BEOX Y 0F 4 24 VEBEOKE
——Sephacryl S-200 HR 2 & 5 7'V A8




Summary

Quantitative Analysis of Metallothionein in Fish
——Gel-filtration analysis with a Sephacryl S-200HR——

Yoshikazu Yamamoto
Kaoru Date

This paper deals with an analytical method for fish metallothionein which detects the metals
bound to the protein after separation by gel chromatography with a Sephacryl S-200HR column.

Suitable conditions for the separation of several proteins of known molecular weights were
examined, and it was found that the concentrations of buffer or salt in the eluting solution are
recommended to be higher in order to obtain good correlation between molecular weights and
elution volume of proteins. Metallothionein from the liver and kidney of rainbow trout in-
traperitoneally injected with cadmium was separated as distinct protein peak by elution with 0.01
M Tris-HCZ buffer, pH8.0 containing 0.im NaC{. The gel-filtration with a Sephacryl S-200HR
column was shown to possess several advantages over the Sephadex G-75 method for the separa-
tion of metallothionein.



w B

Ay oF4r4y (MT &B&ER) 13 Cd, Hg 5 & DFERELBLHIBER OFHENLT LD
AR ERICBAS L TV B ENFRD Y VXV ETH D, S5IT, TOF 37 BIZHEHE
R OB O OBRR LG 72 &, MIEOMEBIC GBS LTV A I LARESLTL
340, Fiz, MT & Cu# Zn 5 CAFNMASBORBAGKF L LTbEHE ATV S,
EFHEORBNBEICB Y 2ELBHOBHEMIC BT 5 MT OE/LFHBEIC > W THIEZ:
fT->T&79, MT OA(LFRUREIRRIRIC I, H£ARNTO MT BOZRHEHS»ICT H4E
BHB, 5FTEESHHVTE 2 MT OEEE B D /AMEE S % Sephadex G-75 T
FNBBLIESBOBH NS — IcEIbDTH 7, L, COAETR o<y
57 4 —ICEEEEEYT 200, EROFEEBRICOTT 2 LORAETHD, O
EHPRAED—DDEELIL > TV, ZTT, BEKI o=+ 757 4 —KKB2RNED MT E
B2V T, K0RAETH OB REELSEERET Lic, AT, SRETOTY VAR
o257 4 — ARSI E L TRIABIF S T/ Sephacryl S-200 HR 2{H L T4 v
ABEMHEDKET & Sephadex G- 75 3 & U Superose 12 & DEARTOEL K>V THEKE
BB o1,

B LUERAE
#Hm
HHERE R85 L 0 AF Lo = V< 2RIV HFLCEBRERFRN OKELYIEEE TS
ks €T, TR SEHRI TR L /(K 200 g RIEOfEGEZ AL L1

® o

SFE+ v b (bovine thyroglobulin MW 670,000, bovine 7-globulin MW 158,000,
chicken ovalbumin MW 44,000, horse myoglobin MW 17,000, vitamin B, MW 1,350) i
BIO-RAD ##l® & D%, MT &3 OEFii» SRR S v/ SIGMA HEO b DL Wi,
ZOMIIT N CTEFEFERT 2HERAEEFA L 72,

TIWABREELUVIOT TS T —%B

Sal4 I ABEiEEE L THW - D3 Sephacryl S-200 HR, Sephadex G- 75 # & UF Super-
ose 12 Th3B, ThbidhvFhd Pharmacia LKB Biotechnology #D#IET&H 1, Super-
ose 12 DA% Superose 12HR 10/30 7 L%y 7 4 5 a2 AV TR OEEBEA 7 o= b
57 4 —vRFLAEFIE LI, Sephacryl S-200 HR & Sephadex G- 75 DA I EED
su=br57 4 —EEEMEHAL,
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Sephacryl S-200 HR 515 AD 5 Il AiE&EOKRE

ERAE I DWW TR T 5 -0 FEF » b % Sephacryl S-200HR # 5 4 (1.6 X 27
cm) ZROWTH VBB L1, BRAEE LT Tris-HCL &K, pH8.0 DEE% 0.02M, 0.04
M, 0.10M, 0.20m & U738 B L0001 M TrissHCC &z NaCl 2 0.1 M H B3 05 M
BILIBSI SO TEREB L 7, FH#IZ60me/h &L, Eu D70 b 7560 50E
BRAE SR HIE L7,

7RI bovine serum albumin & cytochrome ¢ 2= —#—& LT LEDH 5 4 CREBK
& LT3 0.10 M Tris-HCZ &K, pH 8.0 B\ T, #u#% 15me/h, 30 me/h, 60 mg/h &
LTEn®D7uT b 756k VARNY — /iCBRIETIEDOHE LT NI,

Cd 2 E L= o7 RDOBRE L UK AHEES 07 VA8 07 v 57 4~
MS 222 (meta aminobenzoic acid ethylester methanesulfonate) THEEL 72 = ¥ < Rk
ED0.5% B 75 ppm Cd 7FHKE (CACL, + 2 —2— H.O % 0.9% NaC¢ IZ/&f%) ZMERENEST L,
20B5fEIRR I S MR O BB L CHF AR Uric, B 528, I3 4fEED 1 mu
Tris-HC? 285, pH 8.0 #51 0.25 M sucrose 212 THBI L 72k & VR — b ZHLSBE
(105,000 X g, 60 min) L g7 L% mAMES & Ui, & 5N AligtkEsy 2/ D89 > M
{ERTE L CRIMF%, Sephacryl S-200HR # 5 4 (1.6 X 67cm), Sephadex G-75 % 5 4
(1.6 X 67cm), Superose 12 #7354 (1.0 X 30cm) ZFHWVWTH VAE L 1, Fifid Sephacryl
S-200HR # 5 & T4 60 mg/h, Sephadex G-75# 5 4 Tid 17mg/h, Superose 12 71 5 &

Ti330me/h & LTCA, Cu, Zn @f‘*mn & — v % BA1T0-30B R F L i TR 72,

CuBLUZn 2FE L= 07 RAFRFIAHES OV 5807 b T57 4 —

= V2 ZIAED 0.5% BD 200 ppmCu iA#K (CuSO, + 5 H,0 % 0.9% NaCe iisfE) 5
W3 400 ppmZn 7K (ZnSO, + 7H0 % 0.9% NaCe i 7Af#) % JERpS L T 2305k T
Bt LT, RIECOHEEICHE » TRlIEMES 215 T, Sephacryl S-200HR # 5 4 (1.6 X
69cm) ZHVWTH VABEBIN -1, KB, avbo—LVR3ELBEKRELTVWEIL=Y=
Z2& LT,

w2

TFINBBINY —ICB&ITTEEREOEE

Sephacryl S-200 HR # 5 £ A2 H\WT 5 @EON TREAWEOEH Yy — vics X137
BRI O 8% Fig. 1Tk L7z, Tris-HCL @, pH 8.0 DB % 0.02, 0.04, 0.10, 0.20
MEZZ TG, 002M TERINSDOYEIZ2 >OE— 2 Ic LrDBES NS - 12hs, VB
BEDS 5T Bt - THBEREDE L L, 020m TR 5BHEON TR~ -1 —DHHERE— 2
Bos5hit,

F 12, NaCe ZiRM U TRBEISED A 4 v BIE 25 1541 & BEREN R { 15 2 H[F 255
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Fig. 1 Effect of eluants on the Sephacryl S-200HR gel-filtration patterns of thyroglo-
bulin, 7—globulin, ovalbumin, myoglobin and vitamin B,,. These samples were
applied to a Sephacryl S—200HR column (1.6 X27cm) equilibrated with eluants
indicated in the figure. Each fraction of 1.0m£ was collected at a flow rate of 60
mé/h.

10° r <+ 0.20M Tris-HC¢, pH8.0

— 0.01M Tris-HC¢, pH8.0
(0.1M NaCg)

-- 0.01M Tris-HC¢, pH8.0
(0.5M NaC¢)
column 1.6X26cm

flow rate 60m¢/h
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Fig. 2 Relation between molecular weights and elution volume of proteins of known
"molecular weight by Sephacryl S-200HR gel-filtration. Elution volume of pro-
teins was plotted as abscissa and molecular weight of proteins as ordinate on
logarithmic graph paper. @ thyroglobulin, I} 7-globulin, A ovalbumin,
O myoglobin
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wohi, Lnl, 0.1m & 05m ORMTOERRZI M - 1o, Fig. 2 1 RBRIFROHERNE
SNICBFBHETD ATBED 5 vV BOHNTE EIEHME & OBIRER LI, BEEEORE
itk > Ty v BOBEHAMBESETRILEH, & v/ BoHTFEEZOEHAE & O/
I3 HBIRARASEED St

TV BiBISY — LB KT REORE

Sephacryl S-200 HR # 5 s TREEREICAH W72 0.1 m Tris-HCL &K, pH8.0 D
WA 15, 30, 60 mé/h EZ(bLE H3EAI1CBF 3 bovine serum albumin & cytochrome c
DIEH/ ¥ S — v % Fig. 31TR Lo BWEOEHNE, /BEEEIREE»1E0ED T HERY
RO LN -1,

cyt. C
15m¢/h
0.6
0.4}
= BSA
0.2} /\
0 i 1 L 1
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0.671  30m¢/h eyt. €
0.4}
o
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0 1 1 " 4
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Fig. 3 Effect of flow rate on the Sephacryl S-200HR gel-filtration patterns of bovine
serum albumin and cytochrome c. Each sample was applied to a Sephacryl S-
200HR column (1.6 X27cm) equilibrated with 0.1m Tris-HC¢, pH8.0.
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Cd #E5 L= 7 RO BRFIBHES DT IV B18/85 —

Cd %ERENES LT MT 25 EAK s ¥ = ¥ < 2 OB AEE 4 % Sephacryl S-
200HR # 5 2 FAWT, BRGHOBEE»ZTHY VA8BL, Cd, Zn, Cu O/ v — v %
K, EOICERHETIRBVWTMTERE5 V5B L T Ex OEH/ Y — v 5 Z ORHALE
P~ (Fig. 4), Cd i3 EDBEIARICE VT EHIKE 25 me fEOES FESIC/DE,
35 ~ 40 mg FHE DB S D ZRIEH L 2, KEITRL 2 MT & O7AHME 13 Cd O
HBE—B LT EDD, HBEDCd E—27 I MT 280ES (MTF LB EEAoh
3. MTF OWEHINE EBHI 0.01 v Tris-HCL Bk, pHB8.0 ABL7: & xicb LETH

0.01M Tris-HC¥, pHB.0
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Fig. 4 Comparison of gel-filtration patterns of Cd, Zn and Cu in the soluble fraction
from kidney of rainbow trout intraperitoneally injected with Cd (0.375mg/kg
BW). Soluble fraction from kidney was applied to a Sephacryl S-200HR
column (1.6 X67cm) equilibrated with eluants indicated in the figure, at a flow
rate of 60mg/h.
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WKHEET A0, BEBEOA A vBEASDBESICIZIBRERIMNBTH - 2o Zn it 25 me
ICHEFITKRERE -2, 30~40ml iy a Ly —, MTF ii/hSBE— 2460, MTF
&0 HESFOETICHVED Zn 538D Sz, EBEELIC 001 M Tris-HCY &%, pH
80 MW/ L &Iy, MTF © Zn 13 Cd &ERRICD LRIA~BEIL, 30~40mL DY 2 V5
— PO EBIAB OBFEITHANTRER TS > 1o Cu OEHI Y — v IERAROFE LK
&< 914, 0.01 M Tris-HCL &K, pH 8.0 TIIAFS L E— 7 »538%» 51 g, NaCL Z&MmL
AR -EDE Lt — B o, 5B, HID Trishydroxy methyl aminome-
thane 123 Cu & Zn %%, NaCl icid Cu, Zn, CAd A E L TR DEEHTVWLDT, T
NODHEFEREVELNBELE2 0 b 5LDN—R 54 VERIET ZLENH - 12,

Sephacryl S-200 HR, Sephadex G-175, Superose 12 DLL&E:

Sephacryl S-200 HR @4 L A38,¥% — v % Sephadex G- 75 $5& U Superose 12 & kg
THE0IC, Cd2HESLTMT AFEARS €12 = Vv 2 OFBAAREYZ 2 hZhoh
S ALTHVABL: (Fig. 5). Sephacryl S-200HR & Sephadex G-75 1347 5 &4 4 XH8
HELWOTCd, Cu, ZnoiEH sy — v 2EERETE S, Cul Zn OBFEHAEE 00}
Sephacryl S-200 HR Tid 50 m#, Sephadex G-75 T2 30ml TH>7DT, H5LD
void volume [ Sephacryl S-200 HR @445 Sephadex G-75 £ 0 & K&V, F1,

Sephacryl S-200HR

S flow rate 60m¢/h .
| 2f column 1.6 X66cm : "..
L‘“\ - .'i’ ‘\..'- . .
0 L i L L PR TS AR ST R LT W 3
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Sephadex G-75
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Fig. 5 Comparison of gel-filtration patterns of Cd, Cu and Zn in the soluble fraction

from liver of rainbow trout intraperitoneally injected with Cd (0.375mg/kg BW).
The column was equilibrated with 0.01m Tris-HC¢, pH8.0, containing 0.1m NaCg.
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ID22oDH I LT MTF 2590 me fhEDRME AR L, Cd, Cu,
phacryl S-200 HR OB Td - 72, Superose 12 (341 5 &4 4 ZOWNS WD T H 5
L EBEBERE LEOWA, Cdid MTFIi2 12, Cu 3EHDFES E MTF i, Znid3 >0t -7
KBS NTHON S LERIETH 128, BRADE—27 RO HA S 6L bHOLTH -

12

CuBLU Zn 2 E L= o7 XOFREAIAEES DT IV 5i8/188 —

Z U2 RICHID>TCudb bWt Zn 2EEAEE LT,

Zn DE— 7% Se-

ook s MT OFED

FEEE A ATRR T AMEE 5 2 306 & L Sephacryl S-200HR # 5 A2 BWLWTHH~H (Fig. 6),
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Metal concentration (,ag/mﬂ/g liver) — Cd, -

0.5¢

Fig. 6 Sephacryl S-200HR gel-filtration patterns of Cd, Cu and Zn in the soluble
fraction from liver of rainbow trout intraperitoneally injected with Cu or Zn.
Soluble fraction from liver was applied to a Sephacryl S-200HR column (1.6 X
69cm) equilibrated with 0.1m Tris-HCZ, pH8.0, at a flow rate of 60m£/h.
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% 7z, Table 1icid MTF © Cd, Cu, Zn DEERB%AR LI, E@BEZRHREL TV RV =Y
2ZATDCd, CuBLUZIn DX VA s —vEXfT2E, Cu5Lc=Y<=ATR
MTF @ Cu EHEMEMNT 5 & & bIc Zn BFERICHGPELSHMBAD o, &7, MTF
2 Cd Wb ERIEShic, DT EIE, Cudf5ick > TMT B0 FHEHAKSNE I L
EZRLTWA, —F, In A5 L=V A TR CuBLP Zn DFIVARBNNY —vida v b
O— D=V RAERERL, MIFTCd bEBLAEREENE M7, E5iC Table 11
R L7 MTF @ Cd, Cu, Zn ® 7' 5 A BEFHOEHE» SHM L TH, SEIOEREZHET TIE
Inicd 3 MT OFEARIZHL I L LeEDOhEnWEELI SN 5,

Table | Cadmium, copper and zinc distribution in the metallothionein fraction from
liver* obtained by gel-filtration with Sephacryl S—200HR

Metallothionein fraction

G Metal
roup eta (X107% pg—atoms/g liver)
Cd trace
Cu 58.3
Control 7n 2.1
Cd+Cu+Zn 60.4
cd 0.9
N Cu 114.2
Cu-injected 7n 20.0
Cd+Cu+Zn 135.1
cd N.D.
Cu 88.2
Jin
n-injected 7n 7.2
Cd+Cu+Zn 9.4

*Pooled sample from 3fish

Z E

MT OEBZEREBRISNTVEY, COWBEOERER MT BEBES Y v/ BTH
D, BREKEZRSTOVEVHIEED» S MT LEA LTV IERBEARIET 2REEE, s v
Ny BRAENET ZEBEED 2 2ItKBlsh b,

EBRAEEDV LSRR VAR OS5 7 4 —REREE I o< b5 74—tk
EHS e MT 0&BE%, FETREEPCHAMIELETRET 2HETH S, bH—HldE
F, MT &EFMEDE W Cd, Cu, Hg, Ag BEDLBAETHML T, MT 22 h 5 O&E Thafl
BEXE, ROTMT LEALTORVEROLBELMEERRETHIELTRELRE, MT
DEBREBEAET 3 H5ETH 54,

g vy BRIEE I ABHE O MT TIE6107 3/ BEET20EEMN > 25741~ (Cys)
THHEMEFAL, Cys D SHEAERT 2 HEL S v/ BE LCoRBEEEZFAL
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T, EEREAES VA A L) ToRARIVFA LA L) T v oA TERT BHENS %,

MT OEBIZFNVAB I o= 757 4 —2F0AHKRELT, MTREThIEHOLE
O, BEHMAHOLBERVUHETHY, $/, ¥ v/ EldpH, @BA4A Y, 277
25—, AF VEEREOHEL S FRTVASVABETIRINS ORTFIC K 3HENHK
HIDIE L BODREHE T THAETE 2R EDORBET S5,

A MT OFERIC/ Vv A@BEKE L TOFMMEE#RET L 72 Sephacryl S-200HR 37 ) v
FERAFNSVENN-AFLYERTZ )T I FERBESTER L 2 8kiEDBkTSH
D, HERD Sephacryl & b S, EOBESE LN S L5, NTFEWNS L, BERBENHRE
I 5126 DTH B, Sephacryl S-200HR I3 — X% &, A viF vV EEDESD
e ORIEOREIC L VIRERE 2T, £DHOEBIAED A 4+ VIREEL pH OFHIHNE &
05, RIFFDOFRTIIEFMBED TrisHCL &K, pH80 DENMREEE(LE &Y,
NaCl ZRMULUTA + VIREAZEZ 12358, A4 VBN ER T ICHVWATFESRL S v
RO BONERENEL 12 AR (Fig. 1), THhBX VOMEKE LTEEh B ALK
F UVEOREDN, 44 vBEAETIEICIIMEIEhEEZ 50 B, Sephacryl S-200
HR 04 FEAEERRI345,000~250,000& WbhTEh, MT ODFRIBT ¥/ BlEk» S
13#96,000T d 5 34 v 5B TI35910,000& 5k 51 5, Sephacryl S-200 HR CREBIALE
DA & VEEEAED G, ¥ v BONTREE Z OBHME I ZHFIBIGRAZED Sh
- (Fig. 2),

% 1o, BEIAOTEE VI ED S EEE % HEd 5 &, Sephacryl S-200 HR Tid# v
RTS8 72 723 60 me/h OEFET bOBEREICEII S0 - 1o (Fig. 3 ),

X 5T Cd 2F#S LT MT 2FEAK S ¥ = V< X DB A ES % Sephacryl S-
200HR #1 5 6 ZFVTH W ABLIKER, REGEO A 4+ Y BENFVRHE T TIEIMT 0B
HinEEnB ohic (Fig 4),

Sephacryl S-200 HR # 5 & itV 3 BRIABIC DO TRIROM G ER T AMENS %, T
Bbb, =< 2OBWABEES DL S I Cu aFROEVEE TR, KFEFIcEET 3 Cu
DPEELB LI TR D 5, T TERBEOM 4 VigELsEY 51Tid, Tris-HCL &
BOENVEER S5 X0 NaCL 2L TA 4 ViR FF 33208 FE LWEBbh, E
F_k 13 0.01 m Tris-HCZ & ik, pH8.0c 0.1 m NaCl 2iRMT 2 DMEVWEEL 5N 5,

wic= v < 2 DIFREAIAHEES 2506 & LT, Sephacryl S-200HR 4 W A:8/%% — v %
Sephadex G-75 £k U Superose 12 B LER, Cd, Cu, Zn DA VBB Y — Vi
Sephacryl S-200 HR @545 Sephadex G-75 &b b & — 7 03B TdH - 7= (Fig. 5), £ 72,
= Y= R Cu {5 L T MT OFEARKIC >\ T Sephacryl S-200 HR % F\W T~z
BEICSRIFSHERME o h (Fig. 6),

- ho DEERFER ICE -V T Sephacryl S-200 HR & Sephadex G- 75 $ & UF Superose
12 - OERAETOBELEEETLERDLSITH B, 7, HBREIC >V TIIE L DEFDH
BAZREL, BEBEDA 4 vEEP pH, Wi, #5494 X, FRRMER & ORBELG%:
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LETNEEDH 5 LA THRVWERVE SN S, LH»L Sephadex G-15 iiftho 2 20 Hh 5 4
K0 HETHBREN S 2 LD TH B, T, BRBEOMED SNEEEZHLEKT 5 &, /K
Sephadex G-75 THI K >TWHHEEAE 1 &4 5% & Sephacryl S-200 HR 349 4 f5, Su-
perose 12 Tt 2 fEDFENEBOLNB, 4TI E) 2 — L EWVWSHHETIE, Superose 12 13
PLBAITH B D DBOBHE LB ONBVOT, BHEOHEVIETEIAFITH 5,
—74, Sephacryl S-200 HR & Sephadex G- 75 TRUBEMICIEUTH 5 444 X2 BN T
EBFIFRDH B,

ERBIEEB IO I ATHHEOBBRIROEELTRTH 5, WOROBRIEORTEMS
R0 H i 0 » 50, Superose 12137 LYy 7715 ATHVORBBARETH 5, &
BOBMT S v ) v Y TEAT 570 TH D IFFEFEICHETH 5, Sephacryl S-200 HR 37 w43
R TTIRE N, RO RES . OEED 5 Lo THETE 5, %/, #IVHT b Sepha-
dex G-75 & 0 &L 72 DRI D 7 VRE OELN /D8 { Sephadex G-T75 & HELH
TNRENBETH 5,

$EE DE T2 Superose 12 3Bk o< b 757 4 —HROT, EEGKRECREN
B EWIEENDH B, —7, Sephacryl S-200 HR id Sephadex G-75 & H#MEA S 0 1
FEALTWAEBESZOZEFHTE AR EMSD 5,

AEOKER, MT OFREICIE Sephadex G- 75 IR FIFIENT&E A, Sephacryl S-
200 HR %{#FH L T % Sephadex G-75 LIh~_BEIA SN >, & LA, Sephacryl S-
200 HR O 45 HRE, Sudltt, HOBOBEREBNEHIE, SBRENED MT ERIC
Sephacryl S-200 HR ZRERHICFIA L/cWEEL TV B,

AWE 12 B AL FIREG FF N ERAE S B L CHBE LR AFHENREIC L - TiT-
2bDThH B, BLTEHOEEET,

SEk
1) WEHT : B2, 56, 86— 95 (1986),
2) ZFHEES&: K3, 20, 615—623 (1983).
3 BHARIR: b EvanY—T7 45— 4, 10, 338—347 (1987)
4) kSR, GHES, AMEEE  BkEE 44, 149—153 (1978).
5) IR, H B H/KES, 51, 1733— 1735 (1985).
6) LA, FhEh B85 HkEk 53, 833 —839 (1987).
T EEEKE, BH B r2vao0P—7x—54, 10, 348— 357 (1987).
8) /NEFRE R, MrhE—, THMT, HEES @43, 24, 128 —131 (1978).
9) D. L. Eaton, B. F. Toal : Toxicol. Appl. Pharmacol., 66, 134 — 142 (1982).

(FRE<T 19894 4 H18H)

210



