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Achievements of Professor Takuji Akiyama

—From Pioneer Days until Professional School Days—

Toshiaki MORISHITA
Former Professor, Osaka University of Pharmaceutical Sciences,
4-2-1, Nasahara, Takatsuki, Osaka 569-1094, Japan
(Received October 25, 2006)

It is not too much to say that Professor Takuji Akiyama made the most remarkable
contribution to the creation and development of our school. In 1904 Professor Akiyama
established Osaka Doshu School of Pharmacy, the origin of Osaka University of
Pharmaceutical Sciences, in cooperation with Professor Matsuji Hirayama. In 1921 the
school fell into financial difficulty and came under the threat of closing down. Professor
Akiyama succeeded Hirayama and became the second president. After making every effort
to keep the school, in 1925 he established Teikoku Women’s College of Pharmacy, the
first women’s college of pharmacy in Japan. With the support of his wife Etsu, Akiyama
guaranteed the college’s debt and bore part of the operational expenses. For 35 long years

until his death in 1939 he devoted himself to consolidating the foundation of our university.
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Makoto NAGATA

Osaka University of Pharmaceutical Sciences, 4-20-1, Nasahara, Takatsuki, Osaka 569-1094, Japan

(Received November 24, 2006; Accepted December 18, 2006)

The purpose of this article is to show a ‘co’-version of the phenomenon described in the joint paper [1]. Our proof is

almost the same as their one intrinsically. The difference is the direction of inequalities. This might suggest the existence

of opposing arrow arguments in the geometry of numbers.

Key words——geometry of numbers; lattice
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Joining strokes in a Japanese handwriting (1) did at first nothing but join one symbol to the next. In some time they (2)

became the means to contribute to calligraphic beauty of handwritings; meanwhile, (3) came to carry out some functions

in the Japanese writing system.

I am afraid that the change from (1) to (2) and/or (3) in the characteristics of a joining stroke has not been recognized

as such by scholars and I regret the author of Nihongo Shoki Shi Genron [H AGEZ AL 55 (The Principle of Japanese

Writing System History)] did not pay attention to the function of a joining stroke I call ‘seiyaku koka’

[#J%NI5R (restriction)] in the pages where he discussed breaks in joining transition.

In this paper I shall describe the change referred to above and discuss the function of restriction.

Key words——joining transition; Japanese; writing system; handwriting; joining stroke
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In Japan, medical reform acts were approved in 2006. Their ends are mainly to reduce of national medical expenditure
and thus to maintain official medical insurances. However, with this reform, the basic problems of the Japanese
medical system may not be solved, including restraint of national medical expenditure. And medical insurances for all
people will be on the verge of crisis, and our medical system on the whole might be destructed. In this report, 1) we
survey this medical reform and extract its problems, and 2) inquire into a new concept of public, discussing against the
present public activities and social welfare policy. Then, 3) we study the problems of the present medical fee system
and management system of medical bodies for analyzing factors of medical expenditure increase. In conclusion, for the
sake of the coming reform, we propose three points: 1) the standard of medical fee shall be limited to the pure value for
medical service cost, without capital cost, 2) main medical inspections need to be outsourced to third parties, such as
local medical centers or private companies, in order to save the capital cost and 3) the whole medical system shall be
restructured around “family doctor” in the community medical system, and all medical resources should be networked
around it.

Key words——medical reform; medical fee system; medical insurances; family doctor; communal; community medical
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In this paper I argued the problem of sexuality and human rights in relation to the question how to prevent the
invasion of human rights. Such an invasion is caused from various discriminatory views. In particular I focussed on
the issue of sexual violence that has been becoming more and more conspicuous on campus. I tried to make clear its
psychological and social mechanism in order to prevent such a sexual offense on campus. I think that these sexual
crimes are perpetrated due to the low level of human rights consciousness and the vulgar view of human being. Sexual
violence is brought about when the distorted ideologies of sexuality and personhood link together with a strong emotion
and impulse. From this point of view I propsed the necessity of the humanity education of person, that of sensibility,
will and reason, and that this education should be based upon the concept of the absoluteness and dignity of person.
Then I tried to make clear that the modern patriarchy family system constitute the ideology of male chauvinism and
distorted genital-centered sexuality. In consequence we need a new viewpoit of sexuality and a new social system that
make it possible to restore the proper idea of sexuality.

Key words——dignity of person; sexual violence; human rights; humanity education
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,---daf} nichts wunderlicher und toller sei, als das wirkliche Leben*
Vom Wahnsinn des Alltags bei E.T.A.Hoffmann
von Lothar Pikulik
Translated by: Megumi NAKAMURA

Osaka University of Pharmaceutical Sciences, 4-20-1, Nasahara, Takatsuki, Osaka 569-1094, Japan
(Received November 24, 2006; Accepted December 18, 2006)

Der oben zitierte Satz stammt aus dem Nachtstiick Der Sandmann und konnte als Kernaussage in den
meisten Erzdhlungen E. T. A. Hoffmanns vorkommen. Er impliziert, dafl der Begriff von Wirklichkeit attackiert
und in Frage gestellt wird, was fiir die literarischen Stiicke der romantischen Dichter, vor allem Hoffmanns
charakteristisch ist.

Was den Alltag ausmacht, wie man ihn ertragt und bewertet, ist historisch und kulturell unterschiedlich.
Die Wiederkehr der Kriege, Feuer, Pest und Tod ist der Alltag im Barock. Aber zur aufkldrerischen Zeit zieht
sich der Schrecken aus dem Alltagsleben mehr und mehr zuriick. Die Aufklarung 148t als existent nur das
empirisch Wahrnehmbare und rational Erkldrbare gelten, was in der literarischen Sphére eine Schwiche, ndmlich
die Langweile zur Folge hat. Um das zu kompensieren, tritt die Widerkehr der aufklédrerischen Geister- und
Gespensteraustreibung auf den Plan und all diese Stromungen deuten schon auf die Romantik voraus.

Der dogmatische Geltungsanspruch der Alltagsrealitét wird zur romantischen Zeit angezweifelt und man muf3 nur dem
Gemeinen einen hohen Sinn, dem Gewohnlichen ein geheimnif3volles Ansehen und dem Bekannten die Wiirde
des Unbekannten geben, um den gesuchten Ursprungssinn wiederzufinden. Das nennt Novalis Romantisierung
der Welt und niemand anders als E. T. A. Hoffmann setzt dies Programm so direkt und konkret in die Tat um.

Bei Hoffmann ist der Alltag der Ort, wo sich das Nichtalltdgliche ereignet. Etwas, was aus dem Rahmen des
Gewohnlichen, also Normalen fallt, tritt unvermutet ins Leben. Und dariiber weit hinaus steht in seinen Werken
das Normale der Normalitdt als solche in Frage.

Und was von Hoffmanns Alltagsdarstellung gelernt werden soll, ist, ob wir uns in einer falschen Sicherheit
wiegen oder nicht.

Stichworter——E. T. A. Hoffmann, Alltag, Wahnsinn, Romantik, Aufklarung

KECHERIRYE: GERE)F4AT) e-mail: paideia@gly.oups.ac.jp
1) Lothar Pikulik: ...daB nichts wunderlicher und toller sei, als das wirkliche Leben. Vom Wahnsinn des Alltags bei E.T.A.Hoffmann, in:
Aurora, Bd. 63 (2003), SS. 49-62. GR#EH)
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2) ETA RT7VOEMDS D5|H X, E.T.A. Hoffmann: Werke in nichtnumerierten Einzelbinden. Nach dem Text der Erstdrucke und

Handschriften unter Hinzuziehung der Ausgabe von Carl Georg Maassen und Georg Ellinger hrg. von Walter Miiller-Seidel und Friedrich
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3) RTVEHEMMER [BER) 1,40) QRN THRRNTWBRFHZSBOT &, /zZFHUTNA T, L. Pikulik: Das Wunderliche bei E. T. A.
Hoffmann. Zum romantischen Ungeniigen an der Normalitit, in: Euphorion 69 (1975), SS. 294-319 £ BE D= HHE W -2 & T2\,

4) ¥V % w I Threnen des Vatterlandes, in: Deutsche Lyrik 1600-1700. Nach den Erstdrucken in zeitlicher Folge + Hrg. von Christian
Wagenknecht, Miinchen 2001 (=Deutsche Lyrik von den Anfingen bis zur Gegenwart in 10 Bénden + Hrg. Von Walter Killy. Bd. 4), S. 144 0D

EMCTTL %58



78

YT 7 DEBI &ET 2 EMRNIOENT, &
IR ENTEARD, whz2(E L5880 5, 7
NS K > T—EDFHAE 52 5NBYDE Z JT~\
ERDUTOL T EERE, Wil OFEEEEx
ERHNLTHBELTEDT 2 —ILEHNLTNS
W, TOLEFRHLETSTWVBHDII,

L] Bl LEBOEZALSRD TOHRDE > & 5
BliE, 350 AHSONEDH AR LTS
Tt, TNSDOLDEBXZFLUTLLEDONEZVTAN
COEDE, EXICZOMC T, b0t
F UCHINC, 53 RRRINC, BHTH 2 Lk
EEXNBHMELEEBEALL, L5 EATH
5. HIOERTES %5, TR BOT 5T LICi,
ZNCHES HLDC L& aHT, HLTERZT S
B8, NAOH D SN & > TRIESTH S
LRBHENTVBER, L5 LIchD,

BERIC K B EMREHIE, To—F ko T,
KEBDANRDOHERBREFNEOEDTHZ T LIF
HTRAZENTES. & LEMNEILT T LD IR
LEHRDES> LI BHDDEDEMNMCE HNWET
Dix5, BREELBKICE > THEERCKRS, &
WIHZEZHELES LTINS THAS. HH
D5 HRDED DWOHRIIHED IR L 2389 5 &
I, 18 MHid L WS HAdITHE LD TED, ZD
CTliE, L0ETTHCHLTEDLEL T,
WO LICFRAEZ 5 ZTWVW5., HAIKZDZ L7
YL TWw50iE, T2 AA « L= A (sensus
communis), §7&HH ANEDEENEETHS.

CTICERZZRT THRENTHEBS, B&
UHFIEMZIE, To—F 2D TRy VT o
F1 BEDBZF S THB LI, —~FETOZEETH
ML T ARBBUNHRAZN, HH0IE Ny s
NEDY T ALREMBBZICE 2, e
RHEM, 35bBMio5H R HODEETHS
CEORNICLEEEAH TR0 EDDYTY XL
B SUOERICBISE R BICED. TDXSEDITT,

JU—=KVUvwk - ZO3517, HHEIRZHHD
EDICHEY [N EWVWS Uy VIV R R
WCRE, VIRBEME VI B ENSET: TF R
B— e BINVRY A« J—=KT VH—] DS D
BENTLUFDOXIICH LTV S.

bl LEbOYRED RN T, TXRTOHNREE,
JENETODOEZES THB KD, BHF32e
SRBIN, F|ES LS bRAL RV, BT B AN
BiE, BahlEmneh, ERCK->THELTWS
Eh, R INiE#HIc K> TEEDANEES T
%, LS TliFE-STLFV. ESIEHIAT
[ TH B0 S ERICHE W T |, BETHEELL,
HoESHELME >TSS, /NIDEARNTZHBDOX
IS, EMEEEIIDENAREDIDICHBETWS &
m, T DENNT 2T Lis,
WHICEO D B4R &iE, HBEITSDIEET
52 ELELETLL, HENEREDTHS., DT LI
Ko ThlLibDYREND LiIBRICE % &9 57
5, blULEBEUNOERETAHATMEZEDS T
EMTED. bbb, RAVOEZRLOGEK
FEDIZEAER, BEVWIKITOEVLDDOWVTINS
FERRT, TOOTEREEDICZIFFELVWC R
ERCELTNG, 205 HETHE,

COEREHEZ st idMmEznly=
Tz ARELTEMTWVASD, ZLEDD
DETAT, WEIHWNETTIEHZH, UED
DT EEHEHALTWS., EOERE AHOIEML%Z
BANCHE. TRDBIERTDH B & FRIRHTHRAID
METEHD. EholZz=as1E, HEZH
YTV RLITE, OEDDOHA, TabbBIRE
EWVHVEDDIEEAND S T EEFDEML T
%. FTUTYIRECER, BEL, hDOBAZD LWV
IWEALSNC, BLEEZ EWVHIHHBHSTWY
50T, HEDV 7V XLNZFOVERHOHERN E D
IR, AREZER Tl < IRV AR S ORh R &
ARED L TAIKEDIITRELTE, ZTOT X

5) Christoph Martin Wieland: Werke, Bd. 1 - Hrg. von Fritz Martini und Werner Seiffert, Miinchen 1964, S. 345.
6) Friedrich Nicolai: Leben und Meinungen des Herrn Magisters Sebaldus Nothanker, Berlin 1960, S. 14.

Vol.1 (2007)

79

WIOERDICUNED 2730,
ZaT A O/NgHE, Ak (1773-1776) E1%,
NS K ZIND Tz, BF 5 ZFRUE, Nio
BN TIEITXRTOZ N TEHEEINTDLIEEST
Fo LTHIUAERD TR S5EhoTe, &
WOHIICKZ2DTHAS. LM LENLXEXR
AT 2EEMNMBIL, TheBaao el
5. ThUL, BEOT —)VEHNEN, B
T2 THRR EDY S TR TH D Z 72 D DI
TAHERENSEFTNTE . HEDHEDE D
HANT ST EXERDNTZDOTIZEL, Zhideic
MM ANUEIVWED ER ST, ZLUTGEREED
HHEDLEE L TR TELEZERED DI, L
TL%0DiF, &EHbAAFEY LOEHMNZM>TTH
Bh, BHREBEDBMUTZKESME S TH 5.
SR D 7RI SO U R 2 B9, B
FMRNSHEERBM LT &N, AT, &
ANRDIEMCENS ZMURT T LIcEs. £
L THHEM X FED BREORRTH 2 LT 5D7%
5, 83 HFDEDERDEIZLFFENS, FEE,
ROKBRORFAN Eh > T L. FIZEA T
VDR ESI THBH KD IC.
ToVokzkidceceiavrryEEONTIK
THs. LMLiaEhs, HozokHMlici, #n
X, X0y, &Wvah, & LAFEFNEIITIC
BENTL%. HEOBFEEZ RO X 3@
HEDETHERIE, CTiBWT, BEardi
n, oLV eixs. 7L THRIIZENN
% KO IR « ZEMEAIC BN 5. TN
X, MIMTECERSLNTWS, NEDH LW,
Uh UMRIRIN 22 =k B2 315F L T HIR 2 72
THb. Lichl, vy EBCFEOTEANTD
W, FTTICHAa < VRO EM/NEDOENT, =
FINOf7z, PIXEFNIC, HE2NIEE-> T
B0 Blc, BHANDiRE LTIToTWaZ &
i, ATABTENTELS. EW0HDIX, D
BRIZCODDOSHIEE R>TWVADIE, 5 &<
DUOZMEE—%THEINETHS. BEMN,
HAL T NEDOEMNELICH S &L MR

DX, 1TTHEIE, BEIVENEZDEDNLZS
MAHINE D, Eiliix & T ATIE, FOMmEAkE
FEBIHEMRICK ST, fHiESN TSNS
Thsd. L LEhEZOHEK 200 2 TR
HIEREIZOEDOH S, THIRIEE DIC SRS
W&, HOET0 DL OICHIMINREE, FEHO
LEDICAKAIZZ L DODMEZ ] 5ZEATNE, #
URD TOW IR EE®RIE S22 C RO S, Z
5 /07— A E o L EH/ERF DR TN
TV,

O VIRDFENTZBIEHE, /T 77— AT~
YEFLEHDICOTO T T LE, TNEND
DD CrEEEMCHKE Lz, LM LZDFE ETA.
RI<FE, Uhic, ZLTEARMNICHD E20
DEDICHRZ DI 5N, vz o7z, K7
SUCEST, HEWR, JEHENZI LR 55
FitdHs. 70 TWE, OCEDDOHNRDL IS HK
HAHIETRD, XTETHONTLS, TLTHE
<ED L BHEED, DENLOTICHENS. HED
K SIRFE BT8O E 5 72 < BT F4IED
EINMCADAL E VWS RTIVDED ST DR
Fihd, TRARR>TEREDEENCT 245 (R
I bIVF) ] LETHUTVS. ZTLTHHE
T LiF, HNENFOERENS KL H>TNS
BB OMFIS, HEDICE I H>TWEHh 5D
ZOTIESIFNHFUCE B TS K1, VOB
5. ThIH3 N\ ZRS L EHNE, W
B/, HRBEEWOIEZMA I LEH 5, HBH NI,
T2 IR R ERE VST TRECEED
%. BRI VORMOKE O] 5L TT
TICZDOFIET, I7%bb, @BNES DX 5,
MHEGEDOLK 2 > T OIRFAN L R Z 2 THEA
TWLBHENICEATETIET, 5TV, Hi
RHRODERL L 4 DT SN T OYREENERL TV 3
HE, WEIROmICHSEDIC, ZLT—RLE
L TABEDT T —)UDRINE NI, FFbix
EEICEEEDLT, FALSICHYD X S ICEN
HLWVED (BEANTHS LWV I ERKRICBWT)
e, HIEEZT X SIHIHIT 3, FDT LDsViRIc

7) Novalis: Schriften, Bd. 2 - Hrg. von Paul Kluckhohn und Richard Samuel, Stuttgart’ 1977ff, S. 545.



80

EDTHAE, LODIFEAL, KET VI
ADFEMICONTEH7% 5, BMHOXSICHEL
, ERBALWTENED, BEkhLZE5Ilk
BIEEXINERNE, T VEIVLAICHSEMIES
TV, ZOFE, FL—RATVEWSENBLA
Ly, ZoEREAEE, LiEwvwLizwic, i
WHDITVHEM, ThETAN A% MELE>T
DWW BHE RO T 2%, FT7<VIEH
WTW 5. D, B EZOMFUCHE L TW5T
NiaNtzh, Z50I NebER I 74V A
% — (Philister) &% D72/, ZOANHDOTED
KA BN57%%5, MifCREIOAREE ZKERd 5E
BiEEBAAEN STz, BIERE iR S L
bEB L, LoTEENINEDD, HIEHRITTZ
TOMEERANEWVS T LickD. ZLT, NEAND
REWEL SO TVWB T BN LT, HESDE
BEoh TR R0EZEIcns. HiE MarE
N3ES AP A, 197) ZHZ 5D, Fhik
BIEEE LV FHETEDEZED TR, BHIE
HEEBICORICBEL TE N, 78IV LAD
Le, HAKET 2BIENTRTTHRL, HIOHR
MELHBIENNERY, Z LU THEENDBHIZZ
CTHIDTHENE VD, FRICBELAHEDS
Ths.

T LWRERZ2 SR 5 KEFB MM ARSI IO
MTEZENTHICLEED ST, 7YVEILLAIL
U EDODNETEIBEING. TNEETE-T
UEDDRMDLIHES. (LFEOHELEDERLAT
ENBVWTW ETHS, WIEHEEr—FD A5
TeEEIC S DY, HEZMMET S OREEICE
5. TLTHOBFLETHIHOEENS, UK
DIEMCE BB THAS] A, 179), o wdbix
FTExEW, BEEIOLHICHEATDL., BLAICL
TOVWIERIZEIRD->TLES . WL BA
TERNS, HRILALLGF B THSOAREE
i, §5LZ0LE, £RTRIZEDTFENN
ZHSDULHRHTENDX SIS, HOS ZD=T +a
DARDKLDBHNZTKMBDEL F2lEL K5 H5N
Lz, ZOEEZIIESRLZEPLDTIES LIFELWL

INET=EN B A S REE 2T ATL %
KXo, TOTEHIKBEOHRICHEERETFEEIN
TWVWBZ & EFFERZ RV, O]
BEOMBICE T EZAENS. TOMHAEZ, b
DEDDOEFEZEESTZNHD S UAIKREEINT
WAD, T LIFRNTH 5. #idV > FRb
AREVHIHDOXEEEHDEWICARD, FHidk
LTREDN, T07m il & fkD RIAH 2RI E
n, FIRDICJUIREICEB TS KI5 RDENS.
UNEELHERNF YV 7 25D 2T UMD
TDT EiF, THREIMNRERESIETHRICKS K
I, RIFKDERDOEE, THDBEFALLT
FHETAHEIBPEEINTVBDIEEDhD. TV
YIWLAREN TN RS0 DERH O XD
DFEFTEL, MHNAXETHS. EVETDH
% kA, ZUTHEBICREEOETNH S L
MEHSMNCES. TIREERORAY >~ B FRIVA B
BAYKIY I X —, b BEAIEDETHD,
DRI H B I DRI NG T2 B HIMELRED
HO, ZPRO/NeTBIEOREET, D955
DULH, CIRVT o —F WSt 7
PIVLRARZKET A LIlE>TW5A. LrLT
OHNZIELE S B TENBEEN=DH
0, BEHWHRIARZHA TV, U & DIEFER->
L OLRTHDNS. ZTOLMIIYIFEDYIDD
MIED A>Tz o fetetb L Rl—HTE 5.
DHIE, 7YVEIVLANRE LRI TE T, &H
THRERBERHEO T s a= « XL END
WTH. M, 7BV LANESIRLHMN
R L, BINEINDZSHDT, HRXLEE
EHREOICLES LTV, =DHWET VBV
LAHFIC K ZMETHS. LWVI DX, YRED
THICHEATYL &, THISHUEINC EHRA Tk
L, 28 THHT DM EICRE->TL %H
5TH3. LA LTHIZEEHREGEDLSICTD
A BTV DIEA I N TZ2ZF2D
SlEEDICE- Tz (1, 232) T EiFFiAEs T
EMTES. ZUTHENSETREBRLTCEC L
IARTZHHERBERETEIS KLSEATHS L, &

8) TOMETHMULNTWVD, KT VOYRENIZEDKEEIC DN TIE, Detlef Kremer: E.T.A. Hoffmann. Erzihlungen und Romane. Berlin

1999 ZZ R E Nz,

Vol.1 (2007)

81

TLUTHDOENX L ST E S 2iibix
FNRE5730.

CNETURRLTCZ L ESHRVHBEDOR AL Z2
WIF LS Boz. ZLTEFDOT L%, £51E5,
TIHZANOETLNHSD, BHALATY Y
JICHE LIIRBBICH > Tz Witk Uiz, £/
HEV Y FRVA MO TCHELZLTVWECLE
JFRRZ STzl EDNNEY. ZFTTREEEEWSES
RiE, THICEDH R, HETHELEZLILLH
TEBEIFEVN LTV, NS RIBICARL
D, WLOWEXHEZKIEZEB 720 Lz
WFTLIRZ, FRIEODDENSEDZIFNE RS
otz (1,234)

{5 7 7 N RS 0D 1B I U oot A A i 72 8 < 37 8
modBE, TYEIVLANBEERDIKS T,
LETOBHDEN 0B Lol S T ki,
Fok @D ETHD. HRORBMN ST
ENZEDREINEHLETHD, FHENTHS WV
IEFETEROFHIEKEDN T OMICES L THS
EWVSED, TORFRCK > TEIDFEINEWVA
Hilihld, BLEXRTE/MTHE LHEINTE
To. ZUTEDXSITEETRNC &2k B &
ORI VDOBLICAD DEBL, “toll CHEHf7%Z
WLTWD) ” L) HEEZ (“wahnwitzig” &
“wahnsinnig” & MDY 7 U L — 3 VE0N DM
HBMNI 187,210 22D L]), £-o7<{E& >
TIHRHEAN R ORI Z S WRITHESR E LTI
MLTERWES, ZOHGEEZIION L, 78
LADTT ISR, [FIRRIC a7 AR % 8 2 1
MIBELE L THWONTE . HIE=RONE
g —J R aADOO L T ATETHIEY, ZD
HLlzbPRzEDE, MEFRZHIFENEBOERZ
BESRD, E5LVFEZES KM TEL
Wb D, Bt —ERETELNZWED
e, LOKOESICmbho TSR, BxHE
FDEXVEODTIVY aTDMNENZF T ZED
mno, 7 UEIVLAOB) LikiTEizbk, Z
NICINETEZhD XS, TCTOBTIETVRA
ZHoTHoLxsbal (1, 184) E\WVWHFHE~R

RIFOI%. o, 7VEIWVLADLEZES T
HBHEIIC, INhBEBLTUTUEETHS L
MAEHENZ D55, ARIIH RS A % Ei& 7z
HIFMS5RZEDTHS. 7 UVEIVLARNERS
TEIIURZRDRTDT, 6 BbAAZI VD
HAEICIIES RV, ZTRUCK LT, FIIKHI> DA
FORIEDREE, T SICEWVLEINKICESZ 5N 5.
bR eIMlEnizeErT0nizDle, Z
DHGM ST CRA LR DT ERD A A
T L. BREZNZFHTEIRN LI E—T
E, NIRIZZFNZEIEIZ EWTEL, a0, 3
X9 KROWR T VIV LRI > TREDLF
%. THFEEZEL L, BEZDEHZRICRS.
SRIKEDIZMCE D B L0 TEIFEFICEIN
Tz, RS T VEIVLAR, S ES
LHRE®DSE, AIMWKEOIRDEMIALADS
N, XEEY Y EFRIVANOREZDMDS ZIE
PN TVWBDEHZNETHS.

YiBIX C T CTHAICIET . LA LENS DA
WIRBIC OWTHFIZ E S LS A5 . LB
ZALLPL, BRERZEDT LI RICSVEE L
EERFLTWS T, TiciNbnic NiZRmIC
BEMICET >N B> TLEY, £ TEBER
KW XS THD. [MEETh--IEbEFREZH)
MIT LI TERN D, KUIHATADMZENE
felr, HEOREETREDNME LTS o7, £
U TR SR Z ORI & FHEZEE S Tz
W, ZORDOSE, FEXMHTHTH LISV EZ
VTTEbDL xRN | (1, 240) &liceh
IZH, 3B LHRAZ bl LKL en
TXIEL, ZORRENLRYT 4 —FIChiF 2R,
MUrzdHlFs. T TEOEEMIFINS L
ICDOWTIERKFE CTHEE NS G2 SV, dRAUA
V5. TTICWko>T, HEamE s M TA»hDO AN
MG T &Ic#EL.

ZOEIEDIFT, RPET VEIVLAZE &%
U2 K5 BEAHCEBONEZHRLATH . 5L
FTOBHTW B ADKICFEL DT TE 2, [T A,
BT ZRZATELONS DD LICIEE >
el EFEAK E5LTTARKRICHEMTAL



82

HER L BRICKFETREZIIELTWVWEREDAT
Th | KEEET VIV L AR CEMO EicE sk
WA TESICHDDIRNH 2 DI DWWz, i iEE
FRROEFENZN, FEEPLENZN, ZTOEMITH
OMWRZTz. THHESA, DILDOAREICHITL
TEESTBH 4] LREUMURZDH T, T2
LTWolzw, ZARICEBEZIEIS->T, Wil
THHOL2TENTEDATID. HIADHGE
T, S EBEZRTHEZDT ENEL AN
HATTIFER. EoTHELEWVS LXICHT ARD
BIMMCHCIAB LN, GEIZEXERLBVURK
WTID. OEDELERTIELEEZASDTLLET
ZRVERHENTT . HI AR SBEYoTA
ZRTEOBBMALVWERZTATLEREISED
L, o7 t>TRAALVEEHEITDO E RN
HEHLW0HTEERVATTR. RIFEHEEALD
KIS, fROUET-BENARHITN S LN >
THo L bR VWATTR. ] [BARELSES T
CLEMOBESTELNS, FHEETAL LUEDOD
HHGEAROEEZE 2 T2, [HIFEVWERZ LT
TR INETELE->THO LERAKX &
WO DR, bl biddObiDnhhsixnd
THELZLT, ZANDXEENS2—F—HEZE->
TETH, ZOBMNFTETEVVELLZLTE
Ihbla SEhobedh, (1XVTEOWEES
THAZRBEERWL, £Z3 LEsb0iTiEw.
HHEZ>TI—ETALTH, TEREIIFINDOMEH
BATTE, BOE—)LE Lizlzh A, hbunis L
WEZDOTDOHZMHEAT, FALLDEEIADX
I, WERLFA, LHSDE. o0 DHGER
K[ ITTERESAIERAET VBV LARZES
o TEEANTZREBOLDKSTHT O A
NENTHE- LR HATT K. BT, FEzE#n
TEEHRZHNT L EBTIICELRY, *
DNZHHFT BHAT, BBELBTIILELEWD
ATT K, ZOTLBANDIZATIN. ] T58H
WER PR DAAE & TR EE T B IR E LKV
EHITTUHAR. EEETARRICENUEAE. B
DT ADHFICANENTS EEVIAATSE S
L bAENE. EALIEIZIVNINCENZRED S
AT, KKOHFZUL-> LMEAALTE-> L 5DIC.

DIELEEBIEE ST EHEATHEXLLD. IIHH]
ERZLRR D REZD W, THOUEEBICIE,
MOVSE LWENIRYT 4 —FDRITATRAN S
LIRVWAT. BEMeEzfi>THRICEZS LD
KUIERAT, 7D »HLEVAE. bl %
I E =N TRD 5 & UIAD T SR D
B> THEHEE EEEDITV. ZREPDOENE
IR WIEATE, BENNABRBVEAL. RiFE
FEIEIEFE L BOEDRNTIATNL, #H
ZEWVDONAIZEEBLTE2HDANDEERRNTRKT
<Nxwizs. | (1, 240f)

DI DT VIV LA LECEBD, [
KJBENCBEDES T eZ2FEL5%0, 78IV
AR DOHICES>TVWBD TR, RL—ATV
DFED S ZICWVT, IHRAEKRLES EEN,
IR EREAALTVWEDTHS. KD G
TKENESZTHENTWVWE D%, HIZHD
LA T ADENLZIEEET K5 Ichnah b
IKEWHZRLTWVS EHEL TS, CEED
ETATHRBOIWVEZFELOMHEZ—HICLT
ERENDHEANEZ, ES5RLZITHMBEIATY
FEECEDbDEINE T a7z 5720, &
DIHhNENK IR ENICHTIAD S5NT%T
, HEREEZHERE LD, 7 BIVLAD
EThploFicENESNTLE >z &3>
TEWViEW. 50T, AR/l EAE
Nz, VOLOHEOMHFICNWEZDTHS. TN
EE T OBBITFEBERICALUIZELVWEDTH
AIM. HEIZVEHRZEATHRD L, #MNT
£ ZE T TR LL OIS A 5. K
T TOIRMZEL L HIWT %728, A
NS ERTE D ZDDIS— AR T 4 TERIR LT
%. T LU TERFEOVWALZZ T TeHi& D, B2
UL AR LT VYV ILAD Bz BE- T
W3E, ZLTHOANZEZBDOREEZELNE S
TLEHI>DEDL, ZTONIFEDOEXLIZE H
BEKRICHD, & LNT 25 EHEOREBRDME—H
HIELWE T 2BEERICARZILZ RO S0 8
Lz, Eo&D LIzEWE, 7YEIVLAN
KREBDHEZFTHADODMATVZDICH L, 1Eh

Vol.1 (2007)

83

DHADRKBEOWEZZEZLTVBHICHS.
HWC > THEDN T TEL, KOEONEKD
FIRERDZNIZTH, HEEGOGES ZEL
5DTCTH%. TOBHMTHSMNARHIZEELSD
i, Thewic, E506HnkS7%Z. HE
NN ERZED, FIHELTINSDIE,
RIS VDEED ENNDIAZED TE-> TV 5
KL, FTE-TEMEEICBNTTHS.
FE LWV DU TEAEVD, FU X MEzER
SHBSTEDDFEDDH DT, FHNCEET
3BV h7EL T, B bZMIc T TR N
ZRETHB. ZDOK S FEE 2RI HEEE
FEHEBIC, TOYEREDEZ L LTHELTY
D, HOBPRELTVEEES>TV32B0DIF
V&2 ETBEARBITRZOEDTIEHSEW
MmEVS, RRICHBEWHTHS. Lieh>T
HE DI E WS SEZHWV 2 OEHEY TRk
ICBbND, TOMMIE, 7 IV LADRER
T5E9IC, HEMZHEOHANS, b,
FENEBEX S ZRMT, JEHEZREDICHED
BAENOCEDH DN, ThEFTEEL, BN
EHEOHRNER THZ VS L&, ZDIEH
EVIBEAKDPRZLUTIELWLD E S DRI
INEFNEEE TN THS.

7RIV LADEZDE L COEEHT %00
KoL, HEOVICENbDEM SR TN,
RBEMTOIEEEEFICANS. T L,
KEZEEIDDWS LES LBV T 0 —F
DOfiDIEMENT T, TOREKRIFZ/ Tr7r—1I R
DAz ey v ALEBHOE] I,
IATW 5B (1, 245).

DAV 2 VDENRMEERLE, wWbid
e ThicENES N X 5 RIRRER, K7
< UDOIERTIE, EEE, o< Eo K
ZMZBRENEH S, BEXEFA b EWVS
Vx VIVOH D RHIF T & T b L FEEITAE AR
HEWT 28D EWVH T eV o AENHL
TEZADK%5, MRS CICHEM I 28
PEIC K2 MR - MEREOMRKIE, T
RENFfRR LTI, HREUTHIRICITES
LTEEHNIBZBLEVIDIX, &5V EDDFERN

R LTEALNS. BEBILRFEONRTTEL,
AMICESETFRNVT 52T 5 DEEEH D
IEWERWD D, BBELZSTHS. FREATY
ViF, TREEME) B2 WVIEER/NGH TEEDE
Wl Vo KRB NYRED RN T, 78IV A
ADFEDOEFINT 7 ) T— 3 YEREALTWS.
0] O 2ICE> TV A MEEN S B 5 M
B DIT, TOFADOFHHFICIEKEZ T Tl
<, Wkt H 5. BEREELHLEITTEL, HED
RIS F1EOHFICHEN D, EHBH TS, HE
AROMEEPNADOEN AN D, ZNHIELRZH
9. HEKEOEGMNZE#HZ Y bo—)bTEx<
0, BNTHANLRZICTEERRS LE, KT
BIg5 I N5,

ZINTHR SRS TP TIRERED B2 LES
TEIDWVWTHUELNTWAD, ZHUIHEER
ODEHPTRID, L LBlHEODWIEDES 7z
i EE, ohoad T8 TLES. BHH I
THHANE LTOFRER E o T KA, 2TV
EWVIHDENBENET, L2 EMARHICL
TooN, —REZTTVRLMEERHSIIEHICHE
LL, DBER-> TV, H2ANRICRAR, £
K> TLES. BxH3ET7 Az RILTD K
A% Ok TT7a—UdMEMmEES > TR,
VIRICO D EMTENTLESDELTVS.
BERES 8755 (THEMHMIR L] LD ER)
EWVII D DEEED, bixlcz il LTV 5HE
FEGABROHRIZIFITAAEL, HiRAREIGHE RN
DX&, HEORZE > THEZHERE, ThZzid
EMCLEIELTE, ZFNEE > B THS.
BJLohThEENT:, PAfRIRL]DENZ2EE &5
WIEoDEHE, RlZRYy, BOARATLES
NIZE, TOGmEEE 2 THOHICHILTHS. & -
EE T DREDAT LE TR TOEEEE > TV
DTHENWT EEZHSHNTH S, &I DIE, B
Wi, EEEDE A, HOMANSP-5TL B K
D, DOFHPERSTLBIEHID, ToT-L%
WS TH5. ZDRSD, F2FTT)VE—KICE
HIZT 20, FLAKTEAS L0LIOMFREN S, 5&
T ElT, ENBTEITERV. T LlHIMS
MBI L TWIIERIE, SEIBZE DA, P



84

B, RIS AT LT, 75778 HPOL
BIZELNTBHTET, BELCWVHAKRZIAS.
BUDNRL, WROFTE777L80WH50E0D
LHOLEZBELT, "IV blLizbicnhb
BEOLELTWE T L, BHAHEMEIC X S5,
e ZZNDI FHBEL BTV ETEH, RLUTHE
CATRESRVWEWVWS TETHD. LT, #IH
O VIROMIBEDOELENNDTESI Kol kDT,
RN 2R L H, E5XFFbZ, FEhb5-oH
Lo bRERETENHBICLTE, ZNTHIKII,
BN SRE NI GO HA 72 & < FHlid 59
NZMFTCVIEWARTIE, BXZEh>7. o
TFRFTITIVEVS BB ANYOLRZE L TRT
YEDELEBICELZEZA XS L LTWS. HD
AL, ARA VDMK, 7T AT - IVDH
HEieE &, PIREDENTOX ST, U EDDN%E
BLTW3. TOfRIE, ARAVEETES LTAD
"El suefio de la razon produce monstruos"g,) bbb,
HMENRS &, (HH2WVWIEE->EIEEICES &) H
WDR> TEZHAD L, ETOETWVIEYINEAT
ENBTLZAA—VEFETRIALTVS. K¥
EFZFIIVNEBEEN, oL ERVEEICET
Wz ex, EHhfniEsTold, BPhoce, %
TN EEN A LN ST > EIFE LKL TEE
D, ZDSEDRFITHA. ZTDTEIFRTID
EETYREZZDIXDNEN, ZTThHEZD L,
IV oiicHihn TV aEREREYE, ZIh5
RNBTEDTERNEMDE S HHEE, E5-T
EMAS. EWVWIHIDIE, FEFTIIVDOE Rz
TELTHEEO K S AR ORI, S 2 F IV
RO S RS EEHRMDO KX S ICH D ENT W
FTiEL, TNETAD, BFE50EDD DKL
ICEEDNT, BHEWD Ak = OB AN OI
ZEoT, §TIIFELTW NS THS. ZDW
HILOWTE, it ahEhELS L Ly
LE, WEMNFHRIEbOHDO MW ZME, ©
OFERIMZ H LaA 5l HDNEN S RO, &
IFEMEAENT WS, OBICE> TREEF ZF
TIVIFERMREZS T LICEBM, 2O Lid, o
FEEFIEAWVIC, DELBIcdohUHETFS

N5. LWV50iF, WHMERT 201, HRENA
A=V ZHWTCEIT RS, HOGMITHIEDIN,
PG I EDbNS LW T EIiENED
BONETHS. FERFTTIVEHEOE EL L
BIEORELZ2T 5 LIRIEHICHET 5. A&l
Eo REZH > TWBEH, h DO TRMLD KT
ENTZANDO Ry X)L H—E LT, DUk
PEDNEONT R RS URZHT & &, F
ZFT)VIEEERO o< zBnL, Hilh
ETOLEBRLLBALVEDHHEGTDNEICAST
ez k] (1,331 ZHIA. LhrLAEDNSEZDC
Ehghotzhhb o T, FRhanhsikd
LTHHOBISIDhEWVnS &, Z50VS5 T Ll
FEAERW. FRUE, OB AkE, IF
KDESREMNICHIET 2025 LT 5,
755 DIEFRERNZEFIOMMIEE AR
ToDE, ELAKTHS.

MR, LA LA LWARBEDOANEZED
Wo T DOYEBICEHE LT, bLIET T, &
TV DSIHERD ED DO ERH R & 51
Lz, ZRICE- T, FAeBOHFER LR S5
M THEAGZERES LIEXKICH Bz E D
iz &, EEREROBEOMIS, FziR e
N ZHERAEZ S &35 XROFICTHIE A
nons.

—DHIF, ZMEZ2ES, FlehTI<UH D
Ho LRDIRENIRD T EDTER ARSI
TS HKFHIC, MBOT =)V EHETXS T3
ZORROBUTZIZLWVBEAAND, FRHFHTHS.
EWVIDIF, TRHEKRLTVZDIE, BEHREE
MBREZ T AR DT EK BTk
WHTE, ZLUTHEDORWVWEDTHNENED
THN, BIHNECTE U4 kg%, BAE
TRNFET B K S B TIRT B &, &
FKERIRIN Loz, LS5 &iiEhizs
TS THS. K73 VOEREFIC VAT
R RREPBEELBENSSE L, BolcbhhEd »n
55 TRTVSZ EZFICMNTIZODNT
G, WHIEFETHIT-oTLEY, WiklkoTz
DTIEBRIIRL TRV &H, ABIERESN

9) dvofifkmit FEEdny, H43(FICE, COXAMEEL LTHITFSNTWS.

Vol.1 (2007)

85

BINXE SRV, S OFEER, B EmR
FER DR NTEM, ARIZETH S EHEY Vb
FIVA b DFAEL Ak TH 5.

BEADIER THTDY 7 yANA] OHTRTR
ik, R EEENSRL T, BEENEE DIC
LEIETHM0IT&ER, FEHREICKDSUE
DODEE LT, B VRVIGEOE AR 1—
E7 2o SOITHITNAEE ZMAIEM 555> TV
. PEEOHEHEEESEIZ, b L [HFHOX
INCHEME S LVEER ] I Tz AV, 15), &F
MTW5. TiREBEEEEEHZEZLTY
7z, EWVIDIE, HHICRBHFEEEVI EDIE
<, DEih b ZDEICEHE N TV, AMTkz
BICH NS IRAEDIRED L LICH > T 5 TH
5. L LEDLPNTHLONEN®STET,
CORWMER Tz, FIEIMIET 5T L ZIREL,
KEOBSICS T i Lz, Zhid, U&DIc
B, FlEs697ays 7 M EFEITICETC
ETHO, 5T, MEETTENTE, I
Bt 5H 5 2 EHZIERL, ZOME, HUw
S DK - BIGREM BT E NI e Thol. £
OHHIE, KEADLLTICZEDFEOHIZRRT
WAlDTH%.

HEIEHDOAEREEEDEEDOT L TERNT
ExIREASLLTHATT K, ZLTHRDL T
L7, FE LV AiZS> T, FDORFEHTD
g Elc, NANTIRBLTOWL HEELMCH & X
NTV3. ZOFHIPONE L, o7 OREREL
12750, BREROUWALZZ T TH T LEAT,
TR0 ET. 2052, EFHEHCHSES
LI BTN EZEMNZEDLSICED, BKiE
WD EEA. Eh5, ZNRIGOEET, £95X
HEOZATRKHICARTES S T EIFFFS Nk
DET. ZAKDIT, BOHLELVARME I,
BERZO> T THT S &%, B FA
F, BOHEENMICBOZHICEST, ThETA
MPDDNWIEBICE ST, BEHETS T AN
BEZTCNDS. TTTHRELEMS OTTH1, F
B, Vot BT ORENDHZ T LIRATLEL D
i, EHEEN - T3, T LU THIAR LT MEE

FIRAEE LEAT S C . o THEDOEMITIE,
BIZTATEDOREZ TR, JERBIOMYZ,
HR e bOEBTEEMRTINTRE ANIbEhHNn
HATI B, Ehbl, Tk FdEEHEE
BORRDPLoTEXEIHDL, THEERAD, Bo
o THEBLEVWARIWV., D502 HYK THRD
FF, fabRiziifEz I, EHLICLT, D05
DBHFNBEOR > TLEVER IV, T—RYEED K
MITTL B, BAPHADEATVD, Y=ZAX
VINEEANBORSTLEWEI L. AV, 17)

ROSGHFiBEZHFOWRTLARWDICE, B
WKIE T SHIRDINA SNS. kT2 B DM
BEREINETZOEEFHAEORITIZEDEDH
5. LE-TH, bHLAARKTERICEZGAS
AREMEDH % FRIZT RN TEVED, [T 1HRE
KON DA N—] AV, 179) IZd0ET 3 LW
I DT TDOT L THBMN. BRNETHAET
MEATGAETEIFWEDTHRNVWT LI, L
MLENBIE->ED/RENDG. n—EYyz—rk
WO ZDBEL NS TS L, FERIZ, T LT
ki, MEm—Y )T LT BV S LD
DM, RMZIXHAT=X S ICHZ BAIHDIMKIRE
LTz RbBkid 22 ERMH 5D, Lo T
MHSMTRENT WS, HLHWIFED Z 1 FLIC
BoTWBEANNZRDEICE - TEIiZ D> T
BRI, TOT LT THEEZED
BRI TIHHAL TS, a—¥ryz—Uh, BU
TAHEHFDY 7 v NAIC, B D, #H, By
722X T, ZOONEFTELIS Y —IZT
L E, XETHADEIITEDFENFHNTNHL DN
BUoN. 2, Y, 20O LWEY,
TabBMICE S & T ADFWYIMEREEED, 1B
FOEE LTEITLTWEEDT, ZOX D K
ZIid T & T, KDEhDRES, L THREZD
EDZEHEEE LS E LTV, FOZ EICBHL
T, MERDEZZ, MEE TS TOSOIMRINE R
TERWHEHPP WD E FICDNTTH DD, TNHid
O VROV —27)VOHT, ZRETAH, AV
IREMAIE AT, HICSEIEENZBIERH
N, BELEBEIMMTVE, 20 REERLUE.



86

FREY 7 vNRIEOLEDOELNFE TN 5Nz
He, FLLEZDBEORD 4D T35, H
LZHEOFEEARICMBN, TDhe, HLIEEN
ZhbolkoI, ZLTHX2EENWVWITES T,
HED . 523 EME, ZOARMNS S > THRE
BT EIHDNEZ S THSH, B & EMiED
LD X S B ARITHS. LHLWLERKHTOWV
s T2 b OIFEO BN T, EMREFERE, W
DT LZBLIAXESTREZTFO S BICIND, BED
FFICT 5. HE, 2O ENWSI RO HOZHWT,
ZD9 Z, MADOUEZHTHSOED L UTHHE
TRITREMEFTCNZDT, EAEAMIL, 5
DIEEDRBICE THOEHED . TV ik
bl UbIlZBIRADOEDEEEDNSH, L
MUIEH S, TO/NHORRINZR, Z LTt
7zaflmic, blzliEc N ECTCTHEE-> TV
X9 bRV, CTHEEEeRZESTVS
Wi S IEAUE, EDMILG U 7SRRI T2 g 2
REWVRES> TWa, EWVWo T EkF, LohbhR
I EHTHETH. KD, BT ZIFERET
Mz b Ok, Z 5 figiclE, JEFEEDOEOH T
LTI HICBET R L3R5 THs. TN
&, WIHINOBEE WO BIRICK->T, ENICHE
D, BEILWVWIRENY FEHD, &5IIRMHS
BxHr 5. DEOHNICES &, ThSDEES
TATAOR R, BEMiNZ O L /5% & DR HT)
THZETHIFRIEINGD, ZJIKEHDbNHTY
% DU, IEIC KT 2 EEREDRE < DBIETH 5.
EWVIH DX, RO I BIERDEDNTL % &
1T, NHOEEHNS EZNUIEDONTL 505
Thsb. TTTIROENSFF>TWVADIX, IVYD
RicHh NI TH B, Thi, HENIRY, &
ZHIBESD A E, $SIEHZEET.
RITCFO T OHOERIE, —DOHEBHEL
TV B EE EZDRFEICT ERV. ZONRE,
WO XS tikFE L, L TOEARFHRERL
TV, Zho b RE—RZR LTS EDDAH
IIEDNER BV, £9ThHsNHTZ, bkl
BIIHEDOHKEDIENTENS ZHNET T ENT
X5, EVWOIEDTHS. EHFEHIELTHS L
WIHORYEROFME, COFFANEEBINEE

LTWa A&, icidwizn, £z &z
MBI TEHA5K9, HESERCE
LDD, R7XVE, HAASOHED OIUET,
[0 ZENTVS. [ET0F LW0o%
THENTWSED, FHUFRHT, WHITVIREORE
DFICRDEIICEDLETNS.

DEEF TTOFEZHATLEE TSz, &
IMRAATLEET Y, AREER LAV S IETVD
PR EET, L] ZEEELIDILIEEDIDIC
i, Vi L8 ERZRTWS EZICANWTINS
LEDOTIM, [ ZOEET, HA, HTE>LC
AOEHEDEIHEDOHRT, HixlzDH0ESIAH55L
TV RENEANEBDRZVESZZURDTS
E2ICLTITHAREN. 53 5L, HOFML
WEE, BTN ERE->TVWEEDE, 92895
LIEICHBTEMELBNETLELS. ZDT L
Dl LESARBITODEN B LBATNT, KA
7 VWL ADEWIRYEE RS C LT, bkl
RO ZES L LTWET. (1, 197f)

Ak = V55 ORAEGRIS S D5 N oD
g, HAEEL TV A IO Nz DLz ER
BOETHS LI RKDENZDTHNE, BV
BEOWEXHOTHB. kbbb, HEIH
FDONR DI, Ak v 55 DHFEOAY)
ERO2TZEVWH T ed. Lieh->T, BHEED
THBT LX) xy, HELEL, b
THsd. ZUTHRN - DIEDTENTVWEDT
L, DB ZR > TWAIRITRDL, HA
BEZDIETT, HBVIEHENEISL, SMEH
DHBEND T BRI BETT, R THA
5. THOTNEHEHZEL LA ZDDEDN
FIELTWA T eI DEND. 7 VEIVLA
W, MOFECG LB ERUL, EOEMICEATA
HHENTIEWED, KRFEHKE VS ST, Z0
ANEBERESTWS, WD X5 ARGHIEZD
CEOERD., KT VOEMCENT, Z
NLAE, RS TSI OO & AR &
Wo k&%, REZEICDODWVWTDOEF—TIH
CTUHBILTL 2003, ZHEZ R EE

Vol.1 (2007)

87

HEhTwa ez, HEIRLTWAS.

BRI VOMFRBRISHIGT 20725 T, HOAN
MBRE £, A DOHEE > TWVBDIEYR
DT ll, HRIEDTWVDS., LTHOEELEE
Friroh SiE #n T, HENE- EERT
BALTWVWE EE, CTOEBETITHNE, FAL
20&, WSRO H L2 DT EIL TV, [H
BEDTMI DIEMT, MAX)V Ry AW, Hiz
BINTLE-okEnra - NVAHLRNSEED
NizdhEixsixnc e, BxoL2cnceT
H%.

AZNV Ry XX, FRCLUARIBERED, BEx
FRIZo TEDOBEEAFR L s TVATZK. Th
EEHLTATBAKOD 2D TIT>T5,
BEAKROHMEICHORES LEB-Th. BFA
FRIEZFNZREDR LRV E LNV, BEER
BEREE-STHH0N, RIFESPLEARLK, &
LICiEh bR VWAL, B> TEE RO
EEDODHTBOLERLEDT, 209> THT L
BADHER LERVWATENS., KOgFWVTitdh iz
Wi, o555 556T-5B555555 0T, ®H
FRICAZDE, BIEL—HU2EET2HELEL
ATz, (I0,213)

TOTENEBELE VS EDICODVTORIRT
HHDIZS, FMEELZHIS X 21cE5I1E, A
RN T R N R RV DEA S I ?
RIRVIE, LA, TEFSEAVHEEI ofhT
RIS BN Tz, NAD K S BHEERICE > TV
5.

WIS HDIER, WXL A DE S hndh A
MARMEDOHENE CAICHRENTVSDT, TD
TERIZ->EOREM® I, il ekc L
TWBANTBER, BhEANbZ, MOOEEE
o TS T 2D —FB X\ bilLicbidZ S
W Nz b Z Rt D 7ah TH LB > TEWT
B, BUAZOREITIRND. 50 ANbE
&, A4, BT -0 RS, TE—HOLDIE,
bleLlzbHBOHBEZMKE TS THD. *

ZiiE, NEEWSIL PN T O ADRERA Uik
B, 7EnHBHh5THS. (I, 764)

TTThliLlbhnh> TEETNIx 5k
VWOIE, ANBOBMXIE, TOAUNSE-T, B
LT, fhicEdbnizxETDRETHELS, Z
U CTHERDILEMEEICH] - Te k2 82 d 52 &
T, EULHTHRE, XLHETHIUERZTFAS &
D2, LWH T ETHDBE. TH0VokH b2
WREENS, BEIMEE, HduREEL TP
%9, ZTUTIHROIEFEZDBE2HBERIC LT
A LB TS, [#EDF) OhDH
HGMHE, TTTEI —~EIoLAHTEHETS.

7 VBV LA G AR 288 7o O B EEIC I D
BE, TObE, TOLOTELVEERERZR S
&, MRERDIHEEBERRLTEBES. BHi&
{2z NE O BIDOBFIZ I, F2U—XICA->
TeRVFEIE. 7IVA—IVEZES5T5355B0
EDTVEDDLDS OB N ZRERD. %
LT, 2Dk, H$EThHs LD hicBENT
Ty I ZANEIRISTHENE DM ENS T ED, Tz,
SRS D IE B AN T/ IR R A & R IS
WO EHINIZXIICER-DEICED 52D LN
ZEo, FHlCES. Zo50V ol ANTebliE, AL
{HBTHBRUEY, Coftixbhfezediz A DL
NTHEEHEITIEF SV TWS (0, 236f). FERERIC
DNWTEBICMETEHEL DT EZBO>TVBIDA
e o O TBM UEE/ Kz, &9 —EX
CHATHBRETHS.

LEho T, lARICENT, TEDOAN LW DI,
HEHEROANMTHZH, KT UHBERDENMIC
T N, Iabb, ZTONBORENWER
T3 L, BEFESERITOE, fINTEIWVD
ERENTVWAEC L, HDIFHAIOXS 28D TH
LT ENDhB, ToVokNilzbE, 5 kE
B7Rw0. WOTECERET 22 < DZEAN -« fT AR,
T oOFWVEIREENY, FaTF A7 EREWEL, &
WOWBERT LT ST XETICRT. BET
LS, KNEnizd 5T, H5INT
HB T L DOVHEANSIRTEETHBH, LHiLA
Mo, THR, »20VEH2RHAERCKD, B



88

WERD EENTZ A, blzLizbint DidZo
B> THETRERZZ > LD NENEKD
IKfT>TWVWBD, ZOEWERDESNTAM, Z
IV oz AM L)) (0, 43) O—DDFHEE>T
W3,

HEEEEZ DS SICBIR LT T, R T U,
WL X Bh T, TR A\YZRIDIZT L
MTEEDIFTE, BBXZAW. 2D
BT ThHD. HEABDIESICENUL, K, Fh
KA T, GRS = 5 DR Z & L1,
ZOVo T NG ERAID BT 7ELLES &, a—
~U 2T OB ERRER, vy 7 - hua—0OH
W NVEREEN D, B TEARXT 4T « TIIVT
DAR D TENE LR ZECTNBZ D2, 20D
NViig#Eh 5y b2 Twnad. L LZOHITIE
N NI BALRNTET 9. ZHUT X RO
ROF—<CHHNE.

il —Z 54D L D DOMWVIFERZ N —, K7
SANEMDO HEAEDHE NS ZSREN 2TV
IROFEAND, ZDFiHEZ, HRELEZRD SN T
% T2 DR E NI BHILEERR U T E R WIRRED & fif
TES T BE5, FOFFANIHEITEZFTDL
MHEE R B FAL LTO> THES. TR, &5
FENESSICHEL TN I BEDNZEIICEST
W5, EBLEVSLDNEEE, 5DREohDEo7z
TETE, ZTOTLICEL VI LDNEETHS.
CNFTOEFTHREIZ, VWOFTELLAVERES
TW2EDESP>TN3EDDOHBEICKE LEZ %
W, M5 CehETETVERIAD, bk
NETEITZLRHEETHS. KITITTNTIEE
IHEN%., ZUTHME, didvshd, IXXT%E
MoTws H> T3 ERWVIAATWVS) b,
RARBEDANNA " 2fAlcaEa—2—D
K TH%5. uxrEENEZS, ZLiirE
{, bwockid, /Ur7—VRCHUKRS &, BE
HOEDICKHDEDDMNZHGZ 28NS LT
HB. KHDEDICAKRY FIA e THT LI,
ZOZEICHELT, HILLWHETH S 59 2o

TVWBH, ZNEHEFTEHEVICEETS, KD
JENHIFZ & 5 ST EK, KO RMROERTE
OB, i, AV ERIHUTDOEDEE 5
TWVW%., LRESEDDRII NS KD, H
DEZDDEDDOHREHNPINR LS T L
T, FMc > T, HWEHNEINTZXHICHDL
MCIE 2D, KOEROEM, FlZhZJT
L, BRIRAEZBELOZTDOOTHIZ®LIZA
DEIUCHLLZENEZE, TODTHB. TLT
T LxB#T 5T LT, WHENIIERIPERL
T3 LI, HBEHNRINDEHELIEZD
S ERSEN, L0DITATHEDE S 2R
MO TENTVS T LI LEEOHEN 2N
5.

#HRRBRE
BHBEOHFRLYAKRIT TbLor )=y
ICKDEBEEHEIAE, WHDOZEFEOANLZEEND
ThHod| EHDHBEDRNTRRTNSH, “Hil”
EVNIOSERITRERES ENMASNTND DN,
b BHER.R, BRENVIHROVDEDDR#MES Z
Lo, oy —I)b- EZU—JRKIL HERTETH
W DT, “FE=HEAEE" LD
BERDRFZE ONO -y 7 ORHUTIE TS, KK,
RA BN FENHETH> 2] &0 D KR N)
D DD, BREREERFRITHEDITHHEDEN
7= CHEMNET WO SN, o > ERORRITI,
FFICE T A RT7XTRNTIE, TORET, <
DEZRLTWVWD “HE-1FS” gz
LA HER NEOREERZLTNWD I ENER
BINTWBZ LI, “HEWE ORMTHD
SNz “|ERSEIDHZHDT EF—XICFTIT
MEED TS, EADIC, BREVWSRERIZE
TERBEHAT, H5PLMEBHANERDOEKTIE
HIFPHALZS B> TWEEFE>THEINWER
IM, ZTOLOIRBRITEZLIDNDONITEST
“HEME OBKREZD THEWET ZOMmXE, O
EDDEHEEATINSEDDERSD.

10) % fuLic fin 2 C, L. Pikulik: Die Hieroglyphenschrift von Gebirde, Maske, Spiel. E.T.A. Hoffman, Jacques Callot und die Commedia
dell'arte, in: Das Land der Sehnsucht. E.T.A. Hoffiman und Italien - Hrg. von Sandro M. Moraldo, Heidelberg 2002, SS. 145-158 Z{H& /=

ZEZL.

RBCERER RS Vol. 1 (2007)
B2 GEER)

Bulletin of Osaka University of Pharmaceutical Sciences 1

(2007)

Part II (Pharmaceutical Sciences)




Bulletin of Osaka University of Pharmaceutical Sciences 1 (2007) 91

—Reviews—

BRERSZSISECIRY L ZORE
—EMERRICE T ZENEAD D DREEREZHELT—

KA

Drugs that Induce Renal Dysfunction and Pathological Features
of Drug-induced Renal Dysfunction
—Toward Safety Management of Side Effects in Medication—
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The kidney is an organ that is very frequently affected by the side effects of many drugs, along with bone marrow and
the liver. It is no exaggeration to say that the urine-producing function of the kidney itself, which the human kidney
has acquired through evolutionary processes, makes the kidney vulnerable to the side effects of drugs. The kidney
must be protected from such known side effects. It is extremely important to detect symptoms of renal side effects
as early as possible using appropriate indices. The causative drug must be identified, exacerbation of the symptoms
must be prevented before the damage becomes irreversible, and measures must be taken to induce recovery of the
renal function. A wide variety of drugs cause various pathological conditions due to impairments of the renal function.
Acute renal insufficiency due to drugs is particularly frequent. A wide range of information including pharmacokinetic
and histopathological data should be included in information services concerning drug side effects. Compared with
knowledge about the causes of pathological conditions and the mechanisms of primary actions of drugs, that concerning
the mechanisms of side effects of drugs remains deficient. Undoubtedly, the clarification of the mechanisms of side
effects will contribute greatly to their prevention and treatment. It is my hope that pharmacists bear the responsibility
for providing side effect information and serve as safety managers in medication.

Key words—nephrotoxic drug; pathological features of renal dysfucntion; mechanism of renal dysfunction;

drug-induced tubular dysfunction; fibrosis; index of renal side effect
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ENDZDTHRNDIKSDRFED T, Bl IRH
NI OHEM 2 f IR 9 2 BreZ2 DK 9 I

B1 #RMREMBIRARICETZKODHRESK
UEREHREEMDLER

HIEE

Fur L4 140 mibgll

heLif> 4 mEgl
'Bﬂﬂm Fo=i¥= 108 mEgi

ErEEREEY

0% UM i migi. pH 7.4

FrLAF 12 mEgl
hUBLAFS 180 mEgl
“HHE H0=RA 32 5 mEgyL

R RikE ey VoRIA 08 mEgl oH T 4
a0%

WIS LTV, EmiAD, HHREDOEWEN D,
S PEEN L TIGEWBIRNBEI T % &, RN O
FINRE TR E NS ERICHE NS T &b, Bk
WFIROTIR (RAFAIKDOHEE 2 15 U B e D il
BEWKS T T LIcK iEWIREL) REHEERLT
W5, ddntk @) MERL, ES5ICHOKNBRE
FicBEIdT 2 L, BUKOERICHENSDT, Bl
WBIRDPER GHBENEWIROER) fENEE DT
Lidixs. TOXIICHEME, IROLERKRZELT,
RONEREREE (HIROSN ) ORI Rz [HH I HERE Ui
W5, #EEOBET, & NOBMIES LR
ERHSBEZ DE DM, EIFHIC K BHEEEH 22T
GLLTWABEFA%.

3. Blan@Z LRICLP2EENER

FHMAN TR 7o, EAEOBERICEDET
) 200 HEfAEL . BHIME R & OIHAFE FTIRE
AT 5. xT7B VR, REREER-—<VEEXT
ZNCDEDBIRMEN D75 (K2). REKIKT
FIEAY 0.1mm OEMIME DD S AR A5 i
SNEHRDR—< VENIERE NS, JRHEI,
IERLPRIE, N LARRE, @RMEPRGERE

B2 BRI7OYVOEUDERBMEEES KU
BY BMER
LR T R

Wik
o 16 2 I 20

4
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DEL DONHIN S 5%, FIRDIRMEREZ i 2 M
I, KRR DRI W22, RS hRE
5. BldE, IREKREZECT, REEYS LUK
Y7z & oSz gEi U, fillaZz & 0 % < NEEREE (i
BRI OMEE RS, L= T 1
ARG 5T VR FERT % T eI X D IfE DA
ZEICEbB EEEIC, EXI VDG BT Y
ARRLIF VOEREBHS . DX I ITEamDOHERE
ICE K TR A S VB Z =YD EE T 2 &,
PFRBRBE O E H MR 72 21 LIZ LIS R a %
L, EMENEINE T LIk,

BT R OK 20% 430 O lfiiliE (RBF) A
ST HDT, MHICIFET 2R OBIERNL
V. REE EEAIRIC BV T, BEICHAT B Y
D#] 80 % MMM I A 5 JRANE 2L B A A
FET BN, F20%1FH TV DORRIKTAEE
N, FRAVER TR ZFIRE & B Icifiing. HIK
(A & PR BV T, B UL B s K%
EDOC D, EYOWHEICIE U THEPERZH
5L, FEOBSIEET. IR ORI
RRFARICIE, AT = A MY E A F A
MEYOHESR (T RAR—=%2—) NMFEET 5.

x1 BEONEACEIDBEESNPTVERESD

| BEAMER (DHEIRO 20%5F D) 1K&D
SO FE RS

2 FRAIEE R DR (SEEE ) WL & SR
HINE (AR ) 1 SEMIBRRETRAMAES B T
SRR AP D A NS

3 IRAIEIEN THIRD pH OZ(IC & 2 IR
RIOHI K ZIEHUE & 5300 LRI
A

4 IRANEREN DS & SURIHIC & 1 3
AT

5 IRAMEIPHERC 3513 3 FUROWEPHLIC & b 3
WIC & > TRTARRIEIE FIC & % Bt st
B AR

6 BHHLARIT PAS0 12 & B SO RBAHEIEDE
T

D DOFEYIMNCT DK S RiikRzZN L CHEEIN
PRI LRI DA NS C &h, BIR
MERFICEDEEEH D, £z, RMEEN
IC BT BIROBMEL GAREDOKTZHE<) =
FEFEDEIFHRBICBAD S 2 ehH 5. Fhrn
L P450 I X B YO RHNZ, —MICITHEY D3
PEMEZ IR SR 2, BmEomREY 7z L
T35 LEHB. P450 DEFERIFAFEKIC O TE
EicZ <, EISGEMIRMEICHMT 2. HIAE,
FUEMEIEE T RV 7= A ¥ U RRRERSS 3 —
N &, NADPH F k 7 1 L\ P450 & ¢ EIC & %
HITICK D, NI IHIVERD, TV—=FY
ANVEREFICHEE T2 EZALNTVS. EOX
I, EMRIEEMIC K BREIEHZZITRTnE
A% (FE1).

4. EYIC L 2 BEZEDER

YN K BB EANDORINER 2T E 57205 5
WICHRWET T kid, mdTRYTHS. #Ykx
FREUC KD, EEOMEENARAYAREREIC 2 5 Al
I, BREFEOMET L EREY 2R L, ZOWRE
WS LR X a5 0. R (g E 7z i
) hoRFEZEHE BUN, FHHE: 22 mg/dl L
)y L7 FvigE (BREME: 1.5 mg/dl L
) B, —REEREEOCREEE LTHHNS
M, BHAFERICER L TEE EFME 30V 2 R0,
Bl Z X, SRERAA#EME (GFR, WA LT F=
VOBV T T AE% GFRDIEEEE L, &
fils NOBLCEEME : 100 ml/min) A, EH{HD
50% ICMX RS %X T, miE (£73Mms) 7L
TFZVRERAT (B Lixw. JLT7F=
VOB T T AA (Cer) ORPEIICIE, 1HEE
JRAD T L7 F = VPRI A T, HNIRE DK
BN ETH2DT, BEIC—ERRHOFIRZ 8
Wbz kicks., LhL, Cor ZHET %EHEN
(Cockeroft & Gault D) ZH W% &, [MiigH O
JLT7FZVUEE, FhnBXOARENSEENRE
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THs MEDYE, FHHEMED 85% &9 % ). IR
BILBI2EEDHEL LT, RO 1707
VT XY, BT FUBR EOHRE, 7oA
Bl VWA D, FC KD EEEORIEBXTZD
RN FW 2T b i 35 K U PR O RAR
B2 R 21RL, PUNIC, Y X % Bikee
B 5 DR RE & i[RI 2 5l 9

5. <D ITL B BREREEDRRE

(1) BMEAES (2HEBErE)

BORERIA TR (EREICIZIMAD) DA K VIR
IRAVERE NS T &b, BIHIC & > T aimif
BOHFFITZOANAEETHS.

HUNC K 2 EMBIIRREE S, Bl (X723

* 2 BREOHKIELEZODENSMLICELDMP K (FRPDERIER

BAREEEBAL BRICEREE( [ ] RCERERZEESE)

BREED—MRVER

Mg (1A ) PREZEZE BUN)[ BEAE : 22 mg/dl DL ]

s B 7 L7 F =2 [R5 1.0, 220.8 mg/dl]

Tz /) —=)VAIVR YT Z LA (PSP) aklii (15 771 )

(PSP 154 #% 15 77 M D HRillk = (15 8 35%) I3 PAH O 7 U 77 5
Al (B AR EICH Y, RPF) ICR<AIREd %)

RIREE RERMAA MM (GFR, Z L7 F=> OB 71 75> AfHl (Cer) & LTHIE)
[ B FHIERME 1100 ml/min, 50 LA ECl34E#R & & SIS |
FRZ 287 (IERRTIEZ 2787 BEEEHMEW)

ERIRABE FE, (7 b U D LOSRERA S RIS 2 RN D HEHER)
PSP #kittaER (2 RefiE, (EHE 70%)
JA7m (ME) 7V I VR (EEM © 30mg/ HELT)
B,-Xrmrm7y iR (GEHE: 0.1 mg/ HELT)
fi#2 (y -GTP % NAG) MU7 RUBED Rk =
PREEE [ LRz S0 BeT7IVT I U L3 0 IRIE IS B 5K
RIS K % 7 AL DB IRAIE LR ORIEEID L D T ENTz 8D |

Fishberg 2ffiatk (PRILE F7IXREE)

[ (EHAH : JRECEE 1.025 DAL, JRIZZEE 850 mOsm/kg DAL ]
Fishberg FMGEER (JRECE £ 721332381
[IE#HH : RECE 1,002, FRIESEIT 40 ~ 80 mOsm/kg]

FRIBERE BRI TR ORME(LZ /R U | FIRFC RIS EZ LS BAENZ VDT
PRAVETREPER 2 (iF) & BHINS o
[ firfrds K ORI OEFREERIGhe h  IgE KDL B H 50 | i
TEICTIEEERIC X B IWBERRRIRIC K DR |
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If4%i% & .RPF) & GFR O F (Cer & F ) Z5] X
T L, Bitkks e rmEnatBgreziE.
TOaRARTZ YV (PG)E, % PGL (M HLsEME
HzHT 5. FRESOMBNRSREIKTEES N
% PG (FIC PGEy &, B IimE>Rekik A&
EHREILTWS. JEAT T4 RYiJESRE (NSAIDs)
&, ¥raxFy s — (COX) HEICLD, PG
FEAEZ T LT, MRz S8 GFR DK F
L. BB, BBV TIE, NSAIDs DEERT
COX-2 [HER L HRF 2y 2.

TUIVAT IV, MEFEHCHLT, &
FHEH & A 72 /7 U Tz M E RIS & 0 58U
EHECB. 7oV TIUIIER, BBV T
H B Rz B AMEIIR & © o< IS 5 2 i &
D, RERAZMBITZHERE L, GFR Ziifid 5, 7
VIFT VY VBRI ERES T IO T v
I ZAMIEIERIE, 7o VAT VI &% AT,
ZRAANOVER 1855 & Bl MRz 58 < JhsR X
B 5DT, RERIKAMBEDHR 7% LT GFR (Cer)
ZENEES.

SRR 7 0 2K 2 71 ) LAKKY)
R AIBIIRZ GG & 8, MRRZETEE5. C
ncix, TV RvY Vi E O R
B O AN 59 2 AlREMEN D 505, FEflllEA
HTH%.

(2) RIDERKRERE (RUBRrE)

YN XD IRIEMNRFH SN S &, BUN R4t s
L7 FZVBED ER, Cor O RRRPF MUY
LIEMROB AN G X END. 20X
D BLENPRE D ERIC R H S N0d <, JUEMEE
B (ATIF UL, fiEwE (k7 7ay
DVIURTUEAIATVIRE), IEFEE (7 LERT
)Y B), Za—F/ O VRYIER, sl (&
2O AR 7)) LAKNYEE), NSAIDs
REEAN R ENNEN TS, HIVARRLRIUE
W TdH % A 2R3 LGN PRANE ] T F 1
T27 RaXTF A=V IO REEIN, ZD
RHPEYI I RS 258 < B 5. T OREEHES

VIR FEDHIE, A IRKLOEREEZ
ZULBT %, NvaxA o3 TS LGTEE
WIEHIS 278, 7T LEETEES EiE & OIR GRS
FERZICNT 27 /70 ay RRIVEWEST
LTV BRREDHMHIZ, BEFEHZMEES 2.

VB ROFRIEICIE, TV—FVh
JVREA IR N A1)V > LR K% & DA+
MWD 5. TNHDKFA, extracellular signal-
regulated kinase( fi 4} > 7" )V F 7 — £,
ERK) 7x & DM TSI 770l 5 A DO 1k
L2 /T LT, RIEAHEMEAT + T—X—DpEE"
WREEZLEAENS (K23).

Y7 LRVEMEY 7 ya ) Vg, SEN
PRANE BRI (A E T 2 AR = i
ERIC KD I 5 PRAE _ERHRNIC A S, il
TR 51T 2 Fm NN T2 DI FRIVE X
ERETWENIZ OO THRAE bR AR NI SR
L, 7= 27V (&R ) A2 LR
(LRANE ZBEE T 5.

FUEMEGE S XTS5 F v ORGICBELT, %
DG ORTAMN SR HICHF TOFEX X &5
DEMEHIHD X BFRIE, AT 5F VEkEE

3 EYCLZ2RUEBFREORERE (1FXIRGR)
ERK : il fld PN 1§ ¥ {5 32 77 +, extracellular signal-
regulated kinase (i@t 7 FVtiF - —)
REEE.LEER

AEBTLRR
+
Co R
ER
RERS RS I
FEER
! D4 e

|
EEETFEEE ERKEH ik

kgjﬂ-n:;-_---“-'_,/
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ZREKT S, TOX DD L AFHL N TR
WY, VAT SFVOBEEBMBENDRED, Ju—
JUBLAL A HUC K 2 TG PEAEHA N O ZHHHI NS 2
bN%. I4bL | ks LIS X2 RMEEN Y
O—)LAF VgD FRIZ, YATSFrora—
JVEN 10 H,0 & DA (FKFI IS K 16 A L)
ZIfld 2 ik D, EEAEADOERZIKTE
¥, BEHEZERT 2 EEELND .

(3) RBEFAEMLRE (RAUEBERE)

t FOBEE, HOREBICKOROBES (28
B ZEZZTENTES. RATIRD 4f5CF
TRV (ZEEDEY) JRZERT 5. Oy
S, RERAZSEE NUFRICEITL, X SICRMIET
DWENFRPORMERT 2 &, IROEFHICKS
PRABE HEN SR O G iR D 100 51
ETBHTENDHB. & HICRMERNICIT 5K
H pH OBEPEED IR A O SR OTARRIE DK R %75 |
TR U, EUCTAED, IRIEHZEEREE 2L
THENDD. FHERFEMELT, AFFLFY—
k, YILT7EIR N7 LT LYV ENHIGNTY
3.

AMFLFY—HE, ZOHRGED 0% LLEE
JEPRAFANFETT L, PRAIEIEOIE T, BEIROBEMALIC
X0, LA OZEREIEETT. 7Y
Z X R NaHCO; DI & O R pH 72 7.5 LU |
ICHERFT B T &iE, A B b LY — b OVARRE 7 B
URHIE AT 28505 5 .

(4) %7 0O—CERRE

2 UINTPRIE, SRERARRFIC I 2 HERIRET
HB. EENCBNT, MEOXISTIRNED S
ND M, REMARERICZ D2 VR B (5
W) THEWVWLLAHA (VRaS—7 kb1
2N 77— LMD VRIS K B EE RN
7—=) WdBH. INEON) T —DWINh Kz
WFOREFIC KD, JRPADZ 287 B
L, x 70 —EEEHNG | & NS, ZOHH,
K& CUMET VT 2 >) i (fng & > 8

78 6.0 g/dl LR, EdamiE 7 V7 2> 3.0 g/dl
DUR) REALES. T, 3EYNC K% KBk
JERED 2 2 X B EE T T D T8, FITTIVT 2
> DR (FR% 737 3.5 g/ H) OFFHCIH .
VSR, BFFV AT FITLRAT k
TR EE, TOX D IERERAEKERE#25 |Z
oL, *70—YiEEHEFRET .

(5) BMIRABTE

NV T L (ADH, HiflRFRIVEY) &, BT
FAALIEDN DM EN, BEAIRIE LA i
ERHBEICH 2 V, ZERICTER L, KF v 2V
(7277 RV 2, AQP2) DRl FHREADREZL L,
IKDOFIANEET T LI K D ROMEHEES | & T
(4).

B4 EMCXDBMERBERED L H

BE
EEeFEE
ERUF LY
P Ik SHEE
o - V.BE
L < ADH
*'
.lt %:: ) s
= == cAMP
& ; T
i’. rEAAR pp
@
N 1]
. b
" ]

FREEMEBICEWNT, /XY TL YUY (ADH, il
RRLEY) HREEOV, SHACERL, 70
FTAVEF—F A (PKA) OFHELENLT, KFv
RIL (POFPIRI>Y 2, AQP2) ORIFEBENDBEIT
O L, KOBRINERT C & (C&DRIVERS
N3 RBUFIL, 2ERBELRILS VDR
BBEIU DV FEONY YUy hZF RUDABER,
ADH DERERET 32 L&D, BEEOSR (B
MERESE) %3S T.
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RERMEICB T, TSRS F 7 LI,
ADH DfEfiZ[EET 3 C Lic kD, KEEDZIR
(BEMERARE) Z5| XT3, REMEEEE R 7))V
Z v, P U FEaOXUY Yy kT )Y
LT F oY A7) VRTAEMET A7 a4 7
~&, ADH OR)ISZHREEZIRZH EERD
ncns.

(6) IBEF ~U DA (KREFE ) MIE

M7V haA R (V7 AF Uy TV
VIRE) KX BEST NI Y LIME (KRS IE)
(& . ADH 73 H e (SIADHDIC K 5. & D8,
ADH 73 VBRI Tdh %728, HEAIRMEICHIT S
IKFFIRIN D T THEIS K D ARANNDIKITRE DA SN S.
L7 o T, MMOFTEEIEREEEGE RIS E S Kk Eafe
&, K7 MUY LIMEZIES 5728, FELET
Nz 5730,

(7) RADEBERMLES

B T0 2T 2 I G EOFE MO
MBRICIE, TF—7 Vix EDRBERHMENFIEL, [
HEXEN5. EYHEHA O RMEREICa
T VIR EDMRZG | EET U, MRHHRE 2R
5, FEEYE LT, ¥Y7aAR)rekrn
U LA EMELHIENTWS. T MRE
DR MI7ZT z2H% (UU0) 52 &ickb, Y
X B B LRI LT, RIS R L
MelER T END (X 5). UUOICKSHRHME(E (O
T VIR EDEAR) K&, T TV
M K% ZDZHAK (AT) HEZEN LT, MRS
FPEEICEK S TGF B 1 ORBIEADEDS. 7V —
FIMVANRY D v —RLF T T V)L, TDX
S IR E MBI L 2 SGE T8 5 o FWIC K 2 IRAE
MEARME LIS, DX S R MERRHE L DOFIER
JFEhBb 5 EEZBND. BRI LS OMETT
F, THBERLOANAELLEES.

(8) EMENRARIEIC KD RMERUB S
SN X B HHRR R EIC K 0, JTEWYERRE (crush
syndrome) (CHIEIL T, FifldOBEE (R

H5 RMERBBEMRIEILIES OREKRE (FRIRH)

TGF B 1 1 T UVAT+—I VTN T B 1
(transforminggrowth factor- 8 1)
Trritd T ool
i
A DPH oxidase e
i
AN
1t:rpl:§lln:|
5= GED
Ilﬂvlllﬁiﬂ.t

R A RO K
}

WHREET

fRdiE) 292 eNHBH. DS, Ml
MHEEH LI A7 a8 U, BIRMNEZEE
L, “XWMICEEBENRZs | Ek . FIKEY
ELT, HimBMiERTHBENYT 1+ T 57— F,
VUNRARF URHITAMNAF LT Ol T Y
U LR ENHSNTVS.

6. BHOHIT

ISR L2 K DB i, BRSO S & B,
% < OIRYNC X B EIER OFIEBE D 2O\ AE
WHHR-#RE TH B, BIEADORIERICIR S 973
Mc & 5H 50 5RIFHZ TE 277 RN
I Lid, mHTKYITHS. HWYAfaEic Xk
D, FEHEOMEBENAALYREIC R DA, R
DHEFT & RN 2 R L, Z ORGSR L U
R 5780,

Z L OFEROBEFRICBNT, EWOMHIER
MRV, BITEFH O WIKIZ RN ODEIRTH
%. BWERIDHBLAWE S ICHELS T ENT
TNE/RETHZD, EFEIKETZOANAEE L.
B FAE, SEORER ORI R L RERO
bzl <7z, BWERIC K % EWEE O IILE
IREK E LTEZ SN BZHEIT DN TDOLENHR
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R a7 IVOERZED TS, HEROFEYGH#E
ICBWT, EZnh, BERMERICEHEZEDOT
HASh. EAX, TICKD B IEERZKEZD
BOWBFICEH T2 & DM, ERIDFEORIEH R
ICERRMRN & TEBA R, AR
5% 5 CROE RO ETH T & % HA I /IE
RO EZ TR /55, SRAIRHERRLAE 35
FEHOBEETH B DT, AT BHEWRIC,
RIVERE (RT3 Rh 22 2R ) 2 E (b d
LZONLEELNVEEZ DD EETHAS
M. BT ORG-S I 351 2 B
MO, S5 R & FIERORRICIE, Wb T
HEOIEED RO NS, RIEFRICH) 2 HDL 4
MR DN T, BIEIE & AL DB THE A
B (FHCHAR MR anY—2200E M FY
YA MOERZAT 5E ) NEELRE 2R
LTHBD, HEHEEOHBREILTLEEL R
V. BIFEDORHE ST EEOFEYREERIC BV THRIE
FARICERTZ 27201, —H& R EEHE
DHFHTBNT, BWEH CERL L) Atz
RETZHIHN BT ELZEATNS. HHICE
HWRT= K D1, BOREMOHGRIITERTH M,
SR BHEOIYREIRC & > TO [LZEEOEHHE
MRHENTNS.

BITEHITEIRICIE, EYEREE 2 3 THRA R E
HHRDEND. O TIEH D L L HOEIIZ
HEATOED, BIEHD LK HOEIALE, 72w
WENTWS. BIEROBE & BRIV T,
ZOFIED LK AOfRIAN, KEGEHMRZ KT
C LI HEEWR.

FICRWERDEEC D RTVEEZED L, £
M B EEGZL LD, ZN5DREDOH T
LRI X B IRMEKRERE (BIEERE) »
VB RRAE (L P o D FESE AR P I B 97 2 WF2E 1S 1
EENALNS. FEEERKE LTI —F I )V
WD LM, TOEGORER, YKo Rk
2X5THB. SH, MINT T FIVIEEDfFEH
M2 & 1F T\ %. mitogen activated protein

kinase(~¥ A b ¥ = ViEHILT 0T A v FF—1,
MAP FF+—) 7 7 2 VU —Idkk & O FE B Ak
REZZH > TV 5. KT ERK OE (LI, MIfaD
FERMEIC D B DY, RIERT K b= R E B
B2t EH5T D, EDX D Rk THI
R LR R =R IS EF T 5 O 2B B L
TN 5%, MAP FF—XIic X 0 iEHEE
NTHRE K1 (DNAFSEYIE ) 7Y, mRNA OFEBZ
NUTRIEMD 2 VNV BRFET 5 EZbNS
Y, AN CTHIRIZED 1, BERFRRIENE 2
INY RS L YRR E L OBID D IOV T,
RIVEFFIERS I OIHIC BT, 5% —EOMEED
AT 5.
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The Results of Long-term Practical Training at Hospitals

and the Pharmacy of OUPS

Yasuo NAKAMOTO

Osaka University of Pharmaceutical Sciences, 4-20-1, Nasahara, Takatsuki, Osaka 569-1094, Japan
(Received November 6, 2000)

The long-term practical training system at hospitals was introduced into OUPS for the first time in our country in

1986. Through a long-term practical training of three months, our students contributed to pharmaceutical care and

acquired the basic knowledge, technique and manner to take the responsibility as a pharmacist. This paper also describes

the training system at the pharmacy of OUPS.

Key words——practical training; hospital; university pharmacy

FUoHIC

KBRS A AR B S5 I il EE A I
SEER TEA X NIZDEREAI61 & 10 Hh 6D T
ETHH, BUC 20N LI Lidizsd. K
ORI DI RN T8 )1 2R B DD—D
& U TR RS 52 I FE O & Sefd 2 sl ix
T 5.

1. RERRERBREDEA & ZDEE

D U2 DEEEENELIC K AR FOMRLE RS
N3N, HARZZOLEE U TRtz Rk
WE LWRFEIZZL LT TTES LLENO
mIfEZR L. BRLDRARZICZDbN TV S K5
I DRI EDKRED ] ORAICH B HAAN
DR TLHZEHOAFALE, D, Tl

HEI AR EDOFE (BIFE, #1800 ) £ HWVE - T,
6 NI 1 N GHERZES) WHEET 513 8D R
ROFELOHEINERT T L EEoT. FHRICED A
ZEWM 32 EAFAEET 120 /05 160 HIH
BE 52 &ickot. URZFNMES BB DREE
IR E NIz, Fiz, UK MKETET TICHE
fiti & N TAER OFFH & BUFRRE BRI 238 A
TEHTLiCEoTz. BEMIEKERMES &
U7ehy, 4 [E4D 200 #Ri1RIC7E % & FEE MR
YIEERRRIE DA ©, BART 43 4E1C13 4 SE R THE
RISEE ) (AREZEIEE, #9120 A2 S8 EIChE)
HBWVIE THHGEER ) (W 80H) DWVwInhzss
EEEING % C & Eolz GERILAME 4 HifD).

U U, K gesifilg % 7 ~ 8 ki3 % &, [
AIlEEER 1B L CEEAIARE SEABRRLH & MBI RO
HOHHC 2 W E EANKDAERICE DN, S

RBHERRE

ARKERUE, T 18 R H 72 D AT OS2 TIcRlib E N e b D TH %,
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FRAICHEREAZRE LA U OT RWIEERMC R >
Te. iz, FEAMEZGABROGHKEELELDPLTD
K MEmZ/RL T\ e, ZOMBRIZESMkEL T
Te AR SEaAER . (RO R AR G AR SO I
DFEI7R EIC K BWHDFEDTTINE B MR L
TWaEEZLNS.

AR 100 FEDQELOHT, BEHEIZELNE
“EBEE ) B C AR E ) OB RIC FRZ E W e
HETIEr0heEZGNS. T ik, BfEd
ZEh 5 EVWEERMN¥ED T 08— (BIEIE MR), &
FETERC F50F 2 FEHIEM, 3G BHFE R £ DRIEITZE
ITERITAE DK LR L TV 2 FHEN S & HEH]
ENB. —77, HEARRBIEARIEE HE S BEH
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We recently reported that the accurate molecular weight measurements of nucleoside or non-nucleoside

phosphoramidites (PAs), which are acid-labile compounds, may be easily determined by mass spectrometry (MS) using

a matrix system, triethanolamine (TEOA)-NaCl, on liquid secondary ion (LSI) MS equipped with a double-focusing

mass spectrometer. This paper describes the effects of metal ions in the matrix on LSIMS and the extension of the

method into FABMS measurements of various PAs under optimal conditions.

Key words—molecular weight; nucleoside; phosphoramidite; matrix; metal ion; FAB

INTRODUCTION

Mass spectrometry (MS) is now used as a very
common and indispensable tool in the fields of nucleic
acid chemistry. Various nucleoside and non-nucleoside
phosphoramidites (PAs) are the most widely used
building blocks in contemporary solid-phase synthesis
of oligonucleotides.”® Since crystallization of PAs
is not generally possible, MS has been effective and
is extensively used for the characterization of the
nucleoside PAs. However, reliable methods for PA-
mass measurements are lacking owing to the extremely
labile properties of PAs toward acids, base, and
nucleophiles. Thus, it is not always possible for the
molecular-related ions (MRIs) of various PAs to be

detected by the current MS methods.

Very recently, we succeeded in incorporation of
an imidazole base into RNA sequence to investigate
the functions of imidazole as a pseudo nucleobase in
ribozyme catalysis as illustrated in Fig. 1.”>® A novel
C4-linked imidazole ribonucleoside PA 17 with a
pivaloyloxymethyl (POM) group, which is easily
removed under a basic condition and is compatible with
tert-butyldimethylsilyl (TBDMS) synthesis of RNA, has
been developed very recently as a key ribonucleoside
variant for probing general acid and base catalysis in
ribozyme. However, MS characterization of 1 has been
difficult since it is so fragile as to be decomposed even
on a standard TLC plate (e.g., Merck 60 F,s,).

In view of the importance of nucleoside PAs and
their analogs containing 1, a recent report'® from our
laboratories demonstrated convenient, rapid, and reliable

methods by MS for measuring the molecular weights

e-mail: harusawa@gly.oups.acjp
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Fig. 1. Incorporation of an imidazole moiety into RNA oligonucleotides using PA1.

(MWs) of various synthetic and commercial nucleoside
PAs, making the present methods a powerful tool for
the MS identification of PAs. The MS procedures are
described in detail as Basic and Alternate Protocols in
“Current Protocols in Nucleic Acid Chemistry, UNIT
10.11”.'") The main points of the methods are summed
up as follows: 1) The accurate MS measurements of
PAs may be easily determined by MS using a matrix
system, triethanol amine (TEOA) - NaCl, which is a key
feature of the method, on liquid secondary ion (LSI)
MS equipped with a double-focusing mass spectrometer
(Basic Protocol);'”'" 2) The Basic Protocol measures
rapidly and easily the accurate MWs of various PAs as
adduct ions [M+Na]" with average mass error smaller
than 0.2 ppm, allowing the formulas PAs in place
of elemental analysis; 3) Further, it was found that
intensities of MRIs could be enhanced to the highest
degree by adjustment of the mole ratio of PA and NaCl
fixing the amount of TEOA on LSIMS (Alternate
Protocol).'”""” Our continuous interest in the MS study

for PAs has led us to investigate further detailed analysis

of this method. In this report, we have investigated
the effects of various metals in the matrix TEOA on
LSIMS. Although we previously showed the utility
of this method on FABMS for only three examples,
generality of FAB-measurements of PAs has been
confirmed herein under optimal conditions (Alternate

Protocol).

EFFECTS OF THE METAL ION IN THE
MATRIX FOR LSIMS MEASUREMENTS
OF PAs

Use of a matrix in the presence of a metal ion
has been known to be effective in the formation of an
abundant metal ion adduct via LSIMS and FABMS.
23 Thys, alkali and alkaline earth metal-cationization
of PAs has been studied using metal ions such as Li",
Na“, K*, Rb", Cs’, Mg*", and Ca*" under Alternate
Protocol conditions.'” Addition of LiCl to a solution

of PA 2 in TEOA yielded only 2.5 % RI of the [M+Li]"
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ion (Table 1, 2, entry 1; The structures of PAs 2-11
are shown in Fig.2). Addition of NaCl or KCI to
the solution increased the relative intensities (RIs)
to 25.8% and 12.9%, respectively (2, entries 2 and
3). Conversely, the matrices in the presence of RbCl,
CsCl, MgCl,, or CaCl, led to low RIs for 2, ranging
from 1.1-8.0 % (entries 4-7). Similar trends for PAs

3 and 4 were observed under identical conditions. The
preference of NaCl or KClI was similarly observed in 4 (4,
entries 2 and 3). These results show that NaCl and KCl
are superior to other alkali and alkaline earth metals for
enhancement of the RIs of MRIs. KCI may be used as a

substitute for NaCl in the matrix of PA analysis.

Table 1. Effects of Metal lons in TEOA Matrix for MRI of PAs"

Entry MCI - z - - 3 . - J .
RI" (%) (m/z mass) RI" (%) (m/z mass) RI (%) (m/z mass)
1 LiCl 2.5(867) 6.9 (751) 2.4 (1059)
2 NaCl 25.8 (883) 30.4 (767) 7.7 (1075)
3 KCl1 12.9 (899) 35.8 (783) 3.1(1091)
4 RbCl 2.7 (945) 10.3 (829) 2.8 (1137)
5 CsCl 8.0 (993) 4.6 (877) 2.7 (1185)
6 MgCl, © 1.1 (1032) 2.6 (916) 0.1 (1224)
7 CaCl, 3.3 (1048) 4.6 (932) 0.1 (1240)

2 MS measurements carried out as described in the Alternate Protocol using 0.01 pmol phosphoramidite, 0.06 pmol

metal (I or II) chloride, and 0.5 nL. TEOA.

b2 (C,sHg N,OyPSi): mol. wt. 860; 3 (C,,H,,N,OP): mol. wt. 744; 4 (C,;H,;N,0,,PSi,): mol. wt. 1052.

¢RI, intensity relative to base peak ion (100%).
4 Unless otherwise noted, mass shown as [M+Metal]

¢ MRIs observed as [M+TEOA+MCL,]".

+
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Fig. 2. Structure of PAs.
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FABMS MEASUREMENTS OF PAs UNDER
OPTIMAL CONDITIONS

LSIMS and FABMS have been used most
extensively to form metal ion adducts to confirm relative
molecular masses.'” Thus, usefulness of the present
method on FABMS was further confirmed using the
optimal conditions (Alternate Protocol). '” The ten

PAs listed in Table 2 gave MRIs with small errors

(< 1.2 ppm). Phosphoramidites 4, 7, and 8 produced
RIs of only 2.4%, 2.6%, and 1.0%, respectively, when
analyzed by LSIMS as described in the Basic Protocol,
but their FABMS measurements under the Alternate
Protocol markedly enhanced their RIs to 44.4%,
10.2%, and 10.7%, respectively (Table 2, entries 3, 6,
and 7). These results show that LSIMS and FABMS
are complementary approaches to PA analysis using the

present matrix system.

Table 2. Rls and Errors on FABMS Measurements of Phosphoramidites under Optimal Conditions”

Entry Phosphoramidite RI (%)b Error (ppm)*
1 2 29.2° 0.6
2 3 75.4° 1.2
3 4 44.4 (2.4) -0.1
4 5 34.2° -0.5
5 6 71.4° 1.0
6 7 10.2 (2.6)° 0.8
7 8 10.7 (1.0)° 0.6
8 9 10.7° -0.1
9 10 100.0° 0.5
10 11 100.0° 0.1

“ MS measurements carried out according to the Alternate Protocol.

b See Table 1.

“ Error (ppm) = 10° X (observed mass - theoretical mass) / theoretical mass.

“ Numbers in parentheses from LSIMS measurements using the Basic Protocol.

See Ref.10 and 11 for RIs of LSIMS measurements.
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Iron-Excretion Ability of Mugineic Acid, a Phytosiderophore
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Mugineic acid (MA), a phytosiderophore, was examined on the ability of iron (*’Fe) excretion from rats, as compared

with desferrioxamine, a microbial siderophore. In the case of i.v., the excretion ability of mugineic acid is only about

a half of that of desferrioxamine, but in the case of p.o., mugineic acid showed significantly greater ability of urinary

excretion of iron from rats than desferrioxamine. This result suggests that mugineic acid may be a candidate as a new

oral iron-chelating drug.

Key words——mugineic acid (MA); siderophore; iron excretion; chelator; desferrioxamine
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Fig. 1. Structures of Mugineic Acid and Desferrioxamine
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Fig. 2. Time Course of %Fe Level in Urine or Faces of Rats after Administration of
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Values are mean + standard deviation of 4 experiments.
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Values are mean + standard deviation of 4 experiments.
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Effects of Light on Mugineic Acid Secretion from Iron-Deficient Barley Roots
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Mugineic acid (MA), a phytosiderophore, is secreted from iron-deficient barley roots, and the amounts of secreted

MA are reported to peak 2h after sunrise. We examined the effects of light on the secretion of MA from iron-deficient

barley roots. As a result, it was found that the amounts of secreted MA remarkably depend on the surrounding light.

The reduction in light by half decreased the amounts of secreted MA more than 90%. MA secretion did not always

require the dark period. However, the dark period was related to the secretion cycle. MA was secreted mainly during

4h just after change from the dark period to the light period. When iron-deficient barley was grown in irregular light

circumstances, irregular secretion resulted but the regular secretion cycle was restored in three days, adaptating to the

new circumstances.

Key words—mugineic acid (MA); siderophore; secretion; barley; iron deficiency; light
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Fig. 3. Effects of Light on the Amounts of Mugineic Acid Secreted from Barley Roots

©: 6000 lux, e: 2600 lux for the period from 7th to 16th day after —Fe treatment and 6000 lux for the other period.
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WY A7)V EZE LTI L EDMA IR
RZ(LZRLTIEDTHS. Fig 5-ald, FARS%
T N THRZKEROVEERIVZ 3 HIIC b7z -

T SN SN N

Amounts of mugineic acid{zg)/ one plant

25 3a 31

ETIEE:

n L

34 1% 38
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Fig. 4. Effects of Light and Darkness on the Amounts of Mugineic Acid Secreted from

Barley Roots

Slashed part reveals the dark period, and the others the light period.

Root washings were collected for 4 h after 8:00 (changed from darkness to light)
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TiTo T & D MA DIBORERFZE 2R L TV 5.
BEHC L XTI C O i E M BHFEICZ <, K
D SIHEIC A D S T EB D 2 RicZDE—7
NBbNTz. ORI, HOH% 2 RifichiE
WREZL 52 EMELTVRIARS DR L —5
LTCW5. Fig 5-bid, DU DIEHORZ S 5
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Fig. 5. Time course of the Amounts of Mugineic Acid Secreted from Barley Roots Related

to Light and Dark Periods

B : Amounts of mugineic acid secreted from barley roots

Slashed part reveals the dark period, and the others the light period.



124

ZleE w50, BEE MA WS RZ— 272 RT
K212k 5h, 2, SHETIESL, IEWE7w s
R—2VERTXIIEE EEDbNS.

BN INC®MA@ PbERIE, s E (]
W)k%b<%% gD L7286, %
w%@m%uTmMQLt.CM@,mﬁ®
WA K ORI OFEG DI E A, RIRFC RO
BNV % T &T, MM ERZICHDICL L
tr%t&b}:%zgfh% @ MA O MWBDT=HITIE,
FS L EREETIRZEWVD, Z DO HITE
ORZ =) IC3EEEEEND O, B 5 I
ICE b - TzE#ZIC, MA D WEIFE LN %
ErhH 5. OFYZREZHOREE T (AW, 1
) iIcBVizha, 3 HMERETHRUAREZ D
X212k, HFLVWEREICEGT 5. FOMREMNMS
5Nz,

MA O/ BIL T, #RZRZEDRICK R
INBDAFAE, W) T LA OBY, FfREXTF
ROBSGARBENTED, ' £z MA- JEEA
O LTI Z Dk 2 > 7378 (HvYS1)
B RIES N Y 5%, KW CH S
5o 7c MA 77 EVCOBIHMEL E, MA DK T
MA- #kE51A D BEA AR D 53+ L)L T ORI
RKWICHIFFENS.

REFERENCES

1) Takagi S., Soil. Sci. Plant Nutr., 22, 423-433 (1976).

2) Sugiura Y., Tanaka H., Mino Y., Ishida T., Ota N., Inoue
M., Nomoto K., Yoshioka H., Takemoto T., J. Am. Chem.
Soc., 103, 6979-6982 (1981).

3) Mino Y., Ishida T., Ota N., Inoue M., Nomoto K.,
Takemoto T, Tanaka H., Sugiura Y., J. Am. Chem. Soc.,
105, 4671-4676 (1983).

4) Mino Y., Ishida T., Ota N., Inoue M., Nomoto K.,
Yoshioka H., Takemoto T., Sugiura Y., Tanaka H., Inorg.
Chem., 20, 3440-3444 (1981).

5) Iwashita T., Mino Y., Naoki H., Sugiura Y., Nomoto K.,
Biochemistry, 22, 4842-4845 (1983).

6) Takemoto T., Nomoto K., Fushiya S., Ouchi R., Kusano
G., Hikino H., Takagi S., Matsuura Y., Kakudo M., Pro.
Japan Acad., 54, B, 469-473 (1978).

7) Mori S., Nishizawa N., Kawai S., Sato Y., Takagi S., J.
Plant Nutr., 10, 1003-1011 (1987).

8) Kaim W., Schwederski B., "Bioinorganic Chemistry:
Inorganic Elements in the Chemistry of Life: an
Introduction and Guide" ed. by Kaim W., Schwederski
B., John Wiley & Sons, Chichester, New York, Brisbane,
Toronto, Singapore, 1994, pp.150-171.

9) Brown, J. C., "Bioinorganic Chemistry-II," ed. by
Raymond, K. N., American Chemical Society,
Washington, D. C., 1977, pp.93-103.

10) Mino Y., unpublished data

11) Nishizawa N., Mori S., J. Plant Nutr., 10, 1013-1020
(1987).

12) Sakaguchi T., Nishizawa N., Nakanishi H., Yoshimura
E., Mori S., Plant and Soil, 215, 221-227 (1999).

13) Mori S., Hachisuka M., Kawai S., Tagagi S., Kishi-
Nishizawa N., J. Plant Nutr., 11, 653-662 (1988).

14) Murata Y., Ma J. F,, Yamaji N., Ueno D., Nomoto K.,
Iwashita T., Plant J., 46, 563-572 (2006).



Bulletin of Osaka University of Pharmaceutical Sciences 1 (2007) 125

—Notes—

2EBFREOREICEITS
VU TFIVEERFE S VEBEESY VNI H O
=% H 4 1

Signal Transmission Molecules and ARF-related Protein
in the Development of Acute Renal Failure (ARF)

Yuka KOHDA

Osaka University of Pharmaceutical Sciences, 4-20-1, Nasahara, Takatsuki, Osaka 569-1094, Japan
(Received November 24, 2006)

Zinc, a trace element in the body, has been reported to cause neuronal cell death. Some zinc compounds are used as
supplementary food but the molecular mechanism of zinc toxicity on renal tissue remains unknown. So, I investigated
to determine whether free radicals and ERK1/2 activation were involved in renal cell injury induced by zinc. Zinc at
the concentration of 30 uM significantly increased LDH leakage, as an index of cell injury, from the cells 24 hr after its
exposure. An antioxidant DPPD caused rcovery from such an injury, suggesting the development of free radical-induced
injury by zinc. Zinc exposure induced translocation of a p67*"* subunit of NADPH oxidase from the cytosol to the
microsomes. DPI, a NADPH oxidase inhibitor, blocked zinc-induced cell injury. The treatment of the cells with U0126,
an ERK inhibitor, remarkably ameliorated the cell injury and ERK1/2 activation by zinc. Such an ERK1/2 activation
was inhibited by DPPD. These results suggest that zinc generates free radicals via NADPH oxidase to cause ERK1/2
activation which results in an injury of LLC-PK cells.

Key words—:zinc injury; nephrotoxicity; oxidative stress; NADPH oxidase; ERK activation
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ICHBWT, NADPH A F 3 X —ENHEd 5T &N
WMEETNTNS.9 22T, BLEMRICEFET
% EEZ5NTWS NADPH A3 X2 —YOHighic
X277V =T IHIVEEEBANDOBESICDONTE
MEtziro 7z, g hExcick 7 7ry Y vic
X257V = V3)VEEMEEICBNT, M
VTP IRERERD—DTdH % extracellular signal
-regulated kinase 1/2 (ERK1/2) B 5d 3 &%
WMELTWS. D ST ic BT, iigh
IC&K BTV —FTN)VEERAT LTz ERK1/2 OFF M
{EDHIfEREFICBE 54 5 EAMETNTVE T L
M5, 8 diEnic & % B HlliafEEH D ERK1/2 O 5
DV EMET LT,

3. ik

7 2 R R LR PR LLC-PK, &, 5%
fetal bovine serum (FBS) 7% & &5 D-MEM/F-12 7 H
W, 37°C, 95% Air-5% CO, 1 VFaX—%N
T4 HME#E U7z, LLC-PK, AV TIVL v RICiE
L7ctg, MEfEScs#L, o 2 KRic
fedfigh (30 uM) Zishn L, HiEe{bHI N, N>-dipheny
I-p-phenylenediamine (DPPD), NADPH # &> % —
LR E 5 DPI %5 & U ERK BHEH %5 U0126 (3 i 28
HURFICIRIN L 7. S EdRSa A e NI B W T —iEF ]

&1 BIRN0 24 KFREAIERICE (T DA B KRER
(LDH) MBS IR & HiBR{L A DPPD D&
FLIENKERER (LDH) TR (% )

S HERE 2.51 + 0.06
AL HS (30 pM) 12.52 + 0.48
HEAETEh + B A 3.01 = 0.10*
Fi{LA) DPPD(1 uM) 2.48 +0.10

*p<0.01 vs. XHHEEE
"p<0.01 vs. HHLHES (30 M)

Btk MIfEREEOREEE LT, Miah 5hstid
NOFLEENKEREZ (LDH) iR 2HE Uz, 5
{eHfish7Zz MREEts, MENmE? 2L, Y1 Y
IVHDB XTI 70 Y — L5713 % NADPH
FF T Z—LDpe7rh T = FOFB, B
XUOHE T %Y VEE{L ERK1/2 BF U T R
Zy7my MECKDHlELE.

4. ER

LLC-PK, ICHBW T, H#ifh (30 uM) 1 RS 24
MTHEGMREEZ R L. Ok
I X ZMfebE S, filg{kAl DPPD I K 0 BHE
W X Nz (£ D). dEhic Xk % Ml kE s,
NADPH # F3 X — %I Tdh % DPI & ERK [H
FITH % U0126 IC K> THHERICHMFI TNz
(& 2).

LLC-PK ICHBWT, H#ifn7Z i 3 RO 1
N YVIVEI SIS BT, pb7Pe DR NG| E i T
TN, 27OV —LEZICBNT, BEEIC p6Tre
DEANA SN (K1), dHEHIMETE 24 FERT,
BB %) VL ERKL/2 82K S,
DPPD & C DRz Lz (X4 2).

& 2 BN 24 FRIR(ICH (T DABEARKRER
BEBERD LR (T T D NADPH A F 5 —
CHREES KU ERK FHEEDHR

FLIEIBUK RIS RER (%)

T HERE 1.32 £ 0.11

AL HS (30 pM) 11.13 £ 0.97*
Wb dE$h + NADPH A 34>

2 — PRI EH 3.86 = 0.25"
b HS +ERK BHE 2.13 = 0.08"
NADPH # &3 & —VY[H&#E

# DPI (1 uM) 257 £0.14

ERK FHZ5£ U0126(10 uM) 1.48 + 0.67

*p<0.01 vs. xHHdRE
"p<0.01 vs. Hi{LHiH (30 uMD)
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1 TR0 3 RO A FVLBSB KU
£0Y—LBEHICHF 3 NADPH A ¥4
—4 P67 DEE

U ARIEERK1ZR O ER

: *
l -
LIl I . B
HAFE EEe HitER OPPD
30 uM DI;F'U 1uM

*p<0.01 vs. xHHERE
"p<0.01 vs. HifkHigh (30 uM)

2 BRI 24 FEROKB D CHITDY VEE
1t ERK1/2 E DIEREMBER{LH DPPD D2
88

=

5. ER

I ERN TR % 23 7 DB 5
L, BRicpEnBiczfGds L3 LGN
TEH, #HIRZICK S MR IOV T
Z { OWENH . O HEMIC BT, @&
NS K AR IC T U —F AV DREEEK
MG T2EEZLNTVS. 10 S, B LA
faic B Cilind, R A A AR DR 2
GOWRETH % 30 yM IZBWT, MfkESZ 5]

TR Urz. HRERIC X 2 MfubE I /e > Thd T
FHAIC, NADPH A > X —¥ DMK & LTY
A M VIVICIFEET % p67rho R~ FETT L C,
NADPH # ¥ X —EWEMHILENTWVS T EAVR
I3 &h5, NADPH A+ X —E7Z2N LT
TV —F VIV OFEED T X B Ml EIC R 5
ITHIENEZALNS. £, #Hi#HIC XS ERKD
EME e TIEANC K DIl E Nz & s, High
K27V —FIH)VEEED ERK Z &ML d % Af
REMEDVRME NS, MAP F5—+¥ TH % ERK DIf
PR, MIlICBT 24072 7 FIVICEb % L D
HEH SN, ERK FHEFHEAHENC X 2 Ml b 2
B Lz &h 5, dishic k% ERK i M ki
faElIc EEAREZRIZL TR EEZLNS.
¥IC & % ERK i (L & Mifabs s & OB, Rricis
HRF DONAFEGDT) BRUZNUCKDFEE
NBIIEME R IR E DK, ICDWTIEBIE, K
BERIR RIS OSHRIC K O, FHllic
Bt cdh . 1112

HEE CoRUIE, KBEERKERZSUZEBIK
SOTHEMZNEE, DEXOBILHEL ETET.
MERZZICHIZD, HADIBICIHhivizizwy
TeRREE BT3B KO EHERI & TIC &S L %
7.
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Involvement of Intracellular Calcium and Reactive Oxygen Species
in an Antitumor agent Cisplatin-induced Nephrotoxicity

Yoshiko KAWAI

Osaka University of Pharmaceutical Sciences, 4-20-1, Nasahara, Takatsuki, Osaka 569-1094, Japan
(Received November 24, 2006; Accepted December 15, 2006)

We examined the relationship of reactive oxygen species and intracellular calcium in renal failure induced
by an antitumor agent, cisplatin. The level of plasma creatinine, blood urea nitrogen and urinary excretion of
y-glutamyltranspeptidase as an index of nephrotoxicity increased 72 hr after administration of cisplatin. This increment
induced by cisplatin was significantly inhibited by a hydroxyl radical scavenger, EPC-K1. So, we investigated influence
of deferoxamine, a chelator of iron which is associated with production of hydroxyl radicals, on nephrotoxicity induced
by cisplatin. In the experiment using rat renal cortical slices, cisplatin increased lipid peroxides and decreased the uptake
of an organic anion, p-aminohippuric acid (PAH), into renal slices. Pretreatment of rats with deferoxamine inhibited
the increase in lipid peroxides and recovered the decline in activity of PAH transport to renal slices. Furthermore, we
examined the relationship between renal cell injury and intracellular calcium concentration in LLC-PK cells treated
with cisplatin. Cisplatin increased the production of reactive oxygen radicals, superoxide anion, in LLC-PK, cells. The
enhancement of reactive oxygen species production and cell injury by cisplatin was suppressed by calcium channel
blockers, nicardipine and efonidipine. These results suggest that the increase of intracellular calcium by cisplatin causes
a superoxide anion generation and iron release to promote the production of cisplatin-induced hydroxyl radicals in renal
cells.

Key words—cisplatin; nephrotoxicity; reactive oxygen species; intracellular calcium; renal epithelial cell

1. FUBHIC Bk eRE TH B T D, FEdH B 0IEHN
N . e R e 7 T
IS AT S s, B o BITTNEORMIE S SBRERLY
_ N TRFTVHEEE EZ SN TV, FOMEB L LTI,
oL, WG & & D B, S, arets ot Y e, e
RN ST B EE R MR X CRAIEIEA T O
R, RSN, GESEANE, S, DU P ! ( D S O A
I T 19 5% g g e R EEAIBADERS SR BB, YT
T L 5 SFUCBNTE, B COERDHERENTED,
ik, W (W), WsErssEmR e
K ORIEREGELTHED, HoBEEEET o QMRS S TR T

. . L W5, 96
KT O T OFIHAVHI & 1 3 55 a 5% O R ?;i?;yii%mﬁiﬁﬁr@ Rhs
BE?(EEOT[I\%).?’)A) =7 « H PR = Duve , JIN

PNIUESEVNG S 3Lt e

e-mail: kawai@gly.oups.ac.jp



130

AL A R L AFB XU DNA fEER EHED -
TVWBTEMREETNTVS. 710 ZOHTh, g
LA N L RGTV AT TF NS KB TR =2 RiF
BlIcsMELTWEDoMEEHET D, BHiE
ERGWFICB W TEEREH 2R LTS L
WFHSNTH 5.

—75, %< OMfaREEICHIIEN AV S T LB D
ZHEHEDoTWB T EMHIBENTWVS. LHL,
VAT TF K B BRI EICRN T B VT L
DFENTONTIE X Do TR,

B ERBUCIE B ENED S EEZ LN T
5205, Ty NEANDVRATIF KD
BB HFANOTEM RO G & T DFEERERICDNT
ATz PRET, TR AN O/ AV >
LSS DZSH) & OBHRICDWNT, AL LK
W TIHANTz.

2. BE

SEEREN)

FERICIZIAE 180 g ~ 230 g D Sprague-Dawley
(D) REEMET v b (HAZ ATV Y —) Z V.
WY 12 WERIAE, 12 WeREHAT, HiR (24°C*
D, 1HE 65+ 5% OFFETHELE. &,
EEDLLY/ES {EUN T SRYNC S IEY/ES 7 i a i 1)
Tiro 7.

YRS

SD RIEMET v M &, FEEHRKERE LR,
VAT T F 2 (3.75mg/kg, 7.5mg/kg) G L
PRt EUY A 75> (7.5 mg/kg) 1< EPCK1 10
mg/kg O LIBEC 2 TR ZfTo 2. X
TIFVIIR#ERE DG L, EPCKI 3Y AT Z
F R GEBIEEANR G L. Y AT SFU#E
48 I K © K& — PN T 18 IERFRIR 217 >
Tz
Eld\ D ERE

Rz, REARHIE LB 2170, R
® y-glutamyltranspeptidase(y-GTP) 7 Il & L 7z.
SE W) % 5 72 W [ 1% I pentobarbital (50 mg/kg,

ip) FEW: T, $RIMm7%Z 17 > 7. BUN I& Coulombe
& Favoeau D /51T, M7 L7 F =V iEE
& Jaffé i CclbtaE & L7z, y-GTP O HlEIC &
y-GTP C- 7 A b a— (HDEAIEE ) 72 vz,

BREVADABES ST VFaR—y 39

BFrL— AT 7 zaFY I 2 (DFX) 200
mg/kg (iv.) & 2 W EHEE/KZRS 30 77141
SD RIEMEZ v M X OBz L. BIKOH
B X UBEZRE L, REHROYIRZIER LTz,
BREYIF I, 37°CT 100% EEBES FIcHBWT,
VATSF 2 mM BB WiE 50 uM Fe-EDTA 7%
FUHHZVEFTELVKIGHE (11.5 mM 7))L
— A& HEPES #E#i (1.2 mM MgCL, 134 mM
NaCl, 5.9 mM KCl, 1.5 mM CaCl,, 5.8 mM HEPES,
pH 7.4)) I CT—ERfE A > F a2 X—> g v L.
AVFaN—T 3 V%, URBXORIGHEZ B
L, BHlBGEDERE U TBEEY F\DOER
95932 7 2/ B IRIE (PAH) OB EZRIE L.
X7, WHHEBEOMS YIS hOEBLIEERE
HEST BT IckomE L.

Fe-EDTA %%

50 uM Fe-EDTA i, 50 uM Na,H,EDTA VA &
50 uM FeCl, &7z 5wl Lz,
BRENFAD/CST I/ FRE (PAH) DR
DIAPEED

B EY R 2R AV F 2 RX— 3 Vg,
Y U 72 BOGHR s DAL %, Bef$INIC 5 %TCA
ZEOXIWKHMUTZ. Y60 mgid 5 % TCA
A5 mL THREYF A A L. YD PAH B
DAHZEEE, YT o PAH & & )G H O PAH
HEOL (S/M ) TFHM L 7z.

BELAEESRIE 2V

HELEERIZF A Ve Y — VIR
(TBARS) L LCHlli#E L. YUHDOKREY R— b
0.3 mL I TBA i3 (0.375 % TBA, 0.25 M HCl,
15 % TCA)2.7 mL 7 hnZ C b /KB Hhic T 15 %
MRS, SO Zf7WZ D G 7% 535 nm i
TWEERE U 7z
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FEERICIE 7 & AL R AN Hh ke o0 R V7 i ik
LLC-PK, MifaZz Fi 7z, B & 20~y 2%
e / 2 2 18 &%) F-12 Ham(Dulbecco’s Modified
Eagle Medium/Nutrient Mixture F-12 Ham,
DMEM/F-12) Z{EH L, ZDOEHIC 5% 4-fa i
% (fetal bovine serum, FBS) (TRACE) Zhnz 7z &
DO THIRZ 52 Lz,

MR DR

W4 HHD 3> 7))V M L7z LLC-PK,
MO 72 > A 75 F > (500 uM) Z 5L H %
WEE F 750 DMEM/F-12(FBS &) EAc#al 7z.

BREEDOERBELVLTCOABRAKRESR
(LDH) 08IE

HMifupEE O E LT, Hifah 5 REHNCE#EE L
7= LDH IEMEZMIE Lz, Y AT 5T VIRERIC
[\l U 7z 85t 72 s, 00%, 2 0O G DWT LDH #l
3£ kLDH CIl 7 A b7 a— (RDERESE ) 7 ]
W RERIEMEZHE Lz,
SEMEEERE— NBT 3EIC K BBIE

—ra7)—7 k5 UYL (NBT) &Eciz
WTIEMERE TH B A== F 2 KT =4 V%
i U7z, RERICIE 35 mm OF 1 v ¥ 2 I B
U7zl 7z N 7z

fstiLiE

TARTORMRIT T £ FEHERZE L L TER
L, #MeH 2B, —IroiliE ) st Dikic
Bonferroni/Dunn 217> 7z. p<0.05%Z% > THE
b el

3. &R

VAT SF 375 BXU 7.5 mg/kg 51T X
BEMEANDEBC DOV, Y AT I5F U,
T EANORE T2 RMBRICBWT, HEKT
ICImiE 7 L7 F =B KO BUN i KT 7=
(Table 1). %7z, 7.5 mg/kg D> XA T T F U #5HIZ,
PRANE D3 EE 7232 % & Z ORI O PR & AV
K9 % v-GTP DfltE E AT L7 (Fig. 2). D
VAT T F VKB BRENDIEEREDOE 5%

FHARNBHWT, e ROaFII)IVIIHIVAARVY
¥ — EPCK1 DB OWTHEI LTz, Y ATS5F
NC K% BUN BETIRPND y-GTP FHitEHE KT,
Wi e EPCK1 I K b il E 7z (Figs. 1, 2).

Table 1. Changes in urine volume and renal function in
rats treated with cisplatin

Lirra sybamn Masra creseas BN

Ll E0g] [emg i) =g |
(=0 ] 18T - D5 LEEUER-LLE] LB RNE
el
1S mg g BT - E 1 LTE RN Ay TREEER T
T4 miihE T+ §E BT = G rA S0 - 348"

The urine volume, plasma creatinine and BUN were measured 72 hr
after cisplatin (CDDP, 3.75, 7.5 mg/kg, i.v.) injection.

Data are the mean + S.E.

*p<0.001, compared with control.

p<0.01

300
]
C,
~ 200
£
Nt
Z 100 |
2
[a]

o L mummm [
Control CDDP CDDP+EPC EPC
7.5 mg/kg 10 mg/kg

Fig. 1. Effect of EPC-K1 (EPC) on the increase in blood
urea nitrogen (BUN) induced by cisplatin (CDDP)
EPC-K1 (10 mg/kg, i.p.) was coadministered with cisplatin (7.5 mg/kg, i.v.).

The level of BUN was measured at 4 days after the injection of cisplatin.
Data are the mean + S.E.

31 p <0.05

Ojlli

Control CDDP CDDP+EPC EPC
7.5mg/kg 10 mg/kg

Fig. 2. Effect of EPC-K1 (EPC) on the increase in urinary
excretion of y-GTP induced by cisplatin (CDDP)

N

Excretion of y~GTP
(IU/mg creatinine)

EPC-K1 (10 mg/kg, i.p.) was coadministered with cisplatin (7.5 mg/kg, i.v.).
The level of y-glutamyltranspeptidase (y-GTP) in urine was measured
at 4 days after the injection of cisplatin. Data are the mean + S.E.
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VAT T F N K BRI LT EPC-K1 AR
R E R LIS EDS, YATSFUNe RaF
DIIVT I INVDELE IR EE TS ATREEDNE
AbNb. FTT, e RaF Lo IVVEEERE
HETZEEZLNTVEHAF OB ZEFL
—FEIF 7 caFY I U ERAVSC EICX D KE
Uiz, ¥z, 772039 I VOREENEFL—
ICKBENRTH S L ZMERT 5 HNT, Fe-EDTA
I KBS TN, Ty NBREYIRICE
WTC, YATTFVBXU Fe-EDTA X & & IR
{LHEE (TBARS) B2 KE ¥z (Fig. 3). TNH D
WRIZ, v MHoM DT 7 zadFd I 2L
ELTHELTEIKEDIFFaY ba—)Ll LRI
FTHHE Nz, BEEYR O PAH O
B OAREEE, VAT TFVEBXU Fe-EDTA & &
WCPHEI N, FHCV AT SF I X B BEE
Tholz. YATT5F i EIc X% TBARS #i k7%
R LT 7 a3y I, YATSFUVEBRT
Fe-EDTA I & % PAH finkfHE & A RICHEE Y
(Fig. 4).

=]
o
1

2]
o

TBARS (nmol/g wet wt.)
N B
) 15 S

Control CDDP CDDP+DFX Fe-EDTA Fe-EDTA DFX
+DFX

Fig. 3. Effect of treatment of rats with deferoxamine (DFX)

on the increase in level of lipid peroxide (TBARS)
induced by cisplatin (CDDP) and Fe-EDTA in kid-
ney cortical slices

Slices were prepared 30 min after the injection of DFX (200 mg/kg,
i.v.) to rats and incubated at 37°C for 60 min in medium containing 2
mM CDDP and 50 M Fe**-EDTA. Data are the mean + S.E.

VAT ITFUIC K BIEMBERE R RAD
TV LOBSIZDWT, B bRk
LLC-PK, Z IV TRz, ¥ AT 5 F > 500 pu
M % LLC-PK, i 1, 3, 5 RFfRE#ET % &, KER
RAZHNC ML D TE MBS R PE A KR B Tz
(Fig. 5). WHFZRIGIEREFRIG RN A 5 NI TR 5 I

p<0.001 p <0001
12
0
=
[
= 8
Q
o
x
©
2
S 4+
I
: .
o
0
Control CDDP CDDP+DFX  Fe-EDTA Fe-EDTA DFX

+DFX

Fig. 4. Effect of treatment of rats with deferoxamine
(DFX) on the decrease in uptake of p-amino
hippurate (PAH) induced by cisplatin (CDDP)
and Fe-EDTA in kidney cortical slices

Slices were prepared 30 min after the injection of DFX (200
mg/kg, i.v.) to rats and incubated at 37°C for 60 min in medium
containing 2 mM CDDP and 50 yM Fe?*-EDTA. Data are the
mean + S.E.

400 r *
—e— Control
% —a— CDDP
= 300 |
c
o
()
‘S 200 |
o
&
B 100}
P4
O 1 1 1
1 3 5
Time (hr)

Fig. 5. Time-dependent effect of cisplatin (CDDP) on
reactive oxygen species (ROS) production in
LLC-PK, cells. LLC-PK, cells were incubated
in serum-free medium containing CDDP (500
puM) for 1, 3, 5 h.

Values represent the mean + S.E. *p<0.001 compared to the
respective control.
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400 p < 0.001
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CDDP 500 uM
_ (B) p <0001
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Fig. 6. Effect of calcium channel blockers on increase
in reactive oxygen species (ROS) production in
LLC-PK, cells (A) and cell injury (B) induced by
cisplatin (CDDP). LLC-PK, cells were incubated
in serum-free medium containing CDDP (500 puM)

with or without calcium channel blockers for 5 h.

Values represent the mean + S.E.

MRICBNT, WV T LSS LY E
KL RZIVE VDR E RN, Y ATFF
WEEE 5 M2 COMmMEMmRELE N, =LY
EVBXIUTRZVEVICK > THEITIHIE
7z (Fig. 6A). F7z, THMEMRELEHRZHHIL 72
ZHNWVIEURIERZVE R, YATSFUIC
X % HifapE S & #16] U 7z (Fig. 6B).

4. EE

VAT SF UK B EEEE, e RaFoLT
JHIVAKANY Y v — EPC-K1 I X O i & iz,
X7z, HEEYRFOERICENTIE, SFL—F
FIF7 cad P IRV AT SF UK BiEEEL

RO ARZMH L, & SICHESRE PAH Ok
B TZEEETEz. chbDnl ehb, YATS
F T K B TG 22 P AR B R DN B e B e
FIEHLTVWS T DL o Tz,

SEDOFEETIE, NBTHEICED A—S—FF ¥
R7 ZAVEBRHLTED, VAT S5F U hE#EE
FREAMIB T A —S—F F 2 R 7 =4 VR Z K
TEBT Do TTIC, FEEE EEAIEIC
BT AT S F > H NADPH oxidase # /T L Cik
MEEROEERBERESEE L BRE LTINS, 0
TDA—IS—FFT R7=F i, MIAD SOD
KK DBLKENEH NS, e, YATT
F RS FRIEIC BT, @R bkFEOEE
IEET 2 b MEINTVS. 9 Z LT, @ikt
IKZE A AV OFEE IV T RaFoibs
TN EERT BT ENDN> TS, 2 Ko,
VATTFUICEOEARLIEA—IS—FF T RT
AN U CHEITSBRELKENELE SN, $k1
FUOfETE RaF Lo VA fEaEn
ZOERMEK UATREMA R E NS, KRS, 15
fEMOTTE, L RaFi )L Yk VIO
RS (BEE, X /8\0HE, BlEaE) L ORIGHE
M, 2L OMIERERFEDORRKE LTEA DN
TW5. 1900 iz, Y AT S5F 2 & @B g
EExnlze RaF o Lo YV niilaEEry| &
T eEZILNS.

VAT TF K BEEEND )T LORS
BRBT ZHMEND B, HIV T LETUEERTLE I
X0, VAT ITFUICKBEREENRRE Nz &R
HEINTWVS. D = TUVRTITF UK % B
MV LS TIET 2 LOofEE IV
%. " Kim 5, BEEYIFZHWRZEBRIC B0 T,
VAT T F VIEEBCIRE R OE A/ AL
v LRI ([Ca]) &2 LA-&, MfREZ T ¢
ey, YATTF KB [Ca¥] D LRI L
NEEHKIMREN Th > MG L TWA. 19 2D
XV AT TF VI KBERERBICENT, 1§
PR L [Ca%] 28 L DBARIC DOV TIEWEXEH
SN TIEEW.
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B, [Ca¥] HME RN THD, BREEZS

B 722 < OMMFAFEREDHIENICBEIb > TWVa. 2 2D
[Ca?], ® FFIITEMMZRIC X B BpEHL Lic Xk D]
S ENZLOWENDHS—T, [Ca*] D LF
A, RO R AR T LWL L 5B,
S, RS D SHIANAND A1)V > T LD A%
FVT T LEEHEED IS 5 &, Y AT IF UK
ZIEERE R O pE ARG RADMINEH X Nz &0 S RS
5Nz, 9T LLC-PKI fifldics\\T, YA TF
F U [Caz] % FREEZ T EEREL TS, 2
b ehd, YATI5F KB [Ca?], L
FEMEMEBRER A S G S5 EHICE>TNS
EEZBNS.

SR S, ¥ AT T F VIEEHIEICB VT,
TR E R AR B 2D, T OEBGREICIE Pk
O AN L TEY, ZTOfREe kaF )L Tk
IVOREAKMMEE N, MRSz &k
NRBEND., TOYVRATTF UK BIEMEREZE
BRI, MR AL S LR R B Al HEME
MEZBNS.
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The Antihypertensive Effect of Sesame Seed-derived Products
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Sesame seed has been thought to be helpful in maintaining human health. Here we have summarized the
antihypertensive effects of sesamin, a lignan from sesame seed, or sesame peptides, isolated product from sesame
protein, and their underlying mechanisms. In deoxycorticosterone acetate (DOCA)-salt-induced hypertensive rats,
sesamin feeding markedly suppressed the hypertension, accompanied by decreases in aortic superoxide production
and in NADPH oxidase expression. Treatment with reserpine, hydralazine, and hydrochlorothiazide decreased the
blood pressure, but did not affect the superoxide production. These results suggest that sesamin feeding suppresses
the development of hypertension through the antioxidative mechanism. Another study was conducted to determine
whether sesamin metabolites (SC-1m, SC-1, SC-2m and SC-2) affect the vascular tone and contribute to the sesamin
feeding-induced antihypertensive effect. SC-1m, SC-1 and SC-2m produced endothelium- and nitric oxide synthase
(NOS)-dependent vasorelaxation. Furthermore, the antihypertensive effects of sesamin feeding were observed neither
in NOS-inhibited rats nor in DOCA-salt-treated endothelial NOS-deficient mice, suggesting that the enhancement
of endothelium-dependent vasorelaxation induced by sesamin metabolites is one of the important mechanisms of
the in vivo antihypertensive effect of sesamin. The antihypertensive effect of sesame peptides was also examined
using spontaneously hypertensive rats (SHRs). Chronic treatment with sesame peptides significantly suppressed the
blood pressure elevation and inhibited the aortic and renal angiotensin I-converting enzyme (ACE) activities. These
ACE-inhibiting activities of sesame peptides may induce an antihypertensive effect on SHRs. From these findings,
we propose that the dietary sesamin and/or sesame protein are useful for a prophylactic treatment to prevent the
development of hypertension.

Key words——sesamin; sesame peptide; hypertension

* e-mail: dnakano@mail. mcg.edu

“Vascular Biology Center, Medical College of Georgia Augusta, Georgia 30912, USA
by ) — MR A EEERREIIZET 615-8503 K =B EREANTZ LA 1-1-1
CRBCHRIRY: 569-1094 KR el Z= it 4-20-1



136

Itk K 0 Rzt 2 8MmE UTAL<H
LENTE L LENS, I RIS
K, FERELTORICTHWSC ENEL, -
AT —NIEFICENC EN S REICEINT ST L
HEEL <, ZORRRICHT 2T TN T
Tixhote. FTTCEE, IO S EYRENE
RS RER IR R L, E NS OBEERIEINR
fiRiAzEsh B T Lick b, IO ERKREZC
BLE LTHHBNEEINTVS.

3> (Figure 1) 1IP0I~ mAIcH
BEICEENZNRENZIR) T O—ETH
. TNETICEY I VOEME LT, HEmgths
BRI, Y a L A7 a— IR & %
IfifE 3 L A7 18— )UK RPEF, 2 3 OIS g iR
DWEI R ENREINTED, L GEEBICH
THISHMIREN TS, IHICET, YDA
VR EERRIC K D AR LTS F Ko
Mo, BRZEAEBINEEZ R > 7o XT'F RDFEE S
NTHL, Y LY I VR, ZOVEH ORI
M EN TN 5.

Y 2 OB RE & I FERI T 7L
ICBWT, ZORIMTEDOFRAE & HERITR U THIHIRY

0 P-450

ﬂ sesamin

I T e, BWIRBICEIZBEDOWTRIC K
DG EZS> TS, LA LAEDNS, ZOAN
ZALICDVTEARAGZRNZEEN TN 5.
ZFTCARMIZE T, AV T F R Ths Y
S UM TIERTF R OFEMEIEH & Z O
FRAC DWW TGS L 7z.

1. A9V IJ9F+rYBatEYI>O
Deoxycorticosterone acetate
(DOCA) RIESEIMMEZ v McE T3S
MAEERICEIT B1R5T

AR, EIEDOREMZIC BN TIENIC B
BHA—IN—FFTAF (0,) OFEEBERMIMED
FR, MRS LTV EEZILENTVS. Y
Y I VIEIREEBCRIERZH 9 % 2 VA
ENTHY, Y ZOHMIER DI EFAMHIE
OGN CE S, T TABTIE, Y3
Y OPIEIMEERAOME & LTS RICH T 5
FEALIGMEDBE 59 % MM DWW T DOCA & i JE
ETIV W THRE Z1T-o 2.

LY IVEI%EA LR EEZ 2 2K

Figure 1. Chemical structures of sesamin and its metabolites
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D, Zw b DOCA EHEFAFENE @ I E D FIE AR
I E N7z (Figure 2A). SHEEEIYIRED i E 1%
Y I VHEIIC K 508722 1) 75> 7. DOCA
BHELEIC X 2 MED 71 SOD B TH %
tempol DALE (1 mmol/l; kK E LTHRE) &
H0FLEIVEY, RSV VBXTE ROy
ouF7 YR (ZNEN 2 mg/L, 40 mg/L B&X
U 25 mg/L; fokbk & UTHS) 1Ic k5 3 FREIE
SEOFFHALIE (triple therapy) & &> THARICH
filE Nz,

HEB KENARIC B % 0, DEEZRIE L L
T %, DOCA BHfifliEic X b KEIRIC BT 3 O,
RS MM RLTEY, TORREEEY
S VHERUC X D BEFICHHIE Nz (Figure 2B).
tempol UEIC K > THLHEGHIRILIEHNRS 5
N7, triple therapy (58X Z R L 72
a5, 0, BRICIEHEZEA G-
Te. EHICMERECET 2 0, OEEGHEERED
U EDEEZ SN TV % NADPH oxidase DR 5

IKDWTHEI LIz T A, I VEIUCKD,
DOCA BHELEIC X % 1l N NADPH oxidase D%
Bl (p22phox, gp9lphox K U Nox1) ¥ K U#
FRIEMEOHADNFHICHIHIE N, Y I UEIICK
ZHALVEH OB O —# & L T NADPH oxidase
WS B HIHIVER OB 5AVRS E Nz,

T 2 VEEEB KU tempol ALiEIC X D ME O,
PEAE & DOCA BHEFAFME R MLEM & B ICBEZF I
flEnzc s, 0, IHAICK DI A
INBTEHNRBENT. —FT, triple therapy
B EBHE RN Z R UIZICEED 5T, mE
0, EAEDK FIFFEDSNIah Tz, ThbDT &
nH, Y I VEIICK D AHSNTMmE O, EED
i & M SN K 2 R EH Tl A
WD EEDbNG. TLA, Y I EIDMEN
NADPH oxidase O #llii| Z /v U C I O, 4 %2
L, ZORER, @i EoERIIH S Nz fert
MEZBENS.

A B
Sysiodic Bibid [HCEsUTE “': prrduCisnn
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Bl poca sempat ] 00CA + iriple therspy
Figure 2.
(A) Systolic blood pressure measured by tail cuff method after a 5-week treatment period
(n=13~14).
(B) Vascular O, production estimated by lucigenin chemiluminescence in aortic segments
(n=13~14).

Each column and bar represents mean + S.E.M.

**p<0.01 vs sham + normal diet, 1p<0.05 vs. DOCA + normal diet, 1p<0.01 vs. DOCA + normal diet
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2. EYIvonEnEFRICE TS EYIY
Y DOES I S1RF

LY I VEHEED SRIRE NI, AHEicB
T methylenedioxyphenyl DAL, €/ 17 3—
KD 2 0GP 7 a—)UKICAEE NS T L DA
EmbioTWws (Figure 1). % Nakai 5 2 l&T 1
50X 2 REWID in vitro I B W THIEEILIER
ZaRY T EME LTS, ZTTITRIC, Thbt
Y X YD EERIC & 5 NIRIPE— e e 23R
(NO) @ bioavailability ti# % /v U CHimE i HAF H
ICBGLTWB EDIGEZT2T, Matztfro k.

LY I UREPO S BREERIC A T a— )V Et& e
A9 % 38 (SC-1, SC-2m BXKT SC-2) & in vitro
ICHBWTHRNZE O, IHEEH Z/RLTZH, M
WKATA—IVERZEETZRVED (SC-1m) TlkiZ

A
[[LECE :l el
- kL L RN e . o lm
B . Ean|
= EHNEH
I AT
E ook |- 5
= Y fpn® B sz
ﬁ :llj_l EI Beii
E
3000
| K]}
4]
Figure 3.

relasabion [%a)

EAE O, IHEMERDRS 5Nz T (Figure
3A). HWVWT, THNSRBYOIMEISTEICH L
THZBWHCDOWVT, v Mt KERY > 7
EARZH TR LIz T 5, &-o & il
D55 SC-1m B X T HIREI(LIERZ 69 %
SC-1 1€ & O E 7 N BT A M I st S G
MR E Nz (Figure 3B). 72 OMIGIE—E(L
SRS (NOS) HEHETHZ N- =+ L
7)VF = (NOARG) HBXURENT T =)V
75— (sGC) FHFHTH % 0DQ DULEIC X
DI SNz e D, Y I REIC
& % M SIC 351 T NOS-NO-sGC DB L
WS E TR > T, 29 I I K 2 it
TEH & AR G & ORI IZHBIBI RN A 5N
9, LY I UREMRPIRILERICKET 52 &
%<, T MEHIME I BT NO R M it

B
SC=lm SC=1 SC2m 502 liron

4
S
Bl Wl bl +
T D endathelium -
B

(A) Effects of sesamin metabolites on xanthine/xanthine oxidase-induced O, production

(n=3).

The final concentration of vehicle (dimethylsulfoxide) was 0.5%. Concentrations of each drug: 50 uM.
(B) Effects of endothelial denudation on sesamin metabolites-induced vasorelaxation.

Vasodilator response to each sesamin metabolite was expressed as a percentage of the response to

phenylephrine (1 uM) in each aortic ring (n=4~6). Data are expressed as the mean + S.E.M. **p<0.01

vs. vasorelaxation in endothelium-intact vessels.
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M7z s | e 2 g ATREMED R E Nz,

FL T, SREE2EMIC NOS ZBHE U 7z @il e =
k& eNOSEIE TR VA EZHWT, Y IV
BHUC X B HimmErERIC I3 % NO PELEROMD
DICDWTHGET LTz, Y IV OHBERROR G
DOCA BHZ v B\ TiE Skl z R A LT
HZEBRBERSZR T Ulzh, 18MEMIC NOARG
ZRG LT LUEENES v McBWTIEHS
TIERZRE Iz, £72 NOARG 5 & [FIRFIC
B 2 VEREBG LT, 4 ERNC D B i EAE)
ZRE LD, Y 2 VHEENE NOARG # 51 K %
I EFISH U THEEFR 2R E G oz, &

170 -

160+ wild - type

150 1
140

1307 kK kK

k3

1207 Hpr
1104

Systolic blood pressure (mmHg)

100

170
160 | eNOS - KO

150 ok
140 -
130
120
110-

100

week

5IC) W AICHF % DOCA £ HERAFEME i i JE 12
LT, Y I VEIETAR< Y BN THEE
R EFHHIVER 2R UTe Y, eNOS s#{n /R 4H
SYACBNTCEMELFIIFEA LR EZ 5275
o7z (Figure 4).

CNEDRERKD, Y I KB PiEMmElEH
I eNOS Z/T L7z NO AT AT LW b THE
THdHTENHLMNEIZST. ORI, &
Y I NS K B HiEME BRI 2 X U REIC
&% NO AR M E SR E SR HRICR 5 5 2 &
iR RS H5EDTH 5.

*k
sk

week

—o— sham + normal diet - DOCA + normal diet —&— DOCA + sesamin-containing diet

Figure 4. Effects of sesamin feeding on DOCA-salt-induced hypertension in wild-type
mice (n=9) and in eNOS-KO mice (n=5).

Data are expressed as the mean = S.E.M.
**p<0.01 vs. sham + normal diet group.
p<0.01 vs. DOCA + normal diet group.
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3. AVHER7FrORENEXAICEY S
tREd

A~ DR NT El ) 72 BRI iR L Te T
F Rik5) (sesame peptide powder, SPP) & in vitro
KBTI Ty AR (ACE) [HE
R RTTENHO N ER> TS Y 2T T,
SPP Dt EAEFH DAL Z DIEHIC ) % ACE
FHEVER OBD D IS DWW T EIfEHAFERET v b
(SHR) ZHWTHE 2T T

SHR IZxf9 % SPP (1 %W 10 mg/kg) DH
ERR O SE, &5 4, 6 BXRU 8 KifEZIc BT
HEERERIGZRE L. SPPHICEENS 7H
@ ACE [H#E X7 F K (Leu-Ser-Ala, Leu-GIn-Pro,
Leu-Lys-Tyr, lle-Val-Tyr, Val-Ile-Tyr, Leu-Val-Tyr

A

_o- vehicle
200
_ -4 SPP, 1 mg/kg/day
ED -+ SPP, 10 mg/kg/day
g
E
2 1804
7
g *
)
IS}
2 kk
5 160-
E
ES
1)
0 ‘ ‘
-1W ow 1w 2W
Figure 5.

¥ X U Met-Leu-Pro-Ala-Tyr) 7 SPP 1D &4 %
WKIGCTRA LB D2 L, SPPHICEIT S
faat (0.363%) IC)S U T SHR ICHEIRE 14 5
(3.63 3%\ id 36.3 pg/kg) L=k T3, SPPIC
K BIEERISD 75% ~ 85% ICHH X9 % H %%
FERISHH BNz,

X7z 28D SPP (1 &%\ & 10 mg/kg/day)
HHRR R GIC KD, SHRICBT A1ME EFIEH
BIRENICIHI S (Figure 5A), KEifiRB X U
Bl 3517 2 HHHKN ACE TGO BRI AR
&Nz (Figure 5B).

ABZRIC K D I X 287 B K D #lih U7z SPP
DRGSR EM Z7R"d T &, TOfE
&30S 7 #D ACE BHENTF RS9 % C
EHRENTz. 7z SPP Efiit 59 5 T kick

B
50 plasma 0.4 heart
40 03
30
20 0.2
@ 0.1
5 10 I
E
2
% 4 kidney 50 thoracic aorta
<
B 3 40
<
30 sk
2 *
20
! l 10
0 0

|:| vehicle D 10 mg/kg/day

(A) Effect of repeated oral administration of sesame peptide powder (SPP, 1 or 10 mg/kg/day) on

systolic blood pressure in SHR.

(B) ACE activities of plasma, heart, thoracic aorta and kidney from SHRs administered with SPP

(10 mg/kg/day) or vehicle for two weeks.

Values represent the mean + S.E.M. *p<0.05, **p<0.01; compared with the vehicle group.

Vol.1 (2007)

141

D, SHRICHB Bl EAEMHE N, T OrEH
IIEKENR TS K BRI 507 2 #H#% ACE 7 PR H0 ]
IRDBEFRT 2D EBDND.

BE tyIvickshiantEFHOKTE L
T, NADPH oxidase < %} 3 2 #I#il/E A & X3
&K% 0, HEMFHZN LIS BT 5 kA
N L ABROBE GV RE NI, T HITEYIC X
ZPBE/ERNCELA U sw NO PEAE FUEVE T & 1f
JE FFHI O EE LT DO—DTdH 5 T LA
Ulz. Eled= 2 87 EHERTF ROEEI
SHRICEBW THE LGRS Z5 | T T LN
REN, TOEADRAHZ AL E U TMmERICH
3% ACE BHEHERH OB G &R E Nz,

cnbDT k&b, dXVIF VRN THEE
YPIUHD0IEIIRTF R D EE A
ZHTAIEMNFIAEEIND L & EIC, ZORENE
H#ENHSEM oz, Lizho T, dvHisk
O3 & U B AR BRAR IR B IC B W T, TRIEY:
FICEDDTHEHTHSED LI FENS.
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Structural Function of C-terminal Amidation in Bioactive Peptides
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As a part of a series of elucidation of the structural features of amino acids and peptides caused by
C-terminal a-amidation, the crystal structures of C-terminal amidated amino acids and di-peptide hydrochloride
salts were analyzed by the X-ray diffraction method and compared with those of their C-terminal free acids. Their
conformations are almost the same as the corresponding unamidated ones except side chain. But as for the molecular
packing feature, the C-terminal amide group tended to form a repeated structure through those hydrogen bonds in which
both amide NH and O=C groups participate. The chloride ions are located between the neighboring amino acids and
peptides and are bifurcately hydrogen-bonded to the respective amide NHs, leading to the sheet structure. Furthermore,
the hydrogen-bonding features between the amide and carboxyl groups and their function in molecular packing were
discussed based on the results analyzed so far. While in order to clarify the structural function of the C-terminal amide
group of endomorphin-2 (EM2, H-Tyr-Pro-Phe-Phe-NH,), an endogenous p-opioid receptor ligand, the solution
conformations of EM2 and its C-terminal free acid (EM2OH, H-Tyr-Pro-Phe-Phe-OH) in trifluoroethanol (TFE),
dimethylsulfoxide (DMSO)-d,, water (pHs 2.7 and 5.2), and aqueous dodecylphosphocholine (DPC) micelles (pHs
3.5 and 5.2) were investigated by the combination of two-dimensional 'H-NMR measurement and molecular modeling
calculation and the solid state conformation of EM20OH was determined by X-ray crystal analysis. These results show
that the substitution of a carboxyl group for the C-terminal amide group makes the peptide structure more flexible and
leads to the ensemble of folded and open conformers. And the conformational requirement of EM2 for binding to the
p-opioid receptor and the structural function of the C-terminal amide group are discussed on the basis of the present
conformational features of EM2 and EM20OH and a possible model for binding to the p-opioid receptor, constructed
from the template structure of rhodopsin.

Key words— C-terminal amidation; endomorphin-2; molecular conformation; crystal structure; NMR; molecular

modeling calculation; p-opioid receptor
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Table 1. Summary of Crystal Data Collections and Structural Refinements

Tl H = O ValNEL=FIC ThrexH,=HC SerMH, - HO
Crystalingraphic data
forreala [ TELS | CH 00 CaM a0 TN
odeslar wriphe B A5 152 52 154,60 180 4T
crpvihestion solvem TR TR ] Sl L Al i ([E4] MelaLD
crpuial wpuiorn oy i oy | [La e S [T T
C ] F P LI P
il el i
, & TATR{) el K] 10k BRI 6 THNTE
o & EE N FAINND 15 0] i ST
. K (R AT LE T o T N} (L Th R
" [T LIS LT E LR T
wolure, L' 465110 LLLE L] TH N} vkl e
Fa 2 2 i
Sirwrinral rofinreenl
s ool mrrapee dats mcasd E 0] EA 1] TId &
na. of eellectssn wath ‘el T Tix T Lov
ma, il wanabics prefined o 1 E3 £.2 ]
B () e =Dl et (0 R CLOFRT RS [T ] DR 1%
B (sl i all dta T {1 6T [LNAEAT: S [T T N ET ] B0 0 1825
pocitari-ool B of F (Lo BT 1 e [EL!
BleaNH-HCT  TepMil-HCT  GioNHAHO ArgNH-HOL
Crvtallographic data
Frarmails CaH MO0 L0 CaH i wleCl CaHisddaiss
bl il 16468 2070 18063 |
crysallst aodvpal WA B O HLC¥ WD O Pelic ML A
cryual sysen [ S TR e hmic Bl s,
P gTi Fl F FL Flll,
i orll dimeanssm
a Ak 150N TEMNLH TT41415 TR
kA 4 o ST T AN
& 1), TRé{4) [ERL ] HLEI&1] & I
[ AN [LetBI )] b= L]
wolume, &' 4T A R L] 40 &1 (e B
= ] 3 | 4
Seructural Fellsrment
s ol g dais measd a6 | B0} 816 1 M4
B0 of reflecriont sl J-2o i Al [ia L B 17
an ol vk fefisd 0 14% 5Ll 137
B w0 o B 200 daiia GO0 MG LN R Q0 N 13T DS 1700
B i) fow ol oty O BN LIERTIT N 0 N 11T 0 172
Finsdiiiof- 1A o B (R napx (KT [T
ValGihv-MH; Ser-Phe-NH; Gilv-Tyr-NH; Fro-Tyr-Hp
«HCl «Hl «H = H
Crystallegraphic data
Famiely LM ity Loy Ly LM oty i H ey -
RC1 Tn | 1 HaO HCI= 160
mesleculad neighl 1968 I8T. .13 LR i)
cryaral ystem moaacl i Dkt BT ot hor i car b aftherhombic
Bl AL F1; 2 e Fldid Filidid;
mi orll dimemuionm
a, A LTS k26T RASRIR) LA pir ]
A& ENERAS] IDOTHIH TR0 Ramh
&k LAY L e | L3742 XTI}
B" RS AKX
vodkarmer, (A" LHE BTl ] IRRA RA) 1450 WE) 1500 &4
F4 2 4 4 L]
Structura refinerment
mi ol an kg Jats maeda. [Eurl £ 1547 I
s, oof weflecraona with =20l 952 [ hral 1337 411
s of virabies refined IhE LGk e o
Rl fowr = 2omT) daria OaFRJ0 I M Gl RO OOFMOINE) DLOARID 1)
KR} i all &ata 0080 0135y DA, 104 OLDES0. | 355 DoY)
ipeadaias-ad o 1 254 koLt 0982 1.5949




146

(d)

Figure 1. Stereoscopic View of Molecular Conformations of Val-Gly-NH2 (a), Ser-Phe-NH2 (b), Gly-Tyr-NH2 (c¢) and

Pro-Tyr-NH2 (d)

The corresponding C-terminal carboxyl peptides, except for Val-Gly-OH, are superimposed on the respective
C-amides with thin lines. Two hydrogen bonds of a neighboring O(2') atom or CL anion to the amino and
amide NHs of (a) or (b), respectively, are shown by dotted lines. Hydrogen atoms were omitted for clarity.

F& 0 JF+0 van der Waals % (2.6A) KU Co-H
O DMBENSHW LT Y KEMELEVZDEES
7% short contacts A%, ThrNH2 ZFrETDOT7 2/
M7 X MADOK MG THREE NIz, £ O—flz
Fig. 2 (@) IC/RLTWSH, TDXKH 7% Ca-H-0
DK G OH kT 2 /5 (Fig. 2 (B)') R4
o TOMEEETERENE T EMD, W TL
& C- ARty 2 FMEICKEKT 2 D TIRENDNS
LR, ULnL7END, ZOREEE MENSZD
KO AR OEKRAREIIE, OHIAK D ET I R
AKDIEIMEDRKENT EARBE N

OH & ® zwitterionic form *® 7 2 F{A® neutral
form O %4, Co-H--0 DM AAEHIE NI-H--01°
(OH &) &2V N2-H---01’ (7 2 K&) OWH
TER7ZES T2V, ZD X S O EERIZ,
OH A% 7 X R{AD HCl HEOAS MG TIEIERICE

NT, FEALOHEIEELM—HOAREN
%. 2O END, Co-H--0 OMELEN OkER
) TEKEESIE HCLIEDE R, 7 X Rk & i
% 2D Cl L DKFEMAIC K D EAICHED S
NEZOTENNEVI T ENEZILNS.

2-2-2. Cl' A4 v EDMHEEMERRD AR

Fig. 31C Ile D7 X Rk OH (RO fiid T R
5N%Cl BN LRy F 2 TR O—# %R
TW5. WHEODFRMEAFRAKEXZ KRS % &
72 1k (Fig. 3 (2) DB, CA7 I /5T
™ CI" 247 LT ‘head-to-head’ % 1 7" Tl 1
EHERIINIC —AIKFEMB AR L Tz, Zhic
X LT OH 1A (Fig. 3 (b)) DLHE, CIZr LT
N-RK7 X HE C-RAIVARF U IVEEDZ HITHEE
9% ‘head-to-tail %A 7DV =7 —ix/kEES
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(b)

Figure 2. Intermolecular Ca-H...O Interactions. (a) MetNH2 - HCI and (b) MetOH - HCI
The thin lines show hydrogen bonds. The open and meshed circles represent hydrogen and carbon atoms. The
nitrogen and oxygen atoms are shown by the circles marked with crosses and dots, respectively.

(a) (b)

Figure 3. Interaction Patterns between the Amide NH, or the carboxyl OH and Chloride Ions, Observed in the Crystal
Structures of [leNH,-HCI (a) and I1eOH - HCI (b)
The thin lines show hydrogen bonds. The nitrogen atoms, oxygen atoms that contains water solvents and
chloride ions are shown by the cross, dot and shaded-marked balls, respectively.
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Figure 4. Stereoscopic Views of Spatial Distribution of Acceptor O Atoms or Cl Ions and Donor OH or NH Groups
Hydrogen-Bonded to a C-Terminal Amide Group (a) and Carboxyl Group (b)
The donor groups, acceptor atoms and acceptor ions are shown by the black and gray circles, respectively.
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RIS U CTHIFIE & agonist T MDD TEWLA
MAEA A RXTF KT, Endomorphin-1 (EM1),
Endomorphin-2 (EM2) (Fig. 5) @ 2 fifENH 0, It
I C- Ry 2 MMeE N7 3EEHDOD AN FZ S
HUOT N SRTFRTHB. Y cnbliTF
ROTEMEFHBIC BT 5 C- K 7 2 RMeOEE M2
ERT ZHICEML, EM2 U ZhZh o CK
ifi OH f& —EM10H, EM20H ® % €4 1 R %
(- G & LT 2 —icxtd % A & agonist,
antagonist D) Z#ME L7z, ZTORIR (Table
2) 7 2 FMEE 7z EM10OH, EM20H @ pu-L &
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Figure 5. Chemical Structures of Endmorphin-1 (EM1) and Endmorphin-2 (EM2)
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Table 2. Receptor Binding and /n vitro Agonist Bioassay

Compound p-opioid receptor E-npinid recephbor GFI assay MV assay
Ki(nMy Ki(nM) {p-opioid receptor)  (G-opioid receptor)
1Csp (nM) 1Cs0 (nMd)
EM] 036 + 008 150 £ 170 101 x£1.2 36,3452
EMI10OH 200 = 19 1500 = 185 4032 + 433 =10t
EM2 069 £ 0,16 Q230 = 303 S80=04 344 493
EM20H 200< 19 3950 + 260 =10 =10°
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(c) &2 U DPC micelles H' (pH 5.2) (d) @ fitting %
RUTEW, e FEkOEmA RSNz, ) BB
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FED T Population #2175 72, Z DR 7%,
'H-NMR ZX7%7 kN )VIC & - T B Nz tricis- DIF
TELl, SHAERP TR T F FHE D 15 % ERAIKEE

-trrminad
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Figure 6. Stereoscopic Superimpositions of Backbone Structures of 30 Energetically Stable Conformers of #7-EM2 in
(a) Water (pH 2.7 and 5.2), (b) DPC Micelles (pH 3.5 and 5.2) and of Zwitterionic cis-EM2OH in (c) Water
(pH 5.2), (d) DPC Micelles (pH 5.2)
The conformations are overlaid so as to superimpose their Tyr-Pro backbone chains.

LS
ov 44

Figure 7. Stereoscopic Views of Representative Four-type Conformers: (a) rS-type Open Conformer of #-EM2 in
TFE, (b) n7-type Open Conformer of #7-EM2 in Water, (c) F1-type Folded Conformer of cis-EM2OH in DPC
Micelles, (d) F2-type Folded Conformer of #-EM2 in DPC Micelles
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Table 3. Summary of Overall Conformational Characteristics of EM2 and EM20OH in DMSO, TFE, H,O (pH 2.7

and 5.2), and DPC Micelles (pH 3.5 and 5.2)

solvent HE0 DPcC
p———— DMS0 TFE
ehecironic formi pH LT pH 5.2 pH A5 pH 5.2
En2 cledrm 022 civitr = 123 clir = 1% eirr = 2=3 I i
| opentrsny |ngetneea] — —
Jrany
goiiceation —_ — open (rS=18, nT=12) _— Eﬁ:{""lm
irfslL nTuTi| ax -
mesiriral wopen (ris=3) *.H.PJ"!“.
9 5]
1 open (rS=7, nT=2
monocation | —— i fold (Fiel, Fi=d) =
EMZ2OH elptr s 112 clsatr = Iz1 clpdr = 33 A fr olgrir s 112
spen (FSsh, nTe11)|  open in7sllp | oprs (rSsd, n7=14] |spen (r$s2l. n7ad | spem (rSa1z, aTsd
et fodd [F1=7, Fiad} | el (FL=18 F2<8)| fuld (FIE F2=d) |  feld (FE<T) || fold iFbal, Fl=g) | Fold (F1=30}
frana
spen (rS= I8, a7s10)|
R At _ o frsel (F2=X} e — —
s, Felid (Fl=34) feddl (1= ""ﬂ"ﬁﬂﬁ:‘i' "*&'ﬁﬁ;m‘" o Fald (F1=30)
e ——
T, AEHM — — o S]] _— A P

Open and fold represent the open and folded conformations. rS and n7 in parentheses indicate the reverse-S
and numerical seven-like-open conformations; F1 and F2 represent the folded conformations in which
hydrogen bond is formed and not formed between the N- and C-terminal polar atoms, respectively. The
numbers following these symbols indicate the number of conformers that belong to the respective categories

from a total of 30 conformers.

&IEIC Table 3 IR U7z, Wi D IRE WV IE pH
RFHIC 5N %, Wb, EM2 GF-—EHThHN
W pH OEICH IO 57 2 IV T b, tricis- DIF
fELIE &< U TH > 72h, EM20H Z[6—1AlET
HoTE pHWEZNEX T IV T b, wrcis- D
fFEHIT R R > T, £ LT, EM2, EM20H ©
tr/cis- DAFAELELE, TABEOREES pH DEWNC KD
F A, &L IEEM2 I o-1&%, EM20H i cis-
RIDMENLICHAAET BIEAICH 2 T b o Tz,

3-1-2. a2y 74 X—¥avDkiy

BRPTOIAY T+ A= 3 VORMELT
EM2 (ZTA ORI tr/cis-, BAHREBIC DD ST
rS-type @ open conformer MENICFAEL, [F—

B THNIE pH DEMNEZ > TV TEELLHT
NMR A7 ML7Z/RS T &5, pH DZE{LIC K
DZDAVTF A= 3 VIFEE AR ERZT
TWEWEWS TENEABNS. THUIHLT
EM20H (3 & faj IR A& I {& f# L T open conformer
IhNZ T folded conformer MHAFE L, HFIC cis- 1k
Tl& Fl-type BMENI A2 7 4+ —<— & UTHEE
LCW/z. %7z, pH 3.5 ® DPC micelles i %5
WTEM2 FRRIZE AW - A& L TIFIEL TV
7z, pH 5.2 Tldtr:cis = 2:1 DFETHFLT
W, LT, V74 A= 3 YORRNEE
ICH BNz EREMICREEV pH 5.2 D
DPC micelles F1°C, EM2 (& K5 tr- AT open
conformer M XY ¥ —aAv T+ —<—& L TH
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ELTWieh, EM20H & tr/cis- Hic Fl-type ©
folded conformer UMEEL TWiah - 7z,

3-2. EM20H D SRS bt

EM20H o Hif 513 NMR Ol E &t & 4 < (A
U pH 5.2 DK 5, RKILEGEIC X D iR
WrrlRER B OSHRF L LTIR B T M TE
To. FRETORR, 185N 7z Crystal data K U i
WgitiZz Z 2N Table 4, Fig. 8 IL/RLTW5. JE
SRR BT S LA Sl 22 I 3807 7 EM20H 2 431

(£ Z N Conformer A 2 U Conformer B &9 %)
ETHDIKDFHEEL Tz, Z L THin 1t
I zwitterionic form, Tyrl-Pro2 ® X7 F R i5&
MW cis- KD, ITRPTHENTAI Yy —aV T +—
N —Td % Fl-type ® folded conformer % H{ > T
Wz, Fiz, KD TRNUTOKESEDS{aY 7+
A= g3 YOEICKRELSFLGLTWVS T EAVR
I N,

—77, X-RRAS A G AT D 515 b NTAS G
&, NMR A7 MVin 5155 NI TS S O

Table 4. Summary of Crystal Data Collections and Structural Refinements

Crystal data Hefinement

Relincsent methoxd! Full-matris leass-squancs on =
nurmbser of paramcters: 19

Final R-indices] P 2ol 8 =0.0659 wl2=0.1391
Keindices {all dsta)e Ri=0010114 wi =0 | 667

forela; CigHuMiOy = 3.5HA
formla weight: 615,70

crysial habit: clear cokuless mewdle
cryszal size: 00 =01 = 0]

space Girepe P2, Larges ST, peak snd hole, ¢ A 0,367 sad 40142

crvaal sysemc mhondod i

a= 12681 A, P=100 325,

bt SOAR T AL PR N A,
=25 BeS 3 A, =4

FIO00: 1356, gl Mo Kix1: 0.09% mm '

Naia Calleciion

Gslness-al-it o F= | GE

vavckenpth/ Temponatune: 0LTI03 A NI20K  Index ranpes: -1TSAS IS -BShSE-F5hE 1

Miman- 56547
no. of ohserved reflections: 20,7403
B 0053

n. off reflections used Tor refinemens{ 5> 2ol 9,580

Conformer A

Conformer B

Figure 8. Stereoscopic Views of Conformers A and B Observed in the Crystal Structure of EM20H, together with

Hydrogen-Bonding Water Molecules

Intermolecular hydrogen bonds are shown by broken lines. The displacement ellipsoids are drawn at 70%
probability level. The atomic numbering of water molecules is also given as W1 — W7.
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Figure 9. Superimpose of EM20OH Conformers by X-ray Crystal Analysis and cis-EM2OH Ones in DPC Micelles

(pH 5.2) by 'H-HMR Spectra

Conformers of EM20H by X-ray analysis and by "H-HMR spectra are represented by thick line and thin line,

respectively.

M2 BT2DIC, HikhMiED Conformer A, B &
pH 5.2 @ DPC micelles #1 T3 5 11 7z cis-EM20H
D 30 MHOMIE L DHEAEDEZIT> /2. TORR
F R O RMSD 23449 0.6 A & IEEICHFEMED E W
AT A= areERLizZ &b (Fig. 9), Fl-
type @ folded conformer A% EM20H O fy % 5E 1
D—DTHBHIEMNEZLNS.

3-3. ;- AEAAL FLE 7% —EF)NKN)EM2
ED Ry F VT EFINORME

DL EOREE & 1H MBI OS2 S F 2T, LD
BN THEET B EM2 DEDR AT DAY T % —
R=EEI YT A A= a v LTGELTWSOD
MeWatd 54, £IUAEEOHSMIEINTHY
BOp-F LA RL T 2—ETI)IVZMEL, D
T EM2 & @ docking study 5 L& 7 2 —741
OB ZER L.

Fig. 10 &7 2 /BESIC LB EL A FL+
T2 —ORER AN Z R L TWVS. KITRT XD
IZ, AEAA R L7 % —I1& N- Kb Al e 44 st
(EL: extracellular loop), C-7 i /% il & PN A8 15 (IL:
intracellular loop) I fii& L, 7 fiil oD B & 58 57 %
920 RT7V 277 I)—IKBT 2ZAEKT, K
SN B2 AR D V) A > BRI BB
Thsdr b TWVa. ZTT, TNHO—RHE
WIS p- A A A R T Z—icfLTT7 2/
FEBL A OAHEPEAD R & T i <, X- KRG Sk AR AT

TN TV 3 EEFE rhodopsin D&M 2 5
MRS & L, DS Modeling D€ 2 —)VTH5H
#HREOY—E7TY ¥ Modeler' % VT L
RRESERHD p- A A A RL T X —ZHEL
. oL S A—ETFIWRUCYH Y RED
binding ICEE XY X/ #HIE%Z Fig.11 ITRLT
W5, BHICEM2 ED Ry F T ET VMR
BIeDICLITDT LBV NI, Fig 10 LT
Fig. 111”9 & 51, BEIC Mosberg 51 &> T
u- AL A R LY T Z—DE A F 72 R
5, "% BL2 : Glu229, TM3 : Asp147, Tyr148,
TM6 : His297, TM7 : Trp318, Tyr326 D&l
D7 2/ WEFIMNY A R ED binding ICEET
HBT EMPSMICENTVS. R E @
D Asp147, His297 #IIEA A A FL LT 2 —
MEXEIC, AIRAVEEIO Glu229 FFEIEY 7> KD
BIRPEICRHAERTH D L b TV, X,
WA EA A RXTF ROk & BTG & O
BIFRIC DWWV TIE Schwyzer® B2 K-> TIREE N
7z “message-address concept” IZHEDINTHHL S
NTWVa. ZoXIcENE, VA2 FHIO Tyr
DT x /) —)IVEENFF D N K7 X /B
AROFEIEFEH (X v — L BRI
), CRIEY 2 FEMZ LT 2—%2 4TI
X9 2 FEIRMEFRBL (7 R LA @ s REFEBER )
WWHEBICHEG LTS, TNH5DT & Z2RHEIC
BT, YAV RE LU TERBERTE 0G5 N
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ZEM2 D&Y7+ —<—Z M, EhRES T
E71) %7V 7 b Insight II/Discover DEY 21—
JU Docking iIc XKD LT 2—FEF)ILEDREL D
docking model Z#EE L, T3 )LF—HuMEEHE
ZiTo . T OH/R, #-EM2 O rS-type D open

T VECR g——.
H-Il. L.H“n' lﬂm. -.-Jmnm-.,....
(EL I 1N p1me s

res
Y

L S

!

p VENS _wana

Ceiermanal
o LB S e S i
Figure 10. Structural Scheme of Opioid Receptor
Alphabet and three letters indicate important amino
acids residue for the interaction with ligand.

Figure 12. Stereoscopic View of Possible Docking of rS-
type Open Conformer of EM2 (ball and stick
model) on the Agonist Binding Site of the p
-opioid Receptor Structural Model (ribbon
model)
The functional residues of the receptor for
the interaction are shown by a ball and stick
model. The hydrogen bonds or electrostatic
interactions are represented by dotted lines.

F - %, El:exiraceliplar brop

¥ ILzintracettular laap

conformer & @ docking model 7% T )L F —IC
LLUECHRECH oIz, TOETIVDAT LA
K Ui O EA/ERAZ Fig. 12, Table 5 IZ/RL
TVWa. CORMSEHLNERESIC (Tyrl) NH--
OD2 (Asp147), (Tyrl) OH---imidazole-N (His297),

Figure 11. Constructed p-opioid Receptor Model and Some
Key Residues (black letter) at the Binding Pocket
of pn-opioid Receptor

Table 5. Interaction Mode of EM2 at The Binding Pocket of
The p-opioid Receptor

kM2 J-EECEpior
Hydrogen bands or elecirmstatic inferaciian

Tyl BH D47 O

Tyrl LA HIZ9T imbdarole-M

CaMH; E22% (i

Tyrl O A2d0 C={)

Tyrl C=i{k T21E O3l
Stncking Inferactien

Tyl Tepra3

Phe3, Phed Tep21B
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(C-A i amide) NH'+-OE (Glu229) [ Dk ZH A5 i
nA 7T, (Tyrl) OH---0=C (Ala240), (Tyrl) C=0--
OG1 (Thr218) BBV T E&/KHEM G H 2 WIS
A EAEFH OFTREMEA R E Nz, BEIC, Trp293
& Trp318 DA~ R —)VERIZZNZEN Tyrl KT,
Phe3 & Phe4 DR HREDMTAZ v+ 7
HEHZIERLTED, EM2 WL T 2—71k
AT ABOLENICEHF G LTWE T ENEZ LN
%. —7 CRERCHIVAFVNVEZZLY AV R
EDMTRE LT Z—7F LD binding U1 &, %
KU H Y REDFEIRMEICEETH 5 Glu229 TA
F M EAERDME &, 2 ORSSBIRIED A5
BT EhRgENG.

bz & X, -EM2 @ open conformer A
C-AKUi7 X RIEN LI L2 T 2 —01 & OMASE
i BELTNB T EHHLM RS T2,

3-4. /DG

EM2, EM20OH DAL DIAKPTODIa Y T+ A—
3 VRTORER, HHIC Tyr-Pro X7 F RESEICEY
UC tr/cis- 4RDY 1:1 ~ 2:1 DTFELLT, %% 2 type
@ open & folded conformer N ZNZNHIMD 5\
TGOS HIE L Qe £, OV T A—
Ta YO E LT, TEEATH D EM2 & /cis-
KM HH 59 open conformer N X ¥ v —
T4+ == LTFHEL TV AN, NEMATH S
EM20H (& & 1 hil 2 C cis- K TIERFIC N-K i &
C-AK b & DR TH FHNKER G Z K L 7z folded
conformer W& < 65N 7. —7, EM20H O X-
RRAS fR G AT ORGSR, SR PINICINTI ZR 2 0 F
WIS TER T T H S5 117z folded conformer & fiisH
THELUDOaY T+ A= aryzfLTWVWabT L
5, T conformer 7 EM20H DRZIE Y T 4 —
X—D—DTHBHIELNEZALNS. ThHEDT L
M5 EM2 V2 ORI CTEALICTEEY % open
conformer W u-A A A KLt T2 —LiEET S
BROMGERIBIEET Y T+ A= g VITEL TV S
MR ENT. ZLTT DT &I, rhodopsin
DN AMEEZ R E UTHER LI -4 A A F L
LT 2—LEM2 LD Ry F U TETIVOEREND,

-EM2 @ open conformer ' C- Kl 77 2 FEZ AT
LicLte T2 =0+ L OMAEFRICRBEL TH
BT DL RRENT.

4. BbYHIT

DLl &y, FBERT T FOERE
WCHER GRS 7 R FEEaY T+ A= 3 20
e & D& LY T 2—01 & OMA/ERICEEIC
BIGLTWA T AR ENT. e, AWHKD
BN CEAIRRETD O Y T 4 A= 3 Ui D
FERD DG SN, EREEXT T RO
REFEBIRHIC B 5 C-Rhi 7 X FEED R T 9#% &2
MEGL ARG 2 TR DTH 5 &I
bhd. —h, CARE 7 I FEZMHES 7 I FAICE,
BEA U7z K 951 OH 1R & 13 Bz B 7Kk A5 ARkl
SFEMHEERRXDNR SN, 2D, T
FRDOT X/ BRHNC K > TIFFF RSy F
THAZHL, TNETHERa YT A—3 >
THEEVONTVEIIEEART AREMENH %
L& I N, THREML, EM2 & %WV il
® p-opioid receptor ligand OG22 BH 5 hic
5 LMD THRENC L THB. BICHTE
I& p-opioid receptor @ wild type &z UZE#fk % K
RS O TR EFEH UBEE - RIS FL TV
LT EEEBEZTVS. TOHENHEITNE, &
& N TB T % p-opioid receptor & 7%
ligand & DEEEROKS ST DA [EEL 72 D,
ZNHUA Y ROEROY T+ A= a3 Y RUL
T 75— & ORSE RO AL R B R
FIHERMEONE LD LR TE%.

HWEE AR ZZITT BICH T D B ETHH
TREHHE 2 O £ U RBGERIRY: - HHFES
FRICHEATRHOEZ R LT, KeAWs %
FLHBZICHIOAWAHEE LHRERZHE X
UTERBCERARE « KA ZZCGshN, R mlashl
CHRSEBLET. A2 EDDBICHD,
NMR 2T B JVORGE N TS Z Ot BE LB &
DA WS ZTHE £ L7 RBCERRY: B
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W 20T, P SERRY - BIiEE FIhEE,
FEANS X TR R IR L £9. 8L
EA A FRTF ROEERE N I E < OIS
EHERERZTHE £ LA 2B - M5 B2
B2, BALERIRE - R AREZBIR, 7 AV 1H
V7B AL 28T+ Lawrence H. Lazarus 18
TR OFEZ L L FT. I SICAWIZIC T
THE £ U RBGER R « b 28 D 4R
FAEICHEHRLUET. REBRICAMRZITIICHT
DEFXTF R 2@ 5HE R L (W) b
U —AEVAE RS - R 2 HICEEA T
L L BP9, AREO RIS Bl
& (BHBZE ©) Ik > TEME N DTH
b, TTIIKEIBILHL LIFET.
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Study of the Solution Structure and

the Filament Formation Mechanism of the Tau Microtubule-binding Domain
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Microtubule-associated protein tau is a highly soluble protein and shows hardly any tendency to assemble
under a physiological condition. However, in the brains of Alzheimer’s disease (AD) patients, tau protein
dissociates from the axonal microtubule and abnormally aggregates to form an insoluble paired helical
filament (PHF). One of the priorities in Alzheimer research is to clarify the mechanism of PHF formation.
In recent years, several reports on the regulation of tau assembly have been published. But, it is still unclear
how transition of tau protein from its normal structure to a PHF state occurs in the neuron. To know which
part and what structural change in tau protein participates in its transition into a pathological entity, our
target is to analyze the structures of three- to four-repeat microtubule-binding domains (MBDs) in tau
protein, focusing on the conformational and self-associational features of each repeat structure, because
these repeat domains constitute the core moiety of the PHF structure. We investigated the initial in vitro
aggregation feature of each repeat peptide using the thioflavin fluorescence method and determined the
solution conformations of repeat peptides in trifluoroethanol by "H-NMR and molecular modeling analyses.
On the basis of the present spectral and conformational results, we propose a model of the repeat-dependent
PHF formation pathway of the four-repeated MBD in tau protein. We believe that this model is helpful in
considering rational approaches to preventing tau deposition in AD and other tauopathies.

Key words—tau protein; microtubule-binding domain; aggregation; solution conformation; amphipathic structure

1. BLoIC O BB BENIEE 2™ &8 AR HEIC

TV NAT—5 (AD) EHIEMA B EEN  EAUBRE NS MEREEZIL Neurofibrillary
ST CHRIES B HEIT R OFEREIRZ - &9 5 Tangles: NFT) O DM THBICE DS
MRS TH D, BIMERESEIRICENT 3, 12 BIED AD BIRIE T I 14 K BXTF RORE
Z ORHEDMI L GFREORTIA A X LB TS WA AD RIEDR X8 THBLT37 2041 F IR
%. AD BEOMHRIHITRIC BN TR TS BICHI L OB ERTHS. L LESD, il

KBCHERRE

e-mail: minoura@gly.oups.ac.jp



160

[IEEEERERANE (FTDP-17) TR R Va rOER
IZ & O NFT DIERDMERE & NEREEIRDHBIT %
&, ZURINTEDENTES - BT 57200
THRFHIIICEHEDET A R ENHL N ETH
TETW5. 30 TNSOHMAICHE D ZIRE, XY
DOELEREE L AD F9E & OBRICOWVWTE KE AT
HNEZ > TV 5.

22N BIEWNERG 2N ED—fE
THO, WEHIZMIRNTBWO T NE DL & %
FCHFE LTV, L LEND, &L Uik
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Fig. 1. Schematic Representation of Dissociation from Microtubules and Abnormal Aggregation to Form an Insoluble

Paired Helical Filament (PHF) of Tau Protein
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NBENHEERRMEZIE T 5 (Fig. 1). TERE NI
EPERRMESHIIENIC NFT & LCik& S %. PHF
DIEFITIE, 20 C RUMEEICAEAE T % A M
DEWVKI 305D 7 X/ BERLAIA 3 [l 720 L 4
[ DK ENTCRdY 72 A M INERE B XA >
(MBD) WMEEDOa7 L LTHELTWS EEZ
5N TW% (Fig. 2).79
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Fig. 2. (A) Schematic Diagram of the Entire Four-Repeat Human tau Protein, His-Tagged Four-Repeat MBD
(4RMBD) and Three-Repaet MBD (3RMBD), and (B) the Amino Acid Sequences of These Repeat

Peptides

The regions from the first to the fourth repeat structure in MBD are named R1 to R4, respectively. The number of
amino acid residues in (A) refers to the longest isoform of the human tau protein (441 residues).
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K R1-R4 D7 1 5 X MERkEE
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%7, 413 ThS FOERERIEEZ iz, ThS
W74 AV MEBBRICENTET S 2 TD B
Rt 38k LU, 480-520nm Ic#ex¥d 5. L

ThE Muorescenoe inbensity

SEEX.

L L T T

L] a2 40 & 80
time/min

2o T, TOHNBEZRRNICE=2—95C
ET, 747 AV MEKRZRHMITZ 5. &%, Hik
WTild T % PHF JEEICIEZ B4R L W0 D 5 H Vs B
THBN, AWEICHBOTIIIEREE 2N E &
ZHMNT, 74T A2 MERZIEET 5T EDVAIS
NTVWBRY T AV THBNN) Ve fFEET
J2Ei 7% 17> 7. 3RMBD # X UF 4RMBD i3\ I N &
FRIRFAIC ThS OHOGIEE Z NS B ehy, ZDORE
I AR 5Nz (Fig. 3A). 3RMBD 13 R2 V)
E—hZ2RNTED, lHEDT T A2 MEKED
I T ORE FoMEICERLTWS EEZHHN
%. 2OTEMS, MBDDT 45 AV MEKRICE
WTIE, BV E— O ENERS T EHEIE N
%. ZTT, %V E—MRTF REZEESKL, [
DR E =47 - k5 H (Fig. 3B), R1 £ R41cK?
HOCIRE OBIANE 7 <, R2 TIIEM R HOETRE D
AR 5ENTzDORTH -7z, TSI L, R3
TRHENMEDOKE IR LRZ/R LTz, &M
WICKDIEENSR2, RBRODT 4T AV My,
3RMBD, 4RMBD D7 T A ¥ M, FEOGZ
R T KD, 112K E— hXRTF ROYIPEICD
WTHETT % T £1d MBD D7 ¢ 5 X > MR BEHE
ZfRIHd 2 L TEHTHh2 LEZLNS.
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Fig. 3. Heparin-Induced in vitro Aggregation Profiles of (A) 3RMBD and 4RMBD, and of (B) Repeat Peptides, as
Functions of Reaction Time, Monitored Based on ThS Fluorescence Intensity
The ThS fluorescence intensities of 15 uM 3RMBD, 4RMBD, and repeat peptides (50 mM Tris-HCI buffer, pH
7.5) were monitored after the addition of 3.8 uM heparin, with the excitation and emission wavelengths both set at

440 nm and 550 nm.
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3. TFEBBRRETICEIFZRVE—KMRTFR
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TRIEDKIARF K D £ L S HEKT % &0 5 Bl
WHIRDME BNz (Fig. 4). Wi&EZNZ N TFE 2
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T B EREED 28I CD AT MVOHIE LT
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Fig. 4. Time Profiles of ThS Fluorescence Intensity Changes of R2 and R3 Peptides at Different Water /TFE Ratios
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Fig. 5. CD Spectra of R1-R4 Repeat Peptides at Different Ratios of Water/TFE Mixture at PH 4.3
The sample solution was adjusted to 40 uM in water, TFE, and a mixture of these solvents. Data
were expressed in terms of a mean residue ellipticity(0) in units of deg cm® dmol.
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N7 VR FORKMEZ KL TH D, JaT
OSSR 2 MAEZE S C Lk, 22T,
XOEZ L OMEERESSC ERHNEL, 100%
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Liz. %V E—FXTF RDNMR 7— X Z il
k9 % &ick b, Table 1 IZ/Rr L7z NOE2 &
AR 2B Lz, NS OERZIEICE
W71 7T L CNS? I K b o FEi1IstiziTe,

100 DG T — X Z2HI L, ZhH5D5 BT
IVF—BNC 5875 20 [HOMHE T — 2 25 Y ¥ —
FRTF ROERHMEE L Ui (Fig. 6). WmichEs
DT —%7% Table 2 I, FHIME% Fig. 7 1SR L

Table 1. Number of constraints of R1-R4 peptides

Peptides R1 R2 R3 R4

Total number of NOEs 373 374 273 395
Intra-residue NOEs 208 211 157 222
Sequential NOEs 103 106 82 115
Inter-residue NOEs 62 57 34 58
Peptides 20 25 23 24

Rl R1
M-tereninal M-terminal

Fig. 6. Stereoscopic Superpositions of the Most 20 Stable Conformers of R1-R4
Each conformer is projected so as to be superimposed on the Leul0-Lys24 (R1), Ile3-Lys20 (R2), Leul0-
Leu20 (R3), and Ser5-Ser20 (R4). The upper and lower sides of conformers correspond to the N- and C-terminal

regions, respectively.
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Table 2. Structural statistics of stable 20 structures of R1-R4 peptides.

Peptides R1 R2 R3 R4
Average value (esd)
RMS deviation* (backbone) (A) 0.81 (37) 0.68 (25) 0.55 (17) 0.73 (22)
RMS deviation from NOE (A) 0.093 (1) 0.069 (2) 0.008 (1) 0.070 (2)
NOE violations > 0.10A 10.5 (12) 11.0 (8) 324 13.1(9)
Energy (kcal/mol )
overall 387 (7) 315 (6) 85(2) 335 4)
noe 182 (7) 133 (7) 32 (1) 142 (4)
angle 80 (3) 90 (3) 30 (1) 99 (3)
bond 25 (1) 25 (1) 7.3 (3) 25 (1)
improper 20 (1) 9.0 (8) 6.4 (1) 21 (2)
van der Waals 79 (4) 58 (4) 8 (1) 45 (3)

*Calculated from residues 10 to 24 for R1

R1

, residues 3 to 20 for R2, residues 10 to 20 for R3, and residues 5 to 22 for R4.

R4

Fig. 7. Averaged Backbone Conformations of R1-R4 Peptides in TFE Solution, Constructed by 'H-NMR and

Molecular Modeling Analyses

The N- and C-terminal regions correspond to the upper and lower sides, respectively. The arrow, ribbon and
thin line represent the B-sheet, a-helical and random structures, respectively.
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D IHIVTT MEE, TFEAFE FICBT5Z D
fid & D727 3R T DR R % Fig. 8 IC/xL7z. R3 D
Lys12-Thr14 ORI BN T K E &K mids >
7 RABIIE N, T OESIMANY v 7 AR L
DTV, DEDFLERIEDN R E & OESTH
o, X, &7 4T A MEKEEN W TFE
VRS 40 % B D54 Tl Leul0-Thr14 EHAANY
W I ARNEEZE > TWA T & D, TOEHD
AN I AMEENDIZORGTENT 4 T AV ME
RICIEERETHZ LEADNS.

ZZT, NV T AEWVWOIMEEICEHLT
100% TFEH1 D&/ ) E— s RXTF ROMEEE

N PO EHADINONONE LD E O R D R p P 3 >
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Fig. 8. TFE Content-Dependent Deviations of the CaH Proton Chemical Shifts of R3 Peptide Compared with

Those in Water

The bars arranged from left to right for each residue, represent the differences (in ppm) in chemical shifts in
20, 40, 60, 80, and 100% TFE compared with those in water, respectively. The horizontal line corresponds to the
chemical shift of each residue in water. The upper and lower sides of the base line represent the downfield and

upfield shifts of the proton, respectively.
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Fig. 9. Helical Wheel Drawings of 10-20 Sequence of the Most Stable Conformers of
Respective Four Repeats, Viewed From the N-Terminal Side
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IS, NS UTFERTOMBD DT 4 T AV b
FERBtE L=y MICRD B BNE XA —IEK
ET )V 2REE LT (Fig. 10).
HZIVE—=FXTFRTE, RBOAREHEVACD
REREZ D, £/, RBYE—FXTF ROk
HEHEIE N R (VQIVYK) Bl D B o — bk HiE &

LeulO-Thr14 EHDNY v 27 ZREREE DI —
WTHBHT MDD, 74T A2 MEMIZ, £9 R3
JE—FDBY— MEEICBIFZES, i\
w7 ARG DI KIS K > THIBE NS, X,
T DNV IPVIERGED NS VDT =4 VRO
BTMRT 5 LIC kb, EIER i B TR
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Fig. 10. A Model for the in vitro Repeat Peptide-Dependent Dimer Formation of 4RMBD

Dimer formation of 4RMBD is promoted by heparin. Heparin promotes (a) hydrophobic interactions between
the R3 extended regions thrugh electrostatic interactions, and (b) the successive hydrophobic interactions
between amphipathic a-helical-like intermediate structures of the R1-R4 peptides through electrostatic
interactions of heparin with the polar and/or basic residues of the heparin-induced amphipathic intermediate
structures of repeat peptides. In this figure, the black bars, open arrows and springs represent heparins, 3
-sheet structures, and a-helical-like intermediate structures, respectively. The large and small dotted lines
represent electrostatic (including hydrogen bonds) and hydrophobic interactions, respectively. N and C indicate

the N- and C-terminals of 4RMBD, respectively.
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