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Inositol phosphates play important roles as second messengers in intracellular signal transduction.
In order to study the relative affinity and specificity in the binding inositol phosphate and diverse
Pleckstrin Homology (PH) domain or Human immunodeficiency virus type 1 (HIV-1) Gag by Surface
Plasmon Resonance (SPR) analysis, biotinylated inositol phosphates, to be immobilized on avidin
sensorchip, were synthesized. Each inositol phosphate showed specific binding to PH domain.
Furthermore, a detailed binding mode of phosphatidylinositols and HIV-1 Gag was proposed based on
the SPR analysis.

1) Design and Synthesis of Biotinylated Inositol Phosphates

Six bifunctional molecules containing biotin and various inositol phosphates were synthesized.
These compounds were designed on the basis of X-ray structure of the complex of D-myo-inositol
1,4,5-triphosphate (Ins(1,4,5)P;) and Phospholipase C 6 (PLC3) PH domain considering the
application to the biotin-avidin techniques. The building blocks of inositol moiety were synthesized
starting with optically resolved myo-inositol derivatives and assembled with the biotin linker through a
phosphate linkage. The dissociation constant (Kp) of biotinylated Ins(1,4,5)P; binding of PLC; PH
domain was 0.25 pM in pull-down analysis, which was comparable to that of non-tethered

Ins(1,4,5)P;.
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2) Design and Synthesis of Biotinylated Inositol 1,3,4,5-Tetrakisphosphate Targeting Grpl
Pleckstrin Homology Domain

D-myo-inositol 1,3,4,5-tetrakisphosphate, Ins(1,3,4,5)P,, is formed by the direct phosphorylation of
the Ins(1,4,5)P; by the Ins(1,4,5)P; 3-kinase. The synergistic involvement of Ins(1,3,4,5)P, in the
Ins(1,4,5)P;-mediated mobilization of Ca®" and the subsequent regulation of the store-operated

Ca**-influx still remains as a subject of controversy. Thus, a bifunctional molecule containing biotin



and Ins(1,3,4,5)P, was synthesized. This molecule was designed on the basis of X-ray structure of the
complex of Ins(1,3,4,5)P, and Grpl (general receptor of phosphoinositides 1) PH domain and
synthesized by using synthetic strategy of biotinylated Ins(1,4,5)P;. The K, of biotinylated
Ins(1,3,4,5)P4 binding of original Grpl PH domain was 0.14 pM in pull-down analysis, which was
comparable to that of unmodified Ins(1,3,4,5)P,. Furthermore, biotinylated Ins(1,3,4,5)P,
distinguished between Grpl PH domain and PLCS; PH domain in SPR analysis.

OPO3H,

Ins(1.3.4.5)P,

3) Highly Sensitive Analysis of Interaction between HIV-1 Gag and Phosphoinositide Derivatives

HIV-1 Gag protein is the principal structural component of the HIV particle. Localization of the
precursor of Gag (Pr559*) protein to the plasma membrane initiates virus assembly. Recent studies
indicated that D-myo-phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P,) regulates Pr559
localization and assembly. The binding affinity between Pr559 or its N-terminal MA domain and
various phosphoinositide derivatives were determined using a highly sensitive SPR sensor and
biotinylated Ins(1,3,4,5)P, as a PtdIns(4,5)P, analog. The dissociation constant (Kp) for Pr559%
complexed with Ins(1,4,5)P; (an inositol with divalent phosphate groups and devoid of lipid groups)
was 2,170 uM, while the K, for di-Cs-PtdIns (a lipid-containing inositol devoid of divalent phosphate
groups) was 186 uM, and the K, for di-Cs-PtdIns(4,5)P, (an inositol with both lipid and divalent
phosphate groups) was 47.4 uM. These results suggest that the contribution of hydrophobic acyl
chains is greater than negatively charged inositol phosphates in Pr559¢/MA-binding.

di-Ca-PtdIns(4,5)P,:
Pr55%39 complex

R,O O/(FI;LO o} KD =cad47.4 HM
RO “/OH di-Cg-PtdIns: Ins(1é4,5)P3:
2 OR; Pr5SGag complex Hydrophobic Region Pr55-29 complex
Kp=ca 186 uM EasiglRsgion Kp=ca 2170 uM
di-Cg-PtdIns: Ry,R,,R5=H Myristoylated Pr55%39/MA
di-Cg-Ptdins(4,5)P,: R4=H,R,,R;=PO;H, Hydrophobicity > Static electricity

In addition to understanding on the biological function of PH domain and HIV-1 Gag, biotinylated
inositol phosphates would contribute to the exploring of inhibitor targeting PH domain and HIV-1
Gag.
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a2 Eid, NEBBE > TLLROBETH D, AT HBIT, BEBRICE DV ERIT
BEAT OO, BIROF NG L2 Db DOZFMA L THL LTEN, RWELOMICZENLD
ERRIE L THREOEARZIEY B C& 7z, 19 MACHIEEIC, FARARICI T 5 A 204y O
HITE I U, B B O RAEF 1 FAE Lz, S 61T, 19 il =i, nfiEakibs
DR, BETHOAMEH SN ST A ) VA% SN, (Figure 0-1)
BRAEFOESRITDIE LS, DBELIEARDRS &, 7oL A X OBEDPEMEEZ RO T2 b D
ThHoTHEMRTE DML o7, ZOFE LT 2010 4 11 AIZKER M EHKS (FDA)
MBI S NI, BB THH/ T 7= (Halaven: TV 7 U 2 A I )VERHE) INZ81T
505 Y, (Figure 0-1)

MeO,
OH
20, HoN
H
0
S o CH5SOzH » og
OH e
aspirin Eribulin mesylate

Figure 0-1. Strucutures of Asprin and Eribulin mesylate.

TY TV AT, FTARLR 19 EHH Y TR 35 BEESHLICL0b LT, ZTOHED
MAE U, BRI 2R RIS Eianc b D ThHh S, =V 7V ORI, fF
BEER LI Y 2 KU v B OREGHIIEICIESLS P, Thbh, 28MER27%9 ET
AT DA R EZERIE L., 209 X THEBREZEET L Z L TERI N,

(Figure 0-2)

NYay R COAEGKREIL, BIED L ZARPH I TV, e ilshizL L
Th, MR EET ORKE., ANLRICHBT 5 Z 3o CTHETH D, BIEA XS/ A
B Lo EBRGRIG T2 v — v & OB A FER S 20 Wz AT T 5 8 D9,
BEBECIE T IBAT 2 L3 LV, Liend> T, @RI W THB I =AY
VNV OERERE S LT, IEEE R S E FoPRGREZERIEL. ENOHLERKS
NI FHEROTE A FI$ 25 Z & THIDNER S D, (target-oriented synthesis) Z D & X5
FAREEIEITE DRV LS, BNERTHEONLIEENNDILER DD, ZNbOMEEH &
ICERENTZbOR, XLV TV ThD, EbiE. BAEMRETH. & PREOIEE
RRZAT oI ZAH N ar R B OF¥EGHNY a2 RU > B L RFEOHUEE
PEMZFEBELTWA 2 L2 REL, &5 27 5 —P |2t 4 b O ERZiEZ R Lz,



EHIZ, NI/Cr By 7V v IS oA Y213, KREMEEZ B E LA T ERD
BHFEIC AT L 7=,

reduce
complexity

Total synthesis Biosynthesis

Target-oriented
synthesis

Advanced
intermediate

Advanced intermediate Halicondrin B

Figure 0-2. Synthesis of Halicondrin B analogs.

BEALFORELE LB, AR RROESEZZ T, a v EF NI T A IARNY
—Z Lo THEINTZTIINTAT TV — TR E LN AN—Ty VAT == T
(X, W - 9770 - BRAER/NRICMZA ONDFETH D, Lo L BAIBEBRREIFEIZIB
T FTLWERICHESE, TRETIZARWERPHIfGTE A7 U —= 0 ZIEZ gL,
SHICECH SN2 U — MEBOERIBEF OfE 3RO B b,

FHENHIE FK506 OBRFIX ZAUCET 2 O Tebb, RRAMIGHMEE A7 ) —=>
Y5 HEERE L. & LWEE CRIEMENEEEZ b obamE LTRIBEh, 61
1GPEDYGE - HEAA~TE L BBk LTz, Invitro DRIFEBAEET L & L TURE Y 7B (MLR)
ZRHWT, ZNENOFEE~ T ANGHRE L2 Y Bk BREOR TR L, T U X
EROMIEAZRIE LTz, ZORITBMEGLERISZEZERRT 56D THY | AHIENYE % %
RTDIDDORT ) —=0 FIZi3E# CThH -7z, (Figure 0-3)
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U NZHEAT D, £ L TZ D Nuclear Factor Activated T-cells (NFAT)Ii U B&{L SO & BRLES 5
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L& h b AMBS 2RI 580, &7 2 B3 A 41— (Chemical Biology) & MEIEHL
Do
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Figure 0-3. Construction of immune suppression screening and FK506 probe.
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WEICHIEHATE D, MR FA v Dy =Rl BT 74 =T 4 —Fu—7
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O, FRONTEWEZRBTE DS LALRUY,

IR > 7 AR Z IR & LT AIEEAFIE A D b T\ 5, SRIfaAEIL. S50
ORI AT D &, MK Fds XK OHIRRE R ORF23, R T7FAraezfiEL, £z
J A RN=7 LN E, BEBNCENOERGR I K 25 E 8+ OEEHEC., 7R h—
VAR EOHREE L O, BlX, MIEBNICHFEIET D D-myo-inositol 1,4,5-trisphosphate
(Ins(1,4,5)P)iE. MRS 5 DRFLIZFESN T, AN O Ca* ERZ 5 & Z R &t b
YRAvEY VXY —ThD %,

AN D BRI 5 & | ZFERF 1 2 > % F—E (tyrosine kinase-linked receptor)
X G EALEAZRIR (G protein-linked receptor) % 41 L C phospholipase Cy (PLCy) <°
phospholipase CB (PLCB) N{EMb I b, T DL ITMBEEOMEKK D TH 5
Phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P,) & 7 /L7 U & 1 —/L (DG) & Ins(1,4,5)P;
(ARG RS 5, Ins(1,4,5)P; ILMINEA Ca®* A b7 Lo Ins(1,4,5)Ps ZAAICHERA L, Ca* it
ZolER I3, — 5 CHIRRE BIZIXEAAEEM: (voltage-dependent) /L3 7 NF ¥ R
&% (capacitive-dependent) 7L 7 AF ¥ RLBFIE L, ENENDEMELZ T 5 &l
HInB D Ca” DA Z 5, (Figure 0—4)
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Figure 0—4. Calcium Signaling.
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RFRHE] 0 ASRFRHEI D T 1AL D 6 fLNRIE S D, RFFHEID O%A I D IR E 2D |
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Noes I HRILeamThH %,
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Figure 0-5. A family of nine potential stereoisomeric cyclohexane hexols.
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Figure 0-6. Biosynthesis and metabolism of inositol phosphates

Ins(1,4,5)P; 1%, PtdIns(4,5)P, DMK K » THEKTZB, 201 /> b=V VIFED
BEEIZIBWT S, U VRO, (LENRR L8k 70 ) VIRESMFIET D, (Figure 0-7)
HINIC i b % < FFAET D D73 PtdIns(4,5)P, TH 5, PtdIns3P '? & PtdIns(3,5)P, 213/ MG
2D Z ENHMLTWS, F 7z Ptdins(3,4)P, & PtdIns(3,4,5)P; 1L AKT 2 A'E DG
fLicmhbo TR Y | MlRAFY 7T E A MRiET 5% o Y, T4 Ptdlns 3 %7 —
BIEMEALICEES< . AKT OMIEIERET T2 IS 2 58325 2 L 2SiE &, Ptdins 3 %
—BHEA OB LB TDILTND P,
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Figure 0-7. Metabolism and funciton of phosphatidylinositols.

TN T D T T IRERIEIZIRB W T, BALEEIMET v 2 L TE=7 =V X
TN, DAF TR LR EOFHAI MO, miLE, PRLE, REAR E ORI
SN TWD2, Ins(1,4,5P; 24 L7z Ca¥* A b 725D Ca® i oW CIEEFRIARIZ AV S
D PHEANIBATE STV,

A b= U EMAENT 50 I3 4 5555, Pleckstrin Homology (PH)
domain XN EH 2 b D TH D 'Y, PH domain |E phospholipase C (PLC) % &Tey 7 IV GiE
WD DL OEAETTRIHENTEY, PLC F0 PH domain | PtdIns(4,5)P, DGk EL
ThHZERHLNIZENTHS ', (Figure 0-8) L7=A->T, /¥ h—/LU Vgt
PH domain & DFSEMNT S AT L ARG TEIIX, IV T L 7T VAR R A HilfH © &
ILEMERAINTELZ D EEZBND,

N,
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Ptdins(4,5)P,

Figure 0—8. Schematic representation of PLCd PH domain binding to PtdIns(4,5)P,
in membrane 'V



—F. AT b= U UIRER HIV-1 OBRICEEE LT 5 Z EBREERLNE R - TE
7= 200 HIV-1 B -3 SN D BRITIE U A VAR - Gag O RIBRIALE & Prss™ OiFE
CHREASOBATRVIATH D, (Figure 0-9)

ZAUTIEL Pr55e o MA fEIK2S X U A A LA T D 2 &0z, BB Z EE O Y
THHA Y b=V URE ST Ptdins(4,5)P, IZFEET DI ENEETHI EEINTND,
FZT AV b=V UHEER DA S b= ) VR L Pr55e L OFEAIRIT L AT LB
FTEINIE, Pr559e L PtdIns(4,5)P, & DFEG AN =X LEfRNT$5 2 L3 TE, SHITIFM
FERIOBFIZIEHTELZHDEERI BNLD,

HIV-1 particle formation

Adsorption/Entry

Budding and release /
f)—

&%/

ﬁ Mature HIV

Precursor of Gag

o RN

myristyl group

0T ©

Figure 0-9. HIV-1 particle formation and membrane localization of Pr55%%,

INOHOREREX, A TIEA /& b=V VEBOREAZ L LT, ZUoice S
FoAbA 7 b=V U EAR LT, EHIT, A LIALEME EA4TF -7 ED BTN
352 &C Ml Y 7 URER AE T 5 PH domain 38 &% O HIV-1 #5545 A& Prs™
& DFEE % fRHT LTz,



Piva e R = =3

5l =
AT TV E~DINHE BRI E LA TF oAb S =LY v
PEEE DR ET & ARk

E=m
E:Dd

B1HE P

TN T N T F ARSI BT, D-myo-Inositol 1,4,5-triphosphate (Ins(1,4,5)P;) I}
SR B DIFHIZEESN T, MND Ca”BNEA RIS 2EE LIy RA vV —Th
% O KA S DIEREZ TS &, G Z oy 7 B RIKE I TFry v ¥ —E%
&% 4 LT, phospholipase C (PLC)AMNEMEAL S %, PLC I3#AafE -0 Phosphatidylinositol
4,5-bisphosphate (PtdInd(4,5)P,)% . Ins(1,4,5)P; & diacylglycerol (DG) & IZHAKDfE L, ZEi
Biposlo v TR EZED 3, BUKMEICETe Ins(1,4,5)P; 1%, A RV u~CHrE L,
HIPN/IMEIR D Ca*' T ¢ VBRI SR 2 1S MEE L fE3 L LC Ca ot & 5l X2 =3,

(Figure 0—4)

Tyrosine G protein
kinase-linked -linked
Voltage-dependent receptor Ptdins(4,5)P, receptor
Ca channel
PLCy PLCB w
Ca —

B @ 3

Capacitive
-dependent
Ca channel

Ca —

Figure 0—4. Calcium Signaling.

Pleckstrin homology (PH) domain 1%, ) 120 7 3 / #5572 % pleckstrin (ZFRFIM:Z & 5%
F'E T 5, Pleckstrin XM/ MRIZ IV T B SEHIIC protein kinase C DIEE & L T< & DT,
PH domain ¥f(3 Z @ pleckstrin (ZFA[RIfEIR & £5> 19202 = 3% T2 100 2L O PH domain
DESINTERY, ENENDEESCMIN S 7T Vs, MllE#HEEcSE LT b
3120 = @ PH domain 28\ < DD FNZEBN T, A /¥ b=/ U U FER% D head group (.
A h— U UERITHEAT D T LGSR TWS D2 L LT, PLCS PH domain
13 DNAREEIZFEDWN T, Ins(1,4,5)P; A FFEAICHRFE T DA TH U | Pdlns(4,5)P, & #E S
T BN, FOEMMEIL, EEMEEER (Kp) BN 17uM Thd EShhTng D19,

(Figure 0-8)



PLC3 PH domain

Figure 0-8. Schematic representation of PLCS PH domain binding to PtdIns(4,5)P,
in membrane ¥

PH domain &1 / ¥ b—/L U UIEE K TNZE D head group & DFEAFENTIZZ NV E TITIZ & A
EWMENIR, FEFITA ) b=V UARE D head group THHA /¥ h— U UERICEH
L. < O CEZE PH domain & A / ¥ b—/L U VR & OREABIFNMEOR: B 2 ff T3
LHizblzedF oAbA 7 > b=V g (biotinylated inositol phosphate) % F%at&Rkd 25 Z &
L7,

EAF T BV R E RO ¥, PH domain & A > h—L U R L OFEARRITIC
LY E 59, PH domain ZHI#HIT 51 /2 b—L U UEREEEEM OIS, S SIS
ZAE DI O PH domain BEAE Z AL TE 5 AlREMZ MO TV D, £ 2T, Ins(1.,4,5)P;
ZEEGHIZ 6 D B AT L AbA /> b —v U VEE (D-Ins(1,4,5)P5, L-Ins(1,4,5)Ps, D-Ins(2,4,5)P;,

D-Ins1P, L-Ins1P and Ins2P) D& %17 > 7,

OH OH OH
HO OR HO OR HO,, _~_ .CR
H,0:P0"" “OH  HO™ TOH H,0,p07 > NOH N
OPO;H, OH OPO;H, o ey
D-Ins(1,4,5)P; D-Ins1P L-Ins(1,4,5)P; =
OH OR OR OH
HO, A~ _.OR HO OH HO, OH
/O\ Biotin linker
HO” ™" NoH H,0P0"" “OH HO™ “OH
OH OPO3H, OH
L-Ins1P D-Ins(2.4,5)P; D-Ins2P

Figure 1-1. Biotinylated inositol phosphates.
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H2ET v FTF AL T b= ) U OFRE & AR OV O
2-1) ©FFuAbA > b= U UEEOBRGHROVE K

A F oAb A > b= U VO E K OVE R Figure 1-2 1I2H & SV TITo 72,
Ins(1,4,5)P; & PLCS PH domain & D AIRD X #fsdb S AT OfE R L AuE ™ Ins(1,4,5)P;
DASND Y VEEPFEGR T v MIERINE->TND 2D Iib LE 20 U
|Z biotin linker Z3& A3 2% Z &3 TE X, PH domain & OFEEIZE/NREDEE LG 2 720
EEZT,

myo-{ /) ¥ b=/ & HFBEFEE LT, 6 Db o KEEZREKXROMREL R KT FiEL
HAWTA v b= a2 GRS D, Z0&&E, TR IFMKE LTERT L2V T —1
&M 1 OHFENEITH 2L &35 0, 1 BKBET, Zofmin7eF ks LR
LY VBRI AFTE LA /¥ b —)VERNL 14a 2155, BREHIIZ 2 BHRIR AR T T I 4
A b=y MU VEBBE PERWT, 4 7Y h—=AEMLE BT Y U —ERAL & B S &
T, BUREZITO 2L THIMM AR ORI EZRA Lic, o4 F U, METRET0F
BACFFO T2, B BINCAFAE SE D RE I AR TIEZ M L i b vy Y
VHE ZHUCHRIT AR RIS WD kL L,

iy A Jit
HO OH HN™ ONH HN” ONH
0] Hi+ H Hi- H
. o 1 H
OH OH 4 A s s

myo-inositol - “ay Linker Biotin Biotin
H,03P0 OH
H OPO3H,
PH domain binding
OAc \ HN™ "NDMT
OH N H H
+ N .
., ; ~"CN R e N s
‘OAc ‘}N d A
OR 7/
14a: R = P (O) (OCH,CH,CN), Phosphorodiamidaite

Figure 1-2. Design of Biotinylated Ins(1,4,5)Ps.

2-2) Ins1P FAL DG AL

D-Ins1P & L-Ins1P DAk % Scheme 1-1 (27773, Billington 5 D71 VN X - THe2RsyE
L 7= D-1-O-benzyl-2,3:5,6-di-O-cyclohexylidene-myo-inositol (+)-1 % D-Ins1P D HIFEJFEEL & LT,

vkt T TS — V(-1 BREIKGIR L, LU ETCOKBEETH D 2a 27 &
10



FMET 52 & T, BTRESNT 3a 21572, 10%/3T7 DU LFET T, KBFFHKT, #
fliEIC 21T O 2 & T, HRYE T2 D-InsIP #BfL, 4a 2 3 AT v TAE B% TR, =T F
F~—"T&® % L-Ins1P Hf7, 4b |E L-1-O-benzyl-2,3:5,6-di-O-cyclohexylidne-myo-inositol (-)-1 %
RS LT, RIURREZ S LA LT,

; >‘O OH OAc

OAc
© o8n TFA Ho ©oBn Ac,0.DMAP  1© OBn  \ owpdc  C o
o o MeOH Ho oM Pyridine s ons  CHWGOOH o o
o 82% OH 95% L 93% dac
(+11 @ 2a 3a s
Q? o oA he
O:O;“OB" TFA HO:O:OBn Ac,O, DMAP ACO:O:OB” H,/10% Pd-C Aco’;@:o"'
Ho” "o MeCH Ho” ™"oH Pyridine nes” > Non CHyCOOH aec” > one
o >99% BH >99% . 97% o
(-1 @ 2b 3b 4b

Scheme 1-1. Synthesis of Ins1P moiety.

2-3) Ins(1,4,5)P; HRALD A

D-Ins(1,4,5)P; & L-Ins(1,4,5)P; #iAL D & ik 4 Scheme 1-2 (2777, HEEETH D
D-1,2:4,5-di-O-cyclohexylidene-myo-inositol 5a (X(-)-1 D PV I A Pk FEL§5 2 & T
oo 5a D2 OOKEBIEET VT HZ LT, VT VMETH D 6a ZEREMITHT, p-bv
TV AR AR HO fFAE FOMBVERT 52 & T, TR X—VEZIKGFELT Ta ZER
MG T, Ta XD 1,200 cis-V A —/L D 1 (LD I % BRI MPM J: CIR#ET 5 72012,
DTFNARTX A e HWTEFEARA L 29, is-12-OF— 1L DAZ =L T EH
—UbEME . 7 oAb v AFEE T T.MPMCL & REZHIE LN SRIGSE 5 Z & T,
BHIE T2 1 ALDF0S MPM & CTIRES LT 8a % 88%DEINRTHDL Z LN TE . 8a ' b
DASNOKBIEZ BT A Y 7T F o782 — /L CTHR#E L7z 9a 2 IIUE 78% TH7-,
9a DT VL HAE B L 3 HgO KON HeCl, 23ME W 3 istEgtE F ¢, = Lro—F L
Z KGR U= 10a 200K 45% T 72, 10a D 2,3,6-(.OKEEI %, 72 F LI CR#E L7k
B 1la ZERICHET, BBERG T, =F L7V a—L D7 v 4 — VBRI EAT 9
Z LT, B LT D HRA 12a IR 7T7% TR, 45-M0VKERETH S5 12a 13, U U ei%
HE & TAHMEICEATELZHEAKTH S, | BB OV g3 TdH 5 Bis(2-cyanoethyl)
N, N-diisopropylaminophosphoramidite (%, Uhlmann & Eagles 25B8% L 7= & b FIHRO @Y

MbRIED 1 D ThH D ¥, ZOT7IHFA FE 12a & 1H-tetrazole F/E T, FIR TG SH 5
11



Z LT, #Y UERbiRE TLC ECHERE L7z, 51V T, mCPBA A, S HIZ 5 4
HT52LT, BNET DU UMK 13a Z IR 68% THiTz, (L&Y 13a %2 CH;CN-H,0 IR
AVEEER CHEET E=7 5%F Y 7 A CAN ERJRSHS 2 LT MPM A& B LAY B
W7 14a ZIER 27% T, =F > F A ~—0 L-Ins(1,4,5P; &L TH 5 14b 1L,
D-2,3:5,6-di-O-cyclo-hexylidene-myo-inositol (+)-1 Z HFEFEEIE LT, UKL S L IZAL
77

OQ OQ OH a) Bu,SnO OH
Toluene
HO O Alvi-Br Nan A0 0 AlO OH b)CsF,MPMCI  AllO OMPM
y-Br, p-TsOH-H,0 DMF
DMF T THE-MeOH . .
[e) OH fe) OAIll THF-MeOH HO' OAIl HO' "OAll

o >99% o) >99% OH 88% OH

5a 6a 7a 8a

a) (Ph;P)sRhCl,
pTOH OH DABGO OH OAc
-1sOH, AllO OMPM  EtOH-benzene HO OMPM AcO OMPM p-TsOH-H,0,
2-methoxypropene -H,0 Ac,O, DMAP Ethyleneglycol
—_— —_— - _— - _—
DMF o Al b)HgO,HgCk OH yridine o one  CHCh
78% N Acetone-H,O \_ o >99% JTO 77%
9a 45% 10a 11a
a) bis(2-cyanoethyl)-
N,N-diisopropylamino- OAc OAc
OAc -phosphoramidite, OAc H
AcO OMPM 1H-tetrazole, AcO OMPM AcO OH AcO,,, ~OH
CH.Cl, CAN /O\
ho' “ons b) mCPBA RO “I0AG CHiCN-H0 g o “'OAc R0 Y TOAc
OH 68% OR; 27% OR; OR;
12a

13a 14a 14b
:Rq1= P (O) (OCH,CH,CN), Ry = P (0) (OCH,CH,CN), :Ry= P (0) (OCH,CH,CN),
Scheme 1-2. Synthesis of Ins(1,4,5)P; moiety.
2-4) D-Ins(2,4,5)P; AL K& O Ins2P #BAL DA K,

D-Ins(2,4,5)P; DA k%% Scheme 1-3 (2777, D-Ins(1,4,5)P; DA EETEHEH S Ta D 1-
PEDFIEIRNZ T VNI E DT FNVAXF XY A RiEEHOCTEALTALEY 152 %I
R 59% CTHF72 PV 15a 3 b D 45O KEEIICA Y T ) F U7X — L EEHA LT 16a
ZILR 91% TH T, S 612 142%4 MPM A THRi# L 72 17a Z UK 73% THR7, 17a O7 U v
S ifRitE L7z 18a ZUUER 49% T T, fik & L TAUTKEREZ, TEFALETRE L
19a ZEEMICHT, IHIT, BICEALILA Y T 778 —)L & BEREG THR
i L7 LB 20a 20K 94% CTH372, 20a O 4,5-( T OKERFEIC Y VEEEZEA LT 21a 2 E &
17202 T3 T, CAN Z I\ T MPM Z lifri#d 5 Z & T, AV & T2 D-Ins(2,4,5)P; #B1L 22a

IR 59% CT157-, —FH T, Ins2P AL TH D 2-t FaFo XX 77—k, 24a 1%, 20a
12



ZREEIZT'TMEL (I 86%). MPM % ifii# (IR 74%) 52 LT, 2 AT v 7' E
3t 64% CH57-,

OH

a) Bu,SnO
AllO Toluene p-TSOH-H,0
- ‘H,0,
b) CSI;I\’/IIéHYIBr 2-methoxypropene MPMCI, NaH
o N ol DMF DMF
OH 59% 91% 73%
7a
a) (Ph;P);RhCI, OMPM
DABCO
EtOH-benzene AcO p-TsOH-Hy0, A0 e
H,0 Ac,0, DMAP Ethyleneglycol
b) HgO, HgCl, Pyridine o CHCl,  HO™ "“OAc
Acetone-H,0O >99% 94% OoH
4% \ 20a
a) bis(2-cyanoethyl)-
N,N-diisopropylamino- OMPM
-phosphoramidite,
1H-tetrazole, AcO OAc AcO
CH,Cl, CAN

S b) MCPBA

“OAc CH3CN-H,0

R1O\" R1o\\‘
OMPM >99% OR4 59% OR4
AcO. OA 21a 22a

¢ ¢ Ry = P (O) (OCH,CH,CN), Ry = P (0) (OCH,CH.CN),
HO' “OAc

OH OMPM

20a p-TsOH-H,0, OAc . AcO OAc

~~_Ethyleneglycol H2/10% Pd-C
CH:Cl, “OAc CH3COOH Ho' oA
86% OAc 74%

23a 24a

Scheme 1-3. Synthesis of Ins(2,4,5)P; and Ins2P moieties.

2-5) Ins(1,4,5)Ps 5L & ©AF U o B—FNL DT > 7V > T i

A b= E AT o H L E DB T T i % Scheme 14 (TR, B
FF U B —1E Pon HBRHE L7 AT AL DNA OARIEEIGH L. 7, erF U v
=LA 2 BRI AR T T 2 X A4 b TH D (2-cyanoethyl) N,N,N’,N’-tetra-
-isopropylaminophophoramidite *" & 1H-terazole 77 F Ci&SH, TLC FCTHRMET 5 1 B
LI Te RART T I XA NatfiBtk, 127261841 7 > b—/VEBL (4a, 14a, 4b, 14b, 22a or
24a) & 1H-tetrazole & DIRAREZWMNT 5 LT, Iy 7V VI RKISEH#ITS 2, TLC k
THMYZ MRY%. +-BuOOH % 5 & sl s 2T, Y VB ) 2260 v
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iz (V) (2L L7=AbA% 25a (UK 38%). 26a (IR 78%). 25b (ULR 83%). 26b (JV=R 85%).
27 (YL >99%) & 28 (YUK 52%) & 157-, TNENDLEMITEB VT, MS A7 ML ETE
jﬁ;y@ﬁ}ﬁﬁjﬁ?ﬁ O)ﬁ&‘ﬂﬁ iﬁﬁmuéhiﬁz))’) 71:_0

o
a) (2-cyanoethyl)-
N,N,N’ N'tetraisopropyl- HN /NDMT
HN NDMT amlnophosphoramldlte Hie iH
Hii H 1H- tetrazole H )
H CH,C N 4
A~~~ N A b) 4a or 14a, 1H-letrazo|e AcO o~ h S
HO E) - \/\
A CN o]
le) ¢) tert-BuOOH oA
4,4'-Dimethoxytrityl-biotinyl-6-aminohexanol O
25a:R=P (O (OCHZCHZCN)Z (38%)
26a: R =0Ac (7
a) (2-cyanoethyl)-
N,N,N',N-tetraisopropyl-
-aminophosphoramidite, a) (2-cyanoethyl)-
1H-tetrazole, N,N,N',N"tetraisopropyl-
CH,Cl, -aminophosphoramidite,
b) 22a or 24a 1H tetrazole o 1H-tetrazole,

CH.Cl,
c) tert-BuOOH b) 4b or 14b, 1H-tetrazole

¢) tert-BuOOH

(o] Hi Lo
1] H

NC\/\O/T\O/\/\/\/N Ng o
o H

5 oAc i H
i P~~~ N
AcO OAc AcO,, o7
JOUSE
RO" “OAc Ro” Y TOAe
OR 27 : R = P (O) (OCH,CH,CN), (>99%) 6R 25b : R = P (O) (OCH,CH.CN), (83%)
28 : R = OAc (52%) 26b : R = OAc (85%)

Scheme 1-4. Coupling of inositol moiety and biotin moiety.

2-6) B F o AbA ) v b= U CEE DR IRGE RS

EAF AbA 2 b= ) VERERG D T2 DR IR HARER S 2 Scheme 1-5 (27”7, |
Uz, BFF U o —EA3 62 DMTr &%, TCA ZHWTHRE L7Z, 5612, 28%
NH3;-MeOH (1:1)DZfF T, 55°C T 10 FRINEMEEE L7c b O &M L. B2 A A4 0 23 HktiE 4
MW TR L7z, —EBIRICIE ST bz, XMEXImT VE=U 20ARENT D
ZETHHEL,E U VBELD RN U A TH D B EEY E A F 1k D-Ins(1,4,5)P; (X
R 32%)., D-Ins1P (UL 30%). L-Ins(1,4,5)P; (=8 35%), L-Ins1P (V=K 46%). D-Ins(2,4,5)P; (X
3 52%) & Ins2P (WL 66%) % 1372,

2-7) €4 F 1t D-Ins(1,4,5)P; & PLCS, PH domain & D& fi#HT

Ak L= 4 F At D-Ins(1,4,5)P; & PLCS, PH domain & OFEAiENTZ, A ML T hTEY
YRR LIV E Y R A b L ITAT o T, £ DR R A Figure 1-3 27”47, PLCS; PH
domain 73 B4 F At D-Ins(1,4,5)P; DAL (i, pM) (CHFIL T, #iEE (i, #E60
%) NIMLTWDZ ERbMd, ZORAHE  &I2, Fiting 2170, B E

(Kp) ZHHTHE, Kp=025+0.02uM TH o7z, ZDfEIZ. KIRD D-Ins(1,4,5)P; & PLCS
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PH domain & ® K, (021 pM) PERUBHMEEZRL TS, Tokbh, B4 F 1k
D-Ins(1,4,5)P; 1%, EAFUEMEZFHLRN LS, AERND Ins(1,4,5)P; & [F UHEREZHERF L T
WHLDEWNZ D, BAREBRDIZ, AFEICE W TAMR LI E AT b D-Ins(1,4,5)P; %
FAVWT, PLCS, PH domain O IENRA 2 —DBRABITSH L TWS, BB, B4 F Ak
Ins(1,4,5P; Z Gie A4 F AbA /> =L U L PH domain & OfEAMENT OFEMIE
EICBWTHIRAR

gga, ggg w» Biotinylated inositol phosphates
273’28 2) aq NH3, MeOH

O
HN)kNH

HN” “NH
” H Hiee s oH (PI H Hre H
P Ao~ ~N £ P~~~ N 8
\ g S HO. O éHO g S
o] o
Biotinylated D-Ins1P (30%) o RO T S“ Biotinylated DIns(1,4,5)P; (32%)
X - A
HN™ "NH
e o 0 " T
g ey o 3 i o
N /\/\/\/ : HO, o O 10 """ A
o) o]
H,0,p0” Y~ TOH -
Biotinylated L-Ins1P (46%) OPOsH, Biotinylated L-Ins(1,4,5)P3 (35%)
Ji§ i
HN™ “NH HN)LNH
(ﬁ H He- iH l‘:)o‘ H Heee- H
NN T FEN N N f
HO™| >0 s HO™| O Qs
0 o % o}
HO. OH HO OH
Biotinylated D-Ins2P (66%) Biotinylated D-Ins(2,4,5)P; (32%)
HO™ “OH H,05PO" “OH
OH OPO3zH,

Scheme 1-5. Final deprotection of biotinylated inositol phosphates.

100

80
g
c
S 60
Q
S
L
2
e
£
o
20
. KDZO. 25+0.02 pM
L T T T T
o10° 210" 4107 6107 8107 110" 1.270°

Concentration of Biotinylated Ins(1 ‘4,5)P3 (M)

Figure 1-3. Binding curve between biotinylated Ins(1,4,5)P; and PLC8; PH domain.Calculated Kp
values are shown. Experiment was performed in duplicate.
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I3 MG

D-Ins(1,4,5)P; #2402, 6 O AT (b1 /¥ b— U UEEZRFAR L7=, PLCS PH

domain & D-Ins(1,4,5)P; & DHEERD X MG HTRERZ b L1, 1L b LUX2 MDY g
e AT U —EEATENE, PH domain & DFEGITIT LA EEELB LTSRN
EDETFRURRR L, N EI LIy 7 u~x v VT o7 2 — AW (H-1 b LI
-1 ZHFEEEE LT, 6 2d 2KBIEDOIRGE L Nifki#Z ViR Z L THNET S/ ¥
N— L EGD ZEMNTE, A/ ¥ M= VN & FBNCAR L7z et F o U > B —EL
.2 BHAIRART T IZA NERWTA )V =L E v 7 ) v 7 S8, BT
REZXITHZ LT, HWETDEFF AbA /¥ b= U VEBBOERRIZKI LTz, RILAY
X, RN O Ins(1,4,5)P; & R EDMRER © O AR HLY—LTHEZENRT AKX T
AERDAEIR DREA S Uiz, 52 ERWT, AMEa & PH domain B & DOFEMIZRE S A#ITIC
DTG,
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02
Grpl pleckstrin homology (PH) domain Z# f£ 1y & L 7= © 4 F » 1{k
Ins(1,3,4,5)P, D&t & Bk

p=((113
D

B1HE P

%1 BTl _7= X H 2, D-myo-Inositol 1,4,5-triphosphate (Ins(1,4,5)P;)&{FE L4514 /2 K
— ) R, HIFANS S FNGEEH S B R A v P —Th D P ¥, Ins(1,4,5)P;
IZ. phospholipase C (PLC)7% Phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P,) % 17K 53 fi# 9%
ZLIC ko TAERT S, Ins(1,4,5)P; YA Y AA~HERT S Z LIk 0 BRI AR
A LM Ca” okt 25| & 29723, —J5 T Ins(1,4,5)P; 1 Ins(1,4,5)P; 3-kinase |2 & - T,
A ) F—VEED 3 A UMb E AU Ins(1,3,4,5)P ~E R END 0 ZnE Tz,
PtdIns(4,5)P, DINAK I FRIZ L » CTA U7z Ins(1,4,5P; & | Ins(1,4,5)P; 3-FF—FBIZ K-> TAEL
Ins(1,3,4,5)P D 20D A v¥ P v —NHRANTMRET D Z L ME STV E P 472
b, Ins(1,4,5)P; & Ins(1,3,4,5)P, 25, /L v LABE &Lk <Ml Lo v w LT
Y RAOFOZSIERIL, lEADL LIV T AEHEIELENIHLOTHS, L
L. ZhH0OWMEICHOWTITERNZE <. Ins(1,4,5)P; & Ins(1,3,4,5)P, & DOHEEE) L 7= 2
Ny DY BIIRIBIR D IR0,

Ins(1,4,5)P; & Ins(1,3.4,5P, WEV HTZ DI N T Ay T FMRERKZ, ThETnoA
SV =Y CRRIC T TR T 5 2 ERTENL, FRORMEEZ R TE D000 LRV,
B 1 ETHRR LT, FHIT, Ins(1,4,5P; EREATLEAE L ORAMITZ B E LT,
[EEALERAL & Ins(1,4,5)P; DWI T OMEREL O, ©AF b /v b—n U U (. e F
b Ins(1,4,5)P;) DEFRICEKZI L TWD Y, &5, 4 F 1 b Ins(1,4,5P; A hL 7 k7
YUV E—XIZEET DI LT, A AUy — e L TCTAEKRND Ins(1,4,5)P; & [FER
(A< ZEBREH L TWD,

% ZC, bak U7= Ins(1,4,5)P; & Ins(1,3,4,5)Ps OHIIRNIZ I 1T DHERE % | [7] U FEBRSA: T T,
FRIFICEIET 572012, B4 F oAb Ins(1,3,4,5)P, DRREFEKEFE L7z, 1T LD,
Ins(1,3,4,5)P, DIERYEHE & L C. General Receptor of Phosphoinositide 1 (Grpl) pleckstrin
homology (PH) domain *% %7 L, Grpl PH domain (23537243 F %5t & B &E1T - T2, RIC,
Grpl PH domain & B4 F 1L Ins(1,3,4,5P, E DT NE U U ilgraiToT-, SHIZ, BA4ATF
b Ins(1,3,4,5)P, & 55 1 TR L7 B4 F 1k Ins(1,4,5)P; & [7 UCEBRSM: T, RE7 7 X+
V3 (SPR) 5% W T, Grpl &Y PLCS, PH domain & OfEA T % St L 7=,
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W28 AT A Ins(1,3,4,5)Ps DAL O DFFAL

2-1) B4 F 1k Ins(1,3,4,5)P, D% it

v A F Al Ins(1,3,4,5)P, D%t & AhkiE. Figure 2-1 (233 CTfT> 7=, Grpl PH domain
& Ins(1,3,4,5P, & O X BSERMATRER D285 L. 345MBREART v FOHIZES
ICBEF-TWAZEND, 1 DY VEBICEFTF U U v h—Ei 2B AT 52 LN TER
I, PH domain & OFEGITE/NRDOEE L NG 220 EE X T2, myo-A /¥ b —/V & TR
BHE LT, 6 252 KBEDREKR ONIRE LR RS FELZHAND, BIVE T2 1 ALK
PRI, ZDMR 7T BT S LIIRELLY VIBEETTAE T 54 /2 F—/VEWE 38 215
Do 2 BWIHRART T IHZA ha=y M) UEBLIEZAWT D A /¥ M= VB & B A
FoU U= G S, BREEITO 2L THIME /ORI ARA L,

ji
Outward Phosphate HN NH
o
H Hie - 1H
OH (0]

HO\(;/OH
N Ty
HO' OH

OH

myo-inositol

BnO 0 RO, OH N1 Hio—H
— + >N + H
. " . . F7O~"cn HO™ NN g
o OH RG ‘OAc >7N H
(0]
o OR 7/
1 38: R = P (O) (OCH,CH,CN), Phosphorodiamidaite

Figure 2—1. Design of Biotinylated Ins(1,3,4,5)P,.

2-2) Ins(1,3,4,5)P, EBAL DA K,

72 IRICE T D Ins(1,3,4,5P, #AL D G kL% Scheme 2-1 (27”8, DL-3-O-benzyl-
-1,2:4,5-di-O-cyclohexylidene-myo-inositol 1 % HHF&JFEE & L=, (LA 1 D 6L DKEEHEZ T Y
WELTIRE LT B 29 Z IR 82%15 T MRMESRF F T T & 2 — /b L7Ab &4 30 %X
F82% (2 AT v T EE 67%) TR, ALEW 30 D cis-12-V A —NE, DT FIAXL WA
RiE DDA LT 1 NLSERIC MPM 2228 A L7 LG9 31 & IS 88% CT1F7=, 4.5-
M OKEERZ EEEHWTA Y T a7 o742 — b LTALEW 32 2 UL 87% T 7=,
7 U NVEORMAL Y Fhucki BRI LIk o T, T U VEE B LILEY 33 AR

68% CH7-, 1bEW 33 DT X TOKEEEE T T UL L TLEW) 34 IR 91% THRT-, &
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JII @D W-2 Raney Nickel #filiE ¢
IWIED I % DR LT L& 35 Z U 64% T, 2D & &,
2T B FAENER LA A DTN
T Z = NVEWOEEAT O T
& 36 O 345-0r O KEEFEIT,

15 9% Hu,

DAIVTZDA,

1bEY 34 D2 SDOFEERENIBNT, XY

BRI & LT 20005 347

HAEOY) 35 ZBALICHFD Z &N TE T,
& T A5 ZKIEIIC R LToALE W) 36 2 IR 89% THF7-, 1k
— B KR AR F T I X A b (bis(2-cyanoethyl)

N, N-diisopropylaminophosphoramidite) *>% 1H-tetrazole {7-7E F C/Jis &#., mCPBA THL 4 5

ZETHMET (LAY 37 2 54% T2, &
#9252 LT, HHE 5 Ins(1,3,4,5)P, 5BAL, 38 Z LK 87% T4

Z WAL SR T CHLORE

Aly¥Br, Nat BnO 0
oV “OAll
0
29

<j -
OMPM
o “OAll

Avo

TsOH,
2-| methoxypropene

87%

OAc
HO OMPM  TsOH, HO
Ethyleneglycol
o oA CH,Cl, Ho‘\“

89%

Qx,o
35

O

AR IAZ CAN 2 VT Y7 1 L MPM &

7':_.0

a) Bu,SnO
Toluene
b) CSF MPMCI OMPM
TSOH
THFMeOH “OAll “'OAll
82% 88%
) (PhaP)sRhCI OH OAc
EtOH benzene BnO OMPM BnO, OMPM
n Ac,0, DMAP H,/W-2 Raney-Ni
b) HgO HgCl, o\\, o Pyridine O\‘\. R MeOH
Acetone-H,O \ o 91% \ 0 64%
68% 33 34
a) bis(2-cyanoethyl)-
OAc N,N-diisopropylamino- OAc OAc
hosphoramidite,
OMPM ks 1H’¥elrazole RO OMPM RO OH
CH,Cl, CAN
“OAc b) MCPBA RO “OAc  CH,CN-H,O RO ‘OAc
OH 54% OR 87% OR

36

37
:R = P (0) (OCH,CH,CN),

38
‘R = P (O) (OCH,CH,CN),

Scheme 2-1. Synthesis of Ins(1,3,4,5)P, moiety.

2-3) Ins(1,3,4,5)P, L & A F 2 U v h—NLE DT TV > T i

Ins(1,3,4,5)P, 5BAL & A F 2 U o —EAL & DT 7V v 7 (it % Scheme 2-2 (27573, Pon

SOARIE TERISHL, AR LEEATF U o —E AR, 2
((2-cyanoethyl) N,N,N’, N -tetraisopropylaminophosphoramidite)

S,
& DIRE

19

BEHIIRART T IHA |
3% 1H-tetrazole f£7E T T

B L Te 7T I XA M& TLC L CHER%, 5l &HEE Ins(1,3,4,5)Ps & 1H-tetrazole
WaEIMz 1=, BRMLEW % TLC £ TR,
(V) ~O{bz1TH> Z L TR E T 56 39 Z IR 80% THE7-, &

t-BuOOH THi Y 8 (1) 75 U g

2. TCA ZHW\WTE



AT EBALDNFTA % DMTr A% iR L7 Ab &) 46 Z 00K 96% T1H T, 28% NH;-MeOH
(LDDOZAET, 55°C T 10 WeIINBMEER L72 b O &M LT, FRiEE . 21 A4 o ZSHuiiE %
oy, BIIBICBRE SETbEmE ., XBEXBT o E=0 MERIKOARLE T H 2 & T,
T RV UVBRIETH D BILAEM E AT b Ins(1,3,4,5)Py Z UK 27% T35 Z L BN TE I,
EAHEMKAERICHEMA T 2 4 F 1t pIns(1,3,4,5P, X D-3-O-benzyl-1,2:4,5-
di-O-cyclohexylidene-myo-inositol (-)-1 & HHF&FEF & L CTH L7 b O CTHEHi L7z,

a) (2-cyanoethyl)-
N,N,N’,N"-tetraisopropylamino-

-phosphoramidite, HN NDMT
HN NDMT 1H-tetrazole, o) Hre- -
Hioe H CH,Cl, OAc I H
H b) 38, 1H-tetrazole P~~~ N £
H O/\/\/\/N g _ RO o cl) S H S
d H ¢ tert-BuOCH ~"cn o
i N ) <80% RO" “OAc
N-(4,4’-Dimethoxytrityl)biotinyl-6-aminohexanol OR 39: R=P (O) (OCH,CH,CN),

HN” “NH
[¢] Hi i
OAc T H
TCA RO O/(I)\O/\/\/\/ H s
> T
CH,Cl, i . CN °©
RO’ “OAc 40:R=P
96% 1R =P (0) (OCH,CH,CN),
OR
X
HN” “NH
H H
aq NH H,04PO, 07 0T TN :
4 2 OH as
o)
MeOH
H,05PO' OH

27% Biotinylated Ins(1,3,4,5)P,

OPO3H,

Scheme 2-2. Coupling of Ins(1,3,4,5)P, moiety and biotin moiety.

2-4) Grpl PH domain & ¥4 F 1k D-Ins(1,3,4,5)P, & D& FFE A EBRIZE T 5 5

AL 7 R IT, F5EI 21T - 72 D-3-O-benzyl-1,2:4,5-di-O-cyclohexylidene-myo-inositol
-1 ZJFEELE L TER LTI EAF AL D-Ins(1,3,4,5)Ps %2, ARV T FT7TEY LV E—RIZHEE
fEL7Z. AL R T eV =X &R L7 V& o 3RS B % Figure 2-2 (277797, Grpl
PH domain %4 72 ICFHRL L7 €4 F 1k Ins(1,3,4,5)P, L E— XL EHITA V¥
N—va L, MEBESRELZBIE LT, HFeRoREZ[SIET5 L, [B]Z. [Bl&[S]
DEFICTHRT 2 AN FEERETE D, MRS TE (%) %, Mo 4T o1k
Ins(1,3,45P, DIREL LT ry T 5L, MEEHMENSELND, (Figure 2-2b)

ZOFEA BN G| Fitting 217 5 & EHfREEEE. (Kp) =0.14 £ 0.04 WM 3G BT, 2D
I, ZHE TICHE S 7= Grpl PH domain & KN D Ins(1,3,4,5)P4 & D Kp(0.10 pM) ¥ &
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FREOBHfMEEZ R LTS, Lo T, B4 F 1L D-Ins(1,3,4,5P, 1%, 1 fLAMERI STz e
LTH. Ins(1,3,4,5P, DRERENHEFF CETWVDH LD ENZ D,

a b
(Binding fraction) 100
S B S B S B - S B S B
s "
- 80
—_— & —_
: X
*; et g 607
S s PRI 2
v : & I
Ead 2 |
L | | | | ] | | L | E
Biotinylated Ins(1,3,4,5)P, (uM) o
0.4 0.2 0.1 0.05 0 7
[B]/([BI+[S]) 0 0.14+0.04 puM
0.82 0.64 0.53 0.22 0 010° 1107 2107 3107 4107 5107
* MW: 20,000 Concentration of Biotinylated Ins(1,3,4,5)P, (M)

Figure 2-2. A SDS-polyacrylamide electrophoretic analysis for the Grpl PH domain and
biotinylated Ins(1,3,4,5)P, binding. (a) After biotinylated Ins(1,3,4,5)P, immobilized beads was
incubated with 0.10 uM Grpl PH domain, the unbound supernatant fraction [S] was obtained, then
bound fraction [B] was obtained by eluting the beads using 50 uM unmodified Ins(1,3,4,5)P,4
solution. Each fraction was subjected to 15% SDS—polyacrylamide gel electrophoresis followed by
quantitation with CBB staining. The binding ratio [B]/([B]+[S]) was calculated by the bound
fraction [B] divided by the sum of bound fraction [B] and non-binding fraction [S]. (b) The fraction
of Grpl PH domain bound to biotinylated Ins(1,3,4,5)P, immobilized beads [B]/([B]J+[S]) was
plotted against the biotinylated Ins(1,3,4,5)P, concentrations. A solid curve represents the best fit
for the theoretical dissociation equation.

2-5) SPR ¥:% I\ 7= B4 F 21k D-Ins(1,3,4,5)P, DA

FIRL7ZE IR RV T BV CEEL LTI B4 F b D-Ins(1,3,4,5)P, 23, AEAD
Ins(1,3,4,5)P, & [ABRIZ Grpl PH domain L& 3 5 Z EAAGEHTE /2, £2 T, K77 A€
> Jmg (SPR) {EIZHEDSW 225 (E T 5 BIACORE % +F & L7z PH domain & DS & RAT % 51
W L7z, SPR &1, BV —F v 7DOHT7 A LEORmICET DI EOHE LR LT —%
WEST2HDT, ZOTINVF—ZAEREEBLILEE T OB OJESTRIKTE L TEBT 5,
Thbb, HEOEFTROZLITIEC T, KOBEB 10D U ~LBET 525, (Figure 2-3)
ZOBENEORKEZALNE =T T LSS T 7 L TRRIND, —HFDOoT45&® S
Y—F oy FIZBEEL, b9 —FDONnF%27F74 & LTHRRIZHT &, B —Fv7rE
1 C 20 FHOfE S L ATMRBRERUCE Z 5 EE &L LT, fFeE L TEE O EIrE
NEET D720, ZOBRERIFIBIET L2 LN TE D,

TTICARLVT AT EDUREERKEE LTI BV —F v 72 AT, T ZICREZH
L7z FF 1k D-Ins(1,3,4,5)P, Z[EELT 5 Z & T, PH domain & DFEERNT 21T o7,
(Figure 2—4) Z®O &t %, ©4F 1t D-Ins(1,3,4,5)P, & Grpl PH domain & DA 2NERAY T
HHMNEIMEYMT H7-DIC, 8 1 ETHKLIZE AT 1t D-Ins(1,4,5)P;, D-Ins(3,5,6)P;
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(L-isomer of Ins(1,4,5)P;) % . B CFEEZHNTCA ML AT ED v —F v 7 BIZHEE
fbL7z, ZHITR Y| [ UREERSIE T C. RRICRHEEZ T 2 2 L TE D,

Mixture of PH
domain containing
other substrates
s &] ~—— Fow _
L X | Channel =
T ® v g ¥ £
" £
©
c
i=]
= R o
iy 3n
Streptavidin(SA) coated é
Sensor Chip with gold film - 5
-« Measurement of angle variation ?
Pleckstrin Homology(PH) domain x !
ar~~~0 Time
Biotinylated inositol phosphate
Figure 2-3. Principle of BIACORE.
a b
140_'"3(1,3,4,5)P4 —o—0 140-'"5(1|4,5)P3 —.—O_
——0.01 uM ——0.01 pM
120 ——0.1 pM 1204 ——0.5uM
5 l/”'——— —a—0.5uM = —a—1.0uM
x 100 —¥—L.ouM g 100
=1 ot
o -4 [ |
D 80 l/-—*——_ > 80
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v @
S B i\ N
0 0 e _mean
U T U T T T U T
0 5IO 160 15:0 260 QéO 360 3éO 460 0 50 100 150 200 250 300 350 400
TIME (s) TIME (s)
c d
140{Ins 3,5, 6) P, P 0T s (1.3, 4.90P,
——0.01 uM O Ins(3,5 6)P,
120 ——0.5uM
= i ® Ins(1,4,5)P, 5
= =)
X 100 Z 100
s =
5 801 I
@
@ 3
g 60 g
Z oY 50
] 40 2
x (14
20 |
O L T T T T T 'I T T 07 __-—-_-—?_-_.—-_-—__-;
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Figure 2—4. SPR analyses for the Grpl PH domain and biotinylated Ins(1,3,4,5)P,, Ins(1,4,5)P; and
Ins(3,5,6)P; binding assay. Sensorgram of biotinylated Ins(1,3,4,5)P, (a), Ins(1,4,5)P; (b) and
Ins(3,5,6)P; (¢) at various concentrations of Grpl PH domain at 25°C (20 ul/min). (d) The average
of Response Unit (RU) at the equilibrium state (260-270 s) of Grpl PH domain bound to
biotinylated Ins(1,3,4,5)P4, Ins(3,5,6)P; and Ins(1,4,5)P; were plotted against concentrations of
Grpl PH domain.
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Figure 2—4a |2/~ 9 X 912 €4 F b D-Ins(1,3,4,5)P, 721F 23, Grpl PH domain D2 (2 k451
L CRARMEML T\ D, Rx 2R ICFH% L7 Grpl PH domain (ZxHi& L7z fEA & (RU)
DYLEETry M TDHZETKMEEZRT L, BB ELZED Ky (0.3 uM)DIF H ATz,
(Figure 2—4d) —J5C. Ins(1,4,5)P; (Kp>>1.0 uM) & Ins(3,5,6)P5 (Kp >>1.0 uM) TlEIE & A Ef
ARSI o 7=, (Figure 2—4b, ¢)

a b
100
100
Ins (1,4, 5)P, ——o Ins 3, 5, 6)P P
& 001uM ! —m—001 M
80 ——0.1 uM Y
80 ——0.1 uM
—_ —&—0.5 uM 05
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4 ¥— 10w 7 ——1.0uM
; 601 ~ 60
5 £
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@ 404 @ 40+
c W
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a Q
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c d
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Ins (1,3, 4,5)P, ——0 ® [ns(1.4.5P,
——0.01 iM 0O Ins{1,3,4,5P,
80 ——0.1 pM
_ osia | 200 O Ins(3,5,6)P,
@ ——10uM | D
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Figure 2-5. SPR analyses for the PLC3; PH domain and biotinylated Ins(1,4,5)Ps, Ins(3,5,6)P; and
Ins(1,3,4,5)P, binding assay. Sensorgram of biotinylated Ins(1,4,5)P; (a), Ins(3,5,6)P; (b) and
Ins(1,3,4,5)P, (¢) at various concentrations of PLC3, PH domain at 25°C (20 pl/min). (d) The
average of Response Unit (RU) at the equilibrium state (260-270 s) of PLC5; PH domain bound to
biotinylated Ins(1,4,5)P;, Ins(1,3,4,5)P,, and Ins(3,5,6)P; were plotted against concentrations of
PLC38, PH domain.

I, Grpl PH domain Ti&72 <. PLC3; PH domain Zi# L, Ftkict> ¥ —F v 7 ki
it L7z, PLCS, PH domain X\ VEFPE T, ©4F AL Ins(1,4,5)P; (ZFES L=, (Kp=2.2 uM,
Figure 2-5a and 5d) — 75 C. Ins(1,3,4,5)P, (Kp >5.0 uM)X° Ins(3,5,6)P3 (Kp >5.0 uM)IZ 1%, K
BIFME Loy & 72y o 72, (Figure 2-5b, ¢ and 5d) L7223-> T, B4 F 1k D-Ins(1,3,4,5)P,

K ONIns(1,4,5)P3 3, Z #1LZ 41 Grpl PH domain & PLCS, PH domain % M T8GRk L7 & W2 5,
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F 72 BIACORE I, #EEFRIVENT S ATREZ2 24E T D, L L7eA 5, Figure 2—4a }2 (X 5a
DY =TT LEBET L L, MAERICEON T, AR EROBRICHEESTHICEL, S
OICHRBESEIRIC BV T, R NBIE SN TV D, ZOHA. A RO 2
EEREZRHET 5 Z ENTER,

2-6) Grpl PH domain & &4 F 1k D-Ins(1,3,4,5)P, & OGNS A AT

Grpl PH domain & 45 1k D-Ins(1,3,4,5)P, & OELGEI 72k G AT 21T 9 72812, molecular
docking study #1772, 1% U#IZ Grpl PH domain & Ins(1,3,4,5)P, & OEERIS T D fE A fENT
Z4T- 72, WIZ Grpl PH domain & ©4F Al D-Ins(1,3,4,5)Ps DET /L E LT, 1DV g
FlTA~F AL (Co) DIRFEZE A L7 D-Ins(1,3,4,5)P, & Grpl PH domain & Ol A T %
1T o7, E DOfER % Figure 2-6 (-3, 72 3B, BT VNICE T 2HUEIZT X / B L Ins(1,3,4,5)P,
KORFEEE (Co) % B> Ins(1,3,4,5P, & DIHEEEN 3.0 A UINDOBA %7177,

Ins(1,3,4,5)P, D4 (Figure 2—6a) . Ins(1,3,4,5)P, D 3 (2D U U ERFEA, Lys273 (2.0, 2.7 A:NH,).
Arg284 (1.8 A:NH, 1.9 A:NH), Arg305 22 A: NHy) EAHEAEF LT, £72 400D U R,
Lys273 (1.9 A: NH,). Lys343 (2.0, 2.6 A: NH,). His355 (1.6 A: NH), Tyr295 (1.6 A: OH) & fH A.{F
FALTWD, EBIZS5MD Y ERAS, Lys343 (1.8 A: NH,) & Asn354 (2.0 A: NH,) & (AR AA/EH
L. 1AZD> Y A, Thr280(2.2,2.1 A: OH) EMHAEEA L TV 5,

— 5T, RHEH (Cy) % b Ins(1,3,4,5P, D5 (Figure 2-6b) . Ins(1,3,4,5)P, D 3 izD Y
VERIE, Lys273 (1.2 A: NH,) & Arg284 (1.2 A:NH, 2.4 A: NH)IIZH E/ERA LT\ 5, 724410
U Vg%, Lys343 (1.3,2.6 A: NH,) & His355 (1.3 A:NH)EMHAEEA LTV 5, 52, 5o
U BRI Lys343 (1.2 A: NHy) & Asn354 (1.8 A: NHO)ICAHHAEERH L TWaD, LnLZRnb,
Ins(1,3,4,5)P, ICBIER SN2 1 ALD U U EREE & Thr280 & O A/EMIZBIZR &7, R FEEH (Co)
2% Grpl PH domain OFEA RS b OAMUNZALE LTz, 3.0 A LINOERELZ 2 E o
BIRICBWNTERT D &, REH (C) & Ins(1,3,4,5)P, DIE 5 A3, Ins(1,3,4,5)P, LV &
B, — 5T, MAEEALTOASEANIIEE A EED B2,

WICEHBEHIHAIER & 7 7 TV T — )L ZAJZ ISz docking score Z#H I L72 & 2 A,
Grpl PH domain & Ins(1,3,4,5)P, & DA RIZIT-567 Keal 73, Grpl PH domain & &2 8H(Ce)
% Fi0 Ins(1,3,4,5)P, & DEASIRIZIVT-565 keal 28 U_dock value & LTG5 47-, Grpl PH
domain & &£ SV TR0 Ins(1,3,4,5)P, & DEERD T, DT NNILERBENRTHD Z
ENMER SN, 2B DFERND ., Ins(1,3,4,5)P, & REH (Co) & b Ins(1,3,4,5)P, 23F L
FEAERT Yy M, BUNTEH L TWA Z BRIz, — 5T, B©FF VU o —EL &
A RVT RTED L EIZBWT, FARROF ST 21T o728 2 A, U I —# 31 MUIZ &
5 ENHERENT, L7223 > T, Grpl PH domain & B4 F 1E Ins(1,3,4,5)P, & D& T
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ICBWT, EFF Y U —EALICRBIT D R%E 6 D) v I—DRIITEETHDL LWL
Z)O

Thr280
, Arg305

/ Arg284

Asn3b4

3 Tyr295
His355

Figure 2-6. Docking studies of Grpl PH domain-unmodified Ins(1,3,4,5)P, (a) and Grpl PH
domain- Ins(1,3,4,5)P, with hexyl (Cs) (b) complexes. The values show the interaction between
amino acids and phosphates within 3.0 A distance. The arrow indicates the position of hexyl (C).

I3 NS

B2 BT, ERNOD Ins(1,3,4,5)P, LRIEDOHKREZ SO A F AL D-Ins(1,3,4,5)P, DikE
LB EIT -T2, B4 1k D-Ins(1,3,4,5)P,4 1%, Grpl PH domain & Ins(1,3,4,5)P, & @ X ik
PRfRMTRE . P2 LICERF L, RART T IXA b=y M) UBbIEEZEM L CARK LT,
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AV M= VENLDERRE . BT U =L e & 2 [BERER AR T T I XA MR
ThHy 7V 738d52 LT, HETHELT AL D-Ins(1,3,4,5P, DERKICKE) LTz, &
4 F 1t p-Ins(1,3,4,5)P4 1%, Grpl PH domain & K, =0.14 uM THES L. Z D Kp ) HAEHAT L
TUW e Ins(1,3,4,5)P, OFER & RIZEOBIFMEE FFO Z ERFEA Sz, T78b b, 1 fLice s
F U U —%EALTH, Grpl PH domain & OFEAITITREL KIS 7202 E RSN,
v A4 F b D-Ins(1,3,4,5)P, & © 4 F L4k D-Ins(1,4,5)P; & %, BIACORE D& - —F v 7T [#H
7E{t L. PH domain 38 & DFE AT 24T > 72, E4F Ak D-Ins(1,3,4,5)P, 1%, Ins(1,3,4,5)P4 1
T WBIFIME 2 -5 Grpl PH domain & 5 EAIC £ 72 E A CTRa% L7223, Ins(1,4,5)P; 127
WELFIPEAZ B> PLCS; PH domain ([ZITBFMEZ /RS ooz, —hH T, B4 F Mk
D-Ins(1,4,5)P; 1Z PLC3, PH domain %, FL#EEAYEWBUFIME TREFE L 7223, Grpl PH domain (213
DTNLPEE LR olc, ZTNOLO/REEIY, EhEnovdF o Aba /v b= U g
X, HAEMERT % &5 2 535 PH domain (2 K > CTREEMICEEFR SN TWD Z L AVRENTZ,
Stk X F AL )2 b= U VRS S ORFA OREREZ HIV T, Grpl PH domain X° PLCS,
PH domain BELEHIDOBRFEIZ D 721F 72\,
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53 E
SPR {%£% iV /= HIV-1 Gag & A / ¥ b—/L U UIEEFHER & O SRS
B IEAT

CRE

HIV-1 D 7 A L AR TEAIZ I\ T, Precursor of Gag protein (Pr55% €)X EE G E HE ©
b5 0 FERE. U R M EZ T PrsSEE I L BT D 2 & T ok
3B AT, REGATR T A N AR EIEKT D, Pr55% X2 112 matrix (MA) *", capsid
(CA) *?. nucleocapsid (NC) & p6 YD 4 SO FTEIK L . AX—P—XTF R b b p2
Epl LIRSS, Pr559t o N RI#IZ & 5 MA domain (XAMAEMERS A 5E. CA domain |3
Pr559 DL BRI ALGEEL, NC domain 1Z 7 A VAF ) boXy ir— U v FiEl & ShCnd,
F 72 p6 FHIIL VANV ZADOHIFZHIFE L TWELHDEZ2 6N TEYD, ZOHIFEL ORI
ST, UANAT T T —RIZLY Pros® BN R S, BYEE2 OB HIV L7225,

(Figure 0-9)
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Figure 0-9. HIV-1 particle formation and membrane localization of Pr55%%,

Pr559° OMINEIERE I TIE, 8T O Pr55@e NI o lipid raft | BIEILT 25 Z L1z k-
TERREINAN P, 27 a2 %, Pr35o N KiElcH s I U 2 ML L MA domain
WSS AEFEMERIC LA D EEZ LN TS, 7725, MA domain @ N Kig 7 U o

VNFEA LTI VA MMAUERTZY v 7E3N5Z LT, EAOIMINCEHT D, 2D & X,
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Pr55 DL BMRIENZ D7) v TEBETDHENI DT, ZOHGUII VA M IVAL v
FLMINTE 7 7, —J7 MA domain OHEFEVEREIRIT, BAVEIZHTE L7Z MM U > A5
BLFEATD Y, 2OV R M VI E ISR O )73, MA domain DR EIZIFE L,
HEFEICHREEZ BT 2 & T, MOVEREZAEAETHOLEZI LN TND, REHEIN
721575, Phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P,)%%, MA domain 7% ¥ > Hg KV fH
WA T DO+ THDH I EREnT 299 Ptdins(4,5)P, 1%, 1 /¥ b=V VIEE D

PTHROBEFEL AR LE L3508 FA vE Y v —(Ins(1,4,5)P; ? . PtdIns(3,4,5)P;
OROTT N7 UtEr—L (DG) O Precursor T 5 D, F7- PtdIns(4,5)P, 1%, fDHH

WRTHLTX VA b= R MREHEHEIE, RN SIS 5 9,

/NBF B 1E, Pr359 OARRAIEREAT & AT S M O K 128 PtdIns(4,5)P, THDHZ L HLLT
DFEE S EITHL M Lz P, 1% L HIC, phosphoinositide 5-phosphatase IV Z 58BT3 & |
PtdIns(4,5)P, 238 L, Pr5s@e AHIRAIEICAFAE T 72 <720 | #E5 & LT late endosome ~F
17452 & Ml L=, KIZ, ADP-ribosylation factor 6 Z 538l & ¥ % Z & T, PtdIns(4,5)P,
WEERT Y Y — ISR SED & MEL D b Pdins(4,5)P, U vy Flo Y —
DIBATT D2 L 2R LIZ, 2D OWA L, mass spectrometric protein footprinting *<°
NMR Z W 22 & - TERMTHIL, Pr3s® & Ptdins(4,5)P, & NEHEREA LTWD
ZENRER ST,

E 5|2, Saad 51X NMR % iV /= Ptdins(4,5)P, & MA & OFEEfENT2> 6. PtdIns(4,5)P, &
MA domain & DESEPTEHR S5 Z LIZL D, MA domain D217 % XA —3 5 UEKITfF
WU R R AVERBEHT D2 L 2WE L, ZORRICESNT, “extended Lipid™ &7 /L%
e L7~ 2, (Figure 3-1) Z D7 /UL, PtdIns(4,5)P, DA /¥ b—)L ) UERENL & T
NIV a—® 2T VIVEEMN MA domain D7 L7 MIHATHZ L T2 U A MAVHET
MR~ BHEND, 2D X, TNVt —LO -7 IVITHlaEC s Y5
Z & T, MA domain & PtdIns(4,5)P, & O XV ZERBERNIEE SN E NI D THD,
F7-. T OAK % Figure 3-2 127”7,

E 512, Saad 51X MA domain & 1 / ¥ h—/L U UIRE L OFEERITIC . IR
725 2FEDA ) v b= Y VIRE(RFE=2 or O)ZFEH L TRV, RFH=6 DFTH, KK
$4=2 & iz LT MA domain &< FEATH 2 bME LTS

Eiko XSz, Prss®e LA v b= U VIRE L OFEA D HIV-1 HEICB W TEETH
ZEFE STV DD, Pri5sP R MA domain & 1/ ¥ h—L Y UIRE L OBESIRICE T D
BRI K OSBRI IR 2 03 % D, £ 2T, PrsS™MA &1 /v b= U VIR
& DBEEIITENT, in vitro DT, BEE CHITIETE 2RE 77 A€ U0 (SPR) 14
b T LIRSS 25T L7z, Hik& LT, BIACORE Dt H—F v 7 kA /v h—

N IEE OERIATH D EAF Al Ins(1,3,4,5)P Z[EEIL L. F 2~ Pr559¢ %> MA domain
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i LT, EREEER (Kp) AR, Pr35%¢MA domain & A 2 h—L ) VIEE L D
BAERICB T 2AEMFHEELE 2G5 2 & Lz,

A MA e et :
Highly basic patch
CA Including cleft
2'-acyl
1 2

Figure 3—1. Binding of the MA domain of Pr55% to PtdIns(4,5)P,. (4) Organization of the Gag
precursor protein, Pr55%°¢. Matrix (MA), capsid (CA), nucleocapsid (NC), and p6 domains are
shown. The N-terminal myristic acid moiety covalently attached to MA is shown tucked back in
its sequestered conformation. The highly basic patch of MA is depicted surrounded with blue. (B)
PtdIns(4,5)P, association with the MA domain. PtdIns(4,5)P, is embedded in the inner (cytosolic)
leaflet of the lipid bilayer. The 1’ and 2’ acyl chains of PtdIns(4,5)P, are shown in right side.
According to the model proposed by Saad et al., after binding between MA and PtdIns(4,5)P,, the
myristic acid flips out into the exposed conformation and inserts into the lipid bilayer, and the
2’acyl chain is extruded from the membrane and sequestered by MA. (C) Structure of
PtdIns(4,5)P, with phosphates on the 4 and 5 position of the inositol ring shown by “4” and “5”
and the 1’- and 2’-acyl chains indicated. Note that the 2’acyl chain is more “kinked’” than the 1’
chgi)n, indicating a lower degree of saturation of the 2’ chain. This figure is derived from Freed et.
al.

Plasma membrane m N N

I | ' ' | | ' I I I Plasma membrane

Ptdins(4,5)P, > % UUU

Hydrophobic Region
Basic Region

)
)
)

Hydrophobic Region Myristoylated Pr55529/MA

Basic Region

Myristoylated Pr55%29/MA

Figure 3-2. Binding model of the Pr55%¢/MA to PtdIns(4,5)P,.
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A ) b=V U UREICHT D Pr55Te R MA domain OFEABAMEZRIE T H72Di2, U v
BB, (MENRRRDA ) F—V U URE, 7 ) ke — Vi zRilianAg /v h—b
UViRERWDZ L L, 2E 2 D) MR L D Ak %20 5 Ins(1,4,5)P; ”, 2) Ras
family @ GTPase D iHFMALICEE 95 Ins(1,3,4,5P, . 3) MR O LKy TH 5
Phosphatidylinositol (PtdIns) & ¥ & 7 L /L AIEHAN L Di-Cs-Ptdlns ), 4) FFENIZH b % < 171F
4% PtdIns(4,5)P, £V & 7 /LI AN Y Di-Cs-PtdIns(4,5)P, . 5) B hH v KA v P v —
& LCHERET 5 PtdIns(3,4)P, 2O PtdIns(3,4,5)P5 £ 0 & 7 2 /LI A8\ Y Di-Cy-PtdIns(3,4)P,
K O Di-Cs-PtdIns(3,4,5)P; Z2 U 7=, Z o ¢, PtdIns(3,4,5)P; Q1L HIfaSk 2> & O #IZ EES
T PtdIns 3-kinase {EML 315 Z L2 L - T, PtdIns(4,5)P, 1 HAEKTHH DO TH 5,
(Figure 3—4)

Inositol Phosphates Phosphatidylinositols o
OJ\/\/\/
OH OH ‘.; J:O\H/V\/\
R,0 OR; R,0 O’C‘; L 0
Rs0" i “OH RZQ‘T@"’OH
OR, OR;

di-c;;-Ptdll"lS: R1,R2,R3=H

Ins(1,4,5)P3: Ry,R3,R4=P0;2(K*)5,Ry=H
(1:4.5)P3: R1.R3,R4=POs"(K')2.R; di-Cg-PtdIns(4,5)P5: Ry=H,R2,R;=P0,;Z(Na*),

Ins(1,3,4)P3: Ry,R2,R3=P0O;%(K")2,Rs=H

di-Cg-PtdIns(3,4)P2: Ry,R,=P0;%(Na*),,Ra=H
Ins(1,3,4,5)P4: Ry,R2,R3,R4=PO;*(K*);

di-Cg-PtdIns(3,4,5)P3: Rq,Rz,Ry=P0;2(Na’*),

Figure 3—4. Inositol phosphates and phosphatidylinositols.

28 Pr559¢ UV MA domain & 1/ ¥ h—/L U UHEEFREIR L OFEAfRNT

2-1) SPR & & DHEHE & MA domain D f# i

SPR {E& A5 & BIKE R JEZIT ) 2 M TE DL, Pros®™ oA /v h— ) ViRE
& DO ESFITIC bl d 5 & B 272 %, SPR OMIEIL 2 2OREMErZ LN TE
5, A b=V UIREEREEE Y —F v 7 RICEEMRL, £ZIZTFTTIA FELT
BAELZWMT kL, ZOWTHDL, AR @nFEOEAEZR LGN, v —Fy
TEDVTFANPRELBRDODLEZ, BIEERMA LI, LizioT, VA FigA /¥
M= U UIREFHERE, 7T A M P55 b L < 1% MA domain & HV /o, 25 2 B TRl
L7z, B4 F b Ins(1,3,45P, 0%, VA RELTHETHDEEZ, ELF LT EVUE

% T BIACORE Ot W —F v 7 EIZEHE LTz, £/ b= EEME Y T R
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ELTRETELDT, PEOEAETHLMTAIRETH D LHWT L, LV AEKRNOSRMAITE
WEHABZELD, RIBEND TR, WLMEN»6HEZ & Lic, LieBo>TAHE
L 72 MA domain (39X CTI VR M LI TEY, EE. =B, XL/ To7
MALDLI-TOF-MS D#EHR, I U A b A /bS T2 MA domain [FBIEE S L7202 72,

(Figure 3-5)

2000 - 1627176
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Figure 3-5. MALDI-TOF-MS spectrometry data of myristoylated MA with C-terminal FLAG:
Mrye = 16271.22, MIppeas = 16271.76. Un-myristoylated MA: Mr.,. = 16063.04 was not observed.

2-2) Pr559° J2 O MA domain D FEH, & Hl

C RIilZ FLAG # 7 %41 7=, 2E ® Pr55%%, MA domain & O} CA domain DI 7 X —
EERIL Tz, 77 A R X —(X, et —% —fln %72 5 pSGS & pEF1/MycHisA @ 2
FREABRN L, 293T Mifaza W CTEAE A BB S, b, EHEOREBEIL, T FLAG
PiAZHWT, v=A% 7 vy MO THER L7z, pEF1/MycHisA %= L& & L7z~ 7 % —%H
W7, MA & CA domain Ot 5725, pSGS £V $58< B L7z, (MA domain: 10 5, CA
domain: 2 f) —J5C, Pr55%¢|% pEF1/MycHisA % +5 & L7234, pSGS L LT, #5
DNZFRBLER N DIy o Tz, & 2T, Prs@ O BT pSGS X7 ¥ —% MA & CA domain (3,
pEF1/MycHisA Z M L7z, 293T fliflan 6B S EAEIL, HLFLAG 7 T —AE—X
ZHWTHHRI L, SDS-PAGE IC k> T a7 A v~——¢L DO/ RBEZ T 5 Z & T,
FEAEREAZF T L7z, MA, CAdomain & O} Pr55 (28 C, Z=HEH 2.0, 5.5, 0.08 uM

ThHo7-, (Figure 3-6)
31



10% N

66,000

Figure 3—6. SDS-PAGE analysis of Gag-related proteins. After purification, protein solutions were
resolved on 10% and 15% SDS-PAGE gels and visualized by CBB staining. Protein concentrations
estimated by comparison to molecular weight marker intensity were: MA = 2.0, CA = 5.5, and
Pr559% = 0.08 uM.

2-3) BIACORE % F\ 7= f& & 325k

LU 72 E A &2 VT BIACORE JI7E M OFE MR |2 {4t L 72, BIACORE I
DOFEEWRIZIX, B —F v 7 E~OIEFF RS 2B <7212 0.5 mg/ml O BSA 2, £7-
EAEOREEHIE LT 2% GNDZ ) ta— 2L 69)0 B RHT S 3. 25°C,
JitiE 20 pl/min THE S % 3 IBIEL Lo b fiflfE4 3 HfelsE Lz, 72 L7 NaOH &
WaEFEANTDHZ TRV —F v 7% HAE L, Figure 3-7 12, ©4F 1k Ins(1,3,4,5)P, &
el Lzt o —F v 712, 0.08 uM Pr35#e & 2.0 uM MA domain Z7EA L7z & & OFE R %
59, Pr55% MA domain & & IZEAEZ 2 HEFZLICIG U TRA D EIE Sz, — T,
CA domain (2B W TREGIIFERR SN2 o T2,

350

—a— MA
3004 | —®—CA

—*—prss™
1 [—e—mock

[*]
@
o

Response Unit (RU)
s 3 ¢

o
<

e e

o
I
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TIME (s)

Figure 3-7. Binding activity of Gag-related proteins to biotinylated Ins(1,3,4,5)P,. Each protein
was injected over a biotinylated Ins(1,3,4,5)P, immobilized sensor chip at flow rate of 20 puL/min
for 180 s.
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2-4) Pr559%¢ K (" MA domain & A / > h—/L U VIRE & OFEFTIZHWIZA ¥ b=V ViR

Ak EA

Pr559 RO MA LA /v b=V ) VIRERERE OMAIKICEIT D Kpld, BEERIEL
e T o7, Al L7-5iA A% Figure 3-8 (24, W KAy V¥ —ThHDH
Ins(1,4,5)P5. Ins(1,4,5)P; ONALE IR TH 2 Ins(1,3,4)P5, 3 (223 Y (L S 417z Ins(1,3,4,5)P,
BA YRV VAL Lic, PrS5STE O MA EEIAAIE DREED, A ¥ h I ERKIC
EOHEATHDNE D 0 EfERT 572912, Sodium Triphospohate (STP) 2 £ H L7, — 77,
A7 b= U UIEELE LT, 2 DV A A v F—/VEBRIC B 72720 Di-Cy-PtdIns, 2
o) A A 2 b —/LERIRIZ B O Di-Cs-PtdIns(4,5)P,. Di-Cs-PtdIns(4,5)P, O & B {4
T& % Di-Cy-PtdIns(3,4)P,, 3 i3 U gk 417z Di-Cs-PtdIns(3,4,5)P; & FHV M7z,

0
a HN)LNH b
oH ¢ H Heo— e OH
(NH,),204PO0 oo™ AN s RQO\@,O&
O (NH,4") 0 _ 7
(NH,*)220 3po?©"”0H R;O" "OH
OPO*(NH4")2 ORy4
Biotinylated Ins(1,3,4,5)P, Ins(1,4,5)P3: Rq,R3,Rs=P0;%(K*)2,R;=H
Ins(1,3,4)P3: Ry,R3,R3=P0;%*(K")2,R4=H
0 Ins(1,3,4,5)P4: Ry,R2,R3,R4=P0O;%(K*),

d

R/O (o el 0
! A di-Cs-PtdIns: Ry,Ry,Rs=H Q 9 ?

P R~
di-Cg-PtdIns(4,5)P;: Ry=H,R;,R;=P0;%(Na*), +NaOf O (\) +\o Nj

Na

OR4 di-Cg-PtdIns(3,4)P,: Ry,R,=P0;2(Na*),,R;=H
di-Cg-PtdIns(3,4,5)Ps: Rq,R2,R:=P0;%(Na*), Sodium Tripolyphosphate

Figure 3-8. Structures of biotinylated Ins(1,3,4,5)P, (a), inositol phosphates (b),
phosphatidylinositols (¢), and sodium tripolyphosphate (d).

2-5) Pr559 LA ) v h— L U VIREFREK & ORS AT

R R LA AL P55 Lah A v Fax—var Licbokd, B4 T4k
Ins(1,3,4,5)P, NEEML SN TV DB —F v 7 Rt L7z, Figure 3-9a,c,e,8,i,k,m,0 (24535
BANCH & SWiet P —27F A% Figure 3-9b,d,f,h,j,Ln,p (2 K, % 7~3, Figure 3-9a X
V. Ins(1,4,5)P; DIRFENEEFICON T, RUMEMNELD LTW5D, T74bb5, Ins(1,4,5)P; 23
P—F 7 ED Ins(1,3,4,5)P, LEERTFINTHS L, Pr55% L OfEE D Ins(1,3,4,5)P, 205
Ins(1,4,5)P; ~E@EE DTS, LL, 5 mM D Ins(1,4,5P; N THRERICEX#HD
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5 T o tz, RIRO Ptdins 1%, BUKMEDE S 2> 54 B OFEERIZITIRME L7220,
fAFRFH & 6 DEFOKIANED Di-Ce-PtdIns 2 VW 2, FER L LT, Ins(1,4,5P; L 0 b i< 5
4 L7, (Figure 3-9i) Di-Cys-PtdIns(4,5)P, (X X 51250 < 54 L. 250 uM Di-Cs-PtdIns(4,5)P, %
AWEHE, B —F v 7 LD Ins(1,3,4,5)P, &2 2ICEEHb~7-, (Figure 3-9k)
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Figure 3-9. Competition assay and calculation of the equilibrium dissociation constants (Kp)
for Pr55%¢-competitor complexes. The equilibrium mixtures of Pr55%* and competitors
Ins(1,4,5)P; (a), Ins(1,3,4)P; (c), Ins(1,3,4,5P,; (e), STP (g), di-Cs-Ptdlns (i),
di-Cs-PtdIns(4,5)P, (k), di-Cs-PtdIns(3,4)P, (m), and di-Cg-PtdIns(3,4,5)P; (o) were injected
over the biotinylated Ins(1,3,4,5)P, immobilized sensor chip at a flow rate of 20 ul/min for
180 s. The average response unit (RU) for the increasing concentration of each competitor
was measured at 160-170 s, and each RU datum was converted to a concentration of
uncompetitive Pr55°°¢ protein used for the construction of competition curves between
uncompetitive Pr55%¢ and Ins(1,4,5)P; (b), Ins(1,3,4)P; (d), Ins(1,3,4,5)P, (f), STP (h),
di-Cg-PtdIns (j), di-Cg-PtdIns(4,5)P, (1), di-Cs-PtdIns(3,4)P, (n), and di-Cg-PtdIns(3,4,5)P,
(p). Calculated Kp values are shown. Each experiment was performed in duplicate.

DB AA A& G D 74 B4 Table 1 (27859, Ins(1,3,4)P; & Pr55%¢ L @ K, (579 uM) (Figure
3-9d)/ Ins(1,4,5)P5 (Kp =2170 uM) & Heis L T 4 1558 < #5E L7z, Ins(1,3,4,5)P, & Pr35®e & o
Kp (332 uM) (Figure 3-9f)i%, Ins(1,3,4)P; XV & 2 5@ f5A L=, —FH T, UUV@BR3 D
72572 STP 1% Pr55% & K =1810 uM (Figure 3-9h) THE4& L. Ins(1,4,5)P; (Kp =2170 pM) &
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FIEFEREDFFNEZ R L7z, Di-Ce-PtdIns(3,4)P, & Pr35% & @ K, (54.6 uM) (Figure 3-9n)iZ
di-C4-PtdIns(4,5)P, (Kp =47.4 uM) & b L CIRIERFE OB M2 R L7, —F T,
di-C;-PtdIns(3,4,5)P; (Kp =19.3 uM)(Figure 3-9p)i L. di-Cs-PtdIns(4,5)P, £V & 2 {558 < fE & L7,
1,340 & 1345002V VEREEZ oA /¥ b= ViFER L Pr5s® L ORI O S IX
Ins(1,3,4)P; > di-Cg-Ptdlns > di-Cg-PtdIns(3,4)P,, Ins(1,3,4,5)P, > di-Cg-Ptdlns >
di-Cs-PtdIns(3,4,5)Ps DIA L 720 | 1,4,54012 Y Y FEH%E ©O%A L RIEOIAE 7257,

Table 1. Kp values for Pr55%2¢ or MA complexed with phosphoinositide-related

compounds.
Proteins Competitors Ko (uM)
Pr55Gas Inositol phosphates
Ins(1,4,5)P3 2,170 = 260
Ins(1,3,4)Ps 579 + 48
Ins(1,3,4,5)Py 332 + 58
phosphates
STP 1,810 £ 240
Phosphatidylinositol
di-Cs-PtdIns 186 = 22
di-Cs-PtdIns(4,5)P: 474 = 6.5
di-Cs-PtdIns(3,4) P2 54.6 + 4.8
di-Cs-PtdIns(3,4,5)P3 19.3 £ 2.9
Inositol phosphates
MA Ins(1,4,5)P3 568 = 52
Ins(1,3,4,5)P; 526 = 57
Phosphatidylinositols
di-Cs-PtdIns 178 + 29
di-Cs-PtdIns(4,5)P2 5.64 £ 1.43
di-Cs-PtdIns(3,4)P: 2.51 +1.56
di-Ce-PtdIns(3,4,5)P3 6.02 +0.97
di-C4-PtdIns(4,5)Pz 866 =22

2-6) MA domain & / ¥ b—/L U UHREFHER & OFEARNT
FNENDOHAEH E MA domain & OFEEFEBREZITo7-, TOREE% Table 1 12”7,

Ins(1,4,5)P; & MA domain (Z351F % K, (568 uM) (Figure 3-10b)i%. Ins(1,3,4,5)P, (Kp =526 puM)
(Figure 3-10d) & kb U ClRIEOHFMEZ 1~ L7z, Di-Cs-PtdIns & MA domain & @ K%, 178 uM
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(Figure 3-10f) & 72 ¥ | —J5C di-Cy-PtdIns(4,5)P,. di-Cs-PtdIns(3,4)P,. di-Cs-PtdIns(3,4,5)P; 112
NZI Kp=5.64 pM, 2.51 uM., 6.02 uM THEa L7=, (Figure 3-10h,j,1)
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Figure 3-10. Competitive assay and calculation of the equilibrium dissociation constants (Kp)
for MA-competitor complexes. The arrangement is the same as that in Figure 3-9 (a,b:
Ins(1,4,5)P;; e¢d:  1Ins(1,3,4,5)P,; ef: di-Cg-Ptdlns; g,h:  di-Cg-PtdIns(4,5)P,;  i,j:
di-Cg-PtdIns(4,5)P,; k,l: di-Cg-PtdIns(3,4,5)P5; m,n: di-C4-PtdIns(4,5)P;).

MA domain & Z N ZFNDOHEEH & OREE J1O5E S 1%, Ins(1,4,5P; > di-Cs-Ptdlns >
di-Cs-PtdIns(4,5)P,, % 7= Ins(1,3,4,5)P,> di-Cs-PtdIns > di-C-PtdIns(3,4,5)P; DAL 720 | Z O
FIX Prss™ oG LR THoTm, S DT, REHED 2 2ofaf7 v iks b o
di-C,-PtdIns(4,5)P, & MA domain & OBLFIEZ KHT= & Z A, K =86.6 uM (Figure 3-10n) T &
V. BIFNRFEEL 6 D di-Ce-PtdIns(4,5)P, D5 AN 15 {558 < MA domain (ZHES L7z,

FIH B

AFEBRIZEBNT, IZUDITPr55%e L oA ¥ b= UIEEFHEIR & OREAIRIT 21T 5 729
IZ. SPRIEZ TR E LT-EBREORERZEE LT-, AKX, 2000 uM LL ED K, TH->Th
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BHTHZENTED, ZOFREL EIT, Pros® tixlea /v b=V VIREHERE D
Kp ZH M LTz, 7Zeds. ARIFRICHWZEAET, WAMRNAOHKEELZEDOTHY . MS
AT MVOFRER KXY IV A M UbHER STz, (Figure 3-5)

Pr55%°¢ 1 PtdIns(4,5)P, [CEFEAE ST D Z &3, TNE TICHE S TG P20 Lo,
PtdIns(4,5)P, DT L IERAL & A 3 h—)L U VRN DO WERALAY, Pr5s®e & DA ED X 9
IZFHG LT A STV Ry, £2C, LM 217> 2 &2 ME LT,
XL DI 24D U UEEEEZ 358 D Ins(1,4,5)P; & Pr55%e & D K, & HiH L=, Ins(1,4,5)P; 1
LA T VIVEML & B T272 0 A ¥ b=V ) VR TH D, fEF & LT, Ins(1,4,5)P5 1% Kp =2170
UM T Pr5s@e G L, S9WEIRMEZ R Uiz, RIS, 2D ) U EEEE A R 37, 1 Anic g
FH 6 OT VVEMLE D di-Ce-Ptdlns & Pr5s%e L DfESGEBIL L, B2 ki
di-Cg-PtdIns I Pr5592 (2 K =186 uM CTfEA L. Ins(1,4,5)P5 (2170 uM) & 0 & 12 {500~ 7=,
EBIT, 2D ) VEEHE 2 OFf DL 1AL fIfIRFEH 6 & B D di-Ce-PtdIns(4,5)P, 1 Pr55™e
IZ Kp =47.4 uM THES L7z, McLaughlin & Aderem I%, Pr55% I U A b A VIENIEE &
12 Kp=100 uM TREAT D Z L2 WE LT AN 0, SFEEkD 7= di-Cs-PtdIns(4,5)P, D Kp
474 WM)iE, VAR ALY HBCIFE —EHBEICHEATH L E2RBLTWDS, £,
di-Cs-PtdIns(4,5)P; 1%, Ins(1,4,5)P; £V % 46 {5, F7= di-Cg-PtdIns £V b 4 {550 < Pr55s@e 1T
B Lz, ZRHORERIL. MA domain & DFEFIZENTH, FERORERAGLATWD, T
bbb, AV =AY UEROY VERIEL 1 ALICEEA LT VAL O A, Prs5soe & o
A MR EICHETHY, SBICT VVEBALOTTA, 2 i) ERE D b, B FEEICH
HLTWDZ ENRBESNT,

I ETIZ, NMR Z HW A ITRE 2> 5, PtdIns(4,5)P, & Pr55® & OfEAREAVR &
T3 2, Ptdins(4,5)P, DA /¥ b=V U UEERELE T IV Y B a— D -7 VR
28 MA domain D7 L7 MIFEET 22 & T, I U A M AVEITHIRER~EBEHEND, 2
DEEX, VTUNAT VR — LD -7 Vi E S E D2 LT, MA domain &
PtdIns(4,5)P, & O X W ZELRBAERNERENDENI D THD, LIzl ->T, £/ h—
WL & T 2 VELAS, i B e A AR & BOKYERR AR O 5 % Ji LT Pr55s™
(ZHEET D,

ARFZEDFEF L 0 | Pr559e & di-Cg-PtdIns & 73 K =186 uM T L. Pr559¢ & Ins(1,4,5)P,
2 Kp=2170 uM THES L7 Z & C. T I VEMI SR T BUKMEMRAIER S, A 7 ¥ b —/VEAL
DR RERMELEA LD b Pr5s® L OFEGICRE L FE LTS Z EAVRE L7z, (Figure
3-11) =512, Alfadhli ik, YA Y —2%HW, I U A MLk MA domain & X U A kA
LS T2 MA domain & A FEIDOFERR & [ U di-Ce-PtdIns(4,5)P; & OFE SRR S |
di-Cg-PtdIns(4,5)P, 23X U A b A V% PrS5sCe b BN S5 2 L 2R3 LT 7Y,
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Ptdins(4,5)P2:
Pr5539 complex
Kp=cad47.4 M

Phosphatidylinositol: Ins(1,4,5)-IP4:
Pr55Gag Complex Hydrophobic Region Pr55Gag Complex
Kp=ca 186 uM Basic Region Kp=ca 2170 uM

Myristoylated Pr55%29/MA

Hydrophobicity > Static electricity

Figure 3—11. Binding model of the Pr55°¢/MA and PtdIns(4,5)P, proposed in this assay.

Ins(1,4,5)P; OFETEA, Pr55% L OFEARICEETH D Z L 2 MHEND D T-DIZ, Sodium
triphosphate (STP) & Pr55%¢ L OB FMEZ KDL Z A, Kp=1810 uM THEA L 72, Ins(1,4,5)P;
E P55 L DKy Q17O uM) EIEE A EED LR VEFIWFES TH Y | Ins(1,4,5)P; DLIRHEE TS
F T, Prss@e OFERRICH G LanW 2 AR SN, — T Ins(1,3,4)P; X° Ins(1,3,4,5)P, A3
ZhZEN, Kp=579 uM., 332 uM THEA L. 2D KplE. Ins(1,4,5)P; L 0 HEfMENRVZ &
M5, 3ANLD Y VERIEN Pr5se L OFSAICEEIZ R LTV Do Lty —F T,
Ins(1,3,4,5)P, & Pr5598 & D K (332 uM)M 6, 3D Y VEEEEDOIFIEICNA T, DoV >
e B DAFAE D M &R’ S5, Ins(1,4,5)P;=° Ins(1,3,4)Ps DA /> b—/L V) Uik & il L
., di-Cy-PtdIns(4,5)P, X° di-Cg- PtdIns(3,4)P, D K (47.4 pM., 54.6 uM)iE, 1E & A EZED B 720,
. U UBREAR TR AR, T S VLA R T EUKPER AR B b
LD H L7, Di-Cs-PtdIns(3,4,5)P; 1E. Pr55% & K, (193 uM)THEAS L. Z OfE X
di-Cs-PtdIns(3,4)P, <° di-Cs-PtdIns(4,5)P, D Kp (54.6 M, 474 uM) L 0 HR<AEA LTV DH Z &
% L TW%, Chukkapalli 51 ™, VR Y —LZHWE=ERIZENT, KKROT A%
> PtdIns(4,5)P, X° PtdIns(3,4,5)P; & Pr55%%¢ L OFE AT 21T > T\ 5, 2D L&, ThZFh
? Pr559 (Zxbd A BAMEIIFIERBEDOE TH - 72, ZHE, EBRICH W PtdIns(4,5)P, <2
PtdIns(3,4,5)P; 2N RFEH 17 ° 19 OT VA& S > TRV, FEEHNHVZ di-Cs-PtdIns A &
IRBEHOESIMWERDZ LICL-oTAELEENE TRENS,

MA domain & 1 / ¥ b—/L U UHRE & OBIRIEIT, Pr55s® L IRIEFRBED Kp 2R LTz, 3772
5. Di-Cs-PtdIns(4,5)P,. Di-Cs-PtdIns(3,4)P,. Di-Cg-PtdIns(3,4,5)P; 1L Z A E 4L, Kp=5.64 uM,
2.51 uM, 6.02 uM THES L7z, Saad 51X, NMR % AW 7= FEBRN S| di-C4-PtdIns(4,5)P, &Y
di-C4-PtdIns(3,4,5)P; (& & IZERFEH] 2) & MA domain & @ K, (150 uM, 81 uM) & LT
% 20 AKWF%E D FEB Tl [F U Di-C,-PtdIns(4,5)P, & MA domain & DfEA 23T Kp =86.8 pM
(Figure 3-10n) 33 H 1172, ZOffiX, Saad LAWY LIfEEEETHHOTH D, 2, &
DIEVME SPRIEE NMR IEDEWE FRILTZ, LEER->T, THUHDORENSRFBHOR S
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D, BAMEICEE G2 Z LR D, Kp lIZDOTNRENH D H DO Saad & Fx DGR
D, TA VAR BN T, P55 RNy A VAT a T T —EBOEREZIT CRAEL
MA domain & 72> 7% b, KRELTA /v b=V VIBEICHKET D ZEEZRLTWD,

F 72, MAdomain & XV U UERHA % < FFD Ins(1,3,4,5)P, & D Kp (526 uM) 23, Ins(1,4,5)P;
EDKp (568 uM) &, 1T E A EED B, LRTOERFER T, MA domain 14 E Pr55s®e &
TR DGR LD ERHESNTND P, L -> T, Ins(1,3,4,5P, & Ins(1,4,5)P; & D
ZNENIZEBNT, KplZZ RN D LB HND,

Saad I3 NMR Z i ] L 72 FEBRIZEB W T 20 di-C D T v AL H 21L& & MA domain
CERIERSED L. BABOT 7V F—va v BRITERE LTS, T72bb, Zhn
JAR & 722 o T Ky WEBTERNWEBRRTN D, BWIZEH, RIETIET 77— 3 R0
BImisR S, Bia h#RIL di-Cy-PtdIns(4,5)P, & di-Cg-PtdIns(4,5)P, Dl 712N T, HEEEK
FEETRL TS, TROIEERSGMEICEI 2 b0 L Bbid, 3785, BIACORE FEHEHK
(Z 0.5 mg/ml BSA. 2% (v/v) glycerol }2 T} 0.005% tween 20 Z¥RM L7-Z & T, 77V — 9
VINZIFER TEOREIC R T b0 L b D,

AHFFETIE, 2 U A hA /L MA domain & W T 5 728, Di-Cg-PtdInsP $54%, MA domain
OB L 0 b, I Y A A VL BENISHEET 2 iERH D, LoLans,
TIZ Alphadhali & (% di-C,-PtdIns(4,5)P, & U8 di-Cg-PtdIns(4,5)P, 73, MA domain 2>5 I U A h A
NEEBHIELZ %2, £72 di-C, LD S d-CeOIFNEDIERANRNZ L2 HEL TS

), & 51, Saad 5%, NMR % AV 7255 & MA domain D BR/K M 5EIAY di-C,4-PtdIns(4,5)P,
O V-TINELANERT D &%, BA— "= TUF—HRNL A LTS 2, Lo
T, AFEORIZENTH, 2°-7 /LEED MA domain OBUKPERFIRIZRE A L, [FIFRIC 2
M VEEZBHEE WD LD EEZBND,

B1E, F2ETHLIRAZ LS, PH domain 131 / ¥ b= U VIREREETF—7 &
SEHEL L THLNATEY  Z0HIE 100 2% % 7?72 PLCS PH domain /. Ins(1,4,5)P;
F N Ins(1,3,4,5)P, & ZNEHKp =021 upM ', 13.4 uM D TREAET D Z LB T0 5,
PLCS PH domain & Ins(1,4,5)P; & OFEGEHAME, FEIT Ins(1,4,5)P; LW 20O 7 X gl
KFEREAICHEESL Y, 2o PHdomain &1 /¥ b—/L U VIEE & OFEA L, FFEMZRREA N
BRI Z 5720, Pr55s® LA 7 v h— LU VIRE E OBEAIR IR TUAERD
LDe. WITBAENRSTE D,

Pr559°¢ & di-Cg-PtdIns(3,4,5)P; & DA (Kp=19.3 uM) & . di-Cs-PtdIns(4,5)P, & DHEAK

(Kp =474 uM) (2B D2 BIRMEZ i35 & mOBFtEEd 5 b 00, 2 DOEEERHIC
1T &AL, ZhUE, Pr55®e OBUKMESEIR & 7 2 VERL & OIROBUKPER EAER & |
A )2 b= VL E DT ER A BRI E S WK S Th D 2 LB H 5, Saad

5% . di-C,-PtdIns(4,5)P, @ Ins(1,4,5)Ps EALAS, MA domain OHEIENET 2/ Bk & B AY 722 HH
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HAERTH5ZLZ2RLT05, Thhb, 4500 VN, Arg22 & Arg76 & 1% & 12846
B L, — T 1LD ) ERDS Lys27 & His33 EEEMICHE L TS Z L &R LT, 2
HM, Pr5soe LA ) v b=V VIRE & OFWREMIMHAEERZAZH L TWD L 0E Z
YR

A MG

HIV-1 Pr559¢ %, HIV B FIERICE W CHERBEER AT TH Y | PS5O OBEBITN T A
JWADRLFTERR DR DM TH D, H&IEDWIE D 5. D-myo-phosphatidylinositol
(4,5)-bisphosphate (PtdIns(4,5)P,)A% Pr55% DIEREAT & ¥ A VAR IERR 2 Hlf 35 2 & AR &
iz, AlElL Pr5soe d L < 1% Pr5s® o N Kl & 2 i 45818, MA domain & A /¥ h—
NI CEREG IR IR A v b= ) VIRERER S O S &, mIKREICHIE TE % SPRIE
ERWTERm L, A /¥ b= UBALE . 7 VL& 12531 T, Pr3SY/MA domain
& DR TS Ky ZHH L-, fER XD Ins(1,4,5)P; & Pr55%e L oEARIZBWT K,
=2170 uM 235 S 377, F 72 KEEPER di-Ce-PtdIns & Pr55%¢ & O AIEIZB VT, Kp =186 uM
5T, & 512, KM di-Cs-PtdIns(4,5)P, & Pr55% & OEAIKRIZBWT Kp =47.4 uM %15
2o T OMEANX, MA domain &1/ ¥ b= U UIREFHER L OFESICBOLTHBIE S,
AFEFR LD | PtdIns(4,5)P, & Pr559¢ L OFEAITBW T, PtdIns(4,5)P, DT L IVERRLD T3,
A7V =V UEBEALE D b RELSHERICEEG L TWD Z EMPRBEniz, iz Pr5soe
AV b= VBB L OFREEICENT, A /¥ VLD U IR ORT &N E R
KIETZEMNRSH, —FH T, MA domain & /¥ b—L U UEE & OFEEIZHB W TIE, #
BINholz,

REBRFERLO . A /> b=V U VERBAL & T S VEL O 5 % ez b L2 Lz sy
T%t 24T 212, PtdIns(4,5)P, & Pr55% L OfE A LET 2 HHON HIV EAIRITE 5
DEEZBND,
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A ¥ b=V VB, MINES S KA v Yy —L LTHEET D, £7220D 1 L
TN TV n— VML AR DG, A4 /Y b= U UEE L LT, AR R
MHED RA BV —F T, SEIEHWRERELOERDGFLRD, A1/ =N v
M OMEZ L LT, BFFuqbs /v b= U VIBORGHE ATV, RMEEH PH
domain ¥E &% OV HIV-1 Pr559 2342 Z L3, B4 F T eV UikE AW RE T 7 XE
VN DB B NS7R o T, AREIRIE, PH domain 3 &% O HIV-1Gag DA 0IFEHE % fiftiH 3
BDIZHDNA AT — VERET 572070 IO ORABEEEN & LIZER O
FRBISHTE Db DEEZ TN D,

FB1E EIFU-TEDVE~DICAZENE LT U AbL /) ¥ b=V UEBREDR
i aRk

ANT T BT FIRERBEEENE LT, RENREI LV FAY BV Py —Th D
D-myo-inositol 1,4,5-trisphosphate (Ins(1,4,5)P;)D#EIEICE H L, €4 F 1t D-Ins(1,4,5)P; Dix 7
AR EAT -T2, Ins(1,4,5)P; DIEAEE 1'E % Phospholipase C (PLC) Pleckstrin Homology (PH)
domain & L. PLCS PH domain & Ins(1,4,5)P; & @ X ST R A2 b Lo, 1 L<IiE2
MDY UBBIZEFTF ) = BANLIALEME G LTce myo-1 /¥ F—L 3 HD 6 D
DIKBREEDIRGE L IRE LMV RS LT, BNET DA/ P — VB G0 Z LR T
oo A3 b= EITRNCAER LTS TF U o —f i, 2 @R ART T I
ARNEHNTA 2 b—=NE Ly 7T v sd, SLICHR#EZITS 2T, BHINET
HedF oAb /¥ b= U VOGP LTz, AMEEPITAEERND Ins(1,4,5)P; & R
DEEE L ONRA ARV DINY =V THDL I ENTNVE T VRBROFERNGIEH SN, K
BHIEIE, EFTF RS MDA ZETH L 7 1 —T7 DEAIZIB T H AHE
Thb, £1-. EFF At D-Ins(1,4,5)P; 1Z. Ins(1,4,5)P; & EHERIIEMT 59 F. & 5ICH
EALOBEEZ ST AU, FENICERT 20 F CTHIT A FIRETH 5,

% 2E  Grpl pleckstrin homology (PH) domain Z#Z21) & L7= 4 F 1k Ins(1,3,4,5)P, DEXEH
AR

PtdIns(4,5)P, DK FEIZ & - THE U7z Ins(1,4,5)P; & | Ins(1,4,5)P33-FF—BIc k> TEDL

72 Ins(1,3,4,5P, D2 DDA v Y v —NHEMITHKET 5 Z LR HREIN TS, T7hb
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B, Ins(1,4,5)P; & Ins(1,3,4,5)P, 73, /Lo AEE & ZNICHE M Loy AF v
FNAOOZGI &R L, a8 IV T AEBESEL LV LOTHD, Ll
RIS, ZOFICIEEERAZ ), Ins(1,4,5P; & Ins(1,34,5)P, WEVHTZDOI LD AT
TIGERKZ, TNENDOA )2 b= URRIZ T TBETHIZENTEUIRX, ZnH
DORJEAE R TZ H0E Ly, 2T, ERNO Ins(1,3,4,5)P, & RIZEOHKELZ Lo A
F At Ins(1,3,4,5)P, D%t & ARk E1T > 72, Grpl PH domain & Ins(1,3,4,5)P, & O X Hih i fift
Witz b LI e 4 F 1k D-Ins(1,3,4,5)P, Z x5l L. B4 F 1b Ins(1,4,5)P; DE L% e H
L7z, B4 F Mk D-Ins(1,3,4,5)P, 1%, Grpl PH domain & K,=0.14 uM THEA L. Z @ K, fEIE
A LTV 2wy Ins(1,3,4,5)P, OfER & REOBFMEZFF>Z ENFEA S, BE4F 1t
D-Ins(1,3,4,5)P, & RIFRICZH | B CTARL L7= © 4T 1k D-Ins(1,4,5)P; & T, BIACORE O
Y —F v FIZEE L. PH domain $H& OFREGMT 21T o7, ZNEND A TF AbA /
Y=Y VEBIE, FEAEERT S EBEZ 5% PH domain (2 & o THREMIZIERFR S 7,
BIACORE %4 % & Ins(1,4,5)P; & Ins(1,3,4,5)P, DAMKIPNIZ I T HHERER . R UEBRSA:
TC RS T I LN TE D, Thbb, Bk L7z X 52 Ins(1,4,5)P; & Ins(1,3,4,5)P,
LITHT T, R CEHET CRAMITZITIE. AT T AL 7T URERKBICBIT 58 LW
HRZAMELINb LR, Z2O—flE LT, ©FFvbA /¥ b= U VRS OFFf
DO¥§EEZ VN5 & Grpl PH domain <° PLC8 PH domain D5 AL ERIDBHFE N AIHETH 5,

H3IE SPRIEA V- HIV-1 Gag & A /3 b=/ ) UIEEFEK & & RS i S T

HIV-1 Pr55%¢ (%, HIV R RICE W CEEREERABE TH D, PSS OBRBITN T A
IV ADRLA TR DA DBEBET I D, FOLOWFFEN 5. PtdIns(4,5)P, A3 Pr55%® OERBIT & ¥
A NV ARLA TR A HIT 5 Z AR ENTZ, £ 2T, Pr5s®® g, L< L, Prss® o N Kl &
LIRSS EE, MA domain &4 /¥ h—L U UEEE G Tk 2 T2 A ) 2 h— L) VIRE & Ofk
B, FIREICHIETE D SPR & AW THEN L=, Di-Ce-PtdIns(4,5)P, & Pr55%¢ L O A&
RIZBWT Kp=47.4 uM DS S NTZ, 2D Kp i, RFEHD di-C L LT H00b B9, 3
U A R A VHE L O Ky (100 M) X 0 H58 < HIFERE | PtdIns(4,5)P, & EHEEES LT
WA ZLEERBEL TS, 512, Pr55® L di-Ce-Ptdins & A% K,=186 uM ThEA L. Pr55%
& Ins(1,4,5)P; 7Y Kp=2170 pM THES L7722 & T, 7 IV R T HUKYERI BAEA S, A
¥ R URRE S R T AT EAEA £ 0 b Pr5so E OFE BRI KR ELS FE L TNDH Z EARS
Ni=, ZHETIZ Ptdins(4,5)P, & Pr55% L DA ET AN REN TS, T/4bb
PtdIns(4,5)P, DA / ¥ b= L) UERELE T LT ) v — v D 2°-7 VL EE MA domain
DI L7 MIEETHZ LT, IV A MMAVKTMREA~EEHINLD, Z0&E, U7
LT UeR— O -7 VTR & B FE D 2 & T, MA domain & PtdIns(4,5)P, & D K
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WREBRBEEDPIEEIND LN DO THD, AFRICEB T HHERIT. ZOET VLS
TH, RWFFERRED . A ¥ h= ) UL E T VIO S B i E A B LI L
T2 fEkEH AT 20X, PtdIns(4,5)P, & Pr55% & OfEA A ET 2 HHLOP HIV 32 AT X
LbDEBEZBND,
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LR DE

A kiR#IL, Aldrich, Fluka, Kanto Chemical, Nacalai tesque &2 N Wako &L WA L7, #/E
7 v~ K777 4 —(TLC)IZ. Merck TLC sheets silica 60 Fosy 2 VN, U E U 77 VEEOT X

J =V S L < 13X KMnOy DI EMERIRIIRIER ., M5 2 L TRESE, /e~ M/
Z 7 4 —\Z1Z Silica Gel 60N (40100 mesh) % V=, A A > A2 #afstiE 12 1% Dowex 1X8 (CI', 50—
100 mesh) % FV 7=, BEYEE 1% JASCO Dip-1000 {2 THIE L7z, NMR % JEOL JMN-AL300 T
E L, NEBEEHER I SiMe, B L < I HDO Z AW 7=, IR 1X, 25 1 EOEBRIZI W TIL JASCO
IR A-100 THIE L. 5 2 BEOFEBRIZI UV TIL JASCO FT/IR-410 THIE L 72, JuF#E 53 #11E Yanaco
MT-5S CHlE L 7=, High resolution MS (HRMS){%, JEOL JMS-DX303HF Tilll£ L . positive FAB
& negative FAB |Z NBA (HMPA # G el A L G EaWniiE~ U 7 AL LTHIE LTz,
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FH1E EROR

D-1-0-Benzyl-2,3:5,6-di-O-cyclohexylidene-myo-inositol ((+)-1)
L-1-0-Benzyl-2,3:5,6-di-O-cyclohexylidene-myo-inositol ((-)-1)

¥ IR THBHILAW 1 % (R)-camphornic acid & G SEDHZ & T, VT AT LA~—T
DI T 7T AT NEEE, TNENDOYT AT VA~ —&EfEnE U BN T A
rua< 757 4 —2MOTHEL, HOTZ AT AONKSFEEITH Z LT, BETS
HEFEMER(H)-1 & (-1 2 E B2, [a]Pp =+23.32. —23.16 (c 0.1, CHCL)

D-1-O-Benzyl-myo-inositol (2a)

D-1-O-benzyl-2,3:5,6-di-O-cyclohexylidene-myo-inositol (+)-1 (0.86 g, 2.0 mmol) % MeOH (30
m)ZIEfE L. TFA 30 ml)Z Nz 7=, SR T 24 BRI, 1M L7-, 78 % AcOEt Tl
T5HZ L T2 (043 g 82%) % HfEim & LTHT,

'H NMR (CD;0D) & 3.03-3.22 (m, 3H), 3.52 (t, J=9.5 Hz, 1H), 3.67 (t, J=9.5 Hz, 1H), 4.01 (s, 1H),
4.55 (d, J=11.7 Hz, 1H), 7.15-7.35 (m, 5H).

BCNMR (CD;0D) & 70.8, 73.0, 73.2, 73.7, 74.1, 76.5, 81.1, 128.6, 129.1, 129.3, 139.9.

IR (KBr) 3350, 2850, 1360, 1200, 1060, 1030 cm™.

MS (EI) m/z 271 (M+H)". Anal.Calcd for C;3H50¢ : C, 57.77; H, 6.71. Found: C, 57.80; H, 6.88.

L-1-0-Benzyl-myo-inositol (2b)

2a DERRIEIZTEV, L-1-O-Benzyl-2,3:5,6-di-O-cyclohexylidene-myo-inositol (-)-1 (0.65 g, 1.5
mmol) 7>5 2b (0.40 g, >99%) % 157=,

'H NMR (CD;0D) & 3.03-3.22 (m, 3H), 3.52 (t, /=9.5 Hz, 1H), 3.66 (t, J=9.5 Hz, 1H), 4.07 (s, 1H),
4.55 (d, J=11.7 Hz, 1H), 7.15-7.35 (m, SH).

“CNMR (CD;0D) & 70.8, 73.0, 73.2, 73.7, 74.1, 76.5, 81.1, 128.6, 129.1, 129.3, 139.9.

IR (KBr) 3350, 2900, 1060, 1030 cm™.

MS (EI) m/z 271 (M+H)".

Anal.Calcd for C;3H 504 : C, 57.77; H, 6.71. Found: C, 57.49; H, 6.75.

D-1-0-Benzyl-2,3.4,5,6-penta-0O-acetyl-myo-inositol (3a)
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2a (0.43 g, 1.6 mmol) % pyridine (40 ml){Z¥&fi# L . & Z |Z acetic anhydride (1.5 ml, 16 mmol) & .
4-dimethylaminopyridine (0.10 g, 0.80 mmol)Z 1 2. 7=, =R C 24 Wi HE#PE . IBME L7, 7RI
% Hexane-AcOEt DIEGHE TH#EM L. 3a(0.73 g, 95%) % H il & L TR,

'H NMR (CDCls) & 1.60 (s, 3H), 1.98 (s, 3H), 1.99 (s, 3H), 2.01 (s, 3H), 2.20 (s, 3H), 3.60 (dd,
J=10.1, 2.9 Hz, 1H), 4.39 (d, J=12.1 Hz, 1H), 4.66 (d, J=12.1 Hz, 1H), 4.94 (dd, J=10.6, 2.7 Hz,
1H), 5.08 (t, J=9.9 Hz, 1H), 5.39-5.52 (m, 2H), 5.76 (s, 1H), 7.22-7.34 (m, 5H).

BCNMR (CDCl3) & 20.5, 20.7, 20.8, 66.6, 69.1, 69.5, 70.9, 71.1, 71.8, 74.4, 127.8, 128.1, 128.5,
136.9, 169.6, 169.7, 169.8, 169.9, 170.0.

IR (KBr) 2900, 1740, 1360, 1210, 1130 cm™.

MS (EI) m/z 480 (M+H)". Anal.Calcd for Co3Has0y; : C, 57.50; H, 5.87. Found: C, 57.46; H, 5.94.

L-1-0O-Benzyl-2,3,4,5,6-penta-0O-acetyl-myo-inositol (3b)
3a OAFIEIZHEV, 2b (0.38 g, 1.4 mmol) > & 3b (0.66 g, >99%) % 157,

"H NMR (CDCl3) 8 1.99-2.01 (m, 12H), 2.20 (s, 3H), 3.60 (dd, /=10.1, 2.9 Hz, 1H), 4.40 (d, J=12.1
Hz), 4.66 (d, J=12.1 Hz, 1H), 4.94 (dd, J=15.5, 2.8 Hz, 1H), 5.08 (t, J=9.7 Hz, 1H), 5.39-5.52 (m,
2H), 5.76 (s, 1H), 7.22-7.34 (m, 5H).

BCNMR (CDCl3) & 20.5, 20.7, 20.8, 66.6, 69.1, 69.5, 70.9, 71.1, 71.8, 74.4, 127.8, 128.1, 128.5,
136.9, 169.6, 169.7, 169.8, 169.9, 170.0.

IR (KBr) 2900, 1740, 1360, 1220, 1130 cm™.

MS (EI) m/z 480 (M+H)". Anal.Calcd for Co3Hys0y; : C, 57.50; H, 5.87. Found: C, 57.56; H, 5.91.

D-2,3,4,5,6-Penta-0-acetyl-myo-inositol (4a)

3a(0.70 g, 1.4 mmol)% acetic acid (30 mI)|Z¥&f# L. 10% palladium—carbon (50 mg) & Il %2, /K
FHEPAKT 10 R ==IR TR L7z, IRAWAEE T4 MEBR L, R L7, EEEZ Uo7 v
BT LU~ T T 7 4 —(CHClL-MeOH=14:1)IZ TFHL L, 4a (0.52 g, 93%)Z HEAfEMmE L
T,

'"H NMR (CDCl;) & 2.00 (s, 3H), 2.01 (s, 3H), 2.02 (s, 3H), 2.09 (s, 3H), 2.21 (s, 3H), 3.90 (dd,
J=10.1, 2.9 Hz, 1H), 4.97 (dd, J=10.6, 2.7 Hz, 1H), 5.15 (t, J=9.7Hz, 1H), 5.31 (t, J=9.9 Hz, 1H),
5.45 (t, J=10.1 Hz, 1H), 5.59 (t, J=2.9 Hz, 1H).

BCNMR (CDCl3) § 20.5, 20.7, 20.8, 68.7, 69.2, 70.4, 70.8, 72.4, 169.7, 169.8, 169.9, 170.3, 171.0.
IR (KBr) 3400, 1740, 1360, 1210, 1040 cm’.

MS (EI) m/z 391 (M+H)". Anal.Calcd for C1sH,0, : C, 49.23; H, 5.68. Found: C, 48.93; H, 5.81.
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L-2,3,4,5,6-Penta-0-acetyl-myo-inositol (4b)

4a DA FIEICHEN, 3b (0.62 g, 1.3 mmol)A> & 4b (0.49 g, 97%) % 157=,

'H NMR (CDCl5) & 2.00 (s, 3H), 2.01 (s, 3H), 2.02 (s, 3H), 2.09 (s, 3H), 2.21 (s, 3H), 3.90 (dd,
J=10.1, 2.9 Hz, 1H), 4.97 (dd, J=10.6, 2.7 Hz, 1H), 5.14 (t, J/=9.7 Hz, 1H), 5.31 (t, J/=9.9 Hz, 1H),
5.45 (t,J=10.1 Hz, 1H), 5.59 (t, /=2.9 Hz, 1H).

PCNMR (CDCls) § 20.4, 20.5, 20.7, 20.8, 68.8, 69.2, 69.4, 70.5, 70.7, 72.5, 169.7, 169.8, 169.9,
170.2, 171.0.

IR (KBr) 3400, 1740, 1370, 1220, 1030 cm.

MS (EI) m/z 391 (M+H)".

Anal.Calcd for C,4H,,0,,—2H,0:C, 48.12; H, 5.81. Found: C, 47.83; H, 5.58.

D-3,6-Di-0-allyl-1,2:4,5-di-O-cyclohexylidene-myo-inositol (6a)

(-1 (1.9 g, 4.5 mmol)Z MeOH (50 mI)IZ¥&f# L. 10% palladium—carbon (0.80 g) & i %, /K&
FHR T, |IR T2 BRI Lz, BT 4 MERZIEME L, Fihdh (Hexane-AcOEt=1:1)IZ T,
5a (1.5 g, 95%) ZHEKMSE L TH7-, 52 (2.0 g, 5.9 mmol)% DMF (30 ml)IZAf# L. NaH (0.58
g, 24 mmol) & allyl bromide (1.0 ml, 12 mmol) %l X 7=, Ar Z%PH T 2836 C 24 RFE R L . MeOH
TS EEIL LTz, IRARZ IR . AcOEt IZTAMN L, H,0O & saturated aqueous NaCl C
Velf#% . NSO, ZHWTHIE L7, IR, REEZ VDTSN T L~ T T 74—
(Hexane—AcOEt=5:1)IZ THHL L. 7a (2.6 g, >99%) % M HIRME & L CTET-,

'H NMR (CDCl;) & 1.38-1.76 (m, 20H), 3.31 (t, J/=9.9 Hz, 1H), 3.63 (dd, J=10.6, 6.4 Hz, 1H), 3.77
(dd, J=10.1, 4.2 Hz, 1H), 3.97 (t, J/=9.9 Hz, 1H), 4.06 (t, /=4.9 Hz, 1H), 4.22-4.37 (m, 4H), 4.45 (4,
J=4.4 Hz, 1H), 5.17-5.36 (m, 4H), 5.89-6.05 (m, 2H).

PCNMR (CDCly) § 23.5, 23.7, 23.8, 23.9, 24.9, 25.0, 35.2, 36.3, 36.4, 37.6, 70.9, 71.2, 74.9, 76.0,
76.5,78.4, 80.4, 80.8, 110.5, 112.6, 117.1, 117.8, 134.8, 134.9.

IR (KBr) 2920, 2850, 1440, 1360, 1260, 1160 cm.

MS (EI) m/z 420 (M+H)".

Anal.Calcd for C,4H3405 : C, 68.54; H, 8.63. Found: C, 68.55; H, 8.77.

D-3,6-Di-0-allyl-myo-inositol (7a)

6a (2.6 g, 6.3 mmol)Z THF-H,O (5:1, 60 ml)DIEAIREEICIAME L. p-toluenesulfonic acid
monohydrate (0.30 g, 1.6 mmol)Z 1z, 3 RFINZGERE L7z, BN I TH%, B Lz, B
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ZERLIRIG . WA Y WAV DT AT a~v 87T T 4 —(CH,Cl,-MeOH=T:1)|Z CHEHRL L, 7a
(1.8 g,>99%) % F taiffidh & LTI/,

'H NMR (CD;0D) & 3.02-3.42 (m, 4H), 3.61 (t, J=9.7 Hz, 1H), 3.98-4.13 (m, 3H), 4.22-4.24 (m,
2H), 5.02-5.25 (m, 4H), 5.82-5.99 (m, 2H).

“CNMR (CDCls) § 71.0, 72.1, 73.1, 73.6, 75.1, 76.3, 80.7, 82.5, 116.7, 117.4, 136.6, 137.2.

IR (KBr) 3420, 2900, 1420, 1350, 1100, 1070, 930 cm™.

MS (FAB) m/z 261 (M+H)".

Anal.Calcd for C,H,,Os : C, 55.37; H, 7.74. Found: C, 55.21; H, 7.80.

D-3,6-Di-0-allyl-1-0-(p-methoxybenzyl)-myo-inositol (8a)

7a (0.62 g, 2.4 mmol) & dibutyltin oxide (0.75 g, 3.0 mmol) & DIEE# % . toluene (50 ml)H T,
Dean—Stark #E 2 IV T, HyO ZBRE 2035 MBGEHT L7z, Bk, Z9EIC cesium fluoride
(0.76 g, 5.0 mmol) & Il z. . BEZE§leth . INEL L 72 DMF (30 ml)|Ziafif & ¥ 7=, A U 7= iR
—78 °C C p-methoxybenzyl chloride (0.47 ml, 3.0 mmol) % Il z.. & D%, Eil T 24 R HE L7z,
FOSIEE# 2 CHCL THIRL, BT A Mk, RiLz, 2 VD5V T hra~

k2" 7 4 —(CH,Cl,-MeOH=12: ){Z THH L. 8a (0.80 g, 88%) % MR ME & L CT157-,

'H NMR (CDCl;) & 2.53 (bs, 1H), 2.88-2.95 (m, 2H), 3.14 (dd, J=9.4, 2.8 Hz, 1H), 3.31-3.40 (m,
2H), 3.63-3.93 (m, 5H), 4.07-4.44 (m, 5H), 4.63 (s, 2H), 5.16-5.33 (m, 4H), 5.87-6.04 (m, 2H),
6.88 (d, J=8.6 Hz, 2H), 7.28 (d, J=8.6 Hz, 2H).

PCNMR (CDCl;) & 55.3, 66.9, 71.2, 72.2, 74.0, 78.8, 79.4, 80.0, 113.9, 116.9, 117.9, 129.5, 129.9,
134.4,135.1, 159 4.

IR (KBr) 3450, 2900, 1510, 1250, 1100, 1040 cm.

MS (FAB) m/z 381 (M+H)".

Anal.Calcd for C,0Ha505 : C, 63.14; H, 7.42. Found: C, 63.00; H, 7.44.

D-3,6-Di-0-allyl-1-0O-(p-methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (9a)

8a (1.4 g, 3.8 mmol)Z DMF (30 mI)|Z¥fi# L. 2-methoxypropene (0.52 ml, 10 mmol)iZ#e!lF T,
H.72 5 X 72 p-toluenesulfonic acid (95 mg, 0.50 mmol)Z M1 272, Ar ZXPHS T, 24 RfE R
L7z, EGN I THRIE, AcOEt IZ THAM L7z, AHE % HO & saturated aqueous NaCl (& Tt
L., Na,SO, CHIME S W 7=, RiEE., REE VBTN AT A7 v~ 7T 7 4 —(Hexane—
ACOEt=32)IZ THBL L. 9a (1.2 g, 78%) & MEARME & L TH7-,
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'H NMR (CDCl;) 8 1.38 (s, 3H), 1.39 (s, 3H), 2.73 (bs, 1H), 3.25-3.46 (m, 3H), 3.75-3.46 (m,
10H), 4.60 (d, J/=11.4 Hz, 1H), 4.67 (d, /=11.4 Hz, 1H), 5.13-5.31 (m, 4H), 5.83-5.99 (m, 2H), 6.83
(d, J=8.6 Hz, 2H), 7.25 (d, J=8.6 Hz, 2H).

BCNMR (CDCl;) & 26.6, 26.7, 55.0, 69.3, 70.4, 72.1, 72.7, 75.9, 76.6, 77.8, 78.8, 80.4, 111.3, 113.6,
116.2,117.2,129.3, 134.4, 134.9, 159.1.

IR (KBr) 3500, 3080, 3000, 2900, 1610, 1510, 1240, 1080cm™.

MS (FAB) m/z 421 (M+H)".

Anal.Calcd for C53H;3,05 : C, 65.70; H, 7.67. Found: C, 65.67; H, 7.76.

D-1-0-(p-Methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (10a)

9a (0.55 g, 1.3 mmol) Z EtOH-benzene-H,0 (7:3:1, 22 ml) ® & & & IR IZ & i L |

diazabicyclo[2.2.2]octane (0.15 g, 1.3 mmol)Z 1 %, #c!F T tris(triphenylphosphine)rhodium(T)
chloride (0.12 g, 0.13 mmol)Z /N %, 5 FERIMNBERE L7-, BHMEtk. AcOEt TAR L. H,0 &
saturated aqueous NaCl T¥Eif1%. Na,SO, THZIE L7=, EAETR. F%IE% acetone-H,O (10:1, 5 ml)
DIRE TR EME L. mercury(Il) oxide (0.28 g, 1.31 mmol)& X 7=, REWKIZ, mercury(Il)
chloride (0.35 g, 1.3 mmol)?® acetone—H,O (10:1, 5 m)) DR S AT F L=, i FHEfZ &0 T 5
IR CHEE L, IM NaOH THFI L7z, B Z 4 Mg L72%%. §E#f L saturated aqueous NaCl
WA U 72, KEDD BRI % CHCL ThiH L, Na SO, THMR R, i L 7o, 7Rifia v
UBFENTT NI a< sT T 7 4 —(CHyCL,-MeOH=12:1) THHL L. 10a (0.20 g, 45%) % [ (4%
m & LT,

'H NMR (CD;0D) & 1.31 (s, 3H), 3.35 (s, 3H), 3.16-3.21 (m, 2H), 3.54-3.86 (m, 5H), 3.98 (s, 1H),
4.48 (d, J=11.4 Hz, 1H), 4.55 (d, J=11.4 Hz, 1H), 4.78 (bs, 1H), 6.77 (d, J=8.6 Hz, 2H), 7.25 (d,
J=8.44 Hz, 2H).

IR (KBr) 3350, 2900, 1520, 1250, 1070 cm’.

MS (FAB) nv/z 340 (M+H)".

Anal.Calcd for C;;H,30,—1/2H,0: C, 58.61; H, 6.94. Found: C, 58.63; H, 7.06.

D-2,3,6-Tri-0O-acetyl-1-O-(p-methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (11a)

10a (0.39 g, 1.2 mmol) % pyridine (10 ml)iZ{%fi# L. 4-dimethylaminopyridine (25 mg, 0.21mmol)
2t = | acetic anhydride (0.47 ml, 5.0 mmol)Z I 2.7z, ZE{R T 12 FFfE$E#R L. toluene THAR L
Too IRGHRZ IS LT, FXik% AcOEt THAMN L 7=, AHfE % H,0 & saturated aqueous NaCl
TYEH L, Na,SO, THZIE LT, MR, IRilia > VU WSV T Ay v~ 87T 7 4 —(Hexane—
AcOEt=1:1) THHL L, 11a (0.43 g, >99%)% A ffiin & L TH7-,
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'H NMR (CDCl5) § 1.35 (s, 3H), 1.41 (s, 3H), 2.00 (s, 6H), 2.10 (s, 3H), 3.39-3.49 (m, 2H), 3.73 (s,
3H), 4.00 (t, /=10.1 Hz, 1H), 4.2 (d, J/=11.7 Hz, 1H), 4.51 (d, J/=11.7 Hz, 1H), 4.93 (dd, J=10.8, 2.7
Hz), 5.35 (t, /9.9 Hz, 1H), 5.74 (s, 1H), 6.80 (d, /=8.2 Hz, 2H), 7.11 (d, J=8.2 Hz , 2H).

PCNMR (CDCls) & 20.4, 20.5, 20.6, 20.8, 26.5, 26.6, 55.1, 67.7, 70.0, 70.7, 71.6, 74.6, 76.5, 77.2,
112.5,113.7,128.9, 129.4, 159.3, 169.5, 170.0.

IR (KBr) 3000, 1750, 1510, 1370, 1230, 1060cm.

MS (FAB) m/z 467 (M+H)".

Anal.Calcd for C,3H300,0—-1/5H,0 : C, 58.77; H, 6.52. Found: C, 58.88; H, 6.60.

D-2,3,6-Tri-O-acetyl-1-O-(p-methoxybenzyl)-myo-inositol (12a)

11a (0.36 g, 0.77 mmol) % CH,Cl, (10 mD)IZ#f# L. ethylene glycol (89 ul, 1.5 mmol)Z 1% 72,
#5t\ T, p-toluenesulfonic acid monohydrate (10 mg, 0.051 mmol)Z 1 % | ZE{E T 10 SR L7,
IBA# %, EGN (0.10 ml, 0.72 mmol) CH %, U BTNV T L ma~ N7 77 4 —(CHC Cly-
MeOH=12:1) CHHL L. 12a(0.17 g, 77%) % H i & LT,

'HNMR (CDCl5) & 2.03 (s, 3H), 2.04 (s, 3H), 2.12 (s, 3H), 3.39-3.56 (m, 2H), 3.78 (s, 3H), 3.88 (s,
1H), 4.05 (bs, 2H), 4.29 (t, J=11.7 Hz, 1H), 4.55 (d, J/=11.7 Hz, 1H), 4.79 (d, /=13.0 Hz, 1H), 5.16
(t, J=9.9 Hz, 1H), 5.69 (s, 1H), 6.85 (d, J/=8.4 Hz, 2H), 7.16 (d, J/=8.4 Hz, 2H).

“CNMR (CDCls) & 20.6, 20.8, 55.0, 67.2, 70.8, 70.9, 71.0, 72.9, 73.0, 74.0, 113.6, 129.1, 129.2,
159.2,170.1, 170.5, 170.9.

IR (KBr) 3430, 2900, 1740, 1370, 1230, 1030cm".

MS (FAB) m/z 427 (M+H)".

Anal.Calcd for C,yH,50,0—1/2H,0: C, 55.17; H, 6.25. Found: C, 55.22; H, 6.01.

Bis(2-cyanoethyl) NV, N-diisopropylaminophosphoramidite

AEA#iE. Uhlmann & Engels O 5ik%E & &2/ L7 ¥, phosphorus trichloride % it /K
ethyl ether (Z¥AfiE L. % 212 2 % & D diisopropylamine % -78°C F Tl | L7=, WJEZAREIC X
- T (Diisopropylamino)dichlorophosphine % # T ., -20°C F T f& £ L 7= .
(Diisopropylamino)dichlorophosphine % it K CH,Cl, |Z ¥ fi# L . diisopropylamine 171E T .
2-cyanoethanol & Kt & %5 Z & T, H W & T %5 Bis(2-cyanoethyl) N,N-diisopropyl-

-aminophosphoramidite % 157-,

D-2,3,6-Tri-O-acetyl-1-O-(p-methoxybenzyl)-4,5-di-O-[bis(2-cyanoethyl)phosphoryl]-myo-inosit
ol (13a)
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12a (0.25 g, 0.60 mmol)% CH,Cl, (10 ml)IZ¥&fi# L. bis(2-cyanoethyl) N,N-diisopropylamino-
-phosphoramidite (0.77 ml, 3.0 mmol) & /I %, #i\ T 1H-tetrazole (0.21 g, 3.0 mmol) & N % 7=, Ar
FPHA T EIR T 1.5 BEffiR %%, m-chloroperbenzoic acid (0.86 g, 5.0 mmol) /> &7 2Nz, &
BT 5 i L7, IRE K %Z CH,ClL, THAMR L. saturated aqueous NaHCO; T L 7o, A%
J& % Na,SO, THLIE L., B L71=, a2 VXNV h T s a~ T T 7 4 —(CHCl—
MeOH=13:1) THE#L L. 13a (0.30 g, 68%) % (A ML & LT,

"H NMR (CDCl;) 8 2.10 (s, 3H), 2.12 (s, 3H), 2.19 (s, 3H), 2.78-2.85 (m, 8H), 3.60 (dd, J=10.2, 2.4
Hz, 1H), 3.79 (s, 3H), 4.25-4.47 (m, 9H), 4.50-4.58 (m, 2H), 4.80 (dd, J=18.7, 9.3 Hz, 1H), 5.06
(dd, J~10.1, 2.6 Hz, 1H), 5.38 (t, J/=4.9 Hz, 1H), 5.68 (s, 1H), 6.80 (d, /=8.2 Hz, 2H), 7.15 (d, J=8.2
Hz, 2H).

BCNMR (CDCl) 8 19.2, 19.3, 19.4, 19.4, 20.6, 20.9, 55.1, 62.6, 62.7, 62.8, 62.9, 66.3, 68.5, 70.4,
71.4,73.2,76.5,77.3,113.7, 116.6, 116.7, 116.9, 117.0, 128.6, 129.3, 159.3, 169.7, 169.8, 170.0.

IR (film) 2970, 2250, 1740, 1510, 1410, 1370, 1240, 1030, 940cm™.

MS (FAB) m/z 799 (M+H)".

Anal.Calcd for C,0H,60,0-1/2H,0 : C, 55.17; H, 6.25. Found: C, 55.22; H, 6.01.

D-2,3,6-Tri-O-acetyl-4,5-di-O-[bis(2-cyanoethyl) phosphoryl]-myo-inositol (14a)

13a (0.30 g, 0.37 mmol) % CH;CN-H,O (9:1, 10 ml) DR G IR EEIZ %% L. diammonium
cerium(IV) nitrate Z 12, =R T 1.5 Refilii#R L7e, BHER. IREE2 > VA5V 57 a~
k72 7 4 —(CH,Cl,:;MeOH=10:1) T} 5L L. 14a (68 mg, 27%) % MAHRYE & L TH7-,

"H NMR (CDCl) & 2.08 (s, 3H), 2.18 (s, 3H), 2.19 (s, 3H), 2.90-2.97 (m, 8H), 3.97 (dd, J=10.1, 2.9
Hz, 1H), 4.30-4.41 (m, 8H), 4.68-4.86 (m, 2H), 5.21 (dd, J=9.9, 2.9 Hz, 1H), 5.35 (t, J=9.9 Hz, 1H),
5.50 (dd, J=5.3, 2.9 Hz, 1H).

BCNMR (CDCls) § 20.1, 20.2, 20.2, 20.3, 20.8, 21.0, 21.5, 64.7, 64.8, 64.9, 68.1, 70.7, 71.7, 73.3,
78.4,78.9, 118.6, 118.7, 118.8, 118.9, 171.5, 172.0, 172.2.

IR (KBr) 3420, 2960, 1740, 1370, 1220, 1030cm’.

D-1,3,6-Tri-O-allyl-myo-inositol (15a)

8a DAFRIEIZHES T, 7a(0.52 g, 2.0 mmol)2> 5 15a (0.36 g, 59%) % A taftism & L CiE7-,
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'H NMR (CDCl3) & 2.53 (s, 1H), 2.88-2.95 (m, 2H), 3.18 (dd, J=4.8, 2.8 Hz, 1H), 3.27 (dd, J=9.3,
2.8 Hz, 1H), 3.37 (t, J=9.3 Hz, 1H), 3.65 (t, J/=9.3 Hz, 1H), 3.91 (t, /=9.3 Hz, 1H), 4.11-4.42 (m,
7H), 5.15-5.34 (m, 7H), 5.87-6.02 (m, 3H).

IR (KBr) 3450, 2900, 1110, 1030, 990, 910 cm™.

Anal.Calcd for C;sH,40¢ : C, 59.98; H, 8.05. Found: C, 59.96; H, 8.09.

D-1,3,6-Tri-0-allyl-4,5-O-isopropylidene-myo-inositol (16a)

9a DAFRIEIZHES T, 152 (0.33 g, 1.1 mmol)> 5 16a (0.34 g, 91%) & AR ME & L 15
776

'H NMR (CDCl;) & 1.42 (s, 3H), 1.43 (s, 3H), 2.62 (s, 1H), 3.29-3.36 (m, 2H), 3.53 (dd, J=9.9, 3.2
Hz, 1H), 3.82 (dd, J=9.9, 8.6 Hz, 1H), 4.00 (t, J/=9.5 Hz, 1H), 4.13-4.38 (m, 7H), 5.14-5.34 (m, 6H),
5.87-6.02 (m, 3H).

BCNMR (CDCls) & 27.3, 27.4, 69.9, 71.1, 72.7, 72.8, 76.5, 77.2, 78.3, 79.3, 81.5, 112.0, 116.9,
117.9, 118.0, 134.9, 135.0, 135.5.

IR (KBr) 3480, 3080, 3000, 2900, 1640, 1460, 1420, 1370, 1230, 1080, 1000, 920 cm™.

MS (FAB) m/z 341 (M+H)".

Anal.Calcd for C3H»50¢ : C, 63.51; H, 8.29. Found: C, 63.27; H, 8.47.

D-1,3,6-Tri-O-allyl-(p-methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (17a)

16a (0.76 g, 2.2 mmol)% DMF (30 ml)IZ#fi# L, NaH (0.24 g, 3.0 mmol) &l X, 5l &fcx
p-methoxybenzyl chloride (0.44 ml, 3.0 mmol)Z 1 X 72, Ar FRPHX T, 28 T 24 R, X
J&i % MeOH T 1k L 72, MeOH Z s E84 % L 72#% , AcOEt THAR L 72, A71#4/8 & H,0 & saturated
aqueous NaCl CTUeyf L, Na,SO, Tl L7z, Bk, iEE VTNV T L a~ N7
7 4 —(Hexane-AcOEt=3:1) CHH L, 17a(0.75 g, 73%) % HEafG M & LT,

'H NMR (CDCl3) & 1.42 (s, 3H), 1.43 (s, 3H), 3.23-3.33 (m, 2H), 3.46 (dd, J=10.4, 2.8 Hz, 1H),
3.80 (s, 3H), 3.85-3.91 (m, 1H), 4.01-4.46 (m, 8H), 4.77 (s, 2H), 5.12-5.33 (m, 6H), 5.84-5.99 (m,
3H), 6.86 (d, J=8.6 Hz, 2H), 7.36 (d, J=8.6 Hz, 2H).

PCNMR (CDCls) § 26.9, 27.0, 55.2, 70.6, 72.3, 72.4, 74.7, 76.3, 77.1, 77.4, 78.0, 79.4, 82.0, 111.5,
113.6, 116.3, 116.6, 116.7, 129.5, 131.0, 134.8, 135.0, 135.3, 159.1.

IR (film) 3030, 3000, 2900, 1610, 1460, 1370, 1220, 1100, 1030 cm".

MS (EI) m/z 461 (M+H)".

Anal.Calcd for Cy6H30,-1/2H,0 : C, 66.50; H, 7.94. Found: C, 66.80; H, 7.83.
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D-2-0-(p-Methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (18a)

10a O FIEIZHES T, 172 (0.29 g, 0.63 mmol)H> 5 18a (0.11 g, 49%) % HajikE & LT

57z,

'H NMR (CD;0D) & 1.41 (s, 6H), 3.26-3.30 (m, 2H), 3.65-3.67 (m, 1H), 3.78 (s, 3H), 3.83-3.96
(m, 2H), 4.09 (s, 1H), 4.58 (d, J=11.4 Hz, 1H), 4.66 (d, J=11.4 Hz, 1H), 6.88 (d, J=8.6 Hz, 2H),
7.36 (d, J=8.6 Hz, 2H).

BCNMR (CD;0D) & 27.1, 27.2, 55.7, 71.2, 71.8, 72.1, 73.3, 78.8, 80.2, 83.0, 112.4, 114.7, 130.9,
131.7, 160.9.

IR (KBr) 3350, 2900, 1510, 1250, 1070 cm’".

Anal.Calcd for C,;H,4,0,—1/3H,0 : C, 58.95; H, 7.18. Found: C, 58.79; H, 7.16.

D-1,3,6-Tri-O-acetyl-2-O-(p-methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (19a)

12a OAFRIEICHE> T, 182 (0.10 g, 0.30 mmol) 75 19a (0.14 g, >99%) % it & LT
776

'HNMR (CDCl5) § 1.35 (s, 3H), 1.41 (s, 3H), 2.00 (s, 6H), 2.10 (s, 3H), 3.39-3.49 (m, 2H), 3.73 (s,
3H), 4.00 (t, /=10.1 Hz, 1H), 4.24 (d, J=11.7 Hz, 1H), 4.51 (d, J=11.7 Hz, 1H), 4.93 (dd, J=10.8,
2.7 Hz, 1H), 5.35 (t, J/=9.9 Hz, 1H), 5.74 (s, 1H), 6.80 (d, /=8.2 Hz, 2H), 7.11 (d, /=8.2 Hz, 2H).
PCNMR (CDCls) & 20.3, 20.5, 20.6, 20.8, 26.5, 26.6, 55.1, 67.7, 70.0, 70.7, 71.6, 74.6, 76.5, 77.2,
112.5,113.7, 128.9, 129.4, 159.3, 169.5, 170.0.

IR (KBr) 3000, 1750, 1520, 1370, 1220, 1100, 1060, 1030 cm™.

Anal.Calcd for C»3H30049: C, 59.22; H, 6.48. Found: C, 59.04; H, 6.57.

D-1,3,6-Tri-O-acetyl-(p-methoxybenzyl)-myo-inositol (20a)
13a DA RIEICHE> T, 192 (0.12 g, 0.27 mmol)7> 5 20a (0.14 g, 94%) % A kst & L CTHE7-,

'"H NMR (CDCl;) & 1.98 (s, 3H), 2.04 (s, 3H), 2.05 (s, 3H), 3.49-3.56 (m, 1H), 3.67-3.75 (m, 2H),
3.79 (s, 3H), 4.00-4.06 (m, 2H), 4.53-4.63 (m, 2H), 4.78 (dd, J=10.3, 2.2 Hz, 1H), 4.92 (dd, J=10.4,
2.6 Hz, 1H), 5.41 (t, J=9.7 Hz, 1H), 6.86 (d, J=8.4 Hz, 2H), 7.23 (d, J=8.4 Hz, 2H).
BCNMR (CDCLy) & 20.6, 20.7, 20.8, 55.1, 71.2, 71.3, 72.0, 72.9, 73.1, 74.6, 113.6, 129.5, 129.8,
159.2, 169.9, 170.6, 170.8.
IR (KBr) 3450, 2900, 1740, 1510, 1360, 1230, 1030cm.
Anal.Caled for CyoH4010-1/2H;0 : C, 55.17; H, 6.25. Found: C, 55.47; H, 6.15.
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D-1,3,6-Tri-O-acetyl-2-O-(p-methoxybenzyl)-4,5-di-O-[bis(2-cyanoethyl)phosphoryl]-myo-inosit
ol (21a)

14a OEFIEIZHES T, 20a (0.14 g, 0.32 mmol)H> 5 21a (0.26 g, >99%) % HafE i & LT
7

'"H NMR (CDCls) 8 2.11 (s, 3H), 2.13 (s, 3H), 2.20 (s, 3H), 2.71-2.85 (m, 8H), 3.42-3.62 (m, 2H),
3.80 (s, 3H), 4.10-4.59 (m, 10H), 4.80 (dd, J=18.7, 9.3 Hz, 1H), 5.05 (dd, J=10.1, 2.6 Hz, 1H), 5.38
(t, J=9.9 Hz, 1H), 5.68 (s, 1H), 6.86 (d, J=8.4 Hz, 2H), 7.15 (d, J=8.4 Hz, 2H).

IR (film) 2960, 2250, 1740, 1610, 1510, 1410, 1360 cm™.

MS (FAB) m/z 799 (M+H)".

D-1,3,6-Tri-O-acetyl-4,5-di-O-[bis(2-cyanoethyl)phosphoryl]-myo-inositol (22a)

14a DA FIEIHE > T 21a (0.24 g, 0.30 mmol) 7> 5 22a (0.12 g, 59%) % HAJRDE & L TH
770

"H NMR (CD;0D) & 2.02 (s, 3H), 2.09 (s, 3H), 2.15 (s, 3H), 2.88-2.94 (m, 8H), 4.18-4.40 (m, 9H),
4.81-4.93 (m, 2H), 5.01 (dd, J=10.4, 2.6 Hz, 1H), 5.14 (dd, J=9.7, 2.6 Hz, 1H), 5.56 (t, J=10.1 Hz,
1H).

BCNMR (CD;0D) § 20.1, 20.2, 20.3, 20.7, 20.9, 21.2, 21.3, 64.7, 64.8, 64.9, 68.4, 70.8, 71.9, 72.1,
78.4,78.9, 118.6, 118.8, 118.9, 119.0, 171.6, 171.8, 171.9.

IR (KBr) 3400, 2950, 1740, 1360, 1220, 1030 cm’".

1,3,4,5,6-Penta-0-acetyl-2-O-(p-methoxybenzyl)-myo-inositol (23a)

20a (0.12 g, 0.27 mmol)% pyridine (15 ml)IZ¥%fi# L. 4-dimethylaminopyridine (30 mg, 0.25
mmol)Z N 2. #t\ T acetic anhydride (0.15 ml, 1.6 mmol)Z Il 2 7=, IR T 12 BB L.
toluene THIR L7z, IEEWRA L CRIEH E L7, FRIE%E AcOBt THIR L7, AE%
H,O & saturated aqueous NaCl TPEH+ L. Na,SO, THiME L7-, ek, mEE VATV h T
L7 v~ k7 Z 7 4 —(Hexane—AcOEt=1:1) CHHL L | 232 (0.12 g, 86%) % Faftsh & L CTHE=,

"H NMR (CDCl5) & 1.9 (s, 15H), 3.80 (s, 3H), 4.12 (s, 1H), 4.62 (s, 2H), 4.97 (dd, J=10.3, 1.8 Hz,
2H), 5.14 (t, J=9.5 Hz, 1H), 5.61 (t, /=9.9 Hz, 2H), 6.88 (d, J=8.4 Hz, 2H), 7.25 (d, J=7.5 Hz, 2H).
BCNMR (CDCls) & 20.3, 20.4, 20.4, 55.1, 70.0, 70.9, 71.1, 74.1, 74.6, 113.7, 129.4, 129.6, 159.3,
169.5, 170.0.
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IR (KBr) 2950, 1740, 1360, 1230, 1040 cm.
Anal.Calcd for C,4H3004,: C, 56.47; H, 5.92. Found: C, 56.39; H, 5.93.

1,3,4,5,6-Penta-0-acetyl-myo-inositol (24a)

23a (0.11 g, 0.21 mmol)% acetic acid (10 m)IZ¥#f#E L. 10% palladium—carbon (50 mg)Z il %
KEFRPAK T, IR T 10 R Lz, B 74 Mm%, BifE Lz, IRikx> V5 n o
Ly~ N7 T 7 4 —(CH)Cl,-MeOH=14:1) CHEHL L | 24a (61 mg, 74%) % H &5 d & L TR,

'H NMR (CDCl;) § 2.01 (s, 9H), 2.10 (s, 6H), 3.12 (bs, 1H), 4.33 (s, 1H), 5.03 (dd, J=10.3, 2.4 Hz,
2H), 5.20 (t, J=9.7 Hz, 1H), 5.60 (t, J/=10.1 Hz, 2H).

PCNMR (CDCl5) § 20.4, 20.5, 20.6, 68.2, 69.5, 70.7, 70.8, 169.7, 169.8.

IR (KBr) 3420, 2950, 1740, 1370, 1230, 1040 cm™.

MS (FAB) m/z 391 (M+H)".

Anal.Calcd for C,4H,,0,,—1/3H,0 : C, 48.49; H, 5.76. Found: C, 48.53; H, 5.68.

6-{N'-(4,4’-dimethoxytrityl)biotinyl}amino-1-hexanol (biotin linker)

Biotin linker X Pon & D FiE& IS L CTEK Lz °7, 3725 N-Hydroxysuccinimide-biotin
% 6-amino-1-hexanol & & &5 Z & T, 6-biotinylamino-1-hexanol Z %572, OH %:(Z TBS &
AN L=, N L% dimethoxytrityl b L7z, &MEMITH TV LTV E E T2
6-{N'-(4,4’-dimethoxytrityl)biotinyl}amino-1-hexanol % 757-,

D-2,3,6-Tri-O-acetyl-4,5-di-O-[bis(2-cyanoethyl)phosphoryl]-myo-inositol
1-{[6-(V'-(4,4’-dimethoxytrityl)biotinyl)amino-1-hexyl] (2-cyanoethyl)phosphate} (25a)

6-{N'-(4,4’-dimethoxytrityl)biotinyl}amino-1-hexanol (97 mg, 0.15 mmol)% CH,Cl, (5 m)IZ¥&
i L. 2-cyanoethyl N, N, N’, N -tetraisopropylaminophosphoramidite (48 pl, 0.15 mmol)Z 1 .. #¢
\7 T\ 1H-tetrazole (11 mg, 0.15 mmol) & /Il % 7=, Ar ZXPH5 F =R T 1.5 Rpf$H: L7c, & 212,
14a (84 mg, 0.12 mmol) & 1H-tetrazole (11 mg, 0.15 mmol)Z 1z, [A US4 C 2 MR HE L7z,
IREAHRIZ, tert-butylhydroperoxide (0.10 ml, 0.78 mmol) & 1 2., iR T 52 2 FEfIRHE L, &
BENPLREERDETEM UL, BEZ VDTNV T LI~ NI T 7 4 —(CHCly-
MeOH=13:1, 0.5% Et;N) THH L. 25a (45 mg, 38%)% FEAHRME & LT,
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'H NMR (CDCl3) & 1.36-1.67 (m, 14H), 2.03-2.29 (m, 11H), 2.43-2.45 (m, 1H), 2.70-2.80 (m,
10H), 3.08-3.20 (m, 3H), 3.79 (s, 6H), 4.02-4.29 (m, 15H), 4.67-4.81 (m, 3H), 5.22-5.26 (m, 1H),
5.49 (t,J=9.7 Hz, 1H), 5.63-5.73 (m, 2H), 5.99 (bs, 1H), 6.80 (d, J=8.4 Hz, 4H), 7.11-7.29 (m, 9H).
IR (KBr) 3400, 2950, 1750, 1700, 1650, 1510, 1220, 1130 cm™.

MS (FAB) m/z 1440 (M+H)".

L-2,3,6-Tri-O-acetyl-4,5-di-O-|bis(2-cyanoethyl)phosphoryl]-myo-inositol
1-{[6-(N'-(4,4’-dimethoxytrityl)biotinyl)amino-1-hexyl] (2-cyanoethyl)phosphate]} (25b)

25a DERIEICHEV, 14b (84 mg, 0.12 mmol)7> 5 25b (0.14 g, 83%) & 157-,

"H NMR (CDCLy) § 1.36-1.67 (m, 14H), 2.03-2.29 (m, 11H), 2.43-2.45 (m, 1H), 2.70-2.82 (m,
10H), 3.07-3.20 (m, 3H), 3.79 (s, 6H), 4.02-4.29 (m, 15H), 4.67-4.81 (m, 3H), 5.22-5.26 (m, 1H),
5.49 (t, J=9.7 Hz, 1H), 5.63-5.73 (m, 2H), 5.99 (bs, 1H), 6.80 (d, J=8.4 Hz, 4H), 7.11-7.29 (m, 9H).
IR (KBr) 2920, 1750, 1700, 1510, 1250, 1220, 1030 cm’™.

D-2,3,4,5,6-Penta-0-acetyl-myo-inositol
1-{[6-(V'-(4,4’-dimethoxytrityl)biotinyl)amino-1-hexyl] (2-cyanoethyl)phosphate] }(26a)

25a DA RIEIZHEVY, 4a (0.26 g, 0.40 mmol)H> 5 26a (0.13 g, 78%) & 157~

'H NMR (CDCl;) § 1.22-1.66 (m, 14H), 1.96-2.27 (m, 18H), 2.42-2.47 (m, 1H), 2.67-2.71 (m,
2H), 3.05-3.18 (m, 3H), 3.79 (s, 6H), 4.01-4.30 (m, 6H), 4.68-4.74 (m, 1H), 5.05-5.22 (m, 2H),
5.44-5.52 (m, 2H), 5.71-5.76 (m, 2H), 5.97 (bs, 1H), 6.80 (d, J=8.8 Hz, 4H), 7.12-7.32 (m, 9H).

IR (KBr) 2900, 1700, 1510, 1220, 1040 cm’".

MS (FAB) m/z 1152 (M+H)".

L-2,3,4,5,6-Penta-0-acetyl-myo-inositol
1-{[6-(V'-(4,4’-dimethoxytrityl)biotinyl)amino-1-hexyl] (2-cyanoethyl)phosphate]} (26b)

25a DA RIEIZHEV, 4b (39 mg, 0.10 mmol)7> 5 26b (98 mg, 85%) % 157=,
'H NMR (CDCly) & 1.24-1.66 (m, 14H), 2.00-2.30 (m, 18H), 2.44 (d, J=12.8 Hz, 1H), 2.66-2.72
(m, 2H), 3.07-3.19 (m, 3H), 3.78 (s, 6H), 4.01-4.33 (m, 6H), 4.67—4.72 (m, 1H), 5.04—5.20 (m, 2H),

5.44-5.60 (m, 3H), 5.71 (s, 1H), 5.87-5.93 (m, 1H), 6.80 (d, J=8.8 Hz, 4H), 7.12-7.28 (m, 9H).
IR (KBr) 2900, 1710, 1700, 1510, 1220, 1040 cm™".
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D-1,3,6-Tri-O-acetyl-4,5-di-O-[bis(2-cyanoethyl)phosphoryl]-myo-inositol
2-{[6-(N'-(4,4’-dimethoxytrityl)biotinyl)amino-1-hexyl] (2-cyanoethyl)phosphate] (27)

25a DA RIEIZHEVY, 22a (81 mg, 0.12 mmol) 7> 5 27 (0.17 g, >99%) & 157=,

"H NMR (CDCly) § 1.24-1.87 (m, 14H), 2.03-2.19 (m, 11H), 2.42-2.46 (m, 1H), 2.70-2.78 (m,
8H), 2.95-3.23 (m, 5H), 3.79 (s, 6H), 4.08-4.30 (m, 15H), 4.66-5.05 (m, 4H), 5.50-5.67 (m, 2H),
6.04-6.22 (m, 2H), 6.80 (d, J=7.7 Hz, 4H), 7.11-7.28 (m, 9H).

MS (EI) m/z 1440 (M+H)".

1,3,4,5,6-Penta-0-acetyl-myo-inositol
2-{[6-(N'-(4,4’-dimethoxytrityl)biotinyl)amino-1-hexyl] (2-cyanoethyl)phosphate] (28)

25a OERRIEIZHEV, 24a (39 mg, 0.10 mmol) 7>5 28 (59 mg, 52%) & 1572,

'"H NMR (CDCly) § 1.20-1.74 (m, 14H), 2.02-2.46 (m, 19H), 2.81 (t, J=6.0 Hz, 2H), 3.08-3.20 (m,
3H), 3.79 (s, SH), 4.16-4.34 (m, 6H), 5.02-5.24 (m, 4H), 5.48-5.54 (m, 4H), 5.90 (s, 1H), 6.80 (d,
J=8.8 Hz, 4H), 7.12-7.28 (m, 9H).

IR (KBr) 2920, 1750, 1500, 1220, 1030 cm™.

D-1-0O-[(Biotinylamino-1-hexyl) hydrogen phosphoryl]-myo-inositol
4,5-bis(hydrogenphosphate) : Biotinylated D-myo-inositol 1,4,5-triphosphate.

25a (45 mg, 0.031 mmol)% CH,Cl, (10 m)IZ¥Af# L. trichloroacetic acid (30 mg) & N %, =i
T30 R L=, Bk, VBTV BT Ly a~ 87T 7 4 —(CH,Cli:MeOH=7:1) Tk
H L | dimethoxytrityl 5£ % WifRe#E L 7oL EW 2157, 15 B LE W% MeOH (5 m)IZIfE L |
28% aqueous NH,OH (5 ml)Z 12, 55°C T 10 B #R Uiz, BiEk. a4 o< b
777 4 —IZRFE STz, 0.05-0.25 M formic acid % %7 0.5-2.5 M ammonium formate A 1Z
TR &4, biotinylated inositol phosphate 23 & £ 41 5 ABIEE & . Briggs test "V CHERR L7=, &
B A2, BRI R IR 2 L CROBREEZRE . 7 E=U LMD T Biotinylated
D-myo-inositol 1,4,5-triphosphate (23 mg, 32%) % HfafEih & L THT-,

'H NMR (D,0) & 1.22-1.58 (m, 14H), 2.09 (t, J=7.1 Hz, 2H), 2.63 (d, J=13.0 Hz, 1H), 2.85 (dd,

J=13.0, 4.9 Hz, 1H), 3.02 (d, J=6.6 Hz, 2H), 3.15-3.21 (m, 1H), 3.58 (d, J=8.1 Hz, 1H), 3.72-3.96
(m, 5H), 4.11-4.29 (m, 3H), 4.33-4.48 (m, 1H).
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BCNMR (D,0) ¢ 27.3, 27.9, 28.4, 30.3, 30.5, 30.9, 32.4, 38.2, 41.9, 42.3, 58.0, 62.9, 64.7, 69.1,
72.8,73.4,78.2,79.7, 81.1, 168.0, 179.3.

IR (KBr) 3400, 3200, 2900, 1700, 1400, 1030 cm™.

MS (FAB) nv/z 746 (M+H)".

FABHRMS Calcd m/z for C,,Hy N3O,7P5S 744.1370. Found: 744.1358(M—-H").

Anal.Calcd for C,,HyNg O17P3S-5/2NH5-5/2H,0 : C, 31.71; H, 6.59; N, 9.25. Found: C, 31.51; H,
6.64; N, 9.29.

[a]p® =-3.8 (¢ 0.1, H,0).

L-1-O-[(Biotinylamino-1-hexyl) hydrogen phosphoryl]-myo-inositol
4,5-bis(hydrogen phosphate) : Biotinylated L-myo-inositol 1,4,5-triphosphate.

Biotinylated D-Ins(1,4,5)P; D5 AKIEIZHEV Y, 25b (0.14 g, 0.094 mmol) 2257 =1 LD
J& C Biotinylated L-Ins(1,4,5)P; (27 mg, 35%)% AL & LT,

'H NMR (D,0) & 1.22-1.58 (m, 14H), 2.09 (t, J=7.1 Hz, 2H), 2.63 (d, J=13.0 Hz, 1H), 2.85 (dd,
J=13.0, 4.9 Hz, 1H), 3.02 (d, J=6.6 Hz, 2H), 3.15-3.21 (m, 1H), 3.58 (d, J=8.1 Hz, 1H), 3.72-3.96
(m, 5H), 4.11-4.29 (m, 3H), 4.33-4.48 (m, 1H).

PCNMR (D,0) & 27.3, 27.9, 28.4, 30.3, 30.5, 30.9, 32.4, 38.2, 41.9, 42.3, 58.0, 62.9, 64.7, 69.1,
72.8,73.4,73.5,78.2,79.7,81.1, 168.0, 179.3.

IR (KBr) 3200, 2900, 1700, 1400, 1200, 1030 cm™.

MS (FAB) m/z 746 (M+H)".

FABHRMS Calcd m/z for C»,H,4N;0,,P;S 744.1370. Found: 744.1306 (M-H").

Anal.Calcd for C,,H4NO;7P3S—3NH3-3H,0 : C, 31.06; H, 6.75; N, 9.88. Found: C, 30.90; H, 6.51;
N, 10.00.

[a]p” =+23.5 (¢ 0.1, H,O)

D-1-O-[(Biotinylamino-1-hexyl) hydrogen phosphoryl]-myo-inositol
: Biotinylated D-myo-inositol 1-phosphate.

Biotinylated D-Ins(1,4,5)P; D& EIEIZHEVY, 26a (0.13 g, 0.087 mmol)/> 5 7 & =17 AHED
J&C Biotinylated D-Ins1P (20 mg, 30%) % H faffidh & L THE7=,

'"H NMR(D;0) § 1.26-1.65 (m, 14H), 2.13 (t, J/=6.8 Hz, 2H), 2.63 (d, J=13.0 Hz, 1H), 2.89 (dd,
J=13.0, 4.9 Hz, 1H), 3.06 (t, J=6.6 Hz, 2H), 3.18-3.23 (m, 2H), 3.41-3.66 (m, 3H), 3.79 (d, J=6.6

Hz, 3H), 4.12 (s, 1H), 4.29-4.33 (m, 1H), 4.48-4.52 (m, 1H).
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“CNMR (D,0) & 27.3, 27.9, 28.4, 30.3, 30.5, 30.9, 32.4, 38.2, 41.9, 42.4, 58.1, 62.9, 64.7, 69.0,
73.4,74.0,74.1,74.9, 76.6, 78.7, 168.0, 179.3.

IR (KBr) 3400, 2900, 1700, 1200, 1030 cm’".

MS (FAB) m/z 586 (M+H)".

FABHRMS Calcd m/z for C5,H3N30;,PS 584.2043. Found: 584.2057(M-H").

Anal.Calcd for C»,H4N3;0,,PS-NH3-5/3H,0 : C, 41.77; H, 7.38; N, 8.86. Found: C, 42.10; H, 7.11;
N, 8.46.

L-1-O-[(Biotinyl-6-aminohexyl) hydrogen phosphoryl]-myo-inositol
:Biotinylated L-myo-inositol 1-phosphate.

Biotinylated-D-Ins(1,4,5)P; O & AIEIZHEV Y, 26b (0.17 g, 0.15 mmol)2> 5 7 = LEOE
C Biotinylated-L-Ins1P (41 mg, 46%)% H A dh & L TE7,

'H NMR(D,0) & 1.24-1.52 (m, 14H), 2.12 (t, J=6.8 Hz, 2H), 2.65 (d, J=13.0 Hz, 1H), 2.87 (dd,
J=13.0, 4.9 Hz, 1H), 3.05 (t, J/=6.6 Hz, 2H), 3.16-3.22 (m, 2H), 3.38-3.64 (m, 3H), 3.77-3.79 (m,
3H), 4.10-4.11 (m, 1H), 4.27-4.31 (m, 1H), 4.46-4.64 (m, 1H).

BCNMR (D,0) & 27.3, 27.9, 28.5, 30.4, 30.5, 30.9, 32.4, 38.2, 42.0, 42.4, 58.1, 62.9, 64.8, 69.1,
73.5,74.1,75.0,76.7,78.7, 78.8, 168.0, 179.3.

IR (KBr) 3400, 2900, 1700, 1200, 1030 cm’".

MS (FAB) m/z 586 (M+H)".

FABHRMS Calcd m/z for Co,H30N30,,PS 584.2043. Found: 584.2083(M-H").

Anal.Calcd for CyHy4N;3;0,,PS—4/3NH;-2H,0: C, 41.01; H, 7.51; N, 9.42. Found: C, 41.20; H,
7.20; N, 9.24.

D-2-0O-[(Biotinylamino-1-hexyl) hydrogen Phosphoryl] -myo-inositol
4,5-bis(hydrogen phosphate) : Biotinylated D-myo-inositol 2,4,5-triphosphate.

Biotinylated D-Ins(1,4,5)P; D& BIEIZHEVY, 27 (0.16 g, 0.094 mmol)2> 6 7 = MO
C Biotinylated D-Ins(2,4,5)P; (31 mg, 32%) % A ik & L CE7-,

'H NMR (D,0) & 1.22-1.58 (m, 14H), 2.09 (t, J=7.1 Hz, 2H), 2.63 (d, J=13.0 Hz, 1H), 2.85 (dd,
J=13.0, 4.9 Hz, 1H), 3.02 (d, J=6.6 Hz, 2H), 3.15-3.21 (m, 1H), 3.58 (d, J=8.1 Hz, 1H), 3.72-3.96
(m, 5H), 4.11-4.29 (m, 3H), 4.33-4.48 (m, 1H).

BCNMR (D;0) § 27.2,27.9, 28.5, 30.3, 30.7, 30.9, 32.4, 38.4, 41.9, 42.3, 58.0, 63.1, 64.7, 69.5,
72.8,73.7,79.7, 81.1, 168.0, 179.3.

IR (KBr) 3200, 2900, 1700, 1460, 1200, 1050 cm.

59



MS (FAB) m/z 746 (M+H)".

FABHRMS Calcd m/z for C,,H;N;0y;P;S 744.1370. Found: 744.1327(M-H").

Anal.Calcd for C»H4NgO,P3S—4NH;-3H,0 : C, 30.45; H, 6.97; N, 11.30. Found: C, 30.23; H,
6.60; N, 11.28.

[a]p” =+23.2 (¢ 0.1, H,0).

2-0-|(Biotinylamino-1-hexyl) hydrogen phosphoryl]-myo-inositol
: Biotinylated D-myo-inositol 2-phosphate.

Biotinylated D-Ins(1,4,5)P; O A5 IEICHEV Y, 28 (59 mg, 0.050 mmol)2> 6 7 & = AEOTE
C Biotinylated Ins2P (20 mg, 66%)% Hfftin & L TH7-,

"H NMR (D,0) & 1.22-1.58 (m, 14H), 2.09 (t, /=7.1 Hz, 2H), 2.63 (d, J=13.0 Hz, 1H), 2.85 (dd,
J=13.0, 4.9 Hz, 1H), 3.02 (t, J=6.6 Hz, 2H), 3.15-3.21 (m, 2H), 3.58 (d, J= 8.1 Hz, 1H), 3.72-3.96
(m, SH), 4.11-4.29 (m, 3H), 4.33-4.48 (m, 1H).

BCNMR (D,0) & 27.3, 27.9, 28.4, 30.3, 30.5, 30.9, 32.4, 38.2, 41.9, 42.3, 58.0, 62.9, 64.7, 69.1,
72.8,73.4,78.2,79.7, 81.2, 168.0, 179.3.

IR (KBr) 3200, 2900, 1700, 1400, 1200, 1040 cm™.

MS (FAB) m/z 586 (M+H)".

FABHRMS Caled m/z for C»,HioN30,,PS 584.2043. Found: 584.2056(M—H").

Anal.Caled for Cy,HyoN;0,PS—11/5NH;-13/3H,0 : C, 37.69; H, 7.94; N, 10.39. Found: C, 37.49;
H, 7.54; N, 10.70.

Biotinylated Ins(1,4,5)P; & PLCS; PH domain & D5 &3 BR
1) 7Z7AIFarvyAr77 b

KAL DI ER AT ™, PLCS, PH domain @ cDNA (residue 11-140)% . rat brain cDNA
library (CLONTECH Labs. Inc.)’> % PCR % iV CHiE L, pBLZ vector (ZHE AT 2 Z & TH7=,

2) PLCS; PH domain Df&EH

PLC3; PH domain 77 A X F% ., KAHE BL21 (DE)-pLysS star cell IZF 7 A7 4 — AL,
5 5 1U7- % 1'E % Hitrap Desalting column % F\ T, 0-1M NaCl O & A % 10 mM phosphate
buffuer (pH 7.0){Z2MF % Z & Tl L7z, EHE % . Mono S ion exchange column Z Hu T,
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0—1 M NaCl O A % 10 mM phosphate buffer (pH 7.0){Z7MF 5 Z & T, HMETHEAE
Z1%7-, KE$ L 7= PLC 8, PH domain |X, 15% SDS—7RU 7 7 U LT I REXIKEN%, CBB 4
179 Z & TAf{k L, F£7- MALDI-TOF mass % IV CHEZE L7z, (caled 15723, found
15700)

3) Pull-down BR

Biotinylated D-Ins(1,4,5)P; & PLCS; PH domain & ® K%, SDS-AR U7 7 U7 I RF/VE
KIKENE A b EIZEH L7, 85 nmol/ml @ binding capacity % % - Streptavidin beads (200 pl)% .
30 mM HEPES. 50 mM NaCl, 0.005% Tween 20, 3 mM EDTA (pH 7.4)Z¥%f# L 7= 5 nmol
biotinylated D-Ins(1,4,5)P; (21 2., 4°C T 6 W[l A > F 2X— 3> Lz, [A UFEEHE C beads
B L. Fa—712, 100, 50, 25, 10, 0 pl & 725 K 5 125%] Lz, = OIEREIL. biotinylated
D-Ins(1,4,5)P; @ 1.0, 0.5, 0.25, 0.1, 0 pM BRI Y T D, ZILZIUTSHEI L7 beads 1T,
500 pl @ PLCS, PH domain (0.2 uM)Z N 2, [A] UAREHKIZ T, 4°C T 10 0flA v FaX— 3
> L7z, 1000 rpm T 1 3fiEOtg,. RIEA2IEREGE7(S)E LT T, beads 7>5 PLCS, PH
domain %, native Ins(1,4,5)P; L BIAIRM S EH 2 LT, fiamoB) & L TR, £nEho
H53(S & B)% . 20% trichloroacetic acid Z 500 pl 1 X, 15000 rpm CiE.LL72, ZHZENDIL
BiZ, SDS—RU T 27 VAT I RTMCTESKKE L, CBB THRE LIz, /2 F#EIT, NIH
image (version 1.6) T, ZINZENDNY NIZESLS Ny MERELT LI ETERE LT,
PLCS, PH domain @ biotinylated D-Ins(1,4,5)P5 (259~ 5 & &4 2 Q=[B]/([B] + [S]) % . biotinylated
D-Ins(1,4,5)P; JREIZKRI LT a2y h L, Bli@iu7e Kp LA FOXNEHWTHEM L, ; Qfit =
[biotinylated D-Ins(1,4,5)Ps/(Kp, + [biotinylated D-Ins(1,4,5)P;]) . Z @ & & | [biotinylated
D-Ins(1,4,5)P;]i biotinylated D-Ins(1,4,5)P; DR E & 7~KT,
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DL-6-0-Allyl-3-O-benzyl-1,2:4,5-di-O-cyclohexylidene-myo-inositol  (29)

1(0.50 g, 1.2 mmol)% DMF (30 mI)IZ#%fi# L. 60% NaH (0.58 g, 14 mmol)& 1 2., i) T allyl
bromide (1.0 ml, 12 mmo)Z M X 7z, Ar FRPAS T, 24 WEfEIE#RZ . MeOH TRUS 245 11 L7z,
AL, AcOEt THR L. H,0 & saturated aqueous NaCl CTHEifr L7z, Na,SO, THzIEL ., AT
Uz, BRiEZR VBTN H T L7 a~ 87T 7 4 —(Hexane-AcOEt = 5:1) THEHRL L, 29 (0.45 g,
82%) % Hfaftidm & LT/,

'H NMR (CDCl) &: 1.42-1.75 (20H, m), 3.28 (1H, dd, J=9.9, 9.5 Hz), 3.63 (1H, dd, J = 10.64, 6.6
Hz), 3.73 (1H, dd, J = 10.3, 4.2 Hz), 3.97-4.06 (2H, m), 4.29-4.35 (3H, m), 4.81 (1H, d, J = 12.5
Hz) , 4.89 (1H, d, J= 12.5 Hz), 5.18 (1H, d, J=10.5 Hz), 5.33 (1H, d, J = 17.4 Hz), 5.89-6.00 (1H,
m), 7.25-7.43 (5H, m).

C NMR (CDCly) &: 23.5,23.8,23.9,24.9, 25.0, 35.2, 36.3, 36.4,37.6, 71.1, 71.5, 74.6, 76.2, 76.6,
78.4,80.3,80.7,110.4, 112.5, 117.0, 127.6, 128.1, 128.3, 134.9, 138.1.

IR (KBr) 2930, 2860, 1650, 1110, 740 cm™.

MS (FAB) m/z 471 (M+H)".

Anal. Calcd for C,3H330¢: C, 71.46; H, 8.14. Found: C, 71.52; H, 8.27.

DL-6-0-Allyl-3-O-benzyl-myo-inositol (30)

29 (0.45 g, 0.95 mmol)% THF-H,0 (5:1, 60 ml)DIRGIREEIZIAf#Z L. p-toluenesulfonic acid
monohydrate (p-TsOH-H,0) (0.30 g, 1.6 mmol) & A1z, 3 BEfENEGEE L7=, EGNIZTHRIL,
BfE LT, BEZEwIR%, WEE VIS DT L7 a~ 7T 7 4 —(CHClL,-MeOH = 10:1)
ICTRRIL . 30(0.24 g, 82%) % F(fEsh & L THET-,

'H NMR (CD;0D) &: 3.09-3.29 (3H, m), 3.39 (1H, dd, J = 9.5, 9.4 Hz), 3.67 (1H, dd, J = 9.5,
9.54Hz), 4.00 (1H, dd, J = 2.8, 2.7 Hz), 4.23 (2H, d, J = 5.9 Hz), 4.54 (1H, d, J = 11.7 Hz), 4.62
(1H,d, J=11.7 Hz), 4.99 (1H, dd, J=10.5, 2.8 Hz), 5.16 (1H, dd, J=17.2, 2.0 Hz), 5.87-5.96 (1H,
m), 7.15-7.34 (5H, m).

C NMR (CD;OD) &: 71.0, 73.0, 73.1, 73.8, 75.1, 76.3, 80.9, 82.4, 116.7, 128.6, 129.1, 129.3,
137.1, 139.9.

IR (KBr) 3410, 2870, 1640, 1120, 750 cm’.

Anal. Calcd for C;sH»,O¢: C, 61.92; H, 7.15. Found: C, 61.72; H, 7.23.
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DL-6-0-Allyl-3-O-benzyl-1-O-(p-methoxybenzyl)-myo-inositol (31)

30 (0.47 g, 1.5 mmol) & dibutyltin oxide (0.45 g, 1.8 mmol) & DIEE )% | toluene (50 ml) T,
Dean-Stark #£{&E 2 FIVT, H,O ZFRE 72055 3 RFEINBGEG L7z, IR, FREIC cesium
fluoride (0.30 g, 2.0 mmol)Z I %2, EZEl: L=, FE#% . P L 7= DMF (30 ml)% W\ T,
100 °C TfiE LT=, A U7=0F#EHRIZ—78 °C T p-methoxybenzyl chloride (0.25 ml, 1.8 mmol) % /Il
A ArEPHRT . |IERICE L7220 5 24 Bl L7, RUGIRE# A CHCL THfR L, &7
A MEBR%ZEN LT, BEE VBTSN T A~ N7 T 7 4 —(CH,Cl,-MeOH = 14:1) T
FEELL . 31(0.58 g, 88%) & MEAJHRIE & L TS 7=,

'H NMR (CDCls) &: 2.54 (1H, bs), 2.92 (2H, bs), 3.19 (1H, dd, J = 9.5, 2.8 Hz), 3.29 (1H, dd, J =
9.5,2.9 Hz), 3.37 (1H, d, /= 9.4 Hz), 3.66 (1H, dd, /= 9.4, 9.4 Hz), 3.81 (3H, s), 3.94 (1H, dd, J =
9.9,9.5 Hz), 4.16 (1H, s), 4.26 (1H, dd, J = 12.5, 5.9 Hz), 4.40 (1H, dd, /= 12.5, 5.5 Hz), 4.59 (2H,
s),4.64 (1H,d,J=11.7Hz), 4.71 (1H, d, J=11.7 Hz), 5.16 (1H, dd, J = 10.5, 1.8 Hz), 5.28 (1H, dd,
J=17.2,1.6 Hz), 5.92-6.01 (1H, m), 6.88 (2H, d, J= 8.8 Hz), 7.25-7.35 (7H, m).

C NMR (CDCl;) &: 55.2, 67.0, 71.8, 72.2 (3-O-CH,-C¢H4,-OMe and 6-O-CH,-CH=CH,), 74.1,
74.2, 79.0, 79.3, 80.0, 113.8, 116.9, 127.9 (2,6-CH, methoxyphenyl and 2,6-CH, phenyl), 128.0,
128.5, 129.5, 129.9, 135.1, 137.7, 159.4.

IR (KBr) 3400, 3030, 2920, 1610, 1030, 760 cm™.

Anal. Calcd for C,4,H3005: C, 66.96; H, 7.02. Found: C, 66.86; H, 7.04.

DL-6-0-Allyl-3-0-benzyl-1-O-(p-methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (32)

31(0.75 g, 1.7 mmol)% DMF (30 ml){Z#%fi# L . 2-methoxypropene (0.52 ml, 10 mmol)|Z ¢ (T T,
H.ZE2 7% X 72 p-toluenesulfonic acid (0.25 g, 1.3 mmol) & Il 2. 72, Ar ZZPHR T, 24 FRREIRFR L
7o EGN T THIFI%  AcOEt (2 TATIR L 72, AH%fE % H,0 & saturated aqueous NaCl THeif L |
Na,SO, CTHiME L7-, BfEtk, Bika T VXNV T 67 a~ 7T 7 4 —(Hexane—-AcOEt =
2:1)THRLL, 32(0.72 g, 87%) ZHEEARWE & L THE,

'H NMR (CDCly) 8: 1.43 3H, s), 1.45 (3H, s), 2.63 (1H, bs), 3.27-3.37 (2H, m), 3.50 (1H, dd, J =
9.9, 3.1 Hz), 3.80 (3H, s), 3.86 (1H, dd, J= 9.7, 9.2 Hz), 4.07 (1H, dd, J= 9.7, 9.7 Hz), 4.14 (1H, s),
425 (1H, dd, J = 12.8, 5.5 Hz), 4.36 (1H, dd, J = 12.8, 5.3 Hz), 4.50 (3H, m), 4.82 (1H, d, J = 12.1
Hz) 5.16 (1H, d, J = 11.8 Hz), 5.32 (1H, dd, J = 17.2, 1.5 Hz), 5.89-6.00 (1H, m), 6.86 (2H, d, J =
8.6 Hz), 7.26-7.38 (7H, m).

3C NMR (CDCly) 8: 26.9, 27.0, 55.2, 69.8, 71.5, 72.4, 72.9, 75.9, 77.1, 78.0, 79.0, 80.6, 111.6,
113.8,116.5, 127.7, 127.9, 128.3, 129.6, 129.9, 135.1, 138.0, 159.4.
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IR (KBr) 3450, 2930, 1610, 1070, 790 cm’.
HRMS(FAB) m/z calcd for CyHs40;Na (M+Na)® 493.2202. Found: 493.2216.

DL-3-0-Benzyl-1-O-(p-methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (33)

32 (0.10 g, 0.21 mmol) % EtOH-benzene-H,O (7:3:1, 22 ml) ® & & & B IR L |
diiazabicyclo[2.2.2]octane (DABCO) (0.034 g, 0.30 mmol) T Ht T |
tris(triphenylphosphine)rhodium(I) chloride (0.028 g, 0.030 mmol) % i %, 5 FERIINEGEFE L 7=, B
#it% . AcOEt TAAR L, H,O & saturated aqueous NaCl CHE L 7=, A& 2 Na,SO, THZM L,
Wi L7z, 5% % acetone—H,O (10:1, 5 ml) DIEATATEIZE# L . mercury(I) oxide (0.046 g, 0.21
mmol) % N 2 7=, IREWIZ, mercury(Il) chloride (0.057 g, 0.21 mmol)% acetone-H,O (10:1, 5 ml)
(CERAR U TR AR A T L7, 8 TR 23 00 T 5 40 SRR CHidk L. IM NaOH THIfn L 7=,
7 A MEE L7-1%. saturated aqueous NaCl TAR L7z, K% CH,CL THfit L. Na,SO, T
R LTz, Witk GRSV Y BTN T L v~ 87T 7 4 —(CH,CL-MeOH = 15:1) Tk
L. 33(0.061 g, 68%)% Htaftdim & LT,

'H NMR (CDCl;) &: 1.45 (3H, s),1.47 (3H, s), 2.60 (1H, bs), 2.62 (1H, bs), 3.22-3.24 (2H, m), 3.56
(1H, dd, J=10.1, 2.8 Hz), 3.80 (3H, s), 4.08 (2H, t, /= 9.7 Hz), 4.24 (1H, s), 4.50 (1H,d, J=11.4
Hz), 4.66 (1H,d, J=11.4 Hz), 4.69 (1H, d, /= 12.1 Hz), 4.85 (1H, d, /= 12.1 Hz), 6.89 (2H, d, J =
8.1 Hz), 7.25-7.38 (7H, m).

BC NMR (CDCl,) 8: 27.2, 27.3, 55.7, 69.0, 70.7, 72.1, 72.5, 76.5, 77.6, 78.6, 81.7, 112.5, 114.4,
128.3, 128.4, 128.8, 129.7, 130.1, 138.3, 160.0.

IR (KBr) 3570, 2990, 2930, 1070, 790 cm™.

HRMS(FAB) m/z calcd for C,4H3s0; (M+H)" 431.2070. Found: 431.2048.

DL-3-0-Benzyl-2,6-di-O-acetyl-1-O-(p-methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (34)

33 (0.33 g, 0.76 mmol) % pyridine (10 ml)IZ#%f# L. 4-dimethylaminopyridine (DMAP) (0.024 g,
0.20 mmol)(Z#¢ X | acetic anhydride (Ac,0) (0.19 ml, 2.0 mmol) % I 2. 7=, IR T 12 REEHEEE L,
toluene THIR L7z, IROWREZ LW CRIEH E L7k, 7RiE% AcOEt THR L7, AHE%
H,0 & saturated aqueous NaCl THEF% L. Na,SO, Tl L7z, EAMEL, IREE Y D7D
T L < h7T 7 4 —(Hexane—AcOEt = 2: 1) THERL L. 34 (0.36 g, 91%) % A faftiih & L5
7o,

'"H NMR (CDCly) &: 1.41 (3H, s), 1.46 (3H, s), 2.05 (3H, s), 2.16 (3H, s), 3.34-3.40 (2H, m), 3.61

(1H, dd, J = 10.3, 3.1 Hz), 3.80 (3H, s), 4.03 (1H, t, J = 10.9, 9.8 Hz), 4.32 (1H, d, J= 11.7 Hz),
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4.59-4.74 (3H, m), 5.38 (1H, dd, J=10.3, 9.9 Hz), 5.83 (1H, dd, J = 3.3, 3.2 Hz), 6.87 (2H, d, J =
8.6 Hz), 7.16-7.19 (2H, d, J = 8.6 Hz), 7.26—7.38 (5H, m).

C NMR (CDCl;) 8: 21.0, 21.1, 26.8, 26.8, 55.2, 67.5, 71.2, 71.2, 71.6, 74.6, 76.6, 76.9, 77.0, 112.2,
113.8, 127.7 (2,6-CH, methoxyphenyl and 2,6-CH, phenyl), 128.4, 129.2, 129.5, 137.5, 159.4,
169.8, 170.3.

IR (KBr) 2990, 1740, 1260, 1100, 740 cm™.

MS (FAB) m/z 515 (M+H)". Anal. Calcd for C,sH340,: C, 65.36; H, 6.66. Found: C, 65.06; H, 6.72.

DL-2,6-Di-0-acetyl-1-O-(p-methoxybenzyl)-4,5-O-isopropylidene-myo-inositol (35)

34 (0.38 g, 0.74 mmol) % MeOH (25 ml)|Z¥Afi# L. W-2 Raney Nickel (0.20 g) =1z, KFEFK
FHS T, 50°C T3 FEiEE L7c, BT A MEE%Z, B L, REZ VDTN AT 87
~ ~ 277 7 4 —(Hexane-AcOEt = 1:1) THHI L, 35(0.20 g, 64%) % MEAJKRME & L T,

=

'H NMR (CDCl3) &: 1.42 (3H, s), 1.46 (3H, s), 2.07 (3H, s), 2.18 (3H, s), 2.51 (1H, bs), 3.41-3.47
(2H, m), 3.80 (3H, s), 3.92 (2H, d, /= 7.3 Hz), 4.35 (1H, d, J=11.7 Hz), 4.60 (1H, d, J= 11.7 Hz),
5.36 (1H, dd, J=10.3, 9.6 Hz), 5.65 (1H, s), 6.87 (2H, d, /= 8.6 Hz), 7.19 (2H, d, J = 8.6 Hz).

C NMR (CDCl;) 8: 20.9, 21.1, 26.7 (-CH; x2, acetal), 55.2, 68.9, 70.1, 71.2, 71.7, 76.3, 76.8, 77.6,
112.4,113.8,129.1, 129.6, 159.4, 169.8, 170.8.

IR (KBr) 3450, 1750, 1250, 1070, 790 cm™.

HRMS(FAB) m/z calcd for C,;H,s0oNa (M+Na)" 447.1631. Found: 447.1624.

DL-2,6-Di-0-acetyl-1-O-(p-methoxybenzyl)-myo-inositol (36)

35(0.20 g, 0.47 mmol)Z CH,Cl, (10 mI)IZ#%f# L. ethylene glycol (28 pl, 0.50 mmol) % /il X 7=,
#elF T, p-toluenesulfonic acid monohydrate (0.0095 g, 0.05 mmol)Z I X, ==& T 10 5 fE#HEEE L
2o 1RAWZ . EtN (0.10 ml, 0.72 mmol) THIFIfR, i L7z, RiEE U DTNV T Lo
~ 8777 4 —(CH,Cl,MeOH = 7: 1) THEHL L. 36 (0.16 g, 89%) % H kil & LTI/,

"H NMR (CDCls) 8: 1.91 3H, s), 2.02 (3H, s), 3.20-3.27 (3H, m), 3.41-3.57 3H, m), 3.67 3H, s),
421 (1H, d,J=11.2 Hz), 447 (1H, d, J= 11.4 Hz), 5.00 (1H, t, J= 9.9 Hz), 5.55 (1H, dd, J = 6.0,
2.9 Hz), 6.77 (2H, d, J = 8.6 Hz, 2H), 7.19 (2H, d, J = 8.6 Hz).

3C NMR (CDCLy) &: 21.0, 21.1, 55.7, 71.2, 71.8, 72.4, 74.2, 74.4, 75.3, 76.8, 114.7, 130.6, 130.8,
131.3, 172.4.

IR (KBr) 3400, 1740, 1250, 1070, 820 cm’'.

HRMS(FAB) m/z calcd for C,5H,40,Na (M+Na)® 407.1318. Found: 407.1319.
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Preparation of bis(2-cyanoethyl) NV, /N-diisopropylaminophosphoramidite

AMeEMOERKIEZ, # 1 ERBROICTHE L7z,

DL-2,6-Di-0-acetyl-1-O-(p-methoxybenzyl)-3,4,5-tri-O-[bis(2-cyanoethyl)phosphoryl]-myo-inos
itol (37)

36 (025 g 066 mmol) Z CH,Cl, (10 ml) (Z & fi# L . bis(2-cyanoethyl)
N, N-diisopropylaminophosphoramidite (0.64 ml, 2.5 mmol)% Il 2., #¢!J T 1H-tetrazole (0.21 g, 3.0
mmol)Z Mz 7=, Ar ZZPHR T, =i T 1.5 RFEHE#RZ . m-chloroperbenzoic acid (0.087 g, 0.51
mmol)Z /D ETOMZ., S5 5 iR L7, IRA# %, CH,Cl, TAR L. saturated aqueous
NaHCO; TYei L7z, AFEE % NaySO, THIMR L, Wi L7z, Wika s Vo h T hrn~

k2" 7 4 —(CH,Cl,-MeOH = 12:1) THHL L, 37 (0.33 g, 54%) & HE AR & L7,

"H NMR (CDCLy) &: 2.07 3H, s), 2.21 (3H, s), 2.77-2.86 (12H, m), 3.61 (1H, d, /= 10.1 Hz), 3.80
(3H, s), 4.27-4.53 (16H, m), 4.81 (1H, dd, J = 18.9, 9.4 Hz), 5.33 (1H, dd, J = 9.9, 9.8 Hz), 5.90
(1H, 5), 6.86 (2H, d, J= 8.6 Hz), 7.17 (2H, d, J = 8.6 Hz).

3C NMR (CDCLy) &: 19.5, 19.6, 19.6, 20.8, 21.0, 55.2, 62.7, 62.8, 62.9, 63.0, 63.1, 67.1, 70.4, 71.8,
73.4,73.9,76.1,76.7,113.7, 116.7, 116.9, 117.0, 117.1, 117.2, 129.0, 129.6, 159.6, 169.9, 170.1.

IR (KBr) 3130, 2250, 1750, 1280, 1040, 750 cm™.,

HRMS(FAB) m/z caled for C3sHasNgO1sPsNa (M+Na)* 965.1901. Found: 965.1913.

DL-2,6-Di-0O-acetyl-3,4,5-tri-O-[bis(2-cyanoethyl) phosphoryl]-myo-inositol (38)

37 (0.14 g, 0.15 mmol)% CH;CN-H,O (9:1, 10 ml) DB A A ICEME L. diammonium
cerium(IV) nitrate (CAN)Z 1 X, ZEiR T 1.5 WefREE L7, IMate, iEE2 S U ATV T A
rsna~ 777 4 —(CH,Cl,-MeOH = 7:1) THEL L | 38 (0.11 g, 87%) & Mt iRinE & L %
776

"H NMR (CD;OD) &: 2.08 (3H, s), 2.12 (3H, s), 2.87 (12H, t, J = 6.1 Hz), 3.86 (1H, dd, /= 5.8, 2.9
Hz), 4.23-4.38 (12H, m), 4.58 (1H, dd, J = 17.8, 9.0 Hz), 4.70-4.75 (2H, m), 5.22 (1H, dd, J=9.7,
9.7 Hz), 5.68 (1H, s).

C NMR (CD;0D) &: 20.1 (-CH,-CH,-CN x2), 20.2 (-CH,-CH,-CN x2), 20.3 (-CH,-CH,-CN x2),
20.9, 21.4, 64.8 (-CH,-CH,-CN x2), 64.9 (-CH,-CH,-CN x2), 64.9 (-CH,-CH,-CN x2), 65.0, 68.2,
725, 73.4, 754, 778, 784, 118.6 (-CH-CH,-CN x2), 118.8 (-CH,-CH,-CN x2), 118.8
(-CH,-CH,-CN x2), 171.8, 172.3.

IR (KBr) 3440, 2250, 1750, 1280, 1040 cm’.
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HRMS(FAB) m/z calcd for C,3H37N4O;;,P3Na (M+Na)" 845.1326. Found: 845.1349.

Preparation of 6-{N'-(4,4’-dimethoxytrityl)biotinyl}amino-1-hexanol

AMeEMOERIEZ, 1 ERBROICTH L7z,

DL-2,6-Di-0-acetyl-3,4,5-tri-O-[bis(2-cyanoethyl)phosphoryl]-myo-inositol
1-{[6-(V'-(4,4’-dimethoxytrityl)biotinyl)amino-1-hexyl] (2-cyanoethyl)phosphate} (39)

6-{N'-(4,4’-dimethoxytrityl)biotinyl}amino-1-hexanol (0.33 g, 0.51 mmol)% CH,Cl, (5 mI)IZ¥&
fi L. 2-cyanoethyl N, N, N’, N -tetraisopropylaminophosphordiamidite (162 ul, 0.51 mmol)% /Il ..
#il1F T 1H-tetrazole (0.035 g, 0.50 mmol) & I X 7=, Ar XX T, 15 o L=, IBREHREN
7K AcOEt (30 ml) A7 L, saturated aqueous NaCl CTHE{F L, Na,SO, THzME L7-, EAEtR. 7%
% CH,Cl, (10 mDIZIEfR L=, = Z12H B0 Lo pyridine TG L, FEdH O H0 2R E
S BT toluene THWT 5 Z & T pyridine &RV TR S 7 38 (0.054 g, 0.070 mmol)%
CH,Cl, (10 mI)IZ 52T L. MS4A & N 2 $ii#: L 72, 1H-tetrazole (0.10 g, 1.4 mmol) & JN %,
Ar FRPHA T IR TS 51T 2 FEfEIE R L. tert-butylhydroperoxide (0.10 ml, 0.78 mmol) Z Il 2. 7=,
HIT 5 ol E., WP RS R ETRE L, REEZ VDTSN D T L a~v T
7 7 4 —(CH,Cl,-MeOH = 12:1, 0.5% Et;N) THEHL L | 39 (0.084 g, < 80%) & fEA i RE & LT

i,

'H NMR (CDCl;) &: 1.14-1.60 (14H, m), 1.92-2.23 (10H, m), 2.38 (1H, d, J = 12.8 Hz), 2.69-2.77
(14H, m), 3.04-3.18 (3H, m), 3.72 (6H, s), 3.94-4.32 (18H, m), 4.51-4.76 (4H, m), 5.34-5.47 (1H,
m), 5.87 (2H, bs). 6.75 (4H, d, J = 8.8 Hz), 7.04-7.22 (9H, m).

IR (KBr) 3450, 2950, 2250, 1750, 1650, 790 cm’.

MS (FAB) m/z 1583 (M+H)".

DL-2,6-Di-0O-acetyl-3,4,5-tri-O-|bis(2-cyanoethyl)phosphoryl]-myo-inositol
1-[(6-biotinylamino-1-hexyl) (2-cyanoethyl)phosphate] (40)

39 (0.075 g, 0.050 mmol)% CH,Cl, (10 ml)|Z{fi# L. Trichloroacetic acid (TCA) (0.10 g, 0.61

mmol)Z %, =R T 30 min I{¥E L7z, Bk, RELZ I VTN D T L Ira~ NI T 7 ¢
—(CH,Cl,-MeOH = 3:1) THHEL L. 40 (0.058 g, 96%) & FEA ML & L TH7-,
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'"H NMR (CDCLy) &: 1.19-1.63 (14H, m), 2.06-2.15 (8H, m), 2.62 (1H, d, J = 12.6 Hz), 2.78-2.89
(15H, m), 3.08-3.20 (m, 3H), 3.97-4.42 (18H, m), 4.66-4.80 (2H, m), 5.41 (1H, dd, J = 9.6, 9.5 Hz),
5.87 (1H, s).

13C NMR (CDCls) &: 20.0, 20.1, 20.2, 20.2, 20.7, 21.6, 26.1, 26.9, 27.4, 29.5, 29.8, 30.2, 31.0, 31.1,
36.9,40.2,40.3, 41.1, 57.0, 61.6, 63.4, 64.3, 64.9, 65.0, 65.0, 65.2, 70.5, 70.6, 70.7, 71.4, 74.2, 77.5,
79.4, 118.6, 118.6, 118.7, 118.8, 118.9, 166.0, 171.4, 171.8, 171.9, 175.9, 176.0.

IR (KBr) 3420, 2950, 2860, 2250, 1750, 1700, 1650 cm’™.

MS (FAB) m/z 1281 (M+H)".

DL-1-0O-[(6-biotinylamino-1-hexyl) hydrogen phosphoryl]-myo-inositol
3,4,5-tris(hydrogenphosphate) : Biotinylated DL-myo-inositol 1,3,4,5-tetrakisphosphate.

13 (0.15 g, 0.11 mmol)% MeOH (5 m)IZ¥&f# L. 28% aqueous NH4OH solution (5 ml) % /X,
55°C T 10 WFAIFEHE L7z, iR, [BA A s n~ 7T 7 4 =W SHT2, 0.05-0.25
M formic acid % &¥r 0.5-2.5 M ammonium formate JAHZIZ TIAH &+, biotinylated inositol
phosphate 258 £ 5 TRBIE % . Briggs test /P CHERR L7, IRBER 2, MR K4 Z &
TR ZFRE | biotinylated DL-myo-inositol 1,3,4,5-tetrakisphosphate (0.028 g, 27%) D7 &
= L EAAREE LTHET

'"HNMR (D,0) &: 1.22-1.61 (14H, m), 2.10 2H, t, J = 7.2 Hz), 2.64 (1H, d, J = 13.0 Hz), 2.86 (1H,
dd, J=13.2, 5.0 Hz), 3.03 (2H, t, J = 6.5 Hz), 3.16-3.23 (1H, m), 3.76-3.99 (5H, m), 4.28 (2H, dd,
J=28.1,4.4 Hz), 4.45-4.60 (5H, m).

HRMS(FAB) m/z calcd for Co,HyN3040P,S 824.1033. Found: 824.0990 (M ~H)'

IR (KBr) 3420, 2960, 1740, 1370, 1220, 1030cm’".

Preparation of the optically active D-3-O-benzyl-2,3:5,6-di-O-cyclohexylidene-myo-inositol
-1

AMEEMOERIET, 51 EERBROFICTHE Lz,

D-1-0O-[(6-Biotinylamino-1-hexyl) hydrogen phosphoryl]-myo-inositol
3.4,5-tris(hydrogenphosphate) : Biotinylated D-myo-inositol 1,3,4,5-tetrakisphosphate.

53| L7z D-3-0-benzyl-1,2:4,5-di-O-cyclohexylidene-myo-inositol (-)-1 % HW\\5 Z & T,
biotinylated D-myo-inositol 1,3,4,5-tetrakisphosphate % [7] U F{E% AW CARK L7,
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'"HNMR (D,0) &: 1.34-1.72 (14H, m), 2.23 (2H, t, J= 7.3 Hz), 2.77 (1H, d, J = 12.8 Hz), 2.99 (1H,
dd, J=13.4, 4.9 Hz), 3.15-3.19 (2H, m), 3.30-3.34 (1H, m), 3.90-4.20 (5H, m), 4.40-4.65 (5H, m).
HRMS(FAB) m/z calcd for Cy,HiaN;O0P,S 824.1033. Found: 824.2983 (M —H)".

[a]p? = +19.6 (¢ 0.1, H,0)

Biotinylated Ins(1,3,4,5)P; & PH domain & D#5S 35k

1) 77AIFRaaART 7 b

B 5O HEE VT Grpl PH domain 2 *Y, A S 0 J51k% FV T PLCS, PH domain @
cDNA (residue 11-140)% ™. PCR % I\ T rat brain cDNA library (CLONTECH Labs. Inc.)7> 5
H9WE L. pBLZ vector |2 AT 5 Z & TIH7z,

2) EHERHR

Grpl PH domain ® 77 A X K%, KI# BL21 (DE)-pLysS star cell (Zh T > A7 4 —A 1L,
13 5 472 & F'E % Hitrap Desalting column % H VT, 0-1M NaCl O FE Al % 10 mM phosphate
buffer (pH 7.0)iZ2>F 5 Z & TlEH L7-, EHE %, Mono S ion exchange column % T, 0-
1 M NaCl D& E A% 10 mM phosphate buffer (pH 7.0)i22) 5 Z & T, AL THEAE %
7=, F72 PLCS; PH domain & [FIERD FiLz W THR L7, R L7 PH domain (X, 15%
SDS-A Y 77 YT I REXIKEI%, CBB RetizfTH 2 & TAH{EL, 72 MALDI-TOF
mass & VN CHERR L 72, (Grpl; caled 18329, found 13834, PLCS,; caled 15723, found 15700)

3) Pull-down B}

Biotinylated D-Ins(1,3,4,5)P, & Grpl PH domain & ® K%, SDS-ARVU 77 U7 I K7 /VE
KIKENEA S EIZEH L7z, 85 nmol/ml @ binding capacity % % -2, Streptavidin beads (200 pl)
%. 30 mM HEPES. 50 mM NaCl, 0.005% Tween 20, 3mM EDTA (pH 7.4)IZ¥f# L 7= 5 nmol
biotinylated D-Ins(1,3,4,5)P, {2/ 2., 4°C T 6 Kl A > F 2 ~X—3 3 L7z, [A UAEfEHL C beads
e L, Fa—712, 100, 50, 25, 10, Opl £ 722 X H 12 EI Uiz, Z ORFEIL., biotinylated
D-Ins(1,3,4,5)P; @ 0.40, 0.20, 0.10, 0.04, 0 pM ARSI 5, TNZIITSHE L7 beads
(2. 500 pl ® Grpl PH domain (0.2 pM)Z NN %, [F] CAEEKIZ T, 4°C T 10 0 A > F 2 —
= L7z, 1000 rpm T 1 43fffiE 0%, BiEZ G (S) & LT T, beads 205 Grpl
PH domain %, native Ins(1,3,4,5)P, L BiAIRMNSEHZ LT, fiaHEsy (B) & L TR, £
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NENDOHES; (S & B) %, 20% trichloroacetic acid % 500 pl JIz. 15000 rpm Tl L7z, &
NENOWR %, SDSTRY T 7 VT I RS TERIKEI L, CBB TH@ L7z, v Rifl
J& % NIH image (version 1.6) T, ZILZE LD/ RIZHAS L Ry MzHEk LE®RE L7, Grpl
PH domain @ biotilylated D-Ins(1,3,4,5)P4 (27" 555403 Q=[B)/([B] + [S])% . biotinylated
D-Ins(1,3,4,5)P, iR EICkI LT > b L, B Ky ZLLFTOXEHWTHEI Lz, ; Qfit=
[biotinylated D-Ins(1,3,4,5)P,/(Kp + [biotinylated D-Ins(1,3,4,5)P,]). Z @ & X . [biotinylated
D-Ins(1,3,4,5)P,]i biotinylated D-Ins(1,3,4,5)P, DIEE & 77,

4) SPR /347

SPR Z3#Ti%. BIACORE2000 (GE Healthcare, BIACORE AB., Uppsala, Sweden) % f#i i L 7=,
biotinylated InsP, (biotinylated D-Ins(1,3,4,5)P,, D-Ins(1,4,5)P; and D-Ins(3,5,6)P;) % [E &L L 7=k
V=T FEERIT 572 01T, streptavidin N IEERES L TS L Y—F 7 (Sensor Chip
SA, GE Healthcare, BIACORE AB., Uppsala, Sweden) % V7=, 50 mM NaOH in 1M NaCl % jiii#
5 ul/min, 25°C “C 60 F0f 3 [BI7EA L, #cl)C 5ul @ 25 nM biotinylated InsP, % HEPES buffer
(10 mM HEPES, 150 mM NaCl, 3.4 mM EDTA and 0.005% Tween 20, pH 7.4 ZIEf# L7= b D% |
JUE 5 pl/min, 25°C T 60 BREEA L7z, MIEHORE@EHZIL, 10 mM HEPES, 150 mM NacCl,
3.4 mM EDTA, 0.005% Tween 20 (pH 7.4)% 7=, #& % L7 PH domain (Grp1 or PLCS,)i%.,
TE ] DOREERIEHTIZ Lo TEHL L, InsP, BEELSNA T DB —F v 7 R LT,
fEA % 3 MMIE L, FiEE 20 pl/min, 25°C T 3 yMififEt 28I L=, WEHO® L —F v
71X, 50 mM NaOH in 1 M NaCl % 15 BREAT S Z & THA L, EEICHZ T o
BlAevaluation version 3.1 TEHT L7=, TEABILA. AR TERICEIT 2T LIX,  biotin 72
FEBETEL LI —OEEZ2ZLSIK 2 & THIE L7z, £HZ1 biotinylated InsP, D K, IE
LUF OFiE TR L7z, PH domain IEATR, £ Z 1O biotinylated InsP, [EE L& o —F v
TIHER S 72 260-270s D -4 Response Unit (RU)% PH domain #2E (2% LT 2 v b L7z,
LINLARN S PHEND Ky %5 Grpl PH domain £ % AW T H SRR L7220y » 72,
Biotinylated D-Ins(1,3,4,5)Py DEE(L & AT 5, T E T 5, FERSE GERE, pH
28 EHELTYH, ME0OMMEHRT S Z LIXTE o7z, £ 2T, Pull-down RERD
FERN BT BT Kp (Kp = 0.14 uM for Grpl PH domain, 0.25 uM for PLCS; PH domain) % %, &
(2 LC, Grpl PH domain {23\ ClE 1.0 uM %, PLCS,; PH domain (23 TIE 5.0 uM % fic =
& L7-.K) (reciprocal of K,) I%.BlAevaluation3.1 D7 4 v 7 1 > 7 ET /LT 5 Steady sate
affinity model % T, L FORUZHEWE H L72; Req = K,*Conc*Rmax/(K,*Conc*n+1), Z D
& & Req IX PH domain 23 & L 7= biotinylated InsP, @ 260-270s (2331} 5 -4 RU fi %, Conc
!X PH domain ®J#EE %, Rmax |%. PH domain 2’fEA L2 AOR K RUEZ/RL, —F Tn
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IR ERN A2 RL TS, Edl L=k 912, B —F v 7 ED biotinylated InsP; 38 &
D-Ins(1,3,4,5)P, DEENLEIZF L TH LD T, 7 4 v T 4 > 7128V TIL, [Fit Local] & binding

constant (K )IZ5%E L. [Fit Global]%Z Rmax |Z3%E L 7=,

5) S FREEEITIA

AR ST IX. MOE 2009.10. CHIE L 72, Grpl PH domain & Ins(1,3,4,5)P, & DA
(PDB code: 1FGY) (281 DREEMNTHE R 2 & L1247 -7, 1FGY i Protein Data Bank 725
IR L7z, #EGRETIE. MOE 2009.10.(20i 2 417 DFE#EEA & L 1T L7z, Grpl PH domain &
Ins(1,3,4,5)P, & DEEIKR%E i~ iAHA, Protonate 3D I K-> T, KB EMmELIE LT, 5
b AR % MMFF94x (2 & > Thaiifk L. Site finder (& & > TREAEMLICA R F 2 RLE L
“o " DRFOSM % LU TFIZ/RT, (Alpha Site Setting; Probe Radius 1: 1.4 A, Probe Radius 2: 1.8 A,
Isolated Donor/Acceptor: 3 A, Connection Distance: 2.0 A, Minimum size: 3 A, and Radius: 2 A). &
£ simulation (%, ASEDock T1T>7-, HEY & 45 U > N4 ASEDock IZfi%E L . LowModeMD
(2 K o TIXLARBLE T 21T o 72, & DREOFEMAZ LU T IR, (Stepl; cutoff: 4.5 A, RMS (root
mean square) gradient: 10 kcal/mol/A, energy threshold: 500 kcal/mol, Step2; optimize 5 lowest
energy or 5 best score conformation, cutoff: 8 A, RMS gradient: 0.1 kcal/mol/A).
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1) AE

Biotinylated D-myo-inositol-1,3,4,5-tetrakisphosphate (biotinylated D-Ins(1,3,4,5)P,) (Figure 3—8a)
%, B2 E TR HIETAER Lz, Ins(1,4,5)P;. Ins(1,3,4)P5. Ins(1,3,4,5)P, (Figure 3-8b) &
STP (Figure 3-8d)(%. Wako X Y i A L 7=, D-myo-phosphatidylinositol (di-Cg-PtdIns) .
D-myo-phosphatidylinositol 4,5-bisphosphate (di-Cs-PtdIns(4,5)P,) . D-myo-phosphatidylinositol
3,4-bisphosphate  (di-Cg-PtdIns(3,4)P,) & D-myo-phosphatidylinositol ~ 3,4,5-trisphosphate
(di-Cs-PtdIns(3,4,5)P;) (Figure 3—8c)i%. Echelon L VA L7z,

2) 79 AIF, MR, PFURT =T vayv

pSG-Gag (p24) cFLAG X7 #Z— 9% Pr55%¢ CA domain DOFEELUZ AV 7=, Pr55%¢ & MA
domain DFEHLIHY ¥ —F, PCR THIE L7-ZNZENDOES%, pSG-Gag (p24) cFLAG @
gag-p24 Bin & AR D Z &L TIER L7z, 728, pSG-Gag (p24) cFLAG (%, 5’ K¥ilZ EcoRI
& PRGN Xhol 1 k% & Te, PCR O % pNL4-3 77 A3 K& L7z, Pr5s®, MA &
CA [ZBEWT, io~Xr % —L LT, pEF-Gag cFLAG, pEF-Gag (p17) cFLAG & pEF-Gag (p24)
cFLAG Z{E# L7z, Z 11 513, pSG-Gag cFLAG, pSG-Gag (p17) cFLAG & pSG-Gag (p24) cFLAG
® EcoRI-Xbal 7 7 7" A >~ k % pEF1/Myc-HisA (Invitrogen Corp., Carlsbad, CA, USA)?® EcoRI &
Xbal A b OMICHAT H Z & TIER LT,

293T #ifizix ™. Dulbecco’s modified Eagle medium {Z 10% heat-inactivated FBS % il 2. 7=t @
THEiE LT,

U LRI AR T 23T I RS AT 2 v ar L, FTUART =Y
va sk, 37°C T48 WfiiE# L, v AZ 7 my MREABRICEN L,

3)) yRZ o 7uey b

VI AKX Ty ME, Willey H0JE PERGTITo, FT VAT 27 v a VEOHM
w7 4 & — b % Laemmli’'s *® sample buffer % f \» T # % L . sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) Ty B L 7=, HEL -EAHE % .
polyvinylidene fluoride membranes (Z#5%5- L, membranes % anti-FLAG M2 monoclonal antibody
(Ab) (Sigma-Aldrich, St. Louis, MO, USA) & A > % =~X— k L7z, #[fifkiX. ECL Plus Western

Blotting Detection Reagents (Amersham Biosciences, Buckinghamshire, UK) % HV 7=,
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4) BAHOKH

N7V AT =2 a %0 293T #ild % TNE buffer (10 mM Tris-HCI, 150 mM NaCl, 1 mM
EDTA, 1% NP-40, and 10 ug/mL aprotinin, pH 7.8 containing 1 mM dithiothreitol (DTT)) CI&f#E L
72, 12000 rpm, 4°C. 5 57O 5A Tk, _EiE% Sepharose CL-4B (Sigma—Aldrich, St. Louis,
MO, USA) & 2 FEff], 4°C TA »F=2X— |k L7, Z® Sepharose CL-4B & DA > F 2 _X—
a % 2 [\l iR U7z, EIE % mouse ANTI-FLAG M2 affinity gel (Sigma-Aldrich, St. Louis, MO,
USA) K O 0.5 ng/mL 1x FLAG peptide (Sigma—Aldrich, St. Louis, MO, USA) & 8 IKffli], 4°C TA
¥ aN—h Lk, 20L&, FLAG HUE~OIFRRITHEET Do 2R 72012, 1xFLAG
peptide Z /% TV %, #ilE% TNE buffer plus 1 mM DTT T 5 [EI¥E#% L, 150 ug/mL 3x FLAG
peptide (Sigma—Aldrich, St. Louis, MO, USA) % TBS buffer (50 mM Tris—HCIl and 150 mM NacCl,
pH 7.4 with | mM DTDIZIEfE L7 b D &N Z 72, IBEH%E 30 43, 4°C TA o F aX—T 3
%, mLL, ZDEiE% SPRassay (2 L7z,

5 EHOER

cFLAG & 1’2 % SDS-PAGE T43f L . Coomassie Brilliant Blue (CBB) C¥sta L 7=, TN Eh
D3 K% Imagel (version 1.38x)& VT, HEEREDEEA TdH 2 protein marker /3 Rif
JE LI 5 2 8T, cFLAG EHEEZHH L=,

6) SPR AT

SPR f##T1Z, BIACORE2000 (GE Healthcare, BIACORE AB., Uppsala, Sweden)% fii [l L 7=,
biotinylated D-Ins(1,3,4,5)P, % [HE{k L 7=t > —F v T EAER T 5 72012, streptavidin 23 IA
fEA L CunWb 2 —F » 7 (Sensor Chip SA, GE Healthcare, BIACORE AB., Uppsala, Sweden)
% 7z, biotinylated Ins(1,3,4,5)P, 2 HEPES buffer (10 mM HEPES, 150 mM NaCl, 3.4 mM
EDTA and 0.005% Tween 20, pH 7.IZIEfR L 7= b D%, B E T HEENEE R D ETHEAL
720 I A O#EETRIE . 10 mM HEPES, 150 mM NaCl, 3.4 mM EDTA, 0.005% Tween 20, 2% (v/v)
glycerol, and 0.5 mg/mL BSA (pH 7.8)% M\ 7z, FEH U7 BB, HIE H ORE I E AT I
Lo TEW L, Ins(1,3.4,5P, BNEELENTWEE U —F o7 EICH Lz, fE % 3 Rl
iE L itk 20 pl/min, 25°C T 3 7 MfRBEA 8122 L7, JEHR O& > —F » 7%, 50 mM NaOH
in 1 M NaCl ® 15 #[% 3 [a], 50 mM NaOH @ 15 ¥ % 3 [a] & 10 uM Ins(1,3,4,5)P, % 1 [al7F:
ATHZETHAEL, &5HI1210 mM NaOH @ 15 B % 3 [[iEAT D Z & T, B 217>
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7= FEEITE 2T @ BlAevaluation version 3.1 THIAT L7=, 1FABGA. EAKTRICEIT S
JEAT 2 I, biotin P AEEN LTI L —r DEEFE LS Z & THITE LT,

7) AT (Kp)

Kp & B4 572912, 0.08 uM Pr55%¢ L 2.0 uM MA %, K& 7R IRFE BT DA H.
EXRIFA =V VR, RAT 7 FINA S h—ub LULSTP LiEA L7z, STP X
Pr55%¢ L OFEARBRICHEH L7z, &2 EHLIREBIZ 2 5 7o t8 (25°C DA 30 43 LANIZ -1
IZZET D), ENZENORAW (60 uL) % biotinylated D-Ins(1,3,4,5)P, EELE > —F v 7
(2. BH 20 w/min THEA LTz, 20L& &, PR TICBW T, BEAILRE LT RniE
Bt Pr559e # L < 1L MA domain 8% E# L 7=, Kp L, BlAevaluation3.1 D7 4 v T 4 > 7/ E
7 VT % solution affinity model Z T, LT OFRUZTEWHEH L7Z 5 Apee=0.5x (B —A-K))
+(025x (A+B+Kp) -AxB)”, ZDLE AIFEAEOUIREEZ IR L, Age [ IHAHI L FES
L TCWARWERBE 27T, £7- BIiE. Ins(1,3,4,5)P, DA 279,
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