The enzymatic reaction was:sfopped byes were in

adding 100 mM EDTA. For the analysis, the solutions were separated .
good SR FBHPLC \Watki& SCHE PBoRdEpEE, 21306 mI20 prd M5 APy Vick-
ers Wsinga lingargradi- Chem 277, (17) (2002): 14838-43), which pub-

lished a catalytic ACE2 activity of 3.5 s'. The reaction condi-
tions were identical. The reason for the 240 % higher activity
for ocur preparation must be post-translational modifications and
in this case primarily N-glycosylation, which was much less pro-
nounced in the material used by Vickers. This material was ex-
pressed in insect cells and indeed had the same amino acid se-
quence, but was glycosylatéd to a much lesser extent and degree
of branching. Furthermore, a commercially available ACEZ prepa-
ration from R&D Systems {cat no 933-2N) which alsc had a much
lower activity, ccat, of 2.0 % 0.1 s™', was examined. An essen-
tial property of the preparation o©f the invention is the par-
ticularly high enzymatic activity which was primarily permitted

by pest-translational medifications.
Example 5: Glyccprotecmic analysis of recombinant ACE2

The sample c¢f purified, CHO~expressed ACEZ was analyzed in two

manners:

Firstly, tryptic peptides were produced using SDS-PAGE and S-
alkylation and analyzed using LC-ESI-MS (and MS-MS). The N-



ent of 10 % to 60 % CH3CN in 0.08 % H3PO4 for 20 minutes at a flow
rate of 1 mL/min. Further, both Ang Il and Ang 1-7 peaks were detected
wo zovthelchromatogram and integrated. Te peptide concentratianswerss /000211
determined using the appropriate calibration curves shown in Figure 8.
Further, the enzymatic conversion and the specific enzyme activity wer
LI et T duiuity 61 e ACL2 Brodact was deteningd a5 Toura-
of tdescrlset:rabpvd.cTdble 1 shows tlve seskits of peaktintegration asawvelbasin the
glycihgsompyted snzymedata; lable 1. knzyme, data qmirsﬁcth%nl%gomained

. conditions. The mean value of triplicated determinations is shown. o
di-b5apgNB1 347 LTPETIATI008100021 1 2BizyPdticreactivi Pdk - oF sialic
acidConveesion Reagtion: AGED eare:CeabSpeeific facearea-timeastvilykced.

mAU.min pmol.miri' min ng.mL-' s-1 pmol.mg-".min" Ang Il 17149890 62.1

18 250 8.0 0.34.7 0.2 Ang 1-7 4720141 23.1 18 2508.8 0.25.2 0.1
SecoTRéWCEZ preparativirhad Hcatalytqactivity ccontadfy891083¢4g carbon-LC-
Es1-Measued.using the Ang ll.canversion, and.8.8,02 S14,WiA respect 0 cose, it

the Ang 1-7 conversion. Both values were in good agreement and were
was e hightt thar the ' dHta Hivetdsy Vicklers €t aF e Bislic e e e ier)and the
sial(2002)cl4838243) athighipub=dished alcatalytic ACE2activity afbs-1or di-

. _- The reaction,condi- tions were identical. The reason farthe 240 % higher .
22 ot BreAraton MUt b postAFrtiaor o moidstons ar °T £
braniphpis caseéprimaniy N-glyeosytatiod, awhieh wasPmuchiless prostimate of the

mass of the glycosylated ACEZ produced 101-102 kbDa, i.e. con-

Five

sisting of approximately 17 % carbohydrate.
Proteolytic digestion of hBChE separated using SDS-PAGE.

Aliquots of ACE2 underwent SDS-PAGE, were destalined, carbami-
domethylated, digested with sequencing guality trypsin and ex-
tracted on gel pieces as described. The extracts were dried in
a Speed Vac concentrator and re-constituted with water contain-
ing 0.1 % formic acid before the subsequent LC-MS analysis. For
the oligosaccharide analysis, the peptide was digested with

PNGase F and the glycans were purified using C18 SPE cartridges,
MS analysis of tryptic peptides and glycol peptides

The mass spectrometric analysis was carried out on a Q-TCEF Ul~
tima Global 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 initially captured on an Ag-
uasil C18 preliminary column {30 x 0.32 mm, Thermo Electron} us-

ing water as the solvent. The analytical column, a Biobasic C18

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



nounced in the material used by Vickers. This material was ex- pressed in
insect cells and indeed had the same amino acid se- quence, but was

WO 2 gtyepsylatedrto a much lesser extent and degree of branchingr /aT2008 /000211
Furthermore, a commercially available ACE2 prepa- ration from R&D

Systems (cat no 933-ZN) which also had a much_lower activity, coat, of _
the S ditE, Ao gt Mbpefy Of the HGiardnan opar 97
dienthedfivention istheai- ticttartyhigh ehzymatic activitysvhichiwhs a flow rate

of ZPrimarlypermitted by post:transiationglmedifications. Example 5y . 1 ¢ formic
~Glycoproteomic analysis of recombinant ACE2 The sample of purified,
acldeHqo-expressed ACE2 was analyzed in two manners: Firstly, tryptic

peptides were produced using SDS-PAGE and S- alkylation and analyzed

using LC-ESI-MS (and MS-MS). Th WO 2008/151347 2
e 500002 1 Ter Al Beple an Vel el AEtiies wefge data
analfouing. Five ofthelselenpoterstishi-tlyeosylated sités fiete fouldsinthe (Waters
vicrolygosylated form with glycan structures which mainly contained

di-branched glycans with fucose and various quantities of sialic acid. The

C-terminal peptide appeared to be 0-glycosylated. Secondly, free,
Ana lreduced N-ghcans-wareanady zecousing carbon-LC- ESI-MS. For the

di-branched, di-sialyzed glycan with fucose, it was shown that the fucose

was bound to the al,6 nucleus and the sialic acid was a2,3-bound. In
Borojdditiodeo nsoho-ot ditlsialgred, i-brarichied glycahspa congiderabie graphitic

carbguantity of fri-hranghed gligosaccharide wasfound..Acearse estimate of
the mass of the glycosylated ACE2 produced 101-102 kDa, i.e. con-

sisting of approximately 17 % carbohydrate. Proteolytic digestion of
ExambBEhE:sepayatediising SHDSPAGE.1 s

The molecular weight, the position of all the glycosylation
sites as well as the structure of the bound sugar for the ACE2
protein sequence were determined herein. The sample was ana-

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

e The determined protein mass of the glycosylated product was
102 kDa, wherein the proportion of sugar was 23 % of the

total mass;

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

e all 7 postulated N-glycosylation sites (positions 53, 90,
103, 322, 432, 546 and 690} actually contained di-branched,
complex sialic acid-containing fucosylated sugar structures
(Figure 13);

» the C~terminal peptide was O-glycosylated.

The structure ¢f these sugar residues was determined by carbon-

LC-EBI-MS after cleavage and reducticn. Each and ail of the di-



Aliquots of ACE2 underwent SDS-PAGE, were destained, carbami-
domethylated, digested with sequencing quality trypsin and ex- tracted on

Wo 2 @8bpieses as described. The extracts;were dried in a Spees-Mag 2008 /000211
concentrator and re-constituted with water contain- ing 0.1 % formic acid

efore the subsequent LC-MS a%%/s's. For_the,oligosaccharide analysis,
b epli WAS AERote M PNGaSH + a7 e Gy cae werk purnad =2 =7
one @ding-CLSPE cartridges. MS:adalysisof trypticspeplidés anth ghycohed struc-

rurefeRdRs The.mags spectipmeflic analysis wagcarried ALLOR QTR eqy on-
U1- tima Global instrument (Waters Micromass) provided with a stan- dar ,
ployefecti§sptay inif & Cap-EET8YsER {Watety Micvhidsefandal 16 ppiic acid-
cont SOvent exehangesmedule-iRheedynakas recently gescribed [Kolarich
2006]. The samples were initially captured on an Ag- uasil C18 preliminary
column (30 x 0.32 mm, Thermo Electron) us- ing water as the solvent. The
Methegalytical column, a Biobasic C18 column (100 x 0.18 mm, Thermo
Electron) was maintained prior to WO 2008/151347 29
PCT/AT2008/000211 the solvent exchange on 5 % acetonitrile and then a
Samp iR REERE Hidnt Ut 5 % to 50 % acetonitrile was applied with a flow rate of
2 pL/min. All of the elution media contained 0.1 % formic acid. The

samples were analyzed by M3-.an by MS:-MS. The da alysi .
R S g WLy S sonart (Wars MGrOPbes, nd 1
gest@halysisiof frae Neglycansficm IKCE2 BorchydFidereducetsglfcanisdwere 3369-

3380 fepargied en aporeus graphitie, carbon-colymn andassgyed 4sing mass ¢ for-
spectrometry. Example 6: Glycosylation analhy5|s The molecular weight,

mic ﬁ']%lﬁosﬁ?bﬁodrfaﬂc?:h Swggsyﬁ.ﬁ vais. or the sugar analysis, the
peptide were digested with PNGase-F and purified on C18 SPE col-

Unmns.

MS analysis

All of the mass spectroscopic analyses were carried out using
the OQ-TOF Ultima Global instrument (Waters Micromass) with a

standard electrospray unit and a Cap~LC gsystem (Waters Micro-
mass) {(Kolarich, 2006).

The samples were concentrated on an Aguasil Cl8 preliminary col~
umn (30 x 0.32 mwmm, Therme Elsctron) in water. The separation

column used was a Cl8 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.



sites as well as the structure of the bound sugar for the ACE2 protein
sequence were determined herein. The sample was ana- lyzed using

wo 2 tryptig digestion, S-alkylation and LC5SI-MS. The determined prateims /000211
mass of the glycosylated product was 102 kDa, wherein the proportion of
sugar.was 23 % of the total mass, N-terminal end and the presence

Exam%#%” 8f th%lfﬁ?errﬁéﬁ%jé%ﬂdgs of S%C?e%uence were determined here (see
sequence information); all 7 postulated N-glycosylation sites (positions

acE293,3%,103, 322, %%%&%%%6%@@@%@&&9@@@@é—@ra&&es%ed as the

. complex sialic acid-containing fucosylated sugar structures (Figure 13); '
dlmeﬁwe@?errﬁﬁ%}%éﬁﬁdéﬁas@-@@c%ﬁﬁ@&ﬁh@sﬁrﬁ%ﬁﬁe v/ Eé’é‘%ug‘%ﬁparatmg
the estdues waswdeietmineddy-earhonnl{C-AS51-MS afteneleavagerantbmained in-
tactredUCtion' E’§Ch d %l Oc:fieg?leagi \J/:VC% 20%8r1/<;|;1' 134}-.7S30(Fi U 3 The term

PCTTATZ0081600 1& branched Strlctures conhtained twoqaf,i-bobhd
“dimginfic atidsrandfofealk6-bowrid feicese. Smallipantities oftriddranchednits are
direSiFues tures;were alse found,(Rigure 11), The.selection. strategy €Mz reupon  the

ployed meant that a comgtl)etely g{\}lcosylated and sialic acid- containing

chargghredsioht féftict W btaited MetHBHE SHMISIE prépardtion ABERIect  out-

wardWas separated using SDS-PAGELndesianed, ralkylated gnddicgesiedal medium

. _using trypsin (Kalarich et al, Proteomic .6%2006 . 3369-3380), Gel . .
el OB dHad St Vere crohvod I 0L 90151 Mictid Do 5 =0 °F
compl.eti Svankilysisy Fop the Sagar ARak/sigathe grdptidé vwdredligestetilwithpresence

of 7RNGase-Rand:pluified on§18 SRE €@l 5 case consists of two identi-

cal subunits which are bound together electrostatically and also
do not separate any further in physiclogical 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 intc the complex which stabilizes the structure. The
high charge on the sugar chain solvates the molecule in agueous
physiclogical scluticns 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 zZn?" ions are present (preferably, 1.5 - 5 micromolar
zn®" is used; in particular, tThe fermentation can be carried out
at 2.5 - 3.5 uM Zn%) and then the further Treatment steps are

carried out in the presence of Zn®" ions.

In Figures 14 and 15, dimerization of the ACEZ complex is deter-
mined using different methods. In native poly-acrylamide gel
electrophoresis, following silver staining the protein was re-
vealed as a2 single band with a size 9f approximately 250 kbDa.

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



umns. MS analysis All of the mass spectroscopic analyses were carried
out using the Q-TOF Ultima Global instrument (Waters Micromass) with a

WO 2&tandaed electrospray unit and a Cap3azC system (Waters Migcros RIESS) 8 /000211
(Kolarich, 2006). The samples were concentrated on an Aquasil C18

imi I, Q. .Th i LIh
oo A3 LA 0 e SRR e o

PH  ofledtran)auss Ingrarw deethitale Gradiéft. Hrﬁéi%arﬁm’e'sivme@g%}ywinat a re-

cent M3 and MS-MS-mede.-Aralysis effreg Nighycans Glycaps reduced BSing rox i -
boro ¥dride were characterized on a porous gfraphite, column, WO
Y

matebyongi1581347°31 PCT/ATI008700021 1 Braitnpld 7 Ditferi2tion 6f €S, exclu-

sive W@Eﬁé\zﬁ%prqdmed J_‘im aga&rddemmﬂh@@mpleréim&&@bmm struc-
ture %?%&lmﬁ& nd apalyzed in this fgﬁ@péeg% gg%'% &’éth%ér%e%%@é'}%ﬁ‘?

imers. Native treatment means that t r remained in- tact, in
contrast to denaturing analysis (Figure 3) . The term "dimerization of

ExamPGEZR meangalhhydrephobic;protein ynits are- diregtad-towards,the g acr?2
interior of the complex, whereupon the charged residues, such as
N-bound sugar chains, project out- wardly and solvate the structure in the

ACEZ physictagicalsmediurs whichrisratso=cliarged. This dederizatiomby higher spe-

ciesPXNESHANOLY SN GMCOSYIRIEIACES g ColRPISNEE 8115, as
presence of Zn2+. The dimer coniplex in this case consists of two identi-

an  egf3ublifits RRERHre DbuRd togetier eleckdstaticaly And Bsbedo notlembrane-

boungeparate any-fusthen in physolegical splutions. Thisthe membrane lipid dou-
ble layer with other membrane proteins which stabilize ACEZ in
an active conformation and also protect the extracellular do-
mains of ACEZ from proteolytic degradation. In order to enhance
the pharmacological properties of soluble ACEZ and especially
the activity and stability of the scluble protein, an expression
and preoduction strategy was selected which exclusively produced
stable dimeric ACEZ structures. It is primarily the C-terminal
domain of the protein and its post-translational modifications
which are essentially responsible for the dimerization. In or-
der to emphasize the particularities of the ACE? dimeric struc-
ture, the structure of membrane-bound ACEZ was analyzed using
native PAGE and ACEZ-specific Western blot ({Figure 16). Tracks
A and B show cell extracts {cortex and brain) and track ¢ shows
a cell extract of a production clone for ACEZ dimers, produced
in acceordance with Example 1. The membrane-bound product here
has a much lower molecular weight compared with the expression
product o©f 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, ths
expression product consists of dimers which provide the product
with pharmacolegical advantages. In track D, the purified final

product 1s analyzed. This has only a single band with a molecu



amounts to secretion of a glycoprotein each time with 14 highly charged
sialic acid structures on each ACE2 molecule as well as 28 sialic acid

Wo 2stregtusesitithe dimer. Each has twozZn2+ atoms inserteddoto/the2 008 /000211
complex which stabilizes the structure. The high charge on the sugar

chain, solvates the molecule in agueo hysiological solutions and forces

lar gagipsolvat W& 1N, agyeoys, pnysiolog :

s ‘fhelgssoc?ateépc%g?éé"én cM|E31ro€§ tin c?’omams outwards. The production
process is constructed so that exclusively ACE2 dimers are present in the

Examfinal produgt, ;His ds fandered pessible:hy thefaetthaton gengratingi me rs

rACE2s, sufficient Zn2+ ions are present (preferably, 1.5 - 5 micromolar
Zn2+ is used; in particular, the fermentation can be carried out at 2.5 - 3.5
APN PM Zrt)and:then dhefurthes treatment steps arer cagled dutinthetion which

cons@rsecsgn(é‘ﬁc?{ &Q%\?eﬁnsé? FMC?S &%n?&dl]cﬁ M?%a&@gsof th%ﬁ?‘cg:EZgCE2 mono-—
complex is deter- mined using different methods. In native poly-acrylamide
mersgealt eRclrdpRoresistfolewiip SilvEr BTaiRiAg e protenwas ko Wedlegoap lexes.

The &s8ingla;hand withasize-afiapproximately 250 kRa. Size.separalipnce11 line,
chromatography on a Zorbax G-450 column_in the WO 2008/151347 32

the BEFISFIO0BI0002ET Presence orL0 B8 Rhstonitalein 250 M- he  buffer for
storNasgphosphatehfferatan piiref %6 adso-prbducedia singlepeak farithe the fi-

nal RIPGuGLat %E?éf%%tiﬁ%ﬂ@eé%rﬁ%ﬁgdi%% é%%%?r?lb%(‘;étgard’!%@s‘?f The dimer

~approxi- mately 250 kDa."It should be note cases, exclu- _
neithigsly dFgersed Svteliwds g minelrNEtfet nidhbmepstuct furesi ssociate

undeROLRIGH Molegulas weight-agaregates wereobserwed. Example 8: ACE2
dimers - differences from membrane-bound ACE2 ACEZ2 is expressed as

a transmembrane protein in all higher spe- cies, primarily in the kidney,
In Fheartdunibantkiver cells,sds an®essential enzymetofthesreniRPN 01 compared

withan%iOtesr?%sy%%@a%em%@neétandard {(Bio—-RAD GF-standard, blue
curved . Run conditions: column: Zorbax GFZ250, buffer: 220 mM
Na HPO; + 10 % CHsCN, pH 8.0 at 1 wmL/min}. APN 01 eluted in the
form cof 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 glopulin (158 kDa, retention time 8.9
minutes) . The calculated molecular mass of this complex iz ap-
proximately 214 kbDa. This approximately corresponds to the ex-

pected molecular welght of two ACEZ units each of 102 kDa.

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

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



bound ACE2 surrounds itself in nature in the membrane lipid dou- ble
layer with other membrane proteins which stabilize ACE2 in an active

Wo 2 cosfaretation and also protect the exgacellular do- mains obPACEZrfroms /000211
proteolytic degradation. In order to enhance the pharmacological

B0t~ PIOPSHIES Of salublg ACE? and especially the agivity and siabllfy ofthe. ;s ¢,
soluble protein, an expression and production strategy was seletted
neasyhich exelisivelyproduced istabla dmterieNCEY stractures Lk is paAmegince  la-

nelldbe Gdsupingl domainsof the proteinand itsposttranslational the curves for
modifications which are essentially responsible for the dimerization. In or-

the Hafto EmpRasizE the panitctlarities Of tHe RCESHiMERd SrfB e tRe 1 ¢ forms
over Strectute of merhkrane-bound ACE2 was analyzed using native PAGE

and ACE2-specific Western blot (Figure 16). Tracks A and B show cell

extracts (cortex and brain) and track C shows a cell extract of a
In oppsducten elhed6E ACER diffcrgasrodoedd s apeordancd HathExapaple prod-

ucts 1. Hag membiane-bound progluict herernhas adauchslowsr molegulal e intrap-
weight.compared with the exr[?ression product of Example 1 (C and D),

. g )
eT 1T QRABUgH theTirét cBRLiSE of oMy the BxtPaceluldr BoHIGH. THIS inbitatds=2 en-
zyme thatmenibrane: bounsrACE 2 ispresent as sthenmenrameri Oaftheother and 48

and, the .e; ion.product.caonsi ime i lde th B
ot D e ogical v e I SoiC e e s sdjusted
50 tppduétisanalyzed Thikas Bal alsiAgleband with amsléed weocal protein

s01u2008/151344-33 PCTAT2008/00021d ke weightehapproximateln240 01 (acz?2
a. Example 9: improved E‘Iharma?cological properties of ACE2 dimers

.k
dlmeﬁ%nﬁﬁfd Sighates s phy<iBlogicar AGEX Btofein fdfufdtion whith =© ACEZ ad-
rminicomsistseexclusive G ACEZ-dinigric struciuiedwoeACGE24griono: mers of the

seruflt 31ME:I0dhis case formnan:cayalepty hound COMpleXesicry aetivity 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 0.9 pg/mlL, activ-
ity corresponding to a concentration of 0.2 pg/mL was found in
only one animal in the group which received moncmeric ACEZ2. Af-
ter 48 hours, 1in the group which had received ACE2 homodimer,
there was still 0.2 ug/mL of activity, while in the group which
had received the mencmer, no more systemic ACEZ activity could
be detected. These data show that the dimeric ACEZ form has a

very significant pharmacological advantage.



The molecular biological constructs, the expression cell line, the
fermentation process, the purification and the buffer for storing and
application are selected or designed 3b that the fi- nal product exclusively
CLAIN®Ntains stable ACE2 dimers. The dimer neither aggregates to larger
complexes nor does it dissociate under physiological conditions to
monomers. In Figure 15 (analytical SEC-HPLC chromatogram: APN 01
compared with a size separation standard (Bic-RAD GF-standard, blue
Lo durvé)- Rihldotitidhs® doRfin X5 bag SF250¢ Baftér: 2204npime s -
Na2HPO4 + 10 % CH3CN, 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
thyroglobulin (680 k tention time.7.4 min-_utes) and bovi amma
2 e KD etenBh (e S mhiee] e S aled Mosdiiar oo
mass.ofithis.complexis, ap- proximatly,214.kDa. This appro¥imately ne  g1ycol
corresponds to the ex- pected molecular weight of two ACE2 units each of
192KkRa; Ferthgpurposes gbogmpatisen AwkZ-mepomersdn EHA¢Rlls of at
were produced as a reference material, which were also analyzed using
SEG-HPLQA. Its eliromatagrant éssshiows in Figure 17. The mono- meric
form elutes with a 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). While APN 01 (A) had a protein band with
3. alBlechfdTWeigRdr dpproxic® Matsly P40’ kD & e fcrsméfic formi{B)s . char-
appeared at approximately 100 kDa. ACE2-specific Western blot .
egﬁ%ﬁgﬁéﬁ%eﬁﬁenYiﬁ& B6th prodaictsSas ¥an Betseeh inffigureddh. 80 5 ©f
WO 2008151347 3¢ RCT/AT2008/000211. Bolh prpdugts exibiied an o, ¢
identical specific enzyﬁleyac?iv?fy, measured using an acﬂwty?es? P

eguﬂ%%”95%ﬂ%9§%§eﬂﬁﬁéﬁ' 10 % (weight % with respect to the
whole ACEZ molecule), preferably more than 15 %, in par-

ticular more than 20 %.

4. The recombinant ACEZ polypeptide according te claim 1, 2 or
3, characterized in that 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 2Z) {(formula 3) {(formula 4)



belled substrate. As can be seen in Figure 19, the curves for the same
enzyme concentration of the monomeric and dimeric forms overlie one
another. In order to compare the phafiacological properties of both prod-
ucts, both preparations were administered to B1-6 mice intrap- eritoneally
as a bolus injection of 2.5 mg/kg and the ACE2 en- zyme activity in serum
AN 24 and 48 hours (seeFrigure 20). The 9
89 adjg3ted so that each-aminmarreceived 100 pL
: ftion. Each time, 7 @nimags were treated with
$ animals with ACEZmongfyper. While prior tag
g-meagyred in any of the
R2gClivity was
ddurg , both groups were
sigriificantly different (t test, p < 0.001) : while ani s which had been
treated with the ACE2 dimer had an activ- ity corresponding to an ACE2

concentration of Q. /mL, activ- ity corresponding to a concentration of
(fomﬁ}ﬁlﬁg;g L was foﬁggpﬁwo#ﬁy %%e animal in th Oﬂ%ﬁ)%\/h?&h receijé?rmula 8)

whe rignomeric ACE2. Af- ter 48 hours, in the group which had received ACE2
homodimer, there was still 0.2 pg/mL of activity, while in the group which
had received the monomer, no more systemic ACE2 activity could be
d eﬁt. dThaserdata shawy that the dimeric ACEZfogmas a very /%
si@ni |§an{‘% pl’%ren{ficolog advantage. 35 CLAIMS 1. A recombinant
ACEZ2 polypeptide, present as a dimer. 2. The reg mbiréant ACE2

pilypgptifle according t@glaim 1, char- acterized i thatit is glycosylateﬁ}‘
wherein the glycol

Gal O NeuldAc

5. The recombinant ACEZ polypeptide according to one of claims
1 tc 4, characterized in that all of the pbssible -

glycosylation sites are glvcosylated.

&, The recombinant ACEZ polypeptide according to one of claims
1 to 5, characterized in that at least 80 %, preferably at
least 90 %, in particular 100 % of the glycosylated N-

glycosylation sites have a structure with formulae 1 to 8.

7. The recombinant ACEZ polypeptide according to one of claims
1 to 6, characterized in that one ACE2 moncmer unit of the
dimer has a molecular weight of at least 90 kDa, preferably

at least %2 kDa, particularly preferably at least %4 kDa,



i1.

groups of an ACE2 polypeptide monomer have a total of at least 14 sialic

acid residues. 3. The recombinant ACE2 polypeptide according to claim 2,

char- acterized in that it is glycosylated/ in at least 80 % of the possible
Niglycesylationlsitesaaind hassa-préportiom of sugarief morethariid o at least
(weight % with respect to the whole ACE2 molecule), preferably more

tdn ¥536, inTpartacilapiofe 17dania0 86, 4. Faretrebbmbitkent ACE2

polypeptide according to claim 1, 2 or 3, characterized in that at least 70

% of the glycosylated N-glycosylation sites have a structure,

i dently of h , selected f f | to8: k' EIU99 )
e B itIa A8 ey o uacs) Wi <121

6) (farmula 7). (farmula 8) . wherein G oN, =ic a 45 1o
Nilegéj;?S. Tﬁgg %:%?nt%ngr%gAé%Z %%ég%i%el a&%inﬁ%%ﬁ%ﬁﬁ%g fas

C@@%sl&%ﬁb%%@d%f&%@iiﬂébat Qll_lé?f the-pessibie;N- QMEOSM@QQT‘ the ACE2
sites are glycosylated. 6. The recombinant ACE2 polypeptide according to
ope ofslaimnsat todh gharacienzadinghat at least 80 %s preferably at- 740 of

SEQ ID NO: 1 or enzyvmatically active fragments therect.

The recombinant ACEZ polypeptide according to one of claims
1 to 8, characterized in that & serine corresponding to

Ser740 of SEQ ID NO: 1 is O-glycosvlated.

The recombinant ACEZ polypeptide according toe one cof claims
1 to 9, characterized in that at least 70 %, preferably at
least 80 %, in particular at least 90 %, most preferably
100 % of the glycosylated N-glycosylation sites have sialic
acids, and preferably the N-glycosylation sites correspond-

ing to Asnb3, Asn90, Asnl03, Asn322, Asnd32, Asnb46, Asn6o0

of SEQ ID NO: 1 are sialvzed.

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

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

i

least 70 % of the glycosylated N-glycosylation sites have

at least two sialic acids.



12.

13.

14.

15.

15.

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

have a structure with formulae 1 to 8. 7. The recombinant ACE2

polypeptide according to one of claim3381 to 6, characterized in that one

ACE2 monomier unittof ARE 2dimel has atmdlecalacweight©f atlease9® £ claims
kDa, preferably at least 92 kDa, particularly preferably at least 94 kDa, 37

in pareiculdr at $&ast DBHTE, Asighly: preférably @t teast 8rkDa nandomossponding

preferably at least 101 kDa. 8. The recombinant ACE2 polypeptide .
abCordifiyto o oftdaimis X496 71cHaratiedzed ifinkt i acEpeferably with

" polypeptide has no trans-membrane domains, and preferably in that the
ACEZ Fopepie R0

By peptide ciairf CORSISEIST aming'56idE 18740 SEPB NG 7 4/
1or ezpzy?atigalIwa%tkvegfr%%mfggggitplg%o{#.CT]f:\aeiggcgmbinant ACE2
o

polypeptidé acording to one of claims 1 to 8, characterized in that a
serine corresponding to Ser740 of SEQ ID NO: 1 is 0-glycosylated. 10.

The recombinant ACE2 polypeptide according to one of claims 1to 9,
chaeactesizedin thatat ieast 70 Yoy preferably afJeasti80.%, 4 parisular claims
at least 90 %, most preferably 100 % of the glycosylated N-glycosylation
sitesthavé&jalichacids;zand. preferably the N-glycosylationsiieés corresponding
correspond- ing to Asn53, Asn90, Asn103, Asn322, Asn432, Asn546,
A5A69G ot SET IBNOD:IPatsialyzéd 19 Theresomhbiremt ACEZ erably with

polypeptide according to one of claims, 1 to 10, characterized in that at

|€asti30 96 préfetably at® Idast B0 95, in bartictfirdt least 8598, hespula 1, 2,
p%eferlflrblyaat _ %eas.,l} 78 ;/080f &tlrsle 8@’%9%323@&'\" )C(acjf)rgy!f:uon sites have at

least two Sialic acids:

The recombinant ACE2Z polypeptide according to one of claims
1 to 13, characterized in that one asparagin corresponding
to Asnl03 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 2.

The recombinant ACEZ2 polypeptiide according to one of claims
1 to 14, characterized in that one asparagin corresponding
to Asn3Z2Z 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.

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

to Asnd3Z of SEQ ID NO: 1 is N-glycosylated, preferably



17.

18.

19,

20.

38 12. The recombinant ACE2 polypeptide according to one of claims 1

to 11, characterized in that one asparagin corresponding to Asn53 of

SEQ ID NO: 1 is N-glycosylated, prefégably with a glycan with a structure

ivattordange withmformola 15 23 8r4¢56,57 a8 ascdefingthinelaimth  formula

13. The recombinant ACE2 polypeptide according to one of claims 1 to

12; cHaraéterizedn tifat ohecdsparagin-coriesponding<tABNd0O 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 recombi ant ACE lypeptide acgording to one of claims 1 to 13, .
N R T o Ao T B G O A0S o St 5 clains

Ais N-gly ted preferably w gly re.]
gg:ordanc% Wﬁ%ﬁls%%n%?a '_1122%% é%/nS l%%%torcg%ls%%ed | %tilglm%ﬁ%pondmg

The recombirant ACE2 polypeptide according o gne of glaimeL10 Whererably

characterized in that one asparagin corresponding to Asn322 of SEQ ID
NQ:this N-glycesyiated, preferably- witha glycan with-a sristire iich  formula
accordance with formula 1, 2, 3, 4, 5, 6, 7 or 8 as defined in claim 4. 16.

The récombinant ACE2 pdlypeptideraccbrdingstd one aflcldims: 1 to 15,
characterized in that one asparagin corresponding to Asn432 of SEQ ID

NO: 1 is N-glycosylated, preferably 39 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.

TheFecemBRANTACEZ polypettideiatotdifg 1568 Of Saims 1fe1e clains

characterized in that one asparagin correspondin . .
qa%b 1%, chara%é%r% ggn { E onégasparagln corresponding

to Asne9C of SEQ ID NO: 1 is N-glycosylated, preferably
with a glycan with a structure in accordance with formula

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

Preparation of recombinant ACEZ polypeptides comprising a
polypeptide according tc one of claims 1 to 18, character-
ized in that the fraction of ACEZ polypeptides with a mo-
lecular weight determined by gel electrophoresis of less
than 100 kba, preferably less than 104 kDa, particularly
preferably less than 108 kDa, in particular less than 112
kba, particularly preferably less than 117 kDa, most pref-
erably less than 119 kDa, is less than 20 %, preferably
less than 10 %, particularly preferably less than 5 %, most

preferably less than 1 %, especially 0 %.

The preparation according te claim 1%, characterized in that



21.

22.

23.

to Asn546 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. 18. The recombinafit ACE2 polypeptide according to

arieeof €haims ibto 17T chatacterzedyp ¢hedt iotesasparagin toemespendingne  do-
to Asn690 of SEQ ID NO: 1 is N-glycosylated, preferably with a glycan

Wit 8 Structure #¥ Accbbddnce With foddaSr, 20 37 4,156 76k Basl 0 5, par-
defined in claim 4. 19. Prei)laration of recombinant ACE2 polypeptides

comptisiig ¥ pbiypEpfide akcotding to"éridof claims T'#5 I8, hardctery less
ized in that the fraction of AC olypeptides with a mo- lecular weight
éeef‘tlgrr%nitrplec? byag%??cefjesc?r%%ﬁgge%?s é}]ﬁ léss than 100 kDa, preferably less

than 104 kDa, particularly preferably less than 108 kDa, in particular less

than 112 kDa, particularly preferably less than 117 kDa, most pref- erably

less.thandd9kDa, ds less than 200, qureferably, lass than 4920y 20, charac-

particularly preferably less than 5 %, most preferably less than 1 %,
especiallyl 0 24. 20:=fhecpreparation meeotding: toelaine 19, ehdractesizedis less
in that 40 the fraction of ACE2 polypeptides with transmembrane do-

ntdias is2less thamr2( &, greferdlaly fesstthan 10 %, paraticiladyarly prefera-
preferably less than 5 %, most preferably less than 1 %, and especially O

%8121 . Irhespreparatien accaffirig - 6lam 20-of cleim=20; leharak- terizggd espe-
in that that the fraction of ACE2 multimers is less than 20 %, preferably

ESSthan 10 %%; particularly prefera- bly less than 5 %, most preferably

less than 1 and espe- cially 0 %.

The preparation according to one of claims 19 to 21, charac-
terized in that the fraction of ACEZ dimers on the ACE2
molecules 1s at least 70 %, preferably at least 80 %, par-
ticularly preferably at least 90 %, highly preferably at

least 95 % and most preferably at lesast 99 %.

The preparation according to one of claims 19 to 22, charac-
terized in that the fraction of ACE2 polypeptides with N-
glyvceosylated asparagin corresponding to Asnb3 of SEQ ID NO:
1 is more than 60 %, preferably more than 70 %, particu-
larly 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 ac-
cordance with formula 1, 2, 3, 4, 5, 6, 7 or & as defined

in claim 4.



24.

26.

22. The preparation according to one of claims 19 to 21, charac- terized in

that the fraction of ACE2 dimers on the ACE2 molecules is at least 70 %,
preferably at least 80 %, par- ticularlyifreferably at least 90 %, highly
pteferabtyat tedast@b %cand miosy pteferably atfleadt=9%%. P3. The23, charac-
preparation according to one of claims 19 to 22, charac- terized in that the
fragficrr 6 ACE2 pbRpeptives WithoNiglycosylatédidspasagineptides with N-
correspondln%to Asn53 of SEQ ID NO: 1 is more than 60 %, preferably
nfbrETREN ¥ 9% pariBGNary préterdisiy RiGHE thigh 8006 fighly ©F SEQ ID NO:

geferabl more t an 90ﬁo Jmost re eragggﬁtmore than 99 %, in laartlcular
100 %, and prefera%f;l/wt agly(? thHdrlctld n ac? 8Brdancd witka Tt icu-

folrglui 1 éfédg %or%s d(%@gd E%Cwmll 41 214 The ez:a[k])ly more

preparatlon accor o one of claims 19 to 23/ chara% terizel in that 1

fragtion of AGE2 F?LQ%QGP %%MQB&N@MW@F@?D&JQQ'@ in particular
corresponding to Asn90 of SEQ ID NO: 1 is more than 60 %, preferably

more than 48 &0,pasticy-dany, preferably more-thang0-%, highhructure in ac-
preferably more than 90 %, most preferably more than 99 %, in particular

100 9¢ cand: preferably avithud glycan fvith &, striictube inége- Cordanée with defined
formula l, 2, 3, 4, 5, 6, 7 or 8 as defined in claim 4. 25. The preparation
adtordirigtd dne of claims 19 to 24, charac- terized in that the fraction of

ACE2 polypeptides with N- glycosylated asparagin corresponding to

Asn103 of SEQ ID NO: 1 is more than 60 %, preferably more than 70 %,

0,
p@,glcularlé/ prgge{%gg rg?:rceotyggnsgo t{oo hl%hly 8rfef?:rla§)£¥ns 19 to 24, charac-

terized in that the fraction of ACE2Z polypeptides with N-
glycosylated asparagin corresponding to Asnl03 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 particu-
lar 100 %, and preferably with a glycan with a structure in
accordance with formula 1, 2, 3, 4, 5, &, 7 or 8 as defined

in claim 4.

The preparation éccording to cne of claims 19 to 25, charac-
terized in that the fraction of ACE2 polypeptides with N-
glycosylated asparagin corresponding to Asn322 of
SEQ ID NOC: 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 particu-

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



27.

28.

29.

more than 90 %, most preferably more than 99 %, in particu- lar 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 cfaim 4. 26. The preparation according

te oneroiiaimswid-to 25; chakac- terized iA thdt,thé frattiory obACE2as defined
polypeptides with N- glycosylated asparagin corresponding to Asn322 of
SEQIBND: 4 is more than 60 %, preferably more than 70 %, particularly
preferably more than 80 %, highly preferably more than 90 %, most

preferably more than 99 %, in particu- lar 100 %, and preferably with a

Glycan with 2 sthuctyre 1n.42, gccordance it Jormylat, 2 By, 8, 6.7 O o
8 as defined in claim 4. 27, The preparation according to oné of claims 19

1@ 26, chayagterized in that the fraction, of ACE-poly '%SI% Nz with n-

glycosylated asparagin corresponding to Asn432 of SEQ | :1lis

naarethan 69:%q preferaply-mere than-t0-%: partieulady preferablymgues.  or
than 80 %, highly preferably more than 90 %, most preferably more than

99r%, Toparticu-lari 00y and preferablys with aglycananith astracturein 70 %,
accordance with formula 1, 2, 3, 4, 5, 6, 7 or 8 as defined in claim 4. 28.
Thegrepardatiohaceardirgraone ofetaims 19no 27, charaé-itghized preferably
that the fraction of ACE2 polypeptides with N- glycosylated asparagin
cBFrESpotding 19 ASn54B°6f SEC S NGLY isThsfe thaf60%h, preférabRarticu-

more than 70 %,arﬁarticularg%f preferably more than 80 %, highly preferabI\t/ ,
MGHe At 90 % “MdsEpreterably More thanDadkY iffartidls @ Scructure in

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

in claim 4.

The preparation according to cone of claims 19 to 27, charac-
terized in that the fraction of ACE2 polypeptides with N-
glycosylated asparagin corresponding to Asnbde 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 partich
lar 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.

The preparation according to one cof claims 19 to 28, charac-
terized in that the fraction of ACE2 polypeptides with N-
glycosylated asparagin corresponding to Asn6 90 of

SEQ ID NO: 1 is more than 60 %, preferably more than 70 %,



30.

31.

32.

lar 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. 29. The

preparation according to one of claimé3L9 to 28, charac- terized in that the

fraetion ol ACERypalypeptides With N gy cosydated @asparadinighly preferably
corresponding to Asn690 of SEQ ID NO: 1 is more than 60 %, preferably
MstEthan 70 %8043 pariciiarpreferablymarerthan B8 PRighly in particu-
preferably more than 90 %, most preferably more than 99 %, in particu-

lar300'9% afid preterdbiPWwith 2giycah With 2 Siigtie iff dcoftanbevcrure in
with formula 1, 2, 3, 4, 5, 6, 7 or 8 as defined in claim 4. 30.,The .
p?ecp%%rt%gﬁl %&&aﬁl% t%oo%%uc?fa cle?ms 9 0’292, ’(:hagfu‘ac-6 teri‘?zeazin ?nagf fheietined
fraction ot ACE2 polypeptide with O- glycosylated serine corresponding to

Ser740 of SEQ ID NO: 1 is more than 60 %, preferably more than 70 %,
particularly preferably more than 80 %, highly preferably more than 90

%, more preferably more than 99 %, in particular 100 %. 31. The ACE2

polypeptide QF prepatation:aeedradingtio anesofoclaims 1nte 30owith &9, charac-
catalytic activity, ccat, of at least 4 s-1, preferably at least 5 s particularly
preferaz oy atteashé s-1T highlyprefetably atfledst7ss-hmiastepreferablyith O-
at least 7.6 s-1 with respect to the conversion of Ang Il (angiotensin Il) to
ARGYICP FaRGibEhSREL-T) 232X At fbk ek prodBetort6f re€ombiahp NO: 1

ACE2 polypeptides or a preparation of recombinant ACE2 é)]rgferably .
accor8ing Cto diof thaims P63 Topfisiigfe stEps of serting@aticularly
p%lxg%g%ggg%cogglgefor Q’Qapr‘aCEgopr'%e,fer%b:Lyggqécg%eferably more than

90 %, more preferably more than 99 %, in particular 100 %.

The ACEZ polypeptide or preparaticn according to one of
claims 1 to 30, with a catalytic activity, ccat, of at
least 4 s™', preferably at least 5 s™%, particularly prefera-
bly at least © s, highly preferably at least 7 s™', most

preferably at least 7.6 s with respect to the conversion

of Ang IT (angiotensin II) to Ang 1-7 (angiotensin 1-7).

.A method for the production of recombinant ACEZ polypeptides
or a preparaticon of recombinant ACEZ, preferably according
to one ¢of claims 1 teo 31, comprising the steps of inserting
a polynuclectide coding for an ACE2Z2, preferably an ACEZ
with no polynucleotide coding for a tTransmembrane domain,
intc eukarvotic cells, expressing the ACEZ polypeptide and

collecting the expressed ACEZ, in particular in the dimeric



33.

34,

35.

36.

37.

38.

39.

with no polynucleotide coding for a transmembrane domain, into

eukaryotic cells, expressing the ACE2 polypeptide and collecting the

expressed ACE2, in particular in the diimeric 44 form, wherein on

expression the: Zn2eoneenteationds prefe erably ‘atdeastets micromolas pref-
33. The method according to claim 32, characterized in that that the
polmutleotitle kol for ACEZ ikoprevied on a vector. 34. The method
according to claim 32 or claim 33, characterized in that ACE2 expression

is selected with a marker, prefera- bly DHFR. 35. The method according

1S)F]clalm 3 c aracterlz d |nt at thf mar 5r is esent on thev ctor %%
a: CtF I‘tﬁ e};] at that
eme od AcCor ing to c Aractérized nthat the Gector has an

L?aﬁég% n%&%é%%%%'m%@%\‘%oy ahe method aceording cE% OQexPéctor

aracter- ized in“that the eukaryotic cells are CHO cells.
38. A recomblnant ACE2 polypeptide or preparation of recombinant
ACE2 polypeptides obtainable using a method in accordance with the
preceding-elains 3% Aistable-eukaryotie cell line transfeetesbyitiAaracterized
polynucleo- tide coding for an ACE2, preferably a CHO cell line, which
expresses: ABEZ insaccordancerwitheclams t te31w4d5 MQ: Thedellr, prefera-
according to claim 39, having an ACE2 productivity of at least 10
pglcellfayRpreferably at least 15 pg/cell/day, particularly preferably at
least 20 pg/cell/day. 41. A medicine comprising a recombinant ACE2
polypeptide accord-

The method according to claim 34, characterized in that the

marker is present on the vector.

The method according to claim 34, characterized in that the

vector has an IRES for the expressed ACEZ mRNA,

The method according to one of claims 32 to 36, character-

ized in That the eukaryetic cells are CHO cells.

A recombinant ACEZ polypeptide or preparation of recombinant
ACEZ2 polypeptides ocobktainable using a method in accordance

with the preceding claims.

A stable euvkaryotic cell line transfected with a polynucleo~
tide coding for an ACEZ, preferably a CHO cell line, which

expresses ACEZ in accordance with c¢laims 1 to 31.



40.

41.

ing to one of claims 1 to 18, 31 or 38 or a preparation ac- cording to one of
claims 19 to 31 or 38.
45
The cell according to claim 39, having an ACEZ productivity

of at least 10 pg/cell/day, preferably at least 15
pg/cell/day, particularly preferably at least 20

pg/cell/day.

A medicine comprising a recombinant ACEZ polypeptide accord-
ing to one of claims I to 18, 31 or 38 or a preparation ac-

cording to one of claims 1% to 31 oxr 38.



