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[Z2%] 1] SEPHSI knockdown®l AF&E SiRNA A, woeeeeeeeeees 9
[18 2] HeLa A %9 HUVECOIA SEPHS] mRNAEZ o 4%
KNOCKAOWN T RA wreererrresrmseeseesinintistit et 10
[72% 3] SEPHS1 knockdown3dF A E AFR oo, 14
[71¥ 4] SEPHS1 knockdown Al ¥ 9] apoptosis &&= 16
[72¥ 5] SEPHSI knockdown HUVEC®] ROS &3, - 19

[1¥ 6] Superoxide®] scavenger §AAE¢ o3 v, - 21

[21¥] 7] SEPHS1 A2f 2= <13 ROS £33 SODY 7|5 26



g v Fda Adge Aoy FX, dutole ) oo g 5 2
e 17 f Aol Fasith Adulwe Adus dWde] A E = A
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g dol e Joem[l], AME W Abs-skd A FARZ] AlEY

ol F, Al Z=AXAIBA] B AXE AEe £AB] T4 9T = AL

Selenophosphate synthetase(SEPHS, SelD)+= selenide®} ATPE ©]
4-3}9] selenophosphate(SeP)E& &A%t a4olH, AEA7 S A
d5s A4S o= Fg 2l selenocysteyl tRNAZ AstE d 47
A9l SePS AFstE 7|5 S @tk SEPHSE a5 #HFEEA 2714
<79 isoforme] EAEH 1 F Q] SEPHS2v® SePeol §Adel &
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Al F o] wjo} A, 3 GAE FoA ROS7F 489S W3 Hh[B]

A~ % (Reactive oxygen species, ROS)S AW A4 thA A =
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hydrogen peroxide =2 2 4t} o] okejzIt}9]. O » + F&E HEIZE=
glole] Aka 35 A T ARAGEAANA electron leakage”’}t oA
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O, = Ax U @A cysteine residuesE AF3FA A AF3}-3k9] w0t
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of thZA A&t A A7 A¥Ee ®Y SEPHSI 29 A
ROS= thH29] AlzelM F7ketgl=dl ROS F5rell Akel7h A At
sh-ghel Aol FAH = vAYFe] Dt Axrig e xd Dol
uetstth o8l FEAEANA ROS 43 A= thE X8

71l AlEe] AT E B =3 FEo wALYZo] 45X ol
Al APE FAskAL o= ROSS T7h=2 A7 AFs 2EH2TE A

Eo| FE 9P B s B 5 9l

A A A o] de AP W&o W= mousedl Al SEPHSI©]
knock-out¥ 1S W day 85 embryo= W&ol A Ao, day 14.5
of| Al = A& (resorption) F AT o] HX ¢Fo] ol MAEANA =
SEPHS1°] ZH A& wf AlE7F AbE3th= ARE S 29 5 AT

[14]. 3 A9 mouse?] <HA|E <l 2H119] A= SEPHS1o] AFE o] = A
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AlA A=

Dulbecco’s modified Eagle’s medium (DMEM)-2 Hycloneol A .-wj
3l th. Endothelial Cell Growth Basal Medium-2 (EBM-2)i= LONZA
oANA 3ttt Fetal bovine serum (FBS)E Seranadl A v &} it}
Antibiotic-antimycotic, Dulbecco’s phosphate-buffered saline (PBS)<%}
trypan bluet:= Life Technologies il A] T-uf 3k A o
Dihydroethidium(DHE), DAPI H202, rotenone, CM-DCFDAE sigma©ll
A Frekgdel. SEPHS1  siRNAE  mpo]lQuolol A Fujstd
SEPHS1, SODI, SOD2, SOD3 primere ZAEZIE|A o5} T},
Metafectene pro= biontexol 4l FulldlA . TUNEL assay kite
promega®l A 7 3} 3}

A2 dAE Q&

HelLa cell2 10% FBS¢} 1% antibiotic-antimycin®] 3¥3%t¥ DMEM
Al A, HUVEC EGM-2 #jX]o A 37T, 5% CO7} & w5+ H
= g E A

Al 3 A SEPHS1 knockdown transfection
siRNA transfectionS ©] 83} transfectionS 93] SEPHS19 exon3

9] 5'- AGACGACCCUUACAUGAUG -3, 5-
CAUCAUGUAAGGGUCGUCU -3¢ Jr A< dsRNA% exon6/7
junction®] 5- GCUGGAUAUCCCUGAGAAA -3, 5-

UUUCUCAGGGAUAUCCAGC -39 4H A2l dsRNAE oA A&
3ttt Transfectione Metafectene pro AEFS o] &3t AEES
24well plated] 7} welld 1x10°%HF seedingS 3 & alF EoF Tt}

o]% z} welld metafectene 1lul + DMEM 40ul®} 15pmol siRNA +



DMEM 30ulE WE9o] 41& % pipettingS 29 HH3] sk
Negative control?] siControl®] 7d-%-ol+ siRNAt4! negative control
SIRNAE Yo]F2lt}l o] % room temperature®] 15min incubationg Xl
B3It AE7) seeding ¥ 24well plated] 70ul® mixtureE 23 3hr

¢t incubatorel] ¥ ol&Et}h 3hr$ complete media® A3 AT}

A 4 A Quantitative RT- PCR

Transfectiondt § 3}F & & o]E X A¥o| A TRIZOL reagent=
Ab&-3tel  RNAE FZosth. %3 RNAE 2ugs AHEs &

Mo-MulLV reverse transcriptaseE ©|83}¢] transcriptions %I13sl
t}. o]%& 3FE=3 DNAE SYBR green Master Mixe 48 %
Prism7300% ©]&3to] gRT-PCRS 33t olu  sample
triplicate® <=H|3}e] &gty . Ao A ALE3F primer sequencet™

[3£ 2] Utk ActB 3 AE internal control® AR-83}3d

Al 5 2 ROS staining

dukA 2l ROSE 943t CM-DCFDAE o] &3te] Azttt Al
Z A 3F Ao 24well plated] 5x10%¢] %2 seeding st} oFF
7F At & 5uMe CM-DCFDA”F 91zt DMEM + 1% antibiotic—

antimyotic WA & Y3 30min &<t 37C 5% CO7F F5EH© HH=Z
sttt o]% PBS® F W washdla 3% dv]7%(Nikon FL)Z
470nmoll Al #3139 oh Positive control] H202+= CM-DCFDA<S} o]
Fol =t

ROS% superoxideZ @ M3t DHEZ o] &3t dMsltt Al o
WS Aol 24well platedl] 5x107¢] ¥ %2 seeding 3ttt sFF7F A
w4 10uMe] DHE”} £9]3F DMEM +10% FBS + 1% antibiotic-
antimyotic WA & Y3 15min &<t 37C 5% CO7F F5¥H & HH=E
HieFslAdth o]F PBSEZ F W washslal 3 w74 (Nikon FL)Z
53Inmoll 4] #23FA T Positive controlQ] rotenone DHE<®} &7 o
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Al 6 2 TUNEL assay

SHF Aol 24well-platedl glassE& Y i gelatin®® 30min &< 8
ot 1 3 A EZS 5x1070 2 seedingdt}h. Overnighto] A ¢ glassS
AW o] 4% formaldehyde in PBS® 25% &9t 4TolA fixE * 33t}
o] % PBSE 5%4 F W A Erh 0.2% Triton x-100 in PBSE 5% &
oF HkSAIZIYE, PBSZ 54 F W A=tk Positive  controlol &=
DNasel& #2]3tal 15mins <t 7|vhedvh FBS=2 5+ W AlH 3t 100ul
9] equilibration bufferE 2 o{A 5% WA It} 50ul®] TdT reaction
mixE Y1 ZAWEgol=r AFol glA €L F 60Eet 37T
humidified chambero]l A ®¥F-§-A| 71t} o] wj K&l Wo] Xty ez 313
slt}. skl 7Fo] AU coverslip= Al A3FaL 2XSSColl 158 HE-S-A]
PBS=Z 5%&4 3 A=t Counter staining= 93] DAPIE %

Mounting mediaZ ©] €3} cover glassE Y1 dF3An|Fdoz
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A3F 2 I

A 1 A HUVEC® HeLa cellol A9 SEPHS1 mRNA

knock-down

ol A HHQl Algh Mool SEPHS] 7|5 A+ % Abst-3¢
g A v = s gt 98 ATl Fas AEF
HUVEC® HelLa's ZHath Al dAFodAsE s=2AX
CRISPR-Cas9 2] o]&3t9 SEPHSI1 knockouts X3 Ath 7]
o A e g=2A o AdelM = AL AES HAE Abe] o Aol

s selely] 918l A4 A9 HUVECH QA9 Hela cell b e
7}

(-~

of k=], A4 AlxEolA SEPHS1e] ZHEUS Al A2 Albdo] 3z
7] wZel knockout WAo] ol knockdown W21& o] &k,
siRNAT human SEPHSI1¢] mRNAo°| A exon3¢} exon6¥ exon7A}o] <]
Mg o]&sto] A& stATE 1]

Knockdown®] &&& %olxr7] <93l UlxaS=2 metafecteneit
transfectiond AlZ9} A¥Foz SEPHS1I siRNAS  metafectene
mixtureE transfection¥t A|*E FHIEFSIHE. siRNA transfection ©] %
IR 2 celllAl  RNA  extractions st S RNAE
aRT-PCRE S3l AZFH o= vustdth siRNAS metafectenes * &
g 25458 SEPHSI RNAS ¢& i SAskla tixae] SEPHSI
mRNAYF thH] AFre] asks vusiv. @57t Ads5 A9
P EZ<2  HelLa oA+  transfection ¥ 3HF7F Aws  wjiE
knockdown E¥7F 90% o4 UEEow, olEAe] Ad =&

h

knockdown —=&¥7} YEMYT. dA E



knockdown &E&o] "ol Mt} o]&E % A7to] A uHA 3 EEE= o]f

AEAEets dE2A FEAZAAME FY3 siRNAZE 5457 %7]
o]t 1d 1AL Abgre]l A4 ARl HUVEC oAl Hela A8
24 AR dHEHE AE7F AFEE o] siRNA  transfectiono] <] g
knockdown E&& F<lstA k. AASE 60% A= knockdown

o] yEuton A2 90% ol4e] a&o] yetwt 1" 1Bl

#;rﬁ'! _CI:I_ ]—h -_.fJ]_ T_III_



sihSEPHS 1 (E3)
Sense : AGACGACCCUUACAUGAUG
Antisense : CAUCAUGUAAGGGUCGUCU

sihSEPHS1(E6/7)
Sense : GCUGGAUAUCCCUGAGAAA
Antisense : UUUCUCAGGGAUAUCCAGC

¥ 1. SEPHS1 knockdownel AF&# siRNA A E. o] =iola] ARES
SEPHS1 siRNAE mRNA®9 exon3¥ exon6/7 junctione targetlo® F+ /&
A 23 Th Al Eo A SEPHS1 knockdownS $13l siRNAE transfection W] +=
T siRNAE 4 oA AF&3tat.



ve SEPHS1 mRNA level
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Relative SEPHS1 mRNA |evel
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dayl

dayl
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dayl day2
WmsComrol ESSEPHS]
HUVEC
dayl day2
rol msSEPHS1

day3 dayd

. HeLa A|£ ¢ HUVECY A SEPHS1 mRNAE
A}.

o] &3 knockdown

M E transfectione F &3 & mRNAYS gRT-PCRS o] &3
S AEsEH 2 22 siControl¥ A3 21 siSEPHS19] & H !
(A) HeLa AM3olA ZAEHE 90% o] &&o] Uetston, Ul

S|B9 9% 4 Yk (B) HUVEC oAt AA I2E AX Abg
Qom EA4 I 90% o] Z&o] YENT
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A 2 A SEPHS1 knockdownOo & QI3+ A X AlE I#

FAS o A3
o] HeLa®t= thEA A4 Eel HUVECOA =4 E5E AlXe A
o] #AHYY, & Aoz Ha3 Y FT9 siControlE A EAFE o]

ol
PH

Hela cell®} HUVEC®| A SEPHS1S knockdown

HEEA] kv 2Al °]F F3 SEPHS1 2% o] HUVECOA Al
FIAE S FETS & F A

¥ HeLa celldl A= SEPHS1eo] AW ok A EAbEo] HASLA]
ororth sFAHF -2l siControle A 7ro] Ao wat AEe] F7}
S7Fsl=d, 2379l SsiSEPHS1S Al7to] Aum Al 57} 2A S7F
sk erskh. ARl g ARRS B AlE EEVF AA Aol dri[1d
2Bl.

ot g AnE Fall At FAAER HUVEC oA+ SEPHSIO]
Az ABEo] 7Iodst, AFAl AEAMEC] FEES & 5 vk wkdA
of 413220 HeLaol A= SEPHS1o] Z =™ Al ZAPE7EA = Lol
AT Mo o] AalE =z Mx AFe] SEPHSIOl 43S &5
A =+ 3

M Eo] AbHolli= apoptosis, autophagy, necrosis 59 o7 FHF7}
A= °]F apoptosisE 2% 4 ¢l TUNEL assays AF&3slo] &
zhal B otth. SEPHSI1 knockdownAl Al A o] ol HUVEC Al

= A& Hokom transfection T =4 & AXE &0 ALEEA 7]

|

o transfection ¥ 3FF7F AWES @ TUNEL assays X133}
Positive control® DNaselS A 2]gt AlXE AL83}% S, metafectene

Uk 23 siControl® metafectene® siRNAES Zo] 43+ siSEPHS1
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signal©|
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Hl 3}t Positive control 1H S EE A XA TUNEL

vEbytth siControl 1E-&  signale] #

SISEPHS1 ZFAAE A A XA Az E0]

knockdown %W A ¥ E9] apoptosis® FE=3dt= A
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siControl SiSEPHST
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siSephsi

HUVEC (siCon)

DHNasel {positive)

DAP] TUNEL

TUNEL / DAPI

—

Lo

2% 3. SEPHS1 knockdown A X9 apoptosis &3,
TUNEL assayS 213 3}1t}. Positive control® DNaselS # 23k A%
& #FISw TUNEL signale] YEFSEIL knockdowns 34 &2
HUVEC o4+ TUNEL signale] UYEH}A  &sktd.  SEPHS1S
knockdown?dt siSEPHS1 1452 TUNEL signale] YEFSETE

HUVEC®I| A
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Al 3 A SEPHSI1 knock-down A|¥°]A ¢ ROS 34
Z A}

o]d Ao FE AES SEPHSIo| Ahsl-3+ 44 fAo
olgttm LA glov ZAFA ROS7F HHHtE Al o] urel A 9
otk AlE Aldo] dojuE HUVEC A XA ROSE #AE37] 913
CM-DCFDA<®} DHE stainings #1335t CM-DCFDA+ ¥REA Q]

;O

ROSE Hdwkd oz gAS 3t DHE+= ROSTAIA % superoxideE
A gk,

A2 positive control, siControl, siSEPHS1 37}4] 1w S 2 U9
A8l Positive controlZ2E CM-DCFDAE H202E o] &332
DHE$] positive control®+ rotenones ©]83tgth 92 A3} positive
control &% FAEAoH, siControle Ao FMEA  ekokar
siSEPHS12 &t A=A, o]& &3 SEPHSIe] ZAF =™ ROS7}
=45™, 25o1A superoxide’t =4 H& & 7 JvHTH 4Al
o2 w3ts] =93ty Y&l SOD scavengerZ A E v Aol F7}81o]
Al ol 45 = ROSS E77F FAIA Felstaitt. WA drbA<Ql
ROSE Al A3sH= N-acetylcysteine(NAC)S A 2l3] Xttt CM-DCFDA
2 A5 S W SiSEPHS1AAE Ao A=, NACS A3l
S e @Ae] HA FUuth LI WA o' superoxided: A=

DHE 94l A% ¢ o] obwlglct,

)

ROS% superoxide®] scavenger$l superoxide dismutase(SOD)E #]
2l8] ®9krh. SODE SODI1, SOD2, SOD3 Al7kA F5F7F glow 7+7}
cytoplasmic SOD, manganase SOD, extracellular SOD©o]t}. o] Fof A
SOD1& A= wjAlel AH2lste] AEE widstitt. CM-DCFDDASH
DHEE o] &3] A4S w Ev} siSEPHS1 ZLgellA dAo] == ekt
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. o]& FalA SEPHS1 Aol AlxEZe] ROS

=
AN E 53] superoxide’t A ETE AMES & 5 Qo E 4Bl
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>

Positive siCon siSephs?

siSephs’ + NAC siSephs? + 50D

1¥4. SEPHS1 knockdown HUVECY ROS . (A)HUVEC®] A
A&l ROSS superoxide® Z+7 d9Ast= CM-DCFDA$ DHEE
A 3k th Positive control2F CM-DCFDAo+ H202E, DHEJ &=

rotenones AFE3F9 T (B) ROS scavenger$l NAC(YuFZ ¢l ROS)¥}
SOD(superoxide) & AF-&3lo] ROS7F T Aast=A] &21s ).

CM-DCFDA

DHE

CM-DCFDA

DHE
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Al 4 A SEPHS1 knockdownel ¢33 ROS
scavenger Z& W3}

MER =45 ROSE A 73} scavengerE ZAFsH], siControl®}
siSEPHS1o] dwrtu} Zpol7t EAjst=%] &elstaizr A3e a3 ZF4
o7 wus] Bt ROS scavenger?l SODI, SOD2, SOD3| ti3h
primerE ©]-&39] mRNA levelS HlWESTh. o] FxA=A ok
mRNA%YS gRT-PCR& F3l A#FH oz Hasdv. HUVECOA =
SEPHS1 Z¥ Al SOD1¥ SOD37F AA =dd gl

T 3

tlo

SOD2+= #AasHA] &t} o]E F 3l cytoplasmic¥ extracellularel] £ %]
g SOD7} ZFAste] AlZ Ul ROS 4] o] FoH5S ¢ + Ut &
3] cytoplasmicell EA1sl= SOD7F §lerm=z A U v ROS7F =
Au o] MEAE ] Aot 1 5AL

ol¢b= thZ A HelLa celldl A+ SOD13 SOD2¢| o] AL wWalA
eF3 SOD3wF #aststh o]k HUVECe H|siA = AA ZAastAth
235 HWH Hela celldlA+= Adidox SODl1o] AA FHAaskdal o
3 A2 Wl ROS % ¢] HUVECe] H|&] duldoz H9la, o
et Al EARE o] A EA] kt shA R SOD3+ s Y sHAl 7 AEkSlT]
o extracellulr matrixo]l ROS7} &2 uo] MEZ Ago] oFalAd AE

Aol A= S Aolvi 11 5Bl

il
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W siControl

& SISEPHS1

Relative gene expression HUVEC

sephsl sodl sod?2 sod3

M siControl

SISEPHS1

NS NS

Relative gene expression Hela
[an]
(84}
L

04 4
0.2
T
0
sephsi sod1 sod?2 sod3

1% 5. Superoxide®] scavenger fAXE¢ Td H AL, Superoxide
=

o} #H¥ FAAES wd levelE gRT-PCRE o] &3}

=459
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NS, =, ##x2 Z}7Z} not significant®} p-value < 0.05, 0.005% Yeldt},

A& o] AFEE primers [% 2]o A 32l 7} Eke)
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¥ 2. qRT-PCRo] ©] &3 primer list

Primer Name
Sod1 F
Sod1 R
Sod2 F
Sod2 R
Sod3 F
Sod3 R

Sequence (5-3’)
CTCACTCTCAGGAGACCATTGC
CCACAAGCCAAACGACTTCCAG
CTGGACAAACCTCAGCCCTAAC
AACCTGAGCCTTGGACACCAAC
CCCCCACTCAGTAGGTCTGA
AGATCGTCAGGTCAAAGGCG
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A4F3 2 ZF

ol A& A AFEFHE h2A A AE2E o] &3] AFE
st om, MR HeLa celld} g% A<l HUVECS H| 3] K 7]
A8l A= 2B eksl

A3 AFo| A =[Tobe et al, 2016] wjo} <FAE<l F9 cellol A
SEPHS1e] Z<E #H90s W ROS7F F#o #HAew, ROS & 57
A
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Abstract

Differential effect of SEPHSI1
deficiency on HUVEC and Hela

cell

Dongin /kwon
School of Biological Science

The Graduate School

Seoul National University

Selenophosphate Synthetase (SEPHS) is an enzyme needed for
synthesizing selenophosphate which functions as donor of selenium
for selenocysteine. In eukaryotes, two isoforms of SEPHS (SEPHSI1
and SEPHS2) exist. Only SEPHS2 shows enzymatic activities.
However, It is reported that SEPHSI1 is involved in maintaining cells
and regulation redox homeostasis.

In this study, SEPHSI1 is also important in human cells redox
homeostasis. HelLa as human cancer cells and HUVEC as human
normal cells are used to show SEPHSI1 activity. When SEPHS1 was
knock-downed by transfection of SEPHS1 siRNA, ROS was
accumulated in cells. After HUVEC get transfected cell death
occurred. On the other hand, HelLa cell growth was inhibited.

This study has a significance in human cell SEPHS1 redox
homeostasis activity. This will show the difference SEPHSI
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deficiency reaction on HUVEC and Hela cell.

keywords : Selenophosphate synthetase 1, reactive oxygen
species, redox homeostasis, oxidative stress, apoptosis
Student Number : 2019-28669
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