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ABBREVIATIONS ways. Some of these can be cleaved by a specific
phospholipase to yield both a membrane bound and
DAG, 1,2-diacylglycerol; EGF, epidermal growth a soluble cytosolic second messenger. This has
factor; TNF, tumour necrosis factor; IGF-I, insulin- been shown to be the case for the hydrolysis of
like growth factor I; Insf)P, inositol phosphate; Ptdins(4,5)P2 by PIC to generate DAG, which acts
Ins(n,nP;, inositol bisphosphate; Ing0,)P3, inos-  to stimulate PKC (Nishizuka and Nakamura, 1995),
itol trisphosphate; MEL, murine erythroleukemiaand Ins(1,4,5)P3 which regulates calcium release
(Friend); PIC, phosphoinositidase C (phosphatidylifrom internal stores(Berridge and Irvine, 1984;
nositol-specific phospholipase C); PKC, proteinStrebet al.1983). In this case PKC acts as a sensor
kinase C; PKB, protein kinase B; PLC, phospholi-which integrates these two signals, leading to the
pase C; PLD, phospholipase D; PMA, phorbol 12 phosphorylation of key cellular components (Oan-
myristate 13-acetate; PtdCho, phosphatidylcholinecea and Meyer, 1998). [The mechanism by which
PtdEtn, phosphatidylethanolamine; Ptdins, phosDAG activates PKC is thought to involve binding
phatidylinositol; PtdIins(x)P, phosphatidylinositol to the membrane, followed by a conformational
monophosphate, phosphorylated at position xchange which leads to an opening of the active site,
Ptdinsk,y)P:, phosphatidylinositol bisphosphate, and then activation of the enzyme.] Thus this lipid
phosphorylated at position x and y; Ptdins()Ps,  acts not only to localise, but also plays a key role in
phosphatidylinositol trisphosphate; PtdOH, phosits activation. This idea now appears to be a recur-
phatidic acid. ring phenomenon, as a number of phosphorylated
forms of inositol lipids have also been shown to
bind, and therefore specifically localise key signal-
INOSITOL LIPIDS ing enzymes. One of the first examples of this par-
adigm is the activation of PKB (or AKT). This pro-
Inositol lipids are made up of an inositol heactein kinase contains a pleckstrin homology (PH)
group that is linked, via a phosphate di-ester bond 1plomain, examplta_s of Wh.ICh ha_lve been_ shown to be
a DAG moiety. The DAG acts to maintain this lipid important in the interaction with proteins, such as
as part of the membrane while the inositol heathepy subunits of heterotrimeric G proteins, or with
group forms a potential interface between compclipid components of the membrane (Bottoméy
nents in the cytosol and the membrane. Ptdins, tial. 1998; Harlanet al. 1994; Ramefet al. 1997;
precursor for all signaling inositol lipids, can be Tanakaet al. 1997; Linet al. 1997; Klarlundet al.
phosphorylated in a number of positions, by a nun1998; Fushmast al. 1998).
ber of different kinases to yield at least seven poter That inositol lipids are able to target proteins and
tial second messengers (see Fig. 1) which act in twlead to their activation is now an established role
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PtdCho Ptdins DAG

Fig. 1 -Nuclear PtdCho or Ptdins was hydrolysed using specific phospholipageBAG was isolated and phosphorylated using

a non-specific DAG-kinas@&he products were dimethylated using diazomethane and separated on silver coated plakes (5%).
unsaturated lipids interact with the silveith the strength of the interaction depending on the number of double ThodDAGs

containing saturated fatty acids will migrate to the top of the plate, whereas those with arachidonyl (4 double bondg ) will on
migrate a short distanc&s can be seen the DAG backbone of PtdCho is predominantly disaturated and monounsaturated (>80%)
while those from Ptdins contain mainly 3,4 and 5 double bonds (>8®fbhuclear DAG was found to be predominantly made up

of DAG with disaturated and monounsaturated backbones, suggesting that they could not be derived solely from Ptdins hydrolysis.

for these lipids, and it is likely that the fdifent and antibody probes to the enzymes that modify
lipids will utilise different binding domaing.here these lipids (Katan, 1998; Balla, 1998; Hindif
are now seven ddrent phosphorylated forms of et al. 1998) and their unequivocal nuclear locali
PtdIins which are present in cells, and together witsation should finally put the issue of contamina
the fact that they are likely to be located in variou:tion to rest, and open up new investigations into
intracellular compartments this would provide aputative nuclear tgets.
network of taget sites able to activate and localise Smith andWells (Smith and/Vells, 1983b; Smith
proteins important in the regulation of a number oandWells, 1984b; Smith an@Vells, 1983b) were
key pathways within the cell. the first to demonstrate that, when purified intact
rat liver nuclei were incubated with 32HRA
PtdOH, Ptdins(4)RAnd PtdIins(4,5)P2 were rapidly
INOSITIDES IN THE NUCLEUS labeled. The interpretation of this is that the
enzymes that phosphorylate DAG, Ptdins and
Although the role of these lipids in the cytosolic PtdIins(4)Ptogether with their substrates, are-pre
compartment of a cell is well established, their rolesent in nucleiAs this experiment uses endogenous
in the nucleus has generated a certain amount substrates it also suggests, importanthat the
controversy However the availability of cDNAs enzymes and the lipids that they phosphorylate are
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present in the same locatiorhis type of expefi inositide cycle, have led to the suggestion that reg
ment has been carried out using nuclei from varioculation of a nuclear PIC may be a key event during
tissues and cell types with results that are essentiiproliferation and terminal direntiation.Thus a

ly the same as the original data from Smith aninuclear PIC is able to regulate the mass levels of
Wells (Divechaet al. 1993a; Billiet al. 1993a; San  nuclear DAG which in turn regulates progression
ti et al. 1992a; Misciaet al. 1991a; Coccaet al.  through the cell cycle, perhaps through regulation
1988a; Cocccet al. 1987a; Cocceet al. 1987a; of PKC activity Extension of this hypothesis
Vannet al.1997a) A number of studies have taken would suggest that improper control of the levels
these experiments furthein order to define of nuclear DAG should lead to problems with-pro
whether this nuclear pathway is agetrof regula  gression through the cell cycle. Indeed, studies car
tion by growth factors and cellular processes {Misried out byTopham et al (@phamet al.1998; Ding

cia et al. 1991; Ranaet al. 1994; Cataldiet al. et al. 1997) demonstrated that DAG kinage
1994, Cataldet al. 1990; Cocceet al. 1988; Coe  which is partially nuclear localised, is phosphory
co et al. 1987; Banficet al. 1993; Divecheet al. lated after stimulation of PKC, by EGF ©PA,
1995; Divecheet al. 1993). Nuclei isolated from and this leads to its fafx from the nucleusThis
control MEL cells, or from those dérentiated efflux appears to correlate with an increase in the
down an erythroid pathwaghowed diierences in  mass of nuclear DAGIhe PKC phosphorylation
their labeling patterns after incubation with 32P-site was mapped to a putative nuclear localisation
ATP. Specifically the amount of label incorporatedsequence, which, when phosphorylated, prevents
into PtdIns(4,5)P2 was substantially increased aftethe enzyme from entering the nucleus. In support
differentiation(Billiet al. 1993; Cocceet al.1987).  of the above hypothesis, overexpression of this
This may have been due to changes in the inositenzyme led to a decrease in the nuclear DAG and
lipid modifying enzymes (either kinases/phos a doubling in the cell cycle time, with cells becom
phatases or phospholipases) or in the levels of theing blocked in G1. Interestinglthese décts were
substrates, or botfThis experiment, howeveled dependent on both the DAG kinase activity and its
to the hypothesis that this nuclear inositide cyclinuclear localisation.

could be regulated distinctly from that of the plas

ma membrane. Furthavhen quiescent Swiss 3T3

cells were stimulated with IGF-1, changes in the(NUCLEAR DAG IN MEL CELLS IS NOT
nuclear inositides were seen, with no such changilGENERATED THROUGH THE HYDROL Y-

in the whole cells (Coccet al. 1988). These SIS OFPTDINS DERIVED LIPIDS

changes were shown to reflect mass levels of tr

various inositides and the simplest interpretation ¢ Stimulation with growth factors or proliferation
the data was that IGF-1 led to an increase in th(induced by partial hepatectomy) leads to an
activity of a nuclear PIC, which hydrolysed eitherincrease in the levels of nuclear DAG, which is
Ptdins(4)Por Ptdins(4,5)P2, leading to enhanceccorrelated with an increase in nuclear PIC activity
production of nuclear DAG (Divechet al. 1991; (Banficet al.1993). In contrast to this, when MEL
Coccoet al. 1989).This increase in nuclear DAG cells were terminally diérentiated, leading to a
occurred concomitantly with translocation of PKCcell cycle arrest, a decrease in the level of nuclear
to the nucleus, a physiological downstreanggar DAG was observed, which correlated with a
of this lipid (Neriet al. 1994; Martelliet al. 1991;  down-regulation of a nuclear PIC activity (Martel
Martelli et al. 1991; Divechaet al. 1991). Indeed, i et al.1994; Billi et al. 1993; Cocccet al. 1995;
IGF-1 was shown to enhance the activity of ¢D’Santoset al. 1998; Divecheet al. 1995). More
nuclear PIC whilst having nofatt on its cytosolic  specifically differentiation led to a decrease in the
counterpart (Martelliet al. 1999; Martelliet al.  transcription of the gene encoding RUIC(Mar-
1992). Studies either on ¢hfentiating cells telli et al. 1994).We and others have demonstrat
(D'Santoset al.1999; Divechat al. 1995; Martel ~ ed that this was potentially the nuclear PIC activ
li et al.1994) or on proliferating tissue, e.g. partiality, as this was the only immunologically -de
hepatectomy (Litet al. 1996; Kuriki et al. 1992; tectable isoform of PIC in rat liver nuclei (Di
Banfic et al. 1993), and their &cts on the nuclear vechaet al. 1993b; Divechaet al. 1995b; Martelli
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et al. 1995b; Ziniet al. 1993b; Martelliet al.  able to hydrolyse phosphoinositides, we sought to
1992b). Thus the increase/decrease in nucleedetermine if Ptdins hydrolysis was actually oecur
DAG resulting from diferent treatments has beenring in the context of an intact nucléiter in vit-
ascribed to the changes in this isoform of PICro labeling of nuclei with 32P-PP the radioactive
Using a beautiful technique set up by Kennesly  phosphatidic acid was analysed using the above
tried to establish the identity of the precursor lipidmethod to separate fifent molecular species.
for the nuclear DAG, with the assumption that it

would be derived from hydrolysis of a PtdIns lipid.

The technique is well suited to analysis of nuclea

lipids as it does not depend on isolation of mas 200 kd I

quantities of lipid, but is based on the analysis o

PtdOH after separation according to the number ¢ - F"LC B-I
double bonds they contain i.e. their degree of-sati

ration. PtdIins is predominantly polyunsaturated

while the PtdCho is predominantly saturated o 58 kd S

monounsaturated. Ptdins and PtdCho were hydrc

ysed using specific PLCs and their respectivi

DAGs were phosphorylated with a non-specific :

DAG kinase, to generate labeled PtdOHhese 4g|{d wEm———g

were then separated bygantation chromatogra

phy, which distinguishes molecular species by

their degree of saturatiomhese patterns of unsat

uration were then compared to the overall nuclee 29 kd B

DAG pool after phosphorylation to PtdOH by the

same DAG kinase (Fig 1.)

The result demonstrated that the majority o

nuclear DAGcould not be derived from the hydrol C D
ysis of Ptdins and must either come from thee =
novopathway or be derived from the hydrolysis of N
other lipids such as PtdCho (D’Santgsal. 1999). N
Upon diferentiation of these cells, which was Q

shown to lead to a decrease in nuclear PIC agtivit

the decrease in nuclear DAG occurred in s eCiEFig' 2 -_CeII lines were derived after transfection of the MEL
P cells with myc-PI@1 under the control of a CMy@romoter

that are _already presen'g in control nuclei af‘d 15her‘After selection and single cell cloning by limiting dilution, cells
fore unlikely to be derived from PRImediated ere expanded and either treated as controls ferefitiated
cleavage of Ptdins lipids (data not shown). Indeeusing 1.5%DMSO. Cell lysates were then blotted forpRIC
we generated a stable MEgll line that constitu using either and antibody against this isoform (data not shown)

; or with an antibody specific to the Myc tas can be seen the
tively overexpressed PLA1 from a CMVpromoter enzyme is no longer downregulated aftefedéntiation Analy-

(_F'Q- 2).Analysis by western blotting after tifen sis using an assay for PIC activity demonstrated that there was
tiation showed that the enzyme was no longes times more PIC activity associated with the nuclear fraction
downregulated Analysis demonstrated that thesein overexpressing cell lines compared to the parental line,
cells still underwent diérentiation, as assessed by‘l‘fj"_h'Ch was ”gt dOW”rtegt“'gttid td;grl';‘gfdm”t'a“o”_- Hemlcl’gkz.”

. . : in analysis demonstrated that FICoverexpressing cells sti
h.em()glo.bm production, and also were term'na‘mdifferentiated and also cell cycle analysis showed that they still
differentiated as shown by a G1 cell cycle blockadpjocked in G1 of the cell cycleinalysis of nuclear DAG
(data not shown). Howevewe were still able to showed that the decrease was still obserVad.initial obser
show that there was a decrease in the levels Vvation that Ptdins(4,5)P2 levels are increased aftfareliftia

nuclear DAG suggesting that FICis not required tion and that this was due to a decrease hydrolytic activity asso
for the generation of nuclear DAG ciated with the nucleus was also not abrogated in cell lines

g expressing the PIEL. These data suggest that RICis not the
As previous data from ours and others labs havpiC activity that generates nuclear DAG and that downregula

demonstrated that a nuclear PIC is present and tion of this enzyme is not a prerequisite fofetiéntiation.

54



05.D'SANTOS 18-02-2002 11:00 Pagina 55 $

What became apparent is that the phosphatidic acwhich is generated through the action of a PIC
was predominantly poly-unsaturated, having a digactivity and a major pool which is generated in a
cylglycerol backbone similar to Ptdins deriveddifferent mannerbut reflect the DAG backbone of
lipids. This suggested that these DAGs are directl PtdCho. Previous data ind9 cells also suggested
phosphorylated to PtdOHo illustrate this further that thrombin stimulation led to an increase in
we showed that two structurally flifent phospho  nuclear DAG mass, which was most likely derived
lipase inhibitors were able to block the productiorfrom PtdCho hydrolysis (Leacdt al. 1992; Jarpe

of labeled PtdOH during an in vitro labeling reac et al. 1994).We have carried out this analysis in a
tion and that this inhibition occurred in the specie:number of diferent cell types (including Swiss
that were similar to the DAG which would be 3T3 cells) and always find that the majority of
derived from the hydrolysis of Ptdins lipids (Fig. DAG resembles PtdCho rather than Ptdins. How
3). No such inhibition was found with an inactive nuclear DAG is generated and whether nuclei con
PLC inhibitor or with inhibitors of either PLD tain a PtdCho specific PLC is suggested, but not
(butanol) or of a PtdCho specific PLC (D609).  demonstratedlhis also raises the interesting ques
Thus these data would suggest that there are tion over which species of DAG are involved in
least two pools of nuclear DAG\ minor pool the regulation of cell cycle progression. In the

=5 4 ar ppoly oo e wddh
u3db u 2db
gldk w (lidh

rE <ok T Trai [0 15FE. b T1N m= kel |50
Fig. 3 -Intact nuclei were incubated either at 30 or on ice for 5 minutes in the presence or the absence of the indicated inhibitors.
The PtdOH was then labeled by the addition of 3ZIP-#&r a further 2.5 minutes. In the case of the ice control incubation was
carried out on ice in the presence of the inhibitor the transferred to 300C for labeling. Control experiments were carried out
whereby nuclei were incubated for 5 minutes first to generate DAG in the abséide Bifie inhibitor was then added and the
labeling carried out for a further 5 minut&he PtdOH was then dimethylated and the various DAG backbones were separated
using agentation chromatographiyhe inset is the legend for the number of double bdrusse data indicated that the inhibitors

did not inhibit the nuclear DAG kinase which was able to phosphorylate the DAG generated through PtdIins-hydrolysis even in
the presence of the inhibitdthe data suggest that DAG generated by Ptdins hydrolysis is a substrate for the nuclear DAG kinase.
Further experiments using exogenous DAG suggested that this enzyme was not specific for these DAGs, but rather the enzyme
was probably located such that it was only able to phosphorylate this DAG.
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study carried out bfophamet al. (Tophamet al.  al for use as a tgeting agent, as a recent study has
1998) overexpression of nuclear DAG kinase,deacsuggested (Zhaet al. 1998). Stimulation of imma
ing to the decrease in nuclear DAG content, led tture T cells leads to their movement from GO into
a cell cycle block.Which types of DAG are G1 of the cell cycleThis traversal is accompanied
required for cell cycle progression is not known,with a decondensation of chromatin and an increase
but it is important to ascertain this as it definesin nuclear size (these two events are thought to be
which type of PLC is regulated during the cellimportant in the regulation of transcription and for
cycle. Our data on changes in the cell cycle DACDNA synthesis to occur). One of the nuclear eom
would suggest that the major pool of DAG does noplexes thought to be important is the BAF complex.
change during cell cycle progressioe were, This is a lage complex of at least thirteen proteins
however able to demonstrate that the PtdOtwhich, on binding to DNAand the nuclear matrix,
derived in arnin vitro reaction did change, suggest are thought to be important in its remodelling. On
ing an apparent activation of a PIC activity as celstimulation of theT cells there is an increase in the
progressed through the G1/S bounddfyrther amount of BAF complex that becomes associated
work is required, however to characterise theswith the nuclear matrix. Interestinglghe ability of
changes and to determine which isoform of PIC ithis complex to associate with these nuclei is
activated and which phosphoinositides serve as ttPtdIins(4,5)P2 dependent (Zhabal. 1998). How
substrateThis point is important as it determines ever no data has yet demonstrated an increase in the
which head group is released. In light of the-conamount of Ptdins(4,5)P2 during this process of mat
tentious issue surrounding the presence of thuration or that this binding is specific to Ptdins
Ins(1,4,5)P3 receptor on the inner nuclear men(4,5)P2 (over that obtained with Ptdins(4pRlins
brane and the specific regulation of nuclear ealci(3,5)P2 or PtdIns(3,4)P2). It is, howevppbssible
um, only hydrolysis of PtdIns(4,5)P2 would gener that stimulation leads to the regulation of a PIPki
ate this head group (see Ptdins(4,5)P2). It is alsnase, which leads to an increase in the nuclear Ptd
not clear if the role of the PIC mediated hydrolysisIns(4,5)P2 levels, and that this is important in the
is to generate new second messengers such translocation and regulation of the BAF complex.
DAG, Ins(1,4,5)P3 and PtdOH, or to attenuate thInterestingly previous data has suggested that the
signaling capacity of PtdIins(4,5)P&hich PIC is addition of lipids, such as Ptdins or PtdCho could
acting within the nucleusPhere is evidence for the lead to profound &cts on the transcriptiom vit-
presence of a number of féifent PIC isoforms pre  ro, of a number of genes through theifeafs on
sent within the nucleus (D’Santes al. 1998)and chromatin structure (Manzadit al. 1975; Coccaet
this may reflect the various cells types that havial. 1976; Manzoliet al. 1977; Manzoliet al. 1978;
been studied or may reflect the need fofediéint Maraldi et al. 1984; Coccaet al. 1985; Capitanet
PICs in the regulation of multiple pools of nuclearal. 1986).
Ptdins(4,5)P2. Ptdins(4,5)P2 can also bind specifically to histones
H1 and H3 and this binding is able to inhibit the his
tone-mediated repression of RNA-polymerase 1,
THE SYNTHESIS OF NUCLEAR leading to enhanced vitro transcription, (Y et al.
Ptdins(4,5)P2 1998) and has also been suggested to be important
in the regulation of RNAefflux, by its interaction
Potentially Ptdins(4,5)P2 could represent a signaand activation of a nuclear envelope associated
ing molecule within the nucleus. Its levels could beATPase (Smith and/ells, 1984b). More recent data
regulated by either its synthesis and/or by its hydro has suggested that the tydeFRIPkinases may play
ysis. The demonstration that both the type 1 and tha role in the regulation of mRNAplicing, as
type 1L PIPkins are present in nuclei would suggesimmunofluorescence showed a colocalisation of this
that this lipid is regulated in a number offeient enzyme with RNAsplicing complexes within the
ways. PtdIns(4,5)P2 within the nuclear matrix isnucleus (Boronenkoet al. 1998). These authors
probably oganised such that its hydrophobic tail iswere also able to show a partial colocalisation with
bound to some protein, while its head group is ablnuclear Ptdins(4,5)P2 using antibodies specific for
to sit out into the nucleosdrhis would make it ide  this lipid. Thus Ptdins(4,5)P2 may play a role in
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chromatin remodelling during a number offelient  with a specific 5-phosphatasihe products of this
key nuclear processes, such as transcription, DNreaction were then separated again u3ibg and
synthesis and during the condensation/deconeensthe counts present in the 4 position were determined
tion of chromatin during mitosi§hat Ptdins(4,5)P2 by quantitation of the Ptdins(4)els.The number
may play such diverse roles in the nucleus woulof counts present in the 5-position was determined
suggest that its synthesis would be tightly regulateby the decrease in the counts in Ptdins(4,5)R2.
and that there would be multiple mechanisms for thfound that there was a ratio of about 5:1 in terms of
regulation of this process. In the cytosol there are ithe 5:4 phosphate labeling, suggesting indeed that
least two distinct PtdinsRinases that are able to some 4-phosphorylation was occurring in the rucle
synthesis this lipidThe first is a bone fide Ptdins Us.This could, however come from the 4 phospho
(4)P 5-kinase, or type 1 PIPkin, which phosphory rylation of Pf[qllns, which was then p_hosphorylated
lates on the 5 position to generate Ptdins(4,5)P;0n the 5-position by a Ptdins(4)P-5-kinakee ratio
Thus far there are three subtypes of this famil, of labeling would then just reflect the size of the
andy isoforms which are probably regulated in-dif €old pools of Ptdins(4)PHowever for type Il

ferent waysThis family of enzymes has been shown€NZyMe to be active would require that its substrate
to be regulated by a number of small moleculaV@S also present, within the nucleus. Using recom

: : : binant type | and type Il enzymes we have estab
weight g proteins of the rho family such as rho anc;
ac, butlsorecent data suggest AR fam:  |PIEATESE 25 ol DRI
ly are also potent activators of this enzyme, furthe OF y P y

: o . under the conditions used show no cross specificity
gv'ggﬂgli t;?gt nztril'gz(g’nSd)Pnz trl{z rIQVOII\aﬁgnlgf bgg.Using these assays we have shown that MEL
yt yhaml : guiat VeSlhuclei contain approximately 5% Ptdins(5Rd

cle traficking. In the nucleus ‘.)f l\_/IEbeII.s we have 5%PtdIns(3)Rvith the remaining 90% consisting of
demonstrated that a type 1 pipkinase is also prese Ptdins(4)PThe issue of how Ptdins(5)®generat

which is specific for phosphorylation of the 5 poSi ¢ is stiil contentious as it is not clear if it comes

tion of Ptdins(4)POur data also_suggests that thisfrom the breakdown of Ptdins(4,5)P2, by a specific
enzyme may be a get for regulation by DNAlam 4 phosphatase, or if there is a Ptdins-5-kinase.
age agents, as in vitro labeling assays after treatmeRecent data demonstrated that a mammalian homo
with .CISpIatIn Iead to a SpeCIfIC INncrease In the'synlogue of the yeast type I PlPk|n ShOWS SpeCmC'ty
thesis of Ptdins(4,5)PZhis occurred through the for phosphorylation of Ptdins on the 5-position,-sug
activation of an activity that predominantly phos gesting that this may be the elusive Ptdins 5-kinase.
phorylated Ptdins(4)®n the 5-position. How this To determine if nuclei contain a Ptdins-5kinase, we
enzyme is regulated, or which isoform it is, is nolisolated the labeled Ptdinsfter in vitro labeling
known, although our data using isoform specificand phosphorylated this with either the type | or
antibodies in MELcell nuclei would suggest that it type Il enzymes in the presence of cAltP. The
is a murine-type . data revealed that these nuclei contain both a Ptdins-
Recent data has suggested that nuclei also contaii4 and a Ptdins-5-kinase and also a Ptdins-3-kinase.
type 1L enzymeThis enzyme is able to phosphery Although these data still def from the fact that this
late the 4-position of Ptdins(5)® also generate could be derived from the dephosphorylation of Ptd
Ptdins(4,5)P2The presence of this enzyme in thelns(4,5)P2. However in the time scale of the assay
nucleus would also suggest that regulation othis is unlikely Preliminary data suggest that frac
Ptdins(4,5)P2 levels in the nucleus is complextions isolated from chromatography of MEell
Immunoprecipitation using a typé $pecific mone  nuclear lysates on a heparin column have a kinase
clonal antibody demonstrated that ME&ll nuclei  that is also able to generate Ptdins(5)P
also contain a typellenzymeWe were therefore
interested to assess if in intact nuclei this enzym
was able to generate Ptdins(4,5)P@.investigate CONCLUSIONS
this nuclei were labeled for 2.5 minutes with 32P-
ATP and the Ptdins(4,5)P2 was isolated afte€. It now appears that inositol lipid metabolism
To determine if any labeling had occurred in the «within the nucleus is as complex as that within the
position we dephosphorylated this Ptdins(4,5)P.cytosol. There are both lipid kinases to generate
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all of the known inositol lipids shown to be presenied by these nuclear stimuli. Further work to-iso
in the cytoplasm as well as a number of phoslate specific nuclear enzymes and charactersise
phatases able to degrade theéiiso most of the how these are regulated with respect to cell cycle
phospholipase C and D that are able to hydrolysprogression and these internal stimuli will yield
Ptdins or PtdCho respectively have also beenew tagets for potential therapies.
shown to be present within the nuclelibus the
generation of nuclear DAG also appears to b
complex with multiple modes of regulatiofvhich REFERENCES
of the inositides is hydrolysed within the nucleus i<
still unclear as is which pool of DAG is important Balla T.: Phosphatidylinositol 4-kinases. Biochim. Biophys.
in the activation of nuclear PK@he demonstra Actal436 69, 1998.
tion that nuclear DAG derived from PtdIns hydrol Banfic H., zizak M., Divecha N., and Irvine R.Buclear
ysis is phosphorylated directly to generate PtdOtdiacylglycerol is increased during cell proliferatignvivo.
may suggest the synthesis of another potential seBiochem. J290, 633, 1993.
ond messengeiThe role of PtdOH as a second Berridge M.J., and Irvine R:Anositol trisphosphate, a novel
messenger appears to be firmly accepted, howevsecond messenger in cellular signal transduction. Nafize
there are as yet no realdats for this lipid. Isola 315, 1984.
tion using afinity columns, as has been used in thegili A.M., Cocco L., MarteliAM., Gilmour R.S., and
isolation of specific PtdIns(3,4,5)P3 binding pro Weber G.Tiazofurin-induced changes in inositol lipid cycle
teins, should yield new tgets. Methods of in nuclei of Friend erythroleukemia cells. Biochem. Biophys.
analysing specific PtdOH formation within living R€S- Communids 8, 1993.
cells, would then be a real possibility Boronenkov 1.V, Loijens J.C., Umeda M., andinderson
It is also clear that there are present in nuclei mu R-A.: Phosphoinositide signaling pathways in nuclei are-asso
tiple mechanisms for regulating PtdIns(4,5)P2 Iev.C"""t‘;’OI with r,\‘/lucl'eg.r fpcec:geggg‘t?'gégg pre-mRdtbcess
els, but the pathways that impinge on this syﬁnthe'ng actors. Mol. 'O_' e ’ ' .
sis are still poorly understood. Data presented :Bottomley M.J., Salim K., and Panayotou G.: Phospholipid-
this meeting from Lucio Cocco amdberto Mar binding protein domains. Biochim. Biophyscta 1436 165,
telli laboratories would suggest that BICis a key
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