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On the Trace Metals in Green Leaves.
Shigeki Movi

In the previous paper?’, 1 have reported with my coworkers that the
amount of trace metals, such as iron, copper, manganese and zinc, was
accumulated more in deep green colored part, and less in pale green part
of green leaves. The chemical affinity of these metals to chloroplasts is
different. The chloroplastic and cytoplasmic matters as well as water soluble
substances are separated by centrifuge from the pressed juice obtained
from the ground pepper plant leaves. On each fraction of the separated
filtrate we have analysed the trace metals, whose results are shown in the
tables given in my Japanese report on th'e following page. As seen in the
tables, the greater part of iron is found to be fixed in the chloroplastic
matter, while other metals mainly in the cytoplasmic matter. In the chlo-
roplastic matter there are found, besides iron, small amounts of copper,
manganese and zinc. It is uncertain whether they are the essential const-
ituents of chloroplasts or not. '

In addition to these results I discussed the biocatalytic significance of
heavy metals relating to photosynthesis.

1> K.Kondo, S5.Mori and M.Kajima: This report 19, 66 (1949)
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EERAE LL & 5850 (Capsicum anuwm var gressum) OME
FRUEERE, 1949459 H A4
%%ﬁﬁiT&KiTW(f@OT,%D%M%ﬂﬁﬁ&ﬂﬂ%ktmf@bf%%
Method of er’u ation

Plant. Pepper,
(Capsicum anuum >
, var grossum

@D Green Leaves 600g
- "600cc ice-cold water
‘ grind, pressed and filtered through
i thick cloth
i

| | Stand for 10 Hrs,
(® Pressed cake @  Juice
[ ' at 0°C,
centrifuged
I
l 1 ,
@ Paste ® Superm\itwaﬁr)t_ljguor dialysed for
\ 48 Hrs. at 0°C
extracted c

with 802, Acetone

i

I [ [ !
® Residue @ Extract ® Dialysed ® Dialysate
Protein ) " /Pigments ) Liquor
and Starch and Lipoids
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Table 1
Analysis of Ash and Trace Metals
CAmount in 100g Fresh Material)

Ash I Fe ‘ Cu . Zn Mn
g mg mg

(1) Fresh matarial I 14.300 2.754 33.33 4.47 417 5.00
(2D Pressed cake i 7.930 1.328 9.92 1.86 1.64 185
3D Juice ; 6.359 1.406 | 2335 2.60 2.50 313

|

Fration h Dry lgnatter

|

(4> Chloroplastic matter 3414 0.433 | 20.00 0.52 0.63 0.63

2.924 0.937 3.33 2.08 1.78 2.50

(5) Cytoplasmic matter 3¢

«| (4 Chloropl. miatter . 3414 | 0433 | 2000 | 050 | 063 ' 063
g 8| (6) Protein 2344+ 0.070 . 1850 0.46 054 | 0.49
8 | o
55 | (7 Pigments and Lipoids . 1020 ; 0063 | — R T B
T | ‘i ! T
g | {5) Cytoplasmic matter 3213 | 0914 z 1.83 ” 1.59 2.29 f’ 293
£% |
K ‘é} (8) Dialysed Liquor 0.696 | 0112 } 0.33 1 + + 0.16
=% \ !

g ; (9) Dialysate 2476 | 0783 ] 147 | 147 | 213 | 263
I | )
‘ Table 2
(Amount in 100g Fresh material)
| Ash i Fe Cu ‘ Zn . Mn
! £ ‘ mg mg mg mg
i

(a) Chloropl. matter 0.43 * 20.00 0.52 0.63 0.63

(b) Whole leaves 275 | 3333 | 447 417 | 5.00

a/bx 100 | 1564 | 6001 | 1166 | 1511 | 1260

¥ mixture of Cytopl. matter and water soluble substanses
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LREIEE O R~FEHET 5 & %ﬁéix%/w’lf,é T EIEMRA~NDBND DT, HHEEH
7 DI AERARZTOIOTHE T, PTEMEN L 2sr & T35 3 @, Piil Chloro-
plastic matter T %. ERBHWEL 2D 0L WMz OFREOD OTHDC, [oM50
KPS CINC, MOF BRI TR B DR b, ATilom L fiitOR S EEL Tt s o & ,
BXRAD 2 LT ATD 505 RO FAMSESEHINRELHLT 52 L €d ok b,
TNE LT EL RT3, ML AHOFKFBFCNTHERALZEETL. 3 X 5B
IR EC A 1, EAMREEE R X 5 B HIEE D16 TIROR DT 3. ‘
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Krossing, Menke # Neish ‘OB TH %, K0 5 5T Krossing OFE S € i
SACET 5O TH Y, Menke OUERCHRTRMREIITHEOMNMEL L <hz, i
b Neish O%ENCCIx Fe % Cu &4 RL 72l Mn et Tslhic 2 O1ef
HBOFFEET D 5. |

1T &K OSBRSS IE T LA T an  Fe O RE 2 SRR @ ki T 355, Cu,
7Zn K Mn o ydir L g2 M 5, Bib 2 Aot atin  Fe 12 % &R D60% A8
SRS ic YR a s owr Cu, Zn B Mn 12k x A0wo011.7, 15.1412.6% i ¥ 7«
. 2 DT EREROCBETREGRTHOC, HANCN B AT IR 2« OflEE 3
i 27 0afiEmE T3 0h, Bk Fe oin( [xﬁ--j—.’%{’,ﬁ?}@”ﬁ b S B g%
FEOR R BER D DO TH 3hy WL RN M ILHa 3 Cu, Zn K& Mn 28%
BERC TS Cu K Zn ol CR2BIERNL T, ZOWHICHT Fe & HRINRE
% LT B OB Tl Fil, YL TR BIT 2 ORIMT I 3 A RO IRIE %
OFFEHT LTS 2H, ZOHHRIMHDTHEETH L5 L PHEINS.

(¢) RHERBEOBHETIMERICHT

SRR Rk 2 LA 3 LA KICIE Frank OW~ 3 i BINOEIES B30T, 20
— BRI AR RIS A L5 Catalyst OB 32 & XA SEIZ LR, 4Eie oCat—
alyst @B TIT N AERA VISR E SR N TE 3. §4% T i CIEER
R Z OB s T 3 Fe LSO BESBIRFR «HERCRFEROMBMERLL T, #H1K
CHET, —HOBREFEOLOLHEADNSED, FRCLOTHES LS S ORLlic
MoF&BME BT oL AT 5. BUHOEELECHE CIXB L2 T RS, FE
{EiER T3 Catalase & Peroxydase & TIZIEEKBLCNT, ZONAilkiEsi4a ( JiIT
BT LA Krossingg)@m%kc o H}alybwc _NTS., SEBOSRE R 2 {HEOE]
TWEE b, WHEERLICRD MRS 5 &, S SIER CRHCRTEL T B &~ b
15 d 0k Catalase (Krossing) & Polyphenolase (Arnon) S)“C“, JATEL Th IR~
bz b O Peroxydase (Krossing) ¥ Carbonic Anhydrase (Neish) (Zn BEEL L.C
OWEERTHRA TS 550 SRds.

T, fcd 3 Mn OFEEMCBL TR S ERCLES s, kiR zse
OFEBOMIGHCTIZFHER Y B c3NTEAR. Mn ek oCliE3 L 3FEEEID Mn
ORI B R i BHEAMCRER T 2 b ©, EHEAMcERT 2 3 0%5ns 0T,
Z O —~E L BT THOD, BB ofEMI~E p-Carboxylase 1XI%5kD BT
# Triphospho-pyridine nncleoside, TPN & Mn OfFfRIT X D TR BIERHLT 3T
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“Z#% Ochoa # Vennesland 41 £ 5 THEER B, HEHEIH. MCHAROBFICH )%
RRESR o, REORECL 3L Mn XFERKL o T 5 P cial, Bffck
DTHELCHEET BRETH 205, € OBA Mn 5430 Co-factor LF 5 ETH %
#-5T Mn 1z Porphyrin #Zcinilickhat s Fe % %o Catalase % Peroxydase 25 &
BB OFREREANTH s L BTN 5.

Zn ORUD T B e L CirEino Carbonic anhydra’se OAREHER R L
TUAEAZ s & o » Lo, Hifcitit s Carbonic anhydrase fEllZ &+ 3 00
AkE, @i s zh t oR L TN ORI D 398, EHOEBOMM T
ErY o Yiati =4 ﬁffﬁﬁffi’;tﬁﬂﬂ& IL75M b TH 5. @ Carbonic anhydrase & [F4AEO/EH% &
THERIEHD C SR AR T 2 C LN RSB bITIE D L T ATH 52, RS
HUOWER(r, EFEH, RIBIZONEN Lokt O OMIES T X aWAEIEDIREST
DfckER. T DM LR 2R s L B ith s &, MEEIRIE O R
Chlotophyll b ASBIET 5 & T4 S 1L 5T JLIRL 7.

HETIAR I Carbonic anhydrase 7% fJLARRIFIIOF F17 4L 5 BEER A6k o4
NBTLENHETD 5205 £ OMBIET S 5 MKOT R E BB % bIE, WA RO
TR s EE RS MEHCE D AT T 0TS 5. BB X 350 OBk T
TOOHER BMPLICEABIL TR SO TH 595, ZTOo—ikRkio Hydration T3 b, i
mﬁMDCmMmmmMa@&5.%%%ﬁmw%mmmfmwﬂﬁzacm&%%Lfﬁ
eRERER O, ROV U ThEEk$ 4 4 v R pH 8.0~82 TH 3T &, #
ERORMAS Histidine, Tryptophane &0 ~NH {bfnominic k v g3 s
LuiEh k. coOWECL Y, 2o Chlorophyll ® 5 %, Pyrrol i 2 {ilo —NH %
%D Chlorophyll b #SRMROBICBEROSZ L L TR, cOoboLHmiTacLic
Lo THBAMRIE R N 3 PH PR R TR, 2oL Chlorophyll b ol £ DT
iz0/N K‘y‘éﬁ’%@%qﬁtﬁ?\‘ﬁéﬂﬁ“’:&' LD BT, C}&Iorolexyll a iz z OVEIEER® binkh

D Carborie Dz, WL CLl o RIS
o ¥ écw%m%,vg RO IC X D TA (S
.-NH - :C-OH N o COH o I,
Mﬂ,‘NH + CGz“e l‘19\\0:c—0H —_ Mg\\OC\'OH v hzahb, %gxﬁg';{‘:@%:ﬁﬂ%ﬁ
SN 0 SETH BT LB,
, ‘ chb ORELRIWLEL
Formation of Formation of

Carbamate Bicarbonale, © Hiihick samouE L
Mg (H COs) 2 Carbonic anhydrase OYEH
BELERERITOMEHEIBZOTD 3. ' ‘
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1. ¥EEE(LL & 551 , Capsicum anuum var grossum ) OEMETHE T SO EERC X b 4RI
L 7o B AR R SRR IR 4y @ Fe, Cu, Zn & Mn 54T L, RS ~OKESROES
EHAD L Zo. WEEERRA I Fe B2 ®E 2N 5% Zofibe Cu, Zn & Mn 23k *
2RO 11.7,15.1%12.6% a2 115 ¢ L Wb bz,

2. IR E ORI HEROMI R EEFH R BL, e Carbonic anhydr—
ase OEHIBIECEL EREORRYILEL L CETOEMEWNL 72,

D IR A AT OB 2 B b 72 2SI A R odEr 5 L e, EBRrl
T HEL ZoIMESSE —, (A SCHEMF O 9 2 &3 3. WA R So ARt i onlishc
X DBITL 2z LR R RCHEE ET 3RETH 2.
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