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(Todarodes pacificus) % — 20°C 2 FCEBT T
BRERE Uiz,

Sy bl ABETHELELER2~34HD
Wistar %> » F2ER L. Cd, Ag #5525
i, WRE, Cd 58, Ag 58, Cd+Ag &5
Bicg 2y o& LT, Cd, Ag 2aklkE LTHE
w52, 897 HAET ok, Cd, Ag 5 EBRAKE
KIZWEEEA ¥ 1 v 4 (CA(NOg)e » 4H0), 4R
(AgNO3) R KICHEBI TR L. SBEHTK,
Cd #5842 Cd 78 1.0X10-3M(1120g/ml), Ag
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B3 Cd, AgH0TF R $1.0X10-3M OBE I B
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X g, 604 IFLEE Ui % microsomes [E4y,
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(3) " FLiFtho Fe, Cu, Zn; Ca; Mg D4
B, 4FLid sml, BRI S g AL, B
BERAK B TR GLE (980C, 1BR) %
T2 T, MAER, FREBIMEEZTVL, KT
20ml ICER UTRBARSE Uk, HiESBoSHEE
Lt UT, BRAREZ0EE, H50VIEHE

YR U B A ER—T 2 F U v BFROES
Fichid T, Fe, Cu, Zn, Ca, Mg JLEZRIE L.
{BL, Ca, Mg @ R EERCIZY YOFHEER K
W, k7 V2 vERMLTS ¥ 4 v EE S 10,000
ug/mlic 75 % XD ICHHRE L7 o, 2B B L OHRER
PRZER 1 OGE)DEDTH S Gl b
T@) BELEFAOSVER

BEEURE, FRRRNE, 2~4°CTRELLD
t, B4y EE (1,000% g, 5min) U THERE A48 L
7o Mel, ThEERR 72 3083 0.02 M Tris-HCL,
pH 7.4, 0.05 M NaCl, 0.003M NaNg &@k 5%
BMATHERLK. ZOFKRE Gml) 2EH1TH
"7z Sephadex G-75% 7 AiCEsIL, 0.02M Tris-
HC1, pH 7.4, 0.05M NaCl, 0.003M NaN3 {2k
AW UTHVPB L. OBRERHFIRSER1DO)

" "Table1l.
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(B)DMDTH B
% ﬁ AR

5@‘“‘ KRDA ﬁﬁﬂf%ck Cd, Ag&’—j‘ Z o bR
DELE (Fe, Cu, Zn, Ag, Cd) O EERLEICH
g BHER

1. 4ﬁ%ﬁ@£ﬁ@@mmmﬁm

KIRD R v 2 4 71 D 5 PloMiaEsth Fe, Cu,
Zn, Ag, CAEERZHEL -#FR% Table 1 TR
Lic. ZOEER, ThThoBELREOKE ST
FTORRICH LEESDOEFROMEESTE L. K
B, nuclei and cell debris, mitochondria,
cytosol M #NEFNEE T Cd D 26~33%, Zn
D 24~35 WAV Eh, Cd & Zn BRKOEHE
ARV UL UIEa S, Cd i3 cytosol 4 & D
mitochondria {f4>T; Zn {3 mitochondria 4>t
H:cytosol A TZDEEEFRSHE IO,

A A IFRE 70y b R i B 7cwic Cd- A& 0
5 Uic 709 K I 1 PloMIES BB T, Sk
Cd D76%, Zn D67%Hs cytosol HIMC R H &,
7Y 13 nuclei and cell debris [# 4y >mitochondria
4> > microsomes EASOMICEBIN T Iz 4
AR E CA 55 v FFlEE Cd, Zn @{ﬁﬂ%mﬁ}:ﬁg
ICREREEBED NI

A HFFED Cud Agld, 2hZThIEET63%, 64
%58 cytosol HAMT RV &A1, RWT nuclei and
cell debris W4Tl 20 % L 15 %, mitochondria [
SITIZ129% & 149, microsomes H4FICITE B S
10 BLITFThDiz. Fe iy SEET42 %48 micros
somes [l 2 iIC BV N RERT, KRO 2L
A4 AFFEO Cd & Zn, Cu & Ag O 035
LU T A3, Fe {2 microsomes Hi4MC B L T

Subcellular dlstrlbutlon of 1ron copper zmc sﬂver and cadmlum
in hver homogenates of natural squlds (Todarodes paczﬁcus)

- Subcellular Metal contents (% of reconstituted total)
fraction Fe 7 Cu Zn Ag: 7 o Cd

- Nucleiandcell 93198 20241 31443 15+2.4 28427
Mitochondria 20+2.3: ., .124+1.5 24+3.3 14+2.4 33+£5.1
Microsomes 42+2.3 4.84+1.0  9.0%0.9. - 6.6%1.6 14+1.1
Cytosol 14+0.9 63+4.9 3p5+2.1 64+4.3 26£2.7

‘Values represent means iSEM for 5 liver samples.
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Fig. l—A Sephadex G—75 gel ﬁltratlon proﬁle of the hver supernatant prepared from -
o kcontrol rat ‘ Numbered arrows des1gnate the pOSItlons of molecular weight

standards: 1, Blue Dextran 2000 (Vo) 2, bovme serum albumln 3 ovalbumin;

4, chymotrypsinogen; 5, ribonuclease; 6, glucagon; 7, KoCrQOy4.
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Fig. 1-B. Sephadex G-75 gel-filtration profile of the liver supernatant prepared from
_ Cd-treated rat,,  Numbered arrows designate the positions of the same
molecular weight standards as shown in Fig, 1-A.
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Fig. 1*D’ 'Se‘phadex: G-75 gel- ﬁltr"ation'proﬁle of the liver supernatant prepared from
“Cd and Ag-treated rat " ‘Numbered arrows de51gnate the p031t1ons of the
same molecular weight standards as shown in Fig. 1A
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Nl ohiervipBray 4~k Fig. 1-
A, 1-B, 1-C, 1-Dic;RU . %1, RROR
WA A i fFE cytosol 4> QIS v iF 7 e 7
44— Fig, 21tk L7z

1) 7w MM

a) s (Fig. 1-AZ )

280 nm TOWIRE (Abs.): 4 D0 — 7 hEHE X
Nt B~ OE XL, fraction No.28~29 (1313 k
BZ5 5 void volume, Vo £, MW 70,000 21 1)
(Abs. 2.001 1) >No.35 (Abs.0.6~0.8) >No.76,
No.66 (Abs. 0.4 i) DIETH D7z, TORERIT,
cytosol HirDERE FEET I /BEHE) ©5 5
MW 70,000 2l LOBERESKEDZN T EEZRTED
EBbNh5.

» Fe: fraction No: 29 (1 pg/ml P).1=). > No..35
(# 0.6 pg/ml) I~ BERIE .
Cu ; fraction No.28 (void volume), No.40 ic
0.1 pg/ml DITO Y~ 238 HI &N 1.

Zn ; fraction No.29, No.32: (0.2~ 0.3 pg/ml)
>No.40 (#70.12g/ml) > No.49 ~ 50 (0.051g/ml
PT) it~ s,

Ag, Cd: il Shighork.

Cu & Zniop ¥~ 7 %A icE#R L7 fraction
No. 0 Rz hBERLSM B R O (Ve/Vo) 23
1.4~1.5THD7z. Bremner 592, 5w bFHEOD
100,000X g F# @ Sephadex G-75 # V@R T
Ve/Vo=1.4 ~1.5 ODALEIC hepatocuprein Z41p
B ABEI LT 5. fraction No.40 1 % 1 ickEy
T2H0LEbIE. CCTHWE>, DOoR5RY
—J DEIDOKMNER L. DRE—/7EBIO”-MS3
2P EOBEICAV .. DITRRRICAN .

b) Cd #&5# (Fig. 1-BRR)

280 nm TORNESTRE S ZEZRABO a7 4 —
wERLI.

Fe!WRBHELIAL fractmn No.29, No 35—
7 WERENI Ub L, ¥=70B 330 Th
0.2~0.4pg/ml &, HBIIC STR B DITED

E—2THDl.

Cu: fRHEL li(iﬁﬁﬁ@?’”n 74 '—)V’EZF Uiz

Zn : fraction No.49 (0.4~ 0.5xg/ml) >No.29
(0.3~0.4 pg/m1) > No.40 (0.1 pg/mD il ©—

DRSNS EDIC, No.3L~33D %D i
. Ag
?’ 0.06
0.94 o . . .
o § Cd. | Cu,
0.02 Fe

: ! ‘
1.0}

| 0.8
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% 0.4}
.
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g
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@
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20: :
Fractlon number
Fig. 2.

from natural squid (T odarodes pacificus).

T
—
o,

0.8
.310.6

-0.4

Concentration of metal, ug/ml; ‘ : :
Cd (-#—e)), Zn (), Cit (ve—¢), Fe (—m), Ag (=)

Typical Sephadex G-75 gel-filtration profile of the liver supernatant prepared

Numbered arrows designate the

positions of the same molecular Weight standards as shown in Fig, 1-A.
-MT; rat liver metallothionein (Cd, Zn-thionein).



580 Bt #B T

shoulder v — 7 2EAIX iz SABEEE DY TE
a8 b & LT, No. 49 Ci’j‘ﬁfﬁ%@%”] 20: {ﬁ@?ﬂ}é@
g @Sz i

Agl Bl it

Cd': fraction'No, ' 494(1,5 rg/ml ) }-) >>No 43
“($90.2pg/ml) >No.29 (0.1 pg/mlPIT) 4 &~
7 o3EElE N Cd o i ihiRE b U — A U7 iko
RS Cd BEEEL R, cytosol @40 Cd
DH90 % 7b>No 4912 B~ 7 B DR E LTZE;ZE L
7z B

iﬂ‘ﬂﬁ?ﬁ’ffﬁﬁiﬁlj émmﬁo 7z fraction No. 49z &°—
7 A& &0 Zn; CAZEBEESHE L THAN4, Cd
w2 OFHETYICRE U EBRTE O, BEo
cytosol AT BT 5T LA I N TS BRI
B4 T @EEE metallothionein ' (#38) & H#EE &
na. cORHOHTFRET, HFEAERA<—H~D
BHER (Ve) vs. log (bF &) OMEEMRPS
11,000.%-12;000 &HEE U o OfER, 5y MR
o metallothionein (Cd,  Zn:thionein) ©4HFEx
IVFBECHERE Ul b DS OEE BB LT
N3 10:48.80 o gen 2 DAY D BRALERAE JR 0 (220~
300nm) DOWEIGEEAERI L KR, WY OBEAEERK
TH 5N 5 280 nm TOBRIRKRNEpDIc. Thid
metallothionein DD 1 “DT& %.

c) Ag 5 (Fig. 1-C ffx’ﬁﬁ)

280 nm T@W}(ﬁ‘gﬁ Fe, Cu Zn: (,\—9“21 & IREE
&ﬂﬁ®7m74—w%Tbt.“”

Ag: fractlon No 28>>No 49~51 [T~ 773)@7” .

Ehiz. {éﬂj%fﬁwb, cytosol [EH43D: Ag Dy 85

%hs No.28ic ¥ — 7%%’) MW 70, OOOMJ:U)ijﬁ}
& L'CZ?/EEL iﬁbéi metallothlonem (Cd Zn
thionein) &ﬂb{ﬁﬁj{iiﬁ TE— ?i»wbb bﬂt.; .,

Cd: tﬁﬂjéht&iﬁﬁt. , ,

d) Cd+Ag#sa (Fig. 1-D f"iﬁﬁ) ,

280 nm TO)[&%E Fe Cu Zn Cd (,\?‘;}1@
Cd 58 112 Lrm7 4 -JV%/Tbt. :

Ag: Ag &%ﬁ&ﬂL& fraction No 28>>No 49
e~ 7171@&]3%71- B B cytosol I@Iﬁ}
D70 %55 MW 70,000 uj:@r%é}%ahj@& LT

| eEOREREEHEL

70,000 uj:@ﬁ&ﬁg_ﬁ%} EEL T,

MW 11,000 ~ 12,000 DIEAFREAM C%LALAL Ag
X @%b\-ﬁ&iﬁbbtﬁﬁot :
A A (Fig. 2 28)

ﬁﬂm&orgfﬁ%@8~9%36#mb®§ﬁ
MNHONISDBH DI, ZDIH! @émmfx
NOMEE D HEEIR L7 i

280 nm TOWIEEE [ fraction No.28 (void
volume;*MW: 70,000 £).1), No. 64 > No.76 I ¥
— I HERE 7. cytosol EASDERT CFERT
I/BER) Z, MW 70,000 LLEOESFEDOHO
& MW 3,000 uTm&ﬁ%g.@ H0i U‘:%< 2%3
nic. :
Fe:: fraction No.28 |c72721 DD = 7#?@%@]‘3
ni. :

“Cu.l fraction No.292 No.61:~ 62, N0.55 ~58
(shoulder) ¥ 7 @RI N7z (cytosol H43dD
Cu il MW 70,0002 LoRESr, MW5,000 LI FORR
SE UTEELTOIENEN DI g

Zn v fraction No:28°> No:63 ~ 64 j{c = ﬁbn’fﬁu
XNt PRy, 280 nm COENED &B— &
—H LT3, : : :

Ag : fraction No.54 ~ 56 > No0.29 |z v°— 7/{»@1
BN, zo220E~ 7 2 MW 70,000 Bl |,
MWS 000 ~ 7, 000 @}ﬁé}&: LTAgHEELTHNS
z &%ibﬂ\ L%, %hb&i Cupr— 7D
EEH—HLTAD. cytosol m«@ Ag 3K

. MW 20 000 LIFDRA & LT b‘flﬂt .

Cd fraction No: 28>>No 63~64> No.46~48ic
7 @l &N/, Zn & X <M7‘;f‘tﬂ7 a7 44—
WERLTZD, EhIC MW 12 000~15,000 & Cd #&
SEAHROIHENI. LkL, cytosol T 43D Cd
i3, Eic MW 70, 000 uf_cDEZﬁ& bf“ﬁ%‘E L7z,

UJ:OD’T JVF:@;*@Q@#%#'Q KRD AN A 4 %
e Cd, Ag 57 v FIFBE® cytosol EAHDHE
“Km@c&mﬁot.
L T metallothionein

5 v +FBiCCd, Znk;

'(Cd, Zn-thionein, MW 11,000 ~ 12,000 & i)

A ﬁﬁﬁ%éf&iz iz MW
f\.f«—y /f

& bffﬁ& b'c A 7L f»

IE L, $930 %It metallothionein (Cd, Zn-
thionein) OBEMABO L — 7 THD7.

S0 Ag HHERICEIN LT,

Ag B5TE
& W LT, MW170,000 LILEOE S F BRSO H O
Ag HSEA LT, MW-11,000~ 12,000 OS5 FBAL
L Ly eytosoli
E5T MW 70,000 Bl @ BT i AL Jo Ag s

5 bf((\z) %) @ﬁfj{i{'ﬁy@&jof\:iﬁs
70,000 LI E DR A & 0 MW 20,000 BUF O{ES T BEL

# ijﬂﬁ}iﬁ;;zf rat liver metallothlonem £ D RE ST

"B MW 12,000 ~ 15,000 DEAMC b CA HSEHRIS
Atz U, Zni3Bl shissot.

Agld, 5 v
FIFE T MW70,000 PLLEOE S FB S & UTHEE
A KR T2 MW
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AOEIEESE B MICREDDI. L
E2. AMhoELE (Fe, Cu, Zn) @mﬂ;\

nE CE%?‘Z);E'E} o

1. BEL 4~rL ®IoFe, Cu, ZngHES
CEEL RS ER 4 B TORIEE 179 flo

Fe, Cu, Zng %%iﬁﬂibf:.:%@%%&@@zﬁ@

Biaic Table2ieiRr L7 oy AR IcllE L
Ca, Mg &F BN LIz ER 1 AZAHO Fefiiz
TN ERAHE AR LUIZOT, BAEHEEZERRL
7‘: ..
1&4 7‘3)% if@z‘&?{‘qﬂ?e Cu; Zn, Ca, Mg
03»’%@{2%%3@ AEBEEE ﬁm {3 Fe #30.23~0.59

Concentratwns of iron, copper,:zinc, calcium and magnesium in human milk,

. Table2.:

lsggiiilgf’l , ggnp(ifes , 'ﬁ’:_Iron ;Copper ' Zlnc Calci}im Magnesiufﬁ
days pg/ml
2-4 2 42 0.50£0.26¢ 0.42£0.19  8.8£3.6 26557 | 33.748.4
6-10° 38 | 0.4220.14  0.58£0.12  47+1.6 286263  20.0%5.8
2040 . 41 0.41¢  0.43%0.00 ‘3 0+1. 2;':‘!",“281,,%:5:615'/ 25.045.0

507032 0.3240.13  0.3240.04  1.840.8 278444  20.345.2
80-100 16 0.36+0.14  0.2940.07 - 1.2+0:5  285+36  31.6%6.2

S 110130 - 100 0\/«2‘3£0 09  0.2040.03°  1.1+0.6 ~ 273%51 ©  34.244.8

a Colostrum Meani’S\’.D.jf d Géprhet;if:frnéénﬁip \

Vb TranSItlonal rmlk

S16 F

Concentration of zinci ug/ml

Days.post partum

Figi 3.

Longitudinal change in the zinc concentration of human milk,

1. The/simbol (0=0) répresents/the analytical results of the samples

which wereicollected from the 'same woman,
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pg/ml, Cu $20.20 ~0.58 ng/ml, Zn$s1.1~ 8.8
rg/ml,; Ca s 265 ~ 286 pg/ml, Mgh$25.0,~ 34.2
#g/mlTEHEDT RO Zn i Culicg LT 4~ 21
f&, Felcd LT3~ 15 ZE0EnaERER L. £
1oy CaldER BBICXBEF NI LFEF—E DK
EAERU:DIR LT, Fe, Cu, ZnégERBIZERA
HoRBELDITRPT BEEMERLL. Zn 3£ D

HRHSEFEATHO, PIFLD 8.8pg/ml L EHR4L T AD

1. 1ug/m1 i%@z&iﬁﬁ:m 1CHDf. BT, Ek
10 B DINIC AT Mﬁiﬁﬂémt (Fig.3). [th
DEMRTHAT 8y P TEABOBAOAHEER

L#:. Fe, Cu iz, @J%L&Eé@lﬁ}%%@ ﬁltihzcm
BB R MR S WO
i m Cu BHRIMALD bBAR
(6~108) ’Cﬁi’ e < (p<o 01> u&@m@”“

~3:1 L&Oﬂ_.
ZRUED

mAR LIz

3, 1 EER LBRLIN & B 3 H @ Holstein &2 0 1y

SR UIARAR (B54D-D Fe, Cu, Zn &%,
, ,X g’bﬁ:&éﬁfﬁbf}} 1, bh?ﬁ%{mmﬁﬂ H3 =,
"%l Sephadex G-75 AP AT .

BoSFER%Y Table3 IR Ui, RRF D Fe,

Cu, Zn24EE, Zo>FeSCU DIRTH . FEHh

37 A%.0 Fe, Cu, ZngFEZHKT &, Znid
Fe 0 184&, Fe 13 Cu o4 5Tdhotk. FHD
Fe, Cu, ZIn&@ERBIIBAOES L BRI, ERAK
OB E & SICHEDT A EAERL.

BRE 49,0 Fe, Cu, Zn 45BE T 5L,
Fe 343 005 E, Culdd3 LD 1B,

&, Zn ZREBETH DI, SENE AT
YR D TER 5 A DS BRRBTL 10 BT (B akic o
SEEEA AR S-d 0% 28 7)) © Fe, Cu,
Zn, Ca, Mg %45, SLRICE % % 14 BRI
OEEFROHMFE%E Table4 IR L7z, Fe l3ZEHA
AINTDT7.6pg/ml pOFEE L — XV 600D
10.4pg/ml 27, Cu BEHIAA I 7 D 0.020 pug/

f%vmlvb@%i%yk FF74 307 G=80D 0.056 ng/ml &
T, Zn| Mkﬂd7/f Iy G-80m0, 81;bg/m175>b
%‘“/7 M~ FA ©1.74ug/ml %, Ca 1370

YRV —~ v 2 60 D422 pg/ml LRV T L —
¥-FA O 604 pg/ml ¢, Mg BEHAAINVIOD

83ug/ml 25 SMA S-26  64pug/ml T TOREE
J%T%Ot.

BRLL 4O Zn DEIETE

Eﬁ}%@v HTZnid, §9, F3icE bicFe, Cu
BN TIRDTHEESENTO A, IHOhD
Zn DT RDOMRER 5 701, & 55 L 1,000
RO
P (BE# 3 B) SRR FER1HA) OMTHE
% Fig. 4-A, 4-B T, &3O (EHR5RA) &
R (B®1HA) @#ﬁi% Fig.5-A, 5-B |
Rz,

BE Zn L grEL, E?.%WL&: %ﬁﬁi@{*ﬂaﬁ =
%0 0= X2V (I na fractzgof No‘ 28 (void volume, MW

Concentrations of iron, copper, zinc in Holstein cow’s milk.

Table 3.
Stage of
lactation Iron Copper
rg/ml .
<1 week 0.28+0.13 0.08+0.03 7. 4:}:2 6
3months 0.13+0.05  0.03+0.01 2 3:{:1, 1
Values represent means:t:S D for 5/samp1 k
Table 4. Ranges of the concentratlons of 1ron copper zmc calc1um and
magnesium m powdered milk*,
 gyml
14% = 7.6-10.4  0.020-0.056 . 0.81-1.74  422-604 33-64

Sk Five types of commercial:products; Yukijirushi‘s A Wakodo’s
lebens 60, Meiji’s ' FA; - SMA-S-26, Morinaga’s G-80: i
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Fig. 4-A. Sephadex:G-75 gel-filtration profile of human milk (3 days post.partum). . =i
... Numbered-arrows designate the-positions of the same:molecular.weight
standards as shown in Fig, 1-A. '

2.5F g
S RS "03.6
2.0 {0.5
B loa 2
lo1.5¢ ,E{’
N 1 .
g | 23 ¢ 8 6 7° los &
: iy o0 ’5
: 1.0k 58
9. ! e
g 192 8
g’&os- é
oY R
N 40.1 o=
£ g
0 L— Sazezmmoe |
20 60 70 80

Fraction number i« isnagd

Fig. 4-B::: Sephadex G-75 gel-filtration profile of human:milk (1:month post partum).’ .=
v'Numbered:arrows:designate the positions of the same molecular weight

standards_as shown in Fig, 1-A.

70,0000 E) > No.61~65 (MW 3,000 2I°F) it¥— 5 No.4s (MW 20,000) £ TRZLARBIEENE
DR XN E T/ N0 28 IKB| &5 T No.33 #l&ntz. MW 70,000 LI, MW 3,000 I F O
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Absorbance at 280 nm (—-—’——j‘) ‘ ‘

" Concentration of zinc, ,ué/ml (

0
20 ,
Fraction number

Fig. 5~-A:::Sephadex G=75 gel-filtration profile oficow’s milk (5:days post:partam).’

iz Numbered-arrows designate’ the positions of: the same'molecular ‘weight
standards as shown in Fig. 1-A. ' rant

2.5}

—5
e I}
Pra—
pram—
[ ]
o
CQI\IC?#@?&“@]’EOI} of zinc, ug/ml (A—)

Absorbance at 280 nm (-——---)

40 o 50
Fraction number !

0 ]
20 -

Fig. 5-B.:;:Sephadex G-75 gel-filtration:profile of cow’s milk: (1. month post.partum); : i
1dvi-Numbered:arrows: designate:the positions.of the same:molecular: weight
standards as shown in Fig. 1-A. PRI AL IS TR :

O In BAREHEE» SEET L E ) W, BB 875%, MW3,000 I FORRA® Zn i35 %T
The, MW 70,000 LI DRSO Zn/BiZ4 Zn @ HO7. B O 20 %58 MW 20,000 ~ 70,000 D%,
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SHEUTHEELI. , ,

CHRFLZn IR, BREBAELE %)H#%@f‘ﬂﬁ 07—
LB Sz, fraction No.28> No.63~66 (MW
3,000 F) @220 ¥ — 7 OAEAINI. MW
70,000 2Lk & MW 3,000 ZI T OREAD. Zn BAFE
Lizke A, @15, BEALTRhiE20 T, MW
70,000 PLED RS ICA Zn D3 95 %, MW 3,000 £
TFTORSICHKD BEAINTOI. BRI TEUEN
72 MW 20,000~70,000 @ Zn $E&E5M R, 40T
BEREShEhD) ;

5 =

ELBOAMKBRPOEFERER, ELBOHER
URIEFMERLIEL, ERCBU2ELBOHEE
YERZRB T 2.0 0, T OEREBOAREL .. WEETHY
A 7 O BARICEERE L ST 5Cd, Ag
A BEBOTEEICEM L T 5 SUsBIREEN.
EE, WA AT E Cd, Agis U EERE)
M7 v b H?%O)Jéﬁﬁ@“@ﬁﬂ%? c@lT, Cd, Ag
AHRMNCEET A o o st

HELRE Cd %!@Eﬁé’étj"é’ﬁ@)%@ﬂﬂﬁ ”%‘Bﬁ
Cd ¥R RN, 2 O cytosol HHMTESFEBD Cd
WAEAE metallothionein BEZRBICHET 5 &
MBS TV . & O metallothionein 3, 19574,
yic Margoshes & Vallee?)iC X D TEDERE
Bho CdA2EZEICEE UIBESTFEOEREELT
B X hio. Kigil & -Vallee? ™3, ¢ DREED
{LEEHIME A S D ULLBRE LT, €8 (metal) &
£ L7c SHERHE (thionein) &5 HIRT metallo-
thionein & &Z 13 7. Piscator *»ii Cd 5.0 v
F D &% 5@ metallothionein ZBEE L, Cd A3
metallothionein A% 5589 5 C &2 HE b gV
HTELBIRE L metallothionein »,gﬁ‘)z@gg{,%fgm
Uto. #hpisk, metallothionein 3, 1 <{ 2 ®
ELRBICRIELT, £ OFHERY (& F9D, v=,
T, UYE, =Y 7y b, TYREE) OfF
W BRI BT A CEBWMEIN T 5. metallo-
thionein 2FHEJ 2 ELBE LTI, Cd 0 idiric
Hg®:3, Agt, Zn'»:#), Cu i3 EMEsnTw
3. BELSBEPD THELLEHEED Zn, Cu b
metallothionein % 5k# 3 % . metallothionein @
F 4 —metallothionein i &4 B O Rfic Cd—-Cd
+Zn, Hg—Hg+Zn; Ag—~Ag+Zn, Zn—Zn, Cu—
Cu+Zn & 9T Zn RS LTV B 5 SO0 Bk
VoS CAfr B0 5 v b FFlEIC metallothionein

(Cd, Zn-thionein) 7 RWWHIN B EA BRI L -
(Fig.1-B): metallothionein O {b&14EET, B
EETIK W) EEBESRICEHFLTNS, @) 4HFE
BLFoTOESTFREAETH S, 6) 2K T
I/ BRDOR 35D 1D cysteine BETH B, (0) #
BRT X BICREFRET I/ BT, 6) 20 %
WEOEHERKICA 5N 5 280 nm OWKIEEKRHITS
NWC EREBIMONTNES ), Y, A EOEER
T(),. (@), (5) DAL DV THER L T 3.

o EHEIL, Ag bt metallothionein (Ag, Zn-thio-

nein) % FHd G 3 pEIPIOVTREME DT
Wa. 2DEHELT, Winge 5008 Ag 2T
FEH U7 T v bl metallothionein (Ag, Zn-
thionein) ZHAILT, COEHHE 1mg 40 Ag
4.2pg,In7.4 pg EWE LTSN, KERTIE Ag
#5-7 v T cytosol EHD Ag i3 AL MW
70,000 Ll L @ % S FREMICHE L TEEL T
Do Thb. i, rvFiBEE T metallothionein
(Cd, Zn-thionein) &RUEMIEIC Ag D/NE
E— 7 2B L7, Zn O BEHIEERE S FRET
HoIp5TH5. Chen 59%, Ag 1,000 ppm &
BT LD 5 v bFEic metallothionein (Ag,
Zn-thionein) BRI I NEb DT &, cytosolkE
5D Ag DRI EESTEL S (void volume &
BH) LUTHERELRCEZMEL TS, 27, =
##s Cd, Zn-thionein & [& U & H i1 C@E?EJ Uiz
Ag AR, Ag & Zn O EF R nge 5
ODE D Ag, Zn-thionein L iZF—FKT 5 &;7’»(9
Ag, Zn-thionein. T % %5+ bipb FHiIch%x
RO F v b FFEICHME R EAFT % metallothio-
nein (Zn-thionein) jr Ag f/bi,%%é Lizd D g;;ﬁ;ﬁq L
T3, ¥/, metallothionein OEHAIED Ag
DOE—Ih, Ag #5759+ kb Cd+Ag 3‘&5}5 W
P TEVEREE TS (Fig.1-C, 1-D) s,
i Cd it k>R THE S /e Cd, Zn- thyxo-
nein KHREL Ag BHAT BIHEELTS.
Bremner &3, 5 v hOABHRERET, Ol
fHIRAEDS Zn- thlonem {v’aﬁnt}'g"% &;#&‘ﬂ‘« I,T:g‘o D y
RN D Zn &5 &K Zn- th1one1n AEZE:E@
{,ﬁbfb\éc‘:z,’\fb\ % E\7b>7¥i%ﬁ<‘: 2P LT&H‘BE{?E
W, B e

5y MNFBORESE Fe, Zn B0 CARBEIC
£ BEHICELT, Fe pAD D, Zn a0y
BT EMHEINTVS. AR, FEHSW i, Cd 12
EhgERSBcBY 3 Fe, Cu, Zn ﬁ%mcwf?‘
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EBICOVTHRE L, Cd 1.0X1073 M ofkklk% 7
H RS Ulc7 v bIFIET Fe 1348 0.4 f5 1T if s
Uy Cu 2, Znidf2fEicEmissc %
BICHE LTS, RERICEDT, 2O ZIn4FE
O N i FF T metallothionein (Cd, Zn-thio-
nein) BEAEINC EicLBEELLNS. Fe &
BEROFED I, Cd BE oL EEEL LTHONTY
ZEMPEBERLTVEIOTHAD . KERT, Cd
#5755 MO Fe B0 MW 70,000 L
FomAickEa Uic Fe oFDIcER IR Ty
BT g0t (Fig.1-A,1-B). &/, AR, &
FSWE, Rk Ag #5 (1.0X1073M DEREKE
THARD KXk BEELRILTED, 7o MTHO
Fe, Zn $HBICRERTEZS bNIIHDIH,
Cu 474 BG4 5IclBinLic E2HELTH S,
LU, &REERT cytosol Hi4D Cu OBEHT 17
4 —VICIRERERA SN0t (Fig 1-A,
1=C). ¢ huig cytosol @5}2{5’%0}‘%}@@&}@ Cu
aHBOEWARRT 5 fb@fdélo AHOBE DA
WEEIONDE.

Cd,Ag #BEEH LTV B RARDKAEEBM A H
O ELEOEEREICOVWTERT 5. kB
(v Faiu4, BB, DU, hFRE) NESRE
RPHT BT R I M ONTVEY, BELBEORH
TEE DI PN B I I3 200,
i3 ﬁ%%f%ﬁ®4ﬁﬁﬁ@§ﬁﬁ@%%ﬁﬁﬁ
E%bf(k@ W, @ OmREE.

1) Cd & Zn, Ag & Cu @?ﬁiﬂ‘mﬁ}ﬁm:& T
W3 (Table 1), #i*®, Martin 5224 4 gD
EAEABEREEAELT, Cd & Zn, Ag L Cug
ﬁ_a@r’aﬁacmb\m@ﬁ%%%@‘o v, o Cd & Zn,
Ag & Cu OB BERSHIEAN L~ VT OEET 5
C EB BT, AREET Cd & Zn BT
B, Ag X Cu B IEBICBT ALHETHD, =
@mimﬁgwﬁwamacamm@Wﬁ%m§ﬁ
BINTNDEELEZIONS. :

0) 4SO O4S Cd 0§30 % L s cytosol
BAKROHE NP DI ANEE Shie. Cd B E
OWREW 7 v L OFFl BT, Cd #5%1A
Dl EEEY 2 &gk Cd o 60 %LU A cytosol [H
HICBOBENE T EDNL DO EERETRE X
NTVED®, ExEd, SEOERT Cd 57 v
M FRIC DT, AT Cd 0 80 %% cytosol H
SEROCHLTOS. Chid, BILEW & kT4
7 T3 Cd OETEN, &5V REPHEEIER

LTNBEZ E%2RBRTEEDTHAHD .

UL, BEOHFE T Cd 2R MU 7oKk THE
U= FB D A =39 R B D & 5 ¥ F 47 4 1030
B EDQBBEHERMICONT &, BALEY O metal-
lothionein & U DOHEZ &> CAd S4B HE D
EREINDC ENMEINTNE. EED, RRDA
71 FFRE cytosol HE4riz MW. 12,000~15,000 @ Cd
HMAEAE (12720L, Zn 2 3 EAEEATHIIN)
ZERU7. (Fig. 2). Uh L, 208RALE <,
cytosol 4y Cd 13 Eix MW 70,000 LI D&
FREESICHEES LU THEEL TS . Nogl-Lambot®®
b, RARD LT Y+ 44 THEHEE O cytosol [H 4>
D CAdiZREAENEFFEESIEALVTEELT
WBRTEERBRILTOWS. 72720, CARBO LS
FH A TEERIE O metallothionein |z k< Mﬁ_
Cd #ABAEABRNLTHS . ;

KO A A P, Cd & EEICiE Lfma
Ehbdbh 5T, WY cHESREICET % protec-
tive agent &% 1T\ % metallothionein 21 %
metallothionein-like protein &4 5% oD
LUDEBRIS NS Dk, & OBEELS, WILHHIC
HUTHESR EIN TS CAd BRETYA /7 Tl
DUABELEBTRRBOEAIDEDELI OGNS, B
1, F0EZLZTEEST, CARWAMIcE LTS
WEEBTH 302D U dstisd TED D F- DI,
BEDOMTEMNZ 2T U TS SEROT IS5
OO TRS B F0M. EHIC LT, ik 1 5
TREDOVAUEEDNDTREBOD, EZFRELT
B AT OTVS. Z0OEKTI, metallothionein
oL LAAHFRBICEET 5 MW 70,000 kD
Cd ﬁ&' ESTE RS E MW 3,000 LI TOESTFE
Cd B AcER Uiz, KEEMD S 2BOBRICD
WTCd OFBE VAV TREESHES LS, Cd
DOIEBEEE L~V TRBICEED EFT 2 L0 5 #4510
bbb, 4%, 1 IFECROB L EED 250
Cd ARSIV TEHEREBREZTOTY & 2.

Ag b, 1 HFEE Ag 55 v MIFE cytosol
EATHEERBIZE SR BES>TEY, 41 4TR
MW 20,000 LI FOESFRERS T v b TiZ MW
70,000 LI EOESFREESIC Ag BELEELTH
fo. BHEOE A, BEPD Ag DEBKERICHET
BPMERIEAELL,, AREBERICET S AgD
EENEEEYRT 29X TA ﬁﬁiﬁ%fﬁnﬁ P
HARE L. ;

CEH iﬁﬂl@@ﬂ%—@ﬁé?‘i@ﬁa 5. z@q:
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NEWEBESEE Fe, Cu, Zn pHRORE - BB

EEQREEZHEUTHEEZBLONTVS. £ MR
iz Fe Jliﬁiﬁlﬂlbk&é&é@%‘éﬂ HHHD Fe
ONFFWETRE PORBIN T E 2. L
L, Cu, Zn L2V TREBZIN TV .

1t4:, Hambidge 5'i%, Denver (72 U h&HK
) THLERD DRAETIBLOBE Zn FHEE |
RELT, 34554 FETONR, YIROEE Zn
| LOREEMAC LA LENSNEC Epb, ©
- OERERHOMLENSSH . KERTHILH Fe,

Cu, Zn SFRIERBROBBICIOTHDT 24

DSTHEIR, BRAIC BT IEE (SE# 88 ppm)
ARU, B Zn 270 ppm LIFO/NR (5 FBIE)
BREDOEN, ARRE,

RAofahrkc &, - BRI Zn EEREICK
BN Zn REZEOFEEERE LT, HEI N,
7o, Walravens 5°i3, BEO Zn EREMSER
%éﬁ R ‘a‘*'s“g/%‘é COVTHEE LTV S . HIEH
7, (Zn:1. 8Fg/m1) & Zn RAMATL (Zn @ 5.8 g/
ml) %‘:ﬁkﬁﬁ LA ROBE, AEZEELT, Zn 5
Mﬁw%MﬁﬁMﬁc<b«16ﬁﬁif@%E M
BICEEORMAR L. o
%uyDCumzﬁcowt'1%4@‘Cm&mo=
")73)/\}1/——“(?‘L}EE)”“ HPEFE Cu EREIETOH
@@ﬁmbfwé ﬂﬁ, Iﬁiﬁ@r% 17 2 Y A Ak
H, A% SATEBBENTN AT, RSO Cu%‘EHS{
TEM%KX%ECﬁ%&§ﬂ5WV ‘
cmbmeﬁiﬁ: i, RRICB G 3 Cu, Zn OD;T%@%
B’J%‘(%@E%E@?b%bt%@ THY, RO Cu,
Zn FEREBEDOIE, ’ U(/“’Cli Cu & Zn’ DBEREZE
%?5LT Ao Cu, ﬁv@%m@mﬁf %
— 2 DEFDIPREN TV S .
7&:@?&%’( WL, 19~39 :}f@ 64 £ DERD S
B L7fRiconT, Fe, Cu, Zn, Ca RU Mg
=Y =i a%@éiﬁa@aﬁ%uzczﬁlﬁ Uz (Table2). fE
RBERSHL, BREORENNPDIC LR
cn’m%@ﬁénﬁﬁ’c% IL#z. Table2 &iﬁi?l.dﬂ
Fe, Cu, Zn, Ca, Mg @E&éﬁamcxééﬂ
M EHEERUCHES UTEELERENO 1>k
EZ 5. PIEDOER4L IR T TOERE B IC
Ca, Mg, Zn, Fe, Cu QZH) Cob\’cj‘/jma
Calx 260~290 ug/ml, Mg i3 25~35 pg/ml, Zn
&i 1~9pg/ml, Fe, Cu i 0.2~0.6 ng/ml Ofific
$%. In i3 Fe, Cu it < b’\flﬁﬂ%b‘ﬁ%Tb
2. i Zn OFLRNHE cmaﬁgw&w;m
bDLER t’oné PERLD, %@k&%&’] %mﬁ
MENT 5 Fe ORIMAERIRAASREERS

CFRIT 2 PPm A L X NTINB DS,

BREE TR ED ZniRZEE.
& (conditioned zinc deﬁcienf:igs) “)j)i',%‘(,‘\’%]z%ff‘ E

RREERFRICBNT
BAD Fe i30.1~1.0 pg/ml QREERICAREED
96 BMADTEY, 2ppm X DIZBHPICIEETH
3. BEOMNT Fe ﬁ%&imyk 52 (& ELLE), i
5% (#hZR)IE), Vaughan 5°7 (7 2 ) H &HRE)

DORETRONITNOERAELRALLAIVTHS. WA

i, AARERFERSRONI Fe &HE2ppm %
AL TILRO Fe BRBAEET 5, EREO 2450

AR DENS . ExERRRICE2E Zn, Cuo
EHicl LT, Vouri 5%, Rajalakshmi 5%
BEEE LTO A, SEAEERBICESTBIFL
72 b DTS . RERRT, BFL Zn [3EEH 10 ARIA
@%Lbﬁ&@%&%f%ct.%QQHM@A%K
§MO$b&ﬂwén1$D MAFEFROELKI
ﬁwbbfﬂﬁf&ot(mg3) CORF Zn O
%ﬁma%@&&&%mc%#%m@%%m&céf
B35, 1k, B CuIBAILCRLEL, DR
AR, B Cu Ll Cu OXB 2 WIS 5
. EREICER L~ D 2~ 3 BEICN L I
om#E Cu i»%ﬁavfaz 3 BETIER V’\zwm%é
.53 L DR & FIRZES . ‘

TDEH Cféé‘aﬁ:@ TEOT, Fe Cu, ZngH i
C):% 7&%‘2@17&6 s it LRI DFe,Cu,
Zn BRI RS NBOT, EHEEA ﬁ%lja‘%‘ﬂim
AEELLIRRELRVESS . 22T, BEOE
HAR B R R R CE%?“%T —~ 2 ZRE L.
l‘féLl AR RS 2~4 B T 150 ml, %6~
105f4%nﬂ E&lﬁﬂfﬁ%nﬂ E&Zﬁﬂf
800 ml, @&Swﬂfgwnﬂ Btk 4 % B 850 ml
& LT, mﬁE@EﬂFeCuanﬁéﬁﬁ
Eﬁ%ﬁﬂAﬁﬁmﬁ%@b@ﬂ%ﬁﬂwlaﬁﬂa
zﬁﬁﬁbt. %@{E% Table 5 R U e, FIREICE
L7 Ca, Mg@laﬁmﬁwﬁﬁ@%%bﬁfﬁﬁ'
Lt,E&GNwE#b4ﬁE§T®1E%EﬁW§
1, Fe 7’J> 0. 20~0 32 mg, Cu 7)> 0.17~0.28 mg,
Zn 7'3>0 9~2 3mg, Ca s 137~957 mg, Mg 7314
~29 mg 'C&ot. EH2~4B0D1 HHEEEREIC
DT, Fe ,C‘u Ca, Mg 2% 6 ~10 BRI & |
BLTHO0.2~ 0.5 5OIETH DA, Zn 13 EH 2
1 ARACHIS T BHIETH BT LML

RO ATHRR 1 DOBERT —<THD, W4
DOREOHEHE R OEMTEINCEST, Z205E%
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Table 5.

on breast-fed infants.:

ot A

.‘Estimated daily intakes of iron, copper, zinc, calcium and-magnesium

' ""'S'tagek' of

{/Déily intake = "

T Zinc

lactation  of millck VIron‘ :":’Coppe kC;Va,lciu’nkq Maénééiuni -
days Sl mg o
244 150 0.09° ~  0.06 1.3 o 5
610 480 020 028 23 1w 1
2040 650 02 o028 20 18 16
50-70 800 026 0.2 1.4 222 2
180-100 900 0.32° 026 11 %7 .28
110-130 850 020 Y07 0.9 2 omg
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ABSTRACT

/ Studles on the dlstrlbutmns of heavy
metals in l1ver of natural squld and

: kz in hurnan and cow s mllk Ny ’
Toshlyukl TaANAKA

Department of Public Health, Tottori Univer-
szz‘y School o f Medwme Yonago ]apan

The .present. study was performed to mves- ’
tigate the distributions and existing forms of
heavy metals,in. the livers of natural squids
(Todarodes  pacificus). and, in. human, milk,
cow’s milk and powdered milk. T he,,;résults
obtained were as follows; o

1. The subcellular distributions of Fe, Cu,.
Zn;.Agand Cd in the livers of natural squids
were examined. Approx1mately 30% fr actions
of total Cd in the liver tlssue were present in
the nuclear;, m1tochondr1al -and ,cytosolic: frac-
tion, respectively. . The distribution of Zn was
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similar to that of Cd. In contrast, approxi-
mately 60 %

observed in the cytosolic fraction. And

approximately 40 % of Fe in the liver was - R

localized in the microsomal fraction.

2. It was indicated by the gelfiltration ex- .

periments that most of Cd in the cytosolic
fraction of the liver was associated with metal-
lothionein (Cd, Zn-thionein, MW 11,000-12,000)
for Cd-treated rats and that Cd was mainly
associated with high-molecular-weight species
(MW =>70,000) in the cytosolic fraction of the
livers of natural squids. " On the'contrary, the
majority of Ag in the cytosohc fraction of
the liver was found to be associated with hlgh
molecular-welght species (MW 270,000) for
Ag-treated rats and to be associated with low-
molecular-weight ' spec1es (MW gzo 000) for
natural squids. ‘
‘3. The contents of Fe, ‘c‘u’ Zn, Ca and Mg
were examined in 117 samples of human mllk‘
from 64 healthy Japanese Women aged 19 to 39
years, who were delivered of normal infants.
Mean levels of Fe, Cu, Zn, Ca and Mg in human
milk at different stages of lactation (244’da:'ys ‘
to'4 months) were within the followmg concen—
tration ranges Fe Cu 0 2-0. 6/Lg/ml Zn 1-9

of Cu or ‘Ag in ‘the hver was’.

pg/ml, Ca: 260-290 »g/ml, Mg: 25-35 pg/ml.
The conoenti*ations of Fe‘ iCtlfand Zn tended to
decrease during the course of lactation. In

partlcular the concentration of Zn, which was

very high in colostrum, decreased rapidly by
10-days post partum. . During 6-10 days to 4
months of lactation, daily intakes of Fe, Cu,
an, Ca and Mg on breast-fed infants were esti-
mated as 0.20-0.32mg, 0.17-0.28 mg, 0.9-2.3

mg, 137-257 mg and 14-29 mg, respectively.

4. The ranges of the concentrations of Fe,
Cu, Zn, Ca and Mg'in'14%
milk (five types of commercial products) were
as follows; Fe: 7.6-10.4 pg/ml, Cu: 0.020-0.056
pg/ml, Zn: 0.81-1.74 pg/ml, Ca: 422-604 pg/ml,
Mg: 33—64 ;Lg/ml Fe ‘Ca and Mg levels were
hlgher in powdered milk solution than in

‘solution of powdered

human mllk but Cu and Zn Ievels in powdered
milk solutlon were lower than those in human
m11k ; , e nT :

'In both human milk and cow’s milk, most
of Zn in the fat-free 1, 000>< g supernatant was
found to be ‘associated with hlgh-molecular-
weight spec1es (MW27O 000)
spemes havmg molecular’ Wughts of 20 000 to

Zn- blndlng

70 OOO were also observed in human mllk but
not in cow’s mllk R o



