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The paper is devoted to recognizing of nicotinic acid adenine dinucleotide phos-
phate (NAADP) as releaser of intracellular calcium from intracellular stores. It was re-
vealed the current concepts of the mechanisms of NAADP synthesis inside the cell
resuming involve enzyme CD38. The effect of NAADP was described in several cells
and tissue preparation, as well as in sea urchin eggs. Briefly, it was characterized the
acidic store of cells, that is sensitive to NAADP as it had been shown by different au-
thors. Assumed mechanisms of Ca2* accumulating in acidic store predict involve proton
gradient across membrane of acidic store. The channels structure of acidic store and
endoplasmatic reticulum are considered as receptors to NAADP. Potential mechanisms
for NAADP-induced calcium release was considered: direct model, trigger Ca?*-induced
Ca?*-releasing model, promiscuous coupling model, conformational coupling model
and also unifying hypothesis, that explains the differences between other mechanisms.
Physiological processes in which NAADP is involved are described.
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Nicotinic acid adenine dinucleotide phosphate (NAADP) is a naturally occurring
nucleotide that has been shown to be involved in the release of calcium from intracel-
lular stores in a wide variety of cell types [32; 45].

NAADP was discovered as a trace contaminant of commercially available NADP
[47]. This may not be too surprising since the structure of NAADP is very similar to that
of NADP, the only existing difference is the substitution of nicotinic acid as the base in-
stead of nicotinamide (Fig. 1). Besides this small change has enormous biological ef-
fects since whilst NADP is inactive, NAADP is very potent at generating Ca?* signals.
The latter was discovered by Lee and colleagues whilst studying Ca?* release mecha-
nisms in sea urchin eggs homogenates [22].

The first demonstration that NAADP level increases in response to an extracellular
stimulus arose from studying sea urchin fertilization (NAADP changed in both the eggs
and sperm upon contact) [19]. The transduction mechanisms that couple cell stimuli to
such NAADP increases are elusive. To date, the most favoured hypothesis is the so-
called ,base-exchange reaction” (nicotinic acid + NADP — NAADP + nicotinamide)
which is catalyzed by ADP-ribosyl cyclases (a family of enzymes including CD38 and
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Fig. 1. Nicotinic acid adenine dinucleo-
tide phosphate (NAADP)

Puc. 1. HikoTvHaungageHiHouHykneotng

CD157 in mammals and orthologs in sea urchin and
Aplysia ovotestis). The latter were first discovered
as the synthetic enzymes for cADPR but later re-
vealed to be multifunctional, promiscuous enzymes
that can also produce NAADP. Certainly NAADP
production can occur in vitro but whether it occurs in
vivo is following question (because genetic knock-
out or knock-down of ADP-ribosyl cyclases has no
effect on NAADP production in some cell types),
and there may be other routes which might require
different substrates and enzymes [58].

A recent study indicates that CD38 is required
for cholecystokinin-elicited NAADP generation and
suggests that CD38 is an NAADP synthase, which
is required for receptor-activated Ca?* release in
pancreatic acinar cells [24]. The mechanism of
NAADP-induced Ca? release is of particular inter-
est in pancreatic acinar cells, because cholecysto-
kinin evokes pancreatic enzyme secretion in hu-
man acinar cells [56].

NAADP-induced Ca?*-release in different
cell’s type. The initial studies performed on the
stratified sea urchin eggs indicated that NAADP is
able to release Ca?* from an internal store that differ-

docpat (HAALD) ent from the endoplasmic reticulum (ER) [46]. In par-
ticular Churchill et al. in 2002 identified this store as
the reserve granule of sea urchin eggs, an acidic compartment related to lysosomes [18].
It was also shown that NAADP-induced Ca?* release is also widespread in mammalian
systems. However the question arises how and from which intracellular store does NAADP
elicit Ca?* release in mammalian cells? In the fact it is still difficult to answer to this be-
cause the effects depend on cell’s type. In particular the rat brain microsomes were the
first mammalian preparation in which NAADP-induced Ca? release was demonstrated
[4]. In this preparation, the NAADP-regulated Ca?* release mechanism (as in sea urchin
eggs) was independent of extravesicular Ca?* concentrations, unrelated to inositol-1,4,5-
trisphosphate receptor (IP,R) and ryanodine receptor (RyR) inhibitors, but was inhibited
by micromolar concentrations of dihyropyridines or diltiazem [4]. The exocrine pancreatic
acinar cell was the first intact mammalian cell type in which NAADP-induced Ca?* release
was clearly reported [13]. Studies on isolated nuclei from exocrine pancreatic acinar cells
have demonstrated Ca?* liberation elicited by NAADP (and also by cADPR) can be
blocked by ryanodine or ruthenium red [36]. This is in contrast to the sea urchin eggs [18;
47]. In human pancreatic beta cells, NAADP mobilizes Ca?* from a pool that is insensitive
to either ryanodine or the IP,R antagonist, xestospongin C, and might mediate the auto-
crine inhibitory effects of insulin on further release of this hormone [40]. In intact pulmo-
nary arterial myocytes, NAADP mobilizes Ca?* from a pool that is insensitive to either ry-
anodine or the IP,R antagonist, xestospongin C, and might mediate the autocrine inhibi-
tory effects of insulin on further release of this hormone in human pancreatic beta cells
[40]. In intact pulmonary arterial myocytes, NAADP mobilizes Ca?" from a bafilomycin-
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sensitive store. Where as xestospongin C had little effect on NAADP-induced Ca?* re-
lease, both ryanodine and thapsigargin reduced but did not abolish NAADP’s effects [6;
43]. In rat aortic microsomes, NAADP released Ca* by a mechanism insensitive to IP,R
or RyR blockers but which was inhibited by dihydropyridines [79]. In striated muscle,
NAADP released Ca? from rat heart microsomes, which was unaffected by ryanodine
and divalent cations, but blocked by dihydropyridines [3]; however, it should be noted that
direct interactions of NAADP with purified RyRs from both skeletal [39] and cardiac mus-
cle [53] have been reported by some but not others [23].

Characteristics of the acid Ca?* stores. Organelles rich in both H* and Ca?, the
so called ,acidic Ca?* stores” include acidocalcisomes (best characterized in protists)
and vacuoles (present in many organisms including plants and yeast) [61].This is a
blanket term that encompasses a spectrum of acidic vesicles that include endosomes,
lysosomes, and lysosome-related organelles and secretory vesicles, zymogen granules
(ZGs) and acidocalcisomes. The aptly named acidocalcisomes are small acidic organ-
elles that contain high concentrations of Ca?*. They are also rich in phosphorous [61].

All eukaryotic cells contain lysosomes (termed vacuoles in plants and fungi), with
the exception of some highly specialized cells such as mammalian erythrocytes, which
lack multiple organelles including lysosomes. Lysosomes degrade exogenous and en-
dogenous macromolecules derived from biosynthetic and endocytic pathways, and ca-
tabolize cytosolic components that are obtained from the autophagic pathway [50; 70].

Christensen et al. used endocytosed dextran-based Ca?* indicators and performed
careful calibration of the indicators with respect to pH, determined a luminal Ca?* con-
centration of ~ 500 mkM inside lysosome [17]. Endosomes are also likely to contain
significant concentrations of Ca?* since they are formed during invagination of the plas-
ma membrane and Ca?* thus will incorporate extracelluar Ca?* which is usually present
at ~ 1 mM. Thus, lysosomes and endosomes might be suggesred as significant stores
of Ca?* [62]. The zymogen granules (ZGs) have an extraordinarily high total Ca?* con-
centration (>10 mM) and isolated single ZGs can release Ca** in response to both InsP,
or cADPR [33] and also to NAADP [35]. The acid stores do not possess thapsigargin-
sensitive Ca%*-pumps, but have a Ca?* uptake mechanism that depends on a bafilomy-
cin-sensitive vacuolar H*-pump [35]. It is therefore likely that Ca?" accumulation into the
acid store occurs through a Ca?/H*-exchange mechanism [63] (Fig. 2). The major part
of acid Ca?* stores in pancreatic acinar cells is undoubtedly localized in the ZGs, but
other acid compartments such as, for example, endosomes-including post-exocytotic
endocytic vacuoles — and lysosomes also play important roles [64]. It was shown that
clamping the cytosolic [Ca?] at the normal resting level abolishes NAADP-induced, but
not IP.,- or cADPR-elicited Ca**-release from the thapsigargin-insensitive store. This
suggests that Ca?*-induced Ca?" release plays a more important role for NAADP-elicited
Ca?* release from the acid store than from the ER [64].

Possible mechanisms for NAADP-induced Ca? release. Early hypotheses ex-
plaining NAADP-induced Ca?*-releasing mechanism were reviewed by A. Galion and
O.Petersen in 2005 [33].

The ,,direct model” assumes that NAADP binds directly to the RyR on Ca?* stores
(ER or acidic compartments) increasing channel open probability, also NAADP may
bind and directly regulate plasma membrane Ca?* channels [39, 52].

The , trigger Ca?*-induced Ca?** release model” suggests that there is a specific
NAADP receptor/Ca?*-release channel that is located in a discrete Ca?*-storage organ-
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Fig. 2. Ca?* -filling mechanisms of acidic Ca?* stores [54]. Archetypal endolysosomal vesicles. The left-hand
hemisphere depicts putative Ca?*-exchange modes, the upper mechanism shows pure Ca?/H*-ex-
change and the lower mechanism shows coupled transport, electroneutral NHE (Na*/H*-exchanger)
acting with a NCX (Na*/Ca?*-exchanger). Clearly, the NCKX family (Na*/Ca?-K* exchanger) could
substitute for NCX. The right-hand hemisphere shows putative Ca?* pumps (for simplicity, with low or
negligible thapsigargin sensitivity): a PMCA-like Ca?*-ATPase (plasma membrane Ca?-ATPase) that
translocates only 1 Ca* per cycle, with low vanadate sensitivity; and a SERCA3-like Ca?*-ATPase
(sarcoendoplasmic reticulum Ca?*-ATPase) that translocates 2 Ca?* per cycle, with high vanadate
sensitivity and inhibitable by tBHQ (tert-butylhydroquinone) [54]

Puc 2. MexaHi3amu HanoBHeHHS kanbLiem kucnotHux Ca?* geno [54]. MpoTtoTun eHao-ni30COMHOI BE3UKYNU.
JliBa niBkynsi 3o6paxae rinotetuyHi Ca?-0bMiHHi Moaeni, BepxHili MexaHiam nokasye npoctuii Ca?'/
H*-06MiHHUK. MexaHi3m, 306paxeHnin Huxde, Bigobpaxae CnpsKeHWI TPaHCNopT — eNeKTPOoHen-
TpanbHuii NHE (Na*/H*-06miHHuK), sikuii npautoe yaromxeHo 3 NCX (Na*/Ca?*-06miHHuKom). OuveBmna-
Ho, wo poguHa NCKX (Na*/Ca?-K* obmiHHuKiB) Moxe 3amiHuT NCX. MNpaBa niBkyns AeMOHCTpye
rinotetnyHi Ca2*-noMnu (NS CNpOLLEHHS, 3 HU3bKOI abo He3HaYHO YyTNMBICTIO A0 Tancurapridy):
PMCA-nogioHa Ca*-AT®-aza (Ca?*-ATd-aza nnasmaTtnyHoi MeMOpaHu), sika NepeHoCUTb nule
1 Ca? 3a uwKn, 3 HI3bKOK YYTNUBICTIO A0 BaHagaty; Ta SERCA3-nonibHa Ca?*-AT®d-aza (Ca?-ATd-
a3a capko-eHOoMNa3MaTUYHOro PETUKYNYMY), sika TpaHcnopTye 2 Ca?* Ha LMK, i3 BUCOKO Yy TIMBICTIO
[0 BaHagarty Ta npurHivyetbcst tBHQ (TepT-6yTun-rigpoxiHoHom) [54]

elle (acidic store). Localized Ca* release from this pool then recruits IP,Rs and RyRs lo-
cated in a the ER by Ca?*-induced Ca? release (CICR) following by globalization of the
Ca? signals [13; 21]. In the most cells type lysosomes and lysosomal-related organelles
constitute a much smaller cellular volume than the ER, and consequently mobilization of
Ca? stores in lysosomes might be expected to produce only small and localized cytoplas-
mic Ca?* transients [30]. Nevertheless, NAADP can initiate regenerative global Ca?" sig-
nals (oscillations and waves) and this is because ‘trigger’ Ca?* provided by NAADP is
subsequently amplified by recruitment of IP,Rs and RyRs that exhibit the characteristic
property of CICR [20, 21]. This may occur by two ways: most obviously by trigger Ca?*
stimulating ER channels via the CICR, but also by trigger Ca?* being sequestered into and
‘priming’ the ER (which sensitizes ER channels from the luminal face) [54] (Fig. 3). Such
communication between Ca?**-storing organelles demands close appositions as typified
by the interactions between SR (sarcoplasmic reticulum)/ER and mitochondria [68] that is
cemented physically by mitofusins acting to tether the organelles together [28].

This model suggests existance an analogous juxtaposition of acidic organelles and
ER [54]. Lysosome/SR junctions have certainly been observed in vascular smooth mus-
cle cells which are the site of initiation of NAADP and agonist-evoked Ca?* signals [27;
41; 42; 55]. ‘Chatter’ between TPCs and endoplasmic reticulum Ca?* channels is dis-
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rupted when TPCs are directed away from the endolysosomal system [60]. This sug-
gests that intracellular Ca?* release channels may be closely apposed, possibly at spe-
cific membrane contact sites between acidic organelles and the endoplasmic reticulum
[60]. Whether this ,chatter” is ubiquitous and requires specialized tethering proteins still
remain to be confirmed. Recentlly, it was indicated by co-immunoprecipitation experi-
ments that endogenously expressed TPC-2 associates STIM1 and Orai1, in MEGO01
cells but only upon depleting of intracellular Ca?* stores. These results provide strong
evidence for modulation of SOCE by TPC2 involving de novo association between

TPC2

Fig. 3.

Puc. 3.

and STIM1, as well as Orai1, in human cells [49].
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Trigger hypothesis of NAADP-induced Ca? release. Schematic diagram of a global Ca?* transient in-
duced by a stimulus depicted in two components: first the small phase [AS (acidic stores); red] followed
by the subsequent large regenerative spike (from the ER; green). ‘Trigger’ Ca?* is released from acidic
Ca?* stores by NAADP to gives a globally small (but locally high) [Ca?] (first phase). There are two
modes of recruiting the ER Ca?-release channels, CICR (upper scheme) and store priming (lower
scheme). Trigger Ca?" acts at the cytosolic face of ER channels (IP,Rs or RyRs) to sensitize them by
CICR and evoke a global (green) Ca? spike. Alternatively, trigger Ca?* is taken up into the ER by SERCA
action and acts to luminally sensitize ER channels and thereby evoke a global Ca?* spike (green) [54]

TpurepHa rinotesa HAA®-iHaykoBaHoro BuBinbHeHHst Ca?*. [MpuHumnoBa cxema rnobarnbHoro Ca?*
TpaH3ieHTa iHAyKOBaHOro CTUMynamu, 30bpaxeHa y ABOX KOMMOHEHTax: NoYaTkoBa HeBenuka dasa [AS
(kMcnoTHI 4eno); YepBOHi] Ta HACTYNHUIA 3HAYHWIA pereHepaTBHUIA cnaik (i3 ENMP, 3enenuin). ‘TpurepHuin’
Ca?*, BMBInbHeHU i3 kucnotHux Ca?* geno 3a aii HAA®, ctBoptoe rmobarnbHo HeBenuki (ane nokansHo
Bucoki [Ca?'] (nepwa ¢asa). IcHye ABi Mogeni, Wo 3anyyatoTb kaHanu BuUBiNbHeHHs1 Ca?* 3 ENMP, Ca?-
iHaykoBaHe BuBInNbHeHHst Ca?* (CICR, BepxHs cxema) i npaiMiHr Aeno (HWxHs cxema). TpurepHuin Ca?*
BM/IMBAE Ha LMTO30MbHY NOBEPXHIO KaHanis EMP (IO -4yTnmBux Y piaHOAMH-YyTAMBMX), MiABULLYIOHM
ixHto yyTnumBicTb Ao CICR i Buknukatoumn rmobanbHuii (3enenwnin) Ca?* cnavik. Kpim Toro, TpurepHuin Ca?
3axonneTbcs BcepeanHy ElMP pobototo SERCA i BninuBae noMiHanbHO, MiABULLYOYM YyTNMBICTb
kaHanis ElMP i y Takuin cnoci6 Buknukae rnobanbHuin Ca?* cnaik (3eneHnin) [54]
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In the ,,model of promiscuous coupling”, the NAADP-binding protein is not a
Ca? channel per se, rather it is an integral membrane protein that can associate and
regulate Ca?*-release channels such as RyRs [36], in the ER or acidic stores (including
secretory granules), or calcium influx channels in the plasma membrane.

The conformational coupling model assumes that NAADP directly interacts with
a distinct NAADP-regulated Ca?*-release channel in a discrete store. This channel can
release Ca?* in response to NAADP, but the channel may also directly interact with
other Ca**-release channels (IP,Rs or RyRs) or with plasma membrane Ca**-influx
channels. This model provides one explanation for how desensitizing concentrations of
NAADP apparently render IP,Rs or RyRs insensitive to their respective agonists [5] or
desensitize Ca?* influx [19], even in the absence of Ca?* release.

Recently Guse A. proposed ,,unifying hypothesis” [38] suggesting that NAADP
binding protein could also bind to different ion channels.

NAADP receptor is still unrecognized. The fundamental question that remains
unanswered is the identity of the NAADP receptor. Transient receptor potential mucolipin
(TRPML) and two-pore channels (TPCs) are Ca?*-permeable ion channels revealed with-
in the endolysosomal system. Both structures have been proposed as a potential targets
for NAADP [54]. Whereas both metabotropic (P2Y) and ionotropic (P2X) families of puri-
noceptors are well-studied cell-surface receptors for ATP and other nucleotides, P2X4
has been found to be expressed in lysosomes and targeting motifs identified [67].

However, there are no currently available reports regarding that NAADP can modu-
late this channel, although high concentrations of NAADP may interact with P2Y recep-
tors at the plasma-membrane-activating phospholipase C-linked signalling pathways
[54]. Resently it was shown that the Ca?*-signals evoked by each P2Y receptor subtype
required activation of phospholipase C and release of Ca?* from intracellular stores via
IP,Rs, but they were unaffected by inhibition of ryanodine or NAADP [37].

Notably, the TPCs family of endolysosomal proteins was recently has been shown
to be regulated by NAADP [7; 12; 34]. Currently it is almost sustain that TPCs works as
NAADP-sensitive Ca?* channels, that was confirmed using by multiple approaches such
as molecular manipulation of TPCs levels by overexpression [7; 8; 12; 80] or knock-
down [7; 12], as well as electrophysiological analyses [10; 65; 71; 77], all support the
role of TPCs as NAADP-sensitive Ca?* channels. The physiological importance of TPCs
has been confirmed for smooth muscle contraction [74], differentiation [1] and endothe-
lial cell activation [31], consistent with earlier studies implicating NAADP in these pro-
cesses [6; 10 ;11]. However, whether TPCs directly interact with NAADP still are ques-
tionable unresolved issue. Notably, overexpression of mammalian TPC2 modestly in-
creased [*?P]NAADP binding activity, but the increase in binding was much lower than
the increase in TPC2 mRNA levels (3-fold versus ~250-fold) [12]. Although [*2P]NAADP
binding activity was also found in immunoprecipitation studies using antibodies to sea
urchin TPCs [69]. The proteins photolabeled by [*?P-5N,I]NAADP have molecular mass-
es smaller than the sea urchin TPCs, and antibodies to TPCs do not detect any immu-
noreactivity that comigrates with either the 45-kDa or the 40-kDa photolabeled proteins
[76]. Interestingly, antibodies to TPC1 and TPC3 were able to immunoprecipitate a small
fraction of the 45- and 40-kDa photolabeled proteins, suggesting that these proteins
associate with TPCs. These data suggest that high affinity NAADP binding sites are
distinct from TPCs [76]. Quite surprising the report recently appealed suggesting that
TPCs are not gated by NAADP [14]. It was identified an endolysosomal ATP-sensitive
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Na* channel (lysoNa, ), which is a complex formed by TPCs1 and TPCs2 and mTOR
(mammalian target of rapamycin) [14].

Genetic analysis of the lysosomal storage disease MLIV (mucolipidosis type V)
uniquely identified mutations in a gene encoding a putative ion channel [2], where as
other storage diseases are due to defects in enzymes or transporters. The protein en-
coded by this gene, TRPML1, has homologies with ion channels of the Trp (transient
receptor potential) family [73]. Two homologues mucolipin-2 and mucolipin-3 were sub-
sequently identified [16]. TRPML1 was found as expected to localize to lysosomes, and
lysosometargeting motifs were identified [66; 75]. TRPML1 is a cation channel with evi-
dence that it is permeant to H*, Ca?* and Fe?*, among others [15; 29; 44]. As the first ion
channel definitively localized to lysosomes, it was an obvious candidate for mediating
NAADP-evoked Ca?* release from acidic stores. The results of Zhang A.F. et al. [80]
suggest that NAADP increases lysosomal TRP-ML1 channel activity to release Ca?,
which promotes the interaction of endosomes and lysosomes and thereby regulates
lipid transport to lysosomes. Failure of NAADP-TRP-ML1 signaling may be one of the
important mechanisms resulting in intracellular lipid trafficking disorder and consequent
mucolipidosis. Recent studies in controversial established that TRPML1 and TPCs are
present in the same complex, they function as two independent organellar ion channels
and that TPCs, not TRPMLs, are the targets for NAADP [77].

Although there is substantial evidence that RyRs are the principal effectors of cAD-
PR-induced Ca?release from the ER, a number of studies have also implicated RyRs in
NAADP-evoked Ca? release [25; 35]. In many cells, NAADP-evoked Ca?" release is
certainly sensitive to RyR blockers, and in many cases this may be a manifestation of
the trigger hypothesis, where NAADP recruits ER stores via CICR [41; 42]. However, in
a number of studies, NAADP has been proposed to directly activate RyRs on the ER
[52; 39], their major site of subcellular localization, or RyRs on acidic stores, for which
there is some evidences [51]. Study by Dammermann and Guse [25] in Jurkat cells
extensivly characterize a robust Ca?*-mobilizing response to microinjection of NAADP,
which has the characteristic bell-shaped dose-response curve in mammalian cells. Fur-
thermore, this response is sensitive to RyR inhibition and RNAi (RNA interference)-
based knockdown of RyR expression [25]. In addition the latter effects are apparently
insensitive to agents that interfere with Ca?* storage by acidic organelles [25]. Similarly,
in pancreatic acinar cells, NAADP releases Ca?* from the nuclear envelope, a contigu-
ous Ca? store with the ER, which again is sensitive to RyR inhibitors, but not by agents
affecting acidic store Ca?* store [35]. Direct evidence for NAADP regulation of RyRs has
come from studies on purified RyRs incorporated into lipid bilayers, whereby NAADP at
nanomolar concentrations was found to activate the skeletal muscle RyR1 isoform with
conductances typical for authentic RyRs [39]. Such conclusions are based on the purity
of the incorporated protein fractions. However, other bilayer studies of purified RyRs
have failed to show their significant activation by NAADP [39; 23]. Besides heterologous
expression of RyRs in HEK-293 cells enhances cADPR, but not NAADP evoked Ca?*
release [57]. Furthermore, ot was revealed that NAADP mobilizes Ca?* in cells lacking
RyRs, but requiring TPC expression [12; 57].

Physiological roles of NAADP-induced Ca? release. NAADP has been shown
to regulate a variety of cellular functions including muscle contraction and differentiation
[62]. It is generally believed that NAADP pathway recruits in the same agonists signal-
ing pathways that previously were thought to be couple exclusively to IP, production
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[32]. The latter include endothelin-1 [42], cholecystokinin [78], and glutamate [59]. Such
a multiplicity of Ca?* release channels as well as their modulation by wild variety of ex-
tracellular triggers provides a favour explanation for the heterogeneity of the Ca?" sig-
nals. The resulting Ca?* signals have been implicated in a variety of cellular events in-
cluding fertilisation [19; 48], neuronal growth [9] and blood pressure control [11]. Recent
study highlighted a selective role for NAADP in stimulating exocytosis in immune cell
which is crucial for their function. [26]. It was shown that NAADP activates TPCs to triger
exocytosis via a way that is not mimicked by global Ca** signals induced by IP, or iono-
mycin, suggesting that local Ca?* nanodomains around TPCs. Hence, the NAADP/TPC
pathway surves to generate Ca?" signals and consequently to exocytosis of cytolytic
granules folloving by cell killing [26].

Furthermore, NAADP signaling pathway is involved in insulin-induced stimulating
GLUT4 and GLUT1 translocation and glucose uptake in adipocytes [72].

CONCLUSIONS

Much evidence indicates that NAADP evokes cytosolic Ca?* signals through the
concerted mobilization of Ca?* acidic stores and the ER. Spatial localization of intracel-
lular Ca?* channels is therefore likely to be an important determinant of cellular Ca?
signalling. Future studies are needed to evaluate and define the subcellular arrang-
ments through which channels communications are happening. The fundamental ques-
tion that still remains unanswered is how to identity the NAADP receptor.
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CTtaTTs npucBsaYeHa BiOKPUTTIO HiIKOTMHaUMAaAeHiHanHykneoTua doocdaty (HAALOD)
SIK PEYOBUHM, WO 3aaTHa BMBINbHIOBaTH Ca?* 3 BHYTPILUHBOKMITUHHMX Aeno. Po3kputo
Cy4acHi ysiBNeHHs npo MexaHiamu cuHtedy HAA® y kniTuHi 3a yyacTti pepmeHTy CD38.
Bnnues HAA® onuncaHo Ang pisHMX KNITUH Ta TKAHWHHUX NpenapaTiB gk ccaBLiB, TakK
i fELb MOPCBKOro xaka. KOpoTKo oxapaKTepm3oBaHO KUCMOTHE Aeno KNiTWUH, sike, sK
nokasaHo pisHMMu gocnigHukamu, € yytnvsum go HAAQ®. Moxnuvsi mexaHiamu Hamno-
BHEHHS LMX [ieno KarnbLiem 3anyyeHi 4O CTBOPEHHSA NPOTOHHOTO rpagieHTa Ha membpa-
Hax kucnux geno. [lepernivyeHi KaHanbHi CTPYKTYpPU KUCIIOTHMX Aeno i eHgonnas-
MaTU4HOro PeTUKYNyMY, SiKi MOXYTb BBaxaTucsa peuentopamm HAAL®. Po3rnsaHyTo ic-
HytoYi Ha cborofHi rinotean BnnvBy HAAO® Ha BHYTPILWHBbOKMITUHHI KanbLUieBi Aeno:
npsiMa Moferb, TpuUrepHa, NPoOMiIKHOIO CNpsXXeHHs Ta KOHAPOPMALIMHOIO CMPSKEHHS, a
TaKOX YHichikoBaHa rinoTesa, Lo MOSICHIOE pO3biKHOCTI MiXK yciMa MexaHiamamu. Onu-
caHo goisionorivHi npouecu, y skux 3anydyeHnin HAAOO.

Knrovoei cnoea HAALD, Ca?*, aumpodinbHe geno, piaHOAWHOBI peuenTopu,
[OBOMOPOBI KaHamnw.

NMPOLIECC OCBOBOXOEHUA Ca*
N HUKOTUHAUMOAOEHUHOUHYKNEOTUA ®OCDAT

C. bblyKkoea
JIbgo8CKUL HaUUOHarbHbIU yHUsepcumem umeHu MieaHa ®paHko

yn. ['pywesckoeo, 4, Jlbeos 79005, YkpauHa
e-mail: s.bychkova@gmail.com

CTtaTbs NOCBsILLIEHa OTKPLITUIO HUKOTUHaLMAaAeHNHAMHYKNeoTua cooccata (HAAOD)
Kak BeLlecTBa, KOTOpoe CNoCOOHO BbI3biBaTb 0CBOOOXAEHUE Ca?* n3 BHYTPUKIETOYHbIX
Aano. PackpbITo coBpemMeHHble NpeacTaBneHnst 0 MexaHmamax cuHtesa HAALD B kneT-
ke ¢ yyactnem cbepmeHta CD38. BnusHue HAAL® onncaHo Ans pasnuyHbIX KNETOK Kak
MIEKONUTaKLLMX, Tak U UL, MOPCKOro exa. KpaTko oxapakTepu3npoBaHO KUCNOTHOE
[eno KNeTok, KOTopoe, Kak 3TO NoKa3aHoO pasHbiMU UCcneaoBaTensamm, YyBCTBUTENbHOE
k HAAL®. NpeanonaraeMble MeXaHNU3Mbl HAMONTHEHUST 3TUX AENO KanbLMeM BOBMEYEHbI
K CO30aHM0 NPOTOHHOrO rpagueHTa Ha MembpaHax Kucnbix aeno. [NepeyncrieHsl Ka-
HanbHblEe CTPYKTYPbl KACMOTHbLIX 43N0 M 3HAOMMNa3MaTU4eckoro peTukyrnyma, Kotopble
MoryT cumtatbes peuentopamu HAALD. PaccmMoTpeHbl CyLLECTBYIOLLME CErogHs rmno-
Te3bl BnuaHns HAALD Ha BHYTPUKNETOYHbIE KanbUUEBbIE AEMNO: NpsMas Mogenb, Tpu-
repHasi, NPOMEXYTOUYHOIO CMPSPKEHNS U KOH(POPMALIMOHHOIO CPSKEHUS, a TakKe YHU-
duuMpoBaHHas runoTesa, kotopasi 0ObACHAET pasHornacus Mexay BCEMU MexaHu3ma-
Mu. OnucaHbl unanonormydeckme npoLecchl, B kotopble BonedeH HAALD.

Knrouyeesie cnoesa: HAAL®, Ca?*, aungodunbHoe Aeno, puaHoaMHOBbIE pelen-
TOPbI, ABYXMNOPOBbIE KaHasbl.
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