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ARAFOEPLERNCTIEENSHEY. FICKBE TREIELIRVFEBIRKETHS,
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ZIT.RERBRIIHISHEZENT 50, TROFETAIZ—D TRV 2—LZT
otz T RYA—L(E [ 3’ RIFIZFIU(MA 1 IERRZHLEEHEHRORIE—TH (),
Tag DNAFRYAS—HE T PCRZE{TI&E B—S T THFIRILFFRNS R T25—EE
D=6 . PCREYMOM 3 KRIKIZFTF=U(AMMTIMENS, #£>T. 2D PCREMIE. E
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FILTHKE). IYHLBEEVNSTZRATYTHRELRN O, ROV TILERFLITT
WEYTEHIENBZTHA LOL, TARIA—DHEGHEELIIATFTHS=0. Bif L. 55
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FERBSEHTENTRETH S, TORER.PCR[CLDEGFOHEENSELERBROHE
RBETITHDDHRBEKIBIZIEET D ENTE Tz, 5 2 ETIE. 20 PRESAT-vector DR
FIZOVWTHET S,
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F2E
BETOTAIHVRIETEZABEBRBERAC D/NARL—F YRR
H)—==2T D= DIERFitE T-RH945— (PRESAT-vector) DESE

2-1 Frif

ZLDEYMDS / LTASTHRA5E T (1, http://www.nebi.nlm.nih.gov/) §3IZ2h., 4/ L
TAFGEBEOEE - HEEEICHROERN B TE(234) . 7/ LTARFRr—)L
TOEBEDHRAOHREICIE. EREOHRR. FR. H{EENHT. BEREICBLT,
NAZAN—TINGRREDRENDETH D, HARIEABEER/IFRELT. KIEA
TOHRBIX. FENBETHY . EFREHIE QRIS ENEESRATHEANTH S,
LAL. KIBETRRESELNEBEREDZLIFA VI —2a0 R T2 T HIERLH
Y, TN ELHRELO>TIND, Eﬁ%’étﬁ_;aéf:&)l:l& TSRZFaV RSO EFRRUE
B, ABEOEAEPERENAVERBR TS0V /DIEODNARIL—TIrS
ATLNBETH S,

T—RYA—H0—=UJ O#EfiE. PCR EYOY T I/0—=0J (2B TE LR
BHED—DTHH(G), EEEDHEE - HEEMRIZELT. PCRZHALVTHRI® DNA iy
ZBIETDHEE. Z<DcDNA BigM FZRIF T THRT 5-HO0HY SN=HETH
%, LML, PCR EMZ—ARAG R RInO) P EERINEERE T H/0—=V T ZICAWS
0)liq’é%'@li@b\:th‘"é:(%ﬂ%h’cuéo ZD=5. ZLOMRETIE. AROHFE RIS
T—&")@—’&%éL\7‘:’71:1——:“/’7“75“&10%6:&75“%!,\0

LWL RBIATS)—EBETLOIC T-RO4—0—V T RZERNSZEDTH
BERIE ERICHRENLRNILETH S, T-RIF—ETIE. RY4—& PCR EYDELS
(&, 3-T & 3-A DRHKRIFEDED—IEEHN O SLEYRKRIEN DI TH S0, B
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EEBOENI-RI2—DE 5[ PCR YA FEBEFIZHEHINTEY, REAI2—ELTIK
T#ETHD, TCT AVI—D T HAMIBR IR RGERNET Y 1oL. #IREERE
FIFL T PCR THEIEL=# K B RB U MDA >3 DED T GEAEERFK L=,

RYB—OOO—=VGHAMM—D2D 3-T BRHKRFEEDIHELLT. ZODELH1=FH
ENBEShTWSD, —DBIE. FcoRV D&ISUTFBRIGHEELDHBER TR —%]
BEL. $ELVT dTTP BRID S T Tagq RUAS—EZRALT IKRIKITFIV (MZE—2INT
3HETHA(1,8,9) . H5—2I&. Xeml (10, 11,12, 13)X° AsoEl/ Ram1105/ AhdI (14, 15, 16)
DESLEHIRER T T S &ICkY—HD 3-T BHKRIGEDLDAETH D, Ahdl 1E,
5'-GATNNN/NNATC-3' (N [F{EEDIEE) ELVSELHIZFRHE. UL, 3’ BHEKRInEELHH]
REERTHD. HRIE, T—%’%Ha‘EEifr“ﬁb“'fFG)KﬁlﬁaFﬂﬂ®EE§IJ’é$liZaJ:’)l:EQEi'LT: Ahdl
YALEBALERIZ—ZERILT-,

AETIL, PCR TH#IFLT= cDNA BiF%E GST BREIRATLUNDLSHBEREHRKRAIS
—ZHAMER>TIO—Z0 T T30 TA-IO—ZUFE#ERELEHBROAEID
WTERiRd %, TA-VA—ZU T B A MM, —#D And BETAFOLRDIZHDFIZD
H. BTERITE Ncol/ Ndel HA+EE AL, IERFD TA-IVR—= TG A DELDHLIITER
FtL7=(Figure 2-1A), CO. E - DOHIREEFR Y A MIBEY)IZERETLT= PCR TS51 v —LHH
BhEAIETELDIIIESTHY . BEGMBRATNZHRERLEZ{TI2LIZE-T ORF
DREDBIRETIENTES, KETIE, CORIE—FRAN /00— T EDRIRY
DFNE., RITEIEetE, BRI OV TLHE TERT S,

2-2 KB
EBRIC/H N -FE
HIBREESR (L. Ncol, Ndel, Ahdl (New England Biolabs), BamHI (TOYOBO)&E ML M=, 5145

—33VIZl%. T4 DNA ligase (Promega). 7IAIRFAEIZIL Wizrd plus SV Minipreps DNA



Purification System (Promega). HlfREFFRUMIBIZ DAY 42—& PCR EYDHEHIZIE Wizard
SV DNA gel and PCR Clean-Up system (Promega)&{f L1z, AYTXILAFRT 547 —
(&, LBESRTLYAIVRKYBALTz, T5RASFIL, pGEM-T (promega), pGEX-4T3
(GE Healthcare) . pET-32a (Novagen), ZfFALf-. PCR /A—=VJ O &HR LT,

QUICK-clone cDNA of mouse spleen, human Hela cell (Clontech)Z FLV=,

PGEX-4T3 ZE/[ZL/=FEX1 7 T-NIRZ—DIEE

3 -T BHKIFH A MEDLB-HDY U D—EBAT BRI, TSAIFD AmpRIEIEF D
BPIZH D Ahd YIEi YA MY AL U2 a—F—2avZ B AL18). Ahdl Y] A FEIRIEL
f=o

RIZ, 7547 —dGGATCCGACCATTGGTCCACCTGACTGACGACAGTTTTGAC front] .

dGGATCCGACATTTGGTCTTATTAGCCCAGCACCGCCG [rear]&FILNT pET-32a/PACAP

Z#HEEL T, 550bp (D DNA Bty % PCR THEMEL 7=, ZM 550bp (& PRESAT-vector D'/
H—EEB3D T MRIGIT Ahdl HAb RRIZTFALUFFIUEI—FLTWSA, FALE
X U5 1&. PRESAT-vector & Ahdl TUIEIL TEEHRICUBFIZIEBRMAND KSI1THE-T
L%, 12,550 bp ELVIREIX. 7HA—RFILTERKEZIToI-LEIT, Ahdl TREIZ
P CERTSRAZIRE M TETLWVEWTSAZIFEZNBETESRETH D, D PCR B
(X, Andl FALDSMBIZ BamHI B A +EHDKSICERELTz. 2D PCR K%, IXL®IC
pGEM-TIZHTHO—= 4L, #EEL 1= 550 bp D &R 4 DIEREFEHER LTz, &I, 550 bp
DY N—% BamHITHIYHL, AmpRIZREREB ALz pGEX-4T3 DANLEVERHEY A
FFRD Bamﬁfﬂ4 MZHEALTz. CORYH—25 g% Andl THRIEL, M 3’ Kinlc—1EE
ZeH Ut dT 2 DEBERICLz, 7HR—RS I TERKE. BH%. BLT 15 ug DEHE
IR pGEX-4T3-PRESAT vector M1 1=, FHE L 1= pGEX-4T3-PRESAT (&, RO EERIZH

(AY =



PRESAT-vector ZfL /= GST BB E BRI EF A1 RBEFRDIUL{TIER

Eb. T9X0D SNX15a LEER, I X, ERD Vpsdb D MIT KA % 1E1ET 576D PCR
ToAT—ERE LIz BIADTS4<—IL, GST [THEOTIL—LHESKSITFI/EEDD
Fombiaky . RIFOEEN 5 -GG LE2NERTBEIITHE LIz BHEDTT1<—IZ.
FACO D CRIDDESIZHEIGARZEE A, 5 KIGDEEM 5" -GG &K IITERETLI=.
D 5 -GG [&. PCR T&iEL 1= DNA M B HY. pGEX-4T3-PRESAT IZ# 5 [E0) ORF TO4R
MoF=EZIZ B 2 D Neol YA MELBDHERID—EPTH D, COFHLLELD Neol B AR IE.
ORF DA R DR DEXFETHIALT=. Tag DNA 7RYAS—E%{FE>f= PCR THIEL 1= DNA
ZEHIK pGEX-4T3-PRESAT &LE& L. T4 DNA ligase ZINZ T 4°C16 BffEl. 244 — a3
RIE&E{T2120 RIZ, SDF17—2aViBEWE DHSa~E AL, DHSaldIO=—(CBiEE
FTICREEYOEETRENET VEDUEET LB I TEEL. 7“57\s|~°’é§}%];%u:o ]
BLI=TS5XZF 200 ng & Neol TRLEEL , ZD55M 10 ng Z AL THREAKIEE BL21(DEJ)
EMEEHL. LB JL—tETan=—%2lalEtE =, BEL-an-—2AVT. EREHR
BRBE{T 1=

GST S ELEDHFELE

5TEHD GST-MITRENYF—DI0—2ZEN TN {EY D LB-V)La—REHTIIC
TEEL-, BARDEED ODw=04 ITH-12ECATHAMZIEAEORBENDFEL IPTG
(ImM)THBELI-, FER. 3 BEE. £EL. MiamH¥o SDS-PAGE ZTLWERE D3
MERRLT, MR, $R1E&[0.15 M NaCl, 20 mM Tris-HCI (pH7.5)]IZf& & . B & KHEE
TN =D B R . SDS-PAGE THHTL ., AIAMEETBMD GST-MIT EHEDEZ RED
o=

RIZ. CDONB LB HERALT, AlIAEBERICEEND CGST-MTERENEEREL o1

2 uL OB LEEFEZE 1 mL O CDNB 247 #E1&&([1 mM CDNB, 1 mM GSH, 0.1 M > E&HY™D
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L(pH 7.5)]I2mAZ . ;BT JRE 340 nm OEHAEED EFERIEL =,

ZEEME N BBV IR Viosdb-MIT FA1> D FTH

UNiZEMEERE GST-MIT(mVpsdb)Z 1§ 571-8 12, pGEX-PRESAT-MIT(mVpsdb)Z+
D BL2I(DEHZETY . LB EMTHEEL. £D55 05 mL # . KE—DEFRRELT 0.7 g/L
"N-NH,CI Z&3 M9 £t 100 mL (ZH0X T 30°CT 16 BEREHEEL. 900 ml () '°N M9 tEhi=
MZT=, SEEEHT. BED ODg,=0.4 L7552 ATIPTG (1 mMZFML. A X EA
HEOXRBREFER, S5 6 HREEL,

SHEL-EHE 50 mL OWBREERICEBL. BERICKYER . EUSBECRYTEBHE
B ZBRU=, RIBEE S &Y GST-MIT Bt & EHE% Glutathione-Sepharose Fast Flow
(GE Healthcare)& ALN=7 J4= T4 VO 574 — 2 ko THREL T, i 1L DIFEENDS
B-RAEEQHEIZ. 150 2=ybDHI L RAOVE V(GE Healthcare)Z/NZ .. 25°CT 20 Y]
Bl zo RIZ.MIT RA(UEBEAF O ZIRIOTNTS5T74—THEIL, SDS-PAGE [ZIRIFY
DTIWNURTHBIEERER LT, N-M9 HEHh 1L DIEFE(ZKY MIT FASY 6 mg HiEDH

1-_.
Zo

NMR

NMR BI5E [&. Bruker Avance DRX 500-MHz NMR spectrometer & Z SIS RE D IS A F
ERFTHBTO—TERALV=. NMR H2F)LIE, *N-MIT(mVps4b) 1.3 mg % 300 ml ® NMR
ZEB®’ (50 mM NaCl,. 25 mM ') E&FFJr7 Ly (pH 5.5). 2% )EA—)LIZBEEL =,
1H-15N HSQC (19) [Z. echo-antiecho method (20, 21) [Z#i¢ 5T 8 [EFEHE. 256 T—ARA b,

25°CTHR#EL . nmrPipe (22) TT—A2 B %E1To1=,
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2-3 FREER
FEHSFR T-NOA—DIEE

Figure 2-1 12, HlIFREZRALEZ FHLVT cDNA BT DA D ORF DA RDEMNEITSHE
[ZDWTRLTz, COFETIE, BMETHHRD ORF DTIRIRE, #AMAOD ORF DTS
AIFZERFNT =012, TIRIFEBEOKGEABAT DRIHIRERLETIEND
RIBARBEZ R V. TDT=8IZ cDNAEIED PCRIZERTHE AT S517—(L,. 5" -GG
F=(E 5" -ATG DEFITIHEY . BIAD TS/ I —EoFN TN 5 -GG, 5 -ATG Z & (+5H &
51285t LT, Chik, FSRIRD TA-YO—=U 54 A O L FIZBIERL Neol/Ndel 1
FEEREILTHAO BIRIE. BEDTS54T—IZ 5 -GG 22T 547 —ERALVTIEIEL
= cDNA 1 TA-IB—=2 YA MIH B RIZDENSFIGEIZD A, FHLLY Neol YA kA
TEDELVSEMAH THD, AHRIS. RAEDTTA4T—hH 5" -ATG HoiaFHED THEMELT
cDNA DI ETEE BILHIZ Neo/ FARDHRDHYIZHFHTLLY Ndel YA TED, TDT=0.
#EA LTz DNA B A RICERLB DL, Nool Et=lE Ndel T Sh BRI SRR LA
D.ChEFXKBEE~AEALERICHERSEN S (Figure 2-1B) . CcOHF R D F &
% . "PRESAT-vector j%” (Potential Restriction Enzyme Selectable Asymmetric T-vector)&

BAft=,

PRESAT-vector #/FL V= GST & EEEFA1> RBEFDI{TIERL EDI)EDRIE
Figure2-2 &, GST A RBRAVF—DAITHEEICHEITHEA DNAK R OT7HO—R5 )L
BERikENE. RREBED SDS-PAGE DIER THAH. PRESAT-vector IADHIRETRT 1=
(2. pGEX-4T3 HE®D GST MAEERBERBEAVI—Z T-~U4—1{Lt.
pGEX-4T3-PRESAT ZRL\VT, "MIT"(23) &R 1Fon =% 70 72/ EA L HHEDER
BRAMDEA—FT 55 DDEIEFOERREZEEL . ThTLDEGRFIX. BEBDT/

L DNA. F=IEHRD TR, £ first-strand cDNA M SIBHERL: Tag RUAS—HEZ AT

12



Ahdl Ahdl

BamHI1 A A ‘BamHI
e N | o N

GGA TCC GAC CAT| TGG_TCC ... GA CAA AAT GIC GGA TCC

CCT AGG CTG GTA ACC AGG ... CT GTT [TTA CAG CCT AGG

Ahdl digest

3’-T overhang

AT GTC GGA TCC
TTA CAG CCT AGG

pGEX-4T3-PRESAT

\_ potential Ncol / Ndel site
XXXX=—//—XXCCA
AXXXX—//—XXG6
N o T/A-clonin
ORF direction &
tac tac
- S R
v -7 / o '
/ GST , GST N
/ S // Y Neol
/' . target gene target geng~ 4
%___“P ‘,f" 1% /”rzss,
\ o .+
\ o \
AN .- - ,1/ \\
- -7 // \\
/”/ \\?‘?// A
Pl - forward (;;;ntaﬁm \\

GGA TCC GAC CAT XXX X —//- G CAT GTC GGA TCC
CCT AGG CTG GTA XXX X —//- G GTA CAG CCT AGG

Ncol digest .-
. .~
ORF selection X

Figure 2-1
Concept of the asymmetric directional T-vector.

(A) Construction of pGEX-4T3-PRESAT and direct cloning of PCR product in pGEX-4T3-
PRESAT. (B) The schematic representation of the ORF selection method using potential
restriction enzyme site. The figure illustrates the case in which Ncol is chosen as the
second restriction enzyme for selection. The rear PCR primer is designed with 5'-GG at the
5’ end, so that only the ligated plasmid with insert in the reverse orientation will have the
Ncol site at the TA-cloning position. For Ndel selection, the rear primer with 5’-ATG is used

instead of the 5’-GG primer.
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Figure 2-2
Parallel construction of the five putative protein domains as GST-fusion proteins.

(A) Overexpression of GST-fusion proteins. Whole-cell extract of randomly selected E. coli
BL21(DE3) colonies carrying recombinant plasmid were analyzed on 15% SDS-PAGE. (Lane
M) Molecular standard, (lanes a1-a5) yeast Vps4, (lanes b1-b5) human Vps4b, (lanes c1-c5)
mouse Vps4b, (lanes d1-d5) human Snx15a, (lanes e1-e5) mouse Snx15a. (B) Analysis of
soluble and insoluble fractions of the GST-MIT fusion proteins. s and i represent soluble and
insoluble fractions, respectively. (Lane 1) Yeast Vps4, (lane 2) human Vps4b, (lane3) mouse
Vps4b, (lane 4) human Snx15a, (lane5) mouse Snx15a. (C) colorimetric CONB assay of
soluble fractions of the five GST-MIT fusion proteins. (Open circle) Human Vps4b, (filled circle)
mouse Vps4b, (open triangle) yeast Vps4, (open square) human Snx15a, (filled triangle) mouse
Snx15a. (D) Colony PCR analysis of the randomly selected colonies carrying GST-MIT fusion
vector. (Lanes al1-a5) Human Vps4b, (lane b1-b5) human Snx15a, (lanes c1-c5) yeast Vps4,
(lanes d1-d5) mouse Vps4b, (lane e1-e5) mouse Snx15a.

AV RIGETO = 51

PCR TE1EL . EE4KITLTz pGEX-4T3-PRESAT ~EA . 517

H—2a B 0RBARTREE DHSaE R EER L. ELLVAR® ORF DT SASREF AR
M ORF M7 SAZIFEH ODAXBENREL-RETRFEh TEREL, IBELI-TS5AZFE
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B -, RIZ. BHOFRIZEASNT=-DNAZFDOTIRAIFDORR OF=HIZ, ARLI=T
SRIR%E Neol THIEIL . Th&EBL2I(DEI~NBALT=, SIEEDIAV ARSI ERE NS,
5EDKEEIN=_—%EEL. EAERBEFERICAL V-, SDS-PAGE THHLI=&T5. 25
20=—M5% 23 aA=—(F 5L 92%) NAFLEY FEORMEEREZHELTILV:
(Figure2-2A) . RIZ. BifFL1=5FED GSTRMEEBREZRELE-ThThOan=—0,
REL-EOEORMREOSHET oIz BREOITE. KIEHEARR, BERBRRE
ORBERES ERBRELNIEFNHEBEZ. ThEh SDS-PAGE & CDNB assay Dl
5 TiTof=(Figure 2-2B, C), CETOEREREIFHNIC, 5 BEDIAVARSIEDENEN 5
2MIA=—[ZDWWT, AA=—PCR EIZE>TIV Y — b HF G475 —av EYMOD
B &% 5 H LTz (Figure2-2D) . 25 ®aAR=—M5% 23(Fhids 92%) han=—5h', BHIOD
BEFEHFICELLVREDA Y =N ASTIRIREFOITEN D Mot ThPRIZ,
ZO PRESAT ZZRAWACLT, fifFL-REAEREZR RIS ELLVARISERFA IR
Dot=TSRAIREEHNERIZ/ILENTE, TRELREI/D—2 OO FHZERECHE
DEIFBZIENTESO. /0—=2F DEREHROEHNT LI LN TES,

oA—=20L /= mVpsdb MIT FALD NMR %> T /L DR

R ERLKIZR GST-MIT MEERBZFR T H=IZ, pGST-PRESAT-MIT(mVpsdb)%
DI —42ME—DRFREL T °N-NH,Cl ZEL M IR IEHITIEEL -, RBELI-BE
EAZIL.GSH 7 I4=T49ATM 57— THEL. AAVE L TGST & MIT FALV DR
UL, BB AR YOI ST —EANTERNO MIT FAS L ZE B BELT-. mVpsdb D
MIT FAL ORZESFE L, 'H-"N HSQC AR FILIZ &> TRUT=(Figure2-3), 90% LA EDE
HEOTIFBHEDBLHBLA—THRITFILIRELN MIT RASUISEEERRAC O
ETHHZEDRENT=, TDH. EF Vpsdb MIT [ZDWTHERHTEHED | SLRHE R E A

tr&ht-( 24, PDB ID: 1WEO),
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Figure 2-3

An example of 'H-15SN HSQC spectra of a purified MIT domain of mouse
Vps4b obtained by this method.

TH-5N HSQC spectra was acquired with eight transients and 256 increments
according to echo-antiecho method at 25 °C, nad processed with nmrPipe.

PRESAT-vector D A;E 1 & E E B FAERD/=0D HTS ~DIGFH

Z20 AhdI B AFEF DU A—ERWSIET, EAGRBEDRBERIS—THLIERNTHT-
ROB—|ZEWTHEMTESD T8 . PRESAT-vector DRI —AEMISERATHETH S,
ARPRTE NMITIV7OHEBEYP THARABEEAEDOREABTETHAHIEN L,
KIGED GSTREEBERBRRUNERAL, ABHOMBMEYITO GSTREEEE
DEIL. b CDNB assay [CKOTEBITRIELDHEMNTES, CONB assay IZEH>TREA
Lo EEME S D GSTREFERE D EIX. SDS-PAGE TORREEEIZ—HTHLEDT
(7 >7=H% (Figure2-2B, C) . COLLBS AL, 96 D TILTL—FERALV= HTS 2B T

EABYERLEAETHD. GST ABREDNRRS(T73)—cRAVEAIEEREER

16



ViZRER T 576D HTS IZEWT, GG T-RO2—ZEBALLESE. 10—t A
WA RIHEGEL-TSRASRN S ELLBIEYIC L BB EDRERNECELDHLITES L
ML.PRESAT-vector ;A Tld, BRIODARICA Y — A ERGL., aiEMED GST BEEH
MiZa—KRL=75R3K 23 0a0=2—, 0%l L DE IR THE T2/,

TA-9O—ZU T D47 —2av HEEFERICHEVDIEAMONTEY | BKRAHLHIER
[ OB DAEE S 518 0D HTS [ PRESAT-vector kOB RAILIEEIHRTHBLE
Ao (Figure2-3) , RETRARF=FEZIGATHILT. 96 VTV TL—REBRERST
ENTESEREBEZAVTHIRELARIILTEIETHENTRETHS RERNLERE
(GFP)(25, 26) X0, ATV A —E QNG EZRERF ELT=. in vivo, in vitro TD HLBEE
AW HTS ED7AT7IE. ShETIZHELCOMRESN TLS LML, GSTREERE
(. GSH E—XZRAWTT 24 =TRBEMEHHIZITZA S, in vitro TOEALRHIEIH VNG
EREBISELTVS . RERGLIAIERID NMR 27 ILIRAE O L 5BEEEMEICANST:
HOENEBBEZ KGR TRESELCENTELELVIRAT. HRHTHS,

#35

% 2 T TIE. PRESAT-vector L= PCR Y0 —=2 4 D E RO RIT A Bt L@tk
[TV Tl R f=, PRESAT-vector ZAN-HAMAEOERRRODBEETE. SHED
ORF ARLERMNARETHY . AV A—EBEICHTHERALEHROIMHIZOHENDIEETRL
=0 PRESAT-vector ikl NA R —F VMBS - HEETOTHTIRMRICE N T, KE4

BIERENZOH TS,
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(i) — — —

—— —

(ii)
PGEX-4T3-PRESAT
\'d
(iii) Pick colony
grown in LB
express protein

extract crude lysate

14-——-—- CDNB + GSH

18

colorimetric assay

Figure 2-4

Concept of HTS for the soluble GST-
fusion proteins from protein
expression libraries.

(i) Various PCR primers were designed
and used to amplify a series of partial
cDNA fragments of the protein of interest,
which may contain a putative domain. (ji)
The fragments are inserted into pGEX-
4T3-PRESAT vector, selected for ORF
orientation by restriction cleavage, and
transformed into E. coli for colony
isolation. (iii) Deep 96-well format plates
are used to culture individual clones to
allow expression of the GST-fusion
proteins. (iv) The clone displaying the
highest CDNB assay signal will be
selected for further analysis.
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BIE

PRESAT-vector ZRUL\-TA 1 ~HIlE~DEBEHEARZR~ADIEGHA~

-1 EHBE~AOECSHEALTHRIEDT-HD LBT/PTD 4/MAaEHHEREARY
S—NER%

3-1-1 Fifi

NRBEAHEMRTEEA THIEN~NBAT 35ER. BERHARISHTBRLL DR
MTHH) INSHERFORTFRERLGY  EAE LEMHBOMIED SHMEIL SHERN
NRETHIENTESEITTH S, EAEZE AR A1 U (protein transduction domain; PTD)&
LTHISHTLVS, HIV-TAT(2,3). Drosophila antennapedia @ DNA $5 &~ wHR(4), H R
D7 ILFZURFFROBEDLOMDTILF=UICEORTIFRESIZ. EBEEAIC
BII2BEUFELTORAZRET . ZRBIHALGNTWVS PTD O—DTHD
HIV-TAT(49-57, RKKRRQRRR)IZ, B&FRIG A~ D FERZE BIFEL THREYEBTZRIZELS
HERAT TS, HIV-TAT(49-57)I%., 120 kDa ETOHRA LR FENDEAEEZHEATESS
ENRHBNTEYE), F-EBEHDN XK, CRIFEELLICHELIGETELERERF O,
COBMOHARICHEITIELHAE. RVA—DEELBEEALEOREUITERLILTH
®o

MmE~nEH Eﬁ]&%ﬁl:ﬁut BALLERBEERETIAENBEETHD. EA
HOMYRAHDEFTEE=S—F BI=HI2(L. HARBIK. LRBH. REAXEOH
RBEERAVEEBEORADRENMDETH D EF. HRRESVFZFIZT KD 57 nM A5 4
M OFERTHRETERIICT YIS 17 PER/BOSU2=F#EE 4% (Lanthanide

binding tag; LBT)A'\BHFEENT=(8, 9, Tb*DIH/HE . LBT-SU A FESKITENRI T
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(Ae=277 nm, A,,=540 nm)D L FEHELST-6. LBT-REEREORHICERTHIENT
&b,

AETIE. \OTV7THRESE, BYMIRICEATES LBT/PTD 2V EEBQEIZOL
TBRARD, MAT AN T IZT4—IAINT F5T4—E NPT I4ZT470NT 57
1—E AW BB 3RTY SRR EHI LTz, £, LBT/PTD 27 BEEBRBERE RIS
—DyO—=27 Y AL, PRESAT-vector SE(10)2 &L =AM ERFof-PCRYO—=>
TV EIRERE KSITERET L=, LBT/PTD 27 BE RO ER, FHE., Mila~DBE A, AT
AIREDEEAIL. GSTZETIILEBEELTRWNV=RERIZE TRL=,

3-1-2 SEER
FEBRIC N GE

#IBREZ3R Ahdl, Kpnl, Ndel, Xhol, BamHI [&. New England Biolabs D&MD ZEHERALT=, 54
#'—ar & DNA DFEHZIL, T4 DNA ligase. Wizard plus SV Minipreps DNA purification
System, Wizard SV Gel and PCR Clean-up System (3" X T Promega)% Bl \f=, AT XL
FTFETSAT—E  LBES AT LY AIVORIZEREKBELZ. RERATSXIFIE.
pGEX-4T3(GE Healthcare) #8ZEL TAL =, PCR ¥A—=_%(ZIE, rTaq (TAKARA)Z{E
FAL.PCR M#E LT, GST I% pGEX-4T3 % Ubiquitin IXZR Ubiquitin BIZFEEL TS

ASFNZAL=,

No—t5 5

N K72 LBT 24 (MGYIDTNNDGWYEGDELLA), i\ TIERFFEZ DD AhdlH A b EHED
PRESAT YJoA—%a—FL TS TSRZFIE, pET-TRX-PRESAT(11)Z£IZL T TRX-His6
DE D% LBT [ITEEE X 1= pET-LBT-PRESAT Z{E&IL 1=,

TAT X7FF(YGRKKRRQRRR-stop)ZA—F§ 38 HA VI XUV A FRoKEEE.
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PGEX-4T3 O GST O C KIFED BamHI & Xhol A +DREIZHEKEL . GST EIZF D 5 ‘K i
ORI DETAHIZ, #it=4i Ndel YA E{E>Tz pGEX-GST-PTD™ #{EH L 1=, I,
HRIFIZ Noel Y1 &+ LBT 2a—F LT &=F B F%E pGEX-GST-PTD O GST i#{nF
0 5 FKimfAl~EAL. pGEX-LBT-GST-PTD™ #4E R 1=,

RIZ. AmpRIBIEFH @) AhdlH 4 % GeneEditor (Promega) # L= S ERBA(ZLST
WiELT=o T D% . pET-LBT-PRESAT 0 LBT-PRESAT MDE}4 % Ndel-BamHI THIYHL .
pGSX-GST-PTD O LBT-GST D& EANEZ = pGEX-LBT-PRESAT-PTD™ Z#{EHIL
t=o

pGEX-LBT-PRESAT-PTD™ (&, Ahd/ THIBIY ST & T, EXFF TAVO—=0 T DT A S,
CHERAWLT, TR ubiquitin ZEE{K(LBA/I44A/VTO0A/DT7; Ub™&. T R neurotrophin

receptor p75 death domain (336-420;:NTR®) D/ A—=2 45 %#{F-57=,

BB

ThZThoEBEHBAAY 42— (EGEX-LBT-GST-PTD™" | pGEX-GST-PTD™"
pGEX-LBT-UbM-PTD™", pGEX-LBT-NTR™®-PTD™"#HE AL-KI5ZE BL21(DED%E LB-4
NA—REHT 30°CTIEEL - IEEROMBEEM 0D NELE 04 L13of=EIHT
PTG mM)Zi#IL ., A MABEREDORBEZHEL-, TNk 20°CTHY 24 BrREIEEL.
£EBL=, BIKIE, BFHEE&50 mM YBEEFRJI L(H 7.4), 300 mM NaCllhTHEE
BHBRETV. ELSBICK>THARBMEES ZREL, LBT/PTD #BEEAHEI(L.
Heparin—Sepharose Fast Flow (GE Healthcare) . N* 7 74 =T 4V AICT 574 —.
Heparin-Sepharose Fast Flow DIBIZEREL -7 74 =T4—I BT T74—IZL>THEL
tzo ET XL HIC, HREHH &% Heparin-Sepharose A5 AIZFHEML. [50 mM Y EEF kY
Li(pH 7.4), 300 mM NaCl] THS LZHE>1=#. [50 mM U BRI Li(pH 7.4), 1 M NaCl]

THSLICHELEEREZBHL RIZ, BHRERE NTA4FFL— S LIZFTTSAL,
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FEICEERTHESEE. (50 mM U EEFR) I L(pH 7.4), 0.1 M ASF Y —)LITHSLIZHS
LE-EBREEBH Lz, REIC NAFTOFL—bASLLLDBHEE. 35— F
Heparin-Sepharose A5 LIZHEML ., LS ERBKITESE. BHL =z, FIhEFRIC,
LBT-GST-PTD™ %, — #9757 Aka—)LIZH>T glutathione-sepharose Fast Flow 4%
W= GST 72427 4-I0X T 5371 —THIFRE{ToT=, To*FL—k LBT-GST-PTDTAT
(&, FBEED 100 uM DEBEARKIZ, TO*AMYIBEKR10 mM 2B ESIZKIZEMLE=E
M)%.50 pM tté&i(:huiféﬁé&bf:oTb“*@;’;%fi%"éﬁélE;);‘%E{U)ﬂﬁﬁl:u:w(i. 21
—0 T HRBIEEEER DD EHT-HTH 5.

bl S
SERIZIE. Hela & NIH3T3 ZRALMV-, S oD MRIE. 10 %(v/ V)DL BRRIME. 100
unit/mL DR=ZDYDERRL TR AL EMAT= Dulbecco’ s modified Eagle’ s medium

(DMEM)ALNT, 37°C. 5 %CO, DIRE F CIE&ELT-,

AN DEHEEZA

HelLa XI& NIH3T3 % 6 Dz )L T4y 2(SUMILON)T 30%a> 7L I MIHETIEEL.
1-2 uM LB EIITHERL AR BB EZMA - DMEM [TIEE IR LT-, T DR 5 B
FE&EZ#EL. PBS T2 Biki%&k. N TLUZAVTHRZRBEL -, ToulahoRIg
Li-fifa%—FE PBS [TEREAL. MRHERZ-&. ThThOMBEEALY 10°&45K51250
BLTHRZRNIL:, Th T OMa%. 50 ul OHREA#ZK[0.1 M Tris=HCI (pH 7.5), 1%
SDS, 1% 2-AWNAT+TR/—ILZERLT, AR -HIEAEMD SDS-PAGE Z1TLY.
PVDF JRIZERE . MAENIZEENI D GST MEEREZ 20,000 EHMD anti GST Hifk
(Nacalai tesque) . 5L VT HRP 4254 anti mouse IgG $ii{A(Promega) Gi& L . ECL-plus (GE

Healthcare)Z#FALNTHRI#RIEL 1=,
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F1-. BIZEYRL=#Ra% CellLytic M solution (Sigma)ZAULNTAREL. 1 mg DAYRTF
A —4-T (iso-T, UBP5, BIOMOL International, PA)2 N Z T 37°CT 2 BElIEL V=, /=,
iso-T ZMA TLELWRRY LTIV, KET 2 BRELV=, TO%. ChoDHUTILt,

LAY IR TaYMMIKYBH L=,

AR Z S BEREE

35 mm T4 alTh/\—H S5 X (Matsunami)ZE AN =t D EI= (X, 35 mm DHFARELT
149 a(Matsunami)IZHiREE 30%3V DL IV MRS ETEELR, Shiz, T D) —Ff:
[ Tb*&FL—rESE-HARIEAEERIRE 2mM £S5 KS5ITMA - DMEM ZRALNT,
LERERRICHIBADEBEEAZ{To1=, 5 FfEli%. #ifla% PBS TRIE&HL. A2/—
JLHIZ, -20°C. 20 SRAEE. MlBEHSRICEELT=, BEH. 0.1% Tween20ZEL TBS T
2[E%#L.0.1% Tween20, 1% W RRRMFEZEL TBS THIML - anti GSTHAKIZIEL.
4°CT—BRELV =, EiFi%. RHRD TBS THRLIZ ZXI{A(Cy38™ conjugate anti mouse
IgG antibody, SIGMA)IZERT 1 BREIRIGEE. TBS THki#L1=1&. Prolong Antifade
mounting medium (Molecular Probes)&x FALNTHE ALT=z, £z, Tb*FL—k LBT-GST-PTD™"
ZEALEY T ILTIE, BER. DAPI10 ng/mDEMZ 1= PBS IZ5 2 REliE LIz, #ALT,
F=  HSARCLT v 2 CIEEL-MZE ALV-EERTIE, #ila%z PBS TH-of=#%. B
BT ICTOFEFMRERRLI=,

MR~ A--EEEOBHEEIL. BAIEMIEIXT, DPT0 color CCD camera system;

OLIMPUS)Z FI LN THT o =, Tb™ HA € O 8 & D B Z [T [L . UV-excited/wide range

VIS-emitted mirror unit (U-MWU2, OLYMPUS)Z L =,
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3-1-3 FWREEER
LBT/PTD #2° PRESAT NOZ—D#E

LBT/PTD 4% PRESAT RU2—MDTvF &, PCR THEIELT- DNA B F DA REZE 1=
TAYA—=2 T B OREE Figure3-1-1 ITRL1zo R FIE. PRESAT NI 5—% Ahd/ TY]
Wi HIETTE DM 3 -T BHKRIGHOMICIERT B, iTADTSAT—EEBATS
AT—IF. TNENLBTETAT MEBEIEFETIL—LMNES LI, #igaF AL TERE LT
MA T, Konl WEIZ&->T, BRIDH RO ORF Z# AT 51-0IC. BH T34 —0 5 K
[Z 5’ -ACC Z{t ML 1=(Figure3-1-1b), PCR EEMHM R A H IR 54— h o158, %
DRYZ—(E Kpnl IZE>THIEN SO BEERRICCORI2—ZRO>ABEMCIN=
—IFELEL, EDMDEHE. 5 2ETHERLT-pGEX-4T3-PRESAT LRI D FE 4% EIE

L7=(10),

LBT/PTD & EAEDF 71r=T1{5 %

LBT/PTD RS EBHEMRICLCGERTESREEAERRET H-DIZ. TATLHED PTD A
ANYUAFEEL2,13), LBT AN FL—bhTLICHES T HILITIEB LTz, Franz 5D
R TlE. Hisx6 25 ITEHELI- To*FL—h BT O#E I NI A A UICKY FHESh b %R
LTHY. ShiE N*A BT ICEEHEL TSI LERIET SR TH D). BRI, KIHE
HEMICEAEEMERENTICIETHEBEANTEEVLLDD. LBT-GST.
LBT-GST-PTD™(Figure3-1-1a, lane 3)h% Ni*FL—hhSLICHETEHIEMnLI 1=, F
D1z, LBT/PTD ME&EHE. LBT-GST-PTD™. DBHZDDTF I(=T49aTLI5T
1—ZEHAEDLELBRIEZHEBAL =, Heparin-Sepharose . X IZ Ni**-chelating
Sepharose N5 LIZKUFERZE{TolzL A, SDS-PAGE THAAL U /I\URIZEDHLICHIE B
B HEMNTEN=(Figure3-1-2a lane 3), RIT, SHLEHFHLE. EHEFRICEENDM

SAYY—IILE NP LA ERRLT=DIZ. Ni¥*-chelating Shpharose BS LML BHLI=-Y T ILE.
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B U Heparin-Sepharose A5 L THREELT-, TDFER. heparin-Ni*-heparin 7 74=T14HhS5
LIZEYHBRLT= LBT-GST-PTD™ 4, glutathione-Sepharose 174 TRL BB EEHEL

T-B§(Figure3—1-2a lanr 4, 6)ELER T, + 0 HETHELONT-,

Met Gly Tyr Ile Asp Thr Asn Asn Asp 1y

A . 5'..ATG GGA TAT ATA GAT ACA AAC AAT GAT G
tac T-site 3’..TAC CCT ATA TAT CTA TGT TTG TTA CTA cr:r
’ - Trp Tyr Glu Gly Asp Glu Leu Leu Ala His Met
LBT TGG TAT GAA GGA GAT GAA CTA TTA GCA CAT ATG
PTD ACC ATA CTT CCT CTA CTT GAT AAT CGT GTA TAC

Asp Gly .. (target gene).. Met val Gly Ser

W
N

P| GACGET ... ... o...... ... .TG GTC GGA TCC
pGEX-LBT- | aGcc ... ... ... ... ... TAC CAG CCT AGG

Tyr Gly Arg Lys Lys Arg Arg GIn Arg Arg Arg
TAT GGG CGC AAG AAG CGT CGG CAA CGT CGG CGC

PRESAT-PTD §§

b’?&\‘ ATA CCC GCG TTC TTC GCA GCC GTT GCA GCC GCG

4 .
ori i \_ TAG CTC GAG CGG CCG CAT CGT GAC TGA CTG ..3’
L ATC GAG CTC GCC GGC GTA GCA CTG ACT GAC ..5’

XOX---//---XGGTA
. -==XCCA
T/A-cloning |:=£>
B ORF direction Kpnl

pGEX-LBT-

-PRESAT-PTD PRESAT-PTD

pGEX-LBT- §
§\ \

A

// \ \ +
I,, Ny W K
v S " mw\\@i
GAC GGT |[XX-(target gene)-XX GGT ATG GTC GAC |GGT |ACC| XX-(target gene)-XX ATG GTC
CTG CCA XX-(target gene)-XX CCA [TAC CAG CTG |[CCA TGG|XX-(target gene)-XX [TAC CAG

Kpnl
\Kpnl digest OREF selection g -

Construction of the LBT/PTD-dual-tagged PRESAT-vector.

(A) Vector map of pGEX-LBT-PRESAT-PTD after Ahdl digestion. The amino acid sequences
corresponding to LBT and PTD™! are underlined. (B) Schematic representation of the
unidirectional TA-cloning of the PCR fragment into pGEX-LBT-PRESAT-PTD™ The gene is
cloned and further subjected to ORF selection by Kpnl treatment. The rear PCR primer is
designed with an addition of 5'- ACC at the 5' terminus, so that only the ligated plasmid with
the insert in the reverse orientation will have the Kpnl site at the TA-cloning position.

Figure 3-1-1
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Hel.a #BFE. NIH3T3 B~ D LBT/PTD #7545 GST DEA

LBT-GST-PTD™ @ C KimlI=@& LIz HIV-Tat PTD 2% (&, hEMICHEA~EREE
BATEIENTNETIZERENTLVS, LBT-GST-PTD™ & GST #FNFh Hela &
NIH3T3 DiEthIcZ . EFELIz, TOHE. M T UNBIZE->THBET v ah b RIE
L. MifakmIckEL-EQHE%Z PBS THUL. BALL-EREOSIICALV -, VITREY
TOvbDFER. HIV-TAT RTFFRERE LTz GST OHHHIRA~NERYAFEFATNSIEN

Tanf=(Figure3-1-2b),

50K
40K

30K

20K

o

B 123 456
HelLa _NIH3T3

Figure 3-1-2
Purification of LBT-GST-PTD™ by different affinity chromatography (A) and its delivery
to HeLa and NIH3T3 cells (B).

(A) 15 % SDS-PAGE showing the purification step of LBT-GST-PTD™. |ane 1, crude extract,
lane 2, eluent from the first heparin Sepharose, lane 3, eluent from NiZ*-chelating Sepharose,
lane 4, eluent from the second heparin Sepharose, lane 5, molecular weight marker, lane 6,
LBT-GST-PTD™ purified by glutathione-Sepharose, lane 7, GST purified by glutathione-
Sepharose (as a control). (B) Western blotting of LBT-GST-PTD™ recovered from Hela and
NIH3T3 cells after cellular protein delivery experiments. Approximately 106 cells were collected
after incubation with different proteins, disrupted, electrophoresed, blotted and detected by anti
GST antibody. lane 1, HeLa with LBT-GST-PTD™, lane 2, HeLa with GST, lane 3, HeLa only,
lane 4, NIH3T3 with LBT-GST-PTD™. lane 5, NIH3T3 with GST, lane 6, NIH3T3 only.
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M r R A EMBETHETSE. LBT-GST-PTD™ IO BFBEICEAKICHFEL
(Figure3-1-3b), CD#ERIX. GST-Tat-EGFP ZRAWV=EERTHESNT-HEREIBUTLV
(14), Thlx, PTD [Ck>TEALEEZEBEDIFEAEFEIUORHA—RNEAICHY, —
HOAHLHIRENETADIENTEDELIHELL BT HRETH o=, SEAIDER
TIEIEALL-EBEOMBATOFEEFS G >z hEDL HR~ABALEZEBED
HIRALTAYRTIE GST A TRELT- LBT-GST-PTID A EQEO—HAESF
BDFHF —IT15> TV =(Figure3-1-4a), COFERIX. EAL-ZEBEO A, BARIC,
BEL{AEFFUIETHAER DN LEBHASh TINV-CLETRET S, Ml E 1Y
RIFHE—E T TREIILETINLDERFEDEBENBLLEIEN S, ZORER
(FEB 5 BIIZ(XREBA TE1=(Figure3-1-4b), TP ZXIZ, BALT= LBT-GST-PTD™ O —&I
AEFFUALLGEDBMARLAMIBEA~NASTVEEER D, F-. N RIKIC LBT Z/2
BLIEETH HV-Tat OEBHERBAEEICEEIR oG, of =,

A B C D E

Figure 3-1-3
Protein transduction of Tb**-free and Th**-chelated LBT-GST-PTD™into HelLa (top) and
NIH3T3 (bottom) cells.

(A, B) Cells were incubated with 1 mM GST (A) or 1 mM LBT-GST-PTD™ (Tb*'-free) (B). After
methanol fixation, the tagged proteins were visualized by anti-GST antibody with Cy3™-anti
mouse IgG antibody, whereas the nuclei were stained by DAPI, and the two images were
overlaid. (C-E) Cells were incubated with a mixture of 1 mM Tb3* and 2 mM LBT-GST-PTD™®,
and visualized by Tb** fluorescence after fixation and DAPI staining (C) or in living cells without
fixation (D). Differential interference contrast images of the same region as D (E).
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Figure 3-1-4
Western blotting of LBT-GST-PTD™ recovered from NIH3T3 and Hela cells after cellular
protein delivery experiments.

(A)lane 1, GST alone input (control, 1 pmol), lane 2-5, recovered proteins from NIH3T3, lane 6-
9, recovered proteins from Hela, lane 10-12, LBT-GST-PTD™ input (control, 1, 0.5, and 0.1
pmol, respectively). lane 2-9, proteins indicated were incubated with the cells for the indicated
time (hours). In the lanes 4, ,5, 8 and 9, the protein signals of larger molecular weight were
marked (black bar). (B) lane 1 and 4, molecular weight marker, lane 2 and 3, GST alone input
(control, 5 and 10 ng, respectively), lane 5 and 6, recovered proteins from Hela without and
with isopeptidase-T treatment. In the lane 6, the protein signals of larger molecular weight
(black bar) were diminished. In this experiment, endogeneous proteases were not inhibited,
resulting the increase of the signals of smaller molecular weight.

6" FL—Fk LBT/PTD 22 & E1 8 D Hela, NIH3T3 MIFI~DBA &, D #H A BFHBIZL S
=

To"FL—hk LBT-GST-PTD"" ORB W BAFMELE. TORXEFALI-ARILOEEE
17o1=(Figure3-1-3¢c), —fRIZ. SUA=FIXBHLHLLEEDLIATLLL SEIDEH TIE.
To"DFH, FI=1E Tb*FL—h LBT-GST-PTD™ #M A F=EH# T Hela & NIH3T3 #1EHL T
LRARAEFECHEDIIGLDFRohGEN o, MIREEEE. BOFEHYIZRKIZ T
FL—rEAENFETHIMNETYERBETE, COBEIL. GST fitkE Cy3™ Bl X
MAEERAVTRELEZLDERL THo1=(Figured-1-3c), A2/ —)LEIEDHD To"FL—k
FEOHERABHBETHRETHEHLIVRBICRT-, ThiX To"DHXDBETHRR(~540
nm)E—HL . DAPI TRELEH OB R LB HICEKFI TE /=, £1-. Hela & NIHIT3 BHEE
EETICEELFET TO"FL—b LBT-GST-PTD" OHXEZHREL. TOB/BE/2—IF,

30



BEEL-MREFIFERLTHAZ AR TEI=(Figured-1-3d). EEBHBALBHE O TOK
O—)LEREILE. GST ODHYIZ, Tb*FL—bk LBT-UbM-PTD™, LBT-NTR-PTD™" %#
W TR D EERZ 1T o7=(Figure 3-1-5), Chio® LBT/PTD BEEREL. KOAYICAK
[CRohf-. CORBRLY.PTD MEEBHOREE. METHIELHICLIRHEIIZHT
WELWZEATREEN T, =, T2 —0 LBT-GST-PTD™ #ffA~BA A2 /—)LT

HEFETFEERIC. TBBRTUNEBLEY T IUTIE. @O RARYEIRSA G-,

A B

Figure 3-1-5
Protein transduction of Th* chelated LBT-UbM-PTD™(A) and LBT-NTRPC-PTD™ (B)
into Hel.a cells.

Cells were incubated with a mixture of 1 mM Tb** and 2 mM LBT/PTD dual-tagged proteins
and visualized by Tb** fluorescence in living cells without fixation similar to Figure 3-3 (D)

DT ZEELBLIBE D, LBT/PTD 8T XI8—DIE T B9I-H FVL R

CZETITILBT/PTD A7 A3— 1 lilR~DERBHBARRICEVTHRATHLI LR
RUTZ. BT AU EMBLEMAT L —TIZEoTRENIEIIZ, TH"-LBT OREFAXDHEH
(X, A AHNES . BADRBBARE(L, A ZXAUNENEWV St HIKFEIZ L
NTELDAAGRALHS.

INALEA2, 90 B—FIoDSIERARELAN-EAHOLAERE, €2
RIGHIERFROICECS-OICHEYEVBF ARG, COLILEHBDT=H D — A
BFEZEO—DOIE. HABFED NHS FREICLLIBZAH) D VBREOEMHTH S, HIV-TAT

DESERBOTILE=UEFEDPTD ATFEG, 15)FUDUEBRESH. COLURXE



RITKDEHMELLELD, MAT, BKEEREBEABEORTFRAFMT 2L, MaEA~
DOBRMUELZTILSETLEITREMEDAH D, F-. tHDILZRIHEESE-HABRICHAS
T. T O#EHAGHIEANTEARAREBNEIVIKVDDIFR/RETAEATHD.

FALIZ, LBT DH A XAVNELN2 kDa)Z &k, To* 7Y —LBT DAL T A— a3V EEE
NTWEWNIEE, GFP ZEICLEITEERTUTICHRRE R THEATHS. £ GFP &
ZTDFEWKIL, 25 kDa EH A XD KRE RATRZERCZERZLEY. Thidlila~D
EREEADONEEZTITE0RetE0H 5, GFP B TH+ 41 KE A X GFP/PTD
MAEERGFEAR T I0EHETIEAL, in vitro TO LBT-Ubiquitinin ) HSQC DR
(1) HEFENSHELIIT, BT (FHEFTHY . BEALLEAEOHENTORENE=S
Do TIZBWT BT OERALE-AEEERTHS. MAT. KEECHOEMTRERSET-
GFP [XZEDTA—IT1o T HELL AHEA GFP RAEBEORRIIHETIIRLG
EhH5(17), ZLT.GFP A ERAE% GFP 2 AL THE I 54X F GV A, LBT/PTD
AU TEENERRALET 24 =T14HBED T EETH S,

LBT/PTD 20 & ELERBNIZ—DESLEIEH %

BRL=&KSIZ. LBT/PTD MEEBBEITHERAAY, TUFY—LEO/MRIZHERZSH
TLWBESICTR ATz To"-LBT DEANMIE TIIRAL TV SIITHETE M 21/
BEEAHY. T5THNIE. BEALLEBEOSLBROoN-ELETHAMRE OZO K574
OHERNDMREABLTLS O LAGL, EALLEBEOEBEEMRIX, FLBELGH
[ZENTLEL, ZHIZEMIDLT LD DA ETIEINKRESEERARITHI LI
| BIILTWS(18), R IE. EALL-EREDERERKRBEMMIIZTOEREDLLELLED
HEICKEDTIELNEEZ TS, LBT/PTD BER2T RI2—(ENAZX)L—T vk PCR
IO0—=UJIELTEY. COFETHRADEREEAD AN X LEHEILT H1=HD
MRIBDERTHD,

32



BEXH

1.

10.

11.

12.

Langel, U., (Ed.), Cell-Penetrating Peptides: Processes and Applications, CRC PRESS,
Florida,~2002.

Brooks,H., Lebleu, B., Vives, E., Tat peptide-mediated cellular delivery: back to
basics, Adv. Drug Delivery Rev. (2005)57, 559-577.

Vives, E., Brodin, P., Lebleu, B., A truncated HIV-1 Tat protein basic domain rapidly
translocates through the plasma membrane and accumulates in the cell nucleus, J. Biol.
Chem. (1997)272, 16010-16017.

Derossi, D., oliot,AH, Chassaing,G., Prochiantz, A., The third helix of the Antennapedia
homeodomain translocates through biological membranes, J. Biol. Chem. (1994) 269,
10444-10450.

MitchellD.J.,, Kim,D.T., Steinman, L., Fathman, C.G., Rothbard, J.B., Polyarginine enters
cells more efficiently than other polycationic homopolymers, J. Pept. Res. (2000)56, 318
-325.

Fawell, S.,Seery, J., Daikh, Y., Moore, C., Chen, L.L., Pepinsky, B., Barsoum, J., Tat-
mediated delivery of heterologous proteins into cells, Proc. Natl Acad. Scii U. S. A.(1994)
91, 664-668.

Ryu, J., Han, K., Park, J., Choi, S.Y., Enhanced uptake of a heterologous protein with an
HIV-1 Tat protein transduction domains (PTD) at both termini, Mol. Cells (2003) 16, 385
-391.

Nits, M., Franz, K.J., Maglthalin, R.L., Imperiali, B., A powerful combinatorial screen to
identify high—affinity terbium(lll)-binding peptides, ChemBioChem (2003)4, 272-276.
Franz, K.J., Nitz, M., Imperiali, B., Lanthanide-binding tags as versatile protein
coexpression probes, ChemBioChem 4 (2003) 265-271.

Goda, N., Tenno, T., Takashu, H., Hiroaki, H., Shirakawa, M., The PRESATvector:
asymmetric T—vector for high—throughput screening of soluble protein domains for
structural proteomics, Protein Sci. (2004)13, 652-658.

Tenno, T., Goda, N., Tateishi, Y., Tochio, H., Mishima, M., Hayashi, H., Shirakawa, M.,
Hiroaki, H., High—throughput construction method for expression vector of peptides for
NMR study suited for isotopic labeling, Protein Eng. Des. Sel. (2004) 17, 305-314.

Tyagi, M., Rusnati, M., Presta, M., Giacca, M., Internalization of HIV-1 tat requires cell

33



13.

14.

15.

16.

17.

18.

surface heparan sulfate proteoglycans, J. Biol. Chem. (2001) 276, 3254-3261.

Marty, C., Meylan, C., Schott, H., Ballmer-Hofer, K., Schwechandener, R.A., Enhanced
heparan sulfate proteoglycan—mediated uptake of cell-penetrating peptide-modified
liposomes, Cell. Mol. Life Sci. (2004)61, 1785-1794.

Ferrari, A., Pellegrini, V., Acangeli, C., Fittipaldi, A. Giacca, M., Beltram, F., Caveolae-
mediated internalization of extracellular HIV-1 tat fusion proteins visualized in real time,
Mol. Ther. (2003)8, 284-294.

Futaki, S., Oligoarginine vectors for intracellular delivery: design and cellular-uptake
mechanisms, Biopolymers (2006) 84, 241-249.

Wohnert, J., Franz, K.J., Nitz, M., Imperiali, B., Schwalbe, H., Protein alignment by a
coexpressed lanthanide-binding tag for the measurement of residual dipolar couplings, J.
Am. Chem. Soc. (2003) 125, 13338-13339.

Siemering, KR., Golbik, R, Sever, R., Haseloff, J., Mutations that suppress the
thermosensitivity of green fluorescent protein, Curr. Biol. (1996) 6, 1653-1663.
Wang, W., EI-Dery, W.S., Targeting p53 by PTD-mediated transduction, Trends Biotechnol.
(2004) 22, 431-434.

34



32 HMIR~ADEREEAFTHEER ErMULaAVVERERFHSESE

(Insulin-like growth factor binding protein 3, 5 ; IGFBP3, 5) H3ERTFRDEE

3-2-1 FFif

A2 UHRBRETFGFs) (T, HifalEas, MMFEE, REOBE. RBRRDER. 7
RE— RAABITEVWTEELRRBEE>TLD, MIBNIRE TR, FLAED IGFs TR
HTELRINMED IGF & ERAEIGFBPs)DI7IV—IZ&>THRBESATLVS, 6 FEHOD
IGFBPs (IGFBP-1 - IGFBP-6)0' B<HAREN THY. IGFs [THEEL. IGF D HEL. REMH. £
MEREEORE LT OTLBIEN MO TNS (1,2), Ff=. IGFs DBV FELTOERE
DI, IGFBPsIZMila R &ETRE— ADME— D RBEMNLET I I4—ELT.IGF &IdiH
MLIEREH OIENBEOHMRTRENR TS, ChoDHADIZFLAL L, IGFs &
HBETORNLIIEBRTHALBREDECAELLNTEY . FERELT. ChEIKIGFLE
TR—LIFHILTNDEEZ LIS, ChioD IGFBPs O IGF E3SL LI RED T, 4
OT7HRF— R E VSM MR D BB O EMFE R AT+ T—5—5' IGFBP-3 & IGFBP-5 TH
BIENNCOD DU LS TEHF SN TS, Chiold, RO OPETELE
ATRET 5(3-9),

XX, IGFBP-3 (% IGFs DA HINRE . IGFsZ[Rat T 5L THEIEMIZREL. A/
YDEGEOMRREO D FICHEMIKESL. LW TEHHEZERE S L IGFBP-3
FRFZOMAMEMHRBOPARREIASEN ST M LIz A A= X LIZE>TREERIC
FRENY A1), MABM A~ ATz IGFBP-3 [IZM MDA AHIE SN, retinoid X LETS4—D
SOGEERFEH/ET H5(10), Ff-. FEL-FES M CIEERIAMZ -8, Hias
0 IGFBP-5 [THIRBNERNADRENDHDHIIITRA-ERESN TS, 12), MR
REMEIZEITBHIGFBP-5 DAV FEMIILIBEICOWT, OB FHEAZETHE

SN TWWA3-17), MESN TS EZAIZKDEIGFBP-5 (THEFE LM RELT4—
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ST HELEEDLNRTNSH, 20 IGFBP-5 LET4—D 53 FHRILIEKIZBAS AL TLY
HLN18), EBLDIHEETH, IGFBPs DA~ DEYAAHDERMEDFAN=X LDOERE
FR+DEFETH D PBOFEIDHH, IGFBP-3 LIGFBP-5 DLt T4 —JF{KFHLE
AN caveolae-mediated pathway D KIGILURH A —SZRMELNABNEREBLTINS, O
LRTA—=IL, ATV TRE. AR EFENDEEEBENSHANAFT T, #ikE
FELTHREEISAOBDMBAZERLTLNS(19), b5 RTTY LT a—EhF )
AR OEA O EHHEIE, IGFBP-3 OHIERN~DBAZTLICAET HHY. ARA S
DR ERRERRIZ. IGFBP-3 DIV FH A b— R EEE T 5(20),

IGFBP-3 & IGFBP-5 Dl ~TU M) — LR T, TN o DOZBIEXHEY K{ERBASN T
BY. BRRGHRBOETIVTIERIN TLVS(10, 21), FE, IGFBP-3 &£ IGFBP-5 (221245
Mo Y R BERNZF>THEY22), A DXL, importin—factor [Z&>T{R
# SN 5(23), IGFBP-3 (241-259 F%#), IGFBP-5 (221-238 ZE)D#HITL ¥ FILINLS)IZ
WL TEHIRTFROES|E EGFP IR A LT EIEFZ CHO Hf3ICB ALK, EGFP (X1~
BITL (23), ChoDMEIE, VMILACEYDOETERFICEohdZdicahnt:
NLS Q##EE—BT B EMD. IGFBP-5 (LRSI E-THIE, LA B, BIE
DOBADYAUEDEED v MLOFEEZIE-TINSEHERIESNT=(24), BBRFLN &I,
IGFBP-3 & IGFBP-5 (D NLS Eg3l[E /AT I KRFSN TS, A T, Th (L IGFBP-3
EIGFBP-5 DANYUASER AV EELS B E MR EDREFSNZIFRE2—ZEATL
B (Figure 3-2-1A) (3, 11, 22, 23),

HIV-Tat D&LSIZ, EAEDHBEAOZEAFREET DAV A—ILOWAZITIERE
UL DOHEIBNTULVS, HIV-Tat O 49-57 FEE (L PTD LFE(ENDEALTERE DM~
DENEHZELDORTFRELTHONTINS(25, 26, 27), HIV-Tat &@E#kIZ. Drosophila
antennapedia 0) DNA .ﬁsé«u\ybx(zs)’(bébjw'J:i‘7)bﬂ€:w\°7°-7-l~“(29)72£8 NIATeeY:)

D7 VFZVICEORTFFRIIEEBEEADFT )7 —ELTEKIENTED, EIR.
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HIV-Tat (49-57 5%E)IE, 53 F & 120 kDa ETORARLGEBELTHII~NBATHENHDL
N TS5 N7 PTD THH(26), JRWIE. PTD S EH B DA~ DEYAH D IR AH
ZRXLIFEHFEY RO TLVELY, :hi'ﬂ:ﬁ:éht’ﬁ!‘ﬁ‘éﬁd)&éﬁﬁ%li\ ANINYUARTE
Wi, —RBOTI/OE /YA —P A0 AR ZENRNTHIVRY A= RATHD, TOAN
JARFREEETOTAITVAARGFRDERIE. EXS FOEARRELTLLRT
Ahbh TS0, 31), EB AT, B~ ERREZBA TRICEETHENTESE
FTHD. T EREDHBE~DEAET T EREBREADGAICBWLWTKER
AIREMEZFF o TLVH(25), HIV-Tat PTD ZRALV-ERIKICADELR ML, BFEHEIAILR
HIVESREDRTFRFEZENSZETH D, HIV-Tat RTFFOMRaSFEL|ME S THY(32, 33),
ZDF=H, EERADFBEARESN-RABEDPTDAEELL, HHRPTD DERDT-
HIZIE, RIEI T ATz TH*FL—b LBT AL PTD 2V RIEEB E DI~ DERYAH
DAY == T AT LHFIFATES(34),

CCTIE. EF IGFBP-3 & IFGBP-5 MDA/ YU E R ALV (HB)A + 578 PTD JEMERHFD
ZEFETRT CORBRIZ. h—IEBBELT GST IIRTFFEREL. BEICELTER
24 ELT N RIS LBT ZRA& L= D% AL =(Figure3-2-1B), &=, IGFBP-3/5-PTD 4

TREEREOHRADERMLGEIUN)—ANZ X LIZDONTHERT Do

3-2-2 EE&
ZBRICH U HE

HIFRELR Ahdl, Konl, Ndel, Xhol, BamHI|% New England Biolabs Inc. D&MD% ALz, T4
H—,32 & DNA DFRIZIL. Promega M T4 DNA ligase. Wizard plus SV Minipreps DNA
purification kit. Wizard SV Gel and PCR Clean-up system Z{ERLT-. AT XILAFKTS
AR—OERIZ. XBEAT LY AT XIZIKEL =, Anti-LBT-polyclonal antiserum

(Rabbit)l&. B EYEREARICEREKIELT-,
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NIFRERELIGH

3 BEDOARTFK, PepTat (YGRKKRRQRRR), Pep3 (KKGFYKKKQCRPSKGRKR). Pep5
(RKGFYKRKQCKPSRGRKR)IZ. N K 7' —. C K7 IFEDH T, ZHEMA Fmoc A TF
BTERLIz. COMRICTBULERIFROBRIREZTDESIE, Figure3-2-1C [TFEEDHT-,
HISEDRERIL. Glu (Ot-Bu). Lys (Boc). His (Trt), Tyr t-Bu)THD, RTFRHED 1 4
ADILIE RDBYIZFToF=, Fmoc-T2/EBEIREW (1 mmol)Z . NMP F1T HBTU/HOBt (%
NEN 1 mmo)IZ&oT 30 HRELEHAELIZR. LOUAEESE Tz, RIZ.NMP T 20%E
RYDUERIGEEDTET, Fmoc BRERELZ, TDH. BHORTFREHNNELDZ K127
/BOBEET oMz, BB, 1.5 B, 25% T2 CF 4 —ILE 2.5% HO (vVEEL TFAT
MIBL, QIHOBRREBELL DSOS DEIYBELZEIT oz RTFFOFFE L, YMC-Pack
ODS-AM column (10 mm i.d. 250 mm, 5 ml; YMC Co. Ltd)Z LT, 0.1%% &L 30 KT
25-35 % CH,CN/H,0 #'SU IV RDEHED HPLC 12k 2 Tiotz. BAISEMORERIL, HH7

HPLC & MALDI-TOF mass spectrometry [C&>TIiTo1=,

NOI—15F

GST @ C RIHIZT HIV-Tat RFFR(YGRKKRRQRRRZREL-EREHREATSRA=K
pGEX-GST-PTD™ &, #®M N XRiHIZ LBT 24 (MGYIDTNNDGWYEGDELLA)Z R & L 1=
pGEX-LBT-GST-PTD™ (& . BIET D EE LR L+ O % A L 1= (34) , IGFBP-3-PTD
(KKGFYKKKQCRPSKGRKR) & IGFBP-5-PTD (RKGHYKRKQCKPSRGRKR)IZX}H9 5 & K
FVIAROLAFFRET7=—) 2 LImEIGF% . pGEX-4T3 D GST O C Kimffll D BamH-Xhol
YA ~IZHE AL 7T=. pGEX-GST-PTD® | pGEX-GST-PTD® Z #i = [T EL =, 1=,
pGEX-LBT-GST-PTD® . pGEX-LBT-GST-PTD" [&. BIfi® pGEX-LBT-GST-PTD™ LEL

FETHEL,
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241 259

1 40 99 213 285 291
IGFBP3 < HD . .
 KKGFYKKKQCRPSKGRKR
68% i 25% i 56% |
E H : 221 238 i
1 27 85 192 29 272

IGFBP5 —_|H >

//_,—' '\
RKGFYKRKQCKPSRGRKR
B LBT-GST-PTD™ | LBT GST PTDTt
GST-PTD™ GST PTD™t
LBT-GST-PTD® | LBT GST PTD®
GST-PTDB GST PTD®
LBT-GST-PTD" LBT GST PTD®
GST-PTD® GST PTD's
C PepTat YGRKKRRQRRR-NH,

Pep3 KKGFYKKKQCRPSKGRKR-NH,
Pep5 RKGFYKRKQCKPSRGRKR-NH,

Figure3-2-1
Amino acid sequence of the heparin-binding domain of human IGFBP-3 and IGFBP-5.

(A) Domain architecture of human IGFBP-3 precursor (P17936) and IGFBP-5 precursor
(P24593). IH indicates IGFBP-homology domain, whereas T1R represents the thyroglobulin
type-1 repeat domain. Amino acid identities between corresponding regions of IGFBP-3 and
IGFBP-5 are shown. Heparin-binding domain sequences (underiined), overlapping with nuclear
localizing signals (bold typeface), exist at the middle of the T1R domain. (B) Schematic
representation of the fusion proteins used in this study. LBT represents the lanthanide-binding
tag (MGYIDTNNDGWYEGDELLA). For each fusion protein, both versions, with LBT and
without LBT, were prepared. (C) Peptide sequences used in this study. C-termini of all the
synthetic peptides are amidated.

FNRNEFNhOEAEHXEBARY S — (pGEX-GST-PTD™ ., pGEX-GST-PTD" .,

pGEX-GST-PTD" . pGEX-LBT-GST-PTD™ . pGEX-LBT-GST-PTD" .
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pGEX-LBT-GST-PTD®)Z# &AL KIFE BL2IDEIZEThE . LB-5 )La—RiEHT
30°CTIEEL-, EEROMAAFRED 0D NBE KT 04 L15072EZAT IPTG(I mMZE R
mL. A EAEORREFEL -, TDE 20°CTH 24 BREIEEL. £B LT, BRI,
WHHEE R[S0 mM V) EET ) Li(pH 6.8), 500 MM NaCl, 1 mM DTT] TR E KB HZ
TVEDDEEICE > TR BB S ZRELT-, A[A%E %% 4 ml O DEAE-sepharose
Fast Flow (GE healthcare) h3 AITiEL . #%EEZFREL TR, glutathione-sepharose Fast Flow
(GE healthcare)h5 LTHERL =, BEIZIEL T, Superdex 200 115 (GE healthcare)Z ALY
=7 VBBIZEY, BAEERE(T ol LBT 2T #HF 2EREAD Tb*OFL—ME. BIf
ERIEBRD A ETITo =,

AINVYADFEL TS

HiTrap—heparin 15 .(1 ml; GE healthcare)% AKTA-Prime chromatography system [Z3& %5
L.0.15M NaCl .50 mMYUEEFR) DL (pH 6.8)RER TEEILE{To=. ThETh ., 1.2
mg DFEHEL GST, GST-PTD™, GST-PTD®, GST-PTD*ZHZLIZDH . H#iE 1 ml/min, NaCl
DIREMN 015 MHS 20 M DERNGREAECERBZAHL -, BHL-EREDOE

Hid. 280 nm TO UV RINTIToT=,

bl
KERIZIE., HeLa & NIH3T3 ZRWV=, ChoD#AIE. 10 %(v/v)I BRIBME. 100
unit/mL ORZVY D ERARU TR AL V%M AT Dulbecco’s modified Eagle’ s medium

(DMEM)AILNT., 37°C. 5 %CO, DIRB F TIE&ELT-,

A~ DEFEEA

HeLa XIZ NIH3T3% 6 9T JL T4 2 (SUMILON) T 30%a LT UMM AETIREEL.,
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2 uM LB ESITHREL-HEARZ EEEZMAT- DMEM (Ti5ithE R #aLT-, AEHI (6pM
PepTat, Pep3. Pep5. 10 mg/ml A/RYNEMABIGE L. EAELRBFICMAT .1 5.5
B, 24 BT AE 4. PBS T2 EEH . M TS LR THIERIBELT, Frysahd
FIBEL-MfZ— PBS [TREL. MBRERA-&R. Th T O 10°L55455
[CERELTHREZREIIL-, ThEhOME%E. 50 pl OHMEIERRR[0.1 M Tris-HCI (pH
15), 1% SDS, 1% 2- A AT+ TH/— VB LT, AL -3 E Y D SDS-PAGE 17
L. PVDF BICEsE#% . MIBARIZEEh 5 GST RAEHE% 20,000 EHROD anti GST #1
{& (Nacalai tesque) . $EiLVT HRP #Z5 anti mouse IgG fi{A(Promega) Ti& i L, ECL-plus (GE
healthcare)Z FLVTHEIfRIEL Tz, Ff=. R4kIZ SDS-PAGE. PVDF [E~DEE%EE5—tvh
7LV, 1,000 fEFFRD anti LBT rabbit polyclonal antibody. #L\T HRP #Z:; anti rabbit IgG

(Promaga) THH L. TMB (Promega) Z AL\ TH]fR1ELT=,

HATIF S BEEE

35 mm TA v alTh/N—HFA(Matsunami)Z ANzt D EF=1E. 35 mm DFHFRREL
T 1Y a(Matsunami)| ZHfE % 30% 2 TNV I UMM S ETIEE LIz, ChIZ, TB*EFL—F
SEHEAMAEBBEEREE 2 mM &5 K512MA 7= DMEM ALV T, LEEERHRICHE
RADEBEBAZ{To=. 5 FE#E. #ilg% PBS TTEIESEL, A9/—ILHRIZ, -20°C,
20 HEEE. MREZASRIZEEL-, EE#. 0.1% Tween20 &L TBS T 2 EIZEHL.
0.1% Tween20, 1% I BRIRIM;EEEL TBS THMLT - anti GST H{KIZRL. 4°CT—H
B\, Eig . RO TBS THML = Z Rk (Cy3™ conjugate anti mouse IgG antibody,
SIGMA)ICER T 1 RIS S . TBS THFLI=1&. DAPIER(10 ng/mDIZ 5 77FEIEL . 3%
#1%. Prolong Antifade mounting medium (Molecular Probes)ZFRLNTH ALTz, £l=. HSX
RELT v A THEL-MREAV-RBR T, Mia%PBS Tk, BEETIZZD
FEMRETHEL,
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HBEAANAS-EBEDHR(E. BATFMEBZIX71, DPT0 color CCD camera system;
OLIMPUS)ZAWWTITo 1=, To* HHE D 8 S O £ B2 (2 [& . UV-excited/wide range

VIS-emitted mirror unit (U-MWU2, OLYMPUS)Z L ‘=,

3-2-3 WMREER
HIV-Tat, IGFBP-3, IGFBP-5 D~/ fE 8 i HEDIHE

HIV-Tat @ PTD (ZHifaRE D~/ ) 2 LE<BEERT I EAHMON TNV, CDT=8,
~A/RYUIEHIV-Tat PTD RIS EBBEOIVFY AL RAOBENLGLETI—FTHS
EEZ BN TULVA(35), FD1=&. IGFBP-3-PTD B&ERE. IGFBP-5-PTD RAZEHED
ANYUFEETEEEHIV-Tat PTD RS EBE DAY S ERZRLRBRR THEL-.
31D GST-PTD @& ERAE T T % Heparin Sepahrose HS5LIZDHE . NaCl DRESR
BRICk->THHL. ZDBEE NaCl RETANYUEEEHZ LB - (Figure3-2-2),
HIV-Tat X7 FFREE GST(GST-PTD™)IL, A/ h 5 NaCl JRE 128 M THHL
(Figure3-2-2B). IGFBP-3-PTD B4 GST (GST-PTDI3)IZ 1.19 M, IGFBP-5-PTD @& GST
(GST-PTDIS)IE 1.23 M CiatH L1=(Figure3-2-2C, D), T DR . AR THL V= GST-PTD
RMEEBED in vitro TONNYUBREBREIET R TRIEBETHLIEHLE, £-Chi
DERIT. TNTNORTFROT /B (IGFBP-3-PTD ; 18 7S/, 3 Arg, 7 Lys,
IGFBP-5-PTD; 18 7S /B4, 5 Arg. 5 Lys) E—BL TL V= AN/ S EFEIED 60%D 7 2/ B
BENMEEMUTI/BTHD, OO EEMETI/BBEEOH, &, HIV-Tat RTF
F20)ERRETH S,
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Figure3-2-2

Heparin-binding activities of the peptides derived from IGFBP-3/5-derived peptides
compared to HIV-Tat peptide.

Elution profiles of (A) GST only (control), (B) GST-PTD™, (C) GST-PTD", and (D) GST-
PTD' from heparin affinity chromatography are shown (solid line, left axis). Normalized UV
absorption at 280 nm is indicated. The linear NaCl gradient is depicted as a broken line
(right axis), with the protein's elution point.

IGFBP BIEXTFREHE L= GST D NIHIT3 #BfE Hela M~ D ELEEA

FE . RRICHEET EA/ S UESESL, PTD EHERTOTIEENAENSRHET
Tl FNERI T S0 NIH3T3 & HeLa D IEHIC GST-PTD™. GST-PTD®,
GST-PTD® 2Z N ZNMA-BHITZTNLOREEQEINHBRANADINESHERT -,
ZThEn, EREEMAT% 1 2.5 B, 24 BFRIEEL . MIaEEIR. ZOMmL s
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SDS-PAGE, VI RA227OvrTHHL., HilE~ZEASh-ERE##RH L1=(Figure3-2-3),

Hela NIH3T3

e £ 1 528 31528 31524 > 1528 31524 31524
MTRBIS minh h Cminh h S minh h S minh h ¥ minh h ¥minh h

T 13 15 T 13 15

1524 1524 152 S 1524 31524 51524
N minh h S minh h ™ minh h ™ minh h S minh h ™ minh h
T 13 15 T 13 15

Figure 3-2-3

IGFBP-3/5-derived peptides mediate protein cellular delivery of fusion proteins into
mammalian cells.

Western blot analysis of LBT-GST-PTD fusion proteins extracted from HeLa (middle) and
NIH3T3 (right) cells after 1 min (negative control), 5 h or 24 h incubation with each protein: lane
T, GST-PTD™; lane 13, GST-PTD®; lane 15, GST-PTD'. Approximately 10€ cells were collected
after incubation with different proteins, disrupted, electrophoresed, blotted, and detected using
anti-GST antibody and visualized by ECL (upper panels), or detected using anti LBT antibody

and visualized by TMB (lower panels). The left panel shows the input proteins (T: LBT-GST-
PTD™, 13: LBT-GST-PTD® and I5: LBT-GST-PTD"?) with size marker (M).

ELLNMETY. 24 FREBELEREEALELEBENE>EYERHTERLD.
GST-PTD", GST-PTD" [&. 5 FRIEHRLI-BOBASNERE T DG ofz LAL. &
REBBETOBETIE.S FRRTHLEBERIBEASK TVWHIIEANHERTER
(Figure3-2-4), COFER &Y, HIV-Tat M PTD HRIHEMTIEH S, IGFBP-3, -5 HI3E
?® PTD 3, PTD EHZE TR Y MDA o1z, EFR. GST DA TIL. Hela HIE~EBEDEA

&N i h >1=(Figure3—-2-5D), HeLa fif2 ~ A of= GST-PTD®. GST-PTD*" F#hFhDElL.
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GST-PTD™ D#) 30%& 20% Tdho1= (Figure3-2-3) , 1=, NIH3T3 2 TlZ. M~ A>T
GST-PTD®. GST-PTD® M & (& GST-PTD™ ICHERTHKLZ 8045 150% TH 1=
(Figure3-2-3), #ila~BAL-2 TOEBEIL. SDS-PAGE T 3 AD/\UFELTHRESH
tzo ChoDRFHAXERGSTEERAWV YIRS TOvMOERELY. 2 EB.3 &
BIZIWEWHALZXDNAUEIE, FNEA C K, N KighEh TN BEShi-ES
BTHAEEZOND, KRB TIE. PTD RTIFRICTEFNA7ILF-URE JOURED
#EPTD FHEOED IE-FYEL-HBRRE SIS oA 12 BEORYTZILF =Y
RIFFRIE. 8 REDRVFILEZUARTFRIZHEATEL PTD ;EMETRT ZEN Nakase o

[CE2THESN TLID(36),

A B G D
N e M T
LI E i IRLY ‘.I

Figure 3-2-4
IGFBP-3/5-derived peptides deliver Tb**chelated LBT-tagged GST-PTD fusion proteins
into peri-nuclear dot-like particles of HeLa cell.

LBT

DIC

antiGST/DAPI

(A-D) Cells were incubated with 1 uM Tb** and 2 uM of either LBT-GST-PTD™ (A), LBT-GST-
PTD"(B) or LBT-GST-PTD' (C), only 1 uM Tb** without protein (D) and were visualized using
Tb3* fluorescence in living cells without fixation (top panel). Differential interference contrast
images of the same region are shown (middle panel). Alternatively, the cells were fixed and
visualized by anti-GST-antibody followed by Cy3-labeled secondary antibody (red) and DAPI
(cyan) (bottom panel).



Figure 3-2-5

Co-transduction experiment of fluorescein-conjugated- transferrin and LBT-GST-PTD
proteins.

(A-D) Approximately 1 x 10° HelLa cells on glass-bottom dish (Matsunami) were incubated
with 10 pg / mL transferrin (human serum, fluorescein conjugate, Molecular Probes), 1 uM
Tb3** and 2 uM of either LBT-GST-PTD™ (A), LBT-GST-PTD" (B), LBT-GST-PTD" (C), or
only GST (D) and were visualized using fluorescein (left panels, green) and Tb**
fluorescence (middle panels, cyan) in living cells without fixation. The merged images are
also shown (right panels). The bright spots of Tb®* signals were partly, but not fully
overlapped with fluorescein signals, which indicate that the three PTD-fused proteins partly
use clathrin-dependent endocytotic pathway to enter the cells.

RIZC.BAXBEREBETORBOLHOENXFTELT T"FL—k BT ZBELT:
IGFBP-3-PTD £ IGBP-5-PTD & EREDHBE~ADBARRE{To-. HRREZETEH®. &H
HEBATRE, F-(X TD"OEALICL>TEMBOEFETEAL-EAEEREL -,
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EQEFME 5 HEEELEZ. EREOHEXEIROBARICARICBELTL:
(Figure3-2-4), GST-PTD™", GST-PTD", GST-PTD* D#IlEN~DBTEIL. HAEMEFET
FRSTROEA ST, MAT. ChoDEBED R KOERNLIZ. S5 HI, FITC SN
DIURY—LEFER>TUV=(Figure3-2-5), COFERIE. PTD™ (K. 3 DOIVRH A —2
ABBEIAE /A — R IFRYARN TR S A =2 X ARG S /BB ST Mgt
IURH A= R)ERBFIZHESTLVSELY) Duchardst 5D REGBNEFELLELY, COFER |
(. D5dEH BADIKLOHDRAT—ITIE GST-PTD® & GST-PTD® OEABBALZR
(& GST-PTD™ & TLNDH T EERMET B, MA T, IGFBP-3, IGFBP-5 M PTD DI, ~
NYUBEEEF—I7LLTHLA, ChoDREEEEDHEBADREAL, BELLIANRYY
EKEOIVRSF A= REIETIAE /YA RERBLTWDEZ LN,

AR TIE, To*FL—FLBT-GST-PTD &7z Tb*F L —FLBT-GST-PTD DIZ~DFH
EIZR oA o f=(Figure3-2-4B, C), —h i, HilE DS MDA Aof= IGFBP-5 D561
ANBETDRIZETHDELELS Jurgait 5DIREBB)E—FT B, HIV-Tat H13E PTD D15
BRERIEIC, MIBM~NBASHT- PTD, PTD® MEEHEIL. FEAELRKDOELY D/
REIEEOHRIZHY . S—HBOANHBEARBESNTOSDTIEIRELANEEZLND,

PTD 5 GST DRANDBAEN/ VYL 2 TIHEEN S

ChETITRLUERERIER L. IGFBPsD PTD MARYUAHEETHHEN S, HIlBKRE O
ANYUNEREEARRICEASELTWADTIEALMNEER -, HLE3THNIE, 715
HEARYUNFETHIET. EREOHB~OIRYAHDNFEENITEEENSIET THS,
KRR, GST-PTD®, GST-PTD® ThE M DMEE~NDERYAFH X, A/ VICE>THRESI
1=(Figure3-2-6A-C, lane a5, b5, ¢5), Ffz. N/ UIZKHEHRDEEMNRIL. GST-PTD™
DBZBRITHLREONT=, ZDT=8, HIV-Tat DI5E LRI, IGFBP-3, IGFBP-5D PTD [Z&k-

TREIHPEOEEARRORDOBAIIE. AN ADHKEEZHESIERTESH
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(Figure3—-2-7A). BB~ (2L BB E D AH=X LilF Figure3-2-71B TRIRLI-EHYT
HHEBEOHREADEAZ. ANIURNTIEDOE, BEEFAADZLDODZDOZHE
HH(EEBZONLN ., EEENABHANIUAFEETHIET. MAOEBRHIEESN

TWAEITH2T=,

A LBT-GST-PTD™T B LBT-GST-PTD" C LBT-GST-PTD®

al a2 a3 #4 a5 bl B2 b3 b1 bh ©1 €2 63 ¢4 ¢b

Figure 3-2-6
Inhibition of protein delivery of PTD™ (A), PTD" (B) and PTD' (C) fused GSTs by either
the heparin-binding peptides or heparin.

Western blot analysis of LBT-GST-PTDs (Tb* free) extracted from the HelLa cell, in which
PepTat (lane a2, b2, c2), Pep3 (lane a3, b3, c3) or Pep5 (lane a4, b4, c4) or heparin (lane a5, b5,
c5) are co-incubated with the LBT-GST-PTDs, as shown at the top of the panels.

PTD 825 GST DHFEA~DBA L, A/ AfFENTFRIZL > TXEMBFINS

AN UIEIGFBP B3 PTD OIfE~DERYAHDH NELETE2—THAHAEEZLND
A FOHRADRYAHEZRET HMOBRNGL T2 RREICHFET D6
HtH5, CORREMERIET A0, PTD IZHA T HEMRTFE, PepTat, Pepd.
Pep5 M Z 1-PAEREF 1T o1=(Figure3-2-6A-C), ThETHh O PTD MEL. TD 3 ENE
DRTFREREL. MBIEEDIEMITIMZ /-, Pepd IZ&>T, GST-PTD”, GST-PTD",
GST-PTD™ O #ifa~DHYY A [T FLFEEFE S 1=(Figure3-2-6 lane a3, b3, c3), FHkIZ.
Pep5 &, GST-PTD", GST-PTD", GST-PTD™ M #ifa~ D EXY A& % HE L 1=(Figure3-2-6

lane a4, b4, c4), LML . HIV-Tat RTFKIZ. 3 DD PTD MAEAB TR TOHBE~DORY
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AHERE LI M oT=(Figure3-2-6 lane a2, b2, c2), GST-PTDTAT O #ifa~DEY A L[E
LCESID PepTat [Tk >TEAEF SN T . —F T, Pep3 & Pep5 (&, Ba>F-EIHIEELDELS
EREHED I DD PTD $RTOMBADOIRYAAZREBETHLE. FHEMNTH
b, CNoDFER KLY, HIV-Tat, IGFBP-3-PTD. IGFBP-5-PTD H3ED 3 DD PTD M EBH

BARZRE, XBTHY . AN ARBFTHHEEALNS.

e
e i
g i e

heparin

&

O e Ty

Figire 3-2-7

Schematic model of entry pathway of the PTDs used in this study.

(A) Three PTDs, PTD™, PTD", and PTD", might mediate delivery of cargo proteins into
mammalian cells via heparan sulfate proteoglycans (HS) on the cellular surface, which are then
trapped into vesicle-like particles (pathway 1, 2). Our data do not rule out another direct
penetration of PTD-fused proteins (pathway 3). (B) Soluble heparin binds to three PTD-fused

proteins, thereby inhibiting cellular uptake. (C) PTD-derived peptides, Pep3 and Pep5, also
inhibit uptake of three PTD-fused proteins, although (D) PepTat did not inhibit.

AL TIL. PepTat Y IGFBP3. -5 B3 PTD A SR BN~ ORYAAHZEELL
W TR HIV-Tat BEZRAELEEREOMBEAORYAHAEEELLEWENSERE

B, COFWLHERINELT. MOTRTOHKRIL. 32ETD PTD ARILA/NYAKR
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FREBETRES/A\—M—ZlR~ZATIEVHERTBL TS, o T PepTat (IR

TFEOAHTIEENDOUEELEBARREL DD TIELLMERRTES, Tat RTIFFE Tat

MEERBAREGEEEZH DEVSHENFET 510), ZLDHE . BRKEDBERE®

BUOARTFRZE HIV-Tat [TEEE LB, ATP JEKTF . AU ERENICRBCERMRE

ZEATHFAMBEANZEL, PTD™ MEERE THRREESEE L0, 200,
158 PepTat A GST-PTDI3, GST-PTDI5 D #fa~DEYIAHEPLE LAV, Pep3, Pep5

A¥ GST-PTDTat DHIRE~DERY A A IBRE T 5D M A ERH BIIZERBA TE S (Figure3-2-7 C,

D), Pep3. Pep5 &IFXtERAIIZ, PepTat [EA/NYARFREBE (AN IHRFRER TR

BLREAANAY, BN ST CITHEE>TLESTO . F8RELT GST-PTDs EFFELAL

EEZLND,

RIRIZ.IGFBP HIEARTFR(PTDI3, PTDIS)IE. RAICHFHET AL EABENSH{-ELDT
HH=H HIV-Tat RTFRORBETDIEEIRET D, HIV-Tat RTFFOMBFEICD
WTIELOMRESN TUVSHY(32, 33). ABIR THLV-IRE TIL Pep3 & Pep5 Dl
HIERONEN =LK EB I RERTH D, HHHA.IGFBPHEPTD DFERAIE. 2K
IGFBP-3.IGFBP-5 O IGF BiEDHAELIH AT =0, Rt LERADFIRED=HI
FELEOIARISBETHD,

55 3 E 5 2 HiTIE, IGFBP-3 &£ IGFBP-5 Mo F=RAICHFET DANNYUHEERTFREN
ERREBAEEELOILE R ATz, COBZRIL, IGFBP-3-PTD & IGFBP-5-PTD RTFF
M GST DLILEIFNADERELRMELI-FIC. BIMICHIERAASEEEZEE. COFEN
(& HIV-Tat RIFFDLDERIBETHDEVNSIEERLUIDTOHRTHS, MZ T,
IGFBP-3 & IGFBP-5 DL t7 42—k FH A M~ DIRYIAHAAH, IGFBP-3-PTD,

IGFBP-5-PTD [Z&—> T, HIV-Tat QI DEYIAA L BDOANR) UAKEFEHTHIOE /5
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AP— ARBRERRTHETHEA TSI EERLUI=(Figure3-2-7), [EL&HIZ. 3 DD PTD
BEEBQE(LBT-GST-PTDS)IZMKREOANSUREIOTAH VAV HS)IHEE ., RIC,
IVRH A= A THERANAS, AIBEEA/NY D ZIERIZTMASZET, 320 PTD O
BADBANBESINDIDIE, PTD EAN/RYUHEETHET. PTID BNHSAHEETHIL
MNTEGLE D= THAEEZDND, IGFBP HERTFE Pep3., Pep5 3 3 20 PTD @&
FEHEOMBE~ADBEAZEEBLLZA, ThiE MARTIFRICE-THIBRED HS Hfa
HMLTLES=OTHDIEBZEBAOND, — A PepTat [FEEFEMNFEAERONGMNOT=,
ChlE. PepTat N EEIRZERTHEV SR OBARREF>HoMELNALGLY, KB
RHER (L. IGFBP-3. IGFBP-5 13k PTD, PTD" (& HIV-TatlZfX > TEB B AEIZF A
TEDHRELAREMZH DILERLIZ, TDOT=HIZ(E, IGFBP-3, IGFBP-5 H13E PTD Dl
R RS in vivo TONEZHE-HDBELSBLVHARNBETHD,

3-2-4 Supplementary report
IGFBP-3. IGFBP-5 £ PDT F23)Z4 D LBT-PTRSAT-PTD NOA—D{ESE

IGFBP-3. IGFBP-5 Mo BBEL7-PTD ZEB ERRICALS=HIZIE, £~ FIALEZE
EOEOICELELMENDETHY . FOEHICIE. COMAHRIEOE ORARAT
RTHD. TN . RRREERFEDIELD=HIZ, PTD", PID" EEHBEKEE
TRBEIEL-HDORHYA2—%2WER L., PRESAT-vector (pGEX-LBT-PRESAT-PTD",
pGEX-LBT-PRESAT-PTD®)& L 7= (Supplementary Figure 3-2-1) , CONYA—%{FHT 5
ET.PTD RAEAEORRRBENEHE T, DFELETZ S0 HEO MR
METES41),

pGEX-LBT-PRESAT-PTD®, pGEX-LBT-PRESAT-PTD® DiE (L. % 3 EEF 1 i T
PGEX-LBT-GST-PTD™ #&Z L T pGEX-LBT-PRESAT-PTD™ # B L 1=B5LRILFIET

1To1=(35),
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tac T-site

pGEX-LBT-

PRESAT-PTD"

aclq

pGEX-LBT-
PRESAT-PTD'S

bla

aclq

Supplementary Figure 3-2-1.

Met Gly Tyr Ile Asp Thr Asn Asn Asp Gly
5’..ATG GGA TAT ATA GAT ACA AAC AAT GAT GGA

3’..TAC CCT ATA TAT CTA TGT TTG TTA
Trp Tyr Glu Gl sp Glu teu Leu Ala

TGG TAT GAA GGA GAT GAA CTA TTA GCA
ACC ATA CTT CCT CTA CTT GAT AAT CGT
Asp Gly .. (target gene).. Met val
GAC GGT .c4vv 2ces ouss ase a2s TG GTC
CTG CC. cvv sen cae ose sss TAC CAG
T 1y A rq Ar r

CTA
His
CAT
GTA

Gly
GGA
cCcT

A

ccT

Met
ATG
TAC

ser

TCC
AGG

TAT GGG CGC AAG AAG CGT CGG CAA CGT CGG CGC
ATA CCC GCG TTC TTC GCA GCC GTT GCA GCC GCG

*

TAG CTC GAG CGG CCG CAT CGT GAC TGA
ATC GAG CTC GCC GGC GTA GCA CTG ACT

Met Gly Tyr Ile Asp Thr Asn Asn

CTG

GAC .

Asp

.3
.5'

Gly

5'..ATG GGA TAT ATA GAT ACA AAC AAT
3’..TAC CCT ATA TAT CTA TGT TTG TTA

rp Tyr Glu sp Glu Leu Leu Al
TGG TAT GAA GGA GAT GAA CTA TTA GCA
ACC ATA CTT CCT CTA CTT GAT AAT CGT

Met val

.TG GTC
TAC CAG

Asp Gly .. (target gene)..
CTG CC, ...

r

GAT
CTA

His
CAT
GTA

Gly
GGA
CCT

GGA
cCcT

Met
ATG
TAC

Ser

TCC
AGG

Tyr Gly Arg Lys Lys Ard Arg Gln Arg Arg Arg
TAT GGG CGC AAG AAG CGT CGG CAA CGT CGG CGC
ATA CCC GCG TTC TTC GCA GCC GTT GCA GCC GCG

*

TAG CTC GAG CGG CCG CAT CGT GAC TGA CTG ..3’
ATC GAG CTC GCC GGC GTA GCA CTG ACT GAC ..5'

Construction of the IGFBP-derived LBT/PTD-dual-tagged PRESAT-vector.

(A) Vector map of pGEX-LBT-PRESAT-PTDI3 after Ahdl digestion. (B) Vector map of
pGEX-LBT-PRESAT-PTDI5 after Ahdl digestion. The amino acid sequences 3
corresponding to LBT and PTDI3 / I5 are underlined.
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T-site

pGEX-LBT-
PRESAT-PTD"/5 %

|
bla@s
4

aclq

o
\\\\\ -
XK=~ //==-XGGTA
T/A-cloning A%QA
ORF direction Kpnl

_/PGEX-LBT-
_/PRESAT-PTD®s

_PGEX-LBT-
§ | PRESAT-PTD™S

‘\
\
AY \\
Ay \
SRR ‘\ '““\\\;\\, ‘\
GAC G(i;l;-(target gene)-XX GGT ATG GTC GAC |GGT |ACC] XX-(target gene)-XX ATG GTC
CTG CCA XX-(target gene)-XX CCA [TAC CAG CTG |CCA TGG|XX-(target gene)-XX [FAC CAG
- | Kpnl
'
. '
Kpnl digest e
ORF selection/

’
¥

o colony

(C) Schematic representation of the unidirectional TA-cloning of the PCR fragment into pGEX-
LBT-PRESAT-PTD 13/ 15. The gene is cloned and further subjected to ORF selection by Kpnl
treatment. The rear PCR primer is designed with an addition of 5'- ACC at the 5' terminus, so
that only the ligated plasmid with the insert in the reverse orientation will have the Kpnl site at the
TA-cloning position.
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PRESAT-vector ZALMV-H2E 2 ~BRAEFRAM DIEE -HEERETA~
DGR~

4-1 PRESAT-vector Z AL =, IBERTISEL-BEBAF AV RBEROME
PRESAT-vector ZLN=00—=2J OREADFRIE, EROEBER A RBRRER
EF&L FEFE{TTHRARTEL R THD CORREENL. ChETIC. EETHIERERA
AUDORBEARESHEEL. BERNISEL-ERBER AU ORBERTE UTIC £
D—EIZDONTHRET D F 4 EE 2 HiLABF TIE, PRESAT-vector ZALVTHEL-ER
BRAVUEBRRIZIOTHRARLEANERAV - EEEF AU OEELERTOBRIC

DLNTRRDS,

FALFFHBE B ERERER = MABANTFLRDITE
KEEEZRAV-EREXBEOMBEAO—DLLT. RELLERENKBERERAOTOT
T—EIZE>THRHBRERTTLEI AL HIToND. ThERITH-OIC, KIBETRBRRIC

RYTSZXLABITTEFALEFR L UIROERE /A —rF—ELTRLSEBRRALKD
ORI IL—ThBIRESh TS, 2), TRXBEEHHEOR AL, XBEL-EAEN
KBRADRYTZXLABITT 5O ERELTHONLIEBEEN BN EE, NEHRT
AF7—EICLEDBNOREINDILTHD. COMRIE. BIZHFEDNSVLRTFR
DEBRICBEVTHERATHLSEEZOND =0, TRXBEERTFREBERIBEDT-HD
PRESAT-vector, pET-TRX-PRESATZ & L1=(3),

pET-TRX-PRESATZFL\T. Table 4-1-11ZRLI=& 3 GPCREEERTFFR . AEXF 4

BRTFRPDZRE A UHEERTFROREBRREREL =, ThENBFONEATFRIL,
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FRA ISR OB O BRI/ L T, F4EFE 28 T, VIPORIERIRE TOE

BREEOHRICOVTIHERS,

Table 4-1-1

Peptides that expression vector constructed by pET-TRX-PRESAT
protein (peptide) function ;ito::::y refference
PACAP 27G GPCR binding 3,4 56,7
VIP-G GPCR binding 3.4 78
VIP (6-28)G GPCR binding 3
VIP (11-28)G GPCR binding 3
Hrs-UIM Ubiquitin binding 3 9,10
STAM2-UIM Ubiquitin binding 3 9,10
MJD1-UIM Ubiquitin binding 3 9,10
Claudin3—-Cterm Tight junction, PDZ domain binding 11,12
Claudin7-Cterm Tight junction, PDZ domain binding 11,12
Claudin15-Cterm Tight junction, PDZ domain binding 12
MIM1 (CHMP1b) ESCRT-III, Vps4 binding 13
MIM2 (CHMP6) ESCRT-III, Vps4 binding 14

AAA-ATpase DNF IR AA> DIEE L BBEREHT D=0 DT FIEE

AAA-ATPaseld 2 THEMICERONARERDATPIIK A EEZETHD, Chbld, A

BEESHAOBHOCENEREZSUHRAGHRRBE TEELRIIZRLLTLS0S-

18), AAA-ATPaseld. RTESN1-220-2507 I /EEN D/ B0 IEATPase K A/ A 1aE—

(type DAY, 2aE —(type DM THEEESN TULVS, —f%IZ. AAA-ATPase DNKIFFEIFIZIX, 7

FTa—~DfEE . EEREE. BEOIITEROBRENLBEICREGR ANV AETE

THEEZLNTIVD, CONKITE A DIEIE . BEERRTZ 1T O1=801Z, ¥R IZAAA-

ATPase DNKRIFRE ANV D RBFEZREHEBEL-, BREREEIC(X, pGEX-4T3-PRESATE =%,

pGEX-4T3-PRESATD FOT 7 —HI(Z k345 Y)Y A b2 AOE U HhSPreScission

proteaselZ/M X f=pGEX-6P3-PRESATZ L\, PRESATVO0—=50' O AZEN LT, B

SEVEDOAINYOTEBEORBRELHITLUTIEEL, COS6, EEHFICELEE

BERAMVITOVNTIE, TTIZHRMARESICKY, BEREEFTRTLEZLDLHS
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(Table 4-1-2), FEAEHEIHITlL. Typell AAA-ATPase THANVLIZDUNT ., 4 - B fR AT

E{To=#5RIZDOLTR B,

Table 4-1-2
Construction of AAA-ATPase N-terminal domain by PRESAT cloning
. name of N-terminal . reported our study and
protein . species reference
domain structur

Vpséb MIT mouse 24
Vpsdb MIT human 19, PDB code; TWRO 24
Vpsd MIT yeast 24
Snx15a MIT human . 25
Snx15a MIT mouse 25
Spastin MIT human 26
Spastin MIT mouse 26
Katanin p60 NTD human 27
Katanin p60 NTD mouse 20, PDB code; 2RPA 27
NSF human 28
NSF mouse 28
NVL ub human 29
NVL ub mouse 21, PDB code; 2RRE 29
smaliminded uD Drosophila 29
PEXI ND human 30
PEXT1 ND mouse 22,23, PDB code; 1TWLF 30

BA v 023 2 FE IS T B Zonula occludens (ZO)DPDZR X1 B FDIEX

A4S Har, EEMBOREHRIZEShAMaMEEEakTHY. HIEOR
L AICH D FMOrooav i ERlAESIVCARMRAO T EE/N\)T7—#aEziE
2TWAEZZoNTHY, MilaEOTRIHEILEEEAIOLZMECEYENYE DR
AR EHIFL TS (31,32) . AT v H 2 as OB EICIE. claudin(33,34)
occludin(31) . junctional adhesion molecule (JAM)(35) . tricellulin (36) &L\54FE B DR E &
EREAHY. Il PDZRA U ZEL RIBEERETEEVIEREL TS,

BIZIE RIFEEEZ0-1,20-2, ZO-3IF. EhENIDDPDZZEF> T D, ChioDHE
EEBEEIZDVWTHLAIZT B1=8I1Z, Z0-1, Z0-2MPDZR A > ZDHD R AL D FIH
F%pGEX-6P3-PRESATH LN THEEL f=(Table 4-1-3), AR LI MAIPDZE AL &,
TRXBEHRERZ AV THRARELI=ClaudinZ AL\ TDIEERERGLLE | PDZR ALV DHEERRHT
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MNIREHEITHTH D, £f-. ZO-1PDZ1 D ILIRFEEEHTH5E T LT (PDB code; 2RRM) , &

DEEIZIT2I=NMRT—4DIRBENIZDWT., FAEFAH THR B,

Table 4-1-2
Construction of domains of ZO-1, ZO-2 by PRESAT cloning
protein domain residues
Z0-1 PDZ1 18-110
PDZ2 162-271
PDZ3 407-512
SH3 513-590
Zub 1629-1745
20-2 PDZ1 3-99
PDZz2 271-380
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MDA ADEZHIZENTELHATHS(17,18) , ELAALRILIRA A TIL. VPACT DFRE
DEMHBBRRINTHEY (19) . ®"Te IRJL VIP 40 #Cu TR )L TP3939 D K5 MEHES NI
VIP SEANETET 510 . IBEFREEMBIREZEICIVSAZTRETHENTED,
Ff=. VPAC ZBKIE, VIP LE R T HEHBBANTI RS AA— XL —BRIICHIEESH
%1z (20) . VIP BEUKIZA A—D U T RELLTHER SN TS,

VIP DERFTHEEOCREMDOHRIT, EFZEROBHR® VIP LT O ELUAD AR
Bt SR BDICEETHD. LEEMNREEONELZHRERER LS E DL
{D2HD VIP B A FEBRIICHF R EN TE12(21,22,23) . SAHEICALS VIP QBB T X
(&, VIP ZYVEEEHAHWIURY—AIZBARALIETHY . COIRIZEY VIP OFEEE
BEEET D, COLSEEELRIE. in vivo IZBIT BRI @M VIP BMRESh DT
OTHD, Fiz. SLOEERITH S . PACAP(24,25) 0D HSZ I GPCR JH UK (26-29)
DRBERICHEET I, a- ANV IRAV T A—=2aVFEBZTEMNTREIN TS, Chiod
RIFRYFURIZ, BBEHINIVRY—LICRTFRREESTIES50F LA IL D ba-~
DYIRANEEEILTHIENRSN TSz, HEMLHa-~N)yIRAVTAA—avk
o TWBIEN RIFROEYZEMEMLE ERESEDLEEZILND(30), ChioDIEEE
ELEHEDBFRITZEREETILEKIEN , PACAP LPACIR EOHEFRAMRICEBULVTER
BEN TS (24), Lizho T REREFEETEUVEERETICETS VIP OB REE
DRI EEGRETH S,

SEIOMEICHENT, HEFHEREMAERICKY VIP BLUEDOBRETIOIZ, il
VIP OEERRITICE SZEE>T=, BEIC, 30%M)TILABIE/—IL(TFE) BiRPD VIP O
FED. 'H NMR RICEYRESh -, COBERATTIRRIZAEINLEEALILRTFRE

HOTLWELD T, BRIBEDINEARE THo1=(31), 51T, AL AKEEDEFELAH

66



ShTWELD T, DT L —T 2L HBEEERBEMRICBRY L H -, SEHE L.
50%A%/— LB EPERFTUILHRRFRIYY (DPC)SEIEELKBERDD VIP-G(AREKD
28 7S/BhE C RImT VU EEELD VIP T, C RIGFIFEZEZITHRTD VIP FIERIART
FRERFTHD) DB BBEERELT=, REESININEZEALR VIP RTIFREFEITLET,
Z 80 DPC SEIFETIZHEITS NMR ARIML OB AT R Loz, FLT. Shib

BEOEHTITEITAEEDENEFHMICERAD,

4-2-2 KR
5N-and "°C/"*N-labaled VIP-G D555

SERAV= VIP-G OKBERBRRE. FALEXF O ULORMEERBELLTRESE SR
THD, DRI TRLUIZEIIZ, FALFFL U DHEIZ, Hisg 24« Factor Xa LIETEREIAMEE
E.REZIZ VIP-G &> TS (TRXVIP-G) (32), "N SARJLE *C/"N #TILISANILD
TRXVIP-G RS EHBZRBIEH-DIZ. H—DEFRRELTOS5 g/L O "NIGLLTUE
=L E-HE—ORFRELTA4g/LD "C-JLa—R, HLLE 2 /L D *Ce-4 La—2R
ZEL MO EMEAL.50 pg/mL OF7UEDYUEED 100 ml O M9 T,
pET-TRX VIP-G RHA—%BEAL-KIGHE BL2I(DE% 16 BFRAIEEL =, FLT. EL M9
% 09 L ANF- 5L N\ IR IS RINITKGEEEREB LIz, 1V T7REL-D-FA 5
SUMES/ORFEMATREFEEITLL. 30°C T 6 FFREEL- %, £E LT,

30 ml @ 50 mM Tris-HCI, pH 7.5, 0.15 M NaCl, 10 mM 2-mercaptoethanol 7\ 77— T X3
BRLYMZEBAL. BERTHRARLE. B02HTABYPEREL. A m O
DEAE-Sepharose B3 LIZ LFEZELTz. HEHMLH 50 mM NiSO, ZiRL T Ni*(AEFL
—h&HE, 50 mM Tris~HCI, pH 7.5, 20 mM imidazole /Ny 7—TE#E{LLT= 4 ml @
Chelating-Sepharose Fast Flow 15./.1Z, DEAE-Sepharose A5 LMBAHL-EBERK

ZRLT=, T BEFRER TELC BREE av/ICiYMELE-ERERRISOVTIE,
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E$#E Chelating-Sepharose Fast Flow >7J5A(:5§LT:° 50 mM Tris—HCI, pH 7.5, 50 mM
imidazole /\'2wZ77—T TRX VIP-G #WFSH NI LEHEEL. ZL T, 50 mM Tris-HCI, pH
71.5,0.2 M imidazole /\wI7—CTREERBEZBHEE =, 1 L O 50 mM Tris-HCI, pH 7.5, 0.5
M NaCl /AW 77 —%&{E>T AT LM OBFHSE-MEEBE (2 mL) % 4°C T 16 BFRISEITL

1'_
o

NMR

Bruker AvanceDRX (500 MHz). & &UMB{ER = EHIGTO—T % %% L 7= Bruker Avance
Il (600 MHz)® NMR HEZRLVT.NMR RERZE{T 0Tz, A2/ — LR DIBEERET 5=
[2.0.25 mL ® 20 mM Tris-HCI, pH 7.4 Z&%{ 50%8%7K-50% d, A2/—)LIZ, ~400 pg D
“C/PN-VIP-G %8 H LTz, DPC S FHE T TOHEERET H1HIZ.0.25 ml D 50 mM
AV LYY T7—pH 1.2 EE L 90%ERK-10%E KIZ. ~500pg @ "N-VIP-G, $LLIE
“C/®N-VIP-G Z&HL. 50 mM DPC S ZELHUTILERFLN YU TILERELT,
L IRD)T7LU RELT, sodium 2,2-dimethyl-2-silapentane-5-sulfonate % L =,
HSQC XR%ZkJL(33) I Gradient sensitivity enhancement §% (34) Z##&:AA T, 8 EEH.
256 RAVCTREEZITolz. Tz, T—ADOMIBFICERTA) U T ETolz0 A2/ — I HY
FILIZDLTIE 288K T, DPC SHJILY L FILIE 298K TRIFELT=, NMRPipe (35) &> TX
ROMWVT—RZEMIL., nmrDraw R4S, (35) TR LTz, KRR FHEEMIEHRESL-
Bz, =Rt *C-edited HSQC NOESY & "“N-edited HSQC NOESY ARSIk JLE, A%/—)L
YT IIE 200 ms,DPC SEILHYUTILIK 150 ms DIF T A4 LTRIEL,
CYANA2.0.17 70554 (3637) DEED 7 BIREY AL TORILEEST, BB HEE
#To7=. SPARKY FOSJ 5L (38)EH>T, TRTD NOE REE—VEFEETHEIRL =,
THOIEEL TN EA—RELE TALOS FOYS L (39) 5T, EANREEEHEL

=0 AR/ — LR DS EERE L 2RRH. DPC St L5 A B g5 EE4ElT 2RRI T PDB (&4
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L= £f=. A2/— L O IREEHIL 11419. DPC SEILESEDOREERIZ 11420 T

BMRB IZ&&kL1T=,

4-2-3 HEREER
50% MeOH 10D VIP-G D#&i&

VIP-G PZFDEFELUAD SAR ZRET SO DA THA—2av|RITENT, A2/—IL
O TFE D K3BEAREFE>T.CD ENMR OFA. HLLUTZFDELLIDBITET>T
W5, ChoDBZITEIMT, HLUIKERBETEDN LD, ChioZ#ES5E, HfafEe viP
SZRAOT7I/RIFEMBESAE AL (N-ted) D FILBKNBEEEBTIIENTED F
HRD VIP [, AILARFDFRIFICTI/BELD 28 PS/BORTFETH D, LMLGEMN G,
VIP OHLRFSRETI/EE, REAAOREPLRZEROERIETAEEFSM
B2 &% Fahrenkrug SHSBBREIZTRLTLNS (40) , LTz T SEIDMETIE., 5%
EARDZHS VIP (VIP-G) % NMR fEHT ALV = (Figured-2-1A) . ZLT. KIGE TERE
7z °C/"N TRMLAESNIILEZE AL VIP-G ZRLV=,

ZEHIBIARIMILD HNCACB, CBCA(COINH, HNCO #i@&E DA THEITL . 50%A%/
—LBRIZHEITS VIP-G D ESH HN, N, Ca. CB. Co YT FILDRBEITO!=(41), F=,
HCC(COINH & CC(CONH ZARIM LS, Ha. BISHD KRR F. AIHORFZERFOIF
IVERRE LTz, Figured-2-1B [Z, 50% A%/ —ILIEKRIZH TS VIP-G ZIRELT- 'H-"N HSQC
ARIFIVERT  His' & Ser ZBRWV=EHARDTATOI Y FILE, AIRBARD IR
BAERTS 5 FILO5S SWEREL . TALOS TOHS LEE-T, EHO = EAME
tEERERE LT (39), TALOS TOJ S LTETLIFER. 50542/ —LBERICEWNTIE,

VIP-G D Ala* 15 Ser® £ THa-NJ v IR THIHZEMN RSN T,
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VIP-G HSDAVFTDNYTRLRKQMAVKRYLNS ILNG

viP HSDAVFTDNYTRLRKQMAVKKYLKS T LN ~NH:

PACAP HSDGIFIDSYSRYRKQMAVKKY LAAVLGKRY KGRVENK~NH:
PACAP-38
PACAP-27 NH:
PACAP-21 N

Qi 3 o
. W% . - 1 10 | 1 10
) - I
< . §28 Ng .
7 to2s 7, P
LYon F115 & T& Onza °2° - 116
NS e 3 z 127 -
; Nz8 = N248 iy s
M1T Q16 K21 $vs ° nosd w 1
N?’ K20 oo X 2 1230 "2";? ats - .
R14 : 2 K20~y 2
b vk ;Jm - 120 YSO?S? L9 120
| FRLS - M7 R12 L
Yie g v22 L 6
.4 R129 L ) A18
0.3 o3# " “arg i 003 A 6‘ i
A4 L 125 Al - 125
1 L o e T T A T R
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H (ppm) *H (ppm)

Figure 4-2-1
Amino acid sequence and 1H-15N HSQC spectra.

(A) Amino acid sequence of VIP and PACAP. Conserved residues are shown in bold. The filled

circles indicate the residues forming a hydrophobic surface facing to DPC micelle. (B) and (C)
1H-15N HSQC spectra in 50% MeOH containing 20 mM Tris—HCI (pH 4.4) at 288 K (B) and in
the presence of the 50 mM DPC micelle containing 50 mM potassium phosphate buffer (pH 7.2)

at 298 K (C). Spectral cross-peaks are labeled by a 1-letter amino acid code and residue

number.

NMR IZ&-TH/bNI=& 5 395 EDRERMNLMEZEN S, BRI, 50%A%2/—ILiBR
2515 VIP-G DIEIRILF—1EE 20 EOHAELEEBI=. AVYIRATHLNSHIE
BE NOE THD dnli A3). dpli #3). duli #MHS Val-Gly* IZHE T ELH\ELNT-

(Figure4-2-2A) . 20 {EDEIED Ala*-Asn® [ZHITAEHRFOFEH —F{FE (RMSD) L

(wdd) Ngy

0.35A THY. TRTHDEBEREFEREREFD RMSD IE 0.95A TH-o1-, BiE{ELT- VIP-G

D 20 ADIEE L THSESNT- Ramachandran TOVENMS BN -EEDFE_EAIT

EUFELIME, BLUFIRICFELWMEDER RN THAHZ EM 53 M7= (Tabled-2-1) , 50%4
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B/—=LBRIZBEITHRV0THLDE 20 BOHBEIZOWT. FHEZEREHE-HE
Figure4-2-3 [ZRLT=, AR/ —ILBRIZE T2 VIP-G DIEE1E, 4-29 ZFH O 73 /BEIET

Fa-~VyIBREETHY. FTES/XKEBEEH (1-3 BE) IIHBEEZEL-TLWEL DT

(Figure4-2-3B)

Table 4-2-1
Structural statistics for the final 20 structures of VIP in 50% MeOH and DPC
MeOH DPC
Distance restraints
Total number of NOE restraints 395 376
Intraresidue Unused Unused
Sequential restraints (Ji=jl=1) 246 246
Medium-range restraints (1<i=j|<4) 149 129
Long-range restraints (|i-j|>5) 0 1
Dihedral angle restraints
o/yly, 23/23/0 22/22/0
Hydrogen bond restraints 0 0
Final statistics
Maximum target function 0.05 0.47
RMSD for experimental structure (A)
All backbone atoms (4-28 in MeOH, 6—26 in DPC) 0.35 0.55
All heavy atoms (4-28 in MeOH, 6-26 in DPC) 0.93 0.93
Ramachandran plot statistics (%)
Most favored region 97.0 89.1
Additionally allowed region 3.0 10.9
Generously allowed region 0.0 0.0
Disallowed region 0.0 0.0

Tan 5(&, 30%TFE [FRICH TS VIP DHEEZE LUATITIRE L= (31) . 50% A2/ — JLBRKIZ
BT Do~V I RADEELINTFEBRICHITPEELEHRTHY. CDDT—2EEL—HL
TV %, RBRIIZ, 50548 /—)LiBKE 30%TFE BB TIXEIEDAL T4 rA—Sav B>
TLV%, 30%TFE BRTIE. EHO RIS RSB OEEE A (Asn®Arg”. Leu-Met'",
Val®-Leu®, Lys®-Asn®*) BMRESN Tz, LALGEA L, SEOEBR TIEAISEEEIX L]
INRLTLM=(RMSD {E 1.0A BT ISt hoT . ZDLIGAREOHREFRIZRSh

Eh-ot=,
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Figure 4-2-2

Patterns of restraints in VIP-G in the presence of 50% MeOH

(a) and a DPC micelle (b). Filled circles indicate dihedral angles predicted by TALOS to be
consistent with the helical structure. Lines indicate the presence of inter-residual NOE connectivity.
The thickness of the lines corresponds to the strength of NOE.
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Figure 4-2-3
Three-dimensional structures of VIP-G in 50% MeOH.

(A) Ensemble of the 20 lowest energy structures of VIP-G in 50% MeOH. The backbone atoms of
residues 4-28 were used for the superimposition. (B) and (C) Side views of the ribbon diagram
(B) and surface model (C) of VIP-G of a representative conformer. The hydrophobic residues (V, |,
L, Y, F, M) are colored green.

DPC St JLICHEE LI VIP-G DM

RIZH A2, 50 MM DPC S JLFHE T T VIP-G DB BMEFRELT-, (XTFE/DPC D
L 1:84)DPC (ZIREBMT HILEMEL TEHONTEY . ATFF-RBEHERDE &
NMR BFRICELTLIFLIEAL SR TS, KPTIE, 1 80D DPC S+/LIF 60 {8D DPC 4
Fhotah TS, DPC [Pt DEERELL . FEHRORAMIMREMRMT 5. DPC (X
RELSEILEHRAT SO T, Eil NMR BIZRI2H 0 TSR L0180 M) & 55 B 0T REL#R0E
41759 .0PC SEIALTEMNGIER —EREOKREFELBULIE, SIS KEBA oK
EmELD2IETHD.

DPC St LFFE T O VIP-G @ 'H-""N HSQC AARHMLEE 1C [ZRLT=, DPC SHILAD
HMEERICKY VIP-G DZEE—IMLIEELTLV=(DPC SO S FHE(EH 20 kDa
THD) . COYUTIL(RTFE/ZILLLEE 1:3) AE5(ZDPC #MATH.NMR 25 )L

[ZEAEIEZEM o1z, LA T, COEBTTHOoNI=CROEONMR LT HILIE, SEILA~HE
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BEERLTLWAARTFREFINS/oN TS EHIMLTz, H 2. His'&ESer #R{TATD
FHABSTFILE, QSO FRBEKERFHEDLTFILDS>E 03%ERELT-, 376
BEDRERFINMR IR FEH S, CYANA [CEVIETRILF—HE 20 EO AL EERFT-,
Phe’~lle” DEHRFEEREHETRMSD Z5tEH T 5L, FHIL 055A,. TRTHER. ik
FRFTIX0.93A THo1z, SEILFEEAE D VIP-G D ZRIEE (L, Phe®-lle® IZE LN Ta-~1)
VI AWEEZ ED TV = (Figured—2-4) , 7/ KiIntAEL (1-5 BEEO7I/B) (XFEAE—FE
DEEESTHELT  BITHLARF LU RIFFRE L LYBRON-BEZL->THEY., o)y
VRISGEWVMEEZEO T,

Figure 4-2-4

Three-dimensional structures of VIP-G bound to a DPC micelle.

(A) Ensemble of the 20 lowest energy structures of VIP-G in the DPC micelle. The backbone atoms
of residues 6—26 were used for the superimposition. (B) and (C) Side views of the ribbon diagram
(B) and surface model (C) of micelle-bound VIP-G of a representative conformer. The hydrophobic
residues (V, I, L, Y, F, M) are colored green.

50548 /— )Lk, DPC SE/LICEES LT VIP-G DiEEDHE
NRTFREBEOBDOBEBEERABRERET H=HIZ. £ .DPC SEILFESED VIP-G D

B TREAR/— ILBRIZE TS VIP-G DL IhEFHE L=, DPC EA2/—ILIBR
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TIEWODDE—=VIZBEVWTIEES TR RGESTWEED D LR TR T —2 b (E
VIP-G ESEILEDEDEEERAEZRET S &ETEGIoF=. ECTHARIX. 2 DDE
BAHEBRBBBETICBULTREL: VIP-G O =RTHEEEFHE LT, VIP-G OR@EIZLE
TRMKMBEETVEL T THE BRSO THRIE/ SOFA 2 DRFEL T
(Figure4-2-3C & Figure4-2-4C) , 50%A3/—ILARIZEH 115 VIP-G ODHEELLETHE, =
EILEER DN VYR (EAOA0EL TL = (Figured-2-4A, B) , COEBMIDEE (S 21.84
+201A THY. HLEShTLVS DPC S ILD YA X LR TH 7= (Figured—2-5) (42) , M
EIZ&H S Phe’, Tyr', Leu”, Met"” OAIHIE. SEILEERETHKIE SVFEBRLTLMV=,
VIP-G (S EILORB Ao O RISEZMITTKESEILEDHERAICHFEL T =, LA
DT AR/ —IVBRICE T HEE LS HEEEEELOBOE R, S OMALTRY
FREZRAHEEMERATISEICI > TELTVNDER A FHRML Iz FBTAEILIC. C
hid 2 DOBHKEISRAE—IE VIP EPACAP [ZEWLWTEWLWMREESATHEY. COZEED
NOoDBRENEMEMICEETHATEEREL TS, Ala®, Val®, Tyr”, Leu®, lle®,
Leu? MDIERISNDEKIESSXE—(E. PACAP-PACIR HEKEEIZBLVTRTIFRLT
S/RIGHRENF A EOMEEREITMAELTIV=(25), ELT.VIP O Ala BIEREK
Z{E>7- SARHARDIFERELIMAHIT—ELTLVSH(43) , REUFRILEEALT-DPC L
REES>STNMRERZ{TICET, ChoDEREARTFR-IEEHREFRICEREASL T
DINERDIEN. SELETH D,
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Figure 4-2-5

Ribbon presentation of the structural
model of VIP-G adsorbed to the surface of
a spherical DPC micelle of radius 21.7 A.

20 A

VIP-G & PACAP DiEEH &

VIP EBWERFIHEEI1HEEEH D PACAP [CDOWWT, SELE SR DEELZ ARG OEE
MEEICHRESNTIND (24) , KETTIE. A MRELIZAZ/—ILBRIZETABES LU
tLEERDBEZ. BRICHRESN TV HEELHLET D, Inoocka I EILFESED
PACAP27 DHEEZE FiEMIICBTLI-ER . a- Ny I REEZ E- TV (PDB RER) . &
BIZ, SEILEFEEID PACAP3S Mi#:E (PDB ID 2D2P) [FT7LF L TILGTI/Kif(1-4 F
BO7I/B) DHEITRERa-N)y I RAMHEE (5-38 FEHOT7I/B) A HmEEEZL TS
M. COEEXEEMICVIP-G LEHRDEETH S (Figure4-2-6B, C) . Y4 (T, PACPA3S
DANKRF L RIFEE(EH A =AY IR ELGSTHEY . TEILDOEHE RBL TS AR
N H5, TO L. F—OBEKEEE (Phe®, Tyr', Leu”, Met') (I3 ILEFESDHEEER
EERHLTHEY. TOREERAEGHKIEBETTSHS DPC ILILOREBAEAIAT
L% (Figure4-2-6D,E) , CDER(E. VIP-G EPACAP AARILI L BB MROC—FHoTW

HIEHETRELTILNS,
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Figure 4-2-6
Comparison of the structure of VIP-G and PACAP-38.

(A-C) Side views of the ribbon diagram of VIP-G (in MeOH (A) and in the DPC micelle (B)) and
PACAP-38 bound to the DPC micelle (C). (D and E) A helical whee! projections of the membrane-
bound states of VIP (D) and PACAP (E). Amino acid residues located the peptide—membrane
interface are shown in black.

BB ZFEEIZHITS VIP £ PACAP DAV T A—av|ZD2WTEM BTSN TLNT. Ch
> DIERITHRRREEZERTIBVNETILERHELTLS, PSURAMMIILIARTZ7FV LAY

VIDIYARRMMIVIARI7ZFOIILTYEO—ILEA—RIZLI-IEE ZEEERTFRNEREK
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ELTHEST-EHRNMRBIZRIZ &Y. PACAP21 &£ PACAP27 M&:ENRTESINT= (44) . BIRIR
WEIZ BE ZEEICHE A LIIREETIEZ, PACPA21 5K U PACAP2T (XU E S f-1E1E%
&2 Tz, Gololobov BIEYRY—LEEEIKAED VIP DO THA—30% CD RARIMILT
L. BAA DIV ERRI7FONT ) EA—LFEE T TlEa- NIV IRERET
AW, FHEDQYUIEBETHEIRRAT7F I FEET CIREEELELIEERLE
(30). V3R 11 GPCR DYUA UKL, RIEIRIZR T TIXBHE -~y I RZEEOTINSA, VIP
EPACAP [EZDEMIIREICHE L TAY T4 A—2aVv BILSETEY., ThHEETHD
AELNEWN, BBAA U MIEE ZERICE 3R EHRa- NIV IRBHEERT DL, LD
DOREFSNF-EBHFHT7I/E (Arg”, Lys®, Lys?) IR TFRESRILEDORDORE AR
DELITEELTEY. ChoDEENAL T+ A—2a b Bl bLa-NIVIRDRELIZEE
HEEERELTWSOMELALLY,

GPCR I IEIZH 113 VIP D= RIEEE XN =X 4

RIS ARf=&SIZ. V95X 11 GPCR DUA VKD EMEMIERIE. RTFREZERDTZ/
KIGHIAN A EDHEEDREATH D, TRATORRHERICE LT, 7S/RIGMISNE
AMUITHEELTOBINLDYAUERTFRFa-NIY IRV TAA—2aEESTIND,
GPCR EHHLIZHITE ZERFEYAVRERETILARIBEN TV (24, 25) . ChBLDET
LTIE, REARADEEDRINC, RTFEDEAEEERTICENERL BRI THLHL
ZIREL TS (Figured-2-7) . RTFRIFREDHBEMERICEY -~ VI XAV THA—T3
UhGESh, RIEH—GERHBEORTFRELGS, COZENZBRANDEEIZBITSTIY
FAE—DRRZFDESE TS,

VIP DULDODDFELUKIZDONT, T oDEWFEREZFENTHET. VIP D SAR HEEZR
Ehtz, EYbit, PSoURFrUICEBHRICEY, VIP ZEEADRES LSEEKEME
ICHETEEEGRENHL I EEOT- (43, 46-48) , -, REMBE T HAWIZEREL
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BEO VIP OBEZETIVIET BEABITHNI=(31, 49), BEHEI&IC, RFOEEFEH
MRADEREFET HETHAHY. VIP OERE—FETL2ICEHRBLETIN TG, LT
A>T, VIP OEEFERILYBETHS, ARRICHEVT. BLESELBESED VIP O
HBIEEREL. DPC S EDBKMEHEFAEERMRT S 4 7I/BERRLE, Thon
BREDVONZEEIEDHE VIP OFEENEFMICTAIIENRENTEY. ChiEd
ZokERIZKY o NIV IANTREIRSNF12OTH A5, LI=A> T SARHHEIZHLVT
FARTFREFEDORDHEERAEER AT 2BRELRTFREZBAREOBOEEER
AZHHR T HZRELZRAILTEZLILELH S,

Solution state

VIP~-N-ted complex

ViP-receptor complex

N-ted

Membrane-bound state
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Figure 4-2-7

Schematic diagram of the two-step ligand transportation model for VIP.

The peptide nonspecifically binds to cell membranes and forms an a-helix at the C-terminal region.
Then, VIP undergoes 2D diffusion to the receptor and binds to the N-ted of the VIP receptor. Finally,
VIP is sandwiched between the N-ted and core of the receptor.

FEEL T, HRIT 2 BEORGHERMIBRTICH TS VIP OB REEETREL -,
ZLT. ChoOBREFa- N v REFET DRETH o= SSTRUET—2IE VIP 5L
AKORRICEVWTEEMGEREEZ5EDOTHY . REMKRBOABRLELITHNAZIRIC
BLWTHHERLET—2THAS,
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4-3 BIMEBTES Y+ ILEED Nuclear valosin—containing protein-like 2 (NVL2)®D
FERERWRILA) AEG R A DEBEBEERT

4-3-1 iR

Nuclear valosin-containing protein (VCP) -like protein (NVL)I&. AAA-ATPase T#H %
VCP/p97 &EB@W 7/ BRI E R T BIZFEMELTRESh =, AAA-ATPase [IETD
ERIZRONERENRD ATP MKIMEEFRTHD, chold, EREHESKORRLER
BHEZaCHRAGTHENBIETERLGRAZRLTIS(-4), AAA-ATPase (&, RTF
Ehz 220-250 7S /BN D72 HfhEE ATPase FASHY 1 aE —(type DAY, 2 2E—(type 1)
M THFEINTINS NVLIE. Z DD DM of- AAAR ALV E B type [l AAA-ATPase [
DEEEINDNVL (TIE, BRI AL ELED - DDERNMRTSARICK DT AV ITA— L
© NVL1, NVL2 Z7ES B (Figure 4-3-1) (5), NVL2 [£. 60S YRy —LHT1=whDESRKIZE
B4 58%/MRIZHEET H. COBBTIE, YRY—LHP T2 Zyk RPLS & DNA helicase
DOB1 AANVL2 #5EEAETHALRESNTINAG, ), thDEMD NVLF)LYaT ELT,
239 2ary/ L0 smaliminded(smid) (6, 7). 520D CED-4-interacting protein, Mac~1(9).
HEFEER O RixTp (10, 1NARASN TS, ChioDEFHEYND NVL A)LYaT Ol
FERBEEIL. TN TN SR —BL TSI THS, TD1=H . CO B FOEEEYSF
HRENSDELELIDMNBETH D,

VCP/p97 & NVL I&, AAA fBIDESIARMEAZ LA NVL2 O N RIFFEZINVL2")E
VCP/p97 M N KiFtEBIZEL>TIVS, COZONEHRENHBRBELEL-TEY.
VCP/p97 (FHIRAE . #%. NEAIEIZRBEL TLSA  NVLIEZ D FEAELB/MAIZBTEL
TLVA(5, 6), —HZIZ. AAA-ATPase O N RIGFEEICIE, TH Ta—~DFEE | HEFENK.
BEDIIGEROBENGBEITBDEGFAVAFETHEBEZIONTINS, NVL2 (2
&, BIMEBEICEE T 2IMERES T FHIL (NoLSWEFET . 3 DDRIN I $EEA %
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BIMENDREL T FILTHAHENagahama bIZE>THRESNTEY®G). TDIH5D DM
NVL2® IS B, PR BUSL O KRB RIETS/BOBUA, BEEORIME
ADEBICHEETHERESN TS, LW DEBREDOR/NMEBEERFNICEDE.
EF—TR/K)R/KXR/KIDHRESH(13), NVL2 ) NoLS (7= /i 49-52) (£, CDE BRI 7S
E&ERIT—HBLTWS,

BIMEIZ. 2<OERZL)RY—L DNA, YRY—L RNA EZDRIBRADEZEEDES
ATHEEREN TS, BMEOE—DEEZHGEHER, YRV —LOEERTHAH4), L
ML BEDOBAFICKY . #ZAMAIE RNA FTOL2 Y | R mRNA OREL. HEEH
Dl RNA DAL RADEEDISLHBOEFRENDHFICTEBVTEELREER-L
THEY. ZOEBHITEPZEDMOFERICEFREL TSI EAALMIESNT=(15-20), Z/IME
FERE-EEE. E8E-RNA HEERORYRTI—0ZE>THEHESh, #iFShTu
520, BIMEDERRAFORTIE, ZD2OEBE. XILFIV U EXILATHRIVANF
LEBHPLDFTHEEEALNTND, CNoDERBZ/VIXIVEREIE/vIT7 I
=B, &fl%@%&ﬁ%t%iéybiﬁﬁi§¢6(22—24)0 NoLS Z@ELI-=ChoDPLEBBHENDER
ERIX. TOEBEZR/ME~NAIN DL ESFTREME D H D, L L. BB NolS EF—7
[ZEDLEVNZLDERIINBESNTEY. NoLS DEZEIFLVEMGLD EL-TULVS(21),
NoLS BFIDF—HBIIHNME~NDEBE DB EIHRALGEBNMEDLNTVSHEEER
5%, NpLS DAFELEHERIE, —DFELIXERMOBNMAICFETIELEERHTD
CETHHERESNTINDQ2D), > T, COREFTIE. NoLS DAN=XAIZE IV =548
NEETHD,

AHAZEDBHIIET.NVL2 O N RIGFEEDIEEREITICES T NVL2 DMIRRRBED A=
Z LEBLINT BIETH D, SAF AV THTTAVIRMEREN RN —T I EEE
FBEEERZ AT NVL2 O N REGFEIEA S “NMR (2 & H88&EREITBLT"F AL (NVL2P,

TI/EETEE 1-70)Z B L (Figure 4-3-1A)(25). NMRZWLVTF M 3 KTt Ex RELT =,
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B NMR EERIZEY NVL2P [E, DAV TEANY YO REF—TD—HITEEL TS EE
TLBMARED T FIVE D FOREICEHL TV =, -l COFAMVEIT, B/ME
BIEENERT CEEHEL, MA T, XULAY 20O C KA NVL2P DIEEHEFT
HAELEREL . BIMABEICEAE T 5HhFLEDT7I/BEEE. RILAIUHEEITY
BRE7I/BEELFALTH -, REIC "B HBETOTAHIVANTIO—FITEINT
BMATO NVL2 DEBZRIMEEEIRET 5,

A 107 856
NVL1 [ YVl [ aaa | |

1 93 M nis 856

NVL2 Y. [ AAA | |

NoLS NS M

a2

al
B
A AA A

ERPRPGVY - VIR N 1 ¢ SSHRCGREVE TCY &1 RLY¥ SV
'KPRPAGF -~ VRN TSNRCGY IGVIES RVY¥SI
ENCPCSPGC IR GRREK YRIL T SENKRCE TAVVEA KLYRA
KB ~RGGYNIpe P RRE K HEgH 1 PKTRN-D VSAMES COQFRT

Mouse
Human
Xenopus
Zebrafish

A e
ZOCLOAOOD
&

J3

Smatiminded RKKARPLL-HHL I T IRRYK K IEEHIGE VKOMTR MQKY P~

CED4IP PCCMGF P~ Spl P LECABIRKFEGT FKPEL Y QEHP - 47
Hyp-Cbrig PCPGLGFASHP LESIQVEIVRRNPGREMFEPEN b & EQEHRP-~ 48
Hyp-Anoph HRRTSPFPYRPMITPERK EERVEQ VETGV R QRYR - 48

a3 »
A A
Mouse ERVESIPSSEKELKNLKE ~-DGHLAKRARCCEED 93
Human EXVESIPISSEKELKNLTE ~-DEHLAXRAR(QGEED 93
Xenopus ERVEKVPSS~-ETEGIDT ~-GTHLAKRAXKRGDDG ©2
Zebratish ERKVFAIMCSESDSR~FSA ~NXHLAKRARREPED ™
Smaliminded HOAFSIMSESYNLDRVSSSX~-EDCVSEDSEPPPTH 92
CED4IP REALERMQOLVAKEENDEK -EXEAMDDVQEI -~~~ 89
Hyp-Cbrig REALERMOQLAAKEE~~EA ~QRKEAMDDVQELRSE 9
Hyp-Anoph EEAYRTVLHSYGLDSNPS VEEEAGSDVEVMDES 94
.
Figure4-3-1

Domain architecture of NVL and multiple sequence alignment of the NVL2YP,

A, domain arrangement of NVL1 and NVL2. Two splicing variantsof human NVL are
shown. The translation of NVL1 starts at the second methionine of NVL2. The unique
domain is isolated from the N-terminal region specific for NVL2. The filled arrowhead and
open arrowheads indicate NoLS and NLS, respectively. UD, NVL2 unique domain; AAA,
AAA domain. B, multiple sequence alignment of NVL2 orthologs. The secondary
structure elements of NVL2YP(1-74) are shown at the top of the diagram with open boxes
(-helix). The residues in the hydrophobic core and the NoLS are indicated by friangles
and circles, respectively. The gray spiral represents the coiled-coil region. Protein names
and UniProtKB accession numbers are as follows: mouse (Q9DBY8), human (O15381),
Xenopus (Q7ZX14), zebrafish (P91638), smallminded (P91638), CED4IP (C. elegans;
Q9UBKO), Hyp-Cbrig (Caenorhabditis briggsae; ABXYNQ), and Hyp-anoph (Anopheles;
Q7Q5U3). The sequence alignment was generated using ClustalX (70).
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4-3-2 EER
EBICHHE
DNA AV XOLAFRITSAT—DERIF. LB E AT LY S IVRIZIKELT-,

Anit-nucleolin $1{4(%. Santa Cruz Biotechnology Inc.. Abcom D+ D% FL =,

EEEH

) AcDNA %8522 PCR T NVL2" B {EF&IEMEL . pGEX-4T3 B3 PRESAT-vector
AT, GST BA& NVL2P BBV 2— DI EE1To12(25), NVL2® O ELS2 LS I1E
GST MEEZEBE TITL. #B:ERFIX. GST 2RV =10FAVV:-, ZAEIX. K&
BL2I(DEJZ RN, 30°CTIFEZITUVRBESE - NMR YU T ILEARDF=0IZIX, HE— DR
FIRELT "N-NH,Cl ZEL M9 i, 512, *N-NH,Cl [ICINA THE—DRFIREL T “C-
TJIa—REET M9 BhE AV TEELZ T/, Hila#di¥% DEAE-Sepharose. $il\T
Glutathione Sepahrose Z FLNTHEE%#1T57=, Glutathion Sepharose IZ GST-NVL2 &5 &
SEFF, AOVELTOT7—EEFML. GST ENVL2Y OREZEDIE. NVL2P D#HEHT
LhoBEH Uz, BHEABIZEFNHROUE 2% benzamidine sepharose TRELT=.. &
WE{To71=

B MRS T GST-NVL2°(1-74) . GFP-NVL2"(1-7T4)AA ZHBR T 5 TS5 AIF X,
pcDNA-EGFP-PRESAT AU 3—% AN THEL =, pcDNA-EGFP-PRESAT RV 4—[%,
PRESAT AY4—EE 70— )LE VT, pcDNA3.1 ZE(ZL ., EGFP i#{5F & PRESAT A
93—y —= G A b EEALTH ELT=(26),

BIRIZ. His x6 3T BB DEFI VLAY VBT R FEBR R, R1234G (RRM R ALY 1-4 £ GARF
A T&Ek 286-710), R123 (F&Ek 286-560). R12 (5% 286-468) . R23 (J% £ 391-560), R34
(F%E 478-710), R4G (5%%E 565-710) . R1 (F%Z 286-390)% . pET-His x6-PRESAT(27)% Fi

WTHELZ, Chod XTOERBER. KBBE BL2IDE)TRBRSE NP7 I1=T400
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IRTS74—IZKVBEEET o=,

NMR [k BT AFFEEAFHT

"N, "*C/"N 18 NVL2UD O NMR [k BRI L. IREE 0.6-1.2 mM, 5% D20-95%H20, 25
mM Y2 EEF )0 Li(pH 6.4 D W TIT o=, 8., BISHDIRE IS 15N-HSQC, 13C-HSQC,
HNCA. HNCO. HNCACB. CBCACONH, H(CCO)NH, C(CO)NH, HCCH-TOCSY ZARZk L ()
HAaBHEERWTIT oz, T—2DF O+ XX NMRPipe & Sparky software Lz, A
oD EER (. =RIT C-. *N-edited NOESY hb1F1=,

CYANA (version2.0.7)ZRLVTHEE ST EZE 1T, RIZ CNS(version 1.2)2ALNTHRIE{LZE{T
212 NOEJARE—VIET R T Sparky ZLAWVTFETERLE, BoM-REIRILF—

DIELY 20 DIFED S5 R % Supplementaly Table4-3-1 [Z7RLT=,

bl 3
AW TlE. HeLa #Ifa & HEK293 #IREZE L=, CH O DMIRAIL. 10 %(v/V)ITI BB IR 05 .
100 unit/mL DR=I) 2 ERARL TR AL % MA T- Dulbecco’ s modified Eagle’ s medium

(DMEM)RLVT. 37°C. 5 %CO, DIRE T THE&ELT=,

NVLZP [CHEE L I-E A E D EE 5 HTI-,SELE

LU= 10’ OHRRZEEIRL . PBS Tk, 200 ml OEAR&K[17.5 mM Tris—HCI (pH7.5),
55 mM KCI, 1 mM MgCl,, 1 mM EDTA, 0.5 mM EGTA, 1 mM DTT, 0.25 mM PMSF, 0.05% Triton
X-100, 7T 7—tAZEH|(0.2 png/mi antipain, 0.2 pg/ml aprotinin, 0.1 pg/ml leupeptin, 0.08
pg./ml pepstain) JIZERHAL . BERICK>THELIz, COMHLE &I 180 pmol D
GST-NVL2UD(1-93)F 7=l GST ZMZ 4°CTA o Far—rLiz, RIGHED GSTEREES

{A% Glutation-Sepharose [ZfE& &, 3 [EI¥E%1%. SDS-PAGE O Loading Dye THE&LT:
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BEEEZAEL, BHL-EREE &A% SDS-PAGE TH#EL . Coomassie Brilliant Blue
THREL. YR TIAT7—ERRE. #FRZREREXMRAHMEES T 2—
T, BENHTEB(Q-TOF2; micromass, Manchester)& L \f= electrospray ionization tandem
MS (LC-MS/MS)IZkD A #1%1T o1z, EEEDREIL. Mascot(Matrix Scirnce)&HL\TIT

?T:o

DIXRZ270y7120

Hela fHRRZ BN, %if % . MARAARR[25 mM Tris=HC(pH7.5), 100 mM NaCl, 2 mM EDTA,
0.1% (v/v) Triton X-100, 1 mM DTT, 1 mM PMSF, 75 7—HEEHI]IZEBL -, M
% GST-NVL2" (1-74), GST LBE& LA Fa~A—h, Glutathion Sepharose TR .
B EREHEEA% SDS-PAGE THEEL PVDF JE~NEZE LTz, RIZ. anti-nucleolin iL{k.
#9550V T HRP #2358 anti mouse IgG ZRIAZ AT, XULA YU FZ#&H  ECL-Plus 2/
LWTHE#RIEL =,

In Vitro #3871

NVL2®™ &XTLA) Y C Rl héNERE-EEEHEFRADTEZT 5=, GST
TIE YTyt AE{Tolz. GST Fizld GST-NVL2(140 pmol)Z%. His x6 2T BEXILF
YoM R ERBISEXRBEOMBRITHML, RIE&E25 mM Tris~HC(pH7.5), 120 mM
KCl, 0.1% (v/v) Triton X~100, 1 mM DTT, 10%5")zA—jL, FOF7—EREF]HT. 4°C,
2 BEIRIGEE . FD#% Glutathion-Sepharose Z#FMLT 1 BEEZ. &=,
Gulutathion-Sepharose % 3 BIZEH#& ., FH . BHL-EBEZ SDS-PAGE TH#TLI=. &

0 FILEERE L Imaged 1.40g program (National Institutes of Health) TE &=L 7=,
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EHATEAE - S B

Ma%EF v IN—RS AR THEEL. pcDNA-EGFP-NVL2"°, pcDNA-EGFP-NVL2"°AA %
lipofectamin 2000 (Invitrogen)Z FALVTEA LTz, 24 BEREIIE &% . #If8% PBS TREL. *2/
—JLT-20 . 20 77 FEREEL . #BRAZEE LTz, RIZ. anti nucleorin HifAZALVT, 4°CT—
BRRIGE B 1=, ik . Cy3™4Z3# anti mouse IgG (SIGMA)IZZL ., R T 60 KRGS H 1=,
HRAZ% %% 1% . DAPI(100 ng/ml) T . Prolong Antifade mounting medium (Molecular
probe)& FLVTE A LT, MO BER(E, & IAMEXT1, DPT0 color GOD camera system:

OLIMPUS)ZRL\TiToT1=,

4-3-3 RREER
VR NVLZ" DIEEREHT

RTE LTz NVL2P(1-74) DX R BY7SHEiE D A A—T % Figured-3-2B IZ5RLT=, Bt
h. RERBIFIHIE R T=TE D TH S &L, Supplemantal Tabele 4-3-1 [ZRLT=, N Kifi& C
K. ZLTAREDIL—TGEE 1-10, 28, 49-51, 711-1D T AA—5 —fEEZ R T,
root mean square deviation (RMSD)EAS, £ T 0418A £ THORFRF. BHRFT
1.035 A TH>Tzo NVL2P DFFELIABEIE ST, 2 REEICE SV HEENZR
WTNVL ALYBTORAMVDINVFINY — IV RTSAAVETo =
(Figure4-3-1B), Chuio NVLAREDS E O 7S/ BEREE IS <AL (19-86%) A3, BkiEaT.
ANJYPR 2 ENYYYRBEDLHEC 2 BB DI —TE2HRTEH7I/BIERRTFESA TS,
ZDT=H NVL2 REAS O N REFFRBIE . K= TH—ILEDFIREER A TH S,

NVL2(1-78)[F ., Ay DR 1(11-23), NP R 2(32-42), N wI R 3(52-70)THRLEh D
BTT5 3 ADOA)yIREEE L5 TV S (Figured-3-2A), DaliLite sever (28)% FEL =
NVL2" D#ELERIZEY. Z Ra7 45 DEDZLDIAVTEAYY I AR AL ELDEH

BARESINT. HlZIE. S5 EF DP2 ) DNAFESK A (PDB code: 167, Z A7 5.2).
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ZAX$ RNA TF2F—1 I, ADAR1 D ZaK A2/ (PDB code: 1qgp, Z A7 4.5), 34L EHHE
D Zak A1 (PDB code; 1sfu, S X7 4.5)AH% NVL2"° D##:&E &I TLM =z, MZ T, cullin-1
(PDB code: 1idj, Z 237 4.8) . FurB(PDB code: 2003, Z 27 4.7) . replication terminator
protein (PDB code: 1f4k, Z A7 4.7) . NEDD8 (PDB code: 3dav, Z A7 4.6) DI HI%54E
EAY NVL2Y EETWSEEL TEIF S5z, FUGUE(29), FORTEGBO)Z S L L\ 2Hh DE
EFREETIE, ZO7+— LR DFEIEFRSNENof-, NVL2P [ENoLS EEH . CDEF
—DILBEICEHELTWS 2 BEHOIIL—TITLEL TS,

A

Flgure 4-3-2
Structure of NVL2UP

A, a superposition of the backbone atoms of the 20 lowest energy structures. B, ribbon
diagram of NVL2YP, with the NoLS residues shown as sticks. C-E, the structural neighbors
of NVL2YP_ The Dali server was used to identify proteins structurally similar to NVL2YP, The
corresponding helices are colored the same (helices 1, 2, and 3 are orange, green, and dark
violet, respectively). C, DP2 (PDB code 1cf7). D, ADAR1 (PDB code 1qgp). E, replication
terminator protein (PDB code 1f4k). All panels were prepared using MOLMOL (71).
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NVLZ® DEFERFFEL TXOLA > C KGR FRIE

FLLONVL2Y LAEBEERTSEBEZRET H-0HIZ. invitro ERBEFEERETILIE
AR FL—AFE-MS/MS 4% 1T o1z, HeLa MR D #% ALV T NVL2" (1-93) &40
BRI HSHEFORIEET-. MEERALIE-ERE D SDS-PAGE 747 TlX. Coomassie
Brilliant Blue 3T, GST-NVL2Y LH[THREMITHEB SN TELLODDRYRTFEA
B TE=(Figure4-3-3A), GST [CHE(FAL-EREDHERELEL T, 30kDa DEAE
DNV EH NVL2Y® ERFREMICHEERL-EOTHSHEHIEL -, MS 2 OIERRENT:
NVL2” HEEEBEDIFLEAEN.RNA TOtd UV EEE-E/MRIZEET 512D TH
D7=(Table 4-3-1), L\DM®D NVL2Y LHER T HEBEEMHD RRM FASUZEH->TINVSS
ElF, FRICHERRS ChETICS, ChoDEESEREN NVL2 LHEEERTHEVSHRE

[E75LY, Tabled=-3-1 ITRLI=& 3T, ROLAV U, & 2 BHO NVL2L DHESHFETH D,

Table 4-3-1
List of protein candidates identified from mass spectrometric analysis
protein Molecular Score®
mass
KDa

Ribosomal protein L7 29.7 113
Nucleolin 76.6 86
Leucine-rich repeat—containing 59 34.5 83
Heterogeneous nuclear ribonucleoprotein C 33.6 80
Progesterone receptor membrane component 2 23.8 78
Proteasome subunit o type 5 26.4 75
Heterogeneous nuclear ribonucleoprotein D 304 70
Heterogeneous nuclear ribonucleoprotein A 37.0 68
Proteasome subunit a type 7 279 63
Prphibitin 23.6 62
Vimentin 20.0 62

“ Score determined as — 10 Log (P), where P is the prpbability that the
observed match is random event, calculated by the program MASCOT.
A score >54 indicates extensive homology, P < 0.05.

93



A B + - -4+ 4 HelaWCE
- +-4- GST
- - 4 -4 GST-NVL2Y0(1-74)
kDa kDa
97 .
66 97— Full length
‘ nucleolin
45 66
45
30—
201 30
mAb: sc-17826
C
1 2183 710
Human revy [ revz [ rems ] revs | EEER
nucleolin T
* > NLS t
Intrinsically unstructured region
Epitope region Epitope region
for ab22758 forsc-17826
Figure 4-3-3

NVL2UD is a nucleolin binding domain.

A, in vitro binding assay of GST-NVL2UD with a HelLa cell extract. GST-NVL2UD(1-93)
associated proteins were separated by SDS-PAGE and stained with Coomassie Brilliant Blue.
The band indicated by an arrow was subjected fo theMS/MSanalysis. B, Western blot of HelLa
proteins captured by GST-NVL2UD. GST or GST-NVL2UD(1-74) was incubated with either HelLa
whole cell extract (WCE) or buffer, and co-purified proteins were electrophoresed. The proteins
were blotted onto a PVDF membrane and then detected by an anti-nucleolin antibody. The
epitope for the antibody is residues 271-520 of human nucleolin. C, domain architecture of
human nucleolin. The arrow marks the position of the peptide sequence detected by the MS/MS
analysis. The RRM domains and the GAR domain are shown as black and gray boxes,
respectively, with the domain names.

XOUANUNE RIMEIZEFET HEAE T NoLS LETE2—THAHLIEFSN TS,
ZD1zH. XILAY & NVL2 OBERISOVWTELSMREED . ERIILAYODE
RN FEIL 76,614 THY. 5#LT= SDS-PAGE D/ \UFDKES(30kDa)L BEDT=8.
Hela #RE30H#5R D NVL2"°(1-74), NVL2°(1-93)IZHEALI-EREDPRIZERDRILF
DO DFEEEZDDELEST=$HiIK sc-17826 (epitope271-520)., ab22758 (epitope 1-100) THE
F2L7=(Figure4-3-3B, Figure4-3-4), 2RXIL AN D/NEH 95 kDa THADIE, Y BE
LDt EE R DNS, Sc-17826 FUATIL, NKOMDELRILAY B A ERELE,
ChoDEVE A X, YT ILRROMIC, BEERFEV N RIGEEANMESN 20T

94



HHEEZOND N RKIGEEIIERE S BEY A FEEATULA31), HEK293 Mfaz AL V-

BEH. NVL2°(1-74), NVL2(1-93)EX LA OB BEEAAEESh A, ikt Y

DEREXILA) DA EEIE, Hela M2 M &Y E R GEA TV =(Figured-3-4),

A

kDa

Hela
mock WCE

in G 7493 G 7493

97

66 —

45—

30—

kDa

mAb: 5¢-17826

Hela
mock WCE
in G 7493 G 7493

97—

66

45 -

30—

Figure 4-3-4

Association of NVL2UD with nucleolin.

mAb: sc-17826

Hela
mock WCE
kDa in G 7493 G 7493
97 — - === Full-length
. nucleolin
45—
30 —
rAb: ab22758
Hela
mock WCE
o in G 7493 G 7493
97— - I~ Full length
66 — nucleolin
45—
30 —
-

rAb: ab22758

A & B. A Hela cell extract (A) or a HEK293 cell extract (B) was incubated with either GST (lanes
“G"), GST-NVL2YP(1-74) (lanes “74") GST-NVL2Y0(1-93) (lanes “93"). The purified proteins
were separated by SDS-PAGE and immunoblotted using anti-nucleolin antibodies.

NVL2UD [ZROL-F 1D ZDFEIXFNLIL DEFFT S RNA FEE R AT NICHEE TS A BE

A HS

ERIOLAY) X 710 PE/EEANDIEY (N K, PR, CKIFD 3 DOMREBIZTIToNhD,

N R AL, TS/ BN B RAEMTHAHETF RSN S PROFAS(E 4D



D RRM FASL DYIRLAHY . CRIFD GARFASUIE, TUI D ETFTLX U NEHEE
FTHDEALUTHY.RRM FASLUE GAR FASUUEEEBLE  RNA #EEF AU THDH(32),
MS/MS S HTIC K> THRIEENF-RTFREFIE. 4 HE O RRM FAS> D C RIFTH1-1=
& (Figure4-3-3C), 4 DM RRM & C Kifi GAR FALU MRS AMMAXIL A1) R1234G
(286-710)ZFRHIL . NVL2® LDBEMERER 1=, TDFER. R1234G (T NVL2” L4FEH
[CHEERLEH. XOLAYOZOEEIE NVL2Y LOFBEITHHRTHIHEEZLND
(Figure4-3-5A, B),

NVL2" &G)-ﬁ‘%(:LIZ\EU.R7bT'JQ@%’]“ﬁEtﬂj’éﬁiTéf:&'}l:\ LD DRILF
VUMRERGETRERSE . NVL2Y LOBEREERRECH R ZBRTATOWA
(R123, R34G, R12, R23, R34, R4G)A' NVL2"° £ DEFRFN1EZ R > TL =(Figure4-3-5B, C), F¥ill
[SHARBHELR123 & RIMG [FitkYBFVERMMEZRL., R34 [THRBEVNRNMEERL . 4
20 RRM DEFIHERIMEIXE <L\ (20-38%)7=8 . NVL2° A% 4 D RRM D ED HEL 1=
EF—TORELERBLTLD LN LIFHREZES5TH S (Figured-3-6) , T T, RERHER
Y. 2DFERREZTNLULDEHKELT= RNA EEFACIV(RRM & GARDVEEZE R 25T
NVL2UD EDFESICEI G LTINS ELVSF =B AN X LEIRE, MA T, NVL2P EXHLAY
EDHEERR, BHTERE-EEERAICEDSLD TGN EFEL, FREHL- R12
A NVL2UD EHEAERT M EIMRARS=HIZ.R12 & 15N £ NVL2° Z L = NMR
EE RERE (T o f=(Figured-3-NH%, BEHRDHHILFLIFDELEEFIRONT . ChoDiEE
ERIZIXM DA FLEELTWSIENRIESNT =,

RNA Y NVLZP EX LAY > DIFE (EFZ#ILT S
CNETISRARLSB— B TIIBVERERALEZ. XULA Y -NVL2® HEERH

[ZE1T5 RNA DI REATz, /IMAIT R FE IS RNA, FRIZUARY—L RNA R

ERAZ ST, RNA 1% NVL2® EXYLAY U DHEEERICEEE5RHTENTED, O
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DA HEEZ AR B1=HIZ. RNase A ZHRMLTTINE I T oA %ETo12£25 BHENY
HEERAIETALLT=(Figure4-3-5D), CDFER (T NVL2-XILA) 2 DOBEEAIZ RNA A
METHAZEETRT . TD=H. Z DL EDEHT S RNA FEE R A/ H RNA ZRFEFL T
WBRILZ)-RNA A RA NVL2P S L TW S HEMEN H D,

A 286 94463 74644 710
(:;';'f:;';) B reva Brevz [lljevz [ revia |

308 379 488 557 653 interaction
R1234G +
+
+
*
+
e | *
e =sia—— +
B
(]
S & & <
kDa ;._ = 1 .‘ 7 kDa
97.0 97.0
66.0 66.0
45.0 45.0
30.0 uf 30.0
201
201
14.4
14.4
D Nucleolin (286-710)
in G 74AA G 74 AA
- - - 4 4+ + RNaseA
kDa po
a0
97.0 ,g 1
© 120
66.0 o
Nucleolin £ 1004
45.0 .E i
2
- -
GST-NVL2Y°(1-74
30.0 (1-74) £ ol
GST-NVL2U"(1-74)AA  ® I—I
g 20
o
20.1 GST Zz 0 S5 (ot or e e
‘3 4§ 29 a g =
T Eg T "
=
FIGURE 4-3-5

Interaction betweenNVL2UD and nucleolin.

A, summary of the binding assays between NVL2UD and various nucleolin fragments. B, in
vitro binding assay with nucleolin fragments. Either GST (G) or GST-NVL2UD(1-74) (74) was
incubated with E. coli cell lysates expressing various nucleolin fragments (in). The bound
proteins were pulled down and separated using 15% SDS-PAGE. The gel was stained with
Coomassie Brilliant Blue. Asterisks denote the nucleolin fragments bound to NVL2UD(1-74). C,
quantification of the nucleolin fragments bound to GST-NVL2UD(1-74). The signals
corresponding to the nucleolin fragments in B were integrated and normalized by their
molecular weights, using ImageJ.D, RNA is involved in the NVL2-nucleolin complex. An in vitro
binding assay was conducted with nucleolin (R1234G) and wild-type or mutant NVL2UD(1-74)
in the presence or absence of RNase A.
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RNP2 RNP1

RRM1 308 FVG NFNEKSAP ETGISDVFAEKNDLAVVDVRIEEMTREFGYV ES 356
RRM2 394 LAK PYKVTQD KEVFED--AAREIRLVSEK-- KSKEGIAYI KT 438
RRM3 487 VLS SYSATEE QEVFEK--ATFIKVPQN-C KSEKEGYAFI A8 532
RRM4 573 PV.E SEDTTEE KEESFDG--SVRARIVTLCRE SSKGFGFV NS 619
RRM1 357 A LEKALELTG-LEV NEI E- 379

RRM2 439 E AERTFEEEQGTEI RSI YY 463

RRM3 533 F AKEALNSCNEKREI RAI EL 557

RRM4 620 EEpPAKAAKEAMEDGEI NKV DW 644

Figure 4-3-6

Multiple alignment of human nucleolin RRM domains.

Four sequences were aligned using clustalX and manually adjusted. RNP1 and RNP2
indicate the positions of consensus sequences.

109
110
9' 0 m
F112
0 0
13
’ 114
15
1
116
5
. "7 N
H 118
p
a % 19
- o P
v 120 m
1221
122
gy O
1] 123
\ . 124
125
‘ 0
126
| 127
128
e e e e i e o
100 95 9.0 85 8.0 75 7.0 65 6.0
1H ppm

Figure 4-3-7

The nucleolin-RNA complex is required to associate with NVL2UD.
The HSQC spectra of NVL2UD(1-74), collected in the absence (black), or presence of 3 molar

equivalents (red) of nucleolin fragment R12, indicate that NVL2UD shows no specific interaction
between NVL2UD and purified (RNA-free) nucleolin R12.
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NVL2V2 NVL2UP
(1-74) (1-74)AA

EGFP-NVL

Nucleolin

marge

DAPI

Figure 4-3-8

NVL2UD is a nucleolus localization domain.

Hela cells were transfected with GFP-NVL2YP(1-74) or GFP-NVL2Y0(1-74)AA. After a 24 -h
incubation, cells were fixed, stained with anti -nucleolin antibody and DAPI, and then visualized

NVLZ" D RRKR EF—I0 B/ EBITD/=0IZLE L5 THD

NVL2 [, 7S /ERFRE 49-52 (CHEIA7S NoLS 2B R (R/KI(R/KXR/KEEAT
L)%, RRKR EF—7% RRAA [CEMLI-BE . NVL2 OB/NMEANDBENGIEoT=ELD
|MENHD6), ChoDFEREA . RNA LTz NVL2-ROLAY U BEHERICESTHME

SNEFFHARDF-8IZ. NVL2'°RRAA T E{A(NVL2"°AA)Z AL T =(Figure4-3-5D), NVL2""AA
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[E. RNA 2’HEMESIMZEH YL XOLAY LB ERLGA o=, RIZ. XOLFYY
- NVL2PHEERENVL2Y D% /IMENDRBEDBFRER 1=, NVL2 ENVL2PAA
DHIRRANBE D LLEE{T o= NVL2P (I EETRRAMAICHTELT=— 5 . NVL2PAA D [T &
AWEDBMBBBEICEEEY, MIMANEXBIELL D o 1= (Figured-3-8), Ch > DRI,
NVL2 A% NVL2 DZ/MEBTEIC+ LG HEIMORAML THY . NVL2Y DRRIMEANDBIEIC

[EXILA)-RNA EEREDHEERNBETHAILERLTLVS,

NVL2UD DMt EF—2

AMRTIE DSEBRKF A THYRBW TR DMEBES T FILOIAV £ Y RERS
(R/KXR/KIX(R/K)EHFD NVL2P ZRIELT =, REDWHMETIE., BAMKBRES T FIL D8 |
HEERIZEIL. REIENDTHAIZENREIN TS, Chik EBES T FIL(NLS)
MERELNLS LETE8— A UR—FUORBEERITHAOITHLT. EHEO/MEBE
DEMLGEBROLELIERTHD. SHETIZ.AVR—FUPIIRAR—FoD=HD
NLS &, #EEL T FILEIEREY  — iR TIEAL NoLS L7 FILBES FARESNT
W5, ZORY . BIMAERE-EREREERR VNI —VICEST 52O EBENH
IMEBEDREELLESTIND(21) . RFFEDFER . NVL2™® D RRKR EF—TH/ME~D
BITLECTORBOMADKREEZRIZLTWSILERLIZ, XULA YL -RNA EEKE
DHEERIT NVL2 ORNMEADREFIZFELTODITEVNVEND, COZER, #%/NMEB
EDAIET—HETFLEIHLTLS,

COBRAMSNVL2P LtEDHENTLD NLS ZEL ERE D ELRADOEE DO LLE
FBHET. NoLS DIFENFIBIEDEEZER A1z, HLEIZIE, Rmmott & Hiscox [Z& D
BEORMEBEIZOVNTORBRCHNMGHERE NoLS ZBAT, EDEMMND. 6 DD
S LT-#8:&% Protein Data Bank TRDIF1=, £t IX. PDB codes; 1k5k (HIV1 Tat), letf

(HIVa Rev peptide-RNA) . 2bxx (IBV-N protein) . 2hdp (MDM2) . 2fgf (FGF2). 2ang
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(angiogenin) T, FGF2 & angiogenin #B<ChoNEBE(T, ELDOELR/MEERETF.
XGLAN ROUATHAZ  RNA, EHEERATY S, HIV1 Tat, HIV1 Rev [IXYLF T4
AZSVERNADEL LA NoLS ZEL TEEMEEFAL. HIVI Rev RTFRE-RNAEE 4D
BREENTTITENNTIAE3-37), RULATHRSUIE MDM2 EQEEERIZHINT
EERREIZR1-97(38), MDM2 IZBIL T, NoLS & T C RV T T4 H—FA(EN
KIGTRIEA, RULA THRIVADFHERICEE LTINS, —A T IBV-N EHED NoLS %
BULH = RNA EEH /b~ RNA BFEE 9 5(39), £LT. MDM2 &£ IBV-N ER & (EXY
LAYDIZEEETHIEMNMEShTINDM0, 41), EBFDISREI—MNIDHFORED
[FEAEZBE>THY. MABEICEVTER-ENAEERNEETHIILERELT
L3 (Figured-3-9) , &I, BUMARIEDHFERS NoLS DFLEZUEYSUDIFEEAE
DR FOIHITEHL TS, NVL2P D NoLS [ER AL LS DIHICEERHOEELFEHLT
WBH, BERDOSHITIFT, EBFDISRI—IETBNECAIZEIBEL TS, BREN
C&IZLHIVE Tat & Rev [ RNA ZEERT BT L=V EUD U DORIBAEHLTSY. Thik
BEZHF - RNA LOBEERAD LT EITEL TS, NVL2™ O NoLS [XFEHk D EHELEIC
—HBLTHEY. ChIL RNA LDFRMEZEREL T S, MDM2 & IBV-N EEE D NoLS &%
DRXILFIAEE EDEERMNGE S (EREBESNA TG A, MDM2 O NoLS [%, EER/ IS
A3—DMIRORED EABICB L --REZHHEL TS, MDM2 DXILA ) EDEE
ERIE. HABKRTNVL2Y ELTNSIEMNHERIEN S, NVL2P (K XULAY) 2 RRMEAS
VEDHEERERLTR/IMEBEIZEST5IEN DI >IN TORAIU TH S,

i D Typell AAA-APases FHELT= NVL D5 FHEE: Typell AAA-ATPase DM
Figure4-3-10 (&, Type Il AAA-ATPase DFBLIREHERER A UEELELIZTEEDT-H
DTHH, LD Typell AAA-ATPases DFRFESNT= NTDslE. NSF (42-47), VCP/p97

(48-55), PEX1 (56-58)MD ZL DI ELMEED IR THRESNI=LDTH S, NSF LZFDEF
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Lk
Figure 4-3-9

Comparison of NoLS structures with the NVL2YP,

Shown are NolL.S-containing structures selected from the list of Emmott and Hiscox (21). The
electrostatic surface representations are superimposed on the ribbon diagrams. Positive (blue)
and negative (red) electrostatic potentials of each molecule are mapped on the van der Waals
surfaces. NolL.Ss are depicted as sticks and are colored red (Arg and Lys) or orange (all
residues except Arg and Lys). A, NVL2UP (PDB code 2rre); B,MDM?Z2ring finger domain (PDB
code 2hdp); C, HIV-1 Tat (PDB code 1k5k); D, HIV-1 Rev (PDB code 2x7I); E, IBV-N protein
(PDB code 2bxx).

A0y Secl8 [, FICIUFH A= ARBOERERE TS L TL5(46-48),
NSF OEbLEELI—7 YA E, a—. B-.y —soluble NSF attachment proteins T3 (48)
VCP &EEFF CDC48 [J/NEAMEERERED S R49-51)E, TV EIED BIE R4S,

52)IZB§ 5L TL\%S, VCP & CDC48 D7 74— LA —tH E OB EMSEM XS AT
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DTLVELVAY, p37 (59). p47 (52)., Ufd1/Npl4 (51), VCIP135 (53), Derlin-1., VIMP (54)D &>
BELDRGST-TF TI—DFOT oN—5FEEST bR RGHBABREZ > TV S,
NEDEMEST=VCOP FHETA—H . VCP DHEEZEL TLVBITELVELY, PEXT (X, 3B D
NTD LIFDLEoF-FASUEEE. TIIZH~300 7E/EEDMBFDIEHA . £LT AAA RA
42 (D1,D2)ZH52, PRX6 O NTD [FRES=N TLVEWLTH ES, FORTE BEF RY—/\—
TlE. B Z Ra7 T, PEXI" LD EREHERLI=,

Figure4-3-10 (&, NVL(EZ DA ILYOY) I, 10D Type I AAA-ATPase LIEIERIIZRES
CEFIEHEYERLTLS, HIAIE. NVL A B/MEATENZE ., [RiEHRE OKRE TILE
ML, KY/PELY NTD(NVL2D) & FASCHEDIEADRSIIREMTH D, TD L.
NVL2Y (&, ANWAEFTTFATRISARIZE>THRMNBZENTED, ThIZEhhbET . T
NoD Type Il AAA-ATPase DDA DI BORHHEFEZB LD THD, — kI, &
NODBEREFITRTAERIDTEZBBL. BEET7I74+— LT —HEELTHL, Type Il
AAA-ATPase DIFEAEHHIBV/DRERICBEL. RRtE42, 43, 48)0ELZBA-EAH
k(49 60-62)IBHS LTS, ERBE-EOHF-FEOE-EREERAOBEZ. BX
MIABTHY. ATP JEHRFHNTHS. BMIC. ERE-E0E/ERE-BEHEEERN
fREET DM DB TIL. AAA-ATPase TR THELN - ATP DI RIILF—H R EEShSHT
BB, ChoDFOBIEL. EREPCRILAFIV—LEAHEREDLSLEEZLDEY
RHARUED=OIZ RO A VI OBEEHREHELEET D #oT, HM5hTLVS Type
Il AAA-ATPase D ILBDRFAIL. D FHREBOBFROBENATHS,

HBIMETD NVL DREY

fhDIEIZBAET D AAA-ATPase LIZE% ST NVL2P [EH/IMATR YL A1) -RNA &
HEBLTHEET 5. RILAY VI BINETEOERE-EHEHEEFROR VLT —
JDONTEBHBETHY., MADOBEETHIFL TV, RILA) UL BBETS /BRI SRS
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—DEVKATHBEEEREL. ChEEOXILFI U HEEBEDEODRIBELT
BLEEZONS(21) . BREDWHAT, RALMEDE . RAZMEBEEIL, FIZZD1042
SURLONTERETE,. ERE-EAEHEERRYNI—VDAFLEHEEERT-L
TWAHIEMNRESNT=(63, 64), LML KA TIXNVL2P [ERIL AV ORAE TR T
(F7%5<. RNAFE S TRIE~ RNAIRTFRDIZHE R T 5 LE Rz, COREDIE NVL2DEEIE
DIXILAVAEEEAE, MRAVAS—H [ PERLY H1 ERFIL TS, ChETISHR
Rfz&S31Z. NVL ZER<{thD Type li AAA-ATPase DRFESNT=- NTD (D75 T2—ERA
HOEEAOESICEET 5, BAHRIC. RILAUUIE NVL2 OT7FTE—THYNVL2 (&
NVL2 DE B LEL(ICE<KDMELNALY,

Type Il AAA ATPase Localization Target Function
NVL2
4 up | [aaa || AAA ] |ss6 Nucleolus Nucleolin Recycling of nucleolin
from pre-rRNA
VCP/p97 Ubiauiti
quitinated
1[N TAnn | [Ama | Jeos Cytosol ERAD ERAD
Nucleoplasm  substrates
Recycling of syntaxin 5
Syntaxin 5 for Golgi/nuclear
membrane remodeling
NSF
1IAEM T Asa T T aan Jj74a Cytosol SNARE Recycling of SNARE
complex for exocytosis
PEX1
8| NTD | [aan T [asa | _J1283 cytosol
PEX6 PEXS Recycling of PEX5 from
1[ TaaA | 1 AAA 980 Cytosol peroxisomal membrane

= 100 aa

Figure4-3-10
Summary of the type Il AAA-ATPases.

Domain architecture, subcellular localization, target proteins, and functions of type 1l AAA -ATPases
are indicated. Each AAA-ATPase dissociates the target from the protein complex. Because the
removed proteins are used again in the following assembly cycle for the respective complex, we
propose that the recycling of target proteins is a function of the type Il AAA-ATPases.
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Figure4-3-11

Model for the function of NVL2 in ribosome biogenesis.

In ribosome biogenesis, nucleolin plays a role in rDNA transcription and maturation. Nucleolin
binds to rRNA via its RRM domains, and it may regulate ribosome maturation. NVL might
dissociate the nucleolin RRM domains from the rRNA with energy derived from ATP hydrolysis to
promote some steps, such as protein incorporation or rRNA folding. The released nucleolin
interacts with other rRNA molecules as well as rDNA. Consequently, NVL recycles nucleolin at
the nucleolus.
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Supplementary Tabele 4-3-1

Structural statistics for NVL2UP a

Total number of distance constrains 994
long range [ |ij| > 4] 236
middle range [ 1< |i-j| < 4 374
short range [ li-j} < 1 382

Hydrogen bond constraints 20x2

Dihedral angle restraints
d, ¢ 46, 46

R.m.s. deviation from experimental constraints®
Distance (A) ‘
Angle (°)

R.m.s. deviation from idealized covalent geometry
Distance (A)

0.002£5x107
0.1240.012

0.001=%5x107

Angle (°) 0.292+0.001
Impropers (°) 0.108+0.004
CNS energy terms (kcal/mol)
Ebond 0.6940.05
Eangle 29.84+0.23
Eirp 1.170.1
PROCHECK Ramachandran plot (residues 11-70)°
Residues in most favored regions (%) 910
Residues in additionally allowed regions (%) 9.0
Residues in generously allowed regions (%) 0.0
Residues in disallowed regions (%) 0.0
R.m.s deviation of mean structure derived from 20 calculated structures
Back bone (residues 11-70)° (A) 0418
All heavy (residues 11-70)° (A) 1.035

aThese statistics comprise an ensemble of the 20 lowest-enegy structures obtained from 200 starting
structures.

®None of these structures exhibited distance violations > 0.5 A or dihedral angle biolations > 5°
‘Residues 28 and 49-51 were excluded from analysis
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Figure 4-4-1

A portion of the SN-'HHSQC spectrum of the first PDZ domain of mouse ZO-1 protein
illustrating a number of the assigned backbone 15N resonances. Asterisk indicates
the Trp9 side chain
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AAA:  ATPase associated with various cellular activities
CDNB:  1-chloro—2,4-dinitrobenzene

DD: death domain

DMEM: Dulbecco’s modified Eagle's medium

DPC: dodecylphosphocholine

Fmoc:  9-Fluorenyl-methyloxycarbonyl

GAR: glycine/arginine—rich

GPCR: G protein—coupled receptor
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GST:  glutathione—S-transferase

HB: heparin—binding domain

HBTU: 2-(1H-benzotriazole-1-yl)-1, 1, 3, 3—tetrametyluronium hexa—fluorophosphate
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HS: heparan sulfate proteoglycans

HSQC: heteronuclear single quantum coherence

HTS: high throughput screening
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LB: Luria Broth media

LBT: lanthanide binding tag

MAGUK: membrane-associated guanylate kinase
MALDI-TOF: matrix—assisted laser desorption/ionization time—of-flight
NLS: nuclear localizing signals

NMP: N-methylpyrrolidone

NMR: nuclear magnetic resonance

NoLS: nucleolar localization signal
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NSF: N-ethylmaleimide—sensitive fusion protein

NTD: N-Terminal domain

NTR: neurotrophin receptor

NVL: nuclear VCO-like protein

NVL2Y°:  NVL2 unique domain

OD: optical density

ORF: poen reading frame

PACAP: pituitary adenylate cyclase—activating polypeptide

PCR: polymerase chain reaction

PDB: protein data bank

PDZ: PSD95/Discs large/Z0-1

PRESAT-vector: Potential Restriction Enzyme Selectable Asymmetric T-vector
PTD: protein transduction domain

RA:  reheumatoid arthritis

RMSD: root mean square deviation

RRM:  RNA recognition motif

SAR:  structure—activity relatioonship

SDS-PAGE: sodium dodecylsulfate—poriacrylamide gel electrophoresis
TFA:  trifluoroacetic acid |
TFE: trifluoroethanol

TRX:  thioredoxin

Ub:  ubiquitin

VCP: valosin—containing protein

VIP: Vasoactive intestinal peptide
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