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Enzyme Chemistry of Mammalian Selenocysteine Metabolism

Hidehiko TANAKA, Nobuyoshi ESAKI, Takeshi NAKAMURA,
Nobuyuki KARAI and Kenji SODA
Institute for Chemical Research, Kyoto University

We have studied enzymologically the rhammalian metabolism of selenocysteine,
and shown that selenocysteine is synthesized by the coupled reactfon of cystathionine
B-synthase (EC 4.2.1.22) and cystathionine y-lyase (EC 4.4.1.1) in rat liver. During
the course of this study, we have found a novel pyridoxal enzyme, selenocysteine
B-lyase, in a rat liver homogenate, which decomposes specifically L-selenocysteine into
L-alanine and H,Se. The enzyme occurs in various mammalian tissues such as livers,
kidneys and hearts of rat, monkey and some others. We have purified the enzyme
from pig liver to homogeneity and characterized it. The enzyme has a molecular
weight of about 93,000 and consists of two identical subunits of molecular weight
49,000. The enzyme has an absorption maximum at 420 nm, and contains one mol
of pyridoxal 5'-phosphate as a coenzyme per mol of enzyme. Its maximum reactivity
is at about pH 9.0. The enzyme acts exclusively on L-selenocysteine. The following
compounds are inert: DL-selenocystine; L-cystine, L-cysteine, L-serine, (-chloro-L-
alanine, L-cysteinesulfinate, S-methyl-L-cysteine, Se-ethyl- DL-selenocysteine, L-
homocysteine, selenocysteam.ine and selenocystamine. L-Cysteine (Ki=1.0 mM)

inhibits the enzyme competitively with L-selenocysteine (Km=0.83 mM).
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Table 1. Selenocysteine f-lyase activity in various mammalian tissues

Species* . ) ) ) )
) Rat Dog Mouse Guineapig Pig Cat Rabbit Bovine Monkey
Tissues
Specific activity (X 10%)

Liver 5.5 10 9.7 15 82 1.6 17 3.5 9.9
Kidney 4.9 4.5 8.9 14 3.6 1.9 17 — -
Pancreas 8.0 3.0 0.21 0.34 - = — - —
Adrenal 3.5 — — — [ — — —_ —
Heart . 0.90 0.81 - - - — — —
Lung 2.0 1.2 - — - — - _
Testis 0.83 - - — - = — — -
Brain 0.93 0.96 - — - - — — —
Thymus 1.7 6.0 — - - - - — — _
Spleen 1.4 1.8 - — - - — - _
Muscle 0.57 - - — - = - — —
Fat 0 - — — - = - — -
Blood** 0 — - — - — — _

The enzyme activity was measured by determination of alanine formed by amino acid analysis.
The tissues extracts were prepared by centrifugation of the homogenates.
* Average values of two rats are given. For the other animals, the values were obtained from the
individual.
*# Fresh whole blood was dialyzed against 0.01 M potassium phosphate buffer (pH 7.4). After
centrifugation the supernatant solution was examined.
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Table 2. Purification of selenocysteine f-lyase

Total Total Specific
Step protein activity activity Yield
mg units units/mg %
1. Crude extract 651,000 13,600 0.021 100
2. Heat treatment 271,000 7,300 0.027 54
3. Ammonium sulfate fractionation 103,000 6,290 0.061 46
4. DEAE-cellulose ' 5,640 2,980 0.53 22
5. First hydroxyapatite 425 1,360 3.2 10
6. Second hydroxyapatite 240 1,210V 5.0 9.0
7. Sephadex G-200 27.2 635 23 4.7
8. Third hydroxyapatite 7.6 278 37 2.0
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