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Introduction to bioorganic chemistry by Prof. Kanaoka at the entrance of my research works affects greatly
throughout the life afterward. Chemical modification studies of enzyme proteins taught me quality of chemical reac-
tions. For example, triethyloxonium fluoroborate (Et;O* BF; ), a Meerwein reagent, selectively reacted with a particu-
lar carboxyl group (Asp-177) in the substrate binding site of trypsin, even though the reaction was performed in aque-
ous solution. A series of ion channel studies intoxicate me how exciting the science works are. Purification of sodium
channel protein from electric eels initiated the collaboration work to reveal total primary structure of the molecule, as an
inaugurating work of ion channel molecules. Photoaffinity labeling proved to be an efficient method to elucidate ligand
binding sites, such as TTX binding site within the sodium channel and the sites for calcium anatagonists in L-type calci-
um channels. Encounter with CD36 molecule expands our works to more pathobiochemical field. We revealed CD36, a
class B scavenger receptor, is related to development of atherosclerosis by phagocytosis of ox-LDL in macrophages and
even matured adipocytes. In microglia, however, CD36 plays clearance role of oligomeric f-amyloid peptides in IL-4 ac-
tivated type-2 microglia, suggesting the activation of type-2 microglia may be useful for developing a new method to
treat or prevent from Alzheimer’s disease.

Key words——adipocyte; cluster of differentiation 36 (CD36) ; mictoglia; S-amyloid peptide; ion channel; photoaffinity
labeling
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Fig. 1. The Hierarchy of Molecular Organization and Related Sciences (Modified after Ref. 1)
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Modification of carboxyl groups of irypsin with MR in the presence

and absence of B-naphthamidine

p-NA MR Carboxyl Relative enzymatic activity
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Fig. 2.
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B-naphthamidine (B-NA)

a competitive inhibitor
of trypsin catalysis

Modification of Carboxyl Groups of Trypsin by Meerwein Reagent (From Ref. 2)
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Fig. 3. Brief Chronology of My Resarch (1968-2008)
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Purification of the TTX-binding component—immune complex

[*HITTX bound, Protein, % initial
pmol mg Specific activity*  binding activity
1% Lubrol extract 7,179 324 22 100
Preparation I 3,861 7.8 495 54
Preparation I {concentrated by
ultrafiltration) 1,872 2.9 646 26
Protein A-Sepharose
Total 1,604 22
pH 7.5 elution 1,069 — —
pH 6 elution 535 — —_ 7.5
DEAE-Sephadex (1 ml)
Total 220 3.1
Fraction® 17 96 0.053 1,811 (2,898)%
18 48 0.032 1,500 (2,400)%
19 30 0.016 1,875 (3,000)%
20 20 0.011 1,818 (2,909)* (C) A B C
* Expressed as pmol of [°H)TTX bound per mg of protein. " M xio3
* Fractions from 0.4 M NaCl elution. i
i Calculated by assuming a 1:1 complex of TTX binding component (4, 250,000) i - 200
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Fig. 4.

FRACTION

Immunoaffinity Purification of Sodium Channel from Electric Eels by Its Monoclonal Antibody (From Ref. 6)
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Fig. 5. Determination of Total Primary Structure of Sodium Channel from Electric Eels by Partial Amino Acid Sequence of the Pro-

tein followed by cDNA cloning (From Ref. 7)

A: SDS-PAGE of a highly purified sodium channel protein. B: a HPLC profile of peptide fragments of the channel protein after trypsin digestion. Five frac-
tions (I-V) were subjected to the N-terminus sequencing to reveal the sequence of totally six peptide fragments, because the fraction I contained two peptide frag-
ments. C: Nucletide sequence of the cDNA that encodes the sodium channel protein. All the six peptide sequences were included within the total primary sequence.

D: The initial membrane topology model proposed in the paper (Ref. 7)).

HDS5SDODOXTF RE—2 [Fig. 5(B)] Z&H&#Hi#
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Fig. 6. TTX Binding Sites within Sodium Channel
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IREEEN L, SR HED 1,1,1-trifluoromethyl
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A: Two regions of connection loop between S5 and S6 in the domain III and IV were identified by photoaffinity labeling method. B: A model of TTX binding
sites of the photosensitive TTX derivative depicted by the results of photoaffinity labeling study (Ref. 10,11) and site-directed mutagenesis by Terlau ef a/. (Ref. 12)
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Fig. 7. DHP Binding Sites Identified by Photoaffinity Labeling within L-type Calcium Channel (From Ref. 14)

DIUIHSNZL D, ThozExEDTHD L,
MO, NI E NI EWNIIZH DA, wInd
Ca* Fy¥ I DRAAMWHZWIEIVD S5 T
ALERRS6 LT AL NMZEHFLTWDLDN5005
(Fig. 8). I 5 OFERITEMZNHMAZ S £<3H
HTELHDTHD, UH > REGEMLZEIH S MIT
T35 ETHTY T4 T4 TNIVENERTHDHZ L
ERDTRT I ENTE. K TDHP #EEAL
DA D T v RV BB FLIAE TH D) &0 D
RlRIE, RO A TR A AN TN
BOWHNBETHo=. FDD, SIEELTMATHE
Wz LOEES)) OELAMEE T, BEHEEDY
HIRSEA GRIEK - B) MHEREBZEDHW .
ZZT, HTNIEAREEDOHRIIDONWT—F
FIANTHERLWL, EikokDiZ, INETIEE
DY —)L & LU TERNSY > INT OERHESZE DA
RTF R (F) ITHT 250K GIRXTTF Rk =
HOMUDHABLTHE, s &I n
= NI BEOT a7 7 — A & O RISED
BEIZE S TINIEMLERDIAATWS HENE
RTHo/. LOrLIZNTIETFRAENBES
TR, EO7 I JBREEITEIX)VEINn
FTRIEFEAEDEEDENRN, INERRT
FEELT, XTIVl % HPLC Xi3Hiy 77
CRPMATEME L0, T a2 OE &0k
(TOF-MS & T ESI-MS/MS) ZiEH 35 Z &ic&k

Fig. 8. Schematic Model of Binding Sites of Typical Calcium
Antagonists within L-type Calcium Channel, Which were
Identified by Photoaffinity Labeling

DHP: dihydropyridines, BTZ: benzothiazepines, PAA: phenylalkyla-
mines, and SD: semotiadil.
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IZEIN L fz, 1929
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bHD

INET, X7 742714 INIVEOFIHEL
T, YNNI EHTHOUN R (B DNWITEY)
AWM ZERET S E0WD, BWHREEZET LD
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IWARZIV T L7 D 1 DThH D glibenclamide (GB)
MW, 70O sarcolemma [E 5 DY S ~NJLAL
#{1o72. 80kDa DTNy >INV B EH—IT
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IR TNz,

T, CD36I~x 707 y— (M¢) Tidr o

BICETZ2ANINR Dy —2REKELT, BE
RBOFERBCBNWTEEREHZRE LTINS D

(a) Selective uptake of HDL-CE

Lipid channel
(Williams et al. 1999)

ENFMODDH o FIThnbiu, 04
B OWITE 2 K HICHED TH S NZREARK - KD
WIENEEZ, =k =il - EK - & - #9%)
BN L2, REGEDORMEEE (B -
WK - FEER) 2ViEGE S THEBRL, M¢ @ CD36 13
Wik s > N7 OB ERY) (advanced glycation-
end products; AGE) ZHUABRMET BHZHIKE T2
STWVWBHIZEZHSNIILE. D ISIZECY TR
BAANRY D v —%FKRIZET S SR-BLIT, &
EURSY )7 (HDL) #O I L X5 0O—)L LA
7V (CE) OERWGIEhEEES, Mg
HEEa L 257 0—)L (FC) 27 RURY )87 Al
AT 2IEEE TR ON, AGE 2V kET 5 &
ZOEMENELSHEEINSZEZRWVWHELA
(Fig. 9) .2 97205, CD36 X LHETHAN
NP v —ZBRO M@ = B R B IRREL O i 2
EHEL RO TWB I EZHLMI LT

—F, BEOELHZUHZIZIIIEMEDO CD36
ICEHL, KMEZFEEE L. M¢ @ CD36 2zt
KHBEEYRY >IN (Ox-LDL) ZHDAHR, 5
TRENEZEREOOTHIUL, [BIFMIED CD36 A
CiEHZRLUTHOARAERIBRNWEEZ . IR
FIZTFHBEO ORISR E2o 2 (Fig. 10).2 ZhiZ
—RThRNnZ EIcEbN DN, ik, el

v
\j

Development of diabetic complications

Fig. 9. AGE-BSA Inhibits SR-BI-mediated Bi-directional Cholesterol Flux in Macrophage (From Ref. 22)
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D CD36 I3 EHNGNEE DEL D A A+ (fatty  acid
transporter; FAT) &L THEREL THTTH D, HL
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% — (GLUT4) 24t L CHlER DA LN/ a—
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5, [CD36 3R TIEd oI5 ERNIT RV
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FNDHIEBRWHL, 2 BERIE O HEST 2 B IRIE(L
FRIECHETLHZEbHELL, IHITZOMEE
He U, JENHIN CD36 A% Ox-LDL # Bl DA A
ZOBDA T > hELT, resistin ® PAI-1 72 &
DT T 4 ™YA SIA FEOPEE - L XIVOYK
ELEHLTNEZEDRNWHL TS, 2520 X4
Ry 72> RO—ABT5IENMEE M @
MHAERNER Y R E Y 72> TWAETE, X
S5IRAMBDREMMNGHENDEIATH .
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4. I/7045YT7DCD36: 7ILYINA T —IKH
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HFIRIZBIT 2D Mé & kD, KiEizHBIF5 CD36
OHREE, ERDK DI Mo RIENMIE THATE
=M, mG TR EABEREZHS TWEEZADM?
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HEEMEDIDITESZAENTELNERTHNTH
fo. ZDEFEEAEN, SFED D NIZNEE Z D
THRKICRASDDORENKE/- L Z12 mG 138
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PATF 4 L—F—ZEWHL T, ZTOREEDT
bR T2, EWSEBXHFTHoZ. LU SE,
mG 26 2D KD BMRIGENIER 2T TlER
<, MREENRBZLHDEORMHIHED TN
= (BIZX, @RS OREHY ESZR). — 5T, &
H s - 4K BEEEI 518, mG O
181, 2RI ENE SRR ZRBINI L, 25 ICHBT
L~ — 71— Rt & DI EERE NS, 1
TSRS B 7R PE T D mG T, 2 BT R &
72 mG TR WNEREBL TWe, 20O mG D2
DOV THA T OHEEEICET 2bNbhDI 5785
JBFRIZDOWTIIRKRT S LT 5.

bbb mG Wi, &SkF—E+ (E
2t - Fr&) W p53 RES T A0 5B S N7
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fakk MGS 2 GEE, T2 HW THRIERBIT N
T OMISEZRRDEMHBAY— Rl 2D
WL TIIREARK - EOH EHEE (B - HEH
%, SR - 3 B SRR, BB
Wt (B fEEK T LHEY - 202 0 ZiRE
ZIHE, RERADNFEE—F (B - AKX - 3 -
BIB) MhzEFEEL T< /=, LPS/IFNy 12X %%
SERNS 2 N A % &, MGS #1213k @ W k%
caspase 3 D H 72 E AN /2 T IR h— 2 ANER
INBA, O BIP ® ZHIZEN T CHOP 43 1
DFBNBEDH SN, Thbd, MNaEA ML X
(ERARNLR) HEIZXE2T7RN—ATHDZ
EERENWVWIIRT ZENTEL (Fig. 11). 2 MG5
HAIZIZ pS3 MRBLTWEHZENBZF DG 2
ZATICHR K mZES ZENTEZ., B,
& OBHBESEBERFZICDETZEADOERICD
ZOERAMLANMELSEHETZZEEZHSMITL
77, mGIZBWTHFEROEENE ZEZ2RL
R THEEHRN,

T, bhbImG oYy 74171, 28T
HEEICEWRD D EBEZTND Z E 2Rk L7,
ZDONEZ in vitro & in vivo DFEBREREL THEZ 3
DDHREREFEBN U=, Invitro EEETIX, Sv
I 7 A= A7 % 3k @ mixed glial culture 2 H S O 4
FETHEEL - 1 BIR O 2 B mG O @A = Ml 2
iz, —%, invivo BRI T v XTI X
DI H BRI E 2 W EEA L TR,

%1 ORFEIT, 283G EY, 18 mG &0
ARIET 2 E /7 O—F)LHiK KMIFS 2% L 7z
ZETHD. PURELTO MG O, EELED
BHSDHEZMAWR., Figure 12 12980, 51
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Fig. 11.
(From Ref. 24)

Relative mRNA Level

Ibal §ifk/s mG 2% §ed 5 DIzt L, KMIFS i3
mG O —# (1 #8) LMLV, £z,
KMOF5 |3 M¢ & 4 < JUis L 72\ 5T B 4 Ibal 1
RKEFRED>THED, 18 mG IR WU
ThHodIENGND GEErHRES).

%2 ORI, LPS/IFNg L L /=& & 1 B
L2HDIREDENTHS. BEEmMG EHWE in
vitro D% Tld, RKIEM D TNFa KT INOS D FH
LAV T BRI EFIICE N DITH L, 2 B Tidd
TN THolz. ZORERMN in vivo IZH KIS NT
WA MMM %, adult rat D — 412 LPS/IFN¢ %
MEBEFEALTHXE, 2o TH, ERLER
Ibal itk & HONDNNEHTE L 7= KMIF5 & DOF AN
SRR L. bbb, INOS OEAIZK 1 H
TRAERZMN, EEDFEALEN 1H mG TR
S5NTND Z ENHERTE /2 (Fig. 13).

B3 OREIE, TILYNAT Y= (AD) DFIE
FHRD1 DERBINTNWEZFYIY—IRDOBT
204 RXTF R (0-AB) 2%, LI 707
TIEL2THIT I AENS FIRENAI R TH 5.
Mo IZFEHI T 5 CD36 I ED AN P ¥ —Z K
(SR) 73 Ox-LDL %> AGE Z& #7925 Z &I3Riik L
=0, NEE—BEE TmGIicdh SROEHLTWS
DTHIUI MG N ABEZEART ST T, mG O
RAERNZERZ 2B mGITX 2 HD TR N
EWSRFHZENT, ANTHEZET A, [AY
IZo-AB ZMUAAET L. Lad IL-4 THIEL
2 BOHPIERIZT > E5NWTT 1) EnHEL
WIEENE SN, ISICAR - fRIEEEED 5
FHOPMNODTEL. D ROATyTIE, 20
Z—P7120-ABD7 )T T AKEREN in vivo TH
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LPS/IFNy-induced Apoptosis in MG5 Microglia Was Involved in Enhanced Expression of mRNA for iNOS and CHOP
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macrophages

Fig. 12. Development of a Unique Monoclomal Antibody That Selectively Recognizes Type-1 Microglia

o—-Iba1
24 h

Fig. 13. LPS/IFNy Selectively Activates Type-1 Microglia at the Ipsi-lateral Side of Adult Rat Brain

ZDHZEERINIERSBN., AD EFIILEY
&, BRI AR OBENIEE D APP23 ¥
AMENWEDIEREE T, FOBFEHE M. Staufen-
biel {1 (Novartis Pharma, Basel) IZE 5 JEW /=,

In vivo T3 IL-4 IZMMA TIL-13 5 5D THD —
HHNZMEIEAL, TORFEZEETY ZKKEE KO
YR O AR PRI K B Yt O/ Tk L /=,

RUZADEEZZIT DI, MEHNICE®RDO D 557 —

ZETHIEn>15 ELABRTRTEEbhTwi
DT, TNLETFHENPINEFERTH /. F
W, Z<ORERAEENHE> T<NLBNT
T, BRDOH2T I ESNTND (Bt
H). ZORRZESEH LW AD IREIEN SRS O
T2, 20omGIZ&d7 U7 T Ak

FETELE D TLEYZRTLENH L. DD
NOLFITHKRZRF> TS 2L OTHHZ2E
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T, BIEC DXL MMmADONDDDH S, Z
DB TRISEFE 2 A RN & 72> 720, JIE
BZIILCOEVHEES BHE> T<NTWVW5, 5
BRAHERZERLAITL W,

i WHROHEANSSHET, HELIX
fifER) ZHATHEHWZEE - &Mt — /58RI
RSIEHNZLET., FEOMRIFZZDEL LD
KFEAZDOERTH D, AXHFITHIHATE RN
RDOF 2T LTRSS BEHOZERZLRL £ @ FiH
EHERENR, IRILISCRAEER, NHUMEB R,
TR ZEEHIZ, A. Schwartz %, W. A. Catterall
#¥%, H. Glossmann # %, J. Striessnig # %, W
E—RkiE L, RIEHMEE L, ZHERIBEL FHE
MARER, )BT HEER, KR RAEER
REEEREAE, Bl—ELZHE, LM HEH
%, KRTEFHER, SEMEEEE, BIRESRER
%, TExxHeBER, MEMZEE L kAEEE L,
FEH MR, REMEEER, WERIAA BB
SMNESR KRR, ) - BRERIE R, Xz, #MEL
TFREARZFHEETICBWTIHhZE L ENkho 7z
HlserEB BER (Bl - RIGK - Bi%) SHEHHAET
TR <G L7z, dbifpE R - Sl GER
BRACEH IR, AERHEREL A ) R OREAR R -
SEEE RO R A9 =, ARBRE L F 5T =),
REARRERERE » EFEAIZEE (RNt RE 7 7
g 8) OMFEEICER SN, MERICRNEWE
Z< DHRICHDTHILHL BT 5. BZIC, HE
DRz HEA THEHWEAEREZBE - WHEB#
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