Housekeeping metabolism Cell-specific metabolism

Glucose Steroid hormones

i NADPH-producing Ad4BP it
H/H H pathways /S F_1 HO. OH

OH\OH H /OH NADP+

9

=

H OH O

Glycolysis A .  Steroidogenesis

‘ ADP \ NADP+
>
]

J
Pyruvate | 1

I |

ATP | ADP | ATP |ADP | NADPH |NADP+
HO'

Citrate \-l Acetyl-CoA I [t - Cholesterol
. Cholesterogenesis *

I A

Supplementary Figure 1. Orchestration of housekeeping and cell-specific metabolism
by Ad4BP/SF-1

Ad4BP/SF-1 regulates housekeeping glycolysis and cholesterogenesis in addition to
cell-specific steroidogenesis, and thereby governs these metabolic pathways as a
combined regulatory unit. ATP, necessary for acetyl-CoA production and
cholesterogenesis, is produced by glycolysis. Not all but some of the major pathways
producing NADPH, necessary for cholesterogenesis and steroidogenesis, are regulated
by Ad4BP/SF-1. Thus, production and consumption of ATP and NADPH are
coordinated through the involvement of Ad4BP/SF-1 in these metabolic pathways. Red
arrows indicate reactions regulated by Ad4BP/SF-1. Orange and blue arrows indicate

supply routes for ATP and NADPH, respectively.
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Supplementary Figure 2. Cholesterogenic gene expression in Y-1 cells affected by
Ad4BP/SF-1 knockdown

a, Cholesterogenic gene expression in Y-1 cells determined by mRNA-seq is shown.
FPKM values and ratios of the gene expression (4d4BP/SF-1 knockdown vs. Control)
are indicated. Magenta and turquoise indicate up- and down-regulated expression,
respectively. b, Cholesterogenic gene expression in Ad4BP/SF-1 knockdown and
control Y-1 cells was determined by qRT-PCR in the presence (+) or absence (-) of
cAMP. To exclude an off-target effect, another siAd4BP/SF-1 (#1636) was used.
Average values and SDs are indicated. The average values for the siControl-treated cells
in the absence of cAMP were normalized to 1.0. *p <0.05, **p <0.01. Bars with “** are

compared to vehicle-treated cells; 'p <0.05, p <0.01, n=3.
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Supplementary Figure 3. Cholesterogenic gene expression in Leydig cells affected by
Ad4BP/SF-1 knockdown

a, Cholesterogenic gene expression in Leydig cells determined by mRNA-seq in the
presence (right) or absence (left) of cAMP is shown. FPKM values and ratios of the

gene expressions (Ad4BP/SF-1 knockdown vs. Control) are indicated. Colorimetric



indication is same as in Supplementary Figure 2. b, Cholesterogenic gene expression in
Ad4BP/SF-1 knockdown and control Leydig cells in the presence (+) or absence (-) of
cAMP was determined by qRT-PCR. Average values and SDs are indicated. The
average values for the siControl-treated cells in the absence of cAMP were normalized
to 1.0. Bars with “*” are compared to siControl-treated cells; *p <0.05, **p <0.01. Bars

with an “P are compared to vehicle-treated cells; 'p <0.05, Mp <0.01, n=3.



Ad4BP [Leydig]

Ad4BP [Leydig +cAMP]

Ad4BP [Y-1]

SREBP-2 [Liver]

Ad4BP [Leydig]

Ad4BP [Leydig +cAMP]
LS

Ad4BP [Y-1]

SREBP-2 [Liver]

Ad4BP [Leydig]
Ad4BP [Leydig +cAMP]
Ad4BP [Y-1]

SREBP-2 [Liver]

Ad4BP [Leydig]

Ad4BP [Leydig +cAMP]

Ad4BP [Y-1]

SREBP-2 [Liver]

A dm [PEPREPEREUN ' T T T R et wh b k.
o J Y W R PET B PR | o L aa Lol
' tdoad L s . . L st . al ik . Mo
- ATEET NTT Y [ N N u|m.. . [ ll |
i t H =g
-
-
Acat3 Acat2 Wiap
1kb
A ook, nl..l.....‘l‘. ‘l.h.l. A a .“.Jl.m_.]l-Al.
i A a. a Ras 4 . A4 lA‘ A . " aade ahaka .2
bbb oA 4 . A . abaa.a.. 4 | VY DU T 4 am. -
- - A a [ | i J L} A m
> — ——H
Y
Hmgcr
1 kb

.

.nli‘n U URTTERY (1IN Y W P RN TR Y W TR WYY [ TR A S RO T W TH

P TPY [ ITTY CUUR YT R SPRTRT 100 VR | /R TR INTTRNC I N B T PO ..‘. o oda M
cama ot e d i Mabe a1 ) Ladwd b avd g el vl oWl . Lo
— — H—H H .
C
Mmab Mvk
1kb
4 .a A
PR Y

\ 4

Pmvk




Ad4BP [Leydig +cAMP] o A A A R
S - - T - a - ¢ - - - -
Ad4BP [Y-1] -~ a A - - A o o sk A A A ‘_4 Al
SREBP-2 [Liver] N m -
- [y A a - — AL .
< ]
Mvd
1kb
Ad4BP [Leydig] . ) “ . o .
Ad4BP [Leydig +cAMP] ‘ , ,
-~ - a-a - Ty A ha a k doa - AR
Ad4BP [Y-1] i i A Aa i i Y
SREBP-2 [Liver] m
5
L
Idi1
1kb
Ad4BP [Leydig] . i \ . A . l

Ad4BP [Leydig +cAMP]

Ad4BP [Y-1
[¥-11 Y BT ki d d h.l‘...lh caea A aa e .ml. A . oas . b A
SREBP-2 [Liver] Y] 1 hlili BT l“ o .l Lol e 1.1 [ . 1 uo.oal
< <

Rusc1 Fdps

S CLU R I | DU I B S e e
AdaBP[LeydigwoAMP][ [ [ o
L0 SR I W R O
SREBP-2 [Liver] m
S S EUSIATRUEN | |
cisb _Fft1_
m)



Ad4BP [Leydig] |

Ad4BP [Leydig +cAMP]

Ad4BP [Y-1]

SREBP-2 [Liver]

Ad4BP [Leydig]
Ad4BP [Leydig +cAMP]
Ad4BP [Y-1]

SREBP-2 [Liver]

Ad4BP [Leydig]
Ad4BP [Leydig +cAMP]
Ad4BP [Y-1]

SREBP-2 [Liver]

Ad4BP [Leydig]

Ad4BP [Leydig +cAMP]
Ad4BP [Y-1]

SREBP-2 [Liver]

] J.] okl koo babes waale M aedicul ddia o dae Modu

SR S N 11 W I R FUR N TV WrTUT S D ' TP VRN TN T PO TRRNREY UF S 79 SR U I

J .I“..k Al ann il L A .ull.ll.l.u..l...|.|].ul_.l.mhill.nl i h .1J.IL..J..‘..L.L wdua )

— ! H— &

L

Sqle
1kb
UPIFY PR MR T ll.. il EPRETRV VN | TR R TT S YOO TR T IR SO VORI Y .|.|.l...u.
N PR U EPY T PRI UV EY W VRN WAL U TP WY DO I OV NP
ITTPI PUUTIN'Y NSV T A s [ TR VR (W TP Ir RPN PR T PO |
1
N
L
Mcm3ap Lss
1kb
had oo d d de b e le ke wke e ) O | S S SR
Y RO | R Y DR | ORI TN P PP B
Y T ST T PRIV NY TV0 WPT S TRV T SO T . war l.nml ad o a e
TR - H—n S ’ ’
N pa
> €
Akap9 Cyp51

1kb

1110014N23Rik

Znhit2-ps

Tm7sf2

1 kb



Ad4BP [Leydig]

A A A. A [P U
Ad4BP [Leydig +cAMP] R N
Ad4BP [Y-1] | i
-a A A Aa »a na s =
SREBP-2 [Liver] m
P
-
Msmo1
1 kb
Ad4BP [Leydlg] 1 1 l ! A s 1 v L L
Ad4BP [Leydig +cAMP] |
i e An 1 n ' P
Ad4BP [Y-1] ald L i i i 4 (K]
SREBP-2 [Liver] | ) ‘II Im 1 | 1 b - | x|| 1| . |ll e 11 | ]
< >
Cetn2 Nsdhl
1kb
Ad4BP [Leydig] TR AT W1 Y .J ad aba J...l - .l.ll [RTITH T S . ] P TRTORN 'I0 [VRTT B[ T Ju |

Ad4BP [Leydig +cAMP]

ool b dd e Lt L bkl e kL ath

S TRTIIS N I

el o Ll J

Ad4BP [Y-1
d [ ] L 1 oLk . e Ll PR N P o s . At e LT . ..la _1_
SREBP-2 [Liver] m |
(RUUEVT RN T 1 VO a1 ‘ bn mmmn 0n Nk fnallone o Jha anon o 04
— ] — H—H———H—— + t
<€ <€
Hsd17b7 Ddr2
10 kb
Ad4BP [Leydi
[ e Ig] PR .l..ll." L A -kt L. aa om ab 1 ‘ .
Ad4BP [Leydig +cAMP] ‘
. A - - 1] i
Ad4BP [Y-1
d [¥-1] I | e 1 [T P
REBP-2 [Li
s [Liver] L " 7 . L : ,
- it~
L
- Porcn
1kb
Ad4BP [Leydlg] AT Ak, YR oY r P oy A Neanbaled ot it 1L . PPN A ahad A d ll._ s
Ad4BP [Leydig +CAMP] PR VR TSP FRTS OV PR T ca o FEDVTATEIEDN [T SO R MNUT S B\ BRI WORY § DA l'“ i
Ad4BP[Y-1] |, Amen pefmon ; . . VIR
r =TT — T "
«—e«——— «——
Ebp Porcn Ftsj1
5 kb



Ad4BP [Leydig]
Ad4BP [Leydig +cAMP]
Ad4BP [Y-1]

SREBP-2 [Liver]

Ad4BP [Leydig]

Ad4BP [Leydig +cAMP]

Ad4BP [Y-1]

SREBP-2 [Liver]

Ad4BP [Leydig]

Ad4BP [Leydig +cAMP]

Ad4BP [Y-1]

SREBP-2 [Liver]

ds . a- VTR YT SOV TR Y NORTE "I
I VY YO . - ad .
L [T SR T T PO ST ] [ PR 11 X b4 a '
L - 1 aa. 1 1] ] L .
Scsd
1kb
ch a akaa M 4. un uL. ““_...u. [PSIY S DAVON "5 W YPRIT! PP
S L. .‘. Al . .‘l.lhlu,;.....nhh, Ak .n-l. ou Al .4
. . aa .. - an l Al _‘n_.‘t heafa . mle 4 A . m . aud
o . | [Il NTTY | A I R S BT [N YR T
b= : 4 o e —
€ >
Nadsyn1 Dhcr7
1kb
M. A b PO T W'Y 3V SERRPURUY T W SHDNEPON Ry TRURy SR I
) A - 'Y oy il W P U Sy -
F PO 4 i ' W a4 au.n‘....;.nl Y ST W T
I 1 . 1 1 P "V TR SN SR W TR
4 1] 1 Hib
N
Cdl
Dhcr24

Supplementary Figure 4. Binding of Ad4BP/SF-1 and SREBP-2 to cholesterogenic

gene loci

Accumulation of Ad4BP/SF-1 and SREBP-2 on the cholesterogenic genes revealed by

ChIP-seq studies is shown. Blue, red, and green histograms depict accumulation of

Ad4BP/SF-1 in Leydig, cAMP-treated Leydig, and Y-1 cells, respectively. Light blue

histogram indicating accumulation of SREBP-2 in the mouse liver was depicted based

on the data reported previously'’. Black boxes indicate exons. Green arrows indicate

directions of gene transcription. The ChIP peaks discussed in the text are enclosed by

red squares.
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Supplementary Figure 5. Cholesterogenic gene expression decreased by Srebf2
knockdown

a, Srebf2 expression (FPKM values) and ratios of the gene expression (Ad4BP/SF-1
knockdown vs. Control) in Y-1, Leydig, and cAMP-treated Leydig cells revealed by
mRNA-seq are shown. Colorimetric indication is the same as in Supplementary Figure
2. b, Expression of Srebf2 in siAd4BP/SF-1 (#1636)—treated Y-1 cells was determined
by qRT-PCR. Average values and SDs of Srebf2 expression are indicated. The average
value for the siControl-treated cells was normalized to 1.0. *p <0.05. n=3. ¢,
Knockdown of Srebf2 by siRNA treatment was evaluated by qRT-PCR in Y-1 cells.
Average values and SDs of Srebf2 expression are indicated. The average value for the

siControl-treated cells was normalized to 1.0. *p <0.05. n=3. d, FPKM values and ratios
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of cholesterogenic gene expression (Srebf2 knockdown vs. Control) in Y-1 cells are

shown. Colorimetric indication in @ and d is same as in Supplementary Figure 2.
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Supplementary Figure 6. Down-regulation of genes related to cholesterol uptake and
transport by Ad4BP/SF-1 knockdown

a, Expression of genes involved in cholesterol uptake and excretion (FPKM values)
revealed by mRNA-seq and ratios of the gene expression (Ad4BP/SF-1 knockdown vs.
Control) in Y-1, Leydig, and cAMP-treated Leydig cells are shown. b, Hummr gene
expression in control and Ad4BP/SF-1 knockdown Y-1, Leydig, and cAMP-treated
Leydig cells was determined by mRNA-seq. The expression (FPKM values) and ratios
of the gene expression (4d4BP/SF-1 knockdown vs. Control) are shown. Colorimetric
indication in @ and b is the same as in Supplementary Figure 2. ¢, Expression of Hummr
was examined in Ad4BP/SF-1 knockdown (#1636) Y-1 cells by qRT-PCR. Average
values and SDs of Hummr expression are indicated. The average value for the
siControl-treated cells was normalized to 1.0. *p <0.05. n=3. d, Hummr-Luciferase
reporter activity was examined in control and Ad4BP/SF-1 knockdown (#1636) cells. *p
<0.05. n=3.
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Supplementary Figure 7. Regulation of genes involved in cholesterol uptake and
conversion of pyruvate to acetyl-CoA

a, Whole process of conversion of the end product of glycolysis, pyruvate, to the
starting material of cholesterogenesis, acetyl-CoA, is shown. Genes involved in this
process are indicated. b, Expression of the genes above (FPKM values) revealed by
mRNA-seq and ratios of the gene expression (4d4BP/SF-1 knockdown vs. Control) in

Y-1, Leydig, and cAMP-treated Leydig cells are shown. Colorimetric indication is the

same as in Supplementary Figure 2.
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Supplementary Figure 8. Possible direct regulation of the Acly gene by Ad4BP/SF-1

a, Accumulation of Ad4BP/SF-1 in Y-1 (Blue histogram) and cAMP-treated Leydig
cells (red histogram) revealed by ChIP-seq are shown for the Acly gene. The ChIP peaks
are enclosed by red squares. b, Accumulation of Ad4BP/SF-1 to Acly was validated by
ChIP-qPCR. Average values and SDs are shown. The average value of the control was
normalized to 1.0. *p <0.005. n=3. ¢, Expression of Acly was examined in Ad4BP/SF-1
knockdown Y-1 cells by qRT-PCR. Average values and SDs of Acly expression are
indicated. The average value for the siControl-treated cells was normalized to 1.0. *p
<0.005. d, A luciferase reporter gene construct, Acly-Luc, and reporter activity in control
and Ad4BP/SF-1 knockdown Y-1 cells. *p <0.05. e, Reporter gene activity was
examined in the presence of overexpressed Ad4BP/SF-1 in HeLa cells. d and e, Average
values and SDs of luciferase activities. Average value with siControl treatment (d) or

that for pGL3basic without Ad4BP/SF-1 overexpression (e) was normalized to 1.0. n=3.
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Supplementary Figure 9. UP-regulation of -cholesterogenic genes during

differentiation of mouse fetal Leydig cells

a, Expression of Ad4BP/SF-1, Srebf2, cholesterogenic genes, and Hummr were
examined with mouse fetal Leydig and progenitor cells. FPKM (fragments per kilobase
of transcript per million mapped fragment) values and the ratios (fetal Leydig vs.
progenitor cells) are indicated. Magenta and turquoise indicate increased and decreased
gene expression, respectively. b, Cholesterogenic gene expression in fetal Leydig and
progenitor cells were determined by qRT-PCR. Average values and SDs are indicated.
The average values for the progenitor cells were normalized to 1.0. *p <0.05, **p
<0.01. ***p <0.005. n=3.
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Supplementary Figure 10. Full blot images for cropped gels.

The boxed regions are used in Fig. 3b and c.
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Supplementary Table 1.

Accumulation of Ad4BP/SF-1 to cholesterogenic gene loci, as revealed by ChIP-seq

with Y-1 and cAMP-treated Leydig cells. The presence or absence of ChIP peaks and

their positions are shown. Numbers of consensus Ad4BP/SF-1-binding sites in

ChIP-peak regions and conservation of these sites in the human genome are also

indicated.
Peak position Leydig Number of Ad4 Ad4 site
Gene name Y-1
(Distance from TSS) (cAMP) sites in Mouse in Human
Acat? - - -
Hmgesl Not applicable - - - -
Upstream (5.0 kb) X O 1 O
Hmgcr
Upstream (14 kb) @) X 1 O
Mvk - - - - -
Pmvk Downstream (15 kb) O O 1 O
Mvd Intron 7 (6.7 kb) X O 1 O
Idil - - - - -
Fdps Upstream (6.0 kb) O O 1 O
Intron 1 (13 kb) X O 2 O
Fdfil
Intron 7 (28 kb) O O 2 ©)
Sqle Upstream (35 kb) O O 1 O
Lss - -
Cyp51 - - - - -
Tm7sf2 - -
Upstream (2.0 kb) O O 2 O
Msmol Intron 1 (1.0 kb) O X 1 O
Downstream (15 kb) O O 1 O
Nsdhl - -
Hsd17b7 Upstream (95 kb) O O 1 O
Ebp Upstream (55 kb) O O 2 O
Upstream (12 kb) O O 1 O
Upstream (11 kb) O O 2 O
Sc5d
Upstream (10 kb) O O 2 O
Upstream (6.0 kb) X O 2 O
Dher7 Intron 1 (2.3 kb) O O 1 O
Intron 1 (3.6 kb) O O 4 O
Intron1 (4.2 kb) O O 1 O
Dhcr24 Basal promoter O O 1 O
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