letters to nature

neurons by producing large random fluctuations in the membrane
potential’. In such models, however, it is only the average rate of
excitatory and inhibitory postsynaptic potentials that is balanced;
the individual events occur at random times, like raindrops. By
contrast, the tight coordination we observed reflects a more precise
control of cortical circuitry, unlikely to arise from random and
independent synaptic activity arriving at a uniform rate®’. More-
over, the rapid quenching of excitation by inhibition limits the
window available for temporal summation, enabling neurons to
behave as coincidence detectors and thereby increasing temporal
precision®.

We illustrate this distinction by using a simple integrate-and-fire
model (Fig. 5). Balanced but delayed inhibition decreased the trial-
to-trial jitter in output spike times compared with the jitter in the
input spike times (from 1 ms to 0.6 ms; Fig. 5a), whereas excitation
and inhibition that were balanced on average instead increased spike
time jitter (from 1 ms to 4.7 ms; Fig. 5b). In both of these models,
excitation and inhibition are balanced, but in a different sense: a
continuing balance produces irregular firing (similar to responses
observed in visual cortex, which motivate such models), whereas the
transient and temporally offset balance we have observed produces
highly transient spiking responses (Figs 1d and 3c), which is
consistent with previous findings in auditory cortex™?”?. Thus
our data suggest that balanced inhibition can sharpen neural
responses in time, reducing rather than increasing the randomness
of cortical operation. |

Methods

We recorded from 62 cells in primary auditory cortex (all subpial depths) of anaesthetized
(ketamine—medetomidine) rats aged 17-24 days after birth, using standard blind in vivo
whole-cell methods. Pure tones had a duration of either 25 ms with a 5 ms 10-90% cosine-
squared ramp, or 70 ms with a 20 ms ramp, and were delivered free-field at a rate of 1-2 per
second using a calibrated electrostatic speaker in a double-walled sound booth. Total
synaptic conductance, corrected for series resistance, was computed assuming an
isopotential neuron (see Supplementary Methods for further details).
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The human oncogene (-catenin is a bifunctional protein with
critical roles in both cell adhesion and transcriptional regulation
in the Wnt pathway'~. Wnt/B-catenin signalling has been impli-
cated in developmental processes as diverse as elaboration of
embryonic polarity’™, formation of germ layers*®, neural pat-
terning, spindle orientation and gap junction communication?,
but the ancestral function of §-catenin remains unclear. In many
animal embryos, activation of @-catenin signalling occurs in
blastomeres that mark the site of gastrulation and endomeso-
derm formation®'°, raising the possibility that asymmetric
activation of $-catenin signalling specified embryonic polarity
and segregated germ layers in the common ancestor of bilaterally
symmetrical animals. To test whether nuclear translocation of
B-catenin is involved in axial identity and/or germ layer for-
mation in ‘pre-bilaterians’, we examined the in vivo distribution,
stability and function of $-catenin protein in embryos of the sea
anemone Nematostella vectensis (Cnidaria, Anthozoa). Here we
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show that N. vectensis 3-catenin is differentially stabilized along
the oral-aboral axis, translocated into nuclei in cells at the site of
gastrulation and used to specify entoderm, indicating an evolu-
tionarily ancient role for this protein in early pattern formation.

Anthozoans (sea anemones and corals) are basal members of the
Cnidaria, a diverse and highly successful phylum, which is the sister
group to bilaterian metazoans'"'?. Unlike triploblastic bilaterians,
which possess derivatives of three embryonic germ layers and are
bilaterally symmetrical, cnidarians possess only two germ layers (an
external ectodermal layer and internal entodermal layer) and are
said to be radially symmetrical around the major longitudinal oral—
aboral axis. The evolutionary relationships of the anterior—posterior
and dorsoventral axes between bilaterally and radially symmetrical
animals remain enigmatic, but as an outgroup to bilaterians,
diploblastic cnidarians provide insight into bilaterian development
and evolution.

N. vectensis is a small, solitary dioecious sea anemone with a
simple life cycle'®. As with other cnidarian oocytes', unfertilized
N. vectensis oocytes do not appear to have a fixed polarity (that is,
animal-vegetal axis). Rather, the adult oral-aboral axis is deter-
mined at the time of first cleavage. Gastrulation produces a ciliated,
bilayered planula that transforms into an epithelial polyp with an
outer ectodermal layer and an inner bifunctional (with both
absorptive and contractile properties) entodermal gastrodermis
lining the gastric cavity. The molecular mechanisms directing the
polarization of an apparently symmetrical cnidarian egg and the
segregation of the two germ layers are poorly understood', but are
critical for understanding the evolution of triploblastic, bilaterally
symmetrical animals from a presumed diploblastic, radially sym-
metrical ancestor'.

Previous studies indicate a role for the Wnt signalling pathway in
axis formation during adult asexual budding in Hydra, a derived
freshwater hydrozoan'®. However, these studies did not address the
role of Wnt signalling during embryogenesis. To determine whether
the Wnt signalling pathway functions during early embryogenesis
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Figure 1 Lithium chloride treatment of N. vectensis embryos results in the
hyperproliferation of entoderm at gastrulation. a, A normal 3-day-old planula stage
embryo consisting of an outer ectoderm (ec) and a solid ball of entodermal (en) precursors
that have entered through the position of the blastopore (asterisks in all panels).

b, A 7-day-old juvenile polyp with definitive ectodermal and entodermal germ layers.
Entoderm lines the gastric cavity and feeding tentacles (tn) are associated with the site of
gastrulation (mouth/anus). The lining of the pharynx (ph) and directive mesenteries (mes)
are ectodermal in origin. ¢, A 3-day-old planula treated with 20 mM LiCl from early
cleavage stages. The planula elongates as cells continue to enter the blastocoel during
gastrulation. d, A 7-day-old lithium-treated planula. Both ectodermal and entodermal
germ layers have formed, but the ectodermal components of the tentacles and pharynx
have failed to form at the expense of entodermal proliferation (arrows).
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Figure 2 The temporal and spatial dynamics of 3-catenin—GFP protein in live N. vectensis
embryos. mRNA coding for the fusion protein (green) was co-injected with rhodamine
dextran (red) into zygotes. All images are oriented with the future oral pole to the right.
a, ¢, eand g are fluorescentimages of the injected embryos seenin b, d, f and h showing
uniform distribution of rhodamine dextran throughout the embryo. b, Nvg-cat—GFP
protein expression is detected within an hour of injection and is uniformly expressed in the
early embryo. At approximately the 32-cell stage, Nv3-cat—GFP protein is degraded at
one pole of the embryo, but remains highly expressed at the other pole (d, f). GFP
fluorescence remains intense at the blastula stage at the pole where gastrulation will
occur, and the protein enters the nuclei of entodermal precursors (h). i, A late blastula
stage N. vectensis embryo developing from a zygote injected with Xenopus 3-catenin—
GFP chimaeric mRNA. Selective stabilization and nuclear localization of this chimaeric
protein is identical to the behaviour of Nv3-cat—GFP. j, Injection of a stabilized Xenopus
-catenin—GFP mRNA into N. vectensis zygotes results in uniform expression and nuclear
entry of the protein into all blastomeres of the developing embryos. k, I, 20 mM lithium
chloride treatment of Nv3-cat—GFP mRNA injected zygotes results in the expanded
domains of 3-catenin—GFP nuclearization, as expected by GSK-3@ inactivation, at six (k)
and eight (1) hours post injection. The arrow indicates the blastopore in .
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in cnidarians, we treated N. vectensis zygotes with lithium chloride
(LiCl), which interferes with glycogen synthase kinase-338 (GSK-
3B3)-mediated degradation of -catenin in the Wnt signalling
cascade'’. Exposing N. vectensis embryos to 10—40 mM LiCl resulted
in elongated planulae that fail to make an ectodermal pharynx
or tentacles (Fig. lc, d). Defects in these embryos were first
observed during gastrulation with a dramatic increase in entoder-
mal precursors, a classic phenomenon known as “vegetalization™"®.

The effects of lithium on gastrulation movements and germ layer
formation led us to follow the spatial and temporal dynamics of
-catenin in live N. vectensis embryos using a N. vectensis 3-catenin
(NvB-catenin):green fluorescent protein fusion protein (Nvf3-cat—
GFP). Structure-function analysis of the Nv3-catenin molecule has
shown that, although many amino- and carboxy- terminal protein—
protein interaction domains found in bilaterian $-catenins appear
to be absent, both cell adhesion and cell signalling domains are
present'®. Microinjection of in vitro synthesized Nv§-cat—-GFP
messenger RNA into fertilized N. vectensis eggs results in uniform
cytoplasmic expression of this fusion protein throughout the entire
embryo during the initial cleavage stages (Fig. 2a, b). However,
between the 16-cell and 60-cell stages degradation of Nv@3-cat—GFP
begins in approximately one-half of the embryo (Fig. 2c—f) as
detected by the loss of GFP fluorescence. By the 60-cell stage GFP
fluorescence is completely lost in approximately one-half of the
embryo, while cells in the other half retain high levels of the fusion
protein in the cytoplasm, where it clearly enters the nuclei
(Fig. 2g, h). Following GFP expression to later stages showed that
Nvf3-cat—GFP persists in cells at the future oral pole and remains in
cells that enter the blastocoel during gastrulation. Identical results
were obtained when chimaeric Xenopus -catenin-GFP mRNA*
was injected into N. vectensis embryos (Fig. 2i). Almost identical
results have been reported in sea urchin embryos®, indicating that a

Figure 3 Immunohistochemical localization of endogenous N. vectensis 3-catenin.

a, A 32-cell stage N. vectensis embryo labelled with an anti-3-catenin antibody. Intense
nuclear staining is seen in cells on one side of the embryo but not in the other. b, Oblique
view of a blastula stage N. vectensis embryo labelled with the anti-3-catenin antibody.
Nuclear staining is seen on only one side of the embryo corroborating the spatial dynamics
of the Nv3-cat—GFP chimaeric protein. ¢, Early gastrula stage embryo labelled with the
anti-B-catenin antibody. Intense staining is seen in the developing entoderm. The
asterisk marks the blastopore. d, A blastula stage embryo that was incubated with the
anti-B-catenin antibody following pre-adsorption with a purified bacterially produced
Nvg3-catenin fusion protein. No staining is seen in the embryos. Arrows point to nuclear
-catenin in a and b and cytoplasmic 3-catenin in the entoderm in c.
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similar mechanism of protein regulation may have existed in the
common ancestor to all eumetazoans.

To verify that the endogenous Nvf3-cat protein displays temporal
and spatial dynamics similar to those of Nv3-cat—GFP, we used a
cross-reactive affinity-purified anti-Xenopus 3-catenin antibody to
localize the protein in early N. vectensis embryos (see Supplemen-
tary Information). Endogenous 3-catenin protein was detected in a
subset of nuclei beginning at the 16-32-cell stages (Fig. 3a). By the
early and mid-blastula stage, approximately half the blastomeres in
the embryos have strong nuclear staining, whereas the remaining
blastomeres have little or no nuclear staining (Fig. 3b). The
blastomeres with nuclear-localized Nvf-cat at the blastula stage
appear to be cells that form entoderm as immunolocalization of
Nv@-catenin at the initial stages of gastrulation shows intense
staining in invaginating cells (Fig. 3c) as predicted from the
dynamics of Nv@3-cat—GFP (Fig. 2). Nuclear 3-catenin thus provides
the first known molecular index of axial asymmetry in N. vectensis
embryos and this nuclearization is correlated with the site of
entoderm formation and gastrulation.

One mechanism of regulating the concentration of 3-catenin in
cells is the targeting of this protein for degradation by a GSK-383-
and casein kinase-1-dependent phosphorylation of a cluster of four
residues on the amino terminus*?*. Structural analyses have shown
that this phosphorylation motif is conserved in -catenin from
humans to cnidarians'*?. To determine whether this aspect of Wnt
signalling is conserved in N. vectensis we examined the expression
and localization of an ‘activated’ form of Xenopus 3-catenin fused to
GFP, in which the GSK-33/CK-1 phosphorylation sites had been
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Figure 4 Blocking the nuclear function of 8-catenin inhibits entoderm formation in

N. vectensis. a, Injection of in vitro synthesized mRNA for sea urchin cadherin—a
molecule that binds 8-catenin and reduces its free concentration—prevents gastrulation.
Injected embryos fail to gastrulate and remain a hollow ball of cells even after 30 h.

b, Fusion of the transcriptional repression domain from the Drosophila engrailed gene to
3-catenin generates a chimaeric protein that binds DNA but does not activate
downstream targets. The injection of in vitro synthesized mRNA coding for this fusion
protein also results in the complete absence of gastrulation and entoderm formation.
¢, Control embryos showing entodermal cells (arrows) that have entered the blastocoel
through the blastopore (asterisks). The top left embryo is 10 h, the top right embryo 24 h,
and the bottom embryo is 30 h post first cleavage. d, Model indicating the possible origin
of germ layers in a diploblastic embryo. An initial signal generated by the sperm and/or
first cleavage polarizes the embryo. This initial polarization event reorganizes the
3-catenin destruction machinery, so that it either removes an inhibitor of canonical Wnt
signalling from the future oral pole (GSK?) or it localizes an activator of the pathway (Wnt?)
to the future oral pole. The stabilization of 3-catenin in one hemisphere allows the
nuclearization of the protein in cells at the site of gastrulation where it acts as a
transcriptional co-activator of specific genes necessary for entoderm specification and
gastrulation. The polar bodies mark the future oral pole.
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mutated to alanines. Embryos developing from fertilized eggs
injected with an mRNA coding for this chimaeric protein showed
GFP-mediated fluorescence in all cells of the blastula, well after it
begins to be degraded in normal embryos, and nuclear translocation
of Nv@-cat-GFP in all blastomeres (Fig. 2j). Lithium chloride
treatment of Nvf3-cat—GFP injected zygotes also has the expected
result of an expansion of the domain of 8-catenin nuclear localiza-
tion (Fig. 2k, 1). These results indicate that much of the complex
post-translational regulation of 3-catenin destabilization has been
conserved in the Metazoa.

In many animal embryos, blocking -catenin signalling results
in failure of germ layer segregation and/or disruption of gastrula-
tion>*?**. To determine whether $-catenin signalling plays a func-
tional role in early segregation of germ layers in a diploblastic
animal, we carried out a loss-of-function experiment designed to
competitively titrate -catenin from the nucleus by overexpressing
cadherin****. Embryos developing from cadherin mRNA-injected
zygotes (Fig. 4a) fail to invaginate or gastrulate even after control
animals have completed gastrulation (Fig. 4c). To verify that the
phenotype was specific to loss of 3-catenin signalling, and not a
cell adhesion defect caused by cadherin overexpression, we blocked
-catenin-dependent transcription by overexpressing a 3-catenin—
engrailed repressor-domain fusion protein that has been shown to
block B-catenin-dependent transcription®. Injection of 3-catenin-
engrailed mRNA results in embryos that have phenotypes identical
to the cadherin-overexpressing embryos, indicating that the phe-
notype is generated specifically by loss of 3-catenin signalling in
N. vectensis embryos (Fig. 4b). These data provide compelling
evidence that the downstream components of the canonical Wnt
signalling pathway are asymmetrically activated during early
embryogenesis and are used for the initial segregation of germ
layers in a basal cnidarian embryo. We do not know at present
whether this asymmetry in nuclear localization of Nv{3-catenin is
driven by Wnt signals or perhaps by asymmetries created by the
fertilizing sperm. It is of some interest that in hydrozoan embryos,
sperm can only enter the egg at the site of polar-body formation®,
which is the same pole that accumulates nuclear $-catenin in
N. vectensis and gives rise to entoderm.

Our results indicate a key role for the Wnt/@3-catenin pathway in
the evolution of axial asymmetries and entoderm formation in an
ancestor that existed before the evolution of the mesodermal germ
layer. The lack of a fixed maternal animal—vegetal axis that can serve
as a scaffold for axial patterning in cnidarians' suggests that the
initial molecular asymmetry in these embryos is achieved by a post-
fertilization reorganization of the egg cytoplasm that leads to the
selective degradation of 3-catenin at one pole, and stabilization and
subsequent nuclear accumulation in the entoderm-forming pole
(Fig. 4d). The observation that similar selective accumulation of
B-catenin at one embryonic pole also occurs in deuterostome
embryos®?’ indicates that this mechanism evolved early during
animal evolution and was recruited for generating axial polarities
during embryogenesis. We speculate that the evolution of a mecha-
nism to nuclearize 3-catenin asymmetrically during early develop-
ment was the innovation that led to the initial segregation of germ
layers from a single-layered blastula-like organism during animal
evolution. O

Methods

DNA constructs

A N. vectensis PCR fragment corresponding to amino acids 302-656 of mouse 3-catenin'’
was digested with HindIII and NotI to release an 876 base pair (bp) fragment. N. vectensis
gene-specific primer 1 (5'-TGGGCAGCTTCTGCATCGGCGTGACGGC-3") was used to
carry out 5 RACE (rapid amplification of cloned DNA ends) to obtain the 5’ end of Nv§3-
catenin (SMART RACE cDNA amplification kit, Clontech). This fragment was digested
with Kpnl and HindIII and used in a three-way ligation with the HindIIl/NotI-digested 3’
fragment and Kpnl/NotI-digested pBSKII (Stratagene). This plasmid was used as template
for Vent DNA polymerase (NEB)-mediated polymerase chain reaction (PCR) using
forward primer 5'-CGGGATCCATGGAGACACACGGTATG-3" and reverse primer
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5'-CGGGATCCGTTTCGGGAATGTAGTAGG-3' to obtain a NvB-catenin fragment
that contained the translation start site and all the armadillo repeats, but was missing the
3' transactivation domain. The PCR product was digested with BamHI, and ligated
into BamHI-digested pCS2 + vector containing the coding sequence for GFP at the
Clal/EcoRI sites to produce pCS2Nv@-cat—GFP. Fidelity of all PCR reactions was verified
by sequencing. The activated Xenopus 3-catenin—-GFP construct was made by digesting
XBC69 (ref. 22) (a gift from D. Kimelman) with Clal and EcoRI to release the six Myc tags,
and replacing it with GFP. The Lytechinus variagatus cadherin®, Xenopus 3-catenin—
engrailed” and Xenopus 3-catenin—~GFP* constructs have been previously described. All
constructs were linearized before mRNA synthesis.

Gamete handling

Fertilized eggs were dejellied with 2% cysteine in one-third strength sea water for 10 min,
and rinsed three times in one-third strength sea water in preparation for microinjection or
immunohistochemistry.

mRNA synthesis, microinjection and fluorescence microscopy
Linearized constructs were used as templates for SP6-dependent RNA transcription using
the mMessage mMachine mRNA synthesis kit from Ambion according to the vendor’s
specifications. Synthetic mRNA was prepared for microinjection as previously described?®.
mRNA was injected at a final concentration of 1.0 pg ul ™" with 0.2 pgpul ™' rhodamine
dextran in 40% glycerol under a Zeiss SV-11 fluorescent dissecting microscope. Embryos
were raised in one-third strength sea water until the desired stage, at which they were
examined under a Zeiss Axioplan compound microscope or a Zeiss 510 laser scanning
confocal microscope. Digital images were obtained with either a Zeiss Axiocam or a Nikon
Coolpix 990 digital camera.

Immunochemistry

Embryos at different stages of development were fixed in paraformaldehyde (MEMPfa)
and post-fixed with Dent’s fixative as described for Xenopus embryos®. Briefly, the
embryos were initially fixed in MEMPfa for 1 h followed by Dent’s fixative for 15 min. The
embryos were bleached for 30 min in two parts Dent’s fixative and one part 30% hydrogen
peroxide. Fixed and rinsed embryos were blocked in 5% normal donkey serum/0.05%
Tween-20 in phosphate buffered saline (PBS) at pH 7.4. Embryos were incubated in
affinity purified anti-Xenopus B-catenin antibody™ at 4 °C overnight. Embryos were then
rinsed three times in blocking buffer and incubated in horseradish peroxidase-conjugated
anti-rabbit donkey secondary antibody (Jackson ImmunoResearch). After 1h of
incubation in the secondary antibody, embryos were rinsed and the staining was
developed using DAB substrate. To verify that the primary antibody was recognizing
Nvf-catenin, it was pre-adsorbed with a bacterially produced NvB-catenin fusion protein
before incubation with embryos. Rinsed embryos were mounted in methyl salicylate and
observed using a Zeiss Axiovert 200 microscope using differential interference contrast
optics. Stained embryos were photographed using a Nikon Coolpix 995 digital camera.
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Angiotensin-converting enzyme 2
is a functional receptor for
the SARS coronavirus
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Spike (S) proteins of coronaviruses, including the coronavirus
that causes severe acute respiratory syndrome (SARS), associate
with cellular receptors to mediate infection of their target cells™>.
Here we identify a metallopeptidase, angiotensin-converting
enzyme 2 (ACE2)**, isolated from SARS coronavirus (SARS-
CoV)-permissive Vero E6 cells, that efficiently binds the S1
domain of the SARS-CoV S protein. We found that a soluble
form of ACE2, but not of the related enzyme ACEIl, blocked
association of the S1 domain with Vero E6 cells. 293T cells
transfected with ACE2, but not those transfected with
human immunodeficiency virus-1 receptors, formed multinu-
cleated syncytia with cells expressing S protein. Furthermore,
SARS-CoV replicated efficiently on ACE2-transfected but not
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mock-transfected 293T cells. Finally, anti-ACE2 but not anti-
ACE1 antibody blocked viral replication on Vero E6 cells.
Together our data indicate that ACE2 is a functional receptor
for SARS-CoV.

So far two types of coronavirus surface receptor have been
identified®. The group II coronavirus mouse hepatitis virus
(MHV) uses murine carcinoembryonic antigen-related cell
adhesion molecules (CEACAMs), members of the immunoglobulin
superfamily of receptors®. A number of group I coronaviruses, for
example human coronavirus 229E, transmissible gastroenteritis
virus and feline infectious peritonitis virus, require the zinc metallo-
protease aminopeptidase N (APN, CD13) for entry into their target
cells””. Recently, a distinct coronavirus has been identified as the
aetiological agent of SARS, an acute pulmonary syndrome charac-
terized by an atypical pneumonia that results in progressive respira-
tory failure and death in close to 10% of cases'*™". Analysis of the
SARS-CoV genome suggests that this virus does not belong to any of
the three defined coronavirus groups, and that the SARS-CoV S
protein is similarly distinct'#'®. Similar to the analogous human
immunodeficiency virus (HIV) and influenza proteins, the S
proteins of some coronaviruses—including MHV and the group
III coronavirus infectious bronchitis virus—are cleaved into two
subunits (S1 and S2) by a cellular protease in virus-producing
cells'®". The S proteins of other coronaviruses, including those of
group I and probably SARS-CoV, are not cleaved in virus-producing
cells'*'>'8, Nonetheless, S1 and S2 domains of these latter S proteins
can be identified through their homology with the SI and S2
subunits of cleaved coronavirus S proteins. The S1 domains of
all characterized coronaviruses mediate an initial high-affinity
association with their respective receptors'='.

The African green monkey kidney cell line Vero E6 permits
replication of SARS-CoV'. We first investigated whether the S1
domain of the SARS-CoV S protein could bind to Vero E6 cells.
Figure 1a demonstrates that a protein expressing residues 12-672 of
the SARS-CoV S protein, fused to the Fc domain of human
immunoglobulin-y1 (IgG1; S1-Ig), specifically recognized a moiety
present on Vero E6 cells but did not bind human kidney 293T cells.
Using this same fusion protein (Fig. 1c) or a carboxy terminally
tagged form of the S1 domain (Fig. 1b), a protein band of
approximately 110kDa could be immunoprecipitated from
metabolically labelled Vero E6 cells lysed with 0.3% n-decyl-3-D-
maltopyranoside in phosphate-buffered saline. When the immuno-
precipitated protein was incubated with PNGase F, an enzyme that
removes N-glycosylation, two bands were observed at approxi-
mately 80-85 and 100 kDa (Fig. 1c, lanes 3 and 4).

We then analysed the 110 kDa band by trypsin digestion and mass
spectrometry. Three human proteins were identified whose
sequences were consistent with the masses of tryptic fragments
obtained from this band. Two of these proteins, myosin 1b and
major vault protein, do not localize to the cell surface and are
ubiquitously expressed, therefore we did not analyse them further.
Eight independent tryptic fragments consistent with sequences
comprising 17% of the amino acid sequence of human ACE2
were also identified (Supplementary Information). Because both
the tissue distribution and subcellular localization of ACE2 are
appropriate for a receptor for SARS-CoV****, we cloned it from
complementary DNA obtained from human lung for further
analysis.

293T cells transfected with plasmid expressing ACE2, but not
those transfected with vector alone, were specifically recognized by
S1-Ig (Fig. 2a). A soluble form of ACE2, but not that of the related
enzyme ACEI, blocked the association of S1-Ig with Vero E6 cells
(Fig. 2b). Furthermore, S1-Ig immunoprecipitated a soluble form
of ACE2 (Fig. 2¢, lane 5) that was recognized by an anti-ACE2
antibody (lane 8). When the approximately 110 kDa soluble form of
ACE2 was incubated with PNGase F, an 85 kDa band was observed
(Fig. 2¢, lanes 5 and 6), indicating that the lower band observed in
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