
WO 2008/151347 1 PCT/AT2008/000211  ACE2 POLYPEPTIDE The
present invention relates to the field of recombinant pro- tein production.
Angiotensin converting enzyme (ACE2) is a key enzyme in the
renin-angiotensin system. It is anchored to the membrane as a
carboxypeptidase, 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 II
(Ang II), which is cleaved  to angiotensin 1-7 (Ang 1-7), angiotensin I,
which is cleaved to  angiotensin 1-9, and also apelin and bradykinin. Ang
II and Ang  1-7 are antagonists of the renin-angiotensin system. By
control- ling peptide ratios, ACE2 is responsible for regulating vessel
thickness and for endothelial permeability, thereby influencing
homeostatis of the organism. ACE2 expression is zytokine- controlled,
inter alia, and is decreased in various inflammatory  diseases which
subsequently results in a pathological enrichment  of Ang II, one of the
most important substrates for ACE2. ACE2 is used to treat ARDS or ALI,
two forms of an acute lung  disease which is associated with
down-regulated ACE2 expression  in the lung. This therapy uses
recombinant soluble human ACE2  which is administered systemically and
is very quickly available  to the entire organism in order to reduce a raised
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 available a product which  has a suitable
pharmacological profile: accordingly, a suitable  substance would be
characterized by good distribution in the or- 



ganism, a pharmacologically useful half time as well as low im-
munogenicity. In particular, the product must be enzymatically  active,
have good solubility and also be stable in solution and  be capable of
being reproducibly and economically produced with WO 2008/151347 2
PCT/AT2008/000211  high purity. Tipnis at al (J Biol Chem 275, (43)
(2000): 33238-43) describes  the isolation of ACE2 (in that case still
referred to as ACEH)  and its cDNA isolation. By carrying out the
production in CHO  cells, a glycosylated protein monomer was produced
with a mo- lecular mass of 120 kDa. After deglycosylation, the mass of
that protein was 85 kDa. Donoghue (Circ Has 87, (5) (2000) : 1-9)
describes the expression  of soluble ACE2 in CHO cells; it was not fully
glycosylated and  was characterized as having a molecular mass of
approximately 90  kDa. Furthermore, that document concerns sequence
comparisons  of various ACE2 sequences and anti-ACE2 antibodies. WO
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
therapeutic action of an efficient enzyme substitution ther- apy demands a
production process which can produce a very pure,  pharmacologically
efficient product economically and reproduci- bly. The soluble,
extra-cellular fraction of ACE2 contains 7 N- glycosylation sites.
Non-glycosylated ACE2 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 deleterious effect
on purification.  



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
the claims. The present invention concerns a recombinant ACE2
polypeptide  which is present as a dimer. Preferably, the recombinant
ACE2  polypeptide is glycosylated, wherein the glycosyl groups of an WO
2008/151347 3 PCT/AT2008/000211  ACE2 polypeptide monomer are
present in a total of at least 10,  11, 12, 13, 14, 15 or at least 16 sialic acid
residues, prefera- bly at least 14 sialic acid residues, and wherein the
ACE2 poly- peptide is present as a dimer. The present invention also en-
compasses an ACE2 monomer with the glycosylations, molecular  weights
and further specifications defined herein. The dimer is  preferably a
homo-dimer; in particular, its monomer units have  an identical sequence
and glycosylation. In general, the mono- mer units of the dimer are
non-covalently bound. A monomer can  be obtained directly from the
dimer or by denaturing steps. All  of the preferred glycosylations cited
herein are applicable to  both the dimer and the monomer, including one
or both monomers  of the dimeric complex. Particularly preferably, the
dimer con- tains two zinc ions. The term "sialic acid residues" means
residues of the N- acetylneuraminic acid type (Neu5Ac) in particular,
especially N- or 0-glycosylations. Basically, the stability of a therapeuticum
is a very important  criterion when considering its half time and thus its
effective- ness. Recombinant human ACE2 has until now been identified
exclusively  as a monomer and has been described as such in the
literature as  



regards its functionality, its crystal structure and also its  interaction with a
highly specific inhibitor. Thus, for example, Towler et al (J Biol Chem
279(17), 2004:  17996-18007), making reference to Vickers et al (J Biol
Chem 277  (17), 2002: 14838-14843), describe the expression of ACE2 in
Sf9  insect cells, which was obtained as a monomer following purify- ing
size exclusion chromatography as the final purification  step. The
molecular mass of a monomer was 89.6 kDa. WO 2008/151347 4
PCT/AT2008/000211  Commercially available ACE2 (from R&D Systems,
catalogue number  933-ZN, batch number FIU035071) is also in the
monomeric form  and is produced using the method cited in Tipnis et al
(2000,  supra), the difference being that the expression system is NSO
instead of CHO cells. Monomers were described which have a mo- lecular
weight of 120 kDa under both reducing and non-reducing  conditions.
According 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
hereby  incorporated by reference. In order to stabilize the therapeuticum
according to the inven- tion, in accordance with the invention a method
has been devel- oped which exclusively produces stable ACE2 dimers,
and which  benefits from both production and pharmacological
advantages  compared with ACE2 monomers. Dimerization has the
following advantages:  better solubility and bioavailability in physiological
so- lutions: the dimer has high solubility and a longer in vivo  



half time and availability;  no aggregate formation: the ACE2 dimer forms
stable com- plexes without addition of further ACE2 molecules to the
dimer;  reduced protease attack: since individual protein fractions  and
thus most probably the C-terminal portion, are directed  towards the
interior of the dimer, this C-terminal end is  not degraded;  increased half
time: the lower immunogenicity, better solu WO 2008/151347 5
PCT/AT2008/000211  bility and the reduced susceptibility to proteolytic
degra- dation increases the half time of the protein; 6 simpler protein
purification: the hydrodynamic diameter of  the ACE2 dimer is higher than
expected due to its structure  and a pronounced solvation sheath. Thus,
ACE2 dimers can  readily be separated from conventional impurities
arising  from protein expression, for example serum albumin (67  kDa), by
using size separation columns. Preferably, the recombinant ACE2
polypeptide is glycosylated on  at least 80 % of the possible
N-glycosylation sites and has a  proportion of sugar of more than 10 %
(weight % of total ACE2)  or 11 %, 12 %, 13 %, 14 %, preferably more
than 15 % or 16 %,  17 %, 18 %, 19 %, 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 ACE2. The product is characterized by its high
pro- portion of sugar (> 20 % by weight) and the complex, highly
branched, partially negatively charged sugar structures. These  



have a positive effect on solubility, bioavailability, enzymatic  activity as
well as the pharmacological properties of the prod- uct. By selecting a
suitable expression construct, a suitable  expression host, an optimized
selection strategy, using a medium  which is tailored for the cell
metabolism as well as painstaking  accompanying clone analysis and
selection, a cell line has been  able to be produced which secretes the
desired product. 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
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 WO 2008/151347 6 PCT/AT2008/000211
product's properties, in particular having regard to N- glycosylation. The
solubility of a protein is not only determined by means of  its amino acid
sequence, but also by its folding as well as  post-translational
modifications. Charged sugar structures are  the main cause of an
increase in the solubility of a protein and  have a major influence on its
pharmacological profile. Thus, it  has been shown for EPO that the
presence of complex branched  glycostructures has a positive effect on
the half 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-
glycosylation sites. Preferably, at least 70 0 of the glycosylated
N-glycosylation  



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
Y !> Y (formula 5) (formula 6) (formula 7) (formula 8) WO 2008/151347 7
PCT/AT2008/000211  in which: GIcNAc Fuc  M a n X Y I G a l c N e u 5 A
c Preferably, all of the possible N-glycosylation sites are glyco- sylated.
Preferably, at least 80 %, preferably at least 90 %, in particu- lar 100 % of
the glycosylated N-glycosylation sites have a  structure with formulae 1-8.
Preferably, one ACE2 monomer unit of the dimer has a molecular  weight
of at least 90 kDa, preferably at least 92 kDa, particu- larly preferably at
least 94 kDa, in particular at least 96 kDa,  and highly preferably at least
98 kDa, most preferably at least  100 kDa, 100.5 kDa, 101 kDa, 101.5 kDa
or at 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
least 103 kDa, 104 kDa, 105 kDa, 106 kDa, 107 kDa or at least  108 kDa.
Molecular weight determinations which are influenced by further  factors
such as the hydrate sheath, such as chromatography or  gel
electrophoresis in aqueous systems - can also give higher  



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,
preferably at least 105 kDa, particularly pref- erably at least 109 kDa, in
particular at least 113 kDa, and  highly preferably at least 117 kDa, and
most preferably at least  119 kDa, as determined by gel electrophoresis.
In other embodiments, the molecular weight of the monomer (ap- parent
or absolute) is a maximum of 102 kDa, 103 kDa, 104 kDa,  108 kDa, 110
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
possible by  modification of ACE2, for example PEGylation. Preferably,
the monomer (which does not form a dimer) has a mo- lecular weight of at
least 82 kDa, preferably at least 86 kDa,  particularly preferably at least 90
kDa, in particular at least  94 kDa, highly preferably at least 98 kDa, and
most preferably  at least 101 kDa or a maximum of 102 kDa, 103 kDa, 104
kDa, 108  kDa, 110 kDa or a maximum of 112 kDa. These molecular
weights  can be determined, for example, using the peptide mapping
method. Preferably, the ACE2 polypeptide has no trans-membrane
domains.  Thus, it is soluble ACE2. Particularly preferred embodiments
thus comprise soluble ACE2 polypeptides the polypeptide chains  of which
consist of amino acids 18-740 or enzymatically active  fragments thereof.
A further polypeptide consists of amino ac- ids 18-615 from SEQ ID NO:
1. Although human ACE2 (SEQ ID NO: 1) is preferred for most thera-
peutic applications, ACE2 from other mammals, for example mouse,  rat,
hamster, pig, primates or cattle, can also be used. ACE2  



is a universal enzyme in all mammals with the Ang II substrate  which is
identical in the various 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 ACE2, for example from humans,
mice, rats, hamsters, pigs,  primates or cattle. However, in preferred
embodiments, the ori- gin of the ACE2 and the organism to be treated is
the same. Preferably, a serine (or C-terminal amino acid) of the ACE2
polypeptide corresponding to Ser740 of SEQ ID NO: 1 (for example  the
C-terminal end) is 0-glycosylated. Preferably, at least 70 %, preferably at
least 80 %, in particu WO 2008/151347 9 PCT/AT2008/000211  tar at
least 90 %, and most preferably 100 % of the glycosylated
N-glycosylation sites exhibit sialic acid; preferably, the N- glycosylation
sites corresponding to Asn53, Asn9O, Asnl03,  Asn322, Asn432, Asn546,
Asn690 of SEQ ID NO: 1 are sialyzed. In specific embodiments, an
asparagin corresponding to Asn53 of  SEQ ID NO: 1 is 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 acids are either
mono-, bi-,  tri- or tetra-sialyzed. 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 %,
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 Asnl03 of  SEQ ID NO: 1 is 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 acids are either mono-, bi-,  tri- or
tetra-sialyzed. In specific embodiments, an asparagin corresponding to
Asn322 of  SEQ ID NO: 1 is 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 acids are either mono-, bi-,  tri- or
tetra-sialyzed. In specific embodiments, an asparagin corresponding to
Asn432 of  SEQ ID NO: 1 is 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 acids are either mono-, bi-,  tri- or
tetra-sialyzed. WO 2008/151347 10 PCT/AT2008/000211  In specific
embodiments, an asparagin corresponding to Asn546 of  SEQ ID NO: 1 is
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
acids are either mono-, bi-,  tri- or tetra-sialyzed. In specific embodiments,
an asparagin corresponding to Asn690 of  SEQ ID NO: 1 is 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 acids are
either mono-, bi-,  tri- or tetra-sialyzed. In specific embodiments, an
asparagin corresponding to Ser740 of  SEQ ID NO: 1 is 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 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-glycosylation sites have at least two sialic acids.  Preferably, in one
ACE2 preparation at least 50 %, 60 %, 70 %,  80 %, 90 %, 95 %, 99 % or
100 % of said amino acids are thus  sialyzed. Preferably, an asparagin
corresponding to Asn53 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 to Asn9O 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 to Asn103 of SEQ ID NO: 1  is N-glycosylated, preferably
with a glycan having a structure WO 2008/151347 11
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
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 to Asn432 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 to Asn546 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 to Asn690 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 ACE2 polypeptides, comprising a polypeptide  



as defined herein (ACE2 monomers or dimers or monomer units of
dimers), wherein the portion of ACE2 polypeptides with an appar- ent
molecular weight which can be determined by gel electropho- resis of less
than 100 kDa or less than 101 kDa, preferably less  than 104 kDa, highly
preferably less than 108 kDa, in particular  less than 112 kDa, particularly
preferably less than 117 kDa,  most preferably less than 119 kDa, is less
than 20 %, preferably  less than 10 %, particularly preferably less than 5
%, most  preferably less than 1 %, especially 0 %, and any combination
thereof. For example, ACE2 polypeptides of less than 100 kD may  be
present in an amount of 0 % and ACE2 polypeptides of less  than 100 kDa
may be present in an amount of less than 20 %. The  fraction is with
respect to all of the ACE2 forms involved and  is, for example, determined
using native gel electrophoresis. WO 2008/151347 12
PCT/AT2008/000211  Similarly, the molecular mass may be the absolute
molecular mass  which can be determined by peptide mapping. Thus, the
fraction  of ACE2 polypeptides with a molecular weight of less than 86
kDa, or less than 89 kDa, preferably less than 92 kDa, highly  preferably
less than 94 kDa, in particular less than 97 kDa,  particular preferably less
than 100 kDa, and most preferably  less than 101 kDa, is less than 20 %,
preferably less than 10 %,  particularly preferably less than 5 %, most
preferably less than  1 %, especially 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
in an amount of less than 20 %. Preferably, the fraction of ACE2
polypeptides with trans- membrane domains is less than 20 %, preferably
less than 10 %,  



particularly preferably less than 5 %, most preferably less than  1 %,
especially 0 %. Preferably, the fraction of ACE2 multimers is less than 20
%,  preferably less than 10 %, particularly preferably less than  5 %, most
preferably less than 1 %, especially 0 %. The term  "ACE2 multimers"
means complexes with 3 or more ACE2 polypep- tides. In addition, in a
preparation of ACE2 dimers, the frac- tion of ACE2 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 ACE2 monomers, 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 ACE2 dimers in ACE2 molecules is at  least
10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 90 %, 95 %  or at least
99 %. In further embodiments, in combination  therewith or independently,
the fraction of ACE2 monomers in WO 2008/151347 13
PCT/AT2008/000211  ACE2 molecules can be at least 10 %, 20 %, 30 %,
40 %, 50 %,  60 %, 70 %, 80 %, 90 %, 95 % or at least 99 %. Preferably,
the fraction of ACE2 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
preferably more than 90 %, most pref- erably 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
ACE2 polypeptides with N- 



glycosylated asparagin corresponding to Asn9O of SEQ ID NO: 1 is  more
than 60 %, preferably more than 70 %, particularly prefera- bly more than
80 %, highly preferably more than 90 %, most pref- erably 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 ACE2 polypeptides 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 ACE2 polypeptides with N-
glycosylated asparagin corresponding to Asn322 of SEQ ID NO: 1  is
more than 60 %, preferably more than 70 %, particularly pref- erably more
than 80 %, highly preferably more than 90 %, most  preferably 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
2008/151347 14 PCT/AT2008/000211  Preferably, the fraction of ACE2
polypeptides with N- glycosylated asparagin corresponding to Asn432 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 ACE2 polypeptides with N- 



glycosylated asparagin corresponding to Asn546 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 ACE2 polypeptides with N- glycosylated asparagin
corresponding to Asn690 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
ACE2 polypeptides with 0- glycosylated asparagin corresponding to
Ser740 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 %. Preferably,
the catalytic activity of the ACE2 polypeptide or  preparation, ccat, is at
least 4 s-', preferably at least 5 s-1,  particularly preferably at least 6 s-1,
highly preferably at  least 7 s-1, and most preferably at least 7.6 s-1 with
respect to  the Ang 1-7 (angiotensin 1-7) conversion. Ang 1-7 is formed
from WO 2008/151347 15 PCT/AT2008/000211  Ang II (angiotensin II) by
means of ACE2. The conversion can be  tested in a simple manner, as
described in the examples. This  conversion or the catalytic activity of
ACE2 can also be ex- trapolated from other assay data. The activity can,
for exam- ple, be measured as described in WO-2008/046125 A. 



In a further aspect, the present invention concerns a method for
producing recombinant ACE2 polypeptides or a preparation of re-
combinant ACE2, comprising the steps of bringing a polynucleo- tide
coding for an ACE2, preferably a polynucleotide coding for  an ACE2 with
no transmembrane domain, into eukaryotic cells, ex- pressing the ACE2
polypeptide and collecting the expressed ACE2,  in particular in the
dimeric form. The cells can then be se- lected in order to produce an
ACE2 polypeptide in accordance  with the invention as herein described,
in particular with a  high molecular weight. Preferably, the polynucleotide
coding for the ACE2 is provided  on a vector. Preferably, the ACE2
expression is selected with a marker, pref- erably DHFR. Preferably, the
marker is on a vector. Preferably, the vector has an IRES for the
expressed ACE2 mRNA  (or codes for it). Preferably, the eukaryotic cells
are CHO cells. The present invention also concerns recombinant ACE2
polypeptide  or a preparation of recombinant ACE2 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 WO
2008/151347 16 PCT/AT2008/000211  presses ACE2, in particular as
defined above. The cell line may  be selected for the desired properties,
as given above, for ex- ample the production of dimers from monomer
units with a molecu- lar weight of at least 102 kDa. The cells preferably
have an ACE2 productivity of at least 10  



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
presence of suf- ficient Zn2+ ions. Preferably, at least 0.5 micromolar, in
par- ticular up to 5 micromolar of Zn2+ is used; in particular, the
fermentation can be carried out using 2.5-3.5 micromolar Zn2+.  The Zn2+
concentration in the nutrient medium for the expressed  cells, for example,
may be at least 0.5 rM, 0.75 pM, 1.0 pM,  1.25 pM, 1.5 uM, 1.75 pM, 2.0
pM, 2.25 pM or at least 2.5 pM or  3.0 pM. Further treatment steps are
preferably also carried out  in the presence of Zn2+ ions. In a further
aspect, the present invention concerns medicines or  pharmaceutical
preparations of the ACE2 product in accordance  with the 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 embolism, sarcoidosis of the lung, tuberculo- sis, oedema
of the lung, ALI, ARDS or lung cancer. General  treatment indications for
ACE2 are cited in WO 2004/000367 A,  for example; the ACE2 product of
the invention is also suitable  in this case. In accordance with the
invention, a pharmaceutical composition WO 2008/151347 17
PCT/AT2008/000211  or medicine comprising the ACE2 protein can be
provided. Such  compositions may be pharmaceutically acceptable salts
them- 



selves, with additional buffers, tonicity components or pharma- ceutically
acceptable carriers. Pharmaceutical carrier sub- stances serve to improve
the compatibility of the composition  and provide better solubility as well
as better bioavailability  of the active ingredients. Examples are
emulsifiers, thicken- ers, redox components, starches, alcoholic solutions,
polyethyl- ene glycol and lipids. Selection of a suitable pharmaceutical
carrier is highly dependent on the administration route. For  oral
administration, liquid or solid carriers may be used; for  injections, liquid
final compositions are required. Preferably, the ACE2 composition in
accordance with the inven- tion comprises buffers or tonic substances.
The buffer can ad- just the pH of the medicine to the physiological
conditions and  further, can reduce or buffer variations in pH. An example
is a  phosphate buffer. Tonic substances can adjust the osmolarity  and
may include ionic substances, such as inorganic salts, for  example NaCl
or KC1, or non-ionic substances such as glycerin or  carbohydrates.
Preferably, the composition or the medicine for use in accor- dance with
the invention is 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 ACE2 composition is intended for oral
administration, it is  preferably provided in a formulation which is resistant
to stom- ach acid or it is 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, WO
2008/151347 18 PCT/AT2008/000211  intravascular, intraperitoneal or
subcutaneous administration.  Injections or transfusions, for example, are
suitable for this  purpose. Administration directly into the bloodstream has
the  advantage that the active ingredient of the medicine can be dis-
tributed through the entire body and the target tissue is  reached quickly.
The present invention will now be illustrated further using the  following
non-limiting figures and examples. Figures:  Figure 1: ACE2 expression
and selection cassette; Figure 2: ACE2-specific Western blot analysis of
production  clone history; Figure 3: SDS-PAGE analysis of ACE2
monomer;  Figure 4: Clone selection; Figure 5: LC-MS glycosylaton
analysis; Figure 6: Preparative size separation of ACE2;  Figure 7:
Pharmacokinetics of ACE2 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 C18 pBondapak
RP columns,  2.1 x 300 mm, 10 pm, 125 A; Figure 9: MS/MS spectrum of
N-terminal peptide. Note: Q and K  have the same mass; WO
2008/151347 19 PCT/AT2008/000211  Figure 10: Sequence of ACE2 and
N-glycosylation prediction;  Figure 11: Detailed spectrum for glycosylation
site 103 (A),  site 432 (B), site 546 (C), site 690 (D), site 90 (E); 



Figure 12: Spectrum of C-terminal O-glycosylated peptide. The  structural
assignment must be classified as provisional; Figure 13: LC-MS released
glycans; Figure 14: Determination of ACE2 dimeric structure using native
PAGE (left, protein bands visualized using silver stain) and SEC  (right,
separation on Zorbax G-450 column in presence of 220 mM
Na-phosphate at pH 7.0 in 10 o acetonitrile, the chromatogram  was
recorded at 214 nm); Figure 15: Chromatogram of size exclusion
chromatography of the  ACE2 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), myoglobulin (17 kDa, 11.08 min), vi-
tamin B-12 (1.3 kDa, 12.71 min); Figure 16: ACE2-specific Western blot
analysis of cell extracts  from the cortex (A), brain (B) and a ACE2 dimer
expression clone  (C). D shows a pure ACE2 dimer; Figure 17: Analytical
SEC-HPLC chromatogram of ACE2 monomer  form. Run conditions:
column: Zorbax GF250, buffer: 220 mM Na2H- PO4 + 10 o CH3CN, pH
8.0 at 1 mL/min; Figure 18: PAGE analysis of ACE2 dimers (A) and ACE2
monomers  (B) ; proteins revealed using silver stain (a) and ACE2-specific
Western 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
fluorescence-labelled substrate cumarin-APK-DNP and  four different
enzyme concentrations were used and the corre- sponding fluorescence
curves were compared; Figure 20: ACE2 serum activity measured 24 and
48 hours after  



ACE2 dimer administration (2.5 mg/kg, blue columns) or ACE2
monomeric form administration (2.5 mg/kg, grey columns). EXAMPLES
Example 1: Expression of highly glycosylated ACE dimer The soluble
fraction of the human ACE2 sequence (SEQ ID NO: 1)  was cloned into
an expression vector into which the amplified  DHFR selection marker had
already been added, to result in en- hanced expression of the ACE2 gene.
To this end, between the  genes coding for ACE2 and dfhr, an attenuated
IRES was inserted  which allowed bi-cistronic transcription of ACE2 and
DHFR onto  the same mRNA. The ACE2 expression and selection
cassette is  shown graphically in Figure 1. Since both proteins are ex-
pressed under the control of the same promoter, ACE2 expression  can
be intentionally enhanced by means of DHFR 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 quality. 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 was transfected in CHOdhfr cells and
the copy number  of 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 FAGS analysis and protein-chemical as well as en WO
2008/151347 21 PCT/AT2008/000211  zymatic analysis: in particular, to
select the most suitable  clones, the specific enzymatic activity, which was
measured with  3 different substrates, the product homogeneity, the
cellular  



productivity, and also the sugar complexity were taken into ac- count.
Figure 2 shows a summary of Western blot analysis of the  successive
culture residues of individual clones which were used  to establish the
production cell line. The product properties  of the individual clones differ
in that the proportion of sugar  in the expression product increases from
right to left, as shown  by the substantial increase in mass. This was
obtained by spe- cific selection of highly glycosylated clones. Finally, one
clone (clone 5B9) which had the expression product with the  highest
molecular weight was used to establish the production  cell line (184). It
was decided to pursue matters with 6 clones which enzymati- cally
expressed highly active and complex N-glycosylated ACE2.  While soluble
ACE2 has a molecular weight of 83 kDa, clones were  selected which
were in the range of up to 120 kDa in denaturing  SDS-PAGE, as
determined by its sugar structure. Figure 3 shows  an ACE2 (lane B)
produced by the present production process com- pared with a standard
ACE2 produced in NSO (lane A) While the  ACE2 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 pM Zn2+. All 6  clones were kept under culture and tested for
their production  



process suitability. In particular, the growth rates were re WO
2008/151347 22 PCT/AT2008/000211  corded and the quantities of
product and metabolites were exam- ined (Figure 4). Further, the
expression products and the  clones were precisely analyzed. All clones
expressed highly ac- tive ACE2 and had productivities of 20-30
pg/cell/day. Further,  the sugar structures and the heterogeneity thereof
were ana- lyzed. Finally, clone 1B4 was selected. Over the entire pro-
duction process, it exhibited a homogeneous sugar structure.  All 7
N-glycosylation sites were processed; they had at least a  bi-, but
occasionally even tri-branched complex glycosylation  with terminal sialic
acids. A master cell bank was produced and tested based on this clone,
and a GMP-class purification process and further on, a GMP-class
production process were constructed. SEQ ID NO: 1 (ACE2 protein
sequence; the autologous signal se- quence (underlined) is cleaved by the
host cell for expulsion):  MSSSSWLLLSLVAVTAA
QSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQNMNNAG
DKWSAFLKEQSTLAQ
MYPLQEIQNLTVKLQLQALQQNGSSVLSEDKSKRLNTILNTMSTIYSTGK
VCNPDNPQECLLLE
PGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLYEEYVVLKNEMAR
ANHYEDYGDYWRGDYEV
NGVDGYDYSRGQLIEDVEHTFEEIKPLYEHLHAYVRAKLMNAYPSYISPI
GCLPAHLLGDMWGR
FWTNLYSLTVPFGQKPNIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPN
MTQGFWENSMLTDPG
NVQKAVCHPTAWDLGKGDFRILMCTKVTMDDFLTAHHEMGHIQYDMAY
AAQPFLLRNGANEGFH
EAVGEI_M,SLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTLP
FTYMLEKWRWMVFK
GEIPKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFHVSNDYSFI
RYYTRTLYQFQFQEAL
CQAAKHEGPLHKCDISNSTEAGQKLFNMLRLGKSEPWTLALENVVGAK
NMNVRPLLNYFEPLFT
WLKDQNKNSFVGWSTDWSPYADQSIKVRISLKSALGDKAYEWNDNEM
YLFRSSVAYAMRQYFLK
VKNQMILFGEEDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSR
SRINDAFRLNDNS  



LEFLGIQPTLGPPNQPPVS Dimerization of ACE2 directs all of the
hydrophobic protein  units into the interior of the complex, whereupon the
charged  residues, such as N-bound sugar chains, project outwardly and
WO 2008/151347 23 PCT/AT2008/000211  solvate the structure in the
charged physiological medium. Said  dimerization by expression of a
completely N-glycosylated ACE2  was observed in the presence of Zn2+.
In this case, the dimer  complex consisted of 2 identical subunits, which
were electro- statically bound to each other and also no longer separated
in  physiological solutions. This leads to the secretion of a gly- coprotein
each time with 14 highly charged sialic acid struc- tures on each ACE2
molecule as well as 28 sialic acid structures  in the dimer. Two Zn2+ ions
are each time inserted in the com- plex and stabilize its structure. The
high charge of the sugar  chains solvate the molecule in aqueous
physiological solutions  and force the associated charged protein domains
outwards. The  production process is constructed so that only ACE2
dimers are  present in the end product. This is rendered possible by dint of
the fact that on generating  the ACE2, sufficient Zn2+ ions are present
(preferably 1.5 - 5  micromolar Zn2+ is used; in particular, the fermentation
can be  carried out at 2.5 - 3.5 pM Zn2+); the subsequent treatment steps
are carried out in the presence of Zn2+ ions. Purification is carried out
using an anion exchange step, an am- monium sulphate precipitation, a
HIC step, a cation exchange  step then a further high resolution anion
exchange step. All of  the media in the process were phosphate buffered
and contained  sodium chloride. The final sample buffer is a physiological
gly- 



cine solution for injection. Example 2: Product properties Complexed,
highly glycosylated ACE2 monomer or monomer units of  the dimer have
a much higher molecular weight than that indi- cated by the amino acid
sequence due to the covalently bound  sugar structures. Thus, peptide
mapping provides a molecular  mass of 102 kDa, while that of
non-glycosylated ACE2 is only 83 WO 2008/151347 24
PCT/AT2008/000211  kDa. The proportion of sugar is correspondingly 23
% and is es- sential to the product properties described below. Because of
the strong hydration, the monomer unit appears in SDS-PAGE at  120
kDa (Figure 3) with respect to the reference standard. The natural,
membrane-bound ACE2 is not expressed, but only the  soluble fraction of
ACE2. Because of the missing membrane do- main, it is completely
glycosylated. Because of the complex, highly sialyzed and thus highly
nega- tively charged sugar structures, ACE2 has a much greater solu-
bility compared with non-glycosylated or incompletely glycosy- lated
ACE2. Thus, physiological buffered protein formulations  of up to 15
mg/mL can readily be produced. Further, the product is stable in solution
and when stored long- 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
ranges. This can be shown in a preparative deglycosylation  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
considered for this calculation.  However, since the formulations remain
stable for months, this  



is clearly due to the high proportion of sugar. The better sol- vation of
ACE2 also means that this formulation exclusively con- sists of ACE2
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
ACE2 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 WO 2008/151347 25
PCT/AT2008/000211  as a dimer has an apparent molecular weight of
250 kDa compared  with the calculated 83 kDa. A chromatogram of a
preparative  ACE2 purification is shown in Figure 6. ACE2 (first drawing)
elutes with a retention time of 69 minutes. This corresponds to  an
apparent 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
contamination in the culture  residues, and so very pure product can be
separated in a very  simple separation step. Example 3: Pharmacological
product properties The ACE2 preparation of the invention is present in
physiologi- cal buffers as a stable, 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- ployed. ACE2
is stable as the monomer or dimer in solution and because  of the high
proportion of sugar, it exhibits no aggregation.  



Further, the ACE2 preparation has full enzymatic activity. Because of its
solubility, ACE2 can be administered i.v. as a  bolus. For the same
reasons the bioavailability is guaranteed  immediately after administration.
Because of the high, highly branched and complex proportion of  sugar,
ACE2 is degraded only slowly. This results in a long  half time of at least
10.5 hours, which has been measured in  various species, in particular in
rhesus macaques. 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 WO 2008/151347 26 PCT/AT2008/000211  mune
response is mounted against ACE2. This would not only be
counter-productive for the exogenous administration of ACE2, but  also
could neutralize autologous ACE2 present in cells. The ACE2 formulation
described along with all of the associated  product properties thus provide
an effective therapy with  rhACE2. Example 4: Determination of specific
ACE2 activity The specific activity of ACE2 preparations was determined
by  measuring the conversion of Ang II (Asp-Arg-Val-Tyr-Ile-His-Pro- Phe).
All measurements were carried out in triplicate in 100 pL  aliquots. The
enzymatic reaction was started by adding 250  ng/mL ACE2 to a 80 pM
Ang II solution in 50 mM MES, 300 mM NaCl,  10 pM ZnCl2 and 0.01 %
Brij-30 at a pH of 6.5. The samples were  carefully mixed and incubated at
37C 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 % CH3CN in 0.08 % H3PO4 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 ACE2 product was determined as
described  above. Table 1 shows the results of peak integration as well as
the computed enzyme data. Table 1: Enzyme data and reaction
conditions. The mean value of  triplicated determinations is shown. WO
2008/151347 27 PCT/AT2008/000211  Enzymatic reactivity Peak sur-
Conversion Reaction ACE2 conc Ccat Specific  face area time activity
mAU.min pmol.miri' min ng.mL-' s-1 pmol.mg-'.min'  Ang II 17149890 62.1
18 250 8.0  0.3 4.7  0.2  Ang 1-7 4720141 23.1 18 250 8.8  0.2 5.2  0.1
The ACE2 preparation had a catalytic activity, coat, of  8.0  0.3 s-i
measured using the Ang II conversion, and 8.8  0.2  S-1 with respect to
the Ang 1-7 conversion. Both values were in  good agreement and were
much higher than the data given by Vick- ers et al (J Biol Chem 277, (17)
(2002) : 14838-43) , which pub- lished a catalytic ACE2 activity of 3.5 s-1.
The reaction condi- tions were identical. The reason for the 240 % higher
activity  for our 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
glycosylated to a much lesser extent and degree  of branching.
Furthermore, a commercially available ACE2 prepa- ration from R&D
Systems (cat no 933-ZN) which also had a much  lower activity, coat, of
2.0  0.1 s"1, was examined. An essen- tial property of the preparation of
the invention is the par- ticularly high enzymatic activity which was
primarily permitted  by post-translational modifications. Example 5:
Glycoproteomic analysis of recombinant ACE2 The sample of purified,
CHO-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). The N WO 2008/151347 28
PCT/AT2008/000211  terminal peptide and several internal peptides were
found. Five  of the seven potential N-glycosylated sites were found in the
glycosylated 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,
reduced N-glycans were analyzed using 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
addition to mono- or di- sialyzed, di-branched glycans, a considerable
quantity of tri- branched oligosaccharide was found. A coarse estimate of
the  mass of the glycosylated ACE2 produced 101-102 kDa, i.e. con-
sisting of approximately 17 % carbohydrate. Proteolytic digestion of
hBChE separated using SDS-PAGE. 



Aliquots of ACE2 underwent SDS-PAGE, were destained, carbami-
domethylated, digested with sequencing quality 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-TOF
U1- 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
2006]. The samples were initially captured on an Aq- uasil C18 preliminary
column (30 x 0.32 mm, Thermo Electron) us- ing water as the solvent. The
analytical 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
linear gra- dient of 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 MS- and also by MS-MS. The data  analysis
was carried out using MassLynx 4.0 SP4 software (Waters  Micromass).
Analysis of free N-glycans from ACE2 Borohydride-reduced glycans were
separated on a porous graphitic  carbon column and assayed using mass
spectrometry. Example 6: Glycosylation analysis The molecular weight,
the position of all the glycosylation  



sites as well as the structure of the bound sugar for the ACE2  protein
sequence were determined herein. The sample was ana- lyzed using
tryptic digestion, S-alkylation and LC-ESI-MS.  The determined protein
mass of the glycosylated product was  102 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 sequence were determined here (see
sequence  information);  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 0-glycosylated. The structure of these sugar
residues was determined by carbon- LC-ESI-MS after cleavage and
reduction. Each and all of the di WO 2008/151347 30
PCT/AT2008/000211  branched structures contained two a2,3-bound
sialic acids and  one al,6-bound fucose. Small quantities of tri-branched
struc- tures were also found (Figure 11). The selection strategy em-
ployed meant that a completely glycosylated and sialic acid- containing
expression product was obtained. Method:  Sample preparation ACE2
was separated using SDS-PAGE, destained, alkylated and di- gested
using trypsin (Kolarich et al, Proteomics 6 (2006) : 3369- 3380). Gel
extracts were dried and were dissolved in 0.1 % for- mic acid prior to
LC-MS analysis. For the sugar analysis, the  peptide were digested with
PNGase-F and purified on C18 SPE col- 



umns. MS analysis All of the mass spectroscopic analyses were carried
out using  the Q-TOF Ultima Global instrument (Waters Micromass) with a
standard electrospray unit and a Cap-LC system (Waters Micro- mass)
(Kolarich, 2006). The samples were concentrated on an Aquasil C18
preliminary col- umn (30 x 0.32 mm, Thermo Electron) in water. The
separation  column used was a C18 column (100 x 0.18 mm, Thermo
Electron) us- ing an acetonitrile gradient. The samples were assayed in
MS  and MS-MS mode. Analysis of free N-glycans Glycans reduced using
borohydride were characterized on a porous  graphite column. WO
2008/151347 31 PCT/AT2008/000211  Example 7: Dimerization of
rhACE2 ACE2 produced in accordance with Example 1 was obtained as
the  dimer and analyzed in this example as such without separating  the
dimers. Native treatment means that the dimer remained in- tact, in
contrast to denaturing analysis (Figure 3) . The term  "dimerization of
ACE2" means all hydrophobic protein units are  directed towards the
interior of the complex, whereupon the  charged residues, such as
N-bound sugar chains, project out- wardly and solvate the structure in the
physiological medium  which is also charged. This dimerization by
expression of a  completely N-glycosylated ACE2 was established in the
presence  of Zn2+. The dimer complex in this case consists of two identi-
cal subunits which are bound together electrostatically and also  do not
separate any further in physiological solutions. This  



amounts to secretion of a glycoprotein each time with 14 highly  charged
sialic acid structures on each ACE2 molecule as well as  28 sialic acid
structures in the dimer. Each has two Zn2+ atoms  inserted into the
complex which stabilizes the structure. The  high charge on the sugar
chain solvates the molecule in aqueous  physiological solutions and forces
the associated charged pro- tein domains outwards. The production
process is constructed so  that exclusively ACE2 dimers are present in the
final product.  This is rendered possible by the fact that on generating
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
pM Zn2+) and then the further treatment steps are  carried out in the
presence of Zn2+ ions. In Figures 14 and 15, dimerization of the ACE2
complex is deter- mined using different methods. In native poly-acrylamide
gel  electrophoresis, following silver staining the protein was re- vealed as
a single band with a size of approximately 250 kDa.  Size separation
chromatography on a Zorbax G-450 column in the WO 2008/151347 32
PCT/AT2008/000211  presence of 10 % acetonitrile in 220 mM
Na-phosphate buffer at a  pH of 7.0 also produced a single peak for the
product at a re- tention time corresponding to a molecular weight of
approxi- mately 250 kDa. It should be noted that in both cases, exclu-
sively dimerized protein was determined. Neither monomer struc- tures
nor high molecular weight aggregates were observed. Example 8: ACE2
dimers - differences from membrane-bound ACE2  ACE2 is expressed as
a transmembrane protein in all higher spe- cies, primarily in the kidney,
heart, lung and liver cells, as  an essential enzyme of the renin
angiotensin system. Membrane- 



bound ACE2 surrounds itself in nature in the membrane lipid dou- ble
layer with other membrane proteins which stabilize ACE2 in  an active
conformation and also protect the extracellular do- mains of ACE2 from
proteolytic degradation. In order to enhance  the pharmacological
properties of soluble ACE2 and especially  the activity and stability of the
soluble protein, an expression  and production strategy was selected
which exclusively produced  stable dimeric ACE2 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 ACE2 dimeric struc- ture, the
structure of membrane-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
production clone for ACE2 dimers, produced  in accordance with Example
1. The membrane-bound product here  has a much lower molecular
weight compared with the expression  product of Example 1 (C and D),
although the first consists of  only the extracellular portion. This indicates
that membrane- bound ACE2 is present as the monomer. On the other
hand, the  expression product consists of dimers which provide the
product  with pharmacological advantages. In track D, the purified final
product is analyzed. This has only a single band with a molecu WO
2008/151347 33 PCT/AT2008/000211  lar weight of approximately 240
kDa. Example 9: improved pharmacological properties of ACE2 dimers
APN 01 designates a physiological ACE2 protein formulation which
consists exclusively of ACE2 dimeric structures. Two ACE2 mono- mers
at a time in this case form non-covalently bound complexes.  



The molecular biological constructs, the expression cell line,  the
fermentation process, the purification and the buffer for  storing and
application are selected or designed so that the fi- nal product exclusively
contains stable 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
curve). Run conditions: column: Zorbax GF250, buffer: 220 mM
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
of thyroglobulin (680 kDa, retention time 7.4 min- utes) and bovine gamma
globulin (158 kDa, retention time 8.9  minutes). The calculated molecular
mass of this complex is ap- proximately 214 kDa. This approximately
corresponds to the ex- pected molecular weight of two ACE2 units each of
102 kDa. For the purposes of comparison, ACE2 monomers in CHO cells
were  produced as a reference material, which were also 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 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
a molecular weight of approxi- mately 240 kDa, the monomeric form (B)
appeared at approximately  100 kDa. ACE2-specific Western blot
established the identity of  both products, as can be seen in Figure 18b.
WO 2008/151347 34 PCT/AT2008/000211  Both products exhibited an
identical specific enzyme activity,  measured using an activity test
employing a fluorescence la- 



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 pharmacological 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
samples was measured after 24 and 48  hours (see Figure 20). The
protein concentration was adjusted  so that each animal received 100 pL
of a physiological protein  solution. Each time, 7 animals were treated with
APN 01 (ACE2  dimer) and 5 animals with ACE2 monomer. While prior to
ACE2 ad- ministration, no ACE2 activity could be measured in any of the
serum samples, after administration, systemic ACE2 activity 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 ACE2 dimer had an activ- ity corresponding to an ACE2
concentration of 0.9 pg/mL, activ- ity corresponding to a concentration of
0.2 pg/mL was found in  only one animal in the group which received
monomeric 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
detected. These data show that the dimeric ACE2 form has a  very
significant pharmacological advantage. 35  CLAIMS 1. A recombinant
ACE2 polypeptide, present as a dimer. 2. The recombinant ACE2
polypeptide according to claim 1, char- acterized in that it is glycosylated,
wherein the glycol  



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
N-glycosylation sites and has a proportion of  sugar of more than 10 %
(weight % with respect to the  whole ACE2 molecule), preferably more
than 15 %, in par- ticular more than 20 %. 4. The recombinant ACE2
polypeptide according to 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: k'  El U 9 9 9
4 (formula 1) (formula 2) (formula 3) (formula 4) 36 Y (formula 5) (formula
6) (formula 7) (formula 8)  wherein G c N A c F~ic A  M a n X Y 1 G a1 0
N1ea5Ac 5. The recombinant ACE2 polypeptide according to one of
claims  1 to 4, characterized in that all of the possible N- glycosylation
sites are glycosylated. 6. The recombinant ACE2 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 ACE2
polypeptide according to one of claims  1 to 6, characterized in that one
ACE2 monomer unit of the  dimer has a molecular weight of at least 90
kDa, preferably  at least 92 kDa, particularly preferably at least 94 kDa, 37
in particular at least 96 kDa, highly preferably at least  98 kDa, and most
preferably at least 101 kDa. 8. The recombinant ACE2 polypeptide
according to one of claims  1 to 7, characterized in that the ACE2
polypeptide has no  trans-membrane domains, and preferably in that the
ACE2  polypeptide chain consists of amino acids 18 - 740 of  SEQ ID NO:
1 or enzymatically active fragments thereof. 9. The recombinant ACE2
polypeptide according 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  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 Asn53, Asn9O, Asn103, Asn322, Asn432, Asn546,
Asn690  of SEQ ID NO: 1 are sialyzed. 11. The recombinant ACE2
polypeptide according to one of claims  1 to 10, characterized in that at
least 30 %, preferably at  least 40 %, in particular at least 55 %, most
preferably at  least 70 % of the glycosylated N-glycosylation sites have  at
least two sialic acids. 



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, 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.
13. The recombinant ACE2 polypeptide according to one of claims  1 to
12, characterized in that one asparagin corresponding  to Asn9O of SEQ
ID NO: 1 is N-glycosylated, preferably with  a glycan with a structure in
accordance with formula 1, 2,  3, 4, 5, 6, 7 or 8 as defined in claim 4. 14.
The recombinant ACE2 polypeptide according to one of claims  1 to 13,
characterized in that one asparagin corresponding  to Asn103 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. 15.
The recombinant ACE2 polypeptide according to one of claims  1 to 14,
characterized in that one asparagin corresponding  to Asn322 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. 16.
The recombinant ACE2 polypeptide according to one of claims  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.
The recombinant ACE2 polypeptide according to one of claims  1 to 16,
characterized in that one asparagin corresponding  



to Asn546 of SEQ ID NO: 1 is N-glycosylated, preferably  with a glycan
with a structure in accordance with formula  1, 2, 3, 4, 5, 6, 7 or 8 as
defined in claim 4. 18. The recombinant ACE2 polypeptide according to
one of claims  1 to 17, characterized in that one asparagin corresponding
to Asn690 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. 19. Preparation of recombinant ACE2 polypeptides
comprising a  polypeptide according to one of claims 1 to 18, character-
ized in that the fraction of ACE2 polypeptides with a mo- lecular weight
determined by gel electrophoresis of less  than 100 kDa, preferably less
than 104 kDa, particularly  preferably less than 108 kDa, in particular less
than 112  kDa, 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 %. 20. The preparation according to claim 19, characterized
in that 40  the fraction of ACE2 polypeptides with transmembrane do-
mains is less than 20 %, preferably less than 10 %, par- ticularly
preferably less than 5 %, most preferably less  than 1 %, and especially 0
%. 21. The preparation according to claim 19 or claim 20, charac- terized
in that that the fraction of ACE2 multimers is less  than 20 %, preferably
less than 10 %, particularly prefera- bly less than 5 %, most preferably
less than 1 and espe- cially 0 %. 



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- ticularly preferably at least 90 %, highly
preferably at  least 95 % and most preferably at least 99 %. 23. The
preparation according to one of claims 19 to 22, charac- terized in that the
fraction of ACE2 polypeptides with N- glycosylated asparagin
corresponding to Asn53 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 8 as defined  in claim 4. 41  24. The
preparation according to one of claims 19 to 23, charac terized in that the
fraction of ACE2 polypeptides with N- glycosylated asparagin
corresponding to Asn9O 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 8 as defined  in claim 4. 25. The preparation
according to one 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 %,
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, 6, 7 or 8 as defined  in claim 4. 26. The preparation according
to one of claims 19 to 25, charac- terized in that the fraction of ACE2
polypeptides with N- glycosylated asparagin corresponding to Asn322 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 42  accordance with formula 1, 2, 3, 4, 5, 6, 7 or
8 as defined  in claim 4. 27. The preparation according to one of claims 19
to 26, charac- terized in that the fraction of ACE2 polypeptides with N-
glycosylated asparagin corresponding to Asn432 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, 6, 7 or 8 as defined  in claim 4. 28.
The preparation according to one of claims 19 to 27, charac- terized in
that the fraction of ACE2 polypeptides with N- glycosylated asparagin
corresponding to Asn546 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, 6, 7 or 8 as defined  in claim 4. 29. The
preparation according to one of claims 19 to 28, charac- terized in that the
fraction of ACE2 polypeptides with N- glycosylated asparagin
corresponding to Asn690 of  SEQ ID NO: 1 is more than 60 %, preferably
more than 70 %, 43  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, 6, 7 or 8 as defined  in claim 4. 30. The
preparation according to one of claims 19 to 29, charac- terized in that the
fraction of ACE2 polypeptide with 0- 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 or preparation according to one of  claims 1 to 30, with a
catalytic activity, ccat, of at  least 4 s-1, preferably at least 5 s particularly
prefera- bly at least 6 s-1, highly preferably at least 7 s-1, most  preferably
at least 7.6 s-1 with respect to the conversion  of Ang II (angiotensin II) to
Ang 1-7 (angiotensin 1-7). 32. A method for the production of recombinant
ACE2 polypeptides  or a preparation of recombinant ACE2, preferably
according  to one of claims 1 to 31, comprising the steps of inserting  a
polynucleotide coding for an ACE2, preferably an ACE2  



with no polynucleotide coding for a transmembrane domain,  into
eukaryotic cells, expressing the ACE2 polypeptide and  collecting the
expressed ACE2, in particular in the dimeric 44  form, wherein on
expression, the Zn2+ concentration is pref- erably at least 1.5 micromolar.
33. The method according to claim 32, characterized in that that  the
polynucleotide coding for ACE2 is provided 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
to claim 34, characterized in that the  marker is present on the vector. 36.
The method according to claim 34, characterized in that the  vector has an
IRES for the expressed ACE2 mRNA. 37. The method according to one of
claims 32 to 36, character- ized in that the eukaryotic cells are CHO cells.
38. A recombinant ACE2 polypeptide or preparation of recombinant
ACE2 polypeptides obtainable using a method in accordance  with the
preceding claims. 39. A stable eukaryotic cell line transfected with a
polynucleo- tide coding for an ACE2, preferably a CHO cell line, which
expresses ACE2 in accordance with claims 1 to 31. 45  40. The cell
according to claim 39, having an ACE2 productivity of at least 10
pg/cell/day, preferably at least 15  pg/cell/day, particularly preferably at
least 20  pg/cell/day. 41. A medicine comprising a recombinant ACE2
polypeptide accord- 



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. 


