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Abstract

Inositol 1,4,5-trisphosphate (InsP3) receptors are calcium-release channels found in the
endoplasmic/sarcoplasmic reticulum (ER/SR) membrane of diverse cell types. InsP3 receptors
release Ca%* from ER/SR lumenal stores in response to InsP3 generated from various stimuli. The
complex spatial and temporal patterns of InsP5 receptor-mediated Ca2* release regulate many
cellular processes, ranging from gene transcription to memory. Ankyrins are adaptor proteins
implicated in the targeting of ion channels and transporters to specialized membrane domains.
Multiple independent studies have documented in vitro and in vivo interactions between ankyrin
polypeptides and the InsP3 receptor. Moreover, loss of ankyrin-B leads to loss of InsP3 receptor
membrane expression and stability in cardiomyocytes. Despite extensive biochemical and
functional data, the validity of in vivo ankyrin-InsP3 receptor interactions remains controversial.
This controversy is based on inconsistencies between a previously identified ankyrin-binding
region on the InsP3 receptor and InsP3 receptor topology data that demonstrate the inaccessibility
of this lumenal binding site on the InsP3 receptor to cytosolic ankyrin polypeptides. Here we use
two methods to revisit the requirements on InsP3 receptor for ankyrin binding. We demonstrate
that ankyrin-B interacts with the cytoplasmic N-terminal domain of InsP3 receptor. In summary,
our findings demonstrate that the ankyrin-binding site is located on the cytoplasmic face of the
InsP3 receptor, thus validating the feasibility of in vivo ankyrin-InsP3 receptor interactions.
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INTRODUCTION

Calcium release from intracellular endoplasmic/sarcoplasmic reticulum (ER/SR) stores is
activated by inositol 1,4,5-trisphosphate (InsP3), a second messenger produced via the
hydrolysis of phosphatidylinositol 4,5-bisphosphate (PIP;). Binding of InsP3 to membrane-
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associated InsP3 receptors increases InsP3 receptor calcium sensitivity and, in a biphasic
manner, induces a stimulatory effect at low calcium concentrations and an inhibitory effect
at higher calcium concentrations [Taylor and Laude, 2002]. InsP3 receptor-induced release
of calcium from intracellular stores provides positive feedback whereby calcium amplifies
its own release. This dynamic interplay allows complex spatial and temporal patterns of
intracellular calcium signaling that are necessary for unique cellular functions.

The functional InsP3 receptor complex exists as a homo- or hetero-tetramer of 260 kD InsP3
receptor subunits. Distinct genes encode three InsP3 receptor isoforms in mammals (types I,
I1, and 111), with splice variants identified for each type [Foskett et al., 2007]. Isoform type
and expression levels vary among cell types: cerebellar Purkinje cells express InsP3 receptor
type | almost exclusively, while pancreatic acinar cells express types Il and 111, and many
epithelia express all three isoforms [Bush et al., 1994; Nathanson et al., 1994; Wojcikiewicz,
1995].

InsP3 receptors interact with a number of protein partners (recently reviewed by Foskett and
colleagues) [Foskett et al., 2007]. In 1993, two independent groups identified an interaction
between the InsP3 receptor and the adaptor protein ankyrin [Bourguignon et al., 1993a;
Joseph and Samanta, 1993]. Specifically, Joseph and colleagues demonstrated that the InsP3
receptor co-immunoprecipitated with ankyrin-R from brain [Joseph and Samanta, 1993].
Moreover, Bourguignon and colleagues showed that ankyrin-R and InsP3 receptor co-
purified from murine T-lymphoma cells [Bourguignon et al., 1995], interacted directly with
high affinity, and that ankyrin-R inhibited InsP3-binding and InsP3-dependent radiolabeled
calcium flux [Bourguignon et al., 1993a; Bourguignon et al., 1993b]. Over the past fifteen
years, a number of groups have replicated ankyrin-InsP3 receptor interactions using purified
proteins, co-immunoprecipitation assays, 3H-InsP3 binding experiments, and pulse-chase
biosynthesis experiments [Feng and Kraus-Friedmann, 1993; Hayashi et al., 2000; Hayashi
and Su, 2001; Liu et al., 2007; Mohler et al., 2005; Mohler et al., 2004a; Mohler et al., 2003;
Mohler et al., 2004b; Tuvia et al., 1999]. Additional evidence for the relevance of the
ankyrin-InsP3 receptor interaction comes from mouse models with reduced ankyrin-B
expression that display significant defects in InsP3 receptor expression, subcellular
localization, and decreased InsP3 receptor post-translational stability [Mohler et al., 2004a].

Despite overwhelming evidence supporting the ankyrin-InsP3 receptor interaction, questions
remain as to the validity of this interaction in vivo. In 1995, an 11-residue motif in the InsP3
receptor (GGVGDVLRKPS corresponding to residues 2548-2558 on rat InsP3 receptor I,
Figure 1A-B) was proposed to be the binding site for ankyrin based on its similarity to the
ankyrin-binding site on CD44 [Bourguignon and Jin, 1995]. Furthermore, a peptide
corresponding to this sequence competed ankyrin-InsP3 receptor interactions and blocked
ankyrin-induced inhibitory effects on InsP3 binding and InsP3-dependent calcium release
events [Bourguignon and Jin, 1995]. The ankyrin binding site was predicted to reside in the
cytosol, allowing for the in vivo interaction of InsP3 receptor and cytosolic ankyrin
[Bourguignon and Jin, 1995]. Subsequent studies that resolved InsP3 receptor topology
placed the residues 2548-2558 on the lumenal side of the InsP3 receptor, which would
effectively prohibit in vivo interactions between ankyrin and the receptor. To date, both
ankyrin and InsP3 receptor fields remain unclear regarding the feasibility of in vivo ankyrin-
InsP3 receptor interactions despite compelling biochemical and animal findings (see
comments in [Foskett et al., 2007; Mohler et al., 2004a; Patel et al., 1999; Patterson et al.,
2004; Roderick and Bootman, 2003; VVermassen et al., 2004]).

Here, we use two approaches to revisit the structural requirements for ankyrin-binding on
the InsP3 receptor. Using yeast two-hybrid and in vitro binding experiments, we map the
ankyrin-binding region on the InsP3 receptor type | to residues 955-991. Based on the
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membrane topology of the InsP3 receptor, these data demonstrate that the ankyrin-binding
region is located on the cytoplasmic face of the receptor, validating the feasibility of the in
vivo ankyrin-InsP3 receptor interactions.

MATERIALS AND METHODS

InsP3 receptor/ankyrin-B constructs

InsP3 receptor constructs were engineered into pACT2 (Clontech) for yeast two-hybrid
assays using standard molecular techniques and full-length rat InsP3 receptor type | as
template. InsP3 receptor constructs were also engineered into pcDNA3.1(+) for in vitro
translation experiments. Positive clones were analyzed by restriction digestion and
subsequently sequenced. For in vitro translation constructs, an additional initiator
methionine was introduced at the beginning of the coding sequence of each InsP3 receptor
mutant. The membrane-binding domain (plus residues of the spectrin-binding domain) of
human 220 kD ankyrin-B (residues 1-958) was inserted into pGEX-6P1 for expression as a
GST-fusion protein. Protein was expressed in BL21(DE3)pLysS cells and purified using
glutathione-sepharose.

Protein expression. A, In vitro transcription- translation

InsP3 receptor constructs were transcribed and translated using the TNT Coupled
Reticulocyte Lysate System (Promega) with 20 uCi of Redivue L-[3°S] methionine (GE
Healthcare) and 0.75 pg of plasmid DNA. B, Full-length InsP3 receptor production.
Baculovirus was used to generate full-length InsP3 receptor and a mutant InsP3 receptor
lacking amino acids 924-991. Briefly, full-length wild-type or mutant cDNAs (generated
from WT InsP3 receptor using standard molecular techniques) were co-expressed in a
standard transfer vector (Clontech) with Bsu36I-digested BacPAKG®6 viral DNA into
Spondoptera frugiperda cells (Sf21 cells, Clontech) using the BacPAK Baculovirus
Expression System (Clontech). Sf21 cells were then infected as described [Mohler et al.,
2005]. Recombinant full-length InsP3 receptor was solubilized from cell membranes as
described [Mohler et al., 2005]. Full-length protein expression was confirmed by SDS-
PAGE and immunablot on cell lysates using an affinity-purified InsP3 receptor Ig generated
against the distal C-terminus of the receptor[Mohler et al., 2004a]. For binding experiments,
equal quantities of cell lysate were added to binding reactions.

In vitro binding

GST-ankyrin-B membrane-binding domain was expressed in BL21(DE3)pLysS bacteria,
purified using glutathione sepharose (GE Healthcare), and eluted with glutathione. Twenty
micrograms of purified GST or GST-ankyrin-B membrane-binding domain were coupled to
glutathione sepharose for two hours at 4°C in binding buffer (50 mM Tris pH 7.4, 1 mM
EDTA, 1 mM EGTA, 150 mM NacCl, 0.1% Triton X-100). Following extensive washes in
Buffer A (50 mM Tris pH 7.4, 1 mM EDTA, 1 mM EGTA, 500 mM NacCl, 1% Triton
X-100), conjugated beads were incubated with InsP3 receptor in vitro translation products
representing rat InsP3 receptor amino acids 924-1582, 924-1550, 924-1517, 9241454,
924-1398, 924-1352, 924-1297, 924-1226, 924-1164, 924-1125, 924-991, 785-954, 955~
1143, and 2403-2575, or full-length InsP3 receptor products generated by baculoviral
expression for 4 hours at 4°C in binding buffer plus protease inhibitor cocktail (Sigma).
Following incubations, binding reactions were extensively washed in Buffer A, eluted, and
analyzed by SDS-PAGE. Radiolabeled proteins were detected by phosphorimaging. Full-
length InsP3 receptor products were detected by immunoblot using affinity-purified InsP3
receptor Ig.
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Yeast two-hybrid

Following one round of AH109 transformation to ensure that none of the plasmids induced
autoactivation, 0.05 ug of pACT2 DNA carrying the InsP3 receptor insert and 0.05 g of
pAS2-1 DNA carrying ankyrin-B membrane-binding domain were co-transformed into
AH109 yeast (in the presence of herring sperm DNA) using a standard lithium acetate
protocol and cultured at 30° C on YPD media lacking leucine (-L), lacking tryptophan (-T),
and lacking both leucine and tryptophan (-LT). Double transformants (identified as colonies
capable of growth on media lacking both leucine and tryptophan (-LT)), were further
selected on media lacking adenine, histidine, leucine, and tryptophan (-AHLT). The positive
control was a co-transformation of 0.05 ug of TD1-1 and 0.05 pg of pVA3 and the negative
control was a co-transformation of TD1-1 and pLAMDS. Transformants exhibiting growth on
—AHLT media following three to five days of 30° C incubation were considered a positive
interactions.

RESULTS

Ankyrin-B interacts with the InsP3 receptor cytoplasmic N-terminal domain

We used the yeast two-hybrid system to revisit the structural requirements on the InsP3
receptor for ankyrin-binding. We previously demonstrated ankyrin-B associates with the
InsP3 receptor via its membrane-binding domain [Mohler et al., 2004a]. We expressed the
ankyrin-B membrane-binding domain fused to GAL4 DNA-binding domain (yeast two-
hybrid “bait”). InsP3 receptor constructs generated from rat InsP3 receptor I (identical cDNA
used as in [Bourguignon and Jin, 1995]) were fused to GAL4 activation domain (yeast two-
hybrid “prey”). InsP3 receptor constructs were designed based on prior limited trypsin
proteolysis mapping [Yoshikawa et al., 1999] to preserve the major folding domains of the
InsP3 receptor in our binding assays (Figure 2). Due to the large size of the InsP3 receptor
cytoplasmic N-terminus, this region was subdivided into seven fragments (see Figure 2B).

We detected no interaction between ankyrin-B membrane-binding domain and an InsP3
receptor fusion protein containing the proposed ankyrin binding site at residues 2548—-2558
(InsP3 receptor construct 2543-2750; see Figure 2B-D;[Bourguignon and Jin, 1995]).
Instead ankyrin-B membrane-binding domain interacted with an InsP3 receptor fusion
protein containing residues 924-1582 (Figure 2B-D, note significant growth on —AHLT
plate in 2C). No interactions were detected between ankyrin-B membrane-binding domain
and InsP3 receptor fusion proteins using InsP3 receptor 1-346, 1-923, 347-923, 1581-1931,
1581-2210, and 1932-2210, even though all constructs were expressed in yeast (note —-LT
plates in Figure 2C). These data demonstrate that a large N-terminal region of rat InsP3
receptor | contains the ankyrin-B binding motif. Moreover, these data demonstrate that the
ankyrin-binding region resides on the cytoplasmic face of the InsP3 receptor.

Defining the minimal binding region on InsP3 receptor for ankyrin-B

Our initial binding assays identified a domain within the N-terminal region of the InsP3
receptor (residues 924-1582) that is required for ankyrin-binding (see Figure 2). However,
due to the large size of the InsP3 receptor N-terminus, we were interested in further
narrowing the ankyrin-binding region. We used standard molecular biology techniques to
create additional InsP3 receptor prey plasmids based on residues 924-1582 (Figure 3). Ten
additional mutants were engineered and screened for interaction in yeast against the ankyrin-
B membrane-binding domain (Figure 3). As shown in Figure 4A, all ten InsP3 receptor
truncated constructs bound to the ankyrin-B membrane-binding domain. Even the smallest
construct, corresponding to InsP3 receptor I residues 924-991, displayed significant ankyrin-
binding activity (Figure 4A).
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We performed yeast two-hybrid analyses with an additional InsP3 receptor construct that
lacked residues 924-977 (Figure 3, construct 978-1582) to determine whether these residues
were necessary for the ankyrin-B - InsP3 receptor interaction. While we observed co-
expression of InsP3 receptor construct 978-1582 with ankyrin-B in AH109 cells (see -LT
plate, Figure 4B), we were unable to detect binding of this GAL4-fusion protein with the
ankyrin-B membrane-binding domain (note —AHLT plate, Figure 4B). Our combined data
demonstrate that InsP3 receptor residues within 924-991 are necessary, and sufficient, for
interaction with ankyrin-B in the context of yeast.

We used in vitro binding assays to confirm the yeast two-hybrid mapping data. Briefly,
InsP3 receptor truncation constructs were sub-cloned into an expression plasmid containing
a T7 promoter for in vitro transcription/translation (in the presence of 3°S-methionine).
Following the generation of radiolabeled InsP3 receptor products, the reactions were purified
and incubated with either GST or GST-ankyrin-B membrane-binding domain (generated and
purified from bacteria). Following the binding reaction and extensive washes, bound
radiolabeled InsP3 receptor products were eluted and analyzed by SDS-PAGE and
phosphorimaging (see Experimental Procedures). Consistent with prior experiments
performed in yeast, in vitro binding experiments demonstrated binding of all InsP3 receptor
truncation constructs (including InsP3 receptor 924-991 see Figure 5A-B) with GST-
ankyrin-B membrane-binding domain. We observed no binding of control GST with any
InsP3 receptor product (Figure 5A-B).

To validate our binding results in the context of a full-length InsP3 receptor we used
baculoviral expression (in Sf21 cells) to generate full-length InsP3 receptor [Cardy et al.,
1997] and an InsP3 receptor mutant lacking residues 924-991 (InsP3 receptor A924-991,
Figure 5C). Approximately equal amounts of InsP3 receptor proteins were incubated to
immobilized GST or GST-ankyrin-B membrane-binding domain. Following extensive high
salt washes, bound protein was eluted and analyzed by SDS-PAGE and immunoblot using
affinity-purified InsP3 receptor Ig. While we observed association of wild-type full-length
InsP3 receptor with ankyrin-B membrane-binding domain, no association was detected
between ankyrin and InsP3 receptor A924-991 (Figure 5C). Together, our binding data
clearly demonstrate that InsP3 receptor residues 924-991 are necessary and sufficient for
ankyrin-B- InsP3 receptor interaction.

Finally, to narrow the ankyrin-binding domain on the InsP3 receptor, we performed in vitro
binding reactions using GST-ankyrin-B membrane-binding domain and in vitro translation
products of each half of the identified ankyrin-binding domain (InsP3 receptor residues 924—
991). Specifically, we generated in vitro translation products for InsP3 receptor residues
785-954 (contains InsP3 receptor 924-954) and 955-1143 (contains InsP3 receptor residues
955-991, Figure 6A). Larger products were used to incorporate additional methionine
residues for in vitro translation as well as increase polypeptide size for SDS-PAGE analysis.
InsP3 receptor 955-1143 associated with ankyrin-B membrane-binding domain (Figure 6B
and C). In contrast, InsP3 receptor residues 785-954 lacked ankyrin-binding activity (Figure
6B and C). Consistent with our yeast two-hybrid data (Figure 2), an InsP3 receptor C-
terminal construct (2403-2575) containing the previously predicted ankyrin-binding motif
[Bourguignon and Jin, 1995] also lacked ankyrin-binding activity. Our new data clearly
demonstrate that the minimal structural requirements for InsP3 receptor binding of ankyrin-
B (InsP3 receptor residues 955-991) reside in the cytoplasmic N-terminal domain of InsP3
receptor.
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DISCUSSION

The current study was designed to evaluate the amino acid requirements on InsP3 receptor
for ankyrin-B interaction. Consistent with prior studies, we observed interaction between
ankyrin-B and the InsP3 receptor [Bourguignon et al., 1993a; Bourguignon et al., 1993b;
Feng and Kraus-Friedmann, 1993; Hayashi et al., 2000; Hayashi and Su, 2001; Joseph and
Samanta, 1993; Liu et al., 2007; Mohler et al., 2005; Mohler et al., 2004a; Mohler et al.,
2003; Mohler et al., 2004b; Tuvia et al., 1999]. However, our data establish that ankyrin
interacts with the cytoplasmic and not the lumenal face of the InsP3 receptor. Specifically,
ankyrin-B interacts with the cytoplasmic N-terminal domain of the InsP3 receptor within
residues 955-991. The new InsP3 receptor cytosolic ankyrin-binding region is consistent
with in vivo ankyrin - InsP3 receptor interactions.

All three major InsP3 receptor isoforms associate with ankyrin-B [Mohler et al., 2004a].
Furthermore, the expression of the three InsP3 receptor isoforms is reduced in tissues
derived from ankyrin-B*/~ or ankyrin-B~~ (null) mice [Mohler et al., 2004a]. Therefore, the
precise binding site on the InsP3 receptor is likely a conserved motif within the receptor
subtypes (Figure 6A). While a previous study proposed that ankyrin directly associated with
InsP3 receptor at a site based on limited sequence similarity to an ankyrin-binding region of
CD44 [Bourguignon and Jin, 1995], it is now clear that most ankyrin-binding proteins do
not display conserved sequence binding motifs (reviewed in [Bennett and Baines, 2001]).
Instead, ankyrin-binding proteins associate with unstructured and non-conserved protein
motifs (reviewed in [Bennett and Baines, 2001]). We previously identified a series of
positively-charged residues on the ankyrin- B membrane-binding domain that are essential
for InsP3 receptor binding. Based on these data, we predict that ankyrin-B will likely interact
with a conserved, negatively-charged site within the 955-991 region of the InsP3 receptor.
Future goals will be to further refine the binding site for ankyrin and to analyze the cellular
targeting of an InsP3 receptor that lacks ankyrin-binding. Unfortunately, due to the homo-
and hetero-trimeric organization of the InsP3 receptor protein complex, these experiments
will unlikely be straightforward. Additionally, using current viral technologies, it is difficult
to express full-length InsP3 receptor mutants in primary cells.

Ankyrins likely play multiple roles in normal InsP3 receptor function. Based on work from
multiple labs, ankyrin has a central role in the targeting of InsP3 receptor to endoplasmic/
sarcoplasmic reticulum membrane domains in both non-excitable and excitable tissues
[Bourguignon et al., 1993a; Bourguignon et al., 1993b; Feng and Kraus-Friedmann, 1993;
Hayashi et al., 2000; Hayashi and Su, 2001; Joseph and Samanta, 1993; Liu et al., 2007;
Mohler et al., 2005; Mohler et al., 2004a; Mohler et al., 2003; Mohler et al., 2004b;
Singleton and Bourguignon, 2004; Tuvia et al., 1999]. Moreover, ankyrin isoforms
presumably stabilize the receptor in close proximity with effector and regulatory proteins
[Bhasin et al., 2007; Lencesova et al., 2004; Liu et al., 2007; Mohler et al., 2005].

In summary, our new data identifies the ankyrin binding region on the endoplasmic/
sarcoplasmic reticulum InsP3 receptor. Consistent with an in vivo association of cytosolic
ankyrin and the InsP3 receptor, our data demonstrate that ankyrin-B directly associates with
residues 955-991 in the cytoplasmic N-terminal domain of InsP3 receptor.
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Figure 1. Domain organization of InsP3 receptor and InsP3 receptor intermolecular interactions
A, Domain organization of the InsP3 receptor monomer, depicting membrane topology and
cytoplasmic and lumenal protein orientation. Inositol 1,4,5-trisphosphate (InsP3; oval)
activates Ca?* release via binding to an N-terminal region. Arrow denotes location of
previously proposed ankyrin-binding motif in C-terminal domain of InsP3 receptor (see
Figure 1B). Note that these residues (rat 2546-2558) are located in the ER/SR lumen,
inconsistent with an interaction with cytosolic ankyrin. B, Ankyrin-binding site in InsP3
receptor identified by sequence similarity with CD44 ankyrin-binding motif. Minimal
ankyrin-binding residues on CD44 [Bourguignon and Jin, 1995]. Amino acid sequences
below CD44 denote sequence homology of residues in InsP3 receptor C-terminus to the

CD44 sequence.
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Figure 2. Identification of requirements on InsP3 receptor for ankyrin-B association

A, Diagram of the InsP3 receptor monomer [da Fonseca et al., 2003]. Gray box represents
InsP3 binding domain and white boxes represent transmembrane domains. B, InsP3 receptor
yeast two-hybrid constructs. Fragments of the cytoplasmic regions of the InsP3 receptor
monomer used in the initial assessment of the structural requirements of InsP3 receptor for
interaction with ankyrin-B. InsP3 receptor construct 2543-2750 contains the previously
predicted ankyrin-binding domain [Bourguignon and Jin, 1995]. Constructs were designed
based on identified structural folding boundaries defined by limited trypsin digestion
[Yoshikawa et al., 1999]. C, AH109 yeast were co-transformed with ankyrin-B membrane-
binding domain (bait) and a unique InsP3 receptor construct (prey). Co-expression of bait
and prey proteins was confirmed by inoculating onto -LT media. Positive interactions were
determined by growth on -AHLT media after five days incubation. TD1-1 served as bait for
both the positive and negative controls, while pVA3 and pLAMS were used as prey for the
positive and negative controls, respectively. D, Summary data for ankyrin-B membrane-
binding domain-InsP3 receptor interactions.
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Figure 3. Identification of minimal requirements on InsP3 receptor for ankyrin-binding
Eleven InsP3 receptor truncation constructs were generated to define the minimal structural
requirements on InsP3 receptor for ankyrin-binding. Constructs represent truncations based
on rat InsP3 receptor | residues 924-1582.
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Figure 4. Defining the minimal ankyrin-binding site on InsP3 receptor N-terminus

A, Ankyrin-B membrane binding domain (bait) and a series of InsP3 receptor constructs
(prey, see Figure 3) were co-transformed into AH109 yeast to identify a minimal region of
the InsP3 receptor responsible for interaction with ankyrin-B. Co-transformants were
selected on —LT media and analyzed for HIS3 reporter gene activation by evaluating growth
on —AHLT after five days incubation. Positive interaction is seen with all constructs, with
the smallest interacting region of the InsP3 receptor corresponding to amino acids 924-991.
Note that this region is located on the cytoplasmic N-terminus of the InsP3 receptor. B,
InsP3 receptor lacking residues 978-1582 fails to interact with ankyrin-B membrane-binding
domain in yeast. Positive control for experiments was InsP3 receptor 924-1582. Positive
interaction was assessed after 5 days on AHLT medium.
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Figure 5. InsP3 receptor residues 924-991 are required and sufficient for ankyrin-B association
A, Coomassie Blue stained gel depicting purified GST and GST-ankyrin-B (10 ug of each
protein) membrane-binding domain (InsP3 receptor binding domain on ankyrin-B). B, InsP3
receptor residues 924-991 are sufficient to mediate interaction of InsP3 receptor with
ankyrin-B membrane-binding domain. Constructs shown in Figure 3 and 5 were inserted
into pcDNA3.1(+) and in vitro transcribed/translated in the presence of 3°S-methionine.
Products were used in binding experiments with purified GST or GST-ankyrin-B
membrane-binding domain. Shown are representative experiments from two radiolabeled N-
terminal samples including 924-991 and 924-1125. We observed no binding of InsP3
receptor constructs with GST alone. C, Full-length InsP3 receptor A924-991 lacks ankyrin-
B-binding activity. Full-length InsP3 receptor and InsP3 receptor A924-991 were generated
using baculovirus (Sf21 cells) and individually incubated with GST-ankyrin-B membrane-
binding domain immobilized on glutathione sepharose. Bound protein was eluted and
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analyzed by immunablot using affinity-purified InsP3 receptor Ig (generated against InsP3
receptor C-terminal domain). Input equals 20%.
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Figure 6. Ankyrin-B associates with InsP3 receptor residues 955-991

A, Alignment of ankyrin-binding domain of InsP3 receptor. Sequences of human, mouse,
and rat InsP3 receptor 1, I1, and I11. Note high sequence conservation in N- and C-terminal
regions of the domain. Residue numbers are based on rat InsP3 receptor amino acid
sequence. B, InsP3 receptor ankyrin-binding domain (rat InsP3 receptor residues 924-991)
was split into two constructs and in vitro translated in the presence of 35S-methionine. An
InsP3 receptor C-terminal domain construct (residues 2403-2575) containing the previously
predicted ankyrin-binding domain was also in vitro translated. Radiolabeled proteins were
incubated with purified GST or GST-ankyrin-B membrane binding domain (GST-AnkB).
Bound proteins were eluted and analyzed by SDS-PAGE and phosphorimaging. C, Gel used
in binding studies was stained with Coomassie Blue to demonstrate protein purity and equal
protein concentrations.
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