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Selenocysteine f-lyase: Reaction and Regulation Mechanisms

Nobuyoshi ESAKI, Takeshi NAKAMURA, Patrick CHOCAT,
Nobuyuki KARAI, Hidehiko TANAKA and Kenji SODA

Institute for Chemical Research, Kyoto University

We have found that elemental selenium is released enzymatically from selenocy-
steine. The deuterium isotope effect at the « position is about 2.4. This indicates
that the o hydrogen of selenocysteine is removed by a base at the active site. When
the enzyme is incubated with L-selenocysteine in the absence of added pyridéxal
5'-phosphate, the activity decreases with prolonged incubation time. However, the
activity is recovered by addition of pyridoxal 5'-phosphate. The spectrophotometric
studies show that the inactivated enzyme is the apo form. The apo enzyme is activated
by a combination of pyridoxamine 5'-phosphate and various a-keto acids. This re-
gulatory mechanism is analogous to those of aspartate (-decarboxylase, arginine

racemase, and kynureninase.

Selenocysteine g-lyase %, L -selenocysteine ® R ICfEM L, H,Sek L-alanine iz 4y
B B R a4 % 2 =— 7 2 pyridoxal B TH 5, bbb I AREESE & LB
MEHRIC RN L, 7 5 il 0 ARSE A — RIS 5 L 36ic, 2 OWEMLAEIE O B
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T E & & e L D AR S € v ALAICERINCER T 5RO &0
FlTH Y, cysteineldABROILEIC/H Y, selenocysteine & HEFLIKICARER G & FLE
+ 5, Selenocysteine g -lyase® cysteine & selenocysteine ZMBIT 2 Dix, WH DY
BULSRMIM B OZICHKT A L EX DI LN TE D, bbN I RICABROIIGHEEL LT
RO= > DRI ESR LK) T7b b, 553K selenium 4% selenocysteine 2» HEEEHIC
Jilsh:rd L;, F DR TP ICFETET 5 selenocysteine R dithiothreitol &M B|ILHNC L - TH
EESRMDIC H, Se KBTS 5 AJREME Y, alanine & H,Se 2ILICEERIICART SFIEETS
%, %EOHA I selenocysteine ;igq';q'c&;é LRI, BERRIGICREARBTRE LT
ERLTWS, bitbh ket L7558, selenocysteine g -lyase i g O <
7452 EBHLICR > T, AT E OFRIPIWEFER L 72LDOTH S,

Pl ik
Selenocysteine g-lyase WHIEROFEICHE T # FHlL D BRI L 72" 7 REER
FRICHR <5 k5 icEESE ( 0.05mg/ml ) & phenylhydrazine ’C&&E‘ﬂ‘é Tl X VAL,
+#bb, BESEL potassium phosphate & ( 0.5 M; pH 8.0 ) HiC T phenylhydra-
zine ( 12mM) &3£I2 37°C 12T 20 4584 v % =_— b L7z, 0.01 M potassium phos-
phate §2¥#k ( pH 7.2 ) THEHi{L L7z Sephadex G-256 #F 4 ( 0.7 X 25em )& iVWTH 7
Arw=w NS5 7 4 —%FF-72. DL-selenocystine i Sigma #X DV EEAL, KXY B
kL7, L-selenocystine & Klayman & Griffin o icfEvs, Sigma # X U A L7
#-chloro —L-alanine & 553K selenium X Y AL, DL —[ a— 2H) — selenocys-
tine i¥ DL— [ a— 2H) — serine X 9 &Kk L7% [ a— *H] — # -chloroalanine #f\C
FED TR L7, DL— (a— ?H) —serine {& L-serine #HE/KH T Pseudomonas
putida o amino acid racemase &3EICA ¥ 2 X— F LIARL 72, ABEREVEKP TT L
)R akFEEEARFEERYT 52 L EBEICRE L7" Selenocysteine p-lyase O EHE X
selenocysteine 2»H4FE+ % H,Se & lead acetate TER L‘ZE'JELTCI(); BYEROHRE ( 2.0
ml) ¥% 4 #mol @ L-selenocystine, 16 amol ® dithiothreitol, 80 ug ® v v albu-
~ min, 200 gmol ® Tricine— NaOH #2## ( pH 8.5 ), 0.5 gmol ® pyridoxal —P K&
WU5.45 ug PEBEREZATND,

—128 —


Administrator
長方形


[(MERERME F3% 1986]

& g2

1. Selenocysteine pg-lyase FSO{LEER

bhbhidLic tER selenium 2% selenocysteine % dithiothreitol Z MBLENC L » T
BIEEN, HySe i sz & v#és L', iBFIE® dithiothreitol 2fF4ETHiZ, L-seleno-
cysteine I3 selenocysteine g-lyase DIERIIC X ¥, {LE¥EEFHAIC L-alanine & H, Selsy
fRsnd, LirL, ZOFERRMT L H,Se B— R BBRFICER Th 5 L\ = & &k
L, £Z Thhbhid, KEOEHRESTIIGRE AV TARBESER G 0{bS &6 & i
L7z, 725, selenocysteine # 7277 ©iZ L-alanine 4B+ 352 LN TX3EDEEY
Mz, BfFET 5 selenocysteine L DA OE O k2 KIS EITLARWE 512 Lz,
¥ 7z, IR selenium @ dithiothreitol 1€ X 2 BTIZHEABENKISETH 2505, K
2WEFAT > 7o R 1IZHET 5 selenocysteine & 4%+ % L-alanine } O H, Se D& HE%
EFELDRELDOTHD, KRICMZ % dithiothreitol @ selenocystine 2+ 5 E A%
1 272 F M FICERET 5 &, oK selenium 134RET 523, H,Se DARKITRD bl

Table 1. Stoichiometry of selenocysteine B-lyase reaction?

Molar ratio Selenocystine Alanine H, Se
DTT? /Selenocystine " disappeared formed formed
Mmol

0.2 0.51 1.03 0
0.4 0.98 2.02 0
0.8 2.05 3.97 0
1.0 2.50 4.93 0
2.0 2.50 5.10 2.42
3.0 2.50 5.06 4.91

2The reaction mixture (1.7 ml) contained 2.5 umol of L-seleno-
_cystine, various amounts of dithiothreitol (0—7.5 umol), 0.34 umol of
pyridoxal-P, 0.68 mg of bovine serum albumin (Sigma), 340 umol of
Tricine-NaOH buffer (ph 8.5) and 3 units of enzyme, and was incubat-
ed at 25°C for 2 h. An aliquot of the reaction mixture was taken to
determine selenocystine and alanine by amino acid analysis, which was
performed with a Hitachi high performance amino acid analyzer 835
equipped with a 4 x 150 mm column, and H, Se with lead acetate (1).

PDTT : dithiothreitol
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otr, Eio, AR L7 L-alanine OB iE{H% L 7= selenocystine OBEDIZE 2fETH -7,
—%, F@ReaAE 1M RCRETD L, HySe BMER L, ZhbOREREI VRO XS 2K
R rELLND, ThbDD, selenocystéine A-lyase iX selenocysteine 7> b JLFIHR
selenium #ZPifEL, H,Se DAERIEIARKNE dithiothreitol I X% 5T selenium D IEEE
FERETTICHE S <. ERIC, BEE A2 E72ik 3 ORg, TTHRIR selenium ERKUED di-
thiofhreitol 2 X > TEEMIC HySe ICEILINLT,

2. E/KPTHRL L 7zalanine » NMR & & 54547

Selenocysteine g-lyase KR & BAHF TV, alanine ~OEAFOMY AALE PCRU
"1 NMR C#~7z, 'H off-resonanc decoupling &H\T®C—NMR &ME L& Z 5,
[ A—?H,]) KU (f—"H,) ® 2F7 alanine 5 FHAIELES Lz, 'H-NMR L > T a—
proton @ g—proton ICX T SAMHAMELPWE L2 LD, K2 2 3 ThoTe, Thbb,
(p—2H ) & [ F— 21,) alanine 231 @ 1 OWRCAERT S 2 &N GDIR -7,
L-alanine Z&/KH THM T selenocysteine g-lyase &ILiZA v F 2= L TH, ik
FEREBE SR T

3. [ a— %I selenocysteine O [RNIFERIHE

DL— (a—'H), L—(a—'H) RODL— [a—2H) — selenocysteine {zxf+ % K,
BV, BEL(FK2). DL— [a— 'H) RO L— [a— '"H) selenocysteine &}
F5K, KOV, ,, BEEL T\, #->C, D—REREEEL— RIEEOIES & 1hE L
WwWrEZz6h5, 2T, DL— [a—'H) RO DL— [ a—"H] selenocysteine X%

Table 2. Kinetic isotope effect with (a->H)-selenocysteine

Substrate Km Vmax Vmax/Km
(mM) (umol/min/mg)
L-Selenocysteine 0.52 46 88
DL-Selenocysteine® 0.40 46 115
(a-2H)-DL-Selenocysteine? 0.50 19 38
Isotope Effect (H/D) ‘ 2.4 3.0

38The Km values for DL-selenocysteine were calculated for the L- isomers.
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}iﬁf@ﬁ'ﬁ?ﬁ LR Uz, BIESNZRNEZIE X v selenocysteine @ a/KBEIVFERICE -
TH PN LBEERNEET A Z LEHLLTH Y, LxbERiEeBEERBE 0P TR
Bpn—o b ELZ DI ENTES,

4. Selenocysteine g-lyase ® L-selenocysteine i€ & & RNiEHEAL

BEAERRRISIE L Y pyridoxal P & BRE L BURIRP CHREA v ¥ 2 - bT DL, B
A L R RSB 23 Lz, L L, BUSHEHIC pyridoxal-P &2 iIN$ % & &0 BIE 38
B O, ANEMAL LI-EEE % 0.01 M potassium phosphate 2% ( pH 7.4 ) &6t L Ti&%
Wt &, #A pyridoxal -P IC kT 5 420nm <8 1T 2RI K T RICTHE L TR Y, B
FiRT7 ARCIER SN TWAZ ENHLMIC o, 20X 9 e RIEM(LBISIE L-selenocy-
steine & A ¥ a~_X— kLA IEITBE XNh, L-cysteine, L-serine, L-alanine, D-
alanine, L-cysteine sulfinate, glycine, L-lysine, L-ornithine, L-aspartate, L-meth-

ionine, L-kynurenine, F UF hypotaurine i€ Xk 283720 7=,

5. ANEMAL L 7-EEFERICHT 5 pyridoxal -P X a-keto acid D48

Selenocysteine & A ¥ aX— 452 EI2X Y, RNEHIL L S & pyridoxal -P,
pyridoxamine-P, glyoxylate, pyruvate, «a-ketobutyrate, oxaloacetate, &3V a-
ketoglutarate THEIFHLTE fctv‘?b; E9 n kgt L7z, Pyridoxamine-P & %W id a-keto
acid WM CRIERLZFEELT 52 SR TERD - 720, pyridoxal-P 12X D i LD
96 % OIEMENEE Lz, FRANEHIEEZES S W ids e BR s R L 27 AEREEIVWTHh
{4, pyridoxamine-P K % a-keto acid DEFELFFiCIW TR Lo TEMHILE R (K3 ),
29 LU b S zBERE R W Th bh n R L F—ORINA X7 b ERLE, Thb
DRERIIR D L 5 RAEEEERBL Tn5b, Thbb, REHL K% pyridoxamine-P
Lt f v ¥ 2 R_R— b+ 5 & %7 pyridoxamine-P BEERNAERL, 0% a-kéto acid
L7 3 ) EREBKIC L 5T pyridoxal - PRICEMT 2 B2 b5, Pyridoxal-P FFF
FET CHRESE DS selenocysteine IC & Y RiEM L S 2 ik, &5 <, selenocysteine & D7
3 ) HEEBIGIC X 5 T pyridoxal-P 2% pyridoxamine-P 12 Z5# 4 5 fdbfvzbé 9. HERLL
7= pyridoxamine-P ORI 2 HFEME T X EER > SFREREL 7 REERPAERKRT 5 2
LichD, BERF 7 1ELYSY 1EALD pyridoxal P BFEALTWSZ EBRERENT
WBDT, ThiIZESWTHELITY &, BRIX 1AM 1ngs 37 %Y 0.46 nmol DR T
L-selenocysteine & pyridoxal-P & DD 7 3/ HEEBRIS i+ 52 gk b, £kD
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B~ ORI 2 & D 9 X 10MERE WD T, AREFEIZ O X 107 [ p— iFk & fhil 5
HRIC I ROEIETY 2 2 EEBREEMET 52 L3 bbb,

Table 3. Activation of inactivated selenocysteine §-lyase
with pyridoxamine-P and a-keto acid?

a-Keto aéid Rel. Act.’

Control (Pyridoxal-P) 100
Glyoxylate 66
Pyruvate 69
a-Ketobutyrate 31
Oxaloacetate 49
a-Ketoglutarate 63
None 0

3The inactivated selenocysteine f-lyase with selenocy-
steine was dialyzed against 0.01 M potassium phosphate
buffer (pH 7.4), and then assayed after preincubation with
pyridoxamine-P and «-keto acids. The preincubation
mixture contained 2.5 umol of a-keto acid, 20 nmol of
pyridoxamine-P, 0.2 umol of EDTA (2Na salt), 45 umol of
Tricine-NaOH buffer (pH 8.5) and 4.1 ug of the inactivated
enzyme in a final volume of 150 ul. In a control, a-keto
acid and pyridoxamine-P were substituted for 20 nmol of
pyridoxal-P. The preincubation was carried out at 37°C
for 10 min. The reaction was started by addition of the
assay mixture ‘containing 1 umol of L-selenocystine,
4 umol of dithiothreitol, 20 ug of bovine serum albumin
and 100 umol of Tricine-NaOH buffer (pH 8.5). After
10 min, H,Se formed was determined with lead acetate.

E =

FEARP BRSO &, selenocysteine 55 [ #—2H,] KU [ p—?H,) — alanine 3?
At sz w2 'H RO PC—NMR #HWTH 6 L7, Selenium Tt ANbilE L 7cd &
alanine ® AATICENRIICEAREN L EF LV ZEN B0, Fhlfbicbe b e 2[iTHD
F—IKFEDOI LD 1 JRFH0.5 ORR CHBENEAR LR T 5, BHAPT alanineZ B &
iz A4 v F 2= LTH alanine ~OEKFZEORY AAIBEINB WO T, alanine 23{E
PEHUL s B TR B DR 0 B CEAKFE A alanine IWHVAER TWEZ LIEHALLTH 5,
—7, selenocysteine® a7K#ix alanine ® a fLIKBEICHERES A TWDE DT, HEHEHRLICE
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aKFR VP ARBORZICEET 520 ZRBOT I )V BEENFAET S LEZ LN,
Selenocysteine g-lyase AR D g— PBERCLISMC 7 3 7 BB IS it + 52 & &

LM LTz, 20X REIRIEE LTT 27 BB &+ % pyridoxal-P B33

PIC b BRERE SR TWBY B Th aspartate  g-decarboxylase & kynureninase i% # — &

#aalanine 05— Bk & A+ % 5 Tselenocysteine  g-lyase & @ LTW3E" Zhb 3

fED pyridoxal-P BEFE D & o3 7 FEEE-OMUBVE R o STIRALE: & HOBRIR AT 5 = & i3 JRR o Bk

BRI 5 5, | | -
T IR R, bRb R ARICERE L e NE  ERLICE E e b O TH B,
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