creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

QLR

HAMEA SPS19] ol 4k3}- &<

PPt A FFe B4 =

2016 3 2¥

Meteta ety
BT
& & 3



AN Z A SPS19] 23+ A3} 3HY

P Y Y 54 =

AxTS o] W} A

o] =EE oJFAA FAEEORE A
2015 @ 12 €

A&t oishd
PR
& & 3

5359 AA FEre AEF
2015 9 12 €

AdF_o F ZF ()
FHLF o] B A (8§D




=2z

Selenophosphate synthetase (SPS)E A#w=Al28l A A
selenium donor® ZF&3F+= selenophosphateE 4 3= &4 olt},
5 M AFA= SPS13 SPS2 = 27FA9] FHY SPS
paralogue”} lom o]F SPS2uto] Ay Al ~¥l SHAlS Zu)s)
W, SPS12 A=Al 2®l A T2 HolA &gev. oz o
T-oll A SPS2+= AMlEe] AE] A olA FARF SPS1S 23] 7
3¢l 98 st= ddolgt= Aol AAH AT

HoAgoE 555 AESFFoA SPS19 7]eS e

5
fy

112 mouse embryonic cancer cell?l F9 A ¥4 RNAi 7]|&&
o] €3} mouse SpsI mRNAE xd o= Ay A Spsiel 2
Bl wet ke A =2d F AR glutaredoxinl (Glrxl)
o] wdo] A om AHEYo reactive oxygen species (ROS)
9] 29l hydrogen peroxide®] =%o] dojytor} superoxide=
=4HA g =

invasiveness7} #HAsteE AS BEEGom HGAsN T dojuhe

]
ok

SPS1 2ol osf ot TFe 549

rir

Ar TEFJY. old HAEL Spsio] AFH A EF A
down-regulation HUH GirxlS #FLd A7|dH
JEH = s dEEA

ole13t A3}= SPS1o] TF Alxe] AstE FEstAY 714



A7l=d a5, o83 AL GirxlH 22 ish-gds =4

ol

t= +8AE SPSIo] 24t olfA i &= AAsi=oh

F Q0] : cancer, reactive oxygen species, A#l®E, A=A AH,

A 2 selenophosphate synthetase 1

g ® o 2014-20315

_ii_



I /q P PP PPPPPII 1
II. NS L HFH e 10
1. Vector construct x«ﬂZJ'— ........................................................................... 10
1.1. Mouse SPS1 knockdown-resistant (rescue) vector A&} - 10
1.2. Mouseﬂ- human Girxl %3 vector X{]Z} .................................. 12
1 3 Flag [e] = [e) B‘LH mouse SPSl lg—ﬁli vector x«ﬂ ZJ'— ......................... 14
1.4. Hydrogen peroxide EFZ| probe |2} e, 16
2. F9 Jj]_ GP2,293 /\‘"5‘)_‘ HH OO]: .................................................................... 17
2.1. Mouse/human Girxl KIZ} mouse SPSI1 rescue cell line &4 17
2.2 Hydrogen peroxide 4| probeE &3t cell FH] e 18
3. CM-H,DCFDA @28 0] 83 ROS THZF ooreerermrrerisnererisssnineeas 19
4. /\ﬂ LH Hydrogen perOXIde E]—Xl ......................................................... 20
5. DHE®} MitoSOX #41& o] &3k MEW superoxide Tz e 21
6. FACS B4 93k A FU ROSEQ A BF oo 29
7. Ceu growth rate ASSQY rrrrrr e 23
8. Il’lVaSiOI’I AIS S trrrr e 23
9. F9 Celli}},LE{ RNA .{,‘i_g] ...................................................................... 24
10 RT7PCR .................................................................................................. 25
11 Realftlme PCR ...................................................................................... 27
12 mouse SPSlq /\ﬂ Ay LH H ] iE ................................................... 28

1 Spsliﬂ PR R Gerliﬂ Elgsz = quxﬂfiﬂ;} ........................................ 29
2 Spsliﬂ AR AZY ROS< %_Zjl% B E BT} e 39
3. Spsl 2¥ & MEY superoxide®] F4-& EWHsHA F=th e 34
4. Spsl A28 & A EY hydrogen peroxide® &2 -& FE 3T} oo 36
5 Spsliﬂ AFE WO ko] ROS AL ZHFSFTE ceerrveervesnienninnnne 38

- i - 2



6. Spsl 23L& growth rate®] 7+

7 o A NS R 40
7. Spsl AL invasiveness®] ZFAZ FIEFITE covreerininnis 45
8. Mouse SPS1& AZ U AHFA 0 F QX BFT} coevvverervrmnvmnnniinniinnns 44

V. Appendices ------------------------------------------------------------ 50
Appendix ¥ 1. Microarray analysis of differentially expressed genes
related redox regulation in Alb—Cre; Spslﬂ/ﬂ mouse liver w-eeeeeeeseeeeeees 50

Appendix ¥ 2. Ingenuity Pathway Analysis of liver from control and

Alb-Cre; Sps]ﬂ/ﬂmice ....................................................................................... 50
Appendix ¥ 3. Microarray analysis of differentially expressed genes in
SPSl kl’lOdeOWl’l F9 CellS ............................................................................... 50
Appendix ¥ 1. Measurement of anchorage-independence in F9 cells
............................................................................................................................... 51
Appendix ¥ 2. Agarose gel electrophoresis of RT-PCR products
............................................................................................................................... 52

VI. ;g— .5’__ ................................................................ 53

_iV_



18 1. Schematic overview of selenoprotein synthesis in
eukaryotes .................................................................................... 3

18 2. Comparison of amino acid sequence of SPS1 paralogue

and OrthOlOGUE «+ e wersresrsssssssstsssistiteii s 6
13 3. mRNA levels were measured by gPCR e 31
19 4. Detection of intracellular ROS in FQ «eeeeeseesenen. 33
18 5. Detection of intracellular superoxide in SPS1-deficient
F9 CeHS .......................................................................................... 35
18 6. Accumulation of intracellular hydrogen peroxide in
SPSlfdefiCient F9 CeHS ............................................................ 37

18 7. Quantification of intracellular ROS in F9 cells - 39
19 8. Measurement of cell growth rate in F9 cells -+ 41

9 9. Detection and measurement of cell invasiveness in F9

CeHS ................................................................................................ 43
19 10. Subcellular localization of mouse SPS1 in F9 cells
........................................................................................................ 45

- v - -':Ix'-'i; 1 1_ I



£ 1. Rescue vector A2t Al ALE-3F primer e 11

X 2. Mouse ¢} human Glrx]l overexpression vector #|ZF A] A}

BBE PEAMIET eeeerereeeesssessssess sttt 13
X 3. Mouse SPS1-flag tagging vector(pcDNA4/TO-SPS1-flag)
AN ZE K] AR BF PLIIEE -+ veeeeeesseesseesseessssesssesieesssesissseienseeees 15
T 4. RT-PCRO| AF&3E primer weeeeeseseessssssssssisnininnnn. 29

- vi - 51!



a4 i (Lee et al, 1996; Papp et al, 2010; Fairweather—Tait et
al., 2011; Hatfield et al., 2012; Rayman, 2012). A#5 2 o A

A Y = Al 2~ B (selenocysteine; Sec)®] FElE EAlstw, AA Wolq= A

N

& YUEbATHLee et al, 1996). A#Hwe] AHS diaF, HEI,

43 2L 7hF AT Fwsw, Aop Aol A A, 2AFE 2

al., 1995; Lee et al., 1996). weba A oAl Aege] o] A4st

A fASolok stel, AdEands JFYE FusA zas ol

o}
EEERPTEREEY

5t tRNA (tRNABeBeoy= 71211 glom chulz

FAA] AP A 28O 7 charging® tRNASTScrL gald 4 224



AEow 4ol UGA i=(codon)e Q1A ste] @ e A
il

—

(Chambers et al., 1986; Lee et al., 1989). wl&}A A=Al ~EHS 2
A ofu =Akol g} F-E2THLee et al, 1989; Bock et al., 1991). UGA =
of A mAlzdle]  sEow AEsHr] fdlME UGA s
downstream®l] SECIS (selenocysteine insertion sequence) element il
3t stem-loop 737} FQ3tHWalczak et al, 1996; Tujebajeva et
al., 2000). ¥ EANM= Aeds G8d mRNAS UGA e vkz F
of, &l MEo|rE= mRNAS 3-UTRe| SECIS element”’} =73tk
(Berry et al, 1993). A=A 2~El9] AL serineo] WA tRNASTSeco)
charging®  Th&o|  O-phosphoseryl tRNAPISe  kinased] <3
O-phosphoseryl tRNASSe«o 2 A st@th(Carlson et al, 2004). 1 %
selenocysteine synthetase (SecS)ell 23l selenophosphateE 7] &= A}
£3ke] O-phosphoseryl tRNAPTSece] elx712 Ay Er712 285 A
Sec-tRNASSco] 2 th(Xu et al, 2007). Ad A 2~E 22 charging®
Sec-tRNATE Sec-tRNA 113 translation elongation factor?! EFsec¥}

SECIS binding protein 2 (SBP2)E vj7| & ribosome?] A-sited] &%

AL

A =+ wl$ Eo]F 2 mechanismo] 23] ww o] AdHETH I 1;
Copeland et al, 2000; Hatfield et al., 2002).
hg glolol A Algwea]a®le]  SHAlo]l  SelA  (selenocysteine

synthetase), SelB (selenocysteine specific translation factor), SelC



tRNABer1Sec + Serine

Seryl-tRNAesec gynthetase

Seryl-tRNAlSersec
Selenide
ATP [’"R\ ]

Selenophosphate "-‘1 O-phosphoseryl-tRNA[Sersec kinase (PSTK)

synthetase(SPS) . Carlzon et al (2004) Prac. Nafl Acad Sci U5 A 101:12848-12853
Ehlerieich et al. (1992). Eur J AMP+Pi ', O-phosphoseryl-tRNAlseﬂsec
S ' Lee Bl et al, (1988) J Bio Chem. 284(17).9724-7

Selenophosphate
N - Selenocysteinesynthase (SecS)

Xuetal. (2007) PLoS Biof 5:96-105

Selenocysteyl-tRNALSersec
Lee Bd et al., (1989) J Biof Chem. 284(17):3724-7

Selenoprotein Tuyevajeva etal (2000). EMBG J1-156-163
Waltzak et al (19965) RNA 2:357-379

29 1. Schematic overview of selenoprotein synthesis in
eukaryotes. Biosynthetic pathway of selenoproteins rests on the production
of the selenium donor compound, selenophosphate, from selenide and ATP.
This reaction catalyzed by the enzyme selenophosphate synthetase (SPS).
Selenophosphate is  used to synthesize selenocysteine (Sec) from
O-phosphoseryl-tRN ASersee by selenocysteine synthetase (SecS).
Selenocysteyl-tRNASee recognizes UGA codon and incorporates Sec into

the growing polypeptide to synthesize of selenoproteins.

n’



(selenocysteine specific tRNA), SelD (selenophosphate synthetase)”}
dostths Aol Addadd ¢4 el AAE sdMolAle] 43
ol A ¥3] A th(Leinfelder et al, 1990). ©] & SelD+i= selenide®} ATP
E o] 839l  monoselenophophateE A= AAS =)o}

(Ehrenreich et al., 1992). ©] selenophosphate”} 4@ =il ~8 B gA] o

(el

Al selenium donor® 2F-&3}7] uwjio] SelD7} Awwwtld ghAd o
TAolgt & 4 A
kg glole}l s 3 AEo+= 3 7HA F/He SPS (SelD)7F &4

]_

rlr

Hhm ol a1% W& Ao A= SPS1¥ SPS2 % 714 & Hl (isoform

ol

5.8 paralogue)’} &8 tHGuimaraes et al, 1996). SPS2% b ] o}
SelD9] HEH 243} 99 Cysl7o] AweA2vlog Xgxo] 9o
A gade] Add AAS Fod @vk ofyey 7] A= AdE
g Aot} wkHe]  SPS12  SPS29] A Al x®lo]l e A
Drosophila®t mammalol 4] Z+2} Arg¥ Thro 2 x|3k% o] dthHLow et
al., 1995; Guimaries et al., 1996). SPS1¥} SPS2¢] wwlz Hde =z B
Z% 0] 9Jem human, mouse®} Drosophiladl ¥l 22} 72%, 71%, 45% 9]
qd HAAS B2lvHGuimardes et al., 1996). T3k SPS w@ala Sof =

2 BHEHE 2709 motif7b ©] F isoformo] FEA3H, motif AxE ol

==

Al #r)el Lys32E ¥3sl:=  catalytic domaing 7FA L i

motif B ATP/GTP binding protein % protein kinase o4l A% +=



HZE¥ ATP binding domaine 743 JQTH(Z#2;, Guimareas et al.,
1996; Low et al., 1996).
H Lol SPS2%to] selenophosphate® A8t SPS1S Ay Hohw

°of A AAANA 7es A X Bud ¥k A (Xu et al,

52

2007). &3k, Z23kg] 9] SPS1< selenide-dependent AMP 34 €7 o]
S (Persson et al., 1997), NIH3T3 cell oA SPS1<S knockdown3dl %=
A gade] FAdde dFE FA FUdHXu et al, 2007).

SPS1& A wmAlz=de] Aol HFAolx] AT Alxe] gt
At "FHolghs FAEC RHuxi vk dEEW, ZFFolA
SPS1E knockout (KO)AIZ71™ imaginal disc®] F/do] H|AGA o= =
™ larval lethality & E.<Qlt}+= X i1(Alsina et al., 1998, 1999)9} = 3}¢]
(SL2)ME A SPS19] &3e AAAHS wf Alxe] Ad7Fo] 43 (Shim

et al, 2009)¥ttar Hig vk Qth. o]& F3] SPSle] AlxEo A7

3k SPS1S reactive oxygen species (ROS)9] =23 Adw Ao
2 ®ad v =, 298 SPS1eo] adult MEA ROSS 4& &
3 apoptosisE ] A3 (Morey et al, 2003), SPS1S knockdown?dh A
XA ROS7F WA EIthi= H 3(Shim et al, 2009) 2@ il Alsina® H
o] wrEW SPS1¢] KOol 93k larval lethality:= ROS9 =45 %3

ot} (Alsina et al., 1998, 1999).
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Selenoprotein containing Sec
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EEELEELE
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Sephsl_Mouse 183
Sephsl_Friut_fly 2085
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Sephsl_Mouse 2o
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Sephsl Friut fly 365
Sephs2_Human 33
Sephs2_Mouse 3%
Sephs2_Friut fly 335

19 2. Comparison
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Wk oyt SPS12 cell defense 9F%= ##Ho] glom Z3e](SL2)
MM SPS1e] WS AAAHE w active vitamin B6 (pyridoxal
phosphate)®] AAdo] A5 1, vitamin B69 =& AUnEZ=go}
o] AAFE AHAAH Y (innate immunity) S E3F A EQ] Wro] A AHE

2 zA9d

Hig vl i (Lee et al, 2011).

Rl

oluro Iz SPS1e glutamate transporter (dmGlut %+ 1(2)01810) <}
glutamine synthetase 1 (GS1)9] ZHAFEE F3l AxU glutamine?
%43 AvuEEsalele] AHS f2el7] % FH(Shim et al, 2009).
Mammaloll 4l +== SPS19¢] A% WA L-selenocysteine (L-Sec)< A

=

&2 35l selenium salvage system= %3 selenophosphate®

e
%
ox
ol

]_

[

o Fojg Rolgtar AetE o (Tamura et al. 2004) oF2 HZ

)

&2

Fekth, 1¥]3l human rectal carcinoma©lA normal cell¥ #H] L3}

SPS1¢] overexpression %™ SPS1°] rectal carcinogenesis® < 27|+

[ez]
S

i)

S & Aol#a(Choi et al, 2011) Bi¥ ®} It} Human SPS1&
57FA] &5 9] alternative splicing variants7} =430 o] &L Z17F A%

0 947 2y 24504 wade] ek wa, ok

F

2 77+ splice variantE2 cell cycled 4S5 Wy wjio] 7}
variant£ 2] subcellular localization, interaction “LZ]3l expression®l| U
g tge 9SS @ Aolgt: Bk JrHKim et al, 2010).

ol F&ste] & uwj, SPSI2 Augduld FAdol= wolskA A



o

A7 EHFEANC SPSIe] 75 FHelad, 4

ndsEg 3

il

%3 RNA interference (RNADWH S AF&3] EfrsEolAle] SPSI19
WA ZA =4 7S dotr it sEalth

AA, FesdTF 2FAA in vivedl A2l SPS1 7ES a7 913
liver specific SPS1 KO mouseE A ZslR i, =1 A3 =2 liverol| 4] SPS1
o] KO ol% phenotype?] W3t= A TF microarray #24] o4 A3}
9 =4 FAAA Glrxl (-435 fold), Gstad (-3.61 fold), Gstol (-2.06
fold), Gstm3 (3.14 fold)9] fold-change %ol ¥=thH(Appendix ¥ 1). L
?]al  Ingenuity Pathway  Analysis (IPA)E2XoA+=  SPSl1o]
hepatoxicity 4] liveroll A glutathione-depletion®} ##o] A= Ho =
el thH Appendix % 2). SPS1S  knockdowndt F9 celld A =

microarray +41& 3}e] DEGs (differentially expressed genes)S &4

ro
N

o M= 4bsh-d x=d [FHAR Gstol (=52 fold), Glrxl (-4.5
fold)2] fold-change”} = A YWttt (Appendix 3% 3). Drosophila celll A
SPS1 knockdownell ¢]3] ROS7} WA ¥tii= X 3 (Shim et al., 2009)<}
liver KO mouse®t SpsI 23 F9 cellol A FAFSHA 2H3}-gh9S =43}
© THAA7F DEGs®Z 5489 & TR SPSle] Akst-gd a4

243 #Ho]

s
e

Aoz AzZtdAn B AFo|M= Spsl AHol 93
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II. A5 2 I

1. Vector construct A %+
1.1. Mouse SPS1 knockdown-resistant (rescue)

vector A%+

Knockdown-resistant SPS1 (rescue)@d vectorE A zH3t7] <4
shSPS19] target sequence?] seed regione] £Asl+= AL S 3 749
7)ol A silent mutation®] LY== primerE designdll o, =
Wol= 29Ale] PCR #A4 & Esto] wa8H3dn. A A= 27§ DNA
fragment (5'-half®} 3'-half)E WH&7] 913l F9 cell®] cDNAE F+3 o=
3t 1, 5-halfE TH&E7] 93] SPS1 KI F13 SPS1 KI Rl primerE A}
g3l o 3-halfE wE7] 98 SPS1 KI F29F SPS1 KI R2 primer
g ARgdte] FEalth whEolxl PCR AH&e SPS1 KI F13# SPS1
KI R2 primerE A}&3] nest-PCRE 3lA] 3709 silent mutations 7}%
full-length®] SPS1-Rescue construct® 9"F5Ath  SPS1-Rescue
construct™= pcDNA4/TO vector (Invitrogen)® BamHI¥} EcoRI sitel
ligation 3+13l, DHba 5l transformation 3}t #|Z¥ plasmidi=

AsE A BAS 53] &893 DNA sequencings F3 WE 7 A

Rescue vector A2+ A] AF8-3F primers Table 13 2t}

¥ [,
- 10 - G -l &



Table 1.

Primer name

5 —>3

SPS1 KI F1

SPS1 KI R1

SPS1 KI F2

SPS1 KI R2

AGTCGGATCCACCATGTCTACTCGAGAGT
CTTGATAGGCTAACTCTACG
CGTAGAGTTAGCCTATCAAG

GACTGAATTCTTAGGAGGTGGCACCAG

*WES silent mutation 971 S FE A

=

- 11 - ] .-;rx;| -;”‘.i- 1_” e



1.2. Mouse®} human GlrxI 323 vector A Z}

Mouse GlrxI(mGlrxl)S & s = vectord AZ2HS $3l], F9 cell=
FH 94 cDNAC Girxl ORFE F3d 22 391 mGLRX1-Kpnl F
9} mGLRX1-EcoRI R primerE A}&3f4 FE31t. PCR 2HES
pcDNA4/TO vector® Kpnl¥} EcoRI siteol] ligationstil, DHba i
o transformation 3+t Human GlrxI(hGlrxl)S overexpression 3F=
vector= HeLa cell25-8 942 cDNAY GIlrxl cDNAE T332 3%
a1, 12131 BamHI-hGLRX1 F¢} EcoRI-hGLRX1 R primerE AM&-3 <

239 o™ BamHIZ EcoRI siteE ligation 3tk 2 o]9] 9 th&

31931 DNA sequencing s &3 WE7ZF A2 WrEofdts AL &2

Mouse ¢+ human Girxl overexpression vector A2 Al A}-g3F

primers Table 2¢} 72t}

- 12 - MM =-TH 1



Table 2.

Primer name

5 —>3

mGLRX1-Kpnl F
mGLRX1-EcoRI R
BamHI-hGLRX1 F

EcoRI-hGLRX1 R

AGTCGGTACCAGCATGGCTCAGGAGTTT

GACTGAATTCTTATAACTGCAGAGCTCCAA

ACTGGGATCCGCAACTGAGGATTCTTCC

ACTGGAATTCTGTGGTTACTGCAGAGC

13 - SEask



1.3. Flage. 2 ¥ SPS1 ¥ vector A2}

MEW YRS A7 935te] Flage 2 8% mouse SpslS gt
F3l= vectorE AT F9 cell2 38 A8 ¢cDNAS Spsl ORFZ
T o2 393 BamHI-SPS1 F ¢ EcoRI-flag-SPS1 R primerE A&
A SE3ATE PCR AHE2 pcDNA4/TO vector?] BamHI¥} EcoRI
siteo] ligationd}t$ L, DHb5a 59| transformation 3tk A zw
plasmid= Agta 4 F4E& F3lo] <2133 DNA sequencings &3l
HE 7 A2 Eoldvs 2SS gkt

Mouse SPSl-flag tagging vector(pcDNA4/TO-SPS1-flag) #1# Al

AL-&-3+ primer: Table 3%} 2t}

. -
—14— !'I;'_.l



Table 3.

Primer name

5‘_)37

BamHI-SP
S1-F

EcoRI-flag
-SPS1-R

CTAGGGATCCGAACCATGTCTACTCGAGAGTCC
TTTAACCCG

TCAGGAATTCTTACTTGTCGTCATCGTCTTTG
TAGTCGGAGGTGGCACCAGGTGTGGGGTTCACGT

T . H kl L] ¢



1.4. Hydrogen peroxide © A probe A%t

Cytosolic #} mitochondrial hydrogen peroxide™= Tobias.P.Dick o = 4-
B AlFde roGFP2-Orpl 88 @2 probeE ©] 83} tHGutscher
et al., 2008 and Morgan et al., 2011). F9 A3 A] retroviral vector”}
BAE A 7] wjEo] YE vector (cytosolic pLPCX-1oGFP2-Orpl}
mitochondrial pLPCX-roGFP2-Orpl)2] Ndel¥} Xbal Ad+asr A8 =

ZHebA peDNA4/TO  vector®  cloning 3t tt. DHba 159l

transformation 3}l 2.™, A 2tE plasmidi= Agash B4 Fsto I
2135k a1 DNA sequencing= &3 WEZF Ag=zE tEodHd S &2lsh

At

7 o |
_16_ -"'H-_E'I.'.I.l



2. F93} GP2-293 cell culture

Mouse embryonic cancer cell¢l F9 A3 <2} retroviral packaging cell
¢l platinum GP2-293 cell (Clontech)& 37T, 5% CO, &3 e oA
10%6 FBS (Hyclone)E >33t DMEM (Dulbecco’'s modified eagle
medium, Hyclone) ®j A= #j3FAth F9 cell®] vl¥S 0.1% gelatin

(Sigma)o] ¥ plateE A& AT

2.1. Mouse ¢ human GirxI¥ IF23d3} mouse

SPS1 rescue cell line =H]

SPS1°] knockdown® F9 cell& 37C, 5% CO, &3 AHolA 10%
FBS & x33% DMEM wWix|2 uj<tstdth. Mouse ¢ human Glrxl
overexpression vector?} rescue vectorE transfectionst”’] ¢ &
6well-plateol] cell (4 x 10° cells) S #F3FaL 24A17F 3 72+ welld 2ug
9] vector, 6ul®] PLUS reagent®} 6ule] Lipofectamine< ZFZF 100pl9

serum-free DMEM3} 41& 3 Ab2of 4 1587 vj kst

2

= [e)
i, Eds

5]

2
rlo

(98]

0% 7

)

v ok3l 3 800ule] serum-free DMEM AFE] €] cellol

A etk 57 & serums X3 DMEMO R #hit 5 3% &

2

Hj k&t 3L vector7t E017F cellttS AWyl Y 400ug/mle] zeocin

¥ [,
- 17 - G -l &



2.2 Hydrogen peroxide BA probeE 233 += cell
o

Hydrogen peroxide %A probe (cytosolic ¥} mitochondrial
pcDNA4/TO-roGFP2-Orpl) & F9 cell(F9, F9/shSPS1,
F9/shSPS1/Rescue, F9/shSPS1/oemGLRX1)olA & A 717l s 2zt

cell lineg 24well-plated] 0.8 x 10° cell W& B33l 244 7F Zds

o

’

welld 0.5ug9] vector, 1.25n1¢] PLUS reagent$} 1.25pu1¢] Lipofectamine

S 717} 100p19] serum-free DMEM#} 412 5 A2 A] 1587t vl g3}
R, T Ag AL FH 30 o wigd § 200ule] serum-free

DMEM “Jej9] cellol A&ttt 5A17F & serum
=3

e

323+ DMEM S

R

©

51l

¥ [,
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3. CM-H,DCFDA &4 & o]&% ROS #&

F9 cell& 0.1% gelatin 22 FE ¥ 35mm dishol 2 x 10° cell W&
HEstar 37C, 5% CO, v FEHiAdA  16A17F  wjgst T
CM-H.DCFDA (Molecular Probes) 4212 A %A} protocols Wk o™
oFztel AW W o g ottt 3bmm disholA ¥WigAs AA F
RPMI 1640 (Gibco)® 23] washing dtx2 1uM<¢] CM-ILDCFDA = 3
7C, 5% COy Wi 7]ol Al 40iE7F wigatdet. 7 F phenol-red7t &9
AA 22 RPMI 2.2 23] washing dla1 EVOS FL (AMG) 333774
o2 PFE3IYE.  Excitation 3FFS 470nm  3FES A& ATH
CounterstainingS 3t7] 93] 10ug/ml Hoechst 33258 (Invitrogen)S A}

239 0™ excitation 34 352nm S AFEE T

7 o |
_19_ -"'H-_E'I.'.I.l



4. M ¥ hydrogen peroxide XA

TransientstAl  hydrogen peroxide ¥ X%  probe (cytosolic¥}

mitochondrial pcDNA4/TO-roGFP2-Orpl)ES Wdst+= AEXES 01%

ﬂl

gelatin® & Y ¥ p-slide 8well (Ibidi, Germany)el 05 x 10° cell W&
Asska 37C, 5% CO, &5 Aol 12413F wjdsid. AEE Ix

s

M

PBS#® washingslil 3% paraformaldehyde (Sigma)@= <ol 7
fixation ¥ Uhe 1x PBS® 3W washing 33tk = & LSM 700
confocal microscope (Carl Zeiss)E ©| &3t ##3e9 ). Probeol 4Fs)
(405nm) e} L (488nm)¥ FEje] Hl &S Morgan W (Morgan et al.,
201D wskom °ofte] A W o®w Fasigitt 100M) W& = &
9% imageE Image] software (http://imagej.nih.gov/ij/)S A}-&3}o]
background subtraction 33121, threshold =4 % 4059} 488nm AFX
S stackingdttl 2 & FU3d 9 9 (Thresholding method : Li)& A
31 3L, 405nm AR 9] intensityE 488 nm AR o2 UASES] ratio

& etk o] #A-4E 7 cell line vkt 6719 THE fieldE wHE & 3

0.

Ratio imaget™ 405nm AFd S 488nm AFZ 2 & pixel W pixel & Y+

A MFEl o Image] look up table®] ‘Fire'S AF&3]A false-color

7 [, |
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5. DHE$® MitoSOX <GS o]&3 AX

superoxide #&

F9 AlEZ e A *EHF superoxide®t VW EZEd] o} superoxideE A s

7] 9138} dihydroethidium (DHE, Invitrogen)®t MitoSOX (Invitrogen)=

Zkzy AbgstolA Mt F9 AEZE 01% gelatin &= AW E

35mm dishell 2 x 10° cell W HFda 37C, 5% CO, &7 AFElolA

16A17F v st oh. 35mm disholl A vl ¥ d S A1 A4 F RPMI 1640% 23]

washing &3 z+zF 1uM¢] DHE$} MitoSOX® 37C, 5% CO, Hj%7]

o A 30&7F wE et L & phenol-red7} E0]UA ZE& RPMIC &

23] washing

3t EVOS FL 333n 4oz #Az3s9 vt Excitation 3

A& 53lnm FHS A3t CounterstainingS 3F7] 93] 10pug/ml

Hoechst 332582 AF-83}91 2™, excitation 332 352nm 342 AM-&3)

At
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6. FACS &4 o3 Al x| ROSY AHF

s Al 3 o] A8k ROSY< =48] 95k
fluorescence—activated cell sorting (FACS) #41& $335tth. 1uMY
CM-H,DCFDA® A|3XE staining 3 % cold-RPMI &% 13] washing
3tal trypsin-EDTAZ A ZE wojuo] 50ml tube® %371 ¥, 2,000rpm
o ] 5%t YA A 28 AFAES AASHL phenol-red7t
S0 9A &€& cold-RPMIZ 13] washing 3 2,000rpmell A] 587 Al
g STk 1¥ v AMEE phenol-red7t EFEHA 2 1mle
cold-RPMI¢ #ojF ¥ 5ml tube® %t FACS Calibur (BD

Science) & ©l-&3te] A s e, F 50,0007 M*EE counting 3
Holg #A41& FACSE %34 sorting® A|XZ Foward scatter (FSC)

9} Side scatter (SSC)E 3% majordt population? FE3Fo]

CM-H:DCFDA Al<¢ke] M71& 43t

-2 - A =sT



7. Cell growth rate assay

0.1% gelatine] ZEE 96well plateo] 5 x 10° cells/well2 A ZES H
Z3kal 37C, 5 % CO* &5 Aelol A 443 wiekatsint. zhzhe] Ak
(Day0, 1, 2, 3, 4% trypan blue exclusion H'H © &(Strober et al.,

2001) Aro}sli= AIXEE counting 33t}

8. Invasion assay

F9 A9 invasion ¥+ ZAEE ZASHZ] 98] 0.8um pore =7]9]
24well matrigel invasion chamber (Corning)& AF&3th AxXE 4%
3 % serume] EYA %2 DMEMO 2 x 10* cell/ml ¥%
chamber?] <¢tZo] AZEE HFsa 1047 =<+ wiFsigdd. ol
lower chamberol+= serume¢| ¥3t¥ DMEM 500ulE Y 37C, 5%

CO?* &3 Aol A 1041 zF viekat At 99A 9 invasion 5% &S AX

f

E<2 cotton plug® AASFL oWl invasion® AEELS WEE

fixationd ¥ hematoxylin® eosin® 2 staining 3} th. 100v] wj& =

7 o |
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9. F9 cell2 %8 RNA &7

F9 M EZ w3 35mm dishol A mediaE A A3 5 Trizol reagent
= 500ul H7}elkar pipettingslte]l A EE wWo] o] 1.5ml tube® %7
S oA 5%-7F incubation 31t} Chloroform= 100ul % 7}skal 15

Z70 AA B0 &= 3 ALo|x 387 incubation dFTE 1 &

[\

M

sampleg 4CoA 13200rpme] £ %= 1527 AR st 94
27 ey Tl F8d T A5S AMES 1.5ml tubeZ AT
t}. 200u19] isopropanol (Burdick & Jackson)& H7}star Ao A 108

2] skl

M

7} incubationd 3, 4ToA 13,200rpme £E& 1087 44
o A7 euH ASHE AAS F 1mle] 75% ethanols ¥l
4T A 13,200 rpme] £E= 583 dAdET st 204 10%3

pelletS Z#H T} Pellete 0.1% DEPC %#/3% 60ulell *5$th.

-4 - SEask



10. RT-PCR

F9 cellol A F33 2ugel total RNA9| oligo dT primer (100pmole)
= Y31 DEPC /<% volumes 1155pu= 9 & 70T A 587+
incubation 3} th. o]7]e] 5x M-MLV buffer, 5mM dNTP mix,
M-MLV reverse transcriptase (50unit, Promega), RNase inhibitor

(5unit, Promega)S Z7}sle] & 20ple) wkSH4S whE 3 37T A &0

Al 71

Ry

£7F incubation 3d+gth L & 70T A 1527 &84 3

A

87

o

¥ ¢cDNAZE PCR template® AF&3t3ith. PCR ®¥Fgol+= 10x PCR
buffer, 10mM dNTP mix, primer (10pmole), template, Taq polymerase
(25unit)S E3star 95CAA 30%, 54TolA 30%, 72TCelA 30x2] %=

o2 cycles wWHEsle] SE35AT. TZH DNAE 2% agarose gel

RT-PCRe| AF&3F primeri= Table 5 ¢F #Zt}.



Table 5.

Primer name

5 —>3

ACTB-F
ACTB-R
mSPS1-F
mSPS1-R
mGlrx1-F
mGlrx1-R
hGlrx1-F
hGlrx1-F
mSPS1(Rescue)-F
mSPS1(Rescue)-R

AGAGCTAGGAGCTGCCTGAC
ACATCTGCTGGAAGGTGGAC
AAGACGTAGAGTTGGCATAC
TTTGGGGGACTTGATCTCTG

GGGGAGCTGATGACTCGGCTGAA

AGGGGCACTGGCCATCAGCA
GATCCTCAGTCAATTGCCCA
GCTTTAGCCGCGTCAGCAGT
AAGACGTAGAGTTAGCCTAT

AGTGGCACCTTCCAGGGTCAA

_26_



11. Real-time PCR

RT-PCRel| AF&3F cDNAZ template® AF&3t913 o] 7)o Table 5
of 7]1% % primer mix (10pmole)2} 2x SYBR Green PCR master mix
(Applied Biosystems)E Z%3 % 20pl¢] ®¥-g4S optical 96well
reaction plate (Applied Biosystems)e]l % lth o] plateEZ 7300
real-time PCR (Applied Biosystems) 7]Ale] Y31, 95 TollAl 30%, 54
Toll A 18, 72 ColA 189 Ao 2 40cycles ¥HE3slo] ZFE 319t}

s ALe 7} annealing @AONA o] FojHa, ZAHE 95t

A\

threshold cycle (Ct)E& A3}t Relative mRNA level S T3}7] 913
comparative Ct(AACt) "} (Schmittgen TD et al., 2008)< A}-&3FaL

Actb®] AACt FF S = normalization 3191t}

- 27 — -":r*E 'kl:l' 1_]|



12. mouse SPS1¢ A¥ W ¢x #&

SPS1¢] AMxX U fAE #AZAs7] fslA, C-terminusel flags
fusionA] 71 SPS1S w3 A7)+ vector (pcDNA4/TO-SPS1-flag)ES F9
cellel transfectiond}$1th. Staining 3F5 Zell poly-lysinee 2 ZH®HH
coverglass®l transfection® AM¥EE 7|3 w3t Fo, HEZE 1x PBS
2 washing3} i, 4% paraformaldehyde &= AF-2oll 4 30%7F fixation %F
12, 1x PBS® 39 washing 33, 0.1% Triton X-100 (Amresco)®
1027} permeabilizationd} 1 th. 7 3 5% BSA (Roche) & o 2 AFe-o
A 1A1ZF &<F blockingstal, anti-Flag antibody (1:2,000, Sigma)’} &
o]+ blocking solution®.® Zol = H, AoA 1Al
incubationd}1tl. 1¥]i1 3% BSAgHo® 10¥% 3¥H washing ¥
Alexa 488 conjugated anti-mouse IgG (1:1000, Molecular Probes)”} &
o]l  blocking solution® @ 2o 4 1A]7F incubation 3F1T}.
Counterstaining3t”] €13, 1x PBS®Z 10%## 3¥ washingd % PI
(propidium iodide, 100pg/ml, Sigma)®} RNase A (200ug/ml, Sigma)=
Ab2-o| 4] 30%-3%F incubation dFil 10% glycerol (Sigma)® mounting o}
ATk I F LSM 700 confocal microscopeE ©]&3te] 39t}
Alexa 4889] excitation 32 483nm ©]™, PI&= 555nm 333 Al-&3f

At

7 o |
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1. 2 3

1. Sps1® AP L GIrx18 LIS JA S

5 AT 2F o ZHEE mouse SPS1o] Whd shRNAES #d 3t F9
NEFZE AFHES 5 SPS1 knockdown efficiencyS &218l7] 98t

RNAE #Z% 3 5 RT-PCR¥% real-time PCRE 3atgct 1 A3}

w3 e Al o) Fa¥ F9 SPS1 KD (F9/shSPS1) cell]
microarray w210 wWE=W Spsl ZA<9] 9ld redox homeostasis =&
Aol Girxiol 4.2 vl down-regulation ¥ thi= 23} (Appendix 3£3)7}
AR=H, FAgF Aol YA stz &3 FAd RNAE
A3 RT-PCR¥ real-time PCRE a3ttt 2 Z3} microarray 9
Ao} FALEHA SpsIZAH A EFNAE HEL(F9, F9/pSuper)el B &
GlrxIol °F 90% A% ZAHATH(ZH 3).

Mouse Spsl& AAANZRS W, Glixie T@AZR7E AHEeSd
shRNA©°| 2]3F off-target effectol] 23k Z121%] o}y on-target effect
QA E LolH 7] Yafl, shSPS19 target A€l seed regione] 3712
silent mutations =Y 3sto] SPS19] @A o] ofnil G W3} E A

o 0 A] shSPS19] o) 3 knockdown T ] = SPS1

] © |
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(knockdown-resistant Spsl, rescue)= &3+ vectorE A|Zstal 9]
E Spsl A3 MEF transfection 3t o= FEH RNAE F=3t9
gqRT-PCRE 433 Z3}, endogenous Spsl] mRNA®l %2 knockdown
HAE "ol gt FHE FAs9 oY rescue Sps] mRNA®9] &F2
A e AR ddd As d F AAv (29 3). olw GirxI 9

mRNA &%= wabA oF 55 v 355 th(p<0.01). °] A3+= Spsl

b

Holl 93 Glrx19 down-regulation off-target effect’} olyzt:= A

Spsl ZAF o3 AP W37t down-regulation AT Glrxlol

93k Aol FAFsFaA human® mouse GlrxlS Td st vectorE A 2

o = gJAtH ™ 3). =3 mouse Glrxl® mRNA %% 90% A% A

HE 5439t Mouse GlrxlS ¢33+ Spsl 23 AE

N
-3
o
o
k%)

ﬂl

1A% mouse Girxl9 &2 Ad3s B A A IAT Spsid

.

32

endogenous Glrxl9] ¢ WHelA] &S AL B 5 Jdti(Appendix 19

2).
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m &P 51| andoganoua) mGLRX1 m &P 51| Rescus) hGLRHX1

Primars

3% 3. mRNA levels were measured by qPCR. cDNAs were
amplified using specific primer sets as described in EXPERIMENTAL
and subjected to RT-PCR (A) and real-time PCR (B). ACTB was

used as an Internal control. Statistical significance was tested by

sk

one-way ANOVA followed by Tukey's multiple comparison test.

and denotes statistical difference at P < 0.01 and P < 0.001,

respectively.



2. Spsi®] Z2¥<& A XU ROSY &3 & T3,

F9 celldl A Spsl ARl 23] ZAFAA Glrxl> AE oA 2ts}-
39 dgAHS xdsle fHAAE 4#A dtH(Fernandes  and
Holmgren., 2004; Menon et al., 2011). o] A2 Spsl ARl 23] ROSY
Aol dojd F A= AS A FedH, olAE FSlskr] 93
Spsiel ZA¥¥E F9 AEFUH ROSY A oARE dxL4
non—transfected F9 ¥} pSuper backbone vector 7} transfection® A3
F(F9/pSuper)2t w3 2 A3 hEA(F9, F9/pSuper)ol A=
background A X=<¢] ROS7} &= WHA, Spsl A¥ Al XEF(F9/shSPS1)9
= background® .t} 73 ROS7F ©A| E A cH( 29 4). ol Z3tg]of A
Sps1®] ZEo] ROSe #4& dozltf= R (Shim et al, 20099 <«
A st Aol

Sps1e] ZAB 9ot ROSe =% o] down-regulation® QA% Glrxl¥}
HAHJE=A FZASE7] 98] homologous system@ mouse  Glrxl 3}
heterologous system®! human GlrxIS Spsl A3 F9 MXEFol|A z+z}

AT 7 AT A DCFDAE ©]-&3te] ROSE ®Ag At

mouse GlrxI2} human Glrxle] #EdH A X F(F9/shSPS1/oemGLRX1
2} F9/shSPS1/oehGLRX1)el 41 ¢] ROS7} Spsie] o) Z+(F9, F9/Super)
AER FAEHAJY. T3 rescue AEFANAE ROS7F background <

o A=A
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CM-H;DCFDA

Phaes contrast Hosachet 33258

Fasslh 5P 51 Fa/sl 5P 51
foemGLR X1 fRescue Fa/sln5P51 Ffp Super Fa

Fassli5P51
JoalGLR X1

19 4. Detection of intracellular ROS in F9. Cells were stained
with CM-H>DCFDA to detect intracellular ROS and then counter
stained with Hoechst 33258 as described in EXPERIMENTAL. Cells
were photographed under a fluorescence microscope (100x). Scale bars

represent 100um.
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3. Spsl 2¥ L A XU superoxided] F3& FH3A

ZF=.

a9 5914 YEbE ROS =45 A5 1 AR CM-HDCFDA A

=

°kS hydrogen peroxide, superoxide % RNS % t}oF3t F7of whs-d
T Q7] wEed o"W 5A ROS7F A HAEAE & F vk
(Kalyanaraman et al., 2012). 224 ™A Spsie] ZFo] o3 A H
ROSe +/E Yolruxt 393, AEZA superoxideE ¥ A 3= DHE
9} mEFZ=g ol superoxideE B A= MitoSOX & A&l AEE
RS

1 A3} Spsio] AP H] % cytosol (728 5A)F}F mitochondria (L
5B) Rl A superoxideZ} WA E A STt o= Spsl AFel o

superoxide’} obd ttE £7F ¢ ROS7F HAH A S-S AJAFSHL
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A B

Mito SOX Red Hoechst 33258 pic DHE Hoechst 33268 DiC

Antimyein A
Antimycin A

F9

F9/shSPS1
F9/shSPS1

--A |

39 5. Detection of intracellular superoxide in SPS1-deficient

F9/shSPS1
/Rescue
F9/shSPS1/
Rescue

F9/shSPs1
JfoemGLRX1

F9/shSPS1/
mGLRX1

F9 cells. Cells were stained with MitoSOX to detect mitochondrial
superoxide (A) and with DHE to detect cytosolic superoxide (B), and
then counterstained with Hoechst 33258 as described in
EXPERIMENTAL. 1uM antimycin A treatment was used as a
control. Cells were photographed under a fluorescence microscope.

Scale bars represent 200um (A) and 50um (B), respectively.
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4. Spsl AP L A XU hydrogen peroxided =3 <&
fred

Spsl AP & wAHE ROS7F hydrogen peroxide?l#| ZA}s}7]
13 roGFP2-Orpl &% 9¥WAES probe®E AFE3t3th  Hydrogen
peroxide”’} EA3H  roGFP2-Orpl &% wdo]l A3tz A
405nm/488nm Bl &o] F7}skAl vtk 19 6A, BE S Spsi AHel
o3 mEZcgolet AEZA BT A roGFP2-Orple] 2kstsl 3 et

Zols o, 405/488nm H|& g 747 159 1.69(p<0.01, p<0.05) =

ro

7k AS & 5 At 6C, D).

wualk ofyz}l, Spsl APl 93 down-regulation H AW GlrxlS I
23 (F9/shSPS1/oemGLRX1)3HH Al %W 2] hydrogen peroxide’} %
T TR I EHY. ol 19 49 ROS #E Azl dAHE A
o2 olg Fdl Spsi AP & MEY F4=+ ROST hydrogen

peroxidedS & 4 o™ GlrxIo] hydrogen peroxide®] ZHo| F 23}

t}

o

PN
o = 3l

rr

[
A=
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FaIsh5P51 FshSPS1
oemGLRX1

Rescue

F/shSPS1 F8/shSP51/
oemGLRX1

F/shSP51

ine
:Ho

F9/shSP51

A
B F3

Rescue

C D
1 = 1
0.9 09
i . ! ,’7
g o7 B g 07
E 0.6 ; 0.6
5 0.5 5 05 -
?n 0.4 E 04
E 0.3 E 03
0.2 02
0.1 0.1
0 0

F8  F9shSPS1 F/shSPS1/ FishSP51/ F8 F9/shSPS1 F8/shSPS1) F8IshSPSY/
Rescue  oem WGLRX Ri

3% 6. Accumulation of intracellular hydrogen peroxide in
SPS1-deficient F9 cells. (A-B) Detection of intracellular hydrogen
peroxide using roGFP2-Orpl probes. Vectors encoding mitochondrial
roGFP2-Orpl (A) or cytosolic roGFP2-Orpl (B) were transfected into
SPS1-deficient F9 and control cells and the 405/488nm ratio images
were obtained as described in the EXPERIMENTAL. Scale bars
represent 10 pm. Quantification of microscopy data of mitochondrial
(C) and cytosolic (D) hydrogen peroxide. Emission ratios from 6
fields for each samples were averaged. Error bars represent standard
deviation. * and ** denotes statistical difference at P < 0.05 and P <

0.01, respectively.
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5. Sps1¢ ZYL WL 49 ROS 3= sutdh.

ROS7} 2% Alxe] Frob AlxEdel] S48 ROS ¢& xAFsE7] 9
8l Z47te] AEFE CM-HDCFDAZE @M% F FACS #4oz 8%
A71E SAsA. 19 49 Aol dASA Spsl A¥H Al EF(mean
ko ok 32)7F thEH(F9, F9/pSuper)(mean %t : °F 9) o vla] 33 A
717F AR eH 2" 7A). =3 A d3 A7IE A= AEEY
M= Zpol7b A Y= As & 5 e, Spsl A AMEFE oF 80%
7F A g3Ss el e v gzl e oF 3%We] Ad d3S
R T 7B). 22 Glrx1<& T Al 7%
(F9/shSPS1/0emGLRX1, F9/shSPS1/0oehGLRX1) WZx&v F+o=2 7%

= AL 2 F Qo F9/shSPS1/Rescue celle iz H]S:6F

. ol SPSlel sk 2H FAAA Gixld 2@ 2ES B

==

Axde) ROSFE £AFTL B & 3
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(A)

2
= : —_— FO
— FOipSuper
. 1 FO/shSPS1
=
R i — Fikescue
1 FO/shSPS1
i = " joemGLRX1
o Fa/shSPS1
o DA 1 loahGLRX1
E I /
3
0 o I!!
8-
-
(2]
100 10t 10? 10%
Mean fluorescent intensity
(B)
F9/shSPS1/ | F9/shSPS1/ | F9/shSPS1/
9 ligfesmze LIRS Resuce oemGLRX1 oehGLRX1
Mean 9.11 9.2 32.21 10.1 10.8 823
Left(%) 97.49 98.65 20.28 96.54 97.13 97.99
Right(%) 2.51 1.35 79.72 3.46 2.87 2.01
Total(%) 100 100 100 100 100 100
I% 7. Quantification of intracellular ROS in F9 cells. (A)

Representative FACS plot showing the amount of intracellular ROS.

(B) Mean value of each cell line and percent of the cell population in

each quadrant.
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6. Spsl 2 < growth rated Z4AE FE34.

Shime] Hato] W= Drosophila A ¥4 SPS1S ZA¥A7]4H
growth”} inhibition ¥ +=dl(Shim et al, 2009), ©°]= SPS1°] cell
growtholl IFHolgt= Z& ov st} 284 mouse celll A% SPS1
o] Aol growth rated] WIS do7|=% Loty 2 F9/pSuper <}
F9/shSPS1 cellel tiall cell growth rate assayS 3ttt 1 23} Spsl
o] A¥H MEF(F9/shSPS1)e ¢ thx+(F9/pSuper)ell H]3] 3L K-
Bl cell growth7} 93 2tol2 74817 AlZatdeh 2y 8). wEF

F9/shSPS1/Rescue cell oA+ growth rateo] o &+ (F9/pSuper)} H]

S pEow fAHE AL B & A9tk old@ AP Spsiel F9
AL 2 EHER AL ol E AFHolgn ¥ F g

7 o |
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600 4

—a— F9pSuper
500 - —d— FOIsh5P51
--0-- FYsh5P51/Rescue
400 4

300 1

Cellnumber (x10%

200 1

100 -

Time (Days)

3% 8. Measurement of cell growth rate in F9 cells. Effect of
knockdown of Sps! on the cell growth rate of F9 cells (F9/shSPS1).
Living cell numbers were counted using Trypan blue and counted
every 24 h over a 96 h period. * denote statistical difference at P <

0.05.
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F9/pSuper F9/shSPS1 F9/shSPS1/Rescue F9/shSPS1/oehGLRX1

(B)

s

|

|

Transwell cells
coHBEEETTIEE

—

FO'pSuper F9/sh5P51 FXsh5P51 F9/sh5P51
/Rescue JjoehGLRX1

1% 9. Detection and measurement of cell invasiveness in F9
cells. (A) Invasion assay in F9 cells. Invaded cells were stained as
described in A& 2 W and photographed (100x). (B) Invaded cells
per 3.3 mm? were counted. Error bars represent standard deviation. **
and ™ denotes statistical difference at P < 0.01 and P < 0.001,

respectively. Data shown are representative of three independent

experiments.
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a-Flag PI DIC Merged

¥ 10. Subcellular localization of mouse SPS1 in F9 cells.
Flag-tagged mSPS1 overexpression vector was transfected into F9
cells. Cells were incubated for 48 hours after transfection, fixed and
permeabilized. mSPS1 was detected by mouse anti-Flag antibody and
Alexa 488 anti-mouse IgG antibody (green). Nucleus was stained
with PI (red) and cells were observed under a confocal microscope.
Upper and lower panels represent different fields of the same glass
slide. Scale bars represent 10 pm. C, cytosol, F, filopodium; L,

lamellipodium; NM, nuclear membrane; N, nucleus.
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V. Appendices.

Appendix ¥ 1. Microarray analysis of differentially expressed genes
related redox regulation in Alb-Cre; SpsI™ mouse liver (Ryuta Tobe,
NIH, unpublished).

Fold change  UniGene Gene

-43.5 Mm.25844 Glrx Glutaredoxin

-3.61 Mm.2662 Gsta4 Glutathione S-transferase, alpha 4
-2.06 Mm.378931 Gstol Glutathione S-transferase omega |
3.14 Mm.440885 Gstm3 Glutathione S-transferase, mu 3

Appendix ¥ 2. Ingenuity Pathway Analysis of liver from control
and Alb-Cre; SpsI™mice (n=3/group; P < 0.05 Fold Cutoff =
2.0)(Ryuta Tobe, NIH, unpublished).

Hepatotoxicity

Name P-value
Glutathione Depletion In Liver 1.37E-05 - 291E-01
Liver Regeneration 2.35E-03 - 1.08E-01
Liver Inflammation/Hepatitis 499E-03 - 1.00E00
Liver Steatosis 499E-03 - 6.25E-02
Liver Proliferation 7.06E-03 - 3.75E-01

Appendix ¥ 3. Microarray analysis of differentially expressed genes
in SPS1 knockdown F9 cells(Ryuta Tobe, NIH, unpublished).

Fold change  UniGene Gene
-4.5 Mm.25844 Glrx Glutaredoxin
-5.2 Mm.378931 Gstol Glutathione S-transferase omega 1
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FO/pSuper F9/shSPS1

Appendix 19 1. Measurement of anchorage—-independence in
F9 cells. Effect of knockdown of SpsI (F9/shSPS1) on colony
formations in soft agar assay. Cells were grown in soft agar for 10
days and stained with p-iodonitrotetrazolium (Ryuta Tobe, NIH,

unpublished).
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Appendix ¥ 2. Agarose gel electrophoresis of RT-PCR
products. cDNAs were amplified using specific primer sets as
described in EXPERIMENTAL and subjected to RT-PCR. B-actin

was used as an internal control.
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Abstract

Selenophosphate synthetase (SPS) is an enzyme that synthesizes
selenophosphate, which acts as selenium donor during selenocysteine
biosynthesis. In higher eukaryotes, there are two forms of SPS
paralogue, SPS1 and SPS2. SPS2 catalyzes the synthesis of
selenophosphate, while SPS1 has a largely unknown function. Several
studies suggest that SPS1 plays essential roles in cells, but molecular
and cellular function of SPS1 in mammals has not been elucidated.

In this study, targeted removal of Sps/ mRNA in mouse F9
embryonic cancer cell by RNAi to reveal the molecular and cellular
function of SPS1 in F9 cells. As a result, Spsi-deficiency led to the
decrease of Glrxl expression level which regulates redox homeostasis
and the accumulation of ROS, especially hydrogen peroxide, in the
cells. Furthermore, malignant properties of F9 cells were reversed to
normal cells. Also, the overexpression of down-regulated Glrxl,
regardless of homologous or heterologous system, showed that ROS
and malignant properties were recovered to as control cells.

These results suggest that SPS1 is an essential mammalian enzyme
with roles in regulating redox homeostasis and promoting and/or

sustaining cancer.

keywords : selenium, selenocysteine, selenoprotein, selenophosphate
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synthetase 1, cancer, reactive oxygen species
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