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Abstract

A /8= (4,5)2U 8 (PIP2) BEGKEICFEL., RXBRNVEERETHETY
THIEERPHREOFREEREEDEEBEZES, LN 2T, PIP2BEXVNIVENFEDK
SICLTHRREFOPIP2ZREITAOL ZBATZI LR, EHRROBEILCOBN D, £CT
AHRETE, EF21V>20DtalRX A2 (Vt) EPLCOTOPHR X A2 ( PLC31 PH ) ZXE 1Al &
LT, PIP2EBURY—LEDHEERZEENICANL. TORKE., VtEPLCH1 PHTIEPIP2
EOREBRXNERY, VIRMREROPIP2OEIEZ LF3 EHEXENRBICLERLEZEDS
. PIP2RRARICEDHEMN HBDEN DN 2/, TLT, COVIOBEMPIP2FEHRERNDOBER
BEBIH. NMREICKDVIEPIP2EE T /T4 AV OHMERRBINEIT O I,

Y. VIONMRY I FIILOREZIT2 1z. VIOZFRICI2BEFET 3eBEEZ1ET OROEE
ICERUZERZRAAEL, leOXFIIEZRBIRWVICIH, 13CT, ThUAE2H, 12CTERL -
VIONMRBIEZITS C&lCk), BT FIINZRBL co VHCR LU TPIP2ZEERBEVWF /T 1 A
VDERMUESECEART MBI BREAEBRBAENBLY 212N, PIP2BE T /T1ARVU%E
WU IEBEC@EY T EL., — MO T FILICREERILFES 7 NELFERE N,
REKY), VIHPIP2EMERERAL., —HEIBRLI-CEF DI 27z, T /T 1 AVHPOPIP2EE
B1%EERBA%E LTI LRBREREZLERT D E, 1%BDBEICET /T4 AVRMEDOEMIC
HSTFTIVBENBILECIEREE LN, 4%DBEICIF0255HENT /T 1 AVRMKELT
E<DITFIHFHEEAL, BERENCBNEERBTH S, 1%PIP2EEF /T1 AV EDOHE
FERICKY) EEBZEZ (T lleld, 1919, 1920, 1954, 1988TH'Y) ., chSOBREN T/ F 4RI H
OPIP2EDHEERICEEL TVWB ZEANRRE N,

Phosphatidylinositol 4,5-bisphophate (PIP2) is a component of biological membranes and is
responsible for physiological functions such as signal transduction and cell morphogenesis by
binding to various PIP2-binding proteins. Therefore, elucidating how each PIP2-binding protein
recognizes PIP2 within membranes leads to better understanding of PIP2-related physiological
events. In this study, we prepared a tail domain of vinculin (Vt) and a PH domain of PLC51 (PLCd1
PH) and quantitatively analyzed the interaction between each protein and PIP2-containing
liposomes, indicating that Vt binds to PIP2 in liposomes with positive cooperativity. To gain
structural basis for the cooperative PIP2-binding mode of Vt, we performed NMR analyses of the
interaction between Vt and PIP2-containing nanodisc, a membrane mimetic suitable for NMR.

To use lle-delta1 methyl groups of Vt as a probe to determine PIP2 binding site on Vt, each of
twelve lle residues of Vt was mutated to another residue and their assignments were confirmed
based on their NMR spectra. When nanodiscs without PIP2 were mixed with Vi, lle signals of Vt
were not perturbed. On the other hand, several signals were perturbed upon addition of
PIP2-containing nanodiscs and the sample become cloudy, indicative of precipitation. Thus, it was
confirmed that Vt bound to PIP2 in nanodiscs, and precipitated in part. When using nanodiscs
containing PIP2 with a ratio of 4%, most of the signals disappeared upon addition of 0.25 molar
equivalent of nanodiscs to Vt, therefore residue-specific changes were not observed. On the other
hand, upon addition of nanodiscs containing PIP2 with a ratio of 1%, intensity reduction of the lle
methyl signals was specifically observed for 1919, 1920, 1954, and 1988, suggesting that these lle
residues were involved in the interaction with PIP2 in nanodiscs.
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Structural basis for PIP2 recognition, embedded in membranes, by PIP2-binding proteins

1. HIREBRFROBE

A/h—)IL(4,5)2 ) B (PIP2) [T EIRIRICIEHEL . B AL AV NV ERETHETU T FILEECHIROMERRLE D LR
BEREZIES, L= > T PIP2 $EE 2N VBERED KSICLTHIRESR D PIP2 #32H T 5D EHEBET L LE AMERDIEMR
224N %, FCTAMETIE. EVFaUD tail KALL (V) EPLCS 1 @D PH KASLY (PLC S 1 PH) = REHI&EL T, PIP2 YR
V—LEDBEEREEENICHART -, TDHE .Vt EPLCS 1 PH TIX PIP2 LD #EEHKXHAELY . Vt IZHREES O PIP2 w%ll
B EITALESENRBICERLECENS, PIP2 BHRICEDHRENSHDEN D DT, T T, 20D Vt DIHFEIM PIP2 R
BRADBEEBREEL-O NMRZEIZLS Vt EPIP2 EFF /T4 A OHEERBIEIT o=,

FF.VEDNMR T FILDREBET o VI DD FRIC12BEFEET S le BEZ 1 B DROEEICERLE-ZEEAFEFHZL.
lle MAFIJLEZEERMIZ 1H, 13C T, TN LIsLE 2H, 12C TIZHELT= Vit O NMRBIEZETSZEIZEY . KT FIVEIREBLI=, VtIZ
FLTPIP2 S FHWNF/TARIEFRMUIBEIZIERARIRVEIERNIZEAEB RSN =M. PIP2 EFF /T4 RI%&HML
FHBEICIEHUTILARBEL, —ED T FILICIEIEIERIEE L I EENERISh =, LIEXY ., Vi A PIP2 EABEEAL. —ER &
EBRLI=C e Dot T/ T4R D PIP2 ;;EJ#’& 1%9FE =1L 4%E L TITo=RRIERE LR T DL NWDBEIZIE T/ TARIH
MEBOEMIZESS T FIVEENGLRIEAERINE=N, ADEEIZIX 025 BEDF/TARAIRMEATEZLDY T FILAHE
SL., BREBENUBTIRETH /=, 1%PIP2 E5F /T4 RV EDBEERIZKYFEERZ (1= lle (X, 1919, 1920, 1954, 1988 TH
U, INoDEENTF/T4Ro0D PIP2 LOEERICESEL TSI ENREEINT=,

2. MIREBRRAEEOBE R

Phosphatidylinositol 4,5-bisphophate (PIP2) is a component of biological membranes and is responsible for physiological functions
such as signal transduction and cell morphogenesis by binding to various PIP2-binding proteins. Therefore, elucidating how each
PIP2-binding protein recognizes PIP2 within membranes leads to better understanding of PIP2-related physiological events. In this
study, we prepared a tail domain of vinculin (Vt) and a PH domain of PLC 8 1 (PLC 8 1 PH) and quantitatively analyzed the interaction
between each protein and PIP2-containing liposomes, indicating that Vt binds to PIP2 in liposomes with positive cooperativity. To
gain structural basis for the cooperative PIP2-binding mode of Vt, we performed NMR analyses of the interaction between Vt and
PIP2-containing nanodisc, a membrane mimetic suitable for NMR.

To use lle—deltal methyl groups of Vt as a probe to determine PIP2 binding site on Vt, each of twelve lle residues of Vt was mutated
to another residue and their assignments were confirmed based on their NMR spectra. When nanodiscs without PIP2 were mixed with
Vt, lle signals of Vt were not perturbed. On the other hand, several signals were perturbed upon addition of PIP2—-containing
nanodiscs and the sample become cloudy, indicative of precipitation. Thus, it was confirmed that Vt bound to PIP2 in nanodiscs, and
precipitated in part. When using nanodiscs containing PIP2 with a ratio of 4%, most of the signals disappeared upon addition of 0.25
molar equivalent of nanodiscs to Vt, therefore residue—specific changes were not observed. On the other hand, upon addition of
nanodiscs containing PIP2 with a ratio of 1%, intensity reduction of the Ile methyl signals was specifically observed for 1919, 1920, 1954,
and 1988, suggesting that these lle residues were involved in the interaction with PIP2 in nanodiscs.
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