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Selenocysteine synthesis in mammals

Kenji SopA, Takeshi NAKAMURA,
Nobuyoshi ESAKI and Hidehiko TANAKA
Institute for Chemical Research, Kyoto University

We studied enzymatic synthesis of selenocysteine (SeCys) in rat liver. When
selenohomocysteine (SeHcys) and serine (Ser) were incubated with cystathionine
(Cysta) B-synthase, which functions in transsulfurylation pathway, a new amino acid
was formed and identified as selenocystathionine (SeCysta). SeHcys acted as an effi-
cient Se-substituent donor in the (-replacement reaction; Vmax ratio to the sulfur
counterpart was about 70%. Cysta y-lyase, which also acts in the transsulfurylation
pathway, catalyzed «, y-elimination of SeCysta to yield SeCys, o-ketobutyrate and
NH;. The elimination rate was about 3 times higher than that of Cysta. Cysta (-
synthase, however, did not catalyze direct formation of SeCys from Ser and H, Se.
Thus, SeCys is synthesized from SeHcys and Ser through SeCysta by coupling of Cysta
B-synthase and Cysta y-lyase reactions. We confirmed this synthetic pathway also with
a mixture of both enzymes purified from rat liver, and with a rat liver homogenate.
However, the amount of SeCys formed in the homogenate system was exceedingly

lower than the value expected from the enzyme activities.
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Bitk L A RAgER b B BT 5€ vl #ke oFMoA MRS TS,
8, B b I & o TRERMELE L LTRESNBIcEY, ToABERNE
HEBOB LS ek oT & i, il + Ly EUARS & T 2BEIMKN THRS A, T
L WICTE T AFEOEESE Clostridium sticklandii ® glycine reductase'’, Methanococcus
vannielii o formate dehydrogenase 2’ % hydrogenase®’, 7 v b JFlii7 b O ¥ ¥Rl
koo glutathione peroxidase #%7 13, Wh i 47 =75 FYHIC selenocysteine & &4
F57 L REIESN, €L OREERDRL L LBAMICRATES Ly Kk olz. —F
HYHRIC S, TREHECEA DSV YT I BATFET S Z EBRMb6ATY 5%, B
G LM SN TR ENEE LY T L BiE WL L ESOSHT I JBOT Fe—2
BB Lib, TORBICIIERT L BORB L A—R b bOLEL BTV,
T, WILEMWIC 313 % selenocysteine (SeCys ) DAAFREE & L TR 1ICRT & 5 efE
BrESN B, REA RSN TNARN, K22 TILT v MR OBEREEZ AN TG Ko
25 DIz > WT SeCys SRRO AJREME # BT L7z,

(I) L- Serine (Ser) & L- selenohomocysteine (SeHcys) #* 5 L - selenocystathionine
(SeCysta ) Z##&H LT SeCys ~Z HEH .
(I) L-Ser &+ L Abk$E (H,Se) 2> 6 SeCys & AT B iEH .
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Fig. 1. Possible biosynthetic pathways of selenocysteine
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Wil %
BES& ¢ Cysta #- synthase & Cysta 7- lyase i¥ Wistar %7 v M X 0 & & 505 7 5z
B—ICER U, 2y 003 Lowry B IC X DV ERL -,
Cysta g-synthase iz : BHERCUEHE 1ml 1, 15mM L-Ser, 15mM L- homocysteine ( Heys )
10 M pyridoxal 5’~ phosphate (PLP), 0.5mM CuSO,, 100mM Tricine- NaOH &2
(PH8.6) B LIUBMERLETL ., IHEE RO WTIEL, HEELT0.4~2.4mM L-Ser
DIEH0.5—-5mM D L-Heys & 5 ik L-SeHeys # vy, 612 12mM DTT EEIL 7,
N, B L 72 T 37°C TRIEEITY, 4K L7z cystathionine (Cysta ) ® SeCysta #
TIJBANICE VERL,
Cysta r-lyase i~ ¢ RGHE 0.5ml vk 1 ~5mM L- Cysta % 721% L- SeCysta, 10™° M PLP,
100mM Y »E 4 VY LEER (pH7.5), BLUBEEE ST, 37°C TRIEEFTY, AR L%z
a-% MM#% Soda DHEEY IZHEV 3-methyl-2-benzothiazolone hydrazone ( MBTH )& v
TERL,

ABEFRIIGIC L B a, r-BERORER & . 6- Bl RS AR & SRR+ 5 BiciZs
TOBEETo 7, Thbb, AL I /7BIEDTT £ L T disulfide & 5\ disele-
nide #4& & %5t L 724%, methyliodide % 72i% ethyliodide T7 L ¥ AfbL, 7 3 /BT &
o7z, HBEIL F— 2 ONBBES Ninhydrin 365K 0 [ Eoi bl 5 Th - 72,
—, AR LTz a-4 FEiZleucine dehydrogenase® %> alanine dehydrogenase'® % fjv ¢
ST D7 I/ BRICEB L%, 73 /7Back v EEL -,

Serine sulfhydrylase #&ME @ AKRENE, HiER  Cysta £- synthase PRIRIEE LTabhT
W5, FUEHE 1mlik 20mM L-Ser, 20 mM Na,S, 10 M PLP, 150mM Tricine-NaOHE
% (PH8.6 ), & &L UF Cysta £~ synthase #&Te, N, B L 72 RBREH C37°C CRIES ,
AL LT cysteine (Cys) & Gaitonde OB Ninhydrin 32 cB Ui, SeCys PR & 7
~NBERIZIE, Na,S b iz HySe Bk E AWV TR &7V, ISR 7 2 7 Bt Lz,

B R & B E
1. Cysta @- synthase iz & % SeCysta D&k
L-Ser & L-SeHcys 725, SeCysta 23 Cysta D& RO 70% D R ISHEE TAR Iz
(£1 ). SeHcys i+ % xmfEix, Heys 1635 kn {8 &3ERIT 3, BRIO L-Ser T
TP SeCysta BAKRIZI T, L- Heys i L-SeHeys okt LEHIHER & LCERL, W
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Table 1. Kinetic parameters for cystathionine (-synthase

Selenocystathionine Cystathionine
synthesis synthesis
Km (mM) Serine Selenohomocysteine Serine Homocysteine
0.3 2.5 1.2 1.2
Vmax 0.11 (69%) 0.19 (100%)

(pmol/mg/min)

iZ L-SeHeys 14 Cysta ARSI W T, [RIRIC L- Heys 126t L BEHIRLEHI & L CERL
7z, B L-SeHeys & L-Hcys 42 B#NT O KifE) 4% 3.4mM & 0.85mME KD 6
h, RUGRLEknfEIGEEIT 22 L0056, Zh b 2 DORISIIAEETE O F— OIEHEEA T
ffifzhTnabneEbhns,
2. Cysta r-lyase i& X % SeCysta o i It
CHE"OEHTRUIBIECH > T IV BAaTE1TocER, 48D 7 I /B Se-ethyl
SeCys, a-aminobutyrate, Se-ethyl SeHeys 3 X U8 alanine B RIE & iz, Lich - T,
AEEFIL SeCysta & a, r-BBERKISIZE 5T SeCys, - ketobutyrate NH; iZ/3f#4 5 LIt
2, a, £~ BiBERIGIC X > T SeHeys, pyruvate, NH, i€+ 2 Z LG MC 572, o,
S~ BRI, a, - BRSO #) 50 % O CH#ITT 5, —F, L- Cysta ® a, ,@—H}Eﬁﬁ}i.
S, a, r-BIBERR O 3 % O T L AT Lie v, k72, SeCysta® a, - BBERUSI,
Cysta® a, r-HBERIE L D b 3ELULRWHE TETT 5 Z LR 6l (£2 ),

Table 2. Kinetic parameters for cystathionine 7v-lyase

Substrate Type of elimination Km Vmax
(mM) (umol/mg/min)
L-Selenocystathionine o,y 1.7 19
a, B - 9.5
L-Cystathionine o, Y 1.3 6.2
a, B - 0.18

3. WEEFEOLERIC X B SeCys DARL
PLEOFERM HHEE L T, SeCys ix L-SeHceys & L-Ser 7 b lEEFE O LB KIGIC X Y Se-
Cysta e RCEMEND Z LA TREN D, THERNERLD N BEELWERERSF v b
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FFIEH R DR & AV, L-SeHceys & L-Ser %25 ™ SeCys AR ERE L7, 7 0 E,
MRICIBNT SeCys PERERO 72, L L, FOEEE, FEMHED % TR
< (1/10B0F ), Z v b FFlH I I 13 455K U 72 SeCys & SR+ 5 I 0 G AE 2RI
Ihiz,

4. Ser sulfhydrylase {&YEIC & % SeCys D4R},

L-Ser & H,S b D Cys it % Cysta - synthase & IV TR R, =7 MU RF
BoOBR TR SR L5 I, Afeo Cysta ERKIED Vinax  12% OHEEE RN E
T2 Z LB Ehiz, LaL, H,SOfRib Y HySe # AV, L-Ser L RIGEH# 3 &,
SeCys DAERIZESBHOhE o7,
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