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Introduction 

PIP2 is recognized as the source of the bioactive second messenger inositol 

trisphosphate(IP3) for intracellular Ca2+ mobilization and diacylglycerol(DG) 

for PKC activation. In addition to its role as a signal-generating lipid， PIP2 

has been shown to modulate the functions of various proteins such as 

PKC(1，2)，μ-calpain(3)， ADP-ribosylation factor(ARF) 1(4)， and 

phospholipase D(5). PIP2 also binds to actin-regulating proteins such as 

profilin(6)， cofilin(7)， gelsolin(8)， gCap(9)， and α-actinip(10) and regulates 

the functions of these proteins. It has been repOIted that a decrease in the 

amount of PIP2 bound toα-actinin and vinculin correlates with the 

depolymerization of actin inνivo(11). . Recently， it has been also 

demonstrated仕latthe interaction of PIP2 with PH domains(12) and the PTB 

domain(13) is important for anchoring proteins at the membrane surface. Al1 

these data suggest that PIP2 not only generates second messengers， but also 

modulates the function of PIP2・bindingproteins. 

Increasing evidence indicates that PIP2 is present in the nuclear membrane 

and nuclear matrix as well as in the plasma membrane and cytoplasmic 

cytoskeleton. Likewise， the isolated membrane-free nuclei from Friend 

erythroleukemia cells have enzymes that produce both PIP and PIP2(14)， and 

a decrease in nuclear PIP and PIP2 was observed in Swiss 3T3 cells in the 

early stages of the response to insulin like growth factor(IGF-l)(15) and in 

Hela cells during S-phase(16). In addition， PIP2 hydrolysis activity has been 

demonstrated in nuclei. Martelli et al. have reported that the purified nuclei 

of 3T3 cells contain PLCs a~d that IGF・1treatment stimulates the activity of 

nuclear PLC(17). Furthemlore， a PLC isoform confined to the nuclei has been 
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Materials and Methods 

Materials・--HistoneH1， H3， staphylococcus aureus V8(V8 protease)， and 

PKA were purchased from Boehringer Mannheim. PKCs purified from rat 

brain were a kind gift from Dr. Inagaki(Aichi Cancer Center， Japan)， and 

Cdc2 kinase was from Upstate Biotechnology Incorporated. [3H]PIP2(7.6 

Ci/mmol) and [γ'_32P]ATP were pllrchased from Dll Pont-New England 

Nuclear and Amersham， respectively. Drosophila Embryo Nuclear Extract 

in vitro Transcription System was from Promega. The peptide gel filtration 

column(Superdex Peptide HR 10/30)， protein gel filtration column(Superose 

6) and reverse phase C18 colllmn(TSKgel ODS・80T恥1CTR)were from 

PhalTIlacia Biotech and TOSOH(Japan)， respectively. DEAE-

cellulose(Whatman)， cellulose phosphate(Whatman)， and I:Ii-Trap heparin 

column(Pharmacia) were purchased as indicated. PIP2 and PIP was prepared 

from bovine spinal cords by the method previously reported(27)， PI， 

phosphatidylcholine(PC)， phosphatidylserine(PS)， and CL were purchased 

from Sedary， PG was from Sigma. DipalTIlitoyl PIP3 was chemically 

synthesized. 

Preparation 01 antibodies---Polyclonal antibodies to histone Hl and H3 were 

prepared by .injecting purified histone Hl or H3 into New Zealand white 

rabbits. Thereafter， booster injections were administered every two weeks for 

two months. The antibody was purified by 20-38 % ammonium sulfate 

fraction. Monoclonal antibody to PIP2 was prepared as described 

before(24，25). 
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with 0.1 N HCI. A part of the treated histone H1 was subjected to 

SDS・PAGE，transferred to nitroce))uJ9se fiJters， and then 

immunostained with anti-PIP2 antibody. To show that the 

association of PIP2 affect the apparent molecular weight of histone 

Hl， the other parts of the treated histone Hl were appIied to gel 

filtration colulnn(Supe.'ose 6) previously equiIibrated with the 

buffer containing 20 mM  T.匂・HCJ(pH，7.5) and 0.1 M NaCI， and 

eluted with the same buffer. For dot-blot analysis， peptides and proteins 

were spotted on a nitrocellulose filter and stained with antI-PIP2 antibody. 

Extraction of PIP2 from histone Hl an.d histone H3---200μg of purified 

histones Hl and H3 were extracted with 2 ml chloroform/methanol(2/1) and 

0~5 ml1N HCl. The chlorofonll layer was evaporated under a N2 stream and 

the residue was spotted onto a thin-layer chromatography(TLC) plate. The 

plate was developed in chlorofoI111/methanol/ammonia舟也0(14/20/3/5，v/v) 

and immunostained with antI-PIP2 antibody. 

Prepαration and anαlysis 01 peptides from histone Hl---50μg Histone Hl was 

digested ovemight with 50μg/ml V8 protease in 50 mM  phosphate buffer， pH 

7.8. The peptides from the digest were separated by high performance liquid 

chromatography(HPLC) on a C18 column with a linear gradient of 0-60 % 

acetonitrile in 0.091 % trifluoroacetic acid(TFA) as described before(28). 

Each eluted peptide was lyophilized and then solubHized in water. The 

molecular mass of the peptide was determined by HPLC on a peptide gel 

filtration column equilibrated and eluted with 10% ace.tonitril in 0.1 % TFA. 

The amino acid sequencing was performed by a protein sequencer(Shimadzu， 

Japan). 
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plasmid(32)， and the supercoiled pKr plasmid was used for in vitro 

transcription. RNA synthesis was performed as described in the Technical 

Bulletin(Promega) using a Drosophila embryo nuclear extract in the presence 

or absence of histone Hl or phospholipid vesicles. Phospholipid/histone Hl 

vesic1es were prepared as follows. Lipids in. organic solution were dried 

under a N2 stream， suspended in histone Hl-containing solution by sonication. 

The quantity of cDNA obtained from a specific primer extension 

reaction(reverse transcription) shows the amount of the specific mRNA. The 

primer .for reverse transcription is 

5'TATTACTCGCGGTTGTGTGTGGCACAAC， which hybridizes to the 

Kruppel n1RNA from +45 to +73.τbe primer extension reaction was 

perfoロnedat 37 oC for 60 min in the buffer described in the Technical 

Bulletin. The predominant products， 72 and 68 bases in length， were 

separated on a denaturing gel containing 8 % acrylamide， 7 M urea， and 

TBExl buffer. The gel was subjected to autoradiography. 
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of PIP2 with histone H1 and H3 did not occur during preparation 

of histones. 

To clarify the specificity of PIP2-binding to histone H1 further， histone H1 

was incubated with various amounts of PIP2 and western blot was carried out. 

As shown in Fig. ld， exogenously added PIP2 was detected on histone H1 in 

dose dependent manner， suggesting that this binding is specific and very 

strong. To confirm that anti-PIP2 antibody does not crossreact with 

histone Hl， PIP2 bound to histone H1 was removed by the 

incubation .with 0.1 N NaOH. Though histone H1 protein was 

stable under this. treatment， it was no Jl10re stained with anti-PIP2 

antibody(Fig. 1e)， suggesting that anti-PIP2 antibody did not react 

with histone H1 protein by itself. Furthermore， gel fiItration 

study showed that 0.1 N NaOH・treatedhistone H1 eluted more 

slowly than non-treated histone H1(Fig. 1η， showing that apparent 

lnolecular weight of histone H1 was reduced by removal of bound 

PIP2. 

It appears to be important to understand the interaction between PIP2 and 

histone Hl. Therefore， we next determined the PIP2-binding site in histone 

Hl. When histone Hl was digested by V8 protease and subjected to C18 

reverse column chromatography， seven peptides were obtained(No 1-7 in Fig. 

2a). Among these peptides， peptide 1 was identified as containing血ePIP2・

binding site by dot-blot analysis with anti-PIP2 antibody in addition to original 

histone H1(No. O)(Fig. 2b).. PIP2 bound to peptide 1 was still remained after 

HPLC as seen inα-actinin(28). The molecular mass of peptide 1 was 
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of PKC(34)， PKA(35)， and cdc2 kinase(36) in rat Hld， human H1b， and 

bovine H1， we recognized that all the phosphorylation sites are nearIy 

conserved among the subtypes and that the PKC phosphorylation site is close 

to the PIP2-binding site. Thus， we assume that the phosphorylation of serine-

104 by PKC induces the decrease in PIP2 binding to histone H1. 

Since .histones have been known to suppress the tranSCIヤtionby RNA 

polyn1erase II， we were interested in the effect of inositolphospholipids on the 

transcriptional inhibition mediated by histone H1 in eukaryotic cells. We next 

examined whether PIP2 can counteract the rep陀 ssionof RNA polymerase II 

transcription by histone H1 using a dro‘wphila embryo transcription system. 

Transcription by RNA polymerase II was inhibited 90-95% by 1μM H1 and 

complete1y inhibited by 4μM H1 in the absence of phosph01ipid(second lanes 

from 1eft in Fig. 4a， b， and c). The addition of PIP2 to the reaction mixture in 

the ratio of 10 m01 PIP2 to 1 11101 histone H1(l'μM) reversed the 

transcriptiona1 inhibition by histone Hl to 62 % of the basal transcription 

leve1(lane 4 compared to Iane 1 in Fig. 4a). Antirepression caused by PIP3 or 

PIP was also found， but these effects were 111uch weaker than that of PIP2. 

The degree of transcriptiona1 activity was about 12 % in the presence of 

PIP3(10μM) and 6% in the p児senceof PIP(lOμM). And a slight1y effect of 

CL and PG at 10μM were observed as Hirai et al(23) have reported(Fig. 4b). 

On the other hand， PI， PS， and PC had no effect at all at 40μM(Fig.4c). In 

addition， we found that IP3 does not affect the transcriptiona1 inhibition by 

histone H1(data not shown). All these data suggest that inositolphospholipids， 

especially PIP2， interact with histone H1 and are inv01ved in regu1ation of the 

RN A transcription. 
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non-treated histone Hl and the lower one shows that of the NaOH-

treated histone H1. 

Fig. 2. Identification of the PIP2 binding site of histone Hl. 

(a)Peptides from histone H1 digested with V8 protease were applied to a C18 

reverse-phase column and eluted with a linear gradient of 0-60% acetonitrile 

in 0.091 % TFA. (b)The eluted peptides (peptides 1・7)in (a) were lyophilized 

and spotted onto a nitroceIIulose membrane along .with authentic histone 

H1(0)， and then irnmunostained with anti-PIP2 antibody. (c)The molecular 

mass of the PIP2 binding peptide was ~d~ntified by peptide gel filtration 

column chromatography using standard proteins including cytochrome C(12.5 

kDa)， aprotinin(6.5 kDa)， insulin B-chain(3.5 kDa)， substance P(1.3 kDa). 

(d)The first N-terminal 29 amino acid residues were determined by protein 

sequencmg. 

Fig. 3. Effect of the phosphorylation of histone Hl on PIP2・

binding. 

(a)0.1μg of Histone H1 phosphorylated for 60 min by PKC， PKA， or cdc2 

kinase was subjected to 10% SDS-PAGE and transferred to a nitrocellulose 

filter. The filter was immunostained with anti-PIP2 antibody and 

autoradiographed. (b)百letime course for the change in PIP2 level during the 

phosphorylation of histone H1 by PKC is shown. Histone Hl phosphorylated 

by PKC for 0，5， 15，30， and 60 min was subjected to 10% SDS-PAGE， 

transferred to a nitrocellulose fiIter， immunostained with anti-PIP2 antibody， 
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PLC activity 

% 

100.0 +4.4 
47.8 +2.2 
44.4 +4.4 

93.3 + 5.6 
94.4 +2.2 

82.2 +2.2 
93.3 +4.4 
102.2 +3.3 

103.3 +4.4 
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protein(peptide) 

500μM 

(ー)
HI in fulllength 
peptide 1 
peptide 2 
peptide 3 
peptide 4 
peptide 5 
peptide 6 
peptide 7 
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