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1. A &

T

3 A4S o, ~HRZolE XA, XY, TFA 9 Fd2dHE dAbd F
T ggE gt AEIAA Fao 2EJAT(A-3).  IFolA =
peroxisome proliferator—activated receptor-gamma coactivator-1
alpha(PGC-1a) =4, mEZE=gol AFA 2 we 4stabgS ko] A
2 g Aol #oJste o2 delx i, LRH-10] A¥EHAS o
AFA 2EY 2z o3k AYZE A o] FEHE Aom A UvH45).
ueba 54 Al LRH-1°] 2= S wf wler Abshzbgol] ofsf 7hel A

SAAL =40 o A SUME T BaEo] AUHE). T4 Al ZrelA 3
oA 49 FAAYS 72 A & (ipid droplet) Wloll A ZdETH7).
A g Ad A D ol&e #FE A= A HE, L& AE
W FE AR s 2ASER dF 2EY S A Hegh Ak
o7 Qg A AP RFE S HIES

t=d T3 925 8-10).
[e]

9 B v zE

F

Ho
i
2

= ]
S F AR st F oY vy S50k o]FEA &4 cystathionine
B-lyase(CBS)¢} 37 F2 WA Fa4x A aih=2 4dHA 9
(11-13). CTHE AgaAdA F=2 H3axn, 71 A 2 Ao F4

=
ot AY 22 dYA oy, =7}, dxstely &), d 5|

Fotrie Tt AEEdRA, 53] A|2HQ W75 -SSHE W SAIA

o] A4S zHseE WA sulthydrations E8] AlE ol 4H3}
cEd s, AN A R nEZEol A% 58 vt Aow 4
A ATHR). #skrEAa Aol TolshE @4t CBS, CTH, 3-mercaptopyruvate
sulfotransferase(3-MST) 2 cysteine aminotransferase(CAT)= 4 7}A| 7} F=2
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AL 8 Fuo] A4 9 LRH-1 ZA¥(knock out) C57BL/6 vw}$-~5 ZHz}
5 vl A Aol W 24 A 5248 =
et ozt HAdsE SEddIe s T3 FIHAGY

(KM-2022-25R1).

um FARE ¥FEste] 60 Col A 1 AlzF E<F weka

o aAHAAT. FHAS A A
A8 AddAo=z 5 —E—“—] 3 3 9 %, 100%, 95% 2 90% ol g2 A Z+
AX Y. Mayer's hematoxylin &4 (H&E, BBC

Biochemical, Mount Vernon, WA, "=)o 2 4 &3+ A5t & mEest &

2 2 B FARY. 5% deez AH S8FE F eosin Y &9 (H&E,
BBC Biochemical)©.2 7 %7+ ®wH&-sIlth == FAg % 90%, 95% %
100% olg& 2 Ad#Aow g3 R4S AN T FdALL AY &2l

=2 AN AT
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AR FA4E #le] flete] 2 24 50 mgd FREEF(CHCL)# v
&(MeOH) & 2112 EF3 g9
2:1 CHClyMeOH€¢} 2 mLell &3}3}



6-8 mL A= FE=c ZA7t2E FYste]l Ax AZA. dxd &

H
H 783 x g= 10 #7) %é‘.%ﬂ‘é}%ﬂ}. obelZo] 47 % %, CHC
te FoE 25

del 44 9 LRH-1 29 v§29
= TriZol reagent(Life
Technologies, Carlsbad, CA, V=)E& AF&3tAt I F 1 ugel RNAE
iScript ¢cDNA ¥4 7] E(Bio-rad, Hercules, CA, " =)S A}-&3lo] A H %
DNA(cDNA)Z #4dA17]31 cDNAo| Z#le]m e} SYBR green(iQ SYBR
Green Supermix, Bio-rad)E& 33ste] AF TFash Adts 48
el A% F=Fdasr s BAHe CFX9%6™(real time system,
Bio-rad) & Al-&3le] a3ttt =40 AFE% forward®} reverse ~}o]
W o ZTHE D).
THEE ANNE FHLE 95 TollA 3 &, 95 CTeollA 10 %, 55 Tl A
TIN5, 55 Colld 5 & 283 95 T
A A

<
] T
A 22E S7HAA wE SA4S a3 29 s 48] adzs

-

Z A 7]
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2. 5. Western Blot #47:

8 FHo A4 vk~ LRH-1 29 vh§-2ol B4 2ol 9 24 AzF =
e & F 3 2AE BEste 24 &3 &S A(T-PERTM tissue

protein extraction reagent, Thermo Scientific, Rockford, IL, ¥|=5)& A}-&
sto Al82E FHe T AlEe] @ A2 bicinchoninic acid @92 A &
71E(BCA, Thermo Scientific)E At&3to] 562 nmolA FF =5 S5t
st o, 10% sodium dodecyl sulfate polyacrylamide geloll A/ w32
S #2835 0.2 uym nitrocellulose membrane(GE Healthcare, Uppsala, 2=
deer &AF F 5% skim milk/TBST(20 mM Tris-HCl, 137 mM
NaCl, 0.1% Tween 20, pH 7.4)°l ol AZelA 1 A7t &t Aol A
AANAY. 1 % LRH-1 12+ &A1 (ARP37407_P050, Aviva System Biology,
San Diego, CA, "w=), CTH 1z @A (sc-365382, Santa Cruz
Biotechnology, Dalla, Texas, " =), GAPDH 1x} &#](2118, Cell Signaling
Technology, Inc., Danvers, MA, v=)& A}-83}o] 16 AlZF &<F 4 TAlA
HEe A AT 22 A EE anti-mouse HE  anti-rabbit IgG  horseradish
peroxidase/TBST(Santa cruz, Paso Robles, CA, "]=H)&E 1 A7 ¥F-& A7
T owd HEo] AFE3S T pico ECL(Clarity Western ECL Substrate,
Bio-rad) & oA 2 &3t WAAIA @S glekS]

=

A Aol W 24 Az 4% 4 phe2sh LRH-1 29 vh2o 4 o

8 BRUE)E sl R NA rhyat oaERY

(laBmet, GahAle, 7%, S0 v F ABstel Aol s
&

o}
HE Adsta Haws 2t doo] WEHESs 3 5, EBSS(EBSS, #4



Z, A4k g)ek 05 mM EGTAE el #R3ste] dds AAs AT 1
2 EBSS¢F 2 M CaClH,O, Liberase(liberase perfusion, Roche
Diagnostics, Indianapolis, IN, "|=1)& Fd3ste] 1+ a45 A AL 3H
S 54 10 cm AlEulF FAldl 8 8kal EBSS¢ 2 M CaClLH0Z H=
HA FolF $, 100 yM Y& AlE oAHR7| & AMEste] MEE oA FAA
2 AA7IE AASI ARES 50 x g, 4 TolA 1 &3F A 5A
t}. percoll buffer(GE Healthcare, Uppsala, =¥l &)l tA] & g3k, 100
x gollAl 10 3 ARt HAEE EYetdth FEE HAEs
10% FBS, 1% Glutamax, 1% P/SZ R F % William’'s Medium E(Gibco)
of F=HA AEegstn FepAor IEE 10 cm W% FAo] AEZES u

Fsteirh,

-

2. 7. AN AE A FA4:

nEZEgol 3% 43 At AbstE FA4sH7] 918 Seahorse XF96
271 (XF96, Agilent Technologies, Santa Clara, CA, "]=r)E& A}l-&3}¢]
A} FAEZANA ] sE SASIAT. A AE= FHd A”o] #
seahorse microplate(96-well)oll 2 x 10°2 wjFstF Tt AXE ) Atk A%
& (Oxygen consumption rate, OCR) &4 A AlA JLEZ A B ¥
(XF Calibrant, Agilent Technologies)S %L 37 C9 o|2tgletAa7t fle
ItlolEell A i ¥Fe & TEAUES gl DMEMOA dxF (HAZE
i sttt OCR AAF B wEFZ=2 ol OXPHOS < A|A9F wiA& pH
742  Z2ASHY. vEIZZ=Z ol OXPHOS JAAQ] S avto]al(2
mg/mL) % ZH=0 mM)<S 722t F718 § 7] OCRS Al W A3
Al W dEs AT &g arteldl OCRS A E AuHE 43
S A Al M SA4S oA AAstdo A3 EF2 71 S5
A aEs gas xdH Ak A Abs(Fatty acid oxidation, FAO) 3
M, FCCP, =ZHl=, dERAS HFstel FA43A

O

rl

K

==



(Seahorse XF Long Chain Fatty Acid Oxidation Stress Test Kit,
Agilent Technologies). OCR¥} FAOE= 99 d Fkol o3 %F3tsta 7}
Eg A ¢} seahorse XF96 AZEYolo] & xEo =z Aista 725+
o},

2. 8. RNA-sequencing(RNA-seq):

-

,E.@IOH g 93k 71 }_;_q /\n%% Z) Ak /\10] g_; 24 )\]71_} %L/}j]% =Z] 3l &} xg/\L

= yul 1l O O — 1o R4 e}
2 LRH-1 23 wlg2o A FHeAT. 1 2404 A2 RNAE 533}
o] RNA-seq(Macrogen Inc., A&, $t=r) #4& AASAY. & RNA T 1

mg< Truseq RNA #olB. 28] 7]E(lllumina, San Diego, CA, T|=1)E A}
&38kol cDNA gholBeglE FAst7] 9 24t ZREZcde= &
A7 AdE®E RNA 5%, RNA #3729 siapm szofold AL
Nlumina Hiseq 2000(Illumina, San Diego, CA, V] =)& A}&3F 100 nt *%9
A= AJAA o] x5 o agilent technologies?] 2100 Hlo] e A7) =
Abg-ete] A3t

2. 9. ZZHH

A A

m U
5|\

HEK-293T AZE& 6-well #FgAl welld 15 x 10712 wigFgdch A
%9 Lipofectamine®2000(Invitrogen, Waltham, MA, #7%)& o] &3}
pcDNA 3.1(100 ng), pcLRH-1(100 ng), pCMB-B-galactosidase(50 ng)
& Zotev= 3 pmCTH 20000100 ng)S FAFS AlAHTh FdFY 24
AlZF & A Ee] 100 pM DLPCE #7138 th3, thA] 24 A7 ajFak

O %, AZES A% Al RIS AP,

2. 10. AlZ=HRl v 54!



HA A Aol 324 AIZF SA S 7 G4 vh¢29k LRH-1 29 vk
of df S etk o1 5 25 pLe] A 50 pLe] &8 EFete] A=
i, gAe @34 20 plet & 10 uL 283l 80 ple HEeEs &

10 23 dEF3dn =89 AES 4 T, 14200 x gollA 10
w2lE AE 40 plet 20 pL #F YEH(Sodium
carbonate), 20 uL 2% wWA7IZ2Rd S22 =(BzC)E st 20
pl IS(333 pl. Working STD + 333 pL 100mM Sodium carbonate + 333
uL BzCl-d5 (2% (v/v)) in acetonitrile) + 1 ulL formic acid)E F7}3ste] 4
T, 14200 x golA 10 #3F ALY s Alz=HS A
LC-MS(NexeraX2 LC-30AD & LCMS-8050 system, SHIMADZU, Kyoto,
Japan)= 4330 th.

2. 11. &3t5a g =4:

AR G Aol F 24 AZF 545 ¢ A whe-2~9 LRH-1 23 vk
o S EAv I 2A2 = °ol&
o] 450 pgo = FFsrAct FFE @ Pe] 10 mM L-cystein 10 pLe} 2
mM pyridoxal 5 -phospahte 10 pLE &3%3tal PBS=Z &3 250 uL& 9
FATH 20 = FF AEC AAVAE FAS FaL 37 TolA 60 # &
HES- A1 7]l & 1% Zinc acetate 250 ulLe} 10 M NaOH 25 plLE Yo+ F&
37 ColA 60 3t &34 E ol 2 3 10% TCA 125 pl, 20 mM
N,N-dimethyl-p—phenylenediamine sulfate 133 pL, 30 mM FeCls 133 uL
= F7keto] ARolM 20 & FF WRSAIZT 15 282 x g, 5 oA
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o] Bl = GraphPad Prism 5.0(GraphPad Software Inc., San Diego, CA,
n=)E Fal ZH2be] ARelA Hidd BT LAE BASHA T FoAde
Student’s t - test® HF3FR o™, p ol 0.05 olstel A Fo)strtal Aka}

[ex]
AN



71 4 (5—3))

Lrh-1

Srebp-Ic

Scd-1

Fas

Red

Pepck

Pgc—la

Ppara

Cptia

Cptlp

CptZ

Cth

Cbs

Mpst

sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense
antisense
sense

antisense

ACATTTGCCCTGAATGTGGT
ATCCTCTTGCCCTGATCCTT
TGGGAAGGAAGGGACAATCTT
CGAGACTCAGGAGGTTGTTGAA
GGAGCCATGGATTGCACATT
GGCCCGGGAAGTCACTGT
CCGGAGACCCCTTAGATCGA

TAGCCTGTAAAAGATTTCTGCAAACC

GCTGCGGAAACTTCAGGAAAT
AGAGACGTGTCACTCCTGGACTT
GCAGCAGGACATCTTGTCAG
CGCTTCAGTTCAGTGTCAGG
CCACAGCTGCTGCAGAACA
GAAGGGTCGCATGGCAAA
AACAAGCACTTCGGTCATCCCTG
TTACTGAAGTCGCCATCCCTTAG
AGAGCCCCATCTGTCCTCTC
ACTGGTAGTCTGCAAAACCAAA
CTCCGCCTGAGCCATGAAG
CACCAGTGATGATGCCATTCT
GCACACCAGGCAGTAGCTTT
CAGGAGTTGATTCCAGACAGGTA
CAGCACAGCATCGTACCCA
TCCCAATGCCGTTCTCAAAAT
TTCCTGCCTAGTTTCCAGCAT
GGAAGTCCTGCTTAAATGTGGTG
GGGACAAGGATCGAGTCTGGA
AGCACTGTGTGATAATGTGGG
TCACAGCCGCTGAAGTTACTG
CAGCATGTGGTCGTAGGGG

CBS: cystathionin B-lyase; Cpt-la: carnitine palmitoyltransferasela; Cpt—1[3:

_10_



carnitine palmitoyltransferasel3; Cpt-2: carnitine palmitoyltransferase?; Fas:
fatty acid synthase; L32: ribosomal protein L32; MPST: mercaptopyruvate
sulfurtransferase; Pepckl: phosphoenolpyruvate carboxykinasel, Pgc-1la:
peroxisome proliferator—activated receptor-gamma coactivator—1 alpha; Ppara:
peroxisome proliferator activated receptor o; Red: HMG-CoA reductase;
Scd-1:  stearoyl-CoA  desaturase 1, Srebp-lc: sterol regulatory
element—binding protein—1c.

_11_



gsor AA A FH4A2 sterol regulatory  element-binding
protein-1c(SREBP-1c0)& A¥HE Az 2ol F7tsx gy, =gt
SREBP-1c9 %74 FAx2 2487 fatty acid synthase(FAS), HMG-CoA
reductase(RED) ¢} stearoyl-CoA desaturase 1(SCD-1)¢] w& =3l A4
T A& Hol AA A FHAELS LRH-10] 24¥ 1F 2F oA x4
A & dFS 7A HHLE 2).

!

A
TRy AATH HAx

)]
oA
x
ol phosphoenolpyruvate  carboxykinasel
(PEPCK1)¥} PGC-10E A3 E A3} do] Frtsidlon, a4 zd A
< FAstA (™ 3).

2 RE 7 248 1 4
o] ztol & Mas] HUTH( 1™ 4,5 2 6)
HA AT w2 A FH FFE5 A5 fdE 44 1 284S
ulEdd-ol ol dME st =AsA FEE wag Ay 52
gk LRH-1 29 vhg-2olA Ad FHo] v & ¥ A& dladri (1™



AR 2N FA7E W ksl dE AL Ha

CEREDEPICE R RN L B

=

PN

T

o }

FAWS FA2HE FAE S B Ak, aelA B} 94 @
4= s}

d Aol o gk Aol obd S Qs wiiel A

Aol A WAF Abstol]l o AdA Fledvi(d 7 2 8).

H2 x| HkAE 2F3F -4 #FQl peroxisome proliferator activated receptor

o(PPARa),  carnitine  palmitoyltransferase  la(CPTla),  carnitine

palmitoyltransferase 1B(CPTI1B), carnitine palmitoyltransferase 2(CPT2)el

A =524 Al F7Fek i, LRH-1 29 rh-2ol A= o] fHastes A

AstATHTHE 7).

S5 HAHPAoRE 4T + Q= seahorse®
1 29 vhs2oA 3

.
& gasga, AW HHE S449S UE gass AL 3

3. 4. LRH-1°| 9% CTH &3¢ 7k

LRH-19] A =2& A4S 27 91314 RNA-sequencing w41& 3t < o
Gt Ao dost=s 3 7HA 1A 5 CTHE 2ddo]l 54 Al 5718
Ko, LRH-1 2 vwh-¢2eA FolsiAl dastes AS delsslvh. nhe
2 b 22 oA RNAE FE6to] Istea 24 #ojsts 3 744 2zl
CTH, CBS, mercaptopyruvate sulfurtransferase(MPST)S =439S

A

RNA 471494 &4 Aol sdstA 54 A CTHRE frejsiA <718t

_13_



o CBS9 MPSTAAM+= Aol7t g2 &2lsit). whula uhg 2ol A

T fAR 2@ F 5deA CTH wd o] 324 A Z7ksts AL el
stATHZE 9).

3. 5. LRH-19] CTH z=5%H &4 =4

AMZEE B4 FAAE w7 98l 71Eel HExl vh$-2 LRH-1 A%
4 ChIP-seq analysis Hl°|HE ¥243 ZAz, CTH Z=ZXE U

LRH-1°] Z3 F97F Ades Rlstdry. AAE CTH ZEREEA
LRH-1 23 97199 AGGTCAE A& A3 Agats 4 /e B2
o] ZAFE FAstATHLH 10).

CTH Z2%ElA 4 7} LREES %k, 7 % LRE2 H-$olA np9-~
P, Aol A E3te] A dA%S Fdeda, CTH Z22E S48
=743 A3 LRH-19 98] Z2mE e &A4o] fFoaA Trtstes AS &
AsFATHLH 11).

golrAs AASE FoAAR CTHZE wEo] A7 fsixs WA
cysteine] A/d = ofof 7] wi&ol CTHOﬂH A EE cysteing HEHER
UAs F3 A3 A3 G2 Al cystein®] S7Fstal LRH-1¢] A3 =
Haste e F<lst

_14_



Lrh-1

A [ ot
O S WT
g 2.01 ko oy ﬁl
2 15 & kk
1.0 g |
< 0.5
(14
£ 0.0-
Fed Fast
B Fed Fast
WT LKO WT LKO
LRH-1 - R

GAPDH | e e e o

O

LRH-1

"y
i

h,
o

e
bl

Fold change relative
to GAPDH

e
o

Fed Fast

a9 1. &4 Al kel A liver receptor homolog-1(LRH-1)2] Z7F ™ p <
0.01, ™ p < 0.001, AA o] A AA mpe-xel v, # p <
0.001, #4 A A% vb$-ze wm. WT: wild type; LKO:

liver—specific knockout.
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mRNA expression

MRNA expression

Srebp-1c Scd1
Lo
31 WT 9O 2.0
H LKO @
2 ** # g 1.6/
'—TI <10{ m
'm < 0.5
x
0- £ 0.0
Fed Fast
D
Fas
o
1.51 .% 2.0
T ® 1.5
1.0 5
: 5 1.0
0.5 % 0.5
1.4
0.0 £ 0.0
Fed Fast Fed Fast
2 2AOA AFE A FAAY 2d WE AR TEEs A
kg0 2 Srebp—lc(A), Scd-1(B), Fas(C)¢ Red(D)e] Fd=} gt
S 39S, *p < 005 “p <001, B Aol Al AA n}
Qx99 n fp <005 T2 A BA ub-~¢) B, Fas: fatty

acid synthase; Red: HMG-CoA reductase, Scd-1: stearoyl-CoA
desaturase 1, Srebp-lc: sterol regulatory element—binding

protein—1c.
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mRNA expression

oy

ubud

"
1

o

Pepck Pge-1a
B WT c
EmLlko 24
* % 0 -
= o 31 '
| | &
» 2-
[0}
£ 1
To
Fed Fast Fed Fast

29} "3l Pepckl: phosphoenolpyruvate carboxykinasel;
peroxisonre proliferator-activated receptor-gamma coactivator-1 alpha.

_17_
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LRH-1 LKO

Fed

a9 4. F49 9% LRH-1
o] Tk upg29 7+ 2AS H s}

(scale bar = 30 um, 60 pm).

&Y
X
iR
o,
o
=)
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>
v ]

T 150- T 40- "
- 7
: g8
;’iOO- o 6
o 2 4
£ 50 E L,
5 T 2
= 5 ~

0- O 0

Fed Fast Fed Fast

a% 5. 3P 2ACA FAAA)I ZHEEMBY T Wz T p <
L ™ p <0001, A Aol Al A whgze vlal ¥ op <

1, #4 A 4 whgoas} waL

0.0
0.0

_19_



JH WT ]
,_‘40 B LKO % 1:
T 30 ’” < 9

= o
o 1
E 20 | E®
) S 4
[’" 10' Q) 2-
0- 0-

Fed Fast Fed Fast

a8 6. AN =AY ZH2ESB)Y T Az fp < 0.05,

p <001, 52 Al AY ket wa
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1

=
=4

7.

Ppara B Cpt-1a
o c
S8 mwr 8 3;
§ N B LKO " g il
a * V_I '5-2' o
5 4 3
< o) < 1
£ 0- £ 0

Fed Fast Fed Fast
D
Cpt-14

#

’%'_I

MRNA expression
O - K W A

MRNA expression
O - N W A

Fed  Fast  Fed  Fast

22N AL kst ke W WEk Ppara(A),
Cpt-1a(B), Cpt-1B(C)¢} Cpt-2(D)¢] = dAS At °
p < 005, A4 o] Al A4 mpg-2e} HlAL fp < 005 7 p <
0001, 4 A AN  wpexel  wHlaL Cpt-la: camitine

palmitoyltransferase la; Cpt-183: camitine palmitoyltransferase 13; Cpt—2:

AT .

carnitine palmitoyltransferase 2, Pparo: peroxisome proliferator activated

receptor o.
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= 500 f
g Oligp FCCP  Rot/AA - WT
@ 400 = LKO
£
Q 300
£
E
= 200 g e /l i\
[+
&
Z 100 -l \-\,__.
4
8 DI T T T 1

G 20 44 60 80

Time {minutes)
250 i
Eto Olige FCCP  RotAA - WT PA Eto(-)

200 -% WT PA Etof+)
150- - LKO PA Eto()
~= LKO PA Eto(+)
100

50+

QCR {pmol/min/OD 582 nm)

6 20 40 60 80 100

Time {minutes)

. Azt I EA A vEZEgol 75 Aubak ksl wE W s) b
2 AR & (oxygen consumption rate, OCR) & zko] =H(A),

|®4F AF3}(fatty acid oxidation, FAO) W& xlo] = (B).

N
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A B Cth
- o
-1 0 1 ] 2 10-m W1
2 g/HLKO
o I E 8 e
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by Liver Receptor Homolog—-1 in the Liver
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(Abstract)

Liver receptor homolog-1 (LRH-1) is a widely expressed transcription
factor belonging to the family of orphan nuclear receptors. It plays a
crucial role in hile acid synthesis and cholesterol reverse transport in the
liver and pancreas. Hydrogen sulfide involved in cell protection,
inflammation, vascular function, nerve function and mitochondrial function,
1s generated through areverse sulfur reaction catalyzed by enzymes like
cystathione y-layse (CTH), cystathione B-synthase, and 3-mecaptopyruvate
sulfur transferase. However, the regulatory mechanism governing CTH
expression remains unknown. This study aimed to investigate how LHR-1

controls CTH expression and the impact of hydrogen sulfide on the hepatic
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accumulation of neutral fat. CTH expression was significantly increased by

24-hour fasting in normal mice. To assess hydrogen sulfide activity, mice

were measured for hydrogen sulfide production under non-fasting or

24-hour fasting conditions, and it was confirmed that hydrogen sulfide

production was significantly reduced in LRH-1 LKO mice than in WT

mice. In conclusion, this study supports the notion that CTH is a target

gene for LRH-1 and that LRH-1 deficiency leads to reduced hydrogen

sulfide production by downregulating CTH expression. This decrease in

hydrogen sulfide production impairs fatty acid oxidation, resulting in the

accelerated accumulation of triglycerides in the liver.
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