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Abstract

Sensory-independent Ca?' spiking regulates the development of
mammalian sensory systems. In the immature cochlea, inner hair
cells (IHCs) fire spontaneous Ca>* action potentials (APs) that are
generated either intrinsically or by intercellular Ca®>" waves in
the nonsensory cells. The extent to which either or both of these
Ca?" signalling mechansims are required for IHC maturation is
unknown. We find that intrinsic Ca®" APs in IHCs, but not those
elicited by Ca®" waves, regulate the maturation and maintenance
of the stereociliary hair bundles. Using a mouse model in which
the potassium channel Kir2.1 is reversibly overexpressed in IHCs
(Kir2.1-OE), we find that IHC membrane hyperpolarization prevents
IHCs from generating intrinsic Ca** APs but not APs induced by
Ca®" waves. Absence of intrinsic Ca>" APs leads to the loss of
mechanoelectrical transduction in IHCs prior to hearing onset due
to progressive loss or fusion of stereocilia. RNA-sequencing data
show that pathways involved in morphogenesis, actin filament-
based processes, and Rho-GTPase signaling are upregulated in
Kir2.1-OE mice. By manipulating in vivo expression of Kir2.1 chan-
nels, we identify a “critical time period” during which intrinsic
Ca”" APs in IHCs regulate hair-bundle function.
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Introduction

Inner hair cells (IHCs) are the primary sensory receptors of the adult
mammalian cochlea and relay acoustic information onto type I

& Walter Marcotti*>"

spiral ganglion afferent neurons via the graded release of glutamate
from their specialized ribbon synapses (Fuchs, 2005; Moser et al,
2020). Before hearing onset, however, which in most altricial
rodents occurs at around postnatal day 12 (P12) (Mikaelian &
Ruben, 1964; Ehret, 1983; Romand, 1983), IHCs exhibit patterned
action potential activity that is elicited spontaneously in the absence
of sound-induced stimulation by the activation of Cay1.3 Ca®" chan-
nels (Marcotti et al, 2003a; Tritsch et al, 2010; Johnson et al, 2011).
This activity has been shown to drive the bursting-like firing pattern
along the neural pathway of the immature auditory system (Lippe,
1994; Jones et al, 2007; Sonntag et al, 2009; Tritsch et al, 2010). As
with other sensory systems (Katz & Shatz, 1996; Stellwagen & Shatz,
2002; Moody & Bosma, 2005; Blankenship & Feller, 2010), patterned
peripheral firing activity was identified as being critical for the
refinement of neural circuits in the brain (Clause et al, 2014, 2017;
Miiller et al, 2019; Maul et al, 2022). Additionally, Ca*'-dependent
APs in IHCs have been shown to instruct the normal functional dif-
ferentiation of the IHCs themselves (Johnson et al, 2007, 2013),
most likely via regulating gene expression (Dolmetsch et al, 1997).
However, due to the complex extracellular modulation of the intrin-
sic Ca*" action potentials in developing IHCs, the exact role of this
activity is largely unknown.

Spontaneous intrinsic Ca®" action potentials first appear in the IHCs
of the mouse cochlea at late embryonic stages (Marcotti et al, 2003a),
and their frequency and pattern are controlled by the transiently
expressed small-conductance Ca*"-activated K* current Isg, (Marcotti
et al, 2004) and the inward rectifier K" current Ix; (Marcotti et al, 1999).
The frequency and pattern of the electrical activity in IHCs are also
extrinsically evoked and modulated by the spontaneous release of ATP
from the neighboring nonsensory cells (Tritsch et al, 2010; Wang et al,
2015; Johnson et al, 2017). This complex regulation makes it difficult to
identify and separate the specific functional roles of the intrinsic and
externally driven Ca**-dependent AP activity in IHCs.

In this study, we used a mouse model in which the inward recti-
fier K" channel Kir2.1 (Yu et al, 2004) was selectively overexpressed
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in vivo in the IHCs under the control of doxycycline (DOX), lowering
their membrane potential and preventing them from firing the
intrinsic spontaneous Ca?" action potentials. These “silent” IHCs,
however, retained their ability to respond with AP activity to extrin-
sic modulation by the ATP-induced signaling from the nonsensory
cochlear cells. Our results show that prehearing IHCs require spon-
taneous intrinsic Ca*" firing to maintain the normal morphological
and biophysical characteristics of the mechanoelectrical transducer
apparatus for a period of time in the second postnatal week, before
the onset of hearing. We also found several key genes that are
upregulated in the absence of the intrinsic Ca*" action potential
activity in IHCs, several of which are involved in pathways related
to maintaining cytoskeletal homeostasis.

Results

Overexpression of Kir2.1 (Kir2.1-OE) in cochlear IHCs in vivo
prevents spontaneous firing activity

The role of spontaneous Ca®' action potential activity in IHCs,
which are spikes generated intrinsically as opposed to those induced
by Ca*" waves originating in the nonsensory cells, was investigated
by conditionally overexpressing the inwardly rectifying K channel
Kir2.1 (Kcnj2) in the IHCs, thereby hyperpolarizing their resting
membrane potential.

DOX-induced overexpression of Kir2.1 channels in the IHCs was
evident from the presence of Kir2.1 immunofluorescence in the baso-
lateral membrane of P6 (Fig EV1B) and P11 Kir2.1-OE mice
(Otof™™*/=; Kir2.1"/~: Fig 1B), but not in age-matched littermate con-
trol mice that were also exposed to DOX (Otof™™*/~; Kir2.1*/*: P6,
Fig EV1A; P9-P11, Fig 1A). OHCs and nonsensory cells surrounding
the hair cells showed no or very little overexpression of Kir2.1
(Appendix Fig S1), indicating specificity of the Otof promoter for tar-
geting the IHCs. Prehearing IHCs overexpressing Kir2.1 showed a sig-
nificantly larger inward K" current compared with control cells but
normal outward K* currents (Fig 1C-G, P9-P11). The larger inward
K" current in the IHCs from Kir2.1-OE led to a hyperpolarized shift of
the resting membrane potential (V,,) of the IHCs of about 10 mV
compared with control cells (Fig 1H). The slope conductance around
the respective resting Vi, values was also significantly increased in
IHCs from Kir2.1-OE mice compared with control littermates (Fig 11).
The overexpression of Kir2.1 in neonatal P4 mice had a similar effect
on the biophysical properties of the IHC basolateral membrane
(Fig EV1D) as that described in P9-P11 IHCs (Fig 1D). We also found
that the number of presynaptic ribbons, postsynaptic glutamate
receptors and their co-localization in prehearing IHCs was not
affected by the overexpression of Kir2.1 channels (Fig EV2A-D). In
agreement with the normal morphological profile of the synapses,
exocytosis in IHCs was not significantly different between the two
genotypes (P = 0.4709, 2-way ANOVA, Fig EV2E and F). These data
indicate that the overexpression of Kir2.1 channels is not affecting the
expression of the ion channels that are normally present in develop-
ing THCs or their ribbon synapses.

We then investigated the ability of IHCs to fire intrinsic and
induced Ca®" action potentials at near body temperature (34-37°C)
with an in vivo endolymph-like solution surrounding the IHC hair
bundles. IHC Ca*" action potentials are elicited by the opening of
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Ca?' channels that activate at around —60 mV (Marcotti et al,
2003a). During the first postnatal week, the ionic composition of the
endolymph is comparable to that of the perilymph, which contains
1.3 mM Ca*" (Wangemann & Schacht, 1996). Under these recording
conditions, spontaneous Ca*" spiking activity was recorded from P4
control IHCs (Fig 2A). The mean spike frequency of IHCs was
2.19 &+ 1.09 Hz (n = 6), and the coefficient of variation (CV) was
1.30 £ 0.63 (n = 7, duration of the recordings 45-101 s), which
being greater than one, is indicative of a bursting pattern of activity
as previously demonstrated (Johnson et al, 2011). In P4 Kir2.1-OE
mice, due to the more hyperpolarized resting V,,, IHCs do not fire
action potentials spontaneously, although they retain the ability to
do so during large depolarizing current injections (Fig 2B). During
the second postnatal week, spontaneous action potentials in IHCs
disappear when using ex vivo cochlear preparations, which is due to
a progressive hyperpolarization of the IHC resting Vy, (Marcotti
et al, 2003b) but could still be elicited by depolarizing current injec-
tions (Fig 2C, top panel). This membrane hyperpolarization is likely
to be compensated in vivo by the resting open probability of the
mechanoelectrical transducer (MET) channel (Johnson et al, 2012).
This is because in vivo the endolymphatic Ca** concentration during
the second postnatal week has been estimated to be near 0.3 mM
(Johnson et al, 2012), which will increase the open probability of
the MET channels and thus cause the IHCs to depolarize to around
the action potential threshold (Fig 2C, bottom panel; for spike fre-
quency and CV see Fig 7E). We found that the IHCs from Kir2.1-OE
mice failed to elicit spontaneous action potentials even in the esti-
mated 0.3 mM endolymphatic Ca** concentration, causing the IHCs
to remain silent at rest (Fig 2D).

IHCs are surrounded by nonsensory cells in the greater epithelial
ridge (GER, also known as Kolliker’s organ: Fig 2E). The release of
ATP from nonsensory cells of the GER leads to spatially and tempo-
rally coordinated Ca®>" waves that propagate across the epithelium
and cause IHCs to depolarize as much as 28 mV (Tritsch et al,
2010). This depolarization has been shown to produce periodic
bursts of Ca®" action potentials in IHCs (Tritsch et al, 2007, 2010;
Wang et al, 2015; Johnson et al, 2017). The frequency and duration
of the Ca®" waves in the nonsensory cells were not affected by the
overexpression of the Kir2.1 channels (Fig EV3A and B). Therefore,
we investigated whether the more hyperpolarized IHCs (by about
10 mV) from Kir2.1-OE mice retained the ability to respond to spon-
taneous Ca®" waves originating in the GER. We found that in the
presence of the estimated in vivo endolymph-like Ca*" (0.3 mM),
the Ca®" signals caused by the opening of the Ca*" channels in IHCs
followed very closely the time course of the Ca** wave originating
in the GER in both control (Fig 2F) and Kir2.1-OE (Fig 2G) P7-P9
mice. Moreover, the correlation between IHC Ca*" activity and Ca*"
waves in the nonsensory cells was unaffected in Kir2.1 mice
(Fig EV3C). This indicates that the large depolarization caused by
the extracellular input of the nonsensory cells was necessary and
sufficient to depolarize the THCs in Kir2.1-OE mice and cause the
opening of voltage-gated calcium channels.

Progressive loss of mechanoelectrical transduction in IHCs
lacking intrinsic Ca®" action potentials

MET currents were recorded from apical-coil IHCs by displacing
their hair bundles using a 50 Hz sinusoidal force stimulus from a

© 2022 The Authors
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Figure 1. Basolateral membrane properties of IHCs overexpressing Kir2.1 channels.
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Maximum intensity projections of confocal z-stacks taken from the apical cochlear region of control (A) and littermate Kir2.1 overexpressing (B, Kir2.1-OE) mice at
postnatal day 11. Inner hair cells (IHCs) were stained with antibodies against Kir2.1 (green) and the hair cell marker Myo7a (blue). At least 3 mice for each genotype
were used. Scale bars: 10 pm.

Currents from IHCs of control (C, P9) and Kir2.1-OE (D, P10) prehearing mice. Currents were elicited by using depolarizing and hyperpolarizing voltage steps, with a
nominal increment of 10 mV, from a holding potential of —84 mV. Test potentials are shown next to some of the traces. Note that the large inward rectifier Kir2.1
current is only present in the IHC of the Kir2.1-OE mouse (D). The outward current is primarily carried by a delayed rectifier current /. Iy, identifies the small

inwardly rectifying K™ current normally expressed in IHCs.

Steady-state current—voltage curves obtained from IHCs of control (P9-P11) and Kir2.1-OE (P9-P11) mice.

F, G Size of the total steady-state outward (F, /: Control 2.88 + 1.07 nA, n = &; Kir2.1-OE 2.25 &+ 0.97 nA, n = 6) and inward (G, Control, /¢;: 0.30 + 0.05 nA, n=8;
Kir2.1-OE, Ikirz1: 313 #+ 1.37 nA, n = 6) K™ currents measured at 0 mV and — 124 mV, respectively. n.s: P = 0.2836.

H Resting membrane potential (V,,,) measured in IHCs from Control (—62.6 = 3.8 mV, n =7) and Kir2.1-OE (=735 + 3.5 mV, n =5).

| Slope conductance of the current measured at around the respective resting V., (Control 1.8 & 0.4 nS, n = 8; Kir2.1-OE 25.5 + 9.6 nA, n = 6).

Data information: In panels F-I, data are shown as means =+ SD, and the single cell value recordings (open symbols) are plotted with the average data. All statistical tests
were performed using the Student’s t-test. The number of IHCs investigated is shown above the average data points (6 control and 3 Kir2.1-OE mice).

Source data are available online for this figure.

piezo-driven fluid jet (Corns et al, 2018; Carlton et al, 2021). A large
MET current was elicited in all IHCs tested from control (Fig 3A)
and Kir2.1-OE (Fig 3B) mice at P6-P7 when their stereociliary
bundles were moved towards the taller stereocilia (i.e., in the excita-
tory direction) at negative membrane potentials. By stepping the
membrane potential from —124 mV to more depolarized values in
20 mV increments, the transducer current decreased in size at first
and then reversed near 0 mV in IHCs from both genotypes (Fig 3A—
C), consistent with the nonselective permeability of MET channels
to cations. The maximal MET current at both —124 mV and +96 mV

© 2022 The Authors

was not significantly different between control and littermate Kir2.1-
OE mice (P = 0.2269 and P = 0.3620, respectively, t-test, Fig 3D).
The resting open probability of the MET channel, which is derived
from the current flowing through open transducer channels in the
absence of mechanical stimulation (arrows: Fig 3A and B), was also
not significantly different between the IHCs from the two genotypes
(—124 mV: P = 0.3766; +96 mV: P = 0.2846, Fig 3E). At P8-P9, the
size of the MET currents became more variable in the IHCs overex-
pressing the Kir2.1 channel, with some cells showing a third of the
current recorded from control mice (Fig 4A-C). Overall, the size of
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Figure 2. Kir2.1 overexpression prevents spontaneous, but not induced, Ca* action potentials in IHCs.

A, B Whole-cell recordings of Ca®" action potential activity in apical-coil IHCs from P4 control (A) and Kir2.1-OE (B) mice in the presence of 1.3 mM Ca*" in the extracel-
lular solution and at body temperature. Note that IHCs from control mice (A) fire spontaneous action potentials (40 s out of 142 s recording time), while those from
overexpressing Kir2.1 IHCs (B) require a substantial current injection to elicit any spikes. For voltage-clamp data see also Fig EV1C—I. Data in Panel AB, and
Fig EV1C-I were obtained from 8 control IHCs (7 mice) and 11 Kir2.1-OE IHCs (6 mice).

C,D Calcium action potentials in IHCs from control (C) and Kir2.1-OE (D) mice during the second postnatal week. IHC voltage responses were recorded during the appli-
cation of a solution containing 1.3 mM Ca®" (top panels) or 0.3 mM Ca?" (bottom panels). The latter Ca®* concentration (0.3 mM), which was used to mimic the
estimated in vivo Ca*" concentration in the endolymphatic compartment (Johnson et al, 2012), caused control IHCs, but not those from Kir2.1-OE mice, to elicit
spontaneous action potentials (40 s out of 56 s recording time).

E Diagram showing a cross-section of an immature organ of Corti. IHCs: inner hair cells; GER: greater epithelial ridge, which includes nonsensory cells surrounding
the IHCs. Red arrows indicate the propagation of ATP-induced Ca*" waves from the GER towards the IHCs, which leads to their depolarization (Tritsch et al, 2007;
Wang et al, 2015; Johnson et al, 2017).

F,G Representative AF/F, traces from the IHCs and GER of P7-P9 control (F) and Kir2.1-OE (G) mice in the presence of 0.3 mM Ca®’. Spontaneous ATP-dependent Ca"
waves from the GER (green traces) were eliciting coordinated Ca>" signals in the IHCs from both controls and Kir2.1-OE mice. For each genotype, two separate sets
of recordings from 2 mice are shown (top and bottom right), with the top traces being linked to the images on the left: before [1], during [2] and after [3]) the gen-
eration of a large Ca*” wave from the GER. For details about the frequency and duration of the Ca®" waves, and the number of mice and recordings see Fig EV3. All
recordings were obtained at body temperature. Traces are computed as pixel averages of regions of interest centred on IHCs.

Source data are available online for this figure.
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Figure 3. Mechanoelectrical transduction in Kir2.1 overexpressing IHCs is normal during the first postnatal week.

A, B Saturating MET currents recorded from apical IHCs of P6 control (A) and Kir2.1-OE (B) mice in response to 50 Hz sinusoidal force stimuli to the hair bundles at
membrane potentials of —124 and +96 mV. Driver voltage (DV) stimuli to the fluid jet are shown above the traces, with positive deflections of the DV being excita-
tory. The arrows indicate the closure of the transducer channel in response to inhibitory bundle stimuli at —124 and +96 mV.

C Peak-to-peak MET current-voltage curves from P6-P7 apical-coil IHCs of 7 control (12 IHCs) and 3 littermate Kir2.1-OE mice (7 IHCs). Recordings were obtained by
mechanically stimulating the hair bundles of IHCs at the same time as stepping their membrane potential from —124 mV to +96 mV in 20 mV increments. The

two sets of data are not significantly different: P = 0.6320, 2-way ANOVA.

D Maximum size of the MET current recorded at —124 mV (left panel) and +96 mV (right panel) in IHCs from both genotypes.

E Resting open probability (Popen) of the MET current in IHCs from the two genotypes measured at —124 mV (left) and +96 mV (right). The resting open probability
was calculated by dividing the resting MET current (the difference between the current level before the stimulus, indicated by the dashed line, and the current level
at the negative phase of the stimulus when all channels are closed) by the maximum peak-to-peak MET current.

Data information: All comparisons in panels D and E are not significantly different between the two genotypes (D: —124 mV: P = 0.2269; +96 mV: P = 0.3620;
E: —124 mV: P = 0.3766; +96 mV: P = 0.2846, t-test). In panels C-E, data are shown as means + SD, and the single cell value recordings (open symbols) are plotted
behind the average data. The number of IHCs investigated is shown above the averaged data points from 7 control and 3 Kir2.1-OE mice.

Source data are available online for this figure.

the MET current was significantly reduced (—124 mV: P < 0.0001;
+96 mV: P = 0.0003, Fig 4D) and the resting open probability
increased (—124 mV: P = 0.0080; +96 mV: P = 0.0130, Fig 4E) in
IHCs from Kir2.1-OE mice compared with controls. Since an
increased resting open probability of the MET channel could be
associated with changes, specifically a reduction, in the free Ca*"
inside the stereocilia, we tested this possibility by changing the
intracellular Ca®* buffering capacity by using different concentra-
tions of the fast Ca*" chelator BAPTA. Increasing the intracellular
BAPTA from 0.1 to 5 mM significantly augmented the resting open
probability of the MET channel in IHCs from both genotypes,
although at both BAPTA concentrations it was significantly higher
in the THCs of Kir2.1-OE mice (Fig EV4). This indicates that in the
absence of spontaneous intrinsic firing activity in the IHCs of Kir2.1-
OE mice, the MET channels are likely to have a reduced Ca*" sensi-
tivity during the second postnatal week. By P10-P11, we found that
the MET current in the IHCs of Kir2.1-OE mice was very small or

© 2022 The Authors

absent (Fig 4F-I). At this stage, IHCs from P10-P11 Kir2.1-OE mice
also failed to load with the styryl dye FM1-43 (Fig 4J), which is a
permeant blocker of the hair cell MET channel and functions as an
optical readout for the presence of the resting MET current (Gale
et al, 2001).

IHCs from Kir2.1-OE mice undergo progressive loss and fusion of
the stereocilia

We investigated whether the rapid reduction in the MET current
was caused by defects in the growth and/or maintenance of the
stereociliary bundles in IHCs. Using scanning electron microscopy
we found that the hair bundles of the IHCs from Kir2.1-OE mice
were able to develop a staircase structure composed of rows of
stereocilia that were indistinguishable from those present in control
cells (arrows: Fig 5A and B). This is consistent with the presence of
a normal MET current at least up to the end of the first postnatal
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week (Fig 3). However, from about P9 onwards, IHCs from Kir2.1-
OE mice started to lose the shorter third row of stereocilia (Fig 5B).
A few IHCs also started to exhibit stereocilia fusion, which became
more pronounced at older ages. By P26, none of the IHCs in the
Kir2.1-OE mice showed normal-looking bundles, which instead
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exhibited profound stereocilia fusion (Fig 5C and D). Kir2.1'/~ mice
that were not crossed with Otof™™*/~ mice showed normal hair-
bundle development when treated with DOX, highlighting the speci-
ficity of the Kir2.1-OE strategy (Fig EVS). These data indicate that

spontaneous Ca®’ actions potential activity during the second
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Figure 4. Rapid disappearance of the MET current in Kir2.1 overexpressing IHCs during the second postnatal week.

A, B Saturating MET currents recorded from apical IHCs of P8 control (A) and Kir2.1-OE (B) mice. IHC hair bundles were stimulated as described in Fig 3.
C Peak-to-peak MET current-voltage curves from P8-P9 apical-coil IHCs of 12 control (17 IHCs) and 13 littermates Kir2.1-OE mice (24 IHCs). The two sets of data are

significantly different: P < 0.0001, 2-way ANOVA.

D The maximum size of the MET current measured in IHCs at —124 mV (left panel) and +96 mV (right panel) from Kir2.1-OE mice was significantly reduced compared

to that of control cells.

E The resting open probability (Popen) of the MET current in IHCs was significantly increased in Kir2.1-OE compared with control cells at both —124 mV (left) and

+96 mV (right).

F, G Saturating MET currents recorded from apical IHCs of control (F, P10) and Kir2.1-OE (G, P11) mice. IHC hair bundles were stimulated as described in Fig 3.
Peak-to-peak MET current—voltage curves from P10-P11 apical-coil IHCs of 13 control (16 IHCs) and 4 littermate Kir2.1-OE mice (9 IHCs). The two sets of data are

significantly different: P < 0.0001, 2-way ANOVA.

| The maximum size of the MET current measured in IHCs at —124 mV (left panel) and +96 mV (right panel) from Kir2.1-OE mice is significantly reduced compared

to that of control cells.

J Example of FM1-43 uptake by IHCs from P11 control (top) and Kir2.1-OE (bottom) mice, showing the lack of fluorescence labeling in the latter, which is an indica-
tion of the lack of MET channels open at rest at this stage in the IHCs overexpressing the Kir2.1 channels. At least 3 mice for each genotype were used.

Data information: In panels D, E, |, data are shown as means + SD, and the single cell value recordings (open symbols) are plotted with the average data. The number of
IHCs investigated is shown above the average data points from 12 control and 13 littermates Kir2.1-OE mice (panels D and E) and 13 control and 4 littermate Kir2.1-OE
mice (panel I). Statistical tests in panels D, E, | was done using the t-test. The * defines the presence of statistical significance, with the P-value shown above the data.

Source data are available online for this figure.

postnatal week is required for the maintenance of the stereociliary
bundles in the mature IHCs.

Localization of bundle proteins is not affected in Kir2.1-OE mice

To establish whether the progressive loss and fusion of the stere-
ocilia were linked to the mislocalization of some of the key proteins
expressed in the hair bundles, we performed immunostaining exper-
iments on both genotypes. Stereocilia fusion has previously been
documented in hair cells from mice lacking Myo6, the gene encoding
for the (F-actin) minus end-directed unconventional myosin 6 (Self
et al, 1999). We found that MYOSIN VI was expressed in the stere-
ocilia of the IHCs from both control and littermate Kir2.1-OE mice
(Fig 6A and C). The disorganized hair bundle of the IHCs from
Kir2.1-OE mice also showed a normal distribution at the tip of the
taller rows of stereocilia of EPS8, MYOSIN XV-isoform 1 and
WHIRLIN (Fig 6B and D); key proteins required for growth and
maintenance of stereocilia (Belyantseva et al, 2005; Delprat et al,
2005; Manor et al, 2011; Zampini et al, 2011).

IHC action potentials exert their developmental role in
stereocilia maintenance during a critical period

Next, we tested whether Ca®" action potential activity in IHCs was
regulating hair-bundle maintenance during a specific time window
or “critical period” of prehearing development. This was achieved
by downregulating Kir2.1-OE in vivo by removing DOX from the
drinking water at a specific developmental time point. Considering
that the hair bundles of the IHCs in Kir2.1-OE mice were able <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>