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Metal-Containing Components in Medicinal Plants (1)?

Iron-Containing Components in Datura Leaves
Y osHIKI MINO
Osaka University of Pharmaceutical Sciences, 2-10-65 Kawai, Matsubara, Osaka 580, Japan

(Received October 1, 1990)

Iron-containing components in fresh Datura leaves were assayed by a gel chromatography
(Sephadex G-75) system with a multi-type ICP to determine the iron and other element con-
centrations. As a result, a large portion of the iron in the soluble and anionic protein fraction
was found to exist as ferredoxin (Fd), an iron-sulfur protein. The quantity of the iron that
exists as Fd corresponds to about 10-20%; of the amounts of the soluble iron and to about 19
of the total iron in Datura leaves. The electron absorption and resonance Raman spectra of
the Fds isolated from each of the four species of the genus Datura, D. metel (D. alba), D.
innoxia, D. stramonium var. stramonium, and D. stramonium var. tatula suggested that the struc-
ture of the active center of Datura Fds is virtually the same as that of spinach Fd, namely, 2Fe-
2S type. However, the analytical results of the amino acid compositions of the Fds showed
considerable differences between Datura Fds and spinach Fd, and a slight difference among
different Datura Fds. Therefore, the difference in amino acid composition of Fds from tax-
onomically closely related plants may be used as a reliable indicator for the identification of
such plants.

Keywords——Datura metel; Datura innoxia; Datura stramonium var. stramonium; Datura
stramonium var. tatula; iron-containing component; ferredoxin; amino acid composition;
resonance Raman spectroscopy

AIED B Dk h EHCEHET 5 7o iy, AELEYD LR, LOoLERCEE I DERRSTOVTD
A ARRRTHD. EEHIE, WEEFTCHEBOAEFOLBEREICOWTr 1 HXFHEIC X D ERBDHTHI IR
BFNIY, AUBEOARTY, LOEMPERMEADOEVCCE » TERBREF & - vEIBVHED LR BT L,
BIVFOLEBEHE X — vOBRBYFIALT, AROEMPEFRLHIBEHREL 552 LELUWLMRKLTEL.
LisLinh, £EboElnsd (SBEERS) DA TAEAE2EET Dy, ENRRVIET Tk
, FOLBEREROEERE (bFR) 2WLACTHLELHS. £2T, §EHIL, TOREDO—RELT, #o
RHEBE L GETHAY SBENDEYIRELT, TORPCEENISBEERS, & CHREFRDZHL
w, FAYEEELHEES T I A<RESKLHE (Inductively Coupled Plasma Emission Spectrometry, LI
ICP LEED) X BB ITole. FDRER, #Y SEFOAEK.F V27K (7 =24 V) BEAPORTT DRI,
YBiE A VAR IBD—ME, 7=V vy (Fd LBET) ELTHFELTVR S E2HbNIR L. SHREXY
S#EME Fd OSXLHBERT I 7 BEARCOWTIETOMRAEL /LD TELE THRET 2.
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1. EB#H
F o e T H A (Datura metel (D. alba)), 5 a v 2y 7¥HA4 (D.innoxia), 8V ¥ aF a7/ 7V AA
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memmmmWme@,%lUVnﬂfavya%aﬁhV7#ﬁﬁ(DnmmmMnmnmmem)m,K
FEAEDERCTRIE LD TH B0,

D. metel (D. alba) & D. innoxia 1%, $%EDE, EN L CEENEETHY, I BOHMNEL, EoaHI DT
DEFLEHT S KM, BUOTHEBEEL T 5.

D. stramonium var. tatula & D. stramonium var. stramonium 1%, WiEZEOZENEELPED, BEGOHETH DD
HU, BEL, EIEBETHY, AIETHEEEHRL &, MOBPBEHERTEVIELLTWL .

r¥, M7 —7RTE, ERGPIROWRBLECHEALEERALRS.

2. EBRFHE

HAEFE (TRES R VHES) ORB—% ¥ Y 5 O HBEY 1kg % 0.02m Tris-HCl &% (pH=1.5)
20l wThEYR—FL, BOOEE (7,000 9) THAL BRI 1 4+ v il (DES2 (DEAE +ir—2],
Whatman) 20 g % iux T, —BaEREE, 1M NaCl &FEER (S00ml) wTHEE L. B5himHRy RAEE
(YM-05 2 v7 5 v, Amicon) T 10ml WEMHEL, TEBEEX VA278ESE L. ZOBKEO 3ml 2747 e
< b 75 7 4 — (Sephadex G-75 superfine, 1.5x90 cm, & : 0.1 M NaCl 44 0.02 M Tris-HCl $2E% [pH=
7.5}, DEYA A :3mD) L. 7k, % v-2r B 280nm ¢E=%—1, Fe, Ca, Mg, Cu, Zn, P 3510 S
DETRBEEIFERES 7 7 A~ FhHKEE CPV-1000S, BHE) wTHIE L.

Peak IT OFFHE —DPeak Il (75 7 v 3 v 35~3TK) &, B4 A vKfire<t+ 2757 4 — (DE521.5x%
20cm, 0-1.0m NaCl GEEEH, 0.02M Tris-HCl (&8 500ml)) 247\, EF 757> s vESERLE. X5
TR TERMEE, YV 27re~< 7574 —2FET, BRI, FPLC (Mono Q (HR 5/5], Pharmacia,
0—1.0M NaCl HEHH, 0.02m Tris-HCl (£8 20ml)) CHE L, FEAOMET &% v 7 BRI B,

Fd @ TCA (Trichloroacetic acid) #LB—#7 3mg © Fd % &2 %% 100 gl wRE4FESE (Centricon 10,
Amicon) L, ZBEKTSHECFERLLE, £BD 12MTCA s, BEOSECTHEDOINBELEL. = OB
0.6M TCA(500 o) %pnx, BBIRHK, BEROSECRBESBL.  CheZEEK (500 4) %, 0.1MNa
OH Tt (PH=8~9) &L, MELHEMIE, X HLIEEED 1.2M TCA ®inz THEL, BELOMCIBLYE
o, TOWEE TV, SEWT=—FAVTHAEL, Fovir—2RTERRILk. Bbhicmkir, & Fd H5Fnb
YRETF ERREEBHREE T VRPN T AT w54 VT, 7 3 7BOHORE L L.

T I/BEROS—#% Fd (7S w5 A4 v, FFr /7 e A) % 68N-HCl 1% 7 = 7 —E7H) v, 110°C T
ko fEE, BE7 I 7 BohEE (L8500 &, Hir) wCHlzEL .

HBFTT ARG Ml—Vv—¥— 7= vHHKEE (NR-1100, ARSI A7 FEEE @ 488.0nm, &
B 15°C, :ARHEE : 2~3 mMm Fd (0.05m Tris-HCI, pH=7.5).

#Y SEROYEE——D. metel (D. alba) DFWMER 10g 271 I FABKTED DS L, 70 20g 2ER
L, 52l AR, # 600°C To6RMmAT oz Lickd, RiILL &%, 6M-HCl1ml #inx T, KEHEML,
KEMZTHR, ERER S0ml &L ZoBWE ICP St L.

BRRLEE

1. TBEESYCRIEESOSFLIOAR M 5T 4—

Fig. 1 1%, D.innoxia DFEENSHB LIc X VR 7 BEAD X VEBZ7 v~ 275 7Th5b. BEERSCE S
3EDO Y — 27 RNABDHAK. €— 2 [13 Sephadex G-75 # 5 A COHBRBROMBETHY, HFEI4FLULED & v
ArBEEbhS -7 MRS TFEHSTRED LD LHEEIRLY, HBOLDAECIES AP o7 BbA
EoE—7 11, ZOBBMNEBEIVSTFENIFOR VAZBEHEIR. 20X VA7 BEISERN MO 2
7B L RRCBE IR (Fig. 2), ChbiEoRBRY LEX DR S.

D TLREOWTE, 4BOEYH T, EHDERIDZ 00, EFMCRIThIThELD 7<=t 77 8%
AL, D. metel (D.alba) #Bl& LT, ICP & ¥ W @xHAGbEs7a< 75 4% Fig. 2 Rl Cal
HEERBADOME O C—7 TCHEYTAVE, IHLESFHCE E—-7B3&RbRc. Mg TRERDONIVLE—
shBDd ORI —7F, Cu & Zn WX HERELLERA? S, RBROME, 38KH (75 7va v, B
IOELSFRICEh TR E =2 8B THhR bR, FROC— 23D —21 (7573 vH, 364H) OB
BBV, AR ABHMZBLSLDbh TS, —F, SO3IEOE—~270DR, RO — 27k Fe ©
E—7 [ EBERCER->TEY, E—7 [RSLARCHEELZ DL AL F VA2ETHHZ LIRB IR, %1,
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Fig. 1. Gel Filtration Chromatograms of the Soluble Protein
Fraction from Datura innoxia

@®: absorbance at 280nm, O: Fe concentration. Column:
Sephadex G-25 (1.5 x 90 cm), mobile phase: 0.02 M tris-HCl (pH =
7.5) containing 0.1 M NaCl, fraction size: 3.0ml, monitor: ICP
(multi-type) for Fe and 280 nm (UV) for protein.

Emission intensity

Fraction number

Fig. 2. Gel Filtration Chromatograms of the Soluble Protein
Fraction from Datura metel (D. alba)

Monitor: ICP (multi-type) for several elements. Other chromato-
graphic conditions were the same as in Fig. 1.

C=2 107572 VEKRARD o LBPERTRTEL2ELAbE S L, CODRE-FHEL VA 7O—ETH
% Fd OFEEEIEW EHEE IR,

BED X5, ¥WEBEE~AVF 247D ICP ##lAfbeb & T, HYWFOEBEERSEZRETTHD
D, EBRHTIRDIVERALMENIE LRI,

ZT T, AFRTIE, -7 [RESEKD, TR THRRFEMREYT .

2. E—%7 I (Fd) OHFFeIEHE

=2 D73 72vaviAd v re~< 7574 —CTHEE, BOhEEE 75 7 v a vERIMNEGATE
WBToz LT, ABAOBREKEEREL. X5k, ¥YLEBE Mono Q 45 2% W5 FPLC THEHEZT, #iE
RN IBERPBL. COBRDOBRRARZ i, RENRZ7eeSA I FdCchb-v vy Yy Fd DAY
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Fig. 3. Absorption Spectra of Datura Fds and Spinach Fd

1: Spinach Fd, 2: Datura stramonium var. tatula Fd, 3: D.
stramonium var. stramonium Fd, 4: D. metel (D. alba) Fd,
5: D. innoxia Fd.
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Fig. 4. Resonance Raman Spectra of Datura Fds and Spinach Fd

Samples were 2-3 mMm in 0.05 M Tris-HCl (pH=7.5). Spectra were
obtained at 15°C with 488.0 nm excitation.

PEBHTEULTEY (Fig.2), ¥ =217 =V IFFv v Thoe LR TE. XD, BEEPLOESE
C%?é%ﬁ%ﬁ%kb,%%vivx&&%wkwﬁbt@gﬁ.%@%%,ﬁﬁvvvad&ﬁ%Km,Qa
398,367,350,330,285cm~! ¥ — 7 BEDOLR B bbb, £V 5 Fd OFE#PLIZAY VY Y Y Fd 0FhEF
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TasrLe I. Amino Acid Compositions?’ of Spinach and Some Datura Fds (Apoprotein)

. D. metel . . D. stram. D. stram.

amioacid SRS Byabe QIR e e
Asp 12.52(13) 13.18(13) 12.99(13) 13.52(14) 14.41(14)
Thr 8.02( 8) 7.63( 8) 7.33( 7 7.06( 7) 7.61( 8)
Ser 6.61( 7)* 5.05( 5) 4.76( 5) 4.51( 5) 4.78( 5)
Glu 13.09(13) 12.76(13) 12.80(13) 12.65(13) 13.03(13)
Pro 3.99( 4) 5.41( 5) 5.20( 5) 4,95( 5) 5.68( 6)
Gly 7.01( 7) 8.26( 8) 8.27( 8) 8.42( 8) 8.37( 8)
Ala 9.07( 9)* 7.34( 7) 6.64( 7) 6.16( 6) 6.61( 7
Val 6.90( T* 8.66( 9) 8.59( 9) 8.53( 9) 9.11( 9)
Met 0.35( 0)* 1.15( 1) 0.99( 1) 0.99C 1) 1.09C 1)
Ile 3.92( 4)* 1.95( 2) 1.92( 2) 1.93( 2) 2.01( 2)
Leu 7.57( 8)* 6.09( 6) 5.99( 6) 5.93( 6) 6.18( 6)
Tyr 3.99C 4 4.98( 5) 4,53( 5) 4.44( 4) 5.01( 5)
Phe 1.78( 2) 2.08( 2) 2.40( 2) 2.38( 2) 2.16( 2)
Lys 4.06( 4) 3.90( 4) 4.08( 4) 4.35( 4) 4.06( 4)
His 1.11( D* 2.12( 2) 2.16( 2) 2.36( 2) 2.16( 2)
Arg 1.05( 1) 2.03( 2)** 2.00( 2)** 1.18C 1) 1.07C 1

2); Residues/molecule, Cal.: calculated value, NI: nearest integer.
* Significantly different from Datura Fds, ** Significantly different from the other Datura Fds.

¥, 2Fe2S &l (/me7S5AMED ThHDHZ LRI,

3. Y35 Fd ©O7 3 /AKX

££2Y5 Fd o7 3 7BEBITESERTEMNL TS, Ay vy vy Fd L0 lE T, BbhkENRALRI
(TaBLE D). /bbb, Ay v vV vDfs, Fd 15FhEdzhd e AFV VERENIETHIOCHL, #7775
Fd CTR2EDeAFCVEREXEELTED, bR, A VrAvY, XYV, 77= ViR ORRICERIED
Shic. Fi:, &V SBHEYETIE Dutra D metel (alba) & innoxia 137 V¥ = vERENIETHHDEIL,
Stramonium E5D stramopium var. stramonium & stramonium var. tatula 32O T AF = VEBESHERT I VB
ELTEALTWAEIALMNE oz, ZOMD, 207 3 JBEILTHDECHEEIR B, ORI
Wik, zhtho Fd o—RBEXRITL, MRTILE SHD LB D,

4. FVSEFOHKRER

Y S BEYH LM LT B2 VA 2 BESDORES O, Fd TH AT EHBHh-12hs, OGRS
BEYRE (RAMEEC A 4 VBB X 54 T, S50 kbh ATEENTIE X bh 5. £ 2 T, D. metel
(D. alba) %#HE UTHEERE D LOBEPOZTLRRESR ICP ToHiL, TOEREY Taslell ¥ L.
33, FEEFEFIE, 46ppm ORE (100g F 4.6 mg) TEHE IR TWIH, BERCTHIEIN D DT,
FORI0%THY, FTOUBERES O 8 ENTE A + v lliEr BB L. BR, FHEROHLDH1 %, TTHE
PEEESDI0~20%BEN Fd L LTHEELTVWAEEL bR D. ZOMOTLRICOWTH, Fe FAffEHE Ihiciw
LD ELT, Ca & St 2350, HIeS, P, Cu, Zn it HEHTHEEORBTEPHFEL TS EEL DRI, 20
BRI, \WEEFTRFRLWLL ONDEETOLTRDOBH OB & I12F—FK L TWH 5567,

L1, Fd LADTHEESESITOWT S, BEEHETLTETH 5.

i ]

£ 5 BREHOEN SR LB S v 2 BESDOH, KESOS%E, $§-REs v sBEOo—ETH S Fd
ELTHRELTWS. Z0R1, FMEDOHLOH 1 LERET, AIBESEION1 ~28 kY’ £V 7 Fd &
Ay vyvy v Fd LORETIR, EEPOOHEICEIRD bhith o, £07 3 2 BEBRCITEEHEL A
bR, LAY S FAdBREWThhTIhRnbENRNLLRT. &Y 3 BEY EOLBEEY X F] (b5 itE
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TasLE II.  Contents of Several Elements at Preparation Steps for the Soluble Protein Fraction

Element content (mg)

Element Origin (in 100 g Soluble Non-adsorbed 1M NaCl-eluted
of leaves) fraction fraction fraction
S 37 33 30 0.8
P 69 47 45 0.7
Ca 582 1.6 1.5 0.3
Fe 4,6 0.55 0.44 0.045
Cu 0.2 0.19 0.17 0. 004
Zn 0.48 0.29 0.28 ND
Mg 61 3.3 3.3 ND
Sr 1.8 0.03 0.0138 ND
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