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Selenium is an essential trace element for mammals, birds, and some bacteria. Its remarkable biological effects in
eukaryotes may be related to unique functions of various selenoproteins. Selenoprotein biosynthesis requires mono-
selenophospahte, which is synthesized from selenide and ATP by selenophosphate synthetase (SPS). In the present
study, SpsI and Sps2 genes were cloned from a cDNA library of the lung adenocarcinoma cells NCI-H441. The in-
frame TGA codon of the lung Sps2 was genetically altered to TGT (Cys) to obtain Sps2Cys gene. The human lung
Sps homologs were characterized by an in vivo complementation assay using a AselD mutant host strain. A low-salt
medium optimized for in vivo selD-complementation assay allowed recombinant Sps2Cys to effectively complement
the selD mutation. In contrast, only a weak complementation by the Sps1 gene was observed when selenite was the
selenium source. Better complementation by Spsl was observed with L-SeCys, suggesting the involvement of a
selenocysteine p-lyase for mobilization of selenium. The results of the complementation study suggested that Spsi
encoded enzyme that functions on selenocysteine recycling whereas the Sps2 enzyme can function as a de novo

selenite assimilation system.
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Fe L v EMEICHE RIS 28 72 282 E- 720 Sps2Cys Hin T3 K H WL400 (AselD) NIZBW T, Hik L
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W2, SpsIiZ & 2 HMRIAEIE~A L, Hitl VB2 FDHa& RO L Y iRE LRI L 7288121350 -0 KA -
7o ETADSpslI FFHII L ) Y ATA YRRV VREELTRMT AL ) VREMRT 20 EEZ R L7z,
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ZHWTDNA S A 751 #di# L C, HotStarTaq PCR kit(Quiagen) % A\ T Spsl, Sps2 DiEfnT #MiEL 7z 2
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Fig.1 RT-PCR of human lung Sps genes from NCI-H441. Lane M, ¢X174/
Haelll markers; lane 1, Cytosolic thioredoxin reductase (TrxR1) ampli-
fied as a positive control; lane 2, Sps2 gene amplified in the presence
of Q-solution; lane 3, SpsI gene amplified in the presence of 1.5 mM
MgClz without Q-solution.
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2. Sps2CysHIMMT 7 X I FDERE

Sps2 BA=T ORHIRNT DFEF, Sps2 D 1.347bplIE = 5 IO HMZERERDBHGEIEL, TDH) HD—DAI0IGE I
Thr301Ala® 7 I / BEiER %L U255, GI221AR T IV BEROLWH A L Y M eERTH -7, D Sps2#IET-D
TGA(SeCys) 2 K% TGT(Cys) I KV ICAFEAL T, ZOMEELNLT I 23 FEpCRSps2Cys & L7z, pCR-
Sps2Cys % BamHI, HindIII{H b L CT12 kbWh % pQE30IZ T 4 7 —3 a Y LTHIHT 7 X I FpQE30Sps2Cys % i
L7z

3. EOFILEE

KWtV /) VAR SPSO M 0B Cys- 1713 7)) ¥ ) v F % FlHl - Glyl6 - Cysl7 - Gly18-Cys19 -
Lys20-Tle21 - Ser22-Pro23 D Wi L T b, MK, 7—F7, BEEEYOSPSHIIOINVFTNT F4 X ¥
TV KRIBHSPSDOZ Y ¥ v ) v F LB EEIREIN TSI ERHS IR -7 (Fig. 2). Cysl7DHiD Glyl6
B RTOBETHREEINT WS, Glyl8-Cysl9d % DSPSHET 7 I2H 575, %lﬂl%i%?—ﬂﬁwspsm;tmac:ﬁ
BEN7LOBL\, KBHSELD Tid Lys20 2%l ENELBRIETH 2, ZhbT_TOSPSHED 7 17 IR
FENTWE, TOLys20 D KIZIFBKMET 2 7B Val, Tle, Leu®D W IFN2HDAD Prods22 F 7213 23FHICAL DD
L 7-BH Lo THE, b LHGlylen SIle/Val/Leu2l Ao~V v 7 ZAF 723V — 7HiiE % & X Lys201%
Cysl7IZEWZIEICH > T, pKaZ KT & TF A —NVIEORE 2 IEET L ELEZ BN S,

Eukaryote*...* *
HL SpsZ 58 KGUGCKVPQE 68
Mmus?2 67 KGUGCKVPQE 77
HL Spsl 27 KGTGCKVPQD 37
Mmusl 27 KGTGCKVPQD 37
Dmell 47 KGRGCKVPQD 57
Dmel?2 17 TGUSCKIPQK 27
Cele 31 KGCGCKVPRN 41
Chbri 31 KGCGCKVPRD 41

Archaea *...* *
Mkan 14 HGUACKLPQG 24
Mjan 17 HGUACKLPST 26

Bacteria*...* *
Ecol 15 AGCGCKISPK 25
Styp 15 AGCGCKISPK 25
Ypes 15 AGCGCKISPK 25
Hinf 15 AGUGCKISPK 25
Rmel 14 GGCGCKLAPS 24
Aaeo 15 SGCAAKVGPG 25
Cjej 15 AGCAAKLSPG 25
Gsul 14 AGUAAKLGPA 24
Tten 14 AGCAAKIGPE 24
Eacil 16 SGCAAKIGPE 26
Eaci2 36 AGCAAKLGPE 46

Fig. 2 Amino acid sequence alignment of SPS homologs from the
human lung cancer cell (HuLung), mouse (Mmus),
Drosophila melanogaster (Dmel), Caenorhabditis elegans
(Cele) and C. briggsae (Cbri), Methanopyrus kandleri
(Mkan), Methanococcus jannaschii (Mjan), Esherichia coli
(Ecol), Salmonella typhimurium (Styp), Yersinia pestis
(Ypes), Haemophilus influenzae (Hinf), Rhizobium meliloti
(Rmel), Aquifex aeolicus (Aaeo), Campylobacter jejuni (Cjej),
Geobacter sulfurreducens (Gsul), Thermoanaerobacter teng-
congensis (Tten), Eubacterium acidaminophilum (Eacil
and Eaci2).

4. KIBETOSps Bz FDHE

v MiiSps#tfan T & KW TORBIEE o 72K M Lo 2o METL 72T ¥ — 13 pQE30 DTN pUClS
pKK233-3, pET32a, ¥ & L Tix, JM109, DH50, BL21(DE3) & M15. Wi b HHAE L L TORIHINRE
%5725 E. coli ABLE-K#:(Toyobo) i, % OfE ARG W IR Tplasmid 2 ¥ —$% 105D LI 5, &2
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TpQE30Sps1 & pQE30Sps2Cys D £ & L CABLE-K#k % M) L7278, SPSEHE O K& 31223 % Coomassie
blue - stained /¥ ¥ FIZR I ) ZBO BN h o 72,

5. b MifiSps1, Sps2Cysic & 3 selDDIBHHEER

PQE3ONRZ ¥ —iZr7u—=rr7Eh/zt MiliSpsl, Sps2Cysix, KIHWH D selD RIBZ M T 2RI VIR % o Tz,
Sps2Cys BAZF 11 u M £ L ¥ BR & N L 7235 b TR WLA00 (selD K 48) #1238 FDHuid P& /R L7zo £ D%
TP EREMC4100 L R UL S Wiidio 7z, L VL LTI uMOL-tL /) Y AT 4 UH5.2 515 L, FDHuigE:
Bl L e 272 X)L RRHIRMERL, Sps2Cysice > Tt L YBIZL-vL /) Y AFA4 &0 b
Bt Ly THH I EDRBENT (Fig 3)o SN O DR L I IEAIC Sps it frn T % Rz L 72 K3 <
Ml yBEel YRETHEMATEHLDTHIHCFDHEME LA EE S N ofzs BIREWI L2, L-kL /TR
TAYRELVRELTEZONS L, Spsl % B HiEH L 72 KRR A & 2% FDHuiEEAB N7z L ) Y 2T 4
YOX VL VEPEWFDHRE IO R LD, L-k L/ YATA bl L7t L VA Spsl OREII R D L &
RLTWa, MIHOLL YEARGHRICEL ) Y ATA4 Y ) T—ERMlboTnA I EFRMIRENT-DIE, L
) 7a54 ¥ A (Clostridium sticklandii ® 7)) 3 ¥ BILHEBEE) OEGEMETH L. 0L VEHEDSe
AL YT A VIHROE L VI3 PSe Bk L VL ) L PSelliikk L ) 7T 4 Y AT A E T,
X 612 Azobactor vinelandii® ® NifS & F1E L KB NifSHEE LA LL ) Y AT A Vbt L v 2S¢ T, 20
LU YSPSICE B L ) VIERDIEIC R T EPHEENTVWE, EHIT, KBRIZBWTEL ) VAT A~
25T % L v AR K FDH IS ) A E N2 & L S S v 29, NifSHEE 1S PEH AT
RO E W Cysikik 2 F-TBY, ZOY AT VERKIIIELL VY E2REAELTSPSO L) kL v 2 H L $5 1
FIPBRT 2L E2 N TV Y, BELOERICBVTE MiiSpsl bE. coli DRHZHF L CEEEICHE L
L UREHELTHHLTWS EEXONL, THEMBRIZ, KR SELD O L Cysl7 & &) Y FRIEICHER L
TERBRENREY XL ) VATA Y2 L VRE LA I TR 2P MRIEREZ RT LME S Tw5, &
L VB OERMEE W B S, KGR Cysl7/Seride b Sps1 & 7F0 s ThrbEEZ BN D,

1 uM NaSeO3 1 pM SeCys
ASps Alps
[WL400] |WLa00)
(A) i :
Sps2Cys
W WLAUS Bl L
|MC410u) SpsaCys] FpChs]
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|WLA0Y)| |WLA00]
(B) o8 arim
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wr | WLA0Y! WT N WL
[MC4100] Spsi] [MC4100] Spsi |

Fig. 3 SelD-complementation by human lung Sps genes. E. coli MC4100 (wild-type), WL400 (AselD),
and WL400 transformed with pQE30Sps2Cys (A) or with pQE30Sps1 (B) were grown anaero-
bically at 30 C on a plate containing 10 4 M sodium molybdate and 1 4 M sodium selenite or 1
uM L-selenocysteine. Soft agar containing 0.75% agar, 1 mg/ml of benzyl viologen, 0.25 M
sodium formate, and 25 mM KH2PO4 was laid over the culture. Colonies with active FDHy
reduced benzyl viologen, which develops a deep blue color.
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6. EEFEMOEVEAENES

t MiliSps G T OIREHFEEOEIZE ST INSOEBEE *E5 Lz (Fig. 4, 3, Sps2idt L Vi
ELCHiEL VBEFMCTEZEETHY, MBNTIELL VEISRICSNTERT 2L = FE2ETICT 242
BNb, gkl SNTVZTHHEFLSeCys60 DELEI & 13, WIS Nz L= FICHE L CRERLEBRAHRZ BT 5553k
ELTE2bND, T2, Spslldt L VHELTEL I/ VATFA UHEZ NG EMEER Lz, (ZFLEMBTY
NifSHEREDPEE 2L ) VATA Y BI T —EDEboTwEEEZLNLDT, THFEL /) Y AFAL DY)
YA I VRN EZ bND, L-t L) VAT A4 VIZV AT A Y EERCHIFRICAERT 5 L iErsd 5205, €L
VEBEEDNSREINTERT LI LDV ED, ZOMIBRPAMBTIICEE»S2FHICEL ) ¥ A5 4 ViEHEEFEO
FA L FF Y VRERESERMMEOEHU Lo EERBLTw Y, L v BHOMBEETE L 5L L /
VATA VYA ZNVENDREHEOHRTSPSI DL B RS D B,

RIFFEDFER, ZAFHOLL VHE LTARELL Ve LV CldRt e b2 L VLRI E R 5 Sps T 4 v
WA ADED LRI E SN, oz ki, 79 Ay MERR LR L v OEMEN % BRI 2 B
D FITEZEIAE, REEEZIT)I BRI, vV OfGEHE L THBEEE L v IR L o 2 BRI XS 2 25
P RET 2 EEREREFO, L MUHREZ S S LIRS 2720101, 4HoEE LT, SPSI1ICtL
VERERY YN ERFET S I LR SPS2/ KT SELD To SeCys / Cys 5k O filt i b o> 528 % 43§ L~V TREH$

LEENIRINT WD,

Selenoproteins
Inorganic Selenium A Organic Selenium
86032_ 88043_ ' SeCys SeMet
selenite ~ selenate *I degradation
€7 . Se-PO0, 2- (detail unknow)
reduction Seleno-
(detail unknow) E}.phosphate =<
% AMP
HSe™
selenide
:sp Zzs:li‘;:r?ts ) SPS2 SeCys60 SPS1 Sps1 requires Se
bound on protein

Fig. 4 Selenium assimilation routes proposed for the lung adenocarcinoma cell NCI-H441. Up-regula-
tion of SPS2, capable of using selenide-derived from selenite, provides a bypass route, which
directly converts selenide into monoselenophosphate, leading to an increased cellular seleni-
um pool. The SeCys-60 residue in Sps2 is proposed to provide a selenide binding site for
enzyme-substrate complex formation. SPS1 that lacks a SeCys or Cys residue in the corre-
sponding glycine-rich sequence would require a selenium-delivery system, in which activated
selenium is supplied as a perselenide (-S-SeH) derivative.
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