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Selenophosphate Synthetase(SEPHS)+= selenide®} ATPE vwj7/jA =
selenophosphateE @A sttt SEPHSE 5  7FA9]  paralogue,
Selenophosphate synthetase 1(SEPHS1) ¥ Selenophosphate
synthetase2(SEPHS2) & %< AMIAfAME Y FRFAMES gA|g
Sephs2%t selenophosphateS biosynthesis(A $H4)3} 3L Sephsle 1% A
S8l o] &9 AFolo = catalytic domain® A 3}= active site?] o}
m] =4k zpolo] uwhe}l selenophosphate #4 &2 o] ZAAH Tt SEPHS1Z
SEPHS27} &% o2 zk:= functional domain ¢tollA] E3] catalytic
domain®] active siteoll 4] zlo]E& YERU Il o] H o] & selenophosphate
synthesis activityel 9&2 v zlt} SEPHS12 Thr £+ ArgS 74
™, SEPHS2+= Secoldt CysE 7hxInh. 2 d7tellA = SEPHS1 Thr29
ZFg¢] ol mutagenesisE YO 7)1, 2 99 SEPHS22] Cys60A#] ol
mutagenesisES YO A Aoz  ATP  hydrolysisE® %53l
selenophosphate synthesis activityS 3| &3}=%] dolH e 3Ft} 1
A3 SEPHS19] Thr29Cyst ATPolA AMP+PizZ 78] HAal o
ttol7tb selenidet §l wiA A= AMPR 7h#3] &t lth. SEPHS2
Cys60> ATPolA selenideE YolFA=dwvwt AMPZ 7heis] & 4

o™ SEPHS29 Thr Ed®ol+= selenide®} J#¢lo] AMP= 7}



F90] : Selenophosphate synthetase 1 (SEPHS1), Selenophosphate
synthetase 2 (SEPHS2), A&, Active site, ATP hydrolysis
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L. A &

AdwS 5 vEF a2 F71A9 A dsdd Aot AdwS
A FE otoll A A=Al A8 (selenocysteine; Sec)d] FHENE FEA|3tH
Mg o] opm At Aol F7F H =], o]2d @¥lEE S selenoproteins
olg} H-Ett(Lee et al, 1996). Selenophosphate synthetase (SEPHS)+=
7] Selenium$! Selenide®t ATPE 7]d =& o] 83}9 selenophosphate

SHA = G40t 7| &R Selenocysteine o] AEA A 2o o

(ol
>
c
Q
x>
N
o\

F= t)4lo] SelenocysteineS A A7) 1L

Jm

3l tRNA[Ser]SecS o] 83lo] A Eo A Selenocysteines A A
stthy A Mt (Lee et al, 1989). = A  Foll selenocysteine
synthetase (SEPSECS)+= selenophosphate synthetase®Z4%-E A4 %
active selenium donor$! monoselenophosphate d&Rt= o] 22 tH(Xu
et al., 2006).

SEPHS+ bacteria®l A A5 @AEHA oM, B eukaryoted} archaeal
A= B2 AT (Na et al, 2018). 3Bl SEPHSE 24 3t
type (SelD)o. 2wk EZA3A 9t 1% AAAWE = F 7HA] isoform?l
selenophosphate synthetase 1 (SEPHS1)3} selenophosphate synthetase
2 (SEPHS2)7} A= th(Na et al, 2018). F 7FA 9 isoform=, 22

SEPHS2% selenophosphate A §14 2ol A catalytic activityE UERU



™ monoselenophosphate(SeP)& A3/ & 4 &= whHoll, SEPHSI+

selenocysteine(Sec) T4 T3S HolX FAwE AMEL] AFEd I4H

Qe ahi Buoli Aol AAHAHXy et al,2007). QAL
o  wolls  AdwAzge] @47 gaME SelD

olf

(selenophosphate synthetase) 7} 2 83l Ao Ay sty d 34 7]

o] Aoj¥l FdWolet ATPE ©]

ofo
ro

Aol A B At (Leinfelder et
al., 1990). webA, wre #ole] SelDE Aelwodd Ao 47 o)t}
SEPHS13 SEPHS2Z £ A4, 7% FAES Yekdd. 53], o
7154 domain®] conserved(X.<)% ]l &o] YESTHNa et al., 2018).
E. coli SelD2] homolog?®l 3| E 2] SEPHS2 catalytic domain®l] Sec
S MR o oy F9 prokaryoteo]l 4] SelD homologueE &
SEPHS29] active sited] A3} Sec At#]ol cysteine (Cysl7)S 714
= ¥HH9] human SEPHS13 Drosophila SEPHS1S 7h2F 7242 =zl
threonine(Thr)¥}  arginine(Arg)S  7F3t  (Low et al, 1995).
Phylogenetic analysisE &3 %S ol YA EL Cysl72 catalytic
processol] F83% S UEUE active siteddo] 93 A THKim et
al.,1992).

B AP = in vitro$HE ol A 9] Sephsl¥ Sephs2 A3ts4 7|5, &
3 Ad AFENA W3 A HE3 active site?] FL ofu] =il wE

SeP &4 w9, = catalytic activityel " X&= Jdke] ZHE Wz



Sephsl®] 7]5& 9slax stod. wieba], SEPHS1Y  SEPHS29]
catalytic domain &4 F9 ¢ o}v| =4t mutagenesisES £3] SeP g4l
o'l oS vHEAE 53] Ecoli SEPHS2¢ Cysl7el] a3+
mouse SEPHS12] Thr29E Cysteine® 2 |33t mutant®} SEPHS29]
CysE Thr® A3 mutantEel] wste] ATPE 294 7l 59
= AMP A 58S Ea8 8% o2 selenophosphate §4 o &

chahefar g



1. Vector construct A&t

pET28a-Human(hSEPHS1) pET28a plasmid®] 6X Histidine¥}
thrombin siteE A A3}L7] ¢ carboxyl terminus®] Ncol site?} amino
terminus®] Xhol sites ©]-&3dte] datxzts AZstlth. hSEPHS1]
cDNAE 2338t plasmid=HFH PCRZ T3 ¥ Ncol-Xhol A x7}
I &7 carboxyl terminus®l 6X Histidine tagS 37 pET28a(+)
plasmidell Abd st pET28a-Human(hSEPHS1) T29 =
Sephsl_Ncol_ Fwd¥} Sephsl_Xhol Rev® F primers AM&3FG T T3
carboxyl terminus® 5-ATGG-3'¢ Guanine 97] AAE 3l
Sephsl_NOATG_FwdE A}&3l9 in-frame readings %33t}
pET28a-Human(hSEPHS1) Thr29Cys mutant®] catalytic domain
Threonine29 F=(ACA)S Cys297=(TGC)e.& HA3tstr] YsirEsE 9
9] primer ¢+ &7 Sephsl_Thr29Cys_Fwd®} Sephsl_Thr29Cys_Rev &
A3t

hSEPHS2+= Ncol-Xhol siteol human SEPHS29] cDNAE X &3l
plasmid 2 EH PCRZ %% Ncol-Xhol 2% Z7+& AJFozn A
Z+sl A th. SEPHS29] Cys60 2 Sephs2_Ncol Fwd¥ Sephs2_Xhol Rev

S AFE3FA Y. pET28a-human SEPHS2 Cys60Thre] catalytic domain



Cys60 Z=(TGC)=
71 el =

Sephs2_C60T_Reve AF&3FA T} Full-length® constructe=
o transformation 3}t

stol3}9] 2L DNA sequencing s £ A<

Thr60

primer <} SHA|

A ZE plasmide= A g A

(e}
ps

o
1o
Ol

A ZA] AFE-3F RE primerv ¥13F 2t}

FE(ACA)L.E X 35E= mutant=

FA Tt

A =3}
Sephs2_C60T_Fwd$t
DHb5a 5

e Foo]

Primer

Sequence (5 ->3')

Sephsi_Mco|_Fwd
Sephs1_Xhol Rev
Sephs1_MCATE Fwd
Sephs1_T29C_Fwd
Sephs1_T2%C_Rev
Sephs2 Meol_Fwd
Sephs2_¥hol_Rev
Sephs? CEOT_Fwd

Sephs2_CEOT Rev

AAACCATGGATETCTACGCGGGAGTS

TGGTGLTCGAGAGAGGTGGLCL

AAGCACATATACCATETITACGLGEEAGTC

al

; 1_'_” (e

|

I

U



2. Human SEPHS13# SEPHS29 #43

pET28a-hSEPHS1 Thr29, Thr29Cys L2 312 hSEPHS2 Cys603}
Cys60ThrE 38t 3+ (BL21(DE3))E 37%2] Luria Broth(1%
Tryptone, 0.5% NaCl, 1% Yeast Extract) v # oA 37%, 250rpm & =
719t &3F% 6000 069 =EIdS o 0.1lmM7}F H =S
IPTG(isopropyl-B-D-thiogalactopyranoside)S % 7}8ll 31 t}.
IPTG(Invitrogen) 7} & tiZgatS 37%o A 4A17HS O v &F38FSi T,

N F QR o TS A



3. Ni-affinity column< ©¢] 83 Chromatography

pET28a-hSEPHS12 1mL(SEPHS1)2] Probond resin(Invitrogen)©l
resin -3¢ 2891 ¢] binding buffer (20mM Tris-HCI(pHS8.0), 500mM

==

= ¥ 500xg

32
5
12
(@)
At
o
k1
o
e
9

NaCh&E i dH3s] &5 +

oste SR U4

A1 ¥ 2] 2 resinel] A

il
_0|L
!
ox
ol
2
ftlo
R
)

2]
binding buffer& Y&tk 919 22 #4S 33 ¢ WHEsY @443
¥ resino] SEPHS13 SEPHS27} Eolale &oFS 7z Ho =
AE o A 2A1 s EEFAT Aol ¥ F o] A E
10mL-&°] columnel] 3] Fo]FAt} ojuf E3fdls FolF=
&

o] resing 94 F J==

1=

¥ =% washing buffer 1 (200mM Tris-HCl (pHSK.0), 500mM NaCl,
20mM Immidazole) & o]l t}h. 18] thA] washing buffer 2
(200mM Tris—-Cl (Cl, 20mM Tris-HCI(pH8.0)E Y o]+ resin®l &<
hSEPHS13 SpHS8.0), 500mM NaCl, 40mM Imidazole)E o531t}
Aol E & 500ul® Elution buffer(600mM Immidazole, 500mM
NaEPHS2E wlof it}

pET28a-hSEPHS2] A5-°3=, 2mL(SEPHS2) ] Probond
resin(Invitrogen) ¢} binding &+¢] hSEPSH1¥} U3k WH o2 3}ar,

wash buffer 22 4% (200mM Tris-Cl (pHS8.0), 500mM NaCl, 60mM



Imidazole) & A% 3 % 500ul Elution buffer® resinel] £-&

hSEPHS2E Wl oj WAt}



4. Sodium Dodecyl Sulfate-Poly Acrylamide Gel

Electrophoresis (SDS-PAGE)

Stock solutions ¥H& § b33 & A 93 10%9] As whEo
4] Hoefer SE 250 mighty gel set © FoJF3ich o o
bis-Acrylamide®} Ammonium persulfate= Y2 F WZ74 Zown g,
dolE & vkE gel setdl 3/65HF F-o]F T} separating gels &3]

3l F, stacking gel2 ol Hol=th

Separating gel

Water 2063ul
4X Lower buffer 1250ul
30% bis—Acrylamide (30:0:8) 1667ul
1096 Ammonium persulfate 50ul
TEMED Sul

Stacking gel

Water 1160ul
4X Lower buffer 500ul
30% bis—Acrylamide (30:0:8) 300ul
10% Ammonium persulfate 34ul
TEMED 2ul

Sample< 1X sample buffere}t 4904 557F #< F gelo] loading 3}

bl o,

o

At} 150V, 50mA(constant current)® ¢F 1A]13F 5ot A 7|95



5. Thin Layer Chromatography(TLC)

Z 10uly &g9de) 40mM HEPES(pH 7.4), 20mM KCI, 10mM

MgCly,5uCiofla—**P]JATP, 28] 2 10mM DTT% 0.3mg/mle] &4

hSEPHS1 Thr29, Thr29Cys # hSEPHS2 Sec60Cys, Sec60Thr& 77}

Fold & IAZE &<t 37 wEEA AT 14]7F $, PEI-Cellulose
TLC plate(Sigma)°ll 1ul® & 2 %] loading 3l t} 0.8M LiCl=
TLC chamber ¢toll A ¢F 1A]17F A% running Al AT . Running ©]
2 & plateE A Wo] Biomolecular imager (FLA7000IP)<l A

phosphorimaging 3} th.

- 10 - A =
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A Z3t plasmid®] construction: pET28a-hSEPHS1¥ pET28a-hSEPHS2
+ pET28a2] Ncol ¥ Xhol sited] PCRZ %% human SEPHS1¥}
SEPHS29] Ncol-Xhol A% Z=7t& Adgro =24 A x5 tH(Appendix
a9 5-8). AAE plasmidi= DNAE F%73}9 sequencingdlo] o] =3l
9 sequence’} =% 7]£9] SEPHSI1, SEPHS2 sequence®} alignment

sty gttt (Appendix 1#81-4). 19, 194+ pET28a-hSEPHSI1

3} pET28a-hSEPH2E W& A 7]7] §gk AgFS eIt 19, 200 A

o

= hSEPHS1¥ hSEPHS2 7tz IPTGE YolF9S wlef ¥x okt

S o] pET28a-hSEPHS1S Fojd &

o] WP WL A B

st
o
2
32
k!
o
QE
DN
>
=
wn
o
s
a
w0
Do
il

N,

Yo ool o 40kDac) wudel i wd HE AL BRI

o (9. 2B). B2 4% gl A soluble fractionE dFAdsIAt). o]

£ Q5] e 2LHEAIE oG] AL BAsn ANTYE
A4 4E el pellet SDS EeotZeolrtol= A HrldEon B4

sto] Hokt) o] uw thHFE o] wE Tl Aol soluble fractiond] <& A kot
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BX His

WEPHS1 Tnezicys - [ 1T pwumoie | DRl Theascm )

netruszop oo [Tipoometer | DEEEN | Cyeib

WSEPHST CywioThr: | T prwmeins | [ RESL | Eyseathe

192, Strategy of pET28a-hSEPHS1 Thr29, pET28a-hSEPHSI
Thr29Cys, pET28a-hSEPHS2 Cys60, pET28a-hSEPHS2 Cys60Thr
plasmids.
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hSEPHS1

hSEPHS1 hSEPHS1
Vector Thr29 Thr29Cys

hSEPHS1
(39kDa)

1 2 3 4 5

hSEPHS2
hSEPHS2 hSEPHS2

Vector w—l-hr Cys6l
Induction - + - +

+«——T75Kb

+—B63Kb

st — J—
+«—— 35Kb

- +—25Kb

e R A



192, Overexpression of pET28a-hSEPHS1 and hSEPHS2. Total E.
Coli extracts from 1ml culture were analyzed by 10&
SDS-Polyacrylamide gel electrophoresis. Total proteins from the cells
bearing pET28a-hSEPHS1 (lane 1, 2, 3, and 4) or pET28a-hSEPHS2
(lanel, 2, 3, and 4) were extracted just before (designated —; lanes 1

and 3) or four hours after (designated +; lanes 2 and 4) IPTG

induction.

-4 - 21
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1-2. Nickel AgaroseZS o] &3 &g AA

Nickel Agarose(Probond)& ©]-8&3Fo] SEPHS1(39kDa)¥} SEPHS2
(49kDa)e] 23 @jds GA sl Wash Buffer(20mM
Immidazole)¥} Elution Buffer(1IM Immidazole)s &2 &2 A A]
nlx)uko] agarose beadol] £l WA S T Fo] Yot wwA S

Do ATHZHS-4).

- 15 - 21
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hSEPHS1 T29

T5kb
63Kb
48Kb
I5Kkbh —*

25Kh —=

.
———
—
—
| —
L=
N—
e —
S
S—

hSEPHS1 T29C

_16_

hSEPHS1
(39kDa)



hSEPHS2 U60C

hSEPHS2 U60T

o -
gL — gl Ry
-

_17_

hSEPHS

e



1% 4. Purification of expressed recombinant pET28a hSEPHS1 and
hSEPSHZ; Recovered from soluble fraction and loaded on
nickel-affinity resin. After the flow-through fraction (FT, lane 2) was
passed, the resin was washed several times with Wash Buffer
(20mM Imidazole) (W1 and W2; lanes 3 and 4) and the bound
hSEPHS1 and hSEPHS2 was eluted with 600mM Imidazole (E1 and
E2; lanes 6 & 7) and analyzed by 10% SDS-Polyacrylamide gel

electrophoresis.

- 18 - ___:er _k:i_ -I_-]i



2. Human SEPHS13 SEPHS29 &4 &4

ogatel Al 2, Eel®l AxF hSEPHS1¥ hSEPHS29] AJ&3sh4 &
A& wlast7] 98] Thin Layer Chromatography(TLC)E o] &3to] =%

Abskodth. SEPHS1S wild type$! Thr299l A& AMPE 7hpi38) 844
53}, Threonines Cysteine®. 2 %] 3+st mutantol| A= AMP &4 &
Hol A As & F AAH. B yolrh Selenide’t A2 U= =4
ol M= AMP7} A4 ¥ = AS & F A3} CysteineS 7Fl hSEPHS?2
T Selenide’t $1& W Selenophosphate + AMP + Pi& gAshH,
selenophosphateE A @A gtk Aol B8zl v ot s Rk, 1Rl A
A% Selenide’t Z23¥ F&elA= AMPE #4d3hA Xt w
2 AR U ATt kel diE 23RS d5s7] H8] control
2 291 Wl WE (Mock Vector)ol A= ATP7F #8514 &S & & 9

k(9. 5).

— 19 — _.-:l.\,\__i -k:-.' T
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..";. | | |—ar

HSe- g -+ = + -+ - o+
Mack hSEPHS1 hSEPHS1 hSEPHS2 hSEPHS2
Vector Thr2% Thr29Cys Cysa0Thr Cys60

19 5. ATP hydrolysis Assay; 10ul reaction with 40mM HEPES
(pH7.4), 20mM KCI, 10mM MgCly, 2.5uCi of [a-32PJATP, and 10mM
DTT, and either with or without 0.25mM selenide. After adding each
selenophosphate synthetase protein, reactions were incubated at 37°C
for 1 h under anaerobic conditions. Then lul of each reaction was
loaded on to PEI TLC plates, the plates were run in 0.8M LiCl, and

the developed TLC plates were exposed to a Phosphorlmager screen.

L og - . _H E 1_'_” [



Selenophosphate  synthetase (SEPHS): R AEA F F7F9
isoformo.2 EAstH, Xuel AFHue uwEH, % SEPH2%H]
selenoprotein A& T8-S YER I Axe] Ay FAd H5H ol
= AT Aa77r YAk A vk SEPHS1S 183k 538o] 91, redox
homeostasisel] #ojdltt= AFZ23 9JAt}d. SEPHS1e] AZ¥EH, ~E
d 2~ & selenoprotein redox homesotasis & Fdxpe] wao] &
A3l A% hydrogen peroxide® 45 7FA2thE Aol HE A
=3

Na¢l <xae] s, SEPHS1¥ SEPHS2 A 24 ZAx
conserved ¥ domain°] ZZA %3l 53] active sitedl A Sephsl= Arg,

Thrs 7FAW SephsZ= SecAtg]o] CysE 7MA|= Zo] @zt oz}

A catalytic domain®] Xt Q= ofn =t wEl &4 A =
g3k 93ks 3 Ao=w HAXYG
¥ 7€ F3 ATP hydrolysisE 3l A o2 49 SePHEA =

L)

S FAMEE AR, Sephsl  Sephs? HEF 12 ATP  7bEEE)
(hydrolyze) T3S Yelhfo] ADP+PiE AA AT, SephsZst 7o
catalytic domain © Cys ¥+ Seco] &A3t= Z-$+= ADP7} ¢ &3

Ho] AMP+Pie = Ht} X%k, Thro= X3 SephsZ= AMP=E 7}

- 21 - J'n-: ri 1_]|



T8 A E3gth. webA, human  SephsZ’} Selenophosphate
syntehtaseZ#] selenoproteing A3 3s}7] 91814, active siteo] Cys7}
Ao o 2 9t

o Yo7l Sephsi® 7%, wild type?!l 29 A z+2]7}F Threonine$! 7
5, AMP= 7teE8 kA skl o, Cysteineo = A &k¥ - AMP
2 7his & ¢ don EHALE SelenideE WolFA 22 7oA

At

okt

= AMPE AMP=E 7}+E3 st 8o &

B A= EFd SEPHS1Y SEPHS29 catalytic domainel] £ A]3k= o}

n=2ke] FaoAS AAEEI T Sephsi®] Cysteine©] SephsZl w] X +=

Aol mutantse] I AEo disiA F o A Hasit dE

59, Sephsi®] Thr29Cys mutant®?} Sephs2 Cys603¥ Cys60Thre] =<
&

= TLCE &3 AMstlS Wel AMP 7hris) o8+ &

4
0
o

=)

ZAolth, ®ul olye} in vivo ZAANA 9 mutantE5LS A RS

o

ofsh=Ael W =AF dasith ¥ uolrk SEPHS1S v& 4%

~ 99 - A L-1



V. Appendices

Appendix 29 1. SEPHS1 Thr29 Sequence

Scora Expect Identitizs Gaps Strand
2953bits(159%) 0.0 1601/1€03(99%) 0/1602(0%) Flus/Plus
Query 4808 CORGGCCTRCCACCATACCCACGLCGAARCAAGCACTCATOAGCCCOARGTRGCRAGCC 4867
TRELLRLRRE LR LR R L T R p e e i el
Sojet 1 CEGERCCTRCCACCATACCCACRCCGARACARGCAC TCATGAGCCCHARGTRRCHAGLCE 60
Query 4868 GATCTTCCCCATCGETRATGTCRGLGATATAGGLGCCAGCAACCGLACCTOTGRCGLLGE 4927
FORLELLERET L e LR L e e LR ittt
Spjct &1 GATCTTCCCCATCGATEATATCOACEATATAGGCOCCAGCAACCACACCTETGRCGCCEE 120
Guery 4828 TGATGLCGECCACGATGLGTCCRGLGTAGAGGATCGAGATCTCRATCCLOLGALATTAAT 4957
IIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 121 TGATELCGRCCACGATGLGTCCRGLGT AGAGGATCGAGATCTCRATCCCGOGALATTAAT 180
Query 48988 ACGACTCACTATAGG TCTAGARATAATTT S047
IIIIlIIIIIlIIIHIHIIIIlIIIIIIIIIIIHIIIIIllIlHIlIlIIIIIIII
Shjct 181 ACGACTCACTATAGGGGAAT TGTGAGCGLATAACAATT AGARATAATITTE Z40
Query S045 TAACTTTAAGAMGGAGATATACCATGTCTACGCGEGAGTCCT T TAACCLGRAALGT 5107
IlIIlIIIIIIiIIFIIHIIIIIIIIlIIIIIlIIIIIlIII!IIiII[IIIIIIIIII
Shjct 2 AACTTTARGAAGGAGATATACCATGTCTACGCEEGEARTCCTTTAACCLAGAALGTTACE 300
Query 5108 AATTGGACAAAAGCTTCCGRCTAACCAGATTCACTGAACTRAAGEGCACAGRCTGLARAMG S16T
FLELLLCEREEEL L L EL R LR e e e et
Shict 301 AATTGRACAAARGCTTCCORCTAACCAGAT TCACTGAAC THAAGGRCACAGGCTACAAAL 360
Duery 5168 THCCCCAAGATATCCTOLARAAATTOCTGRAATCTTTACAGGEAGAACCACTTCCAAGAAG SZ2T
DERERRERR TR e e e e runnel
Sbjct 361 TECCCCARGATRTCCTGLAAMAATTECTGGAATCTTTACAGGAGAACCACTTCCAAGAAG 420
Query SZ28  ATBABCAGTTTCTGOGAGCLATTATRCCAAGOCTTGECATTGEAATOOATACTTGTGTCA SZ87
) IIII1IHIIIIIIFIIEIIIIIIIIIIIIIIIIIIIIIIIIIIIIFIIIIIIIIIIIII
Sbjct 421 TTEEAATAGATACTTGTET 480
Query 5265 CCTTTEAGRCACGRTGRRCTTTCCT TRATTCARACCACAGATTACATTTACCCGATCG 5347
IIIIIIIlIIIIIIIIIlIIIIIIIIIIIIIIIIII|IIIIIlIIIlIIIIIIIIIIII|
Shjct 451 TCCTTTEAGGCALGGETREECTTTCCTTRATTCARACCACAGAT TACATTTACCCGATCG 540
Query 5348 TABACGACCCTTACATGATGGGCAGRATAGCATHTGCCAATGTCCTCAGTGACCTCTA 5407
IIIHIIIIIIIIIEIIHIIIIIIIIIIIIIIIIIlII!IIIIIIIIIIIIlIlIIIII
Sbjct 541 TARACGACCCTTACATGATRGGCAGGATAGCGTRTGCCAATATCCTCAGTRACCTCTATG 600
Query 5408 CAATGRGGOTCACGGAATGTGACAATATGCTGATGCTCCTTGRAGTCAGTAATARAATGA 54587
NN RN RN AR AN AR NIRRT RARnTE|
Sbict B0 CAATGEGEGTCACGGAATGTGACAATATELCTEATGCTCCTTGGAGTCART AATARAATGA BE0
Query 5468 CCOACAGGRAAAGGGATAAAGTGATGCCTCTOATTATCCAAGRT TTTARAGACGCAGLTG 5527
I]IHII!IIIEIIEIIHIlIIIIIlIIIlII1IIHI1IIIIII!IIHIIIIIIIlI
Sbjct 681 TEATGCCTCTRATTATCCAAGGTT Ten
Query 5528 AGGAAGCAGGARCATCTGTAACAGGCGGCCAAACAGTACTAAACCCCTERATTGTCCTGEE S557
IIIHIIiIIl!I EIIFIIIIIIII||IIII|IIIIIHIIIIIIEIIHIIIIIIIII
Shjct 721 AGGAAGCABGAACGTCTATAACAGGLGGCCAAACAGTACTAMACCCCTEGATTETICCTER 780
OQuery S588 GARGAGTGACTACCACTATCTECCAACCCAATRAATTTATCATGCCAGACAATECAGTGE 5647
IIIIIIIIIIIIIIIII[IIIIIIIIIIIIIIIIII]IIIIIIIIIIIIIIIIIIIIIII
Shjct THY GLCAACCCAATGAATTTATCATRLCAGACAATGCAGTEE 540
Query 5648 CAGGGGACETGECTGATECTEACAAAACCCCTEAGRACACARGTOECAGTAECTATGCACE 5707
TLELTTILELTE II PULLREDEEEELEL L R e e it
Sbjct 841  CAGGGRGACGTBCTGHTRCTGACAAAMACCCOTRRGRACACAGGTRGCAGTGRCTETACACT  S00
Ouery STOE  AGTGGLTGEAT GRAATAAGATTAAACTAGTEGET SIET
X I IHIHII IIFII lIIIIIIIIIIIIIIHIIiIIlII iIlIIIl IIIIlI
Spjct Al GTEECTHGA TEAGAAATGEAATAAGAT TAAACTARTAATCACCCAAGAAGA 360
Duery 5763 TABAGCTGGCCTACT ACATEECEAGGL TCARCAGGACAGCTRCAG 5827
LTELLELTTIagn EIHIIIIIIIIIIIIIIIIIHIH 11 II [WERRRNRANAY
Sbhjct 961  TAGAGCTGRUCTACCAGGAGGLGATGA TEGCEﬂBﬁCTCA#CAfﬁAC&ECTEU.E 1020
Query 5528 GACTCATGLACACGTTCAATGCCCACGCCACCACTRACATCAL EEGI:T E‘ﬁﬂﬂ. TTTGG 5837
) IIIHIIIIIIiIIEIIHIIIIIIIIIIIIIIIII1II [LLELTELNETELg IIIII
Sojet 1021 GACTCA GTTCAAT TCACGGRUTTCORGATTTTGE 1050
Query 5508 CLAAGCAGCAGAGGAACGAGGTGTCOTTTRTAATTCACAACL 5847
IIIIIIIIIIIIII[IIIIIIIIIIIIIIIIIIIIIIIIIII [LLLETELLd II II
shjet 1081 CATELELAGRALT AGETGTDETI GTA, ]T 1140
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Appendlx 19 2. SEPHS1 Thr29Cys Sequence

T Expect | Ddenthes K T Etmed
H'H Lanl 1379} 0.9 LT L300 (e ':II'I-H'I"U"'II'I Py Sl
Gty NG ACCATACTCACGCC LA UGCRC T CATRAGDOC RRARTSDAMECCDERATCT IO 4878
|||||||1||Ii|||||||11|||l|||||||i|||||||||||1l||lt|||||||1||
sniet 1 AL LA T AL AL GLCRARACAMICI, T LA TRAGLCCGAAG THECRASCCCBATC TIOLICA 6O
Quyiy  AHTE  TCBATRATETCRECHATA TAGSCRCTARCAAIDECACCTRTRADECOETRATEODET 4038
FERLDIARARREREL A Rt P R e IV RRRRE bR Igane
Shict &1 TR T AT CRCTA TA TS AN AROCSCACC TO TGOS OENT GATRODGEIC 120
Qusry 495 ACBATBOSTCCOGCATARLSEATCRARA mlﬁﬂﬂﬂiﬁﬁlﬁﬂufm A A553
||||||H|I|”|||||HIIIIHHﬁIHIIII” LECELRRREREe e
Shiel 120 ACBATECETCCRECHTARMGEATCRARATC TORRTCCTRIAARATTALTACTEAC TCACTA 180
Gueery 4550 TRGOORLLT TAT LABORAL TARCALT TOCLE TCTARMAT AL TTTTERT TTAMAL 5058
LELLELIOREREEERLI I INaREL |||||1I|It|||||||IIIIIF|||||||!II
Shiel 181 TAGGHRARTTETEARCREATAMCAATTOOLT TETAGAAATARTTTTGE 240
Gupaiy SIS AHLATIATA G TG REAG TOL T TTARC T ARG T TACTRRAT TOOACARE 5116
|||||||l|lli||||||11llllf|||||||llllir||||||ll||tr|||||||1||
Shjct 241  AGBABATATACCATETCTACGCGGGARTOL TTTAMCCLBAARRET TTEEACARS 300
Gty S8 ABCTTOOGECTAACTAGA TTCACTGRAL TRAASSGCACAGARC TECAMMAT GLODCAMGAT 5178
TELLIPTARRRRE R R iranng ||||]I||I|.||||!|H|I
Shict 800 AGCTTODSSCTARCTANLATTCACTRAAL TRAMSNETT THCALRAT T w0
Qoary  SITH  BTCCTECALLAATTHC TGRAATCTTTACAGRASAACCACT TOCANGAABAT BABCASTTT 5238
EECCLLIARNE LR AR L AN E R EL L R RREER I Itdnn
Shiel 3 GTCCTECARSAATTRC TEGRATCTTTACARSARARCTACT TOCARGRAGATOAGCAETIT 420
ey B2 CTEGEAGODAT TATAOCALSSCTTOOCAT TRAMATSOATACTTATATCATTCCTTTEASS BiG8
|||||||1lIIF|||||||IHIIIIII|||||1lIII||||||||1IIIT|||||||1II
Shjet 421 CTBBRASCTGETTATROCANGGCTTROCATTRRAATGENTACTTATATCATTCCTTTANS 480
Gurey S CACGOTOGSCTTTCCT TGO TICARACCAL M TTACAT TTACCORATORT AADRADICY 8358
R R N A A A L
Slot 451 CACBETESECTTTCCTTEHETTCAMACCACARATTACATTTADCOSATCATARADEACCCT 540
Qusey 5350 TACATAATGEECAGHRATASCATETACCAATETCCTCAGTRACC TCTATGCAATHEEEETC S418
FECTIOARARRR R PV AR PP AR ERE R LR nguereninani
Shict ST TACATOATSRMCABIATASCETATOCCAA TATCCTCABTRACC TC TATRCAA TGN TC 500
Guery T4 ACHAAATETEAC AATATEC TRATGCTCCTTESASTCARTAATAALATEACCEACARGRLL  C4TH
PELELIRREREE R T A A R L R RN REEEE L IR L naane
Shiet BN ACHAATETGACAATATHC TAATGCTCCTTHARGTCART AATAMATERACCIAC AEGRAL BB
Oueery  TATE  ASEAATAMSTEATBOC T TEAT TATCCALSETT T TALLALORCASC TRARRALACAGAL 5538
PEERIACARER R L AR R L IR R L aRERbI LI Andae
Siel  EEY ARGEATAUUGTEATRCCTCTRATTATCCAABE TTT TAMARACBLAGC TEUGRAABIAEEL T
Gueery 553 ACATCTOTARCAMGCAHGUTARACANT AL TRACCCCTMEAT T TCC TMMBAMIAR THECT 5954
PO DRLRRRRRR e e e e i e rrnnnnn
Spict  TEY  ACETCTETAACAGGOGECAAMC AGTACTAMCCCCTRANTTATCCTRREABOAETEECT B0
Gumsey  SR03  ACCACTETCE TELATTTATCATECCAGACAATRCAGTECCAGGRAATETE 5658
I!IIIM“IIHHIIIIHIIIHII|IIHIIIII||||||H|I|[|||||||:|I|
Shjct TN TCTBCCAADDCAR TALATTTATCA TECCABACAA TOCAGTRCCAGGERADATS 340
Qey TESH  CTHETECTEAC AAAACTOT TEEEGAC A KRS TEECART GRC TR TECACCARTREC THRAT S8
POEEIPARRERE R R RREET PV AR P RN RRRRRELTLaang
Seict B CTOSTHD TRLC AR TEHMRAC ARG THGRCAET 0C TATHCACCART 0 THGAT 200
Gotry  STIS  ATCEE TENSMLT GRA TARALT TARL TAETEET THTABARE TEECC 5778
= ||I|||IlIIIF}||||||1IIIIl||||||J!illlr|i||||1IIIIF|I|II|11II
Spietl B ATCOCTRAGRAAT AN TARGAT TAAAL TAR TGN CACCOARAANGATET AGARC TEECT S50
Gy ETTE TRCCAGRASHIRAT A TOALCAT GORCATEE TCARC AMEACAGC TR UREAC TCATEIAC  So0m
PELODORRRRRERL R AR RER L L L AR R R R Rk naen
Srict 51 TAOCASSASSCEATGATAAACATEOCRARGL TCARCAGRACAGC TECABEACTCATEIAD 102D
Qe SR ACHTTCARTECCCALHOOBOCAL T GACATCADBEECT TCOBRATTTTREECTATEORCAE SO0
TEELORONNRRREr P et v muEr e e rannn
Shjct 10E1 nTmm::tnll:mc&rmtmmrmﬁnmn:u 1080
ey TEER AADT TEECTALEC AR ARG CARATETOGTRTATAATTCACAMCCTCCOBETECTE  Soth
FEETDOAOARRERRL R AR R LR AR E R LR RE LR rrangs
Shict TN AACCTOBOCALGCANC G TRA TO TORTTEGT AT TCACAMCCT COCTEE TS 1140
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Appendix ¥ 3. SEPHS2 Cys60 Seque
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Appendix 13 4. SEPHS2 Cys60Thr Sequence
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Appendix 13 5. pET28a Mock Vector

{5207) Xhol BIpI (s286)
Dralll (245)

i \ ‘
PsiT (370)

(5089) MNcol -
T7 promater;—
(4964) Byl = (- -
==
“oay sea tﬂ%\ﬁ ™ termin:f.,"n"l-‘,
| O gtis o

4775) SphI — v
(4775) Spl b s

_ AsiSI - Pvul (345)

(4566) BSEAPT
TspMI - Xmal (1067)

Smal (1058)

| — BspDI - ClaT (1250)
|— Nrur (i2ss)

(4242) MiuT
(4228) BclI* —

(4060) BSLELL
(4042) NmeAILIl

pET28a Mock Vector
(4038) Apal 5363 bp

(4035) PSpOMI
T Acul (1589)

(3831) BssHIL
(3796) EcoRV
" AlwNI (1732)

(3740) Hpal

BssSal (1968)

Pcil (2141)
BspQI - Sapl (2258)

| Tatl (2337)
BSIZ17T (2374)
PFIFL - Tth1111 (2393)

(3401) PshAL

(3185) Ball
(3164) Fspl - FspAIL
(3135) PpuMI
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Appendix 1% 6. SEPHS1 Thr29

(6247) PaeR7I - ThI - XhoL

(6058) PmIT b
(6025) BfuAl-BspMI | v |

BlpI (5325)

Dralll (245)
(5383) Stul v \ ! Psil (370)
\ |
(5826) PstL \
(5745) Spel
(5676) Pasl

(5655) BmgBI

(5603) BseRI

(5564) Scal
(5525) BbwCI _
(5514) Dral ———

I s

T7 terminag,
ASiSI (345)

(5118) HindIII-_

— BspDI - ClaT (1250)
(s020) Xbal

— Nrul (12s8)
(T7 promaoter. - E = 5
(4s64) BglI ~_ IS «&‘?
(4923) SgrAl = 3
a
: pET28a+hSPS1_Thr29
(4775) SphI o

5409 bp

18 1981
oW
o

BssSal (1958)
(4242) ML~ ~
(4228) BdlI*

BspQI - SapI (2258)
(4042) NmeATIT —
(4033) Apal | BStZ171 (2374)
(4035) PspOMI

PAIFT - Tth111T (2335)
(3231) BssHII

(3740) HinclI - Hpal

(2401) PshAI

FspAI (3164)
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Appendix 13 7. SEPHS1 Thr29Cys vector map

(6247) PaeR7I - Tiil - Xhol BIpI (6326)
(6058) PmIL
(6025) BfuAl - BspMI \

\ ‘ Dralll (245)
(5983) Stul

Psil (370)

(s826) PstI
(5745) Spel
(s676) Pasl
(5655) BmgBI
(5603) BseRI
(5564) Scal
(5525) BbwCI

(5514) Dral — = AsiST (945)

(5118) HindIII .
{s030) Xbal _
[T7 promotel

(4964) BgIIl
(4923) SgrAl ™

BspDI - Clal (1250)
— NruI (1286)

RBg

(g

500¢]
lac operatg, |

PET28a+hSPS_Thr29Cys
6540

(4775) Sph s bp

o

oid 1
o

e

BssSal (1968)

(4242) Mlul .
(4228) Bell*
BspQI - SapI (2253)

T BSIZ17T (2374)
PAFI - Tth1111 (2359)

(4042) NmeAIIl —
(4033) Apal
(4035) PspOMI

{3831) BssHII
(3740) HincII - Hpal

(3401) PshAL FspAI (3164)
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Appendix 13 8 SEPHS2 Cys60 vector map

(6415) XhoI BlIpI (5434)
A ‘ Dralll (245)

(5979) Pstl
(5968) BfuAI-BspMI
(5910) Bsal . " 05
= o

6‘1"‘"5 T7 termingg,,

(5701) Agel
_ASIST - Pvul (5945)

TspMI - Xmal (1067}
(5448) Bsu361 - Smal (1069)
(5412) Pasl -

(5345) MscI*

BspDI - Clal
(5302) Eagl - __-Bsp al (1250)

— NruI (1286)

pET28a-hSEPHS2_Cys60 \ = Aol (5]

(4964) Bl

(4923) SgrAl 5577 bp |
(4775) Sphl—

(4566) BStAPT

" BspQI - SapI (2258)
- Tatl (2337)
" Accl (2373}

BstZ171 (2374)
PFIFI - Tth111T (2399)

(4242) MluL
(4228) Bclr*

(3831) BssHII

(3401) PshAl Fspl - FspAI (3154)
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Appendix 713 9. SEPHS2 Cys60Thr vector map

(8415) PaeR7I - PspXI - TIiI - Xhol BlpI (54394)
\ ‘ Dralll (245)

2 i
> UL e
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° 8577 bp |
@
F

(4775) SphI —

BspQI - Sapl (2258)
— Tatl (2337)

AccI (2373)
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PFIFI - Tth111T1 (2399)

(4242) Mlul
(4228) Bcll*

(3831) BssHIL

(3401) PshAT Fspl - FspAT (3154)

- 31 - o .-"'{\.. _-t;'.-_ I__] ':j}



VI. 153

Alsina B, Serras F, Bagufia J, Corominas M. (1998) patufet, the gene
encoding the Drosophila melanogaster homologue of selenophosphate s
ynthetase, 1s involved in imaginal disc morphogenesis. Mol Gen Gene
t. 257(2):113-23.

Bang J, Huh JH, Na JW, Lu Q, Carlson BA, Tobe R, Tsuji PA, Glad
yshev VN, Hatfield DL, Lee BJ. (2015) Cell Proliferation and Motility
Are Inhibited by G1 Phase Arrest in 15-kDa Selenoprotein—Deficient
Chang Liver Cells. Mol Cells. 38(5):457-65.

Bock, A., Forchhammer, K., Heider, J., Leinfelder, W., Sawers, G.,Veprek,
B., and Zinoni, F. (1991) Selenocysteine: the 21st amino acid.Mol. Microbi
ol. 5, 515—520.

Flore O, Bastien C, Arnold D, Puemi, Jurgen S, and Christian B.. Analysi
s of Novel Interactions between Components of the Selenocysteine Biosyn
thesis Pathway, SEPHS1, SEPHS2, SEPSECS, and SECp43. Biochemistry
2017 56 (17), 2261-2270.

Itoh Y1, Sekine S, Matsumoto E, Akasaka R, Takemoto C, Shirouzu M,
Yokoyama S (2009) Structure of selenophosphate synthetase essential for

selenium incorporation into proteins and RNAs, J. Mol. Biol. 385(5);1456 -
1469.

- 32 - 2T



Kai-Tuo Wang, Juan Wang, Lan-Fen Li, Xiao-Dong S (2009) Crystal str
uctures of catalytic intermediates of human selenophosphate synthetase 1,

J. Mol. Biol. 390(4):747 - 759.

Kim 1Y, Veres Z., Stadtman T.C. (1992) Escherichia coli mutant SELD
enzymes. The cysteine 17 residue is essential for selenophosphate formati

on from ATP and selenide, ] Biol Chem. 25;267(27):19650-4.

Kim JY, Lee KH, Shim MS, Shin H, Xu XM, Carlson BA, Hatfield D
L, Lee BJ. (2010) Human selenophosphate synthetase 1 has five splice
variants with unique interactions, subcellular localizations and expressi

on patterns. Biochem Biophys Res Commun. 397(1):53-8.

Lee, B. J., Worland, P. ]J., Davis, J. N,, Stadtman, T. C., and Hatfield, D.
L. (1989) Identification of a selenocysteyl-tRNA(Ser) in mammalian cells
that recognizes the nonsense codon, UGA. J. Biol. Chem. 264, 9724—9727.

Leinfelder W, Forchhammer K, Veprek B, Zehelein E, and Bock A (19
90) In vitro synthesis of selenocysteinyl-tRNA(UCA) from seryl-tRN

A(UCA): involvement and characterization of the SelD gene product.

Proc Natl Acad Sci U S A. 87(2):543-7.

Leung L, Kwong M, Hou S, Lee C, Chan JY. (2003) Deficiency of th
e Nrfl and Nrf2 transcription factors results in early embryonic lethal

ity and severe oxidative stress. J Biol Chem. 278(48):48021-9.

Low SC, Harney JW, Berry M]J (1995) Cloning and functional charact

erization of human selenophosphate synthetase, an essential componen

- 33 - A 2-t)] &



t of selenoprotein synthesis. J Biol Chem. 270(37):21659-64.

Na, J. Jung ], Bang J, Lu Q, Bradley C, Guo X, Vadim G, Kim J, Dolph
L. H, Lee B (2018) Selenophosphate synthetase 1 and its role in redox h
omeostasis, defense and Proliferation. Free Radical Biology and Medicine

127:190-197.

Serras F, Morey M, Alsina B, Baguiia J, Corominas M. (2001) The D
rosophila selenophosphate synthetase (selD) gene is required for devel

opment and cell proliferation. Biofactors. 14(1-4):143-9.

Shim MS, Kim JY, Jung HK, Lee KH, Xu XM, Carlson BA, Kim K
W, Kim IY, Hatfield DL, Lee BJ. (2009) Elevation of glutamine level

by selenophosphate synthetase 1 knockdown induces megamitochondri

al formation in Drosophila cells. J Biol Chem. 20;284(47):32881-94.

Tamura, T., Yamamoto, S., Takahata, M., Sakaguchi, H., Tanaka, H., Sta
dtman, T. C., and Inagaki, K. (2004) Selenophosphate synthetase genes fr
om lung adenocarcinoma cells: Spsl for recycling

L-selenocysteine and Sps?2 for selenite assimilation. Proc. Natl. Acad. Sci.
U. S. A. 101, 16162—16167.

Tobe R, Carlson BA, Huh JH, Castro NP, Xu XM, Tsuji PA, Lee SG,
Bang J, Na JW, Kong YY, Beaglehole D, Southon E, Seifried H, Tess
arollo L, Salomon DS, Schweizer U, Gladyshev VN, Hatfield DL, Lee
BJ. (2016) Selenophosphate synthetase 1 is an essential protein with r

oles in regulation of redox homoeostasis in mammals. Biochem ]J. 15;4
73(14):2141-54.

7347 -":lx_= _'k.l.'\-'_'l'_i F;



Walker, H., J.A. Ferretti, T.C. Stadtman (1998) Isotope exchange studi
es on the Escherichia coli selenophosphate synthetase mechanism. Pro

c.Natl.Acad.Sci.USA 95:2180-2185.

Xu XM, Carlson BA, Mix H, Zhang Y, Saira K, Glass RS, Berry M],
Gladyshev VN, Hatfield DL,(2006) Biosynthesis of selenocysteine on its t
RNA in eukaryotes, PLoS Biol.5(1)e4.

Xu XM, Carlson BA, Irons R, Mix H, Zhong N, Gladyshev VL, Hatfield
DL (2007) Selenophosphate synthetase 2 is essential for selenoprotein bios
ynthesis, Biochem. J. 404: 115 - 120.

- 35 - ___:er _k:i_ -I_-]i



Abstract

Selenophsophate synthetase(SEPHS) synthesizes selenophosphate from
using ATP from selenide. SEPHS has two paralogues,
Selenophosphate syntheatsel(SEPHS1) and Selenophosphate synthetase
2 (SEPHS2). These two isoforms are highly similarity in sequence
and structure. However, only SEPHSZ has the ability to biosynthesize
selenophosphate, and SEPHS1 does not. Among the functional
domains that these two have in common, the difference between the
two 1s the amino acid that exists in the active site in catalytic
domain which determines their selenophosphate synthesis activity.
SEPHS1 has Thr or Arg, and SEPHSZ has Cys or Sec at the active
site.

In this study, mutagenesis was induced in Sephsl Thr29 site, and
corresponding Sephs?2 Cys60 site and assayed ATP hydrolysis activity
on the mutant enzyme to see the ability to synthesize
selenophosphate. As a result, Sephsl Thr29Cys was hydrolyzed in to
AMP+Pi from ATP and surprisingly AMP was produced under no

selenide condition. Sephs2 Cys60 was able to produce AMP from
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ATP only with Selenide background, and SEPHS2 Cys60Thr could

not hydolyze AMP from ATP either with or wihtou the Selenide.

keywords: selenium, selenophosphate, ATP hydrolysis, AMP, SEPHSI,

SEPHS2

Student Number : 2017-24567
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