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Abstract

Cultural anthropology is an academic field where a central methodology is fieldwork. Words

heard in fieldwork and results of the fieldwork should be fed back not only to the academic field but to people

concerned to be useful for them. In particular, in a situation where a patient meets a medical profession, they play

roles fitted in the clinical context, on which medical anthropology is focused. In such a situation, parts of their

experiences and practices may be invisible to each other, and thus, the results of fieldwork can be effective for

mutual understanding.

In the course of medical education, words and results obtained in fieldwork can also contribute to relativizing

viewpoints in understanding the holism of experiences of the illness, and the structures, principles, and practices

of clinical settings that will be difficult for future medical professions to recognize.
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ZTHTIE, B EREE & WO URT AR
EVHOTo12 74— VR =7 OFREEERL
DD, BHELEE LTI Z L OFBEEIIOVWTE
Z5ZEEFTERWESD D

2O, HENIZEoETHE Y BRE LR
FoOMGRE, [0ZzsREeBLI:] BREEBL
722 E3B D (AR 2010]). [EEE I EE T HEHE
LEIELTDH, ThZOMMIBEIERE
HELELIELTY, REOWZDOREMEDLH D,
R2Z G0y, RLWEarsd s, 2060
RS ICHP I T W e 7 4 — VR Y — 0 —
1%, BELLLI—HDOYUEE|Z, HFEORZL
W, MZZ2RWEROELELREIT BB R
TWBD T WD, EEZTWIL.
FLTCENEZRHLCEZ 2L 61E, FROE
BHEICHEED, ZLTHRELLTCOEREDZ
NEDFEREFIFIOLNTLIERETESS. &
BE-BEERICITEoTLEI ERZELL
3, MZZ2%uoTLEI2dbD0H 5. LA
LG COE - REBRITToTLED &,
HxoN—7 1 vRHAUEBBROFTHZTEFHES L
BB EDDHBIELI. FRLDOERHEIE, H
LORBIEREOLSLHV HeHE 25 LT, %
TIPSR L & 2R E OBBECERIE DR ST
WBWTHARZE O TR TR RWES I 2.

10 A [2003) IZBWTHERDOIRBINE Lolef YA L2 =7 4 =V RV =2 %475 724K (2002 EDEBIELIED) IEFER D
ZIRE LTR#ER - B SRS ATHWTD, SHTIEEEREERBT 22 LIEDOEMBEEHD 1O, T 2 TIRELERK

LEGELY 2.
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FLTRORTEEZ L L TR 28 - Bo - 4
BELwolcbD%, TG00 ELTTIELL,
T 202D LD 25D TIELWES
2 D,

SEXH

BHEF 2013 [EERFEARKFHAFICBIT 5L
L NEFDRE]] BEREZHEY2W [EFH
Bl 544 % - % 55 pp279-285

INHJEPEF 2013 [VEERE I B 1T 2 @FE OB
DEB| HERBEZHEFRRE [BEEHE] &
44 % « 55 5 5 pp286-291

HARHIZ 2001 TEFEHISICE T 2 ME MO
— X =3IF N T T e EBRNEENE
22| RBRRZFRZF B SR H R o8 iR
[HA%#] % 20 5 ppl-19

AR 2003 [EFIZWIZLTGEKE L 2D
P—IRBEIZ BT B E O < LU NN E
2] R H ARSI AR [ HE H AR St
%% %75 ppl19-141

HRARIZ 2007 [AAEIANEEY R—bRT v T~
7 OALAE & R FTREME — [ A0 BIEANER
FR—bA Y M NOSMrLFEZE—] KR
RFRF AR H AR ERR [ H A%
#l % 26 5 pp97-111

ARG = 2008 [EEE O FEE 2 r AL
ELTCORRERE &6 28T — EREAFHEA
DIRE | IMAFE A BB SRETIITER
[HAAC D NFH/ E 0 RG] EEEE
ppS66-583

HAREI = 2010 [BIREHROTR ) 7577 4 ——
FEHR - % © < 2 BIRM ] 2009 4F B E L
frEmsC CRBRRE)

HARIZ 2014 [AAEIATROHE - BIR - EE
VR= PRI T 4 7OFEHFH»L ] BHESR
Eim [HE O BB - U NFHE] Sk AR
pp261-280

WFEETR 2011 [RHRFEEEBE L ANE

#] B3I EFEHER

S - BERT 2013 (B HAEXHEH¥
it [EXEE] %44 % - 58555 p273

SR B2/ BERERE > b UL NI
95 2 & ~DUUHHT 5 HY TR & BRPR D 3L
IRCOBE~] BEXHER2MW [EXEE] F
44 % « 5 5 5 pp307-309

FE5HER] 2013 [R5 - AL D M 2RO T —
(A9 ] 2L, T4 2RES -] E¥EH
Bl [BEFEE] 544 % - 5855 pp299-
306

ETE 2000 [E¥B L CEREAEICBY 2 N
FORE L TR — AR T ARE R I2 &S <
fRiE - ERBEFICT Tl W E S 2HR [BA%%
DIACNFEF] B 45 F B pp39-57

B 2009 [EHEHEEFITEB T 2 LANFEHED
Mb b FlizowTo—FE] WPEETFRE [ME
BE - B K- RTHIC S 2 BEAEHF O
ICRF L] B RIEAEYERERS
85pp77-92

Jere ST PEREZ AZ2E RELHTR

2007 [REAREL FRFE RS R IR E &
KA & k] KRR FRFEEHIHA
AR, RERARRE X F RIS 2 >~
5( —

EERTF 2011 [EEE - WX - BR] BPEET
[ RAEEEBE L AMEE] F3R E
2 E bt pp157-189

EERT 20132 [ AH QXL & HfE S
5 — B - BERARFHE BT 2 LA
DEB -] HREZHEY2HE [EX8E] #
44 % - % 55 pp274-278

EERF 20130 [MEAEFED 7 4 =V T —
7 % GH U TR R R | OARREHE S
& [EFHE] 5 44 % - 855 pp292-298

Fadiman, Anne 1997: The Spirit Catches You and You
Fall Down: A Hmong Child, Her American Doctors,
and the Collision of Two Cultures, New York:

Farrar Straus & Giroux.
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Abstract
ogy in pharmaceutical sciences: (1) technical terms mostly originating from Latin and Greek; (2) sub-technical

This paper reports on a pilot study on the teaching/learning of three types of specialist terminol-

terms that assume different meanings in different contexts; and (3) layperson’s terms that are used by patients
and the general public. In the study, 166 students from two private universities were asked to translate three types
of technical terms in sentences without using dictionaries and then to translate them again using dictionaries. The
results show that participants had very little knowledge of technical terms, but could successfully translate them
with the help of dictionaries. In the case of sub-technical terms, mistranslation often occurred even when they
could use dictionaries. Some of the layperson’s terms were unknown to the participants. We concluded that all
types of terms need to be explicitly taught.

Key words — ESP (English for Specific Purposes), technical terms; vocabulary teaching

1. BUSHIC # 1. 3EHEOEMHE

B[R HIMEOEWHEE
HPIREELE (BSP) &, HEREHhRIEE ! technical terms U hyperlpidemia
THEHATS2 XL 2:ODEEHBFTTH D (B iR ME)
e e ' W 0 SR Rk S
RFEVOBCIBEMMAERERRE, 700 | | egrimim BT 2 BF
HRCHEEI TS 2 EMAFE N2 EES L2012 sub-technical terms 4] : labor
»
&, B4R & EEESCE 1M OB VA TR (HHES%H)
- N \ ST 7
DANTIREST 5RETHBLEZ 5. 3 | TR §§%§u5$%;
ESP IZBWCHMHFEOIREIILEATH Y, E layperson’s terms 1 blood pressure

BERODE THEMHEEE OBRECHEES

bLMEHRINTVWS., LrLl, WERITRCHE 1 OBEMAEZED S v— 71T, BB WA

AR RB T UERL T 2 HENLZ CHVWL L
TWEDOBHIRTH S, 617, EMHEEL V-
THOEZLEDIFEETEZ2HDOTIELL, Pt
L EDZODHEBEIZH T CTIRET 2DEND B
(BF112013). F 1 I3 EEOEE RS

BThL. EERETIFEFELLZLOERDLL, T
TURERX ) VB bIRELTCEHET, B
CBEETTFIR%ZZIT 5 H D%\, dermatitis (JZ
J§ %) < parasalpingitis (I3 G575 A MLk 25, B
BEERGAMEMA) e, HERETHHCEE D

*, a2 KPCERIAE SRHEXULEZV—7  email: smith@gly.oups.ac.jp

b [AEHRTFRE FHEEL
¢ HREIIRFRE FEH
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FDLWRALEDEZINS.

2%, 3] H9FHEE sub-technical terms & M-
EnzdboT, —EHICOAVWLE, HMo
XIROFTRBERIZNT 2L5HBFHEDO I LTDH
5. FRIUEFEOFLEDYE, ZOMFEI L L,
il 21X, “develop diabetes” % [HEIRIR & FE S ¥
5] LIRLDBT, HIRRERIES 5] LiRE
TWEEDNIEFEITL W, T4, FHIHEZBOME
HHEZ, MrWHEL X FRERORMDSD 5
% (Baker 1988, Nation 2001), FEAM) 7c EHEFEH)
AL ARVAL PR N Vi K= IOF (L TN i v (R E SR e
WEEZ 5.

B3, [—f%] EFHGELTESR 0T, BF
BRHWE VG LHMHEOZ ETH D, T,
TTILFEEIRFAZUHNICE 2 T 5 AlaetE
bE <, HbLWHAETOLEREFEOME CHEME T
SLHE DL LY. ZLT, cold (AP <
allergy (7 V¥ —) G ERE 17 v—TIZET
ML EMMAFELFE T IR TBI LT
WL oL WHETH L. zofh, FMAGELES
DETHZIRE—REMHGEOZ V. HEFEANT
FEMHFETI, analgesic TH 225, —MEFIHGE
Tl painkiller TH 5. FIRFE X, FFIHEE T
diuretic TH % 25, —MxFEFIHFE T water pill T
H5., EHINEADEMLTET:Z ESHAME
BY -V XLEHEELTWI D LT 29T, EE
WHEHEL L TEEOEELCHMBE T LI LPRDL
NTWBIZHrbbdala=r—yavoff
BT v (R IR - KRB 2008). HE- T,
[—fi%] FFIHGEE S FEFEERIEEIIEO TR
STh 2.

Mk, EMHGEE T LD 3FEEIIp T LN
52 LTz, ZOfEESEE LT, —RE
FIFGE L EFIFEEL, 3 TICEBLTCWVWD X Ot
EWNTHEEDED, TERT LD TRES
SHEDRENIWEFEZ S, B2, (ERHEE
OEW [F B (0)] ZiEd A, gastric,
abdomen, stomach, belly, tummy &4 L EIEN D
5. INLOMFEERZ, 3617, E0XHEUX
R EFEFERETHELND DT ELEDRD 5.
gastric % stomach cancer & & &#iz T, X DA

AL LTHVWLNS Z L, tummy 1340 RGE
THLZ ELEZZR L ITNELRLLW. ZDX
IIZEERD¥AEIT & o CHEMAFEDIRE 2 NE
THLDOIFMUOHTH L. FEIIHFEOEEICH
T 5 EATHRIE I K D 5 DY (Atay & Ozbulgan
2007, Wang, Liang, & Ge 2008, McDonough 2010),
EBIZ E D & D TR L~V O BEE T 3R A
FIZEZ 2 RE P EWD BEN T AIZH L I
LoTWRW, £2°T, KWFETIE, 1oy b
PR E L CHMAGEICE L THEEQHGD & DFE
Ebohr, T, REOHBORKELEZ %5
EEBEDL LWL TETW2DOHh % AL
7.

2. HEFE

ARFLETIE, 2013 FERIIC 2 D DFILKRE
IIERE T 2 EHU | - 24ERAE, 166 4 % W5
ICHEEMIE L BRI T s R ER L .
PFEICH WL, TR L e —REMHEE
(Zrv=7"1), FEMHE (Fv—72), FFH
B (ZNv—73) Oo3FEEOHEE At 16fET
H5. HEBIIURCEKEZEHTE 5 X D I1T3H
THR L7 fisx, fRHE - EA (1996) 2256 7
vERTHIE LT ((F5R2R).

#*2

TN—7"1 blood pressure, dehydration, dose
(—fHFIHEE) | (s), infection

TI—T72 athlete’s foot, cut, filling, labor,
CEHEMRGE vision

contamination, insulin, electro-
cardiograms, encephalitis,
gallbladder, fungus, hysterectomy

FAEHHE L, IO FIEEZTND
HEBTHEL LTEKREZEEAL (M1, 201,
HEPHo CTERETANTCHEERERZRRALL
(M2). #FAEWHHEFIZIZ, UTo@ED, 1 O
BRFICER D26 R OIEHSITEMO L L TH &
WZ ok, f7, XEFRATEKRIHEA T E L,
BOOWRREZEWTLL D KO ITfERLT:. &
L2, FNFNOEEOROFLALZITITIERL,
EDQXIITEIZE LTIV TH 1~ 3 OB

T—73
(FFHEE
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FEALTH Lo JACET8000’ &\ 9 KEFFEHE ¥ EARGENRET
1) RoFEX%HAT, (A)~P) FTDE EERDVRE L FEFER) A PO 3EHD Y R
MEHAEIZRLTLZEV. 25600 FEFIHLT, =71 (—EMHE), 7
SREMOEETHVNNTT. XEHATE V=772 CEEMMZE) £ 7v—73 (FEMHE
RASHER T = U, BuoniziReEnTl LT
a3, BEZOBRIIHTF v 7 EANT TN—F1E2ITELTIE, HETEEELL
& W, THE SN TWDLDDET V—T2 LT 525,

123 athlete’s foot (FKH) D & HITHARANEEHE
DEEFOME Ao ¢ HEFEFOR] EERNL
TLEWOLLHEED V=T 2108 T 5.

I B2 b5 v
2. XEGARKREHERL T
3. bEHLEREM TV

WEED 7V — 7B LT o E R, BNC-20 3 gm
. (=}
(British National Corpus D BEEE _F 47 20,000 35 )
7oy MR T EEERROKE SVLIOSE, %3, 4, 5187 v— THORERELRT.

£3 Ir—710FE

(blood) pressure infection dehydration doses
il 1 RIEfE 8 94 113 115
1 HEHCIERR 32 26 44 39
fiil 1 : BEEN o BAGECIEME 126 46 9 12
M1 EMOAEFT 158 72 53 51
2 @ FEEMH TR IER 0 4 11 26

Fa4 ITN—T2DFER

vison cut labor filling athlete's foot
il 1 RIEfE 100 143 158 165 166
1 HEHCIEAR 36 17
1 : BEEN O BFE CIEfF 30 6 0 0
1 EMoa: 66 23 8 1
2 @ BEEAH CRIER 25 49 85 84 20

Fz5 Iv—7308RE

electro- .
insulin cardio contami- gall- ence: fungus hyste-
grams nation bladder phalitis rectomy
i1 RIEfE 13 120 154 163 164 165 166
R 1 M CIEME 34 39 10 2 2 0 0
M1 BEEN o BEECIEfR 119 7 10 1 0 1 0
i1 EROEFT 153 46 20 3 2 1 0
i 2 BFEMEH CA IR 1 0 3 1 1 13 0

1 Paul Nation 25F#%& L 72. Tom Cobb 2MERK L 72k — A= X D FIFIFEETH 5. http://www.er.uqam.ca/nobel/r21270/textools/web_
vp.html

2 PRAFEROKR—LR—V I DFIHFEETH 2. http://www.someya-net.com/wlc/

3 JACET OFHFRHEFREARFEWETEERDBNC & b LITHARDOHFEHE O ZHE L TERE L 72 8000 FETH 5. LEiHA
KOR =L R=IDLFFARETH 5.
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INv—=710—KHEMHGETHoTH, M1T
WABERIEDN S LW EFE LT D DD D%
W, =72, 3 LT 5 EIEERIEE S
ToTWb, ZVv—72, 37T, EMLITZAK
DREHPL EOHEET 5 %R (0~8%) TH
ZDITHRL, Zv—717TIiZ30~95% (51~158
%) ThH3. FLT, 4O0DHELT, XRTDH
ZIEERBEEMET 2 2L IETE TV Z L2
#TH 5. blood pressure 1%, FEAIDOHFEL L TIE
AR b E L, HEW LU CREMTH [HE - #
E33] L, FMIGEWERTH -7, HHIE
RR DT > 72D 1E, dose(s) (L3) THo 7z,
HEHI U C b ARIE#EDZ 225 7205, drug &\ D HEE
pIEE LW, TIRAT 21, 3%, [F
ER] L, BT 2 EETRE ATV,

TN—721CH LT, BAOBETH->TDH
HEAROTEWE Thod 2 EEE (labor fHYE © 3¢
13) Z&ix, XRTHHH TS T, SLITHE
o THRIEHENE T 2ME L h o T,
labor D FEFRIL, [, LFE] T EOEKRW L
EBROMIZ, laboratory [HFZE= | < liver [HTi
Z&, BREZUCELL, HERKRTHR > Tl
LTW2DHHMN T, 512, BETfHo 1
HERoHT, [5@, 1FE] LRI 2HIN 40%
66%) bWl FEhiE, [#F% - FHDH) 8% :
14%) RoMhE B% :5%) THLH. Fhicx
L C, athlete’s foot 1%, FEETHL E [7K
H EWIERIPHTL 20T, FIDIFEERIE
RCH o3, FEEMHARITIIEMREI 8% L
o7z,

—7, ZNV—73 OHFEIL, 1 TEL O%4E
D& bR EEMTEE LI,
HrEffiof2 T, BIFERIIBETSTWL
7z, ME—insulin 1X, HARFETHA YRV &P
BB FRLENTVT, HEANZZHIEADH 2
BETCHINO D, EREIFHEHELZLOMLIT
HN% EFEHICEIoT. FOMOBEEZ, [
1 TIEEERIZ0~28% &2 -7z, H2 T3,
fungus 23 92% D IEER TR L&KL, Mo EFED
EZERIT WL L7257z, B O fungus IEFE
OonoTH 13HOREMDEI B T:REE

Wiz, [RY —=7] % [HIE - WHEE ]| &, @
WEE BRI N TOWEWEE Y E I ATV
D, EDXIUEEFIECTCID LD RRERATL
DI RETH 5.

4. EE

P EofER»o, HEHGER, PuEd=D
DOFEFIZ T CTIRE S 2 RN D 5 Z & R S
niz. Zv—73 0FEMAREIE, S E TITEE
BLTOWEWHDOBKYETH L, FEEIUNE
TH5. ZOTNV—TOHEEDOIREIZE W THE
UHEE - BRR (UUF, WHE %A b THRE Affix
E92) % EEIIEHTHLILEEZLND.
Noguchi (1999) Tl, HBFEO—IHONELE L
T Affix ZHE L, WEKTER L Z0 1421
ARARNFRANEEBLT, HEOHKDLIEEY
52 LOBEMEEHERL TWD. Affix o T
BET X, ZEEOAHIIES LD, Affix D
VRUVTERZEZTWITIE, £HobDTYH,
Affix DA E DO TERETEHEST 22 LTS
5 & 2127 5. il 21X, hemoglobin, hemophilia,
hemorrhage 7% & ® i 58 12 L8 @ Affix TH %
hemo- TS T Z & 324U, BloRSEA
FBOFBIZOEIELNDLEDTH S,

TN—=71L21TBLTH, &DITIFELNIE
THDIZED, FERIORBE N, —KEFEMH
FBICODRBOHE 2R VDHLLEEZLNDD
T, BHOBFEOEE bR T, BEALTWITIE
XWwiisrs, 2LC, FHMAHEER, 2HEFELL
THBSIRD2ZILDBRYTH L Z LIPHERTS
72, T, FABFHEEIH-oTWI EOBORE
BATLIOIEAIH L LD THD, FEEDHEY]
THEWVHFEZEELTCWIWE Bbns. HEOMH
WHEED, XIRICHoTiR%E 2 28 EDEE
DL Iz o T,

HEE

AWFZEI, Fpk 26~28 4EE R AR BB &
FHAEHE (C) FEF S 26350206 (IR KFEA
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D7z OHEFIFERELMEFE & DR OMGEE] (FF5E
REEZAIZAPF) OBFERZTT:HDTH 5.
R 26 4E 3 HEEEE 1 ELTHEELILAEI
MEBEZMZT:dDTH 5.

SEXH

Atay, D. & Ozbulgan, C. (2007) Memory strategy
instruction, contextual learning and ESP vocabulary
recall. English for Specific Purposes, 26, pp.39-51.

Baker, M. 1988 Sub-technical vocabulary and the
ESP teacher: An analysis of some rhetorical items
in medical journal articles. Reading in a Foreign
Language, 4 (2),91-105.

McDonough, J. (2010) English for specific purposes:
a survey review of current materials. ELT Journal,
64 (4), pp.462-477.

Nation, I. S. P. 2001. Learning Vocabulary in Another
Language. Cambridge University Press.

Noguchi, J. 1999 An integrated ESP approach to
vocabulary teaching in pharmaceutical science. [FF
FAGFRFHIF] 56 38 %5 pp.54-63

Wang, J., Liang, S., & Ge, G. (2008) Establishment of
a medical Academic word list. English for Specific
Purposes 27, pp.442-458.

ST - ZAEF (1996) [EoTHB S T2V E
BILHEE] ReEb

A I ZWTIF « Rt (2008) [FH & HD &
B2 L b2 INENORRE - BRI O %E
B ANEAEA L BEEOYE] Bk FSE
EBATRAE7 +— 75 (F2E) L3Xetzo
AR DT A C 158 52 BRI SV B D AR -
A - R 9% pos

By a7 — (2013) [ESP OFEFIEE3+]
OB R L RRE] [HFEHE] B o1& 125

pp-34-36

i

1) ROFEX%FHAT, (A)~(P) £ TOEA
ZHARFEIZRRL T 2S5 W,
BB LVHERIEMOEETHVNTT.
N FHATERPHEATE L, Bvwonizik
ZEVWTLZE V., BEOBHRITLTF=v 7
T ANTLTIZE W,

1) Proper hand washing reduced the chances of (A)

contamination and (B) infection.

2) Most (C) cuts affect only the skin.

3) Adult (D) doses of drugs can be dangerous for
children.

4) A (E) filling came out when I was eating a candy.

5) Signs of (F) dehydration include sunken eyes and
dry mouth.

6) (G) Encephalitis can be caused by either viral or
bacterial infection.

7) Bile is stored in the (H) gallbladder.

8) (I) Electrocardiograms can be used to find the

cause of chest pain.

9) A (J) hysterectomy was done to remove the

uterine cancer.
10)The pancreas produces a substance called (K_)
11)Cut salt to prevent high blood (L) pressure.
12)He lost his (M) vision after the accident.
13)The pregnant woman went into (N) labor while
rushing to the hospital in a taxi.
14)The causative organism of (O) athlete’s foot is a

(P) fungus
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Abstract

on pre-war and post-war period. After critical examination of dominant explanations, the article will show post-

This article tries to explain how Japanese medical policy had developed, especially focusing

war health care provision had been locked-in by National Mobilization System during WW?2. Rural public health
services had been promoted both for civil and military reasons with newly-institutionalized resident public health
nurses responsible for mainly maternal health. Government-run hospitals were planned to build systematically
nationwide to hospitalize necessary patients in much earlier stages so that national “physical power (Tairyoku) ”
as a whole would be kept at better level. These factors, of course, did not directly produce modern welfare system
in Japan. Medical system today, however, would not have been realized without the factors; they are prerequisites

for liberal welfare state.

Key words — Health Care Policy, Medical Provision, Welfare State, and Pre-war Social Policies in Japan

BHHPE b RS 5. Iz T, 1980 05
LOBEOBEEIE, B %KD 2 FIZRBGE D b B

(=3 97:]

A LR R BOE O BB & HUE 3 5 BER AR
HFHICH T Z L RiET 5. £ F HEIR¥IC
B L EEPFSEIL, (ERORMREIE i, AL
M OX v v 70 LA U 2FOIBIE L L CHER
ENBES DT

DHBEIFEAEFERONHRSG T EEITE L
TWE Lol 20b b, HRABHIZIE %
D B WEEICE RS R T AL ST 7: O, [
BIRFIE DAIFRIZOWT D & b EWFZE L DL A
Wi, 1, bPEOEEDIFIEFT T
RBERIZLZ2DDOTHD, ZOEEIL 40 KH
IHSERTH o C, RIRFIEZ O < 255135

WHH R S BT 2 [RADBOR] ~&Z 0
FAEEN ST (R 1994). 2079, [REFELR
BREAE E © < 2 BUGEEF L DL D, 77
2 —FOBTE &1 [WRFE] TdbD Lol
7272L, BEERBOROFELESMTIZIBNT, R
Mz o < BURBRE (Hh2WIEZOIRERLELT
DLEHME D < 2BUR) NEETH-7:L LT
b, BEEPERALT 21213, ERORMFEEEDS
LROFIRE L D, HaxrbOERHER
(FFY) WA D £ FEL, WHIITHL A6
THPRIC R D O, [RIRMRAICEARFATBE X
KEDDENZ ZTCEBENATWEZ L, 3512

*  KBCERERFZARISLEE 7 v — 7, e-mail: somae@gly.oups.ac.jp

1 BEOEREE (2=N—F - AV T 7) OFERIL, ERRUSMCERMUGERES 2 47 Sik4 T FEI Do 72 1o

= N—HF e AV T T IF 1930 FERITHETEETH ot Y P N HERHHRBHETO= 2 —Y— 5 v R ORI R, I
BIZNHS HIEZEA LA XYV R, RIVYFETIERTAAT Y Eofis, HRRBTFY<—2 LA4ED 1961 (EEKILH
1 1958) 4Elcmk L TWwW 3.
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DERME L WOEROERITH E 59, AREE
THRORELZEDIIABOERTERIETWD
&, ZOLRBEREMERIRE LTz BT, B
MILRRE & U C ORI E 2%, EROE R
HeHET 2 FB LU D.

EZHTHRB LI & D12, b2 E O ERMREIE
BAFERE»roT. GO LIBICHEZFEHRAT
ST 2 2 LIFEERMWTH S Gl
2011, 5H). b L b EEIMERMBEL D T8
TWULIBRERETH L EE2 5L, HROEHLE
FEZIFFEME L D ) IRFRE 2R T 18k
WIS TWE 20, EBREHOERHE%KIC
fThohi:tZ26NZ52TH2. L LERIH
HEIZEBREE S RESCE LT » L LE ST,
HENLCERT 2T TRV, EMzEORE
BIERD X 2 =X, EEEBEOD L, 5
LEBAFTE T2 EATOER L, X ) HAEK
W7 (2w 2 EBEROD D HFHEEWIERL T
W) BRI X o TEEMBEHIIRES NS, &
RO BARGIZ & 2 EEEMBLOSHRSR 215
7228, BT ESLZ ) oMIcESEEL
TR D RSV,

FEITZ D LR OLTHRELT:OT
F <, EBRITITW S o0 OB TR T ER b BfR
LA OHRENIC 2 DR B DR 7: 2 & T, HRER
EREH O ERORAHADTRE S NI EFEZ TV
5. FRiC, BRIFE)EAREIEAEROFEEL D 0
FERALEIR & L CEES 5 2 & g O
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On Healthy Life Expectancy
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Abstract

Life expectancy increases every year but the most important is to live in better condition. To

achieve this goal, exercise should be taken; Exercise more, more muscular. Since muscularity consumes more

energy, fat would not be saved even on a same diet and fitness can be kept. Moreover, less exercise could lose leg

muscles, which derives activity. To avoid them several combinations of easy exercises are introduced especially

for elderly person. To conclude serious and continuous exercises are keys to healthy life expectancy.

Key words — life-expectancy, anaerobic training, rating of perceived exertion
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B M A8 H T
Understanding Human Rights for Self Esteem

Tadashi Nopa

Takatsuki Association for Human Right Development
M Building 201, Toen 1-1, Takastsuki, Osaka, Japan
(Received December 15, 2014)

Abstract

This lecture was delivered on late October in 2014 mainly for all freshmen students to cultivate

better understanding of what human rights really means. The speaker sent by Takatsuki Assosiation Human Right

Development, a Non-Profit Organization supported by the City of Takatsuki, had been teaching at several junior

high schools including Teheran Japanese School in Iran. Residing abroad gave him a new perspective; Values

vary. Other’s sense of value often seems odd but it can also change our mind since what we take for granted is

not common in different society and “common sense” in different cultures do make sense for their environment.

Once we recognize it, difference would be esteemed highly for each other. Therefore self-esteem could be the pre-

requisite for universal human rights because it leads respect other’s value.

Key words — Multi-cultures, Self-esteem, Human Rights, Communication

AL ST O AL TR S 2 £ CHffiE LT
fEEZLTSILE [E2ThIETEDOEE
EMEEmOLIEBTEL0D, ED)TETE
YbDONEERETEDLILENTELO0] 12272
Lo THEEH LTI L. Unkd, F&
LIEOFERREEN S, HEEHRC ANEER
b, FAFPL K oTETVWBEBE LTS LTz
[fEEL LSV EFDLNBETTIE, FEHIF
IR L A, [NOXFLB LB LWFE
DIZLD LIV LFELNTH, BEIIRITAN
5FLEDBRELVERA. HE BB FBC
&, AYICEELWEREWET.

(1) XEXREHETOTSLOEEDHLS
ZUTRUKECE

%, 2000~2002 412 BT OB QR HEAE
o7 ADEREIELY I L., £ THES

1PRFZOMEE»S [HEDTF L IFHNEOF &
b EHRTERICKRS URMERDH L] LEEFL
72, WAHRWBLT—REHER, HROFDEDOR
FRITANE EHRD E, ZEAEDIEHBTAS
BHhH, HBELRZITELL.

Bz 1E, HERDT & D OHEEMIL S O TEY
EWIOERTY (BE1).

FAERHICEIMT D% [WiF v LU
LFEDIRIEFITDTV. O XD BERTHR
i, FERTH, FKETH, FETCLHBEHIEH LW
DITHRIZLEBWE L. $£72, HEAOFEDD
HERIE MO TRV E WS EE (ER2) 12
EBrsnE L, BOCHERRWI L%, %8
ERRNERH 2 EO 2 LTIk S Wi EL
TEFd. (BE2) 2RTH L2 EDIT, £
TOHEE THARDO T & D O BERIF IZMEN A
TELS Lo TWVWE T,

HEOFLEHDENIFMETFTLTETWL LEED

* EETAMEE 50 D s AMEEHIREER



44

(BH1) [EREDREBHOEREE [LTRVWITAVWER--TWEZ E]]

(B#2) [MNFEOBCHE~ [ETHHTIRED] cBALEIE~]

NTCVWEITH, ZnTh ERHERFHERTr Y 7
VRVORMIZH 2 EBVET. 12dhdrbb
T, [HIMENTE2] LEZTWIHAEAD
FEHREEIDLTVDTT.

ix, [Z¥HERDOFEDEOFE BRI
LoTETW0H] [BEHEROFEHIZHES
WHEZRTZVWO D], ZOFERZEHD 2w
BuwE L7c, BHEWEHAME 70 7 J L DOFEEIHE
bol:t &, HEREDX [72) 20HAAENYE
BT v EFErITTInE L. FA
%, UEREEFAHARELEIE»L, HERD
BOEORECHEDHBIZOWTHODO WL
£z, EBOEEHELIL. LT, 4 T7V0D

TANT Y HERNFERITKRER & LT 34ER/ (2002~
2005 4F) EMEL £ L 7-.

(2) BADSRICHEDANIEICET 5RE

FHE D T Z R L 72D, 19854F, 7 4
VEYDRITLETLI., 74V EYVIFE LW
DL DFELFERIATI LW Erb, HIE
HICEE L Cs e 8z 216825 D, mii OBk
BHEHENZOEB eXEE L TWELL. £
DEGREDLS AT LDAR—LHAT AT TW
] EFEEPILNE LT BTHORT A, BN
DAT L, FIRDRA T L, 3D THR—LRXTA



Vol. 9 (2015)

45

LELL. ETHELWRIKTLID, KAD,
FLEHHERITITHL L, BLEIITELSLTWY
LIEICINF Y —vav I eRITE LI F&E
LIFFERITT T B, RADEEI LW E VIR
MTL Uhed, AEITVEHFE, L£TIH
HHWHEFR L. EllZ 2 EMEFITLsTWY
F L7 ANazFEE) TR, NTRD TR,
—FRNDMIT 20 AMEFEE T2 EHNTELZ
L zoh, BrShELiz. A7LTE, B
EEIFDODL L VI EBOBALIZE L, BEIIRE
DTETHRNINED Z L 2EZTH LB
WTWEEERBTL, AT LDANTb3
HERBLATWEEEZRT, [HROTFEHEDS
DELLZLEEWVUNLZON?] LEEEZEUTL
FVWE L7, ZOEBRE L TWZ L2, TR
124 7V EBIER 0TIt EnE T,

475 Boda» b 9 AR CTHEICA
D, FEAENIKEED FRA. TT2L, tFiC
MakEs &, [SHIZRVWVERATTARZ] EW)
BRERE-TEFET. EFo TV THIFNLD
59E)EHVTVBLALORIEL R 2 &, RE
DENE, BUFHEDLL LRSI L. KB
N—= < F—DE,, BEX({OLrInwiE, H
KEFEL 2B LoERTL.

OO BWRMTTELLTWS &, (HifEED
EWbbhroTEET. HETIEH RO %
SFoRWA] MEFELME T —A I HR S &
WA FEES AT FID, 47Tl
Dol RKUILZENHD FT. 2L [HFEL—
MIcAEEEZRE LD Z L] T, BEFD IZEFH»
n, BIESATWET. 47Tk [FEPLBLE
FOERIIZLTWA] BAELTEBHS ALY
DTY. FRH, FH, BABASITKDLD Z
T. THRO2KEIIREL > CTRETENZE
T, BEAEDIENTFRIFEAE D 23, BEKIT
BEY LT, YHPOFEZH > TREITH?» T
L ANHPIEFEICLNTT. —HOJEIFSHICHE £
T2, L DJERHE-EETYT. £LDAIR
FHEERBERELAZT. BELEITFLEILE
T, NEANLOEMLKFEPHEOEFOH LT
T HARITEFEIIZERDI U, B2 CFEF] 2 i

PN TWE TV, FKIEL HEOEEERELOE
B, FEFEIHAT W EREESEonNF LT, [
HrmELT, BiEIGEbR, BLEVT, Wwo
720 EAETERR L ORBY, HERIER KL
ToTETWpZErERS¥LNE L. HA
OMEZNORMELFIEIC 2 £, BHEDICH
W, BOHIA 7 ANOREEZRTWE E, HE
TIEHMEN L EP S DPLDENSITO L5 TV
TWZ ERBRUTICIEWLENERATL.

[EESRDZHRIE] (CDOWT

HTFEIFELR TR, REL—FIELLI %
REUNZLTWBAENE, BHEIETELZEILET, 7
LVERT — MBI NT, FAUXEIEED
Mo TWB AT Y TOETFEZERBRLTWS
&, HROICUBE 2480, fIHMomnEE L6
HLHrTCHEHNODZEEOY —LELE, HED
AEIFITHE B E S LR 2 L1 DL

FDEWEEIR, HARICIZILEOMERID D
L7, [SHHEEAE] BETHRTMIzShTwE
L7z, 2L T, [MEEDH, Bld—4BarKy)
L ITABRICEE 22 X502 L2 LTTw
Tw] Lw)HEBoffifEiss h L. FE
L, BEICHOBEGT D hHVEs, B
DIEBR E S H2ZATHE LT, [#HEPA
DI:DITHRZAEFEEZT 22 L] BELDTFED
THEDOHBIAESHTLR. £ 2505, BRIFNIC
BRI L, (EFCEITYEICENDRRIZR D F
L7228, ZRUESTALDEL LI3MDH 2D
DIZLE->TETWVWSEDOTL & ). [MEBEOS
BRG] LW BESILAfFbNd LIl oTE
F LA, ST [XD &2 5L woffifE@l] 23
T 2oo0hBE & CET. ETIE [—
BT T, o ZEW| B2 LRERE
DOUL DY FRA. [BOBEERT, FE&b
BED| ZEHELILDDoOoHD FT.

g, MEBOZHEL] v EEE, %<
DFEHPREEFEIMEZTCZITEDTVEL LD
IR 9. [MEB O LT 5, RADF
SBFLTCREV] EHBELTVWIOTIEEZVWT
Lo HEELTEDIIHLT [HLlzDlf



46

SUXOITLLEV] LEIZ LS LoTW
52£9TT. AR—VYRLHHELE, htnwZ L
BEoEDELTWVWETFEDIEFENTVYVWTT
2, L OTEDIE, BB LILVOL, A%
KEUNZFTRELDD, EIEESTVWITERVWD
», X broFTIIVBEDTY. FRLDIT [#F
SUX2ITLL3V] EFLbINE, FLEHIFFH
LB LSBT ZBEVROTLE I DTV
TLX O, [ERFIIIRSTO», EH4
SRELOY] RADVBEEEZ DT, FEBIT
RINRSPEERVET. [BPRKE] csz [R
AR E, WO TREWD] LEZ 5T
BEIVWLEDOER DL, R REIZELCET.
R TRFHETERIZHFVIETTVWDE LI
B T0wEdds, A RA7L6H VAN, =2
XL, BT 2MRIIFALTT, SOEEEN
HMOBZEELLEZTVWENIE-T, EHD
BOWIELTTWET., HERADZ S BME(E LT
WHEWZ EFEHBE, [BEE, MZEoTWn3
DPBDPo>TVWEONR?] EFbATLEVE
T.MER, ok LIEEESbNIEITX
D, HRIZFHOZENEEIZHVETH S Z &
RSO nFE LI R 77 ) IHKOH
BNERRALOR D D, Fid% < oEFE% i
LE L. Z2L7T, %L OETIEERLH AT
WIRSWTED, ZEITEHLEOHEEHRLTE
TTWBZEEHDE L. Z0oZ &b, HE
TFELEOHBEBMOBE LIS VIEREE ES T
REPEZFZLTNIE LW ERK T T LT

RERICERBABTRLLIL

4 7 v LIRER, FAT 9 FE R D ITERBIS I
HEDF LT, AL I-HFHERITTF EBE
28 [FRa) CwFE Lz, EEOMEfTEIOS ST
BB FIE > TwE LTz, FELEIFER
g5 <, MBEFRIIIEF IZTH ORI TLIZ. F
EHED [Fih] TWIHEREITE, LhEZsre
T HAEE A LW Z &, KAITRT 2 REROME
EBHY F LI HETFRATVWEIERTUWET
720, [FLHUPLHIKERL$T 27012, BHik-
TVWLIARANDEEZRETIELW] &, PTARE

DI DO AT HITBEEV L E LT HLIZER,
REf1Z ERRFNTIL S, F & baEl ?%?%%Lib
7. PTABED, HHO L 2 12 ic—H# iz
L, FEbRHLITHRE LT LTS nE Lz 30/
FFUSFEEL LT, REE MO AT b DS
ERD, Ry FR—VLBNEE), Kk, FET
S0, K, AJfERE, FLoEMNERT
ELREFLTOHLVEL. L DODRADTE
DEDTZOITHAKR DL E AT, FEHEDREL
FAS &, RAITHRT 2 B L WL AME T F
LWTWEFE L7, Z2LTC, ELEVIRERIZE
boTwEFE L7, ZORDHAIIHLT, PTA
TSGR RE» ORE TR LT

T ZORBREZELT, LD ET ALK BMHE
B ThVWFELEIINL T, KA F
ELDTOITHE->TWEE, FEYFoTER
TAMBRESCAIELTVWEEERELZ L
BRI THEZ ExRERELF LT

(3) MERRZESHBHIC

BAAL, (&€, BEEREIELICC WD 7]
HERES BV ELIX, BREIEEL, o
ANED T 7w, HER#HT X555,
LEDHABRLNET., WEDITHTEZ LD
9&<,%m@ﬁ@%m%%D{M%ﬁj&ﬁ
BILZENTEIY. ML, BOEEEMNIZ
6255%@%®@w%5%d,@A%§$%»
ELZTD, MAPLOSEEHENICELZ S
ZET, NHBRD D LKL TE L LD, W
CLOR NI TNIZESIATIRTED, RI:ARR
REHLHLoTLEIZLELL LD ET.
WHoT, FELOHREREZHEO L Z L, Ri#EEH
ODHBRBTEOLIEXIRT DI ED, T&
b OFEERcED, HETHRS AEERTEO
5ZEICHDOUDE EFITENE T
PUIFo&ERNE, FEbOREIIHT 2EE %
HEEL 72D DT, HAROREE O 2 B HIEH
IBEWDIE, FELBDORIZRLZOTIELL, <
A FAEEP D ZRTCWLI2LLRELEEVWES. H
KA E B XD, HEOHS, FETCEK



Vol. 9 (2015)

47

IR oTWS EFRVWET. LaL, Baiceo
TWIARIE, LrntBoT, FEbo<1F
AHEE2D Z BT T 2 FE L Bng
T.EDL] ZEBRUEEND ZEIE, %<
DRHELE DR E LTH-oTwWES. LL, £
NEFETLTVLREFIIWMO THL VI LD,
HEROFBETCRHBORNS LHREIZLEBVWE .

HATIE, FEPEEMIAL 10~125%IC
uoE, WMEEIKEIZTRA-oTLEVWES. 7
AV ZbAX) R, BEMIIAZ L, bIrT
THEICEFRLTWES., FELORIEFRTW

LR ERVWEY. AL, HETIEK, B2OT
ELRHGEY [ED D] ADWBOTHLuwvEBwv
¥3. HORGFBKEZED LW I EDBEBIZE T
WBEOITEZBVWET. A, FOoRMEEZ
TWSRERHZLEVET. EOLNT, FU
LIAEP)FEERSATWERLLZZE, HED
FEDIIHERENB LW ERVET. T &
FEDRBIT [BURTTORWEZ B, EAR
LEZHTTH] LESETH, BLALDTFED
X, 03T [ EEWTNET. 2L T
[ZAGEZHTEL, WoldWwhd| EEZFET.

FELDRRICHEL TWB EAEL LEIE
[FRIEHE B 5 EFREGRE ] (PR 6 4)

BERESEODIE, AEFAEICEhTOARN
RETH D

(B IcEFEE) 2R Vw] oA s EF
WAHBEREET T w], 20 &5 ZIRETIE,
HAbLL, BLAAESLZZEMBOTHEHLL R
DET. EoT, BADANELKTIZEhTW
WIRRETH 2 LBV §. FIIEER & LT AR
BlehEzANTS L. MRIRRSLES L
BB H D, 2% LTV T EBAER
B MEBHKOFTHETLI., ZhETig, =
BIefR R % 2 < 37 DR & EB)LEL D A4 A
BIGbNUTERLIEIZED, BELENRRA
B LTETWB EBWE T, F 7228 23N
L7zhb I TIEDH D A, IS HORNEE
z25E, MECET2H %, KETEIAEL

TWa ERWET. 203, HEADBERE D
MO TENZ & &, fHlfEEB DL & HE 2 T%
TEDTVEFLLRREEIHEZTCNSLILT
. HACHGB LB D ZHTLVALE L, Mo
AN &EDFEHBFRE LFSRETLVANRLZ VS HD
KTk, BERExE®, fio A& &0 AM
BfR%E EFAEL ZENTES 2 HEHITOT S 2
EDPNHEBEOBRERETH L LEVET.

ED2ThITAERBESDEIENTESD
MNEFBEEDL1:ODT 7 =y 7 % 3 D880

L.

Dldhietryvt—2] THEL [Faxy -]
D
[(BhtexAve—o] W [Hhl] BEFEIC



48

ToTWb Xy —YTT. ZHIFHTFZIER,
M, E, BRI AEVWLILL DT, MF
ODHBLIMESS, HAOZ IO DITKET
Lo, DEHASLTLE) Z 0SS LD 9.
P DRER). ZDfER, ZTHLDFVRARK
FHIFMELIITLS LD ZET. [AAXyvEe—V)
i [FL] BTEFEILLoTWE Ry —YTY. M
FOTE E IS, ZOTAVPENMCEALE
BrEz2TWb0D0, FORDITADNEALSR,
BLTWILEmR257 V=747 %a3ax=
y—yavDFETT.

¥ [Hhi-xXytE—TDf]

(D723 ES LT, EblZ gt

LWD 1? |

[(Buizizwodb, AOE D Z LTI LT VWA
6]

[£7:, ®oTCLEocD ! Huizlk, &Yz
ERGNIZD !

* [FAX v =T DA

(BT L7:2&T, FATLoTHR STV
%z (Ho>TwW3)]

[Tz iz LT ks, BT ETH

S Wit
[FX, iz LicbEI 7, LEIA
720 &

(X vy 2=V 2H21E, HFEIEEWIC
BoTLEHIZLEXRE, 200586 %
FlfEz i), BEvwo NG EF<
FLZEPEZITED 9.

@ [®B3] OTWEHEL W3] £5ICF32E
BIEIIC [525] 2213, HFOTENICL T
HECTHEDDA MV RAEHKET 2 L CERID
DEF. LaL, HFELASOTEOMEVIZR
S5, EholtLRUKFFL L5 SHT LTI
WEHRIZH D 23, KU Z LiZ, HENEDLS
72ZEERAL, ALBLERISTVIFESLIC
T3z ETY.

(HhT:] BDEBELS (DLl AvEe—Y)
X, HFOTEEHMHIT L2720 TRL, AMEs 2
BELTCLEIBVHICEELTLEVWET., £

LT, ELULTdIWVWI LR, EoTRULL
WZEETE-oTLEW L) 3. HFOFT
BREERIBEIRCTD», HFITESI LT
FELWEEZTWDEDD, FOXFELEIEZ HH
Hehud, HFEOHBKHWEBEIIZIT LD Z L
BTEFT. TILL, FAXve—v] TiE?
ZEDPANMBERE EFSEL DB LT 7
—wzituh) 3. BENIC [B2] oTlr%
, TELRIWEIC [Fhxvx—Y] T K3
T LEREHBITLAZILBREVERVE T,

(B#) [83] & k3] 0BV
(%3]
BB, ) LEWT, BED I LT,
BODOEWWE 912, BBIZE T,
2% D, BADIZHIT

(3|
HMIZL, BEBELERT DT, 5D
KERITERTDHT, HFEIEDLE LI,
Bl ks 2T, 20, HFOZDHIC

(2] i2dbavrdh 3. ERMHLERER
3ALAICT S, BLFELTOHOHRIEH) £+
Ao ZLT, BRPICHET L. KFETELSZ
EIXESDA N VABHEIZE ST, FEHIC
LoTE<AFATY.

7z, (2] ESICRGMeE25Z 0%
RTY. BMrEz 2 HET 22 LT,
BUBBRII R > TV A RFE L 280, t0k)
IZEEE I DL E TR TE S, FE
LIZORBOZFL &5l s HTRMW LRtz 5
ZEYT. FLC, [Zhrodbhl el £5
LHEEL, ¥9 (%7300 % LFE Lkl &
BEHRETLET. FEERL TS LVIEA,
(2] ZEZEHEIRLZE0RED T L0
HLREEA.

QlEHs| &

FEHLDDRWEZS, BAF-TWELEZSE
HIXT70121%, 3052 ENR—FTT. 135
NHZEITXY, BELEHESEN T, 1



Vol. 9 (2015)

49

SLLEZHNLW] L, R<HEEET. Lo,
EDQXOLTETH, ZHEID D . HlziT,
[RFCFLTCWE| FELIT HEHE] T LD
THY, [HHE] ZFEHIF [BE»RW], [72
LTV FEBIF [BBLH], [BLex
D] wFEdE (W, BRL] F&b, L
TY. EOLNLZTFEDIE, BELRBLTSE,
HODHENE ZH%Ho025Z EHAREL Lo T
WS ERWE T,

(4) HOFETHBRNS—FEDICHRT—

B2z, FOFECORBILBIFHELI:VwER
W9,

RoOXBIF, DBFHEABEORECTAEETAEL
72, R 1 ERIEERREY, 3O L ST LY
MOFMrLE L AMIOFFOFEDDEL
PHFREE T, REESHWRELZLTCVWDE R
T, DORAY T E2LhrbNTHEDLLW
IDLELVWFEDIZTETCLVWERELF L.
MNEHB TR DA THEATLZ L2 EDPLILFE
TxzLIIERVWE L. 20129, £33, F&
D [NFEH] OFEEZTVNLORHDR—Y
HED LT, ZLTC, INERIFEED L &, %
WTHEREN % T2 L SITFDEREY > T\
XFE L FAOFEDIT [T ZARRETE X
NzDT, SEFT2HEOFMELE L] EHA
TORITEELELT. ZOXIUETCHEZLEL
72DT, filE, BELVWFEDITE-oTINZEL
7o, OO0 Z L CTHEIZSNT:E SHFERD
BL, FErLMFHINT:ZEbH D F LT
WHrE 3 EEII R oT2E S [HOK, TATH
DEE o Tz ?] LEMSHh, K
THLAEVE L, XBE [HOoZ LTI »H
MEL»Lrbh, BEEVE LTS, Eh
5, DHFEEFD, ZORMRETAEIELMLEELL
o] EFFLTNE LT, #0SELHE,
DEIBLETCHE L TR EBVEL, X
Bix, FEORMEEZETC T AL EEVET.

BERIIESTE R wFEdTLT. 14
HED2FHRT A CTHEESHFED 10 AT L

WO EHERD Z L. FOLErHHE, BE
—fEIRE O S A D XD ITLE LT, BRITAT
J2E212F20TEHD A, BWEHIE
NLWIETHEZ TS TWVWEIIL, Kol
BrOoRENLVWEIITTLOTT. dL, Fi
DEITAND¥E D DTS LIE LTS
L, HELORSFHEL W ERVWE Y. ik
FBEID Z EITIEFLAT LT, isdsbo
X012 D 72w E v BERIF ARSI 2
TENTEF LI FRIFERICEFL, REL
DEWELED F L. EET2ET, Lo—FEIC
iz o S bR ITUE, BALZEL Z LB TS
FRATLI. BREIEWLOIZHIETE F2A
TLRW, HERIETH=0RET0B#EEHICH 2R
Fi~DORlliz B HCkOTE £ LT, HEREE L
LCEEL <, fRE L OBE 2 IER 1@ WS
TULT2S, IF 2 FHRITFERRFTOFKIZE D
FLZ. HRHOBEMOMSE &, EL I MELDE
VW EBVWE T, KT RTwWs L, [HR
FHEESDZFENTED ] EERLE L. MK
BADZHRELR LIS brdTEHTLEL. ZL
T, BRITHEZboTWE LTz, AYITHEL
TEVWIDE, ZHLThTolZlEvwET.

(Y FIEFr R LWHIBEEHD £7.
ROiE->TAHNE, HFEOLTH, FETTH,
WHWHLLGEYFBRHYE L. kb, FER
iz, 2Oy FRF ¥ X THHD F LT
REGRRI o7 & &, WEERINIGINT SR
72 E, RITFRWT, TELSHWVWT, WEILA
sEBIETNE, wob, HEL, TzTn
DA TEE L. WEELZRRITES RS 2
Z, ERTELWVWILLRDZRITEILEHNTS,
Fr:nEHPBTCERLERVET. bOFRTIEX
BEXABHZ 106 2%, BREIMMHROTE ]
WFELREST2H6 7, ABEOMMBEL, FiE
DIEERODLZENTEE LT, ¥V FiE, 5%
TCECIUro1:2¢%, WO TEBHSELN
2F v ATHHNFEF. ¥vFeF v XY
DEEZ LD ET LB, HlEE L &
BwZEd,






RKERFERIRAALE Vol. 9 (2015)
#/27 CGE¥ER)
Bulletin of Osaka University of Pharmaceutical Sciences
9 (2015)

Part II (Pharmaceutical Sciences)







Bulletin of Osaka University of Pharmaceutical Sciences 9 (2015) 53

— Article —

Amino Acid Sequences of Ferredoxins from Several Species of Genus Ephedra B
Yoshiki Mino*, Takashi Azuma, and Takaji Saro

Laboratory of Analytical Chemistry, Osaka University of Pharmaceutical Sciences
4-20-1 Nasahara, Takatsuki, Osaka 569-1094, Japan.

(Received December 17, 2014; Accepted January 15, 2015)

Abstract

Ephedra (E. sinica, E. distachya, E. equisetina, E. viridis, E. intermedia, E. foliate, and E. americana) were

The complete amino acid sequences of [2Fe-2S] ferredoxins (Fds) from seven species of genus

determined by automated Edman degradation of the entire S-carboxymethylcysteinyl proteins and of the peptides
obtained by enzymatic digestion. E. sinica-Fds (I and II), which differ from one another in the amino acid residue
at position 95 (Ile for I and Leu for II), have unique amino acid sequences, which include Asn-14, Asp-30, Met-51,
Cys-85, GIn-88, and GIn-91, and a deletion of one amino acid residue at the carboxyl terminus. E. distachya and E.
equisetina have the same Fds (I and II) as E. sinica-Fds. E. viridis and E. intermedia only have a Fd that is the same
as E. sinica-Fd 1. E. foliate-Fd shows a difference of only one amino acid residue (Val at position 95) compared to
other Ephedra Fds. In contrast, E. americana shows differences in five and six amino acid residues from the other
Ephedra-Fds, which suggests that E. americana is somewhat distantly related to the others. These Ephedra Fds
have 21-34 differences in their amino acid sequences compared to those of Angiospermous plants except for
Pueraria lobata. In contrast, 38-40 differences were observed when they were compared to Equisetum telmateia
and E. arvense (horsetail plants). This suggests that Ephedra plants are remotely related taxonomically to horsetail
plants, although they seem to be morphologically similar. In practice, Ephedra plants and horsetail plants belong to
different phyla: Spermatophyta and Pterophyta, respectively.

Key words — ferredoxin; Ephedra sinica; genus Ephedra; Ephedraceae; amino acid sequence; protein

chemotaxonomy

INTRODUCTION

Although classical taxonomy, which is based largely
on morphological and anatomical characteristics,
is still a dominant concept in plant classification,
chemical taxonomy has also been used to help clarify
the relationships among genera and species when there
is a need to confirm or revise an existing taxonomy.
We have proposed the term 'protein chemotaxonomy'
to describe molecular taxonomy based on the primary
structures of common plant proteins, instead of
so-called secondary metabolites. To evaluate the
effectiveness of this concept, we carried out a series

of studies on the family Solanaceae, using ferredoxin

(Fd), an iron-sulfur electron-transfer protein.” This
protein was chosen because it is easy to isolate and has
an appropriate molecular weight for determining the
primary structure. Previously, we reported the primary
structures of Fds from 14 solanaceous plants,>'" one
leguminous plant,'? and one alariaceous plant.'¥ Our
recent results suggested that their amino acid sequences
were related to their taxonomic position among plants
that belong to the same genus or family, but not among
plants in different families, although there may not be
enough sequence data to reach any definite conclusions.
It may be worthwhile to determine the amino acid
sequences of Fds from many important medicinal plants

that belong to different families. These considerations

Y¢  Part 14 in the series “Protein Chemotaxonomy”.
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led us to elucidate the amino acid sequence of Fd from
Ephedra sinica (Ephedraceae, Ephedrales, Gnetopsida,
Gymnospermae, Spermatophyta), the dried aerial part
of which is one of the most commonly used traditional
medicines in China, Korea, and other Asian countries
for the treatment of asthma, allergic rhinitis, upper
respiratory infection, and cold.

In this study, we determined the primary structures
of Fds from E. sinica and several species of genus
Ephedra and compared them with those of Fds from
other higher plants.

MATERIALS AND METHODS

Materials E. sinica was cultivated in the herb garden
at Osaka University of Pharmaceutical Sciences. The
fresh leaves of E. distachya, E. equisetina, E. viridis,
E. foliate, and E. americana were kind gifts from the
Nippon Shinyaku Institute for Botanical Research
(Kyoto, Japan). The fresh leaves of E. intermedia were
obtained from the Research Center for Medicinal Plant
Resources, National Institute of Biomedical Innovation

(Tsukuba, Ibaragi, Japan).

Isolation of ferredoxin Each Fd (ca. 4 mg) was
purified from the fresh aerial parts (ca. 500 g) of each
Ephedra plant as described previously,>® except that
0.02 M Tris-HCl buffer, pH7.5, containing 0.5% Tween
80 was used for the extraction of Fd from the plant
sample instead of a buffer without a surface-active

agent.

Sequence determination The amino acid sequences
of Fds were determined using a gas-phase protein
sequencer with automated Edman degradation
of S-carboxymethylcysteinyl (Cm) Fd and the
peptides obtained by lysyl endopeptidase, trypsin,
or endoproteinase Asp-N digestion. The peptides
were purified by reversed-phase HPLC using a
p-Bondasphere C-100A  column  (0.39 X 15cm,

Waters) with a solvent system consisting of TFA-

MeCN-H,0 (A=0.1% TFA, B=MeCN containing 0.1%
TFA) with a gradient program of 0-40% B in 50 min,
flow rate 1 ml min"'. C-terminal analysis was carried
out with carboxypeptidase Y.

The details of the procedure and other methods have

been described previously.> ®

Construction of a phylogenetic tree A phylogenetic
tree was constructed from the amino acid sequences
(97 residues) of higher-plant Fds (39 species) using
the unweighed pair-group method with arithmetical
averages (UPGMA) as described by Nei (1994)
(GENETYX software, Software Development,

Japan).'¥

RESULTS AND DISCUSSION

Properties of ferredoxins The absorption maxima
in the UV-Vis spectrum of E. sinica (Es)-Fd were at
275, 285(sh), 330, 420, and 465 nm, and showed A,/
A, Tatios of 0.65, 0.44, and 0.38, respectively. This
spectrum was characteristic of [2Fe-2S] Fds from other
higher plants.'” The molar absorption coefficient at 420
nm, based on the spectrum and protein determination,
was 11000 M'em™!, which was similar to those of other
higher-plant Fds."'> The biological activities and other
physico-chemical properties of Es-Fd will be published
elsewhere. The other Ephedra Fds exhibited properties

similar to those of Es-Fd.

Sequence determination The sequencing strategy
for Es-Fd is summarized in Fig.1. The analytical
results regarding the amino acid compositions of
Cm-Fd and the peptides obtained by enzymatic
digestion were consistent with the derived sequences.
Automated Edman degradation of Es-Cm-Fd yielded
the amino-terminal sequence up to the 42nd cycle.
Lysyl endopeptidase digestion gave two short peptides
[L-1 (1-4) and L-2 (5-6)] and four long peptides [L-3
(7-50), L-4 (51-82), L-5 (83-96), and L-5" (83-96)].

Although Lys-91 was conserved in almost all of the
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Fds, except for Gleichenia japonica (fern)-Fd, in
this case the residue was changed to GIn-91. These
peptides were isolated by reversed-phase HPLC; their
t values were 14.4 for L-1(1-4), 29.6 for L-5(83-96),
30.4 for L-5°(83-96), 46.4 for L-3(7-50), and 46.8 min
for L-4(51-82), while L-2 was missing. The isolation
of L-5 (83-96) and L-5" (83-96) in almost the same
amounts clearly indicates the existence of isoforms
Fd-1 and -1I as Es-Fd. Sequence analyses of L-5 and
L-5’ clarified the sequences of 83-96 and a difference
in the amino acid residue at position 95 between Fd-I
and —II (Ile for I and Leu for II). Edman degradation
of L-3-T-2, obtained by tryptic digestion of L-3 (7-50),
confirmed the sequence of 41-50. Since there was not
enough of the peptides, L-4 (51-82), to determine the
sequence near the carboxyl terminus of the peptide, a
proper short peptide containing the carboxyl terminus
was needed. Endoproteinase Asp-N digestion of L-4
should give several short peptides [L-4-D-1 (51-56),
L-4-D-2 (57-39), L-4-D-3 (60-64), and L-4-D-4 (65-
82)]. These peptides were also isolated by HPLC;

their #; values were 20.8 for L-4-D-1,2 (51-59), 31.6
for L-4-D-3, and 41.6 min for L-4-D-4, while L-4-D-1
and L-4-D2 were missing because of their small
yields.  Sequence analysis of L-4-D-4 confirmed
the end part of 65-82. The N-terminal sequence was
confirmed by the isolation of L-1 (Ala-Thr-Tyr-Lys). In
addition, carboxypeptidase Y digestion of Cm-Fd for
different periods of time suggested that the C-terminal
sequence was-Ala-Leu(Ile)-Ala-COOH. This result was
reasonably consistent with the C-terminal sequence
obtained by Edman degradation of the peptide, L-5
(83-96). These results led to the complete amino acid
sequences for Es-Fds, as shown in Fig. 1.

In the case of E. americana (Ea)-Fd, due to the
lack of Lys-82, no peak appeared near 30 min (f) in
the chromatogram of the peptides obtained by lysyl
endopeptidase digestion. Instead, the long peptide 51-
96 appeared at 46.8 min. Sequence analyses of this
peptide clarified the sequences of 51-96 of Ea-Fd. This
result was confirmed by sequence analyses of the short

peptides obtained by Endoproteinase Asp-N digestion

1 10 20 30
Ala-Thr-Tyr-Lys-Val-Lys-Phe-Val-Thr-Pro-Asp-Gly-Glu-Asn-Glu-I1e-Glu-Cys-Pro—Asp-Asp-Val-Tyr-Val-Leu-Asp-Ala-Ala-Glu-Asp-
|l— L1 —II- -2 -] L-3 -

31 40 50 60

—_ - = - = — = = — —> —>  —>

Ala-Gly-Leu-Asp-Leu-Pro-Tyr-Ser—-Cys-Arg-Ala-Gly-Ser—-Cys-Ser-Ser-Cys-Ala-Gly-Lys-Met-Val-Ala-G|y-Asn-Val|-Asp-GIn-Ser—Asp-

[ —— L-3-T-2 ——mmm e [ 5 > 5 - 5 - > — —

—_ = — — — —

61 70

—_ — — —

80 90

Gly-Asn-Phe-Leu—Asp-Asp-Asp-GIn-Ile-Ser—-Glu-Gly-Phe-Val-Leu-Thr-Cys-Val-Ala-Tyr-Pro-Lys-Ser-Asp—-Cys—Val-I[le-GIn-Thr-His-

L-4

1 15 —

—_ = = > > o s 5 5 5 = 5 = 5 = = 5 = > — 5 = = — = —5  —> —> —> —>

| L-4-D-4

—_— = = > S S 5 S 5 5 = s 5 = —  —  —

91 96

— =

GIn-Glu-Glu-Ala-Ile(Leu)-Ala

—_ - — —> — —

Fig. 1. Amino Acid Sequences of Ephedra sinica Ferredoxins

Arrows (—) and (<) represent residues determined by automated Edman degradation and carboxypeptidase Y digestion,
respectively. L (1-5) , T -2, and D-4 represent peptides obtained from lysyl endopeptidase, trypsin, and endoproteinase Asp-N
digestion, respectively. Only the amino acid sequence of ferredoxin I is shown; for ferredoxin II, the difference in the amino acid

residue at position 95 (Leu instead of Ile) is shown in parentheses.
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of the long peptide. The other Ephedra Fds could be
analyzed in almost the same manner as for Es-Fd.

Figure 2 shows a comparison of the amino acid
sequences among Ephedra plant-Fds. E. sinica has two
isoforms of Es-Fd. These isoforms differed from one
another in the amino acid residues at position 95; Ile
for Es-Fd I and Leu for Es-Fd II. E. distachya and E.
equisetina also have two isoforms, which have the same
amino acid sequences as Es-Fds I and II. In contrast,
E. viridis and E. intermedia have only one kind of
Fd, which has the same amino acid sequence as Es-
Fd I. A minor (ca. 20%) E. intermedia (Ei)-Fd showed
differences in two or three amino acids compared to
Es-FdTorIl. The Fd of E. foliate differs from Es-Fd I in
only one amino acid residue at position 95, which gives
Val instead of Ile or Leu. Interestingly, the Fd from E.
americana had five or six differences in the amino acid
sequence compared to the other Ephedra Fds, which
suggests that E. americana is somewhat remotely
related to the other Ephedra plants, although the other
Ephedra plants are very closely related to each other. It
is also very interesting that only E. americana does not
contain the alkaloid ephedrine.

In Fig. 3, these amino acid sequences are compared to
those of higher-plant Fds.>'*'¢®) In comparison to other
Fds, a noticeable feature of the present representative
sequence, Es-Fd, is the isoform with Ile or Leu at
position 95 from the amino terminus and a deletion
of one amino acid residue at the carboxyl terminus.
In comparison to other higher-plant Fds, differences
were observed at Phe-7, as with Brassica napus (Bn)

(Cruciferae)-and Gleichenia japonica (Gj)(Filicales)-

1 2 3
0 0 0
) Ephedra sinical 9
(2) Ephedra sinica T $
) Ephedra foliata
(4)  Ephedra intermedia £
(5) Fphedra americana

Fds, at Ile-16, as with Phytolacca americana (Pa)-, P.
esculenta (Pe) (Phytolaccaceae)-and Gj-Fds, at Val-24,
as with Bn-, Petroselinum sativum (Ps)(Umbelliferae),
Pa- and Pe-Fds, at Leu-33, as with Pa-, Pe- and Gj-
Fds, at Asn-55, as with Solanum lyratum (Solanaceae)-,
Nicotiana tabacum (Solanaceae)-, and Trifolium
pratense (Leguminosae)-Fds, at Ala-94, as with
Solanum indium (Solanaceae)- and Lycium chinense
(Solanaceae)-Fds, at Ile-95, as with Ps-, Pa-, and Pe-
Fds, and at Ala-96, as with Pe-Fd. The residues Asn-14,
Asp-30, Met-51, Ser-70, Cys-85, GIn-88, and GIn-91
were only observed in the primary structure of this Es-
Fd among these higher-plant Fds. These residues are
characteristic of Es-Fd. The residues Met-2 and Leu-8
are also characteristic of Ea-Fd. In Fds, the sequence
35-50, including the sequence -C39-C44-C47-, which
participates in chelation to iron atoms, the sequence 74-
77, which contains the last cysteine ligand (-C77-) for
the iron atom, and the region 83-93 are almost perfectly
conserved. This was also true in the case of Ephedra

plant-Fds, except for four differences observed in the

region 83-93.

Taxonomic Considerations Ephedrales consist of a
single family (Ephedraceae) containing a single genus
(Ephedra), and are known as the jointfirs because they
have long slender branches which bear tiny scale-like
leaves at their nodes. The aerial parts of some Ephedra
plants have been traditionally used as a stimulant, but
are controlled substances today in many jurisdictions
because of the risk of harmful or even fatal overdosing.

The genus Ephedra, which contains about 35 species,

4 5 6 7 8 9
0 0 0 0 0 0

ATYKVKFVTPDGENE [ ECPDDVYVLDAAEDAGLDLPYSCRAGSCSSCAGKMYAGNVDQSDGNFLDDDQISEGFYLTCVAYPKSDCVIQTHREEAIA-
ATYKVKFVTPDGENE I ECPDDVYVLDAAEDAGLDLPYSCRAGSCSSCAGKMVAGNVDQSDGNFLDDDQ I SEGFVLTCVAYPKSDCVI OTHOEE:iﬁ—
ATYKVKFVTPDGENE [ ECPDDVYVLDAAEDAGLDLPYSCRAGSCSSCAGKMVAGNVDQSDGNFLDDDQ I SEGFVLTCVAYPKSDCY [QTHOEEAJJA-
ATYKVKFVTPDGENE I ECPDDVYVLDAAEDAGLDLPYSCRAGSCSSCAGKMVNGNVDQASDGNFLDDDA I SEGFVLTCYAYPASDCVIQTHAEEATA-
AMYKVKFTPEGENE [ ECPDDVYVLDAAEDAGLDLPYSCRAGSCSSCAGKMVGNVDOSDGNFLDDDO [ SEGFVLTCVAYPE

SDCVIQTHREEAIA-

Fig. 2. Comparison of the Sequences of [2Fe-2S] Ferredoxins from Ephedra Plants
Amino acids are represented by one-letter abbreviations. ¥, E. distachya 1, E. equisetina 1, E. viridis, and E. intermedia; $ , E.
distachya 11 and E. equisetina 1I; £ , minor Fd from E. intermedia
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1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0
(1) £phedra sinica 11 ATYKVK gVTPDGRVENSCPDDV Y| DIAE $GEDL PYSCRAGSCSSCAGKIVAGY DOSDGFLDDDOIEGFVLTCVAYPSDliTHEE‘ [A-
(2) Ephedra sinica T 3 ATYKVK §VTPDGENEWSCPDDV YL DIAE BLGEDLPYSCRAGSCSSCAGKIVAGY DOSDGFLDDDOIEGFVLTCVAYPSDIiTHEE‘L'
() £phedra foliata ATYKVKVTPDGENEN CPDDVYLD”AEIGDLPYSCRAGSCSSGAGKVAG DOSDGFLDDDQIEGFVLTCVAYPSDIiTHEE‘
(4) fohedra intermedia £  [ROULEFVALEVCENE] CPDDVYLD”AE)GDLPYSCRAGSCSSCAGKVGVDOSDGFLDDDOIEGFVLTCVAYPQSDliTHEE‘
(5)  Ephedra americana ATYKVK ZRTPEGENEN CPDDVYLD&AEDGDLPYSGRAGSCSSCAGKVGVDOSDGFLDDDQIEGFVLTCVAYPOSDIQTHEE‘ TA-
(6) Atropa bel/adonna ATYKVKLVTPDGPVEFDCPDDVY 1 LDQAEEEGHELPYSCRAGSCSSCAGKVEAGTVDOSDGRFLDDDAJARGFVLTCVAYPQSDVT IETHKEEEL TG
(1 Hyoscyamus niger ATYKVKLVTPDGPVEF JCPDDVY L DOAEEEGHEL PYSGRAGSCSSCAGKVEAGTVDASDAYFLDDDO I ARGFVLTCVAYPGSDVT IETHKEERL TG
(8)  Solanum nigrum ATYKVKLVTPDGPJEFDCPDDVY [LDQAEEEGHSL PYSCRAGSCSSCAGKVIJAGTVDQSDGFL DDDATARGFVLTCVAYPESDVT IETHKEERL TG
(9)  Solanum lyratum ATYKVKL[ITPEGPVEF TCPDDVY ILDFAEENGHDLPYSCRAGECSSCAGKIRIAG DOSDTSFLDDDOEAEGFVLTCVAYPSTVTIETHKEL G
10) Solanum indicum ASYKVKL[{TPDGPJEF [ CPDDVY [ LD FAEEEGHDLPYSCRAGIICSSCAGKIVEGRVDASD I SFLDDDA IEGF VL TCVAYPES IVT IETHKEERLYG
(1) Solanum abuti/oides ATYKVKLVTPDGPVEFECPDDEY [ LD FAEEEGHDLPYSCRAGSCSSCAGKIYIAGEVDASDGYFLDDDA | ARGFVLTCVAYPQSDVTIETHKEEEL T
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13)
14)
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(16)
a7
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19)
(20)

@1

(22)
(23)
24
(25)
(26)
@7
(28)
(29)
(30)

31

(32)
(33)
(34)
(35)
(36)
37
(38)
(39)

Scopo/ia japonica
Lycium chinense
Caps fcum annuum
Nicotiana tabacum
Physalis alkekengix
Datura stramoniumt
Datura mete!F
Datura arborea
Pueraria lobata

) Leucaena glauca
Medicago sativa
Pisum sativum
Trifolium pratense
Brassica napus
Panax ginseng

Spinacria oleracea

) Sambucus nigra
Arctium /appa
Colocasia esculenta
Jriticum aestivum
Hordeum vulgare
Oryza sativa
Equisetum telmateia
Fquisetum arvense
Gleichenia japonica

Petrosel inum sativum
Phytolacca americana
Phytolacca esculenta

FLDDDOJARGFVLTCVAYPQSDV I IETHKEEEL TG
FLDDDG | ASGFVLTCVAYPQSDVT IETHKEE]L TG
FLDDDGMEEGTVLTCVAYPQSDVTIETHKERELYG
FLDDDQ AEGFVLTCVAYPQSDVTlETHKEEELTA

ATYKVKLVTPDGPVEFDCPDDVY 1 LDGAEEEGHELPYSCRAGSCSSCAGKVRAGTVDGSDG
ATYKVKLVTPDGPVEFDCPDDVY 1LDQAEEEGHELPYSCRAGSCSSCAGKVISAGTVDASDG
ﬁEYKVKL TPDGPﬂEFDGPDDVY[LDOAEE@GHDLPYSCRAGSCSSCAGK GAvDafipa

YKVKL[ITPEGIVEFDCPDDVY ILDQAEE JGHDLPYSCRAGSCSSCAGKVIAGIVDASDG
ATYKVKL[{TPDGPVFDCPDEY 1 LDRAEEEGHDLPYSCRAGSCSSCAGKVIAGTVDASDG
ATYKVKLVTPDGPVEFICPDDVY I LDQAEEEGHDLPYSCRAGSCSSCAGKVRAGTVDGSDG
ATYKVKLVTPDGPVEFDCPDDVY 1LDZAEEEGHDLPYSCRAGSCSSCAGKVAGTVDQSDG
ATYKVKLVTPDGPVEFDCPDDVY 1LDQAEEEGHEL PYSCRAGSCSSCAGKVIAGTVDGSDG
AEYKVKLITPEGEVEF CPDDVY IL30AEEEG]
EAGKVKLETPDGPEFECPDDVY [LDQAEERG
:EYKVKLVTPEG WEF|ECPDDVY [ LDJAEEEG

YKVKLVTPDGLILEF ECPEDVY ILDZAEETG
ATYKVKL[ITPEGPEEFDCPDDVY ILDFAEENG
ATYKVKRITPEGEAENECEDDY YLDIAEELG
ATYKVKLETP{EGEYEFECPDDVY I LDQAEE]IG
ATYIVKLITPDGEVEF SCEDDVY[LDOAEEEG
ATYKVJLVTPEGUELEIDCPODRYYLDRAEERG
vkl TP Regeigiceony i ofAEERG
ARYKVILVTPLIGIVEF ECPDDVY I LDRAEEEG
AEYKVKL TPDGPEEFECPDDVY ILEJAEERG
ATYKVIILLTPEGREEFAYPODVY ILDZAREE
ATYKVKLVTPSGHEEF £CPDDVY [LDQAEEG

FLDDDQJANGFVLTCVAYPQSDVT IETHKEEEL [}
L DDDQIARGFVLTCVAYPQSDVT IETHKEEEL TG
LDDDQJAEGFVLTCVAYPQSDVT IETHKEEEL TG
FLDDDQJANGFVL TCVAYPQSDVT IETHKEEEL TG
FLEDEQ I FAGFIL TCVARPHS TV IETHKEJTEL TG
EGIVLTCHAYPRSDVYYI ETHKEEEL TG
EGEVLTCVAYRSSDVT IETHKEEEL T}
GFVLTCVAYPUSOVII ETHKEERLT!Y
ILPYSCRAGSCSSCAGKVVIGAVIIOEDGSFLDD{E0 1 [ZEGTVL TCVAFPUSDVT IETHKEEEL TY
DLPYSCRAGSCSSCAGKVVEGEVDASDESFLDDDA I AEGFVLTCHAYPISDVT IETHKEEEL [
DLPYSCRAGSCSSCAGKVVEG VDQSDﬁSFLEDDQMD‘GYVLTC YaSovj1 ETHKEEETRS
D[IPYSCRAGSCSSCAGKVVEG! DOSDiSFLDDEQMD‘G VLTGIAYPISDVI1 ETHKEEE|RSS
DLPYSCRAGSCSSCIGKVJJAGTVDQEDASFLDDDQ 13 GFVLTCVAGPIEDVT IETHKEERNA
{GKVIJAGTVDOZDESFLDDDQ 1IZIGF VL TCVAYPUEDVT IETHKEE M

SDVT IETHKEEEL T1Y

SDVT IETHKEEEL T3
SDVTIETHKEEEL T3
SDET IETHKEEEL T[3
SDJY1ETHKEEEL T3
SDVY1 ETHKEEEL T3
ATYNVKL[JTPDGEVERQYPDDYY I LDOAEEEGHDL PYSCRAGSCSSCAGKVVEGEIDASDESFLODDONARGHVLTCTAYPRSDVY 1 ETHKERTL [
YKL T PEG R0y PEER] 1 DPAEEAaDL PiscracfcsscleKvVEGRVDASEGSFLDDEeYEEGFVL TcllARPESDRY 1 ETHKEEEL 28
YKL TS clEaiIDge Eal 1 L DRAEERGHDL PRSCRAGRCS SCGKYVEGEVDESEGSFLDDEGEEGFVL TCHAPES DY IETHKEEEL R
Gk VKEATPDGEAREYPOD I 1L DIBEERGEDL PYSCRAGRCSSCUGK TG AVDOSERSFL DDDOJAEGFVL TCVAYPIEDHT 1 ETHREERL B

Fig. 3. Comparison of the Sequences of [2Fe-2S] Ferredoxins from Higher Plants

Amino acids are represented by one-letter abbreviations. Y, E. distachya 1, E. equisetina 1, E. viridis, and E. intermedia; $, E.
distachya 11 and E. equisetina 11; £, minor Fd from E. intermedia;*, Physalis alkekengi var. francheti; T, var. stramonium and var.
tatula, and D. quercifolia, T, D. metel, D. innoxia, and D. fastuosa. References for the sequences are: (6) and (7) in 11), (8)
-(11) in 10), (12) and (13) in 9), (14) in 8), (15) in 7), (16) in 6), (17) in 2), (18) in 3), (19) in 4), (20) in 12), (21),
(22), (25), (27)-(34), and (37)-(39) in 16), (26) in 13), (35) in 18), (36) in 17), and (23) and (24) listed in accession

numbers M31713 and AY340639, respectively.

Table 1. Amino Acid Differences Between Ephedra Ferredoxins and Other Higher-plant Ferredoxins

See legend to Fig. 3.

4] @2 3 @ ©® M @ @ @4 5
(1) FEphedra sinica 19 0 1 1 2 5 (21) Leucaena glauca 31 30 31 3 31
(2) FEphedra sinica 1T $ 1 0 1 3 6 (22) Medicago sativa 28 27 28 30 30
(3)  Ephedra foliata 1 1 0 3 6  (23) Pisum sativum 26 256 26 26 28
(4) FEphedra intermedia £ 2 3 3 0 3 (24) Trifolium pratense 32 31 32 32 32
(5) Ephedra americana 5 6 6 3 0 (25) Brassica napus 2 21 2 21 2
(6) Atropa belladonna 26 256 26 26 29 (26) Panax ginseng 29 29 28 27 26
() Hyvoscyamus niger 25 24 25 25 28 (21) Petroselimum sativem 30 31 31 29 31
(8) Solanum nigrum 25 24 25 27 30 (28) Phytolacca americana 26 27 27 28 30
9)  Solanum lyratum 29 28 29 31 31 (29) Phytolacca esculenta 24 25 25 26 28
Q0) Solanum indicum 28 27 28 29 30 (80) Spinacia oleracea 33 32 33 33 34
(1) Solanum abuti/loides 24 23 24 24 27 (31) Sambucus nigra 28 27 28 30 31
(12) Scopolia japonica 26 25 26 26 29 (32) Arctium /appa 32 31 32 33 33
(13) Lycium chinense 24 23 24 24 27 (33) Colocasia esculenta 28 27 28 28 30
(14) Capsicum annuum 29 28 29 28 29 (34) Triticum aestivum 28 27 28 28 29
(15) Nicotiana tabacum 27 26 27 27 26 (35) Hordeum vulgare 27 26 27 27 28
(16) Physalis alkekeng/ * 28 27 28 28 30 (86) Oryza sativa 30 29 30 30 32
(7) Datura stramoniumt 26 26 26 26 29 (3) fquisetum telmateia 39 38 39 38 38
(18) Datura metel+ 25 24 26 25 28 (38) Equisetum arvense 40 39 40 39 39
(19) Datura arborea 26 25 26 26 29 (39) Gleichenia japonica 31 30 31 31 31
(20) Pueraria lobata 40 39 40 39 38

(1) belongs to Ephedraceae (order: Ephedrales, class: Gnetopsida, subphylum: Gymnospermae, phylum:

Spermatophyta) (6)-(19) to Solanaceae; (20)-(24) to Leguminosae; (25) to Cruciferae; (26) to Araliaceae; (27) to Umbelliferae; (28) and
(29) to Phytolaccaceae; (30) to Chenopodiaceae; (31) to Caprifoliaceae; (32) to Compositae; (33) to Araceae; (34)~(36) to Gramineae; (37)
and (38) to Equisetaceae (order: Equisetales, class: Articulatae, phylum: Pteridophyta); and (39) to Gleicheniaceae (order: Filicales, class:
Filicinae, phylum: Pteridophyta).
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is represented by E. sinica.'”

Many primary structures have been reported for
chloroplast [2Fe-2S] Fds.>'* '®'® The number of
amino acid differences is 14-40 for different families
and O to 4 for the same genus, except for the genus
Solanum."” 1In our recent study, 2 to 19 amino acid
differences were observed among different genera of
Solanaceae; Datura, Physalis, Nicotiana, Capsicum,
Scopolia, and Lycium. Table 1 shows amino acid
differences in Ephedra plant-Fds compared to other
higher-plant Fds that have been determined so far.
These Ephedra plant-Fds exhibited 21-34 differences
in their amino acid sequences compared to those of
Angiosperms, except for P. lobata (38-40 differences).
In contrast, 38-40 differences were observed compared
to E. telmateia and arvense (horsetails), respectively.

This suggests that Ephedra plants are remotely related

Datura arborea{Solanaceae)
Scopolia japonic&Solanaceae)
Atropa belladonna (Solanaceae)
Lycium chinense (Solanaceae)
Hyoscyamus niger (Solanaceae)
Solanum nigrum (Solanaceae)
Datura metel ¥(Solanaceae)
Datura stramonium T (Solanaceae)
Solanum abutiloides (Solanaceae)
Nicotiana tabacum (Solanaceae)
Physalis atkekengi * (Solanaceae)
Capsicum annuum (Solanaceae)
Solanum lyratum (Solanaceae)
Solanum indicum (Solanaceae)
Medicago sativa (Leguminosae)
Sambucum nigra (Caprifoliaceae)
Pisum sativum (Leguminosae)
Trifolium pratense (Leguminosae)
Cococasia esculenta (Araceae)
Arctium lappa (Compositae)
L eucaena glauca (Leguminosae)
Spinacia oleracea (Chenopodiaceae)
Panax ginseng (Araliaceae)
Petroselinum sativum (Umbelliferae)
—
Hordeum vulgare (Gramineae)
Triticum aestivum (Gramineae)

taxonomically to horsetails. Note that only 21-24
differences were observed between Ephedra plant-Fds
and those of several dicotyledonous plants, B. napus
(Cruciferae) and some solanaceous plants. This does not
necessarily indicate a close taxonomic relation between
Ephedra plants and these dicotyledonous plants. As
described by Matsubara and Hase,'® it may be difficult
to deduce the relation at the family or order level based
only on Fds. Nevertheless, it is interesting that Ephedra
plant-Fds showed the lowest similarity to Equisetum-
Fd (Equisetales) among those of higher plants, despite
their morphological similarity. In practice, the genus
Ephedra (phylum Spermatophyta) is thought to be
remotely related to the genus Equisetum (phylum
Pteridophyta).

Figure 4 shows a phylogenetic tree based on the Fd

sequences of higher plants.'” Fourteen solanaceous

Oryza sativa (Gramineae)

Ephedra sinica | (Ephedraceae, Ephedrales, Gymnospermae)
Ephedra sinica ll (Ephedraceae)

Ephedra foliata (Ephedraceae)

Ephedra intermedia * (Ephedraceae)

Ephedra americana (Ephedraceas)

Brassica napus (Cruciferae)

Phytolacca americana (Phytolaccaceae)

Phytolacca esculenta (Phytolaccaceae)

Pueraria lobata (Leguminosae)

Gleichenia japonica (Filicales, Pteridophyta)

I Equisetum arvense (Equisetales, Pteridophyta)

0.2 0.1 0.0

Y Equisetum telmateia (Equisetales, Pteridophyta)
1

Fig. 4. Phylogenetic Tree Based on the Amino Acid Sequences of Ferredoxins from Higher Plants
The phylogenetic tree was constructed using the UPGMA method of Nei (1987) (GENETYX software).'” Genetic distances
are represented by the proportion of amino acid differences between each taxon (1.0=100%).
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plants form a cluster that is distinctly separated from
other angiospermous plants, ferns, and horsetails
by appreciably long branch lengths, which increase
in that order. In the solanaceous cluster, five genera,
Atropa, Hyoscyamus, Scopolia, Lycium, and Datura,
are separated from each other by short branch lengths,
which suggests a close taxonomic relationship among
them. On the other hand, Ephedra plants (subphylum
Gymnospermae) form a small cluster with short branch
lengths. This cluster forms a greater cluster together
with B. napus and two Phytolacca plants which belong
in a different subphylum (Angiospermae), with a
considerably long branch length. Furthermore, this
cluster forms a greater cluster with other plants of
Angiospermae except for P. lobata, which suggests
that the correlation between the Fd structures and the
taxonomic position of plant taxa is not reasonable. This
can be partially accounted for by the rapid evolution
of Fds. The number of mutations seems to have been
saturated in a relatively short period for a small protein,
and differences in the numbers of amino acids in Fds of
remotely related plants do not reflect real phylogenic
distances.'® Nevertheless, it is interesting that differences
in the numbers of amino acids in Fds reflect the most
remote relation between Ephedra plants and horsetails.

In conclusion, Ephedra plant-Fds possess unique
amino acid sequences that are distinct from those
of other Fds based on Asn-14, Asp-30, Met-51, Cys-
85, GIn-88, GIn-91, and the deletion of one amino
acid residue at the C-terminus. While E. sinica, E.
distachya, E. equisetina, E. viridis, and E. intermedia
have identical or very similar Fds, the Fd from E.
americana was somewhat different from those of
the other Ephedra plants. These results suggest that
E. americana, which does not contain ephedrine, is
somewhat distantly related to the other ephedrine-
containing Ephedra plants, although the others are
very closely related to each other. A comparison of
the amino acid sequence of Ephedra plant-Fds to
those of other higher plants indicated that Ephedra
plants (class Gnetopsida, phylum Spermatophyta) and

horsetails (class Articulatae, phylum Pteridophyta)
are remotely related. For further discussion, we would
need additional information regarding the amino acid
sequences of Fds from these two classes.
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