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The neurogenic protein Drosophila big brain (BIB), which is involved in the process of neuroblast determination,
and the water channel aquaporin-1 (AQP1) are among a subset of the major intrinsic protein (MIP) channels
that have been found to show gated monovalent cation channel activity. A glutamate residue in the first trans-
membrane (M1) domain is conserved throughout the MIP family. Mutation of this residue to asparagine in BIB
(E71N) knocks out ion channel activity, and when coexpressed with BIB wild-type as shown here generates a
dominant-negative effect on ion channel function, measured in the Xenopus oocyte expression system using two-
electrode voltage clamp. cRNAs for wild-type and mutant BIB or AQP1 channels were injected individually or
as mixtures. The magnitude of the BIB ionic conductance response was greatly reduced by coexpression of the
mutant E71N subunit, suggesting a dominant-negative mechanism of action. The analogous mutation in AQP1
(E17N) did not impair ion channel activation by cGMP, but did knock out water channel function, although not
via a dominant-negative effect. This contrast in sensitivity between BIB and AQP1 to mutation of the M1
glutamate suggests the possibility of interesting structural differences in the molecular basis of the ion permeation
between these two classes of channels. The dominant-negative construct of BIB could be a tool for testing a
role for BIB ion channels during nervous system development in Drosophila.
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INTRODUCTION in oocytes mediates a nonselective monovalent cation
channel conductance that is activated in response to
endogenous signaling pathways in the oocytes, showsThe mammalian aquaporin-1 (AQP1) and the Dro-

sophila big brain (BIB) channels are members of a tyrosine phosphorylation, and is modulated by phar-
macological agents that alter tyrosine kinase signal-broad aquaporin-related family known as the major

intrinsic protein (MIP) family represented throughout ing, without any appreciable water channel activity
(31). These data suggested a role for membrane depo-the kingdoms of life (22). BIB serves a novel role,

not as a water channel, but in contributing to develop- larization in the neurogenic function of BIB in early
development, but genetic or pharmacological toolsmental cell interactions in Drosophila that govern the

choice between neuroblast and epidermoblast fate by for testing this hypothesis are lacking.
While most aquaporins are known as pores for wa-a process of lateral inhibition (6,20). BIB expressed
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ter, AQP1 and BIB are among a subset of aquaporin- Drosophila to study the synaptic morphological con-
sequences of enhanced motoneuron excitability (17)related channels that have been shown to mediate a

gated ion channel function (36). Each subunit of the and in other studies (14,23,30). In the absence of se-
lective high-affinity pharmacological agents for theAQP1 tetramer contains a pore allowing passage of

water (1). However, tetrameric assembly is needed to aquaporin ion channels, the identification of domi-
nant-negative constructs will be valuable for extend-express water channel function (10). A gated mono-

valent cation channel activity for AQP1 (2) has been ing work from the expression system studies to in-
vestigating the physiological roles of aquaporinproposed to reside in the central pore of the tetramer,

lined by residues contributed by the second and fifth functions in vivo.
transmembrane domains (35,37) and is suggested to
serve a regulatory role in transmembrane fluid secre-

MATERIALS AND METHODStion in choroid plexus (4). The location of the ion
channel pore in BIB is not known; however, results Oocyte Preparation and Injection
of site-directed mutagenesis reported here suggest in-

Stage V–VI oocytes were removed from anesthe-teresting differences in the sensitivity of the ionic
tized adult female Xenopus laevis by partial ovariec-conductance of AQP1 compared with BIB for mu-
tomy and defolliculated as described previously (2).tations at a conserved position in the first trans-
On the following day, prepared oocytes were injectedmembrane domain, and could indicate structural
with 50 nl of sterile water (control oocytes) or withdifferences in the channel design of possible ion con-
50 nl of sterile water containing cRNAs for wild-typeduction pathways.
or mutant Drosophila BIB, or wild-type or mutantThe MIP channel family carries a characteristic
human AQP1, at 1 to 20 ng each or as a mixture (aspair of signature motifs (asparagine-proline-alanine;
specified in text) and were incubated for 2 or moreNPA) located in the first cytoplasmic loop (loop B)
days at 18°C in ND96 culture medium (96 mM NaCl,and the third extracellular loop (loop E) that form
2 mM KCl, 1.8 mM CaCl2, 1 mM MgCl2, 5 mMthe intrasubunit pores (10). In addition, a glutamate
HEPES, 2.5 mM pyruvic acid, 100 U/ml penicillin,residue in the first transmembrane (M1) domain is
and 100 µg/ml streptomycin, pH 7.6) to allow proteinconserved throughout the MIP family (22). The first
expression before recording. Cloned Drosophila mel-test of a functional role for the M1 glutamate was
anogaster BIB cDNA was provided by L. and Y. N.carried out for BIB; mutation to aspartate (E71D) cre-
Jan (University of California, San Francisco) (20);ated a gain-of-function block by magnesium (32).
cloned human AQP1 cDNA was provided by P. AgreMutation of this residue to asparagine (E71N) abol-
(Duke University) (18).ished the BIB ionic conductance without preventing

protein targeting to the plasma membrane (31). These
Molecular Methodsresults prompted the idea that the E71N mutation

could be tested for a dominant-negative effect on BIB Wild-type BIB cDNA previously was subcloned
into the Xenopus β-globin expression vector (pXβ-ion channel function. The analogous mutation in the

M1 glutamate of AQP1 (E17N) was tested in paral- Gev) and modified by addition of an amino-terminal
hemagglutanin (HA) epitope tag that did not interferelel; the differences in outcome are intriguing, and

suggest structural differences in the ion permeation with channel expression or function (31). The HA-
tagged BIB construct is referred to here as BIB wild-pathways in these two classes of channels.

Crystal structural analyses of several aquaporins type, and was used as the template for site-directed
mutagenesis of glutamate (E) to asparagine (N) at po-have shown they assemble as tetramers of homomeric

subunits each with six transmembrane domains and sition 71 (referenced to the original nontagged Dro-
sophila melanogaster BIB sequence, accession num-intracellular amino and carboxyl terminal domains

(8,28) in a pattern broadly reminiscent of other chan- ber X53275) using the Stratagene QuikChange kit
(Stratagene, La Jolla, CA). The BIB E71N constructnels (9). Inherited mutations in ion channels give rise

to diverse array of channelopathy diseases, some of was sequenced in full to verify absence of back-
ground mutations. BIB cDNA was linearized withwhich are attributed to a dominant-negative effect;

that is, incorporation of a mutant subunit into a com- SpeI and transcribed in vitro with T3 RNA polymer-
ase. AQP1 in the Xenopus β-globin expression vectorplex of otherwise wild type subunits knocks down

the expression, targeting, or function of the channel was modified by site-directed mutagenesis to create
AQP1 E17N (accession number NM_198098) at thecomplex (13). Such mutant constructs have been used

as tools for the targeted molecular knockdown of spe- equivalent glutamate residue, and sequenced for con-
firmation. AQP1 cDNA was linearized with BamHIcific subtypes of proteins in cells and systems, for

example, as was done with the Shaker K+ channel in and transcribed with T3 RNA polymerase.
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Electrophysiological Recordings frozen in O.C.T. Compound (Electron Microscopy
Sciences, Hatfield, PA), fixed in 4% paraformalde-Two-electrode voltage clamp recordings were per-
hyde for 2–3 h at 4°C, rinsed several times in salineformed at room temperature with electrodes (0.6–3
sodium citrate (SSC: 300 mM sodium chloride; 20MΩ) filled with 3 M KCl. Data were recorded with
mM sodium citrate), and then rinsed in 100 mM gly-a GeneClamp 500 (Axon Instruments, Foster City,
cine. Permeabilization using 0.1% Triton X-100 (inCA), filtered at 2 kHz and analyzed with pClamp
SSC, for 1 h) was followed by overnight incubationsoftware (Axon Instruments). Secondary data analy-
at 4°C with monoclonal rat anti-HA antibody (0.5 µg/ses and statistical tests were done with Kaleidagraph
ml; clone 3F10, Roche) that detects HA-tagged wild-4.0 (Synergy Software, Reading, PA). Standard bath
type and mutant BIB, or with polyclonal rabbit anti-saline contained (in mM): 100 NaCl, 5.0 MgCl2, and
AQP1 antibody at 1:500 dilution (27) that detects the5 HEPES, pH 7.3. For BIB, channel activation was
carboxyl terminal domain of wild-type and mutantmonitored as a function of time after prick initiation
AQP1. Antibodies were diluted in SSC buffer withof oocyte signaling by brief sweeps of voltage steps
2% goat serum, 1% bovine serum albumin, 0.1% Tri-repeated every 6 s from a holding potential of −40
ton X-100, and 0.02% sodium azide. Oocytes weremV. The endogenous signaling pathway in oocytes is
washed at room temperature in SSC with 0.1% Tritontriggered by electrode insertion (pricking) and in-
X-100 for 1 h, followed by a 1-h incubation withvolves tyrosine kinase signaling cascades as de-
FITC-conjugated goat anti-rat antibody (1 µg/ml;scribed previously (31), an effect that is consistent
Zymed) or FITC-conjugated goat anti-rabbit antibodywith other studies of prick activation of signaling
(30 µg/ml; Jackson) in buffer. Oocytes were rinsedpathways in oocytes. The ionic current activated in
for 1 h and imaged with a 10× objective on a NikonBIB-expressing oocytes is a nonselective monovalent
(Tokyo, Japan) PCM 2000 laser scanning confocalcation conductance that is not seen in control oocytes
microscope. Control and experimental oocytes were(31), and was confirmed to be due to BIB and not
prepared in parallel and imaged with identical expo-another endogenous channel pulled along in the pro-
sure parameters after confirming exposure settingstein synthetic process by identification of a single site
that produced images that were in a subsaturatingmutation that created sensitivity to block by extracel-
range for the strongest signal seen across all sampleslular Mg2+ (32). For AQP1, channel activation was
in the set. Images were grouped into an ensemblemonitored with the same voltage protocol, after appli-
montage and minimally processed as a group to con-cation of the nitric oxide donor sodium nitroprusside
vert to grayscale and invert to a light field back-(SNP), which stimulates endogenous soluble guanyl-
ground before analyzing. Semiquantitative analysesate cyclase. The SNP dose (final 0.5–4 mM) applied
of signal intensities from confocal digital imagesas a bolus in bath saline was adjusted empirically for
were done using ImageJ software for Mac OSX (Scioneach batch of oocytes to provide activation of AQP1-
Image) to estimate signal intensity at the plasmaexpressing oocytes without appreciable effects on
membrane, compared with equivalent areas of adja-control oocytes. Batches with high levels of endoge-
cent regions outside the membrane used to determinenous channel activation were not used.
background, for estimation of the general relative ra-
tios of protein expression of mutant and wild-typeSwelling Assays
BIB. These calculations were not used to suggest any

Oocytes were placed in 50% hypotonic saline (50 specific subunit stoichiometry, but to allow an ap-
mM NaCl, 5 mM MgCl2, 5 mM HEPES, pH 7.3) at proximation that the level of expression of the BIB
time zero, and images were captured every 2 s for 60 mutant subunit was less than that of the wild-type
s with a Cohu video camera and frame capture sys- subunit in conditions achieving knockdown of the ion
tem (Scion Image). Cross-sectional area was used to channel function.
calculate the increase in size as a function of time,
standardized to area of the oocyte in the initial frame
at time zero. Swelling rates were determined from the

RESULTSslope of the linear fit of the swelling response, and
standardized to the mean swelling rate of the wild- Alignment of the complete N-terminus of AQP1
type in the same batch of oocytes. Control oocytes and the proximal segment of the BIB N-terminus
show no appreciable swelling over 5 min or more. (Fig. 1) illustrates a general homology in amino acid

sequence. At the N-terminal side of the first trans-
Immunofluorescence Labeling of Intact Oocytes membrane domain (M1), the glutamate residue (17 in

AQP1, and 71 in BIB) is conserved across the broadTwo to 3 days after cRNA injections, intact oocytes
not subjected to ion channel stimulation were flash aquaporin-related family of MIP (22). Mutation of
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bovine
AQP1

Figure 1. Amino acid sequence homology and location of the conserved glutamate residue of the first transmembrane domain in AQP1 and
BIB channels. (a) Alignment of the amino acid sequences of the N terminal and initial first transmembrane domains. The initial 54 amino
acids of BIB are not shown. The conserved glutamate (E) highlighted in bold type is at residue 17 in AQP1 and 71 in BIB (double vertical
line). Single vertical lines show amino acid identity; dotted lines show amino acid homology. (b) Diagram of a subunit highlighting the
positions of the E17 residue and the first signature NPA motif in loop B, generated from public domain structural information (NCBI
Molecular Modeling DataBase; MMDB #18789) contributed for bovine AQP1 (28). Asterisk: water pore; arrowhead: proposed ion pore. (c)
Cartoon of the general transmembrane topology of an aquaporin subunit, showing the six transmembrane domains (M1–M6) and the
conserved glutamate in M1 and asparagine-proline-alanine (NPA) motifs in loops B and E.

the BIB M1 glutamate residue to asparagine (E71N) pression of BIB E71N with wild-type causes a signif-
icant dose-dependent block of ionic conductance, andwas shown to disrupt ion channel activation com-

pared with BIB wild-type, when expressed at equiva- that the expression of the mutant BIB channel alone
does not confer any ion channel function, remaininglent membrane protein levels in oocytes (31). The M1

glutamate residue is visualized in the crystal structure indistinguishable from controls. In contrast, AQP1
E17N expressed as a homomeric channel shows aof AQP1 [bovine AQP1; MMDB #18789 (28)] as

projecting inward towards the individual subunit pore SNP-induced ionic conductance that correlates in
magnitude with the amount of cRNA injected, andpathway, while residues lining the putative central

pore of the tetramer are thought to be located in trans- does not interfere with the conductance of coex-
pressed wild-type AQP1 channels.membrane domains 2 and 5 (37).

Coexpression of BIB E71N with wild-type BIB re- Confocal immunocytochemistry confirmed that the
BIB E71N subunit (carrying an epitope tag identicalsulted in impairment of ion channel activity (Fig. 2a),

with the magnitude of the knockdown effect corre- to that of wild-type) was expressed in the oocyte
plasma membrane (Fig. 4), although an approxi-lated to the proportion of mutant cRNA in the injec-

tion mixture (Fig. 3). BIB channels are activated in mately 10-fold greater amount of cRNA injection
was needed to achieve a level of protein signal inten-Xenopus oocytes by endogenous signaling pathways

involving tyrosine kinase activity, as characterized sity that was similar to that of wild-type BIB. Thus,
an injection ratio of 10 ng wild-type with 10 ng E71Npreviously (31). cGMP is an intracellular trigger for

AQP1 ion channel activation (2,3). Injection of BIB cRNA would be expected to yield strong expres-
sion of wild-type BIB subunits with a minority ofcRNA for AQP1 E17N at levels giving expression

comparable to that of wild-type AQP1 showed no im- BIB mutant subunits, yet the combination produced
an effective knockdown of the magnitude of the ionicpairment of ion channel activation in response to in-

creased cGMP, induced by application of the nitric conductance, compared with the amplitude of the re-
sponse seen in oocytes injected with the same con-oxide donor sodium nitroprusside (Fig. 2b). The ap-

proximately linear or weakly voltage-sensitive cur- centration of cRNA for the BIB wild-type alone (Fig.
3, top panel). These results suggest incorporation ofrent–voltage relationships, and the observed reversal

potentials at a value expected for a nonselective cat- mutant subunits into the tetramer exerts a dominant-
negative effect in suppressing ion channel function.ionic conductance (Fig. 2c), are properties consistent

with the characteristics of BIB and AQP1 channels Because the individual subunit pathways subserve
water channel activity in AQP1 (19,29), we assesseddescribed previously (31,34).

Summary histograms (Fig. 3) compiled for data whether the E17N mutation in AQP1 influenced os-
motic water permeability (Fig. 5). As in BIB, the mu-from multiple batches of oocytes show that the coex-
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tation of the M1 glutamate in AQP1 decreased the of BIB in nervous system development. In Drosoph-
ila, loss-of-function mutations in the big brain geneefficiency of protein expression in the membrane. Us-

ing immunocytochemistry and confocal imaging, we cause a neurogenic phenotype, similar to mutations
in genes such as Notch and Delta that cause effectsdetermined that injection of 20 ng of cRNA for

AQP1 E17N yielded a signal intensity for membrane classified by a loss of lateral inhibition and an over-
production of neuroblasts (12,21). A proposed ionprotein similar to that seen for wild-type AQP1 in-

jected at 1 ng per oocyte (Fig. 5). It is interesting that channel function for BIB, prompted by sequence
comparisons with other channels (20), was confirmedthe oocytes expressing AQP1 E17N (20 ng) failed to

show osmotic water flux, remaining at a level not by demonstration that BIB is a tyrosine-kinase-sensi-
tive monovalent cation channel when expressed insignificantly different from control. Coexpression of

AQP1 wild-type and E17N (co-injected at 1 and 20 Xenopus oocytes (31) that shows voltage-dependent
block by external divalent cations (32). In the devel-ng, respectively) significantly decreased osmotic wa-

ter permeability compared with AQP1 wild-type alone oping Drosophila embryo, BIB is expressed in cells
within proneural cell clusters, and mediates a lateral(1 ng), but did not show a dominant-negative sup-

pression of the wild-type water channel function. inhibition signal that suppresses neuroblast formation
and promotes the alternative epidermoblast fate (6).While the E17N mutation does not appear to grossly

compromise ion channel function in AQP1, the water Future work using expression of the dominant-nega-
tive construct of BIB in developing Drosophila em-channel activity of the individual subunit pore is disa-

bled by the mutation. bryos will be of interest for testing the hypothesis
that the ion channel function of BIB is involved in
lateral inhibition and cell fate determination during

DISCUSSION
neurogenesis.

Loss-of-function mutations of BIB result in over-Work presented here is the first to characterize a
mutation of BIB that exerts a dominant-negative sup- growth of the fly nervous system at the expense of

epidermis, approximately doubling the number ofpression of its ion channel activity, and the first to
suggest that a mutation in AQP1 can be used to dis- neuronal precursors and progeny in the embryonic

peripheral nervous system (21). Genetic studies showedable water channel function while leaving the ion
channel function intact. The mechanism of BIB sig- that BIB does not fit into an interacting cascade but

plays a parallel role in cell–cell communication thatnaling in the fly is unknown. Our data suggest the
dominant-negative construct as a possible genetic is synergistic with the function of other neurogenic

genes such as Notch and Delta (6). BIB, expressed intool for in vivo dissection of the mechanism of action

Figure 2. Ionic conductances of wild-type and mutant BIB and AQP1 expressed in Xenopus oocytes and recorded by voltage clamp. (a)
Oocytes injected with BIB wild-type (10 ng cRNA) show activation of an ionic current over 10 min following prick stimulation of the
oocyte. The mutant E71N alone (10 ng cRNA) does not show an ionic conductance response; coexpression with wild-type effectively
suppresses the wild-type function. (b) Oocytes injected with AQP1 wild-type (1 ng cRNA) show an ionic current activated by 7–10 min
after application of sodium nitroprusside (1 mM). The response is not impaired by coexpression with the AQP1 E17N mutant (1 ng cRNA).
Control oocytes from the same batch show no conductance response to SNP in the same treatment condition. (c) Plots of current–voltage
relationships for the same data shown in (a) and (b) illustrate the relatively linear current–voltage relationships and reversal potential
consistent with a nonselective cation conductance.
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ized in Xenopus oocytes, AQP0 mutations of gluta-
mate to glycine at position 134 (E134G), or threonine
to arginine at 138 (T138R), cause a loss of water
channel activity when coexpressed with wild-type,
thought to be due to impaired trafficking to the
plasma membrane (7). Mutation of AQP1 from ala-
nine to methionine at position 73 (A73M) results in
a nonfunctional channel when coexpressed with wild-
type, suppressing water channel activity by an un-
known mechanism (16). AQP2 channels couple vaso-
pressin (antidiuretic hormone) signaling to an increase
in water reabsorption in kidney. Inherited frameshift
mutations in the carboxyl terminal domain of AQP2
cause a nonsense extension of the amino acid se-
quence, associated with autosomal dominant nephro-
genic diabetes insipidus. In Xenopus oocytes, surface
expression of the mutant AQP2 channel is reduced

Figure 3. Summary histogram of mean conductance values for
wild-type and mutant BIB and AQP1, and the results of coexpres-
sion of wild-type and mutant. Amounts of cRNA injected are indi-
cated in parentheses (ng). Final conductances were measured at
8–10 min after stimulation by the channel-appropriate mechanism,
and calculated from the linear slope of the current–voltage rela-
tionship from −40 to +40 mV. Raw data are compiled as mean ±
SE; n values in italics above the x-axis. Significant differences
from the respective wild-type groups were assessed by ANOVA
and post-hoc Student’s t-test (unpaired data with unequal variance)
for *p < 0.05 and **p < 0.005. NS, not significant.

regions that give rise to neural precursors, is concen-
trated in apical adherens junctions in the plasma
membrane and in small cytoplasmic vesicles. The ac-
tivity of BIB is required in epidermal precursors to
prevent neural development, supporting the proposal
that BIB is a channel protein that serves a necessary

Figure 4. Confocal images of oocytes expressing BIB wild-type
function in the response of these precursor cells to and mutant channels. Oocytes with BIB wild-type and mutant at 1

and 10 ng and control were all handled in parallel and imagedthe lateral inhibition signal (6).
under identical conditions, using antibody against the HA epitopeDominant-negative mutations have been demon-
tag. The image for the oocyte with BIB at 20 ng was from a sepa-

strated previously for classes of aquaporin channels rate preparation, and not used in the semiquantitative analysis of
signal intensity (see Materials and Methods for details). BIB isincluding AQP0, AQP1, AQP2, and AQP4. Muta-
expressed predominantly in the vegetal hemisphere of the oocytetions in AQP0 are associated with dominantly inher-
(v) and is not apparent in the animal hemisphere (a) as illustrated

ited cataracts; the clinical features of the opacities in in the top left panel capturing two oocytes in the same field of
view.the crystalline lens of eye vary by family. Character-
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Figure 5. Osmotic water permeability of the AQP1 E17N mutant channel, and the effects of coexpression with wild-type AQP1. (A)
Summary histogram of the osmotic water permeability of oocytes expressing wild-type AQP1 (1 ng cRNA), the lack of water channel
activity in the mutant E17N (20 ng cRNA), and the moderately inhibitory effect of mutant when coexpressed with wild-type. Data are mean ±
SE; n values in italics above the x-axis. Significant differences from the AQP1 wild-type were assessed by ANOVA and post-hoc Student’s
t-tests (unpaired data with unequal variance) for *p < 0.01 and **p < 0.001. #, not significantly different from control. (B) Confocal images
of oocytes expressing wild-type and mutant AQP1 channels, illustrating that comparable levels of protein were expressed in the oocyte
membrane using 1 ng of wild-type or 20 ng of the E17N mutant. Panels (a)–(c) show images from oocytes prepared and imaged under
identical conditions; panel (d) is from a longer exposure image to show the low level of background.

compared to wild-type, suggesting the loss is in part of glutamate in the first transmembrane domain M1
is intriguing. Mutation of E71 in BIB impairs iona defect in trafficking; heteromeric channel assembly

of wild-type and mutant subunits results in reduced channel function, whereas the equivalent mutation in
AQP1 at E17 does not prevent ion channel activity.water permeability via a dominant-negative effect

(11). AQP2 subunits carrying a partial deletion of the The differential effects of mutation on BIB and
AQP1 might offer insights into the structural basis ofcarboxyl terminal show a dominant-negative effect in

recombinant knock-in mice, and impairment of nor- ion permeation in these classes of channels. The cen-
tral pore in AQP1, lined by transmembrane domainsmal apical sorting of AQP2 even under conditions of

dehydration (25). However, wild-type channels can M2 and M5, has been suggested as the site of gated
ion permeation (35,37). In contrast, ion channel activ-also show nonapical targeting after chronic treatment

with vasopressin for an extended period (5). AQP4 ity in another aquaporin, AQP6, has been suggested
to involve flux through the individual subunit poressubunits with a double mutation to proline at leucine

246 and tyrosine 247 (L246P + Y247P) cause a dom- (33), though AQP6 channel function also is influ-
enced by mutation of asparagine 60 predicted to beinant-negative effect on AQP4-mediated transcellular

water flow in rodent liver cholangiocyte cells (26). located at the crossing point of M2 and M5 (15), so
a central pore contribution cannot be entirely ruled out.AQP4 subunits with mutations to tryptophan at gly-

cine 72 (G72W) or alanine 188 (A188W) are targeted One explanation of the results for the difference
between BIB and AQP1 is that the glutamate residueto oocyte plasma membrane as shown by immunoflu-

orescence, but do not mediate appreciable water flux. in M1 indirectly stabilizes a putative pore structure at
the center of the tetramer in both BIB and AQP1,Coexpression with wild-type causes a dominant-

negative effect, suggesting the individual water chan- but that the structural consequence of the mutation in
AQP1 is less severe. Alternatively, it is conceivablenels located in each subunit do not function autono-

mously, but are affected by interactions with other that BIB might differ from AQP1 by utilizing indi-
vidual subunit pores for ion permeation. This wouldmonomers in the tetramer (24).

The difference between BIB and AQP1 with re- be consistent with the observation that the water
channel function in AQP1 E17N is impaired, becausespect to sensitivity to a dominant-negative influence
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this residue appears from crystal structure to project the molecular nature of the pores and barriers for ion
permeation in aquaporin channels and the develop-inward in the individual subunits towards the water

pore domains. If BIB carries ion current through indi- ment of dominant negative constructs will be of inter-
est in expanding our knowledge of this ancient andvidual subunit pores rather than a central pore, why

wouldn’t the subunits function independently of one multifunctional family of membrane proteins.
another, in contrast to the observed dominant nega-
tive effect? The idea that individual subunit pores
could be sensitive to a dominant negative influence ACKNOWLEDGMENTS
from the tetrameric composition has precedent from
studies of AQP1 and AQP4 water channel function Thanks to D. Bitner, K. Louie and A. Marble for

technical assistance, and to S. Srinivasan for assis-(16,24), in which certain mutations can impact the
water channel function of wild-type subunits incorpo- tance with pilot studies. Supported by NIH R01

GM059986.rated in the tetrameric complex. Characterization of
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