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Synthesis of a Selenium Analogue of Metallothionein from Neurospora crassa and Its Properties

Tadao OIKAWA, Manabu SUGIMOTO, Nobuyoshi ESAKI
Hidehiko TANAKA and Kenji SODA

Institute for Chemical Research, Kyoto University

Metallothioneins (MTs) are cysteine-rich proteins with low molecular weight, and bind with‘metal
ions such as Cd, Zn, Hg, and Cu. All cysteinyl residues are involved in metal binding. N. crassa Cu-MT is
the smallest MT found so far. It consists of only 25 amino acids and binds 6 Cu ions to 7 cysteinyl re-
sidues. We are interested in examining whether the structure and properties of N. crassa MT are influ-
enced by substituting selenium atoms for the sulfur ones. Thus, we have studied a synthetic method for a
selenium-containing MT (selenometallothionein, SeMT), in which all the cysteinyl residues are replaced by
selenocysteine residues, and its properties in comparison with those of MT synthesized in a similar
manner. )

SeMT was synthesized by the Merrifield method. Se-(p-Methylbenzyl)-N-t-Boc-selenocysteine was
synthesized from selenocystine, which was prepared from disodium diselenide and /3 -chloroalanine de-
scribed previously. MT was also synthesized in a similar manner. Both synthesized peptides were identi-
fied by amino acid analysis. Cu-SeMT prepared with Cu®" contained 3g-atoms of Cu per mol of the pep-
tide. The absorption spectrum of the Cu-SeMT was characterized by a very broad band displaying a

shoulder around 270 nm.
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Fig.1. Synthesis of Se-(p-methylbenzyl)-N-t-Boc-L-selenocysteine.

Table 1. Analytical data for Se-(p-methylbenzyl)-N-t-Boc-L-selenocysteine

Elemental analysis (%) Found: C, 51.83; H, 6.18; N, 3.82%
for C16H23N04Se Caled : C, 52.62; H, 6.23; N, 3.76%
"H.NMR (¢) 7.07~7.20 (4H, m, Ar) -

in CDCl3 4.58 (1H, d, C°-H)

3.80 (2H, s, -CHz-)
2.94 (2H, d, C?-H)
2.33 (3H, s, Ar-CHs)
1.47 (9H, s, (CHz)s-)
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TR, s-1-Boc4,6-F A FN-2-F A KU TV EHWREN VEF — MEIZE D, -Boc kL
L7z (Fig. 1 )o B A WM, TTEHH, NMR, 2SI L Y ﬁﬂ'}%’(ﬁ’)é & ETERR L7z (Table 1 ),
SeMT MU' MT i, Merrifield B2 & D ABL L7z A8 SeMT & MT i, K7 oL RKEIC L 2L ¥
v BRER, BEERHNL L, ZOWBERRELY, WASEETAFEAYEF MY v A TETL, S
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RSN CHR T 8 =7 F v 7 2 (BRIRELOppm BUT) #9142 THF 720 7 SeMT (800 4, g, 312nmol)
%20mMTris-HCI, pH8.6H1, 2-X VA7 hX 8 ) — 12k O @ILHh, WM (3.74 ,mol) EMRITC
T30 A » % 2= b L7zf%, Asahipak GS-220 HPLC (2 & 1), BEOREZ B & L b, Cu
SeMT #73HL L 720 Cu-MT & RO K & ) B L 72,
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Fig.2. Reverse-phase HPLC profiels of MT (a) and SeMT(b).

Crude peptides were reduced with NaBH, and applied to an Ultron N- Cig column (4.6 X
150mm). After washing with 0.1% (v/v) TFA, a linear gradient between 0% and 50% acetomt
rile (v/v) in 0.1% TFA was carried out at a flow rate of 0.8ml/min.
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WHEBREARZ O b 7T 7 4 —OE, SeMT i, HRERM211Z, T/ MT 205 ZhEh
Sy —TRVY—2 L LTCHENENS (Fig2) ME—2 5L, 73/ BN 2T /ofR, WH
BENZROBWYWTH ST E DR SN (Table 2 )o BFRASHOMRE, CuMT X1 ENHI:
D375 AETFOMEPREEGLTVE I LPHERSINS (Table3 ), Zhid, N crassa Cu-MT D 2 ffi%
BERA L FAKTH D" NS0 2 R ERENT CREAHRE Lo TVD T LD in vito THE
L7: Cu-MT i, Cu % 2fliORBETHALTWAEELOND, TOMKRE, HEMEEN Cu % 1ilio
JREETHAS LTV AN. crassa CuMT D1/212 % 572 E 2 bb, F72Cu-SeMT b 1 ENHN 37
SABEFOMEPHEALTEY (Table3), SeMT id MT L%k &R AR L FED I LAVRIE I NI,
Cu-SeMT i, 270nm {3 2B % F oMM R IRINA~ Y PV E B L7 (Fig3)o ANAT MLy
/—wwtvy7+nff%5tV/x»ﬁ7bla/—»%%&Lﬂ%%ﬁ%ﬁotacé,:@W
Ui, Cu-Se #EEITHIRT B I EAMERR SN,

AEFZERERE D L2, Cu-SeMT DEBMEAHN, BEFMICoVTHH S LICFHMARE ZML T

Table 2. Amino.acid analysis of SeMT and MT

Number of residues

Amino acid Syn. MT Syn. SeMT ‘N. crassa MT
Asx 2.7 2.4 3
Ser 7.2 6.6 7
Gly 6.2 ’ 6.0 6
Ala v 1.0 1.0 1
Cys 6.7 - 7
SeCys - 7.1 N
Lys 0.8 0.7 1

Cysteine was determined as cysteic acid after performate oxidation of the sample
according to the procedure of Hirs and selenocysteine as Se~carboxyamidorg$thyl selenocy-
steine after carboxyamidomethylation of the sample with monoiodoacetamide .

Table 3. Metal content

(g-atoms/mol)

Syn. Cu-MT ) 3
Syn. Cu-SeMT '
from N. crassa
Cu-MT (native)
Cd-substituted MT
Zn-substituted MT
Hg-substituted MT
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Fig.3. Absorption spectra of Cu-SeMT (a) and Cu-MT (b).
: Cu bound form (in 20 mM Tris-HCl, pH 8.6).
-------- ; Apo form (in 50 mM HCI).
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