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2. Sephadex G-30,DEAE Sepharose Fast Flow,Sephacryl $-100 4 Pharmacia Co. F‘uu
(ER81) ; B E B R E O HL % Hitachi SCR 20CH #) ; # E A BT & 44 LKB Co. ™ & G

£ W ERAMET RHN &2 LC 6A (BF); RFRESIHE T Philips PU 92003
B s 850 AR B iR -E = & JP3—1) : B 4K il 488 % Millipore 6MA 2032(H 70,
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i fi%%ﬂiﬁ’:’ﬂt:i&ﬂﬂ%’cﬁ%a‘ﬁ‘ﬁ*-Eﬁtiﬁi&?i}zﬁ CdCl, W —K, §4 .
FEEFEHCIEAFE—R0.5mg. E-F Img, =X 2mg, B X 3mg, BHEFR 3mg, H75
R Amg, BLR dmg, BA R 53156 15 5 R E R 2 4 |, 24h EzHESy, mASE®R
Tris-HCI (0. 01mol/L ,pH8. 6) . 513k , 4°C 1L 24142 , 10 000X g B> 30 min, B_E 1 80°C gk
Smin.12 000X g &L 20min . X _E i i1 — 20°C ﬁi%\ﬁ?aﬁﬁaﬁﬁﬁsmﬁ 80%(V/V),—20°C
L HUTIE 10 000X g B> 30 min, RITIFHET 0: 02mol/L Tris-HCl, 10 000X g &> 10 min,
L W% Sephadex G-50 HEHT WA SR E L, F S AL F X % DEAE Sepharose -
" Fast Flow & (A &4 Z 98,1 Sephacryl 5-100 B, S HETFEERES TR, —20C B

#.
2. T
D EFREOCENE H 8RB,
B L TR K 228, 8am. B 0, 3nm, 4TELI 6mA.
A 2L AT RECE 1 324. 8nm, 5 0. 20m, AT 4mA
B 2mL, BATR LB 4 213. 9nm, 2555 0. 2nm . {TH I 8mA.

C(OREETRME B 0. 2mmol/L 5.57-Z B = 2-R X FE) (FH DTNE) +
0. 1mol/L PBS(pH7. 3)+1mmol/L EDTA {## 2mL, 5 # £ & 10pL SU4RHE Cys IR
- %,8—30min P 415nm MU, LUARHE Cys fEE, B R 523, :

OBEATFREMEEEMONE . RA LRSI, 100pL B S E 1900uL -5 (0. 1mmol/

L NHCl+0. 1lmol/L NH,OH+0. 2mmol/L Co ), R E —0. 05——1. 8V, b By [F —
1.5V, —ffe4, 3 &1k, :

(OFFETE .HPLC ERets,

OEEEEWNE : A Bio-Rad i RIEHE. B 0. 8mL 8 +0. 2L Bio-Rad B
T S95nm PFCTRYL(E , 4 1L 7§ 75 F &5 (BSAMEHRHE. : ‘

(ORKERAMAH 0. Img FEHKIET 0. 5ml EZAKF, K 0. 25mL EHIA 0. 4mL
#9 5. Tmol/L fE# HCL, EEH 0,110°C T A4 48h BT HCL B E L9447, 8 ==
B&,570nm M 440nm SUEA KT ; 5 0. 25mL 5 5640 0. 4mL 3 HES, —10°C K RE 4h, 3
THFR, MEHAHT, kT FRELE mEL ERERKBRTES ITALBRAR, HE
Cys 5.

(T HEEAFIE ST : 300nm—190nm 2 4T3 .

OZRELN B & 2mL (4 Img/mL), 11 B-50Z Z B 20pL, 2mol/L HCI 0. 2mL ,0.

Zmol/L EDTA 50uL . H % Sephadex G-25 Bk (£ 1. 2 X 60cm, 0. 2mol/L Z B ¥E/k) .18 pH .

E 8. 0.4 A M&JR (Agt.Cd?* .Cu** . Zn*) § 2AFMAEH,95°C(2min), &L 10 000X g
(Smin) . B 7§, 01 2% 4 M4 T H ,95°C(2min) . B0 10 000X g(5min) B L1, ME&B S,
BRI NS (Ag* Cd™ . Cu™ . Zn®*), N 2% 4 1 0 & & »95°C (2min), B> 10 000 X g
(Smin) BR 1, 101 2% 4 M4 E £, 95°C (2min) B> 10 000X g(5min) , Jx L%, & B & &,
ARILI AT 7K A8 K (Mlli-Q 7K, FH>18. OMQ), #2 ILR 8 FI ¥ 5] & , (E FI AT A ED-
TA REBEHBE ¥ (6mol /L HNO, 24h), PABT ILSME S RIS B

(9)N ¥ % : Dansyl-Cl 3¢ Bt R FE 4 2 0),
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S S4B 5 E S 1 Sephadex G-30 EEWAE, BT EIE M Fig. 1, by ia s
CdSZn HRMESES, RKGZNEW-1 B EW.- 1 Cd 5Zn HBIEW- 1 % 2, EW- ¢
A3, FHEGTHTHBES (RS Cd GBSk 5 84y EW- I # (Fig.2). i} 88
EW-TZCd iR RELR,. HIRSEY, :
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Fig. 1 Gel filtration chromatography of Cd-exposed earth-

Fig. 2 Gel filtration chromatography of the homogenate su-

worm homogenate supernatant pernatant from control earthworm

" Column.2. 6X 110cm, : Column, 2. 6X 110cm., :

Sephadex G-50, Flow rate: 1. 6mL/min, Eluted solution; 0.  Sephadex G-50.Flow rate: 1. SﬁL/min.
02mol/L Tris-HCl, pH8. ¢

——Azinm;  seeeCdy -a-. Cuy —Zn

Eluted solution ;0. 02mol/L Tris-HCI,pHS. 6

_"—A;“HJBU weeeCdy -ece 'Cllt —Zn

Fig. 3.Fig. 4 IR, EW- | &5 EW- I 4 5|4 R F 2 DEAE Sepharose Fast Flow & /2 |

o, 623 4‘&)@%%@9@6}.&&‘5&%% EW-12,EW-1b,EW-1c.EW-1 a . EW-
Ib,EW-1I¢,
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Fig. 3 lon-exchange chromatography of EW- I from gel Fig. 4

lc-m-exchange chromatography of EW-1 from gel
filtration chromatography

filtration chromatography
Column; 2. 6 X 20cm, DEAE Sepharose Fast Flow. Flow Column; 2. § X 20cm, DEAE Sepharose Fast Flow. Flow
rate: 1. SmL/min, Eluted solution A, 0.0lmol/L Tris-HCl, rate; 1. SmL/min. Eluted solution: A. 0. 01 mol/L Tris- :
pHS8.6, 1 000mL:B. A+40. 4mol/L NaCl HCI, pHS8.5. 1 000mL; B. A+0. 15mol/L NaCl '
T—Amm;  ~Cdy -e-e Cy; :a . -Zn, = Wwampy Aol Lo Buyy L7,

- —Mercapto group for protein,.  ip(uA) :
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MELTRE 15V R CHESFES-SH BEQ I ERNIE) B, (L EW-1 2.
EW-IbMEW-1c HHBAIBN E I (Fig. ), RAKEAABHEE—SHHELHFRE
5, :

1 Fig. 6 T, EW-12.EW- I .EW- I ¢ % 250 nm LHHABRAIE, S BAE S S
-SH 5 &/ Cd HESMSE TR, K= B EMRE 250nm MR ICHE 7 4%, R S E T RS S
BT, :
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g i !
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Fig. 5 Linear sweep polarography of mercapto group for Fig. 6 Ultraviolet absorption sp;cm of earthworm cadmi-
earthworm caﬁmium;bindiug proteins um-binding proteins
1 E‘_W’- Ta, 2;EW-1b, 3.EW-1c, 4.EW-1 a, ——: Sample ' (about 50pg/mL) 2mL in 0. 0lmol/L Tris-

S:EW'lbp 6:EW-1¢ H HCl. PHB-S.
: —:(—)added 30pL 1mol/L HCI

% HPLC ERFBERM T, EW-1 5 EW- I B9 5F & 43524 43kD .'a‘ 19kD(Fig. 7)., ~

S
;: s - Fig. 7 Chromatogrzphic pmpemes ;{ . puriiied earthworm
§ ; § cadmium-binding proteins as determind by HPLC
o T - HPLC Column: TSK/G 3000 SW, Injected volume: 10uL,
about lmg/mL, Flow rate: lmL/min, Elution buffer. 0.
5.1“3': 05mol/L PBS. pHS. 0
&

Gel Filtration Standard Component ; Thyroglobulin ( bovine)
- 670 000;Gamma globulin (bovine) 158 000: Ovalbumin
(chicken) 44 000;Myoglobin(inotsc) 17 000:Cyanocobal-
amin 1 350

Standard Ew-ib  EW-Ib

Bf Table 15 Table 2 52 R, EW-12.EW- I b.EW-1 c AERENER & EM-SH
oo 447
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EW- 1b.EW- I c 6§ N-FEE smaaihned Lés Ala ‘Al

8%.12.24%.13. 81%, #R4E Dansyl-Cl B 52, SW- 1 4.

Table | The properties of constituents of earthworm cadmium-binding proteins

{tems Ia b le ila Ib ie
Cd/molecular 3 3 2 6 3 3
Za/molecular 1 1 3 2 p 2
Cd/Zn 3 3 1 3 2.5 2.5
Cys/molecular 14 14 27 20 20 : 22
—SH/metal (Cd+Zn) 3.5 2.5 6.7 2.5 2.9 3.1
Release metal (pH) 3.8 3.4 353 4fs 4.1 3.9
Product(pg/EW * mg) - - — 16.5 N1 13,8
Apparent 2a/Moiecular _ 400 - 400 400 o 150 180
Ai)puent Mr (kD). 43 43 43 19 19 19
N-terminal = = = Lys Ala Ala

Table 2 The amino acid composition of earthworm cadmium-binding proteins

4 I a
Amino acids -

Ib

1e

Ia b fc
Mol ¥ (aa/Mol) Mol % (aa/Moal) Mol % (aa/Mol) Mol % (aa/Mol) Mol % (aa/Mol) Mol % (aa/Mol)
Cys . 3.62010 3.46(14) 6. 86(27) 12.78(20) 12.24(20) 13. 81(22}
Asx . 8.57(34) 12.56(50) 13.72(55) 12. 46(20) 10-06C18)  -"13.96(zx)
Thr 5.92(24) 11. 46(46) 7.-85(31) 10.33017) 8.83(14) 7.02(11)
Ser 9. 44(38) 13.14(53) 15. 53(62) 8.92¢14) 9.03(14) 8.53(14)
Glx 11. 74(47) 14. 65(59) 6.12(24) 10. 46(17) 8.88(14) 12. ;o(zé;
Pro 1.30(5) 4.88(20) 3.2113) 2.04(3) 0.50(1) 3.79(6)
Gly 10.43C42) " 10. 21¢41) 14. 75(59) 11.2118)  11.39C18) - 11.59(19)
Ala ©8.30€25) Y 7.13(29) 9.12(36) 9.24(15) 4.81(8) 5.75(9)
Val 1.6819) 3.60(14) 0 3.29(5) 4.26(7) 2.84(5)
Met 1. 69¢7) 1L75(D  3.24013) 1.52(2) 1.23(2) 1.43¢2)
Te 3.30013) 3.50(14) 4.65(19) 3. 74(6) 2.11(3) 3.01(5%
Leu 7.01(28) 5.00€20)  4.73(19) 5.77(9) 3.34(6) 5.85(9)
Tyr 1.32(5) 1. 42(6) 0 0.16(0) 0 1.24(2)
Phe - 1. 90(8) 0.57(2) 0 . 0.23(0) 0.32€1) 1.67(3)
Lys 6-78(27) 3.56(14) 7.77(31) 3.22(5) 4.27(7) LT
His 6.57(26) 2. 03(8) 1. 06(4) 1.50(2) 8.14(13) 0.58(1)
Arg 9.23(37) 1.11¢4) 1. 41(6) 1.13(2) 10.12(16) 1.63(3)
Total (399) (401) (399) (155) (160) (150)

K& R, 30 EDTA %4

448 -

» BEBE L ¥ (Sephadex G-25) E WS B[54 /E MT (Apo-MT) .4+ 51

I Ag*.Cd** .Cu™* . Zn** F Apo MT iEHi %, BB B T A M E—a REAT 6 MT, 4

BERETRWE, EOM Ag* .Cd™ .Cut* Zn™* L4 4 BIK N EERE S 20.9.9.9 EE/R4: |

$E MT EW-1a.EW-1b.EW- Lc 7 pH2 LU FRIA/R  BHERRESE R4 TE ;

PV HAN A TSN R TR IR MRARY 84 T A IAS

e TN ;\u:{;wm-mﬁﬂ.ﬁwm PRIy

aa ket



e A P s S

. EHEB—RRE MT ;éaa4-mxﬁ%'m-"asqi"a;ﬁ’}éé}%WﬁAma*m

BRET
?]fﬁ?ﬁ.:é’rﬁé‘%ﬂ*&@il MT "’ﬁ{ﬁ'(bw- ia EW- Ib, EW—IC)ZJ Ag.Cd.Cu.Zn B F—TH
RTS8 Cu'* 2> Ag ™ >Cd™ > Znt

ERTESNCICL BRER, ﬁ%#ﬁﬂlﬁ'%—%%ﬁ#“l EW-1a 16 Spg . EW-1b
Sl ipg EW- ic 14. 8pg

cacic e

pE

BREES S 1957 1 Margoshes SETLKS), EBE T X BMF S, BLREFS .

Eﬁﬁ%iﬁﬂﬁﬁwﬁlnﬁ XT&%E&%?&%E& 7"&?%’15‘&’[ MT ammmzmmﬁm o
5. :

F - e U BSR4 MT ﬁn?ﬁn.%amfﬁﬁ%ﬁ%?mm& s MELEAEH
L SOSTERT AR, #F T BRSNS ST AERAR. %Aﬁﬁ%awﬁ%m
- e, Jmwzmﬁ)&ﬁﬁ%__ﬁ%mg%sﬁﬁ&%ﬁﬁ%ﬁﬁ_ﬂm (EW-1a.EW-1b,
EW— 1)y MT, B3 EW-Ia.EW-1b.EW-1Xe¢ HEEFE. EEE-SE, )L.;kf—:ga‘aﬁﬁ‘x

R B, R E 139 MT W=AELA,
 RESTEMT ERSWARNOY,MT B4 5T KK, 5K 5% &Rk Cys L8
| SEGEMNDEF—5E MT, MEAH4 MT; 8 =29 Cys LB 5T 5 % MT %41,
—ECMEE MT: SSRN AR FESLEEYM —28 MT, i 4 MT, X555
. MT(E R RELRE S MANVEEDE MT HFRA 76D, RESERELR,
EP WA His SE8 MT 4 F &% 19kD, 43505 MT 754, %ﬁ%ﬁ%ﬁﬁ%@ﬁ& His. &
3, % MT BT =2 MT,
j' ERERBLRSHFIRFARERNETSE 6 ML BA S BEAH, ERH MTs.
s (EW-1a,EW-1b.EW-I0)HEARSEHES, AFEREL. MBGRE A i plish: s b3:d
& ms@ﬁ.tcharan@ EW- | STESHEF 48 Zo. CABES N EBIENIE MENESE
SRETSANEVW-1  ESFSHARAAHBEEZIANBEMN, CEAETRESRESE
%ﬁﬁﬁ BN, ERMELRAHTEL SRLR HENER TR, ERIEMS RS MT
mAﬂﬁﬁﬁﬁﬁﬁ&§$ﬁ§§gx.
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Isolation, Purification and Biochemical Properties of \'Ietailo
thionein from Earthworm (Pheretima guillelmi)

Li.Ling—yuan Ma,Hong-bao Lu,Ying-chun Ru,Bing-gen [Shen,Tong

(Department of Biology, Peking University, Beijing 100871)

“Absiruct  The extract of earthwortn (Phererima guilleimi) induced hy subciitaneous injec-
tion of cadmium (CdCl,) was separated into two peaks containing cadmium by gel filtration«
chromatography Sephadex G-50 column .with molecular weight 43kD and 10kD, zn8 pamad

EW-1 and EW-1I. Each of the two fractions were further separated into three peaks on-

taining cadmium by DEAE Sepharose Fast Flow,respectively, and they were named EW- I
a, EW-1b,EW-1¢,EW-1 a.EW— Ib,EW-1 c,successively. According to their U.V. ab-
sorbance spectra, —SH content and amino acid composition, the fractions EW-Ia,EW-1b,
EW- I c are earthworm metallothioneins (MTs), and the three constituents from EW- I are
considered as three subforms of the earthworm. According to Dansyl-Cl analysis, the N-ter-
minal of EW-Ia,EW-1I b and EW- I c are Lys, Ala and Ala, respecuvely

Key words :Earthworm; Pheretima guillelmi; Metallothionein;Isolation and Purification
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