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XETE, FTRETHW=LETY—9FE. UHY RSFICEBTAEMOMRICD
WTHISRT D, E5IC. BEICBITAMEOBMEEERICODNTERS,

1 —2 Low density lipoprotein (LDL) L+ % — & Very low density lipoprotein
(VLDL) Lt 7% —
LDLL 79— (3l EXE LOBEAL T4 —ThHV., LIDLEIV KYA b= R T

MARICRYAS, MPILATFO—IEEESECEOMEET22), —AK. 19924
ZIDLL 9 — LSRN ZIF O ETRREENAVLDL LS4 —(3., LDLLE

S—LEVERMEETAICHEDOT. WAETOEDEEEIZRERETH S,
LDLL £ 74 —&VIDL Lt T o —(3. 1:REFDSPEING KA VAEEHEDT

BLLTEY., LUFISRTSDODOBEE R AL > & £ET 3V (Fig.1-1),

1) SRATAVEENESHFRET DY A2 REBEEAL : 9407 =/ BOB YR UEHH»
5735, 1DDRTAVVE—=MIIZEDIRATA U EBENSEENS,

2) Epidermal growth factor (EGF) precursor D4HE#AiS : EGFATER{E DA K A A
v RN ZERT . Growth factor repeat&EFEEND S AT A VICEATERBRYERL
RIBEEN, TUORY—ATYUHY RERBTIBICHELABEREEZSNTH
B

3) O-linked sugar D#EEMEE : U Y. AVAZUVICEALEMEETHY, O-linked
sugar DEEY A b THD, BERREDELZZTHBTHS.

4) REEWAE : HiRRRICK/ET 2-HDOMREETH S,

S5)MRAME: L7y —aFP#BRELEDcoated pitIC/ETAEHICHELEEZ S
N TS 8BS Phe-Asp-Asn-Pro-Val-Tyrdd 7 X / BRI £ S AT 3,

HMEDOHELDEWNE, UHY RESSAICEVWT. LDLLEF9—B7TEOD S X FA
SUEP—FEBLTVWADICHULT. VDL LEF9—38EY P— r SR EATL
35TH5 (Fig.1-2).
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Figure 1-1 Model showing five domains in the structure of the LDL receptor
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Figure 1-2 Five functional domains in the human VLDL and LDL receptors
The number of identical residues (expressed as a percentage) in a given domain is indicated

between the two receptors. The cysteine-rich repeats in the EGF precursor homology domains are

lettered A to C.



—%. LDLL 79 — 3P ICERRLTODI0ICH LT, VLDL LETF—
(. LFh. B, BEEE. BASICHERRLTHLS LV BBREEOENSHD
4,5), x5Ic, LDLLE7&—IE. UH Y KTHS LDLY B-Very low density
lipoprotein (B-VLDL) OFRMICK VEESIDHENZ M, VLDL LT —TIEIDK

>R Snmnd), E51ICDLL 74 —(3. apoB100% &L Low density
lipoprotein (LDL). apoB100& apoE @A % &1 B-Very low density lipoprotein (8-
VLDL) #ICHATBEMNTEBM, VLDL LEF4 —(3. apoEESL B-VLDLIZUL D
BETERNEND UH Y RERMOENHH55),

LDLLETH—R—=/—T 7 2 U —D—ETHSLow density lipoprotein receptor
related protein (LRP)DIESLBIETRRE I N/=HRR Y /i KT 539 kDa Receptor-

associated protein (RAP) i3, LDLL =74 —&VIDL Lt 79 —DmEICHET S
ERHIBNTNS, £ FORMRAPIE, 3237 3/ BEENSKY. ZOCKHICIZHEE
MOERICE EEB7=0DT =/ BEFIHNELSTEEL TWBDT, EICERICE EE > TH
BT 2EEXSND, LRPICXHT BRAPODIEEIE. UK Y RESKENICE Z SLRPOH
BEB<CEMED, v AOYEUTEELRPONF 74— FA LT RETIME IR
BBEhTWAH, LDL . VLDLL 74 — (X3 28 EEI3BARICAR > TWWEWL, .

LDLL £ 74 —&ERAPE DEESIZKAEH 250 nMEBB LD I3 LT8). VIDL Lt 74—

EDRERIZKAMERYO.7 "MEBL BATEBULNH B, CORMMEDEBOM, ENLS
HAEBSNBEEETRLTONSONRTATHS.

AHETIE. LDLL £ T4 —&VIDL Lt 79 —DORBEIEDEV., HICHL T8 —
DRBEMIBAY A KTHHRAPEDBIRERBPT S L2 BMELTHRERS,

1 — 3 Bone marrow stromal cell antigen -1 (BST-1/CD157)
1—3— 1%
1@HERAET Y < F (RA) BEAROBHMEHERKTE. REABEROBOLLEEL
T. MEEPEKEEO T X7 UBHE%k THSDWI4DBIERIFESEE > TND I &
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PERBEINE, SSICREASLETSE. RAPSRIEEHE (MM) BEOEHR MO
— TR S U BRI DA IFEEA T L TOB I EMRNEES N, RAPSRIES
BAEE(MM) 2EDBEEX FO—VHERICIE. 7 UBHREOEMBTIHELRET S5 TFD
masrgEans10), coL>3HBH FO—TEBCHEET S T L BEKORIEX
BEERRETBATFIE. IL-7. c-kitU H> K. Stem cell factor (SCF) Z453 TICH SN
TWER, 1994FFH S (k> THRESF TH L EMMEMIFE— 1 (Bone
marrow stromal cell antigen-1; BST-1/CD157, LIFBST-1&KRET D) BRI
11)(Fig.1-3).

BST-UICKIF [CBRKMED S T FNRTF REFTDIVIADINT A RT7F 24
Ji k=L (GP) 7o h—BEEETHY 1), BST-1ICHT 2R Y 2 O—FIUAKT
BST-1£ 2248817 3 &. MBASTFNY VBILH BB S BIEEhB T &5,
BST- 153 FIMEESF (LETEF—) ELTHEELTWSZENEZSNTL
212), x5ick MY /BB THSHCD38E, 73 /BL AN THI0%OHERENLES
Ltaull), CD38&EiEICADP -ribosyl cyclase;Ett&. ADP ribose hydrolasei&

EETZoENMONTLS3), ADP ribosyl cyclaseiEtt 3. NADEIBIKADPY K —
Z(cADPR) I2Z# T 2B ERIST. ADP ribose hydrolase;&tld. FTIKADPUKR—2R
(cADPR) %17k 588 L TADPY R—RICEMRT BZRIETHS. cADPRIZA /2~ b—IL 1,
4,5 —ZU B (IP,) &IRBASAHIBT, MAANC X b7 MECa EYY—REED
AV KAy Sr—ELTERINTNS 1Y), CD38. BST-1& bICEBRDEMS
fLZHEASAICE Y. CADPROSHIBEZEBBLICKWI LEE2 5 L. JOMBSNICHFE
THBEIMNN. EOLSICLTHBAC X 7 H5Ca" 2 Y Y —REEDIDENI#
BORBESHFENG, £, UOITFREOBHMBRCIEICIE. @EALLERLT
HECBVREOTEMEBST-1 OFESTRENTHY 1), COAARABST- 1057
% ADP ribosyl cyclase;Ett S fRHE S DBRMIEE NS (Fig.1-4). LHLIREEXT.
BST-1MADP ribosyl cyclase;EE # 4 RMICEET 24 e ES—BROVESh TV
Wed, LROMBESEBESHITEIEMNTELR Mo/, TITEHARTII. RETH
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derived from healthy donors

Facilitation of pre-B cell growth
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(B X =D
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rheumatoid arthritis (RA) patients Exc.epf IL-6, IL-7, SCF,
c-kit ligand etc.

Figure 1-3 Bone Marrow Stromal Cell Antigen-1 (BST-1/CD157)
facilitates pre-B-cell growth
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Figure 1-4 Features of BST-1



BE2377 =SS UFARTFRSA TS5 —iEZERWT, BST-1DADP ribosyl
cyclaseEM ZRMICEET IBRA EES—DEIREZBENLET D,

1-3-2 27=CSVFLRTFRSATSU—

19854 Smiths 1. 745 A& AT 77— Ominor coat proteinT#H % plll& 2/
HEDBRIGEFAIC, HIRBERECRBEFERALLERB T 7 —VEERHLIL. T3
L. COTRET7—JICBNT. EcoRIpsplly o BEDBEERELLTI 7—OK
ELEICRREN, RECORHABICL > TREEINDZ &b Morz, Lhd. pllF Ry

HOBEREDNT CBEAOBRREEEZSNTOE0), OBRIF. HIRER

ECoREBEFDRDYIC, 52 LBARTF KED— KT ZDNAZPIBEEFICEATH
lf. 77— SERELLCRALES VI ARTFRSA TS —2BETESLEBHRL
317, BERE. 52 FARTF KEFIN6mernHS15merfiOREEHTE7 7 —
SS5A4TSY—EFRLTERTS, COLIH5 VY ARRIIEETZ54T5U—
GBI, WICDEIISENSHD) £5—4y MAFLEMESE, ¥4y FHTFIC
BRMICEATET7—Uo 00—V &RV FETERL., BET5EI1£183158

19, 20)(Fig.1-5), COHFEDEHIZ. §—4v FOFOBEICETIMANE L E
KTH., ¥—4y MFICEATAMINERIRT B ENTEDSICHY . SETICLE
S5 —SFIHEAT BT I F21,22), 7o =2 1232 H 5\ dBES v EE

H—2)EpwBCHTAMENTINTNS,

1 —4 BST-1&BST-1DADP ribosyl cyclase;E 21 EMICEET S/ EES —
SNP-1 & DS
B TIE, SYTALT7F—OFAARATV—54TS5U—M5,. Bone marrow stromal
cell antigen-1 (BST-1) Mecto-ADP-ribosyl cyclase ;&4 & ETHH|RTF K1k
E4 —SNP-10D8I&%EFTo 7=, CORTF KA EES—(E. BST-1DADP ribosyl
cyclaseEM £ BIRT BANEY —IVICKEDLARIC, E5[CENERAEES —ERE
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Phage display library

Wash out
unbound
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g § Repeat 3 or 4 times
g g g / Elute bound

phage
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Amplify eluted phage Infection of eluted phage with
with E.coli K91 kan E.coli K91 kan

Sequencing — .Single colony isolation

Figure 1-5 Procedure of biopanning
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THEDOY - FEEIICAEDZEEZOND, ECTERRTIE. EH5ICENBAEES—
ERATTAROBBNMRAEZ/SLEZBAMEL T, SNP-1EBST-1LDOFEEEFHMICH
e, £F. BONLRTFRA 2 EES—SNP-1&, BST-10#EERITE. KE TS

A& H8:% (BlAcore) 26)  |sothermal Titration Calorimetry ;% 27, 28) £ BINTHT
2. £z, A/ DStoichiometoryZkeH57=8IC. [ BHDBST-1. RIF RS EE
5 —SNP-1DBRFONFREMABRLOMRE AV LRBTE R TRET 5. =5
C. SNP-1 LDESICEELRT I/ BERBEZRAETHEDHIC, 2TOT7I/BREET S
ZUICEBBRUIRTF RE{FERTHEL. KBTS XEHIBE (BlAcore)Z AL
T, AIBAMBST- 1L DESZEBINT D, TSSO, A eEY—2KRFHT S
BOBERMMRIC/ESIEMY T, BST-1Decto-ADP-ribosyl cyclase ;& & EBET
5LTH. BEEGHMRICAZEEZS5NS,

1 =5 XR—/3—#R Toxic shock syndrome toxin-1 (TSST-1) IZ#&LT. TD Lt
TEY—9FEIZIvITEHERTFRORRE

1 — 3 Tl3. Ecto-enzymeig42HTH LTI —9FBST-1ICT7—SRTFRS
475V —E%EBIT S ET. BST-1DADP ribosyl cyclase;EE 24143 RMICEET S
BMEAVEES-SNP-1ZBE L. COLSIC. 77—IRTIFRSATSU—-E%E,
BEAFOLETS—AFIERALLAIRBBS<HRESNTVSIN, COHEEUHCBR
DFICERLALBARDEN., £IT FHARTE, VAV ERFEI—Ty bELET 7
—DIATIV—RILKBRIV-Z VT %1T5, Thbb, 7723475 —%%
DAV ERFICBRATZZEICEKST, VETI—3FEIZVITEIRTFRORED
ARETHIMRIATHILZEZBNET S, CoaAyFagETHNE VA E-L
74 —HEERORADOFEIC/EDLEABIC, LETY—2FOESFICDENS,
EHIC. BONBEIE. LETI—FFOT7UHI_RMIABYBRIEEZLND,

YAV EFRFELTIR, A=—N—HEFETHY. b+ avIERE. SHLEHR
REEDFEEH/FE TH SToxic shock syndrome toxin-1 (TSST-1) IZEFB Lz, XR—/8%—
MRE. EROMREEFRATY, RERRHERBAICE T2 70ty U282 &L
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<. ERTHRLOLV 7Y —9FTHLEIEHEESHRES S X EH (LT MHC

5520 12EaT230 31), x5 cR—S—HEEMHC £ 5 RUEDESEL. THE
LICHETATHEBEL T —DUHY RELTHREL, THIRERSISERLEES

32), ZOEMLEANATHRIE. BERENAKEEIEEIL. LWDPBIAMND M
Priavod, BHKRBESIEZRITEEISNATIS (Fig.1-6). #oT. TSST-1
CHELT. TOLET9—THBMHC 4 SREDBRAEBET R TF ROBSIN
(£, TSST-1IC L ATHMOREEMLE RS X LNTRTHY. I riay
SEROARICISATETHD EELO5ND.

& 5[0, TSST-1EMHC £ 5 RNDESEDXiGEE REERT )T TICREShTH
B0T (Fig.1-7). FARTATT HEIE. XQBRBEOBERELR TSI LT, L
TS BFEII VT ERIINBONBINERTESLEZIOSNS,

1—6 XMEDEMELEE

FHREILETS—LUAY RHFLEOBEEREZ. BETFILENLEFEERVTENR
THILEANET S, EHICHLLIE. BREBEEBITICEL /ZEHRERBEEL TS —
DRIAROEILE, 77 —PTARTVASUVIARTFRSATSU—EERAW L&
T&—LVUHAY ESFOHEERADBITEENE L,

F2ETHEH. SVWHEMZEZRL. BLUDO KA ViBEEZETIICHEDOOTRITDMHE
ZRTLOLL T4 —&VIDL LT —ITFB UE, AR T, A RMHLDLL %
—&EA[BAMVIDL L 79 —ORRICENT, HIBRUH 2 RTHARAPHED L S 7t
FEZLTWEINEFBTHLLBMET D, COBIFICKY. LDLLET4—&VLDL
LET79—DORBBEOIBENEHATESLHFIND, T51C. BEHlREANT, &
mlbICBE U/ ENRARNL T —DORRROEIEZENET S,

EBIBTIE, LETH—ELUTHEELTEHY., ADPribosyl cyclaseiitit2H 51—
— 4 7243 FBone marrow stromal cell antigen -1 (BST-1/CD157)IC;Z B L7z, &HE
T3, BRALICEL 2RI AMBST-1 OKXKBRIALBREOHIZBIET, =5IC. 77
— DSV ARTFRSATSY—FERT. BST-1MDADP ribosyl cyclase;E % % 4%
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Antigen-presenting cell

- Tc_ell |
activation

}’ TSST-1  Disease
Toxic Shock

Figure 1-6 Mechanism of T cell activation by the
superantigen, TSST-1
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Figure 1-7 The three-dimensional structure of TSST-1 complexed with
MHC class IT (Kim, J. et al., 1994, Science 266, 1870-1874)
The TSST-1 : MHC class II (DR1) complex viewed toward the MHC peptide binding site of DR1.

The o and B subunits of DR1 are light blue and blue. The antigenic peptide is yellow and TSST-1 is red.
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RNCEFTTIXRTFRUAV ROBIEEBNET D, 4 ES—DEIR(E. ADP
ribosyl cyclase DI EERBAT DO DBELY —IVICHBEEZOND,

FA4BTIE, E3IETHAONEBREANEESY—THBSNP-1&, LETY—SFTH
SR RMBST- 1 COEBEEADBINZENE T D, CNOSDOBIRIEE. ki1 EESY —
ZRETTHIEBOEBMMRIC/ZSIEINY T, BST-10ecto-ADP-ribosyl cyclase ;&
HEBRTILTH, BEELMRICADEEZONS,

ES5ETI, RA—N—HETHY. bF2 2 ayvliEGi. 2HLEMRETOETE
& & Td B Toxic shock syndrome toxin-1 (TSST-1) IC;FB L7z, AHETIE. 77—
ORTFRIATSV—FEVH RPFTHATSST-1ICERATSZEICE>T, Lt
T —NFTHEIMHCHOSRIEZI I v O TRERIDRENAETHEIMNRIITE L%
BMET D, COFEICKY., VAV RE-LETS—SFOEEERIBRIFTE 2 LER
C. LETS—DESTFLDFIETH D, E5IC. BoNdEHNE. LETI—HFD7
YEAZRMIBYBS LIS NS,

BEETREARTHONLCMREE LD S,

FRRE VETI—EVHY RRFEOREERERE BTLAEBMREL TE
HTEETHY. BEERVLVDHDTH S,
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F£2F EMREAME FLow density lipoprotein (LDL) LS4 —.
Very low density lipoprotein (VLDL) L'+ 7% —D %R

F2ETIE. IBEORMYIAAICET S E FLow density lipoprotein (LDL)L & 7%
—. Very low density lipoprotein (VLDL) Lt 7/4 —ICEBL. Z0OEMHBAAML
7Y —DRBERB/Z, B1ETHRRNALSIC, LDLLETS—EVIDL Lt T o —
o VREFIDESFHEEIND RAS VBESBOHTHEEULTWS, ThbE, PRFA 2
BRENSFETSHY A REEEMI. Epidermal growth factor (EGF) precursor
DAL, O-linked sugar DEAHIS. BEBFES. MIPLLD 5 DD KA A >
SEBREINTEY., BEDT I /BHEREMNIE. AXIEYUHY FEASEMTIEH5 6 %It
54, LipLitss, LDLL 74 — [P EIBICBRIAL TLAH0DICH LT, VLDL

Le7o—I3, fh. B, IRBER. RS ICERALTOS 8055 ),
LDLL & T4 —id. UH > KT#H3 B-Very low density lipoprotein (8-VLDL) o
AMCKVEESIFIEN DD, VIDL L7 —TIHZ0 LS MEIE3Rs Shl
3), &51ZLDLL & 7% —13. apoB100% & ¢;Low density lipoprotein (LDL),
apoB100 & apoE WA & &L B-Very low density lipoprotein ( B-VLDL) #Ic#&
THIEMNTEDM, VDL LTS —I[3, apoE£EEE B-VLDL [CU MBS TEIVE
WO UAY REREDBVSHZ0), $, BlLtTs—CRBETHEBAYH K
Receptor-associated protein (RAP)7)(1\ LDLL 74— EB<EETIDICHLT

(KdfEi#250 nM) 8), VIDL L+ 74— &3 < BA T2 (KdE#0.7 M) 9), =

TR, ChODBLESFLALTHSHCT S L2AME LT, HMTERL LTS —

DEEMBTOABRRIAERS =, LDLLE TS - KA L ATTER LTS —

ELTHREBRLEFPICHBL. UH RTHBLDL, B-VIDLE(CHEEST Do LN TE

fzo THUTHLT, VLDL L 75 —DMBS K A4 213, MBACRREEDS5nED

DO. HEUSR EERICEMBES NGO/, FETIE. MIS K AL S ORR/H—
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DEWNME. BLETS—DUEDENERTHDELTEAL. VLDL L7 —0iila
HEAA DR, BRACICIIVIDL LE 79 —D#laR ) H > KT BReceptor-

associated protein (RAP)7) 75, EEAERBIZE->TNB - EARNELE,

2—2 REBAE

2—2—1 HFE

FIRREEFR. EEFEERMEE. EEE&EHE. NEW ENGLAND BIOLABS #& 0 b D % fEF
L7ze PCRISAT—FICERALEZAEAY IR LVAFRE. YI9F/4—5Fo/09—
HICEREKRAL/-. EOMEALAEREL. FRBRAXICITEL-.

2—2—2 EMDLLETS—RBERNIH—-DBE

BRHEMRTO. LDLL 79 —RENS & —DBEEOEAK R EFig.2-11TRUL7~, LDL
Lt 749 —ICB8LTIZ. £K (pLDLR-F). O-linked sugar &A1&\ /=Bas K
A2 2K (PLDLR-STH)ZRIRT IR S —2BE LU/, IBBICZOBERZEHAT
%,

IDLL 79 —2RRIWNRH & — (pLDLR-F) DIBEE : LDLL 74 —2 K% ST cDNABL

F2.9kbpld. pLDLR434) % Xbalk SmalTHELLT7Z HO—R 7L & Ui, FRL
oo TOCDNAMTE2.9kbpz, pUCT9 (ZEEHE) DRUYA MFALE
(PUCLDLR), LIFISRT AU IR LAF KERZEARLTT=—U LI LEDS,
PUCLDLR® Xhol/Smalt A k2 A L 7= (pUCLDLRHis).
BERAYIXIVAFER:
5'-TCGAGACAGATGGTCAGTCTGGAGGATGACGTGGCGCATCACCATCAC
CATCACTAATAGCGGCCGCCCC-3'
5'-GGGGCGGCCGCTATTAGTGATGGTG
ATGGTGATGCGCCACGTCATCCTCCAGACTGACCATCTGTC-3'
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TZ=U2TDFRHEIE, BERFYITXILAFRE, 50ng/ulEzdL51210
mM Tris-HCl (pH 8.0) . 100mM NaCl /Xy 77 —[CH ARV KL, 70COEABIZD
(TZRICEDETHEL =,

YE® L 72pUCLDLRHis % Xbal & Smal T/E{L L T, LDLL 7% —2 K% S cDNAKL
F2.9kbpZ. NFaOUAMIRRANRS & —pVL1392 (PharMingenti) @
Xbal/Smal¥ A b ICE#E Uz (pLDLR-F), ORI & —(C1F. CERIEAIIC 6 BED
EXAFOUBMAMENBZ LS ICTHAENTIS,

AAMRIDLLE 7Y —RIEXS 9 — (pLDLR-STH) OB : IDLL 9 —2Ex24L
CONABfF2.9kbpld. pLDLR4% Xbal& SmalTHIEL TZHO—RAS I L UL, 55

L7z, CDcDNABRK2.9kbp%. pBluescript Il KS™ (Stratagene#t®) OEY A kIZ
#®A L72(pBSLDLR). XIC. pUCLDLRZEEEIDNAL LT, LUFICRT 754 < —TPCR
Z{TW\. SN SPCREYZ Sphl, SmalTHELLZDB., RY 4 hDpUC118 (EiBEiktt
&) TY7on—=—sULrk.

PLDLR-STHE >R TS5 4 <7 —:
5’-CCCACTCGCCCAAGTTTACCTGCGC-3°

PLDLR-STH7Z > FE Rt R TFS54 < —:
5’-TCCCCCGGGCGGCCGCTATTAGTGATGGTGATGGTGATGGG
CCACTGCAGCCTCAGCCTCTGTGA-3’

ZEPCRIT, LLTFORGETITo /=,

#HEUDNA 50 ng4%y
108 REPCRANY 7 7 — 10 ul
2.5mM dNTPs 8ul
vt RATS54<— (20pmol) T ul
T7oFARATS5A4<— (20pmol) 1wl
rTaq (EB@EEHE) 0.5ul(2.5V)

MEKT, 2R100ul& L7,
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RIGEMIE. #M18I295C 35 HDNAZZEM L. £LWTIST 14, 60C 14, 72C1H
2594077, PCREMIZ. 1 %07 HO—-XSINVEBRKEZITV. BFTIR
SODNANIBIEL TS Z L 2HRE, pUCI18ICH T/ D—=2 I LTO—I IV RE
ML,

pLDLR-STHIZ. PCREYI% Sphl. Noti T4t L7=DNAMGE &. pBSLDLRZ Xbal&
SphIT;H{L L 7=2.2kbpMDDNABT R %2, NF 21OV INARIRNS 4 —pVL1393
(PharMingen#t®) o XbalE NotlDY A 355445 —2 3> LTHB~, 7BpLDLR-
STHIZ, CRIFBICOHRBDERFOUMAMENDILIICTHAENTWS, COR
BRI —3. 2O FNENEEURET. E MLDLL 79 —DONKEFRBMNH 57207 =/

BMEEEI—KLTW334),

2-2—-3 ERDLLET9—RARS S —DIBE

BEEM#RTO. VLDLL 74 —RIBRNI 5 —DBEOERAR %Fig. 2-1(RUE,
VLDLL 7% —(CBL TIE. 2K (pVLDLR-F), O-linked sugari& &ERHI AR /=41
RN RAA 2R (PVLDLR-S)ZRMTHINI I —2BELE. BRBICZOBEFEZ
HAT 5.

VIDLL 74 -2 KRS 49— (pVLDLR-F) D#E%E : VIDLL 74 —2E£8T

7523 KXo & —phVR2a 35, Pstié SmalTHILL T, 70bpmDNAKIH &,
Smal& BamHIT/H{E L T3.2kbpDDNABT 287z, T SDNABRK %, Pstl& BamHl
THAELENF 20D MV ARIRRS & —pV0L1392 T3 STEFEL, VLDLL T4 —
EREBNI Y —pVLhVREH//E, 51, CRIFAICORBEOERF DU 2AMT 5=
$HIC. pVLhVRZSHEDNAL LT, HUTICRT 754 v —TPCRE{To 7. 1EEPCROE
#i3. LDLLE 79 —-DIBELRAUEHERWE.
PVLDLR-FE R 754 % — : 5-GCAGTATCAGAGGTCAGTGTTCCCCC-3’
PVLDLR-F7 »Ft R TFS5 4 <— : 5°-TCCCCCGGGTCTAGACTATCAAT
GATGATGATGATGATGAGCTAGATCATCATCTGTGC-3°
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Transmembrane
O-linked sugars T Cytoplasmic

NHs| Ligand binding EGF precursor homology\ § /TCOOH

1 1 L ] ) | 1 1 I |
T L L § L § | J ] T L]

100 200 300 400 500 600 700 800
| Amino acids

LDL receptor
pLDLR-S1H R ———————— -

pLDLR-F —
VLDL receptor

Figure 2-1 Construction of expression plasmids

A schematic diagram showing the constructs used in this study. Full-length (pLDLR-
F or pVLDLR-F) and truncated receptors that have encoded the ligand binding and
EGF precursor homology domains (pLDLR-S1H or pVLDLR-S) were expressed
under the control of polyhedrin promoter in insects cells. (His)g tags were added to

the C-termini of the expressed receptors.
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B/ ON-PCREM%Z Bgh& Xbal TiE{L#%., pVLhVROBEY A b I@EEZE L=, TORBRAX
0% —%pVLDLR-F&am L7,

ATBMEVIDLL 79 —RENS $ — (pVLDLR-S) DHEE : pVLDLR-FEHEIDNAL
LT, UTFICRT IS4 <7 —TPCREITL\. ThESPCREMETAZO—ZV KLY
pCRII (Invitrogentt®) (cH 7o O0—=>4 U7 (pVLDLPCRI &%), 72HPCRDE
#i3. LDLL T4 —DBELRUERSFERE,

PVLDLR-SE> R 754 <— : 5-CAGTCTATGGTGCCAATAAATTCAC-3"
PVLDLR-S7 > F &R TS54<—:

5’-TCCCCCGGGTCTAGACTATCAATGATGATGATGATGATGTTGACAG
TCTCGGCCATTTTCCT-3”

pVLDLPCRIIZNhel& BamHIT/H{E L. pVLhVRORIY A MCEE L=, b, wTEH
BVIDLL 74 —RIMAN S & — (pVLDLR-S) ITIX. CREFEIZGRED ERF 22 Hift
MENBLOCTHAENTVS, CORBRNII—L, S5 FILEINESLRET. &

RVLDLL £ 79 —DONFREERD 57507 = / BERE I— KLTW33),

2 —2—4 Receptor-associated protein (RAP) £ERINANT ¥ —DIEE
AIBAMVIDLL 79— L OHFEIRICAWNWBRAPEERIPENII—%, UTDOLDIC

B L7, v FEKDORAP cDNALEESE 75X S K II/45 39kDa rat cDNA32)

%Z. XholTiH{k#® Klenow fragment TEFREm{L L=, Z5IC, XbalTH{EL. RAP
CDNAZKRE8T1.5kbp DBIF /7=, CODNAKIEZNF 100 ARIERN 5 —
pVL1392M Xbal/Smal DY A IZ:#E#E LT, Receptor-associated protein (RAP)
ERREBANY 9 —pVL1392RAP% B/,

2—2—5 HRBESICEB/AINFIODAMIIROEE
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ERilife SXCEBANF2OVMIILROHEEEZ. O'ReillySDAEEEE(CITo /1=

36), mmsumh, Spodoptera Frugiperda DIZHEMA T H 5 SFOMBDIZEIL,
10%FBSZRM L /- IPL-41 insect 13 & AU\ iR BIZE, H ST T10%FBSEFML
ZZTNM-FHiE W Z R W2 T/ LA VY —iE/ TiTo 7=, Trichoplusia ni DIZEHMETH 3
TnSHRRDB R, BIEREM TH SSFI00I (Gibco BRL#E) ZBUWW=E/ LA+ —
BRTT /. BEEBEE27CTT /4. HBIIAINRIZ. 1 ugDRBERIS—TS
AZIR&EO.T ugDIIRBFAEEACNPY Y A JL ADNA (PharMingentt®l) &%, hFA+ >
IEHE TdH Slipofectin (Gibco BRLIEH) = ALV T. SFOMRA~co-transfection 5
CERKURL, BROBER. B EBEPRICHESINDIVANINREBRERTZSS5—0
TIEAERTERELT, 20N TS5—0%Bk, RRICERATIaVAINAN@ERY A
JIWAR by oBRR&EIL, BREHE Multiplicity of infection (MOI) #0.1& LT, iz
NF2OVAMIIAESIOMBAICBRREIEDZ LICKYBE. BONEVANIRR NV YA
BOOANZANM (549 —) 3. ERLAETS—07ve4EZEBOTHRELE,

2—2—6 HBANF2OIMIROEEMBTORIR

SfOMEfa. HAHWITnSHEREE/ LA v —1i3HE T, #HIEE1~1.5x 10°/miD#Fak
[TIEE LUz, BBANFa 00V RE, BERHE Multiplicity of infection (MOI)
10 TR, 27CT72 BEEHELAZ, RROERT. @REELS. 550(E3LUT
(SRTAETHR L /=Cell lysate % IEBITIKRETSDS-PAGEIT kB L. &FLEF9—D
MAETRETSIDIRS 70y TA U 5ETITo=. #BIL. K4 L7lysis buffer
(20 mM Tris-HCI, pH7.5, 100 mM NaCl, 2 mM CacCl,, 1% Triton X100, 1 mM
phenylmethylsulfonyl fluoride, 10 «g/ml leupeptin, 10 wg/ml benzamidine,
10 ug/ml trypsin inhibitor) Zix. K ET309REEETAA L. FDE
17,000 xg T10 oELELCSBEL T, £ LEF%*Cell lysate: UL TER L=,

2—2—-7 BRESORA
ERdROSOBRESORBT. UTOLDCiTo4. £F. #Hl%EPBST 1 HEk4%
L. /Ny 7 7—M (PBS [21mM phenylmethylsulfonyl fluoride, 10 wg/ml
22



leupeptin, 10 ug/ml benzamidine, 10 wg/ml trypsin inhibitorZ X 7= MN)IC
BBELE, COHRETOVEOKREDFAY—ICWN, HlRZERLAZE 1000xg
TS5SHEELL T, BRI TOEVHEY, ZEa%XmklLz. £E%100,000xg
T30HMBELL T, RBRLTEEAVy bEHEESE UL, XLy M Ny T 7
—MICBEBELER. REZERTIEICRBELTERATDHET-S0CTHRELL.

2—2—8 DIRYVTAYTAVY

mApaizE LA, Celllysate. REAFOY TV, BULEBHTI(C, 7.5%0D SDS-
PAGEICIEETTKEETIkENL /=, skENiE. HBELAZERZERMNICZ OO -RT ¢
)% — (Schleicher & Schuell #t#) (CEE L/, LE#E. 749 —%1%D 2 1E
ZVWTEZ EEGTOyF I Ny 77— (50 mM Tris-HCl pH 7.5, 150 mM NaCl,
2mMCaCl,, 1% D> miE7INT =, 0.05% Tween 20) [CEBT307EELTT
OvF>4 U7k, LDL, VIDLLET74—[CHT5E/ 20—+ G EANSISEE.
1R7EZE0.5 ug/mMOBETMAT, ZRET2RERIGEELR. XENYT7—
(50 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.05% Tween 20) T3 Bl#L 7. *F
%, TIWHVKRRT 79 —EEBON TV RgGHAEZRRASOTBRISE Bz, HHRNY
7 7 — (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.05% Tween 20) T3 E#%%L 7=
& FIVHAVKRRT 79 —EREFY FERVLWTRES 4 (Promegattil). #RAPK
YoO—FIRETITOY T A I T BBEE. 1 RAGE20008CHFMLTRART?2
BRRGEE. 2RAKICETIVA YRR T 74 —EERBAS £ v MoGH&
(Promegatt®) A\ /=, LDLL 74 —#EET2E/o0—FIWCTH&E. UA>
MESHEEOE1 BRORATA VEREICEGYE— MEFIZRE TS E/ /O0—-F IR
#TH337), VIDLL 79— BWTHE/ 4 O—FL6B6HAIL. YA KEAH
BMOESBELHEOBBEDIRATA VREBICELY E— FREIDOEDAR—H —EHER
WTHE//0-FIRBKTH S,

2—2—9 UYREADCITOFRBERLVARTOYTA2T
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SEv hB-VLDLEE MLDLOGAE, RUERI D REANS UREAD “ITOES
fel3. Goldstein 5158& LeA%38) e MO TiTo. RRSHIEL LTS —5F1,
DAY ERFICEETIEMUTHINE S DOHER. SELZVARTAYFA2Y
BERWVC, BE. BRMLET - EHRTHEINES hEHETEAEER. Al
[$. BioassayDRICAIAMUL T4 —2MA B LICLYBENSBEIND D, HDL)
[FAIBEL TS —LUH Y RO FLOREARBMTERE. RERLETI—-DHDELE
THIELEILLYRT B EMNTES, AIBMLDL. VLDLL 74 —DBAICIE.
BioassayDRBFHELGEWESH., UAY RTOYTFA U FEERBWNSZ ETEMMICH
Bl BERUAY KERVNBUHY KTOy T4 213, Daniel>0AE3D £/
e SOVAZRTAYTAUUE. YREAL TS -1, SDSHEETTHREICUAH
YRETHBIVRERICHATEIMHEEFALAEBDOTHS, YIRYTOVYFALY
EFEHRICSDS-PAGETHBELA-EAHE. ERMIC=bOEAA—XT 4 IS —
(Schleicher & Schuell #8) [CEBEL/#. 749 —25% 9 MBEFINTIVES
©70yF+25 /)Ny 77— (50 mM Tris-HCI pH 8.0, TmMKI, 2 mM CaCl,, 5% =<
MBE7INTIV)ICRBTIONMEELA. BEVHEE10 ug/mOBEICIEDELD
[CIZ. BRAT2RERLEEE. %Rk, 74N —2RAELTH— 5245574
—[CXKUNY RFERELUE,

2—2—10 Glutathion-S-Transferase (GST)-RAPEZBHWA U A R7Ov5A
27

KEEZAV=GST-RAPORIA, KR Glutathion-sepharoseh S A (ZI v AT
TR TNAATOHB) £AVBEBIL. Herzd50H:%35)TiFo /. GST-RAPE
RWBUARTAyTA 013 DIRSTOYyTA 5 EEBICSDS-PAGETSH
BLCERZETNICZ bOtAAO—XT 1 JL% — (Schleicher & Schuell #H8) (C#z
BELEDOS. 18nM OFEIL7=GST-RAPEMAZET 2BRIRIGE B/, FD%, &S
U7=GST-RAPIZ, 1 R¥&ELTRHRGSTRY 2 O0—F Ik (FIL v ATFIIST
NAFXTO#HE) . 2 RHEE L THorseradish peroxidasetZitiii v ¥IgGHiik
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(Cappeltt®) ZRVWTRELL,
2—3 #R

2—3—1 LDLLEFS—RI[EBZ VAL ZADER

BERlTO. LDLL 79 —RBNI 5 —DBEOEAR£Fig.2-1I1TRU7, LDL
L 74 —IcBLTIE. 2K (pLDLR-F). O-linked sugar &8I ZFR O /25 B
AA 2 EK (PLDLR-STH)ERI|TEINI y—Z2BRLU, RULBBRINF21O094
NRAICEYRBELELETY -1, 2RBL T4 —%LDLR-F, O-linked sugar 555
FERRWHBNA RAS2REERRLAELET Y —%LDLR-STHE B L7z, LDLR-
F. LDLR-STHIZ. Ni¥xL—boAOX IS5 T7 4 —TOREEEEZ T, CRIFAICOERE
DERFI & IBAMENZ LI ICTHFI=nTNS,

2—3—2 LDLLETY—DERMBATORIR

LDLL £ 7% —DRm#l (SPOMIE) TORMAL. T/ & O—FIAKCTERNEY
IRYTAYTA U TETHANE, TOER%E Fig.2-2 ITRY, LDLR-FERRSHL
SfOiBaCell lysateZ WV=YU I RSV TAYTA U TlE, 110 kDadh 2V [CRIR
LNy KEREBLUE (lane3 inFig.2-2-A), ZD/ N Ri, RES THEMREL TRE
2h, 2RLET9—0, BERELTRBRLTWSZLZHZELKL (lane 1 in Fig.2-
2-B).

LDLL 74 —DiRast KA CORRICEALTH, 2ROBEEAKICE/ FO0—F
MAGCTERBWEDIRY T Oy TA VI ETHAN . LDLR-STHEZRIR 759
M OMEZE L (lane 1 in Fig.2-2-A). KR UCell lysate (lane 2 in Fig.2-2-

A) #1280 kDadh =Y Iy K& LA, LA > T, LDLL 74 —Dffikast b A A
V3. AIANRELE TS -L LTHIRER EFPICHRT D EMAS M LG0T, Cell
lysatedh [T E /=L 79 —(3. MIEE EEFEPICHRLAERBREL TS - LT
BLT. 9FEMBORNEL, NURDBEDS>TINS, Zhid, EHOFRELAMMICK
B2HbOTREVMNEEZILNSD,
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A B

mAb C7 blot mAb C7 blot
(crude membrane)

kDa STH F WT

Mo cmo kDa F wr
200.0— 200.0
97.4 — —
68.0 — 66.0 —
12345
C D
125|.3-VLDL blot 1251.LDL blot
S1H F _WT
kDa STH F WT kDa m ¢ Ir|-'| c'

'mc' ¢cmc

1 2 3 4

Figure 2-2 Expression of recombinant LDL receptors in insect cells

(A) Western blotting analysis for full-length and truncated LDL receptors. Sf9 cells were infected at 2.4 x 106 cells per ml
with a multiplicity of 10 plaque-forming units per cell for each virus. Cells were harvested 72 h post-infection, and then cell
lysates (c) and medium (m) were loaded onto a 7.5% SDS-polyacrylamide gel and analysed with mAb C7. Lanes 1 and 2,
medium (m) and cell lysate (c) from cells infected with LDLR-S1H; lane 3, cell lysate (c) from cells infected with LDLR-F;
lanes 4 and 5, medium (m) and cell lysate (c) from cells infected with wild type baculovirus ACNPVC2. (B) Western blotting
analysis for crude membrane fractions of cells infected with the recombinant virus for the full-length LDL receptor. The crude
membrane fraction from Sf9 cells infected either with LDLR-F (lane 1) or AcNPVC2 (lane 2) were loaded onto a 7.5% SDS-
polyacrylamide gel and analysed with mAb C7. Each protein was used at 80 jig per lane. (C) Ligand blotting analysis of the
recombinant LDL receptors with 125I—[3—VLDL. Medium (m) or cell lysates (c) from Sf9 cells infected with LDLR-S1H (lanes
1 and 2), LDLR-F (lane 3), and wild type baculovirus AcNPVC2 (lanes 4 and 5) were subjected to 7.5% SDS-PAGE under

nonreducing conditions and transferred onto nitrocellulose. Nitrocellulose filters were incubated with 1251-B-VLDL (1.0 x 103

cpm/ng). (D) Ligand blotting analysis of the recombinant LDL receptors with 1251.LDL. Medium (m) or cell lysate (c) from
Sf9 cells infected with LDLR-S1H (lane 1), LDLR-F (lane 2) and wild type baculovirus AcNPVC2 (lanes 3 and 4) were
subjected to 7.5% SDS-PAGE under nonreducing conditions and transferred onto nitrocellulose filters. The filters were

incubated with!251-B-LDL (2.0 x 102 cpm/ng).
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2—3—3 RIRLEIDLLETI—DUH Y RESEEDEDR
RICRBLELDLLET S —&. UAVRTHBSEY b B-VLDLH BT, & PLDL

EDBBZEVHRTOYTA VT EATHRHNZ, HIEHE FEPICHMBLAIBEELES

% — LDLR-STHIZ. "I- 8-VLDL (lane 1 in Fig.2-2-C) &'*I-LDL (lane 1 in

Fig.2-2-D) #ICHE&L /=, REKIC. 2RILDLL 74 —[4. "I-B8-VLDL (lane 3 in

Fig.2-2-C) &'™I-LDL (lane 2 in Fig.2-2-D) #(C##& L/, B kE LTI, 9FE

([CEMNH > 7=Cell lysate PODOLDLR-STHE, MRS E FiEHICH 4 L/=LDLR-S1H

X, W&ELEDHI-B-VLDLEKES L7 (lanes 1 and 2 in Fig.2-2-C),

2—3—4 VIDLLET9—DREMITHORI

LDLL 74 —DMBast KA1 28, EMBEANL 79— L TRERMBTRIRES
HLIEDT, AEOFETVIDLLE 79 —DHlaN R A S &, 2RERRTBANG S
—EBREL, FRUEHBANF 200NV RICLYRBELELETS—13. 2ELE
7% —%VLDLR-F, O-linked sugar &SRO /-HNA RAS L 2EERBLA
Lt74%—%VILDLR-SEHE L, VIDLL 79— R sl (STOdllE) THRI
X, E/20—-FINEB6ZAWVEVIRS Y TAYTA L TETHRANE, FOREE
Fig.2-3 IC7RY . VLDL-FERIREH/=SFOfifamnCell lysateZ BN TR T
AyFA Tl 110kDa H7=V ICRIMLAN KERE L (lane 3 in Fig.2-3-
A)e SONY R, BRENTHLRELTRESN, 2RLE79 -0, BERELTR
BLTWSZ L2 L (lane 2inFig.2-3-B), VLDLL 74 —DOMBaS R A A >
(VLDLR-S) O33R, LDLL 74 —DIFA & IR Y. #MEE HE (lane 1in
Fig.2-3-A) [C3®EE N7, Cell lysateh DR FEHB0 kDanZEB E L THRIBE N
(lane 2inFig.2-3-A). E5IC. TONY RIIBESTHEBLTREEINEZEDS
(lane 1inFig.2-3-B). VLDLL £ 74 —D#ifast K A4 (2. ER#MEATIE, M
CHBENTICHRBAICBE S TRIBLTVWSZEMSHIBALE ., ZOMBAIICRBLE
VLDLR-SD U /i REEBEZRANZEZ A, 2L T4 —9F(F'“-8-VLDL &34
BLAWZ EMHBELA (lane 7 inFig.2-6) . &5(2. 2EVIDLLES4 —
(VLDLR-F)%'“I-B-VLDL &3S Lo/ (F—9HBK) .
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A B

mAb 6B6 blot mAb 6B6 blot
(crude membrane)

S F WT
— — F WT

kDa o . =0 kDa ‘ h
s 200.0-§

g

200.0—-

97.4 — 97.4 =
68.0 — =1
BuLhty 68.0 —
123 45 1.2 3

Figure 2-3 Expression of recombinant VLDL receptors in insect cells
(A) Western blotting analysis for full-length and truncated VLDL receptors. Sf9 cells were infected at

2.4 x 10 cells per ml with a multiplicity of 10 plaque-forming units per cell. Cells were harvested 72
h post-infection, and medium (m) or cell lysates (c) were subjected to 7.5% SDS-PAGE and analysed
with mAb 6B6. Lanes 1 and 2, medium (m) and cell lysate (c) from cells infected with VLDLR-S:
lane 3, cell lysate (c) from cells infected with VLDLR-F; lanes 4 and 5, medium (m) and cell lysate
(c) from cells infected with wild type baculovirus AcNPVC2. (B) Western blotting analysis for crude
membrane fraction of full-length and truncated VLDL receptors. lane 1, crude membrane fraction
from Sf9 cells infected with VLDLR-S; lane 2, crude membrane fraction from Sf9 cells infected with
VLDLR-F; lane 3, crude membrane fraction from cells with wild AcNPVC2. Samples were loaded
onto a 7.5% SDS-polyacrylamide gel and analysed with mAb 6B6. Samples of lysates and medium

represented 8.0 x 105 cells and 4.8 x 104 cells. Each membrane protein was used at 80 Lg per lane.
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JETV. D1 IEGST-RAPT O Y FA 5 %1707, EDER%EFiQ.2-4 ITRT,
C7THBEZERWEOIRSVTOYTFA I T, ZZRABEDL S FIVERLETAREL
74 —LDLR-STHE 2R L 74 —LDLR-FIZ (lanes 5 and 6 in Fig. 2-4-B).
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A). VIDLL 7% —Di54&13. £RVIDLL 74 —(3'5-8-VLDL LI3ES LI,
& hb 53, GST-RAPLE A L= (lane 3 in Fig. 2-4-A), 6B6¥iis%H
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Fig. 2-4-C). GST-RAPZOvF4A U Tld. VIDLLE 74 —Difast R AL >
VLDLR-SD & LIt £EL £ 79 —VIDLR-FDL ZF I ELBLTHEYBN o 7=
(lanes 3 and 4 in Fig. 2-4-A), LI EDEREVIDLL 79— DB KA L >
VLDLR-SIZ, "™I-B-VLDL &IFEALEM>EBREEZZSbHED L, VIDLL TS
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—/)X—7 73—/ T BLDL receptor-related protein (LRP) O v+ RAV#HF
ELTHELTWAZ EnBEsnTNB41,42), 22T, RAPHVLDLLET9—(C
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DN K AA VLDLR-SEDHRM|FEH A/, RAPORIRIL, HARAPRY 2 O0—F
WG ERWEIOIRY 7Oy TFA 71K UHER L (lane 8 in Fig.2-5-A), BH
HRa (SFOMERa) ICH VT, RAPEVIDLL 79 —DHIBAN R AL V EDHRFEBRICK >
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Figure 2-4 Ligand blotting analysis of recombinant LDL and

VLDL receptors with GST-RAP
(A) GST-RAP blotting analysis. Medium from Sf9 cells infected with LDLR-S1H (lane 1) or the crude
membrane fraction from Sf9 cells infected either with LDLR-F (lane 2 ), VLDLR-F (lane 3 ) or
VLDLR-S (lane 4 ) were analysed by 7.5% SDS-PAGE and transferred onto nitrocellulose. The filters
were incubated with GST-RAP (18 nM) in the presence of 2 mM Ca2+. After being washed, filters were
incubated with goat anti-GST antibodies followed by incubation with anti-goat horseradish peroxidase

conjugated antibodies. Each membrane protein was used at 80 pg per lane. Samples of medium

represented 4.8 x 104 cells. For comparison, Western blotting analyses with mAbs C7 (B) and 6B6 (C)
were shown. (B) Western blotting analysis with mAb C7. Medium from Sf9 cells infected with LDLR-
S1H (lanes 5) or the crude membrane fraction from Sf9 cells infected with LDLR-F (lanes 6). (C)
Western blotting analysis with mAb 6B6. The crude membrane fraction from Sf9 cells infected either
with VLDLR-F (lane 7) or VLDLR-S (lane 8).
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A mAb 6B6 blot Anti-RAP Ab blot

| Medium Cell lysate | | celllysate |

— F1WT — F1WT —1WT
LEl G 68.0 —i
97.4— 97.4 - %
68.0— 980 43.0 |
123 4 5 6 20,0 —ERGHE
7 89

B
GST-RAP blot 1231-3-VLDL blot

ka [.rapwr | kDa [rAP wT |
97.4 97.4
68.0 68.0
12 3 4

Figure 2-5 Coexpression of RAP facilitates secretion of the truncated
VLDL receptor
(A) Western blotting analysis for coexpression of RAP with the truncated VLDL receptor (left-hand and

center panels). Sf9 cells were infected at 2.4 x 106 cells per ml with a multiplicity of 10 plaque-forming
units per cell. Cells were harvested 72 h post-infection and medium (m) or cell lysates (c) were subjected
to 7.5% SDS-PAGE and analyzed with mAb 6B6. Medium from cells infected with VLDLR-S alone
(lane 1, -RAP), coinfected with both RAP recombinant virus and VLDLR-S (lane 2, +RAP), and infected
with wild type baculovirus AcCNPVC2 (lane 3). Cell lysates from cells infected with VLDLR-S alone
(lane 4, ~RAP), coinfected with both RAP recombinant virus and VLDLR-S (lane 5, +4RAP), and infected
with ACNPVC2 (lane 6). Western blotting analysis for expression of RAP (right-hand panel). Cell
lysates (c) were analysed by 10% SDS-PAGE under reducing conditions and Western blotting with anti-
RAP antibodies. Cell lysates from Sf9 cells infected with VLDLR-S alone (lane 7, -RAP), coinfected
with both RAP recombinant virus and VLDLR-S (lane 8, +4RAP), and infected with ACNPVC2 (lane 9).

(B) Binding of GST-RAP and !251-B-VLDL to the secreted VLDL receptor. Medium from S19 cells
coinfected with both RAP recombinant virus and VLDLR-S (lanes 1 and 3, +RAP), and infected with

AcNPVC2 (lanes 2 and 4). GST-RAP (left-hand panel) and !23I-B-VLDL (right-hand panel) blotting
were shown. Samples of lysates and medium represented 8.0 x 105 cells and 4.8 x 104 cells.
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RPTBHLICE> T, VIDLLE T4 —D#fas KA 2 (QBRICHHT DI EDST
. PDOUHYREBATEDEMBUELTRBIDENALNLEL DT,

2—3—7 RAP&LLDLLE T4 —D#BASN KA A 2 EDHRBRORE
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7 - AL VORBICHEBESZ D0 EHANK, &8, LDLL 75 —0OM
RS R AL ORBE, B/ 20—FIAKCTTAI A/ TAYTA 2V TRERNVTEN
7=, VIDLLt 74 —DIBa L1287 Y, RAPEDHRIRICKY, AIBMIDLLET S —
DIZE FEADY M TFICTLBRSNEM o7 (lanes 1 and 2 inFig.2-7) . &5
(2. CelllysatelcBWTHRIBBOEIIFEH SNz, o7 (lanes 4 and 5 in Fig.2-
7).
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Figure 2-6 Coexpression of RAP facilitates ligand binding of the

intracellular truncated VLDL receptor
The crude membrane fraction from Sf9 cells infected with VLDLR-S alone (lanes 1, 4 and 7,
—RAP), coinfected with both RAP recombinant virus and VLDLR-S (lanes 2, 5 and 8, +RAP),
or infected with wild type baculovirus ACNPVC2 (lanes 3, 6 and 9) were analysed by 7.5%
SDS-PAGE and transferred onto nitrocellulose. Western blotting (left-hand panel), GST-RAP

blotting (center panel) and 1251-B-VLDL blotting (right-hand panel) analyses were shown. Each

membrane protein was used at 80 pg per lane.
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I Medium Cell lysate | Cell lysate |
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Figure 2-7 No enhancing effect of RAP coexpression on the expression
of secreted and intracellular truncated LDL receptor
Western blotting analysis for coexpression of RAP with the truncated LDL receptor (left-hand and center

panels). Sf9 cells were infected at 2.4 x 106 cells per ml with a multiplicity of 10 plaque-forming units per
cell. Cells were harvested 72 h post-infection and medium or cell lysates were subjected to 7.5% SDS-
PAGE and analysed with mAb C7. Medium from cells infected with LDLR-S1H alone (lane 1, -RAP),
coinfected with both RAP recombinant virus and LDLR-S1H (lane 2, +RAP), and infected with wild type
baculovirus AcNPVC2 (lane 3). Cell lysates from cells infected with LDLR-S1H alone (lane 4, -RAP),
coinfected with both RAP recombinant virus and LDLR-S1H (lane 5, +RAP), and infected with
AcNPVC2 (lane 6). Western blotting analysis for expression of RAP (right-hand panel). Cell lysates (c)
were subjected to 10% SDS-PAGE under reducing conditions and analysed by Western blotting with anti-
RAP antibodies. Cell lysates from cells infected with LDLR-S1H alone (lane 7, -RAP), coinfected with
both RAP recombinant virus and LDLR-S1H (lane 8, +RAP), and infected with wild type baculovirus
AcNPVC2 (lane 9).
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Glu 36

Figure 2-8 The structure of the ligand binding repeat 5 (LRS) of the
LDL receptor (Fass, D. et al., 1997, Nature 388, 691-693)

Side chains involved in Ca2* coordination are superimposed on a ribbon trace of the LRS backbone.
The yellow ball shows the position of the Ca?* ion.
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Figure 3-1 Enzymic synthesis of ADP-ribose and cADP-ribose
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Figure 3-2 Expression of a soluble form of BST-1 (sBST-1) in insect cells
(A)Schematic representation of the construct used in this study. A predicted soluble form of
BST-1, which was prepared by introducing a stop codon at Thr 298, was expressed under the
control of polyhedrin promoter in insect cells. SP represents a native signal peptide of BST-1.
(B)Purification of sSBST-1 (left panel). sBST-1 secreted into the medium (lane 1) was purified to
homogeneity by ion-exchange chromatography (lane 2) and dye ligand chromatography (lane 3).
Silver staining was shown. Analysis of purified sSBST-1 by SDS-PAGE (right panel). One pug of
purified sBST-1 was subjected to a 12% SDS-PAGE under reducing conditions. Coomassie
Brilliant Blue staining (lane 4) and immunoblotting analysis (lane 5) were shown.
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T3IEEBLER. TIAUKRRT7S—EREFy FEROTRESE/Z (Promega
#HH).

3—2—6 FAAMBST-10HR
RS ER LB CHM LTS BAAMBST-12, 20 mMEFBRN Y 7 7 —(pH5.0)T5
EicERUE. RRUCEEREILZR0.45umDT 4L — I T TRAEMZRY KR
. BAA KA S A (POROSHE SOHSH S A)T, IMETOERIIENaCIT S
STV REMFTTERLS, FEEMBST-1(3. EREH300 mMEEICERLE, £0
#%. BST-124t95E%. 20 mMEES/Nv 7 7 — (pHS5.0) (TiE#R L7ACi®. Hi-trap
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BluehS A (ZRUvATZ7NIITNAXTO#E) THELUL, ASLLCKRBLEL
BST-1%. ¥9°100mM NaClZ&120 mMEsEE/N» 7 7 — (pH5.0) Tk L 72i&.
500mM NaCl% &¢:20 mMEEE/X v 7 7 — (pH5.0) TR L7z, ZORIET. SDS-
PAGEL., /- —RBTH—NY RERTHEBST- 18BN

3—2—7 D7=USUFALRTFRSATSY—-DFER

T7—USYFARTFESATS5Y—DERIE, ScottbDHE L TITo
(Fig.3-38M), 77— I KRH & — (FuseS) ICIBAT S5 V¥ AR157 X/ BEe!
[CHBYT 2 2 ASEDNAZMERIT B0, ITRLES VY ALDNARINZSULERA Y
TXROVAFREETHELE, COSUSALRINERETZAVIAXI VAT REHEL
LT. EAFUEBEINETSAT—%4R/EL. PCRETHREEAF LU 24K
DNAZBE L7, B5hi 2 AHDONAZ, HIRREERBIITHILLZH%. AMLTRTE
SUBEHLETHO-RZAVT, EFFUBALERERIERELE. S ARINE
BT 3BINITHL L7 2 AEDNAIZ, SATTRLHILUFuseSICTADNAY #i— £ T&
B, COLDICRRELEDNAZ, T4/ —IVEBRESIVBBAE Y S5 A(Chroma
Spin-400, Clontech#t %)) TH#H L. ElectroporationiZT. XKBEMCI1061[CEAL
=, Bonr-HEEREE, TRSYA4 0V ESUIBEMT—MHRIZEL, BHELEH
c77—CEMEERE, 77 =23 RUIFLFYUa—IL/NaCl TEEBRLT, &
BEDT7—ISA4TSY—E L, ThAICKY. REHIC2 X10'0sA-2 2885
475V —%HFRLE.

3—2—8 AIAMBST-1HE&77—CDRIV—-ZT
BST- 1877 —SDROY—=UFICIE. 96D A4 07— b(Nuncit®) %
#RA L. BST-1Ic#d 3E/ 2 0—F A THBBECT 12 59)%, 10mM U &
Ny 77— (pH7.0)ICEBL. 3ug/IINDRETAIC—HRIGESE, VIIVICEHE
ftL7=. PBSTH:@it. MR L/-FAMBST-1210mM U U B/Ny 77— (pH 7.0)ICiE
BL. Sug/IINORETIC—RRGSERGBICHEA L, 7AVF2IH (1%
45



Bio5'-AC TCG GCC G AC G GG GC-3'
5'-AC TCG GCC G AC G GG GCT (NNK),5 GGG GCC G CT G GG GCC GAA -3

3'-CC CGG C GA C CC CGG CTT -5'BIO

* PCR
Bgl | Bgl|
Bio5'-AC TCG GCC G AC G|GG GCT (NNK)1g GGG GCC G CT G GG GCC GAA -3'
3'-TG AGC CGG C|TG C CC CGA CCC CGG ClGA C CC CGG CTT -5'BIO
+ Bgl | cut
GG GCT (NNK)45 GGG GCC GCT G
TG CCC CGA CCC CGG C

'

Ligation into Sfil cut fuse 5 vector

/

Transformation of E.coli MC1061 by electroporation

'

p lll coat protein

I's Purification of phage
“¥~Random seduence

Figure 3-3 Construction of a random peptide phage library
The fuse vector and an E.coli host strain (K91 kan) were kindly provided by Dr. G. P. Smith (University

of Missouri, Columbia). Degenerate DNA inserts were prepared essentially as described by Scott et all?
with the exception that the insert encodes 15 random amino acid instead of 6. The fuse 5 vector (5 pg)
was cut with Sfil and then ligated overnight with Bg/I-digested degenerate fragments with T4 DNA ligase.
The ligated fuse 5 was purified with precipitation by ethanol and on a spin column (CHROMA Spin-400,
Clontech Laboratories, Palo Alto, CA) and then electroporated into E.coli MC1061 cells. The library

contains 2x108 random peptide phage clones.
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BSA., 1TOmM U>B/NyZ7— (pH7.0)) T, 2R 1BMIOv+ o LEK. il
BECVICHERT BT 7 —CERETDADIC. £F. 3—3—7 THRILAESATSY—
(10 RAO>YDT7—28) £, FRWNvT7— (1%BSA. 10mM U VBN 77—
(pH 7.0). 1TmMZnCl,) ICHIRL T, AKBEC7 I3 AEBIEL THIITITRE 1B
BIRIGE €. MBBECTICRERTHT7 7 —C&MIRL =, RIC. COBRETRELEDD
277—2%. BST-1 PEMBIELENTWBRIINICBL, BETIBRRGEES. %
BNy 77— (10mM U /Ny 77— (pH 7.0). 0.05%(v/v) Tween20)T. 10E %k
Fi&. 1 ug/mDBSAZEL0.1M Glycine-HCl (pH 2.2) THEALET 7 —S 5 AH
U7z, &ihi®. "M Tris-HCI (pH9.5) THIL7/=%. KBEKI1kan(C@gxt4, 77
—CEHBLLL. CONRZVTBEE3EKBUEBL, BEL T3 T77—C&BIR0LE,

3—2—9 Phage ELISA

BIRRBLIET 7—2 %, BUKBEKIkan|CBEEH, FhSH4A42 U 528818
TJU—bLET o0 —2ERESEE, RAOZ—2FbSHA40 U ESD
LBE#HICS X T, —MIET/ LA, BRLEBS ul (77— HF10°~10"N100 %8
&) ZEHELISAICERA L /=, ELISAOESR. BLTMESEZUTORICITo =,
BST-1ICMT5E/ 20— F N MMETHBBEC7%E, 10mM Y BNy 77— (pH 7.0)
ICBEBEL. OV ug/VITIORETAC—BRIGEE, YITILICEEIL L, PBSTHES
#., BELUAABAMBST-1210mM U BNy 77— (pH7.0)ICAEL. 0.3 wg/Jx
NWORETAC—BRIGEERBICHES L. ALAMDOBST-15%50\4 CD38%&Hik%:
NSTERVIINICEBLETIEEE. FNFNOBEERE03ug/9TIDEETA
C—BRILESETUVIIVICEELE, 7O0vF 08 (1%BSA, 10mM UVEENY T 7
—(pH7.0)) T. 2R 1VBE7O0v+> 5 L% EREFS ul (77 —-SHF100~
1074 0Y) #MX, BETIBMRBE L. K8/ Ny T77— (10mM U VBN Y 7
7— (pH7.0). 0.05%(v/v) Tween20)T, 3EHk&%E. BEDLIUNIAF L& —FiE
WOMI3T 7 =Pk (FIDY AT 7IURITNAFTFOHE) 2RE309RIGS 8
72 3EFERE. BETMB (3,3",5,5-F hSAFIARL DY) TRESIH, 450 nm
DRKEZMNE L=, ELISATIHRMELHELZ O—21F. 77 —20 1 FEDNAZ%E
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Smiths A& 2OTRHBLT. YA 2N -0 T Y FETERREERE L,

3—2—10 ADP-ribosyl cyclase ;& DRIE
ADP-ribosyl cyclase ;EMDBEZ. NADTD 7 F 04 THBNGD™ (Sigmattdl) %=
AOBEETHE L 56), ADP-ribosyl cyclase ;&L Y. NGDYIZ., HAMET

# %Cyclic GDP-U R— R (CZE#HE D, ZDCyclic GDP-Y K—RENAD D SERK S

N 3Cyclic ADP-UR—R EFRIEY. MKSBENICKVODBEFHRTHSD, LD
T. SOAZEICLY., BST-1DADP-ribosyl cyclase ;EMDHEBET D EMNTE

5. BEUAAAMEBST-1. %2 WIA[FEMHCD38%50mM MES (pH 6.0) . 1 mM
ZInCl, 28Ny 77—+ T, NGDME25CTRIGE Bz, &KL TL 5Cyclic GDP-U
R—2R1E. 300 nmDEETHIETZE. 410 MOBEROBRKEERTDHDT, ZDEKL
MEEEXSNET (F-4500, BIIH®) THELE,

3—2—11 cADP-ribose hydrolase;&ttDRE

cADP-ribose hydrolase;& D AIE L. HPLC#% B\ BHiratad DAk 13 )JTio
7=o 50 g/mIDAEMBST-1£20 uMDCADP-J 7 R— R (Sigmatt®l) #. 37°CT4
BRERGSEE. Ribk. BRHFETHCADP-UR—X &, MKDIEICK>TERLTLSS
ADP-UR—RI%, B&A F 3 Hh S5 LPL-SAX 1000A (Polymer laboratories #t
) FRVWTHEEL=. TOSEEE. FEO.S5ml/min, 0.02M 7»50.51M DONH,HCO,
ERAWCERISCIY T /. BTFETSHCADP-UR—R &, MKDBICK>TE
L TL BADP-UR—ADREIL. 260 nmOBRFZXETE=S—VU I LT, BYHED
HPLCETO#HEEZ100%&E LcLED, EYMHEOEMERLETERLUL,

3—3 #BR

3—3—1 AAMBST-1ORGRHMBTORIRE L NEEH
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Fig. 3-2-AICRU=#1C. BST-107 3 /8% 1-297% 30— K 3cDNA%,
polyhedorin7QE—4 —DFTHRICDIEWERIRN S & — (pVL1393BST-1s01) #1855
L. BRififla SPOZ AW TRIAMBST-1 2RI\ /-, [ BMBST-1(13HiatEE &
(SR Urc, RIC, D U7-RBMBST- 1285 ICRRETH/-0(C. EHEMBAYD
O o EMEFEM SFO00I (Gibco BRLAEA!D) [CZEEL. kI SMICELTINS
TnSICEEL T, KEBRRZTo/, RIK, BBELFEERET S L. 30kDaftiEIcR
WMUAIEMBST-1ONY R&E®RETZ 2 EMNTE S (lane 1inFig. 3-2-B), &5
IS, B3AF 3NS5 A (lane 2 in Fig. 3-2-B). Bluer S A (lane 3 in Fig. 3-2-B)
ZRAVTHRL. REMIC, SDS-PAGELTH - —RET D&, (FFHE—DNUR
ICETRRIDZEMNTEE (lane 4inFig. 3-2-B), —d/ > KiZ. BST-112349 3
RYZO-FIAKICRIEL. BHMOEATHS ZL£2HZ L (lane 5 in Fig. 3-2-
B).

3—3—2 A[AMBST-1MDADP-ribosyl cyclase ;&%

BEUZRIAMBST- 148, BEMETHINEERT 57282, NGDT £\ /=ADP-
ribosyl cyclase ;ZEHREZ 1T o /=, TDER%EFig. 3-4I257F . ALAMBST-1 (5.0
ng/ml) ICERETHBNGDY £2100uMNZ B &, HNBEHNEHFNICEML =, NGD

DHEMZBST-1EMAIEWEE®. BST-1£MANGDT ZMA VMBS ICITENIBE

DEMIIERHONT . HRNCBREELZHERL 2. RIS, NGDTIZXT BMichaelisE
H (KmiE) Z2KD578. BEREEERRE L OMHREANK (Fig. 3-5), BER
#7V 7 k'Enzyme kinetics' (Trinty Softwarett) ZHW\T. Km{@xKkHDi=& 2 3.
610 £10.2uM (n=3)THh > 7=,

3—3—3 BST-1#&77—-2DRHOUY—=1
BST-1Mecto-enzyme &% BHET M bESY—%BIBITHEEBMELT, 3
—3— 1 THELEABMEBST- 125 —-5'y bELT, 157 /BOSVIAT7—2
TFARTVASATSY—%.RI =P i RO —ZFICBLT, Tk
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sBST-1, 5 pg/ml (50 mM MES pH 6. 0+ 1TmM Zn2+)

40
o
QO 30- +100uM NGD
2 \
7)) 20‘
o - sBST-1
o 4
3 10
LL
0

I 1 I i I
0 200 400 600 800 1000 1200
Time [S]

Figure 3-4 Spectrofluorimetric assay of ADP ribosyl cyclase of sSBST-1
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Figure 3-5 Kinetics of ADP-ribosyl cyclase activity of sBST-1

(A) The effect of substrate concentrations (300-1000uM) on the initial velocity of
ADP-ribosyl cyclase activity of sSBST-1 (1.5 pg/ml) was displayed.
(B) Lineweaver-Burk plot of the date in (A) : 1/V versus 1/S for the product cGDP-ribose.

The Km value of ADP-ribosyl cyclase for NGD% is 610 + 10 pM (n=3).

51



BST-10E#H{L A E%E 21 BERIT Lz, THbb, AIBMBST-12EHZY( /07—
koI U CEBIET A AEE. BST-1ICHT 3 28@8BOE/ 70—k
(BEC7 &RF3)% M L CTE#MILT B A EHM» 7, Fig. 3-6TRLAFET. 3B
ST, E5ICPhage ELISAAR T, BBLTELT 7 —PORIGEDHERZIToI2HE
2. E//O0-FILHEBEC7EAN L TBST-1 2B LAFHICDODNTOABST-1IC
BERMICEAT D 77— 0B 5N/, Fig. 3-7 [CPhage ELISAZD#ERERT ., K
77— 0—2SN-1 (k) [CDWTRLEN, Z0osa—r(3. REMER. &
SUCHOTHEELAEELSDOAMBST-1ICHERNICEE L., ShITHLT, B
Ay rO=IDT 7 —JIAEEERS Mo, ABMBST-12EEY(O07L— b
[CHIERE L TEBILT AAETNRZ VS UEBEICE. BEsn—-RBBohah-o ik
(b M 59, Phage ELISAETIR. 77 —USN-1{3. =407 — bICEEEE
{LU7=RIAMBST-1 %228 L TEA L. Phage ELISAAT., BitELfErL /80—
VOBERERINERIFLAEECS, 70—V FRA—DOREHNEBLTEY., CDT77—C%
SN-1&8& L, BUYD10—(3SN-16L 8B L7 (Table 1), ZD 2 DDEFID
BICiE. HRAKEE<BOHLShE, 1.

3—3—4 BEATFRICELZT77—JLAIBAMBST-1LOEEHRE
2HoY—=HICLk>THESNE 2 DD (SN-1ESN-16)%, {LZEEMKICK YRR
L. BEBATF KESNP-1, SNP-16&8%& U7z, SNP-11L, KBETHY. KROD
Ny T7—I210 mg/mIDEEE TERBAETH DI LT, SNP-16[3BKETH
Y. LUBORRIIDMSOITER L TIT o/, RULARTF R, 77D LAAEK
BST-1L DEREMET B EMNTE B/ %Phage ELISAETHAN ., #ER%Fig. 3-8
([ZRT. SNP-113. 77— SN-1&AAMBST-1&EDEE%E 1T uM DRETREICH
ELf, SNP-16l3. 77— SN-16LA[BMBST-1LDREETT uM DRETERDHY
([CPBEEL7, S5uMmmz/atEa Y bO—)LRTF K(SNP-TONKR D 5 CRImH D
RHEBICAELEHD) 3. BEEEERES AN/, SNP-1E, 77—ISN-16&
AAMBST-1LNBEEE1 T uM ORETRELICEHEL., SNP-16(3. 77—USN-1&
TAMBST-1L0BAEE1 T uM ORETHINICEELL, O EME, MT7—2
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Fuse 5 phage display library
2x108 independent clones

SN

Elute bound phage
Amplify eluted phage
with E.coli K91 kan *

Wash out
unbound phage

1) Direct Immobilization

\——’ f Immobilization of sBST-1

Reduce background yields ' 523; \\;;2 r,?,ﬁiﬁgém

Unbound phage

—

1st, 2nd and 3rd rounds

;

Single clone isolation

f

Phage ELISA
‘t POSITIVE!!

Sequencing

Figure 3-6 Procedure for isolating sBST-1 binding phage
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Insect BST-1(via BEC7)
CHO BST-1(via BEC7?)
Insect BST-1

CHO BST-1

BEC7

BSA

0.754

OO N

OD 450nm
o
'

0.25

9
)
zZ////AJ

-1 Unrelated phage

Figure 3-7 Specific binding of phage SN-1 to sBST-1

After three rounds of biopanning, supernatants of individual clones were used
directly for analysis by phage ELISA. One representative clone (SN-1) that
specifically binds to sSBST-1 is shown. Unrelated phage does not show any
reactivity with sBST-1.
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Table 1 BST-1 binding sequences isolated from a phage display library

Clone Sequence Frequency*
SN-1 HSQISGKYQRYLKDA 7/8
SN-16 DDVVYTNIHKWGRRE 1/8

*Number of times each sequence was independently isolated.
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Figure 3-8 Inhibition of selected phage binding to sBST-1 by

synthetic peptides, SNP-1 and SNP-16
Phage SN-1 and SN-16 were incubated in SBST-1-coated wells, with or without the
indicated peptides. Absorbances at 450 nm are shown. Each of the data was calculated
from 4 wells (means + S.D.).
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DBST-1ZMEAIL. PR EBA—N=F Yy TLTNB I LDBTRRENT,

3—3—5 AmMRTF KICKBADP-ribosyl cyclase i&H4EE
25— H oL VBSNESIA,. BST-10DADP-ribosyl cyclase ;&4 ZBE

+3-EnTESME. NGDY 2 BOEELETHENE. TOBREFQ. 3-9I0RT.

25°CICHBNT., 4ug/mORIAEMBST-1 &, 300 uMONGDT ERIcE &5 &,
Cyclic-GDP-UR—RD&ERICL Y. BABRERIEROICHEALL, 598&. 20uMD
SNP-1£ CORICIZ 3 &, BABEOEMIRLITHEAL, BRERZRZMEL

f=. —F. 20 uMEEHE T b O—JLRTF K (SNP-1DNKEHEH 5 CRIFRIDOE T %2
CABLEDBD) ECORICMALBEICIE. BREEHICE<KHEERESAP L. 1
vty hFAICIE. 10 mMDTTIC& > T, BST-1MADP-ribosyl cyclase &M 5E£IC
Sk 4 2 F AR LI, CD38MADP-ribosyl cyclase ;&E(E, EITILIKETEMEMNH

kFHEREEINTEY 57)_ BST-1MADP-ribosyl cyclase ;& b REDREE ER L

7=. 20 uMDSNP-16%{E>T. AHOEREZTHBEICE. BFHEFFIE<REONG
Mol (F—YHE.) .

3—3—6 SNP-1MDADP-ribosyl cyclase ;&4 ER N LEAESMEEL KifE

RTIF KAV EEY—SNP-1DERBERR L, REMEER (KiIBE)ERDHDDH
o, RIFRAVEES—DRE [112ZXT. NGDY OEHERE L. cGDP-riboseD*E
REE (RABEOHKA) LOBFRERANL, Fig. 3-10-AICTORBRERY. RTFF
A EES—DRE [I]D-AE RIS, cGDP-riboseERRE (EIBMEDEK) (JE
FL7. SNP-1DEMMBEERREKRDB=0HIC. Fig. 3-10-ADERD 5. it (C
cGDP-ribose D4 FEE VO E, MEICA v eEy—DRE[I]270Y b2
Dixon plot%§To 7=, (Fig. 3-10-B). B5NAEREITFTICEL. DR, SNP-1
DEMEERRIL. BST-1 L XENGDT DEAHKESNP-1 158H L THET 3 THAL
BEZE (Uncompetitive inhibition) T o7z, &5IC. BEEMHEHER KEZKRDHDH
[c. $b#HICEERE (S] / cGDP-riboseMAERRE V £, H##IC/ VY EES—DRE
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Figure 3-9 Inhibition of ADP-ribosyl cyclase activity of sBST-1

with a synthetic peptide, SNP-1
NGD* (300 uM) was incubated with sBST-1 (4 pg/ml) in a buffer containing 50 mM
MES (pH 6.0), 1 mM ZnCl, at 25 °C, and the fluorescence at 410 nm (excited at 300 nm)

was monitored. After incubation for 5 min, 20 uM control or SNP-1 peptide was added.
The inset shows inhibition of ADP-ribosyl cyclase by 10 mM DTT.
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Figure 3-10 Kinetics of ADP-ribosyl cyclase activity of sBST-1 in the presence of SNP-1

(A) sBST-1 (1.5 pg/ml) was incubated for 10 min with various concentrations of NGD in the presence of 200
nM or 400 nM SNP-1. The product cGDP-ribose was monitored fluorimetrically with an excitation wavelength
of 300 nm and an emission wavelength of 410 nm. (B) Dixon plot of the data in (A): 1/V versus [1] at different

fixed concentrations of NGD*. (C) Dixon plot of the data in (A): [S}/V versus [I] at different concentrations of
NGD™.
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[N&78y kU7 (Fig. 3-10-C), 4AXDEMKIZ. 1 ETREL. TDEEDXHDIE
NEEYVHEH K ETHY. 180140 nM (n=3)ELKH 5N,

3—3—7 SNP-1MDcADP-ribose hydrolase®;Ef#EE

SNP-14BST-1MDcADP-ribose hydrolase ;EE 2 AET IR LN TE D%,
CADP-riboseZ & H & U/HPLCE TN, ZDA*EIZ. cADP-ribose hydrolase
AEICKYEET HADP-ribose E BEEDCADP-ribose #8817+ K h S5 ATHEE
L. BAT5RETHD. TDEREFig. 3-11 ITRT, SNP-1E2MZ 2 WERETIL.
¥75%DADP-riboseMEAE L=, 20uMDAY FO—-ILRTF REMZBE TR, R
TF REMZIEMEE EREHNI75%DADP-riboseSEE L. RISICEELZNNT EH5R
Shi, ThICHULT, SNP-1£0.5uM, 2uM, 20uMEMZIBEICIL, BEKEN
[CE&E T HADP-riboseDEHEL L. SNP-14BST-1DcADP-ribose hydrolase ;&
HEBRET DI EMRENE,

3—3—8 7T7—2SN-1. SN-16& 0B84 CD38 L DES

FE1ETHRAREL ST, & M TADP-ribosyl cyclase ;& & cADP-ribose
hydrolase ;EZH L T 59 FI3. BST-1£CD38THD, MHFN7 I /EHEEM
[3#33%TH Y. BST-1ICHFETIIONFRO AT A VIEEN, CD38TIRTREZIN
TWBITEMDL, MPFOBENREULTWE EEZONS, £2C, SEBONET 7
—250— SN-1, SN-16%5, AIEHCD3812) & %kE KRG 2 % Phage ELISAET
BRIz, EDERZFIg. 3-12-AlICRT. 77 —SN-1. SN-16(%, B4 L/-mAMH
CD38¢&13. 2<E/ LMo,

3—3—9 SNP-1DCD38 ADP-ribosyl cyclase ;&I 9 2 5 MHAE
Z77—=2208—>5N-1, SN-161%. RI;BHCD38&L#EA LA & HSPhage ELISA
ETRENE, ESICTDRREWRT /78I, XRTF KSNP-145, CD38 MADP-
ribosyl cyclase ;EM$ZEE LU\ E, NGDT 2RV =8N ETHNE, Fig. 3-12-
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Figure 3-11 The inhibition of cADP-ribose hydrolase activity by SNP-1
sBST-1 (50 pg/ml) was incubated at 37 °C for 4 h with 20 uM cADP-ribose in the
presence or absence of SNP-1. cADP-ribose and ADP-ribose were separated on an anion-
exchange column. Concentrations of cADP-ribose and ADP-ribose are represented as the
percentage of their peak area on HPLC (100% represents the total area of two peaks of
CcADP-ribose and ADP-ribose). Hydrolyzed products during the incubation of cADP-
ribose only was expressed as a background yield.
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Figure 3-12 No inhibitory effect of SNP-1 on ADP-ribosyl cyclase activity of a soluble form of
CD38 (sCD38) (A)The failure of phage SN-1 and SN-16 to cross-react with sSCD38 is shown. As a control, phage
SN-1 and SN-16 recognized immobilized sBST-1, and their bindings were inhibited by the addition of corresponding
synthetic peptides. The data represent means from duplicate wells. (B) The absence of any inhibitory effect of SNP-1 on
ADP-ribosyl cyclase activity of sCD38 is shown.
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BICRLZZLDIT, 20 uMDSNP-1 T ENABEDIEMICHEES X o7, THDDL,
SNP-113CD38 M ADP-ribosyl cyclase & ZBEEH 3. BST-1 (RS EE
I—THDIEMREINE,

3—4 ER

{€*#. cADP-riboselZBd 3 5 RER(Z. CADP-ribose il Z BB TE /AW D
5. #R3ICCADP-ribosez FA LY. HiRANSHE LHBREESZ AN TITHONT
&z, HBHE. CADP-riboseDFEHTHY. 74 T=X hTdH38-amino-
CADP-ribose “8) £ MM ICIEAT B2 LT, TOREEBONICLED LT BRLN
FRBDOTHo/, £ FTHBWTIE. cADP-riboseldBST-1CD38 DA AILICTE
¥ Hecto-enzymell L > TEKREIN. ASHOETHEAICIRYVIAEN, HBEAD
Ca”"RART7 -5, Ca”&IiETHEEI 5N, LHLASS, HEINERICHEET D
ecto-enzyme;E T & U SR X N/=cADP-ribosess. REICHBANNDCaEET 2
EVWIFRICHLTIE. BISABSEAASN TR, EDO—EIL, ecto-enzymeiFis
ZRHANICEET S EES—DBSETRIVESNTWARWESH TH S, TIT. XE
TIIBST-1MDecto-enzymeZEZHET DM e EY —ZBIR TS/, £9BST-
1Decto-enzymeFEZH T 5N AL ERRHBTRIRL., RICZOBEEHEES
BRIFRUHAHVRE, 77=25475)—moBRRLED EHB L

CADP-ribose SHERRICAYAL A HZXAICEL TIE, BTICRTV DHDEHBAL
BENTWS, HREICCADP-ribosed L 79—, S RAR—F—BEEL TN
0. GPIZ7 2 h—9FTHBABST-1BENBE. HHWMIONFEEDHIC
Internalizationd 2 Z &MEZ 5D, GPI7 > h—B5SFDInternalizationD AT EE
HECONTIL, FIZ(ECD48CD5S9%, HIRNICHFAET HCEALHICREREEIND

EMS, Internalization U THFRICHEET Ao EMBMEhTNSEYY), 2512, A
AHhYE7EFIAY L LETI—13. GEBEANL T, ADP-ribosyl cyclase& 48
HEEALTWB S EBMSNTN300), CD38IcELTIE. BETHANAD H B\ (L)

HREZIZWOTHRT7IA=ZRF v o LER&EICKBInternalizationSBE SN TLY
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561,62), cnz&mi. CD3BOBEEMLIMBNTITPNTNSLHEXSNS,
H UBST-1HCD38LFAHRICEK. HBMIY H 2 RikFEHEDInternalizationsSi2 = 3
ETNIL, BST-1DOBRBEEXRTF R THBSNP-145, RERFKRMTHBBST-1 DU A
v REDEE., HBWIE, BST-1 EN LIS T FIVGEERETEIENTEDZMEL
D ZERHERMFIND,

BST-TRU OISR FEEOBMA NO—THRBAICHTZIE/ s O0—-FILREERNTY
A= M FTHY., UIIFLEOBBRPTREEINS, ER. UITFEEOMS
PTG, BREQTAMBST- 1 SEHERICRIEENS D), Lasi>T, AETEONL
NTF RI3. BST-1DFT Becto-enzymeFtEE, VIR FRAEELDBFEEHASHICT
5V~ ELTHRATHS S,

XETR, 77 —CTARTVA—FZEBWT, BST-10OBESA Y EESY—F R
L. SORER =Ty bETENFORBEICETIEERNEL L HBANAEETH
Y., ERH-ERHOHEERRZARNDIOICHEALAETHSD., BONERTF RERF &
HEMHZEZBETIEEHET —IN—IATRELEDN, ZHTHIHDOEREONSEN S,
SNP-1(Z. BST-1DFHT Hecto-enzymellsxt L THENGA EESY—THY. o
NF (7= &£ Z1ECD38) MH T HADP-ribosyl cyclase ;&ML DEMELICERATH S,
Lo, ARODAET, 77 —TARTbA—=S54T5 ) —h5ibDHFDADP-
ribosyl cyclase B ICHFRMNIEA Y EESY —2 BRI LBFRETHDIEEZ SN
S

SNP-1(3. BEETHINADTHHEE LR MREETHBST-1ICHEATEETH B ICH /D
D57, BST-1Mecto-enzyme;FEHICxT L TIE. FEHEZEERLUE, —RIC. T
BELRAEES - BREBEDESBOHEDHTIEELRTHY. SNP-1
. BROFELGWVRETOBST-1ICESFRELAEREIHERT S, ChICBALT
(&, SNP-1EHBFRETTAIEES—&L LTS EEL, BREDAZVIKEETBST-112
BETHHETIE. BSTNICH T HBAEANREDATRERMSEZZ 5ND., HSBL\I.
ABEC7 £t L TEMR{E S N/=BST-10#8EA. BH EBST-1DEAGBDEECLITL

AILbEIASND. FEABER EBOERMNBFRTIBERLSTLIELIIBRE:N
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B2 EHMOoNTHEYO3), BST-145, ADP-ribosyl cyclase&. cADPR hydrolase
ERERTHIEN. SNP-TOFRERBECRBRENTLZONS LN, FERMIC
(&, BST-1DADP-ribosyl cyclased&. cADPR hydrolase;ZtD: W\ 2R# T2 &
SBAVEES—Z2RNETILICKY, 2EBHOBEREDANZXAZ LY HMEICE
BETDIENTEHLEMBTEINS,

3—5 #E

ecto-enzymedtZzEH T 51— 04 T5—9FTHSE hBone marrow
stromal cell antigen-1 (BST-1/CD157)(C&ZB L. BH#lfa% AL\ /=8a4BST-1
DREBRRR. RUBRIEZHILE, S5ICBONENEOTEMEBST-1£EM(C
LT SU8LT77—534T75)—mEBST-1ICRES L. »DBST-1Mecto-
enzyme;ZFHEBEETAIRTFRA U EESY—E2RIWVELE, COAMVEEY—IEEN
73ADP-ribosyl cyclase 1 Y E EY —DHHTORETH D, COXRTF KA EES
—I&. £ bTBST-1&£ELecto-enzymei®dtt2H T 5CD38 LIIRERIGETRE T,
BST-1ICRENTH o/, LKV, 77 =-SFARTIVA—54T5 Y —%E. EW
DFOBEICHT BEBPLESTHI—5'y P FICRETHIRTFRUA Y ROAIEN
AEETHY. BOTHRLERRTHDI LM RENE,
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£4& Bone marrow stromal cell antigen-1 (BST-1) Mecto-ADP-

ribosyl cyclase;EHBEE R 7F KSNP-1 £BST-1 & DES R

BIFETIH. SYIAT7—TARTIV—=5A4T5Y—m»5, Bone marrow
stromal cell antigen-1 (BST-1) decto-ADP-ribosyl cyclase ;&M% BET 23
MRTFRAEES—SNP-12HBE L/, CORTFRAEES—IF. 528D
A EES—EREFTIEOY — REFIC/AZEEZOND, FZTEETIE. SNP-
TEBST-1EDBEEEZLVFHMICBRIRT DS E2BMNELE. £T. BONARTF KA
Y EES—SNP-1&, BST-10O#RARITE, RETSXE 48 (BlAcore)26)

Isothermal Titration Calorimetry %27, 28, 64) e mNTITo /e, F. BAD
StoichiometoryZ K& 57=8 (. A[AMBST-1. RTF KA > EESY—-SNP-1DB&K
ROHFRESHABELBEAVCRBFERITRELL, E51C. BAKEER
BEELTVWASNP- I LED7 I/ BERBEERETHHIC. ETOTI/BEEETS
ZUVRBBRULERTFREAFERTHABL. RE 7S5 XE#HEE (BlAcore) £ AL
T, AAMBST-1LDESEBITL. COBAICKY. 41 EES —EBST-1L D8
BNASHICED ERFIC. E5ICBAGA L EEY —ERETTIROEBIMENES
h3bDEEFEND,

4—2 RBAXK

4—2—1 TWBEMBST-1ORIR., BLUEH
BEHRER WV B3EBST- 1ORIRIZ, 3—2—4TRUEAETEBWE, RIBL
7EBIZ3—2—6 TRUEAETEREL,

4—2—2 BERR7FROHAR. RUER
SNP-1 RU, 75 V@MRTFRIZ (%) RLUY—FE2 9 —ICEKELTERL
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oo RIFRIZ, FHEIOT TS T —THEEL., HEISWLUETHELEHIRL
7=

4—2—3 BlAcorelc &k SEEBIA

BEE L 7= AMHBST-1210 mM BfBg/N v 7 7 —(pH 5.0) ICEEE L. 2000%53600
resonance unit (RU) [C#8% ¢ 2 a[BMBST-1%2. 7X hy U oFv b (7R
S AT FNRITNAATY) ZRVT. IMSF VT (FRUY AT 7RI TNAF
F4) ICEEEBLELE., EBFRNBESEZELSIKEDIC, Ho7O0—-IVCE, T2
Ay FULHFy bMokoT, 73/ 8570y LEETORIEREBLE. ThETN
DEBTREINTVSBEDSNP-1. HBVET S VBRARTF FEMBINY 77—
(20 MM MES. 150 mM NaCl, 3.4 mMEDTA, 0.005% Tween 20) IZ&&FL. 40
wl/mOEETF v T EICHK U, BRERRII25CTTITo 2. BRI LAZAIAMEBST-1
(Z. 10 MMHCITEB& L THER L, EEROBTIL, BlAcorellfEOBATY T bY
T 7 —BIA evaluation 3.00. nonlinear fit (1 : 1 binding with mass transfer)%
B, £7-. FHRETOBADMEITIL. Scatchard plotZ AW TITo 72,

4—2—4 BELHTEICLZHFRORE
SNP-1. H&LUAIAMBST-1DBERF TOHFREMFAERLH (Beckman XL-)
ARV ETEEC L YURELRE, SNP-1. BEUAAEMBST-112, 50 mM MES
(pH 6.0) . 100mM NaClDBR®EICENFN200uM, 10uMOBEIC/AESLOBEHL.
Table 2 [CE# h-EEEET25C. 20BMELL, FHRECET 2ETRBRS ¢
fe. EE280 nMOBRKEDDEEMNE L. 188N 520D, BAED/Y—>
CEAEECTOED S END, TRFHICEL TV LML, BROEER.
ep (- I L7-fE1.008g/miEERA L, SNP-1DORILEE. BR7 I/ BEEORL
ROERFHNS>KH=65), AAMBST-1OELREL. LUTOLD CHEBULE, TEH
BST-1[CHEASHMENTOANERE LBEDT I/ BEIMSEHSNARLS
(. 0.728 ml/gT#H 3. cDNAERFIN S REH SN D5 F& (30.5kDa)&. TOF Mass
2RH RS AICEYRDDND5HTFR (33.5kDa) DEL, MHEICLBHNEEZOND
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Table 2. Molecular weight as determined by sedimentation equilibrium analysis

Constants used for the analysis are partial specific volume of 0.724 mL/g for SNP-1 and 0.718 mL/g for
sBST-1; p (the density of the sample solution) = 1.008 g/mL. Partial specific volume of sBST-1 was
calculated with the assumption of 10% glycosylation for sBST-1.

Peptide Rotor speed (rpm) Molecular weight (Da) Average
40000 2020
SNP-1 42000 1820 1960 + 68.0
50000 2030
8000 64000
sBST-1 12000 65600 65600 + 950
16000 67300
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DT, A[AMBST-1CIIERTHIONDEHBEALTNIHDEEZSEND, FEHD

FHRLEE£0.630 ml/gé LTHET3£00), mysz@ s =naEnssST-10
RILLBILUTORDS5tEE NS,

(1x0.63+9x0.728) /10 =0.718 ml/g
COEEEST. FFROFHEEFTof. F—FEMHEDY T by T 7 —Origing AL
TH—BRSFEETINE L TRITLE.

4—2—5 FRBHEEHES (Isothermal titration Calorimetry, ITC)& R \/=
SNP-1 &R BMBST-1 DS 84
ITCIC&K BREIX. MicroCalttdOmega titration Calorimetry# B\ TWiseman

SICEYBRRSENTWSHHEL)TITFo . SNP-1&AEMBST-112. R4 (220 mM
MES (pH 6.0)D&ER&ICH L TER£1TL. BREKEH—IC L, 2 mld10 u MAIEY
BST-1(C3# LT, 400 uMDSNP-1£5ul9 D38 5= CEEL. BBEOE(LE20CT
MELE, BONLRBOBREINEOY T FYIT7—Orignlc LUHEL., BEEF
I SERER B,

4—3 ¥R

4—3—1 BlAcoreZA\/=SNP-1 LR[AHBST-1 & DEESRIF

9. NADHIEHFAE T TOSNP-1 LA BMBST- 1L DEE %, KESSXEHIBE
(BlAcore) ZBBWWTHF L=, 2000RUDTAMBST-1%, =D 7 I/ EEHL\TCMS5
Fv 7ICEB{E L=, 400 nMH» 51000 nMOEEDSNP-1%, wAMBST-1 ASE4HHE1L
EN=F YT LICHRLZ. TEOBOE Y —S S5 A%Fig. 4-1-AICRT., BEKENIC
BETAHSNP-TORMSIEIML 7z, £ OBEDIRELHRTS/8HIC. SNP-1DC
KM ONKEHRICEE L2 bO—ILRTF K%, 1000 MOBETF v 7 LICHKL
e 2OAY FA—IIRTFRIE, RAIBMBST-1&0EEMERIANI EMDS, SNP-
1DFEERAMSHER I N, 400 nMM 51000 NMOREICEWNT, BESITESHIEL
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Figure 4-1 BIAcore analysis of SNP-1 binding to immobilized sBST-1
(A) Sensorgrams showing the interaction of SNP-1 with immobilized sBST-1. 2000 RU of
sBST-1 was directly immobilized on the surface of sensorchip CM5. SNP-1 at
concentrations ranging from 400 nM to 1000 nM (lower to upper curves: 400, 500, 600, 700,
800, 900 and 1000 nM) was injected onto the sensorchip at a flow rate of 40 uL/min. A
control peptide at 1000 nM was injected as a negative control (bottom curve). (B)
Equilibrium binding data (Req versus C) obtained in A. Req: RU of SNP-1 bound at
equilibrium, C: concentrations of SNP-1 injected. (C) Scatchard plot analysis of data in (B).
The equilibrium dissociation constant (Kd) was calculated from the slopes of the fitted line
(Kd =500 + 35 nM).
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TWeDT, FEREZHRBIC. HRVEBESELHMICTOY FLAEBEAHBETRLE
(Fig. 4-1-B), = 5ICZ DA BEEN 5. Scatchard plotz AW\ TEH T EKdE %
H L7 (Fig. 4-1-C), Scatchard plot(3, BEfHERL. FOEEH S FEEREH T
Kd=500+35nM (n=3)&kd SN 7=, RICHBOBEITY 7 b9 T 7 —BIA evaluation
3.0ZAWT. HERETER(kon), FeBlRETE B (koff)&KeD., FDEN STkt E KK
EzELLL. TOERETable 3 [CRY, NADHEFHET Tl BEEETEH (kon)ld
1.420.3x10° (M 1s°1), TeBRAFE B (koff)(20.073£0.015 (s) &k SN,
kon&koffin b BEH E N B KAfEIX. 52020 nMTH Y. Scatchard plothSEH Eh
I FHRBEEHKI=500£35 nME L < —H L 1,

RIZ. 1 mMNADHFTE T TOHOSNP-1 LR[AMBST-1 L DAL BE L=, NADHHE
TTI. BEERETHK(kon)I$1.4 x10° (M 1s™7), TeBEEE T E (koff)(20.091 (s-1)
EXRDHOENT=, kon&koff PSHIEINBKAEIZE650 nMTH Y. = DfE(Scatchard
ploth 5B SN/ FHEHRERKI=350 NM&FIF—HHL T\, 5[C. ORI
NAD*IEFHE T TOSNP-1 LRIAMBST-1 L DA LIZIFRASETHY ., RESSXEY
HIEE (BlAcore) ZAHVWVTHETLAZBEICIE. NADYOHEEICLDESDEBWIRH S
nigmoic.

4—3—2 BlAcorezRWCT7 SZVERBERARTF R EA[AMBST-1 &£ DOBARIT
BEICEELMEZEZLTLSSNP-1 LO7 I/ BREEZRAETBHIC. 2TOT7S
JBBRBET S VICERULRTF REBEL. AIAMBST-1&£ DS %BIAcore®
RAWTHEANIz, 2800 RUDFIABMBST-1%2. ZXohyTU oFy b (FRIv AT
TIWILTNAATY) ZRVT. CMSF v T (FRUY AT 7R TFNAFTH) IC
EEEMHEIEL, 4—2— 17T, SNP-1&TAMBST-1&DRESDEHTBEE L
Kd=500£35nM &k&HSN/=DT, E7SZUEMRTFROBEEFORE TR E
RURETHS500nMICL T, FyTLICH LA, FOBOE Y —45 A (Fig. 4-2-
A) &, #ER (Fig. 4-2-B)&RY. 73 /EERREA, #3. #6., #13 ., #1457 5
ZUVRBRULRTFRUT, 752 0BBCERLAET I/ BEEOBETRIFR
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Table 3 Kinetic rate constants of various SNP-1 derivatives binding to BST-1

ND refers to values that could not accurately be determined because both association and

dissociation constants are very rapid. Eq, equilibrium.

kon (M-1s1) k off (s-1) Kd (nM) Kd (nM)
Off/On Eq
SNP-1(-NADY) 1.4+03x10° 0.073 +£0.015 520+20 500 + 35
SNP-1(+NAD*2 1.4x 10° 0.091 650 350
Ala scan peptides?
#1 ND ND ND 2020
#3 1.6 x 105 0.066 410 450
#6 9.4 x 104 0.056 600 740
#13 1.3x 10° 0.060 460 530
#14 3.0x10° 0.18 600 560

4 Representative data obtained in two independent experiments are shown.
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Figure 4-2 Comparative analysis of alanine-substituted SNP-1 binding to immobilized
sBST-1 in BIAcore 2800 RU of sBST-1 was directly immobilized on the surface of sensorchip CMS.
Alanine replacement peptides at the concentrations of 500 nM were injected onto the sensorchip at a flow
rate of 40 pL/min. (A) Sensorgrams showing the interaction of alanine-substituted SNP-1 with
immobilized sBST-1 (lower to upper curve: #1 His—Ala, #6 Gly—Ala, #14 Asp—Ala, #13 Lys—Ala,
prototype SNP-1 and #3 Gln—Ala). The other curves were considered as being not detectable at a
concentration of 500 nM in BIAcore. (B) Binding capacities of alanine-substituted SNP-1. The
replacement of #1 His, #3 Gln, #6 Gly, #13 Lys and #14 Asp with Ala showed binding capacities to
immobilized sBST-1 at the concentration of 500 nM.
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EZRY) UARBRERFRUT TH 7. COBRMS. 7I/BBREA2., #4. #5. R
U HTDORI12ETORUNSEEICEELRBMNLEEZEZI SNic, BENBOSNIRTFRIC
BLTIE. BEFHOORBMTEHEKIERD, Fig.4-2-COE/NSFRIVICIT. BBEITH
TRHESR%E. A/SRIVICIEScatchard plotZ R U7z, RTF K#1. #3. #6.

#13. #14DFERMELEKIIZ. TNnEN2020nM, 450 nM, 740 nM, 530nM. 560
nMEBH SNz, NRBRAIOERF O UBREE7 S VREICEBRLABAE. BERM
EPRV/AITET LAY, thOBREET7 S UREICERUZESIE. SNP-1&(ZIFEFE
FORKAETR L. RICHEDEHRY 7 b DT 7 —BIA evaluation 3.0BW\T. &4
EREEH(kon)., TEEETEH (koff)& KD, EDEMOOTRBMEHRKIEEE L L, TD
HWR%ETable 3 ITRT. RTFRAVICBALTIL, HAXEETEH(kon), FEEEEEH
(koff) EBIFICEVWRILTH Y., BEFRETH oM, thDORTF RICBALTIE. kon
Ekoff PEBEH XN BKAfEL, Scatchard ploth SBHEN/-EHRETHKIE (FIF
—HLEERB/ON,

4—3—3 BELSNECLIDIDFEBORE

S AR O (Beckman XL-1) ZAWWT, BEPDSNP-1, "[7AM BST-1D9F
B%ZK®/, Table 2 I(CRULAIEHRORMLZ0—9 —FETAEEIT. HFEIEIR
REDEZE-BEASFELLTOHNTIZLICLYEELE (Fig. 4-3). kBEFEE
MHoBONISNP- 1D FRIZT1960+68.0 THY. "B BST-109FE (365600
+950TH o7k, 7 /ERECIIDSKRDH SN BSNP-1DHEDSFEIX1800THY. TOF
MASSARS b AhLBON/LAAYE BST-1OHFE (2. $33500 ThHho7/= (F—
S EBE) . COBRDSBBRPTIE. SNP-1(IMonomer, @AM BST-1(3Dimer T
ELTWSEEZONS,

4—3—4 FRHEZHBE (Isothermal titration Calorimetry, ITC)# R /=
SNP-1 & a[;B@MBST-1 DS R
ABRPTOHOSNP-1 LA[BAMBST-1 L DOEBEEEKI L. Stoichiometry %K B 7=
(CABQY—ARY—ICKBRUEEITo /., SNP-1£ERAMBST-1(IEE LZIBEICIL.
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Figure 4-2 Comparative analysis of alanine-substituted SNP-1 binding to immobilized sBST-1 in
BIAcore (C) Equilibrium binding and Scatchard plots of alanine-substituted SNP-1. Equilibrium binding data (left panel)
and Scatchard plot analyses (right panel) are shown. 2800 RU of sBST-1 was directly immobilized on the surface of
sensorchip CMS5. Various concentrations of alanine-substituted peptides (1.0, 1.5, 2.0, 2.5, 3.0 and 3.5 uM of #1 His — Ala
peptide; 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 pM of #3 Gln — Ala, #6 Gly — Alaand #14 Asp — Ala peptides; 0.4, 0.6, 0.8, 1.2
and 1.4 uyM of #13 Lys — Ala peptide) were injected onto the sensorchip at a flow rate of 40 uL/min. Kd values were
calculated from the slopes of the fitted line.
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Figure 4-3 Sedimentation equilibrium analysis of SNP-1 alone and sBST-1 alone
Measurements were made using 200 pM SNP-1 (A) or 10 pM sBST-1 (B) in 50 mM MES (pH 6.0) and
100 mM NaCl at 25 °C. The data fit well to an ideal single-species model.
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RMRICBONI (Fig. 4-4L)., SNP-12A4 21023  LERBICRETIHES
RBEL. ROV IFTT7 4 vTA4 0 0%1T5 LBEMBNEOSNS (Fig. 4-4F), =
DEBMBNSBONITEELKKI=210nM, AT > ¥ I E—Z{LAH=-18 kcal /
mol. Stoichiometry N=0.8 molSNP-1 / mol R];Z#%BST-1TH > 7=, ;:2MH%BST-1
(3. BBRPTDimereHRTHIEMNS (4—3—388) . BERBDTIE. SNP-1&7
AMBST-1132: 2THETHLEZA SN S,

4—4 ER

SUILT7—TART VA —=54TS5Y—mn585N=BST-1DADP-ribosyl
cyclase;BEHBRERTF R THBSNP-1(2. FMDADP-ribosyl cyclasef v EES —
TdHD. BST-1ESNP-10BESKEEZFHMICKRITTHI L. S5ITEhAEAIEES
—ZEIRTIBOMRIC/AEBIENMY T, BST-1Decto-enzyme;Ft 52 BHR T3 LT
LPEETHDIELEZIONS,

BST-1£SNP-1DEEZRETTH/20IC. HBHICKE TS5 XE > HB% (BlAcore) %
AW Z1To 7. BlAcoreD$#i3. EHR—EAEDOHEFERAEHREBTLOABSA

NEBZEBL. UZAIA AICRBTEZZETH3%7), BlAcore IWTEL L&
ERNBHRZITO2OICE, oY —F v FICEBIE LT EEBST- 105882 H L
TWaZ&E BEICAVWSIOMMHCIT, fIAMBST- 1K ELLEVWZ ENVLETH
%. Fig. 4-1-AlCRUZL DI, AIBAMBST-1(XCM5F v FICEMEI{EL TH. SNP-1&
DREAREEZAL TV, 512, IOMMHCITEA%21T-oTH., BIEHBZT—9115
S5h, AAMBST-1IBAEX SO ERVERLTH, RETHBEEZ SN, LU
tXY. REATSXEHBE (BlAcore)ld. AIAMBST-1&SNP-1DRESERBRIFT S
DICHEHEFETHDELEEZO5NS, SNP-1OCKED SNKFEACESHKLBEI
A—IWRTFREA D20 3> UEBAR. BBEBST-1LDEABBRINA
Mol &5, BlAcoreZRUVTBST-1 ESNP-1DERMZBEAHIBIREINTINS &
EZ6NB, 510, BEEREEH(kon), TBEETH (kof )HSBHENAEATEHEL
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Figure 4-4 Calorimetric titration of SNP-1 with sBST-1

The top panel shows the raw heat signal for 20 injections of 5 pL aliquots of
400 pM SNP-1 into the sample cell containing 2.0 mL of 10 uM sBST-1 at 20
°C. The signal in calories/s for each injection was integrated and then the heat
of dilution for the titration of SNP-1 into buffer without sBST-1 was
subtracted from the y-axis value of each point of the curve (the lower panel).
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RESB/ONLZ DS, ELLBEROBHNIESNTNSLE25n558), g1

BlAcore TR/ 5 N/ZEBEEEKI=500+35 nM(Z. Isothermal titration Calorimetry

EZRVWVTEHFLZBRPOFERERKI=210 "MEBHIFIF—FL TV,
BST-1MDADP-ribosyl cyclase;&t¥(3. NADtEHE & L TcADPUR—XESKT

2. AVEES—THBNP-1EZDRIEEBEETZDT. NAD'EETELIEFEET TR
AAMBST-1ICES T HEANRIEDATEEMENSEZ 5Nz, UL, BlAcorez BV
BT, 1 MMNAD*OFEICH DD ST, BAREES(kon), FEHERETH
(koff). FeMEEBKAIZIFIZI—HBLERMBBEON. BOIRWEEhEh o,
TO2VRFY DT DERNS. SNP-1D7 =/ BBEBE#A2., #4 . #5. RUH7
DPORICETORBDSBERICERLRMULATEINNG, S5, FI/BEE#1E2ER
FOUDETIZUICERTIE, THMEBKIDO@AS00 nMH 52020 nMIZ LR L.
BEBMESN /AL o7 EDS, NRFHBHBESICBEL TS ERBEINSD,
SAEELEEROBITTIE, B&PTIESNP-11ZMonomer, FIAEM BST-1(2
DimerTHEL TWS I EARE Nz, FIAM BST-14Dimer&2 el 3 £(2. )L
SIER. KMELETRBONIHRE—HLE (F—9EB) . AplysiadADP-
ribosyl cyclaseld. BST-1&7 X /BLANNTH30%DMEREMETRL. 10NWFREET
BUATA VEENTRTRESNTNAZ 0509, BEOBBEHELL TN &
WREIND. B, XEEERITOERN 5. Aplysiad ADP-ribosyl cyclaseld
Dimer& M LTS Z &S MEM7509), fEo>T. AN BST-1058&F T
DimerzMmR L TS L WD ERIL, Aplysiad ADP-ribosyl cyclase & BST-1 D&

BRULTNSENDS JEE2XB/TIERTH S D, BST-10dimerizations. BEE
L DBFRICHERKRSFINS,

4—5 HE
SNP-1 LA[AMBST-1 £ DEEE. KA TS XE#B% (BlAcore) . EBBERH
W&t (Isothermal titration Calorimetry) AW TRIT L. XESSXEHEE
(BlAcore) T3, FeHFEHKd=500+35 nM, Isothermal titration Calorimetry
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(X, FERMEHKI=210nMEB RSN, 7S50 RF+ 2 UEERWERIFTIL.
SNP-1D7 X / BIREH2, #4 . #5. RUHTHO#12E TOMENSES ICEE /L8R
LEESN, BELSIEZ AV T, ABAMBST-1138&P TDimer£f2mk
THEMASHER oI, LULEDOHRIE. E5ICEAAEASA VEES— 28T 3D
RICIEBEMY T, BST-1Mecto-enzyme G BR T35 L THEETHD EE
Abhs,
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HEE J7—USATSU—EEZRBWEVHY ESFICEEL., TOLETI—9F%
SIYUTBERTIFRORAE

EBIETH, J7—USYFTARTFRSATSY—Hd, LETI—SFICEE
ZDecto-enzymeEEZBETEIRTF RSV EESY—DRAEETT o/, ZDLSIC.
T77—U5475U—kELeTs—5F/0, "o, mu72,73) praz’d

73) itk 76, 77, T8, T I mA L - ME IS < HB1. UH Y RHFICHEA LS
[FD7E0, TIT, FBTRI—FY bHFELT, UHY RSFICESER>T, 77
—ISA4TSU—REBRALLE. THOE, 77 —U5475U—%EUHY RAFICE
AT3EICE>T. LETI—S5FEIIVITEREIBRTF ROREHATETHS
PRETAIEEEMELE. COFER. LETI—EUAHY K-S FORERRDE
MICHIDERBIC, LTS5 —DESTFICSATRETSHS, S5I1C. B5NBES
@, LETI—BFOTLIT=RMAYBZEEZSND, UHY KHTFE LTI,
Z—N—FRETHY. P>y iR, ANLENBREOIEERTHS
Toxic shock syndrome toxin-1 (TSST-1 )80’ 81 )(:;"IE L7 Z-—/\’—ﬁffi;‘:li\
RRORBEIREY, HERTHBACSIZ 701y S I 885 E<. HEE
THBLOL TS —HFTHAETERBEAMAES 5N BH (LT MHC £ 5 R
a7 530.31), ZOMHC 45 RNEDESHIT. THILICHEET3TEEL LS
S—DUHYRELTHEEL, THRERBICEEETZ0DWS F200 3y ER
2315122932, #o7T. UHLRTHBTSST-1&. LE TS —THBMHC 252
INEEEMETERTF ROBOANIE. THROEMRLEZMAZZENTE, S
Vi av O ERBOAREL L TSATETSH 3,

5§—2 REBAE

5—2—1 Toxic shock syndrome toxin-1 (TSST-1) &5
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TSST-1OEBIL. BEHRSICL>THREETNTVEH XS EAVTITFo 2. BET
DABBKBTHLAET KVKE FRIN1694% %, NZ7 I 2/ — R bk (4% NZ
732, 0.5% A—ZAMIHA M55k, 10mg/L=aF B, 0.5mg/L F7 I8
B. NaOHTpH6.8ICFA%) T. 30°C. 48ESRIEHE L, HERERLHEL T,
TSST-1% 84184 HEZRBKTSEICHRLUE, EBTPHS.OICHARL., H50L0
10mMY UEE— O T 8 /Ny 7 7 —(pHS5.0) TEEIELEBRA A > HSASP-£7 7
FyHRC2S (PRI AT 7 NRITNAAT M) SNy FETRESE, 10
mMU U BE— O T8 /Ny 7 7 —(pHS5.0) TiB& % %:$1%. 20 mMYU BNy 7 7 —
(PHB.0) TTSST-12 B L=, RIS, BHFIcL UTSST-1 2 SELERE20 MMI S / —
W=FIoNy 77— (pHY.4) ITML. FRIVY AT 7RI TNAFAT oD 0O
T h7+—h 4 (PBEQA)THEE L, B5NATSST-112SDS-PAGE L TH—/\>
RELTHRREN, MEIRISKLEEEZS5NS (Fig. 5-1). BELATSST-111, =
YEICRETEE TSI v o3 ERITILERBLE (F—98) ,

5—2—2 7= 08ARTFRSATSY—
EBIE 3—2—TTHERLEISMer DT 7 =SS ARTFRESATSY—%(E
ABLE,

5—2—3 TSST-#EE&T77—SDAROY—=1Y

ROV—ZVTRER, EB3E3I—2—8ICRRBOAEICELTITo A, £7. HER
TSST-1%PBSERICS wg/mIDREICEBRL., EE3S mmORYRFL > vr—L

(773 #®) [22mIvh T, 4C—BME L TYEBRIRE TEMEL L., PBSAR
T1EKS%. 70vF> 5% (50 mM Tris-HCI pH 8.0, 150 mM NaCl. 0.5%
BSAJTRR1KRMITOvF I Lk, IBRNICKERTI 77 —CERETHEHIC.
FFSA4T75U—-10"840) £400ulDFR/NY 77— [TBS (50 mM Tris-HCl
pH 8.0, 150 mM NaCl). 0.5% Tween20]ICB&EL. YaAvF > r/ATITaAvF oL
oy —LOPRTRR I FERICEHEZ, COBRETEA LM77 —2%TSST-1
MEELEN D y—LVICBL. ZET1BEARKGIEE, T0%. %%F& [TBS(50
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Figure 5-1 Analysis of purified TSST-1 by SDS-PAGE
Purified TSST-1 (5 pg) was subjected to SDS-PAGE (4-20%) under reducing conditions.
Coomassie Brilliant Blue staining is shown.
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mM Tris-HCI pH 8.0. 150 mM NaCl). 0.5% Tween20]T10E%4%L. 3—2—8%C
BOAETHALIE D728 L. COBEE3EKRYRLT, BBLTLK3T7
—JERIRLI.

5—2—4 Phage ELISA

Phage ELISAIZ 3 — 2 — O RCED AXICE L TITo /2. EESAIL. TSST-1. fhodT
vTaORFIURYAL PAA T Tug/MOBETEETA/ZO0L— MDY TIVIC
BHfeLizlE&E Ny T7—(3. 10mMU BNy 77— (pH 7.0) Db U ICPBS%E
FRLIEZETHD, BERRTFRERAWNVET 7—-200—2 LTSST-1DHEABRERER
Tl RRELIEREDORTFRE, 77— LTSST-1LE2RESEBBICMATRIGE
B, BonkT7 7 - DBREIDRER. 3—2—9RBDAETITO /.

5—2—5 ~R7FREHK (Pep3)

BEERINERELZ120-2D5, RLSEETEONARS (77—-23) %
BICLT, L2ERTRIFRZRELE BOFA—F7o/00—#IC&KHE) . 85N
2157 2/ BOERFNDFIEIC, AR—Y—ELLTIT7—CIRRIS—HEKD2T7 I/
BEIRE (VU 2ET7S52Y) Z2AMUEIZ7 I /BBOESRARTF RKEF/B L7~ (Pep 3
L) » FEOEIILLTORTREINS,

“NH,-GADRSYLSFIHLYPELAGA-COOH
BONIRTF RIFEBBREIOTIT ST 4 —THREL., ISNULDHETHZ L%
WAL, &Y bO—IRTFRELTIL, CRFFRIANAD AT ERHDNKE

#2473 JBORTF KERNE83),

5—2—6 Daudi #ifam» 5 DMHCZ S Xl 4F (HLA antigen DR7)DER 5 55
Daudi #ifa» 5 DMHCS S X143+ (HLA antigen DR7) &R #8582, Kaufmans
PEE LTV AEBNEBEICLTiITo 4, 1B% U Daudi BAPBSTH 2%, AR
Ny 77— (20 mM Tris-HCl pH 8.0, 0.1 MM PMSF)ICS8 L7/=, (3 EE. RR
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Z2EBUEBBTZEICKYMBIEL., 4,0009. 5 9MEL L. EEBES %, 55,0009,
TREEROLUTMHCY SRS FE2SURES ELBES . ABRLAXRL Y M & 1%
Triton X-100Z2&3820 mM Tris-HCl pH 8.0, 0.1 mM PMSFIZE®&H L T, kLt. 30
SETAIAEL . £Dk. FERIAMES €20 TREL (330,000g. 304/#) . MHC
S AnFEIOUBMENZF/, AIBAEES%E. 0.1% Triton X-100% 5120
mM Tris-HCI pH 8.0. 0.1 mM PMSFT¥#j{t L /=DEAE-toyopearl 650 M A5 A
(RY—#HR) [CHlF. MHCHOSRIIGFE/RES R, 0.1% FTAFa—IVBEF U
D ALBESEL20 mM Tris-HCI pH 8.0. 20 mM NaCl, 0.1 mM PMSFTiE& L 7=1&.
0.1% FAF+a—IEF MU D AEZE ST 20 mM Tris-HCl pH 7.0. 200 mM NaCl
« 0.1 mMPMSFTAR L, D&, BHES%20.1% FAFa—IBF MU D AR
Z8820 mM Tris-HCIpH 7.0, 200 mM NaCl. 0.1 mM PMSFC¥#&{t L 7=
Concanavalin A (ConA) hS A (FRY AT 7IVRTNA AT o) TREL
o, B, MAFIN—a-D-R2/ES/ P RESE0.1% TAFO-IVEEF MY
DA, 20 mM Tris-HCIpH 7.0. 200 mM NaCl, 0.1 mM PMSFTC{To7, E5I(C
AdESE. 0.1% FAFa—J)VEEF MY DU LAEEET20 mM Tris-HCI pH 8.0 .
0.1 MM PMSFICER U7z, BROIBRIL/=MHCY S RIISF(3, FIMHCO S RIE/ 20O
—F IV (TH14B. VMRD#t) ZRWNVA A/ TAYTA I THELE,

5—2—7 BERTFE (Pep3) ICLBTSST-1EMHCY S RIS FDHEABE
5—2—6TEIHBRLUIMHCO SRINGFEHT ug/MLOBEICHABLT, 9 6%
RA4oAQTLV—=bDUIIINCI00ulF DN, 4C—BiEL TEMELELE, COTL—

FZ. 0.5% BSAT70v+>4LT. MHCY S RISFEBILTL— &L, Pep3
[CLBDTSST-1EMHCSY S RIS FDOREEEELZAXRS/H. 9. HIRK (0.25% BSA
HLV0.05% Tween20Z&ELPBS) 1001 lICTSST-141ng. Pep3 $3L\2a> kO
—WRTFFER%, 0. 0.5, 2.5, 5.0, 10.0, 25.0. 50.0uMOBETMZ T, 25CT
1RRIRISE Bz, %% (0.05% Tween 202 SEPBS) T3 E%#L /=%, 30004
FRULEAFUFEELIERTSST-1E/ 20 —F I REE25CT 1 BMRGE 7=,
SRR T 3EKFLIE, S000BHML/TEZV-HRPE, 25CTISS RGBS,
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FFRTIERFBLILER. REF (3,3.55-FRSAFIARLIIY) £MA, 25CT
1SR EEz, "MEEETRISZFIEL., 407 —bY—4%—T450 nmO R
EEZUNELL,

5—3 &R

5—3—1 TSST-1#&7 7 —0#ER

BELULTSST- 129 -5y MIUT, 15merD 77 -S54 75 —%R Y —=
U Ulc. EETIE, TSST-13HAFZEAN LU TEMBLEE T, EES v—LICHBRESH
TR V-2 JICAWE (Fig.5-2), BSATT7Ov+ oL+ —UICIESRICE
BT2T77—CERSEDIC. FFSATS5U—%BSAT7OvF U LESvY—L TR
WEH, BELEWI 7 —J&TSST- 1 EREE B, ZOBERTSST- 1877 -2
ERDLEHICFAMT, CORAT Yy TEEHBLLIBECE, TSST-1ICHENICREAT S
77— Bonahrork, SENRZVSEToRE. SUYFAICI6O— EFER
L. Phage ELISAZ{To/=, 320—> (1. 6. 10) 2KB<13/0—-RIEHEER
L. S5ICZORICTSST-12 1 ughh 221581212, 2HATRESOEENTEREN,
TSST-1ICXM T HEESDRRESHER I (Fig. 5-3), 1340->0>55, 120—
POBRBEINZRELE. 4DDORIIBESN. FEKRT I /BESSATHELSIC
(3. BEIICHRHREIRDONLEMN o/ (Table 4), 77 —I38BBEHBIHL (12
ECUh8ECIN) . BYD/O—-YEEhEFhIRIDADHEIRTH 7=,

5—3—2 TSST-1#&ET77—2Lb 74 —5FMHCH S RIIDIERME
BONKLTSST-IHE T 7 — P DEFI&E. MHCS SRS FDORFIDERIME RS L
7o MHCS S RUISFIE, afi&BHDATOTAI=DERZLETI—3FTH S,
Bon/c4BII L a HEDHERRARIDO SN o7, BHICT 7 — 8L DRI
Bi# 2 hErRRWE L (Fig. 5-4), BSHD7 =/ EEFIS7TEEMNS62FB DML (KA
A2VA) E7 2/ BREETINBBEBENS193BB(RAALUB)D 2 hFATH B, TSST-1&
MHCZ 5 AN FOERESEISIBRICXEHEEBANBESNTE Y. KA VBRESFD
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Fuse 5 15mer phage display library
2x108 independent clones N

Elute bound phage
¢ Amplify eluted phage ’

- with K91 kan
' Wash out
/ - unbound phage
‘ Elute bound f
Washout Ph@9€  Reduce background yields -
unbound phage * w

Unbound phage

—

1st round 2nd and 3rd round

Figure 5-2 Procedure for isolating TSST-1 binding phage

Approximately 1012 virons of a phage display library was allowed to bind to TSST-1-
coated dishes for 1h at room temperature. After the 1st round of biopanning , bound
phage were transferred to the Petri dishes coated with BSA alone to absorb
background yields in the 2nd and 3rd round.
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Figure 5-3 Selection of TSST-1 binding phage by an ELISA
Sixteen clones from the third round biopanning were randomly selected to confirm the
affinity and specificity by an ELISA. Absorbances at 450 nm in a non-competitive ELISA
(solid bars) and a competitive ELISA (open bars) were shown. In a competitive ELISA, 1 pg
of native TSST-1 were added to each well to compete with the immobilized TSST-1 for
binding to individual phage.
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Table 4 TSST-1 binding sequences isolated from
a phage display library

Clone Sequence Frequency* Aromatic residues**
Phage3 DRSYLSFIHLYPELA 8/12 3/15 (20%)
Phagell SARLWAEYLPLYRHM 2/12 3/15 (20%)
Phage2 FNGGAQMGWDYYWFF 1/12 7/15 (47%)
Phage8 WDAMYWNWRSVSEFH 1/12 5/15 (33%)

* Number of independent clones isolated from a phage display library.
** Number of aromatic residues included in the sequence.
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56 70

High [ DR5  PFEE***SQKDFLED

DR7  PV*ES**SQKDILED

DQ1  PR*E***SOKDILER

L_DQ3  PR*E***SQKEVLER

Intermediate DR1 PP *E* * *|SQKDLLEQ
| _DRW53 P *E** XSOKDLLER

Low | DPW2 PR*E***SOKDILEE

|_DPW4 PR*E***SOKDILEE

Phage8 WDAMYWNWRSVSEFH
High DR5
DR7
DQ1

— DQ3
Intermediate DR1
|_DRW53
Low [ DPW2
L DPW4

181 19

Figure 5-4 Multiple amino acid sequence alignment of phage8

and the B chain of MHC class II molecules
Sequences derived from the B chain of MHC class II molecules were arranged according to consensus
sequences with phage8 and affinity for TSST-18® [high affinity: DR5, DR7, DQI and DQ3;
intermediate affinity: DR1, DRWS53; low affinity: DPW2 and DPW4]. Consensus sequences were

boxed. Numbering indicates amino acid position in mature B chain of MHC class II molecules.

Asterisks indicate identical amino acids corresponding to the underlined sequences of phage8. Boxed
amino acid residue 189 and 193 might be possible amino acid substitutions associated with the affinity
for TSST-1 (see in the Discussion section).
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BERAAELTREBESNTWVEVDS, RASAICEENDT I /BEFZETYr-60

EGIn-64(¢. TSST-1MGIN-73&LkFRALTWS EBEENTNS33) (Fig. 5-8).
LED>T. 77 —28 DEFIMS. MHCHOSRISFLD KAL VAL RAL VB S
%3 RIEEETSST-TREYA FELTII VoI LTNB EEZ D EATEKE,

5—3—3 AERTFER(Pepl3) IC&BDT77—2o0—2ETSST-1EDBEERE

—EBEICHBRLE7 7 —P30EINEEICLUT, 19merORXTF KPep3£{tEa
BRUE, CORTFRY, Bon4EHED T 7—2o0—- 2 LTSST-10#EEBET
B EMTESM%EPhage ELISAETE AR, 22 bO—=IURTFRE10 uglzTH
HEEFBAESNGED /M, Pep3ZMAdL, 2TDT77—2oO0—-VOREVEES
7z (Fig. 5-5). COERIZ. &7 7—200—HEMT HTSST-1 LOMAEES, 4
B EBF—N=5 vy TUTWBFIEEMEREL TS,

5—3—4 77—23ttOIrrFObFTr . YA MHAVEDKRERK
SUILRTFRSIATSU-KYBEBEEIh/ZI/O-CORIGHERMEICEALTIE. §F

TRYBESNTWEWN, ECT, O TFA MDY HDWVIYA bHA 2 EDOR

W EM%Phage ELISAEATH Nz, R&{EMALET77—2/0—20THBT77—-C 3% H

Wt R %Fig. 5-6 ITRT. D T 570 bF > TH B Staphylococcal

enterotoxin A (SEA). SEB. SECICI3EEMERE Moz, EEYA PHA U TH

Sinterleukin 6 (IL-6). IL-8. Interferon inducible protein 10 (IP-10).

Monocyte chemoattractant protein-1 (MCP-1) I3 ERICHEE RS Mo 7=, L

XY, 77— 3TSST-1Z2BRNAICERMLTVWE LEZ S5NS,

5—3—5 &HBRTFEK (Pep3) ICKBTSST-1EMHCY S RIS FDEERE
77— 28DEIMN. MHCO SRR FLDEFNBREEFLTEY., 77—28&7
7—P3EDTSST-1 LDEEY A b BB THDIEEZ DL 77— 3DETIN,
MHCOSRINFEIZI Yy I UTVWBAREMEDNE . COZLEEMPODIIHIC. T7—
P3DEFNESUEAMNRTF RPep3ss. TSST-1EMHCH S RIS FDEAEMBET S
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Figure 5-5 Inhibition of selected phage binding to TSST-1

by a synthetic peptide (pep3)
A synthetic peptide (pep3) was used to compete with four isolated phage for binding to the
immobilized TSST-1. Relative absorbance values at 450 nm were shown. One hundred percent

corresponds to absorbance values at 450 nm in a non-competitive ELISA (in the absence of pep3).
The data represent means from duplicate wells.
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Figure 5-6 Cross-reaction of phage3 with other SEs and cytokines
Approximately 1010 virons of phage3 were tested to confirm the specificity in a phage ELISA.
Absorbances at 450 nm were shown. Reactivity in a BSA-coated well was expressed as a
background value. The data represent means of duplicate wells.
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EWARETH DM EELISAE TR, Fig. 5-7 [RULALS [T, TSST-1EMHCY S
NG FOREEE. Pep3lcd > TREKFNICHES N, —H. I¥ bO—ARTF
K TIIRABERROONLZM S/, A FA—ILELT, 250 uMDPep3id, TSST-
1 EEAFALATSST- 1A EDBEEBET B L3N (F—58) . ZOF
—%13. Pep378, MHCH SRINFDTSST-1 £DREABHNEII I/ LTINEBILE
TETHHDTHS.

5—4 =R
HEOLETI—H3F. 77 —I54TS5U—DF—7y FPFELTREL DBE
BHBN. UHY KSFES—Fy MILT. CORREBRALARSRIFZEAERND
BRRTHS. KBTI, UHY RHFELTR—N—ARTHSTSST-1ICEBL, 7
7—USATSU—DEIDNFIRELT, LETI—THBMHCHSRIEIZI v o
TEESBRIIBBONENEI PRIELE, CO7 TA—FICL>T, R—/N—HE
TSST-1&. MHCH SRIDEAEWSMITT B L S HERIINESNSTMEMNH S, =
D=ICELTIR. LETY—DFTHAIMHCO S RIDFEI - v hETBIEDATEE
THBEEZOND, LHL. MHCO SRINFIL. HDOR—A—HED., HERTF K
EDREEETOZSHERL TSI —FFTHZHDT. ZONFEENICLTRZY—Z
FLTH, BFLHTSST-1LDRAICEET ZRIINESND LIRS ANEEZ -,
=R, Hammer (3, MHCZ 5 RISHFOHLA-DR1 £EMELT, 77 -S54 75 Y
—EROU—Z=2 I L., CORNFILEETIRERTF RORFIEH/ELTNS85),
Tr—UFARTV=S54 TS5 - ETBE. 525 ARRIOERICS AT
BEABALT. BRIBEEEBLSICHRHLAESATSU—1D, ENSFICEEMN
ERTRINBONLLOBENH580), 22T, TSST-1CHLTHIDL >S54
TSU—TORI Y- FERBM, TSST-1ICEATIEIIBSNEM o (5
— 588 . AETHEONEARIICS AT A VERESSENTOENI EE, BONER
FIMIIy s LTNDEEZSNBMHCY SRINFD BHEDBERHICIE. P RAFA VBR
BEENZVERDSEI T, COBEE. TSST-HEAT 7 — S£BBICIIENTEL
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Figure 5-7 Competition between pep3 and MHC class II
molecules for binding to TSST-1.

MHC class II molecules, which were partially purified from Daudi cells, were coated on each

well of a microtiter plate (1 pg/ml). TSST-1(10 ng/ml) were incubated with the immobilized
MHC class II in the presence of pep3 at the indicated concentrations. The biotinylated
monoclonal anti-TSST-1 antibody and avidin-horseradish peroxidase conjugates were then
used as described in Materials and Methods. The data represent means + SD from triplicate
wells.
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EEZ =,
77— 808N EMHCY S RIGFD BEICIE. HREMEED 2 hEFRWEE A=, B
$HOT7 I /BERHSTEEDNSZEBODMAIBK (RAMVA) & 72X /ERECHI188FBE NS

193BEB (KA VB)D2 WA THD., XSHBEBIFTOBEN533), KAA VBETSST-
1EMHCS S RIS FEDREHERE LTRESN TV, KA VARESERE
LTRESNTOBBATHS (Fig. 5-8). 77 —U8M. MHCH SRIHFLELHER
TTSST-1ICRATHE RSN, KA UBIE, SETHRESNTOAVEL O
AEUTHETHENESH B, XREERI T, BREBIEDHIIMHCY 5 RISFORE
BESUERESUATEREEEEAL TS, KAL UBIIEEBEERS T HEERAEL

fBICHD - E87), BERIFICAVERIZ. TSST-1&ENESTERNNETRT

HLA-DR1Z2EBLTW388) nen@Bimn s, XIGEERIFTIE. KA VBERESERM

ELTRETERDNOIZAIRERNEZ 5ND. HBHWI. XBRBERITOBERTE. FXA
A VARRBERTF REHEERALTE Y., TSST-1BZOMERTF ROCKEHE &4

BLTVBZEMS33), 77 —UBl. HERTF KEMHCH S RISFD BHNES
HEII VI LTVDARERBEZSND,

TSST-1EMHCS S5 RIS FOBAICEALTIE, MHCS S IUSFD7 I/ BRFI0:E
LY (polymorphism) 5, TSST-1(ZHLA-DR, DQICIZE& T 545, DPICIZES LA

WEBEENTINSE8), 22T, 77— UBEMHCY SRIST EDERMIE.
TSST-1 L ORMMBIICT 5S4 A b U (Fig. 5-4 ). BEREWZ EICRASAD
ST, MHCH SRISFETSST-1EORMEDEBNE, 7 I/ BEFIOEICIILE
4B SN, —F. KA VBOMEETIE, 1898BR L. 193BEDT7 I /B
BISEVSRO SN, TSST-1ICEHAMERTZIL—7 (DRS, DR7, DQ1, DQ3)
Tit, 189BBL193BEDT I /BBENS T 7 —J8LALTHIDICH LT, KB
% %RTDPW2 , DPW4lL, 77 —U8L(IRAYVISIBEDT I/ BIBENLys, 193
BEDT I/ BBRENASPTH o /2. &5, PREOHMMEEZTIDR] . DRW53D
189BE D7 I / MIAE(IArg HSer(CZEb> T =, MEKY, L KAL VB, X
SIRERIT TH S HIC SN TR WFHRAETSST-1 EMHCS 5 RS FORESERITH 3
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Figure 5-8 Stereo view of the contact region in TSST-1 : MHC
class II (Kim, J. et al., 1994, Science 266, 1870-1874)
MHC class Il and TSST-1 Ca. chains are indicated by light bonds and dark bonds.
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ETHE COMREIDT I/ BENNDEREICK > T, TSST-1EMHCY S RIS FOESE
BHNMEZHATESHBHNGIL,
XEEERITDBER NS, TSST-1DHEILSEBIZEHLIL TWB 2 EMEESN TS

89,90), . TSST-1&£SEAIRMHCS SRINFOEAICELT. BATS S L0

2T, LEDZENDS, ER—R—ABDOMHCY S5 RIS FESEAIIL. #
EHCHELULTOB I ENEIOND, 510, KETEONAET 7 —U3(E, TSST-1
FDOMHCS S RIS FRAFMERBT 50— THHLEEAONDEIENDS, DT
F—THO—UN, OILFO MLV ERBT HARERSEZSNE, UL,
Phage ELISADREN 5. 77 —U3M3. OILFO MY Y EDOKERBERS AR
Mote, SORKE, TSST-1L£SEBIIBENELILTNBH, MHCH 5 RIS T LD
BEGIE. RLCA—TRAEVNZEI2), ££SEAICELTIE. MHCY 5 RISF O B 84
EUEL LB alEDEAM. TSST-1EMHCH SRISFOREEF—N—5 v T LTI
e EEd)e—H7 3.

TSST-1(IXEHBERIFDRED 5. NKEBCTEET S B/X— LIUBIENMHCS 5 I
AFORBICEELTVBERESNTNSS33), &5(C, TSST-1D7 = /B39EB N
568FH DEFIN, TSST-1EMHCH SRINFORAZRELEZ LMD, DM
HMHC S RS FOREICEE LTINS - EnER5h293), xETEAERI.
TSST-1 LOMHCY 5 RIS FRASBUERBT 505, OB, TSST-1DONFKE
BICHET D BN—LIBEERHTIMERNSEZONS, COAMEMEETHT 325
[C1E. TSST-107 =/ #39EHHS68FHDEFIMS, TSST-1£SEBSNET 7 —
SHOO—VEDEEERAEET LN TEBNERERBLENHS D,

Z—R—{AE(E, RERTF REBRAY, TORY IV TENBEAMHCE SR
IS FoMucaL T30 31, TEmEELT 332), —N—AEICLo T, EE
LESNATEBEIEY A bhA S REDHFBERD, FIZE. PPV a v o ERBOR
RIci394 95, 3ambb, RA—N—HBEEMHCH 5 RIHFOBAIE. KEL3I=E

CTHOBELRRT Y /ICIE>TWVS, KETHESN/Pep3ld, TSST-1EMHCH SR
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INFORKEEZREEKFNICHAELZ. #>T. ZORIIE. b+ 3 v IEREIIC
MY LERMBEOBRBERYVBLIDLDTHS, £. FETRLULEARE. ROX—/1—1
BICHBATRETHY. EX—N—HARICHRMLBRTFRUA Y ROBENAETHS

Do

5—5 #¥E

A KT THBHTSST-1£BUICLT. CORTIBEATHRIIET 7 — D54 F
SU—MEERLE. BOSNEEFIL. LtT5—5FTHBMHCH S & DIEEHE
ERL. &5ICTSST-1EMHCS 5 XIE OIS £ REKFMICAE LR, LLELU, U
Hy RAFEBNICLET 7 -S54 TS5 U —40BRAICEY, LETF—HFEISy
b+ BESIOEBATETHS - EHNRENS, CORER. UHY E—LETs—HF
DIEEARERIT AERAT TO—F THBLABEL. LET5—SFOEATIES
LTHEATHBEEALNS, |
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FOE

FHRIE. LETI—FFLVHAY ROFOHEERBERIFTSZ L2 BME LA,
Lt 79 —AFIMEATHY, BEFHRBEIEEZAVNTH, BO5N3ENRONE
L. ESICHEONEHEREBRT A0, REEMHF TORMRLBESLETSH
U, COREICEYLETS—DFHBRETIRENSVN EAEDHESNH D, £
TAHRTIE. COMBERRTZ2HIC. LETI—DFOMBASN K AL L &#A[RMER
LE75—LLTRRTDEAEITo/. FRXDE2ETE. LDL. VIDLL&F4—
DHRNRAL EZRA[BHRELE /9 —-L L TERBRTRBES -, FORBERDE
W5, VIDLL 74 — DS KA A > D5, SERLICIZEaRY HY RTH S
RapMBASLTNWSZLZRWELZ, XBRXDEIETIE. LTI —HFE L THEE
LTWABST-1OMAMEL £ 79 —DABRRR. BUAEWILA, 510, B5h
ERIAMLETI—%5—F Y NMILT. SUFAT7—SRTFRSATSYU—TRY
Y= JETWN 9—5y bLETI—[CRATERTIFRUAY RERELE. B85
NEERTFRUA Y RIE. BST-15589 3ADP-ribosyl cyclase;E & 45 R ICRAEL
oo BAFTIE, BIETHBONERTFRUAVRETARRL TSI — LA LN
LI, ESETIR. 77 —CSUFARTFRSATSU—2UHY ROFICE
AL, LET79—3FEIZv o TIEIPAETEDNERILE. UT. EETHEDS
N-HMRzEE LD S,

F2FTII. BBHEODOERYAHAICBD S E Low density lipoprotein (LDL) . Very low
density lipoprotein (VLDL) Lt 74 —ICEB L. BEMBEA O THEN RAL %]
BUELETI—L L TRREEE, LDLL TS —DIi5&(1E, HES KA VISRERL
7Y —EUTB EFPICHIBL. UHY KTHB™-LDLE ' - B-VLDLI ICHEE
o —A. VIDLL T4 —DIi5E&E. BN R AL D (IHBAICRIREZDSNHD
0. B LERICHBET. DDOUHY KTHS 71-B-VIDLE BRALAN L. K
IZ. LIDLL TS —R—/1—T 7 2 U —DBRA Y > K TH BReceptor-associated
protein (RAP)IZ;:EFB L7, CO9FIE. LDLLETS—R—/—T7 731 —DLDL
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receptor-related protein (LRP)DSF v RO E L THEET S 2 EMBBESN T
%. TIT. RAPOVLDLL 7% —ICxt 3 2i5E2 B 578, VLDLL T ¥ —D#
RS RAL LV EDHRRRERS 2, CORRBRICENT, AAMVIDLL TS — (4
HRASC L., VA RTHB'®1-B-VIDLEBEA L, & SICRAPEDERBICL S
T, D THRACBEIETRRALELETS—S9FHUHY RTHS '™ -8-VLDL
ERBLEZEDS, RAPLDHRRRICL>TLE T —SFIEMBICAo &R
7o UE&Y. VIDLL TS — DN K AL > OFEMARUHICIE. HMaRY H>
KTHBRAPHBISLTWB I LEBSMICLE, CORE. HEBERITICEL-EM
RALERVIDLL £ 79 —DRBRIRRAN I TEL,

EIRETHEH, LETI—ELULTHEL TS ZEMREEN, & 5[Cectoenzyme i§
% %ZH 7 %k FBone marrow stromal antigen-1 (BST-1/CD157, LA FBST-1)ICEB L
oo ZD5FIE. NAD 5 5cADPY 5R— X (cADPR) % & L3 B ADP-ribosyl cyclase & .
CADPRZ M7k 538 L TADPY /R— X ICZE#2 3 5 cADPR hydrolase &2 H T 5, <DL
Z— OB FOBERIREITO2HIC. HRIEERITICE L /ZAMEBST- 1D XERIR
RZEERMMTHIY LA, "IAMBST-1(3IZMPICHBL. ZDNPWLI=AIAMBST-1
Z.BAXMOORIST4— TIV=TFIT4=ZFA4 -0 MIS5T4—T. 9
5 %L EDHEICHERE LU/, RIC, BRUABAMBST- 1249 —45'y FELT, 15732
/BBRENSRBT 7 —OTARTVAS VI ARTFRSATSVERIY—ZVHL
. EDER. BST-1IHEETEIRTF R UHY K(SNP-1 £&448) BB5h. ZoRT
F RIIBST-1MDADP-ribosyl cyclase;E & A ER B THEL -, EEMEEHK=180+
40 nMT#H o7, SNP-113. CD38@DADP-ribosyl cyclase;EHIFBAE LMo/, Ll EL
YU, BONERTF RU A2 KSNP-1(3, BST-1DADP-ribosyl cyclase;E 4 E (C45 R
HTHY, A FEA YYD v —cADPROBEEERIFT B -ODFHIEY—IICES
EEZOHND,

FAETIL. EIETH SN/ ADP-ribosyl cyclasef > & E4 —SNP-1 & A%
BST-1LD#EE#IRE. /N1 At H—BlAcore. Isothermal titration calorymetry
101



(ITC). SFABRLBERNTITOR. 5. REICEELT I/ BBEERTTS
7=8®IC. Ala scanning analysisZ{T> 7=, RI;AMBST-1&SNP-10D#54 %#BlAcore & ALY
TRITLICER. BaEREEH(kon). EEEEETB(kofN\MSBEEI NS TR

Kd off/on=520+£20 nMT. ZDf#ildScatchard ploti» 5 K&/ FhTedtE 1 (Kd eq
=500£35 M) & K< —HL . SITHBRLBEANVZEBIFTIL, BR&RF TIESNP-
[¥monomer, AI7EBST-1(3dimerTHFET B Z EMREI N, ITCERAVESNP-1 &
BST-1 & M#E&stoichiometoryld, EIVLETO0.8:1THY., BHENAEHFEMS, 2
2THETHEHES N, 2 ITCEAVWTER LSRR ERKIEILZ210 nMT
HY. BlAcoreDERLEB—HL TV, SNP-TOLTD7 I/ BEREZAlR ICEZ /=Ala
scanning analysisD#ER. NRENPSD7 I /B 2. 4. 5. 705 12BB OIS ES
CEELGRELAEZNZ. ChoDFRITI. 1 EESY—2RELTHKEOEELM
RIEdEEZONS,

BOSETE. SUYALRTFRSATSU—RELETY—FFTREL, UHYES
FISERAL, LETY—RFEIZIVIULERTIFRUAY KRB ZOHFETEONSEDE
BELL7z. 99—y b3FELTIE. R—/R—#ETH B Toxic shock syndrome toxin-
1 (TSST-1) Z#BRU7=, ROV—Z2 DR, TSST-1ICEETHETIN4EBHESES
hic, SoONRINZREICLUTREER LERTF R(Pep-3L88)IE. UH > KTSST-
1EEDLETH—THBMHCclass ILDEE L BREKBENICAELE, 51850
7ZBEHN DI, MHC class 1D B S & DEBEBRBAIY 2 hFrEBH SN, UEKYS 4
LARTFRSATSY—DOEBLSNETSST-1ICEEST BES(E. TSST-1OL TS5 —T
HAMHCclassIZEZ Xy o LEHbDTHB LERmLIc, LETSI—9FES—T v &
B VAR FEI—TYMETBSUVIARTFRSATSU-RO Y-V 5%
(3. LETS—EVHY RAFOREEREZARNDZIOICERALGFERTHILABRIC, Lt
T —DFOESFLEL L TERTHDI LM RENE,

FHRIE, BUERABEL TS —DRANS. SUTLAT7—IRTIFRSATS5Y
—BERWERTFRUH Y RORE. RTIFRUHY RELETI—FFOREERIR.
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EBIC. SUIALT7—IRTFRSATSU-RICLDLETSI—FFDI I v I DEI
RETET2LBDTHY., LETI—LUHY RRFOREERORERTICEET 2R
RELT BHTEEBRVDBDOTH S,
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