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Abstract

The inositol (1,4,5)-trisphosphate receptors (yRPare the intracellular calcium (€3 release channels that play a key role irFCa
signaling in cells. Three InsR isoforms—InskER type 1 (InsBR1), InsRR type 2 (InskR2), and InskR type 3 (InsBR3) are expressed
in mammals. A single IngJR isoform is expressed iDrosophila melanogastgiDmInsRR) andCaenorhabditis elegan&elnsRBR). The
progress made during last decade towards understanding the function and the properties offthis brégfly reviewed in this chapter. The
main emphasis is on studies that revealed structural determinants responsible for the ligand recognition hyRhetrsErmeability of the
InsR;R, modulation of the InsfR by cytosolic C&*, ATP and PKA phosphorylation and on the recently identified RsBinding partners.
The main focus is on the IngR1, but the recent information about properties of otherJRsBoforms is also discussed.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction fruitful approaches turned out to be (1) to analyz&Gsg-
nals supported by wild-type and mutant IaBPexpressed
Ten years ago together with Barbara Ehrlich we pub- in DT40 cell line with all three InsgR genes genetically
lished a topical review in the Journal of Membrane Biology knocked ouf3]; (2) to analyze single channel behavior of
[1] in which we summarized major functional properties wild-type and mutant InsfR expressed in mammalian cell
of the inositol 1,4,5-trisphosphate receptors (KRP In lines followed by purification and reconstitution into pla-
approximately the same time, Teiichi Furuichi, Katsuhiko nar lipid bilayers; (3) to analyze single channel behavior
Mikoshiba and colleagues published a review in Current of wild-type and mutant IngfR expressed in Sf9 cells by
Opinion in Neurobiology[2], in which they summarized  baculoviral infection followed by reconstitution into planar

known information about molecular structure of the I5RP lipid bilayers; (4) to analyze single channel behavior of wild-
The main effort during last decade has been focused ontype and mutant IngfR expressed irXenopusoocytes by
trying to merge the “functionalfl] and “molecular”[2] cRNA injection followed by nuclear patch recordings. Due

views of the InsBR into one coherent image. Here, | will o different approaches used by multiple groups some of the
briefly review the progress made so far. From the begin- obtained results are controversial, but in this review | will
ning | would like to apologize to many colleagues whose attempt to focus on consensus that has recently began to
papers | was not able to discuss here due to space limita-emerge. The main structure-function effort has been focused
tions of this review format. A number of laboratories around on type 1 mammalian InsR (InsRR1) and | will primar-
the world used a variety of experimental systems to per- jly discuss InsBR1 results. More recently some informa-
form structure-functional analysis of the In$® The most tion about properties of mammalian In$E2, mammalian
InsP3R3, Drosophila melanogasténsiP;R, andCaenorhab-
* Tel.: +1 214 645 6017: fax: +1 214 645 6018. ditis elegf'inslnst,R s_tarted to emerge and these data will
E-mail addressilya.bezprozvanny@utsouthwestern.edu. also be discussed briefly.
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2. InsP3R1 that InsBRsypstructure corresponds to tBetrefoil type fold
[5]. Within its sequence InglRsyp domain contains proline-
What have we learned about IngPL during the last  rich motif 48NPPKKFRD that binds to EVH1 domain in
decade? Here is what we knew in 1995: (1) kRP channel adaptor protein Homd6] (Fig. 1). Association of InspR1
is a tetramer of four subunits 2749 amino acids (for rat) each; with Homer is important for coupling between g8l
(2) eachInsBR1 subunitcomposed of amino-terminal I8sP and mGIuR1[6] and for conformational coupling between
binding domain, carboxy-terminal channel-forming domain, InsPR1 and TRPC plasma membrane?Cantry channels
and the middle coupling (modulatory) domain; (3) IsRR [7]. In addition to Homer-binding site, IngRsypdomain also
are high conductance moderately divalent cation-selective contains two binding sites for calmodulin (CaM) (aa 49-81
channels gated by IngP(4) InsRR1 display bell-shaped  and 106-128)8—10], a binding site for CaBP1 G&-binding
dependence on cytosolic €dn physiological range of G4 protein (aa 49-81)L1,12]and the first part of the binding site
concentrations (pCa 8-5); (5) Ing®1 allosterically poten-  for the RACK1 PKC adaptor protein (aa 1-3463] (Fig. 1).
tiated by millimolar ATP; (6) InsgR1 efficiently phospho-  Association of CaBP1 protein with InsR1 was claimed
rylated by PKA leading to InsfR1 activation. All of these  to activate InsgR1 in the InsB-independent manngt1],
statements still true in 2005. The main difference is that now but other laboratories reported that CaBP1 protein inhibits
we have much more detailed and precise information aboutinsP;R1 [12,14] The physiological relevance of IngiRs,,
structural determinants responsible for the WRP func- association with CaM and RACK1 is under investigation.
tional properties, as outlined in this section. Based on limited ~ Domain |l (aa 346-923) contains the bulk of the IpsP
trypsin proteolysis cerebellar IngR1 can be divided into  core binding domain (INgfReore, @a 224—604)15]. When
five compact domains (I-V) separated by linker regipt]s expressed in isolation, InsR¢ore domain forms high affin-
(Fig. 1). Whenever possible, | will discuss properties of each ity (kqy=2.3nM) InsR binding site[15]. In the presence of
of these five domains separately. InsPsRsyp domain the binding affinity of IngfRcore domain
Domain | (aa 1-345) contains Inginding supressor s attenuated to a physiological range 45 nM)[16]. The
domain (InsBRsyp, @aa 1-223) Kig. 1). The structure of  structure of InSBRcore domain complexed with IngPhas
InsP3Rsup domain has been recently solved at atomic res- been recently determingi7] (Fig. 1). The InsBRcore Struc-
olution [5] (Fig. 1). Analysis of obtained results indicated ture consists of amino-terminal (aa 224—43&)tefoil-type”
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Fig. 1. Structural determinants of IngRl. The rat InspR1 (aa 1-2749) can be divided into five fragments resulting from limited trypsin prote@ysis
The positions of the four trypsin cleavage sites (346, 924, 1583, 1932) are indicated by arrows. The structuresRgf, I(isP223)[5] and InSBRcore
(224-604)17] domains are shown above. The 8By region is color-coded to represerft-trefoil-type” (yellow) and “armadillo repeat” (green) parts of
the structure. Also shown are the Homer-binding site (48{&5Xhe Sl alternative splicing site (318-33238,19], the TRPC3-binding sites (F2q =669-702
and F2g = 755-824p2], the site of SllI splicing (917/918p1], the LIZ motif (1251-1287) complexed with AKAP9-PKA-PP1-NRM], the C&*-CaM
binding motif (1565-1586]25], the PKA/PKG phosphorylation sites (S1589 and S1788}41] the SlI alternative splicing site (1692-17313,19,38]
the ATPA binding site (1773-178042,43], the site of caspase-3 cleavage (1888-1884), the region deleted inpisthotonosnouse mutant (1732-1839)
[45], the C&* sensor region (1933-227[6-58] the E2100 reside critical for Earegulation of InsgR1[56,57), the ATPB site (2016-2021), the M1-M6
transmembrane domains (2276-2589), Kaglycosylation sites (N2475 and N250[1,62], the pore-forming region (2541-2552), the site of association
with chromogranins A and B (CGA and CGB) (2550-25pM),71], the dimerization domain (2629—26548], the 4.1N-binding site (2627-267()], the
cytochrome c-binding site (2621-263@0,81], the HAP1A- and Hf*P-binding site (2627-2736)/'5], and the PP4-binding site (2731-2749%8]. The
regions implicated in association with other IgBR-binding partners are shown below for CaM (49-81 and 106-{828p], CaBP1 (49-81J11,12] RACK1
(1-346 and 346-923).3], IRBIT (224-604)[23], GAPDH (981-1000}27] and CARP (1387-164726].
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