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1. Introduction

First evidence of a Cd containing protein of rather
low molecular weight was obiained by Margoshes and
Vailee [1]. In subsequent studies [2—4] an exceptional-
Iy high concentration of half cystine was measured in
this protein. Dus 1o the possible substitution of Cd
either by Zn or Hg and the presence of such large quan-
tities of sulphur the above protein was called metallo-
thiongin. It was of interest 10 note a rapid rise of metal-
iothionein synthesis following the administration of
Cd to rabbits [3, 6] and rats {7—10]. For this reason
‘the protein is presumed 1o act a3 a metal rdrecomtmn-
nating carrier in biological swstens

At the moment different criteria for the h@mogem—
ity of metallothionein are mp@n@d which may be at-
tributed in part to the elaboraie isolation proceduzes
This is espemiﬁly the case when the protein is expased

10 organic solvents for elongated periods of time during

the conrse Qf the isolation. We wish mﬁescnbe the con-
venient preparation of homogeneous hepatic metallo-
thionein using rats and chicken which were previcusly
mjecied with Cd, Precipitation sieps employing inor-
ganic salts {(Nﬂ,g); 80, or KBr) were omitted: Only

a very short treatment with organic solvents was per-
formed which was followed by jon exchange and gel

wchmmamgraphy, The metallothionein was monodis- )

perse as shown by gel filtration, disc ontinhous. poly=

_,ar’wla"mﬂe electrophoresis and uhracenmfugalmn. T

- The proteins obained from either biological sonrce

-were of striking similarity. The molecular weight was
12.000 % 50{) The total content of me’ra]s f:\ip:resserd, e

a8 the added ptmmns of »bm'h ca and 2:1 was app:ox*' :

Furithermore, some physicochemical data like UV ab-
sorption, CD properties and X-ray photoelectron specs
tra were virtually identical whatever metallothionein
was examined. From X-ray photoeleciron spectroscopy
and from circular dichroism measurements subsiantial
evidence was obtained that the major portion of the

- sulphur containing amino acids can be attributed to

cysieine,

2. Experimental

All chemicals employed were of reagent grade
quality or better. To minimizé metal contamination
cnly plastic or quartz ware was used. Sephadex G-25,
G-50 and G-75 (Pharmacia) and DEAE-23 cellulose

 (Mabistone) were employed in the respective chro-

matcgraphic steps. Zn and Cd were delermined by
atomic absorption spectroscopy [11]. In crude frac-
tions protein was assayed using the bauea‘ micro '
method. The concentration of pure metallothionsin
was calculated using desalted solutions of known sMSD

 which were. lyophilized and weighed ¢ mnsiancy.
-Tm h@moganeﬂy of metaliothivnein was examined

in a way similar to the meﬁmﬂs givenin [12, 13]..

o Amino acids were. ana]ysed c‘ﬁmmamwrap}m;ally af ter
‘?4 hr hydrolysis of the native protein,

- Both white Wistar rais {300 g) and chicken {1500 g)

';wme injected 3—5 1imes with 10 ymoles of CaCl; per
o kgof! body weight in ? «.day intervals: Aﬁer the last i m- .
 jection the animals weré maintained under normal -
: ]abtmam:ry conditions for’ M_ﬁays prior 1o their: sacn- '

fice.. Eromngemsahon of Yiver tissues and cdaalys*s of .
he 'emdv p:repamim wa.a peﬂ'omed nsmg 1he prm;e-
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dures deseribed elsewhere [1--4] which were modified
for the present study. The subsequent application of
DEAE-23 chromatography and gel filtration on Se-
phadex G-50 proved most successful.

3. Resuiis

The treatment of the cruds protein fractions with
organic sclvenis emploving pr echilled chloroform angd
ethanol was carried out at 0°, The total time interval
starting from homogenisatior of liver tissues until the

dialysis step was finished did not exceed more than
6 hi, In contrast to the procedures already published
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Fig, 1. DEAE-23 chromatography of crude metallothionein
from 131 liver. {~—) Protein, {- - -) Zn {- - -} Cd. The fraction
volume was 6 ml. Elution with a2 Iinear NaCl gradient, pH 86
“{5—600 mM). A rather similar <kation profile was obtained
using the emde protein fractions from chicken liver.
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ion exchange ch nmatograpby nsmv DEAE-23 cellulose
was introduced. The main bulk of proteins was separated
from the Cd-containing protein (fig, 1).

In the subsequent Sephadex G-30 gel filiration the
clear separation of metallothionein from other conta-
minani proteins was accomplished. Addirional gel chro-
matography using G-25 and G6-75 yiclded exclusively
one symmetrical peak. From severai trial runs on Se-
phadex G-50 a molecular weight of 12 G0 x 500 was
found for both metallothioneins. Oné single sedimen-
tation band was also detected during uhracenirifugation
{fig. 2). The s3p,co-value was 2.7 X 10713,

in addition to the apparent homogeneity of the
isolated metallothionsin substantial evidence for the
presence of a monodisperse protein was obtained from
analytical polyacrylamide gel electrophoresis (fig. 3).

As in the case of metallothicnein isolated from
other bivlogical sources [1—10] the most abundant
amino acid was cysteine (table 1), The values expressed
in brackets were obtained after oxidation using per-
formic acid.

e B

Fig, 3, Analytical polyacrylamide gel electrophoresis of
metallothionein prepared from chicken or rat Yiver. The 2p-
Plied amoun? of eithsr meatUoproiein was 7 pg. 4% of acryl
amide weyre nsed ia the toman’r.:atmg gel and 7.5% in the
separating gel, resnectively, Electrophoresis was carried out
at 225 'V, 42 mA for 90 min. Staining with Coomassae blue;’
destaining by :hffusxon

B Flg 2 Sednneﬂtatlon patsem ni c}ucken metallotluonem The en-ployed pmtem concentz atmn was 3 1 mgiml, 100 mM potassmm

. _phosphale tuffer, pH 7.3, 23. 50, Sedimentation direction left to right. Qchlxe:en bar angle 3G° Al valve synthenc boundary crlk
, Photographs were iaken ane,t reachmg full speed (60 000 xpm) : )
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Table 1

Hepatic metalothionein,

Rat Chicken

{number of residves per mele) -
Ly=ine 15.5 11.7
Histidine 3.5 1.9
Arginine 3.4 .3
Aspariic acid 7.3 11.1
Threonine 4.7 1.5
Serine B.6 10.35
Glutamic acid 7l 4.4
Proline 8.3 10.0
Glygine 2.6 7.8
Alanine 7.5 10.9
Cysteine 24.3{31.6) 37.1 {(36.4)
Valine 4.7 2.0
Methioning 0.5 1.8
Isoleucine 2.9 8.4
1lenucine 3.4 0.5
Tyrosine 0.8 0
Phemylalanine < 1.0 4]

24 hr hydrolvsaies. Values in parentheses determined as cys-
teic acid.

Fig, 4. Uliravinlet absorption of the metallothioneins, Specira
were recorded al pH 6.6 in 2 Unicam SP 1800, €555 was 8.06 X
lﬁ-'q’gvfgsg: €a5p 'Was 17.5.

The metal content of the chicken hepatic metallo-
thionein was 2 Zn and 5 Cd per mole of protein or
Zn:Cd = 1:2.5. The Zn:Cd ratio for rat Yiver metallo-
thionein was 1:2.3. For both proteias the maximal

mumber of metal ions was calculated 1o be 7 gatoms ~ -

per 12.000 g of protejn which is in close agreement
with the values reported for human metallothionein
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[1—4]. The absorpiion spectrum in the ultraviolet re-
gion {fig, 4) is yery similar to that published for human
and eguine metallothionein [1—4]. The virmal absence
of aromatic amino acid residues is confinned by the un-
nsually low absorbance at 280 nm. The siightly expressed
peak 21 250 nm can be atiributed o th. meral S~k
bonding, This optical activizy is much more erpressed
in the CD speetrum [15].

4, Discassion

The 6 hr treatment of crude metallothionein frac-
tions with erganic selvents and the exclusion of pre-
cipitation steps employing KBr, {(NH, ), 504 or 2-
ethoxy-6,9-diaminoacriding lactate can be considered
beneficial for the nativs state of this protein. As to
which degree the 12 000 mol. wi. metallothionein is
a dimer consisiing of two subunits having a ;nolecular
weight of 6000 {4] necds further investigation, Never-
theless it appears thai the present meiallothionein
which was isclated under rether mild conditions
conld be regarded as the aciual native form. This is
also confirmed by Winge and Rajagopalan [8] whe
employed exclusively membrane and gei filiration
combined with sucrose gradient centrifu zation and
found a metallothionein of 12 020 molesular weight.
In earlier studies the molecular waight o mersilo-
thionein was sepoited to be in the range of 6000—
10000 [1-7].

An open guestion of central importance was ihe
elucidativn of the nature of the sulphur containing
amino acits. From X-ray photoeleciron specioscopic
Tneasnrer.ents i can be demonstrated that the major
portion of the sulphur is atiributable io cysteine Tesi-
dues, The measured suiphur 2p binding emergy in
metallethionein was virtually the same as found for
Zn- or Cd-cysteine {1able 2).

- 7TanIe 2
) Measnred S 2p sinding energy
) {=Y) )

Cas - ) 1605

Metallothionein - 1617

Cd-Cysieine T 18167

Zn-Cysteine - 161.9%
. CaCysieine 163.0*

n-Cysteine

162.8*
* Taken from |14]. - ' )
' 173
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“This is further snppmted by CD data, A pmsmve 8-

‘ ‘Irrmum is clearly visible at 258 nm ([ 1253 = 75 ”0) B

which czn be assigned to the binding of Cdz“’ or Zn**
10" 5—R moieties [35]

Acknowl:eﬁgeméﬁﬂs

This study was supported in part by a DFG grant
WE 401/2. The cooperativity and helpful discussions
of Drs. A %, Fretzdorff, G. Jung, F. Linnemann, W.
Voelter and Mr. W, Voetsch is greatly appreciated. The
expert assistance of Miss U. Igel is also acknowledged.

References

11] M. Margoshes amﬂ B.L. Valleg, J, Am. Chem, Sm:.. 79
£1957) 48124814,

12] LH.R. Kidgi angd B.L. Va]]era J. Bio], Ch@m 235 {1960)
3460--34635.

131 J.H.R, Kégi and B.L. V.afl]ee . Bmﬂ Chem. 2356 (195 1)
24352443,

E«ﬂ P Pnhﬂm,J R, Lag1 ;mdB L Vallee Bzmnemasn'y
5 (1966) 1768—1777. , .

151 M. Jakubowski, ’I‘mnml Appi, I'r‘harm i (197’0}} pSil—-
763,

16] G.F. 1 Nmnberg, M. debm;g, M. Pascmm and 0, Vester-
berg, Biochem. J. 126 {1972) 491—498. ‘

171 Z.A. Shmkh and 0.1, ] Lmls, Experientia 27 {197@) 1024— .

1025,

18] D.R, Winge and ]s.Vﬁ. Rajagopalan, Arch, Biochem.

Biophys, 153 {1972) 7557582, '

- 19] F. Donay, Biochemical Master Thesis {1973) Tiibingen.
110] L.H.R, Kz, Abstr. Int, Congr. Bmchem Bth (1970)

Pp- 130,

[11] W.T. Ebwell and J.A.F. Gidley, Atomic absorption spec-
trophotomeiry (Pergamon Press, Oxford, 1966).

112} U, Weser, 5. Barth, C. Djerassi, H.J. Hartmann, P. Xrauss,
. Voelcker, W. Voelter and W. Voeisch, Biochim. Bmph}'s_
Acta {1972) 28—44. :

113] U. Weser, R, Prinz, A. Schallies, A, Fretzdorff, P, Kranss,

‘W, Voelter and W. Voetsch, Z, Physicl, Chem, 353 {1972)
1821-1831.

114] G. .’lung, M. Ditnad, H. J Harimann, H. Rupp and U,
‘Weser, Z, Angl. Chem. {1973), in press,

115] H. Rupp, ]Bmchemm:aﬂ Master Thesis, (1973) Tibingen.




